EHBEK KbI3BLT TY OPJEH/II
«®. B. BEKTYPOB ATBIHJIAFBI
XUMUS FBUTBIMJIAPBI MTHCTUTY ThI»
AKIIMOHEPJIIK KOF AMBI

KA3AKCTAHHDBIH
XMmst JKYPHAJTBI

XMMUUYECKU JKYPHATI
KA3AXCTAHA

CHEMICAL JOURNAL
of KAZAKHSTAN

AKIIMOHEPHOE OBHIECTBO
OPJIEHA TPYJJOBOI'O KPACHOI'O 3HAMEHHA
«HMHCTUTYT XUMMNYECKHNX HAYK
M. A. b. BEKTYPOBA»

3 (67)
HUIOJIb — CEHTSBPB 2019 .

N3JJAETCH C OKTABPA 2003 T'OOA
BBIXOAUT 4 PASA BTO/J

AJIMATBI
2019



JKypHanabiH HeriziH Kanaymsl xoHe Oac penaktopsl — Kazakcran Pecny6-
JUKachl ¥JITTBHIK FBUIBIM aKaJEMUSCHIHBIH aKaJeMHri, FBUIBIM JKOHE TEXHHKa
CaJlaChIHJaFbl MEeMJIEKETTIK CBHIAIBIKTHIH JIaypeaThbl, FhUIBIMFA €HOEK CiHipreH
Kaiipatkep, Kazakcrtan PecmyOnmkachiHBIH €HOEK CIHIPIeH ©HEPTAIKBIIIE,
XMMUSl FBUIBIMAAPBIHBIH JOKTOphL, Tpodeccop, Enbex Kpmpur Ty opnenmi
O.b. bekTypoB aTelHgarbl XUMUsS FBUIBIMIAPbl HHCTHUTYTBIHBIH bac nupekTopsl
EJLI EPFOXAYJIbI EPFOKUH

OcHoBatenb W TJaBHBIA pefakTop KypHama — akameMuk HarmoHamsHOM
akagemun Hayk PecnyOmukm Kaszaxcran, maypeat ['ocynapcTBeHHOW mpemuu B
00JIaCTH HAyKU M TEXHHUKH, 3aCIy>KCHHBII HesTenb HayKd, 3aciy>KEHHBIH H30-
Operarens PeciyOnmku Kazaxcran, JOKTOp XUMHYECKHUX HayK, mpodeccop, ['ere-
paipHBI aupekTop opaeHa TpymoBoro KpacHoro 3mamenu MHCTHTYyTa XUMU-
yecknx Hayk uMeHu A.b. bextyposa EJJUJI EPTOXKAEBUY EPT'OKUH

The founder and Editor-in-Chief of the Journal is the Academician of the
National Academy of Sciences of the Republic of Kazakhstan, Laureate of the
State prize in science and technics, Honored scientist, Honored inventor of the
Republic of Kazakhstan, Doctor of Chemical Sciences, Professor, General Direc-
tor of A.B. Bekturov Institute of chemical sciences awarded by the Order of Red
Banner of Labor EDIL ERGOZHAEVICH ERGOZHIN



ISSN 1813-1107 Ne 3 2019

JKypHanabeiH HETi31H KalayIsl )koHe 0ac peIaKTOPhI
Kazakcran PecriyOimkachl ¥JITTHIK FBUIBIM aKaIeMHSICHIHBIH aKaJIeMHTi
EALT EPFOXKAYJIbI EPFOXKUH

Penakuus ankacor:
O.K. KycindexoB — Exbex Kpizpn Ty opaenai O.b. bextypoB aTeiHmarbl XuUMus FBUIBIMIAPHI
nHCTUTYTHl bac mupextopsiHblH OipiHmi opeiHOacaper, KP ¥FA xoppecnonneHT-mymeci, 6ac
PemaKTOpABIH OpbIHOacaphl
B.H. A6cansikoB — Exbex Kpieir Ty opaenni ©.b. Bexrypos arsiamars! XuMust FRUIBIMIAPEI
nHCTHTYTH bac mupextopeiasiH opsiHbGacapslr, KP YFA xoppecnonneHT-mymeci, 6ac peqakTopabIH
opbIHOacapsl

Kayanrtsl XaTuibl:
A.E. ManamakoBa — En6ex Kei3pu1 Ty opmenni ©.5. bexTypoB areinmarbl XuMusi FBUIBIMAAPEI
MHCTUTYTHIHBIH 0ac FBUIBIMU XaTLIbIChL, PhD oKTOpSEI

Penaxkuus xenecinin mymeJiepi:

A.P. XoxaoB — Peceit routeim akanemusichlHblH (PFA) Bune-npesupenti, PFA  akangemuri;
MLIL Eropos — PFA H.JI. 3emuuckuii ateigarsl OpraHUKaNbIK XUMHS WHCTHTYTHIHBIH JUpPEK-
Topel, PFA akanemuri; B.C. CongatoB — benapych ¥YATTBIK FBUIBIM aKaJIEMHSCHIHBIH aKaJICMHIi;
E.®. INanapun — PFA xoppecnonnent-mymreci; M.IK. KypoinoB — «Kazakcran Pecmy0mimka-
CBIHBIH YJTTHIK FBUIBIM aKaJeMHUSChD) PECIyONHMKaNblK KOFaMJBIK OIipJecTiriHiH Hpe3ueHTI
(«KP ¥FA» PKB), KP ¥F'A akamemuri; UK. BeiicemoeroB — K.J1. Cormaer areiHgarsl Kasak
WITTHIK TEXHUKAJBIK 3epTTey yHUBepcUTeTiHiH pekTopsl, KP ¥FA akamemuri; K.2K. IlipoaueB —
KP ¥YFA axamemuri; J.X. XamumkoB — Toxikcran PecmyOmukacbl FrutbiM akageMusiICHIHBIH
akagemuri; MLA. AckapoB — O30ekctan PecmyOnmkacel FBUIBIM akaJIeMUSICHIHBIH aKaJIeMUTi;
9.b. 3eiinanoB — O3ipbaibkaH YNTTHIK FBUIBIM aKaJeMHUSCHIHBIH KOPPECHOHACHT-MYIIEC;
Bpaxum Eaoymm — Jle Jla Pomens ynuBepcutetiHiH npodeccopbr (Ppanims PecmyOiukacs);
B.M. Jdemouukmii — PFA H.JI. 3enuuckuil ateiHaarsl OpraHukaiblK XUMUS UHCTUTYTHI, Peceit
KapaTbUIBICTaHy FbUIBIMAAPBl aKaJACMUACHIHBIH aKa}IeMI/IFi, XUMHS  FBUIBIMAAPBIHBIH  TOKTOPBI,
npodeccop; X. Temeabp — [lukie yHuBepcuteTi TaOuFH jkoHE KOJIAHOANBI FBUIBIMAAPHI KOFaphl
MeKTeOiHIH IUPEKTOpHl koHe (apmarmsa ¢axyiapTeTiHiH AekaHbl, mpodeccop (Typkus Pecmy6-
nmukacel); B.C. 3akupoB — O30ekctan PecrmyOmukacel FruibiM akageMusichlHBIH JKanmsl skoHE
OelffopraHUKaNbIK XHMHUSI HHCTUTYTHIHBIH JUPEKTOPHI, XMMHUS FBUIBIMAAPBIHBIH JTOKTOPEI, mpodec-
cop (O30ekcran PecmyGmukacsr); I''A. MyH — XUMHUS FBUIBIMAAPBIHBIH JIOKTOPBI, Hpogeccop
(Kazakcran PecnyOmmkacer); K.Bb. Ep:kanoB — XuMHs FBUIBIMIApBIHBIH JOKTOPHI, Ipodeccop
(Kazakcran Pecmy6nukacsr); JI.C. Bep:kaHoB — TexXHHKa FBUIBIMIAPBIHBIH JIOKTOPEL, Ipodeccop
(Kazakcran PecnyOmukacel); B.T. OrendaeB — XuMus FbUIBIMIAPBIHBIH JOKTOPBI, Hpodeccop
(Kazakcran PecnyOnukacer); C.Y. YcMaHOB — TexXHHKAa FHUIBIMIAPBIHBIH JOKTOPHI, Mpodeccop
(Kazakcran PecyOnukacher)

«Ka3zakcranHblH xumusi KypHaab» Kaszakcran PecryGnukackiabiH MoeHHET, aKmapar
JKOHE KOFaMIBIK KewiciM muHHCcTpiiriaae (2003 sxputrbl 25-mayceivaarbl Ne 3995-)K Oykapaibik
aKmapaT KypaJmapbiH Tipkey Typausl kyomik), IMapmxmeri ISSN xanbIKapajiblK OpTaIBIFBIHIA
(2005 >xpurrbl 6-Tambzgarel HoMipi ISSN 1813-1107) Tipkenren xoHe Kazakcran PecryGiukacst
Binim skoHE FBUIBIM MUHUCTPIITIHIH BiliM jkoHE FBUIBIM CalachlHIaFbl 0aKblIay KOMUTETI YCHIHFaH
(2013 xpurrbl 15-Haypbi3biHAarsl No 532 OyHpBIK) FBUIBIMH JKYMBICTApIbIH HETi3ri HOTHIKEJIEpiH
0achII WIBIFapy YLIiH KapHsIaHBIMIAP Ti3iMiHE HT13UIreH.

PenaxnusaHBIH MEKEH-Xaibl
050010 (A26F3Y1), Kazaxcman Pecnyoauxacwl, Aimamer kanacel, L. Yanuxanoe keueci, 106.
Enbex Kvisvin Ty opoenoi O.5. bexmypos amvinoagbl Xumus ebL1elMOApbl UHCIUMY b,
dakc: 8-727-291-24-64. E-mail: ics_rk@mail.ru



XUMWYECKHH )KYPHAJI KA3AXCTAHA

OcHoBareJb U IMaBHbIN penaktop XKypHana
akanemMuk HaunoHanbHo#M akagemuu Hayk Pecniyonuku Kasaxcran
EJINJI EPTOKAEBHUY EPT'OKUH

PenakumoHnHas KoJ1erus:

Y.K. Jxycundexos — [lepsoiii 3amectutens ['enepansHoro nupexropa opaeHa Tpynosoro Kpac-
Horo 3HameHu MHcTHTyTa XumMudeckux Hayk mmeHdn A.b. bekryposa, unen-koppecnonnenr HAH
PK, 3amectuTens rmaBHOrO perakropa
B.H. AdcaabikoB — 3amectutens ['enepanbHoro qupexropa opaena Tpynosoro KpacHoro 3namenu
Muctutyra xumuueckux Hayk umenu A.b. bekryposa, unen-koppecnonnent HAH PK, 3amectu-
TeJlb TJIABHOTO PEJAKTOPA

OTBeTCTBEHHBIN CEKpeTaph:
A.E. ManmaxkoBa — ['maBHbIN yueHbli cekpeTaps opleHa Tpynosoro Kpacnoro 3namenu MHctu-
TyTa XuMH4eckux Hayk umeHu A.b. bekryposa, nokrop PhD

YJieHbI peKOJIeruu:

A.P. XoxJq0oB — Bunie-nipesunenr Poccuiickoit akagemun Hayk (PAH), axamemux PAH;
MLIIL. EropoB — lupektop WHcTUTyTa Opranmdeckoi xummmun umenn H.JI. 3emunckoro PAH,
akazemuk PAH; B.C.CoapatoB — akagemuk HanmonameHOW akamemuu Hayk bemapycu;
E.®. Ilanapun — unen-koppecnorngear PAH; M.IK. XKypunos — [Ipesunentr PecnyOnmkanckoro
obmecTBeHHOr0 00BenuHeHUs «HarnmoHanpHas akagemus Hayk PecrmyOmmku Kazaxcram»y (POO
«HAH PK»), akanemuk HAH PK; U.K. Beiicem0eroB — Pektop Ka3zaxckoro HaimoHaIEHOTO
HCCIIeIOBATENBCKOr0 TexHU4Yeckoro yHuBepcutera uMmenu K.M. CarnaeBa, akamemux HAH PK;
K.J. IIpannes — akanemuxk HAH PK; JI.X. XannkoB — akaneMuk AxaneMun Hayk PecryOuuku
Tamxukuctan; M.A. AckapoB — akajieMHK AkajgeMud Hayk PecnyOnuku VY30eKucTaH;
9.b. 3eiinanoB — uieH-KoppecmoHAeHT HarpoHanpHOW akagemMun Hayk AsepOaiipkana;
Bpaxum Enoymm —mpodeccop YuuBepcurera e Jla Pomens (®panmysckas Pecmy6imka);
B.M. Jlem0ouukuii — Mactutyt opranndeckoir xumun umenn H.J[. 3emunckoro PAH, akamemmk
Poccuiickoii akageMuu eCTECTBEHHBIX HAyK, JOKTOP XMMHYECKUX Hayk, mpodeccop; X. Temenn —
Jupextop BeICmIel MIKONBI €CTECTBEHHBIX M TPHUKIAIHBIX HAyK yHUBepcuTeTa [IMKIe U JeKaH
(apmareBTIyeckoro ¢akynsrera, npodeccop (Typerkas Pecrry6mika); B.C. 3akupos — [lupextop
HucTuTyTa 00IIEH M HeopraHMYecKoil Xumun AkaaeMun Hayk PecryOnuku Y30eKHCTaH, JOKTOD
XMMHYECKUX Hayk, npodeccop (Pecrydnnka Y3oekucran); I'.A. MyH — TOKTOp XMMHYECKUX HayK,
npodeccop (Peciybnuka Kasaxcran); K.B. Ep:kanoB — D0KTOp XMMHYECKHX Hayk, mpodeccop
(Pecniy6niuka Kazaxcran); JI.C. Bep:kaHoB — TOKTOp TeXHHYeCKHX Hayk, mpodeccop (PecmyOnuka
Kazaxcran); B.T. YTean0aeB — 10KTOp XUMHUYECKHX Hayk, mpodeccop (Pecrybnuka Kaszaxcran);
C.Y. YcMaHOB — JOKTOp TEXHHYECKHX HayK, podeccop (Pecnybnmka Kazaxcran)

«Xumunveckuii kypHan Kazaxcrana» 3apeructpupoBaH MUHHCTEPCTBOM KYJIbTYpbl, HH-
¢opmanun u obmecTBeHHOro cornacus PecryOmuku Kasaxcran (CBHAETEIHCTBO O MOCTAHOBKE HA
yueT cpenctB MaccoBoi nHGopmanuu Ne 3995-K ot 25 mronst 2003 r.), MexxayHapOJHEIM IEHTPOM
ISSN B ITapmxke (peructpanmonssii Homep ISSN 1813-1107 ot 6 aBrycra 2005 r.) u BKIIOYEH B
[epeuens n3maHuil JuIs IMyONMKAaIMM OCHOBHBIX PE3yJbTaTOB HAYYHOW JAESATENLHOCTH, PEKOMEH-
noBaHHBIH KomureToM mo xoHTpoio B chepe obpasoBanus u Hayku MOH PK (mpuxa3z Ne 532 ot
15 maprta 2013 r.).

Anpec penakuuu:

050010 (A26F3Y1), Pecnyonuxa Kaszaxcman, e. Anmamut, yn. L. Yanuxanosa, 106,
Opoena Tpyoosozo Kpacnoeo 3namenu Hncmumym xumuueckux nayk umenu A.b. bexmyposa,
Daxkc: 8-727-291-24-64. E-mail: ics_rk@mail.ru

© AO «MHCTUTYT XUMHYECKUX HAYK
uM. A. b. bekryposay, 2019

INoxanucuoi nuaexc 75241 B Karanore raser u xypnanos AO «Ka3nouTay uin B IONOJTHEHUH K HEMY.



ISSN 1813-1107 Ne 3 2019

The Founder and Editor-in-Chief of the Journal
Academician of theNational Academy of Sciences of the Republic of Kazakhstan
EDIL ERGOZHAEVICH ERGOZHIN

Editorial team:
U.Zh. Dzhusipbekov — First Deputy General Director of A.B. Bekturov Institute of chemical
sciences awarded by the Order of Red Banner of Labor, Corresponding Member of the National
Academy of Sciences of the Republic of Kazakhstan, Deputy of Editor-in-Chief
B.N. Absadykov — Deputy General Director of A.B. Bekturov Institute of chemical sciences
awarded by the Order of Red Banner of Labor, Corresponding Member of the National Academy of
Sciences of the Republic of Kazakhstan, Deputy of Editor-in-Chief

Executive Secretary:
A.E. Malmakova — Chief Scientific Secretary of A.B. Bekturov Institute of chemical sciences
awarded by the Order of Red Banner of Labor, PhD

Members of the editorial board:

A.R. Khokhlov — Vice-President of the Russian Academy of Sciences (RAS), Academician of
RAS; M.P. Egorov — Director of Zelinsky Institute of Organic Chemistry of RAS, Academician of
RAS; V.S. Soldatov — Academician of the National Academy of Sciences of Belarus; E.F. Panarin
— Corresponding Member of the Russian Academy of Sciences; M.Zh. Zhurinov — President of the
Republican Public Association «National Academy of Sciences of the Republic of Kazakhstan»
(RPA «NAS RK»), Academician of NAS RK; I.K. Beisembetov — Rector of the Kazakh National
Research Technical University after K.I. Satpayev, Academician of NAS RK; K.D. Praliyev —
Academician of NAS RK; D.Kh. Khalikov — Academician of the Academy of Sciences of the
Republic of Tajikistan; M.A. Askarov — Academician of the Academy of Sciences of the Republic
of Uzbekistan; E.B. Zeynalov — Corresponding Member of the National Academy of Sciences of
Azerbaijan; Brahim Elouadi — Professor of University De La Rochelle (French Republic);
V.M. Dembitsky — Zelinsky Institute of Organic Chemistry of RAS, Academician of the Russian
Academy of Natural Sciences, Doctor of Chemical Sciences, Professor; H. Temel — Director of
Dicle University Graduate School of Natural and Applied Sciences and Dean of Pharmacy Faculty,
Professor (Republic of Turkey); B.S. Zakirov — Director of Institute of General and Inorganic
Chemistry of the Academy of Sciences of the Republic of Uzbekistan, Doctor of Chemical
Sciences, Professor (Republic of Uzbekistan); G.A. Mun — Doctor of Chemical Sciences, Professor
(Republic of Kazakhstan); K.B. Erzhanov — Doctor of Chemical Sciences, Professor (Republic of
Kazakhstan); D.S. Berzhanov — Doctor of Technical Sciences, Professor (Republic of Kazakhstan);
B.T. Utelbaev — Doctor of Chemical Sciences, Professor (Republic of Kazakhstan);
S.U. Usmanov — Doctor of Technical Sciences, Professor (Republic of Kazakhstan)

«Chemical Journal of Kazakhstan» was registered by the Ministry of Culture, Information
and Public Consent of the Republic of Kazakhstan (certificate on registration of mass media
No. 3995-)K dated June 25, 2003), ISSN International Center in Paris (registration number
ISSN 1813-1107 from 6 August 2005) and included in the List of Publications for publication of the
main results of scientific activity, recommended by the Committee for Control in Education and
Science of the Ministry of Education and Science of the Republic of Kazakhstan (Order No. 532 of
March 15, 2013).

Address of the Editorial board:
050010 (A26F3Y1), Republic of Kazakhstan, Almaty, Sh. Ualikhanov str., 106,
A.B. Bekturov Institute of chemical sciences awarded by the Order of Red Banner of Labor,
Fax: 8-727-291-24-64. E-mail: ics_rk@mail.ru



XUMWYECKHH )KYPHAJI KA3AXCTAHA

VK 665.71+665.72+665.73+628.31+628.54
E E EPIOXXHUH, T. K. YAJIOB, T. B. KOBPUT'MHA, E. A. MEJIbDHUKOB

AO «MHcTuTyT XNMHI4Yecknx Hayk UM. A.B. BextypoBay», AnMatsl, Pecrry6mmka Kasaxcran

COBPEMEHHOE COCTOSIHUE HE®TENEPEPABATBIBAIOIIEN
INPOMBIINVIEHHOCTHU U PBIHKA HE®TEINPOAYKTOB
B KABAXCTAHE

AHHOTanusi. B 0030pHO# cTaThe packpbiTa 00Iast TEHACHIMS Pa3BUTUS HEPTIHON
orpacim B KazaxcraHe, laHa ee XapaKTEPHCTHKAa KaK OJHOW M3 OCHOBHBIX KOHOMHK
HedrenoOpBatomux crpaH. O0OOIIEHBI IUTepaTypHbIC JaHHbIE 110 CTAHOBJIICHUIO HedTe-
niepepabaTpIBaoONiel MPOMBIIIIEHHOCTH M €€ COBpPEMEHHoe cocTostHne B Kaszaxcrane.
[ToxazaHo, 4TO 0OIIEMHPOBOI TEHACHITUEH OTPACIHN SBISIETCS YMEHBIICHNE pPa3BEIaHHBIX
3aIacoB JITKOW HE()TH ¥ MOSIBICHUE aTbTCPHATUBHBIX NCTOYHHWKOB 3HEPTUH. B cBs3m
9THM JanbHEHIIee pa3BUTHE HedTenepepadaThIBaONMIEH MPOMBIIUICHHOCTH HAlpaBICHO
Ha MOBBIIIEHHE TIyOUHBI epepaboTku HepTH U HeTAHBIX 0cTaTKOB. [IOMCK HOBBIX TeX-
HOJIOTHI M KaTaln3aTopoB, CTOMKUX K BHICOKOMY COJIEPKAHHIO CEePbI, METaJNIOOPTaHUKH,
napauHOB M IPYTHX IPHUMECEH, ABISETCS OCHOBHOW 3ajadel Ommxkaiimiero Oymymiero.
[okazaHo, uTo HedTenepepadbaThIBaIONINE 3aBOABI UMEIOT BHICOYANIIINI YPOBEHb BOJOIO-
TpeOJIeHns, KOTOpBI mpearnoiaraeT pa3paboTKy M BHenpeHHe 3()(EKTHBHBIX CIIOCOOOB
o0ecconuBaHMs CTOYHBIX BOJ C LIEJBbIO COKpAIIeHHs MX cOpoca U BO3BpAlIECHHS YacCTH
BOJIBI B TEXHOJIOTUYECKHUH IIHKJL.

KnaroueBsie cioBa: HedrenepepadbaTsBaronias MPOMBIILICHHOCTh, BOJONOTpeOIe-
HHE, 00eCCoNBaHNe, CTOYHBIC BOJIBL.

IIpobnembl 3KOHOMUYECKOU OYEHKU NOMEHYUANA Hepme2a3zo6020 CeKmopa
Pecnyonuxu Kasaxcman. B coBpeMeHHOM MHpE 3aBHCUMOCTb 3KOHOMHKH TOCY-
JapcTBa OT HE(PTAHON MPOMBIIUIEHHOCTH AOCTaTOYHO BeMKa. B ycinoBusx, korzna
He(Th CTaja OCHOBHBIM BHJIOM SHEPTeTUYECKOTO CBHIPhS, BO3POCIO €€ YIKOHOMHU-
Yeckoe M MOJUTHYEeCKOoe 3HayeHue. Hamnume cOOCTBEHHBIX pecypcoB HedTH,
BO3MOXHOCTb OpPIaHU30BaTh 3KCIOPT HEYTH M HEPTENPOAYKTOB MO3BOJISAIOT
pPa3IMYHBIM TOCYJapCTBaM JOOMBATHCS 3HAUMTEIBHBIX YCIEXOB B AIKOHOMHU-
YEeCKOM M cOLMaNbHOM pa3BuTui. Konebanue MUpOBBIX 1IeH Ha HE(Th, KOHBIOHK-
Typa Ha HE(TSIHOM PBIHKE HNPUBOIAT K CEPbE3HBIM M3MEHEHHAM B SKOHOMHYEC-
KOH TMOJUTHKE Kak HeTemoObIBAOIINX CTPaH, TaK M TOCYNapCTB, MPOMBIIIICH-
HOCTB KOTOPBIX 0a3upyeTcs Ha UMIIOpTE He(TH.

Hedtp npencraBnser coboi cnienuduyeckuii ToBap, OTIMYAIOLIMNACST Kade-
CTBEHHBIMH XapaKTEPUCTUKAMH (IJIOTHOCTHIO, XMMHYECKHM U (PPaKIHOHHBIM
COCTaBOM, HAIMYHEM MIpUMECEHt).

B oTnuuune oT Apyrux BUAOB TOPIOYMX MCKOINAEMBIX, HEPTH OTHOCHUTEIHEHO
JIETKO 10OBIBAaeTCs, TPAHCIIOPTUPYETCS U NepepadaThiBaeTCs B MIMPOKYIO TaMMy
MIPOIYKTOB PA3IMYHOIO HA3HAYEHUS, SIBJISSICh:

— CBIppEM ISl HEe(TEXMMHUHM B TNPOU3BOJICTBE CHHTETHYECKOIO Kaydyka,
CIHMPTOB, MOJIMATWIECHA, MOJUIPONMIECHA, IMIUPOKONW TraMMBbl pa3iIHYHBIX IJIACT-
Macc U TOTOBBIX U3JIEINI U3 HUX, UCKYCCTBEHHBIX TKaHEH;
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— HCTOYHUKOM JUI1 BBIPAaOOTKHM MOTOPHBIX TOIUIMB (OCH3MHA, KEpOCHHa,
IU3EIbHOT0 M PEAKTUBHBIX TOIUIMB), Macel U CMa30K, KOTEJIbHO-IIEYHOIO TOII-
auBa (Ma3yT), CTPOMTENBHBIX MaTepuanoB (OUTYMBI, TypOH, acaibT);

— CBIpbEM ISl TIOJYYEHHUs psida OCNKOBBIX NPENaparoB, UCIHONb3YEMBIX B
KadyecTBe 100aBOK B KOPM CKOTY JJIsl CTUMYJISILIH €r0 POCTa.

HedrenepepaboTka sSBISETCS OCHOBHOH O00JIACTHIO HCIOJIb30BaHUS HE(TH.
[ponykuus HedTenepepabOTKu — OCH3MH, JAU3EJIbHOE TOIUIMBO, KEPOCHH, Ma3yT,
CMa304HbIe Maciia, KOKC, napaduHbl, ONTyM — HaXOAUT MPHUMEHEHHE BO MHOTHX
OTpPAaCIIAX 3KOHOMUKH, B TOM YHUCJIE B TAKUX , KaK TPAHCIOPT (O€H3UH, NU3eIbHOE
TOTTUBO, KEPOCHH, Maclia) M JHepreTuka (NOMyTHHIM HeTSHOH Ta3, Hedresa-
BOJCKHE Ta3bl, Ma3yT). PA1 MpOAyKTOB, MOMydaeMbIX W3 HE(PTH, MPaKTHUECKH
HE3aMEHUMBI (CMa304yHble Macna, OutyMm, mapaduH). pyrue, B 4YacTHOCTH
MOTOpHBIE TOIUTMBA (OCH3MH, KEPOCHH, TU3EILHOE TOIUIUBO), MOTYT 3aMEHSThCS
QIBTEpPHATUBHBIMH BUIAMU TOIUIMBA, HANpPUMEP, CXKATBIM WM COKM)KEHHBIM
NpUPOIHBIM TazoM. OfHaKoO, HECMOTpPS Ha 3aMETHBIE JKOJIOTUYECKHE IPEUMy-
LIECTBA CKMKEHHOTO M CXKATOro ra3a Kak TOIUIMBA AJIS JBUTATeled BHYTPEHHETO
CropaHus, a TakKe Mepbl 110 CTUMYJIMPOBAHUIO UCTIOIb30BAHNS aJIbTEPHATUBHBIX
BUJIOB TOIUIMBA, TPAJAWIMOHHBIE HE(TSHBIE MOTOPHBIE TOILUIMBA MPOIOJDKAIOT
COXpaHATHCS Kak MpeoOiafarolre BHUIBI TOPIOYEro JJisi aBTOMOOWIICH, Tpak-
TOPOB, CAMOJICTOB, TETLIOBO30B U T.IL. [1].

B mporpammax neiicTBuit npaButenscrBa Pecryonukn Kazaxcran Hedrsaas
Y Ta30Basg MPOMBINUICHHOCTh PAacCMaTPHBAETCA KaK Ba)KHEHIIas OTpacib, MPH-
3BaHHASA yBEIWYUTH HKCHOPTHBIN MOTEHIHWAT CTPaHbI, CIOCOOCTBOBATH MPHUBIIE-
YEHUIO WHBECTULMH B Ka3aXCTAHCKYI0 SKOHOMHKY M IIOJIOXHTEIBHO BO3JEH-
CTBOBAaTh Ha CMEXXHBIE OTPACIIH.

IlepBoe mecropoxnenne Hedtu J[loccop Obuto oTkpeiITO B 1905 TOmy
UM. I'y6kunbmm. K cepenune 1960-x romoB OBUT OTKPBHIT BTOpOW OaccelH —
Masnrucrayckuii. B Hedtn ero mecropoxnenuit (Y3enb, JKerwiOaii) MHOTrO
napaduHa, IOATOMY OHA CTAHOBHTCS BSI3KOH Jake MPpHU KOMHATHOM TeMIiepaType.
g ee TpaHCTIOPTUPOBKHM MOCTPOWIIM CHEIHAJIbHBIA (EIUHCTBEHHBIM B MUPE)
TpybonpoBoa ¢ nogorpeBoM. K xoHiy 70-X TOHOB reoyioTH pa3Beiald Bce He-
NIyOOKHE MECTOPOXKJCHHMS, 3aTeM ObLIM OOHApyKEHbI HE(TAHBIC 3AJICKHU Ha
00J1b1I0}1 IITyOMHE, IO/ COSIHBIMU KYTIOJIaMH, 1 MECTOPOKACHUS-TUTaHTH.

B magame 80-x romoB B Kazaxcrame mosiBWIICS TpeTHid HedTEra3oHOCHBIH
bacceitn — HOxHo-Topraiickuil ¢ KpymHBIM MecTopokaeHneM Kymkons. B Hem
COJeprKaTCs JIErK03acThIBaIOIIasl HeTh M MPUPOAHBIN Tas3.

Hedransie komnanuu Ha Tepputopun Kazaxcrana mHorouucieHssl. Cpean
HUX W KPYIHbIC TPAaHCHALMOHAIbHBIE KOPHOPALUH, W MEJKHE YacTHBIE KOM-
nanun. Camoit kpynHoit sBisgercss AO HK «KaszMymnaiil'a3». Oto akunonepHoe
OOILIECTBO MOJIHOCTBIO MPHUHAAJICKHUT TocyaapctBy. B axtmee AO HK
«Ka3zMymnaiil'a3» HaxonsTcst Takue kKomrmaHuu, kak «Kazaxoitn-Akrobe», «MaH-
rucraymyHaiirasy, «PetroKazakhstany, « TeHru3meBpoiin u T.4.

AO HK «Ka3zMymnaiil'a3» — BepTHKaNbHO HHTETpUpOBaHHAas HedTera3zoBas
KOMIIaHHsI, OCYIIECTBISIONIAS TMONHBIA MPOU3BOACTBEHHBIA IHUKI OT X0OBYH
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YTIIEBOOPOIOB, MX TPAHCIOPTHPOBKH W IEepepaboTKM [0 OKa3aHWs CIerHa-
TU3UPOBAHHBIX CEPBUCHEIX yCIyT. B ee coctaB BXxoauT okoio 243 KoMmaHuil, u3
HUX B CEKTOpe pa3BelKH W J00bMM — 78 KOMMaHWH, B TPaHCIOPTHPOBKE
yraeBooponioB — 47, HedrenepepaboTKe M MapKeTHHTE — 66 KOMITAaHHM, a TaKKe
52 BcmomoratensHble cepBucHble Kommannu. Ha AO HK «KaszMymnaiil a3»
npuxonutcs 26,4 % noObiuu HeTH M ra3oBOro KoujeHcara; 83,2 % HedTe-
nepepabotky; 67 % TpybonpoBonHOW TpaHcnopTupoBke Hedrtu; 95,7 % TpyOo-
MIPOBOJTHOM TPaHCIIOPTHPOBKE MpHpoaHOTo Taza Kaszaxcrana. B oOmactu mepe-
paboTKM M MapKeTHHra KommaHus KoHTponupyeT Bce Tpu HII3 B Kasaxcrane u
nBa B Pymbiauu. B 3agaun koMnaHuu BXOAMT yBeJIMUEHHE COOCTBEHHON J0IM Ha
MECTHOM pbIHKE HedrenpoaykToB ¢ 18 no 30 % B 2022 r. 3a cuet npuodOpeTeHns
AKTHUBOB M CTPOUTEIHCTBA HOBBIX aBTO3AIIPABOYHBIX CTAHIIMH.

Pabora Tpex mevictByrommx HII3 B Artreipay, lllsimkente u IlaBnomape,
CyMMapHasi MOIITHOCTb KOTOPBIX COCTaBJsieT okono 19,4 miH T HeTH B rof, BO
MHOTOM OpMEHTHPOBaHa Ha UMIIOPT CBIPH [1].

ATtepaycknii HII3 (AHII3) sBnsercss mepBhIM Ka3axCTaHCKUM TPEIIpHs-
THeM HedrerepepadboTku. Ero crponTenbeTBo ObTo Hayato B 1943 1., a B 1945 1.
3aBos Obu1 mymieH B skcmyaTtauuio. AHII3 mpennasHauen ans mepepaOoTKu
ceIpoil HedTH, KoTOpas moOkiBaercst B Kazaxcrane. B 2016 r. mpou3BoauTeIb-
HOCTb TIO TiepepaboTke chIipoii He(TH Ha 3aBojie cocTtaBuia 4,76 muH 1. [ myOuna
nepepaboTku coctaBuia 65,2 %. Ot obmero odbema nepepabOTKH ChIPbS A0JIS
CBETJIBIX HeTenpoayKToB coctaBuia 45,5 %. BnepBeie B ucTopun 3aBoja 10
BBICOKOOKTAHOBBIX OCH3MHOB cocraBwia 93,8 %. B manHoe Bpems 3aBoj mpu-
CTYIIWJI K MOJEPHU3AIMN U PEKOHCTPYKIIMH CYIIECTBYIONIMX YCTAHOBOK C IIEJBIO
MOBBIILICHUS 00BbEMOB M Ka4eCTB MIPOM3BOAUMBIX HedTenpoaykTos. [locie BBona
B OKCIUTyaTalMi0 KOMIUIEKca TIyOokoi mepepabotku HedtH, npoxykuus AHII3
CTaHET JKOJOTMYECKH YUCTOH W OyJeT COOTBETCTBOBaTh Kiaccam EBpo-4 u
EBpo-5. BEIIycK BHICOKOOKTAHOBBIX OCH3MHOB OyneT yBeIHWUYCH emie B 2-3 pasa,
aBuaroruiuBa — B 8 pas [1, 2].

[Morpebnenre ocHOBHBIX BUAOB HedTenpoaykToB B Kazaxcrane 3a mociea-
HHUe 8 JIeT MOKa3bIBAeT ONpeAEICHHBIN AucOananc MexXIy CTPYKTYPOH MpOHU3BOA-
CTBa M copoca Ha HedTenpoaykTel. B mocnenHue roxel pacteT moTpedieHue
BBICOKOOKTaHOBOTO O¢H3mHa. Tak, B HacrosIiee BpeMs U3 3,5 MIIH. T €KETOHO
notpe0ssIeMoro B cTpaHe aBroOeH3nHa 69 % MpUXOIUTCS Ha BHICOKOOKTAHOBBIM.
ITpu 3Tom 32 % 1oTpeGHOCTH B BBICOKOOKTAHOBOM OCH3MHE MOKPHIBAETCS 3a CUET
nMmropta. Jledunur mnpons3BoACTBA BBICOKOOKTAHOBOTO OCH3MHA HapsAy C
MPEBHIIIAOIIUM BHYTpPEHHEE MMOTPEOICHNE MTPOU3BOJACTBOM JANU3EIBHOTO TOTUINBA
W Ma3yTa MOKa3bIBaeT, YTO B CETOAHALIHEM COCTOSIHMU HedrenepepabaTriBaromas
OTpacib CTPaHbl HE CIIOCOOHA YJIOBJIETBOPUTHh M3MEHUBILIHUICA CIpoc HA Hedre-
NpOIyKTHL. B cBsi3u ¢ pocToM motpebiieHust HeTEPOAYKTOB B MUPE H, KaK Clie/i-
CTBHE, YXYJIIEHUEM 3KOJIOIMYECKOW CHUTyallM B MOCJIETHHE TOABl NMPEANPUHH-
MAaroTCcsd Mephbl 10 CHWXECHUIO BPEAHOTO BO3ACHCTBHSA Ha OKPYXKAIOIIYIO CPELy.
Taxk, B 2000 r. EBpocoro3 yxecTouni TpeOOBaHUS K OCH3UHY U TH3EIIBHOMY TOTI-
JIMBY, CBSI3aHHBIE C Mporpammoi skosioruu aBrorpancrnopra EBPO-3. C 2005 r.
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BBe/IeHBl Ooiee kecTkue HopMmbl 1o mporpamme EBPO-4. Mupektusoit EC ¢
2009 r. BBenensl euie 6oiee xxectkue TpedoBanus EBPO-5. B atom mnane Kazax-
CTaH, KaK MMHUMYM, Ha AECATHJIIETHE OTCTAeT OT eBpoleiickux crpad. [loatomy
MIPABUTEIBCTBO MPEANPUHAMAET IIAark O Y>KECTOUYEHHIO KOJIOTHIECKHX TPeOo-
BaHUH K MPOU3BOJUMBIM aBTOMOOMJILHBIM TOIUIMBAM. DTO MO3BOJHUT 00ECIEYUTh
9KOJIOTHUYECKYIO0 OE€30IaCHOCTh CTPAaHbl U COOTBETCTBHUE OTEUECTBEHHON IPOIYK-
UM MEXIYHapOIHBIM CTaHAapTaM KauecTBa.

B wactHOCTH, BBOZAATCS CiEIyIOIIHME CPOKHM NPOU3BOJCTBA COOTBETCTBYIO-
LIMX 9KOJIOTHYECKHUM HOPMAaTHUBaM OCH3MHA U AW3EIBHOTO TOILUIMBA!

— skosormueckuit atarmt EBPO-2 ¢ 1 ssuBaps 2010 r.;

— skonormueckuit atat EBPO-3 ¢ 1 ssuBaps 2014 r.;

— skosoruueckuii atant EBPO-4 ¢ 1 suBaps 2016 1.

CrnenoBatensHO, Al oOecliedeHHs BBITYCKa MPOAYKLHMH 10 HOBBIM CTaH-
JapTaM aKTyalbHOM SBISETCS 3a/Jada CYIIECTBEHHOTO OOHOBIICHHS TEXHOJIO-
TMYECKHX YCTAaHOBOK Ha OTEUYECTBEHHBIX He(TenepepadaThIBaOIINX 3aBOJaX.

Cornacao Crparernn BxoxzaeHus Kazaxcrana B umcino 50-tm HamOomee
KOHKYPEHTOCIIOCOOHBIX TOCYAapCTB MHpPa, OJHWM W3 TPHOPUTETHHIX HaIpaB-
JICHUH SKOHOMHYECKOTO pa3BUTHS HAllleH CTpaHbl SBISETCS Pa3BUTHE HeQTe-
XUMHUYECKOT0 KOMILIEKca.

HemanoBakHass poib B peajM3allid TOCYJApCTBEHHOW IPOrpaMMbl
«30 xoprioparuBHBIX JuAepoB Kazaxcrana» orBoautcst AHII3, Ha 6a3e koToporo
pean3yIOTCsl MPOEKTHI MO CTPOUTENIBCTBY KOMILIEKCA MO MPOU3BOJACTBY apo-
MaTHYeCKHUX YTIeBOAOPOOB ¢ BhimyckoM 133 000 T B rox 6erszona u 496 000 T B
T'OJ] TTApaKCUIIONa M CTPOUTENIHCTBO KOMILIEKCA IO TITy0OKO# mepepadoTke HedTH.

B mnan mepomnpustuit AO HK «KasMymnaiil'a3» no peanusanuu CrpaTeruu
WnpnycrpuanpHO-MHHOBAIIMOHHOTO pa3BuTHs PecnyOmmku Kazaxcranm wa 2003-
2015 rogxsr BroyeHa pexoHcTpykuus AHII3 co cTpouTensCTBOM KOMILIEKCOB
MPOM3BOJICTBA aPOMATUYECKUX YTIIEBOJOPOJIOB M KOMILIEKca TIIyOOKOH mepe-
pabotku HedtH, KoTOpas BbimonHeHa B 2018 r. B cocraB komruiekca, kak
0a30BbIl Iponiecc TIyOOKOH MepepaboTKH He(TH, BOILIA YCTaHOBKA KaTaJlUTH-
YecKOro KpeKuHra octarkoB B kurmsimeM cioe RFCC, meneBbIM HazHaYeHHEM
KOTOPOTO SIBJISIETCS MOJIyYCHHE KOMIIOHEHTOB BBICOKOOKTAHOBOTO O€H3MHA (BBI-
xon — 50-65%, oxTaHoBoe umcio 92), MU3EIHHOTO TOILIMBA, YTIIEBOIOPOIHBIX
ra3os.

Karanutnyeckuil KpeKUHT SIBJIIETCS OCHOBHBIM IIPOILIECCOM, HAIpPaBICHHBIM
Ha yriyOnenue nepepabotku HedTH. LleneBbiM Ha3HaUEHHEM MpoLecca SIBISEeTCs
MTOJTy4YeHHEe BBICOKOKAYECTBEHHOTO KOMITOHEHTa aBTOMOOMIIBHOTO OeH3MHa C
OKTaHOBBIM 4uciioM 85-93 (UM).

[Tpu xaTanUTHYECKOM KpeKHHTe 00pa3yeTcs 3HaunTeIbHOE KOIMYECTBO Tasa,
00raToro NpomnaH-NpoNWICHOBOH U OyTaH-OyTHICHOBOH (hpakuusMH. Y CTAHOBKH
KaTaJUTHYECKOTO KPEKHWHTa SBJSIFOTCS TaK)Ke MOCTABIIUKOM CBHIPBS IS XHMH-
YECKOW MPOMBIILICHHOCTH: W3 Ta30MJied KPEKUHIa MOIYy4aloT CaK€BOE ChIPhE U
Ha(TaIMH, TSOHKETBIH ra30MIb MOXKET CIYXHTh ChIPhEM JIS1 IPOU3BOJCTBA BBICO-
KOKa4eCTBEHHOTO «UTOJIFYaTOTr0» KOKCa.
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Paznuyaror KataauTHYeCKUIl KPEKHHT C ABMXKYIIUMCS CIIOEM IIApPUKOBOTO
KaTauu3aTopa M KaTaJUTUYeCKUH KPEKUHI C KHUILIIUM CJIOeM MHKpochepu-
YecKoro karanuszaropa. B crpykrtype OensuHoBoro ¢onma HII3, umerommx B
cBoeM cocraBe ycraHOoBKYy FCC (Fluid Catalytic Cracking — xaTamuTu4eckuit
KPEKHUHT TUIA «(IFOUI» C MCEBIOOKIKEHHBIM CJI0€M MUKPOC(HEPHUECKOTO LIE0-
JUTCOJEPIKAIIEro KaTajau3aTropa), 3HAYUTEIbHYI0 pOJIb 3aHUMaeT O€H3MH
KaTaJUTHYECKOTo KpeKuHTa. Ero moms MoxeT BapsupoBaThes oT MeHee 25 % 1o
6osiee ueM 70 %. Yame Bcero moisi OEH3MHA KaTAIMTHYECKOTO KPEKHHI'a COCTAB-
nser 35-40 % GenzunoBoro ¢ouna HII3.

Hns ycnosuii Ateipayckoro HII3, ¢ yuerom Benyielcs peKOHCTPYKLHH,
Obu1a pa3paboTaHa MOTOYHAS cxeMa IepepaboTKH HeTH ¢ BKIIOUECHHEM Ipoliec-
COB YriyOJIeHHOH nepepaOdoTKH OCTAaTOUHBIX (PPAKUMK U MPEJIoKeHa yCTaHOBKA
KaTAINTHYECKOTO KPEKHHIa JUIsl TPOW3BOJCTBA BBICOKOOKTAHOBOTO OEH3MHA,
JIU3EIbHOTO TOIUIMBA W IEHHBIX CXKIKEHHBIX Ta30B, SBIIOMIMXCS CHIPhEM IS
He(PTEXMMUYECKUX MPOHU3BOACTB. B KadecTBe CHIPhSl KATAINTHYECKOTO KPEKWHTa
MPEMIOKEHO UCIIOJb30BATh BAKYYMHBIN ra30iib, KOTOPBIA B JTAHHOE BPEMs HE
TIOABEpTaeTcss TepepadoTKe, a TakXKe Ma3yT W THIPOOUMINCHHBIN TSKEITBIHA
ra3oiib KokcoBaHUS [3].

[MaBnogapckuit HII3 (ITHX3) BBemen B skcruryatanmio B 1978 1. 3aBojg
nepepadaTeiBaeT CMECh 3alaJHOCHOMPCKOM CHIpOH He(TH, MOCTyMaIomylo IO
HedTenpoBogy Omck — IlaBnonap. OcHOBHOE TEXHOJIOTHYECKOE 00OPYIOBaHHE
HII3 coctouT M3 ABYX KOMIUIEKCOB, BKIIIOYAIOUIMX CJICAYIOLUINE YCTaHOBKHU:
atMocepHasi peKTH(UKALH, KaTAIUTHYECKHH PU(OPMHUHT, YCTaHOBKAa THAPO-
OYHMCTKU Ta30iisl, Ta30(pakUUOHHUPYIOIas YCTaHOBKA, yCTAaHOBKAa BaKyyMHOMH
MIEPETOHKH, YCTAaHOBKA TMAPOOYHMCTKH BaKyyMHOIO Ta3oilfis, yCTaHOBKA KaTalH-
THYECKOr0 KPEKUHIa U ra3odpakimoHupyromias ycraHoBka. B centsope 2008 r.
Ha 3aBOJIE BBE/EHA B JKCIUIyaTaI[MI0 YCTAaHOBKAa MPOM3BOJICTBA BOAOPOAA, KOTO-
pasi O3BOJISIET YCTPAHUThH NEQHIUT BOJOPOJOCOJESPKALICTO Taza JJisl THApOTe-
HU3AIMOHHBIX IIPOLECCOB U, COOTBETCTBEHHO, 3HAUUTEIBHO YIydlllaTh Kade-
CTBEHHBIC XapaKTepucTuku rotoBoit mpomaykiuu [1]. [IHX3 obmagaer mamboee
BHYIINTENbHBIMA MOIIHOCTSIMA BTOPHYHBIX TIPOIIECCOB HedTenepepaboTKu
cpemu 3 HII3 Kazaxcrana, BKITtOYas yCTaHOBKH TTyOOKOH mepepadoTku (KOKCO-
BaHUs W KaTaJIUTHYECKOro KpeKuHra). B omimume oT 3aBoma B AThIpay, MasyT
3l1eCh HE SBJSIETCS OCHOBHBIM BHIOM nponykuuu: 30 % oOmiero odbema BhIITyC-
kaemoil nmpoaykuuu [THX3 mpuxonuTcs Ha 700 TU3€IbHOIO TOIUIMBA U 25 % —
Ha jonto OemsuHa. B 2016 r. 3aBoj mepepabotan 4,59 MiH. T ChIpOd HE(TH.
I'my6una mepepabotku coctaBuna 74,3 %. [loisi BBICOKOOKTaHOBBIX OEH3MHOB
coctraBmia 84,4 %, 1. e. 1034 tric. T. [Ipoaykmus [THX3 mocraBnsercs, TIaBHBIM
00pa3oM, Ha HYXIbl CEIBCKOTO XO3SIMCTBA M TOPHOJOOBIBAIONICH MPOMBIIIIICH-
HOCTH CEeBEpa CTpaHbl, a Takxke B cronuiy Kazaxcrana [2].

Kak usBectHo, [laBnomapckuii HepTEXUMUUYECKHN 3aBOJ OPHEHTHPOBaH Ha
nepepaboTKy poccuiickoii HedTu. B HacTosiee BpeMsi NOCTHTHYTBHI JOTOBO-
peHHocTH 1o noctaBkaM HedTu u3 P na [THX3 g0 1 suBaps 2014 r. Cnenyer
OTMETHUTB, YTO U1 Poccuu B L1e1oM HEBBITOAHO nocTaBiATs HedhTh Ha ITHX3, Tak
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KaK JaHHBIE IMOCTABKU OCYHIECTBIISIOTCS OecronuiiHHO U OropkeT PO npu sToM
TepsieT exeroano ocoxnee 2 mupa. nomr. CIHIA. KazaxcraH ke, HanpoOTHB, 3aUHTE-
pecoBaH B pa3BUTHM B3aUMOOTHOLIEHHH ¢ Poccuell, mOCKOIBKY, MMIIOPTHPYS
ceipbe n3 PD, «BBICBOOOXKAaEMYI0» HE(Th pecryOirKa OTIPaBIsIeT Ha SKCIIOPT.
[Ipu stom Oromxer m Hammonansubiii gona PK exeromno momywaer oxojio
1,5 mapa. nomn. CILITA.

[TosTOMY HE00X0IUMO MO0 BEICTpauBaTh 0OJiee JOITOCPOUHBIE OTHOIICHHUS
¢ Poccuiickoii depepaumeil M KOMIECHCHPOBATH HMIIOPT POCCHHCKOW He(TH
rmocraBkamu Takoro xe oobema u3 PK B P® no tpybonpoBoay Ateipay — Cama-
pa, 1100 pemaTh BONpOC MO MEepeopUeHTAH POU3BOJACTBEHHOTO Mpolecca Ha
[MHX3 ©a mnepepaboTKy Ka3axCTaHCKOW HedTH, 4TO TpeOyeT NpUBJICYCHHUS
JOTIOTHUTEIIBHBIX HHBECTHUITHH [4].

Iemvkentckuit HIT3 (ITKOIT) BBenen B skcmuryatamnuio B 1985 r. Ilepepa-
OarpiBaemast HepTh — cMech Heptn ¢ Kymiomsckoro mectopoxaenus (80 %) u
poccuiickass HedTh 3ananHocuOUpckux MecropoxneHui (20 %). B wHacrosmee
BpeMs TEXHOJOIMYECKHE BO3MOXKHOCTH IO3BOJISIIOT NPOU3BOIUTH CHKMKCHHBIC
YTJIEBOAOPOIHBIE Ta3bl, aBTOMOOMIIbHBIE OCH3MHBI, TU3CJIbHBIC TOIUIMBA, aBHa-
LIMOHHBIN KEpOCHH, BaKyyMHBIH ra3oitsib u Ma3yt [1]. 3aBoa sABIsAETCS HE OYEHBb
BBICOKOTEXHOJMOTHYHbIM Kak [IHX3, B OocHOBHOM mpeqHasHaueH sl THAPO-
ounctku. B 2016 1. Ha 3aBoze ObL10 niepepaboTano 4,5 MiH. T cbipoit HedTH. [lpu
sToM 27 % B 001IeM o0beMe MPOJAYKIUH COCTABIISIIO AM3EIbHOE TOILIMBO, a HA
JIOJII0 Ma3yTa U OeH3MHA MPUXOAWIOCH mpuMepHo o 22 %. ['myOuna nepepa-
6otku TIKOII cormacuo ¢ 3aBoackum ganHbiM B 2015 1. coctaBmia 74,98 %.
[emvkentckuit HII3 o6ciry:kuBacT B OCHOBHOM OJWH W3 KPYIHEHIINX MeTario-
JIFICOB CTpaHBI — AJIMATHI U 10)KHBIE perrnonsl Kasaxcrana [2].

B Hacrosimee BpeMsi akTHBHO IpopabaThIBaeTCs BOIPOC O CTPOUTEIHCTBE
yerBeproro HII3, mockonbky TpeGoBaHus 10 00beMy MEpepadOTKH BO3PACTAIOT.
[Ipu 3TOM yunThIBaeTcs, 4ro nepepadorka Hedtu B Kazaxcrane Ha CerogHsIIHUN
JeHb OPMEHTHPOBAaHA B OCHOBHOM Ha TOIUIMBHOE HAIPABICHUE HCIIOJIb30BAHMUS
CBIpbA. JIMIIb TONOBMHA TOCTYNAIOWIEH B epepaboTKy HETU HCIIONB3YETCs 10
CBOEMY MpSIMOMY Ha3HAYEHMIO, OCTalbHasg € YacThb CHKUIAETCAd B KauecTBE
KOTEJIbHOTO TOoIMBa. [ pa3BUTHS HEQTEXMMHUYECKOTO KOMIUIEKCA NMPHHATA
nporpamMma MoaepHuzanun HII3 u HapamBaHus HEPTEXUMUIECKOTO TPOU3BO-
ctBa. Co3aHue COBpEeMEHHONW HE()TEXUMHUYECKOW MPOMBIIUICHHOCTH IMO3BOJIUT
Kazaxcrany mosydaTh HE TOJBKO 3HAYMTEIBHYIO NMPHOBLIb, HO M JIMKBHIUPYET
MHOT'OJIETHHE OTXOIbl IIPOM3BOJCTBA, MUHUMHU3UPYET IIOTEPU CHIPbsl, BPEIHBIE
BBIOPOCHI M, TEM CaMbIM, YIYYIIUT 3KOJOTHYECKYI0 OOCTaHOBKY B cTpaHe. [Ipo-
Jaka TPOAYKINH HEe(PTEXMMHHM BMECTO JKCIOpPTa YTIEBOJOPOIOB OOECIEUHT
[OJIyYCHUE 3HAYUTENBHON H00aBICHHOW CTOMMOCTH, a TaKXe JOIOJIHUTEIbHBIX
JOXO0ZOB OOJpKETa, 3aHSATOCTb HACEJCHUS, CTPOMTENHCTBO OOBEKTOB HH(pa-
CTPYKTYPBI, AMBEPCU(UKALINIO IPOMBIIIICHHOW 0a3bl U CHIXKEHHE 00BEMOB ra3a,
CKUTaeMOro B (pakemax.

CyMMapHBIi BBIXOJ MPOIYKITUH TPH TITyOOKOH mepepaboTkn HedTH U Traza
MOJKET OBITh B HECKOJIBKO Pa3 BBIIIE, HYEM peaIn3allis HEOUHIIEHHOTO MPOIYKTa.
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[Ipu 3TOM paccmaTpuBaeTcs yBeIHueHHNE TITyOHHBI TIepepabOTKH ChIPhS HE MyTeM
COOpYKEHHSI HOBBIX KPYIHBIX NPEINpPUSATHHA, a 3a cueT (OpMHPOBaHHs ceTeH
KJIACTEPOB MAJIBIX M CPENHUX MPENNPUSITHH BOKPYT yXe NeHCTBYIOHIMX. DTO
MPUIACT UMITYJIbC PA3BUTHIO CONPSKEHHBIX OTpAcIel 3KOHOMHKH, MPEXKE BCETO
MaITHHOCTPOCHUIO W METauI000pabdoTKe, CTPOHMHIYCTPHUH, CEPBUCHBIM YCIy-
ram [1].

Kak m3BectHo, PecnyOnuka Kazaxcran Gorata mpupoIHBIMH pecypcamu, B
TOM 4HcJie HE(PTHIO, yIIIEBOLOPOJHBIMY ra3aMH U YIJIEM. 3a TO/ibl HE3aBUCUMOI'0
pasButus KazaxcTan BOIIeN B YHCIO BEIyIIUX IPOU3BOIUTENEH M IKCIIOPTEPOB
He(TH B MHpe, 001a1ast KpymHeHmrMy 3anacamu B Kacnuiickom pernose.

[epsorit IIpesuaent Pecny6omuku Kazaxcran, Jlugep Hammm H. A. Hazap-
O0aes B llocmanmm napony Kazaxcrama B 2017 1. «Tperhs MopepHHU3aAIMsS
Kazaxcrana: rio0anbHasi KOHKYpEHTOCIIOCOOHOCTEY) OTMETHJI, YTO He(Tera3oBbIi
KOMIUJIEKC UTPaeT BAXKHEHILIYIO POJb B pa3BUTUM cTpaHbl. OH o0ecrieunBaeT mo-
pianka 99 % mnocrymienuit B Hanmonanbublii ¢onpg, ceeimme 70 % skcnopta
cTpasbl U popmupyeT okoio yerBepTr BBIL. D10 moka3siBaeT Ha HEOOXOAUMOCTh
JanpHennero pa3BuTusi HedrerazoBoil orpaciuu. Co CTOPOHBI YYEHBIX U aHAJIH-
THUKOB MHTEpEC K Ka3aXCTaHCKOW HedTernepepadoTKe ToJl 3a TOAO0M HEMPEPHIBHO
pacrer.

I'eorpadus pacmpocTpaHeHHus MECTOPOXKACHUN HedTH U ra3a B Kazaxcrane
nocratoyHa oOmmpHa. OAHAKO TOAABIAIONIAS YacTh BBISIBICHHBIX PECYPCOB,
n3BiedeHrne Kotopeix B 2005-2015 rr. cBsI3pIBaeTCS ¢ TPAHCTIOPTHPOBKOH IO HO-
BbIM HE()TEIIPOBOJHBIM CUCTEMaM Ha MUPOBBIC PHIHKH, PACIIOJIOKEHA B 3analHOM
Kazaxcrane B MaTepukoBOi U 1mesnb(OBOI 30HaX. 34€Ch AUCIOUUPYIOTCS TaKKe
MIPaKTUYECKU Bce KpynHehmmue HedTenoObIBalomfe NPEeANpUATHs, NPOLyKIHs
KOTOPBIX B 3HAUUTENIEHOW MEpe OPUEHTHPOBAHA Ha SKCIIOPT.

Jlrobast He(Th, KaK M3BECTHO, SIBISIETCS KOMIUIEKCHBIM BHIOM CBHIpBS, U3
KOTOPOTO MOKET OBITh MOJIydeHa IIUpOKas ramMmma HedTenpoaykToB. B 3aBucu-
MOCTH OT TOTO, Ha KAKOM 3aBOJIC OCYIICCTBIISICTCS €€ NepepadboTKa, B TEXHOJIOTH-
YecKoll cxeme BBIITyCKa MPOAYKIWU TpeodiiafaeT TOIUTMBHOE, MAacCIsIHOE WIIN
cMellaHHoe HampasieHue. [Ipu 5ToM nepepaboTka He(TH B peabHBIX YCIOBHAX
MIPOM3BOANTCA HE 110 MPUHIIAITY W3BIIEYEHHUS U3 TpoIlecca «pa3BeaKa — J00bva —
TPaHCIIOPTHUPOBKAa — TEepepadOTKa» MaKCUMAaJIbHOW HapOIHOXO3SICTBEHHOM
ITOJIB3BI, @ C TIO3UITNH 3arpy3KH CBOOOIHBIX MOIIHOCTEH HAa TOM WIJIM MHOM 3aBOJIE
CTpaHsl [5].

Ilytn peanmzanmu Ka3zaxCTaHCKHX HeTeld B HAcTOsIIee BPEMsI HACTOJIBKO
pa3Ho000pa3Hbl, YTO BOIPOCHI MX KOMIUIEKCHON IepepabOTKH He pelaroTcs B
JOJDKHOM CTETEeHH B MPAKTHUKE PalOTHI TEX MPOU3BOJCTB, IA€ 3TH HE(TH SBIS-
I0TCS MCXOJHBIM CBIpbEM Ul MOJIy4YeHHs KOHE4YHOM mpoaykuuu. IIpomcxoaut
3TO MO TOM MPUYMHE, YTO MOIIHOCTH M COCTaB TEXHOJIOTMYECKON YaCTH COOTBET-
ctByromux HII3 He opueHTHpOBaHBI Ha HM3BIEYEHHE BCEH TraMMBbl MPOIYKIIHH,
COZEpIKaILICHUCS B ChIPhHE.

PeasibHy10 KayecTBEHHYIO OLIEHKY Ka)KZOTO THIAa HE()TH MOXKHO HaTh, 3Has
ee (paKIHOHHBIA COCTaB, CBUACTEIHCTBYIOMNI O TOTEHIIMAIHFHOM COAEPKaHUU
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TeX WIM WHBIX BUAOB HepTenpoaykToB. brnaronapst takoi mHbopMaLnu, MOSBIS-
€TCsl BO3MOXKHOCTD OCYIIECTBIISITH IKOHOMHUECKYIO OLICHKY «LEHHOCTU» He(PTH B
3aBUCHUMOCTH OT TOTO, KAaKOH BBIXOJ MNPOAYKLUUH OyzeT obOecreuuBaThCcsl Ha
KaXIOM KOHKpeTHOM mpeanpuatuu. CoctaB (Qpakunii B HEPTAX Bcex paidlOHOB
HedTenobbrun PecnyOnuku KazaxcTan mo3BoiisieT rOBOPUTH O IMMPOKHUX MOTEH-
LOUAJbHBIX BO3MOMKHOCTSIX JUIS IIOJMYYEHHS pPa3sHOOOpPAa3HOIO acCOPTUMEHTA
TOPI0YECMAa309YHbIX MAaTEpPHalioB, HMCXOJHOTO CBIPbS M HEe()TEXMMHYECKOMH,
MUKPOOHOIOTHYECKOH, XUMHUYECKOH M JPYTHX OTpaciieil MpOMBIIUIEHHOCTH. B
3aBUCHUMOCTH OT TOTO, MO KaKOW cXeMe OCYLIECTBIsIEeTCS MepepaboTka Kazax-
CTAaHCKUX He(]Tel, BapbUPYETCS aCCOPTHMEHT KOHECYHOW W TIPOMEKYTOUHOM
poaykuuu [6].

Heo0Oxoammo ipy 3TOM y4ecTh, 4TO B MPOIIECCE MePEPadOTKH IO TOTUTMBHOM
CXeMe IMOJy4daeTcsi OCTaTOK — MasyT, peaju3yeMblid IO II€HE, MPEBBIIIA0NIEH
ueny | T HedTH, U coctapmsromuii npuMepHo 40-50 % OT BOBJIEUEHHOTO B IEpe-
paboTKy chbIpbs. Mcnonp30BaHHe Ma3yTa B JIECTPYKTUBHBIX IIpolieccax Hapsimy ¢
JOTIOJHUTENIFHBIM KOJIMYECTBOM TOIUIMBA II03BOJISIET W3BJIEKATh PSAJ LIEHHBIX
BUOB NPOXYKIIMH, OCOOCHHO IIMPOKYIO MAacisHYIO ()pakLHIo, 4TO B emie 00b-
1Iel CTENEeHN yBENNYMBAET CTOMMOCTHYIO OLEHKY MCXOJHOTO CBIPbA [7].

Crien¢rka yrieBomopoHoro ceipbsi Kazaxcrana, 6oiblias 4acTh KOTOPOTO
MpeCTaBiIeHa BHICOKOBS3KUMH M BBICOKONAPAQHUHUCTHIMH HE(TIMH C TIOBBI-
HICHHBIM COJIEpP’)KaHHEM CEpbl, B YaCTHOCTH MEpPKAIlTAHOBOW, JAUKTYeT HEoOXo-
JUMOCTh TIOCTOSHHO MCCJIEIOBaTh COCTAaB M CBOMCTBA ATOTO IIEHHOTO ITOJIE3HOTO
nckormaemoro. Peosnormdeckne W (QU3NKO-XMMHYECKHE CBOMCTBAa HedTH oOrmpe-
JENIIOT CIIOCOOBI €€ TepeKadyKd W TPAHCIOPTUPOBKH, a B NaJbHEWUIEM U Ba-
pHaHTHI ee TepepadoTku [8, 9].

Ha Ttepputopun Kazaxcrana pacriojioXXeHO HECKOJIBKO He(TerazoHOCHBIX
0acceiHOB ¢ JOKa3aHHBIMH MECTOPOXKICHUSIMH YIJIEBOAOPOIOB, CPEAN KOTOPHIX
Betensiercs [Ipukacimiickuii (CeBepo-Kacmmiicknii) OacceifH, Kak Mo KOJIHYecT-
BY pa3BEJaHHBIX 3alacoB, TaK M IMOTEHLUHUAIbHBIX pecypcoB. JlOKa3aHHBIE U
BEpOSITHBIE 3amackl HEYTH U ra3a B 3TOM OacceiiHe coctaBisiioT 79 % ot oluiero
o0beMa 3amacoB cTpaHbl. Jpyrue GacceiiHbI ¢ AOKa3aHHBIMH 3alacamMH YIJIeBO-
JOPOJIOB:

— Manrbimuiakcko-LentpanbHokacnuiickuii (MaHTBIIITaKCKH Oaccelin);

— Cesepo-Ycroptekuii (Y cTiopTcko-by3ammackuii U1 ApanbCkuii Oacceii-
HEI);

— Topraiickuit (Bxmouas FOxxuo-Topratickuit u CeBepo-Toprafickmii Oac-
CEHBI);

— ly-Capsicyckui;

— 3alicaHcKkast BIIaJHHA;

— CeBepo-KaBkasckas miatdopma;

— Boura-Ypanbckuii 0acceitd (1oro-BOCTOYHAsI OKpanuHa).

C magana 60-x TogoB XX-T0 BeKa IMOMCKOBO-Pa3BeIOYHBIE PAOOTHI CMECTH-
JUCh B BOCTOYHYIO YacTh IIpukacmnmiickoro 6acceiiHa, rae ObI0 OTKPBITO KPyII-
Hoe KeHkuskckoe MecTopokaeHue, a B KoHLEe 70-X ToloB 3a HENPOJOIKH-
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TENBbHBIN MEePHOJ BPEMEHH OBUIO OTKPBITO HECKOJIBKO KPYMHBIX M YHUKAIBHBIX
MECTOpOKACHUI He)TH M Ta30KOHJeHcaTa, B ToM umcie JKanaxon (1978r.,
0,9 mpa. Gappeneit umn 120 min 1), Kapauaraunak (1,1 Tpam. m° rasa u 3,9 mupa.
Oappeneit wim 520 muH. T xunkux ¢pakmuit) u Tearus (7,8 mupa. Oappeneit umu
1 mupa. 1) — B 1979 r. Ilocieqaue B2 MECTOPOXKICHHSI OTHOCSATCS K KPYITHEH-
LINM B MHUDE.

B nepuoz ¢ 2000 o 2003 r. OBUIO OTKPBITO TSITh MECTOPOKIACHHUMN, BKITFOYAs
ruranTckoe Mectopoknenne Kamaran (11 mupa. Gappeneit wim 1,5 mupa. 1), a
taxoke FOro-3amanueiii Kanraran, Akrotel u Kaiipan (Ilpukactiuiickuit 6acceiin)
u Kanamkac-mope (Ha menbge CeBepo-Y cTIOPTCKOro 0accelina).

Kamraran cran mepBeIM MecTOpoXxaeHHeM Ha menbde Kacmmiickoro mops,
OoTKpBITHIM B Kazaxcrane. Bce mpeapinymiie OTKpBITHS OBUIH CAETaHBI B MpU-
OpEXHBIX BOJIaX Ha HEOONBIINX ITyOHHAX.

Masnreimniakcko-LenTpanpHOKacuiickuii  0acceiiH sBISETCS BTOPBIM 110
3HAYEHHUIO B CTpaHe He(TErasoHOCHBIM 0acceHOM, Ha TEPPUTOPHH KOTOPOTO
cocpenoTodeHo 10 % moka3zaHHBIX M BEPOSTHBIX 3alacoB yTieBojoponoB B Ka-
3axcraHe. bacceliH mpencTaBieH ABYMS OCHOBHBIMH MECTOPOKACHUSAMH HeTH
Ha cy1e, OTKpHITEIX B 1960-1961 rr. — V3ens (3,7 mupa. 6appeneit mmu 490 MiH. T)
u XKerwi6aii (952 muH. Gapp. wiam 127 muH. T). Ha ux gomo npuxomurcs 70 %
pa3BeaHHBIX 3a1acoB HE(TH B OacceiiHe.

Bcero B ka3zaxcranckoi yactu OacceifHa oTKpeiTo 60 MecTopoxaeHuid. Ux
HavyaJbHBIE W3BJIEKa€Mble JOKa3aHHbIE M BEPOATHBIC 3amachl OICHWBAIOTCA B
5,5 mupa. Gappereit (730 MITH. T) KHIKHX YIIEBOAOPOOB i 950 Mupa. M’ rasa.

B 2016 r. Kazaxcran 3aanMan 17-e MecTo B MUpe cpeid HeTe100bIBAOIINX
CTpaH Mupa ¢ 00beMOM J00bYM 78 MITH. T HE(TH M Ta30BOr0 KOHJEHCATa, YTO
cocrasisier 2 % muposoit HedTenoobun. CornacHo nanubeiM BP, Kazaxcran Ha-
xoauTcs Ha 12-oM MecTe B Mupe 1o 3anacam Hedtu, obnanas 30 mipa. Oappeneit
(4 mnpa. T) Hed T wu 1,8 % ot o0mwx 3amacoB HEPTH B MUPE.

B cooTBeTcTBHM € IaHHBIMH, OMYOJIMKOBaHHBIMU [ OCyIapCcTBEHHON KOMHUC-
cHell 1o 3amacaM TOJIe3HBIX MckonaeMblx PecryOnuku KazaxcraH, o coCcTOSHHIO
Ha | saBaps 2016 r. TOoCyIapCTBEHHBIN OajaHC 3amacoB JKUIKOTO YTIIEBOIOPO/I-
HOTO CBIpBs omeHuBaics B 5,18 mipa. 1. U3 mnx 4,82 mupn T — ceipas HedTb,
ocrajgbHoe — 360 MIJIH. T — ra30KOHJCHCAT. 3amachl HETH U Ta30KOHICHCATA
cocpenoTodeHsl Ha 313 MecTOpOXAeHUAX, BKItOYas 252 MeCTOpOXIeHHUS HeTH
1 61 MecTopoKIeHIE Ta30KOHICHCATA.

Kax ynommuHanocw Bhllle, B CTpaHe JeHCTBYIOT Tpu KpymHbeix HII3, mo-
CTpOEHHBIX elie Bo BpeMeHa CoBeTckoro Coro3a, yCOBEpIIEHCTBOBAHUE U MOJIED-
HHU3aMA KOTOPBIX IOCe OOpEeTeHHs HE3aBUCHMMOCTH OCYLIECTBIUIACh JIMIIL B
OueHb OrpaHuueHHOM Macintade. Kpome toro, cymectByer 32 HeOobIUX Hed-
TernepepabaThIBAOIIMX 3aBOJa, KOTOpbiIMH B 2016 Tr. mepepaboTaHO OKOJIO
1,5 miH. T chipbsi. OOBEM TPOU3BOACTBA ATHX 3aBOJIOB cocTaBisieT okoio 10 % ot
obbeMa TepepaboTKu HETH B CTPaHE, a KAYeCTBO MPOU3BOIUMON MMH TIPOAYK-
I HE OTBeuYaeT TPeOOBaHMAM JHSA, MO3TOMY HMX BKJIAJ B YJIOBIETBOPEHHE
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MOTPeOHOCTH CTpPaHbl B HE(PTENPOAYKTaX HE3HAUHUTENICH W HE YAOBICTBOPSET
CIIPOC Ha BHYTPEHHEM DPBIHKE.

B 2016 r. ko3¢ dunuenT UCnoab30BaHMs MTPOU3BOJCTBEHHBIX MOIHOCTEH
3THX 3aBoJI0B cocTaBmiI 81 %. Xots Ha [IHX3 cMOHTHpOBaHBI YCTAHOBKH KOKCO-
BaHUs M KaTaJUTH4ecKoro kpekuHra, a Ha AHII3 mmeercs ycraHOBKa KOKCO-
BaHUs MaJoi MouIHOCTH, HedrenepepaboTka Kazaxcrana B 1ieioM He OTIMYAETCS
HaJIMYMEeM CJIOKHBIX TEXHOJOTHMYECKMX TIPOIECCOB W 00JagaeT JOBOJIBHO
CKPOMHOH CIIOCOOHOCTBIO 00ecreunBaTh TIy0OKyI0 NepepaboTKy HEQTH, BBUAY
Yero B HACTOALIEEe BpeMs NMPUHAT MJIaH MojaepHHU3anuu Bcex Tpex HII3 ¢ nensro
TTOBBIIIICHNA TITyOHUHBI TIepepaboTKu HeTH.

Bee tpu HII3 mmeroT psa oTiauuuil ¢ TOYKM 3PEHUS OCHOBHBIX XapakTe-
PHUCTHK M CTPYKTYpPBI IPOU3BOJICTBA.

B rtabauue npexacraBiieH acCOPTHMEHT U 00bEM OCHOBHBIX He(TEIPOIyK-
TOB, BBITyCKaeMbIX 3aBoamu 3a 2015-2016 rr.

HpOI/ISBO}lCTBO OCHOBHBIX He(bTerO[[yKTOB, TBIC. T

Bun AHIT3 TTKOIT ITHX3

HedTenponyKTa 2016 2015 2016 2015 2016 2015
bensun 582 605 1032 988 1224 1249
Jlu3enbHOE TOIIMBO 1216 1207 1203 1192 1524 1457
ABuakepocuH 94 21 289 254 72 11
Masyt 1442 1650 904 889 560 822
Jpyrue npoayKTsl 1426 1044 1073 939 1209 788
Bcero 4760 4525 4501 4263 4589 4327

W3 Tabnuipsl BUAHO, 9YTO 00bEM MPOU3BOANMBIX OCH3MHOB HE YJIOBIETBOPSI-
€T CIIPOC Ha BHYTPEHHEM PBIHKE. A TaKke MpU pacyere TiIyOHnHa nepepaboTKu Ha
BCEX 3aBOJIaX MOIy4aeTcs HU3KOW M HE COOTBETCTBYET 3aBOJCKUM JAHHBIM.

W3 tounsr Hegtr B PK B cpegnem mponssoaures Bcero okoino 20 % OeHsnHa
U okosio 32 % IU3eNbHOTO TOIUIMBA M aBUakepocuHa. Takum 00pa3oM, BBIXO[
MOTOpHBIX TOIUIMB IO BceM 3aBojaM Kasaxcrana (B cpemHeM 1o Hedremepe-
pabatsiBaromeit orpacnu Kazaxcrana) coctaBiser okoio 52 %. 37ech BBIMYCK
AHAJIOTHYHBIX HE(QTENPOAYKTOB MaJbIMH TNPEANPUATHSIMUA HE YYUTHIBACTCH,
MOCKOJIBKY Ha 3THX NPEANPHATHSIX BTOPUUHBIE MPOLECCH OTCYTCTBYIOT, M BBIXOJ
TOIUIMBHBIX (ppakiuii OyAeT elie HIKe.

ITo uroram 2016 . Ha Tpex HII3 nepepaborano 13,9 MiH T cbipoii HePTH U B
uenoM o KazaxcraHy, ¢ y4eToM BKJIaa MaJIBIX MPENNpHATHH, OKojo 15,4 MIH T.
IIpu 3TOM KadecTBO OCH3MHOB MOJy4aeTCsl HU3KUM. Takum 0o0pa3om, B LEJIOM
He(remepepabaThIBatoOmas OTPAcib OTCTAET OT TpeOOBaHWUN BPEMEHH Kak IIO
riyOuHe nepepaboTKH, TaK U 10 Ka4eCTBY BBIITYCKAeMOUN MPOAYKIIHH.

JocTaToyHO OOBEKTUBHBIC PE3YJIbTaThl MOXHO MOJYYHUThb, MCHOIB3YS IS
OIICHKH 3aI1acoB BEJIMYMHY MPOMBIIIICHHON [IEHHOCTH HE(TH, IPEICTABISIONIYIO
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co00lf CyMMapHYI0 CTOMMOCTHh TNPOAYKTOB TepepaboTku 1 T ceipoit HedhTH B
CPEHUX MHUPOBBIX IEHAX, WCYMUCICHHBIX 3a JOCTATOYHO IPEICTABUTEIHLHBIN
MPOMEKYTOK BpeMmeHu. llociienHee ycioBHe O3HAYaeT, YTO CPEAHSAS BEIWYHMHA
MHUPOBOH IIEHBI BBIBEJEHA 32 TaKOH BPEMEHHOW IEpHOA, Ha OTPE3KE KOTOPOIro
MMeNTd MECTO MaKCHMaJbHbIe U MUHHUMAIIbHBIE €€ 3Ha4YeHUs. BennmunHa mokasa-
TeJNsl MPOMBINUICHHOW IIGHHOCTH HE(TH B 3HAYMUTEIHFHOH CTENEHW 3aBUCHT OT
psina GaxkTopoB, TIABHBIMU M3 KOTOPBIX SBISIFOTCS: NPUPOIHBIC, (HU3UKO-XUMHU-
YecKHe CBOWCTBA CHIPBS, BHIOpAHHBIE HANpaBICHUS MepepaboTKH, ee TIyOuHa.
KavecTBennble paznuuusi HeTel, OKa3plBas pellarolee BIUSHAE HA YKOHOMH-
YecKHe MOKa3aTeN U TEXHOJIOTHIO MepepadOTKH, CYIIECTBEHHO OrPaHUYHMBAIOT
CIIEKTp ITOJy4aeMBbIX IPOAYKTOB.

KauecTBo HedTeil ompenensercs, Mpexae BCEro, MOTEHIHUAIBHBIM COIEp-
KaHWEM B HHUX CBETJIBIX HEPTEMPOAYKTOB. JTO CBA3AHO C TEM, YTO B YCIOBHUSIX
OBICTPO pacTymiero NOTpeOJICHUs TOIJIMB MPAKTHYECKH BO BCEX CTpaHax MUpA,
MIPUOPUTET B IPHUOOPETEHUH HEPTAHBIX PECYPCOB OTHACTCS MMEHHO TEM COpPTaM,
B KOTOPBIX COAEPIKUTCS JOCTATOYHO BBICOKHMH (710 70%) ynenbHBIN Bec TOIUINB-
HBIX (ppaKuuii.

BennunHa MpOMBIIIICHHOW IEHHOCTH | T HEQTH MOKET CHIIBHO MEHATHCS B
3aBUCUMOCTH OT HAamlpaBJICHHH ee mepepaboTku. M3 yriieBoIOpOJHOTO CHIPHS,
nepepadaThiBaeMOro B TOTUTUBHO-MACIISTHOM HAlpaBlICHHU, H3BIIEKACTCs OOJIbIIIe
[EHHBIX KOHEYHBIX MPOJYKTOB, B CBSI3U C 4YeM, HECMOTpPSI Ha POCT JKCILTyaTa-
LUOHHBIX M €IMHOBPEMEHHBIX 3aTpar, NPUObUIb ¢ KaKOOH TOHHBI Iepepadarhl-
BaeMoi HedTH Oyaer Bbime. IlogpoOHBI Ke pe3yapTaT JOCTUraeTcs U B clydae
yBEJIUYEHHU TIIyOHMHBI mepepalboTku, Onaromaps KOTOPOH KpoMme TOIUIMBHOH U
MAacJITHOW TPOIYKIMU HW3BJICKAIOTCS MPOMEXYTOYHbIC (ppakiuu, SBIAIOLIHECS
OCHOBOI1 JIsl BOBJICUECHHS MX B IOCIIEAYIOIIUE MPOLECCH U HOIYYECHUs IIHPOKOTO
ACCOPTHUMEHTA COBEPILECHHO HOBBIX BUAOB MPOIYKLIUH.

[MpompluieHHass IEHHOCTh HE(TH, TakuM 00pa3oM, TpEACTaBIsSeT coOon
CYMMapHYIO0 CTOMMOCTb T€X HE(PTENPOAYKTOB, MPOU3BOJCTBO KOTOPBIX AUKTYET-
Csl TEKYIIMMH HJIHM TMEPCHEKTUBHBIMHA MOTPEOHOCTSIMU IKOHOMHUKH, CTPYKTYpOH
BHYTPEHHETO MOTpeOsieHus W dSKcnopra. MHBIME ciioBamu, BHIBI HedTemnpo-
IOYKTOB M MX YJETbHBIC Beca B MPOHM3BOJCTBE, (POPMHUPYIOIIHE MPOMBIIUICHHYIO
[IEHHOCTh HE()TH, ONPEACTSIOTCS B OCHOBHOM SKOHOMHUYECKHMH YCJIOBUSIMH U B
MEHBIIEH CTEIIEHH CBOWCTBAMU HE(PTH M TEXHOIOTHYECKUMH BO3MOKHOCTSMHU.

Hapsiny ¢ npoMBINIICHHON LIEHHOCTHIO HETH HEOOXOAUMO OCTAHOBHUTHCS U
Ha TaKOM KaTeropuy, Kak IOTEHIMAIbHAS LEHHOCTb. TEPMHH <«IIOTEHIHAI
UCTIONB3YETCs MPAKTUIECKH BO BCEX OTpacisiX 3HaHM. OHAKO B KAXKIOH U3 HUX
OH MMEET CTPOTO OIpeJeNICHHOE 3HaYeHNne. B oTinuMe OT Takux HayK, Kak Mare-
MaTHKa, (U3UKa U JIp., TEPMHUH «IOTCHLIMAD B S3KOHOMHUKE HedTerazoBoil U Hed-
TEXUMHYECKOH OTpaciisiX HayK TPaKTyeTcs ¢ MPHUCYIISH UM crieliuukoii.

OKOHOMHMYECKHH MOTEHLIUAI MOXET ObITh OXapaKTepHU30BaH KaK COBOKYII-
HOCTh TMPOW3BEJCHHON TPOJYKIIMU M OKa3aHHBIX YCIYT OTPACISIMH SKOHOMHKHU
npu OJaronpusTHOM CTEYEHHHM TEXHHKO-TEXHOJIOTHYECKUX, OPraHU3alldOHHO-
YOpaBICHUYECKUX, OKOHOMUYECKHX, DSKOJIOTMYECKUX, BHEIIHEIOIUTHUECKUX
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o0cTosaTenbcTB. OH onpenesseTcs JOCTHKECHUSIMU HAYKU U TEXHUKH, pa3MepaMu
MIPOU3BOACTBEHHBIX MOIIHOCTEH, HaTUYHEM TPAHCIOPTHBIX CPEACTB, TPYHOBBIX
PECYPCOB, Ka4eCTBOM WX IMPO(eCcCHOHATHHON MOATOTOBKH, CTEIIEHBIO Pa3BUTHS
oTpacieil HEImpOU3BOJICTBEHHON Chephl. DKOHOMHUYECKHHA TTOTEHITHAN, CIIE0Ba-
TEJNBHO, POPMUPYET YCIOBUS AJIS CO3/IaHUS IKCIIOPTHOTO noTeHnuana [10].

B cBoM0O ouepens IKCIIOPTHBIN MOTEHIMANT MPECTaBIsIeT COO0H CITOCOOHOCTh
HaIlMOHABHOTO XO3SMCTBA MPOU3BOIUTL HEOOXOINMOE KOJIMYECTBO KOHKYPEH-
TOCTIOCOOHOW TPOAYKIIMH, KOTOPYIO MOKHO HAINpaBUThL JUIS peau3alud Ha
BHEITHUY PBIHOK;, COBOKYITHOCTh OCBOCHHBIX MPHPOJHBIX OOTraTcTB, SKOHOMHU-
YeCKMX M MPOU3BOACTBEHHBIX BO3MOXHOCTEH CTpaHBI, OPHEHTHPOBAHHBIX Ha
yIOBJIETBOpEeHHE MoTpeOHOCTeH BHeNIHero phiHKa. [log HedTerazoBbIM IMOTEH-
[IMAJIOM HaMH TIOHUMAeTCs COBOKYITHOCTh NMPAKTUYECKH HM3BJIEKAEMBIX 3aIlacoB
YTIIEBOIOPOTHBIX PECYpCOB — He(DTH, Ta30KOHACHCATA, TIPUPOAHOTO U MOIYTHOTO
ra3oB, KOTOPEIMH 00JIaJ]acT TOCYAapCTBO HA YK€ IKCILTYaTUPYEMBIX MECTOPOXK-
JICHUSIX M HA BBISBJICHHBIX B PE3yJbTaTe MPOBEACHHBIX T'€O(PU3UYCCKHX M T'eO-
JIOTOPa3BEIOYHBIX Pa0OT MEPCIEKTUBHBIX CTPYKTYpax, 3amachl KOTOPHIX OIpe-
JIeJIEHBI U YTBEPKIeHBI 10 KateropusMm A+B+C.

Hedrerazosbie pecypchl OTHOCATCS K CJOXHBIM B OCHOBE CBOCH YIJIEBO-
TOPOTHBIM COEAMHEHUSM, UMEIOIINM B CBOEM COCTaBE Psi APYTUX COIYTCTBYIO-
X XUMHYECKHUX BEIIEeCTB. B 3aBHCHMOCTH OT (PM3NKO-XHMHYECKOTO COCTaBa
YTIIEBOJOPOIBI MOTYT OTHOCHUTHCS K METAaHOBOU Tpymie (TIPOCTEHIINE, B COCTABE
koTopeix cogepxurca 90 % u Oomee CHy) m k coemuHEHHAM, COJIEpPKAIIAM
ATaHOBYIO, IPOMAHOBYI0, OyTaHOBYIO U Oolee Tshkenbie Pppakuuu. M3 mocieqHnx
B Tporieccax TiryOoKoi mepepaOOTKH MpU MPUMEHEHWH Pa3IMYHBIX TEXHOJIOTH-
YECKUX CXEM MOXKET OBITh BBIJICIICH IMPOKUI aCCOPTUMEHT Mpoaykiwu. OaHaKo,
pacyeTHbIC JaHHBIC MIOKA3bIBAIOT, YTO MAKCUMAIILHBIA 3((EKT JOCTUTACTCS TOIb-
KO MpU COOJIOJCHUN OTPEJICIICHHBIX YCIOBUI W3BICYCHUS 00BEMOB KOHKPETHOU
npoaykiuu. CymMMapHOe cojepxaHue y3kux (pakuuii B HeTera3zoBbIX pecyp-
caX, U3BJICYCHUE KOTOPBIX B IMOJIHOM 00HEME CTAHOBUTCS PEAIbHBIM (haKTOM MPHU
yudeTre JOCTHKECHUIN B TEXHUKO-TEXHOJIOTMYSCKOM Pa3BUTHH, IPEJCTABIISET COOOM
TTOTEHITHAIT YTIIEBOAOPOIHOTO CHIPHSI.

Hedtb, mpupoanslii Ta3, KOHIEHCAT B PECITyOIIMKE UMEIOT BHICOKHE KadecT-
BEHHBIE XapaKTEPUCTHKH, UYTO MpeAonpeaeseT 00abioii cupoc Ha HUX. U3 HED-
TH CTApPOIMOMHCKUX MECTOPOXKACHNUN B T€UEHHE HECKOJIBKHUX JECSITHIIETHI BBIpa-
OaTpIBaeTCS MIMPOKAash TaMMa MACISTHON NPOMYKIIUH, HaxOJsInas MpHUMEHEHUE
MIPaKTHYECKU B JTFO0OH OTpaciy SKOHOMHKH. Pecypchl yrieBoIOpOIHOTO CHIPhS,
3aneraroniue B Heapax Manrucrtay u bysaum, comepaT B CBOEM COCTaBe psij
BAXKHBIX COCIUHEHUH, U3BJICUCHUE KOTOPBIX MPEAOIpPEAEsieT UX BBICOKYIO 3Ha-
yuMmocTh. Hedte TeHrusckoro u razokonjeHcar KapauaraHakCKOro MecTOpOXK-
JIEHUN OTIMYACTCS TMOBBIIMICHHBIM COJICP)KAHUEM CEPHHUCTBIX COCAMHEHHH, YTO
00YCJIOBIMBAET BBIICICHUE M3 HEE KPOME TrOproue-CMa30uHbIX MaTepHaioB 3Ha-
YUTENBHBIX O0BEMOB Ta30BOM CEpbl, MEPKANTAHOB U APYTOd MPOAYKIUH, IIO-
TPEOHOCTH B KOTOPOU BEIMKH, OCOOCHHO B HeTexuMmmudueckod orpaciu. CTob
OOMUPHBIH HA0Op KOHEYHBIX M MPOMEKYTOUHBIX TPOAYKTOB, KOTOPHIE MOKHO
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MOJTy4aTh U3 YIJIEBOJOPOJIHOTO CHIPhS, UX BBICOKOE KAa4eCTBO M OOJIBIION CIIPOC
Ha HUX CO3/AI0OT MPEANOCHUIKYU ISl PaCIIMPEeHUs MacIITaO00B J00BIYM U Tepepa-
OOTKH CHIPbSL.

U ente oauH acnekT HeNb3st 000OWTH BHUMaHUEM. MIHTEHCHBHOE HapaiuBa-
HUE TPOW3BOJCTBEHHOTO MOTEHNHajda B HedTe- W ra3of00bIde HMeeT IPAMYIO
CBSI3b C COCTOSTHHEM JKOCHCTEMBI, TaK KaK JOBOJIFHO YacTO JOIMyCKAIOTCs Hapy-
IIEHUST TIPU TPOBOJKE CKBAXKWH, IMPHUEME MPOMYKIIMA HA MPOMEBICIE, TPaHCIIOP-
TUPOBKE U TepepadoTke. BMecTe ¢ TeM m3BieueHne He()TETa30BbIX PECypCOB Ha
HUX CBSI3aHO C BOSHHKHOBEHHEM HOBBIX IPOOJIEM: TPY[IO-, KAIUTAIO-, (POHI0EM-
KOCTh 37I€Cb HEU3MEPHMO BO3PACTAIOT B CPAaBHEHHH C pabOTaMU Ha HAJCOJIEBOM
KoMIutekce. KpoMe Toro, arpecCUBHOCTD CHIPbS, H3BJICKAEMOro C TIyOuH 4-5 kM
u Ooliee, BBI3bIBAET HEOOXOJIUMOCTh THIATEIBLHOW €r0 OYUCTKU W YTWIM3ALUU
BPEIHBIX COCIMHEHUH, IUIS TOTO, YTOOBI OOECIEUUTh SKOJIOTHMUYECKYHO Oe3omac-
HOCTh TEPPUTOPHH.

3aMeTHBIA TIPUPOCT 3aMACOB YTIICBOJIOPOIHOTO CHIPHSI B IMOJCOIEBOM KOMII-
JICKCE TO3BOJIMJI OCYIIECTBUTH OTKPBITHE TaKUX MECTOPOXACHUM, Kak TeH-
rusckoe (AteIpayckas ob6macts), Kapagaranakckoe (3amamno-Kaszaxcranckas
obmacts) u JKanaxoinckoe (AkxToOnHCKas o0macts). OgHAKO CIEAyeT OTMETHTD,
YTO TPH BCEX CBOMX IMPEHMYIEcTBax (OOJBIINE 3ammachl, BHICOKAs MPOU3BOIH-
TENBHOCTh CKBAXHH) HE(Th, JOOBIBaEMas Ha ITHX MECTOPOKICHUSIX, OTINIAETCS
MIOBBIIIICHHBIM COJIEPYKaHHUEM Pa3lIMYHbIX arpeCCUBHBIX COCNWHEHHWH. DTO TMpe-
OTIpEeIETIIIO OOIBIINE TEXHUIECKIE H TEXHOJIOTUIECKHE TPYTHOCTH B HAYAIEHOM
MIEPHOJIC OCBOCHUS 3alieKel, TaK KaK JIa)Ke B MPAKTUKE pa3pabOTKu HEPTIHBIX
MECTOPOXKICHUHN ellle He BCTpeuanach HETh TAKOrO XapakTepa, He ObUIO aHa-
JIOTOB H IO T€0JIOrO-(pU3NYECKUM ITapamMeTpaM 3ajeraHusl IPOJTyKTUBHBIX TOPH-
30HTOB. KpoMme TOro, Ha MOMEHT Hauajia OypPOBBIX U SKCILIyaTal[MOHHBIX PaboT
MPaKTHYECKU OTCYTCTBOBAJIO KOMIUIEKTHOE 00OPYIOBAHKE I10 €€ J0ObIUe U Mepe-
pabotke. [loaTOMy Ha CEroAHSIIHUI MOMEHT IJIaBHOM 3ajaueii BbIBOJIA HE(TEI0-
OBIBArOIINX, Ja, MOXKaIyH, n HedTernepepadaThIBAIONINX MPEATIPUITHA B CTATUIO
MIPOMBIIIUIEHHON JKCIUTyaTaIliy SIBIIIETCS CO3/IaHWE IKOJOTHYECKH O€30TacHBIX
KOMIIJIEKCOB, CTIIOCOOHBIX ITOJIHOCTHIO YTHIIU3HPOBATH COACPIKAIIUECS BPEITHBIC
COCMHEHHS W BHIpa0aThIBaTh W3 HUX TOTOBYIO MPOIYKIMIO — AJIEMEHTapHYIO
Cepy, CEPHHUCTHIE COCTUHEHHS, YTIEKUCIIOTY .

Bcero ke HedTerazomo0bIBaIONMMH TPEIPUATHIMEI PECITYOIIMKH C Havala
pa3pabOTKH MECTOPOXKICHUN NOTpeOUTENsIM HampaBieHO okoio 600 MiH T
HedTH, cBbie 30 MITH T KOHACHCaTa, 170 Mipx M’ rasa.

3HauHMTENbHAS YaCcTh XHUIAKOTO YTJIEBOJOPOJHOTO CHIphs KazaxcraHa oTHO-
CUTCS K KATETOPUU TSDKENBIX HE(PTEH, COCPEIOTOUCHHBIX B TMPOJIYKTUBHBIX
ropuzoHTax mectopoxaennii Kanamkac, Kenkusik, Kymcait u Kapaxanbac. Otn
He()TH OTIIMYAIOTCS BBICOKHM COJEp)KaHHEM psAla METaNTMYECKUX COCIMHEHUN
BBICOKO# KOHIEHTpanuu. OcoOCHHO BEIMKA KOHIMIIHS TaKUX METalUIOB, KaK Ba-
HaJuii, HUKeNb B He(QTAHBIX MecTopoxkaeHusx KapaxanOac, CeBepo-bByzaunn-
ckoe, Kamamkac. TpagunnoHHast cxemMa MX TepepadOTKH, MPU KOTOPOIl ocytiie-
CTBJISICTCSl W3BJICUCHHUE CBETJIBIX HEPTEMPOAYKTOB M MACISHBIX (pakinii, HE
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[IPEAYCMaTPUBAET BBIJCICHUE BaHAUI- U HUKEJIbCOAEPKALIUX COCIUHEHUH, YTO
BeJleT KaK K DKOHOMUYECKUM IIOTEPSIM, TAK U K KpaliHEe OTPULATEIILBHOMY BO3/EH-
CTBHIO Ha JKOJIOTMUYECKOE COCTOSTHHE B CBSI3H C TE€M, YTO NEHTOKCH] BaHaaWf,
00pa3yromuiics B BUJIE TTAPOB W TBIIH, SABISETCS KpalfHEe BPEIHBIM COSAMHEHNEM.

JuamazoH W3MEHEHMI pacyeTHOM KOMMEpPUECKON OIIEHKM TOTeHIrana
YTIEBOJOPOIHOTO CHIPbS, UMEIOMMHA TOCTaTOYHO LIMPOKHE MPEENbl BapbHpO-
BaHUsI, 3aBUCAIINE OT U30pPaHHON TEXHOJIOTHYECKOM CXeMbl IIepepaboTKH ChIPOTO
pecypca, 10Ka3bIBaeT HEOOXOANMOCTh HE TOJBKO PAdyUTEIIBHOTO OTHOLICHUS K
TeM oO0beMaM HeTH M raza, KOTOpbIe OCTAIOTCS B COOCTBEHHOCTH I'OCYJapCTBa,
HO M K BBIABIEHHBIM 3aracaM, MNEpPeNarollMMCs COINIACHO IOANKMCAHHBIM KOH-
TpakTaM B COOCTBEHHOCTb WHOCTPAaHHBIM KoMmaHUsAM. 1lo BHONHE MOHSATHBIM
IpUYMHAM caMma Mo cebe KoMMepdecKasl OlleHKa MPOAYKIUH MOTEHIIHAIBHO CO-
JeprKalielicss B yriieBOJOPOJHOM ChIPbE, MOXKET SIBJSITHCS TEM MEpHJIOM, Oia-
rojapsi KOTOpPOMY CO3Ja€TCs YKPYIHEHHOE IPEACTABICHUE O IPOrHO3HOU
LIEHHOCTH 3aIlacoB, M3BIIEYCHNE M3 HEJpP KOTOPHIX YK€ HAdajoCh WM ke Oyaer
Havyato B Ommwkaiimue rofsl. Takas mH(OpMaIus MO KOHKPETHBIM MECTOPOXK-
JIEHUSIM M KOHKPETHOMY CBIPbIO JOJDKHA CTaTh OCHOBHBIM IOJCIOPHEM IHpPH
[IPOBEIEHUH IPOLEAYPbI, Kacaroleics Bcex HeQTIHBIX ONepaLuii.

U Bce jxe 3aBepIIAOIIMM 3BEHOM B CHCTEME «pa3Beaka — pa3paboTka — me-
pepaboTka» ocTtaercsi TOT (PaKTHUECKUIl pe3yiabTaT, KOTOPBIA IOJIydaeTrcs B
peanbHOM NEWCTBUTEIBLHOCTH IIOCIE ydeTa BIIOXKEHUM BCEX CPEICTB EIHUHO-
BPEMEHHOT'0 M TeKyliero xapakrepa. [Ipouenypa pacueroB 6asupyeTcs Ha orpe-
JIeJICHUY YMCTOM LIEHHOCTH CBIPbEBBIX PECYpPCOB, B MaTEMaTU4YECKOW MHTEpIIpeE-
TallUd KOTOPOH 3aJeMCTBOBAHBI TAKHE NApPAMETPhl, KAK KOJIHMUYECTBO KOHEYHOU
NPOAYKIIMA B aCCOPTUMEHTE, LICHBI MUPOBOI'O PBIHKA 3a KaXAYI0 €€ CIMHHULLY,
U3JCPKKA TPOM3BOACTBA, JIONS OTYUCICHHH TOCYAapcTBY B oOmieM oObeMe
mpuOsuTH. OO0BEM eIMHOBPEMEHHBIX 3aTpaT, KOTOPBIA JODKEH OBITh yUTEH HpHU
pacderax, 3aBHCHT OT BBIOPaHHOM CXEMBI MepepadOTKH pecypca, YTO IPErio-
JlaraeT BKJIIOYEHUE CTOUMOCTH IPSIMON MEPErOHKH, TUAPOTCHHU3ALUN BAKyyMHOTO
ra3omIs, KaTaIUTHYECKOr0 KPEKUHI'a, THAPOKPEKHHIa, TUPOJIN3a, BACOPEKUHTA.

JobObiBaemass Ha MecTtopokaeHusx 3amagHoro Kasaxcrana nedTs nmeer
BBICOKHE (DPU3MKO-XMMHUYECKHE CBOMCTBA, YTO MpPEAONpeAessieT HeoOX0qUMOCTh
BbIOOpa TEXHOJIOTHH, C ITOMOILBI0 KOTOPOH MOXKHO TOOUTHCS KOMILIEKCHOTO, a,
ClleIoBaTeNbHO, U A(P(PEKTUBHOTO HCIIONB30BaHMS CHIPbS 32 CUYET HM3BJICUCHUS
MHOT'OYHUCJIEHHOT'O aCCOPTUMEHTA TOBApPHOM NMPOAYKLMH. B HacTosmee xe BpeMs
HE YYHUTHIBAIOTCS 3TH OJarompHsTHBIE JUIS pPeau3yeMoro pecypca COBITOBBIM
OpraHu3alysM KadeCTBEHHBbIE XapakTEPUCTHKU. Bcnencrtsue dero orara 3a
KOKIYH TOHHY IPOU3BOAUTCS IO LIEHAM, YCTAHABIMBAEMBIM JUISI KaXKIOrO0 KOH-
KPETHOro Tuna He(TH, B KOTOPHIX HUBEIMPYIOTCSI MPAKTHYECKH BCE KA4EeCTBEH-
HbIE IPEUMYIIIECTBA.

PeanbHO OLIEHUTH Ka4eCTBO YIIIEBOJOPOJHOIO ChIPbsl MOKHO JIMIIb IIPU aHa-
au3e (paKkLHOHHOIO COCTaBa, XapaKTEPU3YIOIIEro MOTEHIHUAIBHOE COACpKaHHE
TeX WU WHBIX (PaKIHiA, U3 KOTOPBIX MOTYT OBITh MOJXY4YEHBI MHOTOYHCIICHHBIC
BUIBI HeTenpoaykToB. Ha OCHOBaHWM pa3HOBUIHOCTEH (pakuuii, TPUCYTCT-
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Byromux B HeQTH 3amamaoro Kazaxcrana, MOKHO TIPOU3BECTH CPaBHEHHUE COMEP-
Kalmerocss B HUX IMOTEHIHaNa He(QTENpPOAYKTOB AJISl YCIOBUH OCYIECTBICHHUS
NEPBUYHON TEPEroHKH C JECTPYKTHBHBIMH mpoleccaMu. OTedecTBEHHBIE
ra3orepepadarpIBalONIfe MPEINPUATHS 0 CHUX TOp BHIMOJHSAIOT MPAKTHYECKU
OTpaHWYeHHBIE (PYHKIINN — OYUCTKY TOCTYTAIOMIETO CHIPhS OT MPUCYTCTBYIOIIETO
B HEM CEpOBOAOPOJA W pa3jieiieHue Ha YKpPYIHEHHbIe (QpakiuH — TaKue, Kak
COKIDKEHHBIHN Ta3, MHUPOKHE (PPaKIUH JIETKUX YTIIEBOAOPOIOB.

CrnenoBaTenpHO, CHIDKEHHE T'€OJIOTO-dKOHOMHUYECKHX XapaKTePUCTHK OCTa-
TOYHBIX PECYPCOB U 3aacoB HEPTH, KOTOPOE BBIpaXkaeTcs B u3MeHeHHH 3 dek-
TUBHOCTH Treojoropassefounsix pador (I'PP) m o0wmemMoB mpupocra 3amacos,
YKa3bIBaeT Ha TO, YTO JIaXe MOAJIepKaHUe IMOCTOSHHOTO YPOBHS A00BIYH He(TH
TpeOyeT MoCIIe0BaTEILHOTO HapalllMBaHus 3amacoB U 00beMoB ['PP B 0OCHOBHBIX
HedTenoObBatomnx pernoHax Kazaxcrana. Takum oOpa3oM, aHann3 MOKa3bIBaEeT,
YTO JOJs1 3KOHOMHYHBIX 3allacOB CYIIECTBEHHO BBIIIE JOJH SKOHOMHUYHBIX
PECYPCOB, U, B LIEJIOM, PeCypCHl He(DTH MPEICTABIAIOTCA 00Jiee JOPOTOCTOAITIMHE
B OCBOCHHH, YEM 3aI1aChl.

[TosTOMyY manbHeliliee yBedHMueHHE pecypcHOW 0a3pl HETSHBIX KOMIIAHHWH
OyZIeT MpOMCXOAWUTH B YCIOBHAX pOCTa ce0ECTOMMOCTH MOJITOTOBKH 3alacoB U
yHAENBHBIX 3aTpaT Ha NoObYy HedTH. HemocpencTBEHHBIM pe3yinbTaTOM CTaHET
CHIDKEHHE CYMMapHOTO PEHTHOTO J0XOJa, MOJy4yaeMoro MoJb30BaTeNeM HEIp —
rocynapctBoM. Ilpu crabunmuzanmuu MHUpPOBBIX IIeH Ha HE(PTh M OrpaHUYCHHUU
pocTa BHYTPEHHHX ILIEH 3TO MPHUBENET K CHWKEHHIO CTHMYJIOB OCBOEHHS HOBBIX
00BEKTOB U CACPKUBAHUIO pa3BUTHs HedTenoObun. CrenoBaTebHO, U3JI0KEH-
HBIE COOOPaKEHHSI OTHOCHUTEIEHO HEOOXOIMMOCTH UCTIONB30BaHHUSI YTIIEBOIOPO/I-
HBIX PECYpCOB HCKIIOYUTENFHO ISl BHIPAOOTKH OIMpPEIEIEHHOTO acCOPTUMEHTa
TOTOBOH MPORYKIUHU TMOJYyUYWIM €Ile OJHO TOATBEpPKIEHHE B BUIE KOJIUYECT-
BEHHBIX OLICHOK PE3YJbTUPYIOIIUX MOKA3aTENeH, UTO ABIACTCA TOMOJHUTEIHHBIM
000OCHOBaHMEM [UIsl KOPPEKTHPOBKH CTpPATeTHH PAa3BUTHA OTCUECTBEHHOTO
HedTerazoBoro komruiekca [11].

Ipuopumemnvie nanpaeienus pasgumus nvepmsanou ompaciu 8 Pecnybnuxe
Kazaxcman. 3a nocnenHue nBa AECATUIIECTUS YEIOBEUECTBO BhIUEPHAIO U3 HEAP
oomee 60 mupa. T HehTH. B TO K€ Bpems, yeM BhITIE cIipoc Ha HEDTH, 9eM 0O0JIb-
e ee J00BIBalOT, TeM OOJBIINE KAlHUTAIbl BIUBAIOTCS B OTPACib, TEM aKTHBHEE
uaeT pasBenka Ha He(Th, TeM OBICTPEE OTKPBHIBAIOTCA U OCBAMBAIOTCS HOBBIC
MECTOPOKACHUS.

B mMupe oOiedl TeHIEHIMEH pa3BUTUS COBPEMEHHON HE(TSIHOW OTpaciu
SIBJIICTCS. YMEHbBIIICHUE Pa3BEJaHHbIX 3aMacoB Jierkoil HedTH. [IpakTruecku Bech
MIPUPOCT 3aIIaCOB MTPOUCXOANT 3a CUET TsDKEJION BA3KOW CEPHUCTON HEPTH.

B cBsi3u ¢ aTHM AanbHelIee pa3BuTHE HeTenepepadaThIBAONICH MPOMBIIII-
JICHHOCTH HAIPAaBJICHO Ha TOBBIIICHUE ITyOWHBI niepepaboTku HeTH U HePTs-
HBIX OCTaTKOB. IIOMCK HOBBIX TEXHOJOTMHA M KaTaJu3aTOpOB, CTOMKUX K BBICO-
KOMY COJAEp)KaHWIO Cepbhl, METANIOOPTaHUKH, MapaduHOB U APYTUX TPUMECEH,
SIBJISICTCSI OCHOBHOM 3a7adueii Omkaiiiero Oy Iymero.
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3a roxpl He3aBHCHMMOTO pa3BuTHs KaszaxcraH BomIen B YHCIO BEAYIIUX
MIPOM3BOAMTEIEH M JKCIOpTEpOoB He(TH B Mupe, oOnamas KpyNmHEHIIMMHU 3a-
nacamu B Kacriniickom peruose.

