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OPI'AHUKAIbIK XUMUA
OPITAHUYECKAA XUMUA

YIK 546.16

Bb.X.Myca6aeBa, JI.K.Opa3:xanona, C.E.Kynaii6eprenos, A.E.”)Kuenbexona

T'ocyoapcmeennuiii ynusepcumem um. Lllakapuma 2opooa Cemetl
(E-mail: lyazzat.7070@mail.ru)

HUccaenoBanue cBOMCTB KOMIIO3UIITUOHHBIX THAPOTEJ€BbIX MaTEPUAJIOB
Ha OCHOBC€ MoJINaKpUJIaMua A IIPpUpPoOJIHLIX MUHEPAJIOB

B craTtbe MeTOIOM UMIPErHUPOBaHH (BKIIOUEHHUS) IPUPOIHBIX MUHEPaIOB (OEHTOHHUTA, KAOJINHA, MOHTMO-
PHJUIOHHTA) B MAaTPHIy NOJIHAKPIIAMUIHOTO THAPOTEIIS B YCIOBUSX in Sifu TIOTyYESHBI HOBEIE NTOJIMMEPHBIE
xomro3uImu. OnpesenieHsl CTPYKTypa ¥ MOPGOIIOTHS MOTyYSHHBIX THAPOTENICBBIX MaTepHAaIoB, HCCIEI0Ba-
HBI UX (PM3UKO-XUMHUYECKHE U MEXaHNIECKHEe CBOUCTBA.

Kniouesvie crosa: monnakpuiaMull, THAPOTeIb, OCHTOHHUT, KAOJIHH, MOHTMOPHJUIOHHT, KOMITO3HUIIMOHHBIM
MarepHa, in situ.

B nacrosimee BpeMst OAHUM W3 WHTEHCUBHBIX MPEAMETOB HCCIEIOBAHUS TOJIMMEPHOTO MaTepraioBe-
JEHHs SBJSETCS CO3[aHhe THMOPHUIHBIX KOMIO3WIIMOHHBIX MAaTEpHAIOB W HMX MPAKTHYECKOE HCIIONIbh30Ba-
Hue [1]. OcoOblli MHTEpEC MPEICTABIAIOT OPraHO-HEOPTaHMUYECKUE KOMITO3UITMOHHBIC CHUCTEMBI, TIOTYUYCH-
HBIE ITyTeM BKJIIOYECHUS (MMIPETHUPOBAHMS) B MATPHILY MTOTUMEPHOTO THAPOTENsl HEOPTaHUIECKOTO KOMITO-
HEHTa, Yallle BCEro HaHOYACTHUI METAJUIOB, OKCHIOB WIJIM PA3INYHBIX TNIKH [2]. DopMupYOMKEcs B Pe3yIib-
TaTe 00bCIUHCHHS Ha MOJICKYJIIPHOM H HAJMOJCKYJISIPHOM YPOBHE IMOJIMMEPHBIC KOMITIO3UTHI MTPEICTABIISIFOT
co00i HOBBIC CHHEPIeTHYECKHE MOJUMEPHBIC CHCTEMBI, MPOSBISAIONINE YHHUKAIBHBIC, HCKIIOYUTEIHHBIC
CBOWCTBA, YTO yBEITMYUBACT UX MPAKTHUECKYIO (QYHKIUOHATLHOCTh. OIHAKO HA CErOJHSIIHUEN JIEHb B CO3-
JAaHWHM KOMITO3UITMOHHBIX MaTEPHAJIOB OCTAE€TCS MHOXECTBO BOIPOCOB IO BEISBICHUIO MEXaHHU3Ma 00pa3o-
BaHUS TUOPUIHBIX CUCTEM, TIPUPOJIBI B3aMMOICHCTBUSI KOMIIOHECHTOB, IMIOMCKA YHUBEPCAIHLHOTO METOA I0-
JTy4eHHs] KOMIIO3UIIMOHHBIX MOJMMEPHBIX MAaTEPHAJIOB C 3aJaHHBIMUA CBOWCTBAMH M BO3MOXKHOCTH WX Jalb-
HEHIIero MPaKTHYECKOTO MPUMEHEHHSI.

Henpto paboTsl sABIIsSIETCS pa3paboTKa METOJIOB CHHTE3a KOMITO3UIIMOHHBIX THIPOTelIEBbIX MaTEPHAJIOB
Ha OCHOBE CIUTOTO MOJUAKPHIAMHIA U TPUPOIHBIX MaTEPUAIOB, B YaCTHOCTH, KOJUIOUIAHBIX YaCTHUI[ Kao-
TuHa, OEHTOHUTA U MOHTMOPHIJIOHUTA U UCCIIEZIOBaHNE NX (PU3UKO-XUMHIECKUX CBOHCTB.

SKCl’lepuMeHmaﬂbHa}l yacmov

Komnozunuonnsie Matepualisl Ha OCHOBE monuakpuiaMuanoro ruaporens (IIAATDY) u npupoaHbIX Mu-
HEpaJIOB CUHTE3UPOBAIM ITyTE€M BKJIIOUCHMS YaCTHIl KaOJIMHA, OEHTOHUTa U MOHTMOPWIJIOHUTA B MAaTpUILy
TUAPOTEIIS B YCIOBUSAX in Situ [3].

B peakunonnyo cmech, coctosmyo u3 0,5 r akpunamuna (AA), nobasnsum 15 % BogHoro pactsopa
MUHepalla, 3aTeM IOJIy4YEeHHYI0 CMeCh llepeMelBall B TedeHue cyTok. Ilepen nposeaeHuem noiaumMepusa-
MY B MPUTOTOBJICHHYIO cMeCh A00aBisuik o 10 mimu 15 Mr crmBaromiero areHra — MeTHIICHOHCaKpHIia-
muaa (MBAA) u 10 mr uannuatopa — nepcyibdara ammonus (IICA). Cmech TIaTeabHO MEpEeMEIIUBATN
710 TIOJTHOM TOMOT'€HU3AINH, 3JIMBaNY B mpul oosemoM 10 mim 20 M1, IpoyBanu aproHOM B TedeHue 2—3
MHH, 3aTeM TepPMOCTaTHPOBaIX Ha BosiHOM Oane npu 60 °C B Teuenue 30 muH. [lomydeHHBIe 00pa3IIHl KOM-
MO3ULIMOHHBIX THIPOTeNIel MPOMBIBAIN AUCTHIUIMPOBAHHON BOJIOW B TEUEHUE | HEACIH.
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WccnepoBaHne CBOMCTB KOMMO3ULMOHHbIX ...

Boumn mosiydeHsl 00pa3ubl KOMIO3MLIHOHHBIX THAPOTENEH C pa3IHyHBIM COACpKaHHEM HeOopraHu-
YECKUX KOMITOHECHTOB (TJIMH) — KaoJIMHa, OCHTOHUTAa 1 MOHTMOPHWIJIOHHUTA, ¢ KOHIIeHTpamuen 5 %, 7,5, 10,
15, 20, 30 %.

Onpexenenue cTeneHd HaOyxaHus TUApOresei npoBoawu coriacHo [4]. Ctenenp HaOyxaHUs MOIY-
YEHHBIX 00Pa31[0B BEIYUC/IUIN 10 (hOpMyIie
o=m,—m,/m,, (1)
T€ m, U m, — Macchl PABHOBECHO HAOYXIIEro U CyXOro rUAPOreisi COOTBETCTBEHHO.
Kunetuky mabyxanusi 00pa3IioB THAPOTEIIeH onpenessumm 1mo popmye [4]

m,/m, =kt", 2)
rae k — MOCTOSTHHAS CKOPOCTH HaOyxaHuWs (XapaKTepHCTHYHAs KOHCTAHTa THAPOTeis); 7 — XapakTepH-
CTHUYHAsI SKCITOHEHTA, OMKMCHIBAOIIAS MEXaHNU3M JTU(PDY3UH KHUIKOCTH B 00bEM THIAPOTes; ! — BpeMs aj-
copOmmu; m, — Macca )KUIKOCTH, COpOMPOBAHHOM 3a BpeMs ¢; m, — Macca XKHUAKOCTH, COPOUPOBAHHOI B

PaBHOBECHO-HAOYXIIIEM COCTOSHHH, T.¢. Mpu [ —>00. KoHcTaHTy k paccUMTBhIBa M W3 TIEpECeUCHUs Kaca-
TEIBHON K KPUBOH 3aBUCUMOCTH In(m, / m_ ) OT Inf ¢ oCbl0 OpIMHAT, KOHCTAHTY # — KaK TaHTEHC YIia Ha-

KJIOHA KacaTeIbHOU K KpUBOi 3aBUcUMOCTH In(m, / m,, ) ot Int, nmpu ycnosuu, uro m, / m,, < 0,6 [5].

Mopdonoruio moBEpXHOCTH MOJIMMEPHBIX THUAPOTeield OINMpeneNsuld METOIOM CKaHMPYIOUIEH 3IeK-
TPOHHOW MHMKPOCKOIIMA C IOMOINBI0 HHU3KOBAKYYMHOTO PacTPOBOTO JJIEKTPOHHOTO MHKpockoma 6390
LVJEOL (Smonus) [6].

Tepmuueckue XapakTepUCTUKH MOTYYSHHBIX 00pa3I0B UCCIEI0BAIH C MOMOIIBIO Au(dhepeHIHaTIbHOro
ckaaupytomiero kainopumerpa «DSCI131EVOy» (®panmusa) B temrepatypaoMm uaTepBaie 50-500 °C mpu
ckopoctH Harpesa 5 K/muH [6].

MexaHnueckie CBOWCTBA KOMIIO3ULIMOHHBIX THAPOTENed N3ydalld ¢ MOMOIIBIO CKUMAIOLIETO IIacTo-
metpa [ICM-2 u pa3peiBHON MamuHsl PMI-60.

Pesynomamot u ux obcyscoenue

Ha pucynke 1 npeacraBieHsl cHUMKH noBepxHocTH oOpasuos 10 % ITAAI, O6eHtonuTa, KaonuHa U
MOHTMOpHJUTOHUTA ¢ coaepkanrneM MBAA (30 mg BIS), noiy4eHHBIX B YCIOBUSIX in1 Sifu.

~

X50 500pm 0000 10 80 SEI 15kV X100 100pm 0000 10 80 SEI

16kV X100 100um 0000 10 80 SEI III 5kv X100 100um 0000 10 80 SEI

1 —TIAAT; Il — G6entonut; [1] — xaomuH; [V — MOHTMOPWIIIOHUT
Pucynok 1. MukpodoTtorpadun aHaaH3upyeMoi MOBEPXHOCTH ITOTYIEHHBIX KOMIIO3UITMOHHBIX THAPOTeIeH

Kak BugHO M3 pucyHka 1, Bce 0o0Opasiibl SBISIOTCSA KPYMHOIOPHCTBIMH, ¢ pasMepoM mop ot 20 1o
100 Mmxm. Hanuuue Gonpmmx mop B oOpasiiax oOyCIOBIMBAET CIIOCOOHOCTh CIIUTHIX IMOJIMMEPOB K 3HAYU-
TEJIHHBIM HAOYXaHUSAM B BOJIC M B BOJHBIX cpenax. YacTuilsl, GOpMUPYIOIINE MHKPOCTPYKTYPY THIPOTEIeH,
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B.X.Mycabaega, J1.K.OpasaxaHoBa u ap.

pasnuyaroTcsi Mo Mop¢oJorud M pasmepaM. Takoil XapakTep MOCTPOSHHS KOMIIO3UTa CIIOCOOCTBYET
MOBBIIIICHUIO POYHOCTHBIX XapaKTePUCTHK MaTepHaa.

W3ydensr HeKOTOpbIe (PU3NKO-XUMUYECKHE CBOMCTBA TOJIYYEHHBIX MaT€PHAaIOB, B YaCTHOCTH, TUHAMHU-
Ka HaOyxaHHs KOMITO3UIMOHHBIX THAPOresel B BOJAEC U B CMECH BOJHO-OPTaHMYECKUX pacTBOpuUTeNel (Bo-
Ja—CIUPT, BOAa—aIleTOH), MOBEJACHNE KOMITO3UITMOHHBIX THIPOTeiell B 3aBUCIMOCTH OT MOHHOW cuiisl 1 pH
CpPEIbL.

Ha pucynke 2 npuBeneHa KuHeTHKA HaOyXaHUs TUAPOTEIICH, TOTYYCHHBIX B PA3JIMYHBIX YCIOBHSIX.

T T T T T T T T T T T T T
0 500 1000 1500 2000 2500 3000
t, min

Pucynok 2. KuneTtrnka HaOyXxaHus KOMITO3UITMOHHBIX MAaTEPHAJIOB B BOJIE, coaepx amux 0eHToHHUT (1),
MOHTMOPWLIOHHT (2) u kKaonuH (3); cogeprkanne MuHepasioB B Matpuiie [TAAT 5 %, cumBaromero areata 20 mMr

Kak BumHO U3 pHCyHKa 2, ¢ yBEeJIMUYCHUEM BpeMeHH HaOyXaHHUsl pacTeT COOTBETCTBEHHO U CTETCHb Ha-
OyxaHusl KOMIIO3UIIMOHHBIX Tuaporeneil. Hanbompmei cTerneHbio HaOyxaHusl B Bojie o0yiafaeT obpasel Ha
OCHOBE OCHTOHHTA, HANMEHBIIICH — 00pa3ell Ha OCHOBE KAaOJIMHA.

W3 xpuBbIX HaOyxaHHs THUAPOTEICH OMpPEICIICHBI 3HAUCHUS NapaMeTpa 7, OTPAXKAIOIIET0 MEXaHH3M
mudy3un KUIKOCTH B 00beM ruaporeneii. B tTabnumax 1 1 2 mpuBeAeHB! 3HAYCHUS ITapaMeTpa 71 TIpu T10-
CTOSIHHOM COJZIep>KaHUM MPUPOAHBIX MUHepanoB (%) u MBAA (mr).

Cornacho [4], npu n = 0,5 nponecc AudQy3un KUIKOCTH B 00BEM THIPOTEIS MOAYUHICTCS 3aKOHY
®wuxka, pu n > 0,5 TPOUCXOTUT AaHOMATBHBIN TPAHCIIOPT KUAKOCTH, a TIPH 7 = | peaausyeTcs pellakcarroH-
HO-KOHTPOJIMPYEMBIA TPAHCIIOPT MOJIEKYJ BOJIBI B 00beM TOJIMMEpHOU ceTku. Kak BumHO n3 Tabmwmi 1 u 2,
g y3us BoIsl B 00bEM THAPOTEIss B OCHOBHOM TOTYMHSCTCS 3aKoHy DuKa.

Nzydenrie noBeeHUs KOMITO3UIIMOHHBIX rujiporeneit ot pH cpenbl mokazano crnabyr 3aBUCHMOCTB CTe-
MeHN Ha0yXaHHs OT MPUBENIEHHOTO (haKTopa. ITO MOXKET OBITh CBS3AHO C TEM, YTO MUKPOUYACTHIILI THIIPOTEIIS
MIPEJICTABIISIFOT COOOH COJTU c1a00i KUCIOTHI U ¢1a00T0 OCHOBAHHMS U B BOJIC TIOJTHOCTHIO HOHH30BAHBbI.

Taonuma 1

Bausinue konuentpaunu MBAA
NPH MOCTOSAHHOM CO/IePsKaHHU MPUPOIHBIX MuHepauoB (%)
Ha 3HAYeHHe mapamMeTpa n

ITpuponnsrit Munepan | % | MBAA, mr n
10 0,41
MOHTMOPUIUIOHUT 10 15 0,40
30 0,43
10 0,39
bentonut 10 15 0,36
30 0,42
10 0,35
Kaoaun 10 15 0,37
30 0,39
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Tabnuma 2

BinsinMe KOHIEHTPaUH NPUPOAHBIX MHHEPAJIOB
NPH NOCTOSAHHOM cofiep:kanuu MBAA (mr)
Ha 3HAYeHHe NapameTpa n

[Ipuponssiii Muaepan | MBAA, mr | % n
5 0,51
Benronur 20 7,5 0,57
10 0,53
5 0,40
Kaonun 20 7,5 0,43
10 0,47
5 0,46
MOHTMOPWIIIOHHUT 20 7,5 0,52
10 0,49

Omnpeenenne 3aBUCUMOCTH CTETIEHN Ha0yXaHHs KOMIIO3UIIMOHHBIX THAPOTEIe B CMECH BO/Ia—aIleToH,
BOJIa—3TaHOJI TIOKA3aJI0 MOCTEIEHHOE C)KAaTHE MOJIMMEPHON CETKH C YBEJIMUEHHEM 00beMa COIepKaHus op-
raan4geckoro pacreopurend. [Ipu coctaBe cmecu Boma—anetoH (3taHon) = 50:50 (06. %) Bce 0Opa3isl rua-
porenel KOJIANCHPYIOT. JDTO CBS3aHO, C OJHOM CTOPOHBI, C TIOCTETICHHBIM YXYAIIEHHEM TepMOJUHAMHYE-
CKOT'O Ka4ecTBa pacTBOPHUTENS MO OTHOLIEHHUIO K MaTpUIIE NMOJIMAKpIWIaMHUa, a ¢ APYrod — KOHJEeHcaunuen
MPOTUBOMOHOB C MOJIMHOHAMH, KOTOPhIE HIMMOOMIN30BAaHbl B MATPHUILy THAPOTeNsl, C HU3KOU AUDIIEKTpUIe-
CKOM ITPOHUIIAEMOCTBIO.

YBenuueHue MOHHOW CHUIbl B MONMMEpHBIX Kommo3utax [TAAI-Genronur, I[TAAT—kaonun, [TAAT—
MOHTMOPHJUIOHUT MPHUBOAUT K CKaTHIO 00Pa3LiOB, YTO, MO-BHIUMOMY, CBSI3aHO C MOJABICHHEM IOJIHAIICK-
TPOJIUTHON aHOMAJINU B IPUCYTCTBUN HU3KOMOJEKYIISIPHBIX HOHOB.

Uzyuens! mporiecchl (a3oBoro mepexoja KOMIO3UIIMOHHBIX THAPOTEIeH ¢ TOBBIICHUEM TeMIIEpaTyphI
B unTepBasie 50-500 °C. Ha pucynke 3 npezacrasiena tepmorpamma rugporens [IAAT—-6entonut (5, 10 %)
C pa3NUYHBIM copepkanneM MBAA.

| 1. Bentonite 10 %20 mg ';5I':'-|
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Pucynok 3. Tepmorpammsl ruaporens [IAAT—6enronur (5,10 %) ¢ paznnaaeiM conepxaaneM MBAA

Kak BumHO M3 pHcyHKa 3, Bce MUKU Ha TepMorpaMMax ITAAT—OeHTOHUT XapaKTepU3YIOT SHIOTCPMHU-
yeckui mporiecc. Ha TepMorpaMMax MpuCyTCTBYET MUPOKHE UK npu Temneparype 70—120 °C, aro o6bsc-
HSIETCS yOaJIeHHUEeM CBSI3aHHOH BOAbI. Jlanee HAYMHAIOTCS MPOLECCHl TEPMUYECKOM JeCTPYKIMH TOTUMEPHOI
cetku. [Tuxu npu 220-390 °C it GEHTOHUTA COOTBETCTBYIOT AECTPYKLUH TOW YaCTH MOJIMMEPHON CETKH,
KOTOpasi He y4acTByeT B 0Opa30BaHMHM KOMITO3UTHOH CTPYKTYpHI. BRICOKOTEMIIEpaTypHBbIE SHAOTEpMUUE-
CKHMe THKHU Tipu Temrepatype cBbime 390 °C mis OEHTOHWTA, MO BCEH BEPOATHOCTH, OTPAKAIOT IPOIIECC
TEPMUYECKOH AECTPYKIIMHA KOMIIO3UIIMOHHBIX MaTepHAaJIOB.
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HccnemoBanbl MEXaHMYECKUE CBOHCTBA KOMITO3UIIMOHHBIX THAPOTENEH — 3JIaCTUYHOCTh U MEXaHHYe-
CKas HpoYHOCTh. Ha pucyHke 4 mpeacTaBieHa 3JaCTHYHOCTh KOMITO3UIIMOHHOTO THAPOreNis Ha OCHOBE
ITAAT u xaonuHa.
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a — no neopmanmu; 6 — nedopManys; 6 — mocie aedpopMaluu
Pucynox 4. DnmacTHYHOCTh KOMIO3HIIMOHHOTO THApOTreis Ha ocHOBe ITAATI n xaomHa

Kak BumnO m3 pucyHka 4, ruaporenb Ha ocHOBe [TAAIT u xaonmmHa mocne medopMariii BOCCTAaHOBHIT
CBOIO TIEPBOHAYAIBHYIO (OPMY.
B tabnure 3 mpeacTaBieHbl MEXaHUYECKHE XapaKTEPUCTUKY KOMIIO3UIIMOHHBIX THPOTEICH.
Tabnuma 3

Mexanunveckue xapakrepuctuku ruaporeneii [IAAT-kaonaun, IAAI—6enToHuT, [IAAI'—MOHTMOPUIITIOHUT

Obpasen Conepxanue VY anunenue IIpenenvHas Harpy3ka | Moayns FOHra,
TJIUHBL, % pu paspeise, %o Ha cxkatue, Klla Mlla
5 39 240 0,721
Kaonuu 7,5 42 301 0,871
10 47 356 0,939
5 49 146 0,320
benTonut 7,5 55 158 0,517
10 68 168 1,150
5 110 798 3,9
MOHTMOPUIUIOHUT 7,5 120 849 4,7
10 134 916 5,3

Kak BuHO M3 TaOMUIB 3, 0 Mepe MOBBIIIEHNS COJICPKAHUS TIIHHBI B MaTPHIIE TUAPOTENs HaOIo1aeT-
csl yBENMUCHHUE 3HAUCHHUN YJTMHEHUS MPH pa3pbiBe, MPOYHOCTH Ha pa3pbiB U Moxyis FOura (E). Veenuue-
HUE MPOYHOCTHBIX IIOKAa3aTeNIel TUApOreNel yKa3blBaeT Ha CIJILHOE MEX(a3HOE B3aUMOICHCTBHE MEKIY
oJIMMEpPOM (OpPTaHWYECKON MaTpuilel) M TIMHOW (HEOPTaHWMYEeCKOW YacThi0) KOMIIO3UTHOW CTPYKTYPHI.
YMEHBIICHUE CO/ICPIKAHUS CIIMBAIOIIETO areHTa CIIOCOOHO YBEIMYHTh THOKOCTh BCETr0 MaTepuana, a yBeiH-
YCHHE COJICPKAaHUS IIIMH B 00beMe THIPOTeied IPUBOIUT K YCUICHUIO MEXaHHYECKUX CBOMCTB 00pa3IloB.

Takum 00pa3om, OTYYCHBI HOBBIC KOMITO3UITMOHHBIC MaTepUATbI HA OCHOBE MOJIMMEPHOTO THAPOTEIIS
W HEOPTraHWYECKMX KOMITOHEHTOB ITyTEM BKIIOYCHUS YAaCTHIl KAOJIWHA, OCHTOHHTA U MOHTMOPWJUIOHUTA B
MaTpHUILy MOJMAKPUIAMUAHOTO THIAPOTENS B YCIOBUAX in situ. ViccnenoBaHbl (PU3UKO-XMMUYECKUE U MEXa-
HUYECKHE CBOWCTBA CHHTE3MPOBAHHBIX IMOJHMMEPHBIX ruaporeneid. [lomyueHHbIE KOMIO3UIIMOHHBIE MaTe-
pHabl TPOSIBISIOT BBIPAKEHHBIE COPOIIMOHHBIE U MEXaHUYECKUE CBOMCTBA, YCTOWYHMBBI K BO3JIEHCTBUSM
Temreparypsl 1 pH cpenpl, 4TO MO3BOJISIET UCIIONIB30BaTh X B KAUECTBE CYNEPCOPOCHTOB, SHIIONPOTE30B,
3aMEHUTENEH XPSIICBBIX TKaHEH, KOHTAKTHBIX JIMH3.
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Tabduru MuHepaaaap KoHe MOJUAKPUIAMU/L HeTi3iHIe KOMIO3UUMSAIBIK
THAPOreibli MAaTePUAJIAPAbIH KACHETTEPIH 3epTTey

Taburn muHepanmapas! (OEHTOHHT, KAOJIMH, MOHTMOPHWIUIOHUT) IOJIMAKPHIAMHATI TUAPOTENbII MaTpHULara
HMIIpETHpiIey SAiciMeH in situ TamaObIMEH jKaHa ITOJMMeEpNi KOMIO3WIMSUIAp aiublHasl. Byn ruaporemsai
MaTepuaIIapAblH KYPBUIBIMBI MEH MOP(OJIOTHACH, OJapAbIH (H3NKa-XUMHSUIBIK JKOHE MEXaHUKAJIBIK
KacHeTTepi >KaHOKAKTHI 3epPTTEI .

B.Kh.Mussabayeva, L.K.Orazzhanova, S.E.Kudaibergenov, A.Ye.Zhiyenbekova

Determination of the properties of the composite hydrogel materials
based on polyacrylamid and natural minerals

New polymer compositions have been obtained by inclusion of natural minerals (bentonite, kaoline,
montmorillonit) in situ in the matrix of polyacrylamide hydrogel. Structure and morphology of the hydrogel
materials have been determined and their physical, chemical and mechanical properties have been studied.
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Interaction of d-treo-2-methylamino-1-phenyl-1-propanol
with 4-morpholylbenzaldehyde in the conditions
of convectional heating and microwave activation

The synthesis of 1,3-oxazolidine was made by condensation reaction of d-treo-2-methylamino-1-phenyl-1-
propanol with 4-(N-morpholyl)-benzaldehyde under the conditions of convectional and microwave activation.
The structure of 1,3-oxazolidine has been proved by IR- and "H NMR-spectroscopies. Physico-chemical con-
stants of the oxazolidine obtained by both methods were identical. 4-(N-morpholyl)-benzaldehyde, 4-(4-
((4R,5R)-3,4-dimethyl-5-phenyloxazolidine-2-yl)phenyl)morpholine obtained very promising in terms of
learning conformational features of the structure and biological properties. The structure of the new heterocy-
clic compounds — 4-(N-morpholyl)-benzaldehyde, 4-(4-((4R,5R)-3,4-dimethyl-5-phenyloxazolidine-2-yl)-
phenyl)morpholine is proved by data IR and NMR 1H spectroscopy, as well as a comparative study of the in-
fluence of convection and microwave heating on the yield and character formation of the final product has
been made.

Key words: 1,3-oxazolidines, d-treo-2methylamino-1-phenyl-1-propanol, alkaloid of d-pseudoethedrine,
B-aminoalcohols, 4-morpholinephenylic, tetramethylsilane, 4-(4-((4R,5R)-3,4-dimethyl-5-phenyloxazolidine-
2-yl)phenyl)morpholine, spin-spin interaction.

Introduction

High interest to 1,3-oxazolidines is caused by the fact that these compounds posses unique properties
which allow to use them for different practical purposes in medicine and industry, and they are of great sci-
entific interest as the products of enantioselective synthesis of planar-chiral compounds [1-3]. The absolute
configurations of chiral centers of 1,3-oxazolidine compounds obtained on the basis of d- and /-ephedrines
have been previously determined by us [4]. Availability of these compounds stimulates intensive develop-
ment of the synthesis methods as well as the expansion of a number of new oxazolidine representatives.

Results and discussion

We have studied the interaction of d-treo-2-methylamino-1-phenyl-1-propanol (the alkaloid of
d-pseudoethedrine) (1) with 4-morpholylbenzaldehyde in absolute benzene medium which leads to the for-
mation of oxazolidine (2) according to the following scheme:

I\ — ~CeHs —
O N
\__/ \ / -HZO

1) H3C

\\“‘

CeHs

The reaction mixture was boiled for 2 hours in the flask equipped with Dean-Stark trap. The yield of the
product (2) was 72 %. With the aim of increasing the yield of a targeted product (2) and comparative study
of the process of formation of the final product the interaction of 4-morpholylbenzaldehyde (1) with d-treo-
2-methylamino-1-phenyl-1-propanol was carried out under the conditions of microwave activation. As a re-
sult of investigations of the influence of microwave field on reaction medium it was found that during irradi-
ation of the ethanol solution of reaction mixture during 15-20 min with pauses at 500 Wt the process goes
likewise stereoselectively (according to the results of TLC) with the formation of individual epimer (2) with
the yield of 99.5 %. Physicochemical constants of oxazolidine (2) obtained by both methods were identical.
The results of TLC have shown that the only one product is formed as a result of the reaction.
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Different configurations of chiral centers in the molecules of d- and /-ephedrines should lead to differ-
ent conformations of oxazolidine cycle (2). According to data given by different researchers [5—8], the inter-
action of B-aminoalcohols with different aldehydes usually proceeds stereoselectively either with the for-
mation of S-stereoisomer or R-epimer.

Stereoselectiveness of the process depends on the nature of reagents and solvents.

The structure of the compound (2) has been investigated on the basis of the results of IR- and '"H NMR-
spectroscopy (DMSO-dg, 500 MHz). In the IR-spectra of the compound (2) there is no absorption band of
hydroxyl and carbonyl groups of the initial reagents.

It was established from the "H NMR-spectra of oxazolidine (2) that in the weak field area along with
the signals of protons of phenyl cycle with 7.30-7.42 ppm there are two duplets which are typical to ortho-
and meta-protons of 4-morpholinephenylic fragment with 6.95 and 7.35 ppm correspondingly (figure). The
signal of secondary methyl group as a duplet (Jyy 5,8 Hz) resonates at 1.12 ppm, and the signal of N-methyl
group is situated at 2.39-2.45 ppm as a singlet. The methine proton which is vinyl to hydroxyl-group reso-
nates at 2.39-2.45 ppm as a complex multiplet. The signal of methine proton of CH-O group is seen in the
4.63 ppm and splits into duplet J=4.6 Hz because of the spin-spin interaction with neighboring proton. The
methine proton in the position C2 of oxazolidine cycle resonates in the range of 4.83 ppm as a singlet. The
signals of protons of NCH,- and OCH, groups of morpholine fragment are seen as two triplets in the range of
3.13 and 3.74 ppm correspondingly. The ratio of integral intensiveness of the signals corresponds to the
structure (2).

On the basis of spectroscopic study of the structure of obtained oxazolidine (2) and literature [5-8], it
can be claimed that when d-treo-2-methylamino-1-phenyl-1-propanol (alkaloid of d-pseudoethedrine) inter-
acts with 4-morpholyl-benzaldehyde the oxazolidine (2) of S-configuration of C2 atom of oxazolidine cycle
(1) is formed. It can most likely be the result of thermodynamic control of cyclization process, i.e. under
conditions studied 2R-stercoisomers are sterically less favorable.

The conclusion

So, on the basis of d-treo-2-methylamino-1-phenyl-1-propanol (alkaloid of d-pseudoephedrine) a novel
heterocyclic compound — 4-(4-((4R, 5R)-3,4-dimethyl-5-phenyloxazolidine-2-yl)phenyl)morpholine (2) was
obtained. It is quite promising substance for investigation of conformational features of the structure as well
as its biological properties. The structure of the compound is proved by data obtained by IR- and 'H NMR-
spectroscopy. Also comparative study of the influence of convectional and microwave heating on the yield
and character of formation of the final product was carried out.
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Figure. "H NMR-spectra of 4-(4-((4R, 5R)-3,4-dimethyl-5-phenyloxazolidine-2-yl)phenyl)morpholine (2)
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Experimental part

'H NMR-spectra were recorded on spectrometer Bruker DRX500 with the frequency of 500 MHz in
DMSO-d¢ of relativity internal standard of tetramethylsilane. IR-spectra were made by Fourier transform
spectrometer «KAVATAR-320» in a pill with KBr. Mass-spectrum was made on FINNIGAN MAT.INCOS
50 by direct introduction of the substance with the ionization energy of 70 eV. Melting temperature was de-
termined on «Boetius». TLC analysis was made on «Sorbfil» plates, manifestation by iodine vapors.

4-(4-((4R,5R)-3.,4-dimethyl-5-phenyloxazolidine-2-yl)phenyl)morpholine (2) in the classical condi-
tions. The mixture of 0.68 g (0.004 moles) of d-treo-2-methylamino-1-phenyl-1-propanol and 0.78 g
(0.004 moles) of 4-morpholyl-benzaldehyde in 30 ml of absolute benzene had been boiling for 2 hours with
azeotropic distillation which is formed during the reaction of water. After finishing the reaction the solvent
had been evaporated and the residue was passed through the column with aluminium oxide Al,O;, where the
eluent is benzene.

After evaporation of the solvent the residue was crystallized and 0.97 g of the product (2) was obtained
with melting point at 133—134 °C.

The synthesis (2) under the condition of microwave radiation. 0.68 g (0.004 moles) of d-treo-2-
methylamino-1-phenyl-1-propanol and 0.78 g (0.004 moles) of 4-morpholyl-benzaldehyde in 30 ml of abso-
lute toluene were put into 100 ml volume cone flask and 1-2 drops of formic acid were added. The reaction
mixture was subjected to microwave radiation within 15-20 minutes at 500 Wt. The resulting precipitate was
filtered, washed with toluene and dried at room temperature. The compound was recrystallized from the mix-
ture of benzene — 2-propanol (2:1). 1.29 g (96 %) of the product with melting point at 133—134 °C was ob-
tained. '"H NMR &, ppm: 1.12 d (3H, CHs-C, Juyy 7.2 Hz), 2.06 s (3H, CH;-N), 2.42 m (1H, CH-N), 3.12 t
(2H, CH,CH,), 3.74 t (2H, CH,CH,), 4.63 d (1H, CH-O, Juy 7.4 Hz), 4.82 s (1H, CH-Ar), 6.94 d (1H, CH,,,
Jun 7.6 Hz), 7.38 d (1H, CH,,), 7.28-7.42 m (5H, C¢Hs). Found, %: C 74.59; H 7.80; N 8. 34. C,;HN,0,.
Calculated, %: C 74.52; H 7.74; N 8.28.
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C.[.®a3bunoB, O.A.Hypkenos, U.B.Kynakos, A.E.ApbiHOBa,
K.b.Carnaesa, C.3.3akapun, A.)XK.Hcaesa, I'.)K.Kopinosa, /[.C.McabekoBa

KoHBeKIHOH/BI :KbLIBITY MEH MUKPOTOJIKbBIH/IbI AKTUBALUA IAPTTAPbIHAA
d-Tpeo-2-MmeTuaMuHO-1-Ppenni-1-nponanoJabIHbIH 4-MopdoaunideH3anbaeruaiMmeH
e3apa dcepJiecyi

Maxkanana d-tpeo-2-meTwiaMuHo-1-dernn-1-nmponanon meH 4-MophoannOeH3aIbISTHATI KOHBEKI[HOHIbI
KBI3/IBIPY JKOHE MHKPOTOJIKBIH/IBI OEJICEHICHAIPY JKaFaaiiblHa OpEKeTTEeCTipy apKbUIbl anblHFaH 1,3-okcaso-
JUAVHII CHHTE3ACY/IiH IaManapsl KepceTiireH. Exi ogicrieH ablHFaH OKCA30JIMANHHIH (QU3HKA-X IMUSIIBIK
TYpakTbUIaphl yKcac OoibInm MBIKTHL. AJbiHFAH 4-(4-((4R,5R)-3,4-1uMeTnin-5-(eHUIT0KCa30IUIMH-2-11)-
(dheHmT)MOP(ONTUH KYPBUIBIMBIHBIH KOH(OPMAIIMOH/BI EPEKIIENIKTEpi KOHE ¢ OHOJIOTHSIIBIK KacHeTTepi
Oonamrarsl 30p Oonbinm TaObuTampl. COHBIMEH KaTap IIBIFBIM MEH akbIPFBl OHIMHIH TY3LTy CHIIaThIHA
KOHBEKIIMOHBI JKOHE MHKPOTOJIKBIH/IBI KBI3JBIPYIBIH dCepi CanbICTRIpMAasl Typae 3eprrenai. 4-(4-((4R,5R)-
3,4-numeTnin-5-(eHmIokca3oauauH-2-11) heHIIT)MOPQOIINH JKaHA TeTePOIMKIIBIK KOCTIACHIHBIH KYPBUIBIMBI
UK- men AMP 1H-cneKTpocxorm;[ JKOJIBIMEH JIQJIENIEHII.
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Interaction of d-treo-2-methylamino-...

C.Jd.®a3buio, O.A.Hypkenos, 11.B.Kynakos, A.E.ApuHoBa,
K.b.Carnaesa, C.3.3akapun, A.XK.Hcaesa, I'.2)K.Kapunoga, /[.C.McabekoBa

B3aumopeiicrBue d-Ttpeo-2-mertniiaMuHo-1-genni-1-nponanona
¢ 4-mopdoamiIdeH3anbAeruA0M B yCJI0BUAX KOHBEKIIMOHHOI0 HATpeBa
1 MHKPOBOJIHOBOM AKTHBALMHU

B cratee mpuBeneHBI JaHHBIC 1O CHHTE3Y 1,3-OKCa30JMIMHA B3aHMMOJCHCTBUEM d-Tpeo-2-METHIAMHHO-1-
(enmn-1-nponanona ¢ 4-MopQonuIOeH3aNBACTUIOM B YCIOBUSIX KOHBEKIIMOHHOTO HAarpeBa W MHKPOBOJI-
HOBOM akTuBamu. Iloka3aHo, 9T0 GU3MKO-XUMUUECKHE KOHCTAHTHI 1,3-0KCca30iMarHa, MOTYIeHHOTO 000H-
MH METOJaMH, OKa3aluch UaeHTHYHbIME. [Tonydenusiii 4-(4-((4R,5R)-3,4-mumeTni-5-heHNI0KCa30IuANH-2-
ni)heHnT)MOphONHH SBIISETCS BEChMa MEPCISKTHBHBIM B IUIaHE U3yYeHHs KaK KOHPOPMAIMOHHBIX 0COOCH-
HOCTEW CTPOEHUs, TaKk M OMOJOTHYeCKUX CBOHCTB. IIpoBeneHo cpaBHUTENbHOE H3yUeHHE BIMSHUS KOHBEK-
IIIOHHOTO ¥ MUKPOBOJIHOBOTO HarpeBOB Ha BBIXOJ M XapakTep 00pa3oBaHUs KOHEUHOTo npoaykra. CTpoeHue
4-(4-((4R,5R)-3 ,4-mumeTnn-5-dennnoxcazonuant-2-wi)permn)Mopdoiiaa gokazaHo ganasivu K- u IMP
'H-cnexTpockonuu.

Cepust «Xumusi». Ne 3(79)/2015
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O.A.HypKeHOBI, T.M.CeﬁnxaHOBz, C.I[.dbasmeBl, A.)K.I/IcaeBal,
C.K.Ka6HeBa3, A.T.TaKI/I6aeBa3, A.B.TaTeeBa4, A.E.ApI/IHOBal

' Hucmumym opeanuyeckozo cunmesa u yenexumuu Pecny6nuxu Kaszaxcman, Kapazanda;
’Koxwiemaycxuii 2ocydapemeennsiil ynugepcumem um. Ll Yanuxanosa,
3 Kapazanounckuii zocydapemeennbiii mexuuueckuil yuugepcumen;
‘Kapazanounckuii 2ocydapcmeennviii ynueepcumem um. E.A.Byxemosa
(E-mail: nurkenov_oral@mail.ru)

IHony4eHne u UccaeI0BaAHUE CYNIPAMOJIEKYJISPHOI0 KOMILIEKCAa BKJIKYECHUS
JIYNIMHUHA € B-UMKJI0AeKCTPUHOM METOI0M cnieKTpockonuu SIMP

B crarse usyuenst oguomepusie (‘'H i °C) u aBymeprsie (COSY, HMQC) crekrpsr IMP nymuuuna, -
IUKJIOJEKCTPHHA M UX KOMIUIEKCOB BKJIIOUeHUs. OnpereneHsl H3MEHEeHHsI 3HAUYSHUH XMMHYECKUX CIIBUTOB
anep 'Hu "°C cy6erpara u penentopa B cBOGOIHOM COCTOSHHMH M B COCTABE KOMILIEKCA. [10 M3MEHEHHIO Be-
JUYAH XUMWYECKHUX CIIBHTOB JYIHMHHHA M [-IUKIOJEKCTPHHA B CBOOOJHOM COCTOSHHH U B COCTaBe KOM-
TUIEKCOB BKJIFOUSHHUS YCTAaHOBJIIEHO 00pa3oBaHUE BHYTPHMOJIEKYIIPHBIX KoMIutekcoB. [1o pe3ynsraTtam ogHO-
U JBYMEPHBIX TOMO- M TETEPOSIIEPHBIX KOppesiiMi, a Takke SIMP-cnekTpockonMuecknx HMHTErpajbHbIX
JAHHBIX TOKAa3aHO, YTO MOJYYCHHbIC CYNPaMOJEKY/IAPHbIE KOMIUIEKCHI BKJIIOUEHHS JYNHUHUHA C B-LHUKIO-
JEKCTPHHOM HMEIOT cocTaB 1:1 ¢ MOJNHBIM BXOXKAEHHEM MOJEKYJbI JYIMMHHHA BO BHYTPEHHIOIO cdepy pe-
HenTopa.

Knioueswvie cnosa: ankanous JIyNUHAH, S-IUKIONEKCTPHH, ciekTpockomus SIMP.

B ¢apmarnieBTHYECKON TPOMBITILIEHHOCTH TPY MPOU3BOICTBE JICKAPCTBEHHBIX ()OPM HIMPOKO HCIOIb-
3yeTcsl MeTO KOMILIeKcooOpazoBanusl. CTaOMIBHOCTh 00Pa30BaHHBIX KOMIUIEKCOB OMOJIOTHUYECKH aKTUBHO-
rO BEIIECTBa W MHEPTHOT'O HOCHUTEIS 3aBUCUT HE TOJBKO OT XUMHYECKHX CBOWCTB aKTHBHOTO KOMIIOHEHTA,
HO W, B PaBHOH CTENEHU, OT CBOWCTB MOJICKYJ HOCHTENS. BakHBIMU TIpH TIOI00pE BEUIECTBA MATPHIIBI SIB-
JSIOTCS TAKKE KPUTEPUH, KaK O€3BPETHOCTh ¥ OMOJOCTYITHOCTb.

Bcem atHM TpeOOBaHMSIM COOTBETCTBYIOT ITMKIOAEKCTPUHEI [1]. XOpoImo M3BECTHOW OCOOCHHOCTHIO
LUKIIOJIEKCTPUHOB SIBISIETCA WX CIIOCOOHOCTH (hOPMHUPOBATH TBEPIbIE KOMIUIEKCH BKIIOUEHHUS (KOMITJIEKCHI
«XO3SIMH-TOCTB») C IIMPOKUM KPYrOM COCIMHEHHU 332 CYET MOJICKYJISPHBIX HEKOBAJICHTHBIX B3aUMOJIECHCT-
Buii [2]. B 3THUX KOMIUIEKCaX MOJEKYJbI TOCTS YACP>KUBAIOTCS BHYTPEHHEH MOJOCTHIO MOJIEKYJ ITUKIOEK-
CTpuHA (X03siMHA). BKiroueHre B IUKIOJCKCTPHH OKAa3bIBACT BIIMSHHUE Ha (DU3UKO-XHMHUYECKUE CBOWCTBA
MOJICKYJI TOCTS, B TOM YHCJI€ YBEIUYHMBACT PACTBOPUMOCTH ILIOXO PACTBOPHUMBIX coeiamHeHuil. HambGonee
WHTEPECHBIM SIBIIICTCS UCIIOJIb30BaHUE B KAYECTBE «TOCTS» MPHUPOTHBIX COSAMHECHUH, B YaCTHOCTH aJIKAJIOH-
Jla JIyIIMHAHA, TIPOU3BOIHBIE KOTOPOTO 00Jaal0T MPOTHBOBHPYCHOM, MPOTHBOOITYXOJIEBOM, TeaTONpPOTEK-
TOPHOH, IPOTUBOTYOSPKYIIC3HOU W aHTUXOIMHACTEPA3HON aKTUBHOCTEIO [3].

Jist monmyyeHust MHKANCYIMPOBAaHHON (POPMBI JTYMMHUHA UCIIOIB30BAaH METOJI COOCAXICHUS M3 BOIAHO-
ATaHOJIEHOTO PacTBOPa CMECH ayKaiouza JiynuHuHa ¢ B-iukimoaexctpuaoM (B-1I/1). A mmenno k 0,001 momn
CITUPTOBOTO pacTBopa ynuHuHa go6asisumu 0,001 moms BogHOTo pactBopa B-11J1 n Harpesam 10 50 °C mpu
MMOCTOSTHHOM TIePEeMENTUBAaHUH B TeUeHUE 5 4. BrImaBmmii 0caiok OT(WUIBTPOBAIH, IPOMBIBAIH alleTOHOM U
CYLIHMJIN B BaKyyMHOM cymmiisHOM 1kady mpu 40 °C B Tedenue 5 4.

