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XUMUKO-TEXHOJIOI'HYECKHUE HAYKHA
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BJIUAHUE HECTAHIUOHAPHOT O QJIEKTPUYECKOI'O TOKA
HA PACTBOPEHUE METAJLJIOB B BOJIHBIX PACTBOPAX IIIEJIOYEN

AHHoTanus. HectannonapHelie Bo3ieiicTBUSI MOTYT OBITh HIMPOKO HCIIOIB30BAaHbI B KAUECTBE MHTCHCU(DHULIINPYIOIIETO
(hakTOpa IpHM TEXHOJIOTMYECKHX IIPOLEccCax M B Ka4eCTBE HHCTPYMEHTA MCCIECAOBAHNN XHMHUYECKUX CHCTEM.
HccnenoBanust 3HEPreTHUECKNX BO3ACHCTBHN HAa CTPYKTYPHBIE MPE0oOpa30OBaHUS B KUIKUX CHCTEMax MOTYT JaTb
BO3MOKHOCTb CYIIIECTBEHHO HHTEHCH(DHUIINPOBATH MHOTHE XMMUKO-METAJTy pruueckue mpoueccsl. Hamu ncenenosanach
PacTBOPUMOCTD ATFOMUHHS, KeJIe3a 1 MOINO/ICHA B IIETOYHBIX PACTBOPAX MO/ BIUSHUEM IIEPEMEHHOTO 3JIEKTPHUYECKOTO
Toka. Mcmonp3oBanack IBYXAIEKTPOAHAS sSTYeiKa. DIICKTPOIbl M3rOTABIMBAINCH U3 pacTBOpsieMOro Metaiuia. Yacrora
3MIEeKTpUUecKoro Toka usMensace ot 20 go 200 000 I'u. B npouecce pacTBOpeHUs alOMUHMS B LIEIOYHOM PacTBOpE
MIPY OJJMHAKOBOW YacTOTE TOKA U KOHIICHTPAIMH IIEJIOUH ITOTEPsT MacChl 00pasiia aTIOMHUHHS BO3PACTACT C YBEJIUUCHHEM
cuitbl Toka J1o0 0,042-0,044 r. JlanbHeiinee yBeln4eHHE CHIIBI TOKA MPAKTHYECKU OJIOKUPYET PacTBOPEHUE AJIFOMHHUS
— usmeHenune maccol cocraBuwio 0,005-0,007 r Al. YBenndeHue KoHIUEHTpaluu mesrouu 1o 5,7% KOH 3naunTensHO
yYMEHbIIIaeT pacTBOPEHUE amtoMUHMS, ToTepst Macchl — 0,009 . Bes mOBepXHOCTH AIIEKTPOIOB MOCie 6 4 pacTBOPEHUS
MOKPBIBACTCS MJICHKOW. AHaiu3 (a3 Ha NMOBEPXHOCTH AOMHHHUS [MOKa3al, 4TO IUICHKA MPEJICTaBIsieT coboil (asy,
OCHOBY KOTOPOl cocTaBiseT Kajauid. ToJIIMHA KalueBOl IUIEHKH MEHSETCSl B 3aBUCHMOCTH OT IIyOMHBI MOTPY>KEHUS
UIEKTPOJOB B PACTBOP U OT BPEMEHH JKcIepuMeHTa. CTPYKTypy ¥ COCTaB COCIMHEHHN KaJlusl U aJIOMUHHS yCTAaHOBUTH
HE yAaJoCh.

KiroueBble cJI0Ba: 3JICKTPUICCKUI TOK, IIEIIOUHOM PACTBOP, YaCTOTA TOKA, MOJIMOIAT HATPUSI, AJTFOMUHUCBBIN JJICKTPOI.

Eanec MLA.*!, Baarumbaesa Y.A.!, Dub-Caiien H.A.', Cyneiimenos J.H.', [llapunos P.X.'.

Kazakcran-bpuran Texuukansik yauBepcuteti, 050000, Anmarsl k., Kazakctan
*E-mail: m_eldes@kbtu.kz

CUITUVIEPOAIH CYAAFBI EPITIHAIJIEPIHAET'T METAJIIAPABI EPITYIHE
TYPAKTbBI EMEC 2JIEKTP TOI'bBIHBIH 9CEPI

Angarna. CtarpoHapIsl eMec dcepiepli TEXHONOTHAIBIK MPOIecTepie MHTCHCUBTCHIIPYII (akTop PeTiHAe KOHE
XUMIBUTBIK JKYHENIepai 3epTTey Kypaibl peTiHae KeHiHeH KoimaHyra Oomamel. CyHBIK >KyHenepaeri KYPBUIBIMIBIK
e3repicTepre SHEPrHSHBIH 9CEPiH 3ePTTCY KONTEreH XUMHSUIIBIK KOHE METaJUTyprHsUIBIK MPOLECTEpl aiTapIblKTai
KapKbIHIATyFa MYMKIHIIK Oepemi. AWHBIMAIIBI 3IIEKTP TOTBIHBIH OCEPIHEH AIIFOMUHUM, TEMIp KOHE MOJIHOICHHIH
CUITLI epiTiHAlIepAe epirilTirin 3eprrenik. Exi aeKTpoATh! YAIIBIK IMaiiiadanblibl. DIEKTPOATap epireH MeTalaH
JKacayFaH. DIeKTp TOrbIHBIH xuiiri 20-man 200 000 ['u-ke geiiin e3rep/i. Tok KUIITi MEH CUITIHIH KOHIICHTPAIIUSICHI
Oipiedt aNMIOMUHMAAL CINTUI epiTiHAiLEe epiTy IpONeciHAe aTOMHHHUH YITICIHIH MaccaliblK JKOFalybl TOK KYyIIi
0,042-0,044 T neiiin xorapblUlaraH cailblH apTazbl. TOKTBIH OfaH opi KOFapbllaybl aJIIOMUHUIIIH epyiH ic Ky3iHze
Onokraiinel — MmaccanbiH e3repyi Al 0,005-0,007 r kypaast. Cintinik koHUeHTpauusicbi 5,7% KOH-ra neiiin apTTeipy
ATFOMUHUNIIH epyiH alTapibIKTall ToMeHaeTeal, caamak sxoranty 0,009 r Kypaiapl. DiekTpoaTapasiH OyKiT 6eti 6
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o XUMNKO-TEXHOJTIOTMYECKUE HAYKH o

carar epireHHEeH KeWiH IUICHKaMeH »kaObliaabl. AJIOMUHUE OeTiHaeri ¢asanapabl Taugay IUICHKA KaJduid HEri3iHmeri
¢aza exeHin kepcerTi. Kanmii KaOBIKIIACHIHBIH KaJBIHIBIFEl AIICKTPOATAPABIH EpITIHAIre OaThlpy TEpeHMIriHe >KOHE
TOKIprOe yakbIThIHA OalaHbICThl ©3repeai. Kanuii MeH aqfoMUHHN KOCBUIBICTAPBIHBIH KYPBUIBIMBI MEH KYPaMbIH
AHBIKTay MYMKiH OOJTMaJIbI.

Tipek ce3aep: IIEKTP TOTHI, CUITIJI epITIH/AL, TOK XKULIITi, HATPUHA MOJTHOAATHI, AIFOMUHUI IEKTPOIHI.

Eldes M.A.*!, Balgimbaeva U.A.', El-Sayed N.', Suleimenov E.N.!, Sharipov R.Kh.!

Kazakh-British Technical University, 050000, Almaty, Kazakhstan
*E-mail: m_eldes@kbtu.kz

INFLUENCE OF NON-STATIONARY ELECTRIC CURRENT
ON DISSOLUTION OF METALS IN AQUEOUS SOLUTIONS OF ALKALI

Abstract. Non-stationary effects can be widely used as an intensifying factor in technological processes and as a tool for
studying chemical systems. Studies of energy effects on structural transformations in liquid systems can make it possible
to significantly intensify many chemical and metallurgical processes.

We have studied the solubility of aluminum, iron and molybdenum in alkaline solutions under the influence of alternating
electric current. A two-electrode cell was used. The electrodes were made from dissolved metal. The frequency of the
electric current varied from 20 to 200,000 Hz. In the process of dissolving aluminum in an alkaline solution at the same
current frequency and alkali concentration, the mass loss of the aluminum sample increases with increasing current
strength up to 0.042-0.044 g. A further increase of current practically blocks the dissolution of aluminum - the change
in mass was 0.005-0.007 g of Al. Increasing the alkali concentration to 5.7% KOH significantly reduces the dissolution
of aluminum, the weight loss is 0.009 g. The entire surface of the electrodes is covered with a film after 6 hours of
dissolution. An analysis of the phases on the aluminum surface showed that the film is a phase based on potassium. The
thickness of the potassium film varies depending on the depth of immersion of the electrodes in the solution and on the
time of the experiment. The structure and composition of potassium and aluminum compounds could not be established.

Key words: electric current, alkaline solution, current frequency, sodium molybdate, aluminum electrode.

BBenenue

bonbiioe  koIMYECTBO — MCCIENOBAaHUM  paccMaTpUBAaeT  DIEKTPOXHUMHUYECKYIO  00palboTKy
MIOBEPXHOCTEH METAJUIOB M CIUIABOB B PacTBOpax 3J1€KTPOJIUTOB. CyIIHOCTb METOAA 3aKIIIOYaeTCs
B INpPHUIAHUM ONpEeAeNeHHON (opMbl MO0 XapakTepa MOBEPXHOCTHOTO CJIOS MOKPHITHA. B memnom
AIIEKTPOXUMHUYECKass 00padOTKa MOMOIVIa PEUINTh MHOXKECTBO MPOOJIEM B MHIYCTPHH, M HA JaHHBIN
MOMEHT CTaBUTCA BONPOC YBEJIWYEHHUS TOYHOCTH JAHHOTO BHAa oOpaboTku. OmHuM u3 Haumbosee
MEPCTIEKTUBHBIX METOIOB YIyUIICHUS TOYHOCTH SIBIISIETCS SJIEKTPOXUMHUUYECKast 00paboTKa HMITYIIbCaMU
Toka. Takum oOpazom, 0co00e BHUMAHUE YIENISETCS dICKTPOXUMHUECKONW 00paboTKe ¢ MpUMEHEHHEM
HECTAallMOHAPHBIX MMITYJIbCHBIX TOKOB [1]. DOnexkrpoxmmuyeckas o0paOoTka MpeACTaBisieT co0oi
MPOIIECC OYUCTKY TOBEPXHOCTH METAJIOB B PACTBOPAX HJIEKTPOIUTOB ITPH ONIPEICIICHHON KOHIIEHT AN
¥ [IPH KCTIOJIb30BaHUH BBICOKOYACTOTHBIX JIEKTPUUECKUX UMITYNIbCOB. Kak pesyabraT, MeCTONONI0KEHHE
nporLecca MMEKTPOXUMUYECKOM 00pabOTKHU BEPOSATHO ONPEAETUTh EPEHOCOM HOHOB.

M. ®dapageii [6] oleHHWBaeT BCE TPOSBICHUS AIIEKTPUYECTBA aOCOIIOTHO OJWHAKOBBIMH BHE
3aBHCUMOCTH OT MCTOYHHUKA MX TONy4YeHHs. VICTOUYHHMKH MOIydeHHus, B CBOIO O4epe/b, MOTYT OBITH
pa3HBIMU: MEXaHUYECKHE, XUMUYECKHE, CBETOBbIE, TEIUIOBbIE, (DU3HOIOIrMUYECKUE U MarHuTHeIe. Mcxoas
W3 JaHHOTO YTBEPKIIEHUS, CIIETyeT TOBOPUTH 00 IKBUBAJIICHTHOCTH TEPEAaYN YFHEPTHH TEIIJIOM, CBETOM
U IpyruMHu (HaKTOpaMHu, B pe3yJabTaTe KOTOPOH MOSBISETCS SIEKTPUIECTBO.

OcCHOBHBIE OJIOKEHUS
W3BecTHO, 4YTO ANEKTPUYECTBO, TEIUIO, padoTa ¥ CBET TEpelaroT SHEPTHUI0 TMOCPEICTBOM
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MaTepuaIbHBIX CYOCTaHIMI, TO €CTh JIEKTPOHOM, «TeroTpoHOM» [7—11], poToHOM M «pabounmu
tenamu» [12] coorBercTBeHHO. Clle0OBATENBHO, 3JIEMEHTAPHbBIE YACTHUILBI, NEPEAIONINe JBUKCHHE
K CTPYKTYpPHBIM 3JI€MEHTaM JPyrod CHCTEMbI, COTJIACHO 3aKOHY COXPAaHEHHUsSI KOIUYeCTBA JBUKCHUS,
IPOSIBIIIIOTCS B PA3JIMYHBIX BUAOU3MEHEHUsAX. IHBIMU cll0BaMU, JaHHOE MOJO0XKEHUE MepecMaTpUBaeT
MEXaHU3M pean3aliy MPOLECCOB MEXAy MaTepHAIbHBIMU OOBEKTaMHU. YYET 3THUX IOJIOKECHUH H
OCHOBBI (PU3UKO-XUMHUYECKHUX XapaKTEPUCTHUK, ONIPEAEIISIONINE KOJINIeCTBEHHO-KaueCTBEHHbIE CBOWCTBA
MaTepuajoB, OTKPOIOT BO3MOXKHOCTb YIIPaBJIEHUS! COCTABOM M CBOMCTBOM MaTepHaoB, HEOOXOIUMBIX B
COOTBETCTBYIOIIUX 001AaCTAX 3KOHOMHUKH. DTO TpeOyeT yryOIeHHOro U3y4eHHUs! 3aBUCUMOCTH MUKpPO-,
MaKpOCBOMCTB BEIIECTB OT pa3Mepa €ro COCTABISIONIUX CTPYKTYPHBIX YacTel KaK B3aUMOCBSI3aHHOTO
€IMHOI0 MaTepHalbHOro 00bekTa. OTAEIbHOE PACCMOTPEHHUE CTPYKTYPHBIX 4acTed, HE YyUMUThIBas UX
B3aUMOJICHCTBUS, IPUBOAUT K YXY/IIIEHHUIO IEHCTBUTEIBHOCTH MAaKPOCKOIINYECKOT0 00pa3oBanus. Kpome
TOTO, MOHATHE O JUCKPETHOH MPUPOJE MEKTPHUECKOTO TOKA IO3BOJIET MCIOIH30BAaTh KOMOMHAIUIO
apaMeTpoB AIEKTPUUECKOT0 TOKA U1 OPraHU3aLUU HEOOBIYHBIX XUMHUECKUX PEaKIIUN. Y UNThIBas, 4TO
HECTAllMOHAPHBIN IEKTPUUECKHUH TOK IIUPOKO UCHOIB3YETCs Ul HCCIIeIOBAHNS XUMHUUECKUX CUCTEM U
yCHIIUBAIOIIEro (hakTopa MpU peakuusix, TaHHOE BO3/eHCTBHE HCIIOIb30BAIOCH B IIIEIOYHBIX PACTBOpaX.
B HacTosmel paboTe U3y4eHO NIEKTPOXUMUYECKOE PACTBOPEHUE IIBETHBIX METAJUIOB IO AeHCTBUEM
HECTAllMOHAPHOTO JJIEKTPUYECKOr0 TOKAa B NPUCYTCTBUM ILEJIOYHBIX pacTBOpoB. MccienoBaHus
9HEPreTUYEeCKUX BO3JIEHCTBHM HAa XUMHUYECKHE CHCTEMBI MOTYT 3HAYUTEIBHO YIYYIIUTh MHOXECTBO
XHUMHKO-METAJLTyPTUYECKUX MPOILECCOB. BhIIO YCTaHOBICHO, YTO MpUMEHsIeMas TabopaTopHas sueika
HE TO3BOJISIET ONPEICIUTh BIUSHUE (POPMBI IIEKTPUUECKOTO CUTHaja Ha 3(PEKTUBHOCTh PEAKIUU Ha
TPaHUIIE JKeJIe30/IIeTI0OYHOM PACcTBOP [UI HEPACTBOPHUMOTO B IIIEJIOUN MeTaIa (Kese3a). DKCIepUMEHTHI
B OTOM HAaNpaBJICHHM MPOBOJAWINCH HA MeETaaX, KOTOpbIE OOpa3ylT pacTBOPUMBIE B MICIOYH
COeUHEHNUs. JJaHHBIMU MeTaJulaMU B UCCJIEJOBAHUU ObLIN aIFOMUHUM U MOIHO/IEH.

MarepuaJjbl 1 METObI

OuunieHHble AJIFOMUHUEBBIE AJIEKTPOABl B BUJE METAJNIMYECKONW MPOBOJOKUA JUAMETPOM 2,5 MM
MOTPYKaJIM B PacTBOP IIEJIOYH B CIEAYIOMUX KoHIeHTpammsax: 1,46; 3,58 u 5,7% KOH (o manubIM
XUMHUYECKOT0 aHaIu3a). IHTEHCHBHOCTD TOKA B AJIEKTPOXUMHUYECKON AUeiiKe KOHTPOJIUPOBAJIACh 4epes
KOHTakTHbIE conpotuBieHus (1, 11, 50 OM) npu MOCTOSHHOM NMPUIOKEHHOM HAIPSKEHHUH.

Taxxe OBUIO YCTAHOBJICHO, YTO DJEKTPOXMMHUYECKOE PACTBOPCHHE ATFOMUHHUEBBIX JJICKTPOIOB
HAYMHAJIOCH cpasy mocie ux norpyxenus B pactBop KOH mpu xonuentpanuu = 3,58% (R =50 Om, h
= 50 I'n). Camxenne conpotuBienus 10 11 OM mpuBeno K TOMy, YTO MO 3aBEPUICHUH KCIIEPUMEHTA
norepu Macchl obpasua ysenuuuianch 10 0,042-0,044 r. JlanpHeilee CHUKEHUE CONPOTUBICHUS 10
1 Om (TO ecTh yBenMYEHHWE WHTCHCUBHOCTH TOKAa) CYIIECTBEHHO IOAABIISIET PACTBOPEHHE DIIEKTPOJA,
koraa u3MeHnenus: maccel nocturatotr 0,005-0,007 r Al. YBenuueHnue KOHIIEHTpAIUU 1enoqu 10 5,7%
KOH npu Bcex paccMOTpEHHBIX CONTPOTUBIICHUSIX HE MPUBEIIO K KEJIaeMOMY pe3yJIbTaTy:
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Pucynoxk 1 — 3aBUCHMOCTD 3JEKTPOIPOBOJHOCTH
aJIIOMUHATHOTO PAacTBOPA OT YACTOTHI TOKA MPH Pa3INIHON
temneparype (Na,0 —269,3 r/n; Al0, —269,0 r/m)
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Ha pucysnke 1 (ctp. 8.) npeacraBiieHa 3aBUCUMOCTb 3JIEKTPOIPOBOAHOCTH AIFOMUHATHOTO PacTBOpa
OT 4acTOThl TOKa Tpu Temmeparype 25, 40 u 75 °C (coorBercTtBeHHO KpuBas 1, 2 u 3). OueBuaHO,
YTO M3MEHEHHE YaCTOThI JIEKTPHUUYECKOTO TOKA MPHUBOAUT K HEOJHO3HAYHOMY H3MEHEHHMIO (PH3UKO-
TEXHHUYECKUX XapaKTePUCTHK pacTBOpa, 4YTO TpeOyeT YCTAaHOBJIEHHUS ONTHUMAJbHBIX MapaMeTpOB
pacTBOpeHus: JUId KaXJOro OTIENBHOrO ciy4as. B 1menom criemyeT OTMETHTb, YTO 3HAYEHUs
ANIEKTPONPOBOJHOCTH AJIFOMUHATHOTO PAaCTBOPa YBEJIUUYHMBAIOTCS C BO3PACTAHUEM YacTOTHI TOKA.

Huxe npencrasinena ¢ororpadusi (pUCyHOK 2) MOBEPXHOCTH AJIOMUHHEBOTO 3JIEKTpoJa MOCIe
pPacTBOPEHUS AJIFOMUHUS B IIEJIOYHOM PaCTBOPE.

50 ', 6 gac
(a) YBenmmuenne 200X

(6) YBenmuenue 720X

Pucynok 2 — Tonkue depHble JMHUM I'PAHULBI PACTPECKUBAHUS MeTalljla
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Bgepxy uzobpaxenue (a) (puc. 1, crp. 9.) moBepxnocTu snekrpoza npu ysenunuenuu 200X. Hioke
cHUMOK (0) (puc. 1, cTp. 9.), BBIMOITHEHHBIH HA YIIEKTPOHHOM MUKPOCKOTIE TpH yBenndeHnn 720X. MoxxHO
YBUJIETh, YTO HA MMOBEPXHOCTH METaJJIa BUIHBI PACTPECKUBAHUS, YTO TOBOPHUT O MPOIIECCE MUTTUHTOBOM
KOppo3uu. BeposaTHO, 3leKTpUYecKuil TOK OIpelesIeHHbIX IIapaMEeTPOB MOXET BbI3BAaTh PACTBOPEHUE
OTAETBHBIX YYaCTKOB B CTPYKType MeTaiuia Oonee 3QQeKTHBHO, YeM pAacCTBOPEHHE OCHOBHOM MacChl
MeTaa.

[IpoBeneno ucciaenoBaHue BIMSHUS (HOPMBI HIEKTPUYECKOTO CHTHAjla Ha IOBEIEHHE pacTBOpa
monuOaara Harpus. Ha pucynke 3 mpusenena popma 3eKTpUIeCcKOro CUrHaia, KOTOPBIi HCTIOIb30BaJICs
JuIs u3Mepenuii. Bennunna ummynsca Toka — 1 HC.
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Pucynok 3 — Briustaue OpMBbI SIEKTPUYECKOTO CHTHAJIA Ha TIOBEACHUE PACTBOPa MOJIMOIaTa HATPHUS

HccnenoBanock pacTBOpeHHE MOJTMOIEHOBON MPOBOJIOKH XMMHYECKOTO cocTaBa, %: Mo 96,8; Cr
2,60; Fe 0,59 (pucyHok 4).
U

»mV
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5
Do = 37.6 %
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¥
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o+ . - : :
0 1 2 3 4 :

EpeMHA, AT

Pucynok 4 — 3aBHCUMOCTD HIICKTPONPOBOJHOCTH PacTBOpa MOMUOAATa HATPHUS OT BPEMEHHU

Pe3yabTaTsl U 00cy:KIeHue

PactBOpeHne Npon3BOANIOCH B TEPMOCTATUPOBAHHOM suelike B nHTepBasie TeMieparyp 25-80 °C.
Hanpsokenue Ha sanexkrpogax cocrasisio 1,0-3,2 B. Cuia Toka cocrasisiina ot 200 1o 500 MA, ckopocTb
pacTBOPEHUS poCiia MPOMOPIMOHAIBHO CHJie ToKa U cocTasisia 0,5-4,3 Mr/MuH. YCTaHOBJIEHO:

- CKOPOCTh PacCTBOPEHHUsS HETPONOPIIMOHAIbHA YacTOTe TOKa, HadynmHaeTcs mpu dactote 20 I'm u
MIPEKPALLAETCS C YBEJIMYEHHEM YaCTOThI TOKa;

- npu Temneparype 75 °C pacTBOpeHHE OCTaHaBIMBAETCS NPHU PA3IMYHBIX NapaMerpax ToKa U
KOHLIEHTpalHsIX KzO;

- xorna xonuenrpauus K O mpesbimaer 9%, pacTBopenne MonmOacHa HE IPOUCXOAMT HPH
BCEBO3MOXKHBIX MTapaMeTpax TOKa;

- TIPY 9acTOoTax, HEe COBMAIAMOIINX C YaCTOTAMH MPEKPAIICHHS PEAKIINH, TPOUCXOINUT aKTUBHU3AITUS

10
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peakuuu. B wactaoctu, st 90 MA 31o 20 ', 200 MA — 30 I'i, 360 MA — 55 T'ir, 450 MmA — 70 'y 500
MA — 90 I'ny;

ITpu uacrore Toka cBbime 140 I'p pacTBopeHne MonuOAeHa HE HAUMHAIOCH TPHU yKa3aHHBIX
3HAUEHUSIX CHJIbI TOKA.

Kak mokazano Ha rpa¢ukax, MpUBEIEHHBIX Ha pHCyHKe 4, ykazaHHas (opma SIIEKTPHYECKOrO
CHUTHaJla IPUBOAUT K JEKOMIIO3ULIUHM PAaCTBOPOB MOJIMOAATa HaTpUs B TeUueHHE OJHOro yaca. [Ipu aTom
CKOPOCTb Pa3JI0KEHUsI pACTBOPOB HAXOJUTCSI B COOTBETCTBUH C KOHIIEHTpaLuel MoI1OIeHa B IEI0YHOM
pactBope. CTerneHb pa3IoKeHHs pacTBOpa TAaKXKe 3aBUCUT OT KOHLIEHTPAaLUU MoiubaeHa. YeM MeHbIIIe B
pacTBOpe MOJIMOIEHA, TEM BBIIIE CTEIEHDb PA3I0KEHHUS.