B cermenTe mpou3BoicTBa HETH U ra3za HauOOJIee BECOMBIMH MPOEKTAMU
MTOCIIEAHUX JIET CTaJIH:

— OTKpBITHE HOBOM 3aiexu He(hTH Ha MecTopoxaeHNH PoxkoBckoe (3amai-
Ho-Kazaxcranckasi 001acTh), KOTOPOE JKCIUTyaTUPYeT MPEINpHsITHE C YYacTHEeM
AO «Pa3penka JloObiua «KasMymnaiil'az» (AO «PJ] «KasMymnaiil'az») — TOO
«Ypain oiin a7 ['azy. [IpuMedaTenbHO, 9TO M3HAYAILHO pa3BeJOYHbBIC pabOTH Ha
9TOM MECTOPOXKIACHUM OBUIM HaIleJIeHBI Ha TIOWCK YIJIEBOJIOPOAOB B 000pH-
KOBCKOM W TYpHEHCKOM TOpH30HTax, a 3amachl kareropuu 2P mo stum ropu-
30HTaM, COTJIACHO IIPOBOAMMEIM TEXHHUYECKHM ayAHTaM II0 MEXIyHapOTHBIM
cragaapraM Beipociu ¢ 5,4 MaH. T B 2012 r. 1o 7,9 man. T B 2013 r. OnHako,
IIOMHMO 3THX TOPU30HTOB, HE(Th ObLIA HalJieHa €llle W B OTJIOXKEHHIX Oari-
KUpckoro Bo3pacta. Ilo mianHam omepaTtopa, JaHHOE MECTOPOXKIACHHUE TOJIKHO
OBITH BBEJICHO B dKcInTyaTaruio B 2017 r.;

— BBOJ] B ONBITHO-IIPOMBINUIEHHYO 3kciutyaranuio «KazTpancl'azom» mec-
TopoxacHus JKapkyMm, KOTOpOe B TEUCHHME IOYTH TPEX JACCATHICTHH CMOXKET
cHaOxaTh ra3oM JKamMOBUICKYIO 00JIacTh, elle 0OJbIlle CHU3UB 3aBUCUMOCThH HOTa
CTpaHbI OT y30€KCKOTO UMIIOPTA.

Ceitgac cpenu ctpan CHI™ Kazaxcran 3aammaet BTopoe MecTo mociie Poccru
o no6srae Hedru. Tak, B 2013 1. cTpana 3anmmMana 12-e Mecto B MUpe 10 00be-
MaM JIOKa3aHHBIX 3armacoB He(PTH W Ta30BOTO KOHJAeHcara u 17-e — mo o0bemy
He(Teno0bYM; 22-e-MeCTO — 10 JOKAa3aHHBIM 3aracaM MPUPOIHOTo ra3a u 28-e¢ —
o 00beMy ra30/100bI9H.

CymecTBytomuye TEHACHIIMU TOBOPAT O TOM, YTO HedrTeraszosas OTpacib
Kazaxcrana npojomkaer HaXOAUThCS B 30HE aKTUBHOTO POCTa HapsIy C COXpa-
HEHUEM €€ BBICOKON HMHBECTHUIIMOHHOW IMpHBIIEKATEIbHOCTH. CEroaHs Ha JOJI0
VWHBECTHUIIMI B Heaponoibs3oBanne YBC (yrieBoloponHOE ChIphE) MPUXOIUTCS
nopsizika 70 % oT o011ero o0beMa MHBECTUIIUI B Pa3BUTHE MUHEPAIbHO-ChIPhE-
BOro komriekca Kasaxcrana.

Ha nanHBIE MOMEHT B OTEUECTBEHHON He(TSHKE ACUCTBYET Ps KPYITHBIX
WHOCTPAHHBIX KOMITAHWH, MPEACTaBIAIOMMX Oojee deM 45 rocyaapcTB Mupa,
Biuouass CIIA, Bemukobpurtanuto, @panruio, Utanuro, [seimaputo, I'epma-
Huto, Poccuro, Anonuto, Kuraii, Manonesuro u ap. B obmieit cioxxuoctu B 2000—
2013 rr. B HedTerazo00BIBAIONIYI0 OTPAcib UMM BiokeHo 150,1 mupm. mort.
CHIA, B ToM uymcne 18 Mipa. IOJUI. MPUNUIOCH Ha TPOBEIACHUE TEOJIOTOpa3Be-
nousbix pabot (I'PP). 3a aTor nmeprnon 00beM WHBECTUIMIA BO3POC TIOUTH B 5 pas.
HanGonpiryro WHBECTHIIMOHHYIO aKTHBHOCTh TNPOSBISIOT TaKHe KPYITHBIC
kommannn, kak «Hopt Kacnman Omnepeittuar Komnaam» (18 %), CII «Tenrus-
meBpoitim» (15 %), AO «Manrucraymynaiiraz» (12 %), AO «CHIIC-Akrobe-
myHaiiras» (11 %), AO «O3enmyHaiiras» (8 %), AO «DOmbamyHaiiras» (4 %), AO
«ITerpoKazaxcran Kymkoins Pecopcus» (3 %), AO «Typraii—Ilerponeym» (3 %),
AO «Kapaxanbacmynait» (2,5 %), a Takxe OK «byzaun Onepetitunr JItmy (2 %).
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OpnuuM CIIOBOM, He()TEra3oBblii KOMILIEKC SIBJIIETCS JBUKYIICH CHUJIOW BbI-
MIOJTHAEMBIX B PECIyOJIMKE COIMAIbHO-DKOHOMHYECKHX pPe(opM, MPOBOAHUKOM
COBPEMEHHBIX MHHOBAIIMOHHBIX U yNpaBlIeHYECKHX perieHrid. OcobeHHO 3aMeTHa
B aToM mpouecce ponb AO «HK «KasMynaiil'a3», koTopoe obecrieunBaeT mo-
psiaka Tpetu Beeil HedremoObum, mpakTuyecku 96 % TpaHCIOPTHPOBKU rasa,
67 % TpyOompoBOaHON TpaHCTIOPTHPOBKU HedTH, 83 % HedTenepepaOOTKH B
CTpaHe M YK€ IaBHO CTaJ0 HAllMOHAJIBHBIM He(Tera30BbIM OpEHIOM.

CornacHo oneHke MapkeTHHroBoil komnanuu Energy Intelligence Croup, B
Hactosmii MoMeHT «KasMynaiil'a3» Bxomut B crnucok 50 Bemymux Hedrera-
30BBIX KOMIMaHWK Mupa. B Ommkaiimem OyayiieM HAIXOJIIWHT CTaBUT CBOCH
CTpaTEeTHYEeCKON IeJbi0 BOUTH B TOM-30 IydIMX KOPIOpanuii B MHPOBOW Hed-
TEra3oBoil OTpaciy.

CoBpeMeHHasi CUTYyallHs, CBOMCTBEHHAs pa3BUTHIO HedTerazono0bBaromien
MIPOMBIIIUIEHHOCTH BO BCEX CTpPaHAaX MHpPA, CBHIETEIHCTBYET O TOM, YTO HOBBIC
PETHOHBI COCPENOTOYEHUSI KPYIIHBIX 3alacoB YIJIEBOAOPOJHOIO CBIPbS Xapak-
TEPU3YIOTCS HAJTMYMEM MPOTYyKTHBHBIX IUIOMIAAeH JINO0 B 30HaX, I/Ie 3aJIeraioniee
CBHIPbE MPUXOAMTCS U3BJIEKATH C OTPOMHBIMH (PUHAHCOBBIMH M MaTepHUATbHBIMU
3aTparamy, JTHOO B IIENh(POBON 30HE HEKOTOPBIX MOPCKHUX TEPPUTOPHHA. JTa
3aKOHOMEPHOCTh MPENONpPEesieT BCIO CI0XKHOCTh IPOLECCOB OOHApYKEHHUS
HOBBIX HE(TEra30BBIX MECTOPOXKICHHHA M TOCIEAYIOIIEro UX OCBOCHHUS KaK C
MO3UIMU (PUHAHCOBO-DKOHOMHYECKUX, TEXHUKO-TEXHOJOTHYECKHX PE3YyIIbTATOB,
TaK ¥ C TOYKH 3pEHHUS HEOOXOIMMOCTH PEUICHNS CTOIb BAXKHOH MPOOIEMBI, KaKOH
SIBIISIETCSL TIOZIEP)KaHNE 3KOJIOTHYECKOT0 PAaBHOBECHS, OCOOCHHO B 30HE TaKOIO
CTOJIb YSI3BUMOTO JUIsl MHTEHCHBHOTO NPOMBIIIJIEHHOTO OCBOEHHUS, KaKUM SIBJIS-
etcst Kacnimiickoe Mope.

Kazaxcran, 60oratblii yrieBoIOpOIHBIM CHIPBEM, BCET/Ia CTPEMUIICS Pa3BUTh
CeKTOp IyOOKOH mepepaloTKH, C TE€M YTOOBI NMEPEOPUEHTHPOBATH CHIPHEBOM
MOTEHIMAN Ha BBIMYCK MPOAYKLUUH C BBICOKOW I00aBleHHOW cTomMOcThio. Ha
NPOTSHKCHUU MHOTHUX JIET B CTPaHE, €KET0JHO YBEIHMUUBAIOLICH TOOBIYY HEPTH U
raza, pa3pabaTbIBAIMCh W MMPHHUMAJIICH CIIEIHANTBHbBIE IPOTPAMMBI IS Pa3BUTHUS
CeKTOpa NepepaboTKHU YIJIEBOJOPOJOB M IOMY4YEHUS NPOLYKLUUH C BBICOKOH
N00aBIEHHOW CTOMMOCTBIO. Tak, Mephl M0 Pa3BUTUIO HEPTEXHMMUYECKOH Mpo-
MBIIIJICHHOCTH OBIIM MPeaycMOTpeHBl B ['OcylapcTBEHHOW IMporpaMMe HHIY-
CTpUANTbHO-MHHOBAIIMOHHOMY pa3BuUTHIO PecmyOonmukn Kazaxcram ma 2015-
2019 rogp!.

Ha ceroans Kazaxcrtan ye peanu3yeT HECKOJbKO MPOEKTOB, HalleJIEHHBIX
Ha pa3BUTHE HEPTEXUMHUYECOH OTpaciu. ITO MpEXkAe BCEro MHBECTHIHMOHHBIC
MIPOEKTHI IO OPraHU3alMU MPOU3BOACTB C LIIMPOKOIH raMMoi HedTeXHuMHUEeCcKOn
MIPOJYKIMH: TIONHIIPOITMICHA, TOMUATHIICHa, OyTaaieHa, CHHTETHIECKUX Kaydy-
KoB. Takue HeQTeXMMHUYECKHE IMPOU3BOJCTBA MPEACTABISIIOT COOOW CIIOKHYIO
CHUCTEMY TEXHOJIOIMYECKH B3aMMOCBSA3aHHBIX IPOILIECCOB, OCYIIECTBISEMBIX Ha
JUTICH3NOHHOM 000pYyZOBaHWU. MEXAyHapOAHBIH ONBIT M MapKETHHTOBBIC
HCCIICIOBAaHUs TIOKA3bIBAIOT, YTO Hambojee BOCTPeOOBAaHHBIMH 0a30BBIMU Hed-
TEXUMUYECKUMHU MTPOJYKTAMHU SBISIOTCS MOJIUIIPONMIIECH U TMOJIUITHIIEH.
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Kax moxkaspiBator pacuersl [12], k 2030 r. mporHo3upyercs 3HaYUTEIbHAas
MOTPeOHOCTh B MOJUMPOIMICHE Ha MEXAYHApOIHBIX phIHKaxX (1o 115 muH. T).
Oro moutHu B 2 pa3a Oousblie 1o cpaBHeHHIO ¢ mokaszareiem 2015 1. (60 muH. T).
Bricokne Temmbl pocTa pelHKa 0kHaaroTcs B A3uu, Boctounoil Esporne, binxk-
Hem Bocroke, Jlatunckoit Amepuke, A¢ppuke, Kapuockom Oacceitne. Kazaxcran-
CKHI MOJIMIPOINNIIEH, 32 UCKIIOYEHHUEM TOr0 00beMa, KOTOPBIH OyJeT MOKPHIBATh
NOTPeOHOCTH BHYTPEHHETO pBIHKA, IUIAHUPYETCA 3KCIIOPTHPOBAaTh HA PBIHKU
Boctounoit n 3anannoit EBponsl, Kutas, Typunun. Oxwunaercs, 4To B mepcrek-
THBE CIIPOC Ha MOJIMATUIIEH OyIeT Takke BhICOK. Hanbonbimmm cripocaM OH HOJb-
3yercsa B ctpanax CpemHeit m Bocrounoit Asun, a Taxke B 3anmagHoi u BocTou-
voit EBpome. K 2025 r. cmpoc Ha TOMUATHIICEH MPOTHO3UPYETCS B 00BEME JO
137 mnH. T, uTO B 2 pa3a Oonplie B cpaBHEHHHU cO cripocoM B 2011 r. OCHOBHBIMHU
pPBIHKaMH HOTPEOJICHUA Ka3aXCTaHCKOTO MOJHMATHICHA, KaK OXUAaeTcs, OymyT
3anagras u Bocrounas EBpoma, a Taxoke Kutait u Boctounast A3usi.

I'maBupIM mpoexkToMm Ha Tepputopun CO3 «HarnumoHanbHBIM MHIYCTpHAIb-
HBI He(pTeXMMHUYECKUI TeXHOMapK» B ATHIpayckod oOjacTtu (co3maH YKa3oM
[Ipesunenta PK ot 19 mexadps 2007 r. No 495) sBnsieTcsi CTpOUTENHCTBO UHTE-
TPUPOBAHHOTO ra30XMMHUYECKOr0 KOMIUIEKCA, peanu3yeMoro B 1Be (dasbl. [lepBas
¢aza MO3BOJMMT OOECIEUYUTh MPOU3BOJICTBO TMONUIPONMICHA MOIIHOCTBIO
500 TeIC. B TOA, BTOpas — 800 ThIC. T MONMATUIIEHA B rol. B memnsx rapantupo-
BaHHOTO COBITA MOJMIIPOINMICHA KOMIIAHMS, peau3yrolias TaHHbBI NMPOEKT —
Kazakhstan Petrochemical Industries (KPI) — y>e 3akmrounnia 10oroBopsl Ha cOBIT
rOTOBOM mpoaykuuu. B paMkax BTOpoil ()a3bl MpoekTa CTPaTerH4ecKUM IapT-
HEpOM BBICTyMaeT IoKHOKoperickas kommanuss LG Chem. Ha ceromus cymmap-
HBIC WHBECTHUIIMH B JAHHBIM MPOEKT oneHuBaroTcs B 6300 MiH. 101, a BBOJ B
9KCIUTyaTalMIo MepBoi (a3bl KOMIUIEKCA 3aIUIAaHUPOBAH Ha YETBEPTHIM KBapTall
2017 r.

Hpyro#i cucteMooOpa3ylonMii TMpOeKT, peannsyemblii B pamkax CO3,
MpearoiaraeT CTPOUTEIBCTBO 3aBOAa MO BBHIMYCKY OyTagueHa MOIIHOCTBIO
250 THIC. T B TOJl ¥ TONUOYTaAMEHOBOTO Kay4YyKa MOITHOCTBIO 125 TBIC. T B TOZ.
Ha ceronmns BemyTcsi meperoBOpsl ¢ MOTEHIMATBFHBIMUA CTPATETHYECKIMH TapT-
Hepamu u3 [onpmu, 'epmannn u FOxHo0i# Kopen.

Eme oxuH mpoeKkT OpHEHTHPOBAaH Ha JaJbHEHIIYIO MepepadoTKy 0a30BOro
CBIPBSI C MHTETPUPOBAHHOTO Ta30XMMHYECKOTO KOMIUIEKCA M CBSI3aH C HaJIaXKH-
BaHHEM MPOM3BOJCTBA IMOJMMEPHON mpoaykuuu. Jlo BBOJa B OIKCIIIyaTaIHIo
9TOr0 MPEANPUATHS anpoOaIysi TEXHOJIOTHH OYAET OCYIIECTBISITECS Ha 3aBO3HOM
ceipbe — u3 Poccuiickoit deneparuu, Y30Oekucrtana, Typkmenncrana, FHOxHoi
Kopen. [To qanHOMY MPOEKTY y’Ke 3aKIFOUESHBI JOTOBOPHI O HAMEPEHHUSIX 110 COBI-
Ty NpoAyKIMH Ha pelHKax EBpomnbl, Typuum, Kuras, }Oro-Bocrounoit Aszum,
ctpan CHI' [12, 13].

[IpuopureTHOE HampaBlieHHNE WHHOBAIIMOHHOTO pa3BUTHS HE(PTETa30BOTO
cektopa PK — rmy0okast mepepaboTka yrieBoAOpOIHOTO CHIPhS 4—5 TepelesioB ¢
MOJIHBIM 3aBEPLICHUEM TEXHOJOIMYECKOro MHKJAa, HauyuHas OT XOOBIYM 0
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MIPOM3BOICTBA MPOJYKIIMH C BEICOKOW JTOOABIICHHON CTOMMOCTBIO. B ATHX memsax
CETO/IHA OCYIIECTBIsIeTCA MOJIEpHH3anns BecexX Tpex kpynmHbix HII3.

VYKe coBceM CKOpO, COTJIacHO yTBEpKAEHHOMY IIpaBUTENbCTBOM CTpaHbI
Kommnekcaomy mnany moaepuusauuu HII3, HedrenepepabarbiBaromue 3aBoabI
MIPEKpaTAT MPOM3BOJACTBO OeH3mHa Mapku A—80, HamamaT BBITYCK He(TEmpo-
IYKTOB, COOTBETCTBYIOIINUX cTaHAApTY EBpo—4 ¢ mepcrneKkTHBHBIM BBIXOJOM Ha
EBpo—5, a BHyTpeHHUH PBIHOK OyJET NOJIHOCTHIO 00ECIIeYeH BHICOKOOKTAHOBBIMU
OeH3MHAaMM MECTHOIO Ipou3BoAcTBa. I[Ipu 3TOM CyMMapHas MOIIHOCTb IIO
nepepaboTke HeTH Bo3pacTeT 10 18,5 MIH. T B rOJ C HBIHEIIHErO IMOPSIKa
14 mMiH. T B ToA, a riyOuHa nepepaboTku yenumuurcs 6onee 90 %. Kpome Toro,
MOSIBUTCS 6a30Bask MPOLYKUUS I HepTeXuMuu — OeH301 1 mapaxcuion [12].

Dopmuposanue Hehmexumuueckozo Kiacmepa u co30aHue UHmezpupo-
8anH020 Hehmexumuueckoeo komniekca 6 Kazaxcmane. ABtopsl [14, 15] cum-
TalOT, YTO B MEPCHEKTHBE CTPOUTEILCTBO M IMYCK B 3KCILTYyaTallUI0 Pa3INYHBIX
He(pTEXMMHUYECKIX KOMIUIEKCOB, a TaK)K€ MOJEPHH3AIMS M TEXHOJIOTHYECKOe
oOHoBJieHue nefictByromux HII3 mo3soauT:

— IPUCTYNHUTh K (POPMHUPOBAHHIO CTPYKTYP IO TIIyOOKOW M KOMIUIEKCHOM
repepaboTKe yIieBOIOPOTHOTO CBHIPBS, YTO JTACT BO3MOXKHOCTH TOBOPHUTH O CO-
3MaHUM PBIHKA HEPTEXUMHYECKHX MPOAYKTOB C BBICOKOH J00OABIEHHOW CTOH-
MOCTBIO;

— YMEHBIINTh 3aBHCUMOCTb JKOHOMHUKM KazaxcTaHa OT KOHBIOHKTYpBI
MHUpPOBBIX IIeH Ha HedTh, oOecreunTh HamomHeHue LleHTpambHO-A3MaTckoro u
BHYTPEHHETO pPBIHKA HEPTEXHMMUYECKOM NpPOMYKIHMEH Ka3aXCTaHCKOTO MPOM3-
BOJICTBA;

— co3maTth OCHOBY mist (opmupoBanus B PecmyOmmke Kazaxcram Beptu-
KaJIbHO MHTETPUPOBAHHBIX KOMIUIEKCOB, ACSITEIHLHOCTh KOTOPBIX MOXKET OCYIIe-
CTBIISITHCS B IIMPOKOM CIIEKTPE OT AOOBIYM M OYMCTKU HE(TH 10 CO3IaHMA AeH-
CTBYIONTUX TEXHOJOTHUH W TPOU3BOJCTB IO TIIYOOKOH IepepadoTKe YIIIeBOIO-
POIHOTO CHIPBSI U BBIIYCKa TOBAPHOH HEPTEXUMHUYECKOH MPOAYKIHH C BEICOKOU
N00aBICHHOM CTOMMOCTEIO.

OnHOBpPEMEHHO BBIIICH3IJIOKCHHOE II03BOJISIET CAENaTh BBIBOA O HEOOXO-
TUMOCTH JNaJbHEUIIEer0 WCCIeIOBaHMs MpoOIeM W TMyTed pa3BUTHA HedTexu-
MHYecKoro mpou3BojcTBa B Kazaxcrane.

MupoBOil ONBIT CBHUACTENBCTBYET, YTO KOHKYPEHTOCIIOCOOHOCTH HAalmo-
HaJIbHON SKOHOMHKH BO MHOTOM oOecrieunBaeTcs (pOpMHUpOBaHWEM KOMOMHAIINN
($upM 1 opraHu3alMi, CBSI3aHHBIX MEXIy cOOOW TOTOKaMU 3HAHWH, TEXHOJIOTHU-
YECKHMH CBS3SIMH U JPYTUMH B3aMMOOTHOIIEHUAMH. [lomoOHas rpynma reorpa-
(uuecKy JIOKAIM30BAHHBIX YYACTHHKOB IOJyyWJia Ha3BaHHME «kimactep». Ha
CETOAHALIHUM J€Hb pPa3BUTHE KJIACTEPOB SIBISIETCS LIMPOKO IMPHU3HAHHBIM HH-
CTPYMEHTOM, COITyTCTBYIOIIMM 3KOHOMMYECKOMY pa3BUTHIO M TIOBBIIIEHUIO
KOHKYPEHTOCIOCOOHOCTH.

B Pecniybnuke Kazaxctam wmMeeTcst psAn yCIOBHH, KOTOPBIE MOTYT Kak
CIOCOOCTBOBATH, TAK M MPEIISTCTBOBATH PA3BHTHIO TEPPUTOPUATBHBIX KIIACTEPOB.
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K no3utuBHBIM pe3ynbTaTaM BHEIPEHHs KJIACTEPHOIO IIOAXOJAa B PEruo-
HAJIbHOE Pa3BUTHUE CIEAYET OTHECTH: PACHIMPEHUE TEXHOJIOTHYECKOW, HAyYHOH 1
HHPOPMALUOHHONH HHQPACTPYKTYpP; TOTOBHOCTH CyOBEKTOB OM3HEca K KOOIIe-
PUPOBaHUIO; MOOMJIBHOCTH B HCIIOJB30BAHUM MECTHBIX PECYPCOB; IMOBBILICHHE
YCTOMYHMBOCTU MEXPETHOHAIBHBIX CBS3€H; YCUIICHHE MAPTHEPCKUX OTHOLICHWM
BO BHEIIHEOKOHOMHUYECKOM COTPYIHHUYECTBE U PSIII APYTHX.

Kpurepuem mist BeinesnieHust 6a30BOM OTpacim KiacTepa SIBJISETCS €€ CIIO-
COOHOCTh TPOW3BOJUTH TPOJYKIINIO, KOHKYPEHTOCHOCOOHYIO Ha MHPOBOM
pBIHKE.

[Ipobnema QopMupoBaHus KJIACTEPOB B HEPTSAHOW NPOMBILUICHHOCTH 3a-
KJII0YaeTCs B HEOOXOIMMOCTH CO3IAaHUS LENOYEK B3aMMOYBS3aHHBIX IIPOU3BOA-
CTB OT I'€0JIOTO-IOMCKOBBIX M Pa3BEeIOYHBIX PadOT /10 mepepaboTKU N3BICUEHHBIX
YTJIEBOAOPOIHBIX COSAMHEHUH U Pealn3allii TOBAPHOU MPOAYKIUH (PUCYHOK).

OpenOyprekmii
Hedrerasossiii 113
KOMILTEKC

Kasaxcrana -
Hedrenepepa- o Kapauaranaxkc-
6oTKa .ﬁ;}]};aycmn xmit TTI3

Hedrexumireckuii

Hedrexnmmaeckuii
Knacrep (3)

Knacrep (1)

["azonepepaboTka,
HedTexmMus

I"a30BBbIit
Hedts I'as )
KOHJIEHCAT
CekTop
HHQPACTPYKTYpPHI | | |
AKTaycKHil 3aB01 DKcnopt
IIacT™Mace YII1eBOIOPOAOB
MaHnrsicTayckuii
HIT3 N
Hedrexumiraeckuii
Kaactep (2)
3aBoa no P
NPOH3BOACTBY
OHTYMOB H Maces
v A ) "
Kazaxcknii I'TI3

Metamis:
BaHaJIHIl, HHKeb

Hedreonryms

CxeMa Npou3BOJCTBEHHBIX B3aMMOCBSI3€H CTPYKTYPHBIX MOIpa3e/IeHUI KJIacTepoB
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PeanpHast BO3MOXKHOCTH (POPMHUpPOBAaHHUS KJIACTEPOB, B OCHOBY KOTOPBIX
OyZeT TMOJIOKEHO WCIONb30BaHHe He(Tera3oBeIX pPeCcypcoB, CYMIECTBYET B
perunonax 3amagHoro Kazaxcrana. [lepBbiii M3 HHX MOXKET OBITH 00pa3oBaH C
Y4ETOM CYIIECTBYIOIIETO MPOMBIIUIEHHOTO M HAYYHOTO MOTEHIMaga B AThIpay-
ckoit obmactu. JlaHHas 00y1acTh, O1aromapsi COCpeIOTOUCHHBIM Ha €€ TEPPUTOPHH
3aracaM He()TH M Ta3a, SBJSIETCS] OJHUM M3 IEPCIEKTUBHBIX U PHUBIIEKATEIbHbBIX
PETHOHOB pecIyOIuKH, T yXKe HIAST (OPMHpPOBaHHE HEPTEXHUMHUIECKOTO Kilac-
Tepa W CO3JaHHE HHTEIPUPOBAHHOIO HE(YTEXMMHUECKOIO KOMIUIEKCA. AHAIIU3
3¢ GEeKTUBHOCTH KJIACTEPOB MOXKET MIPOU3BOJUTHCS B PA3JIMUHBIX HAPaBJICHHUSX:
WHCTUTYLUHOHAJIbHAST OpraHu3alus; BHYTPEHHSSI MOTHBAaLUWs WHULHMUPOBAHUSA U
MOJ/ICPKaHHS; CPaBHUTEIbHAsI KOHKYPEHTOCIIOCOOHOCTh YYaCTHHKOB; CTpaTerH-
YEeCKHUH MOTEHIHAT.

Pa3zBuTHe cOOCTBEHHOH pa3BeTBICHHONH ©a3bl HedTerasonepepadoTKu U
He(pTEXUMUU HEOOXOIUMO pPecIyOJMKe, BO-TIIEPBBIX, B CBA3M C POCTOM CBOMX
MoTpeOHOCTE B MCXOIHBIX pecypcax yIIeBOAOPOJOB; BO-BTOPBIX, BCICICTBHE
TOTO, YTO KOHEYHAst MPOIYKIHS 3TUX MPOU3BOJICTB — OT UHIUBHIYaJIbHBIX YIJie-
BOZOPOZIOB [I0 TIOJIMMEPHBIX MaTepHajOoB — MPEICTaBIsAET COOOW JOCTATOYHO
BBITOIHYIO CTaThIO DKCIOPTa, O YEM CBUACTEIHCTBYET IOCTOSHHO PacTyIIHd
CIpOC Ha Hee Ha MUPOBBIX PHIHKAX.

Poct HedrerazonoObun M Impencrosimee OcBOeHHE MecTopoxiaeHui Kac-
nuiickoro mensga co3ngarT 0a3y A CO3AaHUs MOIIHBIX HedTenepepadaTsl-
BAIOIIMX M HEPTEXMMHUUECKUX MPOU3BOJCTB, MPOAYKLHUS KOTOPHIX CIOCOOHA HE
TOJIBKO MOJHOCTBIO YAOBJIETBOPUTH BHYTPEHHHE MOTPEOHOCTH, HO M IIOCTaB-
JSITBCS. Ha BHEITHUE PHIHKH.

B Kazaxcrane QopMupoBaHue BBIIICHA3BAHHBIX KJIACTEPOB MO3BOJIUT
[O3TAallHO PEeajM30BaTh 33Jayd KOMIUIEKCHOTO COIHMAIbHO-9KOHOMHYECKOTO
pa3BuTHA peruoHoB. KiacTepbl JOJKHBI OBITH B3aMMOCBSI3aHBI MEXKIY cOOOU
mporeccaMu J0ObIMM U MEepepadOTKU CHIPhs, a Takke HHQPACTPyKTypoH, Ko-
TOPYIO TPEICTOWT CO3/AaTh (HEPTIHOEC MAIIMHOCTPOCHWE, coIMaibHas cdepa,
He(TEPOBOIHBII TPAHCIIOPT, HAYYHO-TEXHUIECKOE COIIPOBOKACHHUE U 1Ip.).

[Ipenmocbutku A7IE 3TOTO peabHO CYIIECTBYIOT B PETHOHAX 3amagHoTro
Kazaxcrana, rae uMeroTcs, BO-IEPBbBIX, 3HAYUTEIIbHBIE 00BEMBI 100BIYN HEPTU U
rasa; BO-BTOPBIX, YK€ BBEJCHHBIC B JKCIUTyaTallMI0 MOLIHOCTH IO HedTeraso-
nepepadoTke U HePTEXUMHUH, B-TPETbUX, B JOCTATOYHOW CTEIEHU Pa3BHUTasl MH-
¢dpactpykTypa. Bece aTo Oyner crocoOCTBOBaTh B mpezeniax KiacTepa CO3AaHUIo
OOJIBIION CHCTEMBI B3aMMOCBSI3aHHBIX 10 CBIPbIO, (DMHAHCOBBIM W TPYAOBBIM
pecypcamM TPOU3BOJACTB, TEPPUTOPUAIBHO PACIONOKEHHBIX B 3amaJHBIX 00-
nacTsax. bomee Toro, peanmusanus KiIacTepHON WHUIIMATHBBI UMEHHO 3/€Ch CO-
3[aeT TPENNOChUIKH Jisi BO3POXKICHUSI TaKUX KPYMHBIX OOBEKTOB HedTeraso-
nepepadoTKH W He(TeXUMHH, — Kak 3aBoj muactMmacc (Akray), AO «[lomm-
npormwiieH» W HedremepepabdareiBatonuii 3aBox (ATeIpay), HoBoy3eHbCKUH H
JKanaxorckuii razorepepadaThIBAIOITIE 3aBOIBI.

Pabota [16] mocBsleHa WccieNOBaHUIO NPOOJIEM pPa3BUTHS He()TEXUMH-
yeckoil orpacinu PecnyGnukn Kaszaxcran myrem co3maHus HeQTEXUMHUECKOTO
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KJlacTepa B 3alaJHOM He(TEera30HOCHOM PErHoHe cTpaHbl. MccinemnoBaHO TEKy-
miee cocrostHue npobiem hopMupoBaHUs HehTeXUMUYECKOro Kiacrepa B Kazax-
CTaHE W PACCMOTPEHBI BOMPOCH CO3/IaHUS WHTETPUPOBAHHOTO He(TeXuMH-
YECKOTO KOMIUTEKca B ATHIpaycKol oOmactu. PackppiTa CyTh KIACTEPHOTO TIO-
X0Jla KaK OCHOBHOTO (haKTOpa TOBBIIICHUS PETHOHAIBHONH KOHKYPEHTOCIOCO0-
HOCTH AThIpayckuii oOnacTtu. BeieneHpl OCHOBHBIE TIOKa3aTeNH MO pecypcaM U
OXKMAAEMBIM pe3ylbTaTaM, KOTOPbIE WMEIOTCS B 3TOM PETHOHE IS CO3JaHUS
HeTeXuMHUIeCcKoro kiacrepa. O00cHOBaHA 11e71ec000pa3HOCTh U 3P PEKTUBHOCTH
co3/laHusl HEe(TEXMMHUYECKOTO KiacTepa M HMHTEIPUPOBAHHOTO He(TeXuMHu-
YECKOTO KOMIUIEKCa B ATHIpayCKO# 00IacTH.

Onucanpl 3Tambl CTPOUTEIHCTBA WHTETPHUPOBAHHOTO HEPTEXUMHUECKOTO
KOMILJIEKCA B 3aBUCUMOCTH OT HCTOYHHUKOB IMOCTAaBKH HCIOJBb3YEMOIO CHIPbSI.
Co3nana MHTETPUPOBAaHHAS CcXeMa HE()TEXMMUYECKOTO KOMILIEKCA M PAcCMOT-
PEHBI MHBECTUIIMOHHBIE HE(PTEXUMHUECKUE MIPOEKTHI B AThIpayckol obOnactu. B
KaueCTBE OCHOBHBIX (DAaKTOPOB, 0OOCHOBBIBAIOIIUE BO3MOXHOCTH ISl POPMHPO-
BaHUS HE(PTEXMMHUYECKOTO KJacTepa M JOCTHXKCHUS 3KOHOMHUECKOro 3¢ dekra,
BBIJICJICHBI CJICAYIOIIME MATh rpyIna GakTopos.

IlepBast rpynma (axTopoB 00yCIOBIWBAETCS HAJMYMEM B3aUMOCBSI3H IIO-
TEHIIMAIBFHBIX PECYPCHBIX M TEXHOJOTHYECKHUX IMPEANOCHUIOK: IS He(hTeXHuMUn
3amaJlHOKa3axCcTaHcKas Tspkenash mapaduHmcTas cepHHUCTas HepTh sBIIETCA
CaMbIM JIYYIIUM HCXOJHBIM CBHIPHEM; CO3[IaHHE HOBBIX IMPOU3BOACTB C YYETOM
CyIeCTBYIOIEH MH(PACTPYKTYpHl TO JOOBIYE W TepepaboTke HepTH W Ta3a;
BTOpas rpynmna (akTOpOB MPEIOIpeNesieTcss MPUINHAMH MHUPOBOTO M BHYT-
PEHHETO CIpoca Ha MPOAYKIHI0 He(TEXUMHUU; TPEThs TpyIma (akTopoB o0yc-
JIOBJICHA BO3MOXKHOCTBHIO aKTHBH3AI[MM BO30OHOBIICHUS JEATEILHOCTH He(TEXH-
Mudeckux npeanpusTuii Kazaxcrana; yerBepras rpymmna (akTOpoB OOYCIIOBIH-
BaeTCs HAJIMYMEM COOCTBEHHOHM 0a3bl YIJICBOJOPOIHOrO CHIPhS, YTO TpeOyeT
(dbopMmupoBaHUs HEPTEXMMHUICCKOTO KOMIUIEKCa, 00eCIeYrBaloniero TiyO0oKyIo
Hepepa60TKy ChIpbsA B KOHCUHBIC BBICOKOTCXHOJOTHUYCCKNE 1 HAYKOCMKUEC BHU/IbL
MPOAYKIHMH IS HACHIIIEHUS BHYTPEHHETO PBHIHKA BMECTO MMIIOPTAa W B IEJIX
pacIMpeHns 3KCIOPTHOTO TOTEHIMajla KOHEYHOW NpPOAYKIWH; MATas TpyIa
(hakTOpPOB TpenoNpeAeNIeTCS CTPaTeTHIECKON MmIaTGopMoil TUBEpPCUBUKAITNH
skoHOMUKH KazaxcTaH CBSI3M C BXOXKJEHHEM B pa3psii BHICOKO KOHKYPEHTHBIX
CTpaH.

Ha ceromusmianii nens Hedrerazosas mHAycTpus KazaxcraHa urpaer 3Ha-
YUMYIO POJIb B 3KOHOMHYECKOM Pa3BUTHH pecityOinuku. OHa SIBIAETCS OIHUM U3
[JIABHBIX JIOKOMOTHBOB pOCTa BaJIOBOTO BHYTpeHHero mnpoaykra (BBII) u
B2)KHBIM UCTOYHHKOM TIOCTYIUICHHUIA B TOCYIAPCTBEHHBIN OFOJIKET.

OpHako, ecii B IEPBOM JIECATHIIETHH 21-T0 Beka BBHICOKHE IIEHBI Ha YTIIEBO-
JOPOJHOE CHIphE O0ECHEeYMId HaMm 3HAYUTEIBHOE TMOCTYIICHHE B OIOIKET, TO
CETOJHSIIHIE peajiui MOKAa3bIBAIOT YCTOWYMBOE CHUXKCHHE JTHUX MOCTYIUICHHM.
Ha u B Apyrux, CBS3aHHBIX C HEH OTpACIIX IKOHOMHKH BCEro MHUpa, HaOIO-
JaeTcs OCTPBIM KpH3HC. 3a TOCIEeTHUE HECKOJIBKO JECATHIICTHH MHUpPOBas KO-
HOMHUKA TPOIILJIa Yepe3 HECKOJBKO CBS3aHHBIX C HE()TSHBIM PHIHKOM KPH3HCOB,

27



XUMWYECKHH )KYPHAJI KA3AXCTAHA

KOTOpBIE HOCHJIM KaK 3KOHOMHYECKHUH, TaKk W OJUTHYECKUI xapakrep. Ho peskoe
najieHue 1eH Ha HedTh B 2014 1. mo ckopocTH (GOPMHUPOBAHMS KPU3KCA MPEBOC-
XOJUT Bce npeapaymue. M ecnu paHblle Ha IMHAMUKY TOKa3aTeel peann3annun
He()TSHBIX KOMITAHUH OKa3bIBAJIO BIUSHUE, B TIEPBYIO OYepellb, OTCYTCTBHE pOCTa
IOOBIYM B HATYpPAJIIbHOM BBIPRXKEHWH, TO TENeph K 3TOMY NPHOaBHUIOCH 00py-
LIeHWEe IIeH Ha HepThb, KOTOPOE TPETHH TrojJ] KOMIICHCHPYETCS JeBalbBalfei
HalMoHaJIbHOM BatoThl [17, 18].

OTIUUNTENBEHONH OCOOEGHHOCTBIO TEKYIIEH CHUTyallMM Ha pPBIHKE >HEprope-
cypcoB (HedTH) sBnsieTcs a00bYa CIaHIEBOH HE(PTH W yBEIWYEHHE JOOBIYU B
HaTypaJIbHOM BBIP@XEHHU CO CTOPOHBI TaKUX HEPTIHBIX JepxaB, kak CayoB-
ckas Apasus, Upan, Upak, Poccus, FOAP, AMepuka u T.XI., 9TO TIPUBEIIO K YBe-
JIUYEHUIO TPEIOKEHUsI B TIPOTHBOBEC cIipocy. Torma kak, B CBSI3W C 3amejJie-
HUEM MHUPOBOW 3KOHOMHUKH CIIPOC Ha 3HEPTOPECypChl CHU3MJICS, UYTO MPHUBENIO K
MaJieHUI0 IIeH Ha HedTh, YyeMy CBHUIETeNbcTByeT cammuT wieHoB BPUKC B
2016 r. mo Bompocy orpaHuueHHsS oObeMa JOOBIYM IS LEJeH CTadwIn3anuu
LIEHBI Ha He(Tb.

Kax m3BectHo, o mepepabotke HedTr B crpane mmeercs 3 HII3 — Artwi-
payckuit HII3, IlaBmomapckuit HX3 wu IlerpoKazaxcranOiinllpomakre B T.
HIeivmkent. Pymbrackuii HIT3 «PoMnerponnym» u OMTYMHBIN 3aBOX B T'. AKTay
«Kaspibitum» mo npousBoACTBY AOPOKHOIO OMTyMa, Takxke npuHamiexar HK
«KaszMymnaiil'a3».

Otu yetpipe [IH3 paboTaroT He B MONHYIO MPOU3BOACTBEHHYIO MOITHOCTH,
Ha BCEX MPOM3BOMATCS PabOTHI MO PEKOHCTPYKIIMH OOOPYIOBaHHUS C LENBIO II0-
BBIIICHUS] MTPOU3BOACTBEHHBIX MOIIHOCTEH, MOCTIXEeHHs Oosiee TIyOOKOH Tme-
pepaboTku He(hTH M TOTyYEHHs KaueCTBEHHBIX MPOoayKToB Kak EBpo 4 u EBpo 5.
Paboter mo pexonctpykunu HII3 oueHb 3aTpaTHble M HPOBOASTCS C y4yacTUEM U
MpuBJIedYeHHEM (PMHAHCOBBIX CPEACTB MHOCTPAHHBIX HHBECTOPOB.

Kpome toro, ITHX3, u3zHayalbHO OpPUEHTHUPOBAHHBIM Ha JIETKYIO pPOCCHUI-
CKYI0 HETh, ITOCTOSHHO MCIIBITHIBACT HEMOCTATOK CHIPHS, a IlIsimkenTckmit HIT3,
C PaBHOJOJIEBBIM YYacTHEM KHTAaWCKON KOMIAHHMM, HCIIONB3YET TOJBKO CBHIPHE
KyMKonbckoro MecTopokaeHHs, Takke NpuHaanexamiero kurainam. llomy-
4aeTrcsl, 4TO Ha OTCUYECTBEHHYI0O HE(Th OpPUEHTHPOBAH TOJIBKO CaMBlii CTapbli
Atbipayckuil HII3, nocTpoeHHbIN B TOCIEBOECHHBIE TO/IBI.

[ToaToMy B cTpaHe MOCTOSHHO ourymaercs HemoctaTok I'CM, BeIHyx)Aas
roCyJIapCcTBO MpHOOpeTaTh MX, B OCHOBHOM, m3 Poccnn. Oco0eHHO HEIOCTATOK
I'CM omgyniaercst B OCEHHUI U BECCHHUI MEPUOJBI BO BpEMsl TOCEBHBIX U y0O-
POYHBIX paboT. B memsix perreHust Bompoca Mo MoJHOMY OOECIeYeHHI0 pecyo-
JMKM Tponykramu Hedrenepepabotku, IIpaBurensctBoM PecmyOnmuku Kazax-
CTaH, B HACTOAIIEE BPEMs PacCMaTPUBAETCSH BOMIPOC O CTPOHUTEIHCTBE HOBOTO
HII3 B Manrucrayckoi o0acT.

B uncie ocCHOBHBIX HampaBlieHHH I pa3BuUTHsA ykazaHHbIX HII3 B cpemme-
CPOYHOI1 MEePCIIEKTUBE MOKHO BBIIACITUTH:

— 3aBepIIeHNE PEeATU3yeMbIX MPOEKTOB M0 UX PEKOHCTPYKIMM M BBIXOJ Ha
OoJiee BEICOKHE TPOU3BOACTBECHHBIE MOIIHOCTH AJISl ITOJTHOTO 00eCTieYeHus] BHYT-
PEHHHX TOTpeOHOCTEH;
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— JOCTWXEHHUE Leied 1o riy0okoil nmepepaboTke HEPTU U MOJyYeHHE Mpo-
IyKUUU BBICOKUX cTaHaapToB Kak EBpo 4 u EBpo 5;

— paccMOTpEHHE SKOHOMUYECKHX M TEXHHUUECKHUX BO3MOXKHOCTEW IO 3amod-
HEHMIO Mpou3BOACTBeHHBIX MomrHocTeld HII3 oreuectBenHON HedThIO M mepe-
o0opynoBaHUIO 1Mo Hate chipbe [laBmomapckoro HX3.

Peanmuzanms ceipoii He(TH ocymiecTBIseTCs (IKCIOPT), B OCHOBHOM, IIO
HedrenpoBoaaM «ATteipay-Camapa» u «KTK» k mopram Ha mobGepexbe UepHoro
Mops, «Aracy-Anamanbpkoy» B Kwurtait m mopckum Tpancmoprom B baky u
Maxaukainy.

Peanmuzanueii mpoaykToB mepepadotku HedTH 3armMaetcst AO «KazMyHaii-
l'a3-Ouimuaepi», modeprsas crpykrypa AO «KasMymnaiil'a3 — mepepaboTka u
MapkeTUHr». B Hacrosiiee Bpems IaHHas KOMIIAHUS UMEET B COOCTBEHHOCTHU
6onee 300 A3C Ha TeppuTOopuM peciyONuKH, 12 cTaHIMK MO 3ampaBKe aBTO-
MOOMIIEH CXKMKEHHBIM Ta30M U 1 CTaHIMIO 0 3alpaBKe IPUPOIHBIM Ta30M.

SIBnssicy modepHel cTpykTypoi rpynmbsl komnanuid «KasMymnaiil'az — ne-
pepaboTka M MapKeTHHI», Kylda CTpyKTypHO BxousaT Bce HII3 pecmyOmuxw,
«Ka3zMymnaiil'a3-OniMaepi» NpakTHYECKH MOHOIOJIUCT Ha JAaHHOM PBIHKE II0
peaymzanuu 'CM depe3 oOmmpHy0 ceth coocTBeHHbIX A3C [17].

Crenyer y4uThIBaTh, 4T0 He(TSHAS MPOMBINIICHHOCTh Ka3zaxcTana He TONb-
KO Ba)KHEHIIas OTpacib MPOMBIIUIEHHOCTH, OHA SBISETCS OJHOM W3 TIABHBIX
COCTABJISIOIINX SYKOHOMHUYECKOH 0€30I1aCHOCTU CTPaHBbl, €€ HE3aBUCUMOCTH.

Hedrera3oBelif KOMIIJIEKC CTPaHbl UMEET COOCTBEHHYIO BHYTPEHHIOK CTPYK-
Typy, B COCTaBE KOTOPO MOXHO BBIJIEIHUTH CIEAYIONINE CTPYKTYPHBIE SIIEMEHTHI:

— 1o0bIYa;

— TPaHCIIOPTHUPOBKA;

— nepepaboTka He(hTH U rasa.

VYrieBopoponHblii noTeHnuan Pecyoianku Kazaxcran no oneHkam siBasieTcst
JOCTaTOYHO 3HAYUTEIBHBIM B 00IIeM 00beMe MUPOBBIX 3amacoB. 1o moaTBepk-
JOeHHBIM 3amacaM HedTn KaszaxcraH BXOAWT B YMCIIO BENyIIMX CTPaH MHPA.
Kazaxcran 3anumaer BTopoe MecTo nocie Poccuiickoit @exeparun cpean Bcex
pecny6snk CHI™ mo 3anmacam yrieBoOpOTHOTO CHIPBSI.

VYTBepKJeHHbIE HU3BIEKAaeMblE€ 3amachl YIJIEBOAOPOAHOTO ChIphsi Mo PK,
BKITEOUast cymy: Hedti — 30 mapa. Gapp. (4,0 mipa. T), raza — 3,0 TpiH. M.

KazaxcTan BXOAWT B IECATKY BEAYIINX CTpaH B MUPE TI0 3aIrtacaM yTiIeBOAO-
pomoB. Hambonpmine pasBemaHHBIE 3amachl IMOMYTHOTO Ta3a COCPENOTOYCHHI B
paspabareIBaeMbIX KpYHHBIX MecTopokaeHusix Kapauaranak, Tenrnsz u JKana-
HKOJL.

ITo pasBemaHHBIM 3amacam npuponaHoro rasa PecrmyOnuka Kaszaxcran 3aHu-
maeT 15-oe MecTo B Mupe.

3amacel yriaeBojopoaHoro celpbsi Kazaxcranckoro Cekrtopa Kacmuiickoro
Mops (KCKM) — nopsaka 60 mupa. 6app. (8 Miupa. T ) YCIOBHOTO TOIUIMBA
[19, 20].

B nacrosiiee BpeMsi 1oKa3aHHbIE 3anachkl HeQTH U Ta30KOHAEHCATa COCTaB-
Js10T okoo 2,7 mupa. T. Ecnm 61 100Br4a Havyana yBennumBatbes Ha 17,5 % B

29



XUMWYECKHH )KYPHAJI KA3AXCTAHA

rog v B 2015 r. oT HBIHEIIHKUX 35 MJIH T AelCcTBUTENBHO gocTuria 0s1 400 MIIH, TO
ee CyMMapHBIl 00beM Kak pa3 u ObLI Obl paBeH 3TUM 2,7 MIIP/.

locyaapcTBeHHOE peryjiMpoBaHHE TPOU3BOJCTBA M 000poTa HedTenpo-
IOYKTOB OCYLIECTBIIsICTCSI MUHHCTEPCTBOM 3HEPreTHKHA U MHUHEPAJIbHBIX PECYPCOB
PecnryOnmxm Kazaxcran. MHBIE rocyaapCTBEHHBIE OpPTaHbl BIIPaBe PETyIHPOBATH
OTICTbHBIC BOMPOCHl TPOW3BOJACTBA W (WJIM) 00OpoTa HEPTEHNPOAYKTOB B
npeenax CBoeil KOMIETEHIINY, YCTaHOBJICHHOM 3aKOHOAATeIbcTBOM PecityOnuku
Kazaxcran.

OcHOBHBIE Ka3axCTaHCKHE MecTOopokaeHus Kacmus HaxomaTcs B CeBEpHOM
yacTH Mops. DTO BCEMUPHO U3BecTHHIN Kamaran, Mectopoxaenus Aktotsl, Kaii-
pan, Kanamkac-mope. B cBsizu ¢ Tem, 4yTo pabOThl Ha AaHHBIX MECTOPOKACHHUIX
TpeOYIOT 3HAYUTENILHBIX (PMHAHCOBBIX BIOXEHWH, KazaxcTaH 3aKiIOumMIl JOTOBOP
C PSJIOM M3BECTHBIX MEXIYyHApOJHBIX KOMMAaHMWU. J[aHHBIH JOTOBOp Ha3bIBAETCs
«Cornamenyue o paszgeie MPOAYKLUH», COTIACHO KOTOPOMY HWHOCTPaHHbIE WH-
BECTOpHI OIUTAYMBAIOT OOJBINYI0 HYacTh pacXxoJ0B MO pa3BeAKe W J00BIYE.
AO HK «KasMymnaiil'a3» sBngercs [lonmHomounsiM opranom B CeBepo-Kacmmii-
CKOM TIPOEKTE, NMPU3BaHHBIM OTCTamBaTh HMHTepechl PecmyOnmuku Kazaxcran u
KOHTPOJUPOBATh BhITOTHEHUE Cornamenne o pasmaeie npoaykauu (CPIT).

B cdepe TOmIMBHO-3HEPreTHYECKOTO KOMIUIEKCa KPYTHEHIIE TocyaapcTBa
mupa — CIIA, Poccus n Kurait npusnanu Kaszaxctan crpareruyeckuM mapTHe-
poM. YrinyOiieHre U pa3BUTHE OTHOLICHUH C TaHHBIMH CTPaHaMU SIBJISICTCS OJHUM
13 BAKHEWIINX HANpaBicHUI BHEIIHeW nmonutuku Kazaxcrana. Mel 3auHTepeco-
BaHbl B INPOJODKEHUH M YKPEIUIEHMH COTPYIHUYECTBA, OCYIIECTBIIEMOro Ha
JBYCTOPOHHEM W MHOTOCTOPOHHEM YPOBHSX B paMKax TaKHX PErHOHAJIbHBIX
oprann3anuii, kak EBpasuiickoe sxonommdeckoe coobmectBo (EBpA3DC), 1llan-
xaiickas opranusanus corpyanudectsa (ILIOC) u ap. [19].

CoBpeMEHHOE COIMATBHO-9KOHOMHUYECKOE MOJIOKEHHE Hallel CTpaHBbl
00yCITOBIIMBAET YPE3BBIYANHYIO aKTYaIbHOCTD IIeJICHAPABICHHON AesITeTbHOCTH
rocygapcrea B cdepe oOecredeHus dHepreTHYecKord 0e30MacHOCTH, KOTOPOH
MPUHAICKHUT ONIPEeIIolIee MECTO B 00IIeH ccTeMe SKOHOMHYECKOH 1 Hallno-
HanpHOU Oe3zomacHocTn Kazaxcrana. OTedecTBEHHBIH IHEPTETUYECKHI CEKTOP
OKa3bIBa€T OTPOMHOE BIHMSHNE Ha CONMANBHYIO 0OCTAaHOBKY B CTpaHe. A ypOBEHb
9HEPTETHUECKOT0 KOM(]OopTa U CTENEHb JTOCTYIMHOCTH YHEPTeTUUYECKUX PECypCOB
BO MHOTOM ONPEIEISIOT Ka4eCTBO KU3HN Ka3aXCTaHLIEB.

OHepreTryeckas 0€30MacHOCTh JTOJDKHA HE TOJIBKO CIIOCOOCTBOBATH MPEAOT-
BPALICHUIO KOH(IMKTOB 33 DHEPreTHYECKUE PECYpChl MEXIY IMOCTaBIIUKAMH U
MOTPEOUTENISIMU, BHYTPH IPYIIIHI CTPAH-TIOCTABIIUKOB U CTPaH-IIOTpeOUTENeH, HO
1 O3HAYaTh:

1) B3aMMHYIO OTBETCTBEHHOCTb NOTPEOUTENS W TOCTABIIMKA DHEPreTHU-
YECKHX PECYPCOB NPHU COOJIOACHNH NPUHIIMIIA B3aUMOYBaXKEHHUS CTOPOH;

2) paciiupeHHe AOCTyIa K SHEPreTUIECKUM pecypcam;

3) auBepcUpUKAIIIO TTOCTABOK M HCTOYHHKOB SHEPTETHYECKUX PECYPCOB;

4) IenoIUTHU3AIMIO; YECTHYIO KOHKYPEHIIHIO; TTI00AbHOCTD;
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5) conmanbHYI0 HAlpaBICHHOCTb, IIPHU COONIIOJICHUH BCEX 3TUX MPUHITUIIOB
HE TOJBKO OJTHOH CTpaHO#, HO © MUPOBBIM COOOIIIECTBOM B 1iesioM [21, 22].

B Hacrosimee Bpemsi MUpOBasi SKOHOMHUYECKas HayKa MpeiiaracT JOoCTa-
TOYHO OOJIBIIIOE KOJIMYECTBO WHAMKATOPOB JHEpreTndeckor OezomacHoctu. Ilo
MHEHHIO JOKTOpa 3koHOMuYeckux Hayk M.Y. CmanoBa [22], mis Kazaxcrana
MOJKHO OTIPECIUTh CIACIYIOIINE HHAUKATOPHI SHEPTETHUECKON OE30MaCHOCTH:

— IMHAMUKA YHEPTOEMKOCTH YKOHOMHUKH;

— IMHAMUKA JOOBIYM OCHOBHBIX BHIOB SHEPTOHOCHUTEICH;

— CTeTIeHb AUBEPCUPHUKAIIIH SKCIIOPTa SIHEPTOHOCUTENIEH;

— HaJIMYHe CTPATETUICCKUX 3aMACOB SHEPTOCHIPHSI;

— COCTOSIHHE TPAHCTIOPTHBIX CHUCTEM;

— CTPYKTYpa dHEprornoTpeOIeH s U 3allaCOB OCHOBHBIX BUIOB TOIUIHBA;

— COUMAaJbHO-TIONUTHYECKas OOCTAaHOBKAa B MecTaxX IOOBIYM U TPaHCIOP-
TUPOBKH yTJIEBOJOPOIOB;

— YPOBEHbB JOCTYITHOCTH MUPOBBIX TPAHCIIOPTHBIX KOMMYHUKAIUH.

ObecnieueHne JHEPreTUYECKOM OE30MacHOCTH CTPaHbl, TaKUM O0pa3oM,
CBS3aHO C BBISBJICHHEM U CHCTEMaTH3alllel KOMIUIEKCA YIPO3, Yb€ HACTYIUICHHE
NpsIMO WJIM KOCBEHHO CIIOCOOHO HAHECTH YHIEPO SHEPTreTHYECKOMY CEKTOPY
cTpanbl. Bce yrpossl TommmBHO-3Hepreruueckoro komiuiekca (TOK) ycmosHo
pa3nensioTca Ha BHYTPEHHUE U BHEUIHUE, MPUOPUTETHOCTH PEIICHUS KOTOPBIX
BapbUpyeTCsa B 3aBUCHMOCTH OT 3HAYMMOCTH 33]1a4, CTOSAIINX TIepe CTPAHOM.

Ha cerogmsmuuii eHp pa3muvHbIE MEpPHl TOCYIAapCTBEHHOTO XapakTepa,
HalpaBJCHHBIC Ha peryiaupoBaHue mporieccoB B TOK, mpuHATO pasmensaTs Ha
MIPEBEHTUBHBIC U JINKBHUIAIIOHHBEIE.

[IpeBeHTHBHBIE MepHl HaNpaBJieHB Ha (POPMHUPOBAHKE B CTpaHE MEHEe ys3-
BHMOH K DHEPTreTHYECKUM Yrpo3aM 3KOHOMHKH, CIIOCOOHOW OBICTPO alanTHpO-
BaThCsl K MECHSIOUIUMCS YCIOBUSIM. B paMkax rocyJapCTBEHHON IHEPreTHUECKOM
MTOJIMTUKYU 3TH MEPHI JOJDKHBI KaCaThCs CTPYKTYPHBIX M3MEHEHUH B 3KOHOMHKE B
LIEJIOM, TEPECTPOUKH CTPYKTYphI dHEpProodaiaHca, CTHMYJIMPOBAHUS MPOU3BOJI-
CTBa Pa3MYHBIX BHUJIOB JHEPrOPECYpPCOB, MPEIIOKCHHHA IS CO3JMaHMS DHEP-
rocOeperarpnux TeXHOJIOTHH.

HemaioBakHBIM (PaKTOPOM SIBJISICTCSI BHEIIHETIONMTUYECKOE OOecrieueHue
SHEPTeTHYECKON cTpaTeruu cTpaHbl. Co3gaHue OJarOMpPHUATHOTO BHEITHETIONH-
THYECKOTO (POHA — OAWH U3 KPACYTOJMBHBIX JIEMECHTOB B DKCIOPTHOMW TOJUTHKE
peciyOuKH, Tak KakK, YYUTHIBAs TEOTOJUTHICCKHE M TEOIKOHOMHUIECKHUE XapaK-
Tepuctukn KazaxcraHa, MeXrocylapcTBEHHBIE OTHOIICHHS MOTYT CTaTh CTH-
MYJIATOPOM WJIH YK€ OTPaHINYUTENIEM SKOHOMHYECKOTO POCTa.

Mepsl TUKBUAANMOHHOTO XapaKTepa, KaK MPaBHIIO, CBS3aHBI C CO3JAHHEM
CTPATETUYECKUX 3aMIaCOB IHEPrOPECYpPCOB, a TAKXKE CO CTPOTUM TOCYJapCTBEH-
HbIM KOHTPOJIEM pachpefielieHHs] MX B cllydae BO3HHMKHOBEHHS pa3phIBOB B
SHEPTEeTUYECKON HHPPACTPYKTYpE.

Bbe3yciioBHO, B KpaTdaliiiue CPOKH PEIIUThH BCE MPOOIEMBI SHEPTeTHICCKOM
0€30MMacHOCTH TPEJCTABISACTCS MPOCTO HEBO3MOXKHBIM. OJHAKO TaKTUYeCKas
3a/1aya Ha CETOAHSANIHHUNA JIEHb — 3TO BBIOODP M NMPUHATHE HAaMOO0JIee TIPUOPUTETHBIX
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3a/1a4, KOTOPhIE€ MOXHO OBIJIO OBl PENINTH MPHU CYMIECTBYIOIUX BO3MOXKHOCTSIX,
pecypcax ¥ CTUMYJIaX, HHTepecax v (PMHAHCOBBIX CIIOCOOHOCTSIX BCEX CTOPOH.

Hedrerazoserit cextop PecryOomukm KazaxcTan ocraeTcss JIOKOMOTHBOM
HaIMOHAIBHON SKOHOMUKH, obecnieunBatonum nopsiaka 20 % pocra BBII. B na-
cTosiiee BpeMs B 9Toi cepe 3aHATo Oornee 260 THIC. YEIOBEK.

OxwumaeTcs, 9To TOCIEe MOJEpHU3aluu Tpex oredecTBeHHbIX HII3 o0vem
niepepaboTku Bo3pactet mocue 2019 r. ¢ 14,5 mo 17,5 muH. T. YBenuuuTcs mpo-
W3BOJICTBO CBETJBIX HE(TENPOAYKTOB: OCH3MHA, AW3TOIUIMBA, ABHATOILIMBA.
[Tocne BBOJA B 3KCILTyaTalMIo U BBIXOJa HA MPOEKTHYIO MOIIHOCTh MOJEPHU3H-
poBanHbix HII3 MBI oknaaeM moiHoe oOecrieueHre BHYTPEHHUX MOTPEOHOCTEH
CTpaHbI OTEYECTBEHHBIMU HEPTEIPOTyKTaMHU.

Bunumo, B 0XHUAAEMON NEPCIEKTUBE BaXKHBIM ITYHKTOM HOBOM JHEpPreTH-
yeckol nmonuTuky B KazaxcraHne JOHKEH CTaTh PEUIMTENbHBINA 0TKa3 OT 3KCIOPTa
«CBIPBIX» SHEPrOHOCUTENEH ¥ IMOCTETIEHHBIA MEPEeX0] K AKCIOPTY nepepaboTaH-
HBIX YHEPTOHOCUTENIEH. DKCIOPT «CHIPBIX» YHEPTOHOCHUTENIEH B BH/E PUPOIHOTO
rasa ¥ ChIpOi HeTH pecmyOinke 0ObEKTHBHO HEBBITOICH 1 TIPEICTABIISET COOOiA,
B CYIIIHOCTH, TOAJEPKKY 3apyOexHoro mpousoautens. KazaxcraH, mocraBisis
ra3 u HepTh 3apyOeXHBIM IPOU3BOAUTENSAM, O00ECNedrBaeT WX TOIUIMBOM U
CBIPBEM JJISI BBINTyCKAa MPOAYKIIMH OPTaHWMYECKOTO CHHTE3a, IJIACTMACC, XMMH-
YecKUX MPOJIYKTOB M mpouel mpoaykiuu. B umrtore Kaszaxcran TpaTut 3Hauu-
TEJIHYIO 4YacTb CBOEH NPHUOBUIM OT SKCHOPTa SHEPrOHOCHTENEH Ha 3aKyNKy
NPOAYKIMH IPOMBIIUIEHHOCTH, BBIMYIIEHHOM C MCIOJIB30BAaHUEM Ka3aXCTaH-
CKOTO ke ra3za W He(TH. Pa3HHIA LIeH MEXIY CHIphEM U T'OTOBOM HPOIyKIHEH
TaKoBa, YTO B JIIOOOM ciy4ae B BBHITOJIC OCTAarOTCs 3apyOeKHBIE TpaHCHALMO-
HaJIbHbBIE KOPIIOPAIHH.

[TepcnieKTHBHBIN ITYHKT HOBOW YHEPIeTHUSCKON IONUTHKH B PECITyOJIHKE —
9TO TIOCTENEHHBIH IMepexoa OT OBICTPOMCUEPIAEMBIX K TPYyIHOHCUYEPITAEMBIM
rncToyHuKam >Heprun. CTaBka Ha JOOBIYY, HCMOIB30BaHUE M AKCIOPT OBICTPOHC-
YepriaeMbIX UCTOYHUKOB dHEPrOHOCHTENeH — He(DTH M ra3a — Ype3BbIYaifHO pHC-
KoBaHHa. MIHTeHCHBHas 100bYa He(hTH W Ta3a TpedyeT MOCTOSHHOTO BO30OHOB-
JISHHsI 3aIlacoB, HA YTO TPeOYIOTCS 3HAUMTEIBHBIE PacXObl Ha TE€OJIOTOPa3BE/IKY,
a 3aTeM M KpYIMHbIE HHBECTUIIMM B OCBOGHUE HOBBIX MECTOPOXKJIEHUI B TPYJIHO-
JOCTYIHBIX M MEHEEe OCBOCHHBIX B WH(PACTPYKTYpPHOM OTHOIICHHWH PETHOHAaX
cTpanbl. Yem gajblie, TeM BBIIE ce0ECTOMMOCTD K01 TOHHBI HepTH U KyOo-
MeTpa raza. EcTe BEpOSTHOCTh HACTYIJIEHHS MOMEHTa, KOrjJa IMOAJep:KaHue
JN00BIMM HEe(TH M Ta3a B YCTAaHOBJIECHHBIX 00bEMax CTaHET MPAKTHYECKU HEBO3-
MOJKHBIM JI€JIOM H3-3a ITOJHOTO HCYEpIaHHsS PEeCypCcOB OCBOEHHBIX MECTOPOXK-
JIEHW U OTPOMHBIX TPYAHOCTEH OCBOCHHS HOBBIX (HAmpuMep, 3aJIeTarollnX Ha
OOJBITION TITYOMHE 3aIIaCOB MUHEPAITLHOTO CBHIPHS).

[ToaTomMy B IOATOCPOYHOI MEPCIEKTHBE HYXHO MEPEXOAWUTH OT HCIIOJIB30-
BaHHUS OBICTPOHCUEPIIAEMBIX HCTOYHHUKOB DHEPrOHOCHUTENEH K HCIIOJIIb30BaHUIO
3HAYUTENHHO 00JIee KPYITHBIX 3a1acoB YIUII M JPYTUX BHJIOB HBIHE MAJIOMCIIONb-
3yeMOro TOIUIMBA, a TaK’Ke HETOIUIMBHBIX PECYpCOB, B IMEPBYIO OUYEpElb OTXOI0B
(coBpeMEeHHBIE TEXHOJIOTUM MX TMEpepabOTKU MO3BOJISIOT TMOMYYUTH HIMPOKYIO
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raMMy DSHEPrOHOCHTENEW, HauMHasg OT BBICOKOKAUECTBEHHOTO aBHAKEPOCHHA,
3aBeplIiias TOMIOYHEIM ra3oMm) [22].

Hanuune npupoaHbIx 3ajeked HedTH W rasa SBISETCS UCXOTHBIM OCHO-
BaHWEM JJI TMPOTHO3WPOBAHWS Pa3BUTHS AOOBIYM TOIUIMBA W (hOpPMHUPOBaHUS
TOIUITMBHO-3HEpreTHyeckux OamaHcoB. [Ipu 3TOM paznuyaroT Kiaccu(pUKaMOH-
HbIE TPU3HAKY 3aMacoB HeQTH 1 raza [23].

1. Tlo xapakTtepy pecypcoB HedTH W raza WX MOAPA3NEIAIOT HA Tpaau-
LIMOHHBbIE W HeTpaauuuoHHble. K mepBoif KaTeropmu OTHOCATCS PECypChl yrie-
BOZOPOJIOB, HAaxXoJflIMecsd B TNPUPOAHBIX pe3epByapax B >KUIKOM WIM Ta30-
o0pa3HOM BHE M TOOBIBaeMble ITyTeM OYypeHHs CKBaXXWH. BTopas kareropus
BKJIFOUAET MECTOPOXKACHHUS, B KOTOPBHIX HE(Th W MPUPOAHBIA Ta3 HAXOMAATCS B
CBSI3aHHBIX COCTOSHHSIX, YTO TpeOyeT NMPUMEHEHHUS CIEeUUATbHBIX METOIOB H3-
BJICUYCHHS TOBAPHOT'O MPOIYKTA.

2. Ilo creneHW AOCTOBEPHOCTH 3aIachl pa3iUYalOTCs JIeTaln3anneil pa3se-
JAaHHOCTH MECTOPOXJAEHUN. B 3TOM OTHOIIEHHM pa3iIndaroT pe3epBbl, KOTOpHIE
MIPUBSA3aHBl K ONpPENEeJICHHBIM MECTOPOXKICHUSM M HUMEIOT BBICOKYIO TOCTOBEp-
HOCTh HaNWYMs B HeApax TOIUIMB B YCTAHOBJIEHHBIX OOBEMax W 3aJaHHOTO
Ka4ecTBa U MPAKTHYECKH MOATOTOBJICHBI K pa3paboTKe, U pecypchl B HEOTKPHITHIX
MECTOPOKACHUSX, BETUUMHBI 3aI1aCOB, B KOTOPBIX MOTYT OBITH OLIEHEHBI TOJIBKO C
OIIPEIENICHHON CTENEHbI0 BEPOSITHOCTH M TPeOYIoT Ooisiee yriyOJIeHHBIX H3bIC-
KaHud. [ mepeBoza 94acTH 3THX pEecypcoB B pe3epBbl TpeOyeTcs IOMOIHH-
TenbHast, 6oJiee riryboKast Jopa3BeKa MECTOPOXKICHUH.

3. He mMeHee BakHO Takske MpH KJIACCH(PUKALIMK 3al1aCOB yUUTHIBATH [IIyOuU-
HYy ¥ BO3MOKHOCTH M3BJICUCHHS pPecypca, a TaKk)Ke TapaHTuu 00ecrieueHusl peHTa-
OeTbHOTO IMPOM3BOJCTBA HAa MPOTSDKEHHH CPOKa pa3pabOTKH MECTOPOXKICHUSI.
Ot TpeGOBaHUs NMPHUBOASAT K BBIIEICHUIO KATETOPUH TEXHUYECKHU H3BICKAEMBIX
PECYpCOB, KOTOPBIE MOTYT OBITh M3BJICUCHBI M3 HEJIP MPH CYIIECTBYIOIIEM YPOBHE
pa3BUTHS TEXHOJOTHH, M SKOHOMHUYECKH PEHTA0EIbHBIX, KOTOPbIE TaPaHTHUPYIOT
OIIpEJeNICHHBI YpPOBEHb PEHTA0ENbHOCTH Ui pa3padOTYMKOB PECYpCOB NpHU
3a/IaHHBIX LIEHaX Ha pbIHKE [24].

Haumnas ¢ 1991 r. B HedTstHO#N oTpacim PecmyOmukn Kazaxcran crmemano
Hemaso. BBelneHbI B IPOMBILIUIEHHYIO pa3pa0oTKy KpyMHEHIIHE MECTOPOXKICHHUS
HedTH, ra3a 1 KoHAeHcaTa — Tenrusckoe u Kapauaranakckoe. Hauanace no6prua
He(TH ¥ Ta3a B HOBBIX pernoHax crpansl. OCyIecTBIeHbl MacITabHBIe PAa0OTHI TIO
U3YYEeHHIO HEe(TEera3oBhIX CTPYKTYp B IenbpoBoi 30He Kacmuiickoro mops. Bee
3TO MO3BOJIWJIO MOBBICUTH KCTIOPTHBIN MOTEHIMAT CTPaHbl, YTO TIO3UTUBHO OTpPa-
3WJI0CHh Ha HHIUKATOpaX, XapaKkTepU3yIONINX o0IIee cCocTosTHne IKOHOMHUKHN PK.

K xiroueBbsiM (pakTopam MHUKpPOYPOBHsI, OOYCIIOBIUBAIOIIUM WHBECTHIIMOH-
HYIO TIpUBJIEKAaTeNBHOCT HeTemoObBatomero cekropa Kazaxcrana, mo MHEHHUIO
CIIELUAIIUCTOB, CIEAYET OTHECTH:

— JIOKa3aHHBIE 3aIachkl HePTH;

— YPOBEHb 00ECTIeYeHHOCTH 3aracaMu;

— MoKa3aTeay J00buM He()TH U Ta30KOHACHCATa B CTPAHE;

— YPOBEHB KalUTAIBHBIX 3aTPaT B CEKTOP Pa3BEAKH U JOOBIIN HEDTH.
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CornacHo CratnueckoMy 0030py MHpOBOiIl sHepreTuku, Kazaxcran obma-
JaeT JOKa3aHHBIMH 3amacaMu Hedtu B pazmepe 30 mupa. 6app u TOKa3aHHBIMH
3amacaMy IPUPOIHOTO Ta3a B pasMepe okojo 1,5 TpiaH. M°. ITo B 06LIEMHPOBOM
00beMe 3amacoB JaHHBIX MOJIE3HBIX MCKOmaeMbIX cocraBigeT 1,8 u 0,8 % coort-
BercTtBeHHO. [lo o0OBemy moka3zaHHBIX 3amacoB HedTnm Kazaxcran 3aHMMaeT
12 mecTo B Mupe.

B HacTosmee BpeMsi TOCYJapCTBEHHBIM 0allaHCOM TIOJIE3HBIX HCKOIAEMBIX
Kazaxcrana ydreHs! u3Biekaemble 3amackl B pasmepe 4.8 mipa. T Hedtn
(267 mectopoxnenuit), 1,6 TpiH M CBOOOMHOrO Tra3za W Ta30BOM IIAIIKH
(237 obbekTOB), 1,4 TpiH. M pacTBopeHHOro raza u 441 MiH. T KOHACHCaTa
(62 mecTopoxxaenns). Vx momamisromas 4acTh CKOHIICHTPHPOBaHA B ATHIpay-
ckoit (72 %) n Manrucrayckoii (12 %) obmactsax. OcTampHBIE 3amachl paccpeso-
TOYEHBI MO TsITH obnactsM 3ananHoro, LlentpansHoro, Bocrounoro u Hxuoro
pernoHoB cTpaHbl. UTO KacaeTcsl MPOTHO3HBIX PEeCcypcoB, TO MO HE(TH OHU CO-
CTaBIIAIOT TIOpsAaKka 18 mupa. T, B ToM yucie 10 Mipa. T IPUXOIUTCS HA Ka3ax-
cTaHCKy!o yacTh Kacnuiickoro Mopsi.

CrnemyeT OTMETHTH, YTO B IOCIEAHHWE TOABI HaOII0maeTcsi CpaBHUTEIBHO
HU3KHUIA YPOBEHb KalUTANBHBIX 3aTpaT B CEKTOP pa3Benku u no0ban Kazaxcrana.
Tax, mons MHBECTHULMI B reojoropasBeiky cokparmiach ¢ 36 % B 2008 r. no
23% 82013 .

DTO CBUACTENHCTBYET O TOM, 4TO B OyaymeMm koddduumeHT obecnedeH-
HOCTH 3amacaMu OyAeT YXyAIaThCs C COKpAIEHHEM KOJIUYECTBA HOBBIX Hed-
TEra3oBbIX IPOEKTOB.

B Oynymiem [utst TOBBITIIEHUST HHBECTHIIMOHHOHN TPUBJIEKATETLHOCTH HedTe-
JOOBIBAOIIETO CEKTOpA HYXKHO TakKe oOpaTUTh BHUMaHHE HA (PaKTOPBI MaKpo-
ypoBHs. lIpexne Bcero, CTOWT 3aada 1Mo AajdbHEHIeMy pa3BUTHIO TPAHCIIOPTHO-
JIOTUCTHYECKOW MHAPACTPYKTYPHI, CHCTEMBI HAaJOTOBOTO aJMHHUACTPHUPOBAHUS U
MTOBBIIICHUIO UHHOBAIIMOHHO-TEXHOJOTHYECKOTO MMOTCHIIHANA.

B menmoM, HeECMOTpsI Ha KPaTKOCPOUHYIO YSI3BUMOCTH Ha (DOHE TII00ATBHBIX
TEH/ICHITUH B HEe(TEra3oBOW OTpaciiv, CpeTHECPOUHbIe TIepcleKTUBEI KazaxcTana
[0 TPHUBJICYCHUIO WHBECTHIIMHA B HE(PTEIOOBIBAIOIINN CEKTOP OIICHUBAIOTCS
BBICOKO. BmecTe ¢ Tem, HEOOXOIMMO ONEpaTHBHO pearupoBaTh Ha TIIOOATBHBIC
BBI3OBBI, IPHHUMAs CBOCBPEMEHHBIE MEPHI M0 YIYUYIICeHHI0 (aKTOPOB WHBECTH-
LIMOHHOM MPUBJICKATECIHLHOCTH.

B Kazaxcrane pa3sutue HedrerazoBoi orpaciu 0a3upyercs, Kak OTMEYCHO
BHIIIIe, B OCHOBHOM, 32 CUeT MecTopoxaeHuil [Ipukaciuiickoii BauHbl, TAE CO-
cpenotoueHsl 75—-80 % pecypcoB yrieBogopoaoB. OmHako 3a mociuenuaue 15 et
3]IeCh CKOJIbKO-HHOYJIb 3HAYMMBIX OTKPBITHI HOBBIX MECTOPOXKICHHI HE OBLIO
caenano. OTY4acTH 3TO MOXKHO CITMCATh Ha HU3KHE TEMITbI T€0JIOTOPA3BEIOYHBIX
paboT 1Mo CpaBHEHUIO C APYTUMH HEPTEIPOU3BOIAMIMMHA cTpaHaMu. Ho B OCHOB-
HOM 3TO CBA3aHO C TE€M, UYTO TPATUIMOHHBIE OOBEKTHI UCCIIEAOBAaHUH, IPHYPOUCH-
HbI€ K ME3030MCKHM W TaJCO30MCKUM OTJIOXKCHHSIM, MPAKTUYCCKH HCUYECPIAIN
cebsa. Kak crmencreue, uepe3 15-20 et oxumaeTcs mageHrne M0ObMH HAa KPYTI-
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HeHmux MmectopoxnaeHusx Tenrus, Kapauaranak m Kamaran u B 1emoMm 1o
Kazaxcrany.

Pa3Butne HedTIHON OTpaciu pecyOINKH e/[Ba JIM HE HAPSAMYO 3aBUCHT OT
KOHBIOHKTYPHI U CIpoca Ha He(Th B MHUpE, TIOTOMY YTO COOCTBEHHBIE HYKIBI
Kazaxcrana He COCTaBISIOT U MOJIOBUHBI JOOBIBAEMOTO YTICBOAOPOIHOTO CHIPHS.
B oTux mpakTHuecKkd HE YIPaBISEMBIX CO CTOPOHBI PECIYOIUKH yCIOBHSIX
HanOoJIbIIIee 3HAYCHHUE MPHUOOPETAET TPAHCIIOPTUPOBKA TOOBIBAEMOTO CHIPHS [0
MECT ero nepepadoTKH U JAalbHEeHIIeH peatn3anny.

Kpome Toro, Hamo UMeTs B BUIY TO, YTO B HE(TH OOJIBIIMHCTBA MECTOPOXK-
nerauit PK oTHOCHTENHHO BBICOKHU yAENBHBIN BeC mapadWHOB W MEPKAINTAHOB.
3T0 nmenaeT OOJNBIIYIO YacTh OTEYECTBEHHOW HE(TH HEBBITOAHOM Kak Uil TpaHc-
MOPTUPOBKH M XpaHEHUs, TaKk U Ul NPOHU3BOACTBA HeTenpoaykToB. OcoOeHHO
TPAHCIIOPTUPOBKA HE(PTU CO 3HAUMTENLHBIM COJIEpXKaHUeM mapaduHa co3/1aeT He
CTOJIPKO TEXHHYECKHE, CKOJIBKO SKCIDTyaTaI[iOHHBIE MPOOJIEMBI, OKa3bIBas TEM
caMbIM CaMO€ HETaTHMBHOE BIIHMSIHHME Ha POCT COOTBETCTBYIOIIUX H3AEPKEK. DTO B
YCJIOBHSIX OTPOMHBIX PACCTOSIHUHM CYJIUT HE CTOJIBKO BBITOJbI, CKOIBKO U3AEPKKH.
Bo3MoXXHBI anbpTepHATHBHBIE BapHWaHTHl JACHCTBHUIl: OXuganue Ooiiee COBEp-
LICHHBIX TEXHOJOTMYHBIX CIIOCOOO0B TPAHCHOPTUPOBKH CO BCEMH BBITEKAIOLIMMU
OTCIOIa TOCIICACTBUSIMU; KOHCEpBAlMs Pa0OYMX W TMEPCHEKTHBHBIX U OTpa-
OOTKM CKBa)XXWH, MyTh YBEIHUYEHHUS 000pOTa Y€ BJIOXEHHBIX WHBECTHIIMH 3a
cuet Oonbux 00beMOB 100bIYM HeTH [24].
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Pe3zrome

E. E. Epzooicun, T. K. Yanos, T. B. Kospueuna, E. A. Menvnuxos

KA3AKCTAHIAFBI MYHA OHJIEY OHEPKOCIBI MEH
MYHAN OHIM/IEPI HAPBIFBIHBIH KA3IPTT KAFJIAIBI

lony makanaceiana Kasakcrannarsl MyHail canachbIHBIH JKAIIbI 1aMy YpIici, OHBIH
MYHail eHIipy1Ii enepAiH Heri3ri 5KOHOMHKAJIAPBIHBIH 0ipi peTiHAe cumaTramMmacsl oepis-
reH. Kasakcrangarsl MyHall eHuey ©HEPKACiOiHIH KaJbIITAcybl KOHE Kasipri jKaraaibl
OofbIHIIIA ofeOM JepeKTep JKWHAKTaJFaH. by camamarpl JKajImbl QJIEMOIK YPIIC >KEHUT
MYHaWIBIH OapliaHFaH KOpPJAapBIHBIH a3aiobl J)KoHEe Oajamaibl SHeprus Ke3[epiHiH maima
6omysr Oombin Tabbutagpl. OchIFaH OalIaHBICTBEI MYHAll ©HAEY ©OHEPKOCiOiH omaH opi
JaMBITy MYHail MEH MyHall KalJbIKTapblH OHJEY TEPEHIIriH apTThIpyFa OarbITTaJIFaH.
KykipTTiH, MeTa1 OpraHuKajblK 3aTTapAbiH, napaduHACPIiH jKoHe OacKa KocHaaap by
JKOFapbl KypaMblHa Te3IMJIi »aHa TEXHOJIOTHsJIap MEH KaTajlu3aTopiiapibl 137ecTipy
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JKaKbpIH OOJIAIIaKTarbl HEri3ri MiHaeT 0ol TaObLIambl. MyHail eHICY 3aybITTaphIHBIH
CapKbBIHIBI CYJIapbl aFbI3y Ibl KBICKAPTY JKOHE CYIBIH Oip O6JIiriH TeXHOIOTUSIIBIK IIUKITe
KaiTapy MakCaThIHAa TY3CHI3AaHIBIPYABIH THIMII TOCUIACPIH 93IpJcy MCH CHII3YIl Ke3-
JICUTIH Cy TYTBIHYJIBIH €H JKOFaphl JIeHrelii 0ap eKeHIIri KopCeTireH.

Tyiiin ce3mep: MyHail eHIEy ©HEpKaciOi, Cy TYTBIHY, TY3CHI3AaHABIPY, aFbIHIbI
cynap.

Summary
E. E. Ergozhin, T. K. Chalov, T. V. Kovrigina, Ye. A. Melnikov

MODERN STATE OF THE REFINING INDUSTRY AND
OIL PRODUCTS MARKET IN KAZAKHSTAN

In the review article the general trend of development of the oil industry in Kazakh-
stan is revealed, its characteristic as one of the main economies of the oil-producing
countries is given. The literature data on the formation of the oil refining industry and its
current state in Kazakhstan are summarized. It is shown that the global trend in this
industry is the reduction of proven reserves of light oil and the emergence of alternative
energy sources. In this regard, the further development of the oil refining industry is
aimed at increasing the depth of oil refining and oil residues. The search for new tech-
nologies and catalysts resistant to high sulfur, organometallic, paraffin and other im-
purities is the main task of the near future. It is shown that oil refineries have the highest
level of water consumption, which involves the development and implementation of
effective methods of desalination of wastewater in order to reduce their discharge and
return part of the water to the process cycle.

Key words: oil-refining industry, water consumption, desalination, wastewater.
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U. ZH. JUSSIPBEKOV, R. M. CHERNYAKOVA, A. A. AGATAYEVA,
K. Y. YERMEKOVA, R. A. KAIYNBAYEVA

JCS «A.B. Bekturov Institute of Chemical Sciences», Almaty, Republic of Kazakhstan

STUDYING THE INFLUENCE OF A NUMBER OF FACTORS
ON THE PROCESS OF INTERACTION IN SYSTEMS
K3 [Fe(CN)(,] - VOSO4'3H20/NiSO4‘7H20 - HzO and
K3 [Fe(CN)d - VOSO4'3H20— NlSO4’7H20 - HzO
Message 3. Study of the effect of the concentration of VOSO43H,0
on the composition of the interaction products
in the K;[Fe(CN)g] — VOSO43H,0 — H,0 system using IR spectroscopy

Abstract. The effect of vanadyl sulfate concentration VOSO,4-3H,O on the compo-
sition of interaction products in the system K;[Fe(CN)s]-VOSO,43H,0-H,0 was studied
by IR spectroscopy. The analysis of the IR spectra of samples isolated from the studied
equimolecular system indicates the complex nature of the processes occurring in it. It was
revealed that in the system under study, mixed ligand complexes of varying composition
with the content of H,O and sulfate groups in the internal sphere are formed. In products
with a molar ratio K;[Fe(CN)s]/VOSO,43H,0 equal to 0.22-10, adsorbed and hydrolyzed
water is also present. It is established that in the obtained compounds there is a bond V=0
and V-O. It is shown that the outer and inner sphere undergo changes due to the transition
of the valence of the Fe (III) «>Fe (II) complexing agent and vanadium, with the
formation of complexes of the vanadium aquatic cyanosulfate type.

Keywords: potassium hexacyanoferrate (II1), vanadyl sulfate, hexacyanoferrate (II)
ion, hexacyanoferrate (IIT) ion, complexation, IR spectroscopy.

Introduction. In recent years, considerable attention has been paid to the
study of complex compounds of vanadium (IV, V) with various bioactive organic
and inorganic compounds [1-3]. However, the study of the complexation proces-
ses of inorganic salts with vanadium (IV) is limited. It is known that the formation
of complex compounds with oxygen-donor and nitrogen-donor ligands is charac-
teristic of vanadium (IV) [4,5]. In the majority of known complex cyan-, vana-
dium-containing compounds, for example, in cyanide K,[VO(CN)4], oxalate
K,[VO(C,04)4] and acetylacetonate VO,, there is a bond V = O, similar to that
found in vanadyl salts. Moreover, the number of vanadium (IV) complexes that
do not contain the V = O bond is extremely limited [6].

A characteristic feature of vanadyl ion is its tendency to various comple-
xation reactions. Therefore, the interaction of vanadyl sulfate VOSO43H,0 with
potassium hexacyanoferrate (III) in an aqueous medium does not exclude the
formation of complex compounds of different composition, including crystalline
hydrates. Crystal hydrates are the most difficult objects to study. In works related
to this direction, the influence of a number of factors, such as donor-acceptor
interaction between anions and water molecules, the crystal structure and location
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of water in the crystal lattice, the nature and properties of the cation, etc., on the
state of water in the crystal is shown [7]. Despite the fact that at the present time
numerous studies of crystalline hydrates have been carried out, the results
obtained in most cases are not straightforward, especially if we are talking about
studying the state of water in them.

In the study of complex compounds of complicated composition to the
effective methods include infrared spectroscopy (IR). The method of infrared
spectroscopy is a universal physico-chemical method, which is used in the study
of the structural features of various inorganic and organic compounds. Differen-
ces in chemical structure change the nature of the IR spectrum. The number of
characteristic absorption bands of atomic groups, their intensity and the position
of the maxima observed in the infrared spectra give an idea of the composition of
complex substances. In this connection, the most commonly used method for stu-
dying complex compounds of various derivatives with transition metals is IR spec-
troscopy as a mobile and highly sensitive method for obtaining information [8].

The method of infrared spectroscopy is based on the registration and analysis
of infrared absorption spectra or incomplete internal reflection of a substance.
Most vibrational transitions in molecules and crystal structures of various com-
pounds are realized in the wavelength range 400-4000 sm™. The wavelength for
each vibration depends on which atoms are involved in it, and it also depends
little on their medium. That is, for each functional group (CN, Fe-C, O-H, V-O,
etc.), a series of oscillations are characteristic (respectively, of the bands in the IR
spectrum). It is on these properties of the IR spectra that the identification of
compounds from spectral data is based [9]. From the IR spectra in complex
compounds, by comparing them with tabular data and starting compounds, the
functional groups and skeleton of the obtained compound can be determined.
Indicators of complexation are displacement, splitting, the appearance of new
bands, as well as the disappearance of any frequencies from the spectrum serve.

EXPERIMENTAL PART

The study of the effect of the concentration of vanadyl sulfate VOSO43H,0
on the interaction process in the equimolar system K;[Fe(CN)q][-VOSO43H,0-H,0
was carried out at room temperature (25°C) in an acidic medium under mixing
conditions. The concentration of vanadyl sulfate VOSO4-3H,0 was changed from
3-107 to 2-10"* mol/l. The initial acidity of the medium (pH 3.0) was created with
0.1 N sulfuric acid. After pouring solutions of potassium hexacyanoferrate (III)
(CK;3[Fe(CN)g] =2:107 mol/l) and vanadyl sulfate with a given concentration and
subsequent exposure of the mixture at a certain time (15 min), the precipitates
were filtered. The separated precipitates were dried at 30 °C and the IR spectra
were taken.

IR spectra were recorded on a «Specord M-80» infrared spectrophotometer
in the spectral range of 400-4000 cm™'. Samples for the study were prepared by the
standard method of fitting with KBr.
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RESULTS AND DISCUSSION

IR spectroscopic analysis showed that the spectra of the samples under study
(curves 3-9) undergo noticeable changes in comparison with the spectra of the
initial salts (curves 1, 2). The area of stretching vibrations of water in products
isolated from the equimolecular system K;[Fe(CN)q]-VOSO,4-3H,0-H,0 is de-
scribed by a wider intense range than in the spectrum of vanadyl sulfate (curve 2).
The broadening of the absorption band of v OH oscillations and the appearance
of additional peaks on it from the high-frequency side in the area of 3748.9-
3722.2 cm’ and low frequencies in the area of 3151.9-3200 cm™, 2955.6-
2921.2 cm™” and 2844.4-2882.8 cm™ due to the presence of a large number of
water molecules located in different ways relative to the cation and anion and
corresponds to at least two types of hydrogen bonding [4, 10, 11]. The first type
reflects a strong bond between the interaction of water molecules with each other
and a less strong bond between the interaction of water molecules with an ion,
and the second type reflects a stronger H-bond with an anion, and a less strong
bond between water molecules.

In all the spectra of the samples under study, a wide band of v O oscillations
has two allowed maxima, the position and intensity of which is determined by the
concentration of VOSQO,4-3H,0 in solution (curves 3-9). According to [12, 13],
the high-frequency absorption band in the low-wavelength area of 3388.9-
3568.6 cm™ can be attributed to stretching asymmetrical (v,) oscillations, and the
frequency in the longer-wavelength area of 3151.9-3200.0 cm™ to symmetric (vs)
oscillations of OH groups of water molecules. As the concentration of VOSO,
decreases, their maxima shift to high or low frequencies, and their intensity
redistributes. Thus, in the IR spectra of samples obtained from a system with a
salt concentration of VOSO,4-3H,0 equal to 0.03-0.009 mol/l, where the initial
molar ratio of potassium ferricyanide K;[Fe(CN)s] to the salt of vanadyl sulfate
VOSO04:3H,0 (n) equal to 0.07-0.22, the maxima of low-wave v,; and high-wave
vs of OH band oscillations are shifted towards high frequencies, respectively,
from 3400 to 3435.3 cm™ and 3178.5 to 3200 cm™ (curves 3-5). Moreover, the
frequency intensity v,; > frequency intensity vs. The decrease in the concentration
of VOSO43H,0 to 0.007-0.004 mol/l (n = 0.29-0.5) shifts these ranges to
low frequencies, respectively, from 3426.3 to 3388.8 cm™ and from 3195 to
3151.9 cm™, and the intensity of the frequency v.s becomes < intensity of the
frequency v; (curves 6, 7).

A further decrease in the VOSSO, 3H,O concentration from 0.0004 to
0.0002 mol/l (curves 8.9, n = 5-10) is reflected in the enhancement of the low-
wave frequency v, (3423.6 <« 3568.6 cm™) and the decrease in high-wave strips
v, (3185.7 — 3177.8 em™). Thus, in the IR spectrum of a sample obtained with
Cvosos = 0.0002 mol/I (n = 10), the low-wave frequency v, shifts towards higher
frequencies by 145 cm™, and the frequency v, of OH vibrations is represented by a
diffuse range shifted by 8 cm™ to the long-wave area (in the direction of lower
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IR spectra of the initial salts and products obtained
in the K;3[Fe(CN)s] — VOSO,3H,0 — H,O system.

The initial salt: 1 — K5[Fe(CN)s], 2 — VOSO43H,0. Interaction products in the system
Ks[Fe(CN)g] — VOSO,3H,0 — H,O: curves 3-9: CVOSO,, mol/l: 3 — 3:102 (n=0,07);
4 - 1107 (n=0,2); 5 — 9-107 (n=0,22); 6 — 7-107 (n=0,29); 7 — 4-10> (n=0,5); 8 — 4-10™* (n=5);
9-2-10"*(n=10)
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frequencies) with a simultaneous decrease in its intensity (curve 9). This is due to
the strengthening of the H-bond in the sample structure [14].

The revealed changes in the water oscillations in the v, and v, area indicate
that the H-bond with the anion increases with decreasing CVOSQy in the product
[14]. Such an enhancement is possible due to the transformation of the structure
to oxonium, when particles appear more prone to intermolecular type of inter-
action. The presence of the oxonium ion H;O" can be judged by the frequencies in
the spectrum of the studied samples in the area of 2955.6-2920.4 cm™ and 2844.4-
2882.8 cm’', the intensity of which increases with decreasing CVOSO, from 0.03
to 0.007 mol/l (n = 0.07-0.29) (curves 3-6), as well as the presence of weak
absorption in the area of 1699-1748.8 cm™, corresponding to the vibration of the
H;0" ion (curves 3-9). Oxonium ion is located inside a three-dimensional ferro-
cyanide lattice, when water molecules, both coordination and zeolite, are linked
into chains of H-bonds with H;O" ions. This leads to the effect of tunneling or
proton transfer along the axis of H-bonds: H,O ... H;O" ... H,O. Moreover, such
processes are usually facilitated in hydrates [15].

This assumption is confirmed by the fact that on the IR spectra of the studied
samples, the dp.cn bond oscillations (495 and 418 cm™) overlap with a stronger
vibration of the Me-O bond and are not register in the spectra [16]. The found
changes in the described spectra of the studied products are explained by the
introduction of water molecules directly into the ferrocyanide lattice by
equilibrium:

[Fe(CN)s]* + H" +H,0 > [Fe(CN)sOH,]* + HCN.

In this case, the replacement of CN” by H,O reduces the manifestation of
oscillations of the vr.cny band in the long-wavelength area, which is reflected in
the simplification of the spectra of the samples in the low-frequency area:
the frequencies 728.1 and 870 cm™ disappear, as well as the bands 1300 and
1384.1 cm™. Apparently, a high content of vanadium in solutions initiates the
formation of H-bonds, since with the increase in CK;[Fe(CN)g], the intensity of
the frequencies in the indicated areas somewhat decreases (curves 7-9).

The deformation oscillations of water in the IR spectra of the studied pro-
ducts are recorded in two ranges in the area of 1630-1611 cm™ (8, OH) and
1400.4-1385.1 cm™ (8, OH). Moreover, the latter frequency overlaps the absorp-
tion of vey (1384.1 cm™), which is characteristic of the initial Ks[FeCN)y]. Com-
parison of the indicated absorption ranges of the studied samples with similar
frequencies in the spectrum of the initial vanadyl sulfate revealed their shift to the
long-wavelength area (towards lower frequencies), broadening and increased
intensity due to the presence of water of different nature. Although the ranges of
deformation oscillations of water are less sensitive to the formation of water by
hydrogen bonds of different strength than the frequencies of its valence oscilla-
tions [11, 12], however, 6 OH fluctuations in the samples under study change
(curves 3-9). So, as CVOSOy decreases in the IR spectrum of samples, the low-
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wave frequency 6 OH (at high frequencies) shifts towards higher frequencies
(1611.6...1630 cm™), and the high-wave frequency & OH (at low frequencies)
shifts to lower frequencies (1399...1385 cm™). This indicates first the enhan-
cement of the H-bond, then the H-anion bond, and the presence of a frequency of
1630 cm™ in samples with a concentration of 0.0004—-0,0002 mol/l (n = 0.5-10) is
already due to the presence of molecular adsorbed water [12]. It should be noted
that with decreasing CVOSO, (respectively, in samples CK;[FeCN)4] increases,
the nature of the deformation oscillations of water changes. If in samples obtained
from solutions with CVOSO, = 0.03-0.01 mol/l (n = 0.07-0.2), the intensity 6,
OH > §, OH (curves 3,4), then in the sample with CVOSO, = 0.009-0.007 mol/l
(n = 0.22-0.29), intensity &; OH < §, OH, and the bands become narrower (cur-
ve 5) with subsequent broadening (curve 6). In the sample separated from the
solution with CVOSQ,4 = 0.004 mol/l (n = 0.5), the &; OH > &, OH (curve 7), and
in the samples obtained from the solution with CVOSO, = 0.0004-0,0002 mol/l
(n = 5-10), there is a redistribution of the intensity of these frequencies (6; OH <
< 8, OH) and they become narrower (curves 8.9). Significant changes in the 8 OH
oscillations bands reflect the above described frequency variations in the area of
stretching oscillations of the OH group and are associated with the same pro-
cesses.

Analysis of IR spectra in the area of valence and deformation oscillations of
water showed that there is coordination-related water in all selected products,
when a stronger bond corresponds to the interaction of water molecules between a
hydrogen bond, where the H-bond is stronger with the anion, and less strong
between water molecules and also hydrolyzed H,O. Moreover, the use in our case
of the salt of vanadium, containing the sulfate ion VOSO4-3H,0, strengthens the
H-bond in the crystal hydra.

As shown in [12, 14, 16], water molecules that are part of inorganic crystal-
line hydrates are not neutral structural elements in the hydrate lattice, but par-
ticipate in various interactions with the cationic and anionic salt sublattice. There-
fore, the fact of the presence of H,O in the studied samples, which is confirmed
by the presence of the absorption region of 1590-1650 cm™, can serve as evidence
of the existence of a water molecule as a whole in the studied compounds. In
addition, a weak absorption is recorded in the spectra of all products in the area of
3748.9-3722.2 cm’', which characterizes the oscillations of free hydroxyl acids
resulting from hydrolysis [17, 18].

Thus, crystallization water is present in the obtained samples — this is the
H,0 molecule trapped in the crystal lattice by forming hydrogen bonds with the
anion or by forming weak ionic bonds with the metal, adsorbed water and non-
hydrogen bonds (free) hydroxyl groups, the appearance of which can be explained
as the result of a possible hydrolysis process.

There is an intense absorption peak in the IR spectra of all studied samples in
the area of 2079.2-2083.6 cm™' and a weak band in the area of 1268.4-1288.8 cm’',
corresponding to the vibrational frequencies of the ferrocyanide ion v (CN) and
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confirming the presence of the ferrocyanide phase. Comparison of the IR spectra
of the studied samples with the spectra of the initial K;[FeCN)g] revealed a
significant difference in this area.

The main frequency v (CN) active in IR absorption shifts the side of lower
frequencies by (34.9-39.3) cm™ (curves 3-9) on all IR spectra of the samples
under study, compared to the spectrum of the initial salt K;[FeCN)s] (curve 1).
Moreover, with a decrease in CVOSQO4-3H,0 in solution from 0.03 to 0.007 mol/L
(n = 0.07-0.29), an increase in the shift of the intense v (CN) oscillation band
towards lower frequencies is observed in the spectra of the obtained products,
2083,6—2083,3—2080,3—2079,2 cm’! (curves 3-6). A further decrease in the
concentration of VOSO,;-3H,0O in the solution from 0.004 to 0.0002 mol/l
(n = 0.5-10) increases this frequency to 2082.9 ... 2083.3 cm™ (curves 7-9), i.e.
shifts it toward higher frequencies already (2.6-4.1) cm™ compared to the
frequency of the previous sample (2079.2 cm™) (curve 6). In addition, clear broad
absorption bands of 1526.6 and 1540.9 cm™ are recorded on the IR spectra of
samples isolated from the system with VOSO, = (0.0004-0,0002) mol/l
(n = 5-10), which refer to the v CN oscillations, and with a decrease in the con-
centration of VOSQO,4-3H,0 shift towards higher frequencies (curves 8, 9).

The less intense frequency of valence oscillations of CN bonds in the long-
wavelength area of 1268.4-1288.8 cm™ is also shifted toward lower frequencies
compared to the similar band in the initial salt K;s[Fe(CN)e] (1300 cm™). Howe-
ver, in contrast to the main v (CN) band, which lies in the high-frequency area,
the described frequency shifts to 0.01 mol/l in the solution towards higher fre-
quencies (1271.1—1288.8 cm™), and as further decreases, CVOSO, shifts
towards lower frequencies, but with a tendency to a slight increase in samples
isolated from a solution with a low content of vanadium salts: 1269.8—1268.4
(for n =0.22-0.29) and 1268.8—1271—1270 cm™ (for n = 0.5-10).

It should be noted that the change in the intensity of the absorption band v
(CN), depending on CVOSOQy, is undulating. So the intensity of the frequency in
the area of 1268.4-1288.8 cm™ with decreasing CVOSO, from 0.03 to 0.009 mol/I
(n = 0.07-0.22) decreases (curves 3-5), from 0.007 to 0.004 mol/l (n = 0.29-0.5)
increases (curves 6.7), and from 0.0004 to 0.0002 mol/l (n = 5-10) decreases
again (curves 8.9). While the main frequency v CN, lying in the area of 2079.2-
2083.6 cm'l, with the same concentrations of VOSQO,4-3H,O first increases, then
decreases and then increases again.

A low-intensity band is recorded in the low-frequency area of 800-810 cm’
in the IR spectra of all samples, which also characterizes the oscillations v CN and
is shifted relative to the analogous frequency in the spectrum of the initial salt
K;[Fe(CN)y] (870.8 cm™) by 70,8-60.8 cm™ towards low frequencies. At the same
time, with decreasing CVOSOQy,, the nature of this frequency changes noticeably.
It is prescribed by a narrow absorption band in samples with n = 0.07-0.29
(curves 3-6), then it is noticeably broadened in the sample with n=0.5 (curve 7),
and with a subsequent decrease in the concentration of vanadyl sulfate again
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narrows (n=5 and 10, curves 8.9) with a simultaneous decrease in intensity in the
last sample (n=10).

Since the frequencies v CN undergo changes in all the studied samples, this
means that the relative increase or decrease in the values of frequencies and their
intensity is due to changes in the force coefficients. It is known that for Fe (II) and
Fe (III) hexacyanocomplexes, a decrease in the oxidation state of iron from 3 to
2 reduces the basic frequency v (CN) [4,19], and an increase in the oxidation state
of Fe from 2 to 3 increases its frequency [4]. Perhaps the change in the valence of
the Me-complexing agent (Fe) explains the fact that with decreasing CVOSOQO,
there is a tendency first to decrease in the frequencies v CN, then to increase them
and then again to decrease. The wavy frequency change is accompanied by
restructuring of the hexacyanoferrate anion: hexacyanoferrate (IIT) [Fe(CN)¢] —
— hexacyanoferrate (II) [Fe(CN)s]* and hexacyanoferrate (II) [Fe(CN)]* —
— hexacyanoferrate (III), that is, the transition of Fe"" < Fe" occurs [4, 19].
Moreover, the presence in the system of hexacyanoferrate (III) ion [Fe(CN)e]*
is possible both due to the formation of [Fe(CN)s]* (Fe"" — Fe" transition), and
due to its excess, when CVOSQO,4-3H,0 < CK;3[Fe(CN)g] conditions are created in
the system under study.

According to [4], characteristic frequencies v(CN) and v FeC are sensitive to
the nature of the outer-sphere ion in the IR spectra of ferri- and ferrocyanide
compounds. So, the frequencies v(CN) hexacyanoferrate (IIT) ion [Fe"'(CN)e]>
are higher than the frequencies v(CN) [Fe'(CN)s]*, the frequencies vFeC of
ferricyanide are less than vFeC of ferrocyanides, which is associated with the
greater role of - dative components in bonds of ferrocyanide groups. In this case,
the kinematic interaction coefficients are practically independent of the type of
hexacyanoferrate ion. The change in the intensity and position of frequencies is
explained by a decrease in the contribution of the m-dative component to the
Fe'CN bonds (iron-cyano groups), which leads to stabilization of the CN bonds
and a decrease in the order of the FeC bonds. With an increase in the polarizing
effect of the outer-sphere cation, the bonds of the NM are strengthened due to the
displacement of electrons from the loosening orbitals of the CN groups, as a result
the CN bond is strengthened. This effect is transmitted through the CN groups to
strengthen the FeC bond and causes electrons to be pulled away from the iron
atom towards the CN groups. As a result of the described processes, there is a
change in the valence of iron in hexacanoferrate-ion and its restructuring and, as a
consequence, a change in the intensity of the frequencies. Since, with decreasing
CVOSOQy, the main frequencies of v CN bonds oscillations undergo changes of a
wave-like nature, it is possible to form hexacyanoferrate complexes with both
ferrocyanide and ferricyanide anions. A change in the ferrocyanide lattice in the
obtained products is also indicated by the absence in the spectra of all samples of
the frequency of 1150.7 cm™ and the absorption bands of 728.1; 644.4 and
418 cm™, characteristic for the oscillations of the v and 8 CN bonds, recorded in
the IR spectrum of the individual salt K3[Fe(CN)g] (curve 1).
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In the IR spectra of the samples under study, the area of oscillations of VO
bonds undergoes significant changes as compared with the spectrum of the initial
salt VOSO,4-3H,0. Thus, the frequencies of 730.3 and 473.4 cm™ disappear from
the spectra of the studied products, which correspond to oscillations of VO bonds
in VOSO4-3H,0. The frequency is fixed in the area of 972.0-977.7 cm’ in all
IR spectra, the position of which allows to refer it to the oscillations of the double
V = O bond [5,20,21]. Moreover, the maximum of this frequency relative to the
peaks of the initial salt of VOSO4-3H,O (1081.8 cm™) shifts toward lower
frequencies by 109.8-104.1"". A comparative analysis of the IR spectra of the
obtained samples showed that with a decrease in the concentration of
VOSO04:3H,0 from 0.03 to 0.009 mol/l (n = 0.07-0.22), the absorption intensity
of the indicated frequency decreases with a simultaneous shift of maximum to the
lower frequency area 977, 7 cm™ «— 976.8 cm™ «— 972.8 cm™ (curves 3-5). The
intensity of the band increases slightly with its simultaneous shift towards high
frequencies 973.4 cm™ — 977, 2 cm™ (curves 6,7) in samples isolated from the
system with CVOSQO4-3H,0 = 0.007- 0.004 mol/l (n = 0.29-0.5), and with
CVOSO,4 = 0.0004-0,0002 mol/l (n = 5-10), the frequency intensity decreases
again with its maximum shifted towards low frequencies 973.6 cm™ « 972 cm
(curves 8, 9).

