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DETERMINATION OF FATTY ACIDS IN THE COMPOSITION
OF JERUSALEM ARTICHOKE AND DAHLIA LEAVES
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Abstract. Nowadays, most of the medicinal preparations are made from these
plants and are used for therapeutic purposes against many diseases. Therefore, plants
of the complex family are of greatest interest in theoretical and practical terms. The
determination of higher fatty acids (High liquid chromatography) in plant raw materials
such as topinambur and dahlia leaves is an important task in the field of biochemistry and
pharmacognosy. These acids play a significant role in plant metabolism and may have
various beneficial properties for humans, including antioxidant and anti-inflammatory
effects. Higher fatty acids are organic compounds with a long hydrocarbon chain and
a carboxyl group (-COOH). They are an important constituent of lipids and perform
key functions in cell membranes, energy metabolism and biosynthesis. In nature, fatty
acids are found in triglycerides, phospholipids and waxes. The analysis of higher fatty
acids in plants allows the identification of biologically active components, which is
particularly important for the food and pharmaceutical industries.

This article describes the determination of fatty acids in the composition of
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topinambur and dahlia leaves. Dahlia and topinambur leaves from Turksib district,
Almaty were taken as an object of study. The fatty acid composition of dahlia and
topinambur leaves was investigated by gas chromatography method. The content of
higher fatty acids was determined by gas-liquid chromatograph “Crystalux-4000 M”
with PID and mass-spectrum detector “MS7-800”. According to chromatographic data,
topinambour leaf contains 12 fatty acids, dahlia leaf contains 13 fatty acids.
Keywords: Fatty acids, topinambur, dahlia, gas chromatography-mass spectrometry
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Annoramus. Kazipri yakpiTTa 10pi-Z9pMEKTEpAiH KOIMUIUIri eciMAIKTepaeH
KacajaIbl )KOHE eMJIIK MaKcaTTa KeIITereH aypyiapra Kapchl Kosganbuiaabl. COHABIKTaH
KYpAENi TYKBIMIIACBHIHBIH OCIMAIKTEpI TEOPUSUIBIK JKOHE MPAKTUKAIBIK TYPFBIIAH
YJIKEH KbI3BIFYIIBUIBIK TYABIPaAbl. bBysl KeIIKBUIIAP ©CIMAIKTEp MeTabonu3MiHIe,
AQHTUOKCUAAHTTHIK OHE KaOBbIHYFa Kapchl 9CEPiH KOCa €CenTereHe agam YLIiH Jie op
TYpJIi maiigansl KacueTtepre ue. XKorapbl Maii KbIIIKBLIIAPBI — Y3bIH KOMIpTEK Ti30€eKTi
kapOokcmin (-COOH) ToObl Oap opraHumkajiblK KochUibicTap. Onap JIMIUATEPIIH
MaHBI3/1bI Kypamiac 6eJ1iri 00JbIn TaObl1a bl JKOHE JKacyiia MeMOpaHanapbIH/a, SHEPIHs
aJIMacyblH/1a J)KoHEe OMOCHHTE3/Ie HEeri3ri QyHKUMsIapaAbl opbiHaaiinel. Taburarra Mai
KBILIKBUIAAPH! TPUIIMLEPUATEPIiH, POCOPIUMUATEPIIH, TATIIBIKTAPIBIH KYpaMbIHIa
Keszeceni. OciMaikTepaeri JKorapbl Mail KbIIIKbUIAAPBIH TallIay acipece TaMak >KoHe
(apmareBTHKa ©HEPKICiOl YIIIH MaHbI3Ibl OMOJNOTHSIIBIK OEICEeHAI KOMIIOHEHTTEPIi
aHBIKTayFa MYMKIHJIK Oepexni.

By makanana tonnHamOyp MEH T€OpPIHH JKalbpaKTapbIHBIH KYpaMbIHIAFbl Mai
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KBILIKBUIAAPBIH aHBIKTAy CHUIATTaJFaH. 3epTTey HBICAHbI peTiHIe AJIMaThl Kalachl,
Typkci0 aygaHbIHBIH ~ TE€OPTMH MEH TOMUHAMOYPABIH >KalbIpaKTapbl ajIbIHJBL.
TonmmHaMOyp MEH TeOpruH KarbIpaKTapbIHBIH Mai KbIIIKBUIAAPBIHBIH KYPaMbl Ta3/bl
xpomarorpadus 9iciMeH aHBIKTaJIJIbL.

Korapel mail kpiuksuiiapbiHblH Kypamsl JKM/J] sxone «Kpucrammoke-4000 M»
Macc-crekTp netekropsl 6ap «Kpucrammokc-4000 M» ra3-cyHbIKTHIK XpoMaTorpagsl
apKbUIBl  aHBIKTAIABL. XpOMaropradusuiblK MONiMeTTep OOHBIHIIA TOMWHAMOYD
OCIMAIriHIH KamblparblHAa 12 Mal KBIIIKBUIBI, TEOPTUH ©CIMITHIH XKarblparsl 13
Mail KbILIKbUIAAPHI Oap.

Tyiiin ce3nep: Maii KpIIKbUIAAPEL, TOMHAMOYD, Teoprut, I'X /MC (razasl xpoMaro-
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AHHOTaIII/Iﬂ. B HACTOAICC BPEMS TIOMCK HOBBIX PACTUTCIIbHBIX UCTOYHUKOB JKUPHBIX
KHCJIOT U UX UCCIICA0OBAHUS ABJIAIOTCA aKTyaJIbHBIM. HOBTOMy HaMOOIBIIUH HUHTCPEC B
TCOPECTUYCCKOM U MPAKTUYCCKOM ILJIAHC IMMPEACTABIAOT paCTCHUS CeMeiCTBa CIIOKHBIX.
OHpC,I[eJIeHI/IC BBICIINX JKHUPHBIX KHUCJIOT (B}KK) B PACTUTCIBHOM CBIPHBEC, TAKOM KakK
JINCThA TOHI/IHaM6ypa " reopruHa, sABJIACTCA BayKHOM 321,[[3.'{61‘/'1 B 00/1acTH OMOXMMUU U
q)apMaKOFHO3I/II/I. OTHU KUCJIOTBI UIrparoT 3HAYUTCIIbHYIO POJIb B MeTaboanu3Me paCTGHI/Iﬁ
n MOryT 06J'Ia,[[aTL Pa3INYHbIMU MOJIC3HBIMU CBOMCTBaMU JJI 4€JIOBEKA, BKIIIOYAst
AHTUOKCHUIAHTHOC U NPOTHUBOBOCHAJIUTCIIBHOC ﬂeﬁCTBHC. Bricmiue JKUPHBIC KHCJIOTbBI
— 9TO OpPraHU4Y€CKUC COCIAMHCHUSA C JUTMHHOM yFJ'ICBO,[[OpOI[HOfI OCIbIO, MMCIOIINE

7



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

kapOokcmibHyto Tpynny (-COOH). OnHu sBASIOTCS Ba)KHOHM COCTaBHOW YacTbIO
JIUTXZIOB U BBITOJHSIOT KITFOUEeBBIE (PYHKIIMH B KIIETOUHBIX MEMOpaHax, SHEPreTHIeCKOM
MeTabonu3Me u OmocuHTe3e. B mpupone »KUpHbIE KUCIOTHI BCTPEYAIOTCS B COCTaBE
TPUIIMLEPUAOB, (HOCHONUIUIOB W BOCKOB. AHAIM3 BBICIINX J>KUPHBIX KHCIOT B
pacTeHHsIX MO3BOJISIET BHISIBUTH OMOJIOTHYECKN aKTHBHbBIE KOMIIOHEHTBI, YTO 0COOCHHO
Ba)KHO U151 TMLIEBOH U (papMalieBTHYECKON POMBILIICHHOCTH.

B nanHOl cTarbe omucaHbl ONpEAENEHMs KUPHBIX KHCIOT B COCTaBe JINCTHEB
TOMUHaMOypa M reopruHa. B kadecTBe 0ObeKTa MCCIIEIOBAHUSI OBLIM B3ATHI JIUCTHS
reopruia u TonmuHaMOypa u3 TypkcuOckoro paiiona ropoma Anmarel. Mertomom
ra3oBoil Xxpomarorpauu MUCCIeI0BaH KUPHOKHCIOTHBIM COCTaB JIUCTHEB F€OprUHa H
tonuHaMOypa. CoaepKaHus BHICIINX JKUPHBIX KHCJIOT ONPEEIISUIA B Ta305KHIKOCTHOM
xpomarorpade «Kpucrammoke-4000 My ¢ T11]] u gerekropoM Macc-crieKTpa MapKu
«MC7-800». Ilo xpomaTtorpaduyecKMM OaHHBIM, JHUCT pAcTEHHs TONMUHAMOYp
COAEPKUT 12 )KUPHBIX KUCIIOT, JINCT PACTEHUSI TEOPTHH COAEPKUT 13 JKUPHBIX KUCIIOT.

KiiioueBble ciioBa: )HUpHBIE KHCIOTHI, ToMMHaMOyp, reoprus, I'X /MC (razoBas
XpOMaTO-Macc-CIEKTPOMETPHS).

Beenenue

MupoBoe mpoHu3BOACTBO (PYHKIMOHANBHBIX MPOAYKTOB €KETOAHO YBEIUYMBACTCS
Ha 15-20%. CornacHo pesyinsraram uccnenosanust Global Industry Analysts, Inc., k
2024 1. 00beM MHPOBOTO PHIHKA (YHKIMOHAJIBHBIX MPOAYKTOB MPEBBICUT 195 Mipa
nomnapoB CLIA. OcHOBHBIM (haKTOpOM €ro PocCTa SIBJISIETCS! MOBBIIIEHHUE HWHTEpeca
norpeduTened K MPOAYKTaM, CHOCOOCTBYIOIIMM TpoduiakTuke 3aboiieBaHUH,
YBEJIMYEHHIO MTPOAOIIKUTENLHOCTH KU3HU U YITYUIIEHHIO 310POBBSI.

[Ipobnema 310poBOro MUTAHKSI TPHOOPETAET MACCOBBIH, IM00aNBHBIN XapakTep. 13-
3a yXy[IIAIOIIEHCsT 9KOJIOTHYeCKOH 00CTaHOBKH M HEXBATKM KaueCTBEHHOH MHUIIEBOH
MPOIYKIMU MPAKTUYECKH BO BCEX CTPaHAX MHUpa OpraHM3alMsl MUTAHUS HACEIICHHS
CTaHOBHTCSl COCTaBHOM YacThlO MOJUTHKH TocydapcTBa. Ha mepBblil I1aH BBIXOAMT
MIPOM3BOACTBO MPOAYKTOB MUTaHUs (PyHKIIMOHATIBHOTO Ha3HAuUeHHs. B Takoil cutyanuu
PEKOMEHAALUs MCIIONb30BaTh TONMMHAMOYpP B KadeCTBE CHIPbSi MO3BOJIUT BBIBECTH
Ha OTEYECTBEHHBIM PHIHOK WENBbId CIEKTP LEHHBIX MUIIEBBIX MPOAYKTOB. AHAIN3
OMOXMMUYECKOTO COCTaBa JAHHOW KyJIBTYPHI OATBEPKAACT HATTMUUE (PU3UOIOTHIECKU
BOXHBIX U (PYHKIIMOHAJBHBIX COCTABIISIOIIUX, MPEXAE BCErO WHYIWHA, (QPYKTO3BI,
MEKTHHA, a TAKKe BUTAMHHOB, MUHEpaJIbHBIX BelecTB 1 Ap. (ManoxuHa, u np, 2020).

TonmuuamOyp (Helianthus tuberosus) — 3To MHOToNeTHEE TPaBSHHCTOE pacTEHHE
BBICOTOM 710 4 MeTpoB. Ero 1BeTsl 1o 3amaxy MOX0KH Ha TO/ICOTHEYHHUK, 3 KOPHEBBIE
KIyOHHU KpyTIHBIE, COUHBIE M TUTaTebHble (Benukoponos, u ap, 2018). 3to pacrenue
LIEHWJIOCH TOpa3/io BhIIe B EBporie, HecMOTps Ha ero npoucxoxaeHne n3 CoeJMHEHHbIX
[ITaToB, 1 10 CUX TOP OCTAETCS LIEHHBIM. J[0Ka3aTeIbCTBOM €ro MOMyIIPHOCTH ABIISETCS
TO, YTO C MOMEHTa ero nepBoi myOnukamuu B 1789 romy ObUTO OIMyOIUKOBAHO OKOJIO
35 moHorpaduii ¥ KHAT 00 3TOH KyJabType, B OCHOBHOM Ha (PpaHILy3CKOM, HEMEIIKOM U
pycckoM si3bIkax. HecMoTpst Ha ero mpocToTy MO CpaBHEHHIO C OCHOBHBIMH CTEITHBIMU
KyJBTYpaMH, CYIIECTBYET MHOKECTBO HAy4HBIX MyOJIHMKalMi O TOMUHAMOype, YUCIIO
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KOTOpBIX TocTeneHHo yBenuuuBaetcs ¢ 400 B 1932 roagy mo 1300 B 1957 romy u
CerofiHsl cocTapisieT Oojiee HECKONbKUX Thicsad (Zhong, et al,2019). TonuHamOyp
XapaKTEepPHU3yeTCsl OUCHb BBICOKOM XOJOMOCTOMKOCTBIO M MOPO30CTOMKOCThIO OHH
ycroiunBbl K Mopo3aM — 20-40°C (Pacanoski, et al,2020).

B Hacrosmiee BpeMsi Ha OCHOBE TonmMHaMOypa pa3padaThIBaOTCs U MPOU3BOIATCS
pa3nuvHbIe JUETHYECKHE U (PYHKIHMOHAIbHBIE MUIIEBbIC IPOAYKTHI, IEPBHIC H BTOPHIE
Oxrofa, canarbl, KOMIIOTHI, XJ1€000yI0UHbIE U KOHAUTEPCKUE U3AEIHS, COKH, CUPOIIBL,
MyKa, KOHCEPBBI, (PUTOCOOPBI, OMOKOPPEKTOPHI, MUILEBbIE TOOABKH, JEKaPCTBECHHBIC
mpenaparbl, KOCMETHYECKHE CpEICTBa M Jpyrue MNPOAYKTHL. B mocnenHue ronsl
000CHOBaHBI U MPOJEMOHCTPUPOBAHBI MEPCIEKTUBBI HCIOJIB30BAHUS TOIMHHAMOYP-
CBIPbS ISl TPOM3BOJACTBA MOTOPHOTO TOIUIMBA U JIPYTMX TEXHUYECKHUX MPOIYKTOB
(KynpsBuesa, u ap, 1981).

TormuuaMOyp conmep’uT MHOTO coeauHeHuid. B Tom uncne Kabemno Ypramo (1998)
yccieoBan KymMapuabl, Maryypy (1993) u Mommxapy (1991) HeHaChIIIEHHbIE KUPHBIE
KHCJIOTHI M MPOU3BOJHbIC MOMHALICTHICHA U 00OHAPYXHJI, YTO TONHMHaMOyp oOnanaer
AHTUMHUKPOOHOMU K MPOTHBOT pHOKOBOM akKTUBHOCTHIO. Hakarasa u npyrue ydaensie (1996)
OOHapYXWIH, 4TO cTeOesIb TOMMHAMOYpa COIEPKUT HEOUUILIEHHBIN SKCTPAKT Kajlryca,
KOTOPBIH JIETKO BO30YXK/IaeTCs U Pa3MHOXKAETCS B KHUIKOH Cpene, U YTO ATOT HKCTPAKT
o0nasiaeT CHJIBHON aKTMBHOCTBIO MPOTHB TeMArrIIOTHHALMH. TonmnHaMOyp obnajgaer
CTUMYJHPYIOIINM, JKETYETOHHBIM, MOYETOHHBIM, CIIEPMATOTCHHBIM, KEITYyJOYHBIM
U TOHU3UPYIOUIMM JEHCTBUEM M HCIOJNB3YyeTCSl B KaueCTBE HAPOIHOW MEIUIMHBI
JUIsL JIeYeHHsI peBMaTH3Ma. M3-32 HU3KOTO YpOBHSI ITOJMAMWUHOB M HAJMYUs MHYJIHMHA,
KOTOPBI MOXXKHO TIPEBPaTHTh B (PYKTO3y, B MOCIenHEe BpeMsi ObUIO MPEASIOKEHO
MIPEUMYLIECTBEHHOE HCIIOIb30BaHME 3TOr0 (PYKTO3bl B palMOHE JIOACH ¢ OCOOBIMH
norpednoctsiMu (bapra u poct, 1958; Ynod, 1968). brtona u3 knyoneit TonuHamOypa
OTJIMYHO TOIXOMST ISl JIeUeHHsI OOMBHBIX OKUPEHUEM, CTPaJaloliX 3a001eBaHISIMU
CEPACYHO-COCYAUCTON cuCTeMBI. TakKe ObLIO YCTaHOBIEHO, YTO TOIMMHAMOYP XOpOILIO
MIPOTUBOCTOMT OIYXOJIEBBIM KJIETKaM MOJIOYHOH xene3bl uenoBeka (I puddayt, 2007;
Xiao, et al, 2011).

Cpenu UBETYIIMX TPAaBIHUCTBIX pACTEHHH, HCIONB3YeMBbIX B JEKOPATHBHOM
CaJI0BOJICTBE, OJTHUM U3 CaMbIX MOMYJSIPHBIX siBiisieTcst TeopruH (Dahlia evelines). Onu
MOSIBWINCH B Hayaje ABAALIATOrO Beka. B Hacrosiiee BpemMs MHPOBOM acCOPTHMEHT
cocraBisier Oosee 12 Thicsd COpTOB. [€OpPruH-CBETONMOOMBOE W TEIIOIIOOMBOE
pacrenue, Tpelyioliee MIOAOPOJHON MOYBBHL. [e€opruH pasMHOXKaeTCS YepeHKaMHU
MyTeM OTIENICHHS JIyKOBUUHBIX THE3[ JUIA Pa3MHOKEHUs. UTOOBI COLBETHUS pacTeHHS
ObUTM KPYNHBIMH, TEepe]] MOCAAKON cpe3atoT ciadble MoOErH, OCTaBsisl 2-3 CHIIBHBIX
noGera. J{is JTydmiero XpaHeHHs 3UMOM JIYKOBHIIBI BBIKANbIBAIOT O HACTYIUICHHS
xononoB. CylleHble TYKOBHIBI XPaHAT B CYXUX, TEMHBIX XpaHHIUIIAX (TemIeparypa
4-5°C) (3anusckuii, 1954; DHuuknonenuueckuii cnoBaps bpokraysza u Edpona 1890-
1907).

Poguna reopruna-ropubie paiionsl Mekcuku, KomymOum u I'Batemansl. B
OJaronpusTHBIX KJIMMAaTHYECKUX YCJOBUSIX JTOTO PperuoHa (CpeaHeronosas
temneparypa 18 °C) reopruH pacTeT Kak MHOTOJETHEE KOPHEBHIIHOE pPAaCTEHHE.
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ITyremectBennuku XVI Beka nepBbIMA OTMETUIIN KYJIbTYPHYIO T'€OpPrUuHy B MeKCHKe.
MecTHble )KUTENHU-AITEKH €M KOPHEIUIOAbl TeOpruHa, a CaMi pacTeHHs Ha3bIBAJINCh
«axokoTinu» (Bogonposon) (Abd-Elkader, et al, 2020).

Kuraiickuii ropoxn LI3sHCY B rocyaapcTBEHHOH 1a0OpaTOpUM MHUIIEBBIX HAyK H
TexHONOTui YHuBepcuteTa L[3siHHaHL OOHApPYXWJI, 4TO KIyOHU TeOprHHa COAEpKaT
pa3nuvHble KOHLEHTpauuu MuHepanoB. Cpenu HHUX NpeoOnajaiu Kajluid, KajibLuH,
MarHui, gochop, HMHK U XPOM.YCTaHOBJIEHO, YTO KIYOHH copTa OEIOIBETKOBBIH
Oorarel MarHueM u ¢docdopoM, KIyOHHM cOpTa KpPACHOIBETKOBBIH-KaJIMEM U
XpOMOM, a KIyOHH COPTa >KeNTOLBETKOBBIM-KanblueM U IMHKOM. KiryOHM TreopruHa
coziepkaT BOAOPACTBOPHUMBIE M KHPOPACTBOPHMbIe BUTaMuHbl. Cpenn HUX HanOosee
pacmpocTpaHeHsl Butamutbl BB B, 1 E.

DKCnepruMeHT ObLT TPOBECH Ha 3KCIIEPUMEHTAIEHOM HCCIIEA0BATEILCKOM MOJIUTOHE
bapamyH B mpoBuHIUY Jlakaaus 17 ONpeaesieHusl XUMUYECKUX KOMITOHEHTOB IIBETOB
reopruHa. Taxke HccienoBarenbckue paboThl Janu MH(OpMannio O HauOOJbIIeH
BBICOTE pacTeHus reoprunHa (81-86 cm), kommdectBe couseruit (63,0-66,6), macce
couserust (15,59-16,70), nuamerpe couserus (12,3-13 cm). Kpome Ttoro, Obuio
OTIpeIeNICHO 00IIIee KOINIECTBO YITIEBOJOB B JIUCTHSX M IBETaX U KOJIMUYECTBO (hocdopa
W Kanus B JHCThsX. MccaeqoBaHo, 4To IIMLMH, aprdHUH, TPUNTO(AH CoAepkarcs B
n30bITKe B fanHOM pacteHnn (I'OCT 30623-98, 1996).

B Hacrosmiee BpeMsi MOUCK HOBBIX PACTUTENBHBIX MCTOYHUKOB KHPHBIX KHCIOT
W MX HUCCIENOBAaHUS SIBISETCS akTyalbHbIM. [losToMy HamOonpmIMH HHTEpeC B
TEOPETHUUECKOM M MIPAKTUYECKOM IIJIaHE MPEACTABISAIOT PACTEHUS CEMENCTBA CIOXKHBIX.

Lenpto Hamiero mccienoBaHUs SIBUIOCh HM3yYEHHE >KMPHOKHCIOTHOTO COCTaBa B
JUCTHUSIX TEOPTHUHA U TOMHHAMOYpa.

MarepuaJibl 1 MeTOAbI HCCIETOBAHUS

OOBEKTOM HCCIENOBaHMS CIYXHIM JIMUCThSl TEOpPrMHAa M TONMHaMOypa u3
Typkcubckoro paiiona ropona AIMarsl.

OnpeneneHne JKUPHOKUCIOTHOIO COCTaBa M KOJNYECBEHHOTO  COJAEpPKaHUS
KUPHBIX KUCJIOT MPOBOIWJIM METOAOM Ta30-)KUAKOCTHOW Xpomartorpaguu Ha Taso-
XKUIKOCTHOH — xpomatorpade «Kpucrammokc-4000 M» ¢ IIMIA u gerektopom
Macc-criektpa Mapku «MC7-800». OmnpeneneHue MPOBOIWIN B TaKUX YCIOBMSIX:
KOJIOHKa Ta3zoxpoMarorpaduueckass W3 HepXKaBelolled cTand UIMHOH 2 M H
BHYTPEHHUM JAWAMETPOM 2 MM, CTalMoHapHas ¢aza —uHepToH, oOpaboranubiii 10%
quaTUICHITUKONbCyKimHatoM (DEGS).

Haxpomarorpade Ob111 ycTaHOBJICHBI CIIEAYIOIIKE TapaMeTpbl paboThI: TEMIIeparypa
TepMocTara konoHok -180°C; temmneparypa ucnapurens -250°C; temmneparypa nedu
netektopoB-200°C; Ta3-HOCHTEIbh-a30T; CKOPOCTh MOTOKAa rasa-nHocurens -30 cm?;
00beM TpoObl 1 MM® pacTBOp METHIIOBBIX A(PUPOB KHUPHBIX KUCIOT B TEKCAHE.

WnenTrdukanuo METHIOBBIX ()UPOB KUPHBIX KUCIOT OCYLIECTBISLIN [0 BPEMEHH
yAEPKUBaHUS IMKOB B CPABHEHUH CO CTaHIAPTHOM cMechlo. B kauecTBe pedepeHTHBIX
00pasLoB HCIOIb30BANN CTAaHIAPTHl HACHIIICHHBIX M HEHACBIIIEHHBIX METHJIOBBIX
3(pHUPOB KHUPHBIX KUCIOT PUPMBI «Sigma.

10
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[IpoOsl [yist aHamM3a BBICISUIA TEKCAHOM, MOCJE Yero PacTBOPUTEINIh OTTOHSIIN B
MOTOKEe a30Ta BO W30EKaHUs IMEPOKCUIAIMU HEHACHIIICHHBIX METHJIOBBIX 3(PUPOB
JKUPHBIX KHUCIIOT. 3aTeM NpoObI MOJJaBalld HEMEIJICHHON mepesTepudukanum 1o
MomuduipoBanHoii Mmetonuke [lelickepa cMecbr0 XJIOpo(OPM-METaHON-KUCIOTA
cepHas KoHILeHTpupoBaHHHas B cooTHomeHuu (100:100:1) B 3anasHHBIX aMmmynax. B
CTEKJISIHHBIC aMITyJIbl oTMepuBaiy 1o 30-50 MK TUMOMUITBHOTO YKCTPAKTA, JOOABIISLITH
2,5 MJI METHJIMPYIOIIEH CEMECH M 3alauBajid. 3aTeM MX MOMELIald B TepMOCTarT Ha
3 uaca npu Temneparype 105°C. Ilocne oxoHuyaHuUsI mpoliecca METHIMPOBAHHS U
PACKPBITHS aMITyJl, UX COJIEPKUMOE TIEPEHOCHIIN B MPOOUPKHU, MOOABISLTU MOPOIIOK
LIMHKA CyJab(ara Ha KOHYUKE CKaJbIIels, 2 MJI BOJbI OUUIICHHOW U 2 MJI TeKCaHa s
AKCTPAKIMKA METUIOBBIX 3¢upoB. [locie TimarenpHOr B30aNTHIBAHUS W OTCTAWBaHUS
TeKCAHOBBIM AKCTPAKT UCTIOIB30BAJH [Tl IPOBEJCHUS XPOMATOrpauIecKoro aHaamn3a
(Komomunen, u np, 2024; Kary6a u ap.,2013, 247-249).

PesyabTathl u MX 00Cy:KIeHHe

Pe3ynbratel m3yueHWe conxep)KaHUS BBICHIMX JKUPHBIX KHCIOT B JIMCTHSAX
ToMMHAMOypa 1 TeOpruHa MpeacTaBiIeHsl B Tabnunax 1-2 u pucynkax 1-2.

YcTaHOBIEHO, YTO YKUPHOKUCIIOTHBIN COCTaB B IUCTUSIX reopruna 13, TonuHamOypa
12 coenunenusimu. M3yyaemble pacTeHUs] COIEPXAT CIOXKHBIX 3(PUPOB MACISHOM,
KaIlpOHOBBIX KHCJIOT.

Ta6JII/IHa 1- COZ[ep)KaHI/Ie JKUPHOKUCJIIOTHOI'O COCTaBa JIUCTHEB TOHI/IHaM6ypa

Ne | KommoneHT IMnomane, % |Konuenrpauus, |O6mas popmyna
% mac.
1 | Methyl Butyrate 49,9336 4,252204 CH, 0,
2 | Methyl Hexanoate 46,1983 174,913207 CH,O,
3 | Methyl Laurate 0,0173 0,001849 C,H,0,
4 | Myristoleic acid methyl 0,1635 0,007920 C H,0,
5 | Cis-10-Heptadecenoic acid methyl ester 0,2153 0,006224 CH,0,
6 | Methyl Stearate 0,0742 0,013313 C,H,0,
7 | Methyl cis-5,8,11,14,17- Eicosapentaenoate |0,3192 0,013930 C,H,,0,
8 | Methyl cis-5,8,11,14- Eicosatetraenoic 0,1848 0,015397 C,H,,0,
9 | Cis-11,14,17- Eicosatrienoic acid methyl 0,0658 0,002870 C,H,0,
ester
10 | Cis-11,14 - Eicosadienoic acid methyl ester | 0,7932 0,072032 C,H,0,
11 | Cis-13,16- Docosadienoic acid methyl ester | 1,6810 0,138280 C,H,0,
12 | Methyl Erucate 0,3538 0,021664 C,H,0,

11
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Pucynok 1-Xpomarorpamma >KHpHOKHCIIOTHOTO COCTaBa JIMCTHEB TOMMMHAMOypa

[To manabmM I'X/MC, B nucThsIX TOMHAMOypa U TeopruHa

B CBO60,Z[HOM BUIC

NPUCYTCTBYIOT MPAKTUYCCKU BCC KHUCIOTBI C YHCIOM aTOMOB Yymiepoaa OT 12 a0

20, BKJIFOYasA KHUPHBIC KHCIIOTBI C HCYCTHBIM YHCJIOM aTOMOB

yriepona. D¢ups

HACBHIINCHHBIX M HEHACHIICHHBIX JKUPHBIX KUCJIOT BBIXOAAT B MpOMExyTke 23.37—
45.13 muH (puc. 1), 24.06-46.69 (puc. 2). B tabmumnax 1,2 mpuBeneHBI JaHHBIE 11O
KOJIMYECTBEHHOMY COJICPIKAHUIO  UICHTH(OUIIUPOBAHHBIX KOMIIOHCHTOB.

Tabmuma 2 - CoxeprkaHne )KUPHOKHACIOTHOTO COCTaBa JIMCTHEB FeOpruHa

Ne | KommoneHT [Tnomane, % | Konnenrtparws, | O6mmas Gpopmysa
% mac.

1 | Methyl Butyrate 49,6240 4,094333 CH, 0,
2 |Methyl Hexanoate 44,9490 164,887119 CH,O0,
3 |Methyl Octanoate 0,0328 0,005533 CH, O,
4 | Methyl Undecanoate 0,0921 0,005216 C,H,,0,
5 |Methyl Laurate 0,1184 0,012234 C,H,0,
6 |Myristoleic acid methyl 0,5975 0,028044 CH,0,
7 | Methyl Myristate 0,6843 0,126234 C.H,0,
8 | Cis-10-Pentadecenoic acid methyl ester 0,1641 0,007198 C H,0,
9 | Cis-10-Heptadecenoic acid methyl ester 1,4644 0,041012 C H,,0,
10 | Methyl Heptadecanoate 1,6973 0,155049 CH,0,
11 | Methyl Linoleate 0,1195 0,010676 C,H,,0,
12 | Methyl Heneicosanoate 0,1656 0,007583

C22H4402
13 | Methyl Behenate 0,2911 0,059458 C,H,O0,
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Pucynoxk 2 - XpomarorpamMma »KUPHOKHCIOTHOTO COCTaBa JIUCTHEB T€OPIHHA

W3 npuBeneHHBIX JaHHBIX CIEACYET, JUCThbI TOMMMHAMOYpa COAEPKHUT 12 BBICIINX
JKUPHBIX KHUCIIOT, TUCThS TEOPTHHA COMEPKUT 13 BBICIIMX KUPHBIX KUCIOT. Hambormee
pacipocTpaHeHHBIMU SOTEHHBIMHU KUPHBIMH KHCIOTaMH SBISIOTCS METHII OyTHpaT,
METHJI TeKCaHOAT, METHJI YHACKaHOAT, METHII JIaypar.

JKupHasg KuCIIOTa-3TO HACHIIIEHHBIE WM HEHACHIIIEHHBIE KapOOHOBBIE KHCIIOTHI
C ITMHHOW anu(aTHIeCKON TIeTbI0. DBONBITMHCTBO KUPHBIX KHCIIOT SIBIISFOTCS
MIPSIMOJTMHEHHBIMU C Y€THBIM YHCJIOM aTOMOB YIJIEpO/a, IPUCYTCTBYIOIINX B IIPUPOIE,
oT 4 o 28. JKupHble KUCIIOTHI SBISAIOTCS OCHOBHBIM KOMIIOHEHTOM JIMTTHIOB (10 70%)
(Clement, et al, 2007).

MetunOyTupar, Kak u apyrue 3upbl, 00IagaeT XapakTepPHBIM IPUSTHBIM 3aIIaX0M
1 BKycOM. B CBsI3U ¢ 3TOi OCOOCHHOCTHIO METHIIOYTHpAT MCIONB3YETCS B KauecTBE
00aBKH B MUIIECBON U Map(IOMEepHO# MPOMBITIUIEHHOCTH. OH pacTBOPSIETCS B BOIE U
SABJISETCS OECUBETHOM KMAKOCTBIO B HOPMaIbHBIX ycnoBusax.O0mas popmyna C.H, O,
Mmossipaas mMacca 102 r / mons. Temmeparypa kurmenust coctaniser 102°C, mioTHOCT
paBHa 898 xr/nm>.

MeTunOyTrpar siBIsSeTCsi OCHOBHBIM (DepMEHTOM, KOTOPBIH YHHUTOXKAET OaKTEpHH,
MIPUCYTCTBYIOIINE B JKEIYIAKE M KUIIEYHOM TpakTe. OH CIocOOCTBYET POCTY KOCTEH,
CIIY’)KAT TIPOTHUB MPOCTYABI U 3a00J€BaHUN TOpJia W MPEIOTBpAIIaeT paK KHUIICYHUKA
(byrtupar: 3aBucumocTs, nocienctsus, 2020 . pecypc).

Metunrekcanoar-0eciBeTHas )KUIKOCTh. OH Tak)Ke UMeeT Ha3BaHHs METHIIKAIIPOHAT,
METHJIOBBIH 3(DHp TEKCAaHOBOW KHWCIIOTBHI, METHJIOBBIA 3(DHp KaIPOHOBOH KHCIIOTEHI.
O6wmas popmyna-C H ,O,. Monspnas macca pasua 130 r/monb.

MeTuirekcaHoaT MPOU3BOAUTCA B OONBIINX KOJMMYECTBAX IS HCIIOIB30BAHUS
B KauecTBE apoMaTh3aropa M sBiseTcs Jerkoociuiamensrommumcs (Balkashbay, et
al,2023; MeTusoBeblii 2pup KampoHOBOW KUCIOTHI, CTPYKTypHas (popMysa, XHMHUIECKHE
cBoiicTBa, 2024 1. pecypc ).
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3akiroueHue

Mertonom Ta30BOM xpomarorpaduu HW3y4YCHO COJCP)KAHHME BBICIINX JKHPHBIX
KHCJIOT B JIUCTHAX T€OpPTHHA M TOMMHAMOypa. YCTaHOBIIEHO, YTO >KHPHOKHCIOTHBIN
COCTaB JIUCThEB TNPEJACTABICH CIOKHBIMH 3(QUpaMU KallpoOHOBOW W MACISTHOM
kucioT. [lomyueHHBIE pe3yNnbTaThl CBUAETENBCTBYIOT O BO3MOXKHOCTH JallbHEHIIero
WCTIOJIb30BAHUS JIUCTHEB TEOPTUHA M TOMMMHAMOYpa B MEIUIIMHE W TPOMBIIICHHOCTH
JUTS TIOJTYYEHHSI )KUPHBIX KHCIIOT.
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Abstract. The article describes the features of the preparation of chemical
preparations for sanitary processing depending on the type of work of meat production.
A diagram of the pre-slaughter resting base, slaughterhouse, meat and fat production
facilities, freezers, production facilities for meat processing, canned food production,
etc. is given. In order to obtain high-quality meat and meat products, the issue of the
technological method of all sanitary work performed during the preparation of animals
for slaughter, slaughter and primary processing of carcasses is mentioned. The features
of the preparation of chemical preparations in the processes of sanitary disinfection
treatment, carried out according to technological methods, with the correct use of
appropriate technological methods for the preparation, slaughter, primary processing of
carcasses, by-products and meat products for post-acceptance slaughter. All information
about the main place of production in the meat industry, the main production facilities
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are summarized. And the technology of processing products and cable cars the way of
grouping the technological flow is based on the transmission of products in the process
of calculating products and Inter-shop transportation of heavy goods. Main properties:
no contamination of products during the processing process; convenience of all-round
processing conditions without additional moving operations; ensuring the possibility of
applying the required sanitary and hygienic conditions in the workshops; in accordance
with the requirements of Veterinary and sanitary control, it is necessary to install a
sanitary protection zone between production buildings and neighboring enterprises.
In order to improve the quality of meat at the processing sites of animal products,
the capacity of the workshop, the capacity of the units used in it, the productivity of
suspended conveyors, and the dimensions of the workplaces by length are indicated.

