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HymbicTa «Lybapken Kemip» AK apHaibl KOKCTbIH, ©HEPKICINTIK OHAIPICiHIH, Kanablfbl
60nbIN TabblNaTbIH KOHAMLMACHI3 YCaK TYNiIPWIKTI KOMIpTEKTi dpakumuanapaaH TynipwiktenreH
6enceHaipinreH Kemip any TEXHONOTUACbIHbIH, epeKwenikTepi KapacTbipblaabl. TyhipwikTey,
KapboHu3aumanay KaHe benceHaipy aficTepi MeH pexumaepimeH Katap, apHaWbl KOKCTbIH,
OHEepPKaCINTiK OHAIPICiHIH KanAbIKTapbl HerisiHae 6enceHAipinreH Kemip anyablH TEXHONOTUANBIK
cbI36aHyCKacbl a3ipaeHAi. ANbIHFaH MaKCaTTbl KOMIPTEKTI MaTepuanaapabid, GU3NKa-XUMUANBIK
cunaTTamanapbl MeH KypblabiMblH B6aFanay xyprisingai.

KypambiHaa 60% KOKC yHTafbl, 35% bHalinaHbICTbIpFbIW 3aT, 5% xumuanbik 6enceHaipriw
areHT 6ap KOKC yHTaKTapbl HerisiHAe TYMipWiKTeNreH KaHe YHTaKTbl besceHaipinreH kemipnep
anbiHAbl. BenceHaipy yAepiciHiH, TemnepaTypafa Tayenginiri aHbiKTanabl. Aacopbumanbik-
KYPbIAbIMABIK ~ Tangay aaicTepimeH 6enceHgipinreH KemipaiH, KypbinbiMbl  3epTTengi,
CaHblNaynapabiH menwepi 2-aeH 32 HM-re AeiiHri Me3oKeyeKTepai KaMTUTbIH faMblfaH KeyeKTi
KYPbINILIMHbIH, 601ybl KepceTinai.

TyiliH ce3pep: KemipTekTi maTtepuangap; 6enceHaipinreH Kemip; copbuMANbIK

CunaTaTamanap; 6encer,ipy; KOKC YHTafbl; KYpblZIbiIMAbIK CMANATTamanap.
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B pabote paccmoTpeHbl OCOBEHHOCTM TEXHONOFUWU MONyYeHUA rpPaHYyNIMPOBAHHOIO
AKTUBMPOBAHHOIO YA W3 HEKOHAUUMOHHbIX MENKO3EPHUCTbIX YIAEPOAHbIX dpaKuuid,
ABNAIOWMXCA OTXOLOM MPOMbILWIEHHOMO NPoM3BoAcTBa cneukokca AO «llly6apkonb Komup».
PaspaboTaHa TexHoNOrMyeckas cxema NoJly4eHUsA aKTUBUPOBAHHOIO YIIA Ha OCHOBE OTXOA0B
NPOMbILINEHHOrO MPOU3BOACTBA CMELKOKCA, BKAKYaA METOAbl M pPEeXMMbl TpaHynauumu,
KapboHu3aumMmM U akTMBauuu. [lpoBegeHa OUEHKa (GU3MKO-XMMUYECKUX XapaKTEPUCTUK U
CTPYKTYPbI MONYYEHHbIX LLeN1eBbIX YIIePOAHbIX MAaTepManos.

Mony4YeHbl rpaHyIMPOBAHHbIE U NOPOLWKOBbIE aKTUBMPOBAHHbIE YI/IM HA OCHOBE KOKCOBOM
menoum ¢ coctaBom: 60% KOKcoBasa menoub, 35% cBAsylollee BelWwecTBO, 5% xumuueckui
aKTUBMpPYIOWMKMI areHT. OnpegeneHbl TemnepaTypHble 3aBUCMMOCTM MpoLecca aKTUBALUM.
MeTofamu afCcopbUNMOHHO-CTPYKTYPHOIO aHaNM3a U3yYeHa CTPYKTYpa akTUBMPOBAHHOIO YrAs,
NOKa3aHO Ha/nyMe PasBUTON MOPMUCTOM CTPYKTYPbI, BKALOYAOWEN Me30nopbl C pasmMepom
wenei ot 2 4o 32 HM.