A new frequency is recorded in the low-frequency area 522.2-531.7 cm’
(curves 3-4 , 6-8) in the IR spectra of samples obtained from a system with
n =0.07-0.2 and n = 0.29-5.0, which is absent in the spectra of samples isolated
from the system with » = 0.22 and 10 (curves 5 and 9). A comparison of the
IR spectra of the studied samples showed that in samples with » = 0.07-0.2 and
n = 0.29, the described absorption band shifts towards high frequencies 522.2 —
— 5242.... — 530 cm’, in for a sample with n = 0.5, it decreases by 6.3 cm’!
(523.7 em™), and with n = 5 it increases again with respect to the previous
frequency by 8 cm™ (531.7 em™). According to [20,21], the described frequency
by its position in the IR spectrum can be attributed to the vibrations of ordinary
V-0 bonds. The appearance of such a connection in the obtained products is
probably due to the formation of new coordination compounds. According to
[23-26], in the IR spectra of products isolated from water-salt vanadium-
containing systems, the V = O and V-0 bonds were found. Moreover, vibrations
of V-O bonds are most sensitive to the structure of the complex due to the stret-
ching of O-O bonds in the complexes [23, 24]. In this case, the valence vibrations
of the V = O bond in the tetravalent vanadium oxo complexes are usually found in
the higher frequency range compared to the pentavalent vanadium oxo complexes
[26, 27]. Infrared spectroscopy is used by us to prove the presence of functional
groups in the molecule. Therefore, we believe that the identified shift of the
vibrational frequencies of the VO bonds in the IR spectra of the samples under
study indirectly indicates the formation in them of an ordinary V-O and double
bond. This is confirmed by the appearance of a weakly pronounced band in the
area of 800-810 cm™ in the spectra of the studied samples. This frequency
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characterizes the stretching of O-O bonds [22-24, 25]. Therefore, its wave-like
character of displacement depending on CVOSOQOy: 800.6 (n = 0.07) «— 800.4
(n=10.2) « 807.7 (n=0.22) — 806.5 (n =0, 29) — 800 (n = 0.5) — 806.6
(n=15)— 810 cm” (n = 10) is due to the formation of both V = O and V-O bonds
in products.

According to [20, 28], in a complex ion with the same coordination number
of the central atom, an increase in the valence of the cation by one shifts the
absorption bands to higher frequencies. The detected change in the IR spectra of
the samples under study, as well as the values of the frequencies of valence oscil-
lations of the V = O bonds, are explained by redox processes occurring in the
K5[Fe(CN)]-VOSO43H,0-H,0 system. It is known that vanadium in oxidation
states (IV) and (V) and iron in oxidation states (II) and (III) are a very complex
redox system [6]. In this case, vanadium (IV) easily transforms from the tetra-
valent state (+4) to the pentavalent (+5) and back [29], and Fe (III), Me-com-
plexing agent in potassium ferricyanide, to Fe (II) and back [4, 19]. Given the
properties of vanadium (IV, V) and hexacyanoferrate (IIl, II), it can be said that
under certain conditions in the system under study changes in the valence of the
V*< V" and Fe (II)Fe cations, which leads to the above-described shift of the
vibration absorption bands VO and CN links in the high-frequency or low-
frequency area. In addition, the average intensity frequencies of 1081.8 and
1086.4 cm™, corresponding respectively to the vibrations of the V = O and CN
bond groups in the initial salts of VOSO, - 3H,0 and K;[Fe(CN)s] (curves 1, 2),
disappear in obtained samples, instead of the expected amplification of the peak
intensity due to the superposition of close signals of the specified frequencies. In
this case, in the IR spectrum of the selected samples, starting from » = 0.2 (cur-
ve 4-9), there is a weakly pronounced band of 1057.2 cm™. With decreasing
CVOSOy in a solution, the intensity of the frequency in the IR spectra of the
selected samples decreases, and its maximum wave-like shifts to the low- or high-
wave area. So in the spectra of samples with n = 0.22 (curve 5) maximum is
shifted towards high frequencies (1066.6 cm™), with n = 0.29-0.5 (curves 6.7) -
into the low frequency area (1064.8 and 1055.5 cm™), and at higher values of
n = 15-10 (curves 8.9) - again to the side from high frequencies (1066.7 cm™). The
revealed changes in the nature and position of this frequency in the spectrum are
apparently due to the above-described processes, accompanied by a change in the
valence of the Me complexing agent and the vanadium (IV) cation.

The range of oscillations of the SO,” ion is noteworthy. On the IR spectra of
all samples, there is a clearly pronounced absorption band in the area of 594.0-
599.8 cm'l, which belongs to the & SO,* ion oscillations, which indicates the
presence of a sulfo group in the obtained compounds. Moreover, the maximum
shift of the signal of this band to the high frequency area 594.0.....599.8 cm™ as
CVOSO0,:3H,0 decreases in solution (n increases) indicates the in-sphere state of
SO4* in the complex [20]. Probably in this case the SO4> ion is coordinated with
the metal, its symmetry is reduced from Td (SO4> ion) to C,y with the formation
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of a bidentate complex [20]. This assumption is confirmed by the presence
of weak peaks at 1100 and 1166 cm™ (curve 4) in samples with n = 0.2, and
679.4 cm™ (curve 6) in the sample with n = 5, as well as the absence in all spectra
frequencies of 646.7 cm™, corresponding to the deformation vibrations (3) of the
SO, ion. The formation of complex compounds containing a sulfo group is
reflected not above the described displacement and redistribution of the intensities
of the characteristic absorption frequencies of the ferrocyanide anion, as well as
the VO bonds. The presence of the SO4*-anion in the samples under study is also
indicated by the pattern of changes in the spectrum in the area of the deformation
and stretching vibrations of water compared with the IR spectrum of the initial
vanadium ferricyanide salt (curve 2). However, given the nature of the change in
v OH vibrations and the previously described introduction of H;O molecules into
the ferrocyanide lattice, we can assume the formation of complex compounds
with ligands, including both the sulfo group and the water molecule. The forma-
tion of different-ligand compounds in the system under study, depending on the
concentration of vanadium salt, is also indicated by the wave-like nature of the
change in the value of frequencies corresponding to fluctuations in the SO, group.
So, in the IR spectra of samples with n=0.07—0.22, the 5 SO4* band with decrea-
sing CVOSOy is shifted to the long-wavelength area (594 «— 597 «— 598.2 cm™),
in samples with n = 0.29-0.5 fixed in the low-wave area (597 and 596 cm'l), as
compared with the previous one (598.2 cm™), and in samples with n = 5.0-10.0 it
moves back to the long-wave area 598.5 cm™ — 599.8 cm™. The introduction of
the sulfo group into the complex is confirmed by the appearance in the spectrum
of the sample with n = 5 an additional signal of 679.4 cm™, which refers to the
stretching vibrations of the S-O bonds and the SO,> groups [20, 30]. The presence
of sulfate-ligand in the spectrum of the samples under study indicates the complex
nature of the vanadium ion [4, 20-23].

Thus, on the basis of the conducted studies, it was revealed that the concen-
tration of vanadyl sulfate has a significant effect on the composition of complex
compounds obtained in the equimolecular system K;[Fe(CN)s]-VOSO,4-3H,0—
H,0. In the system under study, mixed ligand (mixed) complexes of variable
composition are formed. In the inner sphere of such complexes are water and the
sulfate group, i.e. aquatic sulfate complexes are formed. Moreover, in complex
compounds with n = 0.22—10 (curves 5-9) there is also adsorbed and hydrolytic
water, which is located in the external sphere. Judging by the nature of the
IR spectra, the external and internal spheres undergo changes due to the transition
of the Fe (II) «» Fe (II) complexing agent and the change in Me valence in the
external sphere, i.e. replacing K" with V*" or VO** to form compounds - vana-
dium aquatic sulphates (vanadyl). It is possible that under certain conditions (a
change in VOSO,) the transition V(IV)« V(V) takes place, and, starting with
n=0.29 to n=5, aquatic sulfate vanadates are also formed. It should be noted that it
is quite difficult to fully identify the vibrations of hexacyanoferrate complexes
with vanadium (vanadyl), since the IR spectra represent a complex system of
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absorption bands of hexacyanoferrate ligands, bonds of the mixed ligand Me
(VO), as well as distorted crystal lattice [31]. The analysis of the IR spectra of
samples isolated from an equimolecular system at different concentrations of the
salt VOSO,-3H,0 indicates the complex nature of the processes occurring in it.
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Pe3rome

O. JK. XKycinbexos, P. M.UYepnsixosa,
A. A. Azamaesa, K. E. Epmexosa, P. A. Kaiiviybaesa

K;[Fe(CN)g] — VOSO,43H,0/NiSO4 7H,0 — H,0 xone
K;3[Fe(CN)g] — VOSO,-3H,0— NiSO47H,0 — H,0 XKYHEJEPIHJIETT
©3APA OPEKETTECY ITPOLIECIHE KEMBIP ®AKTOPJIAP/IbIH
OCEPIH 3EPTTEY
3-xabapmama. K;[Fe(CN)s] — VOSO4-3H,0 — H,O xyliecinaeri e3apa opekeTrecy
eniMepiniy KypambiHa VOSO4 3H,O KOHIICHTPAIIUACHIHBIH 9CEPiH
HK-creKkTpoCKOmust 9/1iCi apKbLIbI 3ePTTCY

UK-cnexrpockonust axicimer K;[Fe(CN)q]-VOSO4-3H,0-H,0 >xyiiecinmeri e3zapa
opekerTecy eHiMIepiHiH KypambiHa BaHamuin cyibdatel VOSO43H,O koHmeHTparus-
CBIHBIH dcepl 3epTTelsifi. 3epTTeNin OTBIPFaH JKBUMOJISIPIBI XKYiHeneH Oeiin ajblHFaH

51



XUMWYECKHH )KYPHAJI KA3AXCTAHA

yirinepaig MK-crekrpiepine Tanaay jkacay HOTDKECI OHIAFbl JKYPETIH IMPOICCTEPIiH
oTe KYpHAedi €KeHiH KepcerTTi. 3epTTeninm OThIpFaH kyiexne imki chepacsinga H,O men
cyabdar TomTapbl 0ap aybIiCmaabl KypaMIsl OPTYpJi JHMraHgaasl (apajac) KemeHIep
ty3inerini aHbikTanael. K;[Fe(CN)g]/ VOSO43H,O monbpaik karsiHacel 0,22-10 Ten
OHIMJIepIe, COHMal-aK, abCOPONUsIIaHFaH JKOHE THIPONIU3/I ¢y Oap. AJBIHFaH KOCBUIBIC-
tapaa V=0 xoHe V-O OaiinaHbiChl 00NATHIHBI aHBIKTAIBL. CBHIPTKBI JKOHE IMIKiI cdepa-
Japbl BaHAAWH aKBaI[MaHOCYJIb(AThl CEKUIOl KEUIeHAl Ty3€ OTBIPHIN, KEIIeH TY3YIIiHiH
Fe(Il)«<»Fe(Il) sxone BaHaaMiiAiH BaJICHTTLJIIr aybICybIHA HETI3[EITCH ©3repicTepre YIbl-
PparTBIHBI KOPCETLIII.

Tyiinai ce3mep: xammii (III) rekcarmanodepparsl, BaHaOMI Cynb(haThl, TeKcalna-
Hodeppar (II) monsr, rexcarmanodeppart (111) nonsl, kenen Ty3imy, MK-criekrpockomnus.

Pe3zrome

Y. K. Ilrcycunbekos, P. M. Yepuskoaa,
A. A. Aeamaesa, K. E. Epmexosa, P. A. Kauivinbaesa

W3YYEHHE BJIMSHUSA PSIJA ®AKTOPOB HA TIPOLIECC B3AUMOJIEMCTBUS
B CUCTEMAX K ;[Fe(CN)g] — VOSO,43H,0/NiSO47H,0 — H,O
n K 5[Fe(CN)g] — VOSO,3H,0- NiSO47H,0 — H,O
Coobmenue 3. Nzyuenne Biuustane xonteHTpamnn VOSO,4-3H,0 Ha cocTaB poIyKTOB
B3anmoeiicTBus B cucteme K;[Fe(CN)g] — VOSO,4-3H,0 — H,O
meronoM MK-cnekrpockonuu

Metonom HK-crieKTpocKomuM HCCACIOBAHO BIMSHHAC KOHICHTpANUU CylibhaTa
BanagmiaVOSQO, 3H,0 Ha coctaB npoaykToB B3aumonaericTBus B cucteMe K ;[Fe(CN)g]—
VOSO0,3H,0-H,0. Tlposenecuubriii anamu3 MK-crekTpoB 00pasioB, BBIACICHHBIX W3
HCCIIelyeMON SKBUMOJIEKYJISIPHOW CHCTEMBI, YKa3bIBaeT Ha CIIOXKHBIH XapakTep Npore-
KaloUIMX B HEHl mpolieccoB. BrlsBiieHO, 4TO B HMCCeyeMoil cucteMe 00pa3yroTcst pa3Ho-
JIUTaHHbIe (CMEIIaHHbBIE) KOMIUIEKCHI NEpeMEHHOro cocraBa ¢ cozaepkannem H,O wu
cynbhaTorpynnsl Bo BHyTpeHHEH cdepe. B mpomykrax ¢ MoibHEIM cooTHomenne K
3[Fe(CN)s]/VOSO43H,0, paBubM 0,22-10 mpucyTCTBYeT TakKe aacopOMpOBaHHAs |
THAPOJIM3HAS BOAA. Y CTaHOBIICHO, YTO B IOJIyYEHHBIX COCIMHEHHSAX NPHCYTCTBYET CBS3b
V=0 u V-O. [loka3aHo, 4T0 BHEIIHAS W BHYTPEHHssI cdepa MpeTeprieBacT N3MEHEHHS,
00yCTIOBIICHHBIE MEPEX0I0M BaJIeHTHOCTH KomiurekcooOpasosarens Fe (II)—Fe (II) u
BaHaJMs, ¢ 00pa30BaHHEM KOMILIEKCOB TUIIA aKBAIIMAHOCYIb(ATOB BaHAIHSI.

KiroueBnbie ciaoBa: rexcarmanodeppar (II1) xamust, cynbdar BaHaauia, rekcamya-
Hodeppart (II) noH, rexcanuanogeppar (I11I) mon, komruiekcoobpazosanue, MK-crnekrpo-
CKOITHSL.
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DEVELOPMENT OF ALTERNATIVE WAYS OF OBTAINING
BIOMASS OF ARTHROSPIRA PLATENSIS SUITABLE
FOR LARGE-SCALE PRODUCTION

Abstract. Comparative data on the determination of quantitative indicators for the
process accumulation biomass of Arthrospira platensis depending on the nature of the
used nutrient medium is considered. It is shown that using the alternative resources such
as carbonat the source of the main nutrient element in the nutrient medium (raw natural
soda and raw soda by absorbed flue gas CO,) and geothermal hydrocarbonate water lead
to increase on yield and decrease the cost of biomass produced, and at the same time to
decrease greenhouse gas concentrations of CO, in the atmosphere. It is noted, that ob-
taining biomass at lower production costs is associated by decrease in the cost of mineral
salts in the nutrient medium (about 23%), which makes the proposed method favorable for
obtaining biomass on enlarge scale.

Keywords: microalgae, biomass, Arthrospira platensis, nutrient medium, cultiva-
tion, amassing, yield.

Due to the effects of global warming, special attention is now being paid to
stabilizing or reducing the concentration of greenhouse gases in the atmosphere.
Due to the increase in global overall emission level, deforestation and the
intensive use of thermal energy, where the product of combustion of fuels carbon
dioxide is one of the main greenhouse gases. Therefore, in recent years, great
interest has been shown in the fixation of CO, by biological agents using micro-
algae to minimize the effect of this sequestration on the environment. In addition,
microalgae are widely used both in laboratory and on an industrial scale for the
production of high value-added molecules in pharmaceuticals, cosmetics, animal
feed and food products, i.e. the main aspect of biofixation of CO, by microalgae
is associated with the production of added-value molecules. One of them are
natural biodegradable surface-active substances (surfactants). Interest in the
production of biodegradable surfactants is caused not only by their ability to
biodegrade, but also with biological compatibility with living organisms and low
toxicity. Due to this, they have found wide application in pharmaceuticals, bio-
medicine, cosmetics and the food industry, and in most cases do no harm after
use, both in relation to the object of exposure, and in relation to the environment.
Of great interest are biodegradable surfactants consisting of complex natural
molecules of plant matter, which have excellent surface-active properties.
Although the use of traditional natural compounds is associated with problems
caused by the competition with food products, the surfactants obtained from
vegetable oils (rapeseed, olive and flax) are already available to consumers.
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Therefore, developments aimed to create non-toxic and biodegradable surfactants
which are not competing by production of food products are of great scientific
interest [1-4].

Therefore, the search for new types of alternative raw materials for biodegra-
dable surfactants is becoming extremely important. However, the progress
achieved in the field of synthesis of natural biodegradable surfactants (based on
sugars, sterols and fatty acids) does not yet allow their widespread use on a
commercial scale. The main limiting factors are the high cost and the presence, as
noted above, of the competitive struggle with food products. The use of alterna-
tive renewable resources, such as microalgae, which do not compete with the food
supply chain, is relevant and practically in demand. Among the available raw
materials for the production of biodegradable surfactants, microalgae biomass has
good potential for the following reasons: higher growth rates than terrestrial
biomass sources; the ability to capture gaseous CO, when growing microalgae in
a wide variety of climates and lands, converting it to organic matter using solar
energy; the ability to store solar energy in energy-rich compounds such as lipids;
lack of direct competition with agriculture and the ability to use salt water
sources. That is why this approach to solving the problem should be considered as
a promising method to counteract global warming and the energy crisis.

It should be particularly noted that with autotrophic photosynthesis of a
microalgae culture using alternative methods, three tasks can be solved simul-
taneously: obtaining raw materials for the production of products with high added
value, including biodegradable surfactants [4]; carbon sequestration (CO,
biofixation) [5-7]; wastewater treatment [8].

Therefore, in order to create a raw material base for the synthesis of new
biodegradable surfactants, work was started on obtaining biomass of Arthrospira
platensis (the scientific name of Spirulina) in Kazakhstan using various alter-
native sources of nutrient medium and energy [9]. For the study, Arthrospira
platensis biomass, produced by the method of its autotrophic cultivation, was
used [10]. Since the use of distilled water in the production of Arthrospira
platensis on a large scale is economically unjustified, distilled water was replaced
by more affordable natural water, that does not contain impurities [9]. Consi-
dering that the standard nutrient medium for Arthrospira platensis is alkaline in
nature, geothermal water from underground well No. 20a was used (Shauyelder
group of geothermal waters located in the northwestern part of the Arys artesian
basin in the district center of Shauyelder, Otyrar region of the Turkestan region,
Kazakhstan). The study of the chemical composition and some characteristics of
this water showed that underground water has a hydrocarbonate nature, and it
may well be suitable for use as the basis of a nutrient medium for cultivation of
Arthrospira platensis in industrial conditions.

It is known, that the nature of the nutrient medium is the main factor deter-
mining the process of forming the component composition of the resulting bio-
mass and, as a result, its surface-active properties, which allows to purposefully
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carry out the biosynthesis of raw materials for the production of surfactants. The
authors of [11] showed the ability to control the surface-active properties of the
biomass extract of the microalgae Arthrospira platensis: complete exclusion of
phosphorus and increased nitrogen content in the nutrient medium resulted in a
biomass extract, which corresponds to a low level of surface tension (31.2 mN-m™).
In addition, as shown in [12], the biomass yield of microalgae depends on the
composition of the nutrient medium. At the same time, as a result of the repla-
cement of a part of Zarrouk nutrient medium with an organic extract of chicken
manure (rich in nitrogen and phosphorus), productivity was increased and the cost
of biomass was reduced.

There are known studies that aimed to increase the biomass yield and, con-
sequently, reduce its cost by changing the composition of the nutrient medium
using an integrated carbon capture system and algae production (Bicarbonate-
based Integrated Carbon Capture and Algae Production System - BICCAPS),
proposed by the authors [6] and successfully tested in [7]. It is shown that the
absorption solution (the basis of a liquid nutrient medium) based on sodium
carbonate can be recycled up to 7 times without reducing the productivity of
microalgae.

In the present work, instead of pure sodium carbonate, natural raw soda was
used (component composition,%: sodium carbonate hydrate Na,CO;x7H,0, 39.9;
throne NazH(CO3),(H,0),, 23.5; thermonatrite Na,CO;H,O, 24.4; burkeit
Nag(CO3)(SO4),, 12.3%), as it is a cheaper natural carbon raw material for
growing microalgae, since its industrial production was introduced by quarrying.
In addition, raw soda has high solubility in water. By absorbing carbon dioxide
with a solution of this system, the raw soda is enriched with sodium bicarbonate
due to the transfer of carbonate to bicarbonate. Further, its solution, enriched with
bicarbonate, can be used in the process of cultivation of microalgae, which con-
vert solubilized CO, into biomass [5-7]. At the end of this process, the biomass is
removed by filtration from a solution of the nutrient medium, and the spent
nutrient solution of soda, having a higher content of carbonate component, due to
the extracted CO,, is recycled to absorb CO,. As a source of CO, a mixture of flue
gas of power plants can be used.

EXPERIMENTAL PART

Production of microalgae biomass: Arthrospira platensis biomass was
obtained by the method of autotrophic photosynthesis in a pilot photobioreactor,
which is a laboratory test-accumulative tubular installation (figure 1) in various
nutrient media, which are based on the liquid nutrient medium, which are distilled
water and underground mineral water of hydrocarbonate nature extracted from a
depth of 1800 m with a temperature at the wellhead of 75°C, located in the
settlement of Shauelder, Otyrar region, Turkestan region of Kazakhstan. Zarrouk
solution was used as nutrient medium, minerals: macronutrients (g-1") - NaHCOs3,
8.0; KNO;, 2.0; (NH4),HPO,, 0.12; NaCl, 1.0; carbamide, 0.02; Na,EDTA, 0.08;
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Figure 1 — Laboratory installation of tubular photobioreactor

+ distilled or geothermal hydrocarbonate water, as well as trace elements (g-1") -
Na,EDTA, 0.5; H;BOs, 2.86; MnCl, - 4H,0, 1.81; ZnSO, - 7H,0, 0.222; CuSO; -
5H,0, 0.079; MoO;, 0.015; NH,VOs;, 0.02296; Co (NO;), - 6H,0, 0.04398;
K5Cra(SO4)s - 24H50, 0.0960; NiSO4 x 7H,0, 0.04398; Na,WO, - 2H,0, 0.01794;
Ti(SOs);, 0.040). The growth time of the microalgae was 17 days under natural
light conditions at an ambient air temperature of 20-30 °C, the medium was
aerated with the help of fresh air or a mixture of CO, and air. Biomass was
separated by filtering the suspension. Then it was washed with fresh water, dried
and then subjected to grinding.

In our nutrient medium, commercial NaHCO; in Zarruk’s environment was
replaced with an equivalent amount of a solution of natural raw soda, and in ano-
ther case, raw soda that previously subjected to CO, absorption (raw soda/CO,) of
the flue gas of a coal-fired power plant (Ekibastuz GRES-1, Kazakhstan). When
carrying out cultivation on an enlarged scale, the temperature of the nutrient
medium (25-30°C) is provided by an alternative source of energy — geothermal
waters of underground wells.

Component composition of raw soda, %: sodium carbonate hydrate
Na,CO;-7H,0, 39.9; NazH(COs),(H,0),, 23.5; thermonatrite NA,CO;H,0, 24.4;
Burkeite Nag(CO;)(S04),, 12.3%).

Quantitative indicators of growth and accumulation of Arthrospira platensis
biomass in Zarruk medium and experimental medium based on bicarbonate water
and raw soda were determined by measuring the optical density of culture media
on a Perkin Elmer lambda-35 UV spectrometer in the wavelength range from 420
to 650 nm the peaks of the components of the biomass components, based on the
absolute values of which were judged on the nature of growth and accumulation
of biomass in suspension, the final concentration was determined by the gravi-
metric method after collecting b omassy.

Flue gas CO, absorption was performed with a solution of natural raw soda
in the flue gas flow of Ekibastuz GRES-1. The process was monitored by measu-
ring the concentration of CO, on the Polar gas analyzer at the inlet and outlet of
the absorber (figure 2). The insert into the operating ducts of unit No. 5 was
carried out directly on the site immediately after the electrostatic precipitator.
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Figure 2 — Diagram of absorption of flue gas CO, by raw soda:
1 - buffer solution, 2 - absorber soda solutions, 3 - electrostatic precipitator, 4 - filter,
5 - gas / air flow meter, 6 - gas measuring point, 7 - computer, 8 - compressors (exhausters),
9 - rotameter, 10 - line of connection with the factory exhaust pipe

X-ray phase analysis of raw soda after absorption of flue gas CO, was
conducted on D8 Advance (Bruker), a-Cu, pipe voltage of 40 kV, current of
40 mA. The processing of the obtained diffractogram data and the calculation of
the interplanar distances were carried out using the EVA software. Sample
decoding and phase search were performed using the Search/match program using
the PDF-2 Powder Diffractometric Database.

RESULTS AND DISCUSSION

The potential of applicability of microalgae biomass for use as a raw material
for the production of any valuable substances is determined by its effective
productivity, which is ensured by optimizing the process of cultivation of
microalgae cells [12]. One of the main parameters of this process is the nutrient
medium; therefore, we carried out work to change its composition and its effect
on the biomass yield. We have studied the nutrient medium in which commercial
NaHCO; in the Zarrouk medium was replaced by natural raw soda, in the other
case, raw soda/CQO,. It has been established that their use, with all other biogenic
elements of Zarrouk medium composition unchanged in the nutrient medium both
on the basis of distilled water and on the basis of geothermal bicarbonate water, is
quite applicable, since such a replacement has a positive effect on the processes of
biomass growth and formation of Arthrospira platensis (table 1).

As follows from this table, the growth characteristics of the samples studied
by 2 times or more (taking into account the initial concentrations) exceed similar
parameters in comparison with the case when baking soda is the main nutrient
element, while the best results are obtained using raw soda and raw soda/CO, in
distilled water.
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Table 1 — Arthrospira platensis biomass cultivation conditions and yield

Nutrient medium Biomass pH
Y . Toedioms | content, gL | Increase | e diym
T biosenic oC in biomass
main b1og liquid base | barbotage start | end | content |start| final
element
Raw natural soda |Distilled water Air 0.202 | 3.99 |~20times| 9.5 | 10.5
Raw natural soda |Distilled water | air + CO, 0.202 | 2.77 |~ 14times| 9.5 | 9.2
Subterranean
Raw natural soda |hydrocarbonate air 0.241 | 3.79 |~16times| 9.2 | 104
water
Subterranean 25.5
Raw natural soda |hydrocarbonate | air + CO, 0241 | 3.65 |~15times| 9.2 | 9.4
water
Raw soda/CO, Distilled water | air+ CO, | 23.4 |0.191 | 3.63 |~ 19 times| 9.4 10
Sodium . |Distilled water | air+CO, 0208 | 1.62 | ~8times | 8.6 | 9.1
hydrocarbonate
Sodium Subterranean 21.5
h « |hydrocarbonate | air + CO, 0208 | 1.6 | ~8times | 8.6 | 8.8
ydrocarbonate
water
*Previously acquired data [9].

It can also be seen that in the case of enriched soda (raw soda/CQO,), the
increase in biomass from the initial soda is larger compared to raw soda (19 and
14 times, respectively), which is apparently due to an increase in sodium bicar-
bonate content in raw soda as a result of its absorption of flue gas CO,. An X-ray
analysis obtained by X-ray phase analysis (figure 3) revealed that sodium bicar-
bonate in the raw soda/CQO, is in the form of a trona — Na,CO3;NaHCOs, and its
content is 52 %. This is due to the transformation of sodium carbonate (Na,CO5)
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Figure 3 — X-ray pattern of natural raw soda after flue gas CO, absorption
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raw soda after carbon dioxide absorption into sodium bicarbonate (NaHCOs3)
according to the well-known equation: Na,CO; + H,O + CO, <> 2NaHCOs;. The
proposed integrated carbon sequestration and algae production system
(BICCAPS) based on sodium bicarbonate details the mechanism of transforma-
tion of sodium carbonate to bicarbonate when CO, is absorbed [5, 6].

From the data of table 1 it also follows that during the cultivation of micro-
algae using sodium bicarbonate as a source of nutrient, the pH gradually in-
creases. This, according to [5], is due to the biological fixation of CO, in the form
of carbon, biomass and the release of hydroxide ions [OH]-, which occurs as a
result of photosynthesis. They further interact with unreacted sodium bicarbonate
to form carbonate. The carbonate solution obtained in this way can be re-directed
to the process of CO, absorption of flue gas (recycle), which leads to the forma-
tion of a technologically closed biomass cultivation cycle. As shown [7], such a
nutrient medium can be recycled up to 7 times without reducing the productivity
of microalgae.

Based on the above data, we can say that the developed nutrient medium for
growing biomass Arthrospira platensis, in which natural soda or raw soda/CO, is
taken as the main nutrient, can be used to cultivate microalgae biomass. At the
same time, it can be obtained with lower costs, since the calculations made show
that replacing marketable sodium bicarbonate in a nutrient medium by an alter-
native source, natural raw soda, will reduce the cost of mineral salts by 23%
(table 2). In the case of raw soda/CQO,, the issue of environmental protection is
also being addressed — the capture of CO, from the flue gas of a coal-fired power
plant emitted into the atmosphere. As is known, at present, special attention is
directed at stabilizing or reducing the concentration of greenhouse gases in the
atmosphere, one of the main ones being carbon dioxide. In addition, additional
savings in production costs will be obtained from the use of underground
bicarbonate water instead of distilled water. Therefore, the proposed method of
cultivation of biomass Arthrospira platensis can be considered suitable for release
on an aggregate scale and the development on its basis of biodegradable
surfactants.

Table 2 — Comparison of costs of mineral salts of traditional cultivation mode
and alternative cultivation mode

. Price . Cost, Total cost
Main salts used Consumption . .
Modes in the nutrient medium of salts, norm. /L per liter, of per liter,
KZT/g '8 KZT KZT
Sodium bicarbonate
o NaHCO; 0,15 8 1,2
Traditional |7, 0 cum nitrate KNO, 0,67 2 134 2,71
cultivation o _ —
iammonium phosphate
(NH,)," 2HPO, 0,85 0,2 0,17
Alternative Raw natural soda (KNO; 2,086
L and (NHy),- 2HPO, no 0,036 16 0,576 (decrease in
cultivation
changes) cost 23%)
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Thus, the growth characteristics of the biomass of Arthrospira platensis in
various nutrient media were determined. The source of the main nutrient element
carbon in the nutrient medium was varied. It was proposed to replace commercial
sodium bicarbonate (NaHCOs;) in Zarruk’s standard medium with an equivalent
amount of a solution of natural raw soda, raw soda with absorbed CO, of the flue
gas of a coal-fired power plant, and use geothermal hydrocarbonate water as a
liquid nutrient medium to produce microalgae biomass. Such a replacement
significantly affects the yield of biomass and allows you to get it with lower cost,
suitable for release on an aggregate scale and the development of biodegradable
surfactants. It was found that the replacement of sodium bicarbonate with raw
soda will reduce the cost of mineral salts by 23 %. If we also take into account the
additional contribution from compensation for reducing CO, emissions into the
environment, as well as the use of underground hydrocarbonate water instead of
distilled water, the savings increase. Due to that, there is both an economic and
social effect.

For work on an enlarged scale, a pilot photobioreactor located in the imme-
diate vicinity of the geothermal water well and operating on the basis of alter-
native resources is to be used. Those are, in addition to geothermal hydrocar-
bonate water - the liquid base of the nutrient medium, natural raw soda or raw
soda/CO;, — the main sources of nutrient, and the thermal energy of geothermal
water used to ensure the temperature regime of the biotechnological process.
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Pe3iome
JK. H. Katinapbaesa, A. M. Kapmaii, P. b. Capuesa, b. K. [lonenos, M. . Omip3axosa

KEH KOJIEMII ARTHROSPIRA PLATENSIS ©HIPICIHE JKAPAM/IbI
BMOMACCAIJIAP AJIYIbIH BAJTAMAJIBI O AICTEPIH XKACAY

KopexTik opTaHbIH TaburaTeiHa OaliaHbICTEl Arthrospira platensis GnoMaccachbIHBIH
JKUHTBIK TIPOIIECiHIH CAHABIK KOPCETKIMITEPiH aHbIKTay OOUBIHIIA CAIBICTHIPMAIBl JepeK-
Tep KenTipinreH. bamamainsr pecypcrapasl nainanany KOpeKTiK opTaga KOMipTeK dJIeMeH-
TiHIH HeTi3ri OMOTeHII K31 JKoHEe reoTepMaNIsl THAPOKAPOOHATTHI Cy, OHIIPIIETIH OHO-
MacCCaHbIH IBIFBIMBIHBIH, apPTYbIHA KOHC GBiH}IiK KYHBIHBIH TOMeH}IeyiHe, COHBIMCH Katap,
atMochepana napHukTi ra3asie, CO, KOHIIEHTPAIMSICHIHBIH TOMCHICYIHE 9Keeai. A3 IIbl-
FBIHMEH OHOMAcCaHbl ally, KOPEKTIK OpTaHBIH MHHEPalgbl TY3[apblHa >KyMCalaThIH
UIBIFBIHIAP/BIH a3al0bIMEH OalIaHBICTBI, OYJI YCBHIHBUIBINT OTHIPFAH OMIiC ipi ayKbIM[a
OromaccaHbl alTyFa KOJIaiibl €Te/Ii.

Tyiin ce3mep: MukpoOamaelp, Ouomacca, Arthrospira platensis, KOPEKTiK 0pTa,
ecipy, )KMHAKTAY, [IBIFBIM.

Pe3iome
JK. H. Katinapbaesa, A. M. Kapmaii, P. b. Capuesa, Bb. K. /lonenos, M. b. Yuepsaxosa

PA3PABOTKA AJIBTEPHATUBHBIX CIIOCOBOB ITOJIYYEHUA
BIMOMACCBHI ARTHROSPIRA PLATENSIS, ITPUT"OJHBIX
JJ UX KPYITHOMACHITABHOTI'O ITPONU3BOACTBA

[TpuBeneHbI CpaBHUTENBHBIC JAHHBIC MO OMPE/ICICHHIO KOJMYECTBCHHBIX MOKA3aTe-
JIel mpoliecca HaKOIUIEHUs OMoMacchl Arthrospira platensis B 3aBUCUMOCTH OT TIPUPOJIBI
KCITOJIb30BAHHON TTHTATEIILHOMN Cpeanbl. HoxasaHo, YTO UCIIOJIb30BAHUE aJIbTCPHATUBHBIX
PECYpCOB: HCTOYHUKA OCHOBHOTO OMOTEHHOTO 3JIEMEHTa YIJIeposia B MUTATEIbHOU cpele
(conma-ceIpent u cona-ceiper ¢ abcoporpoBanHbiM CO, ABIMOBOTO Ta3a) M re0TepMaTbHON
TUIIPOKApOOHATHON BOJIBI, IPUBOJIUT K YBEIMUYCHHIO BBIXOJA U CHIDKCHHIO Ce0ECTOMMOC-
TH TIPOU3BOAUMON OMOMACCH M OJJHOBPEMEHHO K CHIDKCHHUIO KOHIICHTPAIIUH MapHUKOBO-
ro raza CO, B atMmocdepe. OTMEUCHO, UTO MOTydeHHEe OMOMACCHl ¢ MCHBITUMHU 3aTpaTaMu
CBS3aHO C YMEHBIICHHUEM pAcXOJ0OB HAa MHHEpAIbHBIC CONH IMUTATEIBHON cpenbl (Ha
23%), 9To memaeT mpenyaraeMblil crioco0 ONarompHUATHBIM IS TIOMYYCHUS OHMOMAacchl B
YKPYIMHEHHBIX MaclITadax.

KiroueBble c10Ba: MUKpPOBOIOPOCTH, Onomacca, Arthrospira platensis, TATaTENb-
Had cp€aa, KyJIbTUBUPOBAHNUE, HAKOIIJICHHUE, BBIXO/.
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Kazaxckuit HanmonansHeii YHEBEpcuTeT NM. anb-Dapadu, Anmarel, Pecrry6onuka Kasaxcran

MOJYYEHUE TPEXKOMIIOHEHTHBIX T'MJIPOTEJIEM
HA OCHOBE I'EJIJTAHA 1 AKPUJIATOB

AnHotanmsi. CTaTbsl IOCBSIIEHA ITOJYYEHHIO TPEXKOMIOHEHTHBIX T'MIPOTEIEBBIX
CHCTEM Ha OCHOBE TeJliaHa, 2-ruapokcudTinakpunata ([(1DA) u 2-THAPOKCHITHIMETaKpH-
nmata (I'OMA), m3ydeHnto ux HaOyXalolMX W TEPMOUYBCTBUTEIBHBIX CBOWCTB. CHHTE3
OCHOBaH Ha BCIICCTBECHHOM HWHUIHWUPOBAHWU B IMPUCYTCTBHUU CHIMBAIOMICTO arcHTa
Oucakpunamuza. [lokazaHo, 4To MoaydeHUE THAPOTeIsi OCHOBAHO Ha 00pa30BaHUH MOJY-
B3aUMOIIPOHHKAIOIIEH CETKH. Y CTaHOBJICHO, 100aBICHNE relliaHa K aKpHIaTHBIM MOHO-
MepaM NPUBOJMT K yBEIMYCHHUIO HaOyxarommx cBOWCTB ruaporeneil ['DA-I'OMA-Ten-
JIaH, a TaKkXKe MPUBOAUT K CMEIICHHUIO TEMIEepaTyphl KoJulanca B 0ojee MIMPOKUH anara-
30H 0T 38 1059°C.

KnioueBsble cinoBa: refuia, 2-TupOKCHITHIAKPIIIAT, 2-THAPOKCHITHIMETAKPHJIAT,
THJpPOTeIlh, TEPMOUYBCTBUTEIEHBIE CBOWCTBA.

[locnenHue necATHIIETHS XapaKTEpPHU3YyeTCs HEOCla0eBarolliM HHTEPECOM
HCCIIEe0BaTeNeH K «UHTEJUIEKTYaIbHBIM» MIM  «CTUMYJIYYBCTBUTEIIBHBIMY
nonuMepHbiM cuctemaMm [1-10]. JIOCTOMHCTBOM TaKUX CTUMYJYYBCTBHUTEIbHBIX
NOJMMEPHBIX TUApOTENe sBIsETCS CIMOCOOHOCTh TIpeTeprneBaTh KoHop-
MAaIMOHHbIE TEePEeXOobl B OTBET HA HEOOJNBIINE W3MEHEHHUS YCIOBUI BHEIIHEH
cpenbl. UyBCTBUTENBHOCTh THApOreNieil K J000My BHELIHEMY BO3ICHCTBHUIO
oTIpe/ieTIsieTCsT UX XUMHYECKHM COCTaBOM, a MMEHHO HaJIMYHeM TPYII aTOMOB,
pearupyronmx Ha JaHHbIA (GakTop. YKa3aHHbIC CHEKTPhl YHUKAJIbHBIX CBOWCTB
CTUMYJYyBCTBUTENIBHBIX IOJMMEPHBIX CHCTEM SBISIIOTCA AKTYaJIbHBIMH IS
JOTIOJTHUTENIFHOTO MCCIIEIOBAHMS MTOJIMMEPHBIX (JOPM, a TakKe IS TIPET0KEeHUS
10 UX MPAKTUYECKOMY HCIOJb30BaHUI0 B Onomenuiuue [11-22].

Panee [23] ObuT M3y4YeH CHHTE3 CBOWCTB THJAPOTENICH HAa OCHOBE 2-THUIPOK-
cytrnakpunata(l’9A) u 2-ruapokcudtunmerakpuiara ([OMA), a Takxke peak-
MU KOMIUIEKCOOOpa30BaHUS COIOJIMMEPOB HA OCHOBE 2-THAPOKCHUATHIMETA-
kpunara. ['DOAul'ODMA — 3T0 akpuiaTHbIE MOHOMEpBI, KOTOPBIE OTIMYAIOTCS
MEXIy COOOH TOJBKO HAJIMYMEM OJHOTO METHUIIHHOTO 3BEHA.

I'oMomonmmMeps! Ha OCHOBE 3TMX MOHOMEpOB He 00JamaloT TepMOUYYBCTBHU-
TeNbHBIMH CcBoMcTBaMu. [lokazaHo, 4TO comonuMepu3alus yKa3aHHBIX COMOHO-
MEpPOB NPHUBOAUT K 0Opa30OBaHHIO CHUCTEMBI C TEPMOUYYBCTBUTEIBHBIMUA CBOMCT-
BaMH 3a c4eT u3MeHeHws runpodobHo-ruapodunsHOro Oajmanca makporendn. B
9TOM MPEUMYIIECTBO JTAHHBIX CUCTEM. B CBSI3M C 3THUM, XOTEJOCh OBl PacIIMPHUTH
WX JAMana3oH TEePMOYYBCTBUTEIBHOCTH, NpHIATh WM Oojee BBICOKYIO OHo-
COBMECTHMOCTb, a TaKkke OHOpasnaraeMmble cBoWcTBa. BBenenue Ttperbero
OMOCOBMECTUMOTO M OHOpa31araeMoro KOMIIOHEHTa B CHCTEMY COIMOJIHUMEPOB
I'DA-TDMA MoxeT crmoco0CTBOBATh CABHTY TEMIIEpaTyphl (pa3oBoOro mnepexoja.
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Ponb Takoro koMnoHeHTa MOXKET BBITIONHATH rejial. ['enman — 3To moaucaxapus
MHUKPOOHOJIOTHYECKOTO IPOUCXOXKICHUS, UIMEIOIINI OTPOMHYIO IEPCIIEKTUBY IS
IpUMEHeHus] B OMomenuuuHe. ['emnan OMOCOBMECTHMBIN, AOCTYIHBIA KOMMEp-
YeCKHH TPOIYKT, KOTOPBIA XapaKTEepHU3yeTCs BBICOKUMH Telieo0pa3yromnMu
cBoiictBamu. TakuMm oOpa3om, coszgaHue THApPOTeNieii Ha OCHOBE TPEXKOMIIO-
HeHTHOH cructeMbl I DA-I'DMA-I'emutan MoxeT OBITh MEPCIIEKTUBHOMN Ueen A
MIOJTyYeHUs] THApPOTENeH, 00JIalalonMX TEepPMOYYBCTBUTEIBHBIMU, OHWOpasiarae-
MBIMH CBOMCTBAMH.

XapakTepuCcTHKA HCXOIHBIX BellecTB. 2-cuopoxkcusmunaxpuram (I'DA) ¢
coJiep)KaHMEeM OCHOBHOTO Tipoaykra 96% mpomsBoactBa ¢upmbel "Aldrich-
ChemicalCo." (CIHIA) ouumanu oT MHrHOMTOpa Ha PePPAKIMOHHON KOJOHHE
"Normeshliff" (Germany) npu HOHWKEHHOM JAaBJICHUH.2-2UOPOKCUIMUIMEMA-
xkpunam (I'DMA) mpousBozctea pupmsr "AldrichChemicalCo." (CHIA) ounmanu
IBYKPAaTHOW ITEPETOHKOW HETMOCPEICTBEHHO TMepe]] HCIONb30BaHNuEM. [ eliaH,
«Gelzan™CM» ("Zhejiang DSM Zhongken Biotechnology Co., Ltd", Kuraii),
N,N'-Memunen-ouc-axpunamuo (“Aldrich”, USA), x10puo Hampus Mapkua «X.9.»
(TOO «Curma Tek», Poccust) ncrionp3oBanm 0€3 JOTOTHUTEIIEHONH OUNCTKH.

CuHTe3 TpPeXKOMIOHEHTHBIX Truaporeneil. B pabore ObUTH MONTyYEHBI
TPEXKOMIIOHEHTHBIE THAPOTENM HAa OCHOBE TrejlaHa M aKpHIaTHBIX MOHOMEPOB
I'DA u 'OMA B nipucyTCTBHY MHUITMATOPA — MEPCyib(aTra aMMOHHS U CIIIUBAIO-
mero arenta — N,N’-meTuneH-0ucakpunamuia. [1jig IpuroToBIeHUs THIporeneit
B cucteme [[DA]:[['DMA]:[I'ennan] ucnons3zoBaiuck cootHomenus 20:10:0,5;
20:10:0,6; 20:10:0,7; 20:10:1 06.% & 5 mi o0Imero pacTpopa, mpu MOCTOSHHOM
conepxxarnu nHUIMaTopa 0,01t u cmmBaromtero areara — 0,005 r. O0beM BOJEI B
CHCTEME COCTaBHII 3,5 M.

J11s1 3TOro HaBECKH rejilaHa ObUTH pacTBOPEHHI B 1,5 MJI IMCTHITMPOBAHHON
BOABI W TOMOTCHHM3MPOBAHBI B TedeHHE CyTOK. OTOenbHO OBLI MPHUTOTOBICH
pactBop, coaepxkamuii nepcyibdar ammonus u N,N’-MeTuieH-OHcakpuiaMua,
B 2 Ml BOJIbl. B oTHenbHBIX cTakaHax ObUTH cMelranbl MoHOMepbl [OMA 1 mi u
I'DA 0,5 mn. IlpuroroBneHHBIE pacTBOPHI OBUTH COEAMHEHHI B CIEIyIOIIEM
MOpSIZIKE: PAaCTBOP WHUIMATOpPA W CINMBAIONIETO areHTa OB J0OaBI€H K MOHO-
MEpHOW CMecH, 3aTeM MOJYUYCHHYIO CMeCh J00aBWIIM K pacTBOpYy rejulaHa MpH
nepememnBannu. Jlajgee roToBblil pacTBOp ObUI MEPENHUT B CTEKISHHYIO aMITyiy,
TepMETHYHO 3aKphIT U momemeH B TepmoctaT npu 60°C ma 30-40 munyT. Ilo
UCTEUCHUHN BPEMEHHU aMIyJibl ObUTH H3BSATHl M3 TEPMOCTaTa M OXJIKACHBI O]
cTpyei XononHol Bobl. OXJIaKICHHBIE aMITyJIbl ObUTH Pa3OUThI ISl H3BJICUEHUS
rupporeneii. Jlanee ruaporeny ObUTH OYHIIEHB! OT HEIIPOPEAarHpOBABIIET0 MOHO-
Mepa IMyTeM JITUTETbHON IPOMBIBKH B BOJIE B TEUEHHE MECSIIA.

Pu3NKO-XMMHYECKHE METOAbl HCCJeN0BaHMs. /3yyenue cmenenu Hady-
XaHusi OBUIO MPOBEICHO I'PAaBUMETPHUYECKMM MeToqoM Pacuer cremenu HaOyxa-
HUS TIPOBOJIMIIN TI0 Ciiemytomieit popmyire (2.1):

Myap, —

m X.
a=———F"x 100%, 2.1)
Meyy,
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IJIE My,5 — MACCA PABHOBECHO HAOYXILIETO MOJHMMEPHOIO THIPOTENs; My, — Macca
cyxoro rend. Maccy Cyxoro BelIecTBa B Tejie ONpEAesUId Ha aHATIUTHYECKHX
Becax Sartorius (I'epmaHnust) ociie BeICYIMBaHUs 00pa3ua B THO(UIBHON CYIIKE.

Buvixoo eenv-gppaxyuu runporeneil Ha ocHoBe remaHa, [ 9A u [OMA Obun
paccuuTaH 1o ciexyronum dopmye (2.2):

mcyx.
G =—22 % 100% (2.2)

CHUHT.

Maccy cyxoro oOpasua OIpelensuld IIOCi€ BBICYLIMBAaHUS oOpaslia B Ba-
KyyMHOM mikady mo moctosHHOTO Beca. CremeHb HaOyXaHHs ONpEACISIN B
HECKOJIBKHMX MapaJljIeNIbHBIX OIBITaX U UCIOJIb30BANIN CPEIHEE 3HAUCHHUE.

Hsmenenus obvemos cuopoeceneii Ha OCHOBe Temana, | DA u IOMA B
3aBHCUMOCTH OT TEMIIEPAaTypbl U HOHHOH CHJIBI OBLTH M3YYEHBI C MOMOIIBIO KaTe-
TomeTpa «B-630» (M3tomckuii mpubopocTpouTenbHbIi 3aBol, Poccust). O0pa3ist
rugporesied ObIIM HOMEIIEHBI B TEPMOCTaTHpYyEMble SYEHKH, 3arlOJHEHHBIC
JUCTUIJTMPOBAHHON BOJIOW WJIM COJIEBBIMH PACTBOPAMHU C Pa3IMUHOM HOHHOU
cunoid. VizmMeHenne oObeMOB ruzaporeseld ObIJIO pacCUYUTaHO COTJIACHO CIEIYIO-
et popmyre:

|4 d
Hab
V__ dTeK d.-d ’ (2.3)
0 (i) ojt
14
rac V_ — OTHOCHTEIBLHOE H3MEHEHHE o00bema TUAPOIeIs; dTeK — AUaMeTp

0
THAPOTeNs B Tporiecce m3MepeHus; dy,s — IuamMeTrp HaOyXIIero THAPOTels, MM;

dy— nmamerp Gopmbl, MM; dyo; — TMAMETP MOJIOKKHU, MM.
PE3VYJIbTATBI U UX OBCYXXJIEHUE

CurHTEe3 TPEXKOMIIOHEHTHON CHCTEMBl OCHOBBIBAJICA Ha pe3yJbTaTax IIo
cuntezy ['DA-I'OMA [23]. Ilpu »>TOM Ha NOATOTOBUTEIBHOM JTale CUHTE3a
OTJENBHO OBLIM TPHUTOTOBIEHBI PACTBOPHI HCXOIHBIX W BCIIOMOTATENBHBIX
KOMITOHEHTOB C MOCTIEAYIOMIMM UX CMEIIMBAHNEM, YTO CO3AAa€T BO3MOKHOCTD IS
nony4deHus: Oojiee OJHOPOAHOW pPEAaKUMOHHOM cMecHm B JanbHeiimem. B
pe3yabTaTe BU3YaJbHO OBUIO ONpPENENICHO, YTO MOJIYy4YEHHBIE T'MIPOTeNd OTIIH-
YaroTcs IBETOM W TUIOTHOCTHIO B 3aBHCHMOCTH OT COJEpKaHWs reiuiana. B xome
peakuuyu TOJIY4YEHHBIE JBYXKOMIIOHEHTHBIE THAporenn Ha ocHoBe I'DA-I'OMA
OCTaBaJIMCh NMPO3PAYHBIMU, a THAPOTEIH Ha OCHOBE TPEXKOMIIOHEHTHON CUCTEMBI
I'DA-I'DMA-T'eutan CTaHOBWIIMCH HEMIPO3PAYHBIMHU M CJIETKAa OMAaJICCIIMPOBAIH.
XapakTepHasi MyTHOCTb THIApOTeliell MOKET CBHIETEIIbCTBOBATh O MOBBIIICHUU
rugpogoOHOCTH B cucTeMe. Takke MOJTy4YeHHBIE THMAPOTENN MOCie U3BICUCHHUS
M3 aMITyJI XOpOIIo AepkaT ¢popMy U He eOpMUPYIOTCS, YTO CBUACTEIHCTBOBAIO
0 (OpPMHUPOBAHUM CHIMTOM CTPYKTyphl. [Ipu 3TOM, reneodOpa3oBaHHe B CHCTEME
'S A-I'ODMA-T'ennane HaOr01AI0CH IPU COZIEPKaHMH Teyiana Beiire 1 %.
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Jainee B paboTe ObUTH U3yUeHBI (PU3UKO-XMMHUCCKUE CBOMCTBA MOJTYUCHHBIX
THpOTeNiei Ha OCHOBE TeNJIaHa: CTETMEeHb HAOYyXaHHs, TEPMOUYYBCTBUTECIBHOCTD,
MEXaHHUYECKHE CBOMCTRA, & TAK)KE BO3MOYKHOCTb HUCIIOJIb30BAHMUS JIAHHBIX Telici B
Ka4eCTBE CHCTEMBI JOCTABKH JIEKapCTBEHHOTO BemlecTBa. OaHAa W3 TJIABHBIX
XapaKTePUCTUK THAPOTENIs —CTENeHb HaOyXaHWs 0, KOTOpas OMpeeseTcs
KOJIMYECTBOM TIOTJIOMICHHON TOJIMMEPOM JKHIKOCTH W PACCYMTBHIBACTCS, Kak
COOTHOIIICHHE MACChl CETKH B HAOYXIIIEM COCTOSIHUM K MAacce CETKH B CyXOM
coctosiunn. Ha pucyHke | mpuBeaeHa KHHETHKA HaOyXaHUS B BOJE M HU30TOHU-

a

a,g/g
150
100 _—
o 3
= e s =l /
/ 92
- 1
50 e
/L
0 T T T T T T T T T T 74 T 1 T,"l

LI DL L B
0 1 2 3 4 5 20 25 30 35 40 45 50

6

a,r/r

150

100

50 |

0 T T T T T T T T T T T ///II T T T T T T T T T T T 1 T4

0 1 2 3 4 5 20 25 30 35 40 45 50°

[[DAJ[IOMA] = 20:10 (1) 06.%; [[DA]:[[DMA]:[Temnan] = 20:10:0,5 (2), 20:10:0,6 (3),
20:10:0,7 (4), 20:10:1 (5) 06.%

Pucynok 1 — Kunernka HaOyxanus rugporeneit [ DA-TOMA-Tennan
B BOJIE (a) M B M30TOHUYECKOM pacTBope (0)

65



XUMWYECKHH )KYPHAJI KA3AXCTAHA

YEeCKOM PacTBOpPE TPEXKOMIOHEHTHBIX THIPOTeNel Ha OCHOBE TeJUIaHa W aKpH-
JIATHBIX MOHOMCPOB, NOJYUCHHBLIX BCUICCTBCHHBIM WHUIIMUPOBAHUEM, a4 HA pU-
CYHKE 2 — 3aBUCHMOCTb PaBHOBECHOH cTerneHH HaOyXaHHs M BBIXOAA Telb (pak-
LY OT COCTaBa UCXOJHOM MOHOMEPHON CMECH.

N3 rpadvkoB, MpeACTABICHABIX Ha PUCYHKE 1, MOKHO HaOIIOMATh SAMHYIO
3aKOHOMEPHOCTh, YTO TMPH TOTPYKCHWU TOJIYYEHHBIX B padoOTe THAporesicii B
BOJy 3HAYEHHUsS CTETeHW HaOyXaHWUsS pe3KO YBEIWYMBAIOTCS B TepBble 30 MUHYT,
JOCTUTast JUIA pasHbIX 00pa3loB MaKCMMaJbHOrO 3Ha4YeHHs o oT 45 10135 r/r. B
IIaJII)HeI‘/'IIHeM CTCIICHDb Ha6yxaHI/I5[ IOBBIIIACTCS, HO 3HAYHUTCIIBHO MCIJICHHCC H
PaBHOBECHOTO CBOETO 3HAYCHUS IOCTUTAET HAa BTOPBIE CYTKHU. TaKke yBeTHUEHHE
COJIepIKaHUsl JOJH TeIlaHa B UCXOIHOW peaKIIMOHHON CMECH TMOBBIIIAET CTENEHb
HaOyXaHWsS TOJYYECHHBIX THApOresiel. AHATOTHYHYI0 3aKOHOMEPHOCTh MOYKHO
HabIr0aTh B M30TOHMYECKOM pacTBOpeE, TAe CTeneHb HaOyXaHMs reyiedl JOCTH-
raet paBHOBecHOro 3HadeHus o = 50+150 r/r.

140
120

100

80

o

60 - 0,1/

40

20

1 2 3 4 5

[T2A]:[TOMA]=20:10 (1) 06.%;
[[BA]:[ITOMA]:[I'ennan] = 20:10:0,5 (2);
20:10:0,6 (3); 20:10:0,7 (4); 20:10:1,0 (5) 06.%

PucyHok 2 — 3aBUCHMOCTb paBHOBECHOM cTeneHr HaOyxaHus (o, I/T)
u Beixoza reab-dpaxuun (I, %) rugporeneit [TOMA-T'DA ul DA-I'OMA-Tennan

Ha rucrorpammax pucyHka 2 O4eBHIIHA JIUHHS POCTa CTENICHW HAOYXaHUS C
YBEJIMUYEHUEM COJIEpXKaHMs TeJulaHa, HO TPHU 3TOM BBHIXOX Trelb-(Opakiuil CHH-
xkaetcq. Ilokazano, uro rumporenu [[DA]:['OMA]:[I'emnan] — 20:10:1,0 06.%
oOiamaroT HauOoJNbIIeH cTeneHpl0 HaOyxaHus — o= 135 I/TM HaUMEHBIIUM
BbIXOJOM Tenb-¢pakuun ' =24%, a rugporenu I'OMA-I'DA ume0T npoTuBo-
MTOJIOXKHBIA XapakTep, HAMMEHbIIIAas CTEIICHh HaOyXaHus — o = 65 1/T 1 HauOOoJIb-
mmi BBIXOA renb-hpakuuu I = 38%.
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Ha ocHOBaHUM MOIYyYEHHBIX PE3yJIbTATOB OBUIO CHENAHO IMPEAINOJIOKEHHE,
4YTO B XOJIe CHHTEe3a o0OpasyeTcsl MOIyB3auMOINpOHHMKaromas cetka. [lpu sTom
ceTKa oOpa3zoBaHa 3a cu€T XuMHYecKux cBs3eil mexay [ DA u [DMA, a remnan
BKJIIOUEH 3a cYeT (PM3WYECKHX B3aMMOJAEUCTBUH C akpmimatamu. lIpeamomoxwu-
TeNbHas cxeMa 00pa3oBaHMs MMOJIyB3aMMONPOHHUKAIOIIEH CEeTKH MpeICTaBlIeHa Ha
pucyHke 3.

I'A-TOMA

1'3{& Tennan —

+ L
I'SMA
o o

Pucynok 3 — Cxema 00pa3oBaHHMs ITOTyB3aMMOIPOHHUKAIOIIEH CETH
Ha OCHOBE aKpPHJIaTHBIX MOHOMEPOB H TeUIaHa

Tennan

N3BecTHO, uto cononumepsl ['DA-I'OMA, nonydyeHHbIe IPU BELIECTBEHHOM
VHUIMHPOBAHNUH, 00JIaAa0T TePMOUYBCTBUTEIHHOCTHIO[23]. B cBsI3M ¢ 3TM OBI-
JIU M3YYEHbl TEPMOUYBCTBUTENbHBIE cBOMCTBa rujporeneii [ DA-I'OMA-T'ennan
MyTeM W3MEpPEHHs M3MEHEHHS OTHOCHTEIBHOTO 00beMa THAPOTeNs ¢ MOMOIIBI0
Kareromerpa (pUCyHKH 4, 5).

0 v/ f—— — T T T — T T T L — "o
0 20 30 40 50 60 70 T,°C

[[DA]:[[OMA]:[Tentan] = 20:10:0,6 (1), 20:10:0,7 (2), 20:10:1,0 (3)06.%

Pucynok 4 — 3aBucumocts u3meneHnit 00bemMoB ruaporeneid [[DA]:[TOMA]:[['ennan]
P U3MECHEHHUU TeMIIePaTyphI
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a— [[OMA]:[I'DA] =20:10006.%; 6 — [[DA]:[[OMA]:[T'emnan] = 20:10:0,5 00.%

PucyHnok 5— 3aBrcHMOCTD H3MEHEHHI 00HEMOB THAPOTENeH
ripu yBenmdeHud (1) u cHmkeHnH (2) TeMIrepaTypbl

Kax BUIHO M3 IaHHBIX, NPEICTaBIEHHBIX Ha PUCYHKE 5a, C MOBBIIMIEHUEM
TEeMIIEpaTypbl HaOJIOAAETCsl yMEHbIIEHHE o0beMa IMOJUMEPHbIX ceTok ['DA-
I'ODMA B gmamazone ot 38 mo 48°C, T.e. MOYTH ABYXKpaTHAs MX KOHTPAKIHWS,
YTO, OYEBUAHO, OOYCIOBJICHO YCHIICHHEM THIAPO(POOHBIX B3aUMOACHCTBHU C
yuactueM 3BeHbeB | OMA u crabunmzanueid B pe3yibTaTe 3TOr0 KOMIAKTHBIX
KoH(popMaruii Makporueneii comonmnmepa. [lpn moHMKEHUN TeMIepaTypsl TpeX-
KOMITOHEHTHBIE THApOTeny HabyxaloT B uHTepBase ot 59 no 38°C u gocturaror
UCXOIHBIX 00BeMOB. CTOUT OTMETHTH, MPH HM3YYEHHUH TEPMOUYYBCTBUTEIBHBIX
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cBoiictB ruaporeneil ['DA-I'OMAu I'DA-I'OMA-T'ennan KpuBble HarpeBa u
OXJIQXKJICHUS HE COBIAAIOT, M Ha rpa)uKe OTYETIMBO BUIHA IETIS TUCTEPE3HCa.
[Ipu 3TOM mONMyYeHHBIE THAPOTENN IMOCIE OXJIAXKICHUS BOCCTAHABIMBAIOTCS 10
HCXOIHBIX Pa3MEPOB.

Crnenyer OTMETHTh, YTO TEPMOYYBCTBHTEIBHOCTBIO 00JamalOT HE BCE
o0pas1pl B TpolHOM crucTeMe (pUcyHOK 4). B To BpeMs, Kak BHIHO U3 JaHHBIX,
TIPEACTABIICHHBIX Ha pUCYHKE 50, uto ruaporenu [[DA-I'OMA-I'emran ob6manaoT
TEPMOYYBCTBUTEIBHOCTHIO TOJIBKO MPU MaloM cojepkanuu remiana 0,5 06.%, ¢
OoJIBIIMM COZep)KaHHEM TejllaHa THAPOTeNld He 00NafaloT TePMOUYBCTBHTEIb-
HocThI0. Tak, ucciemyeMple THAPOTENN COKUMAIOTCS B Y3KOM nuamna3one 32-45°C
1 Ha0yXaroT B mHTepBaie oT 57 no 32°C.

s KOJIMYECTBEHHOW OLICHKM METeNb THCTepe3uca OblT MpOM3BElNEH HX
pacuer miomanu. IlomyuyeHnsle rpadguku ObuIM 00pabOTaHBl Ha NPOrpamMMme
MicrosoftOfficeExcel. Ilpu cpaBrennn runporeneir 'DA-I'OMAu I'DA-I'OMA-
l'enman ycTaHOBJE€HO, 4YTO IUIOMIAAh IMETJIM JIBYXKOMIIOHEHTHOH CHCTEMBI
cocTaBiser S; = 25,8, a TPEXKOMIOHEHTHOM cucTteMbl — S;=34,5. OTHOIICHHE
IUIOIIAAeH cocTaBiseT S,:8,= 1,3.

3akumouenne. B pabore ObUIM MOJTYYEHBI TPEXKOMIIOHEHTHBIE THApOTEe-
BBIE CUCTEMBI Ha OCHOBE TejllaHa, 2-ruapoxkcuaTwinakpunara (I'DA) u 2-rupok-
cytrimerakpwiara (I'OMA), u3ydeHl nx HaOyxaroliue W TEPMOYYBCTBH-
TeNbHBbIE CBOHCTBA. [l0Ka3aHo, 4TO MOMy4YeHHE TUAPOTelsi OCHOBaHO Ha 00pa3o-
BaHUH IIOJyB3aMMOIPOHHUKAIOIIEH CETKH. Y CTaHOBIICHO, J00aBIeHUE TeillaHa K
aKpUJIATHBIM MOHOMEpPaM IPUBOIUT K YBEJIMUYCHHIO HAOyXaIOIIMX CBOIMCTB T'HI-
poreneii 'DA-I'OMA-I'ennan, a Takke MPUBOAUT K CMEIIEHUIO TEMIEPaTyphI
KoJuIanca B 0oJiee mUpokuil nuana3on ot 38 g0 59°C.
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Pesrome
. Llamem, JI. O. Azvibaesa, P. A. Manzaszbaesa, I'. A. Myn

I'EJIJTAH MEH AKPMJIATTAP HET'I3IHJE
YINKOMITOHEHTTI TUAPOI'EJIAEPAL AJTY

Makanaga remias, 2-ruapokcudTminakpwiar (I'DA) xoHe 2-THIPOKCHITHIMETa-
kpunar (TEMA) Herisingeri ym KOMIIOHEHTTI THAPOTENI XyHenaepai any, onapasly Mu-
TaNbl KOHE JKBUTY Ce3iMTal KacHeTTepiH 3eprreyre apHanrad. CHHTE3 Oucakpuiammui
Kpocc-0aiTaHBICTRIPYIIBI areHTiHIH KAaTBICYBIMEH MaTepHalAbl OacTamara HeTi3elreH.
Tunporens eHmipici ’kapThUlail HMHTEPIIETPIIK JKETiHI KaJBINTACTHIPYFa HETI3AeNTeH.
Iemmanubly akpuiat MoHoMepiiepine Kocbutybl ['DA-TEMA-T'emnan ruaporenbaepitiy
WAl KACHETTEPIHIH YJIFAlObIHA OKEIiI COKTBIPAJIbI, COHNA-aK bIIBIpay TeMIepary-
pacbiabig 38-TeH 59°C-ra [eiiiH KEHCIOIHE OKEIe/Ii IC aHbIKTAIbI.

Tyiiin ce3aep: remnas, 2-rUAPOKCUITHIAKPUIIAT, 2-THPOKCUITHIIMETAKPHIIAT, TH/I-
poreb, TepMOCE3iMTa KaCHETTEPI.

Summary
D. Shamet, L. E. Agibayeva, R. A. Mangazbayeva, G. A. Mun

PREPARATION OF THREE-COMPONENT HYDROGELS BASED
ON GELLAN AND ACRYLATES

This article is devoted to obtaining three-component hydrogel systems based on gel-
lan, 2-hydroxyethyl acrylate (HEA) and 2-hydroxyethyl methacrylate (HEMA), the study
of their swelling and heat-sensitive properties. Synthesis is based on material initiation in
the presence of a bisacrylamide cross-linking agent. It is shown that the production of a
hydrogel is based on the formation of a semi-interpenetrating network. It was established
that the addition of gellan to acrylate monomers leads to an increase in the swelling
properties of the hydrogels HEA-HEMA-Gellan, and also leads to a shift of the collapse
temperature to a wider range from 38 to 59°C.

Key words: gellan, 2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate, hydrogel,
thermo-sensitive properties.
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STUDY OF THE INFLUENCE OF SOL-GEL COMPOSITIONS ON THE
PHYSICO-MECHANICAL PROPERTIES OF TEXTILE MATERIALS

Abstract. In this article the possibility of combination of technology of dyeing and
final finishing of cotton textile material with application method sol-gel is considered.

The new method sol - technology gel in finishing of cotton textile material is offered.
The developed combined technology of dyeing and antimicrobic finishing of cotton textile
material with application sol — method gel, allows to receive strong adhesive fixing of
particles of the antimicrobic agent and dye on fibrous substrate.

The properties of the cellulose textile material processed by offering sol - technology
gel by application of physicomechanical, physical and chemical and biological methods of
a research were investigated. Processed on the offered combined technology textile mate-
rial keeps operational and hygienic indicators, esthetic, resistance of coloring to friction,
also improvements of functional and protective properties of textile material.

Optimum parameters are revealed, influences of temperature of processing, concen-
tration of acetate of zinc and liquid glass are investigated. The main advantage new sol-
method gel: reduction of time of processing and technological process, exception of use of
expensive medicines and exception of harmful components.

Key words: sol-gel method, coloring, combined method, final finishing, antimicro-
bial, sodium silicate.

Introduction. Today it is paid to the technologies providing superficial mo-
dification by polymers much attention. Drawing on the surface of fabric of the
polymeric medicine allowing to improve as coloristic characteristics of textile
materials, and to give different types of final finishing. Receiving gel of dioxide
of silicon and with inclusion in it of functional filler as which can act both dyes,
and particles of oxides of metals for giving of water repellency, fire resistance,
biocidal and other special properties [1].

In this regard, studying of coloristic, antimicrobic and physicomechanical
properties of the fabrics modified by polymers for the purpose of development of
new technologies, including, and the combined ways of a kolorirovaniye and final
finishing, are a relevant task [2].

Using the appropriate synthesis conditions and careful selection of the dye
and antimicrobial reagent, a large number of molecules can be incorporated inside
the silicon dioxide matrix, so that the molecule particles are "protected" from
exposure to oxygen and sunlight, which helps to avoid photodestruction, as well
as its gradual removal from the fiber surface [3].

Modification is applied to providing a necessary complex of properties of
textile materials for various products. Now there are various methods of modifi-
cation of textile materials: physicomechanical, physical and chemical, chemical,
biochemical. Modification of properties of materials is carried out generally at
two stages: in the course of production and in the course of the subsequent fini-
shing.
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Physico-chemical modification allows you to adjust the hydrophilicity of
natural materials, but the increase in strength, heat resistance, wettability reduc-
tion is always accompanied by a decrease in hydrophilicity [4]. Depending on the
reagents used, abrasion resistance may be increased. Regulation of the properties
of textile materials and expansion of their performance properties is possible by
modifying their polymerization-capable monomers, followed by polymerization
of the latter. Natural materials increases the strength, abrasion resistance, oilopho-
bicity, resistance to washing [1].

Chemical technologies are widely used practically at all stages of production
of textile materials. Polymeric compositions allow to provide or improve pro-
perties of materials in considerable limits. They are important in the course of
finishing of textile materials: purifications of textile materials of pollution,
kolorirovaniye and final finishing [3].

The choice of a method of modification of textile materials is influenced,
mainly, by the following factors: fiber nature; physical properties of fibers, ability
to bulk up, resist attrition both in damp, and in a dry state under various tempe-
rature conditions; susceptibility of fibers to chemical influences.

EXPERIMENTAL PART

Materials. As an object of a research the cotton bleached fabric of the article
1030 is chosen as 100%. For dressing of samples the following reactants were
used: zinc acetate - acetic salt of zinc with a density 1.735g/cm3, sodium silica-
te — sodium salt of metasilicon acid, citric acid of 100% in the form of powder,
direct dyes, the distilled water.

Preparation of samples. Processing of fabric took place as follows:

1. Preparation of solution of acetic zinc (5g/l) and citric acid (5g/1) in the
distilled water;

2. Addition of direct dye (3g/1) in solution;

3. Addition in sodium silicate solution (liquid glass) (40, 60, 80 g/1);

4. Impregnation of fabric in solution within 1-2 minutes at the room tempe-
rature;

5. An extraction and drying of samples before full drying;

6. Heat treat mental temperature sol 100-150 °C;

Preparation time of sol of 20 minutes, temperature 40 °C.

Research methods. Assessment of the color stability of textile materials
to dry and wet friction is carried out in accordance with GOST 9733.27-83 on PT
- 4 devices; physical and mechanical-using AUTOGRAPH AG-I, AR-360SM
("Nisshinbo", Japan), to determine the strength characteristics and breathability of
the treated cotton fabric is carried out in accordance with GOST 3813-72 “Textile
Materials. Fabrics and piece products. Methods of determination of tensile
properties”; GOST 12088-77 «Textile Materials and articles thereof. Method for
determination of air permeability»; determination of tissue stiffness is carried out
according to GOST 10550-93 "Textile Materials. Canvases. Methods of determi-
nation of stiffness in bending "on the device MT-367; Assessment of color and

74



ISSN 1813-1107 Ne 3 2019

coloristic indicators of images of cotton fabrics, using a spectrophotometer "Mi-
nolta", a specialized technique. The study to determine the antimicrobial activity
of textile materials was conducted in accordance with the standard "methods of
laboratory tests for resistance to microbiological destruction GOST 9.060-75"[1].

RESULTS AND DISCUSSION

In comparison with other methods the developed sol-gel the method
possesses a number of premushchestvo and possesses the simplified technological
scheme of synthesis. Indicators of stability of coloring of textile materials for dry
and wet friction, to explosive loadings it is shown in table 1.

Table 1 — Indicators of stability of coloring of textile materials
for dry and wet friction, to explosive loadings

Concentration | Temperature of Heat treat Stability of coloring Breaking

Ne Silicate of heat treatment, menttime, | to a frictions, (point) load F, (N)
sodium, ml/L °C sec. dry wet warp | weft
1 40 100 120 5/4/4 3/4/3 276 | 237
2 60 100 120 5/4/5 4/4/4 240 | 233
3 80 100 120 5/5/4 4/4/4 238 | 211
4 40 150 120 4/3/4 4/4/3 257 | 226
5 60 150 120 5/5/4 4/4/4 275 | 244
6 80 150 120 5/5/5 4/4/4 281 | 247
7 0 150 120 4/3/3 2/3/2 264 | 200
*0 — the material is dyed according to the traditional method, the breaking load of the

original fabric is 264 N.

According to the received results of resistance of coloring to friction, it is
possible to draw a conclusion that application method sol-gel when coloring
cotton textile materials, does not reduce resistance of coloring to friction, in com-
parison with a traditional way of coloring.

Follows from the analysis of the received results that processing by com-
posite structure positively affects mechanical properties of the finished fabric,
explosive loading depending on the applied finish coat increases up to 281 N in
comparison with initial tissue 264 N.This indicates that the modification of
cellulose materials using the Sol-gel method does not worsen, and in some cases
improves the strength characteristics of the processed textile materials.

Table 2 — Indicators of air permeability and rigidity of textile materials

Concentration | Temperature of Heat Air Rigidity | Elasticity

Ne Silicate of heat treatment, treatment | permeability, of G, v,
sodium, ml/1 °C time, sec. (cm*/cm®-c) cH %

1 Rawmaterial 109 0,9 241

2 40 100 120 94 1,3 67

3 60 100 120 95 1,5 23

4 80 100 120 104 2,4 35
5 40 150 120 99 1,7 40

6 60 150 120 102 1,2 54

7 80 150 120 105 2,4 35
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According to the results obtained, it is shown that the treatment of cellulose
materials by the Sol—gel method developed on the basis of liquid glass does not
lead to a violation of air and steam exchange, does not prevent the transport of
moisture vapor from the surface of the human skin to the outer surface of the
materials, which ensures the maintenance of normal functions of thermoregula-
tion of the human body. The stiffness coefficient depending on the applied sodium
silicate concentration increases in comparison with the original tissue. This is due
to both the formation of the most durable and dense silica coating on the fiber.

Comparative analysis showed that depending on concentration of silicate of
sodium the received color slightly changes. At identical concentration of dye in
solution, the general color distinction decreases. Variation of concentration of sili-
cate of sodium of 40-80 g/1, leads to reduction of lightness of the painted samples.
The coefficient of resistance to microbiological destruction at the processed
textile materials in all cases made higher than 80%.

Conclusion.

1. Researches showed on resistance of coloring to dry friction 4 points, to
wet 3 points.

2. By results of researches of physicomechanical indicators it is established
that sol-gel a method positively affects mechanical properties of the finished
fabric, durability increases in comparison with initial fabric.

3. The rigidity coefficient depending on the applied concentration of silicate
of sodium increases up to 2.4 cH in comparison with initial fabric 0.9 cH.

4. Researches showed that depending on concentration of silicate of sodium
the received color slightly changes.

5. The coefficient of resistance to microbiological destruction at the proces-
sed textile materials in all cases made higher than 80%.
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Pe3iome
M. M. I3oepeenosa, A. K. Kymacanosa, K. K. [rocenbuesa

NCCJIEAOBAHME BJIMAHUA 30J1b-I'EJIb KOMITO3MLINN
HA ®N3UKO-MEXAHUYECKHE CBOUCTBA TEKCTUJIBHBIX MATEPHUAJIOB

B cratne paccMaTpruBaACTCA BO3MOKHOCTb COBMCIICHUA TCXHOJIOI'MU KPAICHUA U 3a-
KJIIOUHUTENbHOMN OTACIKH xnonano6yMa>1<H0ro TCKCTUJIbHOI'O MaT€puajia ¢ IpUMCHCHUEM
30JIb-I'CJIb ME€TOA.
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[TpennoxkeH HOBBIH METOJ| 30JIb-Te€lIb TEXHOJOTHU B OTJEJIKE XJIOMYaroOyMakHOTO
TEKCTUJIFHOTO Marepuana. Pa3paboraHHasi COBMEIIEHHAs! TEXHOJIOTHUS KPAllIeHUsI M aHTH-
MHUKPOOHOH OTHENKH XJIOMYaTOOYMa)KHOTO TEKCTHJIFHOTO Marepuayia ¢ HpUMEHEHHEM
30JIb-TEJIb METOJd, MO3BOJISIET MOJYYUTH IPOYHOE aJre3MOHHOE 3aKpEIICHHE YacTHIl
AHTUMHMKPOOHOTO areHTa M KpacwuTellsl Ha BOJIOKHHCTOM CyOcTpaTe.

B pabote ObuTH HCcIenOBaHBI CBOMCTBA IIEIUTIOJIO3HOTO TEKCTHIBHOTO MaTepHana,
00pabOTaHHOTO 10 MPEATIOKECHHON 30JIb-TEIh TEXHOJIOTHH C IPUMEHEHHEM (PH3HKO-MeXa-
HUYECKUX, (PU3NKO-XUMHUYECKIX M OMOJOTHYECKUX METONIOB mccienoBanus. O6paboTaH-
HBIM IO MPENJIOKEHHOW COBMEIEHHOM TEXHOJIOTMH TEKCTWJIBHBI MaTepuall COXPaHSAET
OKCIITYaTAaHMOHHO-TUTUCHUYCCKUE TTOKa3aTCIIN, SCTETUICCKUE, yCTOﬁqHBOCTB OKpacCKu K
TPCHUIO, TAKXKC YIYUIICHUA d)yHKHI/IOHaJ'[BHBIX " 3alIUTHBIX CBOMCTB TEKCTHJIILHOT'O MaTe-
puana.

BEISIBIICHBI ONTUMAJIBHBIE MTApaMeTPhl, UCCIEJOBAHbBI BIMSHUS TEMIIEpaTypbl oOpa-
0OTKH, KOHIIGHTpAIIUs aleTaTa [MHKA U JKUAKOro cTekia. [ J1laBHOE JOCTOMHCTBO HOBOTO
30JIb-TENIb METOJIa: YMEHBIIEHHE BpEeMEHH 00paOOTKM M TEXHOJIOTHYECKOTO IIpoliecca,
UCKIJIIOYEHUE MPUMEHEHHs IOPOTOCTOSAIINX TPENapaToB M MCKIIOUEHHE BPEIHBIX KOMII-
OHCHTOB.

KnioueBble c0Ba: 30/1b-TeJIb METOZ, KOJOPHUPOBAHUE, COBMELICHHBIN METOI, 3a-
KITIOUUTENbHAs OTAEIKA, aHTUMUKPOOHOCTD, CHIIMKAT HATPHA.

Pe3rome
M. M. I3oepeenosa, A. K. Kymacanosa, K. K. [rocenbuesa

30JIb-T'EJIb KOMITO3ULACBIHBIH TOKBIMA MATEPUAJIJAPBIHBIH
OU3BUKA-MEXAHUKAJIBIK KACUETTEPIHE ©CEPIH 3EPTTEY

Makasaja 307b-Tejb 9IiCTi KOJIaHa OTHIPHIN 00sTy TEXHOJIOTHSCHl MEH MaKTa-mMara
TOKBIMA MaTepHaJIbIH KOPBITHIH/IBI OHIECY MYMKIH/IIT] KapacThIPbUIAIbI.

Makra - MaTta TOKbIMa MaTEpPHAIBIH OHJACYJE 30JIb-Tellb TEXHOJOTUSICHIHBIH JKaHa
olici YCHIHBUIIBI. 30Jb-TeNb SAICTI KOJJIaHa OTBHIPHIN, MaKTa-MaTa TOKbIMAa MaTEpHAJIBIH
00Ty IBIH JKOHE MHUKpPOOKa Kapchl OHACYIIH OIpIKTIpIATreH TeXHOIOTHSICH aHTUMHUKPOOTHI
areHT JKoHE OOSFBIMNI OONIIEKTepiHIH TANIIBIKTE CyOcTpaTTa Oepik aare3msuTbIK OeKiTi-
TyiH alfyFa MyMKiHIIK Oepei.

KymbicTa (HU3MKO-MEXaHUKANBIK, (HU3UKA-XUMHSIBIK JKOHE OHOJOTHSUIBIK 3ePTTey
OMIICTEpIH KOJIZIaHA OTBIPBIN, YCHIHBUIFAH 30JIb-Tellb TEXHOJIOTHS OOWBIHIIA OHJIEITCH
LEJUTI0N03a TOKbIMa MaTepHaJbIHBIH KaCHETTepi 3epTTeNji. ¥ChIHBUIFAH OIpiKTIpiireH
TEXHOJIOTHsI OOMBIHINIA OHIEITeH TOKbIMA MaTepHall Mai/aaaHy-TurieHaIblK KOpCeTKill-
TEepiH, SCTETUKAJIBIK, OOSYAbIH YHKeiCKe TYpaKThUIBIFBIH, COH/al-aK TOKbIMa MaTepua-
JIBIHBIH (DYHKIIMOHAJIBIK KSHE KOPFay KaCHETTEPiH )KaKCapTOoaup.

OHraiiiel mapaMeTpiep aHBIKTAIIbL,OHACY TEeMIIEPAaTYPAChIHBIH 9CEPi, MBIPHIII
aretaTthl MEH CYWBIK HIBIHBIHBIH KOHLEHTpALUsIchl 3epTrenai. JKaHa 3011b-Tesb oiCTiH
0acThl apTHIKUIBLIBIFBI: OHIEY YaKBITHIH JKOHE TEXHOJIOTHSCHIH OHTaiIaHIBIpy KbIMOAT
TIOpi-TopMeKTep i KOMAaHOay jKoHe 3HSTHIBI KOMIIOHEHTTEPACH apbLTy .

Ty#inai ce3gep: 30mb-Tenb ofici, 605y, OipIeckeH 9/iC, KOPBITHIHIB OHILY, aHTH-
MHKPOOTBIK, HATPUN CHUIINKATHI.
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ABOUT PROMOTION THE VANADIUM-TITANIUM
OXIDE CATALYST OF OXIDATION - AND y-PICOLINES

Abstract. The promoting effect of tin (IV), chromium (III) and zirconium (IV) oxi-
des additives to the binary V-Ti-oxide system in the reaction of partial oxidation of - and
y-picolines were investigated. A correlation between the catalytic activity of the studied
oxide systems and the affinity values of vanadyl oxygen proton of their surface which was
involved in the deprotonation of oxidized methyl substituents was established. A
hypothesis about the possibility of a synergistic effect with the simultaneous addition to
vanadium pentoxide of titanium (I'V) oxide and one of the promoter oxides was expressed.

Keywords: oxidation, B-picoline, y-picoline, nicotinic acid, isonicotinic acid, cata-
lysts, promotion

RESULTS AND DISCUSSION

It was previously established that the modification of vanadium pentoxide
with the addition of titanium dioxide leads not only to an increase in the mecha-
nical strength and thermal stability of the catalyst, but also to increase its activity
in the partial oxidation of - and y-picolines. The goal of this work was to study
the promoting effect of tin (IV), chromium (III) and zirconium (IV) oxides addi-
tives to the binary V-Ti oxide system with the preparation of three-component
catalysts.

The obtained results of the B-picoline oxidation over vanadium — titanium
oxide and vanadium — titanium — tin oxide contacts were compared (figure 1).
It was established that the modification of the vanadium-titanium catalyst by
SnO, additives had little effect on the contact activity. The conversion of the
initial pyridine base over both catalyst (V,05-16TiO, and V,05-15TiO,-Sn0O,)
were approximately the same. However, the introduction of tin dioxide into
vanadium — titanium catalyst caused a significant increase in the selectivity of
nicotinic acid formation. Thus, the selectivity of the nicotinic acid formation over
V,05-15Ti0,°Sn0O, catalyst at 280°C already was 82%, whereas over vanadium-
titanium catalyst under these conditions it did not exceed 64%. At 340°C, the
selectivity for acid over the vanadium-titanium catalyst modified by SnO, reached
94%, whereas over the vanadium-titanium catalyst - only 62%.

The promoting effect of SnO, additives to vanadium-titanium catalyst
is probably due to the fact that tin dioxide can change the chemical composition
of the catalyst [1]. Introduced SnO,, due to its oxidizing ability, can act as an
oxidizing agent to the lower vanadium oxides and prevent the catalyst from being
reduced by an oxidizing organic compound, thereby stabilizing its composition.
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The feed rate of S-picoline is 30.8 g per 1 liter of catalyst in hour.

The molar ratio -picoline:O,:H,0 = 1:20:175. Designation of curves (%):
A - B-picoline conversion; yield: B - nicotinic acid, C - pyridine, D - CO,.

Catalysts: 1- V205' 16T102, 2- V205' ISTIOZSHOZ

Figure 1 — The effect of temperature on the S-picoline oxidation
in the presence of vanadium-oxide catalysts modified by TiO, and SnO,
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Due to SnO,, the V,0s content in a three-component vanadium-titanium-tin
catalyst must be higher than in a two-component vanadium-titanium catalyst. This
was confirmed by data on the tin dioxide effects to the composition of the vana-
dium-titanium catalyst which we obtained earlier using the electron paramagnetic
resonance (EPR) method [2].

Under comparable conditions, when 37.8 g of S-picoline feeding per 1 liter
of catalyst in hour and the molar ratio of f-picoline:0,:H,O = 1:7:85 with the
temperature range from 240 to 320°C, partial oxidation of S-picoline was carried
out on V-Ti-O- and V-Ti-Cr-O-catalysts. Figure 2 shows the effect of temperature
on B-picoline oxidation. It was established that the Cr,O; additives increase the
selectivity of the three-component V-Ti-Cr-oxide catalyst for nicotinic acid. The
selectivity of nicotinic acid formation increases from 63% to 87% (with the yield
increasing from 44 to 66%) at 270°C. The conversion of B-picoline on a modified
sample of catalyst at 260-280°C was 5% higher than on the V-Ti-O catalyst
sample. When the temperature rises to 300-320°C, the conversion of B-picoline on
both catalysts was leveled to 90-93%. On the modified catalyst, oxidative deme-
thylation of the initial substance to form pyridine to a higher extent proceeds, and
on the V,05-TiO;, catalyst — deep oxidation. Thus, it was shown that modifying
the V-Ti-O catalyst with chromium (III) oxide leads to a significant increase in
the selectivity of the catalyst's action in relation to nicotinic acid.

The tests of zirconium-modified vanadium-titanium oxide catalyst in the
reaction of the B-picoline vapor-phase oxidation showed that the introduction of
Z1r0O;, into the vanadium-titanium oxide catalyst promotes its activity (figure 3).
The three-component V-Ti-Zr-oxide contact exceeds the binary V-Ti-oxide
catalyst in its catalytic activity in the B-picoline oxidation which is appeared in an
increase in the conversion of the initial compound, the yield of nicotinic acid and
a decrease in the optimum temperature of its formation.

For a theoretical interpretation of the experimentally obtained information on
the promoting effect of oxide modifiers, we carried out quantum chemical
calculations using the cluster approximation. The active centers of the surface of
the used catalysts were modeled by clusters containing fragments of V,0s, TiO,,
SnO,, Cr,03 and ZrO, (table). We proceeded from the idea [3] that various forms
of active oxygen are present on the surface of vanadium oxide catalysts, including
vanadyl oxygen which participate in the separation of the proton of the oxidizing
methyl group at the initial stages of the process.

Optimization of the listed clusters geometry in the tables and the calculation
of the total energy values of the initial E;;, and protonated Eg, structures were
carried out using the DFT quantum chemical method (Density Functional Theory)
[4] with a two-exponential LanL.2DZ basic set with an effective core potential.
The calculations were performed by the licensed program “Gaussian 09W”,
version D.01.

Histogram (figure 4) shows an increase in the nucleophilicity (proton affi-
nity, PAy - o) of vanadyl oxygen in the series of studied catalysts in partial oxi-
dation of B-picoline: V205 <V205-Ti02 < V205-Ti02-Sn02 < V205-Ti02-cr203 <
V,05-Ti0,-Zr0O,. Experiments have shown that in the same sequence the catalytic
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The feed rate of B-picoline is 37.8 g per 1 liter of catalyst per hour.

The molar ratio of B-picoline:0,:H,0 = 1:7:85. Designation: A - B-picoline conversion;

B, C - selectivity of formation and yield of nicotinic acid; yield: D - pyridine, E - CO,.

Figure 2 — The effect of temperature on the yield

of B-picoline oxidation products over (1) V,05-TiO,; (2) V,05:TiO,-Cr,0; catalysts
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Figure 3 — The effect of temperature on (A) the conversion of B-picoline,
(B) the yield of nicotinic acid, (C) pyridine and (D) CO,
under oxidation conditions over (1) V-Ti-O and (2) V-Ti-Zr-O catalysts
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The total energies of vanadium-containing clusters and their protonated forms (E;oy),

the affinity for the proton of oxygen bound to the vanadium ion (PAvy-o),

calculated by the DFT method (B3LYP / LanL.2DZ)

7Etotals a.u. PA 1
. V=0 »
Reaction initial final KJ'mol-.
state state
N o S N O A
N4 Vv N
[ o7 / o\
o} 0 +H" o) o
\ O\V/ -\ O\V/ 1038,1701913 | 1038,458359 | 756.6
2N g 2N 7
(6] (6] O (6] \
q=0, m=1 g=1, m=1
(0] (6]
[ |
Ti Ti
/N 7 /N
(0] /O +H /O
o] —_— o
N 7277636779 | 728,0689935 | 801,6
/"<>V§O 07\</V\0
o (0] o]
\
H
=0, m=1 q=1, m=1
(6]
|
Sn
O/ \0
o\ | 0~ 1401,18833 | 835,1
V\O/V
O/ l) +H"
\ s 1400,87024
v Vo 1401,16991 786.8
Ry
g7
I
(0]
(0]
I
Ti
O/ \0
o\ / 0 1645,6212657 | 858,8
o o +H"
\ / 1645,2941769
0=Yg V0 1645,6283228 | 8773
0\ O/
T Cr
\O/

83



XUMHYECKUY XYPHAJI KA3AXCTAHA

Continuation of table

O~ 1444,5640152 851,5

\ e 1444,2396955
oo =0 1444,5829975 | 901,3

Note. 1 —PA = (Einitial - Efmal) - 2625,46.

PAvy-o, kJ'mol”!
950
900 +~
850 +~
800 +~
750 -
700 -
650 ' ' : . -
% a a % q
& <® © o A0
& v o v
v o O o)
o o &
Qq’ A’\/

Figure 4 — Proton affinity to vanadyl oxygen (PAy—o) of a catalyst
from individual vanadium pentoxide, binary and ternary catalysts

activity increases, assessed by the conversion of the initial material and the yield
of nicotinic acid.

It is noteworthy that a significant increase in PAy-o and, accordingly, an
improvement in the catalytic properties (figure 1-3) in the transition from indivi-
dual vanadium pentoxide and binary V-Ti oxide contact to ternary oxide systems.
The observed pattern may be due to a synergistic effect [5].

Figure 5 shows the test results for V-, V-Ti- and V-Ti-Sn-oxide catalysts
under comparable conditions in the vapor-phase oxidation of y-picoline. It can be
noted that in the performed experiments, the V-Ti-O and V-Ti-Sn-O contacts in
their catalytic activity in the vapor-phase oxidation of y-picoline are better than
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The feed rate of y-picoline 36 g per 1 liter of catalyst per hour.
The molar ratio of y-picoline:O,:H,0O = 1:14:110. The designation of the curves (catalysts):
I- VzOs, 2- V205'8Ti02, 3 - V2058T1028Sn02

Figure 5 — The effect of temperature on (A) the conversion of y-picoline,

(B) the yield of pyridine-4-carbaldehyde and (C) isonicotinic acid
under oxidation conditions over vanadium oxide catalysts of different composition

V,0:s. It can be seen that pyridine-4-aldehyde is formed least of all on the binary
V-Ti-O catalyst, and the addition of tin dioxide to the catalyst increases its
amount in the reaction products. The highest yield of isonicotinic acid on all three
catalysts was 60%: at 350°C over vanadium pentoxide, at 290°C over V-Ti-O,
and at 310°C over V-Ti-Sn-O catalysts.

From the earlier obtained data analysis of the y-picoline vapor-phase oxi-
dation over binary V,054TiO, and 2V,05-Cr,0; catalysts, it follows that in this
reaction, the binary vanadium — titanium oxide contact showed a higher catalytic
activity than the vanadium-chromium oxide. These data are consistent with the
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results of quantum-chemical calculations in the cluster approximation, which
showed that the vanadium-titanium cluster is characterized by a higher affinity for
the proton (nucleophilicity) of vanadyl oxygen responsible for the deprotonation
of the oxidizing methyl group of the substrate. It can be considered by the higher
degree of y-picoline conversion and the shift of the maxima of the pyridine-4-
carbaldehyde and isonicotinic acid yield to lower temperatures, compared with
the binary vanadium-chromium oxide contact.

Comparison of the results of the y-picoline partial oxidation over the
V,05'4Ti0O, binary catalyst and the 2V,05-4TiO, Cr,0; ternary catalyst showed
that with simultaneous modifying of vanadium pentoxide with titanium (IV) and
chromium (III) oxides, a synergistic effect was observed [5], in a significant in-
crease in the yield of isonicotinic acid and a decrease in the optimum temperature
of its formation in the case of a three-component catalyst (figure 6).

Modification of the V,05-4TiO, binary system by adding zirconium dioxide
(figure 7) leads to an increase in y-picoline conversion, a decrease in the yield of
intermediate pyridine-4-carbaldehyde, obviously, as a result of an increase in its
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The feed rate of y-picoline is 28.6 g per 1 liter of catalyst per hour.
The molar ratio of y-picoline:0,:H,0=1:18,3:123. Designation of curves, %:
A - y-picoline conversion, yield: B - pyridine-4-carbaldehyde, C - isonicotinic acid.

Figure 6 — The effect of temperature on the oxidation of y-picoline
on catalysts V,05-4TiO; (1) and 2V,05-4TiO,-Cr,0; (2)
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Figure 7 — The effect of temperature on (A) the conversion of y-picoline,
(B) the yield of pyridine-4-carbaldehyde and (C) isonicotinic acid
under oxidation conditions over (1) V,05 ‘4TiO; and (2) V,05-4TiO,-4ZrO, catalysts

conversion rate to isonicotinic acid. As a result of promotion, the yield of acid
over the ternary V-Ti-Zr-oxide catalyst increases significantly, and its maximum
shifts to lower temperatures. All this indicates the presence of a synergistic effect
[5] as a result of the simultaneous addition of titanium dioxide and zirconium
dioxide to vanadium pentoxide.
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EXPERIMENTAL

The initial methylpyridines after drying and distillation had characteristics
that correspond to an individual substance (B-picoline — b.p. 140°/692 mmHg,
ds* = 0.9568, np™® = 1.5050; y- picoline — b.p. 141°/695 mmHg, d,*° = 0.9547,
np”" = 1.5058 [6].

As initial components of catalysts, we used «pure for analysis» vanadium
pentoxide and oxides of titanium, tin, chromium, and zirconium. The initial oxi-
des with the desired molar ratio were ground in a porcelain mortar to form a
homogeneous mixture, which was then pressed into tablets with a diameter of
15 mm and a thickness of 3-4 mm and calcined at 640°C for 4 hours. After
cooling, the tablets were crushed into grains of a size of 3-5 mm.

Oxidation of B- and y-picolines was carried out on a continuous installation
with a reaction tube made of stainless steel with a diameter of 20 mm and a length
of 150 mm, into which 10 ml of a granular catalyst was loaded. Unreacted - and
y-picolines and reaction products were captured with water in an air-lift scrubber
and analyzed by gas-liquid chromatography. Pyridinecarboxylic acids were
detected by «pH-150MI» pH-meter and titration with 0.035 M KOH.

The products of deep oxidation were analyzed by the LHM-8MD chroma-
tograph with a thermal conductivity detector. Stainless steel columns had a length
of 3.5 m and an internal diameter of 3 mm. The adsorbent for determining CO
was activated carbon of the AG-5 brand (0.25-0.50 mm), for CO, - polysorb-1
(0.16-0.20 mm). The temperature of the column thermostat was 40°C.
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B- YKOHE y- [TUKOJIMHJIEP/IIH, TOThIFYBIHJIA BAHA I TUTAH
OKCHUTIK KATAJIM3ATOPJIAP/IbIH [TIPOMOTOPJIAY TYPAJIbBI

Kamnaiisl (IV), xpom (IIT) xone nupkonnii (IV) okcunrepin ounapisl V-Ti - okcHaTIK
JKYyHeciHe Kocy OapbhIChIHAA [- JKOHE Y-IHUKOJHHIACPIIH Mapuuaasl TOTBHIFY PCaKITHICHI
KE31HJeTl MPOMOTOPJIBIK dcepi 3epTTei. 3epTTEAreH OKCHUATI KYHEIepAiH KaTaluTHKa-
JIBIK OCJICeHIUTITT MEH TOTBIFATBIH METWIII OpbIHOAcapiapAbl AENpPOTOHU3AlMsIIAYFa
KAThICATBIH OJIAPJIBIH OCTIHJEri BaHAIWIAI OTTCTiHIH MPOTOHBIHA TYBICTBIK IIaMaJIaphbl
apachlHa Koppensuust opHaTbulabl. Bananuii nentokcunine (IV) turan okcuaiH xoHe
MIPOMOTOPJIBI OKCUATEPIIH OipeyiH Oip Me3riine Kocy Ke3iHAeTi CHHePTeTHKAIBIK, dCEPIiH
60Ty MYMKIH/ITT Typasbl THIIOTE3a alTHUIIBL.

Tyiiin ce3aep: TOThIFYy, P-MUKOJIMH, Y-MUKOJINH, HUKOTUH KBIIIKbIIBI, H30HUKOTUH
KBIIIKBLIBI, KaTaTU3aTOpaap, IPOMOTOPIILY.
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O IIPOMOTUPOBAHUU BAHA JIMUTUTAHOKCHJTHOI'O KATAJIM3ATOPA
OKUCIJIEHUA B- U y-ITMKOJIMHOB

HccrenoBano mpomoTtupyromee aericteue nodaBok okcuao onosa (IV), xpoma (1ID)
u pkoHus (IV) x 6unapuoi V-Ti-OKCHIHOM crcTeMe B PeakIiy MapIHaIbHOTO OKHCITe-
HUA - U Y-IIHKOJIMHOB. Y CTAaHOBJICHA KOPPEISLMSA MEXIY KaTaIUTHISCKOH aKTHBHOCTBIO
N3YYCHHBIX OKCHUIHBIX CUCTEM M BCJIMYMHAMU CPOJACTBA K IMMPOTOHY BaHAIUJIBHOI'O KHUC-
JIOpOJia UX MOBEPXHOCTU, YHACTBYIOIIETO B ACTIPOTOHUPOBAHUN OKHUCIAKOIIUXCA MCTUIIb-
HBIX 3aMecTuTesel. BrickazaHa rumore3a 0 BO3MOXKHOCTH CHHEPTHYEcKOro ¢ dexra mpu
OJTHOBPEMEHHOM /100aBJICHUU K MEHTOKCUAY BaHaausi okcuaa turana (IV) u ogHoro u3
OKCHUJIOB-ITPOMOTOPOB.

KnioueBbie ciioBa: okucieHHe, B-THKOJIUH, Y-TUKOJIWH, HUKOTHHOBAs KHCIIOTA,
WN30HUKOTHUHOBAS KUCIIOTA, KaTAIU3aTOPbI, IPOMOTHPOBAHHE.
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EFFECT OF ULTRASOUND ON THE THERMOCHEMICAL
DESTRUCTION OF FUEL OIL IN THE PRESENCE OF SHALE
FROM THE KENDERLYK DEPOSIT

Abstract. In this article is represented the results of the influence of ultrasonic
exposure on the process of thermochemical destruction of fuel oil in the presence of shale
from the Kenderlyk deposit at different temperatures. A derivatographic analysis of sus-
pensions was carried out before and after ultrasonic exposure for the selection of the
working temperature range for the thermolysis of shale and fuel oil. It was established that
the temperature of the onset of decomposition of the Kenderlyk shale and black oil orga-
nic mass is about 390-400 °C, and after ultrasonic treatment is 340 °C. Analysis of the
results of the effect of temperature on the yield of thermolysis products shows that, under
equal conditions, regardless of processing, with increasing process temperature, there is an
increase in the yield of gas, gasoline fraction (initial boiling point is 180 °C), reaching ma-
ximum values in the temperature range of 415-425 °C. The yield of diesel fractions (180-
360 °C) increases to a temperature of 415 °C, then begins to fall quite sharply to values
lower than the yield of this fraction in the initial periods of the experiments (at tempe-
ratures of 395-415 °C). The yield of fractions boiling away at temperatures above 360 °C
decreases with increasing temperature in the range of 395-435 °C. After ultrasonic expo-
sure, the total yield of light distillates increases from 50.8 wt.% to 58.3 wt.%.

Key words: shale, fuel oil, hydrogenation, Kenderlyk, ultrasonic exposure, liquid
yield, temperature.

Introduction. Due to numerous studies it was established that ultrasonic
vibrations can disperse, emulsify substances, change their state of aggregation,
and affect the rates of chemical reactions, diffusion in solutions, crystallization of
substances from solutions and their dissolution. Flow cavitation hydrodynamic
dispersers operating on the basis of the energy of fluid flow without using moving
elements have found applications in various industries. Every year the number of
publications devoted to the study of reactions that significantly change their speed
or direction in the ultrasonic field increases. In relation to the effects of acoustic
vibrations, the sound chemical reactions can be divided into two groups: some of
them are accelerated in the ultrasonic field, but they can also occur in its absence,
although at a lower speed, while other reactions do not occur at all without the
influence of ultrasonic vibrations. For the implementation of both groups of
reactions used high-frequency (2-10 MHz), mid-frequency (100 kHz) and low-
frequency (10 Hz) vibrations. We have studied in the mid-frequency ultrasonic
field the effect of ultrasound on the thermochemical destruction of fuel oil in the
presence of shale in a different temperature range.
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EXPERIMENTAL PROCEDURE

In order to study the process, the ultrasonic UZDN-2T disperser was used:
frequency of 22 kHz, amplitude of vibration from the output of the transducer of
12 pm, from the tool end (acoustic waveguides with amplitude gain) — 20, 40 and
60 pum, acoustic power of 150 W at 80 °C .

Samples of suspensions before and after ultrasonic treatment were analyzed
using modern methods [1-10].

RESULTS AND DISCUSSION

It is known that the main factors affecting the thermal cracking of black oil
are the thermal stability of the feedstock, temperature, concentration, duration of
the process, and pressure. Temperature plays a decisive role taking into account
all the above-mentioned factors. Therefore, the effect of temperature on the
process of thermochemical processing of fuel oil was initially studied. A deriva-
tographic analysis of suspensions was carried out before and after ultrasonic
exposure for the selection of the working temperature range for the thermolysis of
shale and fuel oil (figures 1, 2) and it was established that the temperature of the
onset of decomposition of the Kenderlyk shale and black oil organic mass is 390-
400 °C, and ultrasonic treatment is 340 °C [1-10].

From the analysis of these data, it was found that the integral and differential
mass loss curves for shale of different fractional composition can be divided into
three main temperature ranges of decomposition for shale and fuel oil before
ultrasonic exposure and two temperature ranges for exposed suspension. For
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¢ — suspension before ultrasonic exposure; 4 — suspension after ultrasonic exposure

Figure 1 — Integral mass loss curves for shale and fuel oil samples
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Figure 2 — Differential mass loss curves for shale samples

example, the decomposition of oil shale without ultrasonic exposure begins at a
temperature of 380-400 °C. Intensive destruction of the organic component occurs
regardless of the shale particle size in the range of up to 500 °C with a maximum
speed at 460 °C (I interval). The interval of 600-700 °C is characteristic of the
decomposition of carbonates. In the III interval from 780-795 to 880 °C, the mi-
neral component of the shale is further decomposed [2-6].

There are differences in the magnitude of the mass loss in each of the tempe-
rature ranges Depending on the particle size distribution.

The smallest amount of the organic component, the destruction of which
occurs in the I interval in the shale with a particle size of 0-0.1 and 0-0.063 mm.
The mass loss of these shale fractions in this temperature range is 13-17.5 %. The
greatest mass loss in this temperature range of 19-19.5% is typical for shale with a
particle size of 0.063-0.1 and 0-0.2 mm [7-10].

On the other hand, a comparison of the samples under study makes it pos-
sible to reveal some regularities related to their mineral composition. Based on the
above-mentioned data, it can be concluded that during shale grinding, the mineral
phase is concentrated in small fractions of 0-0.063 and 0-0.1 mm, with the excep-
tion of calcium and magnesium carbonates, which, on the contrary, are concen-
trated in larger shale particles [7-10].

Therefore, studies of thermochemical processing of fuel oil in a mixture with
shale were carried out in the temperature range of 395-435 °C at a concentration
of shale in a mixture of 9 wt. % Shale concentration of 9 wt. % is selected accor-
ding to the results of previous studies on the thermal cracking of a mixture of
shale and fuel oil [11]. Isothermal time was 60 minutes. The shale particle size
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distribution was 0-0.2 mm, which is also taken from literature data, where the
particle size distribution ranged between 0-0.2, 0-0.3, and 0-0.5 mm.

The increase in the yield of light distillates (initial boiling point is 360 °C)
demonstrates the difference between the number of light distillates originally con-
tained in fuel oil and shale before ultrasonic exposure, and the number of light
distillates obtained after carrying out the process of thermochemical processing of
fuel oil containing shale additives after exposure.

The results of the experiments are shown in table 1, 2, and in figure 3.

Table 1 — The effect of temperature on the thermochemical processing of fuel oil
with Kenderlyk shale. Conditions of 60 min., 9% shale, 5 MPa, without ultrasonic exposure

. Temperature, °C
Thermolysis product, wt.%

395 405 415 425 435
Gas 3.0 44 5.5 7.1 9.1
Fraction of initial boiling point 180 °C 6.2 11.9 13.5 17.6 21.2
Fraction of 180-360 °C 30.8 349 373 31.0 232
Fraction of >360 °C 60.0 48.8 433 443 46.5
including coke 5.0 5.5 5.3 4.8 5.0
Total yield of distillates 37.0 46.8 50.8 48.6 44.4

Table 2 — The effect of temperature on the thermochemical processing of fuel oil
with Kenderlyk shale. Ultrasonic exposure conditions: T = 80 °C, frequency — 22 kHz, t = 60 min

Thermolysis product, Temperature, °C

wt.% 395 405 415 425 435
Gas 8.0 8.2 8.0 7.8 8.0
Fraction of initial boiling point 180 °C 7.6 11.3 17.5 25.8 29.0
Fraction of 180-360 °C 3255 345 36.0 32.5 26.7
Fraction of >360 °C 51.9 46.0 39.0 339 36.1
including coke 5.0 5.5 5.3 5.0 4.8
Total yield of distillates 40.1 45.8 53.0 58.3 55.9

According to table 2, a graph of the dependence of the total yield of light
distillates on the process temperature (figure 3) is plotted. The figure shows that
the yield of light distillates has a polynomial dependence on temperature
(R =10.9623).
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Figure 3 — The effect of temperature on the thermochemical processing of fuel oil
with Kenderlyk shale (9 wt.% of shale), subjected to ultrasound exposure

The function describing the total yield of light distillates G (x, y) from tem-
perature x and the yield of fractions >360°C y is as follows:

G (x, y) = 0.2239%x + 1.148*y — 0.005254*x*y . (1)

The reproducibility of the function is shown in table 3, and its graph in the
three-dimensional coordinate system is in figure 4.
Analysis of the results of the effect of temperature on the yield of thermo-lysis
products shows that under equal conditions, regardless of processing, with
increasing process temperature, there is an increase in the yield of gas, gasoline
fraction (initial boiling point is 180 °C), reaching maximum values in the tempe-
rature range of 415-425 °C The yield of diesel fractions (180-360 °C) increases to
a temperature of 415 °C, then rather sharply (compared to the left branch of the

Table 3 — Comparison of experimental and calculated data
on the total yield of light products from temperature and fractions >360°C

The total yield of light products 100*A/calc
- - A=(exp.-calc.) o ”
experiment calculation Yo
40,1 40,3 -0,2 -0,4988
45,8 45,62 0,18 0,3930
53,0 52,69 0,31 0,5849
58,3 58,39 -0,09 -0,1544
55,9 56,31 -0,41 -0,7335
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Figure 4 — Function graph G (x, y)

dependence curve) begins to fall to values lower than the yield of this fraction in
the initial periods of the experiments (at temperatures of 395-415 °C). The yield
of fractions of boiling away at temperatures above 360 °C decreases with increa-
sing temperature in the range of 395-435 °C.

