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KIPICIIE

KYMBICTBIH KajJmbl cuUmaTTamMachl. JlUCCEepTAMSsIIBIK JKYMBIC — CyAaH
KaTaau3aTop KOJIaHYMEH CYTEK ally ofiCiH jkacayra apHainraH. ChIHAIl HOHJAPBIHBIH
KATBICBIHJIa AIIOMUHUNIIH CYMEH, CyTeK OeJjie KoHE alIOMUHHUI TMAPOKCUIIH TY3€,
peakiusira Tycetini kepceTuial. Cyaan 6eaMe TemnepaTypachbiHia aTlOMUHUNI1 )KOHE
KaTaqu3aTopAbl TalJalaHblll, aBTOHOMJBI TYpJAE KBI3MET aTKapaTbhlH CYTEK
TeHepaToOpblH acayFa MYMKIHAIK TyAbIPaThIH, CYT€K ally MPOLECIHIH OHTaNJIbI
KaFIaiaapbl aHBIKTAJIFaH.

JKyMbICcTa SKCIIEPUMEHTTIH dpTYpJli apaMeTpiIepi, OHBIH apachiHaa Cyaa OOy
MYMKIH  KaTHOHJAp MEH aHHWOHJApJbIH, COHBIMEH Karap  KaTaJu3aTop
KOHIICHTPAIMACBIHBIH ~CYTEK O6JIiHy JKbUIIAMJIBIFBIHA 9cepi  eTKeH-TerKeui
KapacTeipputrad. COHBIMEH Oipre aalOMHHMMAMEH KOHTAKTIre KOWBUIFaAH OPTYpIIi
meTannap-aenoispusatopiapasiy (Pd, Ni, Fe) xone rpadutrTiH KaThIChIHIA CYTEK
Oeminy mnporeci TanmganraH. CanbICTBIpYy MaKcaThlHAa aJIOMUHUNH MEH CYJbIH
opekerTecyl KeWOip KBIIKBUIAAD MEH HaTpUd TUIPOKCUJIIHIH  KATBICHIHJIA
KapacThIPbLIFaH.

3epTTey KYMBICHI TAKBIPBIOBIHBIH 03€KTLUIIr]

Kaszipri 3amManjia ayieM/ie KIIMMATThIH ©3repyiMeH, 030H Ka0aThIHBIH )KYKApYybIMCH
KoHe Oacka Ja TIpHIUIIK camacklHa Tepic ocep KOpCeTeTiH TEeXHOTCHJIK
KYOBLIbICTapMEH OailflaHbICaThIH IKOJIOTHSIIBIK MpobiieMarnap cakranyna. 3aMaHayu
FBUTBIMU-TEXHUKAJIBIK 3€PTTEYJIEPAIH 63€KT1 MacenenepiniH 6ipi OOJbIN, YHEPTUSHBIH
KOJDKETIM/I1, PKOJIOTUSUIBIK Ta3a, ap3aH TYPJIEPiH jkacay 9JIICTEPIH IaMbITy TaObIIaIbI.

CyTeKTiH TOMEHT1 TeMIleparypaiap/ia KaTaIUTUKAIBIK TOTHIFyFa KaOLIeTTLIIr,
OCBI K€3/1€ TOTBIFY IbIH XUMUSIIIBIK SHEPTUSICBIHBIH JIEKTP SHEPTUACHIHA Typa aliHATYbI
— CYTEKTIK dHEepPreTUKaHbl KEHIHCH NakjagaHyFa jKoj amabl. JlereHMeH Je, CyTeKTIK
TEXHOJIOTHSIIAPABIH Ka3ipri 3aMaHJaFrbl KY#l JKOHE CYTEKTI ally oaicTepl JoCTypii
DHEPIreTHKaHbl TOJIBIK ayBICTBIPYFa MYMKIHIIK TyFbI30aibpl. MyHBIH cebebi: xep
oeTiHAe cyTek 60c KyHiHae O0aIMan b, aJl OHBI aTyFa KOKETIM/II XUMHUSUIBIK IHUKI3aT
YKOHE KOJDKETIM/I1 SHEPTHUs Ko3/epi KaKeT.

CyTekTi KoIIMI1 cyZaH aBTOHOMJIBI JKaFjaiiia amy, e3eKTi Macene, ce6edi Oy
TYHHE KY31HAe menrinMereH mpoodiema. CyTek oTe OHail TOTBIFATHIH a3, OJ1 HET131HEH
OTBIH pETiHJIe TaWJaTaHbLIaAbl, OHBI JKBUTY ajy MakcaThlHIa KojmaHaabl. OchimaH
0acka, CyTek IIITeH XKaHy KO3FaITKBIIITAPbIHAA JKOHE OTBIH AJIEMEHTTEPIHE IIIEKTP
SHEPTUACHIH anyFa naigananpuianbl. CyTek eH JKaKChl OTHIH OOJIBIN TaObLIa kI, OHBIH
0acka OTBHIH TYpJepiHe KapaFaHJaFrbl ApTHIKIIBUTBIKTAPH KoTl. CyTeKTI JKaKKaH Ke3J1e
KOpIIIaraH opTa JactaHOaip1, cedebi Oyt Ke3/ie Ty3UIETiH OHIM — CY, ajl OJ1 KOpIIaraH
OpTaHbIH TaOuFu KypaMbiHa ToH 3aT (2H2 + O2 — 2H70).

ConbiMeH, KoFapbla OasHIATFaH MOceleliep MEH TYXKBIPBIMIApP CYTEK airy
OJIICTEPIH Kacay KOHE TaMBITYy — ©3€KT1 MOCeJie €KEeHIH allKbIHIaNIbI.

3eprreyaiH MakcaTbl: CyAbIH aJIOMUHUWMEH KaTallu3aTop KaTbIChIHAA
OpEeKeTTeCY HOTKECIHAE JKOHE CyMEH aJIIOMHHUHAL OpTypial  Merainaap-
JENOJISIPU3aTOPIIApMEH KOHTAKTIre KEeJNTIpe, CyJlaH CYTEK ally 9ICIH JKacay.



JKyMBICTBIH MaKcaTbIHA JKETY YILIIH Kejlecl MiHAeTTep KOHbLIIBbI:

- ATIOMMHHIIIH ~ CYMEH  OPEKETTeCYy  PEaKIUSACHIHBIH  JKBUIIaMJIBIFBIHA
KaTaJIM3aTOP/AbIH, TeMIIEpaTypaHblH, AJIIOMUHUM 3JIEKTPOJBIHBIH ayJaHbIHBIH SCEpiH
3epTTey;

- CyTeKTiH cyJaH 0eJliHy >KbUIAaM/IbIFbIHa aHHOHAAp MEH KaTHOHAP/AbIH 9CEPiH
KaTaJIN3aTOP KAThICKIHIA 3€PTTEY;

- ATIOMMHMI 3JIEKTPOJABIHIA CYTeK 06JIHY MPOLECIH HATPUW TUAPOKCHUIIL KIHE
KbIIKbUIAAP (Pocdop KBIMIKBUIBI, KYKIPT KbIIIKBLIBI) €PITIHALUIEPIHIE 3EPTTEY;

- Katanuzatop KaTbIChIHIA aTIOMUHUIN 3JIEKTPOJIBIHBIH MOTCHIIMATIBIHBIH ©3Tepy
CUTIAThIH 3€pPTTEY;

- AIIOMUHUM MEH CY/ABIH OPEKETTECYIH OpTYpJil MeTaijap-Aenoysipu3aTopiap
XoHe rpaduT KaThICHIH/IA 3EPTTEY.

3eprrey omicTepi. AJIIOMUHUI MEH CYJIbIH KaTaau3aTOP KAThICHIHAa XUMHUSIIBIK
OpeKeTTeCYIHEe QpTYpJll MapameTpliepAiH ocepiH 3epTrey, epiTinal pH-biH emmey,
OHIMJICPIII XUMUSJIBIK OJICTICH Tajjay, aJIOMHHHHA 3JICKTPOIBIHBIH MOTCHIIMAIBIH
oJIlley, TOTCHIMOJUHAMHUKAIBIK  TOJAPU3ALUSIIBIK ~ KUCBIKTap  Tycipy, Oy
kucbIkTapabpl CS 120 Potentiostat (CorrTest Instruments, KpiTaii) 31€KTpOXUMUSIIBIK
KYMBIC ~CTAaHCACBhIH, DJIEKTPOATAP apalIbIKTapbl OOJIHIeH, TepMOCTaTTaIFaH
yuniaekTpoarsik ysambk (Metrohm (Herisau, IlBeitnapus) moaens 663 VA crtenn)
KoigaHa oteipein, IdeaPad 5 HoyrOyrinae opuatbutran (CioBakusi Lenovo yiniH
xacanrad, Keitait) CS Studio5 Garmapiamacel apKbUIbl TYCIPHAIK, peHTTeH]a3albIK
anamu3 ([Ipon — 4-07) mereH acmanTa kacayiJibl )KoHE JIEeMEHTTIK aHaim3 JSM 6610
LV (JEOL, XXanonwus) ckaHepieymi 3JIeKTPOHIbI MUKpockonTa opHaTtbutFan INCA
Energy 450 osHeprus-gucnepcusUiblK — MHUKpOAHAlIW3  JKYHeCiHAEe  dHeprus-
JTUCTIEPCHSIIBIK PEHTTEHAIK (ITyOpECICHIIUSIIBIK CIIEKTPOCKOMUSHBI KOJIaHY apKbLIIbI.
CyTek rasplH ajly Ke3iHJe Oenrul KaKeTTUTiKTepre OaisIaHBbICTBhI  KOJIJaHBUIFaH
ANIEKTPOATHIH OCTIHIH ©3repici KoHE TY3UITeH OHIMACPIH KypaMbl aHBIKTAIIBI. by
Ke37e OepuireH IpenapaTThiH AJIEMEHTTIK KYpaMblH aHBIKTay, COHBIMEH KaTap
oJIapJIbIH MUKpodoTorpadusiapsl TyCIpiaail.

3epTTey HBICAHBI: CYTEK, AJIIOMUHHI, Cy, KaTanu3atop (ChIHal HUTPAThI),
MeTauI-fenospu3zaropiap (mamnaguii, HUKEIb, TeMmip), TpaduT, CUITLTI-CYyIIbI
epiTIHAUIEp, KBIIKBUT epiTiHaiepi (pocdop KeIMKBLIIBL, KYKIPT KBIIIKBUIB), HATPUH
XJIOPHUII.

FouibiMu  3epTTeyjiep NOHi: CyMeH QIIOMUHUNIIH KaTanu3aTop (ChIHAM
HUTPATHI) KATHICBIH/IA OPEKETTECY PEaKIUIChl, COHBIMEH KaTap aJIFOMUHUNI MeTaJlI-
JIETOJIIPU3ATOPIAPMEH KOHTAKTIre KENTIPY KE31HET1 OHBIH CYMEH OPEKETTECYi.

Koprayra yChIHBLJIFaH HeTi3ri Karuaanap

1) «Amomunuii — cy» xyilecinne Hg?* nonaapsiHblH KOHIEHTpanusachH 0,5-TeH
10,0 r/n-re neiiin apTTBRIpFaHAa, cyTeriHiH OexiHy kburmamabirbl 100 ecemen aca
apTajbl.

2) «AmOMUHUE — Cy — CBhIHAI» KXyHeciHe nenoispusatop-metamn (Pd, Ni, Fe)
HeMmece TpaduT SHTI3UITeH JKaF1aiaa cyTeri 0eiHy KbunaMabers 1,4-2,4 ece apTajsl,
Oy onapAbiH OeTiHE CcyTeri OeJiiHy peaklIMSIChIHBIH aca KepHEYIH TOMEHIETYIMEH
YKOHE CYJIBIH KaTOATHIK TOTBHIKCHI3IAHYBIH KECIIeTYIMEH TYCIHAIpLUICAl.



3) «AmoMuHUI — cy — chlHam» xylecinne Hg?* MOHBIHBIH TOTHIKCHI3JAHYEI
HOTWDKECIHAE TY3UITEH MeTalll  KyHJeri cblHam KaWTa-kaiWTa aJdrOMHHUNII
amajbraMmananjpl, OKCHITIK KaOaTThl KaliTa 0y3a/bl 5KOHE OHBIH CYMEH OpPEKETTECYIHIH
aHa IUKJITH OacTalbl.

FouibiMu kaHadbIFbl. 3epTTEYNEpAlH FHUIBIMHU JKaHAJBIFBl PETIHAEC KeJeciHi
KapacCThIPaMBbI3:

— «AmoMuBHi — cy — Hg?*» xylieciune amoMuHui GeTiHAE TIKeneH kKypeTiH
Hg?" noHmapeIHBIH MeTal KYHIeri ChIHANKA JeHiH TOTBHIKCHI3AaHYbl PEAKIUACHIHBIH
HOTH)KECIH/IE ANTIOMUHUNI1 OelceHaipy MeXaHU3Mi ICKE acaTblHbl >KOHE MNacCHUBTI
OKCHJl KAOBIKIIACBIHBIH OY3bUIYBIMEH KATap OKypeTiHi asbIkTamael. Hg?*
KOHIICHTPAIMACBIHBIH JKOFapbUIaybl CYTETiHIH O6iHYy >KbULIAMJIBIFBIHBIH KYPT
apTybIHa OKelleqi, Oyl OKCHJ KaOBIKIIACHIHBIH OY3BbUTYBIHBIH JKOHE AITFOMUHUHII
OesiceHaipy MpoIEeCTEPiHIH KYIICIOIMEH OailIaHbICTHI.

— Amomunniinig cymen Hg?' kaThicyblHIa OpeKeTTecyi CTaLMOHAPIBIK €MeC
(IMKIAIK) pexumae, OeTTIK OeJICeHIIPy MEH MAaCCHUBTUIIKTIH KE3€KTECIN OThIPATHIH
KE3EHJEPIHEH TYBIHJAUTHIHBI JKOHE ©31H-631 KaMTaMmachl3 €TETiHI aJiFall peT
KOPCETUIII.

— «AmomuHnii — cy — Hg?*» xyitecine mMeramn-genonspusatopnapasiy (Pd, Ni,
Fe) nemece rpadutTiH €Hri3ulyl, CyTeTiHiH 06JliHy acKblH KEPHEYIHIH TOMEHJICYIHE
’KOHE CYJIBIH KaTOJTHIK TOTHIKCHI3IaHYBIHBIH TE3/I€TUTIHYIHE OalJIaHBICThI, CYTETr1HIH
0eJTiHY XBUIIaMIBIFBIHBIH 1,4-2,4 ece apTyblHa OKeJEeTIHI KOPCETUIreH.

— Peaknus OapbIChIHAA TIKENEH JXKOHE IUKIIIK PEeKMMMEH KaTap IKYpETiH
QTIOMUHHMIIIH aKTUBTCHYIHIH aHBIKTAJIFaH MEXaHW3MI aMmajbrama >XaObIHIapbIHBIH
aJJIBIH ajla TY3UTyl apKbUIbl aKTUBTEHYT€ KOJI JKETKI3ZUIETIH OCNrili CTalMOHAPJIbIK
KYyHenep/ieH TyOereini epeKIeaeHeTiHl aHbIKTaIbl.

ZKYMBICTBIH TEOPHUSJIBIK KYHAbLIbIFbI

JKypriziaren 3eprreyiep HOTHXKENEepl CYTeKTIK DHEPTeTHKA CalachIHIaFbl, OHBIH
apachlH/Ia, Cy/JaH CYTEK ajy OJICTEpIH Kacayaarbl, CYTeKTI aBTOHOMJIBIK JKaF/ai1a
KaTajau3aTop KaTbICBIHAA JKOHE AIIOMUHUUIIH METalI-IenoisIpru3aTopiiapMeH
KOHTAKTIre KENTIpUIreHAe ady MYMKIHAIN JKOHIHAeri OuTiMIl KoHE FhUIBIMH
JEPEKTEP/Il KOHE FHUIBIMUA MOJIIMETTEP 11 KEHEUTE TyCe/Ii.

ZKYMBICTBIH NPAKTUKAJIBIK KYHIbLIbIFbI

CyTek alyablH JKaHa 9MICIH jKacay CYTEKTIK OTHIHIABI aBTOHOM/IBI JKaF1aiiapaa
aTyJIbIH MOCEIIECiH mentyai KamTaMachi3 etei. CyTek SKOJOTHSUIBIK Ta3a OTHIH OOJIBIT
TaOBIIaIbI, CYTEKTI )KaKKaH Ke3/1€ TY3UIETIH OHIM Cy — TaOUFU OPTaHBIH KypaMblHA TOH
3at. COHbIMEH KaTap OYJI Ke3/1e ajjlaM eMipiHe JKOHEe ajjaM JICHCAYJBIFbIHA TEPIC dCePiH
TUTI3€TIH JacTarelmTap arMmocdepara TacTtanbiHOAWmbl. CyTeKTI JKary Ke3iHze
KQIBIHHBIH ~Tapalxy KbULIAMIBIFBI KOMIPCYTEKTEPAl IKAKKAHIAFbl >KAJIBIHHBIH
TapallyblHaH & ece >KOFaphl. Bysl KYMBICTBIH HOTIIKENEpl CYTEKTIK JHEPreTHKa
cajachlHa JKOHE CYTEKTI aBTOHOMJBI JKaFjgaiiapja aixy oOMICTEepiHIH JamMybIHa
alTapabIKTall KOMakThl yiec eHrizeal. OHBIH YCTiHE, CYTEK, ©Te YKCHUT XHUMHSIIBIK
AJIEMEHT 00Jia TYPBIN, OTHIH PETIHE JKOHE KONTETCH TEXHOJOTHSIIBIK MPOIECTEPIC
TOTBIKCBHI3TAHIBIPFBINT PETIHAC MaimanaHbIa bl, CONT CEOCTNTEeH, CYTEKKE JereH
CYpaHBIC KbUIAaH-)KbUTFA apTHIN Keleai. MyHait XuMUSACBIHAA CYTEK MYHAWIbI TEPEH
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OHJICY YIIIiH, al XUMUSIBIK TEXHOJIOTHSAAAa aMMHAaK >KOHE a30T THIHAWTKBIIITAphIH
anyzaa, Kapa MeTaJuTyprusiia TOTHIKChI3IaHIBIPFBINI PETiH/e KCHIHEH NaiJaTaHbLIa bl

TaKbIPBINTHIH FHUIBIMH KYMBICTAP/ABIH JKOCHapJapbiMeH f0ailiaHbIchbl. by
TaKbIPbIN, HETI31HEH, oJEeMJIe aca ©3€KT1 Macelie OOJbI TaObLIAThIH, CYTEKT1
KaHAPTBUIATBIH DJHEPIrHWs Ke3JAepJeH allyFa OaFbITTalifaH OardgapiamMaiapMeH
OaitnanbicThl. Ka3zipri ke3je CyTeKTi ainyablH aBTOHOM/IBI KO3/1epi 1€ KapacThIpbUTY/IA.
Kazakcran Ilpesunenti Kaceim-Komapt TokaeBTeiH 2021 xbuiabiH 1 KbIpKyierinae
[TapnameHT nanaTanapblHbIH O1pIKKEH KEHEUTUIreH OThIphIChIHAA Ka3akcTaH XxanKbiHa
Ki0epreH «XalbIKThIH OIpJIiri MeH Ky#enik peopManap — eiiH 6pKeHICYiHIH Oepik
Herizi»y aTThl JKoamayblHaa oleM OHEPKACI TMEH APKOHOMHMKAHBI AKOJIOTHSITAHIBIPY
OarpITBIHAQ JaMBINl  KeJeTiHiH koHe 2060 KbpuFa  JI€diH  KOMIPTEKTIK
OcHTapanThUIbIKKA JKETY MIHACTI KOWBUIFAHBIH aTam OTKeH. [Ipe3uaeHT <«oKachLI
CyTeK» OHAIpYAiH OOJallaFbIHBIH 30p E€KCHIH, JXaJlbl CYTCKTIK SHEPreTHKAHBI
TaMBITYIbIH KaXkeTTuririne TokraraH. CoHbIMEH Katap, Ka3akcTaHHBIH <«OKachLI»
skoHOMHKara kemy Konnenmusceima koHe «Kazakcran crtparerusmapbl — 2050»
Ky)KaTblHJa — JHeproOajaHCTarbl SHEPTHSIHBIH OajlaMalibl KOHE JKaHAPTHUIATHIH
TYPJAEPiHiH YJIECIH KoOeHTy MaKkcaTTapbl KOWbLUIFaH O0NaThIH.

Huccepranusiblk  kyMbic ~ On-@apabu  ateiHmarel  Kazak — YJTTHIK
YHUBEPCHTETIHIH Kbl )KOHE OCHOpraHMKaNbIK XUMHS KadenpaceiHaa [Ipe3umeHT
KoJiayblHa JKoHE Oacka Ja KyKarrapia KOWbUIFaH MiHJETTepre OalaHbICTHI
13JICHICTIK FBUIBIMH JKYMBIC PETIH/IC OPBIHIAJIIBI.

JIOKTOPaHTTBHIH :Keke YyJeci. J[OKTOpaHT €3 anjublHa MIHJIETTEp KOWMBII,
nabopaTopusiIarsl 3epTTeyNIepAl OPbIHAAIbI, 91e0U JEPEKTEP KUHABI )KOHE aJIbIHFaH
HOTIDKENEP/11 )KUHAKTA/IbI.

JIOKTOPAHTTBHIH IPOip KAPUSJIAHBIMAAFBI JKeKe YJeci Typajbl MIJiMeTTep.
byn nuccepranusiabiK KYMBICTBI OpPBIHIIAY OapbICBIHJIA YKACAJIFaH FBUIBIMU-3€PTTEY
KYMBICTAPBIHBIH HOTIKENEp1 12 FhUTBIMU €HOEKTep/ie, aTtan alTKaHaa, Scopus >KoHe
Web of Science 6a3acblHa EHTI3UIT€H CUITEMENCHIIPY HHIEKCT Oap >KypHaiiga
(mporrenTiib 39%, Q3) Oip makana, FeiibiM koHE >KOFaphl OUTIM MUHHCTPIITIHIH
OUTIM J>KOHE FBUIBIM caJachlH Oakpllay KOMHTETI TapalmblHaH OCKITUIreH
OaceutbiMIapaa ymr wmakana, <«OKahaHnblk FeUIBIM @ KoHe wuHHOBammsutap, 2020,
Optanbik A3usi» aTThl XalbIKapPAJIbIK FRUTBIMU-TIPAKTHUKAJIBIK KypHaIIa Oip Makaina,
OTanApIK KOHE MIETENIIK XalIbIKapadblK FRUIBIMU KOH(MEpEeHIMsIapia alThl MaKaia
KoHe Te3ucTep kapusutanabl. Kasakcran PecryOnrKkachIHBIH MMaigaibl MoJieliiHe Oip
nateHT anbiHAbl (ITM Ne 6276 xapusut. 30.07.2021):

1. Bayeshova A., Bayeshov A., Molaigan S. Obtaining hydrogen by aluminum
interaction with water // Journal of Chemical Technology and Metallurgy. — 2019. —
Vol. 54(3). — P. 639-642 — sxcniepuMeHTTEp Kacay, oJlap.ibl CHIIATTay, PICIMILY.

2. baemoBa A.K., Momnaiiran C., baemos A.b. CyTexTi cynaH amyasiH Keroip
Oenriri KoHE jKaHa OICTEpIHIH CaJbICTHIPMAIIBI cHUMaTTaMachl // AOall aThIHAAFBI
Kaz¥IIV-uin Xabapubichl «XKapaTeuibicTany-reorpadusi FbUIBIMIAPBI» CEPUSCHI,
2018. — Ne 2 (56) . —2018. — b. 22-27 — skcriepuMeHTTED Kacay, oJap/bl CUTIATTAY,
pacimey.



3. Bayeshova A.K., Molaigan S., Bayeshov A.B. Hydrogen energetics current
state and hydrogen production methods // M3Bectus HAH PK. Cepus xumuu u
texHojoruu. — 2018. — Ne. 5. — C. 107-116 — skcnepuMeHTTEp *kKacay, oJap.bl
CUIIATTay, PICIMEY.

4. baemos A., baemosa A. K., Momnaiiran C., TypnsioekoBa M.H., Jlecka b. Ponb
JENOJISIPU3aTOPOB B MPOIECCax BBIJEICHUS BOJOPOJa M3 BOJBl Ha TMOBEPXHOCTH
amanberamol amroMunus // News of the of Sciences of the Republic of Kazakhstan JSC
«D. V. Sokolsky institute of Fuel, catalysis and Electrochemistry», series Chemistry
and Technology. — 2023. — Ne 1(454). — P.15-26 — skcriepuMeHTTEp Kacay, OJapiabl
CHUTIATTay, PACIMEY.

5. baemosa A.K., Momnaiiran C., baemos A. UccnenoBanue rpoiiecca BbIICICHUS
BOJOpPOJa W3 BOJHBIX PACTBOPOB MPU PACTBOPEHUM ATIOMHHHUS B MPUCYTCTBUU
kaTuoHOB // COOpHMK cTaTeil Mo uroram MeXayHapoJHOW Hay4YHO-TPAKTUUYECKOM
koHpepenuu 12 mas 2018 r. Crepauramak, PO, AMU. — 2018 r. — C.83-85 —
IKCTIIEPUMEHTTEP Kacay, oJap/abl CUMATTay, PICIMIICY.

6. baemoBa A.K., baemoB A., Monaiiran C. CyTekTi aqlOMHUHHI MEH CYIbI
OpEeKeTTeCTIpY apKbUIbl ally oJICIH TypiieHaipy // Matepuansr MexayHapoaHON
Hay4HO-TIpaKTH4YeCcKo KoHpepeHiuu «Hayka, oOpa3oBaHue W TPOU3BOJICTBO B
YCIOBUSX YETBEPTOI MPOMBINIIEHHON peBomoruny. — Kaparanner — 2018. — C.154-
156 — skciepuMeHTTep Kacay, oJlapAbl CUIATTay, PICIMJIEY.

7. Momnatiran C., baemoBa A.K. AmOMUHHUA MEH CYIBIH OpPEKETTECYIHIH
TEPMOJAMHAMUKAIBIK MYMKIHIIKTEPIH KapacTelpy // MexXayHapoIHbIH Hay4dHO-
npakTuueckuit xxypHan «I modanbHast Hayka v nHHOBaruu 2020: LlenTpanbHas Azusi»,
Ne 5(10). Arrycr 2020, cepust «Xumuueckue Hayku». — C.17-21 — skciepuMeHTTEp
’Kacay, oJIapJibl CUIIATTay, PICIMIEY.

8. baemoBa A.K., baemor A., TypasibexoBa M.H., Momaiiran C. Cmoco6
nonyuenus Bogopona // Ilarent Pecry6nuku Kazaxcran Ne 6276 Ha 1mosie3Hy 0 MOJICITh
no 3asBke Ne 2021/0284.2. Omy6n. 30.07.2021 — mnaTeHTTIK I13JI€HIC Kacay,
AKCIIEPUMEHTTEDP OPBIHJIAY, HOTIKEJIEP/Il OHCY, TAIICHIPLICTAp JAaNHbIHIAY, PICIMILY.

JucceprauMsiHbIH  KoJeMi MeH KYpPbUIbIMbI. JlHcCepTalUsIbIK KYMBIC
KipicieneH, 5 6eIMHEH, KOPBITHIHABIIAH, 166 nmaliganansuran oae0ueTTep Ti3iMiHCeH
KoHe KochIMITanapaan typassl. XKymeic 142 Gerre mazmyHaanrat, 61 cyper, 18 kecte
KEJNTIPIIreH.



1 CYTEKTIH ®U3UKA-XUMHUSAJIBIK KACHUETTEPI, AJIBIHY
OJICTEPI, CYTEKTIK DSHEPI'ETHUKAHBIH KA3IPTI 3AMAHJAFbBI
KAF TANDBI

1.1 CyrekTin puU3MKA-XUMHUSJIBIK KacueTTepi

CyTekTi BHeprus Ke3l peTIHAE KapacThlpy — OHbIH (U3HKA-XUMHSIIBIK
KacHeTTepiHe OalIaHbICThI )KOHE KAa31prl KYHHIH TajJaOblHA cail KOMIPTEKTIK OThIHHAH
0ac TapTyFa oKeJIeTIH Maceesep/ii KaTap KapacTbIpybIMbI3 KaXkKeT. OpAailbiM MIHAETTI
TYPAE KYPri3UIeTIH MOHUTOPUHT HOTUXKEJEP1 )KbLJ CAbIH KOMIPTEKTIK OTBIH TYPJIEPIH
KaKKaH Ke3je, aTMocdepara TaCTalbIHATBIH KOMIPKBIIIKBLT Ta3bIHBIH KOHE KOMIPTEK
MOHOOKCHJIIHIH MOJIIEPIHIH ocim Kelie XaTKaHbliH kepcerenl [1,2]. Taburu kaz0a
OallyIbIKTapAbl TalJaaHFaH Ke37¢ KOMIPKBIIIKbUT Ta3bIHBIH KOHIICHTPAIIMSICHIHBIH
KoOer01HIH HoTHXkeciHae Temmeparypa coHrbl 100 >kbuima 0,7°C-ka e3repai JereH
MaliMeT opbiH ainca, 2075 xeutra geiin Oyn esrepic 5,4°C-Tbl Kypalibl JereH
6omkamaap aa 6ap [3,4]. Ocel Mmocenenepre OalmaHBICTBI O13/11H >KYMBICHIMBI3/IA
alIBIMEH CYTEKTIH KaCUETTEPIH Tajay Ke3eJIiI OThIp.

CyTek rajmamja €H KOIl TapajfaH XUMHSUIBIK 3jeMeHT (93% (aT.)) koHe kep
OeTiHAEe KEHIHEH TapayiFaH sneMmeHTTepaid Oipi (15,52% (at.%)). Cyrektin XKep
OeTiHJIeT1 HEeT13r1 Ke3/1epl — Cy XoHE OpraHUKAJIbIK KOCBhUIBICTAP: MYHal, TaOUFU ras,
o6nomacca. CyTeKTIH TeK ©31HE TOH epeklle KacueTrrepi 0ap, OChl KACHETTEpl OHBIH
KOITEreH dPTYPJIi cayiaiap/a nainanaHbUTyblH KaMTaMachl3 etei [5-8].

Cyrex J.M. MenneneeBTiH MEPUOATHIK KECTECIHAET1 €peKIle OpbIH ajaTbiH
anemMeHT. OHBIH CaJbICTBIpMalibl aTOMABIK MaccackiH 1,0079 nen kKaObuimaras.
Cytek — eH xeHUT ra3, on ayanan 14,5 ece »xeHul. MosekynanapablH Maccajiapbl
HEFYPJIBIM KEHUT 00Jica, COFYPJIBIM KO3FANIbIC >KbUIIAMJBIFBI COJI TEeMIlepaTypaja
Korapblai 6epeTini anbIK. COHBIMEH, CYyTEK MOJIEKYJIanaphl 0acka Ke3 KeJIreH ra3ablH
MOJICKYJIaJIapblHA KaparaHJa Te3IpeK TachIMallaHaabl Ja, KbUIYAbl Oip JICHEICH
eKIHII JieHere >XbUIIaMblpak keTkizedl. OChIHBIH ceOeOiHeH CyTeK, ra3 KyWiHzeri
3aTTapJIbIH IMIIHJET1, KbUTY OTKI3TIIITIIT €H JXOFapbl ra3 Oonbin TaObuIaabl. OHBIH
KBUTY OTKI3TIIITII ayaHbIH KbLUTY OTKI3TIIMITINIHEH IMaMaMeH 7 ece >KOFaphl OOJIBII
keneni. CyTeKTiH MOJIEKYyJachkl €Ki aTOMHaH Kypananasl. KanemTsl sxarmaiga Oy ras
Tycci3, micci3, nomci3. Cyna a3 epuai — 18,8 mir/a, MeHIIIKTI xaHy Kbutysl — 120,96
JIx/xr. CyTekTiH CYHMBIK KyHl TeMIiepaTypaiapblH TeK Killli MHTEPBaJbIHIAa OPBIH
amanpl: -252,76 — -259,2°C, OyJ1 ke371¢ TycCi3, 6Te JKEeHIUI CYMBIKTBIK TY31JIE/i, OCBIHBIH
ceOeOiHeH CYHMBIK CYTEK aly aca KUbIH Macese 0oJbim Ta0buianasl. CYHBIK CYTEKTI 63
KE3€TiH/Ie pakeTaJap MEH Faphllll achanTapblHAa OTBIH pETiHAEC NaigalaHbLTy
dakTopsl KamTamack3 eTireH. Onap YIIiH CyTeKTIH MOJICKYJIAIbIK MAaCCAChIHBIH a3
MOHI KOHE DHEPTUSHBIH JKOFAPhI TOpEKeae YHEMICTY1 PO aTKAPBII TYP.

Cytex xenteren metannapaa epuni (Ni, Fe, Pd sxone T1.6.), acipece nmamnaguiiae
YKOFaphl Meepae epui (cyTekTid 850 xenemi mamiaguiaia 1 keaemine). OCbIHIAM
epirimTikTiH ce0ebiHeH cyTek MeTanaapra quddy3us apKbUIbl CIHIPUIEl, TIOTI oJap
apKbUIbl OTIN KeTeal. MbIcalibl, CYyTeK KOMIPTEKT1 KyiiMa apKbUIbl CIHIPUIT€H Ke3Je
KyliMa Oy3blnajbl, ce0ell CyTeKk KyliMa KYpaMbIHJIAaFbl KOMIPTEKIEH 9peKeTTecel
(mexapOonm3anus  mpormeci), Oyi1  mpouecc  omerre  650°C-taH  KOFaphbl
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TeMreparypaiapaa Kypell. Oaerre KyimManapasiH (0oJaTTapAbiH) KOMIPTEKCI3ACHY1
toThIKThIpFBIITAp (02, H2O, CO), 6ap opranmapaa icke acaabl, Oipak TE€K CYTEKT1
opraja na xxypeni. JlexkapboHuzanus Ke3iHIe OpbIH alaThiH peakuusuiapasl 1.1, 1.2
1.3-mbIcasiilapMeH KkepceTyre 0oJabl.

Fe;C +0, = 3Fe + CO (1.1)
FesC + CO, = 3Fe + 2CO (1.2)
FesC + H,0 = 3Fe + CO + H, (1.3)

CyTtekTiH aexapOOHU3alMs CHUSAKTHI Oacka Jla HEraTtuBTi acepiepi Oojaibl.
MpIcanbl, CyTEeKTIK KOPPO3Usl KOHE CYTEKTIK OMBIPBUIFBIII, OYJI MPOLIECTEP OACTTE
KaTapbiHaH kypeai. CyTeKTiK Koppo3us — Oy TeXHOJOTHSUIBIK OpTajap/a >KOFapbl
TeMIepaTypaiapia OpbIH allaThlH Tporecc. MpbIcanbl, MyHalIbI HemMece KeMip/i
THIIPUATEY Ke3iHAe, aMMUaK HEMece METaHOI aly CUSKThL. KymicTe cyTek epimeiii
[9].

CyTekTiH TypakTel u3oTonTaphl ekey: npotuii (*H) sxome neiitepmii (?H),
COHBIMEH KaTap 0ip paguoakTusti Tputhii (*H) meren mzoron Ta 6ap. OnerTe CyTek
0acka 2JEMEHTTEPMEH KONTETreH KOCBUIBICTap Ty3edi. MbIcaibl, METaH, KONTereH
OpraHuKajbIK KOChUIBICTAp, Cy. CyTEeKTIH aca >Korapbl aKTUBTUIITIHE OalJIaHbICTBI OJ1
Taburarta Mylige O0oc KyHiHIe Ke3Aecleiiii HeMece Ke3JeCKeH Ke3ne Je, oTe a3
MeJTIIep/ie koHe cupek Typae. CyTeKTiH epeKie peakiuusFa Tycy KaoieTTiniria 1.4-
1.9-peaknusnap kepcereni. CyrekTiH propmer 250°C-Ta opekerTecyi KomapbuIbICKa
JKEJIel.

byn sneMeHTTIH XJIOPMEH OpeKeTTeCyl YJBTPAKYJTiH COyJeNepiH ocepiMeH

KOHE a3Jam KbI3IBIPY Ke3iHAC OpbIH ajiajgbl. BpoMMeEH, KYKIPTIICH, a30TIICH
OpeKeTTeCyl KbI3bIPY/bI Taam eTe/i.

H, + Cl, = 2HCI (1.5)
H, + Br, = 2HBr (1.6)
H, +S=H,S1T 1.7)
3H, + N, & 2NH3; + Q (1.8)

AN CYTeKTIH OTTEKIIEH OopeKeTTecyl asjam oOT KoWraHjga Oacramagsl Ja,
«TYPUIACYIII KOCTIa» TY3UTYiHE OKEIIil, KOMAaPhUIBIC OPBIH alaIbl.

Byn peakuusiHbl CyTEeKTIH Ta3aldbIFbIH TEKCEPY YIIiH naigananaast [10,11].
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1.2 Cyrek anyabIH 6HAIpPICTIK daicTepi

CyTekTi anyAblH HET13r1 oficTepiHe ToKTan eTeilik. Kasipri ke3ae Kbul cailblH
OYKUI IyHUE KY31H]I€ oHepKacinTik oaicnieH 50-60 miH. T. cyTek eHaipuieni [12], ocel
OHIIPUIETIH CYTeKTIH 95%-1 KOMIPTEKTIK MIUKI3ATTaH ajdbIHA/IbI, €H aJAbIMEH, TAOUFU
ra3JjaH >kKoHe KeMIpJIeH, COHbIMEH KaTap MyHail eHIMJepiHeH. OHIIPUIETIH CYTEKTIH
ayKbIMJIbI 0eJliri MyHal ©HEpKOCiOIHIH KOCAJIKbl ©HIMI OOJBIN TaObUIAAbl J1a, COJ
OHJIIPICTIH TEXHOJOTHUSIIBIK TI30€T1H I MaiiaiaHbLIIa k.

CytekTi any Ke3lHA€ KOJIAHBUIATHIH INMKI3aT OOMBIHIIA MpoLecTepAl €Ki
Kareropusra 0eyre 00J1aipl, 0Jlap: JSCTYPIIl XKOHE KaHAPTHUIATHIH OOJIBIN TaObLIAIbI.
bipinmi karteropusina kaz0a OalbIKTapabl KOJIJAHAIbl, OJ KOMIPCYTEKTEepiH
pUGOPMHHTIH >KOHE MUPOJIU3 9AicTepiH KaMmTuabl. ExiHIni kaTeropusga Guomacca
HEMECe Cy CHAKTHl >KaHApPThUIATBIH pecypcTapapl nakganany [13]. backama
Ke3KapacreH TalJaraH Ke3Jle CyTEeKT1 OHEPKICINTIK JeMeK, YIKeH MaciiTtadTa aityaa
KeJieci KaTeropusiiap KOJJIaHbUIaAbl: 1) TaOWFU OTHIHIAPAAH, MBICATBI, METaH; 2)
AIIEKTPOJIN3 HEMECE CY/Ibl TEPMUSIIBIK BIABIPATY; 3) aTOMBIK-CYTEKTIK dJHEpreTHKa; 4)
OMOTEXHOJIOTUSIIBIK XKOHE Oamamabl kesnep [14-16]. An keitOip mionynapaa, MpICalibl
[17] cyrexti Ka30a OaliabIKTapaaH aly KapacThIpbLUIFaH, Oy ojicTep OYIIbI
PUGOPMUHT, MAPIHATIBIK TOTHIKTHIPY, aBTOTEPMHUSIIBIK TEXHOJIOTHS, TUPOJIH3 JKOHE
TUIa3MaJIbIK TEXHOJIOTUSIApIbl KaMTHABL. OCBl peTTe Cy DJEKTPOIHM3iH TAJIKbIIAy 1a
OpbIH aiFaH. TinTi OSKOJOTHSUIBIK Ta3a TEXHOJOTHsS jKacay MakcaThlHAa Cy
AIIEKTPOJIU31H SHEPTUSHBIH KaHAPTHIIATHIH TYPJEPIH OHAIPY SJICTEPIMEH YHIIECTIpY
7e KapacTelpbliraH. Kazipri ke3ze CyTeKTI YJIKeH Keyemiaepiae OHAIpy Kazoa
OaitnbikTapaan Oynbl puUGOPMUHT, Ta3u(pUKALUS >KOHE MapUHUANIbl TOTHIKTHIPY
OICTEpiH KOJJAAHBIN OHIIPYMEH THIFbI3 OaillaHbICThL. bysl TexHOMOTUsIIapAbIH ©31He
TOH KeMIIUTIKTEP1 A€ KOK eMec. AHTa KeTCEeK, SHEPTHsHbI Maiianany MeH KopIlaraH
opTara KemTern KeMIpTeK MIbIFapyIbIH 031 oI e 6oJica YIKeH yiecke ue 6omyaa. Ocel
oJIya Ka3z0ajabl eMec MKKI3aTTh J1a Maiganany Ke3aenreH. Mpicaiabl Ka30aiibl eMec
muKizaTTad — ammuakta (NHz) — ma3Mansik TEXHOJIOTUSIHBI Taiiiallany apKbUIbI 1a
almy TanjgaHraH. byn ofic Ta3a cyTek aly MakcaThIHAAa KaTaau3aToOpMeEH e,
KaTaJIM3aTOPCHI3 Ja KYPri3UIil KOpreH.

1.2.1 CyTeKTi eHIIpy1iH TEPMOXUMHUSIIBIK JKOJIIAPhI

CyTekTi OHIIpyAiH TEPMOXHMHMSIBIK JKOJIAPBIH TaafgaibiK. WBUIIBI3 JKOHE
Kasumu geren aBropimap [18] e3 3eprreynepiHiie KeNTIpreHjaed, CyTeKTi
OPTANBIKTAHMBIPBITT OHMAIPY KE31HAE  JKOFaphl TEMIIepaTypaiabl TEPMOXUMUSIIBIK
MpOLIECTEP/IC, Cy DJIEKTPOJU3IHAE HeMmece OyIbIH JKOFapbl TEMIEpaTypaibl
AIEKTPOJIU31H]IE SHEPTUSHBIH HETI13T1 K631 OOJIBII SIAPOJBIK YHEPTUSHBI MaiiiaaHyFa
0oJyazibl. DHEPTrUsUIbIK TUIMAUIIK CYTEKTI Kayllci3 >KOHE YHEeMJl eHAIpY YIIIH aca
MaHb3Abl. CoOHbIMEH Ta30eH, OalKbITBUIFAH TY3JapPMEH, CYHUBIK MeTallJlapMeH
CYBITBUIATBIH JKOFapbl TEMIIEPATYypasbl peaKTopaap CyTeK OHAIpyre Kodaiiabl OOJbII
TaObUIA/Ibl JIETE€H MIKIPAIH aWTBhUTybl ©T€ OPBIHILI M ecenTeiial Oy aBTopiap.
TepMoXuMUSIBIK 9/1icTep/IiH O1p1 — TAOUFH ra3/ibiH OyJibl pUPOPMUHTT — CYTEK aTybIH
HET13T1 TEXHOJOTHUsUIapbIHBIH Oip1 O0bIN TaObuTaAbl. by o/ic TaOuFy ra3asl opTYpIl
TOTBIKTBIpFBITITapMEeH (CO2, HyO, O, aya »xoHe onapablH KOcCIHajapbl) dcep €Ty
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apKbpUIbl KOHBepcusayabl ke3aenal. Hotmxkecinae KypambiHna ken memmepae Ho
xoHe CO 0ap eHim anbrHa el [19]. Ochl 9ICTIH OHIMALIIT )KOFAPHI )KOHE OHIM ap3aHFa
TYCEe/i, COJ CEOENTEH OChI 9MIICTIEH AJIBIHATBIH CYTEKTIH MOJIIIEP] aeMAe OHIIPUIETIH
cyTekTiH 85%-in Kypaiasl, an AKIL-ta Tinti 95% Kypaiinbel feren MaaimeTTep Oap.

Taburu ra3npiH (Hemece Oacka Ke3AEp/IeH TYCKEH METaHHbIH) OyJibl
KOHBEPCHUSICBIMEH CYTEKKe 0ail ra3 ajbIHa/bl, 9JETTE, OHbIH MOJIIIEpl KypFaK Maccara
ecenrerenne 70-75%-ke »kereni, coHbiMeH Oipre 2-6% wmetan, 7-10% kemipTek
MOHOOKCHU/I1, 6-14% KeMipTek TUOKcHAl Ke3aeceni. MeTaHHbIH Oyiibl KOHBEPCHSICHI
KE31H]I€ CYTEK aJIy/IbIH IIBIFBIHBI OaCTaNKbI IIMKI3aTKa, OHAIPIC KoJieMiHe OalIaHbICThI
1 kworpamra 2-5 qoyapra JeiiH KeTe Il )KOHE TachIMalljlayFa KeTeTiH Kapxbl 2,0-2,5
J0JUTapFa XKeTei aereH oospkaynap kenripiires [20].

Taburu razael Oynbl puOPMHUHIKE YIIBIPATY KE3IHAE CYTEKTI OHAIpY YII
cateIMeH Icke acanbnl. EH amapiMedn Mmetanasl 500-950°C-ta xome 3 Mmna-ra TeH
KbICBIMJIa pU(OPMUHTKE YIIbIpATabl, Karaau3aTop KaTbichiHAa (omerre Ni), Oy
ke3ze cunres-ra3 (CO + 3H; kocnackn) Ty3ineni:

CH, + H,0 & CO + 3H, + 206 x/Ix/monb (CH,-TiH 1 MosiHE) (1.10)

PudopmuHT peaknuscel, 91eTTe, SHIAOTCPMHUSIIBIK OO KEIeIl HKOHE KbUTYIbI
CBIPTTAH OKEJITEHJI Tajlalm €Teil, al OyJI KbUIy, 63 Ke3eriHJe, CHri31JIeTIH TaOuru
ra3zibiH 01p Oetirin (mamamen 25%-ke feiin) xary Ke3iHae Ty3iieni Hemece OeiHim
IIBIFBIN JKaTKaH Ta3/apJaH MIbIFaabl (MBICAJIBI, CYTEKTI Tazanay KYHMeciHEeH KeJeTiH
ra3). Ty3uireH cuHTe3-ra3 COHbIHAH Cy OYBIHBIH apThIK MOJIIIEPIMEH dpeKeTTece/l,
OCBI Ke3/1e CYTeKTiH KochiMIta Mesmepi (1.11-peakitus) Ty3inemi.

CO + H,0 & CO, + H, — 42 xJIx/mons CO (1.11)

byn peakumst (1.11) pudopMUHT peakMACHIHBIH TeMIIEpaTypacblHaH TOMCHJICY
Temneparypanapaa xxypeni (omerre 600°C-tan temen). Peakuus OipHelie caTbIMEH
icKke acajpl, opOip CaThICHI OHBIH AJJIBIHFBI CATBHICHIHBIH TEMIIEpaTypachblHaH TOMEH
Temmeparypaaa xypeni. JKorapeuiay temneparypanapnaa (350-475°C) cytek Ty3ity
JIOpEKeci Jie KOFaphl 0OJaIbl; OCHI CaThila TEMIp HETI3IHIE KacalFaH KaTalu3aTop
KOJIIaHbUTYybl MYMKiH. Keneci catbutapaa, Oynan na TeMeH Temneparypanapaa (200-
250°C) w™pbIc HeriBiHAEeri KaTanau3aTop KOJAaHbUIaAbl; an cuHTe3-Tazfgarel CO
KOHIICHTPAIUACH alTapiIbIKTail ToMeHAeH . bynsl pudopMUHT Ke3iHIe ajJbIHATBHIH
ra3 Heridinen (Hp) — cyrekren (70-80%) Kypamamsl >koHE OHBIH KypamblHIa a3
mommepae CHa (2-6%), CO (7-10%) xone CO; (6-14%) 6omansr [21,22].

AN KeHiHT1 KbIIAapaarel 0acka 3epTTeyiep/ie TEPMOXUMHUSIIBIK JMIICTEPTe KaHa
Ke3Kapac KaJbINTACThIpbUTFaH. by 3eprreymin [23] Heri3ri OarbIThl  OyJIbI
pedOpPMHUHTTE METAHIBl TOTHIKTHIPY YIIIH OHTANIIBI KYMBIC MTAPAMETPIICPIH aHBIKTAY
0oJbIn TaObLIaABL. ¥ ChIHBUIFAH TYKbIpbiMaamanaa O2/CH, sxone H,O/CH4 xaTbiHach
HETI3r1 KYMBIC TMapaMeTpiepi OOJdbI CaHANJbl, ajl TEHTIH [IbIFbICHIHAFBI
najama”npuIFal ra3faplH Temneparypacbl 1200°C  TemmepaTypaia TypaKThl Jen
ecentenai. KaHy THIMAUTITIHIH MaKCUMAJIbl ©CYy1 aHBIKTaIAbl. TepMOIMHAMUKAIIBIK
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ecenTeyJjiepre coiikec, memrTik razgap temneparypacsl 1200°C Typakrbl OonraHna,
OTBIH MEH TOTBIKTBIPFBIIITHIH IIFbIHBL 16,5%-Fa azaiinbl. Pudopmunr taxipudenepi
CHy-1o1 TYpaenaipy xbuigaMabirbia 100%-ra neiiin ecetinin kepceTti. Oz xone HoO
KOCY/bIH KOMIPTEK IIeriHAUIepiHiH naiga OoJyblHA oCepiH SKCHEPUMEHTTIK
seprreynep CHa/H,O/O; monspnbik katbiHacel 1/1/0,3 OonraHma, peakTOPIbIH
KIpICIHJI€ KOKC TY3UIMEUTIHIH KOPCETTI.

Erep cyrek oThIH 3neMeHTIHAe NaiganansuiaTein 0osica, CO-HbIH Medepi 10
pPpM-HEH TeMeH 0oJybl THIC. ByJl Ke3/1e Heri31HeH TOTBIKTBIPY JKYHecl KOJIJaHbLUIaIbl,
alblHFaH rasfa aya KOCBIN, KaTaJu3aTop KabaThl apKbuibl ©TKi3uieal. bemnriuni Oip
TEMIepaTypaaa KeJecl peaklUUsSHbIH XYpPyl CYTEKTI TOTBIKTHIPYAAH Ja KaXeTTIpeK
Oonaabl:

€O +-0, - CO, (1.12)

Conna CO-HbIH MeJIIepi KaxeT aeHreure kerkiziuieni. Keibip kezne copOeHT
petinae kanpiuii okcuaiH Kommany COz xone CO wmenmepiH a3alTyra, al CyTeK
YJIECIH )KOFaphlIaTyFa okeneil. by ke3ne Ty3uieTin ra3nbiH Kypambl keneciaeit: 90%
Ha, 10% CHa, 0,5% COa.

TabOuru ra3gan cyTek amy 9/iCiHIH HET13r1 KeMIIUTIKTEPi:

- TeK OeNTUIl )KepJiep/ie FaHa 00JIaThIH MUKI3aTThIH KeTYiHEe Toyel i 00iy;

- atMoc(epara Kel MeJIIepAe TaCTAIbIHATHIH JKOHE CYTEKTIH KYHBIHAH achIIl
KETETIH IIBIFIHAAD )KYMCAIAThIH KaiTa eHaeyai Tanan eteTidn CO2 ra3bIHbIH TY31UTY1.
OchIHBIH 069p1 CYTEKTIH KYHBIH KOFaphbljaaTa TyCe/i;

- KOHABIPFBUIAPIBIH OHIMILIITT TOMEH, OVJI JIICTICH CYTEKTI op Kepie OHTIPYIiH
KUBIH/IBIFBI;

- cyTek KypambiHga CO KoCTachIHBIH OOJTYbI, IEMEK OYJI CYTEKT1 OThIH 3JIEMEHTIH
nanbIHAay1a KOJIJaHy YIIIH KOChIMIIA Ta3ajlayablH KaKEeTTLIIr.

CyTek anmyaplH TEPMOXUMUSIIBIK OMICTEPIHIH TaFbl Oip TYpl — METAHABI TOJBIK
eMec Typae TOTBIKTBIpY. OCHI 9J1icTe METaHIbl HeMece Oacka J1a KeMIPCyTeKTep/i
(MBICambl, MYHAIi) OTTEKIIEH TOTBIKTHIPAIbI, OV Ke3/e kenecl peakuus oorbrHma CO
xoHe Hp Ty3ineni:

CHy+> 0, > CO + 2H, + 36 MI/xvons CH (1.13)

Peakmust 2K30TEpMUSIIBIK JKOHE CHIPTTAH JKBUTY OKENYJl Tajam eTIeWli, COJl
ceOeNTeH KbUTy alMaCTHIPFRIIITAPABI KOJIAHYABIH KAXKETTUIr koK. TemmepaTypa
aca >KOFapbl OOJFaH/IBIKTAH, KaTAIM3aTOP J1a KaXKET eMec. bipak CyTeKTiH IIBIFBIMBIH
METaHHBIH | MOIliHE ecemnTereHje HeMece >JKYHeHIH mnaigansl Kod(PHUIMeHTIH
KOFaphIIaTy VIIIH KaTanu3aTopAsl Taimananyra Oomanel. bBymel pudopmepre
KaparaHaa, TOTHIKTRIPYFa apHAIFaH PEaKTOP BIKIIAMABIPAK JKOHE OHBIH Taigaibl
kod(ppuuuenti sxorapsuiay (70-80%). PeaktopabiH e31 pudopmepre Kaparanjaa
ap3aHjiay OOJFaHBIMEH, >KYMBICIIBI PEAKTOpP JKOHE CYTEKTI Tazalay Kyienepi
KbiMOaTKa Tycenl. Ocbl cebentep/i eckepce, OV 9IICTI KEHIHEH MNaijanaHy YIIiH
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CYTEKTl Ta3apTaTblH THUIMJII J€ ap3aH TEXHOJOrusjap oinan Tady KaXeT JereH
MIKIpJEp aTBUIFaH >KOHE METaH]Ibl OyMeH HeMece OyCbhl3 TONBIK €MEC TOTBIKTBIPY
YUIIH KOJJAHBbUIATBIH CHHTE3AIK Ta3 MPOLIECTEPIHAEIT COHFBI  KETICTIKTEP
KapacThIpbUIaJibl. ATan alTKaH1a, opTYPil TEXHOJOTHUIBIK cXeMaiap/ bl (OeKITUIreH
KabaT, CyWbIK Kabar, mMeMOpaHa >XoHE T.0.), KaTaiu3aTtop TypJepiH (YHTaKTap,
KOOIKTep, MOHOJIUTTEP KoHE T.0.) )KOHE KaTaIUTUKAIBIK Oencenai pazanapasl (N1, Pt,
Rh xonHe 1.6.) KapacTbipraH. ¥ ChIHBUIFAH 9PTYPJll TEXHUKAJBIK MEHIMAEP1 TYCIHAIPY
Ke3lHJe peakuus wmexaHu3mi eckepiireH, Oyn CO xone H xanuOpnenren
KOCTAJIApbIHBIH TYy3UTyiHe Hemece xanmbl TOThIFy (CO2 xkone H20) sxoHe muposus
(koKC) OHIMJIIEpIHIH Kalaychl3 Ty3UlylHe okenyl MymkiH. CoHbIMEH Katap,
KaTaJIM3aTopiapblH KaHa KIacTapbl Killli peakTopiapabl KOl MeJIIepAe MEeTaH/Ibl
(MOHONUTTEP/I1) OHJICY HEMECE CYTEKTI Oacka peakiusi oHiMepiHeH (MemOpaHaap)
OpHbIHIA Oeily VIIIH TMaijagaHyFa MYMKIHIIK OepeTiHl KepceTuireH. by
TEPMOJMHAMUKAIIBIK TYPFBIAaH KYTUICTIHHEH Tepi JKOFapbl KOHBEPCUS MCH
CEJICKTUBTUIIKKE oKeneni. Pomuii HeriziHaeri kartaausatopiap eTe KbiMOar
OoJFaHBIMEH, OJ1ap 1kl Hy MIBIFBIMBIH OapbIHIIa apTThIPY apKelibl HoO Ty3inyiH azaiiTy
YIIiH maianaHyfra 00JaThbIHbI aHBIKTAFaH [24].

Pudopmunrtiy Tarel 6ip Typil aBTOTEepMaiAbl Jen aTtananbl. byn omic Oymsl
pUGOPMUHT KOHE TAaOMFU Tra3[bl OONIKTEN TOTBHIKTBHIPYIBIH YHJecin OIpIKKeH Typi.
PeakTopnan meiry kesingeri temmeparypa 950-1100°C aymarbiHza, an rasaap/ibiH
KbichiMbl 100 Mma-ra nediin sxeteni. bynbl pugopMuHrke Kaparanaa, aBTOTepMabl
puOPMUHT YIIIH CBIPTTaH JKBUIy OKeNy KakeT emec, cebebi peakius
HK30TEPMUSIIBIK, OChIFAaH OalIaHBICTBI aBTOpUGOpPMEpIEp KapamnabIMIbIPaK >KOHE
ap3anjiay 0oJibIn Kee/i. bipak mIbIFapbuUIaThIH ra3aapabl Ta3alan TYPYy KaKeTTITIrHe
0alIaHBICTBI CYTEKTI OHJIIPY KhIMOATKa TYCEHIl JKOHE Mamaybl ocep Kod(phuIneHTi
ToMeHaey Oomanbl (65-75%). Ockl Macenenepre KaparaHaa, SKOJOTHSUIIBIK TYPFbIIaH
CYTEKTi TAOUFH KOMIPCYTEKTIK IIMKI3aTTaH OHIIPY OHBIH ©31H KaFyMeH Oipeit O0JIbII
kepineai. OHbIH ce0ebi, COHFBI JKaFaii1a atMocdepara TYCETiH 3USTHIbI TACTaHIBLIAP
OTBIHIIBI KOJJIaHy cajlachlHIa Ty3uIeai, an OipiHI »karjaija aa TY3UIETIH coJl
TacTaHJbUIap, OIpaK ojap CYTeKTI aiay Ke3iHae Ty3uledi. AranraH ceOenrTepial
KOPBITBIHABIIAFAH KE3/Ie CYTEKTI TaOuFU Kaz0anap/aH ainy OarbIThIHJA KYPri3UIEeTiH
HETi3r1 FBHUIBIMU-TEXHUKAJBIK 3€pTTEYNiep JKaHa TEXHOJOTHsIap Kacay Ke3iHJe
OemiHEeTIH ra3napibl, dcipece KOMIpKBIIIKBLI Ta3blH YCTay HEMECe 3aJaChI3IaHIbIpy
MPOLIECTEPIH KETUINipyre KoHUT 0oy KakeT. by ke3kapactap HeTi3iHIIE TYKBIPHIM
’Kacacak, CYTEKTI KOMIPACH CyJbI-Ta3IbIK KOHBEPCHUSIMEH aJfaH aWTapIIbIKTan
Kenernieri 0ap ofic cuskThl kopineai. Kazda oTbiHAapbIH aBTOTEPMHUSITBIK PUGOPMUHT
(ATR), conpmaii-ak MeTaHOJ, O3TaHOJ], TJUIEPUH, OyTaHOJ, OWOMalIap KoHe
OMOM3eNb CUSKTHI )KaHAPTHUIATHIH OTBIHAAPABI CYTEK OHIIPY YIIiH aBTOTCPMHUSIIBIK
pudopmuar (ATR) konmanynaeiH THIMAUIITT KepceTinred. 3eprreyiep ATR
KOHJIBIPFBICHIH 00ajay, OTBIH OHJCY JKaObIKTaphl, pUGOPMHUHT KOHIBIPFHICHIH ICKE
KOCY OHE KaTaln3aTopiiap CallachIHAAFbl COHFBI JKETICTIKTEpre, COHAAN-aK OCHI
cajajarbl 3epTTey KoHE d3ipjey MYMKiHAIKTepiHe OarbiTTanraH. Kaz0a oTeiHAApHIH
aBTOTEPMUSIIBIK pudopMuHr apkbUibl Ho eHAlIpici KeHIHEH 3epTTENreH1 KOpCeTUIreH.
Ponuit MeH HHUKENh CHSIKTHI OPTYPJIil achll )KOHE HETI3T1 METalap bl MaiTanaHaThH
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KATaJUTUKAIBIK 3€pTTEYyJep a3 €KeHl aTaibll, Oyl JKaHa 3epTTeysep YIIIH
MYMKIHJIKTEp/1 MIEeKTeTIHI aranFaH. Kepicinuie, Onomaiinap, OMOau3€enb, 3TaHOI
XKoHE OyTaHOJ CHSIKTBI OMOJIOTHSUIBIK IMuKi3arTaH Hj eHmipici ’kakplHAa FaHa
OacTanfaHblH KOPCETIN, OJaH opl 3epTTeysiep YILIIH alTapibIKTall MYMKIHIIKTEP
yceiHanpl. Ka3z0a oOThIHZaphlHAH CyTeK ally peakUuschl >Kallbl Typhe Obuiaii
OeJIrJIEHEeTIH1 KOPCETUITEH.

C (xatThl) + H,0 + xbL1Yy = CO + H, (1.14)

Peakius 3HIOTEPMUSIIBIK KOHE ChIPTTaH KbUTYy Oepy/ll KaKeT eTel, Oyl sKaraail
TaOUFU ra3pl puOpMHUHTKE YIIbIpaTKaHaa na Oaiikanrad. Ty3inetin CO-Hbl cojaH
KeWlH KOChIMIIAa Typlle Cy OybIMEH opekeTTecTipinm cyTek amyra Oomanbr (1.15-
peakius).

CO + H,0 — H, + CO, (1.15)

CyTekTi KaTThl OTBIHIApAAH ajy OJICTEPIH XKETUIAIpyre Kaszipri kesze OyKii
anemze Ken KeHUT OeniHeni, ce6ebi kemip Kopiapbl a1 ae >kerepiikred (British
Petroleum xopnopanusicblHbIH epekTepi OolbIHIa kKemip Kopiaapsl 2008 xbutbl 826
MUIIp/I. TOHHAHBI KYparaH) JereH aepekrep oap [25,26].

AKII-Ta «KemipaeH cyTek aiy» aTTbl YITTHIK Oaraapiama 0ap, MyH/1a Kejeci ou
allKbIHAQIIFAaH: OHEPKACINKE CYTEKTIK SHEPrOTEXHOJOTHSIApIbl €HTI3y KOpIlaraH
opTara TacTaJblHATHIH MApHUK Ta3JdapbIHBIH MOJIIEPIH KbICKApTyFa Typa OKeleMi
KOHE OHJIPICTIH OKOJOTHSIBIK Ta3aJdblFbl MEH JSHEPreTHKAJbIK THIMJIUIITIH
»KOFapbutaTa Tyceni [27].

Kewmipni Oymibl-ra3npl KOHBEpCHsJIayFa apHaJIFaH KOHIBIPFbUIAp OYTiHTI KYHI
0acka KaTThl OTBHIHIAPABI OHJEYIe apHaJFaH HSHEPrOKOHABIPFBUIApFA KaparaHna
AKOJIOTHSUTBIK TYPFBIAH Ta3a OOJbIN TaObUTANbl KOHE OJIApAbIH MaiIaibl dcep
kodddunmenti ne korapeuiay 6omanbl (39-44%). Anm Oy omicTiH aWTapibIKTal
KEeMIILTITT — CHHTEe3-Ta3/la CYTeKTiH MeepiHiH a3 0onysl (aaerte 40% (kemeMIik)
MPOICHTTEH acmaib).

1.2.2 DNEeKTpOAUTTIK SiCTEP

CyTexTi eHAIpY SIICTEPiHIH TaFbl Oip TOOBIH JEKTPOJIUTTIK JAICTEp KYpaiibl.
OwnbIH imIiHae KOHUT 06Ty/1 Tajamn eTeTiHl — Cy DJIEeKTPOIH3I.

Kazipri 3amanga cyTekTi amyablH KeJemneri 0ap TeXHOJIOTHUSCH — CYABI DJICKTP
TOTHIHBIH OCEPIMEH KypaMJiac OONIKTepiHE — CYTEKKE >KOHE OTTEKKE BIAbIPaTAThIH
cTaHaapTThl 3ekTponu3 (1.16-cxema).

2H,0 + anektp Torel — 0,+2H, (1.16)

By ofiCTIH KYMOH KENTIPMEUTIH apThIKIIBUIBIKTAPHI:
- IIUKI3aTThIH (CYABIH) TAYChUIMAC KOPBIHBIH 0ap O0ybI;
- SKOJIOTUSUIBIK TYPFbIAaH Taza 00yl
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- OHIMJUIIK ~ Auana3oHbl KEeH  OOoJIbIl  KEeJEeTIH  KOHJIBIPFbUIAp  jKacay
MYMKIHJIIKTEpiHIH OO0JIYyBI;

- KOJIIaHy KapanaubIMIbUIBIFbI )KOHE KYMBICTBI OPBIH/IAY BIHFAUIIBLIBIFbI;

- aJIBIHATBIH CYTEKTIH OTE€ JKOFapbl JOPEKEIErl Ta3alblfbl, COHBIMEH KaTap Ta3a
KOHE KYH/bl KOCAJIKbl OHIMHIH — ra3 KYWiHJIeT1 OTTEKTIH O6iHY1.

Kazipri 3amanga CyTeKTi DJIEKTPOJUTTIK OJICIICH adyJblH YII TEXHOJOTHUSCHI
kacanran [28-32]. OmnapapiH Oip-OipiHeH aWBIPMAIIBUIBIFBI:  KOJIJAHBUIATHIH
ANEKTPOIUTTEPAIH TUOTEP1 (CUITUII-CYNBI €pITIHAUIEP, MPOTOHUOHABI MeMOpaHaap
(KaTThl MOAUMEPITL FAEKTPOIUTTEPMEH Oipre); KaTThl OKCUATI JIEKTPOJIUTIIEH - Z[-Y -
KepaMuKka (OTTEKTIK MOHABIK OTKI3TIIUTIKKE He). OPTYpil 3JIEKTPOJUTTEPMEH
TOJITBIPBUIFAH AJIEKTPOIU3EPIIEPE CYbIH bIABIPAYBI SPTYPII1 KOIIAPMEH KYpel.