KnioueBble cnoBa: yraepogHble MaTepuanbl; aKTMBUPOBAHHbLIA Yroab; COP6LMOHHbIE
XapaKTePUCTUKM; aKTUBaLMA; KOKCOBAsA Me/IoUb; CTPYKTYPHbIE XapaKTEPUCTUKMN.
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carbon derived from
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This study examines the specific features of the production technology of granular activated
carbon obtained from substandard fine-grained carbon fractions, which are by-products of
the special coke industrial production at JSC «Shubarkol Komir.» A technological scheme was
developed for producing activated carbon based on this industrial waste, including the methods
and conditions for granulation, carbonization, and activation. The physicochemical properties and
structural characteristics of the resulting target carbon materials were evaluated.

Granular and powdered activated carbons were produced from coke fines with the following
composition: 60% coke fines, 35% binder, and 5% chemical activating agent. The temperature
dependencies of the activation process were determined. Using adsorption-structural analysis
methods, the structure of the activated carbon was studied, revealing a well-developed porous
structure that includes mesopores with slit sizes ranging from 2 to 32 nm.

Keywords: carbon materials; activated carbon; sorption properties; activation; coke fines;
structural characteristics.
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1. Kipicne

3amaHayun eHfipicTepaiH, e3eKTi MiHAeTi TexHoreHAik

KaNablKTapabl KeleHAi nalganaHy JKaHe  KangblKCbi3
TexHosorManapabl 33ipney 6onbin Tabbinagabl [1]. CoHfbl
KbINJapbl  ©HEepPKaCINTIK  KanAblKkTapfa pgereH KesKapac

aWTapAbIKTal e3repAi KaHe o0/1ap eKiHWiNnik maTtepuanibik,
pecypctap peTiHAe KapacTbipblia 6actagbl. KypambiHaa
KemipTeK bap maTepuangapabl eHaey KesiHae nanga 6onatbiH
KOMIpTeK KanablKTapblHa epekle Hasap aygapbinagbl [2].
BenceHgi kemip eHgipiciHae 6enceHaipyaiH, eki Herisri agici
KEHiHEeH KonZaHblnagbl:  OU3MKANbIK  KaHe  XUMUANbIK
6encenpipy [3-5]. EKi aaic Te KemipTekTi maTepuangapibiH
KEYEeKTi Kypbl/lbIMbIH Kypyfa bafbiTTanfaH [6], 6yn onapabiH,
aacopbumanbik KacueTTepiH eaayip apTTbipaabl, bipak onap
PTYP/i NPUHLMUNTEP MEH TEXHONOFUANAPFa HerizgenreH [7-9].

OHaeyaiH, ©3eKTi HbicaHAApbIHbIH, 6ipi — KOKC-XxMmuA
OHAIPICIHIH, KaNAbIKTAPbI, aTan akTKaHAa apHalbl KOKC YHTafbl
- BacTypni TEXHO/IOTUANBIK cbi3baHyckanapga
KONAAHbIIMANTbIH  KOHAULMANBIK emec dpakumanap. byn
maTepuanabl benceHaipinreH Kemipai any npouectepiHe TapTy
3KONOTUANBIK XHE 3KOHOMMWKANbIK TYPFblAAH YTbIMAb! TACIN
60nbin Tabbinagbl. OHbI WKKI3AT peTiHAe NalAanaHy eHiMHIH
©3iHAIK KYHbIH TeMeHZAeTyre, KanAblKTapAbl Kemy KenemiH
a3aiTyFfa, coHAan-aK copbumanblik MaTepuangapablH WKUKisaT
6a3acblH KeHenTyre biknan eTyi MyMKiH.

Ocbl XymbicTa bepinreH cunatTamanapbl 6ap copbLmAnbIK
maTepuangapabl any MakcaTblHAA apHaWbl KOKC OHAIPICiHiH
Kanaplfbl  6onbin  TabbinateiH  «llybapken kKemip» AK
(KapafaHgbl ob6abicbl, KP) KOHAMLMANLIK emec KemipTeK
OHIMIiH KalTa eHaey Tacinaepi KapacTbipbliagbl.