Thus, when considering the effect of ultrasound exposure on the thermolysis
of shale-fuel oil paste, it has been found that the ultrasound exposure of feedstock
reduces its thermal stability and increases the yield of light distillate fractions.

O 435

g

E 425 )

s ultrasonic

% 415 B exposure

o

= 405 = without
395 ultrasonic

| | | exposure

30 35 40 45 50 55 60

Yield of light distillates, wt.%

9 wt. % of shale, 425 °C, 60 min

Figure 5 — The yield of light fractions during thermochemical processing of fuel oil with shale
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Comparison of the effect on the thermochemical processing of fuel oil in the
presence of Kenderlyk shale without exposure and with ultrasonic exposure
shows that the increase in light distillates at temperatures of 415-425 °C is noti-
ceably greater when using ultrasound (figure 5). This, apparently, can be explai-
ned by the fact that the organic mass of shale after ultrasonic exposure (according
to derivatography) begins to undergo thermolysis at lower temperatures than the
organic mass of combustible shale without exposure.

When using combustible shale of the Kenderlyk deposit without ultrasonic
exposure, preference should be given to a temperature of 415 °C. At this tempe-
rature, the yield of light distillates reached 50.8 wt. % When using exposed shale,
the optimal process temperature is 425 °C and the yield of light distillates in-
creases by 7.5 wt.%, i.e. is equal to 58.3 wt.%. These optimum temperature values
confirm the assumption that the organic mass of the irradiated shale is less
thermally stable.
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Pe3lome
K. K. Kauvipbexos, U. M. /icenovibaesa

KEHJIEPJIIK KEH OPHbI TAKTATACBI KATBICBIHIA
MA3YTTBIH TEPMUSJIBIK bIJIbIPAYBIHA
VIIbTPAABIBBICTBIH ©CEPI

Makasaja apTypii TeMIepaTypaiblk apanbsikta KeHaipnik KeH OpHBbIHBIH TaKTaTachl
KATBICHIHJIa Ma3yTThIH TEPMOXUMUSUIBIK BIIBIPAY YpAiciHe yIbTpanslObIcThIK (Y/1O) eH-
Jey/iH HoTIKenepi KentipinreH. Takrarac meH Ma3yT TEPMOJIM3iHIH KYMBIC TeMIiepa-
TYpachIHBIH JMaNa30HbIH TaHAAy YLIH, CYCHEH3USUIApAbl YJIbTPaIbIOBICTHIK 3€pTTEYre
JeHiHrl JKoHE KeHiHri yiriizepiHe nepuBaTorpadusublK Taimay >kyprizinmi. Kenpepiik
TaKTATaCTBIH JKOHE Ma3yTTbIH OPraHWKAaIbIK MAacCACBIHBIH bBIIBIPAYBIHBIH OaCTaIKbI
temrepatypacsl 390-400 °C, an ynbTpaIbIOBICTHIK 3€pTTEYICH KEHIHT1 TeMneparypacsl -
340 °C OonraHBI aHBIKTAIIBL. TepMOIN3 OHIMIEPiHIH IIBIFFIMBIHA TEMIIEPATYPAHBIH dcep
eTy HOTWKeJepiH Tannay, OapiblK jKarmaiinapna, TEXHOJOTHIBIK YpIICKe KapamacTaH,
OHJICY TEeMIIepaTypPachIHbIH XKOFapblUIaybl Ta3/bIH XoHE OCH3MH ()PAKIUSICBIHBIH XKOFapbI-
naybiHa (0.K.H. - 180 °C) 415-425°C MakcuMaiipl TEMIIEPATypajblK apajibIKTa JKETCI.
Huzenp dpakuusiapeiabiy mbiFbiMbl (180-360 °C) anapiMen 415 °C temmepatypara
JIeWiH apTajpl, COAAaH KEHIH eTe KapKbIHABI TYpJe TOMEH KYJbIpar, ochl (ppakiusHbIH
OacTankel 3epTTeyJepiHaeri MoHHEH ne TeMmeHneini (395-415 °C temmeparypachinaa).
360 °C-taH >XOFapbl TemIlepaTypaja KalHaWThIH (QpakuusHBIH MBFBIMBI 395-435 °C
apaJbIFBIHIAFEl TEMIICpaTypara JCHiH KoFapblIan Kaiita azasnsl. Y JO-1eH KeliH xKaphiK
TUCTHLIATTAp MWBIFBIMBL 50,8 Macc.% -mgan 58,3 macc.% -Fa JeiiiH apTaibl.

Tyiiin ce3nep: Takrarac, MasyT, ruaporesaey, Kennepiik, yapTpaablObICTHIK OHIICY,
CYWBIK OHIMIIEPIiH IIBIFBIMBI, TEMIIEpaTypa.

Pesrome
JK. K. Kaupbexos, 1. M. Jicendvibaesa

BJIMSAHUE VJIBTPA3ZBYKA
HA TEPMOXUMHWYECKVYIO JECTPYKIIUIO MA3VYTA
B MPUCYTCTBUU KEHAEPJIBIKCKOI'O CJIAHIIA

B crarbe mpuBeneHs! pe3ynbTaThl BIUSHUS yIbTPa3ByKoBoro Bo3aeiicteus (Y3B) Ha
MIPOIIECC TEPMOXMUMUYECKON AECTPYKIMH Ma3yTa B MPUCYTCTBUH CIIAHIA MECTOPOXKACHHS
Kennepnsik npu paznuaHOM HHTEpBase Temrepatyp. [ns mogdopa pabodero nHTEepBaia
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TEMIIEpaTyp OCYILIECTBICHHA TEPMOJIM3a CJIaHIA U Ma3yTa ObLI NPOBEIEH JIepUBaTOrpa-
(duveckuii aHaNIKU3 CYCIICH3UI 0 U MOCJE YIbTPa3ByYKOBOI'O BO3ACHCTBHSA. Y CTAHOBJICHO,
YTO TeMIlEpaTypa Haudajla pa3lokKEeHUs] OpraHudecKod Macchl KeHAepbIKCKOro cilaHIa U
MazyTa 390-400 °C, a mocine ynpTpa3BykoBoii 00padotku — 340 °C. AHamu3 pe3yabTaToB
BJIMSIHUSI TEMIIEpaTypbl Ha BBIXOJ IPOMYKTOB TEPMOJIM3a IOKA3bIBAET, YTO B PAaBHBIX
YCIIOBUSIX, HE3aBUCHMO OT 00pabOTKM, C POCTOM TEMIIEpaTyphl Ipolecca HalmoaeTcs
yBEIMYECHUE BBIXOJA Taza, OeH3nMHOBOHM (pakumu (H.K. — 180°C), nocruras MakcHMMab-
HBIX 3Ha4YCHUI B AuamnazoHe temreparyp 415-425 °C. Boixon nuszensHbIx ¢pakiui (180-
360 °C) cnagana no Temmneparypsl 415 °C Bo3pacraer, 3aTeM JOBOJBHO PE3KO HAYMHAET
majiaTh 10 3HaYCHUH OoJee HU3KUX, YEM BBIXOA 3TOH ()pakiyy B HAYAIHbHBIC NEPHOIBI
SKCIIEpUMEHTOB (TIpu Temreparypax 395-415 °C). Bexon (paximii, BEIKHTIAIOMNX TIPH
temneparypax Oomee 360°C, yMeHBIIaeTCsS C pOCTOM TEMIIEpaTypbl B [IHAIa30HE
395-435 °C. Tlocne Y3B cymMmMapHbIii BEIXOJ CBETIBIX AUCTUIUIATOB Bo3pacTaeT oT 50,8
1o 58,3 macc.%.

KuroueBble cjioBa: ciaHer, MasyT, THAPOTreHU3anus, KeHaepsIk, yIpTpa3ByKoBOe
BO3/ICHCTBUE, BBIXO/I )KUAKHUX MPOYKTOB, TEMIIEPATYPA.
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STUDY OF ANTIOXIDANT ACTIVITY
OF B-AMINOPROPIOAMIDOXIME
O-SULFOARIL DERIVATIVES

Abstract. Amidoxime derivatives have a broad spectrum of biological activity.
Herein we report the screening of the products of the interaction of B-aminopropio-
amidoximes [amino group: piperidin-1-yl; morpholin-1-yl; thiomorpholin-1-yl] with
para-substituted arylsulfonyl chlorides on antioxidant activity.

Antioxidants of non-enzymatic nature are intended to reduce oxidative stress. The
most commonly used antioxidants are vitamin C, vitamin E, quercetin, B-carotene. As a
rule, antioxidants «quenchy free radicals, easily giving protons to active forms of oxygen:
singlet oxygen (O°), superoxide anion radical (O, "), hydrogen peroxide (H,O,"), hydroxyl
radical (OH"), peroxyl radical (R-COQ"), nitrogen oxide (NO"), peroxynitrite (ONOO").
We determined the antioxidant activity of O-sulfoaryl derivatives of B-aminopropio-
amidoximes by the DPPH method using quercetin as a reference. Quercetin is able to
stabilize an electron radical by several continued conjugation schemes, including C=C and
C= 0O bonds.

The percentage of inhibition of the DPPH radical by quercetin is 92.3%. Derivatives
of B-(morpholin-1-yl)propioamidoxime with methoxy, methyl, and bromo in the para-
position of the phenyl ring of the sulfogroup lead to 19.31, 11.50, and 10.88% inhibition,
respectively; compounds of these series with an unsubstituted phenyl ring and para-
nitrosubstituent showed inhibition of 7.68% and 5.73% respectively. O-Tosylate -(thio-
morpholin-1-yl)propioamidoxime and O-para-chlorophenylsulfo-B-(morpholin-1-yl)pro-
pioamidoxime showed minimal inhibition of 2.38% and 3.70% respectively. O-Tosylate
B-(piperidin-1-yl)propioamidoxime did not revealed inhibition.

Key words: antioxidants, antioxidant capacity, sulfoderivatives of B-aminopropio-
amidoximes.

Introduction. A variety of amidoxime derivatives are known to have a broad
spectrum of biological activity such as anti-tuberculosis, antimicrobial, antiviral,
insecticidal, fungicidal, antidepressant, antidiabetic, etc. [ 1-5].

Sulfogroup is a pharmacophore, which serves as the basis for sulfonylamide
drugs that have been widely used in therapy since the 30s as antibacterial agents
(streptocid, norsulfazole, sulfazine, sulfadimezin, etazole, sulfadimethoxine,
phthalazole) [6].

Stable sulfonyl amidoximes with antioxidant and lipid peroxidant activity are
known [7]. This work presents the results of in vitro screening of the products of
the interaction of P-aminopropioamidoximes and acid chlorides of substituted
sulfoaromatic acids for antioxidant activity.
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Antioxidants are substances that can inhibit the process of radical oxidation
of organic and high molecular compounds. The topic of free radicals and reactive
oxygen-containing particles continues to attract increased attention. Reactive
oxygen species [singlet oxygen, superoxide anion radical (O, °), hydrogen
peroxide (H,0,"), hydroxyl radical (OH"), peroxyl radical (R-COO ), nitric oxide
(NO"), peroxynitrite (ONOQO")] induce various free radical oxidative reactions in
cells.

Their targets are cell membrane lipids, nucleic acids, proteins, enzymes,
DNA molecules. As a result, a wide range of pathogenetic effects can be deve-
loped: premature aging, radiation sickness, toxicosis, cardiovascular diseases,
various types of malignant tumors, neurodegenerative diseases (Parkinson’s,
Alzheimer's diseases, etc. [8].

Free radicals occur endogenously during normal metabolic reactions or
exogenously, for example, as components of tobacco smoking or from environ-
mental pollution, toxins and radiation. In all viable cells, there are protective
mechanisms against the damaging effects of free radicals, reducing the risk of
atherosclerosis, cancer, diabetes, arthritis, rheumatism and other diseases. The
degree of tissue damage depends on the ratio between the accumulation of free
radicals and the number of protective antioxidants.

Antioxidants of an enzymatic nature are synthesized by eukaryotic and pro-
karyotic cells (superoxide dismutase, catalase and peroxidase) and are the most
important (internal) part of the antioxidant system of the body. Due to their action
every cell is normally capable to destroy the excess of free radicals [9].

However, when there is an excess of free radicals, the external, non-enzy-
matic part of the antioxidant system — antioxidants, such as food antioxidants and
synthetic such as vitamin C (ascorbic acid), vitamin E [(RRR)-a-tocopherol — the
natural and most biologically active form of all tocopherols], quercetin, beta-
carotene [10-12] (figure 1):

HO OH

OH O CHj
quercetin beta-carotene

Figure 1 — Non-enzymatic antioxidants
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One way to evaluate antioxidant activity is free radical colorimetry, based on
the reaction of DPPH (2,2-diphenyl-1-picrylhydrazyl dissolved in ethanol, with a
sample of antioxidant according to the scheme: DPPH + AH — DPPH-H + A'[ ].

In the present work, quercetin was used as a reference antioxidant [13]. The
DPPH method is based on the change in the staining of the aqueous-alcoholic
media of the test solution when interacting with the antioxidant from violet
(Amax ~ 520 nm) inherent in the 2,2-diphenyl-1-picrylhydrazyl (DPPH") radical to
yellow, which characterizes the reduced form — 2,2-diphenyl-1-picrylhydrazine
(scheme 1).

NO, Q NO, Q
. H
O2N N—N + FIOH —» O,N N—N +  FIO’
o O o O

. flavonoid
DPPH (purple) flavonoid DPPH (yelow) phenoxyl radical

Scheme 1

Flavonoids, to which quercetin belongs, are capable of stabilizing an electron
of the radical with extended resonance stabilization (figure 2).

Figure 2 — Structural features of flavonoids with a high radical scavending activity

Essential structural requirements necessary for effective radical stabilization,
creating an extended system of multiple bonds — 1) hydroxyl groups in ring A,
which are donors of proton radicals and increase the ability to absorb radicals, 2)
the presence of 3', 4'-dihydroxyl groups in ring B flavonoids, 3) C2 — C3 double
bond conjugated with the 4-keto group, responsible for the delocalization of
electrons in ring B; 4) in addition, the 3-OH and 5-OH groups in combination
with the 4-carboxyl moiety in ring C provide electron delocalization from ring B
and enhance the ability to absorb radicals.

The high potential of flavonoid compounds to capture free radicals (R") can
be explained by their ability to release hydrogen atoms from a hydroxyl group and
thus «absorby free radicals:
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FIOH + R" — FIO" + RH

This reaction gives a phenoxyl radical (FIO") and a stable molecule (RH).
Then F1O™ undergoes a change in the resonance structure by redistributing the
electron of the radical in the aromatic nucleus. Resonant stabilization of the
phenoxyl radical leads to its lower reactivity compared to the radical that received
the proton from the flavonoid. FIO" will react further to form non-reactive
compounds, probably by radical interaction: FIO° + R° — FIO-R and
FIO"+ F10" — FIO-OFI [14].

RESULTS AND DISCUSSION

We carried out the interaction of f—aminopropioamidoximes [amino group:
piperidin-1-yl (1); morpholin-1-yl (2); thiomorpholin-1-yl (3)] with para-
substituted arylsulfonyl chlorides in chloroform in the presence of an equivalent
amount of triethylamine at room temperature for 2—6 days. Based on the ele-
mental analysis, IR and NMR ('H and "C) spectra, a conclusion about the
preparation of a series of O-arylsulfonyl-pf-aminopropioamidoximes (4-11) was
made (scheme 2) [15, 16]:

T
//N—O—ﬁ—{ >—X
N—OH o
% | s 0
C CI—S—OX N \
N H B I CHCl3 /—/ / NH,
/_/ 2 (0] —_—
P EtN Y 411

Y=CH,; X=p-CHj (4). Y=0; X=p-CH;0 (5), p-
CHs (), H (7), p-Br (8), p-CI (9), p-NO, (10).
Y=S; X=p-CHj (11)

Y =CH;(1); 0 (2); S (3)

Scheme 2

The reducing properties of the examined compounds 4-11 were evaluated by
their ability to transform violet 1,1-diphenyl-2-picrylhydrazyl radical (DPP °, i.e.
DPPH radical) into its pale, yellow reduced form (DPPH). The decrease in
absorbance is related to the antioxidant activity of the compound in question (the
loss of violet color was measured at 517 nm).

The capacity of the tested substance to reduce DPPe radical to DPPH corres-
ponds to its antioxidant activity and was expressed as a percentage of DPPH
radical inhibition [I (%)] according to the following equation:

1% = Ac-Aa/Ac - 100.

Legend: inhibition of DPPH radical — I; absorbance of the control (Ac) and
tested samples (Aa).

As a reference compound quercetin with concentration 0.2 mM was used.
Quercetin inhibition of DPPH was amounted 92.3%. The results of the examina-
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In vitro determined antioxidant activities
of B-aminopropioamidoxime derivatives (4—11) and quercetin
Comp. Name Structure Antlomd?twe
potential
CHs
_(pineridin-1-v1)-N'- (@] O/
4 3-(piperidin-1 yl). N 4 G\j \\S 04001
(tosyloxy)propanimidamide \/\CéN\O/ A
NH, O
CHj
e N S Q /©/
5 3 (thlomorpholln.I yl) N Q \\S 2384003
(tosyloxy)propanimidamide \/\CéN\O/ A
0
OCH,
3-(morpholin-1-yl)-N'- O/\ O\ /O/
6 -[(4-methoxyphenyl)sulfonyl N N N5 19,31 +0.07
oxy] propanimidamide K/ \/\(,34 oY
NH,
CHj
5 | 3-(morpholin-1-y))-N'- oY \ /©/ 11.5+0.05
(tosyloxy)propanimidamide k/N\/\CJ\‘\O/S\\ ’ ’
T
NH,
3-(morpholin-1-yl)-N'- O/\ O\\ /@
8 henylsulfonyloxy)pro- S 7.68 +0.045
(pheny ulfony y)p k/N\/\CéN\o/ Y
panimid-amide T o)
NH,
3-(morpholin-1-yl)-N'- Br
[(4-bromoxypheny)- @ A /©/
9 N N S 10.88 +0.05
sulfonyloxy]propan- I\/ ~ e N oA
imidamide NH, ©
3-(morpholin-1-yl)-N'- Cl
4 o™ o I T
\
10 | chlorophenyl)sulfonyloxy] N N \S 3.70 £ 0.01
propanimidamide ‘\/ \/\94 hegl S
NH,
NO,
3-(morpholin-1-yl)-N'- oﬂ O\\
11 [(4-nitrophenyl)sulfonyloxy] N N S 5.73 £0.02
propanimidamide K/ \/\C'Jé ~o” \\O
NH,
OH
OH
Guercetin HO O © | O 92.3+0.001
OH
OH O
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tion of antioxidant activity of a number of f-aminopropioamidoximes (4—11) are
given in the table.

According to the equation, the percentage of inhibition of the DPPH radical
by quercetin is 92.3%. Compounds 6, 7, 9 lead to 19.31%, 11.50% and 10.88%
inhibition; compounds 8 and 11 demonstrate inhibition of 7.68% and 5.73%. The
minimum inhibition (2.38% and 3.70% ) was shown by the compounds 5 and 10.
Compound 4 did not show inhibition.

The most likely mode of action of sulfonic derivatives 4-11, as «radical
scavengers», is the path of recoil of a proton from the amino group of the
amidoxime fragment and stabilization of the radical in the non-extended chain of
atoms: HN-C=N-O- ©“HN=C-N"-O- (scheme 3).

vy | Y Y ]
NO, ( ) ) ( \ NO,
N N N
02N N02 . 02N N02
H,N—C — | HN—C =— HN=C —
N® + R N N NH
| d o] o] \
N l | N
©/ \O 0—=8—0 0=S=0 0=5=0 ©/ \©
X X X

Y=CHy; X=p-CHj (4). Y=0; X=p-CH30 (5), p-CHj (6), H (7), p-Br (8), p-Cl (9), p-NO, (10). Y=S; X=p-CH3 (11)
Scheme 3

Thus, the experiment showed that a number of sulfonic derivatives 4-11 has
a lower antioxidant activity compared to the reference compound, quercetin, in
which there are significantly more possibilities for the resonant stabilization of the
radical in the continuous conjugation chains.

EXPERIMENTAL

IR spectra were obtained on a Thermo Scientific Nicolet 5700 FTIR instru-
ment in KBr pellets. 'H and ?C NMR spectra were acquired on a Bruker Avance
III 500 MHz NMR spectrometer (500 and 126 MHz, respectively). The signals of
DMSO-ds were used as internal reference for 'H NMR (2,50 ppm) and *C NMR
(39,5 ppm) spectra. Melting points were determined in glass capillaries on a
PTP(M) apparatus (Khimlabpribor, Russia). The reaction progress and purity of
the obtained products were controlled using Sorbfil (Sorbpolymer, Russia) TLC
plates coated with CTX-1A silica gel, grain size 5-17 um, containing UV-254
indicator. The eluent for TLC analysis was mixture benzene—EtOH, 1:3. The
reagents were purchased from different chemical suppliers and were purified
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before use. The solvents for synthesis, recrystallization, and TLC analysis
(ethanol, 2-PrOH, benzene, DMF, acetone, diethyl ether) were purified according
to the standard techniques.

Synthesis of the starting compounds are described earlier: B-(piperidin-1-
yl)propioamidoxime (1), B-(morpholin-1-yl)propioamidoxime (2) in the work
[17] and B-(thiomorpholin-1-yl)propioamidoxime (3) in the work [18].

Evaluation of f-aminopropioamidoxime derivatives antioxidant activity. The
general method is as follows: 100 pl of the stock solution was diluted to 2 ml with
ethanol (0.1 mg/2 ml) and mixed with 0.5 ml of DPPH radical solution (0.5 mM),
resulting in a final concentration of the tested compound of 0.04 mg/ml. The
solutions were incubated for 30 min in a dark place at room temperature. The
absorbance was measured at 517 nm. The mixture of ethanol and 0.5 mM DPPH
radical solution (1:4, v/v) was used as the control.

Stock solutions of the tested P-aminopropioamidoximes (4-11) were
prepared in ethanol (1 mg/mL). Measurements were repeated five times for
chosen concentrations of the test compounds for DPPH assay; the processing of
experimental data was performed by methods of mathematical statistics. Values
are expressed as mean + STDeyv.
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JI. A. Kaiokosa, K. /. IIpanues, A. b. Meip3abex,
M. F. Esatidou, K. S. Liarasa, A. A. Geronikaki

B-AMHWHOITPOITMOAMUAOKCUMJEPAIH, O-CYJIb®OAPUII
TYBIHABIITAPBIHBIH AHTUOKCUAAHTTHBI BEJICEHUIITTH 3EPTTEY

B-AmuHOnpormoamunokcuMaepain  O-cynbpdoapun TyBIHIBUIAPBIHBIH aHTHOKCH-
TMAHTTHI OenceHaiiria ansikray DPPH omici GoifpIHIIa KBEpPIICTUH/L STAIOH PETIHIE KOJI-
nmaryMeH xkyprizingi. DPPH pagukansin kBeprieTnHMeH WHTHOHpiey maibsi3el 92.3 %-ra
TeH. B-(MopdonuH-1-11)MpornroaMuIOKCUM TYBIHABUTAPBIHBIH METOKCH-, METHIIBTI YKOHE
OpoM TOmTapHl napa- xarmaina ¢enmicynbdoTtonTapsl colikecinme 19.31, 11.50 xone
10.88 % uHrHOMpIeHYyTe ajbIl KeJel; OChl KaTapAarbl OpblHAIMAcHaraH ()eHUIb CaKHHAa-
CBIMEH JKOHE OpBIHAIMACKaH MNapa-HUTPO KochuibicTap 7.68% xone 5.73% wuHrHOUp-
neHyai kepceremi. Murubupnenymin 2.38% sxone 3.70% MUHMMAJbIbI KOPCETKIIIIH
O-to3mwnat B-(THOMOPQOIHH- 1 -HIT)IPONMNOAMUAOKCUM koHE O-napa-xnopodheHUICYIb-
¢do-B-(Mopdommn-1-unm)nponnoamuokcum  kepcerti.  O-Tosmmar  B-(munepuans-1-
WIT)IPONMTHOaMHUAOKCHM HHIHOUPIICHY i KOPCETIIEI].

Tyiiin ce3aep: aHTHOKCHAAHTTAp, AHTUOKCHIAHTTHIK OCNCEHAITIK, [-aMHHOMPO-
MTHOAMHIOKCUMICPIIH CyIb(QOTYBIHIBIIAPEI.
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Pe3iome

JI. A. Karokosa, K. J]. IIpanues, A. b. Mvip3abex,
M. F. Esatidou, K. S. Liarasa, A. A. Geronikaki

WCCJEJOBAHUE AHTUOKCUIAHTHOW AKTUBHOCTH
O-CVYJIb®OAPUJIITPON3BOJHBIX -AMWHOITPOITMOAMUJJOKCMOB

OnpeneneHne aHTHOKCHIAHTHON akTHBHOCTH O-Cylb(pOapHIIpOU3BOAHBIX B-aMu-
HOIIPOMMOAMHIOKCUMOB BbINIOJIHEHO 10 MeToy DPPH ¢ ucnonbs3oBaHuem B KauecTBe
sTasoHa kBepreruHa. [Iponent uarubuposanuss DPPH pamukana KBeprneTHHOM COCTaB-
nser 92.3 %. Ipoussomubie B-(MophoIuH-1-MI)IPONHOAMIIOKCHMA ¢ METOKCH-, ME-
THJIBHOIM ¥ OPOMOTPYIIION B napa-TIOJIOXKESHUH (EeHUICYIb(OTPYIbl MPUBOST COOTBET-
ctBeHHO k 19.31, 11.50 u 10.88 % wHrHOMpOBaHUSA; COCIMHEHUS 3TOTO psAaa C He3aMe-
IIEHHBIM (EHMIBHBIM KOJIBIIOM M Napa-HATPO3aMECTHUTENEM JEMOHCTPUPYIOT WHTHOU-
posanue B 7.68% u 5.73%. MuruMansHOe nHrHONpOoBanue B 2.38% u 3.70% mpossuim
O-to3mnat B-(tnomopdonuH-1-wr)npornroamunokcnma u O-napa-xiopodeHuncynbdo-B-
(Mopdomnua-1-mm)npormmoamunokcum. O-To3umnar f-(munepuanH- 1 -¥)IpornoaMuI0KCH-
Ma He MoKa3all HHrHONPOBaHISL.

KiroueBble ciioBa: AHTHOKCHJAAHThI, aHTHOKCHJIaHTHAsA aKTHBHOCTbD, CyHB(bOHpOI/IS-
BOJIHBIEC B-aMHHOIPONHOAMHJOKCUMOB.
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"GREEN" DIRECTIONS MICROWAVE EXTRACTION
IN CHEMISTRY OF NATURAL COMPOUNDS
Report 1. Methods for assessing the environmental

performance of analytical procedures

Abstract. Over the past decades, areas related to the improvement of complex
processing of vegetable raw materials and the creation of highly efficient methods for the
isolation of biologically active substances (BAS), one of the approaches of which is
microwave extraction (microwave-assisted extraction (MAE)), have received intensive
development. At present, microwave extraction is one of the areas of analytical "green"
chemistry, which quickly gained the position of one of the most effective methods for
isolating compounds. The tendency of its development is the development and intro-
duction of innovative approaches to reduce or eliminate the use of hazardous and toxic
chemicals that comply with the principles of "green chemistry". To properly measure the
effects of chemical processes on the environment, their special assessment is necessary.
The review examines a variety of methods used to assess environmental friendliness,
developed metrics of green analytical chemistry, including the NEMI labeling and Eco-
Scale analytical. The question of assessing the environmental performance of analytical
procedures for the microwave extraction of natural compounds is considered.

Keywords: natural compounds, microwave extraction, environmental assessment
methods.

Introduction. Microwave extraction is currently one of the areas of analy-
tical chemistry, which quickly gained the position of one of the most effective and
modern methods to increase the efficiency of extraction of biologically active
compounds from vegetable raw materials. Over the past decades, MAE methods
have been investigated and implemented that allow to carry out the process with
power, pressure, temperature control, as well as new modified microwave extrac-
tion methods that combine extraction with ultrasonic treatment, allow MAE
without the use of organic solvents and other technologies. The tendency of its
development is the development and introduction of innovative approaches to
reduce or eliminate the use of hazardous and toxic chemicals that comply with the
principles of "green chemistry" [1-5].

Green chemistry approaches are based on using cleaner and less polluting
processes, reducing or completely eliminating the use of hazardous chemicals,
preventing pollution at the initial stages of process planning and responsibility for
the products produced [6]. Most efforts to make chemical processes more envi-
ronmentally friendly emphasize the need for safer, less toxic, and more benign
solvents, or the elimination of solvents, as well as a reduction in the use of
reagents and auxiliaries. Other actions include reducing energy consumption
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through the use of milder conditions, preference for substrates based on rene-
wable sources.

One of the problems in "green" chemistry is the assessment of environmental
friendliness of chemical processes. It is well known that processes that cannot be
measured cannot be controlled. Control in "green" chemistry should be under-
stood as the ability to choose the most "green" option. Currently, when assessing
the impact of chemical processes on the environment, various factors are used.
The purpose of this article is to examine the various approaches to assessing the
environmental performance of analytical procedures at MAE.

Green Analytical Chemistry has its own achievements in measuring environ-
mental impact. The analytical process differs from industrial processes mainly in
scale. Unlike industrial emissions, analytical processes cause diffuse pollution.
On the one hand, emissions from analytical laboratories are low, but on the other
hand, they are more dispersed than industrial emissions, which makes them more
difficult to control.

There are only a few published and universal methods for assessing the envi-
ronmental performance of analytical procedures [7]. To assess the environmental
profile of the analytical methodology, various environmental impact assessment
systems have been developed, for example, the National Environment Methods
Index (NEMI) [8], Eco-Scale [9,10], Rayne and Driver profile [11]. In the case of
microwave extraction, the environmental assessment can be considered on the
basis of the use of hazardous reagents, the amount of waste, safety, energy
consumption and environmental impact.

The first of these is the National Environment Methods Index (NEMI) [7, 8].
First released in 2002, the National Environmental Method Index (NEMI)
(www.nemi.gov/) is a searchable database of environmental methods, protocols,
statistical and analytical methods and procedures that allows scientists and
managers to find and compare at all stages of the monitoring process, which
results in a very easy-to-read pictograph showing whether hazardous and corro-
sive reagents are used or the procedure generates a significant amount of waste.

Pictograms NEMI is a circle consisting of four fields. Each field reflects
different aspects of the analytical methodology and is filled with green if certain
requirements are met. The first requirement is that none of the chemicals are on
the list of persistent, bioaccumulative and toxic chemicals. The second of the
requirements is that none of the chemicals in the applicable procedure are listed in
the D, F, P or U hazardous waste lists (Resource Conservation and Recovery Act
(RCRAS)) (https://www.epa.gov/). The third requirement is that the pH of the
sample is in the range of 2—12 to avoid severe corrosion during the entire ana-
lytical process. The fourth and final requirement is that less than 50 g of waste is
produced during the procedure.

If the above requirements are met, the corresponding part of the NEMI icon
is colored green. An example of the NEMI icon is shown in figure 1.

Evaluation of an analytical procedure using NEMI is problematic, as it invol-
ves an excessive search for each reagent used, which must be present in lists with
toxic, dangerous or persistent chemicals.
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PBT Hazardous

Corrosive Waste

Figure 1 — The example of the assessment score with the NEMI procedure

Thus, table 1 presents some examples of the use of the NEMI icon in MAE.
The main advantage of NEMI as an environmental assessment tool is that it is
easy to read and obtain general information about the environmental impact of the
procedure. The two main disadvantages of NEMI marking are that the infor-
mation obtained is fairly general, and filling in the NEMI character is time con-
suming. The symbol indicates that each threat is below or above a certain value
and cannot be considered to be semiquantitative. The second drawback is asso-
ciated with the tedious preparation of the symbol, especially if the procedure uses
a lot of non-standard chemicals. Improvement of the NEMI icon has been
proposed by De la Guardia M. and Armenta S. [24]. These authors proposed that
each of the fields be colored using a three-color scale — red for a non-environ-
mentally friendly analysis, yellow for a moderate, and green for an environmen-
tally friendly analysis. This modification makes the assessment of the NEMI
procedure more visual.

The second assessment procedure is an analytical eco-scale [9,10]. It inclu-
des more environmental impact assessment parameters than in the case of the
NEMI exhibition sites. The eco-scale assessment procedure is based on penalty
points deducted from 100 points. Penalty points are given for each type of reagent
and the amount that can cause environmental problems, hazards associated with
the use of chemicals, high energy consumption, occupational hazards and the way
in which analytical waste is treated (and, more importantly, their absence). A
summary of the procedural penalties is presented in table 2. The final result of the
analytical eco-scale is a number that differs from 100 (“perfect green analysis™) in
the number of penalty points. The closer the value is to 100, the “greener” the
analysis will be [25].

Penalty points for each reagent are calculated by multiplying the hazard
quantity of the pictogram by the degree of danger (‘warning’ multiplying by 1 and
‘danger’ multiplying by 2). Since hazard pictograms are placed on reagent con-
tainers, the hazards associated with their use are easily calculated.

Examples of the calculation of penalty points for used reagents are presented
in table 3.
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Table 1 — Examples of the use of microwaves

for more environmentally friendly extraction and its NEMI profile

Ana-
Extractions Solvent Raw lyzed Extraction NEMI | Ref.
method material | deri- profile
vatives
1 2 3 4 5 6 7
MAE Water Medi- |Meta- |[0.5 g of sample 12
cinal bolites |20 mL ultra-pure water
Herb T=100 °C,
t=20 min,
600 W
MWE, Water Green | Poly- 6.0 g of sample 13
Microwave tea phenols | 120 mL water
assisted water T=80-100 °C,
extraction t=60 min,
600 W
MAAEE, Enzyme Isatis Oil 140 mL of water at pH 5 14
Microwave mixture: indigo- (adjusted with citric acid)
assisted cellulose, tica Enzyme concentration
aqueous proteinase, |seeds 1.82% wiw
enzymatic pectinase 20 g of sample,
extraction (1:1:1 T=43 °C,
W/W/W) t=83 min,
3715W
Microwave Nonionic Medi- |Alka- |2 gof sample 15
assisted surfactant | cinal loids 40 mL of 5 % v/v acidified
micellar plants Genapol X-080
extraction (Oligoethylene glycol
monoalkyl ether)
T=100 °C,
t=10 min
Ionic liquid-based | Ionic liquid | Rhubarb| Anthra- |1 g of sample, 16
ultrasonic (IL) quino- |15 mL 80 % v/v ethanol
/microwave- nes 2.0 M [C/,MIM][Br]
assisted extraction T=120 °C,
t=6 min,
1200 W
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Continuation table 1

1 2 3 4 5 6 7
Ionic liquids- IL Medi- |Alka- |1 gofsample, 12 mL 17
based microwave- cinal loids IL 0.8 M [CsMIM][Br]
assisted plants MAE at atmospheric
environmentally pressure
friendly extraction T=2 h soaking time,
t=8 min,
385 W
Microwave- IL Medi- |Poly- 1 g of sample 18
assisted ionic cinal phenolic|20 mL of ILs
liquid extraction plants |com- ([C4MIM,[SO,] and other
pounds |ILs)
T=70 °C,
t=10 min
MAE IL Ligus- |Lacto- [0.5 gsample 19
ticum |nes 5 mL ILs,
chuan- N,N-dimethyl-N-(2-hydro-
xiong xyethoxyethyl)ammonium
Hort propionate) (DMHEEAP)
and N,N-dimethyl(cyano-
ethyl)ammonium
propionate (DMCEAP)
T=160 °C, t=1-5 min
MAE Deep Camel- |Cate- 1 g sample 20
eutectic lia chins 35 mL of Choline chloride
solvents sinensis and lactic acid
leaves T=66 °C, t=8 min
MAE Deep Grape |Plant 0.1 g of sample 21
eutectic skin pheno- |DES: Choline chloride:
solvents lics oxalic acid
(ChOa, 1:1) T=50-90 °C,
t=5-90 min
MAE Deep Radix |Flavo- |2 gsample 22
eutectic Scutel- |noids 30 mL of solvents (60%
solvents lariae ethanol and NADESs)
T= 55 °C, t=10 min, 500 W
MAE Polyols- Pyrola |Phenolic|1 g sample 23
based incar-  |compou |30% of water in
deep nata nds ChCl/1,4-Butanediol (1/4)
eutectic Fisch. T=70 °C, t= 20 min
solvents and lig./solid ratio 10 mL/g
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Table 2 — Penalty points applied for the calculation of final analytical Eco-Scale score [25]

Sub-Total Panalty Points

Total Panalty Points

Reagents
<10 mL (<10 g) 1
Amount 10-100 mL (10-100 g) 2
> 100 mL (>100 g) 3
None 0
Hazard Less severe hasard 1
More severe hasard 2
Instruments
< 0.1 kWh per sample
Energy < 1.5 kWh per sample
> 1.5 kWh per sample
Occupational Hermetization of analytical process
hazard Emission of vapors to the atmosphere
None
<ImL(<1g)
1-10 mL (1-10 g)
>10mL (>10 g)
Waste

Recycling
Degradation
Passivation

No treatment

Amount Panalty Points
x Hazard Panalty Points
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Table 3 — Solvents, its pictograms and penalty points

Penalty
points

Signal

Pictograms

Solvents
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The advantages of the analytical eco-scale include the ease of calculating
points, the ease of comparing analytical procedures and the inclusion of various
aspects of environmental impact. On the other hand, there is no information on
the structure of hazards. The result of the Eco-Scale calculation does not indicate
the reasons for the environmental impact of the used solvents and other reagents,
production risk or generation of waste. Compared to the NEMI label, the analy-
tical eco-scale provides information on the environmental impact in more
quantitative terms.

Raynie D., Driver J.L. [9] proposed a new tool for evaluating chemical
methods related to green chemistry. The assessment classifies potential risks in
five categories — health, safety, energy, environment, and waste — depending on
toxicity, bioaccumulation, reactivity, waste generation, corrosivity, safety, energy
consumption, and related factors. This is shown schematically in figure 2.

Solvents, Equipment,
reagents instrumentation

St =/ B

Procedure

\ P
. - Toxicity;
Risk - Carcinogenicity;
Potential - Persistence; - Safety; - Waste;
in - Bioaccumulation; - Energy. - Energy.
Chemical - Reactivity;
Methods - Flammability;
) - Waste.

Assessment
criteria

VAVAV

Figure 2 — Classification of potential risks and evaluation criteria
in model Raynie D., Driver J.L. [9]

Chemical methods receive 1-3 points for each attribute, using readily avai-
lable chemical data. A visual representation of the assessment tool allows indivi-
dual researchers to independently evaluate conflicting green criteria.

For example, if a method produces little waste, but the waste is very toxic,
individual flexibility allows you to compare the method with another, which
generates large quantities of less hazardous waste. Therefore, this assessment tool
is most valuable when comparing procedures.

The resulting assessment criteria icon in the Raynie D. model, Driver J.L.
presented in figure 3 [9].
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Green Assessment Profile

Health

Safety

Environmental Wyaste

Energy

Figure 3 — Evaluation Criteria in the model of Raynie D. and Driver J.L. [9]
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Pesome
T. B. Xapramosa

TABUFU KOCBUIBICTAP XUMUSICBIHIAFBI
MUKPOTOJIKBIH/IbI SKCTPAKLUAJIAY ABIH
«KACBUI» BAFBITTOPBI
1-mi xabapiama. AHAJIUTHKAIIBIK POy pIapablH
9KOJIOTHSUIBIFBIH Oaranay aficrepi

[Momyna KOJIIAHBUIBI KYPreH SKONOTHSUIHIFBIH Oaranay, NEMI mapkupriey xoHe
Eco-Scale ananurrey omictepi KapactapburaH. TaOUFH KOCBIIBICTapABI MUKPOTOIKBIHIBI
OKCTpaKIUsAIayAbIFbl aHAJTUTUKAJIBIK IMPOUCAYPJIapAbIH, 3KOJIOTHUAIBIFbIH 6aFanay MaCe-
JIepi KapacThIPbUIFaH

Tyiiin ce3mep: TaOUFU KOCBUTBICTAP, MUKPOTOIKBIH/IBI AKCTPAKIIHS, SKOJIOTHSUTBIFBIH
Oaranay omicTepi.

Pesome
T. B. Xapnamosa

«3EJIEHBIE» HATIPABJIEHU S
MUKPOBOJIHOBOM DKCTPAKLIMN
B XMMHMU ITPUPOJIHBIX COEJIMHEHNH
Coobmenue 1. MeTo/bl OLIEHKH 3KOJIOTMIHOCTH aHATUTHYCCKHUX TPOLICAYP

B 0030pe paccMaTpHBarOTCSI METOBI, UCIIOIB3YEMbIE IS OLIEHKH 3KOJOTHYHOCTH,
Bkitouasi MapkupoBky NEMI u ananutnueckyto Eco-Scale. PaccmoTpen Borpoc oneHkH
SKOJIOTUYHOCTH aHATUTUUYECKHUX MPOLETyp MPHU MUKPOBOJIHOBOM AKCTPAKIIMH MPUPOIHBIX
COEMHEHUI.

KuroueBbie c1oBa: NpUpoIHbIE COSIMHEHUS, MUKPOBOIHOBAS IKCTPAKIHSL, METOBI
OLIEHKHU 3KOJOTHYHOCTH.
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VIK 541.183
A. H. JIOPATHHA, K. A. OCTPOBHOMH, T. P. HAKHUEB, K. P. CAJTUXOBA

PI'TI na I[IXB Ceepo-Kazaxcranckuii rocyjapCTBEHHBIN YHUBEPCUTET
uM. M.Ko3si6aeBa, [lerponasnosck, Peciybnuka Kazaxcran

BJIMAHUE NPUPO/IbI IMI'MEHTOB HA ATPEI'ATUBHYIO
N CEIMMEHTAIIMOHHYIO YCTONYUBOCTD
AJIKUJTHO-YPETAHOBBIX CYCIIEH3UI

AHHOTauus. V3yuyeHo BJIMSHHE aMHHOIMPOU3BOJHOTO HA CEAUMEHTALMOHHYIO M
arperaTuBHYIO0 YCTOMUMBOCTh YaCTHUIl MUTMEHTUPOBAHHOTO JAMOKCHJIA TUTAaHA U OpraHU-
YEeCKOro KpacHOTO B aJIKWIHO-yPETaHOBOM IICHKOOOpasyloleM. Y CTaHOBIIEHO, YTO Opra-
HUYECKOE AMUHONPOU3BOIHOE B YalT-CIIUPUTE ABIISETCS MOBEPXHOCTHO-aKTUBHBIM BelIe-
CTBOM B OrpaHMueHHON o6nacTu koHuentpamuii (C < 0,4 r/av’). HesaBucumo ot Tuma
HCIOJB3yeMOoro nurMeHTa, afacoporms [IAB (B obomactu ['eHpr) Bo3pacTaeT mpoIopIHo-
HAJIBHO KOHIICHTPAIMd aMHUHOTIPOU3BOJHOTO. PaccunTaHHbIe 3HAYCHUS JHEPTUN aKTHBa-
MU yKa3bIBalOT Ha XeMOcOpOImoHHOe 3akperuieHue Monekyn TEJIA3 Ha moBepXHOCTH
IUOKCHIA THTaHA M OPTaHHYECKOTO KPAaCHOTO. YCTAaHOBICHO, YTO COBMECTHOE BIIHSHHE
mwierkooOpasytomero (Cy,; = 30%) u I[TAB (Cpap = 0,001 MOJIL/I[M3) MPUBOJIUT K UHTEH-
CHU(HKAIMK TPOIIECCOB Je3arperanuy TBepaodasHbIX YacTHI TUOKcHaa TuTaHa. OTme-
YCHO OTCYTCTBUE M3MEHEHHs (PaKIIMOHHOTO COCTaBa TBePAO(ha3HbIX YaCTHI] OpPraHuIeC-
KOTO KpacHOTO B MPHUCYTCTBUU TuIeHKooOpasytomiero u [TAB. Jlokazano, 4To MakcuMaib-
HBI CTAOMIM3UPYIOIIUI A3(PPEKT aMHUHONPOU3BOAHOTO (MHUHUMYM CKOPOCTH) B CYCIICH-
31X 6e3 MICHKOOOPA3yIOLIero MPUXOAUTCS Ha KoHIeHTpamuio 0,002 Moms/mv’. B o6mnac-
TH TIOBBIIIICHHBIX COZiep kaHuil mieHkooopasytorero (Cy, = 30%) pa3nuuns B celuMeHTa-
LIMOHHOW YCTONYMBOCTH CYCHEH3UH C TUOKCHIOM THTaHA U C OPraHMYECKUM KpPaCHBIM
HUBETUPYIOTCS. Y CTaHOBJIEHO, YTO B CYCIEH3UAX JUOKCH]IA TUTAHAa aMHHOIPOU3BOHOE
XapaKTepU3yeTCs OTHOBPEMEHHO TUCIIEPTUPYIOMIAM H CTa0IITH3UPYIOMINAM JICHCTBHEM, a
B CYCITCH3HUSIX OPTaHUIECKOTO KPACHOTO — CTa0MITH3UPYIOIINM.

KiroueBble cjioBa: TUCIIEprUpOBaHHE, CEIMMEHTAIMOHAS yCTOWYMBOCTH, OpPTaHU-
YEeCKHH NMUTMEHT, HEOPTaHWIECKUH MUTMEHT, MOBEPXHOCTHO-aKTHBHBIC BEIIECTBA, CPEI-
HECTATUCTHYECKHUH JHaMeTp, afcopOITus, yAeIbHas BI3KOCTh

Beenenune. B coBpeMeHHON mpakTHKE MOJyYEHUS MUTMEHTHPOBAHHBIX
JIAKOKPACOUHBIX MAaTEpUAJIOB HCIIONB3YIOT MOPOLIKOOOpasHble OpraHUYecKHe U
HEOpTraHW4ecKre MUTMEHTH.. HecMOoTps Ha BBICOKYIO CTENEeHb IOMOJa MUTMEH-
TOB, TIPM HMX COBMEIICHUH C TUICHKOOOPAa3yIOIIMM, B JIAKOKPACOYHBIX KOMIIO-
3ULUSX TOSBIAIOTCS NUIMEHTHbIE arjomeparbl. HeoOXoguMo OTMETHTbH, YTO
o0pa3oBaHrE arjioMepaToB B pe3yJbTaTe KOAryJsIUd OOJBIIOTO KOJHMYECTBA
MEJIKMX YacTHUI[ SBJSETCS CaMOIPOM3BOJIBHBIM IPOILIECCOM, TAaK KakK MPHUBOAMUT K
CHIDKEHHUIO NTOBEPXHOCTHOM sHepruu. OJHAKO 3TOT MPOLECC CUIBHO 3aBHCHUT OT
COOTHONICHHUS TIOJSPHOCTH TUIEHKOOOPA3YIOMIETO W TTOBEPXHOCTH TBEPIO(a3HBIX
yacTull. B ToMm ciydae, Korja OTCYTCTBYET Oouibliasi pasHHIIA MEXIY MHOJSp-
HOCTBIO CpeAbl M TOJIIPHOCTBIO TBEPAOW YacTHILBL, HA MX MOBEPXHOCTH 0Opa-
3yIOTCS YIIPYTHE€ COJIbBaTHBIE OOOJIOYKH, CO3AAIOLIME HEPreTHUecKuil Oapnep
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IUTA X COEAMHEHWS B KPYIHBbIE arperatbl. B ciydae HecMaumBaHus TBepAodas-
HBIX YaCTHI] TUCIIEPCHOHHON Cpeloil Takoil Oaprep OTCyTCTBYeT. lIpumMeHnenue
MOJIU(PHUKATOPOB TUCTICPTUPYIOLIETO U CTAOMIU3UPYIOIIETO JIeHCTBUI B cocTaBe
JAKOKPAaCOUYHBIX KOMIIO3UIUN MOXET H3MEHUTh IOBEPXHOCTH HUTMEHTOB U
yCTpaHUTh 3P (HEKT arJoMeparny.

Lenpto Hacrosimieil paGOTHI SABISIIOCH MCCIENOBAaHUE BIUSHHS TPHUPOIBI
MMUTMEHTOB HA arperaTMBHYI0 M CEJUMEHTAlMOHHYI YCTOWYMBOCTH AIKHHO-
YPETAHOBBIX CYCIIEH3UN

B xadecTBe 0OBEKTOB HCCIEIOBaHMS OINpPEAETICHBI: OpraHMYecKoe aMHHO-
npousBogHoe TEJIA3 (TY 2461-060-27991970-02), pactBOpuUTENs — YaWT-
cruput ('OCT 3134-78), ankumHo-yperaHoBbiit nak «Ypankumy (TY 2311-023-
45822449-2002), nurmenTtsl: auokcua Tutana (I'OCT 9804-84) u opranmueckuit
kpacusiid 2C (I'OCT 7195-75).

Metoabl uccaenoBanus. Komiuiekc (U3NKO-XMMHUYECKUX HCCIICAOBAHUN
BKJTIOYAIT OTIpeZieTICHHE:

— TIOBEPXHOCTHOTO HATSKEHHUS HCCIEAYEMBIX pPacTBOPOB METOJOM Hau-
OoJiblIero AaBJIeHUs My3bIPHKOB BO3LyXa Ha npubdope Pebunaepa [1];

— BSI3KOCTH PACTBOPOB METOJIOM KaIMJUIIPHON BUCKO3UMETPHH [2];

— CKOPOCTH OCKJCHUS YACTUIl MUTMEHTA MUIETOYHBIM METOAOM [3];

— (pakuMoOHHOrO COCTaBa, CPEIHECTATHCTHUECKOIO JIWaMeTpa METOIIOM
KOMITbIOTEPHO-ONITUYECKOH MUKPOCKOIHH [4].

PE3VYJIbTATBI 1 OBCYXJIEHUE

[ToBepxXHOCTHO-aKTUBHBIA 3(PQEKT HCCIeTyeMOro aMHHOIPOW3BOIHOTO Ha
MeK(asHOI TPaHHIIE «KMIKOCTh-BO3IYX» B pacTBopax ITAB (Cag: 03,12 /)
OTIpEeNISUIN TIPH Pa3InYHbIX TEMIEpaTypHbIX pexkumax (293-313 K).

N3oTepmMa MOBEPXHOCTHOTO HATSDKEHUS] PACTBOPOB aMHMHOIIPOM3BOIHOTO B
yalT-cnupuTe Ha TpaHHIE C BO3AYXOM (PHCYHOK 1) OTYETIMBO OTpa)kaer
JUHAMHUKY U3MEHEHUs yIEIbHON OBEPXHOCTHOM SHEPruH (O).

IIpu T = 293 K MOXHO BBLIETUTH JBE 001acTH KOHIICHTPAINUN, TTO3BOJISIO-
X pa3rpaHUYUTh aMHHOTIPOM3BOIHOE MO TOBEPXHOCTHON aKTHBHOCTH. B 00-
JIACTH MaJbIX KOHIEHTPAIMH (HUCXOASIINI Y4aCTOK U30TEPMBI) TIPH yBEJIIMICHUN
xounentparmu TEJIA3 ot 0 10 0,2 /1M’ IOBEPXHOCTHOE HATSKEHHUE YMEHBILIH-
nock Ha 2,8 MJk/M> u cocraBmio 24,33 mJ[x/M’. JlanbHeiimee KOHIGHTPUPO-
BaHHE aMHHOIPOM3BOAHOTO (cBbIuTe 0,4 I/1M°) CIIOCOGCTBOBANO (HOPMHPOBAHHUIO
accolMaToB U, Kak CIIEACTBHE, COMIPOBOXKIAIOCH HEM3MEHHOCTBIO 3HAUEHHH G.

Ha nepectpoiiky cuctemsl OT UCTUHHBIX pacTBOpoB IIAB k cucreme, B KOTO-
poii monekynbl [IAB arperupytotcst B Biie 0OpaTHBIX MHUIIEIUT, YKa3bIBA€T OTKIIO-
HEHHUE OT NMPAMOJIMHEHHON 3aBUCUMOCTH YJIENIbHOM BA3KOCTH Ty, (PUCYHOK 2a) K
ONTHYECKONH IIOTHOCTH D B TOYKEe KPUTHYECKOW KOHLEHTpalMs MHLEI000-
pazoBaHmus (pPHCYHOK 20).

[Tpy noBBIIEHUN TeMITEpaTypbl HAOIIOJaeTCsl HE3HAUUTENILHOE YXY/IILICHHE
noBepxHocTHON akTUBHOCTH TEJIA3 (pucyHok 3); B cpaBHEHMH C pacTBOpaMH
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PucyHok 1 — M30TepMbl HOBEPXHOCTHOTO HATsDKEHUS pacTBOpoB [TAB
B yaliT-cipuTe Ha rpaHuLe pa3zaena ¢ Bo3ayxoMm T =293 K
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PrcyHOK 2 — 3aBUCHMOCTB yIeJIbHOW BSI3KOCTH (a) M ONTHYECKOM MIIOTHOCTH (0) pacTBOpOB
oT koHueHTpanuu [1AB

mpu T = 293 K yObute 3HaueHni noBepxHOCTHOH akTUBHOCTH G = (-dI'/dc)c—0,
cocrasuna 1,59 (T =303 K) u 5,84 JIrx'-m/monb (T =313 K).

Takum oOpa3om, 1Mo pe3yibTaraM (PU3UKO-XMMHYECKOTO KOMIIJIEKCa HCCIle-
JOBaHMH OOBEMHO-TTOBEPXHOCTHBIX CBOWCTB PACTBOPOB aMHHOIPOU3BOJIHOTO B
yalT-CIIUPUTE MOYKHO 3aKITIOYHTh!

— OpraHMYecKOe aMMHOIIPOU3BOIHOE B yalT-CIIUPUTE SIBISICTCS TOBEPXHOCT-
HO-aKTUBHBIM BEIIECTBOM B OrpaHMUEHHO# 06/1acTn KoHnenTparuii (C < 0,4 r/mv’);

— B o0yacTi TOBBINIEHHBIX KoHIeHTparmii (C > 0,4 r/am° ) aMHHOITPOU3-
BOJIHOE MPOSIBIISIET CKJIOHHOCTB K MpPOIleccaM arperamuu, KOTopas COXpaHseTcs B
HCCIIEIOBAaHHOW 00JIaCTH TeMIepaTyp.
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Pucynok 3 — [lokazarenu moBepXHOCTHOH akTHBHOCTH [IAB OT M3MeHeHus TeMueparypsl

Jnst OlleHKW TMOBEPXHOCTHON aKTHMBHOCTH aMHHOIPOU3BOJHOTO Ha MEXK-
(a3HOH TrpaHUIE «KHIKOCTH-TBEPAOE» HCCICHOBaIH BiIUsHHE pacxonos [1AB
(Crias, Mos/mm™: 0+0,004) u Temnepatypsi (T, K: 273+313). Bee OmbIThI IPOBO-
JIAITH B TEPMOCTATUPYEMOM PEXHMME IPH IMOCTOSIHHOM IMEepPEeMEIINBaHUN U (PHK-
cupoBaHHON Macce murmMeHToB (m = 0,16 r). I[IpogOKUTENBHOCTD OMBITOB BO
BCEX CIy4asx cocTaBWjia 65 MHH, YTO 10 AAaHHBIM IPEIBapUTEILHBIX HCCIIe-
JIOBaHHMI OKa3aJioCh JIOCTATOYHBIM JIJIsi JIOCTH)KECHUSI PAaBHOBECHBIX COCTOSHHN
(pucyHok 40).

[lo 3aBepiieHNMH ONBITOB COCTABIAIONINE CYCIICH3UHM pa3Jesid LEHTPH-
¢yrupoanueM. KoHTposip 3a pa3BuTHEM Ipoliecca aacopOLMU OCYILECTBISUIN
U3MepeHHeM TTOBEPXHOCTHOTO HATSDKEHHS KHIKoW (a3wl Ha pubope Pebunnepa.
KomnuectBo mpoaacopbupoBannoro ITAB (I'ya, Monb/r murmMeHTa) onpenensim
M0 TPEJBAPUTENBHO TONy9eHHOW KanmuOpoBouHOU KpuBoi 6 = f(Cpap). DKcrie-
pUMEHTANbHBIC JaHHBIC 10 BIMSHUIO PEXKUMHBIX MapamMeTpoB Ha IMOKa3aTeinn
a/icopOLMH MIPEACTAaBICHBI HA PUCYHKE 4.

AHanM3 YacTHBIX 3aBUCHMOCTEH IIOKa3bIBaeT, YTO HE3aBUCHMO OT THIIA
WCTIOJIB3yEeMOTO MMTMEHTA, aJCOPOIUs aMUHOIIPOM3BOAHOTO (B obmacTtu 1'eHpn)
BO3pacTaeT MpOoNopLUHUOHATIBHO KOHIeHTpannu [TAB.

3aBHCHUMOCTH alNPOKCUMHUPOBAIN BbIpakeHUsMU (1) Ui AMOKCHIA TUTaHa
¥ (2) a7t OpraHudecKoro KpacHoro:

Fl = 1,397'C1‘1AB (1)
> =0,127-Criap (2)

W3 comocraBneHust ajcoOpOIMOHHONW €MKOCTH TMUTMEHTOB, OIpeleIsieMoi
cootHomeareM dI'/dCpap, MOKHO 3aKIIFOUHTB, UTO 3TOT MOKA3aTeNh Y JTHOKCHIA
TUTaHa OPUEHTHPOBOYHO B 11 pa3 BhIlIe, 4eM Yy OpraHU4YecKOro KpacHOro.
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Pucynok 4 — 3aBucumMocTb BeM4uHbI aacopOumu oT koHueHTpauuu TEJIA3 (a) u
MIPOIOJHKUTENFHOCTH BBIICPIKKHU cycrieH3uH (0)
1 — nMokcua TuTaHa, 2 — OpraHNYeCcKU KpacHbIN
a: T=298 K, 1= 65 mut; 6: T =298 K, Cy 5= 0,002 Mo/mn’

i orieHKM MexaHu3Ma afcopOIii, Ha OCHOBE MOJTyUYE€HHBIX YaCTHBIX 3aBHU-
CHUMOCTEH IMoKa3aressi acOpOLUU OT TEMIIEPaTyPhl, PACCUUTAHBI COOTBETCTBYIO-
HIMe SHEPreTHIecKUe XapakTeprucTuky npoueccos: Ea = - tgf-R.

Cyas no 3HadeHnsaM sHepruu aktuBanuu (>10 xJx/moins-K), 3akperieHue
mosiexyst TEJIA3 Ha nmoBepxHoctu nuokcuna turtana (Ea = 43,2 k/x/mons K) u
oprannueckoM kpacHoM (Ea = 117 x/[x/mons-K) nmpoucxoasr xemocopOLUnoH-
HO [5].

Takum 00pa3oMm, B COOTBETCTBHH ¢ Kiaccudukanueidr Pebunmepa [6] 1o
(U3UKO-XMMUYECKOMY BO3JCHCTBUIO Ha MeX(a3HbIe IPpaHHIIbI «KUAKOCTH-Ta3» U
«TBEPIOE-)KUIAKOCTh» amuHonpou3BoaHoe TEJIA3 MOXHO OTHECTH K IMOBEpX-
HOCTHO-aKTHBHBIM BEIIECTBaM IHCIIEPTUPYIOMIETO W CTaOWMIM3HPYIOMIETO Iei-
CTBUH, YTO W MPEAONPENEIUIIO NAJbHEUIINE HCCIEeI0BaHUs arperaTuBHOM u
CEIMMEHTAIlMOHHON YCTOMYMBOCTH U3y4aeMbIX CYCIIEH3HM.

B kxayecTBe OCHOBHBIX MOKa3aTeled arperaTMBHOM yCTOMYMBOCTH OPIaHO-
CYCIICH3HI HCIIONB30BaM CpeAHecTaTucTnieckuil nuametrp (d, MkM) u Qpak-
1uoHHBIH coctas (P, %).

Ha pucynke 5 npencraBieH (QppakIMOHHBIN COCTaB CyCIIEH3UI TUOKCHIA TH-
TaHa M OPTraHWYECKOTO KpacHoro B orcyTcTBre [IAB.

OTnYuTeIbHOW OCOOCHHOCTHIO CYCIICH3UH JIMOKCHIA THUTaHA SBISCTCS
HaJIM4ue BBICOKOTO coaepkanus ¢pakuuii (P = 78%) pazmepom cBoitie 44 MKM.
B To Bpems kak Ay OpraHMYEcKOTO KPacHOTO conepkaHue (ppakinii Takoro ke
pa3mepa coctasmio 40%.

WznauvansHo (B otcytcTBue [TAB) cycneH3nu opraHn4eckoro KpacHOTo xa-
paKTepu3yIoTCs TBepIoQpa3HbIMU YaCTHIIaMU MeHbIIero pasmepa (d = 5,33 Mxm),
9eM CyCIIeH3uH auokcua tutana (d = 7,74 Mm).

BBoauwmsrii ITAB, agcopOupysich Ha TOBEPXHOCTH TUT'MEHTOB, CIIOCOOCTBYET
pa3pylIeHNI0 KPYIHBIX arperatoB Ha Ooliee Menkue. Tak, OTHOCHUTENBHO 0a30-
Boro BapuanTa (Crap = 0 MOIB/IM’), IS 0G0KX ITHTMEHTOB 110 MEPE YBETHUCHHS
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W OPTAHITEECKINT KpacHeIT O JIIOKCIT TITaHa
Pucynok 5 — PacnipenienieHye 4acTuI MUTMEHTOB [0 KPYITHOCTU
Tabnuua 1 — Pe3ynbraThl KOMIBIOTEPHO-MHKPOOITHYECKOTO aHATH3a CHCTEM
«pacTBOpUTENH — MUrMeHT — [IAB»
5 OpraHn4eckuii KpacHBIN Juokcun Turana
Cnag'107,
MOJIB/IM dep, P, % dep, P, %
MKM (ppaxmum 1o 8,4 MKM) MKM (ppaxumu mo 8,4 Mxm)

0 5,33 41 7,74 23

1 4,57 59 4,66 46

2 3,89 73 4,68 46

4 3,45 79 5,10 49

koHueHTpauun TEJIA3 Bminots 110 4-10 MOJ‘IL/I[M3 JUaMeTp YacTHUL YMEHbIIa-
ercs B 1,5 paza u cocraBusieT 3,45 u 5,1 MKM COOTBETCTBEHHO JIJIsI OPTaHHYECKOTO
KpacHOTO M TMOKcHJIa TuTaHa (Tabmuia 1).

Pesynbprarer miccnenoBaHusl 3aKOHOMEPHOCTH Pa3BHUTHS MIPOIIECCOB Jie3arpe-
raruy AWOKCHIa TUTaHAa W OPTaHUYECKOTO KPAcHOTO B CHCTEME «IIIEHKOOOpa-
3yloliee-pacTBopurenb-nurMeHT-I11A By npencraBieHsl B Tabmuiie 2.

JlobaBiieHne MIEHKOOOPa3yoIIero B MOJU(PHUIIMPOBAHHYIO JTAKOKPACOUHYIO
KOMITO3UIIAIO JOTIOTHUTEIEHO CTUMYJIHPYET MPOIECCHl Je3arperauy JTHOKCH A
TUTaHA W OpraHudeckoro kpacHoro. Tak, B cucremax 0e3 [TAB yBenumueHue
coJiepkaHus ieHKooOpasytomero ot 10 u 30% cpeHeCTaTUCTUYECKHIA TUaMETP
YaCTHII TMOKCHJIA TUTAaHA YMEHbIHIICS Ha 24%, a copepikaHne MEIKUX QpaKiui
yBenmmumioch Ha 12%.

ITo mepe yBennuenus konuentpauuu [IAB B konudecTBe a0 2- 107 MOJ'IL/)IM3
B CHUCTeME€ C KOHIeHTpamued tuieHkooOpasyromero 10 u 30% oTHocHTenbHO
0a3oBoro BapwaHTa HaOJIOJAETCs TOBBINICHWE COAEpPKAHUS MEJKUX (ppakiuit
OpUEHTHPOBOYHO Ha 4—7% (Tabnuma 2). JlanbHelilnee yBenuyeHHEe KOHIIEHTpa-
uu [TAB Biieyer 3a co00¥ BTOPHYHYIO arperamuio 4acTHII, B Pe3yJbTaTe KOTO-
pOIi TIOBBIIIIAETCS TUAMETP YacTHII, U, KaK CIIEZICTBHE YMEHBIIIAETCS COACpIKAHNE
MENKUX (Hpakmuit.
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Tabmmma 2 — Pe3ynpTaTsl KOMITBIOTEPHO-MHKPOOITHIECKOTO aHAIN3a CHCTEM
«PacTBOPHTEIL — IUIEHKOOOpasyloree — murMeHT — [IABY)

Jluoxcun Turana Oprann4eckuii KpacHBIH
Crag-107, deps P, % dep, P, %
MOJIB/IM MKM (ppakmun mo 8,4 MKM) MKM (ppaxmuu g0 8,4 MrM)
10% | 30% 10% 30% 10% | 30% 10% 30%

0 5,73 | 4,35 46 58 4,56 | 4,30 63 72

1 4,30 | 3,26 50 63 5,09 | 4,73 62 68

2 4,19 | 3,18 51 65 4,20 | 3,87 62 83

4 4,42 | 335 52 66 4,57 | 4,01 46 71

B cnyuae cucrem, coaepkaliux B CBOEM COCTaBE OpPraHUYECKUN KpacHBIH,
o Mepe yBenuueHne KoHneHTpanuu [T1AB gukcupoBaiv He3HAYUTEITLHOE MTOBBI-
[IeHHEe CpeHECTaTUCTHIECKOTo nuamerpa dactui (Ha 0,1-0,3 Mxm).

OTO OOBACHSAETCS C TO3WIIMU TIPABWJIA YPAaBHUBAHUS IOJSIPHOCTEH PeOwH-
nepa — nossipHocTh [TAB nomkHa OBITH MPOMEXKYTOUHOW MEXIY MOJIIPHOCTHIO
Cpelibl U aJICOPOEHTA: Ecpen < ErAB < ETi02, TOJIBKO TOI'JIA JAHHOE BELIECTBO OyeT
TTOBEPXHOCTHO-aKTHBHBIM. B COOTBETCTBHU ¢ TUM HEPABESHCTBOM, BEIICCTBO TEM
00Jice TMOBEPXHOCTHO-aKTUBHO, YeM OOJIBIIE PAa3HOCTh MEKAY MOJSIPHOCTHIO
Cpenbl U MOJSPHOCTHIO TBEPAOH yacTullbl. Eciu MoNsipHOCTh JUOKCUIA TUTAHA U
nossipHOCTh ITAB B cucteMe He MEHAETCH, SBIIAIOTCS KOHCTAHTAMH, TO Ecpemy Y-
TEM BBEJICHUS B CHCTEMY HETIOJISIPHOTO PACTBOPUTEIIS 3HAUNTEIIEHO U3MCHSIETCS.

JlobaBiieHne pacTBOPHUTENS B ajKUA-ypeTaH COOTBETCTBYET HAYaly MPOIEC-
ca JEeCTPYKTYpPHUPOBaHUS IIEHKOOOPA3yIOIIeTo, YTO, HA00OPOT, YCHIMBAET TIO-
JSIPHOCTB CPEJIbI, TEM CaMBIM Pa3sHUIA MEXIY Ecpen M €riap MPAKTHUECKU HHBE-
TUPYETCS U, KaK CIEJCTBUE, TC XKE CaMble aMHHOTIPOU3BOIHEIC HE OYIyT TTOBEPX-
HOCTHO-aKTUBHBIMHU.

YBennueHne MexQa3zHoii MOBEPXHOCTH B Pe3yJIbTaTe Pa3pyIICHUs arperaTos
B COOTBETCTBHM C 3aKOHAMHU TCPMOJUHAMHKH HEH30€KHO CMOXKET MPUBECTH K
IpoleccaM BTOPUYHOW arperanuu, €cid HOBOOOpPa3OBaHHBIC MOBEPXHOCTH HE
3aIUTHTH aACOPOIMOHHO-CONIbBAaTHOM 00010uK0i [TAB.

Biisane aMUHONIPOW3BOAHOTO HA JWHAMHKY W3MCHCHHS CEIMMCHTAIIHOH-
HOHM yCTOWYMBOCTH CYCIICH3WH IpencTaBlieHO Ha pucyHke 6. Beemenue [IAB B
CYCHEH3UU AUOKCHUIAa TUTAHA U OPIaHMYECKOr0 KPaCHOI'O COMPOBOXKIATIOCH CYyIIIe-
CTBCHHBIMH HW3MCHCHISIMH B 3aKOHOMEPHOCTSX HX CEIMMEHTanud. Makcu-
MaJIBHBIH cTabmm3upyomui 3¢hGexT aMUHONPOU3BOAHOTO (MHHUMYM CKOpPOC-
TH) B CYCIICH3USAX 0€3 IUICHKOOOPAa3yIOIIero MPHUXOIUTCS Ha KOHIICHTPAIUIO
0,002 MOJ‘IL/I[M3. [Ipu sToM HamOoNbIee CHMKEHHE CKOPOCTH CEIUMEHTAIlUU
(hukcupoBanM B MPUCYTCTBHM JUOKCHAA TUTaHa; ¢ yBenmmueHueM Cpap ot 0 10
0,002 MOJ‘IL/,Z[M3 CKOpPOCTh OCaKJEHHs YacTUL MHUIMEHTa YMEHBLIWJIACh B
6,67 pasza u coctasuia 15-10” r/c. B ciyuae OpraHM4eckoro KpacHoro, IpH TOM
xe comepxkannn ITAB, ckopocTh ceauMeHTaIMu Gbina Ha ypoHe 22-107 r/c.
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PucyHok 6 — 3aBUCHMOCTH CKOPOCTH CE€AUMEHTAIMU OT KOoHIeHTpauuu [IAB
HPH Pa3IuvHOM COACPKAHUU ypalkuaa: | — IMOKCH] THTaHa, 2 — OPraHMYECKUI KPACHBIH.
Cyp, %:a—0;6-10;B-30

[TomydeHHBIEe pe3yibTaThl KOPPEIUPYIOT C XapaKTepOM HU3MEHEHHS JAHCIIEPCHOTO
coCTaBa W IMOKAa3aTeNsIMHA aJCOPOIMOHHON €MKOCTH IMUTMEHTOB, IIPUBEICHHBIMHU
BBIIIIC.

B mpucytctBum mienkoobpasytouiero Ha yposae 10% sddexr I[TAB xapam-
HaJIbHO MEHSETCS Ha MPOTHBOMOJOXKHBIA. MUHHUMYM CKOPOCTH CEIUMEHTAINU
HaOJIOaNM yXKe B CYCHEH3HMIX C OPraHMYECKHUM KPAacHBIM U MPH MEHbIIEH KOH-
uentpanuu [TAB; ¢ yBennuenuem Cpap oT 0 1o 0,001 MOJIB/ M’ CKOpPOCTbH OCaX-
JIEHUSl YacTUll MUIMEHTa yMeHblmnachk B 4,67 paza u cocraBuiia 0,30-10'5 r/c.
Crabummupyromuii s¢gdext ITAB (Crap = 0,001 Moms/aM’) st 9aCTHI[ THOK-
cuza TMTaHa 6601 B 2 pasa mike (V =0,8-107 r/c).

B o0nacTu moBBIIEHHBIX cojepkaHuil 1uieHkooOpasyromiero (Cy, > 30%)
pasauuus B CEIMMEHTAIMOHHON YCTOMYMBOCTH CYCIEH3MH C JUOKCHIOM THTaHA
¥ C OpraHMYeCKHM KpacHbIM HuBenupyiotcs. Tak, mpu Crap = 0,001 Moms/mam’
CKOPOCTh OCA)KICHMS YacTUI[ MArMeHTOB coctasisier 0,03-0,04:107 r/c (pucy-
HOK 6 B).
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BrimeykazanHblil  XapakTep HM3MEHEHHs CTaOWIM3HPYIOMIEH aKTHBHOCTH
[TAB oObsicHsA€TCSI B paMKax yCTAaHOBJIEHHOH 3aKOHOMEPHOCTEH pa3BUTHsI HPO-
LIECCOB Jle3arperanuu TBepAoQa3HbIX YacTUL MUIMEHTOB IPH UX COBMEIICHUH C
TUCTIEPCHOHHOW Cpenod HccieayeMblx cycrnensuid (tabmmma 2). CoBMecTHOe
BIUsiHUE TIeHKooOpasytomiero (Cy, = 30%) u ITAB (Cpag = 0,001 MOJ'II:/Z[M3)
MPUBOAUT K MHTCHCU(HKALNMU MPOLECCOB Jie3arperaiuu TBepAo(}a3HbIX YaCTHIL
MUOKCHIA TUTaHA, T.€ K yBEIWYCHHIO COJIEP)KAHUS OYECHb MENKMX YacTHII IHT-
MeHTa (P = 63-66%), 1, Kak cieAcTBHE, K YMEHBIICHUIO CKOPOCTH UX OCAKICHMS.

B 10 xe BpeMsl B CyCHEH3MIX C OPraHNYECKUM KPacHBIM, IIPU TOM K€ COAep-
YKaHWH TIeHKooOpasytomiero u [IAB, kak oTMewanoch BBIIIE, OTCYTCTBYET H3Me-
HeHHs (PpakIMOHHOTO cocTaBa TBepAo(a3HbIX yacThll. llociieaHee MCKIIOYaeT
BIIMSIHUE 3TOTO (pakTopa (pa3Mepa YacTWI]) Ha CYIIECTBEHHOE 3aMelJIeHHE Tpo-
neccoB cexuMmeHTanuu. CrenoBaTenbHO, HAOJIOJaeMOE YMEHBIIEHHE CKOPOCTH
CeIMMEHTAIINH YaCTHIl OPTaHUIECKOTO KPacHOTO (IT0 CPaBHEHHUIO C CYCHEH3USIMHU
0e3 [TAB) numuTupyetcs ojicopuansanueil 4acTul| MUTMEHTa, KOTOpas MPOUC-
XOAMT B pe3yJbTaTe aacopOury aMUHOIIPOU3BOJHOTO.

Takum 00pa3om, MpU WCTOIB30BAHWK AMHUHOIPOU3BOJHOTO B CYCIIEH3HSIX
OpPTaHMYECKOT0 KPAacHOTO B MEPBYIO OYEpe/lb pPEan3yeTcsl aJcopOIUOHHO-COIIb-
BaTHBIM (aKTOp YCTOWYMBOCTH — Ha MIOBEPXHOCTH YACTHUI[ CO31AETCSA CTPYKTYPH-
pOBaHHas NpOYHas IUIEHKA, KOTOpas U JIeJIaeT CYCHEeH3HI0 0oiee yCTONYNBOM.

[To pe3ynbTaTam McCiIeJOBaHNH MOXHO 3aKITIOYHUTh:

1. Tlo ¢pu3nKO-XxMMHUYECKOMY BO3ACHCTBHIO Ha MEX(a3HbIe IPAHULIBI <GKHUI-
KOCTb-Ta3» U «TBEPIOE-KUAKOCTE» aMuHOINpou3BoaHoe TEJIA3 MoxHO oTHeCTH
K TMIOBEPXHOCTHO-aKTUBHBIM BEIIECTBAM.

2. B cycneH3msax OuOKcHIa THTaHAa IOBEPXHOCTHO-AaKTHBHOE BEIIECTBO
TEJIA3 xapakrepu3yercsi OJTHOBPEMEHHO IHCIIEPTUPYIONUM ¥ CTA0MIU3UPYIO-
M JEHCTBHEM; CPETHECTATHCTUIECKUH AUaMETpP YaCTHI] U CKOPOCTh CEIMMEH-
TaIM¥ YMEHBIIWINCh OTHOCUTEIbHO Oa3oBoro BapuanTa (0e3 IIAB) cooTBeTcT-
BEHHO B 1,5 u 2 paza

3. B cycneH3usx OpraHM4ecKoro KpacHOro IMOBEPXHOCTHO-aKTUBHOE Be-
mectBo TEJIA3 oOnamaer Tompko crabummsupyiommM 3(h(eKTom; CKOpocTH
CeIMMEHTAINN OTHOCUTENBHO 0a30BOro BapuaHTa yMEHbIIAIOTCS B 4 pasa
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Pe3iome
A. H. [lropaeuna, K. A. Ocmposnou, T. P. Hakues, K. P. Canuxosa

AJIKUTI-YPETAH/IbI CYCIIEH3UAJIAP/IbIH ATPETATHUBTIK
JKOHE CEUMEHTAIMAJIBIK T¥PAKTBUIBIFBIHA ITMI'MEHTTEP
TABUFATBIHBIH ©CEPI

AMMHOOHJIPICTIH aJKUATI-ypeTaHbl IUIEHKA TY3€TIH OPraHUKAIIbIK KBI3BUI YKOHE
MTUTMEHTTENITeH TUTaH JUOKCHAI OOJIIEeKTEpiHiH CeIMMEHTALMIIBIK JKOHE arperaTHBTIK
TYPaKTBUIBIFBIHA dCEpi 3epTTeai. YalT-CIIMPUTTE OPraHUKAJIBIK aMUH TYBIHIBICHI KOH-
LIEHTPAIMAHBIH MEKTey i aiiMarbiHaarsl 6erTik-Oenceni 3at (C < 0,4 r/aM’) eKeHi aHbIK-
tangel. [lalimanaHpUIaTRIH MATMEHTTIH TypiHe Kapamactan bbB3 amcopbuwmsicer (I'erpu
OOJIBICBIH/IA) aMHUH TYBIH/IBICBIHBIH KOHIIEHTPALMICHIHA TPONOPLUHOHAIIBI TYPIE OCei.
AKTUBTEH/IIpY SHEPTHACHIHBIH €CENTelIreH MOHAEPl TUTaH JAUOKCHII MEH OPTaHUKAIBIK
kei3p1 Oetiame TEJIA3 MomnexymnamapbIHBIH XEMOCOPOIMSITBIK OCKIiTUTyiH KepceTemi.
Inenka Ty3ymi (Crt = 30%) sxone BB3 (Crgz = 0,001 Moms/am’) Giprecken acepi THTaH
JUOKCHUIIHIH KaTThl (pa3aiblK OOJIIICKTEePIiHIH ae3arperaus MpoiecTepid KapKplHIaTyFa
anbin keneni. [Tnenka kypaymisl MeH 163 KaThICybIMEH OpraHMKaNbIK KbI3bUI KaTThI (a-
3aJIpl OeIIIeKTep IiH (PPaKIsUTBIK KypaMbIHBIH €3repyiHiH OonMaysl Oenrinenmi. [lneHka
KYpaybILIChI3 CYCIHEH3UsUIapAarbl aMHUHOOHJIIPICTI €H JKOFapbl TYpaKTaHABIPFBINI dcepi
0,002 MOJIB/IM® IOFBIPIIAHYbIHA Typa KeNeTiHi aonenenren. YIip Ty3ylli KypaMbIHbIH
orapeiiarad aiMareiHna (Cor 30%-Fa JeiiH) TUTaH JUOKCHAL Oap *KOHE OpPTaHUKAIIBIK
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KBI3bUT HUBEIHMpPJICHEAI. THUTaH AMOKCUIHIH CYCICH3UsUIAPBIHIAA AMHH TYBIHIBICHL Oip
ME3TUTIC TUCTIePralMsIay bl )KOHE TYPAKTaHIBIPYIIIBI 9CEPIMEH, ajl OPTAaHUKAJIBIK KbI3bLIT
CyCIICH3USIIap/ia — TYPaKTaHABIPYIIIBI 9CEPIMECH CHITATTANA b,

Tyiiin ce3aep: qucCIeprupicy, CCAUMEHTANUSIIBIK TYPAKTBUIBIK, OPTaHUKAJIBIK, VT -
MEHTTEp, OPTaHUKAIBIK eMeC IMUTMEHTTEp, OeTTiK-OeICeH Il 3aTTap, OpTalla CTaTHCTHKA-
JBIK JHaMETp, afcOpOIis, MEHIIIKTi TYTKBIPJIBIK.

A. N. Duryagina, K. A. Ostrovnoi, T. R. Nakiev, K. R. Salihova

THE IMPACT OF NATURAL PIGMENTS
ON THE AGGREGATIVE AND SEDIMENTATION STABILITY
OF ALKYD-URETHANE SUSPENSIONS

The influence of the amine derivative on the sedimentation and aggregate stability of
particles of pigmented titanium dioxide and organic red in the alkyd-urethane film-
forming was studied. It is established that amino derivatives in organic mineral spirit is a
surface-active substance in a limited range of concentrations (< 0,4 g/dm®). Regardless of
the type of pigment used, surfactant adsorption (in the Henry region) increases proportio-
nally to the concentration of the amino derivative. The calculated values of activation
energy indicate a chemisorption anchoring of the molecules TELAZ on the surface of tita-
nium dioxide and organic red. It was found that the combined effect of the film-forming
(SPL = 30%) and surfactant (spav = 0,001 mol/dm®) leads to an intensification of the
processes of disaggregation of solid-phase particles of titanium dioxide. The absence of
changes in the fractional composition of solid-phase particles of organic red in the pre-
sence of film-forming and surfactant was noted. It is proved that the maximum stabilizing
effect of the amine derivative (minimum speed) in suspensions without film-forming falls
on the concentration of 0,002 mol/dm”’. Differences in sedimentation stability of suspen-
sions with titanium dioxide and organic red are leveled in the region of high content of
film-forming (SPL 30%). Found that in suspensions of titanium dioxide an amine deriva-
tive characterized by simultaneously dispersing and stabilizing effect, and in suspensions
of organic red — stabilizing.

Key words: dispersion, sedimentation stability, organic pigment, inorganic pigment,
surfactants, average diameter, adsorption, specific viscosity.
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SYNTHESIS OF CuS/S NANOCOMPOSITES
BY HYDROTHERMAL WAY AND THEIR CHARACTERIZATION

Abstract. Copper sulfide/sulfur nanocomposites have been successfully synthesi-
zed by hydrothermal route reacting Cu(CH;COO),, CuCland (NH;),CS in aqua media at
80 °C. The synthesized sample was studied by X-ray diffraction (XRD), Raman spectro-
scopy, TG-DS, and scanning electron microscopy (SEM) analysis. According to the re-
sults of XRD analysis, the diffraction peaks of the CuS/S nanocomposites closely matched
the standard copper sulfide and sulfur peaks. The average crystallite size of copper sulfide
and sulfur particles was about 3.5 and 3.6 nm, respectively. Results of TG-DSC analysis
showed that composite material contains about 16.16 % of sulfur and 12.29 % of copper
sulfide (covellite). SEM images presented that composite material consists of two diffe-
rent microstructures: elongated needle-like and non-structured agglomerates.

Keywords: copper sulfide, sulfur, nanocomposite, hydrothermal route, shape con-
trol.

Introduction. In addition to the synthesis of semiconductor nanoparticles,
which are used for various purposes(e.g. in solar cells, cathode material in lithium
batteries, optical filters, or in photocatalysis) [1, 2], the synthesis of binary[3, 4],
ternary [5] and quaternary nanocomposites[6-8] based on them is intensively stu-
died. This is explained by the fact that nanocomposites, unlike nanoparticles, have
a wider range of application fields and improved properties [5, 9-11].

Copper sulfide nanoparticles are promising materials for electrical and
optical applications, as well as for biomedical ones [12-15]. In the work of Wang
et al. [16] nanocomposites on the basis, copper sulfide nanoparticles were used
for antibacterial application, and they could completely kill the E. coli cells
through damaging the cell walls.

There are many preparation methods of copper sulfide nanoparticles such as
sonochemical method [17], microwave irradiation method [18], molecular tem-
plate method [19], polyol route [20], chemical vapour deposition [21], mechano-
chemical synthesis [22]and hydrothermal method [23, 24].

Sulfur nanoparticles are suitable for similar applications like copper sulfide
nanoparticles, namely their use in lithium battery [25-27] and pharmaceutical
technologies are of importance. This comes from its anti-cancer, antibacterial and
antifungal activities [28-32]. Sulfur nanoparticles can be synthesized by the
different preparation methods such as electrochemical method [33], micro-
emulsion technique [34], aqueous surfactant solutions [35, 36], ultrasonic treat-
ment of sulfur-cystine solution [37], oxidation H,S gas using Fe-chelate [34],acid
hydrolysis of sodium thiosulphate[38].
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CuS/S nanocomposite might exhibit interesting properties utilizing the
beneficial characteristics of the two components. This has been already demon-
strated in [39, 40].

In this study, we have synthesized binary nanocomposites CuS/S via a hyd-
rothermal route, which is simple and cost-efficient.

MATERIALS AND METHODS

Copper acetate monohydrate — Cu(CH3COQ),xH,0, copper chloride —
CuCl,x2H,0 and thiourea — (NH;),CS were purchased from Laborpharma Co.
Ltd. (Almaty, Kazakhstan). All reagents are analytical-grade and use without
further purification. Ultra-pure water(Smart2Pure, ThermoFisher) was used in all
experiments.

CuS/S nanocomposites preparation procedure carried out as follows: 100 mL
of distilled ultra-pure water was taken in a 250 mL three-necked round bottom
flask equipped with a condenser, and it was placed over a magnetic stirrer. The
temperature was raised to 80°C, and then 10 mL of thiourea solution (0.2 M) was
added to the water under vigorously stirred condition. After that, also 10 mL of
copper acetate solution (0.1 M) was added by dripping to the solution with the
view to produce copper sulfide. Solution color is started turning from the color-
less to the black. Then 5 mL of thiourea solution was dripped to the system in
order to react with copper acetate residues. Hereupon, like in previous procedures,
10 ml of copper chloride solution was added dropwise to the above solution to
obtain sulfur nanoparticles. All these step reactions were repeated twice to
produce enough amount of sample for further characterization analyses. After
synthesis, obtained greenish-black precipitant were centrifuged at 4000 rpm
(Rotina-380R, Germany) and dried at 50°C during 6 h.

X-ray diffraction patterns were obtained on a MiniFlex 600 diffractometer
(Rigaku, Japan) in a digital form using copper radiation. Sample analysis modes
are as follows: X-ray tube voltage is 40 kV, the tube current is 15 mA, goniometer
movement step is 0.02 20, and intensity measurement time at the point is 0.12 sec.
During shooting, the sample was rotated in its plane at a speed of 60 rpm. For
phase analysis, the [CCD-PDF2 Release 2016 database and the PDXL2 software
has been used.

The Raman data were obtained by using a combined system Solver Spectrum
(NT-MDT Spectrum Instruments, Russia), equipped with a photomultiplier tube
(PMT) detector, a high-stability fast confocal laser (Rayleigh) imaging and
600/600 grating, 473 nm solid state laser excitation. In all experiments, laser
power at the sample was 35 mW, and the exposure time was 60 s. Continuously
tunable filters ND = 0.5 which reduce the laser intensity by 30% were also used.
Without the use of a filter, the sulfur sampleis decomposed by the laser action.
When using a blue laser, an error of +4 cm™ is provided.

Thermal analyses (thermogravimetry (TG) and differential scanning calori-
metry (DSC)) were carried out under nitrogen with a NETZSCH 449F3A-0372 M
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(NETZSCH, Germany) instrument at temperatures up to 750 °C and a heating rate
of 20 K/min.

Scanning electron microscopic (SEM) examinations of the samples were
carried out with a SEMQuanta 3D 200i instrument (FEI, Netherlands). Conduc-
ting carbon adhesive tape was used as a substrate for the samples.

RESULTS AND DISCUSSION

XRD analysis. Figure 1 shows the XRD patterns of the CuS/S nanocompo-
sites. The diffraction peaks of the CuS/S nanocomposites closely matched the
standard copper sulfide and sulfur peaks. It is observed that in the case of sulfur,
the peaks observed at 26 = 11.47°, 15.55°, 18.43°, 21.17°, 23.07°, 25.83° indexed
as (111), (022), (202), (115), (222) and (026) planes corresponding to ortho-
rhombic phase with space group Fddd (70) (ICCD PDF-2 card Ne00-064-0585).
From the patterns, it is also noticed that copper sulfide particles have diffraction
peaks at 20 values 27.12°, 27.67°, 29.27°, 31.78°, 47.92°, 52.73°, 59.32° indexed as
(100), (101), (102), (103), (110), (108) and (116) planes corresponding to the
hexagonal covellite phase with space group P63/mmc (194) (ICCD PDF-2 card
Ne01-078-0877). No other peaks were detected, indicating the high purity of the
sample.

1000 _
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Figure 1 — XRD pattern of as-synthesized CuS/S nanocomposites by the hydrothermal route.

The average crystallite size of copper sulfide and sulfur particles in the com-
posite was calculated by Williamson-Hall s formula as follows:

0.9
AK = — + K, (1)
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where AK= ficos6/A and P is the instrumental corrected full width at half maxi-
mum (FWHM), 0 is the Bragg's angle, A is the wavelength of CuKa radiation
(1.5406 A), K = 4sinf/4, D is the average crystallite size and ¢ is the lattice strain
[41]. According to the noted equation, the average crystallite size of copper
sulfide and sulfur particles was about 3.5 and 3.6 nm, respectively.

Raman spectroscopy analysis. A typical Raman spectrum of CuS is shown
in figure 2. The peak is pronounced at 468 cm ', which corresponds to the vibra-
tional (stretching) modes of the S—S covalent bond [42] and the much weaker
peak at 260 cm™' is explained by the fluctuation of the Cu—S bond [42]. In the
works of Munce and Safrani et al. [43, 44], Raman spectra of covellite with the
sharp band at 468 cm™' which is attributed to S-S stretching vibration and a weak
band at 263 cm ' corresponding to A;, TO mode are presented. However, accor-
ding to their results, both of these peaks have been associated with the covellite
phase of CusS.

500 +

S-S

Raman Intensity (a.u.)

T
500

Raman shift, cm™"

Figure 2 — Raman spectra of as-synthesized CuS/S nanocomposite

Usually, sulfur has three distinct peaks in the Raman spectrum. According
to [45, 46], the main wave numbers determining sulfur are around 152, 220, and
474 cm™'. However, in our case, apart from the characteristic peaks of the covel-
lite, the sulfur peaks are not present in the Raman spectrum. This can be explai-
ned by the fact that sulfur could burn under the action of a laser beam or with the
too small size of sulfur crystals, which makes it difficult to measure with Raman
spectroscopy due to the phonon confinement effect [47]. Other explanations of
this phenomenon are not considere since the other characterizing methods (XRD
and TG-DSC) confirm the presence of sulfur in the composite material.

133



XUMWYECKHH )KYPHAJI KA3AXCTAHA

TG-DSC analysis. Thermal analysis of CuS/S sample was performed in a
nitrogen environment, which is shown in figure 3. From the DSC curve can be
seen the small endothermic effect at 115 °C, which shows the phase transforma-
tion of sulfur from S, to Sg [48]. The decomposition proceeds in the following
steps: TGA curve shows that the first loss up to 260 °C with a mass loss of around
16.16 % due to the sulfur content removal and corresponding endothermic peak
emerged at 260 °C. CuS nanoparticles are desulfurized at around 450 °C to obtain
the Cu,S product [49]. According to the reaction (1), 12.29 % mass decrement is
observed between 260 °C and 455 °C with small and sharp exothermic peaks,
which point out 385 and 455 °C respectively.

2CuS — Cu,S+S . (1)

After 455 °C, from the curve can be seen a fluent mass decrement (12.55 %)
with an exothermic peak at 525 °C. This weight reduction goes to around 720 °C
and then stabilizes to a plateau. In this temperature range, the Cu,S can decom-
pose, forming copper and sulfur. This decomposition can be expressed by the
following reaction (2):

CuS - 2Cu+S8S. 2)
TG, % DSC, uVimg
. . . e . = ,
1004 T exo
90 - -1
80 P
-12.29% 2CuS > Cu,S+8 | -0
v
70
8 - 12.56% Cu;s = 2cu+sT -1
60
-2
50

| v I v I
200 400 600
Temperature, °C

Figure 3 — TG-DSC curves of CuS/S nanocomposite sample

SEM analysis. To study the morphology of the obtained CuS/S nanocom-
posites, scanning electron microscopy analysis was used. In figure 4, we can see
sample particles with non-uniform sizes. It can be clearly seen (see figure 4b) two
shapes of particles: spherical and elongated (needle-like) ones. As Raman spectro-
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Figure 4 — SEM images of CuS/S nanocomposite: a — 5000x , b — 50 000x

scopy could not detect sulfur from the composite material, we can definitely say
that it is amorphous and has a non-structured shape. In the case of CuS nanopar-
ticles, it is observed elongated needle-likeCuS (nCuS) structures with the thick-
ness from c.a.160 nm to 300 nm. Length of the nCuS particles exceeds their width
around 20-30 times.

Conclusion. A shape-controlled hydrothermal synthesis of copper sulfi-
de/sulfur nanocomposites is proposed in this report. XRD, Raman, TG-DSC and
SEM analyses confirmed the successful formation of CuS and S nanoneedles and
nanoparticles respectively. The present study could serve as a protocol for the
shape-controlled synthesis of nanocomposites using the hydrothermal route,
which could open a new branch of this environmentally friendly and sustainable
synthetic method.
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Pe3rome

K. C. lllanabaes, A. K. Ockenbail,
I1. E. Opasoaiui, A. I11. /[yiicenxynosa

CuS/S HAHOKOMITIO3UTIH T'MJIPOTEPMUSIJIBIK
JKOJIMEH CUHTE3JIEY ’)KOHE CUITATTAMACHI

Msic cynbduai/kykipt Herizingeri Hanokomnosutrep Cu(CH3;COO),, CuCl, xone
(NH,),CS e3apa apekerrecTipy apkpiibl 80 °C TemmneparypacblHIa CyJbl opTajia THIPO-
TEPMUSIIBIK JKOJIMEH COTTI cuHTe3e 1. CHHTEe3/IeNTeH ChlHaMa peHTreHpa3abK Tannay
(P®T), Paman cnexrpockonusicel, TT-JICK >xoHe ckaHmpieymi 3JeKTpOHIBI MUKPOCKO-
must (COM) tanmay omictepimer cumartangbl. POT TanmaysHBIH HoTHXKeNepi OOWBIHIIA
CuS/S HaHOKOMITO3UTTEPiHIH AUGPAKITHMOHIB MAKTEPi CTAHAAPTTH MBIC CYIbGOUAL KOHE
KYKIpT MAKTEpiMEH TOJIBIFBIMEH colfkec Keni. MbIc CynbQUIiHIH KoHE KYKIPT OoJImeK-
TEpPiHIH KPUCTAJUIUTTEPIHIH OopTalia Memiepi coiikecinme 3,5 sxone 3,6 HM Kypagsl. TI'-
JCK rtanpaynapblHbIH HOTHIKENEPI KOMIO3UIMSUIIBIK MaTepUalbiH KypaMbinaa 16,16%
KYKipT xoHe 12,29% wmpbic cynapduai (koBemaur) 6ap ekeHiH kepcerti.COM cyperrepi
KOMITO3MIIMSUIBIK MaTepHal €Ki TYPJli MHKPOKYPBUIBIMHAH TYPAThIHBIH KOPCETTi: y3ap-
TBUTFaH MHE TOPi3/i HAHOOBJIIIEKTEP KOHE KYPBUIBIMIIBIK €MEC arioMeparTap.

Tyiiin ce3aep: MbIc cynbuI, KYKIPT, HAHOKOMITO3UT, THAPOTEPMHUSIIBIK 9JIiC, ITi-
OIiH]I KaJaranay.
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Pe3iome
K. C. llanabaes, A. K. Ockenbai, I1. E. Opasbaii, A. 1I. [{yiicenxynosa

CHUHTE3 HAHOKOMIIO3UTOB CuS/S TUIPOTEPMHUYECKUM ITYTEM
N NX XAPAKTEPUCTHUKA

HanoxomMnosuts! cynmehua memu/cepa OBUTH YCIIEIIHO CHHTE3WPOBAHBI THIPOTEP-
muueckuM mytem, pearupyst Cu(CH3COO)2, CuCl2 u (NH2)2CS B BoaHOU cpeae mpu
80 °C. OoOpa3ery mocie cHMHTE3a ObUT 0XapaKTEPU30BaH C MOMOIIBIO AU(PPAKIMK PEHTIe-
Ho(azubM aHanu3zoM (PDA), pamanosckoi crnekrpockonuu, TI-JICK u ckanupyromiei
anekTpoHHON Mukpockonuu (COM). CornacHo pe3ynbTataM peHTTeHOCTPYKTYPHOTO aHa-
nu3a, AuQpakIMOHHBIC MUKA HAHOKOMIO3UTOB CuS/S OIU3KO COOTBETCTBOBAIU CTaH-
JapTHBIM IHKaM cyibduaa meau u cepsl. CpeJHHN pa3Mep KPUCTAUTUTOB YaCTHI[ CYJIb-
¢buma Meau U cephl COCTABISLT OKOJIO 3,5 1 3,6 HM cooTBeTcTBeHHO.Pesynprarer TT-JICK
aHamu3a IOKa3alM, YTO KOMIIO3UTHBII MaTepual COAEpKUT okosno 16,16% cepsl u
12,29% cynpduna menn (xoBemmut). COM n300pakeHHs MOKa3aidH, YTO KOMIO3UTHBINA
MaTepHal COCTOMT M3 JBYX Pa3HbIX MHUKPOCTPYKTYP: YIJMHEHHBIX HIOJbYATHIX M He-
CTPYKTYPHPOBAHHBIX arjoMepaToB.

KaioueBsbie ciioBa: cynbbhun Menu, cepa, HAaHOKOMIIO3HUT, THAPOTEPMHUUIECKUIT Me-
TOJI, KOHTPOJIb (POPMEI.
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V. JK. JDKVYCHIIFEKOB, I'. O. HYPI'AJTHEBA,
3. K. BAAXMETOBA, A. K. IIAKUPOBA, /. IVUCEHBAH

AO «MHctutyT XMMHYeckux Hayk uM. A.B.BextypoBa», Anmatel, Pecrryonmka Kazaxcran

B3AMMO/JIEMCTBUE MOJJU®UIIUPOBAHHOI'O TYMATA
C HOHAMMU XPOMA N1 MAPT'AHIIA

AHHoOTauus. V3y4eHbl 3aKOHOMEPHOCTH BIHSHUS KOHIICHTPALIMH MOHOB XpoMa H
mapranma (0,005-0,5%), HopMbl MoamduumpoanHoro rymara (0,1-1,0 r) u BpemeHH
(15-120 mMuH) Ha TPOIIECCHI B3aMMOCHCTBHS MOIU(MHUIIMPOBAHHOTO FyMaTa ¢ XJIOPUIOM
xpoma (IIT) u ameratom maprasnna (I1). ITokaszaHo, 9TO yBenMUeHHE KOHIICHTPAIIUH HOHOB
xpoma u Mapranua 1o 0,5%, HopMsl rymata g0 1,0 r u Bpemenu 10 60-90 muH crioco6-
CTBYET BO3pPAaCTaHUIO BBIXOJAa T'YMHHOBBIX BewlecTB 10 36,49 u 43,07%, maccoBoil monu
xpoma 1 Maprania 10 4,31 u 5,40% cootBercTBeHHO. KOMITIIEKCOM XUMHYECKHUX U (PU3HKO-
xummdecknx uccnepoBannii (MKC, ITA, POM) ompeneneHsl cocTaB U CBOWCTBA MOY-
YEHHBIX MPOAYKTOB, YCTAaHOBIECHO 00Opa30BaHUE KOMIUICKCHBIX COCTUHEHHH MOIUQHIIN-
pOBaHHOTO T'yMaTa ¢ MOHAMH XpoMa M MapraHna. BIIBICHO, 4TO B PeakIUsIX KOMILIEKCO-
00pa3oBaHKsl y4yacTBYIOT KaK KapOOKCHIIbHBIC, TaK U ()EHOJbHBIC I'MIPOKCUIIbI, IPUHAI-
JIeXaIme K 0HOM MaKpOMOJIEKyJIe MIIH K pa3IMYHBIM MaKpoMoJeKynaM. JlaHHbIe TepMHu-
YEeCKOro aHajM3a MoKasaiy, YTO BBEJICHHE XpOMa U MapraHiia B CTpyKTypy MOIH(UIIMPO-
BaHHOT'O I'yMAaTalpHBOIUT K 00pa30BaHHUIO TEPMUYECKH OOJIee YCTOWYHMBBIX MTPOIYKTOB.

KnaioueBsbie ciioBa: 3arpsisHEHUE, TSDKENbIE METAIUIBI, MOIU(UIIMPOBAHHBIA T'yMar,
HOHBI XpOMa M Maprasiia, KOMIIEKCOOOpa3oBaHne, KapOOKCHIbHBIE M (PEHOJbHBIE THI-
POKCHUIIbHBIE TPYIIIIEL.

Bgenenune. [Ipodiema 3arpsi3HeHNsT BOIHBIX 0OBEKTOB SBISICTCS aKTYyalbHON
JUIs MHOTHX CTpaH MHpa, B TOM uucie u ans Kazaxcrana. ['maBHONM mpuumHON
3arpsi3HEHUs BOJHOM Cpelbl sIBJIsieTCs cOpachlBaHME B BOJOEMBI HEOUHMILEHHBIX
WIM HEJIO0CTaTOYHO OYMIIEHHBIX CTOYHBIX BOJ.B HacTosiiee BpeMsi HE TOJIBKO
OTKPBITBIE U TOBEPXHOCTHBIE BOAOEMBI, HO W IOJ3EMHBIE BOJBI 3arps3HEHBI
Ppa3sHOOOPa3HBIMH MEXaHWYECKHMMH IPUMECAMH, XMMHUYECKUMH M OHosoruuec-
KUMH BemnecTBaMu. K 3arps3HHUTENSIM BOA OTHOCSTCS: KIUTUITHO-KOMMYHAaJTbHBIC
XO0351ICTBA, MPOMBIIIJICHHBIE TPEATNPUATHS, CENbCKOE X03IUCTBA U JIP.

3arps3HEHHE BOJHBIX PECYpPCOB MPUBOAUT K M3MEHEHHMIO €€ XUMHYECKHX,
(m3nyecKkuX 1 OMOJIOTHUECKUX CBOWCTB, T.€. K HEMPHTOJHOCTH BOJIBI IS YIIOT-
pebnenusi. CiocoOHOCTh BOJABI K CAMOOYMILCHUIO OKa3bIBaeTCs HEAOCTATOYHOM,
YTOOBl CIIPABUTBHCS C TOCTOSIHHO YBEJIWYHMBAIOIIMMCS KOJIUYECTBOM COpachl-
BaeMbIX OTX0J0B. CyIECTBYIOT M MNPHUMEHSIOTCA (pu3ndYeckue, XUMHUYECKHE,
(hM3UKO-XMUYECKHEe M OMOJOTHYECKHECTIOCOObl OYMCTKH 3arpsi3HEHHOW BOJBI,
KOTOpbIE BKJIOYAlOT B ce0sl MHOMKECTBO BAapHAHTOB pealM3aluM Ipolecca
OUYHUCTKH | €ro anmapaTrypHoro odopmiuenus [1, 2].

CopOIOHHBIA METOJ SBIISIETCS ONHUM W3 HamOoJee dPPEKTUBHBIX CIOCO-
0OB OYMCTKH BOJABL. B kadecTBe COPOEHTOB ISl OUYMCTKH 3aTrPSI3HEHHBIX BOJHBIX
Cpell MCIIOJIb3YIOTCSl MPUPOAHBIE U CHHTETUYECKHE MaTepUalbl: MECOK, JIpeBec-
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HBIC ONWIKH, BEPMHKYJIUT, aKTUBUPOBAHHBIC YTJIHM, CHUJIMKATEIH, 30J1a, IIIAKH,
WU3MEJbYCHHBIH TEHOTHIIC, THAPOKCUA LUPKOHHUA, pocdar THUTaHa, HOHOOOMEH-
Hble cMonbl B ap. K ogauM n3 Hanbosee 3¢ ¢GeKTUBHBIX NPUPOIHBIX COPOSHTOB
OTHOCSITCSI TYMWHOBBIC BEIIECTBA, KOTOPHIE COJEPIKATCS BO BCEX MPUPOIHBIX
cpexax — BOAe, MOYBE, TOPHBIX MOPOJax, WIOBBIX OTIOXeHUsX. Ciemyer oTMe-
TUTb, YTO T'YMHHOBBIC BEILECTBA BBHINOJHIIOT BXKHYIO POJIb B 00E3BPEKUBAHHH,
HaKOIUIGHUH U MUTPAIMX 3arpsiI3HUTEICH.

INonn}pyHKIMOHATBHOCTE M PEAKLMOHHOCIOCOOHOCTh, YCTOHYMUBOCTh K H3-
MEHEHUSIM KUCIOTHOCTH CPEZbl, BO3SMOKHOCTH MPOBENEHHUS COPOIIMU B ITUPOKOM
nuarna3one pH u KoHIEeHTpanmid, BRICOKasi OOMEHHasi eMKOCTh, BCe 3TO 00yciaB-
JMBAET BO3MOKHOCTh UCTIONB30BaHNS TYMHUHOBBIX BEIIECTB U1 OYMCTKU BOJBI OT
Pa3NUYHBIX 3arpsA3HUTENICH, B TOM YHCIE OT TsDKENBIX MeTamioB [3-6]. [Ipu stom
TSDKEJBIE METaJUTbl HEOOPATHMO CBSI3BIBAIOTCS C (DYHKIIMOHAJIBHBIMH TPYIIAMU
TYMHHOBBIX KHCJIOT (KapOOKCHIIbHBIE, THAPOKCHUIIbHBIE, KAPOOHMIIEHBIC, aMUIHBIC
U 71p.), 00pa3ysl KOMIUIEKCHI C TSDKEJIBIMU METaJIaMH, 8 TaK)Ke BO3MOKEH MOHHBIN
0OMEH 3a CUeT MOHOB BOAOPO/Ia KUCIOPOACOACPKAIIUX (PYHKIMOHAIBHBIX TPYIIIL.
MHOro4nCIIEHHBIMH HCCIIEIOBAHUSIMH YCTaHOBJIEHO, YTO MOAWGUKALMS T'yMH-
HOBBIX BEIIECTB CIIOCOOCTBYET MOIYUYEHHIO COPOCHTOB € 3aJaHHBIMU CBOWCTBaMHU
Y TIOBBIIIICHUIONX DKCIUTYaTallHOHHBIX XapaKTePUCTHUK [7-9].