Keywords: meat, quality, sanitation, technology, installation, production calculation
methods.
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AnHoTanusi. Makanaga eT OHZIIPICIHIH >XKYMBIC TYpiHE Kapall CaHUTapHsUIBIK
OHJICUTIH XUMUSIIBIK NpenapaTrTapAblH JalbIHAATY epeKILIeNiKTepi alThuFad. Manasl
COI0 aJIbIHAAFbl THIHBIKTBIPY ©a3achl, COWBIC ajaHbl, €T-Mail OHIIPy OpBIHIAPBL,
MY3IATKBIILTap, €TTi KaiTa eHjaey eHAIPICTIK OpbIHIAphl, KOHCEPBI AalbIHAAY >KOHE
T.0. OpBIHAAP/IBIH ChI30ackl OepinreH. Carmaibl €T )KOHE €T OHIMJIEPIH aly MaKcaTbIHIa
KaObUIJaHFaH MasJapibl COIOFa JabIHIAy, COI0 JKOHE TYIIAHbl ajFalllKbl OHJCYIeH
OTKI3y Ke3iH/1eri OapIbIK OpPBIHIANATHIH CAHUTAPHSUTBIK JKYMBICTApABIH TEXHOIOT HSIIBIK
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olic OOWBIHINIA aTKapbUly Moceleci aWThulFaH. Manapl KaObuIJaFaHHAH KeWiHT1
COIOFa 93ipJiey, COI0, TYIIAHBI allFalll OHCY, KOCHIMINIA OHIMIACPIH OHILY KOHE TTCH
QJIBIHATBIH OHIMJEp YIIIH THICTI TEXHOJOTHAJIBIK OAICTepAl AYPbIC KOJIAAaHy apKbUIBL,
TEXHOJIOTHSUIBIK  OlicTep OOMBIHINA KACATBIHATHIH CAHUTAPHUSUIBIK JE3HHQEKIHSITBIK
OHJCY TMpOILECTepiHAe XUMISUIBIK NpenaparTapAbl JalblHAdy epeKUIeTiKTepiHe
TOKTanFaH. ET eHepkociOiHAeri 0acThl ©HIIPIC OPBIHBI, HETI3T1 OHAIPIC OPBIHIAPHIH
aHBIKTAy KaWbIHAA OapibIK MONIMETTEp JKMHAKTaJbll aiTbuiraH. JKoHe eHiMaepii
OHJICY TEXHOJIOTHSCHI MEH acIalbl KOJIJIAp TEXHOJOTHSIIBIK aFbIHHBIH TONTACY TOCLT
OHIMI ecenTey MpoLeciHAeri eHIMHIH OepuTiCiHe JKOHE aybIp JKYKTEpIi LeXapajibIK
TaceIMaayra Heri3genreH. Heri3ri kacueTTepi: KadTa eHJAEy TpoIeci Ke3iHae
OHIMHIH JlacTaHybl OOJMalabl; KOCHIMIIA KO3FaJIMallbl OMEPLMACHI3 >KaH-KAKTaH
OHJICY KaFIalibiHa BIHFAWIIBI OOJTYBI; IIEXTap/ia Tajall eTUICeTIH CAHUTAPIIBI-THTHeHAIIBIK
KarAalnapblH  KOJNJaHy MYMKIHIOUTIKTEpI KaMTamachl3 €Tilyi; BeTepHHapIbI-
CaHUTAPIIBIK OaKbIIay TaTaObIHA COMKEC OH I PICTIKFIMapaTTap MEH KO PIIi KOCITTOPBIHIAD
apalbIFbIHA CAHUTAPJIBIK-KOPFay aiiMarbl OPHATBUTYBI KOKETTIr alThlIFaH. Mait eHiMi
TYpJIEpIH OHJIEY OpPBIHIAPBIHIA €T CalachlH apTThIPy MaKCAThIHIAFbl 1IeX KyaTblH,
OHJIaFbl TMAlaNnaHbUIaTBIH KOHIBIPFBUIAP, achalibl KOHBEHepsep OHIMIUNIr, >KYMBIC
OPBIHIAPBIHBIH Y3bIHIBIF OOUBIHINIA OJTIIEMIEPI KOPCETIITEH.

Tyiiin ce3nmep: et, cama, caHUTapHs, TEXHOJOTHs, KOHABIPFBI, OHIIPICTI ecentey
omicrepi.

© XK.C. BaiizakoBa'’, E.B. CosonoBa', A.T. KoxkaGeprenos?, C. Ko3bikan?,
JLK. Bynebaesa?, 2024.

"Mesx 1yHapOHbBIH HHKEHEPHO-TEXHOIOTHYCCKUI yHUBEpCUTeT, AnMmathl, Kazaxcraw;
*Kaszaxckuii HAIMOHABHBIN arpapHbIA UCCIIEI0BATEIbCKUN YHHBEPCHUTET,
Anmarel, Ka3zaxcran.

E-mail: Zhumakulb@mail.ru

MEPBI TEXHOXUMHWYECKOI'O KOHTPOJISA B MTPOLECCE
MMPOU3BOACTBA MSACA

2K.C. BaiizakoBa — PhD, accomumpoBanuslii mpodeccop kapenps! «TexHHKa U TEXHOJIOTHS MHIIEBBIX
MIPOU3BOACTB» MeXIyHApOIHOTO HHXKEHEPHO-TEXHOJIOTHIECKOTO yHHBepcuTera, AnMarsl, Kaszaxcram,
E-mail: Zhumakulb@mail.ru, https://orcid.org/0000-002-4482-9879;

E.B. CononoBa — k.0.H., 3aBenyromuii kadenpoit «brnoxumuueckas WHXEHEpHs» MeEXIyHApOIHOTO
HIKEHEPHO-TEXHOIOTHYEeCKOro yHuBepcutera, Anmarsl, Kasaxcran, E-mail: Neftgas@inbox.ru, https:/
orcid.org/0000-0003-0136-4220;

A.T. KoxaOepreHoB — KaHIUIAT CEJIbCKOXO3SWCTBCHHBIX HAayK, acCCOIMAPOBAHHBIA mpodeccop
xadenps! «TexHomornst 1 6e30MaCHOCTh MHUIIEBBIX MPOIYKTOB» Ka3axCKoro HallMOHAIBEHOTO arpapHOro
HCCIIeIOBaTEIbCKOTO YHUBepcuTeTa, Anmarsl, Kasaxcran, E-mail: kozhabergenov79@yandex.ru, https://
orcid.org/0000-0002-5963-1435;

C. Ko3pIlkaH — KaHIUIAT TEXHUYECKHX HAyK, aCCOIMHPOBAHHBIM Hpodeccop kadenpsl «Texnomorus u
0€30IacCHOCTb MUIIEBEIX MPOXYKTOBY» Ka3axcKkoro HaIMOHAaIEHOTO arpapHOTo MCCIIEI0BaTEIECKOTO YHHIBEP-
curera, Anmarsl, Kasaxcran, E-mail: Sabira.713@mail.ru, https://orcid.org/0000-0002-2385-39177;

JLLK. Byne6aeBa — KaHIUIAT CEIbCKOXO3SMCTBEHHBIX HAyK, aCCOIMHPOBAHHBIN mpodeccop kadenps
«3ooumxeHepus» Kazaxckoro HaMOHAIBHOTO arpapHOTo MCCIIEOBATEILCKOTO YHUBEPCUTETA, AJIMATEHI,
Kazaxcran, E-mail: ms.bupebaeva@mail.ru, https://orcid.org/0000-0003-3838-6685.

18



Volume 4, Number 461 (2024)

AunHoranusi. B crarbe H31M0KEHBI OCOOCHHOCTH MPUTOTOBICHHUS XHMHYECKUX
MpenaparoB JJisi CAHUTAPHOTO MPUTOTOBJICHNUS, B 3aBUCHMOCTHU OT BUAA PaOOT MSCHOTO
npousBoacTBa. [IpuBenena cxema MecT nmpeayOoiHON 0a3bl OTABIXA CKOTa, YOOMHOM
IUIOINAAKHA, MECT MsiconepepaboTKi, MOPO3HIBHHUKOB, NPOU3BOACTBEHHBIX MECT
nepepadoTKH Msica, 3aroTOBOK KOHCEpBOB M Ap. OTMmeyaercsi, YTO BCE CAHHTapHBIC
paboThI PY MOATOTOBKE K Y0010, yOO€ 1 EPBUYHOM 00padOTKE TYII, HPUHSTHIE C LIETbIO
MOTY4YEHHUs] KaYECTBEHHOTO Msica M MSICONPOIYKTOB, BHIMOIHSIIOTCS TEXHOIOTHYECKIM
MeTonoM. OcTaHOBMIICS Ha OCOOCHHOCTSIX MPUTOTOBJICHUS XMMHUYECKUX MpEnaparoB
B Tpoleccax CaHUTapHOW JAe3MHPEKIHMOHHOH 00paOOTKH, MNPOM3BOAUMBIX IO
TEXHOJOTMYECKHMM METOJaM, C MpPaBUIbHBIM TPUMEHEHHEM COOTBETCTBYIOLIMX
TEXHOJOIMYECKHX METOAOB sl yOOs Mociie TpueMa CKoTa, yO0osi, MepBHYHOMN
00paboTku Ty, epepabOTKH MOOOYHBIX MPOIYKTOB U MoiydeHus Msica. O000IeHbI
BCE JaHHBIC MO ONPEENICHUI0O OCHOBHBIX MPOM3BOACTBEHHBIX MOLIHOCTEH, OCHOBHBIX
MPOM3BOACTBEHHBIX MOILIHOCTEH B MSICHOW MpPOMBIIUIEHHOCTH. M TexHomorus
00pabOTKH MPOAYKTOB, M KaHATHBIE JOPOTH CIOCOO TPYNIHUPOBKU TEXHOJIOTHMYECKOTO
MOTOKa OCHOBAH Ha Mepeaadye NpoAayKTa B MPOLEcce pacyeTa NpoAyKTa H MEXKILEXOBOH
TPaHCIOPTUPOBKE TSDKEIBIX I'Py30B. OCHOBHBIE CBOWCTBA: OTCYTCTBHE 3arps3HEHUS
MPOIYKIMHU B TIpOLIECCe MepepadOTKH; YI0OCTBO B YCIOBHAX KOMIUIEKCHOH 00paboTKH
0e3 [OMOMHHUTENBbHOW MOABHKHOM omepanuu; 00eCHeYeHHOCTh HEeOOXOAMMBIMU
CaHMTApHO-TMTMEHUYECKUMH YCIOBHUSAMH B LeXaX; HEOOXOAMMOCTb YCTaHOBKU
CaHMTAPHO-3alIUTHOM 30HBI MEXIY IPOU3BOJICTBEHHBIMH 3IAaHHAMU M COCETHHUMU
OPEANPHUATUSIME B COOTBETCTBHM C TPEOOBAaHUSIMUA BETCPHUHAPHO-CAHUTAPHOTO
KOoHTpoJsi. B mMecrax mepepaOOTKM BHIIOB KUBOTHOBOAYECKOH MPOMYKIMU yKa3aHBI
MOIITHOCTb I1€Xa C LEJIBIO MOBBIILIEHHUS Ka4eCTBa MsIca, UCTIOJIb3yeMble B HEM YCTaHOBKH,
MIPOM3BOANUTENLHOCTD MOJBECHBIX KOHBEHEPOB, pa3Mepbl pabounx MecT 1O JUTHHE.

KiiioueBble cjioBa: MsCO, Ka4eCTBO, CAHUTAPUS, TEXHOJIOTHUS, YCTAHOBKA, METO/IBI
pacdera IpoU3BOJICTBA.

Kipicme. MemiiekeT 0acIibIChl arpOeHEPKICINTIK KEIICHII JaMbITYAbIH HETi3ri
yiI OarbITBIH aTam ©TTi: )KaHa TEeXHOJIOTHSUIApAbl €HTi3y JKOHE aybll HIapyallbUIbIFbI
LIMKI3aThIH KaiTa eHAEyAl apTThIpPy apKbUIbl €HOEK OHIMIUITIH apTThIpy, CIIiH
a3bIK-TYJIK KayilCi3OiriH KaMTamachl3 €Ty JKOHE aybll IIapyallbUIbIFbl CalTaChIHBIH
IKCIIOPTTHIK aseyeTiH icke acblpy (Ramazanova, et al, 2019). Et xoHe er eHimuepi
alTapiabIKTall KYHJBI a3bIK-TYJIIK TaramJIapbl KaTapblHa xartaabl. ET KypaMbiHa eHeTiH
KOMIIOHEHTI€p aF3aHbIH TIPLIUIIK O)PEKEeTiH PETTEHTIH KaXXeTTl )KYHeHIH OMOCHHTE3iHe,
WINaHbIH naiifza O0oNMyblHa, COHBIMEH KaTap SHEPrHsJIbIK IIBIFBIHABI ©TEyre KayKeTri
Heri3ri marepuan periHae Kbi3mer eteni. COHIBIKTaH OHBI OHIIPY TIPOIECIHIIE
TEXHOXMMUSUIBIK OaKbLIay - IIHKI3aTThIH, XKapThUIail, HeMece JaiiblH OHIMHIH canachH,
COHBIMEH Oipre AypbIc OHIENiHYiH, TEXHOJIOTUSIIBIK MPOLECTEPIIH IYPBIC KYPTi3inyiH
anbIKTay Oonbin Tadbiane! (baiizakosa, 2019)

MyHza camajbl eT KoHEe €T OHIMAEPIH aly MakcaTbIHIA aTKapbUIaThIH JKYMBICTAp
npolecTepine OaiaHbICThI aTbIHATHIH OHIMIEP YIIIH THICTI TEXHOJIOTHSUIBIK d/iCTepAi
IOYpHIC KOJJIaHY apKbUIbl, YKAaCaJbIHATBIH KYMBICTApAbl aTKapaTbiH KOHIBIPFBLIAP,
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MalllMHajgap MEH amnmaparTaplIblH JKYMBICBIHA KON KeHUI 0eily apKbLIbl KOCHIMIIA
TEXHOXUMUSIIBIK, OaKblLIay IIapanapblH KaTap sKYprisil oTeIpy 0acTbl Maceneci.

OHiIMHIH  OWOJOTHSIBIK, OpPraHOJENTHUKAIBIK JKOHE TaFaMJIblK  JKaFblHaH
KOPCETKIIUTEPiHIH TOMEHMIri Kem JKargaila eHIIpic OpBIHAAPBIHAAFBI JKYMBIC
o/licTepiHiH TEXHOJIOTHsFa COlKeC KeIMeyiHeH. OHIM carnachlHbIH 0aCThl CUIIATTaMachl -
KAaCHeTiHiH TYpaKThUIFbL. OII caKTay, TachbIMalliay JKoHe caTy Ke3iHIe OHIMHIH TaFaM/IbIK,
KYHJIBUIBIFBI MEH KayiICi3AiriHIH e3repy AeHreli Oombin Tadbutafbl. Op yakbITTa Ja
KOCIIOPBIHIAFbl €HOCK OHIMAUITIHIH JCHIeHIH e3apa ThIFBI3 OalIaHBICTBIPATHIH
eKi (aKTop - OHIIpiC TEXHOJOTHICHI MEH OHBI iCKE achIPaThIH TEXHUKAIBIK Kypaj-
xabapikrap (AceHosa, 1.0., 2022).

OKOHOMHUKANIBIK ~ TYPFBIIAaH ~ ajfaHja [IapyallbUIbIKTapJaH Majabl  eHJipic
OpBIHJApbIHA TachbIMajay Ke3iHIETi aTKapbUIAThIH iC 9pEKEeTTep MajiaH ajblHAThIH
€T camachlH KaKcapTy apKbUIbl OPBIHAAJIBIN OTHIPAAbI JKOHE TachIMalAay KeJIriHiH
TYpi, camacbl, Manabl KOJIKKEe THEY JKOHE TYCIpY, Tacy *KbUIIaMIIBIFbI, JKOJ JKardaubl
T.0. )KYMBICTapbl KapacThIpbUIaAbl. Mail coro OpbIHAapbIHAA COMBICKA JaibIHIaFaH MaJl
TipiJiell canMarbl, €TTiH LIBIFBIMBI MEH canachl OOMBIHIIA MaJIopIrepilik TeKCepyaeH
OTKi3111in Oapbin KaObUIIaHy bl Kepek. ET eHnipy canacbIHia Majibl COIOFa 93ipiey YIIiH
aNFaIblHAa CYPBINTAIIBIHAIBL, OPTYPIIi TEKCEPYACH OTKi31NIe 1, Tapa3blFa TapThIIFAHHAH
KEeHiH jKachlHa, )KbIHBICHIHA OaliJIaHbICThI apHANBI aJlaHJapFa OpHAIACTHIPbLIAIbL. JKoHe
MaJIJbl YCTay Mep3iMi €Ki TOyTIKTEH acnaybl Kepek.

KazakcTanabIK KoCIiOPBIHIAPBIH WHHOBAIUSUIBIK OCJICEHILIITIH 0acka elijiepMeH
OipyieckeH KOFapbl TEXHOJOTHSUIBIK sKoOalapra KaTbICy apKbUIbl apTThIpy - Oacka
eNJiepMeH OIpIIeCKeH JKOFapbl TEXHOJOTHSJIBIK KoOanapra CoWKec 3epTTeleTiH
YATiIepAiH KypaMbl MEH KAacHEeTiH aHBIKTayAblH 3aMaHayH oIiCTEepiHIE XHMUSIIBIK,
(u3NKa-XUMUSIIBIK, (DU3UKAIBIK KOHE OMONOTHSUIBIK OaKbLIayIbl KOJNAHBII OTHIPY
(AceHnoga, T.0., 2020).

Maut coro opbIHAapbIHAA YIITaHbI Ta3alay, Tapasblian, YIIaHbIH KaTerOpHUsChIHA Kapai
taHOa TypiepiH 6acy, yiansl 0oy, KeTUIIipy KoHe caKTay Ke3iHAeri onepanusiapAblH
OapibIFbl  TEXHONIOTHS OOWBIHIIA OpBIHAANATHIHBI eckepineai. OHIOaFbl apHaiibl
TEXHOXUMUSUIBIK, OakKpliay Kypaaaap >KOHE PEeaKkTHUBTEPIiH KOMeriMeH MIMKi3aT MeH
JaiiblH OHIMHIH CamajiblK )KOHE CaHABIK KYPaMbIH, aKybl3, Mail, bUIFall MeJILIEpIepiH,
KYPBUTBIMABIK-MEXaHUKAJBIK KacHETTEPiH, TYCTIK CHUMATTaMachblH jKoHE Oacka J1a
kepceTkimTepin anbikTaiiap! (Khusain, et al, 2021).

3eprTey MaTepuaiapbl MeH daicrepi. HerizineH colibic MainapblH @HACY JKOHE
OHIIpY ici eHIIpICTIK KyaThl MEH TEXHUKAJIBIK ACHIredi opTypii KocimopblHAapAa
opKaJaii )ky3ere aceipbuiaabl. KazakcTanaa et eHiey MaKcaThbIHIAFbl KOCIOPBIHAAPIBIH
TOMEHJIETi/IeH Typiepi Oap:

- Kacarxasa - MaJ TYpJIepiH COI0 KacanxaHajlapbl, HEMECE aJIFalllKbl OHJIEY KYMBICHI
FaHa JXYpri3UIeTiH KapanaibM KOCIOPbIH;

- OHIM/II CaJIKBIHAATHII, MY3/IaTKBIII OPBIHAAP - KacalXaHa >KoHe MY3/1aTKbIIITapMeH
KaMTBUIFaH KCIOPBIHIAAP;

- €T KOMOMHATBI - MaJl COKOJIaH OacTar OapiblK OHIMCPIH OHJICY JKOHE KalTa eHIey
apKbUIBI JalbIH OHIM TYPJIEPiH IIBIFapy KOCIOPHBI.
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ET emepkacibingeri OacTel eHAipic OpbIHBI - €T KoMOMHATHl. OHIOAFBl HETi3ri
OHIIpiCTep - eT-Mail eHJey OpbIHAApbl, MY3IATKBIITAD >KOHE eTTi KalWTa eHuey
opeiHaapel. llpiFaparTelH  ©HIM TypiepiHiH caHblHAa OalnaHbBICTBI (KyaTbl) €T
KOMOMHATTapblH MbIHaJail OeiikTepre OejiHeAl: KiLNripiM (KyaTTBUIBIFBI aybIChIMIA
501), oprama (KyarThUiblFbl aybickiMa S50T-man 100 T-fa jeiiinH) (KyaTThUIBIFbI
aysiceiMaa 100T-gan sxorapsr) (Blackwell Publishing, et al, 2006).

ET xomOuHarTapelHbIH KaHOail Typi OOJIMAachlH, OJap HETri3ri >KoHE KOCHIMIIA
OHIPICTIK OpBIHAApAaH Typaabl. Herisri ennipic opbiHAapbIHA MaAbI COIO aJlIbIHAAFbI
THIHBIKTBIPY Oa3achbl, COMBIC alaHbl, €T-Mail OHIIpY OpBIHAAPHI, MY3IAaTKBIIITApP, €TTi
KaiiTa eHJIey OHJIPICTIK OpbIHIAPHI JKoHE T.0. opbiHaap (1 - cyper).

TexHonornanslk xobanay / TexHonorM4eckoe NnpoeKTMpoBaHue /
Technological design
I L

— ! \
Man K El
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Cypet] Maut coro jxoHE €T OHIMACPIH OHIEY OPBIHIAPBIHBIH K00aChl

Man eTiH any OpbIHIApbIHAAFbl KOpLIaraH OpPTaHbl KOPFay cajachl MaKcaThIHIa
KoH, OCH3MH, MalyCTaFblll Ta3ajgay KYpPBUIFBLIIAPBIMEH, KYMYCTAFBIII, JIARTYHIBIPFBI
KOHE TalJalaHFaH Cynbl Ae3HMH(EKUusuIay-Tazaiay epiTiHAIepiMeH >KaOabIKTalFaH
OpBIHJAAp, Marepualgap MEH Kypaj-caiiMaHIapra apHaJfaH KoHMa, KbI3METKepliep
YILiH KYBIHBIN-IIAHBIHATEIH 06JIME jK9HE KapaHTHHA1 OKILAyJIaFbIIl, CAHUTAPIIBI COMBIC
anmaHpl. On ajaH coiblcKa NalbIHIANFaH aybIpFaHbl KYMOHIl JKSOHE aypy Maijapra
apHaJIFaH: yakKbITIIa MaJl yCTay KOPAchl, MaJl COIO JKOHE YIIaHbl OHJCY aJlaHbl, MaJIJIbIH
KOCBIMIIIa OHIMAEPI MEH KOCAJIKbl OHIMICpPiH ©OHAEY JXOHE TepiHl He3nHQeKIHs
Kacay MEH €TTI CTEpPHJIbACY OPbIHAApBI, OHIM TYpPJEPiH CAJKBIHIATY >KOHE MY3[ary
kamepanapsl (Christopher, et al, 2019).

TazananraH yia eTTi ykcaTy HEeMece KaiTa eHJey OpbIHIAPbIHA KaJIIbl CaJIMaFbl
MEH carachkl OOHBIHIIIA TOHA3BITHUIBIN, KETIIIPUTIN OOoNFaHaH KeliH KaObUIIaHAaIbI.
Mau coro angbplHAaFbl THIHBIKTRIPY Oa3achblHIa KaObulay jKOHE YaKBITIIA THIHBIKTHIPY
KYMBICTapbl aTKapbUIAIbI.
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Mauit coro %oHe €T OHIMIEPiH aly TeXHOIOTUSUIBIK *KaOAbIKTaphl MbIHAAAl TONITapFa
OemniHesi.

KeTtepy-TaceiManay aOIbIKTaphl:

- acmaibl )KOJI1ap MEH KOHBeHepIiep jKoHe oJlapFa KbI3MET KOpCeTy KaOIbIKTaphl;

- eIeHIIK KOo3faJMasibl (MbICaibl apOaiia) >KoHE TYPaKThl KeTepy-TachIMaijay
XKaOIBIKTaPHI.

Acmajbl Kongap TEeXHOJIOTHSUIBIK aFbIHHBIH TONTACY Tociai Oombin Tadbutagbl. O
OHIMI ecenTey MpoLeciHAeri eHIMHIH OepuTiCiHe JKOHE aybIp >KYKTEpIi LeXapajiblK
TaceIMajjiayra HerizgenreH. Herisri kacuerrepi: Kaiita eHjey Ipoleci Ke3iHJe
OHIMHIH JlacTaHybl OOJMalabl; KOCHIMIIA KO3FaJIMallbl OMNEPIMACHI3 >KaH-KAKTaH
OHJICY JKarJalibiHa BIHFAHIIbI O0NTyBI; LeXTap/ia Tajal eTiIeTiH CAHUTaPIbI-TUTHeHATIBIK
KarAalnapblH  KOJNJaHy MYMKIHIOUTIKTEpI KaMTamachl3 €Tilyi; BeTepHHapIbI-
caHMTapIbIK OakplIay TanadbiHa colikec 6omysl kepek (Nyamakwere, et al, 2017).

Acmazbl )onaap KikTeniMi OOWBIHIIA: cajMaK TyCy OOHBbIHIIIA KOHBEHepIi Hemece
KOHBelepci3; opHamacybl OOHBIHIIA >Ka3bIKTHIKTHI (TiK, KOJICHEH, KeyOey) >KoHe
KEHICTIKTi; cajMaKk KypbUIBIMBI OOWBIHIIA Typi OOWBIHIIA acmaibl, IIBIHXKBIPIGI,
apKaHAbl NIHEKTI XOHE IITAHT1Ii; opHayiacybl OOWBIHINA MajAbIH Oip TYpiH KaiTa
OHJICyTe apHaJFaH KaparnaibiM acnalibl XKOJIAap KoHe OipHelle TYpiH KongaHaasl. Man
COI0 )KaOJBbIKTapbIHA JKaTaThIHAAP: Tepi CHINBIPY; KbUI, KYH Tazajay; iIeK eHJAeyre
apHasFaH. JKyMbIC OpHBIHBIH JKaJIlbl Y3bIHBIFBIHA YIIIANAP apachbIHbIH apa KalllbIKThIFbI
YKOHE JKYMBIC OTIEepalUsICHIHBIH OpbIHAANyHI eHeni (Cuaopos, u ap., 2019).

Main colo OpBIHAAPBIHBIH FUMapaTTapblHAAFbl KOpIli KOCIIOPBIHIAD apajbIFbl
CaHMTAPIBIK-KOPFay aiiMarbl OOybI THIC: ipi Kapara apHaJIfaH eTKOMOWHATBIHAAFbI MaJl
KaObLIay, COI0, KYBIIN-IAI0, MaJl TACUTBHIH BarOHAAP/bI Ie3MH(EKIHS Kacay ajJaHbIHIa
eni 500 m-neH keM OoJMaybl; YII TOYJIKTIK IIUKi3aT KOphl Oap MajKopackiMeH Oipre
anranaa edi 100M-1eH kem Oonmaybl THIC.

3epTTey HOTH:KeJIepi :KoHe oJiapabl Tajaay. Man eTiH eHIIpy JKoHEe eHAEY
KOCIMOPBIHAAPbIHA KOMBUIATBIH TajanTapAa - TEXHUKAIBIK >KaOObIKTalTybl KYIITI,
KQKETTi TEXHOJIOTUSICHI XOHE OUTIKTI )KYMBICIIBUIAPEI MEH KbI3METKepIiepi 0ap eHaipic
OpBIHAAPHl OONyBl. OHAIPICTIK FUMapaTTap MEH KOpIIi KCIOpBIHAAp apajibIFbIHa
CaHMTAPJIBIK-KOPFay aiiMarbl OPHATBUTYBI THIC: Ta3a Cy KOHE CyIbl CAIKBIHIATy MEH
KBUIBITYFa OailIaHbICTHI SHEPTUSHBI TYTHIHY OpHBI (Abdykerova, et al, 2019).

KazakcTaHHBIH KONTEreH OHEPKACINTIK KalalapblHAa ayaHblH JIACTaHy JeHreii
KOJIIK KypalJapblHbIH, Ka3aHIBIKTAPAbIH JKOHE OHEPKICINTIK KOHIBIPFhUIAPABIH
LIBIFAPbIHABUIAPbIHA OalIaHBICTBl KOJJAHBICTaFbl CTaHIApTTaplaH OipHele ece
xorapbl. ET eHepkaciOi kocinmopeiHaapsinaa Kenen ogarel epexesnepiHin TaianTapbiHa
colikec Kypambl OOWBIHIIA EpEeKUICJCHETIH aFblHAbl cyaapabl Oeyiek Oypy YIIiH
OipHemie imKi Kopi3 JKyHesnepiH jxoOamay ysere acelpbuiafbl. llaligamaHpuiran
cynapabl 9aeTTe Oec Heri3ri aFblHFa Oeliesli: KypaMmbIHIa Maibl 6ap, KypaMblHaa KeHl
0ap, caHMTapJbIK KacallXxaHaHbIH, KapaHTWH MEH H30JIATOPIABIH aFbIHABI CYJaphbl,
COHal-aK KaJlFaH aFbIHIbl Ccynap (LIapyambUIBIK-HOXKIC JKOHE KypaMblHAa MaiMeH
nactanraH). COHbIMEH Karap, KaHObIp MEH epireH Cyibl, COHIai-aK FruMaparTap/bly
ayMaKTapbl MEH HIATBIPIapbIH OYpy YILiH IpeHax jKyieci skobananansl. ET enepkociOi
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KOCIMOPBIHIAPBIH jk00aay Ke3iHe Kypambl OOHbIHIIA 06iHETIH CapKbIHIBI CyJapAbIH
Typiepin Oesiek Oypy yiiiH OipHerie imki Kopi3 xykenepi ke3neneni (DPegopeHko, u
ap, 2016).

ET xoHe eT eHiIMIepiH TachiMaljayFa apHalfaH KeJIK Kypajlapbl KYH CaiblH
KYMBIC asKTaJfaHHAaH KeHiH TaMaK KaJJbIKTapblHAH IIETKaMEH >KOHE CHIIBIPFBIMEH
Ta3apThUIBII OTBIPYHI THIC. EpiTiHAire KOChUIaThIH XUMHUSIIBIK Kocna - 1-2% Oencenai
xJop, Hemece 0,1% HaTpuil AMXIOPU30LMAaHYPATBIHBIH epiTiHAici 6ap 2% KayCTHKaIbIK
CUITIHIH epiTiHAici, HeMece XJIOpJIbI 9K epiTingici. CoibuIFaH Mangap/abl KoCimOpbIHFa
YKETKI3eTiH KoK Kypangapbl apHaiibl )Ka0IbIKTaIFaH ananaa eHaenel. MexaHHKabIK
TazajayiaH KeiiH MalrHa OOPTHI IIUTAHTTaH CYMEH JKybUIAbI dKoHE (OpPMabIeTUATIH
2 % epitinaiciMen, s1 6onmaca, 2% BICTBIK KayCTHKAJBIK CO/Ia epiTiHAICIMEH Hemece
Kypambinaa 2-3 % Oencenni Xjaop 0ap arapThUIFaH XJIOPIbI 9K €PiTIHAICIMEH KYBUIBII,
COHBIHAH Ta3a CyMEH MIaiblIa bl. OHIIPiC OPHBIHAAFBI KOKBICTHI HIBIFApyFa apHaJFaH
KOJIK KYH CalblH J>KYMBIC COHBIHAA HAaTpUH JUXJIOPU30LUAHYpaT epiTiHAiCiMEeH
enzenineni. Epitinni kypamsl keminge 52% xmnop 0ap ycak KpUCTajabl aK Hemece
CONl KBI3FBUIT YHTaK Typinae Oonansl. An 0,1% HaTpuil AUXIOpPHU30LHAaHYpaThIHBIH
koHuentpauusicel  0,05%  Oencenai  XJIOpABIH  KYpaMblH — alIMacTblpa — aylajpbl.
[IpodunakTukanbk qe3nH(EKIUsIIay YIIiH HATPUH AUXIOPU30LHAHYPaThIH KOJIAaHAD
aNJbIHAA Y3aK YaKbIT CaKTaraHHaH KEHiH OHBIH KYpaMBIHAAFbl OCJICEH[l XJIOPIBIH
Meiepi aHbIKTanaapl. MyHnma 1 auTp Ae3uH(EKIVSUIBIK epITiHAlL  JaiblHaayFa
apHaJIFaH TpenaparThiH KaKeTTi MOJILIEPiH aHBIKTaY:

0.05-1000 , (1)
B

MyHarbl X -1 JUTP CyFa KaKeTTi Ae3nHPEKIUSIIBIK 3aT MOJIIEPI, T.;

0,05 - >xyMbIC epiTiHAiCiHeT] OeICeH Ti XJIOPABIH KaXKETTI KOHIICHTPAIIHSICHI;

B - mpenaparrarsl Oencenni xiaop, %;

1000 - kaiita ecenrey K03 uIIeHTi.

An Hatpuil cynbedarel epitingicidin 0,1 H THTp Ty3eTy K03(p()UIHMEHTIH aHBIKTAy
- 0,15-0,2 T MemnmIepiHge TYPaKThl CaIMaKKa JIEHIH KeNTipUIreH €Ki MOBOKBIIIKBLIIBI
Kanmuii cycrnieHsuscbiH 50 M1 cyma epitemi Je, OFaH 2 T Kajuui Homua, Hemece 8
MJI KOHIICHTpAIlMsUIaHFaH TY3 KBIKbUIBL, Hemece 10 mu kykipt (1:2) KOCBUIAJBI
Epitinaini apanacteipbuiranHad coq Mesmepid 400 mMi-re Ieiit eTki3in, o1 OesiHren
Hon Harpuil cynbdarbiabig 0,1 H epiTiHAiCI KOMeriMeH KOHBIPJAH Capbl-KachbUl TYCKe
neiiin esrepeni. Apbl Kapail 1,5-2,0 mMi kpaxman epiTiHAICIH KOCHIN, KOK TYCTEH
M3yMpY/I )KaChlI TYCKE JICHiH aybICKaHIIIA TUTPIICY JKaIFacThIpbuIasl. COHBIMEH KaTap,
KOCBIMIIIA THTPIICYAi OakpLIay Kypri3ineni, oaaa 50 mu cyra 1 v kanuit onua, 8 mi
koHeHTpauusianrad NOI nemece 10 mn HZSO A (1:2) xoceuiampl ga KoceiMima 400
MJI-Te JIediH cy Kyibiiansl, 1,5-2,0 M1 kpaxman epiTiHaici KOChUIa bl JKOHE KOFaphlaa
CUNATTaIFaH/Iall HATPUH TUIOCYTb(PUTIMEH TUTPIICHE/I].

K koadduumenTin Tyzety GopMysIackiH ecenrey:

X =
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MYHJIaFbl @-KaJluii OUXpOMAaTBIHBIH CbIHAMACHI, T

v - TUTpieyre xxymcanrad 1,0 H HaTpuii cynb(haTel epiTiHAICIHIH KeJIeMi, MIT;

v, - THTpJIEyai Oakputayra sxymcanran 0,1 H HaTpui Cynb(haThl epiTIHAICIHIH KoIeMi,
M

0,0049035 - kaiiTa ecentey k03P PHUIIUEHTI.

ColibIIaThIH MaJl ’KoHE KOCBIMILIA KYMBICTapAbl aTKApaThlH KOJIIKTePAi XUMHUSIIBIK
epITIHIUIEpPMEH OHJIey YIIiH OenceHai XJOopAbH (X) MemmiepiH MblHa (QopMyliaMeH
AHBIKTAUbI:

(a—b)-K-03545 3)

p

MyH/aFbl a - kenemi 0,1 H TUTpieyre KeTKeH HaTpHid Cynb(aThl epiTiHIIC], MIT;

B - TUTpIEyi OakplnayFa skymcanran 0,1 H HaTpuil cynbgarhel epiTiHAICIHIH KeleMi,
MIT;

K - Harpwii cynb(areHBIH TUTPICYI TY3eTy K03 (DUIIneHTi;

0,3545 - kaifra ecenrey KO3 PHUITHEHTI;

p - ceiHaMa, T (Cumopos, u ap., 2019).

Et ennipicinne apsl Kapail aTKapbUIaThIH KYMBIC MaJJIbl COFO/IBIH TE€XHOJIOTHSIIBIK
omicTepiHe KaKEeTTi Kypasl )KaOIbIKTap.

Man eHiMi TypiepiH eHJey OpBIHAApBIHAA IIeX KyaTblHA Kapail KOHIBIPFBLIAP
€CeNTEeIIHIM a’dblHaAbI. Y31IiCcCi3 OpeKeTTeri Ma CO0 JKOHE YIIAChlH OHJIEYTe KaKeTTI
KOHJIBIPFBIIAP/Ibl aHBIKTAY KaF JaibIH/a:

X =

A
N = s (4)
oT
A y31iCT] 9peKeTTeri KOHIBIPFBIIAP YIIiH MbIHA ()OPMYIIAaHBI KOJIIaHyFa OOJa bl
A
=—, 6]
oK

MYHJAFbl N - KOHJIBIPFbI CaHbI;

A - Oip aybICBIMAAFBI IMKi3aT MOJIIIEPI, KT

O - KOHJBIPFBIHBIH CaFaTTHIK OHIMIILTITI, KT

T - aybIChIM Y3aKThIFbI, CaF;

Q, - MamMHara Oip Me3rijiae apTy OHiMJILIIr, KT}

K - aypiceimpmarsl TIUKI caHbl (K = T/1);

¢ - IIUKJT Y3aKThIFbI.

KoHIbIpFbIIap OHIMIUIIT KaTalor HeMece MallliHa MACMOpThiHA Kapai abIHAIbI.
Mau coro opbIHAApBIH/A OHJIEY KEIICIHIH OTKi3y KaOiJeTi, )KeJiIeri iIrint )omel  6ap
KOHBEHep/IiH JKbIUDKY KbUIIAM/IBIFBIMCH AJTbIHABL:

o AR, (6)
60T

MYHJIaFbl 0 - TIBIHXKBIPIIBI KOHBEHEPAIH KBbUTKY JKbULIAMIIBIFBI, M/MUH;
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A - 1ex eHiMILIITI, Oac/aybIChIMIA;
R - xoHBeliep/eri )KYMbIC cayCaKTapbIHBIH apa KalIbIKTHIFGL, M (ipi Mangap yurin 1,8
M.).
KomBeiiep >keliciHIH Y3bIHBIFBIH KEJIECIJICH aHbIKTayFa O0aIbl:
L=v-t; (7)
MYHJIaFbl L - KOHBEHep Y3bIH/IbIFBI, M;
¢ - omiepaIys y3aKThIFbl, MUH.
Kouseiiep OOMBIHIAFBI )KYMBIC ICTEY OPHBI KEJIECIJICH aHBIKTAILIHA B

L, =t,0-12- (8)

MYHJIAFbI L, - JKYMBIC OPHBIHBIH Y3bIHJIBIFbI, M;

t - OHIIPICTIK ONEPALUSHBI OPBIHAYFA KAKET yaKbIT, MUH;

1,2 - toxipubenik maprTapAbl eckepyaeri Ty3ery koadduuuenti. Konselepcis
KYMBIC JKaFJalblHIa KYMBIC iCTE€y OpBIHIApHI ipi MalAap YIIiH oprama 2 M; ycak
MaJijap MEeH LIOMIKAaHbI OHJeY YIIiH 1,5 M. MyHJa )KYMBIC iCTey OPHBIHBIH Y3bIHIBIFbI
»KacaJIbIHATBIH onepanusiapra OaiiaHbICTHI ecenTenineni (AceHosa, T. 6., 2022).