2. Taxipnbenik 6enim

«Wybapken kKemip»  AK LLeXblIHbIH,
KOHAWLMANBIK EMeC KEMiPTEKTi OHIMI XaiNbl KOKCTbI CypbINTay,
KYPfaK CeHAipy, lWamajaH TbIC XXYKTeMe »JHe ycaKTay
HaTUXKECiHAe naiiaa 6onaTbiH KOKC YHTafbl 601bin Tabblnaapl,
OHbIH, pakumMAnbIK Kypambl 10 MM-AeH a3 arnomepaTTapaH
Typagbl. MaTepvanaapblH, AWCAEPCUANDBIK KypamMbl MeH
YCaKTaNy WHAEKCIH aHblKTay YywiH ¢pakumanap 6olibiHWa
e/leKTeH Tanfay Xacangbl. 3epTTeynep apHalbl KOKCTbIH,
OKINAIK CbiHamacbIHAa XKyprisingi, kenemi: 9,0 am® MLUJ-7 wap
avipmeHiHae menwepi mMuHyc 10 MM, WAp KYKTEMECiHIH,
annbl canmarbl 5,4 Kr, wapnapaplH, guametpi 3,7-geH 15,0
MM-Te fieiiH. ¥caKTanfaH eHiMAi enekTeH Wwoifapy 4-teH 0,074
MM-Te AeWiH Xyprisingi. CogaH KeliH gaibiH eHiM KenTiping,i,
eNWeHai KoHe 6acTanKkbl e/WeHAifeH alblpMaLlbIabIFbI
60MblHLWA eNlWeHA| eNeKkTeri KanablKTblH, WbifbiMbl +0,074 mm
aHbIkTanabl. CoaaH KeliH ofaH canmafbl 6oMbIHIWA 6acTanKbl
MaTepuan esWweHAiHiH, KabblngaHfaH KaTblHAacblHA AeniH
Kocbinabl: cy, on 1:3 6onabl. Ocblnavwa AalblHAANFaH
OMIPMEHHIH, KyaTbl Kefeci YHTaKTay UWKAIHe eHrisingi.
YHTaKTay  y3aKTblifbl  AuvipmeH  6apabaHblHbIH, — aWHany
KblngamabiFbiMeH enweHai. bapabaHHbIH aiHany xuiniri 73
MuH?t, Erep aMHanbIMZafbl KYKTeMeHiH 250-270%-bl yLWiH
KaXeTTi Maccara YKaKblH AalblH OHIMHIH, WbIfybl KAMTAaMacbI3
eTince, TyMbIK UMKAAI CbiHaK TypaKTbl 60/bin caHanagbl.
¥YcaKTay WHAEKCIH aHblKTay OOMbIHWA CbIHAK HaTUxKenepi
1-KecTeae KenTipinreH.

YHTaKTay KepceTKiwTepi TypaKTaHFaHHaH KeMiH AalblH
OHIMHiH, TpPaHy/NOMeTpUANbIK  CuMnaTTamacbl  aHbIKTanAabl
(2-kecTe).
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OHepKacinTik eHAipic KanAbIKTapbl HEFi3iHAE eHAipineTiH benceHaipinreH kemipagi...

1-KecTe — YHTaKTay MHAEKCIH aHbIKTay 6OMbIHLWA CbIHAK HATUKeNepi

YHTaKTay 1 umkngeri anipmeH Unknaepae naiipa 6onfaH EnekTeri KanfaH maTepuan ANHaNbIM XyKTemeci,
umkngepi aliHaNbIM-[,aPbIHbIH, CaHbI maTtepwuan caHbl -0,074 mm, © +0,074 mm, 1 %

1 145 230,0 770,0 335

2 325 205,0 795,0 388

3 425 260,0 740,0 285

4 438 275,0 725,0 264

5 438 272,0 728,0 268

6 438 271,5 728,5 268

2-KkecTe — bacTankpl }aHe AaliblH YHTaKTay eHiMAepiHiH rpaHyI0MeTpUANbIK cMnaTTamacsl