Llenpto naHHOW pa0OTHI SABISETCS HUCCIENOBAHUE BIUSHUS Pa3IMYHbBIX
(akTOpOB Ha MPOLECCHl B3aUMOJACHCTBHS MOJU(PHUIMPOBAHHOTO T'yMaTa HOHAMHU
XpoMa M Maprasiia B BOIHBIX PacTBOpax.

MartepuaJ 1 MeTOAbI MccjieA0BaHus. B KadecTBe NCXOIHOIO KOMIIOHEHTA
HCTIONB30BAIM MOAWGUIMPOBAHHBI T'yMaT HaTpUsl ¢ coiepikaHueM B Mmac.%:
BBIXOJI CBOGOIHBIX ryMuHOBBIX Kot (HA™) — 41,02; somerocts (A®) — 21,40;
BiaxxHocts (W) — 12,97, a Taxxke xsopun xpoma (III) u aunerar mapranma (IT)
MapKH «X. 4.». Moaudukanuio rymara HaTpusl MPOBOAWIN C HCIOJIb30BaHHEM
STUJICHIWAaMHUHA B cooTHOIIeHNH 1:3, mpu temmneparype 30°C B reuenue 48 .

UK-cnextpel uccrnenyemsix o6pasnoB caumMann Ha HK-Dypse-criekTpo-
metrpe moaenu «ThermoElectron» (¢pupma Nicolet 5700, CIILIA) B TabmeTkax c
KBr B nnanasone BonHOBbIX uncen 4000-400 cm™'.OTHECEHHE MOJIOC TTOTTIONMIEHHS
B UK-cnekTpax mpoBOaMIM B COOTBETCTBUU C AaHHbMU [10, 11].

TepmorpaBuMeTpryeckre aHaIM3bl TPOBOAWIM Ha nepuBarorpade Q-1000/D
cucrembl F.Paulik, J.Paulik u L.Erdey ¢upmer «MOM» (Bynamemr). CbheMky
OCYIIECTBJISUIM B BO3AYLIHOM cpee B auanasoHe temnepatyp ot 20 mo 1000°C,
ATAIOHHOE BemlecTBO — npokaneHHbd Al,O;, HaBecka obpaszma — 300 mr. Uys-
CTBHTEJILHOCTh U3MEPUTEIIHLHBIX CUCTEM Mprbopa A Mpod yCTaHABIMBAIN OJU-
nakoBo: TG = 100 mr = 500 pV, ATA = 250 uV, ATG = 500 pV, T = 500 pV
[12].

MuxkpocTpykTypa o0Opa3oB HCCIeIOBallaCh Ha  AJIEKTPOHHO-30HIOBOM
Mukpoananmuzarope «JXA-8230» ¢upmbel JEOL (Smonust) mpu yckopsiomem
HanpspkeHud 25 kB u Toke snekTpoHHoro myuka 10 100 HA. [l BceX y4yacTKOB
00pa3roB, BBIOpaHHBIX i POM wuccregoBanus, TakKe MPHUMEHSIICS DPEXUM
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obpaTHO-paccesTHHBIX A1eKTPoHOB. [IpoBenen Toueunsit DJIC anamus, 2J1C-kap-
TUPOBAaHUE ydyacTKa mo syemMeHtam, DJ]C-MUKpoaHann3 BHIOPAHHOTO y4acTKa U
MIOJTyKOJIMYECTBEHHBI BOJIHO-AMCIIEPCUOHHBIN CIIEKTPOCKONUYECKUN aHaIN3bI.
Jns kaxzporo aHanusa Oblja MPOBEJCHA KOPPEKTUPOBKA 110 YIJIEPOLY, CUTHAI OT
KOTOPOTO PETUCTPUPOBAIICA H3-3a MPUMEHEHHOW JIBYCTOPOHHEW YTJIEpOJAHOU
AJIEKTPOTIPOBOISLICH JICHTHI, HA KOTOPOH MOHTHUPOBaIUCH P00k [13].

Brixon rymunoBbsix kucnot onpenensiiv no 'OCT 9517-94 [14], conepxa-
HUE KapOOKCHIBHBIX M (PEHONBHBIX THAPOKCHIIBHBIX TpymIl — 1mo meroanke [10].
ConepaHusi METAIOB OMpPENENSUIH ¢ HUCIOJIb30BaHUEM aTOMHO-a0copOLIMOH-
Horo crektpomerpa AA240 mpousBonctBa «VarianOpticalSpectroscopylnstru-
ments» (ABctpamus). pH wm3mepsmun ¢ nomompto pH-merpa «pH-150MU»
(«M3mepurenpHas TexHHKa», Poccus), KOTOPBIN OCHAIIEH YHUBEPCAJIbHBIM CTEK-
JISTHHBIM 3JIEKTPOAOM.

PE3VYJIbTATBI U UX OBCYXJIEHUNE

s uccnenoBanusi PU3NKO-XUMHYECKHX 3aKOHOMEPHOCTEH IPOLIECCOB KOM-
IeKco00pa3oBaHus MOIU(HUIIPOBAHHBIX TyMAaToOB ¢ HOHAMH XpOMa M MapraHia
MpoBeneHbl paboThl MO ONpPEeSICHHIO BIMSHUS KOHIIGHTPAIMii MOHOB XpoMa U
mapranna (0,005-0,5%), nHopmsl MmogudunupoanHoro rymata (0,1-1,0 ) u Bpe-
MeHu (15-120 muH) Ha TporecCchl B3aUMOJICHCTBHS B CIIOKHBIX T'€TEPOTCHHBIX
cucreMax«Moan(uIupoBaHHBId  Tymar Hatpus—xjopua xpoma (III)» wu
«MOIMHUIMPOBaHHEIN TyMaT HaTpus —aneraT Mapranna (11)».

OKCIIepUMEHTAJIBHBIE aHHbBIE [TOKAa3aJd OAMHAKOBYIO 3aBUCHMOCTh BBIXOJA
TYMHHOBBIX BEIIECTB M MAacCOBBIX JIOJIEH XpoMa M MapraHija OT KOHIIEHTPaluu
HWOHOB XpOMa M Maprania (pucyHok 1), oT HOpMBI MOJTU(PHUIMPOBAHHOTO TyMaTta
(pucyHOK 2) 1 OT BpeMeHH (PUCYHOK 3). YMEHbILICHHE MAacCOBBIX J10JIe HOHOB
XpoMa ¥ Mapratiia ¢ yBeJIM4eHneM HOPMbI MoauduIrpoBanaoro rymara ot 0,70
1o 1,0 r u Bpemenu ot 60-90 u 1o 120 MHH CBSI3aHO C MpoleccaMu AecopOIHid
HMOHOB XpOMa M Maprasua.

a
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Pucynok 1 — 3aBuCHMOCTb BBIXOIa TYMHHOBBIX KUCTIOT (a) 1
MacCCOBBIX J0yeii XxpoMa 1 Maprania (0) OT KOHIEHTPAUHHOHOB METAJLIIOB
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Pucynok 2 — BiusiHue HOpMbI r'yMaTta HaTpHsl Ha BBIXO/] TYMHHOBBIX KHCJIOT (2)
¥ MacCOBBIE JIOJTH XpoMa 1 MapraHia (0)
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Pucynok 3 — 3aBHCHMOCTB BBIXOJ]a TyMUHOBBIX KHCIIOT (a)
M MacCOBBIX J0JIed XpoMa U MapraHuna (6) oT BpeMeHH

W3 ananm3a mONMy4YeHHBIX NAHHBIX CIIEAYyET, YTO C YBEIHMYEHHEM HOPMBI
MOIU(UIMPOBAHHOTO TyMmara HaOjromaercs moseimieHue pH ot 4,51 no 7,44 B
cucteme ¢ xjopuaom xpoma u cHmwxkenue pH ot 8,40 no 8,28 B cucreme c arera-
TOM Mapraiia. ITO CBUIETEIbCTBYET, YTO B PEAKIUIX B3aHMMOJCUCTBUS C HOHA-
MH XpOMa B OCHOBHOM y4YacCTBYIOT KapOOKCHIIbHBIC TPYIIIBI T'YMIUHOBEIX BEIIIECTB,
a C MOHaMM MapraHija — Kak KapOOKCHJIbHBIC, TaK M (DEHOJIbHBIC THAPOKCHIIBI, YTO
MOJITBEPKAAETCS JAaHHBIMH (DYHKITMOHATHHOTO aHaN3a (Ta0IunIa).

IIpu cpaBHEHHM pe3yiabTaTOB (DYHKIMOHATHHOTO aHAJM3a BBISIBICH pa3-
JUYHBIA XapaKTep 3aBUCHMOCTH COJCPKAHHUS CBS3aHHBIX C MOHAMH METaJIJIOB
KHUCJIBIX TPYII OT MPUPOIBI METAIUI-MOHA ¥ HOPMBI MOJIU(UITUPOBAHHOTO I'yMaTa
(Tabmuma 1). YcTaHOBIEHO, YTO MPU HU3KUX 3HAYECHUAX MOIU(PHUIMPOBAHHOTO
rymMaTa B pEakIUsix MPUHUMACT Y4YacTHs CIaOOKHCIOTHBIC KapOOKCHUIIBHBIC
rpynnsl anudarndeckod U aMUHOKUCIOTHON TPUPObI, @ MPH BBICOKUX B peak-
IIUI0 BCTYMAIOT CHIIBHOKUCIIOTHBIE KapOoKkcuibHbIe rpynmsbl [11]. CnexyeT oTMe-
THTh, 9TO B YCJOBHSX TPOBEICHHBIX HCCIIEMIOBAHWIN KaK KapOOKCHIILHBIC, TaK U
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Brmstare HOpMEI MOAMUITIPOBAHHOTO TyMaTa
Ha coziepkaHue (yHKIHMOHAIBHBIX TPYIII B TOJYYEHHBIX 00pa3nax

m(T'ymNa), ConepxaHne KUCIIBIX TPYIII, MI-9KB/T
T COOH OHQ)eH,
Xnopun xpoma
0,10 0,38 1,50
0,25 0,39 1,52
0,50 0,43 1,55
0,70 0,46 1,59
1,00 0,47 1,60
AueraT Maprania
0,10 0,18 1,83
0,25 0,17 1,84
0,50 0,17 1,85
0,70 0,16 1,85
1,00 0,11 1,89

(eHONBHBIE TPYNIBI YaCTUYHO B3aWMOJEHCTBYIOT C HOHAMH XpOMa M Maprasia.
BeposiTHO, B peaknusx y4acTBYIOT ApPYyrue (PyHKIHMOHAJIbHBIE TPYIILI TYMHUHO-
BBIX COETUHCHH.

Ha ocHoBanuu mpoBeAEHHBIX UCCIIEIOBAaHUN YCTaHOBJIEHBI 3aKOHOMEPHOCTH
u ocobeHHOCTH B3ammMoeiicTBus xiopuaa xpoma (III) u anerara mapranna (1) ¢
MoauuimpoBaHHBIM TymMatoM. COCTaB W CBOWCTBA IIOJYYEHHBIX O0pasioB
M3YYEHBI ¢ MPUMEHEHHEM KaK XWMHYECKHX, Tak U Qusuko-xummdeckux (MKC,
ATA, POM) MeTo10B Hiccie10BaHMS.

Ha ocroBanuu MK-criekTpocKonmnyecKnx JaHHBIX (PUCYHOK 4) YCTaHOBJICHO
o0pa3oBaHre KOMIUIEKCHBIX COEIMHEHHH XpoMa W MapraHiia ¢ TYMHHOBBIMH
COCJIMHCHHUSAMHU  XapaKTepHBIMH TOJOCAMH  TIOTJIOHICHUS  KapOOKCHIIBHBIX,
(beHONBHBIX M XMHOWAHBIX Tpynm B obmactu 970-950, 840-800, 780-770, 620-
610, 545-540, 480-470 u 425-420 em’! [10, 11]. B UK-cnekTpax KOMIUIEKCOB
Takke HaOJI0AaI0TCA HE pacilelUIeHHbIe U HE U3MEHEHHBIE 110 UHTEHCHBHOCTH H,
COOTBETCTBEHHO HE KOOPIMHHMPOBAHHBIE IOJIOCHI BAIEHTHOTO W AedOopMaluoH-
HOTO KOJIeOaHWsI MOJIEKYIJIBI BOJBI, TAK KaK OHHM CBS3aHBI MEXMOJIEKYIISIPHBIMU
BOZOPOIHBIMHU CBSA3SIMH, KOTOPBIE OTIIEIUIAIOTCS TPW OoJjiee HU3KHUX TeMIlepa-
Typax, Ha 4TO yKa3bIBatoT pe3ynbTaTsl JTA.

TepMmuueckuii aHamM3 MOJYYEHHBIX OOpa3LOB MOKa3al (PHCYHOK 5), 4TO
BBEJIEHHE XpOMa U MapraHIla B CTPYKTYPY T'YMHUHOBBIX COSIMHEHUI B BUJE CBS3U
Cr-O u Mn-O croco0CTBYET YCKOPEHHIO MPOLIECCOB OKUCIICHUS OPraHU4eCKOMH
yactu [15]. Jlns Bcex COEOUMHEHHMH TEPMHMUECKOE pa3jIoKEHHE OpPraHWYecKon
9acTH MOJIEKYJIBl HAUMHAETCs B MHTepBase Temieparyp ot 300 °C u 3akaH4u-
Baercs B npezenax 660-680°C. Ha kpusbix JITA 3TOT mporecc OTMEYeH psAaoM
9HI0- U 3K303((eKTOB, 0O0YCIOBICHHBIX Pa3phlBOM W 0Opa30oBaHHEM XUMHYEC-
KHX CBsI3€il. YCTaHOBIIEHO, YTO OCHOBHBIE CTPYKTYpPHBIE U3MEHEHHS TTPOUCKOMIAT
B obmactu Temmepatyp 300-490°C u CBsi3aHBI C yJQICHHEM YIJIEBOJOPOIHBIX
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Pucynok 4 — UK-criekTps! ncciemyemMsIx 00pasios

(CH,, CH3;) u xucnopoaconepxamux (COOH, OHge, ) rpymnm, a Takxke paspyuie-
HHEM apoMarnueckux Mosiekyi. Ilpu Temmeparype Boime 660°C HaGiromaroTCs
MIPOIIECCH BTOPHUYHOTO Pa3oKeHHs, CBA3aHHBIE C JIETHJIPUPOBAHMEM apoMaTH-
Y4ECKHMX CTPYKTYp, a npH Temieparype Boiie 800°C—pa3pylieHne MUHEPATLHOM
4acTd I'yMaToOB U 0Opa30BaHUE OKCHJIOB METAJIOB. Y CTAHOBJIEHO, YTO TEPMOJIU3
KOMIUIEKCHBIX COEJMHEHUN T'yMaToB C XpOMOM M MapraHIeM HJIET MO CTYyMeH-
YaTOMy MEXaHHM3My, OTpaxkas CTPYKTYPHYIO NEpECTPOHKY, MPOUCXOAIIYI0 B
Ipolecce HarpeBaHusl.
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[IponyxThl, OTy4YEHHbIE IPU pa3HOI KOHLIEHTPALlMU HOHOB XpoMa 1 Maprasia, %:
a—0,005;6-0,1

Pucynok 5 — TepMorpaMmel ncciieayeMbIx 00pasoB

DeKTPOHHO-MUKPOCKONNYECKHE CHUMKH HCCIEAYEMBIX 00pa3loB (pucy-
HOK 0) MMOKa3bIBAIOT BIMSHUE KOHLIEHTPAIIMM HOHOB XpOMa M MapraHia Ha cOCTaB
MOy YCHHBIX COCIMHEHHH.

Hanuuve B CTpyKType TYMHHOBBIX COEIWHEHHH 3JIEKTPOHO-TIOHOPHBIX
¢yskunonaneHbIx rpymm: -C=0, -COOH, -C-OH, Ar-OH, =N-H, =N u ap. B pas-
JUYHBIX COYETAHUSX B COCTaBE apOMATHUYECKMX M anu(aTHYECKUX CTPYKTYp U
cBOOOIHBIX opOuTaneil d-3JeMeHTOB, B 9aCTHOCTH XpoMa W MapraHIa JOJDKHBI
Croco0CTBOBaTh 00PAa30BaHUI0 KOMIUIEKCHBIX coenuHenuit [16, 17]. Onnako, u3-
3a CJI0KHOTO XMMHYECKOTO COCTaBa M Pa3sHO00pasusi (yHKUMOHAIBHBIX TPYIII
TYMHWHOBBIX BE€IIECTB ONHCATH BepOfITHBIﬁ XUMU3M IIpo1ecca 06p2130BaHI/Iﬂ KOM-
TINIEKCHBIX COCILI/IHCHI/Iﬁ C MOHaMHM XpoOMa M MapraHna HpeacTaBJIACTCsA BECbMa
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XJIOpHUJL XpoMa

areTaT Mapratua

[IpoxyxTbl, NOTy4YEHHbIE IPU pa3HOI KOHLIEHTPALlMU HOHOB XpOoMa U Maprasia, %o:
a—0,005;6-0,1

Pucynok 6 — DneKTpOHHO-MUKPOCKOITMYECKI CHIMOK HCCIIETyEeMBIX 00pa31ioB

3aTPYAHUTCIIbHBIM. Ha ocHoBannu PE3YIbTATOB XMMHUYCCKUX U (1)I/ISI/IKO-XI/IMI/I-
YECKUX WCCIICIOBAHUN MOXKHO IPEIIOJIOKUTh, YTO MPH B3aUMOJICHCTBUH MOJIH-
¢unmpoBanHoro rymara ¢ xmopuaoMm xpoma (III) m amerarom mapranma (II)
MIPOUCXOOUT CBA3BIBAHUC Kap6OKCI/IJII>HI)IX u (I)eHOJ'II:HI)IX Tpyni ¢ “”OHaMU XpoMa
u Mapranna. [Ipu 3ToM ¢ HOHaMK XpoMa U MapraHiia MOTYT 00pa30BBIBATH KOOP-
JUHAIMOHHYIO CBSI3b JIMTAHJHBIC I'PYMIbl TYMHUHOBBIX COCITUHEHUH, MpUHAJIIC-
Kalye K 0JIHOW MaKpOMOJIEKYJIe MU K pa3IHYHBIM MakpoMoJieKysaM. Peakmuio
BSaHMOHeﬁCTBHH MO)II/I(l)I/IHI/IPOBaHHOI'O rymatra ¢ MOHaMMU XpoOMa U MapraHia

MOJKHO OIUCaTh CICAYIOUINMMHA YPAaBHEHUAMU:
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rne R — opranmueckuil paaumkan mnepudepuilHOW YacTH TYMHHOBBIX KHCIIOT;
R’ — opraamdeckuii pagukail «IIepHON» 9acTH TYMHHOBBIX KHCIIOT.

0
/
C ) COO
R-8{ OH +mM” —= |rR-r/ “me (3)
-mH NS
OH O
n n

BoiBoabl. Ha ocHOBaHMM TIPOBEINEHHBIX HCCIEIOBAHUI YCTaHOBJICHBI
3aKOHOMEPHOCTH BIIMSIHUS Pa3IU4YHBIX (DAKTOPOB Ha MPOLECCHl B3aMMOJAEHCTBUS
MoauduImpoBanHoro rymara ¢ xjopugom xpoma (II1) u aneratom mapranna (I1),
OTIpE/IETIEHbl COCTaB M CBONCTBA MOJYYEHHBIX NMPOAYKTOB. KoMIiekcoM XuMHM-
yeckux W ¢usnko-xumudeckux uccnenoBanuii (MKC, ITA, POM) ycranoBneHo
00pa3oBaHNe KOMIUIEKCHBIX COEIMHEHNH MOAN(UIIMPOBAHHOTO TyMaTa ¢ HIOHAMHU
XpoMa M MapraHia. BbIsBiIeHO, 4TO B peakIMsX KOMILIECOOOpa30BaHUS ydacT-
BYIOT KaK KapOOKCWJIbHBIE, TaK U (PEHOJIbHBIE TMAPOKCHIIBI, IPUHAIEKALINE K
OITHOW MaKpOMOJIEKYJIe MJIM K Pa3MIHBIM MaKpOMOJIeKyiaM. JlaHHBIE Tepmm-
YEeCcKOTO aHajM3a MOoKa3alld, YTO BBEJCHHE XpoMa M MapraHiia B CTPYKTYpy MO-
JUQUIUPOBAHHOTO T'yMaTa NPUBOIUT K 00pa30BaHUIO TEPMHUUYECKH Oosee yCTOoi-
YUBBIX MPOTYKTOB.
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Pe3iome

0. JK. XKycinbekos, I'. O. Hypeanuesa,
3. K. basxmemosa, A. K. laxuposa, J[. yiicenbaii

TYPJIEHAIPUIT'EH 'YMATTBIH
XPOM KOHE MAPTAHEL] MIOHJIAPBIMEH OPEKETTECYI

By sxxymeicTa TypieHnaipinreH rymaTThie xpoM xiopuai (I11) skone mapraner amera-
teiMeH (II) opekerTecy ypaiciHe XpoM MeH MapraHen MOHAAapBIHBIH KOHIICHTPAUsIaphI-
veIH (0,005-0,5%), Typnenaipinrer rymartsiH MemmiepiHig (0,1-1,0 T) jxoHE yaKBITTBIH
(15-120 mMuH) acep €Ty 3aHABUIBIKTApBI 3ePTTENl. XpOM MEH MapraHel] KOHIIEHTpalusiia-
poi 0,5%-ra neitin, rymarteig 1,0 T jkoHe yakbITThIH 60-90 MUH JieitiH KOFapbuIaTKaHaa
TYMUH/I 3aTTapAblH MIBIFBIMBI 36,49 xoHe 43,07%, XpoM MEH MapraHeuTiH MacCalbIK
yJteci coiikeciniie, 4,31 u 5,40%-ra neiiin eceTiHAIriH KopceTTi. KeleH i XUMUSITBIK K-
He pusuka-xumusutblk (MKC, ITT, POM) 3eprTeynepMeH anblHFaH OHIMHIH KYpaMbl MEH
KacHeTTepl aHBIKTAJIJIbl, TYPJACHIIPUITeH T'YMaTThIH XPOM JKoHE MapraHel] HOHIapbIMEH
KEUIEH/IIK KOCBUIBICTap TY3ETIHAIr aiKeiHnanapl. KemeHnTy3y peakuuscsiHa Oip Makpo-
MOJIEKyJIaFa HEMece opTYpPJi MaKpOMOJICKYJaFa >KaTaThlH KapOOKCHIII >KoHE (HEeHOIIBI
THAPOKCUIIAEP KAThICATHIHBIFE aHBIKTAIIBI. TEPMISIIBIK TAAay, TYPJICHIIPUITeH TyMaT-
TBHIH KYPBUIBIMBIHA XPOM MEH MapTaHeITi eHTi3y Ke3iH/Ae TePMUSUIBIK TYPaKThl OHIM Ty3i-
JETIHIITIH KOPCEeTTi.

Tyiiin ce3aep: nactaHy, ayblp MeTangap, TYPJICHIIPUIreH ryMar, XpoMma »*oHe Map-
raHell MOHAAPbI, KEIIEHTY3Y, KapOOKCHIIL KoHe (DEHOJIIBI THPOKCUIII TONTap.

Summary

U. Zh. Zhusipbekov, G. O. Nurgalieva,
Z. K. Bayakhmetova, A. K. Shakirova, D. Duisenbai

INTERACTIONS OF THE MODIFIED HUMATE
BY IONS OF CHROME AND MANGANESE

In this research was studied regularities of the influence of chromium and manga-
nese ions concentrations (0.005-0.5%), norms of modified humate (0.1-1.0 g) and time
(15-120 min) on the interaction of modified humate with chromium (III) chloride and
acetate manganese (II). It is shown that an increase in the concentrations of chromium and
manganese ions to 0.5%, the rate of humate to 1.0 g and time to 60-90 minutes contributes
to an increase in the yield of humic substances to 36.49 and 43.07%, the mass fraction of
chromium and manganese to 4.31 and 5.40% respectively. The complex of chemical and
physicochemical studies (IRS, DTA, REM) determined the composition and properties of
the obtained products and was established the formation of complex compounds of
modified humate with chromium and manganese ions. It was revealed that in complex
formation reactions are involved both carboxyl and phenolic hydroxyls groups, which
belong to the same macromolecule or to different macromolecules. Thermal analysis data
showed that the introduction of chromium and manganese in the structure of a modified
humate leads to the formation of thermally more stable products.

Key words: pollution, heavy metals, modified humate, chromium and manganese
ions, complexation, carboxyl and phenolic hydroxyl groups.
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AKTYAJIBHBIE ACIIEKTBI
IMPOU3BOACTBA NIIEHUYHOI'O KPAXMAJUIA

Annotanms. [TpuBenena o0mias XxapakTepucTHKa NIISHUIBI, CBEJCHUS O Kpaxmale,
MOJTy4YEHHOM U3 €€ 3epHa, U €ro XUMUYECKUH cocTaB. B akcriepuMeHTanbHON 9acTu mpu-
BEJICHBI PE3yJIbTAThl H3Y4EHHUS BBIX0JA KpaxMaia B 3aBHCHUMOCTH OT MPOJOJLKUTEIEHOCTH
HaOyXaHUs C pa3MTMYHON KOHIICHTpALKeH pacTBopa ruapokcuaa Hatpus. [lokasana mpuH-
LUIHUAIbHAA CXeMa Pa3JeNeHus KIEHKOBUHBI U Kpaxmaina. [TpuBoaAnuTCS pekuM TEXHOIO-
TMYECKOro Ipoliecca U yKa3blBaeTCs OCHOBHOE 00OpylOBaHKE, oOecreunBalolee napa-
JIEIBHOE IIOJIyUYEHUE CYXOH KIIEHKOBUHBI U Kpaxmaja.

KiroueBble ci10Ba: IIeHIa, Kpaxmail, BATAMUHBI, TEXHOJIOTHYECKUN TpoIiecc, OT-
MBbIBaHHE, HaOyxaHue, CyIIKa.

Beenenue. IlmeHnna oTHOCUTCS K pOAY TPaBSIHUCTBIX PACTEHUM ceMmeicTBa
3JIAKOBBIX U SIBIIICTCSA OJTHOM M3 CaMBIX MEPBBIX KYJIBTYP, OCBOCHHBIX YEJIOBEKOM.
[Mmennna emé B bubnnm ymomMuHanmach Kak BaXKHOE M TOJE3HEHIIee U3 BCEX
xeOHbIX pacTeHuit. A [penss [lanectuHa B BeTxoM 3aBeTe ymoMuHagach Kak
«3eMJIS TIIICHUIIBD). DTa 3epHOBas KyJIbTypa BCEr/Ia BHICOKO IIEHMWIACH B JIpeBHEH
I'peuuu u cnoptcmeHsl Bo Bpemsi OnUMIMA MUTAIUCH TOJBKO SYMEHHBIM U
MIIIEHNYHBIM XJIEOOM, Ha3BaHHBIM | 'oMepoM «xiieboM it My 4aue». s crnaBsH
3¢pHA ITHIX 37IaKOB BCETMA SBIISUIUCH CHMBOJIOM OorarcTBa W Omaromomyqus. U
9TO HecmpocTa. Benb B oTiM4ane 0TO PyKU U OBCA, MIEHUITY TPYIHO COXPAHUTH B
3acyXy ¥ MOpo3bl. J[OBOJNBCTBOBAIUCH XOPOIIMMH ypPOXKasMH HE KaxIbIid TOJ,
[MO3TOMY TIIEHWYHAs MyKa mpuoOpena OONBIIYI0 IIEHHOCTh W TOSBISUIACh Ha
CTOJIaX MPOCTHIX JIFOJICH TOJIBKO MO mMpa3aHukam [1].

[TimeHna COMEPIKUT PACTUTENBHBIC >KUPBI, MUHEpaibl (KaJdbIWid, KaJWH,
tdhocdop, marauit u ap.), BuramuHsl (Bg, By, B;, PP, C u E). iImenHO B MOMEHT
TIpOpacTaHusl 3EpPeH IIIECHUIBI KOHIIEHTPAINS aHTHOHOTHKOB W CTUMYJISTOPOB
pocTa BO3pacTaeT B HECKOJIBKO pa3: HalpuUMep, B MOMEHT IPOpacTaHHs 3epeH
cojepxanue BuTamuHa B, yBenuuuaercs B 10 pas. Takoe ynMBUTEILHOE CBOM-
CTBO TIPOPOIIEHHBIX 3€PEeH OOBIACHIET IeIeOHbIe CBOMCTBA ATUX 3EPEH Ha Opra-
HH3M YeJIOBEKa.

VYyeHsle Bcerga HHTEPECOBAIUCH XHMHUYECKUM COCTAaBOM BaXKHEHIIETOo
xJIe0HOTO 371aka. B pe3ynpTaTe MHOTOUHCIICHHBIX UCCIICIOBAHUN 3EPEH MITECHUTTBI
CTaJI0 U3BECTHO, YTO B €r0 cocTaBe HaxoauTcs okoso 50-70 % xpaxmana u apy-
TUX YIJIEBOAOB B 3aBUCUMOCTH OT copTta [2].

Kpaxman (C¢H;oOs), — monmcaxapuapl aMHiIO3bl U aMHJIONIEKTHHA, MOHO-
MEpPOM KOTOPBIX SIBIISIETCS O-TIOKO3a. Kpaxman, cHHTEe3upyeMblil pa3HBIMH pac-
TEHUSIMH B XJIOPOIUIACTAX, MOJ JCHCTBUEM CBETa MpH (POTOCHHTE3E, HECKOJIBKO
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pasnugaeTcs Mo CTPYKType 3EpEeH, CTENEHHU MOTMMEPU3AIIH MOJIEKYJI, CTPOCHUIO
MOJIMMEPHBIX Ieneld u (U3UKO-XUMHUYEeCKHM cBoiicTBaM. [Ipencramisier coOoi
0e3BKYCHBIH aMOP(HBIN MOPOIIOK OENOTO IBeTa, HEPACTBOPUMBIA B XOJIOTHOM
Boje. [log MUKPOCKOTIOM BHIHO, YTO 3TO 3€PHUCTBIA TTOPOIIOK, TIPH CXKATHH I10-
pOIIIKa KpaxMalia u3JlaeT XapaKTePHBIN CKPUII, BHI3BAHHBIA TPEHUEM YaCTHII.

Kpaxman — npoaykr aBosikuil. C OJHOM CTOPOHBI €ro COCTaB — KIalAe3b
sHepruu. MimeHHo Omaromaps oOMIIMIO KpaxMmayia B 3epHaX M Kpymax XiieO, BbI-
MeYKa U pa3IudHbIC Kalllh CTOJIh MUTATeNbHBL. KpoMe Toro, Kpaxmal, coaepika-
M TOBBIIIEHHOE KOJMYECTBO aMHJIO3bl, UTPAET POJb CBOCOOpPA3HOrO Macca-
*képa s kummednrnka. OH pacHieIuisieTcsl XyXKe, 9eM KpaxMail ¢ OOJIBITNM Coep-
JKQaHUEM aMUJIONIEKTUHA, W TMOTOMY, 00pa3ys KOMOK B KUIICYHHKE, 00Jiajaet
CBOMCTBAMU CTUMYJISIIMH €T0 pa0OThI, YIIyUIICHHS THIECBAPCHUS U YMCHBILICHUS
BCaChIBaHHS XOJIECTEPHHA.

B cTpykType 3epHOBOTO CHIphA, IIepepadaThIBAEMOr0 Ha KpaxMall B pa3iind-
HBIX CTpaHaX, BTOPOE MO 3HAYMMOCTH MECTO MOCHE KYKypy3bl 3aHUMAET IIIIe-
Huna. Hapsay ¢ kpaxmanom U3 MIIEHUIIH TOTYYal0T KICHKOBHUHY, BKIFOYAIOIIYIO
TIOTECHUH U TJIMAUH.

TexHomornyeckue CXeMbl TMPOW3BOACTBA NIICHWYHOTO Kpaxmaia OYeHb
Pa3HOOOpa3HbI, HO BCE OHHM BKJIFOYAIOT CICAYIONINE CTAINH: CMCIIUBAHIE MYKH C
BOJIOH C TIOCTIEAYIONIMM pa3JelIeHueM KpaxMmana W KICHKOBUHBI, OUYHUCTKA Kpax-
Majia OT MIPUMECEei; 0CBOOOXKICHUE KIICUKOBUHBI OT KpaxmaJa.

OKCITEPUMEHTAIJIBHAA YACTb

B 3aBUCHMOCTH OT KCIIOJIB3yEMON TEXHOJIOTUU MIPUTOTOBIISIEMAst CMECh MYKH
C BOJIOM MOXET OBITh Pa3sTUIHON KOHCHUCTEHITMH — OT KPYTOTO TECTa JO JIETKO
TEKy4Eel CyCIIEH3UH.

Kpaxman u3 3makoB, B TOM 4ucClie NMUIIEHUYHBIA KpaxMmall, UMEET MEHBIIYIO
BJIATOEMKOCTh, YeM Kpaxmall W3 KopHeW wim KiayOHei. [lormomenne Biarm
MIIEHUYHBIM KpaxMaiioM Kosiebsiercst B mpeaenax ot 9,3 % (mpu oTHOCUTETbHOU
BIIQYKHOCTH, paBHO# 18,3 %) 10 21,2 % (ipu 77 % OTHOCUTEIHHON BIaKHOCTH).

ITyrem skctpanonsuuu k 100 %-HOW OTHOCHTENBHOH BIA)XKHOCTH YCTa-
HOBJICHO, YTO BJIaroeMKOCTh paBHA MpUMEpHO 27 %. ITO TOBOJBHO XOPOIIO CO-
rmacyercs ¢ BenuunHon 30 %, HaiinenHoi HetoTronoMm 1 KykoM Juist MieHuIHOTO
KpaxMania, CyCHeHIUPOBAaHHOTO B XoJoaHOM Boze. [lpu norijomeHuu Biaru
CYXHM KpaxMmaJIoM KpaxMaJbHble 3epHa Ha0yXaroT B HEOONBIIONW CTETEHH, U 3TO
HaOyxaHue 00paTHMO MPH BHICYIIMBAHUM. TIHIaTeNbHBIE H3MEPEHUS MIOKA3bIBAIOT,
YTO KpaxMaJibHbIe 3epHa 371aKoB pa3dyxaioT B quameTpe Ha 10 %, a B 00beMe Ha
33 %.

HccnenoBanbl Takke M3MEHEHHUS, MPOUCXOMAIINE B MPOIECCE HarpeBaHUs
KpaxmanpHOW cycnensun. llocne Temmeparypsl HarpeBanum 50 °C KpymHBIE
KpaxMmallbHble 3epHa cjerka HaOyXaloT M TEpsIOT CIIOCOOHOCTh K ABOHHOMY
JaydernpenomiieHuo. [To Mepe MoBBIIEHHs TEMIIEPaTyphl 3TH U3MEHEHHS HaOIIIo-
JIaJIICh Uy 3€pEH MEHBUIETO pa3Mmepa.
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B 5 %-Hoit cycneH3un NBOWHOE JTydYENPEIOMIICHHE TOJHOCTHIO HCUE3alIo
npu 60 °C y KpaxMaJIbHBIX 3€peH U3 TBEPIOi MineHnisl 1 npu 65 °C y Kkpaxmanb-
HBIX 3epeH M3 Msrkod. Kak okazamoce, mpepensl TemmepaTyp, NMpH KOTOPBIX
MPOUCXOIAT 3TH HM3MEHEHHMS, 3aBHCAT OT KOHLEHTpauuu kpaxmana. C yBemnu-
YeHWEeM KOHIEHTPAIMH 3T WU3MEHEHHs MPOUCXOIAT MpH Oojiee BBHICOKOW TeM-
neparype. Tak, npu koHueHTpanuu 50% aBoiiHOE JIyuenpesloMIeHUe Yy Kpaxmaia
13 TBEpAOH meHunns! ueuesano npu 75 °C, a u3 markoi - npu 85 °C. B 50%-10M
KJeicrepe, HarpeToM 10 95 °C, 3epHa Kpaxmaia pa3Oyxajil MOYTH 0 Pa3MEpOB
KpaxMalbHBIX 3epeH B 5%-HOM KkieWcrepe, Harperom no 65-70 °C. Cnenyer
OTMETHUTbH, 9TO KpaxMas M3 MIISHUIBI JyPyM B U3 03WMBIX IIICHHI] IMEET OoJiee
TYCTYI0 KOHCUCTEHIIMIO, YeM KpaxMall U3 SIPOBBIX IMIUEHMIl, X YTO 3Ta KOHCHC-
TEHLHUS CBSI3aHA C KIMMATHYECKUMHU yCIIOBUSIMH IIPOM3PACTAHUS MIICHULIBI.

Breixox kpaxmama w3 ApoOJIEHHOTO 3epHa MIIEHHWIBI C JT00aBIEHHEM pac-
TBOPOB THIPOOKCHIA HATPUs IPUBEIEH B Tabmuie 1.

Tabmuma 1 — Beixon kpaxMaia u3 3epHa MIISHUIBI ¢ J0OaBIEHHEM PACTBOPOB I'HAPOOKCHIA HATPHUS

IIponoImKUTEIBHOCTD HAOYXaHHS,
Ne O06pa3ibt
6 12 18 24 48

1 C Bojoit 21,4 24,6 26,2 25,1 22,7
2 0,1 % NaOH 22,3 26,4 28,1 26,9 24,5
3 0,2 % NaOH 22,4 27,0 30,8 27,2 253
4 0,3 % NaOH 23,1 28,8 35,9 31,3 26,2
5 0,5 % NaOH 20,2 242 23,6 228 22,1

OuncTKka BBICOKOCOPTHOTO Kpaxmayia 3alep KHBACTCS W3-32 IPHUCYTCTBHS
a7IcCOpOUPOBAHHBIX TICHTO3aHOB, KOTOPBIC, MO-BUIUMOMY, HAXOJSATCS B CBS3aH-
HOM COCTOSIHUM C (ppakiiueil MEJIKO3epHUCTOTO KpaxMaia WM C MOBEPXHOCTHIO
KpaxMaJbHBIX 3€peH. SIBICHUS «TIa3ypoBaHU» Kpaxmalla MeHTO3aHAMU MOXKET
00BSCHUTH HEKOTOPHIC U3 €T0 CBOWCTB, B TOM YHCJIE OTHOIICHHE K (hepmerTam. C
OMOIIIbI0  (hapuHOrpada YCTAHOBJICHO OIPEICICHHOE COOTHOIICHUE MEXKIY
HEPAaCTBOPUMBIMH TIEHTO3aHAMH M PEOJIOTUYECKHMMH CBOHCTBaMH Tecta. Komm-
YECTBO HEPACTBOPUMOTO IEHTO3aHa, TI0-BHINMOMY, HAXOIUTCS B 0OpaTHOM CBSI3H
C KauecTBOM TMIICHUIIBL. UeM HIDKE TOBAPHOE KA4YE€CTBO, TEM BEIIIE COMEPIKAHUE
MeHTO3aHOB. TakuM 00pa3oM, MOXKHO MPEIOaraTh, YTO HEI03PEIOCTh 3epHa U
TTOBPEXKICHUE €r0 MOPO30M IPHUBOIAT K TIOBBIIIICHUIO COACPKAHUS B DHIOCTICPME
HEPaCTBOPUMOTO MTEHTO3aHa.

Pazpenenue kpaxmana ¥ KJIEHKOBUHBI OCYILIECTBIISETCS WM BBIMBIBAHHEM
Kpaxmaja U3 TecTa, WK pa3fieliecHHeM CYCIIeH3HH CIT0cO0aMU, OCHOBAaHHBIMH Ha
pasHocTH mioTHocTeil kpaxmana (1,470-1,495 r/em’) u xieiikoBumsr (1,329-
1,341 r/cwm’). TIpy 5TOM rpaBUTAIMOHHBIC METOIBI PA3ICICHHS MOTYT COYETAThCS
¢ Quoranueii.
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[Ipu BBIMBIBaHMM Kpaxmaja M3 TecTa pacxojyercs O0oJbInoil o0beM Bo-
Ibl, TIO3TOMY OoJiee pallMOHAIBHO pa3feiieHne Kpaxmaja U KICHKOBHHBI IPOU3-
BOJUTH C MPEABAPUTEIBHBIM IPUTOTOBICHUEM BOJHO-MYYHOW CYCIICH3HH

(pucyHOK).

Myka nieHnyHas
CMemmBaHue PactBO
Bona > ) < p
MOJITOTOBKA CYCICH3HH THIPOOKCHIA
i HATpH
OTtcranBaHue
OTMBIBaHHE
Hentpudyrupopanue
Brigencuue P i
[ )l
KICHKOBHHDI O0€e3BOKMBaHHUE
l Kpaxmaa
O0e3BOKMBaHUE Y
KJICHKOBUHBI Cymka
¢ Kpaxmaina
Cymka i
MKOBHHBI
KJICHKO HsmenpueHue
¢ KpaxMmaja
Hsmenbuenue ¢
KIIEHKOBHHE! Hsmenpuenue
¢ Kpaxmaina
3menpuenue
KJICHKOBUHBI

TexHonoruueckas cxema TMOJIYUCHHUA KpaxMaJia U3 3€pHa NIICHUIIBI
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PE3VJIbTATBI U UX OBCYXJIEHUNE

[IpuroroBnennas cmemenneM Myku U Boasl npu 30-40 °C B romoreHusa-
TOpax CyCIEH3UsI MOJBEPraeTCs Pa3AesiCHHIO B LEHTPUPYTax WA TUAPOIUKIOH-
HBIX YCT@HOBKAX Ha CTYHIEHHBIE KPaXMAIUCTYIO H OCIIKOBYIO (DpaKkiiH, a TaKxkKe
XKHUAKYI0 (ha3y CyCreH3UH.

HeoOxomumolt craaueil mponecca siBIsieTcs OTAeNICHHE OT Kpaxmala IpH-
Mecel — Oenka, ME3TM U PacTBOPUMBIX BELIECTB, — KOTOPOE OCYILECTBISIETCS C
WCIONIb30BaHMEM CHTOBBIX aIlllapaToB, IEHTPOOEKHBIX CEIapaTopoB, (GUIBTPO-
BaHU#, oTcTanBaHus. [locie neHTpudyrupoBanus crymeéHHas KpaxMaiabHas Cyc-
MEH3MsI BBICYLIMBAETCS C MMOJlydeHHEeM Kpaxmana. M3 sxuakoit ¢a3el, Mogy4eHHON
roclie OTAeNIeHUs] KpaxMalla U KJIEHKOBHHBI, C UCMOJIB30BAHUEM IEHTPH(YTHPO-
BaHHUS BBIAEISETCS IOMOJHUTENHFHO YacTh Kpaxmaja, a pacTBOp IOABEpPraercs
KOHIIEHTPUPOBAHHIO C MOJIyYEHUEM KUAKOTO Kopma [3].

TecToBbIit crt0ocOO MPOU3BOACTBA TO3BOJISIET BBLACIATH KICHKOBUHY C COACP-
kauaueM 15-17% xpaxmana, TaqbHEHIIEe OTIEICHIE KOTOPOTO HETleliecoo0pa3Ho.
[Ipu mcnonbp30BaHWM CYCHEH3MOHHOTO METOZa B BBIAEIsEMOM OEIKOBOM KOH-
neHTpate copepxkurcs 60-65 % kpaxmana OT Macchl cyXxoro BerecTBa. OOBIYHO
OENKOBBIN KOHIICHTPAT BBIXOAWT W3 Pa3ACIUTEIbHBIX armapatoB (IeHTpUQyT,
THUAPOITMKIIOHOB) B cMecH C Xuakou (azoif. Ilocnme BwImeneHms KICHKOBHHA
BhIIEpKUBaeTca 25-40 MUH Ui 1O3peBaHus, W jganee oOpa3oBaBIIasicsl macca
pa3zbuBaeTca Ha m3MeNnpUHTENMX. JluceprupoBanHas KISHKOBHHA 3aT€M IMPOITyC-
KaeTcsl 4epe3 CHTa C OJHOBPEMEHHBIM NMpoMbIBaHHEM. OTIEeNeHHYI0 CYCIEH3UIO
Kpaxmaja HCIONb3YIOT JUISl TIONYYeHHsS OCTaTOYHOTO Kpaxmalna, a ChIpyIo Kie-
KOBHUHY JIM0OO HaNpaBJIAIOT MOTpeOUTENsIM, 00 BhIcymmBaioT. CoctaB moTpedu-
TEJNBCKOTO TIPOAYKTa KpaxMalia IpruBeEH B Ta0IuIE 2.

Tabnuma 2 — CoctaB kpaxmana

Ne KomnonenTs Ha 100 r kpaxmana
1 benxn 0,2

2 YrneBoast 78,6

3 Bona 16

4 [IumieBbie BOJIOKHA 1,8

5 MoHo- 1 aucaxapuabl 2,8

6 3ona 0,6

VY CTaHOBIIEHO, YTO MIIEHUYHBIA KpaxMmall, XpaHUBLUUKCS B TEYEHHUE S JIET,
TIpeTepIIeBacT Bce OOJiee BO3PACTAIONICE YMEHBINICHHUE BSI3KOCTH TIPH €ro KIIeH-
CTepu3alliy C €KUM HAaTpOM IpU KOMHATHOM Temmeparype. pyrue uccieno-
BaTeM TOKa3aJId TOJO0HOE YMEHBIICHHUE BS3KOCTH JUIS KPaXMajbHOTO KIIEH-
crepa. Ecnu nmenuny xpanuiu ot 3 10 15 5eT B X0JIOAHOM CYyXOM, XOpPOIIO BEH-
THJIUPYEMOM TIOMEIICHUH, CBEKEBBIJICIICHHBIN M3 HEe KpaxMall He 0OHapy KUBaT
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HUKaKUX U3MEHEHUH (U3NUecKuX cBoWcTB. CBOWCTBA K€ aHAJOTUYHBIM 00pa3oM
BBIJICJICHHOTO KpaxMana M3 o0pa3loB MOBPEKACHHOW NIICHUIBI 3HAYUTEIHHO
HU3MEHAIIUCH.

Panee mpoBeneHHBIE HCCIEAOBAaHUS TOKA3alM, YTO 3€pHO B TeUEHUE 3HAYH-
TENILHOTO BpeMeHH Xxpanusiieecs rnpu 40 °C, naét kpaxman yxyAmaonui xae0o-
NeKapHbIe KauecTBa MyKH. IIpuunHa 3TOrO0 SIBIEHUS 00BSICHAETCS HE M3MEHEHHEM
caMoro Kpaxmaja, a MOSIBJIEGHHEM Ha €r0 MOBEPXHOCTH aJCOPOMPOBAHHOTO CIIOS
KUPHBIX KUCIIOT.

3akmouenne. Kpaxman sBiseTcss JOCTaTOYHO KaJOPUHHBIM IOJNHMCaxapH-
JIOM: B CTa TpaMMax MpoaykTa comepkurcs okono 300 Kkair. [Toatomy ciemyer
YUUTBIBaTh, YTO KpaxMasl OyZeT OYeHb MOJE3HBIM TOJIBKO TEM JIIOASM, KOTOpHIC
BEAYT aKTHBHBIA 00pa3 HU3HU U HYXKIAIOTCA B MOCTOSHHOM IOMOJIHEHUH Opra-
HU3Ma KaJOPHSIMH.

JlonoaHUTENBHOE TOJE3HOE CBOMCTBO KpaxMmala — B IUIIEBAPUTEIBLHOM
TpakTe€ OH CHOCOOCTBYET BOCCTAHOBJICHHIO OpTaHM3Ma I0Cle CKauyka YpPOBHS
caxapa B KpoBH y crpajatomux nuaderom. C Apyroil CTOpOHBI, Bpel Kpaxmaia
M3BECTEH BCEM CIIISIIMM 3a CcBOel ¢urypoi. Bo MHOTHX cily4asx WMEHHO OH
SIBIISIETCS. IPUYMHON Habopa Beca, MOCTaBIsisl OPraHU3MYy H30BITOYHOE KOJHYe-
cTBO Kajopuil. [loaTomy, Kak 1 OOJBIIMHCTBO KAJIOPUMHBIX MPOLYKTOB, Kpaxmai
LEHEH 11 KPEeNKOro M MOABHKHOTO OPraHM3Ma, TPaTSIIEro OOibLIoe KOoIHude-
CTBO KaJIOPHH M HYXKJAIOMIEroCsl B CTA0MIHLHOM MOJTYYECHUH YHEPTUH U XOPOIIeH
paboTe MHUIIEeBAPUTENEHONW CHCTEMBI.
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Pe3zrome
0. C. Bewumos, B. D. Paoacabosa, B. H. Axmeoos
BI/I)lAfl KPAXMAJIBI ©HJIIPICIHIH, ©3EKTI MOCEJIEJIEPI

Bupaii nonnepiHeH anbIHFAH KpaxMajlJIblH S>Kallbl CHIATTaMachl MEH XUMUSUIBIK
Kypambl kenrtipinred. ToxipuOe OGexiMinae HATpWil TMAPOOKCHII €pITIHAICIHIH opTYpdi
KOHIICHTPALMACHIHAA OMIail JoHICpi iCIHYiHIH Kpaxmall IIBIFEIMBIHA OaiJIaHBICHI Kapac-
THIpBUTFaH. Kpaxmain oHe KICHKOBUHAHBI OOIyIiHKemici KepceTireH. TeXHOIOTHSIIBIK
YAEPICTiH HETi3Ti Kypanmapbl MEH JKYpPY JKaraaiiapbl aHbIKTaJIBIHBII, KYPFaK KIIEHKOBHHA
MEH KpaxMaJIbl KaTap ajly JKOJIbl KapaCThIPBUIFaH.

Tyiiin ce3mep: Oumaii, Kpaxmas, TOPYMEH, TEXHOJOTHSUIBIK YACpIC, Kyy, ICIHAIPY ,
KypFaTy.

Summary
Yu. S. Beshimov, V. E. Radjabova, V. N. Akhmedov
CURRENT ASPECTS OF WHEAT STARCH PRODUCTION

The article presents a general description of wheat, information about starch obtained
from its grain and its chemical composition. The experimental part presents the results of
studying the yield of starch depending on the duration of swelling with different concen-
trations of sodium hydroxide solution. A schematic diagram of the separation of gluten
and starch is shown. The mode of the technological process is given and the main equip-
ment is indicated that ensures parallel production of dry gluten and starch.

Key words: wheat, starch, vitamins, technological process, laundering, swelling,
drying.
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A. M. [DKAHTYPAEBA, I A. TYPEFEKOBA,
K. H. JJAYPEHBEKOB, A. llI. OMHUPKYJIOB

AO «lOxHo-Ka3zaxcraHckas MeAMIIMHCKas akageMus», llIbimkenT, Kazaxcran

JEMEHTHBIN COCTAB PACTUTEJIBHOI'O CHIPhS U
SKCTPAKTA PHLOMIS SALICIFOLIA

AnHoTtanms. [IpuBeneHBl pe3yIbTaThl UCCIIEI0BAHUS SIIEMEHTHOTO COCTABa HaI3eM-
HOW W KOPHEBOH YacTH PAaCTHTEIBHOTO CHIPbS W 3KcTpakta Phlomis salicifolia. Anams
mpoBe/ieH Ha 19 Makpo- U MUKPO3JIEMEHTOB Ha aTOMHO-a0COPOLIMOHHOM CIIEKTPOMETPE, C
MOMOIIBIO CYXOH M MOKpOW MHHepalu3aluu. DJIeMeHTHbIH coctaB Phlomis salicifolia
OBl M3yueH BIIEPBBIE.

KuaroueBnie cinoBa: Phlomis salicifolia, 37eMeHTHBIN cOCTaB, MaKpo- U MHKpPO3JIic-
MEHTBI, aTOMHO-a0COPOLIMOHHBIH CIIEKTPOMETP, Cyxast U MOKpasi MUHEPaIn3alys.

BBenenue. Phlomis salicifolia — MHOTOJIETHEE TpPaBSHUCTOE PaCTCHUE,
HaJleleHHOE TPEBOCXOJHBIM XHMHUYEeCKHMM cocTtaBoM. Bcece dactu Phlomis sali-
cifolia comepkat 3dupHOE Maciio, MPUAOUIBI, AJKAJIOWIbl. BBISBICHBI TaKKe
MOJIe3HBIE JIJIsl OpraHu3Ma YelioBeka (JIaBOHOUIBI, TAKHE KaK T€HKBAHHH, JIFOTEO-
JMH, anureHuH. [IpupoaHble OpraHuuecKue COeUHEHUs (JUTEPIECHONIBI) TIPe/-
CTaBJICHBI (DPUTOJIOM, CTepOMAaMH, (HEHOITKAPOOHOBBIMH KHCIOTAMHU WX IPOU3-
BOJIHBIMH, K KOTOPBIM OTHOCSTCS KodeliHast, hepyioBas, XJIOPOreHOBasi U XUHHAS
KHUCIOTHI [1].

B nonnoit mepe pacrenue obecneueno suramunamu C, B2, E, K u kaportu-
HOM. Takxe B HEM NPUCYTCTBYIOT MAKPO U MUKPO3JIEMEHTHI.

HauOonee BaxHBIMH rpymnmamMu OMOJIOTHUECKH aKTHUBHBIX BemiecTB (BAB),
KOTOpBIE OKa3bIBalOT OCHOBHOE (papmakonoruveckoe neiicrsue, y Phlomis salici-
folia — daBonouzap! [2]. BMecte ¢ TeM, ux 3G PEeKT B U3BECTHOM Mepe 00YCIIOBIICH

Phlomis salicifolia
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HaJIMYMEeM Pa3IHYHBIX Makpo- ¥ MHKpPO3JeMEeHTOB. [IpemapaTsl B BHOe BOIHO-
CIIHPTOBBIX M3BJICUCHUH COJEpKAT KOMIUIEKC MHHEpPaIbHBIX BEHIECTB C OMOJIO-
FMYECKH AKTUBHBIMH COCIMHEHHSMHU. [l03TOMy LEnbl0 Hamero HCCleAOBaHUS
SIBJISUIACH OLICHKA COAEPKaHUS MUKPOAJIEMEHTOB B HaJ3€MHOM M KOPHEBOH yacTu
Phlomis salicifolia 1 BOIHO-CITUPTOBBIX M3BICUEHHUSIX U3 HETO.

Hean uccaenoBanus. llens Hamelt paboOTHl 3aKiIOYaNach B H3YUCHUH
3JIEMEHTHOI'O COCTaBa HAaA3€MHON M KOPHEBOI 4acTH PAacTUTEIBHOIO CHIPbI H
skctpakta Phlomis salicifolia, cemetictBa Lamiaceae, mMpoOKO pacrpocTpaHEH-
HOro BO (utope TypkecTaHCKOW 00JIacTH.

Martepuajasl U MeTOABl. MaTepHaaoM Uil XMMHYECKOTO HCCIICJOBAHMUS
CIIy’KWJIa BO3IAYLIHO-CyXasl U3MellbUeHHasi HaJl3eMHasi M KopHeBasi 4yacTe Phlomis
salicifolia u ero cIMPTOBBIN IKCTPAKT.

CopnepxaHue Makpo- U MHUKpPORJIEMEHTOB B HCCIEAYEMOM BHUJE PAaCTUTEIb-
HOTO CBIPbSl ONPEAESUIM C MCIOJIb30BAHHMEM AaTOMHO-a0COPOLIMOHHOIO CIIEK-
TPaJFHOTO aHaNHW3a. AHAIHW3 MPOBOIIIA HAa aTOMHO-aOCOPOITMOHHOM CIIEKTPO-
metpe Jlromexc MI'A-1000. 5 3TOro 3apaHee Aefaly CyXyl0 U MOKPYIO MHHE-
pau3alMIo Ha pacTUTENbHOE ChIphbe U 9KeTpakT Phlomis salicifolia.

[lapamrensHO B ABYX HallkaxX MPOBOAAT MHUHEPATH3AIMIO TOOaBISEMBIX K
HaBECKE PEaKTUBOB JJISi KOHTPOJIS UX YHUCTOTHI.

Jlnsi MOATOTOBKU CyXO0il MUHepaju3auuu B GpappopoBbId MM KBapLEBbIH
TUreNnb (Yallky) MOMEIIAIOT HaBeCKy MpoaykTa Maccoil 0,5 r u mpoBOIsST MUHe-
pau3aIuo.

[Ipu comepxkanun B mpoaykre 10 20% Biaru yamnry ¢ HaBeCKOW MOMEIAIOT
Ha 3JICKTPOIINTKY M MPOBOAAT OCTOPOXKHO OOYIJIMBAHUE, HE JOIMYCKas CHIIBHOTO
neiviiernd. [locime mpekpameHus BeIACTEHNS JbIMa Yally ITOMEMIAIOT B JIEKTPO-
1e4b, OTPETYJIMPOBAHHYIO paHee Ha Temreparypy okoio 250 °C.

ITocne oxoH4aHUsI OOYTIMBAaHUS MHUHEPAIU3ALHIO MPOO MPOBOIST B AJIEK-
Tporeun, nmocteneHHo (Ha 50 °C gepe3 kaxapiec 30 MUH) MMOBHINIAST TEMITEPATYPy
1o 450 °C. IIpomomxaroT MHHEpAIU3AIKIO MIPH 3TOH TeMIiepaTtype 10 MoTydeHus
CEpOi 30JIBL.

Yamry ¢ 30110i1 BBIHUMAIOT U3 3nekTporeyn yepe3 10-15 u o3onenus, oxnax-
JAl0T A0 KOMHATHON TEMIEpPaTyphl M CMadMBAIOT COJEPKUMOE 10 KaIlIsIM MIHH-
MaJIbHBIM KOJTMYECTBOM pacTBopa a30THON KucioTsl. HNO; (1:1) — 1 mit.

VYnapuBaeM Ha 3JIEKTPOIUIMTKE CO CJIA0BIM HarpeBOM 10 BIa’KHBIX COJICH.
[locne oxmakaeHWs Yamry ¢ HaBECKOH CHOBa MOMEMIAIOT B OXJIAXKACHHYIO DIIEK-
Tponedb. [loctenenno noBoasT temmneparypy 1o 300°C u BbIIEpKUBAIOT B TeUe-
uHue 0,5 4. YKa3aHHBIA OUKI MTOBTOPSIOT HECKOJBKO pa3. MuHepanu3auio CUu-
TAIOT 3aKOHYCHHOM, KOIZla 30J1a CTaHEeT OEJoro MM CJIErKa OKpAIEHHOTO L[BETa,
0e3 o0yrneHHbIx yactui. [Ipu Hanuyuu OOYTICHHBIX YacCTHI MMOBTOPSIOT 00Opa-
OOTKY 30JIbI PACTBOPOM a30THOM KHCIIOTHI MM BOJIOM.

KonnuecTBeHHO TepeHOCHM B MEpHYHO KOJOy BMeCTHMOCTBIO 50 M (25-
100 cM’) pacTBOPOM a30THOM KHCIOTBI MaccoBoii gomu 0,3%. JIOBOMST 10 METKH
TEM K€ PaCTBOPOM KHUCIIOTHI U TIEPEMEIINBAIOT.
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Jli1 MOATOTOBKM MOKPOI MHHepaau3allMu HaBecKy mpoObl maccoit 0,1-
2,0 T MOMEIIAIT B KPYIJIOAOHHYK TEPMOCTOHKYIO Konby, BHOCAT 10 cM’® KOH-
LIEHTPUPOBAHHOM a30THOM KUCIIOTHL U OCTaBIAIOT HA 10-20 MUH.

3aKkpeIBAIOT KOJIOY OOpaTHBIM XOJIOAWIBHUKOM, BKITIOYAIOT TOK BOJBI Yepe3
pyOarky XoJIoIWIFHIKA U OCTOPOYKHO HarpeBaroT cMech, u3deras OypHOU peak-
LM HA MIEPBBIX CTAIUAX PA3JI0KEHHSL.

3areM IUIaBHO YBEJIMYMBAIOT HHTEHCUBHOCTb HAarpeBa, J0BOAS CMECh JI0 KH-
neHusi. OpHeHTHPOBOYHAS AMUTENbHOCTD ATana ot 30 1o 40 MuH.

[Tocne mpexpaieHus OypHOTO BBIJEICHHS OKCHJIIOB a30Ta uepe3 oOpaTHBIN
XOJOMUIBHAK K PEaKIMOHHOH CMECH aKKypaTHO TOOABIAIOT 5 CM’ KOHIEHTPH-
POBaHHOI a30THOM KHCIIOTHI. YBEIWYMBAIOT HArpeB, JOOMBAasCh MHTEHCHUBHOTO
kunenus. Beinepxusaior ot 30 1o 40 muH.

IlepexpbIBatoT TOK BOABI Yepe3 pyOallKy X0JI0AUIbHUKA U, BEDKAAB 2-3 MUH,
BBOJSIT B PEaKIIMOHHYIO CMECh MEPEKHCh BOAOPOA Yepe3 OOPaTHBIH XOJIOIUIIb-
HHK TOPIHSAMHA 110 1-2 CM° ¢ HHTEpBANoM 2-3 MHH 10 HOTEpH MpoOoil OKpacKu
(Tpebyercs ot 5 10 10 en).

[lomHOCTRIO MUHEpanmM30BaHHAs TMpo0a [OIDKHA TPEACTaBIATH COOO0i
MPO3payHyl0 OECIBETHYIO KHAKOCTb, B KOTOPOHW OTCYTCTBYIOT HE PacTBOPHB-
LIMecs YacTHLIBI.

Hanee no0aBisAOT yepe3 OOpaTHBIM XOJNOIWIBHUK HEOOJIBIIOE KOJIUYECTBO
OMIUCTUILIMPOBAHHON (IEMOHW30BAHHOW) BOABI U KUIATAT PEaKHOHHYIO CMECh
eIle 5 MUH, MOCJIE Yero OXJIaXKAAoT.

ITonmy4yeHHBIH pacTBOp KOJMUYECTBEHHO MEPEHOCAT B MEPHYIO KOOy BMec-
TUMOCTBIO 25-100 CM3, OMBIBasl CTCHKH KPYTJIOJOHHOW KOJIOBI OWIWCTHILIH-
pOBaHHOW (IEHMOHW30BaHHOW) BOJOUW. JIOBOJSAT M0 METKH OMAMCTHIUIHPOBAHHOM
(menoHM30BaHHOIT) BOJIOW M TIepeMeInBaroT [3-6].

PE3VJIbTATBI 1 OBCYXJEHUE

B pesynbrare yCcTaHOBWIM KOJIMYECTBEHHOE COJEPKaHHE MAKpO- U MHUKPO-
JJIEMEHTOB B HAJ3eMHOH, KOPHEBOH YacTH W CHUPTOBOM 3KcTpakTe Phlomis
salicifolia. Pe3ynbpTaThl HCCIenoBaHNUN IPUBEACHBI B TAOJIHIIC.

[Mony4yeHnHble AaHHBIE 1O COAEPKaHMIO B dKcTpakTax u3 Phlomis salicifolia
MO3BOIISIIOT PEKOMEHIIOBaTh MX B KayeCTBE CPEACTB IS JieYeHUs W mpodu-
JIAKTHKU CEPJACYHO COCYIUCTBIX 3a00JICBaHUM, BIMSIIONIAX Ha Pa3HBIC 3BEHBS
MaTrorexesa.

Cnenyer oOpaTUTh BHUMaHHE HA TO, YTO B PACTCHHSX HAKAIUTMBAIOTCS H
AKCTPArUPYyIOTCS B JIEKapCTBEHHBIE (OPMBI TaKUE KU3HEHHO Ba)KHBIE DJIIEMEHTHI,
KakK JKeJIe30, y4acTBYIOIee B IMpOIlecCax KPOBETBOPEHUSA W BXOSIIEE B COCTaB
reMoriioOuHa SPUTPOLUTOB U MHOTHUX (DEPMEHTOB; IIMHK, OOJAAIONIMN aHTH-
OKCUJAHTHBIMUA CBOMCTBAMHM M YIyUIIAOIINM 1eHCTBUE IPYTUX aHTUOKCUIAHTOB;
XPOM, PETYHPYIOIHI YTICBOIHBIN 1 JKHPOBOW OOMEH, IESITEILHOCTh CEPICTHOM
MBIIIIBI, COCYAOB; KOOAIBT, SBISIOMIUNACA COCTaBHOW YacThi0 BUTaMUHA B, u
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Tabmmina
Pesymprars! (Mr/Kr)
Ne Maxpo- i Hanzemuas yacts KopueBas uacth CrHHpTOBBIiA 3KCTPAKT
MHEPOAIENETH Phlomis salicifolia Phlomis salicifolia Phlomis salicifolia

1 Cd 0,0929 0,110 0.0154

2 Zn 36.2 24,0 2.1

3 Mn 249 32,5 0.943

4 Cu 6,92 2,69 0.576

5 Co 0.2135 0,414 0.0528

6 Fe 302.5 844 64.5

7 Sr 5.10 34,6

8 Al 474,6 1014 137

9 Be 0,0106 0,0474 0.00231

10 Ni 1,54 1,13 1.42

11 Cr 10.2 4,09 52.4

12 Mo 1,715 0,332 0.11124

13 \% Her B 3T0i1 wactn 1,17 Her B 3101 wactu
14 Se Her B 310i1 yacTu Her B 310i1 yactu Her B 31011 yactu
15 Sb Her B 3T011 yactu Her B 3T0I1 yactu Hert B »TO# YacTu
16 P 208 229

17 Pb 0.892

18 As 0.0698

19 Sn 0.0253

CTIOCOOCTBYIOIIUI YBEINYCHUIO TeMOrIoOnHa B KpoBH. B TO e Bpemst n30bITOU-
HOE COJIep)KaHUE TAKUX DJIEMEHTOB, Kak As U Pb, MOeT pUBECTH K HAPYIICHUIO
Bo30ymumoctu Muokapaa, Cd, Co, Cu, Fe, u Zn — snekTpu4eckoil mpoBOIUMOCTH
cepana, Ba, Sb u Se — u3MEHEHHIO AOPThI, CEPACYHBIX KIIANIAHOB, MHOKAPJa,
pa3mepoB kamep, Al, Ba, Cd, Cu, Fe u Zn — cucronmyeckor U TUACTOIHYECKOM
(hyHKIMI JIEBOTO ey T0YKa.

BeiBoasbl. IlpoBenensr ucciemoBanus 3neMeHTHOro coctaBa Phlomis sali-
cifolia Ham3eMHOUM W KOpPHEBOW 4acTU M ero skcrpakTta. ComeplkaHue HEMETall-
mnaeckux (P, As, Se) u meramummuecknx (Al, V, Cr, Mn, Fe, Co, Cu, Zn, Ni, Cd,
Sn, Mo, Be, Sr, Sb, Pb) anemenToB OBLIO OmpeneniceHO CIEKTPOGOTOMETPHYIEC-
KHUMH METOJIaM TOCIIE CYyXOW U MOKPOW MUHEPAIU3ALIUH.

Takum 00pa3oM, UCCIIETOBAHUS IEMEHTHOTO COCTaBa PACTUTEIBHOTO ChIPhS
n skcrpakToB Phlomis salicifolia mokasamu, 9To OHM HaKarUIMBAaOT OOTaTHIN
KOMIIIEKC OMOTEHHBIX XUMHUYECKHUX DJIEMEHTOB, IIEPEXOAIINX IIPH U3BJICUCHUH B
BOJIHO-CIIUPTOBBIC AKCTPAKTHI, JOMOJHSAA UX (apMaKOJOTMYECKHUE CBOWCTBA, a
TaK)Ke MOTYT CITY>KUTh MapKepOM 3arpsi3HEHHOCTH OKpYIKarollei cpensr [7].
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Pesome
A. M. [lxcanmypaesa, I'. A. Typebexosa, K. H. [laypenberos, A. I1l. Omupkynos

PHLOMIS SALICIFOLIA-HBIH HIMKI3ATBIHBIH
JKOHE CBIFBIH/IbICBIHBIH SJIEMEHTTIK K¥PAMbI

Maxanana Phlomis salicifolia eciMairiHiH Xep YCTIHTI, TaMBIp IIMKi3aTHIHBIH KOHE
CBIFBIHIBICBIHBIH 3JIEMEHTTIK KYPaMbIHBIH 3epTTey HOTHXKEepi Oepinren. Tammay 19 mak-
PO- JKOHE MHKPOAJIEMEHTTEPre KYPFaK jKOHE bUIFAIIbI MUHEPATH3aIHsl APKbLUIbI aTOM/IBIK-
abcopOIMAIIBIK crieKTpoMeTp e kacansiHAbl. Phlomis salicifolia-HBIH 2eMeHTTIK KypaMBbl
OipiHIIi peT 3epTTenye.

Tyiiin ce3nep: Phlomis salicifolia, 3neMeHTTIK KypaMbl, Makpo- JKOHE MHKpPO3Jie-
MEHTTEp, aTOMIIBIK-a0COPOIUSITBIK CIIEKTPOMETP, KYPFAK KOHE BUIFAJIbl MHUHEpau-
3a1Msl.

Summary
A. M. Janturayeva, G. A. Turebekova, K.N. Daurenbekov, A. Sh. Omirkulov

ELEMENTAL COMPOSITION OF PLANT RAW MATERIAL
AND EXTRACT OF PHLOMIS SALICIFOLIA

This article presents the results of a study of the elemental composition of the aerial
and root parts of Phlomis salicifolia’s plant raw material and extract. The analysis was
carried out on 19 macro- and microelements on an atomic absorption spectrometer using
dry and wet mineralization. The elemental composition of Phlomis salicifolia was studied
for the first time.

Key words: Phlomis salicifolia, elemental composition, macro- and microelements,
atomic absorption spectrometer, dry and wet mineralization.
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DEVELOPMENT OF WATER SOLUBLE DRUG FORMS
OF MEXIDOLE BASED ON POLYVINYLPYRROLIDONE

Abstract. The new water soluble polymeric drug forms of ophthalmic drug mexi-
dole based on synthetic polymer polyvinylpyrrolidone have been developed. By means
equilibrium dialysis method the interaction of mexidole with polyvinylpyrrolidone was
studied. The dynamic of drug release into physiological solution was investigated. It was
concluded the possibility of the polymer application for prolongation action of mexidole.

Key words: polymeric forms, mexidole, polyvinylpyrrolidone, drug release.

Introduction. One of ways of development prolong forms of drugs is forma-
tion of their complexes with water-soluble polymers. Use of such polymeric drugs
at injected introduction allows to reduce collateral toxic action of drugs and also
to receive long therapeutic effect at unitary injection. One of the perspective
directions in the field of drug delivery systems is development of complexes of
drugs with various water-soluble polymers. Rigid requirements of medicine (bio-
compatibility, solubility in water or physiological solution, ability to completely
remove from organism, etc.) sharply narrow the circle of polymers used as drug
carriers [1-3].

Various natural and synthetic polymers like cellulose derivatives, pectin,
dextran, alginates, polyvinyl alcohol are used for the preparation of therapeutic
prolonged forms of drugs [4]. These polymers are physiologically inert, hydro-
phobic, soluble in water, available and cheap. For these purposes it is considered
the most expedient application of polymers which have properties of blood sub-
stitutions. Among the high-molecular compounds having such properties, the
wide spreading found polyvinylpyrrolidone.

One of the most important issues in the ophthalmology is drug treatment of
age-related macular, aimed to stimulate the functioning portions of the retina,
rather than restoring the affected areas [5, 6]. Currently used pharmacological
substances do not provide sufficiently stable effect on the treatment. Risk factor
may be low levels of antioxidants in the body. Mexidole is a succinic acid salt
(succinate) belonging to the synthetic antioxidants group. In ophthalmology
mexidole initially was used for the treatment of diabetic retinopathy and chroni-
copticneuropathy. However, alongside with a number of positive properties,
mexidole has certain drawback. It is low-molecular substance and its pharmaco-
logical effect is kept quickly[7, 8].

With the purpose of elimination these drawbacks, the research on develop-
ment of new the polymeric water soluble forms of mexidole based on polyvinyl-
pyrrolidone are described.
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EXPERIMENTAL PART

Polyvinylpyrrolidone (PVP) were purchased from Sigma Chemicals,
St.louis, USA. Mexidole was used pharmaceutical grade.

For detailed understanding of character and nature of binding and the inter-
action between drug and macromolecules were studied by means equilibrium
dialysis method. The release behaviour of mexidole from polymeric solutions was
examined by dialysis method in a modelling biological medium at 37°C. The
amount of drug released was determined spectrophotometrically by measuring the
absorbance maximum UV spectra were recorded on a Jasco UV-VIS (Japan)
spectrophotometer.

RESULTS AND DISCUSSION

Polyvinylpyrrolidone has found wide application in medicine as blood
substitute, bases for ointments, prolonger of action of many medicinal substances.
The basic advantages of this polymer is solubility in water and other solvents,
absence of toxic and allergenic action, high ability to complexation. Two com-
mercial preparations are issued on the basis of PVP: plasma substitute "Gemo-
vinyl" and deintoxicator "Gemodez". The first is 3,5 % solution of mean-mole-
cular weight polymer, and the second - 6 % solution of low-molecular polymer.
To the purposes of prolongation, the polymer with molecular weight 15 000 -
40 000 was applied. That provides long stay of polymer and binding drug in
living organism.

The determining role in binding of PVP with various low-molecular sub-
stances is played hydrogen bonds and hydrophilic interactions. Presence in
structure of drug the appropriate groups capable form weak complexes with PVP,
gives the basis to use this polymer for prolongation of therapeutic action of drug.

For investigation of interaction mexidole with PVP the method of equilib-
rium dialysis was used, allowing establish degree of binding between components
in solution not only qualitative, but also quantitatively. Experiments carried out in
water solution at various temperatures, using acetylcellulose dividing membrane.
Drug, diffused from one cell through membrane, contacted with polymer which is
taking place in other cell. Changing concentration of drug in various experiments
with constant concentration of PVP, quantitative characteristics of process of
interaction (coefficient of distribution, binding constant, thermodynamic para-
meters) were determined. The coefficient of distribution mexidole at equilibrium
dialysis characterizes itself the relationship of drug amount in dialysed cell and
outside solution. Constant of binding determined according to Klotz equation [9]
by the diagram of dependence 1/a from 1/C, where a - parameter describing the
share of macromolecules, formed the complex, C - concentration free or unbound
drug (figure 1). This dependence represented a straight line which corner of incli-
nation corresponded 1/Kc.

166



ISSN 1813-1107 Ne 3 2019

0 0,05 0,1 0,15 0,2 0,25 0,3 0,35
1/C x 103, mole™!

Figure 1 — Dependence on mexidole interaction with PVP at different temperature.
0-25°C,0-37°C,A-50°C

Values of thermodynamic parameters of interaction at various temperatures
are presented in table 1. The data indicate clearly that with increase of tempera-
ture parameters of drug the binding with PVP decrease.

Table 1 — Thermodynamic parameters of interaction of mexidole with PVP

Temperature, K,-102, Free Energy, Enthalpy, Entropy,
°C L/mole kJ/mole kJ/mole Eu.
25 41,4 -9,22 -5,47 12,65
37 38,2 -9,39 4,12 15,32
50 38,1 -9,48 -3,32 18,71

Process of complex formation has exothermic character, negative values of
change testify to it enthalpy and free energy, and also positive change of entropy.
Low absolute values thermodynamic parameters indicated the prevailing value of
hydrogen bonds in process. Alongside with them existence of hydrophobic inter-
actions between components in the complex is possible.

The release of drug from polymeric solution was investigated. Experiments
carried out at various ratio polymer:drug — from 1:1 up to 4:1. For comparison the
amount of drug, released through membrane in absence of polymer was
determined. Results of investigation are presented in table 2.

Received data indicate that at the presence of polymer the diffusion of
mexidole through membrane is reduced. So, for 8 hours at molar ratio poly-
mer:drug = 1:1 preparation is diffused on 78 %, while from water solution mexi-
dole is released on 96 %. On the basis of the received data the diagrams of
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Table 2 — Dynamic of mexidole release from PVP into physiological solution

Ratio Quantity of released drug, %
Drug:Polymer 1h 2h 3h 4h 6h
1:0 24 45 71 82 94
1:1 19 35 59 74 75
1:2 14 31 53 69 79
1:3 12 28 47 65 72
1:4 11 25 44 61 68
3 -

Lgl/(1-m/m )
» N "an

—_

0,5

10

Time, h

Figure 2 — Dynamic of mexidole release from PVP solution at different ratio polymer:drug.
O—4:1,0-2:1,A-1:1

logarithmic dependence of amount released mexidole f in time were drawn and
constants of rate of drug diffusion through the membrane are calculated (figure 2).

It is shown that with increase molar ratio of reagents from 1:1 up to 1:4, the
value of constant of diffusion decreases and makes 5,93; 5,61; 5,33 and 5,06-10°
s, accordingly. Kinetic curve of diffusions show, that the greatest prolonging
effect is achieved at a ratio PVP:drug, equal 1:4.

Thus, the investigations have shown that ophthalmic drug mexidole in water
solutions forms with synthetic polymer polyvinylpyrrolidone the complexes due
to hydrogen bonds and hydrophobic interactions. Long therapeutic action of
polymeric water-soluble complexes was established. The opportunity of creation
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on polyvinylpyrrolidone basis the injected medicinal forms prolonged therapeutic
actions were shown.

The research was carried out according to the scientific and technical
program No. BR05234667 within the framework of program-targeted financing
CS MES RK.
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E. O. bamwvipbexos, M. b. Omep3axosa, 3. T. Ymenrvbaesa

[NOJIMBUHWJITINPPOJIMAOH HETI3IH/IE 2)KAHA CYIA EPUTIH
MEKCHUIOJIJIbIH AOPUIIK TYPJIEPIH ©3IPJIEY

[ToAMBUHUANMPPONIUAOHHBIH CHHTETUKAIIBIK TOJMMEPIHIH HEri3iHAeri MEKCHIOI
JKaHa CyJla CPUTIH MMOJUMEPITIK IOPUIIK TypJiepi a3ipienai. TeHecTipy AUaNnu3ablH 9mici-
MEH MEKCHJI0JI MOJIMBUHIINUPPOINIOHMEH SpeKeTTecTiK 3epreini. [IpenaparToin ¢pusmo-
JIOTHSUIBIK epiTiHAICiHE 0O0CaThIN IIBIFY 3epTeiii. MEKCHIONABIH dCep €Ty YaKbIThIH
Y3apTy YIIiH MOJUMEp KOJIaHy MYMKIHAIT Typajibl TY>KBIPBIM JKacal/ibl.

Tyiiin ce3mep: MoIMMepIiK TypJiepi, MEKCHJIOJ, MOIMBHHWINUPPOIUIOH, IOPLITIK
6ocaTbIN LIBIFY.
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Pesome
E. O. bamwvipbexos, M. b. Ymepzakosa, 3. T. Ymenvbaesa

PA3PABOTKA BOJAOPACTBOPMBLIX JIEKAPCTBEHHBIX ®OPM MEKCHUIOJIA
HA OCHOBE INOJIMBUHUWJITTUPPOJINJIOHA

Pa3zpaboTansl HOBBIE BOJOPACTBOPHMBIC ITOJMMEPHBIC JIEKAPCTBEHHBIE (DOPMBI
MEKCHJI0JIa Ha OCHOBE CHHTETHYECKOTO IOJIMMEpa IMOJIMBUHHWINHAPPOINAOHA. MeTomoM
PaBHOBECHOTO AMAN3a MU3YUYCHO B3aMMOJCHCTBHE MEKCHIONA C MOIMBHHIIIHPPOIAIO-
HoM. MccnenoBana MuHaMHKa BBICBOOOXKICHUS TpemapaTta B (PU3HOIOTHYECKHH pacTBOp.
CraenaHo 3aKJIIOYEHHE O BO3MOXKHOCTH MCIOJIB30BAHUS MOIMMEPA AJIsI TIPOJIOHTHPOBAHMS
JNEUCTBUS MEKCHUJIONA.

KiroueBble cjioBa: monuMepHbie (HOPMBI, MEKCHION, TOJUBUHIIITHUPPOIUIOH, BbI-
cBOOOKACHHUE JIEKapCTBA
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N-HEXADECANE HYDROISOMERIZATION
IN THE PRESENCE OF AL-HMS - BASED
BIFUNCTIONAL CATALYST

Abstract. In this article the synthesis of a nickel-promoted composite based on a
mesoporous aluminosilicate of the AI-HMS type and activated bentonite from the Tagan
deposit is provided. The physical and chemical characteristics of the Ni/Al-HMS-bento-
nite composite and the action of temperature on the group hydrocarbon-type content of the
normal hexadecane hydroisomerization products in the presence of a synthesized alumino-
silicate - based composite were studied. Adsorption studies show that the synthesized ca-
talyst Ni/AI-HMS-bentonite with a silicon-to-aluminium ratio (Si/Al) = 20 is characteri-
zed by a higher specific surface area (570 m?/g). It has been established that 300 °C is the
optimum temperature for carrying out the process of hydroisomerization of normal hexa-
decane. Under these conditions the main direction of its transformation is the isomeriza-
tion process. The total yield of isoparaffins was 45%.

Key words: Mesoporous aluminosilicate, hydroisomerization, dewaxing, diesel fuel
oil, higher n-paraffins, template.

The process of hydroisomerization of oils' diesel fractions on aluminosilicate
catalysts is the most promising low-tonnage production of low pour point diesel
fractions.

Diesel fractions obtained during the primary oil refining usually contain a
significant amount of normal paraffins and therefore are characterized by high
temperature properties and are unsuitable for use as fuel during the winter period
in cold regions without additional refining.

One of the most promising ways to improve the performance of diesel
fractions is the process of catalytic dewaxing of diesel fractions. The process of
catalytic dewaxing is based on the selective hydrocracking and hydroisomeri-
zation of higher n-paraffins of the diesel fraction on bifunctional catalysts [1-9].
The main feature of bifunctional catalysts is the ability of their active centers to
accelerate reactions proceeding via different mechanisms. Most often, bifunc-
tional catalysts are used, in which simultaneously exist: acidic active sites, which
accelerate the reactions of breaking and isomerization of the hydrocarbon chain,
and sites which are active in hydrogenation and dehydrogenation reactions.The
selectivity of bifunctional catalysts depends on the ratio of their acidic and hydro-
dehydrogenating functions. Mesoporous aluminosilicates with a specific surface
area of more than 500 m?/g are most often used as the acid base of catalysts.
Acidic activity is determined by the structural type of aluminosilicate and the
composition of its active centers, which, in turn, depends on the chemical compo-
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sition and aluminosilicate's modification conditions [10-18]. The hydro-dehydro-
genating function is determined by three main factors: the chemical nature of the
metal component of the catalyst, its specific surface area and process parameters —
temperature, hydrogen pressure.

The purpose of this work is the synthesis of effective and stable composites
based on mesoporous aluminosilicateand activated bentonite modified with nickel
for the process of hydroisomerization of n-hexadecane.

EXPERIMENTAL PART

In this work, nickel-containing composite was synthesized usingAl-HMS
type mesoporous aluminosilicate and bentonite from the Tagan deposit as the
acidic part. Synthesis of mesostructured aluminosilicate was carried out according
to the technique [19], based on the joint hydrolysis of Si(OC,Hs), and Al(Oi-Pr);
in an alkaline medium. Hexadecylamine was used as a template. In order to study
the activity of the synthesized catalyst, n-hexadecane was used as a model
compound,since it is a part of the diesel fraction.

The process of catalytic conversion of n-paraffin was carried out in a labo-
ratory setup with a fixed-bed catalyst under hydrogen in the temperature range
of 350-400 °C; feed rates were 1 h™', hydrogen/raw materials ratio equal to
1000 nm*/m’, hydrogen pressure in the reactor is of 3 MPa. Analysis of liquid
products was carried out on the "Crystal 5000" chromatograph with linear
programming of the temperature from 35 °C to 250 °C. "Crystal 5000" chro-
matograph is equipped with a DB-1 column 100 meters long, with a diameter of
0.25 mm, polymethylsiloxane is a liquid stationary phase. The carrier gas is
helium.

Adsorption studies were carried out on N, adsorption isotherms at 77 K,
which were measured on Micromeritics' (USA) ASAP-2400 installation after
training the samples in vacuum at 1500 °C. These isotherms were used to cal-
culate the total accesssible surface by the BET method, the total porosity » Vpores
with effective sizes up to 100-200 nm (according to the value of adsorption at a
relative nitrogen pressure of ~ 0.99), the distribution of the volume of mesopores
by characteristic sizes (according to the desorption curve of the isotherm using the
BJHV, micropores volume Vyicropores and mesopores surface Spmesopores Fémaining
after micropores filling.

RESULTS AND DISCUSSION
The results on the study of the porous structure and specific surface area of

Al-HMS mesoporous aluminosilicates with a Si/Al ratio of 20 are presented in
figure and table 1.

172



Ne 3 2019

ISSN 1813-1107

oo} 1§ B swrnicn

173

30000

30.000 40.000

Relallve Pressure, Fib

b

10.000 20000

5000

3000

200e01
120601

of Ni/Al-HMS-bentonite sample with a Si/Al ratio = 20

Adsorption/desorption isotherms (a) and pore size distribution (b)



XUMWYECKHH )KYPHAJI KA3AXCTAHA

Table 1 — Physico-chemical characteristics of Ni / AI-HMS-bentonite catalysts
with a Si/Al ratio = 20

Catalyst SSA, m2/g Dpores, nm Vioress cm3/g

Ni/Al-HMS(20)-bentonite 570 4,1 0,8

As follows from the data of Figure 1, the nitrogen adsorption/desorption
isotherm for the Ni/Al-HMS (20)-bentonite sample is characterized by a slightly
wide hysteresis loop. Nickel promotion of catalysts based on mesoporous
aluminosilicate leads to significant changes in the structural characteristics of the
catalyst compared to the nitrogen adsorption/desorption isotherm for the AI-HMS
(20) sample [20]. There are three peaks observed on the pore effective diameters
distribution curve: one of which corresponds to the mesoporous aluminosilicate,
the second - to bentonite and the third - to the promoting additive. The sample
under study is characterized by a high specific surface area, which is of 570 m*/g.

Hexadecane was used in order to establish the mechanism of heavy
petroleum residues hydroisomerization in the presence of a composite based on
the mesoporous aluminosilicate and bentonite, promoted by nickel.

Process of hexadecane transformation on the compositeon a basis of the
promoted mesoporous aluminosilicatewas studied in a temperature interval of
300-450 °C, at a feed rates — 1 h™', under hydrogen pressure and at a hydrogen/raw
materials ratio of 100 (vol.). The experimental data are provided in tables 2, 3.

Table 2 — The action of the temperature on the group hydrocarbon-type content
of the products of hexadecane transformation on the Ni/Al-HMS(20)-bentonite composite,
Wfeed rate = 1,0 h™!, Pyy,= 3 MPa

Content by mass %
Ne Hydrocarbon-type content
300 °C 350 °C 450 °C
1 N-paraffins 31,98 36,39 43,02
2 Isoparaffins 45,23 39,76 12,41
3 Arenes 5,20 8,25 7,16
4 Naphthenes 8,66 8,41 15,83
5 Olefins 5,23 4,10 14,98
6 Dienes 0,70 0,80 5,30
7 Cycloolefins 2,25 2,04 0,67
8 Cyclodienes 0,75 0,25 -

From the experimantal data obtained (table 2) it is seen that isomerization
process is the main direction of hexadecane transformation under the conditions
of low-temperature alumiosilicate catalysis (300 °C). It also should be noted that
isometric structures of hexadecane are obtained due to isomerization process,
without cracking participation. As the temperature rises from 300 to 350 °C
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parallel with isomerization reactions, there are also decomposition, dehydroge-
nating and hydrogen disproportionation reactions. Marginally there are dehydro-
cyclization reactions with the formation of aromatic hydrocarbons, which mostly
presented by alkylaromatics (polysubstituted alkyl benzenes). Destruction of
hexadecane goes on to the n-decane.

The increase in the concentration of n-paraffinic hydrocarbons by 5% is
clearly due to a slight shift of equilibrium state paraffin < isoparaffin to pa-
raffins. However, a significant part of the isoparaffins under these conditions is
undergone a decomposition with the formation of olefinic and diene hydrocar-
bons. At the same time, the released hydrogen is participated in the hydrogenation
reactions of cycloolefine and cyclodiene hydrocarbons and partially of arenes
with the formation of naphthenes.

Table 3 — Hydrocarbon-type contentof gaseous phase, obtained during
n-hexadecane hydroisomerization on Ni/Al-HMS(20)-bentonite composite,
T =450 OC, PH2 =3 MPa

Ne Content Amount by mass %
1 H, 37,30
2 CH, 23,70
3 C,H, 2,00
4 C,Hg 2,30
5 C;Hg 2,70
6 CsHg 1,30
7 i-C,Hyo 9,80
8 C4Hyo 8,00
9 C,Hgtrans 0,20
10 C,4Hqcis 4,00

11 CsHyo 1,50

12 i-CsH, 1,40

13 CsHy, 5,30

The deepening of the cracking of hexadecane during the process at 450 °C is
also indicated by the qualitative and quantitative composition of the gas-for-
mation products (table 3), the hydrocarbon composition of which is represented
mainly by C;-Cs fragments and hydrogen, but the main components of the
cracking products are methane and hydrogen, and content of C4-Cs isocom-
poundsis of 12, 4 by mass %.

Thus, a nickel-promoted composite based on a mesoporous aluminosilicate
of the AI-HMS type and activated bentonite from the Tagan deposit was
synthesized for the process of hydroisomerization of n-hexadecane. On the basis
of experimental data, it may be said that the process of transformation of normal
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paraffinic hydrocarbons in the presence of a composite based on mesoporous
aluminosilicate and bentonite occurs as follows: paraffins — olefins —naph-
thenes — aromatic hydrocarbons. It has been established that the optimal tem-
perature of the process for the hydroisomerisation of n-hexadecane is of 300 °C.
The yield of the total amount of isoparaffins is of 45%.
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Pe3rome
P. M. Moiica, I K. Bacununa, K. M. Yubemranuesa, T. C. Abunvoun

Al-HMS HETT3IHAEI'T BUOYHKIIMOHAJIABI KATAJIM3ATOPBIH,
KATBICYBIMEH H-I'EKCAJIEKAH/IbI TM/IPOMT30MEPJIEY

Maxkanaga AI-HMS me30keyekTi altoMOCHIMKATEI MEH TaraH KCHOPHBIHBIH Ocil-
CCHIIpUITeH OCHTOHUTI HETI3iHIeTi HUKEIBbMECH MPOMOTOpPJIAHFAaH KOMIIO3UT CHHTE3/CH-
reH. CHHTe3/eNTeH KOMITO3UTTIH KaThIChIHAa H-TeKcaJeKaHIbl THAPOU30MepIIey Iporeci
OHIMJIEpiHIH TONTHIK KeMipcyTeri KypamMblHa TeMIlepaTypaHbiH acepi skoHe Ni/Al-HMS-
OCHTOHUT KOMIIO3UTIHIH (PU3UKA-XUMILIIBIK CHITATTaMaIaphl 3epTTEIai. AICOPOIHSITBIK,
3eprreynep Si/AlkareiHacer 20-Fa TeH cuHTe3nenreH Karanm3atopsl (Ni/Al-HMS-6enTo-
HWT) yIKeHMeHIIKTi GeriMen (570 M%/T) CHMaTTanaThiHbl KepceTTi. H-I'eKcameKamsl
THPOM30MEpIIey IPOIECiH XYPri3y VIIIH OHTaisibl Temmeparypaiblk pexum 300 °C
€KCHI aHBIKTAJIIbI, OHBIH OCHI JKaraaiia aifHa IybIHbIH HETI3T1 OAFBITHI H30MEPJICY MPOIIeCi
Ooutbin TabbUTaNBL. M30mapaduHaepaiH Kansl IbIFYs! 45% Kypazbl.

Tyiiin ce3gep: Me30KeyeKTi allOMOCWIIMKAT, THIPOHU30OMepiey, naenapaduHuey,
JIM3eJIb OTBIHBI, )KOFaphl K-apaduHiep, TeMIuIar.
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Pe3iome
P. M. Moiica, I'. K. Bacununa, K. M. Ymbemranuesa, T. C. Abunvoun

I'MAPOU3OMEPU3AINA H-TEKCAJJEKAHA B IIPUCYTCTBUUA
BUOYHKIIMOHAJIBHOI'O KATAJIM3ATOPA HA OCHOBE Al-HMS

B crarbe cHHTE3MPOBaH MPOMOTHPOBAHHBIA HUKEJIEM KOMIIO3UT Ha OCHOBE ME30II0-
pucroro amomocuinukata Al-HMS u aktuBupoBaHHOro OeHTOHHTa TaraHckoro MecTo-
poxnenusi. MiccnenoBanbl GU3UKO-XUMUUECKHE XapaKTepUCcTUKH komno3uta Ni/Al-HMS-
OCHTOHMT W BIIMSIHAE TEMIEpaTypbl Ha TPYIINOBOH YIIIEBOJOPOJIHBIN COCTAB MPOJIYKTOB
npolecca THAPOU3OMEPU3AINY H-TeKCa/leKaHa B MPUCYTCTBHUM CHHTE3MPOBAHHOTO KOM-
mo3ura. AACOPOLMOHHBIE HWCCIENOBaHMS IOKA3bIBAalOT, YTO CHHTE3WPOBAHHBIN Kara-
sm3arop Ni/Al-HMS-6entonut ¢ cootHomenneM Si/Al = 20 xapaktepusyeTcs OOJbIIEH
yACTBHOM ToBepXHOCTHIO (570 Mz/l“). VYceranosneno, uro 300 °C — onTuManbHbIA TeMIie-
paTypHBIH peXuM sl ITPOBEACHUS TIpoliecca TMAPOU30MEpH3allK H-TeKca/ieKaHa, oc-
HOBHBIM HAIlPaBICHHEM MPEBPAIICHUS KOTOPOTO B 3THX YJOBHIX SIBISETCS MPOLECC
n3zomepunzanyu. CyMMapHBIH BBIX0J n3omapadHOB cocTaBril 45%.

KnroueBble c10Ba: ME30NOPUCTHIA ATIOMOCHINKAT, THIPOM30MEPH3ALH, JeTapa-
(buHM3aIMS, TU3ETbHOE TOTUIMBO, BBICIINE H-NapaduHbl, TEMIUIAT.
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VK 627.257
I'. B. AVBAKHPOBA, ¥. Y. KOUJIBPIBEK, T. M. CEUJIXAHOB

Cesepo-Kazaxcranckuii rocynapcTBeHHBIH yHHBepcuTeT M. M. Ko3pibaesa,
[erpomnasnoBck, PecnyOnuka Kazaxcran,
Koxkmerayckuii rocynapcteHHslil yHuBepcuteT uM. 1. Vanuxanosa,
Koxmreray, Pecrryonuka Kazaxcran

CUHTE3 HMHI'MBUTOPA KOPPO3UH
HA OCHOBE I'OPYNYHOI'O MACIJIA

AHHOTanus. B Hacrosee BpeMs M3BECTHO OOJIBIIOE KOJIHMYECTBO CHHTE3MPOBAH-
HBIX MHTUOUTOPOB KOPPO3MHU, KOTOpBIE 00JAJal0T BBHICOKUMH 3HAUYEHHAMH 3aIUTHOTO
s¢dexra. Onnaxo, Bce Bo3pacTaronye TpeOOBaHUA K X Ka4eCTBY, NOCTYIIHOCTH U Jelie-
BU3HE ONpPEJEIAIT HE0OXOUMOCTh MPOBEACHUS LIEICHANPABIEHHOIO COBEPILICHCTBOBA-
HHS CYLIECTBYIOIIMX M IIOMCKa HOBBIX MHTMOUTOPOB, 00JIaJaloluX BBICOKOH 3 deKTuB-
HOCTBIO, JIETKO TOJIyYaeMbIX U3 JOCTYITHOTO HE()TEXHMMUYECKOTO ChIPbsS M HIKOHOMHYHBIX
KaK C MO3MIMH MX CHHTE3a, TaK M MCIHOIb30BaHuA. [lo3TOMY CHHTE3 coeMHEHHH, Ha OC-
HOBE KOTOPBIX MOTYT OBITh MOJy4eHbl d(P(PEKTUBHBIE HHIMOUTOPBI KOPPO3HH, SIBISETCS
aKTyaJlbHOM 3amaueii. [lenb uccienoBanust — CHHTE3 UHTHOUTOpa KOPPO3WU MeETalia Ha
OCHOBE TPHATAHOJIAMHUHA, XJIOPUCTOrO OEH3UIIa U TOPYMYHOTO Macia, ONpeeIeHHe KOH-
YECTBEHHOMW OLIEHKHU KOPPO3MH MeTaiia U 3(Q(EeKTHBHOCTH 3alIUTHOTO JIEHCTBHS HHTUOU-
Topa. HaMu ObIJI CHHTE3UPOBaH HOBBIH MHTMOUTOP KOPPO3HUH, ONPE/ICICHbI ONTUMAIIbHbIC
YCIIOBHSA [T IPOBEICHUS CUHTE3a, YCTaHOBJICHA CTPYKTYpa CHHTE3UPOBAHHOTO BEIIECTBA
U U3y4yeHbl (U3NUECKHe KOHCTaHTHL. PazpaboTaHHBIN HMHTHOUTOp, Onaromaps HU3KOM
TOKCHUYHOCTH, BOJIOPACTBOPHMOCTH ¥ BBICOKOH 3(p(PEeKTHBHOCTH, MMEET XOPOIIHE Mepc-
NEeKTUBBl TMPUMEHEHHS B CHCTEMax BOJOCHaO)KeHWs, HepTe- M ra30-XMMHUUYECKON Mpo-
MBIIUIEHHOCTSX. [lodydeHHOe BEemecTBO MOKHO HCIONB30BaTh KaK MHIHMOUTOpP KHCIIOT-
HOM KOppo3uHu cTain. DPQPEeKTHBHBIA 1 SKOHOMHYECKH 1[e7IeCO00pa3Hblii HHTHOUTOP KOp-
pPO3UM CTaJlM Ha OCHOBE MECTHOTO CBIPbS, @ TAaKXKE OTXOIOB M MOOOYHBIX TPOAYKTOB
XMMHYECKOTO TIPOU3BOICTRA, SIBJISIETCS] HAYYHON HOBU3HOW TAaHHOW paboThI.

KiroueBble ¢JIoBa: TPHITAHOIAMHUH, XJIOPUCTHIN OCH3MII, aMUHOI(HUPBI, dpyKOBas
KHCIIOTa, aJIKIINPOBaHNE, HHTHOUPYIOIIas aKTUBHOCTh, CIEKTPAIbHBIN aHaJTN3, KCAaHTO-
reHoBasi mpoba.

Beenenne. M3BectHO [1], 4TO cONM TpUATAHOIAMUHA U BBICIIUX KUPHBIX
KHCJIOT UCTIOJIB3YIOTCS B KQUECTBE MOIOIINX CPEICTB, SMYJIBIaTOPOB, CMadHBATE-
neit u 3amaciuBareneil. Tpustanonamun (TOA) npumensieTca Takke B KadecTBe
uHTHONTOpa Kopposuu. ConepkaHue 3TUX KOMIIOHEHTOB B COCTaBE MHTHOHMTOpA
KOPPO3UH MOKET 00€CIeYNTh IMOBBIIIEHHE 3alIUTHON CITOCOOHOCTH TIPH B3aUMO-
JNEHCTBUM  BOJHOW Cpeapl B NPUCYTCTBUU aKTHUBAaTOpa KOPPO3UH — XJIOpHAA
Hatpus [2].

C 1enpo MmosTydeHusl HOBBIX BEIIECTB B 3TOM HAIIPaBICHUH W M3yYEHUS UX
AHTUKOPPO3UHHBIX CBOMCTB HaMM OblIa HM3ydeHa peakius TOA ¢ XJIOPUCTHIM
OeH3UIOM.
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UeTBepTUYHBIC aMMOHHEBBIC COJTHM O0JaJal0T BHIPAKEHHON MOBEPXHOCTHOU
AKTUBHOCTBIO U JIETKO 00pa3yroTCsl aNKWIMPOBAHUEM TPETUYHOTO aMHHA OCH-
3mxaopuaom [3].

PE3VJIbTATBI U UX OBCYXXJAEHHNE

Ilocne mpoBeneHHMsI CHHTE3a, OCHOBAHHOTO HA PEAKLUUM B3aMMOJACHCTBHUS
TPUITAHOJAMHUHA C XJOPHUCTHIM OCH3MJIOM W PACTUTENHHBIM (TOPYMYHBIM) Mac-
JIOM, HaMH{ OBUIO MOJIYYEHO COeIMHEHHE — YeTBEpTHUYHAs COJb aMMOHHUS (pHCy-
HOK 1). /locToMHCTBaMHM IaHHOTO CHHTE3a SIBJISETCS NMPOCTOTA NMPOBEACHUS 3KC-
MepUMEHTa, PeaKknus HMAET NMPH KOMHATHON TemmepaType. MOJIBHOE COOTHO-
LICHUE, B3STOE B PEAKIMIO PEareHTOB TPHITAHOJIAMHH, XJIOPHCTBIA OCH3WI U
ropundHoe Macio 3:3:1, COOTBETCTBEHHO.

cr
(HOCH2H N CHCH40 CO-(CHy) - CH=CH(CH3+-CHs

|
CHa

|
CgHs

Pucynok 1 — ®opmyna 4eTBEpTHYHOH cOMM OEH3MITPUITAHOIAMHUHOA(DUpPa SPYKOBOI KHCIOTH

B mosyueHHOM aMHHOA(HUpPE aTOMBI KUCIOPOA U a30Ta 00CCICYUBAIOT BbI-
COKYIO0 TOBEPXHOCTHYIO aKTHBHOCTb, a YIJICBOJOPOAHBIC DPAIUKAIbl MOJEKYI
YBEIMYMBAIOT CTETEHb 3allOJHEHHWS IOBEPXHOCTH. XOpOIIas pPacTBOPUMOCTH
aMUHOZ(UPOB B BOJIE CIIOCOOCTBYET MPOSIBJICHUIO UMH MHTHOUPYIOLICH aKTHB-
HOCTH B BOJIHOM (a3ze.

VYrneBoopoiHbIe paauKaibl, oOiafaromye TUAPOPOOHBIMU CBOWCTBAMH,
HaIpaBJeHBl B CTOPOHY arpecCHBHOM CPEIbl M OTTAJIKHWBAIOT BOIY W KOPPO3HUOH-
HO-aKTUBHBIE YaCTHIIBI, a TaKXe JOMOJHUTEIBHO HKPAaHUPYIOT MOBEPXHOCTH
MeTalljla ¥ yCUJIMBAIOT €€ OJIIOKUPOBaHHUE.

[Ipu ompenencHUN CTPYKTYPHI IMOJIYYECHHOTO COCAMHEHHUS MBI BOCIIOJb-
30BAJIMCh JTUTEPATYPHBIMUA JAaHHBIMA KAau4eCTBEHHOTO M KOJMYECTBEHHOTO CO-
CTaBa TOPYMYHOTO Macja, ONpPEJCIICHHBIMU METOJIOM ra3oxpomarorpadudec-
KOro aHanu3za [4].

B wuccnemyeMbix KHPOBBIX KOMIIO3UIUAX HACHTU(DUIIMPOBAHBI 3PYKOBas,
OJICHHOBAsI, JIMHOJICBAs, SWKO3CHOBas KHUCIOTHI (Tabmumna 1) [5].

Jns ompeneneHuss W JOKa3aTeNbCTBA CTPYKTYPHl TOJIYYSHHOTO BEIIECTBA
HCTIONB30BAIA XUMUYECKHE METOJIBI aHAJTN3a — MPOBENIM KaY€CTBEHHBIE PEaKINN
Ha OTJIEIbHBIC TPYIIIBI, BXOSAIINE B COCTAB BEIIECCTBA.

[IpoBenu kauecTBeHHBIE PEAaKIMH Ha JOKA3aTeIbCTBO B COCTAaBE CHHTE3UPO-
BaHHOTO COEIWHEHUS THUAPOKCHIBHOW TPYMNIBI, CIOKHOW 3(WPHON TPYMIBI U
OEH30JILHOTO KOJIbIIa (Tabnuma 2).
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Ta6muna 1 — XXupHO-KHCIIOTHBIH COCTaB TOPYNIHOTO Macia

VcnoBHOE 0003HAUEHHE )KUPHBIX KUCIOT

MaccoBast 10151 )KUPHBIX KUCIIOT, %

OpykoBasg (Cyy.1) 42
OneunoBas (Cig.) 21
JInnonesas (Cg,) 26

DiikozenoBas  (Cy.1)

11

Tab6nmna 2 — XapakTepHble peakiuy Ha (yHKI[MOHAIBHEIE TPYTIIEI,

B COCTaBE MCCIEIyEMOro BEIIeCTBa — AIKUIOCH3HITPUITAHOTAMIHOBHpa

THIPOKCHJIAMUHA B METUIIOBOM CITUPTE U
OCTaBHJIN CTOATH Ha 1 MuH. 3aTeM mpudaBUIN

1 KaIuTrO HACKHIEHHOTO PACTBOpPA (CIPTOBOTO)
THIIPOKCH/IA KM U OCTOPOXKHO HATPEBAIH 10
Havana kuneHus. [locie oxmakaeHus cMech
MOJKUCISUTA 1M COJSTHOM KUCITOTHI M TOOABHITH
3% pacTBOpa XJIOpUa xKeesa.

KauecTBeHnHbIC
Pearent Pesynbraret
peaxkuuu
ClioxHBIC B npoGupke Harpenu uccieryeMoe BeLecTBO Bo3HukaeT HHTEHCUBHOE
3¢upsl C HACBHILIEHHBIM PacTBOPOM COJSHOKHUCIIOTO PO30BOE OKpalIlBaHUE.

TPHOKCH]IA XPOMa B CEPHOIl KHCIIOTE.

Apomaru- K xmopodopmy (Hanm XJIOpUIOM MeH) OxkpacKy nmoponuika
YecKue npudaBIIN MCCIEeTyeMOe COEIHHEHHE, Ha CTEHKE —
YTIIEBOIBI TiepeMellany 1 MpoOUpPKY CIerka HaKJIOHWIH, KPacHO-OpaHKeBas,
4TOOBI CMOYHTH CTEHKH. 3aTeM n00aBHIH pacTBOp — GECI[BETHBIH.
XJIOpH/] QIFOMHHHS, TaK YTOOBI YacTh MOPOILIKA
nonajga Ha CTEHKH HPOOHPKH.
I'uapox- OkucneHne XpOMOBBIM aHTHIPUIOM, okucienne | IlonoxurenbHas npoba
CHJIbHAS no JIxoHcy: K 1 M anieToHa 100aBUTb Ha TIePBUYHBIHA CITUPT
rpynma HCCIIelyeMOe BEIIECTBO, 3aTEM PACTBOP JlaeT TIOMYTHEHHE

pacTBOpA U MOSIBICHUE
3€JICHOTO OKpAIlMBaHHS.