Cuektpsl SIMP nymuamaa, B-IJ] n ux cympamomnekymisipHoro komruiekca cHuManu B JIMCO-dg Ha
ciekrpomerpe JINN-ECA 400 (400 u 100 MI'n Ha sapax 'H u () xommanuu «Jeol» MpOU3BOACTBA SMOHUM.
XUMHUYECKUE CIIBUTH H3MEPEHBI OTHOCUTEILHO CUTHAIIOB OCTATOYHBIX IPOTOHOB MJIM aTOMOB YTJIEpojaa JeH-
TEPUPOBAHHOTO JTUMETHICYIb(POKCUIA.

SIMP-CieKTpOCKOITMYIECKUIT METOJ H3ydeHUsT KOMITIEKCOOOpa30BaHUs OCHOBAH Ha YCTAHOBJICHUH pa3-
HUIBI B 3HAYCHHUSIX XUMHUYCCKUX CABUTOB PA3IMYHBIX AP MOJIEKYJ TOCTS M X03MHA B MHAWBUIYaIbHON U
cBsI3aHHOM (opmax [4, 5]. MHkancyaupoBaHue cyOcTpaTa COMPOBOXKAACTCS HEBAICHTHBIM (TUAPOPHUILHBIM)
CBSA3BIBAHIEM OIIPEIC/ICHHBIX aTOMOB, YTO MPHBOAMT K cMemenuto curuanos 'H n °C mo mxane 8. Takum
o0pa3oM, I MTOATBEPKICHHS CYIISCTBOBAHHS KOMILJIEKCA M YCTAHOBJICHHS €T0 CTPYKTYPHBIX XapaKTepH-
CTHK HEOOXOJMMO MPOU3BECTH CPABHUTEIILHBIN aHATN3 CIIEKTPOB CyOCcTpaTa U penenrtopa B CBOOOIHOM CO-
CTOSIHUY ¥ B COCTaBe KOMILIEKCA.

SMP 'H cnektp unauBumyansHoro B-1IJ (puc. 1) xapakTepusyeTcst MpOSBICHHEM MIECTH IPYII CHI-
HaoB. HanGosee HU3KOMONBHBIN AyOJIETHBIM CUTHAN B auamnaszoHe 5,71-5,73 m.a. ¢ pacmerenueM 4 '
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MPUHAJUICKUT MPOTOHY THAPOKCUIBHOMN TpyIsl ipu atome C-2. Taxke B 00sacTu ¢1ab0ro Mo pe3oHUpy-
et npotoH OH-rpymmel coceanero aroma (OH-3), Haxomsmuiicss BO BHYTpEeHHEH MOJOCTH MOJICKYsl L[]
(0=5,66 Mm.x., nyonert). JlyOnaeTHbiit curaan B oonactu 4,77-4,78 m.a. cootBercTtByeT nmpotony H-1. Pacmo-
JIO’)KEHUE YKa3aHHOTO MPOTOHA B OoJiee cllaboM ToJe 1o cpaBHEHHIO ¢ mpotoHamu Apyrux CH-rpynm oOy-
CJIOBJICHO BIMSTHHUEM CO CTOPOHBI aToma Kuciopoaa. ['mnpokcunsHas rpynmna OH-6 pe3oHupyer, paciernis-
sICh Ha TPHUILIET ¢ IieHTpoM 4,48 m.a. B obiactu cuibHoro moss (3,49-3,60 m.1.) HaOMogaeTCsl HAaKOIJICHUE
curHanoB H-6 a, b MeTwiieHOBO# rpynmbl. BeicOKOMHTEHCHBHBIN cUTHAN pH 3,45 M.J. COOTBETCTBYET MPO-
toHaM H-3 u H-5 rmokonupano3noro 3BeHa. B auanazone ot 3,23 mo 3,32 M.JA. OpOSBIAIOTCS METUHOBBIC
npotousl H-2 m H-4.

H3

37

-

5
L Héas

42
1 (ma)
Pucynok 1. IMP 'H criextp B-11J1

Vrneponusiii cektp B-LIJ (puc. 2) npeacTaBiser coboil MaTh CUrHaIoB saep C 3MEMEHTapHOTrO 3Be-
Ha. B CHUIBHOTIONIEHOM YacTH MPOSBISETCS cuTHAI aroma yriepoaa C-6 (6=60,41 m.xa.). Curnamnst npu 72,49,
72,85 u 73,51 m.a. ooycnosiensl atromamu C-5, C-2 u C-3 coorBeTcTBeHHO. B 001acTu Gosiee ¢iiaboro moss
(82,02 1 102,41 m.x1.) HaOmonaroTcsa curaaisl aToMoB yriaepoaa (C-4 u C-1 coOTBETCTBEHHO), HEMOCPECT-
BEHHO CBSI3aHHBIX C COCEIHUM IIIOKOIIMPAHO3HBIM 3BEHOM Ue€pe3 KUCIOPOJHbII MOCTHK.
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Pucysnok 2. IMP °C cnexrp p-LUJI
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O.A.HypkeHos, T.M.CewnnxaHoB v ap.

C nomomipio JByMepHbIX criektpos B-1IJI B popmarax COSY (‘H-'H) ¥ HMQC (‘H-"C) (puc. 3, 4)
OBUIM YCTaHOBJICHBI TOMO- M T€TEPOSJICPHBIC B3aMMOJICHCTBUSI COOTBETCTBYIONIHX SIEP TIIOKOMUPAHO3HOTO
3BCHA.
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Pucynok 3. COSY (‘H-"H) SIMP criekrp B-IMKIOAEKCTPHHA
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Pucynok 4. HMQC ('H-">C) SIMP criektp P-IMKIOAEKCTPHHA
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Obpatumcs k SIMP cnekTpam MHOMBHIYaTbHOW MOJIEKYJBI-TOCTS. B obmactu cuiapHoro mons (1,03—
1,64 m.a. m 1,75-1,91 m.1.) IIMP cnekrpa mynuauHA (pUC. 5, 6) HAOMIOMAIOTCS CUTHAIBI HHTCHCHBHOCTBIO
10H u 4H cootBetcTBeHHO TTpoTOoHOB CH)- 1 CH-rpymmm cucTteMbl KOHIEHCHPOBAHHBIX Kouretl. JlyOimeTHbIiH
cursai npu 2,65-2,67 m.1. ¢ uarerpaiom 2H MoxHO oTHeCTH K mpoToHaMm BropuuHoro atoma C-10. Haubo-
Jiee ciabonoabHbIN curHai (3,47-3,59 M.J.) IpUHAIISKAT METHIICHOBBIM npoTtoHaM npu OH-rpymme.
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Pucynox 5. MonenupoBannsiii IMP "H cnektp nynuHuHa
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Pucynok 6. IMP 'H cniextp nynuauna

B yrnepomnom cmnektpe cybctpara (puc. 7, 8) HabmomaioTcsi § TPy CUTHAIOB, OIWH U3 KOTOPBIX
(40 m.11.) oTHOCHTCS K atomMaM yriiepoaa pacteopurens AMCO. MeTuiieHoBbIe TPYIIIBI CUCTEMBl KOHICHCH-
pOBaHHBIX KoJsen pe3oHupyior npu 21,62 (C-3), 25,40 (C-8), 27,40 (C-7) u 29,35 (C-4). MeTHHOBBIC yTIIe-
ponubie atombl C-6 u C-5 1aroT CUTHANBI ¢ XUMUYeCKUMH caBuramu 25,75 u 41 m.1. Hanbonee Bricokouac-
TOTHBIE curHaNbI pu 57,28, 60,45 u 64,66 M.o. MoxHO oTHecTH K aTomam C mpu retepoatome azora (C-2,
C-10, C-9) u Broprunomy C-11.
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O.A HypkeHos, T.M.CelinxaHoB 1 gp.
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Pucynok 7. Monenuposanssiii SIMP BC crextp JIyIMHUHA

©) (1)

Awnanus aBymepusix crnextpos COSY (‘H-'H) 1 HMQC ('H-"C) (puc. 9, 10) mo3Bomna ycTaHOBUTE
TOMO- U TeTepOsACpHbIC B3aUMOJACHCTBHA B MoJekyne cyocrpata. Koppemssuun COSY, ocymecTBisemMbie
4yepes3 TPU CBA3H, ONpeesieHbl MEXKIY MPOTOHAMH CUCTEMBI KOHACHCHPOBAHHBIX SICP MOJIEKYJIbl TyIMHUHA
(puc. 11). B3anmoaeHcTBUS yTIIEpOIHBIX aTOMOB C TIPOTOHAMH Yepe3 OJHY CBI3b CXEMAaTHUSCKH OTOOpae-

HBI Ha pUCyHKe 12.
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Pucynok 8. IMP °C crextp nynuuuua
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Pucynox 10. HMQC ('H-"C) cniextp nynunnsa
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O.A HypkeHos, T.M.CelinxaHoB 1 gp.

Pucynox 12. Cxema xoppemsmuit HMQC (‘H-"C) MOJIEKYJIBI TyITHHHA

B mporecce mHKanCyMpoBaHus MPOUCXOAUT HEBAJICHTHOE CBS3BIBAHUE aTOMOB, YTO OTpaXKacTcs Ha
XMMHYECKUX CIBHTaX CUTHAIIOB. DKBUBAJCHTHBIC CHTHAJBI POTOHOB KOHJCHCUPOBAHHBIX sIJIEp JTYIMHMHAHA
TIPOSIBIISIIOTCS B CIIEKTpe KoMIuiekca BmrodeHws ¢ B-11J1 B mnamazonax 1,00-1,62 u 1,76—1,92 m.x. (puc. 13).
Curnan metuieHoBoro nporoHa npu OH-rpymre B pe3yibTare KOMITICKCOOOpa30BaHMs CMEINASTCs B 00-
nmacth 3,49-3,50 m.1.

5,55+ 3l 331330 248

i 4.331 OH
E —4.70 ~
00453 /B{d)\ 247 r 12
_é 5.58
10.035 o
E 432 38
E ) ( ( ﬂ-asﬁ
E R
% 00253
H 3 352
4 3
0o s343t /(11) (10)
E r 65
fUinE 3,65
3 2 66
E 386 . f
o
i 14.14 605 T2 3182 15719 200
55 50 45 40 15 20
Chemical Shift (ppm)

Pucynok 13. IMP 'H criextp xommexca nymuausa ¢ -1

Jlast ipotoroB B-1IJT 06pa3oBaHme KOMIUIEKCA BKIIOUCHHS COMPOBOKAACTCS CMEIICHHEM Beex siaep 'H
B o0nacTh ciaboro moss. HauGonpmas pa3Huiia B 3Ha4eHUSAX XuMudeckoro casura (Ad=+0,10-0,12 m.x.)
xapaktepHa BHyTpuchepHbsiM nporoHam H-3 u H-5, Ha ocHOBaHMH Yero MOXHO CJIeNIaTh BBIBOJ 00 00pa3o-
BaHUHU BHYTPEHHETO (MHKIJIFO3MOHHOT0) KOMILIEKCA C JIYMMHUHOM (CM. Ta0J1.).
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Tab6nuna

Xumuuyeckmne CABUTH lH 4 13C JYNIUHUHA l/lﬂ-uﬂ B CBOOOJITHOM COCTOSIHHM U B COCTaBe KOMILIEKCa

3HaueHue o) B cBOOOJHOM | 3HauCHHE O B COCTABE KOM- V3meHeHne XumcaBura
I'pynna
Ne atoma COCTOSIHUH, M.]I. IJICKCa, M.]I. AS(8-8p), M.1I.
CH, () [ 30 () [ %0 AS(H) [ A8(PO)
Jlynunun

2 —CH,-N 1,90 57,29 1,92 57,28 0,02 0,01
3 —CHy— 1,36 21,62 1,34 21,59 —0,02 —0,03
4 —CHy— 1,34 29,35 1,32 29,33 —0,02 0,02
5 >CH- 1,58 41,01 1,57 41,03 0,01 0,02
6 >CH- 1,17 25,58 1,20 25,69 0,03 0,11
7 —CHy— 1,65 27,40 1,64 27,42 0,01 0,02
8 —CHy— 1,37 25,40 1,38 25,40 0,01 0

9 —CHy— 1,82 64,66 1,83 64,62 0,01 —0,04
10 —CH,-N 2,66 57,29 2,66 57,28 0 0,01
11 —CH,-OH 3,56 60,45 3,55 60,49 0,01 0,04

B-I{uknonexcTpuH

1 >CH- 4,77 102,43 4,79 102,68 0,02 0,25
2 >CH- 3,27 72,87 3,30 72,90 0,03 0,03
3 >CH- 3,49 73,54 3,61 73,69 0,12 0,15
4 >CH- 3,30 82,00 3,33 82,15 0,03 0,15
5 >CH- 3,45 72,52 3,55 72,66 0,10 0,14
6 —CHy— 3,57 60,40 3,61 60,56 0,04 0,16

B ciydae yriepomHBIX CHEKTPOB CyOCTpara, perenTopa U WX KOMIUIEKca HaOirromaercs 0oyiee 3HAYH-
TEJIHHOE CMEIIICHUE CUTHAJIOB.

40.71740.50
0030 4 OH

an

Pucynok 14. IMP "*C cniextp xomruiekca nyrmausa ¢ B-LIJJ

VYrIiepoHpIM BTOPHYHBIM aTOMaM KOHICHCUPOBAHHOW CHCTEMBI MOJICKYJIbI JIYTHHHHA COOTBETCTBYIOT
cur"aiel ipu 21,59, 25,40, 27,35 1 29,33 m.a. Curnan C-6 METHHOBOM TPYIITEI HabmIomaeTcs mpu 25,69 m.o.
Bricokogactotasie curaansr atomMmoB C-2, C-10, C-9 u C-11 Takxe mpeTepriey He3HAYUTEIbHBIC CMETIICHHUS
[0 LIKaJe XUMHUYECKOTO CABUIa U MPOSBIstoTCs npu 57,28, 64,62 u 60,56 m.a. s yriepoaHbIX aTOMOB
B-LI/] pa3uuma B 3HadeHmsIX 0 konebnercs B npeaenax 0,03—0,25 m.a. (puc. 14, tadmn.). CTpykTypa cynpamo-
JIEKYJISIPHOTO KOMILIEKca moaTBepyxaeHa Take manasivia COSY (‘H-"H) (puc. 15).
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Pucynok 15. COSY ('H-'H) cnexrp xommekca nynusauna ¢ f-11J1

Takum 00pa3oM, Ha OCHOBaHUH MONy4YeHHBIX SIMP naHHBIX, a Tak)Ke ¢ YIETOM CTPYKTYPHBIX OCOOCH-
HOCTEW MOJICKYJI cyOcTpara U perienTopa MOXKHO MPEATIONI0KHUTE CISAYIONIYI0 CXeMY BKIIFOUEHUS JIYITMHUHA
B nosocthb B-LIJ (puc. 16).

Pucynok 16. O6pa3oBanue KOMIUIEKca BKIIOUEHUS TynuHiHA ¢ B-11/]
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Takum 00pa3zom, Mo pe3yabTaTaM OJHO- M JBYMEPHBIX TOMO- U TETEPOSICPHBIX KOPPEIANU, a TaKKe
SIMP-cieKTpOCKONIMYECKUX HCCIICIOBAHUM TMOKAa3aHO, YTO IOJIYYEHHBIE CYIpPaMOJIEKYISPHBIE KOMIUIEKCHI
BKJIFOUEHUS JTYITMHUHA C B-IUKIOJEKCTPUHOM UMEIOT cOCcTaB 1:1 C MONHBIM BXOXACHUEM MOJEKYJIbI JIyITH-
HUHA BO BHYTPEHHIOIO Cepy perenTopa.
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O.A.Hypkenos, T.M.Ceiiinxanos, C.JI.da3su1oB, A.)K.Vcaesa,
C.K.Kabuesa, A.T.Takei0aeBa, A.b.TareeBa, A.E.ApsiHOBa

AMP cnekTpockonus dici AapKbLIbI JYNMHUHHIH B-IHMKJI0AeKCTPUHIE eHTi3iJreH
CYyNpaMoJIeKyJSAPJIbIK KelIeHIH ally K9He 3epTTey

JIynuHUHEHIH, B-LHKIONEKCTPHHHIH KOHE ONapablH eHrizinren keurewimin Gipemmemmi (‘H u "*C) xome
exioemmemui (COSY, HMQC) SIMP cnekrpinepi 3eprrenre. boc kyiineri cyocTpar meH penenTopAbIH jKoHE
KHBIHTBIK KypaMblagarsl 'H skone *C s1ponapbiHbIH XHMUSIBIK KbUDKY MOHIEDIHIH ©3repyi aHBIKTAIIbL.
JIynmuHHH MEH [-IHKIOASKCTPUHHIH 6OC KYHiHZEri jKoHEe Kypama >KHBIHTBIKTAD KYPaMbIHBIH XHUMHSJIBIK
JKBUDKY IaMallapbIHBIH e3repyi OOMBIHINA IITKI MOJICKYNANBIK JKHUBIHTBHIKTAPABIH Ty3Ulyl nonennenni. bip-
JKOHE EKiOJIIIEeM]Ii, TOMO- YXOHE TeTepOSIPOIIEI apaKaThIHACTBUIBIK HOTYDKECI apKBIIbI, COHBIMEH Katap SIMP-
CNIEKTPOCKONHUSIIBIK MHTErpaiiap/ibiH Oepinrenaepi OOMbIHIIA aNblHFAH JIYNMHUHHIH [-LIUKJIOJEKCTPUHIE
SHTI3UITeH  CYNPaMOJICKYJIAPIIBIK KUBIHTBIFBIHBIH KYPaMbl JIyIIMHHH MOJIEKYJIAChl DPELEeNTOPABIH iIIKi
cajachliHa TOJbIK 1:1 KaThIHACHIH/IA CHETiHI KOPCETIIIeH.

O.A Nurkenov, T.M.Seilkhanov, S.D.Fazylov, A.Zh.Issayeva,
S.K.Kabieva, A.T.Takibayeva, A.B.Tateyeva, A.E.Arinova

Synthesis and studies of supramolecular inclusion complexes
of lupinine with B-cyclodextrin by NMR spectroscopy

In this work dimensional (‘H and "*C) and two-dimensional (COSY, HMQC) NMR spectra of lupinine, -
cyclodextrin and their inclusion complexes were studied. The changes in the values of 'H and "*C chemical
shifts of receptor and substrate in the free state and in the complex were determined. The formation of inter-
molecular complexes was found to change the values of the chemical shifts of lupinine and B-cyclodextrin in
the free state and in the composition of the inclusion complexes. The results of one and two-dimensional ho-
mo- and heteronuclear correlations and NMR spectroscopic integrated data showed that the resulting
supramolecular inclusion complexes of lupinine with B-cyclodextrin have a composition of 1: 1 with entry
methylamine lupinine fragment into the inner sphere of the receptor.
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Research of complexation of quercetin with tin (II)
in water — ethanol medium

In this work the interaction between quercetin and tin (IT) ions in water-ethanol medium was studied. The op-
timal conditions of the complex formation were found for the system: quercetin — tin (II) — water — ethanol by
using spectrophotometric method. The influence of different factors on complexation was investigated.

Key words: spectrophotometric method, quercetin, tin (II), water — ethanol medium, complex formation, fla-
vonoid.

At the present time tin is widely used in the ferrous and nonferrous metallurgy, food processing indus-
try, organic synthesis [1]. Due to the intensive application of tin in various spheres of ability the problem of
tin’s determination in various objects is very actual. Thus, there is a necessity to develop the sensitive, selec-
tive and simple methods of its determination. For this problem solution, the spectroscopic and, in particular,
spectrophotometric methods are expediently used. Methods are simple for realization and accessible for
equipment, therefore they are often applied in practice of chemical laboratories.

Application of ligands of organic reagents is perspective because the potential useful complex should
have enough acidic and basic groups located for formation of steady five- and six-membered chelate cycles
with metal ions. In this connection complexes of tin with phenolic compounds are of great interest. A nu-
merous group of natural polyphenols are flavonoids, which are good complexing agents [2].

A typical and easily accessible flavonoid is quercetin (Fig. 1) [3].

OoH O

Figure 1. Quercetin

From this point of view, quercetin is recommended as valuable biologically active substance with wide
spectrum of action and effective low toxic antioxidant of fat-containing food products and medicines. How-
ever the characteristic property of quercetin is insolubility in water that complicates its using as medical
drug.

24 BecTHuk KaparaHguHckoro yHusepcureTa



Research of complexation of quercetin...

Many complexes of quercetin with other metals have been described in literature [4]. However infor-
mation of tin (II) complexes with quercetin is practically absent. In this connection studying of the oppor-
tunity of tin (II) and quercetin complexation in water-ethanol solutions is of great scientific and practical in-
terest.

Experimental

Reagents. All chemicals were of analytical-reagent grade. A standard solution of tin (II) was prepared
by dissolving an exactly weighed amount of SnCl,-2H,0O in distilled water and was standardized volumetri-
cally using sodium chloride [5]. Quercetin solution was prepared by dissolving of appropriate amount of rea-
gent in 96 % ethanol.

Apparatus. UV-vis absorption spectra were recorded in the spectral range of 200—700 nm against water
using SHIMADZU 1800 spectrophotometer equipped with 1 cm quartz cells. Absorbance of solutions was
measured using CPhC-3 photometer. Akvilon pH meter was employed for pH measurements.

Results and discussion

The preliminary experiments showed that tin (II) reacted with quercetin in water-ethanol solutions to
form a yellow-green compound. The UV-vis spectrum of initial flavonoid showed two absorption bands,
while complex showed three ones (Fig. 2). And besides the first two bands were identical for both samples:
250 nm and 375 nm. However, as regards the complex spectrum, it is shown that the third absorption band is
appeared at 440 nm. Thus UV-vis spectra proved the formation of a new quercetin — tin (II) complex in wa-
ter — ethanol medium.

2,000

1,500

Abs.

1,000

0,500

-0,080 : .
200,00 300,00 400,00 500,00
nm.

Figure 2. UV-vis spectra of quercetin (@) and its complex with tin (II) (b)

When selecting optimal conditions for complex formation it was necessary to research the influence of
different factors on this process.

Effect of time. During the preliminary experiments it was determined that an absorbance of the complex
was changing within time. As it is seen from Figure 3, absorbance increases during 15 minutes, then it de-
creases slowly and remains constant after 40 minutes from the beginning of the experiment. Thus, further
researches were made after 15 minutes from solutions’ preparation.
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Figure 3. Kinetic curve of tin (II) — quercetin complex Figure 4. Effect of solvent

Effect of solvent. As it was mentioned earlier, quercetin is insoluble in water, but it can be successfully
dissolved in many organic solvents, in particular, in ethanol. As regards quercetin — tin (II) complex, its sol-
ubility in water is also not good. For this reason, further experiments were carried out in water — ethanol me-
dium. It was established, that if the content of ethanol was lower 30 % vol., complex formed a precipitation.

In the Figure 4 the dependence of quercetin — tin (II) complex absorbance on solvent’s concentration is
presented. As the received results show, with the increase of ethanol concentration, the absorbance of com-
plex solution increases too up to 80 % vol. and then it goes down. The character of the curve obtained allows
to propose that water molecules in the inside coordination sphere of tin (II) ions are substituted by the etha-
nol ones. This process is accompanying with the growth of absorbance. When alcohol content becomes more
than 80 % vol. the substitution of quercetin molecules by the ethanol ones occurs. That’s why further de-
crease of the absorbance is observed. Therefore, it can be proposed, that alcohol molecules comprise in com-
plex’s structure.

Conclusion

Thus, as the result of complexation reaction between quercetin and tin (II) a new compound was syn-
thesized and optimization of reaction conditions in water — ethanol medium was carried out. It was shown
that the complex formation depended on time and ethanol content in the system. It was also established that
ethanol molecules could be included in the structure of the complex.
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A.N.Xanurosa, H.J[.Kymekosa, A.®.Kypmanosa

Cyabl — 3TaHOJABI OPTA/la KBepUeTUHHIH KajnaiibiMeH (1) koMiuiekc Ty3yiH 3epTrey

Makanana CyJbl-3TaHOJIIbI OPTaja KBEpLUETHH MeH Kanaiiel (1) noHmapsl apacelHAarbl opeKeTTecysiep 3epT-
tenai. CiekTpohOoTOMETPHSUIBIK 94iCTi KOJIAaHy apKbUibl kBepueTuH — Kanaibl (II) — cy — aTaHoN *&yitecinae
KOMIUIEKC TY3UIyZiH OHTAMIbI JKarmainapsl TaOeuiasl. KemenHin TysinyiHe op Typ:ni (axTopriapaslH acepi
3epTTEeNIi.
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HccnenoBanne KoMILIeKcoo0pa3oBaHus KBepueTuHa ¢ 010BoM (I1)
B BOJIHO-3TAHOJILHOM cpejae

B crarbe n3ydeHo B3aMMOICHCTBHE MeXIy KBepLeTHHOM M MoHamu onosa (II) B BogHO-3TAaHONIBHON cpee.
Boutn HalineHs! onTUManbHEIE YCIOBHS 00pa30BaHUs KOMIUIEKCa B CUCTeMe KBepleTruH — o100 (II) — Boga —
9TaHOJI C KCIOJIB30BAHUEM CIIEKTPO(OTOMETPHUUECKOTO METOA. BhIIO HMcclieoBaHO BIHMSHHE Pa3lIUYHBIX
(akTopoB Ha 00pa30BaHNE KOMILIEKCA.
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Study of complex formation of Cs’, Zr02+, Sm3+, Eu’' ions
with histidine in aqueous solutions

Complexation process of Cs*, ZrO**, Sm** Eu®* ions with histidine in aqueous solutions were studied using
pH-titration method in the temperature range 298-318 K and ionic strength from 0.1 to 1. The stability con-
stants of complex formation and thermodynamic parameters of complex formation (AH, AG, AS) were calcu-
lated on the basis of the experimental data.

Key words: histidine, metal ions, thermodynamics, enthalpy, free Gibbs energy, entropy.

Water is involved in the construction of biological structures, and plays a structural and functional role.
The authors [1] showed that structure of bio-compounds was changes under the influence of water at study-
ing the sorption and desorption of water proteins. It is known [2, 3] that the intermolecular interactions in the
system «water-molecule» define the solubility of the compound and its ability to engage in a variety of bio-
logical transformation. Amino acid molecules, acting as monomer units of the protein can be used as model
in the study of biological processes.

Crystalline of amino acids is formed bio-polar ions or zwitter-ions, i.e., proton protonates an amino car-
boxyl group in the same molecule [4]. Papers [5, 6] clearly demonstrate that the molecular crystals of molec-
ular packing are subject to the principle of close packing.

Introduction of water molecules in the structure of amino acids, i.e. formation of co-packaging of small
molecules of water and large molecules of basic compound is possible, if the solvent molecules can stay so
as to realize the conditions for the formation of hydrogen bonds. Studying of metal ions with histidine mole-
cule in hydrated state in aqueous solutions is very actual problem in field of biochemistry.

This paper presents the results of studying of the interaction of metal ions (Cs*, ZrO*", Sm*", Eu*") with
histidine aqueous solutions.

Experimental

The pH-metric measurements were carried out on the pH-meter of mark Metrohm 827 pH lab with
combination electrode. Initial solutions (concentration of 10~ mole/L) of metal salts and amino acids are
prepared from salts accurately weighed. All standard solutions contained background electrolyte NaNQO;.
Stirring was carried out using solutions rotor magnetic stirrer. The thermostat UTU-mark 2/77 was used in
experiments with a given temperature range. The free ligand concentration p[A] =—Ig[A], the preliminary
formation constants of the complexes were calculated by the method of B’errum.

Results and discussion
Reactions of protolytic equalibriums of histidine in aqueous solution can be written as:
HN-C-CHNCH,CH(NH,")CHCOOH « H'+ HN-C-CHNCH,CH(NH, )CHCOO™
pK=1.82
and

HN-C-CHNCH,CH(NH," )CHCOO « H'+ HN-C-CHNCH,CH(NH)CHCOO™
pK =9.00

It is established that, in the interval of pH > 7.5 result in cleavage of a proton from protonated nitrogen
atom in the solution should appear anionic form amino acids (Fig. 1).
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Figure 1. Dissociation of ionogenic groups of amino acids depending on the acidity of the medium

Anionic form of histidine must be appeared in a result of (Cs’, ZrO*", Sm’", Eu*") profor from
profonated nitrogen atom in solution. This potentially results in an increase of the diffusion coefficient of
metal ions.

Amino acids largely loses their ability to form hydrogen bonds with the solvent, and the ion motion in a
viscous medium is inhibited to a lesser extent.

The effect of the displacement of the protons from protonated ligands by the metal ions (Cs®, ZrO*,
Sm’", Eu’") is clearly observed in the case of complexation of amino acids.

The stability constants of complexes formed in result of interaction of metal ions with histidine in aque-
ous solution of at 298,15 K (background electrolyte is NaNOs) are presented in Table 1.

Table 1
The stability constants of complexes formed in result of interaction of metal ions
with histidine in aqueous solution
1gf
Process 1=0.1 1=025 =05 1=0.75 I=1
Cs" + HNC-CHN CH,CH(NH,)CHCOO" 4.23 3.94 3.45 2.97 2.48
7rO”"+ HNC-CHN CH,CH(NH," )CHCOO" 11.64 11.65 11.63 11.65 11.89
Sm’" + HNC-CHN CH,CH(NH, )CHCOO 4.39 6. 61 7.98 9.81 11.66
Eu’ "+ NC-CHNCH,CH(NH, )CHCOO 15.33 15.35 15.36 15.39 15.42

The concentration stability constants of amino acid complexes with metal ions were converted into sta-
bility constant at zero ionic strength of the equation with one individual parameter [7] (Table 2):

Ji
lgB, —AZ*A———==1gB, +bI,
C 1+ \/7 0
where 1gB¢ and Igp, are logarithms of stability constants at finite and zero ionic strength of the solution; AZ*
is difference of charge in squares of the products and initial substances of reactions; A is limiting factor of

Debye-Huckel theory; b is empirical coefficient.

Table 2
The stability constants (Igp) of complexes of histydine with metal ions at 298.15 K, 7=0
Cs 7r0*" Sm’ Eu”’
4.42 10.26 3.81 15.32

Tables 3—6 show the results of calculations of thermodynamic parameters of complex formation pro-
cesses.

Cepusa «Xumuns». Ne 3(79)/2015 29



Sh.K.Amerkhanova, O.A.Golovanova et al.

30

Table 3
Thermodynamic parameters of complex formation of histidine with Sm** ions
under the influence of the ionic strength in the aqueous medium
I | 298K | 303K 308K | 313K | 318K
A H; , kl/mole

0.1 543.53 405.40 267.27 129.14 —8.98
0.25 291.39 301.32 311.24 321.17 331.09
0.5 183.04 189.27 195.50 201.74 207.97
0.75 445.26 113.38 -218.50 —550.38 —882.26

1 690.00 26.99 —636.01 —1299.00 —1962.00

—-A, G}, kl/mole

0.1 25.1 37.76 45.55 56.02 67.84
0.25 32.93 42.65 48.62 60.64 73.78
0.5 40.76 47.53 51.69 60.04 69.40
0.75 48.59 52.42 54.76 54.22 54.69

1 42.28 57.31 57.83 43.18 29.65

—A,S7 . J/mole-K

0.1 1908.18 1487.15 1049.77 621.36 1970.51
0.25 1088.35 1154.27 1207.62 1281.26 1358.67
0.5 751.00 794.66 829.52 878.47 930.79
0.75 1657.24 556.40 549.44 1664.94 2777.06

1 2457.34 282.91 1940.18 4214.18 6484.44

Table 4

Thermodynamic parameters of complex formation of histidine with Cs" ions

under the influence of the ionic strength in the aqueous medium

I | 298K | 303K | 308K | 313K | 318K
A, H; . kl/mole
0.1 477.98 223.04 —31.88 —286.81 —541.74
0.25 456.95 222.00 —12.94 —247.89 —482.84
0.5 421.92 220.27 18.62 ~183.02 —384.67
0.75 386.89 218.54 50.19 ~118.15 —286.5
1 351.85 216.80 81.76 —53.28 ~188.33
—-A,Gj . kl/mole
0.1 24.15 22.49 19.72 16.95 14.18
0.25 29.94 28.10 25.03 21.95 18.88
0.5 24.64 21.38 15.95 10.52 5.09
0.75 23.71 24.35 25.40 26.46 27.52
1 22.84 22.32 21.44 20.57 19.69
—A,S7 . J/mole-K
0.1 1685.00 823.96 40.79 905.55 1770.32
0.25 1633.90 839.29 40.56 758.16 1556.90
0.5 1498.50 810.94 116.04 578.85 1273.75
0.75 1377.90 815.07 253.70 307.67 869.04
1 1257.40 802.45 346.34 109.76 565.86
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Table 5
Thermodynamic parameters of complex formation of histidine with ZrO** ions
under the influence of the ionic strength in the aqueous medium
I | 298K | 303K | 308K | 313K | 318K
A, H} . kl/mole
0.1 119.25 123.30 127.37 131.43 135.49
0.25 121.63 125.77 129.91 134.05 138.2
0.5 125.37 129.64 133.91 138.18 142.45
0.75 129.28 133.68 138.09 142.49 146.90
1 133.20 137.73 142.27 146.80 151.34
-A,G; . kl/mole
0.1 66.42 66.50 66.40 66.5 66.57
0.25 68.42 68.54 68.50 68.66 68.81
0.5 70.42 70.58 70.60 70.83 71.04
0.75 72.42 72.62 72.70 73.00 73.27
1 74.42 74.66 74.80 75.17 75.51
—A,S; . J/mole-K
0.1 623.05 636.95 650.28 664.19 678.07
0.25 637.75 652.05 665.87 680.27 694.65
0.5 657.02 671.89 686.34 701.39 716.41
0.75 676.86 692.31 707.42 723.13 738.83
1 696.70 712.73 728.50 744.88 761.24
Table 6

Thermodynamic parameters of complex formation of histidine with Eu®" ions
under the influence of the ionic strength in the aqueous medium.

I | 208k | 303K | 308K | 313K | 318K
—A H; . kJ/mole
0.1 0.01 0.01 0.01 0.009 0.01
0.25 0.12 0.12 0.13 0.131 0.14
0.05 0.34 0.35 0.36 0.375 0.39
0.75 0.51 0.53 0.55 0.562 0.58
1 0.68 0.70 0.73 0.75 0.77
—-A, G} . kl/mole
0.1 87.49 87.59 87.7 87.86 88.029
0.25 87.49 87.58 87.69 87.85 88.017
0.5 87.49 87.58 87.68 87.84 88.006
0.75 87.49 87.58 87.68 87.84 87.994
1 87.49 87.58 87.67 87.83 87.983
—A,S7 . J/mole-K
0.1 293.56 289.03 284.70 280.68 276.78
0.25 293.19 288.65 284.29 280.26 276.35
0.5 292.45 287.89 283.51 279.45 275.53
0.75 291.88 287.30 282.90 278.83 274.88
1 29131 286.71 282.29 278.20 274.24

It is shown that with the increasing of temperature and ionic strength the endothermicity of complex
formation in the histidine-metal ion increases. The linear dependence between the enthalpy of the complex
formation reaction of histidine and absolute temperature is shown [7].

It is known that the complexation processes in aqueous solutions in the case of compounds with
heteroatomic ligands are characterized by the entropy value above —84 J/(mole-K).
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In this case, entropy increment with increasing of amount of the background electrolyte, and tempera-
ture can be explained by a number of effects related to the restructuring of hydrated of layer ions in the com-
plex formation reaction, and with the advent of in the solution of «free» water molecules, which is the result
of processes of structuring of the solvent, i.e., water.

It has been found that the growth of background electrolyte concentration and temperature increases
endothermal processes of complexation of metal ions with histidine, therefore, in such systems the stability
of complexes in the range 298—-318 K will drop with absorption of heat.

The relation between the stability constants of metal-amino acids’ complex and the enthalpy of for-
mation of these complexes are considered. The result was obtained by a linear relationship between these

parameters with a correlation coefficient R* =0.9968 .
The established simultaneous nature of the between IgB and A H, allows thermodynamic stability of
similar composition and structure of the complex.

References

1 Amino Acids, Peptides and Proteins in Organic Chemistry. Vol. 5. Analysis and Function of Amino Acids and Peptides /
Andrew B. Hughes (Ser. Ed.). — Wiley-VCH Verlag GmbH & Co. KgaA. — 2011. — 508 p.

2 Amino Acids, Peptides and Proteins in Organic Chemistry. Vol. 1. Origins and Synthesis of Amino Acids / Andrew
B.Hughes (Ser. Ed.). — Wiley-VCH Verlag GmbH & Co. KgaA. — 2009. — 734 p.

3 Abrosimov V.K., Agafonov F.V., Chumakova R.V. Biologically active substances in solutions: structure, thermodynamics, re-
action ability. — Moscow: Nauka, 2001. — 403 p.

4 Strasdeit H. Recent developments in the prebiotic chemistry of amino acids // Orig. Life and Evol. Bios. — 2010. — Vol. 40,
No. 6. —P. 515-516.

5 Kislik V., Eyal A. Competitive complexation/solvation theory of solvent extraction: general statements, acid extraction by
amines, influence of active solvents and temperature // J. Chem. Technol. and Biotechnol. — 2003. — Vol. 78, No. 2, 3. — P. 358-
363.

6 Umecky T., Omori S., Kuga T., Funazukuri T. Effects of hydroxyl groups on binary diffusion coefficients of a-amino acids in
dilute aqueous solutions // Fluid Phase Equil. — 2008. — Vol. 264, No. 1,2. — P. 18-22.

7  Willams David R. Thermodynamic Considerations in Coordination. Part VII. Solubility of the Hlstldme — H', System and
Stablhty Constant free Energies, Enthalpies and Entropies of Protonation of Histidine and of Formation of his Mn**, F e2+ Co®", Ni*',
Cu?" and Zn** complexes //'J. Chem. Soc. — 1970. — Ser. A, No. 9. — P. 1550.

[II.K.OmepxanoBa, O.A.I'onoBanoga, /[.C.benridaera, A.C.Yomu, ®.C.O0nikeH

T . + + + +
CyJanbl epitingineri metaju uonaapsi Cs ', ZrO*, Sm**, Eu’
MEH 'MCTHIUH apachbIHAArbl KellleH TY3UIYyiH 3epTTey

Makanana temneparypa 298-318 K xone umonaplk kym 0,1-1 apanbiFblHIa THUCTUIMH MEH MeETall
normapsisbe (Cs', ZrO*', Sm**, Eu®") kewren Ty3iny kabineri pH-MeTpiik THTpIIey OfiCiH KOTIAHy apKBLIbI
3epTTenyi. AJBIHFAH HOTIDKENEpre COWKeC KEIIeH TY3Ldy HPOLECiHIH KOHCTaHTa TYPaKThUIAPbI, COHBIMEH
KaTap TepMOJMHAMUKAJBIK napamerpiepi (AH, AG, AS) ecentemninmi.

[I.K.AmepxanoBa, O.A.I'onoBanoga, /[.C.benprubaesa, A.C.Yamu, ©.C.AGaukeH

+ + + +
HccnenoBanne koMiuiekcooOpazoBanus HoHOB Cs ', 7rO* R Sm’ R Eu’
¢ THCTHIMHOM B BOJHBIX PacTBOpax

B craThe IpoLecch KOMILIEKCOooOpa3oBanus ructimmba ¢ nonamu (Cs*, ZrO?*, Sm**, Eu*") 6bum usyuensi ¢
npuMeHeHneM Merona pH-MeTpuueckoro TuTpoBaHus B oonactu Temneparyp 298-318 K ot 0,1 mo 1. Ha oc-
HOBAaHUHM TOJyYEHHBIX JAaHHBIX ObLIN MPOBEAEHBI PACUEThl KOHCTAHT yCTOIUMBOCTH 00pa30BaHHs KOMIIIEK-
COB, a TAK’Ke TEPMOJIMHAMHYECKHIX MTapaMeTPOB MPOLECCOB KoMmImiekcooOpaszoBanus (AH, AG, AS).
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HccnenoBanne CTPyKTYPHBIX 0COO€HHOCTE HAHOKOMIIO3UTHBIX MATEPHAJIOB
Ha ocHoBe [I9T® TpekoBHIX MEMOpPaH U HAHOTPYOOK 30J10Ta

B cratbe paccMoTpeHa BO3MOXKHOCTh CHHTE3a U IPAKTHYECKOIO IPUMEHEHHS KOMIIO3UTHBIX MaTEpHaIoOB Ha
ocHoBe [IDT® TpexoBBIX MEMOpaH M HAHOTPYOOK 30JI0TA, CHHTE3UPOBAHHBIX METOJOM XHMHUYECKOTO TEM-
miaTHoro cunre3a. COBpeMEHHBIMH (H3HKO-XUMHYECKHIMH METOJaMH HCCIIE0BaHa KPUCTAJUINYECKas
CTPYKTypa CHHTE3HPOBaHHBIX KOMNO3UTOB. Ha mpumepe MonenbHON peaknuMH BOCCTAHOBIEHUS #-HUTPO-
¢denona (4-NP) no n-amunodeHona (4-AP) B npucyTcTBum Oopruapuaa HaTpust Oblia M3ydeHa KaTaluTH4e-
CKasi aKTUBHOCTh KOMIO3UTOB coctaBa Au/II9T® B untepsane temneparyp 25-40 °C. DddexTuBHOCTS Ka-
tanu3atopoB Au/II9T® aBTOpHI OlIEHMBAIH MO H3MEHEHUIO KOHCTAHThI CKOPOCTH PEAKIMU U CTENIEHU KOH-
Bepcun 4-NP B 4-AP. HaiineHo, 4To npu npoBeieHNH peaknuy cBbime 35 °C HaOIIoqaeTcst 3aMeTHOE CHIDKe-
HHUE aKTHBHOCTU KOMIIO3UTOB, YTO MOXET OBITh O0YCIIOBIIEHO CTPYKTYPHBIMU U3MEHEHUSIMH B CaMHUX 00pa3-
[lax, a IMEHHO YBEIMYECHHEM CpeIHero pasMepa kpucrammroB ¢ 7,31+1,07 no 10,3543,7 M. DddexTus-
HOCTb CHHTE3MPOBAHHBIX KOMIIO3UTHBIX KaTaIU3aTOpa OCTAETCS MIPAKTUUECKH HEU3MEHHOU IIPU IPOBEJCHUI
4 nuknoB ucnbITaHuil u ymensiaercsa Ha 20 % u 46,4 % nocine npoBeeHus 5 ¥ 6-ro IUKIOB UCIBITAHUI.

Knioueswie crosa: TpekoBble MEMOPAHBI, HAHOKOMITO3UTHI, TEMIUICHTHBIA CHHTE3, HAHOKATaIN3, HAHOTPYOKH
30J10Ta.

Bseoenue

C MoOMeHTa IepBOro NOIyYeHHs U IMOCJIEAYIOIIEro 3allycKa MIPOMBIIUIEHHOI'O IIPOU3BOJICTBA AJEPHBIX
TpekoBbix MemOpaH (TM) Bo BTopoi#t noioBuHe XX Beka B MEMOpaHHOM Hayke Hadanachk HOBas 3pa [1]. He
CIly4yaifHO CpeAr MHOXECTBA CYLISCTBYIOUINX BUIOB MOJMMEPHBIX MeMOpaH oco0oe BHHMaHHE YIEIIETCS
UMEHHO TPEKOBBIM MeMOpaHaM. Oco0bIif IMIYJIEC HAYKOEMKOMY PACIIUPEHUIO ITOTO HHTEPECHEHIIero Ha-
IIPaBJICHUS PUIAJIO CTPEMHUTENBHOE Pa3BUTHE HAHOTEXHOIOTUH U Smart-MaTepuaioBeACHUSL.

[Ipaktnueckoe npumeHenne TM yxe 1aBHO HE OrpaHUYMBAETCS MPOCTON QUIbTpauneil. DTH YHUKAIb-
HbIe 00BEKThl HAHOTEXHOJIOTUI IIMPOKO IPUMEHSIOTCS B COBPEMEHHOM MaTe€pHUajoOBEACHUH B 00IaCTH Ka-
Tanmu3a [2], MeMOpaHHONH HAHOCEHCOPHKH [3], 2IeKTpOXUMHUHN [4] W HAHOAICKTpOHUKE [5]. 3HAYNUTEITHHOE
YrCcI0 paboT MOCBSIMIEHO pa3paOdoTKe HOBBIX U YCOBEPLICHCTBOBAHHUIO YK€ MUMEIOIIUXCS TEXHUK U METOJHUK
OCKACHHUA PA3INYHBIX MaTepuanoB B kaHaisl TM [6, 7].

B Pecny6nuke KazaxcTan HpOMBIIUIEHHOE MPOM3BOACTBO TM Ha OCHOBE MOJUATHICHTEpedTaIaTa
(IT9T®D) ycneniHo peanusyercs Ha 6asze yckopuTens Tsokeasix noHoB JI11-60 B r. Acrane. B HayuHBIX J1a00-
paropusix MeXIUCUUIUIMHAPHOTO HAyYHO-UCCIIEA0BATEIbCKOTO KoMITIeKeca Ha 0a3e yckoputens AL1-60 yc-
HEIIHO IPOBOJSTCSA HayuHble U3bICKAaHU 110 TpuMeHeHuo TM B kauecTBe 11a0JI0HOB AJIs1 CUHTE3a yIops0-
YEHHBIX MacCUBOB MeTaunueckux HaHocTpyKTyp (HC) u n3yueHuro ux CTpyKTypbl U CBOUCTB. JlOCTUTHYTHI
onpenencHubie yerexu B cuaTe3e HC cepebpa [8, 9], 3010Ta [10], Mmeau [11], MeTayuIoB MOATPYIIIHI XKele3a
[12, 13].