Man coro OopbIHAApBIHIA CMEHA KYMBICHI asKTalFaHHaH KeWiH anaH OacTamkelga
KipieH, KaHHaH, WIBIPBIIITaH >koHe T.0. TasapThutafgsl. ComaH KeiiH OapibIK
TEXHOJIOTHUSIIBIK KOHIBIPFBUIAD MEH KaOIBIKTap, COI0 IEXBIHBIH JKOHE OFaH ipreJec
aJaHJap/IbIH eJIeHIepi MeH KaObIpFasiapbl: CAJIKBIHIATy OOTIMIIIECI, 1IIIeK XKOHE KOCAITKbI
eHIM I11eXbl (YCTenaep, BaHHaap, Odacceitnuep, apdanap, KOHBekHep, apaiap KoHe T. 0.)
OacTankplia XUMUSUTBIK epiTiHAIepiMeH e3nHpekusiansi, 30-45 MUHYTTaH KeiH
BICTBIK Cy aFbIHBIMEH IIaibuiagbl. Masl colo ajaHbIHAArbl OapibIK TEXHOJIOTHSUIBIK
XKaOIBIKTap/Ibl Ta3ajlayFa KaXKeTT1 )KybI-Ie3nH(EeKINsIIaFbI Kypajiaapsl petinae -2%
«Jlemnay bicThIK epitingici, 0,1-0,2% BICTBIK KayCTHKAIBIK cofa epiTinmuici, 0,15-0,3%
«Kacrmoc» BICTBIK epiTiHIC] MakaanaHbLIa bl

«Kacnoc» epitinaici - CBIPTKBI Typi capFblll KenreH KypambiHga 40-42%
KayCTUKAJBIK CUITiIep jkoHe 2%-Fa jeiiiH Oacka Ty3nap 0ap cyWbIKTHIK. Cyia )KaKchl
epuai. Epitinaini gaiieiagay medmepi 1- kecrere colikec Kyprizijiesi.

Kecte 1 «Kacmocy npemnapaTbHbIH €piTiHAICIH JalibIHIAY KecTecl

Y ChIHBIIATHIH % «Kacmocy» npenaparst Jlutpmen amy kepek
KayCTHKAJIBIK COZia epiTiHfici epitinzici, % «KacIiocy Mperaparsl cy
0,1 0,15 0,15 99,85
0,2 0,3 0,3 99,7
0,3 0,45 0,45 99,55
0,5 0,75 0,75 9925
1,0 1,5 1,5 98,5
1,5 2,25 2,25 97,75
2,0 3,0 3,0 97,0
3,0 4,5 4,5 95,5
5,0 7,5 7,5 92,5
10,0 15,0 15,0 85,0
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«Kacnoc» mpemaparblHAaFbl KayCTUKAIBIK CUITUIEPAIH KypaMblH, 8T-ABIK ChIHAMa
OOMbIHIIA KPUCTAJAbl KAayCTHUKAIBIK HATPU KYPAMBIHIAFbl KayCTHUKAJIBIK HATPHHIbI
aHBIKTAy diCTEeMeCi apKbUIBI XKYPri3inesai.

Man coro ananAapblH, TEXHOIOTHSUIBIK KOHIABIPFBUIAp MeH ka0npikrapast KCPO
AybU1 HIapyalbUIbIFbl MHHUCTPIIITIHIH BeTepuHapusiiblK qe3uH(eKnns, 1e3uHBaLus,
JE3UHCEKLUS KOHE JIepaTH3alusl KYPri3y >KOHIHIET! KOJJaHBICTaFbl HYCKAYJbIFbIH
OacHIbUIBIKKA ajla OTBHIPBIN JAe3MH(EKUIUsIay Kypajaapbl peTinae - Kypambiaaa 2%
Oencen i xJop 0ap XJIOpIbI 9K epiTiHici, hopmanbaeruATia 2% epiTinmici, 2% BICTHIK
(80°c) kaycTuKanbIK coza epiTiHmici, 3% xayCcTUKaIBIK HaTpUil skoHe 3% GopMasbaeri
Oap GpopManbACTUATIH CUITLII epITIHAICIMEH OHICHII.

AN KapanaiibIM >KaOOpIKTapAsl (MBIIIAKTAp, KaHIbLIap, KECKilmTep, MycarTap,
xoHe T.0.) XybIn-Ae3uH(EKUusIay epiTIHIICIHEH OTKEHHEH KeHiH CyMeH IIaiblm,
crepuiamnzaropiapaa Oy KbICHIMBIMEH ©HJEN MalChI3OaHIbIpbUIAAbl. APTHIN THEY
OPBIHAPBIH J)KOHE OHJIAFbl KOHABIPFBUIAD MEH XaOABIKTapibl Ae3uH(EKIHsIIayFa oK
epITIHICI NakanaHpuIa bl AJT eKIHII QICIHAC ePITIH/I JalibIHay/1a aJIBIMEH KYPFaK
XJIOPJIBl OKTETi OEJICEH/I XJIOPJBIH KypaMbl aHBIKTANAJbl, COAAH KEWiH TOMEHETI
KECTeHI KOJIaHa OTBHIPBIN, KaXKETTI KOHUEHTpaUWsSAarbl arapThUIFaH epiTIHAIHIH
KaXXETTI MOJIIEPiH AalbIHAAY YLIIH XJIOPJbl 9KTiH KaXKeTTi MeJepi ecenrteneai (2 -
kecte) (AceHoBa, T. 0., 2020).

Kecre 2 -ToIFbI3bIFbIHA OalIAaHBICTHI XJIOPIIBI 9K epiTiHAlIepinaeri Oencenai Xiop

MeJepi
Epitinainin XI10opiibl 9K epiTiHAICIHIH EpiTinainin I/71 XJIOPIIBI 9K
TBIFBI3ABIFBL, 20°/4°C | 1/1 KypambiHaars! Oenceni | TeiFb3abiEsl 20°/4°C | epitinaicinaeri Oencenai
JKaFaanaa XJIOPABIH MeJIIepi JKaraaiia XJIOPJBIH MeJIepi
1,0025 1,40 1,0350 20,44
1,0650 2,71 1,0400 23,75
1,0100 5,58 1,0450 26,62
1,0150 8,48 1,0500 29,60
1,0200 11,41 1,0550 32,68
1,0250 14,47 1,0600 35,81
1,0300 17,36 1,0650 39,10

AFapThUIFaH epiTiHIAIHI JaiiblHIay YIIIH MeJILEPMEH OJIIICHIeH aFapTKBIII THIiCTi
KOHTEHMHepre eHri3iieni, cy KYWbUIbII, apanacThipbliaibl Aa, TYHIBIPbUIFAHHAH KEHiH
0ip KyH imiHAe TyHOaJaH aNbIHFaH JKOFAPFbl MOJIIP Kabar Teritin, ne3uHdexuusiay
YIIiH KaJlFaH epiTiHJI KoJiMaHbuIajbl. KOHIEHTpaluslanFaH epiTiHMIICH apHaiibl
KOHJBIPFBIIAPABI OHJCYre apHAIFaH >KYMBIC EpITIHAICIH JaiblHaay YLIIH MbIHA
(dhopmyna KolgaHbLIa bL:

:E-B-IOOO’ )
" K
MYHJIaFbl 4 - XJIOPJIbl OKTET1 KOHLIEHTPALMSAIAHFAH EPITIH/II MOJILIEP], MII;

b - maiipiHIATyBI KEPEK BLABICTAFHI dKYMBIC €PITIHIICIHIH MOJIepi;
B - 1 nmuTp XyMBIC epiTiHIICIHAET] OSICEH I XJIOPIABIH MOJIIIIEPi, MT;

A
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K - KoHueHTpanusiianfaH epiTIHAIHIH MI/T KypaMblHIArbl OEJICEHII XJIOPABIH
MeJIiepi.

Tutpiey apkbUIbl XJIOpJIBI 9K epiTiHAiciHAeri OeyiceHal XJIOPABIH KypaMblH
anbIkTayna 50 mu 2% kanuid Hoauaine 50 MII Ta3apTbUIFaH Cy KOHE KBIIIKBIIIAHABIPY
YIIH 5 M KYKIpT KblIKbUIBI epitinaici (1:5) kyibuaapl. Laiikarannan xeidin 1 mi
XJIOPJIBI OK EPITIHJICIH KOCHII, ayibiHFaH Kocnaubl 0,1 H runocyabpuT epiTiHmiciMeH
tutpaeiiai. Tutpneynin conpiaaa 1 M 1% kpaxmain epiTiHaici (MHAMKATOP) KOCHUIAIbI
JKOHE TUTPJICY CYUBIKTBIKTBIH TOJIBIK TYCCI3ZICHYiHe NeliH >xkanracaabl. EpitiHmigeri
OeJIceHal XJIOPAbIH MalbI3bIH MbIHA ()OPMYTaMEH aHBIKTATa bl:

X =063546-a,

myHzaarsl 0,3546 - kaiita ecentey k03 umenTi;

a - TUTpJIeyre KeTKeH THocyabuT epiTinaicinin 0,1 H Menmiepi.

ET enzipy opHBIHIAFBI KOHABIPFBUIAD OpHAJIACKAH alaHIbl XMMUSUIBIK epiTIHIIMEH
ne3MH(eKIusIIay YIiH KYpFaK XJIOpJIbI OKTerl OeJICeH 1 XJIOPAbIH KYPaMbIH aHbIKTay
kaxeT. Mynna 200-250 mu konbara 0,5 T XJIOPIBI 9K CaJIbIHBIN, IIaKaFaHHAH KeWiH
mutmHapre skeke 100 mut TazapThuIFaH cy Kyibiiansl. Onad 35 TaMIIb epiTiH/Il aTbIHbII
koj0ara KyHbUTap! fa MaiKan apajacThpFaHHaH KeHiH epiTiHIIHI UUIHHIPIET CyFa
Kyibutaapl. Ocblal Keifin kondara 2 T Kanui Hoxuai, 15 TaMibl Ty3 epiTiHzici Hemece
25 TaMIIbl CipKe KBIIKBUIBI KOCBhUTabl. byl skaraiia CyWBIKTHIK Kapa KOHBIP TYCKe
Oosttaybl THIC. ApBI Kapaii 2 T THIIOCYAb(UTTI eJIIeN ajbll a3lan Koja0aaarsl epiTiHIl
TOJIBIFBIMEH TYCCI3/ICHTeHILIe Kobara calbii oThipaasl. ComaH KeliH Konbara KOChIMILA
2-3 TaMIIbl TY3 HeMece CipKe KBIIIKbUIBI Kocbuiaabl. bosty maiima OonraH keszne
TUTPJIEY CYHBIKTBIKTBIH TOJIBIK TYCCi3eHyiHe neiiin skanracansl. OChlAaH KeliH KaJaFaH
THIIOCYAB(UT OJIILICHE ] )KOHEe OHBIH KaHIa MOJIIIEp/e KYMCAIFaHbIH aHBIKTal bl

Berncenai xmopabiH naibI3bH Keseci opmynaa OOHBIHIIA aHBIKTAIbIHA/IBL:

(10)

v 0142-17-100 (an
500
MYHJIaFbl X - OSJICEH/II XJIOP/IbIH aHBIKTAJIATHIH MTaHbI3bL;
0,142 - runocynbdutTig Oip canmak OipiriHe OaxaMaibl XJI0p MeJIIIepi;
b - runocynehuTTIH METUTATpaMM eJIeMAepi OOMBIHIIA KYMCaIFaH CaHbl;
500 Mr - 3epTTeNeTiH XJIOp SriHiH ChIHAMACHI.
3-kecresieH OeJICeH/ 1i XJIOP/IbIH MalbI3/IbIK MOJIIIEPIH aHBIKTAayFa 00JaIbl.
Kecte 3 - bencenai XnopasiH MaibI3AbIK MOJIIIEPiH €CEITEY KOIAAPHI
Kymcanran X10pibl Kymcanran Xnopinsl Kymcanran X10piabl
KPHCTaJI bl oKTeri KPHCTAJIIBI oKTeri KPHCTaJI/b oKTeri
HaTpui Oernceni HATpHI Oencenai HaTpui Oernceni
THIOCYIb(UTIHIH |  XJOPIABIH | THIOCYAb(UTIHIH |  XJIOPABIH | TUIOCYIbGUTIHIH XJIOPJIbIH
MoJIIepi, Mr MeJmiepi, % MeJIIepi, Mr moepi, % MOJIIIepi, MT MeJmiepi, %
1 0,0284 10 0,284 100 2,84
2 0,0568 20 0,568 200 5,68
3 0,0852 30 0,852 300 8,52
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4 0,1136 40 1,136 400 11,36
5 0,1420 50 1,420 500 14,20
6 0,1700 60 1,700 600 17,00
7 0,1990 70 1,990 700 19,90
8 0,2270 80 2,270 800 22,70
9 0,2550 90 2,550 1000 28,40

Kecre Ootipiama anpikTayma 0,5 T XJIOpiBl OKTI THTpiey VImiH 123 Mr Harpwid
THITOCYIBPUTI JKyMcalaapl. 3epTTENETIH XIJIOPIbl SKTeri OeJCeH Il XJIOPABIH MaibI3bIH
ecentey ymidn 100, 20 »xoHe 3 caHpmapblH Tak OaraHiapiaH amyra Oomanpl. JKym
OaraH/apAarbl THICTI caHAAPABIH KOCBIH/BICHI 3ePTTEIETIH XJIOPIIbI 9K ChIHAMACHIH IaFbl
OeJIceHl XJIOp KypaMbIHBIH Maibi3biH kepcereni. Omaii 6osica 100 canbr 2,84 xyn
Oaranbpiana, 20 canel - 0,568 xome 3 cambl - 0,0852-re coifkec kememi. Omapmbiy
KOCHIHIBICH 2,84+0,568+0,0852=3,4932~3,49. 3epTTeneTiH XJIOPIBI OKTiH KypaMbIHIA
3,49% ©Oencenni xnop Oap. Ockl ecenteynep Heri3iHIE XUMMSIBIK HperaparrapMeH
nesuH(peKnusulayFa KaXkeT epiTiHAl MeIepiH AaiblHaay Kajlbl KYMBIC OPHBIHBIH
aynaHbl OolipIHIIA ecenTenin anbiHa bl (Ceperus, u ap., 2018). JKyMbIc OpHBIHBIH JKaJITBI
Y3BIH/IBIFBIHA YIIIAJIAP aPACHIHBIH apa KaIIbIKTHIFbI )KOHE )KYMBIC OTIEPAIUsICHIHBIH OPbIH-
nanysl enenti. Keneci 4 - kecreqie sKYMBIC OpBIHIAPBIHBIH KAJIThI Y3bIHIBIFBI OCpPLITeH.

Kecre 4. )KymbIc OpbIHIAPBIHBIH Kbl Y3bIH]IbIFbI

Ne, 2KyMBbICc OpHBI aTbl Ipi kapa Manmap yuriH »KymeIc
Pa. OPBIHJIAPBIHBIH, Y3BIHABIFBI, M
1 »xymbIc opHBI | 1 Gac manra
apHaJFaH
1 2 3 4
1. | EceHripeTiireH MajIbl acKbIII KOHBEHepre 11y OpHbI 4,0...5,0 -
2. | KacanmibIHbIH )KYMbIC OpHBI 1,6 —
3. | KaH arbI3y JKOJIBIHBIH OpPHBL — 1,0
4. | bacelHaH aXXBIpaTy y4ackeci 1,6 —
S. | bacTel BeTepHHApIIBIK TEKCEPY yU4acKeci 1,6...2,0 -
6. | Tepicia KOIMEH ipey ydackeci 1,6 -
7. |¥YmaHel Kejeci KOHBeiepre i1y aibIHAAFbl AailbIHIBIK - 1,0
yuackeci
8. | ¥YmaHs! keeci kKoHBelepre i1y ydackeci 2,0 —
9. | ¥1maHsl il KYPhUIBICHIHAH a)KBIPATY aJIBIHAAFBI TAHBIHIBIK — 1,0
10. | Keyne cyitekrepin apanay yuackeci 1,0 —
YIaHs! il KYPBUIBICBIHAH aXKbIPATy, TEKCEPY 1,6 —
11. | ¥mans! apameH 0oy ydackeci 1,0 —
12. | ¥Yuransl BeTepruHApIIbIK-CAHUTAPIIBIK TEKCEPY yuackeci 2,5...3,0 -
13. | ¥maHbIH TOMEHT1 )KOHE KOFAPFBI JKaKTapbIH Ta3zanay ydackeci 1,6 -
14. | ¥wane! Tagbanay ydackeci 1,6 —
15. | ¥mans! Tapasbuiay ydackeci — 1,0
16. | ¥maHel My3[aTKBIIIKa KiOepy aigblHAAFbl IITIMIKE 1Ty 1,5 —
ydackeci

28



Volume 4, Number 461 (2024)

JKyMbIC OpHBIHBIH >KaJIbl Y3BIHABIFbIHA YIIANAP aPACHIHBIHBIH apa KaIIbIKTHIFbI
YKOHE JKYMBIC ONEepalMAChIHBIH OPbIHAAITYBI eHelli. MyHAaFbl Herisri, KOChIMINA JKOHE
KOCAJIKbl OPBIH-)KaiIap/IbIH ayAaHbl, M*:

F=A44d, (12)

MYHJIaFbl 4 - 1IeX KyarTbl, 0ac/CMeHa;

d — 1ex aynaHbIHBIH YJIECTIK HOPMachl, M%/T.

Mai coro anbIHAaFbI alaH, M

FZA-k-r, (13)
T

MYHJaFbl A - IEXTHIH aybICBIMABIK KyaTbl, 6ac;

k - Gip Oacka apHanFaH anag HopMackl, M> (IKM ymrin - 2,5 m?);

T - MaJIJIbIH Kopaja 00y Y3aKTBIFbI, CaF;

T - cMeHa y3aKThIFbI, CaF.

Mai coto jxoHe YIlIaHbI OHJICY aJlaHbl, M

F=A"b, (14)

MYHJIaFrbl 4 - 1IeX KyarTbl, 0ac/CMeHa;

b - aynaHHBIH yiecTik Hopmackl, M*T. (IKM ymin — 1,15 m?/6ac).

AN ManjaH ajbIHFAH OHIMAEPIi caKray KOHMajapblHBIH ayJaHbl, JKaJIbl )KYMBIC
anaHblHbIH 20%-bIH ananapl. bacTankel eHaey LeXbIHAAFbl HETi3rl ecen KOHBEHepiK,
KOHBeHepIlik eMec HeMece XKapThllail KOHBEHepIik 00Tybl MYMKIH acalibl KOIJapAbIH
Y3BIHJBIFBIH €CENTey, M A-]-7

T-60° (15)

MYHJIaFbl A - MaJI caHbl OOHBIHIIIA CMEHA/IBIK OHIM/ILTIK;

[ - xoHBeliepre UTIHIeH ylnanap apacblHIAFbl KAIBIKTHIK;

t - MUHYTIIEH €CenTereH 1eri NpouecTiH (ONepauysiHbIH) Y3aKThIFbI;

T - cararmen eceenTereHzieeri aybIChiM Y3akTbiFbl. IKM ymiH imiHren ymanap
apachlHAarbl KambIKTHIK 1,8 M. Tapasbira Oepyre apHanfaH KOHBEHEPIiK >KOJJIBIH
Y3BIHIBIFBI, Tapasblga eJiley, apbl Kapail CHIPFBITY TachIMaiAay Y3bIHABIKTapbIH
AHBIKTAY:

L=1In+33, (16)

myHaarbl [ - IKM ymianapsl apacblHIaFbl KAIIBIKTHIK, M;

1 - )KYMBICKEpJIEp CaHBI.

Manzp! GacTankel OHIEyre apHajIfaH KOHBEHepCi3 KONIbIH Y3bIHBIFBI MbIHA
(dopmyna OOMBIHILIA aHBIKTAJAIbL:

L=2X1]"n, a7

MYHJaFbl [ - 9pOip KYMBIC OPHBIHBIH Y3bIHBIFHI,

7 - )KYMBIC OPHBIHBIH CaHBbl MEH KOHBEWEPiH *aJbl Y3bIHIbIFbI (AceHOBa, T.0.,
2022).

ET enzipy xoHe cakTay KoCillOpHBIHA OaiiIaHBICThI aJlaH KeJieMi OapibIK COUBbLIAThIH
MaJIJIaH IIBIFATBIH OHIMIEp Meuiiepi OolibIHIa anbiHa bl (Dexopenko, u np., 2016).

ET enzipy opbIHIapbIHIa )KYMBICKEpIIEp CAHUTAPIIBIK OHJEY Ke3iHAerl Kayilci3mik
TEXHUKAChl MEH JKeKe T'MICHEHAChIH KaJarajan oOThIpybl Tuc. JlesuHdexuusiay
KYpasJlapbIHbIH )KYMBIC epiTIHALIepiH NaibIHIayaa, KeHO1p XUMUSITBIK npenaparTapmMeH
OYpKY apKbUIBI ©HJAEY JKYMBICHIH aTKapraHja CaHHTAPHAITBIK eHneyzu JKYpPrizeTiH
[lepconan B wmapkanbl maTpoHIapsl XoHE KOpraHbIl Ke3ingipiri Oap PY-60M,
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Hemece PIII-67 mapkaiel pecnuparopiapbl MaiifanaHybl THIC. Op CMeHa CaiblH
apHaiibpl KUiMIepi MEH JKYMBIC XallaTTapblH Ta3a KUIMAEPMEH aybICTBIPBIN OTBIPYHI
THIC. AJDKamnKbILITapbl MEH KOJJapblHA KHIEH KOJIFall XEHIEpl >KYMBICTaH KeiliH
BICTBIK CyMEH JKoHE Ca0BbIHMEH JKybUIaabl Ja, «b» xiopamuHiHiH a11ci3 epiTiHAiciMeH
IaMbIIa b

OHIipicTiK LeXTapAbIH JKYMBICKEpJIepi *KyMBbIC OacTanap alJblHAa, HexTaH apoip
LIBIFBIN-KIPreHHeH KeWiH KOJIApbIH XKYBII, Ae3uHpeKusaybl Tuic. LlexTa Konmapsl
JIACTAaUTBIH 3aTTapMeH >XKaHACKaH JKarjaiiia, oap op yaKbITTa KOCHIMIIA >KybLIabI.
OHIIpiCTIK LEeXTapAblH TEXHOJOTHSIIBIK KOHIBIPFBUIAPBl MEH KaOIBIKTapbIH,
KaOBIpFaiapbl MEH €ICHICPiH XKYY KOHE PO UIIAKTHKAIIBIK Je3UH(peKuusiiay OeKiTiarex
kectere colikec KociMOpBIHHBIH caHMTapiblK Kbi3MeTi MeH MOKO OakpuiaybiMeH
XKYHeni Typae Ky3ere acblpbiiaasl. JKyyasl )koHe TPO(UITAKTUKANBIK 1€3UHPEKIHSIHBI
YaKTBUIbl JKOHE camaibl YHWbIMIACTBIPYFa ©HIpic OacIIbICHl jKayanTbl. OHAipicke
OCKITIITeH BETEPUHAPHSUIBIK HEMECE CAHUTAPHSUIBIK KbI3METKEp Je3WH(EKIHSIHBIH
JYPBIC OPBIHAATYBIH OpKallaHaa OaKbUIa OTHIPYBI THIC.

ET ennipy opelHAapbIHAA CAHUTAPIBIK OHJACYACH KEHiH XMMHUSUIBIK OaKplidy YLIIH
anracelHa Oip peT Ta3a Koibanapra HeMece CYpTUIreH Hemece PE3CHKE THIFbIHAPHI
Oap 69TeJ1KeJlepre 500mu1 3KyYy KoHE Ae3uH(DEKIUsIIaY epmqunepl IpIKTEJIMN aJIbIHAIBI
1, oJlapAarbl THICTI echeMenep OOMBIHILIA KYMBIC ICTEHTIH XUMUSIIBIK 3aTTapIbIH
KYpaMblH aHBIKTAay YIUIH XUMHSUIBIK 3epTXaHara >iOepineni. KoHablprbuiap MeH
XKaOABIKTapIbl MaiChI3NaHABIPATBIH CUITLN  epITIHAIACH >Kyy camachlH Oakpliay
KyFaHHaH KeiliH Tikene# nexra tekcepy xyprizineni (Macrpykuus, 1976).

JKYMBICBIMBI3IIBIH HET13T1 MaKCaThl - €T OHIIPiCIHAE TEXHOIOTHSI MEH KOHIBIPFBLIAP
KYMBICBIH AaKCapTy >KOHE Majl COI0 YCTaHBIMBIH KaJarajay apKbUIbl XallbIKThI
camajbl €T eHIMAEpl TypiepiMeH KamTamachl3 eTy. Camalibl €T JKOHE €T eHIMIepiH
ally MakcaTblHJa MaJl CO0, YINAChl KOHE KOCHIMIIA OHIMJIEpPiH OHJEY MpolecTepiH
KETUIAIpY NPUHLIUOTEPIH KWHAKTAY apKbUIbl: COWBIC MalJapblH TachkIMaliay, OHACY
TEXHOJIOTUSICHI, MaJl COIO OHIIPICIHIH OpHANACYHI JKOHE KOHABIPFbUIAPABI OPHATIACTBIPY,
QJIBIHATBIH OHIM/IEP [IaMaChIH aHBIKTay K9HE OapIIbIK OHAIPICTIK MPOLECTE CAHUTAPIIBIK
YCTaHBIMAApABl KaJgaranay apKbUIbl XaJbIKTBl camajbl €T JKOHEe €T eHIMIepiMeH
KaMTaMachl3 eTy.

KopbIThIHABI

ONeMIIK HapbIKTapJarbl >KaHa ChIH-KaTepiep aybUl IIapyalibUIbIFbIHA JKaHa
TEXHOJOTUSIApPAbl  EHrI3yAl KEHNENACTY KaXETTUIriHe anblll  Kenemi. Aybul
LIapyallbUIBIFEl TayapblH OHAIPYLIJIEp YIIIH O3bIK OUTIM MEH arpOoTeXHOJIOTHsIapIbl
TapaTydblH, CAHWUTAPUSUIBIK JKaFblHAH JKAKChl JKOJFa KOIOABIH TETIKTEpi JKOK.
Homipex aiiTcak, mpooieManapislH Oipi arpapiblk OM3HECTI KETUIMIPYAiH KeHIeHA
TEXHOJIOTHSUIBIK MICIIIM/ICPiHIH KOKTBIFEIHAH TYKSHJIEPJIC CaThUIAThIH €T OHIMJICPIHIH
KeWOIpiHiH camacklHbIH TOMEHITrT 00mabl. COHABIKTAH €Il MEKEHJAEPAeri Maj COro
oflicTepiHIH ©31HIIK epeKILEeNIKTepiH 3epAeieyne - THIHBIKKAH MalAblH TYPiHE >KOHE
YJIKEH-KILIIIriHe Kapail COWbLIy oIicTepi opKajiail OOJIBIN, SPTYPIi TEXHOJIOTHSUIBIK
ozicTep apKbuIbl oHAeniHeal. OHBIH IIIHAE €CEHTIPeTy dAici apKbUIbI ipl Kapa Majiasl
coro Tuimai. Man coWblIaTelH OpBIHAApAA MIHIETTI TYpJAE acma >Koijgap Hemece
acrma OpbIHAAphl OPHATBUIYBI THIC. OWTKEHI MalAblH KaHBIH aly, TEPiCiH CBIIBIPY,
I KYpBUIBICBIH ally, KYpFaKkTall >KoHE BUIFajIbl Tazanay, apaMeH Oeny Ke3iHAe
MaMaHIap/IbIH )KYMBIC KacayblHa BIHFAIIIBI, )KeHIJ )KOHE Ta3aJIbIK CaKTaIbIHAIbI.
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KaOburnanran Mangap/isl COIOFa JaiibIH/Iay, COFO YKOHE YIIIaHbl alIFallIKbl OHJCY/ICH
OTKIi3y Ke3iHIeTi 0apiIbIK OPBIHAIATHIH KYMBICTAP/IBIH TEXHOJOTHSUIBIK JTiC OOWBIHIIIA
aTKapbUTYybIH KaJlaFajiay JKOHE OChl TEXHOJOTHUSUIBIK OIEpalUsIapibl OpPbIHIANTHIH
KOHJBIPFBIIAP, MAlllMHANAP, anmnaparrap MEH XaOJbIKTapIblH JKYMBICHIHBIH IYPHIC
aTKapbUTybl, CAaHUTApJIBIK Ta3ajblK, OJ MajJaH ajblHATBIH €T MEH eT eHiMmuaepl
CarnachIHbIH JKaKcapyblHa CENTITiH THTi3eIi.

Ocbl Makajla HETIi3iHJeri aWTHarbIMbI3 €T KOHE CTTCH albIHATBIH OHIMJIEep
CamnachIHBIH CTaHJAPTKA Cail KeJlyl - COWbIC MallapbIH THIHBIKTHIPY 9JIICTEpPiHE, COO
TEXHOJIOTUSCHIHA, OHJAFbl TEXHOJIOTUSIIBIK KOHIBIPFBUIAPIBIH JKYMBICBIHA IKOHE
BETEPHUHAPIIBIK-CAHUTAPIIBIK TaJTaNTaP/IbIH OPbIHIATYbIHA OAIaHBICTHI.
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Abstract. The article is devoted to the development of technology for obtaining a
dry extract from the root of Psoralea drupacea Bge. with the aim of using it to create
effective drugs for the prevention and treatment of avian influenza. The influence of
various factors on the extraction process was studied: the nature of the extractant, the
degree of grinding of the raw materials, the duration of extraction, the extraction method
(maceration, percolation, extraction with a boiling solvent in a Soxhlet apparatus) on the
total yield of extractives and the amount of furocoumarins.

The optimal values of technological parameters for obtaining a dry extract from the
root of Psoralea drupacea Bge. have been established. The most effective extractant
is ethanol, and the optimal degree of grinding of raw materials is 1,25 mm. The
maximum yield of extractive substances (5,80%) and the maximum content of the total
furocoumarins (72,34%) were detected in extracts obtained in a Soxhlet apparatus for
three days. However, maceration with stirring and heating can give good results, and
the advantage of the process is its simplicity and the possibility of increasing the load
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of raw materials. The yield of the extract after 4 hours is 5,66% with a content of total
furocoumarins of 57,23%.

Keywords: Psoralea drupacea Bge., extract, maceration, percolation, Soxhlet
apparatus, extractant
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AHHOTanusl. Makana KyC TYMayblHBIH aJIbIH ally JKOHE eMJey YLIH THiMai
npenapartapibl skacay MakcarblHaa Psoralea drupacea Bge TaMbIpplHaH KYpFak
CBHIFBIHIBI ally TEXHOJOTHSICHIH JaMBITyFa apHaJlFaH. OKCTPaKUUS IPOLECiHIH
OpTYPAi (haKTOPIAPBIHBIH: SKCTPAreHTTiH TaOWFaThl, IIMKI3aTThl YHTAKTay AJPEkKeci,
OKCTPaKIMs Y3aKTBIFbI, SKCTpaKIMs oSAicTepiHiH (mery (Mamepauus), NEpKOIALUS,
Coxcner acmaOblH/Ia KallHAaFaH ePITKILINEH SKCTPAKLIUsIIAY) SKCTPAKTUBTIK 3aTTapIbIH
Kalmlbl WIBIFBIMBI MEH (YpOKyMapUHIEp MeJlIepiHe acepi 3eprrenai. Psoralea
drupacea Bge TaMbIpbIHaH KYPFaK CBIFBIH/IBI JTy/IbIH TEXHOJIOTUSUIBIK TTapaMeTpiepiHi
OHTAMIBl MOHIEpPI aHBIKTaNAbl. EH THIMAI SKCTpareHT STaHON OOJBIN TaObLIaIbL,
aJl LIMKI3aTThl YHTaKTayAblH OHTaiubl gopexeci 1,25 mm. Cokcier ammaparbiHAa
YII KYH OOHBI albIHFaH CBIFBIHABUIAPIAH SKCTPAKTHBTI 3aTTapblH MaKCHUMaJlbl
HWBIFBIMEI (5,80%) MeH kanmbl GypoKyMaprUHIASPAIH MakcuMaiisl Memiepi (72,34%)
aHBIKTANIBI. JlereHMeH, apanacToIpy jKoHE KbI3IBIPY apKbLIbl JKYPri3iireH Marepanus
YKaKChl HOTHKE Oepe anafpl, ajl MPOLECTiH apTHIKIIBUIBIFBI - OHBIH KapanaibIMIbUIbIFbI
YKOHE LIMKI3aT KYKTEMECIH apTThIpy MYMKIHAIr Oonjel. 4 carar 0okl Manepanusiay
0apbIChIHA CHIFBIHIBIHBIH IIBIFBIMBI 5,06%, an xannsl GypoKyMapuHIEp MeJjmepi
57,23% xypaiasl.

Tyiiin ce3nep: Psoralea drupacea Bge., cbIFbIHABI, Mauepanus, MTEPKOJSLHS,
Cokcrer acradbl, SKCTPareHT
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Annorauus. Crarbsi NOCBSIIEHA pPa3padOTKE TEXHOJIOTUHM MOJIYYEHHSI CYXOro
9KCTpaKTa U3 KopHs Psoralea drupacea Bge. ¢ 1enbio NCTIONB30BAHUS €0 ATl CO3AaHUS
3 PEKTUBHBIX MPENApaToB sl MPOGUIAKTHKY U JICYSHHS NTHYbEero Tpumma. M3yueHo
BIMSHUE pPa3NUyYHbIX (AKTOPOB Ha TMPOLECC SKCTPAKIMHU: MPUPOABI HKCTPAreHTa,
CTENECHU M3MENBIEHHUS ChIPBsI, TPOAODKUTEINEHOCTH KCTPAKIMHU, CIOC00a IKCTPAKIMN
(Martieparys, IEPKOJSIUS, SKCTPAKIIMSI KUISIIIAM pacTBOpuTesieM B anmapare CokcieTa)
Ha OOLIMH BBIXOI IKCTPAKTUBHBIX BEILIECTB M KOJINYECTBa ()ypPOKYMapUHOB. YCTaHOBICHBI
ONTUMAJIbHbIE 3HAYEHUS TEXHOJIOTMYECKUX MTApaMETPOB MOITY4EHUs CyXOTr0o SKCTpaKTa U3
KopHs Psoralea drupacea Bge. Hanbonee ek THBHBIM 3KCTPAreHTOM SIBIISICTCS 3TAHOI,
a ONTHMaJbHAs CTEMEHb W3MENBUEHUS CHIphsi cocTaBigeT 1,25 mMM. MakcuMmanbHBIN
BBIXOJ] JKCTPAaKTUBHBIX BemecTB (5,80%) W MakcUManbHOE COIep)KaHHE CYMMBI
(dbypoxymapuHoB (72,34%) BBISBIEH B SKCTpPaKTax, MMOJYYCHHBIX B ammapare Cokciera
C NPOAOJKUTENILHOCTBIO TpU JAHA. TeM He MeHee, Malepalus C IMepeMelIdBaHueM
1 TMOJOTPEBOM MOXKET AaTh XOpOIIMH pe3yiasTar. JloCTOMHCTBOM Ipoliecca sBISETCS
MIPOCTOTa M BO3MOYKHOCTBH YBEJIMUEHMsI 3arpy3KH ChIpbs. BbIxox skcTpakra 3a 4 daca
cocTaBiseT 5,66 % c conepkaHueM cyMMbI ypoKyMapuHoB 57,23 %.

KioueBsle cinoBa: Psoralea drupacea Bge., SkCTpakT, Manepanus, NepKoIsLus,
anmapar Cokciiera, SKCTpareHr.

Introduction. One of the main priorities of scientific support for the pharmaceutical
industry of the republic is the search and production of domestic herbal medicines, the

36



Volume 4, Number 461 (2024)

development of highly effective technologies for their production and introduction into
industrial production.

One of the promising potential sources of natural biologically active substances
is the plant Psoralea drupacea Bge. of the Fabaceae family, used in folk and official
medicine. P. drupacea Bge. is an endemic Central Asian-Iranian species that grows in
the Commonwealth of Independent States - in the republics of Central Asia and Southern
Kazakhstan. It grows on dry fine-earth slopes, hills and on plains among ephemeral
vegetation, where the landscape is often formed; it is also found in rainfed crops. The
stems are used for fiber, which is used to make strong but rough and brittle ropes. All
parts of the plant contain essential oils and sticky resins, so the plant is not eaten raw,
despite its high nutritional value. In winter, after frost, it is eaten in pastures by camels
and sheep.

More than 100 biologically active substances have been isolated from plants of the
genus Psoralea, but among these compounds, bakuchiol, psoralen, and isopsoralen
(angelicin) are of greatest interest. Since they have pronounced antioxidant, antitumor,
antibacterial and antiviral properties (Alam, et al, 2018; Prabha, et al, 2013; Jin, et al,
2020; Egamberdieva, et al, 2013).

The use of P. drupacea Bge. in medical practice is based on the properties of
furocoumarins (psoralen and angelicin) in plant roots, which make the skin more
sensitive to ultraviolet rays and promote the formation of the pigment melanin. This
property is used to treat vitiligo, alopecia and common hair loss, and psoriasis.

Psoralen and isopsoralen have a pronounced hepatoprotective effect (Zhou,
et al, 2019). Also, the above-mentioned furocoumarins show activity in the
treatment of AIDS (Nabi, et al, 2017). It has been revealed that the structure of
psoralen can be used as the basis for drugs that can be used to treat patients
suffering from Alzheimer’s disease (Koul, et al, 2019).

Bakuchiol possess a higher estrogenic activityand estrogen receptor binding affinity
than genistein (Koul, et al, 2019).

Based on bakuchiol, its modified analogues have been synthesized in order to
increase activity, search for and create compounds with new biological activity. The
work (Mi-Ran, et al, 2012) assessed the inhibitory effect of bakuchiol and analogues on
the proliferation of cultured human cancer cell lines: A549 (non-small cell lung cancer),
SK-OV-3 (ovarian cystadenocarcinoma) and SK-MEL-2 (melanoma).

Psoralea drupacea Bge. is a promising object for research, since we previously
assessed the antiviral activity dry extract of the roots of this plant against strains of
avian influenza compared to already known commercial drugs such as tamiflu and
rimantadine. It was revealed that the P. drupacea Bge. extract has the predominant
antiviral activity (Baisalova, et al, 2020).

In this regard, the studies to optimize the extraction process for the isolation of
biologically active substances (BAS) from the roots of P. drupacea Bge. have been
conducted.

Materials and methods. As an object of study, the root of the P. drupacea Bge.
plant was collected at Shagyr station, South Kazakhstan region, Arys district, in the
autumn season of 2023.

The method of maceration (Olivia, et al, 2021), percolation (Rath, et al, 2006;
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Azwanida, et al, 2015) and extraction by Soxhlet apparatus have been carried out
according to the methods specified in the literature (Vongsak, et al, 2013).