KiroueBoil mpoOiieMoii coBpeMeHHON (U3MuecKkod XUMHMM OCTaeTCsl YCTAHOBICHHME MPHHLUIA
IepeHoca JNIEKTPUUECKOro TOKa uYepe3 KHUJAKYI cucTreMy. borjee peanucTuuHble B3IVISLIBI Ha
AIIEKTPOIIEPEHOC B KUJIKOCTH OKaXyT PElIarollee BIMSHUE Ha PELIEHHE MHOTUX IpoOieM, O KOTOPBIX
FOBOPWJIOCH PaHEeE.

B xozxe skcniepMMEHTOB ObUIO YCTAHOBIEHO, YTO JUIS HOBBIMIEHUS 3(PPEKTUBHOCTH BO3ACHCTBUS
AIIEKTPUUECKOTO0 TOKA HAa CHCTEMY METalI/5KUIAKOCTh HEOOXOIUMO YUUTBIBATh TPACKTOPUIO JIBUKEHHS
3JIEKTPOHOB B ATOI cucTeMe. M bl HCXOq1IIN U3 aHanu3a B3N 1o M. @apaziest 0 BIMSHUU YIIEKTPUIECKOTO
TOKA HAa XUMHYECKHE PEAKIIUH.

3akiouenue

W3 BpIlIEyKa3aHHOTO CIIEYET:

1. PacTBOprMOCTB MeTa/UIa B HIEJIOYHOM PACTBOPE MOJ JEHCTBHEM JJIEKTPHUYECKOTO TOKA 3aBUCUT
0T cIIOCOOHOCTHU MeTajlla 00pa30BbIBATh COEAMHEHUS, KOTOPBIE MOT'YT PACTBOPATHCS B HEOPIraHUYECKOM
BOJIHOM pacTBOpE LIEJIOYH.

2. YacToTa 2JEKTPUUYECKOr0 TOKAa MOXET HEOAHO3HAYHO BIUATH HA PAacTBOPUMOCTh MeTalljla B
IIEJI0YHOM PacTBOPE MPU PAINIHON TEMIIEPATypeE.

3. OtaenbHbIE JIEMEHTHI MUKPOCTPYKTYPBI METaJlJIa MOTYT PacTBOPSITHCS B IIEJIOYU OBICTpEE, YeM
OCHOBHAsi Macca MeTaula (MUTTUHTOBasi KOPPO3Hs), UTO MOXKET MPUBOJUTH K Pa3pyIICHUIO CTPYKTYPbI
MeTaa.

4. IlonoxeHue, BbICKa3aHHOE B HAyYHO-TEXHUUYECKOM JIUTEpaType 00 MU3MEPEHUHU 3JIEKTPONPOBOJ-
HOCTH C ITIOMOIIBIO MIEKTPUUYECKOTO TOKA KOPOTKOIO UMITYJIbCA, JIMIIb OTYACTH MOXKET COOTBETCTBOBATh
pEAJIbHOMY 3HAUEHHUIO SJIEKTPOINPOBOJHOCTH M HE MOXKET ONPENENAThCS B KAa4eCTBE «UCTHHHOW»
IIEKTPOIPOBOJHOCTH PAaCTBOPA.
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MOJEJIMPOBAHUE U ONITUMHU3AIIUSA YCTAHOBOK ITEPBUYHOM
HEPEPABOTKU HE®THU ABT-3 U AT-2 HA ATBIPAYCKOM HII3

AHHOTauusi. B Hacrosimiedl crarbe IMOKa3aHbl IPAKTUYECKUE IPUMEPHl HCIIOIBb30BAHUS CIHENHUAIN3UPOBAHHOTO
nporpammHoro odecredeHus Aspen Hysys [u1st HH)KEHEPHBIX PacueToB MO ONTHMH3ALUK PA0OThl YCTAHOBOK IEPBUYHON
nepepadorku Hedt ABT-3 n AT-2 Atbipayckoro HedTenepepadarbiBatolero 3aBoza. [Iporpamma Aspen Hysys BHenpena
Ha Ateipayckom HII3 Brepsbie. IIpoBeneHbl pacueTsl MO0 ONTHMHU3AIMK Y3JI0B YCTaHOBOK INEPBUYHOM MepepaboTKu
Hegtn ABT-3 n AT-2 Atsipayckoro HII3 ¢ moctpoennem moznenu B Aspen Hysys. B pesynbrare pacueToB BbIsIBICHA
BO3MOXXHOCTb HMOBBIIIEHUSI 9PEKTUBHOCTH PAOOTHI YCTAHOBOK, JJIs ITOJTBEPIKICHHS IPOBE/ICHBI ONBITHBIE TPOOETH Ha
ycraHoBKax. B xoze onbiTHOTO podera Ha ycranoBke ABT-3 BbIsSIBIIEHO OrpaHHUYECHHUE TI0 PETYIUPOBAHHIO TEMIIEPATYPBI
Ky0a OTIapHOI KOJIOHHBI, YTO BIMSET Ha CTAOWJIM3AIMIO Hadaia KUTEHUs KEPOCHMHOBOM (hpakiuu. B Xozme OmbITHOTO
npobera Ha yctaHOBKe AT-2 BBISBICHO, YTO TOBBIIICHAE PACXOfa MMapa B OCHOBHYIO KOJIOHHY aTMOC(epHOil meperoHkn
He(TH CIIOCOOCTBYET CHMKEHHIO COAEPKAHUS CBETIBIX (DPAKLMI B MPSIMOTOHHOM MasyTe, TIPH 3TOM yBEIHIHMBAIOTCS
BBIXO/IbI OCH3MHOBOM 1 KEPOCHHO-Ta301IeBOH ppakumii. Takum 06pa3zoM, TOKa3aH MOIOKUTEIBHBIN ekt mpruMeHeHns
nporpamMmbl Aspen Hysys Ha Atbipayckom HIT3 asist onTuM#3aIiiy yCTaHOBOK MEPBUYHON MIEPETOHKHM HEPTH U BBISIBICHHS
TCXHOJIOTHUYCCKUX OFpaHI/I‘-IeHI/If/'I.

KatoueBble ciioBa: Hysys, HHXEHEpHOE MOAEINPOBAHUE, YCTAHOBKA aTMOC(HEPHOI NEPETOHKH HEPTH, ONTUMH3ALIHS

Makamena /I,

Kazakcran-bpuTan TeXHUKaIbIK YHUBEPCUTETI
050000, Anmarsr! k., Kazakcran
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ATBIPAY MO3 ABT-3 JKOHE AT-2 MYHAIJIbl BACTAIIKBI OHJIEY
KOHBIPTBLJIAPBIH MOJEJIBJEY KOHE OHTANUJIAHIBIPY

Angarna. Makanaga ATelpay MyHail eHzaey 3aybIThiHBIH ABT-3 sxone AT-2 wMyHaiigpl OacTankbl eHACY
KOHJIBIPFBUIAPBIHBIH JKYMBICBIH OHTaWIaHAbIpy OoiiblHIIA ecenteynep yimiH Aspen Hysys MamaHZaHABIPBUIFaH
OarmapramMaislK jkKacaKTaMachlH TMaiganmaHy Mbelcangapsl kepcerinred. Aspen Hysys Oarmapiramacel Ateipay MO3-na
anFann per eHriziunai. Aspen Hysys OarnapiamaiblK jkacaKkTaMachl JIeMJIe TeXHOJIOTHSIIBIK MHKEHepIIep/l KOJIay/IblH
TUIMJII KYpajbl peTiHae KeHiHeH KojaHbuiaabl. Aspen Hysys mopenin Kypa oteipbin, ATbipay MO3 ABT-3 xone
AT-2 myHaiipl OacTankbl eHJIeY KOHABIPFBUIAPBIHBIH TOPANTAPbIH OHTANIAHBIPY OOWBIHINIA ecenTeyep JKYPri3iiii.
EcenTeynep HOTHWXeCiHIE KOHABIPFBUIIAP KYMBICBIHBIH THIMIUIITIH apTTBIPY MYMKIHAITT aHBIKTAJJbI, pacTay YIIiH
KOHJBIPFBUIApAa TOXKIpUOETIK Ko3rambicTap Kyprizinmi. Toxipubenik xypic OapsiceiHma ABT-3 KOHABIPFBICHIHIA
Oymmay OaraHachl TEKIIECIHIH TEMIIEpaTypachlH peTTey OOMBIHINA IIEKTEY aHBIKTANIbl. byl KepocnH (hpaKIMsICHIHBIH
KaiiHay OacTaiybIHBIH TypakTaHyblHa acep ereai. AT-2 KOHIBIPFBICHIHIAF TOKIPUOETIK Kypic OapbhIChIHIA MYHAHIbI
arMocdepabIK aiiay/IbIH HeTi3ri OaraHbpiHa Oy HIBIFBIHBIHBIH apTYhI TiKeIeH allJalThIH Ma3yTTarbl aKIIblI Gpakuusiiap
KYpaMbIHBIH TOMEH/ICYi1HE BIKIAJ €Tyl aHbIKTaJ/Ibl. ByJ1 peTTe OSH3MH jKoHE KePOCHH-Ta30i1 (PPaKIMICHIHBIH IBIFBIMBI
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yrrasapl. Ocbutaiinma, MyHaiel OacTankbl aiay KOHIBIPFBUIAPEIH OHTAWIaHABIPY KOHE TEXHOJIOTHSUIBIK IEKTEYIep/i
aHpIKTay YIIiH ATbipay MO3-1a Aspen Hysys OarmapiaMachlH KOJIaHYAbIH OH 9cepi KOPCETUITeH.

Tipek co3nep: Hysys, nHxeHEpiK MOZIENb/CY, aTMOC(hepalibIK MyHal aiiay KOHABIPFHICH, OHTAMIAH IBIPY.

Makasheva D.

Kazakh-British Technical University
050000, Almaty, Kazakhstan
E-mail: d.makasheva@kmg.kz

MODELING AND OPTIMIZATION OF AVT-3 AND AT-2 CRUDE
OIL DISTILLATION UNITS AT ATYRAU REFINERY

Abstract. The article shows examples of the use of Aspen Hysys software for optimization of the AVT-3 and AT-2 crude
oil distillation units at Atyrau Oil Refinery. The Aspen Hysys software was implemented at the Atyrau Refinery for the
first time.Calculations were carried out to optimize AVT-3 and AT-2 crude distillation units of the Atyrau refinery with
the construction of a model in Aspen Hysys. As a result of the calculations, the possibility of improving the efficiency
of individual parts of units was revealed, pilot runs on the units were carried out to confirm. During the pilot run on the
AVT-3 unit, a restriction was revealed on regulating the temperature of the cube of the steam column, which affects the
stabilization of the kerosene fraction beginning boiling point. During the pilot run at the AT-2 unit, it was revealed that an
increase in steam consumption in the main atmospheric oil distillation column contributes to a decrease in the content of
light fractions in straight-run fuel, while the yields of gasoline and kerosene-gasoil fractions increase. Thus, the positive
effect of Aspen Hysys application at the Atyrau refinery for optimization of crude oil distillation units and identification
of technological limitations is shown.

Key words: Hysys, engineering modeling, crude oil distillation unit, optimization

Brenenne

B mHacrosmiee BpeMs Ha Ka3axXCTaHCKHX He(TernepepadaThBAlONIMX 3aBOAAX PEaTH3YIOTCS
MEPONPUATHS 110 BHEAPEHUIO JTYYIIMX MUPOBBIX NMPakTUK HedrenepepadarsiBaromeil orpacinu. Cpeau
TaKMX — BHEAPEHUE M WCIOJIb30BaHHE CIEIUAIU3HUPOBAHHOTO IPOTPAMMHOTO OOECIICUCHHS IS
WH)XeHEepHOro MonenupoBanus Hysys, sBisronierocs npomyktom kommanun AspenTechnology. Hysys
ITUPOKO HCIIONB3YeTCS] B MUPE KaK WHCTPYMEHT JJISI WHXKEHEPOB-TeXHOJ0roB. C y4eTOM TOTO, 4TO
IMMPOU3BOACTBCHHLIC OTpACIIU CKOPEC MPUACPKUBAIOTCA TCHACHUHKU 110 MAKCUMHU3AllMU UCIIO0JIb30BaAHUSA
UMEIOMINXCS PECYPCOB UIS TOCTH)KEHUSI MAaKCUMaJIbHON MPHOBUTLHOCTH BMECTO KPYITHOMACIITaOHOTO
pacuIMpeHusi, IIMPOKOE MPUMEHEHNE B 3TOM OTHOIICHUH TOJYYHJI TIOJXO/] TI0 ONTHUMH3ALUNA PECYPCOB.
OHTI/IMI/I3aHI/I$I ABJISICTCA OCHOBHBIM KOJMYCCTBCHHBIM HWHCTPYMCHTOM IIpU MNPUHATHA peHIeHI/Iﬁ B
nepepabaThIBAlONIMX OTpacisiX. B TocieqHre Tombl 3HAYUTENBHBIA HCCIIEOBATEIIBCKUI HWHTEPEC
BBI3bIBACT ONTUMU3AINS PA0OTHI YCTAaHOBOK aTMOC(EpHOI MEPErOHKH ChIPOi HE(TH.

B Hysys MoxHO cMmozmenupoBarh OOJbIIOE KOJMYECTBO NPOIECCOB MepepaboTku HepTtu u
He()TEXUMUU U TIPOBOJIUTH MIMPOKUI CHEKTP WHKEHEPHBIX PAacYeTOB, HANPABICHHBIX HA ONITHUMHU3AIIHIO
paboThl TEXHOJIOTUYCCKUX YCTAHOBOK M MOBBIMICHHE d()(HEKTUBHOCTH. VMHKEHEpHBIE pacueThl TaKKe
HCIIOJIB3YIOT JJIA BBIABIICHHSA «KY3KHX» MECT TCXHOJOI'MYCCKUX YCTAaHOBOK.

OcCHOBHBIC TTOJI0KCHUSA

B 2021 r. na AtbipayckoM HedTenepepabarbiBatonieM 3aBone (AHII3) BnepBrie BHeApeHO crierua-
Tu3upoBaHHOE TporpammHoe obecnieuenue Hysys (AspenTechnology) mist nH)eHEpHOTO MOAETUPOBA-
HUSI TEXHOJIOTHYECKHX MporieccoB. B Hysys Obutn co31anbl HHKEHEPHBIE MOJICNN IEPBUYHBIX YCTAHOBOK
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nepepaboTku He(TH, MPOBEJACHBI PacUeThl MO0 ONTHUMH3AIMH PadOThl yCTaHOBOK. PazpaboTka mHxeHep-
HBIX MOJIeJIel YCTaHOBOK IPOBOJMIIACH B HECKOJIBKO 3TaroB. [lepBblil aTanm — cOOp MCXOTHBIX JaHHBIX
(pe>xuM pabOTHI yCTAaHOBOK, BBIXO/Ia M KAYECTBO MPOAYKTOB, PACXOJ SHEPTOPECYPCOB, ITAPAMETPHI KOJIOHH,
napaMeTpbl TEII000MEHHOTO 000pyIOBaHMSA), HEOOXOAUMBIX aJisi MonenupoBanus B Hysys. Bropoii
JTan — pa3paboTka MH)KEHEPHOM MOjeIH yCTaHOBKH (oTpucoBka B Hysys, 3aHeceHue (pakTnyeckux
napamMeTpoB, CBEACHUE MoJeNH). TpeTuii 3Tan — mpoBepKa aJeKBaTHOCTH Pa3pabOTaHHOW HMHKEHEPHOM
MOJIEIIH.

Tak kak YCTaHOBKM IO INEPBUYHON IepepaboTke He(TH SBISIOTCS OCHOBHBIMH Ul JIIOOOTO
HedTenepepadaThIBaIONIET0 3aBO/a, Pa3paboTKa MHKEHEPHBIX MOJeNell Havyajach MMEHHO ¢ HUX. B
texHonornyeckoit cxeme AHII3 ecth 1Be ycTraHoBKM 10 niepBUUHO nepepadorke HepT —ABT-3 u AT-2.
VYeranoska ABT-3 npennasznauena i nepepabotku 3,0 MIIH T CbIpoil He()TH B TOJ], COCTOUT U3 OJIOKOB
AT u BakyymHoro Onoka.YcranoBka AT-2 mpeaHa3HadeHa sl epepadoTKu 2,5 MITH T CBIpO HEPTH B
roJl.

MonenupoBanue ycTaHoBOK B cpene Hysys ObUIO BBINOJIHEHO € YYETOM MAaKCHMAallbHOTO
MPUOIIDKEHHSI K PealbHOMY TPOLECCY C TOYKH 3PEHHUs CIECAYIOUINX MapaMeTPOB: KOJIUYECTBO TapeliokK,
noJaroliasi Tapesika, TeMIEparypa ChIpbs, pacxXoi ChIpbs, TeMIlepaTrypa NOAa4d TEMJIO0OOMEHHUKOB W
3aJjaHHasl TEMIIEpaTypa, XapaKTepUCTUKU IPOJYKTa, pacxo/l apa, pacxo HUPKYJISIHMOHHOTO OPOIICHHUS.
Jiis ABT-3 u AT-2 pa3zpaboTaHbl HH)KEHEPHBIC MOJICITH C TIOATBEPIKICHUEM COOTBETCTBUS (PAKTHIECKIM
napamerpam 10 99%.

MarepuaJibl 1 METOABI

Ilocmpoenue unsicenepHotl mooenu nepsuunol nepepabomru ABT-3

Coznana umxenepHas mozens ycranoBku ABT-3 B cpene Hysys. [[i1st 3Toro 6615111 COOpaHbl HCXOTHBIE
JAaHHBIE TI0 PEKUMY YCTAHOBKH U TTapaMeTpaM paboThl OCHOBHBIX aIllaparoB:

e oTOeH3MHMBAarOMas kojionHa K-1

e KOJIOHHA aTMocdepHoii neperonku K-2

® KOJIOHHA BaKyyMHOH neperonku masyra K-5

B rtabmune 1 ykazanel (hakTHueckue ITaHHBIC MO PEXHMY paboThl KoMoHHBI K-2 u mokasaremu
KauecTBa MPOTYKTOB B CPAaBHEHHH C pacyeTaMH MHXEHEPHON MOJIe N yCcTaHOBKU. Kak BUIHO, pacueTHbIE
nokaszareny OJMM3Kd K (aKTHYECKUM, 3TO O3HA4aeT, 4yTo mHkeHepHas moaens ABT-3 touno (mo 99%)
OTIMCBIBAET PEKUM PabOThI yCTAHOBKH U Ka9€CTBO BBITYCKAEMOM MPOIYKIHH

Tabnmunal — CpaBHeHHE PaKTUYECKUX U pACUETHBIX MapaMeTPOB OCHOBHOM KOIOHHBI K-2 ycTaHOBKH
ABT-3

KoHTponbHbIE TapamMeTpbl ABT-
dakTnueckue TaHHbIC PacueTHbie nanHbBIC
3arpyska, T\u 349 349
Komnonna K-2

T Bepxa, °C 136 137
T nuza, °C 356 352
Hagi. Bepxa, Kre/cm? 1.03 1.03
Iasi. Hu3a, Kre/cm? 1.36 1.36
T'az K-2 0 0
Bensun K-2, Mm%/ 37 38
TC ¢ K-3/1, 1/ 3 3
Jlerkuit komnoneHT K-4, 1/4 6 7
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KI'd ¢ K-3/2, M3/ 60 51
KI'd ¢ K-3/3, M3/u 63 54
ATM.OCTaTOK, T/4 205 205
KauectBo mponykuuu

Kownern xumnenus 6ensuna K-1 175 172
Kower kunenus oeusuna K-2 177 170.6
Koner kunenust cMecu OEH3MHOB 175 174
T xumenus 95% KI'® cmech 338 343
T 3acTeiBaHUA -10 -8

ITocne 3aBeprieHus mocTpoeHus WHXeHEpHBIX Moxene ABT-3 u AT-2 ompeneneHsl 3agauu,
HalpaBJICHHbIE Ha MOBbIIIEHUE 3()(HEKTUBHOCTH U ONTUMH3AIMIO PaOOTH YCTaHOBOK. B Hauane 3amaun
paccuntansl B Mozessix Hysys, 3aTeM mpoBeIeHb! ONBITHBIE POOETH HEMOCPEACTBEHHO Ha YCTaHOBKAaX
ABT-3 u AT-2.

3amaua 1. IlpoBenenue pacuera B Hysys mo craOunmsanuy Temmeparypbl KHUIIEHUS KEPOCHHO-
ra3oiyieBoit ppaknmu Ha yctaHoBke ABT-3

[enbto 3a1aun ObUIO CTAOMIN3UPOBATH TEMIIEPATYPY Hayasla KUIIEHHUs KEPOCUHOBOH ()pPAKLIUU ITyTEM
JOCTHD)KEHUS ONTUMAJIBHBIX TEXHOJIOTHUECKUX IapameTpoB arMocdepHoil yactu ycraHoBku ABT-3 B
COOTBETCTBHUU C pacueTaMy WHKEeHEepHOU Moaenu Hysys.

ITo pacueram B Hysys BbIsBI€Ha BO3MOXKHOCTb YIYYIIECHHUS pas3zeseHus (pakiuii OeH3uHa U
KepocuHa B KoJoHHe K4 u cTabunm3npoBaTh KOHEI KATIEHUSI OCH3MHOBOW (PpaKIMK M HAYAI0 KUTICHHS
KEepOCHHOBOHN (pakiuu. J{7st 5TOro HeoOX0IUMO yIepKHUBATh TEMIIEPaTypy Bo3Bpara B KyO konoHHbI K-4
Ha ypore 197 °C (notok Boilup Ha pucynke 1).

B xone onbiTHOTO Mpo0era HabIIOaINCh CUIIbHBIE KOJIeOaHUs TeMIIepaTyphbl Bepxa U Ky0a KOJIOHHBI
K-4. PerynupoBka TemnepaTypsl KOJOHHbI K-4 Benercs MOCpencTBOM PYYHOW PEryJupOBKH IOAAYH
teronocurenst B pedoinep T-20. Takum 00pa3om, TEXHOIOTHUECKOE OTpaHWYeHue Mo KojoHHe K-4,
MPENATCTBYIONIEE MOBBIIICHUIO YETKOCTU pa3ieiicHUs] OCH3MHOBOM M KEPOCHHOBOM (pakiuii, — 310
OTCYTCTBHE BO3MO)KHOCTH PEryJHUPOBAHUS TeMIepaTypsl HU3a kojJoHHb! K-4 (pydHOe ynpaBieHue).

B pesynbrarte noareepkaeHa HEOOXOAUMOCTb aBTOMATH3alMK PETYIUPOBKY MOJaYM TEIJIOHOCUTENS
B K-4 1151 ycTaHOBJI€HHS ONITUMAIBHOM TeMIepaTypsl KyOa kojoHHbI K-4, 4To nmpuBeaeT k craduin3aiuu
TeMIIepaTypbl Havyaja KUIIEHHUsI KEPOCHHOBOM (hpaKIuu.

=
Gasoling
Light
componen Main
_— Tower
Light
kero_0

1

]
]
el

Reboiler

—
Light

Reboiler Kkero

Material Streams
Gasoline To Reboiler Boilup Light kero Light kero_0 | Light component
Vapour Fraction 0,6267 0,0000 1,0000 0,0000 0,0000 0,0000
Temperature . 163,0 184,8 1969 1969 191,5 163,0
Pressure kPa 111,1 120,9 1209 120,98 2121 208,0
Molar Flow kgmole/h 0,7360 39,18 1,439 37,74 25,16 1337
Mass Flow kag/h 100,0 5114 213.5 5500 4000 2000
Liguid Volume Flow | m3/h 0,1288 7,907 0,2761 7,631 5170 2,589
Heat Flow kfh -1,814e+005 | -1,097e+007 | -3,208e+005 | -1,040e+007 | -7,125e+006 -3,698e+006

Pucynox 1 — Mopnens kononnsl K-4 B Hysys, pacueTHble mapaMeTpsl
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3anayva 2. [IpoBenenue pacuera B Hysys 110 yBennueHuo nojayuu napa B kooHHy K-2 ajis cHuxeHust
CozieprKaHMsI CBETIBIX (ppaximii B Ma3yTe Ha ycTaHOBKe AT-2

ITo mpoBenenHomy pacuery B Hysys BbIsIBI€Ha BO3MO)KHOCTb CHUKEHMSI COJEPYKAHHS CBETIIBIX
(dpaxuuii B Ma3yTe 3a cYeT yBEJIMYEHHs 10o/1auu nlapa B kojoHHy K-2 (tabmuna 2).

