Hypauabl 9cusa MamOeTKbI3bI
6D072100-OpranukanblK 3aTTapIbIH XUMHUSUIIBIK TEXHOJIOTUSACHI
MaMaH/JIbIFbl OOMbIHIIA Punocodus noktopel(PhD)nopexecin any ymin
« FemocopOeHT OMOMaccachbIH a1y KoHe KOJAAHY» TAKbIPbIObIHAAFbI

AUCCEPTANMSIIBIK )KYMbICKA

AHJIATIIA

KyMBICTBIH Kajanbl cUNATTaMachl.byn XyMbIC ©CIMAIK HIMKi3aThIHAH
JAMUHAPJIBIK ~ aFBIMHBIH TE€MOCOPOCHTIH ’kKacayra, OWOMACCaHBIH OHTAMJIBI
KaThIHACBIH TaHJayFa >KOHE OHBIH (U3MKA-XUMUSIIBIK JKOHE OMOMEIUIIMHAIIBIK
KacHUeTTepiH 3epTTeyre apHajFaH.

3epTTey IKYMBICBIHBIH ©3eKTidiri. KemipTek XuMHUSIChI KOMIPTEKTI
MaTepHaIJbl OHIPY YIIIH ©Te KeH MYMKIHAIKTEp amajbl. bipereil kacuerTepine,
KOFaphl XUMMSUIBIK TO3IMAUIITIHE, TEPMUSUIBIK OEpIKTIriHE MKOHE IKOFaphI
MEHIIIKTI OCTIHIH ay/laHblHa OailaHBICTHl KOMIPTEKTI MaTepuasjap IIMHA >KOHE
pPE3eHKE OHEPKACciOiHe, XUMHUS KoHEe (apMalleBTHKa ©HEPKICIOIHE TOJNTHIPFBIII
peTiHAEe  JKOFaphl  TeMIlepaTypajbl  KOMIIO3HMIMSUIBIK  MaTepHasIap/bl,
Moau(UKANUsTIAaHFaH AJICKTPOATAPABl OHIIpYAe KOJAaHyabl TanThl. Kemiprek-
KPEMHHI reMOCOpPOCHTIHIH epeKIIeniri-aMop(Tel KpeMHUN THOKCUIIHIH YKOFaphl
mommepi 30-40% - nan, anm kemipreri- 50-60% -man >xorapsl O6osysl. MyHpaai
apakaTbiHac enoip COpOEHTTE JKOK, SFHU OHIMHIH OJIEMIIK aHaJOTTaphl JKOK.
CopOnusnbsIKk MaTepuaagapablH Ke3Jaepl oCIMIIK KaaAbIKTaphl OOJBINT TaOBLIAIbI,
oJlap/ibl KAJIBIKChI3 TEXHOJOTHSUIAPIBI KYPY YPHICIH €CKepe OTBIPBIN KeIIeH]
naiganany MaHbBI3ABL. byl KymbicTa OHOyMJIeCiMII KOMIPTEKTI KpEeMHHILTI
reMOCOpPOCHT ally YIIIH IIHMKi3aT peTiHae copOumsuIbIK KacueTi 6ap KasakcTaHHBIH
YKaAHAPTHUIATHIH OCIMJIIK IITUKI3aThl OOJIBITT TAOBUTIATHIH KOMIPTEKTI, OCIICeHIIPIITeH
KYpIII KaybI3bl TAaHIAJIbI.

Kewmipreri-kpemMHuli reMocopOEHTI Makpo - Me30 — JKOHE MHUKPOKEYEKTEH
TYpaThIH Oipereil mambiFaH KEYeKT1 KYPBUIBIMFA W€, OJ1 TOKCUHACP/IH CEeIEKTUBTI
COpOIMSICHIH  KaMTaMachl3 eTefll, sSFHM Oacka copOeHTTepre KaparaHja
OpPraHM3MHEH TEK 3WSHIbI 3aTTap/bl IIbIFapajsl. ['emMocopOmus Ke3iHae >KOFaphl
MOJICKYJISIPJIBIK ~ MaccaJarbl OSHIOTOKCUHIEPIl, BUPYCTHIK HWH(EKIUIAPIBI,
OakTepusuiapAbl, — auIepreHaAepai  KOHE  MaTOreHAl  MHUKPOOPTaHM3MIEpIi
COpOIUSIANIBI KOHE KOS TBI.

OJeMHIH 0ackiM 06IiriH KaMTHTBIH 1HIETTIH JKOFaphl ocyine xoHe Eypoma
ennepi meH AKIII-taH kenmeTiH MeIUIIMHAIBIK OYHBIMIAPBIH KbIMOATTHUIBIFBIHA
0ailIaHBICTBI OTAHJIBIK MEIUIMHAIBIK OYHBIMIApAbl 93ipiey oTe o3ekTi. KaHmsl
Ta3apTy YIIIH KOMIPTEKTI — KPEeMHUH TeMOCOpPOCHTIH Kacay KeJeci
MYMKIHITUTIKTEP1 TYAbIPAJIbL:

-XaJIBIKTBI KEPTTIKTI KOJDKETIM/1 [IMKI3aTTaH THIMIUTIT1 KOFapbI
OMOMETUIIMHATIBIK TIpeTapaTTapMeH KaKETTI MOJIIIEPIe KAMTaMacChI3 €TY;



-BUPYCTBIK, HHPEKUUAIBIK KOHE OAKTEPUSUIBIK LIBIFY TErl 9p TYpJl IHAETTEPIIH
aJIBIH-ATY JKOHE eMICYl KaMTaMachl3 eTy.

KeMipTekTi copOUUsIbIK MaTepuasaapAblH MEIULHUHAIAFbl Peil epeKile
MaHBI3Bl OPBIH anajgbl. O3iHIH AaMBIFaH KEYEKTlI KYpPBUIBIMBIHBIH apKachbIHIa
KOMIPTEKTI MaTepuasjap ar3aHbl JETOKCHUKAIUsJIAY YIIIH THIMJ1 KOJJAaHBLIAJbI
KOHE TeMO — JKOHE OJHTEpOCOpOIHMS VIINH, aNIUIMKAIMUIBIK MEIUIMHAIA
KOJIIaHbLIa Ibl.

Xorapeina kepceriiren cedentepre OalIaHBICTBI KOMIPTEKTI KPEMHUMNII
KelapHaJibl  JIAMUHAPJIBl  aFbIHABl ~ IeMOCOpPOEHTTI  »kacay  OoifbIHIIA
JTUCCEPTALMSIIBIK AKYMBICTBIH 3€pPTTEY TaKbIPHIOBIHBIH ©3EKTUIIr CO3CI3.

3epTTey KYMBICBIHBIH MakKcaTbl. '"bakanac" COpPTBIHBIH — Kypill
KaybI3bIHBIH ~KOMIPTEKTI-KpEeMHUIII OrMoMaccachlHaH OMOYWJeciMIl JTaMUHAPIIbI
aFbIMJIBl KOTTapHAIIbI YSIIBIKTEI T€MOCOPOSHTTI JalbIH/IaY.

ZKYMBICTBIH MAKCATBIHA KETY YUIIH aJIFa KOWBbLIATHIH MIHACTTEP:
1.CopOuusanblK aiMakThl YTBIMIBI TaiAalaHy YIIiH JIAMHHAPIIBI aFbIMIbI KOl
apHaJibl  YsUIBI  KYPBUIBIMBI ~ 0ap  KOMIPTEKTI-KPEMHHIJII ~ MOHOOJIOKTHI
IKCTpY3UsiIayFa  MYMKIHIIK ~ OepeTiH KOMIPTEKTI-KPEMHHUI onomacca
KOMIIOHEHTTEPiHIH OHTAMIBI TEXHOJIOTHSUTBIK ITapaMeTPIIepiH KOHE apaKaThIHACHIH
OpHaTy.

2. AnFam per GeTiHjeri xanmbl Keyek kenemi 1-1,2 cM®/r, makpokeyek kenewmi
0,06-0,08 cm®r, muxpokeyekrep 0,08-0,10 cm®r, mesokeyektep 0,6-0,8 cm3/t,
MEHIIIKTI OeTiHiH ayganbl 360 M2%r 952 apHanbl KeMIpTeKTi KpeMHHiini
reMocopOeHTTI any (keMipTeriHiyg Memnmiepi keminge 60-70% kpemMHuUil TUOKCUII
30%);

3.I'eMocOopOEHT MOHOJUTIH HNalbIHAAyFa apHAJFaH TEPMUSUIBIK OHJENTeH YCak
bpakusIbl KYPII KaybI3bIHBIH CalalbIK KOHE CAHIBIK KYPaMbIH aHBIKTAY.