BacTtankbl eHim

[aibiH eHim

EnekTiH enwemi, Enekte KanfaH KnacctapablH

EnekTeH eTkeH

EneKkTte KanfaH KnaccTapabliH EneKkteH eTKkeH

MM WbIFbIMbI, % KnacctapablH, WblFbIMbl, % K/lacCTapAablH,
eke XUbBIHTbIK MUbBIHTbIK WbIfbIMbl, % eke XUbBIHTbIK XUBIHTbIK LWbIFbIMbl, %
-4,5+1,0 62,0 62,0 100 10,02 10,02 100,00
-1,0+0,5 13,0 75,0 38,0 5,11 15,13 89,98
-0,5+0,2 11,6 86,6 25,0 25,05 40,18 84,87
-0,25+0,15 7,4 94,0 13,4 10,74 50,92 59,82
-0,12+0,07 4,0 98,0 6,0 21,47 72,39 49,08
-0,07+0,04 1,8 99,8 2,0 14,83 87,22 27,61
-0,04+0,03 0,2 100,0 0,2 12,78 100,00 12,78
¥Kanmbi: 100,0 100,0

KOKC yHTafblHbIH, KypblibiIMbl MeH (U3UKA-XUMMUANDIK,
KacueTTepiH TeXHUKabIK Tangay OHbIH, canacbiH BafanayabiH,
bipkaTap agicTepiH KamTuabl.

HMyMbICTbIH, 6acTankbl Ke3eHi WWKI3aTTblH, b6ipkaTtap
CTaHAAPTTbl  CcMNATTamanapbiH  aHbIKTAyAbl  KamTblabl.
MexaHuKanblk Te3imainik TOCT 16188-70 [10] :keHe FOCT 6217-
74 [11] 6oMbiHWa, Kynginik — FOCT 12596-67 [12] caiikec,
biAfFanabinbik — FOCT 12597-67 apictemeci 6oMbiHwa [13],
YWKbIW 3aTTapAablH, WbiFbiMbl — TOCT P 55660-2013 [14]
6oibiHWa baranaHAbl. Agcopbunanbik 6enceHainik nog caHbl
6ombiHwa FOCT 33618-2015 [15] camKec XaHe MeTueH Keri
(TOCT 4453-74) [16] 6oVibiHLWa aHbIKTanAbl, 6Y/1 KOKC YHTafbIHbIH,
b6eTKi KacueTTepiH *KaH-KaKTbl cunaTTayfa MYMKiHAIK 6epa,i.
KypbinbiMabIK . XKaHe epeKkweniktep
CKaHepneywi 3NeKTPOHAbI MUKPOCKONUAHbI KONAAHY apKblabl
(Quanta 3D 200i, FEl, AKL) [17], an TeKcTypanblK
cunattamanapsl Nova 3200e (Quantachrome Instruments,
AKLU) acnabbiHga 77 KTemnepaTtypaga a3oTTbl agcopbumanay-

MopPdONOrMANbIK

pecopbumanay gepektepi 6oibiHWa BJH-mogeniH nanganaHa
oTbipbin, 63T agicimeH 3epTTenai [18].

2.1 KOKC yHTafbl/WaHbl
copbeHTTEPAi any agicTemeci
KoKc yHTafblHaH TyWipWwikTi copbeHTTepai any yaepici

HerisiHae TyWipwikTenrex

6acTankbl WWKi3aTTbl faiblHAAyAaH 6acTanagbl. KOKCTbIH yCaK

dpakumnanapbl 6enrini 6ip MMHEPaNoOruANbIK KypblibiMFa ue,
6YN KOKCTbIH, ycak benlweKkTepiHeH anblHFAH AalblH GHIMHIH,
KaXeTTi afcopbumaAnbik cuMnaTTamanapbiHa KO KeTKisyai
KMblHAATaAbl. ANnAblH  ana KapboHWU3aLMAHbI  KaMTUTbIH
O9CTYpAni  aaicTepmeH  bHenceHgipinreH  Kemipai  any
Taxipubenepinge [19], copgaH KeliiH 850-900°CTemnepaTtypasa
oTKip cy bybimeH benceHgipinreHae, Herisri aacopbUMANbIK
cMnaTTamanap: Mog caHbl, MeHWIKTi apcopbuuansik 6eT,
KeyeKTiniK KOMIipTEeKTI maTepuangapaaH anblHfaH
copbeHTTepre apHanfaH CTaHAAPTTbl TananTapAaH TemeH
eKeHairi aHbIkTanabl [30]. OcbifaH 6alinaHbICTbl XUMUANBIK
areHTTepMeH e, by-aya areHTTepimeH ge apanac benceHgipyai
KO/AaHa OTbIpbIn, 6epinreH HbicaHAafbl ariomepaTTapabl any
MeH eHJAeyAiH TexXHONOTMANbIK Cbl36aHYCKACbiH e3repTy
Typanbl Wewim KabbingaHabl.