CinTuni 3JeKTPOJUT KYUBUIFAH DJICKTPOJU3EPAC KelieCl XUMUSIIBIK peaKiusiap
opsIH anajsl [33]:

Karonrare! peaknus: 2H,0 + 2e — H, + 20H™ (1.17)

Anonrarsl peakuus: 2H,0 S 0, +4H* (1.18)

3JIEKTP TOTbI

Koceael peaknus: H,O + anekTp Torbl = H, + %02 (1.19)

An erep aneKTpodu3epAe MOJUMEpIl MPOTOHHOHIB MeMOpaHa 0oJica, CyAblH
BIJIBIPAYBI KeJiecl peakiusiap OOMbIHIIA ICKE acalbl:

Anonrarel peakuusi: H,0 — %02 +2H* (1.20)
Karonrarsl peakuusi: 2H' + 2e - H, (1.21)
Kocwiaasr peakiusi: H,O + anekTp Torbl = H, + %02 (1.22)

KaTTel OKCHATI 3JIEKTpOJIM3EpIIEpAe DIICKTPOJUT PETIHAE KaTThl OKCHJTI
KepaMUKaJIbIK MaTepuaijap MaijanaHbuiafel  (QETTE  UTTPUM  OKCHUAIMEH
TYpPaKTaHBIPbLIFaH). MyHal 37eKTpoau3epiiepae KaTOATaFbl Cy ChIPTKBI TI30E€KTET1
AIEKTPOHAAPIBI KAaOBUIAAN, CYTEK TY3€/l, COHBIMEH KaTap Tepic 3apsliKa He OTTEeK
MOHMIApHI TY3ineni, Oyiap e3 Ke3eriHae, aHoATa DJIEKTPOHAAPIbI CHIPTKBI Ti30eKKe
XKi0epirn, ra3 KyrhiHaeri oTTekke aiiHanmansl [34]. Atan eTeTiH Macene, KaTThl OKCH/ITI
KEepaMUKAIIBIK AIEKTPOTUTTED CaJIbIHFaH AIIEKTPOTH3EPIIEP KOFapbI
TeMIeparypanapza ;kymbic atkapaabl (KysiK mamamed 800-1000°C), am mpoTOMOH BT
MeMOpaHalapMeH KamTamachi3 erinreH anektpommsepiep 80-200°C-ta  KpI3meT
aTKapajapl, CUITUIL AIEKTPOIUT KyibutraH osnekrponusepiep 50-200°C-ta. byn
alBIPMAITBUTBIKTAD OCHI DJIEKTPOJIM3EPIEPAiH KbI3METIHE 0acKa KO3JepAeH KOFaphl
TeMIeparypaiapaa OeJIHTeH >KbUTY/Ibl MaigalaHnyabpl KapacThIpaabl (COHBIH IMIiHIE
STPOJTBIK SHEPTUSHBI ) )KOHE OCBHIHBIH HOTHKECIHIE STIEKTPOJIA3TE )KYMCATIATBIH JICKTP
OHEPTUSACHIHBIH IIBIFBIHBIH a3aiTa bl

Keit6ip 3eprreynepae [35] a5ekTpoau3ep iy *KaHa Typi YChIHbUIFaH. byn Typinae
aHOJT JKOHE KaTOJl KaMepasiapbl 06JIeK OpHAJACTBIPBUIFAH, OJlap/a aHOJ YKOHE KaToJq
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KOWBUIFAH, all JJICKTPOJATAPIbIH EKIHII >XYObl OpTaK KbI3MET aTKaphll, KbICKA
TYUBIKTAJIFAaH OTTEKIIEH OPEKETTECHENTIH PYTEHUH-OKCHUITI MaTEpHUaIJIaH *KacajlFaH.

Cy 2JIeKTpONM3iMEH aJIbIHATBIH CYTEKTiH KYHBIHA JJICKTP dHEPTHUSICHIHBIH KYHBI
ocep ereni. Con cebenTeH CyAbl DJIEKTPOIU30EH ally TEXHOJOTHsIapblHA apHalIFaH
Ka31pri 3aMaHAarbl 3epTTeyJepal SHEPIUsl YHEMIEH OTBIPBII, MPOUECTIH THIMILIINH
apTTHIPAThIH KaHa DYJIEKTPOJTHIK MaTepuaagap MEH JJIEKTPOJUTTEPAl 13eCTipyre
OarbpITTaIl OTBHIPY KaXeT.

DHeprusi IIBIFBIHBIH JKOHE OCBhIFAaH OalJIaHBICTBI JKYMCAJAThIH KapIKbLUIBIK
IIBIFBIHIAPABI a3alTy YIIIH JJICKTP IHEPTHUACHIH KhIMOATKa TYCIpMEH IIbIFapaThiH
omicTepIi KOJIJIaHy bl KO3/Iey KaKeT. byt ke3/ie allblHFaH CYyTeKTiH /¢ KYHbI TOMCHICH
Tyceni. MyHaail TeXHOJNOTHsIapFa €H alJIbIMEH SHEPTHUSHBI Oanmamalibl Ke3IepAcH —
KyHHeH, XenieH, TUApOTepMaNIIbl KO3JepACeH OHIIpY kaTaabl. KyH SHEpPrusiChiH
naijaiany — KeJelleri MoJl 9J1ic OOJBINT TaHBLIAABL. bysl Ke3ae CyTeKTi /e, JJICKTP
DHEPTUsACHIH J1a JKaHAPTBUIATBIH KO3JCpICH — CcyaaH koHe KyHHeH amy
KapacThIpbUIabl. MbIcalbl, CyTEeKT1 (DOTOIUTTIK SICTEPMEH OHIIPY 11 KapaCThIpANBIK.
Cynabl  ($OTOIICKTPOXUMUSIIBIK JKOJIMEH BIIBIPATKAH KE31C OJETTC aHOi OOJIBII
KapThUTal OTKI3TIIITIK KACHETKE MEe KOCBUIBIC KBI3MET €TEe[li, apBIKTBIH dCepIMEH
AIICKTPOJIMT KOHE aHO]I NIEKAPACHIH/IA AICKTPOHIBIK-IBIPKAIBIK XKYITTap TY31UIEi, OCHI
KYIITap CYIbIH TOTBHIFY >KOHE TOTBIKCBHI3JAHY PEaKIMJIAPBIHBIH JKYPYiHE BIKIAI
JKacaIbl, aJl OHBIH HOTHKECIHJIC CyJIaH CYTEeK oHEe OTTEK Ty3liaeil. Anraml per Oip-
O0ipimen koceurraHn TiO2 — dotoaHonran xoHe Pt — karoaran kypaubin, HzSOs
epITIHIICIHE calbIHFaH KYpbUIFbIHBI Dyn3ucuma sxxone Xonaa 1972 kpuibl cUnaTTaral
eni. byn momimer keiin MblHa eHOekTe [36] kentipitren. JKapTeuiait ©TKI3TiII
dboTo3IeKTpOATAPABI MAlaIaHy HOTHXKECIH/IE CYJaH OCBIHIAN CYTEKTIH OeJIHYyIHIH
TUIMJIUIITIH apTTHIPY YIIIH Ka3ipri KyH1 OpTYpJIi 3epTTeyIiep Kypriziayae.

Cytexk amy makcaTbiHAa (DOTODIEKTPONIU3 KYPTi3T€H Ke3/e CYyIbl dpKallaHIa
TOJIBIK, BIJBIPATYIBIH KaXETI )KOK, ce0eO1 OTTEeKKe KaKETTUTIK OapJIbIK yaKbITTa 0oJia
oepmeiini. Tek cyTek Ty311eTiH KaTOATHIK PEaKIUsIHbBI KYPTri3TeH KeTK UTIKTI:

2H,0+2e — 20H +H, 1 (1.23)

Ochl peaknusHBIH JKYpPylHE KaKeT 00C JJIeKTPOHIApIbl CYABIH aHOMATHIK
TOTBIFYBIHAH €Mec, 0acka Ja peakiusaapJaH amyra Oonajbl, MbICajbl, CyIb(um-
WOHIAPJBIH HeMece 0acka KOCBUIBICTAPABIH TOTHIFybIHAH. OChbIFaH OailIaHBICTHI
dboToaHO peTiHae, 9ACTTe KOJAAaHBUIATBIH, THIMBIM calny 30Hamapbl 2,7-3,2 »B
apaJIbIFBIHAAFBI K€H 30HAJIBI KAPThUTAM OTKI3TII METaT OKCUATEPIH €MEC, JKAPBIKTHI
’KAKChl CIHIPETIH THIWBIM Cajly 30HAJapbl KilIpeK OOJBIN KEJNEeTiH KOCBUIBICTAPIbI
KOJITaHaAbl (MBICAJIBI, AUBVI ARV ' SnS xoHe T.0.). TeopusinblK TYpFBIIAH
KapacTeipranma, Oy omic KyH DJHEpPruschlH CyTeK OHEPTUsACHIHA TYPIACHAIPY
MPOLIECIHIH THIMIUTITIH OipHEeIIe ece apTThIpyFa BIKMAT €TEIl.

Kyn coyneciHiH KepiHETIH CHEKTpPIHE ce31MTasl OOJbIN TaOBLIATHIH KapThlaan
OTKI3TIII aHOATAPAbI )KOHE CYTEKTI THIMI1 TYpPAE CIHIPETIH KaToATapAbl KOJJAaHyFa
O0onatbiH (HOTORIIEKTPIIIK KYyHenepll Kacay — «KYH COYJIENIK» CYTEKTI aly >KoHE
KMHAKTAY )KYHECIH jkacayaarsl )kaHa OarbIT 00BN Ta0buIaab! [37].
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1.2.3 Cygpl )xorapsl TeMIieparypaza blabIpaTy
CyTekTi anyplH KOHUT 06JIETIH 91iCTepiHIH OIpl — CyAbI )KOFapbl TEMIEpATYpaia
pibIpaTy. Cyabl Typa KOJIMEH TEPMOJIU3re YIIbIpaTaibl:

H,0 - Hy + -0, (1.24)

by peakuusiabl kypri3y yuriH temnepatypa 2500°C-tan xorapsl O0TYbI MIAPT,
COHBIMEH KaTap OeJIIHETIH CyTeK MEH OTTEKTI TUIMJI dJICTEpMEH Oip-OipiHeH Oeuin
any kKaxeT. CyTeKk NIeH OTTEKTI Oip-OipiHeH 0oy MoceleciH aca >KOFaphl eMec
TeMIlepaTypajiapjia TePMOXUMUSIIBIK HUKIACPAl Maiaiany apKbUIbl 1CKE achIpajbl
HEMECE CYJIbl TEPMUSIIBIK BIIBIPATY IBIH TEPMOXUMUMSIIBIK THOPHUATIK MPOLECTEPIH
naiganaHanael, Oy Ke3le SAPOJBIK PEaKTOPJIapblH JKbUIYBIH JKOHE Tarbl Oacka
KbUTYIbI (MbIcasibl, KyH KOJUIEKTOpIapbIHbIH JKbUTYBIH) KoJgaHaas! [38].

CynaH CyTeKT! TepMOXUMHUSIIBIK MIPOLIECTICH ally/ia *KOFapFbl TEMIIepaTypaiapa
OpPBIH aJIaThIH XUMUSJIBIK O€JICeH]II KOCBUIBICTAP/IbIH PEAKIUSIAPBIHBIH TUKIICPIH
KOJI1aHa b, MbICAJIBI, MO/ >KOHE KYKIPTTIH. OcbiHmai mporecce yiriH 100-geH actam
XUMUSIIBIK [UKJIACP YCHIHBUIFAH. ByJl HMUKIAEpAiH IIiHAe €H TUIMI1 OOJIBIT KOHE
KeJemeri 6ap O0JIBIN KOPIHETIH 9/IIC — MO/ )KOHE KYKIPTTIH pPeakKIUsChIiH KoJilany. by
omicti 1970 xwuiaeiH opTackinga General Atomics gupmacs! yecbiHFas. by xyliene
cy SO2 KochUIbICBIMEH JkoHe uoneH (l2) opekerTecei, COHBIH HOTHXKECIHAE KYKIPT
KBITITKBLUTBI skoHe noacyTek (HI) Tysineni:

I, + SO, + 2H,0 — 2HI + H,SO0, (1.25)

Keunynbl saponslk peakropaad anranga, 800-1000°C-ka TeH Temmepartypana
KYKIPT KBIIIKBLIBI CyFa, KyKipT auokcuaine (SO2) koHe OTTeKKe bIAbIpaisl, anm HI
CYTEK KOHE MOJKA BIIbIPAIIbI:

H,S04 + ity — H,0 + S0, + 0, (1.26)
2HI + xbiny — Hy, + 1, (1.27)
Kocemas peaknus: H,O+xblny = H, + %02 (1.28)

Non xone SO, cyMeH KaiiTa peakiiusiFa TyCeIl, all OTTEK JKYHeAeH IIbIFapbLIa bl
HEMece OHJIPICTE KOJJIaHy MaKcaThlHAa “KWHAKTajmaabl. Kaszipri 3amaHmarsl
peaKTOpIapAbIH KOHCTPYKIHSIIAPBIHIA MAKCHUMAIIbI KYMBIC TEMIIEPAaTypachl JKYBIK
mamameH ~ 827°C-Kka TeH OOJIbI Kele/i.

TepMOXUMUSIIBIK THOPUTIK MPOIECC KOMOMHHUPIICHTECH UK TTPoIiecc OOIBII
TaOBIIAABI, OJ CYyIbl BIABIPATYABIH TEPMOXHMISUIBIK KOHE  DJICKTPOIUTTIK
peaKIUsIIapbIH OIPIKTIPE Il dKOHE dIEKTPIIIKTI Al JaIaHbI, TOMEH TeMIIepaTypaiap/ia
KYPETIH peakuusyiapra MYMKIHAIK Kacallbl. Peaknusra KakeT SHEPIrUSHBIH Ke31
peTIHJE Ka3ipri 3aMaHIbIK SAPOJIBIK peakTtopiiap Hemece KyH sHeprusicblHbIH
KOHIIGHTpATOpJaapbl KbI3MET eTe anaabl. Erep ruOdpuati TepMOXUMHUSUIIBIK MPOLIECTI
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OHEPKICINTIK KOJFa KOIO OpBIH aljica, CYTEKTIK OSHEPreTUKaHbIH JaMyblHa
alTapibIKTall yliec eHriziieal aerex mikipiaep 6ap [39].

Cy OybIH TEpMOMOHAaHYFa YIIIBIPATyFa HET13/1€JITeH TEXHOJIOTUS J]a KOHUT 0oyl
Tanan erefi. bysm omic anabIHFBI KaTapAarbl jKOHE KapamadbiM CYABIH TEPMUSUIIBIK
BIJIBIPAYbIH, COHBIMEH KaTap aca KaTThl KbI3JbIPhUIFaH Cy OYbIH jKaFyFa OarbITTalraH
TEXHOJIOTUSHBIH HET131H Kayaiabl [40]. Byl TeXHOIOTUSHBIH HETI3r1 caThlaapbl Cybl
apHaiibl NalbIHIAyJaH JKOHE AaKTHBTCHIIPYACH, OHBI KATTHl KbI3ABIPBUIFAH OyFa
TEPMUSAIBIK ~ JKOJIMEH  alHaNIbIpylaH, OHbl  TEPMOWOHJAyAaH, COHBIHAH
TUcconManusiayiad (KaTaauzaTop kemeriMeH ockl 0yabel Ho sxone O») jkoHe apHalbl
KaTaJIM3aToOPAbIH OCTiH/AE OHBI XKarylaH Kypalaibl.

1.2.4 CyrekTi OuomaccazaH eHJlipy

CyrekTi OWomaccajaH ajay oOJICIHJAE JHEpPrus aixyJblH aca MaHbI3bl Ke3Jaepi
OOJIBIIT aFalll CYPETi XKoHe aFall OHJICY KaIIBIKTaphl, aybUTIIAPYallbUTBIFBIHIAFbI JOHTI
JaKbUIIap JKOHE COJIapJabl OHJEY Ke3iHJAe TY3UICTIH KaJJbIKTap, KajdaJarbl KaTThI
KaJIJIBIKTAp, TaFaM OHEPKOCIOIHIH KaJJbIKTAphl, OaJabIpiap *oHE T.0. TaObLIAJbI.
buomacca cytek any/a aca >korapbl KbI3bIFYIIBUIBIK TAHBITA/IbI. bipiHIiieH, bnomacca
KOIl MeJIIIep/ie TY3UICTIH >KaHAPThUIATBIH PECYpCThl MaiaalaHyAbIH Oip HYCKAaChl
Oonbin Tameuiaabl. The International Institute for Applied Systems Analysis
KOMIIAHUSICBIHBIH capanTaMachl OOMbIHIIIA OMOMAaCcCaHbIH OYKIT dJIeMJIeT] IOTECHITAATIBI
Ka3ipri 3amanaa xxysIK mamamen 250 mupa. I'JIx Kypaiiibl 5koHE OChI MOTEHIIUAIBIH
2050 xwurra aeitin 350 mapa. I'JIx-re neitin ecyi 00JKaHBII OTHIP.

Exinmrigen, Ouomacca ¢GoTOCHHTE3 HOTIKECIHAE atMocdepagaH KOMIPKBIIIKbLI
ra3plHbIH a0COpPOIMSACHIHAH KEHMIH TY3UIETIH OpPraHMKaJbIK KOMIIOHCHTTEP/ICH
KypajiraH cyOcTtaHiusi OoJbil TaObutanbl. buomaccaHblH asiFalikel Typliepl KaiTta
KaHAPTBUIATHIH OOJIFAHIBIKTaH, aTMocdepaga KOMIPKBIIIKBII Ta3bIHBIH JKOHE
KOMIPTEKTIH Oacka TypJepiHIH ailHaJIbIMbI OPBIH alajbl, OJapabl dHEPrUs HeMece
MaTepuan petiHae KoiamaHaabl. byn aiiHaneiMaa CO, KOHIEHTPAMICH TEOPUSITBIK
TYPFBIIAH TYPaKThl TYpJie CaKTajJaThlH OONFaHABIKTaH, KeJenekre Ounomacca
YKaHAPTHUIATHIH SHEPTUSHBIH HET13T1 Ke3/IepiHe alHaAIYbIH KyTyTe O0omaasr [41].

YmriHmiigeH, CcyTeK eHuipyAeri kehOip 0Oacka JKoJaJapblHA —KaparaHja,
reorpadusIIbIK OpHajacyblHa OalIaHBICTHI, OMOMAacca CAIBICTHIPMAbl TYPHE JTYHUE
KY31HJIe 6Te KCHIHEH TapaJFaH Ke3 OOJIBIT TaObLIa bl

TepTinmrieH, cyTek eHIIpy Ke31H/I€ MIBIFAPhUIATHIH JKbITyFa KOCHIMIIIA PETIH/IE
OroMaccaiaH KyH/Ibl KOCAJIKbI OHIMJIEp aimyFa 00aibl, oJlap: aAre3uBTep, Kapa KypbiM,
OeliceHal KeMip, TONMMEpJeP, THIHAUTKBIIITAP, JTaHOJN, OPTYPJl KBIMIKBUIIAD,
Oumep-TponmTelH AW3EIBIIK OTHIHBI, TapaduHIECpP, METaHOI. buomaccaman
OHJIIPIJICTIH DJHEPrUsl J>KOHE OHIMJEp KeJEIIeKTe oJjapFa JEereH CYPaHBICTHI
alTapiBIKTall KaHAraTTaHABIPYBl bIKTHMad. CyTekTi OmomaccajaH aixy €Kl TOTKa
OemiHemi, oHbIH 0ipi — OMOMacCcaHbIH TUPOJTU3I.

[Tuponus gerenimiz — Ouomaccannl 650-800 K-re TeH TemmepaTypaza ayachbl3
keHictikTe 0,1-0,5 MIla-ra TeH KbIichiMAa KbI3abIpy. HoTHKeCiHAE KATThI )KOHE CYMBIK
eHiMuep Ty3uieml [42,43]. T'a3 kyHiHzaeri eHIMIEPIIH KypaMblHIAa MHUPOJIU3TE
YIIBIpalThIH OMoMaccaHblH TaburaThiHa OainanbicTel Hy, CHs, CO, CO; xoHe Oacka
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raznap 6onanel. CyUbIK eHIMAEPAIH KypaMmbiHaa OeaMe TeMIepaTypachlHlla CYMBIK
(opMachblH CaKTaWThIH CMOJia XoHEe Mailmap Oonanel. KarTel eHiMaep, HeETri3iHEH,
KOMIpAIH pEeKTUPUKAUMACBIHAH TY3UIETIH, KaJNAbIK TYPIHIErl Te€3 TYTAHFbIII
3aTTapaH, COHbIMEH Olpre Ta3a JAEpiiK KOMIPTEKTEH MOHE Tarbl 0acka Ja Keibip
MHEPTTI 3aTTapJaH Kypajiajsl. bruoMaccaHblH NUpoin3i, HETi31HEH, OMOOTHIH allyFa
OarpITTaiFaH, OIpaK COHBIMEH KaTap >KOFaphl TeMIlepaTypalibl MUPOJIU3JE >KOHE
YIIKBII (ha3aHblH TYPAKTAHIBIPbUTYbIHA KaXXET YaKbITTa Kejlecl peakius OONbIHIIA
CYTEK TY3UIeIi:

6uomacca + xbu1y = H,+CH, + CO + Gacka eHiMjIep (1.29)

Meranapl KoHE TY3UIETIH 0acka KemipcyTeKTepAiH OylapblH OCbLAaH KeWiH
OyZAbIH 9CepIMEH CYTEK aly MaKCaTbhIHJa ©3repicKe yiblpaTyFa 00J1abl:

CH,+H,0 - CO + 3H, (1.30)

coHplHaH Oy cytekTiH Mejmepi CO Ta3blHBIH CYMEH OPEKETTECY HOTHIKECIHJIEe
KeOelie Tycei:

CO + H,0 - CO, + H, (1.31)

CyTek any YIIiH MUPOIU3/IIH CYHBIK OHIMICPIH e naiigananyra 6onaasl. Cygarsl
epirimririne 6aniaaHbICTHI o1ap eki Gppakuusra 6emiHeal. Cyma epuTiH Gpakius CyTeK
ally YIIH JKyMcalaabl, ajl epiMelTiH (pakIusSHbl aATre3uBTEp ally/a MaiaanaHaIbl
[44].

bromaccanbl razmaHABIPy apKpUIBI Ja CyTeK anblHaAbl. [ a3maHaplpy — Oy
OmomaccaHbl ra3 KyWiHZEri 3aTTapAblH KOIl MeJIIep/e KoHe CMOJIa MEH KYJIIIH a3
MOJIIIep/ie TY3UTyiHe OKEJIETIH TEPMUSIIBIK *KOJIMEH oHIey. bys mporecc HeriziHeH
KOMIp/Ii ra3gaHabIpy mporecine ykcac xoHe 950-1500 K apanbirbiaga xypeai [45].
bromaccanbl ra3gaHAbIpyAbIH MTUPOH3ACH ailbIPMAIIBUIBIFEI — OHBIH OTTEK HEMeEce
ayaHbIH KaTbICBIHIA XYpri3inyi. OChl IPOIECTiH HOTHIKECIHAE Ta3 KYHIHIET1 3aTTap
KOl MeJIepae, ajl CcMoJla MEH Kyl a3 Mejmepae Ty3uieni. buomaccanbiH
KOHBEPCHACHIHBIH OYJI ITpoIieci Kelreci peakiys OOUBIHIIA ICKE acabl:

6uomacca + xputy + 0y — H,+CH,+CO + CO, + %eHUT )KoHEe aybIp KOMIPCYTEKTED
+ KeMip peKTHU(PUKANMICHIHAH TY3UIETIH T€3 TYTAHFBIII KAJIIBIKTAP (1.32)

[Ma3panapipy mporiecin MUPOIU3IiH Oip TYpi CUSKTHI KapacThipyFa 060maabl, Oipak
OJI ©T€ YKOFaphl TEMIlepaTypanap/a xypemai, cededi ra3 Kyiinaeri (a3aHbH TY3UTyiH
OHTAWNAHABIPY KaXKET, MHUPOJIM3 ©3 Ke3eTiHAe OuoMaiiap aiyra OarbITTalFaH.
lMazmannpipy Ke3iHze anblHFaH ra3 KyHiHJeri eHIMIep COHbIHAH Cy OYBIHBIH 9CEpIMEH
CyTEK ajly MaKCaThIH/1a KOHBEPCHUSJIAHAIbI.
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1.2.5 BUOXUMUSIIIBIK 9[1iCTEP

CytekTi  OMOXUMUSJIBIK  KOJIMEH JAe  eHalpyre Oonaasl.  CyTekri
MUKpPOOpPraHU3MIEpAlH METa0OJU3MIHIH KOCaJKbl ©HIMI1 pETiHJIEe OHOXUMMSIIBIK
KOJIMEH OHIIPY (OMOCYTEK) CallbICThIpMalIbl TYPJE JKaHaJaH >KacallFaH TEXHOJIOTHUS
Oonbin TaObUIaAbl. By oic CyTeKTi »aHapThUIATBIH KOpAapJaH anxyFa >KOJ alllbIl
OTbIp. As OyJI, ©3 KE€3€T1H/E, KENEIIEKTe CYTeKTIK SJHEPT€TUKAHbIH JaMyblHA ©3 YJIECIH
Kocabl [46].

buocyrekTi enaipyai OipHerie Tonka Oenyre 0osanpl: 1) Typa 6uodoronus; 2)
Typa emec OuodoTonu3; 3) raz-Cy peaxklUsIChIHBIH OHOJOTHUSUIBIK BIFBICYBI 4)
dbepmenTtanus [47].

Cytekti Typa OuodotonuzdeH eHaipy — Oyin KyH SHEprusicblH XUMHSIIBIK
DHEprusfa CyTeK TYpIHIAE alHanJplpyFa OarbITTalifaH  (POTOCHHTETUKAJIBIK
MUKpOOANIBIpAapAbIH KYHECIH KOJIIaHAThIH OMOJOTUSIIBIK Tipouecc [48].

2H,0 + Ky suepruscel — 2H, + 0, (1.33)

doTocuHTE3 MpoIleCi YIIiH eki (POTOCHHTETHKANBIK KYyHeaep aca MaHbI3bL: 1) |
dotoxyiie (PSI), 6yn CO2 ra3biHBIH TOTBIKCHI3AHBIPFBINIBIH OHAIpeal xoHe Il
¢oroxyite (PSII) — cynabl bBIObIpaTaThlH  KOHE OTTEK OOJEeTIH  Kyke.
buodortommtukaneik mpomecre cyasliH eki npoToHbl PSI kemerimen CO; ra3biH
TOTBIKCBI3IaHIbIPAbl HEMECe THApPOTeHa3a KaThIChIHAA CyTeK Ty3edl. JKachun
OCIMIIIKTEp/IE TuAporeHaza OonMaraHJbsiKTaH, onapaa Tek CO; Ta3bIHBIH
TOTBIKCBI3/IaHYbl OpBIH anajbl. AJl KepiciHiie, >kacbul xoHe Cyanobacteria (kek
’KaChlJ1) MHUKpPOOANIBIPIApAbIH KYpaMbIHAa THApPOTeHa3a Ooyiajbl Ja, oJlap CyTeK
eHaipyre kaoOutetti Oomambl. byn mpormecre PSII xyiieci kapbhlK SHEpPrUsCHIH
abcopOnMsuTay HOTIXKECIHAE Ty3UIreH ekTponaap deppenokcunre (Fd) aysicamsi.
byn aywicy cytek enipy makcarbinga PSI sxkyiieci abcopouusinaran KyH sHeprusicbiH
naiagany HOTHKECIH/E ICKEe aChIPhLIaIbI.

I'maporenasa oTTeKke ce3iMTan OOJFaHABIKTAH, CYTEKT1 OHIIPY Y3aKKa CO3bLIY
YIIIH OTTEKTIH MOJIIEPiH TOMEHT1 AeHTeiae Texen Typy KaxeT (< 0,1%).

Typa nHemece Omodortonus keneci 4 carbigaH Kypajaabl: 1) OumomaccaHsbl
dboTocuHTe30€H ©HIipy; 2) OumoMaccaHbl KOHIEHTpCY; 3) aHa’poOTHl TEpeH
dbepmeHTalys, OHBIH HOTHXKECiHAe Oanaplp KieTkachbiHaa 4 monbs Hp Tysimeni, Oy
MeJIIIIep TIIIOKO3aHbIH 1 MOJIIHE J)KOHE aIleTaTThIH 2 MOJIIHE eCeNTeNreH; 4) aneTaTThIH
€Ki MOJIIHIH CyTeKKe afHaJyHhI.

OJeTTeri Typa eMec 6no(OTOCHHTE3/1e IMaHOOAKTEPHSIIAP MMai1aTaHbUIAbI, OYIT
Ke3/Ie CYTEK KeJyieci peakmusiiap OOWbIHIIA aTbIHA/IbI:

6H,0 + 6C0, - CsHy,06 + 60, (1.34)
CeH,1,04 + 6H,0 > 12H,+6C0, (1.35)

Typa emec 0MO(OTONN3 apKBUIbI ANBIHATHIH CYTEK OHAIPICIHIH >KbLIAAMIBIFbIH
&Kacbul Oanablpiap KOMEriIMeH THApOreHa3a HEri3iHAe CYTeK any eHAIpiCIMeH
caibicThipyFra Oonansl [49].
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CyTexkTi keMipcynapra 06ail KocbulbICTapAaH (MbICAJIbI, TJIFOKO3a, KpaXMall JKQHE
T.60.) Temneparypa 30-80°C apanbirbiHia O0nFaHAa KoHE aTMOC(hEpalbIK KbIChIM/IA,
acipece KapaHfFbla, epMeHTaIUs daiciMeH ainyra 6onazsl [50].

Tek cyTek OesiHEeTIH KapanaiibiM 0M0(QOTONIN3 NPOLECIHE KapaFaHa, OyJI 9/11CTIH
albIpMaIBUIBIFBI (pepMEHTALIMS 9/1ICIHIH OHIMIep1 OOJIbIN Heri3iHeH cyTek xkoHe CO»
Tabbutanel. bipak, KonmaHBUIFAaH MaTepuaijapra >KOHE TMPOLECTE OpPBIH allaThIH
peakiusiapra OainaHbicThl Oacka razgapasiH ga (CHa, H2S) Ty3unyl opbiH ananbl.
ANBIHATBIH CYTEKTIH MeJllepiHe (epMeHTalusi OarbIThl JKOHE COHBIHJA TY3UIETIH
CYWBIK OHIMAep ocep ereAi. Mpicanbl, TJIOKO3aHBl KOJJAHFAaHAA JKOHE
(dbepMeHTalMSHBIH COHFBI ©HIM1 OOJIBITI CIpKE KBIIITKBUIBI TY3UITCHIE:

CoHy,04+2H,0 - 4H,+2CH;COOH + 2C0, (1.36)

(byn peaknusina 1 Mmosb raoko3ara 4 mosb Ho Ty3ineni).
AJ1 COHFBI OHIM PETIHJIC Mal KbIIIKbUIBIHBIH A(Hpi Ty31JICE:

CoHy,05+2H,0 » CH,CH,CH,00H, + 2H,+CO, (1.37)

(1 Mok TiroK03ara 2 Motk Hp Ty3ineni).

bipak omerre, ic xy3iHge 1 Moib TirOKo3ara 4 MOJIb CYyTEK TYy3UIMeiai, cebeoi
dbepMeHTalKsa OHIMIHAE CIpKE KBIIIKBLIBI J1a, Mail KBIIIKBUIBIHBIH d(upi 1e 0omaas
[51].

Kapanrpina ¢pepmenTanus 9iCiMeH OHIIPUIETIH CyTeKTiH Memepi opta pH-Ha,
TUIPABIUKANIBIK YCTAy YaKbIThIHA KOHE Ta3/blH MapIUAIABIK KbICBIMBbIHA TOYEJII.
CyTeKTiH TY311yiHIH OHTaMJIbI KaFaanaaps! yiliH opta pH-sIH 5-6 aymarbIiHa ycramn
TYPY KaxeT.

Alanaerobium hydrogeniformans haloalkaliphilic 6aktepusmaper cyTekri
TEMUILICIUIION03a JKOHE IEJUTION03ajaH allbIHFaH 5- jkoHe 6-KeMIpTEeKTI KaHTTapaaH
eHIipe anmajsl [52].

CyTekTi (epMEHTATUBTI OICIIEH OHMIPYAIH IIMKI3aThl PETiHJE Ta3a KaHTTaH
KOHE OHEPKOCINTIK IMMKI3aTTaH Oacka (MbICaNbl, aybUINIAPYAIIbUIBIK JKOHE Taram
OHEPKAICIOIHIH KaJBIKTaphl KoHE KATThl OPraHUKAJIBIK KaJABIKTAp, OHBIH IIIIHJIEC
KaJIaJIbIK YKOHE aybUIIIAPYaIIbUTBIK KAJBIKTAP YKOHE aFbI3BIHIBI CYJIapABbIH TYHOATAPHI
KapacTeIpbluiafbl. bipak Oys mukizaTTapiaH y3ulicci3 TypAe CyTeK eHipy Oipkarap
KEeMINUTIKTepre ue, OHBIH Oipi CYTEKTIH a3 MIBIFBIMBL. byl omic Kasipri ke3ne
KapamaibiM KaHTTapIbIH (hepMEHTAIUSACH apKbUIBI ICKe achIpblIFaH [53].

Kapanrpimarer xkoHe ¢doTopepMeHTanusIHBl OipJecTipe MmaimanaHbim, eKi
CTaAVMSUTBIK THOPHUATIK JKYHene CYTeKTIH HIBIFBIMBIH €Ki €ce apTThIpyFa Ooaibl.
bipiamii cragusga  aHadpoOTH OakTepwsuiap TIIFOKO3aHBI HEMece KpaxXMalabl
aneTaTThIK (PEPMEHTATHBTIK METa00IM3M apKBUIBI BIIBIPATA b )KOHE alIbIHFAH alleTaT
eKIHIIl CcTajgusaa CyTeK Ty3€e (OTOCUHTETUKANBIK OaKTepUANIbIK ©3TepicKe
yirbIpai sl [54].

CoHbIMEH, KOpbITa aliTKaH/1a, CYyTEK ally YIIIH OHEPKICINTE Ka3Ipri 3aMaHia TeK
TaOWFU ra3ablH OYJIbIK KOHBEPCUSICHI, KOMIP/l Fa3IaHAbIPY KOHE CYJIbIH AJIEKTPOIU31
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KOJIaHbUIaAbl. TaOufu Ta3fblH OYJIBIK KOHBEPCHSICHI TaOWFU  OTHIHAAPIBI
naianaHaTbiH OapIbIK OAICTEPIH 1lIiH]IE €H ap3aHbl xkoHe Oy omicte CO2 ra3blHbIH
Oeinyl eTe ToMeH. CylIbIH JEKTPOIN31 KbIMOATTay 9J1iC OOJIBIN Ta0bUIaAbl )KOHE TEK
Ta3aJIBIFBI ©TE KOFAPBI CYTEK ajly YIIiH KOJIaHbUIaAbl. TaOuFu ra3aslH KYHBI 00KaM
OoiibIHIIIA apTaThIH 00Jica, KOMIPAl ra3lanablpy 9aici KybIK mamMamed 2030 xbUiaaH
OacTar, cyTek anyAblH OanamMasl 9/1ici 601ybl bIKTUMal. CyTek any yIIiH OuoMaccaHbl
ra3JJaHbIpy >KOHE OHBIH MUPOJIU3IH KYPrizy OYTiHI1 KYH1 3epTTey caThIChIHIA, OIpaK
KaKbIH apajiarbl OHXbUIIBIKTapAa OYJI 9ICTep CyTEK OHAIPYIiH OamaMalbl 9iCTepiHe
allHaimybl MYMKIH Aen KyTutyae. International Energy Agency yHbIMBIHBIH Y3aKKa
*acayFaH 00JDKaMbl OOMBIHIIIA, OMOMAacCaHbl Ta3aHabIPY APKBIIbI AIBIHFAH CYTEK Oip
Ke37I€ TOJIBIFBIMEH Ka30a OalIbIKTaH allbIHFaH CYyTEeKIIeH Oarachl OOMbIHIIIA OoceKenec
O0ona amaapl JKOHE OHBIH OaFachl Ja J>KaHAPTHUIATHIH IHKI3aTTaH aJbIHATHIH
CYTEKTEp/1H 1II1H]Ie €H TOMEH 00Iabl.

bromaccaHbl Ta3gaHABIPy — KaHAPTHUIATBIH CYTEKTI OHIIPYIiH €H KEHIT JKOHE
YHEM/Ii JKOJIBI OoJabl IereH O0osrkay alTeiIFaH. OChl TEXHOJIOTHS KEJIemeKTe 0acThl
TexHOJIOTUST 00aybl bIKTUMaJ. CyTeKTi »KaHAPTBUIATBHIH KO3JepAcH aiy (ke
sHEpruschl, KyH 3HEpPruschl, THAPOTEPMAIIIbI JHEPTUS JKOHE T.0.) SKOHOMHUKAIIBIK
TYPFBIJIAaH TEK JKaHAPTBUIATBIH SHEPTHs KOPJIaphl KOl 00JaThlH eJep YIIiH THIMITI
0oMMaK HeMece TaOuFu Kaz0anapbl )KOK aJIbICTAaFbl KoHE TYPFhIHAAPHI a3 PEruoHaap
ylIiH (MbICalibl, TYOEKTEP MEH apajiiap) HeMece Y3/IIKT1 )KaHAPThIIAThIH SHEPTUsIIaH
KEJIETIH 3JIEKTP SHEPTUACHIHBIH apTHIK MOJIIIEPIH )KMHAKTAY YIIIiH.

Anpic 6onamakra cyrekti CO2 6emiHOSHTIH HEMece oTe a3 MeJepAe OeiHeTiH
omicieH eHIIpy KaxkeT Oonansl. JKaHapThUIaTBIH CYTEK AJIEKTPOIHEPTHSHBI
naijaiaHbIll  JEKTPONU3 apKbuibl any, KyH, »ken, ruaporepmaniibl SHEpPTHsHbI
naiagaHbll, CyTeK ajly €H MaKCUMAaJIJIbl BapHaHT OOJBIN TaObUIa/Ibl, OIpaK CYTEKTI
SHEPTHs TachIMaJIAyIbl PeTiHAC Naigatany yiIiH Oy omicTep MIHAETTI eMec. by
MakcaTKa JKeTKEHTe JICHiH CyTeKTi TaOufu Ka3z0a OalibIKTapaaH aixy anTapiibIKTal
opeiH anazabl, Oipak CO, Ta3plH yCTay >KOHE KOHCEpBaIUsiay MIHICTTI MIapTKa
alfHamazpl, ocipece HKOJOTHSIIBIK Kayirnci3aik TypreicbiHaH. CyTek amynbliH OipkaTap
OMICTEPiHIH CHUIATTaMachl, CYTEKTIK SHEPreTUKAHBIH Ka3ipri 3aMaHJaFbl JKarJaailbl

Typaibl 2018 xbpurFa ASHIHT1 Ko3KapacTap Oi371H JA¢ MakKajiajaa KeITipiareH 0oJaThiH
[55].

1.3 CyrekTti cyaaH aayiablH Keii0ip Oearisi :koHe ’kaHa omicTepiHiH
CAJIBICTBIPMAJIBI CHIIATTAMACHI

CoHBIMEH JKOFaphila KENTIPUIreH JEepeKTepJeH KOPIHIN TypraHAai, CYTEKTi
OHEPKACINTIK 9ICTEPMEH OHAIPY >KOJIFa KoWbutraH. Omap Typaibl 9nedueT Ke3aepi e
KETEPITIK.

CyTexTi KoJJlaHy TeK OHEPKICINTIK MacimTadTapaa JaMbIll KOHFaH KOK. byTiHri
KYHI CYTEKTI aBTOHOMJIBI TYpJA€ KOJJIaHyIIbUIap jAa KeOeHim kenemi. MyHpaai
KOJJaHYIIbIIapFa CYTEKTI Oenriui O1p KepJe eHAIpin albll, OaTJOHAAPMEH KETKIZY
KOIl KUBIHJIBIK TYJIbIpaibl. MbIcalibl, a3pOCTATTHIK MEKEMeIep, MeTeocTanuusiap. Con
ce0enTeH CyTeKT1 aBTOHOM/IbI TYPJIE OHIPY Macelienepl ©3eKTi 00bin Tadbu1aibl. by
Makcarta QeppocuiukoantoMunii (OCA) XUMUSUIBIK SHEPrusi TachbIMaJIIaylIbl
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OOJBIN KbI3MET aTKapaibpl. MyHnmail KyliManap Oenrunl »araaijaapaa cylaH CYTEKTI
BIFBICTBIPBII MIbIFapaabl. Ka3ipri ke3ae CyTeKTi alFoOMUHNAN YHTaKTaphIHBIH, COHBIMEH
KaTap MHAMM, rajuiiii, KaJlalbIMEH aKTUBTENT€H AIFOMUHUIIIH CYyJbl €pITIHALIEPMEH
OpeKeTTeCyl apKbLIbI ATy TEXHOJIOTHUACH XKacanraH [56].

Cynsl doTokaTamuzaTopiaapAblH KOMETIMEH JKOHE KO3re KOPIHETIH >KapbIKThIH
ocepiMEH Typa >KOJIMEH BIABIPATY apKbUIbl CYTEK ay 9J1ici [S7] yChIHBUIFAHHAH KEeH1H
KOITETeH JKapThUlall OTKI3TIMTIK (HOTOKATANIM3aTOpJIap >Kacam HIbIFapy OPbIH aJiJIbl.
Kesre kepiHETIH >KapbIKThl CIHIpyre KaOUIETTi KapThUlall OTKI3TIl MaTepuaiaap
anbIHbBI, 3eprrenai. OmapablH KaTapbiHaa mupoxiopis: BiMO, (M-Nb%, Ta®"),
CTMOOTAHTAINTTI KoHEe BoIb(paMuTTi KypbuibiMFa ue InMO4 (M-Nb**, Ta®*) Oz(M-
AP, Ga®*, In®*, Y3*) ote sxoraps! akTusTinikke ne Bi,MNbO7 (M-AP*, Ga®*, In®*, Y3*)
kocbutbicTapbl [58]. Kannep B.I'., Mynrsa C.I1. xoHe oyapablH KbI3METTECTEpi
KYpJZleJl OKCHATI XapThbUlail ©TKI3TIIITEP >KacayMeH IIYFbUIIAHbIN, OJapJbl CYTEKTI
CcylaH any omictepiHe kosjganraH [59]. Ocbel onicTepMeH KaTap Ka3ipri 3amaHja
QTIOMHUHUII1 CYMEH apHalbl JKaFaaiiap jkacar, OQpeKeTTECTIPY 9/1C1 JIe TaMBbITT KeJe/Il.
ConapaplH KaTapblHAa QJTIOMUHHNTE OpTYpJl MeTangap KOCHIN, OHBIH O€TiHJeri
OKCH/ITI YO¥0 9JIicTep KapacThIpbLIaAbl. AJTFOMUHUHN JKOHE TAJTUH, MHINN, KalTaiblqaH
KylManap >kacaipl, oJap/ibl CYMEH dpPEKETTeCTIpeal, CON Ke3/e CyTeK OeiiHenl, al
ATFOMUHUN OKCUTUAPOKCHJIKE oTe/i. KyliMa peakIusSHbIH )KYPYyiH KaMTaMachl3 €Tei,
OlpaK ©31 HIBIFBIHFA YIIBIpaMalIbl JKOHE OHBI KalTajaH KoyjaHyra Oomanbsl. OcChl
OMICTI JKETULIIpyTe apHaJIFaH OHEPTAOBICTA CYbI CYTEKKE JKOHE OKCHJIKE THIMII TYP/Ie
BIJIBIPATYbl KAMTaMachl3 €TETIH OTHIH YCHIHBUIFAH. Byl OTBHIHHBIH apTHIKIIBLUIBIFBI
CyTeK OeiHyJl Tajamka cail Oakbuiam OTBIpyFa OOJaThIHBI, COHBIMEH KaTap Oy
YCBIHBICTA CYTEKTI CakTay IpoOjeMachl OpPbIH alMaWTBHIHBI XKOHE CYHUBIK (hazamarsl
KyHMaHbI KOCY HOTHXKECIHJIE CYyTeK OOJIIHY peaklMsIChlH TOMEH/IEYy TeMIiepaTypanapia
Te3neryre oonateiabl [60]. JlereameHn MyHaal KyiManapasl KOJAaHY YIIIH OJapIbIH
OeTTiK KabaTTapbIHBIH KaHJIail ©3repiCKe YIIBIPANTBIHBIH OLTYy KaKET JKOHE OJapIblH
KypaMbIHa EHTI3UIETIH KOCMaJapblH MeJIIepiH aHbIKTay KaxkeT. OcbhIFaH opaii,
Myntsn C.I1., Bononuna I'.®. xonHe Tarsl 6ackanap [61] xxyprisren 3eprreynepae 5%
MOJIIEpIE Tallui, WHAWWA, Kajdahbl KOCBII JKAacaraH KyuMaapApl JTaubIiHIAY
OapbICBIHIAFBI OIC-TOCUIAEP MaHBI3BI POJ aTKAPATHIHBI KepceTinred. Kyiima kacay
OapbICBIHIIA €Ki pPeT KYWIIpy HOTWIKECIHIIE OJIapAbIH AKTUBTUIIN apTaThIHBI YKOHE
CYTEKTIiH IIBIFBIMBI KOOCHETIHI aHBIKTAJIFaH.

CyTexk any YIIiH QIIOMUHUWII TalWi-WHAWA KYWMAachIMEH aKTHUBTEHIIPII,
peakuusra Tycipy ofici e KapacThIpbUIFaH. by ke3/ie amoMUHUIICH UHE Topi3ziec
TYHIPIIIKTEp PETiHAE Marepual JalbIHAaWabl J1a, OHBIH OeTiH cyiblK Ga-In
OaJIKBIMAaChIMEH KalTalabl. byJl YHTaKTBIH THIFBI3 OKCHJITIK KaOaThl OOJIMAaM bl KOHE
OHBIH pEaKIUsira TYCy KaOijeTi >KOorapbl Oonagbl. AKTUBTEITEH QIIOMUHUNIIH
TEPMOJMHAMUKAIIBIK TYPFBIAH TYPAKCBI3ABIFBI, COHBIH CaJapblHAH CyMEH >KOFaphl
KBUIIAMIBIKIICH OPEKETTECYl KPUCTAIUT apalibIK KOPPO3Us HOTHXKECIHIE ICKE acabl.
byn, e3 keserinje, KyiiMaHbIH KYpPbUIBIMbIHA, TYHIPIIIKTEPAIH IIE€KapalapbIHbIH
KYHiHe, TYHIpIIIK IIeKapachblIMEH OHBIH JEHECIHIH apachIiHAAFbl KOCIaJap IbIH
yiecTiputyiHe Toyenal Ooisbin keneal. byn dakropinap coHbiMeH Oipre Oapibik
MeTaJapAbIH JKOHE KyiManapAblH MEXaHUKAJIbIK KACUETTEPIHE 9CEepiH TUrizedl [62].
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AKTHUBTENTEH QIIOMUHUUIIH CYMEH OpEKETTeCY PpEaKIMsIChl OpPHBIKKAH
kKaraainapra 0alIaHbICThI VI JKOJIMEH JKYpei:

2Al + 3H,0 = Al,05 (oxcun) +3H, + 15,1 Mmx/kr Al (1.39)
2Al + 4H,0 = 2Al00H (6emur) +3H, + 15,5 Mmx/kr Al (1.40)
2Al + 6H,0 = 2Al(OH); (6atiepur) +3H, + 16,3 Mmx/kr Al (1.41)

Peaknusira Tycylii MeTa MaccachbiHbIH O1p OIpiliriHe CoMKec KeJEeTiH KbUTyAbIH
MeJIIIepi e SPTypii, aja OeJiHeTIH CyTeK MeJjiepi OapiblK peakiusiapaa Oipaein
€KCHI1 aHBIKTAJIIbI. ByJT MeTep TOThIFyFa YIlIbIpaFaH alFoMUHUN Maccachibiy 11,1%-
bIH KYpau/pbl.

AKTHBTEIITEH aTIOMHHHIII KOJIJIAaHY KE3iHAC CYTeK O6JIiHY KbUIJaMIIbIFbI
TEMIIEpaTypaHbIH JKOFAPBUIAYBIMEH alTapJbIKTal aptaabl. TepMocTaTTay apKbLIbI
KbI3JIbIpMaFaH >Karjaija, peakius Xypy OapbIChIHIA O3IITiHCH KbI3y OpPBIH ajiajbl.
Con ke3ne cyTek 0emiHy aaablHIa MHAYKITUSIBIK Iepro] 00bIn (KYBIK maMmameH 10
MUHYT), CYTEKTIH O6JIiHy >XbUIJaMJIbIFbl aca ofapbl Oonmaiiabl. Con cebenrteH
AKTUBTEITCH AFOMHHHMIIIH JKOHE CYJBbIH MacCalblK KaThIHACHIH ©3TePTY apKbLIbI
PEaKLUSIIBIK MACCAHBIH ©3/1ITHEH JKbUTY 0aphICBIH PETTECTIPIN OTHIPY MYMKIH/IIT1 Oap,
ce6eb1 cyTek 0eIiHY KbULIaMIBIFBI OChl apaKaThIHACTHIH apTybIMEH a3asibl. Peakiius
HOTHXKECIHJIC TY3UIETIH KOCAJIKbl ©OHIM OOJIBITT OpPTYpJi Kypamaarbl aJtOMUHUN
OKCHUJIIHIH THUIPATTBIK TYpiepi TaObutaabl. OnapablH Kalmbl Typaeri GopMysiachl:
Al;O3-xH,0, conbimen Oipre Oaiiepur Al(OH)s3 sxone 6emutr AIOOH. Aiita kereTiH
macene: Temneparypa 0°C-ka TeH OoJsiraHaa HeriziHeH Oaiieput, 40°C-ta — Oakiepur
koHe OemuTTiH Kocmackl, anm 80°C-ta — OeMHUT >KMHaKTajnaabl. byi ojic HeriziHeH
JKOFapbl TemIeparyiapaja ICKe achlpbUIa/ibl, COHBIMEH KaTap PEeaklIMsHbI KYPrizy
YIIIiH ap3aH eMec KyHMaHbI naiganaHy KaKeT — OChbl Mocesesep dIICTIH CYyTeK alyFa
aca bIHFAIIBI eMeC €KeHIH KOpCeTe i,

MunuH4YyK KOHE OHBIH OpINTECTEpiHiH 3epTTeyiepinae Kentipiarenaei [63],
CYTeKTI CyJaH aIOMHHUM JKOHE AJTIOMHHUN KyMMalapbIHBIH KOMIIO3UIIMSIAPhIH
naiialaHbIll ally >KOHE CYTeK TEeHEepaTOpbIH jKacay KapacThIppUIFaH. by omicTi
THAPOTETEPOTSH/I1 9JTiC IS aTal OTHIPHII, METaJI OSTIH OCJICeHIIPTII 3aTTap PEeTiHIAS
KpeMHHUH J>KOHE KypaMbIHIA Kajdblluid Oap KOCBUIBICTAPABI KOJAaHAIbl. by
KOCBUIBICTap bl KOJIJIAaHY AIFOMUHUN OCTIHET1 OKCHUJITIK JKaObIH/IbI )KOIOFa apHaJFaH,
aTam aWTcaK, CYMBIK HATPHIUI JKOHE KalMiJIi IIbIHBI, HATPUM METAaCHUIMKATHIHBIH
KPUCTAJUIOTHIPATHI, CUITUII  MeTaJdapAblH OKCHATEPi JKOHE THAPOKCHATEDI,
COHJIIPUITEH JXKOoHE ceHfipiiMereH oK. CyTeKk TEHepaTOphl AJIEKTP JHEPTHSICHIHBIH
Ke3iHe KOCBUIMAi KYMBIC aTKapabl, OCBIHBIH HOTHKECIHJIC OJ aBTOHOM/IbI, MOOWIIII
XKoHe Kayirci3 Oonbin Tabbutanbl. OHBIH YCTIHE OHIIPIIETIH CYTEK ap3aHFa TYCemi.
CoHBIMEH THIIPOTETEPOTEHIIK dJIIC Ta3a CYTEKTI caraThlHA OHIAFaH JUTPIIEI aTy/Ibl
KaMTaMachbI3 eTe/l.

OpuHe, CyTeK ajyaa allOMUHUN[I NaianaHy aca MYKUAT KapalaTblH Macelie
Oosbin TadbImaael. Ockiran OaitnanbsicTel Wang opinrecTepiMeH KapusyiaFaH AKYMBIC
KeHL1 Oemyai Tanamn ereni [64]. by skymbicta 95% anroMuHuKaEH KoHe 5% rajuimid,
WHAWW, KaJdaWbllaH KypajdraH KYMMaHbIH XUMUSJIBIK KypaMbIH apbl Kapau
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MoAM(pUKANKIAY KapacThIphIFaH. ABTOpPJApABIH aUTyBIHINA, dJIEMEHTTEPIIH MbBIHA
apa KaTelHacTapblHaH 3:1:1 mamainsl aybITKy OOJIFaH Ke3/e A€, KyHMaHbIH XUMUSIIBIK
OenceHaUIIr: aca e3repMmeiini. byn perre KyiiMaHbl any TEXHOJIOTHSCBIHBIH €31
MaHbBI3/Ibl POJI aTKapaThiHbl KepceTuireH. KyHmipyni exi per xacay — KyiMa
KYPBUIBIMBIHBIH Maijia KEYEKTUIINHE OKeJIe/Al doHE OHBIH OCTTIK ayJaHbIH JaMBITY
apKbUIbl CYTEKTIH IIBIFBIMBIH ©CIPEII.

ANIOMUHUN KyHAManapblHbIH CYMEH OPEKETTeCy Ke3IHJE CYTeK OeJiHEeTIHIHE
apHaJIFaH )KYMbICTap J1a KoK emec [65]. KyliManap/s! ainy oficTeMenepid CunaTTansl,
oJIapAbIH KYpaMblHA Tallii, UHIWN, KAIAUbIHBI KOCY JKOHE OCBUIAPIbI KOJIIAHFaHA
cyTek OeiiHy TpolecTepl KapacTbipbuUiazibl. bipak, alioMuUHUNA KylHMagapbIHBIH
KypaMblHa OCBIHIIA KbIMOAT >KQHE KOJ KETIMA1 eMeC MeTalJap/bl €Hr13y CyTeK any
IIPOIIECIH alTapIBIKTall KbIMOATTaHIBIPATHIHEI Ja c03 00JbIn Typaasl. Ochlan Oacka
KyliManap ainy aca oHall )KyMbIC €eMeC €KeH1 Jie alThUIFaH.

An Gacka 3epTreymrisiep [66] OenceHaipuireH aJlOMUHUN YATUIepiH JalbIHay,
cakTay »>KOHE ToxipuOenepre o3ipieyai a3oT aTrMocdepachlHa >KYPri3reHiH
cunatTaiapl. Onap aTrOMUHUN TpaHyIaJapblH MEXaHUKAJIBIK dKOJIMEH JUCTICPTHsIIall,
Ga-In-Sn-Zn (xypameiaaa 70% ranuii 6ap) Kypamabl HEMece OJaH Ja KypJelipek
oonbin kenetiH Ga-In-Sn-Zn (kypambiaga 60% ranuii 6ap) CYMBIK SBTEKTHUKAHBI
VHTaKTaJFaH aJIIOMUHUHAMEH apanacTeipanbl. CyHbBIK 3BTEKTHKA aTOMHUHUN
OeMIIeKTEpiHIH apacblHa CIHIpUIiN, OHBI OenceHpaipeni. byn 3epreyne amoMuHUN
YHTaKTapbl CyMeH OeJICeH/l TYypHe OpPEKEeTTECeTiHI KYMOH TYyIbIpMaibl, JereHMeH
peakIusra TYCETIH aJIOMUHUNII MalbIHIAy >KYMBICTAphl OJICTI KYpJeJdeHIpETiH1
Typajibl MiKip aiiTmaca Oonmac. AWTa KeTETIH Macelie, OChIFaH YKcac >KYMBICTap
(HaKTBI aTKAH/a, ATIOMUHUANTI TATUHN, UHANN MeTanaapbIMeH OeJICeH IIpyTre apHaIFaH
seprreynep Kazakcranga 1980 >xpuimapbl skacanraH OoJiaThlH, Oipak aTaifaH
MeTannapAbl KOJJAHBIN, KylMmamap ajay aca OHail mapya OoJIMaraHJbIKTaH,
TOKTATBUIFaH.

Cybl epiTIHAUIEpAEH CYTeK aly MOceNIeCcl TeK CYTeKTIK OTBIH aly TYPFbIChIHAH
FaHa KbI3BIKThIpMaiinpl. KemnTeren 3epTTey >KYMBICTapbIH METANIApIbIH JKOHE
KyHdMaJiapbIH CYJIbI €pPITIHIUIEPMEH CYTEK 0oJie OpeKeTTeCyiH 3epTTeyre OarbITTaIybl
tuic. COHBIMEH KaTap 3epTTEyIIUIep aTOM SJIEKTPOCTAHCATAPBIHIAFBI CYTEKTIK
Kaylci3aikke Jie KoHUT Oein oTeipybl THic. CyTEKTi OTBHIH HEMece Karap-KaHapMai
peTiHae maiganaHy Ke3iHAe CYTEeKTI TachIMaliay, CakTayFa OalIaHBICTBI KONTETeH
npoOnemanap TyblHIaWabl. OCbIFaH OaiJIaHBICTHI ABTOHOMJBI TOPTATHUBTI CYTEK
reHepaTopiiapblH JaliblHAay aca MaHbBI3Abl Mocene Ooibin  Tabbuiaabl. by
reHepaToOpIapAbIH KYMBIC Kacay MpUHIHMI Oenrim Oip 3aTTHIH CyNbl opTajga Oacka
3aTIICH XUMUSIIBIK )KOJIMEH OPEKETTECYIHE HEeT13/IeTeH.

bipkatap FBUIBIMU-3€pPTTEY JKYMBICTap CYTEKTI CyJaH HEMECE KBIIIKbUIIbI
SPITIHAUICPICH TUAPOIU3 TUIITET] PEaKIUsUIAp/Ibl IMaiTaIaHbIl anyFa OaFbITTaJIFaH.
byn kxe3me cyTexTi G mbFapaThlH 3aTTap PETiHE KEHUT METalaap MEH OJIapIblH
KyliMayiapbl (MarHui, aJlOMUHHI), COHBIMEH KaTap MeTalJapAblH OWHapibl KOHE
KOMIIJIEKCTI TUAPUATEP] KbI3MET aTKapaabl. OnapaslH KYpaMbIHAA CYTEKTIH MOJIIEp1
KOFapbl MOHJEpTe ue 0oJyhl WapT. Mbicalibl, MarHuil TUIPUIIHIH KypaMbiHaa 7,6%
cyTek Ooiica, HaTpuit Oopruapuinae 0y s3neMentTid memmepi 10,5% kypaitabl.
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Cytek Oemy1iii 3aT peTiHAE HATPUN OOPTUIPUAIH KOIAaHFaH Ke3/1e OYJ1 KOCBUIBIC
TUAPOIU3TE YIIBIPANIbL:

NaBH,+2H,0 — NaB0,+4H, (1.38)

bipak kepceTuireH peakuus YakKbIT OTKEH CailblH HaTpuil OOpPruApUIIHIH
TYPaKTBUIBIFBIH TOMEHIETE 1, OpTa pH-bI JKOFapbLIail Tyce i )koHe OOpPTUaPHT KaTThI
KYHJIe JOBIMKBLI ayaja ©31HIH TOTBIKCHI3AHABIPFBIN KACHUETIH KOFajlTa OepeTiHiH
Oatikaranpl. CyblK Cyda €pITKeH Ke3ae OOpruipuja TeK a3 MeJepiAc blablpayra
YIIBIpaiibl XKoHE OJI CyAaH AMTMApar peTiHie OemiHenl. bopruapun epireH kesne
OOJIHETIH KBUTYJBIH MOJIIEpl alTapiblKTaldl KeIl eMec, ajlaiijla OHbIH CYJbl JKOHE
CUITUTI epITIHAUIEPIHIH alTapibIKTall Kem MeJIIEepiH caKTaraH Ke3jae OeJiHeTiH
KBLTYIBI OKETIN TYpYFa OaFbITTANIFAH ic-TIapaiapabl KapacThIPFaH skeH. Erep sKbuTy bl
©3 YyaKbITBIHJA OKETI TypMmaca, opTa TeMIlepaTypachl >KOFapbLIaii Tycemi e,
OOpPrHIPUATIH BLIBIPAYBl OTE JKOFAphl JKbUIIAMIBIKIEH >Kypeni. COHbIMEH Katap
OopruapuATiH THAPOIN31 Ke3iHae opta pH-bI xkofapbutaii Tycemi, ceb6ed1 HaTpwuii
Oopatsl xuHakTanaabpl. Ockl cebenTeH HATPU OOPTUIPHUIIHIH THAPOIN31 Ta3za cyja
YaKbIT OTKEH cailblH Oastysjaiiibl >koHE OHBIH MOHI opKamiaH Oydep Kocmacwkl Oap
Ke37leri THAPOIU3ICH ToMEeH Ooyianbl. AiTa KETeTIH MOcese: OHAIPICTE ajbIHFaH
NpermapaTThiH THIPOJIU31 KalTa KpHUCTajJaHy apKbUIbl Ta3allaHFaH IpenapaTThiy
TUAPOJIU3IHEH QJNJEKaia O KbUIIAMBIpaK JKypedl. ArtanFaH MarepualaapbiH
KEeMILILTIKTEPIH €CKepPEe OTBIPHIM KOHE CAJBICTBIPY MaKcaTblHIa 3epTTeyJiep HaTpui
OopruapuaiHe 0acka Ty3zap Kocy KesiHze KyprizuireH [67]. by sxymbicTa HaTpuid
ooprunpuain kobansT (II) xyopuai KaTbIChIHAA THAPOIMU3TE YIIBIPATHII, CYTEK aly
OapbpICHIHA aTajiFaH €Kl PeareHTTIH epITIHAIACT1T KOHIICHTPAMsUIAPBIHBIH OOHETIH
CyTeK  MeJIIepiHe  TOyeHNAUTiKTepi  ajblHFaH.  Hatpuwit  GoprumpuiiHiH
KOHIICHTPAIMAChIHAH 0acKa TUAPOJIN3 PEaKIIUSICHIHBIH KbLUIIaMIBIFBIH OCHI €PITIHIIHI
MOJIIIEPIIET KOCY JKOHE KaTaau3aTOPAbIH KOHIICHTPALUACHIH ©3T€PTII OTHIPY apKbUIHI,
COHBIMEH KaTap TeMIlepaTypaHbl ©3repTy apKbUIbl perrectipyre Oonanabl. OCBIHBIH
HOTHXKECIHIe, OeNriTl >kKariail TybIHJIATKaHAa, HATPUH OOPTUAPHUAIH CyTeK OemyIri
MaTepuall peTiHAe KoJijaHyra OoyarbiHbl KepcerinreH. Jlerenmen, Oyn omicte
KaTaJIM3aTop peTiHAe KoimaHsuiaTeiH kKoOansT (II) xmopumin Oesexk malbIHIAY
KUBIHJBIK TYFBI3a/bl, ce0ebi, Oy KaTanu3aTopra KOMBLIATHIH TajamnTap KeIll: OHBIH
OeTTIK ayJaHbl 1aMbIlFaH OOJybl, OCBIFAH Opail aKTHBTLIIT ©TE >KOFapbl OOJYHI THIC,
OemnmIexTepi ©Te Maiia 00IybI )KOHE TYTKBIP CUITLII1 €PITIHAIIeH 06N alry OHail icke
acweIpblTyhI KakeT. CyTek 0eiie Cyibl epiTIHIIEPMEH OPEKETTECYII 3aTTap IbIH ©31HE
TOH AapPTHIKIIBUIBIKTAPHI /1a, KeMIIUTIKTepi e Oonampl. OmapasH CadbICTHIPMAIBI
cumaTTamMaiapbl KeNTIPUTIreH, aTanm alTKaHJa, KypaMmblHIa CYTEKTIH YJEeCi KOFaphbl
Oooneim  kenetiH wmatepuangapaeiH (NaBHs, MgH2) xone cymen cyrtek Oeie
opekerTecin (Mg, aKTHUBTENTeH aIIOMUHUN) KeHOip MarepuanmapiblH CyYMEH
OpeKeTTecylHe Taujayiap jKacajafaH HaTpuid OOPTrUIPUIIH KOJIJIaHy TIeTepOreH/
KaTaJau3aToOPAbl alTaIaHyIbl KAKET €TeTiHl KopceTUIreH. MyHIail KaTaau3aTopIbIH
KYpaMbl JKOHE KaCHUEeTTepl KeNTereH TananTapra cail 6omysl Tric. Onap aca Oenceni
00J1ybl, OETTIK ayJlaHbl JaMbIFaH, OJapIblH O6JIIIEKTEPIHIH 6JIIIEeM/IepPl 6TE KIllll XKIHE
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oJlap TYTKBIp CUITI €pITIHAUIEpACH OHaW O6JliHyl MIapT €KeHI aWThUIFaH. OJETTe
MyHail TananTap O0ip-OipiHe Kaliubl 00k Ta Kanaabl. OcblFad OalIaHbICThl HATPUN
Oopruznpual Tek Oenriuni OepuIreH *araaiapaa FaHa KOJIJIaHbUTYbl MYMKIH.

['unpunrep, onapasiH apacbiHaa Hatpuid Oopruapuarepi 2000 xpuiiapsl CyTeK
aly J>KOHE CYTeK caKray TMpolecTepiHje Oonaliarbl 30p Marepuaiiap peTiHJe
Kapactelppuiran efl. bipak, 2007 sxpuiel AKII sHepretuka MuHHCTpIIr: Oy
KOCBUIBICTBI CYTEK aiyja TuiMai emec nen Oarananbsl. OCkl Mocenenepre TOKTai
oteipeir;, Abdul Malek »xone onbIH opinTectepi [68] amromuHMiinI cyTek amyna
OoJamarel 30p METaJU1 PETIHJIE TaHbII, OlpaK OHBbIH OETTIK OKCHUITIK KaOaThl Kelepri
OONaTBIHBIH aTanm eTeli. byn aBTopiap OOPTHAPUATEPAIH TOTHIKCHI3IAHIBIPFBIIIT
KacHeTTepiH THUIM/II KOJJAaHy MaKCaThIH/IA aFbI3bIHIbLI CYJIap bl ChIHAI MOHIAaphIHAH
TazapTy YJTICIH )KacayFa apHaJIFaH 3epTTeyJiep xKyprizenl. Jlactanran cy Ke31 peTiHjae
kypambiaga Alx(SO4)3-H2O xone HQCl, Ty3b1 Kochuiran epiTinai naiiiaaaHbUIFaH.
Ocbiran  Hatpuii OGopruapunin (NaBHa) kKockaH ke3ne cyTek OeliiHe peakIUsIChI
KYpPreHiH cunarttaiiapl. by ke3ge HaTpuil OOPTHAPUIIHIH TOTBIKCHI3IAH IBIPFBIII
pETiH/IC AFOMUHUIN amMajbraMachlH TY3€TiHIH, ajl OYJI KOCBUIBIC CYMEH OPEKETTECIT,
cyTek OeiiHyre okeleTiHiH OasHpmaiael. byn Ttoxipubene wmertamn Ky#iHzaeri
ATFOMUHUN KOJITAaHBUIMAW/IbI, AJTFOMUHUN aMallblaMachIHBIH TY3LTyl OpTaapaibIK
peakius PEeTiHIe TaHBLIAABI )KOHE JJIIC-TACUT Cy/IaH CYTEK ay JKOHE CYJIbl ChIHANTaH
Tazapry peTiHie Ae KenTipiain otelp. CyTek 0oy KbUiaaMIbirel 720 MJI/MUH eKeH1
KOPCETLITEH.

Cyrek any yIIiH MarHui TUAPHUIIH Tai1aaHy Ke31HJ1e MarHui TUIPOKCHIIHIH
Hamap epyi 6ip mpobGiema 60JbIn TabbUIabI, OV Ke3ae AudPy3UsIIbIK MIEKTEYIep
opbiH ananpl. OchllaH 6acka KeMIIUTIKTEP OOJBINT MBIHA MOCEJeNep/ll aTal eTyre
Oomanpl: 1) Taza CyTeKTiI KOJAaHYABI Tajlall €TeTIH MarHuil TUIPHUIIH ajjbIH-aja
CHUHTE3/IeY KaKETTUTIr; 2) KbIKBUIABIPJABI KOIAaHy KakeTTiuniri. bym ¢axropaap
CyTEK Te€HEpaTOPhIH jkKacay MYMKIHIIKTEPIH alTapiabIKTall ToMeHaeTe 1. TirnTi HaTpuid
XJIOPUIIH KOCKaH Ke3/le Je KopiHeTiH ocep Oaikanmaiabl. KyKIpT KBIIIKBUIBIH
KOJJIaHy Ja aca BIHFaiyIbl OoiMaibl, ce0ebdl MarHuil KOHIICHTPJIGHIeH KYKIpT
KBIIKBUTBIHAA ©Te Hamap epusii. Ocbl ceOenTepaeH JTUMOH KbIIKBUIBIH MaiganaHy
OKENTeyip BIHFANIIBI OOJIBIT KOPIHEII.