4 KeMIpTEeKTi-KpEMHHIUTI ~ KemapHAJIbl ~ MOHOOJIOKTBIH  (hM3UKA-XHUMHUSIIBIK
KacHeTTepl MEH COpOLMSUTBIK OCJICCHIUTITH 3epPTTEY.

5.Kanyapnap MeH TOHOPJIBIK KaHFa OMOMETUIIMHAIIBIK CKPUHUHT JKYPTri3y
(CIHIPUIETIH YBITTApJBIH MOJIICPIH aHBIKTAy, OMOXUMMSIBIK YXOHE >KaJIlbl KaH
TaJ/1aybl KOPCETKIMITEPIHE CEP €TY).

6.KeMmipTekTi  reMOCOpPOEHTTIH  OHIIPICTIK  JIOpPEXKENEe  TEXHOJOTHSIIBIK
HYCKayJIapbIH JKacay.

3epTTey HBICAHBI: KYpilll KaybI3bIHBIH KapOOHM3AIUs PEKUMJEPI,
KOMIPTEKTI-KpeMHU I OroMacCachIHBIH (bH3UKa-XUMHSITBIK KacHeTTepi,
ONTUMAJIZIBI PEKUMIEPl, YSIbI KYPBUIBIMBI Oap KOm apHajibl TeMOCOPOSHTTIH
OMOMETUITMHATIBIK KACHETTEPI.

3eprTey cajacbl. berti MoamduKkanusiay apKbpUIbl Yibl KOCBUIBICTapFa
KATBICTBI KOMIPTETi COpPOCHTTEPiHIH aJcOpONMSIIBIK KACHUETTEpIH apTThIpyFa
O6onaapl. DYHKIIMOHAIIABI TONTAPIBIH CaHBIH, OJIAPIBIH XUMUSIIBIK TaOWFATHIH
©3repTe OTHIPHIN, KOMIPTErl COPOCHTTEPIHIH (PUBUKA-XUMUSIIBIK KACHUETTEpl MEH
OMOJIOTUSUIBIK OCJICEHAUTITIH € 9cep eTyre 0osaabl, Oy onapabl KOJAaHYIbIH XKaHa
OarbITTapbIH anraipl. MaTpuIlaHbIg KYPBUIBIMBI ~ MEH  KOJIJaHBUIATHIH
Moau(dUKATOpJIAPAbIH KacHueTTepiHe OalmaHbICThl OM(pYHKIIMOHAIBI OPEKETTIH
Moau(DUKAIUSIIAHFaH KOMIPTEr1 COPOCHTTEP1 €PEKIIE KbI3bIFYIIBUIBIK TYIBIPA/IbI.



OcpiFan  OailIaHBICTBI  KE€YEKTI  MaTepHaNJapAblH  MOJIU(PUKALUSIIBIK
MPOIIeCTEPiHIH (PU3NKA-XUMUSIIBIK 3aHABUIBIKTAPBIH 3EPTTEY JKOHE OJap.IbIH
OeTiHJerl yJbl KOCBUIBICTAPJbIH aJCOPOLUSIIBIK CUIATTAMANApbIH aHBIKTAy
cajachlHAAFbl 3€PTTEYJEp Kas3Ipri 3aMaHfbl XUMUSUIBIK 3€pTTEYIEPIIH ©3€KTi
OarbITTapbIHBIH O1p1 OOMIBIN TAOBLIAIBI.

Op TYpJil MOJICKYJISIPJIBIK Macca »KoHE TaOuFaT OOMBIHINA YBITTHI 3aTTap bl
copOuusiay ylIiH MeAUIMHA TaJlallTapblHA jKayan OepeTiH KOMIPTEKTI COpOEHTTEp
€peKIle KbI3BIFYIIBUIBIK TyAbIpagbl. KeMipTekTi copOeHTTepAiH KEeyeKTLIIrl
oJIap/bl COPONMSUTBIK MEAMITMHAMA KOJJIaHy OaFbITTapblH aHbIKTakbl. COHBIMEH,
OWOJIOTUSIIBIK ~ CYHBIKTBIKTapJlaH KPEaTHMHHWH, alu(aTThl  OKCUKBIIIKBUIIAD,
AMUHKBITITKBUIIAPHI, 39PKBIIIKBIIBI KOHE T. 0. CHSKTHI a3 MOJICKYJIAJIBIK CaJIMaFbI
Oap eHIMJIEpAl KETipy YIIIH MHUKpPO- ME30 - KEYeKTI KOMIPTeKTI COpOEHTTepAl
KOJIJIaHFaH KOH.

CopOeHTTEepaiH  JaMblFaH  ME30KEYCKTI  KYPBUIBIMBI ~ TeMOCOPOITHs
MIHACTTEPIHIH KOIIIUIINH KaHaraTTaHABIPAIbl. YBITTHI 3aTTapAbl THIPOPOOTHI
O0eTi Oap KOMIPTEKTi COpOSHTIIEH allbIll TacTaFaHJa, JUCIICPCHSUIBIK KYIITePIiH
ocepiHeH 001aThiH (PU3UKAIIBIK acOPOIHs COPOIMSHBIH HET13T1 MeXaHU3M1 OOJIBII
tabbutanbl. byn karmaiima aacopOIus THIMAUIIN aacopOIUsiiaHaThIH 3aTTap
MOJIEKYJIAJIapbl MEH aJICOPOCHT KEYEKTEPiHIH OJIIEeMIUTINMEH aHbIKTaTa/Ibl.

Kypiir KaybI3bIHBIH XUMHUSIIBIK KYPaMBIH 3EPTTCY JIOPEKECIH KOHE OHBI
reMocopOIusl YIIH KOMIPTEeKTI MaTepuall peTiHlIe mNaijanaHy MYMKIHTITH
aHBIKTay VIIIH TAaTeHTTIK JepeKTepAl Tajjay OChl TaKbIpblll OOWBIHINA
3epTTeyiepaid Herisri maitei3el Peceiire, JKamonusira, Kpitaiira Thecuni exkeHIiH
KOPCETTI.

Kazakcrtanma eciMIiK IMMKI3aThIHAH TeMOCOpOEHT YIIiH Onomacca
OHTIPYAIH OHEPKACINTIK JCHICHIeT1 TEXHOJOTUSIIBIK CXEMAaChIH 931pJIey aJiFall peT
Ky3ere acwlppulabl. KaliTa eHIenreH IMMKI3aTThIH HETri3ri 0eiiri Kkemipreri MeH
aMopdThl KpeMHHUHIEH Typaasl OYJI TEeMOCOpPOEHT YIIiH OuomMacca Kacayra
MYMKIHIIK Oepei.

3epTTeyaiH FHUIBIMH-TEXHUKAJBIK JIeHreili ’koHe FBUIBIMH 3epTTey
KYMBICHIHBIH METPOJOTHSUIBIK KAMTAMAaChI3 eTi1yi

Kypim kaybpI3piH TEpMOOHACY/IIH OHTAMIBI TapaMeTpiepi CTaHIAPTTHl eMec
xabpIKTa —Kesoey OyphIibiH pertey auana3onbi-1-10°, 300 -900°C temmepatypa
apanpireiaaa "KemipTekTi OMoMaccaHbl XUMHUSUIBIK OHJICY PEaKTOPhIHAA" FHUIBIMHU-
OHJIIPICTIK TEXHUKAIBIK OpTaiblK <«JKalblH» MekeMeciHae >Kyprizinai. bepitic
MOTOPBI PEAKTOPJBI AWHAIABIPAABI, O IIUKI3aTTBIH OJIICHTeH KO3FaIbICHIH
KamMTaMachl3 eTefll, MyHJa 2 cekuusuibl ra3 neui oHsl 800°C temnepaTypara e
KBI3JIBIPAJIBI.