Tabnuma 2 — PacueTHble mapaMeTphl IPU U3MEHEHUH pacxo/a rnapa B KooHHy K-2

[TapameTpsr 1 2 3 4 5 6 7 8
Pacxon nmonaun napa B kojoHHy K-2, kr/u 3500 | 4000 | 4500 | 5000 | 5500 | 6000 | 6500 | 7000
OcTtarok cBeTIBIX (ppakiyii B Ma3yTe, % 2,63 | 224 | 193 | 1,66 | 144 | 1,26 | 1,11 | 098

—
108
— =
To
Condenser
Reflx  Condenser
K Water
— 2
| K-T retum
Main
‘ | || Tower
- i S
crude oil I—I Gasoline
K-T KT_
-
2 steam —_
Eh?mom AR
-

KGF

Pucynoxk 2 — Mogens AT-2 B cpene Hysys

B xoze ombiTHOTO Mpodera yiaaoch MOBBICUTH PAacxoi mapa 1o 5,2 T/dac, MOBBICHTh 10 7 T/4ac He
NPEACTaBUIIOCH BOBMOKHBIM B CBSI3U C OTpaHUYEHHEM IIKajbl Mpubopa ydera mapa B konoHHy K-2. C
YBEIUYEHUEM I10JIauy napa 10 5,2 T/4ac yIanoch CHU3UTh COEPIKAHHE CBETIIBIX (hpaKIMid B Ma3yTe J0
2,0% (pucyHok 4, ctp. 20). [Ipu 3TOM BBIXOI IPSIMOTOHHOTO Ma3yTa cHH3MICA ¢ 55% 10 49,4%, BbIXOA
6ensuna ysemmumics ¢ 12% no 18%, Beixog KI'® — ¢ 30,6% no 31% (pucynok 6, ctp. 20). Beixox
cBeTbIX MpoaykToB ¢ AT-2 yBenuuuics ¢ 44% 1o 50% (pucynok 5, ctp. 20).

Monaua mapa B K-2, 1/4

>3 5.2
5 r v | J —~3
4,5 |
4 4
3,5
24.peB 25.pes 26.¢es 27.pes 28.¢peB 0l.map 02.map

Pucynok 3 — 3menenwne monauu napa B KoioHHY K-2
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Copnepxanne cBetbIx (ppakuuii 10 360°C B masyre, %

4,5
3,5 {
2,5 l r
1,5
24.¢eB 25.¢eB 26.¢eB 27.¢eB 28.¢eB 01.map 02.map 03.map
Pucynoxk 4 — V3sMeHeHHe cofiepKaHus CBETIBIX (DpaKIii B Ma3yTe
Boixoa cBetubix ¢ppakuuii Ha AT-2
50%
s /
45%
4M
24.peB 25.¢es8 26.¢0eB 27.¢0eB 28.¢0eB 01.map 02.map
Pucynoxk 5 — l3MeHeHHe BbIXOA CBETIBIX (hpakuuii ¢ AT-2
N3menenne BoixoaoB ¢ AT-2,%
3 55 31,03 EE
30
30,6 54
25 53
20 18,09 52
51
15 e 50
/
12,2 49,43 49
10
5 e GE€H3UH s KD — \\Q3YT 48
47
0 46
24.¢peB 25.¢eB 26.¢pes 27.¢pesB 28.¢eB 01.map 02.map

Pucynok 6 — M3MeHeHHe BRIXOA0OB OCH3HMHA, KEPOCHHO-Ta30iIeBoi (pakuuu u Mazyra ¢ AT-2

Pe3ynbrarsl u 00cy:k1eHue
B pesynsrare mo ycranoske ABT-3 mo armocdepHoil yacTH HEOOXOOMMO aBTOMATHU3UPOBAThH
PEryJIMPOBKY MOAYH TEIUIOHOCUTENS B peboiinep koaoHHbI K-4 ¢ 1enbio HopMaau3aluy TeMIeparyphl
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B KyO€ KOJIOHHBI, YTO BJIMSIET Ha CTAOMJIBHOCTh Hayaia KuneHust kepocuHoBoi (pakuuu. [lo yctaHoBKe
AT-2 MOCTHTHYTO CHW)KEHHE COMEPKaHUS CBETNIBIX (PpaKiuii B Ma3yTe M yBEIMYCHNE BBHIXO/A OCH3MHA,
KEPOCHHO-Ta30iJIeBOI (PpaKIiny.

3akiouenune

[TpoBeneHHbIC MHKEHEPHBIE PACUETHI 0 ONTUMHU3AIMH PAOOTHI yCTAaHOBOK NMEPBUYHON MepepadOTKU
Heptu ABT-3 u AT-2 u npoBeneHHbIE ONBITHbIE MPOOErHM Ha YCTAHOBKaX MOATBEPAMIIN BBICOKYIO
3¢ deKTUBHOCTh HCmoNb30BaHusT Hysys st aHanmm3a paOOThl YCTAaHOBOK, B TOM YHCJIE BBISBICHHE
POOJEMHBIX MECT HAa YCTAaHOBKAaX, KOTOPbIE HE BCET/1a OYEBUIHBI.
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ONPEAEJIEHUE BUOMAPKEPOB I'PEYUIIHOI'O MEJA METOAOM
TBEPJO®AZHOU MUKPOISKCTPAKIIUU C LEJIBIO YCTAHOBJIEHUSA
HNOJJIMHHOCTH

AnHoranusa. [Ipou3BoiacTBO Mena B Halllell CTpaHe YBEJIMYMIIOCH IO CPaBHEHUIO C MPOIIIBIM JAECATUIECTHEM.
Bocrouno-Kazaxcranckas, FOxxno-Kazaxcranckas oonacti 1 AJIMaThl SIBJISIFOTCS. OCHOBHBIMU IIPOU3BOJUTEIISIMHE MEAA.
[{BeTouHOE pa3zHOOOpa3uwe Haleil CTpaHbl MO3BOJISET IOJY4YaTh MHOTO BHJIOB MOHOIIBETKOBOTO MeEJa M HECKOJIBKO
KOMOMHAIMH TTOJUIBETKOBOTO Meza. L[BeToyHoe mpoucxokaeHue SIBISIETCSl OJJHUM W3 Haubojee BaKHBIX (DaKTOPOB,
BIIMSIIOIIMX HA PHIHOK Mesia. MOHOLBETKOBBIM Mel Oosiee MOIyIsipeH cpeiu noTpeduTeneid oiaronapsi CBOeMy BKYCY U
Oosiee BBITOJICH JUTS TIPOU3BOAMTENICH M3-32 BBICOKOI IIeHBI. bosiee TeMHBIN MeJl (TpeYIIHbIA M) OOBIYHO COEPIKHUT
0O0JIBIIIOE KOJTMYECTBO aHTHOKCHAAHTOB, YTO MOBBIIIAET €r0 MOTEHIMAI JJIsl 3710pOBbsi. KOHTPOIIb MUIIEBBIX MTPOIYKTOB
SIBJISIETCSI TVIaBHBIM (haKTOPOM JUIsl OTpeOUTEsIeH, KOTOPhIE XOTAT 3HaTh, YTO MX IOKYIIKHM MMEIOT BBICOKOE KaueCTBO.
Jist obecrieueHnst COOTBETCTBUS (haKTUUECKOTO COCTaBa NPOAYKTaM, yKa3aHHBIM Ha ITHKETKE, HEOOXOIUM aHaJn3
n paspaborka >(Pp(EeKTHBHBIX METOJOB aHaiu3a. [103TOMY IIEJbI0O ATOTO HCCIEAOBAaHUS SIBISIETCS MIACHTH(UKAIMs
OMOMapKepOB I'PEYMIITHOTO MEa METOIOM BaKyyMHOH TBeprodazHoi MukposkcTpakiuu (Bak-TOMD) B coueranuu c
ra3oBoit xpomaro-macc-crekrpomerpucit (I'X-MC).

KaloueBbie caoBa: wmen, ¢anscudukanusi, TBepaodaszHas MHUKPOIKCTPAKIMs, ra3oBas Xpomarorpadus, macc-
CIEKTPOMETPHSI.
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lon-®apabu arbiHgarsl Kasak yJITTHIK YHHUBEPCHUTETI,
050040, Anmars! k., Kazakcran
E-mail *aisulul997@mail.ru

TYINMHYCKAJIBIFBIH AHBIKTAY MAKCATBIH/IA KATTBI ®A3AJIBI
MHUKPOIKCTPAKIIHS OICIMEH KAPAKYMBIK BAJIBIHBIH,
BUOMAPKEPIEPIH AHBIKTAY

Angarna. EmiMizne 6anm eHIipy COHFBI OH JKBUIABIKICH cailbIcThIpFaHaa apTtkaH. Llbreic KasakcTan, AnMaTsl xoHE
Onryctik Kaszakcran oOmbicTapsl Herisri 0anm eHmipymiiep Oombim TaObpuTagsl. EnmiMizne TYImiH aimyaH TYPILTri
MOHO}IIOpaIIIB! OAIBIH KONTETSH TYPIIEPiH XKoHE Mo (Iopanabl OanasH OipHene KOMOMHAINMACHH aTyFa MYMKIHIIK
Oepeni. ['ynaig meIry Teri - 6am HapBIFBIHA dCep eTeTiH MaHbBI3ABI (hakTopiaapabiH 6ipi. MoHOGIOpasr 0an 1oMiHe JKoHE
TEK OFaH TOH KacHeTTepiHe OalIlaHBICTHI TYTHIHYIIBUIAP apachiHaa KeOipek cypaHbicka re. COHIBIKTaH OaFachl JKOFaphl
OonFaHIBIKTaH eHAipymIiiepre Tuimaipek. Kapa KoHbIp TycTi 6an (KapaKyMbIK Oaiibl) OfETTe ACHCAYJBIK OJCyeTiH
apTTBIPATBIH AHTHOKCHIAHTTAPABIH KOIl MOIIISPiH KaMTHIBL. A3BIK-TYJIKTI OaKpulady - TayapAblH JKOFapbl carajbl
eKeHiH Oinrici KeNeTiH TYTHIHYIIBUIap YHIiH OacTel ¢akTop. 3arTaHOama KepCEeTUIreH eHIMACPAiH HAKTHl KypaMBbIH
KaMTaMachl3 eTy YIIiH Tajjay *KoHe TalgaylblH THIMAL 9MiCTepiH a3ipiey KakeT. COHABIKTAH, OYJI 3epTTEYAiH MaKCcaThl
ra3 xpomarorpaduscsi-macc-crekrpomerpusiMe (I'’X-MC) OipikTipinreH BaKyyMABIK KaTThI (ha3aIblk MUKPOIKCTPAKIINS
(Bax-K®MD) apKpUIBI KapaKyMBIK OaJBIHBIH OnOMapKepiIepiH aHbIKTay OOJNBIT TaObLIAIb.

Tipek co3nep: 6ai, panbcudukanms, KaTThl (azaibl MUKPOIKCTPAKIHSL, Ta3 XpOMATOrpagHsChl, MaCC-CIIEKTPOMETPHSL.
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DETERMINATION OF BIOMARKERS OF BUCKWHEAT HONEY
BY SOLID-PHASE MICROEXTRACTION IN ORDER TO ESTABLISH
AUTHENTICITY

Abstract. Honey production in our country has increased compared to the last decade. East Kazakhstan, Almaty and
South Kazakhstan regions are the main producers of honey. The floral diversity of our country makes it possible to
obtain many types of monofloral honey and several combinations of polyfloral honey. Floral origin is one of the most
important factors influencing the honey market. Monofloral honey is more popular among consumers due to its taste,
special characteristics and is more profitable for producers due to its high price. Darker honey (buckwheat honey) usually
contains high amounts of antioxidants, which increase its health potential. Food control is a major factor for consumers
who want to know that their purchases are of high quality. To ensure that the actual composition of the products indicated
on the label, analysis and development of effective methods of analysis is necessary. Therefore, the aim of this study is
to identify biomarkers of buckwheat honey by vacuum solid phase microextraction (vac-SPME) in combination with gas
chromatography-mass spectrometry (GC-MS).

Key words: honey, falsification, solid phase microextraction, gas chromatography, mass spectrometry.

Beenenue

Men — 3T0 HaTypasabHas MHUIIA, B OCHOBHOM COCTOSIILAsl U3 CaXapoB U JPYTUX KOMIOHEHTOB, TAKUX
Kak (epMEHTBl, aMUHOKHCIIOTHI, OPraHMYECKUE KHUCIIOTHI, KapOTWHOWMABI, BUTAMUHBI, MUHEpAIbl U
apoMaruyeckue BemectBa. OH O6orar (uiaBoHOMIaMHU U (DEHOIBHBIMM KUCIIOTaMH, KOTOPBIE MPOSIBIISIOT
HIMPOKUHN CTIEKTp OMonorndeckux 3¢h(HexkToB u 1EHCTBYIOT KaK MPUPOTHBIC AHTHOKCHAAHTHI [ 1].

[lorpebienne Mena BO BCEM MHUpE 3HAYMTENBHO YBEIUYMIIOCH 3a MOCIEIHUE HECKOIBKO JIET, HO
6€e301acHOCTb Me/Ia He TI0/IBEprajiach OCIIe10BaTeIbHOM OlIeHKE U MOHUTOPHHTY. [TockonbKy B ocieiHue
roJIbl KOJIMYECTBO MOAJEIbHBIX MPOAYKTOB U3 MEJla YBEIUUMIOCh, JOBEpUE U UHTEPEC MOTpeOuTenen k
3TOMY LIEHHOMY HPOJYKTy CHU3MWINCh. Danbcudukaust MeIoBOM MPOAYKIIMN MOXKET BBI3BAaTh JAHA0ET
U OJKUPEHHE 3a CUET MOBBIIICHNUS YPOBHA caxapa B KPOBH y MOTPEOUTEIs, MOBBIIIEHHOE apTepUaIbHOE
JTABJICHUE 3a CUET IOBBIILIECHUS YPOBHS JIUIHJIOB B KPOBH [2].

Muposoe npousBozctBo Mena B 2018 1. qocturio 1,85 muH T, yto npumepHo Ha 20% OGonblie, yem
10 et Hazan. Kpynuelimmm npoussoauteneM Mena sisisiercs Kurait, nonst koroporo B 2018 1. coctaBuina
MOYTH YETBEPTh BCETO MpoU3BOACTBA. Bropoe mecto 3ansna Typuus ¢ noneit 6,16 %, a Aprenruna —
TpeTbe MecTo ¢ noneit 4,29% [3]. Honst mmmopra ToBapoobopora Kazaxcrana mo Meny co cTpaHamu
EADC B 8 pa3 npesbliaer 3kcnopt Meaa, kotopslid B 2019 1. cocrasun 52 300 gonnapos, a B 2020 .
OH OB HyNIEBBIM. DKCHEPTHI MPENOJIAraloT, YTO 3TO CBSI3aHO C 3aKPBITUEM TPAHHUI] U3-32 MaHIEMHUH
KopoHaBHpyca [4].

JleueOHbIE CBOMCTBA MeAa MOXXHO OOBSICHUTH COYETaHHEM (PU3NYECKHX M XMMHUYECKHX CBOMCTB.
[[BeTOUHBINl MCTOUYHUK Mela OKa3blBa€T 3HAUUTEIbHOE BIMSHUE HAa €ro OMOJIOrMYECKHE KayecTBa.
TemHbII MeZ B IIEIOM COAEPKUT OOJIbIIIee KOTMYECTBO XUMHUECKUX BEIIECTB C AaHTHOAKTEPHUAIBHBIMU U
AHTUOKCUJAHTHBIMU CBOWCTBaMH [ 1].

CocTtaB Mezia BapbupyeTcsl B 3aBUCUMOCTH OT €T0 IBETOYHOTO M Ireorpa(puyecKoro MpouCcXoKaeHus,
a TAK)Ke CE30HHBIX U KIIMMATHUECKUX U3MeHEHUN. [loMrMO BOZIBI U yIIIEBOAOB MEJl COAEPKUT LIUPOKHIA
CIIEKTP OPraHMYECKUX KHCIIOT, aMUHOKHCIIOT, OCJIKOB, JETyYHX OPraHUYE€CKUX COEANHEHHUH, (PepMEHTOB
U (CHONIBHBIX COETUHEHUI.

I'peuniinblli Me UMEET TEMHO-KOPAYHEBBIM, TIOYTH YEPHBIM IBET U CHIIBHBIN 3alaX C IPUBKYCOM
natoku. Ero rotoBsAT u3 1BeTKOB rpeunxu. [ pedninelii Meq npyu ynorpeOieHMu 00eCIIeunBaeT OPraHu3M
9K30T€HHBIMHM aHTHOKCHIAHTaMHM, TIOMOTAIOIINMH YKPEIHUTh €CTECTBEHHYIO CUCTEMY aHTHOKCHIAHTHOMN
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3amuUThl opranu3ma. Kpome toro, Obu10 10Ka3aHo [2], 4TO rPEUHILIHBIA MEJ] TOMOTAET CHU3UTh YPOBEHb
XOJIECTEPUHA B KPOBH, YTO MOXKET YIYYIIHUThH 30POBBE CEpILA U JaKe€ CHU3UTb KPOBSHOE JABIICHUE.
I'peunmabiii Men taxke Oonee >PQexTHBeH, yeM Apyrue Oe3pelenTypHbIe CPEACTBa OT Kallls Mpu
pecnupaTopHbIX 3a00J1€BaHUAX, TAKMX Kak MpocTtyaa. HecMoTpst Ha TO 4TO Bce copra Mena MMEIoT
OJIMHAKOBYIO 0a30BYI0 CTPYKTYpy M THUTATEIbHBIA MPO(GUIb, TPEUUIIHBIA MEI COIACPXKHUT Oolbliee
KOJIMYE€CTBO MAKPO- U MUKPO3JIEMEHTOB U BUTAMUHOB.

B nacrosimee Bpemsi Ui OmNpeneNneHus MOATMHHOCTH MeAa HMCIONb3YIOTCS pPa3iINYHbIe METOJbI.
[TpTbLIeBOM aHAMM3 — OAMH W3 CTApEHIINX, OH OCHOBAaH Ha MMKPOCKOIIMYECKOM Kau€CTBEHHOM H
KOJTMYE€CTBEHHOM HCCJIEIOBAHUU TBUIBIBI MeAa. TaKKe OMpeNesSIOTCs OPraHoIeNTHIEeCKHEe U (DU3HKO-
XUMHUYECKHEe 0COOeHHOCTH BemiecTBa. OJHAKO ATHX HPOLEAYp HEAOCTATOYHO MAJIi OKOHYATEIBHOIO
omnpeaeneHust 00TAaHUYECKOTO U TeorpapuuecKoro npoucxokaeHus meaa. B pesynbsrare, utoObl yoeAUTHCS
B TOM, 4TO (DAaKTHYECKHIi COCTaB MPOJYKTOB yKa3aH Ha 3THUKETKE, HEOOXOIMM aHAM3 U pa3padoTka
3¢ deKTUBHBIX METONOB aHanu3a. Jpyrumu cioBamu, s Oorannyeckod auddepeHmanmu Mmeaa
HEOOXOAMMBI UCCIIEI0BaHMs, HAIIPABICHHbIE HA ONpeesieHue OnoMapkepos [5].

Ha ceropnsiiiamii geHbs B Meze uaeHTUdUIMpoBaHo Oonee 600 XUMHUECKUX cOeMHEHHMH. Takoi
OoraTplii XMMHWYECKHH COCTaB JelaeT omnpeaeieHne OOTaHMYECKOrO IPOUCXOXKICHUS Ha OCHOBE
OMoMapKepoB TPYAHBIM, XOTS M BO3MOXHBIM. [IponcxokaeHre Meaa MOXKHO ONPEAETUTh, YCTAHOBUB
JIOJTIO OOIIMX JUTSl ONPEAENICHHBIX TPYI Mela COCTUHEHHUH, XOPOIIUM MPUMEPOM KOTOPBIX SIBISIOTCS
neryune opranundeckue coeaunenus (JIOC) [6].

ABTOpBI paboTHI [7] onpenenuiy meCTHAANATh OMOMapKEPHBIX BEHIECTB B TpeYHIITHOM Mmene. M3
HUX anbJerujsl — Gypdypai, 2-MeTUaOyTUPAIBACTU U 3-METHIOYTHPAIbICTH]T SIBISIOTCS OAHUMHU
n3 HanboJee pacrpoCTPaHEHHBIX OPraHUYECKUX COEIMHEHHH. DTO BEIIECTBA C OTYETIIMBHIM 3aIrlaxoM,
KOTOPBIC MOXKHO OOHAPYKHUTh B Meze: Gypdypost MaxHeT ClIaJKuM MUHJIAJIEM, a METUIIOY THPaIThICTH bl
XapaKTEPU3YIOTCS PE3KHUM, CJIaJKOBAaTBIM COJIOJOBBIM 3allaXOM MJIM 3alaXxoM XOKEHHOIO IIOKOJIafa.
Bricokue KoHIIEHTpalu B 00pasiie U 0COObIe OPraHOJIEITUYECKHE CBOMCTBA METUIIOYTUPAIbIETU/IOB,
OyTaHOBOH W TEHTAHOBOM KHCJIOT CHOCOOCTBYIOT BBIOOPY OSTHX BELIECTB B KaueCTBE HICAIBHBIX
O1OMapKepOB IPEUUIITHOTO MeJa.

[Tacuam u np. [8] oumenuBanu kadectBo 10 coproB rpeuninHoro mega. Cpeau mapameTpoB, Ha
KOTOPBIX (DOKYCHPOBAIIMCH aBTOPHI, OBLIT CKPUHUHT JIETY4YHX coeannenuii. Hanbonee pacnpoctpaneHHbIM
XMMUYECKHM BELIECTBOM, 0OHAPYKEHHBIM B 00pa3uax, Opiia 3-meTnnoyTanoBast kuciora. Cpeau Apyrux
OMOMapKepHBIX COCAMHEHUN, HACHTU(DUIIMPOBAHHBIX aBTOPaMH, ObLTM OyTaHOBasi KMCIIOTA, IEHTAHOBAs
KHCJIOTa, TEKCAaHOBasi KHUCJIOTAa W €€ MPOU3BOJAHBIE. DTOT BBIBOJ COIVIACYETCSl C pe3yjpTaraMu Oosee
pPaHHMX MCCIIEIOBaHHUI IPEUNIITHOTO Mefa [2], B KOTOpBIX Obli1a OOHapyKeHa HauOoIbIIasi KOHIIEHTPAIHs
3-MeTnn0yTaHOBOW KUCIIOTHI.

Astopsl Bonbcku u ap. [9] uccrienoBany JeTyure COeIMHEHHs] B 0oOpaslax Meda pa3jinyHOro
OOTaHNYECKOTO TPOUCXOXKJICHHS, CPEIN KOTOPBHIX IMPHCYTCTBOBAJ T'PEUMIIHBIH Men. B pesymbrare
MCCJIEZIOBaHUN OBbUIO BBISIBICHO 15 OMOMapKepoB TPEUMINHOTO Mena, TaKMX Kak 3-MeTHIOyTaHOBas
KHCIIOTa, OyTaHOBasi KUCIIOTA, IEHTAHOBASI KUCJIOTA U JIP.

OcHoOBHBIE N0JI0KEHUS

B nmanHOM wuccnenoBaHWW IS ONpEJENieHUs OMOMapKepoOB TPEYMIIHErO MeJa BIIEPBbIC OBLI
WCIIOJIb30BaH METOJ] BAKYYMHOH TBepA0(]ha3HONH MUKPOIKCTPAKIIMK B KOMOWHAIIMKM C Ta30BOH XpOMAaTo-
Macc-CreKTpoMeTpueit (pucyHok 1, ctp. 26). [l onTuMu3anuu napameTpoB Bak-TOMD ObutH BEIOpaHbI
OroMapKepbl TPEUUIITHOTO Me/a, Takue Kak Gpypdypan, neHtaHoBast 1 OyTaHOBasK KUCIOTHI.
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Pucynoxk 1 — Cxema aHanm3a METOJIOM BaKyyMHOU TBepa0(ha3HONH MUKPOIKCTPAKIIAU

rxMc

Meton BakyymHON TOMD ummeer psaa NperMMyLIECTB IO CPABHEHUIO C METOIOM KJIACCHUYECKOU
napogaznoit TOMD [10]. IIpu mnapodaznoit TOMD (IID TDOMD) skcTpakuus MHOTYIETYUUX
AQHAJIUTOB 3aHUMAET JJIUTEIBHOE BPEMS, KOTOPOE MOKHO COKPAaTHTh IyTEM IepeMelIBaHus o0pasia,
MaKCHMAaJIbHOTO YBEJIMYEHUsS! I'paHULbl paszjena (o0pasen — cBOOOJHOE MPOCTPAHCTBO), HArPEBaHMS
obpasua n peanuzanuu noxxona IId TOAMD c¢ XomogHBIM BOJOKHOM, IPH KOTOPOM ITPOHCXOIUT
OJTHOBPEMEHHBII HAarpeB MaTpHlbl 00pa3lia U OXJaXKICHUE MOKPBITUS BOJIOKHA. Bpems, HeoOxoaumoe
JUISL TOCTIDKEHHS PABHOBECHS, 3aBUCUT OT CBOWCTB 00pa3iia, MaTpHIbl U MOKPBITUS BOJIOKHA U MOXKET
BapbUpPOBATLCS OT HECKOJIBKUX MUHYT /10 HECKOJIBKUX 4acOB. AJIBTEPHATUBHBIM CHOCOOOM YCKOPEHHMSI
KMHETUKHU SKCTpakuuu aHanuToB npu TOMD ssnsercs npuMmenenue Bakyymon TOMD [11]. Oror meton
TaKXKe MOXHO KOMOMHHPOBATh C HECKOJIbKUMU aHAJIUTUYECKMMU UHCTpyMEHTaMu, Takumu kak ['X, I'X-
MC nmn BOXKXX [12, 13].