bacTankpl WKWKi3aTTbl  gakbiHgay  MUWA-7  wap
OVIPMEHIHAEe YHTaKTay KoHe KeliHHeH eney apKblabl KON
KeTkisinreH <0,071 mm bGenwekTepdiH mesnwepiHe peniH
dpakumnanayabl Kamtbiabl. CofaH KeWiH anblHFAH YHTaKThI
60:40 maccanblK KaTbiHacbiHAa Kemip nekimeH (FTOCT 10200-
2017 [20]) apanacTbipy Kyprisingi. benceHaipriw peareHTTiH,
bipkenki TapanyblH KamTamacbi3 eTy vyuwiH KOH cynbl
epiTiHgiciHib, 6ip 6eniri (38 mac.%) Tikenei Nekke KOCbiAAbl,
COAaH KeliH Gap/blK nacTaHbl Uaey KesiHAe CiNTiHiH, KanfaH

MGﬂLLIepi KOCbINAbl. ApanacTblpy »KaKCbl KajbiNTanaTbiH
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C.B. HeunnypeHKo xaHe T.6.

6ipTeKkTi macca anbiHfaHwa 30-40 muH 6olbl XKyprisingi.
TyHipwiktey guametpi 1-4 mm wuipriwTtepi 6ap 6ypaHgansl
TyhipwikTe opbiHAanAbl. KanbintTackaH Tynipwiktep 90-110°C
TemnepaTypaga 1,5 cafat 6oibl KenTiping,i.

AnbiHFaH yArinep eki caTbiNbl TEPMUANLIK eHaeyre
ywbipaapbl: 450°C Temnepatypaga KapboHusauma »aHe GSL-
1100X afblHAbI NMponu3 newiHge 850°C TemnepaTypaga eTKip
cy bybimeH 6enceHaipy. Kbi3bin KeTkeH 6yabl 6epy 3,5-4,0 a/kr
WbIFBIHMEH KamTamacbl3 eTingi, peakuuma armasblHa Kipy
TemnepaTypacbl 260°C 6on4pbl.

Kanuit rmppokemaimer (KOH) KypambiHaa KemipTek 6ap
6acTamawbiHbl BenceHaipy MexaHU3Mi Keneci Kesenaepai
KamTuabl:

1) Kanuit KapboHaTbIHbIH TY3iNyiMEH KYpeTiH aerngpney:

4KOH +R(R ) =CH, -> R-R + K,CO, + K,0 + 3H,

2) KeMmipTeK AMOKCUAiHIH, 6eniHyimeH »oaHe C-OK
dparmeHTiMeH BeTTiK KypblabiMaapablH Ty3iNyiMeH KypeTiH
450-5002C kesiHae K,CO, kemipmeH apekeTTecyi;

3) peakuuanap 6olibiHwWa 650-7002C TemnepaTypasa
MeTaNN Kanungin, Tysinyi:

K,0 +C - 2K+ CO;
K,CO, +2C - 2K + 3CO.

annol )arganga cintinik benceHaipymid, MexaHusamaepi
YW Heri3ri yaepicTi KamTuapl:

1) 6eTTik QyHKUMOHANAbIK  TonTapablH, MOH-neH
apeKeTTecyi HaTUKeciHae apanblk eHimpgep — C—O—-M To6bI
6ap 6eTTiK KypblabiMaap Tysinyi;

2) onapApblH, KemipTekneH, acipece rpadeHAepaiH, WeTKi
benikTepiHgeri KemipTeK aToMZapbiMeH KYpeTiH
peakuuManapbiHAa MeTannKkypamabl KOCblNbiCTapFa (HerisiHeH
M, CO, xaHe M,0) aitHanybi;

3) M,CO, kaHe M,O KocblnbICTapbiHbIH mMeTaal M-re
AeWiH  KannbliHa Keayi, 6yn meTann  KpUCTaNAUTTepAiH
KabaTapasblk KEHiICTIKTepiHe MHTepKanaumanaHaabl.