Mopdomorusansik KypbutbIM &oHE d1eMeHTTIK Tanaay Quanta 2001 3D (FEI
Company, AKIII) pacTpiblK 3JIEKTPOHABI MHUKPOCKOIBIHIA TEPMOIMHUCCHUSIBIK
3eHOIPEKIICH >KOHE WHTETpAIUsJIaHFaH DJHEPrusl TUCIIEPCUSIIBIK MHUKpPOAHAIIN3
KOHE MaTepHATIAPABIH KYPBUIBIMBI MEH KYPBUIBIMBIH Taijmay Kyiheci Oap
OarbpITTaNIFaH MOHJIBIK COYJICTIIK CTAHIIUSIMEH 3€PTTEITCH.

KemipTekTi MOHOJUT YATUIEpiHIH MEHIIIKTI O€TiH eiiey copOToMeTpiie
BOT opicimen xyprizuiai. KemipTekTi maTepuaniblH OETKI ayJaHbIH €cenTey



YIIIH  MOHOMOJEKYJaJbIK  KabaTKa  KaTbICThl  Tra3iblH  KeJIeMl  KoHe
aJICOpOIMsUTIAHFAaH Ta3 MOJIEKYJIAChIHBIH KOJIIEHEH KUMAachl aHBbIKTaNbl. beTiHiH
aynansl p/p0 0,05-0,35 canbicThipMalibl KbICBIM MOHJIEpiHIH MHTepBaibIiHAa 5-10%
JQJIIKIEH OJIIIEHII.

KeMipTex OuomaccachlHbIH COpPOLMSIIBIK KaOldeTi METW/IEH KeriMeH
anbIKkTanael. bactankel MK epiTiHmici MeH aiblHFaH ChIHAMajapAblH ONTUKAJIBIK
THIFBI3ABIFEI PDOK-3 (poTornekTpokamopuMeTpinie TONKbIH Y3bIHABIFBI (A) 400 HM
XKapBIK CIHIPETIH Ka0aTThIH KaJbIHABIFEI 10 MM OOJIaTbIH KIOBETTEP/AE KAPBIK
CY3TiCIH KOJIJaHa OTBIPBIN ©JIIeHeAl. [pikTenareH cbhlHaMajapiarsl copoar
EpITIHIICIHIH MaccalblK KOHIIEHTPAUUACHIH TIpaayupiey rpaduri OoHbIHIIA

aHBIKTAlAbl.  AJbBIHFAaH  Jepekrep  OoifblHIIA  cOpOaTThIH  MaccajblK
KOHLIEHTPALMSICBIHBIH copO1us YaKbITbIHA TOYENILTIK rpaduri
Kypbutaabl.l'emocopOenTTiH Ouomaccacbin 3kctpy3us JC — 70 Bakyymubl

OKCTPYAMHI MAaIIMHACKIHAA XKYPTi3UIa1. DKCTPY3HUs KbUIIaMBIFBI 15 1/ min .

XVUMHUSIIBIK ~ ©OHJICY apHaWbl CTaHIAPTTBI eMec'JTaMHHAPJBIK TOKTHIH
KOMIPTETi MOHOJIMTIH BaKyyMJBIK-IIMKIAIK JACKAHTAUJIAYABIH ~ABTOMATTHI
TEXHOJIOTHSUIIBIK JKeJici" »aOabIFbIHAA KYPrizial JlaMuHapibl aFrbIMHBIH JalbiH
remocopOeHTiH 3apapchizaannpipy ['K-100-3 Oy crepunuzaTopblHa KYPri3uiai
(MHEeBMOTUIPABINKAIBIK HETi3iHEH Oy). 3apapchl3laHiblpy TeMIIEpaTypachl
120°C.

I'emocopbent aBromaTThl Jiasheng opay MaliMHAchIHAA TOJIUAITUIICH-KAaFas3
opamMajia opajFaH.

bruomeauImHanblK CKPpUHUHT >Kajlbl HEMECE JO03aJIaHfFaH TenapUuHU3aIs
TopTiOiHAe 350-450 Oipnik/kr ecedimer 100 mu/muH, 200 Ma/muH, 300 MiI/MUH
KbpUIAaMAbIKIIEH Bbraun remocopOiusi MeH reMouanu3re apHajraH anmnapaTThbiy
KOMETIMEH JKYPri3iUIi.

AJIBIHFAH TI:KipuOeJIik 3epTTeyaepaiH FhIJIBIMH KAHAJIBIFbI :
1.Kypim kaybI3bl KaHABI Ta3apTy YIIH 952 apHacbl 0ap JaMHUHAPJIBI aFbIMIIBI
reMOCOpPOCHTTIH 0acTanKbl IMIMKI3aThl PETiHIAE KOIAaHBUI/IbI.
2.AnFam pet JaMUHAPIIBIK aFbIH/BI KOI apHAIBI YSUIbl KYPBUIBIMBIMEH KOMIPTEKTI
MOHOOJIOKTBI ~ AKCTpY3UsJIayFa MYMKIHIIK OepeTiH KeMIpTeKTi Omomacca
KOMITOHEHTTEPIHIH OHTAMIBl TEXHOJOTHSJIBIK IMapaMeTpiiepl MEH apaKaTbIHACHI
AHBIKTAJIABI, CTAHJAPTTHI €MeC KaOJbIKTa apHalbl Kacerajapia  KOMIPTEKTi
MoHOMUT HNO3 (1 M) XUMUSIBIK OHIEIII.
3.CopOnusiblK ayaaHabl THIM/I MaiganaHy bl TeMOCOPOIMsIIAY YIIIiH KOMIPTEKTI
MOHOOJIOKTBIH (hU3UKA-XUMUSJIBIK KACHETTepl MEH COPOIUSIIBIK OeICeHIUIIT
3epTTEI/II.
4.AnFann pet JTaMUHAPIIBI aFBIMIBI TEMOCOPOCHT KaHyapiiap MEH JOHOPIIBIK KaHFa
reMocopOnus ymriH KoidfauHabl ( CIHIPUICTIH YBITTapblH MOJIIEp] aHBIKTAJIbI,
OMOXMMUSITBIK JKOHE JKaJIbl KaH TalIaybl KOPCETKIMITEPIHE dcep €Tyl KOpCeTimi)
S.AnFami peT KOMIPTEKTI IreMOCOpPOEHT OHAIPYAIH OHIIPICTIK TEXHOJIOTHUSIIBIK
periIaMeHT] KacallJibl.

AJIBIHFAH HITHIKeJIEPAiH KAHAJIBIFbL. ABTOP/IBIH JIUCCEPTALIMS TaKbIPHIObI
ooiibinma 1 maipaner moxens mnareHti (KasKCEF3U), 2 eneprabpic mareHTi
(KasKCF3WM), 1 Eypa3usnbik enepradsic nateHTi (EAITIO), 3 aBTOpIBIK KyaiK.



KYMBICTBIH TIxKipuOeJiK MAHBI3ABLIBIFBI OCIMJIK TEKTEC OTaHIBIK
IIUKI3aTThl NaiagaHyMeH OaiJIaHBICThI. OJeMJe ajlFall peT ACHCAYJbIK cakTay
camaceiHa apHaysFaH Keml apHambl YsUTbl KYPBUIBIMHBIH JIAMAHAPJIBI aFbIMBIHBIH
KOMIPTEKTI TeMOCOpOEHTI kacanibl. OUIMKATBIK-XUMUSIBIK 3€pPTTEY JKOHE
OMOMEIUIIMHAIBIK CKPUHHHT HOTHDKEJEPl MEIUIMHAIBIK OYHBIMIBI METUITMHAFa
€HT'13y/l1 KaMTaMachI3 eTe/l.

Koprayra mibIlFapbLIaThbIH AMCCEPTANMSHBIH HEri3ri KAaruaaTTapbl:

-300-900°C  Temmnepatypa  auamnazonbiHAa  20-25°C/MUH  KbI3ABIPY
xpugamMasireiMed  COz raszmap armocdepachliHIa TEPMHUSIIBIK OHACY apKbLIBI
KYpillI KaybI3blHAH ajblHFaH keMipTeri (60-70%) xoHe kpeMHu quokcuiineH (20-
30%) TypaThiH reMOCOpOEHT OroMaccaHbl TabIH/IAY;

-buonorusutbik CYMBIKTBIKTBIH (KaH, TIUIa3Ma) JaMUHApPJbl aFbIHBIH
KACAUTBIH SKOFAphl TEPMUSJIBIK TYPaKThl, MEHIIIKTI 6eTi 235-360 M%/T namblraH
KEeYeKT1 KYPbUIBIMBI 0ap, KyJI MeJiepl a3, To3yra Te3iMai 952 apHajgaH TypaThiH
KOI YSAIIBIKTEl KYPBUIBIMIBI KOMIPTEKTI MOHOJIUTTI aiy;

-I'emocopOmust  Ke3iHIeri KeMIpPTeri MOHOJMUTIHIH In  VIVO 9iCiMEH
KJIMHUKaFa JIEWIHr1 3€pTTEYJICPIHIH HOTHKEJIEPIHIH KOpCeTKIll OOWBbIHINA 1K
ar3ajap TIHAEpPIHE WHEPTTUIr, TOKCHUKAJBIK YyJaHy Ke31HJeri COpOLMSIIBIK
OeJICeHILTIT1 JKOHE MIMIIHAl KaH ’acyllalapblHbIH CAKTATYbIH aHBIKTAY.