Cepust «Xumusi». Ne 3(79)/2015 33



A.A.MaweHueBa, [1.6.6oprekos u ap.

Becbma nHTEpeCHBIMU OKa3alHuCh TEPBUYHBIE PE3YIbTATHl IO XUMHUECKOMY CHHTE3y HAaHOTPYOOK 30-
nota [14]. Ilytem Momudukanuy pacTBOpa aKTHBAIIMN paHee OBUIM CHHTE3MPOBAaHBI HAHOTPYOKH CMEIIaH-
Horo cocraBa Au/Ag/TIDT®, obnagaromire 0ojiee BBIPAKEHHOM KAaTAIMTHYCCKOH aKTHBHOCTBIO, MCCIIEIO-
BaHHOHM Ha PUMEPE MOJICIIFHON peaki BOCCTaHOBIIEHHS n-HUTpodeHona (4-NP).

B nanHOl paboTe TpencTaBlIeHBI PE3yNbTaThl CHCTEMAaTHYECKOTO HCCIEIOBaHUS MOPQHOIOTHYSCKHX
M3MEHEHHUH B CTPYKTYpE KOMITIO3UTHBIX MaTepranoB Ha ocHoBe HT 30moTa u I[I9T® TM, BO3HHKAIONTUX ITPH
MPOBEJICHUH TECTUPOBAHMS KATAINTUYCCKONH aKTUBHOCTH YKA3aHHBIX KOMIIO3UTOB MPH PA3IHYHBIX TEMIIC-
paTypHBIX PEXKUMAaX.

3KCI’l€puM€HmaJZbHCZﬂ yacmo

Iloozomoska nonumeprnozo memniama. TpekoBble MeMOpaHbl OBLTH H3TOTOBJICHBI HA OCHOBE TTOJUAITH-
nenrepedranara (II9TD) tuna Hostaphan® mpousBoactsa ¢upmsl «Mitsubishi Polyester Film» (I'epma-
Hust). [lnenkn oOnmywanmn Ha yckopurene TsokenblXx HOHOB JII1-60 yCKOpEeHHBIMH HWOHAMH KpPUIITOHA
¢ sueprueii 1,75 MaB/uykion u dmoerncom 1,00E+09 non/cm”. Tpasienne MeMOpaH ocymecTBIsim B 2,2 M
pacTBope THIpoKcHuaa HaTpus mpu Temneparype 85+0,1 °C B teuenne 70 ¢ ¢ mocnemyroiei o0paboTKOM
B pacTBOpax Heirpanuzauuu (3,0 M pacTBOp yKCyCHOW KHCIIOTHI M IEHOHH3UPOBAHHON BOnbI). JlaHHBIE yC-
JIOBUSI XUMHUYECKOH 00pabOTKU pajnaliioHHO-MOJU(PHUIIMPOBAHHOTO MOJMMEPHOTO MaTepHana MO3BOJISIOT
MOJy4aTh W30TPOIHBIE TPEKH NPaBUIBHON LMUIMHApHYEcKOH (opmbl, nuamerpoM 80+7 HM. PazmepHocTh
TPEKOB ONPENEISIIM METOJIOM PacTPOBOM 3JEKTPOHHON MUKpockonuu (POM) u meTogoMm razonpoHuaeMo-
¢ty 1o ypaBHeHuio Xarena-Ilyaseins. J{ias uccnenoBanus CTPYKTYpbl 00pasioB cuHTe3npoBannbie HT oc-
BOOOXKIaIM OT MOJIMMEPHOro TeMILlaTa IyTeM ero pactBopeHus B pactsope 1,1,1,3,3,3-rexcadropo-2-
nponanona u xjaopopopma CHCI; (1:9 06. gacreit).

Cunmes xomnosumos cocmasa Au/I[12TD. XuMuieckoe 0CaKIACHNUE 30J10Ta B KaHAJIbI IPEIBAPUTEIBHO
CEHCHOMIM3MPOBAHHBIX U aKTHBHPOBAHHBIX MEMOpaH MPOBOAMIM COTJIACHO METOJIWKE, MPEIUIOKEHHON B
pabote [15]. B kauecTBe pacTBOpa 30JOYCHHSI HCIOIB30BAIH CYIb(GUTHBIA KoMmIuiekc 3omota (I) —
Na;[Au(S03),].

Cunre3 mucynbduroaypara (1) HaTpus BEITOTHSIIN COTIACHO TIpoIrieaype, onucanHou B [16]: 0,1 T Tet-
paxiopoaypata (III) Bonopona pactBopsuii B 0,5 M1 aqua regia W, MHTEHCUBHO NepeMELINBasi, HarpeBaIN
mpu 84 °C 10 MOJTHOTO UcmapeHus a30THoU kucnoThl. [locne mobasnenus 0,03 r xjopuma HATpUsS PACTBOP
BRITIapUBaIM Jaocyxa mpu 94 °C, mocie dero cyxod ocraTok TeTpaxsopoaypara (III) matpus pazbaBisuiu
1,8 M1 IEMOHM3UPOBAHHON BOJIBI M, HarpeBas mpu nepememuBanuy a0 80 °C, mobasmsum 0,1 T rugpokcuga
Oapusi, IpU 5TOM IIBET PaCTBOPa MEHSAETCSI OT JKEITOTO 0 TEMHO-SIHTapHOTO.

ITociie moOaBaeHMS KOHIICHTPUPOBAHHOI'O BOAHOTrO pacTBopa mienoun (0,06 r NaOH B 120 Mk BopI;
sHaueHne pH=6-8 peryiupoBanu nobasiennemM HCI/NaOH) pactBop ynapuBaiu aocyxa, mocie go0asiie-
Hus 1,8 MuI XONOTHOM BOABI OT(PHIBTPOBBIBAIN Ha (PIILTPOBAIBHON Oymare W MpOMBIBAIIN XOJOAHON BO-
noil. Ilocne yero moayyeHHBIM OCaJOK PacTBOPSIIU B 1,8 MJ XONOAHOU BOABI, MPU NMEPEMEIIMBAHUN HArpe-
Bast 10 50 °C, MOBTOPSUTH ONMMMCAHHYIO BHITIE TPOIEAYPY TPYIKIEL.

Koneunsrii ocamok pacTBOpsIH B 2,3 MJI BOJBI M TIPU TIepEeMEIIMBAaHUN HarpeBanu g0 60—65 °C c mo-
crenytomuM nobasinenreM 0,36 T cynbdura HaTpus (Peakuuio IPOBOAWIM B atMocepe a3oTa Bo n30exa-
HHE OKHCJICHHUS PacTBOpa KUCIOPOIOM Bo3ayxa). Peakiuio nmpomoimkamu 45 muH npu 60—65 °C, mabmomas
M3MEHEHUS I[BETa 0Cajgka B (PMOJETOBO-CHHHIM, IOCIE YEro PEeaKIMi0 OCTAHABIMBAJIH, OCAZOK MPOMBIBAIN
ropsueit Bogoit Ha puibtpe. [lomyuennsiit punbTpat Nas[Au(SO;),] xpanunu B atMmocdepe a30Ta B TEMHOM
cocyne npu Temiepatype 4 °C u ucronp30Bainy aanee 6e3 JOMONHUTEIbHBIX npoueayp ounucTku. [locie mo-
JIy4eHHsI pacTBOP XPaHWIH B aTMocdepe a3ora nmpu Temieparype He Boiiie 4 °C.

Cencubunm3anuio (MOBHILIEHHE YYBCTBUTEIBHOCTH) MOBEPXHOCTH TM mpoBoIMiiM myTeM oOpaboTKu
o0pa3ua MIeHKH B COISTHOKHCIIOM pacTBope xyopuaa ojiosa (IV). Ha cragun akTuBanuy uCnoiabp30Bajin pac-
TBOp akTuBauu coctara 10 % AgNO;, 25 % NH;, 3 % NaOH [14]. Bpemst akTuBanuu cOCTaBIsIO 5 MUH,
ocJie 9ero o0pasIisl MOCIeI0BaTEIFHO MPOMBIBAIIN B STHIIOBOM CIIUPTE M IEHOHU3UPOBAHHOM BOJE.

OcaxaeHue BBHIMOMHSIIN ITyTeM cMemenns 1 mi pactBopa 3omo4yenust Naz;[Au(SO;),] ¢ 10 M 0,127 M
Na,S0s, 0,625 M dopmanbaeruma u 0,025 M NaHCO; mipu pH = 11-12. B teuenue tpedyemMoro BpeMeHH
ocaxknenus (1 9) mogaepxuBamn Temmeparypy 4—6 °C. CxeMa XUMHYECKON PEaKITHNH BOCCTAHOBIICHHS 30J10-
Ta pUBEJICHA HUKE:

2Au(SO,)} + HCHO +30H™ — 2Au +4S02” + HCOO™ +2H,0

ITocne ocaxxaernst 0Opa3bl KOMIIO3UTOB TIIATENHFHO MPOMBIBAIH B 90 %-M pacTBOpe 3THUIIOBOTO CIHp-
Ta M B JICMOHU3UPOBAHHOW BOJIC, BBICYIITMBAIIM U XPAHUIIN HA BO3IIyXE.
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WccnenoBaHne CTPYKTYPHBIX OCOGEHHOCTEN ...

Hcceneoosanue cmpyxmypul u cocmaga noayu4eHHvIx 00pasyos

Pacmposas snexmponnas mukpocrkonus. ViccnenoBanue CTpyKTypsl U pazMepHocTd HaHoTpyOok (HT)
cepebpa M 30J10Ta MPOBOIIIIA Ha pacTpoBoM diekTpoHHOM MuKpockore JEOL JFC 7500F ¢ yckopsromum
HanpspkenueM 5,0 kB. KauecTBeHHBIN 1 KoJIMUYecTBEHHBIH aHanu3 cuHTe3upoBaHHbIX HC (mocne ynanenus
TTOJITMMEPHOTO TIa0JI0HA) HCCIEAOBAM Ha HHTErpUpoBaHHON cucTeme Mukpoananm3a iXRF EDS-2000 (Ox-
ford Instruments, BenukoOpuranus).

Penmeenoscrasn ougppaxmomempus. PeHTTeHOCTPYKTYPHBI aHaIM3 BBHIMOJHSUICS Ha AU(QPAKTOMETpPE
D8 Advance (Bruker, I'epmanns) ¢ ucrnonszosaaneM CuK -mmyuenns (Cu K, = 1,5406 A) u rpagurosoro
MOHOXpoMarTopa IUudparupoBaHHOro my4yka. Pexum pabotel TpyOku: 40 kB, 40 MA. Cuarue mudpakro-
TpaMMBI TIPOU3BOIMIOCE B yriaoBoM amamazone 2(0) 20-90° ¢ marom 2(0) = 0,07°, BpeMs HaKOILICHHUS
9 ¢/mar. Cpenuuii pasmep KpUCTAUIMTOB 00pasnoB peruiik HT3 B HampaBieHHH HOPMaIH K OTpakaromiei
TIocKocTH (hkl) OBIT OLEHEH MO YMIMPEHUIO pedIeKCOB PEHTICHOBCKOH AU(PPAKLMU C UCIONb30BaHHEM
dhopmyiet Llepepa (1), a Takxe ¢ mpuMEeHEHHEM pOTrpaMMHOTO makera WinFit.

_k-r
B-cosO’
rae d — cpelHHui pa3Mep KPUCTAJUITUTOB; 3 — IMUpHHA JU(PAKIIHOHHOTO MTHKA HA MOJIOBHHE BBICOTHI; A —
JUTMHA BOJIHBI M3Jy4YeHUs; 0 — mudpakimoHHbii yroi; k£ = 0,9.

Hccnedosanue kamanumuueckoti akmugrocmy. Peakumio BoccTanosaenus 3,78-10° M pactsopa 4-NP
110 4-amuHOdeHoNa (4-AP) B BoaHOI cpefe B mpucyTcTBHM 3,7810° M GOprumpuaa HaTpus MpOBOIMIHA
TIPH TTIOCTOSTHHOM TIEPEMEITMBAHNN TIPH 3aaHHON Temmeparype [2]. Bce paboune pacTBOpHI MPUTOTABINBA-
T B JEMOHM3UPOBaHHOM Boje. OOpaszen KOMIO3uTa pazMepoM 5x5 cMm momemanu B 50 MII peakIMOHHBIN
cocyll, OTOMpai aJMKBOTY 4epe3 KaxkIble 5 MUH M M3MEPSIIM ONTHYECKYIO IUIOTHOCTh B MHTEPBaje JJIMH
BostH 200—600 um Ha UV—Vis cnekrpodoromerpe Specord 250 BU (Jena Analytic, I'epmanus). Bee o6pas-
(bl KOMIIO3UTOB HCIIBITHIBAJIUCH IO 5 pa3, IOC/Ie KaKIOro LUKJIAa KaTajau3aTop NPOMBIBAIM TLIATENBHO B
JCMOHU3UPOBAHHOHN BOJIE, BRICYIIMBAJIN W WCIONb30BAIN B AAJbHEHIINX 3KCIIEPUMEHTax 0e3 KaKux-Inbo
JIOIIOJTHUTEJIBHBIX IPOLEAYP OUUCTKH WM aKTHBALMH.

Pesynomamot u ob6cyscoenus

B coBpemMeHHON XUMHM ¥ XUMUYECKOW TEXHOJIOTHH OJHOHN W3 OCHOBHBIX 00JIACTEH MpUMEHEHMs HaHO-
CTPYKTYp, HECOMHEHHO, sIBJIsieTCs KaTain3. CBUAECTEIBCTBOM TOMY SIBISCTCS ONEPEKAIONINI POCT MyOInKa-
1wl mo kKarammsy: 5,4 % pocTa mo cpaBHeHUIO ¢ 2,9 % I BceX HAYYHBIX IMyOJIMKAIMI 110 OTHOIIEHHIO K
nepuony 19962005 rr. [17].

[TonckoBeIi 3ampoc B 3JEKTPOHHON 0a3ze AaHHBIX Scopus (WWW.SCOpus.com) MoKa3all, YTO TOJBKO 3a
TIOCJIETHAE TIATHAIIATE JeT ObUI0 omyOumkoBano mouty 88000 Hay9IHBIX paboT, B KOTOPBIX aBTOPHI MOJTyda-
JIY ¥ U3y9aJId CTPOCHUE U CBOMCTBA pasnudHbIx HaHOCTPYKTYyp (HC) 30710Ta, ipu 3TOoM B Gostee uem B 11800
MyOIMKAIVSIX YIIOMUHAETCS 00 MCIOJIb30BAaHUU TEMIUICHTHOTO MeToja cuHTe3a u moutu 30 % crarei mo-
cesnieHo npumeHennro HC 3omota B katanuse.

[Homumepubie TM sBRsIOTCS THOKKMM ITAOJOHHBIM MaTepUAIOM Il CHHTE3a YIOPSAJOYSHHBIX MacCH-
BoB Metaummdeckux HC (B ciyuae ymaneHusl MaTpHIlbl) 1 HAHOKOMITO3UTOB (B Cllydae ucrosb3oBanus HC
0e3 oTaeneHus OT moiMMepHoi MaTpuibl). Ha pucynke 1 mpencrasienst POM mukpodoTorpaduum nmoepx-
HOCTEH M OOKOBOro CKoja KOMIO3uTOB coctaBa Aw/TIDT® TM, CHHTE3UPOBAHHBIX COIVIACHO OMMCAHHOU
BBITIIE METOUKE (TTPOIOIDKUTENBHOCTE ocaxkneHus 60 MuH), a Takxe maccuB HT 30110Ta mocie pactBopeHust
TeMILIara.

HeobxomumMo 0TMETHTS, 9TO B MPOIECCE XMMHYECKOTO OCAKICHHS HE IPOUCXOIUT 3a0MBaHUS TIOP, TaK
KaK OCakJIeHHE MPOXOJUT B MPUCTEHOYHOM IPOCTPAHCTBE W B KOHEYHOM DPE3yJIbTaTe BHYTPEHHSS MOBEPX-
HocTth HT 3010Ta ocTaercs akTUBHOM A nanbHEHIINX UcnibITaHUN. COrNacHO JaHHBIM 3KCTPY3UOHHOM T0-
pometpuu TonuHa HT 30m0Ta npu ocaxkaeHuu B TeueHue 1 4 cocraBuna 15,245 HM.
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bokosoti ckon Hanokomnozuma HT 3010ma nocne yoanenus memniama
Pucynoxk 1. POM cuumMku komnosuta cocrasa Au/I19T® TM

OJC cnextp HT mocne ynanenus monuMepHOd MaTpHUUbl (puc. 2a) yKa3bIBaeT, YTO CHHTE3UPOBAHHbIC
B kaHanmax [I9T® TM HaHOCTPYKTYpHI MOJTHOCTHIO COCTOSIT M3 30JI0Ta. JJ0CTOBEpHOCTh KOTUYIECTBEHHOTO
aHanM3a JOCTUTANACH ITyTE€M CHATHS IIATH CIIEKTPOB B PA3IMYHBIX 00JIaCTAX OmHOTO oOpasma. Ha BHemrHmx
CTeHKax HaHOTPYOOK ObLin 0OHapysKeHbI ciiefoBble konuuecTsa (0,92 %) cepebpa (MPOAYKTHI CTaIUHN aKTH-
BaIun).

Kpucramnmaeckas ctpyktypa HT 30mota moarBepskmaeTcsi NaHHBIMHA PEHTTCHOBCKOHM Iupaxiiun

(puc. 26).
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Pucynok 2. DJIC cnextp HT 301mota nocne ypanenus temiuata (a) u qudpaxrorpama Kommnosura (6)

Ha npencrasnennoii audpakrorpame otueyinBo Buansl muku (111), (200), (220) u (311), xapakTepHble
Ul KyOMdecKkH EHTPUPOBAHHOH (fcc) KpucTamnieckoi permerkn obpasma 3omota (oopazerr PDF N 4-784).
[Tpu sTOM momuHMpyromui Uk npu 2(0) =38,134° ykaspiBaet Ha opuenTaumto Au(l11). Amopdroe ramo B
peruone 15-35° u npu 53° aBnseTcs XapakTepUCTHYECKUM ATl monuMepHoro temmara (II19T).
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3navenus napamerpoB I'LIK suetiku ams kommosura Au/II9T®, a Takke gaHHBIE O pa3Mepax KpHucTai-
nuToB (oOnacreii korepentHoro paccesaust, OKP) u ux opueHTaluu B HCClaeayeMoM 00pasiie MpeacTaBICHbI
B Tabuune 1.

Taonuma 1
PenTreHomerpryeckne XapaKTepHCTHKH CTPYKTYPHOIO COCTOSIHASA KoMno3uTa Au/IIDTd

2(0), rpan hkl FWHM, rpan | Pasmep kpuctammutos, im | Cpennuii pasmep, uM | [lapamerp sueiiku a, A
38,140 111 1,071 8,20
44,423 200 1,545 5,80
64,251 220 1,335 7.34 7,3121,07 40801
77,735 311 1,349 7,90

Bri6op MonenbHON peakiuy BoccTaHOBIEHUS n-HUTpodenona (4-NP) no n-ammunodenona (4-AP) B
NPUCYTCTBUU Oopruzapuia Hatpus (puc. 3a) B mepByro odepenb 00yCIOBJIEH MPOCTOTOH CHEKTpOodoTOMET-
PHUECKOr0 aHalIM3a KUHETUKU PeaKkLHUU: UCXOJHbIM peareHT uMeeT MakcuMyM noriouieHus npu 400 HM, B
TO BpeMs Kak MPOAYKT peakuu — Ipu 299 HM.

B mpucyTcTBHM HaHOYACTHI METAIJIOB PEAKLUS UMEET IICEBIO0-TIEPBBIN MOPSAIOK PU YCIOBHH U30BITKA
BoccranoButenst (NaBH,) [18], uTo mo3BossieT rccneoBaTh KHHETUKY PEaKIMK 110 H3MEHEHHUIO KOJTMIECTBA
HCXOJIHOTO peareHTa. YMEeHbLICHHE MHTEHCHBHOI'O IOIJIOUIEHUS NMPSIMO MPONOPLHUOHATIBHO YMEHBIIECHUIO
konunuectBa 4-NP, mostomy B pacuerax npunumanu (C/Cop) = (4/Ap). Ilpu 3TOM cienyeT OTMETUTb, UTO B
orcyrcTBuu Karaiguzaropa Au/II9T® obpaszoanue 4-AP He HaOMIOAANOCH JaKe MPU YBEJIMYECHUH MPOIOII-
JKUTeIbHOCTH peakuuu a0 120 4. Ha pucyHke 36 mpeacraBicHbl rpapUuecKyue 3aBUCHMOCTH M3MEHEHUS
KoHIeHTpanuu 4-NP oT BpeMeHH MpoBeAeHHs PEaKLUH IIPH PA3ITUYHBIX TEMIIEPATYPHBIX PEKUMAaX.

—0 -o-25
4-NP —10 0,9 - =30
0,075 - l —20
o
% 35
40 0,6 - 440
0,05 - —50 <
- <
0,025 1  4-AP 037
0 w ‘ ‘ 0 '
250 350 450 550 0 20 40
wavelenght, nm t, MUH
a o

Pucynox 3. TunuuHsblii rpaduk 3aBUCEMOCTH ONTHYCCKON TIIOTHOCTH MOJICIBHOMN CHCTEMBI
0T NpoAoIDKUTENbHOCTH peakuuu 1t Au/TI9T® (a) n n3menenne koHueHnTpannu 4-NP
B 3aBUCUMOCTH OT TEMIIEPATyphl peakiuuu (6)

OddexTuBHOCTL KatamuzaTtopoB [ITd/Au orieHUBaIN 110 U3MEHEHUIO KOHCTAHTBI CKOPOCTH PEaKIUH
u 1o crernieHu kouBepcuu 4-NP B 4-AP. Hamu Ot moctpoens! rpadudeckue 3aBucuMoctu In(4,/A4p) = £ (1),
JMHENHHBIN XapakTep KOTOPbHIX MO3BOJISAET PACCUUTHIBATH KOHCTAHTY CKOPOCTH PEAKLMU KaK yroj HakJIOHA
npssMoii. B Tabnmie 2 mpemcTaBieHbl 3HAUYCHUS KOHCTAaHTHI CKOPOCTH pEakInu BoccTaHOBIeHUs 4-NP Ha
MOBEPXHOCTH U B 00BEME HUCCIIELyEMBIX 00pa3I0B KOMIIO3UTOB.

[Ipu 5TOM HHTEpEceH TOT (akT, YTO Npu TeMrepaType cBoiie 35 °C HabmaromaeTcss NOHWKEHUE KaTalu-
TUYECKOM aKTUBHOCTU KOMIIO3MTA, YTO BBIPAXKAETCS B CHUKEHUU KOHCTAHTBI CKOPOCTH PEAKILIUU U B CTETIICHU
KOHBepcHH HcxojHoro peareHra 4-NP. Ilpeanonaraem, 4to Takue HEOXKHIAHHbIE W3MEHEHHUS aKTUBHOCTU
KOMITO3UTOB MOT'YT OBITh BBI3BAaHBI CTPYKTYPHBIMH U3MEHEHUSIMH B camux obOpasuax Auw/II9T®. Hamu 6butn
IIPOBE/IEHBl IIOBTOPHbIE PEHTTEHOMETPUUECKUE U MUKPOCKOIIMUECKHE UCCIIEIOBAHUS IOBEPXHOCTH KaTalu-
3aTOPOB IOCJIE IEPBOro LIMKJIa TECTUPOBAHUS AJIS BCEX pacCMaTpUBAeMbIX TEMIIEPATYPHbIX peKUMOB. JlaH-
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HBIE PEHTTEHOCTPYKTYPHOTO aHallM3a YKa3bIBalOT, YTO MPH MOBBIILICHUH TEMIIEpaTypbl TECTUPOBAHUS Ha-
OmoaeTcsl yBeIMUSHHE CPeTHETo pa3mepa KpuctawmTos ¢ 7,31+1,07 no 10,35+3,7 am. YBenuuenue pas-
MEpOB aKTHUBHBIX IIEHTPOB Ha MOBEPXHOCTH KOMIIO3UTA IO CPABHEHHUIO C MCXOIHBIM oOpas3noMm (puc. la)
Takxe NOJTBepxAaeTCs cHuMKamu POM (puc. 4).

CTpyKTypHbIe M KHHeTHYeCKHe NapaMeTPhl KATAJUTHYeCKH aKTUBHBIX Au/IID TP

mocJjie TeCTUPOBAHUSA NP PA3INYHBIX TeMIiepaTypax

Tabnuma 2

N ) CreneHb
. °C 2(0), ikl FWHM, Pasmep Cpenauii HaPaMeTpA kX 10_1, KoHBepCuH
rpan rpan KPHUCTAJUTUTOB, HM | pa3Mmep, HM | s4eiKu a, MUH A-NP. %
38,221 111 1,045 8,40
44,546 200 1,914 4,68
25 64.540 220 1278 7.68 6,99+1,6 4,0786 10,00 77,88
77,491 311 1,481 7,18
38,080 111 1,193 7,36
44,320 200 1,816 4,93
30 64.892 220 1.097 8.96 7,46£1,8 4,0754 8,97 76,7
77,540 311 1,237 8,60
38,179 111 0,883 9,94
44,340 200 1,587 5,65
35 64.540 220 1177 8.34 9,44+3 .4 4,0829 15,32 84,2
77,416 311 0,769 13,83
38,240 111 1,001 8,77
44,320 200 1,503 5,96
40 64.670 220 0.687 14.29 10,35+3,7 4,0798 6,00 72,57
77,437 311 0,859 12,38

L i T
7/11/2014
WD _8mm 12:20:48

40 °C

Pucynoxk 4. POM mukpodoTorpaduu noBepxHoctu kommno3uros Auw/IIDTD
0CJIE IEPBOTO LHKJIA TECTUPOBAHKS IIPU PA3IMIHBIX TEMIEPATyPHBIX PEKUMAX

38 BecTHuk KaparaHamHcKoro yHusepcureTa



WccnenoBaHne CTPYKTYPHBIX OCOGEHHOCTEN ...

OnHol U3 BaKHEHWITUX MPOOJIeM pPa3padOTKU HAaHOPA3MEPHBIX KAaTalu3aTOPOB SIBISETCS MX pereHepa-
1M, TaK KaK AOCTAaTOYHO MPOOIEMATUIHO OTACTUTh HAHOYACTHUIIH OT PEAKIIMOHHON Cpepl 0 OKOHYAHHH
peakinu. B 3TOM mimaHe BecbMa yJOOHBIM SIBISIETCS 3aKpPETUIEHHE METAITMYeCKUX HAaHOYACTHIl HA TBEPAOI
MOJITIOKKE WIJIM HCIIONB30BaHHE KOMITO3UTHBIX (popMm KaTanmuzaTopoB. Hamu Obuta mccienoBana cTaOWib-
HOCTBh KOMIIO3UTHBIX KaTaJlM3aTOPOB Ha OCHOBE HAHOTPYOOK 3050Ta U [I9T® TM mnpu uX UCIBITAHUH B TE-
geHue 6 MOCIIeIOBATEIBHBIX IIUKIIOB (03 IPOBEICHUS IIPOLICIyPhI pereHepanun) npu temieparype 35 °C.

100 -
2 75
o
Z
< 50 A
[*N
=
o
o
Q25+
I
e

0

1 2 3 4 5 6
HOMEP LVKNa UCTIbITaHWi

Pucynok 5. DddexruBHOCTS KOMTIO3UTOB AW/ITIDT® npu npoBeACHUN CEPUH
MOCIIEZIOBATEIBHBIX HCTIbITaHui pu T=35 °C

Kak BuiHO W3 TIpejiCTaBIICHHBIX JaHHBIX, 3()()EKTUBHOCTD KATAIM3aTOPa OCTACTCS MPAKTUYECKU HEU3-
MEHHOW TpY TPOBEACHNH 4 IHUKIIOB HCIIBITaHWN 1 yMmeHbinaetrca Ha 20 % u 46,4 % mocie mpoBeneHus 5 u
6-r0 LIMKIJIOB UCIIBITAHUM.

Baxnouenue

[TommydeHHsIe B JAaHHOM paboTe pe3ynbTaThl OHO3HAYHO YKA3bIBAIOT HA OTPOMHBIN MOTEHIIMAT TpHUMe-
HEHUS KOMIO3UTOB cocTaBa Au/IIDT® B kadecTBe reTepOreHHOr0 KaTalln3aTopa PEakui BOCCTAHOBIICHUS
n-HUTpo(eHONa TPU JOCTATOYHO HU3KHX TemmepaTypax. Mccrmeayembiii KOMIIO3UTHBIN KaTalu3aTop MoKa-
3a]l YCTOWYHMBYIO PETreHEpaluio B TeueHHe 4-X TOCIeNOBATEIbHBIX HUKIOB HCIBITAHHA W MOXET OBITh
B JaJTHHEHIIIEM HCIIOIH30BaH KaK B JIAOOPATOPHOM, TaK M MPOMBIIUICHHON ITPAKTHKE.
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A.A Mamennesa, /{.b.boprekos, I.T.Huszo08a, A.A.MuryHosa

AuaTtbIH HaHOTYTiKIIe epi MeH IIDT® TpekTik MeMOpaHaJapbIHBIH Heri3iHAeri
HAHOKOMIIO3MTTI MaTepraIiapAblH KYPbLIBIM/BIK epeKIIeJpiKTepiH 3epTTey

Makanaza XUMHSJIBIK TEMIUIATTBIK CUHTE3 SiCIMEH albIHFaH alThiH HaHOTyTiKuesaepi MeH [I9T® tpekTik
MeMOpaHallapbIHBIH HETi3iHJeTi KOMIO3UTTI MaTepHaIJaplblH IpaKTUKagarbl KOJIAHBLIYBl XKOHE CHHTE3
MYMKIHIIJIKTepl KapacTeIpbUIFad. CHHTE3NENTeH KOMIIO3HTTEP/IH KPHCTAIIBIK KYPBUIBIMBI 3aMaHayd
(U3UKa-XUMISIIBIK  micTepMeH 3eprrenreH. Hartpmif GopruipuaiHiH KaThICYBIMEH n-HUTPO(EHONIBIH #-
aMUHO(EHOJIFa JIeHiH TOTBHIKCHI3IaHybl MOJENBAIK PeaKIUsICHIHBIH MbIcanbiHIa 25—40 °C Temmepatypaiapbt
apanbiFpiHaa Au/TIDT® kypamabl KOMIO3HUTTEPIiH KaTaTUTHKANBIK OenceHmimiri 3eprrenmi. Au/TIDTO
KaTaJIN3aTOPJIapbIHBIH THIMALTIT PEaKIUsAHbIH TYPAKThI )KbLUIIAMIBIFBIHBIH ©3repyi )KoHE n-HUTPODESHOIIBIH
n-aMUHO(EHONIFa e3repy Adpexeci OOMbIHIIA aHBIKTaNABL. Peakuumsusl 35 °C-meH Korapsl Temieparypana
JKYpPri3reHae KOMITO3UTTEPiH OeNCeHAUTIriHIH aifTapiblkraii TOMEHICHTIHI aHBIKTANAbI, Oy YATUTEpAiH
KYPBUIBIMIBIK ~ ©3T€piCTepiMeH MIapTTadybl MYMKIH, aTanm aifTkaH[a, KPHUCTAUIMTTEPJIH opTama
emmemuepiniy 7,31+1,07 am-nen 10,35+3,7 uM-re neitiH ecyi. ChIHAKTHIH alFalliKbl 4 MUK OapbICHIHIA
CHHTE3/ICITCH KOMITO3UTTI KaTaln3aToOpJIap IblH THIMIUIITT ©3repMeii/li, aj CBIHAKTBIH 5 OHE O-IIbI IUKIIH
OTKI3TeHHEH KeliH oyap by taimaitiri 20 sxoHe 46,4 % ToMeHIeH 1.

A.A Mashentseva, D.B.Borgekov, D.T.Niyazova, A.A.Migunova

Study of the structural features of nanocomposite materials
based on PET track-etched membranes and gold nanotubes

This paper describes the possibility of the synthesis and practical application of composite materials based on
PET track-etched membranes and gold nanotubes synthesized by electroless template technique. The crystal
structure of the synthesized composites was elucidated by advanced physical-chemical methods. Catalytic ac-
tivity of studied composites Au/PET was evaluated with model testing system such as reduction of p-nitro-
phenol (4-NP) to p-aminophenol (4-AP) in the presence of sodium borohydride in the temperature range
25-40 °C. Au/PET catalysts efficiency was evaluated via reaction constant rate as well as conversion degree
of 4-NP to 4-AP. It was found that above 35 °C there activity of the composites is decreased due to structural
changes of the samples i.e. by increasing of the average crystallite size from 7,31+1,07 up to 10,35+3,7 nm.
The effectiveness of the synthesized composite catalyst remained largely unchanged during the four consecu-
tive test cycles and was reduced by 20 and 46.4 % after the 5-th and 6-th of test cycles respectively.
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Automatic industrial water treatment plant for the production of steam
for boiler room JSC «Road construction materials», Karaganda

In the laboratory of Engineering Profile «Physicochemical Methods of Investigations» in the Karaganda State
University named after Ye.A.Buketov scheme of water softening was developed, on the basis of which JSC
«Road construction materials» manufactured by experienced industrial water treatment plant for boiler for
production of steam. Research indicates that this installation successfully replace traditional water softeners
and are promising for conducting water treatment in boiler rooms without hot separation of water.

Key words: steam, boiler room, chemical methods of water softening, hardness salts, industrial water treat-
ment plant.

The application of hard water is unacceptable in some industries, for example in heat-and-power engi-
neering, for example in boilers and heating devices is formed scum, which impairs heat transfer. Therefore
the rigidity is one of the water quality parameters that must be controlled.

Special methods of water softening are applied in need of use of a water source with high hardness. The
softening can be carried out by the transferring of hardness salts in soluble or coordination complex with the
addition of chemical reagents, distilled water, ion exchange method, the electrolysis with the use of coagu-
lants or flocculants.

The essence of chemical methods of water softening consists in the transffering of Ca*" ions and Mg
in compounds with limited solubility: calcium carbonate CaCO; and magnesium hydroxide Mg(OH),. Crite-
ria of a choice of a concrete method of solution purification are total hardness of crude (softened) water, the
cost and availability of precipitation reagents, the use of coagulants and flocculants. When softening the wa-
ter by salt precipitation, hardness salts is converted into next soluble compounds: calcium carbonate, magne-
sium hydroxide, trisubstituted phosphates.

Depending on the precipitator, ways of processing are called lime application, a codeswitching, phos-
phate coating. The main reason why to applied hard water, such much attention is paid to decrease in rigidi-
ty, mitigation, consists in ability of hydroxides, carbonates and hydrocarbonates of calcium and magnesium,
double salts of these metals to form the slightly soluble compounds which are postponed on heat exchange
surfaces, on walls of processing equipment and pipelines to put the forcing pumps out of operation. Water
softening is much cheaper than:

— demineralization,;

—regular cleaning or replacement of equipment;

— constant fuel consumption for the production of hot water, heat, steam.

The methods of its mitigation instrumental solutions and technological schemes are follow from the prop-
erties of salts causing the water hardness. The water filling boiler water treatment plant and being the head car-
rier is softened for 1-2 mEqu/l [1]. In the table 1 is showing qualitative classification of water by hardness.

Table 1
Qualitative classification of water by hardness
Water characteristics Concentration Ca2+, Mg2+, Hardness of water German degrees of hardness
mg-equ/l ppm CaCOs dH (dGH)

Very soft water 0-1.4 0-70 04

Soft water 1.8-2.8 88-140 5-8

Water of medium hardness 3.2-4.2 158-210 9-12

Pretty hard water 4.6-6.3 228-315 13-18

Hard water 6.6-10.5 332-525 19-30

Very hard water >10.5 > 525 >30
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In the laboratory of Engineering Profile «Physicochemical Methods of Investigations» in the Karaganda
state University named after Ye.A.Buketov scheme of water softening was developed, on the basis of which
JSC «Road construction materials» manufactured by experienced industrial water treatment plant for boiler
for production of steam.

Scheme water softening involves three processing method related to a single process line:

— the combined HEDPA (1-hydroxyethylene-1,1-diphosphonic acid);

— sodium silicate;

— electrolysis soluble aluminum electrodes.

The combined forms stable complexes with almost all cations, including cations of alkali and alkaline
earth metals. Salt deposition on the surface of the heat exchanger leads to a significant waste of fuel and wa-
ter resources. The use of chelating agents, dissolving scale, allows for periodic chemical cleaning of the
equipment, and the addition of phosphate chelating agents inhibits salt deposition.

The unique ability of phosphate-based chelating agents to show the effect of substoichiometric allows
through the introduction of micro-doses to avoid sludge formation even in supersaturated solutions.

Sodium silicate also softens water by binding cations Ca*” and Mg in the insoluble silicates.

The alkali metal silicates at a concentration of 10-25 mg/l — effective high-temperature corrosion in-
hibitors, regardless of the thickness in the internal metal surface of the heating layer of rust build a solid,
dense, but quite thin (20 um) protective layer.

Electrolyze. Currently, the most effective water purification methods are electrochemical. In contrast to
purely chemical, physical and mechanical range, improve electrochemical methods water quality parameters
most widely. Method of electrochemical treatment of water by processing the package parallel soluble elec-
trodes (electrocoagulation method) is widely used for waste water, industrial and natural waters, including
drinking water [2].

Experimental part

This causes various technical results: an increase in the degree of water purification from impurities,
suspended particles, water disinfection, improvement of its chemical properties and other. Treatment of wa-
ter in stagnant mode (static conditions) allows in a single volume all kinds of electrocoagulation processes:
polarization, electrochemical, hydrodynamic and concentration of coagulation. All three ways were united in
a single technological cycle for increase capacity, reduce reagent consumption and electricity. On the picture
is showing automatic industrial water treatment plant scheme:

1 —the reception c apacity

2 - the electrolyzer

3 - the filter

4 — the capacity for water softening
5 — the reagent dispenser

6 —the remote control automatic
7 —the pumps

Picture. Automatic industrial water treatment plant scheme

Water treatment plant belongs to the group of electrochemical water purifiers and consists of:

— tank heated and bubbling source water dispenser reagent No. 1 (complexone);

— flotation cell containing the cell with the electrode system of soluble aluminum electrodes, bubbling,
with dispenser reagent No. 2 (sodium silicate);

— filter cleaning softened water (porous granules);

— tank storage of the treated water;

— the automatic control system of technological cycle.
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In the JSC «Road construction materials for boiler feed water for steam production the water from two
sources wells and wells in the storage reservoir was used. Water from the two sources was investigated on
quality indicators, also for comparison was investigated water resulting from the operation of the plant.

Data source and softened water from well (Table 2, 3).

Qualitative indicators of source water

pH — 6.79; Color — no color; Odour — odourless; Sediment — no sediment
Hardness of water, mg-equ/dm’ general 6.50
carbonate  3.60

permanent 2.90
Solids content, mg/dm’ 617

The amount of mineral substances, mg/dm3 727
In the table 2 is showing the ionic composition of the source water:

Table 2
The Ionic composition of the source water
Cations mg mg-equ % mg-equ Anions mg mg-equ % mg-equ
Na" 90 3.91 38 CI' 77 2.16 21
K" 1.0 0,03 0 SO~ 216 4.50 43
[ 86 4.30 41 HCO;y 220 3.60 34
Mg™ 27 2.20 21 NO; 10,5 0.17 2
NH," 0.50 NO, 0.03
COs” <3.0
Total 10.44 100 Total 10,43 100

Qualitative indicators of softened water after the processing in the unit
pH — 9.4; Color — no color; Odour — odourless; Sediment — no sediment
Hardness of water, mg-equ/dm’ general 3.60
carbonate  3.60
permanent 0.00
Solids content, rng/drn3 820
The amount of mineral substances, mg/dm’ 904
In the table 3 is showing the ionic composition of softened water after the processing in the unit:

Table 3
The ionic composition of softened water after the processing in the unit
Cations mg mg-equ % mg-equ Anions mg mg-equ % mg-equ
Na 350 15.22 81 Cr 126 3.55 19
K 1 0,03 0 S0~ 192 4.00 21
Ca”™” 45 2.25 12 HCO; 165 2.70 15
Mg™ 16 1.35 7 NO; 7.4 0.12 1
NH," 1.00 0.06 NO, 0.45
CO;s” 24 68.2 44
Total 18.91 100 Total 13.57 100

Data source and softened water from the water-conduit well (Table 4, 5).
Qualitative indicators of source water
pH — 6.6; Color — no color; Odour — odourless; Sediment — no sediment
Hardness of water, mg-equ/dm’ general 14.36
carbonate  3.80

permanent 10.56
Solids content, mg/dm’ 923

The amount of mineral substances, mg/dm’ 1231
In the table 4 is showing the Ionic composition of the source water:
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Table 4
The Ionic composition of the source water
Cations mg mg-equ % mg-equ Anions mg mg-equ % mg-equ
Na' 132 5.74 38 CI' 103 2.9 21
K’ 1.0 0.03 0 SO~ 805 16.76 43
[ 255 12.73 41 HCOy 232 3.8 34
Mg”" 66 543 21 NO; 29.1 0.47 2
NH," 0.50 0.01 0 NO, 0.03 0 0
CO;~ <3.0
Total 23.94 100 Total 23.93 100

Qualitative indicators of softened water after the processing in the unit
pH — 8.7; Color — no color; Odour — odourless; Sediment — no sediment

Hardness of water, mg-equ/dm’ general 6.96
carbonate  3.80
permanent 3.16

Solids content, rng/drn3 925

The amount of mineral substances, mg/dm’ 1507

In the table 5 is showing the Ionic composition of softened water after the processing in the unit.

Table 5
The Ionic composition of softened water after the processing in the unit
Cations mg mg-equ % mg-equ Anions Mg mg-equ % mg-equ
Na’ 390 18.5 68.7 Cr 125 3,88 14.4
K 1.0 0.03 0.1 SO~ 576 17.03 63.3
Ca™ 145 7.2 26.7 HCOy 298 5.72 21.3
Mg 25 1.2 4.5 NO; 25.6 0.26 1.0
NH, 0,0 NO,° 0.0
CO;”~ <3.0
Total 26.93 100 Total 26.80 100

In the water treatment pilot plant it happen the following physico-chemical changes:

— almost completely disappears constant component of water hardness, due to the transition in the sed-
iment part of the anions;

— the pH increases towards alkalinity;

— the carbonates become bicarbonate;

— the cations Ca®" and Mg”" is replaced by Na" cations.

Obtained after processing in the installation of water:

— hard become soft;

— alkaline;

— colorless;

— odorless;

—no sediment;

— boils without scale;

— suitable for use in steam boilers.

Research indicates that this installation successfully replace traditional water softeners and are promis-
ing for conducting water treatment in boiler rooms without hot separation of water.
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Kaparanasl K. «/lopcTpoiimaTtepuanni» AK 0y skacayra apHajraH
KA3aH YLIiH aBTOMATThI OHAIPICTIK Cy JalbIHIAy KOHIBIPFBICHI

E.A.bexeroB atsiHnarsl KapMV (usnka-MexaHUKaIbIK 3epTXaHACBIHAA CYIbI )KYMCapTy CXEMachl JKacalibl,
onbIH Heri3iHze «JlopcTpoiimateprans» AK Oy enaipici OolbIHIIA Ka3aHFa apHAIFaH TKIPUOENi OHAIPICTIK
Cy JmaiiplHmay KOHIBIPFBICHIH Kacanm IneFapisl. JKYprisiireH 3epTreyiep HOTIDKECIHIE OChIHmail
KOHJBIPFBUIAP Cy JKYMCApTYIbIH JOCTYpIi YITICIH TAaOBICTHI aIMacTBIPATHIHBI XKOHE Ka3aHAapAa BICTHIK CY
Oeryci3 cyapl JallbIHIAY (Bl KYPTi3y YIIIH Keleneri 6ap eKeHi aHbIKTaNIbL.

A .M.Ilynos, E.C.Mycradun, X.5.Omapos, P.3.KaceHos,
N.M.Ilynos, [.XaBmnuek, K.A.CeBocTbsiHOBa

ABTOMaTHYeCKAasi IPOMBIIIJIEHHAS YCTAHOBKA BOJONOATOTOBKH /JIs1 KOTeJIbHOM
no npou3BoacTBy napa AO «lopcrpoiimarepuansi» r. Kaparanasi

B JIUIT «®XMMW» KapI'V um. E.A BykeroBa Obuta pa3paboTana cxema yMsATrdeHHs BOJIBI, HA OCHOBAaHHH KO-
Topoif B AO «JlopcTpoiiMaTrepHransl» U3rOTOBHIM ONBITHYIO NPOMBIIIJIEHHYIO YCTAaHOBKY BOIOINOJTIOTOBKU
JUIsL KOTETIbHOM TI0 MPOU3BOACTBY Mapa. B pe3ynbpTaTte mpoBeAEeHHBIX MCCIEIOBaHUH OBLIO YCTAHOBIIEHO, YTO
MoA00HbIE YCTAHOBKH C YCIIEXOM 3aMEHSIOT TPAJUIMOHHBIE CXEMbl YMSTUEHUS! BOJBI U SBISAIOTCS TEpPCIeK-
THUBHBIMHM JJIs BEJICHUS BOJONOATOTOBKY B KOTEJIBHBIX €3 ropsiuero Bogopaszoopa.
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The calculation of the thermodynamic functions of the hydrocarbon composition
of the light fraction of primary coal tar with the boiling point 175 °C

The calculation of the thermodynamic functions of the hydrocarbon composition of primary coal tar fractions
with the boiling point 175 °C is given in this article. Quantitative data of the elemental composition of prima-
ry coal tar fractions were used. The presence of hydroxyl and carboxyl groups (COOH, OH) in the primary
coal tar fractions has been determined by means of acetate method and neutralization with alkalis. It is shown
that dephenolized fraction obtained from hydrogenation product of primary coal tar fractions with boiling
point 175 °C is an effective donor and a hydrogen carrier. This fraction also is capable to inhibit polymeriza-
tion processes, stabilizing the radicals formed as a result of hydrogenation processes.