KcantoreHoBast mpo06a: K HCCIIEyEMOMY
coeIMHEHUI0 TpHOaBIstoT cepoyriepon (CS,),
3aTeM JI00aBISIOT HEMHOTO EIKOTO KallH,
HArpeBalT M NPHIMBAIOT PAacTBOpP Cyliibdara
Meau.

Boznukaer
KCAaHTOI'CHAT MEIH
KOPUYHEBOTO 1[BETA.

IIpoBenu crekTpaibHBIN aHAIU3 MOJIYUYEHHOTO COeNUHEHUs: MeTojoM SAMP-
n UK-cniekTpockonuu.

C moMoIIbI0 XapakTEPUCTUUECKUX YaCTOT ONPENEIUIN HATMYHE B MOJIEKYJIE
Pa3IMYHBIX TPYNI aTOMOB M CBSi3¢H W TE€M CaMbIM TNPOBENH (yHKIMOHAIBHO-
CpYIIIOBOM aHAIN3.

Pe3ynbrare! nccienoBannii NpUBEIeHB! Ha PUCYHKaX 2 U 3.

AHanM3 CHEeKTPOB MPOTOHHOTO MAarHWTHOTO pe30HaHca (PUCYHOK 2), a
TaK)Ke SIepHOTO MAarHUTHOTO pe3oHaHca (PUCYHOK 3) Ha sapax yriaepona-13
(PC SIMP-crekTpocKONus) HPOAYKTAa PEAKLMH B3aHUMOJCHCTBHS  TPHITAHON-
aMHMHA C XJOPUCTBIM OCH3HJIOM IOJIyYeHBI CIeIyIONe JaHHbIE:
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B nporonnoMm criektpe obpasma mpu o = 4,69 M.1. HaOIIOJAeTCS TPUILICT-
HBI CUTHAJI, KOTOPBI MOXHO OTHECTH K IIECTH NPOTOHAM CHUMMETPHUYHBIX
MeTtuienoBbix rpymnn (H-10, H-13, H-16).

MeHee HHTEHCHUBHBIM CHUTHAN, XMMUYECKUWA cIBUr Kotoporo 4,58 M.n.,
OTBEYAaeT NMPOTOHAM SKBUBANEHTHBIX CH,-rpynin, HemocpeICTBEHHO CBA3aHHBIX C
atomoMm azota (H-9, H-12, H-15).

Cunrner npu 3,94 M.O. MOXHO OTHETHM K mportoHam H-7 meruneHoBoi
rpymibel. CHMMETPHYHBIE THAPOKCHIIBHBIC TPYIIIBI JAIOT OJWH CHUTHAI B 00JIaCTH
2,68 M.

B ob6mactu cnaboro nons (& = 7,35-7,38 M.1I.) pe30HUPYIOT MPOTOHEI apo-
MaTHYeCKOTO KOIbIIA.

[Ipu aHanm3e sAEpHOrO0 MarHUTHOTO pPe30HAaHCA Ha AApax yriepoaa-13 Oblmu
BBISIBJICHBI CIICIYIOIINE XUMUUECKUE CABHUIH:

B cnaGononpHON 9acTu yriIepogHOTO CHEKTPa MPOSBISIOTCS CUTHANBI siIep
BC apomarmueckoro mmkma: 8(C-1) = 126,74 m.a., 8(C-3,5) = 129,28 m.x.,
&(C-4) = 130,84 m.x., 6(C-2,6) = 133,05 m.1.

CummeTpu4HbIM MeTHIeHOBBIM rpymmam  (C-10,13,16 u C-9,12,15) otse-
qaroT cUrHaIbl pu 55,51 u 60,54 m.x. cooTBercTBeHHO. Curnan npu 58,08 ..
OTHOCHUTCS K yriiepony C-7.

Taxoke CTpyKTypy OCH3UITPUITAHOIAMUHOA(PHPA 3PYKOBON KUCIIOTHI JIOKaA-
3amu metooM MK-criekrpockonuu. Pe3ynpraTel mpuBeieHB HA PUCYHKE 4.

Pucynok 4 — UK-criektp OGeH3UATPHAITAHOIAMHUHOIPHpa

B cuHTE3MpOBaHHOM COEOMHEHHM CHEKTPOCKOIMYECKHM METOIOM ObUIH
UIeHTHOUIMPOBAHBI ClieyroNue GYyHKIMOHAIBHBIE TPYIIIBL: CIIoXKHAs d(upHasi,
OCH30JIbHOE KOJIbIIO, YETBEPTUYHAS COJNb AMMOHHS, YTO CBUAETEIBCTBYET O
MIOJIOXKHUTEIEHOM PEe3yJIbTaTe MPOBEACHHON XUMHUECKON PEaKity.

Taxke CTpYKTYypy OCH3UITPUITAHOIAMHUHOI(PHPA IPYKOBOW KHUCIIOTHI JIOKA-
3anmu MetoaoM HMK-cnektpockonuu. Pe3ynbraTsl mpuBeeHb! Ha pucyHke 4. boun
UACHTUPHUIUPOBaHKI 00IacTH KoJleOaHus, MpUBEACHHBIE B TabiuLe 3.
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Tabmuna 3 — Jannsie UK-ciektpa

Xumuueckas cBsi3b | [luana3oH uacrei, e | 3nauenue HHUIMPOBaHHOTO KONeOaHNs, em™!
2975 - 2950
CH, 5883 - 2360 2950 - 2870
CH=CH 1310 - 1290 1237
R - COOR 1730 - 1715 1728
CeH; - 1225 - 950 1149 - 1026
c. .C
Nt ~1680 1640
c’ C
c-cl 750 - 410 607, 545, 497

B cuHTE3MpOBAaHHOM COEIMHEHWH CIIEKTPOCKONNYECKUMH METOJaMH OBLITH
UIeHTUDUIIIPOBAHBI CIIeIyIoNTe PYHKITMOHATLHBIC TPYIIEL: CIIOKHAS dhUpHas,
OCH30JIbHOE  KOJIbIIO, YETBEPTUYHAS COJb aMMOHHS, YTO CBHJCTCIILCTBYIOT O
MOJIOKUTEIBHOM PE3yJIbTaTe MPOBEICHHON XUMUUECKON PEaKIUu.

Omnpenenmmm 3¢GHEKTHBHOCTD TEHCTBHSI MHTHOUTOpPA B 3aBUCUMOCTH OT pH
cpensl (Tabnuna 4).

Ta6mna 4 — Bimsane pH cpensl Ha aHTHKOPPO3HOHHYIO aKTHBHOCTh MHTHOUTOpPA, %

Cpena

Wurnburo
P kucnas (pH=0,9) HelTpanbHas (pH=6,5)

ANKHIOeH3WITPUITAHOTAMIHOI QYU PBI 98,0 79,4

BeiBoasl. [lo pesynbratam NpoBEJEHHOW paOOTHI MOXKHO CIeNaTh CIenyro-
II1€ BBIBOJBI:

1. CuHTe3upoBaH HOBBIII HHTHOMTOP KOPPO3UH Ha OCHOBE TPUITAHOJIAMUHA,
XJIOpPUCTOTO OEH3MIIa M pacCTUTEFHOTO Maca;

2. Ha ocHoBaHMHU MPOBEAEHHBIX HCCIEA0BAHUM pa3paboTanty ONTHMAIBHYIO
METOIUKY CHHTE3a aJIKWITPUITAaHOIAMUHO3(Hpa;

3. C moMompi0 XUMHUYECKUX M CIIEKTPAIBHBIX METOIOB aHaIn3a JOKa3aHa
€ro MOJIEKYJISIpHAsi CTPYKTYpa;

4. CUHTE3UPOBAaHHBI MHTHOMTOpP KOPPO3MH IPOSIBISAET BBICOKYIO aKTHB-
HOCTb B KHCJIOU Cpefe.
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Pe3lome
I'. b. Oybaxiposa, Y. Y. Koiwibex, T. M. Ceuinxanos

KBILLIA MAWBI HETI3IHJIE KOPPO3W UHTUBUTOPBIH CUHTE3IEY

Kasipri yakpITTa KOpray acepi >KOoraphsl OONATHIH CHHTE3JENTeH KOPPO3Hs MHTHOM-
TOpJIapbIHbIH Oipa3bl Oenrimi. Anaiijga, oiapHblH camachlHa, KOJ JKETIMIUIIIHE JKOHE
ap3aH/IbIFbIHA KOMBUIATHIH OApIIbIK OCIM Kelle JKaTKaH TajaITap jKOFapbl THIMAUTIKKE He
001y, KOJI )KETIMII MyHai-XUMHS [IMKI3aThIHAH KCHIJ aJIbIHATBIH KOHE OJIap/IbIH CHHTE31
TYPFBICBIHAH Ja THIMI, COHJAi-aK MaijanaHy TYpPFBICHIHAH Ja YHEeMJi >kKaHa WHTUOu-
TOPJIAPJBI MAKCATTHI TYPJIC KETUIIIPY KOHE 137€y KAKCTTLIIrH aHbIKTalabl. COHIBIKTAH
KOPPO3USIHBIH THIMJI TEXETimTepl ajblHybl MYMKiH KOCBUIBICTApZBIH CHHTE31 ©3€KTi
MiHzIeT OOJIBIT TaObUIaABL. 3epTTEYAIH MaKcaThl — TPUATAHOIAMHUH, XJIOPJIbI OCH3MII XKIHE
KpIIIa Mal{bl HETIi31H/AETT METaul KOPPO3MSCHIHBIH HHTHOUTOPBIH CHHTE3/IEY, METAJT KOp-
PO3MSCHIHBIH CaHJIBIK OarajlayblH >KOHE MHTMOWTOPBIH KOPFAHBIII 9CEPiHIH THIMILTITH
anbIKTay. bi3 s)kaHa KOppO3Wsi HHTHOUTOPHIH CHHTE3IEAIK, CHHTE3 1 JKYPri3y YIIiH OHTai-
JIBl MIAPTTAP/bl aHBIKTA/IBIK,CHHTE3IENITCH 3aTThIH KYPBUIBIMbI OPHATBUIABI KOHE TEXe-
rimTik THiMAUTr 3eprrenmi. JaWslHOanFaH WHTHOUTOPABIH TOMEH YBITTBUIBIFBI, Cyna
epIrilTiri )oHe KOFapbl THIMILUIIT apKachblHIa CyMEH jKaOJbIKTay JKyHenepiHae, MyHan
JKOHE Ta3-XUMIBUIBIK OHEPKACIITEPAC KOAMAHBUTYBIHBIH KeJIemeri 0ap eKeHl KepceTii.
AJBIHFaH 3aTThl 0OJATTHIH KBIIIKBUI OPTaja KOPPO3USICHIHBIH MHTHOMTOPHI PETiHAe Tai-
nananyra 0omanel. JKeprimikTi MIMKi3aT, COHJAW-aK XUMUSIIBIK OHIIPICTIH KaJIBIKTAPhI
MEH jKaHama eHiMJepi Heri3iHjae 0ojaT KOPPO3WSICHIHBIH THIMAI >KOHE SKOHOMHUKAIIBIK
TYPFBIAAH TUIMJII HHTHOUTOPBI OCHI )KYMBICTBIH FHUIBIMH >KaHAJIBIFB! OOJIBIT TaOBIIa B!

Tyiiin ce3aep: TpUATaHOIAMUH, XJIOPJBI OCH3MI, aMHUHOI(HD, 3PYK KBIIIKBUIBI, all-
KWIJIEY, TeKSHTIH OeJICeHAINIK, CIIEKTPIIIK TaJAay, KCAaHTOT€HAIK ChIHaMa.
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Summary
G. B. Aubakirova, U. U. Koilybek, T. M. Seilkhanov

SYNTHESIS INHIBITORS CORROSION
ON THE BASIS OF MUSTARD OIL

Currently, a large number of synthesized corrosion inhibitors, which have high
values of the protective effect, are known. However, the ever-increasing demands for their
quality, availability and low cost determine the need for targeted improvement of existing
and search for new inhibitors with high efficiency, easily obtained from affordable
petrochemical raw materials and economical both from the point of view of their synthesis
and use. Therefore, the synthesis of compounds on the basis of which effective corrosion
inhibitors can be obtained is an important task. The aim of the study was the synthesis of a
metal corrosion inhibitor based on triethanolamine, benzyl chloride and mustard oil, the
determination of a quantitative assessment of metal corrosion and the effectiveness of the
protective action of the inhibitor. We have synthesized a new corrosion inhibitor, deter-
mined the optimal conditions for the synthesis, determined the structure of the synthesized
substance and studied the physical constants. The developed inhibitor due to its low
toxicity, water solubility and high efficiency has good prospects for use in water supply
systems, oil and gas and chemical industries. The resulting substance can be used as an
inhibitor of acid corrosion of steel. An effective and cost-effective inhibitor of steel corro-
sion based on local raw materials, as well as waste and by-products of chemical produc-
tion is the scientific novelty of this work.

Key words: triecthanolamine, benzyl chloride, amino esters, erucic acid, alkylation,
inhibitory activity, spectral analysis, xanthogen assay.
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V]IK 543.632.55
M. O. JOVPEHFEK', A. K. MAJKUBAEB’, P. K. HAJUPOB’

lTapaBCKI/Iﬁ rocynapcTBeHHbIi yHuBepcureT uM. M.X. [lynaru, Tapas, Pecybnmka Kazaxcran,
2Tapasclqzlﬁ rOCyZapCTBEHHBIN Nenaroruueckuii yausepeuret, Tapas, Pecryonuka Kasaxcran,
3Kasaxckuii HalMOHABHBIIT yHHUBepcHUTET UM. anb-Papadu, Anmarsl, Pecrrybnmka Kazaxcran

TEPMOJIN3 KOOPAUHAIIMOHHBIX
COEJIMHEHUI METAJLJIOB
C CEPOCOJEP/KAIIUM ITPEKYPCOPOM
KAK AJIbTEPHATUBHBIA METOJ CUHTE3A CYJIb®HUJIOB

AHHOTanms1. V3ydeHne HOBBIX MaTepHaIoB Ha OCHOBE CYJIb(UI0OB Pa3IHIHBIX Me-
TaJJIOB B HACTOAIIEE BPEMs HMMEET AKTyallbHOE€ 3HAYEHUE, MOCKOIbKY MHCCIIEIOBAaHUS
HaIpaBJICHbI Ha TTONCK aJbTEPHATUBHBIX HCTOYHUKOB YHEPTHHU, B YACTHOCTH, B COTHECUHOM
sHepreTrke. OcoObIi MHTEpEC MPEACTABIAIOT HEKOTOPBIC HOBBIE MaTEPHAIIBl MPOTYKTOB
MIpoIIecca TEPMOIIN3a KOOPANHAIIMOHHBIX COCIMHEHNI METalIOB, 8 UMEHHO: MEH, cepeo-
pa, CBHHIIA, [IMHKA U KaJMHUs C IIPEKyPCOPCOACPKAIIMMA COeNHEHNIMH. B pabore mpu-
BEZICH SKCIEPUMEHT I10 ITOIyYEHHIO YKa3aHHBIX MPOJYKTOB HAa OCHOBE METOJIa TepMHUEC-
KOTO Pa3JIoKEHHUs CepOCOePIKALIIX KOMIIJIEKCOB METAJIJIOB.

HccrnenoBanbl KOMIUIEKCHBIE COSAMHEHHS MenH, cepedpa, CBUHIIA, IIMHKA M KaIMHS
¢ cepoconepxamum npexkypcopoMm. ITomydensr tepmorpamMmel 1 MK-criekTps! BbllIEeHa-
3BaHHBIX COEUHCHUH.

HccnenoBanus MO3BOISIIOT CENATh BHIBOABI O BEIOOPE ONTUMAIBHBIX METOZOB CHH-
Te3a CyIb()UI0B EPEUNCICHHBIX METAIJIOB.

KnaioueBsbie cinoBa: cynb(Quabl, TepMOIN3, KOOPIMHAIIMOHHOE COCAMHEHNE METal-
JIOB, CEPOCOIEpKAILUI IPEKYPCOP, CHHTE3 HOBBIX MATEPUAIOB.

Beenenue. B Hacrosimee BpeMsl IPUCTAIbHOE BHUMAaHHE YIIENAETCS TIOUCKY
myTe nuBepcH(PUKAMK KITFOUEBBIX OTpacield HallMOHAJHHOW SKOHOMHUKH, €&
OTXOAY OT CHIPHEBOH HampaBieHHOCTH pa3BuTHs. Ocoboe 3HaYeHHE HpUoOpe-
TalOT HCCIIEJOBAHMA, HAIPABICHHBIE Ha IOUCK aJbTEPHATHBHBIX HCTOYHHUKOB
sHepruu. Pa3BuThe ambTepHATHBHBIX HCTOYHHKOB JHEPTHHM TECHO CBS3aHO C
MIOMCKOM H pa3pabOTKOW JOCTYIHBIX METOJOB, MO3BOJISIONIUX MOJNyYaTh HOBBIE
MaTepHaJbl C ONTUMAIBHBIMH (PU3UKO-XUMHUYECKUMH CBOWCTBaMH [1-4].

IloBeneHne OOHOTUIHBIX KOOPAUHALMOHHBIX COCIUHEHWH MPH W3MEHEHUU
TEeMIepaTyphl MO3BOJISIET OMPENENIATh B3aUMOCBSA3b MEXIY COCTaBOM M CTpOE-
HUEM KOMIUIEKCHBIX COEAVHEHUH M XMMHU3MOM HUX PA3JIOKEHHUs, a TaKKe INpej-
nojiaraeT (UKCALUIO psila MHTEPECHBIX IMPOLECCOB, NPOTEKAIOMNX B TBEPIOH
(haze. OT0, B CBOIO OUYepenh, NaET BO3ZMOKHOCTD ITOJIy4aTh HOBBIE MaTEpHaNbI C
ONTHMAJIbHBIMH CBOMCTBaMHU.

Pe3ynprarel, momyuyeHHBIE B XOJ€ TpoOILEcca TEPMUYECKOTO Pa3lIOKEHUS
KOOPJMHAIIMOHHBIX COeINHEHN METAJUIOB, MIO3BOJIIOT PAaCIINPHUTh COBPEMEHHOE
IIPEJCTABIEHUE O KOMIUIEKCAX CEPOCOIEPKAIIUX COSIUHEHUH, a TaKKe BbIOMpaTh
ONTHUMAJIbHbIE METO/Ibl CHHTE3a HOBBIX MaT€pPHAaJIOB.
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OKCIIEPUMEHTAIJIBHAA YACTD

B wuccrnenoBaHuMM HCHONMB30BAINMCH KPHUCTAIIMYECKOE IMPEKypcopcoiep-
xKaljee COeOUHEHHE 2,3-IMMEepKaNTONponaHCcynb()OHAT HATPHUS OJHOBOAHBIN
C;H;S;05Na-H,0 Mapku «X.4.», a TakXKe KPUCTAIUIMYECKHE COJM METaJIOB:
CuSO,4-5H,0, AgNOs, Pb(CH;COO0),-2H,0, ZnSO4 u CdSO4 MapKu «X.d.».

KommuiekcHbI TepMOIN3 COEAMHEHUIN OCYIIECTBISUICA C MCIIOJIb30BAaHUEM
mddepeHInanbHO-TEPMUIECKOT0 M TEPMOIPaBUMETPUIECKOTO METOIOB HCCIe-
noBaHus Ha aepuBatorpade mozenu Q — 1000 ¢upmsr MOM (Benrpus) B ycio-
BUSIX HEHM30TEpPMHUYECKOTO HarpeBa B atMmocdepe Bo3ayxa. CKOpocTh HarpeBa
10 K/mun. OgHoBpeMeHHO npoBoamiiachk peructpauus kpusbix TI' u JITA.

Anamms rpadukoB TI' u ITA n uneHTHQUKAIHS TIPOMEKYTOYHBIX 1 KOHEU-
HBIX TPOAYKTOB pasioxkeHus meronoMm MK-crnekrpockonmuueckoro aHainuza Io-
3BOJSIET B JOBOJIBHO IIHPOKHMX IMpeJeNax HU3y4YHUTh MPOLECCH Pas3yiokKeHUs
KOMIIJIEKCHBIX CO€IMHEHNH METAJIOB C CEPOCOIEPKALIIM IPEKYPCOPOM.

Jis HaxoXKIEHUS ¥ N3YYCHUS TEPMOINHAMHYECKHX XapaKTEPUCTHK PeaKIuit
Iporecca TepMOJIN3a CEepOoCOoJIepKAIINX KOMIUIEKCHBIX COEIMHEHHH MEeTayuioB
npuMensics Meron auddepeHnmnanbHo-ckanupytomerd karopumerpun (JJCK).
Kamopumerpudeckoe wnccienoBaHre OCYIIECTBISLIOCh Ha Au(depeHrnantbHo-
ckanupytomem kamopumerpe JCK-2 «Cerapam» (®panuus). Hccnemyemsrit
MaTepuajd W3rOTOBJUICS B BHIE MNPECCOBAHHBIX TaOJNETOK UMIMHAPUYECKON
(hopMBI M3 XPOMHPOBAHHON CTald AMAMETPOM 5 MM W BBICOTOM 3 MM IIpHU
naBieHuH THaponpecca 3,95 T/cm’. Macca TabieTKH B KepaMHUECKOMH JIO0UKE
100 mr — 200 mr; ckopocTh HarpeBa oOpasna 5 K/mMuH. B kauecTBe 3TallOHHOTO
BEIIECTBA MpPHU KAIMOPOBKE NpHUOOpa NPHUMEHSUICS XPOMOBOKMCIBIM Kalnui
K,Cr,O7 ¢ monspHOU TerutoToi tuiaBinenust 35,515 xIk/Moims B TeMIiepaTypoi
miasnennst T, = 671 K.

Hcnonp3oBaHne METONOB KAJOPUMETPUHM AJS ONPEAEICHUH OSHTaJIBIMUN
(ha30BBIX TIEPEXOJIOB — MOBOJIBHO TPyHOEMKHH Tporiecc. IloaTromy B obmactu
cpenuux (673—873 K) u otHocuTenbHo Beicokux (1073—1273 K) Temneparyp nist
oIpeneNieHHus TEIOTH (Pa30BBIX MEPEXOJ0B MOXXHO NPUMEHUTh MEHEE TOUHBIH,
HO 0oJiee MPOCTON METO/] KOJIMYECTBEHHOTO TEPMUUECKOT0 aHAIN3a.

PE3VJIbTATBI U UX OBCYXXJAEHHNE

Ha coBpemeHHOM 3Tane BecbMa BOCTpeOOBaHbI HCCIEIOBAHMUS U3MEHEHUH B
TBEpOGa3HBIX MpoIeccax, MPOUCXOMSIIMINX MPH HATPEBAHUN KOOPAMHAIIMOHHBIX
COCJIMHCHHUH TEPEXOJHBIX METAJUIOB TepMOrpad)uuecKuM CIHOCOOOM H PSIOM
JOPYTUX METOAOB. DTO OOBSACHIETCS TEM, UTO M3YUCHHE MTOBEJCHUSI KOMIJICKCHBIX
COCIMHEHUHA IIpU M3MEHEHHHU TEMIIEpaTypbl CBHUAETEIBCTBYET HE TOJIBKO O
HAIMYAU UX TEPMOCTAOMIBHOCTH, HO W TO3BOJISET BBISBUTH PSJI MHTEPECHBIX
MPOILIECCOB, NPOTEKAIOMINX B TBEPAOH (aze, CONMPOBOKAAIOUIMX WM MpeAaLIe-
CTBYIOIIMX DA3JIOKEHUIO BemiecTBa. K 3TUM mponeccaM OTHOCATCS peakluu
JUCIIPOIIOPLIMOHUPOBAHMS, OKUCIATEIbHO-BOCCTAHOBUTENBHBIE PEAKLIUN MEXKIY
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JIUTaHJOM M IEHTPAIBHBIM aTOMOM U T.II. M3ydeHne KOMIUIEKCHBIX COeIWHEHHH
OJTHOTO THIIa METOJaMHU TepMOorpaduy TO3BOJISIET BBIJCIUTH B3aHMOCBSI3b MEKIY
COCTaBOM U CTPOEHHEM COEIUHEHUH, C OJHOM CTOPOHBI, U XUMU3MOM HX pasio-
JKEHUs, C IPYyroil.

CocTaB CHHTE3MpPOBAHHBIX KOOPAWHAIMOHHBIX COCIWHEHWHA METauIOB C
Cepo-coaeprKalliM IPEeKypCcOopoM HMpeICTaBlIeH B Tabmune 1.

Ta6muma 1 — CocraB CepocoaepKalIuX KOMIIJICKCOB METaJLIOB

CoenuHeHne Cocras
Kommiekcnoe coenunenue meau (1) Naz[Cuz(HL*)zHZO]HZO
Kommnexcnoe coenunenne cepedbpa Na,[Agy(HL),H,O]H,O
Kommnexchoe coenunenne ceuHima (II) Na,[Pb(HL),H,0]H,0
KomruiekcHoe coenHeHne nHKa Na[Zn(HL)(H,0),]2H,0
KomriekcHoe coeTMHeHne KaaMust Na,[Cd,(HL),(H,0),]2H,0

*L = C3H;S;05Na.

HccnenoBanue npouecca pa3ioXKeHUs! KOMILIEKCHBIX COSJUHEHUH METaIJIOB
C cepocoepkKallluM MPEKypcopoM mpoBoauiau npu nomouiu metogos TI, ATA,
HK-cnekTpoCKOUYECKOro aHaIN30B.

Nmeronmuiics HeOobiol nuk mnpu temneparype 410 K Ha tepmorpamme
KOMIUTEKCHOTO coefuaenus Mean Na,[Cu,(HL),H,OJH,O (pucyHok 1) o3Hagaer
OTIIETUICHUE JBYX MOJIEKYJ KPUCTAIUTH3aMOHHON BOJIBI, UYTO MIPUBOJIUT K YIIPO-
mennio MK-criektpa xoMiiekca B 001acTaX Ooy- M Voy-Kosiebanuid. OTneneHue
IBYX MOJIEKYJI BOJABI TIOATBEPKAAETCS TAKKE PacueTOM yMEHBIIEHHS Macchl Ha

kpusoi TT'.

T,K Am, MT
1400 - )
4,8% .
1200 - 1L 0
10,4 % 1110 K
1000 -
+ -40
800 -
710K L .60
600 - \~ OTA
+ -80
400 -
410K  212%
200 - 25,1% T -100
T
O T T T T T '120
0 50 100 150 200 250 300

Bpewmsi, mun

Pucynok 1 — Tepmorpamma cepocoaepskamiero komrmiekca mean (11)
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Ox3oTepmuueckuil dQdext npu temneparype 710 K ozHadaer nectpykuuio
KOOPIMHHPOBAaHHBIX MOJIEKYJ cepocozepskaliero coequnenus. MK-cnextp mate-
puana, BbLAepkaHHOro npu Temmepatype 710 K, ykas3piBaeT Ha OTCYTCTBHE IO-
JI0C, OTBEYAIONINX KOJICOAHMSAM Vcs M VUcy M CBHAETEIBCTBYET O Pa3phIBE CBS3CH
C-Su C-H.

Ha pucynke 2 npencrasien UK-ciektp cepocoaeprkaliero KOMIjiekca Mean
(IT) mocne mpoxanuBaHwsI.
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Pucynok 2 — UK-criektp cepocoaeprkariero komrmuiekca menu (11) mocie npokanuBaHus

HK-criektp 00pa3uoB, BeLAEpKaHHBIX NpH Temneparype 710 K, BwisBuser
IOSBJICHHE TIOIIOC, COOTBETCTBYIOIIUX KOMEOAHHSIM Vsos” H Og0s . BO3HHKHO-
BEHHE JaHHBIX IIOJIOC CBSI3aHO C OKHCIIEHHEM CyJIb(OHOBOH I'PYIMIIBI CEPOCOAEP-
xarero coeaunenns SO~ B cynpdaT HOH M 06paszoBaHueM Cynb(aTa HaTpus
Na,SO,4. [anpHeiiniee MoBHIIEHHE TEMIEpaTypbl HarpeBaHHs MaTepuana o00-
pasia KOMIUIEKCHOTO COCIMHEHHsI MEIH MPOsBIsieTCs 00pa3oBaHWEM Ha TEPMO-
rpaMMme mupokoro su103¢dexra nmpu Temmeparype 1110 K.

[Iporecc Tepmonn3a cepocojepKamero KOMIUIEKCHOTO COEAMHEHUS MeTu
MMEEeT MHOTOCTYNEHYAThIi XapakTep, 4TO MOATBEPKAACTCS CIOKHON JHHHUEH
kpuBoid ITA TepMmorpaMmel cepocoaepKallero KOMIUIEKCa MEAH.

OTmeTnM, 9TO B OKOHYATEITFHOM BapHaHTE Pa3IoKEeHUs MaTepraia oopasma
COeAMHEHHS MeAu ObUIM OOHAPYKEHBl HE3HAUYMTENbHBIC BKpPAIUICHHS METayuld-
YECKOW MeaH. JTO, BEPOATHO, UMEET OTHOIIEHNE K B3aUMOAEHCTBUIO Mex Ty CuO
u Cu,S. B ¢BsI3U ¢ 3TUM 00CTOATETHCTBOM MOXKHO YTBEPKIATh, YTO 00pa30BaHHE
MeIM B JaHHOM cCHCTEME 3aTpyJIHSAETCS PEeaKIMOHHBIM MpOIeccCoM. JK30- U
sHn03hdextel mpu Temmeparypax 710 u 1110 K sBusiroTcss sKcTpeManbHBIMH,
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OTIPEIENSIONIMMU CYMMAapHBIA Tpolece, BKIIOYAIOMNN Ooliee HE3HAUYUTEIHLHBIE
CTaJIVH.

Ha tepmorpamme cepocopaepikaiero KomIuiekca cepedpa sSBHO BBIPaXKECHBI
nBa sHn03(dexra mpu temneparypax 430 u 571 K (pucynok 3). IlepBrrit a3H710-
3(PEeKT OTHOCUTCS K MPOIIECCY OTICICHUS ABYX MOJIEKYJ KPUCTAILIN3AIIMOHHOM
BOJIbI, YTO BBIPAKACTCS yMEHBIIEHHEM Macchl oOpasua Ha 5,1 % (xpuBas TI).
Kcrary, noBeinienre temMeparypsl 00pasia KOMILTIEKCHOTO COeTMHEHHs cepedpa
npuBoauT K ympomennto MK-crekTpa xomriuiekca B 007acTsIX dop- M Vop-KO-
nebanuii. Ha pucynke 4 mzobpaken WK-crektp cepoconepxamero KoOMIIieKca
cepebpa.

T,K Am, Mr
1400 7 579 — 0
1200 - T

11,5% 1171k 20
1000 -
710 K T 40
800 -
+ -60
600 - /\/\/
TA
+ -80
400 - 571 K 20,8 %
430K
200 - 26,2 % T 100
™
0 T T T T T _120
0 50 100 150 200 250 300

Bpewms, MuH
Pucynok 3 — TepMorpamma cepoco/iepkariero KoMIiekca cepebpa

Ounodddext nmpu temreparype 571 K, BeposTHO, IMEET OTHOIICHUE K Ha-
yaJry pacrnazia KOOpAMHAIMOHHBIX MOJIEKYJI TPEKYPCOPCOAEPIKAIIETO COSAMHEHUS
u paspeiBoM cBsizeit C—S u C—H, 3aBepmaromerocs npu temmeparype 710 K.
Hanmume mporecca AecTpyKIMM MOATBEPKIAACTCS W PacUETHBIMU JTaHHBIMU
yYMEHBIIEHHs Macchl obpasia Ha 35,0 %.

Oxk3orepmuueckuii  3pdext mnpu Temmeparype 571 K coorBercTByeT

2—
okucieHno cynbGur nona SO;  KOOPAMHHUPOBAHHBIX MOJIEKYIJ IIPEKypcopco-

2—
fepxariero coeanHeHns 10 cynbdar noHoB SO) . DTOT (aKT MOATBEPKAACTCS

nonocamu miorsomennst B MK-criekrpax oOpasnos mpu temneparype 710 K B
nuanasone ot 999 1o 671 cm'. Crmabbrii sx303ddekt npu Temmeparype 1075 K
OTHOCHUTCS K Havually [polecca IUIaBIeHus o-Ag,S.
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Pucynok 4 — UK-criekTp cepocoeprkaiiero Komiiekca cepedpa
HOCJIe TIPOKAINBAHHS

[Tocnemyromee HarpeBaHue oOpasIa MPUBOAUT K 00pa30BAHUIO COCAMHCHIS
AgsNa,S;, ckopee Bcero, SBISIONMIETOCS 4YacThio coctaBa 2Ag,S-Na,S. 3Hauu-
TeNbHBIA 3HA03QdexT mpu Temmepatype 1171 K Ha Tepmorpamme cepocopep-
JKAIero KOMILIeKca cepeOpa, BEpOsATHO, CBA3aH C IUIABIICHHEM CyJb(aTa HaTpus
00pa3yromerocs B MpoIecce TePMUIECKOTO Pa3IOKECHHS.

W3 TepMorpamMmsl NpeKypcoOpCOAEpIKaIlero COEAMHEHUsI CBHHIIA COCTaBa
Na,[Pb(HL), H,O]H,O cnenyer, 4ro 3HIO0TEpMHUYECKUN IPQPEKT BHIPAXKEH MPH
temnepatypax 395 u 510 K (pucynok 5). K sx3orepmudecknm 3¢ dexkram ot-
HOCATCS TIMKH TepMorpammsl npu temmeparypax 710, 1030, 1070 K. IIpupona
a¢dekroB mpu Temneparypax 395 m 501 K oOycioBineHa mocienoBaTeIbHbIM
OTIIETVIEHHEM CHadaja OJHOW, a 3aTeM JBYX MOIIEKYJ BOJIBL. OTOT (eHOMEH
MOJITBEPKAAETCA U YMEHBIIEHHEM MacChl BEIIECTBA COOTBETCTBEHHO Ha 4,6 u
12,8 % (xpuBas TT').

Hannbie UK-cniekTpa MaTepranra o0pasia KOMIIEKCHOTO COSAMHEHUS CBUH-
11a, BEIIepKaHHOTO TipH Temriepatype 710K, oTpakaioT OTCyTCTBHE TOJIOC TOTIIO-
mieHus, orBevaromx kosiebanusm ceszer C—S u C—H. UK-cnekTp komIuiekc-
HOTO COeIMHEHUs CBHHIIA TIOCIIE MTPOKAIMBAHMSI [TOKa3aH Ha PUCYHKE 6.

Hammume mmka mpu Temmeparype 745K cOOTBETCTBYEeT OKHICIEHHIO CYITb-
¢una ceunia B ero okcuj. M3orepmuueckuii 3pdext npu temmeparype 1070K
00yCJIOBJIEH OKHCIIEHHEM Cynb(uaa CBHHIA, 3aBEpIUAIONIETOCS 00pa3oBaHHEM
cynegara ceunna PbSOy [6].
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T,.K Am, mr
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Pucynok 5 — Tepmorpamma cepocopepkaniero komriekca ceuniia (I1)
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Tepmorpamma IPEKypPCOPCOAEPKALLETO KOMILJIEKCa LUHKA
Na[Zn(HL)(H,0),]2H,O mpencrasnena Ha pucynke 7. Ilporecc pasinoxeHus
KOMIUIEKCa HauMHAaeTcsd C OAHOBPEMEHHOrO yJaleHHs CHayaja OJHOrO MOJ, a
3aTeM JIByX MoJied BoAbl. DTOT 3peKT nmpucyrcTByer npu temmneparype 365 K u
MOJTBEPKIAETCS pacueToM rmotepu maccel Ha 7,58 % (kpuBas TT'). DHmosdhdext
npu temmeparype 425 K yka3plBaeT Ha OTAENEHHME JBYX MOJEKYJ KOOPIUHH-
POBaHHOH BOIBI M3 COEAMHEHHS, CONPOBOXKIAIOIICECS CHIDKEHHMEM MacChl Ha
21,09 %. [7]. Ox303ddext nmpu Temreparype 565 K o0yclioBiIeH OKHCICHHEM

2- 2—
cynsur nona SO; coennnenns 10 cyisdar noHos SO, .

T,K Am, Mr
1400 - -0
1200 - 7,58 % 1 0

12,56 %
1000 -
+ -40
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Pucynok 7 — Tepmorpamma cepocoziepikaliero KoMIiekca uHKa

BrusiBnennsiit sx303ddext npu remneparype 565 K cBunerenpcTByer o Ha-
YUHAIOLIEMCS TpoIlecce NECTPYKIMHM MOJEKYT MPEeKypcoOpCOAEpKallero Coean-
HEHHS. DTOT BBIBOZA 0Oa3upyeTcss M Ha JaHHBIX pacyeTa yYMEHBIUEHHS MacChl
Ha 36,8 % (xpuBas TI'). [Ipomecc HECTPYKIIMU 3aBEPIIAETCS MMHKOOOPAa3HBIM
sk3oTepmudeckuM dddekrom mpu Temmeparype 710 K. Ilpu wuccnemoBanun
HK-cnextpoB Marepuana obpasma npu temneparype 710 K BBISIBIEHO OTCYTCT-
BHE TIOJIOC TIOTJIOIIEHHS, COOTBETCTBYIOIIMNX BaJCHTHHIM W Ae(POPMAIMOHHBIM
konebanmsim rpynm C—S u C-H.

TepmorpaMMa KOOpPIMHALIMOHHOI'O COCTaBa KOMIUIEKCA KaMHs IPEICTaB-
nena Ha pucyHke 8. Kpusas /ITA yxaspiBaeT Ha ABa sHIOTepMUYEcKHX dhdekra
npu temneparypax 365 u 395 K. BeposarHo, oHM 00YCIOBJIEHBI TpOLIECCAMHU
JEeTUIpaTalyH, T.€. yAaleHUeM KPHCTAIUTM3alMOHHON BOBI M €€ BHYTPUC(EPHBIX
MOJIEKyJ1. DTO sIBJI€HME NOATBEp)KAeHO ympoiueHneM MK-cnekrpoB B obmactu

195



XUMUYECKUH JKYPHAJI KA3AXCTAHA

T, K Am, Mr
1400 - )
1200 - 8,6 % 1 20

11,8 %
1000 -
T4 40
800 | 21,7% 751K
+ -60
TA
600 - 501K A
+ -80
400
395 K 38,0 %
200 - 365K T -100
Tr
O T T T T T T _120
0 20 40 60 80 100 120 140

Bpewms, mun

PucyHok 8 — TepMorpamMma cepoCoepIKalIero KOMILIeKca KaIMust

BJICHTHBIX U Je(QOpMaMOHHBIX KOJIeOaHUH doy- U Voy-, IPUYEM AErHapaTalus
MPOXOANT KAacKagHO, C OTHICIUICHHEM CHadaia OIHOTO, a 3aTeM JIBYX MOJIEH BO-
nel. [Tporecc moaTBepkKIaeTCs CHUKEHHEM MAacChl COETUHEHHSI COOTBETCTBEHHO
Ha 8,6 u 11,8 % Ha xpusoii TT.

Tak xak mporiecc TepMONIM3a MPOBOIWICA B aTMOC(hepe OKUCIUTENs (KHUC-
JIOPOA BO31yXa), TO MOKHO CJIIEJIaTh BBIBOJ, YTO 3TH 3()(EKTHI BHI3BaHBI MPOIIEC-
CaMM OKHCJICHHsI OPTaHMYECKON YacTH JIMTaHJa U MOHA KOMIUIEKCooOpa3oBaTens
[7, c. 254]. Dx3oTepmuueckwuii 3 dext nmpu Temmneparype 501 K orBewaer Havamy
mporecca IeCTPYKIUH KOOPAMHHUPOBAHHBIX MOJIEKYJI CEPOCOIEPIKAIIEero KOMII-
JIEKCHOTO COEIMHEHHUs. DTOT BBHIBOJ OCHOBaH Ha pacyeTe MOTEpU Macchl o0pasna
Ha 38,0 % no xpusoit TT.

BriontHe BeposATHO, Kak M B CiIy4ae ¢ MPEKypCOPCOAEPKAIINM COSAMHEHUEM
[IUHKA, YTO TpOIlecC AECCTPYKIHUH KOMIIJIEKCHOTO COCTaBa KaJMMs 3aBEpIIaeTCs
MHTEHCUBHBIM 3K303¢¢dexktoM mpu Temmepatype 751 K. MHccnemoanue
HK-crekTpoB MoKa3ajo OTCYTCTBUE MOJIOC TIOTJIONICHUS U TIpH Temmeparype 751
K o0pa3ma 4To COOTBETCTBYET BaJCHTHBIM W J1e(OPMAIMOHHBIM KoJeOaHHAIM
rpynn C-S u C-H.

BbiBoabl. 113 mpoBeneHHOTO TEpMOJIHM3a YKa3aHHBIX CEPOCOAEPIKAIINX CO-
€IHEHWH MOJKHO CJeNlaTh BBIBOJ: TPOIIECC TEPMHUYECKOTO paciajga MpeKypcop-
COJIEpIKAIIUX KOMIUIEKCHBIX COEUHEHUH METAIOB — CIOXKHBI 1 MHOTOCTYTIEH-
YaThlid IPOLECC, MPOXOSIINN C CYLIECTBEHHBIMH H3MEHEHUSIMH B HCCIIEyEeMOH
cucreme. Hanmpumep, MOXXHO yTBEp)KIaTh, 9TO TEPBHIM 3TAllOM TEPMHYECKOTO
Pa3TOXKEHHsI COEeIMHEHHH ABIISETCS MX YacTHUYHAs WM MOJHAasg Jeruapatanus. B
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CIIEAYIONIEM JTalle BBITOPAET OpPraHUYEcKash YacTh JIMTaHAa C TOCIEAYIOIIUM
o0pa3oBaHUEM COOTBETCTBYIONIETO Cylb(huaa Meramia. /lanee, mpu NMOBBIICHUU
TEMIIEPATYPhI, OKUCISETCS CYIb(U MEeTalia B €r0 OKCHJI; HCKIIOUCHHE COCTaB-
JSIeT TPEKYPCOPCOJIEPKANUIA KOMITIEKC cepedpa, JJsl KOTOPOTO TEPMHUYECKOe
pasioxeHue 3aBepiaeTcs oopazoBanueM cyibduna cepedpa (I).

PesynbTatel nepuBaTorpaduueckoro anamuza u MK-crekTpockonuu TBep-
JIBIX TIPOJYKTOB TPEJICTABIISIOT OOIIYIO CXeMY DPasioKEHHUs] TEPMOJIM3a CepoCco-
Jep KalIuX KOMILIEKCOB METAIJIOB!

Nay[Cuy(HL),H,O]H,0 — > Nay[Cuy(HL),] + 2H,0; (1)

710K

Nap[Cuy(HL),] + O —— > CuS; CuszoSas; NaySOy; COy; HyO5 HaST; (2)

1110K

CuS; CuzeSss + O, —— > CuO; CusiSig; 3)
Nay[Pb(HL),H,O]H,0 —— > Nay[Pb(HL),] + 3H,0; 4)
Na,[Pb(HL),] + O, ———> PbS; Na,SOs; CO,; H,0; HS1; (5)
PbS+0, — > PbSOy; (6)

Na[Zn(HL)(H,0),2H,0 ——> Na[Zn(HL)(H,0),] + 2H,0 — >
565-710K

Na[Zn(HL)] + 2H,0 —  ZnS; Na,S0,; CO,; H,0; H,S7; 7

Nay[Cdo(HL)o(H20),2H,0 —> Nao[Cdy(HL)o(H,0)] + 2H,0 ——>

501-751K

Naz[Cdz(HL)z] + 2H20 — CdS, N32SO4, COQ, HQO, HQST, (8)

Uccnenys pesyabpTatel peaknuu wmetogamu  HK-crmexkTpockomnuu, ObLIH
BBISIBJICHBI 3 OCHOBHBIE CTa/IMU IPOLIECCa TEPMUUECKOTO Pa3JIOKEHHS CEPOCOIep-
KalX KOMIUIEKCOB METAJJIOB: IepBas — JICTHIpaTanus, BTopas — JECTPYKIIHs
KOOPJIUHHUPOBAHHBIX MOJIEKYJ COSAWHEHHUs C MOJy4YeHUueM cyib(puaa MeTamia u
TPEThsl — MOCIIEAYIOIINE TEPMUYECKUE Tpeodpa3zoBanHusl cynb(uaoB. 3HAYUTEb-
HBIH MHTEpPEC MPEICTABISIIOT NIEpBbIe ABE OCHOBHBIE CTAIHHM, CBSI3aHHBIE C 00pa-
30BaHHEM CYJIb(UIOB H OKCHJIOB METAJLIOB.

Omnupasich Ha MOMYYEHHBIEC PE3YJIbTATHl HCCICAOBAHUN, MOXKHO YTBEP)KIATH,
YTO 00pa3oBaHUE OCHOBHOTO TBEpIO(a3zHOro Npoaykra (Cyimbpuma MeTaia)
OIIpeJieNsieTCs, TEePBOCTEIIEHHO, BHYTPEHHEW CTPYKTYpo#l KOMILIEKcooOpa3o-
BaTeNs, TOTJa KaK XapakTep JIETyYHX COCJMHEHHH TepMOJIM3a 3aBHCHUT OT MpHU-
pOIBl KOOPIMHMPOBAHHBIX W BHEIIHEC(EPHBIX aHHMOHOB. XHMMH3M Pa3lOKEHHUS
cepocoJiepKalix KOMIUIEKCOB Pa3IMYHBIX METaNIOB THUIIHYCH, a TeMIleparypa
pacnaga CoeWHEHUH, IJIsi CTAJAWU JEeCTPYKUUH, KojeOnercss B MHTepBane 521—
710 K.
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Pesome
M. O©. Jlaypenbex, A. K. Magxcubaes, P. K. Haoupos

CYJIIbOUATEPAI CUHTE3AEY AIH BAJTAMAJIBI S AICI PETIHJAE KYKIPTTI
IMPEKYPCOPJIbI METAJIAAPABIH KEIHEH/I KOCBIJIIBICTAPBIHBIH
TEPMOJIN3I

OpTypii MeTangapabiH cyib(GUATEPIHIH HETI3IHICTI )KaHA MaTepHaaapasl 3epTTey
SHEPrUsIHBIH albTepHATUBTI (0ajama) SHeprusi Ke3lepiH, aran aWTKaHIa, KyH JHepre-
THKACBIH 13/Ieyre OaFbITTAIFBIHIBIKTAH, Ka3ipri YaKbITTa 3epTTCYJICPIiH MOHI ©3¢KTI MOHI
Oap MeTtangapblH, aTan aliTKaHAa: MbIC, KYMIC, KOPFachlH, MBIPBIII YKoHE KaJMHUH KOOp-
JUHAIMSUIIBIK KOCBUIBICTAphl TEPMOJIM31 TIpoliecci OHIMJIEpiHiH KeHOip kaHa MeTepua-
Jlapbl epeKIle KbI3BIFYIIBUIBIK TaHbITya. JKyMBICTa SKCIIEPMEHT KypaMbIH/a KYKIipT Oap
MeTaJIapAbIH KeIeHIePiH TEPMHSUIBIK BIIBIPATY 9/IICIHIH HETI31HAE KYPTi3iii.

Merangapasl TepMUSIIBIK BIABIPATY 9MICIMEH KYpaMbIHAA KYKIPTTI NpeKypcopiap
0ap MBICTBIH, KYMICTiH, KOPFACBIHHBIH, MBIPBIIITHIH JKOHE KaAMUANIIH KeIIeH/I KOCHIIBIC-
Tapsl 3epTreni. XKorappina aTanFal KOCIBICTAPbIH TEPMOTpaMMalIapsl allbIH/IbI.

Tyiin ce3mep: cynbduarep, TEPMOIU3, KOOPAMHAIMSIBIK KOCBUIIBICTAp, KYKIPT
Kypam/ibl IPEeKypcopiap, xKapThljiail ©TKI3riIITIK KACHETTEPI.

Summary
M. A. Daurenbek, A. K. Mazhibaev, R. K. Nadirov

THERMOLYSIS OF METALS COMPLEX COMPOUNDS CONSISTING
A SULFUR-CONTAINING PRECURSOR
AS AN ALTERNATIVE METHODS FOR THE SULFIDES SYNTHESIS

Currently it has an actual value to study new materials based on sulphides of various
metals since the researches are aimed on searching for alternative energy sources, in
particular, solar energy. There is particular interest on some new materials produced by
the process of metal coordination compounds thermolysis, namely copper, silver, lead,
zinc and cadmium including precursor compounds. During the study it was carried out an
experiment based on the thermal decomposition method for sulfur-containing metal
complexes.

Complex compounds of copper, silver, lead, zinc and cadmium including a sulfur-
containing precursor were studied by the of metals thermal decomposition method. It was
obtained the thermograms of the abovementioned compounds.

The study allows to conclude about the choice of optimal methods for the sulfides
synthesis.

Key words: sulfides, thermolysis, metal coordination compound, sulfur precursor,
semiconductor properties.

199



XUMWYECKHH )KYPHAJI KA3AXCTAHA

UDC 541.128
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D. Z. ABILMAZHINOVA?, ZH. A. BAIMOLDA?

ISSE Research Institute of New Chemical Technologies and Materials, Almaty, Kazakhstan,
?Kazakh State Women's Pedagogical University, Almaty, Kazakhstan

METHOD OF PRODUCING HUMIC SUBSTANCES
FROM LOW-MINERALIZED SULFIDE SILT MUDS (PELOIDS)

Abstract. In this paper is describes a method of producing humic substances from
Saki low-mineralized sulfide silt mud. It is shown that the yield of humic substances from
therapeutic muds using this method reaches 6-6.5%. Also the initial peloid and humic
substances isolated from it were investigated by IR spectroscopic analysis. The nature of
the functional groups of substances were determined by the number and position of the
peaks in the IR absorption spectra. The suggested method of producing humic products
from low-mineralized sulfide silt muds (peloids) makes it possible to obtain purified,
therapeutically highly effective, ecologically-economically advantageous products for
physical therapy in the conditions of resorts.

Key words: sulfide silt muds, peloid, humic substances, fulvic acids, hymatomelanic
acids, method for producing, Saki deposit.

Introduction. Pelotherapy or mud therapy is one of the most ancient me-
thods of treatment by natural factors, which have the greatest adaptogenic
potential, being habitual stimuli, have a pronounced training effect [1, 2].

Pelotherapy can be considered a universal method of healing the body, since
the range of diseases for which a positive effect is observed is quite wide [3].
Therapeutic muds have an immunomodulatory effect, causing natural adaptive
responses of the human body [4, 5], has anti-inflammatory, desensitizing, antitu-
mor [2, 6, 7], analgesic and resorptional action [8], improve hemodynamics and
lymphodynamics, reduce the activity of both exudative and infiltrative processes,
and soften the adhesive structures [9]. Mud therapy is successfully used in the
treatment of various pathologies; in arthritis, respiratory diseases, dermatological
diseases, gastrointestinal diseases, gynecological disorders, ulcus cruris, hepatitis,
inflammatory respiratory diseases, periodontium [10].

The therapeutic effects of mud are due to the combination of the effect of
closely related thermal, mechanical, chemical and biological factors. Depending
on the physico-chemical composition of muds, the severity of the biological res-
ponses of each of them is different. The literature describes studies concentrated
on the study of the composition of therapeutic muds, but they all characterize the
mineral component of mud, and almost do not discuss the functional ability of the
organic component. The lack of knowledge of the organic substances of therapeutic
muds caused their underestimation in the mechanism of action on the body [11].

If several years ago humic substances were used mainly in agriculture and
animal husbandry, today their use has proven to be highly-demanded in phar-
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macy. The study of their physico-chemical and pharmacological properties will
improve the effectiveness and accessibility of pelotherapy for patients, make
treatment dosed. Peloid products are easier packed and transported; they do not
require special conditions for their storage. In the mud baths, waste material
(mud) is disposed of, although valuable substances are stored in it. The active
components isolated from these “wastes” can later be used to isolate humic
substances and produce peloid products.

The Kazakhstan market of medicines is full of antioxidants of foreign origin,
which affects their final price paid by the consumer. The country needs domestic
products which can make a worthy competition. Thus, research on the creation of
innovative products based on humic substances, peloids, is of particular impor-
tance and relevance.

EXPERIMENTAL PROCEDURE

In this regard, we investigated the isolation of humic substances of low-
mineralized sulfide silt muds of the Saki Lake by the method [7, 9].

The Saki mud deposit is located in the Saki District of the Republic of
Crimea, 45 km north-west of the city of Simferopol and 20 km east of the city of
Yevpatoria. The deposit is a coastal, drainless one, with an artificially regulated
hydrological and hydrochemical regime. Balance reserves of therapeutic muds are
as follows: in the East (Resort) basin there are 986,000 m’ and in the West
(Factory) basin 3,735 m’.

Externally, mud looks like a homogeneous high-plastic mass of dark gray
color, with black interlayers, with the smell of hydrogen sulfide and with a small
sediment of the liquid phase.

Humidity of dirt is low — 38.14%, volume weight — 1.73 g/cm’, shear
resistance is 1,973 dyn/cm? at the rate of 1,500-1,400 dyn/cm’. The heat capacity,
depending on the magnitude of humidity, is small 0.51 cal/g-grad, the reaction of
environment is neutral (pH — 7.45), and the oxidation-reduction potential is
negative (Eh — 180 mV). The hydrophilic colloidal complex in its value (22.27%
of dry matter) turned out to be slightly less compared to the usual one for natural
Saki mud (25%). Impurity of mineral particles with a size of 0.25-5.0 m is 2.5%
with the rate of no more than 3%; mineral inclusions larger than 5 mm are absent.
Balneologically valuable components were found in mud: organic substances —
3.28% on dry matter; iron sulfides — 0.69% on dry matter; salinity of the mud
solution refers to the category of the salt-saturated type — 187.505 g/dm’; boric
acid — 0.115 g/dm’, which corresponds to the conditional performance. Heavy
metals are contained in small quantities, including the most toxic ones — lead,
cadmium, zinc and copper.

RESULTS AND DISCUSSIONS

In order to destruct mineral complexes and remove sulfides, carbonates and
other mineral components, native mud was treated with a 2M solution of hydro-
chloric acid without thermal exposure in order to prevent the destruction of orga-
nic substances (figure 1).
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NATIVE MUD
IAMHCI
DEMINERALIZED
SAMPLE
P —
0,SMNa0R chtion exchange resin
SPECTIFIC ORGANIC |
SUBSTANCES HS
S0% HyS0,
HMA=HA AGCGRESSIVE
FA
Ethanal, 9684 Activated carbon,
acetone 10840
FA
HA HAMA
PEECIPITATION
1 0,020 NaOH, satinn exchange resin
HA

Figure 1 — Scheme of isolation of humic substances of low-mineralized sulfide silt muds:
HA — humic acids, FA — fulvic acids, HMA — hymatomelanic acids, HS — humus substances (acids)

In order to obtain more pure products, the extraction of specific organic
substances was carried out with a 0.5 M solution of sodium hydroxide in peloid —
solvent ratio of 1:10 no more than three times, since in subsequent portions the
amount of mineral components increases significantly.

At this stage, the extract containing the amount of fulvic, hymatomelanic and
humic acids — humus acids was obtained. In order to obtain this product, we
abandoned the salt additives provided by the method of D.S Orlov. The extract,
which represents a mixture of sodium salts of humus acids, was transferred to the
H-form, passing through a cation exchange resin. The product was brought to the
air-dry state at a temperature of 35-40°C using forced ventilation.

For further fractionation of specific organic substances, the precipitate was
filtered and a 50% solution of sulfuric acid was added to the filter to pH = 1.0
(universal indicator). The liquid from the precipitate was decanted, filtered and
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transferred to the adsorbed state on activated carbon, after which they were
purified by the method of Forsyth (Forsyth W.G.L., 1947). A fraction was remo-
ved from the coal with a solution of 0.5 M sodium hydroxide solution and trans-
ferred to the H-form using a cation exchange resin, controlling the constancy of
pH on the ionomer. The product was dried at a temperature not exceeding 35°C.
At this stage a fraction of fulvic acids was obtained.

The residue on the filter after separation of the fulvic acid fraction was
washed with water until a negative reaction to sulfate ions and exhaustive extrac-
tion with ethanol was carried out until pale yellow color of the extractant (fraction
of hymatomelanic acids). After vacuum distillation of the maximum possible
amount of solvent, hymatomelanic acids were converted into the sodium form by
dissolving in 0.02 M sodium hydroxide solution and precipitated by adding
sulfuric acid to pH = 1.0. Then they were dried at a temperature of 35-40°C using
forced ventilation.

The residue on the filter after alcohol extraction is humic acids, which con-
stitute the main part of humic substances. It was dissolved in a minimum amount
of 0.02 M sodium hydroxide solution, and then precipitated with sulfuric acid. In
order to obtain a low-ash product, reprecipitation was carried out twice, after
which the alkaline solution was passed through a cation exchange resin and dried.

In order to obtain solutions of humic substances of peloids, accurately
weighed portions of individual fractions of humic substances were poured with a
certain amount of 0.05 M NaOH. A flask with the products was placed in a water
bath, left for a day until the substance was completely dissolved. It was once
filtered through a paper filter (white tape), the pH was adjusted to 7.4, and then
diluted with purified water to 100 ml.

The yield of humic substances from therapeutic muds according to this
method given in the scheme (figure 1) reaches 6-6.5%, which is identical compa-
red to other similar papers [12].

Further, using the IR spectroscopic method of analysis, we investigated the
initial peloid and humic substances isolated from it using the method described
above (figure 2). The analysis was carried out on the equipment named Tensor 11
by Bruker (USA), the spectra were recorded in the range of 600-3600 cm-' using
a diffraction grating.

Infrared spectroscopy has several advantages over spectroscopy in the visible
and ultraviolet regions, since it allows tracing the changes in all the main types of
bonds in the molecules of the substances under study. Taking into account the
number and position of peaks in the IR absorption spectra, it is possible to esti-
mate the nature of the functional groups of substances (qualitative analysis), and
the intensity of the absorption bands — their relative quantitative ratio [13].

As can be seen from figure 2, 12 absorption peaks in the region of 3391-
621 cm” were detected in the initial peloid spectrum, and only 7 peaks in the
region of 3407-609 cm™' were detected in the humic acid spectrum. According to
the IR spectra of the initial peloid and humic acid isolated from it, common
absorption bands in the region of 3400 cm™ are revealed, which is caused by the
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Figure 2 — IR spectra of a) initial peloid and b) humic substance of peloid
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presence of primary amyls, which is manifested due to C=0O vibrations of
carbonyl of the amide group O=C=N, which indicates preservation of humic acids
of individual protein fragments in the molecules. In the spectra of the peloid, the
absorption bands in the region of 1625 cm™ indicates the presence of a C=C bond
conjugated with phenyl, the absorption band of 1475 cm™ corresponds to stretch
vibrations of the aromatic ring (pulsating vibrations of the carbon skeleton), the
absorption band of 1008.58 cm™ corresponds to aromatic compounds, planar
deformation vibrations of C-H in the region of 1070-1000 (9.35-10.00) cm™,
5 peaks in the region of 873.64-748.98 cm™ correspond to the nitro compounds
R-NO; in the region of 920-830 (10.88-12.05) and to the nitrates of RO-NO,
(variable intensity bands) and in the region of ~660 (~15.15) correspond to the
nitrosamines R,N-N = O, ~620 (~16.13) do-cn, amides IV. The remaining
5 peaks related to both peloids and humic substances in the region of 693.43-
609.15 cm-1 confirm the presence of alkynes =C—H. In the spectrum of humic
acid, an absorption band appeared in the 1717.25 cm™ region, which corresponds
to the stretch vibrations of the carbonyl group, o, f-unsaturated C=C-COOH.

Analysis of the molecular structure of humic substances of peloids using IR
spectroscopy showed that their macromolecule consists of frame olefin and
aromatic fragments with a large proportion of unoxidized aliphatic groups, as well
as the content of an aromatic structure with a significant content of carboxyl
groups.

Conclusion. Thus, the proposed method for producing humic products from
low-mineralized sulfide silt muds (peloids) makes it possible to obtain purified,
therapeutically highly effective, ecologically-economically advantageous
products for physical therapy in the conditions of resorts.
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JIAY CYJIbOUJITI BATITAKTAH (ITEJIOU/T) TYMUH/IIK 3ATTAP/IbI
BOJIIT AJTY SJIICI

Makanana «Cak» KeH OpHBbIHAH ajlblHFaH Jai Cyab(puATI OaTmakTaH TyMHHJI 3aT-
Tap/Iel OO amy 9Jici cumaTTainFaH. by ofic OOMBIHIIA eMIIK OaTrmakTaH OeJiHIN abiH-
FaH TYMHHJII 3aTTapAbIH IIBIFBIMBI 6-6,5% NeiiH xkeTeTiHairiH kepceTTi. COHBIMEH KaTap
OacTanKpl MEJIOWA TICH OJjaH OeIiHIN aNbIHFaH TYMHUHIIK 3aTTapasiH MK-crnexkTpockomnus-
JBIK Tangaysl 3eprrengi. UK cinipy cnekTpiepinaeri MbBHIAPIbIH CaHbl MCH OpPHAJIACYHI
Kapail TaOuru QYHKIMOHAIIBIK TONTAp aHBIKTANABL Jlail cynbuaTi OaTmakTaH ajabplHFAH
(menona) TYMHUHIIK TpenapaTTapasl Oedinm amy ofici apKpUIbl MIUHaKainap KaraalbHIa
(¢u3noTepanus YIIiH Ta3apTBUIFaH, TEPAIEBTUKAIBIK THIMIUIIT] YKOFaphl, SKOJIOTHSIIBIK-
SKOHOMMKAJIBIK THIM/II ITpenapaTTap ajayra MyMKIHIIK Oepei.

Tyiiin ce3nep: naii cynbhunti 6arnak, neimou, ryMUHAIK 3aTTap, QyabBO KBIIIKbI-
JIbI, THMATOMEJIaH KBIIIKBUIBI, 06 ary afici, «Caky KeH OpHBI.
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CITOCOB MOJIYUYEHMSI TYMUHOBBIX BELIECTB
113 HU3KOMUHEPAJIM30BAHHbBIX UJIOBBIX CYJIb®UJIHBIX I'PSI3EN
(TIEJIOUJIOB)

OnucaH croco0 MoMy4YeHHs TYMHHOBBIX BemiecTB n3 CakCKOW HH3KOMUHEpalIn3o-
BaHHOW WIJIOBOH cynb(uaHO# rps3u. [loka3aHo, 4TO BBIXOJ I'YMHHOBBIX BEILIECTB M3 Jie-
4YeOHBIX Tpsi3el M0 JaHHOW METOJUKe JocTuraer 6-6,5 %. A taxxe MK-crnextpockonu-
YECKHM aHaJM30M MCCIIEOBAaHbl HUCXOAHBIM MENIOoia M T'YMHHOBBIE BELIECTBA, BBIJIEJICH-
Hble U3 Hero. Ilo uncny u nonoxenuto nukoB B MK-cnekrpax mornomeHus: onpeneneHsl
npuposa (GYHKIMOHAIBHBIX TPYMI BemecTB. [IpeyiaraemMplii crnocod ImosrydeHus mperna-
paToB TYMHHOBOTO psijia U3 HU3KOMHHEPAIM30BAaHHBIX MIIOBBIX CYJIb(QHIHBIX Ipsizeil (Tre-
JIOUIOB) MO3BOJISICT MOJYYHUTh B YCIOBHAX KYPOPTOB OUYHMIIECHHBIC, TEPANEBTUUECKH BBI-
cOK03((EKTHBHBIE IKOJIOT0-3KOHOMUYECKH BBITOAHBIC TIPETIapaThl Uil (PU3NOTEPaIIHy.

KnroueBble cjioBa: nioBble Cynb(UIHBIC TPS3H, MENOMHA, TYMUHOBBIC BEINECTBA,
(yIBBOKUCIIOTHI, THMAaTOMEIaHOBbIE KHCIIOThI, MeToquKa, CakcKoe MeCTOPOXKICHHUE.
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SYNTHESIS AND X-RAY DIFFRACTION STUDY
OF THE CHROMITE-MANGANITES

Abstracts. In this work synthesized new chromite-manganite phases using sol-gel
method and their composition was studied by X-ray method. Chromium oxide, manganese
oxide, yttrium oxide, metal carbonates, citric acid and glycerin were used as starting mate-
rials. It is shown that the use of citric acid and glycerol as precipitant, giving a positive
effect to monophase samples. Precipitate was subjected to homogenizing roast in the
temperature range from 600 to 1100°C, reaching the level of sintering samples were con-
trolled by the basis of X-ray diffraction profiles. All the X-ray reflection lines have been
successfully indexed according to the orthorhombic perovskite structure with space group:
Pbnm (62) and with the following parameters: Y .xMgCrysMngs0;,(x~0,7) —a=5.557,
b=7.515, ¢=5.252 A, Z = 4; Y 1.5BaCr( sMn 503, (x=0,7) —a=9.102, b=5.533, c=7.330 A,
Z = 4; Y (1SrCro sMng 503, (x=0,7) —a=7.109, b=7.436, c=6.756 A, Z = 4.

Keywords: chromium complex, sol-gel process, crystal structures, nanostructures,
doping, X-ray diffraction.

Introduction. The increasing demand to reduce the dependency on fossil-
fuels has necessitated advancements in device-related materials for alternative
energy technologies. Solid oxide fuel cells (SOFCs) may play an important role in
the future of energy technology, as they are able to produce energy by direct che-
mical-to-electrical conversion of oxygen and hydrogen or hydrocarbon fuels with
high efficiency and relatively little emission of greenhouse gases [1, 2]. When
operated in reverse, the fuelcell functions as an electrolyzer, effectively storing
the energy obtained by splitting water into hydrogen and oxygen for futurepower
generation [3]. Typically, SOFCs must be operated at high temperatures of around
800-1000°C, primarily in order to overcome the slowkinetics of the oxygen re-
duction reaction (ORR) (O, + 4e— — 207") at the cathode,which results in a high
cathodic overpotentialat lower temperatures [4, 5]. Even at higher temperatures,
the slow kinetics of the ORR is a major contributor to the overall resistance of the
SOFC, resulting in decreased device efficiency [4]. High temperature operation of
the SOFCcauses accelerated material degradation and high operational costs. A
key material property that correlates with the ORRis the surface exchange coef-
ficient k*, as higher k* values correspond to more rapid splitting of the O, and
incorporation into the cathode, which in turn correlates with more efficient overall
ORR. A cathode with a higher value of the surface exchange coefficient k* and
correspondingly improved ORR activity would allow for lower temperature
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operation of the SOFC, which in turn improves fuelcell lifetime by slowing
material degradation. Such cathode improvements would increase the economic
incentive for large scale commercialization of SOFC technology [5]. Perovskite
oxides have presented themselves as the most promising alternative materials to
precious metal alloys for SOFCs, [6—8] with materials such as La;Sr,MnQO;
(LSM) and La, Sr,Co, yFe,O; (LSCF) appearing widely in commercial SOFCs
[8-10]. Similar perovskites also appear to be very promisingfor aqueous electro-
catalysis, with materials such as Ba,; Sr,Co;-,Fe,O; (BSCF) and Pr, Ba,CoOs
displaying recordhigh ORR [11] and oxygen evolution reaction (OER) [12]
activities, respectively. This work seeks to discover high activity perovskite ca-
thode materials that are also stable under SOFC operating conditions.

EXPERIMENTAL

When using the sol-gel method, nanoparticles, porous structures with an
ordered and disordered arrangement of pores, nano coatings, fiber and monolithic
structures can be obtaining [13]. The process consists of the following stages:

Stage 1. Formation of sol. Hydrolysis and polycondensation of monomer
compounds.

Stage 2. Formation of gel. At this stage, the formation of a spatial gel grid
takes place. At the same time, there is a sharp increase in the viscosity of the so-
lution. In an acidic environment, hydrolysis is faster than polycondensation.
Therefore, in the initial stages, chains are mainly forming, and then there is a
branching of chains and their cross-linking. Large spherical particles are forming
in alkaline medium.

Stage 3. The aging of gel (syneresis). There is a seal structure of the gel, the
compression of mesh and the selection of the gel solvent. This stage can take
several days. First, separate particles of silicon oxide are forming in the system.
Then their coalescence proceeds with the formation of large porous structures.
Initially, a small number of pores with a large diameter are forming in the mate-
rial. As the gel syneresis proceeds, the number of pores increases, and the pores
become thinner.

Stage 4. Drying. The liquid is removing from the spatial structure of the gel.
If the removal of solvent occurs in the supercritical conditions, the formed aero-
gel. If you carry out drying at an elevated temperature, a denser structure is
formed- xerogel [13].

When using the sol-gel method, different types of nano composites can be
synthesizing. For example, the scheme of the synthesis of nano composites such
as "chromite — manganite’s" is showing in figure 1.

The formation of new phases was controlled by the method of X-ray phase
analysis produced by X-ray diffractometer Miniflex 600 (Rigaku) using CuK
a-radiation filtered by the filter (U = 30 xV, J = 10 MA, the rotation speed of
1000 pulses per second, time constant = 5 sec., the range of angles 26 from 5 to
900). Radiographs of the synthesized polycrystalline powders were indicated by
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Figure 1 — Synthesis scheme for nanocomposites
of chromite-manganites using the sol-gel method
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the homology method (homologue is a distorted structure type of perovskite). The
density of chrimite — manganites was determined by the pycnometric method
according to GOST 2211-65. Toluene served as indifferent liquid. The density of
the chromite — manganite’s were measured 4—5 times and data were averaged
[14].
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RESULTS AND DISCUSSION

Powder X-ray diffraction patterns (refer with: figure 2a—c) show that the
samples show single phase and indexed (refer with: table 1) in the cubic structure
with Fm-3m (225) group space.
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a) X-ray picture of powder Y, MgCr, sMn, 503,(x=0,7)

b) X-ray picture of powder Y ;. BaCry sMn, 503, (x=0,7)
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c) X-ray picture of powder Y ;.4 SrCry sMn, 505,(x=0,7)

Figure 2 — XRD patterns of perovskites chromite-manganites:
a) Y (1.oMgCrg sMng 503,(x=0,7), 6) Y 1.9BaCrgsMng 503, (x=0,7), €) Y (1.9SrCrgsMng 505,(x=0,7)

The data of the X-ray diffraction of the synthesized chromite-manganites are
presented in tablel.

Table 1 — Indexing of radiographs of synthesized phases

Ne [°2Th.] d[A] Int. [%] 10%/d%exp. hkl 10%/d*teor.
1 2 3 4 5 6 7
Y (1.:0MgCry sMny 505,(x=0,7)

1 20.59 4310 0.6 538.32 (0,1,1) 538.24
2 23.17 3.835 2.7 679.94 (1,0,1) 679.81
3 23.69 3.753 29 709.97 (0,2,0) 709.85
4 26.07 3.415 203 857.47 (1,1,1) 857.39
5 31.94 2.799 20.9 1276.42 (2,0,0) 1276.33
6 33.38 2.682 100.0 1390.22 1,2,1) 1390.19
7 34.04 2.632 24.7 1443.54 (0,0,2) 1443.44
8 34.16 2.623 10.5 1453.46 (2,1,0) 1453.40
9 36.32 2472 0.4 1636.45 (2,0,1) 1636.36
10 37.74 2382 0.9 1762.45 (1,0,2) 1762.39
11 38.31 2.348 0.7 1813.86 @,1,1) 1813.77
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Continuation of table 1

1 2 3 4 5 6 7

12 39.67 2270 3.8 1940.65 (1,1,2) 1940.56
13 39.86 2.260 2.2 1957.87 0,3,1) 1957.79
14 40.15 2.244 2.2 1985.88 (2,2,0) 1985.81
15 41.89 2.155 5.5 2153.30 0,2,2) 2153.22
16 43.13 2.095 8.3 2278.41 (1,3,1) 2278.35
17 43.82 2.064 2.2 2347.36 (2,2,1) 2347.28
18 45.04 2.011 0.6 2472.72 (1,2,2) 2472.66
19 47.37 1.918 18.8 2718.33 (2,0,2) 2718.25
20 48.47 1.877 143 2838.38 (0,4,0) 2838.27
21 48.78 1.866 7.6 2871.95 (2,3,0) 2871.87
22 48.99 1.858 11.9 2896.73 2,1,2) 2896.68
23 51.94 1.759 2.2 3231.98 (3,0,1) 3231.87
24 53.04 1.725 0.6 3360.64 (1,3,2) 3360.55
25 53.46 1.713 14.8 3407.89 3,1,1) 3407.81
26 54.39 1.686 0.6 3517.91 (1,4,1) 3517.87
27 54.78 1.674 0.5 3568.53 (1,0,3) 3568.48

Y( 1 -x)B aCI'(),sMIl())5O3, (X:0,7)

1 15.49 5.714 1.0 306.28 (1,0,1) 306.22
2 19.47 4.556 6.3 481.76 (2,0,0) 481.87
3 20.10 4.415 13.0 513.02 (0,1,1) 513.96
4 22.36 3.973 41.2 633.52 (1,1,1) 633.48
5 22.96 3.871 5.1 667.35 (2,0,1) 667.27
6 24.25 3.668 26.6 743.26 (0,0,2) 743.21
7 25.31 3.516 92.4 808.91 (2,1,0) 808.86
8 26.17 3.403 52.2 863.52 (1,0,2) 863.47
9 28.12 3.171 100.0 994.51 (2,1,1) 994.45
10 30.83 2.898 58.2 1190.70 (1,1,2) 1190.62
11 31.28 2.857 1.5 1225.12 (2,0,2) 1225.08
12 31.86 2.807 9.6 1269.15 (3,0,1) 1269.12
13 32.36 2.764 45.8 1308.95 (0,2,0) 1308.89
14 35.33 2.538 12.9 1552.44 2,1,2) 1552.38
15 35.85 2.503 23 1596.17 (3,L,1) 1596.11
16 36.07 2.488 1.2 1615.47 (1,2,1) 1615.38
17 38.05 2.363 9.2 1790.90 (2,2,0) 1790.82
18 38.45 2.340 3.6 1826.28 (3,0,2) 1826.17
19 39.52 2.278 1.5 1927.05 (4,0,0) 1927.00
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End of table 1
1 2 3 4 5 6 7
20 40.05 2.249 18.2 1977.06 2,2,1) 1977.01
21 40.30 2.236 2.1 2000.12 (0,1,3) 2000.06
22 40.85 2.207 4.5 2053.03 0,2,2) 2053.00
23 41.47 2.176 45.0 2111.94 (4,0,1) 2111.87
24 41.55 2.172 42.1 2119.73 (1,1,3) 2119.69
25 41.90 2.155 359 2153.30 (2,0,3) 2153.25
26 42.08 2.145 42.9 2173.42 (1,2,2) 2173.36
27 42.90 2.106 10.7 2254.67 (4,1,0) 2254.59
Y (1-0S1Crg sMny 503, (x=0,7)
1 16.40 5.400 3.1 342.93 (1,0,1) 342.87
2 17.61 5.031 7.9 395.08 (1,1,0) 395.03
3 18.07 4.904 3.0 415.81 (0,1,1) 415.77
4 20.37 4.357 1.1 526.77 (1,1,1) 526.72
5 20.69 4.290 0.1 543.35 (1,0,1) 543.28
6 23.98 3.708 2.5 727.31 (1,1,1) 727.26
7 24.12 3.688 19.1 735.22 (0,2,0) 735.18
8 25.87 3.441 62.6 844.56 (2,0,0) 844.52
9 27.14 3.283 5.5 927.80 (0,0,2) 927.72
10 27.42 3.250 100.0 946.74 (1,2,0) 946.67
11 28.60 3.118 14.7 1028.60 (2,1,0) 1028.53
12 29.05 3.071 0.5 1060.33 (-2,1,1) 1060.25
13 29.30 3.045 0.6 1078.51 (-1,2,1) 1078.44
14 29.76 2.999 74.4 1111.85 0,1,2) 1111.78
15 29.91 2.985 30.7 1122.30 (-1,1,2) 1122.26
16 31.98 2.797 1.4 1278.24 (1,2,1) 1278.21
17 33.15 2.700 19.4 1371.74 (-2,0,2) 1371.68
18 34.24 2.616 0.1 1461.25 2,1,1) 1461.19
19 34.99 2.562 7.8 1523.50 (1,1,2) 1523.45
20 35.37 2.535 17.2 1556.12 (-2,1,2) 1556.08
21 35.66 2.516 6.0 1579.71 (2,2,0) 1579.68
22 36.03 2.491 1.6 1611.58 (-2,2,1) 1611.53
23 36.74 2.444 2.5 1674.16 (-1,2,2) 1674.12
24 38.50 2.336 5.8 1832.54 (-3,0,1) 1832.46
26 38.87 2.315 1.0 1865.94 (1,3,0) 1865.89
27 39.09 2.302 8.3 1887.07 0,3,1) 1887.01
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The reliability of the indexing results is controlled by a satisfactory coinci-
dence of experimental and calculated values of the inverse squares of the inter-
planar spacings (10%/d%), and the coincidence degree of the x-ray and miCromet-
rically densities values of the studied compounds.

The data of X-ray indexing of synthesized chromite-manganites show that
they have an orthorhombic structure with the following parameters of elementary
cells:

Table 2 — Phase symmetry, lattice parameters, unit cell volume, X-ray and
pycnometric density of the chromite — manganites obtained by sol-gel method

Ne Compound Phase a, b, c, \
symmetry A A A A

1 | YqxMgCrysMn,s05,(x=0,7) | orthorombic | 5.557 | 7.515 | 5.252 | 219.3 | 4 | 5.76 |5.75

Z|P X-ray P pyc

2 | YqxBaCrysMngsO;, (x=0,7) | orthorombic | 9.102 | 5.533 | 7.330 | 369.1 | 4 | 4.55 |4.54

3 | YqxSrCrysMngsO;, (x=0,7) | orthorombic | 7.109 | 7.436 | 6.756 | 347.6 | 4 | 3.95 [3.94

Thus, nano composites such as "chromite — manganite’s"were synthesizing
by sol — gel method. Using the ceramic technology, considering the Tamman’s
conditions, the authors defined temperature regime of the synthesis of the
chromite — manganite. The type of crystal system and unit cell parameters were
determined by the radiographic method. It is established that a complex mixed
manganite is crystallized in the orthorhombic crystal system, the correctness of
the results of X-ray studies of the manganite is confirmed by the good concor-
dance between the experimental and calculated values (10*d%), concordance
between the values of X-ray and picnometer densities [15, 16].

Conclusions. Radiographic method determined the type of symmetry and the
parameters of the elementary cells. It is revealed that chromite-manganites obtai-
ned by sol-gel method crystallize in the orthorhombic structure and correspond to
the formulas Y ;.xyMeCry sMn, sO3(Me = Mg, Ba, Sr, x=0,7).
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Pe3iome

M. M. Mamaes, I'. C. [lampun, K. JK. Cetimbexosa,
K. U. Typcunosa, M. P. A6opaiimosa

XPOMUTTI-MAHT'AHUTTEPAI CUHTE3IEY
’KOHE PEHTTEHKYPBUIBIM/IBI 3EPTTEY

Kywmsicta Y (1. xyMeCry sMn, sO3(Me = Mg, Ba, Sr, x<0,7) Kypam/Ibl >kaHa XpOMHTTi-
MaHTaHUTTEp (a3achl 30JIb—TENbIICIMEH CHHTE3/ICITeH, PEHTTEHIIK 3ePTTeY >KYMBICHI
KyprizinreHn. bacrankel maTtepuanmap peTiHAE XpOM OKCHII, MapraHen OKCHII, UTTpUil
OKCHJi, MeTal KapOOHATTaphl, JHMMOH KbIIIKBUIBI JKOHE TJIHMIEPHH KOJJAHBLIJIBL
JIMMOH KBIIKBUTBI MEH TJHIECPHHII TYHABIPFBINI pETIHAC MaimanaHy yIruiepaiy
MOHOGa3aNbIFbIHA OH ocep eredi. AnbiaraH TyHOa 600—1100°C temmepaTtypa auamna-
30HBIHJ]A TOMOTe-HU3AIMSIIBIK KYHAIpyre YIIbIpan, yiriepaid Oipiry aeHrediHe xeryi
peHTreH audpoKTarpaMmanapsl Heri3iHne Oakpuianapl. PeHTreH (¢asanslk  Tangay
HOTMKeCl OOMBIHIIAXpOMUTTI-MaHranuTTep Pbnm (62) KeHICTIKTIK TOOBIHIA OPTOPOM-
OTBIK MEPOBCKUT KYPBUIBIMBI OOMBIHINA WHIUIMPIICHTEH JKOHE KeJleci YSIIBIK IMapameTp-
nepine ue: Y(19MgCrosMngs0s, (x=0,7), —a=5.557, b=7.515, ¢=5.252 A 7 = 4
Y(]_X)BaCrojMnoszb (X:0,7), —329.102, b:5533, ¢=7.330 A, Z = 4, Y([_X)SI'CI'075M1'107503,
(x=0,7), —a=7.109, b=7.436, ¢=6.756 A, Z = 4.

Tyiin ce3aep: XpoM KemIeHi, 307b-TeNbIi MpoIecTep, KPUCTAIABI KypbUTBIMIAP,
HaHOKYPBUIBIMAAD, TONHUPIIEY, PEHTTEHAIK qudpaxmus.
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Pe3zrome

M. M. Mamaes, I'. C. Ilampun, K. JK. Cetimbexosa,
K. U. Typcunosa, M. P. Abopaiimosa

CHUHTE3 1 PEHTTEHOCTPYKTYPHOE NUCCJIEJJOBAHUE
XPOMUTO-MAHI'AHUTOB

B paGote mpezacraBieHO peHTreHOrpadUvecKkoe MCCICIOBAHUE CHHTE3HPOBAHHBIX
30JIb-T€JIb METOJOM HOBBIX XPOMMTO-MaHIaHMTOBBIX (a3 cocraBa: Y (;.xyMeCrysMngsO;
(Me =Mg, Ba, Sr, x = 0,7).

B kauecTBe UCXOIHBIX MaTEPHUAIIOB HCIIOIB30BAINCH OKCHUIT XPOMa, OKCHI MapraHIIa,
OKCHUI UTTpHA, Kap6OHaTI)I MCTAJUIOB, JIMMOHHAA KUCJIO0TAa W TIIUICPUH. HOKa?:aHO, qTO
HCITOJIb30BAHUE JTUMOHHOMN KHUCIOTHI U TIIMIEPpUHA B KAYECTBE OCAAUTEIIA TMOJIOKUTCIIBHO
BIMSIET HAa MOHO(Da3HOCTH 00pa3nioB. OcaaKy MOABEPTalIuCh TOMOTCHU3UPYIOIIEMY 00KH-
ry B nuamnaszone temneparyp 600— 1100 °C, mocTikeHus YpOBHS CHEKaHHs 00pasloB
KOHTPOJUPOBAITM HA OCHOBAaHUM MPOQHUIICH PSHTTCHOBCKUX audpokrarpamm. Bee nuHum
PEHTTCHOBCKOTO OTPAXKCHHS YCICIIHO HWHICKCHPOBAHBI B MCKAXKEHHOW MEPOBCKUTOIO-
JIOOHOH OpPTOPOMOUYECKON CTPYKTYpe C MPOCTPaHCTBEHHOW Tpymmoi: Pbnm (62) u co
CHEAYIOIUMH  mapameTpamu: Y 9MgCrosMngsOs, (x=0,7), —a=5.557, b=7.515,
c=5.252 A, Z=4; Y.BaCrysMnys0s, (x=0,7), —a=9.102, b=5.533, ¢=7.330 A, Z=4;
Y(I_X)SI‘CI'O’5MHO’503, (X”:O,7), —a=7. 109, b:7436, c=6.756 A, 7=4.

KiioueBble c10Ba: KOMIUIEKC XpoMma, 30Ib-T€Nb TPOIECCH], KPHUCTAILTHYECKHE
CTPYKTYPBI, HAHOCTPYKTYPBI, JIETHPOBaHNE, TUPPAKIINI PEHTTEHOBCKUX JTy4eH.
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YK 541.136/.136.88
A. K. PAXUMOBA, A. K. T'AJIEEBA

Kazaxckuil HallMOHaNbHBIN YHHBEPCUTET UM. anb-Papadu, Anmatel, Kazaxcran

METO/Ibl CHHTE3A JUTHUM KEJE3A ®OCPATA:
MUKPOBOJTHOBOM CUHTE3 —
NEPCIHEKTUBHBIA METO/I JIJISI CHHTE3A LiFePO,

AHHoTanus. [lepcreKTHBHBIM KaTOJHBIM MaTEepPHaJIOM Ui JTUTUH-MOHHBIX OaTapei
seisietcs LiFePO,, obnamaroimuii BRICOKOH CTaOMIBLHOCTRIO NPU HUKIMPOBAHUH, T0CTa-
TOYHO BBICOKOW TeopeTHyeckoi emkocThio (170 MA-4/r) m sKkoiormueckoil Oe3omac-
HOCThI0. OHAaKO JaHHBIA MaTepuall UMEeT HU3KYI0 MOHHYIO U JIEKTPOHHYIO NPOBOJU-
MocTh. MHOTHE UCCIEOBaHNs HAIIPaBJICHbl Ha PEIIeHHE 3TOW MPOOJIEMbl U YIPOIICHUE
Ipolecca CUHTE3A.

B crathe mpencTtaBieHsl CYLIECTBYIOIIME METOABI CHHTE3a KAaTOJHOIO MarepHaia
LiFePO,. OcHoBHOI1 ymop clienan Ha pacCMOTPEHHE MHUKPOBOJIHOBOTO METOJIa CHHTE3a U
KOMOMHHPOBAHHBIX METO/IOB, CBA3aHHBIX C MUKPOBOJIHOBBIM BO3ICHCTBHEM.

KuaroueBsle cioBa: mutuii xemeza ¢ochaT, MUKPOBOIHOBEIA CHHTE3, KaTOIHBIN
Marepual, JUTUH-UOHHBIA aKKyMYJISITOP.

Beenenne. Cpean NONMMaKCHOHHBIX CTPYKTYyp onmBuH-LiFePO, marepuan
MOJTydnJI HanOoJblllee BHUMaHHE Oyiarofaps BBICOKHM JJIEKTPOXUMHYECKAM
CBOMCTBaM.

Cnabast snexktponHas nposoaumMocts LiFePO, npeononeBaercst ¢ moMomibio
HAHECEHHS YTJIIEPOIHOTO MOKPBITHSL.

[lepexon x docharam maer psa MpeUMyIIeCTB JUTHEBBIM OaTapesM:

- cTabWIbHAs CTPYKTYPa;

- BBICOKOE HaIpsKEHHUE;

- HCTIONTB3YIOTCS IUPOKO PACTIPOCTPAaHEHHBIE SIIEMEHTHI

- BBICOKasi MOIITHOCTb W ObICTpast 3apsiKa;

- LIMPOKUH IWana3oH TeMIeparyp odecrneunBaeT IpOU3BOAUTEILHOCTD MIPH -
40°C;

- Ornaromapsi BBICOKOW CTaOMJIBHOCTH 3JCKTpUdeckux cBoictB, LiFePO,
sBisieTcss Oojiee Oe30mMacHBIM MaTepHalioM, YeM TPaaUIHOHHBIE MaTepHallbl
KaToja.

Cpenn HemocTaTkoB ¢ochaToB — HU3KAS DIICKTPOHHAS TPOBOJAUMOCTH H
cnabast TUTUI-HOHHAS TTPOBOIUMOCTH [1].

CymecTByOT pasnuyHble MOAXOABI JUI  YJIy4YHOIEHHA 3JIEKTPOHHOU
npoBoanMocth: JerupoBanne LiFePO, cymepBaieHTHRIME KaTHOHAMH, KOTOpBIE
MOBBIIIAIOT TPOBOJUMOCTh B KpHcTamie, nokpeitie LiFePO, mnposoasmimu
MaTepuantaMy, TaKUMH Kak aTOMbI YIJIEpPOZa, YMEHBIIEHHE pa3Mepa 4YacTHUIl
LiFePO,4 mist toro, uyto0bl yTh auddy3un ObLT KOpoue. DTH MOIXOIBl MOTYT
OBITh peaM30BaHbI C TIOMOIIBI0 HOBEHUIITUX TEXHOJIOTHUH MPOU3BOJICTBA.

Mertonst umsroroBinenuss LiFePO, mopomkoB BkmowaloT: TBepaoda3HbIN
CHHTE3, MEXaHOXUMHUYECKYI0 aKTHUBALHMIO, KapOOTEPMHUUIECKOE BOCCTAHOBJICHHE,
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CBY-narpes, ruipoTepMaIbHBIN CHHTE3, 30Ib-TEb METOI, TUPOIIN3, OCAKACHHE,
MHUKPO3MYJILCHOHHYIO CYIIKY H Jip. [2].

OTH METOABI MOKHO Pa3/IeINTh Ha IBE OOJIBITNE METOIUKH: TBepaodazHas 1
KuaKodaszHas.

TBepaodasHas xuMus, KyJa BKIIOYEHBI TBEpAO(A3HBIE PEaKUUU, MEXaHO-
XMMUYECKasi aKTHBALUs, KapOOTepMHUUIECKOE BOCCTAHOBJICHUE, MUKPOBOJIHOBBIN
METOA CHHTe3a M XuiakodasHas, KyJa BKIIOYEHBl THAPOTEPMAIbHBI METOZ,
30J1b-T€JIb METOJ, METOJ OCAXJEHHUs, METOJ| BBICYLIMBAHHUS 3MYJbCHH, CIIpE-
MIHUPOJIH3.

Kaxnp1ii 13 nepeynciIeHHbIX coco00B 00J1a1aeT CBOMMHU NPEUMYILIECTBAMH.

Memoo meepdoghaznoeo cnexanus. TepnodasHoe CrieKaHUe SBISIETCS OC-
HOBHBIM CIIOCOOOM TIOJIyYeHHS Pa3IMYHOTO pPOjAa KEPaMHKH M COCTOHT W3
NOCIIEZ0BATENbHBIX CTaIUil TIIyOOKOrO MOMOJa M OOKUra CTEXHOMETPHYECKON
CMECH HCXOIHBIX peareHTOB. B oOmem ciyuae, ans cunre3a LiFePO4 mcxomnas
CMECh COCTOMT H3 CTEXHMOMETPHYECKOTO KOJMYECTBAa COJHM Kene3a (amerar
xkenesa (I1), okcamara xenesa (I1)), coenuaennst muThs (kapOOHAT WITH THIPOKCHT
nmutHst)), pocdara ammoHms Kak mctouHWKa (ocdopa [3-4].Hcxomanyo cmech
nmpokanuBatroT npu Temneparypax 300-400°C mns ynmaneHus ra3000pa3HBIX
BEILECTB, MOCJIE YEero KajibLUUHUPYIT npu Temneparypax ot 400 no 800°C B
teueHune 10-24 4. [Tocne ocHOBHOTO OOKMTa MAET BTOPUYHBIM OMOJ U T00aBKa
HCTOYHHUKA yriepoja (TI0K03a, KapOOHOBBIE KUCIIOTHI U T. /.) B KAYE€CTBE JJIEK-
TponpoBoAsLIeld 100aBKM € TMOCIHEAYIOIUM O0O0XHroM. UWCTOTa CHHTE3HPO-
BaHHOT'O MaTepHaja 3aBHUCHT OT BPEMEHHU IOMOJIa UCXOJHBIX PEareHTOB, TeMIIe-
patypsl U BpeMeHH o0xura. B mporecce o0ura Juist MpeJoTBPAIICHUs OKUCIIe-
uus Fe’'B Fe’ ucnonb3syior npoaysky unepTHbIM (AT, N,) HIIM BOCCTAHOBHTEIIb-
HbIM (N,/H,) razom. OgHako m36exaTh MPUCYTCTBUS TPEXBAJICHTHOTO JKeje3a B
KOHEYHOM MPOAYKTE MOCTATOYHO TpyaHO. OCHOBHBIE MPHMECH, COJEpIKallne
TPEXBAJICHTHOE >KeJe30, B CHHTEe3upyeMoM naHHeIM wmetoaoM LiFePO, sto
Fe,O3;uLizFey)(POy); [5]. Eme omwH HEmOCTATOK MaHHOTO METOIa CHHTE3a —
HEKOHTPOJIUPYEMBIH POCT YacTHIl U MX arjoMepaToB H3-3a BBICOKOHM TemIepa-
TYpBI O0KUTa U, COOTBETCTBEHHO, BHICOKUE SHEPro3aTparsl [5].

Memood kapbomepmanvroco éoccmarognenus. Ilpu 1o0aBIeHNH CTEXUOMET-
pUYECKOTO KOJMYECTBA YINEpOAa WM YIIIEPOA— COJEpKAIlUX COEAMHEHUH K
CMECH IPEeKypCOPOB MOKHO HCIIOJIb30BAaTh HE TOJIBKO coeanHeHus sxenesa (I1),
HO u Hegoporue Fe,O; unu FePO, [6]. Takum oOpa3om, B pe3ysibTaTe TepMUYEC-
Kol 00paborku npu Temmeparypax 500-800°C co3maroTcs yCIOBUS BOCCTAaHOBH-
TENbHON Cpeasl M TPEXBAJEHTHOE Kele30 MOXKeT OBITh BOCCTAHOBJIEHO J0
IBYXBJICHTHOTO H, COOTBeTCTBeHHO, momydeH LiFePO,/C. Ocoboe BHHMaHWE
yAeTsieTcs MPOIMOPIIUN UCTOYHUKA YTIIepoa 10 OTHOIIEHHIO K BOCCTAHABJIMBAEC-
MOMY areHTy, TaK KaK 3HaYUTEIbHOE YBEIHYEHHE COAEPIKaHUS BOCCTAHOBUTEIS
MOJKET IIPUBECTH K MPUCYTCTBHUIO JIOTIOTHUTEIBHOH (a3sl Fe,P [7].

Bonpmioe konmuecTBO maTeHTHBIX 3asBOK Ha cuHTe3 LiFePO4 m ero kowm-
MepyecKoe MaciuTaOHOe NPOU3BOACTBO METOAOM KapOOTEpPMaJILHOIO BOCCTa-
HOBJICHUS TIOATBEPKAAET AKTYaIbHOCTh JAHHOT'O METOAA.
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Memoo mexanomepmuueckoti axkmugayuu. MeTox MeXaHOTEPMUYECKON
AKTUBAIUH SABJSICTCS OJHUM M3 CIIOCOOOB cruHTe3a MenkoaucnepcHoro LiFePOy ¢
MOBBILIEHHBIMHM 3JIEKTPOXUMHUYECKUMH XapakTepucTukamu. CyIIHOCTh MEeTona
3aKJIIOYAEeTCs B AJUTEIBHOM IOMOJIE PEareHTOB B LIAPOBON MENBHULE B HUHEPT-
HOW aTMocdepe mpu TeMmiepaType, IpH KOTOPOH MPOUCXOJUT MOCTOSHHOE 00-
HOBJICHHE ITOBEPXHOCTH PEArHpYIOLIMX YaCTHL, U CKOPOCTb PEaKLUH MEHBIIE
3aBUCUT OT Au(y3uH pearupyromux KOMIIOHEHTOB APYT K Apyry. BolsBneHo,
YTO MpOLECC MOMOJIA B IIAPOBOW MEJBHUIE NPU TEPMUUYECKOM HarpeBe CIIO-
COOCTBYET MOJYYCHHIO MOHOKPHUCTAIUIOB OJuMBHHA. C APYroil CTOPOHBI, TeMIIe-
paTypHBbIil OOXKHUT BCE e HEOOXOAUM IIOCIIE CTaJUM MEXaHOTEPMUYECKOHW aKTH-
BallUM JUIA IPUJAHNS HEOOXOIUMOM KPUCTAIUINYECKOH CTPYKTYPBI, UYTO OIISATH )K€
MIPUBOJINUT K MTOBBIIIEHHBIM 3Hepro3arpaTam [8, 9].

Tuopomepmanvuoiit memoo cunmesa. I'maporepmainbhbiii cuate3 LiFePO,
SIBJIIETCS] TIPUEMIIEMBIM METOJIOM JUIA MOJyYeHHs] YacTHIl C BBICOKOM Iucrepc-
HOCTBIO. JIaHHBIN METOJl MMEET CIeAyIoIUe MPEUMYIIEeCTBa: JOCTATOYHO MpOC-
TOW MPOLIECC CHHTE3a; HU3KUH YPOBEHb MOTPEOICHUS SHEPTHU MO CPaBHEHHIO C
BBICOKOTEMIIEpATYPHBIMU METOJaMM CHHTE3a, 3aTPAauMBAIOIIMMHU 3HAYUTEIHHOE
KOJIMYECTBO DHEPTUU Ha JUIUTENBHBIN nporiecc ooxkura [10, 11]. XoTs runporep-
MQJIBHBIA CHHTE3 U HMEeT CBOM InpeumyimiectBa, U PDA-aHanus3 CHHTE3HPO-
BaHHBIX OOpPAa3LOB ITOKAa3bIBACT XOPOULIYI0 KPUCTAIIIMYECKYIO CTPYKTYpY CHH-
TE3WPOBAHHOTO MaTepuaia, TMOJIYyYEeHHBIM AaHHBIM MeTogoMm LiFePO, mmeer
[IOHM)KEHHBIE IT0KA3aTEIN EMKOCTH U IIOXYIO CTa0MIBHOCTh IIPU LIUKIMPOBAHUH.

K nmpeumymiectBaM IHapOTEPMaIbHOTO METOJAa MOXHO OTHECTH OBICTPOTY,
JIETKOCTH MCTIOJIHEHUS M HU3KHE SHEPTeTUUECKHE 3aTpaThl, a TAK)KE€ BO3MOKHOCTh
nojxy4eHust HaHopasmepHoro LiFePOy.

I'maporepManbHblil cuHTE3 He TpeOyeT MpelBapUTEIbHOTO H3MEIbUeHUS
YaCTHUIl, HO B 3TOM Cllydae Heo0XoauM 1oj00p 3((HEKTUBHBIX Teaeo0pas3yox
U TIOBEPXHOCTHO-aKTUBHBIX MaTepHaOB, MOJU(PHULIMUPYIOMUX B MpOLEcce CHH-
T€3a CTPYKTYpPY MOJIyYaeMoro IpoayKTa.

B Hacrosimee Bpemsi TUAPOTEpMabHBIA CHHTE3 IIUPOKO HCHONb3YyeTCs IS
CHHTE3a OKCHJIOB, CHJIMKAaTOB M HEKOTOPBIX CIEHU(PUIECKUX COCIMHEHUN C yHU-
KaJbHBIMU XapakTepucTukamMu. OH HaYMHAETCA C NEePEMEIIUBAHNS IPEKYypPCOPOB
C TOYHBIM CTEXMOMETPHYECKHM COOTHOIIEHHEM B BOJHOM pactBope. Ilocme
TOMOI'€HHOTO IIE€PEMEIIUBAHUS IIPEKyPCOPOB pacTBOp 00pabaThlBalOT B aBTO-
kiaBe mpu Temmeparype Beime 100 °C, kak mpaswmio, ot 120 go 220 °C B TeueHme
5-10 u. LiFePO, mopomku MOryT 3aTeM MONYYHTh BBHICYHIMBAaHHEM CYCIICH3WH
[12-18]. OgHako B 3TOM cioydae HYKHO MPOBECTH JAOMOJTHUTEIBHYIO CTAIUIO TEp-
M000paboTKu Tipu noBeImeHHOH Temneparype 400-750 °C B teuenne 0,5-12 4 B
atMocdepe N, minn aprona [19]. Vcnonb3yemble HCTOUHUKY yTIepoaa SBISIOTCS
caxap, acKOpOWHOBasi KHCJIOTa, YIIepo, OPraHuIecKOe OBEPXHOCTHO-aKTUBHOE
BemiecTBo anetmwiTpuMeTuiaamMmonnii Opomua (LITAB), koTtopeiii nelicTByeT Kak
BOCCTaHOBUTENb A npenoTspaieHus okucienus Fe (II) mpu npoxanuBanun
[20]. Temmepatypa BoIbI OJJHA U3 HanOoJee BaXKHBIX TAPaAMETPOB IS THAPOTEP-
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MaJbHOTO CHHTE3a, TOTOMY YTO CKOPOCTh PEaKIiy, CTETIeHb HOHU3AINH, Pa3Mep
JaCTHI] W KpHUCTAUIMIECKasi CTPyKTypa mopomkoB LiFePO, 3aBucut ot Temre-
patypsl. B nononHenue k Temepatype BObI, CKOPOCTb IIOTOKA BOABI M KOHLIEH-
Tpallud TPEKypCOpPOB OKa3bIBAIOT 3HAUMTENIFHOE BIUSHHE Ha CTIPYKTypy U
ANIEKTpOXUMHUEecKre cBoHcTBa MopomkoB LiFePOy,.

3onv-ceny cunmes LiFePO, CranmapTHBIN 307b-T€]b CHHTE3 BKIOYAET 00-
pa3oBaHUe 307151, TO €CTh CTAOMIBHON KOJUIOMIHON CYCIICH3MH TBEPIABIX YACTHUI] B
pacTtBopuTesic U TeneoOpa3oBaHHe 30Ji1 C 00pa3oBaHUEM Telisl, COCTOALIETO W3
B3aMMOCBSI3aHHBIX XKECTKOr0 KapKaca ¢ opaMH U3 KOJUIOUIHBIX YACTHLI.

CBoiicTBa rensi ONpelessIIoTCsl Pa3MEpPOM YacTHIl M TONEPEUYHOCThIO KOd(-
¢unHeHTa CBSI3BIBAHHA. 3aTE€M I'ellb MOXKET OBITh BBICYIIEH ¢ 00pa3oBaHHEM Kce-
porens, MOKa3bIBash yMEHBIIEHHBIH o0beM [21-25]. Jlns momydeHHs KOHEUYHBIX
MOPOLIKOOOPa3HBIX MPOAYKTOB BCS JKHAKOCTH JOJKHA OBITH yAajieHa C IOBEpPX-
HOCTH TOp TpH HarpeBaHuu. CylIKy IpOBOJISAT IPH MOBBIIIEHHBIX TeMIepaTypax,
3TO YMEHBLIAET KOJIMYECTBO [IOP COSTMHEHUS], N3BECTHOE KaK yIJIOTHEHuE [22].

B 30mb-reneBoM CHHTE3€ MOBEPXHOCTU IMPOAYKTOB KOHTPOJIMPYIOTCA C
caMoro Hauaja peakiui. Pa3nuuyHble TpPeKypcopbl W pPacTBOPUTENH HCIIONb-
3YIOTCSl B 30IIb-T€JIb CHUHTE3€ s rmosrydeHus: mopomkoB LiFePO4. Tum pactBo-
pUTENs Ype3BBIYAWHO BaKEH JUId KOHTPOJSI cocTaBa mopolika. Boma sBisercs
HanboJiee UCTIONB3YEMEBIM pacTBopuTeneM [26, 27].

IlepcnekTrBEl 30Jb-Iellb CHUHTE3a, HPEXIE BCETO, OCHOBAHBI HA TOM, YTO
JaHHBIH MeToJ oOecrieunBaeT 0osiee BHICOKYIO YUCTOTY M OJHOPOAHOCTH CHHTE-
3UpyeMOro MaTepuana npu 6ojee HU3KUX TeMIepaTypax CHHTEe3a, OTHOCUTEIHHO
TPaAULIMOHHBIX BBICOKOTEMIIEPATYPHBIX METOJOB CcHHTe3a. JlaHHBIA MeETOx
MO3BOJIIET KOHTPOJIMPOBATh CTPYKTYypy MaTepuala Ha HAHOMETPOBOM YpPOBHE C
CaMbIX MEpPBBIX CTaguii 00paboTkKHM. 30K MPEACTaBIAIOT co0OW TUCTIEpCHU
KOJJIOUIHBIX YacTHL B *XHUAKOCTH. OOBIYHO JaHHBIE KOJJIOMABI HE NPEBBIMIAIOT
100 um B mmamerpe. l'enp mpezncraBiseT coOoil B3aMMOCBSI3b JKECTKOM CETH
CYOMHKpPOHHBIX TOp M TOJMMEPHBIX IeNel, CpeaHss IJIMHA KOTOPBIX OoJblie
1 mxm [28].

Memoo coocaxcoenus. Cunte3 LiFePO4 MeTomoM coocaxaeHus B pacTBO-
pax Mo3BOJIAET MOJYUYUTH MPOIYKT C ONTUMAIBHBIM Pa3MEPOM HaCTHUI] U BBICOKOM
gucroToi. Yncras daza LiFePO4 ¢ BBICOKOI KPUCTAIITMIHOCTEIO OBLIA IMOTy4YeHa
METOJIOM COOCaX/IEHUS MPH UCIOJIB30BAHNU PACTBOPA JIBYXBAJIEHTHOTO JKEJE3a €
COIYTCTBYIOLIMMH MCTOYHUKAMU JINTUS U Pocdhopa U MOCIeIyoleld TepMUuiec-
Koit 06paboTkoil. Harpesamue pactBopa, B KOTOPOM cozeprkarcs nonsl Li', Fe*" n
PO,*, Beme 105°C co cpenmum pH pactopa 6-10 mpeHMyIIECTBEHHO aaeT
(dopmuposanue ¢asel LiFePO, B otiinune ot cmecu LisPO4 u Fe;(POy),. PactBop
TaKXe JOJDKEH cozlepaTb 100aBKH, JETKO CMELIMBAEMbIEC C BOJON M IOBBILIA0-
LIMe TeMIepaTypy KHIIEHHs pacTBopa KakK 3TWJIEHIJVIMKOJb, AMSTHICHTIIUKOIIb,
N-metundopmamuy, mumerwidopmamun [29]. Tlocne MOCTHKEHUS TOUKH KH-
neHus pactBopa LiFePO, Haumnaer Bhmamate B ocanok. llocie mpombIBKH,
0CaZoOK KaJbUMHUPYIOT mpu Temneparype 500°C B ci1abo BOCCTaHOBUTEIBHON
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atmocgepe. Tak xak kpuctayummdeckas ¢dasa LiFePO, yxe O6puta chopmupoBaHa B
MpoIIecce COOCAKACHUS, TO TEMIIepaTypa U BpeMsl O0XKWTa 3HAUYUTEIbHO YMEHb-
[IAF0TCS 1O CPABHEHMIO C APYTUMHU METOIaMHU CHHTE3a.