An ruaponu3 GapbIChIH MarHUW THUAPUIIHIH JTUMOH KBIIIKBIIBIMEH OPEKETTECY
Ke3iHjae OakplUlaFraH[a, MarHuid THAPOKCUIIHIH Ty3Uryl koHe JudQy3usIbIK
KUBIHBIKTAp TYBIHAAUTHIHBI aHBIKTATFaH. MarHuii THAPHUIIHIH THAPOIN31 6Te TOMEH
KBUITAMJIBIKIICH JKYPETiHI, TINTI €Ki TOYJIKKE JCHiH asKTaJIMaWThIHBI OalKaFaH.
TinTi ¢ynnepern Kapa peareHTIH KOCHIN, MEXaHHKAIBIK-XUMHSIIBIK OHJACYIl iCKe
aceIpca Ja, TPOIECTIH KMHETHKACHI MIaMallbl JKOHACNIEl Je, CyTeK MbIFbIMbI 40%
KYpauThIHBI KepceTiireH. Al ocbl Kocrara 20%-IbIK KYKIPT KBIIIKBIIBI €PITIHIICIH
KOCY pEaKkIUsHbI JeKal1a KbuiiaMaataasl. Marauii TUAPHUIIHIH OPHBIHA METajll
KYHIHIET1 MarHuiai Mmaimaianca, THAPOKCHATIH a3 epyl Moceseci cakTajaaibl,
O6JIIHETIH CYyTEKTIH MeJIIepi €Ki ece a3asbl, OlpaKk eTe KpIMOATKa TYCETIH MarHui
TUAPHUI1 KOJITaHOaFaHIBIKTaH, 9/IIC IIaMalibl 00Jica Ja, bIHFaNUIbIpaK OOJBINT KOPIHE .
Cytek Oenylil peareHT peTiHAE MarHuiji Maaaianyja KYKIPT KbIIIKBUIBIH €Mec,
JUMOH KBIIIKBUIBIH KOJAaHy THIMAIpeK. OChl KEATIPUITeH 9AICTEPAl CUIIATTay KOHE
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©3 JKacaraH JKYMBICTADMEH CaJbICTBIPy Typaibl MadiMeTTep Oi3AiH  1e
KYMBICTapbIMbI3/1a OastHnanran [69,70].

Ke3 kenreH KBIIKBUIABIH KBIIKBUIABUIBIFEl PEAKIMsAFa KATBICYIIBI EKiHIIi
peareHTTIH TaOufaThiHA Aa OailmaHbICThl. JIMMOH KBIIIKBUIBIHBIH CYJIbI €PITIHAICIHIH
MarHuiiMeH opekertecyi 0,5-Ke TeH MOJBIIK apaKaThlHACTA JIMMOH KBIIIKBLIIBIH TOPT
HEri371K KBIIIKbUI PETIHAE KapacTbIpFaH Ke3[e peakius OipAeH asKTaJaManbl.
PeakIusaHbIH assKTaTybl TEK JJMMOH KBIIITKBUIBIH KOCBIMIIIA SHTI3IeH Ke3/1e OaiKaabl.
JIMMOH KBITITKBUTBIHBIH MYHJIal KaCHUETi OHBIH MOHJaHy KOHCTAHTAJAPBIHBIH OpTYpIIi
cTagusimapaa optypiai Oony cebebinae. Erep JIMMOH KBIIIKBUIBIMEH MarHUNIIH
MOJIBIIK apa KaTeiHackl 0,66 sxoHe 1,00 601ca xoHE TUMOH KBIIIKBUIBIH €K1 HEMeCe YIII
HETi3/1 Jen Kaobligaca, CyTeKTIH TONBIK 0eliHyiH KyTyre Oonanbl. by ke3ne peakius
KBUITAMJIBIFBl  METAJIJIBIH TYHIPIIIKTEPIHIH MalIalbUIbIFBIHA TOYENl €MecC, COJI
ceOenTeH MarHuial ChIM KYWiHJIE HEMece KeCIHIUIep KyWiHae KoJjjaHyra OoJiajbl.
EpiTinai naiiblHIalThIH CY/IBIH CalachbliHa Jla KON TajanTap KOWbUIMan bl (TINTI TeHI3
CYbIH HEMece IIANIIBIK CyJlapibl J1a KojjaHyra Oomnaibl, ce0ebi cynarbl Kocmaiap
cyTek OeiiHy >KbUIJaMJIBIFIHA OCEpIH THUT130eiTiHI OaiikanraH) JeMeK, OyJI oJic
©31HI1K KYHbI OOMBIHINIA CY 3JIEKTPOJIN31 9JICIMEH Oacekernec 06oa anabl.

CyTekTi cyaH ayabiH O1p 9J1ici Keneci peakiusi OOMbIHINA 1CKe acaJibl:

CaH, + H,0 > Ca(OH),+2H, 1 (1.42)

CyTekTi anmyabslH OYJI ofiCi aBTOHOMJBI JKaFjaijga HeMece Jaja >KaraaibIHia
BIHFAMJIBI OOJIBITT KeeAl. Byl omicTiH Heri3ri KeMIIUTITi: KaJbIlui TUAPUIiH Oesek
CUHTE3JIey KOKETTUIIr )KoHe OV CHHTE3 aca KypJel JKaFaania sxyprizijie/ii COHbIMEH
KaTap OFaH Kem Kapkbl >kymcamaapl. OchkllaH 0acka KaJbIIMK THUAPHUIIH CaKTay —
epeKIe >KaFmaiyiap jkacayJabl JKOHE aca epeKIle caKk Ooyasl Tajam eTell.
ATMmocdepara TYckeH Ke3[Ae KaJbIMH THUAPUAI Te3 TOTBIFAALl Ja, ©31HIH
TOTBIKCHI3JIaH IBIPFBIIIT KACUETTEPIH KoFanTa bl Kanbiuit rupui TyHue sKy31H1e el
XKepJae Kol MeJIIIepie oHIIpUIMe I, 1ereHMeH KaJlblui TUAPHUIIH aly IpolecTepin
3epTTey, OHBIH CHHTE31HE OpTYpJi (aKTOpJapAblH OCepiepiH aHBIKTay CHSKTHI
FBUTBIMU JKYMBICTap Ke3aeceni [71-74].

1.4 CyTekTi Ko11aHy cajiajapbl

CyTek — aca MaHBI3IBI XUMUSIIBIK AJIEMEHT eKeHi epreneH Oenrimi. CyTek orte
KEHUT Ta3. O3iHIH XUMHSUIBIK KAaCHUETTEpIHIH epeKiienirine OailaHbICThI, OJI
XAMUSUTBIK, TaFaMm, METAJUTypIrHsUTBIK, MallliHa >jKacay eHJIpICTepiHAe KeHIHEH
Koiaanbutaapl. CyTeKTi €H Kol KOJIAaHAThIH cajlajlapAblH Oipi — XUMHUSITBIK OHEPKICIIT:
a30T KBIIIKBUIBIH KOHE a30T THIHAUTKBIIITAPHIH OHAIPY/AC MalalaHblIaTEIH AaMMHAK
aly; METWJl CHOUPTIH OHIIpyAe; >KacaHIbl OTHIH ally, MYHaill eHIey; KeMIpal
ra3JaHabIpy, JKOFaphl OKTAHIIBI )KaHApMail jKacayaa, Maijapabl THAPOTCHU3AIUSIIAY
AKOHE OPTYPJl XUMUSIIBIK KOCBUIBICTAp anyaa [75]. Mamnna xacay cajnachlHAa 9€TTe
CYTEKTI KO3FAJITKBIIITAPJALIH TETIKTEPIHIH O€TiHAeri KyWIKTI Ta3zajay YIiH
KongaHajael. COHbIMEH KaTap OeJoKTap ajiyla CYTEKTIH pejil epeKiie, CYyTeKTIH |
TOHHACHI 1,4 TOHHA OEJIOK anyFra KyMcaaajbl.
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Kasipri 3amania cyTekTi KOJIJIaHy ayMaKTapbl ©T€ KEH, aTan alWTKaH/Ia, CyTeK
aMMUaK, METAaHOJI OHJIpyJIeH OacTam, pakeTajblK OTbIH PETIHJE MNailJanaHbUIajIb.
CyTekTiK 3HEepreTMKaHblH Heri3ri Kypampaac Oeiiri OosyblHa OaiJIaHBICTBI, CYTEK
OHEPKICINTIH »OHE TEXHUKAHBIH KONTEreH cajajiapblHAa KEHIHEH KOJIJaHbLIabI.
Mpeicasibl, 0N ITEH >KaHy KO3FAJNTKBIITAPbIHAA OTHIH PETIHJE, OHBIH IMIIHJE
KeMellepie J1e, WCKpaJbIK J>KaHIBIpyAa Ja CYTeKTI MaimanaHy KapacThIPbLIFaH,
COHBIMEH Kartap Oyj, ©31HIH epeKIle KacueTTepiHe OalIaHbICThI Ta3 OTHIH
AJIEMEHTTEPIH/IC Mal1aTaHbUTYhI 90 1eH MyMKiH [76].

CyTekTi aBTOMOOWIBAEpPAE 1IUTEH >KAHATHIH KO3FAJTKbIITapAa MNaljanaHy
KOHIHJIE KONTereH Jepekrep Oap eKeHIH JKoHe Oyl mnpobiemMa HHXKEHep-
TEXHOJIOTTAP bl KOIITEH Oepi KBI3BIKTHIPATHIHBI TYpalibl aiiTa keie, AcosiH A.P. xoHe
OHBIH opinTectepl [/7] YThIMIBI TEXHUKAJIBIK IIENIIM YChIHFaH. MyHJa KOJIKTeri
HEri3r1 KOMIPCYTEKTIK OTbIHFa a3 MeJIepAe CYTeKTIH THIMJII OOJIbIN KeJEeTiH
MOJIIIEPiH KOCy KapacTeipbUIFaH. OChIHIAN KaFjaalja HETI3ri OTHIHHBIH TEXHHKA-
HKOHOMMKAJIBIK KOPCETKIIITEPIHIH >KOFApbUIANTHIHBI OasHAanansl. byn menrim
CYTEKTI aBTOMOOWJIbJIC >KMHAKTaMail-akK, HEri3ri OThIH PETIHJE KOCYIbl KO3Jeii,
KOJIKTIH JKOJIOTHSUIBIK KOPCETKIIITEPIH KaKcapTyFa JKeNell kKoHe KOMIPCYTEKTIK
OTBIHHBIH IIBIFBIHBIH a3aiTagpl. CyTeKTi KeJiK KO3FaJITKbIITAPBIHIAFEl HETI3ri
OTBIHHBIH KOCTIAChl PETiHC TaiaIaHy bl YChIHBIT OTBIPFAH TaFbl J1a 0acka aBTOpJIap
[78] kenecimeit nmepextepai skoHe OospKaMaapabl KeaTipedi: erep «GM  —
UZBEKISTAN» xone «CamaBTO» 3aybITTapbl KaKbIH apaja CyTEKT1 HET13T'1 OThIHFa
KOCYIIbI iCKe achipca, Oy caja yiKeH maiiiara keHenep eni. byn aBropnap e3nepi
KYPri3reH dKCIUTyaTalusiIblK chiHakTapaa 100 kM-re skymcanraH O€H3UH IIBIFBIHBIH
«KobanpT» aBTOMOOM1 yuIiH 7,2 1/100 kM ekeHiH, ai cyTek Kockauaa 5,7 1/100 kM
€KCHIH KOPCETKEH, IeMEK, jkaHapMmail mbIFbiHBIHAA 20% maijga KenTipiieTiHi
KOPCETKEH.

CyTeKTiH XUMUSIIBIK OHEPKICINITE K11 KOJIIAHBIIATBIHBIH TAJTKBIIAUTHIH O0JICAK,
onemae eHmipiaeTiH cyTekTiH 50%-1 mmacTMmaccanap, THIHAWTKBIIITAP, YKAPBUIFBIII
3aTTap anyaa KOJJAaHbUIATBIH aMMHUaK OHJIPYre >KyMcCalaThIHBIH alTdrai Keryre
oommaiinel. [llamamen cytekTiH 8%-1 OipkaTap ruractMacca aidyja nakaagaHbuIaThiH
MeTaHos eHaipyre sxymcanansl [79-83]. Ocwlman 0Oacka CyTeKk MyHall eHJICY
cayachlH/a, aTarn alTKaH/a, THIPOKPEKUHT JKOHE THApOTa3aiayia, Oy Ke3/1e oJ1 IINKi
MYHaWJIBIH ©HJICIIy TePEHIITH apTThIPY KOHE COHFBI OHIMHIH CallachlH apTTHIPYIbI
KamTamachi3 etemi. Ocbl MakcaTrapia ojemjae OHIIpiUIeTiH cyTekTiH 37%-i
KosmanbLIaael [84,85].

CyTek ofapbl TeMmIepaTypajapia KaTaIHTTIK THIPHUPIEY peaKnusiapblHa
Tycyre KaOiieT KOPCETKEH, COJI CEOCTITEH OJ1 XUMUSUTBIK )KOHE TaFaM ©HEPKCIMTEPiHIe
alTapipIKTal KU1 KosjgaHbutanbl. CyTeK KaTaauTTIK JKaHY, SJICKTPOXUMUSITBIK
TYpJACHY, TUAPOTCHU3AIMS CUSIKTHI MPOIECTEPTe KATHICYMEH DYHEPTUSHBIH op TYpiHE
(KbLTY, DJIEKTPIIK, XUMUSJIBIK) KOHBepcusuiaHanabl. OCHl aTamFaH MPOIECTEPIIiH
TUIMJIIINT OTBIHHBIH OacKa TYpJepIMEH CalbICThIpFaHAa CyTEK YIIH ojjeKaiaa
THIMAI  Oojbim  TaObLaabl  [86]. XUMHSIBIK ©HEpPKACin aMMHaK alyja,
MYHaWXUMUSUTBIK OHEPKACINTE KOJAAHBUTYHI 1a oenriai [87].

31



1.5 CyTeKkTik JHepreTUKAHBIH Ka3ipri 3aMaHIaFbl KAFAAHbI

Cyrtek OonamiakThlH HIKOHOMHUKACHI YIIIH ©T€ MapAbIMABI  JI9pPEKEIe
MOTEHIIMAI LI TUIM/I1 Ta3a OTBIH OOJIBITT TA0bLIA/Ibl, OHBIH cebenTepi OipHele:

- OJT OJIEMJIET1 €H KOII TapaJiFaH JJICMEHT;

- €H JKCHLJI DJICMCHT;

- )KaHy SHEPTHACHI )KOFapPHI;

- VBITTHI €MEC;

- TYPaKTHI;

- DKOJIOTUSIJIBIK TYPFBIJIAH Ta3a;

- Tal Akl

- OJ1 )KaHFaH/Ia KOpIlIaFraH OpTaFa 3USHJIbI AJIEMEHTTEp TacTajaMalibl, OOJIHETIH
Cy — KOpIllaraH opTara ToH 3aT.

CyTeKTi >KaHApPTBUIATBIH SHEPTrusl Ke3JIepiHeH ne (THIpo-, JKej, TOJKbIH, KYH,
OouomMacca, TUAPOTEPMAIIBIK), KAHAPTHUIMAUTBIH TayChUIAThIH (KOMip, TaOUFU ras,
ANIPOJIBIK) DHEPrus Ke3JepiHeH Je anyra Oomaabl. bBynm rasnbl OTBIH peTiHAe
KOJJTaHYMEH Karap KeJIKTepJe Je, OTBIH JJCMEHTTCPIHAC JC, IMTCH IKAHFBIII
KO3FAITKBIIITapAa, TypOWHaidapjaa mnaimanmanyra Oonanel. CyTEKTiH DHEPrus
CBIMBIMIBLIBIFBIHA TaH KayFa 001a/ibl, OHbIH 1 KujorpambiHia 0osaTeiH sHeprus 120
M/x (1/433,33 xBt-caratka TeH, OyJ MOH KOMNTET€H OTHIHAAPABIH JHEPIus
CBIMBIM/IBUTBIFBIHAH YKOFapbl 0ok kenei) [88].

KyHn sHeprusicel, COHbIMEH KaTap CYTEKTIK SHEpPrus CHUSKTBI AJCTYpPJl eMmec
SHEPTHs KOo3Jepl Y3aK yaKbIT OOMBI, TINTI MIEKCI3 yaKbITTa KOJKETIM/II OOJBIN Kaia
Oepemi. YIKEH aJlaHAAQyIIbUIBIK TYJIBIPATBIH MOCENIe OChI KYHJEP1 JOCTYPJIl dSHEPTrus
Ke3JIepiHiH a3arobl 00JbIT Ta0bIaabl. Ka3z0a OalasIKTapAbl MagaiaHy KbUIIaMIBIFbI
oNlapAblH ~ TaOWFaTTa  OHIIPUTYIHIH  KBUIJAMJBIFBIHAH  OJJICKala  KOFaphl.
Hotmwxkecinae aBToMOOMIIBIIK KaHAPMaAKIBIH KETICTISYIIUTIK KAy TYBIHIANW I, COT
Ke37e KOJiK callachlHlIa YVJIKeH mpoOiemanap mnaiiga Oonansl. backa karblHaH
KapacThIpFaHaa, Kaz0a OallyIbIKTap/ bl MaigalaHy KOpIIaraH OPTaHbBIH JIaCTaHYbIHA
OKeJlell, JIaCTaHy JICHTeW1 KYHHEH KYHI'€ apTaThIHBIH €CKepcek, O1371H eMipiMi3miH,
TIpIIUTITIMI3AIH camackl TeMeHjael OeperiHi ce3cis. OChl aWTBUIFAH Mocesenep
SHEPrys JKETICIEYMIUTIK TpoOJieMachlH MIENTy MaKcaThblHAA >Karap->KaHapMauIbIH
Oaslamansl TypIepiH 13ecTipyre MaKOyp eresi. bys sHeprus Typiepi MiHIETTI Typae
KOpIIIaFaH OpPTaHbIH JIacTaHybIHA oKenMmeyi Tuic. OchiHgai cebenrtep *Kui-Kui TUITe
TUEK OOJIBITI KYPIeH CYTEeKTIK SHEPTHUSHBI IaMBITyFa oKeJe (i, OYJI SHEepPTHs KopIiaraH
OpTaHBI JIacTaMaWJIbl, JEMEK SHEPrUsSHBIH Ta3a Typi Jemn aWtyra Oonansl. COHFBI
OHXKBUIABIKTApAA CYTEK CKIHIIUTIK SHEPrus TachIMAJIAYIIbl PETIHAC ©31He KOHLI
aynapabl gecek Te 0osanbl. OCBIHBIH HOTHIKECIHIE CYTEKT1 OHIPY, TAChIMAJIIAY KOHE
cakTay CHSKTHI Macesenepre OarpITTalaFaH 3epTreyiiep ne kebeite Tycti. CyTekke
JIETeH KbI3BIFYIIBLIBIK OHBIH Ta3a YHEPTHs K31 OOJIFaHIbIFBIHAH J1a, )KCHUT O0TybIHAH
na tyelHAanapl. COHBIMEH Karap MaccaHblH Oip Oipiiriage OOJaThIH JSHEPTHS
MeJIIepIMEH JIe JJICKTPIIIKKE KaparaHaa TUIMIIPEK >KOHE OoJaimiarbl 30p OOJbII
TaObLIagbL.

Kas3ipri kyHHIH ©31H]I€ SKCIIEPUMEHTAIBABIK aBTOMOOWIBIED Kacalyaa, d31piiie
Oyiap OCH3UHIIK aBTOMOOWIIBAEP/IEH KbIMOAThIpak Ooibll Typ, Oipak Oosiaiiakra
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oJapbIH KYHHI Ja a3as Tyceli. bomamakra cyTtek Taram JaiiblHAayFa KaxkeT, KOJIiKKe
KaKeT JKaHap-)Karap Mai, OHEPKICIMKE KaXEeT YHEPTUSHBI, PEaKTUBTIK caMOJIeTTapFa
Tarbl 0acka KYHJIENIKTI JHEprusifa KaKeTTUIIKTI aTkapa ananel. Kasipri kesze
HOYTOYKTEp/Ie, KOMITBIOTEPIIEPIC METANTHAPUATI aKKYMYJSITOpIap MaiaanaHbuIyaa.
Fapeim 6armapnamanapeiiga aa CyTeKTIK SHEprusra KoHU1 OeiHy/Ie.

Tarbl 1a TOKTam eTyre TYpapiibIK Moceie, OJ1 — SHEPreTUKAHBIH SKOHOMUKAIIBIK
MPOrpecTiH KO3Faylibl Kyl Ooiblll TaObUTYbl. TyYpakTbl SHEPreTHKaHbl TYPAKThI
HSKOHOMHMKAMEH YWIIECTIPY — XalblKapajblK OPHBIKTBUIBIKTBIH OIp MapThl OOJIBII
ecernrene/il. JJIEKTP PHEPIrUsChIH JAYHUE KY3UTIK Maiiaiany TeMIIl KbUIIaH-KbLIFa
KapKbIHIIBI Typae aptyaa. 2030 sxbuia sHeprusiHbl TYThIHY 70%-Ke NeiiiH apTajbl, ajl
Ka3ipri KyH1 naiananbuiaTbid sHeprusiHbiH 80%-1 naiinanel kazoanapaan (MyHaii, ras,
KeMip) alblHaAbl. bipak makgansl Ka3z0aJapAblH KOPhI TayChLIATHIHBIH OpKalllaH
eckepy kepek. OHBIH yCTiHEe OyJ1 yAepic SKOJOTHUSUIBIK KaTepiiepMEH OailllaHbICThI
€KEHIH JIe YMBITIal xypy kepek. OcbliFaH O0ailaHbICThI Ka31pri KYHHIH epeKIle KOHLI
0oyl KaKeT eTeTiH npobyieManap/biH 0ipl — OoaliaK SHEPrUsChIHA KOITY OOJIBIM
Tabbu1aibl. OChl OAFBITTHIH Oip TapMarbl OOJIBIT MIUKI3aT KO31 TAyCHIIIMAUTBIH PECypC
— CyFa HETI3/ICJITeH CYTEKTIK dHepreTuka 0oJibin TadbutaThiHbl [89].

CyTeKTiK 3HEepreTUKara KOIIKCH >KarJaia OThIH-DHEPIeTHKAIBIK KOMITJICKCTE
anTapiblkTail e3repictep opbiH ananbl. Ockiran OaimaHbicThl [90] sKyMBICTApIBIH
aBTOpJIAphl <OKAHAJAH TY3UINeH MHPPAKYPBUIBIM CYTEKTi JKOHE DJIEKTP SHEPTUSCHIH
KEeHIHEH TMaiiJlaJaHyIbl KaMTaMachl3 €Te[l, OoJlap JAYHUE XKY3UIIK SKOHOMHKAaHBIH
SHEPTEeTUKAJIBIK KYpPaMIaChIHBIH HET13T1 KOMIIOHEHT1 O0JIapIIbIK JeTeH MKip OUIAIpTeH.
OnapnaplH aWTyBIHINA, Ka3ipri 3amaHjarbl Ka30a OalJbIKTapFa HETI3/CNreH
HKOHOMMKAJIaH CYTEKKE HET13/IeJITe€H IKOHOMUKAaFra KOy 11H CIIeHapHili ekl TapMaKTaH
Kypasajabl: OIpIHIIICI: KOMIPKBIIIKBLI Ta3blH OOJIII MIBIFAPAaThIH Ka30a OaiIbIKTap bl
KOMIPTEKCI3ICHAIPY  CTpaTerusIChIHAH  KAaTThl KOMIPTEKTI  3aJIaJICBI3IaHIBIPY
CTpaTeTHsChIHA KolTy 00Jica, eKIHIIICI: YHEPTUSHBIH KOMIPTEKCI3 TYpJiepiH (KYH, JKell
OHEPTUACHIH, T€OTEPMAIIIbl YHEPTUSHBI) MalanaHa OThIPHIN, OMOKOMIPTEKTEH KOHE
CyJlaH aJbIHATBIH CYTEKTCH KOMIPTEKTIK-HEHUTPAJIIbI KacaHAbl OTBHIH OHJIPY OOJIBIM
TaOBLIAEL.

Ka3z06a GalinmbpIKTapiaH anblHATBIH SHEPTUS TYPIAEPIMEH CABICTBIPFAH/Ia, CYTEKTIK
sHEprus TaburaTTa KOl KeTiMI1 eMec O0bI KepiHe i, Oipak Oy 2IEMEHTTI KONTeTeH
Oacka ke3zaepneH enaipyre 6onanasl. CyTek KOMIpTEKCI3 dHEpTUs TYpiHiH Oipi O0JbIT
TaOBUIAJIBI, IEMEK, OJ1 SKOJOTHSUIIBIK Ta3a eKIHIIUIIK )KaHAPThUIATHIH Ka30a OaiiIbIKKa
anbTepHATHUBA OOJIBIT TAOBUTATHIH YHEPTUS TYPI1 JI€Tl KapaCThIPbLIA IbI.

CyTexTi KoJIiK YIIiH KeJIEHIEKTe IKOJIOTHSITBIK Ta3a IHEPTUs KO31 IeT KapacThIpy
opeIHABI OombIn Kene katbip. Deluchi MLA. xapusiiaran monyaa >KoJaymibuiapibl
TaCBIMAIIAUTBIH THIMJII KOJIKTEpAE CYTeK KOJIIaHyAbl KapacTeipFaH. by makanana
CYyTeKTI eHalpy, TapaTy, OOpTTa cakray TEXHOJOTHUSJIAPBIH, >KaHapMal KYIO,
KOTIKTEePAIH THIMIUINT MEH Kayirci3miri, CyTeKTlI KOJJIaHYAbIH KOpIIaraH OpTara
ocepl xoHEe TIPHIUTIK IUKIIIHIH KYHbI Typalibl Macelienep TajakbuianraH. Kopiiaran
oprara TUri3UIeTiH ocepal Tanaay NO-fa, KeliK KypaJJapblHbIH TaCTaH]bUIapblHA
CYTEeKT1 KeMipAeH any Ke3injeri xoHe COz TypiHAeri TacTaHAbUIAPAbIH KOpIIaraH
OpTaHblH MapHUK 3((EeKTICIHE KOCAThIH YJECIHE MIOFbIpiaHFaH. TipIUIK UKIIH
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Oarayiay MoOJIeNll CYTEKIEH >XYPETIH KOJIKTI XoHEe OCH3MHMEH JKYPETIH KOJIKTI
CaJIBICTBIPA OTBIPHIT, AJICKTPOIN30€H, KYH DJHEPrUsCHIH TaNJaaHbINl aJbIHFaH,
KOJITAaHBUIFaH KOH/IBIPFBUTAPABIH KYHBIH, CYHBIK )KOHE a3 KYWIHIET1 CyTeKTiH KYHBIH,
OapJIbIK MIBIFBIHAAP B €CKEPIeH Ke3/1€ /1€ aBTOMOOUIIBIIK KOJIIK YIIIIH CYTEKTIK JKaFap-
»KaHapMa# THIMJII el TY>KbIpbIM jkacaraH [91].

CyTekTiK »HEpreTMKaHblH Tafbl Ja Olp apTHIKIIBUIBIFBI — OYJI 3KOJIOTHSIIBIK
TUIMI1 menriM Oouibill TaObuianel. OHBIH cebenTepi: OIPIHINIIEH, CYyTEK €H Kol
TapajFaH AJIEMEHT, OHbl KOMIPCYTEKTEp CHSAKTBI KYHpeTyre OoJMalibl, 071 TEK 63
KYHIH aybICTBIPBIN OThIpaabl. O cyFa allHanajbl, COJaH KeiH KallTajgaH 3 KallblHa
Kene anmanel. An Ka3z0a OaiyIbIKTapabl MaijajlaHFaH Ke3[e KopllaraH opTara
KENTIPUIETIH 3USH OpacaH €KEeHIH Tarbl Ja Oip peT ecimidre Tycipeiik. Kazoa
OallyIbIKTapAbl TMalajaHFaH Ke3JIe SHEepProXKyhenepJeH KOopIlaraH opTaFa TYCETIH
nacrarsimTapsl aitateia 6ooncak: CO, CO2, ChHm, SOy, NOy, painoakTUBTLIIK, aybIp
MeTanuap, KyJl — OyIapablH 3USHBI CYTEKTIK SHEPTHSHBI KOJJAaHFaH Ke37e MYMKIH
O0onaThlH 3USHHAH oJjeKaijga ayelp Tuneal Ttipuiutikke. CyTekTi KOJJaHy Y3ak
yaKbITKa CO3bLIATHIH, KOMIPTEK JTUOKCHUIIIHIH dCEpiH a3alTyra OarbITTajFaH BapHUaHT
Ooubin TabbuTaab! [92].

CyTekTiK sHepreTvkara OailIaHBICTBI IIONY KENTIPUITeH, Ka3ipri 3aMaHarbl
Ke3KapacTap CHIATTaJbIN, TEXHUKAJIBIK MMPOTPECKE JKETY JKOJIaphl KapacThIPbUIFaH,
CYTEKTI1 9JIEMIIK OHJIPY >KOJBIHIAFHI KaHa OJIC-TOCUIAED JKOHE KOJIJIaHy OarbITTaphl
cunatTtanarad. byn aBTopmapaplH MakcaThl KEH ayAUTOPHSUIBIK OKbIpMAaHIapibl
CYTEKTIK TEXHOJOTHUSJIAPMEH TaHBICTHIPY, CYTEKTIK SKOHOMHUKA TypaJibl YFbIMIapMEH,
KOpILIaFaH OpTara dcepyiep Typalibl, CYTeKTIK YHbIMAAp, OachbUIbIMIAp Typalibl kKoHE
KOH(pepeHIusIap Typaisl MamiMerrep Keatipiaren [93]. CoHbIMeH KaTap CyTeK KOJIiK,
FUMapaTTap, ©OHEPKOCIN CHSIKTHI SKOHOMHUKAHBIH OapiblK CEKTOPJApPBIH KamTyFa
KaOimeTi Oap >koHE KOMIPTEKTIK KypamJachl ©T¢ TOMEH KeHOIp Ke3lae «CYTEKTiK
PKOHOMHKa» JIEN aTajlaThlH JHEPreTUKAIBIK KYHEHI JaMBITyFa OKEJCTIHI aHBIK.
CyTekTiK PKOHOMHKA OKENTEYlp KBI3bIFYIIBUIBIK TAHBITATHIH KOHLEMIHS OOJIBII
Tabbaasl. On  Typanbl wmocenenep 1972 KbUibl KO3FalFaH OOJATBIH KOHE
HKOJIOTUSUIBIK, CasiCH, SKOHOMHKAJIBIK, TEXHOJIOTHSUIIBIK IPOTPECTEP OPBIH alIFaH Ke3/1e
JaMH TYCTi. byl KOHIENIMSHBIH Heri3i OOJbIN 3HEPTUSHBI TaChIMAJIIANWTHIH OICTI
KOJIJIaHa aJIaThIH JKaHa *Kyie Taobu1aas! [94-98].

MactemanoB A.M. attel 3eprreyirn [99] ka3ipri 3amanga ©3¢KkTi O0JIBIN TypraH
CYTEKTIK DHEpTreTHKa JKalJIbl TY>KBIPBIMIIAP Kacal, OChl MOCEJICHIH OYTiHT1 KYHIEpIeri
Pecetineri sxarmaiiblH KapacThIpFaH. bysl MoceneHIH KbICKallla TapUXbIH KENTIPTreH.
Ocwl KyHre aeiinri xetictikrepin cunartarad. Ocbigan OypeiH 2020 KbITBI Ka3aH
alpIHAa KaObuTIanFaH «Pecelifie cyTekTik sHepreTukanblH 2024 XbUTFa JSHIH JaMybI»
aTTHl ic-Iapayiap KOCTAPBIHBIH HET13r1 MaKcaTTapbl, OAFBITTaphl KOHE MIHIETTEPIH
atan etin, Peceiimeri Herisri ko0amap JKOHE KaHA TEXHOJOTHSJIApFa TalaayJiap
JKacaraH, OJapJbIH JKETICTIKTEPiH KENTIpreH. XallbIKapalblK KbI3METTECTIK
XKanouusimen Oipre »xacajuca, Oonamarbl 0ap €KeHIH ce3re THEK eTkeH. «Peceline
CYTEKTIK 3HepreTukanbiq 2024 >xputFa JeliH JaMybl KY)KaTblHAa COWKEC MakcaTTap:
CYTEKTIK JHEPreTHKaHbl CTPATETHSUIBIK TYPJE KOcmapiay, JaMyblHda MOHHUTOPHHT
KYPrizy, OHbIH J1aMyblHA YKIMETTIK KOJIay KOPCETY MOHE CTUMYII *Kacay OarbIThIH/a
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ic-11apanap YHBIMIACThIpy KaKE€T €KEHIH KOpCEeTKeH. OHAIPICTIK MOTEHIIUAI
KaJIBIIITACTBIPY, CYTEKTIK PHEPTETHUKA CalachlHAa MPUOPUTETTI MUIOTTHIK KoOamapsl
ICKE€ achIpy, MOFapbl JEHrehaeri MeniMIepal jKacall IIbIFapy J>KOHE FhUIBIMU
TEXHUKAJIBIK JaMBITYIbl KOJFa KOK KEpPEeK €KEeHI J€ KOHUIIEH ThIC KaJMaFraH.
CoHBIMEH KaTap HOPMATUBTI KYKBIKTBIK 0a3aHbl doHE YITTBHIK CTaHIAPTTAY JKYHECIH
KETUIIPY, KaIPJbIK MOTEHIMAIbI JAMBITY, XalbIKapaJbIK KbI3METTECTIKT] HBIFAUTY
CHUSIKTBI MOCEJIeNIep/IiH OOpiH KOJFa JIep KEe31H/Ie ally KepeK €KeH1 alThUIFaH.

BonkoB A.P. xoHe T1.0. aBTopnapabiH aitysiHiia [100], cyTekTik 3KoHOMUKara
KellyJliH OIpKaTap apThIKIIBUIBIKTApbl OOJFaHBIMEH, KEMIIUTIKTEP1 /€ >KOK eMec.
CyTek exiHIIUIK pecypc OoJibll TaObLIanbl, COJl ceOenTeH OoJl kKep KoilHaybIHaH
TiKeJIeH anbIHOaiIbl, OChI ce0enTepAeH OHbI Kail KOJIMEH ajica Aa, OHAIPIC MIBIFBIHCHI3
OO0JIMaNTBIHBI aHBIK; CYTEKTI TUIM/I TalJalaHaThlH UHGPAKYPBUIBIMHBIH 1aMybl Oasty
KYpINT KeJeal, CyTeK allyAblH OapiblK LMKIACPIHAE KEHIeHAl XKyheae Kaylnci3Iik
CTaHJAPTTHIH JKOKTBIFBI, COHBIMEH Oipre CcyTeKk TacbIManjay Ke3lHAEe CYyTeK
arbIHIApbIHBIH  TMaiga Oolybl  KoHE Ke0ewl Typaibl AKOJIOr-3KCIEePTTEPIiH
KOPKBIHBIIIBL. bipkaTtap 3epTTeynep KepceTKeHnaeH, cyTek arMmocdepara KerTer
TYCKEH Ke3J1e 0J1 0acKa MapHUK ra3IapbIMEeH KOCBUIBICTAp TYy3yre OeifiM OOJIBITT Kee i
KoHE OYJI KOCBUIBICTAp KOpIIIaFaH OpTaFra TINTI KOMIPTEK JUOKCHIIHEH JIe KOl 3UsH
TUTi3yl 96aeH MyMKiH. Ocbl cebenTepiil €cKepe OTBIPHIM, 3epTTEyIIUIEp CYTEeKTi
KOJIJIaHBIC TAa0ATBIH OPBIHIA OHIIPY OMICTEPIH, NEMEK aBTOHOMJIBI CYTEK KO3JIepiH
’KacayJbl TaMbITyIbl YChIHAbI. JKoHEe KalJbIKTap/laH ajaylbl Ke3[ereH AYphIC el
ecenTeiinl. Meican periHzae xacwhil cyrek any KamudopHusma kKaTtTel TYPMBICTHIK
KaJABIKTapJaH HeMece MEIUIMHANBIK KaJJIbIKTapJaH HEeMece IUIacTMaccajaH aiy
ycoibuTFaH. CyTek Oyjl ofiCTieH allblHCa OHBI JKaHAPTBUIATBIH DJHEPrus Ke3iH
naijalaHbIl AJIEKTPOJIN3 SJIICIMEH allFaHHaH oJJieKaiiia ap3aHFa TYCEeTIHIH alTalibl.
Ce0e61 mmkizar terinre Tycenai. COHbIMEH €Ki mpobjieMa MIEHIIeTIHIH alThII OTHIP
aBTopiap. Ocbl ofIC CYTEKTI TYPMBICTBIK KaXXETTUIIKTEPre >kapaTyra OOJIaThIHBIH
arnranel. by oficTe skenre, KYH SHEPrUsACHIHA TOYEIUTIK OOJIMaiabl coJl ceOenTeH
TOYIIIK OO¥BI, aiyiap OOMBI cTaHCA )KYMBIC iCTeN Typa Oepei.

CyTekTiK 2HEepreTuka KOINTEeTreH FalbIMAAp/bl, TEXHOJOITapbl >KOHE KOFaM
KalpaTKepliepiH, TINT1 KYPHAJIUCTTEpAl A€ KbI3bIKThIpyAa. CyTEKTIK SHEpPreTHKa
kaipl Oip xypHammbHBIH [101] KbIcKamia moayblHAa KEITIPUIreH MOJiMETTEp/e
QJIeMJIe CYTEKKE JeTeH KBI3BIFYIIBUIBIK Typasbl OipKaTap KbI3BIK (aktopiap Oap.
Mpicanbl, ocbkl OarbiTTa Kanama yikeH xocmapiap Kypyaa, Oyin enmeri MyHai
OHJIIPYIIII MEKEeMeJep TaCcTaHIbUIApAbl KOOEUTNEYAiH KOJbIHAA TaOWFu Ta3jaH
KOTUIIIIp CYTEK albIl, COHBI KOJJIaHyAbl KO3/7en oThlp. Humepmannel eminge ipi ras
KOPBI OOJIBIT, OYKLT €J1/11 SHEPTUSIMEH KaMTaMachI3 €Til OThIPFaH €111, Oipak ra3 KOpbIH
KApKBIH/IBI TTal1aJlaHy HOTHIKECIHJIE JKep KOWHAYBIH/A bIHFAUCHI3 JKaTTap OalKaaraH
COH, OWJIIK OHBI KOJJIaHyJaH IIBIFApPbIT, CYyTEKTIK IKOHOMHKAFa KOIIyJl yKocmapian
oteip. Kazipri ke3iH e3iH1e OV e1/1e CYyTeKTIK KOJIIKTep MaialaHblIya.

ABCTpanus 63 )KepiHer1 apTHIKIIBUIBIKTAP bl (KEp adaHIapbIHbIH KEHIIT1H, KYH
SHEPTHUACHIHBIH JKETKUTIKTI OOJIYBIH) MalallaHbII, JKachll CYyTEK ajlyFa YMTBUIYAA,
OHBI OJIap «CYHUBIK KYH» JICTI aTal OTHIP. ¥JILIOPUTAHUS KAChUT CYyTEK aly bl KO3Aeimi,
OyFraH Herizzep ae 6ap, ce6edi Oyl enyie eH KYIITI JaMbIFaH OHIIPICTIK 0asza Oap, ke
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SHEPTHSCHIH Malanany OarbITHIHAAFEl FEUIBIMU 3€PTTEYJIEP AaMbBIFaH, COJN ceOenTeH
Cy 2JIEKTPOJIM3IMEH ap3aH, SKOJIOTHSUIIBIK Ta3a CyTeK ajdyFa MyMKIHAIK kem. by enne
CYTEKTIK HEPIeTUKaHbl «T€HI31K» K€l SJHEPreTUKAacChblHa HETI3/IEeT OThIp JeN alTyFa
na 0onaabl.

Kazipri ke3ze TINTI METATyprusjiblK ©HEPKICINTEp J€ JKAChll HKOHOMMKAaFa
KOIy/l Ha3apaaH mbiFaprad emec. Meicanbl Oenriti SSAB komnanusicel European
Clean Hydrogen Alliance yiibiMbiHa KOChUIbIT EC-TiH CyTEKTIK CTpaTerHsIChIH
KOJJIayFa, OHBIH JKOCHApJapbIHBIH ICKE acCyblH KaMTaMachl3 €Tyre KeMIpTeK
TaCTaHAbUIAPbIH a3alTyFa YMTbUIYJA, JI€MEK, >KacblUl CYTEKTI KOJJaHbIl OoJjaT
OHJIIpyre opJalbiM KeHUT1 Oenyne. Ppanuus, [‘epMmanusmen Oipirim, CyTEKTIK
TEXHOJIOTUsIIAp bl JaMbITyFa 0eTOyphIC *acaya, Kpitall CyTeKTIK KOJIIKT1 HIbIFapy bl
tezneryne. Ocbiian Oacka Peceit KpiTaliMeH KBI3METTECTIKTI i€ KapacThIpyaa.
Mpicansi, Pecelt xone KpiTail ranmpiMaapbl ap3aHfa TYCETIH CYTEKTIK OaTapesap
’KacayJbl KOJFa aliblll OTHIp. MYHIAW DJJICKTP SHEPTHUSACHIHBIH KO31epl THIMII,
AKOJIOTUSUIBIK TYPFBIZIAH Kayirci3 00JIbI TaObUIaibl, OJIApbl KOJIJaHFaH A, Cy HEMece
cy Oysl Oemineni. Kazipri ke3ge Oy Gatapesuiapabl mbiFapymer belukun xumusi-
TEXHOJIOTUSIBIK yHHBepcuTeTiHiH 3eprreymiiepimer C.I1. KoponeB aThiHIaFbI
Camapa YATTBIK 3€pTTEy YHHBEPCHUTETIHIH FalbIMIapbl IIyFbuinanyga. Ocel
aKmaparrapja KeJITIpUIreH JepeKkTep OOMBIHINA, CYTEKTIK TeHepaTOpapIblH dJIEM/IIK
Hapbirbl 2025 xeiina $1,2 muapa xKypalTeiH Oomansl geren 6omkam Oap. by tasa
SHEPrUs KO3JePiHEe YMTBUTY JIEHI'€H1HIH KOFapblUIaFaHbIH KOPCETE/l, IeMEK KOMIPTEK
TaCTaHAbUIAPBIH a3aiiTyra OarbITTalnFaH OWJIIK KO3Fall OTBIPFAH Macelesep/il, OHbIH
TarCbIpMaIapblH OpbIHAAY Ja Te3aeTiyl Thic. CyTeKTIH KYHIBUIBIFBIHBIH apTYhl OCHI
DJIEMEHT HETI31HJe aJbIHATHIH YHEPrHsl KO3iH JaMBITYFa KeJe JKaThIPMBI3 JIETCH CO3.
TypakTsl TYpe apThIN KeJie )KaTKaH SHEPTUsiFa JIeTeH CYpaHbIC, Ka30a OalIbIKTap IbIH
TAyChULy Typajbl >KOHE KIMMATTBIH ©3repyl Typajbl alaHIaylIbUIBIK CYTEKTI
XUMUSIIBIK, MYHal OHJCYIIl XoHE Ta3-MyHall canajapblHaa KOJIaHy aiiMaKTapbliH
keHelTe Tyceni. CyTek reHepaTopiapbliH Nakatany MYMKIHIIKTEP1 OJIap IbIH 9/IeTTeT1
OHEPKACIINTIK POJIHIH MEeHOEPIHEeH IIBIFBIN, YHEPTUSHBIH oMOeOan ke3i 00JybIMEH
KEHele TyCEeTiH1 aHBIK. ¥3aK yaKbITKa CO3bUIATHIH KEJICIIEKTE CYTEKTIK aBTOMOOUIIBIED
LIBIFApy — HapBIKTBIK YKOHOMUKAHBIH YTybIHA oKeneAl. CyTeKTi KeMIPTEKCi3 HeMece
TOMEH KOMIPTEKTI OThIH PETIH/E KOJIJIaHY JIa 63 KE3€T1H KYTY/€.

OpHUHE CYTEKTIK SHEPTreTHKa dJeM OOMBIHIIA KONTETEH aMbIFaH ejiepe KojFa
aJNBIHFaHbI aHBIK. bi3, o71e6ueTke cylieHir, Kenoip enaeperi CyTeKTIK SHepTr eTUKAHBIH
KarJaaiblH KapacTeIpJblK. COHBIMEH KaTap Kasipri KYH1 CYTEKTIK HEpreTHKaHbIH
Kazakcranmarsl skarmaiipiHa Ja TOKTam oTeiik. bi3giy emMizae cyTek amy omicTepin
OipHerie OarpITTapaa JaMbITyFa 6omazsl, ockl opaiina CapcembaeB M. A. nereH aBTop
03 xymbickiHna [102] Oipkarap TanmaymapIblH HOTIKEIEPIH JKOHE TYXKBIPBIMAAP
kenripred. Kasakcranma 3KOJIOTHSIIBIK THIMII ’KOHE SKOJIOTHSIIBIK Ta3a THAPOIHEPT S
XKoHEe 0acKa KaHAPTHUIATBHIH YHEPTUS KO3JEPIH MailTaNaHbIl, CyTeK OHIIPY/l KOJIFa
KOIOFa, CYTEKIIEH JXYPETIH KOJIKTEP IIBIFapbIN, OJIap/Abl MalgajgaHyra OOJATHIHBI
HeriznenreH. MyHaail KeJiK KypalJlapblHbIH A€(PUUUATTI JUTHHII koHE Oacka
MeTangapAbl KOJJIaHyAbl Tajal €TETIH aKKyMyJsITopjapbl OOJIMaWTBIHBI Ja THUIMJ1
00JIbIN Ta0bUTA/Ibl. DKOJOTHUSIIBIK Ta3a CYTEKTIK 3JIEKTPCTaHCATIAPBIH €NIMI3I1H OYKLI
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HSKOHOMMKACHI MaiiiajaHca, OHbBIH IHIIHAE JKEHUI 3JIEKTPOMOOUIIbIEP, KIIITipiM
©3CH/IET1 AIEKTPOXOTAP, JIEKTPOJETTEP CUSKTHI BIKIIAM KOJIKTEp1 )kidepyre O6omap
enl. CyTeKTiK kaHap-KarapMaibl TIKEJEH CyTEeKTIK-KOJIIKTep naianaHap e/i, YIKeH
ayblp JKYKTepre apHajfaH KeJiK TypJepi, ajbIC XOJFa >KYPETiH aBHalaiiHepiep.
BymapapiH KO3FanTKBIITAPBl aca KO e3repicTepre yIIbIpaMaiasl 1a, TeK OCH3UH,
KEPOCUHHIH OpHBbIHA 3USHBI JKOK CYTEKTIK OTBIH KOJIJaHbUIap €1l. ABTOP CYTEKTIK
KaHap-Karap MalIbIH apTHIKIIBUIBIKTAPhl MEH KeMIIUTIKTEepiH aTam oTkeH. COHbIMEH,
apTHIKIIBUIBIKTAPBI: KOFAPBl AKOJOTHSIIBUIBIFEI, OHBIH ce0e01 OOJIbIN CyTeK >KaHFaH
Ke3[e KOpIIaraH opTara 3UsH TUII30€UTIH Cy OYBIHBIH TY3ULyl; >KOFapbl Maiajbl
koapdunmenti (KII), Oy kepceTKiTiH MOHI 45 MPOLEHT KOHE OflaH Jia MKOFaphl
OOJIBITT KeJIe 1, aJl JOCTYPJIl XKaHap-KarapManIbiH Kodhduimenti Tek 35 NpoueHTTi
Kypaiapl. CyTeKTiK KO3FAITKBIIITAP IIYJIBl €MeC, CYTCKTIK KOJIKTEPIi T3 TOIThIPYyFa
MYMKIHIIUTIK KOII, %oHE CYTEKTIK *aHapMaibl KOJJIaHyFa KOIlKeH Ke3le Oy enjne
KeMIpCyTeKkTepre Toyenaunik Oonmaiasl. CyTeKTIK KaHap-KarapMaiJbl CyTeK
KOJITAaHATBIH JJIEKTPCTAHCACHIHAA o©HAipyre OonartbiHbl. OcChIHIAW Mocenenepai
KapacThbIpa Kelill, aBTOp KenTereH YChIHbICTap jkacar, Kasakcranma OipkaTap 3aHmap
KaObUI1ay Kepek eKeHiH aTtarn ete/i. bynap: « CyTeKTik SHepreTUuKa )oH1He», bapibik
PecnyOnmkama CyTeKTIK  DIEKTpPCTaHCANAPIBIH  TOPJApBIH  Kacay Typaibl»,
Kazakcranna kazbanbl Oaiinbikrap Mot ekeHi Oenrini. JKosra KOWBUIFaH ©HEPKICIM
MEKeMeJepiHIe CyTeK aily icke achlpburyaa. Muicaisl, [laBnogap >koHe Tarbel Oacka
CYTEKTIK PKOHOMHUKAHBI JaMBITyFa OarbITTaJFaH IIapajap >keHiHae. OKIHIIIKe opaH,
Kazakcranna cyTeKkTik SHEpreTUKara ®oHe CyTeKTIK SKOHOMHKaFa apHaJIFaH FhUIBIMU
xyMbicTap kem emec. Jlece ae, A.bexenoB xoHe A.KoxanoBTeiH aiTybiHIia [103]
Kazakcrannma »xacbul cyTek eHzipyre, an KyaHTraHOBTHIH KENTIPTeH JepeKTepi
ooitpiHma [104] cytekTik sHepreThka KaszakcTaHHBIH SKOHOMHUKACBHIH JaMBITyFa
oKeJleTiH OipieH Oip aHbIK aiiKaH o1 00bim TadbIIaael. Ockl aBTOpaap Kazakcranga
Ka30anapl OalJbIKTap MOJI ©KeHIH aram etrefl. JKoiFa KOWBLIFAaH ©HEPKOCII
MEKeMeJIepiHae CyTeK aiy icke acwlpburyaa. Meicaisl, [1aBinogap o0abICEIHIA JKOHE
oOnmbIchIHAa KoHe ManreicTay oOmbickiHAa «MADK-KazaTomnpom»  CHSKTHI
KOCIOpBIHAA ©3 KaKETTUIriHE JKapaWThlH CyTeK eHaipimyme. byn cytek
AIIEKTPCTAaHCATIAPIBIH YHEPTOKOHIBIPFBUIAPBIH CYBITY IPOLIECTEPIHE KOJAHBLIA B,
Kazakcranma »nekTpoin3 omiciMeH CyTeK OHAIpYAl ICKEe achlpyFa OOJIaThIHBI
aiTeirad. CyTeKTl OHAIPY TEK 3JIEKTPCTaHCATapbIHAA ICKE aChIPyMEH IICKTEIMEY
Kepek. TBUIBIMH JKYMBICTapABIH HETI3T1 OaFbITTapblH CYTEKTI OHAIPY MEH
TachIMAJIJayFa IIOFBIPIAHIBIPY KaKeT ekeHi alTeurran. Con ceOenTeH FhUIbIMU-
OHJIIPICTIK JKYMBICTAP/IbI KeJieci OaFpITTapaa JKYpPrizy Kepek:

- CyTeKTiH 3KOJIOTHSIBIK THIMJI JKOHE ©31HJIIK KYHBI TOMEH OOJIaTBhIH dJIicTepi
1371eCTIpy KaXKeT;

- CyTeKTi cakTay oHe TachIMalijjayra OOJIaThIH jKaHa MaTepuasaap oinamn Tady
’KOHE YKacarl MIBIFapy bl )KOJIFa KO KEPEK;

- OTBIH PJIEMEHTTEPIH Kacay/a jKaHa TEXHOJOTHSIAp OWJIAI IIBIFAPYIbl KOJIFa
ay KaKeTTUTIT1 TybIHAAN b
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1.6 CyTeKTiH 3KO0J0rMsUIbIK Ta3AJbIFbI 2KOHIH/IE

CyTexk anmy 9/iCiHe Kapail 3KOJIOTHSUIBIK TYPFbIIAH 9pTYPJll TYCTEpre KIKTEIreH.
Cytekke OepuIreH TYCKE Kapall, OHBIH SKOJOTHSJIBIK Ta3ajblFbIH OUTyre OOJaibl.
bipkaTtap aBTOpiap ochl KIKTE€yJepre TOKTall OTKEH OHE ajlblHy 9JICIHE cail cyTek
KaHJlail TYCHEeH CHUMATTaJaThlHbIH alKbIHAaraH. EHAl OChl TycTepre TOKTam ©TEeMiK.
Ocpbirad OalIaHBICTBI CYTEKTI Kejieci TyctepMen ataitabl [105,106]:

-Cyp cyrek: MeTaHIbl Oylbl KOHBepcusiaay, aszfan (0eJlKTen) HeMece
aBTOTCPMHUSUIBIK KOHBEpPCHsIIAy Ke3iHIe aTMocdepara KONTel KOMIPKBIIIKBIT Ta3bl
TacTanbiHaAbl. Ka3ipri ke3je eHIIpUIeTIH CYTeKTIH aWTapiibIKTaidl 0eliri cyp CyTek
oosbin TabbImanel. Ochbiman 6acka, eckepeTiH Hapce: cyp cytekTiH 40%-1 6acka na
XUMUSIJIBIK POIECTEPAIH KOCAJIKbI OHIM1 O0JbIN TabblIaabl. JlereumeH, OV ofIic eH
TUIM/JI1 9J1IC OOJIBITI €cernTeNe/ [l )KOHE CYP CYTEeK MYHAMXUMHUSITBIK OHEPKICINTE KOHE
XUMUSUTBIK OHEPKACINTE KeHIHeH naiaananpiiaabl. COHFBI )KBUIIAPHI OCHI canaiapiaa
CYp CYTEKT1 KOJIIaHY IbIH JCHT€i1 apThIM Kee/Il.

-Kerinmip cyrexk: Tabwfm ra3gaH  OHAIPLIETIH CyTeK. MeTaHHBIH
KOHBEPCHUSICBIMEH aJIbIHAJbI, OOJIHETIH KOMIPTEKTI Trasziap apHailbl OpbIHIApAa
KUHAKTaJIa/Ibl.

-KoHplp HeMece Kapa cyTeK: KOHBIp KemipAl (JIMTHUT) HeMece Kapa
(OuTyMHHO3BI) KOMIPAl Ta3[laHIbIPy HOTHXKECIHIE alblHaAbl. backa TypiepmeH
CaJIBICTBIPFaH Ke3/1e OYJI CyTeK AKOJIOTHSUTBIK TYPFBIJAH Ta3a eMec OOJIbIN TaObLIaIbl.
Cebe61 Oy1 cyTekTl ajraH Ke3Je KONTereH OHIIpICKe Iaima KeITIpMEHTIH Tras3gap
Ty3uteni. by omic keHiHEH XKypri3iieni, ceoebl KkoMip TaOUFaTTa KeHIHECH TapaliFaH,
ipi ke3mepi Oap Ka3ba OaiinblK OoJbIll TaObUTaAbl. Melcanbl, KeiTakima kemipai
ra3JIaHJIpIpy 9JIICIMEH Kapa CyTeK KeITel eHIipiiaei, cededl, KoMIp/iH Je, Ta3IbIH J1a
KOpbel Kem Oy enge. ['azudukanmss omictepi KenTereH Oacka IMMKi3aTTapabl Ja
OHJICYyI'e MYMKIHJIIK Oepeji, MbICaJIbl, KOMIp, KOJIK MTHHAJIAPhI, aFbI3BIHJIBI CYJIapIbIH
TyHOanmappl, ONWIIKM, aFall KaJIJIbIKTaphl, IUIACTUK KAJJBIKTAphl XOHE OJaplaH
nainanel 3aTTap anyra. COHFBl ©HIM allFaH Ke3Je TY3UIETiH razaap OOJIbIIT MbIHA
KOCBUIBICTap TaObUTYbl MYMKIH Oapibirbl HeMece keibipi: CO, Ho, CH4, 30ma, cmona,
H>S, NH3, HCI xone HCN. Ilpormecc askranraH COH ra3 KyWiHAeT1 eHIMII Ta3ajaay
KKETTUTIr TysIHAaiasl. OJapaplH KYpaMbIHAH JIACTAFBIII 3aTTapAbl adacTay KaKeT.
Con ke3ne ra3ablH KbUIBITY KabimeTi ge KypT TeMenaeinai. Con cebenteH Tazanay
mpolieci OipHele caThlJaH Kypaiaybl 90JIeH MYMKIH, Taijaibl ra3napasl Oemin amy
kubiHgan tycemi. CO, Hy xxone CHa.

- Bupro3za tycrti cyrek: MeTaHHBIH NUPOJU3iMeH aiabiHaABL. O KINTIK HeMece
KOMIPTEKTIK HAHOTpyOKaIap TYPIHIET1 KaTThl KOMIPTEKKE KOHE CYTEKKE BIIbIPANIBI.
byn ke3ne TacTtanmblHATBIH KOMIPTEKTIH JIEHTeHl JKOHE TYpl OHBI CaKTayFa >KOHE
OHEPKICINTE KOJJJaHyFa MYMKIHIIK Oepeai col cebenTeH atMmocdepara TyCyi a3asbl.
Onwl caryra na Oosanbl. MeTaHHBIH TEPMUSUIBIK JKOJIMEH JKYPTi3iIeTiH MUPOIU3iH
CYTEKT1 KONTEM MIbIFApyFa MYMKIHIIK aJIbII JaMbIT KeJeTl.

-Capbl Hemece (OpaH)K) CYTEK: HSHEpProXXyieaeri 3JIEKTPJIKTI MaigaaaHblIIl,
ANIEKTPOJIU3 HOTHIKECIH/E alIbIHATBIH CYTEK, arMocdepara alTapiblKTail KeMIpPTEK
TacTalblHOAN b, Olpak OyJl 9AIC aca 3KOJOTHSJIBIK Ta3a OOJBIN ecenTelIMeial.
TacTanblHATBIH KOMIPTEK YakKbIT OONBIHIIA >KOHE TI30EKTeri HHEpPrusi Ke3iHe
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OalIaHBICTBl ©3Tepill TYpPaabl. DHEPTUs K631 OOJbIN Ke3 KEIreH KOJ JKEeTIMIl Ke3
TaObUIa/Ibl. DHEPrusl Ko3epl JKOHE TEXHOJOTHsUIap OyJl 9MICTI MallaliaHyIlbl eire
Kapaii esrepin typraH. Mbicainbl, Mcnanusga 2021 sKbUTbl )K€l SHEPTUSICHIH )KOHE aTOM
AJIEKCTPCTAHCACHIHAH AaJIBIHFAaH DJHEPTHs, COJaH KEHiH THUApOIHEPreTuKa, KYH
DHEPTHUACHI Ja A aJaHbUIFaH.

Capsbl cyTek anyna XJIop-CUITI OHAIPICIH Je aTan eTyre 0osianbl. byn eHuipicte
XJIOp, JKOHE HATpUM TUAPOKCUII anbiHalbl. CyTeK KOCaJKbl ©HIM O0Jajbl, OHBI
TEXHOJIOTHSIJIBIK JKbUTY ajly YIIIH KaHABIPAIbl, CaTyFa IbIFapajbl HEMECE Kall FaHa
atMocdepara Tactay na OpblH ayajbl. J[eMek KocalKbl ©HIM OOJBIN TYpFaH Caphbl
CYTEKTi OFaH JICTCH CYPaHBICTBHI KAaHAFAaTTaH IbIPYFa Malanany 90eH MYMKIiH.

- Kacbut cyrek: bysl cyTek SKOJOTHSIBIK TYPFBIIAH €H Ta3a OOJIBINT CaHaIaJbl.
JKanapTeutaTeIH KO3JEPJCH OHJICKTPOJIU3 OMiciMeH aiblHaAbl. JKaceul CyTekTi
’KaHAPTBUIATBIH CYTEK HEMECe TOMEH KOMIPTEeKTI cyTek jaen Te araiel. IlIukizar
peTiHAC XKaHAPTHUIATBHIH KO3JCP/IiH MaiigalaHbpuTyblHa OalIaHBICThI, KAaChLI CYTEKTI
OHJIIPY Ke31HJE KOMIPKBIIIKBII ra3el OemninbOeimai. CyTeKTIH OChl TYpl TYPaKThI
DHEPTeTUKAJIBIK JKOHE KOJIIKTIK KYHere oTyre eH bIHFaIbl 00IbIN caHanaabl. byrinri
KYHI1 5KacbUI CYTEK KaJIIbl OHIPUICTIH CYTEKTIH KOJIEMIHIH 6Te a3 MeJIIIEpAeri YIeciH
Kypaipl, ce6eb1 Oy cyTeKTi eHAIpy KpIMOaTkKa Tycedi. Jlece me, kemMipTeK yIieciH
HOJITe OKelyiHe OalaHBICTBHI JKOHE ©Te Ta3a OOJyblHAa OalIaHBICTBI OYJI OMICTIH
Oouramrarsl 30p. A3araH yakpIT IITIHAC OCBI 9JIIC ©31HE JaUbIKThI OPBIH ajabl Ma, )KOK
na Oenruti 0omaabl. DIEKTPOIHM3 9ICT Kazipri ke3ae OipkaTap eHIAIpIC OPBIHAAPhIHIA
KOJIIAHBLIBII KypreH omic. JKaceln cyTtek amyaa ¢hoToKaTalau3 Ja e3iHe JalbIK OpbIH
amy Tuic. bynm omic ere Taza Oousbill TaObUIanbl, ce0e0i KYHHIH K631 MEH CYy
naigagsaHbUIa kL.

Xen sHeprusichlH Maiiianany Ja, KyH SHEPIrUsChIH MaigaiaHy Ja >Kacbul CyTeK
almyapl KamTamachl3 erefl. JKenm SHEprusicblH ajJbIMEH DJIJIEKTP DSHEPrHsChIHA
alHaJIBIPAJIbl, COTaH KeHIH CY AIEKTPOJIM3IMEH CYTEK ajajbl.

KyH sHeprusicblH naiiganaHy 1a >KaHAPTHUIATHIH YHEPTUsl KO31H KOJIJaHy OOJIbII
TabbuTabl. by ke3ne exi omic 6ap ekeH. KyH sHEprusicblH KOChIMIIIaFa Typa KOCy —
(doTorasibBaHMKAJIBIK MACCUBIIECH SJIEKTPOIHU3EP/l TYPAKTHI TOKIIEH aKKyMYJISTOPIBIK
OaTapesHbl KOHE EKIHII 9fiC — Typa eMec >KOJIMEH Kocy. JKaHapThUIaThIH Ke3aepre
TUIPOIHEPTETUKAHBI J1a KaTKbI3a Ibl.

- KypeH kp13b11 ((hHOET), KBI3FBUIT XKOHE KBI3BLI CYTEK: KYpeH KbI3bLI ((hHoeT)
CyTeK aToOM »JJEKTPCTAHCAChIHIA OHJIPUICTIH OJEKTP SHEPIHsChIH TaiijganaHa
OHJIIPIIETIH CYyTeK. SIIPOIBIK YHEPTUSHBI KOHE KBUTYIbI O1PIKTIPiN, KOMOMHUPIIETEH
AIIEKTPONIHN3 YKOHE CY/ABIH TEPMOXHMHUSUIBIK BIABIPAYBIH JKYPTI3T€HIE TY3UIei JeTeH
mikip Oap. KpI3bUT CyTeK CyAbIH JKOFapbl TEMIEPATypaiblK, TEPMOXUMHSIIBIK,
KAaTaTUTUKAIBIK BIIBIPAYBIHAA SIPOJIBIK KBITy SHEPTUSACHIH TaijaiaHa dJIeKTPOIIU3
XKyprizyne tysinemi. bymapnaer Oipaed aen Te caHayra 0ojanbl. ATOM SHEPTUSCHIH
naianany aca 30p OoJsamarsl 0ap 9JIic Jen ecenTenmMeini, 6ipak 6y omic Peceit men
KpiTaiina icke acbIpblTybl MYMKIH.
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1.7 CyTeKkTi OTBIH peTiHAe NalJalaHy ’KOHIHIe KOCBIMIIA JiepeKTep

CyTekTiKk OTBIH OYriHri  KyHIEpl THOPUATI  KO3FaJNTKBITApbl  Oap
aBToMOOWIBAEpAe KonaaHbuiyga. OcblHIal aBTOMOOWIbIEPAl KazipliH ©31H]e
Toyota, Honda, Hyundai, Audi, BMW, Ford, Nissan, Daimler neren mexemeinep
msirapyaa. CoHbIMEH Oipre CyTeKTiK OTBIH TOMBI3IapAa KOJIaHbIC TanmKaH. MyHaai
noiei3napasl I'epmanusiga Alstom msirapran, on bykcrexyne-Kykcxaden OGarbIThl
OolibIHIIA Xypeal. ABToOycTap MEH YIIaKTap Ja CYTEKTIK OThIHIbI MaijanaHyna,
Mbicanbl, MAN mMapkalibl KaJIaJlblK TOMEHI1 KaOaTThl aBTOOYyCTap/ia maijaiaHblUIa bl
A ymakTap/ia KOJAaHbUTYbI )KOHIHJIE aJIFalllKbl CYTeKT1 ApOHbI Boeing mibirapasl,
oHbIH 1iHAe Ford cyTekTik KO3FaiaTKbIIIbI Oap.

Cy KeJliKTepiH Ji¢ MbIcajFa KenTipyre 0osaapl, Siemens KOMIIAHUICHI CYTEKTIK
CYHIylp KaWbIKTap wibiFapajbl, an Mcnangusina OGapiiblk OanblK ayiay KemelepiH
CYTEKTIK OThIHFa aybICTBIPY Kocmapianyja. Keibip ke3/ie CyTeKTIK OThIH KOMEKII1
KOJIIKTepe Maiaananbiaapl. MbICalbl, CyTEK SJEKTpP TOIb( MalTuHAIAPBIHAA, KOiiMa
TUETIIITEPIH/E, JJOTUCTUKAIIBIK KOMIIAHUSJIAp MCH Oye)KalIapablH KbI3MET KOpCeTy
MallIMHAaJapbIH/1a KOJIaHbUIA bl OpUHE, OSpIHEH JIe KO KoJIeM e CYTeKTi SHEPreTHKa
canacel manananaapl. CyTek apKpUibl 1-1eH 5 KBT-Ka ASHIHTT 2JIEKTP CTaHIUSIIAPEI
IIaFbIH Kajlajap MCH EKe FUMapaTTapJibl KbLTy MEH SHEPTHSIMEH KaMTaMachl3 €Te
amanpl. Mpicaisl, 2018 xbiael @yKycuMa anaThlHAaH KeiiH JKarmoHus CyTeKTiK OThIHFA
Oencenpi Typae aybica 0acTapl.