Key words: primary coal tar, thermodynamic calculation, hydrogenation, heavy hydrocarbon feedstock,
nanocatalysts, Gibbs energy, coal chemical process, thermodynamic functions.

In the hydrogenation process of heavy hydrocarbon feedstock (HHF) the most important task is to in-
crease the yield of liquid products by transferring hydrogen compounds, which give partially their hydrogen
atoms to the reaction mixture [1]. Such compounds are called hydrogen donor. As it is known as hydrogen
donor can be different solvents, fractions of coal tar, petroleum, heavy oil and its fractions. Thermodynamic
calculations allow to establish the optimal degree of saturation with hydrogen donor molecules [2].

It was shown that the hydrogen content in composition of the donor strongly influences on the values of
its thermodynamic functions and authors concluded that the effectiveness of H-donor is not determined by
the amount of hydrogen in its composition, but by the values of thermodynamic functions [3].

For thermodynamic studies of coal chemical processes, in particular, for the hydrogenation processing
of coal, primary coal tar and its fractions over a wide temperature interval, it is necessary to have data on the
value of the thermodynamic functions such as heat capacity, enthalpy, entropy, Gibbs free energy. At pre-
sent, there are no corresponding experimental data on the thermodynamic functions of the hydrocarbon com-
position of primary coal tar and its fractions, so in the literature, researchers pay more attention to the devel-
opment of theoretical and practical methods of calculation [4].

It should be notedthat thebasis of the thermodynamic functions calculationof the hydrocarbon
compositionis the additive schemefor the study ofmodel compounds’ reactivity. Additive method for calcu-
lating of the thermodynamic functions of model compounds included in the fragmented structure of primary
coal tar and its fractions was developed by Professor A.M.Gyulmaliev[5]. The proposed method is based on
the additive system where for the calculation of the temperature dependence of the thermodynamic function
in the temperature range from 298 to1000 K of hydrocarbons of arbitrary structure is defined a set of pa-
rameters. According to the additive scheme thermodynamic function is:

@, =20,
n

where f, is the value of the properties Fattributable to u-th type of structure group.

The list of atomic groups used to calculate of hydrocarbons’ thermodynamic functions and other organ-
ic molecules is given in [5]. For each group of atoms the values of C,(7), AH,93 and AS,s, are determined
from the corresponding data for the known models. The calculation of the temperature dependence of frag-
ments was carried out by a quadratic function:

j 2
C,(C/)=a+bT +cT",

where a, b, c — coefficients.
The changes of enthalpy and entropy of the molecule as a function of temperature is calculated as fol-
lows:
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T
AH, (T)=AH,u + [ AC,,, (T)dT ;

298

T
ASy (T) = ASyy + ATy + [ AC, , (T)d(InT);
298
_ Br. 2 Y73 3.
AH(T)—AH298+OL(T—298)+§[T —298 ]+§[T —~298° |;
T YT 2
AS(T) = AS,, + oln—— +B(T —298) +~[ 72 - 2987 |,
(T) = ASyyy +aln—o+B( +o] ]

where, oczZau; B:Zbu; ychu.
p i i

Gibbs free energywas calculatedby the formula:
AG(T)=AH(T)-TAS(T).

The data of elemental composition of primary coal tar fraction have been used to calculate of thermo-
dynamic functions of hydrocarbon composition of primary coal tar (PCT) fraction with boiling point 175 °C.
The presence of hydroxyland carboxylgroups (COOH, OH) in the fractions is determined by acetate method
and neutralization with alkalis. The values of thermodynamic functions of the hydrocarbon composition of
the initial fraction with boiling point 175 °C are given in Table 1.

Table 1
Thermodynamic functions of the hydrocarbon composition of the organic mass
of initial fraction of primary coal tar with beiling point 175 °C
T,K | C,,J-mol"-K" AH,kJ/mol-K S, J-mol™"-K™' AG,J-mol" K" | A®",J-mol™" - K"
298 386.390 —437.579 453.635 —421.181 453.635
300 388.709 —437.279 456.228 —421.074 453.644
400 496.698 —419.793 583.214 —418.202 470.276
500 589.116 -397.916 704.266 —420.127 505.075
600 665.962 —372.369 818.703 —426.674 547.905
700 727.237 —343.878 926.163 —437.619 594.350
800 772.940 —313.163 1026.429 —452.707 642.169
900 803.072 —280.950 1119.361 —471.667 690.096
1000 817.633 —247.961 1204.863 —494.218 737.360

C(p) =—3.55139E+01*(T — 298) + 7.28480E-01*(7"2 — 298"2)/2 — 3.61606E—04*(7"3 — 298"3)/3.

The values of thermodynamic functions (heat capacity of the process, enthalpy, entropy, Gibbs energy)
of the hydrocarbon fraction of PCT at 270 °C obtained from the hydrogenation of PCT fraction in the pres-
ence of nanocatalysts B-FeOOH, Fe,O; and Fe;0, in the temperature range from 298 K to 1000 K, are shown
in Tables 2—4. The conditions of hydrogenation PCT fraction at 175 °C are given as well.

Table 2
Thermodynamic functions of the hydrocarbon composition of the organic mass
of PCT fraction at 270 °C by the addition of nanocatalysts f-FeOOH
T,K C,,J-mol" -K™ AH, kI /mol-K S, J-mol™ K™ AG,J-mol™" K" | A®",J-mol™ K"
298 351.083 —1049.861 761.207 —1125.120 761.207
300 352.735 —1049.633 763.561 —1125.628 761.215
400 429.355 —1037.344 875.812 —1152.792 776.045
500 494.186 —1023.612 978.803 —1183.092 806.439
600 547.227 —1008.780 1073.771 -1216.126 843.186
700 588.481 —993.195 1161.376 —1251.585 882.469
800 617.945 —977.200 1242.011 —1289.209 922.443
900 635.620 -961.140 1315.930 —1328.770 962.119
1000 641.507 —945.362 1383.308 —1370.063 1000.923
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Table 3

Thermodynamic functions of the hydrocarbon composition of the organic mass
of PCT fraction at 270 °C by the addition of nanocatalysts p-Fe,0;

T,.K C,,J-mol" K™ AH, kJ/mol-K S,J-mol™ K™ AG,J-mol™ K" | A®",J-mol" - K™
298 348.229 —1142.471 797.127 —1228.434 797.127

300 349.868 —1142.248 799.462 —1229.014 797.135

400 425.754 —1130.283 910.790 —1259.721 811.844

500 489.750 -1116.951 1012.890 —1293.474 841.984

600 541.857 —1102.609 1106.968 —1329.873 878.415

700 582.074 —1087.611 1193.668 —1368.606 917.343

800 610.402 -1072.313 1273.375 —1409.413 956.937

900 626.840 —1057.069 1346.336 —1452.064 996.211
1000 631.389 —1042.234 1412.720 —1496.348 1034.597

Table 4
Thermodynamic functions of the hydrocarbon composition of the organic mass
of PCT fraction at 270 °C by the addition of nanocatalysts p-Fe;O,

T,K (] mol™ - K™ AH, kJ /mol-K S,J-mol™" - K™ AG,J-mol™" - K" | A®”,T-mol™" . K
298 362.176 —784.806 648.989 —826.624 648.989

300 364.041 —784.555 651.418 —826.908 648.997

400 450.746 —770.624 768.326 —843.077 664.396

500 524.691 —754.289 877.087 —862.910 696.187

600 585.876 —735.991 978.352 —886.085 734.877

700 634.300 —716.174 1072.465 -912.327 776.465

800 669.963 —695.279 1159.634 —941.387 818.985

900 692.866 —673.749 1239.992 —973.034 861.361
1000 703.008 —652.024 1313.629 —1007.047 902.962

Analysis of the results of thermodynamic functions calculation given in Tables 5-8 showed that the ad-
dition of nanocatalysts B-FeOOH to the process of PCT fraction hydrogenation with boiling point 175 °C
increases the value of the specific heat from 351 to 641.5 J/mol” K'. When using the nanocatalysts Fe,0;,
the value of the specific heat rises from 348.2 to 631.3 J/mol'K™', in the process with the participation of
Fe;0, is observed the same situation. The value of the heat capacity range from 362 to 703 J/mol'K™, the
values of entropy and chemical potential increase, while negative values of Gibbs energy rises. In the tem-
perature range from 298 to 1000 K, the heat capacity, entropy and Gibbs energy are increasing in absolute
value, and the enthalpy of the selected temperature range is increased to the positive side. The increase of
entropy and rise of the negative value of enthalpy to positive side in the studied temperature range allows to
draw a conclusion about the positive impact of nanocatalysts on the hydrocarbon composition of broad frac-

tion 270 °C toward the increasing of low-molecular substances’ yield.

Thermodynamic functions of the hydrocarbon composition
of the dephenolized organic mass of PCT fraction at 175 °C

Table 5

T,.K C,,J-mol" K™ AH, kJ/mol-K S,J-mol™ K™ AG,J-mol™ K" | A@",J-mol™" - K™
298 386.390 —437.579 453.635 —421.181 453.635
300 388.709 —437.279 456.228 —421.074 453.644
400 496.698 —419.793 583.214 —418.202 470.276
500 589.116 -397.916 704.266 —420.127 505.075
600 665.962 —372.369 818.703 —426.674 547.905
700 727.237 —343.878 926.163 —437.619 594.350
800 772.940 —313.163 1026.429 —452.707 642.169
900 803.072 —280.950 1119.361 —471.667 690.096
1000 817.633 —247.961 1204.863 —494.218 737.360
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The values of the thermodynamic functions of the dephenolized hydrocarbon composition of initial
fraction at 175 °C and dephenolized distillate faction at 270 °C obtained from hydrogenate in the presence of
nanocatalysts are shown in Tables 6-8.

Table 6

Thermodynamic functions of the hydrocarbon composition of the organic mass
of dephenolised fraction at 270 °C by the addition of nanocatalysts p-FeOOH

T,K | C,,J-mol"-K" AH, kJ/mol-K S,J-mol™ K™ AG,J-mol"-K™" | A®@",J-mol"-K"
298 361.377 —285.803 258.580 -211.279 258.580
300 363.430 —285.553 261.004 —210.782 258.588
400 458.966 —271.232 378.973 —187.944 274.072
500 540.608 —253.681 490.416 —168.967 306.307
600 608.356 —233.454 595.180 —153.645 345.816
700 662.211 —211.108 693.181 —141.762 388.520
800 702.172 —187.197 784.371 —133.094 432.373
900 728.239 -162.278 868.716 —127.415 476.233
1000 740.413 —136.906 946.195 —124.495 519.413
Table 7
Thermodynamic functions of the hydrocarbon composition of the organic mass
of dephenolised fraction at 270 °C by the addition of nanocatalysts -Fe,O;
T,K | C,,J-mol"-K" AH, kJ/mol-K S,J-mol™" K™ AG,J-mol™"-K™" | A®@",J-mol"-K™
298 356.919 —357.815 300.241 —295.707 300.241
300 358.966 —357.575 302.636 —295.292 300.249
400 454.237 —343.713 419.285 —276.550 315.554
500 535.546 —326.650 529.639 —261.548 347.443
600 602.895 -306.949 633.446 —250.099 386.552
700 656.284 —285.172 730.571 —241.998 428.840
800 695.711 —261.880 820.934 —237.028 472.275
900 721.179 —237.636 904.485 —234.965 515.720
1000 732.685 —213.003 981.187 —235.583 558.489
Table 8
Thermodynamic functions of the hydrocarbon composition of the organic mass
of dephenolised fraction at 270 °C by the addition of nanocatalysts -Fe;O,
T,K | C,,J-mol"-K" AH, kJ/mol-K S,J-mol™" K™ AG,J-mol-K™" | A®@",J-mol"-K™
298 362.231 —290.791 69.202 —159.832 69.202
300 364.388 —290.540 71.632 —158.956 69.210
400 464.575 —275.881 190.538 -117.219 84.790
500 549.803 —257.581 303.639 —79.478 117.353
600 620.071 —236.300 410.318 —45.573 157.382
700 675.381 —212.700 510.248 —15.301 200.735
800 715.731 —187.444 603.233 11.569 245.309
900 741.122 -161.194 689.146 35.281 289.917
1000 751.554 —134.612 767.903 56.092 333.838

It was shown that the increase of the Gibbs energy’s negativity and enthalpy leads to rise of the donor
ability of paste former [6, 7]. Analysis of the results presented in Table 8 shows that the calculated thermo-
dynamic functions Gibbs free energy and enthalpy of the selected fraction as a hydrogen donor, are correlat-
ed with the calculated thermodynamic functions for individual substances such as tetralin, decalin. Analysis
of the results presented in Table 8 shows that the calculated thermodynamic functions Gibbs free energy and
enthalpy of the selected fraction as a hydrogen donor, correlates with the calculated thermodynamic func-

50

BecTHuk KaparaH,quCKoro yHuBepcuteTta



The calculation of the thermodynamic ...

tions for individual substances such as tetralin, decalin. However, the values of enthalpy and Gibbs energy
presented in the Table 8 do not correlate, as this figure is reduced for the individual substances and, in the
case of the dephenolised PCT fraction with boiling point 270 °C increases (from negative value tends to the
positive) in the chosen temperature range. Previously, the individual chemical composition of dephenolised
PCT fractions at 175 °C was investigated [8], and established that there are various types of organic com-
pounds such as cycloalkanes, aromatic and polyaromatic hydrocarbons in its structure. The presence of the
alkyl substituents in the cycloalkane increases the donor ability and aromatic and polyaromatic hydrocarbons
without alkyl substituents will serve as a hydrogen carrier better than the alkyl-substituted ones. In addition,
the calculated values of the Gibbs energy presented in the Table 8 indicate that the transmission of hydrogen
from a hydrogen donor to the carbonradicals is realized thermodynamically effectively when AG <0, that is,
thedonor mustgive hydrogen easily and to accept difficultly.

Thus, the thermodynamic functions of model organic compounds included in composition of the PCT
fractions with boiling point 270 °C obtained from the hydrogenation of fraction with boiling point 175 °C
before and after dephenolisation in presence of nanocatalysts B-FeOOH, Fe,O; and Fe;O, have been calcu-
lated. According to the presented results of thermodynamic calculations, dephenolized broad fraction ob-
tained from the hydrogenation PCT fraction with boiling point 175 °C is an effective donor and a carrier of
hydrogen, i.e., capable to inhabit polymerization processes, stabilizing the radicals which are formed as a
result of hydrogenation processes.
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Conrbl KaiiHay Temnepatypacsl 175 °C Oipinminiik Tac keMip maibip
JKeHLT PpaKkuusiCbIHBIH KOMIPCYTEKTIK KYPaMbIHbIH
TEPMOAUHAMHUKAJIBIK (PDYHKUMSJIAPBIHBIH ece0i

Makanana CoHFBI KaifHay Temmeparypacbl 175 °C OipiHIIUIK Tac KeMip MaWblp (GpaKIUSICHIHBEIH KeMip-
CYTEKTIK KypaMBIHBIH TepPMOJUHAMUKAJIGIK (HyHKIMSUIAPBIHBIH ecedi KapacThIpbUFaH. BipiHImimik Tac keMip
maiteip (BTI) (pakisachIHbIH YIEMEHTTIK KYpaMbIHBIH CaHABIK IepeKTepi jKoHe cinTinepai OeiTapanray,
aneTarThl omicTiH kemeriMen aubikTanraH BTI dpakiusceinga KapOOKCHIAI KOHE THAPOKCUIIII TOITHI
(COOH, OH) canaplk aHBIKTay HOTWXKedepi KonmaHelUiraH. CoOHFBI KaliHay Temmeparypcbl 175 °C
¢denonceaanapipsurad BT dpakuust ruaporeHu3aTbiHaH anblHFaH (HEHOJNICHI3AAHBIPBUIFAH KeH (paKius
THIMAI JOHOP XQHE CYTeK TachIMajayllbl, SFHH THUAPOTEHM3ALUs Mpoleci HOTWKECIHAE, TY3LIETiH
paguKangapasl  TypakTaHIbIpa OTHIPHIN, MONUMEpPJIEHY IIPOIeci >KBUIIAMIBIFBIH TOMEHJCTE allaThIHBI
AHBIKTAJIIBL.
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Pacuer TrepmoguHamMuyecknx GyHKIUN yriIeBOAOPOJIHOI0 COCTABA
JIerkoil gpakuum NepBUYHON KaMEHHOYT0J1bHOM CMOJIbI
¢ konuoM kunenus 175 °C

B craTtbe mpoBeneH pacdeT TepMOANHAMHYIECKHX (QYHKIMI COYTIIEBOIOPOJHOTO COCTaBa (pakUUM MEpBHI-
HOW KaMEHHOYTOJILHOW CMOJIBI ¢ KOHIIOM kureHust 175 °C. [Ins pacdera ObUTH HCIIOB30BAHBI KOJMYCCTBEH-
HBIE JTaHHBIE d5eMeHTHOro cocraBa (paxnuu [IKC u pe3ynbTaThl KOJMYECTBEHHOTO ONPEAENeHUsT KapOoK-
CHIBHBIX U ruApokcuibHBIX Tpynn (COOH, OH) Bo ¢pakuun IIKC, ycTraHOBIEHHBIE C TIOMOIIBIO all€TaTHO-
ro METOZa W HeWTpanu3anuu Ienodamu. [lokasaHo, 4ro obecdeHosneHHas UpoKas Gpakuus, noixydeHHas
u3 ruaporenusara obechenonennoi gppaxuun [IKC ¢ xonom kunenus 175 °C, sBisiercst 3G PpeKTHBHBIM 10~
HOPOM U MEPEHOCUYUKOM BOAOPO/A, T.€. CIOCOOHAa MHTHOMPOBATh MPOIECCH MOTUMEPU3ALINH, CTAOUITH3HPYS
pauKakl, KOTOpBle 00pa3yIoTCs B pe3yibTaTe THAPOTeHU3AMOHHEIX IPOLIECCOB.
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Structure of catalysts with gold nanoparticles

Catalyst by an immobilization of gold nanoparticles in a matrix of amphoteric cryogel on the basis of
methacrylic acid and a dimethylaminoethylmethacrylate (MAK/DMAEM) were synthesized. The structure of
cryogel and catalyst was investigated by the method of scanning electronic microscopy.

Key words: amphoteric cryogel, gold nanoparticles, catalyst, structure, scanning electronic microscopy.

Nowadays, the catalysis chemistry nanoparticles or colloidal solutions of nanodimensional particles of
metals rapidly develops. It is connected with their high specific surface that approaches a catalysis to homo-
geneous type as well as with the existence on a surface of nanoparticles of considerably bigger share of at-
oms of metal, than in the ordinary heterogeneous catalyst. The term «nanocatalysis» which is considered as
peculiar «bridge» between a heterogeneous and homogeneous catalysis [1] has been introduced.

Activity of the catalysts with gold nanoparticles is unique as allows to work at ambient temperature and
even below. Already, scientists have achieved a certain progress in the development of competitive methods
of production of a significant amount of the catalyst based on gold nanoparticles and have created reliable
methods of their storage for ensuring appropriate durability of catalysts under the demanded service condi-
tions [1-5].

Characteristic morphological feature of the cryogels which are formed in superficially frozen environ-
ment is their macroporosity and as growth of each crystal of the freezing solvent happens up to close contact
with a side of other crystal, after thawing of system of a macrotime at the created gel material become inter-
connected. The formed cryogels usually have macroporous or supermacroporous structure that gives to such
materials a unique set of physical and chemical properties, and also allows to use them for the solution of a
number of biomedical and technological tasks. Cryogels are perspective material for creation of catalytic re-
actors of flowing type. When using cryogels as carriers of the immobilized catalysts the macroporous struc-
ture of cryogels provides diffusive and unhindered transport of substrate by the immobilized operating be-
ginning and branch of products from it.

Besides, polyamphoteric cryogels are capable to restore ions of precious metals when heating with
formation of nanoparticles [6, 7].

Among the modern methods of research of microstructures of catalysts there is the X-ray spectral
analysis. The X-ray spectral analysis is carried out by means of the modern equipment — a raster electronic
microscope. The low-vacuum electronic microscope of JISM-6390 LV («JEOL», Japan) with system of the
X-ray spectral microanalysis of INCA ENERGY 250 is intended for visualization micro- and nanostructures
of a surface of various samples; studying of morphology of a surface of a sample; measurements of the sizes,
forms, orientations of objects; studying of element structure of samples; map developments of distribution of
chemical elements on the area of a sample; supervision of features of structure of material.

The goal of this work is preparation catalysts with gold nanoparticles and research of a microstructure
of catalysts by the method of scanning electronic microscopy.

Synthesis of catalysts with gold nanoparticles was carried out on the basis of «Institute of polymeric
materials and technologies» of Almaty, the microstructure was investigated on the basis of «Test regional
laboratory of the engineering profile “Scientific Center of Radio Ecological Researches”» of Shakarim State
University of Semey.

Experimental part

Firstly, the amphoteric cryogel on the basis of methacrylic acid and a dimethylaminoethylmethacrylate
(MAA/DMAEM) in the ratio 1:1 was synthesized. For this purpose the reactionary mix consisting of MAA,
DMAEM and methylenebisacrylamide (MBAA) was dissolved in water then cooled the initial monomeric
mix (IMM) to 0 °C, further the tetramethylenediamin (TMED) was added and reactionary mix was blown
nitrogen within 10 min. Then added 0,1 ml of 10 % of solution of persulphate of ammonium to reactionary
mix and spilled in vessels of a cylindrical form. Cryopolymerization was carried out in the cryostat at —12 °C
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within 48 hours. After defrosting cryogels were washed out by the distilled and bidistilled water within 2
days with replacement of water in each 4 hours.

The gold nanoparticles stabilized by cryogel were prepared by the following technique. 2 ml of working
solution of gold (HAuCl, with concentration of Au 100 mg/l) was dissolved in 18 ml of bidistilled ultraclear
water. Then lowered the dry weighed cryogel in solution and heated solution on a water bath within 30
minutes. Change of a color of cryogel was resulted.

Investigated a microstructure of the synthesized cryogel, and also the cryogel containing gold NPs, a
X-ray spectral method on a low-vacuum raster electronic microscope of JEOL firm (Japan). For this purpose
cryogels were dried up in vacuum drying before full drying. Increasing the received pictures of cryogels,
photographed a microstructure, and also measured the size of the prepared gold nanoparticles.

Results and discussion

Determination of the synthesized cryogel composition was carried out by a spectrophotometric method
on the Specord 210 Plus spectrophotometer (Germany).

For this purpose the samples of cryogel which are previously weighed and bulked up in water were
placed in solution of dyes with concentration 1-10~> mol/l. As dyes methylene blue (MB) and methyl orange
(MO) were chosen. As a part of the methyl orange there is a sulfonate group which is capable to interact with
a tertiary amino group of DMAEM, and as a part of the methylene blue there is a tertiary amino group
capable to interact with the MAA carboxyl group.

For quantitative electrostatic interaction of acid and main groups of cryogel with molecules of dyes val-
ue pH solution of dye was maintained so that the functional group of cryogel was completely loaded opposite
to a dye charge. For this purpose pH solution of the methyl orange was supported at pH=4.8, and methylene
blue at pH=9.18.

The composition of amphoteric cryogel determined by a spectrophotometric method — by amount of
the adsorbed anion and cationic dyes cryogel — corresponds to composition of initial monomeric mix and is
equal to equimolar composition (Table).

Table

Results of spectrophotometric research of interaction of cryogels with dyes

Specific adsorption, G-10°, mol/g
Methylene blue Methyl orange
1.73 1.74 49.84 50.16

Share of carboxyl groups, % | Share of amino groups, %

The microstructure of the cryogel synthesized by us studied by us by method of the X-ray spectral
analysis with increase in 150 and 600 times is presented in Figure 1.

15kV X600 20um 0000 1070 60Pa

Figure 1. Microstructure of MAA/DMAEM (1:1) cryogel

From figures it is visible that cryogel has porous structure, the size of pores of cryogel makes from
7,7 nm to 26,36 nm.
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As a result of a gold immobilization colourless cryogel was colored in crimson color (Fig. 2),
characteristic for colloidal gold nanoparticles.

a— MAA/DMAEM b— MAA/DMAEM containing gold NPs

Figure 2. Change of coloring of cryogel after heating in HAuCl, solution within 30 minutes

The microstructure of cryogel was investigated by a X-ray spectral method on a low-vacuum raster
electronic microscope of JEOL firm (Japan). For this purpose cryogel in vacuum drying dried up before the
full drying. Then cryogel was placed on a microscope. Increasing the received cryogel pictures, photo-
graphed a microstructure and measured the size of the received gold nanoparticles. The photo of a micro-
structure of the catalyst is given in Figure 3.

B 3

15kV  X1,400 10pm 0000 1162 60Pa

Figure 3. Microstructure of catalyst with gold nanoparticles

To be convinced how gold nanoparticles in cryogel were distributed, a longitudinal section from the
middle was made and investigated. As a result the following picture was received (Fig. 4).
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Figure 4. The microphoto of a longitudinal section of cryogel with gold nanoparticles

When mapping elements it is possible to see uniform distribution of gold nanoparticles (Fig. 5).

Figure 5. Distribution of gold NPs in volume of cryogel

Conclusion

Thus, the MAA/DMAEM amphoteric cryogel of composition 1:1 was synthesized. Cryogel has porous
structure, the size of cryogel pores makes from 7.7-26.36 nm.

The gold nanoparticles stabilized by cryogel were synthesized. The prepared gold nanoparticles have a
triangular form and are evenly distributed in volume of cryogel.

The received samples were approved as flowing catalysts for p-nitrophenol reduction reaction. For what
cryogel with gold nanoparticles was placed in a glass tube and through it passed a substrate, sodium
borohydride and bidistilled water. Concentration of p-nitrophenol and p-aminophenol was determined by
spectrophotometric method after each transmission of a substratum via the catalyst to a complete reduction
of p-nitrophenol. According to the preliminary data for the catalyst with gold NPs high values of conversion,
activity and stability are characteristic.
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AJITBIH HAaHOOOJIIIIEKTEePi 0ap KATAJIU3ATOPJIAPABbIH KYPbLIbICHI

ANTBIH HaHOOOIIIEKTEPIH METAKPWJI KBIIIKBUIBI MEH auMerwiamuHodTHIMeTakpmwiat (MAK/JIMADM)
HETi3IHJe alblHFaH aMQOTepili KPHOTeb MaTpPHIACBIHA WMMOOWIBICY AapKbUIBI KaTalIW3aTOp abIHIBL.
Karamu3zaTtop KypbpUTBICE CKAaHHPIIEYIIN IIEKTPOHIBIK MUKPOCKOIIUS 9JTICIMEH 3ePTTEI/Ii.

b.X.Mycab6aesa, /I.E.imunosa, JI.K.Opazxanosa, A.H.Caburosa

CprKTypa KaTa/Janu3aTopoB ¢ HAHOYACTUIIAaMH 30J10TAa

CHHTE3MpOBaH KaTallM3aTop IMyTeM HMMOOMIN3ALUH HAHOYACTHL] 30J10Ta B MAaTPUIly aM(pOTEPHOTO KpHOTeIs
Ha OCHOBE METaKpWJIOBOW KHCIOTHI M jauMeTwiamuHodTHiMmerakpuinara (MAK/IJIMABM). Crpykrypa
KaTaJM3aTopa MCCIIeI0BaHa METOJIOM CKaHUPYIOLIEil SIeKTPOHHON MUKPOCKOIIHH.
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KemipaiH TepMobIIbIpaybIHA MUHEPAJABI KOCATAPABIH dcepi

OpraHuKaiblK IIHKI3aTTBIH 0acka TYpJepiMeH CalbICTBIPFaHAa KOMIPIiH KOpbI KOI OOJFaHIbIKTAaH, OHBI
CHHTETHKAJIBIK I'a3 TOpi3Jli, CYMBIK jKOHE KaTThl OTBIHJIAP OHJIpiCiHOEe MOJ LIMKI3aT PETiHJIEe KapacThIpyra
6o0nanbl. CoHbIMEH Oipre 9p TYpJii XUMUSUIBIK 3aTTAPMEH KOMIIO3HIIHOH/IBIK MaTepHalliap any/ia MaHbI3bl 6T¢
30p. OHTKeHI KOMipAiH KypaMbIHIa op TYPJl MakcaTTapja KOJIAHBUIATHIH JAWbIH eHIMAEpAIH OipKaTapsl
6ap. CoHIBIKTAH KOMIpi KOFaphl KociOu meHrele KonaHy YIIiH OHBIH XUMHSUIBIK KYPaMbIH, KYPBUIBIMBI-
HBIH (DU3UKAIBIK, XUMMSUIBIK, TEXHHKAIBIK KacueTTepiH Oury kaxer. IllyOapken keH OpHBI KeMipmiH
JKEKEJIereH callajblK CHIaTTaManapbl MEH KYJIUIK apachlHIarbl TOYENAiNiK MEMIIEKETTIK CTaHAapTTap
HeTi3iH/e 3epTTe .

Kinm ce3dep: mukizar, kemip, 1eCTPyKLHs, 3epTTeY, CalIMaK, TeMIIepaTypa.

Kaszakcranma sHepreTUKaiblK a3 KyKipTTi, Gocopbl TOMEH KOMIpAiH MOJ KOpbI 0ap, Ol XUMHSUIBIK
OHIMJIEp/Ii aJly YIIiH TeXHOJOTHSUIBIK IUKI3aT PeTiHAe Nnaiaanpuiansl. KeMipaiH KOphI kel O0JFaHIbIKTaH,
OHBI CHHTETHKAJIBIK Ta3 TOPi3Mli, CYHBIK JKOHE KATTHI OTBIHIAP OHIIPICIHAC KeJeleri MO IUKi3aT peTiHme
Kapacteipyra Oomanbl. COHIBIKTaH KOMIpIi >KOFapbl KociOW IeHreine KOJAaHy YIIH OHBIH XUMHUSIIBIK
KYpaMblH, KYPBUIBICHIH, (U3UKA-XUMUSIIBIK JKOHE TEXHUKAIBIK KAaCHUETTEepiH Oury Kaxer. Makanaia
[llyGapken KeH OpHBI KOMIpJiH JKEKCIICHI'eH CamaiblK CHIIaTTaMalapbl MEH KYJIUTIK apachlHAaFbl
TOYEIAUTIK MEMJICKETTIK CTaHAapTTap HerisiHae 3eprrenmi. On KeMipiepAiH neTporpadusuiblK KypaMbIHIa
BUTPHUHHUT TOOBI, OHBIH KAOJIMHUT TOMIIACKI OachIM.

[lly6apken Tac kemip KeH OpHBI TeHTiC ayJaHBIHIA OpPHAJIACKAH XOHE YII KOMip TOPU30HTHIHAA
OpHAaJIaCKaH: >KOFapbl, opTa, TeMeHri. KeMipaiH eH Kem Ke3[eCKEH HETI3Ti Maccachl JKOFapbl TOPHU30HTA
opHamackad. KeMipmiH TEepMHSIBIK IECTPYKIHUS MeXaHu3MiH aBropiap [1-8] omeOmerre KapacThIpFaH.
Kei3aplpynein oHTainel kecteci Tapaangsl. 470-482 °C temmnepaTypa apaiblFbIHIA JECTPYKLHs Hpoueci
xkemen eortedi. Ymkpim 3arrap 434-450°C Temmeparypa apanbiFbiHaa OestiHe Oactaiinbl. Kemipmaix
IJIACTUKAJIBIK MacCachlHAH TYBIHBI Ta3 Oeminy aiiHamambl 530—600 °C apasbirbinaa OafKanaibl.

Musnepanabl Kocranap peTiHae MeTaJuTyprus eHAIpiCiHIH KaJabIKTapbl — HaTpuil KapOoHaTHI, (eppo-
dochop, deppoxpom, MUPUT KOHE MUPPOTHUH anbIHAIBL. KeMip Kaz0alapblHAarbl OpraHHKAIBIK 3aTTap
oJIapJblH (PH3MKA-XUMHSUIBIK KaCHETTEPIHIH Herisri ¢akropbl OoJbin TaObLIambl. KeMipaiH MuHEpaabl
0eJIiri MHEPTTI KOCIa €MEC JKOHE KeIl JKaFai/ia KeMip/li eHJIeTeH Ke3/e bIKMaibl 30p. KeMipaiH MUHEpa bl
0eJIiri KOKC Ty3yre acep eTelli, MUHepal KOCIaHbIH CaHBIMEH KYpPaMbl XaFy KYPBUIFBIHBIH JKaHYBI JJICiHE,
KOHCTPYKITUSACHIHA Toyenmi [1].

Keii6ip MuHepanibl 3aTTapAblH KOMIPAIH TEPMUSIIBIK ISCTPYKIIUSA MPOLECIHIC KaTalIu3aTOPIbIH POIIiH
aTKapaThIHBI OeNTiii OOJIbI.

Kemipai kompmany ymiiH keMmipiH camacklH Oaramay kepek. On yIIIH MHHEpangbl KOCHalap >KOHE
OpPTaHUKAJBIK 3aTTapIbl 3epTTEY HETI3iHIE JKy3ere acybl MyMKiH. MuHepanasl 3aTTap KeMipii eHAeTreHIe
ocep eteni. Kazipri ke3ue kemip/i 3epTTey oaicTepi KeTKimikei3 [2].

OpraHuKanbIK IUKi3aTTaH 6acka TYpJepiMEeH CaIBICTBIPFaH 1A KOMIpIiH KOPBI KOl OONFaHbIKTaH, OHBI
CHHTETHUKAIIBIK Ta3 TOpi3Mi, CYHBIK >KOHE KATThl OTHIHAAP OHMIPICIHIE KeJeIeri MOJI IMHKI3aT pPEeTiHIe
KapacTeipyra Oomnaael. COHbIMEH Oipre op TYpJi XHMHSUIBIK 3aTTapMEH KOMITO3HIIMOHIBIK MaTepHaigap
ajdyJa MaHBI3BI OT€ 30p. OUTKEHI KeMIpJIiH KypamblHAa op TYpJi Makcarrapjia KOJJaHbLIATHIH JaiibiH
eHiMaepaiH Oipkarapbl O0ap. COHIBIKTaH KOMIpII JKOFapbl JEHIrelae KOJIaHy YIIIH OHBIH XHUMUSJIBIK
KYpaMbIH, KYPbUTBIMBIH (DM3UKAIBIK, XUMUSUTBIK, TEXHUKAJIBIK KACHETTEPIiH OlTy Kaxer.

Kympicra IllyOGapken KeH OpHBI KOMIpIiH JKEKEIETeH CalalblK CUMaTTaManapbl MeEH KYJIUTIK
apachlHAAFbl TOYENIUTIK MEMJICKETTIK CTaHAapTTap Heri3iHae 3epTreini. 3epTTeireH KeMipiephiH
neTporpadusUIbIK KypaMblHIa BUTPUHHUT TOOBI, OHBIH KAOJHHUT TOMIIACK! O0ackiM. BUTpUHHT — Kemiperi
KYPBUIBIMCBI3 TEIU(UIIMPICHISH THIFBI3 HETi3ri Macca, al 0ackamapbl — MHKPOKOMIIOHEHTTED MEH
MUHEPAIIBI KOCBIHIBLIAP.

KaonmuHuT 37acTHUKANBIK KACHETIH KOFANTKAH, KAIJIBIK JeopMaIrysra ue eMeC CHIHFBII KOMITOHEHT
0O0JIBIIT TaOBLIAIEL.
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[ly6apkes KeH OpBIHAAFBl KOMIp/l KOKCTEY KOHE ACCTPYKUHUS apKbUIbI CYWBIK OHIMII Oein ary eTe
©3€KTi OOJIBIN TaObLTa IBI.

JKYMBICTBIH MaKCaThI:

— KOMIpiH TePMUSUIBIK BIABIpAY MEXaHU3MiH KapacThIpy;

— KOMIpJIiH TePMUSUIIBIK OHACYeTi KaTThl 3aTTapFa carachiH ajJIblH ana Oara Oepyi;

— MHHEpaJIJIbl KOCTIaJapAblH KYpaMbIH JKOHE OJapAblH KOMIpAiH (U3HMKa-XUMHSIIBIK KacHETIHE dcepiH

3eprrey.

AnnpiH ana Oaranay yiniH op Typii Makcarta lllyOapken kemipiHeH »KapThliai KOKC — KOKCTBIH €Ki

KOMip ChIHaMachIHA KeJieci cumaTTama Oepimi:

1-ceiHaMa 50—-100 MM KI1achI Wi=12,8% A= 10,8 %
2-cbIHAMa 6—50 MM KIachl w?i= 13,2 % A= 5,5%

TepmoeHaeyAeri COHFBI TeMIIEpaTypaHbIH BIKHAJIBIH OaFanay yIniH (KapThllail KOKcTarbl) Jaboparto-
PYSUTBIK JKardaiia 1Kr calMakTarbl ChIHAMaHBI METAJJIaH JKacallFaH PeTopTaja Tpali/MUH KbUIJAMIIBIKTA
500 °C, 700 °C >xone 900 °C pmeiiHri Temmeparypa apajblFblHa KbI3IBIPHIN TaKipuOe sxkacanabl. COHFBI
temmeparypaaa 20 muH yctanasl. CoaH KeiiH peTopTa NeIITeH MIBFaPBUTBII, CYbITEUIIBL.

ChiHamMa Ta3za KOMIpJieH, Tay IKbIHBICHIHAH, CIAHIOTaH Typajasl. Hotwke ceHimmi Oonmy ymIiH
TEPMOOHJICITEH KOMIP/Ii, ChIHAMaHbI CAIBICTBIPMAJIBI a3 MOJIIIepIe KOJIMEH CYPBINTAIl allbIHIbI, KOKCTeyTe
TEK KOMip KeCeKTepi FaHa aJbIH/bI.

¥YxkpinTel ycaktasran 50-100 MM kjgace eKiaaepl albIHAbI, TOXKIpuOe YIIH 7 MM JKOFapbl KJacc
ekinaepi ipikresnai. Kemip MeH jkapTbuiaii KOKCTBIH I'PaHyJia KYPaMbIHBIH HOTHXKEIIEP] TOMECH/IE KOPCETIITCH.
Kp13aplpy >koHEe NMUPONN3 Mpoleci Ke3iHAe Y3bIH JKaJIBIHABI KOMip IUIACTHUKAIBIK KyHre eTmeii jkoHe
Oipikmei.

HortmwxkeciHnae keMip KeCeKTEpiHIE JKapblK Maima Oosnaapl. JKapbikrapra a3 raHa (U3MKAIBIK dcep
eTKeHJe ipi KecekTep ofan opi ycakranaabsl. 50—100 mm knaceiHa TeH Memmepae 40 MM, 25-40 MM xoHe 13—
25 MM KnmacelHa jkoHe Oipaelt memmepne (8,6-9,0) xnaceiHa 7—13 MM koHe 7 MM a3 Medmepie Oeek-
teTeai. 650 MM KJIachlH KOKCTEI'eH Ke3/e KOKCTE ipi KECEKTEep TONBIFBIMEH Kohbliaabl (> 40 MM) jkoHE
10,8 % 7 MM a3 kjmacel Ty3uiemi. l-kecrede >KapThuIail KOKCTHIH TpaHyJa KYpaMbIHBIH HOTIDKENepi
KenTipingi.

KokcTeymin TeMmepaTypachlH >KOFapiaTKaH Ke3e MUPOJIH3 MPOIEeCi Kypel VIIKBIIT 3aTtTap Kadarra
a3asi/ipl, THIFBI3ABIFBI YIIKEHE Il )KOHEe JKapThllall KOKC — KOKCTBIH OCpIKTIrI apTaibl. DJICKTP KeACPIiCiHiH
yuneci azasiel, 1050 °C TemnepaTypaia peakuusra KaOineTTiik aenreiti 7,8—9,3 M/t apaibiFbiHaa 00Ia k.

KoxkcTeiH peakuusra KaOIMETTLNIK KOPCETKilI KapamaiiblM Tac KeMip KOKCiHe Kaparanga 12—15 ece
YKOFaphI. DIIEKTpKeaepriciniy yieci ae sxorapbl: 900 °C-ta ansiaran koke 2—2,6 ece, 700 °C-ta kokc 1,8-10 —
2,0-10 Ten. By momimertepain Gapibirsl LllyOapkes keMipiHiH KOKCHIHBIH KOFaphl CalajibiFblH KOPCEeTE/Il,
SIFHU 3JICKTPTEPMHUSUTBIK OHIPICTEe KOJIAHBUIATHIH TOTHIKTHIPFBIII PETiHJIE MaliaianyFa 00Iabl.

®dochopasin Menmiepi a3. Kelbip chlHamana TinTi TaOblaMaraH. bysl KacwerTi (eppOKOpBITIIaHbI
(TeMipmiH e3re Oip 3JIEMEHT IEeH KOPBITIACBIHBIH) OHIIPICIHIAC apHalibl KOKCThI TOTBIKTBIPFBILI PETiHIC
KoJmanyra 6omansl (1-kecte):

l-xecTe
JKapTpuiail KOKCTBIH FPaHyJjia KYPaMbIHBIH HOTHKeJepi
Tepmoenaey Krnacrap, mm
Temnepatypacsl, °C > 40 | 25-40 | 13-25 | 7-13 | 7
1. AnpIaraH Kiacc
50-100 MM 57,1 30,7 9,4 2,8 —
500 48,1 28,1 15,5 4.4 3,3
700 26,1 443 18,5 6,8 43
900 28,3 29,1 25,0 8,6 9,0
2. AJIBIHFaAH KJ1acc
6—50 mm 5,2 27,9 40,4 26,5 —
500 — 28,8 36,9 24,6 9,7
700 — 32,4 34,1 25,5 8,0
900 — 20,5 36,9 31,8 10,8
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3epTTenreH KeMipleri KOKCTBIH OepikTimiri TeMeH. bipak Oyl ©3iH >KaKChl TOTBHIKTBIPFBIII pETiHIE
JKaKChl KBIPBIHAH KOPCETKEH JKapThlIail KOKCHIHBIH ICHTEHiHme, OyJI jKargail apHailbl KOKCTHI € OCHI
MakcaTTa KoJJaHyFa KeIepri KeITipMeyi Kepek.

TepMusiaplk eHIeNreH KarTtel eHiMHIH KacueTi 50-100 MM jkxoHe 6-50 MM KIIACTapbIHBIH €Ki
KOPCETKIIITEH FaHa alpMaIIbLIBIFBI Oap: ipiliri koHe KyJaiumiri, 6—50 MM KJIaChIHBIH KYJAUIIrT TOMEH 6,2—
9,2 % TteH, kepiciuae 12,6—17,8 % xorapsbl.

¥3bIH KaNbIHOBI KOMIpAEGH apHailbl KOKC aiyra OOoNaapl, 3JIEKTPOTEPMISUIBIK —IPOLECTEpe
TOTBIKTBIPFBII peTiHAe KongaHansl. bym OarbITTa opi Kapail 3epTTeyiep Kyprisiyi kepek. [3] skymbicTa
KOHBIP KOMIpIiH TePMHUSUIBIK ©3TepiCiH AepHUBATOrPa(IIIBIK, SJIEMEHTTIK, PEHTTCHOKYPBIIBIMIBUIBIK JKOHE
OIIP-CTIeKTPOCKONIUSIIBIK  Talay apKbUIBI 3epTTeiai. TeMeHri MOJIeKYJaNbIK OHIMACPIl Y3YMEH Karap
KYpZEeNi e3repicTep HOTHXKECIHAE KOMIpAiH YIINAWThIH KalAbIKTapsl Ty3ineni. Kemiprerinin memmepi 160—
300 °C remmepaTypa apaJbIFbIHAA a3asbl.