For obtaining a dry extract from the resulting liquid extract, it is necessary to
evaporate the organic solvent into a liquid vacuum evaporator, which is implemented
according to the method (Hossain, et al, 2013).

Monitoring of the quantitative content of furocoumarins in the dry extract was carried
out using gas chromatography-mass spectrometry (Agilent 7890A/5975C).

Results and discussion. Extraction (from the Latin word extragere, which means
“extract, pull out”) is a method of extracting a substance from a solution or dry mixture
using a selective solvent (extractant). The most widely used method in the production
of herbal medicines is extraction in the “solid-liquid” system, where the solid is the
medicinal plant material and the liquid is the extractant (solvent).

In the process of extraction from raw materials with a cellular structure, three main
stages can be distinguished: impregnation of dry plant material with an extractant,
dissolution of plant cell components and transfer of dissolved substances into the
extractant.

The completeness and speed of extraction are influenced by various factors, such as
the nature of the extractant, the degree of grinding of the raw materials, the duration of
extraction, and the extraction method.

The influence of various parameters of the extraction process, namely extractant
nature, raw material grinding degree, extraction duration, extraction method maceration,
percolation, extraction by Soxhlet apparatus with boiling of the solvent) on the total
yield of extractive substances and the amount of furocoumarins was studied.

The selected optimal parameters based on the total yield of extractive substances
(ES) and the amount of furocoumarins. The mass of the raw material in the experiments
was 5.0 grams, the ratio of the mass of the raw material:extractant is 1:10.

Solvents used in the extraction of plant and biological materials are called extractants.
The extractant must have the ability to penetrate cell walls and selectively dissolve
biologically active substances inside the cell.

To select the optimal extractant, the extractant (50 ml) was poured into 5.0 g of
ground (1.25 mm) raw material in a ratio of 1:10, left to settle at room temperature
for 24 hours, filtered, and the solvent was removed in a rotary evaporator. The residue
was dried in an oil vacuum pump and weighed. The yield of extractive substances (ES)
(biologically active complexes) was determined in relation to the original raw material.
The composition of furocoumarins was determined by gas chromatography-mass
spectrometry (Table 1).

Table 1 shows that the maximum yield of ES was obtained with methanol extraction.
At the same time, the selectivity of furocoumarin extraction with methanol is lower than
with ethanol, and the amount of furocoumarins in the methanol extract may be lower
due to the extraction of by-products. In addition, due to the restriction of methanol use
in the extraction of medicinal substances, ethanol was used in extraction optimization
experiments.
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Table 1 — Effect of the extractant nature on the yield of extractive substances

Extractant The yield of ES, % | Angelicin, % | Psoralen, % | Furocoumarin content, %
Ethyl acetate 0.70 37.55 14.77 52.32
Acetone 1.02 44.15 21.75 65.90
Ethyl alcohol 2.80 41.52 17.34 58.86
Methyl alcohols |4.00 34.83 12.47 47.30

When extracting from plant materials, biologically active substances diffuse from
the internal structures of the material particle. The diffusion process, based on direct
contact of the extractant with the contents of the cells, is complicated by the fact that the
cells containing the active substances are separated from the extractant by a layer that
does not contain valuable substances (epidermis, cork, cortex). To facilitate the diffusion
process, the raw materials must be crushed. This achieves a significant increase in the
contact surface between the particles of the raw material and the extractant.

To determine the effect of raw material grinding degree on the yield of ES, the
plant raw material was crushed and sifted through sieves with different mesh sizes.
Raw material particles of 6.00-3.15 mm, 2.80 mm, 1.25 mm and 0.80 mm in size were
selected. Then, 5.0-gram portions of the raw material were filled with ethanol in a ratio
of 1:10, left for 10 days at room temperature, and then the extracts were processed as
described above. The yield was determined in relation to the original raw material. The
amount of furocoumarins was determined by GC-MS sample analysis (Table 2).

Table 2 shows that the yield of furocoumarins increases with increasing degree
of raw material grinding. Reducing the amount of raw material particles leads to an
increase in the surface washed by the extractant and, as a consequence, to increase the
yield of extractable substances. It should be noted that with particle sizes of 1.25 mm
and 0.80 mm, the yields are quite close, and too high degree of grinding (particle size —
0.80 mm) is technologically unacceptable, that is, difficulties with filtration or formation
of emulsions may arise. Therefore, raw materials with a grinding degree of 1.25 mm is
optimal, and the raw materials with a particle size of 1.25 mm were used in subsequent
experiments.

Table 2 — Dependence of the ES yield on the particle size

The particle size
ES 6.00 - 3.15 mm 2.80 mm 1.25 mm 0.80 mm
The yield of ES, % 5.72 5.74 5.95 6.10
Angelicin, % 25.95 31.52 33.86 33.86
Psoralen, % 13.25 12.72 16.07 17.94
Furocoumarin content, % |39.20 44.24 49.93 51.80

From the equation describing the extraction process it follows that the amount of
substance diffused through a certain layer is directly proportional to the extraction
time. That is, as the extraction time increases, the amount of extracted substances will
increase.
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Further, the dependence on the extraction duration was determined. For this, ethanol
was poured into the raw material of 1.25 mm in size in a ratio of 1:10. During a period of
4 hours, 24 hours, 5 and 10 days, the extracts were settled and filtered. It was processed
as described above, and the yield was determined in relation to the raw material. The
results are presented in Table 3.

Long maceration increases the yield of the total extract, but the content of
furocoumarins in the extract after 10 days of infusion decreases, apparently due to the
complete extraction of other substances contained in the plant material. Taking into
account the yield of the total extract and the content of furocoumarins in it, maceration
for 5 days is preferable.

Table 3 — Dependence of the yield of ES on the extraction duration

ES 4 hours 24 hours 5 days 10 days
The yield of ES, % 2.22 2.80 5.34 5.95
Angelicin, % 31.01 41.52 41.46 33.86
Psoralen, % 11.75 17.34 14.90 16.07
Furocoumarin content, % |42.76 58.86 56.36 49.93

Maceration is the simplest method of extraction, but not the most effective. Extraction
efficiency can be increased by mixing. Increasing the temperature of the extractant also
helps. For this purpose, ethanol was poured into 1.25 mm samples of raw materials,
keeping a ratio of 1:10. They were stirred at room temperature and at 50°C for 4 hours.
The resulting extracts were processed as described above. The results are presented in
Table 4.

Table 4 — Dependence of the ES yield on the maceration process activation

Extractable substances Maceration conditions
20°C, 20°C, 50°C,
infusion stirring stirring
The yield of ES, % 222 4.12 5.66
Angelicin, % 31.01 35.77 37.82
Psoralen, % 11.75 19.25 19.41
Furocoumarin content, % 42.76 55.02 57.23

Stirring and heating help activate the maceration process. Stirring allows
approximately double the yield of extract in one go, and slight heating allows tripling
the yield of ES (same as 5-day extraction at room temperature).

To determine the optimal extraction method, the extraction process was conducted
by percolation method and ethanol extraction in a Soxhlet apparatus.

Percolation was conducted as follows: plant material (20 g) was loaded into a column
with a tap at the bottom, 200 ml of ethanol was poured in and the material was left for 6
hours to moisten and swell. The extract was decanted, a fresh portion of the extractant
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was added, and after 1 hour the extract was poured out. Percolation was carried out
in 4-stroke and 9-stroke modes. The combined extracts were processed as described
above. The extract was analyzed by GC-MS.

Extraction was conducted by Soxhlet apparatus in the following order: raw material
loading — 200,0 g, extractant volume — 2,0 1. Extraction duration was 3 days and 5 days.
The extract was processed as indicated above and analyzed by GC-MS (Table 5).

Table 5 - Yield of ES obtained by percolation and Soxhlet apparatus

ES Percolation | Percolation Soxhlet apparatus, | Soxhlet apparatus,
4 cycles 9 cycles 3 days 5 days

The yield of ES, % 2.85 3.60 5,80 7.60

Angelicin, % 34.88 53.47 56.12 51.73

Psoralen, % 14.46 14.63 16.22 13.26

Furocoumarin content, % |49.34 68.10 72.34 64.99

The extraction method using a Soxhlet apparatus turned out to be the most effective
compared to the maceration and percolation method, where the amount of extracted
compounds is determined by the equilibrium concentration.

As we see, existing traditional extraction methods do not allow the process of
extraction of biologically active substances to be carried out effectively and efficiently.
This necessitates the search for new modern extraction methods. One such method is
ultrasonic extraction. When using ultrasound, there is an acceleration of the production
process, as well as an increase in the main product.

Speeding up and increasing the completeness of the extraction of biologically
active substances can be achieved by another modern extraction method - microwave
extraction.

This type of extraction makes it possible to obtain extractive substances with high
yields in a short time, while the consumption of extractants is noticeably reduced.
Microwave extractors allow more precise control of extraction parameters (temperature
and time), resulting in more reproducible results. A noticeable acceleration of microwave
extraction will preserve the quality of the extracts and also makes it possible to obtain
production volume in a short time.

Further work will be devoted to microwave and ultrasonic influence on the process
of extracting biologically active substances of P. drupacea Bge.

Conclusion.

Thus, a technology for obtaining P. drupacea Bge. extract was developed. An
important role in obtaining the extract is played by the extraction method, the nature
of the extractant, the particle size, and the duration of extraction. By varying these
parameters, you can obtain the maximum possible yield of extractives and the amount
of furocoumarins.

Analyzing the obtained data, we can conclude that the most effective extraction
method is the extraction of P. drupacea Bge. roots with ethanol by Soxhlet apparatus.
In this case, the yield of dry extract after 3 days was high (5.80%) and the maximum
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amount of furocoumarins was also high (72.34%). However, maceration with stirring
and heating can give good results, and the advantage of the process is its simplicity and
the possibility of increasing raw materials loading. After 4 days, the yield of the extract
became 5.66%, and the total content of furocoumarin was 57.23%.
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Abstract. The article presents the results of the study of elemental (cationic and
anionic) composition of ore during acid dissolution of underground borehole ore of the
Irkol mine of the uranium mining enterprise "Semizbay-U" (Kazakhstan). The formation
of cations and anions during acid dissolution of uranium ore has been experimentally
shown; the main types of cations and anions accumulate in certain concentrations of
sulfuric acid during acid dissolution and separation of uranium from the ore mixture.
During uranium production in process solutions, the main part of elements contaminating
ion exchange resins are Al, Fe, Mg and Ca, Si, Mn, V, Ni and Cu with content from
300 to 600 mg/l. The composition of some elements contained in the samples is of
scientific interest. In particular, although their content in the production solution was
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not high, significant amounts of chromium and copper were detected in the commercial
desorbate (CD), indicating that these metals accumulated in the ion exchange resin. The
process solutions used in the research work contain chlorine ions and a small amount
of phosphate.

The quantitative and qualitative characteristics of ions released during the process
of acid dissolution of ore are investigated. In the process of acid dissolution of
underground borehole ore in uranium mining, the main part of associated elements are
numerous cationic and anionic elements, affecting the technological stages of obtaining
commercial uranium desorbate. Concentrations of anions and cations were investigated,
also studied how the concentration of anion and cation species systematically changes in
the stepwise technological stage of raw uranium production. Spectrophotometry, optical
emission spectrometry, titrimetry, X-ray spectral analysis, atomic adsorption methods
were used in the research work.

Keywords: uranium, anion, cation, acid dissolution, recycled solution.
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Annoramus. Maxkanana "Cemiz6aii-U" (KazakcTtaH) ypaH eHAipyIIli KOCITTOPHBIHBIH
"Upkonp" KEHIIIIHIH KBIIIKBULIBI KEPACThl YHFBIMAJBIK PYIaHbl KBIIIKBUIIBIK
epiTy Ke3iHJe KCHHIH 3JIEMEHTTIK (KaTHOHJBIK YKOHE aHHMOHJBIK) KYPaMbIH 3€pTTEY
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HOTIXKeJepl OasHAanFaH. YpaH TEKTeC KeH[l KBIIIKBUIABIK epiTy Ke3iHae KaTHOHIAp
MEH aHMOHIAPABIH TY311yl SKCIEPHUMEHTAIAbl TYpAE KOpPCETUIreH, KaTUOHAAp MEH
AQHMOHJAPABIH OCHl KEHJIEpAE KE3IECeTiH Typiepi  ypaHAbl KBIIIKBUIIBIK EpiTy
XKoHE Oemin amy Ke3iHAe KYKIPT KbIIIKBUIBIHBIH Oenrii Oip KOHLIEHTpalHsIChIHIA
KUHAKTAIATBIHBI KOPCETUITeH. TeXHONIOTUSIIBIK epIiTIHALIepAE YpaHIbl OHIIpyIe
HMOH aJIMAcTBHIPFBINI IIAMBIpIapAbl JIACTAWTBIH 3JEMEHTTEpIiH Herisri Oemirin Al,
Fe, Mg xone Ca, Si, Mn, V, Ni xxone Cu kypaiitbiabl OasHganrad. CelHamanapaa
Ke3JIeCeTiH KeHOip »eMEeHTTEepAiH KypaMbl FBUIBIMU KBI3BIFYIIBUIBIK TYABIPAIbl. ATar
aliTKaHzaa, oapAbIH OHIM epiTiHAICIHAET] MeIIepi KoFapbl OoTMaraHbIHA KapaMacTaH,
TayapiblK aecop6arta (TI]) XpoM MEH MBICTBIH aTapibIKTail Meniepi TaObLIbI, Oy
MeTalAapIblH HMOH aJIMACTHIPFBIII MIAWBIpA KHUHAKTAIFaHBIH KepceTedi. 3epTrey
KYMBICBIHAA KOJJAHBUIFaH TEXHOJOTHSUIBIK EpITIHAIICpAE XJIOp MOHAAPHI KOHE a3
Meduepae hocdarrap 1a Ke3ECKeH.

PynaHbl KBIIIKBUIABIK €piTY MPOLECiHIe O6TIHICH HOHIApFa CaH IBIK )KOHE CamlalibIK
aHaJM3ep KYPri3iai. YpaH eHIipy Ke3iHAae, pydaHbl KbIIIKbUIABIK epiTy OapbIChIHAA
imecrienli  dMIEMEHTTEpAIH Herisri Oejiri Tayapiblk YpaH JIecopOaTblH —alyIIbIH
TEXHOJIOTHUSJIBIK CaThlIapblHA 9CEP €TETiHI JKOHE OChl KONTEreH KaTHOHABIK >KOHE
AQHMOHJIBIK TYPAET1 2JIeMEHTTEpiH OONFaHbl OastHAaIFaH. AHHOHIAp MEH KaTHOHAAPIBIH
KOHIEHTPALHUSIChIHA 1A 3ePTTEYIep KYPri3iii, INKI3aTThIK ypaHIbl OHIIPYAiH CaTbUIbI
TEXHOJIOTHSIIBIK TPOLIECIHAEC aHUOHJAp MEH KaTHOHJAp TYPJEPiHiH KOHICHTPALUICHI
XKYHeni Typae Kanai esrepetini 3eprrengi. JKympicta ciekTpooToMeTpusi, ONTHKAIBIK-
OMHCCHSIIBIK CIIEKTPOMETPUS, TUTPUMETPHS, PEHTTEH-CIEKTPIiK Talaay, aTOMJIBIK-
aICOPOLIMSUTBIK diCTeP KOIAHBUIIBI.

Tyiiin ce3aep: ypaH, aHHOH, KATHOH, KbILIKBUIIBIK €PiTy, aifHAIBIM €piTiHALIED.
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AHHOTanusa. B crarke W3JIOKEHBI pPE3yNbTaThl WCCIENOBAHHUS SIEMEHTHOTO
(KaTHOHHOTO ¥ aHMOHHOTO) COCTaBa PY/IBI NP KUCIOTHOM PACTBOPEHHH ITO3EMHOI
CKBOXHMHHON pynbl pyaHuka «lMpkoms» — ypaHOAOOBIBAIOMIETO — TPEATPUSTH
«Cemm30aif-Uy» (Kazaxcran). DKCIEpUMEHTAIBEHO ITOKA3aHO 00pa30BaHUEe KaTHOHOB M
AQHMOHOB TIPU KUCIIOTHOM PAacTBOPEHUH PYyAbl YPAHOBOTO MPOUCXOXKJICHHS, OCHOBHEIE
BH/IbI KATHOHOB W aHMOHOB HAKaIUTMBAIOTCS B ONPEEIIEHHBIX KOHIIEHTPAINSIX CePHON
KHCIIOTHI TIPH KHCIIOTHOM PAaCTBOPEHWH W BBIACICHHHM ypaHa M3 cMmecHu pyxa. llpm
MIPOM3BOJICTBE YpaHa B TEXHOJIOTUYECKHUX PACTBOPAX OCHOBHYIO 4YacTh AIIEMEHTOB,
3arpsI3HAIONIMX HOHOOOMEHHBIE CMOITbI, cocTaBisiioT Al, Fe, Mg u Ca, Si, Mn, V, Ni n
Cu ¢ cogeprxanueM ot 300 mo 600 mr/i1. CocTaB HEKOTOPBIX AJIIEMEHTOB, COIEPIKAIIIIXCSI
B o0OpasIax, MmpencTaBisgeT HAyYHBIH HHTEpeC. B 9acTHOCTH, HECMOTPS HA TO, YTO MX
cofiepKaHHe B MPOAYKTUBHOM pPacTBOpE HE OBLIO BHICOKHMM, B TOBAPHOM Jecopbare
(TJ1) ©put0 OOHApYXEHO 3HAYUTENHFHOE KOJMYECTBO XpOMa M MEIH, YTO YKa3bIBaeT
Ha TO, YTO 3T METAJUIbl HAKAIIMBAIMCH B HOHOOOMEHHOH cMmoJe. TexHomornyeckne
PacTBOPHI, UCTIONB30BaHHBIE B MCCIIEIOBATENBCKOM paboTe, colepKar HOHBI XJIopa U
HEOOJIBITIOE KOIMYECTBO (hochaToB.

HccnenoBanbl KONMWYECTBEHHBIE W KAaueCTBEHHBIE XapPaKTEPUCTHUKH HOHOB,
BBIJIETISIEMBIX B TIPOIIECCE KHCIOTHOTO PAacTBOPEHMs PyIbl. B mporecce KUCIOTHOTO
PacTBOpPEHHS TMOJ3EMHON CKBOKMHHOW pyIbl MPU J0OBIYE ypaHa OCHOBHOW YacCThIO
COITyTCTBYIOIIUX DJIEMEHTOB SBIIIOTCS MHOTOYHCIICHHBIE KaTHOHHBIE W aHWOHHEIE
QJIEMEHTHI, BIHAIONINE HA TEXHOJIOTUYECKHE CTaINU TIOJIYUYSHHS TOBApPHOTO Jecopbara
ypana. MccrenoBaHbl KOHIIEHTpAlMA aHWOHOB W KaTHOHOB, TAaK)Ke H3YyYEHO Kak
CUCTEMaTHYeCKH U3MEHSETCS KOHIIEHTPAIUS BUI0B AaHUOHOB M KATHOHOB HA CTYIEHYATO M
TEXHOJIOTMYECKOW CTaJuu IMPOMU3BOJCTBA CHIPHEBOIO ypaHa. B uccrienoBaTenbckoil
paboTe MCTIOIB30BaHBI CHEKTPO(GOTOMETPHS, ONTHKO-DMUCCHOHHAS CIIEKTPOMETPHS,
TUTPUMETPHS, PEHTTeH-CIIEeKTPATbHBIN aHaJIN3, aTOMHO-aCOPOIMOHHBIE METO/IBI.

KuaroueBsbie cioBa: ypaH, aHHOH, KaTHOH, KHUCIOTHOE PacTBOpEHHE, 0OOPOTHHII
pacTBop.

Kipicne

ATOM DSHEpreTHKachl €JiMi3 YIIiH €H Heri3ri CTPaTerHsuIbIK Pecypchl OOJBIT
TaObLTa1bl. KOMIpKBIIKBIT Ta3bIHBIH MIBIFAPBIHABLUIAPBIHEIH KOPIIAFaH OpTara 3USHIBI
oCepiH a3zalTy MakcaThlHAA, Oyl OarbIT OSKOJOTHSUIBIK Ta3a JSHEPrus Ke3i OO
TaOBLTaIbl. ATOM DHEPTETHKACHI YIIIiH HET13T1 OTBIH ypaH OOJbIN Ta0bLUTaIbl, COHABIKTAH
OYJ1 2JIEMEHTTI THIMIII OHIIPY SAPOIIBIK SHEPTETUKAHBI JAMBITY YIIIiH MaHBI3IbI OOJBITT
tabbutanel (Ilankoon, 2018; Farjana, 2018). Ypan xep KbIpTHICHIHIA KEH TapajFaH,
OHBIH KypaMbIH Oaranay MaHb3Ib! (Clark, et al., 2006). Keiibip ogedu nepexkesnepie
YpaHHBIH K€HAEP/eTi KOHIIEHTPAIHSICHI OpTallia eCerneH 2 KI/T KYpaiIb.
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Byrinri Tanga anemaik Toxipuodeae ypaH eHIipyAiH YII 9/1ici KOJAaHbLIa bl : JKEPACTHI
OHJIIpY, allIbIK OHAIPY, )KEPACThl YHFBIMAIIBI SAICIICH PyAaHbl KbIIIKBUIABIK epiTy. JKep
acTbl KeHiH YHFBIMaJbl 9JicrieH epiTy pH MoHiHe OalnmaHBICTBI KBIIIKBLI, OelTapart,
cinrini oxicrepre Oenineni. Kasipri Tanaa kenrereH enfeprie OHEPKACINTIK JacTaHyFa
OalIaHBICTBI-)KEPacThbl, AaIlbIK OHIIpY oficTepi OIpTiHAEN KepacThl YHFBIMAJIbI
onictepine aywicThipbutyna (Farjana, 2018). Ypanasl YHFBIMaIbl aPKbUIBI KBIIIKBULABIK
epitTy OapraH cailbIH ©3eKTi OoubIn Keneni (Zauner, 2020) skoHe ypaH eHAIpYAiH HEr13T1
oniciHe aitnanapl. Kelibip ennepae, mpicansl Cupusiia a3oT, TY3 KbIIIKBUIBH (GocdarTsl
KypaMHaH ypaH any ywis kongansutans! (Alkheder, 2020). JKepacTbl yHFbIMaapbIH
KBIILIKBUIABIK €piTy YpaHIbl alllbIK TYpe LIaxTajapaa eHIipyAiH MaHbI3Ibl OaramMackl
Oonapl. XKepacTel KEHIH YHFBIMAJIBI 9JICTIEH KBIIIKBUIABIK €PITYIiH apTHIKIIBUTBIFBI —
KEH OpBIHAApIaFbl )KYMBICIIBUIAPFA Ka3aTaibIM OKUFalapJaH CaKTaHybl, paJualysaH
OonaTblH KayinTepAiH TOMEHCYi, TOMEH UWIBIFBIHAAp JXOHE ypaH 3aybITTapblHAA
KaJIJIBIKTapIbIH 0oiMaybl Oonbin Tabbutaznsl (IAEA, 2016).

Kazipri yakpiTTa ypaH KeHiepi KeOiHece KbIIIKbIT (KYKIPT KBIIIKBUIBIHBIH
epitiHzici) H/e cinTini (HaTpuil KapOOHATHI-OMKApOOHATHI) pEarcHTICH ©HJENEI.
CinTinix epity >xorapbl KapOoHaTThI KeHaepai (7-9% - nan acram kapOoHATTap) KenTer
KOJIIaHbIIaIbl, OUTKEHI OJ1 KBIIKBULABI CINTiIEyre KaparaHga CEeNeKTHBTI. MyHnai
KEH/IEp KbIIIKBUIABIH apThIK MOJIIEPiH KaKeT eTell. YpaHIbl epiTy XUMHACH o1e0u
nepekkesnepae Kpickamma oasunanran (Edwards, 2000). Ypan taburarra UO3 H/e uo,
TypiHze OonaThIH €Ki BAJIEHTTIK Kyiie Ke3aecei. ANThl BJICHTTI TYPiHAE YpaH KYKIpT
KBIIKBUIBIHBIH SPITIHAICIH/IE SPUIi, OJI KelieCi peakiusaapMeH anbikranazisl (Lottering
et al., 2008):

UO+2H'—U0,>+H,0U *+S0 *—U0,(SO,)
UO,(SO,)+S0,>—(U0,(SO,),*

JKepacTbl KeHiH YHFBIMaJIbI 9JiCTIeH KbIIKBUIABIK epiTy (JK¥ E) mpuHummi keneciaei:
KBIILIKBUIABIK €piTiHAl OacTanKplaa aiijay YHFbIMalaphl apKbUIbI KEHIi CYJIbl TOPH30HTKA
aiinangeipansl. Kenai KabaTThlH MHIpOreOXUMISITBIK ©piCTEpiHAe aFbll KeTyl 6acKapy
YIIiH CYWBIKTBIK aifHaJBIMBIH KOJJaHa OTBIPBIN, YPaHHBIH €pyiHe KO3FalybIlHa BIKIA
eTeTiH XUMMSIIBIK OpTa KaJblTacaabl. YpaHMeH OabITbUIFaH (HUIBTPATTHl COHFBI
eHIMAI anmy OipHelle eHIIpyIi YHFbIMAIap apKbLIbl XKY3€re achlpbUlabl, COIaH KeiH
KEH OpHBIHAapbIHa mbFapbuiaasl (Wellmer, 2002).

XKepacTel yHFBIMaNapblH KBILIKBULABIK €piTy omici bomrapusima, Yexwusina,
Kazakcranna, Ykpaunana, AKII-ta, ABctpanusiaa, Keitaiina, Peceit @enepaunscoinia
xoHe O30ekcTanaa naiiganansuiansl (International, 2018).

Kazipri Tanna ypanHbIH aneM ik KopbiHbiH 57,4 %-b1 JKYE (NEA and [AEA, 2020)
oflicTepiMeH Ky3ere achlpbliaasl. Anaia, *Kep acThl YHFbIMA dAiCIMEH KBIIKBUIIBIK
epiTy Ke3iH/e naiia 60IaThlH THAPOTEOXUMUSUIBIK TPOIIECTEP KETKITIKTI 3epTTeIMETeH.
OJeMIiK ypaH KOpbIHBIH IamameH 25%-b1  Kazakcran PecmyOmnukachiHbIH
ayMaKkTapblHIa 6ap eKeHIri aHbIKTanapl. KeH opbIHIapbIHAaFbl YpaHHBIH OyJ1 KOpiapsl
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JKepacThl YHFbIMAJbl OJICIEH KBIIKBUIABIK EPITYAiH JKOJOTHSAJIBIK Ta3a oMdiCiMeH
enpipineni (Altaev, 2003).

Keii0ip Ty3inreH kaTMOHIAp CHPEK KE3[ECETiH 3NEMEHTTEPAl KBIIIKBUIABIK epiTy
carachlHa 9cep eTeTiH MaHbI3/1bl (PaKTOp OOJBIN Ta0BLIATHIHEI OenTiii. EpiTyui 3aTThiH
MOJISIPIIBIK KOHIIEHTPALHMSCHI OenTiii Oip 1opeskesie HeTi3ri 2lIeMeHTTiH epy THIMIUTIriHe
acep eTei.

3eprrey OapbIChlHIAa aMMOHHMH TY3BIMEH €piTUIreH KeHaepae epiTinainin pH
KOFapblUlaybIMEH pYIAHBIH epirilTiri TOMEHIEereHi, ajl KepiciHIle aMMOHHMUIIH
MOJSIPIBIK ~ KOHUCHTPALMSICHIHBIH ~ JKOFapbUlaybIMEH  pyAaHBIH  epiriuTiri
XKorapbulaiiTbiabl aHbIKTaIb! (Chen Z., 2018).

Meranmap/pl KbIIKBULIBIK epiTy ke3inme AP, Fe*", Ca?" , Mg*", Na*, K*, Na*, K*,
NH™ CI', NO™?, NO 3, SO™ cusikTbl opTYp:1i KOHIEHTPALUSaFbl dPTYPIIl KaTHOHAAD
MeH arnnoHaap acepi 3eprrenai (Li S. C., 2019).

Ocbl OaFbITTa KYMBICTAPABIH a3 3€pTTEeNTeHIriHe OalIaHbICTBI, KEHAEpHeri
KaTHOHJIap JKOHE OJIApAbIH ypaHbl KbIIIKBUIABIK EPITYAiH TEXHOJIOTHUSIIBIK CaThIChIHA
ocepi Typasisl OipKarap 3epTTeysep KYpriziiii.

Kenrteren skymbpicTap KeHIl KBIIIKBUIABIK €piTy Ke3iHAE KaTHOHAAp MEH
AQHMOHJAPABIH TY3UTylHIH XMMHSUIBIK peakUUsIapblH, OChl HOHIAPAbIH MAaKCaTThl
ANIEMEHTTEPI OHIIpy MpOLECiHe acepiH 3epTTeyre OarbITTalFaHIblKTaH (Zhenyue
Zhang, 2020), 6yn Makanaga ypaH KeHIlIiHiH >Kep acTbl KbIIIKBUIIBI epiTy Ke3iHzaeri
KaTHOHJIBIK, (3JIEMEHTTi) aHMOHABIK KYpPaMbIH 3€pPTTeYy KapacTbIpbUIFaH. KpIIIKbIIIbI
JKepacThl YHFbIMAJbI SICIICH KBIIIKBUIIBIK €pITy Ke3iHIe ypaH eHAIpyle Ke3AeireH
AJIEMEHTTEP/ICH 0acKa Heri3ri OeJiKTi aTOMHHUW, TeMip, MarHui, KajablIUWd OOJBII
TaObUIBIN, onapAbiH Kypambl 300-neH 600 mr/n-re JNeiiH KeTin, KpeMHU, MapraHell,
BaHAJMI, HUKEIIb JXOHE MBIC CHSKTHl KaTHOHAAp Ja Ke3JeceTiHl Oenriai Oombl
(epxaiicbichl 10 mMr/m mieringe).

Marepuajgap MeH dicTep

3eprrey oObektinepi "Cemiz0aii-U" kocimopbiHzapbiabiH "Hpkons" KeHIMIiHIH
TEXHOJIOTUSUIBIK EPITIHIUICPIHIH ChIHAMATAPhl TAHJAAJBIN AJBIHIBI OHIM EpITiHIICI
(©E), Tayapasik necopbdar (T/I), onapasiy TaHOaTaHybl KOPCETiNIE OTHIPBII KEATIpUIreH
ChIHaMaJapblH aTaybl:

1. ©F (100/2) — enimMainik epiTiHai;

2. TH (218) — TayapibIK necopoart;

3. AE_ .. (MOoH amMacy OapbiChiHIa OTKi3y/liH OacTankel COpOuMs KYpy
OapbICBIHAAFBl AlHAJIBIM €PITIHICIHIH CHIHAMACHI);

4. AE (uoH anMacy OapbICBIHAAFbI TEXHOJIOTHSUIBIK TIPOLIECTIH COHFBI IPOLIECTEP

COHFBI

OapbIChIHAAFbI COPOLMSICHIHBIH aifHAIBIM epiTiHAiC);

5.AE iy 208/2 — copOuus poLeciHeH KeHiHT1 KAaTHOHUTTEPAL KyFaH Cy;
6. AijtnaneiM epitinmici 600/1- 100 M® kenemai pe3epByapiarbl — alHaJIbIM
epiTinainepi.

208/2 mo3uLusICHIHIAFBI Al HAIBIM €PITiHAICT — OYJ1 J)KyyFa apHaIFaH TEXHUKAIIBIK CY,
OHIMJI epiTiHAIHI copOIMsAay NpoLUeciHeH KeHiH KON AaHbLIa bl
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ChiHaManap/iplH CcanaliblK, CAaHJBIK KYPaMblH aHBIKTAY, KOCHAJIAP/bIH TAOUFAThIH
aHBIKTAy MAaKCaThIHJAa TEXHOJIOTHSUIBIK EPITIHIUICP/IiH ChIHAMalaphl Oipkarap
oCTEP/IiH KOMETIMEH TaJIaH/Ibl, aTall alTKaH 1a:

— ONTUKAIBIK-ODMHUCCHUSUIBIK CIEKTPOMETPJIE ChIHAMANAPABIH 3JIEMEHTTIK KYpambl
AHBIKTAJIIBI,

— CeKTpoOTOMETP/IE, TATPUMETPHUSUIBIK SICIICH OHIaFbl aHMOHIAPIBIH KYpaMbIHA
Tajnayaap Kypriziiau,

— PEHTTeH CHEKTPIIK armnaparrapia ChblHamanapAa KalKpiMa OeIIeKkTep MeH
TyHOanap/ by (azanbik Kypambl 0ap eKeHIITT aHbIKTaIIbI.

3eprTey MHAYKTUBTI OaiinmanbickaH Turazmachkl Oap (MBII) aToMIbIK-2MECCHSITBIK
cnexrpomerpi Optima: 8000DV KypbUTFBICBIHIA OHIMILIIK epiTiHIIep, COPOIHMSITBIK
Oacramkbl (aHANBIK) CYHBIKTBIKTAp, OHJNAFBI HMOHAAPJABIH KypamblHA apHaJIFaH
alfHAJIBIMJIAFbI ePITIHALUIED Tal1aHaIbI.

HoTunaxesiep MeH TaaKkblIay

ATOMIBIK—aJCOPOLMAIBIK  QMICIEH  ONTHKAJBIK-3MUCCHAJIBIK  CIIEKTPOMETPIE
QJIBIHFaH 3JIEMEHTTIK KYpaM[bl, OJap/AblH KOHLIEHTPALMICHIH Tajjaay HOTHXKeepi 1—
KecTe/ie KeNTipiireH.

Kecre 1 — EpiTiHainepaiH 3JIeMEHTTIK Kypambl

Dement | OE (10012), [AE__ . e | TIL(218), [ AE208/2, [ AE 600/1
MI/7T MI/IT MT/JT MI/7T MT/JT (100M? CHIBIMABLIBIFL), M/

Si 8,60 5,01 1,80 0 21,26 66,04

U 71,05 19,83 3,63 70,250 30,51 43,22
Al 453,25 177,51 95,70 |0 399,05 427,05
Fe 312,11 12,2 10,25 10,90 313,46 |400,93
Mg 603,75 170,83 184,52 | 18,3 309,31 |330,61
Ca 478,10 150,10 169,01 |8,43 163,20 205,77
Mn 11,61 0,16 2,85 0,27 6,04 37,25

K 3,21 0,16 0,86 2,14 4,52 9,41

Cu 0,60 0,05 0,22 9,18 0,60 1,50

Vv 9,64 0,18 4,46 9,14 7,21 8,17

Ni 1,21 0,02 0,18 0,29 0,86 0,76

Cr 0,08 0,03 0 6,60 0,09 0,02

Sr 6,24 3,42 1,07 0 6,5 6,40

Sc* 0,06 0 0,05 |0 0,06 0,06

*TepT eceJeHreH KOHIIEHTPANUsIaH KeHiH aHBIKTaJI bl

1— kecrene KepceTiAreHAel OHIM epITIHAICIHIACTT MaKCaTThl eMeC MeTallAap/blH
HEri3ri OeJiriH aJlOMUHUM, TeMip, MarHui, KajabIUi OONbIn TaObuTabl. OJapbiH
mouzepi 300-men 600 Mr/n-re geiin. OHiMAL epiTiHTigeri keioip snementrep (OE) 10
MT/J apaJIbIFBIHAA O0Iambl, oJlapFa KPEeMHHM, MapraHell, BaHaIui karanbl. EpiTiHmine
aliTapipIKTall Memep/ae cTpoHIuit (6,24 mr/m), kanwii (3,21 mr/n) Hukens (1,21 mr/m),
Mmeic (0,60 mr/m) Gap.
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Won anmacy GapbIChIHAa HOHABI COPOLMsIAY MPOLECIH KYPri3y Ke3iHae olapAblH
KYpaMBbIHAAFbI KO3JICJITeH MeTaJIMeH Oipre, Oipaei Meriep/e aTtoMUHHUI, TEMip, MarHUH,
KaJbLWH, KPeMHUH Kajbll KOsiIbl. By skarnmaiina xecrenik AepeKkTepie KaTHOHUTTE
QIIOMUHMN, MAarHUH, KaJIbIUH MOHAAPBIHBIH 0acTamnKbl KYPaMbIHBIH IIaMaMeH YIUTEeH
0ipi KanaTelHBIH KepceTeai. Temip KaTHOHHTTE TOJNBIFBIMEH JEepIiK cOpOLusiiaHa bl
(96%), o6yt 109 nmozutusinasn (10,2 — 12,2 Mr/i) copOIusl aHAIBIKTapbIHAH, TEXHUKAIBIK
CyldaH, KeJiK BbUIFaJIBUIBIFBIHAH TYPAThIH apayac epiTiHAl yIriiepiHaeri TemipAaiH
TOMEH OOJTybIMEH JOIENCHEI.

208/2 mo3unusiIaFl aifHANBIM ePIiTiHAIIepiHe KaThICTHI KECTE AEPEKTEPi HOH aIMacy
KaTHOHHUTTEPiHIE CyMEH JKyFaH Ke3/1e OHBIH YCTall KaJIFaH TeMip HOHJAphl TOJIBIFbIMEH
KYBIJIATBIHBIH, aIOMHHUN HOHIAPbl aWTapibIKTal MeJIIepAe *KONbUIATHIHBIH JKOHE
KaTHOHMUTTET1 MarHuii MEH KalbLUUH HOHIAPBIHBIH MeJIIIEP] JKapThIChIHA a3asThIHbIH
KepceTeni. MapraHen neH BaHaJWH Jic KATHOHUTTE TOJIBIFBIMEH YCTaJIabl, COHBIMEH
Oipre KaTHMOHHMTTI CyMEH IIAl0 Ke3iHAe MapraHeUuTiH Kem MeJepi >KOMbLIaIbl,
BaHaIWiAiH Oip Oemiri KaTHOHUTTEH CyFa aybICaibl, ajl eKiHII OeJiri KaTHOHUTTI
necopOonusiay Ke3iHae »KoWblIabl xKoHe Tayapiblk necopbarka (T/1) Tyceni.