CoHFBl KbUIIAPHl CYTEKTIK OTBIHJbI TMalJaiaHaThlH aBTOMOOWIIBIIEDP TYpajbl
KENTIPUITeH MOJIMETTEep/ie OJIapAbIH YII TYPIHIH TIPMIUTIK IHUKIIHIH 3KOJIOTHSIIBIK
KepceTkimTepine koHUT Oeminren [107]. KemikTiy ymr Typi KapacThIpbLIFaH: OTHIH
AJIEMEHTIH MaiajaHaThIH SJIEKTPOMOOUIIBAEP, 1IITEH >KaHy KO3FaJITKBIIIBI Oap
aBTOMOOWIJIb, THOPHUATI dJeKTpoMoOMIbaep. Ochlan 0acka CyTeKTiI TaOuFu razOcH
apayIacTBIPBIN KOJITAHATHIH KoHE OCH3MHJI Tal1ajlaHaThIH KeJiK KapacThIPBUIFaH.
bapnpik skarmaiia e SHEPrUsChIMEH KYPTi3eTiH JIEKTPOJIU3 apKbLIbl abIHATHIH
CYTEK KaTbICaJbl IeTeH. bapibik skarmailnapabl canbICThIpa Kellie, TeK CYyTeK OThIHBIMEH
KYPri3UIeTiH KOJIIKTep KOpIIaFraH opTara 3USHBIH THT30€HIl JCreH TYKBIPBIM
IIBIFAPBUIFaH, a1 CyTEKT1 HET13T1 OThIHFA KOCIIa PETIHJIE Maii1aTany KopIaraH opTara
KENTIPUICTIH 3USHIBI OJETTeT1 KOJIKTEPMEH CajbICThIpFaHia, a3alTaabl JeTeH
TYKBIPBIMJIAP JKacaliFaH.

CyTekTiK KONIKTEpHAiH Te3 TapalyblHa XOHE KU1 KOJNJAHBUTYbIHA, OJap.IbIH
MOJIeNIbJIEPiHIH KoOetoiHe OaliIaHbICThI, OJap bl KaJlail TaHaay KEPEK €KeH1 Typasibl 1a
oy kentipinren [108]. by npo6iemansr menry yiridH «COMET» omiciniy THiMII
€KCHIH KOPCETKEH, opuHe OYJI 9JIiC HAKTHI aBTOMOOWJIb CAThIN aNylIblIapra KaKeT
aKmapar eKeHiH aiiTa KeTeMis3.

Kamait OosraHzma ma, Kasipri 3aMaHga KeJIKTI TOJIBIK CYTEKTIK OTHIHMCH
KaMTaMachl3 €Ty IMENIUIMETeH MOcelie, OChl cajara Kem KOHUI OeJeTiH FalbIMiap,
MHXXEHEP-TEXHOJIOITAp CYTEKTIK OTHIHHBIH KEMIIUTIKTEPIH aiiTa Keje, OHBbIH Qi Jie
AJIEKTPOMOOWMIIBJICPMEH TEKe-Tipece anMalThiHbiH OasHmaiabl [109]. An ocbiHmaid
JKOHE CYTEKTIH KacHeTIHE OailIaHBICThI OipKaTap KUBIHIBIKTAPIbI aiiTa Keje, OHBIH
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apachlHIa CYTEKTi CaKTayablH, TaChIMAJIAyAbIH KHBIHIBIKTAPBHIH TapaTa OTBIPHIIL,
KEWIHT1 KbLIaphI MbIKKaH moJryaa [110], ockl MoceneMeH aifHaIbICaThIH MaAMaH 1apFa
MHCTPYKIUS PETIHAE KYHJbI AEpEeKTep KeNTIpuireH. MyHJia CyTeKTI cakTay Maceieci
MaHBbI3/Ibl JKOHE HET13I'1 OPbIH alaThlH TEXHOJIOTUS €KEHiH, eckepTell. CyTeKTi KeJiK
cajachlHJa MalJalaHyJbl OKENTIYIp TEXKEN OTHIPFAaH OHBI CaKTay MOCEJECIHIH
HIeNIIMEreHIH aiTa Kejle, CyTeKTI KaTTbl KYWJE caKTay Typajibl OWjiap KedTipeni,
KaKbIH apaja alllbUIFaH CYyTeK MOHJAPBIHBIH IJIa3MajIblK UMIUTAHTAIUSACH! JKOHIHJIE,
OJIap/IbIH asChIHAA TUAPUATED AalbIHAAY Typajbl IEpEKTep KENATIpei.

A 0acka aBtopaap [111] oteia snementrepin (FCS) kapacTeipa kene, onapabiH
JKOFaphl ACHIreWIeri TUIMAUTIKKE M€ eKEHIH, YKOJIOTHSUIBIK TYPFbIAAH JKaljbl €KeHiH,
KOFapbl DHEPTUs THIFBI3IABIFEIH KaMTaMachl3 €T€ aJaThIHBIH, KOPCETIN, OJIap/IbIH
apachIH/Ia MPOTOH aybICThIpyFa KabuneTTi MemOpaHanbiKk (PEMFC) TypiHiH Oomnaiarsl
30p ekeHiH aitagel. PEMFC — cyTekTi ’koHE TOTBIKTBIPFBIIITAPABI AJIEKTP
DHEPrUsAChIHA ayBICTBIpA ajaThIHBIH  cumartaiael. CoOHbIMEH Oipre  OTBIH
AJIEMEHTTEPIHIH KOIl TYPIH CHIIATTam, OJIapJIbIH MOPTATUBTI, aBTOMOOWMIIBIIIK KOHE
CTaI[MOHAPJIBI CEKTOPJIapa KOJIIAHbUIATBIHBI )KOHIHE TAJKbIIayIap KeATIpeIi.

CyTeKTiK OTBIHABI — 3JICKTPOHJIBIK OTBIH PETIHJE KapacThIpFaH FaJlbIMIap IbIH
KyMmbIchbiHAa [112] ka3ipri 3amMaHIbIK Ke3KapacTap KenTipuireH. MyHaa CyTeKTIK
OTBHIHHBIH jKaHy KaOUICTIHIH JKOFaphl €KEHIH CUIATTal, OHbI KOJAaHY THIMJUIIIIH
nonengered. bipak CyTeKTIK OTBIHHBIH aHY JKbULIAMJIBIFBI KOFaphl OOJFaH/IBIKTaH,
KO3FAITKBIIITHI CYBITY MYMKIHIIrT TeMmeHmehai nei keme, Ford Werke GmbH
KOMITAaHUSICBIHA KIMTKEHE OJIIEeM/IeT] XKEeHIJ KOTIKTep YIIIH CEPUUIBIK 3-TUIUHAPII 1
JUTPJIIK OEH3WMH KO3FAITKBIIIBIH CYTeKT1 OipAeH eHri3y (BIPBICK) MOJeiHe
Moau(pUKaLMATIaFaHbl TYPaJIbl IEpEKTEP KEATIPUITeH.

1-Tapay GoMbIHIIIA KOPBITHIHIBLIAP

Cyrek — aca epekiie »JIeMEeHT. O3iHIH JKeKe KacHueTTepiHe, >KCHUIAIriHe
OalaHBICTBI, OJ1 KONTETreH cajanapjaa KojjgaHbic TaOyma. CyTekTi amy >KoJamgapsl
aJyaHTYpJi, OHbI Ka30a OaWibIKTapiaH opTypii omictepMmeH eHaipeni. OmapiapiH
apachlH/a KOpIIaraH OpTara 3USHBIH KENTIPETIH oJICTep Je KOIl.

CyTtekTi amy omiciHe Kapail, OFaH OpTYpJi TYC TaralbIHIAIM, JKIKTEY TOCiIi
KaObuiianFaH (KOHBIP HEMece Kapa CyTeK, CYp CYTeK, capbl, KOrUIaip, KbI3bLI )KOHE
*Kacell cyTek). KeWiHri >kpuimapaarbl KOpIIaFraH OPTaHBIH JIACTAHYBI, CYTEK aiy
omicTepiMeH KaTap Oacka Ja KemTereH XUMHSUIBIK 3aTTap OHIIpyle, MeTaiuap airy
oicTepinae, MyHal OHIIpy i€, SHSPTUSHBIH KaH1al 1a 0ip TYpiH aiyja KanbllTacKaH
OMIC-TOCUTAEPIiH KOpIIaFaH OpTara ayblp ocepiiep OepyiHe OaillaHBICTBI, agam3ar
CYTEKTIH achUl TYpiH KeOipeKk maimananyra makbipaasl. OcblFaH opai, CyTeK amy
OMICTEepIH KETUINIPY, OHBI DHEPTHUS TYpl PETIHAC MaijaNaHy CHSIKTHI MIapaapibl
JTAMBITy — OYT1HT1 KYHT'1 FaJabIMAapIbIH TIKEJICH MaKCaThl )KOHE MIHACTTEP1 IeT aluTyra
Oonmanpl. Tarbl ma aram OTyre KaXXET MOCENe: CYTEKTI TachIMaljiay, CakKTayFa
OallmaHbICTBI MpoOIeMaIap ol Je TONBIK MICIIIIMEreHIKTEH, KOl Karaaiaa cyTek
aTyJIbIH aBTOHOM/IbI 9AICTEPIH AAMBITY KYH TOPTIOIHEH TYCKEH €MecC.
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23EPTTEY 9AICTEMEJIEPI

2.1 CynaH cyTek ajiyFa apHaJIFaH KOHIBIPFBI ’KdHe CyTeK ajy daicremeci
OJerTe 1ad0paTOpUsUIIBIK JKaFjgaiia CyTek aiy yuriH Oapimiara Oenrunl Kumnm
anmapathiH (2.1-cyper, a) Hemece Kupromkun acnadsin (2.1-cyper, o) naiaanaHaibl.

a) )

Cyper 2.1 — JIabopaTopusizia CyTeK ally YIIiH KOJAaHBUIATEIH KOHIBIPFBLTAP:
a) Kunm anmapater, mysaa 1 — pesepByap; 2 — ra3 mslFapyra apHajFaH TYTiri 0ap
KoJI0a — peakTop; 3 — ra3 miblrapaThiH TyOyC (TYTIK); 4 — K010a-peakTOP IbIH
MOWBIHBI; 5 — TpyIIa TOpi3ec BOPOHKA; 6 — BODOHKAHBIH MOUBIHBI; 7 —
CaKTaH/IBIPFBINI BOPOHKA; 9) Kupromkun acrmadbl, MyHaa: 1 — BopoHka; 2 —
npoOupKa; 3 — MIBIHBIIAH JKacajFaH IuIanr; 4 — KpaH (3aKuM)

Kunn ammapartel nmoctypmi Typae JsabopaTopusuiapia ra3aapibl ajny  YIIiH
naiinananeiiaasl [113]. OneTre KpIMIKBUIIAp HEMECE HEri3fepiH KaTThl 3aTTapMEH
OpeKeTTeCy peakuusiapsl Kyprizineni. by anmapar omGeban 6ombin TabbIIaAbL, 01 1
— pesepByap; 2 — ra3 IIbIFapyra apHajfaH TyTiri Oap komba-peaktop; 3 — ras
IIBIFApaThiH TyOyC (TYTIK); 4 — KOn0a-peakTOp/bIH MOWBIHBI; 5 — TpylIa Topi3zec
BOPOHKA; 6 — BOPOHKAHBIH MOMBIHBI;, 7 — CAKTaHABIPFBIII BOPOHKAAaH Kypanaasl (2.1-
CYpeT, a).

byn ammapaTThiH KYMBIC JKacay MPUHIUIN: OPTACHIHAA OpHAJIACKaH KoJ0a-
peakTopra OyHip KaFbIHAAFBl TyOyC apKbUIBI IIMATENbIH KOMETIMEH KaTThl 3aT
caibiHabI, Oys1 TyOyC ra3 mbIFapaThiH TYTIr: Oap ThIFBIHMEH kaObuiaanl. OchiaH
KeWIH KpaHIbl aliblK KaJIIBIPHIN, >KOFAPBIIaFbl BOPOHKA aPKBUIBI CYWBIKTHIK
Kyibuiaasl. CYWBIKTHIKTBIH JICHTeH1 KOJI0a-peakTopra CaJIbIHFaH KATThl 3aTThI TOJIBIK
JKalKaH Ke3nue, peaknus Oactananasl na, ra3 OemiHeni. Kpan jxaObuiFaH Kesne,
O6MIHETIH Ta3/IbIH KBICBIMBI PEaKTOPAAFbl CYHBIKTHIKTH BOPOHKAHBIH JKOFAPhI JKaFbIHA
BIFBICTBIPBIII IIIBIFAPAJIBI, PEAKITUs TOKTal bl KpaHapl allikaH Ke3/1e peakius KaiTaaan
xKayracanpl. Kumnm anmapaThiH KOJIJaHy dpKalllaH KOJaiiIsl 00IMaFaHIbIKTaH, 9/ICTTe
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Kupromkun acriaObl naiijaiaHbuIa Ibl, OJ Ta3/1bl a3 MeJILIEpAE aly Kepek OOJFaH Ke3/e
KOJaibl OOJIBIN TaObLIAbI.

Kupromkun acnaObl BopoHkackl (1) Oap mpoOupkanmaH (2) koHE WIBIHBLIAH
*kacanraH nuianriaeH (3), kpanHaH (4), 3aKMMHEH KypaiaJbl. ByJl acmanTbiH )KyMBbIC
’Kacay NMPUHLMNII: Ta3 IIbIFATIH TYTIKKE KpaHbI koHe OapOarepi Oap pe3uHa TYTIK
xanraHajpl. bapOarep ra3asl Tek Oip OarbiTTa ©TKI31M Typaasl. LlIbiFaTeiH ra3z cyasl
BIFBICTBIPY 9J1IC1 aPKbUIbI )KMHAKTaTa/Ibl.

An 613 OChl KENTIPUIreH achanTapiblH €pEeKIIETIKTEPIH KOHE >KYMBIC Kacay
MPUHIMOTEPIH €CKEPE OTHIPHII, 631Mi3 JTa0OPATOPHUSIIBIK KOHBIPFBI XKacaablK. bi3/iH
KOHABIPFBIMBI3 CYTEK Ta3blH J1a00paTOpUsUIBIK >KaFjaiiia anyra apHajabl, O]l ©Te
KapanaibiM OoJibIl TaObUIaAbl. byl KOHABIPFBI 2.2-CypeTTe KepceTulreH. ApHaiibl
IIKAaJIAMEH Ka0bIKTaHIBIPbUIFAH, IIBIHBIAH KacajFraH OpeTka Turrtec acnam (2)
(OropeTka Jien aTtaiMbI3) ayaapbUIbIl, epiTiHII KyHbUTFaH KeH bIABICTBIH (1) OeTiHe
IITATHB aPKbLIbI OPHATIACTHIPBULIBI. BYJT BIIBICTHIH TYO1HE aTFOMUHUN I1acTUHACH (3)
OpPHAJIACTBIPBULABI. AYAapbUIbIN, Tepic KOWBUIFAH OIOpPETKAHBIH TOMEHT1 >KarblHa
TOHKEPLIIN KOMBUIFAaH BOPOHKA OpHANACTHIPHUIABL. Onap ¢y KYWbUIFaH KeH bIABICKA
OaTbIpblIibl. bropeTka apHaifbl TOCULIEpMEH CyMeH TOAThIpbUabl. Ocbl CcyFa
KaTaJu3aTop PEeTIHJE ChIHAN TY3bIH KOCKAH Ke3/ie FaHa CyJaH CyTeK rasbl OeliHe
Oactaiiel. Ochl Ke3/1e OOJIIHIeH CYTeK Ta3bl OIOpeTKara >KMHAJIAJIbI 14, Cy TOMEH T
BIJIBICKA BIFBICTBIPBUIABI, OCBIFAH Opail, OOJIIHIeH CYTEeKTIH KOJeMIH oJIIeyre
MYMKIHIIUTIK 6o0Jtazibl. CyTeKTiH KeJEeMiH jKa3bIll ajblll, KAJIBIITHI KaFgalFa KeaTipin
OTBIPABIK.

a

Cypert 2.2 — JIaboparopusiia CyTeK ajy YIIiH JKHHAIFaH KOHIBIPFBI
1 — cy Ky#ibUTFaH KeH BIJIBIC; 2 — IIKAJIachl Oap IIBIHBIIAH )KaCaIFaH OIOPETKa,;
3 — aIOMHUHUH 3JIEKTPO/IBI (TUTACTHHACHI)

Toxipubenep cynaH KaTalau3aTop KATbICBIHIA CyTeK OejiHy NpOLeCcTepiHiH
3aHABUIBIKTAPBIH aMKbIHAAY YIIIH KYypri3uial. HorwxkenepaiH KaWTadaHFBIITHIFBIH
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KamMTaMachl3 €Ty MaKcaTbhIHa ToXKipuOeaepai OipHelie pet KaTanaasik. Jlemek, cyrex
0emiHY KbUIAaMABIFbIH SKCIIEPUMEHTTIK aHBIKTAy Mapajiesb eJeysep 9aiciMeH (n =
3) xyprizuiai, OyJl HOTHXKENEpJIH COMKECTIriH, NeMeK, Oip-OipiHe »KaKbIHIBIFbIH
Oaranayra MYMKIHAIK kacaabl. MbIcaibl, 01p TaxKipuOene cyTek OemiHy KbUIAaMIbIFbI
41,7; 41,6; 41,8 mu/(car-cM?) mereH MoHzepre ue 0OJIbl. Bysl MoHzEp omLIeynep il
KOFaphl KaWTaJaHFBIIITBHIFBIH JKOHE aHBIK KOPIHETIH aybITKYJapHblH JXOK CKCHiH
xepcereni. CyTek GeiHy KbUIIaMIBIFBIHBIH opTaia MoHi 41,7 mu/(car-cm?) Kypaspl.
DOKCHEPUMEHTTIK JEPEKTepl OHJIEY MAaTEeMAaTUKAIbIK CTATUCTHKA 9IICTEPIH KOIJAHY
apKbUIBL Ky3ere achIpbuiasl. CTanaapTThik aybiTky 0,10 mi/(car- cm?) Gomapl, Gy
JTUCTIEPCHUSIHBIH TOMEH €KCHIH OHE OKCIEPUMEHTTIK >KYWEHIH TYPaKThUIBIFBIH
kopceteni. Oprama MoHHIH cTaHnapTThIK KaTeci 0,058 wmu/(car-cM?) Kypanpl.
Cenimainik apanbirbl CThIOIEHT KOA(P(UIIMEHT] apKbUIbI, CEHIMLTIK BIKTUMAJIAbIFbI P
= 0,95 xoHe epkinAik gapexeci f= 2 (t = 4,303) ke3inge ecenreni. Onuieynepain
abcomoTTik Karemniri £0,25 mn/(car-cM?) Kypazsl, 6yt mamamen 0,6% caabICThIPMAIIbI
Karenikke colikec keneml. CEeHIMAUIIK apaibIFbIHBIH KEH eMec OOJybl ajbIHFaH
HOTIDKEIICP/IIH  JKOFapbl  JOpEKeJe KAWTAJaHFBIITBIFBIH KOHE KOJJIaHBUIFaH
oMICTEeMEHIH AYPBICTBIFBIH KepceTeni. Jlemek, cyrek OesiHy kbuiaamabirbl (41,7 +
0,25) mur/(car-cM?) MOHiHE TeH, CEHIMALIK BIKTUMaAbIFBI P = 0,95. AnbiHraH
HOTIMDKEJIED  JKOFaphl  JAJJIIKICH, COHWKEC  KEIyMEH, KalTaJlaHFBIIITHIKIICH
CUTaTTajgabl, OV SKCIEPUMEHTTIK TOCUIIIH CEHIMIUIIrH monenaeial. Hotmwxkenepai
eHjey xoHe uHTepnpetanusiay 'OCT P UCO 5725-2002 xone ISO 3534-1:2006
TaJanTapbiHa COMKEC OPbIHAAIIIBI.

Cyrek kenemiH cy ycrinae kanuopienren o6ropetka (I'OCT 29251-91), apKpLisl
enmenik (0emik kKyHbl 0,1 M, Oy enmey ponairi £0,1 M1 eKkeHiH KepceTe/l.

TeHkepinren OrmopeTkana CyTeK rasbl )KMHaKTanaabl, Olpak o1 OTTEKIIEH Je a3
Meepae apaitacybl MyMKiH. CyTeK MeH OTTEK KOIApBUIFBII KOCMA TY3€ allajibl.
Xorapeinarel KpaH apKbUJIbl CYTEKT1 KaFbIll KOPCEK, IMIamMaibl IbIObIC MIBIFAbL. ['a3
KOCITachlHJIa OTTEKTIH MOJIIepl HeFYpJIbIM a3 00Jica, COFYPJBIM IIBIFATHIH JIBIOBIC
aKpIpBIHBIpAK Oosa 6epeni. An OeniHETIH cyTek Ta3a 6o0Jjica, ABIOBIC ©TE THIHBIII, a3
raHa OuriHeai. MyHIali CyTeKTI JKarblll, KoJganyra 0omaasr [114].

AliTa KeTeTiH Mocelne: jabopaTopusiapia, OHIIpIC OpbIHAAPBIHIAA OOJIHETIH
CYTEKTIH HeMece 0acka ra3iapiblH JIACTaHYbl OJap/ibl aly SJICTepiHe OaiIaHBICTHI.
Ocwiran opail, Tazamay omictepi ne opTypii Oonbein kenemi. bynm mocenenepmi
KapacTeIpraH aBTropiapiaeiH [115, 116] aiiTypIHIIa, CyTeK ra3biH Ta3ajay.bl, OHBIH
KOJIJIaHBUTY cajlachlHa KOWBUIATHIH TaslanTapra OailaHBICTHI, OIpHEIIe JiCTepi
KOJIJIaHa OTBIPBIN, ICKE ackIpyFra Oonanel. MEICaibl, JKHIPEK KE3JAECEeTIH diCTepIi
KapacThIPCaK, KBICBIMHBIH 9CEPIMEH JKYPTi3UIeTiH afcopOiusi: Oy omicte Oenriti Oip
BIIBICKA TaHJaMalbl TYpPAE KOCTalapAbl aJACOPOIMSIIANTBIH 3aT CalbIHAMbI, JNIETTE,
OyJ1 oficTieH CyTeK ra3bl ¢y OybIHaH KoHE KOMIPTEK MOHOOKCHIIHEH Ta3apThUIAIbI.
CoHBIMEH KaTap, MeMOpaHAJIBIK 9J1iC, SJICKTPOXUMUSIIBIK dICTED, TUCTUILISAINS 9TiCi
Jie OpBIH anajabl. byn oicTep, HEri3iHEH, OHJIpPICTe, CYTeKTI TaOUFU Tra3fgapiaH ainy
K€31HA€E MaiaajaHbLIagbl.

bi3 toxxipubenepimizae katanuzarop perinjae ceiHan (1) HuTpaTblH KoigaHaThIH
OoJIFaH/IBIKTAH, OOJIHETIH CYTEK CHIHAMNICH JIaCTaHybl MYMKIH Jem OOJIKaJbIK.
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OcpifaH 0aillaHbICThI, 013 KaHJal OHIPICTEPIE CYTEK ra3bl OOJIHETIHI )KOHIHE KIHE
OHBIH CBIHAMNIMEH JIACTaHYbl JKOHIHIE AEPEKTEep KENTIpyAl YWFapablK. XJIOp >KOHE
KayCTHUKAJIBIK COJIa OHAIPETIH MEKEMeIep/ie CYTeK rasbl OefiHel. Al OWI1 eHIMaepIi
ally Ke3lHJe KaToj PpEeTiHJAC ChIHAIl MaijanaHbuiaTeiHbl Oenrimi [117-120]. Byn
eHIipicTep/ie OOIHETIH CyTEK Ta3bl Mak1ajaHbUIManIbl, O1paK OHBI IIBIFAPBIH/IBI I'a3
peTiHae aTMocdepara TacTay MYMKIHZIINH ICKE achlpy MakcaTblHJa, OHBI Ta3apTy
KaxeT. [IIbIFapplIaThIH CYTEK ra3bIHBIH KYPaMbIHA CAHUTAPIIBIK TajanTap OOWbIHIIIA,
ChIHANTHIH KoHIeHTpamuscel 0,01 mr/m® MoHiHeH acnays! THic.

CoHbIMeH, eHIIpicTep/ie CYTEK ra3blH ChIHANTAH Ta3apTy MaKcaThIHIA TYpIl
omictep Konmaubuiaabl. Mbicanbl, NaOH-ThI aexTponn30eH anraH Ke3qe OesiHeTiH
CYTEK ra3bl cy OYbIMEH >KOHE CBIHAIIEH JIaCTaHAAbl. by Ke3/e eH KapamaibiM 9J1ic
peTiHae CyTeKTi caThluam, CybITaAbl, COJ Ke3lae cy Oybl JKOHE ChIHAI
KOHJICHCAIIMSUTAHBIN, Tpolecke KadTa opamanel. Keibip ke3ne KbICBIM  1a
naiinanansuianel. Ockl 9MICTI icke acklpy Ke3iHIe ChIHANTHIH Memepi 15 mr/m3- ke
xeteni. Coman KeiiH abCOpOIUSIIBIK HEMeCe aJICOPOIUSIIBIK SIICTEP KOJIIaHBLIAIbI.
Abcopouus amicinae Kypambiaaa 250 r/im NaCl kone 0,6-0,9 r/n Cl, 6ap epitinmi
naiigananbuianpl. pH MoHiH 2-4 aymarbiHIa yCTalabl. ANl erep OOJIHETIH CYTeKTiH
Kypambiaga 1-2 r/n xanuit nepmanranatel 0ap 20%-Tik KYKIpT KBIIIKBUIILI €piTiH/I1
apKbUIBI OTKI3CE, CHIHANTHIH KaablK Mesmepid 0,001 Mr/M2 MoHIHE JeiiH KETKIZyTe
Oonasel gereH mamiMertep Oap [121].

bi3 onebuerrepaeri oceIHAal MOJIMETTEp/I1 MakgaIaHbII, OipHElIe TOKIpuOeHi
Kunn anmapaTeiHga skKacalublK, CyTe€K OeJiHy >KOJIbIHA KOCBIMIIA BIABIC KOWIBIK,
TOXKIpUOETe KaKeT KOHIBIPFHI 2.3-CypeTTe KeNnTipireH. by cyperre: amroMuHuii MeH
CYIbIH OpEeKeTTeCYlH KaMTaMachl3 eTyre apHainran Kumnm anmapatel; Ta3apTKBbIII
epITIHAI KYHBUIFAH BIIBIC; OOJIIHETIH Ta3apThUIFaH CYTEKTI )KMHAY YIIIH KOWBUIFaH,
ayJapbUIFaH [MWIUHIP.

Cypert 2.3 — Coinan (I1) Ty3s1 (HUTpaThl) KaTHICHIHA ATFOMUHUNIIH CyMEH
opekeTTecyi Ke3iHje 06JIIHETIH CYyTeK ra3blH Ta3apTyFa apHajifaH KOHIbIpFbl. MyHaa:
1 — anroMHUHMI MEH CY/IbIH OPEKETTECYIH KaMTaMachl3 eTyre apHaiarad Kummn
ammaparbl; 2 — Ta3apTKBIII ePITIH/I KYHBUTFAH BIJBIC; 3 — OOIIHETIH Ta3apThlIFaH
CYTEKT1 )KUHAY YIIIH KOWbUIFAaH, ay1apbUIFaH [UINHAP
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Annpiven Kunn anmapaTeiHaH O6JIHETIH CYTEKTI ycTay YIIIH, TYTIKTI Cy
KYMBUIFaH bIIbICKA Oipa3 xi10epim, yctan TypAblK. Erep ceinan (II) nonaaper razoen
ulecim, cyfa eTeTiH 00Jica, OHbI CalajblK peaklusuIap Kyprizim, Tekcepyre 0onaibl.
bi3 s)xacaran Toxipubenepae Konganbuiran ceiHan (I1) HUTpaThIHBIH KOHIIEHTPAIUSCHI
aca >KOFapbpl eMmec, TeK Keubip toxipubenepae 10 r/m OGomraH. AN Heri3ri
Toxipuodenepae 2,5 r/n-nen ackan emec. Ockbl cebentTeH 0oap, canajiblK peakiusiiap
ra3 ycTaraH epiTiHZA1J€ CbIHAIl MOHAAPBIHBIH JKOK €KEHIH KOepCeTTl. AJ camaiblK
peakIus ChIHAM MOHAApPhl 0ap eKEHIH KOPCETKEH JKaF/1ai1a, OHbIH MOJIIEPIH CaHIbIK
aHaM3 dMICTEepiHiH OipiMeH aHbIKTayFa Oonaabl [122].

CoblHanm MOHAApPBIH  EpITIHAIAE KeJiecl peakuusjgap apKbUibl —aHBIKTayFa
OonaThIHBIH Aa aiiTa ketyail skeH kepAik. CeiHan (I11) nonnapsl epitinaige 6ap 0onran
Ke3J1e, oJlap MOAUI-UOHJapMeH apekerrecel (2.1-peakuust), TyHOA KbIHa capbl TYCKE
ue 6onanabl, an ceiHan (I) nongapsl 6oJica, ojgap XpoMaT-UOHAAPBIMEH dpEKETTECe 1],
COJI Ke3/1¢ KYpEeH KbI3bLI, KipITilll TycTec TyHOa Ty3iaeni (2.2-peakuus) [123].

Hg?*+21 —Haly) 2.1)
Hg3* + Cr0f~ - Hg,Cr0, | (2.2)

Ceinan (I) nonmapeid 6acka j1a KeNTEreH peakiysiap apKblIbl aHBIKTaFa 00J1aIbl.
Mpicansl, ceiHan (I) woHmapbiH ciaTiIepaid acepimeH ne anbikTaiiasl. NaOH, KOH
epiTinainepi Hg3t katnoHsIMeH opekeTTeckeHje, ChIHAI OKCHIHE TOH, Kapa TyHOa
Ty3irteni (2.3-peakius).

Hg3*+20H™ - Hg,0 + H,0 (2.3)

CoeiHan (I)-a1 MeTaym KyHiHIEr! MBICTICH TOTBIKCHI3IAHABIPBIN, aHBIKTayFa Ja
0omanpl (2.4-peakuus). TazapTbuirad MbIC IUTaCTUHACKIHA ChIHAI (1) HUTPATHIHBIH Oip
TaMIIBICKIH TaMbi3aabl. CoJ Ke3le TUIacTHHAJA amallbramara TOH, Cyp JaK Taiina
Oonanbl. byn mak epiTiHaiHI anacTaTein, OSTTI PHILTP KaFa3bIMEH CYPTKEHHEH KeHiH
KBUITBIP O0JIabI.

Hg3* + Cu - Cu®* + 2Hg (2.4)
Cenan (I) moHmapsIiH aMMHUAKIICH Jie aHBIKTayFa 0omaabl (2.5-peakius).
Hg3* + NO; +4NH; + H,0 - [0Hg,NH,]NO; +2Hg + 3NH}  (2.5)

by peakmmsna (2.5) ceiran (1) HUTpaTHl aMMHaK epITIHAICIMEH OpEKETTeCe/],
HOTH)KECIH/IE OKCOIUMEPKYPUHAMUHOHUTPAT JKOHE METAT KYWIHIET! ChIHAMTHIH
KOCIachl O0JIBITT TaOBIIATHIH, Kapa TYHOA Ty3iei.

byn peakuusnsbl xkyprizy yuriH ceiHan (I) HUTpaThiHa aMMHUAKTBHIH 5 TaMIIBICHIH
Kocazasl. Kapa TyHOa Ty3inei.

Kanmomens Ty3iny peakuuschid (2.6-peakiusi) KapacTelpailblK. Eputin ximopuarep
ceiHan KathnoHeIMeH Hg3t opexerrecin, ak TyH6a Tysemi — xamomens HQ.Cly. Byn
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TyHOA CYHUBITBUIFAH a30T KbIMIKbUIBIHAA €pIMEell, Oipak KOHUEHTPJEHIeH a30T
KBIIIKBUIBIH/IA JKQHE MAaTIIa CYWBIFBIHA EPUIL:

3Hg,Cl,+8HNO; — 3HgCl, + 3Hg(NO3),+2NO + 4H,0 (2.6)

XKapbikra Oy TyHOa Kapasiabl, COJI Ke3[e Maiia JUCIepCTI MeTall KyWiHaeri
chIHaI Ty3ineai (2.7-peakius).

Kanomenb KOCBUIBICHI aMMHaK €pITIHAICIMEH Jie dpeKeTTecin, KapairaH TyHOa
Ty3eni, Oy ke3ae ceinanTbhiy (11) amuaoXmopuai Ty3ineni (2.8-peakims).

Hg,Cl,+2NH; - NH,HgCl | +Hg | +NH,Cl (2.8)

OceiHpait  Oipkatap camadblK peaknusjaap Kyprizy OapbIChiHAa, O1311H
ToxKipuOenep kardailapeiHna OeNHETIH CyTeK Tras3bl ChIHANl HOHJIAPBhIMCH
nacTaHOaraHbl KOPCETUIAI.

Cyman cyrek any OapbIChIHAA peakIUsIbIK oOpTaHblH pH MoHIH emmiey
xyprisinai. byn wmommi emmey omerreri pH-merp kypameimen (MTAH -pH-
metp/nonomep, OOO HIIIT Tompananut, Peceit, ToMck K.) icke achIpbUIIbl. Peakius
COHBIHJIA TY3UIr€H TYyHOAaHBI EpITIHAIACH Cy3il, BakyyMmablK HacocThlH (Hacoc
BaKyyM/Ibl Maiiyibl, THI TW-2A) KeMeriMeH OOJIiIT ajIblll, KYbII, KeMTIPIiK.

2.2 CynaaH cyTek ajiy YUIiH Jenojsipu3aTopJiap naiaajany

Cynan cyTek ainy OapbIChIHIA aTIOMHUHUNAMEH Oipre Jerojspu3aropiap peTiHae
rpadut xoHe Tarbl 0acka dJeKTpoAaTap nangamaHsuUiAbl. ['padurrtin mapkacsl OI,
THIFBI3ABIFE 1,55 T/cM3, Gepikriri 5,9 mIla, xynainiri 0,5%; nuxens-H1, 99,99%:;
temip-TUX (Texnukansik Taza temip Hemece APMKO-temip, 99,92%; mannaamii —
990 mnpobanel. OchlmaH KeWiH JEMoJApU3aTop KbI3METIH aTKapraH OipkaTap
MeTalaapAaH KypacThIPbUIFaH rajJbBaHUKANBIK JKYITapIaFbl KbICKA TYWUBIKTAIFAH TOK
KOHE DIJIGKTp KO3Fayllbl KYIITI ONIIeNiK. OImeynep Xypri3yre apHairaH
KOHJIBIPFBIHBIH CcXeMachl 2.4-cypeTTe KenTipuireH. byl KOHABIPFBIIA eJmieysep
xyprizy Oapeiceiana Al-Ni; Al-Fe; Al-C; Al-Zn ranpBaHUKANBIK JKYITAPHI
KAapacThIPBUIALI. ODJEKTPOJUT peTiHae a3 koHmeHtpiaeHren NaOH epirtinmici
KOJITAHBLIIIBI.
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Cypert 2.4 — AntoMmuHu# %oHe OipKaTap MeTaaAapMeH KYPbUIFaH rajJbBaHUKAJIBIK
KYIITapAarbl JIEKTP KO3FayIIbl KYII MeH KbICKA TYWBIKTAJIFaH TOKTHI ©JIIIeyTre
apHaJIFaH KOHABIPFBIHBIH MPUHIUITHAIABI CXeMachl: 1 — afiekTponusep; 2 —
AIEKTPOJIUT; 3 — aTIOMUHUMN AJEKTPOBL; 4 — EKIHIII JIEKTPOT; V — )KOFapbl OMIBIK
BOJIbTMETP; A — ammepMmerp; 5 — KUIT

2.3 BoabTamMneporpammasiap Tycipy aaicremeci

AJIOMUHUNJIIH CYMEH JKOHE CYJIBl €pPITIHAIEPMEH OPEKETTECY €pPeKIICTIKTepPiH
TYCIHIIPY MakKcaTbhlHIa OyJ1 MeTaJAblH JKOHE Oacka Ja Jenojspu3aTop KbI3METIH
aTKapaTbhlH METalJIapAblH, COHBIMEH KaTap rpadUTTIH dJIEKTPOXUMUSIIBIK KacUeTTepl
THICT1 epITIHALIEpAe MOTCHIIMOAUHAMHUKAJBIK AHOATHIK, KATOJTHIK >KOHE MKl
MOJISIPU3ALMSIIBIK KUCBIKTap (BOJbTaMIEpOrpamMmanap) TYCIpy apKbUIbl 3€pTTEINl.
byn kuceiktap CS 120 Potentiostat (CorrTest Instruments, KpiTait) 31eKTpOXUMHUSITBIK
KYMBIC ~ CTAHCACBIH, OJJICKTPOATHIK  KEHICTIKTEPAIH  apalibIKTapbl  OJIiHTEeH,
TEPMOCTATTaJFaH YIHIIEKTPOATHIK YAMBIKTEL (Metrohm (Herisau, IlIBeiimapusi)
mozaenb 663 VA crennm) koimmana oteipbin, IdeaPad 5 nHoyTOyringe opHaThUIFaH
(CnoBakusa Lenovo ymrin sxacanrad, Keirait) CS StudioS Garmapiamachkl apKbUIbI
Tycipiai (2.5-cypet). JKyMbIC 37€KTpOIbl OOJBIN ATIOMUHHM, HUKENb, MaJIaIuH,
TEMIp KoHE TpaduT, aJl KOCAIKBI JIEKTPO/I OOJIBIMN, TNIATUHA CHIMBI KBI3MET aTKap/Ibl.
DKCHepuMEeHT aliibiHAa tekTpoarap Matrix 1000, coman keiin Mirka Finland 2000
TYPIIi Kara3fgapbIMEH MYKHAT TYpJ€ Ta3alaHbIN, CyMEH IIaNbLIBIN, 3TUI CIUPTIMEH
CYPTLTIN, MaChI3TaHABIPBIIIBI, TAFHI 1A THIFBI3 PUIBTP KaFa3bIMEH MYKHSIT CYPTUIII.
CanpIcThIpMaITBI JIEKTPO PETIHE KYMIC-XJIOP 3JIEKTPOIBIH Ak aaH IbIK.

Keitbip BompTammeporpammanapasl Tycipreame «Autolab PGSTAT 302Ny
MOTCHIIMOCTATHl  KOJAAHBUIABL.  [loNspu3anusiiblk  KHUCBIKTAp  AJIEKTPOITHIK
KEHICTIKTEepl OOJIHTeH, TEepMOCTATTAIFaH YII OJEKTPOJATHI  VAIIBIKTA KEKE
kommnbiotepae opHatbuiraH [PC2000 OarmapiamMachlH KOJIIaHYy apKbUIbl TYCIPLIIL.
JKyMBIC 37€KTpOIbI peTiHAE AuamMeTpl 3 MM-T€ T€H aJTIOMHUHUM CHIMBIHBIH IIETK1 O€Ti
KOJITaHBUIBI. bapiblK MOTEeHIMan MOHAEP! KaHBIKKAH KaJIMi XJOpUJl €piTIHICIHE
CaJIbIHFaH KYMICXJIOPJIbI CAJIBICTRIPY AIEKTPOABbIHA KAThICTHI KenTipuirex (+0,203B).
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Bonpramnepinik emnmieynaep Cyabl HATpUid THUAPOKCHU[L, HATPUM HUTPATHI
epitinauepinge 10-250 mB/c apanbirblHaaFsl HOTEHIMAN O€py KbUIAAMIBIKTapbIHAA,
HET131HEeH 0eJIMe TeMIlepaTypachiHIa KYPri3uiil.

Cypert 2.5 — CS 120 noTeHIIMOCTaT-TaJIbBAHOCTATHI: | — MOTEHIIMOCTAT; 2 — HOYTOYK
Lenovo V14-IGL,; 3 — 31eKTpOXUMUSIIBIK YAIIBIK; 4 — dKYMBICIIIBI 3JIEKTPO/T
(3epTTeNneTiH MeTal1); 5 — CABICTRIPMAIIBI AJIEKTPOT (XJIOP-KYMiC); 6 — KOMEKIITi
ANEKTPOJ (TIIATHHA)

2.4 TlaiinanaHblIFaH pPeaKkTHUBTEP, NMpenaparrap KoHe AJbIHFAH OHIMHIH
aHam3i

3epTTey KYMBICHIHA KOJJAHBUIFaH OapJIbIK PEaKTUBTEPIIH Ta3aIbIK JIoperkKeci
«XUMUSUIBIK Ta3a» (X.4.) HEMECE «aHaJIU3 YIIiH Ta3a» «4.7.a.) JereH MapKajlapra cai
KeJIe/li: HaTPUil TUAPOKCHU], «4.]1.a.» HATPUH THIPOKCUIIHIH MaccalbIK yieci 98,5%-
TEH KEM e€MeC; HaTpuil HUTPATHI («A» MapKajbl, Ta3alublFbl 99,8%; chlHAIl HUTPATHI,
«x.4.», 99,03%; Oapuit HUTpaTHl, 7-5 Mapkanbl, 99,50%; maruuii xjaopuai, 99,0%.
Cynbl epiTiHAUIEp MUCTUIBIACHTEH cyaa od3ipieHal. Herisri peakiusra TycCeTiH
ATIOMUHUHN TJIACTUHA PETIHIE KOMAaHbUIAbI. Cumarramanap TOMEH/E KeNTIpUIIi.
Ocspian 6acka aTIOMUHUWMEH Oipre Jenoyiipu3atopiiap peTiHiae rpaduT KOHE Tarbl
0acka 2JIeKTpoATap naiganansuiasl. I'padurrin Mapkacsl DI, THIFBI3ABIFEL 1,55 r/em?,
oepikriri 5,9 mlla, kynainiri 0,5%; aukens — H1, 99,99%; temip — TUXK (TeXHUKAIBIK
taza temip HeMece APMKO — temip, 99,92%; namnaguit — 990 mpoOaibIk.

Toxipubenep ymriH TNalaaHbUTFAH — ATIOMUHWA  (IUTAaCTHHA  PETIHJC)
SHEPTUAIUCTICPCUSIIBIK PEHTICHO(IIYOPECIIEHTTIK CHEKTPl 2.6-CypeTTe KOpCeTiIreH
KOHE CKaHEPJIEYIIIl ANEKTPOHIBIK MUKPOCKOMIICH aJbIHFaH JIEMEHTTIK aHanu3i 2.1-
KecTene KenTipinred. by kecte OolbIHIIA, ATFOMUHUN KYpaMbIHAA a3 MOJIIEpIIepAe
KpEeMHUH, KaJIbIIHKA, TeMIp Kocrajgapsl 0ap koHe OSTTIK KaOATThIH dpKaIllaH TOTHIKKAH
KYliJie 00JybIHA OallIaHBICTHI, OpTallla €CeMnIeH anranaa, 4,96% KypalTblH OTTEK Oap
MeTasuT OOJIBIT TaObIIa b
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Cnektp 1

Cyper 2.6 — CynaH cyTek ajy YIIiH KOJIJIaHbLJIAThIH AJIFOMUHHM 3JIEKTPOIBIHBIH
OacTankel Kyi1eri peHTTeHO(pIyOPECIEHTTIK CIIEKTPI.

Kecte 2.1 — Cynan cyrek any YIIIH KOJJAAHBUIATHIH QJIOMHUHHH IJIACTUHACHIHBIH
OacTankpl KYWIHIH 2JIEMEHTTIK aHan31

AJIOMUHUN MJIACTUHACHI
Onjey napameTpiepi:0apiblK JJIEMEHTTEp aHAIN31 OPbIHAANIFaH (PETTENreH)
bapiblk HOTHKETIEp CalTMaKThIK %0

Cnekrp O Al Si Ca Fe Bapiibirel
Crexrp 1 4,31 93,72 1,69 0,00 0,29 100,00
Cnextp 2 5,27 92,60 1,97 0,15 0,00 100,00
Cnextp 3 5,29 91,97 2,23 0,17 0,33 100,00
Oprama 4,96 92,76 1,96 0,11 0,21 100,00

ConbimeH Oipre 2.7-cypeTTe MeTaul Kydinjae anbiaFad amoMuauiaig 100, 300,
1000, 3000, 10000 ece yakeHTLTIN TYCIPUITeH CKaHEPIIEYII JEKTPOHIBIK MUKPOCKOIT
apKpUTBl TYCIpITeH MUuKpodoTorpadusiapbiH Aa KenTipAaik. byn miactuHamapibl
CypeTKe TycCipep/ic MEXaHHMKAJbIK OHICYASH OTKI3AIK JKOHE NoJMpieAik. TeMeH
JEHreh e YIKSUTUIreH cypeTTepe allfoMUHNN O€Ti MeXaHUKaIBIK OHIACYI1H 131epiH
cakTall KaJlaTBIHBIH KepceTeli. TeMeH mopexene yiakedTkeH kesne (x100-300)
Y3apTBUIBIN CO3BUIFAH MapajlieNb TYPJE OpHAJACKaH KeCcy KoHE OHJIeY Ke3iHe maiiia
OONFaH JKOJaKTap KOHE TANIIBIKTHIK KypbUIbIM Oaiikamanbl. Am cyperti 1000 ece
YJIKEUTKEeH/Ie MeTayul OeTiHAEe alKbIH KOPIHETIH MHUKPOKEIIp-OVIBIPIBIK KOHE
’KoJIaKTap OOWBIH/IA OPBIH aJiFaH MUKPOXapPBIKIIAKTap Oaiikanaasl, OV MaTepuaabiH
MJIACTHKANBIK Neopmarusira yinblparadblH  Oaiikatanbel. JKorapel nmopexenepie
yiakenty kesinae (X3000-10000) ToiFpI3gainraH KypbUIbIMFa W€ JIOKAJIJbl aliMakTap
KOpIHEl JKOHE aJIOMUHMM O€TiHjae Taija OOoJIaThIH OKCHUATIK TUICHKAHBIH Maiiga
(dbparmentTepi Oaiikananpl. COHBIMEH aTIOMUHHUM IIJIACTMHACHIHBIH OCTTIK KaOaThl
MEXaHWKaJBIK OHICY/IIH HOTIKECIH/IE Taiiaa O0JIFaH MUKPOKYPBUTBIMIAD MEH TOTBHIFY
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OHIMJIEPIHEH KYPalIaTbIHbIH KOPCETE/ll KOHE OCBIHBIH HOTHXKECIHZIE OJ1 CYJbl OpTaza
OeJICeHAUTIK TaHBITyFa OeliM eKeHIH OailkaTabl.

SElI  20kV 100pm SEl  20kV S0pm  e—
Sample 21003 08 Sep 2025 Sample 21002 08 Sep 2025

SEl  20kV WD8mm §830 x1,000 10pum SElI  20kV WD8mm §830 x3,000 S5pm o —
Sample 21001 08 Sep 2025 Sample 21000 08 Sep 2025

(©)

SEl  20kV WD8mm §530 x10,000 1pm —
Sample 20999 08 Sep 2025

(r)

Cyper 2.7 — MeTtani KyiiH/e aJbIHFaH ATFOMUHUNIH CKaHEPIICYIIi SIEKTPOHIBIK
MUKPOCKOIT apKbLIbI YIKEHTLIIN Tycipinred MukpogoTorpadusiapsr: a) 100 ece;
9) 300 ece; 6) 1000 ece; B) 3000 ece; r) 10000 ece
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bipkarap Toxipubenep alrOMUHUN KYWMaJIapblH KOJIJAHY apKbUIbl >KYPri3uial.
byn ke31e KongaHbUIFad KyiManap: CHIIyMUH (KYpaMbIH/Ia aTFOMUHUN )KOHE KPEMHHUI
Oap KyiiMa, Kongansuirad Mmapkacel AJI 9); nropamoMunuii (KypaMbIHa MbIC, MAarHHH,
MapraHer] OoJIaThIH Kyiima, KosmaHnbutran Mapkacel JI 20); LIAM (Oyi1 HeriziHeH
MBIpBIITaH — 95% sxoHe anmomunuit — 4%, mbictal — 1% Kypanras Kyiima), Oenruienyi
[IAM4-1, marauii-aaroMuHui KyiiMacel, Mmapkacel Al-Mgl(B).

2.5 ®u3uKa-XUMHUSUIBIK TaJAay dicTepiH nmaiiganany

CyTexk ra3piH any Ke3iHie Oenrull KaKeTTUIKTepre 0alnaHbICThl KOJIaHbUIFaH
ANEKTPOATHIH OETIHIH ©3repiCl *oHe TY3UITeH OHIMAEP/IH KypaMmbl aHbIKTaNIbl. by
Ke37ie OepuireH mpenapaTThiH 3JIEMEHTTIK KypaMbiH aHbiktay JSM 6610 LV (JEOL,
XKanonus) ckanepnieyuni 371eKTpoH bl MukpockonTa opHatbuiran INCA Energy 450
SHEPTUsA-JUCHEPCHUSUIBIK ~ MHUKpOAHAIU3  KYHMeCiHIe  DHEprusi-AUCIEepCHSIIbIK
PEHTTeHIIK (IIYyOPECUECHIMSUIBIK CIEKTPOCKOMUAHBI KOJJIaHy apKbUIbl >KYpri3uiii
(ampiktay Kartemiri + 0,01%), coHbIMEH KaTap OJapiblH MHKpodoTOrpadusIapbi
Tycipiuiai. 3epTTeyiep 6apbichIiHAa XKYPri3UIreH AIEMEHTTIK Tajlayiap dIeKTPOHIbIK-
ckanepiey (COM) Quanta 3D 200i Dual system, FEI AKII mukpockormnbiHaa
opbIHAANABL. nekTpoa Oeti peHTrenopayopecieHTtik @OKYC M-2 kypanbiHaa
3epTTenil. AJIBIHFaH OHIMHIH KypaMbl peHTreHlik audpakromerpae Hpon — 4-07
aHBIKTAJIIbI. AJIBIHFAH CYTEK Ta3bIHBIH KOJIEMIH KaJbINTHI JKaFgaiiFa KenTipy YIIiH
OenmMe Temmeparypachl J1a00OpaTOPUSIIBIK TEPMOMETPMEH, aTMOC(epalblK KbICHIM
BAMM-1 mapkainsl 1abopaTOPHSUIBIK METEOPOJIOTUSIIBIK OapOMETPMEH OJIIIECH/I].
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3 AJIOMUHUMAIH CYMEH OPEKETTECYI HOTUXECIHJIE
CYTEK AJIY

3.1 AJOMHHHIIH CyMeH  JpeKeTTeCyiHiH  TepMOAMHAMHUKAJIBIK
MYMKIiHIIKTepI

Amtomunuii nepuoAThIK Kyiene Il TonTeH HEri3ri TommacklHAa OpHAJACKaH.
Byn metannpiH Heri3ri KyHiHIEr! 3JeKTPOHIBIK KOHPUTrypanuscel keneci opmyiara
oHe TpaUKaNbIK TYp/le *KacalFaH cyjidara coilkec:

1522522p%3s%3p!

ATIOMUHUNJIIH K030aFraH KYWIHAET1 JIEKTPOHIBIK CYJI0ACHI:

S

i 2S|Tl| 2p|H|Tl|Tl| 3S|Tl|3p|T [ 1]

AJIOMUHUNIIH KO3FaH KYWJIET1 AJIEKTPOHIBIK CYJIOACH:

1522522p®3s13p?

i

Is 25|H|2 .

I i
p 3s 3p

Ochl 31eKTPOHIBIK (opMyara OailIaHbICTHI ATIOMUHUNA — €peKIlle KaCUeTTepre
ue. AJNOMUHUMIIH DJEKTPOHIBIK KOH(DUTYpaIMACHIHBIH CYJI0achIHAH KOPIHII
TypFaHjai, 3p opbuTaipaa Ko30araH Kyie TeK Oip AJIEKTPOH OpHajIacKaH. AJl KO3FaH
Kyhige 3s opOuTambaarbl AJEKTPOH JKYObI OY3BUIBIN, OIp KalaKbl JJIEKTPOH 3P
opOutanera aybicansl. Coll Ke3le aJOMUHHUIIIH COHFbI KBAaHTTHIK KaOaThIHIA YIII
YKaJIKbI AJIEKTPOH IMaiga OOoJIbIN, OYJI METall ©Te aKTHBTI KyWre aywicanbl. JKorapsl
TopeKeaeri akTUBTUIITIHE ColiKec, alFOMUHHE 9JIETTEr] Karaaiaa Te3 apaja ayajaarsl
OTTEKIICH OpeKeTTece/l Je, OHBIH OeTi OpKallaH OKCHATI IUICHKAMEH KaITaJIbIIl
Typanel. OcCbIHBIH  ce0eOiHeH, amIOMHHHM  ONEeTTerl JKarjainapaa CyMeH
opekerrecneiiai [124].

KepHey kaTtapbiHaa amOMHHHA ©T€ 3IEKTPTEpIiC METaNIapAblH apachlHIa TYP.
OHBIH KaJbIITHI 3JEKTPOJATHIK MOTEHIUANbI -1,36 B Kypaiiabpl, OCbl MOHI€ COMKEC, O
©3 TY3/IapbIHBIH CYJIbl €PITIHAUIEPIHEH 3JIEKTPOXUMUSIIBIK KOJIMEH TOTBHIKCHI3IaHbII
mIbIFa anMaibl. KelIKbUIABI OpTaja aJiOMUHUNIH KaJIBIIThI MOTEHIIHaIbl -1,66 B,
an cuituil oprajga Oyl MOTeHIMaNAbIH MaH1 -3,25 B. KepHey KaTapblHIaFrbl OpHbIHA
OailJIaHBICTHI AJTIOMUHUN OTE JKOFapPhI DJIEKTPOXUMHUSUTBIK aKTUBTLITIKKE HE.

bi3 amoMuHUIAIH CyMEH OpeKeTTeCy MYMKIHAIKTEpiH TYCIHAIpy YIIH Oy
peaknusra TEPMOAMHAMHUKAIBIK Ke3KapacTap KypacTeIpAbIK [125]. AxTuBTEnTEH
ATIOMUHUIIIH CYMEH 9PEKETTECY PEeaKIUsACHl TYPAKTaIFaH JKaFjainapra 0alIaHbICThI
YIII Y)KOJIMEH JKYPe/Ii:
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2Al + 3H,0 = Al,05 (oxcun) +3H, + 15,1 Mmx/kr Al (3.2
2Al + 4H,0 = 2Al00H (6emut) +3H, + 15,5 Mmx/kr Al (3.2)
2Al + 6H,0 = 2Al(OH); (6atiepur) +3H, + 16,3 Mmx/kr Al (3.3)

TepMoaMHAMUKANBIK ~ 3aHJBUIBIKTAp KOHE  KaJbIITAaCKaH  Ke3KapacTapra
CYMEHCEK, aJlOMUHUNA MEH CYJIbIH OPEKETTECYIH 3epTTeyle €pITIHALIep KypaMbIHa
EHTBUITeH OpTYpPJl DJIEMEHTTEpAIH KaHAal TepMOJMHAMUKAIIBIK TYpJiepre ue
0onaThIHBIH alKbIHAANTHIH [IypOe nuarpammachiH KeMeKKe makbipyFa Oonansl. 3.1-
cyperre Temmeparypa 25°C-ka TeH OonraHja, cynarkl pH MOoHIMEH TOTBHIFY-
TOTBIKCHI3/IaHy MOTEHIIMAIBIHBIH OPTYPJIl MOHAEPIHE COMKECTEHAIPUIreH AuarpaMmma
KENTIpUIreH. AliTa KETEeTIH Mocesie: [uarpaMMaliap e3repicci3 Kyiae o6enrii oaeouer
Ko3iHeH anblHAbl [126], am onm nmepekkes3, o3 Keserinzae, [127] eHOekke ciiTeme
Kacauasl.

EB(c.cn)

oA Lot b b b LAl be b alu il

I]IlIIIIIIIIIIIlllllllllllll

=
E =N
il
o
o

Cypert 3.1 — Cyasin E-pH nuarpammacsi (t = 25°C)

Kecte 3.1 — Cynarsl Tene-TeHikTep Typaisl aepekrep (25°C, p=0.1Mmna)

3.1-cyperTeri Peakuus Tenney
oenrineymnep
H,O = H'+ OH" Ilg [OH] = -14+pH
H*/OH pH=7
H, = 2H™+ 2¢ E=0,00 — 0,059pH—
0,0295Ig P (H, )
3 2H,0 & 0+ 4H" + 4e | E=1,228 —0,059pH +
0,0147Ig P (0, )
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3.1-cyperreri auarpammara KeHin OejeTiH OoJicak, 2 3KOHE 3-ChI3BIKTap
MOHIAPJbIH aKTUBTLIIT1 1-Te TeH OoJiFaH >karaaiaa KenTipuired. 1' nereH coi3bIK Oip-
OipiMeH Tere-TeH ik kaFaaibiHaa Typran H' skone OH™ noHAapbIHbIH aKTUBTLTICIHIH
O1p-0ipiHe TeH OOoJIFaHbIHA COMKEC KeJe/l. 2 JIETEH ChI3BIKTHI 9IETTE «by opimiMeH, aj
3 JIereH ChI3BIKTHI «a» opiniMeH Oenruiey KaObUiaaHFaH. by ChbI3BIKTap 3JI€MEHT-CY
xyinenepinin Ilyp6e nuarpammaceiHia CyJIbIH TYPAaKThl OOJAThIH aiMaKTap bl Oein
KOpCeTy YIIIH MyHKTUpMEH OenruieHeni. Tarbl 1a aiiTa KeTEeTiH Macele: 2 jKoHe 3-
CBI3BIKTap CYJbIH TOTBIKCHI3/IaHYbIHBIH HOTHXKECIH/IE TY3UIT€H OHIM — CyTeKIeH (2-
CBI3bIK) KOHE CYJIBIH TOTHIFYBIHBIH HOTHXKECIHJIE TY3UIMeH OHIM — OTTEKIEH (3-ChI3bIK)
CYJIbIH ©31H1H dJIEKTPOXUMUSIIBIK TEIe-TeHIIKTE 00JIybIHA COMKeC Keyel. 3-ChI3bIKTaH
JKOFapbl OOJIBIN TYPFaH MOTEHIMANAAP/A CY TOTHIFaAbl, a1l 2-ChI3bIKTaH TOMEH TYPFaH
NOTEeHLHANAap/ia Cy TOThIKChI3AaHaAb! (3.5-peakius).

CyablH Herisri TepMOJAMHAMMKAJIBIK aKMapaTblHa CYHEeHe OTBIPHIN, OHBIH
TYPaKTBUIBIFBIHBIH JUArPaMMAChIH Tyclpyre OONaThIHbI KeJIeCl MbICaia KOPCETIITEeH.
Cynbl opTaiarbl CyTeK MOHAApbl MEH T'a3 KYMIHJIET1 CYTEKTI1H apachiHAaFbl TeTe-TeHIIK
KeJIeCl TeHICYMEH CUIaTTala/bl:

2H* + 2e & H, (3.4)

Ochbl TeHeyniH ekl xarbiHa 1a OH -HOHIaphIHBIH KETKITIKTI MOJIIIEPIH KOCKaH
Ke37Ie CUITLII )KOHE HeHTpas opTaiap/ia Kejaeci peakiusiiap OpblH axaibl:

2H,0 + 2e & H, T +20H" (3.5)

An pH wmoHi Geititapan optanblH pH MoHIHEH >KOFaphIpak OOJFaH Ke3ae Oyl
TCHJEY OPHBIKKAH >KaFrmaiabl aHbIFbIpak cumarraiinpl. bipak [H'] xome [OHT]
WOHJAPBIHBIH ~ KOHIIEHTpAIUsJIApbl  CYy  JIUCCOIMAIIMSACHIHBIH ~ KOHCTAHTACHIMEH
OalimaHbBICTBl OOJFAHIBIKTAH, OWI TeHAeyJaepAl HepHCT TeHmeyiMeH pacimuaeyre
Ooabl:

+ -
H,0 & H* +0H™ K, = % =10"1*  25° kesimze (3.6)
2
_ g RT , [H']*
EH+/H2 —_ EH+/H2 + nF lTl pHZ (3.7)

by TeHney CyTeKTiH MmapuualablK KbICBIMBI 1-Te TeH, TemmepaTtypa 25°C -Tarbl
TEHJIeY OOJIbIN TaObLTAbI.

Ey+ i, = ES+ j, — 0,059 pH (3.8)

H,0 — 2e & 20, + 2H* (3.9)

byn tenaey xoHe OHBIH CUITUIIK (opMackl HeMece HEri3ri (opmachl CynblH
TOTBIKCHI3IAHIBIPFBIL OPTAAFbl TYPAKTHUIBIFBIH AWKbIHIANWIBI KoHE TIpadUKalbIK
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typae Ilypbe nmarpammaceiHna eHKeireH 2-chi3bIKneH kepcertired (3.1-cyper).
Xorapeiarel 3-ChI3BIK OTTEK O6IIHYIH CUIIATTalIbI.

JlnarpamMMara CyJbIH 3JIEKTPOXUMUSIIBIK TOTBIFYBIHBIH (3.9-peakuusi) >xoHe
TOTBIKCHI3AaHYBIHBIH (3.5-peakiys) alMakTapblH IICKTCHTIH TYy3y CBHI3BIKTap Ja
eHri3uireH. 3.2-cyperreri JauarpaMMmara YHUIETIH OoJicak, TMOTECHIIMAJIbIH
alTapabpIKTal Tepic MOHIEPIHJIE ATIOMUHUI Cylla epiMeyl THic, Oackalla aTKkaHaa, ol
KOJI JKETIMC13 aliMaKTa, MeTajul peTiHe OpHalackil Typ. bipak, ic )y3iHae OyJ1 Kajam
OpBIHJANIMAaNIbI, ce0ebl, CyIbIH TOTBHIKCHI3AHYBIHBIH HOTHXKECIHIE AJIEKTPOIUTTIH
CUITUTIT1 apTajbl J1a, AIFOMUHUNIIH aIFIOMUHAT-UOHAAPBIH TYy3€ €pyl MYMKIH aliMaKKa
KBUKYbI OPBIH ajajbl. AJl METasul TYPIHAET] alFOMUHUNIIH KBIIIKBUIBI OpTaja epyi
3.3-peakiusi OOMBIHIIIA ICKE acaJlbl.

1.04 (b)

0.2 AT ALO AlO;

-0.2 4 (a)

IMotermman (Bxks)
lO
(=29
1
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Cyper 3.2 — Al-H,0 xytiecinin E-pH guarpammace: (t=25°C)

TepMoguHaMUKaNBIK Ko3Kapac OOMBIHINA, aTIOMUHUA KOPPO3HSUIBIK TYPFBIITAH
oXKenTayip 6eaceH i MmeTamt 60JbIn Tabblaabl. OCBIHBI TAJICIICY MaKCAThIHAA OJICTTE
CTAaHIAPTTHI AJICKTPOJ MOTCHIIMATIBI KEATIPUIeHi, JTEMEK, AFOMUHUA HOHIAPBIHBIH
aAKTUBTLIIT1 1-Te¢ TEH OOJIBITT TYpFaHAAFbl TEMe-TCHIIKTIK KaUThIMIbI TTOTCHIINAIIBIH
MOHI KaJIBINTBI CYTEK AJIEKTPOJbIHA KaThICTHI -1,663 B kypaiigel. Ocbl cebenTeH
KEpHEy KaTapblH/la AJIOMUHHUI MBIC, XpOM, TEMIpP, CUSIKTbl METAJIIap/blH FaHa €Mec,
TIOTI  KaAMHUA  KOHE  MBIPBIII  CHUSKTBI  JJEKTPTEpIC  METalgapablH  Ja
MOTEHIMAaNAapbIHAH TEPIC MOTEHIMAIAap ayMaFbIHAa OpHAlacalbl.

CraHmapTThl TOTCHIIMAN MOHI OoiibIHINA, Oipak TEK IKYBIK IIaMaMEH,
ATIOMUHUMIIH CYJIaFbl TeMe-TEeH I Typasibl aiiTyFa 0oiaabl. TOJNBIFBIPAK MOJTIMETTI
pH-31exTpoATHIK AuarpaMmachid cainbli, outyre 0onaasl. byn [lypbe nuarpammachsi.
Amomunuii-cy xyiect ymin I[lypbe aumarpammacel 3.3-cypeTrTe KenTipuireH. byn
nuarpammaja 4 aiipeikiia MoH Oepyre OonaThiH aiimakTtap Oap. byn alimakrapablH
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OpHajacybl 3JIEKTPOXUMMSUIBIK pEeaKIUsUIapblH OHIMIEPIHIH Kypambl ©3repyiHe
OailIaHbICTBI ©3repil TYpabl.

[lypbe nuarpammacel («MeTaI-Cy» KYMECIHIH KYHIHIH Juarpammachl)
METaJJIbIH  JJIEKTPOXUMUSIIBIK KOPPO3USFa YIIBIPAYbIHBIH TEPMOJMHAMUKAIIBIK
MYMKIHJIITIHIH II€KapajapblH alKbIHAAY YILIH jKQHE Oacka MacenesiepAl Helly YIIiH
KOJJIaHBbUTYbl MYMKIH. byn guarpammanap colikec KeleTiH Temne-TeHAIKTep YIIIH
AIICKTPOHAAP/IBIH KATHICYbIMEH (TOPU30HTANb CHI3BIKTAP) KOHE JIeKTpoHmap MeH HY
xoHe OH™ - HOHApBIHBIH KaThICYBIMEH (OHFA Kapail eHKEHTeH ChI3bIKTap) KaU THIM/IbI
ANEKTPOATHIK MOTEHIMAIAAPABIH (CYTEKTIK IKajga OOWMBIHINIA BOJIBTIICH aJIbIHFaH)
epitinal pH-Ha ToyenauliriH kepcereTiH rpadukrept Ooibin  TaObUIAbI; OCHI
nuarpammManapaa H sxone OH™ - woHmap KaThICaThiH Tere-TCHIIKTED (BEpTHKAIb
CBI3BIKTAp), TEK JJIEKTPOHAAPIbIH KaThICYbIHCHI3 (ruapartap ty3ity pH-br). 3.3-
cypeTTe altfoMUHU-cy KyheciHiH [lypbe nuarpammace kenrtipuiai. byn auarpamma
3.1-xecteneri Tenaeynepre coikec 00BN TaObLIAbI.

E.B T |
- (2416 5
12 |8 T 5 |4 ]2 e
I],E :'Ll‘!'_ I - — _
0.4 | | I
0 — : AlLO:-3H0
a 4|
0.2 |- T‘HH%H Alo;
0,6 | | T 1
Ar? | s S
1k |
I
14F . 3 |
= |
1.8 To2ss | =
2.2r I ' 6
26k | Al %
11 ] | | | | | |
-101 3 5 7 9 11 13 15 pH

Cypert 3.3 — AmroMuHUN MEH CyJlaH KypbuiraH xyieneri E-pH auarpamma

JlnarpamMmma Teme-TeHIIKTep KUCHIKTAPhIMEH IMICKTENTeH aiiMaKTapaaH TYPabl.
by KuChIKTapabIH OpHANACYBl 9JIETTE TEK CYTEK MOHAAPBIHBIH OCJICEHAUTIriHe FaHa
Toyeln i 60IMaliIbl, COHBIMEH Oipre epiTiHAie Tene-TeHIIK Ty3yre KaThICYIIbl 0acka
MOH/IapFa Ja Toyen i OoybIn Keneni. by ke3mepae auarpaMmanarbl O61p KUCHIKTHIH
OpHBIHA KHCBHIKTap TOOBI EHTI3Ie/dl, OJapHIblH OpKaWChICHI Oenriti Oip MOHHBIH
OCJICeHIUTITIH aWKBIHIAWIBI, OCHI OEJNCEHAUTIKTIH Jsorapudmi opOip KHUCHIKTA
kenripuireH. Erep koppo3uss OpblH anmaca, OyJ MbIHaJal TeHaeyre caif
Gonmambl: ayeny < 1076 (memece Ig apenq < —6).