Kewmipain 100-200 °C Temmeparypa apaidbFBIHIAFBI TEPMISUIBIK JIECTPYKIHMSICHIHBIH HETI3T1 ©HiMI
MUPOTCHETUKAJBIK Cy Ooubin Tabbutazs! [4]. Exinmi kezenae (160-360 °C) OMK otteriMmer GailbIThLIA b
KarTel KanmbIKTBIH OpraHuKanblK MaccackiHaH 360—480 °C otreri, kemipreri, cyreri Oemineni. EH a3
karbicbinaa H/C 420 °C apoMaTThl eMec KOMIpCYTEKTep.iH OesiHeTiHI KepceTinemi. TepTiHIN Ke3eHe
CaJIBICTBIPMAJIbI KOFapPhI )KBUIIAMIBIKTA KATThI a3afaH cyTeri OemniHin mbraasl [5], carateiHa 9—10 % TeH,
HOTWXeciHAe maiiblp Oemineni. 470—482 °C temmeparypa apaibFbIHIa MaKCHUMYM YIIKBII 3aTTapIblH
OeriHEeTIHI aBTOpiapMeH [6] OenrineHmi. IHAOOCEpAIH MakcuMyMHaH KeiiH JITA KHUCHIFBI Jie3/e >KOFapbl
JKapThUIail KOKC TY3UTy TeMIlepaTypackiHa Aciiin kertepiiemi. Ocwel Temmeparypa 487-505 °C-xa neitin
oomagpl. 530-600 °C TemmepaTypa aiMarbIHIAFbl SHIOTEPMILUIBIK 9cep EKIHIIUNK Ta3 OeniHyiMeH
Tycinaipineai [7].

[8] aBTOpAApHI CaHIl ASCTPYKIMACHIH HHEPTTI opTaaa 3epTredi. KpI3aplpy caThIChIHIA bUTFAN OOIiHE .
byn mnpomecc 120°C temneparypaga askTamaabl. YIIKbII 3aTtrapabiH  120-250 °C temmepatypa
apaibIFbIHAA IIBIFBIMBIHBIH a3al0bl, OPraHUKAIBIK 3aTTapIbIH HETi3ri KYPBUIBIMBIHBIH IECTPYKUIUSICHIHBIH
OacTaaMaraHBIH KyoJlaHAbIPaIbL.

520 °C sxorapbl TeMIIepaTypajaa KOKCTEeNy KoHe MUHEPaJ bl KOMIIOHEHTTEPIIH bIAbIpayhl OaiKanabsl.

Onebu MamiMeTTep i TajAaraH Ke3/e, KOMipAiH TePMISIIBIK AECTPYKIHMACHIHA MHUHEPAIbl KOCTIATap bl
KOJIJIaHY JKaMbIHJIa MOTIMETTED Ke3/IeCTIeh .

KenTreren kemipii emjey Macelenepl 3epTTeyIIIEpIAiH Ha3apblH aynapyna. byn jxarmail Kemip
pecypchIHBIH, Oacka Ka3banapra KaparaHjaa, >KaFJalbIHbIH KOFapbUIBIFBIMEH YKOHE JKep KOMHAyBIHAAFBI ra3
OCH MYHaW/IbIH a3al0blHa OaiIaHBICTHI.

Kasipri ke3ne eHipicTe KOMip OHIMIHIH Y3IIKCi3 KoHE SKOHOMHMKAIBIK 3()(PEKTHBTI KOIAaHYy STICIHIH
JKOKTBIFbIHA OaiiaHbICThL. OpUHE, OYJ1 KOMIpIiH KYpaMbIMEH KYPBUIBICHIHBIH €peKIIeiriMeH TyCIHAipiIeai.

Con cebenti KoMipiH XUMHAJIBIK OHICY CYpaKTapbl 9pKaIIaH ©3€KTi.

KeMipai XUMUSJIBIK OHIACY TYPJIl JSCTPYKTHBTI MPOLIECC CEKLIAl oTemi. BynapabiH immHaeri Oomamarsl
0ap TOTBIFY TOTHIKCHI3ZAHY ICCTPYKIIMS, JKEKEe TYpl PETiHIE KOMIpAl KOKCTEY MPOIEci OONBIN TaObLIaIbL.
Keinpan >kpUIFa op TYpJl OHIIpiC callachlHIA XUMMSUIBIK INWKI3aT PEeTiHAE KOJNJIAHBUIATBIH KOKCTBIH
JKETICTICYIIITITIHE OailIaHBICTBI KOMIP/II KOKCTEY Macelieci KokelkecTi 00mbI ecenrrenei. Kemipai Kokcrey
MIPOIIECIH/Ie KO MOJIIIep e KOKC T'a3kl MEH KOKC MIaibIphl OemiHeni. by eHiMaepaiH Memmepi TePMUSITBIK
JEeCTPYKLMsI TPOLECiHIH HOTIKECIHE TIyeslli *oHe KeMiphiH KacueriHe OainaHbicTel. [llyOapken keH
OpBIHAAFBI KOMIpAi KOKCTEY Mpolleci Ke3iHle maiganaHbuiran KeMmipaiH yaricine Oaitmansictel 1100 °C-ta
6,0—-11,8 % maiieip sxoHe 315-338 Kr/HM’ ra3 GeiHe/.

KoxkcTeninren ra3 Kypamsi:

— 14-18 % meraHg;

— 59 %-xke neiiin cyreri;

— 13,5 % neiiin kemipTeri OKCUi,

—0,4-0,6 % KyKipTCyTeriJieH Typabl.

By ra3nel KyKipTTeH Ta3apTKaHHAH KeHiH MPOLECiHeri SHeprus Ko31 peTiHe naigananyra 6omaabl.

Kypambinna 50 % geiiin cyreri Oap ra3abl KYKIPTTEH TepeH TazapTy apkpUibl @umiep—Tporn
CHUHTE3IHC IIHKI3aT peTiHAe OyJaH CYHBIK CHHTETHUKAJBIK >KaHapMai jkoHe 0acKa Ja XMMHUSJIBIK ©HIMICD
ayra Oomnanel. beH3o:1 XeHin kemipcyteri, ¢eHON, OETOH H/B KOJABI OHJICY OHAIpICiHAE KOITaHBUIATHIH
mIacTU(GUKATOP, KOMIPIIIH ycak (roTarusacel Ke3iHmeri (IoTopeareHt, JJak MmeH 00y OHTIpiCiHAe epITKIIT
ay Ke31HJe MHKI3aT PeTiHae KYHIBI OHIM KOKCTEIIHTeH MANHbIp OOJIBIT Ta0bLIIaIb.
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Kokc enimaepiHiH rasapl ¢azanapblH 3epTTEY >KOFapbl TeMIepaTypala KOKCTEY MpPOILECiHiH Herisri
OHIMJIEpl KOKCTENIIHICH Tra3, IHPOICHETUKAIBIK Cy, Ha(pTaldH, aMMHakK, KYKIpT, CyTek, OeH30I
KOMIPCYTEKTEP1 JKOHE TabIp.

Opra ecenmeH ra3 KamMepachlHaH IIBIKKAH Oy JKOHE Ta3 Topi3[i KOKC ©HIMIEPiHiH KOCIAachl, KeJeci
XUMHSUTBIK OHIMACP/IiH MenIepinae, r/M’, 6oxamsl (2-kecTe):

2-KecTe

By koHe ra3 Topi3ai kokc eHiMaepiHiH Kocmachl

Cy OyBbl IPOTreHETHKAJIBIK 250450
JKOHE BUIFaJIIbI IINXTA

Taiiep Oysl 80-150
Benzonp! keMipcyTeri 3040
Ammuax 8-13
Hadramun 10-ra meitin
KyxkipTtcyTex 6-40
Huancytex 0,5-2,5

KOKCTBI ra3 KypaMbIHa KYKipTKeMipTeri, THO(hEH 5KoHe OHbIH romoiortapsy, 0,4-0,6 /M’ meifi skeHin
MUPHUJIUH HETi3/IepiHeH (EHOI, aHTPaIlCH KoHe Oacka eHiMepi Kipei. Kokc ra3eiH eHAeTeH Ke3/1e eXTarbl
KYpPBUIFbIIIAa CYHBIK KOKCTEY OHIMAEPi O6JiHe 1, OlaH Ta3a KOKC Ta3blH aJlajbl.

OteiH Kypambl (K.0K.) KOHACHCAIFSUTAHOAFaH KOMIIOHEHTTEp (CyTeri, KOMIPTETiHIH OKCHAI MEH
JUOKCHJI, a30T KoHE T.0.) JKOHE KYKIPTCYTeK, KaHBIKIaraH KeMipCyTeKTep, a30T OKCHUATEpPi T.0. KalabIK
3arTap OemiHeni. 3eprrey OaphiCBIHAA KOMIPAIH NECTPYKUMACHIHA MUPUT KOCHAIapbl OH BIKMNAN eTell,
KeMipIiH KapKbIHAB! BIIbIpaysl 30 °C ToeMeHaeH 1.
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Bausinue MHUHEPAJTbHBIX npnMeceﬁ Ha TEPMOACCTPYKIHUIO yr.ﬂeii

Jlnst ycTaHOBIIEHHs XapakTepa MPEeBpPaIleHus YT B MpoLeccax TUAPOTeHU3aLUH Ba)KHOE MECTO 3aHHMAaeT
HCCIIEI0BaHNE TIPOIIECCOB, NMPOTEKAIONINX IIPU UX TEPMHUUYECKON IepepaboTKe Ha OCHOBE TAHHBIX (DH3MKO-
XUMHYECKIX METONOB aHaim3a. Jyist uneHTH(UKANK CYIECTBYIOMNX U pa3pabOTKI HOBEIX CIOCOOOB Iepe-
paboTKH yriel ¢ [eIbio MOTydeHHUs Fa3000pa3HOTo M JKUIKOTO TOINIMBA HEOOXOANMEI JaHHEIE O 3aKOHOMEp-
HOCTSIX pa3/IO’KEHUsl YTOJIbHOI Macchl B pa3jIMuHbIX ycla0BUAX. C 3TOH LENbIO0 U3Y4YEHO BIUSHUE MUHEpAIlb-
HBIX KOMIIOHEHTOB Ha TepMHYECKylo nectpykiuio yris Illybapkonsckoro mMecropoxkaenus. [IpucyrcrByio-
IIUE B COCTABE YT INIMHUCTBIE MUHEPAIIbl OKA3bIBAIOT KPEKUPYIOIINE NEHCTBHUS, TEM CAMBIM YBEIMUHBAs
TITyOUHY TIPEBPAIEHUS ChIPBSL.
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K.M.Mamraeva, R.B.Shashchanova

Influence of mineral impurities on thermo degradation of coals

For an establishment of character of transformation of coal in hydrogenization processes the important place
occupies research of the processes proceeding at their thermal processing on the basis of given physical and
chemical methods of the analysis. Data is necessary for identification existing and working out of new ways
of processing of coals for the purpose of reception of gaseous and liquid fuel about laws of decomposition of
coal weight in various conditions. Influence of mineral components on thermal destruction of coal of the
Shubarkol deposit is with that end in view studied. Present at coal structure clay minerals render creacking
actions, thereby increasing depth of transformation of raw materials.
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Investigation of influence of colloids formation process
on parameters of rare metals extraction

It was established that the introduction of aliphatic alcohols into the extraction system as a modifier during
the extraction of rare metals led to structural changes in the organic phase. It was shown that structural reor-
ganization of the organic phase led to a decrease in metal recovery and reduction of the process selectivity
with increasing concentrations of alcohol. It was found that metal extractability increased at a certain ratio of
the concentration of alcohol/extractant.

Key words: extraction, rare metals, modifier, colloidal structures, aliphatic alcohols.

The extraction method has received the great practical importance in recent years. There are many
works devoted to its application for solving various problems of analytical chemistry and chemical technolo-
gy. Extraction is a complex physical-chemical process. Rational practical use of extraction is not possible
without understanding the chemical basis of the method. You can responsibly say that now an understanding
of chemistry of the main extraction processes is achieved. Moreover, there are significant opportunities of
priori estimate of the behavior of metals in extraction systems.

Research on liquid-liquid extraction widely used in hydrometallurgy of nonferrous, rare and rare earth
metals is carried out at the Chemical and Metallurgical Institute (National Center on complex processing of
mineral raw materials). Technological schemes are elaborated. However, disintegration of the organic phase
into two immiscible liquids in the extraction process is observed in a number of cases. From the standpoint
of the process, the formation of the third phase leads to difficulties in the work of extraction equipment de-
signed for the homogeneity of the organic phase. As a consequence, modifiers are introduced to eliminate
these negative phenomena in the extraction system.

The influence of certain substances introduced as the third component on the mutual solubility of lig-
uids and the solubility of solids in liquids is described in the literature. The action of the third component that
improves the solubility is known as solubilization. According to the theory of Winsor, the effectiveness of a
solubilizing additive depends on the R (the relations of affinity) which is equal A.,/A4.., Where 4., is the value
expressing affinity for supplements to low-polarity phase; 4., is affinity of the additive to the more polar
phase.

According to Winsor, the maximum increase in solubility per mole of introduced additives is achieved
if the R value is close to one, i.e. when the affinity of the third component added to both phases is the same.
If two liquids both polar and non-polar are not mixed and R value for the added third substance is greater
than one, the substance when added to the system proceeds to a greater extent in the non-polar phase and
dissolution of the polar substance occurs predominately in a non-polar phase. When R < 1 dissolution of the
non-polar phase substance occurs in the polar phase as adding a solubilizing agent. Thus the amount of addi-
tive required to homogenize the system for R <1 and R > 1 is greater than at R = 1.

Recent publications [1] suggest that the colloids formation process can occur in such extraction systems
if modifiers, having surface-active properties, are introduced into the system for better separation of the or-
ganic and aqueous phases in the extraction process. In the process of application of such modifiers can be
realized a so-called «micelle» extraction mechanism, comprising transferring the extracted component into
the organic phase as a part of colloids particles.

This paper is restricted to reveal laws of micellar mechanism and establish the effect of the resulting
colloidal structures on technological parameters of the extraction of rare metals (rthenium) by amines. In
studies performed by us previously [2, 3] to prevent the third phase formation, the extraction of rhenium by
amines was carried out in the presence of fatty alcohols. Aliphatic alcohols used are surfactants, their surface
activity g = — (0t/0s) > 0. According to the Duclos-Traube’s rule surface activity in homologous series of
alcohols in an aqueous medium at the solution-air interface is increased by 3.2 times at increasing the hydro-

Cepusa «Xumunsy». Ne 3(79)/2015 63



S.0.Kenzhetayeva, S.Sh.Abdygalimova

carbon chain by one CH,-group [4]. In the organic phase the surface activity of alcohols decreases with in-
creasing length of the hydrocarbon radical (reversing the Duclos-Traube’s rule).

Investigation of the rhenium extraction by synthesized amines [5, 6] in the presence of various aliphatic
alcohols allowed making several conclusions: extracting of a metal depends on the structure of the modifier
added, and the concentration of the latter. If we display a graphic dependence of the distribution coefficient
of rhenium on the molar ratio of the initial concentrations of alcohol and extractant U = [alcohol]./
[extractant].r. at the extraction from the sulfuric acid solutions (Fig. 1), it is possible to visually follow the
differences in behavior of modifiers depending on the length of their hydrocarbon radicals.
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Figure 1. The dependence of the distribution coefficient of rhenium at the extraction by amines
on the molar ratio of the starting concentrations of alcohols and the extractant

So, for butanol and octanol U, = 0.2, for decanol U, = 0.1, i.e. with a decrease in surface activity in a
non-aqueous medium, the maximum increment of the distribution coefficient decreases. It should be noted
that the dependence of the distribution coefficient U passes through a maximum in all cases, which is appar-
ently due to the associative processes in the organic phase.

The obtained dependences on the physico-chemical parameters (conductivity and viscosity) on the ratio
of U (Fig. 2, 3) are an indirect confirmation of the structural changes in the organic phase.
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Figure 2. The dependence of the electrical conductivity of the system on the concentration of octanol
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Figure 3. The dependence of viscosity on the concentration of octanol

The inflection point, corresponding to the maximum of metal recovery is obvious on the provided de-
pendence of the system conductivity at different contents of alcohol. It should be noted that the effect of con-
centration of alcohol is clearly exhibited. The observed facts can be explained by the existence of associates
with low-order chain structure at low concentrations of alcohol in the organic phase. Increasing the size of
the associates determines the increase in conductivity. From this we can expect a further increase in the con-
ductivity of the solution, however, drop in conductivity indicating clear trend of conversion of chain associ-
ates in a complex structures or a microemulsion (micelles) or vesicles. Results of the study of viscous prop-
erties of the system are in good agreement with the above structural changes. Given that the viscosity is a
structure-sensitive characteristic of the system, there is an acute narrow maximum in the dependence
n = f(U) indicates the structural reorganization of the organic phase.

Thus, it can be argued that in practical extraction systems in the presence of aliphatic alcohols colloids
formation is possible. If at low concentrations of alcohol associates produced in the extract stimulate metal
recovery, then a picture changes at increasing the modifier concentration. Experimental data shows that, ap-
parently, the transition into a more complex structure leads to a deterioration in the metal recovery. Appar-
ently resulting particles contain a large fraction of the molecules of the extractant and partially molecules of
the extracted compound.

Next, we tried to find out the distribution of the alcohol both in aqueous and organic phases at introduc-
tion of the aliphatic alcohol into the extraction system. As it turned out, the concentration of octanol intro-
duced had values exceeding its solubility in water (see Table).

Table

Distribution of the modifying additive at the extraction of rhenium by amines from solutions

U C Coctanol 103s mol/l> Coctanol’ 103s mol/l>
octanol, mol/l or : di di
ganic medium aqueous medium
0,10 0,01 7,81 2,19
0,20 0,02 15,89 4,11
0,30 0,03 23,85 6,15
0,40 0,04 31,79 8,21

It is believed that the transition of alcohol into the aqueous phase is not due to its solubility. It is due to
formation of direct micelles in the aqueous phase. Therefore an increase in the metal distribution coefficient
is not only because of solubilization of metal inside the polar core of the inverse colloidal structures formed,
but also due to changes of the transfer mechanism in the result of formation of colloidal structures as in the
organic and aqueous phases.

To elucidate the role of the nature of alcohols considered on the speed of the extraction process kinetic
curves were obtained (Fig. 4). Comparison of the results allowed explaining the high rate of extraction in the
presence of butanol because of its high surface activity.
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As regards addition of octanol into the extraction system, this fact of an accelerating action should be
associated with the ability of this alcohol to stronger «loosen» the interfacial area due to the size of the hy-
drocarbon radical. We can note that all investigated systems achieve the equilibrium state quickly, and the
rate of mass transfer increases in the presence of additives. In our opinion, the adsorption of alcohols at the
interface involves reducing the concentration of metal in the interfacial region. In the leaching solutions of
raw rhenium-containing material along with these ions concomitant iron ions are present. Elucidation of
solubilization effect on the activity of these metals indicated that the separation factor at Cr. = 0,1 mol/l,
Creamy = 0,01 mol/L in the presence of butanol decreases from § = 12,98 (when U = 0,025) to = 8,91 (when
U =0,05), i.e. the difference in position of U,y is leveled.
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1 — octanol; 2 — butanol; 3 — without alcohol
Figure 4. Kinetic curves of rhenium extraction by amines in the presence of modifying additives

It follows that the iron ions can solubilize in a polar nucleus of a micellar unit without dehydration. As
it is well known [7], the limiting stage of a typical extraction of iron (III) is a dehydration step of a metal aq-
ua complex. A similar effect of butanol is possible due to its surface activity, which is the highest value
among the alcohols used in the work (reversing the Duclos-Traube’s rule). Being adsorbed at the interface,
butanol facilitates formation of reverse micelles in the organic phase. Obviously, an alcohol, forming hydro-
gen bonds with water, carries it into the organic phase. The presence of water in the organic phase is one of
the essential aspects of the formation of colloidal structures. Consequently, it is not possible to achieve a
high rate of separation coefficient at the micellar extraction, a metal target will be contaminated with impuri-
ty ions. The use of alcohol with longer hydrocarbon radical, e.g. octanol which activity will decrease at the
interface, leads to a reduction in the amount of water entrained by an alcohol molecule. However, as already
indicated above, not only different structures of modifiers added, but also their concentrations affect the ex-
tractability of the metal. Increasing the concentration of alcohol reduces the separation factor, which is prob-
ably due to increased solubilization of extractable metal ions. In this connection it is advisable the presence
of a small amount of alcohol (U = 0,025) in the extraction system, where separation of metals is possible.

Summarizing all the above data, it can be concluded that at the extraction of rare metals introduction of
modifying additives into the extraction system, in particular the aliphatic alcohols leads to structural changes
in the organic phase, affecting the distribution coefficients. It is found that the kinetics of the extraction pro-
cess is dependent on the structure of the modifier and its concentration.
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C.0.Kenxeraea, C.111.O0miraisIMoBa

Cupexk MeTaiapabl IKCTPAKIMSJIAY IapaMeTpJiepiHe
KOJIJIOMI TY3Iy YPAiICTEePiHiH dcepiH 3epTTey

Cupek MeTanaapasl 0eJIil atyaa SKCTpaKHsUIAWThIH JKyiiere Moaubukarop perinae anudaTThK COUPTTEPAi
€Hri3y OpraHuKajblK (azamarbl KYpbUIBIMIBIK e3repicrepre oKeseTiHi aHbplKTanabl. CIUPTTIH KOHIEHTpa-
LMACHl ApPTKAH CalblH OPraHUKAIbIK (Da3aHbIH KYPBUIBIMIBIK 63repicTepi MeTaiIblH Oein ajbIHybIH
TOMEH/ICTETiHi, COHPIMEH KaTap YPiCTiH CeJICKTHBTIri TOMeHAeNTiHI KopceTinai. CnupT/peareHT KOHIEHTpa-
LMSACBHIHBIH OENriii apa KaTbIHACTAPbIH/Ia METAJABIH SKCTPAKLMSIIAHYBI DTAThIHBI QHBIKTAJIBI.

C.0.Kenxeraena, C.111. AOnpIramnmMoBa

HccsenoBanne BJIAMSIHUS MPOLECCOB KOJJIONT1000pa30BaHMs
HA MapaMeTpPbl IKCTPAKIIUU PEAKUX META/IIOB

YcTaHOBIIEHO, YTO BBEICHUE ATN(PATHISCKHX CIUPTOB B KAa4eCTBE MOAU(UKATOPA B HKCTPAKIMOHHYIO CHC-
TEMY IPU U3BJICUCHHU PEIKUX METAIUIOB IIPUBOAUT K CTPYKTYPHBIM H3MEHEHHUSAM B opranuyeckoii ¢aze. Ilo-
Ka3aHO, YTO C yBEIWUYEHHEM KOHLEHTPAIUH CITUPTA CTPYKTYPHbIE PEOPTaHU3aIMHN OPraHMYeCKON (a3bl MpH-
BOJISIT K YMEHBIIIEHHUIO U3BJICUSHHUS] METANNa, a TAKXKe K CHIDKEHHIO CEeNeKTUBHOCTH Tporecca. Jloka3aHo, 4To
HPH ONPEJIENICHHOM COOTHOLIEHHH KOHLIEHTPALMU CIUPT/KCTPAreHT BO3PACTAET HKCTPArupyeMOCTh MeTall-
na.
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7Korapsl BOJIBTTHI HMIIYJIBCTHIK Pa3pSATHI KOJAAHY apKbLIbl KYPaMbIH/AA
TeJUIyPAT-HOHBI 0ap 3JIeKTPOJIUTTEH HAHOMOJIIIEPJIi TeJUTyp YHTAFbIH
3JIEKTPOXHUMHUSJIBIK CHHTE3/1ey

ONeKTpon3/i KOFapbl BOJBTTHl UMIIYJBCTHIK PAa3psANEH KOCApJacThbIpa JKYPridy apKbUIbl TEIypaT-HOH
KaTOITHIK CHUIIATHIHBIH 3aHJBUIBIKTAphl TOKIPUOCHI Koml (GakTopibl JKOcmapiay SAiciMeH 3epTTelai. AJFamt
PeT KOFapbl BOJIBTTHI UMITYJIBCTBIK PA3psAIICH 9CEp €Ty PEKMMIH/E KON3aps ATl TEUTyp aHUOHBI 3JIEMEHTTIK
KYHre JediH 3JeKTPOXUMHSIIBIK TOTHIKCHI3JAHbIN TOK OOMBIHINA JKOFAphI IIBIFHIMIBUIBIKIICH AIbIHATHIH/BIFbI
anplktranael. [Iporecc Oenme TemmeparypacblHAa Oip carbiia oTelmi. AJIBIHFaH 3JIEMEHTTIK TeJUTypIbIH
YHTarbIHBIH oJieMi 41-1eH 88 HM JIeHiHT1 apabIFbIHIA.

Kinm ce30ep: JKOrapbl BOJIBTTBI paspsn, 3J'IeKTp0J'II/ITTiK YAOIBIK, aHOA-KaTOod, TEJTypaT-uOH, TOK OoiibIHIIIA
IIBIFBIMIBLIBIFBI.

FruipiM MeH TeXHUKaHBIH JaMyblHAa OalIaHBICTBI, apHABl OepiireH KacueTTepi 6ap sIeMeHTTep MeH
oJapblH KOCBUIBICTAPBIH OHAIPIN alyIblH MaHBI3IBUIBIFEL apTa Tycyne. MyHIail MaTepuangapra op TYpii
cayanapa KoJJIaHbUIaThIH, OipKaTap e3iHAIK KacueTTepi Oap TeTypIsl Aa )KaTKbI3yFa 00saabl.

CoHFBI KBUIIAPHI TEJUTYPJbI KOJJIAHY Calachl alTapiibIKTall KeHyJe, aTtamn aitap 00JCcaK: KOCMOCTBIK
TEXHHKA, aBTOMATHKa, 3JCKTPOHUKA, METAJUTyprHs, >KapThUIall OTKI3TIIITIK TEXHHKA, HAHOTEXHOJOTHS
JKIHE T.0.

Temmypapl amyaplH TEePCHEKTUBANBIK OMICTEPiHIH OipiHE SJIEKTPOXMMHUSIIBIK OMICTEepHl KATKBI3YFa
0oxanel, Oipak TEUTypABbIH aHWOHKI (TeJUTypaT-MOH) KYPBUIBICHIHBIH epeKIIelTirine OaiIaHbICThl dJIEKTPOXHU-
MUSIIBIK «KUBIH TOTHIKCBI3ITAHATHIH» HOHApFa KaTalbl.

ATanFaH aHHOHHBIH KYPBUIBIMBI OKTadapiik (TeO, ”) GONFAHIBIKTAH, O KOFAPFI PA3PSATH AHHOHFA
JKaTaapl, COHJIBIKTAH KaTOATHIK MOJISIpU3AIMsUIaHFaH JIEKTPOATHIH KOC KabaThIHA €HEe aiMan bl [1].

MiHe, ochbl cebenTeH, TeTypaT-HOHBIH KaTOATHIK TOTBIKCHI3IaHABIPY MPOLECiH KapKbIHAATy Makca-
TBIHJIa TYPAKThI TOKTHI 3JIEKTPOIN3 OCH JKOFaPhl BOJIBTTHI HMITYJIbCTBIK Pa3psIThl KOCAPIACTHIPA XKYPri3eTiH
JKaHa dJIIC YChIHBLIAIBI.

3epTTey KYMBICTapblH ©3iMi3 JaWbIHAaFaH 3epTXaHAIBIK KOHIBIPFBINA KYPTi3fik. KOHIBIPFBIHBIH
CBIPTKBI TYpi 1-cypeTTe KepceTiireH.

1-cypet. KOHIOBIPFBIHBIH CHIPTKEI OcitHect

Toxipubenepai Kyprizy YLIiH anTsl GaKTOPIbl SKCIEPUMEHT KOCTIapbIH KojAaHabIK. OFaH colikec TOK
TBIFBI3/IBIFBIH, DJIEKTPOJIUTTETI TEJUTYP-HOHBIHBIH KOHIICHTPAIMACHIH, KYKIPT KbIMIKBUIBIHBIH KOHIIEHTpa-
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LUSCHIH, COHIAi-aK paspsATHIK KOHIBIPFBIHBIH SJIEKTPOATAPBIHAAFEl KEPHEYAl KOHE YaKBITTHl ©3repTy
ApKBUTBI op TYPii TakipuOenep kyprizuimi. XKocnapmars! (Xs) GaKkTOpBIHEIH OpHBI 00C KaJIIbl (BaKAHTTHIK
(bakTop).

BakpulaHaTBIH KOPCETKII PETiHIE AJIEMEHTTIK TeJIYpIAbIH TOK OOHBIHIIA HIBIFBIMIBUIBIFBI aJbIHABI
(W, %).

DIIeKTpONIH3 asgsKTAIFAaHHAH COH KaTOITHIK TYHOAHBI JKYBII, KSNITIPTeHHEH KeHiH OFaH PEeHTTeH(a3aIbIK
Tajmay KYprizy apKbUIbl HUACHTU(UKAIUS KACalbIK, al (QUIBTPATTAH KalFaH TEJUTypIbl aHBIKTAN, OJaH
KeWiH SJIEMEHTTIK TEeTYypIAbIH TOK OOWBIHIIA MIBIFBIMIBUIBIFBIH ecenTedik. Kem ¢axTopnsl sxocmapabl
KOJIZIaHy apKbUIBI aJIGIHFAH TOKIPUOETiK MojiMeTTepai [2, 3] >KyMbICTap/ia KOpPCETIITeH 9/icTeMe apKbIIbI
eHjeyre 060mambl.

dakTopaapAblH JACHTedIepi YHIeCIMALIriHIH KaHTanaHOayIIbUTBIFEl KaXXeTTI MAlIMeTTepAl amy
MaKCaTBhIHIa JKYPTi3UIeTiH ToXipuOenepai eHACyde KOJIAHBUIATBIH OacThl KACHET OOJIBIT TaOBUIaIbL.
MyHzaail eHISYIiH MOHI TOXIpHOEIiK MaliMeTTepai GpakTopiapablH JeHreiHl OOMBIHIIA TONTACTHIPY OOJIBITT
Tabbutaabl. by sxarnaiina cypeinray jkacasl OTBIpFaH O0ip GpakTopablH JeHreiineH O0acka, opOip TaHOanFaH
OapIbIK JeHreiaeri pakTopiap TeK KaHa Oip peT Ke3zmeceni.

OHIeymiH Keleci CaThICBIHIAA TaHJaJFaH CYPBINTAyJIapAblH opTama apu(pMEeTHKaIBIK MOHIH
ecenteiiMiz. OfaH KeiiH 3epTTeNin OTHIPFaH (aKTOpiIapAbIH ajbIHFaH )KeKe TOYeNIUTIKTepl MaTeMaTHKAIBIK
TEH/ICyMEH CHUIATTaNaIbl.

Temrypnery pentreHorpammaceiia Te 4-0455 aMmepukaHIbIK KapToTeka OOMBIHIIA HISHTH(OHKAITUSI
)Kacaaslk (2-cyp.).
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2-cypeT. DNEeMEHTTIK TeJUTYpAbIH I TPUXPEHTTEHOTPaMMAaCh

AnpiaFaH 3neMeHTTIK TeurypasiH enmeMi «TESCAN» wmapkaibl 3J€KTPOHABIK MHKPOCKOINTHIH
KOMETIMEH aHBIKTAJIBI. 3-CYPETTCH KOPIIl OThIPFaHBIMBI3/Iai, ajbIHFAH 3JIEMECHTTIK TeJUTYpbIH ememi 41—
88 HM apanbsIFeIHIA 0OTAIB! EKEH.

Det: BSE Detector
View field: 6.713 pm 2pum

3-cyper. DIIEMEHTTIK TeJUTypAbIH eeMaepi
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Kexe Ttoyenmimikrepni OipiKTipy >XKOHE CTaTUCTUKAIBIK KOIM(pAKTOPIBIK TOYESIAUIIKTEpAl CHIATTAy
M.M.IIpoToAbsIKOHOB YCHIHFAaH TEHICY apKbUIBI KYprizinmi [4].

it
i=1

Y, = i;”‘l ; €]
p
MyYHJa Ya, — *almbl KOPBITBIHIB QYHKIHS; Y; — jKeke QyHKIHS, H — OapubIK xeke QYHKIUSIIApIbIH

i=1
keOelTinici; Ya,, — OapIbIK €CelKe aJIbIHFaH JKajllbl KOPBITHIHAB (QYHKIUAHBIH MOHIHEH OIp caHFa Kili
Keke QYHKIMS; 7 — KeKe QYHKIMsIAp CaHbl.

C.B.bensieB o3iHIH MaKalachblHAA JKEKE TOYCHAUTIKTI TaOynaelH Oackamia ofmiciH yceHAnmbl [5]. Tex
OyHBIH aiBIPMAIUBUIBIFEI  HYKTENIK JKEKE TOYENIUIIKTED JKOHE JKallbl oOpTa IMIaMachkl TaXipuoOe
HOTIDKEJIEPiHIH OpTalia TeOMETPISUTBIK MOHIH €CEITey apKbUTBl AJIBIHAIBI.

Byst omic OofibIHIIA 3epTTEy HOTHIKEICPIH OHACY MbIHA 13[1eH OTBHIPFAaH KOPBITHIHABLIAYIIBI TEHACYII
ayra MyMKiHIIK Oepeni:

v=y,"T¥. )
i=1

Erep Tenneymin eki sxarbiH (1) sorapudm necek, MbIHa TOMEHZAETIAEH Xeke (QYHKUUSIIAPIBIH
norapudMaepiHiH KOCBIHIBICH PETiHACT] KOPBITHIHIBLIAYIIIBI TCHIICY/II allaMBbI3;

k
InY=(1-k)InY, +21nY.
i=1

€)

Byn Tenney toxipube HOTHKENEPiH opTalia apuMeTHKAIBIK eCenTey apKblIbl ajJblHFaH TeHaeyre (4)
colikec keneni:

k
Y=(1-k)Y,+> Y.
i=1

“

O3iMI3NIH 3epTTey TOXKIPHOETEPIMI3IIH MOJIMETTEPIH OHIEYAI OpTalla Te€OMETPHSUIBIK CYPBITTAYIbI
€CeNTey apKbUIbl KYPIi3liK.

Toxipube maptrapsl, HoTkenepi (W,) xxoHe ecebi (W) ToMeHIeri KecTeae KopCeTiIreH.

Kecrte
Ta:xipuoe ;xkocnapbr®
Ne aD, AM® Cre, T/11 Ce, /1 t,, MUH U, xpB XBg Wa,,% W3.,%
1 2 3 4 5 6 7 8 9
1 800 8 10 12 8 1 62,25 55,17
2 800 24 30 36 12 3 58,47 58,17
3 800 16 20 24 10 2 72,75 83,40
4 800 40 50 60 16 5 23,15 27,00
5 800 32 40 48 14 4 31,49 39,06
6 1200 8 30 24 16 4 18,93 23,22
7 1200 24 20 60 14 1 32,77 32,87
8 1200 16 50 48 8 3 52,94 46,95
9 1200 40 40 12 12 2 32,55 31,86
10 1200 32 10 36 10 5 41,25 42,04
11 1000 8 20 48 12 5 43,83 26,56
12 1000 24 50 12 10 4 42,03 56,01
13 1000 16 40 36 16 1 64,48 49,56
14 1000 40 10 24 14 3 40,73 40,50
15 1000 32 30 60 8 2 28,12 36,42
16 1600 8 50 36 14 2 16,46 15,84
17 1600 24 40 24 8 5 31,65 37,84
18 1600 16 10 60 12 4 36,72 36,02
19 1600 40 30 48 10 1 28,51 20,78
20 1600 32 20 12 16 3 27,15 29,46
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Ne aD, A Cre, T/ Ce, /1 t,, MUH U, xpB XBg Wa,,% W3.,%
1 2 3 4 5 6 7 8 9

21 1400 8 40 60 10 3 11,00 16,80
22 1400 24 10 48 16 2 22,11 34,07
23 1400 16 30 12 14 5 42,10 47,97
24 1400 40 20 36 8 4 25,52 29,90
25 1400 32 50 24 12 1 38,48 29,30

*Eckepmy. (Wa,) xasne (W6,) — taxipubenepaiy xoHe ecenteyiaepain HoTmwkenepi; (Wp — TOk OOMBIHIIA IIBIFBIMABLIBI-
Fbl, %; D6, Ar/M*> — TOK ThIFBI3ABIFBL; Cre, r/n-epringigeri Temnypar-uoHHbIH Meniuepi; C,, /1 — epTiHIigeri KYKipT KbIIIKbUIbI-
HBIH MOJIIIEpPi; ¢, MUH — yakbIT; U, KB — paspsaThiK KOHIBIPFBIHBIH JIEKTPOATAPBIHAAFbI KePHEY; Xg — BAKAHTTHIK (HaKTop.

Toxiprbe HOTHXKENEpiHiH OpTalla TeOMETPUSUIBIK MOHIH €CeNTey apKbUIbl TeIUTYpABIH TOK OOWBIHIIIA
LIBIFBIMIBUTBIFBIHBIH, 9pOip 3epTTenin oThipFaH (akTop OOMBIHIIA HYKTENIK TOyenIumikTepi anmbiHabl. On
TOYCIIUTIKTEP TOMEHIET1 4-CypeTTe KOPCETUIIEH.

Cy,rin

y &
W, % W, %
™ a 6
45 - 0
-]
40 4
as 4@
30 3 a
28 ° ° »
20 28
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400 1600 0 10 20 3
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4-cyper. Tok GoiibIHIIA MBIFEIMABUIBIKKA (W0) 3epTTeneTiH GakTopiapablH jKeKe HYKTEINIK ToyeIimiKTepi

ANbIHFaH JXKEKe TdeJ’IILiJ’IiKTGp}Ii CHIIATTaNThHIH aﬂre6panbn< TCHACYJICp TOMCH/IC KGpCCTiJ’IFCHI

Tenaeymin exi OeMriHaeri )KeKe TOYSIIITIKTep Al MOTEHITHAIIAY apKbIIBI MBIHA TCHACYIECPI ANIBIK;

In W, =9,8545 — 8,9689-10"" In D;
In W,=9,9877 — 2,0196 In Cr, + In (—4,8802-10"" + 7,0491-10°Cr);
In W5=4,0291 — 1,5564-10 " In Cy;
In W,=In (44,2723 — 0,27697);

In Ws=4,3938 —3,5513-10"" InU.

W= 19043,86D %%,
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W,=21757,19Cr. >*"*-(—4,8802-10"' + 7,0491-10 > Cr,); (11)
Wy =56,2103C, ">, (12)
W,= (44,2723 — 0,2769 T); (13)
Ws=80,9474U73%", (14)

Oprala reoMeTpHUsIIBIK TaHJIAy bl €CEIITEY aPKbLIbI ATBIHFAH XKUBIHTBIK TCHICY XKeKe (yHKIHSUIAPIbIH
sorapudMIapbIHBIH KOCBIHABICH TYPiHae kopceTiieai. Conma kerndakTopbl TEHACY MbIHA TYpae 00abl:
InW = 14,1682 — 8,9689-10" InD — 2,0196 In Cr.+ In (-4,8802:10"" + 7,0491-10 Cr.) —
—1,5564-10""In Cx+ In (44,2723 — 0,2769 1) — 3,5513-10"" InU. (15)
IToTentnanmaranHaH KeWiH MBIHAHAAH TCHIIEY alaMbI3:
W=1,4559-10° D" %% O, 1. (—4,8802- 107" + 7,0491- 10 >Cr.) %
xCy *15564(44,2723 — 0,2769 1) U "8, (16)
AnbIHFaH TEHIEYJEPIiH OapadapiibIFbl ChI3BIKTHIK €MeC KOMTIK KOPPEISLHMUIBIK KO3(h(HUIECHTTePIHIH
R = 0,810 moHi xoHe tp— 10,32 > 2 MaHBI3ABLILIFBIMEH JQJICIIACHI].
KopsITeIHaBIIAM KenTeH e, 013 alNThl BAICHTTI TEILTYP UOHBIH KOFAPhl BOJIBTTHI UMITYJILCTBIK Pa3psSATHI
KOJIJIaHy apKbLIBI AJIEKTPOXUMISIIBIK TOTBIKCHI3aHIBIPY MYMKIHIITIH 3€PTTEIIK.
Hotmxecinne TemrypaT-moH HAHOMOJIIEPSIl DSJIEMEHTTIK TEJUTypFa JCHiH TOTHIKCHI3AHATHIH IBIFHI
AHBIKTAJIIBI.
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K.C.M6umes, b.II.Capcembaen

DJIEKTPOXUMHUYECKHI CHHTE3 HAHOPA3MEPHBIX MOPOIIKOB TeJLTypa
U3 JIEKTPOJINTOB, COEPKALIUX TEJJIypaT-uoH, ¢ IPUMEeHEeHNEM
BBICOKOBOJIbTHOI'0 HMITYJILCHOTO pa3psiaa

ITo meroamke MHOTO(AKTOPHOIrO IUIAHMPOBAHHUA OKCIEPUMEHTa HM3Y4YEHbl 3aKOHOMEPHOCTH KaTOIHOTO
MOBEJICHUSI TEJUTypaT-noHa MPU DJIEKTPOJIHM3e C OXHOBPEMEHHBIM BO3JEHCTBHEM Ha IMPOLECC BHICOKOBOJBT-
HOTO WMITyJIbCHOTO pa3psiia. BriepBble ycTaHOBIEHO, YTO MHOTO3apsiAHBIM AHHOH TENIypa 3JIEKTPOXH-
MHUYECKH BOCCTAHABIMBACTCS IO DJIEMEHTapHOTO COCTOSHHS B PEXHMME BBICOKOBOJBTHOTO HMMITYJIBCHOTO
pa3psizia ¢ BEICOKUM BBEIXOJIOM I10 TOKY. IIporiecc mpoTekaer B OfHY CTaAMIO U IIPU KOMHATHOH TeMIIepaType.
Pa3mep nosrydeHHOT0 MOPOILKa 3JIEMEHTAPHOTO TeJuTypa Kosiebiercs B uHrepsaie ot 41 1o 88 Hm.

K.S.Ibishev, B.Sh.Sarsembaev

Electrochemical synthesis of nanosized powders of tellurium from electrolytes
containing tellurium ions by using a highvoltage pulse discharge

By the method of multifactor planning of experiment the laws of behavior of tellurate ions at the cathode
were studied under electrolysis with simultaneous exposure on the process a highvoltage pulse discharge. For
the first time it was established that multiply charged anion of tellurium electrochemically reduced to ele-
mental state in the regime of high-voltage pulse discharge with high current output. The process takes place
in one step at room temperature. Size of obtained elemental tellurium powder ranges from 41-88 nm.
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TexHo10rnM KOMILIEKCHOT0 MCII0JIb30BAHNS YIJICNIPOAYKTOB
KaK PallMOHAJIbHBIN IyTh NOBbILIEHUS IKOHOMHYECKOMI
3¢ GeKTUBHOCTH PA0OTHI YIJIeA00bIBAIOIIMX NPeANPUATHI

B craTtbe paccMOTpeHBI BOIPOCH! MOBBIICHUS (G (GEKTHBHOCTH HCIOJIB30BAHMS Ka3aXCTaHCKUX yIIIeH, Mpo-
OJIeMBI TIEPECTPOHKN TOINIMBHO-IHEPTeTHIECKOro OajlaHca CTpaHBl B HANpaBICHHH cOepexeHns HeQTH.
IIpencraBieHsl TEXHOIOTHU OJIVDKHErO M DANBHEro 3apyOekbsl MPOM3BOJACTBA JKHIKUX MPOTYKTOB M3 YIJIS.
Paccmotpensr mpoOneMsl 3()(EKTHBHOM yTHIIM3aMM TOHKOAWCIIEPCHBIX OTXOMOB YTOJNBHOM IPOMBIII-
JICHHOCTH, TepepabOTKH OTPOMHBIX 3allacOB TBEPJABIX TOPIOUMX HCKOMAEMBIX B MOJIE3HYIO IMPOIYKIIHIO.
IpencraBneHsl MEPCIEKTUBBI U MTPOOIEMbI KOMIUIEKCHOTO HCIIOIb30BAHHS MPOJYKTOB YTOJIBHOTO POU3BOA-
CTBa, Pa3pabOTKM U BHEAPEHHS HOBBIX NEPCIIEKTUBHBIX TEXHOJIOTHI UX TIepepabOTKu.

Kniouesvie cnosa: yrojib, KaM€HHOYTOJIbHas CMOJIa, He(bTb, CJIaH€ll, ra3, ruAporeHu3anus, BTOPUIHOE HC-
IOJIb30BAaHUE OTXOJ0B, TBEPAbIE 'OPIOYNE UCKOITACMBIE.

PecnyOnuka Kazaxcran pacrnonaraer 3Ha4YMTEIbHBIMU 3allacaMyl yYIied pa3IuyHBIX Mapok. B pecmy0-
JIMKe BBIABIEHO cBbIe 300 MECTOPOKACHNUN U YITIENPOSBICHUN MCKOMIAEMBIX YTJIEH, a TaK)Ke BBICOKOKaUe-
CTBEHHBIX TrOprouMx ciaHies. OOIue reojJoruyeckue 3amnachl U MIPOTHO3HbIE pecypchl yriei PecryOiuku
Kazaxcran ouenuBatorcs B 150 mapa T (u3 «KoHuenuum pa3BUTHs YTOJIbHOW MPOMBIIITIEHHOCTH Peciy6nu-
ku Kazaxcran na nepuoa no 2020 roga» — pa3paboTtana Ha ocHOoBaHUH [IpOTOKOIBHOTO pelieHus 3acena-
Hus [IpaButenscTBa Pecnybmuku Kazaxcran ot 7 cenrsOps 2007 roma Ne 28 [1]). BamancoBbie 3amacel yr-
neit kareropuii A+B+C1+C2, o cocrostauto Ha 1 ssaBaps 2007 roga, cocraBisttor 33,6 MIpI T, B TOM YHCIIC
KaMeHHbIX yrien 21,3 mapa T, Oypsix yraeit 12,3 mupna T. 3abanancoBble 3anachl yris o OacceiiHaMm U Me-
cropoxaeamsiM Peciy6mkn Kazaxcran, mo cocrosauio Ha 1 saBaps 2007 roga, coctaBisior 28,6 Mipa T,
B TOM YHCJI€ KAMEHHBIX yrie# 3,2 Mipa T, OypsIx yriei 25,4 Mipa T. bonbmas 9acTh MOACYNTAHHBIX 3aIla-
coB (63 %) mpencraBneHa KaMeHHbIMH yrisiMH Kaparanamuckoro, Oxubactysckoro, Tenrus-KopkaH-
KoJIbcKoTro OacceitnoB, Kymokunckoro, bopnunackoro, Hly6apkonsckoro, KapaxkapuHckoro u psaa Apyrux
MECTOPOXKICHUH.