Ocpbl 3epTTey JKYMBICBIHA TiKeJIeH KbI3BIFYIIBLIBIK TYIBIPATBIH KPEMHHUH 371€MEHTI
HOH aimacy OapeichiHAa KeOipek ciHipizeni. OHbIH OacTankel Kypambl ©HIM
epitinaicinzae (OE) -8,6 mr/i xone copOuust aHanbIFsIMeH apanac epitingine 5,0 — 1,8
MI/J1 IeiH a3asThIHbI, AeMEK, HOH aiMacy OapbIChIHAA OHIM epITiHIICIH copOnusay
ke3inne OF 3,6-nan 6,8 mr/n kpemuuii Kananel. Kpemuuiinin emxoyip memmepi 208/2
MO3ULMSICHIH/IAFBI aifHAJIBIM epITIHALIEePIH/e Ke3Aece ], MYH/Ia OHbIH KOHIIEHTPALHSCHI
21,26 mr/n kypaiinel. Kpemuuiiain Oyl MoHI OHBIH ©HIM epiTiHmicingeri (8,6 mr/m)
MoHJepiHeH onpekaiaa kem. lllamacel, KpeMHHH MOH anmMmacy OapbIChIHAA MBIKTAIl
ycTamnabl )koHEe OHBIH KYPBUIBIMIApbIHAA )KuHaNaAbl. FoH anMacy GapbIChIHIa KaHBIFY
YaKbITHI ©T€ KeJle O/1aH apThIK KPEMHUNAIH MaHbUTybIHA SKEJIE/I.

AfiTa KeTepiniri, KpEeMHUIAIH €H Kol Meiiepi aiHaimbiM epiTinginep 600/1
MO3ULMSICBIHAH TaOBUIFaH, OHBIH Memepi 66,01 Mr/n kypaiiasl. byn Genrini xarnai,
OUTKEeHI KOCIMOPBIHHBIH OapiblK aifHaNbIM epITIHAIEpI MEH Kyy epiTiHIiIepi ochl
pesepByapra Keqin Teriiedi. MyHIa MeXaHMKajbIK Ta3apTylaH KeHiH aiiHajIbIM
epiTiHALIEep TEXHOJIOTUSIIBIK [IUKITE KaTapblUlaibl. Conpaii-ax, 1-kecteneri
MOJIIMETTEpAeH YJriiepae TaOblIFaH KEeWOip »JIeMEHTTEp 1€ MaHbI3Ibl. OHIMHIH
epiTiHAIcCiHAe oNapAblH MeJIepi Kken OonMaca jaa, TayapiblK AecopOaTTa XpoM MeH
MBICTBIH €I9yip Meiepi Ta0bUIabl, Oy HOH anMacy OapbIChIHIA OCBl MeTalJapAblH
YKHHATYBIH KOPCETEIi.

Keznenren meraniplH KOHLEHTpALMACHIHA Ha3ap ayaapy KepeK, O TEeXHHKAaJbIK
TarncelpmMa OoibiHma 1 Mr/n-neH a3 6omysl Kepek, ic xysinae 3,63-ten 43,36 mr/a-re
JICHiH e3repeii.

Conpaii-ak, HoTIXenep Oenrimi Oip yakbIT Ke3eHiHAE KEeH OpHBIHAH aJbIHFaH
OCHl ChlHAMajJap YLIIH FaHa COWKeC KeJICTIHIH aram eTKeH >keH. EpitiHmimepmeri
ANIEMEHTTEP/IIH Kypambl 9pTypii (pakTopiapaaH, COHbIH imIiHae TaOuru paxroprapian
J1a epeKILIeNeHe .

OHiM  epiTiHAlNepiH, copOLUMs  aHAJBIKTApblH, OHAAFbl  AHWOHJAPABIH

50



Volume 4, Number 461 (2024)

(cynbdarrap, HuTparrap, xjaop, ¢ocdarrap) KypaMblHIAAaFbl ailHaJIBIM €pIiTIHIIEPiH
cnekrpodoromerpust oxicimen 3eprrey HACH- DR 3900 xypanbiHaa TaimaHibl.
CranpmapTTel ojicTep OOWBIHIIA acmam peecTple MXOHE TUTPUMETPHSUIBIK OiCTIeH
TEXHOJIOTHSIIBIK EPiTiHAIIEpAiH ChIHAMaIaphl oJlapAaFbl HETi3T1 aHHOHIAPIBIH KYpambl
3eprreni (2-kecte).

Kecre 2 — Epirinjinep ceiHaMalapbIHBIH aHHOH/BIK KYpaMBbI

AHuoHzaap AE (100/2), v/ TH (218), r/n ‘ég 061(\)4(3)/0151171HMHHHHFH)’ o
Cynbdarrap 81,7 12,8 18,1
Hurparrap 0,0 56,0 0,5
Xiop 0,7 3,5 0,4
docdarrap 0.01 0.03 0,1

Kecreneneri manimerrepre coiikec, AE — nerizinen cynbdarrap, T — HuTparrap
MeH cyabdarrap, aiiHanbsM epitinai 600/1 mosunusceiaaa (pezeByap 100 m*) - kykipt
KBIITKBUTEL Oap. 3epTTeNreH OapiblK TEXHOJOTHSUIBIK CPITIHAUIEPAE XJIOp HOHAAPHI
MeH a3 menmepae ocdarrap Tadbuiasl. Keiukeuiasik T/ (pH=0,8) pH moni Gipaeit
aifHaJbIM epiTinaicineH xorapsl (pH=1,9).

D8 Advance (Bruker) anmaparsiHIaFbl peHTTeH—CHEKTPIIIK JKOHE PEHTTeH—(ha3albIK
Tangay oficiMeH TYHOAHBIH OOJIIeKTepiHiH (a3amblK Kypambl 3eprreimi.(mo3. 600/1).
On yuriH adHaJIBIM epiTiHAicI KypFak Kaijbikka aedin 105-110°C anekrp neriHze
kenTipini. O3 ke3erine, Oy kememi 100 M* 6onaTeia pe3epByapIbIH TYOIHEH albIHIbI.

AWHanmpIM  epiTiHAICI  CHIHAMACHIHBIH ~ KYPFAK  KAJIJBIFBIHBIH  KYPaMbIHBIH
mugpakrorpammacel 600/1 mosunusama 1-cyperre KOpceTuIreH, an 3-KecTeae YATIHIH
HET13rl KOMIOHEHTTEpI, (Pa3aliblKk KypaMbl KOPCETIITeH. 2-CypeTTe JKOFaphljia arajaraH
TYHOaHBIH 1U(PPaKTOrpaMMachl, OHBIH (pa3ajblk KYpaMbIH KYPaUTBIH KOMIIOHEHTTEPIiH
araybl KOPCETUITCH.

Kecte 3 — AE 600/1 mo3umusiza CbBIHAMAaChIHBIH KYPFaK KaJABIFBIHBIH (a3aiblK KYpaMbl

KochbLipicTap aTaybl Dopmyaia

Afghanite (Na,,, K, Ca)Ca(Si, Al 0,)SO)CL.F,
Gypsum CaSO,(H,0),

Coquimbite Fe?' (S0O,),"9H,0

Giniite Fe*’Fe*' (PO,),(OH),-2H,0
Mesolite Na,Ca,Si,Al O, -8H,0
Goethite FeO(OH)

Gibbsite Al(OH)

Magnesium Chlorate Hydrate Mg(ClO,),-6H,0

Goethite, cadmian, syn (Fe, ,Cd, )O(OH)

Iron Sulfite Hydrate FeSO,-2.5H,0

Potassium Iron Oxide K, (Fe,0,)

Polyhalite K,Ca,Mg(SO,),"2H,0
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Sodium Aluminum Chlorate Silicate Na,ALCIO(SiO,),
Sodium Silicate Na,Si,0,
Uranyl Oxonium Hydrogen Phosphate
Hydrate (UO,H PO)(H,0), ‘H,O
Calcium Sulfate Hydrate CaSO,-0.15H,0
Calcium Aluminum Oxide CaAlO,,
Albite, calcian, ordered (Na,Ca)AI(Si,Al),O
Silicon Si
N3
£
i 401

Cyper 1. Kenemi 100 M ChIFBIMABUIBIKTAFBI aHATIBIM €pITIHAICIHIH AudpakTorpammacs (103.600/1)
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Cyper 2. Kenemi 100 M* chIitbIMbUIBIKTaFbI TYHOAHBIH HudpakTorpamMmmacs (1103.600/1)
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Hudpaxrorpamma MeH 3-KecTeHiH TajaayblHaH KypamMbl OoiibiHIIa 600/ 1 mo3unusga
eTe KypIesi KypamIbl ailHaJbIM €piTiHIICIHIH CTPYKTypachl MIBIKTBL. OHBIH HEri3ri
KOMIIOHEHTTEpPi KPEMHHUAIH OpPTYpPil KOCBUIBICTAPbI, COHBIH iIIiHAEe 00C KpEeMHUH,
TeMip, aTFOMUHUH, KaJIbIMHA, MAaTHUH, KAJIMIIIH epireH Ty3aapsl (HerizineH cynbgarrap),
oJlapIbIH THIpOKcHATEpl Oonbin TaObUiAbl. bynm nepextep »IeMEHTTIK, peHTIeHMIK-
(IryopecleHTT] chIHaMa TallayIapbIHbIH AePEeKTepiHe colikec Kemnemi (4-kecte).

Kecre 4 — AitHaneIM epiTiHJici CBIHAMACHIHBIH KYPaMBIH PEHTIeH—(IyOpECICHTTI Tajay HOTHXKEIepi

DJIEMEHTTIK KYpamsl, %
) Na Mg |Al Si P S Cl K [Ca |V Mn [Fe |U

47,18 3,86 |1,67 [2,15 (0,51 (0,19 (19,77 (0,42 (0,3 |1,3 (0,07 (0,32 [3,6 0,57

100 M* pe3epByapaarbl TYHOAHBIH PSHTTCHIIK (ha3aliblK Taaaybl KOl Mesiepie 6ip
Herisri pasanbl kepeerti. by kBapi (Si0,), oHbIH TyHOAcH! 92% Kypai/ibl, OHBIH OCBI
KOHIICHTPAMSICH KaJFaH a3 MOJIMICPIIIK (azaiapabl aHBIKTayFa MyMKIHIIK OepMeni.

600/1 mo3uuMsAChIHAH aliHaaMa €PITIHAI CUSKTBI KYPHAEIl epiTIHIIHIH PEHTTEH/IIK
(hazanbIK Tangaybl KPEMHHUU KBIIKBLIBI TYpaibl aKnapar OepMEHTIHIH eCKepy Kaker,
anaiijia epiTiHfiHi OyJgaHy Ke3iHJe KYpFaK KaJblKTa KPEMHHMA MEH aJllOMUHUI
TaOBLIIBI, OYJI aJIFOMOCWIMKATTApAbIH alHaIbIMIAFbl CPITIHIICIHIH ChIHAMAChIH/IA
KOJUTOMJITHI JIUCIIEPCTI KOCTAaJap/blH OOJMYBIH KepceTeli. AJTIOMUHHNA CHIUKATTAPhI
Al,0,ySi0,zH,0 sanmbr popmynacel 6ap casipl cycrensusiceinaa nemece Al O, ySiO,
zH,O kapamaiibiM Typinjae 60aybl MYMKiH. XUMMAIBIK TYPFBIIAH ajfaHa, Casibl
0eJiri cyTeri KaTHOHBIHA, ATFOMHHUN KPEMHHUH KBIIIKBUTBIHBIH KBIIIKBIT KaJIbIFbIHA
JUCcOoIManusiiayra KaOieTTi mamMaMeH H4AIZSi209 TYPIHJETI aTFOMHHUN-KPEMHUN
KBIIIKBUTBIHBIH MOJICKYJIATapbIHAH TYPAJIbL:

H,ALSi,0, <> 4H" + ALSi,O,*

Muiesia KypblIbIMBIHBIH HYCKaJIapBbIHBIH 01pi aTFOMUHUN KPEMHHUH KbIIIKBUTBIHBIH
KOJUTOUATHI EPiTiHAICI KeJieci Typ/ie YChIHBITYbI MYMKIH:

{(H,ALS1,0,) nAIZSiZOQ'4 “4(n-x)H"}* - 4xH"
Kapama-KapcChl MOHHBIH SJIPOCHl  KOJIOUATHI OOJIIIeK

AJTFOMOCHJTKAT aHUOHIAPBI OH HOHAP ChepachIMEH KOPIIATFaH Tepic 3apsTanFan
ca3z OeIIeriHiH HeTi3iH Kypainel. KeIIKpUIIaHy Ke3iHJe KOJUIOMATHIK OOINIIEKTIH
Tepic 3apsapl OeWTapanTaHIBIPBUTAILI, 3apPSATHI JKOFAITKAH OejImekTep Oip-OipiHe
YKaOBICHITI, CaJIMaFrbl aybIpJIaiiabl, ayBIPJIBIK KYIITIHIH oOCEpiHEH TYHOaFa TyCemi.

Onebu nepekkesnepre coiikec [KememnbaeBa A.C., 2020], KpeMHUI KBIIIKBIIBI
— Oynr oprypmi skarmadimapaa eputTiH (o, B-TypiHze), epiMeWTiH moauMmep TypiHzae
(y-bopmackiHa) 60Tybl MYMKIH JJAOHMJIB1 KOCBUIBIC,

Anbda-KpeMHHI KBIIIKBUIBL - €H KapamaiblM KpeMHHH KbIIIKBUIBL, Oy (opmara
KPEMHUI KBIIIKbUIIAPBIHBIH TMOJIMMEP KaTapbIHBIH aJFallKbl €Ki MYIIeci — MOHO,
JUKPEMHHHN KBINIKBUIBI FAHA €HY1 MYMKIH.
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Bera-popmacbiHa KpeMHMH KBILIKBUIBIHBIH IMIIHAE TOJUMEPICHIeH KpPEeMHHH
KBIILIKBIIAAPHI JKaTaibl.

lamma-¢popmaceiHa KoarymsuusiFa KaOineTTi TepeH NONMMEpIEHTeH KpeMHHM
KBIILIKBIIAAPHI JKaTabl.

KpemHuit KbIIIKBUIBIHBIH OPTYPIIi (JOopManapbIHbIH OOIyBl MEH KypaMbl epiTiIHAIHIH
KBILIKBUIABIFbIHA OaiiaHblcThl. COHBIMEH, MOHOKpEMHUN KbIIKbUIBI pH = 2,5-3 Tap
aiiMarbIHIA €H TYPAKThl, aJl JUKPEMHUN KBIIIKBUIBI KBIIIKBUI EPITIHALIEPAE TYPaKThI
(pH=1 xe3inze). beifrapanka >kakplH, CoJ CUITUI epiTiHAiIEpAE MOHO-, JUKPEMHHN
KBILIKBUIAAPBIHBIH TOJTUMEpIIenyi Te3 xkypeai (Annenkov , 2017).

OpTaHbIH KBIIIKBUIBIFBIHAH 0ACKa, OHBIH KOHLIEHTPALHMSACH! KPEMHHH KbIIIKBUTBIHBIH
MoJMMepiey MpoLeciHe alTapibIKTail acep eTeli. A3 KOHICHTPALUIIBI epiTiHAlIepae
(100 mr SiO,/m) y-Gopmachl Ty3 KbILIKbUIbIHBIH 10H €pITIHAICIMEH CaraTTBIK
KbI3AbIpynaH keiin e tysinmeiiai (Choppin, 2008).

KpeMHUMil KBIIKBUIBIHBIH ~KOHIEHTpanusichiHbiH  800-nen 2000 wmr-ra neiiin
orapbLIaybl SiO_/aM® epiTinfineri o-(GopMachiHbIH MOIIIEPiHiH KYPT TOMEHEYiHe,
MOJMKPEMHUHN KBIIIKBUIAPBIHBIH TY31TyiHe 9KeleTiH Y-(hopMachiHbIH naiina 0omybiHa
okeneni. by xaraiina nonumepIiey NpoLeCiHiH KbIIIAMABIFbl KPEMHHN KBIIKBUTBIHBIH
OacTankbl KOHLIEHTPALMSICH HEFYPJIBIM >KOFapbl 0oJica, epiTiHAIHIH KBIIIKBIIIBIFbI
COFYPJIBIM JKOFapbl 00Ja bl

XKorapbina adTbUIFaHIApFa CyleHe OTBHIPBIN, AaiHaJIbIM EpITIHAICIHIH KOFaphl
KBIIIKBLIIBIFBI, OHBIH KypambIHarbl Si0, jkoHe 0acka KpEMHHUM KOCBUIBICTapbIHBIH KOl
MeJIIIepi KpeMHHH KBIIIKBUIBIHBIH TEPEH MOJMMEpIIeHIeH TYpiH Y-popmackr) Ty3ineni
nen aityra Oonaael. On MyMKiH KypAeni TeMip KOChUIbICTapbIMeH (OHBIH THAPOKCUI
KOJUIOWATAPBIMEH), COHJali-aK TaObuIraH Oacka MeTajnapMeH Oipre HOH anmacy
OHIMJIUTITIH TOMEHIeTE/Il MAKCATThl METAJIBI ATy Ke3iH/Ie NIalbIp.

KopbIThIHABI

«Cemiz0aii-Uy» (Kazakctan) ypaH eHAIpy KoCIMOpHBIHBIH «MpKoiab» KeHINIiHIH
TEXHOJIOTUSUTBIK ~ ePITIHAUIEPIHIH KAaTHOHJBIK, AHUOHIBIK KYpaMmbl aHBIKTaJIIBbL.
TeXHOJIIOTUSIIBIK ePITIHIIICPIC YPaHIbl ATy Ke31HEC HOH aIMACTBIPFBIII KATHOHUTTEPIC
JAcTaUTBIH SIEeMEHTTepAiH Herisri Oemirin kypambl 300-men 600 wmr/m-re peiin
KYPaWlThIH aJIFOMUHUH, TEMip, MarHuH, KaIblUi, KDEMHUIA, MapraHell, BaHa U, HUKEIb
JKOHE MBIC (opKaiichichl 10 Mr/i mierinie) Kypanbl.

AWHATBIMIAFEl CPITIHAIHIH YKOFaphl KBITIKBUIABIFEI, OHBIH KYPaMBIHIAFbI SiOz,
0acka KpeMHHI KOCBUIBICTAPBIHBIH JKOFApbl OOJIYbl KPEMHHUU KBIIIKBUIBIHBIH TEPEH
MOJIMMEPJICHIeH TYPiHIH y-popMa) TY3UTyiHEe OKeleadi, 01 MYMKiH OONaThlH KypHeni
TeMip KOCBUIBICTaphIMEH (HeMece OJap/AblH THAPOKCHIIIHIH KOJIUIOWATAPBIMEH), Oacka
Jla aHBIKTAJFaH METaJJap Ke3JCJIMCH MEeTajJibl ally Ke3iHJEe HOH aJIMACTBIPFBIII
KaTHOHUTTEPIH OHIMIUIIK CHITaTTaMalapblH TOMECHIETETI.

Epitinginepae HerizineHn HUTparTap MeH cynbdarrap 6omanst. 600/1 (pezepByap 100
M?) afHABIMIAFE €PITIHAI KYKIPT KBIIIKBUIIEI OOJIBI TaOBITaabl. BapIblK 3epTTeiareH
TEXHOJIOTHSUIBIK ePITIHALIepAe XJIOp HOHAAPHI, a3 Memmepae ¢hocdarrap Tadsutast. T
KBITKBUTABIFEL, pH MoHi Oipmeit OF MeH aifHaIBIMAaFs! epiTiHire KaparaHaa )KOFaphbl.
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Atinaneivaarel epiTinainiH 600/1 TO3MIUACKIHAH PEHTTeHMIK (ha3aiblK Tayiaay
OapbIChIHIA KPEMHHMI KBIIIKBUIBI Typajibl akmapar OepMeiai, anaiiia epiTiHAiHiH
KYpFaThIll, KeNTipy Ke3iHAe KYPFaK KaJJBIK KypaMblHAa KPEMHHH MEH aTFOMUHHH
TaOBUIBI, OYJT KOJUTOMATHI AUCTIEPCTI KOCTIATAP IbIH KYPaMbIH/A aJTFOMO CHITHKATTap/IbIH
alfHAIIBIMJIAFbI epITIH/IICIHIH ChIHAMAIAPBIHBIH 0ap eKeHIIT1H KOPCETe .

5. AWHanmpIMIarbl epiTiHIiAe AMCIEpCTiK (ha3aHbIH OEJCeHI KOMIIOHEHTTEPiHIH
OOJTyBIHBIH MYMKiH (pOopManapbl aHBIKTAJIAbI, al PEHTTEHIIK AU(paKius IepeKTepi
OOWBIHINIA ONap AJIIOMOCWIMKATTBI ~MUHEpajuap, cyjibdarrap TypiHIe H/e
QATIOMUHHNA, KPEMHHH, Temip, KalbIUHIIH T.0. Kypaeli KOCBUIBICTAphl TYpiHAE
Oonmanel. Amomocummkarrap Al O,-ySiO, -zH,O sxamner ¢popmynacel Gap caszbt
cycnensusnapaa oomysl Mymkin H/e mamamen H,Al Si,O, Typinzeri amoMoKpeMHui
KBIILKBUTBIHBIH MOJICKY/TajapbiHa Typaasl. KypambiHaa ypaH Oap MUHEpasl HETi3iHeH
waiisipmet ((U,Th)O, (O , )UO, x PbO) ycbinbuiran. by Kypamaap COHbIMEH
Karap Herizinen kBapurar (SiO,), ansbutren (NaAlSi,O,), maykonutren (K, H,0)
(Fe*, ALFe**Mg), [Si,AlO ](OH),xnH,O, xanmbuurren (CaCO,), KaoJqMHHUTTEH
(ALSi,0,(OH),), cepunut (K,0,Al O, 6Si0, 2H,0), nnnut (KH,0)ALSi,AlO, (OH),),
cuneput (FeCO,) xone turanut CaTiSiO, TypaThiH ypaH KeHACPIHIH 3€pTTEYIEPiH
pacTanmpl.
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Abstract. Lithium-sulfur (Li-S) batteries are promising energy storage systems
due to their high theoretical energy density and cost-effectiveness, but challenges
like poor cycle life and low conductivity limit their practical application. This study
aimed to improve Li-S battery performance by developing a sulfur-host cathode
material and a separator modifier, synthesized from biomass-derived carbon and nickel
oxide. The RHG, RHG@S, RHG-NiO@S cathode, and RHG-NiO composite were
synthesized and characterized using scanning electron microscopy (SEM) with energy-
dispersive spectroscopy (EDS), transmission electron microscopy (TEM), and X-ray
photoelectron spectroscopy (XPS).Graphene-like porous carbon with a high specific
surface area was efficiently synthesized from rice husk biowaste through carbonization
and thermochemical activation. Sulfur was encapsulated in the pores of the composite
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using a melting-diffusion method, with thermogravimetric analysis confirming a sulfur
content of approximately 60% in the RHG-NiO@S composite.Electrochemical tests
showed that the RHG-NiO@S cathode paired with the modified RHG-NiO separator
exhibited superior performance, achieving an initial discharge capacity of 1599 + 20
mAhg™ and maintaining 790.29 + 10 mAhg™" after 100 cycles at 0.2 C, surpassing
the performance of the RHG@S cathode without the modified separator. This study
demonstrates the potential of biomass-derived materials and their composites to
address key limitations of Li-S batteries, paving the way for the development of high-
performance energy storage systems.

Keywords: graphene-like porous carbon, nickel oxide, sulfur, lithium-sulfur
batteries, lithium polysulfides.
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Annoramusi: Jlutuid-xykipt (Li-S) Oarapesiapbl >KOFapbl TEOPHSIIBIK JHEPIHS
THIFBI3IBIFEI MEH YHEMIUIIIM apKacklHAa OoJamiarbl 30p PHEPrHUsl cakTay Xyhenepi
Oonbin  TaObUIABI, OIpaK OJNIAPIBIH MPAKTUKANBIK KOJJIAHBUIYBIH IMKJIIIH KbICKa
Y3aKTBIFBI MEH TOMEH OTKI3TiIITIK CHSKTBl Macenenep wiekreiai. bym 3eprrey
Li-S OGarapesuiapblHbIH OHIMIUIITIH JKakcapTy YLIiH OMoMacca HETi3iHAe albIHFaH
KOMIpTeTri MeH HUKENb OKCUAIHEH CUHTE3IeNITeH KYKIPT-TaChIFbIII KaTOATHIK MaTepuat
MeH cemaparop MoaudukaropsiH a3ipaeyre OarbiTranraH. KKI, KKI'@S, KKI'-
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NiO@S xone KKI'-NiO xomMmo3uTi ckaHepieymi 3IeKTpoHAbl MUKpockonus (SEM)
SHEPTUsi-IUCTIepCUsIIBIK crieKTpockonusiver (EDS), TpaHCMHCCHSIIBIK 3IEKTPOH/IBI
mukpockonust (TEM) >xoHe peHTreHaik (oTosiaekTpoHabl crnekrpockonus (XPS)
omictepiMen cumarTainbl. KemipTekTiH >Korapbl MEHIUIKTI OeTKi ayJaHblHA He
rpadeH Topizai KeyeKTi KOMIPTEK KYpill KaybI3bl KaJIIbIKTapbIH KapOOHU3AIMS JKOHE
TEPMOXUMUSITBIK, OeJICEeHAIpY apKbUIbI THIMAI CHHTe3AenIi. KOMIO3UTTiH KeyeKTepine
KYKipT OasIKbITHIT-A1 () QY3HSIBIK 9JICTIEH EHT131111, a1 TepMOTPaBUMETPHUSUIIBIK Talgay
notmwxecinge KKI-NiO@S xommosutinaeri KykipT Memmepi mamameH 60% ekeHi
aHbIKTaI b1 DnekTpoxuMusuiblK chiHakTap KKI'-NiO cenapatopeiven yiinecken KKI -
NiO@S kaToapIHBIH 0aCTaNKbI Pa3pSATHIK CHIMBIMABLIBIFEI 1599 + 20 MAcarr ' Kypar,
0.2 C 1ok teFei3abiFbiMed 100 muknnad keiin 790.29 + 10 MAcarr!' nedreiinue
caxranranbiH kepceTTi, 0y KKI'@S xaroxpina Kaparanna »akcbl HOTHXe Oepai. by
3eprrey Li-S OarapesiapblHbIH HETi3Ti HMISKTEYIEpiH Imienryjae Ouomacca Heri3iHieri
Marepuangap MeH OoNlapAblH KOMIIO3UTTEpiHIH oJeyeTiH KOpCETiM, >KOFapbl ©HIMi
9HEPTUS CaKTay JKyHeJIepiH 93ipieyIiH KOJIbIH allabl.

Tyiiin ce3mep: rpadeH Topizal KOMIpTEK, HUKENb OKCUAl, KYKIpT, JIUTHH-KYKIPTTi
Oarapesuiap, JIMTHIA TONUCYIbQUATEDI.
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HAIMOHAJIbHBIA YHHBEpcUTET MM. anb-Dapabu, Kazaxcran, Anmarsl, https://orcid.org/0000-0003-2387-
5670leila.kudreyeva@kaznu.kz;

K. BakenoB — mpodeccop xummueckux Hayk, National Laboratory Astana, Kadenpa xummdeckoii
WHXXCHEPHH M TEXHOJOrMH MarepuanoB Hasapbaes VYuuBepcutera, AcraHa, Kaszaxcrah, zbakenov(@
nu.edu.kz, https://orcid.org/0000-0003-2781-4955.

Aunnoramus. Jlutuii-cepupie (Li-S) Oarapen sBIAIOTCS TEpPCIEKTUBHBIMH
CHUCTEMaMHU XPaHEHUS SHEPruu Onarogaps MX BBICOKOH TEOPETHUECKOW IUIOTHOCTH
SHEPruM M HSKOHOMHUYHOCTH, OJIHAKO WX IPAKTHYECKOEe MPUMEHEHHE OTPAHNYEHO
TAaKUMH ITPoOIeMaMHu, KaKk HU3KUH CPOK CITy:KObI U ciiabast mpoBoxuMocTh. Hacrosiiee
HcclieloBaHue ObIIO HAMPaBJICHO Ha yiydllleHHe XxapakTepucTuk Li-S Gartapeit mytem
pa3paboOTKH KaTOAHOTO MaTepualla ¢ ylep)KaHueM cepbl 1 MoanuKaropa cernaparopa,
CHUHTE3UPOBAHHBIX M3 YIJIEPO/a U OKCHIA HUKENs, MMoyuyeHHbIX n3 Ouomaccel. RHG,
RHG@S, RHG-NiO@S xaronq u RHG-NiO KoMmmo3utr ObuUIM OXapaKTephu30BaHBI
C HCIOJBb30BAHMEM CKaHHUpPYIOLIEH anekTpoHHOW Mukpockornuu (SEM) ¢
sHeproaucnepcnonHoil cnekrpockonueit (EDS), TpaHcMHCCHOHHOHM 3IeKTPOHHOM
mukpockonnu (TEM) u peHTreHOBcKoW (OTOANEKTpOHHOU criekTpockonuu (XPS).
I'padpeHONOMOOHBIN MOPHUCTHIM YIIIEPOA C BBICOKOW YICIBHOW MMOBEPXHOCTHIO OBLI
3¢ (GEKTUBHO CHUHTE3MPOBAaH U3 OUOJIOTHYECKOTO OTXOJa — PUCOBOW MICIyXH —
MyTeM KapOOHHU3AIMK M TePMOXMMUYecKol akTuBanuu. Cepa Oblia BHEPEHA B MOPHI
KOMIIO3UTa METOJOM TulaBieHus-auddy3nn, a TepMOrpaBUMETPUYECKHN aHaJIN3
MoKasall, 4Tto cojiepkanue cepbl B komrnozute RHG-NiO@S cocrasnsier okono 60%.
DNeKTpOXUMHUYECKHE HCIBITaHus MoKa3anu, uto karoq RHG-NiO@S B coderanunn
¢ momudunupoBanHeiM cenaparopoM RHG-NiO nemoHCTpHpyeT MpPeBOCXOIHYIO
MIPOU3BOIUTEIHLHOCTD: HauaJdbHAs pa3psaHas eMKOCTh coctaBmia 1599 £ 20 MAur’,
a ocine 100 nukso npu 0.2 C emkocTh coxpanmiach Ha ypoBHe 790.29 + 10 MAur',
YTO 3HAYMTENIBHO Jiydlle mokaszareiied karona RHG@S 0e3 momudunmpoBaHHOTO
cemaparopa. VccienoBanue NOMYEPKUBACT IMOTEHIMAT MaTepHajoB M3 OHOMAacChl
W MX KOMIIO3WTOB B PEHICHUM KIIOUEBBIX orpaHuueHuid Li-S Oarapeii, mpearas
MEPCIEeKTUBHBIA TOAX0 K pa3paboTke BBICOKOID(DEKTHBHBIX CHCTEM XpaHCHHS
SHEPTHH.

KiroueBsble ciaoBa: rpadeHONONO0HBIN MOPUCTHIA YIIIepoll, OKCUI HUKEIs, cepa,
JUTHR-CEPHBIC aKKyMYJISITOPBI, TIOTUCYIb(HIBI JIUTHS.

Kipicme. XKorapbl MeHIIKTI ChIABIMIBUIBIK (1675 MA car ') meH aiitapibikraii
sHeprus ThIFbIBABIFBI (2500 BT car kr') OosranabikraH JUTHA-KYKipTTi (Li-S)
AKKyMYJIATOPJIApbl SHEPIrHsl CaKTaylblH €H YTBIMJbI IIenrimaepidi Oipi peTiHie
KapacTbipbuIajsl (Azam, et al,2023; Chabu, et al, 2019; Chen, et al, 2018). Anaiina, Li-S
OarapesuiapblH MPAKTUKAIBIK KOJJIAHBICKA €HII30eC OYpBIH eIyl THIC Maceseep
6ap. Kykiprrin anekrpeTkizrimriri (5 X 1073°S cm!) eTe ToMeH O0FaHIBIKTaH, OJT THIITIK
OKIIIAyJIaFbIII JIEMEHT. Pa3psiarany ke3iHjae Ty31iIeTiH TOMEHI1 peTTi NoMHuCyIbuaTep
ne (Li,S,, Li,S) Temenri erkisrimrikke ¥e. Paspsaaramy Kesinje TY3UIETIH JKOFapbl
PETTI MOMUCYIb(UATED ICKTPOIUTTE SPHJIl KOHE KATOIThI OCJICEHJI MaTepHalIbIH
YKOFaTyblHA OKelleli, HOTHXKECIH/IE DJIEKTP TOTbI azasiabl. JINTHi monmucynbQuaTepiHig
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ANEKTPOIUTTE €pYi KOHE OIapIbIH aHO XKaKKa Kapait A dy3usacel «martia 3P PeKTiciny
TyneIpansl. Paspsaray/3apsaray npoueci ke3iHae YAIIBIK KOJeMHIH KeHEI01 dJIeKTPOa
KYpPBUTBIMBIHBIH TYPaKCBI3ABIFbIHA aJbIN Keneni. by Mocenenep JIUTHHA-KYKIPTTI
OarapesulapAblH ~ CHIMBIMABUIBIFBIHBIH ~T€3 TOMEHJCYIHE JKOHE TYPaKTBUIBIKTHIH
Harrapiaysiaa anein keneni (Chen, et al., 2021; Chung, et al., 2018; Dorfler, et al., 2021;
Du, et al., 2019).)Korapbiaa aranrad KMBIHIBIKTApABI €HCEPY YLIIH KONTEreH dicTep
3epTTeli, COHBIH ilIH/E TIpEeK KaTOATHl MaTepHaiaapAblH Kypbuibicel (Garcia, et al.,
2017), mogudukanusianFad cenaparopnap, (yHKIHOHANIBl apajblK KadaTTapAblH
kypbeutbicel (Huang, et al., 2019) xone anoarsr koprayasl (Lee, et al., 2021) xy3ere
aceIpyabl aiityra 6onaabl. [lonucynbQuaTepain IEKTPOIUTTE €py MOCEIIECIH MEeITyiH
01p 7KOJIBI — KYKIPTTI ©31H/1€ YCTall TYpaThIH OTKI3Till KaToA MaTepHajiap/bl Naianiany
6ounbin Tabbutab! (Chen, et al., 2018). Karoars! oHTaiinanabipyaa KYKipT pa3psiibIHBIH
OHIMEPIH IIEKTEN >KOHE OJapIbIH AIIEKTPOXUMUSUIBIK TYPJICHY SKbUIIaMIBIFBIH
apTTHIPATBIH KOMIpTeri HeTi3iHAeri Marepuaiibl jkolanay >KoHe MOoAu(UKanusiay
nepcneKTruBTi oaic 6onbin Tadbutagsl(Lin, et al., 2017). KykipT eTKi3rimTirid xxakcapry
ywid kykipr-nonumep (Mai et al., 2019)xoHe KyKipT-KeMipTekTi komnozutTep (Manoj,
et al., 2019) cuAKTH KOMIO3UTTIK MaTepuanaap 3eprrenred. KykipTTi e3iHe ®KyKTeyIi
MaTepuan peTiHae KeMipTeri Heri3iHAeri HaHOKYPBUIBIMIBI MaTepHanaap KeH ayKbIMbI
3epTTeni: cdepanblK KeMipTeri, KeyeKTi KeMmipTeri, KOMIpTeKTI HAHOTYTIKTEp MEH
HaHOTammbIKTap >xkoHe rpaden (Li et al., 2017; Lin, et al., 2017; Mai, et al., 2019).
KomnosuTTik Marepuangapia KeyeKkTi KoMipTeri MeH MeTaJlll OKCUATEPiH Maii1aiany OChl
KHUBIHJBIKTApbI IIEIIYAiH BIKTUMAaI HIeHIMIepiH yChiHaAbl. JlereHMeH, KoMipTeKTep
TOMEH MOJSIPIbIFBIMEH CUIATTaNaAbl, TOJISAPIBl JIUTHHA HONUCYIb(GUATEPIMEH JICi3
Ban-nep-Baanbsc kymTepiMen spekerTeceni, OyJl TybIHOAWTBIH IIATTA ocepiH Oacyra
KeTkiikei3. KeyekTi kemipreri marepuaniapbl KeleMai KEHEWTy YIUiH KEHICTIKTi
KaMTaMachl3 eTe/li, 0ipaK moIncyabGUATePAl XUMUSIIBIK TYPAE CIHIpMEHi i, all MOJSIpIIbI
KOCBUIBICTAp OJlapAbl XMMUSUIBIK TYpAE ciHipe anaasl (Manoj, et al., 2019; Meng, et al.,
2023). 3eprreyuiiyiep 9p Typ:i MOJSpibl KocbuibicTap Metami okcuarepi (Ogoke, et
al., 2017), merann cynsdunrepi (Ould Ely, et al., 2018), metamn autpuarepi (Ould
Ely, et al., 2018), meTtanopranukansik koceuibictap(MOF) (Robinson, et al., 2021) ,
conpaii-ak kemipreri rerepoaromasl (N, B, S) (Seh, et al., 2016) kocnanaper Oap
KeMipTeri KOMIIO3UTTEPiHiH dacepiH 3epTTeai. by nonucynsuarepaiy oxmaynanysHa
BIKMaJl €TTI JKOHE KYKIPT Heri3iHieri KaToAThl MarepuaigapAbl OHTalIaHAbIpyFa
YJIKEH 9cep eTTi. DHeprus cakray KypbUIFbUIApBIHAA, dcipece JUTHI OaTapesiiapbiHaa
OnomMaccalaH albIHATBIH KeMipTeri OOWBIHIIA 3epTTEYNIep COHFBl JKbUIIAPHI apTTHI.
buomacca xemiprekTiH Oaii ke3i Ooiybil TaObUIaABI. bHOMaccagaH CHHTE3JENETIH
KOMIpTeTi OFapbl MEHIIIKTI 0eTi MEH KaXXeTTi KeyeK KeJeMi, KeyeK eIeMIepiHiH
HEePapXISUIBIK Tapalybl, dKaKChl OTKI3TIIITIr, KOMKETIMILTIT jKoHE KapanaibiM CHHTE3
ozicTepiHe OalIaHBICTBI KOJDKETIMII THIMIII KOMITO3UTTEP OOJBIN ecenTenesi. OpTypii
KEYEeKT1 KYpBUIBIMIAphl Oap OMOKOMip KOMIO3HMTTEpi KETKUTIKTI KYKIpPTTI CHIAIBIpa
anagpl. OpTypii OmomaccaiaH ajblHFAH KOMIpTeri MaTepHaiapbl KYKipT-Cynb(uAaTi
Oarapesuiap KbI3METIH jKaKcapTy YIUiH (MBICANbI, CapbIMCaK KaOBIFbI, KYpilll cabaHsbl,
oMeJI0 KaOBIFbIHAH, KYPIlll KaOBIFbI,)KaHFaK KaOBIFbI, )Kyrepi AoH1) 3eprrenai (Sultanov,
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et al., 2024; Sun, et al., 2021; Wang, et al., 2018; Wang, et al., 2021; Wang, et al., 2020;
Xiao, et al., 2020).