JuarpamMmanblH opOip aiiMarbiHa Oip TEPMOAMHAMUKAIBIK TYPAaKThl Kyil cai
0oJbIn Keseai. AJTIOMUHUN MEH CYABIH OpPEKEeTTEeCYlH Auarpamma OOMbIHIIA Tajaar
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kepeilik. Jlmarpammanbl 3.3-CypeTTe KENTIPIl OTHIPMbI3. AJIIOMUHUNAIH TOTBIFY
JIOpEKECIHIH 3-K€ JIeWlH TOTBIFATBIHBIH €cCKepeTiH Ooiicak, OipkaTap Typdl
peakIusiIapAblH ICKe acybl MyMKIH €KeH1 Oaiikanaabl. bys peakuusnap Tene-TeHaIK
MOTEHIMANAAPbIH,  MOTCHIMANAAPJAbl  AHBIKTAUTBIH ~ HOHIAPJbI,  OJIAPIBIH
Oencenauniriy, epitinainig pH-bin alikpiagaiiasl. Al-H,O nuarpaMmachiHBIH TOMEHT'1
KarblHAAa OpHAJAacKaH METaIJbIK Kyd Oalikananabl; Oy Ke3jge MeTal KyWiHIeri
ATIOMUHUI TEPMOAMHAMUKAJIBIK TYPFBIJIaH TYPAKThI OOJIBIN KeJell )KOHE KOPPO3UsFa
YIIbIpaManibl.

JluarpaMMaHbIH COJl JKarbIHAAFbl S-II1 CBHI3BIKTaH >KOFaphIpaK OpHaJIacKaH
aliMaKTap amroMMHMUIIH A" TypiHjeri HOHBIHBIH €piTiHIiAe TEPMOIMHAMUKAIBIK
TYPaKThl KyHiHe cail 00JbII TYp. AJl MeTal KYHIHJIETr1 aIFOMUHUN OChl allMaKThIH Ke3
KEJIreH HYKTECIH/Ie OpHaslackaH 0oJica, TEpMOJIMHAMUKAIIBIK TYPFBIJIAH TYPAKThl eMecC,
neMeK Genrini 6ip KbUIIaMIbIKIICH Koppo3usra yisipan, AP nongapen Tyseni.

JlnarpaMMaHBIH OpPTAChIHIAFbl 2-ChI3bIKTAH XOFapbIpaKk alMaK KaTThl KYHaeri
amoMuanil okcunine (Al,03;) Hemece KaTThl KyHJeri aalOMHUHUN THUIPOKCUJIIHE
(AL(OH)3) cotikec keneni. by aiiMakThIH Ke3 KEJITeH HYKTECIHJIC OpHATACKaH METaJL
KYHIHJIET1 aJIOMUHUNA TEPMOJMHAMUKAIBIK TYPFbIIAH TYPAKThl eMmec, Oipak o
KOppO3Usfa aJlOMUHUM O€TIH KOpFram TYpPaThblH OKCHJ HeMece THAPOKCHUI Ty3e
YIIBIpaiiabl, an OyJ1 KOChUIBICTAp, KaHal 1a O00JICHIH, IPOLECTI TEKEI OTHIPAIbI.

JluarpaMMaHbIH OH KaFbIHJIa 6-CBI3BIKTBHIH JKOFapBICHIHJA OpHAJacKaH aiMak
amoMuHuNAIH AlO, aHWMOHBIHBIH EpITIHAIIET] TEPMOANHAMUKAIBIK TYPAKThI KYiiHEe
colikec Oonbin Keneml. JleMek, ochl aiMaKTBhIH Ke3 KEJIreH HYKTECIHJE OpHalIacKaH
MeTall KYHIHIErl allOMUHUN KOppO3WsiFa YIIbIpamn, OChl aHUOHIbI, Oackaiia
alTKaH/Ia, ATFOMAHAT TY3€ €pITIHIAITe oTemi.

3- JKOHe 4-KUCBIKTAp COMKECIHINE TY3UIETIH KOpPpO3Us OHIMJEpIHIH Tere-
TEHJIKTEpiHe call Keei.

[MunpatTanran >koHe TUapaTTaIMarad Type O0NaThIH 3aTTap YIIiH 9JETTe COHKec
TEHJEYJICP/IIH €K1 Typl CHT131Ie/I].

HuarpamMmmanarel a KoHE O  KHUCBIKTapbl CYABIH  DJIEKTPOXHUMMSIIBIK
peakuusiapbiHa cai, I9JIPeK alTKaHa, CYAbIH TOTHIKCHI3IaHYBIHBIH HOTH)KECIH/IET1
OHIM1 — CYTEKIICH OHE CY/IbIH TOTHIFYBIHBIH HOTH)KECIH/IET1 OHIMI OTTEKIICH TY31ITeH
AIEKTPOXUMUSIIBIK TeTIe-TeHIKTepre cail kenedi. by Typansl 613 KOFapbiia CyablH
E-pH nuarpammacein Tanmgaranma »asFaH 00J1aTbIHOBI3. OChI €Ki CBI3BIKTHIH (2 YKOHE
0) apacbIHIarbel aiMaK Cy YIIH TYpakThl aitMak Oombim TaObutaabl. OChl aiiMakTaH
IIeTKepl >KaKTarbl TMOTEHIMANAAa Cy TEPMOIAMHAMUKAIBIK TYPAKChI3 Oonajisl, O
CBI3BIFBIHAH JKOFAphl OpHAJACKaH aiMaKTa Cy TOTBIFAJbI, all «a» CHI3bIFBIHAH TOMEH
OpHajacKaH aiMakTa Cy TOTBIKCHI3JAaHAJbl. AJTIOMUHHMIIIH, «0» CBI3bIFBIHA COMKEC
MOTCHIMAIIIAPIaH TEPIC OOJBIN KENETIH, KaWTHIMABI MOTCHIIHANIAPBIH/IA, OTTEKTIK
JENONIAPU3alAS  TEPMOJUHAMHUKAIBIK MYMKIHAIKKE We. AJl «a» CBI3BIFBIHBIH
MOTCHIIMAJIJAPbIHAH TEpIiC TOTEHIUANAapra ue OOJFaH Ke3lle KOPPO3Usl CYTEKTIK
JENOJIsIpU3alivsl apKbUIbI ICKE acajibl, IeMEK CyTeK OeiHe/Il.

CoHbIMEH, KOpbITa alTKaH/a, colikeciHle Kypbutrad [lypOe nuarpaMMachiHbIH
KOMETIMEH ATIOMUHUN KOPPO3HUSICHIHBIH HEMeECe AHOJTBIK epyiHiH
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TEPMOJIMHAMHKANIBIK MYMKIHJITIH aHbIKTayra Oonanbl. byn nuarpammanara 5-2-6-
CBI3BIKTapbIHAH KOFapbIIaFrbl alMaKTap OOJIbIN TaObLIA IbI.

JuarpamMManaa KenTIpUIT€H MOHAEP KOHE ChI3bIKTap OOMBIHINA, 3IEKTPOATHIH
MOTEHLMAJIBIHBIH MOH1 alTapIJIBIKTA M AKETKUIIKT1 TEPIC MOHTe ue OoJIFaHa, aJlOMUHUAN
cyJia epiMey Kepek, IEMEK, 0J1 METaJIbIK TYPJE 9peKeTTecyre KaOuIeTTi eMec aiiMaKTa
kKaitrackaH. bipak, Oyn opekeT 1Ic Ky3lHOE OpbIHAAIMaiabl, cebedi cy
TOTBIKCBHI3JIAHFAH KE€3J/I€ DJICKTPOJIUT alKbIHABI TypAe OalKalaThblH CUITLII OpTara ue
0oJlazbl, COHBIMEH OJI €py KYPETiH ailMakka Kapail altoMUHAT-UOHIap KYHiHJE
TacChIMaJIJaHAIbI.

ANIOMUHUNAJTIH KBIIIKBULBI opTada epyi 3.10-peakuusira caii icke acabl.

Al & AT + 3e E° = —1,663B (3.10)

TepMoauHAMUKAaHBIH ~ KO3KapacTapblHa CYHWEHETIH Oojicak,  aJlOMHHHNA
KOPPO3USIIBIK TYPFBIZAH aca OesiceH/ 1l MeTaill ekeH1 0enrini. OChbIHBI allKbIH A9JIETACY
MaKcaThIH/Ia KaObLIAaHFaH OENTriIl 3JIEKTPOATHIK TOTSHIIUAIABIH CTAHIaPTThl MOHIH,
JIEMEK, JTFOMUHUM TY3€TiH HOHIAP/IbIH aKTUBTI KYH1HJIET1 KOHIICHTPAIUSACBIHBIH MOH1
1-re Tey OosraHarbl KaHTBIMJIBI TENE-TEHIIKTIK IIOTEHIIMA MOH1 ajibiHaAbl. OChl MOH
KaJBITHl CYTEK OJJICKTPOIBIHBIH MOTCHIIHANBIHA KenTipuireHae -1,663 BOJIBTTHI
Kypaiinbl. OcbiHBIH ceOeOiHeH allOMUHUN KepHey KaTapblHAa Oipa3 aKTHBTI
MeTallfiapJaH J1a TepicTey aiiMakra opHaiacka [129].

JuarpamMmManarel aJlOMUHUN[IH €pyl TOTBIFY JOpeKeci YIIKE TEeH HOHAap
KYHiHJIeT1 aiMaKTaH aKTHBTI eMec ailiMakka oTyl CYWbIThUIFaH ¢aszagaH aJTFOMUHHMA
OKCHUJIIHIH TY311yiHe cail OOJIBIT KeJe/Ii.

OJeTTeri xkarmaiiaa temneparypa 60°C-taH acraraHja, akTHUBTI eMec aiiMaKkTa
ATIOMUHME OeTiHJIe OHBIH aMOp(THI KYHaeTi THApOKCHAl Ty3teni. by remneparypa
OpHaraHJ1a, 3 MOJICKYJIa Cybl Oap KPUCTAILI TYPIHIET1 OKCU — OalepuT maiiga 60abl.
bipkatap 3eprreymiiep oAeTTErl jKarmaija alOMUHMA O€TiHAE €Ki KaTIapJsl
KaOBIKIIamap Ty3uieai aen ecenteiai. bipinmi kaTnapabplH KaabIHABFLI 10 HM-IeH
aCTaWTHIHBIH JKOHE OWJI KaTmapna, 9J1eTTe, aMop(dThl aTIOMHUHUN OKCHII 0OJIaTHIHBIH
anTanel. EKiHII, CBIPTKBI KaOaTTa KOMIO3UIIMSUIIBIK KYyPaM TaHBITATBIH OalepuT KoHE
OPTOPOMOMKAJIBIK KPUCTAIIBI TOPFa M€ — OEMUT OpHajacaabl JeM TYKbIPHIMIANIBI.
OpuHe, KabaTTapAblH KAJIBIHABIFEI dpKAIIaH Oip KaJIbITa O0IMaliIbl, OYJI KOPCETKIII
opTaZa KaJbINTaCKaH CHANTTApFa, YaKbIT Y3aKThIFbIHA, TaFbl Ja OAacka OCBIFAH dcep
eTymri (hakTopiapra 6aiIaHBICTBI TYPJIi OOJIBIN KATBIITACTHIPHLIA B,

A¥iTa KeTeTiH Mocene, TMOTEHIMaIbl Tepic MeTalgap TEePMOJAMHAMHUKA
TYPFBICBIHAH, CyJaH CYyTeK MOHIAPBIH CYTEK ra3blHa JCHIH TOTHIKCHI3JTAHIBIPA ATy
Kepek. 3.3-KecTele TOTEHIHUAIAapbl TEPIC METAIJapAblH CYMEH OpPEKETTeCy
MyMKiHIIKTepiH ['100c sneprusiceiabiH AG =NFE GopmMynackiH KOJITaHBII, €CenTey
apKBUTBI KOPCETIM OTHIPMBI3. [ MOOC YHEPTUSACHIHBIH MOHI TEPIC IIaMasiapra ue 00JFaH
Ke37e, METANJBIH CYMEH OpPEKETTeCY PEaKIHsIChl TEPMOIUHAMUKAIBIK TYPFBIIaH
OepulireH KarJaia coiaH OHFa Kapal e3 epKIMEH Xypyl MyMKiH. bipak, ic xxy3iHje
OWI MeTanapAbIH 1I1H/I€ TEK HATPUN CYMEH KeJEeprici3 opeKeTTece anaibl.
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Kecte 3.2 — AnmtoMunmii-cy xyieciHeri Tene-TeHIIK Typayibl AePEeKTeP (AMEKTPOATHIK
NMoTeHIMaNAap, ruaparrap Ty3ity pH-b1, Temneparypa 25°C-ta, aya atmocdepacbinia

(ITyp6e OolibiHIIa)
3.2- Tene-tenik Tene-TeHik TeHaey1
cyperTeri
oenrineynep
a H, = 2H* + 2e (py,=5-10" at™) | (Ep,ygair = 0,186 — 0,0591
pH, B
3 2H,0 = 0, + 4H" + 4e (Eo,)kaiir = 1,218 — 0,0591
(p=0,21 atm™) pH, B
AB*2H,0 = AlO; + 4H™ Ig(aAlO; Jay;s+) = 20,30 +
+4 pH
A3t /AlO; pH=5,07
| 2Al+ 3H,0 = Al,03 + 6H" + | E 5, = —1,55 — 0,0591 pH, B
1 + 6e (ruapat emec)
Al+3H,0 = Al(OH)3 + 3H*+ | E . = —1,47 — 0,0591 pH, B
+ 3e (rumpar)
241" + 3H,0 = Al,05 + lg ay3+ = 5,70 — 3 pH
2 6H* (rugpar emec)
Al + 3H,0 = Al(OH); + 3H*+ lg ayz+ = 9,66 — 3 pH
(rumpar)
Al 05 + Hy0 = 2410, + Igayo- = —14,60 + pH
A 2H* (rumpat emec) :
(rumpar) 2
> Al = AI* + 3e (Eapaiir = —1,663 +
+ 0,0197 1g ay3+, B
6 Al = 2H,0 = AlOy + 4H* + 3¢ | Exanir) = —1,262 —
0,0788 pH + 0,0197 lga - ,
B
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Kecre 3.3 — Dbipkarap wmetanmapablH TEPMOJMHAMHKANBIK TYPFbIIAH CYMEH
OpEKETTECIN, CYTEK ra3blH 067y MYMKIHAIKTEPIH KOPCETETIH JEPEKTED

Metannap E° B AG K/Ix TepMoarHaAMUKATBIK
" MOJIb TYPFBIJAH OPCKETTECY
MYMKIHAIT1

Hatpwii -2,71 -261,52 +
Mpic + 0,34 32,81 -
\Y%037s) Siii -0,76 -146,68 +
ATrOMUHUI -1,66 -480,57 +
Turan -1,21 -350,30 +
Kopracein -0,12 -23,16 +
Maruui -2,36 -455,48 +
Kanprmit -2,86 -551,98 +
Temip -0,44 -84,92 +
Huxkens -0,25 -48,25 +
Xpom -0,91 -263,45 +

TeopusIbIK TYPFBIIaH, METAJIBIH CYJIBI €pPITIHALICPACT] MOTCHITUAIIAPHI JKOHE
['u606c HHeprusichIHBIH MOHI Tepic IaMajapra ue OoJiFaH Ke3Jle, OHBIH CYMEH
OpeKeTTeCy peakIusChl OCpiITeH Karjaiia coljaH OHFa Kapail e3 epKiMeH Xypyi
MYMKiH. bipak, ic xy3iHae Oy MeTangapablH 1IIiHJIe TEeK HaTpUi CyMEH Kelepricis
opekerrece ananel. 3.1-kecTeipe KepceTuUIreHied, Oenriuri Oip MeTala  YIIiH
ecenreninred ['mO60C sHeprusicel Tepic MOHre me 0oJica, o1 CyTeK HoHAaphiH 3.11-
peaxius OOUBIHIIA BIFBICTBIPHIT IIBIFAPYHI THIC.

Me + nH,0 —>%H2 + Me™ + nOH~ (3.11)

3.3-kecTeie  KOPCETUIT€H  METAJJAapAblH  IMIIHAE MBIC  AJICKTPOJBIHBIH
MOTEHIIMAJIBIHBIH MOH1 Tepic emec, Oyi1 MoH +0,34B Kypaiinbl xoHe Oy MeTa YIIiH
I'm66c »HEprusChIHBIH MOHI J€ OH TaHOara uWe, Col ceOenTeH, MbIC
TEPMOIMHAMUKAIIBIK TYPFBIZAH Cy/JaH CyTeK Oeuin mbiFapMaiabl. by ic xy3iHne ne
ocbUTail. A Oy KecTeaeri 6acka MeTanaapAbIH OapIIbIFBIHBIH TOTEHIUATAAPHI TEPIC
MOHT€ Ue, COJI ce0eTTeH 0J1ap, Teoprs OONBIHINA, CYMEH CYTEK ra3bIH 06JIe OpeKeTTeCyi
tuic. bipak, ic *Ky3iHae MyHIail peakuusiap xype oepmeiini. ComapabiH KaTapblHAa
ATFOMUHUH 11, TEOPUSUIIBIK TYPFBIJIaH, CYMEH opeKeTTeCcy Kepek. bipak, ic xy3iuae Oy
PEaKIUSHBIH Ja )KYPMENTIHI OenTiTi.

3.2 ANIOMHHHMHIIH CyMeH KaTajau3aTop KATBICBIHAA CYTeK ra3blH 0eJie
JpekerTecyi

Korappiga atan eTKeHAEH, TEPMOJUHAMUKAIBIK TYPFbIAAH, AFOMHUHUNA CYMEH
eTe OHAll OpPEKETTECIN, CYTeK ra3blH 06N IIbIFapybl THIC, Oipak Ic Xy3iHAe Oy
METaJIbIH O€TiHAE TY3UIre€H OKCHATIK KabaT, Oackalia alTKaHIa, OKCHATIK TIJICHKa
(Al,03) ocbl peakIUsSHBIH KYpPyiHe MYMKIHIIK Oepmeini. bipinmn Ttapayaa
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KEJTIPUITEH IIONYyJa alThIl ©TKEHIEH, AFOMUHUIMEH CYAbl OPEKETTECTIPIN, CYyTEeK
aiy yiIiH Oipkartap KylMaiap/sl KojjgaHy kepek. bipak, Oy mporecc ete KbiMOaTKa
TyCel.

bi3a1H ockl 3epTTeynepimizie YChIHBII OThIpFaH, apHaiibl KyiiMaap KosijgaHOaiu,
ajAplH-aja QJIIOMHMHUM aMallblaMachblH JaWblHAAMal, peakUuusuIbIK OpTara as
MeJIIEep/ie, KaTalu3aTop PETIHJE KbI3MET aTKapaThlH, ChIHAIl TY3bIH KOCY apKbLIbI
CyTeK ra3bplH aiay MyMKiHAIKTepi KapacTeipbUiabl [130]. byn ke3ne amanbramaibik
KOppOo3us (3NIEKTPOXUMUSIIBIK KOPPO3Hsi) OpbIH anajsl. Cylibl OpTajia ChIHAI HOHIAPhI
MEH aJIOMUHUN apachlHJla dpeKeTTecy Kypeai (peakuus 3.12).

2Al + 3Hg?* - 2413 + 3Hg (3.12)
Hewmece TOJIBIK MOJICKYJIAJIBIK KYﬁIIC:
2Al+ 3Hg(NO3), = 2Al(NO3)5 + 3Hg (3.13)

AntomuHui 0€TiH OeNCeHUICHIIPY KOJJAPbIH 3€PTTETeH FaIbIMIAPAbIH MIKIP1
OOWBIHIIIA, OJ1 YIIH ChIHAIl KOJIJJaHFAaH/Ia, aMaJlbraMaHbIH TY3UTyi aJFalliKbl Ke3CHJIC
(GU3HKaNBIK KOppo3us OoibI TaObu1aabl. COHBIHAH AFOMHHHHI DJICKTPOXUMHUSIIBIK
TOTBIFYFa YIIBIPARIbI 1a, Cy TOTBIKChI3aHaAbl. Peakius HOTHKeCiHe Ta3 KYWIHIer1
CyTeK OeJliHeNl, aTIOMUHUNIIH THAPATTAIFaH OKCHII TY3UIeIl »OHE ChIHAM 00cC
Kyhinne Oemineni. by peakius e3miriHeH, opTaja bUIFa] CaKTaJFaHINA, XKYPII
oTbIpaibl. BeTTik TapThuly KYIIIl a3aiifaH Ke3/1e aJlOMUHUNI KOPFaIl TYpFaH OKCUATIK
Kabar ky#peiai. JlereHMeH, CBIHANM aMIOMUHUAIE €pHal JEeTeH TIKIp JKOKKa
IIBIFAPBUIFAH, aj alioMUHUN chiHanTta a3 Memmepae epuai (0,002%) neren
mamimertep O6ap [131].

AJNIOMUHMIIIH ChIHAIITA €PY MYMKIH/IIr Typaiisl aBTopiaapAbiH [132] aliTybIHina,
ATIOMUHMIIIH CBIHAIT 9CEPIHEH HEMece aMalibraMa dCepiHEeH KOpPO3UsIFa YIIbIPaybIH
KenTereH 3eprreyuriiep Oaiikaran. Omap Oyl peakiusiapiblH MEXaHU3MIH
(GUBUKAIBIK KOHE JJICKTPOXUMMSUIIBIK TMPOLECTEP/iH YilIeciMIMEH TYCIHIIpe/Ii.
OusnKanblK TYPFBIJIAaH, aTIOMUHUN OeTiHAe amanbrama Ty3UIell, ajl ChIHAITBIH
OKCUATCH apbUIFaH aJIOMUHUNA OeTiHAe ajacopOnusiaaHybl Oyl MeTaJlJbIH
KYPBUIBIMBIHIAFBI aTOMABIK OalnmaHbicTapabl y3emi. ChIHANm MeTayl KYHIHIEri
ATIOMUHUNITE CIHIEH Ke3/le, amalibrama Ty3uieil. EKiHII Ke3eH e dTeKTPOXUMHUSITBIK
KOppO3us iCKe acaipl, JeMEK, aTIOMUHUNA SICKTPOXUMUSIIBIK KOJIMEH TOTBIFAIbI, all
CYy TOTBIKCBI3JIaHAIBI JICTI TYKBIPBIMAAIBI OYJ1 aBTOpIap. Al €3 3epTTeyJepiHae onap
ATFOMUHUN O€TiHE ChIHAN KOHJBIPAJhl HEMECE MBIPHIII aMalbraMachlH KOHIBIPAIbI,
COMTIN Cy/leH CyTeK OeJliHYiH KaJaramaiapl. bacTankel Ke3jie alfOMUHWN CHIHAIITA
epuni, Oipak cytek OeminOeli.ChlHAIl KYpPaMBIHIAFhl AIFOMUHUIN OOIIIeKTepl Cy —
ChIHAIl IIEKAapachblHA TassHFAH Ke3/I€ oJap CyMEH Te3 apaja dpeKeTTeceli e, CYTeK
Oemineni. bynm xkympicTa cyTek O6JliHY >XbUIIAMJBIFBI MBIPBIII amajibraMachliHa
KApKBIHABIPAK >KYpEJl *KoHE TeMIepaTypa apTKaH cailblH apTa Tycell. AJIOMHHUN
ChIHAINTa HEMECE MBIPBILI amajbraMachblHAa Y3/I1KC13 epu/li A€, OpKallaH CyTeK OeiHy
PEaKIUSACHIHBIH KYPYIH KAMTaMachi3 €Te/l.
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An 613 xyprizreH ToxipuOenepae (Kyprizy oJicTeMeci IuCCepTalUsIIbIK
KYMBICTBIH 2-06JIIMIH]I€ *Ka3bUIFaH) CyFa aJIOMUHHUI JIACTUHACHI OPHAIACTBIPBUIBIIL,
ceidan (I1) autpater Kockuibl. Coll Ke3/e CyTek 0eMe TeMIiepaTypachiHaa OeiHe 1.
bi3 apnaliibl, 6eJiek aTtOMUHHUN amaabraMachlH JalbIHIaFaH KOKIIbI3.

3.12 xone 3.13 gen OenruieHreH peakuUsIapblH HOTHKECIHIE aTIOMHUHUM
ANEKTPOABIHBIH O€TIHJEr OKCHITIK KabaT Oy3bliajbl, OHbIH OpPHBIHA AJIOMUHUN
amMaJibraMachIHBIH TUIeHKAchl Ty3utedi (3.14). Amanbrama KypaMbIHIAFbl aTFOMUHHMA
CYMEH JopeKeTTece anajabl, Ochl Ke3fe 3.15-peakuusi OpblH anajabl, JEMEK CYTeK
OeniHel.

Hg + Al - Hg(AlD) (3.14)
2Al + 3H,0 — 3H,+2Al(0OH)5 (3.15)

Kepcerinren 3.13-peaknusiHbIH HOTHIKECIHJIE ChIHAN OOC KYWiHAE TYy3UIe/1, O
KalTagaH aJlOMUHUN OCTIMEH peakiusra Tycenmi, aemek, 3.14-peakuus KalTaaaH
OpbIH ayianpl, amoMuHUNA amaneramacel Ty3uneal. ConbimMen 3.13 xone 3.15-
peakiusIap MUKl TYpAE KaWTallaHbIl OTHIPAJbl, OChl TpoiiecTi 3.16-cyimbackiMeH
Kepceryre 0oaibl.

Ochbl KepCeTUIreH peakiusiiap koue 3.16-cyiiba cynan cyTek 0eJ1iHy MpOoIeCiH e
ChIHAIl MOHJIAPBIHBIH KaTajau3aTop POJIiH aTKapblll TYPFaHBIH KepceTedl. byn kesne
ChIHAIl MOHAAPHI IIBIFBIHFA YIIIBIPpaMan/Ibl.

KocpiMinia xkypriziireH ToxipuOesepae aTlOMUHUN TUTACTUHACHIH aJIFalllKblIa
ChIHAIl HUTPATHI EPITIHIICIHE CaJIBII aJicaK HEeMeCe OChI €pITIHIIIe KaTOIThI JKaF 1aii1a
a3 yakpIT TMOJSpU3ausian ajicak, 3.16-cymdackiHaa KOPCEeTUINeH MUKl PEeaKIus
OpbIH amanpl, Oy >KyHeme cyTeK ras3blHBIH OeniHyl jkoHe amroMunamid (IIT)
TUAPOKCUAIHIH TY311y1 Oakikanaasl. bipak Oys1 KockIMIIIa opeKeTTep OOJIBIN TaObLTA b
Bi31iH YCBIHBITT OTBIPFaH TOHKIpUOEAE KOCHIMINIA OPEKETTEP KOK, OIpJICH aTFOMHUHUN
OpHanacTeIpFaH cynbl oprara cbiHam (II) HUTpaTBIH KOCY apKbUIbl KENTIpUIreH
peakiusap Kypri3uiai. by oficTiH apTHIKIIBUIBIFEIH KOPCETE].

Hg?* + Al — HgAl
H_)

J’_
H,0

Hg + Al(OH); + H,1 (3.16)

AmoMuHuii MeH cynabiH 3.15-peakmmst OoiipiHma opekerTecyiHiH [u66c
SHEPrusichiH ecenteAik: AG = —nFE, MyHJla n peakiusira KaTbICyIIbl HOHAAP caHbl, F
— @apazaeit Typakrbichl, E° — aliOMUHMIAIH CTaHAApPTThl MOTeHUHANbl. ['10OC
SHEPIUSCHIHBIH MOH1 OyJ1 peakius yuriH -457,06 k> Kypazibl, JeMeK, O TEPIC MOHTE
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ue OOJbIN TYpFaHAbIKTaH, 3.15 nen OenriieHreH peakuusHbIH COJJAaH OHFa Kapai,
CYTEK ra3blH 0eJie )KYpylHIH MYMKIH €KE€HIH KOPCETIN TYp.

KaranuzaropabiH €31 peakuusifa KaTbiCHaibl, HMIBIFbIHFA YIIbIpaMaiael. bipak
OHBIH 9CEpiHEH MeTal OeTiHJerl OKCUJA KaOaThIHBbIH KYPBUIBIMBI OY3bLIajbl KOHE
ANMIOMUHUNIIH ©31HIH CYMEH 9peKeTTecy MyMKIHAIri naiga Oonansl. Hotmkecinae
CyTeK rasbl OejiHenl KoHEe aTOMMHMA THUAPOKCHUII Ty3uiedi. ANoMUHUN OeTiHze
TY3UIT€H OHBIH aMajibramachl (Katajau3aTop) CyTeK ra3bl OeliHy Ke3iHAe ©31IrHEH
perenepauusianbin oTeipasl (3.12-3.16-peakuusiiap).
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Cyper 3.4 — Cynan ceinan (II)uongapsl KaTbIChIHAA aTFOMUHUM 3JIEKTPOBIHIA CYTEK
Oeiny OGapbeIchIHAA epiTiHl pH-HBIH TOTEHIIMAI MOHIHE OalIaHBICTBI ©3Tepyi:

C(Hg(NOs),) =2 r/n; 7=140 mun.; S(A1)=10 cm?

Cynan, cblHanm MOHJAPBI KATHICHIHAA AIIOMUHHUI SJIEKTPOJABIHIA CYyTeK OOIiHy
ke3inae epitinaigeri pH kepcerkimin pH-Merp kemerimeH emmenik. 3.4-cyperte
kepcetirenae, pH MoHi cyTtek OesiHy OapbIChIHAA, YaKbIT ©3TEpreH CalblH a3
KBIIIIKBUIABI OPTaJaH CUITUNI opTara JeiiH esrepeni. bacrankel kesme, pH=2,82
Oonranna, noreHnuan 237,97 mMB Gonael. Anm yakpIT eTe Keje, MOTSHIMAT Tepic
MOH/IEp ayMarbIHa bIFbICa KeJie, pH MoH1 CLITLTIK OpTaHbl KepceTe 6acTaabl. AJTbIMEH,
a3 KBIIKBULIBI opTa OonraHablkTaH (pH~2-3), amromMuHuii €3 MOHIAPHIH TYy3€ epu
OacTaifibl (AaHOATHIK peaKIus AT KapacThlpaMbI3), OCHI Ke3/1e CyTeK OONIHETIHIH e
(KaTOITHIK peakius OOJIBI TaObLIAIbI) KOPII OTHIPALIK. EpITiHAIAE ChIHAII HOHAAPHI
OonFaH Ke3ae, OJApHAbIH /1a TOTHIKCHI3IAHYhl OPBIH QJATHIHBIH aiiTa KETKEH >KOH.
Conpaii ke3/ie *KypeTiH MpoIecTepaiH KOCHIHBI TYP/IET1 PeaKIUsICHIH jKa3yFa OO0Iaabl
(3.17-peaxrus):

2Al + Hg?** + 6H,0 + 2e — 2Al(OH)3+3H,+Hg° (3.17)

Ocbl kochiHAbl peakius (3.17) moTeHHMaNAbIH OH >KOFapbl MOHIH (3KYBIK
mamameH ~ + 250 MB — ke kakbiH) TyciHgipeni. CyTeKTiK KOPCETKIIITIH HEUTpa
opTaHbl KepceTeTiH MoHzepiHne (pH~4-8) amromuHMIA omeTTe >XYKa OKCHITIK-
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rugpokcuatik (Al,Os3nH20) mieHkameH kanrtanraH, AEMEK, Oyl Ke3Jie aTrOMUHHMA
MACCUBTI KYMIH caKkTaibl. As O13/11H T:K1pHOEMi3/ie ChIHA HOHAAPbIHBIH KATHICYbIHA
OaltllaHBICTBI, OpTa arpeccuBTl O0bIn TaObUIaAbl. backaiia aliTkaHaa, aTIOMUHUIIIH
MACCUBTI KYH1 Oy3bLIaJbl, KOFApbIIa KEATIPreHIMI3eH, ChIHAIl HOHAPhl ATIOMUHUN
AIEKTPOABIHBIH alIbIK ayMaKTapblHAa TOTHIKCHI3aHbII, aMajlblaMaHbIH TY3L1Yy1 OPbIH
anazpl. OChIHBIH HOTUXKECIH/E AIFOMUHUI Cy/la TOTBIFY pEaKIUsAChIHA YIIbIpaU/bl 13,
CyJlaH CyTeK rasbl OesiHeal. ATIOMUHUNA THIPOKCUAIHIH TY311yl K€YEKT1 TYpAe OpbIH
anaabl, COHbIMEH, TinTi pH=7 Oonfanma na, aJlOMUHUN aKTUBTI OOJabl )KOHE CYTEK
ra3plHbIH O6IiHyl >Kanraca Oepenl, ceOebl ChlHANl KOpFayllbl IUICHKAHbI OY3bII
otbipanbl. [loTeHnnan tepic MoHAEp aymarblHa bIFbica Tyceai. byn mpouecrtep, 013
KOFapblJa 9 AeOUETTIK AepeKTepl KoJaaHblm, kepceTkeH [lypbe nuarpammalnapsina
1a cail keneni.

CyTek ra3pIHbIH ChIHAIl MOHJAPhl KATHICBIH/AA CyaH O6JIHYIH yaKbIT OOWbIHINA
KaJaraiaraHja, 3.9-CyperTre KepceruireHaeil, Oacranmkbl ke3ne pH MoHI KypT
KeTepuiel Jie, maMaMeH 4,5 MOHre KelreHHEH KeiiH Oasy KeTepurim, apTra Tycenl.
[MTamamen 100-140 munyT 6TkeHAE, pH MOHI TOJBIK CUITUTIK aiiMaKKa ©TeIl.

CoHbIMEH KaTap YakKbIT ©TKEH CailblH, MOTEHIMAI OH MOHAEPJEH TepiC MOHIEP
alimarbplHa bIFbICA Tycedl. bBys 1a, cblHam WMOHAApPHl KATBICHIHIA, ATOMUHUNIIH
aKTUBTUIITIHIH apTa TYCKEHIH KOHE CyJaH CyTeK OelliHy MpoIeci KapKbIHIbI TYp/e
iCKe acaThIHBIH Kepceteni (3.6-cyper).

2 T T T T T T " T T T T T T 1
0 20 40 60 80 100 120 140 160

t, min

Cyper 3.5 — CynaH chIHaIl HOHIapbl KATHICHIH/IA ATFIOMUHUIN AJIEKTPOIbIH/IA
cyTek Oeminy OapbichiHaa epiTiHal pH-HBIH ToXKipnOe Y3aKThIFbIHA OalIaHBICTHI
esrepyi: C(Hg(NO3)z =2 r/m; =2 r/n; 7=140 mun.; S(Al)=10 cm?

OJIETTET1 XKaFaaiyiap/ia aJlOMAHANWIH cyaa epiMeiTini Oenrimi. Jlereamen, cyra
KaTaJIM3aTOP KOCY apKbUIbl JIIOMUHMIAL €piTil, CYTE€K Ta3blH alyFa OOJBITHIHBIH
aJ/IbIH-aJia KYPri3TeH 3epTTeyiep KOPCETKEH OO0JIaThIH.

ConbiMeH, 013 iIC Ky3iHAE alIOMUHUUJIIH CYMEH OpEKETTeCy KarJahblH
KaTaJIM3aTOP KATHICBIH/A 3€PTTEIIK.
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Cypert 3.6 — CyznaH chlHaIl HOHAAPbI KaTHICHIH/IA ATFOMUHUN AJIEKTPOJIBIH/IA CYTEK
OemniHy OapbIChbIHAA MOTEHUIHUAIABIH TOXKIPHUOE Y3aKThIFbIHA OalIaHBICTHI ©3Tepyi:
C(Hg(NO3); =2 r/m; =2 r/n; 7=140 mun.; S(A1)=10 cm?

Tarpl ma TOKTana KeTeHik, )KOFapbljaa atanm eTkeHjed, 3.14-peakius TINTI Cy
KaifHaFaH Ke3/1e JIe )KYPMEUTIH1 6enriii, cebedi amroMUHUIAIH O0€Ti opAalibIM OKCUATIK
IJICHKaMEH KamTajaraH. AJIOMUHUM OKCHII MeTalll OeTiH dKpaHjam, aJTloMHHUNII
MACCHUBT1 JKaF/aifFa KeNTIpedi, OCBHIHBIH HOTHKECIHIE alIOMUHUNII >KbUIAAN, OH
KBUIJAI, TaMaK WHIYCTPHUSCHIHAA KOJIAHATHIHBI Jla Kemmiilikke MoiiM. OchlFaH
OaltIaHBICTHI ATFOMUHUN CYMEH OpEKETTECIICH Il IeTeH YFBIM KaJIbITTaCKaH.

bi3 xyprizin oThIpFaH peakiusaaa KaTaiu3aTop KaiTagaH KalIblHa KeJie/i, CO/IaH
KeWiH OoJ KalTajaH aJlOMHUHUHMEH OpTaapajiblK KOCBUIBIC Ty3emi. bys mporece
dazamap miekapachlHIAa LHMKIAI  TypAe KaWTajJaHbII Typaabl, COJd ceOenTeH
KaTajJnu3aTop Cy JKOHE aJIIOMHHUH apachlHIArbl PEAKIUSHBIH SKbLIAAMIBIFBIH
apTTBIPBITT OTHIPANbI, OipaK OHBIH KOHIIGHTpAIMACHl a3zaiimaiianl. byn ke3ne
ATIOMHHUIAIH O0€Ti OKCHUATIK KabaTTaH apbUIbII OTHIPAIBI KOHE Ta3 KYHIHJIET] CYTeK
Oene xypeTiH peakmus (3.14) kaiiTaman OpbIH anajabl. ATIOMUHHMN, SJIEKTPIIT1 Tepic
MeTa/ll peTiHJEe, 63 TMOTEHIHUAIbIHBIH MoHiHe coiikec (E° = -1,662 B) ToThIFy
peaKIUsAChIHA YIITBIPAIbI.

3.21 Cyrex OemiHy peakIUsIChIHA CBhIHAN  HUTPATHl  (KaTaau3aTop)
KOHIIEHTPAIUSACHIHBIH KOHE TeMIIepaTypPaHbIH dcepi

CumatrtanraH MpoIecTiH XYpPyi Ke3iHe CyTeK 0omiHy *KbuiaaMmbirbiHa ceraamn (11)
HUTPATBIHBIH (KAaTaJIM3aToOp) KOHIIEHTPAIUACHIHBIH 9cepiH 3epTreaik. Kartanuzarop
koHreHTparusaceiH 0,5-10,0 /1 apanbiFpiHIa ©3TepTy HOTIKECIHIE CYTeK OeiiHy
’KBUIIaM/IBIFBIHBIH apTaThIHBI aHBIKTAIEI (3.4-KecTe).

3.4-xectene Oipmeli xargaiiapa Kypri3uireH Toxipuoenep OOWbIHIIA aIbIHFaH
CyTeK OeiHY KbUIJaMIbIFBIHBIH MOHJIEP1, OJIAP/IbIH OpTallla KepCeTKIIITepl, COHIa-
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aK CTaHJApPTThl aybITKyJapel MeH 95% CceHIMAUIIK JIeHreliHaeri CEeHIMILIIK
MHTEpBaapbl KenTipuireH. KbU1gamMablK OOJIHI€H CYTeK KOJIEMIH ©JIIey apKbLIbI
ecenTen/Il.

Toxipubenep ym pet Kaiitanansin (N=3), abIHFaH HOTHXKENEp Herizinae Python
Oarjapiiamainay TUIl apKbUIbl CTAHAAPTTHI AYBITKYJIAP MEH CEHIMAUTIK MHTEpBaIAaphl
ecenrenai. CTaHIapTThl aybITKy TaHAaMalbl JUCHEPCHUS HETI31HAe, all CeHIMIUTIK
uHTepBaapbl CTHIOEHTTIH t-KpUTEPHUIiH KONTaHy apKbLIbl aHBIKTAJIIBI.

Kecte nepexrtepiHeH KepiHIN TypraHAad, KaTaau3aTop KOHLEHTPAIMSICHIHBIH
aptysl (0,5-10,0 r/nm apanbiFblHAa), CyTeK O6JIIHY >KbUIIAMIBIFBIHBIH adTapibIKTal
oCylHe OoKeJesdl, Oyl KaTalu3aTOp/AbIH MPOIECTI JKEIENISTETIHIH oeae/Il.
CoHBIMEH Karap, TOMEH KOHIeHTpanusuiap aimarbsigaa (0,5-5,0 r/m) cranmapTTh
aybITKYJApJblH a3 MOHJAEpl JKOHE CEHIMIUIIK HWHTepBAJIJAPBIHBIH Tap OOJybl
HOTIDKEIICP/IIH JKOFaphl JOJJIIKIICH JKOHE JKAaKChl KaWTaAHFBIINITHIKIICH aJbIHFAaHBIH
Kepcerell. AN KaTalu3aTop KOHUEHTPAUUSACHIHBIH apTybIMEH Oipre CEeHIMIUTIK
UHTEpBANIAPBIHBIH ~ OipiiaMa KeHerol Oaifkanmaawl, Oy Kyilede KocChIMIIa
dakTopiapablH (MbICabl, 3MEKTPOJ OeTiHiH OIPTeKTUIIriHIH ©3repyl) acep eTy
MYMKIHAITTH KOpCceTe/l.

XKanmer  kapactelpraHia, aJNbIHFaH CCHIMAUTIK  MHTEpBaJAapbIHbIH
CaJIBICTBIPMAJIBI TYpZie Tap OOMYbl TOXKIpHOE HOTHIKENEPIHIH >KOFaphl CEHIMIUTITH
’KOHE CTATHUCTUKAIIBIK TYPFBIIaH HET13eNTeHIITH TSI IeHIi.

CraTUCTUKANIBIK ~ OHIEYJIep MaHbI3NIBI  3epTTeysiep OOJIbI  TaOBUIATHIH,
KaTajan3aTop KOHIIEHTPAIUSCHIHBIH CYTEK OOIIHY KbUIJaM/IbIFbIHA 9CEPIH KOPCETETIH
HETI3r1 TOXKIpUOesep YIIIH Kacaljbl. AJIBIHFAH JIEpEeKTep TIKipuOenepaiH >KOFapsl
KaWTaJaHFBIITHIFBIH  KopceTeni. CTaHOapTThl aybITKyJIapAblH TOMEH MOHIEPI
(opramaman 1-2% TeMeH) SKCIEPUMEHTTIK ACPEKTEePAiH KOrapbl JQIIITIH KOHE
TYPaKTBUIBIFBIH KOPCETE/I.

CoiHan (II) HUTpATBIHBIH KOHIEHTPAIMACH apTKaH CalblH CYTEK TIa3bIHbIH
OemniHyiHE THUTI3€TIH ocepiH Oeiyek TyciHaipyre Oonaapl. ChlHam HOHAAPHI KeIl
MOJIIIEP/I€ TOTHIKCHI3JAHBIN, aMaibraMa KaOaThIHBIH KAJIBIHABIFBIH apTThIpa TYCEIl.
CoiikeciHiie, CyTeK TY3U1y peaKIUSCHIHBIH >KbUIIAMIIBIFbI XKOFapbuiaiabl. Ochlnan
Oacka, Oy Ke3/1e amaibramMa KaOaThIHBIH TOTCHITHAIBIHBIH MOHI JIe TEPic kKaKKa Kapai
bIFBICa Tyceni (3.5-kecTe).

Karanuzarop kounentpamusicetn  0,0-2,5 r1/n  apanbifblHIa ©3TrepTKEHIE,
ATIOMHHHMI TTOTEHIIMAJIBIHBIH MOHI Tepic aymakka -840 mB-tan -930 mB-ka neiiin
KbUDKUABL (3.5-KecTe), ochifaH OAailIaHBICTBI, ATIOMHUHHUNUJIIH CYMEH CyTeK Oeie
OPEKETTeCY PEaKIUSICHIHBIH JKbUIAMIBIFBI apTa Tycedl. AWTa KeTeTiH Macele,
KaTaau3aTop, peakiusra KaTbICa OTBIPHII, CYTEK OOJIHY KbUTJAMBIFBIH alTapIIbIKTAN
apTThIpajIbl, 6ipaK OHBIH ©31HIH KOHIICHTPAIUSICHI KeMiMeH 1, ce6eb1 MpOoIeCcTi TOMBIK
cunartaTeid 3.12-3.16-peaknusnap MUKl TYpe KalTadaHbII OTHIPAIbI.
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Kecre 3.4 — Cytek GelliHy XbUIAAMABIFbIHA KaTAIM3aTOP KOHLEHTPALMICHIHBIH 9CEP1 MKOHE OChl MPOLEC KE31HJErT CTaHIapTTh
ayBITKYJIap MeH ceHimpainik untepsangapsl (t=30°C, t =1 car.; S=24 cm?), v, MiI/M? - caF. — CyTeK 0OJiHY KbUIIAMIBIFEI

C(HgNOs), r/n 0,5 1.0 15 2.0 3.0 5.0 8.0 10,0
D, MIT/M2 -CaF. 417 583, 4 666,9 916,2 11658 1416.0 28382 45042
gf;g’“‘iemm 41,6 582.6 666,5 916,5 1166,6 1418,2 2836 4 4502.6
41,8 583,9 666,7 917.4 11677 1415.9 2825 3 44932

Opmawia 41,7 583,3 666,7 916,7 1166,7 1416.,7 28333 4500,0

MaHOepi, v

CrangapTThl 0,1 0,5 0,2 0,5 1,0 1,0 6,0 5,0
aybITKyJap (o)

CeHIMIUTIK 41 45- 582.45- | 666 44- 915,89- 1164,.35- | 141501- | 2824.22- | 4492.29-
MHTEPBATIAPHI 41,95 584,15 666,96 917,51 1169,05 | 141839 284238 | 450771




Kecre 3.5 — KaranmzaTop KOHIICHTPAIUSACHIHBIH QIIOMUHUN TOTCHIIMAIBIHBIH
e3repyiHe acepi

Karanuzarop 0,0 0,5 1,0 1,5 2,0 2,5
KOHIIEHTPALUACHI, /11
E, MB -840 | —850 — 860 —880 | —-910 | —930

[ToTennuangap xJo0p-KyMic 3JIEKTPOBIHBIH MOTEHIIMAIbIHA KeATIPIITeH

An cytek OejiHy KbUIIaMJIbIFbI KaTanu3aTop KoHueHTpauuscbiH 0,5-10,0 r/n
apaJIbIFBIHIA ©3TepPTKEHAC, JKYBIK mamaMeH 110 ece apraTeiHBl OaiiKanFraH. OpHHE,
Oy MoHzep Keibip Oacka dakTopiapra OaillaHbICTHI Aa ©3repyl bIKTUMall. bi3miH
3epTTeysepiMi3 CYTeK Ta3bIHBIH 06JIIHY1 aTIOMUHUNIIH TOJIBIK €pill KEeTKEHIHE JeHiH
Kype OEpeTiHJIIrH KOPCETTI.

AJNIOMUHUNJIIH CyJa epy NpOLECIHJE HAKThl acep erylll ¢akTopaapasiH Oipi
Temneparypa 0ol Tabbagsl. Epitinai temneparypachkl 30°C-ka TeH OosiFaH Ke3je
aMIOMMHMI TIacTUHACHIHBIH 1 cMm?-iHe ecenTenreH 1 caraTra OeJiHI€H CYTEKTiH
kesemi 583,3 mu-re TeH 6osica, Temmeparypa 90°C-ka TeH 0osFaH Ke3jie 0eJIIHTeH ra3
(cyrex) xememi 4852,3 mn Oonbinl Typ. AHBIKTaMalbIK JepeKkTep OOMbIHIIA
QTFOMUHHIIIH ChIHAT JKOHE OHBIH KOCBUIBICTAPBIHBIH epiTiHaiciHAe epirimTiri 20°C-
ta 0,002% kypaca, 100°C-ta 0,012%-ra xeretini O6enrimi [Vargel C.Corrosion of
aluminium. Elsev. -2020]. Epirtinai TemMiepaTypachlH KOFapbLIaTy CyTEKTIH OOiHy
KBUIAMJIBIFBIHA OH ocepiH Turizeni. Temneparypansl 30-90°C apanbIFbIHAA ©3repTy
CYTeKTiH OeliHy >KbUINAMJBIFBIH Oip KalbINTHl Typjae apTThipansl, Tek 80-90°C
apaJIbIFbIHAA ATIOMUHHUNJIIH CYMEH OpEeKeTeCy pPEakIuschl Oipirama KapKbIHIBIPAK
KYpeTiHi OalKanpl. 3.7-cyperTe cyTek OeHY >KbLIAaMIbIFBIHBIH KaTaau3aTOPIbIH
OPTYPJIi KOHIIEHTPAIIUACHIHIA TEeMIIepaTypara TOyesIl TYpAe 63repeTiHi KopCeTiIreH.
Temneparypansl 30°C-tan 90°C-ka jieifiH keTepreHjie, cyTek OeiHy 5KbLIAaM/IbIFbI
mamMaMeH 8 ece apTaThIHbl aHBIKTAIAbl. byl KyOBIIBICTBI CYTEK T'a3bIHBIH OOIHYIHIH
aca KEpHEYNIriHIH TeMeHACyiMEeH TYCIHIIpyre Oonaabl. PeakmusiablK Kyiene
TEMIIEpaTypaHblH apTybl ATIOMHHUNIIH OCTTIK KabOaTbIHIA CBhIHAN HOHJIAPBIHBIH
TOTBIKCBI3/IaHbIN, aMaibraMa Ty3u1yiH oencennipeai. OKCUATIK KabaTTap KOUBLIAIbI,
COJI Ke37le, OpUHE, aJTIOMUHUN MOTEHIIMAIBI TEPIC META TYPiH/Ie KapKBIHIBI TYPIe
epui.

KaTtanu3atop KOHIIEHTPAIMSICHIHBIH ©3TEpPYiHIH CyTeK O6JiHY >KbLIIaMIbIFbIHA
ocepiH Tarbl na Oackamia ToXipuOe apKbUIbl Kanarananblk. bipkatap epiTiHmiiepai
ChIHANl TY3BIHBIH (HUTPATBI) OPTYPJl KOHIEHTPANMUIAPBIMEH  JalbIHIIAJIBIK.
EpiTinainiH opKaiChICHIHIA KOJIeMi 25 MJI-T€ T€H CYTeK KaHIa yaKbITTa OOJIHETIHIH
AHBIKTAIBIK. AHBIKTAIIFaH AepeKTepi 3.8-cypeTre kenTipaik. byn cyperTte xenemi 25
MJI-T€ TEH CYTEeK OOJliHy YIIiH KaTalau3aTOPIbIH OCpUIreH KOHIICHTpPAIMsACHIHA Cal
KaHIIa YyakpIT (T) KakeT OOJaThIHBI KOpceTUIreH. MEpIcaiabl, KaTalau3aTop
KkoHeHTpamuscel 0,5 r/a 6onran ke3ae cyTeKTiH 25 mi-i 3 carat 50 MUHYTTa TYy3U1e1],
aJ1 KOHIeHTpanus 5 v/n 6onran ke3ae 25 mi cyrek 1 carat 50 MmuHyTTa OOIHE .
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Cypert 3.7 — Cytek 66J1iHY >KbUI1IaM/IBIFbIHBIH KaTaTU3aTOPIbIH pTYPIIl
KoHUeHTpauusceiHaa: 1 — 1 v/im; 2 — 2 v/i; 3 — 3 /a1 Temneparypara Toyenal TypAae
esrepyi, 7=1 car.; S=24 cm?
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Cypert 3.8 — Kenewmi 25 mi-re cyTrek 0eiHy YIIiH KaXXeT O0JaThIH YaKbITTHIH (T)
KaTalu3aTop KOHLEHTpauusachiHa Tayenainiri (t = 30°C), S(Al) = 24 cm?

V(H:), mn

12 4

0 2 4 6 3 10 HNO)ram

Cypert 3.9 — Karanuzatop KOHIIEHTPAIIUSACHIHBIH Oip caraTrTa 0eIiHeTiH CyTeK
rasbIHBIH KejeMine acepi, t = 30°C, S(Al) = 24 cm?
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Tarpl na Oip TOyeNaUIIKTI 013 KATaIM3aTOP KOHLIEHTPALUSACHIH apTThIpa OTHIPHIIL,
1 carar imiHae O6IHETIH CYTEeKTIH KOJIEMIHIH Kajall e3repeTiHiH KapacThIpAbIK. by
Ke3[e A€ KaTaau3aTop KOHIEHTPALMSIChl apTKAH CailblH OOJIHETIH CYTEeK Kejemil
MPOMOPIUOHANLI TYpJle apTaTthiHbl kepceTuini. Hotmxenepai 3.9-cyperre kentipin
OTBIpMBI3. MbIcanbl, Karaau3atop KoHueHTpauusicel 1,0 r/nm Oonrannma, Oacka
*araainap Oipaeit Oonranna, O6ip carar imiHae 1,4 Mt cyrek O6esiHCce, KOHIIEHTPaLUs
10 r/n-re TeH OonraH ke3ne OeniHeTiH cyTek kejeMi 10,8 mu Gonbin Typ. KopbiTa
alTKaHJa, KaTaau3aTop KOHUeHTpalusachiH 10 ece apTThIpraH Ke3jie OONHETIH CyTeK
KeJieMi 11aMamMeH 7,7 ece apThIl Typ.

3.2.2 Cyrek OeuiHy peakUHUsChIHBIH XYPYIHE TOXIpHO€ Y3aKThIFbIHBIH dcepi

AJNIOMUHUM MEH CyAbl KaTalu3aTop KaThICBIHIA OPEKETTECTIpYIl opTypii
YaKbITTa 3epTTeAIK. PeaklMsHbl KYpri3y yakbIThl apTKaH CalblH OOJIIHETIH CYTEK
KeJIEMI Jie alTapibIKTail apTaThIHbI KOPCETUIIL.

V{Hz),

28 A

. .
0 0 40 0 80 100 120 T MITH

Cyper 3.10 — AnmroMuHHN MeH cyabl KaTaau3atop Kateickiaaa (3,0 r/m)
opeKkeTTecTipy Ke3iHjae OeIiHeTIH CYTeKTIH KoJeMiHIH TOKIpruOe Y3aKThIFbIHA
oaiinanbicTel @3repyi, t = 30°C; S(Aly,) = 24 cm?

Karanuzarop konnentparusicel 3 r/n-re TeH 6onrannaa (3.10-cyper), 30 munyTTa
1,2 mn cytek Geminren, 120 MUHYT ©TKEHie OOJIHTEH CyTeK Kejemi 26,5 mii-re TeH
OoJFaH.

Toxipubenep xyprizy OapbIChIHIA QIIOMUHUN TJIACTUHACHIHBIH O€TiHIE
amajibraMa TY3UITeH1 BU3yasIbl Typae Oaikanaasl. Erep ocel epiTiHIiae aTrOMUHUNTI
y3aK YaKbITKa KaJIJbIPCaK, CyTEeK OOINIIHY peaknuschl TOKTamai, 0ipa3 yakbIT Kype
OepetiHiH OaiikanasiK. EpiTiHaire a3 memmiepe KOCBUIFAH KaTaln3aTop, alFOMHUHUIN
TOJIBIK €Pill KETKEHIIIE 03 POTIH aTKAPHIII, CYTEK T'a3bIHBIH 00JliHe OepEeTiH1 AaHBIKTAJIIBI.

3.2.3 Cytek OeiHy XbUIIaMbIFbIHA ATFOMHUHUN TIJIACTUHACHIHBIH ayJaHBIHBIH
acepi
Keneci 3kcriepuMeHTTI CYyTEeKTIH TY311y *KbUIaMIbIFbIHA 3JIEKTPOJ] aydaHbIHbIH

oCepiH aHBIKTay VIIIH ayAaHbl dp TYpJl aJIOMUHUNA TJIACTUHACBIMEH XKYPri3adiK.
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AnjblH-ana eJIeHreH OeTTIK ayJaHbl 9pTypil OONaThIH aJIOMUHHUN TUIaCTUHAJIAPBIH
KoHIeHTpanusacel 1,0 r/n-re TeH Kataiu3aTop €pITIHAICIHIAE CalbIl, KejaeMi 25 M
CyTeK OeiHylHE KaHIIa YaKbIT KaKET €KeHIH aHBbIKTAJIIBbL.
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Cypert 3.11 — Kenemi 25 mi1 cyTek 06JiHY YIIIH KaXXeT 00JaThIH YaKbITTHIH (T)
e3repyiHe aTFOMUHMIAIH OSTTIK aynaHbIHbIH (S) ocepi, 1,0 r/n karanuzaTop
KaTBICHIH/IA

DNeKTpoATHIH OeTTIK ayNaHBIHBIH MOHI apTKaH caiblH 25 MIJI CyTeK Ta3bl
OeJliHylHE Ka)KeT YaKbIT a3ailblll OTBHIPABI, AEMEK, CYTeKTIH TY3LIy >KbUIJaMIbIFbI
aptateiabl Oabikamansl (3.11-cypeT). Bip aiekTpoaThIH OETTIK ayJaHbl €KIHIIICIHIH
OCTTIK ayJaHbIHAH €Ki ece YJIKeH Oojica, cyTeK OejiHy KbUIIaMIBIFBl OipiHIII
AJIEKTPOJITA €Ki ece KOFapbl, ajd OeTTIK ayJdaH YII ece YJIKeH OoJiFaH JKarmaijia,
KBUIIaMIBIK Ta YIII €C€ apTaThIHBI aHBIKTAJIIBL.

Kecre 3.6 — Cyman karanu3aTtop KaTbICBIHAA CYTEK aly peaklIUsIChIHAH KEWiHTi
ATFOMHUHHH 3JICKTPOJIBIHBIH OETIHIH 2JIEMEHTTIK aHAJIU31

Onjiey mapameTpiepi: bapiblk 3JeMEHTTEPAIH TaIIaybl OPBIHIAJIbI
(Kb TaCTHIPBIIFAH)
BapIbIK HOTHIKENIEp CAIMaKThIK, %0

Criextp O Al KopbITBIH BT
Crektp 1 63,86 36,14 100,00
Crekrp 2 63,42 36,58 100,00
CrekTp 3 63,05 36,95 100,00
Oprama 63,44 36,56 100,00

Cyman kaTtanmm3aTop KaThICBIHIA CYTEK O6JIIHY HOTHKECIHIEC aTIOMUHUN
MJIACTUHACHIHBIH O€Ti ©e3repiCKe VINbIpaiiabl, 3JIEMEHTTIK aHalu3 HOTHXecl 3.6-
KecTe/le KeNTIpUIreH, MyH/1a allfOMUHUNIIH Melepi opta ecemnneHd 63,44 % kypaca,
oTTek Meepi 36,56% kypan typ. by Taza antoMUHUN OKCHUJIIHIH KypaMbIHa COHKeC
eMec, aJlOMUHUN O€TiHAE JKYKa OKCHUITIK-THAPOKCUATIK KypaMm TY3UIETIHIH
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OaMKaTagbl >XKOHE OHBIH AacCThIHJA JKaTKAaH aIIOMUHHMUICH A€ CHTHAl KCJICTIHIH
anraptaabl. EDS apkbUibl CyTeKTi allKbIHIay MYMKIH €MEC, SJIEKTPOHABIK COyiesnep
JKUBIHTBIFBl AIIOMUHUMAIH ©31H J¢ aWKBIHAAWABI, COJ CceOCNTEH aJIOMHUHMIIIH
Memiiepi AloO3z KOCBUIBICHIHBIH CTEXHOMETPHUSICHIHAH KEM OOJIBIN IIBIFAJbl. OACTTE
CyJla ChIHAIl MOHJaphl KaThichiHa amtoMuHuit 6etinae AI(OH)s reni, AIO(OH) xone
xyka, Maiima Al,Osz Tysimeni, MyHbIH O0opi KyKa, Maiia, KEyekTi, Te3 apajaa
JerupaTanusra YIbIlpaiipl, cojl ce0enTeH aJlOMUHUNUIIH O€TIHIH KypaMmbl OChLIal
IIBIFBIT TYP.

CnekTp 1

Cyper 3.12 — Cynan kaTanm3aTop KaThICBIHJA CYTEK ally peaKIUsChIHAH KeiH
TYCIPUIT€H aJIIOMUHUM TUIACTUHACHIHBIH OCTIHIH PEHTIeHO(DIYOPECICHTTIK CIEKTPI

YriHiH OCBhIHJAW KaFaaijaa ajJblHFaH PEHTTCHO(IYOpeCIeHTTIK crekTpl 3.12-
CypeTTe KOpCeTUIreH, all opTypil ece YJIKeHTinreH mukpodororpadusimapser 3.13-
CypeTTe KeNTIpiIreH.

Cyman cyrek aiy Ke3iHAe aIIOMUHUN IUIACTHHACBHIHBIH O€Ti e3repicke
YIIBIPANTBIHBI TYPAJIbI )KOFaphiia alThi ©TTIK. OCBIHBIH goneni petinae 3.13-cyperte
optypii ece ynkeitinren COM cyperremenep kepceTuired. beTTik KabaTThiH cypeTiH
100 ece ynkeHTKeH e, TY3UIETIH KYPBUIBIMHBIH SJIMET1 OipKenKi eMec, ipi OemieKkTep
TY3UIETIHI KopiHeai, Oyl KOppO3usHBIH OacTamy caThichiH cumnattaiasl. An 300 ece
YIKeUTy Ke3iHge OeTTiH penbedi omi e Oipkenki emec OOJbIN, KOPPO3USHBIH
KapKbIHIAybIH KepceTe/i, OHIMASPAiH KypJAelIeHe TYCeTiHi, OOpmbLIaK Kyiae
Ty3ineTiHiH OaiikataTteiH Oonca, 1000 ece ynkeWTy — TYy3UIeTiH OHIMHIH KEYEKTi
OOJIaTHIHBIH JKOHE OJ1 KypaMblHA Maija OeImeKTep/l *KUHAKTAHTHIHBIH, COHBIMEH
eHIMIEpiH meryre OeiiiMm exeHiH kepeMi3. Mukpocyperti 3000 ece ece ymkeurty
HOTHXKECIH/IE TY3UTIMIEp KpUCTaIaHATBIHBIH, HAKTHl OHIMAEPiH Ty3uteTiHiH, 10000
ece, 25000 ece ynKeWTy amOMUHHN O€TiHIH HAKTBl ©3TEPICKE YIIBIPANTHIHBIH
KepceTe/l, oHIMAep OIpKeIKUICHIN, KYPbUIbIMIApbl HAKThLIAHA TYCETIHI KopiHeal. by
IIBIHBIFBIHIA ChIHAI MOHJAPBIHBIH aTIOMUHUMIIH OCTIH €3TrepTeTiHI Typasbl KOHE
CyJlaH CyTeK OeJIIHETiH1 Typasbl AdJenaep OOabin TaObLIabI.
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SEI WD8mm S$S20 100pm SElI  20kV WD8mm $S20 x300 S50pum  —
17887 22 Jun 2023 Sample 17886 22 Jun 2023

3~ 299

SEl 20kV  WD8mm  SS20 x1,00 10pm SEI  20kV x3,000
Sample 17884 22 Jun 2023 Sample 17883 22 Jun 2023

: A .
5pm D ——

SEl  20kV WD8mm SS20 x10,000 1ym e WD8mm 8820 x25,000 1pm  —
Sample 17882 22 Jun 2023 17881 22 Jun 2023

(r) ()

Cypet 3.13 — Cynan karanm3aTtop KaThICBIH/A CYTEK ally PeaKIUsIChIHAH KEHiH
TYCIpUITeH alFOMUHUHN 3JIEKTPOABIHBIH OCTIHIH OpPTYpPJIi €ce YIAKSUTUITeH
Mukpodororpadusaper: a — 100 ece; o — 300 ece; 6 — 1000 ece; B — 3000 ece, r —
10000 ece; o1 — 25000 ece

Cynan cytek rasbl OeiiHy Ke3iHJe epiTiHal TyOiHae TyHOa Ty3ineni. TyHOaHbl
CY3IIl aJiblll, 90JE€H >KYBIN, KENTIPIN aJJIbIK, COJaH KEWIH pEeHTTreH(a3alIblK aHaIU3
xacangpl. OHBIH HOTHXKECIHJE TYCIpUIreH peHTreHAik nudpaxrorpammana (XRD)

74



(cyper 3.14) Gaiikanatsia peduexcrep: 4.74, 4.38, 3.21, 2.71, 2.36, 2.22, 172, 1.60,
1.55, 1.45,1.45,1.39,1.38,1.33,1.21, 1.17 A amomunuii ruapokcuainiyg - Al(OH)s
Oaiteput Moaudukarusaceina cait keneai (PDF 00-074-1119).
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1.38,1.33,1.21, 1.17 A (PDF 00-074-1119).

Cyper 3.14 — Cynan cyTek 0eJliHy HOTHXKECIHJIE TY3UITeH TYHOAHbBIH
peHTTeHO I (PaKTOrpaMMachl

Cyper 3.15 — Cynan cyTek 0eriHy HOTHXKECIHE TY3UITeH TYHOAQHBIH
SHEPIUSAAUCTIEPCUSIIBIK PEHTIEHO(DTYOPECIIEHTTIK CIEKTP1
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Tysiiren TyHOaHbiH peHTreHodayopecueHtrik crekrpi jae  (3.15-cyper),
AJIEMEHTTIK aHAJIU3 HOTHXKeepi e (kecte 3.7) OHbIH aTFOMUHUI TUAPOKCUIHE COUKEC
KEJETIHIH alKbIHIAN/IbI.

An 3.16-cypeTTe cKaHepieylll 3JeKTPOHABIK MUKPOCKOIN apKbUIbl TYCIPUIT€H
Mukodororpadusanap kentipuiredH. byn cyperrep amOMUHUI THAPOKCUIIHIH
OOJIIIEKTePIHIH dPTYPJl €ce YJIKEHUTUIIN TyCIpiareH OeitHenepin cunarraiasl. TyHOa
arJioMeparTbl KEYeKTI KYPBUIBUIBIM pEeTIHJE KepiHell. YJIKEHTy aca YJIKEH eMec
neHreiine 6onranaa (x100-300), yHTaK MUKPOKEYEKTUIIr alKblH OLIIHETIH, AYPBIC
eMec minriHAeri OOpmbpUIIAK arperarrap perinjae O6aiikanaabl. Al TaFbl Ja YIKEUTKEH
ke3ze (x1000-3000) arnmomeparrapabiy O61p-0ipiMEH THIFBI3 OailIaHBICKAH MUKPOHIBIK
nouaepaeH (0.5-2 MKM) KypaJaTblHbl KepiHe[l. Y IKEUTYAbIH >KOFapbl JCHIeHiHe
(x10000) Genex anbiaran OenmexkTepAid pazmepiepi 100-300 HM apasibIFbIHIA €KEH1
xoHe Al(OH)s u y-AlO(OH) xKochkuibicTapbiHbIH (Da3ajapbiHa TOH MJIACTUHAJBIK JKOHE
y3apThuIFaH MOP(QOJIOTHsUIApMEH CUTIATTANATHIHBIH Kopyre Oonaanl. COHBIMEH YITi
KypaMbIH/Ia HAHOKPUCTAJUTMTTEPJAH ipi arjoMeparrapra JediH OoJaThlH Kell
MacIITaOThI Kyie peTiH/e TaHbIIaAbl, OYJI MPOILIECTIH TE3 KYPETIHIH KOHE THIPOKCHU]T
OeIIeKTepiHiH peakIUsIIbIK OpPTajia arperausIaHbIl OTHIPATHIHBIH OaliKaTaIbl.