MarepuaJibl 1 METOABI

Oopazuwl
s onpenenenust 6momapkepoB ObLI0 0TOOpaHO 3 00pasma rpeYUIIHOTO Meaa, COOpaHHBIX B
Bocrounom Kazaxcrane u AJIMaTHHCKOM pETHOHE.

Iloozomoeka npoout kK ananusy

1 r obpa3ma Mena B3BECHIM Ha aHATUTUYECKUX Becax U MEpPEeHecIH BO (JIakoH eMKOCThIo 20 mil.
3arem moGaBuiau | MJI AMCTHUIMPOBaHHOW BOAbL. Bosjokao 50/30 MKM AMBHHHIOCH30J/KapOOKCEH/
nomuaumetwicuinokcan (50/30 mxm JIBB/KAP/IIAMC) 6puto BEIOpaHO B KauecTBE BOJIOKHA IS BaK-
TOMD.

Hapamempor '’X/MC 0na ananusza meoa

Omnpenenenue JeTyuyux COEIMHEHHM MPOBOAMIM HA Ta3oBOM Xpomartorpadge ¢  macc-
cnekrpomeTpudeckuM aetekropoM  7890B/5977A  (Agilent, CHIA). Tenmit mapku «A» ObLI
ucnoib30BaH (>99,995%, Openbypr-Texras, Poccust) co ckopocThio motoka 1 mi/muH. Mcnonb3oBanach
xpomarorpaduyeckas koiaonka DB-35MS (Agilent, CILIA) 30 m x 250 M ¢ Tonmmuo# ruieHku 0,25 MKM.
Temneparypy nporpammsl rneuu noajaepxuBaiu Ha yposue 40 °C B reuenue 10 MUH., a 3aTeM MOBBIIIAIH
10 240 °C co ckopocTbio 5 °C/mun. Uetsipe Temiiepatypsbl akcrpakuuu: 25 °C, 40 °C, 60 °C u 80 °C 6butn
IPOTECTUPOBAHBI I ONTUMHU3AIMU Bak-TPMD npu pazHom Bpemenu skcTpakiuu (10 muH., 30 MuH. U
50 mMuH.).
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Onmumuzayusn napamempa eakyymnoii TOM?3 ons ananuza meda memooom I'’X/'MC

[Iportokon [14] TBepaoda3HOro MeToa MUKPOIKCTPAKLUU OBLT B3AT 3a OCHOBY JUISl OINpEEICHUs
ONTUMAJIFHOW TEMIepaTypbl U BPEMEHHU IKCTpakmuu Bak-TOMD 1iisi CKpHHUHTA TPEYUIITHOTO MeEa.
[ToBeieHne TemMmIepaTypbl 00pasiia MOXKET CHU3UTh KOHCTAHTY pacIipeIeIeHUs aHaINTa MEXKIY MaTpHULIeH
oOpasiia 1 MOKPBHITUEM BOJOKHA. B pe3ynbrare 4yBCTBUTEIBHOCTh METO/A M M3BJICUCHHUE aHAINTA TIPH
paBHOBecuM cHukarorcs [14]. [ToaToMy uccieaoBanbl cieayronUe YeThIpe TEMIIEpaTyphbl SKCTPAKIUH:
25 °C, 40 °C, 60 °C u 80 °C. s onTuMH3anny ObLTH BEIOpaHBI TPU BpeMeHH KeTpakiuu: 10 muH., 30
MuH. 1 50 MUH. U TpU BpeMeHH UHKyOauuu: 5 MuH., 20 MuH. 1 30 MuH.

Pe3ynbrarsl u 00cy:K1eHue

B cBa3u ¢ Tem, uto OyraHoBas Kuciora, Gpypdypan u NeHTaHOBas KUCIIOTA SIBIISIOTCS OCHOBHBIMU
OromMapkepaMy IpeUUIIHOTO Mea, JaHHbIE KOMIIOHEHTBI ObUTH BBIOPAHBI ISl ONTUMHU3ALUY TapaMeTPOB
Bak-TMOMD. bt onTMMHU3UPOBaHBI BaXKHbIE TapaMeTpbl Bak-TOMD, Takne Kak TeMieparypa U BpeMs
HKCTPAKIIMH.

Hapucynke 2 mpezcraBieHa rucTorpaMmma, 1IeMOHCTPUPYIOIAs BIMSHUE TEMIIEPaTyphl HAa U3BJIEUeHNE
ouomapkepoB. Ha pucynke 2 nokaszaHo, 4to OyTaHOBasi U IEHTAHOBAsI KUCJIOTHI UMEIOT BHICOKHI CUTHAI
npu temneparype 40 °C. Torma xak ¢ypdypan mokaspiBaeT 0ojiee BBICOKHH OTKIMK MPH TEMIEpaType
25 °C. Tem He MeHee U1 ONTUMAaJIbHOM TeMIiepaTypbl SKCTPaKLUU JIsl BceX OnoMapKkepoB Oblia BEIOpaHa
temmnepatypa 40 °C.

400 -

Temmnepartypa (°C)

350
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100
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0
dypdypan Bbyranosast kucinora IlenTaHoBas KkucioTa

PucyHok 2 — BnusiHue TeMmeparypsl SKCTpakiuy Bak-TMMD Ha OTKINK OHOMapKepoB

Bpems okcTpakiuu sBiseTcs BaxxHbIM mapameTpom TOMD, BAMAOIMM KaK Ha YyBCTBUTEIBHOCTD, TAK
1 Ha CKOpocTh MeTozioB TOMD. Ha pucynke 3, (cTp. 28) mpencrasiieH rpadyk BIUSHUS BDEMEHH SKCTPaK-
LIUM HA OTKJIMK OnomapkepoB. C yBelMueHueM BpEMEHH SKCTpakLuu Bak-TPMD OblI0 yCTaHOBIIEHO, YTO
IpU YBEJIMYEHUN BpeMeHH dKeTpakiuu ¢ 10 10 30 MUH. OTKINK OMOMapKepoB yBEeIHMUUBaeTCs B 3 pasa.
OpnHako yBeNMYEHHE BPEMEHM IKCTPAKIMK 10 50 MHUH. HE IOKA3aJ10 3HAYUTEIIBHON Pa3HULbL, I09TOMY
JUISL SKCIIPECCHOCTH aHaJIM3a ObUIO BBIOPAHO ONTHUMAIbHOE BPeMsl SKCTPAKLIUH aHATUTOB — 30 MUH.
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Pucynok 3 — Biusiane BpeMeHu skcTpakiuu Bak-TOMD Ha OTKINK OHOMapKepoB

W3 mpoaHanm3upoBaHHBIX TPEX OOPa3IOB TPEYUIIHOTO Mena (PUCYHOK 4) TONBKO B ABYX ObLIH
UACHTUQHUIIMPOBAHBI OMOMapPKEPBI, U 3TH JIBa 00pa3lia OTINYAINCH HATHYUEM PA3IMYHbIX ATM(aTHIeCKIX
OpPTraHMYECKHUX KHCIIOT, OCOOEHHO H30Mepa MEHTAHOBOW KUCIIOTHI — 3-METHJIOYyTaHOBOH KHCIOTHI H
2-+-3TUIATEKCAHOBOW KHUCIOTHI. JKHpHBIE KHCIOTHI, 0COOEHHO 3-MeTUIOyTaHoBas U 2-MeTHJIOyTaHOBas
KHCJIOTBI, a TaKke OyTaHOBash M NEHTAHOBas KHCJIOTHI, CIEAYyeT paccMaTpuBaTh B JIOTIOJIHEHHE K
aJbJIeTU/IaM.
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ByTaHOBaS{ KHCJIOTa 2-MeT I/IJ'I6yTaHOBa$( IICHTaHOBasA TCKCaHOBas 2-F3TUIITEKCaHOBAS
Kucjiora KHCJI0Ta Kucjiora KHCJI0Ta

Pucynoxk 4 — [Tomany mukoB OHOMapKepoB B 00pa3Iiax rpeunIrHoro Mena

Hanuune oqHOrO yHUKaIbHOTO JUId Mela XUMUYECKOTO COEAMHEHNSI MOXKET yKa3bIBaTh Ha €ro 0oTa-
HUYECKOE IMPOUCXOXkKAeHUE. [ peuniHblii Mey uMeeT Haubosee IpKO BbIPAXKEHHbIE OPraHOJENTHYECKUE
CBOMCTBA, YTO OTPAKACTCS HA €0 COCTABE M KOHIICHTPAIMH JIETYYHX BEIIECTB, T.€. COCTaBe OnomMapke-
poB [6]. IIpucyTcTBHE MM OTCYTCTBUE MU3BECTHBIX OMOMapKEepOB ME/la B UCHBITYEMBIX 00pa3Iax MOXeT
CBHUJICTEIILCTBOBATh O OOTAHWYECKOM TPOUCXOXKJICHHH, a TAaKXKe O MOATUHHOCTH Mena. B pesymbrare
pUMeHeHus MeToza Bak-TOMD ¢ onTuMHU3UPOBAHHBIMU NTApAMETPaMU ObLIO YCTAHOBIICHO, YTO B COCTaBE
nepBoro oopasia Meaa He ObLITH UACHTU(UITMPOBAHBI OMOMAPKEPHI, XapaKTEPHBIC JIJISl TPSYHIITHOTO ME/Ia.
JlanHOEHCCIIeTOBAaHUETIO3BOIIIIO TPEI0CTABUTH METOI BBISIBICHUS TOTHHHOCTUMEA (PUCYHOK S, cTp. 29).
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L 2

l Ananus MetozioM BakyymHoi TOMD l

[Mapamerps! Bak-TOMD:

* Bosokno JIBB/KAP/TIAMC 50/30 mxm
* Bpewms skcrpakuun: 30 MuH

* Temnepatypa sxcrpakuuu: 40 °C

v

Wnenrndukanns Snomapkepos

v v

v

Qanscupurar

v

’ HarypansHbrit MEn l

Pucynok 5 — briok-cxema uieHTH()UKAIIMY TOTMHHOCTH MeJIa

3akiouenune

Metonom BakyymHO TOMD B couetanuu ¢ I'X/MC Obu1 mpoBeieH aHaIU3 MPOO Meja IPEYHILIHOTO
npoucxoxaenus. Merox BakyymHoi TOMD B couerannu ¢ I'X/MC mo3Bonmi OnpeaenauTb COCTaB
JETyuyuX U MOIYJIeTy4HMX COeAMHEHUH B Mezae. Paznuunble anudarndyeckue OpraHM4ecKHe KHCIOTHI,
Takye Kak OyTaHOBasi KHCIIOTa, 2-MeTHJI0yTaHOBas M 3-METHJIOyTaHOBAsI KUCJIOThI, IEHTAHOBAsI KUCIIOTA,
IeKCaHOBasl KHUCJIOTa M 2+3THITEKCAaHOBash KUCJIOTa. OTH KOMIIOHEHTHI SIBJISIIOTCA OHOMapkepaMu
IpeYnInHOro Meaa. B cBs3u ¢ aTum 06pa3is! rpeunniaoro mMena Ne 1 u 2 ABISIOTCS MOAIMHHBIMU, OJTHAKO
B o0pa3ue Ne 3 Ouomapkepbl IpEUUIIHOTO Mela He ObLIM UAECHTHU()ULIUPOBAHBI, YTO CBUJETEILCTBYET O
dbanbcudukare npoayKTa.

Takum oOpa3om, uccienoBaHMs, NPEACTABICHHbIE B 3TOW paboTe, yKa3blBalOT HA BO3MOXHOCTb
UCTIOJIb30BaHUsl OMOMAapKepoB B KayeCTBE WHAMKATOPA JUIs ONpPENeNIeHUs] MOMIMHHOCTH Mena MyTeM
aHaJIn3a METOJOM BaKyyMHOM TBep0(ha3HOM MUKPOIKCTPAKIMH B COUETAHUU C ra30BOM XpOMAaTO-Macc-
CIIEKTPOMETPHEH.

DuHAHCHPOBAaHHE

Hannas pabora mnpoBoxuiach B pamkax mnpoekta AP09058561 «Od¢dextuBnas pazpaboTka
BBICOKOYYBCTBHUTEIBHBIX METOIMK aHaM3a MPOMYKTOB MUTAHWS Ha OCHOBE MUHHATIOPU3WPOBAHHON
TBEp0pa3HON MUKPOIKCTpAKIUN», pUHAHCHpYeMoro MunuctepcTBoM oOpa3oBanus 1 Hayku PK ¢ 2021
o 2023 rr.

CoOnroneHne 3 THYECKUX CTAaHIAPTOB

Kondnukr nnrepecos:

Kon¢unukra nnTepecoB k 3toii cratbe HeT. M.P. MamenoBa 3asBisieT 00 OTCYTCTBUHM KOH(IIMKTA
uHTepecoB. A. OpbiHOacap 3asBisieT 00 OTCYTCTBUM KOH(IMKTa HHTepecoB. M.b. AnumikaHoBa 3asBIIseT
00 OTCYTCTBUH KOH(IIUKTa HHTEPECOB.

JdTu4eckoe onodpeHue
DTa cTaThs HE COAEPKUT KaKUX-TTMO0 UCCIEOBAHUMN C yYaCTHEM JIFOJICH MITH )KUBOTHBIX, IPOBEIEHHBIX

KeM-JIN0O W3 aBTOPOB.

HNudopmMupoBanHoe corjiacue
WNudpopmupoBaHHOE corlacke He IPUMEHUMO B 3TOM UCCIIEA0BaHUH.
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XAMHUKO-TEXHUYECKHAE CBOMCTBA BEJIOI'O MIOPTJIAHJAIEMEHTA

AnHoranus. V3ydennsrit Hamu Oenbrif mopraananemMent [11[Bb-1-500-/10 cocTonuT u3 claeayronmx MUHEepaiIoB, % Mac.:
amuta — 50,4; 6emura — 20,0; nenura — 0,9; denura — 16,7; runca — 7,0. TlepBble yeThipe MUHEpasia KIWHKEPHBIE, a
HOCJ'[CI[HI/Iﬁ BBOJUTCA B HEMEHT IIPU €TI0 ITOMOJIE.

[Tpn nomomw perrreHogaszoBoro ananuza (POA) ycraHOBIIEHO, YTO JIUT M OEJIUT UMEIOT KPUCTAUTNIECKYIO CTPYKTYPY,
a denut obnamaeT CTEKIOBHIHON CTPYKTYpOH. AMOpPQHOCTH (enura — pe3yibTaT Pe3KOTr0 OXJIAXICHHS BOJIOH
BBICOKOTEMIIEPATYPHOrO KJIMHKepa. B cocTaBe KIMHKepa NPUCYTCTBYIOT IPHMMECHBIC HHAMBUIBI B Bujie HOHOB (Fe*" Na',
K*, Mg*, Ti*, Mn?', Cu*"), KoTOpbIe BXOJISAT B CTPYKTYPY KIMHKEPHBIX MHHEPAIOB; OHHM HE CO3/al0T CAMOCTOSTEIBHBIX
COCTMHEHUH M HE 0CTAIOTCsI B CBOOOIHOM coctosianu. [Ipudem monst Na™, K7, Mg, Bosmokro u Ti*", Mn**, B 0CHOBHOM
COCPEMOTAYMBAIOTCS B CTPYKTYPE CHIMKATHBIX MUHEPasoB, a Fe'™ u apyrue xpomodopsl — B cocTaBe amoModeppuToB
Kalblyst. B cuily 3TOro BeNMYMHBI MEXKIIOCKOCTHBIX paccTostHuil (d) Oosble cMemaloTcst B CTOPOHY MEHBUIMX U
OOJIBIINX YUCET, YEM B CTOPOHY ATAJIOHHBIX. [109TOMY KIMHKEpHBIE MHUHEPAIIBI SIBISIOTCS UX TBEPABIMUA PACTBOPAMHU.
Ou3NKo-MEeXaHUIECKHe CBOHCTBa W3ydeHHOro Oenoro moprianmnementa I[IBII-1-500-110 oTBeyaroT TEXHHYECKUM
TpeboBanmsam cormacHo 'OCTy 965-89 «IloptnananemenTs! Oenble. Texandeckue ycmoBus». OqHaKo m3-3a OOIBIIOTO
conepxanus pemura (3Ca0-AlLO,) — 16,7% MoryT cozmarscst camocTosTenbHble coenunenus tuna 3Ca0Al O, 6H,0,
YTO CYIIECTBEHHO CHHM3MUT JOJITOBEYHOCTh MATEPUAJIOB M W3JICNUH, HM3TOTOBIEHHBIX HA OCHOBE 3TOro 0eioro
nopmianeMenTa. [103ToMy HaCTOSITEILHO PEKOMEH/IyeTCsI TPOBEPSITH BCe Oelble MOPTIIaHALEeMEHThI, MOCTYaloIHe B
PK, Ha u3MeHeHNe TPOYHOCTH, MOPO30CTOMKOCTH M KOPPO3UOHHOM CTOMKOCTH.

KunroueBblie cjoBa: Oelblil IOPTIAH/IIIEMEHT, KIIMHKEPHbIE MUHEPAITB, XUMHKO-MEXaHUIECKHE CBOWCTBA, allUT, OCIUT,
(eNuT, HEINT U THIIC.
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AK HOPTJIAHAUEMEHTTIH XUMUS ’)KOHE TEXHUKAJIBIK KACUETTEPI

Anparna. bi3 seprreren ak mopriaanaiement IT1[B-1-500-J10 kemeci MuHepanmapian Typaabl, Macca% :amut— 50,4;
6emut—20,0; memwt— 0,9; hemmra— 16,7; rarc— 7,0. ATFaMIKB TOPT KeKe -KIMHKSPMUHEPAIIaphl, aJl COHFBICH — IEMEHTKE
OHBI YHTAKTay Ke3iHE KeKe CHTI31Ie .

Penrrennik ¢azansik Tannay (XRF) kemeriMen anut neH OenUTTIH KPUCTAIIBIK KYPBUIBIMBIL, all()eTUTTIH HIBIHBI TIPI3/Ii
KYPBUIBIMBI 0ap ekeHi aHbIKTasibl. Denruramopduimi KoFaphl TeMIeparypaiarbl KITHHKEPiH CYMEH Te3 CYbIThUTYbIHbIH
HoTmwKeci. KimHkepiH KypaMbIHIa KIIMHKEp MUHEPATIapbIHBIH Kypambiaa kipetin woumap (Fe’*, Na®, K7, Mg?", Ti*,
Mn?, Cu?") Typinzeri Kocnanap 6ap; onmap Toyesci3 OaiiaHpicTap jkacaMaibl KoHE epKiH Kyiae Kanmaiasl. OHbIH
yerine Na*, K*, Mg?*, mymkin Ti*', Mn?*, noHIapbl Heri3iHeH CHITHKATThIMAHEPATIAP/IbIH KYPBUIBIMBIH/IA IOFBIPIIAHFaH.
A Fe¥kone Gacka xpoModopiiap KalbIHii alloMHHO(DEPPUTTEPIHIH KypaMbiHaa 6osaapl. OChiFaH OaiTaHbICThI Ka3bIK
apaibIK KabIKTRIKTapAbH (d) MoHIEpi aHBIKTaMaJbIK CaHIapFa KaparaHAa KilllipeK KoHEe YIIKEH CaHIapFa JKBUDKHIBL.
CoHJBIKTaH KIMHKEPMUHEPAIaphl 0Jap/IbIH KaTThI epiTiH/IIepi OOJIBIT TaObIIa bl
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3eprrenerin  akmopTiananemMenT [IBI[-1-500-10 d¢usukansik-mexanukanslk Kacuerrepi ['OCT965-89 Ooiipiama
TEXHUKAJBIK TaJanTapra colikec kenei. «[lopTiananeMeHTTep i Tyci ak. TeXHUKambIK Tamanrapy. Anaiina, GeluTTiH
(3Ca0-AlLO,) sxorapbl MemuiepiHiH apkachinga - 16,7%, 3CaO-AlLO,"6H,O TunTi Toyesncis KOCHLIbICTAp Kacajybl
MYMKiH, OYJ1 OCBI aKMOPTIAHIIEMEHT HETi3iH/e KacajJFaH MaTepHajiapMeH OYHBIMIAapAbIH OEpIKTIriH alTapibIKTal
temerzaereni. Conmpikran Kazakcran PecryOmikachIHa TyCeTiH OapiblK aKIOPTIIaHAIIEMEHTTEPIiH OCPIKTITiHIH, as3 OcH
JlaTTaHyFa TO3IMAUIITIHIH ©3repyiH TeKCepreH jKoH.

Tipex ce3aep: akMOpTIAHIIEMEHT, KITMHKEPMHUHEPAJIaPhl, XUMHUSI-MEXaHUKAIBIK KACHETTEP1, aJTUT, OCTHT, (PEIHT, IeTUT
JKQHE THIIC.

Odintsov D.S. ", Suvorov A.S.!, Yestemesov Z.A.!, Barvinov A.V.!

!Central Laboratory for Certification Testing of Building Materials,
050000, Almaty, Kazakhstan
*E-mail: danila.odintsov@inbox.ru

TECHNICAL AND CHEMISTRY PROPERTIES OF WHITE PORTLAND CEMENT

Abstract. The white Portland cement WPC-1-500-D0 has been studied by us and consists of the following minerals, wt%:
alite — 50.4; belite — 20.0; celite — 0.9; felite — 16.7; gypsum — 7.0. The four of one minerals are clinker, and the last is
involved into the cement during its grinding.

Using X-ray phase analysis (XRP), it has been found that alite and belite have a crystalline structure, and felite has a
glassy structure. Amorphism of felite is the result of high-temperature clinker has been cooled rapidly with water. The
composition of clinker contains impurity of individual ions in form (Fe*, Na*, K*, Mg*, Ti*!, Mn?**, Cu?"), which are
involved in the structure of clinker minerals; they do not create independent connections and do not remain in a free state.
Moreover, Na*, K*, Mg*, and possibly Ti**, Mn?* ions are mainly concentrated in the structure of silicate minerals, while
Fe** and other chromophores in the consistance of calcium alumino-ferrites. Because of this, the values of interplanar
distances (d) are shifted towards smaller and larger numbers than the reference ones. According by this situation, clinker
minerals are their solid solutions. The physical and mechanical properties of white Portland cement WPC-1-500-D0
meet the technical requirements in accordance with GOST 965-89. “White Portland cement. Technical Specifications".
However, due to the high content of felite (3Ca0O-AlO,) — 16.7%, independent compounds of the 3Ca0- AL O, 6H,0 type
can be created, which will significantly reduce the durability of materials and products made on the basis of this white
Portland cement. Therefore, it is strongly recommended to check all white Portland cements entering the Republic of
Kazakhstan for changes in strength, frost-resistance and corrosion resistance.

Key words: white Portland Cement, clinker minerals, chemistry and mechanical properties, alite, belite, felite, celite and
gypsum.

Beenenue

Bricokuii Temn KHIIOTO ¥ MPOMBILUIEHHOTO cTpouTenscTBa B PK npenonpeznenser HeoOXoquMoCTh
yBeIUYEHHUs] 00beMa CTPOUTENFHBIX MaTepHUajoB, OTICIOYHBIX Pa0OT, 3aTpaT Ha OIuIaTy pabodyero Tpyaa,
KoTopsie cocTaBisAtoT 20% ot o011ei CTOUMOCTH 00BEKTA.