Kypim kaybI3pl MOJI, ap3aH >KOHE OKOJOTHSUIBIK Ta3a aybul HIapyallbUIbIFbI
KaJIIBIKTapbIHBIH O0ipi 00s1bin Ta0kansl. Kypim kaOsirbinad (RH) apsan 6encengipinren
KOHE OHJIpyre THiIMAI rpad)eH TIpi3li KeYeKTi aKTUBTEIreH KOMIPTEKTEp CHHTE3/AeyTe
Oonanpl. Kypim KaOBIFBIHBIH HETi3ri KOMIIOHEHTTepi HWHEPTTI aTMocdepasaa
MUPOJIM3JICHTEH Ke3/ie KeMipTeri Ty3eTiH neutono3a (38%), remunenitono3a (18%)
XoHe TUrHUH (22%) Gombin Tabbuians! (Sun, et al., 2021). Kypim KaObIFbIHaH albIHFaH
KOMIPTEKTI MaTepHall )KaKChl AIIEKTP OTKI3TILITIKKE ie, 071 KYKIPT KaTOABIHBIH JKaJIIbI
OTKI3TIITITiH apTThipafsl. Kypim KaObIFbIHAH alblHFaH KOMIpTeri Marepuaigapbl
Oarapesuiap/a aHOJ KOHE KaTo/ peTiHAe KoJAaHbUIFaH 3epTreyiaep 0ap. Kypim KaObIFbiH
naiianana OThIPBII, YKOJOTHSUIBIK Ta3a 01p caTbUIbl TUPOJIHU3 MPOLeci apKbLIbl Li-HOH b
Oarapesiapbl YILIiH CBIHBIMIBUIBIFBI )KOFaph k9HE TYPaKThl TUKIAI S1IOX/C KOMIIO3HUTTIK
AHOJTApPBIH CUHTE3EY 9Jici o3ipiaeHreH. AnabiH ana TasapTtbuiran SiOx/C aHOABIMEH
xoHe S-PAN KaTonbpIMEH >KMHAKTAJIFAH TOJBIK YSAIIBIKTHIH AJIEKTPOXUMUSIIBIK ChIHAY
HOTIOKENepl OIpiHII IUKIJIH KaWThIMIbl CHIMBIMABUIBIFEI 1500 MA car r—1 MoHIH
kepceTTi. byn HoTmkenep Li MeTasl )KOK KYKIPTTi akKyMYJsITOpJap/ia naijanany YL
Kypill KaObiFbIHaH anbiaFad SiOX/C KOMIO3UTTEPiHIH NepHNeKTUBTLUIIrH KopceTeni[30].
Taux-Tynr Maii TOOBIHBIH 3epTTey >KYMBICBIHIA KYpilll KaOBIFBIH KOMIpTEKTEHAIPY
xoHe oHbl K CO,-nien oH/Iey apKbLIbl MUKPO/ME30 KEyEKTLIIri 6ap jKOFapbl KEYeKTi
Oescenaipinren keMip MarepuangapbiH xacay kepcerinreH. RHAC@S xommosurrepi
mutui-kykipt (Li-S) Garapesuiapsl yuiiH KatoaTap peTinae Koinaneuira. 0,25 mr
cM-1 kykipt xkykremeci 6ap yiri 0,1 C xeurgamaeikra 1080 MA car -1 Gacramksl
paspsaaTay KabijeTiH KkepceTin, TOK ThIFbAbIFE 0,2 C Oonran ke3ne 50-mi 3apsaray/
paspsaTay IUKITIHeH KeliH KauTeiMabl Kyat 312 MA car r-1 neHredtinge kanras (Yang,
et al., 2018).Hukens oxcuai (NiO) xone Hukenb (Ni) KOCBUIBICTAPHI JIMTHH-KYKIPTTI
(Li-S) OarapestmapblHOa MaHBI3ABI peN arkapaibl, Oy Oarapes >KYHECIHIH Kabl
OHIMAUTIIT MEH TYpaKTBUIBIFbIHA BIKMad eTedi. Ni KOCBUIBICTaphl 3apsATay >KoHe
pas3psa mpouectepi Ke3iHAe SMEeKTPOHIAPAbIH TachbIMAIAaHybIH JKCHIJIIETE OTBHIPHII,
KaTONTBIH SJEKTPOHJABl OTKI3riWTIriH KymelTe amanel. byn Li-S GarapesicbiHbIH
KyaT eHIMIUTIriHIH jKaKcapyblHa OKEJIeTIH JKbULAAMIBIK MYMKIHAITIHIH jKakcapyblHa
JKOHE 1IIKI KeJepriHiH TeMeHaeyine akeneai. NiO monucyabQuaTepaiH TOMEHT1 peTTi
cynbpunrepre (Li,S, xone Li,S) aiinanybin KaTanu3saei anapl, TOTIFY-TOTBIKChI3IaHy
KMHETHKACBIH JKaKCapTaAbl KOHE JKaJIbl AIEKTPOXUMHUSIIBIK OHIMALTIKTI apTThIPaabl.
NiO nonucynabpuATEpIiH aAcOpOLMICHIH KaKCapTy XKOHE ONapiblH KOHBEPCHUSICHIH
KaTanu3aey YIUiH JUTHH-KYKIPTTI Oarapesuiapiarbl KOMIPTEKTI MaTepuaiJapMeH
OipikTipinin Konnansuiaasl (Zhang, et al., 2019; Zhang, et al., 2019; Zhao, et al., 2023).
Keneci 3zeprrey xxymbiceiaa, NiO Oemnmekrepin Li-S OaTapeschiHIa KaTo]] KOMIIO3UTIHE
OipikTipy nonucynsGUATEpAl ycTayaa, acipece cenapaTropIblH KaTo/ )KaFbIHAAFbI KYKa
KOMIPTEKTI IUIEHKAMEH JKYITacThIPbUIFaH Ke3/e oTe THiMAl Oonrad. NiO KeyeKTi skenini
KYPBUTBIMBI KYKIPT TTIOJIMCYIB(GHUATEPIMEH 9pEKETTECY1 HOTHKECIH e mAaTTI 3 dekTicin
TOMEHJETIN, OaTapesiHbIH >KYMBICHIH >kKakcapTkaH. NiO HaHOOeNIeKTepiH KOoIJaHy
KBUIJAMIBIK MYMKIHAITIH e, y3aK Mep3iMIi TYpaKThUIBIKTBI Ja jkakcapTkadH. 80 %
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kykipT xykremecinge 0,2 C xpurmamabikies 1100 MA car r-1 OacTamkbl MEHIIIKTI
CBIMBIMJIBUTBIKTHI KOpceTkeH(Zhu, et al., 2019).

By 3eprrey jKyMBICBIHAA KYPIll KaybI3bl KaJAbIKTapbIHAH CUHTE3IENTeH IpadeH
kemiptekti Matepuain (KKI') »koHe HUKeb OKCHIIHEH TYPaThIH KaTOATHI MaTepuail MeH
cernaparop JaibIHAANbIIL, TUTHH CyabQHUITI OaTapes YIIiH KoJIAaHbIck 3epTTenmi. [ padgen
KOMIPTEKTI Marepuaj >KOHE HHMKENb OKCHIIHEH TYpaThlH KOMIO3UTTI MaTepHalAbIH
CHUHEPreTUKANBIK 9cepi KapacTbIpbliabl. CHHTE3IENTeH KOMIIO3UTTI Marepuan THIMII
KYKIPT JKYKTEyIIi KaTroA peTiHAE JOHE Cemaparop TYPJICHAIPYIIi areHT peTiHae
KOJIIaHBUIBII, ATTA A dexTicin azaityra bikmaibH Turizai. KKI-NiO@S/KKI-NiO-
yambirsl, 0,2 C-zme sxoraprel 6actankbl 1599420 MmAcar r-1 pa3psn ChIHBIMABUIBIFBIH,
an 100 nuknaen xeidin 790+£10 mAcar r-1 pa3psaTany ChIABIMABUTBIFBIH KOPCETTI.

Marepuajagap MeH dicTep

Xumusnbslk 3artap Kykipt yararst (S, >99,0 %), kykipt xemipreri (CS2 cychis,
>99,0 %), kanuii runpokeuni (KOH, >85,0 %), nukens nutparel (Ni(NO,),, >99,0)
Curma-Onnpuuter catbi aabiHAbBL. AproH (99,993%) «MxcaH ra3» KoMIaHUSIChIHAH
CaThIll ajbIHABL. bapnblK sKcrepuMeHTTepAe oTe Ta3za MOHCHI3AaHAbIpbuTFan cy (DI)
KOJIIaHBUIABL. bapibIlk XUMHSIIBIK 3aTTap KOCBIMIIIA Ta3apTyChl3 KOJIIAHBUIIBI.

YJarinepain cunarramacbl. AJIBIHFaH YATUIEp SPTYpJi aHAJTUTUKANBIK QIiCTep
apKbUIbl cunarTanabl. beTiHiH MOp(OJOrHsackl MEH 3IEMEHTTIK KypaMbl DHEPrHs-
aucriepcusuiblK criekrpockonusMed (EDS) sxabapikTanran ckaHepiieyIi SIeKTPOHIBIK
mukpockon (SEM) Crossbeam 540 kemerimen Oarananibl. KypbIIbIMABIK epeKIIeTiKTepi
TPaHCMHCCHUSUIBIK, dNeKTponabl Mukpockon (TEM) apkeuisl 3eprrenai (JEOL JEM -
1400 Plus, 120 xB). Pentrennix nqudpaxnus (XRD) tangaysr CuKa coynenenyi Oap
SmartLab (Rigaku) - penTrennix nudpakuus xyieci apKblUIbl KYPriziani. XUMHUSIBIK
OalimaHpicTap MEH ©3apa SpeKeTTecylep MOHOXpomaairaH TeMeH KyarTtel Al Ka
pentrenmik ke3i (1486,6 3B) OGap peHTreHAiK (OTOIIEKTPOHIBIK CHEKTPOCKOMUSHBIH
(XPS, NEXSA, Thermo Scientific) kemerimen 3eprrengi. KKI-NiO@S xommno3uttik
MaTpHLACBIHAAFBI KYKIPT MeiIepi a30T arMocdepacbiHaa Oip yaKbITTarbl TEPMUSITBIK,
ananmm3zarop (STA) 6000 kemerimen TepmorpaBuMeTpusuiblK Tangay (TGA) apkbuibl
AHBIKTAJIIBI.

Buomacca cuHTe3i. buomacca  KangbIKTapblHBIH  NPEKYpPCOPHl  peTiHe
Kazakcrannarel Kpi3eiiopaa oOnbickiHaH anbiHFaH Kypim Kaybisel (KK) Onomacca
KaJIBIKTapbIHBIH IPEKypCOpbl Maiaananbuiabl. Kypim KaybI3siH TaOUFH KOCTIalapAbIH
KaJIBIKTapblHAH Ta3ajay YVIOiH, Cy MeJaip OonfaHIIa BICTHIK JACHOHW3ALMSIIAHFaH
(DI) cyna kaiiTanan xi0iTy apKbUIbl TazapTyaan eTkizinai. Keitinnen tazapreuran KK
BakyymsIK niemte 110°C temneparypana S carat 6oiibl kentipinai. Oceinan keitin KK
KOMIPTEKTEHAIPiTYy1 YIIiH UIUHIPIIK TOT OacmaiThiH OoJaTTaH KacajafFaH peakTopaa
(500°C temneparypana 120 munyT 60iibI, apron (Ar) ra3 areinsl (160 c/cMm) acTeiHAa
opTamia KbI3AbIPY KbUIIAMIBIFBl MUHYTBIHA 5°C/MUH) KBI3ABIPY KYPri3iani. AJNbIHFaH
KOMIPTEKTI OHIM eJIIeHiN, 1:4 KaTbIHACBIHA KaJiid THIPOKCHIIMEH apaiacThlPbUIIbL.
By kocmaHbl jKakchllanm YHTaKTal, TOT OaclaiThiH OoslaTTaH >KacalfaH peakTopra
caublin, KemipTekTi eHiMHIH KOH-TBI TONBIK CIHAIPYiH KaMTaMachl3 €Ty YILUiH ayaHbIH
KatbicybIMeH 12 carat Ootibl 1 50°C Temneparypana KbI3abIpbulasl. KeiliHHeH KoMipTeKTi
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OHIM1I TEPMOXUMHUSUIBIK akTHBTeHIipy YiriH 800°C Temmeparypaia opraiua KbI3IbIpy
KbUTIAMIBIFBI MUHYTBIHA 5°C/MuH Ar opracsiaaa (250 c/cm) 90 MuHYT GOIBI KBI3ABIPY
xyprizingi. Werapeirran KKIT yHTaFsl cinTini KocnanapAsl KOKO VIIiH IIaMaMeH
6—7 pH wmonine xerkenme DI cypiMen OipHele peT maroAaH ©TKI3UIN, comaH KeiiH
BakyymIsIK nemte 150°C remneparypana 12 carat O0HBI KenTipiiii.
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Cypert 1. I'paden Topi3zi KeyeKTi KOMIpTEKTEpAi alry IPOIECIHIH CXeMachl

NiO cunre3i xone KKI-NiO@S xaroarapsin amy. KKI-NiO@S cuntesney
YIIiH KOMIIO3ULMSIIBIK KOMIPTEKT] KYpill KaObIFbI MEH HHKeJIb HUTpaTsl 10 mi cynma
apanacTBIPbUIBII, |2 caraTKa KaJaaeIpbulasl. HUKeb OKCHIIHIH yieci 0acTanKbl aJlbIHFaH
IPEKYPCOPABIH Maccachina OainanbicTel: 20% NINO, Mac.%. ApanacTbipran epiTiHii
epiTKim ToNbIK Oymanranma kentipiami. Kamran yHrak 5°C/MMH SKbLIIAMIBIKICH
300°C temmeparypana 2 caraT OOMbI TEPMUSUIBIK OHJICYTe apHAJIFaH KYOBIPIBI TICIIKEe
xi0Oepinmi. Kemeci xamam Kykiprti wuHkancymamusiiay Oongsl. Kykipr KKI-NiO
KeyeKTepiHe azeTTeri 6ankeiMa quddysusicel opiciMer uMMoonn3anusianasl. Kykipr
KKI'-NiO 60%-40% wmemmuepae CS,:M30IponaHos €piTKiliHAe IPONOPIHOHAIIbI
KaTbIHACIICH apajacThIpbulbl. EpITKIITIH TONBIK OymaHyblHaH kediH yHTak KKI'-
NiO@S xoMno3uTiH any yuriH KyOsipnel nemke Kodsiasl.  KKI-@S xomnosurti ae
OCBI OJIICTIEH CUHTE3/AEN/I].

Cenaparopabl moaunduxanusiaay. Kommepuusisik Celgard 2400 cemapatopbin
MoauduKanusiiay J9CTYPIli CyCIIEH3UsHbI KYIO 9[licMeH NaibiHaanasl. KoMmepusuibk
Celgard 2400 cenapaTopbIHbIH OCTi CyCIIEH3USHBI KYIO 9/IiCiH MaiaaaHbll ©3repTii.
Cysnensus paiipinaay ymin KKI-NiO maccacbiabi 90%-bI N-METHI NHPPOIHIOHAA
(NMP) epitiirer 10% nomusunmnuaeHai ¢ropuanen (PVDF) Giprekri Ttyprae
apanacTeIpbuUIblll, comaH kedin Doctor Blade omiciMen cemapaTtopra »Karbljzbl.
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Jaitpraanran MmoauuKanusIanFaH cenapaTop BakyymabIk nemte 60°C remneparypajia
12 carat OO¥bI KeNTipiIIIi.
HoTu:kesiep oHe TAJKbLIAY

100%im
]

Cyper 2. Cunre3nenren KKI-uig COM cypertepi

SEM cyperrepi KKI" 6etinge 15-tern 30 MkM-re OeHiHri keyekrep auaMeTpi Oap
KOFapbl JaMbIFaH MAaKpPOKEYEKTi KYpbUIBIMABI aHbIKTajabl. JKaKbIHBIpaK TEeKCEpreH
Ke3Jle YIKeHIpEeK MaKpOKeyeKTep ilriH/e nuaMeTpi 1 :xoHe 2 MKM apachIHAFbI KilllipeK
Keyekrep Oaifkanmer (cyper 2). By keyekrep TEpMOXUMHUSIIBIK OJICEHIIpy Mporeci
ke3inne KOH OynaHybIHBIH HOTHXKECiIH e makiaa Oonanbl nen comkanasl. KOH Oynany
ke3iHzge on 6oc opeiHAApABl Kamabipaasl, 0y KK imriHgeri keyekTep KypbUIBIMBIHA
BIKIIAJI €TEI.

TEM Ttannaysl HOTHXKENEPIHEH alllblK JKOHE KapaHFhl aiiMakTapipl Oalkayra
oomaner, Oy KKI' -HiH KaObIpmiak Topizai rpadeH KypbUIBIMBIH pacTaiiibl. AIIBIK
aiimakTap Oip KabarThl rpadeH Topi3ai KYpPhUIBIMFA COMKEC Kele i en OomKaHabl, ajl
KYHTIpT aiiMakrap OipHemie KabaTThl KYPhUTBIM/IBI KYPAWThIH Tpad)eH mapaKkTapbIHbIH
KabarTacyplHaH Kamibinracaabl aen Ooomkam skacanael. KKI-NiO TEM keckini KKI'
keMipreri komnosutiHae NiO HaHOOemmeKTepi OipKeNKi TapalFaHIIbIFbIH aHBIK
KepcerTi (cyper 3).

Cypert 3. KKI" sxone KKI'-NiO TEM keckinzepi
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KKI-NiO kommo3utinigy XRD ymrinepi 4-cyperre kepcertinren. KKI, KKI'-
NiO xone KKI-NiO@S XRD natmxkenepi KKI, NiO ymin GapiblK cHUmaTTaMalbik
weigapasl kepcerti. KKI-NiO@S yaricinaeri XRD Hotmxkenepi Ooiibiama (111),
(200), (311) xone (222) mbigmapsr NiO-ra coiikec keneni, 6ackanapel KKI™ kemipreri
T paKIUSCHIHBIH HIBIHIAPBI.
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Cyper 4. KKI" sxone KKI'-NiO xomnosutinin XRD HoTmxenepi

XPS Tangaysr KKI'-NiO HuKenb KOMITO3HMTIHIH 3JI€MEHTTIK KypaMbl MeH OCTTiK
KabarTarbl OaillaHbIC TYpJIEpiH aHBIKTAy YIIiH jkacanasl. JKammer criektp mMeH Ni 2p
HEeT13T1 JIeHrefiHiH CIeKTpIepi -CypeTTe KeNTipiireH. bapiblk criekTpiep/ai Kanuopiey
yuria 284,8 3B kemiprerinig Cls mbHbl naiinanansuiael. KK /NiO-mb1H Ni 2p XPS
cnekrpnepi S-cyperre kepcerinreH. KKI'-NiO-uein Ni 2p XPS cmekrprnepi Tept
IIBIHHAH TYPaJbl, OHBIH IMIiHAE CTUH-OPOUTAIIBIK TyOJIeT )KoHE €Ki KOCHIMIIA IIBIHAP.
Omapasig Ni2pl/2, Ni2p3/2, Sat.1 xone Sat.2, OaiinaHblc SHEPrUsIapbl COMKeCiHIIe
mamameHn 855,3 sB, 860,8 3B, 863 »B sxone 880 3B aiimakTa opnHamackaH. 854 3B
»KaHbIHA jkoHe 858 5B aiimarbiHaars oici3 mibiHaap Ni’ sxkone Ni** TOTBIKKaH Kyiiep
IIBIHAAphIHA Colikec keneni. 854 3B IeHTpiHJe OpHallaCKaH oJICi3 IIBIHHBIH IMaiiaa
00Jybl KOMIpTETi aTOMIApbIMCH OPEKETTECY HOTHIKECIHIC HUKEIb OKCHIIHIH Ni’-
re JeiliH TOTBIKChI3NaHybIHAH TY3UTyi MyMKiH, Ni*" ToThikkan kyitnepi NiO oman opi
TOTBIFY HOTIKECiHIAEe Oomybsl MYMKiH nen Oomkanabl. XPS nHoTwkenepi OoiibiHina
KKI'-NiO kypambinaa Hukenb aromaapsiabie NiZt, Ni’ sxone Ni** Typnepi 6ap geren
KOPBITBIHBI JKacayFa Oomazpl.
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Cypert 5. KKI'-NiO kommo3utisiH xanmsl sxoHe Ni 2p XPS cnexrpnepi

KKI-NiO@S xommo3uTtiHaeri KyKipTTiH KypaMbIH aHbIkTay yimiH TGA Tammaysl
xyprizinai (cyper 6). KKI'-NiO@S kypambIHaars! KYKipTTiH yieci mamamer 60%+1-
IIBI Kypanbl. byl anamms HOTIKeci 0acTanKel allbIHFaH KYKIPTTIH MOJIIepiMeH Oipaeit
yraecte, KKI'-NiO koMI103uTI KeyeKkTepiHe KyKipT OanksiMa-Tuddy3us omiciMeH COTTi
JKYKTENTEHIH KOPCETE/I.
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Cypert 6. KKI'/NiO@S rxomnozutini TGA aHanm3i HOTHXKEC]

Celgard 2400 PP cenaparopst KKI'-NiO komnosutimen typienaipingi. KKI'-
NiO 9:1 karpmaceingaiik NMP kypambeinga 3% PVDF-nen apanacteipeuisimn 10
MUKPOH KaJIBIHJBIKTBI Naiiananein Doctor Blade kypanibiMeH karbuiabl. AJIBIHFaH
MonubuKkanusuianran cernaparopabiy Oykin Oeringe KKI-NiO Oipaei KaibIHABIKTa
Ooylybl YUIIH Opamabl NpecTey KypajblHaH eTkKi3inmi. CemaparoplblH ©3repTiuIreH
OeriHiH KanbiHABIFEI SEM ofricimen Oarananibl (cypet 7). KenjieHeH Kiuma cypeTTepiHig
Hotmkenepi cernaparop Oerinne KKI'-NiO kanranran opraiia KaJlbHJIBIK 15 MKM TeH
EKEHIH KepceTTi. beTTik Kabar ThIFBI3IBIFBI OIpKEJIKi €KeHiH OalikayFa 0oJabl.
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Cypet 7. KKI'-NiO kommno3uTiMeH MoauduKausiianFan cenapatopasiy COM KenjaeHeH KHMachl

8 cyperre KKI'-NiO@S/ KKI'-NiO cenaparop ysmsirbiabig 0,1 MB ¢! ckaneprey
JKBUIIAM/IBIFBIHAFBl AJIFAIKB alIThl IUKITe apHaiFaH KaWThIMIbl CV KHCBIKTaphl
KkopceTiren. KaroaTelk ckaHepieyne dS1neMeHTap KYKIpTTiH (S,) y3bIH Ti30eKTi
nomicynbpuarepre xone Li,S /Li,S TOTBIKChI3NaHybIHA COMKEC WIBIHAAD MIaMaMeH
2,3 B xone 1,9 B aiimarbina naiiia 001bl. AHOATHIK CKaHEPIIey LiZSZ/LiZS-TiH Sg-re
KaWThIMJIbI DJICKTPOXUMHUSUIBIK TYpPJICHYIHE kKaraThlH 2,5 B ImamachkiHia KeH KajFbI3
mbIHABI KepceTei. [uki OoiibiHIIa Oipieii KaiTanaHaTbiH CV KUCHIKTaphl YSIIBIKTHIH
JKAKCBhI 3JICKTPOXUMUSUIBIK TYPAKTHUIBIFBIH JKOHE JJICKTPOXUMUSIIBIK TMPOIECTEPIiH
KalThIMJIBUIBIFBIH KepceTesi (cyper 8).
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Cyper 8. KKI'-NiO momudukanusmanran cenaparopsr 6ap KKI-NiO@S xaroxran Typarsia

ymbIKTEH CV aHanmm3i
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Cypert 9. Li-S ysmsIKTapbIHbIH 1eKTpoxXUMISUIBIK oHiMaLTir a)KKI'@S katonTsl, sxaiaH —cernapaTtopIibl
yambIKTHIH 0,1C-narsr, KKI-NiO@S xaroarsr, KKI'-NiO —cenaparopist ysmbsIKTeIH 6) 0,1 C ¢) 0,2 C 1)
1,0 C-narpl UKITIK OHIMALTIK )KOHE pa3psATalTy/3apsATany KHCHIKTaphl

Karox marepuaisl peringe KKI'@S koMmo3uTiHIH 37€KTPOXUMUSUIBIK OHIMIUIIH

3epTTey YIIiH 6acTanKbIAa YAIIBIK MOTU(PUKAITHSITAHFAH CEMapaTopChi3 KYPacTRIPBUIIBL.
Hukenb OkCuiHIH CHHTe3re OacTamKpl ajbIHFaH YJieci NiNO3 20% Oonasl. AHOX
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peringe Li merann aumckinepi, snekrponut petinge 2% LiNO, 6ap LiTFSI xone
cenaparop perinae Celgard 2400 PP mavinanansuiael. KKI'@S monudukanusianran
cenaparopebi3 0,1C-ge xone KKI'-NiO@S monndukauusianran cenaparopmet 0,1C,
0,2C, 1,0C op Typsai TOK XbULAAM/IBIKTAPBIHIAFbI KaTOJTHI YSIIBIKTAPbIH ITUKIIIK
OHIMLIITI MEH pa3psATaty/3apsaTany eHIMALTIKTepi 3epTTenai. MoanpukanusianFan
cemaparopbl Oap sxoHe k0K (cyper 9) KKI'@S, KKI-NiO@S ©6arapesmapbiHbIH
raJbBaHOCTATUKAJBIK 3apsii/pa3psii KHCHIKTapbl KaTOATHIH OIpiHINI  pa3psATHIK
miatocsl 2,3-2,4 B-Ka jkakbIH €KeHIH KepceTesi, al eKiHuiici pa3psan yeTipti 2,0 xoHe
2,1 B apaneirsiaaa. by eki paspsaThIK YCTIPT COHKECIHIIE KOFaphl )KOHE TOMEH PeTTi
JUTHH TONHCYIb(PUATEpIHE KYKIPTTIH TOTBHIKCHI3NAHYBIHBIH €Ki CaThIChIHA COHKeC
keneni. [llamamen 2,4 B muarocsl Oyl KYKIPTTIH Kepi TOTBIFybIHA COWKEC KeJemi.
KKI' @S xatonbIHbIH 0acTankbl pa3psaaATay ChlibIMabIbFsl 1313420 MmAcar ! 6051,
an 100 nukameH kerinri MoHi 669+10 MAcar 1! 00mabl, CRIMBIMABUIBIK 51 % ycTamn
TYpyMeH TeMeHaeai. O3reprinren cemaparopsl koK KKI'@S xaroarsl Marepuaibl
0,1C Tox >kpuTIAMABIFBIHIA TYpakchi3 Kynonasik Tuimaitikri kepcerti. KKI-NiO@S
katon KKI-NiO cenaparopsl Oap ysIIbIK OacTankbl pazpsaray ChlUbIMABLTBIFEL 0,1
C ke3iHjie anFaIikpl pa3psaaTany ChlibMabLIeiFbl 1705+20 MAcar ! 6ommer, 0,2C-1e
OacTankpl pa3psaTaty ChIMbIMABUTBIFEL 1599420 MAcar 1!, 1,0C-1e 919+10 mAcar 1!
celiibIMABLTBIKTEL KopceTTi. KKI-NiO@S katon KKI'-NiO cenaparopsl 0ap ysmsIKTap
KKI'@S momudukanusmanran cenapaTopchbl3 YALIBIKIEH CalbICTBIPFaHIa JKOFaphl
TYPaKTBUIBIK MEH >KOFapbl KylmOHIBIK THIMIUTITIMEH epeKIIeIeH .

Keuinamnaeik  kaoinertimik ceiHarbl KKI-NiO@S / KKI-NiO cenaparopiisl
YKapThUIAH YSIIBIFBIHBIH XKOFAPbI AKBUTIAM/IBIK OHIMAUTITIH KOPCETKEHIH KOPCETTI (CypeT
10). Aran aiirkanna, 0,1C, 0,2C, 0,3C, 1,0C xone 2,0C arpIMIaFbl )KbUITAMIBIKTapI
KKI-NiO@S / KKI'-NiO ysambirbl mamamen 1376+20, 96710, 836+10, 703+10
xoHe 583+10 MAcar ! pa3psiaTainy ChIiBIMABLIBIKTAPBIH KopceTTi. KalTaman TOKThIH
KbuTIaMaeiFbl MoHI 0,1C TOK KbIIIaMABIFRIHAR, YAUIbK 910+£10 MAcar 1! pa3psiaThiK
CBHIABIMABUTBIFBIH CaKTaIl KaJlbl.
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Cyper 10. KKI'-NiO@S xaronrsl, KKI'-NiO—cenaparopIibl YIIBIKTHIH op TYPIIl KbUIIaMIBIKTapAaFbl
ANIEKTPOXUMUSITBIK OHIMILTITI
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KopbIThIHABI

Kopsireinasuiait kene, KKT'-NiO (20 NiNO, macca %) KOMIIO3HTI CITTI CHHTE3/IETII
JKOHE KaToAThl Martepwall periHme coHmai-ak KKI'-NiO cemaparop mMomupukaTopbl
perinme konaausuiasl. XPS nepexrepi 6oiibianra KKI'-NiO kommo3uti Kypambiaga Ni**,
Ni?xone Ni** HukenbiH OaitnaHsicTapsl Oap ekeHi aHbIKTa bl HUKenbh OKCHIIHIH 6ap
exeni XRD Tanmaysiven pactangsl. KKI'-NiO@S kommosuTiHzeri KYKipTTiH HaKThI
meutiepi TGA amicimen 60+1%-ra xybIK eKeHi pacTai/ibl. MoauduKalsiaHFaH )KoHEe
momudukarnusianbaran cemaparop xkarmaierHma KKI'@S, KKI-NiO@S xaronrst
YAMIBIKTAP/IBIH dIEKTPOXUMUSITBIK KopceTkimTepi Tammanasl. KKI-NiO@S xaroarst
xoHe KKI-NiO cenaparopnsl Oarapesuiap KKI'@S TtypnenbOeren cenaparopiisl
YSIIBIKIICH CaJBICTBIPFaH/Ia KAKCAPTHUIFAH IEKTPOXUMHUSIIBIK OHIMIUTIKTI KOPCETTI.
KKI-NiO cenaparop OeTiH xaOyablH opTraiia KalblHIbIFbl 1541 MKM-re TeH O0abl.
KKI -NiO@S xaromer xone KKI'-NiO cenaparopner ysmbikrap KKI'@S katomsr
MeH MoauduKanusiaHOaraH Cernaparopiibl YSIIBIKTAPMEH CalIbICTBIPFaH/Ia JKOFaphl
TYPAKTBUTBIK TT€H KYIOHABIK THIMIAUTIKTI kKepcerTi. KKI-NiO@S koMmo3uTiHEH KoHe
KKI'-NiO cemaparopslHaH ykacaifaH KaToAThl Marepual Oactankeiaa 1599420 MA car
! paspsAATHIK CHIABIMIBUTBIKKA KOJT skeTKi3im, 0,2 C sxpiimamasikta 100 nukiaeH keitin
790£10 MA car ! CBIHBIMABUIBIKTBI KOPCETTI.
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Abstract. The article presents the results of the development of topical gel
formulations based on plant extracts derived from the roots and the above-ground parts
of Limonium gmelinii. The study evaluated the compatibility of plant extracts with
excipients and optimized their content in the gel formulations. Various concentrations
of carbomer and PG were tested to determine the most optimal gel compositions. The
optimal formulations were selected based on organoleptic characteristics, colloidal and
thermal stability, rheological properties, and the release kinetics of plant extracts. Gels
containing 1.0% carbomer demonstrated optimal viscosity and thixotropic behavior,
ensuring ease of application and product stability. The use of 10.0% PG resulted in a
cumulative release of 87.36% for the above-ground parts extracts and 85.78% for the
root extracts in in vitro tests. Long-term stability of the gels was confirmed over 12
months of storage.

Key words: Limonium gmelinii, topical gel formulations, soft dosage forms,
carbomer, pharmaceutical development, plant-based extracts

Acknowledgements.

This research has been funded by the Science Committee of the Ministry of Science
and Higher Education of the Republic of Kazakhstan (Grant No. AP19174425 for 2023-
2025 years).

75



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

J.T. KacbimoBa’, I.E. Kycynosa, 2024.
«On-Dapadu areinarel Kazak ¥ITThIK YHUBEpCUTETI», Anmatsl, KazakcraH.
*E-mail: Dariya.kassymova@kaznu.kz

LIMONIUM GMELINIT ©CIMAITTHEH AJIBIHFAH OCIMAIK
IKCTPAKTTAPBI BAP ) KEPI'UIIKTI KOJIJAHYFA APHAJIFAH
I'EJIBAEPAI O3IPJIEY )KOHE BAFAJIAY

KacesivoBa Jlapusi — PhD noxropantsl, 3eprreyiui, an-Papadbu arbiaarsl Kasak yITTBIK YHHBEPCHTETI,
Anmarsl, Kazakcran, Dariya.kassymova@kaznu.kz, ORCID ID: https://orcid.org/0000-0002-3808-2051;
KycymoBa I'asiust — XuMust FBUIBIMIAPBIHBIH JOKTOPEL, TIpodeccop, ain-Dapadu atbiHgarsl Kazak yJITThIK
yauBepcuteTi, AnMarsl, Kazakcran, ORCID ID: https://orcid.org/0000-0001-9133-2040.

AHHoTamus. Makanana Limonium gmelinii ©CIMIITIHIH TaMbIpbl MEH JX€p YCTI
OeJliKTEepiHEeH allbIHFaH OCIMJIK JKCTPAKTTapbl HETI3iHAE JKEPTiliKTi KOJIJaHyFa
apHaJIFaH TeNblIiK (opMmynamapiasl d3ipiiey HOTHIKENEpl YCBIHBUIFAH. 3epTrey
0apbIChIHIA OCIMIIK AKCTPAKTTAPbIHBIH KOCBIMIIIA 3aTTAPMEH YiJIeCIMILTIr OaFaiaHbIII,
refib KypaMbIHJAFbl OHTAMIbI MOJIIepl aHBIKTAIABL. [ elbaep/iH KYpaMblH aHBIKTAY
YIIiH KapOoMep MEH MHPONHJICHIIMKOIBIIH OPTYP/l KOHIEHTPALUsIaphl 3ePTTEII.
OHrailsibl KypaMaap OpPraHOJCHTUKAIBIK KACUETTEePl, KOJUIOUATHIK JKOHE TEPMHSUIBIK
TYPAKTBUIBIFBI, PEOJOTHSJIBIK CHIIATTAMalapbl KOHE OCIMIIK 3SKCTPaKTTaPbIHBIH
0ocar MmbIFy KHHETUKAChl Heri3iHae Tanaamabl. 1,0% kapOoMep/ i KAMTUTBIH TeJbaep
OHTAaMJIbl TYTKBIPJIBIK IIEH THKCOTPOITHIK KACUETTEP I KOPCETTI, OYJI OJIap/IbIH KOJIIaHY
JKSHUIZIIT MEH OHIMHIH TYPaKThUIBIFBIH KaMTaMachi3 €TTi. [IpONMIeHITUKONbBIIH
10,0% KOHIIEHTPAILMSCHI in1 Vitro ChIHAKTAPbIHIA KeP YCTI OOIIKTePiHIH IKCTPAKTTaphI
yuin 87,36% oHe TaMbIp dKCTpaKTTaphl YiIiH 85,78% jknHaKTanFaH Oocar HIbIFybIH
KaMTaMachI3 eTTi. ['enbaep/id y3aK Mep3iMIl TYPaKThUIbIFbI 12 aii 00kl caKkTay Ke31H1e
pacTabl.
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AHHoOTamus: B crarthe mpeacTaBiICHBI PE3yJbTaThl Pa3paOOTKHU TeNEBBIX (OpM
I MECTHOTO NPUMEHEHHS] Ha OCHOBE PACTUTENIBHBIX JKCTPAKTOB, MOJYYEHHBIX W3
KOpHE# U Haj3eMHOU Yactu Limonium gmelinii. B Xxone uccienoBanus Oblia OlIGHEHA
COBMECTUMOCTb PACTHUTENIBHBIX SKCTPAKTOB C BCIOMOTAaTEJIbHBIMU BELIECTBAMU U
ONTUMHU3UPOBAHO UX COAEPKaHME B cOCTaBe rejiei. i onpeneneHuss onTUMalbHbBIX
COCTaBOB OBUIN M3YYCHBI Pa3JIMYHbIC KOHIICHTPAIUU KapOoMepa ¥ MPOIMHICHTIIUKOJIS.
OnTHMabHBIE COCTaBbI OBLIN BRIOPAHBI HA 0CHOBE OPTaHOJICIITHYECKUX XapaKTEPUCTHK,
KOJUIOU/THOM M TEPMHUYECKOW CTAOMILHOCTH, PEOJOTHYECKHX CBOWCTB M KHHETUKHU
BBICBOOOX/ICHUSI PAaCTUTEIbHBIX SKCTpakToB. [enmu, comepxkamme 1,0% kapOomepa,
MPOAEMOHCTPUPOBAJIA ONTUMAJIbHYIO BA3KOCTb W THKCOTPOIIHOE NOBEAEHHUE, YTO
obOecrieumsio ymoOCTBO HaHECEHUsT M CTa0WIBHOCTh MPOAyKTa. Vcmoib3oBaHue
10,0% mnponuIeHIINKONISA 00ECIeUnI0 KyMYJISTUBHOE BBICBOOOXKICHUE DKCTPAKTOB
HaJ3€MHON 4acTH pacTeHHs Ha ypoBHe 87,36% 1 3KcTpakToB KopHel — 85,78% B in
vitro tectax. JlonrocpouHasi cTaOUIBHOCTh TeJeH OblIa MOATBEPXkICHA B TeUeHUE 12
MECSLIEB XPAaHEHUSL.