-JlaliblH ~ ©HIMHIH  TOJBIK OHAIPICTIK UUKIZApbl 0ap  KOMIPTEKTi
reMOCOPOCHTTI OHIIPYAIH TEXHOJOTHSIIBIK HYCKAYJIBIFBIH YCHIHY.

KyMBICTBIH ~ FBUIBIMH-3€PTTEY  KOHe  MeMJIeKeTTIK  FbLIBIMHU
OarmapiaamaMen Oailyianbicbl. JluccepTanusiblK >KyMbIC  <«OKaJIbIHY» FBHUTBIMU
TEXHUKAJIBIK-OHIIPICTIK OPTAJIBIFBIHAA «Ne0097-17-TK «Co3nanue mepBOro
IIPOU3BOJICTBA OTEYECTBEHHBIX T€MOCOPOEHTOB JIAMHUHAPHOIO TEUEHHUS» aTThI
FBUIBIMU  3€pPTTEYJIEPMl KOMMEPIHATH3ANUSIaAHABIPY XK00ackl IIEeHIEpiHIe
KYPriziunii.

ABTOpPIABIH  :KeKe YJeci, IKapUAJIBIMIAP JKOHe MPAKTHKAJIBIK
HITHOKeJIEPAiH anmpodanusachl. ['eMocopOeHTTIH 0acTanKbl OoMaccachiH d31pIey,
OMOMEIUITMHATIBIK CKPUHHUHT KYPri3yre KaTbICYIbIL,KOMIPTEKTI MaTepHasIapiAbiH
XUMUSUTBIK KACHETI Typajbl FRUIBIMU-3€PTTEY JKYMBICTAPBIH 9/1€0MET KO3JIepiHEH
1371ECTIPY, KENTIPUITeH HOTHXKENEp/l TalKblIay, JUCCEPTAIUSIIBIK >KYMBICTHIH
TEOPHUSIIBIK KOHE MPAKTUKAIBIK OOJIIMACPIH jka3y, KOJ JKETKI3UITeH HOTIKeNIepal
TAJKBUIAY , capanTay KoHe TYWIHACY/l aBTOp 631 KYPri3i.

ABTOpPIIBIH JOHCCEpTAIUsl TaKbIpbIObI OoWbIHINIA 18 FBUIBIMH KYMBICHI
KapusIaHIbl, OHBIH imriHme | Makama Scopus aepektep 0Oas3achlHa EHTI3UITCH
6acemeiMaa xapusianran; KP F2)KBM  F)XKBCCK — ycwiaran xyprHangapna 4
FRUTBIMH MaKaja, XaJbIKapaliblK FHUIBIMH KOH(PEPEHIHUIAp MaTepHalgapbiHaa 3
Makaia, 4 mateHT, 2 Makaja XaJbIKapalblK KypHaJjiap/a, 3 aBTOPJBIK KYKBIK, 1
MOHOTpadusi.



AHHOTAIUA
JluccepraiiioHHOM pabOTHI HA TEMY:
«Ilosryyenne U npuMeHeHHe OMOMACCHI FeMOoCOpOeHTa»

Ipe/ICTaBIEHHON Ha COUCKaHUe cTeneHu TokTopa punocoduu (PhD) no
cnenuanbHoct 60072100 — Xumuyeckasi TEXHOJIOTHSI OPTaHUYECKUX BEIIECTB
Hypaabl 9cusgs MamOeTKbI3bI

O0mas xapakrtepucTuka padorbl. PaboTa moCBsIIeHa CO3/IaHUIO
JTAMUHAPHO-TIOTOYHOTO TEeMOCOPOEHTa W3 PACTUTEIBHOTO CBIPbS, T0A00pPY
ONTUMAJIBLHOTO COOTHOIICHUS OMOMACChl, U3YYCHUIO €ro (U3UKO-XUMHUUYECKUX U
OMOMEIUIIMHCKUX CBOMCTB.

AKTYaJIbHOCTh TeMbI MCCJEI0BAHMS. YTJEpPOJHAs XUMHUS OTKPHIBAET
OYEHb IIMPOKHUE BO3MOXKHOCTH ISl TMPOU3BOJICTBA YIJIEPOJHOIO MaTepuaa.
bnarogapss cBOMM yHUKaJIbHBIM CBOMCTBAaM, BBICOKOW XUMHYECKOW CTOMKOCTH,
TEPMUYECKOW TPOYHOCTH U OOJBIION yJIEIbHOW TOBEPXHOCTU YIJIEPOIHBIC
Marepuagbl  HallId TNPUMEHEHHE B I[IMHHOM W PE3UHOTEXHUYECKOU
IIPOMBIIIJIEHHOCTH, B KAUE€CTBE HAIIOJTHUTENS B XUMUYECKOU U (hapMaIrieBTUUECKOM
MPOMBIIIJIEHHOCTH, TPH  MPOU3BOJCTBE  JKAPOMPOUYHBIX  KOMIIO3UIIMOHHBIX
MaTepuagoB, MOJIUPUIMPOBAHHBIX AJEKTpoAoB. (OCOOEHHOCTHIO  YIJIEPO/I-
KPEMHHEBOTO TIeMOCOpOeHTa SBIISICTCS BBICOKOE cojiepkaHue amopdHoOro
nuokcuna kpemuus - 30-40% u yrnepona - 50-60%. Takoro cOOTHOIICHUSI HET HU
B OJTHOM COpOEHTE, TO €CTh IMPOAYKT HE UMEET MUPOBBIX aHAIOroB. McTouHnkaMu
COpOUPYIONIUX MaTEepPUATIOB SIBJISIIOTCS PACTUTENIbHBIC OCTATKH, WX KOMIUICKCHOE
UCITOJIb30BaHUE BAXKHO C YUETOM TEHJICHIIMHU CO3JaHUs 0€30TXOIHBIX TEXHOJIOTHH.
B nanHO# paboTe B KauecTBE CBHIPhsI IS MOJYyUYCHHS] OMOCOBMECTHMOIO YIJIEPO/I-
KPEMHHEBOTO TeMOCOpOeHTa BbIOpaHa aKTUBUPOBAHHAS pPHUCOBas IIIeNIyXa,
SIBJISTIOIASICS. BO30OHOBIISIEMBIM PAaCTUTENIBHBIM ChipheM KazaxcTana, oOmamaromias
COpOIIMOHHBIMU CBOMCTBAMH.

Yriaepoa-KpeMHUEBBIM  IeMOCOPOCHT HMEET YHHUKAJIBHYIO Pa3BUTYIO
MOPUCTYIO CTPYKTYpPY, COCTOSIIIYIO M3 MakKpo-, ME30- M MHKpOIIOp, 4YTO
obecrieurBaeT M30MPATEIHHYIO COPOITUI0O TOKCHHOB, TO €CTh, B OTJIMYHE OT APYTHUX
COpOCHTOB, BBIBOAUT W3 OpraHW3Ma TOJIBKO BpEIHBIE BemiecTBa. [lpwm
reMOoCOpOIIUK OH TOIJIONIAET U YHUYTOXXAET BHICOKOMOJICKYJISIPHBIEC SHI0TOKCHHBI,
BHpYCHBIC HHDEKIINH, OAKTESPUH, aJNICPTCHBI M TATOTCHHBIC MUKPOOPTaHNU3MBI.