OnHMM M3 NEpPCHEKTUBHBIX HANpPABICHUHM MOIXY4YEHHsS OTAEIOYHBIX MATEpHUaJiOB SBISIETCS HX
MIPOU3BOJICTBO HA OCHOBE 0€JIOro MOpTIaH/ALIEMEHTA, TOCKOJIbKY, UCIIOIb3Ysl €0, MOKHO M3rOTaBINBAThH
OeJble, BETHBIE, TOJTMMEPHBIC U IPYTHE CyXUe CTPOUTEIbHBIE CMeCH ¢ (DYHKIIMOHATIBHBIMH JOOaBKaMHU.
JpyruM npeumyniecTBoM Oesloro MOpTIaHILEMEHTa KaK KOMIIOHEHTa CYXHX CTPOMUTEIBbHBIX CMecei
SIBJISICTCS €TO TIOBBIICHHAs: Mapo4dHasi mpoyHocTh 40—50 MITa u Beimie. Hanpumep, 6accanuT (1oTyBOIHBII
rurc)(CaSO, . 0,5H,0) kak camplii pacpOCTPaHEHHBIA KOMIIOHEHT CYXHMX CTPOMTENBHBIX CMECEH UMEET
MaKCUMAaJIbHYIO0 MapouHy10 TpouHocTh 25 MIla [1-4].

B nHactosimiee Bpemsi ctpoutenibctBo B PK HaxoauTcst Ha 3Tane yCKOPEHHOIO pa3BUTHS, B CBSA3U C
9THM TOTpebaeHrne Oeoro MOPTIAHALIEMEHTa B Ka4eCTBE KOMITOHEHTA CYXHMX CTPOUTEIBHBIX CMecel
3HAYUTETIHLHO yBEIWYHMBAaeTCA (MHOTJA €ro MCMONb3YIOT B YUCTOM BHUAE). MeXAy TeM, Kak HU3BECTHO,

34



o XUMUNKO-TEXHOJTIOTMHYECKUE HAYKH o

Oenpiii mopmiananemMeHT B PK He mpou3BoAsT, TO €cTh OH UMIIOPTHBIN, a IPUMEHSIOT €ro Ha OCHOBE
COMPOBOXKIAIOMICH JOKyMeHTanuu. V3ydeHHwridi Hamu Oenbiii  mopmianaiement [1BII-1-500-/10
npousseneH TOO «Xumropr» (Poccus).

OdeBHUIHO: YTOOBI YNPaBJIATH €r0 JIEHCTBHEM M PAIMOHAIBLHO HCIONB30BaTh B CTPOUTEIHHON
WHAYCTPHH, CIIEAYET UCCIEN0BATh €0 (PU3UKO-MEXaHUYECKHUE U (PU3UKO-XUMUYECKHE CBOWCTBA, a TAKKe
0COOCHHOCTH THIPATAIMOHHOTO TBEPICHUSI.

OcHOBHBIE N0JI0KEHHUS

B rtabmume 1 mpuBeneHbl CpPaBHUTEIBHBIC JIaHHBICE HEKOTOPBIX XapaKTEPUCTHK OeIoro
noptnananementa [1BII-1-500-/10 u o6sraHor0 opTiianaiementa [111 500-/10, n3 KOTOpBIX BUIHO, YTO
X 00BETUHSCT TOJIBKO MapOYHAsi IPOYHOCTH B BO3pacTe 28 CYTOK, IPOYHOCTH MPH U3rHOE COCTABIISICT
cooTBeTcTBEHHO 60,6 u 7,4% MIlla u npu cxarun — 51,2 u 54,1% Mlla [7]. Ilo ocranbHbIM IIaBHBIM
CBOMCTBAaM OHM CYIIECTBEHHO OTIIMYAIOTCS, HAPUMED:

e o0xwur 6enoro kiauHKepa ocymectsisuics npu 1600...1650 °C, a ceporo — npu 1450-1475 °C;

Tabnuua 1 — CpaBHUTENbHBIE TaHHBIE HEKOTOPBIX XapaKTepUCTUK Oesoro nopriananementa [1B1]-
1-500-/10 u o6kruHOTO MOpTIaHAIIeMenTa 111 500-/10

No i CHOBAIC OO 3HaueHNe MoKasaTeseh MOPTIaHALIEMEHTOB
IBIT-1-500-10 TILT 500-110

1 | OGxwur kmmHKepa, ‘C 1600-1650 °C 1450-1475 °C
ConeprkaHre MUHEPAJIOB B KIIMHKEPE:
amt (3Ca0 - SiO,-C,S) 35-50 55-58

2 | 6emur (B-2CaO - SiO,-C.S) 35-50 11-18
nenut (4Ca0 -Al O, Fe,0,-C AF) 0,9-1,4 13-15
demur (3Ca0 - ALO,) 11-17 3-5
CpoKH CXBaTbIBAHUSL:

3 | magano, 4 MuH. 2-20 3-00
KOHell, 4 MHH. 3-50 4-10

4 | HopmanbHas rycToTa IIEMEHTHOTO TecTa, %o 23,26 30,0
TonkocTh momoa mo octarky Ha cute Ne008, % 8,6-11,9 1,0

6 | [IpounocTs mpu ckaThu u W3rHOe Tpu mponapuBannu, Mlla — 34,1
[IpouHoCTh Tpu C3kaTUN U N3rHOE (HOPMAJIbHOE TBEPACHUE —
28 cyt.), MIla, npu:

7 n3ruoe 6,6 7,4
COKaTUH 51,2 54,1

s | B semonmnes o e | e

e cojepkaHue anuTa u Oenura B OenoMm kiIMHKepe mouTH paBHO (35...50%), conepkanue Qenura
nocturaet 11...17%, nenura ouens mMasno — 0,4...1,4%, a B cepoM KIMHKEpE 3TU MUHEPAIIbI COCTABIISIIOT
COOTBETCTBEHHO 55...58%, 11...18%, 3...5% n 13...15% .

Mexny TeM, ©3BECTHO, 4TO:

® [IpHU NPUCYTCTBUH MOAUPHUIMPYIOMHUX JOOABOK TEMIIEpaTypy oOkura 0enoro KIMHKepa MOXXHO
cHm3uTh 10 1300-1500 °C [7];

—  IyTeM NPUMEHEHHUS NEepPCHEKTUBHBIX CHIPbEBBIX MarepuanioB U d(PQPEeKTUBHOW TEXHOIOTHU
MOJTY4EHUs OeNIoro KIMHKepa MOXKHO JJOBECTH MapOYHYIO MPOYHOCTH nopTianauemMenta 1o 77MIla [8], a
¢ nobaskamu: 0,25% BaSO, — no 90 MIla [9]; 0,7% C-3 — mo 100 MIla [10].
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B pabGore [11] mo HOpManbHOH TyCTOTE HAlOTCS WHBIC JIAHHBIC, OTIMYAIOMIMECS OT JaHHBIX,
yKa3zaHHBIX B Ta0mutie 1. Y Hux oHa gocruraet 37,5%, TO €cTh BOIOTIOTPEOIEHHE UCCIIEA0OBAHHOTO OEJIOTO
NOPTIAHAIIEMEHTA MOBBIIIEHHO. Takoe pacXokeHHE 0 HOPMAIBHOM IYCTOTE OEJIbIX MOPTIaH/IIEMEHTOB,
MO-BUIUMOMY, KPOETCSl B pa3jIMYMM WX MHUHEPAIBHBIX COCTaBOB. [JIaBHBIM HEIOCTAaTKOM OEJI0ro
MOPTIAH/INIEMEHTA SBJISICTCS, KaK M3BECTHO, HH3Kash MOPO30CTOMKOCTh M KOPPO3HWOHHASI CTOWKOCTH.
Jl7isl IOBBIMIEHUS ATUX TAPAMETPOB aBTOPHI PEKOMEHAYIOT MOIU(UIIMPOBATH OB MOPTIAHAEMEHT
MyTEM BBOJIa B €r0 COCTaB THMNEPIUIACTH()HUKATOpPA B COYETAHWUU C PEAUCHICPIUPYEMBIM MOJHMMEPHBIM
nopotkoM «Vinnapas 4023 Ny. Eciin Heo0X01uMO MOBBICHTH BOAOYIEPKHUBAIOIIYIO CIIOCOOHOCTH OEJI0T0
NOPTIAHALIEMEHTA, OAHOBPEMEHHO TaK)Ke MOPO30CTOMKOCTh M KOPPO3HOHHYIO CTOMKOCTb, TO B €r0 COCTAB
CJIEZyeT BBOIUTH KOMITO3UIIMIO M3 TUIIEPIUIACTH(PHUKATOPA, PEAUCIIEPTHPYEMOTO OITMMEPHOTO MOPOIITKA
1 3(hupa 1eUTIOI03bI.

[Tpu sToM ero ko3 GuIHMEeHT cTORKOCTH MOXKeT focTidb 0,84%.

Jnst monydenus cynepoeiaoro ¥ BBICOKOCOPTHOTO OEJIOro ieMeHTa aBTOpbI padoThl [ 12] Ha OCHOBaHUH
TEOPETUYCCKUX HCCIICOBAHUI W DKCIIEPUMEHTAIBHBIX OIBITHBIX pPa0OT MPEUIaraloT BBITOJHCHUE
CIEAYIOUIUX YCIIOBHIA:

1. Jlns noiydeHus cynepOesoro IeMeHTa O0XKUT CHIPhEBOM CMECH JTOJKEH OCYIIECTBISITHCS B CIIA00
BOCCTaHOBUTEJIBHOMH cpejie ¢ ero oxJyaxaeHueM rpu temieparype 1450...1400 °C 3akankoil B Boje; IpH
ATOM COJEpKaHue C3A B KJIMHKEpe JIOJKHO ObITh HE Oonee 3...5%;

2. B cayuae xoria conepikanue B ceipbeBoii cmecu Fe O, nocturaer 0,6% Mn,0,<0,03%, mony4enune
cyrep0esoro IeMeHTa BO3MOXHO, €CIH OOKHT €ro OCYIIECTBISIETCS MPH cIab0 BOCCTaHOBUTEIHLHOM
cpene, a oxyaxaeHue oyaer npu temneparype 1450...1400 °C 3akankoii B BOJE;

3. Ilpu comepxanuu B cbipbeBoii cmecu 1% Fe, 0, 0,25% TiO, n 0,025% Mn, O, noiny4enune 6enoro
[IEMEHTA MOHMKCHHBIX COPTOB BO3MOXKHO MPHU BOCCTAHOBUTEIILHOM OOYKHUTE, a OTOCIMBAaHUE KIMHKEpa
OCYILIECTBIISICTCS B BOJIE;

e Haubonee a¢pdexTuBHON TeXHOTOTHEH TPOU3BOICTBA CYNEpOEIOro U BEICOKOCOPTHOTO Oen0ro
[IEMEHTA SBJISETCS CyXOl Ccrmoco0, MPH ATOM: cpesa JoJDKHA OBITh cl1ab0 BOCCTAaHOBUTEIBLHOM; JOKHBI
NPUMEHSTHCS IEYH C IUKJIOHHBIMH TEIUIO0OOMEHHUKAMH, TI€ OTCYTCTBYET METaNTNUECKas [IeTHas 3aBeca,
SIBJISIFOILIASICSL ICTOUHMKOM OKCHJIA JKeJe3a, 3arpsi3HsIOIIEro KJIMHKEP; OTOCTMBAHUE TOPSYETO KIMHKEpa
B BOJI€; Pa3MOJI UCXOIHOTO CHIPhsI M MTOMOJI MOTYYE€HHOTO KIMHKEpa JOJDKEH OCYIIECTBISIThCS OCITBIMU
NPUPOIHBIMU BaJTyHAMH.

3akaH4MBasl aHAJIH3 M3BECTHBIX paboT O OelIOM LEMEHTE, JJOJDKEH 3aMEeTHTh, YTO JIaHHas padoTa —
nepsas B Kazaxcrane B 3Toi o0nactu.

MarepuaJibl 1 METOIBI

dusuko-mexanndeckue cporctra 6enoro nemenra [11[b-1-500-10 onpenensim mo 'OCTy 310.2.3-
76, TOCTy 310.4-81, 'OCTy 30744-2001, 'OCTy 30108-94 u TOCTy 965-89.

Pentrenorpaduueckuii anaan3 npo0 BITOIHSIH C TOMOLIbI0 MOJEPHU3UPOBAHHOTO U paKTOMETPa
JPOH-3M na Cu-K  n3nydennn ¢ nporpaMMHbIM oOecniedeHneM. PeHTreHorpaMmel u indpakimOHHbIE
XapaKTEepUCTUKU MPOOBI OTyueHbl B UHTEpBaie cbeMkH 20 (yrios) ot 10° go 70°; mar — 0,050; ckopocTb
— 2 T/MUH; MaKCUMaJlbHasl UHTEHCUBHOCTh — 684 MMII/CEK.

Xumnueckud anHanu3 mnposomwics cormacHo [OCTy 5382-2019 ¢ mnpuBieueHueM — emie
PEHTTeHO(ITYOPECIIEHTHOTO CIIEKTPAIbHOTO aHAIIN3a, KOTOPBIH OCYIIECTBIISIICS Ha YHEPTOUCIIEPCHOHHOM
criekrpometpe «EJ[X-800». Yenosus ero padotsl: Rh; Hanpspkenue (kB)—30...50; Tox (MA)—100...1000;
¢uneTp — HeT; BpeMs — 60 cek.; cpesa — BO3IyX.

Koaddumment Oenmsubr (orpakenuss — KO) Oenoro 1memMeHTta onpeaessuid ¢ MOMOIIBI0 MprOopa
DOV — doromeTpbl 00BEKTUBHBIE YHUBEpCallbHbIE. B KadecTBe ATaJloOHHOTO oOpaslia Jjsi CpaBHEHMS
MCTIONBL30Bau XuMuaecku uncthiii BaSO,. Torna KO Genoro nemenTa nmokaseisaet B % 1o BaSO,.

Pesynbrarsl n 00cy:xneHue
B Tabnmmax 2 m 3 mpencTaBieHbl OKCHIHBIN COCTaB OElIOTo IIEMEHTa M CPaBHHUTEIbHBIC TaHHBIC

36



o XUMUNKO-TEXHOJTIOTMHYECKUE HAYKH o

texaunyeckux tpeboBanuii mo 'OCTy 965-89, u3 KOTOPHIX BUAHO, YTO HCCIEAYEMbIH OCNbI EMEHT
OTBEYACT TEXHWYECKUM TPEeOOBAHMSM BHINICYKa3aHHOTO HOPMAaTHUBHOTO cTaHmaprta. [Ipm sTom comep-
JKaHHUe KIIMHKEPHBIX MUHEPAJIOB B COCTaBE LIEMEHTA paciipeensieTcs ciaeayomumM oopazom: anut — 50,4%;
Oenut —20,0%; dpenut — 16,7%; nenut —0,9%. Eme ects B cocrase 6enoro nemenTa runc (CaSO,-2H,0) B
konnuectse 7,0%, 100aBIeHHBIN MTPH €ro MOMOoJIe, YTOOBI PEryJIMPOBaTh CPOKU CXBAThIBAHHSI IIEMEHTHOTO
TecTa.

Tabmuma 2 — OKCHIOHBIHA cocTaB 0eJIoro IeEMEHTa

HauMeHoBaHME OKCUIOB CaO | SiO A1203 SO, | Fe O, | RO | TiO, | StO | MnO | CuO | Y. HO,%

2 3 273 2 2

Copepxanue OKCUA0B, % 68,2 | 23,3 145 |33 |03 0,3 0,2 0,1 [0,02 |0,02 |100 | 1,3

Kak BuHO U3 peHTreHOrpaMMBbI (pPHCYHOK 1, cTp. 38) 1 pparmMenTa qudpakimoOHHOW XapaKTePUCTUKH
(Tabmuua 4, ctp. 38), B 6e710M IIEeMEHTE MPUCYTCTBYIOT B OCHOBHOM JU(PPAKIIMOHHBIE TUKH, XapaKTepHbIE
Jutst anuta 1 O6enura. [1pn 3TOM HHTEHCHBHOCTD TH(PPAKIIMOHHBIX PEIICKCOB, XapaKTEPHBIX IS (eInTa,
OYeHb c1a00 MpeICTaBIeHa, XOTs €ro CoJiepKaHue B IeMeHTe o4eHb npuindHoe (16,7%). 91o 00ycnoBieHo
TEM, 4TO B npouecce oToenuBanus Kinakepa C, A TOYTH HOJTHOCTEIO TIEPEXOIUT B CTEKIIO M3-3a PA3HOTO
oxnaxaeHus. Lleaut Ha peHTreHorpaMMe TaKkke He PUKCUPYETCst H3-3a PE3KOT0 OXJIKIACHUS paciljiaBa U
Mmasoro ero koauuectsa (0,9%).

Tabnuua 3 — CpaBHHUTENbHBIEC JAHHBIE TEXHUYECKUX TPEOOBAHUN K XUMHUECKUM TTOKA3aTeIsIM

Ne N O06o3nauenue HJI Ha Hopmatus HJI, | ®akTudeckoe
n/n Hamnvenosanue noxasareseit METOIbI UCTIBITAHUI % 3HaueHue, %
1 | Okcun maraus (MgO), ne 6onee I'OCT 965-89, m. 13.11 4,0 OtcyTcTByeT
2 | HepactBopumsrii ocratok (HO), e 6omee I'OCT 965-89, m. 1.3.11 1.5 1.3
3 | Conepxanue oxcuaa cepol (VI) (SO,), ne 6onee | I'OCT 965-89, . 1.3.10 3.5 33
4 | ConmeprkaHHe OKCHIA KeJe3a (Fezos), He Oosee T'OCT 965-89, m. 1.3.11 0.45 0.3
CozeprkaHre OKCHAA KIMHKEPHBIX MUHEPAJIOB He pernamenTtupyercs
Amr (3Ca0 - SiO,-C,S) -/~1-/- 50,4
5 | benut (B-2Ca0 - SiO,-C,S) -/~1-/- 20,0
Henur (4Ca0 -Al O, Fe,0,-C,AF) -/~/-/- 0,9
®enur (3Ca0 - Al O,) -/~1-/- 16,7
6 | Conmepxanme nByBonnoro rumnca (CaSO, . 2H,0), Hcxomut u3 coneprxanus (SO,) [m. 3] 7,0

Ananu3upys TONy4YeHHblEe (PU3MKO-XMMUYECKHE JaHHbIE MCCIEIOBAHHOTO IIEMEHTa, MOXHO
KOHCTaTHPOBATh CJIEAYIONINE BHYTPU(PAKTOPHbIE OCOOCHHOCTH:

e HexoTopoe nckakeHue CTPYKTYPBI IUTa ¥ O€JIUTA, B PE3YIbTATE YeTO BETMYUHBI MEKILIOCKOCTHBIX
PacCTOSIHUI CMEIIAIOTCSl B CTOPOHY OOJIBIIUX YUCEI MO0 CPABHEHHUIO C BETMYMHAMU CUHTE3UPOBAHHBIX
ATAJIOHHBIX 00PA3IIOB;

9710 MOXKHO Habmonarh 1o BennurHam usmenenus d C.S u C,S, nanpuMep: HaubOIee MHTEHCUBHbBIE
JIMHMY JJIs 3THX MUHEPAJIOB HAa PEeHTIeHOrpaMMe sBisioTcs cootBerctBenHo d = 3,0306 A, ninockoctu
271 u d = 2,7719 nnockocru 122, Benuunna d,, u d ,, sTanonnoro anuta cocrtasiser d = 3,034 A,
oemmra —d = 2,785 A.

e IlpumecHbie OKcHabl, KakoBbiMU sBisitoTcss R O, TiO,, SrO, MnO, CuO u otyactu Fe,O,, ne
OCTaloTCs B CBOOOHOM COCTOSHUM, HE CO3JIAK0T CAMOCTOSATENBHBIX coenuenuii (kpome Fe, 0,), a Bxonsr
B CTPYKTYPY KIMHKEPHBIX MUHEPAJOB;

1
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{ A-AnuT (3Ca0 " Si02-CsS)
i B-Benur (2-2Ca0 - Si02-C28) |
| @-®enuT (3Ca0 * Al205)
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Hau.yron = 10.00; KoH.yron = 70.00; lar = 0.050; 3kcnos. = 1.5; CKOPOCcTk = 2 r/MuH; Makc.umcno umn. = 684; 2
Pucynok 1 — PertrenorpamMma 6erroro rieMeHTa

Tabnuua 4 — IudpakuuonHbie peduiekcsl 0eoro HeMeHTa

W (Alfsl) ¥ron Mnoms g Bonymwp HAmano . % Maxoc. Ha=mnonon . L iy ABIF
i 10, 600 Q.00 10,0000 g .33y 0. 3340 6.063 0.0028
2 a0, 037 2.33 56467 2 B.0034 0.2004 1.30 0.217%
3 11,609 0.78 6.1317 g 7. 86450 0,.3004 0.03 0.1234
[ 11.880 0.62 B.3833 & T.4618 0,3672 0.03 0.oo0z0
] 12.100 0.62 9.3333 1] 73082 0, 3008 Q.03 0,0023
[] | 12.492 0.83 7.7633 1] 70788 0.2872 1.03 0,1074
7 13.100 o.o02 £.333 [1] &.7528 83008 Q.03 0,00
[} 13,450 0.07 10, 6067 [} £.8778 0.3874 8.00 0. 0070
# 14,300 0,13 17,3133 [+ §.2318 0.5478 6.18 4. 0070
0 14,880 10,34 6. 2800 [} 5. P607 0.nand 12.52 0. 3962
i1 18,108 1,68 13,0000 <] §.4820 0.4000 2.07 G.1411
i2 i8,783 - %] 13,6667 Q 5.3740 0.43432 0.64 G.0414
i3 i, 0ae 6.73 18,7733 a 4, 0000 0,6346 B.23 0. 3508
ia 8,880 962 10,0000 Q 4,879 0,3340 0.03 0. 0032
i8 20 . 300 1.31 #.8132 Q 4,2708 0,3338 1.47 0.1771
ié 20,848 [ 14,0000 a 4.2878 Q.4676 0,11 0.00E3
17 21.000 2.47 B 1800 [} 4, 3267 0, 3006 4,26 0.291%
i8 21.4897 a.28 10,6000 Q 40024 0,330 0,38 0.0z04
18 23.004 B.22 28,1147 o . 8d628 2.8380 7.6 0.3475
20 23.543 2.80 &34 . 9087 1] 3.7138 21,3081 1.28 0.00432
21 24 . 500 [ ] T.3233 1] 3.8302 G.233a 0,83 0.0830
232 28,342 &.80 24.10800 [1] 3.8242 G.B018 §.53 0,387
23 2m ., 872 2.0 18.3333 [/} 3.4671 0.8344 .49 §.1Td4
24 26,3280 5,66 1£.1500 [1] 3.3031 0.5344 d.81 8. 3803
zn 26,700 2.00 14,4667 1] 3.335% 04878 3.43 B934
& 7,345 o.8 31,3317 o 31,2704 0.7014 1.11 &.0424
27 27,850 4,33 27,2833 4] 3,2007 0.ROLA 5,16 0. 1540
28 28447 78,87 31,4400 [+ 3. 0308 10,5044 23,73 0.3423
25 30.087 20.87 103.8033 ] 2. 9887 3.4738 28 .51 @.203%
10 31.042 5.83 17, 4000 a 2.870% O.5478 a.78 @.3177
il 31,873 B.15 17, 6B00 o 2. 0314 0.6012 9.0 0.4810
a2 AL, 070 1.88 28, 5302 2 2, nbdn 0,.pE0E 4.78 0.1344
13 32,2487 T9.08 201, 5167 Q 2. 7Tl . 4100 PG, 67 D.200%
kLS %448 Bl.81 208, 1633 -] 2. 7407 B 6102 100,00 0.2039
a8 33.310 28.72 103, BOEG -] 2. 60ER 13,4738 16,32 0.2m61
38 33,800 i.92 224387 -] 2.8648 8.7340 2,34 0.0nEs
n 3380 4.53 20. 2800 1] 28427 . 9382 5.5d4 0,1802
e 34,400 4. 68 247 . 0000 [1] 2.8048 0.9812 T840 0.2428
k1] L] o.08 25,3333 [1] 2.5439 o. 0380 8.07 0.0033
40 3%, 902 7.28 19,4133 o 2.4931 0. 8348 .88 6.3732
41 36,108 0.6% 30, 0000 [} 2.470% 1.0020 0.7% 6.0314
43 36,200 5.63 2083, 6206 o 7.4740 100, 0000 &. 80 0.0018
43 36,752 14,72 40,8017 [} 7.4431 1.3694 17.99 0.3558
44 A7 249 0.43 34, 6667 o I.4119 0, m350 0.32 0.0173
4% A7.0m3 .01 18, 4000 B 2.2730 0, 6013 6.13 0.2724
46 A, 130 13,78 13, 4767 i 2, 3881 0,4342 15,50 o, pdpd
&7 38148 0.8i A28, 6013 & 2.3872 id.34621 .00 0.0019
(1] 38.08% 24.40 &8, 3400 o 2.3140 2.2712 29.82 0.3870
i 49,374 4.37 24,1203 0 2.2920 0.8018 8 32 6.1787
W 384717 7.3% 26,5100 0 2,3007 o, 8010 0.8 0.27171
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Takum 00pa3oM, BXOJ NMPUMECHBIX AJIEMEHTOB B CTPYKTYPY MHHEPAJIIOB M PE3KOE OXJIAXKICHUE
KIIMHKEPHOTO ~paciulaBa BOAOW TPEIONPEICNIIOT BO3HUKHOBEHHE HWCKAXCHHOW  KOHCTPYKIIMH
KPHUCTAJNTMYECKON PELIeTKH MUHEpanoB Oenoro meMeHTa. [Ipu 3ToM MHTEpeceH TOT (akKT, YTo pe3Koe
OXJIAXKCHHUE pacilaBa B OCHOBHOM OKa3bIBA€T BIMSHUE HA AJTIOMHHATCOJEpPIKAIIME COCTABIISIOLINE
(C,A, C,AF u ip.), 4eM Ha auT U OEJIUT, TO ECTH IIPU STOM NPOLECCE, HATIPUMED, PaHEe 00Pa30BABIIMKCS
kpucTamndeckuii C,A MOYTH MONHOCTBIO TEPEXOAUT B CTeknodasy, uz-3a vero on (C,A) Ha
peHTreHorpaMMme ciabo gpukcupyercs. KinmukepHble MUHEpabl Ha 0€J10M IEMEHTE 110 CyTH SIBISIFOTCS UX
TBEPIBIMH PAaCTBOPAMH.