Kecte 3.7 — Cyman cytek OesliHy HOTHIKECIHJIC TY3UIT€H TYHOAHBIH 3JIEMEHTTIK
Tanuay HOTHXKeNIepl

Criextp O Al Si P Fe KopbIThIH BT
Crektp 1 61,08 36,16 0,35 0,50 1,91 100,00
Criektp 2 61,59 35,49 0,89 0,31 1,72 100,00
Crektp 3 61,95 35,33 0,86 0,26 1,60 100,00
Cpennee 61,54 35,66 0,70 0,35 1,75 100,00

Cumnarranral peakiusiapbl KoHE TMPOIECTepli aIIOMUHUNA MEH CYJbl
KaTajau3aTop KAThIChIHAA OPEKETTECTIPIN, CYTEeK ajy TEXHOJOTHUACHIH jKacayna
Kosmanyra 0onanbl. OCBIHBIH HET131HE KYPBUIFAH TEXHOJIOTHSHBIH ChI30a-HYCKACHIH
kenTipin oteipMbi3 (3.17-cypet). byn cbi30a-Hycka OOMBIHIIA CYTEK ally MPOIECiHIH
HOTH)KECIH/IC TY3UINeH aTIOMUHUN TUAPOKCHIIH OO ally, KENTIPY KoHEe OanKpIMara
KIOepy KapacTBIPBUIBII OTBIp, OWI Mocernenep OBAIH JKapUsIaHBIMBIMBI3IA
kenripimren [133]. Con xe3ae ojaH alFOMUHHUMA ajblll, OHbI KalWTaJgaH CYTEK allyFa
xKymcayra Oomampl. Karanmuszatop MmIBIFBIHFA VITBIpAMAaWIbl, all CyTEKT >KaHIBIPHII,
KBUTY aJIbIll, COJT Ke3/Ie TY3UITeH CyIbl KalTagaH pEakIusra KaThICThIpyFa Hemece
0acka Ja KaKeTTUTIKTepre )KyMcayra 00maibl.
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SEI  20kV SEl  20kV WD10mm SS830 x300 S0pm  —
Sample Sample 20997 08 Sep 2025

ek o £
SEI 20kVv  WD10mm SS30 x1,000  10pm SEl 20kv  WD10mm SS30 x3,000 Spm —
Sample 20996 08 Sep 2025 Sample 20995 08 Sep 2025

L

SEl  20kV WD10mm  SS30 x10,000 1pm —
Sample 20994 08 Sep 2025

(r)

Cypert 3.16 — Cynan cyTek any Ke3iHae TyHOa KyHiHe TY3UIreH aTFOMAHUI
TUAPOKCUIAIHIH CKaHEPTYII SJCKTPOHIBIK MUKPOCKOI apKBLIbI aJIbIHFaH
MUKpodoTorpadusIaphl, YIKSUTLTYI:

a— 100 ece; 2 — 300 ece; 0 — 1000 ece; B — 3000 ece; r — 10000 ece.
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Cypert 3.17 — Cy MeH alfOMUHHI/I1 KaTAIU3aTOP KATHICKIH/IA SPEKETTECTIPII CYyTeK
aJTy TEXHOJIOTUSCHIHBIH MPUHIUITHUAIIBI CXEMACHI

ATIOMUHUHNIIH CYMEH 9pEKeTTeCy Ke3iHjie O6JIIHETIH Kby MOJIIIEPIH ecenTey
YIIIiH KeJieci peakIusiapabl KapacThIpaMbl3:

241 + 6H,0 = 2A1(0H)3+3H, 1 (3.18)

Ochbl ke3e AH9gg(AlL03) = — 1676,0 xIx/Monb xoHe AH99g(H,0) = — 289,8
k/[>x/Monb exeHiH eckepin, ['ecc 3aHBIHBIH calgapbl OOMBIHINA PeaKlrs HOTHKECIHIE
OOIHETIH KBUTY/IbI €CETTeUMI3:

AH9g(peaki) = —1676,0 xJIx/monb — (—289,8k ] Ix/Monb-3) = —1676,0 kJIx/MOIb
+ 869,4 kJlx/moms = 806,6 kJ[x/Monb. An coHbIHAH | Kr amlOMUHUNA CYMEH
opekerreckenae 14,9 M/ xKbury OOJIHETIHIH aWKBIHIANMBI3.

3.3 Ciarinik opraga cy MeH aJIOMUHHI/IIH dpeKeTTecyi HOTHIKECiHIe CyTeK
0eJiiHyiHe KATHOHIAPIBIH dcepi

AJIOMUHUNJIIH CYMEH, CyTeK Oejie, OpEeKETTeCy peaKIUsChlHA KaTHOHIAPIbIH
ocepiH KapacThlpailblK. By ke3ze mpolecTiH Kaimbl 3aHJbUIBIFBIH AHBIKTAY YIIIH
CyJIbl E€pITIHAUIEPre a3 KOHIEHTPAUUsIbl HAaTPUW TUIAPOKCUIIHIH EPITIHAICI KOHE
METaJIJI KAaTUOHAAPbl KOCBUIBIN OTHIP/bI. ATIOMUHUN 9JIETTE, 63 OKCUAIHIH Ka0aTbIMEH
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KOpFayJibl OOJIBII TYPaJIbl, OHBIH OETIH OT€ KYKa, O€pIK OKCUJTIK Ka0aT JKaybII, OHbI
KOPpO3UsIaH CaKTall Typajbl, COJl CEOENTEeH Ol 9IETTerl »Karjaillnapia cyMmMeH
opeKeTTece anMaiibl, OYJI OKCHUITIK KaOaTThIH KaJbIHABIFBI 10 HM Kypaiabl jgereH
monimeTtep Oap [134]. by mnenka pH-TeiH MoHIepiHiH 3-9 apanbirbiaaa Ty3utin, pH
MOHJEpiHiH 4,5-8,5 apasibiFblHaa TYpakTaigaasl JereH nikipiaep 6ap. Konuenrpnenrexn
CUITUII OpTaja allOMMUHHMA CYMEH >KOFapbl >KbUIAMJIBIKIIEH OPEKETTeCEeTIH1 Oemriil.
Jlece ne, Oy omic CyTek ally YIIIH THIMCI3, ce0ebl epiTiHAiaeri CiITi KahTajgaH
pereHepanusialbi oThIpybl THIC. OfaH 6acka TY3UIETiH HATPUN TUIPOKOMILIEKCTI
epITIHALIEP] KOJIJIaHbIC Talmaibl.

Vi, , 1/car.m?

250 -
200 4
150 - 3
100 -

50 +

0 10 20 30 40 Craom - /1

Cyper 3.18 — AIFOMUHHIIIH CYJIBI-CLITLI1 €PITIHALIIEPMEH OPEKETTECKEH I CUITI
KOHIICHTPAIMSICHIHBIH KOHE aTFOMUHUH TUIACTUHACHIHBIH OCTTIK ayJJaHBIHBIH CYTEK
OeniHy KblngamasireiHa ocepi: S(Al): 1 — 1 em?, 2 — 4 cm?, 3 — 9 cm?, 4 — 16 cm?

Keitin canpicThipyFa KaxkeT 00Jybl MYMKIH Jienl OoJKal OTBIPBIN, 013 opTypIi
KOHIIEHTPAIMSUTBl CUITI €pITIHAICT KOCBUIFAaH CYMEH aTIOMHUHUNIIIH OpEeKeTTecyl
Typajbl JEPEKTep KaJbINITACTHIPABIK. MYHIIa alIOMUHUN IUIACTUHACKIHBIH OETTIK
ayJlaHbl OpTYpil OOJBIN aJbIHABI JKOHE O6IHETIH CyTeK KeJIeMiHe HaTpui
TUAPOKCUIIHIH KOHIICHTPAIUSACHIHBIH dcepi 3€pTTENIl, adblHFaH Toyeaautikrep 3.18-
CypeTTe KeNTIpiIreH.

ANIOMUHUIIIH €py MYMKIHIIT1 OHBIH Ta3aJbIFbiHA, OpTa pH-Ha, TeMmepaTypara
OaifJTaHBICTHI JICT aTall ©TKeH KeOip 3epTreyiepIiH aBTopiapsr [ 135].

Harpuii rugpokcuaiHiH a3 KOHICHTPAIUSAIAFbl CPITIHAICIHE OaTBIPBUIBII
aJBIHFaH ATFOMUHAN AJIEKTPOIBIHBIH MUKpocypeTTepine (3.20-cypert, 6 KoHe B) KOHLT
OeneTiH OoJicak, OV METaJIJbIH KAaCHETIHE Cai, OHBIH CLITIE €pyi OpPBIH ajajibl.
MukpocypeTTepieH KOpiHill TypFraHaai, 3IeKTpoa O0eTi Oip KalbIIThl eMeC, 9pTYypIl
y4acKeJepAlH KOppo3usiFra YiblparaHbl KepiHin Typ. Jece ne, Oyn peakuust Oip
capblH/a, OIp KaJbIIEH >XYPMEWUTIHIH Ae Oaiikayra Oonaabl. Keitbip HykTenepne
OKCUJITEPACH apbUIFaH, AaKTUBTI OOJBIN, peakiusra TYCETIH Ta3a aJlOMUHUN
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ydackesnepin Oaiikayra 6onasbl. backaia aifTkanaa, anmoMuHUM O€TiHIH O1p TEKTI eMec
€KCHiH, OHBIH OCTiH/Ie KeyeKTep, ®KoJlakTap O0ap ekeHi kepiHemi. Am ocel cyperre (3.19-
CypeT, a >KOHE 9) JUCTUJIBACHTEH CyFa OaThIPBUIBIN aJblHFAH ATIOMUHUNIIH OETTIK
Ka0aThlHAA elIKaHAall e3repic OoaMaraHblH OalKallMbI3. AJNIOMUHUNIIH Cyla
epIMEUTIHIH, €MIKaHAall e3repiCKe YIIbIpaMalThIHBI Typalibl >KOFapblia aWThUIFaH
00JaThIH.

Cyper 3.19 — AnmroMuHM# 351eKTPoAbIHBIH O0eTTiK KabaTeiHbIH 30 000 ece
yikentinren COM ¢doTtocypeTTepi: a, 9 — AUCTUIBJCHTEH CyFa OaThIpbUIFaHHAH
KEWIH KenTipuIreH Kyii; 0,B — HATpUl TUAPOKCUIIHIH EpITIHAICIHE OaThIPhUIFAHHAH
KeWiH KeNTipUIreH Kyii

bi3 amomuHMITIH cymMeH opekerTecy peakuusichiH 1,0 1/ HaTpuil THAPOKCUIIHIH
XKoHe OipKarap MeTal XJOPUATEPIHIH KATHICBIHIA 3EPTTEHIK. 3epPTTEYJep KYprizy
ymin 6errik aymansl 0,0016 M?-re TeH amlOMUHUI TUIACTMHACHIH KOJJAHJIBIK.
Toxipube 5 MuHyT O0¥BI OOMMe TeMmIepaTypachlHa KYPri3uiai. Meramn Ty3aapsl
peTinae Oapwid, HaTpUH, KadbIUK XJIopuaTepiH 5-40 1/ aymarblHa TakigadaHIbIK.
Onmey wotmwxkenepi (3.8-kecTe) KOpCeTKEHIEH, Cyibl epiTiHaine Ty3 epiTiHauiepi
TYPiH]Ie KaTHOHAAPIBIH KATHICYBI CYTEK OOJIIHY KBUIIAMBIIBIFBIHA aNTapPIIBIKTAN ocep
eTemi. MpIcaibl, METaUT TY3bl KOCBIJIMAraH €pITIHAIAC CyTeK OOIHY >KbIJIaMIbIFbI
0,75 n/m?-car. Kypaca, OCBhIHAl epiTiH/lire ochIH/al kKaFaaiina S5 /1 HaTpuii XJIopHIiH
KOCKaH Ke3[le CyTeK OediHy KbUIAaMIBIFBI 2 €Ce apTaThIHBl aWKBIHIAAJIbI.
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XKbuUinaMIbIKTBIH ~ MOHI  KaTHOHHBIH ~ TYpPIHE  JKOHE  KOCBUIATBIH  TY3/BIH
KOHIICHTpAIUsIChIHA OalIaHBICTBl ©3repill TYpaThiHbl Oalikananbl. KeitOip ke3nepiae
CyTeK OeiHy KbU1IaMIbIFbIHBIH MoH1 30-40 ece apTybl Ja OpbIH AJbL.

Tarpl na >Korapplia aTajraH KaTUOHAAP JKOHE KOCBIMILA MarHui, Kajauu
KaTHUOHAAPbIH KOJIJIaHa OTBIPBIIN, SKCIEPUMEHTTEpP KYpri3uial. byn Toxipubenepimiz
oettik aynansl 0,0016 M?-Te TeH aTIOMHHUI TUIACTUHACHIH KOJIAHbII, 5 MUHYT I1HAE
O6JIHETIH CYTEK KOJIEMIH KoHE OHbIH O61HY KbUIJaMIbIFbIH aHBIKTayFa OaFbITTalIbl
[136]. KommaubuiaTelH Ty3aapiablH KoHIeHTparusuiapsl 0,1-0,8 /1 apasibiFbiHa
©3repTLUIIN OTBIPbI. AJIBIHFaH HOTHXKENep 3.9-KecTene KeNTipuIreH.

Kecre 3.8 — Merann (Me) kaTuOHAAPBIHBIH CyTEK OOJIHY >KbUIAaMIBIFBIHA OCEPI
(S=0.0016 m?, =5 muH., Me=Na, Ba, Ca), 1 r/1 NaOH kaTbIcbIHa

CyTek Goniny KbULTAMIBIFEL, JI/M? *© caF

MeCl,, r/n NaCl BaCl, CaCl,
5 1,51 1,51 2,26
10 13,55 19,58 2,26
15 18,82 24,09 3,01
20 20,33 28,61 3,01
25 21,84 32,38 3,76
30 23,34 34,64 3,76
35 24,85 — —
40 26,35 — —

Kecte 3.9 — Metamn (Me) KaTHOHIAPBIHBIH CYTEeK OOJIHY KbULIaMIBIFbIHA Ocepi
(5=0.0016 m?, =5 mun., Me (Na, K, Mg, Ba, Ca), 1 r/n NaOH kaTbIchiH1a

= NaCl KCl MgCl, BaCl, CaCl,
=
S| 2| Zs| E|Es|2 |Es|F | 2s| 5 | Ecs
> S| 29 S| 29 | 2o 5 | 29| 5 = 0
. Q =R Q = ) = ) B O = A
= = = = = = = = = = = = = = = =
jas) 0] - o) R o) = o) 5 < @ E <
) 7 b4 = N b B 1~ 4 5| < A R | b B
o2 ES =S =S =S S
00 | 02 | 1,51 | o1 075 | - | = Jo2]|151]05] 3,77
02 | 18 [ 1355] 03 | 226 | — | — 26195803 226
0,3 2,5 18,82 1,4 10,54 — — 3,2 124,10 0,4 3,02
04 | 27 12033 | 1,7 | 1280 | — | — [38]2861] 04| 3,02
0,5 | 2,9 | 21,84 | 21 | 1581 | - | - |43]3238]05] 3,77
0,6 | - [ 24 [ 18,07 0,1 | 0,75 | 46 |34,64] 05 | 3,77
07 | 33 | 2485 | 28 |2108] 01 |075] — | — | — | -
0,8 | 3,5 | 2635 34 | 2560 | 0,1 | 075 — | — | — | -
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AWiTa KeTy KepekK, aTIOMUHHMIAIH CYyJbl €pITIHIAUIEPAEC €pyl KOPpO3us pPETIHJE
KapacTeIpbutafgel. bip JkaFplHaH KapacThIpraHAa, XJIOPUA-HOHAAp KOPPO3USHBI
OesiceHAIpyUIIep PEeTIHAE /1€ KbI3MET aTKapaTbhiHbl OeNriai. AJNIOMUHUNJIH CYMEH
OpEeKeTTeCYl OpTara arpecCUBTUIIK €HI13€TIH peareHTTEpAlH KaTbIChIHIA >XYpPreH
Ke37€, OHbIH OETIH/AEr! OKCHJITIK IUIEHKA 9PTYPJl KbIpbIHAH KOPIHY1 A€ MYMKIH Oy
Ke3/e TOPT TYpJil XKar1aidl OpbIH alybl MYMKIH. BIpiHIIICIH/E arpecCUBTI OpTa OKCUMTI
Ka0aTThl epiTirn, 0acka kaHa OKCUATIK KaOaTThIH Ty3UTyiHe ko 6epmeiini. Kopposus
Olp KaJbIIThl JKYpPIN OTBIPAAbl >KOHE OHBIH KbUIAAMIBIFBI KOFapbl Oo0iabl.
ExiHIIicine Kopraylibl OKCUATIK Ka0aT Olp KaJdbIIThl OOJBIN TY3UIMEHIl, MYHJal
Ke371e KOPPO3Usl JOKaIAbI TYpAE oTel. Y IIHIIICIH/E KOChUIFaH peareHTTep OKCUATIK
Ka0aTThl €pITHEei 11, TITI OHBI TYPAKTaHJIbIPA TYCYl 90/1€H MYMKIH, IEMEK, aTIOMUHUN
Oyn opraga OYpBIHFBIIAH Ja TYpakThipak Oosa Oepeai; TOPTIHINICI, OKCHATIK
KOpFayiibl KabaT e31 Oip KajabIIThl e€MeC OOJIBIN KaJbIMTaCKaH, op Yy4acKeleri
KaJBIHABIFBl OPTYPHAi, JEMEK, METaJAblH epyi KeyeKTep apkKpUibl skypenmi. Ocbl
KENTIpUITeH XaFraainap 013 KoJaHFaH TYpJi TY3JapAblH KaThICHIHAA aTFOMUHUNIIH
OPTYpPAl  KBUIAAMIBIKIICH epireHiHiH ce0edi Oonmysl aa MyMmKiH. biznmig
tokipudenepimizae xmopuarepai (NaCl, KCI, MgCl,, BaCl,, CaCl,) kockan ke3ze
ojlap CcyTeK OeJiHy XbUIAaMABIFIHA SPTYPIl dcep eTkeHl Oadkanabl. bip >karbiHaH
KaparaHja, XJOPUA-UOHIAP CO3Ci3 PEeaKIUsSHBI KbUIIaMIaTa b, al 0acKka jKaFbIHaH
KaparaHjaa, opTYpJii XJOPHUITEp KOCKaHIArbl CyTEK O6JIIHY >KbUIAMJIbIFbI QpTYpIIi
KapKbIHAa ©3repill OTBHIPIbI, JIeMEK, KaTHOHIApABIH Ja ocepl Oap eKeHl KyMoH
TyIbIpMaiabl. Mbicalibl, HATPUN XJIOPHUA1 KATHICBIHIA CYT€K OOJIHY KbLIAaMIbIFbI
1,51 n/m?car. Kypaca, 101 OCHI JKarjaiifa Gapuii XJIOPUIi KOCHUIFAH/a, KbULIAMJIBIK
1,2-1,5 ece apTKaHbI KOPCETLIIN OTHIP. bipak KanbIuii, MarHuii KaTHOHIAPBIHBIH dCepl,
Oapwuii KaTHOHApBIHA, KaparaH/a aca MapbIMIbI Oonmait mblkTer [137].

Ochbl  AKCIIEPUMEHTTEPJIl  KYprizy OapbIChIHIA €pITIHAI  KYpaMbBIHAFbI
KaTajanu3aTop KOHILIEHTPAIUSCHIHBIH OCYyl ATIOMHHHHN SJEKTPOJBIHBIH IMOTEHIUATBI
MOHIH TepiC JKaKKa BIFBICTHIPDATBIHBIH KOPCETTI, al Oy aJIOMUHUWUIIH CYJIbI
epITIHALIEpAE epy KbLIAaM/IbIFBIHBIH apTyblHA MYMKIHIIIIK TyabIipaas [138].

Cy TeMrepaTypachblHBIH apTybIMEH CYTE€K OOJIHY KbUIAAMABIFBl MapAbIMIbI
apTaTBIHBI AaHBIKTAJABI. OTE a3 MeJIIIep Ie CUITUICHTCH ePITIHIIIe TY3ap KOChlIMaraH
)KaFaiaa cyTek OemiHy KbULIaMIbIFBI HeOapi 0,75 n/M? -car. Gomapl. beniHeTin
CYTEeKTIH KOeJIeMi aIIOMUHHMM IUIACTUHACHIHBIH OCTTIK ayJdaHBIHBIH IIaMachlHA JKOHE
HATPHUHA TUIPOKCUAIHIH KOHIIEHTPAIUSIChIHA Typa MPOMOPIIMOHAIIIBI TYP/IE apTaThIHBI
Oalikalabl kKoHE OETTIK ayJaHHBIH MOHI JKOFapblIaFaH CaWbIH Ta3AblH OeJiHy
KBUTIAMIBIFBI KAPKBIH/IBIPAK apTATHIHBI KOPIHE/T.

3.4 CyrtekTiH cyabl-ciaTiii epiTiHgijiepaeH aJlOMHUHUH KaTbICHIHAA
0eJiiHyiHe aHHMOHIAPIBIH dcepi

ANIOMUHUWIIH ~CYJBI-CUITUII  €PITIHAUIEPMEH OpEKeTTeCyl Ke3IHIe CYTeK
ra3plHbIH OOJIIHYlHE OpTYpJil AaHUOHAAPABIH 9CEpiH 3epTTedik. benrui Oip
KaObIIJaHFaH Karjaiifa (aTIOMUHUN IeKTPOALIHEIH OeTTik aygansl S=0,0016 m?),
yakbIT 5 MHHYTKa TeH OonraHia O6JIHETIH CYTEKTIH KeJIEeMIH OpTYypil aHUOHAAp
KaTbIChIHJA 3epTTeliK. bipkatap ToxipuOenep/l KaTHOH TaOWFaThIH ©3repTIiei,
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aHUOHJAPABl ©3TepTe OTHIPHIN, KacaAblK. HakThl aliTkanma, Oipaed »xarjaiina
QAIIOMUHUN MEH CYJBI-CUITUI1 €pITIHAUIEPIIH OPEKETTECYIH HaTpUM XJIOpUIl, HATPUN
HUTPUTI, HATPUM HUTpAThl, HATPUH CyIb(ATHl KATHICBIHAA 3EPTTEAIK. OPEKETTECY
OapbIcbiHIAa OOJIHETIH CYTEKTIH KeJIeMiH enmeaik. Texk HaTpuil XJIOpUAiHIH
KOHLEHTPAIMSACHl KATUOHIAp 9CEPIH 3€pPTTETeH IeT] KOHUEHTpalHsAaH e3remie 0011bl
(con xorapsipak). bipak, esniieynep KepceTKeHeH, OOIIHETIH CYTEKTIH Je KejeMi
OYpBIHFBI KOJIEMJICPJICH dJiJeKaiifa koraphl OoJbin Oaiikanabel. Jlemek, OacTarkbl
3aHJBUIBIK CaKTaJbIl OThIp Jen aiTyra Oonaabl. OcelHIai Taxipubenepin
HOTHXKECIH/IE TYPIIl aHMOHJAP/AbIH 9cepi 1€ 9pKuibl 001abl. Mbicansl, 3.20 a-cypeTTreH
KOpPIHIN TYpFaHJai, HATPUN XJIOPUAIHIH KOCBULYbl OOJIIHETIH CYTEKTIH KOJIEMIH [
alTapabIKTall apTThIPaabl XKOHE HATPUM XJIOPUJIIHIH KOHIICHTPALUICHIHBIH apTybIMEH
CYTEK KOJIEMIHIH /i€ apTybl OPbIH aJlaJIbl.

VHZ’ mn

V(Hz), ma

12 A
10 A

10

(=
N
1

(a) (®)
Cyper 3.20 — AmoMunuii MeH cynbi-cintiai epitinaitepain (1 r/ax NaOH)
opekeTTecyiHie OeMIHETIH CyTeK KOJIeMiHe HaTpUH XJIOpHU/Ii (a) )KOHE HaTpui
HUTPUTI (3); KOHIEHTpalMAIaphIHEIH dcepi t = 25°C; S = 0,0016M?),

(t = 0,0083 car.)
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(a) (®)
Cyper 3.21 — AmomMunuii MeH cybl-cintini epitinaiutepain (1 r/m NaOH)
opekerTecyiHjie OeIIHETIH CYyTEK KeJeMIHEe HATPU HUTPATBIHBIH (a) KoHE HATpUi
cynb(haThIHBIH KOHIIEHTpalUAIapbIHbIH acepi: t = 25°C; S = 0,0016 M?, T = 5 MuH.
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bi3ain JxacaraH 3epTTeyiepiMmizfie KenTipreH aepekrep OoitbiHma, 3.21 o-
CYpETTEH KOpiHiN TypFaHJai, CUITLII CyJIbl €pITIHAIIe HATPUH HUTPUTIH KOCKAaH Ke3/1e
OOJIHETIH CYTEKTIH KeJieMl KOCBUIFaH TY3/blH KOHLIEHTPAUUsAChl apTKaH CalblH
TOMEHJICH 1. AJIFOMUHUMIIH €py KbULAaMIBIFBIHBIH TOMEHICY1 OVI *Kepiae, opuHeE,
AHUOHHBIH TaOWFaThlHA TOyenAl Oosbil Typ. MyMKIH OYJ HHUTPUT HOHBIHBIH
KYpaMbIHJIa OTTEK O0oJIybIHA OalIaHbICThI O0Jap JereH 6oibkaM aiTyra 60osaasl. OCk
CUSIKTBI TOXipuOenep HATpUl HUTpAThl KOHE HATpUMl Cylb(aThl KATBHICBIHAA 1A
Kyprizuial. byn ke3ne e OeiHeTiH cyTeK KeleMi HaTpUil HUTPAThl KaThIChIHIA KYPT
TeMmeHae 1 ne (3.22-cyper, a), HaTpuil CyJb(paThl KATHICHIHJA TOMEHIECY HUTPUT JKIHE
HUTpAT KaThIChIHIaFbIFa KaparaHaa can 0asybipak xypeai (3.21-cyper, 9).

Vi, ma

18 -

1

2
3

0 1 2 3 4 CnaNos,TII

Cyper 3.22 — CynbpI-CUITLI1 €PITIHIIICH CYTEK T'a3bIHBIH O6JIIHETIH KOJIeMIHE HaTPU
HUTPATHIHBIH yaKbITKa OaitnansicTsl ocepi, S(Aly) =16 cm?, 1 —10 Mun., 2-5
MHH., 3 — 3 MHUH.

CynbI-cUITUIl epITIHAUIEpJe CYTeK Ta3bIHBIH O6JIHYiHE YaKbITTBIH ocepi 3.22-
CypeTTe KopceTiareH. ANOMUHUI MIACTUHACBHIHBIH OETTiK ayaaHsl 16 cM? GonFaH/a,
VakbITTBIH 3 MuHyTTaH 10 MUHYTKa ACHiH apTybl CYTEK KOJIEMIHIH ¢ apTyblHa
okeneni, OipaKk HaTpUH HUTPATHIHBIH KOHIICHTPAIMSCHIHBIH apTybl CYTEK KOJIEMIiHIH
TOMEH/ICYiHE OKENIe/Ii.

3.5 Karanu3aTop KAThICBIHIA CyJaH CYTeK 0OJIiHy peaKuusiCbIHA MeTasll
KATHOHIAPBIHBIH KOHE aHUOHIAPABIH dcepi

Korapeina, 3.4-0emiMie cUTIaTTAIFaH JKaFJalapabl KaTau3aTop KaThICKIHIA Ja
Kyprizaik. bipak Oyn ke3me epiTiHAire HaTpUil THAPOKCHII KochliMmansl. CyMmeH
ATIOMUHUHNIIH OPEKETTECY1 Ke31HIe epITIH/Ire KaTaanu3aTop KoHe dPTYPIIl TY31apabIH
epiTIHALIEP] KOCHUIIBI.

Cyapl peaknusiiap JKYpri3y MakKCaThIHIA KOJIJAHFaH KE3/1¢ OHBIH XUMUSIIBIK
KypaMbIH eckepreH keH. Cyna OipkaTap Ty3aap MOHAAp KYWiHAe KaThicaabl. TaOburu
CyJIapbIH KYpaMbIH]1a 9JIETTE, HET131HEH YIII aHUOH KaTbICa/lbl, oJap: (TuapokapOooHat
HCOj3", xnopun C1 u cynbhar SO4%) :xoHe TOpT KaTHOH, onap: (kanbuuii Ca*, marnuii
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Mg?*, matpuii Na* sxone kanuii K*) — Gy monzap cy KypaMbIHIAFbl HETI3ri HOHAAP
0o0JIBIT TaObLIa bl XJIOPH/I- KOHE 0acKa HOHAApP TYIIHI cynap KypaMmbiaaa 90-95 %, an
YKOFapbl MUHEpaJJaHFaH cyjapja epireH 3aTTapabiH 99%-biH Kypaiiasl. OChl HETI3r1
HMOHJAp/AbIH MOJIEPIHIH €H TeMeHri memmepi 1 mr/m Oonsin ecentenenl. Herisri
KOMIIOHEHTTEP11H UOHJIBIK (hOpMacChl TEK a3 MUHEpAJIJJaHFaH cyJiapra ToH. Ty31apabiH
KOHIICHTpAaIUsIaphl KOFapbhlIaFraH CallblH MOHJIap apachIHAAFbl OPEKETTECY KyIleie
Tyceal JAe, accomuamus Tporieci opblH ana Oactaiiapl. Con  cebenTeH
accoIMalusIaHFaH HMOHIAP JKYNTapbl Ty3iae Oacraiinel. Meicans, (MgHCO;s",
CaHCO3"). Onerreri MuHepananral CyIapAblH KYPaMbIHIAFbl HOHIAPIbIH MOJIIIEPi
3.10-kecTene KeNTipiJIreH.

Kecrte 3.10 — Munepananran TaOufy cyjap/iblH KypaMbIHAAFbl HOHJAPIbIH MeJIIepi
(mr/i1)

Non Ex a3 menmepi Opraia mesepi Ex xen medmmiepi
Cl™ 0,1-0,6 0,8-3,4 5,9-8,5
S03~ 1,0-2,8 3,6-14,3 6,7-48,2
HCO3 0,0-2,8 1,5-11,3 4,5-37,8
Na™* 0,0-0,8 0,5-3,2 2,3-14,4
K* 0,01-0,02 0,4-0,9 1,0-5,0
Mg?t 0,01-0,1 0,2-0,7 0,6-14.,4
Ca®t 0,01-0,4 0,6-6,0 1,0-25,5

OcCBI KeNTIpIIreH Cy KYpaMbIH €CKepe OTHIPHIT, 013 KaTHOH JKOHE aHWOHIAP IbIH
oCepiH Cy/aaH CyTeK OeJIiHY MPOIECIHE KaTalnu3aTop KaThICHIH/A 3ePTTEIIK.

CyMeH aTrOMUHUAIIH OPEKETTeCYl Ke31H/e epITIHAIre opTYpii KOHIICHTpAIKs1a
HATPUI HUTPATHIH KOCTHIK. EpiTiHIIre KOCBUIFaH ChIHAII HUTPATHIHBIH (KaTaau3aTop)
koHueHTpanusicel 0,025-0,1 v/ apTKan ke3¢ 6emiHeTiH cyTek kenemi 1,4 mi-ned 4,00
MII-Te Aeiin keOeieni. bipak HaTpuii HUTPATHIHBIH KOHIICHTPAITUSCHIHBIH apTYhI
OeJIiHeTIH CyTeK KeJieMiH a3zaitanbl (3.22-cyper).

3.5.1 KaranmzaTtop KaThICBIHIA CyJaH CyTeK OeJiHy peakIusChlHa METall
KaTHOHJIapBIHBIH ocepi

ANIOMUHUM MEH CYIBIH OpPEKETTeCy peaknuschbiH karamuzatop — Hg(NO3),
KATBICBIHJIA, OHBIH OPTYPJIl KOHIICHTPAIMACHIHAA HATPUN XJIOPHIIH KOCa OTBIPHIIL,
3epTTeliK. by ke3ae HaTpwil XimopuaiHiH KoHIeHTpanuscbiH 0,5-2,5 /11 apaasIFbiHaa
e3repTy, OOTIHEeTIH CyTeK KOJIeMiHIH a3aroblHa oKeJeTiHi kepcerinai (3.23 a-cyper).
AJI KOCBUTATBIH ChIHAIT HUTPATBIHBIH KOHIIEHTpausachIHbIH 0,025-0,1 /1 apansiFbiaga
e3repTkeHae, OemiHeTiH cyTek kenemi aprtanel (3.23-cyper, 1,2,3-KHCBIKTap).
OchIHIaM TOYSNIUTIKTep KalWi XJIOPHIIIHIH KAaThICBIHIA Na anbIHAbl (3.23 o-cyper).
by xxarnmaiina na kanui XJI0pUAIHIH KaThICYbI )KOHE OHBIH KOHIIEHTPAIUACHIHBIH (,5-
2,5 1/n apanbiFblHAa apTybl OOJIHETIH CYTEK KOJIEMIHIH KYPT a3aloblHa OKeJe/l.
ConbiMeH Oipre ChIHAIl HUTPATBHIHBIH KOHIIEHTPAMACKIHBIH Korapsiiaysl (0,025-0,1
r/i1) OeJiHEeTIH CYyTeK KeJeMIiHIH apTyblH Kamtamachki3 ereni (3.23 o-cyper, 1,2,3-
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KHCBIKTap). OChI Ke3/ie aiiTa KETETIH Macele: KaJui XJIOpHU/Il MEH HaTpUH XJIOPUIIHIH
acepiiepl Oip-OipiHe oTe *akKbIH. bysl KepiHICTI Kaluil jKoHEe HAaTpUil MOHJIApBIHBIH
aHaJorTap peTiHAe oTe YKcac €eKeHIMEH TYCIHIIpyTre O0Iabl.

VH2 ma VHz,ma

4 4

T T
0 0.5 10 15 20 25 0 0.5 10 15 2.0 25
C (NaCl), r/n C (KCl), r/n

(a) (®)

Cypert 3.23 — Harpuii noHAapbIHBIH () )KOHE KaIWi HOHAAPBIHBIH (9) CylaH
OenineTiH cyTek keaeMine acepi: Hg(NO3), KOCBUIBICBIHBIH SPTYPIIi
KOHIICHTPAIMAChIHAA alblHFaH Toyeautikrep: 1— 0.025 r/x, 2 - 0.05 /a1, 3— 0.1 1/m;
t=5wMmuH; t=25°C

VHz2,ma VH2, ma

4 4

0 0,5 1,0 1,5 2,0 25 0 05 10 15 2,0 25
C (BaCl2), r/n C (MgClz), r/a

(a) (®)

Cypert 3.24 — bapwuii HOHIAPBIHBIH (2) XKOHE MAarHUK HOHIAPBIHBIH (9) Cy/laH
OemineTiH cytek kenemine acepi: (Hg(NO3), KOCBUIBICHIHBIH dPTYPIi
KOHIIEHTPAIMACKIHIA almbiHFaH Toyenaurikrep: 1 —0.025 r/n, 2 — 0.05 v/m, 3 — 0.1 1/im;
T=5wmun; t = 25°C.
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V(Hz), ma
5 4

0 05 10 15 2,0 25
C,r/n
Cypert 3.25 — MeTai KaTHOHIAPBIHBIH CY/IaH CYTeK 06JIHY >KbUIIaM/IbIFbIHA dCcepi
(xkatanuzatop Kateickinaa), Hg(NO3), — 0,1 r/a, T = 5 mun, t = 25°C: 1 — NaCl,

2 — KCI, 3-BaCly, 4 — MgCl,

3.23-3.25-cypeTTep/ieH KOepiHil TypFaHJail HaTpul, Kaiuid, Oapuii, MarHui
KaTHOHIapbl KOCBIIFAH KE3/1¢ CyTEeK 06JIiHY JKbUIIaM/IBIFBI a3asiJIbl.

An eHAl OCBHl KapacTBIPBUIBII OTHIPFAH TPOIECKE AaHUOHIAP/ABIH JCEpiH
3eprreiimiz. Hotmkenep keneci 3.5.2-6emimae kentipinemi. O yIiH cbIHAI HOHIAPHI
TypaJibl OipKaTap AepeKTepAl KeATipyai YUFap/bIK.

Xorapeina cunaTTaiFaH MPOIECTEP ChIHAI MOHIAPBIHBIH KATHICBIHAA XKYPETiH
OOJFaHIIBIKTAH, CHIHAMNTHIH OHE ChIHAN MOHJAPBIHBIH ©31HIIK KaCHETTEepiHE TOKTaIl
OTeHIK. OpHUHE, CYyNbl EpPITIHAUIEpAE ChIHAN KOCBUIBICTAp TypiHAe Oonaabl. by
KOCBUTBICTapJia ChIHAN €Ki JKOHE IapTThl Typae Oip BayeHTTi Oomanbl. ChiHam
KOCBUTBICTAPBIHBIH 3JICKTPOTKITIITITIH OJIIICY KOHE PETHTCHKYPBUIBIMIBIK Taiaay
HOTHXKeEJepl KOpCETKeH IeH, O1p BaJIeHTT1 chiHanTa « — Hg — Hg — » meren Tom opbiH
anaapl. DIJIEKTPOJUTTIK JHWCCOMMAIUs OoJiFaH Ke3le OyJI Tom Oy3bUIMAiabl, COJ
cebenTeH epiTinjire ceiHan Kypaeni non — Hgst xyiiinne oereni. ChIHANITHIH HOHIAHY
MOTEHIIMAJIBI )KOFaphl MOHTE M€ KoHE OyJI METaJblH TOTBHIFY MOTEHIIUAJIBIHBIH MOHI
OH ayMakTapja OOJFaHMIBIKTAH, ChHIHAIl ©TE€ TYPAKTHI 3JIEMEHT OOJbIN TaObLIaIbI.
Kacuerrepi acwln Metanmapra ykcam Kejei, ChIHAN KypFakK ayajia TOTHIKIAWIbI, al
OTTEKIIEH TEK YKOFaphl TEMIIEpaTypaaa TOThIFaIbl. AJl CyJIbl OpPTajia ChIHAI-CY JKYHeci
YIIIH MOTEHIIMA alKbIHAAYIIBI PETIHAC KeJeCl mpolecTep KbhI3MET aTKapaabl [139]:

2Hg = Hg3* + 2e E, =0,789 B (3.20)
2Hg = Hg?** + 2e E,=0,85B (3.21)
Hgit = 2Hg + 2e E, =0,920B (3.22)

[ToreHmuangap *akblH OOJIFAaHIBIKTAH, Cy-ChIHAIl )KYHECIHIE KeJIeCl Terne-TeHIIK
OpHaMJBbI:
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Hg3t 2 Hg** + Hg (3.23)

Kyiene meramn kyWiHaeri cbiHam OOJFAHABIKTaH, OCHl TEME-TEHAIKTIH OpPBIH
anysl Hg?*, Hgs' nonpapblHbIH apa KaThIHACBIHBIH 1:88 GOIybIMEH KaMTaMachl3
eTUIe ],

AliTa KeTeTiH Macelle, €Kl jKoHe OIp BaJeHTTI CBHIHANTHIH MOHJAphl a3 €pUTIH
KOCBUIBICTAp TY3yre KaOuleTTi OOJIFaHIbIKTaH, ChIHANTHIH MOTEHIIUAbI epPITIHA1IET1
aHUOHJApAbIH TaOWFaTbIHA TAyesJl Oobin Keneni. Mpicanbl, cyiabdar HOHAAPHI
KaTbhIChIHJIA ChIHAM CYIb(aThl TY3UIEI1:

2Hg + SO2™ = Hg,S0, + 2e E,=0,615B (3.24)
2Hg + Cl™ = Hg,Cl, E, = 0,268 B (3.25)

DneMeHT KYWIHJIeT1 ChIHAI cyia O0aFaHaa, 9ACTTE, OHBIH €PITIHAINe Tyl CY/IbIH
TOTBIFYBIHBIH HOTHIKECIHJIE OOJaTBhIHBI eckepinmMeiai. OTTEKCi3 opTaja ChIHANTBIH
cyna epyi (t=30°C) 0,02-0,03 mkr/mn OoJsica, TemrepaTypa Kofapbliail OTBIPBIIL,
100°C-ka »xerkenae 0,6 Mkr/n-re newin »kereni. ChIHANTHIH cyna epyi opra pH-biHa
Toyenai Oonein keneal. Ex a3 epyi pH=8 ke3inne Gaitkanassl.

bizgin  ToxipubenepiMmizae Cyabl  €pITIHAIAEC QJIIOMUHMA MEH  CYJbIH
opekerrecyinne cbiHan (II) HUTpaATBIHBIH KaTHICBIHAA €PITIHAITe HATPUH HUTPATHIH
KOCKaH Ke3/I€ OHBIH KOHIICHTPAIUACHI apTKaH CallbIH OOJIIHETIH CYTEK KeJIeM1 a3asiIbl.

3.5.2 Karanuzarop KaTbICBIHIA CYJaH CyYTeK O6JliHy peaKIUsChIHA
aHUOHIAPIBIH dcepi

Cynan cyrek OelliHyiHE aHMOHJAPIBIH OCEpiH 3epTTey MaKcaTbhIHAAa HaTpUi
Ty3Aapbl anbiHAbl. HaTpuil cynbGhaThIHBIH KOHIIEHTPAIUSACH ©3TepreH Ke3ae CylaH
OeJIHeTIH CYyTeK KoJeMiHiH e3repyi 3.26 a-cypeTTe KeNTipuUIreH.

ChlHan HHUTPATBIHBIH OPTYPJl KOHIECHTPANMSICHIHIAA TY3UITEH TOYENIUTIKTED
OHBIH KOHIICHTPAIIMSACHIHBIH apTYbIMEH CYTE€K KOJEeMIHIH ©cCyiH, ajl HaTpHi
Cynb(MaThIHBIH KOHIIEHTPAIMSCHIHBIH apTybIMEH OYJ1 KOeJeM a3asiThIHBIH KOpCETIIl
oTbIp. J[onm ochuTail KYPTi3UIreH 3KCIEPMEHTTEPE CyFa KOHIEHTPAIUSACHIH ©3repTe
OTBIPBIT, TUAPOKAPOOHAT MOHAAPHI KOCBUIABL. by ke3ne ne OeiHeTIH CyTeK KoleMi
a3asAThIHBI Oalikanaawl (3.26-cyper, 9).

CyMeH antOMUHUIIH KaTaau3aTop KaThICYbIMEH OpPEKEeTTeCyl Ke3iH/e HaTpui
HUTPHUTIH KOCY PEAKINS KbUIAAMIBIFBIH TOMEHICTE/II, IEMEK, OOJIIHETIH CyTeK KoJIeMi
azasinel (3.27-cyper, a).

A¥iTa KETETIH Macele, CyJbl epiTIHAIAe HUTPUT HOHAApHI OosFaH Ke3ne chraar (1)
HMOH/IAPhI JIEMEHT KYHiHEe JCHiH TOTHIKCHI3TaHAaTbI.

Hgi* + NO; +H,0 = 2Hg + NO; +2H* (3.26)

88



VHz, ma VH:z, ma

4,0
3,5
3,0 4
2,51

20

T T T T T
0 0,5 1,0 15 20 25 0 0:5 1:0 1,‘5 20 25
C (Na2S04), r/a C (NaHCO3), 1/

(a) (®)

Cypert 3.26 — CynbdaT HOHIAPBIHBIH (2) XKoHE THIPOKapOOHAT MOHAPBIHBIH CYy/1aH
OemiHeTiH cyTek kenemiHe acepi: Hg(NO3), KOCBUIBICBIHBIH SPTYPIIi
KOHIICHTpAIMAChIHAA anblHFaH Toyeautikrep: 1 —0.025 r/n, 2 - 0.05 r/n, 3—-0.1 1/
t=5wMmun; t=25°C

biznin ToxipubenepiMmize Cylnbl  epITIHAIAE aATIOMHHUNA MEH  CY/ABIH
OpEKETTECYiH/Ie ChIHAIl HUTPATHIHBIH KAThICBIH/IA €PITIH/IINe HATPUI HUTPATHIH KOCKaH
Ke3/1€ OHBIH KOHIICHTPALIUACHI apTKaH CailblH O0OJIIHETIH CYTeK KoJeMl a3asiibl.

CyMeH amroMUHUIIH OpeKeTTeCyl Ke31HAe epITIHIIre 9pTypJii KOHIIEHTpaIHsIaa
HATPUI HUTPATHIH KOCTHIK. EpITiHIIre KOCBUIFaH ChIHAIl HUTPATHIHBIH (KaTaau3aTop)
koHueHtpanusicel 0,025-0,100 r/nm apTkaH ke3ae OeHeTIH cyTek kenemi 1,4 Mi-aeH
4,0 mu-re aeitin keOeieni. bipak HaTpuil HUTPATHIHBIH KOHIICHTPAIIMSCHIHBIH apTYhI
OeJiHeTIH cyTeK KejeMiH azanTansl (3.30 o-cyper).

VHz,ma VH2, ma

4 4 4

3

34

2 2

1 \\‘\—‘

0 0:5 1:0 1|5 2,I0 2:5 0 0,5 1,0 15 20 25
C (NaNO2), r/an C(NaNO3), r/n
(a) (o)

Cypert 3.27 — HutpuT noHIapweIHBIH () )KOHE HUTPAT HOHIAPBIHEIH (9) CyaaH
OemineTiH cyTek kenemine acepi: Hg (NO3), KOCBITBICHIHBIH OpTYPIIi
KOHIIEHTPAIMACHIH/IA albIHFaH Toyenautikrep: 1— 0.025 v/m, 2 — 0.05 r/n, 3 — 0.1 r/m;;
T=5wmun;t=25°C

89



V(Hz), ma
54

0, 0,5 1,0 1,5 2,0 25
C,r/n

Cyper 3.28 — Aanonaap/ibiH cyiaH O6JIIHETIH CyTeK KoJieMiHe acepi (KaTaau3aTop
kateiceiaga), HQ(NOs), — 0,1 r/m, t=5 mun, t = 25°C: 1 — NaHCOs3, 2 — NaNOs,
3 —NaNO,, 4 — Na,SO4, 5 — NaCl

3.28-cypeTTe HATpUil TY3JapbIHBIH 9CEPl CaBICTBIPMAJIBI TYPJAE KOPCETUIreH.
byn kxe3me cyrexk OeiHY >KbUIIAMJIBIFBIHBIH KapKbIHABIPAK TOMEHICYl HATpui
XJIOpuAiHiH ocepiHeH (3.28-cyper, 5-kuchIK) Gonbin Typ. ComaH KeiliH opramanay
TOMEH/IEYy HaTpuil Cylb(aThIHBIH oCepiHEH (4-KHUCHIK), HUTPAT KOHE HUTPUTTEH (2
kKoHEe 3-KHCBIKTap), ajl a3 TeMEHJey TuIpoKapOoHaTTaH Oosbim TYp. MyHnai
e3repicTep/l KaTalM3aTop PETIHIAE KATHICYIIBl ChIHA HOHIAAPBIHBIH KOCHUIATHIH
TY371ap AHHOHJAPBIMEH OpPEKETTECYIHIH HOTHIKECIHJIE JKYPETIH peaKIUsIapMEH
TyCiHAipyre Ooyambl jen oimaiimbi3. ChIHANl KaTHOHJAPHI XJIOPUI-, CyJbdar-
MOHJIaphIMEH a3 €pUTIH Ty3lnap Ty3e amanbl. HakTeipak aiTatbiH OOJCak, ChIHAI
XJOpUIHIH epirimTik kebeiTinmici 1,3-1028 kypaca, ocsl MeTanablH Cynb(paTHIHBIH
epirimtik kobehTingici 6,8:107 kypaiiner [140]. Ochl MoHZEpre YHUICEK, CHIHAI
XJIOPHUIIHIH TY31JTy MYMKIHJIT1 >KOFapbIpak 00k Kenei. bi3nin anran HOTIKeIep e
7ie ocbl OOJDKaM pacTana TYCKeH, ce0ebl HaTpui XJIOpHIIIH KOCy, OOJIHETIH CyTeK
KOJIEMIH OpKalllaH a3alThIN OTHIPAIbI, IEMEK, TY3/IbIK TACCUBTENY OPbIH aJbITl KeJei
nen Ooipkayra Oonaabl. ANl HUTPUT- JKOHE HUTPAT-MOHAAPBIHBIH CYTEK KOJEMiH
a3alTybIHBIH ceOenTepi Oacka.

JlereHMeH, opTypJil KaTUOHIAp MEH aHUOHAAPJIbIH dcepiH 0eJieK, CyFa ChIHAM
TY3BIH KOCa OTBIPBIN KapacThIpFaHa, alTapiabIKTail e3repictepai 6aikanbik. bipak, a3
MOJIIIep/e, COHNIal KAaTHOHJIAp MEH aHWOHAap OOJMybl MYMKIiH, KYOBIp CybIHIA
DKCIIEPUMEHT JKacaraH/Ia, YaKbIT apTKaH CalblH CYTeK O6JiHY XbUIAaMIbIFbIHBIH
apTaTbiHbl kepceTuii. KyOblp CybIlHIa CyTEK *KOFapbIpaK >KbUIAAMIBIKIICH O6JiHeal
(3.29-cyper, 1-KHCBIK), TUCTHIIBJCHTEH Cy/Ia CYTeK OOJIIHY KBITAMJIBIFBI a3as TyCe/i
(3.29-cyper, 2-KUCBIK), aJl HATPUH XJIOPHIIIHIH KOCBUTYbI TUCTHIIBIACHICH Cyla CyTEeK
OeiHy IKBULIAMIBIFBIH a3alTaThiHbl KepceTimmi (3.29-cyper, 3-KuChIK). by
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KarJailnapia cynarsl HOHJAp KOHE KOCBUIFaH HATPUH XJIOPHUAL ChIHAN MOHAAPBIMEH
a3 epUTIH KOCHUIBICTAP TY3€ OTHIPHIIN, ATFOMUHUI OETIH/E aMaibraMa TY3UTy1H TexXer
OTBIpAJbl JEreH TYXKbIpbIMAApAbl alTyra Oosanbl. byn ke3ne cyrtek OelniHy
KBUIIAMIBIFBIH TCK YaKbITKa OaiaHBICTBI aHBIKTaABIK. Cy KypaMbIHAAFbl KaTHOH
YKOHE aHMOHJIaPIbIH KOHIIEHTPALUSIIaphl €CKePUIME/I.

V(Hz), ma
16 4

4 6 8 10 12 14 16
T, MHH

Cypet 3.29 — CynaHn cytek 0eiHy KeneMiHe ¢y KypaMmbiabiH ocepi: HY(NO3s), — 0,1
r/n, t = 25°C.1 — KkyOBIp CybI, 2 — TUCTUIIBACHTEH Cy, 3 — nucT.cy + 0,5 r/nm NaCl

(a) (6)

Cypert 3.30 — AmtoMuHUI 37IEKTPOABIHBIH OCTIHIH CYJIbI OPTAHBIH KYpaMbIHA
OalIaHBICTHI ©3rePYyiHIH CYpEeTTEMEC]: a) aTFOMUHUIN ICKTPOABIHBIH JUCTHIICHTCH
CyJIaFbl KepiHici; 9) cyra chiHan HUTpaThiH (0,5 T/01) KOCKaH1a, epiTIHJIIre cajbIHFaH

QIFOMMHUHN 3JIEKTPOIBIHBIH KOPiHici; 0) alFOMUHUN 3JIEKTPOIBIHBIH HATPUH
ruapoKcuiHiH (4,0 1/11) cymbl epiTiHaiciHAeT1 KopiHici
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bi3 cyrex amy mnpoueciH 3epTTeylne allOMUHHUI IUJIACTUHACHIH KOJJaHFaH
00naThIHOBI3, OJI Typajbl 2-Tapayla »a3bUIFaH. OpKallaH TaxipuOeae KoJaaaHy
aNJbIHAAQ ATFOMHHHUM TJIACTUHACHIH MAaiChI3AaHABIPBIN, HAaXIaK Kara3bIMEH CYPTIIL,
Tazajamn, JUCTWIACHIeH CYMEH MYKHUAT JKybIl OThIpABIK. OchuUtail Ta3apTbUIFaH
ANEKTPOATHl JNUCTUIICHTEH CyFa CallfaH/Aa, ChIPT KO30€H KaparaHaa, eIIKaHIan
e3repic Oaiikanmazsl (3.30-cyperT, a), ain cblHal TY3bl CaJbIHFaH epiTiHAine Olp/ieH ra3
KeIIpIIiKTepiHiH Ty3u1yl 6aikanasl (3.30-cypeT, 9). CiiTi epiTiHAICIHAE AT OChUIAM
CypeT TYCIpreHje, ra3 KeImipuiKTepl eTe KapKbIHIbl TYpAEe OOJIHI€HIHEH, JIEKTPOT
O€Tl TOJBIK OChl KOMIPIIIKTepMEH >XaObutFaHblH Oaiikaiimbiz (3.30-cypet, 6). by
CypeTTemenep TaFbl Ja ChIHANl TY3bIHBIH CYyTeK O06JliHy NpOLEeciH KapKbIHJaTa
TYCETIHIH JJIENCI TYP. AJI MPOLECTeH KEWiH TYCIPUITeH aJlOMUHUN SJIEKTPOIBIHBIH
CBIPTKBI KopiHicTepl 3.31-cyperte kenrtipuireH. by cyperrepae amoMuHuil OETiHIH
KOPpO3HUsFa YIIbIparaHbl alKbIH KOpiHEe 1, 06JIeK jKoHE 9p JKep/e KOPIHETIH HYKTEJep
MUTTUHITEPIH TY3UTY1H CHIPT KO3re allKbIH OaiiKaTaabl.

Cypet 3.31 — Cynan karanu3aTtop KaThICBIHJA CYTEK ally peaKIUsChIHAH KEH1H
TYCIpUITeH alFOMUHUHN 3JIEKTPOABIHBIH (OTOCYypeTTEpl

Cypert 3.32 — AmtoMuHU# 371eKTPOABIHEIH O0eTTiK KabaTeiHbIH COM doTocypeTi
30 000 ece ynkeHTIIreH, a, 9 — ChIHAI HUTPATHIHBIH €pITiHAICiHE OaThIphLUIFAHHAH
KEWiH KEeNTipuIreH Kyui
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ANIOMUHUN 3J€KTPOJIBIH ChIHAN TY3bIHBIH €PITIHICIHE OaThIpbUIFAHHAH KEWIHT1
COM (dortocypeTTepiHe Hazap aymapcak, aJlOMUHUN O€TIHIH MacCUBTLUIIr
Oy3bLIaThIHBI KOpIHE1, OTTIK Ka0aTThIH KOpPIHICI OIPTEKTI eMec, apTypJil KOoJdaKTap,
KeyeKkTep Oailkanaibl.

ChblHan HOHAAPBIHBIH ATIOMUHUN OETIMEH amalibraMa TY3€TiHI TypaJibl JKoHe OyJI
amajbramMa apKbUIbl 3J€KTPOJ OeTl aKTHBTI OOJBIN, CYMEH 9PEKETTECITIHI TypaJibl
XKoFapblja OastHmaraH OonaTbIHOBI3. JleMek, ochbl MpPOLECTEPbIH OpPbIH allaThIHbI
HAKThI TYPAE AOJENICIHII TY].

3.6 Cyaan cyTek 06J1iHy peaknusiChIH KbIIIKbLIAAP KAThICHIHIA 3ePTTEY

Cynan cytek 0eJliHy peakIMsIChIH 0acka Jja opTajiapAa 3€pTTey KbI3bIFYIIbIIBIK
TaHBITA]IbI, ce0e01 aTIOMUHUN OETIHJIET1 OKCUATIK KaOaTThIH OY3bUTYBI 9pPTYpIIl OpTaja
opTypiai xoiMeH >xypeni. OcbifaH OaljaHBICTBI, 013 ATIOMHHUN 3JIEKTPOIBIHBIH
docdop koHE KYKipT KBIIKBIIAPBIH/A KBIIIKBUIBIHAA €pyiH KapaCThIPABIK.

3.6.1 Cynan cytek Oeniny peakuusichiH (pochop KhIIIKbLIIbI KATHICIHAA 3€PTTEY

®dochop KBIMIKBUIBI, CaThIIAI JUCCOIMAIUSIIAHYbIHA OalIaHBICTHI, OpTAallla KYIIIi
0ap KBIIKBLT 00JbIN Tabblmaabl. O Cysbl OpTaja HEeTi31HeH OIpiHII caThl OOWBIHIIA,
CyTeK oHe auruapodocdar HOHAAPHIH TY3€ AMCCOLMAIUSAIAHABI, TOTHIKTHIPFBIII
KacueTi )KoK. OHBbIH TUCCOIMAlMUIaHy KOHCTaHTaJIapblHA KOHLT 06JieTiH 6oJIicak, ojap
KeJieci MOHIepre ue.

+ -—
| catbina: H;PO, = HY+H,PO, K, = % =7,52-10° (3.27)
3 4
+ 2—
Il catbina: H,PO; = HY+HPO2~ K, = % = 631108 (3.28)
2 4
+ 3-
Il cateina: HPO2~ = H*+P03~ Ky = % = 1,26 - 10%? (3.29)
4

[TporecTiH KOCBIHABI PEAKIHUSICHIHBIH KOPIHICI KOHE JKAJIIBl JTUCCOIMAIUSATIAHY
KOHCTAHTACHI.
H;P0, = 3H*+PO;~ (3.30)
K,zmcc =K; - K; - K3

Ocs1 MoHzEepre OainanbICThl, (OChHOpP KHIMIKBUIIB METAJAPMEH OPEKETTECKEH IE
aca >Korapbl OEJICEHIUTIK TaHBITIIANW bl byl TY>KBIPHIM aTIOMUHUNTE 1€ KaThICTHI. bi3
ATIOMUHUN  3JEKTPOIbIH  (ochop  KBIMIKBUIBIHBIH ~ OPTYPJIl  KOHIICHTPAIIHSIIBI
epITIHAUIEpIHE CcalbIN, OOJIHETIH CYTEeK KOJEMIH JKOHE CYTEeK OOIIiHY >KbUIIaM IbIFbIH
AHBIKTA/IBIK.

3.33 xome 3.34-cyperrepae KepceriunreHaed, (Hochop  KBIIKBUIBIHBIH
KOHIIEHTPAIUACHl 1-7 MOJB/T apaibIFbIHIa ©3TEPTUITCHIIE, CYTEK OT€ a3 MOJIIepie
oemineni. Toxipude 3,5 munyt (0,06 car.) 0oiibl KyprizuireH kesae, OeIIHETIH
CyTeKTiH KeJjieMi 4 mi-aeH acnanbl (3.33-cypeT, 1-KUCBIK) jkoHE OYJI Ta3/blH OeJiHy
KBULIAMIIBIFBI 8 Mil/car.-cM?- re Jeifin raHa xkeTTi (3.34-cyperT, 2-KUCBIK). ANl 191
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ocblHAal xarpaitnapaa epitinaire 25 r/n NaCl KockaH ke3lie, CyTeKTIH KapKbIH]IbI
Typae OemniHreHin Oalkaiimbi3. [leMek, Oyi1 ke3zne OesiHeTIH ra3abiH Kesnemi 24,7 miu
Kyparan Gonca (3.33-cyper, 2-KMCBIK), *Kbuigamabirsl 50,02 mi/car.-cM?-re KerTTi

(3.34-cyper, 2-kuchIK). [TporecTiH KapKbIHABUIBIFBI KYBIK IIIaMaMeH 6 €ce apTKaHbIH
KOPII OThIPMBI3.

25 +

20 4 v

V, mn

./—I'/ ) /77/7/77,.77——7”"‘
T

T
0 1 2 3 4 5 6 7 8
C(H3POy), Monbin

Cyper 3.33 — AnmtoMuHU 371€KTPOABIHBIH (OCHOp KBIIIKBUIBIMEH dPEKETTECY1
Ke31H/1e 06TIHETIH CYTeK KeJIeMiHe KbIIIKbII KOHIICHTpAIUsAChIHbIH ocepi: T = 0,06
car., S (Al) = 8,23 cm% 1 — Tek Pochop KbIIKBIILIMEH dpeKeTTeckeH/e; 2 — hocdop
KeimkpLIbiHA 25 1/51 NaCl KockaH ke3e
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Cyper 3.34 — AmomuHU# 371eKTPOABIHEIH (HOCHOP KBIIITKBUTBIMEH dPEKETTECY1
KE31HJIe CYyTeK Ta3bIHbIH OO HY KbUIJaMIBIFbIHA KHIIIKHIT KOHIIEHTPAITMSICHIHBIH
acepi: T = 0,06 car., S (Al) = 8,23 cm?: 1 — Tek Gpocop KbILIKbLIEIMEH
opeketTeckene; 2 — hochop KemmkpIbHA 25 /71 NaCl KocKkaH ke3ne
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byn nHoTmxenepai TYCIHAIPY YIIIH aTIOMUHUNIIH TACCHUBTENY MEXaHU3MIH
KAapacThlpallbIK. AHBIKTAMaJbIK AEpeKTep OOMBIHIIA ATIOMUHUNIIH OHE OHBIH
KYWMaJIapbIHBIH TTaCCUBTENY1 yiIiH HeOopi eH OacwiHga 0,01 MOHOKAaOATThIH OOy
KeTKUTIKT1 [141]. BypbiH Kyprizuiren 3eprreymuiepAid [142] mikipi OoiibiHIIa,
MAaCCUBTENY/IIH TEPMOJIMHAMUKAIIBIK TYPFBIJAH aca THIMJI1 IPOIIECC EeKEHIH €CKEPETIH
0oJicak, €H COHbIHJIA OYTIH Typ/le MOHOKa0aT Ty3uIedl Je, aIIOMUHUM O€Ti TOJBIK
MacCUBalMsFa VIIbIpaiabl. OKCHUATIK KaOaTTBIH KaJbINTacyblHA OaiIaHBICTHI
QTIOMUHUN O€TiHE TOTBIKTBIPFBIUTHIH (Cy, THAPOKCHUI-MOHIAP) JKETYyl TexKele
OacTaiijipl 1a, ATFIOMUHUNIIH epyl T y3UsIbIK MIEeKTeyaepMeH icke acaabl. OHbIH
WOHJIaHYBI CYJBIH OKCHJ Ka0aThl apKbUIbl iCKe acybl MYMKiH OOJaThIH Macca
TachbIMaJIIaHybIMEH aKbIHIANIAabI [ 143].

Bi3 KoIaHbI KYpPreH 9ACTTErl aTIOMUHHMK TJIaCTHHAJIAPHI OOJFaH/IBIKTaH, OJlap
opKamiaH okcuaTepMeH KanrtaiaraH. Con ceOenTi, Cyabl opTaa aJloMUHUIIL epyi aca
KUBIHJATBUTFaH TIpoliecc Oonbin  TaObuianbl. Al ocbl Taxipubemizne docdop
KBIIITKBUIBIHBIH CYJIBI €PITIHAUIEpIHE HATPUW XJIOPUIIH KOCKaH Ke3Je, allFOMUHUN
OeTiHJerl OKCHATIK KaOaTThlH OY3bUIbIN, aTIOMHHHMM, 3JIEKTPTEPICTUIIN MKOFaphl
MeTaJll peTiHe, Cy/laH CyTeK Oee epyiH Oaiikar oTeIpMbI3. MyHBIH ce0ebi, epiTiHire
KOCBLIFaH XJIOp MOHIAPbIHBIH POJIiHE OalIaHBICTHI.

AJIOMUHUHJIIH KOPPO3USAFa YIIBIPAybl, OHBIH apachblHAa aHOJATHIK MOJISIPU3AIUs
Ke31H/Ie TOTBIFYBI, OCHI MPOIIECKE KaHAal KOChUIBICTap HEMece KaHai pakTopiap acep
€TETIHI )KOHIH/E FHUIBIMH 3epTTeyiep ote kon [144]. Ochl 3epTreynaepain Kehbipine
cyvieneTin Oojcak [145], meramn Oeringe OaiaaHBIC SHEPTUACHI OPTYPJi OOJBII
KEJIETIH KPUCTAILTUTTEPIIH KaObIpFalapbIHbIH 00Jybl OpBIH anajsl. [laccuBanusiHbIH
oenrini O6ip ¢akTOpAbIH ocepiMeH OY3bUTYbl OCJICEHAUTIK TaHBITATHIH KaObIpFrayiap
apKbUIBl KApKBIHJIBI TYPJE OPBIH allaJibl, COJaH KeliH O0acka aa OeJICeHIUTIrT ToMEeH
OOJIBINT KeJEeTiH KaObIpFajap IpoIlecKke Tyce Oacraimbl. MpIcalbl, epiTiHIIre XJop
MOHJAphl EHTI3UINeH Ke3J/ie, aIFOMUHUNIIIH MacCUBTUINH OCBI XJIOp HMOHIApHl Oy3a
Oacraiiel. by ke3ne Xjaop HOHIaphl OeJICEHAUTIK KOPCETETIH HOH AP OOJIBIIT TYP JKOHE
JeracCuBaIds Tpoleci KaWThIMAbl  Ooibin  TaObutanbl. OCbl  aHMOHIAPIBIH
MACCUBTEYIIl OKCHUIATEPMEH OPEKETTECYIHIH KAWTBIMIBUIBIFBI SKOMBUIAIBI 1A,
JIOKANbJbl TYpJAE TY3UITCH, JeNacCHUBAIlMsJIAHFaH HYKTEJep/e MUTTHHITEp IMaiina
6onaapl. ComaH KeiiH aTIOMUHUNIIH peakIusra TYCyiHIH e KapKbIHIaybl MYMKIH.
bipkatap 3eprreynep KepceTim  OTBIpFaHAad, AaNIOMHUHHHUIIH  DJIEKTPOJIUT
epITIHAUIEpIHAE  epyiHIH O KBUIAAMIBIFBI  JKOHE  CHUIIAThl  TE€K  OPTAaHBIH
KBITITIKBUIIBUIBIFBIHA €MEC, COHBIMEH Oipre ocep eTyIlll aHWOHAAP/bIH TaOUFaThiHA /1a
OaitmanbicTel.  Ochl  MacedeHi 3eprrereH rajabiMpap [146], KbIIKbLIAAPIbI
OeyceHIUTITIHIH TOMeHIeyiHe OalmaHbICThl Keneci Katapra (3.31) opHamacThIpFaH:

HF > HCl > HBr > HNO; > H,S0, > HCIlO, (3.31)

Kentipinren karapra (3.31) xeHin OeseTiH 00JCaK, XJIOPCYTEK KBIMIKBUIBI CH
Oesncenal KbIKbUT Oonbin Typ. Enai Oi3aiH Toxipubemizge (ocop KbIIIKBLIBI
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EpITIHAICIHE HATPUM XJTOPUIIIH KOCKAH KE€3J€, ATFIOMUHUN/IIH MAaCCUBTUIIN OY3bUIBIIL,
CYTEKTIH KapKbIH/bI TYpJe 06JiHy1H OCBIMEH TYCIHAIpyTe 00J1abl.

ANIOMUHUNA 371€KTPOAbIH (pochOp KBIIKBUIBIHBIH €pPITIHAICIHE OaThIpFaH Ke3Jie
Ke3re KOpIHETIH CYTEK Tra3blHbIH Kemipuikrepl Oailkanmailapl. AJ €HIl OChl
anekTpoatrblH COM mukpodoToiapbiHa KOHUT Oelicek, 3.36 a KoHE o-CyperTep
anekTpoA Oeri Oip TEKTI, aca Ke3re TYCETIH KeyeKTep, LIYHKbIpjap OailKanMmaiabl.
@®ocdop KbIIIKBUIBIHBIH OpTalla KYIITErl KbIIIKbUI €KEHIH JKOHE alFOMUHUHN
(dhochaThIHBIH a3 €pUTIH KOCBUIBIC €KEHIH €CKEPCEK, ATFOMUHUI 3JIEKTPOIbl OACTAIKBI
Ke3ne a3 epul ne, Gpocdar HOHTAPBIMEH OpEKETTECE 1 AeM TYKbIphIMIayFa O00Iabl.
Con xe3zae Ty3uireH amoMunuii pocdatsl IIEKTpoa OCTIH allTaNbIKTal MacCUBTEHII
ne, peakuuss oTe Oasy OKypeldl. byl TYXKbIpbIMAB adtOMUHUNIIH  (docdop
KBIIIKBIJIBIMEH OpeKeTTeceTiHIH kopceTeTiH 3.33 xone 3.34-cyperTepiacH Oaiikayra
Oonasnel. by cypeTTepie antoMUHMM AJIEKTPOBIHIA OOJIIHETIH CYTEK T'a3bIHBIH KOJeMi
XKoHE 06JIHY KbUIAAMABIFBl POCPOp KBIIIKbUIBIHBIH KOHUEHTPAIUSACHIHBIH apTyblHA
0alIaHBICTHI KOPCETIJITEH.