Pa3zBuTre OTEYECTBEHHBIX JIEKAPCTBEHHBIX CPEJCTB SBJISETCS BeCchMa
aKTyaJIbHBIM B CBSI3U C BBICOKMM POCTOM DMHUIAEMHH, OXBATUBIIICH OOJIBIIYIO YacTh
MHPA, U BBICOKOM CTOMMOCTHIO MEIMIIMHCKUX U3JACIHUHN, MOCTYNAIIIUX U3 CTpaH
EBponst 1 CHIA. Co3nanue yriepoj-KpeMHUEBOTO IeMOCOpOEHTa ISl OYMCTKU
KPOBH OTKPBIBAET CJEIYIOIINE BO3MOKHOCTH:

- oOecrieueHHe HaceJeHUs HEOOXOJAMMBIM KOJHWYECTBOM BBICOKOA(P(HEKTUBHBIX
OMOMEIMITMHCKHUX MIPENapaToB U3 MECTHOTO JIOCTYITHOTO CHIPhS;



- of0ecreueHre NPOPWIAKTAKU W JICYCHUS PA3JIMYHBIX JMUAEMUNA BUPYCHOTO,
MH(EKIMOHHOTO U 0AKTepUaIbHOTO MPOUCXOKICHUSI.

Oco0eHHO BakHA POJb YIIIEPOJACOPOIIMOHHBIX MAaTepHUAIOB B MEIMIIMHE.
brnaromapst pa3BuTON MOPUCTON CTPYKType yriepoaHble MaTepuaiibl 3G (PEeKTUBHO
WCIIONB3YIOTCS ISl JE€TOKCUKAIMU OpraHu3Ma, TeMOo- M JHTEpOocOopOIuu, B
IIPUKJIAJHON MEIULIMHE.

B cuny BBINIEU3N0KEHHBIX TPUYUH aKTyallbHOCTh TEMBI HCCIIETOBAHUS
JUCCEPTALIMOHHON paboThl MO CO3AAaHUI0 MHOTOKAHAJIBHOIO JIAMUHAPHOTO
reMocopOeHTa ¢ YrIepoJoM KPeMHUSI HEOCTIOpUMa.

Hear padorel. IlonydeHue OMOCOBMECTUMOrO JIAMHUHAPHO-TIOTOYHOTO
MHOTOKaHaJIbHOTO KJIETOYHOTO reMOCOpOeHTa U3 yriaepo -KpEMHUEBOW OHMOMacCh
pucoBoii menyxu «bakaHacy.

JLis1 JoCTH:KeHHM S 1eJ M ObLJIM NMOCTABJIEHBI CieAyIoIMe 3a1a4M.

1. YcraHoBieHHE ONTUMATBHBIX TEXHOJOTHYECKHX MapaMeTPOB U COOTHOIICHUM
KOMIIOHCHTOB  YTJIEPOA-KPEMHHEBON OMOMACCHI, TO3BOJISIONIMX AKCTPY3HEH
yIAepoA-KPEMHUEBOIO MOHOOJIOKa € JIAMUHAPHO-NIOTOYHOM MHOTOKAHAJIBHOU
STYCUCTON CTPYKTYPOU I pallMOHATILHOT'O MCIIOJIb30BAHUSI 30HBI COPOITUH.

2. CyMMapHblii 00beM 1IOp Ha HepBOil MOBEPXHOCTU cocTasiser 1-1,2 cm ° /r,
06bem makporop 0,06-0,08 cm 3 /r, mukponop 0,08-0,10 cm 3 /r, me3zonop 0,6-0,8
cM 3 /r, ynenbHas noBepxHocTh 360 M 2 /T 952 KaHaNBHBINA YIiIepoI-KpEMHUEBII
reMocopOeHT (conepxanue yriepoaa He menee 60-70%, auokcua kpemuus 30%);
3. OmnpeneneHrne KadyeCTBEHHOTO M KOJMYECTBEHHOI'O COCTaBa TEPMHUYECKH
o0paboTaHHON MeNKO(PAKIIMOHHON PHUCOBOM IIENyXH JUIsi MPUTOTOBIICHUS
MOHOJIUTa TeMOCOpOEHTA.

4. WccnenoBanue (PU3NKO-XUMUYECKUX CBOMCTB M COPOIMOHHOW AaKTUBHOCTHU
yIIAepOA-KPEMHUEBOTO MHOTOKAHAIBHOT'O MOHOOJIOKA.

S. PHOMEIMIIMHCKUN CKPUHUHT )KUBOTHBIX U JIOHOPCKOW KPOBH.

(ompesenieHre KOIMYECTBA YCBOUBIIETOCS COJIO/A, BIUSHUE HA OMOXMMHYECKUE U
oOlue moKazaTenu aHaIu3a KPOBH ).

6. Pa3paboTka TEXHOJOTHMYECKUX MHCTPYKIIMH Ha YIJIEPOJHBIA reMOCOpOCHT Ha
YpOBHE IIPOU3BOJICTBA.

OO0beKT HucciIeI0BaAHMS: PSKUMBI KApOOHU3AIMH PUCOBOM MIETyXH, (HU3UKO
—XHUMHYECKHE CBOWCTBA YIJIEPOJAHO-KPEMHHEBOW OWOMACChl, ONTHUMAaIbHBIC
PEXUMBI, OMOMEIUITMHCKHAE CBOMCTBA MHOTOKAHAIILHOTO TE€MOCOPOEHTa COTOBOM
CTPYKTYpHI.

O6sacTh wucciaegoBaHusi. AJCOpOIMOHHBICE CBOWCTBA  YIIEPOIHBIX
COpOCHTOB TOKCHYHBIX COCJIMHEHHH MOJXXHO TIIOBBICUTH TyTeM MOAU(PUKAINH
MOBEPXHOCTH. M3MEHssT KOMMYeCTBO (DYHKIMOHAIBHBIX TPYII, UX XUMHUYECKYIO
MPUPOAY, MOKHO BIHMATh Ha (PU3UKO-XMMUYECKHE CBONCTBA U OHMOJIOTHYECKYIO
AKTUBHOCTH YTJIEPOAHBIX COPOEHTOB, YTO OTKPHIBACT HOBBIC HANPABICHUS WX
WCIIOJb30BaHUsl 32 CUET CTPYKTYpPbl MATpPHIbl U CBOWCTB cOpOEHTOB. OcoObIit
HMHTEpPEC MPEICTABISIIOT UCIOJIb3yeMble MOAUPUKATOPHI, MOIU(PUIIMPOBAHHBIE
yIJiiepoiHble COPOEHTHI O YHKIIMOHAIBHON aKTUBHOCTH.

B cBsi3u ¢ 3TUM, uccnenoBaHus B 00J1acTH U3Yy4eHUST (PUBUKO-XUMUYECKHUX
3aKOHOMEPHOCTEH  MpOUECcCOB  MOAU(PUKAIMKA  MOPUCTBIX MAaTepHAIOB U



omnpeniesiecHhe OCOOCHHOCTEH aacopOIMM TOKCHYHBIX COCAWHEHUM Ha UX
MOBEPXHOCTH SIBISETCS OJHUM W3 AaKTyaJdbHbIX HaNpaBJICHUNH COBPEMEHHBIX
XUMHUYECKUX UCCIICTOBAHUN.

OcoOblii MHTEpeC NPEACTABISIOT YIJIEPOJHbIE COPOCHTHI, OTBEYAIOIINE
MEIUIIMHCKUM TPEOOBAaHUAM IO COPOLMH TOKCHUYHBIX BEIIECTB pPa3IUYHOMN
MOJIEKYJISIpHOM Macchl W Tpuponbl. [lopucTocTh yriepoAaHBIX COPOEHTOB
OTpeNeIIIeT HAPABJICHUS UX HCIOJIb30BaHUSI B COPOIIMOHHOW MeauiuHe. Tak, u3
OMOJIOTMYECKUX  JKMAKOCTEH  yHalsdroTCs  KpeaTUHWH,  anudaTudeckue
OKCHUKHUCJIOTHI, aMUHOKHCJIOTHI, MOUeBasi KUCJIOTa U aAp. sl yaaneHus mpoayKToB
C HHM3KOM MOJICKYJISIPHOM Maccod NPEANOUYTUTENIbHO HCIOJIb30BaTh MUKPO-
ME30TOPUCTHIE YTIEPOIHbIE COPOCHTHI.