[lo naHHBIM MEXITyHApOIHBIX OQHUIHATBHBIX AOJTOcpouyHbIX Mporao3oB (VISION 2050), 3anacoB yris
B MHUpE IPpHU HBIHEIIHUX TeMnax notpednenus xsatuT Ha 300—500 net, et u raza — Ha 20-50 ner, 3ama-
coB ypana — Ha 60-70 met [2] (cm. Tabu1.).

TaOonuma
Mupogsoe norpediaeHune yris B CpaBHeHHH ¢ Apyrumu Buaamu Tomnusa (VISION 2050)

Ctpanbl Mup, MJIIH T H.3. CIIIA, % EC-15, % Poccus, % Kuraii, %

Bce Bunp! Tormsa 9977,7 23,1 14,9 6,2 11,4
TBepaoe uckomnaeMoe TOIIHBO 2336,0 23,2 9.4 4.7 28,1
HedTp 3482,7 25,6 17,2 3,7 6,4
[Ipuponanslii ras 21124 26,0 16,3 15,1 1,3

ATOMHOE TOILIMBO 80,4 30,6 33,8 5,1 0,6
T'unpo 2274 9,6 12,8 6,2 8,4
I'eoTrepmanbHOE 435 30,1 7,9 0,1 -

Berep/ comHie 7,2 27,4 37,8 - -

buomacca 1089,0 6,7 5,2 0,6 19,7

Hannas npoGiema 0cOOCHHO aKkTyajbHa B CBSI3U C OBICTPBIM POCTOM 3aTpaT Ha JOOBIUY U MEepepadoTKy
He(TH, C HEOOXOIUMOCTBIO SKOHOMUTE €€ PEeCypchl, C MOCTOSIHHO YBEIMYUBAIOIUMCS CIPOCOM Ha MOTOp-
HO€ TOIUIMBO. [103TOMYy OCHOBHOM aKIIEHT B MUpE JIENAETCA HA Pa3BUTHE YIOJIbHON SHEPIETUKH, 10JI KOTO-
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poil B Termnoanepretuke Kazaxcrana cocrasnser 94 % u Bo3pactet 10 96 % mociie BBOJa B 3KCIUTyaTaIUIO
crposmetics bamxamickoit TOC ¢ mpeamonaracMoil MOIITHOCTEIO 2, 64 MTH KBT.

VYrojb SIBISETCS Ba)KHEHIIMM OpraHOMHHEpalbHBIM 00pa3oBaHHEM, KOTOPBIH 00iagaeT pa3HooOpas-
HBIMH CBOHCTBaMH. DTO MPEIONPEACTSACT BO3MOXHOCTh €0 INMHPOKOTO WCIOJIh30BAHUS MPAKTUYECCKH BO
BCEX OTpacisiX HAPOTHOTO XO3sicTBa. B CBSI3M ¢ pa3BUBAIOLINMCS B MUPE SHEPIeTUYECKUM KPU3UCOM IIepe-
CTpOiKa TOILTMBHO-3HEPTreTHUECKOro OajaHca CTpaHBl B HamlpaBliecHHH cOepekeHms HedTH, mepepadoTka
OTPOMHBIX 3aIlaCOB TBEPBIX TOPIOYHMX UCKOIMAEMBIX B MOJIE3HYIO MPOAYKIIUIO OCOOCHHO B HACTOSIIECE BpEeMs
OUYeHb TEPCHCKTUBHBIL. {151 mOBBIIIEHUS 3P PEKTUBHOCTH HMCIIOJIb30BaHUSI Ka3aXCTAHCKHUX YIIIeH HeoOXoau-
MBI pa3pa0oTKa 1 BHEAPEHNE HOBBIX MEPCIEKTUBHBIX TEXHOIOTHIA UX MepepaboTKy.

OO01men3BeCcTHO, YTO HAaHOOJIee PaIMOHABHBIN ITyTh TOBBIIICHUS SKOHOMUYECKOH (D PEKTUBHOCTH pa-
OOTHI YIIIeJ00BIBAIOIIETO KOMILIEKCA 3aKITF0YASTCs B IMepepa0d0TKe PAAOBEIX YIJICH B IEIEeBbIC MPOIYKTHI Ha
MecTe no0srau. OJHAKO YTO MOXKHO IMOHMMAThH MOJ] TEPMHHOM «IIeJIEBbIe MPOAYKTH»? YTOIb SBISIETCS Ha-
CTOJIBKO OOTaTBIM CBHIPHEM, UTO MEPEUEHb MOTYIaeMbIX U3 HETO MPOTYyKTOB COCTABISEeT Oojiee MATHUCOT Ha-
uMeHoBaHWH. Kakne n3 HUX HEOOXOAMMO MPOU3BOANTH? OTBET HA 3TOT BOIPOC U OMPEACISET BCIO JIANb-
HEHNIYIO JeSITeIhbHOCTh 0 MEePexXoy K IriIy0oKol mepepaboTke yrieil Ha mecte H00bau. PaccMoTpum STy
mpobiieMy Ha KOHKPETHBIX mpuMepax. He OymeMm kacarbcsi mpoOiieM, CBA3AHHBIX ¢ KOKCYIOIIUMHUCS YTIISIMH,
HaXOJSAIIMMHU yCTOWYMBBINA cObIT. Hanbonee addextuBHbIe yrompHbie npeanpustus Kasaxcrana q00bIBalOT
B ocHOBHOM yrim Mmapok J[, /I u I'. DTo Tak Ha3pIBaeMbIe «MOJOJIBICY» YIIH, KOTOPBIE XapaKTEPU3YIOTCS
MTOHIKEHHOW TETIOTOM CrOpaHus U He MOJIb3YIOTCS BEICOKUM CIIPOCOM.

Bwmecre ¢ Tem, MHOTHE U3 3TUX YTJI€H HMEIOT HU3KYIO 30JIbHOCTh M MOTJIH OBI HCIIONIB30BaThCs 0e3 000-
ramenus. Utak, ¢ onHo#t ctoponsl, Kazaxcran uMeet 3HaUUTENbHBIN pecypc MoaoabIX yriei. Ho uto cero-
JTHSI IMEET CTIpoC Ha phiHKax? Ha BHyTpeHHEM pBIHKE MAET MOCTeNeHHOe (DOPMHUPOBAHUE CIIPOCA HA BBICO-
KOKa4eCTBEHHBIE YTIIH, HO ATOT MPOIlecC JOHKEH OBITh IPOCTUMYJIHUPOBAH MOCTAaBIIMKaMH yruid. [Toka Toms-
KO Ha OCHOBE KOPIIOPATHBHBIX COTJIAMICHUI MEXIY YJHEPTeTUKAMHU U YTOJIBIIUKAMHA MOXET OBITh CPOPMHUPO-
BaH I[UBWJIN30BaHHBIA PHIHOK SHEPIETHUSCKUX YTIICH.

Ha MupoBoMm ke pbIHKE €CTh TOJIBKO OJIMH KPUTEPUi IIEHHOCTH YTJIsL, KaK U JII000T0 TOIUINBA, — IIEHA
onHOM Merakanopud. OTCIO/Ia BBIBOJI, Y€M BBIIIIC TEIUIOTA CTOPAHMS YIS, TEM MEHBIIE TPAHCIIOPTHAS CO-
CTaBJIAIOINAS B IICHE KAJIOPUU U, KaK 3TO HU MapafoKcaIbHO, HUKE Ce0ECTOMMOCTh KHIIOBATT-4aca JIEKTPO-
suepruu u rurakanopun (10° kanopuii) Temma 3a cUeT CHIKCHHS BHYTPEHHHX 3aTPAT SIEKTPOCTAHIMH Ha
ckuranue yrisg. Takum oOpa3oM, Ha PHIHKE XOAOBBIM TOBAPOM SIBISIETCS BBICOKOKAIIOPUHHOE, HU3KO30JIb-
HOE, KeJATeIbHO 0e37IbIMHOE, HO PEAKIIMOHHOCIIOCOOHOE TBEPAOE TOILINBO.

Hackonbko ycroitunBa 3ta TeHAeHIUA? AHaTN3 MOKAa3bIBA€T, YTO MPH CPEAHEM POCTE IIEHBI HA DHEp-
THI0 CTOMMOCTh METaKajJOpHH, IOJydYeHHOH u3 Hedtu, BeIpociaa ¢ 78,5 nenta B 1973 r. mo 533 ueHrtoB
B 1981 1. u cerogns coctasisieT 214 nenros. i npupogHoro raza He HaOMIOJAeTCs CHHYCOUAAIBHBIX KO-
nebanui, kak i HeTu. lleHa Merakamopuu, MorydeHHON U3 ra3a, HEYKIOHHO PacTeT U CETOIHS COCTaBIIs-
et 324 nenta. Jlns sHEeprun, MoIy4aeMon U3 yriis, nocie konebanmii B 1973—1981 rr. ormMedaeTcs yCcToWYH-
BOE CHH)KCHHUE IIEHBI, U OHA COCTABIISIET cerofHs 126 EeHTOB 3a Merakajopuio. TakuM o0pa3oMm, JIETKO 00b-
SICHSCTCSl HapaluBaHUE JOOBIYH YIJIs B BEAYIIUX cTpaHaX. Kpome Toro, OOJIBIIMM U YCTORYHMBBIM CIIPOCOM
MOJIB3YIOTCS U JKHJIKHME TOIUIMBA, BKIIOYasi MOTOpHBIE. PacTeT crpoc Ha TspKenble OpraHHYecKre KUIAKOCTH
TUIa OUTYMOB U TIEKOB. Pe3k0 BO3pOCIIH CIPOC U IIEHbI Ha OPraHUYeCKUe OKCUTEHATHI, Tpexk e Bcero GeHo-
JIBI, KPE30JIbI, KCUIICHOIIBL.

OnpenenvB HAYaNbHBIA TEPEUYCHb MPOIYKTOB, CICAYET OCTAHOBUTHCS HAa BOIPOCE O TOM, IO KaKOW
TEXHOJOTHH BO3MOXHO IPOU3BOJCTBO 3TUX MPOAYKTOB. | TaBHBIM KpHUTEpHEM BBIOOpa TEXHOJOTHH Tepepa-
OOTKHU yTJIEH, C TIOTYYCHHUEM IIEJICBBIX MPOIYKTOB, SIBISACTCS TapaHTHS TOTO, YTO X CeOECTOMMOCTh OyneT
0 KpaliHel Mepe He BHIIIE MOIYYaeMbIX U3 AIbTEPHATUBHOTO CHIPHS.

Br160op momxeH ObITH OCHOBAaH Ha OLIEHKE CYIIECTBYIOIINX TEXHOJOTHH 10 CIEAYIONINM ITapaMeTpam:

— HaJIM4He CYIIECTBYIOIIETO W MPOTHO3HOTO cIipoca Ha mpoaykuuio B Kazaxcrane, B Poccuu u 3a py-

OexoM;

— BO3MOXKHOCTB OBICTPOU pealiu3aliuil B MPOMBIIIJICHHBIX MacIITadax;

— 3KOHOMHYECKast 3(PEKTUBHOCTh U SKOJIOTHUECKask YHCTOTA;

— BEJIMYMHA YJIENbHBIX KAIBJIOXKEHUA W MPUBJICKATEIBHOCTh JUISI TOTEHIIMAILHBIX HHBECTOPOB KaK B

Kazaxcrane, Tak u 3a pyOexoM.

Ha ceroansiHuii AeHb U3BeCTHBI 00siee 60 TEXHOJOIHUECKUX Pa3pabOTOK MepepabOTKH yrieH, Hauu-
Has OT MPOCTEUIIIeH COPTUPOBKH M OOOTaIeHNUs ¥ 3aKaHIMBas TOJyIeHHEM YTIIEPOJIHBIX BOJIOKOH, rpadena
1 HOBBIX (opM yriepoaa (dymiepeHoB). OMHAKO BCE 3TU TEXHOJIOTUU UMEIOT Pa3IMYHYIO CTEICHb TOTOB-
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HOCTH K BHeIpeHHuio. Xopomo Obl opraHu3oBaTh B Kazaxctane mpou3BoACTBO OaKMHUHCTEP-(yIJIEpEHOB U
Mpo/IaBaTh MX, YIIAKOBBIBas B KOXaHbIe Kelchl. [Ipu 1ieHe ceiporo 6akubona $50 3a rpaMM CTOMMOCTB TakKo-
ro Keica COCTaBUT YETBEPTh MWJUIMOHA JOJUIApOB. B 3TOM MlaHe MepCHeKTUBHBIMU SBIISIFOTCS MCCIIEN0Ba-
HUsI, ipoBoanMele yueHbIMH TOO «Absolutecology» (Kaparanna) u KasHY (Anmater), no ¢yniepeHoBbIM
coenuHeHnsiM. OTHAKO HE Bce, /Ta)Ke OCBOSHHBIE B IIPOMBIIINIEHHOCTH, TEXHOJIIOTHH MOTYT OBITh JIETKO BHE-
JIPEHBI B 9KOHOMHYECKUX ycinoBusax Kazaxcrana. OCHOBBIBAsICH Ha JaHHBIE O COCTOSHUU Pa3pabOTOK B MpO-
MBILIJICHHO-PAa3BUTBIX CTPaHAX, OTMETHM HanOosee OCBOCHHBIE U EPCIIEKTUBHBIC TEXHOJIOTHH ITepepadOTKU
YrOJIBHOTO MaTepuana.

1Ipou3600cmeo HcuoKux npooyKmos u3 yeis no mexHoi02Uu Ho8020 nokojenus. Viaes monyqdeHns Kuu-
KOTO TOIUTMBA W3 TBEPABIX yIied JaBHO 3aHMMaja yMbl yUEHBIX-XHMHKOB. [lokamyii, oHa BO3SHHKIIA OJHO-
BPEMEHHO C M300pETEHUEM JIBUTATEIISI BHYTPEHHETO cropaHus (T.e. B KoHLEe XIX B.), KOTOPBI cTain OCHOB-
HOHM NBIDKYIIEH CHJIOW, 3aMCHHBIIICH TATJIOBBIX XKUBOTHBIX. PazHooOpa3HOE KUIAKOE TOIUIMBO — OCH3HWH,
KEPOCHH, COJIIPKa — TIOIYyYaJIOCh MyTeM KpekuHra HeTH. CKBaKHUHBI, U3 KOTOPHIX OWia He(Th, YXOIUIN
y’K€ Ha MHOTHE KHJIOMETPBI B IIIyOb 3eMIIM M JHO MOpPEW, W IleHa N0OBIYM ee pocia u3 roga B rod. B o6o-
3puMOM OynayiieM HedTsHbIe peKu 0OMEJIeIOT M COBCEM BBICOXHYT. UTo ke menath Toraa? CHOBa mepexo-
IUTH Ha JIOMAINHYIO, BEPOIIOKBIO TATY? A pe3epB-TO PAAOM — 3TO Yroib. TalHy NpeBpameHus yIiis yde-
HbIE OTKPBUIM €llle B MepBOM mosoBrHE XX BeKa, TOrJa K€ pOIWIACh ClielHaibHas HayKa — YTICXUMUSL.
Bce moctatouHo mpocTO: U Yroiib, U HETh COCTOST U3 yriiepoAa U BoJopoaa. Pa3HuIa Iuib B aTOMapHOI
cTpykType. Akanemuk bykeToB B cBoeM TpakTare «HedTh, yroms u Boja B XMMUU M SHEPTETHKE» Pa3biC-
HUJI, B YeM CYTh: B YTJIe COOTHOIIIEHHE BOIOpoia U yriepoaa — 1:1, mpaBaa, aToMHBII Bec Bogopoga — 1, a
yriepoga — 12, 1 mosToMy yriepoza Oolnbliie, 4eM BOAOPoaa, B 12 pa3; B HETH COOTHOIIEHHE 3TUX JIBYX
aneMeHToB 1:2, T.e. 2 aToMa BOJ0poIa MPUXOIATCSA Ha 1 aToM yrieposa, o 3ToH MpUIrHe HEPTH B B pas3a
Jierde YIiid U BCTPEUYaeTcs TOJBKO B XKHUIKOM COCTOSIHUHW. Tereph BCSKOMY SICHO, YTO, €CIIM B YIJIE yBEIH-
YUTH YHUCIIO aTOMOB BOJIOPO/a B JIBA pasa, OH IpeBpariaercs B HehTh. XUMHUKH, YTOOBI HE MyTaTh C IPUPOJ-
HOW He()THIO, KOHEYHBII NPOIYKT Ha3BaJll «CHHTETHUECKOW HE(THIO». A mpolecc o0oramieHus yrist BoJIo-
POIOM Ha3BallM «THIIPOTCHU3AINEH YTIIA», NHAYE TOBOPS «OXKIDKEHUEM YTIISD».

XUMHKH BCETO MHUPa OCBOMJIM HECKOJBKO CIOCOOOB «OXKIKEeHUs yrisi». OAMH U3 HUX, MOXalyi, ca-
MBI COBEPIIEHHBIN, MPEeATIOKIIT HEMEUKUA XuMuK bepruyc eme B 1912 r. 3akmrouaeTcs oH B CIeIyIOIIEM:
B TePMETHIECCKHU 3aKPBITOM IEUN yTOJIb B MIPUCYTCTBHH BOIOPOa HarpeBaroT 10 400—500 rpamycoB 6e3 goc-
Tyma BO3/yXa, HE JaBas eMy ropeth, moa gasicHueM 500—700 atmocdep; 1Is yCKOpEHHs Ipoliecca B Kade-
CTBE KaTaJM3aTOPOB PEaKLUUH B YTOJIb TOOABISIIOT XKene30, HUKEb, KOOAIbT, MOIUOIEH U HEKOTOPBIE COJTH
PENKUX 3JIEMEHTOB, TOHKO M3MEJIbUCHHBIH YTOIb pa30aBIseTcsl )KUAKOH HeThIO; U B KOHIIC He()Th HAUMHA-
eT TeYb 110 TpyOaMm B BHJIE KUIAKOW Macchl. MOXHO cKa3aTh, a30yka XHMMUH, €CITH HE CUUTATh, YTO MPH 3TOM
BEJIMKH 3aTpaThl AJIEKTPOSHEPTHMH Ha HAarpeB M NPUXOTUTCA COOPYKATh OYEHb IOPOTroe 00OpYAOBaHHE.
U Bce-Taku 3a pyOexoM erie 10 Hadana BTopoit MUpOBOM BOMHBI OBLITO MOCTPOEHO 48 3aBOJOB, U3 KOTOPBIX
[IOYTH TOJIOBMHA paboTaia mo «meTtony bepruyca». ToT, KTo BeIpoC B IepeBHE, HAaBEPHOE, BUIEI, KaK MeJ-
KU YyTOJIb CMaqyUBaIOT BOJOH JJIs1 TOTO, YTOOBI OH JydIlle ropel B meu. Kcratu, u Ha mpou3BOICTBE MOCTO-
STHHO TIOJIB3YIOTCS 3THM TPOCTBIM KPECThSHCKMM CIOCOOOM. DTOMYy €cTh M HaydHoe OOOCHOBaHHE:
B MIPUCYTCTBUH BOJABI B MPOIECCE TOPEHHS B TOMKE 00pa3yercs «OKchp yriiepoga» (T.e. OOBIKHOBEHHBIH
yrapHBI{ Ta3), ¥ aTOMBI BOJIOPO/Ia, HAXOAIINECS B Ta3000pa3HOM COCTOSIHUH, HAMHOTO yCHUJIMBAIOT TEILIO-
otaauy. 3apyoexHsie yuensle @uiep u Tpomni, HeoAHOKpAaTHO HaOII0as 32 MPOLIECCOM OOXHTa YIJis, 10-
raJallich MOJIYYUTh XKHUIKOE BEIIECTBO, IPOTHAB 3TH «YTapHBIE» W BOAOPOIHBIC ra3bl Uepe3 KaTaau3aTophl.
[Tpu 3TOM Yem Gorbliie ObUT 00BEM T'a30B, TeM OOIBIIE MOTYYAIOCh KHUIKOCTH. A YKUIKOCTh 3Ta «CHHTETH-
yeckas HeTh». M3 BCero cka3aHHOTO MOYKHO CIeNaTh BBIBOJ: YTO M3 YIVIA HE TaK YK CIOXHO BbIpabOTaTh
JKUJKYI0 HE(Th, a U3 OCTAIOIIUXCS OTXOJOB MOXKHO JAOHOJIHUTENHHO MOMYYUTh Map(roMepuio, CHHTETHYe-
CKHE€ MaTepuajibl U MHOXKECTBO JIPYTHX BelIel; M3 TOW k€ He()TH BBIIEIUTH OCH3WH, KEPOCHUH, MOTOPHBIE
Macna... CIoBoM, JIeTI0 MCIBITAHHOE U BechbMa mosie3Hoe! He mepeBo3ss MUITHOHBI TOHH YTJISl Ha JTaNbHUE
paccTosHus, MOKHO TaM e, TJle OHH JOOBIBAIOTCS, CHHTE3UPOBAThH KUIKOE TOIUIMBO U APYTHE MPOAYKTHI
xuMuHd. [1ouTH mecTpAecsT MPOIEHTOB OXKIKEHHOTO YT JaeT YHCThIM OEH3MH, a TaKkKe IPyTrue BUIBI TOTI-
TUBa. A OCTaBIIMECS OTXOABI MPUTOIATCS MPH yKIaake achambToBbIX Aopor. CiieoBaTeNnbHO, MOSBISETCS
BO3MOXKHOCTbH MOTHOCTBIO U30aBUThCs OT ' POC, TOLI, OT BCeX TEIUIOBBIX KOTEIBHBIX, KOTOPHIE 3aTPS3HSIIOT
BO31yX. B mpouecce cropanus >kMIKOT0 TOIUIMBA, KaK YCTAHOBJIEHO, BOBCE HE BBIACISAIOTCS SAOBUTHIE BEllle-
CTBa, 3HAYUT, HAHOCUMBIN OKpYKalolleH cpene Bpea OyAeT B COTHH pa3 MeHblle. HykeH b ontuMab-
HBIH CII0CO0 MOIYy4EHUs ACHIEBOr0 KMAKOTrO TOIUIMBA. DTa mpobiema B Hadane XX B. 3aBlajiea yMaMu 3a-
PYOCKHBIX YUCHBIX U MOPOJUIIA COTHU HCClIeoBaTeIel-QpaHaTHKOB, TOCBATUBIINX €€ PEIICHUIO BCIO CBOIO
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*u3Hb. Ho, K BceoOIeMy OropueHUI0, MPeI0KESHHBIE HIMH METOIbI TTOTYICHHUS )KHUIKOTO TOTUTHBA HE TMOITY-
YN IOJDKHOTO PAcTPOCTPAHEHUS, TaK KaK MpH 3TOM OEH3WH M JIPYTHe BHUIBI TOILIMBA OOXOIWIIVCH B TPH
pasa JIopoKe, YeM TPpH IeperoHke NpupoaHoi HedTr. OKIKESHUE YTIIs MPOU3BOIIIOCH TOJIBKO MO KpalHen
HEOOXOIUMOCTH.

Hanpumep, mo npsMomy ykaszanuio Anoibda ['ntiepa Bo Bpems Bropoit MuUpoBOii BOMHBI HEMELIKHE
XUMUKH, HCTIOIB3YS OyphIi yroiib Pypckoro 6accefina, n3-3a HEXBaTKH He(PTEIPOAYKTOB BHIHYKICHBI OBLTH
mpou3BOIUTE Ooinee 4,5 MITH T OEH3MHA HA 3aBOJAX, CPOYHO MOCTPOCHHBIX BO3iie MionxeHa. CriennuanucThl
MTOJICYUTAIIH, YTO B TOJIbI BOMHBI HEMEIIKUE TAHKH, CAMOXO/IHbIC YCTAHOBKM U BOCHHBIC aBTOMOOMIIN o0ectIe-
YrBaKCh Ha 75 % KHUIKAM TOIUTUBOM, TOJYYEHHBIM C 3THX 3aBoJoB. B Tpakrare E.A.bykeroBa «Hedts,
YTOJIb U BOJIa B XUMHH M JHEPTETHKE» yKa3aHo, 9To B 1940—1943 rr. Takue xe 3aBOBI NecTBOBAIHN B Smmo-
Huy, Utanuu, Aaronu, OpaHium, OHA MTPOU3BEIH 7—8 MITH T «CHHTETUYECKON HePTI».

Erte oaun xopomuii npumep. Bo Bpems 6iokans! KOxHO-Adpukanckoi PecnyOnuky ee BaacTH TaliHO
JIOCTaBHJIM Ty/la HEMEIKHX WHXKEHEPOB, KOTOphle paboTanu Ha 3aBojax MroHxeHa. Ml oHM B TeueHHe He-
CKOJIBKMX MECAIICB CYMENIN HalaIuTh MPOU3BOACTBO KHUAKOTO TOTUIMBA U3 MECTHOTO yIJisl. Mexay mpodnM,
TUTAHTCKUH 3aBOJI, TOCTPOSHHBIA UMH B T€ T'OJIbI, paboTaeT 1o cell ieHb. COBETCKHE XUMHUKHU TOXe pa3pado-
TaJIi TEXHOJIOTHIO TTOJIYICHHSI )KHIKOTO TOTUIMBA U3 yriiel. Ilo ux mpoekrty B cepenune 1980 rr. B [Togmoc-
KOBBE OBLT MOCTPOCH HEOOBIION 3aBO, TI€ OKMKAJIOCh 5 T MECTHBIX OYpPBIX YIJIeH B CYyTKH.

B nacrosimee Bpems paspabotansl 6onee 30 BapuaHTOB MPOIECCOB C MPUMEHEHHEM METOJa THIPOTe-
HU3AIUU TepepadOTKH YTl B MPOAYKTHl TOIUIMBHOTO M XHMHYECKOTO Ha3HaueHHs.. OCHOBHBIE TEXHOJOTH-
YECKHE IMapaMeTPhl dTUX MPOIECCOB MOAPOOHO OITyOJUKOBAaHBI B HAYIHOU uTeparype [3—5]. HekoTopeie u3
MEPEYUCIICHHBIX MPOIECCOB OCYIIECTBICHBI B MPOMBIIIJICHHOM U OMBITHO-IIPOMBITIIICHHOM Maciitade B 30—
50-x rr. mpommwroro croietus B I'epmanun, Benmkobpuranuu, Smonuu u Apyrux crpaHax. B ['epmanum
(r. Lafir) MeToIOM TpSIMO THAPOTEHU3ANH mepepadbareiBaeTcs mpuMepHo 0,5 MITH T B TOJ CMOJIBI TTOJTY-
KOKCOBaHHS YIJiel B KOMIIOHEHThI MOTOPHBIX TOILTUB, CMa304yHbIe Maciia U napaduH. B DcToHuM Xuakue
MIPOJYKTHI MOJYYA0T U3 CMOJ ra3u(UKanuy WM MHPOJIU3a MPUOANTHICKUX ClaHIeB, a B Poccun — u3
CMOJI TIOJTYKOKCOBaHUS KaMeHHOTOo yris YepemxoBckoro mecrtopoknenus. B FOAP ¢ 1983 r. neiicTByroT
3 3aBojga CACOJI ¢ cymMmMapHOH IPOU3BOAUTEIBHOCTBIO OKOJIO 33 MITH T/TOJI TIO YIJTr0, WK 4,5 MIIH T/TOJ 110
MOTOPHBIM TOIUTHBaM. B OCHOBY TEXHOJIOTHH IOJIOKEHA Ta3u(uKarys yris no MeToay Jlypru noj naBieHu-
€M C MOCIIEAYIONINM CHHTE30M YTIIEBOJOPOIOB 1o MeTtony Pdurepa-Tpora.

B nacrosmee BpeMs Hanbosiee MHTEHCUBHO MPOBOISATCS paboThI IO CO3/IaHUI0 TEXHOJIOTHH THAPOTEeHHU-
3auuu yrias B ['epmanun, Kurae, CLIA, SInonun u Poccun. ABTops! [6] oTMeuaroT, uTo B cepeanne 90-X IT.
B ['epmanuu ¢pupmamu Veba Oil, Ruhrkohle A.G., Saarbergwerke A.G. u npyrumu pa3paboTaHa u mpoBepe-
Ha B YCIIOBUSIX OIIBITHO-TIPOMBIIIJIEHHBIX YCTAHOBOK «HOBAsl HEMEIKAs TEXHOJOTHUS» THAPOTCHNU3ANN YTIIS
nmox nasienueM 20,0-30,0 MIla. Haubonee MHTEHCHBHO pabOTHI MO CO3AHUIO TEXHOJIOTUU THIPOTCHU3A-
uuu IIl-ro moxoneHust B mocienaHue ToAbl MpoBoAATCA B SImoHuu, rae B pamkax l'ocymapcTBEHHOM mpo-
rpamMmal «Sunshainy ¢upmoii Nippon Coal Oil Co., Ltd u xoproparueit NEDO ycrenHo sKCityaTupyeTcs
OTIBITHO-TIPOMBINIUICHHAS YCTAaHOBKA MPOM3BOAUTEILHOCTRIO 150 T yrisg B cytku (1. Kammma). IIporecc
ocymecTBisiercsl moj aAasieHueMm 17-19 MIla B mpucyTcTBHM >Kene30ocoaepskaiero kartaimusaropa (3,0—
5,0 % B pacuere Ha cwIpne) [7].

BecbMa mepcrnieKTHBHBIM METOAOM TMONYUYEHHS KUAKUX MPOIYKTOB U3 YTl — MOTOPHBIX TOIUIMB H
CBIPBS ISl OPTAaHWMUYECKUX CUHTE30B — SIBIIICTCS MpsiMasi JECTPYKTHBHAS THIpOreHu3anus. Meron razudu-
Kallu{ YTJIsg B HACTOAIIEE BPEMs OCTACTCS €IUHCTBEHHBIM DPKOHOMUYECKH MPHUEMIIEMBIM MPOMBIIUICHHBIM
METOJIOM TPOM3BOJICTBA BOJOPOJIA, HEOOXOAMMOTO JUTSl TUApPOTeHU3auu yrisi. Tak, Hanpumep, B FOxHo-
Adpukanckoii Peciybnuke xopomio ocBoeHa Texnonorus CACOJL, T.e. razudukanus yris 1 IoCIeAyomnui
cunte3 @umiepa-Tporia s MoTyYeHUs YTISBOIOPOIOB, MPEK/IE BCETO KUJKUX MPOTYKTOB.

Takoif yTh OYEHBL AOPOT M MOT OBITH peanm3oBaH TOIbKO B FOAP, B yCIIOBHSAX 3KOHOMHYECKOTO M-
0apro, Korjia rocIoTaIys Ha mepepadboTKy yris mocturana 19 momr. Ha ToHHY. MICIIONB3ys CKPBITHIN B 3TOM
noranuu punancossiil peseps, komnanuss CACOJI cymena pa3BUTh XUMUYECKOE POU3BOICTBO, CHU3HB CE-
roaus Ha 60 % MPOU3BOJICTBO CHHTETHYECKOTO OEH3MHA, KOTOPBIN CTal yOBITOYHBIM ITOCTIE CHATHS AMOapro.
Ero 3ameHmnm moporocTosiye U BBITOJHBIC IS TIPOU3BOJICTBA JIAKH, KPACKH, TUIACTUKH, BOJIOKHA, B3PHIB-
yatka U T.4. [lonsaTHo, yto Ka3zaxcran He MMeeT BO3MOXKHOCTH MOIy4aTh €KerogHo okono 500 MiH JouL.
TOCAOTALUH TOJIBKO Ha MOJAEPKaHue TOAOOHOM TEXHOIOTHH.

OddekTUBHBIA MyTh WCIHOJIB30BAHMS MOJIOABIX YIJeH yke mpoaemonctpupoBad B CIIA. ius Toro
9TOOBI CllesIaTh SKOHOMUYECKHU 1eJIeCO00Pa3HOM TPAHCIIOPTUPOBKY yIiiei Ha 2—3 ThIC. MIJIb U3 IUTaTa Baii-
OMUHT 70 IOTpeduTeneii, Obuia pazpadoTana TexHoOIOrus ¥ B 1992 1. mocTpoeH nepBblil JeMOHCTPaLMOHHBIN
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3aBoj] 10 MATKOMY muposu3y 300 THIC. T YIIIA B TOA. DTa TEXHOJIOTHS MO3BOJISET MOIYYUTh OE3IbIMHOE BbI-
COKOKAJIOPUHHOE TBEP/OE TOILUIMBO M KHIKOE MAIOCEPHHUCTOE TOIUTHBO. KanuTanbHbIe yIeIbHbIE BIOKESHUS
Ha ypoBHE 65 JIOJUI. HA TOHHY TepepaboTKH U 3aTpaThl Ha MepepaboTKy, COCTABISAIONINE OKOJIO 6 JOJII. Ha
TOHHY, JTAIOT BO3MOXKHOCTh UMETh BHICOKYIO PEHTa0EIHbHOCTh IPOU3BOJICTRA.

[IpuBneKkaTeIbHOCTh 3TOW TEXHOJIOTHH HACTOJBKO BBICOKA, YTO 12 MPOEKTOB MO BHEAPEHHIO TEXHOJO-
TUHU BemyTcs ogHoBpeMeHHO He Tobko B CIIA, Ho u B Kutae, Unnone3un, Ascrpanmu, [lakucrane, [1omib-
e, Yexun, Oununmuaax u naxe B Poccun. B CIIIA BemyTcst paGOThI IO CTPOUTENBCTBY 3aBOJIA MPOU3BO-
JUTEIBHOCTHIO 4,5 MIIH T B TOJ ¥ IUTaHUpyeTcs: JoBecTH yepe3 10 et oObeM mepepaboTku 10 75 MIH T B
rox [6, 7].

Ha ceromusmuuii AeHh BBIMOJTHEH 3HAYUTEIBHBIN 00BeM paboT mo mpoekty. llepepaboTka yriis 1mo
TEXHOJIOTMH MSITKOTO MUPOJIU3a, WiH, Kak ee Ha3biBaloT B CIIIA, — LPC, 3akmiouaeTcst B CyIIKE U MOCIE-
nyroreM Harpese yrisa o 550 °C B mHEpTHO# cpene. B pesynbrare momydaeTcss O€35IMHOE BBICOKOKATIO-
puitHOE TOITMBO-TIONYKOKC, JIETKHA Ma3yT. Ma3yT MOXET pa3AemsaThcsl Ha OS€H3WH, KPE30J, TU3TOILTUBO U
outym. Ecnu paHbIe CTaBUIIaCh 33jlavya MOJYYUTh MAaKCHMAaJIbHBIH BBIXOJ MPOIYKTOB W3 YIJIsl, HAIPHUMEP
OCH3WMHA, TO CETOJHS CTAaBUTCS 3ajada II0JIy4aTh ONTUMAaIbHOE KOJIMYECTBO MPOIYKTA MPH MUHHUMAIBHBIX
3arparax. [ 1aBHOE ycJoOBHE 3TOT0 IMOAXO0Ja — YTO A00aBIEHHAS CTOMMOCTH JOJDKHA MPEBBIMIATh CyMMY
3aTpaT Ha ee MoJIydeHue Kak MUHUMYM Hal5-20 %.

Kuraii mpoBoaUT mMpoKoMacIiTadHble PadOThl B 00IACTH TOTYUYSHHS KUIKOTO TOIUIMBA THAPOTEHH3a-
el yrireid. B Kurae pa3paboranbl COOCTBEHHBIE TEXHOJIOTHU MPSIMOT0 OXKMXKCHHS YIJIS ¢ UCIOIb30BaHHEM
OpPUTMHANIBHBIX KaTATUTHYECKUX cucTeM. Tak, mo TexHosoruu Shenhua Beixox Macen gocturaet 57-58 %
IIPH JJOCTATOYHO BBICOKOM BBIXOJIe O0JIee TSXKENBIX MPOJYKTOB, NiepepabaThiBaCMbIX B TU3EITHHOE TOTLTHUBO.
I'pynmoit Shenhua B 2004 r. B aBTOHOMHOM OKpyre BHyTpeHHss1 MOHIONMMs Ha CeBepe CTPaHbl MMOCTPOEHO
[IEpBOE B MHpPE MPOMBIIIJICHHOE TPEANPHUATHE IO TTPOU3BOICTBY JKUIKUX TOIUIMB METOIIOM IPSMOTO OXH-
JKEHUS YTIIsl MOITHOCTBIO 5 MJIH T yroJibHOW HedTH B rojl. [1o uMerommMces tuiaHaMm 3aTeM OyIyT MyIIeHBI
ee 4 NpoOU3BOACTBEHHBIC JINHIH, KOTOPBIE €XeroqHo OynyT nepepabatsiBath 15 M T yris [8].

Kazaxcran ob0nanaet 3HaYMTENFHBIM MOTEHIINAJIOM Pa3BUTHS YTOJIBHON SHEPTETHKH B 3TOM HaIpaBlie-
HUU, UMesi 00BEKTUBHBIC TIPEATIOCHLITKH:

— TEOJIOTHUYECKUE 3amachl W IMPOTHO3HBIE pecypchl yrieit PecnyOmmku KazaxcraH olleHMBAaKOTCS B
150 mupx . Ceituac cpeau rocymapcts CHI' Kazaxcran naeT Ha TpeTheM MecTe Io 3amacam (tocie Poccun
1 YKpauHbI) U Ha IEPBOM — I10 T00BIYE YTJIsl HA AYIIY HACEICHHUS,

— HaYYHBIC TPEIPHUATHUS, OCHAIICHHBIC UCCIICIOBATCIBCKUMH YCTAHOBKAMH W YHUKAIBHBIMEH 000PYI0-
BaHUSMH U MPOBOJISIINE UCCIETOBAHMUS B 00JIACTH KaTaTUTUYECKON THIPOT€HU3AINHN YTIICITPOAYKTOB.

OpnHako cerofHsl pecmyOsinKa 3aMHTepEcCOBaHa HE TOJIBKO B €T0 M3BJICYCHUU M SKCIIOPTHOI MpoAake B
KaueCTBE CBIPhs, HO M B COBITE MPOAYKIUU OoJiee BHICOKOTO mepesena. B stom Hanpasnenuu [IpaButenber-
BOM, MHUHHCTEPCTBOM WHIYCTPUH U HOBBIX TexHoJoruii PK Benercs nenenanpaBneHHas padora mo obecrme-
YeHUI0 TpaHcdepTa U BHEJAPEHUIO WHHOBAIIMOHHBIX TEXHOJIOTHH TTyOOKOH mepepaboTKu yriisi, pa3paboTke
3aKOHO/IaTENBHBIX aKTOB [0 CTUMYJIHUPOBAHUIO MX BHEAPEHUS B OTPACIIH.

Ipobnemvr 3¢ppexmusnoll ymuruzayuu MmOHKOOUCNEPCHBIX OMX0008 Y2OIAbHOU NPOMBIULEHHOCTIU.
JKOHOMHYECKOE COCTOSTHHE KOHKYPEHTOCITOCOOHOCTH MPEINPUATHIA MO JTOOBIYe W Mepepa0dOTKe IOJIE3HBIX
HCKOMaeMbIX BO MHOTOM 3aBHCHUT OT ITOJIHOTHI UCTIOJIh30BaHUA pecypcoB. B snepreruke Kazaxcrana mpume-
HSIIOT B OCHOBHOM HU3KOCOPTHBIE YIIIH BAJIOBOW TOOBIYM M OTCEBBI, HU3Kas 3P(PEKTUBHOCTh UCIIOIh30BAHUS
KOTOPBIX CAEPKHUBaeT 00bEMBI UX peanu3anud. Hapsay ¢ yBeTHMYMBAIONICHCS 30JbHOCTHIO U BIQYKHOCTHIO
YTIIS1 pOCT COJIEP>KaHUSI MEITKO3EPHHUCTHIX YaCTHI] B 00beMe IMOCTABIIEMOr0 YISl OTPHULIATENBHO BIIHSET HA
€ro KauecTBO M, KaK CIIEJICTBUE, HA CTOMMOCTh. YacTh TOHKOAMCIICPCHBIX OTXOJOB MPEICTaBICHA MUIAMaMU
oOorarieHus, 00pa3yIoIMMHCS B TIPOIeccax T0OBIYM U 000TalleH s, OTCEBAMU, I THIOAMHU.

CymecTByromas 3KOJOTHYECKas HANpsHKEHHOCTh B JIOOBIBAIONIMX M TepepadaThIBAIONINX pPErrHoHax
Kazaxcrana Bo MHOTOM CBs3aHA C MECTaMH CKJIAAMPOBAHMS TBEPJBIX TOPIOYMX OTXOOB. B yroipHO# mpo-
MBINUICHHOCTH KazaxcraHa €XerogHo B pe3yibTare JOoObUM W 00OTalIcHHs KaMEHHBIX Yriield oOpa3syercs
3HAYUTENFHOE KOJMYECTBO TBEPABIX U KMIKHUX YTIEPOACOAEPKAIINX OTXOA0B (IIaM, OTCEB), CKIAAUPYIO-
IIMXCSI B OTBaJiaxX M MUIAMOXPaHHJIMIIAX, Jocturaromux 10 30 % ot obmiero oobema yriempodbran. Kpome
TOTO, 32 MOCJICTHEE BPEMs BBIPOCIIA 30JbHOCTh TOOBIBAEMOTO YIJIsl, KOTOpas MoBbicHiach mo Kaparannus-
ckoMmy Oaccetiny ¢ 31,6 o 36,2 % [9,10]. YBenuueHue 30J15HOCTH YIUIS BEI3BAJIO YMEHBIIICHHE PUMEPHO HA
10 % TternoTs! croparust Ha TOC U COOTBETCTBYIOMIMK POCT MBUIETa3000pa3HBIX BEIOPOCOB. i yMeHbIIe-
HUS OTHX HETaTUBHBIX TIOCIICICTBUI TpeOyeTCs yBEIMUCHUE YPOBHS NepepaboTKH YIIICPOAYKTOB Ha obora-
TUTENBHBIX (adpukax, KOTOpkIi oBeicuiics B Kazaxcrane ¢ 25 mo 36 %. YpoBeHb nepepaboTKu yrieoTXo-
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JIOB BEAyIIMMH CTpaHamu coctaBisieT O0oinee 60 % — B CIIA, 75 — B ABcrpanuu, 80 — B ['epmanuu,
90 % — B BenmkoOpuTanuu [10].

Ilepcnexmugsl u npod.rembl KOMNIEKCHO20 UCNONb308aHUA Yenenpooykmog. OIHUM U3 yTed pelieHHs
npobJeM KOMILIEKCHOTO MCIIONB30BaHUS MPOAYKIUH YIIIeAOOBIBAIOIINX NPEINPUSTHIA, HA HAIl B3TJIAL, SB-
JSieTCsl CO37[aHue WHHOBAIIMOHHBIX TEXHOJIOTHH TITyOOKOU mepepaOboTKH yIiis sl MONYYCHUS POIYKIIUK C
BBICOKOH TOOABICHHONW CTOMMOCTHI0. OCHOBHBIMH METOJAMU XHMHYECKOW MEepepadOTKH YIJIEH OCTArOTCS
MUPOTreHETUIECKUE MPEBPALICHNUS, AECTPYKTUBHAS THAPOreHU3anus, TepPMHUUECKOE pacTBOpeHue, ra3udurka-
LU U OKHUCHIHTENbHas aectpykuus. Pazpaborannsie B Kazaxcrane, Poccun u Apyrux crpanax TeXHOJIOTHH
JAI0T BO3MOXXHOCTH TPOU3BOJIUTH U3 HU3KOCOPTHOTO M OYpOTO YIIIsi COOTBETCTBYIOIHE COBPEMEHHBIM €B-
POTIECKUM CTaHIapTaM OCH3WHBI, JU3ENbHOE U PEAKTUBHOE TOTUIMBO, MTPOAYKTHI YTIEXUMUH.

PazpabaTpIBatoTcsa Taxke HETPaIULMOHHBIE CHOCOOBI MepepaboTKH YroJbHOTO BELIECTBA C WCHOMNb30-
BaHHEM, HallpUMep, HU3KOTEeMIIepaTypPHOH MIa3Mbl WIIM 030HA, [IOJTydasi IMPU 3TOM T'aMMY LIEHHBIX HaHOMa-
TEPHAJIOB, CPEIN KOTOPHIX OJHAPOMATHYECKHE COSTMHEHHMS TSI METAILTYPTUU M (papMarieBTHKH.