[To moBomy BAMAHKS BXOXJIEHHS IPUMECHBIX MOHOB (B ocobennoctu Fe O,, nanbonee kpacsmiero
MaTepualia) B COCTaB KIIMHKEPHBIX MUHEPAJIOB M PE3KOT0 OXJIaKICHHsI paciyiaBa BOJI0M Ha Oen3Hy 0es1oro
IIeMeHTa aBTOPBI paboThI [12] coOmparoT ciieayronme uecaenoBanust (MCXOIs U3 TaHHBIX, TOTyYEHHBIX C
MOMOIIBIO SIIEPHO-TaMMa-pe3oHaHcHOM criekTpockonuu [SIPC]):

1. Ilpu orcyrcreun C,A B cocTaBe KanHKepa XxpoModopHsie noHb Fe, Mn, Ti GynyT Haxonutbes B
crpykrype C,S u C,S (8 Bune C,S:F u C,S:F), uT0o npuBOAUT K yMEHBIIEHNIO KOY)PHUIMEHTA OTPAKEHUS
10 54,8% u 70,8% COOTBETCTBEHHO MPHU MEAJICHHOM €0 OXJIAXACHUH HA BO3/IyXE U MPH 3aKaIIKe B BOJIC;

2. Tlpu conepsxanuu C A = 1,0% B pesynsrare nepexona yactu Fe’* uz C,S:F u C S:F B C A 6enuzuna
1eMenTa noseimaercs u npu 3tom KO nocturaer coorserctBeHHo 58,7 u 77,9% ;

3. Ilpu conepsxanuu C A = 3,0% Fe*" moutu nonnocteio nepexoaut us C.S:F u CS:F B ero cocras,
B pesnbrare yero KO moBbicutces eme 6ombiie — 74,2 (mpu oxJiakaeHUH Ha Bo3ayxe) u 86,2% (mpu
3aKajKe B BOJIC);

4. Nanbueiiniee yBemuuenne C,A 10 5...15% yxe mano iuser Ha BennauHy KO, koropas Oyner
HaxoauThes B mipeAenax 70,4...73,6% mnpu oxJaxJaeHWU KIWHKepa Ha Bo3ayxe u 81,9...85,7% mpu
3aKaJIKe BOJOM;

5. Ilpu mobom conepxannu (umu orcyrcteun) C,A KO 6enutoBbix KIHHKEPOB Ha 1,5...3,5% Hnxe
aJIMTOBBIX, NPUYEM C yBenMueHUeM conepxkanus C,A KOJIMYECTBO anMTa B KIMHKEPE MOBBIIAETCH, &
OenmnTa — yMEHBIIIAeTCA.

Cam amut sBnsercs TBepabM pacTBopom MuHepana 3CaO-SiO, (C,S) ¢ xummueckor popmynoi
54Ca0-165i10,Al,0,-MgO (C,S:A:M), conepxanue B Hem Al O, moxer goctudb 1% , a MgO — 2,2%.
Kpome Toro, B HeM MoXkeT conmepskarhest okcup xkenesa (0,5...1,5%), xpoma (0—1% ), mapranna (0-3% ),
a TaKKe OKCHUIbI Kajaus u T.1. [13].

Hcxons w3 BhINIEYKAa3aHHBIX JAaHHBIX, MOXKHO TMPEAINOJararb, YTO MUIPALUs MPUMECHBIX HOHOB
(Fe,0,, R0, TiO,, SrO, MnO n CuO) Mexay anutoM, GeTMTOM U IPYTHMHA KIMHKEPHBIMH MUHEDPAJIaMU
U creknoda3oi OyIeT NOCTOSHHO MPOUCXOAUTH B PACcIUIaBe U B MPOIIECCE PE3KOT0 OXJIAXKICHUS BOJOH,
KOTOpasi MOXKET MpeKpaaThes ¢ GopMUPOBAHHEM KaMHENOA0OHOTO KIIMHKEPHOTO rpaHysia. 3aTeM BHOBb
HAYMHACTCSI MUTPAITMOHHBIA TIPOIECC MPUMECHBIX dJIEMEHTOB TPH €r0 MMOMOJIC ¥ TIPH THAPATAITIOHHOM
TBEpJCHUU 1IeMeHTa (OeTOHa) B TEUCHHUE JIOITUX JIET.

B Tabmune 5 mnpuBeneHb (PU3NKO-MEXaHWYECKHE CBOWMCTBA HMCCIEAOBAHHOTO OCJIOro IeMEeHTa
ITL1b-1-500-/10, momyueHHbIe B pe3y/IbTaTe BBHIOIHEHUS TEXHUYECKUX TPeOOBAaHUI COOTBETCTBYIOMINX
cTa"aapToB. [Ipy 5TOM Mony4yeHs! caeayone JaHHbIe:

- 00na/1aeT TOBBIIMIEHHON IUCHEPCHOCTHIO: TOHKOCTH MOMOJIa MO Mpoxony dyepe3 cuto Ne 008
cocrasisiia 99,9%;

- BOJIOTIOTPEOHOCTH BBIIIE CPEAHEr0: HOpMaIbHAsI TYCTOTa LIEMEHTHOTO TecTa paBHO 29,2%;

- HOpMaJIbHOTBEP/CIOIINIA, TO3TOMY Hayajo CXBaThIBaHUs TecTa paBHa 1-05 yac-muH., koHel| — 3-40
Jac-MUH.;

- mpuHaIexkHT K I rpynme no addekrnBHOCTH poniapuBanus (mpouHocTh — 29,9 MIla), a mapounas
MPOYHOCTH Tpu n3rude gocturaet 6,0 Mlla, npu cxaruu — 50,5 MIla;

- UICTHHHAs TUIOTHOCTB paBHa 3,03 r/cM?, HaceimHas — 1040 kr/cm?, ynesnbHas 3G hekTHBHASI aKTHBHOCTb
€CTECTBEHHBIX paJMOHYKINI0B — 13,0 BK/KT;

- 6enmsHa B % Ha BaSO, — 83% (nepsbiii copr).

ComacHo I'OCTy 22266-2013 st nefirpanusamun 3% C,A B COCTaB MOPTIAHILEMEHTA CIIEAYET
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BBOaUThL 2,7% SO,, a 310 5,7% runca, npu stom C.A, B3aumoneictys ¢ CaSO,-2H,O, obpasyer
srrpunrut — 3Ca0-Al0,-3CaS0O,-3H,0, KOTOphIH B TBEPACIOLIENH CHCTEME CO BPEMEHEM NMEPEXOIUT B
CaSO, 14H,0. B pe3ynbrare 5THX XUMHYECKUX PEAKIIMN PETYIUPYIOTCS CPOKU CXBATHIBAHUS LIEMEHTHOTO
TecTa, (PETUT U THUIIC, T.6. UX COOTHOIICHHE B OETOHE HE OCTAETCS B CBOOOTHOM COCTOSHUM (MHOTHA
Cpasy e CHHXKAETCsl JIOJITOBEYHOCTh OETOHA, M3eNui U KOHCTpyKuui). [loaToMy mopTiaHaieMeHThI,
oTBevaromue TexuumdeckuM TtpedoBanusmM ['OCTa 31108-2020, 'OCTa 22266-2013 u ap., cTporo
perIaMeHTHPYIOT COJIepKaHKe B HUX (penTuTa B COCTaBe KIMHKEepPa U TUIICA, BBOAMMOTO B COCTAB IIEMEHTA

MIPH €ro MOMOJIe, TO €CTh COOTHOIIICHHE CSA: SO3 B IIEMEHTE JIOJDKHO OBITH paBHO 1,1.

Tabmuna 5 — dusuko-Mexanudyeckue cBoricTna oenoro nementa ITLB-1-500 J10

Ne HOIE::TI\::?:IO?ZPII; a O6o3Hauenue HJ[ Ha Hopwma mo HJI dakTHuecKoe MouMeuare
n/m » CAMIHHT METOIbI UCTIBITAHUH TI'OCT 965-89 3HauUCHNE P
MU3MEpEHUs
1 2 3 4 5 6
MLB-1-500 J10
TonkocTs IOMOJIA 110
1 MIPOXOly Uepe3 CUTO I'OCT 310.2-76 He menee 85 99,9
Ne 008, %
) HopmaneHas rycroroa I'OCT 310.3-76 He HopMupyeTes 292
LIEMEHTHOT0 TecTa, %
CpoKu cxXBaThIBaHUs, Yac- I'OCT 310.3-76
3 MUH: He panee 00-45 1-05
Hayasuo He nozanee 10-00 3-40
KOHeI[
29,9
[Ipenen npoynocT I'OCT 310.4-81 Ot 28 1o 32 (IT rpymma o
4 TIPU CXKATHHN TIOCIIe s¢dexkTuBHOCTH
npomnapusanus, MIla [IpOIIapUBaHUs
JUTs
I11L1 500)
[penen npounocTy npu
CXKaTuu B Bo3pacrte 28
5 cytok, MIla, I'OCT 310.4-81
n3ruoe 5,9 6,0
CXKaTHH 49,0 50,5
6 WcruaHas miotHocTh, /e’ | [OCT 30744-2001 He nopmupyercs 3,03
7 HacpinHast ruioTHOCTb, Kr/M? — He nopmupyercs 1040,0
VnenbHas 3¢ dhexTUBHAS I'OCT 30108-94 Jo 370 13,0 I kmace — st
8 AKTHMBHOCTb €CTECTBEHHBIX BCEX BHJIOB
paIvoHyKINnA0B, bK/Kr CTPOUTEIbCTBA
9 benusna B % 1o BaSO, T'OCT 965-89 He menee 80 83 [Tepssrit copt

CornacHo xe TexunyeckuM TpedoBanusiM ['OCTa 965-89 «IlopTnananeMeHTsl Oenbie» conep:kaHue
SO, B ux cocrase NOMKHO OBITH HE Gostee 3,5% 1o macce. CnenosarenbHo, eci SO, NEPEBOMTE Ha THIIC,
TO CofiepKaHME MOCIIEIHEr0 B COCTaBe OEI0ro MOpTIaHIEMEeHTa T0JKHO ObITh He Oosee 7,5% mo Macce.
Ha raxoe conepxanue rumnca B Oenom nemente, conepkanne C,A B 6€10M KIMHKEPE JIOJDKHO OBITH HE
oonee 3,9%. Ilpuuem conepxanue C,A B cocTaBe O€I0ro LEMEHTa He periaMeHTupyeTcs. [loatomy (uu
TI0 MHBIM TIp4uHaM) conepxanne C,A B cocTase 6€/10ro 1IeMEHTa B IIMPOKKX mpenenax: B [8] —10,7%;
B [9] — 15,4%; B [12] — 0...15% u B [5] — 11...17%. [Tomy4aercst nenpomopIusi MeXay COJCPKaHUEM
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C,A u SO, B 6enom nemente. Bo3zmMokHO, U3-3a 5TOTO OEJIBIA LEMEHT U M3/IEIHS HA €10 OCHOBE HMEKOT
HU3KYI0O MOP030- M KOPPO3HOHHYIO CTOHKOCTh [11]. KpoMe Toro, mpu pe3koM OXJakKIeHUHM OOJIbIlast
gacTh C,A MEpeXoauT U3 KPUCTAILIMYECKOTO B CTEKIOBUIHOE cocTosinue. [Ipu 5ToM Bo3HMKaeT BOmpoc:
KaK B3aUMOJICHCTBYET CTCKIIOBUIHBIN (DEJTUT C TUTICOM — ITOJTHOCTHIO MJTM YaCTUIHO?

3akiouenune

W3ydenbl OCHOBHbIE (PU3UKO-XMMUYECKHE M (U3MKO-MEXAaHUYECKHE CBOWCTBA HMMIIOPTHOTO
0enoro mMopTIAHALIEMEHTa, NpeAcTaBlIeHHOro Ha peiHke Kazaxcrana. IToka3aHo, 4TO OH COCTOHMT W3
KPUCTAINTMYECKNX KIMHKEPHBIX MHHEPAJIOB ajluTa M OeluTa B KOJMYeCTBE COOTBeTCTBEHHO 50,4% u
20,0%. TpeTbrM UHAUBUIIOM €TO SBIAETCS PEeTUT ¢ aMOP(HOI (CTEKIIOBHIHON ) CTPYKTYPOIi B KOJTMUECTBE
16,7%. Kpome HUX B HEM MNPUCYTCTBYET KJIMHKEPHBIM MuHepas uHeadt B konuyectse 0,9% u rurc
(CaSO,2H,0) — 7,0%, noGaBieHHbIH NP MOMOJIE LIEMEHTA IS PETYJIMPOBAHHs CPOKOB CXBATHIBAHMS
[IEMEHTHOTO TECTA.

Bce kiMHKepHBIE MUHEpabl SBISAIOTCA UX TBEpPAbBIMU pacTBopamu. llostomy BennuuHa
MEKIUTOCKOCTHBIX TMOKa3aTened (d) Ha peHTreHorpaMMe CMEIIAETCsl B CTOPOHY OOJNBIIMX W MEHBIIUX
quCell B PE3yJIbTaTe BHEAPEHUS B UX CTPYKTYPY IPUMECHBIX JIEMEHTOB. Tak Win MHade oOpa3oBaHHE
TBEPJIBIX PACTBOPOB CIIOCOOCTBYET JAehopMaIlK CTPYKTYPhl KIMHKEPHBIX MHUHEPAJIOB, YTO MPUBOIUT K
cHmkeHnto ux KO.

benusna o BaSO, y uccnenosannoro nemenra gocruraer 83%, cnenosarensho, Fe O, u apyrue
xpomohopsl B 0ocHOBHOM Haxozstes B cTpykrype C,A u C,AF. A ot snementsl R*, Mg**, AI** (oT4acTu
Ti*") OymyT HaXOAUTHCS B OCHOBHOM B CTPYKTYpE alliTa U OeuTa.

DU3UKO-MEXaHNUECKHUE CBOMCTBA N3yUEHHOT 0 O€JI0r0 LIEMEHTa OTBEYA0T TEXHUYECKUM TPEOOBAaHUAM
I'OCTa 965-89. Ognako B nuTeparype HET OTBeTa:

e [louemy OH MMeET HU3KYIO MOPO30- U KOPPO3HUOHHYIO CTOMKOCTh? IPUYUHBI?

e Conepxanue C,A B GeoM eMEHTE MOXKET pocTurarbl7% no macce, a runca — He 6onee 7,5%;
TAaKO€ KOJIMYECTBO TUIICA MOXKET HEUTPAIN30BaTh TOJIbKO 8,3% C,A, ocraiascs yacte: 17 -8,3 = 8,7%
MOXKET CO3[aThb CAMOCTOATEIbHOE HEXKENaTeIbHOE TUAPATHOE COEeIMHEHHE, HOBOOOpPa30BaHUE THIA
3Ca0-AlL,O,:6H,O B TBepAeOMMUX CHCTEMAX, NOCKOJIBKY STOT MHIMBHJ MMEET KpaliHE HEYCTOWYMBOE
CBOICTBO, YTO MPHUBOAUT K CHIKEHHUIO MPOYHOCTH U JIOITOBEUYHOCTH MATEPHUATIOB U MU3/ICIINN HAa OCHOBE
0eJ10r0 IEMEHTa MPH UX IKCIUTyaTalnu.

B cBs3u ¢ stum Oenble 1eMeHTHI, mocTynuBime B KaszaxcTan, peKOMEHIyeTCS HCIBITHIBATH
(mpoBepUTH) HA AOITOBEYHOCTD, BKIKOUAsi MOPO30- U KOPPO3HOHHYIO CTOMKOCTD.
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UWAVE-2000 AS AN EFFECTIVE EQUIPMENT FOR THE MICROWAVE
ASSISTANT SYNTHESIS OF N,N-DIETHYL-2-(MESITYLAMINO)-N-BENZYL-
OXOETHANAMONIUM CHLORIDE — A COMPOUND WITH PLANT GROWTH
REGULATING ACTIVITY

Abstract. The synthesis of N,N-Diethyl-2-(mesitiylamino)-N-benzyl-oxoethanamonium chloride was carried out by
N-alkylation with traditional method and using microwave and ultrasonic activation. The synthesized ionic compound
is characterized by IR, NMR 'H and “C methods, and its growth-stimulating activity has been tested on Zea Mays L.
maize seeds. The synthesis of N,N-Diethyl-2-(mesitilamino)-N-benzyl-oxoethanamonium chloride using unconventional
methods such as microwave and ultrasonic activation resulted in higher yields in a shorter period of time than traditional
method. The highest yield (98%) was achieved by microwave activation of UWAVE-2000 in a very short time, while
in the classical caseit was lower and the reaction time was twenty-four times longer. The synthesized ionic compound
positively influenced the germination and growth energy of maize seeds. In samples treated with solution N,N-Diethyl-2-
(mesitylamino)-N-benzyl- oxoethanaminium chloride of mould lesions was not so many, so, the treatment of maize seeds
with trimecaine benzyl chloride not only stimulates the plant growth, but also prevent fungi mould formation.

Key words: trimecaine, ionic compound, microwave irradiation, ultrasound activation, maize, germinating capacity,
germination energy, fungi mould.

Typcwinoek C.E.", Paguxona X.C.!, Okimoex A.O.!, Kammbirep E.!, xkamanosa I A.!,
HaykanoBa M.H.?

'CotbaeB aTbiH1arbl XUMUSUIBIK JKOHE OMOXUMHUSITBIK HH)KEHEpHUsS MeKTeO1, Anmarsl K., Kazakcran
2OHEPKACINTIK KOHE TAOMFHU MPOIECTEP TyPaIbl FHUIBIM,
Cenr-OtbeH kammychl 158, CenT-O1beH, Opanius
*E-mail: erzhanovnasss@gmail.com

UWAVE-2000 TUIMII MUKPOTOJIKbIH 9 IICIMEH
OCIMIIKTEPIIH O6CYIH PETTEVTIH BEJICEHALIITT BAP KOCBLIBIC -N,
N-IUITUI-2-(ME3UTHIIAMUHO)-N-BEH3UJI-OKCO3TAHAMOHUAM
XJIOPUAIH CUHTE3JEY

Angatna. N,N-/Iudtmn-2-(Me3utmiaMuHO)-N-OeH3MI-0KCOATAHAMOHUN ~ XJIOPUAI  CHHTE31 KaNBIITHI  JKarmaiiia
N-ankunaey apKbUIbI )KOHE MHUKPOTOJIKBIH/BI CIYIICICHY MCH YIIBTPAJBIOBICTHIK KaHIAHIBIPYABI KOIIaHy HOTHKECIHIEe
sKy3ere aceippuiapl. CunTesnmenreH HOHIBIK Kocbuibic MK 'H xone "“C SIMP kemerimen cumartamibsl. Ocyi-
CTUMYIISTOPIIBIK Oencenainiri Zea Mays L. xyrepi TYKIMIapBbIHAA CHIHATAB. MUKPOTOIKBIHIBI JKOHE YIBTPAIBIOBICTHIK
JKaQHIAHABIPY CHSKTBI OOCTYPNi emec omictepiai KoimaHy apkpUibl, N,N-/Iudtmi-2-(Me3utniaMuHo)-N-OeH3mII-
OKCOATaHAMOHUH XJIOPHI CHHTE31, 9JICTTETi 9JIiCKe KaparaHIa KbhICKAa MEp3iMIIe KOFaphl IIBIFBIMIA HOTHKE KOPCETTI.
EH >xoraps! mbIFeM, 6Te KpicKa yakbIT immiage UWAVE-2000 MEKPOTOIKBIHABI KYIICHTIN KOJAaHA OTHIPHIN AJTBIHIIBL.
AJ KITacCUKAIBIK JKaFmaiiia MBIFBIM TOMEH, PEaKIUs yaKbITHI )KABIPMa TOPT ece Kom Ooiapl. CHHTE3IENTeH HOHIBIK
KOCBUIBIC 0aKbIIayMEH CaTBICTBIPFaH/a JKYTepl TYKBIMBIHBIH OHY JKOHE 6Cy SJHEPTUsACHIHA KAKCHI acep eTTi. N,N-Tu3Tii-
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2-(Me3uTHIaMuHO )-N-OCH3MI-0KCOITAHAMOHHN XJIOPUAIHIH ePITIHIICIMEH OHICNTEH YITIep e 3aKbIMIaHy OIIaKTaphl
a3 6onmer. COHBPIKTAH KYTepi TYKBIMBIH TPUMEKanH OCH3WIXIOPUIIMEH OHIICY OCIMIIKTIH OCYiH BIHTAIAHIBIPHIT KaHA
KOMMaii/bl, COHBIMEH KaTap 3€H CaHbIpayKyJIaKTapbIHbIH Mai1a 00IybIHA K0T OEpME/Ii.

Tipek ce3nep: TpUMEKanH, HOHIBIK KOCBLIBIC, XKYT'epl, MUKPOTOJIKBIH, YIBTPAIBIOBIC, ©CY OCICCHIIITI.
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HayxanoBa M.H.?
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UWAVE-2000 KAK D@PEKTUBHOE OBOPY/IOBAHUME J1JIS1 OCYHWECTBJIEHUA
CHUHTE3A C IOMOIIbIO MUKPOBOJIH N,N-IUI3TUJI-2-(ME3UTUJIAMHUHO)-
N-BEH3M/I-OKCO2TAHAMOHMUA XJIOPUJA — COEAUHEHMUSA C
POCTCTUMYJIMPYIOIEA AKTUBHOCTBIO

Annoranusi. Cuare3  N,N-JwmdTHn-2-(Me3uTHiIaMiuHO)-N-OeH3MI-OKCOITAHAMOHUS ~ XJIOPHUAAa  TPOBOAWIA B
OOBIYHBIX YCIOBHSAX IyTeM N-aJKHJIMPOBAHMS W C MCHOJB30BAHHEM MHKPOBOJIHOBOW M YIBTPa3BYKOBOW aKTHBAIWH.
CuHTEe3MpOBaHHOE MOHHOE COeMHEHHe oxapakTepu3oBano metomamu MK, SIMP 'H u 3C, ero poctoctumymupyromias
aKTUBHOCTH TPOBEpeHa Ha ceMeHax Kykypy3bl Zea Mays L. Cunate3 N,N-AudTmin-2-(Me3uTHIaMuHO )-N-OeH3MI-
OKCO3TaHAMOHHS XJIOPHU/IA C HCTIOJIb30BAaHIEM HETPAUIIMOHHBIX METO/IOB, TAKNX KaK MHUKPOBOJHOBAS M YIILTPA3ByKOBAs
aKTHBAIWs, NMpHUBEJ K Oojee BBHICOKMM BBIXOJAaM 3a Oosiee KOPOTKHMH IIEPHOZA BPEMEHHM, YEM TIPH HCIIOJIb30BAaHUU
TPaIUIIOHHBIX MeTOMOB. CaMbIif BRICOKHI BBIXOI OBLT MOTYYCH MPU MUKPOBOIHOBOH akTuBanuu (98%) UWAVE-2000
3a OUYCHb KOPOTKOE BPEMSI, B TO BpPEMsI KaK B KIIACCHIECKOM CJTydae BBIXOJ OB HIDKE, a BpeMsI peakiuy ObLIO B 1BA/ILIATh
yeTeIpe pa3a Oompiie. CHHTE3MPOBAaHHOE NOHHOE COEMHEHHUE TTOJIOKUTEIBHO BIMSIIO HA BCXOXKECTh U SHEPTHIO POCTa
CEMsIH KyKypy3bl IO CPaBHEHHIO ¢ KOHTposeM. B o0pasnax, oopadorannsix pactBopoM N,N-uaTHi-2-(ME3NTHIAMUHO)-
N-OeH3H1II-0KCO3TaHAMUHNS XJIOPHAA, TUIECHEBBIX TIOPAXXEHHUH OBUTO HE TaK MHOTO, TOTOMY 00paboTKa CeMSTH KyKypy3bl
OEH3MIXIIOPUAOM TPUMEKAaNHA HE TOJIBKO CTUMYJHMPYET POCT PacTeHUH, HO U MPEeoTBpaIaeT o0pa3oBaHKe IIECHEBBIX
TpuoOOB.