Pa3Butass  me3omopuctas  CTpyKTypa  COpPOCHTOB  YIOBJIETBOPSET
OOJBIIMHCTBY 3a1auy remMocopOumu. [lpu ynameHuM TOKCUYHBIX BEIIECTB
YIIAEPOHBIM COPOEHTOM C THAPOGHOOHON MOBEPXHOCTHIO OCHOBHBIM MEXaHHU3MOM
copOuum sBisieTcs: pusmdeckasi aacopOIus 3a CUeT AUCIEPCUOHHBIX cril. B aToM
ciydae 3 PEeKTUBHOCTD aJICOPOIIMN ONPEACISETCS pa3MepPOM MOJICKYIT aJicopOeHTa
U TIOp a7icopOeHTa.

AHanu3 TATeHTHBIX JAaHHBIX 110 OMNPEACICHUI0 CTENEHU H3YYCHHOCTHU
XUMHUYECKOTO COCTaBa PHUCOBOM IIETyXH M BO3MOXKHOCTHU HCTOJB30BAaHUS €€ B
KauecTBE YIVIEPOJHOTO Marepuajna i reMocOopOIHH IOoKa3aj, 4YTO OCHOBHOM
IIPOLIEHT UCCIIEAOBAHUM 110 ATOM TeMe npuHaIexkuT Poccun, SAnonun n Kuraro.

Bnepseie B Kazaxcrane peanu3oBaHa pa3paboTka IPOMBIIUIEHHON
TEXHOJOTUYECKOM CXEeMbl TMPOM3BOACTBA OHMOMAcCChl [JIsi TeMocopOeHTa u3
pPacTUTENBHOTO Chipbsi. OCHOBHAs YacTh nepepadaTbIBA€MOT0 CHIPbS COCTOUT U3
yriaepoga U amMop(HOro KpeMHHsA, 4YTO TO3BOJISAET CO3/AaBaTh OHWOMAcCCy IS
reMocopOeHTa.

Hay4Ho-TeXHMYeCKHII YPOBEHb MCCJEJIOBAHUS W METPOJIOrHYecKoe
o0ecrieyeHre HAYYHO-HCCIIEA0BATEIbLCKOI padoThI

OntuMalibHBIE  TapaMeTpbl  TEPMOOOPAOOTKHM  PHUCOBOM  IICITYXH
OCYIIECTBIUIUCH B «PeakTope XuMHUUECKO# mepepadOoTKH YIIIepOAHON OMOMACCHI»
Ha HECTaHJAApTHOM O00OpPYJOBAaHUU - THAMA30H PEryIUPOBKHU yria HakiIoHa - 1-10°,
nuana3on temmepatyp 300-900°C B Hay4yHO-IPOM3BOACTBEHHOM TEXHHUYECKOM
nentpe <«OKambia». MoTOp-peyKTop Bpalmiaer peakTop, YTO OOecreyuBaeT
pa3MepeHHOEe MEePEMEIICHUE ChIPbs, TJI€ ABYXCEKIIMOHHAs ra30Basl e4Yb HArpeBaeT
ero 1o temmepatypsl 800°C.

Mopdonornyeckoe CTpoeHHE U DJIEMEHTHBIA aHaIM3 W3y4daid Ha
ckanupyrormieMm ekTponHoM Mukpockore Quanta 2001 3D (FEI Company, CIIIA)
C TEPMOAMUCCUOHHOW MYIIKOW U CTaHIMeH (OKYCHPOBAHHOTO MOHHOTO ITyYKa CO
BCTPOEHHBIM JHEPTrOJUCIEPCUOHHBIM MHUKPOAHAIU30M M CHCTEMOM aHaln3a
CTPYKTYpbI U COCTaBa MaTEPHUAJIOB.

N3mepenue yaenpHON MOBEPXHOCTH OOpa3loB YriepOJHOTO MOHOJIUTA
MPOBOAWIN Ha copOToMeTpe MetoaoM bOT. Jlns pacuera miomnaan mMOBEPXHOCTH
VIJIEpOAHOTO  Marepuajia  OmpeAessuii  o0beM  rasa  OTHOCHUTEIBHO
MOHOMOJICKYJISIPHOTO CJIOSI U CEYEHHE aJICOPOMPOBAHHOM MOJIEKYJbI Trasa.



[Inomaas mnoBepxHoctu p/p0 um3Mepsau ¢ TouHocThio 5-10% B wuHTEpBane
3HaueHUi oTHOcUTeapHOrO Aasiienusa 0,05-0,35.

CopOIMOHHYI0O  €MKOCTh  YIVIEpOAHOW  OHOMAcChl  ONpEeACIsUIM IO
METUJIEHOBOMY cHHeMY. ONTHYECKYI0 IUIOTHOCTh HMCXoAHoro pactBopa MK u
MOJTyYEHHBIX 00pa3IoB U3MEPSIOT Ha (poTornekTpokanopumerpe ®OK-3 ¢ nnuHon
BoJIHBI ( ) 400 HM B KIOBETax ¢ TOJIIMHOM CBETONMOIJIOMIAIONIEro cjaos 10 MM ¢
UCIOJIb30BaHUEM cBeTO(uiIbTpa. MaccoBy0 KOHLIEHTpALMIO pacTBopa copOara B
OTOOpaHHBIX MPOOax OMpPEAEIAIOT M0 rpaayupoBouHOMY rpaduky. Ha ocHoBaHuM
MOJIYYEHHBIX JaHHBIX MOCTPOEH TpauK 3aBUCUMOCTH MAacCCOBOM KOHIIEHTpaIluu
copbaTa OT BpeMEHU COpOLUMU. DKCTPpyAHpOBaHUE OMOMAcChl TeMOcOopOeHTa
OCYIIECTBIISUIA Ha BaKyyM-3KCTpy3uoHHoW MamnHe JC-70. CKOpocTh IKCTPY3UHU
15 06/muH.

XUMHUYECKYI0 00pabOTKy MpOBOJAMUIM Ha CHEIUAIbHOM HECTaHAAPTHOM
obopynoBaHuu  «ABTOMATUYeCKass  TEXHOJIOTMYECKAas  JIMHUS ~ BaKyyMHO-
[UKJIMYECKON JeKaHTalluW YIIEpPOJHOTO MOHOJUTA JaMUHAPHOTO TOTOKaY.
Crepunmzanuio roTOBOr0 TIeMOCOpPOEHTa JaMUHAPHOTO IMOTOKAa MPOBOJWIM Ha
napoBoMm crepuinzatope ['K-100-3 (mHeBMOruApaBInYECKUil MPEUMYIIECTBEHHO
napoBoii). ). Temneparypa aezundexiuu 120°C.

['emocopOEHT yMaKoOBBIBAIOT B MOJUATWICH-OyMaxKHYI0 O00epTKy Ha
aBTOMAaTUYECKOM yrakoBOYHOM MamiuHe Jiasheng.

BUOMEIUIIMHCKUIT CKPUHUHT TPOBOJIMJICS C IOMOUIBIO amnmapara it
remocopOuuu u remoauanuza Bbraun co ckopocteio 100 mu/mun, 200 mi/muH,
300 Mi/MUH B IOpSJIKE TOTAIBHOW WIIA TI03UPOBAHHOM TeTApUHU3AIMK U3 pacyeTa
350-450 EJI/muH. K.

Hay4yHasi HOBH3HA NOJyYE€HHBIX IKCIIEPUMEHTAJIbHBIX Pe3yJabTATOB:

1. B kadectBe CBHIpBS IS JaMHUHApHOTO TemMocopOeHTa ¢ 952 kaHamamul st
OYHCTKHU KPOBH MCIOJIb30BaHA PHUCOBAs IIEIyXa.

2. BmepBble oOIpeaencHbl ONTUMAaJIbHbIE TEXHOJOTMYECKHE MapaMeTpbl U
COOTHOIIICHUS KOMIIOHEHTOB YIJIEPOJHONW OMOMACCHI, TIO3BOJIAIONINE IKCTPY3HEH
yIIEPOJHOTO MOHOOJIOKA € JIAMHHAPHO-TIOTOYHOH MHOTOKAHAJIBHOW sSYEeUCTON
CTPYKTYPOM, YIIICPOTHBI MOHOJUT TIOJBEPrain XuMmuaeckoir oopadorke HNO 3 (1
M) B crienl. KacceTbl B HECTAHAAPTHON KOMIUIEKTALIUH.