Ha ocHOBe HU3KOCOPTHBIX YIJIEH MpenokeHbl COCOOBI MOMYyYeHHUs YTIIEPOAHBIX aACcOpOEHTOB, Ha OC-
HOBE MPOAYKTOB KOKCOBAaHHS — METO/BI MOJyYeHUs aHTpalneHa, peHaHTpeHa U KapOa3ona Al XUMHUUECKON
MPOMBIIIIEHHOCTH. IMEIOT IIepCrieKTUBY pa3paboTaHHbIe CIIOCOOBI CTIONB30BAHMS 30JI0NIAKOBBIX OTXO0I0B
3JIEKTPOCTAHIIMKA — MPOLYKTOB FOPEHUS TOIUIMBA, AJIs U3BJICUCHUSI U3 HUX LEHOC(epoB, KOTOPHIE UCIIOJIb-
3yIOT B MPOU3BOJICTBE TEIIOM3OJIALUOHHBIX CTPOUTENIBHBIX OJOKOB, MUKPOKOHTEHHEPOB AJIsl [UTUTEIHEHOTO
XpaHEeHMs] BEBICOKOTOKCHYHBIX, PAJHOAKTUBHBIX OTXO/0B. YBEIHMYUBACTCS NOTPEOIeHNE YTl I H3rOTOB-
JICHUS] BBICOKOYTJIEPOIUCTBIX, YTIAerpadUTOBIX, KOMIIO3UIIMOHHBIX MAaTEPHAIIOB, TNTACTHYECKUX MacC.

Bonpocamu TOMIMBHOTO ¥ HETOIUIMBHOTO UCTIONB30BAHUS YIJIEH, MPOIecCcOB oOorameHus, OpUKeTHpo-
BaHUs, Ta3u(UKAIINN, KOKCOBAHUS YTIIEH U TEXHOJIOTUH 10 yIyYIICHNIO Ka4eCTBa Ka3aXCTAaHCKUX YTl 3a-
HUMAIOTCSl MHOTHE TIPEANPHUATHS U HaydHO-HCCIIeoBaTelbCcKie oprann3annu Pecyomuku Kazaxcran. Tak,
yCTaHOBJICHa BO3MOXXHOCTH TepepaboTku yried llybapkonbckoro u MaiikyOeHCKOTO MECTOPOXKICHUH B
CHELKOKC JUIS UCIIOJIb30BaHUs €r0 B METALTypruueckoi 1 pocdopHOil MPOMBILIICHHOCTH.

C 1enpio OpraHu3anyy MPOU3BOJICTB MOTOPHOTO U KOTEIBHOTO TOILIMB, YOOPEHHH, CTa0MIN3aTOPOB
OypOBBIX pacTBOPOB, aKTHBUPOBAHHBIX yIJeH, HOHUTHBIX COPOEHTOB M JPYTHMX OPraHUYECKUX MPOIYKTOB
W3BICKMBAIOTCSl SKOHOMHYECKH BBITOJHBIE M IPOTPECCHBHBIE METOAbl XMMUYECKOW MepepaboOTKH yTIeH.
Haubonpmee pa3zsutie B Kazaxcrane moimyquin MCCIEOBAHUA METOAOB KaTATUTHUECKOM THIPOTeHU3AINN
Y OKHCIHUTEIHHOU NECTPYKIUH yIJIeH C HEeNbI0 MONydYeHUS] MOTOPHBIX TOIUIMB M T'YMHUHOBBIX BEIIECTB —
MPOAYKTOB IHPOKOTO HA3HAUYEHUS.

Onpenensonyo poib 3[eCh HTPAIOT WHHOBAIIMOHHBIE CIIOCOOBI MOAMMUKAIMKE 1 TIepepabOTKH TOI-
JUBHBIX PECYPCOB, MO3BOJISIONINE WCIOIB30BaTh JOCTOMHCTBA YIUIA, CBOIS K MHHHUMYMY CJIOXHOCTH €TO
MPUMEHEHUS U SKOJIOTHYECKUE MOCIEACTBYS HCIIOIb30BaHMsl B KAUECTBE TOILINBA.

UccnenoBanus B TaHHOM 00JaCTH MOLUIK MO IBYM HampasieHusM. OJHO HampaBieHHE CBS3aHO C pas-
paboTKOM cHenraIbHBIX METOJOB M TEXHOJOTUH CYXOTO M3MENbYCHHS YTIIA, YIYYIIAIOIINX BO3MOXKHOCTD
ero cxuranus. [Ipexne Bcero, 3To TEXHONOTHI «MHUKPOYTIs», co3aanHas B Muctutyre Termodpusuku CO
PAH [11, 12]. IlpeumymiectBaMu yabTpaToHKOr0 (35—40 MUKpPOH) OMOJIa SBISIIOTCS 3HAUYUTEILHOE YBEIH-
YeHHE TUIOIAN TBEPIOW MTOBEPXHOCTH, BHICOKAs! HHTEHCHBHOCTh TOPEHUS, 3PPEKT MEXaHNIECKOMN aKTHBAa-
1IN, CHUKEHHE BEIOPOCOB TMOKCHU/IA a30Ta.

Bo3zMoskHBIE 0051aCTH IPUMEHEHHSI MUKPOYTJISA: KaK OCHOBHOE TOIUTUBO Il HEOOJBIINX ra30Ma3yTHBIX
KOTJIOB; UCTIOJIb30BAaHHE BMECTO I'a3a U Ma3yTa JUId BOCIUIAMEHEHHS U PO3XKUTa KPYITHBIX KOTJIOB HA TBEPJOM
TOTUIMBE; MPAMOE CXKUTAHWE B Ta30TYpOMHHBIX ycTaHOBKax. [IpoGieMamMu HCIIONB30BaHUS SIBISIOTCA OOh-
M€ 3HEPreTHUECKHE 3aTpaThl Ha MUKPOIIOMOJI, MaJOTOHHAXHOCTh CYIIECTBYIOLINX MEJIbHMII, B3phIBOOMIAC-
HOCTB YTOJIbHOH IBUIH, BBICOKast a0pa3MBHOCTh TOIUIMBA. BTOPBIM HampaBieHHEM sIBJIsIeTCSl pa3paboTka Me-
TOJOB M TEXHOJIOTUH MTPOU3BOJICTBA BOIOYTOJBHOTO TormuBa (BYT).

CoBpeMeHHbIE HCCTIeNOBaHM M OIBITHO-KOHCTPYKTOPCKHE pa3pabOTKH TO3BOJIIM CO3AAaTh HOBOE
YroibHOE TOIUIMBO — KaBUTAaMOHHOE BojoyrojbHoe TomiuBo (KaBVYT), umeromee HeOonmbIIon pasmax
IIACIIEPCHOCTHA C MOJAIBbHOHN rpymmoit 75—150 mukpoH. JIMHHS KaBHUTAIIMOHHOTO BOJOYTOJIBHOTO TOILIMBA
pasziyaeTcsi, MpeXk/ie BCEro, ypoBHEM JTMCIIEPCHOCTH TBEPOH 9aCTH TOIUIMBA — YTJISI K MOXET OBITh JI0Be-
JIeHa 10 YAbTPAJAUCIEPCHOCTH C MOJANBHOM Tpymnmnoil MeHee 25—50 MUKpOH 0 HaHOBEJIWYHH, MOJ yCIIOB-
HBIM Ha3BaHHEM «HAHOYToJib». KaBUTALlMOHHYIO TEXHOJOTHIO MPUTOTOBIEHHS BOJOYTOJBHOTO TOILIMBA
MO>XHO Ha3BaTh PEBOIIOIMOHHON, MOCKOJIBKY MEHSETCS COJIEp)KaHUE TEXHOJOTHH OCHOBHBIX (pa3 MOIHOTO
YTOJIBHOTO IMKJIa B 3HepreTuke [13—-15].
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B mocnenHue roapl aKTUBHO HCCIEMYETCS BO3MOXXHOCTH MCIOJIB30BAHMS CBEPXKPUTUYCCKUX BOJHBIX
(GIIOMIOB UIS YTHIIM3ALUK B TONYYEHUN KUAKUX YTIEBOJOPOIOB IIPU KOHBEPCHH HHU3KOCOPTHBIX TOTLIUB
(6yporo yris) [16]. OTu mportecchl 0a3uUpyIOTCS Ha YHUKAIBHBIX CBOWCTBAaX BOJBI IIPH CBEPXKPUTHICCKUX
napametpax (7> 374 °C, P> 22,1 Mlla) — HU3KOH BS3KOCTH, HU3KOU JUIECKTPHUUECKON MPOHULAEMOCTH U
BBICOKOH TioTHOCTH. [lpm 7> 374 °C BcnencTBue pa3pylICHHsI CETKH BOIOPOIHBIX CBS3CH BOja MIPH AaBJIe-
HUU BBIIIE KPUTUYIECKOTO COXPAHSIET Ta30M0100HO0E COCTOSHNE U CTAHOBUTCS YHUBEPCAIBHBIM PAaCTBOPUTE-
JIEM OPTaHUYECKUX BEIECTB U T'a30B.

Bormpocamu TOIUIMBHOTO ¥ HETOTUTMBHOTO MCIIONIE30BaHUS YIIIeH, IPOIIECCOB 00OTaIlleHUs, OpUKETUPO-
BaHUs, Ta3U(UKALINN, KOKCOBAHUS YTIIEH U TEXHOJIOTUH 10 yIyYIISHNIO Ka4eCTBa Ka3aXCTaHCKUX YTl 3a-
HUMAIOTCSl MHOTHE TIPEANPHUATHS U HAydYHO-UCCIIeI0BaTeIbCcKie oprann3annu Pecriyommku Kazaxcran. Tak,
YCTaHOBJICHa BO3MOXXHOCTH repepabotku yriaeit lllyGapkonbckoro n MaiikyOEHCKOTO MECTOPOXKICHHIA B
CIEIIKOKC JUTSI UCTIONB30BAHMSI €0 B METAJUTYprudeckoii u (hocopHON MpOMBIIIIIEHHOCTH. B pernone yxe
JIEHCTBYET MHUHH-3aBOJI 10 €T0 BEIMYCKy [17].

Bynyun B Teuenue 12 netr aupexkropomM XHMHKO-METALLTyprHueCKOro HHCTUTyTa akageMuk E.A.byke-
TOB 3aJI0KUJI OCHOBY MCCIJIEJIOBaHHS B oOnactu yriexumuu Kazaxcrana [17]. s cBOMX MCCIEOBaHUN OH
BBIOpaN BBICOKO30JIBHBIN OYpBIM yroib, HETPOHYTHIE 3aMachkl KOTOPOTO B Ka3aXCTAHCKUX HEAPaxX MCUUCIIS-
JIUCh HECKOJIBKUMU JICCSITKAMH MIJUTHAP/IOB TOHH, DTH YIJIH TUIOXO CTOPAIH B TOMKAX OOBIYHBIX KOTJIOB, UX
peaxo ucmonb3oBanu B ropojackux TOL. Kak pa3 3TH HU3KOKaJIOpUIfHEIE YIiIH, HE BOCTPEOOBAaHHEIE TIPOM3-
BOJICTBOM, HAMEPEBAJIKMCh UCIIONB30BATh JIJISl IOYYEHHsI ICIeBOr0 OCH3WHA IyTeM WX OPraHHYeCKOTO CHH-
Te3a.

K nery 1983 r. B uccnenoBanus BHECIIU CYIIECTBEHHbIE KOPPEKTUBBI. CyTh UX 3aKII0YAIACh B TOM, YTO
BOZOPOJ CTaJIM BAYBATh B TOPsiYME MPOOBI YIS, U MO3TOMY BCE MOATOTOBUTENLHBIE OMEPALIH, TPETYyCMOT-
pEHHBIE CTapOil TEXHOJIOTHEH, — TO €CTh CyIIKa YTJIA, CMEIINBAHUE €r0 C Ma3yTOM — BOBCE OTIAJH. JKO-
Homus? KoHeuHOo, MHOTOKparTHasi! BBUIO ye W3BECTHO, YTO JKUAKOE TOIUIMBO MOXKHO TOJYy4aTh MpH
325 rpagycax. OTo Hazmo ObLIO JTOKa3aTh AKCIEPUMEHTAIBHO, a TIOTOM YK pa3paboTaTh TEXHOJIOTHUIO, TIPH-
OIKEHHYIO K TPOU3BOJICTBY. CaMoe TIIaBHOE — HAYYHINCH B OOJBIIIOM KOJIMYECTBE BHIPAOATHIBATH BOIO-
poIl, MpUYeM SKOHOMUYECKH BBITOHBIM ITyTEM.

Uccnenoanus akanemuika E.A.BykeroBa Hamum cBoe TpopobKeHUEe B MHCTHTYyTE OpPraHUYECKOTO
cunresa u yriaexumuu PK (MOCY PK) mo xuMudeckoih Moau(HKaIMKU YTOAbHBIX IPOIYKTOB U MOJYYCHHUIO
KUaKkuxX mpoaykToB u3 yriasa. B 1983 r. 8 MOCY PK Bnepsrie B Kazaxcrane Oblia opraHu3oBaHa j1abopaTo-
pUS XUMUH YIS, KOTOPask YCIICITHO MPETBOPsIa B )KU3HB UICU OTYYCHHSI MOTOPHOTO, KOTEIHHOTO TOTLIHBA
W3 YIS ¢ y9acTHEM TsDKEIBIX He(TSHBIX OCTaTKoB. YdUeHbIMH umHCTUTYTa (Tipod. B.T.Epmaramberos,
M.N.baiikenos, M.I".MelipamoB ) pa3paO0TaHbl OPUTHHAIHHBIC TEXHOJIOTHH KaTATUTHICCKON THAPOTreHN3a-
iy yried llerarpansaoro Kazaxcrana u MeTOIIbI MEXaHOXHUMUYECKOW, KABUTAIIMOHHOW, BRICOKOYACTOTHOU
aKTHUBAIIMM KOMIIOHEHTOB yrojibHOro Matepuana [18]. Boepeoie Ha ocHOBe YcTh-KameHnoropckoro turano-
MarHueBoro KoMOWHaTa pa3paboTaHbl HOBBIE KaTaJIW3aTOPBI JUIS MCIONB30BAHMS B TPOIECCaX MOTYUCHHSI
KOTeNbHOro TorutmBa u3 yrieit Lllybapkombckoro paspesa. KoTenmpHoe TOILIMBO, MOydaeMoe B TpoIiecce
KaTaJUTHYECKOW TUAPOTEHU3AINH, IO CBOUM (PU3UKO-XMMHUYECKAM XaPAKTEPUCTHKAM TPUOIIMKACTCS K Ma-
3yTy M-40.

Hogusna paspadarsiBaemoii B MOCY PK TexHos0rMM KaTaIuTHYSCKOW I'MIPOreHU3alMU YIJICH:

— IPUMEHCHHUE HETPAJIUIIMOHHBIX BOCCTAHOBUTEIICH B3aMEH JIOPOTOCTOSIINX KAaTaIM3aTOPOB ILIATHHO-

BOH IrpymIbl;

— UCIIOJIb30BAHNUE OTXOJIOB METAILTYPTUYECKUX MIPOU3BOJICTB;

— TIOJy4YeHHE HAaHOCTPYKTYPUPOBAHHBIX KaTaTU3aTOPOB HA YTIIEPOIHOM COpPOEHTE;

— IPUMEHEHHE AJIEMEHTOB KaBUTAIMOHHOW Y MUKPOBOJHOBOW TEXHOJIOTHH;

— HHM3Kas ce0eCTOMMOCTh KOHCUHOM MPOYKIIHH.

B mporecce rumporenn3anym TSKEI0ro YIIeBOIOPOIHOTO CHIPBSI caMasi OCHOBHAS 3afjada — 3TO yBe-
JTUYEHHE BBIXOJA KHUIKHUX MPOIYKTOB 3a CUET Mepeadyr BOJOPOIa B PEaKIIMOHHYIO CMeCh. Takue coennHe-
HUS HA3BIBAIOTCS JIOHOpPaMH BOJIOpoJia. B kauecTBe MOHOpa BOOPO/Ia MOTYT BBICTYNATh Pa3IUYHEIC PACTBO-
putenu, Gpakiyu KaMEHHOYTOJLHOW CMOJIBI, HE(PTETIPOYKTHI, BRICOKOBsI3Kast HePTh U ee Ppakuuu. B aTom
TUTaHEe TIEPCIIEKTUBHBIM OKA3aJI0Ch UCTIONB30BaHKE B TPOIIECCaX THAPOTCHU3AIUH JIETKON (pakiuy TepBUY-
HOH KameHHOYToJbHOH cMoiel TOO «Capsi-Apka-Crienikokcy (k.k. 175 °C) B IpUCYTCTBHHM HaHOKaTaIu3a-
topoB B-FeOOH, Fe,O; u Fe;O4 B TemnepatypHom uHTepBaie ot 298 K no 1000 K. Ynanenue deHonos
MPOBEJICHO SKCTPAKIUEH CIUPTOBBIM pacTBOpOM. PaccuuTaHbl TepMOAMHAMHYECKHE (YHKITUH, Takue Kak
TEIUIOEMKOCTh TIpoIiecca, SHTPOMHS, SHTANBNNA U 3Heprus 1 nobca ppakumy nmepBHYHON KaMEHHOYTOJIBHOM
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cMOJIBI U 00eceHONEeHHOH (paKkIuy NEepPBUYHON KaMEHHOYTOJBLHON cMOJbl. TepMoanHAaMUYECKHE pacyeThl
TTO3BOJIMIIA YCTAaHOBHUTH ONTUMAIBHYIO CTETICHh HACHIIIICHHOCTH BOAOPOIOM MOJIEKYIT TOHOPOB [19].

Hpyroii rpynmoit yaeHsIx nHetuTyTa (mpod. 3.1 AkymnoBa, A.K.Amepxanosa, A.X.JKaknHa) Ha OCHOBE
MOIU(HUIMPOBAHHBIX yrield pa3zpaboTaHbl HOBbIE 3(QeKTHBHBIE KATHOHHOOOMEHHBIE W TOJIHAM(OIUTHBIC
COpPOEHTHI TSI OYMCTKY CTOYHBIX BOJI M 3aTPS3HEHHBIX TIOYB OT TSDKEIBIX METAJUIOB U IS AEMUHEPaTU3alluu
maxTHEIX BoA. llnpoko m3ydeHbl HOHOOOMEHHBIE W KOMIUIEKCOOOpa3yroIre CBOMCTBA MOIYYEHHBIX MPO-
OYKTOB MOAU(HKAUUU yrield u TyMHUHOBBIX KucioT [19-21]. K nHanbonee BaXXHBIM JOCTHKEHHUSIM HAIIUX
YUYEHBIX B 3TOH 001aCTH MOYKHO OTHECTH:

— TYMHHOBBIE HAHOCTPYKTYPHUPOBAaHHBIE KOMITO3UITMOHHBIE TOJMMEpPHBIE MAaTEepPHabl C yYacTHEM Ha-
HOYACTHI] TEPEXOJHBIX METAJUIOB M YTJIIEPOJHBIX HAHOTPYOOK (MarHWTHBIE HAHOCOPOEHTHI, HAHO-
ynoOpeHusi, MOYBOYIIyYIIATeNH U Ap.);

— HOBBIE BBICOKO?()(EKTHBHBIE HOHUTHBIE PEAT€HTHI U3 YIJIEH AJISl OYMCTKU CTOYHBIX BOJ THApPOMETA-
JYpTUH, A1 IEeMUHEPaTU3allil IIaXTHBIX BOJ U AETOKCUKALIMH TEXHOI'€HHO-3arpsI3HEHHBIX [TOYB;

— (moTopeareHThl I METALTYPrHYECKON HHIYCTPUH, HHTHOUTOPBI KOPPO3UH METAILIOB;

— MOJIMMEPHBIE COCTABBI ISl YKPEIUICHUS! YTOJILHO-TIOPOJIHOTO MacCUBa, OPUKETHPOBAHHEBIE YTOJbHBIC
MaTepHabl.

[To npu3HaHWIO BEOYIIMX CIIEMUAIUCTOB PAa3BHTHIX CTPAH HAHOTEXHOJOTHHU SIBISIOTCS (YHIaMEHTOM
HayYHO-TEXHUYECKOro pa3BuTus B XXI Beke, OMHUM U3 HanOoyee MEepCHeKTUBHBIX U BOCTPEOOBAaHHBIX Ha-
MIpaBJICHUI HAayKH, TEXHOJOTUH M MPOMBIIUICHHOCTH. 3a TOCIeqHre 5—6 JeT 00BheMBl TOCYIapCTBEHHOTO
(hvHAHCHPOBAHMS WCCIENOBAHUN M pa3paboTOK B pa3HBIX 3apyOeXKHBIX CTpaHAX YBEIUYWINCH IPUMEPHO B
ATh pa3. [IpoMbIlIeHHBIE KPYTH MUPa IIOCTENIEHHO YOSIUIUCh B TOM, YTO HAHOTEXHOJIOTUS CO3aeT HOBBIE
BO3MOXXHOCTH JJIsl Pa3BUTUSI OM3HEca M KOHKYPEHUIMH. B COOTBETCTBHM C CYIIECTBYIOIIMMH MPOTHO3aMH
MHPOBO#l 00bEM IPOU3BOACTBA B 00J1aCTH HAHOTEXHOJOrHM depe3 10—15 jer moimKeH NpeBBICHTH 1 TpIiH
JTOJIT., 9TO TIPUBEAET K CO3IaHUIO 2 MJITH HOBBIX pabovmX MecT.

locynapctBenHast noaaepxka B cepe HaHOHAYKH U HaHoTexHosoruil B PK mo3Bonut co3aates mosmHo-
HEeHHYI0 HH(PACTPYKTYypy Ui MPOBEACHHS HAYYIHO-HCCIIEIOBATEIHCKUX, a 3aT€M M OIBITHO-KOHCTPYK-
TOPCKHX PaboT I TOTO, YTOOBI CYIIIECTBEHHO COKPATUTH MYTh OT MCCIIEIOBAHNHN 10 BHEAPEHUS pa3paboToK
B NMPOU3BOACTBO. Hannuue Takoil MHPpPacTPyKTypsl MO3BOJMUT MMOBBICUTh KOHKYPEHTOCIIOCOOHOCTH Ka3ax-
CTaHCKOW HAYKH U CTaHeT 0a30i i PEerHOHaJIBLHOTO HAyYHO-TEXHUIECKOTO H CEPbE3HOr0 TEXHOJIOTHYECKO-
T'O Pa3BUTHSL.

Pa3ButHe yriexuMn4eckoil mpOMBIIUIEHHOCTH, OJarofapsl pacllMpeHnI0 TPOU3BOACTBEHHON LEMOYKH
U IIMPOKOMY aCCOPTUMEHTY MPOIYKIIMH, MOXKET YKPENUTh Pa3BUTHE 0a30BOM XUMHUYECKON MPOMBIIIICHHO-
CTH, TIPOMBIIIUICHHOW TOHKOW XWMHHW, XUMUHU MaTepHuajoB B camoM KaszaxcraHe, a Takke CHU3UTH CTEIIEHBb
3aBHCHMOCTH OT UMIIOPTa, OJHOBPEMEHHO PETyINPOBATh W ONTHMHU3UPOBATH MPOMBINIICHHYIO CTPYKTYPY,
YMEHBIIUTH YPOBEHB YAapa OT AeNpeccu HePTSIHON SKOHOMUKH.
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C.[.®a3sunoB, M.A.O6aikansikoB, O.A.Hypkenos, M.F.Meiipamos, A.b.Tareesa,
K.C.Axmetkopimona, XK.b.CormaeBa, A.E.ApsiHoBa, H.JK.PaxpiMxkanoBa

Kemip eHiMaepin kemeHai naigajany TeXHOJOTHSJIAPbI KOMIP OHIEHTIH KICim
KYMBICTAPBIHBIH IKOHOMMKAJIBIK THIMALTITIH apTTBIPY 0JbI peTiHae

Maxkanana Kazakcran keMipiepiHiH maiiianany THIMAUIICIH JKOFapiaTy Macesenepi, MeMJICKETTIH OThIH/bI-
SHEPTeTHKAJIBIK TEHrepiMi, MyHall cakTay OarbIThIHAAFHI MpolieManap KapacThIpbUFaH. JKaKbelH JKOHE albIic
HIET €1 OHEepKACINTEepOiH CYHBIK OHIMAEpIl KOeMIpIeH ally TeXHOJOrusuiapsl KepceriireH. Kemip
OHEPKACIOIHIH JKyKa IUCHEpCTi INBIFBIHAAPBIH OHTAMIBI KoJere KapaTy Macelelepi, KeH KeJIeMIl KaTThI
OTBIH IIMKi3aTTapAbl THIMAI OHIMJIEpTe KaliTa OHAeY CYpaKTapbl KapacThIpsurad. KeMip eHIMIepiH kemeHmi
TalganaHy MoceleNnepi MeH Kelleleri aifKbIHAaIBII, OJap bl XKaHa KICIIIKe €HTi3y JKOIJaphl 3epTTENTeH.

S.D.Fazylov, M.A.Abdykalykov, O.A.Nurkenov, M.G.Meyramov, A.B.Tateyeva,
Zh.S.Akhmetkarimova, Zh.B.Satpaeva, A.E.Arinova, N.Zh.Rakhimzhanova

Technology integrated use of coal products as a rational way
to increase the economic efficiency of coal enterprises

The questions of efficiency of Kazakh coal, the problem of restructuring the energy balance of the country in
the direction of saving oil is review in this article. Near and far abroad technology production of liquid prod-
ucts from coal is submitting. The problems of effective utilization of fine coal waste industry, processing of
vast reserves of solid fuels into useful products. The presents the prospects and problems of complex use of
coal products, the development and introduction of new advanced technologies to process them.
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Binim canacbin apTTHIPY (AKTOPBI — OKYIIBLIAPABIH KeTiCTIriH
O0araJjiayra »xaHa Ke3Kapacrtap

Makanazia Ka3ipri yakeITTa OLTIMHIH TYPaKTHl JaMy >KOJBIHBIH THIMIUIITIH aHBIKTayJda ©3€KTi Mocelere
affHaJIBIT OTBIPFAH OKBITY/BIH CaIlaChIH JKAKCapTy YVIIIH KaJbIITacTHIPYIIBI Oarajay »yiieci >KeHIHJeri
TYCiHIK KapacTeIpsurraH. OKBITYIBIH JKeMiCiH Oaranay TociniH — BiyMHBIH xyHeney oxici omOebar 6obm
TaOBUIA/BI XKSHE OJI OPTa JKOHE JKOFaphl MEKTENTepe TYpPJl MoHJepAe TaOBICTHI KOJNAHBUTYBl MYMKIH Jem
kepceriireH. Mbican perinae «JlapbiH» MeKTeOiHIe OKBITHUIATHIH XHMHs cabarblHIa Biym TakcoHOMHSCHI
OOMBIHIIIA KYPBUIFAH JCHI'CHIIIK TalchlpMaiap YCHIHBUIBIN OTHIP, OHAa 12 OanibIK sKyleMeH OKYIIbUIapablH
OimiM KepceTkiluTepiH Oaranay KenTipinreH. Biym TakcoHOMUsIChl OOWBIHIIA KYpBUIFaH TarchipMaiap
OKYIIBIHBIH KY3BIPETTUIrH KAJIBINTACTBIPYFa OAaFbITTalFaH, COH/IBIKTAH JICHTCHIII TalchlpMaIapabl OpbIHAAY
OKYIIBIHBIH TaHIayblHa, epKiHe Oepijeqi >KoHe OKYIIbl KaHJai JCHTeiai opblHAaca 1a, ©3iHIH alaThlH
GaraceiH Oureni. COHIBIKTaH Ka3ipri e3repMelti 3aMaH/a JKaHAIIBIT MYFaJiMHEH OKYIIBIFa TEK KaHa Oimim
Oepin KoiMal, OHBIH TAaHBIMIBIK KaOUIETIH apTTHIpy, IIBFAPMAIIBUIBIK KBIPBIH allly, ©3iHIH OIBIH epKiH
JKETKi3€ OTBIPHIIL, XKaHaJ[aH MiKip TyFbI3yFa Oayiry, JIOTHKaJIBIK OMBIH TaMBITY TaJIall eTLTe.

Kinm co30ep: XuMHSHBI OKbBITy, Oaramay, BiyMm TakcoHOMMSACHI, KpuTepuaiasl Oaranay, AeHTeHiHmeri
TarchipMaiap, peHTHHITIK JKYie, OKBITY YIIiH Oaranay.

bimiMm camacel OinmiM Oepy MekeMmelepiHaeri MaHbBI3IbI KOPCETKII OONBIT TaObIaAbl. biiM KeHiHEH
aJBINT KaparaHaa OKBITY, TOpOWeE, MaMBITYIbl KapacThIpasl, COHABIKTAH OKBITY CallachlH Oaramay — OiTiM
OepyadiH camachlH OaranayAblH MaHBI3OBl KypaylmibiChbl. bifliM camacbklH apTTRIpPY KOFAMIBIK JaMyZAbIH
CTpaTerusuiblK (akTOpbl peTiHAe KapacThlpbuiaabl. bimim camacel Oinmim Oepy XyHeciHiH HHTErpasjibl
cumarTaMachl OOJIbIN TaObLIAABI, OJ HOPMATHMBTI TajlalTap, QJICYMETTIK JKOHE JKEKE KYTIJICTIH HOTHIKEre
XKeTeTiH OUTIMHIH colikec AapesKeciHe acepi 0ap KYpbUTBIMIBI KOMIOHEHTTEPiHEH TYPaIbl:

— OiniM xyHecinaeri KbI3MeT eTy OarbIThl MEH pecypCTapblHbIH calachl;

— OiniM ypAiciH YHBIMAACTHIPY;

— OiimM Xyieci )KeTiCTIKTepiHiH HOTHXKECI.

binim camaceiH Oaranmayda OKBITYABIH op Ke3eHiHAe OKYIIbUIAPABIH JKEKE IKETICTIKTEPiHiH
JUAarHOCTHKANay HBICAHBI PETiHJEC MBIHA MOcelieliep KapacThIPbUIABI: OiLTiM alny Ke3iHJErl >KeTICTIKTepi,
TYHIHII KY3BIPETTUIIKTEPI, 9JCYMETTIK Iarabliapbl, jKeKe AaMy JCHredl MeH MEKTem OITIpyIm TYJIeKTiH
COLINYMBI.

Byrinri kyHi OuniM Oepy »Ky#HeciHieri OaranayablH >KETKITIKCI3 »Karbl — O OiiM, OLTIK, JaFIbIHbI
KJIBIITACTBIPY OJIIIEYIlIiHe FaHa HeTi3AenTeHairi. Ilemaror-npakTHKTEep OKYIIBIHBIH JKEKE Japa JKEeTiCTIKKEe
JKETYZIET1 OKBITYIBIH KeKe-OarbITTajraH MOJIeNli MeH Oararay KYHEeCiHiH apachIHIAFbl aNIaKThIKTHI KaKChI
TYCiHexi.

KysbiperTiikke OaFbITTajfaH OUIIM MapaJurMachiHBIH OJlaH 9pi JaMybl OarajaynblH Oacka Typ.i
Oanmamanbl omicTepiH KoinmaHynsl Tajam eteni. Meican perinne «HasapbaeB 3usiTkepiik mekrentepi» AK
KpUTEpHaJIbl Oarajay TEXHOJIOTHICH! KOJJaHbBUIATHIHBIH aTaln eTyre OoJabl.
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binim canacblH apTTbIpy dakTopsl ...

Bbinim camacelH emmeyniH Kas3ipri yakeITTa KpHUTEpUiliepi, KOpCeTKIIITepi, mapaMeTpiepi TOJBIK
KapacThIpbUIMAFaH/IBIFBIH €CKepy KepeK. bynl OaramayJplH ecki ojlicTeMENiK KaruJaTTapblHAH TYPaThIH
Ke3KapacTaH TYBIHIAWTHIHBIH aTan eTyre Oojampl. SIFHM OUTiM ImeHreiin Oaramay KesiHme Typii ¢akr,
KOPCETKIIITep MEH MOIIMETTEepAl KOJJaHyla MEXaHWKaJbIK TYPFhIAa OHJACYIC KHUBIHABIK TYFbI3aTbIH-
neifbIMeH  TyciHmipineni. CoHIObIKTaH OapiblK JcHreie Oarajiay JKCHUIACTIIGH cXxema OobIHIIA
JKYprisinesi.

PISA xanbIkapanblK 3epTTey HOTHIKENEpl OKYIIBbl KETICTIriH Oaranaydpl FaHa emec, OuTiM OepyaiH
KONTEreH >KaKTapblH ©3TepTyAl KaXXeT €TETiHiH aTam eTTi. MeKTen eMipiHAe OKYLIBIHBIH OiTiM AeHreuiH
Oaranay Ke3iHJe TYBIHAANTHIH IpoOIeMaapabpl Mele alaTEIHBIH ajFa TapTamsl [1].

3amaHayy MEKTEHTEpiH OiTiM Oepy MPOLECIiHICTI KeKe JaMybl — OKYIIbLIAPbIH ©31HIIK JaMybl MCH
©31HJIK TaHybIHA AETeH OarAapbl OiIiM JKETICTIKTEpiH OaranayqblH jKaHA TajlalTapblH KapacThIpalibl, OJ
MBIHA MOceJIeepMeH OailIaHbICTh:

— OKyIIBLIApABIH OiMiM JACHredin Oaranay yImiH Oakbuiay TEKCepicTepiHIe OLTIM MaTephalgapbiH
JKaTTall ajblll TalChIpyaaH 0ac TapTy, ONapAbIH KY3bIPETTUIIKKE OarbITTajJfaH OuMM JIeHrediH
OaranmalThIHAAH OKYIIBUIAP/BIH IIBIFApMAIIbUIBIK KAaOiIeTTepiH allaThlH KOMeIIeMIi HHTErpalabl
Oaranayra Kemy;

— OKYIIBIHBI Oaranayabl OJapablH a0COJIOTTI, TIpKEJIETIiH Oaragapbl eMec, Oayianapabliy OLTIM aaydarsl
KeIleri jkoHe OYIiHI JKeKe JKETICTIKTEpI MeH KaOlJeTTepiH CalbICThIpa OTBIPBINT OaraalThIH
KepCeTKiIuTepiH Oaranayra OarbITTay;

— Oaranay >KyileciHe e3repic €Hri3y: >KYMbIC TypiepiHe OainaHbIcThl Oaranay auddepeHIuanuscsl,
O3IHIIK JKOHE e3apa, IIBIHABIKKA JKaHacaThlH Oaranay Typi, OKyWIbUIap YIIH Oaranay
KPUTEPUHIICPIHIH allTBIKTHIFBL.

OKyIIBUTIAPABIH Jicemicmikmepiniy obvekmusmi 6aeanay deneelii MblHa PETTUIIKTI KapacThIpasbl:

— OKYIIBLIAPABIH OKY KbI3METI HOTIIKECIHJIET] JKETKEH JKETICTIKTEpl XKOHIHAEC OOBEKTUBTI aKmapaT aiy
JKOHE OLTIM CTaHAAPTHIHBIH TAJIANITAPhIHA COMKEC TOPEIKECi;

— MYFaJliM KBI3METIHIH THIMII KOHE THIMCI3 IIPOIIec;

— OKy YHEpICIH Xy3ere achlpy MaKcaThlHIa OKYIIBUIAPIBIH JKETICTIK JCHTCHIH JKOFaphUIaTy HeMece
TOMEHJIETY CEOCTITePiH aHBIKTAY.

CoHFBl OHXBULIBIKTa OiTIM MaKCAThIHBIH MOHIH aHBIKTayJa >KeKe-OarbITTaIFaH TOCLT KOJIaHBUIBII
kenemi. byn Tocimmi konmaHydarel OUTIMHIH HETi3Ti MakcaThl KOFaMia PyXaHU MOJCHUETI KaH-KAKThI
JaMbIFaH JKeKe TYJIFa KaJIBIITaCThIpYyFa HeTi3aeNTeH.

OKBITYyIBIH CallachlH JKaKCapTy YIIH KaJbIITACTRIPYIIBI Oarajay jKyheci »KeHIHAeri TYCiHIK Kasipri
yaKbITTa OUTIMHIH TYpaKThl JaMy >KOJIBIHBIH THIMALIITIH aHBIKTayAa ©3eKTi Macenere aifHabIn oTelp. 2012—
2016 xpulgapra apHajdFaH OKYIIBUIAPABIH (DYHKIMOHAIIBl CayaTTBUIBIFBIH JaMBITY OOWBIHINA YITTBHIK
YKOCTIApJIBI JKY3€Te achIpy OpeKeTi TOMEHIET1 (haKTopIapabl KapacThIPaIbl:

—’kaHa OLTIMJIIK HOTIIKEJIEP HETi3iHAE JKETICTIKTEP Il KAMTaMachl3 €TETiH IeAarorTapAblH JaibIHIbIFbI

MeH OUTIKTLIIT;

— OiiM anyza OKbITY HOTHIKECiH Oarajay Ke3iHaeri KypalgapAblH TYCIHIKCI3Airi.

MexkTenTiH op Ke3eHiHJe MyFaliMHIH Oaranay (yHKIHICHIH Xy3ere acblpy THIMIUIITH KapacThIpaThIH
CYPaKThI 13/1eCTipy OipiHIli OpbIHFa KOWBLIAIBI, OCBIAAH YKaHa TUIITI MyFaaiM (YHKIHUICHI KaJbITACAIbI:

1. KoifplFaH MakcaTKa COMKEC J>KETICTIKKE JKETy VIIIH OKYIIBI OpPEKETiH BIHTAJNAHIBIPY, >KYMBIC
OaprIchiHAa Oananapra KOJAay KepCeTill OTHIPYIbl KAMTaMachl3 €Ty, 9p OKYLIBI YIIiH JKETICTIK KaFAasThIH
JKacay, JKaJIbl OH SMOLUSIIBIK OpTa KAMTaMachl3 eTy.

2. ATTBIHFaH HOTHXKENIepre OKyIIbIIIapMEH Oipre caparnraMa skacay.

3.XaHa KyppUIBIMIBI MEKTENTEple MYFaliM OKYIIBIHBIH TEK JXEKe Japa AaMy >XOJbIH JaMbITyFa
JKaFIai jkacar KaHa KoWMai, COHbIMEH Oipre OyJ1 yzepicTi )y3ere acelpyaa O0apiblK OKyIIbLIapAbl oijayra
KaOiuIeTTi CyOBEKT peTiHae, eMipie 63 OPHBIH Taba alaTEIHAAN ICHIeHre JKEeTyre YUPETY Kepek.

PecryOnmka keneminae MIIFapMaIibll ycTazmapra OuriM Oepymeri skyheni Oaranay Kypaibl peTiHIe
Bnym TakcoHoMusicel KeHiHeH Oenrisi. BiyM TakKCOHOMMSICHI OKBITY HOTHXKECIH aHBIKTAMTHIH KYPBUIBIMIBI
yChIHaAbl. TaKCOHOMUS aABIHFBI OKBITBUIFAH OUIIMI€ CYHEHE OTBIPBIN, TYCIHYIIH HEFYPJIBIM Kypaeni
JeHreitin Kapacteipansl. OKBITYIBI Oaranay YIIiH K00 MEH MEKTEN OKBITYIIbUIAPHl BIyM TakCOHOMHSCHIH
Oencenal Typae KongaHaibl. TakCOHOMHUSFa JeTeH Kasipri 3aMaH Ke3Kapac peTiHze, sfHu Oenrimi Oip
OOBEKTIHIH aralll TIeH OHBIH TaMBIPJIApbIHA YKCAC KeIlcalalbl KYphUIbIMBI 0ap KiacCH(pUKaIUAICH peTiHIe,
KapacTbIpyra 00yajibl. Byl KypBUIBIMBIHBIH JKOFApFbl OOJIITiH OipIKTIPETiH OIPTEKTI KIACCH(PHUKAIUACH —
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I".T.Kekibacosa, K.C.XKymarynosa T.6.

TaMBIPIIBl TAKCOH — OapIbIK TAKCOHOMUSIFA KaThIChl Oap Oeuiri opHanacaasl. TaMblpaaH TOMEHT1 TaKCOHIAp
Kalmbl KiIacCUPUKanusl OOJNIriH KYpacThIPAThIH EpEeKIIe KYPBUIBIMIBI KIacCU(PUKANUAAAH TYPAJIbl.
3amaHayn OMOJOTHSIIBIK KiIacCHUKAIIUIAP MBICAT PETIHAE KEKe ar3ajapabl (MHAWBUA) KapacThHIPATHIH
HEepapXISUIBIK JKYHEHi 3epTTeiili, OHBIH IMIBIHBI — Oip KeleMAl TaKCOH; MepapXHsSHBIH 9p ACHredi MeH
IIBIHHBIH  apaNbIFbIHAA JKOFaphla TYpFaH Oip TaKcOHFa OaFblHATBIH JKEKE TAaKCOHIApIaH TYpPaJbl.
TakCOHOMUSHBIH OPHBIKTHI ITPOOJIEMaapBIHBIH Oipl PETiHAE TAKCOH OOJIMBICHI QJICIiH aHBIKTAyAaH TYPajbl.
«TakcoHOMHUS» MEH «Kyiemney» TepMUHAEP] Kol JKaFJaiia CHHOHUM PEeTiHe alThiIaabl, ajl MIBIHABIFBIHIA
TAKCOHOMUS JKyHeneyniH 6ip 6ediri 6onsin TadbLTab! [2].

IlemarorukanslK  FBUTBIMIA TYPJI TAaKCOHOMILUIBIK MOJENBIACP KapacThIpbutambl. byn  Oimim
TaKCOHOMUSCHI (O1J1IM KYPBUIBIMBI), OKBITY MaKCaTTapbl, OKY MaTE€PHAJIbIHBIH Ma3MYHJbI 3JIEMCHTTEPI, OKY
MaTepuaibsiH MeHrepy aerreiti (B.C.ABanecos, b.baym, B.Il.becnansko, I1.C.Unsrommn, B.I.Koponesa,
B.H.MakcumoBa, M.H.Ckarkun, B.I1.CumonoB, B.M.CokonoB T.0.). bapnblk aBTopjap npakTHKabIK
TYpPFBIa OKY MaTepHallbIH MEHIepYIiH YKcac ACHTeHIepiH KapacTIpaIbl, acipece OJ1 aJFalIKbl YIII JeHreie
JKaKchl Oaiikanmanel: Oiny, myciny, kondany (1-xkecte). Bip-OipiHeH axplpaTyra OonaTbiHOAH TYCIHIK — OI
TYPJi CO31iK TYCiHIK [3].

l-xecTe

OKy MaTepuaJibIH MeHTepy JAeHreiii

b.bnym B.I1.CumonoB | B.Il.becnassko | B.H.Makcumosa | M.H.Ckatkun | O.E.JIebeneB | B.M.Tecnenko
. Yiipenymristik TycinikTi
biny AxbIpaty pery Tany Ye AKnaparTeUIbIK| AKIOApaTThl
(Tany) YKAHFBIPTY
AJTOpUTMIUTIK DyYHKIHNO-
Tyciny Ecre cakray | (THOTIK ecenTep) Ecte cakray |TyciHikTi TaHy HaJIJIBIK PemponyxTusTi
HIBIFapy) CayaTTBUIBIK
. OBPUCTUKAIBIK . TyciHikTi
OJIaH Tycin Tycin CayatThLIs! Bazamsr
Konnany yey (opekeT TaHmaysbI) yety KOJIJaHy ¥y K K
apamnaifpim Tycinik
Kap IsrrapmanibuIbIK yeu .. Tepen-
Tannay HUKEM MEH . . Konnany JKYHECIH Ky3ssiperTinik .
(opeker i3meHiMi) JIeTiNreH
JTaF bl KAHFBIPTY
Tycinik
yeu [Israpma-
Kunaxray Oty KyHeciH
IIBUTBIK
KOJITAHY
Bbaranay

IMemparorukanplk omeOueTTepae TYpii (GopMamarbl OKBITY KPHUTEPUINIEPIH CHNATTANTBIH JKOHE
TaHBIMIBIK KBI3METTI aHBIKTAWTHIH OKYy MAaTepHANIaphIHBIH JCHreHiH MeHrepy kyprizuteni. Ilon
myraiimaepi kebine b.biym men B.I1.becnanbko aeHreiaepin KoiaaHa b,

OKBITYIIBIH KeMiciH Oaranay Tocinmine bayMHbIH kyleney afici omOeban Gombin TadbLTaAbl. 2-KecTee
0J1 OOMBIHINIA OKBITYIIIBI MEH OKYIIBIHBIH 1C-OpEKETiHIH YJriiepi kepcetiireH. O opra »oHE >KOFapbl
MEKTENTepIe TYPJ MOHIEPAE TaOBICTHI KOJIAHBLTYBl MYMKIH.