Byn yaepictep MWKPOKeYeKTi Kypbl/NbIMHbIH, AamybiMeH
YKOHEe MEeHLIiKTi BeTTiH yNfatobiIMeH KaTap KypAi.

Ocbinaiiua, KOKCTbIK LWaH HerisiHge 6enceHaipinrex
KeMip any YyWiH YCbIHbIAFAH TEXHONOTUANbIK Cbi3baHYCKaFa
coWKec, TaHAanfaH aicTemenep KMUbIHTbIFbl OHEPKICINTIK
MapKanapaafbl bHenceHaipinreH Kemipnepre KOMbINATbIH

4-KkecTe — PUUKA-XUMUANBIK KaCUETTEPLiH, UbIHTbIK KecTeci

TafanTapfa cak cunaTtTamanap any YWiH KeTKiNiKTi eKeHi
aTtan eTineg,.

3. HaTuxkenep aHe onapabl TanKblaay

3epTTey HaTUXKeNepi KOKCTbIK, KanablKTapAabl
b6enceHaipinreH Kemipnep meH 6acka fa KemipTekKypamabl
MmaTepuangapabl any yuwiH ekiHWwi peTTi WuKi3aT peTiHae
nanganaHy MyMKiHgiriH 6afanayra MymKiHgik 6epepgi. byn
KOKC-XMMUA ©HepKacibiHae KanabIKCbl3 TeXHOMOrMAnapAbl
AaMbITyFa biknan etesi.

3.1 Ty#ipwiktenreH 6enceHgipinrex
dUBUKA-XMMUANDIK KepceTKiwTepi

ymblic 6bapbicbiHAa 3epTTeNeTiH beNCEHAIpiAreH KeMipAiH,
TO3yfa Te3iMAiNiri MeH KOKOC *KaHfafbl KabblfbiHa HerisgenreH
eKi KoMMepUMANbIK VAFiHI canbicTbipy Kyprisingi (RPMC 1004
»oHe Haycarb YAO-60). 3-kecTege Kemipai WnamaapnaH xyy
6OMbIHIWA  CblHAaKTapAblH - HaTUKenepi KenTipinreH. Kokc
YHTafblHA HerisgenreH VAR aHblKTamanblK maTepuangapmer
(0,08-0,09%) canbicTbipFaHaa - benwekTepaid 0,63 mm-geH
(1,32%) @3 yneciH KepceTTi, byn MexaHUKanbIK AECTPYKUUAHDIH,
PYKcaT eTifireH AeHreniH KkepceTteaq,.

KemipnepaiH,

3-kecte — benceHgipinreH kKemipnepgi 0,63 mm enekte

WAamAapaaH Ta3apTy CbiHafbiHbIH, HaTUXKenepi

Kemip mapkacbl KemipaiH TyRipwikTinik 6olbiHWa

maccanbiK yneci, %

0,63 mm-geH ipi 0,63 mm-aeH ycak
TyhipwiktenreH 96,68 1,32
b6enceHpipinreH kemip
Haycarb, RPMC1004 99,91 0,09
Haycarb YAO-60 99,92 0,08

To3yablH, CON KOFapbl A2pexeciHe KapamacTaH, KOKC
HerisiHaeri KemipaiH MexaHUKanblK cunatTamanapbl cy3y
XKyrenepiHae KONZaHbINATbIH cOpbeHTTep yWiH KanbinTbl
wekTepae. byn ocbl maTepuangbl GyHKUMOHangbl Typae
Kapamzbl gen caHayfa MyMKiHAiK 6epega,.