Cyper 3.35 — CynaHn cyTek ajiy YIIiH Mai1anaHbUIaThIH ATFOMUHUHN TJIaCTUHACHIHBIH
dotocyperi: a — ¢hocdop KbIIIKBUIBIHBIH €pITIHICIHE OaThIpbUIFaHHAH KEHIHT1;
9 — (pocop KIIKBLUTBIHA HATPUHN XJIOPUIIH KOCKAHIAFbI epITIHIre OaThIPbUIFaHHAH
KEWiHT1

An enni amomuHUAAT (Hochop KBIIIKBUIBIHBIH HATPUH XJIOPHUAl KOCHUIFaH
epiTiHaiciHe O6aTbIpraHHaH KeiiHri Mmukpodorocyperrepae (3.36-cyperrep, 6 KoHE B)
ANEKTpos; OCTiHIH aNTapibIKTall e3repicTepre VIIbIparaHbIH Kepyre OoJajbl.
AntoMuHU O€TiHIIe aTFOMUHHIIIH, XJIOp MOHJAPBIHBIH OCEPIMEH, JIOKAIbIbl TYPIE
epyiHIH HOTIKECIH/IE TY3UITeH TePeH MYHKBIPJIAp MEH KpaTepiiep, KeyeKTi koHe 0ip
TEKT1 eMec OETTIK ayJaH — KapKbIHIBI €pPYyIiH HOTHIXKENepi, TEPEeH MKOJAKTap —
KOPpO3Us JIOHJAEPMAIH MIETKI MIeKapaiapbl apKbUIbl KYPETIHIH KOPCETei, PeaxIus
OacTainpln, asKTaJIMaraHbIH AaHFAPTATBHIH CYTEK Ta3bIHBIH KOMIPIIIKTEPIHIH i31epi,
Keioip ke3me amoMuHUN (GochaTeHBIH (parMeHTTepi ae 00Nybl BIKTUMAaN, cebedi
XJIOP HOHIAPHI AJTi TOJBIK MTACCUBAIUSHBI OY3bIT YATEPMETEH.
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(6) (B)
Cyper 3.36 — AnroMuHH 351eKTPOoIbIHBIH O0eTTik KabaTeiHbIH 30 000 ece
yikentiaren COM ¢dotocypeTi
a, 9 — (hochop KBIIKBUIBIHBIH €pITiH/IICIHE OaThIPbUIFAHHAH KEe1H KEeNTIPIITEeH KYi,
0, B — (hochop KbIIIKbUIBIHA HATPHUM XJIOPHU/II KOCBUIFaH epiTiHIire OaThphUIFaHHAH
KEWiH KenTipuIreH Kyui

Cynman cyTek aiy YIIIH MaiianaHbUIaThIH alFOMHUHHA 3JEKTPOIBIHBIH (ochop
KBIIIIKBUIBIHBIH ~ €PITIHAICIHE OAaThIpbUIFAHHAH KEHIHT1 PEHTTeHOMIYOPECIEHTTIK
CHEKTpIHAEC DJJIEMEHTTIK Tannay Kepceryinme, ¢ochop smementi Oap ekeHi
AHBIKTAIBITT OTBIP. OCBI CHSIKTHI CHIEKTpsiep Gocop KBIIIKbUIBIHA HATPUI XJIOPUIH
KOCKaHJa OaThIpbLIFaH aTIOMHHUHN 3JIEKTPOIBIHAA anblHFaH. A (hochop KBIIIKBLIBI
ePITIHAICIHJICT] ATFOMUHUH 3JIEKTPOIBIHBIH CBIPTKBI KopiHici (3.35-cyper, a) anekrpon
OCTiHIH aWTapJbIKTail ©3TepiCKe YIIbIpaMaFaHbIH KOPCETIN OTBIP, JNET€HMEH OCHI
epITIHIre HaTPUH XJIOPHUAIH KOCKAH/Ia AIFOMUHUIN OCTiHJE KONTEreH MUTTHHTTEPII
CBIPT K030¢eH ¢ kopyre 6omaabl (3.35-cyper, 2).

3.6.2 AmoMHHHMI OSIEKTPOABIHAA CYTeK OOJiHy peakmuschlH KYKIPT
KbIIIKBUIBIHAA 3€PTTEY

CyTek 0emiHy peakiusChiH 013 aTIOMHUHAN 3JEKTPOABIHAA KYKIPT KbIIIKbUIBIH/IA
72 KYPTi3aiK. AJTIOMUHHUHI SIEKTPOABIHBIH KOPPO3UsFa YIIbIpayFa KaOiuIeTiH 3epTTey
TYPFBICBIHAH KapacThIpraH aBropiap [147], Oy 31eKTpOATHIH aHOATHIK ITOJISIPU3ALINS
Ke31H/Ie epYiHIH TOK THIFBI3IBIFBI XJIOPCYTEK KBIITKBUTBIH/IA €PYiHIH TOK THIFBI3IBIFBIHA
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Kaparanaa, 500 ece keM eKeHIH KepceTKeH. JleMeK, Koppo3usira allKbIH YIIbIparaHbl
OaiikanmaraH. JleMek, KYKIpT KbIIIKBUIBIHA TTOJSPHU3AIUSACHI3 CaJbIHFAH ATIOMUHUN
MYJIJIe TacCUBTI OOJIaTbIHBI TYCIHIKTI. AJl 013 XYpPri3r€H 3epTTeyiiepae KYKIpT
kbinkpUIbiHA NaCl kocbkin, OeiHETIH CyTeK KeJeMiH ©JIIIel, OChl Ta3JblH OeJiHy
KBUITAMJIBIFBIH €CENTEeTeH Ke3/le, CYTeK KapKbIHAbI TYpJe O6JIHETIHl aHBIKTaJJIbI.
benruni kepceTuIreH >xardailiapaa skacairaH TaxipuOenepaiH HoTwxkenept 3.11-
KeCTe/Ie KOPCETUITEH.

3.11-kecTeneHn KepiHIN TypFaHlIal, aJllOMUHUN, OJETTe NAaCCUBALIUAFa
VIIBIPANTBIH  KYKIPTKBIIKBUIIE opTana NaCl KaThICBIHAA KapKBIHIBI TYPJAE CYTEK
Oene opekerteceni. CyTek O6JIIHY >KbUILAAMIBIFBI KYKIPT KBIIKBUIBIHBIH 0,5-2,5
MOJIB/JI-T€ TEH KOHIICHTPAIMSsUIAPBIHBIH, WHTCPBAJIBIHAA aWTapJIBIKTall apTajbl Ja,
COJIaH KEWiH a3jar, keMu Oacraibl. AWiTa KETETIH Mocelie, KOppPO3us 3epTTeyIIri
FAJIBIMIAPJIBIH HOTWOKEIICPIHAC JIe ATFOMUHHUIIIH 3JEKTPOXUMHSUIBIK €pyl KBIIIKBLT
KOHIICHTPAIMIChIHA TikeJeH OaiylaHbICTBI OOJIFAaH JKOHE OJ Ke3[le KOppo3us
MOTCHIIUAJIBI aJIIBIMCH TEPiC MOHCP ayMaFbIHa Kapai bIFbIcaabl 1a, 1,0 MOJIb/JI-Te TeH
KOHIICHTpANMsIaH OacTarm, OHFa Kapad bIFbICaabl. Koppos3ws TOrbl a3 MeJIiep/e
apTHII, COMaH KeHiH keMu OacTtaiiabl. Al ochkl FaasiMaapabiH [148] HaTpuii XIOpHIiH
KOCBIIT )KYPTi3TeH 3epTTeyiHe, XJI0OpU HOHAAPhl KOCBUIFaH KE3/1¢ aTFOMHUHHHA KYKIpT
KBIIITKBUIBIHIA O€JICeHII TYpJAe €pUTiHI KepceTuireH. TeK KYKIPT KbIIIKBUIBIHBIH
KOHIIEHTpAllUACHl apTKaH ke3ge SOZ™ -HoHAapblHbIH — afcopOrumsiaanysl  Cl-
MOHJIapblHA KaparaH/la KUBIHBIPAK >KYpedl e, KOpFayllbl OKCHUATIK KaOaTThIH
nedeKTUTIr apTa Tyceml >KoHe 3JeKTpojl OeTiHJIe MacCHBTI y4JacKeJIepMEH Karap
Oencenal ydackenepAiH Oomybl a opblH ananbl. CeWTin, OKCHUATIK KabaT TeK op
XKepjaeH Oy3bUTybl MYMKIH. bi3 jkacaraH Toxipuoenep/ie KOHIEHTpalusuIap HHTEPBAJIbI
Oackarra, 0ipak KOHIICHTpAIUsl apTybIMEH CYTEK OOJIIHY >XbUIIaMIBIFBIHBIH apTybl
01371 J1e OPBIH AJIBIM OTHIP.

Kecte 3.11 — AnroMHHMI 3JIEKTPOJBIHBIH KYKIPT KBIIKBUIBI epitiHgiciMen NaCl
KaTBICBIHIA OpEeKeTTeCyl Ke3iHae OeJiHeTIH CYTeK KejeMi JKOHE OHBIH OelliHy
KeuIaMabIEsl: T = 0,05¢car., m(NaCl) = 5., S(Al) = 8,23 cm?

C(H2S04), | NaCl kaTeicbiHa OOIIHETIH NaCl xaTbichIHIa CyTEK OOITIHY
MOJIB/JT CYTEK KeJieMi, MII KBUIIAMIBIFBI, MJI/CAF. CM?
0,5 10,4 25,27
1,0 24,7 60,02
1,5 36,4 88,45
2,0 45,3 110,08
2,5 52,1 126,60
3,0 44.6 108,38
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Cypert 3.37 — CynaH cyTek ajiy YIIiH Mai1alaHblIaThIH AJTIOMUHHUHN 3JIEKTPOIBIHBIH
KYKIPT KbIIIKbUIBIHA HATPUM XJIOPU/1 KOCBUIFAH epiTiHAiIre OaThlpbUlFaHHAH KEWiHT1
dotocyperi (a); 30 000 ece ynkeittiiren COM dorocypertepi (9 xkoHe 0)

KyKipT KBIIIKBIIBIHBIH, ~€PITIHAICIHE HATPUW XJIOpUJIIH KOCKaHAa, CYyTeK
KapKBIHABI TYpZe OOJIHETIHIH >XKOFapbia KOPCETKEH OOJaThIHOBI3. DJIEKTPOATHIH
CBIPTKBI KOPIHICI JI€ OCHI TYXKBIPBIMIBI pacTaljbl, 3JEKTPOJ OETI KOppOo3HusFra
yIIbIparaHbl alkplH KepiHemi (3.37-cypet, a). Al erep aJllOMUHHN DJIEKTPOJIBIH
HaTpUH XJIOPHUII KOCBUIFAH a3 KOHIICHTPAIUSIBI KYKIPT KBIIIKbUIBIHA OaThIpFaHHAH
keitinri COM  ¢dorocyperrepre (3.37-cyper, o oHe O) KeHUI OeJCceK, XJop
WOHJAPBIHBIH KApPKBIHIBI TYpJ€ QIIOMUHHN OETIHIH TAaCCUBTUITH OY3aThIHBI,
IIYHKBIPJIBIK KOPPO3UsI OPBIH ajaThIHBI, MUTTUHITEP TY3UIETIHI, JIEMEK TEepPeH
IIYHKBIPJIAp JKOHE KpaTepyiepliH Oo0iybl, IOHIEPIIH IIeKapalapblHbIH OY3bLIYHI,
ATIOMUHHMIN Cylb(aThiHAH KYypaJFaH KOPFAaHBIC KAOATBIHBIH TOJIBIK >KOWBLIATHIHBI
Oalikanapl. PeakIussHbIH KapKbIHIBI TYPJIE )KYPETIHI pacTaaabl.

3.7 Cynan xdoHe cLITUII-CyJibI epiTiHallepAeH aNMHHHI KylMajlapbiH
nagajaHy apKbLIbI CyTeK ra3bIHbIH 00JIIHYiH 3epTTey

AJIOMUHUNIIH KOHE OHBIH KYHMaJapblHBIH CUITUTI-CYJIBI  epITIHAUICPMEH
opeKeTTeCyi XKOHIHE FRUIBIMH 3epTTeyJep aneduerte kon ke3aeceni [149,150]. Omap,
HETI31HEH, AaIOMUHUIAIH KOPpPO3WsIFa VIIbIpAay TYPFBICHIHAH KapacThIPBUIFaH.
Mpeicainbl, Bagaes @.3. xxone 6ackanapasiH 3eprreyinze [151,152] antoMuHuiiiH xKoHe
OHBIH MAarHMWMEH TY3€TiH KYWMaJIapbIHBIH CUITI €PITIHAICIMEH OpEeKeTTTecyl €Ki
TYPFBIJIaH KapacThIPbUIFaH. bBIpIHIIICI, OCHI peakmusi HOTWKECIHAE aTIOMHHHM
TUAPOKCUIIHIH aNbIHATBHIHBI, aJl OJIaH, ©3 KEe3CTiHJe, Maija JUCIEePCTI aTFOMHHHI
OKCHJIIH allyFa OoJaThIHBI OasHmandanbpl. EKIHINIEH, aTlOMUHUWIIH CYJIbI-CLITLII
EpITIHAIMEH OpEeKeTTeCyl, CyTeK aiyablH Oip omici Oona ajmaThIHBI @ IKOKKA
msiFapbiIMaiasl. Colt ce0enTeH, amOMUHANATIH /1€, OHBIH KyHMaTapbIiHbIH 1a CUITIMEH
OpEKETTECY1 9pKAIllaH KbI3bIFYIIBUIBIK TyAbIpaabl. by 3epTTeyae antoMUHAN-MarHui
KYHMaCBIHBIH OPTYPJIi MAPKACHIHBIH HATPUHA THAPOKCHIIMEH OPEKETTECYiHE KO KOHLIT
OemiHreH. MarHmii-aJIOMHUHUN KYHMachblHAQ CYTeK OOJiHY IKBUIJAMIIBIFBI TEK
ATIOMUHUNAMEH  OpEeKeTTeCyi Ke3iHAeri JKbUIJAMIBIKTAH >KOFapbl  OOJATHIHBI
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aHbIKTaJIFaH. TeKk MarHui-aJIOMUHUN KYHMaChIHbIH KYpaMbIHAAFbl MarHUMIIH YJieci
KOFapblJIaFaH CalblH CyTEK OOJIIHY JKbUITaAMIBIFBI a3asIThIHBI KOPCETIITECH.

AJNIOMUHUNIIH MBIPBIIIIEH TY3€TIH KyiMamapel Ja €cKepyci3 KajJMaraH.
KypambiH/1a MBIPBIIITHIH MOJIILIEP] ApTKAH CalbIH OJap.IbIH CUITI €pITIHICIMEH CYTEK
Oene opekerTecyi nie kpuigamaai tyceai. CoHbIMEH KaTap Oyl KyiiManapJaH CyTek
0eiHy JKBUIIaMIBIFBl TEK ATFOMUHUHAMEH JKYPETiH peakIusara KaparaHa Korapbuiay
OoJbIn KeneTiHi kepcetiaren [153].

Kypambinna  kpemHuii  Oap  KyiimMajmap  adlOMUHUHIIH  KOPPO3USIIBIK
TYPaKTBUIBIFBIH alKbIHAAy MakcaThiHAa 3eprrenreH [154]. Byn skymbictapna jga
CUITIMEH OopeKeTTecy Ke3iHJe aJllOMUHUNA OeTiHAe CcyTeK OeJiHEeTIHI Typabl
OastHIaIFaH KOHE OCHI MPOIECTIH 3aHIBUIBIKTAPhl AKbIHIAIFaH.

bi3 Gipkarap ToxipuOenep/i aqOMUHUN KyWManapblH a3 CUITUIl epiTIHILIEpae
epity mpouectepin 3eprremik COHBIMEH KaTap AN OChl KyHManapablH CyMEH
KaTajau3aTop KATbIChIHJA, CyTEeK O0eJie, OpeKeTTeCYlH KapacThIpAbIK. bi3iH
TOXKIPUOETEPIMI3IIH HOTHXKECIHJE Keecl 3aHJbUIBIKTAp aWKpHAAIIbL. 3.41 xoHe
3.42-cyperTeplieH KopIHIN TypraHjad, OeJIIHETIH CYTeK KeJjeMl, COHbIMEH Oipre,
OpHMHE, CyTeK OOJliHy >KbUIJaM/IbIFbl IFOMUHUN-MarHui KyHMacbhIHIa €H KOFaphbl
oonmbim Typ. byn Kyilimamga aca Jkorapbl OEJNCEHIUIIK TaHBITYIIbl MarHui OOJIBIM
TaOBLIaJAbl, COHBIMEH KaTap, aJlOMUHUN J¢ peaklusra KaTbicaabl. AJl MarHuu
KYHMaHBIH >KaJlbl pPEaKIMsUIbIK KaOUIETIH apTThIpajbl, JE€MEK, CYTEKTIH OeiHy
KBUIIAMIBIFBIH Ta3a ATIOMUHUWMEH CalbICThIpFaHAa, apTThIpajsl. Maranuili e3iHiH
KOFapbl XUMHUSUIBIK ~OGJICeHIUIIrT apKachlHAAQ peaKIUsHbl KyIeuTedi, Oy
CYMBUITBUIFAH €pITIHAUIEpAe KoepiHel, OipaKk KOHIEHTpaIlUsJIaHFaH epiTiHLIepre
KaparaHJia KapKbIHIBLIBIK TOMeH ey 0ombIn kenei (3.38-cypeT, 1-KUCHIK).

JropaitoMuHuid KyHMachkIHbIH KypambiHga NaOH-nieH peakuus KbUlIaMIbIFbIH
TOMEHJICTETIH JIEMEHTTEp Oap, coll ceOeNnTeH MyHJa CyTeK OOJiHY KbUIIaMJIbIFbI
TeMeHaey (3.39-cypet, 3-kuchik). KyliMagarsl MbBIC TIEH MapraHel] peakiusira oacep
€TIIl, OHBIH OJICEHUTITIH Ta3a aJIOMHHUN HEMece alFOMUHUN-MarHuil KyiMachIMeH
CaJIBICTBIPFaH/Ia, TOMEHACTE/II.

CwIyMHUH — KpeMHUH KOCBIJIFaH aJTFOMUHUM KYWMAachl €KeHIH €CiMi3re TYCIpCeK,
KypambIHJla KpeMHUN OonFaHAbIKTaH, cyibuiTbuirad NaOH-mien opekerrecy ke3iHne
©TE TOMCH PEAKIMSIIBIK OeIceHaUTIKTI Kopcereni (3.39-cypeT, S-KUCHIK).

KyiiManarel KpeMHUN HaTpUil THAPOKCUIIMEH OEJICEHAl TYpAe opeKeTTecme i
KOHE KyiiMa TOMEH peaknmsuibK Kabinerke wie. COHIBIKTAH CYWBUITBIIFAH HATPUU
TUAPOKCHUII EPITIHIICIHAC CYTEKTIH OOJIHY >KbUIAAMIBIFBI OapiblK KapacThIPBUIBIIT
OTBIpFaH MaTepHAIIIAp apachliHaa €H TOMEH OOJaIbl.

I[TAM — MBIpBIII-aTIOMUHAN KYWMalapbl, OHbIH KYpPaMbIHJA MBIPHIII HATPUU
THUIPOKCUIIMEH peaKIusara OCNCEeH Il KaTBhICHII, CYTeKTiH OOJiHyiH XKbUlgaMaaTaIbl.
Meipeimn NaOH-nien GeniceHii opekeTTecimn, CyTeK Ty3ell. Anaiiia CYWbUITBUIFaH
epiTiHaine Oy peakmus Oasy >xypeai. bipak 013 KoimaHFaH CUITI epiTIHAUIEpiHAC
[TAM KkyiiMachIHBIH 9peKeTTeCy1 OasybIpak Kypal.
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Cypert 3.38 — AnmoMUHUIAIH 9pTYpJll KYHMallapbIHbIH CUITUIL €PITIHALIEpMEH
opekeTTecyi Ke3iHze OeiHeTiH CyTek keieMiHiH e3repyi: 1 — Al-Mg; 2 — Al; 3 —
mopamomunuii; 4 — IAM; 5 — cunymun; S(Al) = 2,4 cm?, T = 5 MuHyT
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3.39 cypet — ATIOMUHUNIH OPTYPIIl KYMaTapbIHBIH CUITUI €pPITIHALICPMEH
opeKeTTeCyi Ke3iH/e CyTeK OOiHy *KbUIIaMIbIFbIHBIH e3repyi: 1 — Al-Mg; 2 — Al; 3 —
mropamomunit; 4 — IIAM; 5 — cunymun; S(Al) = 2,4 cm?, T = 5 MUHYT

Ochl  KapacThIpbUIFaH KyHMajapJblH CYMEH OPEKETTeCYiH ChIHAN TY3bIHBIH
KAaThICYbIMEH XKYpri3aik. byn ke3ne OypblH Ja KENTIpUITeH MOJIIMETTepre CoMKeC,
ATIOMUHUI CYMEH OpEKETTECKEHAE JKOFaphl OEJICEHIUTIK TaHbITaAbl. JlereHMeH,
ATIOMUHUN-Marau, aropamomMuani, [{AM, cuuiyMuH CHSIKTBI KyiMasiap, KypaMblH/1a
aTIOMHUHMIZIEH Oacka Ja 3JIEeMEHTTEpAlH OodyblHAa OailJIaHBICTBI aca KOFapbl
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OeJICeHIUTIK TaHbITIAAbl. AJIIOMUHUNTE KaparaHja, cyTek Oesiny xkbuigaMabiEsl 100
ecellell TOMEH €KEHI aHBbIKTaJI/IbI.

3-Tapay OOMbIHIIA KOPBITHIHIBLIAP

benrini  omebuer Ke3AepiH maiiganiaHa  OTBIphIN, KypbUFadn  IlypOe
JTUarpaMMachIHBIH KOMETIMEH aJIFIOMUHUN KOPPO3USCHIHBIH HEMECe aHOJTHIK epYiHiH
TEPMOJMHAMUKAIIBIK MYMKIHIITT ailkbIHAanabl. /{narpamMmana KenTIpUIreH MOHIEp
KOHE CBI3BIKTAp OOWBIHINA, JJICKTPOATHIH TOTCHIIMAJIBIHBIH MOHI aWTapJIbIKTal
KETKUTIKTI Tepic MoHre ue OonraHAa, aAIOMUHUN Cyda epiMey Kepek, JeMeK, O
METaNJIBIK TYPJE 9peKeTTecyre KabuleTTi emec aiimakra kaitrackad. bipak Oy opeker
iC *KY3iHe OpBIHIAIMANIBI, cCe0eO1 CYy TOTHIKChI3AAHFAH KE3]1¢ SJICKTPOJIUT aWKBIHIbI
TypZle OalKanaThlH CUITUII OpTara ue 00JaJibl, COHBIMEH OJI epy KYPETiH aiiMakka
Kapaii alOMHHAT-HOHAAp KyHiHAe TackiMangaHaabl. COHBIMEH, AaJTIOMHHHNJIH
KBIIKBUIABL opTaza epyi Al & APt +3e  E°=-1,663 B peakuuscel GoiiblHIIa icke
acaThIHBI JIQJICIICHT CH.

TeopusIbIK TYPFBIIaH, METAJJIBIH CYJIBI epITIHALICP/CT MOTCHITHAIIAPhl JKOHE
['u60c SHeprusiChIHBIH MOHI Tepic Mamanapra ue OOJFaH Ke3/le, OHbIH CyMEH
OpEKETTEeCY peakIUsChl OCPUITCH JKarjaiia CoJJlaH OHFa Kapai 3 epKIMEH XKYpyi
MyMKiH. bBipak, ic ky3iHae MyHAal peakiusiap skype Oepmeiimi. Comapbig
KaTapblHJa AJIOMUHUN I, TEOPHSUIBIK TYPFBIJaH, CYMEH OPEKETTeCy KepeK EKeHi
NOTEHITMAIAAPAbl Talllay apKbUIbI KepceTuIreH. bipak, ic Ky3iHae Oyl peakius
KYPMEHUTIHI aUTHUIFaH.

ANIOMUHUIM MEH CyHbIH KaTajau3aTtop (ChbIHam HUTPAThl) KATHICBIHIA OeiMe
TEMIIEpaTypachlHla OpPEKETTeCY TPOIECIH 3epPTTeY HOTIKECIHIE, alIOMHUHUIMA
aMajibraMachlHbIH TY3UTYIHIH caJlapblHaH, OHBIH OCTIHAET1 OKCHATIK KaOaTThIH
Oy3bUTybIHA OalIaHBICTBI, MeTa/ul OeTi OeJiceHi OOJaThIHBI JKOHE CYyJIaH CYyTeK
OeJliHeTIHI aHBIKTAJIAbI. TiNTi CHIHAI HHUTPATBHIHBIH KIIlli KOHIICHTpAIUsIapsl Ja
ATIOMUHHMIIIH Cy/IaH CyTeK 0eJie, TOJBIK epyiHe bIKIa )KacalThIHBI KOPCETITEH.

Karanuzatopabiy KOHIEHTPAIMACH apTKaH CallblH CYTEK OOIIIHY >KbUIIaMIbIFbI
apTaThIHBI KOPCETUIAI.

bipkartap AHUOHIAPIbIH cl~, SO;~, CO5~, NO, , NO3y KaTBICBIH/IA,
ATIOMUHUN O€TiHAE OHBl TMACCHUBTEHIIPYTe BIKMAN KACAUTBIH OKCHITIH TY3UTy
MPOIICCIHIH KYIICIOiHE OalIaHbICThI, CYTeK O6JiHY >KbUIIaM/IBIFBIHBIH aUTapIIbIKTAMN
TOMEHICUTIHI Oaiikanabl. ChlHAIl HUTPATBIHBIH KATBHICHIHAAFEI XJIOPUI-UOHIAPBIHBIH
TEPiC 9CEPiH, FIAEKTPOIUTTE OTE a3 EPUTIH ChIHAM XJIOPHUIIHIH TY3LUIyIMEH KOHE OHBIH
na  amoMHHHA OeTiH Oipmama MacCHBTEHAIPYIMEH TYCIHAIpyre OOJaThIHBI
KOPCETUITeH.

Dnextponutre  opTypii  katmoHmapaeH  (Kt,Na*,Ca?*t,Ba?*t, Mg?**)
KATBICBIH/IA CyTeK O6IiHY JKBIIAaMIbIFBl ©3repPMEUTIHI aHBIKTAJIFaH.

AJIOMUHUM 3J€KTPOBIHBIH CYMEH KaTaIN3aTOp KATBHICHIH/IA SPEKETTECY KE31H e
OHBIH TIOTCHITMAIBI TEPIC ayMaKKa Kapal >KbUDKUTBIHBI KepceTinreH. Kartammszatop
KoHIeHTpausicbiH 0,5+2,5 /1 apackiHga e3repTKeH Ke3/1e, MOTeHINAN Tepic OarbITTa
-840 MB =+ -930 mB apanwbirbinga e3repeTiHi kepceruireH. COHBIMEH Kartap
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KaTaJIM3aTOP KOHIIEHTpaIusachiHbIH MoHAep1 0,510 r/1 apanbirbinga O0oFana, CyTexk
0eJiHY KbUIIaM/IbIFbI )KYBIK IIamMamMeH 120 ece apTaThIHbl OaliKaaFaH.

Cy TemrmiepaTypachlHbIH ©3repyi i€ CyTeK OOiHY KbULIaMAbIFbIHA 9CEP €TETIHI
adkpiHnanael. Katanuzatop koHueHTpauusicel 1 r/m xoHe Temmeparypa 30°C
OoFaHa, CyTeK 0omiHy KbIgaMablFsl 83,33 mi/car-cm? Kypaca, Temneparypa 90°C
Oonrana Oya kepceTkimTid MoHi 2083,30 mir/car-cM? GObL.

Toxipube y3aKTHIFBIHBIH KOHE ATIOMHHHUI JJIEKTPOJBIHBIH OCTTIK ay/laHbIHBIH
apTyblHa OalIaHBICTBI CYTEKTIH O6JiHY KbUIIaM/IbIFbIHBIH apTaThIHbI KOPCETUIA].

AJIOMUHUNA MEH CYJIBIH OpPEKETTeCyl Ke3lHJe CyTeK OOJiHy >KbUIAaMIbIFbIHA
ANEKTPOJIUT OPTACBHIHBIH (HATpUU TUAPOKCHUJIHIH, (PochOp KBILKBUIBIHBIH, KYKIPT
KBIIIKBUIBIHBIH, HATPUH XJIOPUJIIHIH, 9CEPIHIH CHUIAThl aHBIKTAJIIbl. AJIIOMUHUN MEH
CyIbIH opekeTTecyl Goc@op KbIIIKbUIBIHBIH KaThIChIHIA ©Te 0asy >Xypenl, CyTek
06JiHY JKbUIIaM/IBIFbl 6T€ TOMEH, 0IpaK OChI JIEKTPOJIMTKE HATPUM XJIOPUIIH KOCKAH
Ke3/le, CYTeKTIH OeJliHyl KapKbIHIbI TypJe KypeTiHi kepceTuiai. OchiHIan
3aHJIBUTBIKTAPABIH KYKIPTKBIIIKBUIABI OpTaa 1a OalKanaTbIHbl AaHBIKTAJIBI.

ANbIHFAaH HOTWXeNep (U3MKa-XUMUSUIBIK Tanjgay opjictepimen, pH emmey
omicimeH, COM cypertep apKbUIbl 19JIENICHTEH.

Karanuzarop katbichiHIZa CyTek OeJiiHy TpoleciH OipkaTap allOMUHUN
KyiManapbIMeH e 3epTTeni. by ke3ae orapbl OEJCeHIUTIK TaHBITaThIH KyiimMa Al-
Mg Kyiimachl eKeHi KepceTUal. Al cyTek 0eJiHY KbUIIaM/IbIFbl CUITYMHUH/IE ©T€ TOMEH
€KEeH1 aHbIKTaJIIbI.
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4 ATIOMUHUHA SJIEKTPOABIHBIH CYJbI EPITIHALIEPAETT
KACHUETTEPIH HOTEHIHNOANHAMMUKAJIBIK IHOJIAPU3ALIUAJIBIK
KHUCBIKTAP TYCIPY APKbBLJIBI BEPTTEY

AHBIKTaMaNBIK onebuertepaeri [155,156] momimerTep OoifbIHINA, ATIOMUHHMI
ANEKTPOJABIHBIH CYJIbl EpITIHAUIEpJEri CTaHAAPTTHl MOTEHIMAIAApbl TOMEHJIET1
MOH/JIEPTe ue:

H,AlO; +H,0 + 3e = Al + 40H~ E°=-2,33B (4.1)
Al(OH)3 + 3e = Al + 30H~ E°=-2,30B (4.2)
AT + 3e = Al E°=-1,662B (4.3)

Ocpbl cTaHIapTTHl MOTEHIMANAAP MOHAEpiHE CylieHep OOJICaK, aTFOMHUHHUNA CYJIbI
epITIHIIE HEMECE Cy/la, CYTeK ra3blH 0eJie, OHall epimn KeTyi kepek (4.4-peakius).

2Al + 6H,0 = 2Al(OH)3;+3H, T AG = 480,57 xJIx/Monb (4.4)

By peakiust OoiibIHINIA ATFOMUHUIICH JKacalFaH 3aT, OipJIcH OHbIH THAPOKCHIIH
Ty3€, YTITUTIN KeTyl Kepek. bipak, ic Ky3iHAe aTlOMUHHIIIH cyAa epIMEUTIHJIr1
anbIKTasIFaH. Hazap aynapcak, anroMuHURACH jkacanral eHIMIep (bIabIcTap, Oacka na
KOIITereH 3aTTap, TypJii TETIKTEp) TIPIIUTIKTe KEHIHCH TapajFaH kKoHe KOJIIaHbICKa He
OoJbIn Kenei, cebebi ic Ky3iHae aTIOMUHUNIH O€Tl ayaarbl OTTEKIIEH dPEKEeTTECII
(4.5-peakuus), GipJeH, KOPFayIIbl Ka0AT PETiHAE KbI3MET aTKAaphIN TYPAThIH, METAJLT
OKCH/II TY3UIeIi:

441 + 30, = 241,04 (4.5)

AN aNMIOMUHUNAIIEH >KacajFaH 3aTTapiblH TYPAKTBUIBIFBI, OCHl MeTayul OETiHe
TY3UIT€H OKCHUJ] KAaOAThIHBIH KaCUETIHE, JEMEK, TYPAKThUIBIFbIHA OaiIaHBICThI. OJICTTE
ATIOMUHMEN OeTiHae maiina OonaTeiH amroMuHUN okcuui (Al,03) eTe Kyka IIeHKa
TY31I, METaJFa XKaObUIBII, OIpTYTAC OOJBIN KaTaabl. Ayagarbl OTTEK OYIT )KYKA TOTBIK
TJICHKAChl apKbUIbI TepeHre ote anmaiinbl. Con ceOenTi, anFamkpiaa mana 0oaran
METaJ/IBIH THIFBI3 TOTHIK KaOaThl, aTIOMUHUNAJICH KAacaJlFaH 3aTTaplblH opi Kapau
TOTBIFYbIHA KON Oepmeiini. [leMek, amoMUHMIA 3TIEKTPOJIBIH CyFa CaJIbll, KOFaphlIa
kepcerinreH peakmus (4.4) GoWbIHIIA CyTEeK Ta3blH ally MyMKiH emec. Jlece ne, erep
ATIOMUHUII CyZa epiTil, CYTeK ras3blH ajla allaThlH 00JIcaK, OYJI MPaKTUKAIBIK ©Te
YJIKEH MaHbI3bl 0ap, CyTeK ra3blH allyIblH ©Te KaXKETT1 oficTepiHiH Oipi O6omap emi.
Ce0e01, Oyn Ke3me HSHEpreThKaaa MaHbBI3Bl KOFAphl CYTEK Ta3bl OONHENl KOHE
ATIOMHUHUI TUAPOKCUAL Ty3uieni (4.4-peakuus). Emkanmail KbIIIKbLT HEMECE CUITI
KOCY/BIH KaXeTTimiri Oommaiinbl. bipak Oy omicTi icke achlpy YIIIH KOMTereH
3epTTeyJiep KakKeT-aK.

TepMoaMHAMUKAIBIK IIAMAJIAPIbIH TYPFBICBIHAH, ATFOMUHUN CYMEH 4.4-peakius
OOMbIHIIIA SPEKETTECII, ANEKTPO O€TIHIEe THUAPOKCHU]I KOHE CYTEK T'a3bIHbIH O6JiHYy1
ICKE acybl KepeK. bys1 peakius TeK akTUBTEITCH aIIOMUHHIE ICKe acaabl. MbIcabl,
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aNAbIMEH ATIOMUHUN CUITUIL epiTiHAUIepAe epu OacTraraH Ke3/lIe€ OHbIH OeTiHJeri
ANIOMUHUMN OKCUI1 epui (4.6-peakuus).

AL, O3 + 2NaOH + 3H,0 = 2Na[Al(OH),] (4.6)

Ocpinan keliH o3 OeTiHAeri OKCUATIK KabaTTaH apbUIFaH aJlIOMHHHM,
TEPMOJMHAMUKAIIBIK MYMKIHJIT1HE COMKeC CyJia €pKiH epu/il 1€, COHbIH HOTHXKECIH/IE
ra3 Kyuingeri cyrek oemineai (4.4-peakuus). An erep Oy peakUUsHbIH KYpYyl CUITUI
opTaza OpbIH anraH Oosca, TY3UIT€H aJIIOMUHUN THAPOKCUIl apThIK MeJIIepaeri
CUITIMEH OpeKeTTeceNl Je, KalTalaH aTIOMUHUUIIH THAPOKCOKOMIUIEKCI Ty3uIel
(4.6-peakmus).

AL(OH)3+NaOH = Na[Al(OH),] (4.7)

An OI3IiH KYPri3reH 3epTTeyNepiMi3IiH HOTHKECIHIE apHaibl KaTaau3aTop
KOCBUIFaH Ke37le, CyMEeH aTlOMUHUNIH KapKbIH/IbI TYPE SPEKETTECII, CYTEK ra3bIHbIH
TY31UTyl OaiiKasbl.

4.1 AJIOMHMHMI 3JIEKTPOABIHBIH HATPHMI HUTPATHI epPiTiHAICiHAe ChIHAN
HOHJIAPbI KATBHICHIHAAFbI JIEKTPOXUMHSJIBIK KacueTTepi

AJIOMUHUN 3JIEKTPOJABIH ChIHAIl HUTPATHI Oap CyJbl €pITIHIIre cajfaHja, Ol
CYMEH OpPEKEeTTECII, CyTeK Ta3bIHbIH OOJIHETIHAIr1 Typaibl alThUIIBI KOHE OPTYPIIi
3epTTeyiep Kyprizunai. Ockl Ke3/1e OpbIH ANaThIH JIEKTPOXUMHUSIIBIK KOHE XUMUSITBIK
IPOLECTEPAIH MEXaHU3MIH TOJIBIK TYCIHY MakcaTbhlHIa aIOMUHHUI 3JIEKTPOJIbIH
KOJIIaHa  OTBIPBIN,  AHOMATHIK-KATOATBHIK  OHE  KAaTOATBHIK-AaHOATBHIK  LUKIII
MOJIIPU3ALUSIIBIK KUCBIKTap Tycipuiai. Ocel 3epTTeynepaid Keinoip HoThxenepi 613111
01p >kymbIcbIMBI3NIa KepceTiired [157]. CoHpIMeH Oipre aTajFaH MpolLEecTep HUTPAT
HMOHJAphl O0ap opTaaa XKYypeTiH OonFaHABIKTaH, OYJ1 3epTTeyiepAl aaablMeH HaTpHM
HUTPAThl €PITIHAICIHIE XYPri3aik. 4.1-cypeTTe aqtOMHHUN 3JIEKTPOABIHBIH HATPHMA
HUTPATHI €PITIHAICIH/IEC TYCIPUIreH KaTOATHIK MOJISIPU3AIIUSIIBIK KHCBIFBI KETIPiJITeH.
Bonpramneporpammazia TeK CyTeK Ta3bIHBIH 0OJIHY1H aKBIHIAUTHIH TOK MAKCUMYyMBbI
tipkeneni. Helitpan optana 4.8-peakiiis OpbIH aJaThIHBI OEIT 1.

2H,0 + 2e —> Hy+20H"™ (4.8)

byn ke3ne nutpar epitinaicinge 4.9-4.11 nen HOMIpJICHTEH peaknusiiap OpbIH
aTybl MYMKIH.

NO; +2H*+e > NO,+H,0 E°=0,80B (4.9)
NO; +4H*+3e - NO + 2H,0 E° =096 B (4.10)
2NO; +12H*+10e - N, + 6H,0 E°=124B (4.11)

JlereHMeH, JKOFapblla aWTKaHbIMbI3[ail, HATPUM HUTPATBl EPITIHAICIH]IE
ATIOMHUHUI 3JIEKTPOJBIHJA TYCIPUIT€H KaTOATBHIK MOJSPU3ALMUSIBIK KUCBIKTAp OV
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ANEKTPOATA KENTIPUITEH JKaFAaiiapaa TeK CyTeK ra3blHbIH 06J1IHYl OPBIH aJIaThIHBIH
kepceteni. 4.9-4.11 nen OenruleHreH peakUMsUIapAblH KYPYIHIH CTaHIapTThI
NOTEHUMANJAPbIHBIH, ~ MOHJAEpPl OH IIaMara He OOJFaHbIMEH, JeMeK, Oy
peakIusIapAbiH )KYPyl MYMKIH OOJIFaHBIMEH, OJIap TEK KBIIIKBLI OpTaja *KYpeTiHAIr1
KepceTuial. HaTpuil HuTpaThl epiTIHAUIEPIHIH KOHUEHTpauusiapbiH 1-10 r/x
apaJibIFbIHAAQ ©3TepPTKEHJIe, CYTEeKTIH Ty3Uly MNOTeHuuanasl «MuHyc» 1,5-1,75 B
ayMarbIH/Ia )KYpPEeTiHIri 4.1-cyperTeri BojibTaMIieporpaMmmajia alkblH KOpiHil Typ.

4.1-cyperTe KeNTIPUIrEH BOJIbTAMIIEPOTpPAMMAaJlaH HAaTpUl  HUTPATHIHBIH
KOHLEeHTpaluschl 1-10 r/n1 apanbiFbiHAa ©CKEH CallblH CYTEK ra3bIHbIH OOJIHYIHIH aca
KEepHEYJIrHIH TOMEHACUTIHIH Oaiikayra 00Jabl.
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Cypert 4.1 — AntoMUHUHN AJIEKTPOABIHBIH HATPUW HUTPATHI €PITIHIICIHIE TYCIPUITeH
KaTOATHIK Mospu3anusuiblK KUChIKTapbl, NaNOs, r/m: 1 — 1,0; 2 —5,0; 3-10,0; t =
25% V = 50 mB/c

Keneci 3eprreynepiMizae chlHAm HOHAAPHI Oap HATPUN HUTPATHI €PITIHIICIHIE
KaTOATBIK MOJISPU3AIUSIIBIK KUCBIKTAp TyCipuiail. EpiTiHaineri cblHAam HUTPAThIHBIH —
(Hg(NO3),) xonmentpanuscein 0,5-1,0 r/n1 apaislfblHIa apTTHIPFaHaa, KaTOITHIK
MOJIAPU3ANMSUIBIK KUCBHIKTAapia ChIHAT MOHIaPBIHBIH TOTHIKChI3aHYbIHA (4.12-peakius)
cal TOJIKBIH OaliKajajbl.

Hg?* +2e —» 2Hg E° =0,788 B (4.12)

CelHalm ~ WOHJAPBIHBIH, ~ TOTBIKCHI3IAHY  TOJKBIHBIHBIH ~ OWIKTITT  OHBIH
KOHLIEHTPALUSCHIHBIH apTybIHa 0aitTaHBICTHI ecel. 4.2-cyperreri
BOJIbTAMIIEpOTpaMMaiaH Oaiikayra OOJIaThIHBI ChIHAN WMOHAAPHI Oap epiTiHaLIepae
CYTEK Ta3bIHBIH OOJIHYIHIH aca KepHEYJiri ToMeHaeai. Erep ceiHam MOHAApHI KOK
Ke3zne, OipaKk HUTpaT-MOHJAphl O0ap cyTek Ta3biHBIH OemiHyi 1,5 B xoHe oman nma
YJKEHIpeK MoTeHHHanaap MoHAepinae xkypce (4.1-cypet xoHe 4.2-cypertepie
CaJbICTBIpFaHAa KOpiHe/l), all CblHal HOHJapbl Oap OojraHaa, ra3iblH OeiiHyi
«vuHyc» 1,25 B-ke ne moTeHnmanaap ayMmarbiHaa oalkanaasl. by KyObUIBICTHI ChIHATT
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HOHJAphl  BJEMEHTTI  Ky#lre JeliH  TOTBIKCHI3IAHFaH  COTT€  AJIIOMHUHHUI
amajbraMachblHbIH TY3UIyIMEH TyCiHAIpyre 0onaabl.

AiiTa KeTeTiH Mocele: ChIHANl HUTPATHIHBIH KOHIICHTPAIMSICHIH JKOFapbUIATKaH
CailblH KaTOATHIK MOJISIPU3AIUSIIBIK KHCHIKTapAbl TYCipy KHbIHAAi Tyceni. CwiHaAm
MOHJIAPBIHBIH KOHIICHTPAIMSCHIHBIH apTybl Oyl HMOHAAPABIH TMOTEHIMAIBI Tepic
ATIOMUHUN  3JEKTPOJAbIHAA TE€3 TOTBIKCHI3JAHBIN, HOTHXKECIHIE  aJIOMUHUUN
amajbraMacbl TY3UII, OJ1 CYMEH QpEKETTECIN, CYTEK ra3blHbIH O6JIHyiHE OKeJeIl.
Cytek ra3piHbIH O6IliHyl MOJSPHU3AUUSIBIK KHCBIKTApAbl TYCIPY MYMKIHAIKTEPIH
HIEKTEN/I1.
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Cyper 4.2 — KypaMbinga ceiHam nosaapsl 6ap 5,0 /a1 HaTpuil HUTpaThl
epiTiaaiciane, t = 25°C, V =50 mB/c-ke TeH OonraHga aTlOMUHUIN JIEKTPOIBIHIA
TYCIPLIre€H KaTOATHIK MOJISpU3alusIblK KuchikTap: a) 0,5 r/n (Hg(NO3)2); ) 1,0 r/n
(Hg(NOs)y)

Harpuii HUTpaThl epiTiHIICIHE aTIOMUHUN SJEKTPOABIH CaJlFaH Ke3Jie, OHBIH
MOTEHITMAIBI TEPIC MOHTE e, aJl ChIHAIl MOHAAPBIH KOCKaH Ke3Jle, AIEKTPOo OeTiHIe
TFOMUHUN amMajbramMachl Iaijga OOJIBbII, OHBIH IMOTCHIIMAIBI OH MOHJCD aymarblHa
BIFBICAIBI.

Keneci 3epTTeynepie HaTpuil HUTPAThI €PITIHAICIH/E ATFOMUHUIN 3JIEKTPOIBIHBIH
AQHONTHIK TOJSPU3ANMSAIBIK KUCBIKTapbl Tycipuimi. bynm kuceikrapma texk 4.13-
PEeaKIMsIMEH OPHEKTEJIETIH OTTEK ra3bIHBIH OOJIIHYIHE call KeIeTiH TOJIKbIH OaifKaa bl
(4.3-cyper).

2H,0 — 4e > 0,+4H"* (4.13)

OTTek Ta3bIHBIH ATIOMUHUN 3JICKTPOJbIHAA OemiHyi «mroc» 1,75 B-ka TeH
MOTECHIIMAJI ayMaFbIH/Ia OPBIH allajbl. ATFOMUHUN 3JEKTPOJBIHBIH OCTiHE dpKallaH
0onaThIH XKYKa OKCUATIK Kabat (Al,03;) OHBIH aHONTHIK TOJISPU3AIMIIAHBII, epyiHe
MYMKIHIIK Oepmeiai. Ochl OKCHATIK KaOaTThlH O€TiHAE OTTEKTIH O6eJiHyl OpBIH
aaspl.
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Cypert 4.3 — ATIOMUHUN 3EKTPOBIHBIH HATPUI HUTPATHI €PITIHIICIHIETT OPTYPIIi
noTeHIman 6epy xopuinamasikTapbiaaa, t = 25°C; 50,0r/n NaNO3 6onranga
TYCIpUIT€H aHOATHIK MOJSAPU3ALUIIBIK KUCBIKTaphl: 1 — 10 MB/c; 2 — 200 MB/c;
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Cyper 4.4 — Antomunuii anextpoasiHblH NaNO3z — 50,0 r/n; V = 50 mB/c; t = 25°C
OoJsrraHa TYCIpUINeH MUKIA1 TOTCHIIMOANHAMUKAJIBIK OIS PU3AMSUTBIK KUCHIKTAPhI:
a) aHOITBIK-KATOJTHIK; 9) KATOATHIK-aHOATHIK

4.3-cypeTrTe HaTpUil HUTPATHI EPITIHAICIHAE ATIOMUHUN 3NeKTpoabiHaa 10 xKoHe
200 MB/c-Ke€ TEH CBI3BIKTHIK TMOTEHIHMAN Oepy JKbUIIaMIIBIKTapbhlHIA TYCIPIITEeH
AQHOJATHIK TOJISAPU3AIUSIBIK KUCBIKTAp KenTipinreH. [loTeHmman 6epy »KbULIaMIbIFbI
apTKaH CalibIH OTTEKTIH OOJIIHY aca KepHEYJIriHiH a3aan 0oJica Aa, )KOFapblUIalTHIHBI
KOPIHIIT TYp, MYHBI aHOJATHIK IOJIIpHU3aIns Ke31HJe OKCHIATIK KaOATTBIH KaJIbIHJIAM
TYCyiHe OallTaHbICTHI JE KopaMaiiayra 00Jabl.

4 4-cypertepne (a KOHE 9) aJIOMUHUN BJIEKTPOABIHBIH HATPUN HUTPATHI
EPITIHAICIHEC TYCIPUITEH aHOATBHIK-KATOJATHIK J>KOHE KATOATBHIK-aHOATHIK ITHKIJI1
MTOTCHITMONHAMMKAJIBIK ITOISIPU3AIUSIBIK KUCBIKTAPhl KOPCETIITCH.

Monzepi xKorapbl OOJBIN KEJIETIH aHOATHIK KOHE KaTOATHIK MOTEHIHMAIIap/aa,
CoMKeCiHIIe, OTTeK JKOHE CYTeK ra3JapblHblH O6eNliHylH alKbIHJAUTBIH TOK
MakcuMyMaapsl Tipkenenil. KeHin aygapein Oalikacak, IUKIIlI MOJSPU3AIUSIIBIK
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KHCBIKTapAa MOTEHLHMAad MOHI1 KaToJ ayMarblHaH aHoJ OarbITbIHA Kapail bIFbICKAaH
COTTE, aHOJTHIK MAKCUMYM OaliKanajpl. byJl aHOATBIK TOK, KATOJITHIK MOJISpU3aLIUsIaH
KEillH, aJIOMUHHUI SJEKTPOJbIHBIH OETIH/JE€ OHBIH KOCBIMIIA OKCHJA KaOaThIHBIH
TY3UlyiMeH OailJIaHbICTHI.

Kypampinna ceiHanm HWOHJapbsl Oap HATpUd HUTpAThl EPITIHAICIHAE ChIHAM
MOH/IAPBIHBIH KOHIEHTpaluusichl 1 T/1-re JeiiH JKeTKEHIle, BoJbTaMIieporpammariap
canaibl TYpJe TY3UIell, ajl OCbl MOHHEH >KOFapbUIaFraH Ke3Ze, 3JEKTPOJ OETl ChIHAIl
amanbramMacbiMeH Kamrtajbin yiarepeni. CoHaH coH, Oyl amanbramMa CyMeH
OpeKeTTeCil, CyTeK ra3bl OeJiliHe[l, OHBIH KOMIPIIIKTepl 3JeKTpoa OeTiHae
O6JIHTeH IIKTEeH, OJIIpU3aliis Npoueci 0ip KaJbIThl TYpAE KYpMEl, coll cedenTeH
MOJIAPU3ALMSIIBIK KUCBIKTAp YPhIC KalTaJaHATBIH TYypJle TYCIpUIMEHII.

CoHbIMeH KaTap aiTa KeTeTiH Macele, JIEKTPOJIUT KYpaMbIH/Ia ChIHAIl HOHAAPHI
Oap OoJiFaH Ke3Jie, aMalibraMaHbIH TY31TyiHe OallIaHbICThI, OTTEK ra3bIHBIH OOJIIHYIHIH
aca KepHeyJiri temenaei i (4.5-cyper, a).
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Cyper 4.5 — KypaMbIHa chIHAIl HOHJAPhI 0ap HATPUN HUTPATHI €PITIHAICIHIIC
TYCIPUIreH MOSApU3aIUsIbIK KUChIKTap, V = 200 MB/c; t = 25°C Gonranpa:
a) anoaThIK: 1 — 50,0 r/n NaNOs; 2 — 50,0 r/m NaNOs + 1,0 r/m Hg(NO3)32; 9) uukii
aHoaThIK-kaToAThIK: 50,0 r/mn NaNO3z+1,0 r/n Hg(NO3),

Kypambiana ceiHanm unoHAapbl 0ap HATPHUM HUTPATHl €PITIHIICIHIAE TYCIpUITeH
MOJIAPU3AIMSUIBIK KUCHIKTAP/IaH ©Te KbI3bIK, KYHIBI MOJIIMETTEDP airyFa Oomanbl. 4.5 o-
cyperre «mwitoc» 1,5 B xone «vunyc» 1,5 B apanbiFblHIa TYCIPpUIT€H aHOITHIK-
KaTOATHIK UK MOTEHIINOAMHAMHUKAIBIK TOJISIPU3ANMUSIIBIK KUCHIKTap KENITIPIITEH.

Kypambrama 1,0 r/n Hg(NOsz), Ty3sl Oap epiTiHaire cajblHFaH aTlOMUHUN
ANCKTPOABIHBIH ~ MOTCHIHANBIH «IUIFOC» 1,5 B-ke  neiiH  BIFBICTBIpFAH/IA,
BOJIbTAMIIEpPOTpAMMaJia CIIKAHMAW Jla TOTBIFY TMPOIECIH aHFapTaThiH ©3repic
Oaitkanmaiasl (4.5 9-CypeT, KOFaphl JKaKTaFrbl ChI3BIK). AJI €HII OCHl MOTECHIIUAIIbI
KaToJl OarbITbIHAA BIFBICTBIpFAHIA, BoJbTammeporpammaga «MuHyc» 0,75B
ayMarblHJla ChIHAIl HOHJAPBIHBIH TOTHIKCHI3IaHy MAKCUMYMBbI TipKeneai (4.5 9-cyper,
TOMEHT1 >KaFbIHJAFbl ChI3bIK). COJaH COH 3JIEKTPO] MOTEHIMAJbIH KalTalaH aHoJ
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OarpITbIHA Kapail BIFBICTBIPFaHNa, aMmalibraMa KYpaMbIHIAFbl aFOMUHUN TOTBHIFBII,
OHBIH O€TIHJE CyTeK ra3bl OeiiHeql. AiTa KeTy KEpeK, CbIHAall MOHAApbl 3JIEMEHTTI
Kylire IeiliH TOTBIKCHI3JaHFaH COTTE, AaTIOMUHUN DIEKTPOJBIHBIH O€TiHIEC OHBIH
amajbraMmacbl TY3UIIN, OJ CYMEH 9pEeKeTTeciN, cyTeK ra3el OemiHeni. Con ke3ne
TFOMHHUN 3JIEKTPOABIHBIH CYMEH dPEKETTECYl XKoHE ©3iHIH aHOATHIK TOTHIFYBI OPBIH
aJajpl.

4.2 Ili1aTuHA 3JIEKTPOABIHAA TYCIPIJITeH MOMSIPU3ALMAIBIK KHCBIKTAP

bipkaTtap nonspu3auusiablK KUCHIKTap HATPUA HUTPATHI €PITIHAICIHAE MJIaTHHA
ANEKTpOAbIHAA Tycipiial. 4.6 a-cypeTre HaTpuil HUTPATHl EPITIHIICIHIH opTypdi
KOHIEHTpALMUIApbIH/Ia TYCIPUIT€H KAaTOATHIK BOJbTaMIleporpammaiap KeaTIpUIreH.
byn BonmpTammneporpammazna «Munyc» 0,75 B-ke TeH moTeHIMall aymarblHAAa CYTEK
ra3bIHbIH O6JIIHYyiHE cail KeJeTiH TOK MaKCUMyMbI Oaiikanaasl. HutpaT-nuonaapbIHbIH
TOTBIKCHI3/IaHybl OaiikanMaiinbl. JlereHMeH, Oyl aHMOHJApAblH KOHLEHTPAIUSAChIHBIH
apTybl CYTEK ra3bIHBIH TY3UTY1HIH aca KepHEYJIriH TOMEHIETEe/I1.
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Cypert 4.6 — IlnaTuHa 3IEKTPOABIHIA TYCIPUITEH KaTOATHIK
MOTCHIIMOJUHAMHUKAIIBIK IMOJISPH3AIUSIBIK KHCBIKTap, V = 50 MB/c; t = 25°C: a) 2 r/n
Hg (NOs)2; 1 — 1,0 r/m NaNQOs; 2 — 5,0 r/m NaNOs; 3 — 10,0 r/m NaNOs; 9) 5,0 r/n
NaNOs; 1-1,0 r/n Hg (NOg)z; 2-5,01/mnHg (NOg)z; 3-10,0 r/n Hg (NO3)2.

[InaTHa SMEKTPOABIHAA KATOATHIK MOJISPU3ANMSIBIK KHUCBIKTapIbl TYCIpreH
Ke3/I¢ ChIHAl HUTPATHIHBIH KOHIIEHTPAUUSACHl apTKaH CaillblH CyTEK TIa3bIHBIH
OemniHyiHIH aca KepHEYJiri TOMEeHIeUTiHIH Oalikayra 60maabl (4.6 o-cyper).

CeiHan wWoOHAApHl 0ap HATPHU HUTPATHI EPITIHAICIHAC TUTATHHA JICKTPOIBIHIA
«vunyc» 0,4 B-ke TeH moTeHIMan ayMarblHJa ChIHAN MOHAAPBIHBIH TOTHIKCHI3AaHybI
BOJIbTAMIIEpOrpaMMajia TOJIKBIH TypiHae Oakikamaael. «Mwuayc» 0,7 B-ke TeH
MOTEHIMaNgaH OacTajaTblH ayMaKTa CyTEK Ta3blHbIH O6JIiHYy TOJKbIHBI alKbIH
KepiHenl (4.6 o-cyper).

KypambiHa cblHam HOHJAphl Oap HATpUMl HUTPATHl EPITIHAICIHAE IJIaTHHA
ANEKTPOMBIH[A TYCIpUIT€H aHOATHIK BoJbTammeporpammana «miocy» 0,5 B-ke Ten
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MOTEHIMAJl ayMarblHAa Oip BaJIEHTTI ChIHAN MOHIAPBIHBIH €K1 BaJEHTTI Kyire neiiH
TOTBIFY MakCUMYMbI Tipkenai (4.7-cypet). «ILmtoc» 1,7 B-ke TeH moTeHnuania oTTex
ra3bIHbIH 06JIIHy1HE call TOK OailKanabl.
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Cypert 4.7 — KypambiH/1a CbIHaN MOHAphI Oap HaTpUil HUTPATHI €PITIHAICIHIIE
IJIaTUHA AJIEKTPOJIBIH/IA TYCIPUIT€H aHOTHIK MOJISPU3AIUSIIBIK KUCHIK: T = 25°C, V =
50 mB/c; 1,0 r/n NaNOs; 2,0 r/m Hg (NOs3):

4.3 AJIIOMUHMTA 3JIEKTPOAbIHbIH a3 cirii epiTiHalIepaeri
BOJIbTaAMIIEPOrpaMMaJiapbl

Korappina atan ©TKEHIMI3IEH, aTFOMUHHN — peakiusFa KaOuUIeTTIIir! 30p, aca
Oesicen 1l MeTaul 0ok TaHbUTIaAbl. OHBIH OTTEKKE TAPTKBIIITHIFBI aca skorapsl. Jlece
ne, Oy Meraml ic Ky3iHae atMocdepanblK KOPpOo3usFa koHe OlpKaTap XHUMUSIIBIK
peareHTTepAiH ocepiHe TYpakThl OoibIm Kenemi. bipak amtoMUHUAIIH OeICeHITir
CUITUT ’OHE KBIIIKBULABI OpTajgapabl apTaThiHbI Ja Oenriur. Ocipece aTrOMHUHUNIIH
peakmusra TyCcy KaOiumeTi cuituri opranapaa aWrtapabikTaid  aprangsl.  Ochbl
3aHABUIBIKTAPABl Oaiikay YIIiH 013 aJFOMUHHHA 3JICKTPOJBIHBIH AJICKTPOXUMHUSIIBIK
KACHETTEpIH MOTCHIIMOJUHAMUKAIBIK BOJbTaAMIEpOrpaMmaiap TYCIPY apKbLIbI
seprreaik. [loTeHmuman Oepy KbUIIAMIBIFBIH ©3T€PTE OTBHIPHIN TYCIpreH Ke3Je,
ATIOMUHUHN 3JIEKTPOABIHBIH aHOJTHIK BOJIbTaMIeporpaMManapbiga — 2,0 BOJIBTTaH
Oacram, — 1,0 BoJIbTKa JeliiH aliKpIH OaliKaJaThIH TOK MaKCUMyMbI Kopineni (4.8, 4.9-
cypetTep). Bombrammnporpammanap/ibIiH CUTIaTHIH KalaFaian KopceK, MOTEHIuaI oepy
KBUIIAMIBIFBI APTKAH CAWbIH ATIOMUHUN 3JIEKTPOJBIHBIH TOTBIFYBIH KOPCETETIH TOK
MaKCHUMYMBIHBIH OMIKTIT1 1€ apTaThIHbI KOPCETUITCH.

CinTini opTanapaa aTlOMUHANATIH €pYi OpTaapaiblK OKCH/ITIK KOHE THIPOKCUATIK
TUICHKAJIApIbIH TY3UTyiMeH eTemi. A3 CIITLIl epiTiHauiepae Oy TuleHKa OaiepuT
KYpBUIBIMBIHA K€ 00Jica, CUITUTIK apTKaH Ke3/Je — TUAPAPTHILIAT TYpPIHE aybICajlbl.
AOMUHUN KOPPO3UACHIH 4.13-peakinuscbiMEH OpHEKTeyre 00aibl.

Al(OH);+0H™ = [AL(OH),]~ (4.13)
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Ocpl peakuus Oy METaNAblH aHOJATBHIK €pYyIHIH JIMMUTTEYII1 CTAaAUSACHI OOJIBII
TaObUIabl. ATIOMUHUNIH O1p/ieH OelceH 1 TypAeri MEXaHU3MMEH TINTI alKbIH Tepic
NOTEHLMAIAAp/1a epill KeTyl 9pKalllaH KYMaH TyJbIpajibl. byn ke3zae epy *Kbl1aamMabIFbl
[AL(OH),]” wonmapsiubiH xoHe OH ~ noHIapbIHbIH AUGQY3HsACIMEH alKbIHIAIA b,
nomipek aWTkanna, OH™ - WOHIAphIH 3JEKTPOJ O€TiHE KETKI3Y KbUIAaMJbIFbI
alTapJIBIKTal PO aTKapabl.
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Cyper 4.8 — Amtomunuii anextpoasiabiy 0,1M NaOH epitiaaicinaeri aHOATHIK
BOJIbTaMIIEpOTpaMMaliaphbl: a) MoTeHIMA Oepy *xbliaamabirsl 100 MB/c; 9)
NOTEHIIHAJ Oepy XbUIamMabirsl 150 MB/c
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Cyper 4.9 — Amomunuii snextpoasiabiH 0,1M NaOH epiringicinaeri aHOATHIK
BOJIbTAMIIEpOTpaMMaliaphl: a) MoTeHIHAI Oepy kbuiaamabirsl 200 MB/c;
o) moteHIMan 0epy Keuaamasirsr 250 MB/c

ArOMUHUN OCTIHIH 9pKallaH OKCUATIK TUIEHKAMEH KaIlTaJbIl TYPAThIHbI O LI,
JlereHMeH, adlOMHHUN OKCH[IHIH CUITUIl OpTaja EpUTIHIH A€ KOKKa IIbIFapyfa
Oonmaiapl. byn ke3nae amoMuHUN O€TI OKCHATEH Ta3apajabl Ja, aJTIOMHHHUNIIH
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CTallMOHAPJIBl TMOTEHIMAIBI OHBIH HOHJAaHy MOTEHIMANbIHA >KaKbIHAAWIbl. MeTtasn
OeTiH eHJIey OHBIH CTAllMOHAPIIBI MOTEHIIMAJIBIHBIH ©3repyiHe oKese Koimaiiael. OpTa
pH-bI apTKaH caiiblH aJIOMUHUNAJIIH CTallMOHAPJIbI MOTEHIMaNbl a3as Oepeni. Cuirimi
optanel pH = 9-11 Oonran ke3de aJlIOMUHMIAI CTalMOHApPJbl MOTeHIUaNbl 4.14-
TEHJCYIMEH OpHEKTEe 1.

Ecray = const — 0,3pH (4.14)

AJIOMUHUN CUITLIL opTajapaa OeliceHal Kyiae Oosaabl KoHE OHBIH €pYyiHIH
KBUIAAMIBIFBl AHOATBHIK TNOJSIpU3alus Ke3iHae apraibl. bi3 TycipreH aHOATBHIK
BOJIbTAMIIEpOTpaMMaliap OChl TYXKbIPBIMJIbI AMKBIHJAI, pacTalbl. ATIOMUHUNAJIH
CUIT1 €pITIHJICIMEH OHENIYl OHbIH O€TIHAET1 OKCUJITIK KaOaTThIH epyiHe akeneai. by
Ke37le METaJJblH EepYyIHIH JKOHE JKYKa OKCHATIK IUICHKAHBIH OCYIHIH apachIHaa
JTMHAMUKAJIBIK TeMe-TeHAIK Ty3uieal. Epy Ke3iHae «alTtoMUHUM-aIFOMUHUN OKCUTIHIH
TUICHKAChD» 06JIIHY IIeKapachlHAa TY3UIETIH Algjgr KaTHOHAAPhI MJIEHKA apKbLIbI CUITI
EpITIHIICIHE OTIN, «AJIOMUHUN  OKCHUJIIHIH  TUICHKACBI-DJIEKTPOJIUT»  OOIIHY
HmieKapachlHa KoHIEeHTpieHeal. OChl Ke3/le «IJIEHKa—3JIEKTPOIUTY IIeKapachlHIa

Ty3inren 02~ amrOMMHHMI KaTHOHapbIMEH (Alg;) Oipiece TachIMaJIaHbIN, «METaJlI-

TieHKa» MmekapacbiHaa Al,O; KOCBUIBICBIHBIH TY3UIYlHIH KaJFacyblHa BIKIAIbI
kacaiapl. Ocel ke3zfe keseci peakmusuiap (4.15-4.18) opbiH amagsl. «AJTIOMUHHIA-
ATIOMUHHUI OKCHJIIHIH TUICHKACh» 06JIIHY IIeKapachlHaa aHOATHIK MPOIeCTep Kypedl
(4.15 xone 4.16-peaknusiap). «llnenka-anektponut» OeniHy IIeKapachblHIA
XUMHUSUTBIK niporiecc (4.17 xone 4.18-peakuusiiap) OpbIH aaajbl.

2Al +30% - Al,05 + 6e (4.15)

Al - ABY + 3e (4.16)

Al, O3 + 2(x — 3)OH™ +3H,0 - 2[AL(OH), ], (4.17)

ABY + xOH™ - [AL(OH) )78, — AL(OH)3 ! +(x —3)OH™ (4.18)

Kepcerinren peakmusimap Oapeickiana  4.19-peakumst  OO#bIHINIA CYTEKTIiH
KaTOJTHIK OeiHyi Oaiikamabl.