KoatoueBble cjioBa: TpHMEKanH, MOHHOE COCAMHEHHE, KyKypy3a, MHUKPOBOJIHBI, YIBTPa3BYK, POCTCTUMYIHPYIOIIAsS

AKTHUBHOCTbD.

Introduction

The traditional methods of synthesis that warms up reactions mix with conventional equipments, like
a heating mantle, are not optimal for the yield of reaction, as a result of the hot surface of the reaction
vessel, reagents, products and solvents decompose over time [1]. An efficient synthetic method that is
getting more useful present days is microwaves (MW) irradiation [2]. The first publication about using
microwave irradiation in organic synthesis was reported in 1986 by Smith et al [3]. Also, the use of
ultrasound activation (US) can decrease reaction times, resulting in high yield, increased selectivity, and
pure products in various applications of synthetic organic chemistry [4,5]. The US activation was used to
accelerate many kinds of synthetic organic reactions [6,7].

Main provisions

Maize (Zea mays L.) is the third most important food crop globally after wheat and rice. In sub-
Saharan Africa, tropical maize has traditionally been the main staple of the diet; 95 % of the maize grown
is consumed directly as human food and as an important source of income for the resource-poor rural
population [8].

Potassium, nitrogen, phosphorus fertilizers were previously used to stimulate maize growth [9]. It
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was found that ionic compounds of trimecaine also show growth stimulating activity, furthermore, these
ionic compounds were found to be non-toxic, which make it promising sustainable and environmentally
friendly growth stimulants. Herein we report about the synthesis and growth regulating activity of new
ionic compound obtained via N-alkylation of trimecaine.

Methods and materials

The melting point of ionic compound was measured in an open capillary tube on an OptiMelt (Stanford
Research System). The'Hand *C NMR spectra were recorded using a NMReady 60 MHz spectrometer
at 25 or 30°C by using CDCI, as a solvents. IR spectrum was recorded on a spectrometer «Nicolet 5700
FT-IR» using KBr pellets. The progress of reaction and purity of product were checked using the TLC
method on silica gel plates (SigmaAldrich®, Germany) with iodine vapors development. The diethylether
: ethanol mixtures (4:1 V/V and 5:1V/V) were used as eluents. The TLC spots on the developed plates were
observed in UV light (A = 254 nm). All the reactants and solvents from SigmaAldrich®. An ultrasonic
probe from Cole Parmer (50-60Hz, 0-240W) and a domestic U-WAVE-2000 generator (0—2000W) were
used for the reaction. The separation and purification of substances was carried out by crystallization from
appropriate solvents.

U-Wave 2000 have a three energy sources — microwave, ultrasonic, and ultraviolet irradiation can
be free combined and work together, and software control timing on and off, achieving the synergistic
effect by multi energies. UWave-2000 adopts immersion ultrasonic launcher, with an adjustable scope
of ultrasound power: 0 — 800W, frequency of 28KHZ, and automatic frequency sweeping and frequency
locking. With two sets of ultraviolet source (standard UV lamp power is 300W, dominant wavelength
is 365nm, while optional UV lamp power is 100W, and dominant wavelength is 254nm), it can conduct
selective photochemical research. UWave-2000 is equipped with multiple reaction vessels, 50-2000ml
glass flasks can meet the routine use, and optional multi-standards quartz reaction flasks can meet
photochemical reaction under the ultraviolet radiation.

N,N-Diethyl-2-(mesitylamino)-N-benzyl-oxoethanamine (trimecaine base) was synthesized from
commercially available hydrochloride by neutralization. The equation for the synthesis of N,N-Diethyl-2-
(mesitylamino)-N-benzyl-oxoethanamonium chloride from trimecaine base is given in Figure 1.

CH

g cl CH,
NH ’
N7 >CH NH +
k 8 . T(\ N
H,C CH? CH, 0 K cr
H,C CH,

CH,
Figure 1 — Synthesis of N,N-Diethyl-2-(mesitylamino)-N-benzyl-oxoethanamonium chloride

Synthesis of the ionic compound was performed in the classical conditions and using microwave,
ultrasound activation. The reaction time of trimecaine base with benzylchloride in conventional
conditions (reflux in acetonitrile) and using ultrasound and microwaveactivation presented in Table 1
(Trimecaine:benzyl chloride mole ratiois 0.01:0.011). After the completion of the process, the volumeof
the solution was halved by evaporation and cooled. The resulting isolated product was separated and
purified by crystallization, and the purity of the product was checked by TLC using a mixtureof diethyl
ether and ethanol (4:1) as eluent.

Synthesis, spectral and other data for theN,N-Diethyl-2-(mesitylamino)-N-benzyl- oxoethana-
monium chloride.

Into the 100 ml flask 15 ml of acetonitrile was added and 0.01 mol of trimecaine base was dissolved.
Thereafter the solution of 0.011 mol benzyl chloride was added and the resulted solution was kept under
the reflux in conventional method (78—82°C). The same mixture of solution were used in unconventional
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methods and the reaction mixture was placed in a US reactor and the contents reacted under US conditions
characterized by the following parameters: US =240 W at 3040 °C, while the same type reaction mixture
was placed in a UWAVE reactor and the contents reacted under MW conditions.

After recrystallization, the product is light yellow crystals. M.p. 171-173 °C. IR (KBr), cm™: 3173
(N-H), 1693 (C=0 amide), 1528 (C_ . =C ). "C NMR (CDCl,, 25°C) 3, ppm: 162.51 (s, C=0);
136.75 (s, CH,); 135.20 (s, CH,); 131.27 (s, C_ . -NH); 129.02 (s, C__.);59.05 (s, CO-CH,-N"); 57.94
(s, N*-CH,-CH,); 48.42 (s, N"-CH,); 21.03 (s, C_ . -CH)); 18.55(s,C__ . -CH.); 8.37(s,N*-CH,-CH,).
'H NMR (CDCl,, 25°C) 8, ppm: 9.81(s, N-H); 6.87 (s, H___.); 4.27 (s, CO-CH-N"); 3.53, 3.54, 3.55
(N"-CH,-CH,); 3.16 (s, N-CH,); 2.19 (s, C___ . -CH,); 2.08 (s,C__ .- CH,); 1.30, 1.26, 1.24 (t, N*-CH,-
CH,). Calculated for C jH,,N,OIL, %: C, 52.77; H, 7.64; N, 6.48; O, 3.70; I, 29.40. Found %: C, 51.81; H,
7.89

The synthesized compound was tested for germination energy and capacity with maize seeds. For this
goal, 10 % (by mass) solution was prepared with the synthesized ionic compound. All dishes and other
accessories were sterilized and kept in a laboratory oven 120 °C for 40 min. Maize seeds were sterilized
with 90% ethanol for 6-8 min and washed three times with distilled water. For each assay, 10 Petri dishes
were taken for control and 50 dishes (20 seeds per dish) for each compound solution. The seeds were
planted immediately after storage at a given temperature. The seeds were placed so that they did not touch
each other or the walls. The filter paper under the seeds was moistened with water for control and solutions
of ionic compounds for testing. The samples prepared in this way were placed in a light-proof cabinet
with a temperature of 22 to 25 °C. The germination energy and germinating capacity were evaluated in
accordance with the standard. The germinated seeds were counted twice, that is, four and seven days after
planting. For each batch of 100 seeds, the normally sprouted seeds are counted, considering the initial and
final calculations. If the germination results of individual batches did not exceed the standard deviation,
the batches were considered comparable. The result was the determination of the arithmetic mean with an
accuracy of 1%.

Results and discussion

In comparison with the traditional method (thermal activation), the using of microwave and ultrasound
is a favorable method in organic synthesis, the acknowledgments has increased significantly in recent years
in an attempt to understand the mechanism of action. Many applications in organic synthesis have made
microwaves and ultrasound appealing for many researchers, and they are increasingly used in organic
synthesis. These unconventional methods have turned out to be a good tool for achieving high yields
and reducing reaction time. The results of the alkylation reaction conducted in this work under various
reaction conditions confirmed the trends in the literature, and the results obtained collected and presented
in tablel.

Table 1 —The parameters of the reaction

Synthesis/reaction conditions Time/min Yield, %
Classic method 240 58%
US activation 120 56%
MW activation 10 98%

The highest isolated yield is reached under microwave irradiation in the shortest time, while in classical
method the reaction time was twenty four times greater with a lower yield. Ultrasound activation showed
approximately the same results, but the reaction rate was faster. To study the effect of synthesized ionic
compound to germination energy and germinating capacity of maize seeds, experiments were conducted
with 1 solution (concentration 102 %). The mean value of the results of 1 on the effect of germination
energy and capacity of maize seeds with control (water) is presented in Table 2.

Table 2 — The results of germination energy and the degree of damage by mold fungi of maize seeds
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(concentration of solutions are 10 %; root length and shoot length in cm)

Solutions 2 days | 3 days | 4 days | 5 days | 6 days | 7 days | The degree of damage
by mold fungi

Water 1 81 84 83 82 82 medium

Commercial Growth stimulator 91 91 92 92 92 severe

Akpinol

N,N-Diethyl-2-(mesitylamino)-N- 91 93 93 92 91 low

benzyl-oxoethanamonium chloride

According to the results of the experiment, based on the data on the energy of germination and
germinating capacity, as well as the degree of damage by mold fungi, we assume that N,N-Diethyl-
2-(mesitylamino)-N-benzyl-oxoethanamonium chloride exhibits growth-promoting activity comparable
with the commercial plant growth regulator. The germinating capacity energy and germination of seeds
treated with a solution of the substance N,N-Diethyl-2-(mesitylamino)-N-benzyl-oxoethanamonium
chloride are 93%, and the degree of damage by mold fungi is fixed at the “low” level. An average of
energy of germination and germinating capacity was found. This is shown below in Figure 2 for the
investigated substances.

Points scored

B germination energy [ germinating capacity

water

growth stimulator

N,N-Diethyl-2-
(mesitylamino)-N-
benzyl-
oxoethanamonium
chloride

0 25 50 75 100

Figure 2 — An average of energy of germination and germinating capacity of water, commercial plant growth
stimulator Akpinol and N,N-Diethyl-2-(mesitylamino)-N-benzyl-oxoethanamonium chloride for maize seeds

The seed sprouts of trimecaine benzyl chloride were significantly stronger and longer. In the first days
of the experiment, the seeds treated with water grew very slowly. The samples treated with a solution of
the growth stimulant Akpinol were drowned in mold. Figure 3 shows the average value for fungi mould
damage.
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Points scored

B 4days [ 7 days

water

growth stimulator

N,N-Diethyl-2-
(mesitylamino)-N-
benzyl-
oxoethanamonium
chloride

0 5 10 15 20
Figure 3 — Average value for fungi mould damage when maize seeds where treated with water, commercial plant
growth stimulator Akpinol and N,N-Diethyl-2-(mesitylamino)-N-benzyl-oxoethanamonium chloride

During the observation, mouldy spots appeared on the filter paper, which later grew into a mould
blanket that enveloped the entire cup. The growth stimulant Akpinol was distinguished by a high
degree of damage to fungi mould. In samples treated with solution N,N-Diethyl-2-(mesitylamino)-N-
benzyl-oxoethanamonium chloride of mould lesions was not so many, mostly seeds are characterised by
blackening. So, the treatment of maize seeds with trimecaine benzyl chloride not only stimulates the plant
growth, but also prevent fungi mould formation.

Conclusion

Using the UWAVE-2000 with microwave and ultrasound activation, ionic compoud N,N-Diethyl-
2-(mesitylamino)-N-benzyl-oxoethanamonium chloride, trimecaine benzyl chloride, was isolated
with a higher yield 98% (MW activation) in a more shorter time 60 min than the traditional method
(thermal activation). The product with the highest yield is isolated under microwave irradiation, while
in conventional method the yield was lower, 58%, and reaction time was twenty four times greater. The
synthesized ionic compound better affected the germination energy and capacity for maize seeds compared
with control. The germination energy in control (water) was 82% while in ionic compound studied it
was 91%. The average value for fungi mould damage for control — 15-17,5 which is significantly larger
than for the ionic compound studied — 10,25. So, the ionic compound N,N-Diethyl-2-(mesitylamino)-N-
benzyl-oxoethanamonium chloride can be recommended for the further study as a potent plant growth
stimulator which simultaneously prevents fungi mould growth.
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RANKS FOR FAMILIES OF REGULAR GRAPH THEORIES

Abstract. This article deals with families of regular graph theories. Using invariants of regular graph theory, a criterion
for e-minimality, ¢-minimality, and a-minimality of subfamilies of the family of all regular graph theories is obtained.
These ranks and degrees play a similar role for families of theories with hierarchies for definable theories, such as Morley's
Hierarchies for a fixed theory, although they have their own peculiarities. The rank of families of theories can be thought of
as a measure of the complexity or richness of these families. Thus, by increasing rank by expanding families, we produce
richer families and get families with infinite rank, which can be considered "rich enough". The ranks for families of the
theory of regular graphs with finite and infinite diagonals are described. The family of all regular graph theories has
infinite rank. This follows from the fact that if a language consists of m-ary symbols, m>2, then the family of all theories
of the given language has an infinite rank. This also means that the family of all regular graph theories is not e-totally
transcendental. The results obtained can be considered as a partial answer to the question posed in [5].

Key words: regular graph, rank, degree, family of theories, e-minimal family, a-minimal family, o-minimal family

Mapxaoaros H./I.*!, Cynomsiaros C.B.

! EBpasuiickuii HarmoHa bpHBIN yHEBepcuTeT uM. JI.H. ['ymunesa,
010000, r. Hyp-Cynran, Kazaxcran
2 Muctutyt matematuku um. C.JI. Cobonesa CO PAH, 630073, r. HoBocubupck, Poccus
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PAHI'! JIJIsI CEMEMCTB TEOPUI PEI'YJISIPHBIX T'PA®OB

AHHOTanusi. B HacToOsIIiel CTaThe HCCIEAYIOTCS CeMeicTBa TEOpuil peryispHbix rpadoB. Mcnonb3ys WHBApUAHTHI
JUIS. TEOPUH PETYJIAPHOrO Tpada, MOJydYeHbl KPUTEPUH €-MHUHHUMAIbHOCTH, a-MUHHUMAJIGHOCTH U O-MHHUMAJIbLHOCTH
MOJICEMENCTB CeMeiCTBA BCEX TEOPHUIl PEryJsipHBIX IpadoB. ITH PAHTH U CTENCHU WIPAIOT aHAIOTHYHYIO POJIb IS
CEMENCTB TEOPHIi C HEpapXUSIMHU JIJIsI ONIPEAETUMBIX HAOOPOB TEOPUH, TAKMX KaK HepapxXuu Mopitu [1Jisi PUKCHUPOBAHHOMN
TEOPUH, XOTSI OHU UMEIOT COOCTBEHHBIE XapaKTEPUCTUKH. PaHT CeMEHCTB Teopuil, aHAIOTHYHBINA paHTy MOopiH, MOKHO
paccMaTpuBaTh Kak MEpY CII0XKHOCTH HJIH OOTaTCTBa OTUX CeMEUCTB. Takum 00pa3oM, MOBBIIIAS PAHT 33 CUET PACIIUPEHHS
CEMENCTB, MbI TIPOU3BOMM Oojiee Gorarbie CeMENCTBa, MOoMydasi CEMENHCTBA ¢ OECKOHEUYHBIM PAHIOM, KOTOPhIE MOXKHO
CUUTATh «JIOCTATOYHO OorarbiMu». ONUCAHBI PAHTH JUIS CEMEHCTB TEOPHU PErYISIPHBIX TPadOoB C KOHEYHBIMH U
OeCcKOHEYHBIMU JraroHatssMu. CeMelCTBO BCEX TEOPHUil peryisipHbiX rpadoB uMeeT OECKOHEUHBIH paHr. DTO CleayeTr
u3 (hakTa, YTO €CIU A3BIK COCTOMT U3 M-aPHBIX CHMBOJIOB, m>2, TO CEMEHCTBO BCEX TEOPHI JAHHOTO SA3bIKA UMEET
GeckoHeuHbIl paHr. OTCIOA TaKXKe CIIEIYET, YTO CEMEHMCTBO BCEX TEOPHH PEry/SIPHBIX Ipad)oB HE ABIAETCS €-TOTAIBHO
TpaHCIeHAeHTHBIM. [1oJTydeHHbIe Pe3yIbTaThl MOKHO PACCMATPHUBATh KAK YACTUYHBINA OTBET HA BOMPOC, MOCTABJICHHbIM
B pabore [5].

KiroueBrble ciioBa: peryssipHbiil rpad, paHr, CTeNneHb, CEMEHCTBO TCOPHUH, e-MHHUMAIILHOE CEMEHCTBO, a-MUHIUMAJIbHOE
CEMEHCTBO, 0-MUHUMAILHOE CEMEHCTBO
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TYPAKTBI I'PA®TAPIBIH YUIPJIEPI YIIITH PAHTVIEP TEOPUSICBI

Amngarna. byn Makamama TypakTel rpadrTap TeopMsIIapBIHBIH YHipiepi 3eprreneni. TypakTsl rpad TEOPHACH VINiH
WHBapUaHTTAPIBl MaianaHa OTHIPBIN, TYPAKTHl TpapTapAbH OapibIK TEOPHsIAPHl YHipIepiHiH e-MUHUMAIIBUIBIFBI,
@-MAHHMaJJIBUIBIFBI JKOHE O-MHHHMAJIIBUIBIFBIHBIH KPUTEPHItl anblHanbl. byl paHrTep MeH IopeKenep TeopusiIapIbH
AHBIKTAJATHIH KUBIHAAPH! VIIiH HepapXusuIapsl Oap Teopusutap YHipiepi YIIiH yKcac pell aTKapaibl, MBICATBI, apHABI
Teopus yuriH Mopim mepapxusiapsl, 0ipak OJTapIblH ©3iHIIK cHmarTamaiapsl 6ap. Mopiu paHTiCiHe yKcac TeopHsuiap
YHipiepiHiH paHTiCiH OCHl YHIpIepAiH KYPIENiTiri Hemece OalBIFBIHBIH ONIIEMi pEeTiHIE KapacThIpyFa OoJabl.
Ocpunaiima, yHipiaepai KeHEHTY KoHE paHTiHI apTTHIPY apKbUIBI 0i3 «KETKITIKTI Oaib» Aen caHayra OOJATBIH IIEKCi3
paHTiT YHipIepai KypacTbipa ajxaMbl3. AKBIPIBI JKOHE aKbIPCHI3 ITHArOHANbBII TYpPaKTHl rpadyTap Teopusuiap yHipiepi
YIIiH paHTiIep cunarTairad. bapibik TypakTsl Tpad TeopusIapbsIHBIH YHIpIIEpi meKci3 gopexere ue. by keneci ¢pakTiHig
caimapbl: erep TUT m-IIi peTTi TaHOamapeIHAH Typca, m>2, oHAa OepiiareH Tinaeri OapibIK TeopusuIap YHipiepi meKci3
nopexere ue 0omanel. byst cCOHBIMEH Katap OapIibIK TYPaKThI Tpad TeOpHUsUIapBIHBIH YiHipiIepi TOTalIIbl TPAHCIICHACHTTIK
eMec eKeHiH OuTmipesni. ATBIHFaH HOTIDKENEpdi [5] )KyMpIcTa KOWBIIFAH CYpaKKa ilIiHapa )ayamn peTiHae KaOwuimayra
OO0mabl .

Tyiiinai ce3aep: TypakTsl rpad, panr, mopexe, TeopHusiIap Yipi, e-MAHIMAJIbI YHip, a-MAHAMAJIB YHIP, O0-MHHAMAIIBI
Yiip

Introduction

Below we consider families T of consistent first-order theories in languages 2 S X'(T7), where X (7))
is the set of language symbols that are represented in some sentences of some theories in 7. By F(X)
we denote the set of all formulas in the language 2 . If 2 is relational, i.e., it does not contain functional

symbols, then we denote by T the family of all theories of the language 2 Forasentence ¢ we denote

by T, theset {T € T'|¢ € T}. Any set Ty is called the @ -neighbourhood, or simply a neighbourhood,
for T

Main provisions

Definition [1]. A regular graph is a graph where all vertices have the same number of neighbors. A
regular graph with vertices of degree k is called a k-regular graph or regular graph of degree k.

In [5], the ranks of complete theory families have been defined inductively as follows.

(1) For an empty family 7 we set the rank RS(J) = —1 and for non-empty finite families 7" we
set the rank RS(7) = 0.

(2)Forafamily T andanordinal ¢ = g + 1 weset RS(T) > « ifthereare pairwise T -inconsistent
X (T)-sentences ¥Pn, n € w, such that each Pn-neighborhood has rank RS (Ttpn) >f,n€ w.

(3) If o is a limit ordinal then RS(T) = a if RS(T) = B forany B < a.

(4) Weset RS(T) = a if RS(T) >« and RS(T) = a + 1.

(5)If RS(T) = a for any o, we set RS(T) = oo.

Afamily T is called e-totally transcendental if RS(T)isan ordinal. If 7 is e-totally transcendental,

we define the degree ds(T) for the family 7 as the maximal number of pairwise inconsistent sentences
@i such that RS(T%) = aq.
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Definition [4]. An infinite family T of complete theories is called e-minimal if for any sentence
@ € X(T), either T is finite or T, is finite.

Definition [5] A family T, with infinitely many accumulation points, is called a-minimal if for any
sentence @ € X ('), either Ty or T, has finitely many accumulation points.

Let o be an ordinal. A family T of rank a is called a-minimal if for any sentence ¢ € X (T) either
RS(T,) < aorRS(T.,) < .

Materials and Methods

Denote by Jreg the family of all regular graph theories. For any theory T € Treg» consider the pair
(k,vx), where k € w,y) € w U {0} is the number of k-regular connected components.

Let us first consider families with bounded Vk.

In the case when for each theory T from the subfamily J° c 7., it is true that the diameter d(T)
is finite, as well as, the subfamily T is finite, therefore RS( 77 )=0, and the degree ds( 7") is equal to the
number of invariants. Let's illustrate how the degrees of families vary.

Let us deal with the finite family 7" C T4 consisting of theories Tf, ..., Ty,. If each theory has the
same number of k-regular graphs, that is, Yx; = S with Vi; # Vi [ # J, then RS( 7)=0, ds( T )=n,
since T is represented as a disjoint union of finite subfamilies T;,, = {T; € T'|¢@; € T; is a sentence
describing k-regular graphs}.

In the example above, one can notice that the degree of the family depends on the number of invariants.
If for the theories considered in above we complicate the conditions that each theory has the same number
of invariants, let, for example, 7, then the degree of the family 7 is ds (77) = n - r. And if for different
Ty, -, T, in each theory 7, there are 7, invariants, then the family 7" has degree ds(T") = XiL 7;.

Results and Discussion

Proposition 2.1 (1) 4 family T is e-minimal if and only if T is a set of regular graph theories with
one arbitrary value Vi, Ym = 0 for m # k. (2) A family T is a-minimal if and only if T is a set of
regular graph theories with two arbitrary values Vi, Yk, Vi, = O for ko # kq # k.

(3) For countable ordinal o a family T is a-minimal if and only if T is a set of regular graph
theories with arbitrary values Vi Vigr -+ Vi T € @, Vi, = 0 for ko # k; # k;.

Proof. (1) It is known that if the family is finite, then the rank is 0, and the degree is equal to the
number of invariants. If the family is infinite, then the number of accumulation points is considered. By
the definition of e-minimality, either T is finite or I 1s finite. Moreover, an e-minimal family T has
rank 1 and degree 1. This means that the family 7" has a single accumulation point

T ={¢p € X(T)|T,, is infinite}-

In turn, the family consists of a finite number of theories with one arbitrary value ¥m,Vx = 0,
m # k, and an infinite number of theories with Yk ¥Ym = 0 for m # k.

The family 7 which is a set of regular graph theories with one arbitrary value ¥m Yx = 0, for
m # k, consists of theories 7 with m € w U{oo} k-regular graphs and the theory Teo with an infinite
number of k-regular graphs. The theory Tw is the unique accumulation point for 7. Thus, RS( T) = 1,
ds( T) =1 and therefore the family 7 is e-minimal.