4-kecTepe 6acTanKbl LWMKI3aT — KOKCTbIK YHTAK neH
anblHFaH 6enceHaipinreH Kemipnepaid, ©GU3MKa-XUMUANBIK
cMnaTTamanapblHblH OPTaLla HATUXKENepi KeNTipinreH.

DU3NKA-XUMUANBIK Cy 6oViblHWa W_blnFangbin, SVA X A, Vi MexaHUKanbiK

KacuetTepi MKUBIHTbIK, MmaccasnblK, MeHwWikTi 6eTki WMopa canbl, Kynginik,  YiKbiw 3aTTapabiH  (KYPbIAbIMABIK)
Kenem, cm3/r  yneci, % ayaaH, m%/r % % maccanblk yneci, %  6epikTik, %

TyHipwiktenreH 1,4 0,7 300 42,3 9,3 9,2 98,6

b6enceHaipinreH kemip

Kokc yHTafbl, op 1-4 mm - 0,2 12 6,9 7.2 6,2 99,3
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KOKCTbIK YHTaK HeridiHge anblHFaH 6enceHgipinrex
KemipgiH, ~ GU3MKa-XMMUANBIK ~ cMNaTTamanapbiH  3epTTey
HOTUKeNepi anblHFaH YArinepaiH, ofapbl MEHWIKTi 6eTKi
ayfaHfa Me eKeHiH KepceTTi, 6yn onapapiH,  TMiMai
afcopbumnanbik KacueTTepiH KamMTamachbI3 etepi.
MUKpoOKeyekTep MeH Me3oKeyeKTepai KaMTUTbIH AamblfaH
KeYeKTi KypblablM KeMipAiH copbuuAnbIK CblMbIMAbINbIFbIH
apTTbIpbIN, PTYPAI enwemaeri monekynanapabl Timai ycran
TYPYFa MYMKiHAIK 6epegi. Yarinep biAfanabliblK NeH OpTaHbIH,
pH pgeHreii cuAKTbl dpTypAai nakfanaHy KafgannapbiHaa
TYPaKTbl copbumanbiK KacueTTepiH KepceTeai, byn onapabl
CyMbIK opTanapApbl Tasanay npouectepiHae KondaHyFa nanbiK
eteai. Ynrinep4iH Kofapbl mMexaHWKanblK 6epikTiri onapabl
OHEepKACINTIK Cy3y aHe TasapTy KylienepiHae KongaHyfa
KONawnbl eTedi, OWTKEHIi MyHAAW Kafpalnappa Kemip
alTap/ibIKTa  MeXxaHWKanblK KyKTemesepre ylibipanabl.
OHpaipic KesiHAe KONAAHbINFAH TEPMMANLIK ©HAey YLIKbIW
3aTTapAblH, MaccanblK YyAeciHiH TemeH 60ayblH XaHe Kemip
KYPbIZIbIMbIHbIH, YKOfapbl TYPaKTbIbIFbIH KamTamacbi3 eTin,
OHbl navpanaHy 6apbicbiHAa TepMUANbIK e3repicTepre
Tesimai eteai.

3.2 benceHgipinreH KemipneppgiH KypblAbIMAbIK KaHe
3NeMEeHTTIK Tangaybl

KOKCTbIK YHTaK HerisiHae anblHFaH b6enceHgipinreH
KemipgiH, mopdonornanbik epekweniktepiH C3M agicimeH
3epTTey HaTukKeciHae OHblH, amopdTbl, Hopmbingak 6eTki
KYPbIZIbIMFA Me eKeHi aHblKTangbl, 6yn Kypbiabimaa 600 Hm-
AeH 25 MKM-re [eWiHri MaKpOKeyeKTep XKyWeci »Kakchbl
AamblfaH. x25 000 ece yaKelTKeHAEe ME30KeyeKTi KypblbiIMAbl
Ty3eTiH KeMipTeKTi nnacTuHanap 6ankanapl (1-cyper).