3. W3yueHbl (GUBMKO-XMMHUYECKHE CBOWCTBA W COPOLMOHHAS AaKTHUBHOCTH
VIIAEPOJHOTO MOHOOJIOKAa i TeMocopOruu  d(PQPEeKTUBHOTO HMCTOIb30BAHUS
COpOLIMOHHOM TIIOIIIA/IH.

4. BriepBbie TpUMEHEH JTaMUHAPHO-TIOTOYHBIA TEMOCOPOCHT /JIsi TeMocopOmu Ha
KUBOTHBIX M JIOHOPCKOW KpOBH (OTPEAETICHO KOJIWYECTBO abCcOpOMpOBaHHOTO
COJI0/Ia, TOKa3aHO BIUSHUE HAa OMOXMMHYECKHME M OOIIME IMOKa3aTeM aHaau3a
KpoBH) 5. BriepBbie peann3oBaH MPOU3BOJCTBEHHBIA MPOIECC CO3JaH PEriaMeHT
IIPOU3BOJICTBA YIJIEPOJHOIO FEMOCOPOEHTA.

HoBu3Ha moiy4yeHHBIX pe3yJabTaTOB. ABTOp UMEET | MaTeHT Ha MOJIE3HYIO
mozenb (KasKCI'3M), 2 natenta Ha uzobOperenus (KasKCI'3U), 1 eBpaswuiickuii
nareHt Ha uzooperenue (EAIIO), 3 aBTOpCKUX CBUAETEILCTBA IO TEME aBTOPCKOM
JUCCEPTALINH.



IlpakTuyeckass 3HAYMMOCTL PadOTBI CBs3aHA C HUCIOJIb30BAHUEM
OTEUECTBEHHOI'O ChIPhsl PACTUTEIBHOIO MPOUCXOXKAeHUs. BriepBrie B Mupe co3jaH
YTJIEPOAHBIM TE€MOCOPOEHT ¢ JIAMHUHAPHBIM MOTOKOM MHOTOKaHAJIBHOM sSYencTOn
CTPYKTYpbl i1 TPUMEHEHHsS B 3/IpaBOOXpaHEHUU. Pe3ynbratel (PU3HKO-
XUMUYECKUX HCCICIOBAaHUN W OHOMEIUIIMHCKOTO CKPUHHUHIa OOECIEeYUBAIOT
BHEJIPEHHE MEIUIIMHCKOTO IIpenapaTa B MEAUIUHY.

OcHOBHBIE N0JI03KEHUSI BbIHOCMMbIE HA 3AIIUTY:

[Tonyuenune Ouomaccel reMocopOeHTa, cocrosieid u3 yriaepoaa (60-70%) u
muokcuaa KpemHus (20-30%), NOAydYeHHOM M3 PHUCOBOM WIENYXH IyTEM
TepmooOpaboTku B atMochepe razoB CO 2 co ckopocThio Harpera 20-25°C/muH B
TemnepatrypHslii 1uamnas3on -300-900°C ;

2/r 4ro co3maeT naMMHApHOE TEUEHHE OMOIOTMYECKOi KUIKOCTH ( KpPOBb,
miasma) ;

- OmnpeneneHne WHEPTHOCTU YIJIEPOJAHOTO MOHOJIUTA TMPU TEeMOCOPOIUU
TKaHSIMU BHYTPEHHUX OPraHOB, COPOIMOHHOW AaKTUBHOCTU TPH TOKCHUYECKUX
OTPABIICHUSIX W COXPAHHOCTH (OPMEHHBIX KJIETOK KpPOBH TI0 pe3yjbTaram
JTOKJIUHUYECKUX MCCIICTOBAHUM.

-IlpencraBineHue TEXHOJOTMYECKOTO PYKOBOJCTBA IO  TMPOHU3BOJICTBY
YIIAEPOJHOTO TEMOCOPOCHTa C TIONHBIMU IMKJIAMU TPOU3BOACTBA TOTOBOTO
POJIYKTA.

CBs3b TeMBbl €  HAYYHO-HCCJIEAOBATEJbCKHMH  padortamMmm H
IocynapcTBeHHbIMH TporpamMMmamu. JluccepranmoHHas paboTa BBITIOJIHEHA B
paMKax MPOeKTa KOMMepUHaIu3aluu HayyHoro uccienoBanus «Ne 0097-17-I'K
«Co31aHue 0TeYECTBEHHOTO MTPOU3BOACTBA TEMOCOPOCHTOB JJAMUHAPHOTO MIOTOKA»
Ha 06a3e HAyYHO-TEeXHUYECKOTO U MPOU3BOJICTBEHHOIO LIEHTpa <« KabIH.

JInuHbIil BKJIAA aBTOpPa, NMyOJUMKAIMH W anpodanus NPaKTHYeCKHX
pe3yJbTaTOB  ABTOp CaM OCYIIECTBIST Pa3pabOTKy HMCXOAHOW OMoMacchl
reMocopOeHTa,yqactTue B OMOMEAMIIMHCKOM  CKpPUHHMHIE,  HCCIEIOBaHUS
XUMUYECKUX CBOMCTB YIJIEPOAHBIX MAaTEPHUANIOB IO JUTEPATYPHBIM HCTOYHUKAM,
o0CyXJeHrne pe3yJabTaTOB, HAMMCAHWE TEOPETUUYCCKOW M TPAKTUYCCKOM YacTeu
JIUccepTaluy, OOCYKJIEHUE JOCTHTHYThIE pe3yJbTaThl, o0O0CiIeNOBaHHWE W
3aKJIIOYEHHE.

[To Teme muccepramuu omyOnukoBaHO 18 HaydHBIX pabOT aBTOpa, B TOM
yucae |1 craths onmyOJMKOBaHA B M3/IaHUH, BXOJSIIEM B 0a3zy AaHHBIX Scopus; 4
Hay4yHble CTaTbM B JKypHajlaX, MpPEIACTaBICHHbIX WHCTUTYTOM Hay4HBIX
uccienoBannii PK, 3 cratem B Marepuanax MEXKIYHAPOJIHBIX HAyYHBIX
KoH(pepeHui, 4 maTeHTa, 2 CTaTbU B MEXKIYHAPOIHBIX JKypHAJax, 3 aBTOPCKUX
npasa, 1 MmoHorpadus.



ANNOTATION
Dissertation on the topic:
""Obtaining and using hemosorbent biomass"

submitted for the degree of Doctor of Philosophy (PhD) in the specialty
60072100 — Chemical technology of organic substances
Nuraly Asiya Mambetkyzy

General characteristics of the work. The work is devoted to the creation of
a laminar-flow hemosorbent from plant raw materials, the selection of the optimal
ratio of biomass, the study of its physicochemical and biomedical properties.

Relevance of the research topic. Carbon chemistry opens up very wide
opportunities for the production of carbon material. Due to their unique properties,
high chemical resistance, thermal strength and large specific surface area, carbon
materials have found application in the tire and rubber industry, as a filler in the
chemical and pharmaceutical industries, in the production of heat-resistant
composite materials, modified electrodes. A feature of the carbon-silicon
hemosorbent is the high content of amorphous silicon dioxide - 30-40% and carbon
- 50-60%. There is no such ratio in any sorbent, that is, the product has no world
analogues. The sources of sorbing materials are plant residues, their complex use is
important given the trend of creating waste-free technologies. In this work,
activated rice husk, which is a renewable plant material of Kazakhstan, with
sorption properties, was chosen as a raw material for obtaining a biocompatible
carbon-silicon hemosorbent.

Carbon-silicon hemosorbent has a unique developed porous structure
consisting of macro-, meso- and micropores, which ensures selective sorption of
toxins, i.e., unlike other sorbents, it removes only harmful substances from the
body. During hemosorption, it absorbs and destroys high-molecular endotoxins,
viral infections, bacteria, allergens and pathogenic microorganisms.

The development of domestic medicines is very relevant due to the high
growth of the epidemic that has affected most of the world and the high cost of
medical products coming from Europe and the USA. The creation of a carbon-
silicon hemosorbent for blood purification opens up the following opportunities:

- providing the population with the necessary quantity of highly effective
biomedical preparations from locally available raw materials;

- ensuring the prevention and treatment of various epidemics of viral, infectious
and bacterial origin.

The role of carbon sorption materials in medicine is especially important.
Due to the developed porous structure, carbon materials are effectively used for
detoxification of the body, hemo- and enterosorption, in applied medicine.