2-KecTe

BiyM TakcoHOMMSCHI 00iibIHIIIA OKBITYIIBI MEH OKYIIBIHBIH ic-dpeKeTiHiH yJariiepi

Tancerpmanap
Ky PHUTBIMBIHBIH AHBIKTaMaChI QKYH.IBIHBI'H OK.BITyHIBIH'BIH Tanceipmaapabt KypacThIpyra
. MarbIHACHI ic-opekerTi ic-opekerTi apHaJIFaH eTICTIKTEP
KOMITOHEHTTEPi
1 2 3 4 5
TansICy Axmaparrapaeiy | JKayan Gepeni Backapams Xabapnama kacay, TYTCH/IEH LIBIFY,
HaKThI 2JeMeHTTe- |KaObut anasr Kyprizeni cunarray, 6acTay, He eKeHiH, Kaiina
piHig opHanacybiH |Ecte cakTaiasl BarprrTaiast eKeHiH JkoHe T.0. OeKiTy, TYXbI-
aHbpIKTay HeMece | TaHbIcaabl Basiapaiaer phIMzIaMa Xxacay, TaHy, €CTe cakTay,
OHJCY Basunmaiiae Xabapaiiabt JiepeKTep i OasHmamn aity, KalTa-
Cunatraiabl Kepcereni Jlay, aHBIKTay
Cyperreiini Tekcepeni
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1 2 3 4 5
Tyciny bassananran momi- | Tycinmipeni Jonenneiini O3repTiHi3, alHANABIPHIHBI3, KaliTa
METTIH MarbIHa- Tankpu1ai e TreiHgan e KYpPacTBIPBIHBI3, CYPETTeHI3, TYCIH-
CBbIH MEHTEpY O3zinie tycinaipeni |Cypaiiapt JUpiHI3, YATICIH XKacaHbI3, TYCIHII-
Jonenneiini CanbICThIpasl PiHi3, )KWHAKTaHBI3, OipiKTipin Oaii-
Amnraser CanpICTBIPHIN Ka-  |[JIAHBICTBIPY, MAIIM/ICHI3, KOPBITHIH-
Tenecripeni paiinel JIbI, TYOKBIPBIM, HETi3T1 o6l OasH-
Kayam amampet JTAHBI3
Tekcepeni
Konpany Epexeni, Tyxpl-  |XKana mocenenepni  (Kepcereni Konnanergpi3, Toxipudene Oaiikan
pPBIMAaMaHBI, KaFu- [[IeTe i YipIMaacTeIpaabl  |KepiHi3, MalgamaHbIHbI3, KOJITaHBIII
JIaHbl, TeOpUsIHBI, |lomennenai Kewmerin turizeni  |kepiHi3, MIEMTiHi3, ToIENIEHI3, KOP-
JKaHa Jkarmannarel |[pikTeimi Konnmay kepcereni |ceriHi3, HAKTHI MBICAJTapPMEH Kop-
miKipaepai Konaa- | ¥ HbIMIacThIPaIbl baxpimaiapt CETiHi3, ICTETEeH KYMBICBIHBI3
Hy, «TaceIMaiay» |bacTamMarmpuIbIK ChbIH afiTagsl JKaiibIHIa ecenTeMe OepiHi3
eTeml TankpuIaiiae!
Onnipeni
KypacTsipagst
Tannay Momnimerrepai Ky- |Takpuiaisn 3eprreiiai Tannay xacaHpI3, Oerikrepre 0ei-
pam Oemirine 0e- |Atmassl Backapanst Hi3, 13/I€Hi3, TAOBIHbI3, AHLIKTAHEI3,
Jim, e3apa Oaifna- |ATtam eteni blaTananngsipansl  |aKbIpaThIHBI3, TEKCEPIHI3, CaJIbIC-
HBICHIH aHbIKTay | Tammaiimber Bakpuraiiast THIPBIHBI3, KIKTCHI3, TEPiCKE IIbIFa-
Bemixtepre 6eneni  |Pecypcrap kapama- |pbIHBI3
ChIHU TYPFBIIA FpIHA Oepei
AHBIKTAN b1
Kunaxray Op TypJi mikipiaep-| Tankpimai bt Kepi Gaitnansictel | KypacThIpbIHBI3, OMIaIl TaOBIHBI3,
JIeH JkaHa He Oipe- |YKuHakTahpl (pednexcusiHb) 00JKaHbI3, YHBIMIACTHIPHIHBI3,
reit HoTke MeH  |baiimaHpicThIpazpl  |YHBIMIACTBIPAAbl | MalbIHAAHBI3, ©3TEPTiHI3, €IECTETi-
JKocmap KypacTel- |CaJBICTBIPBIN Ka- Yraittangs! Hi3, )KaKCapThIHbI3, YCHIHBIHBI3
Py paiabl Baranaiinet
Tyiirgeni OBl TaMBITagbI
YKanmer canpia msl-  ([Tikipieceni
Fapabl
baranay Amnpikranran Oen- |Tammavinel, Oaranai- |Kaosuimaiinel, pyk- |Ilikip kenTipiHi3, KOPBITBIHIBIFA Ke-
rire Hemece CTaH- |Ibl caT eTeli, Kelice i, |JiHi3, ipiKTen aabIHbI3, TAHIAI aJIbI-
JapTKa cail Heri3- |TaykbIFa canaibl, MaKYJIIai b1 HBI3, TAJIKBIFA CaJIBIHBI3, TCKCEPIHi3,
JIENTeH MAJIIMETTIiH |KYMOHIaHAIbI benrinepai aHbIK- | 10JI€T KENTIPiHI3, YCHIHBIC KENTIpi-
HeMece mikipaiH  |KaneimracTeipaabl, |Taiabl Hi3, aHBIKTAHBI3, JAJIENAEHI3, KOHII-
MaHBI3bIH 0aFanay |KypacThIpaabl YHnaecTtipeni, piHi3
O3 mikipiH adTagpl  |yiuecTtipeni

Bnym Takconomusicel OoibIHIIA OiniM Oepy Typaiibl alTKaHIa, OKbITY — OyJI ylepic, COHABIKTaH Ja
OKYIIBUIAPBl OKBITKAHIA JKOHE OaranaraH/ia MYHBI €CKEPIreH JKOH XKOHE JIe MyFaliM OKYIIbUIapAbIH oifnay
YAepicTepiH ajFa BUDKBITBII KOFaphl JeHrel, oy Oaranay MEH CHHTE3Aey ACHIediHe AeliH KETKi3y Kepek
nen caHaiigel. Ofnay yaepicTepiH KaMThIFAHIBIKTAH, OHBI «OHJIay» ayMarblH OJIeTTe KOTHUTHUBTI
(TaHBIMIIBIK) SICHI JET T€ aTalIbI.

brymHuBIH Kyifeney TeopHsachHIA 0acka Ja TEOpUsUlap CHSKTHI MBIKTBHI JKOHE QJICi3 TycTapsl 1a Oap.
Herisri OHBIH apTBHIKIIBUIBIFBL, OJ TOXipuOe Typi YLIIH OKYIIBIHBIH oOijlay KaOileTiHe Kapait
KYPacTBIPBUIFAHbIH KOHE KOJI )KETiMIi OOJaThIHBIH aTan ©TKEH >KoH. BiiyM TakCOHOMHSACBIHAAFHI 9P TYpI
JICHTeisiepre KaThICTBl CYPAaKTapAbl KYPAcTBIPHINT KOJJAHATHIH MYFATIMAEP OKYIIBUIAPBIHBIH OifIay
KaOUIeTiHIH )KOFapbl JEHTeHiH KAJIBINTACTHIPY TallCBIPMAChIH OPBIHIANTHIHABIFBIHA CeHIMI [4].

OKBITYZIBI, OKBITYA2 KOJJAHBUIATBIH OIC-TOCUIAEpHi JKaKcapTy MYMKIHIIKTEPiH JKOHE OCHI
MYMKIHZIKTEPII iCKE achIpy TYpJIEPiH aHBIKTayFa OarbITTalIFaH Oarajay KaJIBITaCTRIPYIITEI HEMECE OKY YIIiH
Oaranay (Oyb) gen aramaapl. byn Oaranay 0ipa3 KMBIHABIKTAp TYFBI3aJbl, COJN CEOENTi OKY CamachblH TECT
MaTepHalblH KOJJIAHy apKbUIbl ©JIICHTIH Ka3ipri 3aMaHAarbl Kem ejleMJi YAriaepi kacajbll >KaTbIp.
Kazipri ke3me yimn emmemai yiari Oenriii: Ma3MyHbl + eJiey ImeOepiiri + opeKeTTiH >KocIapiiaHaThIH
neHreii. byn skepae Ma3sMyHBI Aem COMKECTCHIIpUIreH OUTIM JeHTeii OimiM Oepy cTaHmapThIHA COHKec
0O0IyBIH KapacThIpabl.
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«dapein» MekTeOiHAe OKYIIBIHBIH HOHIIK JKETICTIKTEpI OKY TaIllChIpMachl MEH TarchlpMaiapAblH
OaprapIk TYpi yuriH peirunrimik (100 %) sxone 6anapik (12 6.) xylie apKpUIbl OaraiaHbII, iCKe aChIPhUIAIBI
(3, 4-xectenep). OKymIBIHBIH OiiMiH Oaranay OaNIBIK-PEUTHHTUTIK HOTIDKENEpiHiH eceOiMeH 12-0ammbik
Oarasnay apKbUIbl iCKE achIPbLIAMIbI.

3-kecTe
OKymbLIaPABIH OKY JKeTicTiKTepiH J3cTypIai 6arajiay moKiJIiHeH 0aJabIK-pedTHHTITIK
opinTik 6aranay :KyiieciHe aybICTBIPY KOpceTKiuri
KericTik neHreiii burym %-Tik Meiepi banabin CAHJRIK IESCTYpHi Kyide
TaKCOHOMHSICHI SKBHBAJICHTI OolipIHIIa Oaranay
C Ierrapy 95-100 12 Ore aKCHI
(IIBIFapMaIbLIbIK) Baranay 90-94 11
B Capanrama 83-89 10 Kakcbr
(mamMbITyIITHI) 75-82 9
A Konpany 65-74 8
(uerisri) ¥¥BIHY €CcKe TYCipy 60-64 7 Kanararrauapivix
Kanararran-
O — 0-59 0-6 KanaraTTanasipapiibIKChi3

4-xkecTe
OKyuIbIHBIH BAPpUATHUBTI 0oJiirinjeri :kericTikrepin 6aranay
Henreiinepi | Benrinepi OKyIIBIHEI 1C-OpCKCTIHIA Binim HoTHIKECT Baner
KOpPCETKIITEepi
1 [Biny TaHzLauﬁszl, Kua61)£n,ua1‘/izlm, ecKe Bepinren xana TY(?iI?iKT.i YFBIHY, €CKE 5
CaKTaipl, OMIaMIbI ycTay, OYpBIHFEI OLTIMII ecKe Tycipei
A e . JKana maTepuanna 6epinerin OuTiMIi
. Tycinnipeni, aliTabl, KopceTe, . . ..
2 |Tyciny Kazabl TYCiHy, ©3iHIIe TYCIHaipy HeMece 00II- 3
JKaM JKacaysl
3 |Konnany B ByprwInFBI O171iM HETi31H Nainamana ' Kana 6inisz[i Tsmipvniiez[e, SIFHU HAKTBI 3
OTBIPHITI, JKaHa POoOJIeMaHkl HIeNe i |KaHa Karaaiaa, naianany
Anran OLmiMAl XiKTEy, capanay, eH
4 |Tanmay OﬁnaHaz[vLI, CaIbICTHIPATIEL, Ta§aﬂbl, HET13r1 TY'I\/'IiH:I[i MQ'HiH 6eniq ama Oiry. 1
C TaJIKbLIAKbI, alllabl, 131eHeI1 Sruum OyTiHAi OemikTepre KikTey
apachIHIAFbl OAMITAHBICTHI AHKBIHIAY
5 [Kunaxray Orinan Ta6a)11,11 KYPAacCTBIPAJIBL, Kexe OemmektepeH, qapa yreIMaap- 1
IIBIFApaIbl, OaliTaHBICTHIPAIBI JIaH TYTac kacay (FKaJKbIIaH JKaJIKbIFa)
6 |Baranay i Baraniﬁam, TaJKBUIAKIEI, ©3 Tajla- KaHa yfpiM, xKaHa MaTePI/IaJ'IIILIH 5
OBIH aliTabI KYH/IBUTBIFBIH, KEPEKTITiH aHBIKTAY
BapJabirsl 12

Birym TakcoHOMUSCH OOMBIHINIA KYPBUIFAH TANlChIpMaliap OKYIIBIHBIH KY3BIPETTLIITIH KAJIBINITACTHIPYFa
OarbITTaIFaH, COHJBIKTAH JCHICHIII TamchipManapabl OPbIHAAY OKYIIBIHBIH TaHIayblHA, €pKiHe Oepimemi
JKOHE OKYINBI, KaHJai ACHreii opbhlHOaca 1a, ©3iHiH ajaTblH OaFachlH Ounemi. BiayM TakCOHOMHSICHI
OoiiblHIIA KypbUTFaH Tancblpmanap A (0asanblk) — oraH Oily, TyCiHy, KOJigaHy JICHIeHiHAeri
TanceipMaiapbl, B (mampiTyiis) — tangay skoHe C (IIbplFapMalliblUIblK) — JKMHAKTay, Oarajiay JIeHreHiHaeri
TarceIpMaliapsl KapacTeipbutaabl. COHIBIKTAH Ka3ipri e3repMelti 3aMaHaa yKaHAIIBII MYFaIiMHEH OKYIITbIFa
TEK KaHa OiliM Oepin Ko¥Mal, OHBIH TaHBIMIBIK KaOlIEeTiH apTThIPY, IIBIFAPMAIIBLUIBIK KBIPBIH allly, ©3iHiH
OMBIH €PKiH KETKI3€ OTBIPHIT, XKaHAAaH MiKip TYFeI3yFa 06ayiy, JIOTHKAIBIK OWBIH TaMBITY Tajam eTuIeIi.

«apein» MeKTeOiHJe OKBITHUIATHIH XMMHUsI cabarblHIa BiiyM TakcOHOMHsCHI OOMBIHINA KYpBUIFaH
TarceIpMaliap MbICAIIIAPBIH KeATipeHiK.

BayM TakcoHOMHsICHI OOMBIHIIA KYPBUIFAH AeHIeHJIIK TalICBIPMAJIApAbI OPbIHAAY HYCKAYBI

TaKpIPBINITHIK TECT TAIICHIPMAIAPHI YIII OJIOKTAaH TYPabl:

A 0s10rBI (Da3aJbIK AeHTell) Oip FaHa xKayanThl KOPCETETIH HYCKayIaH TYPabl.

Baranaysr 7-8 G6ain, «3» nereH Oarara coiikec Kele/i.
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7-8 0aJ11 KoMbLIAABI:

— TOJIBIK Kayarr Oepijice Je, MaFbIHAIBI KaTSMKTEPiHIH O0IyHI,

— ayaIl TOJIBIK eMec, Oip-OipiMeH OalaHbICCHI3 OOJIFaH JKaFIana;

— TalchipMa JKapThllail OpbIHAANICA Ja, JOTUKAJIBIK TYCIHITIHAEC KaTelepiH OojMaid, TEeK ecenTeyie
FaHa MarblHAJIbI KATEJIKTEP/IiH OOJIYHI.

B 0s10rb1 (1aMBITYLIBLUIBIK A€HTei) XUMUSIIBIK TEHACYIEp MEH €CenTep i MIbIFapyaaH TYPabl.

Baramayst 9—10 6amn, «4» nereH Oarara colikec KeJei.

9-10 6ana KolibLIAABI:

—JKayanTblH TOJBIK OONyBl JKOHE OKBITBUIFAH TEOPHSUIBIK  MAIIMETTepre CoWKec JAyphIC
TYKBIPBIMIATYHI,

— MaTepual JIOTHKAIIBIK TYPFbIJa KO3Kapackl Oepifce Je, a3-KeM KaTelmiKTep O0JFaH xaraaiia.

C Onorpl (IIBIFAPMAIIBLUIBIK JEeHTell) allblK jkayarn Tajlal eTUIeHdl, JOTHUKAIBIK Oiam, e3iHiH

JKayaObIH AQJENJICY/ICH TYPaIbl.

baranmaysl 11-12 6ami, «5» geren Oarara coiikec Kelei.

11-12 6ana KoMbLIaABI:

— OTLITEH TaKbIPBINITAPFa COUKEC JKAyalThIH TOJIBIK JKOHE JIYPHIC OOITYHI;

— MaTepuaJl apHalbl Oip KYHUEUTIKIICH JIOTUKAIBIK TYPFbIJa KapacThIPUIFaH JKaFaina;

— Jkayarn 971e0u Tije e3iHIK Oilaybl apKbUIbI Oepinyi, KapamnaiibIM KaTemikTep OonFaH Xaraanaa.

1-B1yM TakCOHOMUSICBIHBIH JIeHreiinik Tanceipmaiapsl (1-BTAT)
«9-CBIHBIN KYPCBhIHA Kipicne» TaKbIPbIObI 00MBIHILA TECT TANICHIPMATIAPLI

bann
CaHbI
1 2 3

bazanbik JeckpunropJap: 7-8
(A) — IEPUOATHIK JKYHECiHAET1 aTOM KYPBUTBICH apPKBUTBI XUMHUSJIBIK JIEMEHTT] aHBIKTAY;

— TOTBIFY-TOTBIKCBI3JIaHy TEHJEYJIEPiH KypacTbipa Oiy;

— IIEPUONTHIK XYHere cCylieHe OTHIPHII, KACHETTEPiHiH 03repyiH KapacThlpy

Tanceipmanap:

A-1. +17)2)8)7 aTOM KYpBIIBICHl CXEMAChIH KOPCETETIH XUMUSUIBIK 371eMeHT. OHBIH

MIEPUOATHIK XKYHeeri OpHbI:

1) 2-nepuog, I11 TONTHIH HETi3Ti TOMIIACHL

2) 2-nepuon, VII ToNTHIH HETI3r1 TOMIIACHI,

3) 3-mepuog, V TONTHIH HETi3Ti TOMIIACHL,

4) 3-nepuox, VII TONTHIH HETI3Ti TOMIIIACKI.

A-2. N3 — N*aiiansivel KaWChl XUMUSUIBIK TEHICYTE COMKec Kelei:

1) NH; + HC1=NH,Cl  3) 4NH; + 30, =2N, + 6H,0

2) N, + 3H, = 2NH; 4) 4NH; + 50, = 4NO + 6H,0

A-3. Keneci TyXbIppIMIap IYPBIC alThIIFaH 0a?

A. Tomta peTTik HOMep/iH apTybIMEH JIEMEHTTIH aTOM PaJnyChl apTabl.

b. Tonra perTik HOMEp/iH apTyBIMEH aTOM PaanyChl Killipeheni.

1) A >xaya0bl rana nypeic 3) b sxayaObl raHa nypsic

2) Exi mikip zie 1ypoic 4) Exi mikip zie 1ypeic emec

HambITymibiislK |Jleckpunropiap: 9-10

B) — aToOM MEH CHIPTKbI SHEPreTUKAIIBIK ACHTeii/leri CONKECTIKTI aHBIKTAY;

— XUMUSUTBIK PEaKIvs TCHJICYiH jKa3y

Tancsipmanap:

B-1. ATOM MeH CBIPTKBI SHEPTeTHKAIBIK JCHTEeHIIH COMKECTITIH aHBIKTaHIaP:

bemmek: DNEeKTPOH Taparybl:

A)P 1) ... 4s%5) ... 4s*4p*

B) F 2)...55'6) ... 2s%2p°

B) Ar 3) ... 3s%3p°

I')Rb 4)...3s3p’

B-2. Kanbuuii rugpoxcnai epiTiHaiciMeH apekeTTecei:

1) KyKipT KBIIIKBLIBI 4) Meic

2) Kewmipreri (IV) okcunui 5) Hatpwii xnopuai

3) Harpwuii kapOOHATHI 6) Kanbnuit okcuni

Jlenreiinep Jeckpunropiap

Cepust «Xumusi». Ne 3(79)/2015 89



I".T.Kekibacosa, K.C.XKymarynosa T.6.

— €Cell HIbIFapy

1 2 3
I errap- Jeckpunropiap: 11-12
MalbUIBIK ~ |— T€HETHKAJIBIK OaiyIaHbICTBI OPBIHIAY;
© — MOH aJIMacy peakiys TeHIEYiH jka3a Oiry;

Tancsipmanap:

C-1. MbIHa aifHaJIBIM apKBUIBI TONBIK MOJICKYJIATBIK TEHACY JKa3bIHAap. 3-1i TeHACYAIH HOH
anMacy TeHICYiH >Ka3bIHaap.

Li — Li,O — LiOH — Li,S0,

Maccacer 250 r 16 %-ti meic (I) cynsdats! epitiagicine maccacsr 20 T 50 %-Ti HaTpuit
TUAPOKCHUL epiTiHAICI KOCBUIIBI. AHBIKTaHIaP:

a) Tysinren Tynb6a MaccacblH;

0) Epitinaineri Ty3iareH Ty36IH MaccachlH;

B) EpiTinaizneri Ty3inreH Ty3 epiTiHAICIHIH MaccalbIK YIIeciH;

) ApPTBIK MeJIep/ie KaJlFaH peareHT MaccachlH;

J1) APTBIK MeJIIIepe KaJFaH PearcHT MacCalbIK YICCiH

2-BTAT. «3yeKkTpoanTTiK qucconuanusiany. KopbITbIHABD) TaKbIPBIObI 0OHBIHIIA TECT TANICHIPMATIAPLI

Henreiinep

Jeckpunropiap

bamn
CaHbI

1

2

3

bazanbik

(A)

Jeckpunropaap:

— TEOPHSUIBIK MOJIIMETTEpre Kayan Oepe aiy;

— OJI TeopusICHIH aTarl, oJlapFa MbICaJl pETiHAe culaTTama Oepe anaibl;

— VnankaTopiap TYCiH aHBIKTa anajsl;

— OJI TeopHsCHIHBIH 3 THIIIH TYCIHAIpE ally;

— He cebenti ras, Tynb6a HemMece a3 AMCCONMANMSIIAHATBIH CYIBIH TY3UTYiH JIoNenaeH aty;
— epirilTi KecTe apKblIbl TYHOAFHI ra3 XoHe Cy TY31Iy KaCHEeTiH KepceTe aly;

— @31He Ka)XXeTTi MaJliMeTTepli OepiireH aknapaTrapaaH 0ein ajbli, 63 OHbIH
KOPBITBIH/IBIIAN alty

7-8

Tanceipmanap:

A-1. 1.Kymrri anekrponutrepai ara: HNO;, H,SO,4, HCI, NaOH, KOH, Ba(OH),.

2. NHaukaTopapIH TYPJIEpiH aTa.

3. Na' Cl'— noHIapbIHBIH apachIHAaFsl TAPTHLIBIC KYIIiH aTa.

4. Ty3nap, Heri3aep, KpIIKbUIIAp, epireHae He OalKpIFaH1a HeTe bIIbIpaianl?

5. D.J1.T-neri3ri kKaruganapel KaHgan?

A-2. DIEKTPOJUTTIK AUCCOIMAINS TEOPHACHIHBIH YIII TUITIH KapacThIPBIHbI3IAP:

1) I'a3 Geniny peakmschl

2) TynO6a Ty3e )XypeTiH peakuus

3) Beiitapanrany peakuusichl

A-3. Epirimrik KecTeHi naiaananslm, OepisireH epiTiHaiIep apKbliIbl TYCKEH TYHOAHBI
AHBIKTaHBI3IAp, OHBIH TYpi KaHman?

Peaxkuusinel askray.

1) H2SO4 + BaC12 — HCl + BaSO4 2) KOH + H2$O4 i KzSO4 + Hzo

3) HCI + AgNO3—>AgCl+ KNO3 4) Zn + H2S04—> ZHSO4+ H2

5) K2S04 + Ba(NO3)2—> KNO3 + BaSO4 6) FeSO4 + NaOH— Na2804 + Fe(OH)z

JlaMBITYIIBUIBIK

(B)

JeckpunropJap:

— bekeToB Katapsl OOWBIHINIA 63 OWBIH OpTaFa Cajblll, TAKbUIAN alajibl;

— Kecrte 6oiipIHIIa anFad TEOPHUSIIBIK OUTIMIH KOJIIaHa OTHIPHII, TajAay Kacal aiy;
— MerangapabIH KacHETiHE ColKec KIKTEH ay;

— ArnFaH TeOpUSUIBIK OUTIMIH MTPaKTHKaaa KOJIJaHa any, TAIKBIFa calia aiy;

— O3 OBIH TOJBIK JKETKi3€ OTBIPHII, KOPBITHIHIBLIAN Ty

Tanceipmasap:

B-1. BekeToBTiH KaTaphl OOHBIHIIA JICMEHTTEPAIH JICKTPOIUTTIK AUCCOIUAIIASFA
YIIBIpaFaH Ke3/Ie CYTEKTI BIFBICTRIPY KACHETI, METAIapIbIH AKTUBTLIIIK KATAPbIH ECKEPY.
Cout xecnie Kara3gapiaH MeTalgapAbl aKTUBTLUTIr O0MbIHIIA KypacTHpeIHbAap. CyTekTi

BIFBICTBIPBIN MIBIFApa aIMaNTBHIH MEeTAIJApABI €CKepil, Taaaay >KacaHbl3ap.
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1 2 3
B-2. Temenie GepiiireH peakuus TeHICYJICPiH JKa3blll, OJapIbIH XKYPY XKaFnaiiapsl
JKOHIHJIC CHITaTTama OepiHi3aep:

1) Cu(OH)z + HzSO4—> CUSO4 + Hzo

2) 2KOH + Zn(NO;),— Zn(OH), + KNO;

3) Ca(HCO;), + HCl— CaCl, + H,CO; (COy; H,0)

[brrap- JeckpunropJap: 11-12
MaIIBUTBIK ~ |— OepiireH mBIFapManIbUIBIK CHUITaTTaFbl TalIChIpMaiap apKbUIbI TAIKBUIAH aiy;
© — ©31HiH OaraMaJbl mKipiH aifTa aiy;
— KYMOH KeJNTipe aiajpl, ©3 OWBIH TONBIK JKETKi3e airy
Tancsipmanap:

C-1. «Capplaramn» MUHEpaNIbl Cybl KYHBUIFaH bIIBICTA Na"; K™ KaTHOHAAPHI, HZCO;;
CO;™; F~ annonzapsi Gepinren. Ockl MUHEPAIIbI Cy/Ia TY3iTyi MyMKiH GOIATHIH Ty31ap/IbIH
¢dopmynackiH xa3. OKymbuIap e3/1epi TaKTara Ty31apAblH (popMyiagapblH Kypaiisl

3-BTAT. «A30T xk3He (ochop» TaKbIPbIObI GOHBIHILIA TECT TANChIPMAJIapbI

bann
CaHbI
bazanbix JeckpunropJjap: 7-8
(A) — a30T neH (ochOopaBIH aTOM KYPBUTBICHIH aHBIKTAY;

— 3JIEMEHTTEPAIH XUMHUSUIIBIK OalIaHbIC THITI MEH TOTBHIFY JOPEKECiH aHBIKTAY
Tancsipmanap:
A-1. Azort nier pochop aTomaapsl:

1) CBIPTKBI 3JIEKTPOH CaHbI Oipeii;
2) aTOMJIaFbl QJIEKTPOH CaHbI Oipaei;
3) TOTBIFY opeXenepi op TYpii;
4) 5neKTpOH KabaTTapbIHbIH CaHbl OipJIeH.
A-2. 3aTTBIH TOTHIFY JopeKeci +5 xoHe —2 0OJaThIH KOBAJIICHTTI MOJISAPIIBI OalIaHbIC:

1) P,Os; 3) PH;; 4)P,0s.
A-3. ®ocdop aTOMBIHIA AIMEKTPOHIAP IBIH KAJIIBI CAHBI )KOHE 3JICKTPOH Ka0aTTaphIHBIH
CaHBI COUKEC KeJe/i:

1) 31 xomne 3; 2) 15 xone 5; 3) 15 xone 3; 4) 31 xoHe 5
JambITymIsuIBIK |[leckpunTopaap: 9-10

(B) — XUMISUTBIK KACHETTEPiH CHIIATTAHTHIH MATIMETTEPAl KOJIJaHa ay;

— a30T KbIIIKBIIBIHBIH KaCHETTepiH Olry
Tancsipmanap:
B-1. CyHBIKTBIK aKIIBII-caphl TYCTI, OTKIp HiCTi, OapJIbIK METAIIAPMEH JEPIiK PeakIusIra
Tycei, OHbIH (HOpMyIIachl:

1) HC1; 2) H,SOy; 3) H;POy; 4) HNO;.
CyHBITBUFaH a30T KBIIIKBUIEI 06JIME TeMITepPaTypachlHIa MbIHA 3aTTap IbIH OPKAHCHICBIMEH
OpeKeTTeceTiH KaTap:

1) Cu, A1C1;, HCI,
2) Na,S0O;, FeCl,, ZnSOy;
3) CuSO4, Al, Na3PO4;
4) Be, CaCO;, Cu(OH),.
B-2. A30T KbBIIIKBUIBI XKOHIH/IE KeJIeCi TY KBIPHIMHBIH KalCHICHI YPBIC:
A. A30T KBIIIKBUTBI — KYIITi TOTBIKTBIPFHIILL.
b. Merangapmen a30T KbIIIKBUIBI 9PEKETTECKeH e CyTeTi OeiHemi:

1) A TYKBIpBIMBI IYPBIC  2) B TY>KBIPBIMBI TYPBIC
3) Exi xxayan ta gypeic  4) Exki xayamn Ta Typsic emec

[brrap- JeckpunropJap: 11-12
MAIIBUTBIK ~ — JIOTHKAJIBIK TY>KBIPBIM JKacay;

© — JloIieni xkayan oepy

Tanceipmasap:
C-1. Ym nwiuHAp Ta3gapMeH TONTBHIPBUIFAH: a30T, KYKIPTCYTEK,
KykipT (IV) oxcuai — osapzs! cybl 0ap KprcTaau3aTopra
Oateipruinel. Kanmaii ras op mumuaapaa oonaer? Jomenmi sxayar CRE
Oepingep

[Henreiinep Jeckpuntopnap
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I".T.Kekibacosa, K.C.XKymarynoga T.6.

Ocpbl TancelpManapAbl OpbIHAaraHHAaH KEHiH op TOKCAaH CaiblH OKYHIBUIAPIBIH O1iM KepceTKimTepi
capaJyiaHblll, KaHIal AeHrelIeri TarchlpMaHbl OPBIHAAY Ke3iH/Ie TOMEH KOPCETKIII KOPCETKeH] aHBIKTaIa Ibl,
COUTII, OKYIIBIMEH JKEeKe KYMBIC XKyprizieni (5-kecre).

5-xecTe

BayM TakcoHOMHsCBI 00iibIHIIA OKYIIBLIAPABIH 0iliM camacsl

B Tanpay;1;100%

anpay2;1;75%

HKuHakTay
baranay;1;61%

B Tyciny;1;56%

B biny;1;39

BEiny BTycHy BOKomgany BTangay BTangayl B JKuHakray Baramay

Cabaxrap/a >Korapsl JeHreine oiay KaOijleTiH KaJbIITaCTRIPYAbl KaMTaMachl3 €Ty YIIiH, MyFaliMre
KeJeci ToXipuOeNiK YCHIHBICTapAbl KOJJIAaHFaH JKOH: OKYIIbIFa KaHJai oiiay KaOiNeTiHiH KepeK eKeHiH
TYCIHICTIKIIEH KaMTaMachl3 €Ty KaXXeT, OHBl CypaK KOIoFa YHpeTy, KyOBUIBICTBIH maiiga Oomy cebGeOiH
TYCIHAIpY, A9JENAeyre YHpeTy, ©3iHiH iC-opeKeTiHiH HOTHXKeciH Oaramayabl yipery. OKylIblFa TeK KaHa
Oimim Oepin KoitmMaii, OHBIH OWBIH JaMBITY, IIBIFAPMAIIBUIBIK MYMKIHIIK Oepy, KaHa/JaH MiKip TYFbI3Y JKOHE
OHBIH KYPBUIBICBIH/IA JIOTUKAJIBIK OailIaHBICTHIH OOJTYBIH JKOHE Jie OipHelle cabaKTapra ajiblH ajia OJIaHFaH
JKOHE MYKHSAT NaibIHAATY KaHa 3aMaHFbl KO3KapacThl MyFalliMiHeH Tajam eTiiei.

Opneduerrep Tizimi

1 Ilocnanue I'maBsl rocynapcrsa Hapony Kazaxcrana ot 14 nexabpst 2012 roga «Crpaterust «Kazaxctan—2050»: HOBBIH 1OJIH-
THUYECKUIT Kypc COCTOsIBIIETOCs rocynapcrsay // Unngycrpuansnas Kaparanga. — 2012, — Ne 5. —C. 3.

2 TocymapcTBeHHast mporpamma pas3Buths oopasoBanus Pecriyonuku Kasaxcran Ha 2011-2020 roast // [9P]. Pexxum mocrymna:
http://www.edu.gov.kz/sites/default/files/2011-2020 _zhzh. memba-darlama_0.pdf

3 Llamosa T.H., benosa C.H., Hnvuna U.B. CoBpeMeHHbIC CPEICTBA OLCHUBAHHS Pe3yJbTaToB 00y4eHHs B Iikoje. — M.,
2007. — 103 c.

4 Hlakupos P.X., Bypxumosa A.A., /[yoxuna O.H1. OuenuBanue yueOHbIX JOCTHKeHUH ydamuxcs. — Anmatsl, 2012. — 86 c.

I'.T.Kokubacosa, K.C.X)Kymarynosa, C.P.Illu6aea, M.C.2KynycoBa

HoBble moaxoabl B OLEHHBAHUY JOCTHKEHUIT 00ydaroImuxcsi
KakK (paKTOp NMOBBIIIEHUSI KAYeCTBA 00yUYeHHUs

CraTbsl nOCBsLICHa (GOPMATUBHOMY OLIEHUBAHMIO, ONPEACIISAIOIIEMY TPUEMIIEMOCTh IyTH YCTOHYHBOTO pas-
BUTHS U KadecTBa 00pa30BaHUs HA COBPEMEHHOM JTare. [lokazano, uro TakcoHoMust biryma — yHuBepcans-
HBIII MHCTPYMEHT AJISI ONPEAENICHHS Pe3ydbTaToB OOYYeHMS KaK JUIS CpefHell, Tak M BBICHICH IIKOJBI.
B kauecTBe mpumepa IpHBEAEHBI YPOBHEBEHIE 3aJIaHUS 10 XHUMHUH 9 KJlacca, COCTaBJICHHBIE MO TAKCOHOMHH
Biyma, xoTOpble HCTIONB3YIOTCS HAa YPOKE XMMUH IIKOJIBI «/lapbiHy. Pe3ynsrarsl paboT ydammxcs: OLeHUBa-
10Tcst o 12-6anbHo# cucteme. JlaHHbIC 3a[aHus HAaNpaBieHbl Ha GOPMHUPOBAHUE B YUCHHKAX KOMIICTEHT-
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1

HOCTHU B IIPEAMETE, I0O3TOMY YPOBEHb CIOKHOCTHU 3af1ad BBHIOMPAIOT CaMH y4E€HHKH, CIEJOBATENBHO, TEM Ca-
MBIM OHH MPEJIIONaraoT U ypoBeHb CBOUX JOCTHxKeHUH. Takum o6pa3om, Ha TaHHOH CTaAuU pa3BUTHS 00pa-
30BaHUs Mepe]] yUUTEIEM CTaBATCS 3a7a4u He TOJIbKO (POpMHUPOBAaHMS PEIMETHBIX 3HAHUM, HO U TBOPUECKO-
TO ¥ JIOTHYECKOTO MBIIIICHHS, PACKPHITHS TBOPYECKOTO MOTEHIMANIA YICHUKOB, (DOPMUPOBAHHS CIIOCOOHO-
CTH K U3JIOKECHHUIO COOCTBEHHBIX UJIEH U B3TII0B.

G.T.Kokibasova, K.S.Zhumagulova, S.R.Shibaeva, M.S.Zhunisova

New approaches in the evaluation of achievements student
as a factor of upgrading of educating

Article is devoted a way of a sustainable development defining an acceptability and qualities of formation at
the present stage —formation to estimation. It is shown that the taxonomy of Bluma is the universal tool for
definition of results of training as to average, and the higher school. As an example Bluma made on taxono-
my who are used at school «Daryn» results of training which are estimated on 12 ball system are resulted
ypoBHeBbIe tasks in the chemistry. The given tasks are directed on formation at pupils of the competence in a
subject, therefore level of complexity of the task is chosen by pupils, hence choosing tasks they preliminary
estimate level of the achievements. Thus, at the present stage of a development of education before the teach-
er to be put the problem of formation not only subject knowledge, but also creative and logic thinking, dis-
closing of creative potential of pupils, formation of ability to a statement of own thought.

References

Industrial Karaganda, 2012, 5, p. 3.

2 Government program of development of formation of Republic of Kazakhstan on 2011-2020, http://[www.edu.gov.kz/sites/
default/files/2011-2020_zhzh. memba-darlama_0.pdf.

3 Shamova T.I, Belova S.N., Ilina I.V. Modern facilities of evaluation of results of educating are at school, Moscow, 2007,

103 p.

4 Shakirov R.Kh., Burkitova A.A., Dudkina O.1. Evaluation of educational achievements of students, Almaty, 2012, 86 p.

Cepust «Xumusi». Ne 3(79)/2015

93



ABTOPJIAP TYPAJIbl MIJIIMETTEP
CBEAEHUA Ob ABTOPAX

Abdiken, F.S. — Student, Ye.A.Buketov Karaganda State University.
Abdygalimova, S.Sh. — Senior Researcher, Zh.N.Abishev Chemical-Metallurgical Institute, Karaganda.

Abdykalykov, M.A. — Leading Researcher, Candidate of chemical sciences, Institute of Organic Synthesis
and Coal Chemistry of Republic of Kazakhstan, Karaganda.

Akhmetkarimova, Zh.S. — Senior Researcher, doctor PhD, Institute of Organic Synthesis and Coal Chem-
istry of Republic of Kazakhstan, Karaganda.

Amerkhanova, Sh.K. — Professor of Physical and Analytical Chemistry Department, Doctor of chemical
sciences, Ye.A.Buketov Karaganda State University.

Arinova, A.E. — Researcher, Institute of Organic Synthesis and Coal Chemistry of Republic of Kazakhstan,
Karaganda.

Baikenov, M.I. — Doctor of chemical sciences, Professor, Ye.A.Buketov Karaganda State University.
Baikenova, G.G. — Doctor of chemical sciences, Karaganda Economic University.

Belgibaeva, D.S. — Lecturer, Chemistry department, Candidate of chemical sciences, L.N.Gumilyov Eura-
sian National University, Astana.

Borgekov, D.B. — Engineer of the technological track-etched membranes laboratory of Astana branch of
the Institute of Nuclear Physics of Republic of Kazakhstan, specialist of the engineering laboratory of
the L.N.Gumilyov Eurasian National University, Astana.

Fazylov, S.D. — Doctor of chemical sciences, Professor, Deputy Director, Institute of Organic Synthesis
and Coal Chemistry of Republic of Kazakhstan, Karaganda.

Fengyun Ma — Head of Laboratory, Professor, Doctor of chemical sciences, Xinjiang University, Urumqu,
China.

Golovanova, O.A. — Professor of Department of Inorganic Chemistry, Doctor of chemical sciences,
F.M.Dostoevsky Omsk State University, Russia.

Havlichek, D. — RNDR, CSc, Charles University, Czech Republic.

Ibishev, K.S. — Lead Researcher, Candidate of chemical sciences, Zh.N.Abishev Chemical-Metallurgical
Institute, Karaganda.

Iminova, D.E. — Masters student, Shakarim State University of Semey.

Issabekova, D.S. — Engineer, Institute of Organic Synthesis and Coal Chemistry of Republic of Kazakh-
stan, Karaganda.

Issayeva, A.Zh. — Engineer, Institute of Organic Synthesis and Coal Chemistry of Republic of Kazakhstan,
Karaganda.

Kabieva, S.K. — Associate professor, Candidate of chemical sciences, Head of Laboratory, Karaganda State
Technical University.

Karipova, G.Zh. — Engineer, Institute of Organic Synthesis and Coal Chemistry of Republic of Kazakh-
stan, Karaganda.

Kasenov, R.Z. — Leading Specialist of Laboratory of engineering specialization «Physicochemical Meth-
ods of Investigations», Ye.A.Buketov Karaganda State University.

Kenzhetayeva, S.0. — Lecturer, Candidate of chemical sciences, Ye.A.Buketov Karaganda State University.

Khalitova, A.I. — Associate professor, Candidate of chemical sciences, Ye.A.Buketov Karaganda State
University.

94 BecTHuk KaparaHguHckoro yHusepcureTa



CeepeHus 06 aBTopax

Kokibasova, G.T. — Senior lecturer, Chair of inorganic and technical chemistry, Candidate of chemical
sciences, Ye.A.Buketov Karaganda State University.

Kudaibergenov, S.E. — Professor, Doctor of chemical sciences, Shakarim State University of Semey.
Kulakov, I.V. — Chief scientific officer, Omsk State University, Russia.

Kurmanova, A.F. — Associate professor, Candidate of chemical sciences, Ye.A.Buketov Karaganda State
University.

Kushekova, N.D. — Student, Ye.A.Buketov Karaganda State University.
Makanova, N.E. — Master student, Ye.A.Buketov Karaganda State University.

Mamraeva, K.M. — Associate professor of Inorganic and technical chemistry, Ye.A.Buketov Karaganda
State University.

Mashentseva, A.A. — PhD in chemistry, Head of the technological track-etched membranes laboratory of
Astana branch of the Institute of Nuclear Physics of Republic of Kazakhstan, chief-expert of engineer-
ing laboratory of the L.N.Gumilyov Eurasian National University, Astana.

Meyramov, M.G. — Candidate of chemical sciences, Head of Laboratory, Institute of Organic Synthesis
and Coal Chemistry of Republic of Kazakhstan, Karaganda.

Migunova, A.A. — Senior Lecturer, Department of Solid State Physics and Nonlinear Physics, Al-Farabi
Kazakh National University, Almaty.

Muratbekova, A.A. — Candidate of chemical sciences, Ye.A.Buketov Karaganda State University.

Mussabayeva, B.Kh. — Head of Department of Chemistry, Candidate of chemical sciences, Associated
Professor, Shakarim State University of Semey.

Mustafin, E.S. — Head of Department of Laboratory of engineering specialization «Physicochemical Meth-
ods of Investigations», Ye.A.Buketov Karaganda State University.

Niyazova, D.T. — Junior researcher of the technological track-etched membranes laboratory of Astana
branch of the Institute of Nuclear Physics of Republic of Kazakhstan, specialist of the engineering la-
boratory of the L.N.Gumilyov Eurasian National University, Astana.

Nurkenov, O.A. — Doctor of chemical sciences, Professor, Head of Laboratory, Institute of Organic Syn-
thesis and Coal Chemistry of Republic of Kazakhstan, Karaganda.

Omarov, Kh.B. — Vice-Rector, Doctor of technical sciences, Professor, Ye.A.Buketov Karaganda State
University.

Orazzhanova, L.K. — Associate Professor, Candidate of chemical sciences, Shakarim State University of
Semey.

Pudov, A.M. — Leading Specialist of Laboratory of engineering specialization «Physicochemical Methods
of Investigationsy», Ye.A.Buketov Karaganda State University.

Pudov, I.M. — Engineer of Laboratory of engineering specialization «Physicochemical Methods of Investi-
gations», Ye.A.Buketov Karaganda State University.

Rakhimzhanova, N.Zh. — Docent of Laboratory, Candidate of chemical sciences, Ye.A.Buketov Karagan-
da State University.

Sabitova, A.N. — Master of chemistry, Shakarim State University of Semey.
Sarsembaev, B.Sh. — Senior Researcher, Candidate of chemical sciences, Karaganda Economic University.

Satpayeva, Zh.B. — Researcher, Institute of Organic Synthesis and Coal Chemistry of Republic of Kazakh-
stan, Karaganda.

Schaschanova, R.B. — Lecturer of Inorganic and technical chemistry, Ye.A.Buketov Karaganda State Uni-
versity.

Seilkhanov, T.M. — Head of the Laboratory, Associate professor, Candidate of chemical sciences,
Sh.Ualikhanov Kokshetau State University.

Sevostyanova, K.A. — Master's first year, «Petrochemicals», Ye.A.Buketov Karaganda State University.
Shibaeva, S.R. — Student, Chemistry Department, Ye.A.Buketov Karaganda State University.

Cepusa «Xumunsy». Ne 3(79)/2015 95



CeepneHus 06 aBTopax

Takibayeva, A.T. — Associate professor, Candidate of chemical sciences, Karaganda State Technical Uni-
versity.

Tateyeva, A.B. — Associate professor, Candidate of chemical sciences, Ye.A.Buketov Karaganda State
University.

Uali, A.S. — Associate Professor of Chemical Engineering and Petroleum Chemistry Department, Candidate
of chemical sciences, Ye.A.Buketov Karaganda State University.

Zakarin, S.Z. — Associate Professor of Commodity and certification, Karaganda Economic University.
Zhiyenbekova, A.Ye. — Master’s student, Shakarim State University of Semey.

Zhumagulova, K.S. — Teacher, Karaganda region special school of talanted child «Daryn».
Zhunisova, M.S. — Student, Chemistry Department, Ye.A.Buketov Karaganda State University.

96 BecTHuk KaparaHguHckoro yHuBepcuTeTa