Hanomnactunsr LiFePO, cpeaneii TonmmHbsl MeHee 50 HM CHHTE3UPYIOTCS
IyTEM TPOCTOTO COOCaXJeHUs B pacTBope sTmieHrukons npu 180 °© C [30].
CTpyKTypa U IpOU3BOAUTEIHHOCTH MOPOIIKoB LiFePO4 MOXHO ymydmnTe, BBEIsS
WMCTOYHHKH YTJIEPOJa WIH JIETHPYIONIYI0 JO00AaBKy MeTajla B IPOIECC COBMECT-
Horo ocaxJeHus1. OTHOBPEMEHHOE OCAKACHUE MOXKET TaKKe KOMOWHHPOBATHCS €
JIPYTHMH METOJaMU Ui mpou3BojcTBa mopomkoB LiFePO, ¢ xoHTponmupyemoit
CTPYKTYpOii U XapakTepuctukamu [31].

Tak, coocaxxaenue LiFePO, u3 BomHOTO pacTBOpa mpu KoHTpose pH u He-
MIPEPBIBHOM BCTPSIXMBAHUU SABISAETCS OTHOCUTEIBHO MPOCTBIM M HEAOPOTMM
CIOCO0OM TOTydeHUsT TUTHIH-(PochaTHOTO MaTepuaiia ¢ BHICOKUMH YIETHHBIMA
XapakTeprcTukamu. EMKOCTh Takoro Marepuana cocraBisieT okoso 150 MA -4/t B
TeueHue Oosiee 30-TH UKIIOB.

Cnpeti-nuponus. pyrum sxuakodasaeiMm metogoMm cuHTe3a LiFePO, ¢
xopotreir Mopdosorueii M BBICOKOH THUCIIEPCHOCTHIO YACTHI] SIBISICTCS CIIPEHi-
nupoinu3. McxoaHbie pacTBOPH! JODKHBI OBITH PACHBUICHBI C MOMOIIBIO YIBTPa-
3ByKa [32, 33] unu nepucranbtudecku [34] B BEICOKOTEMIIEpATypHOU KaMepe pu
temrieparype 450-650°C ¢ momompio TpoxayBHOro raza. CMech MPEKypcOpoB
MOXKET OBITh TOJy4YeHa IyTE€M pacTBOPEHHS CTEXHOMETPHYECKOTO KOJINYECTBA
kapOonaTa nuTHs, okcanara xenes3a (II), nuruapodocdara aMmMoHMS M caxapo3bl
B a30THOM Kucyore. Caxaposa sIBISETCS HCTOUHUKOM YTJIEPO/a U MPEeNOTBPaLIaeT
OKHCIIEHHE Kele3a, TeHepHPYs BOCCTAaHOBUTENbHYIO cpeny. Kak u B MeToze 301b-
refb CUHTE3a, 3[1€Ch HAOMI0aeTCsl TOMOTEHU3aIMsl KOMIIOHEHTOB Ha MOJICKYJISIP-
HOM ypoBHe. [locie pacnblIeHHs] B BBICOKOTEMIIEPATYPHOH KaMepe MOIydaroTcs
cthepuaeckue gactunbl mopomka LiFePO, ¢ mioxo#l KpUCTAIUIMIHOCTHIO, TIO0-
3TOMY HMX TaKke 00XHraroT npu Temreparypax 500-700°C.

Hannblii Meton oueHb ymoOeH mns mormmpoBanHus LiFePOs pazmuyapivMu
METaJlJIaMH ITyTeM PAacTBOPEHHS WX B TOHW e a30THOW KHCIOT€ W COBMECTHOM
pacTbUICHUH.

Muxposmynvcuonnas cywra. Iopomku LiFePO, takxe Moryt ObITH TOIY-
YeHbl IyTeM CYIIKH MHKPO3MYJIbCHOHHBIX PACTBOPOB, KOTOPBIE SIBISIOTCS TEp-
MOJMHAMHYECKU CTaOMJIBHON CMECHIO JKMAKOCTEH, COCTOSIIME U3 BOJbI, Maciia U
SMYJBraTopa, KOTOpBIH CcTaOWIM3UpyeT MHKpodMynbcuu [35-38]. Bo Bpems
CYLIKH MHKPOIMYJIbCUH ACHCTBYIOT KaK MHKPOPEAKTOPHI AJIsl CHHTE3a IIOPOILIKOB
LiFePO,. Tum n cBOWCTBA MUKPOOMYJIBCHN 3aBUCUT OT KOJIMYECTBA Macia U BO-
IIBI, TUTIA ¥ KOJUYECTBAdMYJIbraTop u Temmeparypa mpomecca [39-40]. Mukpo-
SMYJBCHOHHBIH mpouecc cymku nopomkoB LiFePO, naunmnaercs ¢ mpuroros-
JICHUS] BOJHBIX PACTBOPOB MPEIIECTBEHHHKOB B CTEXHOMETPUYECKHX COOTHO-
meHusix. BogHas $aza MHTEHCHMBHO cMEIIMBAETCs ¢ MacisiHOM (a3oii, cocrosmei
13 YIJIEBOAOPOAOB TaKMX, KaK KepocuH. [lomyueHHbIE MUKPOIMYJIBCUH CYIIAT OT
300 o 400 ° C, Bo BpeMst KOTOPOM MOXET MPOU30MTH 3HaYUTENbHASI IOTEPS Beca
3a CYeT UCIapeHus BOJBI ¥ MMHPOJIN3a OPTaHUIECKHUX YTIIEBOIOPO/IOB.
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Coobmaercsi, 4To HEOOJIBIIOE KOJIUYECTBO KPUCTAJUIMUYECKOTO OJMBHHA
LiFePO, naumnaer popmupoBatbcst Bo BpeMs cymku. OqHako B OOJNBIINHCTBE
CIIy4aeB MUKPOAMYIBCHH HE00X0auMo mpokanuBate npu 650—850 © C B moToke
aproHa 12 4. OnTuManbHas TeMmmeparypa NPOKAIWBAHUS MOXET OBITb OKOJIO
750 °C. bomee BpIcOKas TeMIleparypa IpOKaJMBaHUS MOXET TPHUBECTH K
YBEJIHUEHHIO pa3Mepa yacTull. IIporece cymku MUKpOIMyIbCUH MMEET 3HaUCHHUE
s cunre3a LiFePO4, moTomy uro oOpa3oBaHHME YHMCTOrO TOHKOTO ITOPOIIKA
obJsieryaercst 3a c4eT aTOMHOIO MaciuTaba, OZHOPOJHOIO PAacHpenesIeHus pea-
IEHTOB B MUKPOAMYJBCUSIX C CaMOI0O Haudana. B TeueHHe MHMKpPOIMYJIbCHOHHON
CYLIKH, POCT YacTHIl HAaNpsIMyIO OTPaHWYEH pa3MepoOM Kareib B dMYJbCusiX. B
pe3ynbTaTe pa3Mep 9acTHIl B MOP(OIOTHS 3aBUCAT OT MHOTHX (haKTOPOB, TAKUX
KaK KOHIIEHTpALMs pacTBOPOB, Pa3Mep Kallellb, IePEeMEIINBaIoIIasl ClIoCOOHOCTh
1 IOBEPXHOCTHO-AKTHBHOE BEILECTBO.

Muxkpoeonnosoii cunmes. K auciy Haunbosee ObICTPBIX CIIOCOOOB IOTyUEHHS
JUTUPOBAHHOTO (ocdaTa XKejae3a OTHOCUTCI MHKPOBOJIHOBOM METOJ CHHTE3A.
OnHopoaHBIN MaTepHal ¢ pa3MepoM yacTuil ot 60 uM 10 0.6 MKM monry4aercs 3a
4 MHH TIpH MOIIHOCTH MHUKpOBOMHOBOro mimydeHuss 700 BT, Torma kxak mpwu
TBepA0(a3HOM CHHTE3€ TOJIBKO OJHA U3 CTaUH — OTXKUT — MPOAOIIKAETCS 10 & U.
Cnenyer OTMETUTh M Jpyroe NpEUMYIIECTBO 3TOTO METO/Ja — BO3MOXKHOCTh
TIOJTy4YEeHHs yTIIEPOIHOTO MOKPBITHS, COCTOSIIEr0 U3 Sp -THOPHAN30BAHHEIX aTO-
MOB yTJIepoja, u, Kak clieficTBre, nmonyyenne kommosuta LiFePO,/C ¢ npuemite-
MOMH 3JIEKTPOIIPOBOJHOCTBIO.

OCHOBHBIMH TIPEHMYIIIECTBAMH MHKPOBOJIHOBOTO CHHTE3a SBIISIOTCA XO-
polias ynpasisieMOCTb, PaBHOMEPHOE H30MpaTeIbHOE HarpeBaHHE, KOPOTKOE
Bpems 00paboTku (2-20 MHH) M CHMKEHHE dHepronoTpebnenus. Kpome Ttoro,
MHUKPOBOJHOBOM HarpeB SIBIAETCS HU3KOTEMITEPATypPHBIM IIPOIIECCOM C XOpOIIeh
BOCIIPOM3BOIMMOCTBIO M JIJIsl CUHTE3a HEe TPeOyeTcsl BOCCTAHOBUTEIBHONW Cpebl
[41-49]. YcraHOBIEHO, YTO MOJIY4YEHHbIE MUKPOBOJHOBBIM METOAOM IOPOIIKH
LiFePO, nmeroT MeHBIHI pa3Mep 4acTHIl, 0ojiee OJHOPOIHOE pacIlpeneiicHue
OoJiee rnaaKyo MOPQOIOTHIO TOBEPXHOCTH.

B MUKpOBOJHOBOM CHHTE3€¢ MHKPOBOJHOBBIH abcopOep wyacTo nobaBnsiercs
st obecrieueHrus 3G (HEKTUBHOTO BBIICICHUS TEIIa. YTJIEPOH SBIISETCS CaMBbIM
UCTIOJIb3YEMBIM MHKPOBOJHOBBIM a0COpPOEpOM H3-3a €ro HHU3KOH CTOMMOCTH,
ObICTPOro HarpeBa M CHOCOOHOCTH OOPa3OBHIBATH BOCCTAHOBHUTENBHYIO aTMO-
cthepy, 3ammmas Fe (II) u npemorBpamas npumecu Ha ocHose Fe (I1I). B pe3yib-
TaTe IMpHU HCHOJNB30BAaHUM YIJEpoJa B KaueCTBE MHUKPOBOJIHOBOro abcopbepa
obpazoBanue mopoukoB LiFePO4 moxeT OBITh HEMOCPEICTBEHHO MPOBEACHO B
BO3IyXe, 3HAYMTENBHO CHIDKas ctonMocth [50]. XoTs yriepon sBIsSETCS HaW-
0oJiee UCIOIb3yEMBIM MUKPOBOJIHOBBIM ITOTJIOTUTENIEM,IPyTHE MaTepHalibl TAKKE
MOTYT OBITh WCIIOJIB30BAaHbI JUIsS MOBBIMICHHUS 3(PPEKTHBHOCTH BBIPAOOTKH TeTl-
J1a,Takre Kak Fe Tioko3a u IposxoKeBbie KIeTKu [51-53].

Higuchi u nap. nepsbiMu cuaTe3upoBanu LiFePO, MeTo10M MUKPOBOIHOBOTO
Bo3zelicTBusi. CMech, MPUTOTOBJIEHHYIO TBEPAO(Aa3HBIM METOJOM CMEIINBAaHUS,
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HarpeBajid B MUKPOBOJIHOBOH me4un B MHEpTHOU aTMmocdepe. HaunHas ¢ ucxox-
HBIX KOMIIOHEHTOB CMECH, TakuX Kak: KapOoHaT nutus u (ocdat aMMoHus, U
BaphUPYs UCTOYHUK, COMEPIKAIIUI jKelle30 (armeTaT kenes3a, jakraT xenesa (I1)),
U BpeMs MUKPOBOJIHOBOI'O OOJIy4eHHs, OHU JOKA3alIM, YTO KOMIIOHEHT, COlepxka-
LMK KeNe30, SIBISETCS MUKPOBOJIHOBBIM aOcopOepoM, KOTOPBIH U MHULUUPYET
MIPOIIECC CHHTE3A.

B mocneayromem ObIJIO 10Ka3aHO, YTO AKTUBUPOBAHHBIN yrojb NEHCTBYET
KaK XOpOIIMH MHKPOBOJHOBOH abcopOep, oOecreunBarommii ObICTpoOe pazorpe-
BaHHE, B TO e BPeMs SBISSICH TEHEPATOPOM BOCCTAHOBHUTEIBHOM CPEbl, 9aCTHY-
HO okucisisick 10 CO,. IIpu 3ToM mosBisieTcs BO3MOXXHOCTh CHHTE3a 0€3 HCIOJIb-
30BaHMS UHEPTHOM aTMOC(EPHI.

HepnaBane miccnemoBanms MOKa3aid, YTO UCTIOIH30BAHNE METO/Ia MHKPOBOJI-
HOBOTO BO3JIEHCTBHS Kak MeTtona cuHTe3a LiFePO, npu ncnons3oBanum ciiemyro-
mwmx npekypcopos LizPOs, Fe;(PO4),-8H,0 u yrnepona, MoXeT SIBIATHCS Iepc-
[IEKTUBHBIM MaJI03aTPaTHBIM IIPOMBIIUIEHHBIM CIIOCOO0M ero noiydeHus. CuHTe-
3UpyeMbIil MaTepHajl UMEET BBICOKOE 3HaueHHe padoueil emkoctu (95 % ot teo-
PETUYECKOI) C OTIMYHON LUKIHPYEMOCTBIO.

MuKpOBOJIHOBOH CHHTE3 B COYeTaHMHU ¢ TBepaodasHbIM MeToaoM. Tak,
ncnonb3ys cmech FePO4-4H,0 u Li,CO;, cMemrannyto ¢ TIF0K0301 1 H3MEIbYeH-
HYIO B IIapOBOi MeJbHUIIE B TeueHne 5 MuH npu 400 06/MUH, KOTOPYIO MOABEP-
raroT MUKPOBOJIHOBOMY Bo3zaercTBHIO B TeueHue 20 ¢ ¢ 10— cexyHaHO# may30# ¢
YEeTBIPEXKPATHBIM MTOBTOPEHUEM TPOIIeyphl IpH MOIIHOCTH obmyueHust 1000 Bt
u 2,45 I'Tn Ge3 WCMONB30BaHMS HMHEPTHOTO ras3a, MOXXHO JOCTHYb €MKOCTH
162 MA -9/t ipu C/10 [54].

Taxoke ecTb pabOThl, B KOTOPBIX HCIIOJIB30BAIHCh TAKUE MPEKYPCOPHI, Kak
LiOH, NH4H,PO,4, Fe,(CO)y ¢ oprannyeckumu 1o0aBkamu (JIMMOHHASI KUCIIOTA,
caxapo3a). CuHTEe3 TPOBOMIIIN CiemyonuM obpaszom: cmech 3 NH H,PO4 m
Fe,(CO)y cMemmBanu B aratoBoii crynke B TedeHrne 30 MUH, OJJHOPOIHYIO CMeCh
HarpeBaiu B neud npu 80°C, nmocne 10 mun HarpeBa pobasimsinu LiOH u aumon-
HyI0 KUCIOTY (WM caxaposdy), nepememmBain B Tedenne eme 30 muH. [lomy-
YEHHBI MaTepuall U3MeNbyald B IIAPOBOM MENbHUIIE B TeueHHe 15 4 B aTaHoNe
u 3areM cymuiy npu 70°C, 4ToObI MOTYYHUTH CHIMYYHil TOPOIIOK, KOTOPBIA ObLI
cupeccoBaH B Tabnetky (12 MIla) u HarpeT B repMETHYHOM KBapIIEBOM THIIIE.
MHuKpoBOIHOBOE 00gy4yeHne Uit 00enx cMeceil MPOBOAMIM B MHUKPOBOJIHOBOH
neun npu 2.45 I'nu u 136 Bt B Teuenue 8 mun. CUHTE3MpPOBaHHBII KaTOIHBIA Ma-
Tepran objanan CIeIyIOIUMH €MKOCTHBIMH XapaKTePHCTUKAMHU: C JMMOHHON
kucnoroii ipu 0,1C 136 MA-4/r, ¢ caxaposoit ipu 0,1 C 145 mA -u/r [55].

B pab6ore [56] mns nomyuenust LiFePO4 naHHBIM METOJIOM HCIIONIB30BAJIMChH
cnenmyromue npexypcope:NH4H,PO,, CH3;COOLi u FeC,04-2H,0. NH4H,PO, u
CH;COOLi1 cmemmBann U u3Menbyain, a 3arem npobasmsian FeC,042H,O0 u
HEKOTOPOE KOJUYECTBO JTUMOHHOM KHCHIOTHL. CMech U3MeNbYali B TEUCHUE €Il
10 MuH, 9TOOBI TOITYYIHUTH OOJIee BHICOKYIO TOMOTEHHOCTh. Bpemst 1iisi MUKpOBOII-
HOBOTO M3JIy4YEHHSI COCTABISUIO HECKOJBbKMX MHHYT. IloiydeHHBI MaTtepumain
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coctosin u3 KpuctawioB LiFePO4 co cpemHuM pacmpeneneHHeM IO pasMepy
40-50 HM, DIIEKTPOXHMHUECKAs] €MKOCTh KOTOPOTo cocTaBisuia 123 MA-4/r Ha
50-M 1UKIIE.

CoyeTaHne MHKPOBOJHOBOIO CHMHTe3a ¢ I'MAPOTEPMAJIBHBIM METOI0M.
TpeboBanne ycioBHs OJHOPOJHOCTH B MUKPOBOJHOBOM CHHTE3e MMeeT (pyHma-
MEHTaJIbHOE 3HAu€HHE AJsI 00eCIedYeHns] XOpOoUIeld 3JIEKTPOXMMHUYECKOW aKTHB-
HOCTH KOHEYHOro MaTepHaina. Vcrmonb3oBaHHME aeKBaTHOW TMIPOCHUCTEMBI 00-
Jier4aeT CHHTE3 C MOJMAHHOHHBIMU COEAMHEHHUSMH IMPH XOPOIIO KOHTPOJIHpYe-
MO# MOP(OTIOTHI METKHAX YaCTHI] KPUCTaJIa; HACTPOCHHBIH TaKUMH (PaKTOpaMH,
Kak TemIiepatypa, pH, KOHLEHTpauus U KHUHETHYECKHE IapaMeTpbl (CKOpOCTb
nepememuBanus) [57].

B pabote [58] moka3aH MeTo, MpeACTaBISIONIMIA COO0M COUYSTaHHE MHUKPO-
BOJIHOBOTO W THAPOTEPMAaJIHHOTO TpoIlecca C MCTOJIH30BAHWEM B KadeCTBE HC-
xoaabix marepuanoB LiOH u Fe(CH;COQ),, [Ipexypcopsl pacTBOpSIOT B TETpa-
stunenriukone (TOI) u cmemmBator ¢ H3PO4. ['oMoreHHBIN reiib MOMEmaT B
MHUKPOBOJHOBYIO cucteMy cuHrtesa (2,45 I'Tu, 400 BT) n HarpeBaioT B TedeHHE
5 mua mpu 300°C. Amamm3z TEM mokazal 4eTKO OIpEeneieHHYIO KPHCTAIIH-
yeckyro cTpyktypy LiFePO4 B dopme HaHOCTEpKHEH ¢ mMpHHOHN 25 + 6 HM U
mmHo 1o 100 HM. DTOT MaTepuan 00janaeT BBICOKOW pa3psHON €MKOCTBIO
(166 MA-u/r) mpu C/10.

KitoueBsIM pakTOpOM B JTaHHOM THOPHUIHOM CHHTE3E SIBIIIETCS MCIIOJB30-
BaHHE OPraHWYECKOro pacTBOpPUTENL. Tak, MOJMCIUPTHl (3THUIICHIIIMKOINb,
TETPadTUJIECHTIINKOJIb) IEHCTBYIOT CHavyajla B KayeCTBE pacTBOPUTENS B IpoIiecce,
a 3aTeM B KadyecTBe CTabWIM3aTopa, OTpaHUYMBasl POCT YaCTHUI] M TPEeJ0TBpaIas
armomepanwio [59, 60].

bunecka u np. [61, 62] ucmonp30Bany KOMOMHUPOBAHHBIA MUKPOBOJIHOBOH-
THAPOTEPMAJIbHBIA METOJ CHHTE3a I TMOJIy4eHUS HAaHOCTPYKTYpOHPOBAaHHOIO
LiFePO,. Ilo MHEHHIO aBTOPOB, MPEUMYIIECTBOM JaHHOTO METOJA SIBJISCTCS
BO3MOXKHOCTH M30€KaTh BEICOKOTO JaBIIEHUS, KOTOPOE HEOOXOJMMO TPUMEHSTH B
OTACNBHOM THAPOTEPMAaJbHOM MpOLEccCe C IMPUMEHEHUEM TEeMIIEpaTyp BbIIIE
TOYKM KUIEHHs pacTBopuTesel. B mx cuHTE3e B KauecTBE pPacTBOPUTENS HC-
MOJIb30BAJICS OCH3WJIOBBIA CIUPT, TeMIlepaTypa KHUIIEHHS KOTOPOTO COCTaBIISET
205°C. Cuntes npoBoaminu npu temrneparype 180 °CB Teuenne 3 MUH ¢ HCTIOb-
30BaHueM cienyromux mnpekypcopoB: Fe(C,H;0,),, LiCl m H;PO, (1:1:1).
[ony4yeHHplli MaTepuan o0Nanan HavalbHOW paspsgHOil eMKOocThio 150MA-u/r
ipu ckopoct 2C ¢ He3HAUUTEThHOU nerpanarueit 90-95% mo 160 mukIios.

MHUKpPOBOJIHOBOM CHHTE3 B COUYETAHUH C TMAPOTEPMAIBbHBIM METOIOM — 3TO
HaIpaBJIeHHE, KOTOPOE IO03BOJISIET 3HAYUTENBHO YMEHBIINUTH MPOIOIKUTENb-
HOCTb PEeaKIy 3a CUeT YBEIMYEHHS] KMHETHYECKUX CKOPOCTEH peakuuy Ha OJIUH
WM JBa TOPSAIKA, MpeajaraeT KpymHOMAcCIITaOHbIe MEPHOANYECKHE PEaKIH C
skoHOMHUel sHepruu [63]. Kpome Toro, KOHTpOIb MOP(OJIOTHH MOKA3bIBAET
YJIy4LIEHUE SJIEKTPOXUMHUECKHUX XapakTepucTHK [64]. OnHako B CpaBHEHUHU C
TBepA0(a3HBIM METOJOM HCIOJIb30BAaHHE OPraHWYECKUX PACTBOPHUTENICH 3HAYM-
TENBHO BIHSET Ha 00pabOTKY ITONyYEeHHOTO IMOPOIIKa, ¥ HETaTHBHO Ha OKPY-
KAIOLIYIO Cpeny.
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CoueTanne MHKPOBOJHOBOTO CHHTe3a C 30Jib-reib MeTogoM. LiFePO,
MO>KHO ITOJIyYUTh THOPUAHBIM METOJIOM, OCHOBAaHHBIM Ha COYETaHHMH MHKPOBOJI-
HOBOT'O CUHTE32a U 30J1b-T€JIb METO/A.

B pabore [65] B kauecTBe MPEKYpPCOPOB HCIIOIB30BAJH AIETaT JINTHUS, CYyIIb-
¢ar xene3a, pochOpHYIO KUCIOTY W JIMMOHHYIO KHCJIOTY B MOJIIPHOM COOTHO-
mernn 1:1:1:1. Cmech pacTBOpsUTM B IEMOHM3MPOBAHHON BOJE W TOJIMITHIICH-
rnukosie. 3HaueHue pH nonnepxuBanu Ha ypoBHE 8,5-9,5 ¢ moMmonipio aMMuay-
HOW BOJIBI, 3aT€M PAaCcTBOP BBIAPUBAIN Ha BOISHON OaHe mpu Temmeparype 70-
80°C mo mosBieHUS Teis. [lomydeHHBIH TOPONMIOK-TENh W3MENbUadl M 3aTeM
npeccoBasii B Tipecc-popme tabnetku npu 4 Mlla. Bpems u momHOCTH 00pa-
OOTKM B MHKPOBOJIHOBOHM meuH BapsupoBaiock:1) 8, 10 u 13 mun mpu 600 Br;
2) 12,15, 18, 21 munyt npu 400 Bt. B paboTte BbIsBIeHA TEHACHINS YMEHBIICHUS
3apsIIHO-PA3PSIIHON €MKOCTH CHHTE3MPOBAHHOTO Marepuana NpH yBEIMYCHUH
Bpemenn CBY o6pabotku ot 12 1o 21 npu 400 BT u yBenndeHUH €MKOCTH C
yBennderneM Bpemenu npu 600 Br.

C TOYKHM 3pEHHs HCIOJIBb30BAHMS HOBBIX CTPATErHid, TAKMX KaK HCIIOIb30-
BaHHUE YIJIEPOJHBIX HAHOTPYOOK sl YBENIWYEHUs] TPOBOAWMOCTH, HOBBI TMO-
PUAHBIN CHHTE3 MHKPOBOJHOBOW — 30Jb-Tellb OOECTeYnBaeT yIydIIeHHBIE Xa-
PaKTEpUCTUKH, 10 CPABHEHUIO C OOBIYHBIM METOJIOM 30JIb-T€JIb TEXHOJIOTHH [66].
B pabote [67] Obl1 cuHTE3MpOBaH JHUTHS >kene3opochaT C MHOTOCTCHHBIMU
YIIIepOIHBIMI HaHOTpyOKamu. IlomydeHHBIH MaTepwanm o00J1agaeT EMKOCTBIO
153,3; 149,6; 140,7; 135,3 u 130,1 mA-g9/r ipu 0,1, 0,2, 0,5, 0,8 u 1C cooTBet-
CTBEHHO. Sl4encThle YIriIepoAHbIe HAHOTPYOKH CUMTAIOTCS MICAbHBIM MaTepua-
JIOM M3-3a TIO0JIOH BOJOKHHUCTOW CTPYKTYPHI I CTIOCOOHOCTH PaBHOMEPHO pactipe-
nensateest B LiFePO,, TeM caMbiM 00pasyst pOBOJSIIMIA CIOH, KOTOpPBIH o0ec-
MEYMBAIOT MYyTH JUIA JIEKTPOHHOTO MEPEHOCa M CBA3M MEXAY OTAEIbHBIMU
YacTHIIAMHU.

Wxan u ap. [68] uCHoap30BaIM MUKPOBOIHOBOM - 30JIb-T'€JIb METOJl CUHTE3a
s nonydenus LiFePO4/Li;Si04. [Moxpeitie LiySiO4 mpemoTBpamaet mpsMoin
koHTakT Mexay LiFePO4 m pacTBopom snexTponuta. PaspsmHas eMKocTh Hemo-
kpeitoro LiFePO, yMeHbIIanace ¢ yBelmu4eHHEM CKOPOCTEH paspsiia, B TO BpeMs
kak LiFePO, ¢ mokpeitem LiySiO4 moka3an o4eHb CTaOWIBLHOE MOBEICHUE TPU
IUKINPOBAHHH.

3akawuenue. [ monydyenus karomHoro marepuana LiFePO, cymectyer
pa3HooOpa3HOe KOJUYECTBO METOJOB CHHTE3a, O1arofapsi KOTOPHIM MOXHO KOH-
TPOJMPOBATH pa3Mep YacTHIl, MOP(OIOTHIO, YIMOPAAOYCHHOCTh KPHUCTAJUINIEC-
KOH CTPYKTYpBI, KOTOpBIE CYIIECTBEHHO BIIMSIOT Ha 3JIEKTPOXUMHUYECKHE I10-
kazarenu. OCHOBHasl TPYJHOCTh 3aKJIFOYAE€TCA B COBMELIEHUM BCEX MEPEUHCIICH-
HBIX (haKTOpOB TpH BBIOOpE MeTona cuHTe3a. C MOMOIIBI0 HEKOTOPBIX METOI0B
y>K€ BO3MOXHO CHHTE3UPOBATh JAaHHBII MaTepuan ¢ NpaKTHUECKH NPUAEIbHBIMU
JNEKTPOXUMHUECKIMHU XapaKTEpPUCTUKaMHU, TeM HE MEHee, CYLIECTBYET MOTpeO-
HOCTHb BHOBBIX METOJIaX CHHTE3a, KOTOpPBIE CIIOCOOHBI YMEHBIIUTH MOTpEOIeHNE
9HEPTUH, COKPATUTHh KOJIMYECTBO OIEPALMi M MX BpeMs, a COOTBETCTBEHHO U
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YMEHBIIUTH CTOUMOCTh KOHEYHOI'O MPOyKTa. B KauecTBe anbTepHATUBBI KOMEP-
LUAJN30BaHHBIM BBICOKOTEMIIEPATYPHBIM METOJAaM CHHTE3a MOJXKET CIYXHUThb
CHHTE3 C NOMOILBI0 MHKPOBOJHOBOI'O BO3JACHCTBUSL M €ro KOMOWHAIMU C THI-
pOoTepMaIbHBIM M MEXaHOXMMHYECKMM METOJaMu. B MaHHBIX MeTojax He HC-
MTOJIB3YETCSI BBHICOKOTEMIIEPATYPHOTO BO3JEHCTBHS, a BpEMS MHKPOBOJIHOBOTO
00JIy4eHHs MOXKET COCTABIATH 10 5 MUH B OTIIMYHE OT TBEPAOTEIBHBIX METOIOB,
rze BpeMsi TepMHUYECKOH 00paboTKu BappupyeTcs oT 5 g0 24 yac. OpHako Tpe-
OyeTcs ONTUMM3aLUS U YCOBEPIICHCTBOBAHUE CYIIECTBYIOIINX MUKPOBOJHOBBIX
METOAOB CHHTE3a IJIsl BBEICHHS X B KPYIHOMACIITAOHOE IPOU3BOICTBO.
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Pe3iome
A. K. Paxumosa, A. K. I'aneesa

JIMTHUM TEMIP ®OCDATHIHBIH, CUHTE3/IEY &JIICTEPI:
MUKPOTOJIKBIH/IbI CUHTE3 — LiFePO, CUHTE3I YILIH
IMEPCIIEKTUBTI S IC

Makanaga Kasipri TaHna JUTHH Temip QocdaTblH CHHTE3ECY SIicTepi KapacThl-
PBUIFaH, MUKPOTOJIKBIHABI CHHTE3 9JIiCi €H Te3 api ap3aH TOCiJ eKeHi KOPCEeTLIreH.

Tyiiin ce3zaep: mutuii Temip ¢ocdaTsl, MUKPOTONKBIHIB CHHTE3, KaTOATHIK MaTe-
pHa, TMTHH-HOH/BI AKKYMYJIATOpIIap.

Summary
A. K. Rakhimova, A. K. Galeleyva
METHOD OF SYNTHESIS OF LITHIUM IRON PHOSPHATE:
MICROWAVE SYNTHESIS IS A PROMISING METHOD
FOR SYNTHESIS OF LiFePO,
The article deals with synthesis of lithium iron phosphate at present, the method of
microwave synthesis is the fastest and cheapest approach.

Key words: lithium iron phosphate, microwave synthesis, cathodic material,
lithium-ion accumulators.
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YK 665.37

B. JI. HA3APOBA, A. Y. BEKTEMVCOBA,
H. E. KAPABEKOBA, H. B. YCKOB, JI. C. MUXAJIPYYVK

CeBepo-Kazaxcranckuii rocynapcTBeHHblil yHuBepcuteT M. M. Ko3sribaesa,
IlerponaBnosck, Pecrrybnuka Kazaxcran

OINIPEAEJIEHUE JIMIINT0OB
B PACTEHUWUMU LINOSYRIS VILLOSA

AHHOTauus. Jlunuabl, kak O€JIKH W YTJIEBOJbI, SIBJISIOTCSI OCHOBHBIMH OPTaHH-
YECCKMMHU BCHICCTBAMH KJICTOK JXHUBBIX OPraHU3MOB. OHU BBINOJHSIIOT OHEPIreTUYCCKYIO,
CTPOUTENBHYIO, 3AIUTHYI0 QYHKIMH. JIMIHUIBI SBISIOTCS TaK)Ke IIEHHBIMM KOMIIOHEHTa-
MU IIPOIYKTOB MHUTAHMUS, ONPEICISAIOT B MPOILYKTaX MUTAHUS MUILEBYIO, OMOJIOTHYECKYIO
LICHHOCTh M BKYCOBBbIe KayecTBa. B pacTeHMsAX HaKaIUTMBAIOTCS, INIaBHBIM 00pa3oM, B
CeMEeHax M IUIofax. Y JKMBOTHBIX M PBIO MMl KOHIIEHTPUPYIOTCS B MO3TOBOI M HEPB-
HOHW TKaHsX. B cocTaB JIMNNIOB BXOAAT HEHACHILICHHBIE W HAaChIIEHHBIE KUCIOTHL. K He-
HaCHIIIEHHBIM KUCIIOTaM OTHOCSTCS OJICMHOBAs, JIMHOJIEBAs, JIMHOJICHOBAs KHCIOTHL. M3
BCEX HETPEIETBbHBIX KHCIIOT, COAEPXKAIINXCSA B NMPHUPOIHBIX KHpax, HAaHOOJIee pacrpo-
CTpaHEHa OJIECMHOBAs KUCIOTA. V13 mpeenbHBIX KHCIOT Hanbojee pacpoCTpaHeHa B IPH-
poze HadbMHUTHHOBAs Kuciora. OHa NPUCYTCTBYET BO BCEX XKHpaX, €€ KOJIUYECTBO CO-
ctansgeT 10 50%. B kauecTBe cmmpTa B COCTaB JKUPOB BXOAWUT TPEXaTOMHBIA CHHPT-
TJIMLIEPUH.

Beienenne TUNUAOB 13 MPUPOAHBIX 00BEKTOB BelM B anmnaparte CoKciieTa MeToJoM
9KCTPAKINU OPraHUYECKHUMHU PAaCTBOPHUTENSIMH ( CIIUPT, OSH30I, alleTOH, XJI0pOhOpM U UX
cMechio (xs10poopM-criUpT B cooTHOUIeHUH 1:1 ). BelieneHHbIe IUIUIBI HCCIIEI0BaIN
Ka4eCTBEHHBIMH PEaKIMsAMH M IIyTEM OIpPEIENICHNS] aHAJUTHYECKUX KOHCTAaHT (HoxHOe,
KHCJIOTHOE, 3(UpHBIEC YHCIIAa U YHCIO OMBUICHHS). Y CTAHOBHIIH, YTO B pacTeHuu Linosyris
villosa mpuCyTCTBYIOT TOJIBKO TIHIIEPO(OChHOTUITHIBI.

KuaroueBsie ciioBa: pacrerne Lynosyris villosa, sxctparentst (6eH30u1, criupT, are-
TOH, XJI0po(hopM, cMech XIOpoPopM-ciupT 1:1), KOHCTAHTHI kupa (HOTHOE, KHCIOTHOE,
3(UpPHBIEC YHCTA U YUCIIO OMBUICHUS ), TIHIEPO(HOChHOTATHIBL.

Jlununer BMecTe ¢ OenkaMy M YTIIEBOJIAMH, COCTABISIOT OCHOBHYIO Maccy
OpPraHWYEeCKUX BEILECTB, COJEPKAIINXCs B KieTke. VX MHpOKOo HCIONB3YIOT MpU
MIOJIyYEHUH MHOTUX MPOAYKTOB INHTAHUS, TaK KaK OHMU SBJSIOTCS Ba)KHBIMU
KOMITOHEHTaMH, TIOJYIPOAYKTOB M TOTOBBIX MPOAYKTOB NHUTaHWA. Jlumumist
OTIPENETSIIOT B TMPOAYKTaX MHUTAHUS THIIEBYI0, OMOJIOTMYECKYIO LIEHHOCTh U
BKycOBBIe KadecTBa [1]. JIumuasl HE pacTBOPUMBI B BOJE, HO XOPOIIO PacTBO-
pPUMBI B OpraHMYECKUX pacTBopuTensix [2]. B pacteHusx numuasl Hakaruiu-
BalOTCA, TJIaBHBIM oOpa3oM, B ceMeHax W mmiofax. CopepkaHWe WX B Pas3HBIX
KyJIbTypax pa3nu4Ho (Tabnuua 1).

VY XHMBOTHBIX W PBIO JIMIHMIBI KOHLEHTPUPYIOTCS B MO3TOBOM M HEpPBHOH
TKaHAX [3]. B pacTeHHMAX KOJIMYECTBO JWMHUAOB 3aBHCHT OT COpPTa, MECTa M yC-
JIOBHM WX MPOU3PACTaHMS, & Y KHUBOTHBIX — OT BHJA, COCTaBa KOpMa U yCIIOBHM
conepxxanus [4].
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Tabmuma 1 — CoxepixaHue JIMIIIOB B 36PHOBEIX KyJIBTYPax

Kynbsrypa Conepxanue, % Kynbsrypa Conepxanue, %
[MoaconHeunuk 35 [Tiennna 2,7
Jlen 29 Poxsb 2,5
Konorms 32 Kykypy3za 5
Cost 20 XnomuaTHUK 28
Maxk 45 Apaxuc 49

Ilo XuMHYECKOMY CTPOCHHIO JIMIHIBI SBISIFOTCA NPOU3BOIHBIMHU JKHPHBIX
KHCJIOT ¥ CIUPTOB. JINMHIBI AETAT HA IBE OCHOBHBIE TPYIIIBL: MPOCTHIE U CIIOXK-
Hble. K pOoCThIM IMnHMIaM OTHOCSTCS JKUPBI, BOCKA U CTepHIbl. CIIOXKHbIC JIUIH-
IbI coieprKaT B CBOEM cocTaBe ochOpHYIO KUCIOTY U aMUHOCTIMPTHI [5].

ITo cTpoennio U coCOOHOCTH K THAPOIN3Y JUIUIBI PA3ICIIIOT HAa OMBIIIsie-
MbIe ¥ HeOMbUIsieMble. OMBUISieMble JHMIUABI MIPHU MIETOYHOM THApOJH3e oOpa-
3yIOT MbIIa. B cocTaB >KUpOB BXOZST, INIaBHBIM 00pa3oM, TPHUALMITIHLIEPHUHBL,
JUALMITTUIEPUHBI 1 MOHOAUWITIUIIEpUHEI [1].

B cocraB anuiriauiepuHOB BXOAST HEHACHINIEHHBIE M HACHIIMIEHHBIE KHC-
notel. K HEHaCHIIIIEHHBIM KHCJIOTaM OTHOCSTCS OJIEMHOBAs, JMHOJEBAs, JIMHO-
JIeHOBas KUCIOTHL. M3 Bcex HelpenenbHbIX KHCIIOT, COAepKAIUXCs B MPUPOIHBIX
KHUpax, HanOoJlee pacIpoCcTpaHeHa OJEMHOBAs KUCIIOTAa. B 09eHb MHOTHX JXKHpax
OJIEMHOBAasi KHUCJOTa COCTABIIAET OONbIIE TOJOBHHBI OT BCEW Macchl KHCIOT. K
HACBIIIEHHBIM KHCIIOTaM OTHOCSITCSI KalpOHOBas, NAIbMUTHHOBAs, CTEAPHUHOBAs,
JaypuHOBasi, MUPUCTUHOBAS. 13 mpenenbHbIX KUCIOT Haubojee pacpocTpaHeHa
B IPUPOJIE MAIBMUTHHOBAs KucyioTa. OHa MPUCYTCTBYET BO BCEX JKUPAX COCTAB-
astet 1o 50% ot Beero copepkanus KUCiIoT. CTeapuHOBasi KMCIOTa COACPKUTCS B
OOJIBIINX KOJIMYECTBAX TOJIBKO B 3alIACHBIX JKUPAX PACTCHUH W KMBOTHBIX.

Tpunaumnrnmuuepunsl (TAI'), MoneKynbl KOTOPBIX COAEPKAT OIUHAKOBBIC
OCTaTKU KMPHBIX KHUCIIOT, HA3bIBAIOTCSI NMPOCTHIMM, @ PA3IMYHBIE OCTATKH KHC-
JOT — cMelIaHHbIMU. [IpUpoaHbIe KHUPBI U Macia CoJepiKaT, INIaBHBIM 00pa3oM,
CMEIlIaHHbIE TPUAIMIITIIUIEPUHBI.

YucTple anmirimuiepuHsl — OeclBeTHBIE BellecTBa 0e3 BKyca M 3araxa.
Oxpacka, 3armax u BKyC HPHUPOIHBIX KUPOB OMPEAEIACTCS HATHIHEM B HHUX CIIe-
nM(pUIECKUX TpHUMecel, XapakTepHbIX Uil Kakaoro Buaa kupa [2]. Temmepa-
TypHI TUTABJICHUS W 3aTBEPJEBaHUS alWITIMIEPHHOB HE COBMANAIOT, YTO 00ycC-
JIOBJIEHO HAJIMYMEM HECKOJBKUX KpHCTAUIHYECKUX Moaudukanmid. [To coBpemen-
HBIM IIPEJCTABJICHUSIM, MOJIEKYJIBl TPHALMITIUIEPHHA HMEIOT (OPMY BHIIKH,
Kpecna, crepxHs [1, 2].

TemnepaTypa mNiaBl€HUS TPUIIMLEPHUHOB, COAEP)KALINX OCTATKU TpPaHC-
HEHACBIIIEHHBIX KHUCIOT, BBIIIE, YEM y AI[MIITIIMLIEPUHOB, COJAEPKAIINUX OCTATKU
LMC-HEHACBIILIEHHBIX KUCIIOT C TEM K€ YHMCIIOM aTOMOB yriiepoja [2].

CMmecn MHANBUAYATBHBIX AMITIAIEPUHOB JTHUO0 00pa3yroT TBEpAbIE pac-
TBOPBI (TO €CTh CMEIIAHHBIE KPUCTAJUIBI), JIMOO NAIOT «IBTEKTHKH» (MEXaHH-
YECKHUE CMECH KPUCTAILIOB) [6].
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Paznuia B Temneparypax miaBieHUs TIUIEPUIOB PA3HOIO COCTABa JICKUT B
OCHOBE JIeMaprapUHU3AINN — BBIICICHUS W3 CMECH HamOOJee BBICOKOILIABKOM
(dpakLn¥ TINIEPUIOB.

Hpyroii Ba)xHOW TpyNION MPOCTHIX JUIUIOB SIBJISIOTCS BOCKH. Bocku mim-
POKO pacIpocTpaHeHbl B IpHpoae. B pacTeHMsIX OHM MOKPBIBAIOT TOHKUM CIIOEM
JIUCTBSI, CTEONN, TUIOABI, MPEAOXPaHsIs UX OT CMAuyWBaHUS BOJOH, BBHICBIXaHHS,
TeHCTBUS MUKpoopraHu3MoB. CopeprkaHue BOCKOB B 3¢pHE U TUT0aX HEBEIHKO.

B cocTtaB nmunmmoB pacTUTENBHBIX Macel M JKAPOB BXOIAT TIUKOJWIHUIEL.
['mukonumuap! — 310 OOJbIIAS U pa3HOOOpA3HAs MO CTPOCHHUIO TPYIINA HEHTpaIb-
HBIX JIMIHAJOB, B COCTaB KOTOPBIX BXOAST OCTaTku MOHO3. OHH B HEOOJBIINX
KOJIMYECTBAX COJEPKATCS B PACTCHUAX, KUBOTHBIX M MHUKpOOpraHusmax. I mu-
KOJIMITU/IBI YyYACTBYIOT B IOCTPOSHUHM MEMOpPaH U ONPE/ICIISIOT Ka4eCTBO 3€PHA.

BaxkHeHImuMu MpecTaBUTENIMU  CIIOKHBIX JIUIUIOB sIBIIsIIOTCA  (hocdo-
munuasl. VIX MOJEKyJBl MOCTPOEHBI U3 OCTATKOB CIHUPTOB, JKUPHBIX KHUCIOT,
(dhocdhopHOI KUCIOTH M HEKOTOPBIX IPYTHX COeAUHEHUH [1, 2].

®dochonunuapl AeNAT HA JBE TPYMIBI — 3amacHbie (pe3epBHBIC) U CTPYK-
TypHBIE (ITPOTOIUIa3MaTHIECKHE). 3amacHbIe JINMHUAB, B OCHOBHOM XHUPHI, 00Ja-
JAIOT BBICOKOM KanopuiHOCTHI0. OHU SBIISIOTCS SHEPTETHYECKUM CTPOUTEITHHBIM
pe3epBoM opraHu3Ma. BEICOKas KaJOpHUHHOCTH JKHpa IO3BOJISIET OPTaHW3MY B
AKCTpPEMaJbHBIX CHTYaIlMsIX CYIIECTBOBATh 3a CYET €ro 3aracoB <GKUPOBBIX
neno». Jlo 90% Bcex BHIIOB pacTeHHil COAEpKAT 3allacHbIC JIUMUIbL, [TIaBHBIM
oOpa3oM, B cemeHax. OHH SIBIISIIOTCS 3aIIUTHHIMU BEUIECTBAMH WM IIOMOTAIOT
PACTEHHUIO TIEPEHOCUTh HEOJIArONpPUATHOE BO3JICHCTBUE BHEIIHEH Cpelbl. 3arac-
HBIC JIMTTUIBI )KUBOTHBIX U PBIO, KOHIICHTPHUPYSICh B MOJKOXHOHN dKUPOBOW TKaHH,
3aIUIIAI0T OPTaHU3M OT TpaBM [6, 7].

CTpyKTypHBIEC JHIUABI 00pa3yloT CIOXKHBIE KOMIUIEKCHI ¢ OeJlKaMu, yrie-
BOJIaMH, U3 KOTOPBIX MOCTPOCHBI MEMOpPaHbI KJICTOK M KICTOYHBIX CTPYKTYp, U
YY9acTBYIOT B Pa3HOOOPA3HBIX CIIOKHBIX IMPOIECCax, MPOTEKAOIMNX B KICTKaX.
CBsi3aHHBIC JTUIHUABI BBIACIAIOTCS W3 PacTeHUH TUAPOGUILHBIME TOJSIPHBIMH
pPacTBOPHUTEIISIMA WM WX CMECSMH: XJIOPOPOpPM-METaHON, XJIOPOhOpM-ITaHOI,
KOTOpBIE Pa3pyIaloT HEKOTOPHIC OCIKOBO-TUIUAHBIC W TIIMKOJIUIIAIHBIE COCITHU-
Henus [9, 10].

B mumieBo# mpoMBIIITIEHHOCTH COCTaB W Ka4eCTBO KHPOB W Macell olpeie-
JSeTca C TOMOIIBI0 Pa3HOOOpA3HBIX AHAIMTUYECKHX «ducel». Hanbombiee
3HAYEHHE UMEIOT YMCIa: KHCIOTHOE, OMBbUICHHS U HoaHoe [1-3].

KucnotrHoe 4uCIIO MCTONB3YIOT MPH pacdyeTe KOJIMYESCTBA IIEN0YH, HEe00XO0-
JUMOM 115 padMHALIUK KUPOB U Macel [6].

Hucno oMbLIEHHS MO3BOJSET CYJIUTh O CPEAHEN MOJIEKYJIIPHON Macce BXO-
JSIIIX B COCTaB JIMIUJOB >KUPHBIX KHUCIOT U ONPEACIUTh MPU MBUIOBAPCHUH
KOJTMYECTBO MIEIIOYH, HEOOXOAMMOE ISl OMBIICHUS XKupa [7, 8].

MozHoe 4HCiI0 — 9TO MOKa3aTelb, XapaKTePU3YIONIHil HePeaeTbHOCTh HKUP-
HBIX KHCJIOT, BXOSIIUX B COCTaB upa [2].

PacturenpHbIC JKUPBI M Macja SBISIOTCS 00s3aTEIbHBIM KOMITOHEHTOM ITH-
11, ICTOYHUKOM SHEPreTHYECKOT0 MaTepuala Ui YeloBeKa. DTO He3aMEeHUMbIe
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(hakTOpBI MUTaHMSI, OTPEAEISIONIHE ero ononornyeckyr 3ddexruBHOCTh. Yemno-
BeK AoJDKeH ynotpeonars 30-33% >kupos.

JnutensHoe OorpaHUYEHUE >KUPOB B MUTAHUHU NMPUBOIAUT K OTKIOHEHHUSIM B
(hM3UOJIOTUYECKOM COCTOSIHUM OpPraHU3Ma: HapylIaeTCs ACATEIbHOCTh IIEHTPAIb-
HOM HEpPBHOW CHUCTEMBI, CHIXKACTCS YCTOMYMBOCTH OpraHu3Ma K HHOEKIHAM,
COKpAIaeTcs IPOJOIKUTEIIEHOCTh JKU3HU. M30BITOUHOE MOTPEOICHHE KUPOB
HEXeJNaTebHO, OHO IPHUBOIUT K OXHUPEHUIO, CEPICYHO-COCYIUCTHIM 3abo0ieBa-
HUM [6, 7].

B murannm mMeeT 3HAYCHWE COAEpKAHUE TOJMHEHACHIMEHHBIX KHCIOT. K
TaKWM KHCJIOTaM OTHOCSTCS JIMHOJICBAsI, JIMHOJICHOBASsI M apaxuI0HOBas. buoio-
TUYECKH HamOoJiee aKTHBHBI apaxWIOHOHOBAs M JIMHOJIEBAS KUCIIOTHI; JHHOJIE-
HOBasl KHUCJIOTA YCHJIMBAeT ACHCTBUE JHMHOJEBOM KuciaoTel. B 1928 r. I'oren u
lanTep mpennoxunu cyuTath 3TH 3 KUCHOTH BUTaMuHOM F. JIuHOneHOBas u
JINHOJIEBASI KUCIIOTHl HE CUHTE3UPYIOTCSI B OPraHU3MeE Y€JIOBEKa, apaxuJ0HOBAs —
CHUHTE3UPYETCS U3 JIMHOJIEBOUM KUCIOTHI pU ydyacTuu Butamuna Bg. [ToaTomy onn
MOJIYYWIN HAa3BaHUE «HE3aMEHUMBIX». [IpHHAANEKHOCTh BBICIIUX HEHACHILIICH-
HBIX KUPHBIX KUCJIOT K BUTAMUHAM NPU3HAETCS HE BCEMH, TaK KaK HEM3BECTHA UX
KatajauTudeckas (yHKIUS B OpraHM3ME U OTCYTCTBHE SIBHBIX IPU3HAKOB aBH-
TaMHHO32a y 4yenoBeka. OMHAKO MpU UCKITIOUYEHUH ITHX KUCIOT M3 KOpMa JKUBOT-
HbIX OBUIU IOJIyYEHBI SPKHE CUMITOMBI F-aBHUTaMUHO3a: CyXOCTh KOXKHOTO TIO-
KpOBa, BBITIAJICHUE BOJIOC, 3aJepKKa POCTa, MOTEPS TYBCTBUTECIHHOCTH W OHE-
MEHHE KOHEYHOCTCH.

Buramun F, npexacrasistommii co60i 3 KUCIIOTHI, yYaCTBYET B PETYIISIIUU
oOMeHa yumuaoB. OcOOEHHO Ba)KHO, YTO HETIPENEIbHBIE BBHICIINE YKUPHBIE KHC-
JIOTHI CHIOCOOCTBYIOT BBIBEACHUIO M3 OpPraHMW3Ma JKMBOTHBIX M YeJOBEKa XOJec-
TEpoJia, a ATO MPEMSATCTBYET PA3BUTHUIO aTepockiepo3a. B mocnegHue roasl mu-
pOoKo o cebe 3asBUIIa apaXUJOHOBAs KUCJIOTA: OHA OKa3aJlaCh MPE/IISCTBEHHUKOM
HOBOT'O THIIAa TOPMOHOB — NMPOCTATIAHAUHOB.

[IpocTrarnanivHbl — COEIWHEHUSA C IIHPOKUM CIEKTPOM TOPMOHAIBHOTO
nerictBus. JlanHple 0 X cymecTBoBaHUU OTHOCATCSA K 1930 T., XOTS cBOE Ha3Ba-
HUE OHHU MONy4miIH Tosbko B 1957 r., xorga C.beprcTpem BbIenHUiI UX B KpHC-
TaJUTMYECKOM COCTOsTHUH. [IpocTariaHauHBl OKa3aluCh MPOU3BOIHBIMU TOJHUE-
HOBBIX XUPHBIX KHUCJIOT, ¢ 20-10 yIJIEpOMHBIMH aToMaMd. B 3aBHUCHMOCTH OT
CTPOCHUS MHUKJIMYECKOW YacCTH MOJIEKYJIBI pa3UdaroT MPUPOIHBIC MPOCTArIaH-
muael A, B, C, D, E, F, G, u H, a uncio TBOWHBIX CBS3eH B OOKOBBIX IEIISX IEepe-
YUCIIEHHBIX THIIOB MPOCTATIaHJMHOB OO0O03HAYarOT NH(PPOBHIMH WHAEKCAMH,
HanpuMep E,, comepkut 2 nBoiiHbIe CBS3M B OOKOBOI 1enu. B HacTosmiee Bpems
HU3BECTHO OKOJ0 30 mpUPOIHBIX MPOCTATIAHAWHOB U CUHTE3UPOBAaHO OKoJio 500
¥X aHaJIOToB. JlelicTBUE MPOCTarjiaHAWHOB OTIUYACTCS KpaliHe pa3HOOOpa3HbIMU
(usnonornyeckumMu 1 hapMoKoIoTndeckumMu 3pdekramu. B cBs3u ¢ 3TUM OHU
HaxXosT BCE 0oJiee IMMUPOKOE MPUMEHEHUE TIPU CO3JJaHUH HOBBIX JIEKAPCTBEHHBIX
CPENCTB.

JluHoseHOBash KHCIOTa O0pa3yeT IPyrHe MOJUHCHACHIIEHHBIC XUPHBIC
KUCIOTEL. B cOCTaB MHOJIMHEHACHIIICHHBIX KHCIIOT CEMEHCTBa OMeEra-3 BXOOHUT
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O-JTMHOJICHOBAs KuciioTa. JIMHOJIEeBas U apaxuIOHOBAasi KUCIOTHI BXOJAT B CEMEN-
cTBO oMmera-6. COOTHOIIIEHHE oMera-6/oMera-3 B palldOHe COCTABIISAET JJIs 3/I0PO-
BOro 4enoBeka cootHoieHue 10:1, s neuednoro nuranus — ot 3:1 mgo 5:1 [10].

ApaxuIoHOBas KUCIIOTA B TPOAYKTaX MUTAHHUS COACPKUTCA B HE3HAUUTEIIb-
HOM KOJIMYECTBE, a B PACTUTEIBHBIX Maciax ee MpakTU4ecku Her. B Oonbiiom
KOJIMYECTBE apaxHI0HOBAsI KHUCJIOTa COAEp)UTcs B sitmax- 0,5%, cyOompomykrax
0,2-0,3%, B Mo3rosoM BemiecTse - 0,5% u CBHHOM calle.

[To coBpeMeHHBIM TIpeICTaBICHUSIM HarOolee 1esecoo0pa3Ho UCIOB30BATh
B KaXIbI OTIENBHBIA MPUEM KHUPHI, IMEIOIUe cOaTaHCHPOBAHHBIN COCTaB, a HE
MOTPEOIATH JKUPHBIE MMPOYKTHI Pa3IMIHOTO COCTaBa B Te4eHHe cyTok [8-10].

BaxHoii B MMTaHWU TPYNIION JTUIHUIO0B ABISAIOTCS (HOochONUNHIbI, YHacTBYIO-
Me B MOCTPOCHUU KJIETOYHBIX MEMOpaH M TPaHCHOPTE JKUpPa B OpraHu3Me, OHU
CIOCOOCTBYIOT JIy4ILIEMY YCBOCHHUIO KUPOB M NMPEMATCTBYIOT OKHUPEHUIO TEYEHH.
B xoje TeXHOJIOTHYECKOro IMpoliecca JUMUIBI HCXOAHOTO CHIPhS TPETEPIIEBAIOT
pasHooOpa3Hble TMpeBpallleHHd. 3HAYUTEIbHbIE WM3MEHEHHS IPOUCXOISAT B
JIUTHIHOM KOMIUIeKce. Bee 3To cka3piBaeTcs Ha COCTaBe, a TaK)Ke Ha MX MHIIEBOM
u Omoyorndeckoi agdhekTuBHOCTH [8].

He menee crioxHBIE TTPOIECCH MPOTEKAIOT MPHU XPAHEHUH MPOAYKTOB ITHTA-
Hus. Tak, Mpu XpaHEeHUH MIIEHHYHON MYKH HIIYT MPOIECCH TUAPOIUTHIECKOTO H
OKHUCIUTENLHOT0 TIporopkanus. OOpa3yromuecs: MPOAYKThl B3aNMOACHCTBYIOT C
OenmkaMu, BIIWsAS Ha XJIeOOIEKapHOE JOCTOMHCTBO MIIEHWYHOU Myku. llpm pas-
BHUTHHU OKHCIIHTEIBHBIX TPOIECCOB B IMPOIYKTAX IMATAHUS HAKAIUIMBAIOTCS HEXe-
JaTeNbHbIC AJIS1 OpraHU3Ma YelIOBEeKa BELIECTBA, KOTOPBIE BRI3BIBAIOT MATOJIOTHIO.
CrenoBaTenbHO, COXPAaHHOCTD JIMIHUIOB OT OKUCJICHHS SIBIISIETCS BaYKHOM 3a1aueit
J1s yenoseka [8, 10].

W3BecTHO, 4TO MOCTYIJICHWE B OPTaHM3M JOCTATOYHOI'O KOJHMYECTBA >KUP-
HBIX KHCJIOT YMEHBIIAET HArpy3Ky Ha CepACYHO-COCYAUCTYIO cucTeMy. JKupHbIe
KHCJIOTHl HMCHOJB3YIOTCS MPH JICYCHUU MHOTHX CEphEe3HBIX 3a00JIeBaHHH. DTO
OpOHXHaJBHAs aCTMa, APUTMUS, CaXapHBIA JHadeT, si3Ba JKENyJIKa, MOBBIIIICHHOE
KPOBSIHOE JIaBJICHUE, TOBBIINICHHBIA YPOBEHb XOJIECTEPHHA WM TPUTIHIEPUIOB
[11]. IIpocTarnananHbl SABIAIOTCS MoayisTtopamMud. OHH BO3IEHCTBYIOT Ha CTe-
pOHIHBIE TOPMOHBI ¥ YYaCTBYIOT B PETYJSIIUM UMMYHHON CHCTEMBI, TIOBBIIIAIOT
TOHYC MBIIIII, BIUSAIOT HA COKPAaTUTEIHHYIO CITIOCOOHOCTh. BBe/ieH e B OpraHu3M
MWJUTMOHHOM 0 TpamMma MPOCTarIaHJUHOB OKa3bIBaeT MOIIHOE ACWCTBHE Ha
(YHKLIMHU TIOYTH BCEX OPraHOB M CHUCTEM. DTO OOCTOSITENILCTBO IMO3BOJMIIO CO-
311aTh JIeKapCTBEHHBIE (POPMBI Ha OCHOBE MPOCTArJaHIMHOB, HAIPUMED, IPOCTHH,
cynnpoctuH [12-14].

OOBEKTOM HaIlIer0 HCCIIEOBaHUs SBISUIOCH pacTeHue Lynosyris villosa
(rpynanna moxnatas) CeBepo-Kazaxcranckoil momymsinuu, coOpanHas B (asy
LBETEHHA. XUMHUYECKUH COCTAaB pacTeHUs M3yudaeTcs BIepBble. B HapoaHoi
memuinae Lynosyris villosa mpuMeHsieTCst pu JIeUCHUN OpOHXHAILHON acTMEL,
CTeHOKapauu, OONe3HAX TedeHH, 3yOHoi m peBMarmueckux Oomsx. Ha ocHoBe
pacteHus MOJMYYCHBI JeKapcTBeHHbIE (OPMBI Ma3b, HACTOMKA, JEWKOILIACTHIPH,
KOTOpBIE 00JIa/Ial0T MPOTHBOBOCIAIHUTENBHBIM, aHTUICPMATHUTHBIM, aHTHUCETTH-
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yeckuM JedctBuaMHU. [IpeacTaBisieTr UHTepec JajbHEHIIEee UCCIEI0BaHUE XUMU-
YECKOI'0 COCTaBa JICKAPCTBEHHOI'O PACTEHUS, B YACTHOCTHU, U3YUYECHHE JIUIUJOB,
KOTOpBIE B IOCJIEAHUE TOAbl BBI3BIBAIOT KUBOM HMHTEPEC Y YUYEHBIX, KaK KJacc
MPUPOJHBIX COCAWHEHUM, TPOSBISIFOIIANA IIUPOKUN CIIEKTP OHOJIOTHYECKOTO
JICUCTBUS.

Jnis ycTaHOBIIEHHsI KadecTBa ChIPhs ONpEAeNId (apMaKoleiHble MmoKa3a-
Tenn (BIAXXHOCTH, 30JIbHOCTH, KOJMYECTBO IKCTPAKTUBHBIX BemIeCTB). JlaHHBIE
MIPUBENICHBI B TaOmuIIe 2.

Tabmuna 2 — @apmakoneHbIe TOKa3aTeN! ChIPhS

Bnax- | 3oib- O0beM Macca Konnuectso
Oprassl pacTeHus HOCTh, | HOCTb, | JKCTpaKTa, a0CONIIOTHO | 9KCTPAKTUBHBIX
% % MII CyXOii HaBeCKH BELLECTB, %
Hanzemnas yacts pacrenus 6,50 5,61 110 0,935 23,53

DKCTPaKIUIO JIUIH/IOB U3 BO3AYIIHO-CYXOTO CBHIPhs TIPOBOJIMIIM B arapaTe
Cokcrera OpraHUYECKUMH PACTBOPUTEISIME (ITaHOJ, OCH30JI, aleToH, XJIOpo-
¢dopM U ux cmecsmu (xjaopodopm-3TaHon B cooTHomeHun 1:1). Conepxanue
JUNUAOB B alleTOHOBOM 3KCTpakTe coctaBuio- 14,4%, B ataHonbHOM — 21,7,%, B
oeH30pHOM -18,8%, B X1opodopmMHOM-15,8%, B cMecn — 23,8%. OO0bequHEHHBIC
9KCTPAKTHI yIapuin gocyxa. Macca ocaaka cocrasuia 0,27r. st munmmos onpe-
JSNWIHA CICAYIONINE aHAIMTUYECKHUE MoKa3aTeNu: 1) HOHOE YMCIO COCTABHIIO -
103; 2) uucno ombuieHus -614; 3) Kucnornoe uncno -11; 4) DdupHoe uncio -
603 [6]. XimopodopMHBII SKCTPAKT MCCIACIOBAIM HA MPUCYTCTBUE TIUIICPUHA U
xonectepoia. C OMOINBI0 aKPOJICHHOBOM MPOOBI I0Ka3aIl HAIWYUE TIIUIEPUHA
B JHMUax TpynHUIBl MoxHartoi. Peakumsamu ludda, Burra, CampkoBckoro
TIOATBEPININ OTCYTCTBHE Xxoiyiectepona [8]. CnemoBarenbHo, B Linosyris villosa
KaK MBI MPEJIO0JIaraeM COJIEPIKATCs TOJIBKO TIUIEPOPOCHOIUTUIBI.
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Pe3iome

B. JI. Hazaposa, A. ©. Fexmemicoesa,
H. E. Kapabexosa, H. B. Ycxos, JI. C. Muxaneuyk

LINOSYRIS VILLOSA ©CIMAITTHEH JIUTIMATEPAI AHBIKTAY

Jlunuarep, akybI3gap MEH KeMipcysiap CHUSKTBI, Tipi aF3allap/blH KacyllaTapbIHbIH
HETI3r OpPraHUKaNbIK 3aTTapblH Kypauapl. Onap SHEPrUsUIbIK, KYPHUIBICTHIK, KOPFAHBIII
KBI3METTEPiH aTKapansl. JIMMuaTep TaraMHBIH KYHIBI Kypamaac 0etiri OOk TaObUTa b
Jlumuarep TaMak OHIMIEpiHAE TaFaMIBIK, OMOJOTHSUIBIK KYHIBUIBIKTAp MEH TOMII Ka-
CHETTep/i aHBIKTaWIBl. OCIMIOIKTEpAe JUMHUATED HETI3iHeH TYKBIMAApP MEH JKeMicTepie
uHanaapl. JKanyapnap MeH OanbIKTapja JHUIUATEp MU MEH JKYHKe yinanapblHaa Iio-
reipiadrad. JIMOUATEpiH KypaMblHA KaHBIKIAFaH OHE KAHBIKKAH KBIIIKBUIIAD Kipemi.
KanbIKaraH KpIIMIKBUIIAP KaTapblHA OJICHH, JHMHOJ, JIMHOJCH KBIIIKbUIAAPHI *KaTaibl.
Taburu Mmaitnapaarsl OapibIK KaHBIKIAFAH KBIIIKBUIIAPBIH 1IIIHCH OJCHH KBIIIKbUIBI €H
KeH TapairaH. KaHBIKKaH KbIIIKbUIAPAaH MaJbMHUTHAH KBINIKBUIBI TAOWFATTa KEH Tapall-
raH. On GapibIK Maiinapaa 6onaabl, onapabH Memepi 50% neiin xereni. CoupT peTiH-
JIe MalJTapIbIH KypaMbIHa YIIATOMIbI CIIAPT-TIUIIEPHH Kipei.

Jlumunrepai CokciieT anmaparblHAa OpraHUKAJIBIK epiTKITepMeH (crupT, OSH3011,
aIeToH, XJI0po(dHopM JKHE XIOPOPOPM-CIIUPT Kocmack 1:1 apakaThIHACBIHAA) SKCTPAKIIHS
apKBUTBI TAOUFW HBICAHAApIaH OOl anansl. BemiHil alplHFaH JIUTUATEPII canaibl peak-
LUSUTAPMEH JKOHE aHATUTHKAIBIK TYpaKThuiap (HOITHI, KbIIIKBUIIBL, d3QUPIIK caHaap )KoHe
caObIHIaHy CcaHBI) aHBIKTAY KOJBIMEH 3epTTenmdi. Linosyris villosa ecimairinae rimmepo-
¢dochomumuarepaiy Oap SKEHIITI aHBIKTAIIBL.

Tyiiin ce3mep: Lynosyris villosa ecimairi, skcTparenTrep (OCH301, CIIHPT, alCTOH,
xjopodopm, Kocra xsuopodopM-criupt 1:1), MalibIH TYpaKThIIapbl (HOATHI, KBIIIKBLIIbI,
3¢upIIi caHaaphl KOHE CaObIHAAHY CaHbl), TaunepodochomumHaTep.
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Summary

V. D. Nazarova, A. U. Bektemisova,
N. E. Karabekova, N. V. Uskov, L. S. Mihalchuk

DETERMINATION OF LIPIDS IN PLANT LYNOSYRIS VILLOSA

Lipids, like proteins and carbohydrates, are the main organic substances of the cells
of living organisms. They perform energy, building, protective functions. Lipids are also
valuable components of food. Lipids determine nutritional, biological value and taste
qualities in food products. In plants, lipids accumulate mainly in seeds and fruits. In
animals and fish, lipids are concentrated in the brain and nerve tissues. The composition
of lipids includes unsaturated and saturated acids. The unsaturated acids include oleic,
linoleic, linolenic acids. Of all the unsaturated acids contained in natural fats, oleic acid is
the most common. Of the limiting acids, palmitic acid is most common in nature. It is
present in all fats, its amount is up to 50%. As an alcohol, triatomic alcohol-glycerin is a
part of fats.

Lipids were isolated from natural objects in the Soxhlet apparatus by extraction with
organic solvents (alcohol, benzene, acetone, chloroform, and their mixtures (chloroform-
alcohol in the ratio 1: 1). The selected lipids were studied by qualitative reactions and by
determining analytical constants (iodine, acid, ester numbers and saponification numbers.)
It was found that only glycerophospholipids are present in the Linosyris villosa plant.

Key words: Lynosyris villosa plant, extractants (benzene, alcohol, acetone, chloro-
form, chloroform-alcohol mixture 1: 1), fat constants (iodine, acid, ester numbers and
saponification number), glycerophospholipids.
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VJIK 630.232.322
I1. C. IMUTPHEB', U. A. DOMHUH’, A. B. HECTEPEHKO', K. A. OCTPOBHOH!

'PI'I Ha IIXB Cesepo-Kazaxcranckuii rocyjapcTBeHHbI yHuBepcuTeT uM. M. Ko3ribaesa,
[erpomnasnosck, Pecrry6nuka Kasaxcran,
TroMeHCKHit rocy/apCTBEHHBIN yHUBEpCUTET, TioMeHb, Poccus

HHOJYYEHHUE 3KCTPAKTA CAIIPOIIEJIA
HA OCHOBE NCIIOJIb30BAHUS1 OPTAHOMMUWHEPAJIBHBIX
PECYPCOB O3EP CEBEPO-KA3AXCTAHCKOWM OBJIACTH

AHHoTauusi. Ha ocHOBE UCTIONB30BaHMSI OPraHOMUHEPATBHBIX TOHHBIX OTJIOKEHHS
sBTpodhHOrO 03epa Keipunkapckoro paiioHa Cepepo-Ka3zaxcraHckod 00acTH MOJTyUYCH
pacTBOp camnponessi METOI0OM DKCTPAKIUH, 3aKJII0YaloIIeiics B BBIIEPKKE JOHHBIX OTJIO-
JKCHUH B JUCTHJUIMPOBAHHOHN Bojae B TedeHWe 24 4, (UILTPOBAHUE IOJNYYCHHBIX CYC-
MCH3UN W KOHLEHTPUPOBAaHWHM BOJHOTO pacTBOpa Campollesisi MyTeM YIapHBaHHS [0
1/3 o6wvema npu 40 °C. OmnpeneneHsl GU3HUKO-XUMUYECKHE XapaKTEPUCTUKH €ro pacTBO-
POB, BIUSIONIME HAa KAYECTBO MOJIy4aeMOro Nnpoaykra. [IpoBeaeHs! HCIBITAHUS Ha BCXO-
KECTb ¥ DHEPIHIO MPOPACTAHHS CEMSH 3€PHOBBIX KyJbTYp. YCTaHOBICHO, YTO YHEPTHS
MIPOpACTaHUs CEMSH MIICHUIIBI U TIMEHS B X0/I€ TIPOBEICHHS SKCIICPUMEHTA YBEITHINIIACH
B 1,5 pa3za.

KiroueBble ci10Ba: TI010pOaHMEe, TIOYBA, OPTaHUIECKUE YIOOPEHUS, CallpoIelb, II0-
BBIIICHNUE YPO’KaHOCTH, OPraHUUYECKOE 3EMIIEJIENNE, OPraHOMUHEPAJIbHBIE HAKOIUICHUS
o3ep.

BBenenue. OnHON W3 BaXXHBIX 3a7a4 arpoNPOMBIIUICHHOTO KOMILIEKCA
PecniyOnmku Kazaxcran mis oOecriedyeHUs MPOAOBOJILCTBEHHOW 0€30MacHOCTH
SIBJIIETCS TIOBBIIIICHUE YPOKaHHOCTH CEIThCKOXO3SHUCTBEHHBIX KyIbTyp. B ycio-
BHUSX KOHKYPEHTHOW PBIHOYHON SKOHOMHUKH M PACTYIIUX KOJOTHUYECKUX MPOO-
JIEM, CBSI3aHHBIX C CEJIbCKOXO3SHUCTBEHHON JEATENBHOCTBIO, JUIS TMOBBIIICHUS
YpOKaHOCTH CEIbCKOXO3SUCTBEHHBIX KYyIbTYp TpeOyeTcs WCIOIb30BaHNe
9KOJIOTMYECKH YUCTBIX YIOOPEHUH ¢ HU3KOH Cce0eCTOMMOCTBIO, CPEeIr KOTOPBIX
HauOoJIee MPEANOUYTUTEIIEHBI OPraHOMUHEPAILHBIC JIOHHBIC OTJIOKEHHUS Mpec-
HOBOJHBIX 03ep — camnpomnenu [1, 2].

Carmporienib  SIBJISIETCS. €CTECTBEHHBIM OCAJIKOM, OOpa3oBaBIIMMCS Ha JHE
MIPECHOBOJIHBIX 03€P W3 PAa3JIOKUBIIMXCS B BOJC MEIKUX OPraHU3MOB U PacTH-
TenbHOCTH. OHU MMEIOT CJIIOXKHBIN KOMIIOHCHTHBIH cocTaB. OpraHuyecKas 4acThb
COCTOHT U3 OEJKOB, aMUHOKHCIIOT, BUTAMHUHOB, MAaKPO U MUKPODJIEMEHTOB, TYMH-
HOBBIX BEIIECTB, 3CTPAreHHO MOJOOHBIX COCAUHCHHN W aHTHOMOTHKOB. MuHe-
paJibHas YacTh B camporieie NpejcTaBlicHa kapOoHaTamu, Gocdaramu, cyibda-
TaMU W JAPYTUMH COJIIMH, CBOMCTBA KOTOPBIX IIOJIE3HBI C arpOXUMHYECKON W
OMOJIOTHYECKOM TOUKN 3peHus [3].

OnbIT IPUMEHEHHMSI CAITPOIIEIISE B KAUECTBE OPraHUYeCKOro yI00peHUs UMEET
MTOJIOKUTENBHBIN 3((EKT, Kak B MPAKTHKE 3eMIICACIUS, TaK U PaCTCHUEBOCTBA.
UccnenoBanns mokazanyu MOJOKUTENFHOE BIHSHUE ChIporo camporens CeBepo-

238



ISSN 1813-1107 Ne 3 2019

Kazaxcranckoit o0nactu Ha MOpGOMETpUUECKUE MTapaMeTphl, Ha IUHAMHUKY pOCTa
U KOHEYHYIO YPOXKalHOCTh CEIbCKOXO3SHCTBEHHBIX KYJIbTyp [4]. OmHako Hau-
4re B HEM COCMHEHUH KPEeMHUS JKele3a U alllOMHHUS, BXOJSIINX B COCTaB IeCKa
Y TJIUHBI, SBISIIOTCSI HEXENAaTeNbHBIM OallacTOM, YTO MPHUBOJHUT K 3arps3HEHUIO
noyB. lcnonp3oBaHUe KOHIEHTPUPOBAHHOTO JKCTPaKTa Calpomess, MOJy4YeH-
HOTO Ha OCHOBE PECYPCOB MECTHBIX 03€p B IPEANIOCEBHOH 00pabOTKe CeMsH,
OJTHOH CTOPOHBI, IOCIIOCOOCTBYET HEIOCPEACTBEHHOMY CHA0XKCHHIO CEMSH OHO-
JIOTHYECKH aKTHBHBIMH BEIIECTBAMH, MakpoO- U MHUKPOIJIEMEHTaMH, a C JAPYTOH,
00ecTeYnT YKOHOMUYECKUN 3P EKT, BEIpAKAIOMINIACS B BUAE MPUOABKH ypoxKaii-
HOCTH DKOJIOTHYECKH YHCTOM MPOTYKITNH MTPH MaJbIX 3aTparax [5].

Llenp mccnenoBaHusl — MOMy4YeHHE KOHIIEHTPUPOBAHHOTO AKCTPAKTa Carpo-
Iensi Ha OCHOBE OpraHOMHHEpalbHBIX pecypcoB o3ep Cesepo-Kaszaxcranckoit
00JIaCTH ¥ IPUMEHEHHUE €ro B MPEANOCEBHON 00paboTKe 3€PHOBBIX KYJBTYpP AJIS
HOBBIIICHUS YPOXKAHHOCTH.

Metoab! mcciaenoBanus. B ombITax HCHOIB30BANIM OpraHOMHHEpaTbHbBIE
JOHHBIE OTJIOXKEHUS 3BTpodHOro o3epa Kuzpunkapckoro paiiona CeBepo-Kazax-
CTaHCKOHW 00acTy.

Metoauka TOTy4YeHHMsS SKCTpakTa Callpomens 3akiiouanach B BBIIEPIKKE
200 r mouubIX oTiOKeHHH B 500 MJI OTUCTHILTMPOBAHHOW BOJIE B TeueHHE 24 u,
($wIBTpOBaHNE TONTYYEHHBIX CYCICH3UH U KOHLIEHTPUPOBAHUHM BOAHOTO pPacTBOpa
canporiens myTeM ynapuBanus 1o 1/3 oovema npu 40 °C. KoHneHTparms ucxou-
HOTO PacTBOpPa, YCTAaHOBJIEHHAs MO pPe3ysbTaTaM OMNpEIeSeHHs] CyXOTO0 OCTaTKa,
cocrasma 0,69 r/mam’.

Jns panpHeiei anpobanuy Halield METOIWKH, POBEACHBI UCCIIEAOBaHMUS
[0 YCTAaHOBICHHWIO (UINKO-XUMHUYECKHX XapaKTEPHUCTHK €ro pacTBOPOB U
MOCTPOCHUIO KAIMOPOBOYHBIX 3aBHCUMOCTEH. B KadecTBE OCHOBHBIX Xapak-
TEPUCTHK, BIMSIOMMX HA KadeCTBO CaIpOINENsi, ONpeAeIniI KUHEMaTHYECKYIO
BSI3KOCTH (1)), DJIEKTPOIPOBOAHOCTH (Y), pH, mimoTtHOCTE (p) W KOdDHUIMEHT
npornyckaaus (T). MHTEepBanm BappMpoOBaHUS KOHIIEHTPAIMIl PacTBOPOB Carpo-
nesst 3amamd ot 0 10 0,69 r/aM’, IpH TOM PacTBOPHI TOTOBHIIH TyTeM pa30aB-
JICHUS] UCXOHOTO KOHLIEHTpATa.

PE3VJIbTATBI 1 OBCYXJEHUE

Pesynbrarer nccinenoBannii npeacTaBieHb! B Tabwe 1.

[Toce mocTpoeHus 3aBUCUMOCTEH KOd(PPHUITMEHTA TPOITyCKAHUS, DIIEKTPO-
MIPOBOJTHOCTH M KHUHEMATHYECKOW BSI3KOCTH OT KOHIICHTPAIIWU carporens (pu-
CYHOK) M WX anmnpOKCHUMAIlMA TOJY4YEeHBl OJHOMAPAMETPHUYECKUE BBIPAKEHUS
TTO3BOJISIONTNE PACCUMTATDH KOHIICHTPAIMIO BOIHBIX PACTBOPOB CAIPOTICIS TPH
M3BECTHBIX TIOKa3areseil kauectsa (ypaBHenue (1)-(3)).

Ceanp = -0,743In(T) + 3,4417 (1)
Ceanp = 0,0027-%-0,1081 )
Cearp = 645,447 - 1749,6m + 1185,8 3)
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Tabmmna 1 — XapakTepuCTHKU 9KCTpaKTa Calpoess

Ceanps e T, % %> MKCM/cM pH P, rlem® n, MmM?/c
0,1750 80,9 102,3 5,25 0,997 1,3259
0,3450 65,9 168,4 6,37 0,995 1,3314
0,5175 48,0 235,0 6,58 0,996 1,3369
0,6900 42,4 290,9 6,74 0,995 1,3476

T, % a X, MKCMm/c 6
90 380
80 300
70
60 250
50 200
40 150
30
100
20
0 0
0 0,5 1 0 0,2 0,4 0,6 0,8
C, rom? C, rom?
r]r MMZ/C B
1,35
1,345
1,34
1,335
1,33
1,325
1,32

0 0,2 0,4 0,6 0,8
C, ram3

3aBHCUMOCTH KO3 PHUIHEHTA MIPOIYCKaHUA (), SIEKTPOIIPOBOAHOCTH (0)
1 KMHEMaTH4eCKOH BSI3KOCTH (B) OT KOHIEHTpanuu camporesst a: [ = 10 cM, A =490 am
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[TomyuenHble pacTBOPHI pa3HBIX KOHIIEHTPALUMI HCIIONB30BAINCH IS IMPO-
BEJICHUSI MCIIBITAHUNA Ha BCXO0XKECTb W DHEPTHIO MPOPACTAHUSI CEMsH 3€PHOBBIX
KYyJbTyp [6].

B xagecTtBe TIpoOBI B3ATHI ceMeHa MIIeHuIB copta «HoBocubOupckas-31» u
s;aMeHs copTa «Acrtana-2000» BTopoii penpoaykunu. Haznauenue cemsia: ooume
moceBbl. [IpoOsr maccoit mo 1000 r mpopamuBanu Ha (GUIBTPOBANEHONW Oymare
mpu temmneparype 20°C. DHepruio mpopacTaHusi ONpenessii depe3 3 cyT, a
BCXOXKECTb — uepe3 7 CyT.

s cemsiH neHunsl copra «HoBocuOupckoii-31» Ucons30BaHbl pacTBOPHI
cnemyromux koumenrparuii: 0,69, 0,5175 u 0,345 F/IIM3, UIL CEMSIH SYMEHS
copra «Actana-2000» - 0,175 r/am’.

Pe3ynbraTel aHaNM30B OMpeENENeHNs BCXOXKECTH CEMSH INpPEACTaBIEHBI B
Tabmuiax 2 u 3.

Tabnuna 2 — BexoxecTs ceMsH mieHUIs! copra «HoBocubupcekas-31»

[Tokazarens YcraHoBneHHAs YcranoBneHHast
KOHIICHTPAIUU BCXOXECTb JI0 aHANIN3a, % | BCXOXKECTb IIPH aHaiuse, %
Wcxonmsrit pacteop (0,69 r/mm’) 49 49
PactBop (0,5175 r/am’) 49 50
Pactsop (0,345 r/am’) 49 50

Tabmuma 3 — BexoxkecTs ceMsH staMeHst copta «Actana-2000»

IToka3zarens
KOHIICHTPAIIUH

VYcTaHoBIIEHHAS BCX0XKECTh
o aHanm3a, %

YcTaHoBIIEHHAs! BCX0XKECTh
rnpu aHanuse, %

Pacrsop (0,175 r/am°)

63

72

Pe3ympTaTel MCCIIEMOBAaHUN 10 OMPENCICHUIO BCXOXECTH W DHEPTUH TIPO-
pacTaHusi CeMSH TOKa3bIBalOT, YTO BCXOXKECTh CEMSH MIICHUIBI COpTa
«HoBocubupckas-31» ¢ npuMeHeHHEM 00paOOTKH PAacTBOpaMHU KOHIIEHTpAaIuil
0,69; 0,5175 u 0,345 /o’ yBenuumiiach Ha 1%. BexoxkecTb ceMsiH sSTuMeHsI copTa
«Acrana-2000» ¢ mpuMeHeHHeM OOpaOOTKH pPacTBOPOM KOHIIEHTpaluei
0,175 o/’ yBeJIMYMIACh Ha 9%, 4TO, BO3MOXHO, OOBSCHSETCS TEM, YTO 3EpHO-
BBI€ KYJBTYPBI Pa3IMYaOTCs MEXKIY c000i 1O TPOAOIDKUTENILHOCTH TTOTJIOMICHHUS
MMATATEIBHBIX BEMIeCTB. TaK, K MPUMEpY, SIMEHB IOTIIONIACT JIEMEHTHI TUTAHUS
3a 30-35 mgueit, mmenuna — 3a 48-55 nHel. SlumeHb Upe3BBHIYATHO aKTUBEH K I10-
TPEOJICHUIO JICMEHTOB IUTAHMsI, XOPOIIIO OT3BIBAETCS HA BHECECHHE OpPTraHUYecC-
Kkux ypoOpenuii. [lmennma Hanbosee TpeboBaTeabHa K YCIOBUSIM MUHEPAIHHOTO
MMATaHUS U IPOU3PACTAHUS, YEM JIPYTHE 3€PHOBBIC KYIbTYPHI.

[MimeHnna U s;YMEHb OTHOCSTCS K KYJIbTypam, TPEOYIOUIMM BBICOKOTO ILIO-
JOPOJIUST TIOYB; HYXAAIOTCSA B JOCTATOYHOM KOJMYECTBE YIOOPEHHWH, BBICOKHE
ypoXKaW MaloT Ha TOYBaX C PEaKIued cpeiasl HEHTpambHON WM OMM3KOW K
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HertpabHOH (pH 6,0-7,5). SluMeHp XOpOIO MPOM3pacTaeT M Ha CIA0OKHCIIBIX
mouBax (pH 5,5). Takum o0Opa3om, BO3MOXKXHO, 00pabOTKAa IKCTPAKTOM CEMSH
3€pHOBBIX KYJIbTYDP MOBJIHsIIA HA OOJIBIIYI0O BCXOXKECTh CEMSH SIUMEHS, YeM IIIie-
HUIBL, TaK KakK MpH u3MepeHnu pH pacTBOpoB OBIIO OMpPENEeNeHo, YTO peakius
Cpenbl TONYYEHHBIX PACTBOPOB OTHOCHUTCS K CIIA0OKUCIION W OMke K HEH-
TPaJIbHOM.

Pesynprarel aHaNM30B JHEPTMH TNPOpPACTaHHS CEMSH TIPEACTABICHB B
Tabmmiax 4 u 5.

Tabnuna 4 — OHeprus npopacTaHust ceMsH NIeHuns! copta «HoBocubupekas-31»

[Tokazarens VYcraHoBieHo YceraHoBneHO
KOHIIEHTPAUH J10 aHanm3a, % I aHamm3e, %
Hcxoxusrii pacteop (0,69 r/nm’) 25 42
Pactsop (0,5175 r/mm’) 25 44
Pactsop (0,345 r/am’) 25 44

Tabmuna 5 — DHeprus npopacTaHus ceMsH TIMeHs copTa «AcTtana-2000»

IToxa3aTenb KOHIICHTPAILIHH YcraHoBIIeHO 10 aHaIu3a, % VYcranosneno npu ananmmse, %
& b

PactBop (0,175 r/m) 47 59

OHeprusi mpopacTaHusi ceMsH mueHHnbl copra «Hosocubupckas-31» c
puMeHeHueM 00paboTKu pactBopamu koHueHTpanuii 0,69; 0,5175, 0,345 t/n
yBeNUYUIIACh B cpeqHeM Ha 18%, a sHeprus mpopacTaHHs CeMsH SYMEHs copTa
«Actana-2000» ¢ mpuMeHeHHEM 00paboTKH KOHIIeHTpamue pactropa 0,175 /i
yBenuumiack Ha 12%. CnenoBarenbHO, JHEPTHA IPOPACTAHUS CEMSIH B XOZ€E MPO-
BEJICHISI DKCIIEPUMEHTA YBEJINYnIach mpuMepHo B 1,5 pasa.

BoiBoabl. Takum 00pa3oM, OTydEHHBIN IKCTPAKT CATPOTIEIS SABISAETCA CTH-
MYJIITOPOM POCTa CEMSH 3€PHOBBIX KYJIBTYp, T.€. B OOJIbIIEH CTETIEHN BIUAET Ha
sHepruto npopactanus. CeMeHa ¢ BBICOKOI dHeprueil Hanbosee ) KU3HECTIOCOOHBI,
CEMeHa cO CJ1aboi YHEPrHer AT XHUITbIe U MaJIOypOKalHbIe pacTeHUsl. DHEPTHUs
IIpOpacTaHusl BO3JEHCTBYET Ha YpOXKAWHOCTh W KayecTBO MPOAYKLIHU. ITOT
MOKa3aTeNb 3aBUCUT OT UX XU3HECIOCOOHOCTH M 03HAayaeT OBICTPOTY MX Ipopac-
TaHMS, XapaKTepu3yeT CIOCOOHOCTh CEMSH JIaBaTh B TOJIEBBIX YCIOBHUAX IPYK-
HBI€ ¥ POBHBIE BCXOJBI, @ 3HAYHT, XOPOIIYIO BEIPOBHEHHOCTH M BBDKHBAEMOCTH
pacTeHuil.
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11 C. Imumpues, U. A. @omun, A. B. Hecmepenko, K. A. Ocmposnotui

COJITYCTIK KASAKCTAH OBJIbICBIHbIH KOJIAEPTHIET'T
OPI'’AHMUHEPAJIZIBIK PECYPCTAP HEI'I3IH ITANTAJIAHBIIT
CAIIPOIIEJIb ChIFBIHABICBHIH AJTY

Conrycrik Kazakctan 06apicsl KpI3pmkap aygaHBIHBIH STPOQHUKAIBIK KOJIiHIH opra-
HUKAaJIBIK-MHHEPAJIbl MIeTiHAUIepiHiH HETi3iHAe CyTpomen epiTiHmiciH 24 caraT immiHme
JUCTHJIICHTEH Cyda TOMEHTI IIOTIHAUICPAl YCTal TYPaThiH, CYCHCH3MsUIApIbl CY3Tijey
JKOHE CYJIbIH epITIHIICIH OynaHy apkbuibl morbipianasipy 40 © C temneparypana 1/3-ke
JCHIH IIOFBIPIAHABIPY SICIMEH albIHAbl. OHIMHIH CalmachblHa 9CEP C€TCTiH OHBIH IICIIiM-
JepiHiH (QHU3UKa-XUMUSIIBIK CHITATTaMajaaphl aHBIKTANFaH. JIoHMI JaKbUIIAPBIH TYKbIM-
JAPBIH 6CIpY XOHE Ocipy YIIiH ChIHAY. DKCIEPUMEHT OaphIChIHIA OWail MCH apma Ty-
KBIMJIAPBIHBIH 6CY SHEPTUsCH 1,5 ecere apTThI.
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Tyiiin ce3Jep: KYHAPIBUIBIK, TOMBIPAK, OPTAaHUKAIBIK THIHAWTKBIIITAP, CAMpOIIed,
OHIMIUTIKTI apTTBIPy, OPraHUKAIBIK MIAPYaIIbUIBbIK, KOJIACPIIH OpraHOMHUHEPAJIIbI
JKHHAKTAPBHI.

Summary
P. S. Dmitriev, I. A. Fomin, A. V. Nesterenko, K. A. Ostrovnoy

GETTING A SAPROPEL EXTRACT BASED
ON THE USE OF ORGANOMINERAL RESOURCES OF LAKES
OF THE NORTH KAZAKHSTAN REGION

Based on the use of organomineral donor deposits of eutrophic lakes in the Kyzyl-
zhar district of North Kazakhstan oblast, a solution of sapropel was obtained by extraction
as a result of exposure to donor deposits in distilled water for 24 hours, which allows
filtering the resulting suspensions and concentrating in aqueous solution as a result of
acceleration to 1/3 of the volume at 40 °C, Certain physico-chemical characteristics of its
solutions, affecting the quality of the product. Testing for the universe and the germina-
tion energy of grain seeds. It was established that the germination energy of wheat and
barley seeds during the course of the experiment increased 1.5 times.

Key words: fertility, soil, organic fertilizers, sapropel, yield increase, organic far-
ming, organomineral accumulations of lakes.
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YK 620.197.3
A. b. HUA3BEKOBA, T. A. IIAKHUPOB

3anagHo-KasaxcraHCKH arpapHO-TEXHUYECKUH yHUBEpCUTET UM. JKaHrup XaHa,
VYpansck, Pecriybnuka Kazaxcran

HCCJEJOBAHUE UHTMBUPYIOIEN CTIOCOBHOCTH
HEOPTAHUYECKHUX OPTO®OC®ATHBIX KOMITO3UIIAM

AHHOTanusi. PaccMOTpeHbl aHTHKOPPO3MOHHBIE CBOMCTBA HEOPTaHHMUYECKHX OpPTO-
¢docdarHpIXx KOMIO3UIMKA 10 oTHOMIeHHIO K ctanu Ct-3 B 3aBucHMocTH oT pH cpensl,
TIPUPOJIBI M KOHIICHTpAMK opTodocdara, Mpupoabl HoHa Moaudukaropa. VccnenoBanus
MIPOBOAMINCH MO TOCTHPOBAHHBIM METOAMKaM. MeTOJbl MCCIEeOBAaHMS: TPaBUMETPHS,
noreHnmomeTpus, oroxonopumerpus, MKC u POM. Ha ocHoBaHMN SKCIIEpHMEHTAIIB-
HBIX JaHHBIX ONPEIENICHbI KOJMUYECTBEHHbIEC TTOKA3aTeNN KOPPO3HOHHOTO MpOIEcca: CKO-
POCTH KOPPO3HOHHOTO IpoIlecca, CTETEHb 3allUThl, TIyOMHHBIA IMOKa3aTenb, Kod(pdu-
[IUEHT TOPMO>KEHHUS M TIPOBEJICHA OIIEHKA YCTOWYMBOCTH 00pa3yroLIelcsl IIIEHKH 1Mo 0ab-
HOM IIKalie KOPPO3UOHHOM CTOMKOCTH 110 OTHOIICHUIO K CTalli. AHANN3 SKCIIEPUMEHTAIb-
HBIX JTAHHBIX MMO3BOJISACT YCTAHOBUTH BJIMSTHUC BBIIIICHA3BAHHBIX (baKTOpOB Ha IIPOTCKaHUE
KOPPO3UOHHBIX MPOIIECCOB B UCCIEAYEMBIX CUCTEMax. JKCIEepUMEHTAIbHbIE JaHHbBIE 10~
MOJTHEHbl TEPMOJAMHAMUYECKUMH pacyeTaMH I1apaMeTpoB KOPPO3HOHHOrO TIpoliecca,
pe3yIIbTaThl KOTOPBIX XOPOIIO KOPPEIUPYIOT ¢ KHHETHYECKUMH JTaHHBIMHU HCCIIEyEeMOT0
nponecca. B xozme paboThl Takke MPOBEAEH aHAIN3 KOPPO3HOHHBIX OTIIOKEHHWH, CBHUJIE-
TENBCTBYIONIME 00 00pa3oBaHWM THIPOOKCO(OC(HATHBIX COEANHEHUH Ha TOBEPXHOCTH
Metaia. Koppo3noHHas CTOWKOCTh OOpa3yloMMXCsl COSMMHEHHH B ITHX CHCTEMax Ha
OCHOBaHMH PAaCCUMTAHHBIX 3HAYEHUH TTTyOMHHOTO ITOKa3aTelsi KOPPO3UH COOTBETCTBYET 4
6amram (o 'OCT 5272-90). YcTaHOBIEHHBIE 3aKOHOMEPHOCTH CIIOCOOCTBYIOT CO3JJAaHHIO
3¢ dexTUBHBIX OpTO(HOCPATHRIX HHTHONTOPOB C HAMBBICIIUMH CTETICHSIMH 3aIUTHI.

KiroueBble cjioBa: KOPpO3Msi, HHTHOUTOP, opTodocharsl, CTCNEHb 3allUTHI, TTy-
OMHHBIN TIOKa3aTeNb

BBenenue. [IpobGnema xoppo3un SBISETCS OAHON M3 BaXKHEWIINX B IIPO-
MBIIUICHHOCTH, TPAaHCIOPTE W CEIIbCKOM XO3SHCTBE. ODKCHEpPTHI OIIEHHWBAIOT
oOmiue rojoBbie 3arpaThl Ha 0OpHOYy C Koppo3ueil B 3-5 % OT BHYTPEHHErO
BasoBoro mpoaykra [1, 2]. Ilo naHHbIM uccienoOBaHUNM MEXIyHapOAHOU acco-
nuanun  uKeHepoB-koppo3noHucToB (NACE) 3arparer CIIIA nHa Goprby c
koppo3sueii B 2011 r, Hanpumep, coctaBuiau oyt 1 Tpuumon aost. [{udpsr He
yTEIIAIOIINE, U CTUMYJIUPYIOT KPYIHbIE KOMIIAHUU [0 BCEMY MUPY 3aHHUMATHCA
OCHOBATEJIbHON aHTUKOPPO3UOHHOMN 3aIUTOM.

Bonpuryro gacte 3arpaT COCTaBISIIOT COOCTBEHHO pacxojabl Ha aHTHKOP-
PO3UOHHYIO 3aIUTY, YOBITKH TIPH OTKa3e 00OPYIOBaHUS 1O NPUYMHE KOPPO3UH,
TaK)K€ CTOMMOCTHh 3aMEHBI MOBPEXKIECHHBIX y3J0B M, KOHEYHO, BCEBO3MOXKHBIC
aBapHH.

OpHuM U3 HauOoJiee pACHPOCTPAHEHHBIX CIIOCOOOB CHHXKCHHUS YPOBHS
KOPPO3UOHHBIX TOTEPh MPH SKCILTyaTallid MTPOMBIIUIEHHOTO O0O0PYIOBaHUS
ABIISIETCSl IPUMEHEHHe MHTHOMTOpOB Kopposuu [3, 4]. K Hacrosmemy BpemMeHH
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HaKOIUIEH 3HAYUTENbHBIA TPAKTHYECKUH OMBIT WX HCmonb3oBaHusA. OmHAKo,
pasnuyue B KOPPO3HMOHHON arpeCCUBHOCTH pabovmx cpell U U3MEHEHUE YCIOBHUI
9KCIUTyaTallud OOOpYIOBaHHMS M COOPYKEHHH Ha pa3HBIX 3Tamax pa3paboTku
BBIBUTAIOT HOBBIE TpeOOBaHUS K BHIOOPY MHTHOUTOPOB M COBEPIIEHCTBOBAHHUIO
TEXHOJIOTUY WHTUOUTOPHON 3aITUTHI [S].

HecmoTpst Ha wumeromyiocs MIHMPOKYI0O HOMEHKIATYpy peareHTOB, HIET
MOCTOSTHHBIN TMOMCK HOBBIX WHTHOMTOPOB M WHTHOMPYIOMIMX KOMITO3HUIIHIA,
CHOCOOHBIX 00ecneunTh KOMIUIEKCHOE 3aIllUTHOE [eicTBHe. B cBs3n ¢ 3TUM
aKTyaJbHOCTh HAcTOSIIeH paboThl 3aKIII0YaeTcs B MOMCKE M BHEIPEHWH WHIH-
OUTOPOB KOMILJIEKCHOTO AeHcTBUS UId obecrniedeHust 3PpPeKTuBHON M HaIEeKHON
AKCIUTyaTallMH TPOMBIIUIEHHOTO 000pYI0BaHMUS.

Metoauka ucciaenoBanus. L{enpro paboTh sIBJIIETCS UCCea0BaHue 3P Pek-
TUBHBIX HTHTHOUTOPOB KOPPO3UH KOMILJIEKCHOTO ACHCTBHSL.

B kauecTBe WHrHOMTOpPOB WCCIENOBAHBI: HATPUS AUTHIpoopTodochar
NaH,POy; matpust ruapooprodochar Na,HPO, n Hatpus oprodocdar NazPO,.
B kayecTBe MOHOB MOIM(HKATOPOB BHIOpPAaHBI TPEXBAJCHTHBIC HOHBI JKeEie3a,
QTIOMHHUS U JIAHTaHAa.

Meroanka KOPPO3MOHHBIX UCIIBITAHUN OblTa oOmenpuHaTon [6-8]. Mcmoms-
30Balld MPSMOYTOJBHBIE CTAbHBIC TUIACTHHBI pasMepoM 30%20%3 mwm. IIpomon-
KUTENBHOCTh ONBITOB — 24-480 u. CKOpPOCTh KOPPO3UH OLIEHMBAIHU MO MOTEPSM
Macchl 00pasioB yepes 24,48,72,96, 120, 240 4.

KonmuecTBennbple mokazateiar KOPPO3HOHHBIX IMPOIECCOB PACCUUTHIBAINCH
no QopMmysiaMm, OLEHKAa HEONPEAeIIEHHOCTH W3MEPEHUH MPOBOAMIACH IO ajro-
pUTMy, ¢ Hcroib3oBaHHeM Kod(dumnuenta CThIOJIEHTa TPU TOBEPUTEIHHON
BepositHocTH 0,95 [9, 10].

B xone BbImonmHeHUs pabOThl MPOBOAMIMCH MOTEHIMOMETPUYECKUE OIpe-
nenennst pH KOppO3HOHHBIX cpell ¢ TPUMEHEHHEM KOMOMHUPOBAHHOTO CTEKJIISH-
HOTO DJIEKTPOJa W MOHOMEpa, KOHIYKTOMETPHYECKHM METOJOM M (POTOKOJIO-
pumeTpudeckoe omnpezenenue coaepxanus xenesa (I1I) ¢ pomanunom xamms [11,
12], a Taxoke UKC 1 POM ananu3bl KOppO3HOHHBIX OTIOKEHHH.

PE3VJIbTATBI U UX OBCYXXJAEHUE

s uccnepoBaHuii Mo MHrHOMpYytomel crocodbHoct hochaTHBIX coennHe-
HUU MOCTPOEHO 27 MHOTOKOMITOHEHTHBIX CUCTEM.

B MoznenpHBIX cuCTeMax O MPOXOXKICHWH pEeakiuii CBUAETEIbCTBYET MU3Me-
HEHHE KOHIICHTpaluu HMOHOB Monudukaropos, noHos xenesa (III) u docdar
noHOB. JlaHHas 3aBUCHMOCTbH NpPHUBEICHA Ha PUCYHKE | sl CUCTEMBI C MOHOM
AMIOMHHASA, TAe 3()(PEKTUBHOCTS HHTHOMPYIOMIETO IEHCTBHSI HanOoJIee BEICOKAs.

Kax BuaHO u3 pucyHka 1, Ha HayaJbHOM 3Tare MPOUCXOAUT MOCTENEHHBIN
Mepexo/1 kele3a U3 INIACTUHKU B pacTBOp B BHJE MOHOB. B BoAHOM cpene coaep-
KaHUE >XeJie3a MOCTENEHHO YMEHBLIAETCs, HO HapsAdy C 3TUM HaOiromaercs
yMEHbIIIEHNE KOHIIEHTPANu WOHA MoAudukaTopa U ¢ocdar HOHOB. YMEHBIIIE-
HUE CO/ep)KaHUs jKeje3a B pacTBOPE CBUAETEIHCTBYET O 3aMEJIEHHUH Ipolecca
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PucyHok 1 — 3aBHCHMOCTb H3MEHEHHSI KOHLICHTPALNX HOHA MOAN(HUKATOPA aTIOMHHHS,
xkenesa, pocdara ot BpeMeHu [yt ruapodocdara HATPUs

KOppO3uu. DT0, O-BUIUMOMY, CBA3aHO C TE€M, YTO KOMIIOHEHThI CUCTEMbI BCTY-
HalT BO B3aUMOJEHCTBHE M 00pa3yloT ONpENENICHHOE YCTOHUMBOE COEAUHEHUE,
KOTOPOE BBINOJHSET 3aUIUTHYIO poub [13, 14].

Hapsiny ¢ 3TuM Takke paccMaTpHBaINCh KOJUYECTBEHHBIE XapaKTEPUCTUKU
KOPPO3WOHHOTO MpOoIlecca B MHOTOKOMITOHEHTHBIX (ocaTHBIX cUcTeMax, KOTO-
pBI€ IPECTABIEHBI HA PUCYHKE 2.
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COOTHOIIIEHNS CUCTEMBI

=8—Na2HPO4 + Fe3+ =—@=Na2HPO4 + Al3+ =0=Na2HPO4 + La3+

PucyHOK 2 — 3aBUCHMOCTB CKOPOCTH KOPPO3HH OT IPHPOJIbI HOHA-MOAU]UKaTOpa
HPH Pa3IMYHOM COOTHOLIEHHH A1 ruapodocdara HaTpus
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Kax BUIHO W3 IpHUBENCHHON 3aBUCHMOCTH, B CHCTEME B IIPHCYTCTBUU MOHA
MoOIU(pUKATOpA ATFOMUHHUS HAUMEHBIIICEe 3HAUCHUE CKOPOCTH KOPPO3UHU Xapak-
TEPHO Ui KOMITO3UIMU Tunpodocdara HaTpus npu cooTHouieHuu 3:1. B stoi
CUCTEeMe CTeleHb 3aluThl paBHa 79,14%. B nmanHOW cucteme MHTHOMpYIOIIee
NeficTBHE BO3MOXKHO C 00pa3oBaHHWEM CJIOXKHOTO THAPOOKcOopochaTHOTO coenn-
HeHus amtoMunus [ 15, 16], koTopoe 00pasyer 3auuTHYO TUICHKY. [IJIsT CHCTEMEI C
MOHOM aJIOMHHHs HaOJromaeTcsi cienyrolias 3aBUCHMOCTh: YeM BBIIIE COJEP-
kauue gocdara, TeM MEHBIIIE 3HAYCHUE CKOPOCTH KOPPO3UU M, COOTBETCTBEHHO,
MEHBIIIE CTETICHb 3aIUTHI OT KOPPO3HH.

Jliis xene3a camMoe BBICOKOE 3HAUEHUE CKOPOCTH KOPPO3HM HAOIFOMAeTCs
mpu cooTHomeHnd 1:1. B ocTanpHBIX kK€ COOTHONICHUSX 3HAYEHHE CKOPOCTHU
KOPPO3UH MOYTH OJMHAKOBO. B crcTeMax ke ¢ MOHOM JlaHTaHa W3MEHEHUE CKO-
POCTH KOPPO3HOHHOTO TIpoIiecca JJisl BCEX KOHIICHTpAIUi BapHaOeIbHO.

Hapsiny ¢ xonn4ecTBEHHBIMH SKCIEPUMEHTAILHBIMA JaHHBIMHA TPOBEIACHBI
pacyEThl OCHOBHBIX TEPMOJIUHAMUYICCKUX TTaPaMETPOB, KOTOPHIC TIPECTaBICHBI B
Tabmiie.

OCHOBHBIC TEPMOAMHAMUYECKUE ITOKA3ATEIN MHOI'OKOMIIOHEHTHBIX OpTO(bOC(baTHbIX CUCTEM

No WrruGurop + A - AG05.15, AH, 107 AS,107 1gK
B cooTHOIeHnu 3:1 kJx/MomB kJx/MOB kJx/MoB
1 Naz;PO, 21,09*10* 10,99 707,72 37,04
2 Na,HPO, 21,89*10" 3,49 734,53 38,45
NaH,PO, 21,64*10* -10,15 726,08 38,01

B tabnuue mpencraBieHbl TEPMOIUHAMUYECKUE XapaKTEPUCTHKU OpTodoc-
(haTHBIX CHCTEM C MOHOM MOIMU(UKATOPOM ANIOMHHHEM B cooTHomeHuw 3:1.
Hcxons w3 maHHBIX TaONMIbl, HauOoJbllee 3HAUYeHUE 3Hepruu [ 'mbbca s
opTodochaTHBIX CHCTEM XapaKTepHO AJS cUCTeMbl ruapodocdara HaTpus. Yem
BBITIIE 3HAUCHHE dYHeprun [ m60ca, TeM BBIE HHTHONPYIOIIEe JCHCTBUE CHCTEMBL.

Wuarnbupyromas crocoOHOCTh (GochaToB Takke CHIBHO 3aBUCHT OT pH
KOPpPO3MOHHOM cpeabl: ueM Bbllle pH, TeM BbIle aHTUKOPPO3HMOHHAs! aKTUBHOCTh
10 OTHOIICHHUIO K KeJle3y U ero cruiasam [17].