Due to the above reasons, the relevance of the research topic of the
dissertation work on the creation of a multichannel laminar hemosorbent with
silicon carbon is undeniable.



The aim of the work . Obtaining a biocompatible laminar-flow
multichannel cellular hemosorbent from carbon-silicon biomass of rice husk
"Bakanas".

To achieve this goal, the following tasks were set.

1. Establishing optimal process parameters and ratios of carbon-silicon biomass
components, allowing extrusion of a carbon-silicon monoblock with a laminar-
flow multi-channel cellular structure for rational use of the sorption zone.

2. The total pore volume on the first surface is 1-1.2 cm3 / g, the volume of
macropores is 0.06-0.08 cm3 / g, micropores are 0.08-0.10 cm3 / g, mesopores are
0.6-0.8 cm3 / g, the specific surface area is 360 m2 / g 952 channel carbon-silicon
hemosorbent (carbon content of at least 60-70%, silicon dioxide 30%);

3. Determination of the qualitative and quantitative composition of heat-treated
fine-grained rice husk for the preparation of a hemosorbent monolith.

4. Study of the physical and chemical properties and sorption activity of a carbon-
silicon multichannel monoblock.

5. Biomedical screening of animals and donor blood.

(determination of the amount of malt absorbed, influence on biochemical and
general blood test parameters).

6. Development of technological instructions for carbon hemosorbent at the
production level.

Object of study: modes of carbonization of rice husk, physicochemical
properties of carbon-silicon biomass, optimal modes, biomedical properties of a
multichannel hemosorbent with a cellular structure.

Research area. Adsorption properties of carbon sorbents of toxic
compounds can be increased by surface modification. By changing the number of
functional groups, their chemical nature, it is possible to influence the
physicochemical properties and biological activity of carbon sorbents, which opens
up new areas of their use due to the matrix structure and sorbent properties. Of
particular interest are the modifiers used, modified carbon sorbents of bifunctional
activity.

In this regard, research in the field of studying the physical and chemical
laws of modification processes of porous materials and determining the features of
adsorption of toxic compounds on their surface is one of the current areas of
modern chemical research.

Of particular interest are carbon sorbents that meet medical requirements for
the sorption of toxic substances of various molecular weights and natures. The
porosity of carbon sorbents determines the directions of their use in sorption
medicine. Thus, creatinine, aliphatic oxyacids, amino acids, uric acid, etc. are
removed from biological fluids. To remove products with low molecular weight, it
Is preferable to use micro-mesoporous carbon sorbents.

The developed mesoporous structure of sorbents satisfies most hemosorption
tasks. When removing toxic substances with a carbon sorbent with a hydrophobic
surface, the main sorption mechanism is physical adsorption due to dispersion
forces. In this case, the adsorption efficiency is determined by the size of the
adsorbent molecules and the pores of the adsorbent.



An analysis of patent data to determine the degree of study of the chemical
composition of rice husk and the possibility of using it as a carbon material for
hemosorption showed that the main percentage of research on this topic belongs to
Russia, Japan and China.

For the first time in Kazakhstan, the development of an industrial
technological scheme for the production of biomass for hemosorbent from plant
raw materials has been implemented. The main part of the processed raw materials
consists of carbon and amorphous silicon, which allows the creation of biomass for
hemosorbent.

Scientific and technical level of research and metrological support of
research work

Optimal parameters of heat treatment of rice husk were implemented in the
"Reactor for chemical processing of carbon biomass™ on non-standard equipment -
the range of tilt angle adjustment is 1-10°, the temperature range is 300-900°C in
the scientific and production technical center "Zhalyn". The gear motor rotates the
reactor, which ensures the measured movement of raw materials, where a two-
section gas furnace heats it to a temperature of 800°C.

The morphological structure and elemental analysis were studied using a
Quanta 200i 3D scanning electron microscope (FEI Company, USA) with a
thermionic emission gun and a focused ion beam station with built-in energy-
dispersive microanalysis and a system for analyzing the structure and composition
of materials.

The specific surface area of the carbon monolith samples was measured
using a sorbtometer using the BET method. To calculate the surface area of the
carbon material, the volume of gas relative to the monomolecular layer and the
cross section of the adsorbed gas molecule were determined. The surface area p/p0
was measured with an accuracy of 5-10% in the range of relative pressure values
of 0.05-0.35.

The sorption capacity of the carbon biomass was determined using
methylene blue. The optical density of the initial MC solution and the obtained
samples was measured using a FEK-3 photoelectric calorimeter with a wavelength
() of 400 nm in cuvettes with a light-absorbing layer thickness of 10 mm using a
light filter. The mass concentration of the sorbate solution in the selected samples
was determined using a calibration graph. Based on the data obtained, a graph of
the dependence of the mass concentration of the sorbate on the sorption time was
constructed. Extrusion of the hemosorbent biomass was carried out using a JC-70
vacuum extrusion machine. The extrusion speed was 15 rpm.

Chemical treatment was carried out on special non-standard equipment
"Automatic technological line for vacuum-cyclic decantation of carbon monolith
of laminar flow". Sterilization of the finished hemosorbent of laminar flow was
carried out on a steam sterilizer GK-100-3 (pneumohydraulic, mainly steam).
Disinfection temperature 120°C.

The hemosorbent is packed in polyethylene-paper wrapping using the
Jiasheng automatic packaging machine.



Biomedical screening was performed using a Bbraun hemosorption and
hemodialysis apparatus at a rate of 100 ml/min, 200 ml/min, 300 ml/min in the
order of total or dosed heparinization at a rate of 350-450 U/min. kg.

Scientific novelty of the obtained experimental results:

1. Rice husk was used as raw material for laminar hemosorbent with 952 channels
for blood purification.

2. For the first time, optimal technological parameters and ratios of carbon biomass
components were determined, allowing the extrusion of a carbon monoblock with
a laminar-flow multichannel cellular structure; the carbon monolith was subjected
to chemical treatment with HNO 3 (1 M) in special cassettes in a non-standard
configuration.

3. The physicochemical properties and sorption activity of the carbon monoblock
for hemosorption of the effective use of the sorption area were studied.

4. For the first time, a laminar flow hemosorbent was used for hemosorption on
animals and donor blood (the amount of absorbed malt was determined, the effect
on biochemical and general blood test parameters was shown) 5. For the first time,
a production process was implemented, and regulations for the production of
carbon hemosorbent were created.

Novelty of the obtained results. The author has 1 patent for a utility model
(KazKSGZI), 2 patents for inventions (KazKSGZI), 1 Eurasian patent for
invention (EAPQ), 3 author's certificates on the topic of the author's dissertation.

The practical significance of the work is associated with the use of
domestic raw materials of plant origin. For the first time in the world, a carbon
hemosorbent with a laminar flow of a multichannel cellular structure for use in
health care has been created. The results of physical and chemical studies and
biomedical screening ensure the introduction of a medical product into medicine.

The main provisions submitted for defense:

Obtaining a hemosorbent biomass consisting of carbon (60-70%) and silicon
dioxide (20-30%) obtained from rice husks by heat treatment in an atmosphere of
CO2 gases 4 a heating rate of 20-25°C/min in a temperature range of -300-900°C,;

2/9 'which creates a laminar flow of biological fluid (blood, plasma);

- Determination of the inertness of the carbon monolith during hemosorption
by tissues of internal organs, sorption activity in toxic poisoning and the
preservation of formed blood cells based on the results of preclinical studies.

-Presentation of a technological guide for the production of carbon
hemosorbent with complete production cycles of the finished product.

Connection of the topic with scientific research works and State
programs. The dissertation work was completed within the framework of the
project of commercialization of scientific research "No. 0097-17-GK "Creation of
domestic production of laminar flow hemosorbents™ on the basis of the scientific,
technical and production center "Zhalyn",

Personal contribution of the author, publications and testing of
practical results The author himself developed the initial biomass of the
hemosorbent, participated in biomedical screening, studied the chemical properties
of carbon materials according to literary sources, discussed the results, wrote the



theoretical and practical parts of the dissertation, discussed the achieved results,
examined and concluded.

On the topic of the dissertation, 18 scientific works of the author have been
published, including 1 article published in a publication included in the Scopus
database; 4 scientific articles in journals presented by the Institute of Scientific
Research of the Republic of Kazakhstan, 3 articles in the materials of international
scientific conferences, 4 patents, 2 articles in international journals, 3 copyrights, 1
monograph.
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