(2) Let the family T be not a-minimal. Then by [5, Proposition 2.13] RS(T) # 2andds(T) #
1. From the previous case, a family with rank 1 and degree 1 has a single accumulation point and only
one invariant v,. If RS(T") > 2 and ds( ") >1, then the family can be divided by the sentence ¢ into
subfamilies T, and T, with an infinite number of accumulation points and the family will have at least
three invariants.

We are dealing with k -regular and k -regular graphs. Then we get a countable number of variants
(Yk,» Yk,). Thus, there are countably many k -regular and k-regular graphs, forming the family 7.
Here, each subfamily with one infinite Yk, or Yk, has RS = 1, and the only accumulation point with
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Yk,= Yk,= %, has infinitely many k -regular, infinitely many k -regular graphs and RS= 2. Thus, for a
given family T, we obtain RS( 7 ) =2 and ds( 7°) = 1. Therefore, the family is a-minimal.

(3) It is proved as a right direction proof of the previous case, assuming that the family is not o
-minimal. The family will either have a finite rank or an infinite (uncountable) rank. Hence the number of
invariants is finite or uncountable.

If there is a countable number of k-regular graphs, | € w, having a countable number of variants
(Yiy» Viyr--+» Vk;) one can construct an a-minimal family 7 consisting of a countable number of
e-minimal subfamilies 7;, i € w. By the definition of o-minimality, the family T has RS(T) = a,
ds(7) =1 and is represented as I;c,, ¢;.

The Proposition 2.1 has been proven.

Realizations of e-minimal, o-minimal, a-minimal subfamilies of the family Jreg of all regular graph
theories show that it is possible to construct a subfamily T having a given countable rank and degree.
Subfamily T is represented as a disjoint union of subfamilies J¢,, -, T, for some pairwise inconsistent
sentences $1, --» Pn, such that each I, is a-minimal.

Ty U oo o e e U Ty
RS(T) =« 7 T = {Tan- Taw b Tamn = {Tma)-- T}
Ti Ty = (Tan--Taw b Tkmy = T+ Tneo)}
Ta Tan = {Tan---Tawp - Tan = Tm--- T}

An illustration of a family with a given countable rank and natural degree.

We now consider families of theories of regular graphs with infinite diameter and an unbounded

number of Vk. The next result shows that the family 7.4 of all regular graph theories is not e-totally
transcendental.

Theorem 2.2. Rs(j;,eg) = oo.
Proof. Repeating the arguments of [4, Proposition 4.4] and [2, Proposition 2.5] we can construct a
2-tree of sentences > Po, P1, Po1, ... indicating an infinite rank.

As noted in [2], the theorem also holds for acyclic regular graphs.

Conclusion

This article examines families of regular graph theories. By using invariants for the theory of regular
graphs, a criterion for the e-minimality, the a-minimality and the a-minimality of the subfamilies of
the family of all the theories of regular graphs is obtained. These ranks and degrees play a similar role
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for families of theories with hierarchies for definable theories, such as Morley's Hierarchies [3] for a
fixed theory, although they have their own characteristics. The rank of families of theories, similar to
Morley's rank, can be considered as a measure of the complexity or the richness of these families. Thus,
by increasing the rank by enlarging the families, we produce richer families and obtain families of infinite
rank which can be considered "rich enough". The family of all regular graph theories has infinite rank.
This follows from the fact that if a language consists of m-ary symbols, m>2, the family of all theories in
the given language has infinite rank. This also implies that the family of all regular graph theories is not
e-totally transcendental.
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METHODS OF FEASIBILITY STUDY OF EFFICIENCY OF WELL PLACEMENT OF
HORIZONTAL DIRECTIONAL WELLS WITHIN OIL AND GAS RESERVOIR BED
BOUNDARIES. JSC EMBAMUNAIGAS SUCCESS EXPERIENCE WERE TAKEN FOR
ANALYSIS

Abstract. This article describes the positive experience of applying an integrated approach in planning and drilling
horizontal wells with geosteering in the fields of Embamunaigas JSC (most of which have entered the late stage of
development, with a steady increase in hard-to-recover hydrocarbon reserves) in order to achieve maximization of oil
production. In this article we present a comprehensive horizontal well placement approach which comprises the following
key elements: Interpretation of 3D seismic and the use of logs of nearby wells and a 3D static model for well trajectory
planning; following a pre-agreed geosteering procedure while drilling, on-site analysis of cuttings and LWD data to adjust
the well trajectory and, thereby, optimize well placement. The extent of field development drilling activity of the objects,
production drilling of the main development object and the need of horizontal section well placement in the area of the
existing element of the development of the object impose certain restrictions on the drilling of horizontal wells. Well
placement is one of the best solution to increase production and extend of brawn field life.

Key words: drilling, geosteering (well placement), wells, LWD (Logging While Drilling), to adjust well trajectory.
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MYHAM-TA3 KABATHI IIEKAPACBIHJIA KOJIIEHEH-KOJIBEY YHF BIMAJIAP/BI
OPHAJIACTBIPY TUIMALIITTHIH TOH SICTEMECI. EMBIMYHAMIA3 "AK-HBIH
TABBICTBI TOKIPUBECI TAJIIAH/AbI

Anparna: byn makanmana myHail eHzaipyai OapbIHIIA apTThIpyFa KOJI JKEeTKi3y MakcarblHaa "EmOimynaiira3z”" AK ken
OpBIHJIAPBIH/IAa TEOHABUTAIMSCH! 0ap KOJJIEHEH YHFhIMasIap/bl jKocrapiay >koHe Oyprbulay Ke3iHIe KeIeHl ToclIi
KOJJIAaHY/IbIH OH TXipuOeci cumnarraiaisl (onapiblH 0ackiM 0euliri urepilyl KUbIH KOMIPCYTEK KOpPJIApbIHBIH Y/Iaiibl
ecyiMEH UTepy/IiH Kelll Ke3eHiHe 6TKeH ). byt Tocin reohusnkaibik aepekrepai naiaananyra (3D-celicMukabIk OapiaynaH
Oactan yHFBIMaJapabl erkei-Terxeini reopusnkansik 3eprreyre (IAXK) meiiH, reonoTusIbIK MOIETIbIEY HOTIKEIepi
OolfbIHIA YHFBIMAaHBIH TPACKTOPHUSCHIH KoOajayFa, Oyprbulay npouecinne ansiHFad [AXK, 1muiam jkoHe reoHaBHIaLHs
JICpeKTEpiH YHFBIMAHBIH MOJEJBACPIH HAKThUIAY JKOHE TPACKTOPMSCHIH TY3€Ty YIIIH KOJJIaHyFa, OyprblUIaHAThIH
JKBIHBICTAPBIH CY3Y-CHIMBIM/IBUIBIK KACHETTEPIH HAKTHI YaKbIT PEXKUMiH/IE Oaranayra Heri3/esreH.

KeuyieHeH yHFbIMalap/ibl T€OHABHUTALMSUIAYy-€CKI MYHAll K€H OpPHBIHBIH OHAIPICIH YIIFAlTy OHE KbI3MET €Ty Mep3iMiH
y3apTy YIIIiH €H KaKChl HICHIiMACPIiH Oipi.
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Tyitinai ce3mep: Oyprpuiay, reoHaBUTAIMs (MyHal XoHE ra3 KaOaTBIHBIH KapTachlHAA KONJICHEH YHFBIMaHBI
OpaHalacTeIpy), YHFbIMaap, Oyproutay kesingeri LWD reodu3sukacel, YHFBIMaHBIH TPACKTOPHSCHIH TY3€ETY.

EcupkeeB A. M.*!, Texnees I.10.

"TOO «Wellbore Integrity Solutions Kazakhstany, 130600, . Akray, Ka3axcran
TOO «MMPCUM», 664056, 1. UpkyTck, Poccus
* Email: amen.yessirkeyev@wellboreintegrity.com

METOAUKA TI0 DOPEKTUBHOCTU PASMEIIEHUSA T'OPU30OHTAJIBHO-
HAKJIOHHBIX CKBAZKUH B TPAHUIIAX HE®TEI'A30BOI'O IIJTACTA.
IMMPOAHAJIN3UPOBAH YCIEIIHBIN ONBIT AO «3MBAMYHAMIA3»

AnHoTanusi. B Hacrosiieil crarhbe OMHMCBHIBACTCS TMOJNIOKUTEIbHBIA OMBIT MPUMEHEHHS! KOMIUIEKCHOTO MOJXO0Ja IpU
[UIAHUPOBAHUU W OypEeHHH TOPU3OHTAIBHBIX CKBRKUH C IEOHABUTAIMEH Ha MeCTOpOXkJIeHUsX AO «DmbamyHaiiras»
(Ooplirasi 4acTh KOTOPBIX BCTYIHJIA B MMO3IHIOK CTaJUI0 Pa3pabOTKU C HEYKJIOHHBIM POCTOM TPYIHOU3BIECKACMBIX
3a1acoB YIJIEBOIOPOJIOB) B LIENSX JIOCTHIKEHUSI MAKCUMH3ALIUK TOOBbIYM HEQTH. DTOT MOAXO/] OCHOBAH HA UCIIOJIb30BAHUU
reopusndeckux MaHHBIX (0T 3D-celicMopasBeIKu 10 NeTambHBIX Treodusmueckux wuccriemoBannii ckBaxuH (I'MC),
MPOCKTUPOBAHUU TPACKTOPUHU CKBAKUHBI [0 PE3YJIBTATaM I'e0JI0rMYeCKOro MOICINPOBaHUsL, TpuMeHeHun gaHubix [UC,
[IJIaMa U T€OHABHUIALMK, MMOJYYEHHBIX B IpOLecce OYpeHUsl JUlsl YTOUYHEHHsI MOJENCH U KOPPEKTUPOBKU TPACKTOPHU
CKBXHUHBI, OLEHKH B PEXKUME PEaTbHOTO BPEMEHHU (UIIBTPAIlMOHHO-eMKOCTHBIX CBOWCTB pa30ypuBacMbIX MOPOI.
Komriieke cinoxHoCTeil: MaciTadbl SKCIUTyaTallMOHHOTO0 OypeHHsi 00bEKTOB, IKCILTyaTalHOHHOE OypeHHe OCHOBHOTO
0o0beKkTa pa3paboTKH U HEOOXOJMMOCTh PAa3MEIICHHUS! CKBKMH TOPU30HTAIBHOIO y4acTKa B paiioOHe CYIIECTBYIOMIETO
JNIEMEHTa Pa3pabOTKH OOBEKTa HAKIIAJBIBAIOT OINpPEACICHHbIC OTpAaHUYCHHUS HA OypeHHE TOPU30HTAIBHBIX CKBAKHH,
a TaKKe IUIAHMPOBaHUE 00BEKTa Pa3pabOTKU 3a CYET 3AJ0NKEHUsI CETKH FOPU30HTAIBHBIX CKBAXHHBI C MPUMEHEHHEM
TEOHABUTallUU B IMpeAeiax KapTupoBaHus HedTsiHOro ruiacra. ['eOHaBUTAIMs TOPU3OHTAIBHBIX CKBRXUH — OJIHO U3
JYYIIUX PELICHUM ISl yBEIMYCHUs! JOOBIUH U MPOJUICHHS CPOKA CIYKObI CTAPOr0 MECTOPOKICHUS HEPTH.

KatoueBble cioBa: OypeHne, reoHaBHranusi (pacroyioOKEHHE TOPH30HTAIBHONH CKBAXXHHBI BHYTPH KapTHPOBaHMUS
HedTerazoBoro 1iacra), ckBaxunsl, LWD reodusnka Bo Bpems OypeHusl, KOPPEKTUPOBKA TPAEKTOPUU CKBAXKHHBI.

Introduction

Drilling of Directional Horizontal wells with Geosteering have obvious advantage of having much
higher oil production rate compare to vertical wells. JSC Embamunaigas achieved one of the best results
in efficiency of Drilling Horizontal wells with geosteering due to Engineering approach and Efficiency of
Integrated team of Geologist, Petro physicist and Drilling department. In our article we will touch on the
key aspects of a successful example of JSC Embamunaigas well placement of horizontal directional wells
within oil and gas bed boundaries.

Main provisions

Production of JSC «Embamunaigas», Geography, Solving geological problems and reducing
uncertainties, structural modeling, steps of well placement, software systems, implementation of the
project, conclusion, references.

Materials and Methods

Basics of Well placement, JSC «Embamunaigas» data, three possible ways to study the change in
lithology and properties of the rock during drilling.

Production of JSC «Embamunaigasy.

The average annual production at JSC Embamunaigas is more than 2.6 million tons.

To date, JSC «Embamunaigas» is developing 36 fields. In the context of these fields, productive
strata are characterized by different geological and physical properties of reservoirs and physicochemical
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properties of oil. Most of the oil fields of the industry have entered a late stage of development, the share
of hard-to-recover reserves of fields is steadily growing. Stabilization of the level of oil production in
recent years has been achieved through the application of a set of measures: drilling horizontal wells
with well placement, drilling new wells, workover and current repair of wells, systematic work with
the well stock, increasing oil recoverability factor, increasing the overhaul period, introducing advanced
technologies and optimizing of the field development system.

Geography
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The operational site is characterized by high dissection. In addition, there are lithological shielded
isolated deposits in sand lenses bounded on all sides by fluid barriers. Thus, in the same field at the
same hypsometric elevations there are strata with different saturations. Unfortunately, due to the low
vertical resolution, seismic data does not allow to reliably identify individual, often isolated, objects in the
clinaform post-salt complex of the southern side of the Caspian Depression, which significantly affects
the choice of the system for the development and operation of the object.

The extent of field development drilling activity of the objects, production drilling of the main
development object and the need of horizontal section well placement in the area of the existing element of
the development of the object impose certain restrictions on the drilling of horizontal wells. The trajectory
of wells is calculated taking into account minimizing the risk of crossing and anticollision risk between
existed wells.

Solving geological problems and reducing uncertainties.

In the conditions of pilot sections drilling of the wells and the presence of geological uncertainties
real time monitoring of the well trajectory and well placement of the well during drilling is required. In
addition, due to the natural features of the reservoir while drilling through various lithological changes,
additional control of the position of the wellbore is also necessary. The final result is affected by the
following uncertainties.

— The uncertainties of the lithological structure and position of the oil-water contact, due to long
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horizontal section with length 0.5 — 1.1 km from vertical line, and low level of geological data availability
of Triassic deposits and the complexity of the structure of the oil&gas deposits.

— Uncertainty associated with the dip formation angle of the reservoir bed: according to the results
of the interpretation of seismic data and the actual results of drilling, the angle of incidence of the reservoir
may differ from the planned one by +/- 1-5°.

— Uncertainty due to the thickness of the reservoir and the lithology of the rocks. According to the
data obtained during drilling of the wells, the thickness of the main stratigraphic layers varies slightly. At
the same time, a change in the lithological composition of the rocks can be traced from well to well. In
addition to solving the main problems of field development, the wells allow further study of the geological
structure of the object.

Geological support in real time (well placement) makes it possible to make operational decisions aimed
at improving the efficiency of well placement in conditions of geological uncertainties in determining the
spatial position of the wellbore relative to geological boundaries.

As part of the preliminary structural modeling, a complex of geological and geophysical data for the
entire field is used, including the results of the interpretation of seismic exploration data, information
of previously drilled wells (the results of the interpretation of wireline data, core and drilling cuttings
analysis data).

The preliminary structural modeling stage includes a detailed correlation of the opened section with
the wireline data obtained during the drilling of all wells. While drilling of intermediate section, the
structural elements of the overlying strata are specified. The "landing" of the intermediate casing is carried
out and the trajectory of the horizontal section in the target interval is adjusted.

The high stratification factor and lenticular nature of the target interval make it difficult to conclusively
determine the position of the wellbore relative to the stratigraphic top and bottom of the formation, so the
complex of geological and geophysical studies in the drilling process is planned in such a way as to obtain
maximum information without carrying out additional descent tripping in/out operations.

The most important aspect of well placement is the timely decision to correct the trajectory of the well
depending on the incoming data. Currently, there are three possible ways to study the change in lithology
and properties of the rock during drilling.

1. Monitoring. This method does not involve active actions and changes in the trajectory of the well.
Drilling is carried out according to a pre-planned program and excludes the possibility of influencing
the position of the wellbore. This is a passive method, i.e. it involves only observation. In this case, it
is appropriate to talk about the absence of well placement. An example is geometric drilling, in which
the trajectory does not change depending on the properties of the formation. Incoming logging data is
monitored, but no decisions are made based on these observations.

2. Comparison of types of well logging carried out by non-azimuthal devices. This is a well-
established method of well placement. It does not require expensive images to work with; it can be
effective even if there is one gamma ray logging curve (GR). The technique is "reactive": after drilling a
certain interval, the resulting logging diagrams are processed, based on that decision will be made. This
method includes four consecutive steps:

— Construction of a two-dimensional plane-parallel model of the reservoir;

Calculation of synthetic logging data along the trajectory of the drilling well;

— Comparison of actual well logging during drilling with synthetic logging;

— Update of the model, forecast of the formation dip angle of the reservoir.

The result of the work is the determination of the stratigraphic position of the wellbore in the reservoir,
as well as the forecast of the structure of the formation. A graphical representation of the methodology is
shown in Figure 2.
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Figure 2 — Method of comparison of types of well logging data.
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Synthetic logging is built on the basis of data from neighboring (reference) wells, which can be
vertical or directional. Before drilling of a horizontal well, a reservoir model is created that takes into
account the regional formation dip angle of the reservoir, obtained from the geological model of the field.
Synthetic logging data built along the trajectory of the horizontal well based on the logging data of the
reference well.

The actual logging of the horizontal well is compared with the synthetic logging of the model, after
that the model is updated until the greatest coincidence of synthetic and actual logging data is obtained.
Thus, the stratigraphic position of the wellbore in the reservoir is determined, and the change in the
structure of the reservoir is predicted based on its formation dip angle and the selection of actual and
synthetic logging. If necessary, the trajectory is adjusted during the drilling process. If necessary, the
wellbore trajectory is adjusted during the drilling process of the horizontal well.

3. Determination of the formation dip angle of fall of the reservoir according to azimuth logging data.
Azimuthal is the logging that obtains data from a specific sector (azimuth) of the wellbore. This method
gives more information compared to the average value or logging for one sector, but is more expensive.

Curves of the upper and lower sectors are used to determine the formation dip angle of the reservoir
along the well trajectory of the well. When crossing the wellbores of the rock down the layer, the lower
sensor records the layer first, then it is recorded by the right and left side sensors and the last layer is
recorded by the upper sensor. When crossing the layer up the layer along the logging tool, the order of
padding by the sensors will be reversed. Using the distance between the logging curves of the upper and
lower sensors, it is possible to calculate the formation dip angle of the layers in the section of the trajectory
and thus determine the current position of the wellbore.

This method has the following advantages:

— Determination of the formation dip angle does not depend on lateral homogeneity and uniformity
in the thickness of the formation;

— Direct determination of the position of the wellbore in the reservoir, which does not allow for a
dual interpretation (for example, for the method of comparing logging, a situation may arise when two
different sets of angles of formation dip of the reservoir give a same degree of correlation between actual
and synthetic logging).
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The disadvantages of the method include:

— The absence of lithological contrast when drilling in a lithological homogeneous layer - the method
will not be able to define changes even when drilling is directed to the top or bottom of the lithological
layers;

— The difficulty of determining the correspondences of the same layer on the logging of the upper
and lower sensors at a low angle between the wellbore and the layer;

— High cost.

To achieve maximum efficiency of well placement, it is necessary to use a combination of the second
and third methods. With this approach, the formation dip angle of the reservoir will be estimated by two
independent methods and the accuracy of the assessment will increase significantly. In addition, during
drilling, it is extremely important to obtain new logging data (conventional and azimuth) as quickly as
possible. Therefore, transmitting of logging data is happening in real-time.

Therefore, software systems for geological support of well drilling have been developed and actively
developed. Modern software solutions make it possible to combine the data of static geological models
with the results of various methods of well placement. This allows geologists to significantly increase the
efficiency of work to optimize the position of the wellbore.

Geological well placement using only traditional logging during drilling is difficult, since this method
does not give an azimuthal direction of measurements in the well. Therefore, changes in lithology can
be interpreted both drilling up and drilling down through the layers. In the case of azimuth logging, it
is possible to determine from which azimuth sector (upper, lower, right or left) the lithology of the rock
begins to change, which can show the direction of the trajectory of the well path in the reservoir (Figure
3).

!
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Figure 3 — Schematic of the position of the wellbore and wellbore image.

Results and discussions

Implementation of the pilot project

Before the start of drilling horizontal wells with well placement, a geological project for drilling was
prepared on the basis of the approved draft document for the development of the field.

The geometry of the horizontal section can be characterized by: the point of installation of the shoe
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of the operational column - the beginning of the horizontal section; the point at which the set of the
inclination up to 90°; the point of termination of the horizontal section is TD (Total Depth).

The main task of the geological service to support the drilling of wells is the location of points of
horizontal section in the most favorable geological conditions (maximum capacity, permeability and oil
saturation).

As part of the pilot project, the following set of geophysical studies in the drilling process was recorded
in the horizontal section of production wells:

— Gamma Ray logging;

— Array resistivity logging (400 kHz and 2 MHz);

Ultrasonic acoustic;
Images of Gamma Ray logging (eight sectors);

— Images of Ultrasonic acoustic logging (eight sectors).

The geophysical equipment used in the process of drilling the horizontal section made it possible to
obtain in real time multi-depth data of array electrical resistivity (Res) medium, GR - lower quadrant,
ultrasonic acoustic, images of Gamma Ray and Ultrasonic acoustic logging based on the results of
azimuthal measurements. The recording density along the length of the wellbore was at least three points
per 1 m for all logging methods.

The formation dip angles and azimuths of the reservoirs obtained during the processing of azimuthal
images corresponded to the values planned before drilling. The angles of impact of the reservoirs are
consistent with the conceptual geological model of the field, structural constructions and are controlled
by data on neighboring wells, including those obtained using the device of triaxial induction logging on
a conditional reference well.

The depth of the GR is about 0.15 m, the azimuthal image allows you to assess the parameters of the
environment in the study zone of a long electric logging probe (RES for attenuation of the amplitude
of 2 MHz). In one of the examples (Fig. 4, adjustment), the shape of the image indicates an approach
to the sole of the clay layer (fall of the structure), on the basis of which a decision is made to adjust
the trajectory of the wellbore by reducing the angle of inclination of the well with a gradual flattening.
Electric resistivity logging signals react poorly to boundaries due to the low contrast of media. After
adjustment and prolonged drilling with a stable angle, the shape characteristic of drilling down the section
and approaching the roof of the clay layer is fixed on the image of the GR.
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Figure 4 — North Nurzhanov, well 805

In the process of drilling the horizontal part of the wellbore, drilling cuttings were taken at intervals of
10 m. The main tasks were to describe the composition of the fractions: determine the amount of drilling
cuttings and the shape of the grains, photographing in UV light. Combining the results of drilling cuttings
analysis and wireline data makes it possible to obtain the most reliable picture by independent methods
for decision-making in the drilling process.

As it mentioned at:

https://emba.kz/rus/press-centr/inform_soobshenie/?cid=0&rid=997

24/7 monitoring of the drilling process together with the analysis of all incoming geological and
geophysical data allows you to make operational decisions on adjusting the drilling trajectory. In this
case, it is possible to fully realize the potential of the production well, taking into account the maximum
effective length of the horizontal section and well placement in the formation bed boundaries of the best
reservoir properties. Interpretation of wireline data during drilling allows you to identify even minor
changes in the characteristics of the section and make an operational decision to change the trajectory of
the wellbore.

Conclusion

The process of well placement, implemented during drilling horizontal section of the five production
wells of the suprasalt complex of the southern side of the Caspian Depression, made it possible to
accumulate experience in the operational study of the properties of the section, to assess in practice the
real capabilities of geophysical equipment and software. Such experience makes it possible to make
process and methodology of planning future work most effectively, choose the most informative research
methods and reduce the time of decision-making.

The results of drilling horizontal wells with well placement due to the opening of the productive
reservoir of the horizontal section exceeded the productivity of vertical wells: for the Uaz Vostochny field
by 8 times; for the East Moldabek field the J-VII horizon by 13.5 times and the J-VI-B horizon by 7.5
times; for the Severny Balgimbayev field , preliminarily by 5 times.

As it mentioned at:

https://petrocouncil.kz/embamunajgaz-nachala-perehodit-na-gorizontalnoe-burenie/

The current situation in the commodity market, fluctuations in macroeconomic parameters and the
presence of investment constraints necessitate the selection of optimal solutions at each stage of the
implementation of oil and gas projects. The accumulated positive experience in using existing technologies
in the field of geological and geophysical research in the construction of horizontal wells is important not
only within the framework of the current project for the development of suprasalt complex of the southern
side of the Caspian Basin, but also in general for projects with hard-to-recover reserves.
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