KuaroueBsie cioBa: Limonium gmelinii, Teny s MECTHOTO MIPUMEHEHUS, MATKUE
JISKapCTBEHHBbIC (OpPMBI, KapOomep, (hapmaleBTHUECKas pa3paboTKa, PacTUTEIbHBIC
SKCTPAKTHI.

Introduction. According to the WHO, plant materials are actively used in various
countries both as traditional remedies and as ingredients in over-the-counter drugs and
pharmaceutical raw materials, constituting a significant part of the global pharmaceutical
market. WHO data from 2019 show that 109 countries have a registration system for
herbal medicines, and 34 countries have included them in their national essential
medicines list (NEML), indicating a growing interest in phytotherapy (WHO, 2019).

This trend is driven by an increasing number of studies on the chemical composition
of plant extracts, improvements in the extraction techniques of biologically active
compounds (BACs), and the proven efficacy of herbal medicines (Wegener, 2017). As of
today, between 35,000 and 70,000 plant species have been screened for their therapeutic
potential (Dapar, et al., 2020). Herbal preparations are widely used for respiratory,
gastrointestinal, and urinary diseases, joint disorders, and as sedatives (Wegener, 2017).

Due to their wide range of therapeutic activities, plant extracts are highly valued in
soft dosage forms such as gels as well. The pharmacological activity of herbal medicines
is attributed to their complex chemical composition and the unique combinations
of BACs, which often act synergistically, making them effective in treating various
diseases (Wink, 2015). The use of plant-based preparations for topical treatment of skin
conditions has several advantages, including ease of use, lack of systemic side effects,
and the avoidance of first-pass liver metabolism (Javadzadeh and Azharshekoufeh
Babhari, 2017).

Numerous studies in recent years have demonstrated the antibacterial, anti-
inflammatory, antioxidant, and other beneficial properties of plant extracts for treating
skin diseases. These extracts can also positively affect immune processes in the skin,
improving inflammatory responses (Sitarek, et al., 2020).
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There are positive results from testing plant-based gels for atopic dermatitis (Chu, et
al., 2020), psoriasis (Herman and Herman, 2016), vitiligo (Choo, et al., 2020), arthritis
(Aiyaluy, et al., 2016) and osteoarthritis (Cameron and Chrubasik, 2013), herpes (Aslani,
et al., 2018), diabetic foot ulcers (Marchianti, et al., 2021) and etc. The extracts used in
these studies exhibited antimicrobial and wound-healing, antioxidant, anti-inflammatory,
antidiabetic, hepatoprotective, and antipyretic properties.

Extracts from the roots and the above-ground parts of Limonium gmelinii (L. gmelinii)
are rich in polyphenols, flavonols, tannins, and other bioactive compounds (Gadetskaya
etal., 2015; Zhussupova et al., 2015), which explain their therapeutic potential . Extracts
derived from the roots of this plant were used in the ointment “Limonidin,” which is
recommended for treating herpes, ulcerative processes, and inflammatory conditions in
the oral cavity (Patent 14418 RK, 2008). However, hydrophilic gel bases may be more
suitable for delivering active extracts from L. gmelinii due to their polarity and good
solubility in aqueous solutions.

In this regard, the aim of this study was to develop and formulate topical gel
preparations based on plant extracts from Limonium gmelinii, in accordance with ICH
Q8 “Pharmaceutical Development” guidelines (European Medicines Agency, 2015).
Additionally, the study aimed to evaluate the physicochemical properties and stability
of the formulated gels to ensure their suitability for potential therapeutic use.

Methods and materials

The roots and above-ground parts of L. gmelinii were collected during the flowering
period in Almaty region in 2020. The raw materials were authenticated using macro-
and microscopy methods, thoroughly cleaned, dried, and then ground to a particle size
0f 2.0-3.0 mm. For the extraction of the above-ground parts and roots, the plant material
was subjected to single ultrasonic extraction in an Elmasonic S 450 bath (Germany) at
a raw material-to-extractant ratio of 1:5 (roots) and 1:7 (above-ground parts) for 45
minutes at 30°C. The filtered hydroalcoholic extracts were concentrated under vacuum
at 40—45°C until dry to obtain a brown crystalline powder (Kassymova, et al., 2023).

The preparation of gel samples was carried out in several stages: 1) preparation of the
aqueous dispersion of carbomer and its homogenization under constant stirring with the
addition of a co-solvent to improve the wetting of the polymer; 2) neutralization of the
base to pH 5.5-6.0; 3) preparation of solutions of plant extracts (active pharmaceutical
ingredients, API) and the addition of excipients until all components were fully dissolved;
4) gradual mixing of the gel base with the solution of plant extracts and excipients; 5)
adjustment of the gel pH to 5.5-6.0.

The compatibility of plant extracts with excipients was studied using IR spectra
analysis on a PerkinElmer Spectrum BX Fourier-transform infrared spectrometer
(USA). All gel samples based on plant extracts were tested for pH using a HANNA HI
2020-02 Edge electronic pH meter (USA), organoleptic properties, colloidal stability
(centrifugation at 3000 rpm), thermostability (freezing/thawing), and homogeneity
(Aiyaluy, et al., 2016b; Aslani et al., 2018; Jamadar and Husen Shaikh, 2017).

The rheological behavior of the gels was evaluated using a Rheolab QC rotational
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viscometer (Austria) in the shear rate range of 0.01-150 s™'. The release kinetics of the
API was studied using the in vitro method through a dialysis membrane with a Franz
diffusion cell immersed in a thermostatic bath at 36-37°C as described in (Shahtalebi, et
al., 2018). The stability during storage, organoleptic properties, pH, and the quantitative
content of tannins and polyphenols were monitored for twelve months for all gel samples
stored at room temperature (Aslani, et al., 2018).

The total polyphenol content was determined using the Folin-Ciocalteu reagent
following the methodology described in (Kupina, et al., 2018), with certain modifications.

Results and Discussion

Justification for the selection of gel components and determination of their
compatibility.

At the first stage, the compatibility of the extracts with excipients was studied,
namely with the hydrophilic gelling agent carbomer, solvents—propylene glycol (PG),
polyethylene glycol-400 (PEG-400), glycerin—which also serve as humectants and
penetration enhancers, the neutralizer—triethanolamine (TEA), and the preservative—
potassium sorbate. Menthol was used as a fragrance, but it also acted as a penetration
enhancer (Leon Lachman, 2009). The compatibility of these gel components and
extracts was studied using IR spectrum analysis of individual components and their
mixtures with extracts from the above-ground parts and roots of Limonium gmelinii.

Each excipient was thoroughly mixed with extracts from the roots and the above-
ground parts, dissolving them if necessary in 20% ethanol, at concentrations used in the
gel formulation. Each mixture was placed in dark bottles and stored for one month while
monitoring any changes.

After 30 days of storing the plant extracts mixed with various excipients at room
temperature, no physical changes were observed, indicating their compatibility (Table 1).

Table 1 — Results of the study of plant extracts compatibility with gel excipients

Mixture with excipients | Extract from the roots Extract from the above-ground parts

Physical changes

Carbomer - -
Carbomer + TEA - -
Glycerin - -

Propylene glycol - -
PEG-400 - -
Menthol - -
Potassium sorbate - -

In the IR spectra of the extracts from the above-ground parts (Figure 1 (a)) and
roots (Figure 1 (b)), broad absorption bands are observed at 3407 and 3399.1 cm™,
respectively, characteristic of -OH groups involved in the formation of intermolecular
hydrogen bonds in di- and/or polymers. The absorption bands at 1612.22 and 1613.4
cm™! indicate C—C stretching vibrations of aromatic carbon atoms. Peaks between 700
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and 1800 cm™, known as the “fingerprint region,” may also be associated with aromatic
ring stretching (C=C-C), characteristic of polyphenolic compounds (1450.8, 1348.43,
1035.49, 766.47 cm™! for root extracts; 1447.25, 1037.08, 767.25 cm™! for the avove-
ground parts). Peaks at 1225.63 and 1233.09 cm™' may also correspond to the vibrations
of the phenolic C—O-H group.

(@ (b)

(©)

Figure 1. IR spectra of extract from the above-ground parts (a), extract from the roots (b), carbomer (c),
mixture of extracts from the roots with carbomer (d), mixture of extracts from the above-ground parts
with carbomer (¢)
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The IR spectrum of carbomer (Figure 1 (c)) is characterized by the largest absorption
band at 1709.86 cm ™', which is typical of C=0 stretching vibrations involved in hydrogen
bonding. In the physical mixture of carbomer and the extracts, characteristic peaks of
the individual components are observed, indicating no chemical interaction between
them (Figure 1 (d, e)).

Similarly, the absorption spectra of the mixtures of extracts with other excipients
were analyzed, leading to the conclusion that the components are compatible.

Thus, based on experimental observations and IR analysis, it was concluded that
there was no chemical or physical interaction between the gel components, and their
compatibility was acceptable.

Determination of the optimal concentration of the gelling agent.

After establishing the compatibility of excipients and plant extracts derived from L.
gmelinii, various gel formulations were tested. The aim of this stage was to select the optimal
concentrations of excipients to achieve the desired characteristics in the final dosage form.

As mentioned earlier, the hydrophilic polymer carbomer was chosen as the gelling
agent, due to its non-toxicity, ability to form transparent and bioadhesive gels, and the
absence of skin irritation with repeated use. A technological advantage of carbomers
also is their ability to form gels at room temperature.

To thicken the compositions with carbomer, the most commonly used mechanism is
the neutralization of the polymer with an appropriate base. Triethanolamine (TEA) was
selected as the neutralizing agent. The pH of the gels before neutralization with TEA
was 3.5-4.0. According to the manufacturer’s recommendations and literature data, the
carbomer was neutralized to a pH of 5.5-6.0, which is considered favorable for topical
skin application and does not provoke allergic reactions (Nurman, et al., 2019).

The concentration of carbomer varied from 0.5% to 1.5% (Table 2), while the
concentrations of other components remained constant. The gels were evaluated
organoleptically, as well as for homogeneity, flowability, viscosity, pH, and in tests for
aggregate and thermal stability.

Table 2 — Composition of model gel samples with varying concentrations of carbomer

Gel components F1 F2 F3 F4 F5 F6
Extract from the above-ground parts, % |5.0 5.0 5.0 - - -
Extract from the roots, % - - - 5.0 5.0 5.0
Carbomer, % 0.5 1.0 1.5 0.5 1.0 1.5
Glycerin, % 5.0 5.0 5.0 5.0 5.0 5.0
Propylene glycol, % 5.0 5.0 5.0 5.0 5.0 5.0
Menthol, % 1.0 1.0 1.0 1.0 1.0 1.0
Ethanol (96.0%), % 20.0 20.0 20.0 20.0 20.0 20.0
Potassium sorbate, % 0.2 0.2 0.2 0.2 0.2 0.2
Triethanolamine, % 0.5 1.0 1.5 0.5 1.0 1.5
Purified water, % q.s. q.s. q.s. q.S. q.S. q.S.

The organoleptic properties of the gels were evaluated immediately after preparation
by visual inspection in transparent bottles under transmitted or reflected daylight. All
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the gel samples exhibited an acceptable pH, were transparent and homogeneous. All
compositions remained stable in the phase separation test during centrifugation, where
no sedimentation, phase separation, or coalescence was observed, further confirming
the compatibility of the extracts and excipients. The pH of the gel samples before
neutralization was in the range of 3.0-3.5 but was later adjusted to pH 5.0-6.0, which
corresponds to the pH of topical skin applications (Nurman, et al., 2019). All results of
the physicochemical analysis of the gels are summarized in Table 3.

Table 3 — Physicochemical properties of model gel samples

Quality indicators |F1 F2 F3 F4 F5 F6

pH 5.67+0.03 |5.74+0.05 5.81+0.02 5.66+0.03 |5.95+0.02 |5.82+0.05

Viscosity, Pa*s 0.35+0.05 |0.64+0.03 1.12+0.13 0.41+£0.06 | 0.67+0.11 |1.17+0.09

Appearance Flowing, | Thick, Jelly-like, Flowing, Gel-like, Jelly-like,
homo- plastic, ho- | homogeneous, | homo- homo- homo-
geneous, | mogeneous, | transparent geneous, geneous, geneous,
transparent | transparent | dark-brown transparent | transparent |transparent
dark-brown | dark-brown |sample, easily | dark-brown |dark-brown | dark-brown
sample, sample, easi- | spreadable sample, sample, sample,
easily ly spreadable easily easily easily
spreadable spreadable |spreadable |spreadable

Aggregate stability | stable stable stable stable stable stable

(centrifugation at

3000 rpm)

Thermal stability | stable stable stable stable stable stable

The structural viscosity of the gels, as expected, increases with the concentration of
carbomer (Figure 2) and falls within the range of 0.34-108 Pa*s (Pertsev, i dr., 2002),
which is optimal for topical application. Measurements were taken at a shear rate of 100
s™!, which corresponds to the approximate shear rates when squeezing the product out
of the package and applying it (Khachatryan, et al., 2022).

1.4

._.
— 1o

Viscosity, Pa*sec

S O O O
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Figure 2. Structural viscosity of model gel samples
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Gels with a carbomer concentration of 0.5% in samples F1 and F4 were visually
insufficiently viscous, while samples F3 and F6 were thick, non-flowing, and jelly-like,
which seems less convenient for patient use and may cause difficulties during subsequent
technological operations (Gupta and Garg, 2002). Additionally, thick gels can limit the
release of active pharmaceutical ingredients and reduce bioadhesive properties (Safitri,
et al., 2021).

Based on the collected data, gels with a carbomer concentration of 1.0% were selected
as the most optimal for further research. These results are consistent with those reported
in previous studies. For instance, the research conducted by Suzilla W. et. al. (Suzilla,
et al., 2020) found that gels formulated with 1.0% carbopol 940 had the best overall
physicochemical properties, including optimal viscosity, stability, and spreadability.
The study on Boswellia vaginal gel found that 1% carbomer formed the most stable
and homogenous gel, while lower concentrations (e.g., 0.5%) resulted in insufficient
viscosity and poor stability, leading to phase separation (Dehdari et al., 2021). These
consistent outcomes suggest that a 1.0% carbomer concentration is a robust choice for
ensuring the desired balance between the gel’s texture and application ease. Moreover,
higher concentrations, as noted in the research (Suzilla, et al., 2020), often lead to overly
thick gels that compromise spreadability and user experience. This further supports the
selection of 1.0% carbomer for the optimized formulation of topical gels.

Determination of the optimal concentration of excipients.

As co-solvents, humectants, and penetration enhancers, glycerin, propylene glycol
(PG), and polyethylene glycol-400 (PEG-400) were tested. These solvents are widely
used in various gel compositions and can affect both the swelling process of polymers
and the solubility of active pharmaceutical ingredients (API). Propylene glycol is
considered one of the best non-toxic penetration enhancers and plasticizers, increasing
the transdermal absorption of many APIs (Aiyalu et al., 2016b; Budi et al., 2022).
Additionally, it is reported that PG not only enhances penetration but also increases the
retention of flavonoids such as chrysin and quercetin in the skin (Dyja and Jankowski,
2017). In several studies, PEG-400 or glycerin is frequently added to water when forming
carbomer gels, positively affecting their rheological and mucoadhesive properties
(Slavkova et al., 2023). These solvents also help dissolve menthol more effectively.
The compositions of the model gel samples are presented in Table 4. The gels were
formulated with constant concentrations of carbomer (1.0%) and plant extracts (5.0%).

Table 4 — Composition of model gel samples with varying concentrations of co-solvents

Gel components, % IF7 F8  [F9 F10 [F11 |F12 [F13 [|F14 [F15 [F16
Extract from the above-ground parts |5.0 - 5.0 5.0 | 5.0 5.0 | -
[Extract from the roots - 5.0 5.0 5.0 | - 5.0 [5.0
Carbomer 1.0 1o 1.0 1.0 1.0 |1.0 (1.0 |l.O (1.0 1.0
Glycerin 5.0 - - 5.0 | - - - - -
IPropylene glycol - 5.0 - 5.0 | 10.0 [15.0 |10.0 [15.0
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IPEG-400 - - 5.0 | - 5.0 | - - -
[Ethanol (96.0%) 20.0 20.0 [20.0 [20.0 [20.0 [20.0 [20.0 [20.0 [20.0 [20.0
Menthol 1.0 1.0 (1.0 1.0 (IO 1.0 (1O |l.0 [l.O |L.O
IPotassium sorbate 0.2 02 102 (02 02 |02 (02 02 02 02
Triethanolamine 1.0 1.0 (1.0 1.0 (IO 1.0 (1O |l.0 [l.O |L.O
Purified water q.-S. qs.  [g.s- f@s- @S- @S- (9SS [gs. [g.s-

The physicochemical properties of gels F7-F16 were studied using the previously
described methods and showed satisfactory results (Table 5).

Table 5 — Physicochemical properties of model gel samples

Quality F7 F8 F9 F10 F11 F12 F13 F14 F15 F16
indicators
pH 578+ [5.88+ [5.91+ [5.82+ [5.84+ |[5.88+ [5.92+ |[5.78+ |5.75+ |5.95+

0.05 ]0.02 [0.05 0.01 0.06 0.05 0.03 0.04 0.04 ]0.02
Appearance | Thick, plastic, homogeneous, transparent dark-brown sample, easily spreadable
Aggregate Stable | Stable | Stable |Stable |[Stable |Stable |Stable |Stable |Stable |Stable
stability (cen-
trifugation at
3000 rpm)

During the preparation of the laboratory gel series, it was noted that the time required
to mix formulas with PG and PEG-400 into a homogeneous state was shorter than for
compositions with glycerin, where lumps of swollen polymer remained for a longer
time. Homogeneous gels with PG and PEG-400 were obtained within 3 hours, while it
took up to 4.5 hours to prepare gels with glycerin.

However, it was more important to establish and compare the release rates of extracts
from different bases using the in vitro method. The release kinetics directly influence the
therapeutic effect of the medicinal form (Leon Lachman, 2009). Optimal compositions
were also selected based on data from studies on the viscoelastic properties of the gels.

The release kinetics from the gel base were studied using the diffusion method of
plant extracts through a cellulose membrane into phosphate buffer solution (pH=6.0—
6.5).

The release evaluation was performed using UV spectrophotometry. The absorption
maxima for both extracts corresponded to a wavelength of 268 nm, at which the optical
density was measured to build calibration graphs.

According to the curves presented in Figure 3, samples F7-F9 exhibited high release
rates of extracts from the gel bases. Within 10 minutes, the released amount of extracts
from formulations F7, F§, and F9 was 53.4%, 60.4%, and 42.8%, respectively. The
maximum release after 360 minutes was 81.8% for F8, which contained PG. The gel
composition F7 with glycerin had a slightly lower release rate than F8, with a cumulative
release of 78.2%. Formulation F9 had the lowest release rate, as evidenced by the first
hour’s result of 63.5%.
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Figure 3. Release curves of the extracts from roots from formulations F7-F9

A similar release kinetics was observed for formulations F10-F12 (Figure 4). The
extract from the above-ground parts diffused from the gel bases F10, F11, and F12
within 10 minutes in the amounts of 51.8%, 59.6%, and 43.1%, respectively. The
highest release of extract from the above-ground parts occurred within 360 minutes
from formulations F10 and F11, at 80.5% and 82.3%, respectively.

90
80
N 70
£ 60
£
% 50
P
B 40
2
§ 30
)
& 20
10
0
0 50 100 150 200 250 300 350 400
Time, min

——F10 —e—F11 —@—FI12

Figure 4. Release curves of the extracts from the above-ground parts from formulations F10-F12

Formulations with PG demonstrated a high release rate of up to 70% for both root
and above-ground part extracts within the first hour, indicating their good solubility in
the gel base. The preliminary dissolution of the extracts in a water-ethanol mixture, as
the most suitable solvent, significantly influenced their subsequent solubility in the gel
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base. However, it should also be noted that the extracts from roots and above-ground
parts of L. gmelinii are soluble in propylene glycol, moderately soluble in water, and
insoluble in glycerin and PEG-400. Thus, formulations F8 and F11 contain a solvent
mixture that is most optimal for the release of extracts from the medicinal form.

The next step was to determine the optimal amount of PG to be added to the gel
composition. Additional gels were prepared with PG concentrations increased to 10.0%
and 15.0%, and their release kinetics were studied (Figure 5), along with their flow
rheograms.
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Figure 5. Release curves of the extracts from roots and above-ground parts from formulations F13—
F16

The addition of 10% propylene glycol (PG) increased the release percentage to
87.36%, and further increasing the concentration to 15% had a negligible effect on this
parameter. This led to the conclusion that both 10.0% and 15.0% PG concentrations are
equally optimal for use in the gel formulations.

Determining the rheological characteristics of medicinal gel forms is not mandatory
according to pharmacopoeial requirements, but they are important parameters for
assessing the quality of dosage forms during development, stability studies, and selecting
production conditions. To study the viscoelastic properties of the gels, flow curves were
constructed to show the relationship between shear stress and shear rate, ranging from
0to 150 s* at 20°C (Figure 6).
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Figure 6. Flow rheograms of gel samples F13 (a), F14 (b), F15 (c), F16 (d)

As seen in Figure 6, the flow curves exhibit ascending and descending lines, forming
a pronounced hysteresis loop, which indicates the presence of thixotropic properties in
the gel samples. Thixotropy is typical for structured systems with plastic flow behavior,
which deform under the influence of mechanical force. This characteristic reflects the
good pharmaceutical and consumer properties of the product, particularly its ease of
extrusion from tubes and spreadability, which in turn influences user convenience. The
hysteresis loop area of sample F16 is somewhat smaller than that of samples F13-F15,
and the differences in the rheology of samples F13 and F14 are statistically insignificant.

Thus, based on the release kinetics and rheological characteristics, propylene
glycol (PG) at a concentration of 10.0% was chosen as the co-solvent, plasticizer, and
penetration enhancer for the gel carrier base of extracts derived from L. gmelinii. PG
enhances the solubility of plant extracts and promotes higher release rates of active
ingredients, which is consistent with findings from other studies where PG significantly
improved drug release from topical gels (Dehdari et al., 2021). Similarly, research shows
that PG facilitates drug permeation through biological membranes and enhances skin
retention of active compounds, leading to improved drug flux and delivery efficiency in
skin-mimicking systems (Ruiz et al., 2022). These studies reinforce the conclusion that
PG is an optimal choice for topical gel formulations, allowing for better drug absorption
and retention, ultimately enhancing the therapeutic potential of the gel while minimizing
systemic exposure.
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Determination of optimal concentration of plant extracts and study of gel stability

The development of herbal gel formulations was further conducted with two
concentrations of the active ingredient — 5.0% and 7.0%. Previously developed
ointments based on root extracts of L. gmelinii demonstrated therapeutic activity at a
5.0% concentration (Patent 14418 RK., 2008). To enhance therapeutic efficacy, it was
feasible to develop gel formulations with a higher concentration.

At this stage of research, an additional method of preparing gels from concentrated
extracts was also studied to simplify the technology and reduce the time required to
prepare the gels. The concentrated extracts were obtained during the concentration stage
after the ultrasonic extraction process. The percentage of dried extract in the concentrated
herbal extracts was measured after ultrasonic extraction, concentration, and complete
removal of the solvent. The percentage of introduced extract, calculated based on dry
matter, was 5.0+1.05%. This method allows for significantly reducing the time required
to obtain dry extracts during ultrasonic extraction and introduces the extracts into the
gel base in a pre-dissolved form. The gel formulations are shown in Table 6.

Table 6 — Composition of model gel samples with different co-solvent concentrations

Formulation F17 |FI18 |F19 F20 F21 F22
Extract from the above-ground parts 5.0 70 |- - - -
Extract from the root - - 5.0 7.0 - -
Concentrated extract (above-ground parts) 17.0% |- - - - 30.0 -
Concentrated extract (roots) 17.0% - - - - - 30.0
Ethanol 20.0 |20.0 |20.0 20.0 20.0 20.0
Propylene glycol 10.0 |10.0 [10.0 10.0 10.0 10.0
Carbomer 1.0 1.0 1.0 1.0 1.0 1.0
Menthol 1.0 1.0 1.0 1.0 1.0 1.0
Triethanolamine (TEA) 1.0 1.0 1.0 1.0 1.0 1.0
Potassium sorbate 0.2 0.2 0.2 0.2 0.2 0.2
Purified water qs. [qs. |qs. q.s. q.s. q.s.

The appearance of the gels containing extracts from the roots ans the above-ground
parts did not differ and is shown in Figure 7 — transparent brown-colored gels with a
specific plant odor.

Figure 7. Gel appearance (1) — 5% gel obtained from dry extracts; (2) — 5% gel obtained from
concentrated extract; (3) 7% gel obtained from dry extract
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Upon changing the percentage of introduced extracts in the gels, it was found that
the concentration of the extracts did not significantly affect the rheological properties
of the gels or their cumulative release from the base. Formulations F17-F22 exhibited
similar pseudoplastic behavior and the presence of a hysteresis loop, confirming their
thixotropic properties (Figure 8).
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Figure 8. Flow rheograms of gel samples F18 (a), F20 (b), F21 (c), F22 (d)

The data obtained once again demonstrated that the prepared gels are capable of
deforming under mechanical force and flowing, positively affecting the pharmaceutical-
technical characteristics and allowing the base to spread easily over the skin (Jurca
et al., 2020). The release from formulations F17-F22 also showed satisfactory results,
ranging from 84.25% for F22 to 88.49% for F18 (Figure 9).
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Figure 9. Release kinetics of extracts from model gel samples F17-F22
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Subsequent evaluation of the gels with varying concentrations of the active
extract was conducted using a set of physicochemical methods according to the
quality requirements of the State Pharmacopoeia of Kazakhstan (Gosudarstvennaya
farmakopeya Respubliki Kazakhstan, 2008). The gel samples were tested for stability
during 12 months of storage. During this period, the quantitative content of the active
extract in the gel samples was monitored.

The active ingredients of the extracts are various polyphenolic compounds, which,
as noted earlier, are strong anti-inflammatory agents. The Folin-Ciocalteu test for total
polyphenols showed high levels in the dry extracts from L. gmelinii plants — 32.5+1.2%
in the above-ground parts and 44.7+2.5% in the roots. This method was also used for the
quantitative measurement of total polyphenols in the gels, and a direct correlation was
confirmed between the amount of introduced extract and the quantity of the analytical
marker found (Table 7).

Table 7 — Physicochemical properties of model gel samples

Quality indicators F17 [F18 F19 [F20 [F21 [F22

Description Homogeneous transparent thick gel of soft consistency, brown color, easily
rubs in

pH 5.9840.02 |6.35+0.04 | 6.40+0.02 | 5.99+0.01 |[6.21+0.01 |6.35+0.02

Identification - Tannins + + + + + +

Homogeneity Homo- Homo- Homo- Homo- Homo- Homo-
geneous geneous | geneous | geneous | geneous geneous

Quantitative determination | 1.15£0.05 |1.59+0.03 | 1.60+0.02 |2.20£0.05 |1.52+0.04 |2.15+0.04
- Tannins (>1.0%)

Total polyphenols 2.01+0.05 |2.88+0.04 |1.25+0.02 |2.19+0.01 | 1.62+0.04 |2.85+0.04
(>1.50%)
Aggregate stability Stable Stable Stable Stable Stable Stable

The evaluation of gels with varying concentrations of active extract from Limonium
gmelinii demonstrated their stability over a 12-month storage period, maintaining
physicochemical consistency such as pH, homogeneity, and active ingredient content.
The total polyphenol content showed a direct correlation between the amount of extract
introduced and the concentration of polyphenols detected, confirming the efficient
incorporation of bioactive compounds into the gels. The stable levels of tannins and
polyphenols, along with consistent gel characteristics, suggest that the formulations
are both chemically stable and effective over time. This indicates their suitability for
further pharmaceutical development and potential therapeutic applications, particularly
for their anti-inflammatory properties.

Conclusion

The study successfully developed stable topical gel formulations based on plant
extracts from Limonium gmelinii. The optimal concentration of carbomer (1.0%) and
propylene glycol (10.0%) was identified, ensuring suitable viscosity, ease of application,
and effective release of active compounds. Rheological analysis demonstrated
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thixotropic behavior, contributing to the gel’s practicality for topical use. Stability
testing confirmed that the gels maintained their physical and chemical properties over
12 months, ensuring consistency in the therapeutic ingredients. The findings suggest
that these gel formulations are well-suited for industrial-scale production and could
be further developed as plant-based topical treatments for various inflammatory skin
conditions.
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Abstract. This paper proposes an advanced method utilizing microwave irradiation
to efficiently extract zinc from materials with high processing complexity. The described
method comprises two sequential phases: phase transformation via microwave treatment
and subsequent leaching in sulfuric acid at ambient temperature. During the phase
transformation facilitated by microwave energy, insoluble zinc phases are converted
into a controlled phase. Experimental results confirm that microwave treatment at 600°C
for 5—7 minutes is effective in converting ZnS to ZnO while preventing the formation of
ZnO-Fe,0O,. With a microwave radiation power of 25 kW, zinc extraction from clinker
over the specified time period reaches 46.47%. Thus, the study unveils the potential for
environmentally safe zinc production from complexly processed resources.
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Annoranusi. by makanana eHey Kypaeniiiri >korapsl MaTeprangapiat MbIPBIIITHI
THIMJI SKCTpaKUUsIay MaKcaTbiHAa MUKPOTOJKBIH/BI 9cep €Ty OOMBbIHIIA O3BIK 9IiC
ycbiHbUIFaH. CUmaTTanFad ofic eKi Ke3eKTi (pazaHbl KaMTUABI: MUKPOTOJKBIHIBI 9cep
€Ty apKbUIbl (ha3anblK e3repic koHe aMOMEeHTTI TemrepaTrypaia KYKIpT KbIIIKbUIbIHAA
maiimanay. MUKPOTONKBIHIBI SHEPTUSHBI MaliaNaHy apKbUIbl KY3€re achlpbUIaThbIH
¢dazanblKk e3repic OapbICHIHIA KHBIH E€PUTIH MBIPBII (a3anapbl OaKbUIaHATHIH
(azara aypicagpl. DKCIICPUMEHT HOTHIKEJIEPI MUKPOTOJKBIHABI oHxey 600°C-ta 5-7
MUHYT Goibl ZnS-1i ZnO-fa TypieHaipy yuid tuimai ekenin, ZnO-Fe,O, Tysinyin
OONIBIPMAMTHIHBIH pacTaiiibl. MUKPOTOJIKBIHABI CoyieleHy KyaTol 25 kBT kesinge
KOPCETIITeH YaKbIT apalbIFbIH/1a KIIMHKEPACH MBIPBIII SKCTpaKusichl 46,47% Kypaiapl.
Ocputaiiia, 3eprrey, Kypleldi OHIENETiH pecypcTapAaH MBIPHIUTH 3KOJOTHSIIBIK
Kayirnci3 eHAipyaiH OonamarbH amaibl.

Tyiiin ce3mep: MbIpBIII, KIMHKEP, MUKPOTOJIKBIHIBI KYHIIpY, (asalblk e3repy,
manmanay.
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AnHoTanusi. B nanHO# cTarhe mpemyaraercsl mepenoBOil METOA, MCIIOJIB3YIOIIUHA
MHUKPOBOJHOBOE HM3Ny4deHue sl 3(pHEeKTUBHOM SKCTpaKIMK LUHKA U3 MaTepUalioB CO
CIIOKHOH nepepaboTKoil. OnrcaHHbI METO/ BKIIIOYAET JIBa MOCIIEA0BaTeNbHBIX dTara:
¢a3oBoe mpeobpa3oBaHUE C MOMOIBIO MUKPOBOJIHOBOIO OOIyYEHUs! U HOCIEAYOLIee
BBILENIAYMBAHUE B CEPHOM KHUCIOTE MpH KOMHAaTHOM Temmeparype. B mponecce
(azoBoro mpeoOpa3zoBaHMsl, OCYLIECTBISIEMOTO C HCIOJIb30BAHHEM MHUKPOBOJIHOBON
9HEPTUH, HEPAacTBOpPHMBIC (ha3bl LIMHKA MPEBPAILAIOTCS B KOHTPOIUPYEMYIO (asy.
DKCHepruMEeHTalIbHBIE PE3ybTaThl TOATBEPIKIAIOT, YTO MUKPOBOJIHOBAsE 00padoTKa mpu
600°C B Teuenue 5—7 MuHyT 3 dexTrBHA A TpeBpatueHus ZnS B ZnO, npegoTBparias
obpazosanue ZnO-Fe O,. Tlpu MOmHOCTH MHUKPOBOIHOBOTO wu3mydeHus 25 KBT
9KCTpaKIMs IIMHKA U3 KIMHKEepa 332 YKa3aHHbBIH NEeproj BpeMeHU cocTaBisieT 46,47%.
Takum 00pa3om, HcCIeaOBaHNE OTKPBIBAECT MEPCIIEKTHBBI HKOJIOTHUECKU Oe30MaCHOTO
MIPOM3BOACTBA LIMHKA U3 PECYPCOB CO CIOKHON NepepabOTKOM.

KioueBble cioBa: [UHK, KIWHKEp, MHKPOBOJHOBOE OOXMI, (a3oBas
TpaHcopMarysl, BeILIeTadrBaHHE.

Kipicne. MpIpbimn MeTayuTyprusichl cajachblHOAFbl Ka3ipri 3aMaHfbl YPAICTEP OCHI
MeTanablH KahaHIbIK TYTHIHY KOJEMiHIH TYPaKThl 6CyiH KepceTeai, OyJl OHBIH Typii

GHGpKQCiH cajlajlapblHda KOJIJAHBUTY ayKbIMbIHBIH KCHCIOiMCH, COHI[aIZ-aK MBIPBIIITBIH
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031 MEH MBIPBIITH OHIMICPAIH KYHBIHBIH apTybIMEH Karap »Kypeli. MaHbI3abl
ypaicrepain Oipi — KaiiTa eHIEY KeJIeMiHIeri eKiHIIl pPeTTIK LIMKi3aT YJIeCiHiH ecyi
Oonbin Tadbanel. Jlongon meranpap OupxkackinblH (LME) nepexrepi OoiibiHiia,
MBIPBIIITHIH aFbIMAarsl Oaracsl ToHHAchkiHA 2,390.0 AKI nonnapein kypaiinsr (https:/
metallicheckiy-portal.ru/index-cen-lme), Oy 3epTTeyaiH MaHBI3ABUIBIFBIH KOPCETE.

MBIpbILI HApBIFBIHBIH Ka31pri KaF JaiibIH TaJJay OChl METaJIIbIH QJIEM/TiK HAPBIKTA OCiIT
KeJle KaTKaH TalllIbUIBIFbIH KOpCeTeAl, OYJ1 OHBIH TYTHIHY KAPKBIHBIHBIH KOJAaHBICTAFbI
KOCIMOPBIHAAPABIH OHIIPICTIK KyaTTapblHaH achll TycyiMeH OaitnanbicTsl (Kaplunov,
2011: 22 https://dknews.kz/ru/ekonomika/105991-v-kazahstane-ezhegodno-
proizvoditsya-300-tysyach-tonn). MbIpbIil KOpPBIHBIH KeJIeMi OOHBIHINA KETEKIII eNAep
— KpiTait Mmen ABctpanusi, spKaiicbichl mamaMed 30 MUJUTMOH TOHHaFa ue, OJapblH
apteiHaH 25 muimoH ToHHa KopeiMeH AKILL keneni, an aitapiblKTail apTTa KajaraH
Kanana men Ilepy.

ONeMAIK MBIpBI  KOPBIHBIH 60%-1aH  acTaMbl  CyIb(UATI-IIONTUMETAT  KeH
OpBIHAAPBIH/IA WIOFBIpIanFaH, an maMameH 30%-b1 cTpaTndopMIabl KeH OpbIHAAPbIHA
THECLITI. ©NemMIe KbUT CalbIHFBI MBIPBIT oHIIpY 13,5 muH Tonnaman acans! (https://
home.kpmg/content/dam/kpmg/ru/pdf/2019/10/ru-ru-metals-and-mining-prices-report-
3q-2019.pdf), conbiy iminge Herisri Oemiri (85%) cynbhuaTi KOHLEHTparTapAaH
enzipineni. CoHbIMEH Karap, KOHAWIMsJIaHOAraH JXOHE eKIHIII PeTTIK MIMKi3ar
TYpJIEPiHiH, OHBIH IMIiHIE YKBIMIBIK KOHLIEHTpAaTTap, TOTHIKKAH KEHAEp, LUIaMaap
oHe OacKaymapJblH yieci a3 Ooiblll Kayiajwl. by omapablH OHJIEY VIIH THIMII
TEXHOJIOTUSIIBIK IHEHIMIED MEH OIICTEpJiH >KOKTHIFBIMEH OailJIaHBICTBI, OV OCHI
cajaJiarbl JKaHa TociIepai a3ipieyniH e3ekriiirin kepcereni (Esezobor, et al., 2006:
425; U.S. Geological survey, 2020: 200).

MplIpblll  KypaMJac TEXHOTEHIIK INWKI3aTThl OHJey YIUiH IUPO- JKOHE
TUAPOMETALTYPTUSIIBIK dficTep Koinanbiaael (Yang, et al., 2021: 221; Klein, et
al., 2009: 492; Akhtamov, et al., 2016: 72; Naboychenko, et al., 1997: 255). EH xeH
TapajfaH NUPOMETAIUTYPIHUsIIBIK OHIEY ofici — Kokc Kocy apkbuiel 1100-1300 °C
Temreparypaga KyHaipy (KajdmblHa KeNTipy-BO3TOHHBIA KyHOipy), Oyi eHpeneTiH
Marepuan mMaccachbiHbIH 35-45%-bIH Kypaiiasl. byn mporece HMHK OTUCTHIIISTTAPbIH
KOHE KeWIHHEH KYKIPT KBILIKbUIBIMEH MIaliMaliay apKbUIbl MaiJanaHbUIaThIH KYHJIBI
KOMIIOHEHTTEepAl KaMTUTBHIH KIMHKepai anyra MyMmkinzik Oepeni (Kozlov 2020: 36).
Amnaiina, Oaramaynap OoifbiHma, KazakcTanga MBIpbII ©HEpKaciOiHiH 4,5-5,7 MiH
ToHHA Kayabirbl sxuHanral (Kolesnikov, et al., 2022: 324; Yessengaziyev, et al., 2017:
980), Oyt onapAbIH KoAETe KapaThUTybl KKETTUIITHIH 63€KT1 MoceNeciH KopceTei.