2H,0 + 2e — 2H,;c+20H™ = H, 1 (4.19)

OpTYpii TOTeHIMan Oepy  KbUINAMIBIKTAPBIHIA TYCIPUITEH aTOMUHUAN
AEKTPOIBIHBIH KaTOATHIK BOJIbTaMIeporpamMMmanapeiana -2 + -0,5 B apanbirsiaga
(4.10-cypeT) O€TTiK OKCHATIK KaOATTHIH TOTHIKCBI3aHY TOI'bI OaliKaiaabl. byJ1 TOKTBIH
MOHI TOTEHIMan Oepy JKbUINAMJIBIFBIHBIH IIIaMachl apTKaH CaWblH TOMEHJIEM
OTBHIPATHIHBI AHBIK OalKaIa bl.
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Cyper 4.10 - Anmtomununii a5extpoabiHbiH 0,1M NaOH epitiHaiciHaeri KaTOATHIK

0.010

BOJIbTaMIieporpamMmmanapsl: 1 — norenuuman oepy xopuigamasirsl 100 MB/c;

2 — moteHman oepy xoeuraamasirsl 200 MB/c
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Cyper 4.11 — Amromunnii a5ektpoabiabiy 0,1M NaOH epitinaicinaeri aHOATHIK-
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ANIOMUHUNJIIH UMKIAL TYpAe TYCIPUIT€H BOJIbTaMIleporpaMMaiapbl OarbIThIHA
OailyIaHBICTBI JKOFApBIIA capajlaHFaH MpOoLECTepAl cCUNaTTaiabl. AHOATHIK-KaTOATHIK
OarpITTa TYCIpUIreH BoJibTamneporpamMmmainap 4.11 a xoHe o-cypeTTep/e KeNTIpUITreH.
ANl KaTOATHIK-aHOATHIK OAarbITTa OPTYpJi MOTEHHMAN Oepy KbUIAaMIIbIKTapbIHIa
TYCIpUIreH BoJibTammeporpamMmmaiiap 4.12 a xoHe o9-cypeTTep/ie KeTIpUIreH.

4-tapay OOiibIHIIIA KOPBITBIHABLIAP

ATrOMUHUT AIEKTPOABIHBIH CYJIBI epITIHLIEPAET] KAaCHETTEpIH
MOTCHIIMOIUHAMUKAIIBIK ~ TIOJSPU3ANUSIIBIK KUCBIKTAp TYCIPy AapKbUIBI 3epTTey
HOTHXKECIHJIE KeJIeCl TYKBIPhIMIAP JKacaibl.

AJIOMUHUM 37IEKTPOABIHBIH HATPUIA HUTPATHI €PITIHAICIHAE TYCIPUITeH KaTOATHIK
MOJIAPU3ANMSIIBIK KUCBIFBIHAA TEK CYTEK Ta3blHBIH O6iHYiH aWKbIHIAWTBIH TOK
MaKCUMYyMbI Tipkeneni. Hatpuit HUTpatsbl epiTiHAlIepiHiH KOHLIeHTpauusiaapbiH 1-10
I/ apajbIFbIHIA ©3TEPTKEHC, CYTEKTIH TY3UIyi MOTeHIManNbl «MuHyc» 1,5-1,75 B
ayMarbIH/1a )KYPETIH/III KOPCETUIreH.

CeiHan noHaapel 6ap HATPUM HUTPATHI EPITIHIICIH/IEC KATOATHIK MOJISIPU3AITUSIIBIK
KHUCBIKTap/ia ChIHAIl MOHJAPBIHBIH TOTHIKCHI3JIaHYbIHA Call TOJKbIH OaiKayajbl, OyJI
TOJIKBIHHBIH OWIKTIl OHBIH KOHLEHTPAIMSACHIHBIH apTyblHAa OailllaHbICTBl ©CETIHI
aHBIKTANIABl. Byn Ke3le cyTek ra3plHBIH OOJIIHYIHIH aca KEpHEYNIrT TeMEHJICHII.
ChbIHamm MOHIAPHI KOK OOJIBITN, HUTPAT-UOHIAphl Oap 0oJjica, CyTeK Ta3bIHBIH OOJiHYI
1,5 B xoHe oJlaH Ja YAKEHIpEK MOTEHIMAIAap MOHIEPIHIIE KYpPCe, ChIHAM HOHAAphI
Oap Oonranaa, ra3aelH OeniHyl «MUHYC» 1,25 B-ke me moTeHUMangap aymarbIHJa
Oalikanmanpl. byn  KyObUIBICTBI — ChIHAIl HMOHJAAPBI  JJEMEHTTI Ky#Hre JeHiH
TOTBIKCBI3JIaHFAH COTTE€ AJIIOMUHUN amajbraMachlHBIH TY3UTyIMEH TYCIHAIpYyTe
OoJtaIbl.

ChlHan HUTPATHIHBIH KOHIIEHTPAIMACHIH SKOFApbUIATKAH CAWbIH KATOJTHIK
MOJISIPU3AITASIIBIK, KUCHIKTAP bl TYCIpY KMBIHAAM Tycel, OV Ke37e TOTSHITUAIbI TePiC
ATFOMUHUH 3JEKTPOJIbIHAA MOHAAPIBIH T€3 TOTHIKCHI3AHBII, HOTHXKECIH/IC AITFOMUHUN
amajpraMachl TY3UIIN, OJ CYMEH OPEKETTECIN, CYTeK Ta3bIHBIH O6JIIHYIHE OKele/Il.
CyTexk ra3biHBIH O6IiHYyl MOSPHU3ANUSIBIK KUCBHIKTAPAbl TYCIPY MYMKIHIIKTEPiH
IIEKTEH 1.

Harpuii HuUTpaThl epITIHAICIHAC QIIOMHHHN  SJICKTPOIBIHBIH  aHOJTHIK
MOJIAPU3ANMSUIBIK KUCBHIKTAPhIHAA OTTEK Ta3bIHBIH O6JiHyiHE cail KeJeTiH TOJKBIH
mwioc» 1,75 B-ke TeH moteHmanga 6alkanaasl. AJIFOMAHAKA AJIEKTPOABIHBIH OCTiH/Ie
opkarrad 00aThIH kyKa okcuaTiK Kadbat (Al,O3) OHBIH aHOATHIK MOISPU3AIMSIIAHBIII,
epyiHe MyMKIiHIIK Oepmerii. OChl OKCUATIK KaOATThIH OCTIHC OTTEKTIH 0OIIHY1 OpPBIH
ananpl. [lorennman 6epy KbpUITaMIBIFBI APTKAH CalibIH OTTEKTIH 0OJIIHY aca KepHEYJIIri
az;man OoJica 11a, KOFapbUIaiibl, MYHBI aHOATHIK TOJSPU3ANUS KE31HIEe OKCHATIK
Ka0aTThIH KAIBIHIAN TYCYyiHE OalIaHbICTHI IET KOpaMalaayFa OOIabl.

AJFOMUHUUN 3JIEKTPOJIBIHBIH HATPUNA HUTPATHI EPITIHAICIH]IE TYCIPUITE€H aHOITHIK-
KaTOATHIK KOHE KaTOJTHIK-aHOITHIK KT TOTCHIINOJUHAMHUKAJIBIK,
MOJIIPU3ANFSUTBIK KUCHIKTAPhIHAA MOHIEP1 KOFaPhl OOJIBIN KEJIETIH MOTCHIHAIAPAA,
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COMKECIHILIE, OTTEK JKOHE CYTEeK Ta3JapblHbIH O6JIIHylH alKbIHAAUTBIH TOK
MakcUMyMJaphl Tipkeneal. UKl moisipu3anusuiblK KUCHIKTap/ia MOTEHIIMAT MOHI
KaToJ ayMarblHaH aHOJ OarbIThiHA Kapail BIFBICKAH COTTE, AHOATHIK MAaKCHUMyM
Oaiikanapl, OYJ1 TOK, KaTOATHIK MOJAPU3ANMAIAH KEeHiH, aTFOMUHUN AIIEKTPOIBIHBIH
OeTiHJie OHBIH KOChIMIIIA OKCHJ KaOAThIHBIH TY3L1yIMEH OalIaHbICTHI.

bipkaTtap nonspuzauusiablK KUCBIKTap HATPUA HUTPATHI EPITIHAICIHAE IUIaTHHA
aneKkTpoabIHa Tycipinai. Katoarsik BoasTammeporpammana «munyc» 0,75 B-ke TeH
MOTEHIIMAJl ayMarblHJa CYTEK Ta3bIHbIH O6JliHylHE cail KeJeTiH TOK MaKCUMYyMbI
Oaitkanaabl. HUTpaT-nuoHAapbIHBIH TOTHIKCHI3AaHybl OaliKanMaiibl.

CobiHan moHJapbl 0ap HATPUW HUTPATHl EPITIHAICIHAE MJIATUHA 3JIEKTPOJbIHAA
«vunycy 0,4 B-ke TeH MOTeHIMAl ayMarbIH/Ia ChIHAI MOHIAPBIHBIH TOTHIKCHI3IaHYbI
KaTOJTHIK BOJBTAMIIEPOTPaMMaJia TOJNKBIH TypiHae Oaiikanansl. «Mwunryc» 0,7 B-ke
TeH MOTEHIMaNAaH OacTanaThlH ayMaKTa CyTeK Ta3bIHBIH O6JiHY TOJKBIHBI alKbIH
kepinesi. CblHAN HUTPATHIHBIH KOHIEHTPALMSACH apTKaH CalblH CYTEK Ta3bIHBIH
OeJIiHYIHIH aca KepHeyJiri TeMeHACHTIHIH Oaiikayra Oosiambl. AJI  aHOJATHIK
BOJIbTaMIIeporpamMmaza «miocy 0,5 B-ke TeH moTeHuMan aymarbiHaa Oip BajeHTTI
CBhIHAIl HOHAAPBIHBIH €K1 BAJICHTT1 KY#re JIeiiH TOThIFy MaKCUMYMBI Tipkenal, +1,7 B-
K€ TeH MOTCHIINAJ/Ia OTTEK ra3bIHBIH O6JIiHYyiHEe cail TOK Oaiikanabl.

ANIOMUHUNA  3JIEKTPOJIBIHBIH a3 CLITUNl  epITIHAUIepAEri  aHOATHIK
BOJIbTaMIIEpOTpaMMaliapblH TOTEHIMA Oepy KbUIIAMIBIFBIH ©3repTe OTBIPHIII
TycipreH ke3ne, — 2,0 BosnbTTan 6actan, — 1,0 BoJbTKa JeiiH alKbIH OalikaaaThiH TOK
MakcUMyMbl kepiHeni. IloreHuuan Oepy XKbUIIaMIBIFBI apTKaH CailblH aJTIOMUHUN
ANEKTPOABIHBIH TOTBHIFYBIH KOPCETETIH TOK MaKCUMYMBIHBIH OWIKTIT1 /1€ apTaThIHbI
Oalikaaabl.

Cintini opranapa aTlOMUHUIAIH epyl OpTaapaiblK OKCHJITIK )KOHE THIPOKCUITIK
IUICHKAJIAPBIH TY31UIyiMeH oTemi. A3 CUITUIl epiTiHaUIepAe Oy IuieHka Oaieput
KYpBUIBIMBbIHA K€ 00JIca, CUITUTIK apTKaH Ke3/1¢ — TUAPapTUUIUT TYPIHE aybICabl.

OpTYpJl TNOTEHIMaNn Oepy  KbUINAMIBIKTAPBIHIA TYCIPUIT€H aTIOMUHUN
ANEKTPOABIHBIH KaTOATHIK BOJIbTaMIeporpammanapbeiiaa -2 + -0,5 B apanbirsinga
OCTTIK OKCHATIK KaOaTThIH TOTBHIKCHI3JaHy TOTHI Oaifkanaabl. byn TOKTHIH MoHI
MOTEHIMANT Oepy KbUIJAM/BIFBIHBIH IIaMachl apTKaH CalblH TOMEHIECT OTHIPATHIHBI
aHBIK OaliKayiajibl.

ConbIMeH, KypaMbIH/Ia ChIHAIl HOHIAPBI 0ap epITIHALIepe aTIOMUHUN OCTIHIeT1
OKCHJITIK KaOaTTapJblH OY3bUIybl OpPBIH ajJaThIHBIH OCHI BOJIbTaMIleporpaMmaniapia
OaifKamaThlH TOJKBIHIAD AMKBIH/IAI, JOJIENEH TYCETiHI KOPCETIII.
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5 AJJIOMUHUN MEH CYJIbIH OPEKETTECYI KE3IHJIE CYTEK
I'A3bIHBIH BOJIIHYIHE JENOJIAPU3ATOPJIAP/ABIH 9CEPI

CyTexk ra3pIHbIH KaToATa 06JiHY1HIH KaToJ MaTepuajblHa TiKeJaed OailaHbICThI
ekeHi opeonerTen Oenriai [158,159]. Meicaibl, uiaTiHa TOOBIHA KIpETiH MeTaiap/aa
(nnaTuHa, naIaauil, poauil) CyTeK ra3blHblH O6JHYIHIH aca KEpHEYIITriHIH MOHEepl
TeMeH Ooubln Kenel. Jlemek, Oy meTaniapablH O€TiHAE CyTeK ra3blHbIH O61Hy1 eTe
OHAil iCKe acapbl.

TycinikTi 001y YIIIH aTIOMUHUNA MEH CYIbIH 9PEKETTECYl apKbLIbl CYTEK I'a3blH
aly Typajbl Tarbl Ja aiTa KeTy KepeK. OJeTTerl *arjaaija aJoMUHUA MeH cy Oip-
OipiMEH MYyJie opeKeTTecHei1l )koHe OyJI Ke3/le cyTeK rasnl Ty3iniMeinai. bipak Oy
peakiusi TePMOJIMHAMUKAIIBIK TYPFbIAAH 1CKe acybl THIC. Bysl aHOManbibl xargan
ATIOMUHUI OeTiHJe opKamiaHja 0oyiaThlH anmoMuHui okcuaiHiH (Al2O3) Ty3utyiMeH
Tyciuaipineai. bypeiarbl Tapayna (3) KepceTKeHIMI3[eW, CyFa ChIHANl HUTPAThIH
KOCaTbiH 0OJICaK, TepiC MOTECHI[MAJIFa MEe AJTIOMUHHMIAIH OCTiHIE ChIHAN HOHAApPHI
MeTall KyWiHe JeifiH ToTeikchizmaHansl ga  (D.1l-peakius), Ty3UIreH ChIHAI
AMIOMMHAAMEH opekerTecin, amromuHuii amanberamacel (AIHQ) tysimemi (5.2-
peakiusi), OoJl aJIOMUHUNIIH OKCHATIK KaOaThiH (IUIGHKaHbI) OY3bIN, KyHpeTim,
ATFOMUHUI OCTIH aKTUBTEHIIPE/I.

24l + 3Hg?* = 3Hg + 2A13* (5.1)
3Hg + 34l = 34l(Hg) (5.2)

Ochl peakiusIapAbiH KYpy OapbIChIHIA aTIOMUHHN O€TiHAET1 OKCHATIK Kadat
Oy3bLIabI, aJl TY3UITCH aKTHBTI, TEPIC 3apsaaKa e aJlOMHHHA aMalibraMachl CYMEH
opekerrecei (5.3-peakims), OChI Ke3/1¢ CYyTEK OOIiHEe I

2AlHg +6H,0 — 3H, + 2AL(0H)5 + 2Hg (5.3)

5.3-peakMsSHBIH HOTWIKECIHAC TY3UIT€H ChIHAINl KalWTajaH allOMUHHUA OeTiMEH
opekerTeceni, KaWTamaH amaibrama Tysutemi. CeMrim, peakius KaTaTuTHKaIbIK
KOJIMEH KaWTaJIaHbIl OThIpaAbl. byl Ke3me aIlOMUHUMN — amajlbraMachIHBIH
MOTCHIIMAJIBIHBIH MOHI a371al Tepic *KaKKa Kapail bIFbICAJIbI.

Tepic moTeHnmanmapra we MeTaIgapAblH O€TiHAE CYTEeK HOHIAPBIHBIH CYy
MOJIEKYJIaJapblHAH TOTHIKCHI3JaHybl OPBIH aJIbIIl, HOTHXKECIH/IE CYyTEK Tra3bl OeIiHe .
Ty3iiren amoMUHHA amManbraMachIHBIH KYPaMbIHIAFbl aTFOMHUHHI]IC JKOHE ChIHAITA
CYTEK Ta3bl ©TE )KOFaphl aca KepHEYIiKNeH Oomine 1. JleMek, oTe yIKeH KUbIHIBIKICH
icke acanpl. HoTmxkeciHnae alfOMUHUN amanbraMachl CyMEH OPEKETTECKEHIIE, CYyTEeK
ra3bIHBIH 06JIIHY KBUITAM/IBIFBI dKOFAPHI EMeC.

5.1 lenoasipuzaTopiap KoOJJaHy apKbUIbl CYyJaH KATAJIU3ATOP KATHICHIHAA
cyTek 06JIiHYiH 3epTTey

biznin anablH-ana SKypri3reH 3epTTeyliepiMi3[ie aJllOMUHUM aMalibraMachbiH
CYMEH 9PEKETTECTIPreH Ke3Jle, aca KepHEeYJIri (MepeHanpsKkeHue) TOMEH METalIMEH
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KOCaKTaraH/a, CyTeK Ta3bIHBIH OOJIIHY JKBUIIAMIBIFBIHBIH KYPT apTaThIHBI OalKaJI b,
Con ceOenreH, aca KepHEYJIrT TOMEH METaNAapMeH TaKipuOenep Kyprizyal Makcat
€TI0 KOUIBIK.

OnebueTre  CyTeK  rasblHbIH ~ O6JIIHYIH  OHAMJaTaThlH  MeTajaap/bl
JenoJisipu3zaropiap JAen artam Kyp. TYCIHIKTI OO0Jy YIIIH MbIHaJal MbIcaniapabl
KENTIpyal KeH KkepJik. KyKIpT KbIIIKbUIBI E€pITIHAICIHE CaJIbIHFAaH MBIPBIII
AJIEKTPOBIH/IA, OHBIH TOTCHIHUAILI TEPiC MOHTE He OOJFaHIBIKTAH, OJI CYTEK
MOHJIAPbIH TOTBHIKCHI3AAH/IBIPBII, OHBIH O€TiHJE CyTeK rasbl OesiHe Oactaibl. bipak
OYJI peakIus eTe TOMEH KbULIAMIBIKIICH )KYPEIi. AJT €HJTi COJT MBIPBITIT AJICKTPOIBIHBIH
OeTiHE TeMip HeMece HHUKENb JSJIEKTPOJIbIH THUTi3€TIH 00JICAK, OCHhI AJEKTPOATHIH
OeTiH/E CYTEK Ta3bl alTapJbIKTaN KOFaPhl KbUIIaMIBIKIIEH OoiHe Oactaiinbl. OHBIH
cebelbl, KEeHIHT1 AJeKTPO/ATa, HAaKThl alTKaHIa, TEMIp HEMECE HHUKEJbJIE CYTEeKTIH
OeJliHy aca KEpHEYJIri MBIpbIIIKA Kaparanma, oTe TemeH. Con ceOenrteH, Oy
AJIEKTPOATHIH O€TiHIE CYTeK HOHAAphl paspsatamnanbl. Jlemek, Oy xkepae Oy
AIIEKTPOATAP ACTIOJIIPU3ATOPIIAp POJIIH aTKAPBII TYP.

DNEKTPOXUMHUS FHUTBIMBIHBIH TCOPUSICHIHA CYHEHCEK, CYTEeK opPTYPJIi MeTalaapaa
OpPTYpii aca KEpHEYIIKIEeH O6JHETIHI Oenruri. DJIEeKTPOoJ MaTephaiiapbl CyTeK
OeMiHyIIH aca KepHEYIIKTepiHiH MoHI Oo¥ibIHIIA yIiI TonKa Oemineni [160,161].

1) cyTekTiH OeJiHy aca KepHeyJiri ToeMeH anekrpoarap: Pt, Pd, Au;

2) cyTeKkTiH OeiiHy aca KepHeyJiri opraiia snektpoarap: Ag, Fe, Ni, Cu xoHe
T.0.

3) cyTekTiH OeJIiHYy aca KEpPHEYIIIri KoFapbl MoHre e anekrpoarap: Hg, Pb, Zn,
Cd, Al xoHe Oackamnap.

bi3 o3 skcniepumentrepimizae Pd, Fe, Ni sxone rpadutti naiigananasik.

byn skcniepumenTTepae amoMuHui OetiHae Ty3uireH aktuBTi Al(Hg) xabaTsr
CYMEH OpEKETTECII, CYTeK ra3bl MEH aJlOMUHHUI ruapokcuai Ty3iaeni (5.3-peakms).

Kalitanan 5.3-peaknusra keHin OeneTiH ©Oojicak, CyTe€K Ta3bl OJIETTE
ATIOMUHMIIIH HEMEeCe ChIHAIT AJICKTPOLIHBIH OeTiHae OoiHe ataipl. OKIHIIIKE Opaii,
OCBI €Kl MeTaJJIbIH Ja OeTiHJe CyTeK ra3bl ©Te¢ YJIKECH aca KEpHEYJIKIEH OeJiHe/I.
Hormwxkecinae Oy peakIUsHBIH KbUIIaMIbIFbI ToMeH Oonanpl. Con cebenteH OeTi
amajbraMaMeH KanTaJFaH aTlOMUHUN AJIEKTPOJbIHA aca KEPHEYIIri TOMEH MeTalbl
napajienb TYpAe >KalFam KOCyAbl AYPBIC KOPHIK. Aca KEpHEyNiri ToMeH TeMmip,
HUKENb, TaJIaui >KOHE TpaduT dJIEKTPOATAPHIH KOJJIaHAa OTBIPHIN, OOJHKaraH
UesIapIbIH TYPHICTHIFBIH 3€PTTEIIK.

byn 3eprreynepai icke acwlpy YIIIH apHailbl KOHABIPFBI KOJIIAHBUIIBI, OHBIH
MPUHITUITHAIBI CXeMachl 5. 1-CypeTTe KenTipiireH.

Kypambiana cerHanm HUTpaThl Oap epiTiHAiHI kKeiemi 250 mi-re TeH CTakaHra
KYS/bl, OCBbIFaH aJlIOMUHUN »HJEKTpPOJAbIH (IactuHa) (2), opHamacTbipaibl, Oy
AJEKTPOJ TOK OTKI3TIMI ChIM (5) apKbUIbI MIacTHHA TYpiHaeri metangapasiH (Ni, Fe,
Pd) Gipimen nemece rpadwurmen (2) THIFBI3 KOHTaKTire kentipimemi. 5.1-cyperre
KOpPCeTUIreHICH, CTakaHFa Cy TOJTBHIPBUIFAH eJeyim OropeTkameH (4), KOCBUIFaH,
TOHKEPIITeH BOPOHKA OPHATACTHIPBIIAIBI.

AnnpIH-aMa KYPri3UIreH 3epTTeyepae aTlOMUHUNA dJIEKTPOABIH JACTIOISIPU3ATOD
Kpi3MeTiH aTkapaThiH Fe, Ni, Pd xoHe rpadut smekTpoasiMeH KOCKaHa, OOIHETIH
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CYTEK ra3bIHbIH KeJIeM1 KYpPT apTaThIHbl Oaiikanasl. Cosl cebenTeH, CyTeK ra3blH TOMEH
aca KepHEyJIKNeH OeJHEeTIH MeTangapAsl JenoyiApu3aTop peTIHAe TaHJjall,
3epTTeyiep Kyprizyai xeH kepnik. CeuTin, aJllOMUHHUN XKOHE aTalFaH KOCAJIKBI
ANEKTPOATAPMEH TaJIbBAHUKAJIBIK KYIT KYpAbIK. by ke3/e antoMuHUNA aMmaabramachl
KYpaMbIHJAFbl aFOMUHUNUJIIH YII BaJeHTTI WOHAapbl Ty3iiaedi. Coyl coTTe OHBIH
TUAPOKCUIIHIH /i€ Maiiia OoiaFaHbiH Oalikayra 0osajbl. AJl IENOASpU3aTOP KbI3METIH
aTKapFaH AJIEKTPOATA CYTEK Ta3bIHbIH >KOFaphl KbUIAAMABIKICH OOJIHIN *KaTKaHbIH
Kepyre 00Jabl.

Vs

g

il
gy

Cyper 5.1 — CynaH cyTek aily YIIiH >KHHaJIFaH KOHbIPFbIHBIH
OPUHIMITHAIIBI cXeMachl: 1 — epiTiHal KYHbII, 3JIEKTPOATAP
OpHAJIaCTHIPATHIH CTaKaH, 2 — aJTFOMUHUI 3JIEKTPOIbI; 3 —
EKIHIII KOCAJIKbI AJIEKTPOI; 4 — peakius OapbIChIHIa OOTIHETIH
CyTEK KOeJIEMIH oJIIIIeyTe apHaliFaH OropeTKa; 5 — 3JIeKTp
OTKI3T1II ChIM

Jleronsipu3atop  AICKTPOATAPBIHBIH ~ TaOWFAThl  YKOHE
QTIOMUHUI JICKTPOJIBIHBIH OCTTIK ayJaHBIHBIH CYyTEK Ta3bIHBIH
0eJTiHY KbUIIaM/IBIFIHA OCEPIH JKaH-KAKThl 3ePTTEIIK.

Kypambinna ceiHan uoHAapbl Oap epiTiHAIre altOMUHUN
ANEKTPOJBIH CallFaH/la, OPBbIH alybl MYMKIH peakuusuiap (5.1-
5.3) KkoFapblga  KepceTuireH  OomaTelH. Al eHAl
JENoJIIpu3aTopiiap KOJJaHFaH Ke3[e >KYPETIH peaKiHsuIapibl
KeJIeCl CXeMaMeH epHeKTeyre 00Ja bl

AMajibramMmaMeH

)KaObLUIFaH
ATFOMUHUWHN

— 2HgAl - 2Hg + 2A13" — 6e (5.4)

DJIEKTPOIBIHBIH i

OeTiHOE
Kocankpl

(menomsipu3aTop) » 6H,0 + 6e - 3H, + 60H~ (5.5)

BJICKTPOATHIH

oeTiHIe
Exi

snexTpoareiy — 2HgAl + 6H,0 — H, + 2Hg+! 2Al(OH); (5.3
Oerrepin Oipre ﬂ‘ |

TOJIBIK

KapacThIpFaHIa

2Al+ 2Hg — 2HgAl (5.2)
|
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OchbI KeNTIpUIreH CXeMaHbl KapacThIpCaK, aJIOMHHMI aMajabraMachl 5.4-peakuus
OOWBIHIIIA BIABIpaFaH Ke3Je 0ocaraH 3JEKTPOHJIAP, ANEKTP OTKI3Til KOHTAKT apKbUIbI
EKIHIII ANEKTPOoJKa oTeal (MyHJa CyTeK OeJliHy aca KepHEYl TOMEH OOJIbIN Kejei).
Enni Oyn anekTpoara, cyTek 0esie )KypeTiH, CYAbIH TOTBIKCBI3IaHy PEaKIUsAChl OHAM
icke acwlpbliagbl (5.9-peakuus). Ochl ke3ne maiina OOJFaH TUIPOKCHII HOHIAPHI
amomuanii  (III) woHAappIMEH OpeKeTTeCiN, DSJIEKTPOJIUT KOJIEMIHJE OHbBIH
TUAPOKCUIIH TY3€/1.

Tysinren  amiOMWUHWUN  WOHAApBl  THAPOKCHUI-MOHIAPBIMEH  OpPEKeTTECI,
AIIOMUHUYN THUJIPOKCUAIH TY3€/1.

bi3aix OyJ1 cunarraraH npoiecimMi3z — CyTeKTIK AENOJsIpru3alus OOJbIN TaObLIaIbI.
OHBIH MarblHACKIL: ANEKTPTEPICTUIIrT SPTYP Al OOJbIN KeNneTiH Metangap Oip-OipiMeH
KOHTAKTTKE KENTIPITeH Ke3/le TY3UIreH JXYyie, TajlbBaHHKAIBIK JJIEMEHT PETiHJe
KbI3MET aTkapa Oactaiinbl. Com Ke3ze AJIEKTPTEPICTLIIr OH OOJIBIN KEJIETIH MeTalia
CYTeK KapKbIHABI Typae Oemineni. [loTeHIIMANABIH MOHI, aMajbraMa MOTeHIIUATBIMEH
CaNbICTBIPFaH/Ia, OH OOJBIN KEJCe, OJ1 ANEKTPOATA TOTHIKCHI3/IaHy PEaKUUAChl OPbIH
amanel. Hukenp, Temip, mannaanii CHSAKTHI METagap aTlOMUHUN amabramMachbiIMeH
KOHTaKTa OoNiFaHaa, OyJl MeTalgapiAblH O€TiHJE TOTBIKCHI3JaHy PEaKIMSIChl OPBIH
aNbIll, Cy MOJEKYyJachl CyT€K Tras3blHa JEWiH TOTBIKCHI3IAaHabl. AJ aTOMHHUI
amayibramMachblH/a, ChIHANKa KapaFaHJIa, MOTEHIHANIBl TepiC aTlOMWUHHUN TOTBHIFBIIM,
OHBIH YII BaJICHTTI HOHIAPBI AIEKTPOIIUTKE OTEII.

2A1 — 6e > 2 A3

OKCHEpUMEHT HOTHXKENepl KOPCETKEHAEH, allOMUHMIA SJIEKTPOJbIH >KOHE
KOCBIMIIIA JIETIOJIIPU3ATOP IEKTPOJIbIH rabBaHUKANBIK KYI PETIHAC Mai1aJaHFania,
ATIOMUHMEN OeTiHerl OHBIH amanbramachl skoHe amroMunuii (I1I) mommapeiH Ty3e
epuai, am 00C KaJFaH ChIHAIl, AJJIOMHHUN OCTIMEH OIpJeH OpeKeTTeci, aJtOMUHUN
amajpraMacel Kaiita Ty3ineal (5.2-peakims).

AJ ochl Ke3fe OOJIHTEH SJEKTPOHIAP CHIPTKBI AJEKTPOTKI3TIII ChIM apKbUIBI
eKIHII AJIEKTPOJKA OTiN, TOTBIKCHI3JIAaHY pPEaKIMIChIHA, JEMEK, KaToJ| ayMarbIHa
aybICBITI, Cy MOJIEKYJIAChIHBIH TOTBIKCHI3JAAHBIN, CYTEKTIH TY3UIylHE MYMKIHIIK
TYJIBIPAJIBI.

ExiHI 35eKTpos peTiHae CYTeKTIiH TY3UTyiHIH aca KEpHEYNIri TeMeH OOJIbII
KEJIETIH HUKEIb, TEMIp, MAJIaANi 3JIEKTPOATAPHIH KOJIJAHFaH/Ia, CY MOJIEKYJIaChIHBIH
TOTBIKCBI3JIaHy PEAKIMSICHl JKOFaphl IKBUIAAMIBIKIEH Kype anansl. JKypertin
MPOIIECTEP/Il CXeMa PETIHJIe KapaCThIPAaWbIK. DIEKTPOHAAP/BIH KATOJITHIK ydacKere
KBUDKATBIHBI CcTpeikamapMeH kepcetinreH (5.2-cyper). Cyrtek OeiiHy mporeci
ANEKTPOHAAP KAaTOJ[ YUYACKECIHEH TaChIMAJIaHbIN OITKeHTe Neiin skanracaapl. CyTek
MOHIAphl HEMecCe Cy MOJEKylalaphl EKIHII BJIEKTPOJKA ACHIH JKETiM, apThIK
alekTpoHapabl e3ine kaowbiytanm amanel: (HOH + 2e — Hpt+ 20HY). Ilorenmman
alipipMacel apta Tyceni. IIporiecc KapkplHAaH Tycedl, CYTeK OOJIIHY KbUIAaMIbIFbI
aptansl. Jlenmonspusaius icke acwkilm OThIp. OCBIHBIH ceOe0l: cyTek OelliHy Mpoliect
TOMEH aca KEpHEYJNIKIEH ICKe acajabl, AEeMEK, CyTeK oHai OemiHeml. bym mporecc
TEPMOJIMHAMUKANBIK TYPFBIJIaH, JoJI OCpUITeH Karaaiiap/a, TeK METAJIbIH Tere-
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TEHJIK >KarJaiilarbl MOTEHUMalbl CYTEK NOTEHLMAJbIHAH TepicTey 0ojca MYMKIH
Oonanpl. 5.2-cyperTe allOMHHUN kKoHE Oacka MeTaaMEeH KbICKa TYHUBIKTaIFaH
raJIbBAaHUKAJIBIK 3JIEMEHTTIH KYMbIC Kacay IPUHIIMIT KOPCETUIII OThIP.

Me?* + mH;O Cymer epiringmi

AHOI Vi
(ATFOMHEHHE) r,

Metamn beTiHgeri DeTIONIAPIEAITIA

;

L J
KATOI [

( HHEEIL)

w»

/_-i’j 2H* OH + 2e = H: + 20H" (pH>7 Gonrarma)
-

Cypert 5.2 — AntomuHui xoHe 6acka MeTall apachlHa TY3UINeH KbICKa
TYMBIKTAJIFaH TaJIbBAHU JIEMEHTIHIH CXeMacChl

[TporecTiH KMHETHUKACBIH TYCIHY VIIIH CyTeK OeJiHyAiH aca KepHEeYIiKTepi
TOMEH OOJIBI  KEJEeTIH QJIIOMUHUAMEH KOHTAaKTT€ KENTIPUITeH  MeTajabl
KapacThlpaiibiK. MpIcaibl allOMMHMM MEH HUKENbJIH KOHTakTici. Hukenbne cyrek
Oeminymiy aca kepueyriri (Ni) = 0,30B, an amomunuiine (Al) = 0,58B [162]. Kepin
OTBIPFAaHBIMBI3/IAl, AIFOMUHHUIIC CYTEK HUKEJbIe KaparaHla, auTapJblKTal *OFapbl
aca kepHeyJikieH 6emnineni. Con cebenreH OyJI MeTaaaap KOHTAKTIre KeATIpUIreHie,
CyTeK HHUKenbjae OemiHeni. 5.1-kectene Oipa3 MeTangapiblH CyTeK OeliHy aca
kepHeyniri kentipuireH. CoHbIMEH KaTap Oacka Mertanjapia cyTek OeliHy aca
KepHeynirin kentipcek: cbiHanTa (Hg)=1,10; Temipne (Fe)=0,36B; mannamwmiine
(Pd=0,23B) [163,164]. bi3 3epTrercH 3JeKTpoATapaa aca KEpHEYJiK ChIHAI-TEMIp-
HUKENb-TIAJUIAIMA KaTapblHIa TOMEHIeHmi. by mepek ochkl MeTammapablH KaTapbl
OOMBIH/Ia CYTEK Ta3bIHBIH OOHYIHIH JXKBULMAMIBIFBI Ja JKOFapbUIaybl THIC JEreH
MoJIiMeT Oepei.

Jlenonsipu3zatop MaTepHANBIHBIH CyTeK O6JliHy KeJeMiHe ocepl YaKbITKa
OaitmaHpICTBI 5.3-cypeTTe KenTipuireH. by cypeTTen KepiHinm TypraHiai, OeaiHeTiH
CyTeK KeyieMi 25 mil-re, amoMHUHHNIIH Oip o31H Konganranna, 300 MUHYTTa )KETKEH
6onca (1-KHUCHIK), aTOMUHUNAII TpaguTHeH kynracTeipranga — 210 munyTTa (2-
KHUCBHIK), TeMipMeH — 150 muHyTTa (3-KUCHIK), HUKEIbMEH — 140 MuHyTTa (4-KUCHIK),
an maymtaauiiMed 125 MmuHyTTa (5-KUCBHIK) KETIT TYP.

5.3-cyperre kenripinren 3eprrey nHotmwkenepi AlHg-(AlHg-C)-(AlHg-Fe)-
(AlHg-Ni)-(AlHg-Pd)  skynTapbl  KatapelHIAa CYTeK Ta3blHBIH  O6JIiHYIHIH
KBUIIAMIBIFBIHBIH aUTapIIBIKTAl ©3TepeTiHIH KOpCeTe/Il.
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Hg?*=2 r/n; t=25°C
Cyper 5.3 — Cytek OemiHy KeJeMiHIH eKIHIII 3JIEKTPOTHIH MaTeprabiHa
’KOHE yakbITKa OaitnanbicTsl e3repyi: 1) AlHg; 2) AlHg — C; 3) AlHg — Fe;
4) AlHg — Ni; 5) AlHg+Pd

Kecre 5.1 — beiniHeTiH CyTeK KOJEMIHIH €KIHIIl 3JIEKTPO-AEHOIIpU3aTOP
MaTepHUalbIHBIH TaOUFaTbIHA TOYEIN Il TYPAE YaKbIT OOMbIHINA ©3repyi

YakpIT, MUH
AlHg AlHg-C AlHg-Fe AlHg-Ni AlHg-Pd
V(H,), mi
3) 70 40 30 25 25
10 135 85 62 95 52
15 180 130 90 85 70
20 250 180 125 120 105
25 300 210 150 140 125

5.1-xectene OOMIHETIH CYyTEK KOJIEMIHIH aTIOMUHUN-IEMONSIPU3ATOP KYOBIHIA
€KIHIII 3JIEKTPO]T MAaTePUAIBIHBIH TAOUFAThIHA TOYEII1 TYPAC YaKbIT OOMBIHIIIA ©3repyi
3epTTey HOTHKENIEPIHIH HAaKThl MOHJIIEpIMEH KepceTuireH. by kectene kenTipinreHn
MOHJIEpre KOHUI ayJapcak, aJIFOMUHUMMEH KOHTaKTa TYpFaH CyTeK OeJIiHY[IH aca
KepHEYyl TOMEH OOJIbIIl KEeJETiH MeTajiaapja CyTeK O6JliHy KbUIJaMJIbIFbI
ATIOMHHMIICT] KBULTAMABIKIIEH calbICThIpFadaa 1,5-2,5 ece apraTbiHbl OalKajIbIIn

TYD.
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Kecre 5.2 — AnoMuHUR-AENOASPU3aTOP KYOBIHIA JEMOJIAPU3ATOP DJIEKTPOAbI
MaTepUaJIbIHBIH TaOMFATHIHBIH CYTE€K OOJIIHY KbUIJaMIbIFbIHA (MJI/MHH) 9cepi:
Hg(NO3), — 2 r/n, t = 25°C, © = 0,5 car., S(Al) = 4 cm? xoHe OCHI omLIeyIepais
CTaHAAPTTHI aYBITKYJIAPhl MEH CEHIMJIUTIK HHTEPBAIAAPhI

ATroMUHUI Cytexk Geiiny Crangaprtel | CeniMaunik | Cytek Geiiny
MEH KBUTIAMIBIFBI, aybITKyJIap | MHTEpBAI- | KbUIAAMIBIFbI
KYPBUIFaH MJI/MUH Japhl Helle ece
xynrap | Toxipube | Oprama apTaabl
KalTallaH- | MOHJEp
FaHJa
aJNbIHFaH
MOHIEp
Al 0,078 0,08 0,002 0,075- -
0,082 0,085
0,080 (0,010)
Al-C 0,100 0,12 0,017 0,078- 1,50

0,130 0,162
0,130 (0,084)

Al-Fe 0,170 0,17 0,020 0,120- 2,12
0,190 0,220
0,150 (0,100)

Al-Ni 0,200 0,18 0,010 0,165- 2,25
0,190 0,215
0,180 (0,05)

Al-Pd 0,220 0,20 0,022 0,147- 2,50
0,210 0,257
0,170 (0,11)

Tex amomuHuiine Toxipube >kacaranma cyTtek OeniHy kburmamasiFsl 0,080 +
0.005mn/mun kypaabl (P = 0.95), Oy MoHIep.iH a3iaraH albIpMaIIbUIBIKTAPBIH
KepceTeni, Oipak ToxKipuOenepaiH KalTalaHFbIIITHIFBIH PaCTaNIbI.

3epTTey HOTHXKENEpiH calbICThIpFaHaa (5.2-KecTe), aAlIlOMUHUIAE CYTeK OOIHY
KBUIITAMJIBIFBI TOMEH OOJIATBIHBI OaWKanapl, COJAaH KEWiH — TpaduT 3IEKTPOIBIH
SKIHIII 2JICKTPOJI PETiHJE MalJgallaHFaH Ke3Je Jie CyTeK OeJIHY XbUIIaMJIBIFhl aca
KOFaphl KopceTKimTi OaiikaTnaasl. OHBIH yCTiHE rpaduT Oepik eMec, CHIHFBIIT OOJIBITT
Kenesi. AOMUHUN JKOHE aTIOMUHUWMEH JKYNTACTBHIPBUIFAH METajjaap/a, COHBIMEH
Oipre rpadutTe cyTeKk O6JiHY KbUIAMIBIFBI OIpIei JKaFaaiiapaa eJleHin, oipHemne
MoHnep anbiHFadH. Ocbl MoHAep OowbiHma Python mporpammanay TinmiHze
KOMaHJaJdapblH KOJJaHy apKbUIBI CTAHAAPTTHl AYBITKYJIap MEH CEeHIMIUIIK
WHTEPBAJIIBI €CENTEYTe apHAJFaH MPOTPaMMAJIBIK KOJI KYPBIT aHBIKTAIbIK. OChI Ke3/1e
MOHJIEP/IIH CTaHMAPTTHl aybITKydapel 95% cenimuinik nenreiinge 0,075-0,022
apaybIFbIHIa 0071161 J)KoHE ceHiMauTik maTepBaibl 0,01-0,11 apanbiFplHaH acmaabl.
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[Mannaguiine cytek O6JliHY >KbUIAAMIBIFBI JKOFapbl OOJBIN Kenedl, Oipak
najuiaguii aca KbIMOAT METasll, CoJl CEOENTEH OHBI 1C XKY31H/E Naianany THIM/I1 eMec
(TIOTI OJI IPOIIECC KE31H/IE KYMCATIMAUTBIHBIH €CKepceK Te). Ic Ky3iHae TemMip Hemece
HUKEJb/[1 Na/IaJuAMEH KarTamn KoJAaHy bl YChIHYFa OOJabl.

5.2 AJIOMHMHMH 3JIEKTPOABIMEH 3KOHe 0acKa 3J1eMEeHTTEPMEH KYpPbLIFaH
ranbBaHuKANBIK KynTapaa IKK xone KTT KanbinracyblH 3eprrey

An enai xorapsiaa (5.1) KapacTeIpbUIFaH KYNTapaH 0eseK Typle Cyabl-CUITLIl
opTaZa TaJbBaHUKAJBIK KYOTap KYpbII, 3JEKTPOATAP apachlHla TY3UIETIH 3JIEKTP
kosraymiel kKymTi (OKK) sxone kpicka Tyitbiktanrad Tok (KTT) mongepin enmenik. .
byn ke3zne antoMUHUN 31EKTPOJIBIHBIH DJIEKTPOUTIEH *KaHAcaThlH OETTIK ayJaHblH
©3repTe OTBHIPHII, EKIHII ANEKTPOATHIH OETTIK ayJaHblH Olp MOHJE YCTal OTBHIPABIK.
AnblHFaH HoTWXenepal 5.3-5.5-kectenepae Kentipaik. Ommeynep 3 peTTeH
xkyprizuiai. Kecrenepre eniieHreH napaMerpiep/iiH opTaiia MOHI KOMbUIIEI. Oiey
ke3inae DKK sxone KTT MoHIepiHIH alllIaKThIFbI, JEMEK, CabICThIpMasbl KaTEiK
0,135-0,140%-nan apTrnalThiHbI aHBIKTAIALI. AJ abcomoTti Katenik DKK emmey
ke3inae 1 mB-ten, KTT enmey ke3inne 1 Ma-neH acmapl.

Kecrte 5.3 — Antomunuii anextpoapiMer HUKeIbA1 (Al-Ni) skynracTeiprana Ty3UIeTiH
OKK xone KTT monzaepinig NaOH epitinaiciHiH KOHIIEHTpalMsIapbIiHA TOYEAUTIr

S (Al), cm? | 1 | 2 | 3 | 4
1,25 r/n NaOH

I, MA (KTT) 740 775 805 815

V, MB (OKK) 575 575 572 570
2,5 r/n NaOH

I, MA (KTT) 760 790 825 895

V, MB (OKK) 625 620 618 610

5 r/n NaOH
I, MA (KTT) 840 880 920 950
V, MB (OKK) 650 608 605 601

A¥iTa KeTeTiH Macele, MeTalaapaH KypajafaH ralbBaHUKAJBIK JKYIITap/ia dJIEKTP
kosraymbl kKym (DKK) sxkone kpicka TyiibikranFad Tok (KTT) HakThl KentipiireH
KOppO3usl JKaFJaijlapblHa >KOHE HAKThl alblHFAH METANAAPJbIH OChI AJEKTPOJIUTIEH
opekerTecy KabineTine Toyenai OO KeeTl.

5.3-kecTesieH KOpIHIN TypraHaai, amroMUHUN-HUKENb (Al-Ni) ragBaHUKaJIbIK
KYOBIH/Ia HATPUNA TUIPOKCUAIHIH KOHIIEHTparuschiHbIH apTybiMeH JKK sxone KTT
MOHIepi apTajabl. ['abBaHUKAIIBIK JKYNTHIH 3JIeKTp Kosraymbl kymii (OKK) 6epinren
TI30€KTer1 aHOJ KOHE KATONTHIH MOTEHIMAaIAapbiHa Toyenai 6onbin kememni. NaOH
EPITIHAICIHJIC ATIOMHUHUN OHBIMEH OPEKETTECe/l, COJ Ke3J/le allOMUHAT TY3UIeAl ZIe,
METANJbIH ~KOPPO3USIIBIK OenceHauirt apraiabl. Jlemek, OV 3JIEKTPOJUTTIH
koHueHTpanusicel DKK mMoHiHe MapasiMabl Typae acep eteii. KoHnentpanus apTkan
caiibid, DKK xone KTT Genrini Oip MoHre JIeiiH apTaJibl.
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Kpicka tyiibikTanFan Tok mamachkl Ja NaOH koHIEHTpauusChIHBIH apTybIMEH
ecim oTbIp. Ce0ebl, 3IEKTPOIUT KOHLEHTPALMUSACHl apTKaH CailblH, MOHJIAp CaHbI
KeOele Tycell A€, JIEKTPOJIUT E€PITIHAICIHIH AJIEKTP OTKI3TIITIrT XKOFapbUIalibl 1a,
3apsAaTapAbl TachbIMalay MYMKIHAIT1 apTa Tycel.

[anbBaHMKaANBIK ~ KYNTApABIH  KOPCETKIIITEpl  TEK  DIIEKTPOATap.bIH
MaTepHalJapbIMEH €MeC, KaTbICYLIbl 3JEKTPOATAPABIH AJIEKTPOJIUTIEH >KaHACY
ayJaHblHa Ja TOyenal OOJbIN Keseldl. AJIIOMUHUN 3JEKTPOJBIHBIH 3JEKTPOIUTICH
*aHacy aynanbiHbIH Yiketol KTT MoHIHIH MapIbIMAbBl TYpAE apTyblHa OKejenl,
MmblIcainsbl, 5 /11 cinti epitingicinae KTT 840 mB-ten 950 mB-ke aeilin xorapbliaraHblH
KepeMmis.

OcpiHmail  enmieynepal  alOMUHUNA  BJEKTPOJBIH  TEMIp  DJIEKTPOABbIMEH
KYITACTBIPbIN KYprizaik. Hotmwxkenep 5.4-kectene KeATIpUIreH.

5.4-xecTe/ieH KOPIHIN TypFaHIai, CUITI KOHIEHTpAIUsACHI apTKaH ke3ne (Al-Fe)
KYOBIHJIa TY3UIETIH KbICKAa TYHWBIKTaJFaH TOK MOHI apTa Tycell, allOMUHUN
AIEKTPOBIHBIH 2JIEKTPOJIUTIICH )KAHACY ay/IaHbl OCKEH Ke371€, a3/1all >KOFapbUIalThIHbI
Oalikanapl. AJ 3JIEKTP KO3FayIIbl KYIITIH MOHI CUITI KOHIICHTPAILIMACHI apTKaH CallbIH
e3repicci3 Kaiaapl Jen TYXKbIpbIMaayFa Oosianbl. OChIHAAN emeysaepal aTtoMUHUN
ANEKTPOABIH MBIPBIII 3JIEKTPOABIMEH >KYNTACTBIPBIN >Kyprizaik. Hotwmxenep 5.5-
KeCTe/Ie KeITIPUIreH.

Kecte 5.4 — Amomunuit amektpoabiMen Temipai (Al-Fe) sxkynracteiprania Ty3iieTiH
OKK sxone KTT monaepinig NaOH epiTiHaiCiHIH KOHIIEHTpaIUsJIapbIiHA TOYEJIUTIr

S (Al), cm? | 1 | 2 | 3 | 4
0,625 r/n NaOH

I,MA (KTT) 495 560 590 620

V,MB (OKK) 640 645 640 635
1,25 r/n NaOH

I,MA (KTT) 640 685 730 770

V., MB (OKK) 670 670 665 660
2,5 r/n NaOH

I,MA (KTT) 820 860 930 970

V., MB (OKK) 755 750 752 750

5 /1 NaOH
I,MA (KTT) 875 960 960 990
V., MB (OKK) 880 875 870 870

5.5-kecTeneH KopiHiN TypraHAal, HATPHN THIAPOKCHUIIHIH KOHIICHTPAIIUSICHIHBIH
aptysiMeH (Al-Zn) xxyOpiana kansimtacTeipbiiaTeid DKK sxone KTT mongepi (Al-Fe,
Ni-Al >xynrapelHIa TY3UIETIH MOHIEPICEH JKYBIK IamMaMeH 5-6 ece TeMeH OOJIbII
keneni. CoHbIMEH Oipre, €3 Ke3eriHje, CUITI KOHIEHTpauuschiHbIH apTybiMeH KTT
MOHIHIH >KOFapbljaFraHbIH 0aiiKaIbIK.
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OcpiHmail  emuieyjepal  aJllOMUHUNA  3JEKTPOABIH rpaduT 3IEKTPOABIMEH
xynracTeipbin Kyprizaik. byn skynta OKK xone KTT moni a3 mamanap KepcerTi.
Hotmxenep 5.6-kectenie KENTIpUITEH.

Kecre 5.5 — AmtomuHMil 31eKkTpoabIMeH MbIpbIITHL (Al-Zn) sxynTacTeipranaa
ty3uieTiH DKK sxone KTT monaepinin NaOH epiTiHAICIHIH KOHUEHTpalusiapblHa
TOYENILIIT1

S(Al), cm® | 1 | 2 | 3 | 4
0,625 r/n NaOH epitinjici

I, MA (KTT) 158 163 171 180

V, mB (OKK) 166 166 170 175
1,25 r/n NaOH epitinjici

I, MA (KTT) 165 172 181 192

V, mB (OKK) 162 162 165 165
2,5 r/n NaOH epiTinaici

I, MA (KTT) 169 176 182 190

V, mB (OKK) 162 165 167 168

5 r/n NaOH epiringici
I, MA (KTT) 172 161 160 155
V, MB (OKK) 170 168 170 175

Kecte 5.6 — Amtomunuii snexkrpoasiMeH rpadurti (Al-C) xynracTeiprania Ty31IeTiH
OKK sxone KTT monnepinin NaOH epitiHaiCiHIH KOHIIEHTpaIMsIapbIiHA TOYEJJIUTIr

S(Al), cM? | 1 | 2 | 3 | 4
0,625 r/n NaOH epitinmici
I, MA 44 48 54 58
V, MmB 24 24 24 24
5 r/n NaOH epiringici
I, MA 24 33 46 54
V, MmB 25 25 25 25

Cynbl-ciITI OpTa/ia TalbBAaHUKAJBIK JKYITAp KYPBIT, 3JIEKTPOATAP apachiHIa
Ty3u1eTiH saekTp Ko3raymisl KymTi (DKK) sxone kpicka tyiibikranran Tok (KTT)
MOH/IEPIH OJIIIETEeH Ke3/1€ KAPaCThIPBUIFaH KYITapAa TY3UIETIH SJEKTP KO3FaYIIbl KYIIT
KOHE KbICKA TYHBIKTAIFAH TOK MOHEP1 JIEKTPOIUT OOJIBIT KbI3MET aTKAPBIN TYPFaH
HATPHUHA TUAPOKCHUIIHIH KOHIICHTPAIMSIChIHA TIKeJIeH OaiIaHbICThl €KeH1 aHBIKTAJIIBI.

CoHbIMEH, KOpBITA Kelle, ap3aHbIPaK KoHE KOJI KEeTiMAl O00mybiHa OaiIaHBICTHI,
TEMIp MEH HHKEIh D3JEKTPOATAPHIH KOCHIMINA JJICKTPOATAP PETIHAEC KOJIAHYIbI
yChIHyFa Oomnaapl. ATal eTyre KaKeT Mocesie: KOCAJIKbl OHIM peTIHAE TYy3LIeTiH
ATIOMUHUI THIPOKCHUIIH JJIEKTPOJU30EH aTIOMHUHHUI any MPOUECIHJIe Maiiananyra
Oonaapl. ANFOMUHHUIAIH JEMONIIpU3aTOp METaljap KATHICBIHIA KapKBIHABI TYPHAC
CyTeK OeJie, CyMEH OpEKETTECYIH 3epTTeyjiep HOTHXKejlepiH 013 Makaia TypiHie
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xapusaanblk [165] sxome Kasakcran PecnyOnauKachIHBIH Malganbl  MOJCIBIC
NMaTeHTIMEH KOpFabIK [166].

S-Tapay OOMBIHIIA TY>KbIPbIM

ConbiMeH, Oy Tapayda adlOMUHMA MEH CYIbIH OpEKETTeCyl Ke3lHJe CYTeK
ra3plHbIH OeniHyiHe nenoisipuzatopiapasiH (Fe, Ni, Pd xone rpadpur — C) ocepi
KapacThIPbUIIbI. JKCIIEPUMEHT HOTIIKENEPl KOPCETKEHICH, allOMUHUI AJIEKTPOIBIH
KOHE KOCBIMINA JCTOSIPU3AaTOp DJIEKTPOJBIH TabBAHUKANBIK JKYI PpeTiH/Ae
naijjananranja, aTlOMUHUN O€TiHAE OHBIH aMallbraMachl TY3UI€/1 )KOHE aTIOMUHUN
(IIT) monnmapeiH TYy3€ epuil, an OOC KajfaH ChIHAI, AJIIOMUHUI OeTiMeH OipjaeH
OpeKeTTeCIN, AIIOMUHUIN amaibraMachl KaiTa Ty3ulel.

AN ochl ke3ne OOiHTeH JJEKTPOHAAP CHIPTKBI AJIEKTPOTKI3TIII CHIM apKbLIbI
eKIHII AJIEKTPOJKA OTiN, TOTHIKCHI3JIAaHY PEaKIMAChIHA, JACMEK, KaToJl ayMarbIHa
aybICHITl, CY MOJEKYJACBIHbIH TOTBIKCHI3JAHBIN, CYTEKTIH TY3UIylHE MYMKIHJIK
TYJIBIPAIbL.

Jlenomsipu3aTop MaTepHAIBIHBIH CyTeK O6OJiHy KeJIeMiHe ocepl yaKbITKa
OalmaHBICTBl ©3repe/l: OOMIHETIH CYTeK KejieMi 25 MIi-Te, aTlOMUHHUAIH O1p e31H
Kosanranzaa, 300 MUHYTTa )KeTKeH 00Jica, alFOMUHUI1 TpadUTIIeH KYNTacThIpFanaa
— 210 mwunyrTta, TemipmeH — 150 muHyTTa, HuKenbMeH — 140 MuHyTTa, an
nayaauiiMer — 125 MUHyTTa )KeTKEeH1 KOPCETUITEH.

3eprrey notmkenepi AIHg — (AIHg-C) — (AlHg-Fe) — (AlHg-Ni) — (AlHg-Pd)
KYITaphl KaTapblH/la CYTEK Ta3bIHBIH OOJIHYIHIH KbUIJAMIBIFIHBIH alTapibIKTal
©3repeTiHIH KepceTeAl. ATIOMUHUMMEH KOHTAKTi/Ie TYpPFaH CYTeK OeiHymiH aca
KepHEYl TeMeH OOJIbIIl KeJNeTIH MeTaljaapia cyTek OesiHy J>KbUIIaMIbIFbI
ATIOMUHUNIET] KbUTIAMIBIKIEH caibicThipFania 1,4-2,4 ece apTaThIHBI KOPCETUIIL.
byn Meranmmap aenosisipu3aTopiiap peTiHIE CyTeK OeJliHy MPOIECIHJE allFall peT
KOJIJIaHBUIBIT OTHIP, JKacaliFaH 9ICTIH >kaHaJbiFbl KP maiinansl MomeniMeH KOpFaiFaH.
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KOPBITBIH/IbI

JAuccepranMsjiblK 3epTTEydiH MAaKCATbIHA O0allJIaHBICTHI  KOWBLIFAH
MiH/IeTTepre cdiiKec CyAbIH AJIOMUHUITMEH KaTAJIU3aTOP KaThICHIH/IA dPeKeTTeCy
HOTHKECiH/Ie JKOHE CyMeH aJTIOMMHUII Ipryp.i MeTajaap-
AENOJISIPU3ATOPJIAPMEH KOHTAKTIre KeJTipe, CylaH CyTeK aJIy dici skacajabl.
Ocsbl 3epTTeyiiepai sKyprisreHae ajJbIHFAH JUCCEPTANMSIIBIK *KYMBICTBIH Heri3ri
HOTHKeJIepi:

ANIOMUHUIM MEH Cy[blH KaTajau3aTop (ChbIHAl HUTPAThl) KAaTbICBIHIA OeiMe
TEMIIEpaTypachlHa OpeKeTTecy Tmporeci 3eprrengi. JKypri3iareH 3eprreyliep
HOTMDKECIH/IC CBIHAIl HUTPAThl KOHIICHTPAIMSCHIHBIH ~apTybl CYTeK OeliHy
KBUIIAMIBIFBIHBIH apTYbIHA TIKEJICH ocep €TETiHI aHBIKTAJIbI, OYJI KaTaau3aTop IbIH
MPOILIECTI JKEACNACTYAET1 MaHbI3/Ibl POJIIH JOJIEACH 1.

AJIOMUHUHJIIH CYMEH OPEKETTECY PEaKIMSICHIHBIH JKbUIIAMJIBIFBI KaTaaru3aTop
KOHIEHTpalMsChIHBIH MoH el 0,5-10 1/ apanbirbinga Oonrana, KyblK mamamex 100
€Ce/ICH aca apTaThIHbI aHBIKTAJIbI. AJIBIHFAH HOTHXKEIICPAIH CTaTUCTUKAIIBIK OHJIETY1
OJIap/IbIH >KOFapbl CEHIMAUTINTH KOPCETTI: CTAaHAAPTTHI aYBITKYJIAPAbIH TOMEH MOHIEP1
KOHE CEHIMAUNK HMHTEPBAIJAPBIHBIH Tap 00Jybl ToXIpHUOENepaiH KaKChl
KalTaJIaHFBIIITHIFbIH JTQJIEIIEHA 1. Hotwxenepain JTOJIIT] KOd(DPUIIUCHT
BapHAIMACHIHBIH TOMEH MOHJEPIMEH pacTajajibl, JKYPri3UIreH eJIIeysepIiH
TYPAKTHUIBIFBIH JKOHE 9ICTIH CEHIMAUTITH KopCceTe .

bipkarap anmonnapasia Cl~,5057,C05~ NO, , NO; KaTbhICbIH/A, AIFOMUHUMA
OeTiHAEe OHBI IMACCUBTCHIIPYTe BIKMAT >ACAWTBHIH OKCHJATIH TY3L1y HPOLECiHIH
KYIIeroiHe 0alIaHbICThI, CyTEK OOJIIHY KbUIAaMIbIFBIHBIH aUTapIbIKTal TOMEHICHTIHI
Oaiikanapl. CblHANl HUTPATHIHBIH KATBICHIHJAFBl XJIOPHUI-UOHIAPBIHBIH TEPIC dCEpIH
AIICKTPOJIUTTE OTE a3 EPUTIH ChIHAI XJIOPHUIIHIH TY31L1yiIMEH KoHE OHBIH J1a aTFOMHUHUI
OeTiH OipmramMa IacCUBTEHAIPYMEH TYCIHAIpYyre OOJIATBIHBI KOPCETUII].

DIeKTpoanTTe opTYpini katmoHmapaelH (K*,Na't,Ca’t,Mg?*) xaTeichiHna
CyTeK 0eJIiHY KbULTaMIBIFbl ©3T¢pPMEHTIHI aHBIKTAJIJIBI.

AJIOMUHUN MEH CYJBIH OPEKETTECY MPOIIECiH OHBIMEH KOHTAKTIre KEeNTIpUIreH
MeTaJuI-Jenoisipu3aropiap (HUKeNb, MaJUIaJnid, TeMip >KOHE TpadUT KaTBICHIHIA)
CyTek OeiHy >KbUIIaMIBIFBI KYPT apTaThIHBI KepceTinai. by meranmap xoHe rpadut
JETOJISIPU3aToOpiiap PETiHAEe CyTeK OeiHy MpOIEeCIHIAe alFall PeT KOJIJAaHBUIFaH,
xacanran onic KP maiipganbr MozemiMeH KopfanFaH. AJFaml peT CyTek OeniHy
KBUIAAMIBIFBl  KaTadu3aToOp KOHIICHTpAIUsChIHA, aJIOMUHUWMEH KOHTAaKTIre
KENTIPUITeH MeTalI-AenoIIpU3aTOPIapAblH TAOUFAThIHA TOYENAl €KEHi KOPCETUIII.
Cyrek OemiHymiH aca KEpHEYJIri aJlOMUHUWTE JKOHE OHBIH amajbraMachlHa
KaparaH/la, TOMEH OOJIbIIl KEJETIH MeTaJI-ACHOoJISIpU3aTOPIIapabl KoHE TpaduTTi
nmaliaanFana, CyTeK 0eIHy KbULIaMabiFsl 1,4-2,4 ece apTaThIHBI aHBIKTAJIIBI.

ANIOMUHUM MEH CYIBIH OpEKeTTecyl Ke3iHAe CyTeK OeiHy KbLIIamIbIFbIHA
AIEKTPOJIUT OPTACHIHBIH (HATPUN TUAPOKCUAIHIH, (POCPOp KBIIMIKBUIBIHBIH, KYKIPT
KBIIIKBUTBIHBIH, HATPUN XJIOPUIIHIH OCEpIHIH CUINATHl aHBIKTAIABL. AJIOMUHUN MEH
CyIIbIH 9pekeTTecyl Pochop KbIIIKbUIBIHBIH KATHICHIHIA ©T€ 0asty *KYpEeTiHi, O1pakK oChl
ANIEKTPOJIUTKE HATPUI XJIOPUJIIH KOCKAH Ke3/e, CYTEKTiH OeiHyl KapKbIHIbI TYp.ie
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KypeTiHi kepceTuial. OcblHAal 3aHABUIBIKTAPAbIH KYKIPTKBIIIKBUIIB! KbIIIKbIIAAPIA
OailKanaTbIHbI aHBIKTAJIIbI.

Hotwxenepain TeOpUsUIBIK MaHBI3BUIBIFBL 30p, ce0e01 ajFall peT epiTiHaire
ChIHAIl HUTPAThIH KOCKAH Ke3Jle, MOTEeHUHMaNap alblpMachl 0ojyblHAa OalaaHBICThI
QIIOMUHUN MEH ChIHAIl MOHJIAPBIHBIH apachbliHAa TOTBIFY-TOTHIKCHI3JJaHy PEaKLUSIChI
KYpPETiHI aHbIKTanabl. HoTwxkeciHae amOMUHUNAIH O€Ti  3IEKTPOXUMHUSIIBIK
KOppO3usifa YIIBIPAUTBIHBI, TEPIC MOTCHIMAJIFa W€ amajbrama TY3UIETiHI, JeMeK,
ATIOMUHHUI OKCUJITIK KabaTTaH apbLIaThIHBI JKOHE OEJICEeH[I MEeTaul PEeTIHJE CyMEH
CyTeK 06Jie OpEeKETTECETIHI KOPCETUII.

AJNIOMUHUNM MEH CYTE€K 9pPEKETTECKEHJI€ CYTEKTiH O6JliHyl LMKIJIIK CUIAaTKA He
€KEH1, JIeMeK, KaTaJlu3aTOP/AbIH LIbIFbIHFA YIIBIPAMANTBIHBI, OlpaK 01 CyTeK OeiiHy
peaklUsAChIHA KOHE Cy MEH alIOMUHMIJIIH OPEKETTeCY peaklUsAChlHA KaTbICAThIHBI
TYOKBIPBIMIAJITBI.

XKyprizuiren 3eprreyiiep HOTUXKENEPl CYTEKTIK SHEPreTUKa calachlHIarbl, OHbIH
apacblHla CyJaH CYTeK ally 9MIICTEpiH jKacayJarbl, CyTEKTlI aBTOHOMJBIK >Karjaiaa
KaTajau3aTop KaTbIChIHAA JKOHE AIIOMUHUNIIH  MeTall-Ienoisipru3aTopiiapMeH
KOHTAKTITe KENTIpUIreHAe ady MYMKIHAIN S>KeHIHAeri OurliMal jKoHE FhUIBIMU
JEPEKTEP/Il KOHE FHUTBIMU MOJIIMETTEP 11 KEHEUTE TyCeIi.

Byn KyMBICTBIH HOTHXKeJIepl CYTEKTIK JHEpPreThKa cajlachlHa JKOHE CYTEKTI
aBTOHOM/IbI JKaFjailyiapia ajay OJICTepIHIH JaMyblHAa aWTapibIKTaii KOMaKThl YJec
enrizeni. OHBIH YCTiHE, CYyTEK, OT€ XKEHUI XUMHUSIIBIK JJIEMEHT 00Jia TYpPBIN, OTHIH
PETIH/IE KOHE KONTETeH TEXHOJIOTUSIIBIK MTPOLIECTEPAE TOTHIKCHI3AaHABIPFBIII PETIH/C
naijaiaHbUIaibl, COJl CeOeMNTEeH, CYTeKKE JETeH CYPaHbIC >KbUITAH-KbUIFA apThII
keneni. Ocwl cebentepAeH AMCCEPTALMSIIBIK JKYMBICTa KENTIPUITeH HOTHXeIep
KEJIeIeKTe CYTeKTI aBTOHOMJBI JKarjaiiapia alyablH MOCEJeCiH IIelryi
KaMTaMachI3 eTel.
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KOCBIMIIA F
EcenreyJiep

AJNIOMUHUIJIIH CYMEH 9pEKETTECY Ke31H/1€ OOJIIHETIH KbLTy MOJIIIEPIH €CEeNTey
AJNIOMUHUNJIIH CYMEH 9PEKETTECY PEaKLUACHIH KapaCcThIPalbIK:

2Al 4+ 6H,0 = 2Al(OH)3;+3H, T
2Al + 6H,0 = Al,05;+3H,0 + 3H, T
AHY95(Al,035) = -1676,0 kJ[x/Monb
AHY95(H20) = —289,8 kJI:x/MOIb
AHYgg(peaku) =—1676,0 kJIx/Monb — (—289,8k/Ix/Monb3) = —1676,0 kJIx/MOb
+ 869,4 xJ>x/Moab = 806,6 kJIx/MOJIb

AmoMuHuiiiig 2 Mo, Aemek 54 rpambl cymMeH opekerreckeHne 806,6 k/[x
KbLTY OOJiHe .
1 Kr aJIFIOMUHUNA CYMEH OPEKETTECKEHIE KaHIIIa KbITy OOJIIHETIHIH €CenTeHIK |

IIponopuus KypanbIk:
806,6 kJI — 2 Moib — 54:1073 kr
X kJlx—1kr

X = 806,6: 54-107 kr = 14937,03 x/I>x Hemece 14,9 mJ[x
ConbiMeH 1 kr amoMuHul cyMeH opekerteckenae 14,9 m/[x xbury 6emiHe/i.
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