BpyHayap, [JemuHr xaHe Tennep (b3T) knaccuduka-
LUMACbIHA CaliKec, aacopbuua wu3oTepmanapbl anTbl Herisri
Typre (I-VI) 6eniHepgi [32-36], onapablH, 9pKaucbichbl
aacopbeHTTiH KypblbIMbl MeEH KacueTTepiH cunaTTanabl.

a) x1 000 ynrenty; 6) x3 560 yakelTy; B) x10 000 ynkenTy;
r) x25 000 yaKkenTy

1-cypet — benceHaipinreH kKemipaiH apTypAi yAKenTy
peHreniHgeri C3M mukpodoTocypeTTepi

Aacopbuna KaHe paecopbuua um3oTepmanapbl
KepceTinreH.

N3oTepmaga  Me3oKeyeKTi  maTepuangapfa  ToH
ructepesnc inmeridii, 60nybl aHblK 6ailKkanaabl. TemeH
CanbICTbIPManbl Kbicbim aimasbl (p/p < 0,05) wekTeyni Typae
YCbIHbINIFAaHbIMEH, KUCbIK NiWiHi MeH rucrtepesuncTid 6onybl
IUPAC [29] KnaccuduKaumacbiHa CaWiKec u3oTepmaHbiH, IV
TUNKe XKaTaTblHAbIFbIH pacTaiabl (2-cyperT).

2-cypeTtTe

2-cypeT — besiceHAipinreH Kemipaep ywWiH anbiHFaH agcopbumna nsotepmanapsl
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C.B. HeunnypeHKo xaHe T.6.

5-kecte — CopbeHTTepaiH, GU3NKa-XMMUANBIK KacneTTepi 60iMblHLIA CaNbICTbIPManbl cMNaTTamachl

DU3NKA-XUMUANBIK KOKc yHTafbl

TyWipwiktenreH 6enceHgipinrex

BenceHgipinreH kemip

BenceHgipinreH kemip

KacveTtTepi Kemip (afaww) (kabbik)
KeyeKkTtepaiH kenemi, cm3/r - 1,4 0,6 0,7
blnranapineik, % 0,2 0,7 2,0 1,0
MeHuwikTi 6eTi, m?/r 12 300 700 1000
Mog canebl, % 6,9 42,3 75 85
Kynginik, % 7,2 9,3 6,5 5,5
YwKbiw 3atTap, % 6,2 9,2 8,5 8,0
MexaHuKanblk 6epikTinik, % 99,3 98,6 95 97

B3T (BpyHayap, IOmMmeTT aHe Tennep) aaicimeH
JKYPrisinreH agcopbuuanbik Tangay YAriHIH MeHLWIKTi 6eTKi
aydaHbiHbiH, 245 M?/r ekeHiH KepceTTi. BappeT-AoliHep-
XaneHga (BAX) aaici 6olbiHWa 17-25 HM apanbifbiHAAFbI Tap
KeyekK ynectipimi pactangbl.

AnblHFaH COPOGEHTTIH, TUiIMAiniriH 6afanay YWiH OHbIH,
OU3NKA-XMMUANBIK KacueTTepiHe ©HepKacinTik eHAipinreH
afaw HerisiHgeri 6enceHpipinreH KemipmeH [30] KaHe
kabbikneH [31] canbicTbipmanbl Tangay XKyprisingi. Hatuxkenep
5-kecTeae KenTipinreH.

4. KopbITbiHAbI

«LWy6apken Kemip»  AK LLeXbIHbIH,
KOHAMLMANBIK EMEC apHalibl KOKC YHTaFfbl HerisiHAe KypamblHAa
60% KOKC YHTafbl, 35% 6alinaHbICTbIPFbILW (TAacKemip wambipbl,
FOCT 10200-2017), 5% xvmuanbik, 6encengipywi areHT (KOH,
TOCT 24363-80) »koHe 12% TexXHWUKaNbIK cy (CTEXMOMETPUANDBIK,
MesiepaeH apTbik) 6ap TYNipWIKTENreH KaHe YHTaK Tapisai
b6enceHaipinreHkemipaepanoiHabl. YaepicTiHTeEMNepaTypanbik
Tayenginikrepi aHblKTanabl.

AnblHFaH TyWipwikTenreH 6enceHgipinrex
bU3MKa-XMMUANBIK napameTpaepi

KOKC-XMUA

KeMipaiH

aHbIKTanapl: cebinmeni
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