Takxe HE0OOXOAMMO OTMETHTH, YTO BBISBICHO BIHSHWE IPHPOIBI WHTH-
ouropa, MoIU(HUKATOpa, KOPPOSHOHHOW Cpelbl M COOTHOIIEHHWE MHTMOHMTOpa B
MIPOTEKAIOLIEM IpoLiecce, NPOBEJCHA IIOJHOLCHHAS KOJMYECTBEHHAs OLIEHKA
MapaMeTpoB KOPPO3HOHHBIX MPOIECCOB, MPOUCXOMSAIMINX B CHCTeMaxX (KHHETH-
YecKHe, XUMHUYECKHe, (PU3NKO-XMMHUYECKUE, TEPMOJWHAMUYECKUE, aHTUKOPPO-
3u0HHAs 3()(HEKTUBHOCTD).

Jns u3ydyeHus: cocTaBa KOPPO3HOHHBIX OTJIONKEHHUI MPOBOAMICS aHAJIU3 Ha
HK-cnekTpomeTpe 1 pacTpOBOM JIEKTPOHHOM MHUKpOCKoIie. B 1anHOM ciyyae Ha
PUCYHKE 3 MpenacTaBieHa CIEKTPOrpaMMa KOPPO3UOHHOTO OTJIOXKEHHS CHCTEMBI
ruapodocdara HaTpus ¢ anmOMHHHEM B cooTHomreHnu 3:1. M3BectHO[18],
uto s rugpodocdara HaTpHs XapaKTepHbI monockl 1235-1215 cM ™', koTopbie

248



ISSN 1813-1107 Ne 3 2019

%T

979,84

4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600

Pucynok 3 — CriekTporpamMma KOPpO3HOHHOTO OTI0XKEHHS KOMITO3HITUI
Na,HPO, + AI’" B coorHomeHnn 3:1

COOTBETCTBYIOT acummMerprunbiM V(P=0), a oroca 1130 cM ™' — cCHMMeTpUUIHBIM
v (P=0) konebanuam. [Tonocsl 955-940 cM™' COOTBETCTBYIOT aCHMMETPUUYHBIM
v (P-O-P), a monmoca 1130 cm '-cummerpuunsiM v (P-O-P), xoneGanmsm. B
HK-criekTpe KOppO3MOHHOTO OTJIOXKEHUS MUKW HE CXOIHBI C JaHHBIMU M3 JIUTE-
paTypHBIX HCTOYHUKOB, YTO TOBOPUT O TOM, YTO B pe3yJIbTaTe 00pa3oBaioch Ipy-
roe COeJMHEHNE, KOTOpoe 00pa3yeT 3alliuTHYIO TUICHKY .

PucyHnok 4 — CriekTpaipHas IIKaja 3JIEeMEHTOB
U1 KOPPO3HMOHHOTO OTJI0KEHHs kommno3uuuu Na,HPO, + AP B cootHOmennH 3:1

Takxke NPOBOJMICS aHAW3 KOPPO3UOHHBIX OTJOXKCHHH Ha PacTPOBOM
AJIEKTPOHHOM MUKPOCKOTE (pUCYyHOK 4). BBIJIO BBISABIICHO, 9TO B KOPPO3HMOHHBIX
OTIIOXKCHUSIX JTAHHOM CHCTeMBI cojepiaTrcsi kuciopon — 36,17%, xemeso —
26,79%, dochop — 4,72%. B HEOONMBIIOM KOTMYSCTBE CONEPIKATCS HATPUN —
0,78%, amomunanit — 1,39%.
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3akawuenne. Ha OCHOBaHUM IMONYYECHHBIX JKCHEPUMEHTAIBHBIX JTAaHHBIX
MOJKHO CJIENIaTh CIEAYIONINE BHIBOIBI:

1. Omnpeneneno BiamstHUE TIPUPOIEI opTodocdara Ha u3MeHeHne pH cpensl.
Bo Bcex cucremax pH cpenbl cMmenieHa B cia0olienodnyto cropony. [Ipu yBe-
JTUYCHUN KOHIeHTpanuu (ocdara B OONBIIUHCTBE CIydaeB IMPOIECC KOPPO3IUH
3aMeJuIsIeTcsl.

[Ipupona noHoB MOIU(UKATOPOB TAKKE CBA3aHA CO 3HaueHueM pH cpenbl.
Cpemn Bcex oprodochaTHBIX COCTUHEHUH HAWBBICIINAE CTCTICHH 3alllUTHI ITOKa-
3aJM COCMHEHHS C HOHOM MOAM(HUKATOPOM aIIOMHUHUS, B KOTOPBIX B CBS3H CO
cMmeimeHueM pH B 1IeIo4yHyr0 cpely BO3MOXKHO 00pa3oBaHUE TUAPOOKCO(OC-
({haTHBIX COCIUHEHUH, Y KOTOPBIX YCTOHYMBOCTH HOJATBEPIKAAETCS TEPMOUHA-
MUYECKHUMH TOKa3aTeIsIMA U KHHETHYECKHMH apamerpamu. [lo mutepaTypHBIM
JAHHBIM JIJIS aFOMUHUS 1pu 3HadyeHuu pH 7,0 Hambonee yCTOHYMBBIMH SIBIIS-
FOTCSI THIPOOKCOCOECIMHCHUS, T.€. INTEPaTypHBIC MaHHBIC COTJIACYIOTCS C HAIIH-
MH 3KCIIEpUMEHTANbHBIMU JaHHbIMU [ 19,20].

2. OmnpepeneHbl KOJUYECTBEHHBIC IMOKazaTenn 3(PQPEKTUBHOCTH OpTOdOC-
(haTHBIX WHTHOWMTOPOB B CIAOOMIENOYHBIX Cpefax (CTeNmeHb 3aIIUTHI CHCTEMBI
Na,HPO, + AP =79,14%). Taxoke mjs ITHX CUCTEM OLIEHUBAIACh KOPPO3UOHHAS
CTOWKOCTb TIO IIIKaJIe KOPPO3HUOHHOW CTOMKOCTH METAJJIOB M CIUIABOB HAa OCHOBA-
HUW 3HAYEHUS TIIyOMHHOTO MoKa3aTest koppos3un — 4 6amra (mo ['OCT 5272-90).

3. Jnst moaTBepkKIEeHUST SKCIIEPUMEHTANBHBIX JTAaHHBIX MPOBEACHBI TEPMO-
JUHAMHYECKUE PACYeThl YCTOWYMBOCTU WMHTHOMTOpOB. HamGonbiiee 3HaveHue
sueprun ['mb06ca cpemn Bcex opTodocdaTHBIX cHCTEM XapaKTePHO IS CUCTEMBI
ruapodocdaTra HATPUS ¢ HOHOM MOIU(UKATOPOM AITIOMHHHEM B COOTHOIICHHU
3:1 (AG%08.15=-21,09-10%.

Ha ocHOBaHWH MMOJYYEHHBIX DKCHEPUMEHTAJIBHBIX JIaHHBIX YCTaHOBJICHO,
YTO U3 27 KOMIO3UIIHMIA HanOoJIee MPaKkTHIEeCK 3HAYUMBIM 3alIUTHBIM 3 dexTom
obnanatotr cucrembl Na,HPO, kornenTpanuu 0,025 u 0,05 mons/nm° ¢ AIY

B HacTosiee BpeMsi Ka3axCTaHCKHE MHTHOUTOPBI KOPPO3UHU 10 TEXHOJIOTH-
YECKUM M SKOHOMHUYECKHM IapaMeTpaM yCTYNaroT MEeXKAYHAPOIHBIM CTaHIapTaM.
I'maBHOUN 3amauel OMvKaWIIMX JIET SBIsETCA co3naHue B Kasaxcrade coOct-
BEHHBIX 3((EKTUBHBIX PEArcHTOB M PACIIMPCHHE MPOMBIIIJICHHOTO TPOU3BO/I-
CTBa, ¥ UX BHEJPEHHE B HAPOJHOE XO3sCcTBO. [Ipon3BONCTBO COOCTBEHHBIX HH-
rHOUTOPOB KOPPO3UU CHU3UT 3aBUCHMOCTH OT BBO3a UMIIOPTHBIX JOPOTOCTOSIIINX
IIOCTaBOK, KOTOPHIM 00s3aTebHO HEOOXOMWM B MeECTax MOTPEOJICHUS TOTOJI-
HUTENBbHBIA aHATUTHIECKUI KOHTPOIh Ha KaueCTRBO.

[IpaBuibHOE U 3((HEKTUBHOE MUCIOIH30BAHUE PUPOIHBIX PECYPCOB CTPAHBI
OyIer crocoO0CTBOBAaTh YCTOMYHUBOMY POCTY DKOHOMHUKH W YJIYUIICHHIO YKH3HU
Hapoza.

VYcraHOBICHHBIE B X07€ PabOThl 3aKOHOMEPHOCTH, PACIIUPSIOT U JIOTIOJ-
HSIOT UMEIOIINECS TPEACTABICHHS O 3allUTHOM JCHCTBUH KOMITO3UIIMN Ha OC-
HOBe HeopraHmyeckux (ocdaTHpIX coequHeHHd. llodydeHHBIE pe3yIbTaThI
3HAYUTEJLHO CIOCOOCTBYIOT CO3JIaHUI0 3(PPEKTUBHBIX, FKOJIOTUYECKH Oe30mac-
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HBIX ¥ 9KOHOMHUYECKH 11eJIeCO00Pa3HBIX HHIMOUTOPOB KOPPO3HUH CTAJIH HA OCHOBE
Kazaxcranckoro cbipps. [lomyueHHbIE AaHHBIE BHOCST OIPENEIEHHBIM BKJIAJ B
Hay4JHOE HamnpasJeHne 3GEeKTUBHOW WHTHOUTOPHOH 3aIINUTHI METAIIIOB.
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Pe3zrome
A. b. Husz6exosa, T. A. Illakupos

BEMOPT AHUKAJIBIK OPTO®OCDATTHI KOMITO3ULIUSJIAPIbIH
NHI'MBUPJIEY KABUIETIH 3EPTTEY

Makanajga KoplaraH opTara, TaOWFaThIHA KoHE OpTO(hOCGhATTHIH KOHIEHTpPALHS-
ChIHAa, MOJM(UKATOP HOHBIHBIH TaOWFaTbIHA OalIaHBICTBI CT-3 OOJaThlHA KaTHICTHI
OefiopranuKaiblk opToPOoCaTTHl KOMITO3UIMSUIAPIBIH KOPPO3MsSFa Kapchl KacueTTepi
KapacThIpbUIFaH. 3epTTeyJiep MEMIIEKETTIK CTaHAapT dicTeMenep OOMBIHINA XKYPTi3uii.
3eprrey omicTepi: rpaBUMETpUs, OoTeHIHOMeTpus, (oTokomopumetpust, UKC xone POM.
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OKcnepruMeHTaNIbI IEPEKTep HETi3iHAe KOPPO3USUIBIK MPOLECTIH CaH/IBbIK KOpPCETKIlTepi
AHBIKTAJIJIBI: KOPPO3MSJIBIK MPOLECTIH JKbIIIAMJIBIFBI, KOPFAHBIC ASPEXKeci, TepeHJiK
KOPCETKIMI, TeXey KOIQQHUIHEHTI %oHE 00aTKa KATBHICTHI KOPPO3USIIBIK TOIIMAUTIKTIH
OaJIBIK MIKasIachl OOMBIHINA TY31JIETIH TUICHKAHBIH TYPAKTBUIBIFBIH Oarajaybl Kypri3iii.
OKCHepruMEeHTANBI JIepeKTepli Tajay >KOFapblia aTainFaH (aKTOpIapIblH 3epTTENCTiH
KyHenepne KOpPpO3MSUIBIK TMPOIECTEPiH OTyiHe ocepiH aHBIKTayFa MYMKIHIIK Oepemi.
OKCIIepUMEHTaNAbl IePeKTep KOPPO3MSUIBIK IPOIECC IapaMeTpiepiHiH TepMOIMHAMH-
KalIBIK ecenTepiMeH TOIBIKTHIPBUIFAH, OJNApIbIH HOTIDKENEpi 3epTTeNeTiH MpOIeCTiH
KWHETHKAJIBIK IEPEKTEPIMEH KaKChl TY3€TLICAl. 3epPTTEY JKYMBICHI OaphIChIHAAa METalT
OeriHae rHAPOOKCOPOCHATTH KOCBUIBICTAP/IBIH Maiaa OONYbIH KyaJIaHIIBIPATBIH KOPPO-
3WSUTBIK IIOTIHIIepre Tajnay kypriuimi. Ocel xKyienepie Ty31IeTiH KOChUIBICTApPIbIH
KOPPO3MSUTBIK TO3IMIIUTITT KOPPO3MSIHBIH TEPEHJIK KOPCETKINIIHIH €CENTeNreH MoHAepi
Herizinzge 4 6awrra (MEMCT 5272-90 OoiibiHmna) colikec kenemi. JKymbic OapbIChIHAA
OeNriieHreH 3aHABUIBIKTap KOPFayblH €H XXOFapbl JopekeciMeH THiMaAI opTodocdarTs
MHTHOUTOPIIAP/IBI KYPYFa BIKIAJ eTeTi.

Tyiiin ce3nep: Koppo3us, ”HTUOUTOP, opTodocharTap, KOpFay Iopexeci, TepeHmiK
KOPCEeTKIIi.

Summary
A. B. Niyazbekova, T. A. Shakirov

THE STUDY OF THE INHIBITORY ABILITY
OF INORGANIC ORTHOPHOSPHATE COMPOSITIONS

The article deals with the anti-corrosion properties of inorganic orthophosphate
compositions in relation to St-3 steel depending on the pH of the medium, the nature and
concentration of orthophosphate, the nature of the ion modifier. The studies were con-
ducted according to GOST methods. Methods: gravimetry, potentiometry, photocolo-
rimetry, X and SEM. On the basis of experimental data, quantitative indicators of cor-
rosion process were determined: the rate of corrosion process, the degree of protection,
the depth index, the coefficient of inhibition and the assessment of the stability of the
formed film on the ball scale of corrosion resistance against steel. The analysis of expe-
rimental data allows to establish the influence of the above factors on the corrosion pro-
cesses in the systems under study. The experimental data are supplemented by ther-
modynamic calculations of the corrosion process parameters, the results of which
correlate well with the kinetic data of the process under study. During the research also
the analysis of the corrosion deposits, showing the formation of gidroksiapatit compounds
on the metal surface. Corrosion resistance of the formed compounds in these systems on
the basis of the calculated values of the deep corrosion index corresponds to 4 points
(according to GOST 5272-90). The regularities established during the work contribute to
the creation of effective orthophosphate inhibitors with the highest degrees of protection.

Key words: corrosion, inhibitor, orthophosphate, degree of protection, depth indi-
cator.
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VK 547.458.81.620.18
C. M. IOTAH, C. II. IIAXOBYTJJUHOB, A. A. ATAXAHOB, C. III. PAIIIHJJOBA

Wncrnryt xumin u puznku nommmepos AH PY3, Tamkent, Y30ekncran

HK-CIHEKTPOCKOIIMYECKHUE NCCJIEAOBAHUSA
XHUTO3AHA Bombyx mori 1 ET'O IIPOU3BO/JHbBIX

AHHoTanus. B HacTosIee BpeMst BO BCEM MUpPE 0OTMEYaeTCsl BO3pacTaHHe HHTepeca
CIELUAJIMCTOB K ITpenaparaM Ha OCHOBE XMTO3aHa M €ro MPOU3BOJHBIM (KapOOKCHMETHII-
XHWTO3aH, acKopOaT XUTO3aHa U CyJIb(HOXUTO3aH), KOTOPBIE HAXOMIAT IIHMPOKOE MPHUMEHE-
HUE B MEJMLIMHE U B CEIbCKOM XO3ICTBE. B CBSI3U ¢ 9THM Ba)XHOE 3HAYEHUE NMEET BBISB-
neHne (PU3UKO-XUMHUYIECKUX XapaKTEPHCTHK MOIyYSCHHOTO XUTO3aHA U €r0 IMPOM3BOIAHBIX
pa3NIuYHBIME (HU3MYECKUMIMETOAAMH, B YaCTHOCTH, MH(PPAKPACOH CIEKTPOCKOIUEH, OII-
penesieHne U yCTaHOBICHHE MX CTPYKTYp, C IETbI0 HICHTH(PHUKAIIMIO 3THX MaTEpPHAJIOB
sKcriepuMenTaTtopaMm. B paborte mposenmersl MK-crmekTpockommyecKue HCCIe0BaHMUs
CTPYKTYphl XWTO3aHa, HAHOXWTO3aHA, ackopOaT M HaHOACKOpOATXWTO3aHa, KapOOKCH-
MCTHJIIXUTO3aHA U cym)(baT XHATO3aHa. Y CTaHOBJICHBI U BBISIBIIEHB OCOOCHHOCTH CTPYKTY-
PBI XUTO3aHa U €ro MPOM3BOJHBIX B 3aBUCHMOCTH OT yCJIOBHH ux cuHTe3a. B MK-crekr-
pax HMCCIEJOBaHHBIX 00pa3loB YETKO ITOKAa3aHO MOSBJIEHHE MUKOB, COOTBETCTBYIOIINX
BBEJICHHBIM (PYHKIMOHAIBHBIM TpyINNaM MyTeM MOIM(UKAIMK XWUTO3aHAa W JIETAJIBHO
OITMCAHO MX BIMSHUE HA U3MECHEHHE CTPYKTYpPBI XuT03aHa. [loyueHHbIe pe3yabTaThl Obl-
JI1 CUCTEMATU3UPOBAHbI U cocTaBieHbl KapThl UK-CekTpoB i XUTO3aHA U €ro Mpou3-
BOJIHBIX, C YKa3aHHEM O0JIaCTH CIeKTpa (HYHKIMOHATBHBIX TPYIII M 00pa3yommxcs pas-
JIMYHBIX TUIIOB CBSI3€H, YTO ITO3BOJISIET SKCIEPUMEHTATOPaM HASHTH(UIIMPOBATH U IIPOBO-
JUTH CPAaBHUTENBHBIN aHAIN3 C IPOM3BOJHBIMHU XUTO3aHa.

KiaroueBsie cioBa: MK-cnexTpockomis, XUT03aH, HAHOXUTO3aH, aCKOpOaT XUTO3a-
Ha, Cynb(}aT XUTO3aHa, KAPOOKCUMETHIXUTO3aH, ITOJIOCHI MTOTJIONICHUS.

Meton UK-criekTpockonuu WrpaeT BaKHEHIIYIO pOJIb B HACHTHU(DUKAIIUU
XUMHYECKUX W OPTaHWYECKHX BEIIECTB, Olarogaps TOMY, YTO Ka)XI0e€ XHMH-
YecKoe COeMHEeHNE UMeeT CBOM nuanBuyansHeiid MK-ciexTp.

WndpakpacHas cnekrpockonusi (MK-crexkTpockonust), pasnen MOJNEKYJsip-
HOM ONTHYECKON CIEKTPOCKONMH, M3Y4arOlMH CIEKTPhl MOMIOIIEHUS U OTpa-
JKEHUS DJICKTpOMarHuTHoro m3nydeHus B MK-obmacTtw, T.e. B quamazoHe UIWH
Boms ot 10 10 107 M [1].

OcHoBHBIE XapakTepucTHKH cniekTpa MK-norionienus: 4nucio moysoc morio-
IIEHHS B CIIEKTPE, UX MOJIOKEHHE, OTPEAEIIIEMOE YaCTOTO! (MM JUTMHOW BOJTHBI),
muprHa U QopMa MoJoc, BEIMYMHA TOTJIOMICHUSI — OINPENEISIOTCS MPUPOION
(cTpyKTYpOoH M XHUMHYECKHM COCTAaBOM) IOTJIOIIAIOIIETO BEIIECTBA, a TAaKKe
3aBHCAT OT arperatHoro COCTOSIHHS BEIIECTBAa, TeMIIEPaTyphl, JaBIECHUS W .
CriekTpasibHBIE XapaKTEPUCTUKU (TIONOXKEHHS MAaKCHUMYMOB MOJIOC, MX TOJYy-
LUIMpUHA, UHTEHCUBHOCTD) UHMBUAYAIbHON MOJIEKYJIBI 3aBUCIT OT Macc COCTaB-
JSIIOIUX €€ aTOMOB, TEOMETPHUYECKOTO CTPOEHHsI, 0COOEHHOCTEH MEKaTOMHBIX
cui1, pacupenencHus 3apsama u ap. [loaromy MK-ciekTpsl OTIMYIAOTCs OOJBITION
WHIIUBUyaJbHOCTBIO, YTO W OIpEIeNsieT WX LEHHOCTh NpU HICHTU(UKAIHMUA U
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W3yYEHHH CTpPOEHHs coeAuHeHWH. MH(ppakpacHas CIIEKTPOCKONUS JacT OYCHb
BaXHYI0 MH(OPMAIMIO O YacTOTax KoJIeOaHWH siiep, 3aBUCIIIUX OT CTPOCHHUS
MOJIEKYJT M OT IPOYHOCTH BaJICHTHBIX CBsized. YacToThl koneOaHM W ompene-
JICHHOH Taphl XUMHYECKH CBS3aHHBIX aTOMOB (BAJICHTHBIX KOJIeOaHMI), OOBITHO
JexkaT B ONpeAe]ICHHBIX Tpenenax. Tak, Hampumep, 4acToTsl konedanuit C—H
HMMEIOT Pa3InYHbIE AMANA30HBI, 3aBUCAIIUE OT OCTAJbHBIX CBSI3€H aTOMOB yIJe-
poza, 4TO 4acTO MO3BOJIIECT ONPEAENATh HAIWYME COOTBETCTBYIOIUX TIPYII B
OpTraHUYECKOM COSIUHEHUH [2].

WndpakpacHast CIEKTPOCKOIUS IUPOKO HMCHONB3YEeTCsS Ui HCCISI0BaHUS
CTpyKTypsl monmumepoB. MK-criekTpsl mormomeHust copepkaT HHQOPMAIHio O
CTPOCHUHM MaKpOMOJICKYJI TOJNMMepa, HauunMe (QYHKIHMOHATBHBIX TPYII W HX
MIPUPOJIE, COCTABE COTOJIMMEPOB, IMOCIEJOBATEIBHOCTH MPHUCOEANHEHUS] MOHO-
MEpHBIX 3BeHbeB U T.A. MccnepoBanme MK-crekTpoB HOMIOIMIEHUS MO3BOJISIET
YCTaHOBUTh XapaKTep B3aUMOJCIHCTBHA NOHOPHBIX M AKLENTOPHBIX MOJEKYII
(xuMu4eckoe B3auMoO/ICHCTBHE C 00pa30BaHUEM HOBBIX XUMHYECKHUX CBS3€H MU
o0pazoBaHME KOMIUIEKCA) M aHAIM3a BO3MOKHBIX B3aMMOJACHCTBHH MEXIY HX
(hyHKIIMOHANBHBIME TPyNIIaMA. B CBSI3M ¢ 3THM Ba)XHOE 3HaUEHHE WMEET IpOBe-
nenre MK-crekTpockonyuecKkux NCCieq0BaHui MOTyYeHHBIX 00pa3oB XUTO3aHa
Bombyx mori m ero nmpou3BOJHBIX C LENBI0 MACHTU(HUKAINU 3THX 00pas3loB M
MOATBEPXKICHUS 00pa30BaHuUs MPON3BOIHBIX U KOMIUIEKCOB HAa OCHOBE XHTO3aHA.

B Hucruryre xumun u ¢usnku noiauMepoB AH PY3 (UX®IT AH PVY3)
MIPOBOAATCA CHUCTEMAaTHYECKHE MCCIEAOBAaHUS XWTO3aHa, BBIJCIAEMOr0O U3
KYKOJIOK TYTOBOT'O HIEIKONpsJa W MPOM3BOAHBIX Ha €ro ocHose. IIpaxTnueckn
HeucuepraeMble, 3armachl, BO30OHOBIIEMOCTh B PUPO/IE M YHUKAIFHBIE CBOMCTBA
XUTUHA W €r0 TNPOU3BOJAHBIX (B YAaCTHOCTH, XHTO3aHa) 00yCIaBIUBAET MX YHH-
BEPCAIBbHYIO POJIb B Pa3JINUHBIX 00JACTAX YENTOBEUECKOH NESTEIbHOCTH U CIIyXKaT
OTIIPaBHON TOYKOW IS IOWCKA HOBBIX 00J1acTel MX MCTIOIB30BAHMS.

XwuTo3aH, MPEACTABIACT COOOW aMHHOIOIUCAXAPHI, COCTOSIIUN W3 MOHO-
MEpHOI0 3BEHa 2-aMHHO-2 J1€30KCH- D-IitokaHa, KOTOPBIM MOJy4yaroT MyTeM
JIe3aleTUIIMPOBaHNs XUTHHA [3]:
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NH OH o=/\
H o NH
aOh o o H o XuTHH

o] HO d
oH :””

o
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HO:

OH O
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B ornmume oT mpakTHYeCKM HEPACTBOPMMOTO XWUTWHA, XHUTO3aH, PacTBO-
psieTCs B KHUCIBIX PACTBOPax, B YACTHOCTH, B BOJHBIX PACTBOPAX COJISHON M
YKCyCHOM KuciorT. brmaromapss yHHKanbHBIM CBOWCTBAM XWTO3aHa U €r0 MPO-
W3BOJHBIM MMEIOTCS IIUPOKUE TEePCIIEKTHBHI IS UX MPUMEHEHHsS B OBITY, MEIH-
[IMHEe, BETEPUHAPUN, KOCMETOJIOTHUH, (apMaIleBTHICCKON, W APYTHX Pa3THMIHBIX
OTpaCIsIX MPOMBIITUICHHOCTH, a TAKXKE B CETTLCKOM X03siicTBe [4-8].

Lenpto paboOTHI SBUJIOCH HCCIIEIOBAHHE XWUTO3aHA M3 KYKOJOK TYTOBOTO
menkonpsiga Bombyx mori n ero mpow3BOAHBIX MeTomoM MK crekrpockomnumy,
BBISIBJICHHE CTPYKTYPHBIX OCOOCHHOCTEH, CpaBHEHHE W CHCTEMAaTH3allUs WX
CIIEKTPOB.

OKCITEPUMEHTAIJIBHAA YACTb

OOBEKTaMHU HCCIICIOBAaHUN SBIISTIOTCS XUTO3aH M3 KYKOJOK TYTOBOTO IIEJI-
Konpsiga Bombyx mori u ero nponu3BoHbIe (acKopOaT XUTo3aHa, CyIb(paTXUTO3aH
U KapOOKCHMETMJIXWTO3aH), CHHTe3UpOBaHHbIE B jabopatopuu «CHHTE3 Tiepc-
NEKTUBHBIX nouMepoB» B UX®DIT AH PVY3.

HK-criekTpbl MOTJIOMICHUS] HCCIIEyEeMbIX MaTepUallOB PETUCTPHPOBAIHM Ha
criektpodoromerpe Specord IR-75 B o6macti 4000-400 cm™ . OBpasIBI TOTOBHIN
MeToJIoM TipeccoBanms ¢ kammuid 6pomom (Kbr). [lpumenenne 6pomucToro Kamus
[O3BOJISET MOJYYUTh 00pasell B BUjIE Mpo3padyHoii Tadnerku. Uucthiii, cyxoit Kbr
(150-200mr) TIIaTENTHFHO pa3MalbIBAIH ¢ TBEpABIM o0pa3ioM (1,5 mr) B araToBoit
CTYIIKE C TIECTUKOM. 3aTeM 00pasIlbl MOMEMANN B TIpecc-popMy, TOIKIIOYATH K
BaKyyMHOMY HAcOCY, BAKyyMHPOBAJIH B TeUeHHE 2 MHH, IIPECCOBAIIN B TEUCHUE 2
MuH 1o gasienreM 7000 kre/cum’,

PE3VJIbTATBI 1 UX OBCYXXJIEHUE

XWTO3aH TPENCTABIAET COOON COMOIUMED, B KOTOPOM UYEPENyIOTCS OJIOKU
xutuHa ¢ aneramMmuanbiMu Tpynnamu (-NHCOCH;) u 670kK XHTO3aHA C aMHHO-
rpynmnamu (NH,).

[locne pe3aneTWIMpOBaHUSI XUTUHA B TE€TEPOrCHHBIX YCIOBHUSIX Ha
UK-cnexktpe Habmromaercss (pUCYHOK 1) yMEHBIIIEHHE HWHTEHCHUBHOCTH TIOJIOCHI
norsomenuss AmMua-l (BanentHele konebanuss C=0) u npeBpanienne B Amua-11
(BayenTHbie KoNeOanuss (CN) c Oomee Hu3kol uactoroil. [IpeBpamieHue B
NH,-rpynmsl GbUTO BBISBICHO MOSBICHHEM HOBOI mosockl mpu 1590 cm™'. He
nponcxoaut paspemrenns ayriera NH-cesu mpu 3300 u 3100 cvm™'. HuTen-
cUBHOCTH Tika Amua-I1 Oonee BbICOKa y XMUTO3aHa, UMEIOLIETO Oosee BBICOKYIO
crerieHb CIIA (96-98%).

Ha HK-criektpe xuto3ana HabmromaeTcss (pUCYHOK 1) TOJioca IOTIIOIICHIS
OH u NH, BkitoueHHas B BOJOPOJHYIO CBA3b B BUJAE€ MHTEHCHBHOH IHMPOKOMH
nonockl B o6mactu 3600-3100 cm™. [IpyueM HagO OTMETUTH, YTO HMPOUCXOIUT
HEKOTOPOE CMEMICHWE OSTOH TOJOCH B CTOPOHY OOJBIINX BOJHOBBIX YHCET,
4TO sBJIAETCS OE3yCIOBHBIM NMPH3HAKOM ocialieHuss H-cBsizelt U 3TO CBsi3aHO
¢ amop¢uzanueri oOpasua. Bamentneie konebanus -CH u -CH, rpynm HaOunro-
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1315-1410 /
(CHICH3) A
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~— 2920-2980 (C-H)
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1380 (P=0)

3100-3600 (OH. NH)

N 1094 (C-0)

10 . H
v=10? et

Pucyhnok 1 — UK-criekTpbl XUTHHA, XUTO3aHA U HAHOXUTO3aHA

IaroTcsa B o0iacTd 1moJioc moriomenus 2920- 2980 em™. HaOmronaercs moioca
noromenus B o6macti 1660 u 1590 cm™', uto cootBectByIoT AMuy-I 1 AMuy-
II. TTux npu 1660 oM HabmomaeTcst B BuEe HEGONIBLIOrO mieya, 4TO MOIKET
CBUJETEIHCTBOBATh O HEMoNHOW crerneHn neanerunupoBanus (CHA-72%), T.e
coxpamnstorces arnetamuaabie Tpymsl xutaHa (NHCOCH;). Tlonockr mormomeHus
B mHTepBanax 900-1200 cm™' 06macTH pa3TMUHEIX Ae(OPMALMOHHEIX KONeOaHHil
C-0-C, NH, C-C rpynm.

B UK-cnexrpe Hanoxuro3ana (HX3) (pucyHok 1), mOTy4eHHOTO METOJOM
MOHOTPOIHOTO Treneodpa3oBanus, T.6 ocaxaeHweMm Tpunonudocharom (TPP),
MOMUMO TIOJIOC MPUCYLIMX XWUTO3aHy, HAOJIOAaeTcs CMEIEHHE XapaKTepHuc-
THYECKHX TI0JI0C TIOTJIoMmeH s B nuTepBate 1620-1530 cM™', B CTOPOHY MEHBIINX
BOJIHOBBIX YHCEIl TI0 CPAaBHEHHUIO C XMTO3aHOM, YTO CBHUAETEIHCTBYET 00 00pa3o-
BAaHUM YaCTUYHO CIIUTOrO0 KOMILIekca xuto3aHa ¢ TPP, BeposiTHO ¢ mepBUYHOMN
WM BTOPUYHOM aMHHOTpynmoi. XuTo3aH ABISAETCS MOJUKATHOHUTOM, MO3TOMY
€ro JIETKO MOYKHO MOAM(DHIINPOBATH C IMOMOIIHIO0 MOHHBIX CIIMBAIOIINX PEarcH-
TOB (aHWOHOB WJIM TOJINAHUOHOB) 32 CUET AJIEKTPOCTATHUECKUX B3aUMOJICHCTBHI.
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O0bennHEeHNEe M W3MEHEHHWE WHTEHCHBHOCTH IIOJIOCHI TOTJIOIMIEHWS B 00JIacTH
1380 cm™', cBs3ano ¢ koneGanuem P=O rpymmsl., npucymeit TPP u cBumerens-
ctByeT 00 oOpazoBanuu komiuiekca X3 ¢ TPP. Ognum u3 ycnoBwuii o0pa3zoBanust
HOHHOM CBA3M B PE3yJIbTaTe€ B3aUMOACHCTBUSA X3 C MOHHBIM CIIMBAIOUIUM pea-
TeHTOM SBIISIETCSI HANIWYHE B MaKpOMOJEKYJe IMOJIMMEpPa TOIOXHUTEIBHO 3aps-
YKEHHBIX aMUHOTPYIII U KaK MUHUMYM JBYX OTPHUIATEIHHO 3apsSKEHHBIX TPYII B
MOJIEKYJIE CIIMBAIOLIETO PeareHTa.

Komrmiekcsl xuTo3aHa ¢ aCKOpOMHOBOM KHCJIOTOH HTPaOT MHOTO(MYHKIIHO-
HAJIBHYIO POJIb B Pa3BUTUH CEIbCKOXO3SHCTBEHHBIX KYJIBTYp, 00JafaloT OHOIO-
TUYECKOM aKTHBHOCTBIO MPOTUB OakTepuii [9, 10].

OH
/
CHy
on o
CH, 25 °C pH 36 o
0 OH  x3:AK [4: X3 HOT HN
hY
9 ]J;Lo o
HO NH, ©
- 0 OH
HO, =
(0]
HO 2

Ha pucynke 2 mpusenenst MK-cnektpsl ackopOar xurtozana (AX3) momy-
YEHHBIH B3aMMOJCHCTBUH acCKOPOMHOBOW KHUCIOTHI C XuTo3aHOM [11] m HaHO
AX3, momy4eHHOT0 METOJIOM HOHOTPOITHOTO reeodpasoBanwms ¢ TPP [12].

AXS 3200-3600

(NH:z 1 OH)

!

1410-1320
HAX3

1130-1080 (C-0)

40 35 30 23 20 15 10

ve10?enrt t
Pucynok 2 — UK-criexktper AX3 u HAX3

Hnst AX3 (pucyHok 2) HaOMI0ar0Tcss THIHMYHBIE TI0JIOCH! IOTITIONICHHUS B 00-
mactu 3200-3600 cm', xapakrepusie mis NH, u OH rpymnmaM u MexMoJeKy-
JSIpHO# BomopoxHoit cBszm. ITomoca 2880 cM™' - BaNCHTHBIC ACCHMETPHUHBIC
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KoJieOaHusl yTiepoaHoro ckenera. CUMMETpUYHBIE U acMMMETpHYHBIC aedop-
MarroHHble konebanus cBs3u C-O B konblie Habmromatores npu 1130 u 1030 oM.
ux npu 1140 cm™' MoxkeT GBITH OTHECEH K BaleHTHBIM Konebannsam C-O-C cps-
3u. TIpOMCXOAUT pacimpenue ko B obaactu AX3 ¢ (1500 cm™ 10 1720 cm™)
10 CPaBHEHUIO C UCXOAHBIM XuTo3aHoM (1500 om’! no 1650 CM"I) U HaOrogaercs
o0beIMHEHNe MTPOTOHUPOBAHHOW aMHHOTPYIIIEI 32 CYET JOHOPHO-aKIENTOPHON
CBSI3M, YTO CBUJAETENHCTBYeT 00 0Opa3oBaHUM KOMIUIEKCa C acKOpOMHOBOI
KHUCJIOTOM.

HK-cniekTpockonuyueckue UccienoBanus (PUCYHOK 2) HaHOACKOpOaT XUTO-
3aHa (HAX3) mokasanmu, 9To HAOIIOMAIOTCS TE JK€ IOJIOCHI TIOTJIONICHMS, KaK Ha
UK-cnexktpe AX3.

OpHUM M3 BaXXHEHIIMX CBOKCTB IOJIMMEPOB, ONPECISIONUX BO MHOTHUX
CIIy4asix BO3MOXKHOCTh UX INepepabOoTKU U MPUMEHEHUsI, SABISETCS MX PACTBOPH-
MOCTB. JIJI1 TIPaKkTHIECKOTO MCIOJB30BaHMsI 00Jiee IIEHHBIM SBIISETCS KapOOKCH-
metmwixurosal (KMX3), obnanaronuiit Xoporeil pacTBOPUMOCTBIO

[Iposenennt MK-cnexkrpockonuueckue uccinenoBanus N- u O-3aMeIeHHBIX
00pa31oB KapOOKCHMETHIIXHTO3aHa, CHHTE3NPOBAaHHBIX aBTopamu [13].

CH,0CH,CO0Na

MNHCH,CO,H

o]

N-KapOokcnMeTmixnto3an O-Kap6okcnMeTHIXuTo3aH
Kak Bumno (pucyHok 3), 06a cmeKkTpa MPOSBISIOT IMOJIOCHI MOTJIOMICHUS

Mexay 3600-3100 cm”', xapaxrtepmbie ams OH u NH M MeXMONEKYIAPHOIL
H-cesi3u. Bo3HnkHOBeHHEe Gojee MIMPOKOH momock pu 3420 cv™' — xapakTrepu-

O-KMX3

1410 (-COOH)

|

1600 (-COONa) —!

—— 1380 (CHs)

|

2880-2950 (CH2, CH3) T
1720 (-COOH) 1050 (C-0-C)

40 35 30 25 20 15

0
v-10? CM'14
Pucynok 3 — UK-ciektpst N-KMX3 u O-KMX3
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3yer Ooiee TuapodIbHBIA XapakTep KMX3 1mo cpaBHEHUIO ¢ MCXOIHBIM XHTO-
3anoM. Banenturie konebanus CH, CH, u CH; mabmogarorcs B obmactu 2880-
2950 cm™.

Ha HK-cnextpax HatpueBoit comu O-KMX3 HaOmomaeTcs xapaKTepHBIN
mak s C=0 rpynm B (-<COONa) mpu 1600 cm™'. Ha MK-crextpax N-KMX3 B
KHCIIOH (popMe TOSABNAETCA HOBBIH MUK mpy 1720 cM™", KOTOPBIH COOTBETCTBYET
kapOokcunpHOW rpynmme —COOH, uyro O6e3ycimoBHO mokaseiBaeT H-popmy
N-KMX3 xuro3aHa.

BBenenne KapOOKCHMETHIBHBIX TPYNI HOATBEPKAACTCS MPOSBICHHEM
ookl mpu 1620 cM™' (11ewo) u ymepenHoi# monocst mpu 1420 cm™. D1 momocsl
OTHOCSTCS K CHMMETPUYHOHN U accumeTpudHoil gedopmanuu COO-. [Tonmoca nmpu
1620 cm™' o6wsacHsercs yrinosoit nedopmanueit N—H cBa3u aMuHOrpyIII, KOTOpas
nepekpuIBaeTcsl BaeHTHBIM KoneOanueM (COO-), 4To MOATBEPKIAET HAIUYHE
kapOoxcnMerTmiIbHBIX Tpymn B N-KMX3. HaGmomaercss monoca 1380 cm™ -
cumMetrpudanas yrioBas nedopmarus CH;. Kpome toro, obpazoBanne N-KMX3
TaK)Ke MOATBEPKIAcTCS ycuieHueM moisiockl mpu 1050 u 1320 em’', coorBect-
BeHHO BasieHTHBIM KoniebaHusiM (C-O-C) u CHMMETPUYHBIM BaJICHTHBIM Kosieba-
ausM (C-OH).

OnHO M3 MPOU3BOJHBIX XUTO3aHA, B YACTHOCTH, CYIb(aT XUTO3aHA HIHPOKO
UCTIONB3YIOTCS B MEJULIMHE, B KAUECTBE aHTHOAKTEPHAIbHBIX CPEACTB B JIEKapCT-
BeHHbIX npenaparax. CysnbpaT XUTO3aHa MOIYYalOT IMyTeM CyJIb(paTupOBaHUS
XUTO3aHa C UCIIOIH30BAHUEM XIJIOPCYIH(HOHOBON KHCIOTHI [14].

0OH

Oeale T OEAHIA
o CYIIE cp ATHP OBAHIA
o
HO
Nz
MuToaH
080sNa 080:MNa

ki

i NH:
o}
—_— 3= 0
HO 0 HO
NH: NH:
: OH

Cynedar xeTosan

W3 cpaBHUTENBHBIX JaHHBIX, MPUBEACHHBIX Ha (PUCYHOK 4), BUAHO YTO Ha
HK-cniekrpe obpazna CX3 UMEIOTCS XapaKTePHBIC MOJIOCHI MOTJIOMIECHHUS, 00yC-
JOBJICHHBIE HaTHureM cynb(onoBoit (R-SO;H)-rpymmsr pun 1090cm™ 1 momoca
TIOTJIOMEHHS ¢ OCHOBHBIM MaKCHMyMOM B oOnacti 1240cm™', koTopast cBsi3aHa ¢
ACCUMETPUYHBIMH BaJICHTHBIMU KoJeOaHusMu cynbdaTHeix rpynn C=0. B
oOyacTu BaneHTHBIX Kosiebanuii C-O-S cBsI3M MOSBISIETCS YETKUH MaKCUMYM IpU
800 cm™, xapakTepu3yromiuii KoxeGaHus CyabOaTHBIX TPYIIL.
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Ha cnekrpe CX3 Takke HaOMIOAAIOTCS CHUKCHHE MHTEHCHMBHOCTH U U3Me-
HEHUE YacTOTHI I10J0C moromenus B obaactu 3200-3500 CM'I, COOTBETCTBYIO-
IIMX BaJICHTHBIM KolleOaHusM ruapokcuibHoi (OH-) m BTOpHYHBIM aMUHHBIM
(NH-) rpymmam, a taoxe mpu 2900 oM’ st anmmdaTHueckoil METHICHOBOM
(CH-rpyniisl) XuTo3aHa.

[Ipoucxoaut cmenieHrue noaockl noraoumenus amua-1 npu 1660 em’! g X3
B Goslee HU3KOBOIHOBYIO 06macts 1620 cv™' s CX3, 9T0 MOKET yKa3bIBaTh Ha
cyib(aTUpoBaHUE XUTO3aHa IO aMUHHOH rpymme y C-2 3eMeHTapHOro 3BeHa.

X3
N
\ \ 1660 aMH,qu \\/\vf\
\ \ 1590 a1 |
N 2920-2980 (C-H) A
3 5

1200 — 900 \.

CX
1090(C-0) . ‘\J

3455 (0-H)

800 (C-O-8)
t

1240 (C=0) —0._ -0
—_0" "=

~ 1090
40 35 30 25 20 15 0 4
v-102 emr!

Pucynok 4 — UK-cniekTpsl XuTo3aHa 1 cysb(hoXuTo3aHa

Cymmupys mosydeHHble pe3yibTarbl MK-crekrpockonmueckux wucciaeno-
BaHWH B TaOJWIle MPHUBENCHBI 3HAYCHUsSI IOJIOC TOTJIOMEHHS XapaKTepHbIE IS
XHUTO3aHa ¥ €r0 MPOU3BOIHBIX.

BeiBoabl. Takum o6pazom, nposenensl MK-cnekTpockonnueckue uccieao-
BaHHUS XMTO3aHA U3 KYKOJIOK TyTOBOTO IIENKOIpsiaa Bombyx mori U €ro Mmpou3-
BOJHBIX (HAHOXWUTO3aH, acKopOaT XHWTO3aHa, KapOOKCHUMETHIXUTO3aH U Cylbdar
XUTO3aHA).

VYcTaHOBNIEHBI M BBISBIEHBI 0COOEHHOCTH uX cTpykTyp. B MK-cnexrpax
HCCIIEIOBAHHBIX 00PAa3I0B YETKO MOKA3aHO MOSIBICHUE ITMKOB, COOTBETCTBYIOIIIX
BBEJICHHBIM (DYHKIMOHAILHBIM TpynaM (KapOOKCUMETUIBHBIX, CYJNb(aTHBIX U
Ip. TPyMIl) ITyTeM MOAM(HUKAIMN XUTO3aHa U JETaIbHO ONMHCAHO MX BIHMSHUE HA
W3MEHEHHUE CTPYKTYpbl xuTo3aHa. [lomydeHHbIe pe3yIbTaThl OBLITH CHCTEMATH3H-
pOBaHBI M cocTaBieHbl KapThl MK-criekTpoB 1s1 XWTO3aHa W €r0 MPOU3BOJHBIX,
YTO TMO3BOJISIET DKCIIEPUMEHTATOPaM WACHTH(OUIMPOBATH M MPOBOJUTH CPaBHH-
TEJBHBIN aHAIHU3 C TPON3BOAHBIMHU XUTO3aHA.
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ITonocer B I/IK-CHGKTan XHUTO3aHa U €ro NPOU3BOJHBIX

BoHoBOE 4HCIO. cM !
Ne | O6paszen Ha6monaemoe Konebanue
B UK-cnexrpe
3100-3600 vOH, NH
2920-2980 vCH,
1 | Xurozan 1660 Awmnn I (NHCO CHs)
1590 Awmupn IT (NH,)
900-1200 0C-O-C,NH, C-C
3200-3600 NH,, OH u Box. CcBsI3b
2800 BaneHnTtHbIe acCUMETpUYHBIE KOJIEOAHHS
» | ax3 YIJIEPOJHOTO CKENETa.
1130, 1030 Jedopmarmonnsie konebanus C-O B xoJbIe
1140 Banentnsie v C-O-C
1620 ®dakt ob6pazoBanus kommiekca X3:AK
3100-3600 vOH, NH u H-cBs13p
3 | O-KMX3 | 2880-2950 vCH, CH,, CH;
1600 C=0 rp B (-COONa)
3100-3600 v OH, NH u H-cBs13
4 | N-KMX3 | 2880-2950 vCH, CH,, CH;
1720 (-COOH)
3200-3600 vOH
2900 -CH
5 | CX3 1620 -NH
1090 (R-SO;H)
800 C-0-S

Aemopuvl  6aazodapsm compyonukog aabopamopuu «Cunmesa nepcnex-
MmueHbix noaumeposy Hucmumyma xumuu u usuxu noaumepos AH PY3 3a
npedocmagietnHvle 00pasyvl 0isk UCCIeO0BAHUSL.

Paboma evinoanena npu unancogol noddepiicke no QYHOAMEHMATbHOMY
epanmy @A-D7-T-008 «Hanonorumepuvie cucmemvl, poib KUHEMUYECKUX
AcneKmos u 2NeKMpPOHHO20 CIMPOEHUS 8 CO30AHUU MAMEPUANO8 CO CReYUANbHbIMU
ceoticmeamuy (pyk. akao. Pawuoosa C.111.).
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C. M. FOzau, C. ILI. lllaxo6ymounos, A. A. Amaxanos, C. I1I. Pawuoosa

BOMBYX MORI XUTO3AHbBI )KOHE OHBbIH, TYBIH/IbIJTAPBIH
HK-CIIEKTPOCKOIINAJIBIK 3EPTTEY

Kasipri yakpITTa MeAMIMHAA )KOHE aybUIIIAPyallbUIBIFBIHIA KEHIHEH KOJIIaHBbICKa
WEXUTO3aH MEH OHBIH TYBIHJABUIAphIHA (KapOOKCUMETHIIXUTO3aH, XHMTO3aH acKopOaThl
KOHE CyNb(OXHUTO3aH) KaIBl oJieM OOWBIHIA MaMaHIAP/AbIH KbI3BIFYIIBUIBIFBI apThII
KeJie JKaTKaHbl Oalikananpl. OchiFaH O0aiyIaHBICTHI MaTepHaapAbl COHKECTEHIIpy MaKca-
TBIH/Ia AJIBIHFAH XUTO3aHHBIH JKOHE OHBIH TYBIHABUIAPBIHBIH (PU3NKO-XUMUSIIBIK KacHeT-
TEepiH 9pTYpPJi (PU3MKAIBIK oICTEPMEH 3epTTey, HaKThIpaK aiiTKaHaa MH(PPAKBI3bUT CIICK-
TPOCKAIMSIMEH OJNap/IbIH KYPBUIBICHIH aHBIKTAY MaHbI3/bI peIl aTKapaasl. JKymbicTa XUTO-
3aHHBIH, HAHOXWTO3aHHBIH, acKopOaT oHE HAHOACKOPOATXWTO3aHHBIH, KapOOKCHMe-
THJIXUTO3aHHBIH, XUTO3aH CYJIb(aThIHBIH KYPBUIBICEIHA HH(PAKBIZBUT CIICKTPOCKOTHSITBIK
3eprreynep o kyprizimi. Ojapapl CHHTE3ICY IIapTTapblHa OallIaHBICTBI XHUTO3aHMEH
OJIAp/IbIH TYBIHIBIIAPBIHBIH KYPBUIBIC EPEKIIENIKTePl aHbIKTANbI. 3ePTTENIreH YITIepAiH
UK-criekTpnapblHa eHri3iired (yHKIMOHAIBI TONITAPFA COUKEC MUKTAp aHbIK KOPCETiN-
T'CH JKOHE OJIapJblH XMTO3aH KYPBIIBICHIHA 9Cepi HAKThl CUNATTalFaH. AJIBIHFAaH HOTHKe-
nepai KyHenaeHaipin, (yHKIMOHANIBI TONTApAbIH YXKOHE OpPTYpIi OaliaHbIC TYpIiepiHiH
CIIEKTpJIEp ayMarbl KOPCETIITeH XUTO3aHMEH OHBIH TYBIHABLIapbIHbIH MK-cniekrpnepinin
KapTachl kacanisl. bys e3 keseriHze 3epTreyliiepre XUTo3aH TybIHbUIAPEIMEH CallbIC-
TBIPMAJTBI TaJIZIay JKYPTi3yTe KoHe ColKeCTeHIpyre MYMKIHAIK Oeperi.

Tyiiin ce3nep: MK-cnekrpockonus, XWTO3aH, HAHOXWUTO3aH, XMTO3aH acKopOaThl,
XHUTO3aH CyNb(haThl, KApOOKCHMETHIXUTO3aH, CIHIPY JKOJIAKTapHhl.

Summary
S. M. Yugay, S. Sh. Shahobutdinov, A. A. Atakhanov

IR-SPECTROSCOPIC RESEARCHES OF CHITOSAN Bombyx mori
AND ITS DERIVATIVES

The present time, there is an increasing worldwide interest of specialists in chitosan-
based preparations and its derivatives (carboxymethylchitosan, chitosan ascorbate and
sulfochitosan), which are widely used in medicine and in agriculture. In this regard, it is
important to identify the physicochemical characteristics of the obtained chitosan and its
derivatives by various physical methods, in particular, infrared spectroscopy, the determi-
nation of their structures, in order to identify these materials to experimenters. IR-spec-
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troscopic studies of the structure of chitosan, nanochitosan, ascorbate- and nanoascor-
batechitosan, carboxymethylchitosan, and sulfochitosan were carried out. The features of
the structure of chitosan and its derivatives were established and revealed, depending on
the conditions of their synthesis. The IR- spectra of the samples studied clearly show the
appearance of peaks corresponding to the functional groups introduced by modifying
chitosan and describe in detail their effect on the change in the structure of chitosan. The
results obtained were systematized and maps of IR spectra for chitosan and its derivatives
were compiled, indicating the spectral region of the functional groups and the various
types of bonds formed, which allows experimenters to identify and conduct a comparative
analysis with chitosan derivatives.

Key words: IR spectroscopy, chitosan, nanochitosan, chitosan ascorbate, chitosan
sulfate, carboxymethylchitosan, absorption bands.
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VK 665.7.038.3
A. IT. CEPEBPAHCKAA, O. K. IOTAH, K. A. KAJJUPEEKOB

AO «MuctutyT Xumuuecknx Hayk uM. A.b. BekrypoBa», Anmatsl, Pecry6nmka Kazaxcran

IEOJINTHBIE KATAJIM3ATOPBI,
MOJJUPUIIUPOBAHHBIE MOJUAKPHJIOBOM KUCJIOTONM:
CUHTE3 U KATAJIMTUYECKUE CBOMCTBA
B MIOJTYYEHHUU TUJI-TPET-BYTHJIOBOI'O D®UPA

AHHoTanusi. CHHTE3MpOBaHBI KaTalM3aTOPHl Ha OCHOBE IPHPOIHOTO IIEOJTHTA
[[TarxaHafickKOTO MECTOPOXKACHHUS, MOAWGHUIIPOBAHHBIC TOJIHAKPHIOBOW KHCIOTOM
(0,5 1 1 %). Ilomy4eHHble KaTamu3aToOpsl OXapakrepu3oBansl MK-ciekTpockonuaeckum n
peHTreHo(a30BbIM METOJIAMH aHalN3a. B COMOCTABUMBIX YCIOBHSIX MCCIIEIOBAHA KaTallU-
THUYECKass aKTUBHOCTh KaTalM3aTOPOB B MPOILECCE IMOJYYCHHs ITHII-TPET-OyTHIOBOTO
a¢upa npu BapbUPOBAHUH TEMIIEPATYPBhI IIpoOLiecca U HArpY3KH Ha KaTajIu3aTop.

KnioueBble coBa: monuakpuioBasi KHCIOTa, NPHUPOAHBIA IIEOJHT, STHIOBBIN
CIIHPT, dTHJI-TPET-OYTHIIOBBIN A(Hp, KaTaaH3aTop, CIIEKTPOCKOIIHSI.

OCHOBHBIMH TPUCAIKaMH K aBTOMOOHMJIbHOMY TOIUIMBY BBICTYHAlOT: METHII-
Tpet-0yTminoBeid 3pup (MTBD), aumzonpomnunossnii 3¢up (JAUIID), satun-tper-
oytunoBsiid a3¢up (3Th3); monomernnannimma (MMA).

Haubonpmum crpocom  monb3yercs MTBED, mpou3BoacTBO KOTOPOTO
Benercs ¢ 1979 roga. OH obnamaeT HaMOOJBIIMM OKTAHOBBIM YHCIOM CpEId
cBonx romoJioros u anajoros (110 u 125 mo MM u MM, cooTtBeTcTBeHHO). Peak-
U [IPUCOCIMHEHHsI CIUPTOB K HM300YyTHJICHY B NPUCYTCTBHH COOTBETCTBYIO-
LIUX KaTaJIn3aToOpoB — OCHOBHOU MeTon nonydenust MTBO [1].

MeTtun-TpeT-0yTHIOBBIM 3¢Up MHUPOKO NPUMEHSETCS B KadecTBE JOOABKH K
aBTOMOOMJILHOMY TOIIUBY, HECMOTPS Ha TO, UTO OH 00JIamacT OOJBIITON TOKCHY-
HocThio. KpoMe Toro, meranou, ucnons3yeMslid B cuare3e MTBD, Taxke BbICO-
KoToKcHueH. CyIecTByeT BEpOATHOCTh HAKOIUICHHS 3TUX COCAMHEHHWH B MOYBaX
Y TPYHTOBBIX Bojax. BenepcTBue 3TOro B mocienHne rojbl HaMEeTHIach TEHACH-
1S HA CHIDKCHIE MPOU3BOACTBA U moTpebaeHuss MThD.

MeHee TOKCHYHBIM aHaJIOTOM, TO3BOJISIOIIMM O0ECNeunTh OOBEMBI MPO-
W3BOJICTBA TOIUIMB C 33JaHHBIMH XapaKTEPUCTHKAMH INPH COXPAHEHUH 3KOHO-
MHUYECKOH OS(PGEKTUBHOCTH, SIBIAETCS JTUI-TpeT-OyTrinoBblid 3¢up (OTED),
MoJy4aeMbIli peaknuell MpHCOCOMHEHHsI 3TaHoda K wu300yTuieHny. IlosTomy
HeoOXxonuma pa3paboTKa BHICOKO3((EKTHBHBIX KaTalW3aTOPOB IAHHOTO IPO-
necca.

Lenpto paboTh! OBUIO MCCIEAOBAaHUE KATATUTHUECKUX CBOMCTB MPHUPOJIHOTO
neonura Illanxanaiickoro mectopoxaenus (Kaszaxcran), MoauduuupoBaHHOTO
nonmakpuioBord kucinotor (ITAK) ¢ paznmaHbIM COOTHOIIEHHEM TOJIUMEp/Te0-
7T B peakiuu cuHTe3a OTHhD.
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OKCIIEPUMEHTAIJIBHAA YACTD

[Momuakpunoyro kucnory (ITAK) wmonekynsproit maccel 450 ¢dupmbl
Aldrich (CIIIA) Mapk# «X.4.» HCIIONH30BaIH 0€3 TOTIOTHUTEIBHON OUNCTKH.

Nzo0yTuinen monyyanu JAeruiapatanyuedl H300yTHIOBOIO CIUPTAa MAapKH
«a..a.» npu 350 °C Ha ycraHOBKe TIpoTOYHOTO THMNa Hajx Al,O; B BUIEe MIapUKOB
muamMeTpoM 3—4 MM.

Texanueckuii pextudurannonuslii dtanon (FOCT 18300-87) ocymanu B
TeYeHHE 3 4acoB HaJl OKCUAOM Kalbliud, pokaneHHbM pu 8§00 °C.

Karanutnueckue cuctemsl 1TAK/meonut rotoBmnu cienyrommM oOpasoM:
NpeABapPUTEIBHO TOTOBMIN ToMorenHsiit pactBop ITAK B Boze (0,5 u 1,0 mace.%),
3aTeM MpHU KOMHATHOW TeMIepaType U MOCTOSHHOM MEepPEMEIINBAHUU B BOAHYIO
CYCHEH3HIO TBEpAOT0 HOCUTENS MPpHOaBIsAIN BOAHBINA pacTBOp nonumepa. [lomy-
YEeHHYIO CMeCh IepeMennBaiy B TeueHne 2 4. Katannzarop ocTaBisian B MaTod-
HOM pacTBOpe Ha 24 dyaca, MocClieé Yero CyIIMJIM Ha BO3JAyXe NMpPH KOMHATHOMN
TeMIeparype.

NK-crnekTpoCKONMYECKUH aHAIN3 UCXOJIHOTO MPUPOJHOrO LEOJIUTA U IPH-
TOTOBJICHHBIX KaTanu3aropos nposoawin Ha UK-cnekrpomerpe «Nicolet 5700»
xopropauuu «Thermo Elecrtron Corporation» (CIIIA) B o6macti 400-4000 e
OO6pa3ubl U1l aHaIM3a TOTOBWIIM 110 CTaHAApPTHOW MeToIUKe 3arnpeccoBku ¢ KBr.

Pentrenoda3oBblii aHATN3 KaTaJIUTUYECKUX CHUCTEM OCYILIECTBISJIM Ha arl-
napare D8 Advance (Bruker), a-Cu, Hanpsoxenne Ha TpyOke 40 kBT, Tox 40 MA.
[ony4yennsie augpakTorpaMmbl 00padaThIBAIM C TMOMOIIBIO MPOTPAMMHOIO
obecnieuenusi EVA. Paciimdposky npob u mouck ¢a3 npoBOAMIM IO MPOrpaMMe
Search/match ¢ wucrons3zoBanuem bas3pl MopomIKOBBIX AMGPAKTOMETPUIECKUX
nanabix PDF-2 Rel. 2012 r. (ICDD).

[TponyKTBl peakuMy aHAIU3UPOBAIM XPOMATOrpaQUYecKMM METOAOM Ha
xpomarorpade Agilent 6890N pupmer «Agilent Technologies» (CILIA) ¢ macc-
CEJIEKTUBHBIM, a30THO-(POC(HOPHBIM IETEKTOPOM.

[IpuroroBieHsl KaTaau3aTOpsl HAa OCHOBE MPHUPOJHOTO IIEOJINTA, COAEp-
Kalllue MoJIMakpuiIoByto kucioTy B konuuectse 0,5 u 1,0 macc. %. [lonmydennsie
KaTajam3aTopsl oxapakTepu3oBaHsl HMK-crexTpockommueckuM ©  peHTreHoda-
30BBIM METOJIOM aHaJIN3a.

WnpopMaTHBHBIM aHAIUTHYECKHMM METOAOM JUIS WCCICIOBAHUS CTPOCHHS
Pa3NMYHBIX BEIIECTB B OPraHUYECKOW XMMUH SIBIISIETCA MHPAKpacHasl CIIEKTPO-
ckonusi. Ha pucynke 1A mpeacraBinen MK-criekTp UCXOIHOTO MPUPOJHOTO 11€0-
JWUTa, HA KOTOPOM HaOJIONAeTCs TPU OCHOBHBIX TPYMITBI HHTEHCUBHOCTH MOJIOC!
nepBas rpyrnma 3410-3638 cm™', Bropas 935-1194 cm™' u Tpersst rpymma 511-
868 cm™'. TTomockl mornomenust B o6mactu 3600-3100 cm™' oTHOCATCS K craGo-
cBs3anHbIM rpynmnam OH Bozsl. Taxoke monockl 3460, 1628 oM 1 MHTEHCHBHBIC
nosiockl B paitone 580-820 cM™' MOKHO OTHECTH K BAJICHTHBIM KOJIEOAHHAM CBS3M
v(Al-0) [2].

Bropyio rpymmy B oGmacti 935-1194 cM' MOXHO paccMaTpuBaTh Kak
XapakTepHble NoJochl nornomennus SiO,: mHUpoKas MHTEHCHMBHAsl Iojoca IpU
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1100 cM™' cOOTBETCTBYeT aHTHCHMMETPHUHBIM KoNeGaHHAM cBs3u vas(Si—O) B
KPEMHEKHCIOPOIHOM TeTpadape; monoca 980 cM’' OTHOCHTCS K KoleOaHHAM
ces3u V(Si-O) B rpymme Si—OH; mosnoca 808 cM”' oTBedyaeT 3a CHMMETpHUHbIE
koseGanns vs(Si—O) terpasapa SiOy, a momoca 470 cM”' oTHOCHTCS K medopma-
LIMOHHBIM KoJjieOanusM cBsaszu Si—O [3].

Ha pucynkax 1b u 1B npeacrasnensl UK-cnekTpbl mpUroTOBIEHHBIX Ka-
TaIU3aTOPOB, U3 KOTOPBIX BHAHO, 9YTO MPH 00pabOTKe IeonnTa MOJTHaKPIIOBON
KHCJIOTOM TPOMCXOIUT CriaXHBaHWE W YMEHBIIEHHE WHTEHCHBHOCTH BCEX
OCHOBHBIX Ipynn 3a cueT HaHeceHHd [IAK Ha moBepXxHOCTB 1e0HTA.

CpaBHEHHE PEHTICHOTPAMM HCXOTHOTO W 00paboTaHHOTO 0Opa3loB HE
BBISIBIJIO 3HAYMUTENBHBIX MU3MEHEHHUH B CTPYKTYpe NMPHUPOJHOTO IIEONUTa (PUCYH-
ku 2 u 3).

HccnenoBanne akTHBHOCTH KaTAIMTHYECKUX CHCTEMBbI TIOIUMeEP/IPUPOAHBIN
[IEOJTUT B CHHTE3€ 3THI-TPET-OyTHIOBOTO 3upa m3 M300yTHIEHA W ATHIOBOTO
CIHUpTa MPOBOAMIM B COMOCTAaBUMBIX YCIOBUSX Ha KaTalW3aTOPHOM CJOE
o6bemoM 7 1 10 cv’. M3yueHne BIMSHNS TeMIIepaTypbl peakiuy Ha Bbixoq ITED
npoBovi B mHTEepBatie 50-90 °C (tadnuima).

Kak mokaszanu npoBeneHHBIE OMBITHI, IS BCEX M3YyUEHHBIX KaTaln3aToOpOB,
MakcuManbHbIN Beixo DTBD nomyuen npu temnepartype 70°C. Katanutuueckas
cucrema 0,5% IIAK/mpuponHsiii nieonut nposiBuia cebs MaJOaKTHBHOW, IO-
BUIMMOMY, 33 CUET HEeJIOCTaTOYHOW KOHIIEHTpAIUY MOJIUMepa.

ClelyeT OTMETHTb, 4TO YBEIMUYEHHE KaTaIM3aTOPHOro cios ¢ 7 10 10 cv’ He
JIaJT TIOJIOKUTENbHOTO A (ekTa B CTOPOHY MOBBIIIeHHS Bbixona 3 TED.
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PDF 00-041-1480  Albite, calcian, ordered  (Na ,Ca) Al (Si,Al)3 O8 43,38%
PDF 01-076-0182  Iron Oxide Hydroxide Fel.833 (O H)0.5 02.5 2,25%
PDF 01-089-6419  Heulandite-Na 23117%66 1;1122241?157322) (H2 0)28.56 35,05%
PDF 00-048-1861  Makatite, syn Na2 Si4 O8 (OH )2 -4H2 O 6,56%
PDF 01-079-1910  Quartz, syn Si 02 12,76%

PucyHok 2 — PeHTTeHOBCKMI CIIEKTP MOBEPXHOCTH He 00pabOTaHHOTO IPHPOIHOTO [IEO0THTa
[[ManxaHalicKOro MECTOPOXKIECHUS
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PDF 00-046-1045
PDF 00-052-1655
PDF 01-079-5803

% 8 % 'é g & § EE 1| _PDF 01-075-1396
§ 5% # 3 g &

§ T ‘- = l" ' I_[ |‘ = E:

g j e

o 10 20 30 4‘5 ' 5‘0 I BIO 7I0 EID I

2Theta (Coupled TwoTheta/Theta) WL=1,54060
Color Inde Pattern # Compound Formula S-Q
X Name
Red 1  PDF 01-075-4354 Laumontite Ca Al2 Si4 O12 (H2 O )3.02 41,47%
Blue 2 PDF 01-070-3752 Albite (Na0.98 Ca0.02) (A11.02 Si2.98 08) 29,70%
Magenta 4  PDF 00-046-1045 Quartz, syn Si 02 9,14%
Lime 3 PDF 01-072-7919 Clinoptilolite Na8 (Al6 Si30 O72) (H2 0)9.04 7,00%
Dark 6  PDF 01-079-5903 1ematite oy 31 Ti0.169) 03 621%
Orange (Ti-bearing)
Green 7 PDF01-075-1396 OIS0 g 03 4,69%
nite-2M

DarkRed 5  PDF 00-052-1655 Aerinite  (([¢ 72, Fe*3, A3 Mg3 (Ca, Na)d ) 44,

(Sil3.5 Al4.5 042) (O H)6) -11.3 H2 O

Pucynok 3 — PEHTTeHOBCKHMHT CIIEKTP ITOBEPXHOCTH IeouTa, oopadborannoro 1,0 % ITAK
& 9

OCHOBHOI1 COCTaB IPOYKTOB CHHTE3a ATII-TPET-Oy THIOBOTO 3hHpa
13 N300y THIIEHA ¥ STHIIOBOTO CITHPTA

T, 1-Propene, | Ethyl |2-Propanol, Propane, 1-Pentene,
Katanuzarop °C 2-methyl- | alcohol, | 2-methyl-, 2-ethoxy- 2,4,4-tri
% % % 2- methyl-, % | methyl-, %
50
0,5% ITAK/ reo. 60
v gy M 70 6,82 87,92 0,46 4,78 -
r 80 4,62 93,49 0,53 1,33 -
90 5,63 93,45 0,23 0,66 -
50 35 93,93 0,16 2.25 0,05
60 5,66 91,73 0,2 2,40
0 5 ) > b
{/‘ Eﬁg{?e"“m 70 9,32 69,85 0,83 19,74 0,24
ar 80 0,79 89,94 0,68 8,31 0,12
90 0,44 92,73 0,75 6,03 —
60 11,93 85,86 0,07 1,9
% l'[AK/ueonm 70 6,60 90,87 0,019 2,19
V=10 e’ 80 4,83 93,61 - 1,55
90 10,16 87,13 0,07 2,53
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Takum oOpa3zoMm, B pabOTe€ PacCMOTPEHO BIHUSHHE YCIOBHUW IMPOBEICHHUS
npouecca Ha Beixog ITBD. YcranoBneno, uto yBenuuenue coaepxkanus [IAK na
noBepxHocTu 1eonauta ¢ 0,5 mo 1,0 macc.% NpUBOIUT K MOBBIIMICHUIO BBIXOAA
OTB3 B 4 paza (¢ 4,78 mo 19,74 % ) nmpu onruMansHOU TemrepaType 70°C.
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Pe3ome
A. II. Cepebpsnckas, O. K. FOeaii, K. A. Kaoupbexos

IMMOJIMAKPWJI KbIIHKBIJIBIMEH MOAN®UITUPJIEHI'EH
HEOJIUTTIK KATAJIM3ATOPJIAP: CUHTE3I )KOHE
STUJI-TPET-BYTUII 5OUPIH AJIYJAFBI KATAJIMTUKAJIBIK KACHUETTEPI

[ITanxaHail KeH OPHBIHBIH TAOUFH IIEOJIUTI HETI31HE MOTHAKPUI KbIKbUIbIMEH (0,5
xoHe 1,0%) MomuduIMpIeHreH KaTalu3aTopiap CUHTE3AeNTeH. AJIBIHFAH KaTallu3aTop-
nap MK-cnekrpockonus »xoHe peHTreHo]a3abl QZ[ICTep capanTaHacbIMEH CHUIATTAJIFaH.
IIponecc TemnepaTypacsl MEH KaTanmM3aTopra TYClle‘IeTlH ayBIPIBIKTap/Abl ©3repTe OThI-
PBIN STHI-TPET-OyTHI 3UpPIH Ay MPOLECIHAETI KaTalnu3aTOpPIapiblH KaTaTUTHKAJIBIK
OenceHimiri OepinreH xargaiinapaa 3epTTeireH.

TyitiH ce3aep: MOMMAKPHUI KBIIIKbUIBI, TAOUFU LEOJIUT, dTHJ CIHPTI, dTUI-TPET-
OyTwI 3Upi, KaTaIU3aTOP, CIIEKTPOCKOIIHSI.

Summary
A. P. Serebryanskaya, O. K. Yugay, K. A. Kadirbekov

ZEOLITE CATALYSTS MODIFIED BY POLYACRYLIC ACID:
SYNTHESIS AND CATALYTIC PROPERTIES
IN THE PRODUCING OF ETHYL-TERT-BUTYL ETHER

Catalysts based on a natural zeolite of the Shanhansky field modified with poly-
acrylic acid (0.5 and 1.0%) were synthesized. The resulting catalysts were characterized
by an IR and X-ray phase analysis method. Under comparable conditions, the catalytic
activity of the catalysts in the process of producing ethyl-tert-butyl ether was studied by
varying the process temperature and the catalyst load.

Keywords: polyacrylic acid, natural zeolite, ethyl alcohol, ethyl tert-butyl ether,
catalyst, spectroscopy.
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VIIK 66(094)

I1. A. ABJ]YPA30BA, III. T. KOLIIKAPFAEBA,
M. C. CATAEB, E. 5. PAUBIMBEKOB

M.Oye30B arbiHAarsl OHTYCTIK Ka3akcTaH MEMIIEKETTIK YHUBEPCHTETI,
Iemvkent, Kazakcran PecryOnuikacht

OPTYPJII KOCITAJIAPMEH MOJIN®UIIUPJIEHI'EH
HUKEJb ®OCOUAIH AJTYAbIH XUMHUAJIBIK 9AICI

AHHOTanusi. Makanazia apTyp:ii KocrnaiapMeH MOIU(UIMpIICHIeH HUKeNIb pocdu-
JH aITyIbIH XUMIBUTBIK OTiCi KeNTipuIreH. YHTaKThl KapOOPYHITHIH OCTiHE METaylT jKa-
OBIHIBI JKaFy TEXHOJOTWsCH a3ipaeHni. COHBIMEH KaTap, OChl MakcaT YIIiH XHMUSUIBIK
HUKENbACY mNporeci Komganeinsl. KapOopyHa, OChl MpOLECTIH KaTalnn3aTOpiIapbIHBIH
KaTapbIHa KipMece Jie, HUKeIh HOHIAPBIHBIH TOMEHCYiHe BIKIAN Tyl MyMKiH. [ nmochut
HMOHBIHBIH JKOFaphl TEMIIEPAaTypalbl BINBIpAybl Ke3iHIe MOJIEKYNIaIarbl CYTeri aTomaa-
PBIHBIH PEKOMOWHAINSCH e€ce0OiHeH OasylaThUIFaH CaTBICHI Oap KapOopyHA OetiHaeri
CYTETIHIH 3BOJIIOLMSCKHI Kypeai aen OommkaHajpl. CyTeri aTOMIApbIHBIH JKOFaphl peak-
LUSUTBIK KaO1IeTI HUKEIb MOHIAPBIHBIH a3aloblHa oKeneai. by kapoopyH OeTiH OerceH-
JIpyre jKoHEe 0/1aH 9pi XMMUSIIBIK HUKEIbICYTe TOH JKaFJaiaapia MeTanpl ecipyre MyM-
KiHIIK Oepeni. YHTaKThIH OCTiH CKAHEPJICUTIH MEKTPOHIBI MUKPOCKOM apKbUIBI 3ePTTCY
9KCIIEPUMEHTTEP YHTAKThIH OCTIH aKTUBTEHAIPY/AIH OCBIHAAN MEXaHU3MI jKapamIibl eKe-
HiH KepceTTi. 3epTXaHaJIbIK JKaFJaiIap/ia OCbl TEXHOJIOTHSHEI ChIHAY KapOopyH. OeJex-
TepiHe KaXETTi afre3usiFa ue xaHe 95% XUMUSIIBIK HUKEIbJICH TYPAThIH JKaObIHIbI ayFa
MYMKIHIK Oepi.

Tyiin ce3aep: XUMILUTBIK KanTamanap, HUKeIs Gocuai, XUMUSIIBIK dfic, Kapoo-
PYHI, METaJI.

Kipicne. To3yra Te3iMAiIiri KOFapsl jkoHE YiHKelnic kKo3(duunreHTi TomeH
MaTepuaiapibl jKacay MICceNieci ©3 OPHBIH KOraiuTHai b, MeTanaapasl Koppo-
3USIIaH KOPFayIblH THIMJII OHE KBl 9[ICI XUMUSIIBIK JKOHE 3JICKTPOJIUTTIK
KarnrayJiap/Isl KOJIaHy OOJBI TaObLIaIbI.

TypakThUIBIFBI KOFApPbl, KOPFAHBIII KOHE KOPFAHBINI-COHIIK KarnTaMaiapabl
TYHJIBIPYJla HHUKENIb KEHIHEH KOJIaHbUIaAbl. JlereHMeH, OHBIH HETi3iHJIe TO3yFa
TO3IM/I1 JKoHE ©31H-031 XKaFryFa apHaJIFaH KOMITO3UIIMSUTBIK KanTaMmaiap bl adyIbIH
MPAKTUKAJIBIK MaHbI3AbUIBIFEI JKOFApbl. KypaMbIHa opTypili KOcHajiap €Hri3LIreH
KanraMaiap/blH TPAaKTUKAIBIK KOJJIAHYBIHBIH THIMJIUIITT HETi31HEH KypaMbIH-
JIaFbl JUCTIEPCTIK (pa3aHblH TaOUFaThl OOMBIHIIA aHBIKTANA(bl. MyH/Iall KanTaMa-
JapblH TEePCHeKTHBAIBIK UCTIEPCTI MaTepuainapbl KOPYHI, KapOOpyHA YH-
TaKTapbl 00JIbIN Ta0bUTa R [1, 2].

Kazipri yakpITTa KypaMblHa IHCIIEPCTI OOMIIEKTep KOCHUIFAH KOCBLIBIC-
TapJbl CHHTE3JCYIH XUMUSIIBIK JKOHE DJIEKTPOXUMUSUIIBIK SJICTEepi 93ipJICHTEH,
OYJT Ta3aJbIFBI KOFAPHI, KypaMmbl OCNTLII KOMITO3WIMSHBIH COHFBI OHIMIH ayFa
Oonanel. By MarepuanmapabiH OeJIIEKTEPiH KOMITO3UIUSIIBIK JICKTPOXUMUSI-
JBIK KanTamalapJblH METall MaTpulaiapblHa KOCY, OJIApIBIH TO3yFa Te3iMIi-
JITIH JKOHE KOPPO3WsFa TO3IMIIITIH apTTRIpyFa MyMKIiHIIK Oepemi [3-5].
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Mertann MaTpULachlHA EHICHAE, OeNeKTep KanTaMaHbIH KOJIIAHBUIY Ka-
CHETTepiH JKaKcapTaJbl jKOHE ojlapra jkaHa Kacuertep Oepeni. Keiibip >xarmaii-
Japja, KIacCUKalbIK TajlbBaHUKAJBIK KanTamaaapAbl KOMIO3UIMSIIBIK 3IEKTPO-
XUMUSUIBIK KOHE XUMMSAJIBIK KanTamMajlapMeH aybICTBIPY KbIMOAT TYCTI MeTai-
JapAbl YHEMJCHAl KoHe TYHJBIPY MpoleciH ap3aHgaranpl. COHIBIKTAaH MYHJan
KanTaManap TYpJi cajajapAa KoJJaHbUIaipl (MallMHA jKacay, acmam jKacay,
MeIUIMHANBIK KypaJjaapabl OHAIpY, XUMUSIIBIK ®Ka0IbIK KoHe T.0.) [6, 7].

KympIcTBIH 0acTBl MaKcaThl MBIC IJIACTUHKACH OeTiHe KapOopyH/, KOPYHI,
YHTaKTapblH €HTi3y apKbUIbl MOJTU(PHIMPICHICH, TO3yFa TO3IMINIr >KOFaphl
HUKeb (pochuai KanraMachlH XUMUSUTBIK O/IiCTICH alTy.

Tazamanran yirizepre opTYpii KocmajlapMeH MOAW(PHUITUPICHTCH HUKENb
(dochuain any yuIid 3epTTey KYMBICBIH/IA €Ki TYPIIi 9/1iC KOJAaHbUIIBL:

- OipiHmi omicte yiAri OeTiHe KOCHAaHBI IIAHIAHIBIPY OJICIH KOJIAHBIIM,
(hochuHKYpamIbl Ta30eH OHIeY apKBUTBI €HT13Y;

- eKiHOI oficTe 9p Typiai yarimepre HUKeNb (OCPUIIH amy YIIiH HUKETb
¢dochuai epiTiHaiCiHE YHTAKTHI caly apKbUIbI )KOHE EpITiHIIHI apajacThIpy KO-
JBIMEH KYpaMbl 9pPTYpil KocnajapMeH MOAM(UIIMPICHIeH KalTaMa aiy »KoJija-
pbIHA 3epTTey.

3epTtTey amici. OpTypiii KocnayiapMeH Moau(UIIMpIIeHTeH HUKeIb hochumin
aly YIIH €H aJIbIMEH YITUIepli MbIC Cynb(aThIHBIH epiTiHAiCiHE OaThIpambl3.
Conan coH OenMe TeMIlepaTypachlHIa 3epTTeNeTiH yiri OeTiHe KopyHH, KopOo-
PYHI YHTaKTapbl CypeTTeri KeNTipuireH KOHIBIpFbIAa (1-cypeT) maHIaTbuIaub,
HOTIKECIH/Ie Maiija YHTaKTap yiri OeTiHe KOHAIbI.

ComaH CcoOH, YHTaKTapAbelH 3epTTey YiriiepiHiH OeTiHe >XaObICYbIH
JKOFapbUIaTy yiIiH ¢pocuHKYpaMIsl Ta30eH oHaeMI3.

N e I E 3
~_
- - " TE=i
| El
[ ~ /7 N . f
™~ _//
—)
2 _

1-cyper — lanmanapIpyFa apHaFas 2-cypeT — XUMHSIIBIK HUKENbIEY KOHIBIPFBICHL:
KOHIBIPFBI: | — MIaHIAHIBIPY CUBIMIIBUIBIFEI; 1 - syexTp 1uTHTa,;
2 — ypJieyre apHajFaH Imap; 3 — TYTiKIIe; 2 - TeMIlepaTypaHbl ©3repTKIll;
4 — >xabaTeIH KAKIIaK; 5 — UIiHTIII; 3 - yari; 4 - TepMoMeTp;
6, 7- 3epTTeNeTiH yIrijiep; 5 - mporece KYPETiH CHIABIMIBUIBIK

8 — 3epTTeyAe KOJAIaHBUIATHIH YHTAK
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XUMUSNBIK 9JiCTIeH HHUKeNb (pochumiH amy YIIiH JKOFapbIIarbl KeNTipinreH
AIEKTPOIUTTI AJEKTP KBI3ABIPFBINIKA KOWBIN, TemrepaTpackiH 90 °C-ka meiiiH
KETKI3im 3epTTey yiriiepin 1 caraTka caimambl3. 3epTTey JKYpri3yre XuMHs-
JBIK HUKENb KalTaMachblH ajlyFa apHajfaH KOHJIBIPFBIHBIH ChI30achkl TOMEHJETi
2-cypeTTe KeNTipiireH.

Yrrinepai peakiys COHBIHAA EPITIHIINCH IIBIFAPHI ajaMbl3, COIAH COH
BICTBIK JKOHE CAJIKbIH CyJa KYBII IIasgMbI3, COJIaH COH KENTIpriml mkadra Ker-
Tipill caJMarblH Tapasblga eJIeiMi3. 3epTTey KYMBICTapbIH JKYprisin Oosran
COH, YITUIEpAiH ayJgaH OeTTepiHIe JKBUITHIP CYp TYCTi HUKenb ¢docduai kamra-
MachIHBIH TY3UITeHIITiH Oaiikayra Oonaapl. Apbl Kapail TpOIECTiH XYPTeHiH
Oakpulal TY3UITEH KanTaMaHBIH CalachblH TEKCepy YIUiH ecenTey XYMBICTapbIH
JKYPTi3il, KarntaMaHbl 3epTTeyre XidepeMis.

3epTTey XKYMBICTAPHl OOMBIHIIA XKYPTIi3UITeH SKIHIII 9IiCTe HUKENb (hocumi
QJIBIHATBIH EPITIHIre YHTAK CaJbIll apaiacThIpy €Ki KOJIMEeH Xyprizinni. bipinmi
XKOJJa apHaiibl apajacTBIPFBIII KYPBUIFBICHI 0ap KBI3ABIPFBILI JIEKTP IUIUTKA-
CBIHIA EpITIHAIHI apaJacThIpy apKbUIBI KypaMblHa KapOOpyHA >KoHe Qeppo-
(dbocdop yHTaKTaphl SHIi3UINCH HUKEIb KanTaMachl ajabiHabl. KOHIBIPFBI CYJI0aChI
3-cyperTe KenTipiJireH.

3-cypeT — ApHaiibl apanacThIPFBIII 4-cyper — ApHaiibl apaJIaCTBIPFbILI KYPBUIFBICHI Oap
KYPBUIFBICHI 0ap KbI3IBIPFBILI AIEKTP KbI3ABIPFBILI JIEKTP IUTUTKACKL: | - 3JIEKTp IUIUTA;
TTUTKACHI 2 - TeMneparypaHbl ©3repTKiT; 3 - yiri;

4 - TepMOMETD; 5 - MPOIIECC KYPETiH CHIMBIMIBLIBIK

Kerneci omic OoiibIHIIA epiTIHAIHI apanacThIpy ayaMeH YpJiey apKbUIbI KYpTi-
3ii. KoHABIPFBIHBIH cypeTi 4-CypeTTe KeNTipiIreH.

XUMUSIIBIK, HUKENbeY YPICi asKTanFaH COH OYHbIM OeTiHJe HUKENb KalTa-
Machel KamnTajFaHel OaliKamampl. YJTIIEpAiH YpAicKe IEHiHTI jKoHE YpAICTEeH
KeWiHT1 caMaKTapbIHBIH e3repicTepi 1-kectee KelTipisireH.
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5-cyper — KapOopyHz YHTaFbI €HTI31ITIIL,

(dochuHKYpaMabl ra30eH eHIeNTeH YTl

6-cypet — I'padut yHTAFHI eHTi31MI,
(dochuHKYpamabl ra30eH eHIENTeH YTl

5 J)KoHE 6-CypeTTepeTi KeTIPUITeH YATUIepaeri KapOopyH I JKoHe TpadHuTTiH
MeTayl OeTiHe KaObICy aJre3usChIH JKOFapbulaTy YIIiH ¢GocduH/i ra30eH oH-
JeNi. Apbl Kapail eHJIeITreH YATUIepre XUMHSIIBIK HUKEIbICY 9iCIMEH HUKEIb-
(hochuni kanrramacs! anbiHABL. Kantama MbIC MTacTHHACHIHA TETIC )KOHE KBUITHIP,
aceM OOJTBIN TYPFAHIBIFBI 7 - CYypPETTe KOPCETUITEH.

1-kecte — MBIC YIITiCIHIH canMak e3repicTepi

XUMUSIIBIK HUKENIbIEY
YpAiciHeH KeHiHri

YJITiHIH KeCKiHi

Y | Yuri | Yarining Kopynn KapOopynn Dochunney | Xumusutblk | Hukens

1 | ayna- | Gacram- | yHTarbIMEH YHTaFbIMEH YpAiCiHEH | HHUKeEJbICy | KamTama-

T | HBI, |KbICal- | MaHJAHIBIPHUI- | IIAHIAHIBIPBLUI- KeuiHri YpaicineH CBIHBIH

i| em® Marbl, | FAHHAH KeHIHI1 | FaHHAH KEHiHIr1 | calMarbl, T KCHIHT1  |KaJIBIHIBIFL,
r cajaMarbl, T calMarel, T caJMarbl, T MKM

11175 2,46 2,47 - 2,49 2,6 7,05

21 17,5 2,43 2,45 - 2,46 2,56 6,42

31175 2,47 - 2,56 2,57 2,67 6,00

41 17,5 2,41 - 2,42 2,44 2,53 5,77

7-cyper —
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MeIc TuTacTHHKACH OeTiHe KapOOpyH/I )KOHE KOPYHJI YHTAKTaphIH TTaHIaThITT
(dochuH raspIMEH OHJEI, XMMUSJIBIK HHUKEIbACY Mpoleci skypriziami. Hotmke-
CiHJIe Teric ’KOHE KBUITHIP KanTama ajbIHIbI KoHe Je Oyl Kanrtamana Oacka nia
KONTEreH 3JEMEHTTEP Ke3IECeTiHl 3epTTey HoTIkeciHae Oenrimi Gomasl. Ochl
aNBIHFaH YATUIEpai apbl Kapaih “KOHCTpYKIUSIIBIK >KOHE OMOXWMUSIIBIK MaTe-
pUaIIapblH aliMaKThIK 3epTXaHAChl” JIA00OPATOPUSICHIHIA PACTPIIBI ICKTPOHIBI
Mukpockon JSM-6490 LV (YEOL, >Kanonust) KOHIBIPFBICBIHIA 3epTTEyJiep
JKYPri3uimi. AJBIHFaH 3epTTeyiep TOMEHIEri 2, 3-kectenepae xkoHe 8, 9-cyper-
TepJie KeNTipiIreH.

2-kecte — KapOopyHI YHTaFBIMEH IIaHIaHIBIPHII,
XUMISUIBIK HUKETbEY YPAICIHeH KeHiHT1 MBIC IITAaCTHHACHIHBIH OOJIIIeK KYpaMbl

DieMmeHT C O Si P Ni

Canmax yreci, % 4,02 0,92 0,77 8,22 86,07

3eprTey HITHKeJepi OoiibiHINIA KapOOpYHA YHTarbIMEH LIaHIAaHIBIPHIIL,
XMMUSUIBIK HUKEJIbJIEY MpPOILECi JKYpPri3UIreHIeri anblHFaH ToxipuOe HOTHXKecl
6oitbrama Ni = 86,07 % xonran, ain P =8,22 % kyparaHIBIFbIH K@pCeTeIi.

8-cyper — Kap6GopyHz yHTaFbIMEH [IaHAAHIBIPBUIFAH YIATIHIH PacTpIIbl
MHKPOCKOM apKbLIbI YIFAHTHUIFaH KOPiHiCi

Mpic miacTuHackl OETiH KOPYHJ YHTaFbIMEH MIAHJIAHJBIPBIN, XUMMSIIBIK
HUKeNIpACY Iporeci xyprizinren. Toxipube HoTmkeci OolibiHma Ni = 85,67 %
KonFaH, ai P = 6,70 % KypalThIHIBIFBIH KOPCETTI.

3-kecte — KapOopyH yHTarsIMeH IIaHIaHIBIPHIT,
XUMISUIBIK HUKETbEy YPAICIHeH KeHiHT1 MBIC IITACTHHACHIHBIH OOJIIIEeK KYpaMbl

DjileMeHT C (@) Al Si P Ni Cu

Canmak yneci, % 0,10 3,17 3,76 0,04 6,70 85,67 0,56
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[omsan wxans 5648 wman. Kypooge 0.000 (5 ]

INeNTH oD uaDlzanree 1

9-cypet — KopyH/ YHTaFbIMEH IIAHAAHABIPbUTFaH MOIH(HIUPICHTCH
Hukenb Gochuni kantamaceiHbie JSM - 6490 LV (YEOL, XKanonwust)
PacTOPJIBI AIEKTPOHABI MUKPOCKOITA TYCIpiireH cypeti

KopsiTa Kearenae, KypamblHa YHTAK €HTI31ITCH, XUMHSJIBIK 9JIICIIEH aJbIH-
FaH MOAM(HIMPIICHICH KanTaMalap/AblH KOPPO3MsAFa TYPaKTBUIBIFBI, YHKeTicKe
KapChUIBIFBI JKOHE KAaTTBUIBIK JCHreli Ta3a KanTaMalapMeH CalbICTBIPFaHIa,
OipHere ece, KeiJle OH ece KOorapbl OOJNBIN KeJelni. AJBIHFaH YAriIeperi Kanra-
MaHBIH CallachlH aHBIKTAy YIIiH MEXaHWKAIBIK ChIHAY Xyprizinmi. KanramaHbsiH
HETi3ri MeTajaMeH Oepik jKaObICYbl METAIBIK KalTaMaiapabl KOJIIaHyFa jKapam-
JBUIBIFBIH CUTIATTAUTBIH Heri3ri ¢akropnapabiy Oipi. COHABIKTAH €H aJIbIMCH
YJIri GeTTepiHe ChI3aTThl TOPABI OTHIPFBI3Y dAici Kyprizinai. O yIuiH 3epTTeNeTiH
yiriHiH OeTTik KabaTblHa TEPEeHIITT TYNKi MeTajfa JeWiH JKeTETIH TOepT-aJIThl
mapaienbai ChI3bIKTap bl Oip-OipiHeH 2-3 MM apaKallbIKTHIKTA )KOHE TOPT-aJIThI
napajienbai ChI3BIKTapAbl OipiHIIire NepHeHANKYIAp eTil KYpri3iimi. YplIicTeH
KeliH OakpUIaHFaH OCTTIK KanTamajga KelpThICTaHFaH kepiep Oonmansl. COHIBIK-
TaH KalTaMaHBIH HETi3r1 MeTalMeH >KaObICy anare3usiChl >KOFaphl EKCHJITiH
KepceTei.
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Pe3iome

II. A. Aboypaszosa, 1. T. Kowkapbaesa,
M. C. Camaes, E. b. Pativimbexos

XUMHYECKU METO/I [TOJIYYEHU S ®OCDOUIA HUKEJIS,
MOJNONITNPOBAHHOI'O PA3JIMYHBIMU CMECAMU

B cratbe mpeacTaBieH XUMUUCCKUI METOJT moyueHus Gocduna HUKens, Monaudu-
LIUPOBAHHOTO PA3IMYHBIMU CMECsAMH. Pa3paboTaHa TEXHOJIOTHS HAHCCCHHS METaJUTMYEC-
KOTO MOKPBITUS Ha TIOBEPXHOCTh MOPOIIKOBOTo KapbopyHaa. Kpome Toro, st 3Toit riemu
OBUT UCIIOJIB30BaH MPOIECC XMMUYCCKOTO HUKEIMpoBaHUs. KapOopyHI MOXET Croco0-
CTBOBATh CHIDKCHHIO HOHOB HUKEJIS, TAXKE CCIIM HE BXOJUT B YHCIIO KaTaIH3aTOPOB 3TOTO
mporecca. [IpeamonaraeTcs, 4YTo MPH BBICOKOTEMIICPATYPHOM PAa3JIOKCHUN HOHA THUIIO-
chuTa MPOUCXOTUT IBOJIIOLUS BOJIOPOJAa HA MOBEPXHOCTH KapOOPYHIIOB C 3aMEIJICHHOM
CTaJuei 3a CYeT PeKOMOMHAIIMU aTOMOB BOJOPOJa B MOJIEKyJie. Bricokasi peakIoHHas
CHOCOOHOCTH aTOMOB BOJIOPO/Ia MPUBOIUT K YMCHBIIICHUIO HOHOB HUKES. DTO MO3BOJISACT
AKTUBUPOBATH MOBEPXHOCTh KapOOPYHAAa W BBIPANIMBATh MCTAUI B YCJIOBHUAX, Xapak-
TEPHBIX IS JATBHEUIIICTO0 XMMHUYCCKOTO HUKEIMPOBAHMS. DKCIICPUMEHTHI, HCCIICIOBaH-
HBIC C TIOMOIIBIO 3JICKTPOHHOTO MUKPOCKOMA C CKAHHUPOBAHUEM MOBEPXHOCTH MOPOIIKA,
MMOKA3aJId, YTO TAKOW MEXaHW3M aKTHBAIMU MOBEPXHOCTH MOPOIIKa AcicTBUTENCcH. Mc-
MIBITAHUS TAHHON TEXHOJIOTHMHU B JIAOOPATOPHBIX YCIOBUSAX MO3BOJWIN MOIYYHUTH HOKPHI-
THE, conepxaiiee 95% XUMUUECKOro HUKENS, 00Jiafaromiee HeoOX0MUMON anre3uen s
JieTasnei kapOopyHIOB.

KiroueBble cjI0Ba: XUMHUYCCKUE TUICHKH, (OCHUI HUKENS, XUMUYCCKUNH METO[,
KapOOpYHII, METJLI.
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Summary

P. A. Abdurazova, Sh. T. Koshkarbaeva,
M. S. Sataev, Y. B. Raiymbekov

CHEMICAL METHOD FOR PRODUCING NICKEL PHOSPHIDE MODIFIED
WITH VARIOUS COMPOUNDS

The article presents a chemical method for producing Nickel phosphide modified by
various mixtures. The technology of metal coating on the surface of powder carborundum
is developed. In addition, a chemical Nickel plating process was used for this purpose.
Carborundum can contribute to the reduction of Nickel ions, even if it is not among the
catalysts of this process. It is assumed that the high-temperature decomposition of the
hyposphite ion causes the evolution of hydrogen on the surface of carborundum with a
delayed stage due to the recombination of hydrogen atoms in the molecule. The high
reactivity of hydrogen atoms leads to a decrease in Nickel ions. This makes it possible to
activate the surface of the carborundum and grow the metal in conditions typical for
further chemical Nickel plating. The experiments are investigated in an electron micro-
scope by scanning the surface of the powder showed that the mechanism of activation of
the surface of the powder valid. Tests of this technology in the laboratory allowed to
obtain a coating containing 95% of chemical Nickel, which has the necessary adhesion to
the details of carborundum.

Key words: chemical films, nickel phosphide, chemical method, carborundum,
metal.
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TpeGoBanus 1Jis1 opopMiIeHUsI cTaTell B dKypHAaJie
«XAMUWYECKHA ’KYPHAJ KABAXCTAHA»

HayuHsplif >KypHalm OTKpBITOTO JocTyma «XuMudeckuil sxypHan Kaszaxcranay»
uznaercs opaeHa Tpynosoro Kpacnoro 3Hamenn MHCTUTYTOM XMMHUYECKUX HayK UMEHU
A.B. BexTypoBa ¢ mepuoandHOCThIO 4 HOMEpa B TO/I.

Hens XypHana — ocBelieHHe HOBBIX HAay4YHBIX PE3YJIBTATOB M MICH, IPOOIEMHBIX
BOIIPOCOB HAayKH M TEXHUKH, MOCIEAHUX pa3pabOTOK W HCCIEIOBAaHUN MO aKTyallbHBIM
npobiemaM (QyHIaMEHTaNbHBIX M TPHUKIAJHBIX HCCIEJOBaHWH B 00JACTH HEOpraHU-
YECKOM U OpPraHUYEeCKOW XMMHHU, XUMHHM U TEXHOJIOTHM MOHOMEPOB M BBICOKOMOJEKY-
JISIPHBIX COEIMHEHWH, MOHHOIO OOMeHa, He(pTeXMMUH W He(PTEXHMMHUYECKOTO CHHTE3a,
XVMHUH JIEKaPCTBEHHBIX BEUIECTB M (DPU3MOIOTMYECKH aKTHBHBIX COCIMHEHHH, XHMH-
YEeCKOW HKOJIOTHH, XUMHH YAOOPEHHUN U colel, PU3MIeCKON XUMHHN IS ITUPOKOTO KpyTra
cnermanuctoB. B JKypHane myOmukyroTcs HaydHBIE CTaThH M 0030pBI YUEHBIX, JTOKTO-
PaHTOB, MarkCTPAHTOB, MPOU3BOJCTBEHHUKOB, HUMEIOIINE TEOPETHUECKOE U MMPAKTHUECKOE
3HaYCHUE.

CraTbH, TpeacTaBieHHbIe B peakiuio JKypHaia, TOMKHBI yIOBIETBOPSTh CIEIyIO-
UM TPEOOBaHUSAM:

O0mme TpedGoBanmus. PerakiiMoHHAs KOJUIETHsl MPUHUMAET CTAThbH, HaOpaHHBIC B
TEeKCTOBOM penaktope MS Word B 271€KTpOHHOM BHE, a TaK)Ke Ha OyMa)KHOM HOCHTEIIE,
MIPUYEM, OCIIEIHSS CTPAHHILIA MTO/ITUCHIBAETCS BCEMH aBTOPaMH C MIPOCTAaBJICHUEM JIaThl.

Pucynku npepacraBisirores ¢ paspemreHuem mMuauMym 300 dpi, B dpopmare *.bmp,
tiff. Cxemsl, rpauKy BBIOJHSIOTCS. BO BCTpoeHHOH nporpamme MS Word w8 MS
Excel.

SI3bIk craTtbu. CTaTbu MMPUHUMAIOTCA Ha Ka3aXCKOM, PYCCKOM HJIHU AHTJTMHCKOM
A3bIKaX, OAHAKO, B HEIAX MNOIIyJSApU3allun )KypHa.na, peZ[aKHPIOHHOfI KOJUIETHEH npu-
BETCTBYCTCA IIPUEM cTaTeii Ha aHTTIMMCKOM SI3BIKE.

IMapametpsol cTpanunbl. Popmat crpanuip: A4 (210x297 Mm).

ITonst: BepxHee — 2 cM, HIKHEE — 2 ¢cM, JieBoe — 3 cM, mpaBoe — 1,5 cM. PaccTanoBka
TIepEeHOCOB He AomyckaeTcs. @03arubiil otctyn — 1,0 M.

YJK. B Hauane cTaTby, B BEPXHEM JIEBOM YLy, YKa3bIBa€TCd HOMEp MO YHH-
BepcanbHON Aecsatuanor knaccudukanuu (YK), cooTBEeTCTBYIOMNI 3asBICHHON TeMe.
Hamnee, mocie OoTCTyma CTPOKH, YKa3bIBAIOTCS HHHUIMANBI W (aMWIIMK aBTOpa(-OB), emie
Yyepe3 CTPOKY CIEAYIOT Ha3BaHWS OpraHW3alHv(-i), B KOTOPOH(-bIX) pabOTarOT aBTOPHI,
Ha3BaHWE ropoja M crpaHbl. Eile HMKe, yepe3 CTPOKY yKa3bIBaeTCsl Ha3BaHHWE CTAThU
nponucHeIMU OykBamu. Lpudt - momyXupHBI.

Annoranus. [Ipenocrasnsercs Ha s3p1ke cTaThu (00beM He MeHee 150 cioB).

KaroueBbie cioBa. CnoBa m cinoBocoderanust (6-8), oOecneunBaromme Hanbosee
TIOJTHOE PACKPBITHE COJEPKaHMUS CTaThbH, MPEACTABIISIIOTCS HA SI3BIKE CTaThH.

I'apuutypa. Tekct crateu Habupaercst B rapautype Times New Roman, pasmep
Kerys 14 1T, MeXXCTPOYHBIA HHTEPBAJ - OJMHAPHBIH, (POPMAaTHPOBAHHUE - TTO NIMPHHE.

Crpykrypa m 00béM craTbu. CTpyKTYpHpPOBAaHUE CTaTbH MPOU3BOIUTCA B
COOTBETCTBHH C OOIIETIPUHATHIMU CTaHAapTamy: "'"Beegenne" (10KHO BKIIOUaTh B ceOs
MOSICHEHHUE, B CBSI3M C YEM IPOBE/ICHO JAAHHOE HCCIIA0BaHUE, 0030p aKTyalbHOM JIHTe-
paTypsl, 00OCHOBaHHME BHIOOpa METOJOJIOTHH HCCIENOBaHMM), ''JKCIMepUMEHTAIbHAS
yacTth' (ommcaHWE TPOBOAWMBIX HccienoBaHuii), "Pe3yjabTaThl M HX o0cyxneHue'
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(ToTy4eHHbBIE B XOJIC MCCIICOBAaHUS Pe3ybTaThl), "BeIBOABI" (KacaTelbHO MONTYYCHHBIX
pe3yJIbTaToOB, B TOM YHCIIE COOTBETCTBYIOT JIM OHU OXKHJIQHUSM Wi HeT). O0beM CTaThy,
BKITFOYAs] aHHOTAIIMIO M CIMCOK JMTepaTyphl: oT 6 mo 10 ctpanum. OO030pHBIC CTaThU
MOryT OBITH 10 20 cTpaHHII.

CchUIKN HA MCHOJIb30BaHHBbIEe MCTOYHMKH. CCHUIKM Ha HCIOJIb30BaHHBIE MCTOY-
HUKH TPUBOAATCS IIOCHIE IUTATHl B KBaJPATHBIX CKOOKax, C yKa3aHHEM IOpPSIKOBOTO
HOMEpa MCTOYHMKa nuTHpoBaHus, B coorBerctBuu ¢ I'OCT 7.1-2003 «bubnuorpadu-
yeckas 3amuck. bubnmorpaduueckoe ommcanne. OOmue TpeOOBaHMS W MPaBUiIa COCTaB-
JCHUS».

Cnucox aurepatypsl. Pacmonaraercst mocne Tekcra crtarthi. Hymepamus Hauu-
HaeTca ¢ mepBoro Homepa, mpenBapsiercsi cioBoM «JIMTEPATYPA» u odopmisercs B
TOpSIZIKE YIIOMHHAHHS WM [IUTHPOBAHUSA B TEKCTE CTAThU. PEeKOMEHAyeMoe KOJIMYECTBO
cchUToK — He MeHee 20, B ToM uucie He MeHee 50% — CChITKM Ha MEXIYHAPOIHBIE UCTOY-
HUKH (KypHAJbl, BXOZSIINE B MexayHapoaHble 0a3bl ganHbix Clarivate Analytics, Sco-
pus, Springer Nature). Jlaiee B TOM k€ IOPSIKE IPUBOAMUTCSA TPAHCIUTEPALUs CIIHCKA.
[Ton ogHUM HOMEPOM yKa3bIBa€TCS TOJBKO OAWH UCTOYHUK. CIIMCOK JIMTEPATYPHI TOJDKEH
OBITB TIpeJICTaBIICH HanboJIee CBEXKUMH U aKTyalbHBIMH HCTOUHHKAMH.

Pe3tome. [locne crimcka nuTepaTypbl TOJDKHBI OBITH ITpeAcTaBiieHsl pestome. K mpu-
Mepy, €CITM CTaThsl HallMCaHa Ha Ka3aXxCKOM S3bIKE, TO Ha PYCCKOM M aHTJIMHCKOM SI3bIKaX
narorcsi pestome, cocrosine n3 GO aBTopa (-0B), HazBaHus, Tekcra ( He MeHee 150
CJIOB), KITIOUEBBIX CJIOB, OpPraHU3alNH, TJIe BEITOJIHATIACH padoTa.

ConpoBoanTeIbHbIEe JOKYMEHTBI, MpUjaraeMsle Kk cratbe. K cratbe npuiiara-
IOTCSI COTIPOBOANTEIBHBIC JIOKYMEHTHI (Ha Ka3aXCKOM HIIH PYCCKOM SI3BIKE):

1. Ilncemo-HanpaBieHne B pelakMOHHY0 Kojulernio JKypHana oT opraHu3aiyy, B
KOTOPOM TaHHOE MCCIIE0BAHNE BBITTOIHEHO.

2. AKT 3KCTIEPTH3HI.

3. Cepenus 00 aBTopax: QaMuims, IMS M OTYECTBO KaXKIOTO aBTOpa C yKa3aHHUEM
YUEHOH CTENEeHW W YYSHOTo 3BaHMs, CIy)KeOHble W JOMallHWE HoMmepa Tele(oHOB,
JOMAaIllHAE ajJpeca C YKa3aHHEM IIOYTOBOTO HHIEKCA, aJpec DIICKTPOHHOH IMOYTHI
(B 2-X sK3eMILIsIpax).

4. Penensus.

5. Hayunble ydpexaeHus, BbICIINE y4eOHbIE 3aBElICHMsS, NMPOMBIIUICHHBIEC Tpel-
MIPUATHS M KX aBTOp HayYHOM CTaThd, UMEIOIIMH YYEHYIO CTENeHb JOKTOpa HIIH
KaH/AnaaTa HayK, MPEACTaBISIOT KCEPOKOIMIO MM CKAaH-BEPCHIO KBUTAHINHU O TOAOBOM
noanucke Ha «XuMmuueckui xypHan Kazaxcrana». (IloxnucHo# nanexc B karamore AO
«Kaslloura» mnu B momonmHeHWH K HeMy — 75 241). Be3 atoro mokymeHTa CTaThbil He
TIPUHUMAIOTCS.

Martepuaisl, He COOTBETCTBYIOIIME YKa3aHHBIM TpeOOBAaHHUSAM, BO3BPAILAIOTCS Ha
nopaboTKy.

Pemenue o myOnuKaIyy CTaThby IPUHEMACT PeAaKIMOHHas Koyuterus JKypHana.

DNeKTpOHHAsI BEpCHsl MPEACTABISIETCS HA DAJIEKTPOHHOM HOCHUTENE JIMOO OTHpaB-
JISIeTCs 10 ANIEKTPOHHO# moyre: (ics_rk@mail.ru, lena.yanevskaya47@mail.ru).

JlaToif MpUHATHA K Te4YaTH CYHUTAETCA JaTa MOCTYIUICHHWS BEPCHUH, YJOBJIETBO-
psitoieit Bcem TpeboBanusM JKypHana. OuepesHOCTh MyONMKAIMK YCTaHABIMBACTCS 110
Jiate MPHUHSATHS CTAaThbU K MEYaTH.

Peoaxyuonnan konnezus Kypnana
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