[Muponpouecrep, onapAblH KeH TapalfaHblHA KapaMacTaH, >KOFapbl JHEPrHs
LIBIFBIHBI JKOHE MPOLeypalapAblH KYPIAETIiri CUAKTHI eeyill KeMIITIKTepre e, Oy
oJlapzbl KYPaMBIHBIH KOHE MaTPULAIBIK KYPBUIBIMBIHBIH KYpPACTIirine 0aiaaHbICThI
YKOFapbl KPEMHUIII TEXHOTEH1 MBIPBIII KypaMJac IWKi3aTThl OHJeY YIUiH a3 THIMAI
eteni (Beisembaev, et al., 2002: 220). By MmyHaii IIUKi3aTThIH KU1 OHICIMEH, IIJIaMJIbI
anapjapia cakTajlyblHa OKENINl COFajbl, Oy HKOJOTHSUIBIK JKOHE HKOHOMMKAJBIK
MoceneNepl TyAbIpaIbl.

Ocpbiran OaiinanbicTsl, Y AOK-coynenenyni aimelH ana KOJNJaHy apKbUIbl KHUbBIH
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aIIBIIATBIH MBIPHIII KYpaMJac MIMKI3aTThl OHJAEYIAIH >KaHa THIMII TEXHOJOTHSCHIH
a3ipieyiH e3eKTiliri aikeiH Oonyna (Singh, et al., 2022). By Tocin Tek TeXHOTeH1
KaJIBIKTap OpHANAacKaH aliMaKTapAarbl SKOJOTHSIIBIK JKaFnaiiibl KakcapTyra FaHa
eMec, COHal-aK OHAeIMEreH MIMKi3aT KeJeMiH a3aiTy apKbUIbl KOCBIMILA TYCTI KOHE
acbul MeTajjap TYPiHIeri eHIMAEpIi alyabl KaMTaMmachl3 €Tyre, OJapiblH KOJIaHy
cayianapblH KeHeUTyre MyMKiHIK Oepei.

YCBIHBUIFAH O/IiC MHPOMETAJUTYPTUSUIBIK TMPOLECTepai KONJaHydbl OOJIbIpMai,
LIMKI3aTThIH KWBIH allbLIaThIH MaTpPULACHIH Oy3y YIIiH 3JEKTPOMAarHHUTTIK dcepi
KOJIZIaHyAbl YChIHAABI. MyHIal ToCil eHJey MpolecTepiH KEeHUIAETINl KaHa KoiMai,
OJIapIABbIH THIMALIITIH aiTapiblKTall apTThIpyFa MYMKIHAIK Oepeai, Oy TEXHOTEHII
MBIPBIII KypamMaac MIMKIi3aTThl KOJEre JKapaTy »JKoHE MaijanaHy YIIiH jKaHa
MEePCIEeKTUBANAP allIajbl.

YXKOK-coynenenynin Kypaeni KypaMIbl KHBIH allbUIATBIH MBIPBII KypamJac
LIMKi3aTKa ocepi OHBbIH KYpBUIBIMBIHA aWTapibIKTail e3repictep okeneni. baraisl
KOMIIOHEHTTEpAl KaMTUTBIH HETi3r MHUHEpaljap apachlHAarbl OallaHbICTapAbIH
ancipeyi KYpBUIBIMIBIK ©3repicTepAl TyIbIpalbl, MaTpUIaHbl XMUMUSUIBIK dcepre Kol
KETIMII JkoHe nKeMli etesi. Ochbutaiiiia, Oaraibl KOMIIOHEHTTEP )KEHLTIPEK alllbUIaThIH
TYpJiepre aybICBIN, OJNApAbIH EpITIHAIre TOJNBIFBIPAK WIBIFYBIH KaMTaMachl3 eTeai
(Multipurpose Utilization of Mineral Resources, 2008, (6): 44-48. DOI: 10.3969/;.
issn.1000-6532.2008.06.013).

MHUKpPOTONKBIHABI COyJENeHy aJIblH ala eHICy MHHEepalJapblHAa KEeHiHeH
KOJIZIaHbLIa b, MYH/IA OJ MUHEPAJapAbIH KYPBUIBIMBIK XKoHE (PU3HKaJIbIK KACHETTEPIH
e3repTyre BbIKIAN eTeli, OJapAblH KeHiHrl eHjeyiH >keHuaereni. Meramryprus
casiacblH/ia OyJ1 3epTTey OarbIThl KEHHEH MeTalapAbl allyFa MUKPOTOJIKBIHIBI OHACY
KOJIIaHyAbl HeTi3Aelai, Oy PHeprusl IUBIFBIHAAPBIH a3aiiTyra jKOHE ©HIM IIBIFYbIH
apTThIpyFa MYMKIiHIIK Oepeni. MarepuantaHy calacblHAa MHKPOTOJKBIHABI ©HIEY
OHJIpIC WIBIFBIHAAPBIH CaJBICTHIPMAalIbl TYpAE TOMEHAETE OTBHIPHIN, (YHKIHOHAIIBIK
MaTepuaiap/bpl KaKCApThUIFAaH KACUETTEPMEH CHHTE3ICY[IH THIMII TOCUI OOJBII
tabbu1abl (Ramesh, et al, 2018: 8927).

MUKpPOTONKBIHABI  OHACYNIH aNTapiabIKTall apTHIKIIBUIBIFBI JKOFaphl  Camalibl
(yHKIMOHAIBIK MaTepranaapabl oHaeyne Oaiikanaabl. by skorapsl OipTEeKTUTIKTI JKoHE
KaKCapThUIFaH MEXaHUKAJBIK YKOHE AIIEKTPIIIK KaCUeTTepi KaMTaMachl3 eTe/li, COHaii-
aK OHAIPICTIK WIBIFBIHAAPABI a3alUTaabl. 3epTTEYIIeP MUKPOTOIKBIHABI KbI3ABIPY CHHTE3
MPOIIeCTEPiH alTapIbIKTal KeJeNAeTyre, aJbIHAThIH MaTepuaiapAblH MOP(OIOTHSCHI
MeH KYPBUIBIMBIK CHIIaTTaMallapblH OHTaMIaHIbIpyFa KaOiJeTTi eKeHiH KopceTTi, Oy
MaTepuanTaHy jKoHe iJiectie OHAEP cajlachlHa TEXHOIOTHSUIAP/bl IaMBITY YIIiH jKaHa
nepcriektuBaiap amazabl (Kamariah, et al., 2022:183; Soni, et al., 2020: 97; Kalebic, et
al., 2022: 13313; Wei, et al., 2019: 157; Feng, et al., 2019:1090).

Ocpinaiima, Oy 3epTTey/IiH Heri3ri Mmakcarhl - Y KIK-coyneneny/iH ocepiHeH KHbIH
AIIBIIATBIH MBIPBIII KYpaMJac MIUKI3aTThIH (a3aiblk KypaMbl MEH KYPBUIBIMIBIK
TpaHC(OPMALMSICHIHBIH ©3repy 3aHAbUIBIKTAapbIH Tajaay. Epekine Hazap MMKi3aTThIH
HETi3r1 KOMIOHEHTTEPIiHIH KBIIIKBUIIAPMEH XKOHE CUITUIEPMEH ©3apa opeKeTTeCYiHIH
KMHETHKAJBIK 3aHABUIBIKTApbIH 3epTTeyre aynapeuianel, Oyn  YXKK-coymeneny
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apKbLUIBl OHJICATEH MBIPHIII KYpaMJIac MIMKI3aTTarbl KYPBUIBIMIIBIK ©3repicTep Typasibl
Oap nepekrep 0a3achlH JKaHA MOIMETTEPMEH TOJBIKTHIPHIN, KYPAaMBIHIA MBIPBIII
Oap Kypaenl MmHuKi3aTTaH Oaraybl KOMIIOHCHTTEPIl aidyIblH THIMJII TEXHOJIOTHSUIBIK
HIenriMepin a3ipieyre Heri3 0onaabl.

Marepuajgap MeH dicTep

3epmmey o0vexkmici

3epTTey 00BEKTICi peTiHAe KUbIH alllbIIaThIH TEXHOT€H 1K MBIPBIII KYpaMIac IUKi3aT
— KIMHKEp TaHAadAbl. PeHTreHOQIyopecueHTTI Tajjay HOTWXKeIepi aiTapibiKrait
Meutepae TeMipaid — 37,53%, kaneiuitnin — 3,81%, kpemuwuiiniy — 4,58%, oTTeriHiK
— 41,64%, mbic — 1,04%, Mbipbim — 1,2%-1aH actam jkoHE 0acka J1a AIIEMEHTTEPIIIH
KYpaMbIH KepceTei, onap kecte 1-ge oepinreH.

Kecre 1. Knunxepain penrrenoduyopecuentri taamayst

DneMeHTTepiH Kypamsl, %o

O Na Mg Al Si P S Cl K Ca Ti Cr
41,644 10,173 |1,030 |0,912 |4,581 |0,055 |0,807 |0,011 |0,109 |3,807 [0,101 [0,020
Mn Fe Ni Cu Zn As Sr Zr Mo Sb Ba Pb
0,110 {37,532 {0,033 |1,037 |1,217 |0,138 0,043 |0,012 |0,026 |0,034 |0,825 |0,154

Knuakep KypaMblH Tannmay 3€pTTENETiH INWKI3aTTBIH XWMHUSJIBIK TaOWFaThIH
TEePEHIPEK TYCIHyre MYMKIHTIK Oepemi, OV OHBI OHACYNIH €H THIMII OIICTEPiH
aHBIKTAy VIIIH ©Te MaHbI3bl. PEHTreHO(IIyOpecleHTTI Taljiay HOTHKeNepl KewiHTi
9KCIEPUMEHTTIK 3epTTeYJAEPIiH HeTi31H Kypanabl.

DKcnepumemmik 6onim

KnmHKepaeH MBIPHITT aTy TeXHOJOTHUSICHI VI HETi3T1 Ke3eH I KaMTUABL: KIUHKEPI
90% O6omareH - 0,071+0 MM gopekeciHe NeHiH ycakTay, MEKPOTOJIKBIHABI (ha3alibiK
esrepry xone H,SO, xemeriMeH makimanay. bipHemie erkeh-TErKelsl Ke3eHaep
1-cypeTTe KOpCeTiIreH, OHbIH 1IIH/Ie ChIHAMAaHbI JalbIH/IAY, dKOFaphl TEMIIEPATYPaIbl
MHKPOTONKBIHAB peakropna «IOHEPI'MS K-50» xommeipreiceiama (915 MIm, 25
kBT) KiIuHKEpAl ©HJCY, OHBIH apTHIKIIBUIBIFBI JKOFAPbl KYaTTBUIBIK, JKYMBICTBIH
typakTeuibirsl (Liu, et al, 2023: 356; Hamidi, et al, 2023: 109472), sxoFrapbl THIMILTIK,
COH/Iali-aK KIMHKep/i KeWiHHeH Imaiimanay (2-cypert). Knunkepni maiimanay 100 r/
nm® xkonuenrpanusisl H, SO, epitinaicinge 6 carar Goiibl 300 afin/MHH apanacTeipy
JKBLIIaM/IBIFBIMEH, KaTThl 3aTThIH CYHBIKTBIKKA KaTbIHAChl 1:5 jKoHE TeMIieparypachl
293 K OornraH Karmaiia sKypri3isimi.
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KAVHKEp

| ycakKTay, yHTaKkTay |

MMKPOTOAKBIHABI ©HAEY >

¢dazaabik TypaeHy |

©3repTiATeH KAUHKEP

marimaaay aporteci HoSO,
apaAaacTeIPy apKbLABI

J

cysy mpotieci

v

ImarmMaaay KaaAbEbl IIaliMaaay epiTiHaici

Cypet 1. DKCIIEpUMEHTTIH aFbIH JHarpaMMachl

backapy xyiieci

AY

TacsimMaigaybl

I

AYAY

™~ Tycipy

Kyrrey
KYPBLIFLICHI

l RYPLUIFLICHI

I I._ Komermi wxyiienep

- T

Cyper 2. «OQHEPI'UA K-50» YKIK KOHABIPFBICBIHBIH CXEMaChl

HoTunaxesep MeH TaJIKbLIAY
Knunkepoin munepano2usanvix cunammamaiapol

OLYMPUS BX51 MHUKPOCKOIIBIHBIH KOMETIMEH IKYPri3iIreH KIMHKEPIiH
MUHEPAJIOTHSITBIK, TaJaybl 3-CypeTTe KopceTiireH OipHelie Heri3ri MUHepaiIapiabH
Oap eckeHiH aHbIKTaAbl. OmapiplH IMIHAE CHPEK YCaK JUCHEPCTI aHeapalibii
TYHipuikTep Typinje anpikranran chanepur (ZnS), mupur (FeS,) xone chanepurnen
CHHTEHETHKAJIBIK acconuanusinapsl 6ap xanpkonuput (CuFeS,), connaii-ak exmemiepi
MEH MilIHIEPiHIK e19yip opTypiiiirin kepcereTin remMatut (Fe,0,) xoHe KkoMipTeKTi

KOCBUIBICTAp Oap.
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Cyper 3. Canepur (1), remarur (2)

Pentrenodasaibik Tayngay KIMHKEPIiH HETi3ri (ha3ajblK KOMIIOHCHTTEPI reMaTuT
(Hematite) — 24,2%, Temip mMeH maruuii okcuai (Magnesium Iron Oxide) — 18,2%
CKEHIH aHBIKTaJIbl, COHJIal- aKk Oacka (a3zanap 4-cyper MeH 2-KecTeie KOPCEeTLIreH.

PDF 01-071-5088
PDF 01-080-0073
PDI 01-089-0835

| Fe,0,-242%
1 Mg, .Fe, 0, - 18.2%

I Ca, (Mg il'ey21)((S, 5sTe20)0,) -16.5%
I Ca,(Mg,Fe ,Al),(Si,A)O,, - 15.1%
I CaSO, 2H,0 - 12.2%

SiO, - 8.1%

PDF 00-050-1544
PDF 00-033-0311
PDF 01-089-8934

’; I (K,..Na,,)(AISi,0,) - 4.4% PDF 01-083-1658
I~ ZnS - 1.4% PDF 00-005-0566
g . h 1 II
= 1! ! 1
i Co!
\ I I
T T T T T T T T T T T T
10 20 30 40 50 60 70 80 90
Theta (degree)
Cyper 4. Kimmakepin audpakrorpaMmacs
Kecte 2. Kinukepid peHTreHo(ha3abIK TalaybIHBIH HOTHKENIEPi
Compound Name Formula S-Q, %
Hematite Fe,O, 24.2%
Magnesium Iron Oxide Mg . Fe, ., 18,2%
Diopside, ferrian Ca, (Mg . Fe , ) ((Si Fe ,, )0, 16,5%
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Calcium Magnesium Iron Aluminum Silicate Ca,(Mg,Fe®”,Al) (Si,Al) O, 15,1%
Gypsum CaSO,-2H,0 12,2%

Quartz SiO, 8,1%

Albite, potassian (K, ,Na,  )(AIS1,0,) 4,4%

Sphalerite ZnS 1,4%

MuKkpomonkplnowl cayneneny apKplivl (hazanvik mypaeHoipy

Muxkpotonkeiaasl (YAKK) tonkeimap xkuimiri 300 MI'-ren 300 I'T'u-ke pewiinri
JMana3oHAbl KAMTUABL, OyJI MaTepuangapra aToMAbIK HeMece MOJISKYJIaNbIK AeHrei e,
ocipece IUAIEKTPUKTEpre, AMAIIEKTPIIK KbI3IBIPY dCepi apKbUIbl THIMII acep eTyre
MYMKIHJIK Oepei.

MHUKpPOTOJIKBIHABI T€HEPaToOp, SACTTE MarHeTPOH, MHUKPOTOJKBIHIBI TOJKBIHAAP
LIBIFApazbl, OJIap TOJKBIHXKOI apKbLIbl MaTephaiFa OarbITTanansl. MHUKpPOTONKBIHAAD
MaTepuaiFa eHreH Ke3ze, oJap <«OKYTIpeTiH TOJNKbIH» TYpiHIe Tapaiaisl. byn TonKbH
MaTepuall apKbLIbl KO3FaJIFaH/1a, OHBIH JIEKTPIIIK )KOHE MarHUTTIK epicTtepi Oip-OipiHe
YKOHE TOJKBIHHBIH Tapaxy OarbIThIHA MEPHIEHIUKYISAp TepOeneni. XKyripeTiH TONKbIH/IBI
xacay ymiH YJK)XK sHeprusicel TOJKBIH)XKOJI HeEMece pe30oHaTopra OarbITTanaipbl,
COH/IBIKTaH TOJIKBIH Al TapIBbIKTal MaFblIbIcIail Oip OarbITTa Tapanaipbl. TOIKBIHXKOIAD
TOJNKBIHHBIH Oenrisi Oip >kom OOMbIMEH TapalxyblH KOJNIAWTBIHAAN eTil jKacasFaH, Oy
TOJIKBIHHBIH KYHe apKbUIbl «KYTripyiHe» MyMKingik Oepeni (Okress,1971: 272).

JKyripetiH TONKbIH 9JiCiHIH apTHIKIILLIBIKTAPHI (Jiraushek, et al., 2021; Wong, et
al., 2020): MarepuanasiH 6apibIK KeJIeMiHAe YHEPTUsSHbI OIpKeNKi Tapaty, OyJ1 Keroip
aiiMakTapJblH MIaMaJaH ThIC KBI3ybIH HEMece METKIUTIKCi3 KbI3ybIH OOJIbIpMayFa
MYMKIHIIK Oepeni; DHEprusiHbIH MaTepHajra TikeJeid Oepinyi eceOiHEeH >KOFapsbl
THIMIUTIK KOHE DHEPrHsHbl YHeMAey; OHJey MpoleciH Aai Oakpuiay MYMKiHZIIrI;
JocTypii KbI3OBIPY OMICTEPIMEH CANBICTBIPFAHAA OHICY JKbLIIAMABIFBIHBIH JKOFaphI
(103 %38

Marepuan apKbUIbl KYTipeTiH MUKPOTOJIKBIH/B! TOJKBIHHBIH TapadyblH MakcBe
TeHJIeyJepi TYPFhICBIHAH TYciHaipyre 6omans (Bruell, et al., 2022), snekrprik (E) sxone
maruutTik (H) epicrepi kenecineit cunarranaabl:

VXE = ot
9B

ot
VXH=—+]

daD

MyHJ1aFbl B — MarHuTTIK UHAYKIUS, D — 3JIEKTPIIIK BIFBICY, a1 ] — TOK THIFBI3/IBIFbIL.

Byn Ttenzpeynep 3JEKTPOMArHUTTIK TOJKBIHAAPIBIH OPTYpJl OpTajap apKbUIbI
KO3FaJIBIChIH, AJICKTPIIIK KOHE MArHUTTIK KOMIIOHEHTTED apKbUIBl MaTepuaFa
SHEPTUSHBIH OepiTyiH peTTei .

MUKpOTOJIKBIHIAP/BIH, ~MaTepuajfa €Hyl JKOHE MaTepUANJIbIH OeJKTepiHIH
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CEJIEKTHBTI KbI3ABIPBLTYBI OapbIChIHA JTOKAIN3ALMsIIaHFaH TeMIlepaTrypa rpaiueHTrepi
KaJblnTacanpl. MaTtepuan imiHAeri HHIYUUPICHIeH TeMIIepaTypa rpaJnueHTi (a3abik
e3repicTepre akesryl MyMKiH. @a3allblK aybICy JKbUIIAMIIBIFBl MAaTePHaIbIH MEHIIIKTI
KBUTYCHIMBIMIBIIBbIFbIHA (Cp), THIFBI3ABIFBIHA (P) KOHE JKbUTy oTkisrimTirine (k)
OaiimaHbICTBI 00TYbI MYMKiH, OYJI KeJieCl XKbUTYOTKI3TIIITIK TeHACYIMEH CUIaTTalaabl:

at w27
aT ~ pCp

MyHaarel T — TeMmeparypa, t — yakpbir.

Byn rpamuentrep wmarepuanga (asanblKk e3repicTepii, MbIcabl, OaNKyIbl,
arIoMepaIMsIHbI HEMECE XUMUSUTBIK PEaKIUsIaP bl TYABIPYbl MYMKIH.

Marepuan eHJENEeTiH aiiMak KYTipeTiH TOJNKBIHHBIH ocep eTy ailMarbiHa
OpHANACTHIPHUTA Bl MUKPOTOIKBIH bl TOJKBIHHBIH SHEPTUSACHl MaTepuaiFa Oepiiesi,
TUDJIEKTPIIIK TIBIFBIHAAP eceOiHeH OHBIH KbI3yblHA OKelleAl — OyJ1 mporiecc KesiHge
AIIEKTPOMATHUTTIK ©PiCTiH SHEPTHICHI MATEPHAI 1IIIIH/IC XKbUTY SHEPTHSIChIHA alfHATIA b
(Lachana, et al., 2022; Luo, 2022:234; Kumar, et al., 2019: 3326).

MarepuanaslH MUKPOTOJIKBIH/BI COYJICIEHY 9CEPIHEH KbI3y JKbIIIAMJIBIFBI Keleci
TEHJIEYMEH CHIATTATyhl MYMKIH:

e “E? w-g

pP=
2

MyHIaFEI P — Oip kejyieM OipJiriHe CiHIpUIETIH KyarT, £ — MaTePHAIIIBIH TAIICKTPIIK
OTIMIUTITI, E — DJEKTP OpICiHIH KEepPHEYMiri, ® — MHKpPOTOIKBIHABI COYJIEICHYIIH
OYPBIIITHIK KHULTITI, € - 00C KeHICTIKTIH JUIEKTPITIK OTIMILIITI.

Marepuanas! Ke3aeipy mporieci Y KK reHepaTopsIHBIH KyaThIH, 9CEp €Ty YaKbIThIH
YKOHE JKYTIPETIH TOJIKBIHHBIH CHIATTaMaapblH PETTEy apKbUIbl OacKapbuiaabl. by
OHJICY TIPOIICCIH OHTAMIaHIBIPyFa MYMKIHIIK Oepei, MbICAJIbI, MaTEPHAIILI OipKeIKi

KBI3IBIPY YIIiH.
Kecre 3 VYXIK xoumeipreicet «OHEPI'MS K-50» OoiibiHIA KYpri3iareH
AKCIIEPUMEHTTEPIIH rmapameTpiepin KOpCETEi. CrerHakTap OapbICBIHIIA

MHKPOTOIKBIHAAPABIH KyaThl (25 kBT) skoHe TOnKeH >kmimiri (915 MI1) 6ipaeit
OOJFaHBIMEH, OPTYPIIi TeMIIEpaTyPaIBIK PEXUMACPIAC TOPT IKCIICPUMEHT KYPTi3imi.
Op APKCIEPUMEHTTIH Y3aKTHIFBI 5—7 MUHYTTHl KYpaabl, TeMIEpaTypagapbl THICIHIIE
250, 460, 600 >xore 700 °C meHreiinae OpHATHUIIEL.

Kecre 3. YK KOHIBIPFBICH OOMBIHIIIA SKCTIEPUMEHTTEP/IIH TapaMeTpiepi

Kepcetkimn aTayst 1-Toxipube 2-toxipube | 3-ToxipuOe 4-toxipuode
MukpoTonksIHAapAbIH KyaTsl, KBT 25 25 25 25
TounkeIH xuiniri, MI'y 915 915 915 915
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DKCIIepUMEHTTIH Y3aKThIFbI, MHH 5-7 5-7 5-7 5-7
Temneparypa, °C 250 460 600 700

Okcriepumentrepain Hotmwkenepi JEOL JXA-8230 ckanepieyini AI€KTPOHIBIK
MHKPOCKONTHIH KOMETIMEH, SHEProIUCIepCHSIIBIK aHAIN3aTOPMEH >KaOABIKTaIFaH
(5, 6, 7T-cyperrep), YXAK coynenenyine neiiiH XoHE OfaH KeHiH >XYpri3iiareH
c(haJepuTTiH MEKTPOHIBIK MUKPOCKOIHSIIBIK 3ePTTEYIepiMEH KOPCETUITEeH. 5a JKoHe
50 cypeTTepiHiH TanAaybl, ©HAEY TEeMIIepPaTypallbIK MIAPTTapBIHBIH SPTYPIILUIIriHe
KapamacTaH, yATUIepAiH MUKPOCTPYKTYPachIH/Ia, (ha3alIbIK JKOHE XUMHSIIBIK KypaMbIHIa
alTapipIKTal e3repicTep/Ii aHBIKTaMaIbl.

CdaneputTiH MHKPOCTPYKTYpachl MEH KypaMblHIa OalKalaThlH e3repiCTepIiH
OonmMaysl Oy1 MHHEpPAIABIH 3€PTTENTeH TEeMIepaTypalblK JHara3oHIapIarbl
MUKPOTOJIKBIH/IBI COYIIEIIEHYTE KOFaphl TOIIMIUIITIH KopceTyi MyMKiH. by ¢usnka-
XUMUSJIBIK KAaCHETTEPiH ©3TrepTy MakcaThbIHIa MaTepHasAapibl OHIEyre apHaFaH
YXAOK TexHOMOTHsAIapBIHBIH SJIE€YeTiH KOpceTelli, COHMali-aKk anTapibIKTail (a3ambik
YKOHE KYPBUIBIMJIBIK ©3repicTepre KOJ JKeTKi3yre OONaThH MIapTTapAbl aHBIKTay YIIiH
KOCBIMINIA 3epTTEYNepIiH KaXKETTUIriH Kepceremi. MyHmail 3epTreynepre ©OHIEY
mapaMeTpIIepiH, MbICAJbI, CIyJIeNeHy KyaTbhlH, OHBIH ocep €Ty Y3aKTBIFBIH HeMmece
MaTepHualia MaKcaTThl ©3repicTepre KO KeTKi3y YIIiH MOIu(pUKAIUUIIaHFaH TOJIKBIH
PeXHUMIIEPiH ©3TepTy Kipyl MYMKIH.

— iopm  JEOI
20.0kV COMPO NOR

- 10pm JEOL - 2

20.0kV COMPO NOR WD 11.2me

Chemical formula ms% mol% Sigma  Net K ratio Chemical formula ms% mol% Sigma  Net Kratio Line
S 27.43 41.90 0.16 4819324 0.2166756 S 35.88 562.57 0.20 6342768 0.2871502 K

Fe 29.08 25.51 0.48 2504712 0.2956345 Fe 11.02 9.27 0.61 956906 0.1137295 K
Zn 43.49 32.59 1.32 1725409 0.4109525 Zn 53.10 38.16 1.67 2132173 0.5113622 K
Total 100.00 100.00 Total 100.00 100.00

a) 0)

Cypert 5. a) bactanks! yariHiH MUKpOCTPYKTypachl xkaHe chaneputtin 25°C TeMneparypania
VIKXK-coynenenaiprenre 1eHiHri SHEPreTHKAIBIK UCTIEPCHSIIBIK aHAIN31
0) YXOK-coynenennipreHHeH KeliHri MUKPOCTPYKTypachl xkoHe chanepurtin 250°C temmneparypana
SHEPreTHKANBIK AUCTICPCHSIIBIK aHAIN31

6a, 60 xoHEe OC CypeTTepiHje KepceTuireH Taxipubenik aepexrep Y IK-enmey
ocepiHeH cdalepuT KYpbUIBIMBIHAAFBl MaHBI3bl ©3TepicTepi KopceTei. 6a cypeTinae
OalikairaH canepuT AOHACPIHIET] KapbIKTapIbIH Maia 00Iybl TEPMOWHILYKIHSIIBIK
MEXaHUKaJIbIK KepHeYJep/iH HOTHXKecl 0okl TaObLIanbl. by kepHeynep MuHepas
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imiHAeri TemreparypaHblH Oipkenki emec Tapanybl cainapbiHaH Y XOK-coyneneny
Ke3iHze naina 6onansl. bipkenki eMec KbI3AbIpY MUHEPAIABIH SPTYPIli aliMaKkTapbIHa
OPTYpJI JOPEKEACTI KbUTy KCHEIOIHE OoKelesi, Oyl »KapbhIKTapiAblH Maiijia OoiyblHA
cebermni Oonaabel. 66 cypetinae chaneputtin (ZnS) nuakutke (ZnO) 600°C xorapbl
Temneparypanga Qasanslk aysicyblH kepcereni (Karimi, et al., 2021; Li, et al., 2020).
By aypicy ayana MbIpbIl Cynb(GUIIHIH TOTBIFYbl HOTHXKECIHE Maiiga Oonaabl KoHE
MBIPBIII OKCH/II MEH MBIPBILI CyIb(aTHIHBIH COMKeC XUMUSIIBIK PEaKIUsIapbiHa OKeyi
MYMKIH:

ZnS + 1,50, = ZnO + SO,
ZnS + 20, =ZnSO,

Teric KOHTypJapMeH OBajbJbl LIUHKHUT JOHIHIH aifHATAaChIHAAFBI Y31K-Y3iK KHEKTEP
MEH JKyKa MUHepangbl eMec Macca (as3aiblk aybICyabl pacTaiinel. KoHTpacT perinae
6¢c cyperinge YXKK-enmey HoTmkecinne cdanepurreri MOpQOJIOTHSIBIK JKOHE
(azanbIk e3repictep kepceTiireH. Onapra KbUTYJIBIK KSHEIOIH aibIpMallbUIbIFbl MEH
KBUTYJIBIK KePHEYJIEp HOTHKECIHIE Maiiia OonaThlH yCcaKTaly KoHE MUKPO KapBIKTap
Xartazabl. By kepHeynep MuHepai TOpsIH OypMaiaibl, MOPQOIOTHSIIBIK e3repicTepre
OKeJNel.

Chemical formula K Sigma  Net K ratio
Na 17.14 i ¥ 1693202 0.0949375
28.72 ¥ i 5300158 0.2768775

093 88115 00120844
Son A 154257 00345457 o 2193 5343 046 948554 01285748 K

5030 i 2171538 0.6009552 Zn 78.07 4657 252 2781916 0.7784693 K

— i0pm JEOL 2/21/2024
20.0kV COMPO _ NOR WD 11.1lmm 16:24:37

Chemical formula ms% mol% Sigma  Net Kratio  Line

100.00 Total 100.00 100.00

(©)
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Chemical formula
o

Na
Mg
Al

Si

K

Ca
Fe
Zn
Ba
Total

ms%
64.41
1.18
1.51
321
15.50
0.68
7.45
5.42
0.45
0.20

44.79
1.18
1.59
3.76
18.92
1.16
12.98
13.15
1.29
1.18
100.00

100.00

K ratio
0.1814816
0.0058427
0.0077469
0.0230227
0.1376557
0.0120149
0.1386420
0.1237055
0.0116321
0.0110371

FXXXXXXXXX

Cyper 6. a) Chanepurriy 460°C temneparypana ¥YIKK-coynenenaipreHHeH KeHiHT1
MHKPOCTPYKTYpachl )KoHE dHEPreTHKAaNIBIK AUCTepcHsUIbIK ananmu3i; 6) Chanepurriy 600°C
temreparypazna YK)XK-coynenenaipreHHeH KeHiHri MUKPOCTPYKTYpaChl JKOHE SHEPreTHKAIIBIK,
mucnepcusuibik ananusi; ¢) Chanepurrin 600°C temnepatypana YA IK-coyneneHnipreHHeH Keiinri

MUKPOCTPYKTYPAChI )KOHE DHEPTCTUKAJIBIK JUCIICPCHUSAIIBIK aHam3i

7-cyperte kepcerinrenaei, 650°C sxorapbl TemIiepaTypaiaplia MbBIPBII OKCHJI
Fe,O,-nen opekerrecy kesinne 6iprinnen pepput (ZnO-Fe,0,) Ty3ei, o1 CYHbUITBUTFaH
KBIIKbLIIAp/IA ic xKy3inae epimeriai (Junwei, et al, 2017: 42536).

Chemical formula ms%
e} 32.73 63.01
Fe 65.95 36.37
Zn 1.32 0.62
Total 100.00 100.00

—
20.0kV COMPO

2/21/2024
WD 11.1mm 15:47:43]

ilopm JEOL

NOR

mol% Sigma Net K ratio Line
0.13 2054408 0.2766525

0.41 4778575 0.6583364 K
1.15 43326  0.0120447 K

Cypert 7. Canepurrin 700°C temneparypana YA OK-caynenenaipreHHeH KeHiHIT MUKPOCTPYKTYPaCh
YKQHE PHEPIreTHKAJIBIK JIUCIIEPCUSUIBIK aHAIIH31
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ONeKTPOHABI-30HATHIK MHKPOAHAIU3aTOp KOMETIMEH aJIbIHFaH HOTHXKENIEpIeH
(5, 6, 7 cypertep) kepin oThipFaHbiMbI3Aal, 250°C Temmeparypajga MHUKPOTOJIKBIH/IBI
KYHIipreHHeH KeWiHTi KIMHKep TeK ZnS-TeH Typaabl xoHe Y KIK-eHnmeyre meiinri
OacTankpl MIMKI3aTTaH ic KY31HIE albIpMalIbUIBIFB KOK. by ZnS Mop¢oiaorusibik
e3repicTepre HeMece TOTBIFyFa YIIBIPAaybl YIIiH >KOFapbl DHEPrHsl KaXKET EKEeHiH
Kepceredi, Oy ZnS (hU3HKO-XUMHSITBIK KacueTTepine coiikec kenemdi. Y KK Kp3asipy
temneparypacbl 460 °CikeTkeHae chaaeput IoHiHIe TEPMOMHIYKLUHUSUTBIK MEXaHUKAIIBIK
KepHeyJIep HOTHXKeCiHAE XKapbIKTap naiiaa 6onansl. 600 °C kyiaipy TemneparypacbiHaa
MBIPBIIITHI (a3ackl HeriziHeH ZnO Oonbill TaObutagpl. TemmeparypaHbl ofaH opi
apTThIpFanaa skoHe MbIpbim okcufiHiH (III) Temip okcuaiMeH TepMOAMHAMMKAIBIK
e3apa 9peKeTTecy mpouecinae Oipringen kemenai Gepput Kockuibichl (ZnO-Fe O,)
cunresneneni (Chen, etal, 2001:241), onci3 KOHIIEHTPIIEHTEH KBIIIKBLT OPTa/ia )KOFaphl
XUMUSUIBIK TO3IMILTIKTI Kepcereai. COHbIMEH Oipre MBIPBII OKCHII MBIHA PEaKIHs
OolbIHIIIA CYHBIITBUIFaH KBIIIKBIIIAPa KaKChl epUIi:

ZnO + H,S0, = ZnSO, + H,0

Hemek, YK KpI3abIpy apKbUIbl KITMHKEPAiH (azajbik aysicy Temmeparypackl 600
°C rten O6onnel. YK enueycis O6actanksl knuHkepai, 460 °C temmeparypaga Y KK
coynenenre knuHkepai, 600 °C temneparypaga Y AOK coyneneHren KIMHKep/i KoHE
700 °C temneparypana YXOK coyneneHren kiauHKepAi canblcThipablk. Llaiimanay
SKCIIEPUMEHTTEPI KaTaH Oipaei xaraainapaa xyprizinai: H,SO, konnenrpanuscer 100
r/nM?, maiManay yakbIThl — 6 caFart, apanacTeIpy KburgamasiFsl — 300 aifH/MUH, KaTThI
3aTThIH CYMBIKTBIKKA KaTblHachl 1:5 »xoHe Temmeparypa 25 °C. Kangplk maiimanay
OHIMJIEpl — epITiH/I )KOHE TyHOa COWKECIHIIEe aTOM-IMUCCUSIIBIK )KOHE aHAJTUTHKAIBIK
Tajnayra ymsipaasl. Ocbl KaFaainapaa MbIPBIIITHI MIBIFapy, %: 0acTankbl KIHMHKEDP —
21,12; YK coynenenren knunkep (460 °C) — 23,45; YK coyneneHreH KiuHKEp
(600 °C) —46,47; YKK coynenenren xknunkep (700 °C) — 5,12.

460 °C xeszinme YK xyhmipy smeKTpOTEpMUSUIBIK KYHAIPYIACH KaKChl HOTHIKE
KepceTTi. MyHAal THIMAIIIK TOMEH KYHIIpy TeMieparypachblHIa «TEPMUSIIBIK eMec
MHUKPOTOJIKBIHBI acepiepre» OaitnansicTsl (Li, et al., 2019: 1396). MBIpbIIITH ai1yAbIH
eH jkorapbl jaeHreii kimHkepni 600°C temmneparypama YK enmey kesiHae Koi
xetkizinai. [lpouecc dazanbik e3repictepmMen Karap xypeai (8-cyper).
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Cypert 8. KyKipT KbIIIKbUIBIMEH IIaiiMaliay Ke3iHIeri MBIPBIITHI ATy/IbIH THIMALTITH CaJIbICTBIPY

Keneci ke3zenze knunkepai 600 °C remmeparypaja nemre 5S—7 MUHYT OOHbI ToCTYPJIi
AJIEKTPOTEPMUSIIBIK KYHIIPYMEH JKoHE oOchiHmad skarmaimapma YAOK-kyiaipymen
CaIIBICTBIPY KYPri3inai. JocTypii KeI3AbIpy o/IiciHjIe KbITy Oepy MarepuabiH OeTKi
KaOaThIHAH TEPEHJIrHE Kapai JKy3ere achIpbLiajibl, OYJ MPOIECTIH THIMIUTITIHIH
temenirine okeneni (Li et al., 2019: 61). TinTi Kyiiaipy yakbITbiH 15 MUHYTKa JeiiH
apTTBIPY KAKETTI HOTIDKENepre KOJM JKETKI3yre MyMKIiHIIK OepMesi: MBIPBHII aiy
nopexeci 21,19 % kypansl, an Y AOK-kyiinipyai nainanansim, eHJIEY YaKbITBIH €Ki ece
azaiiTkan ke3ne kepcerkim 46,47% sxeTti. byl mocTypii KbI3ABIpYy Ke3iHJle MBIPHIIIKA
aliHaiMaraH c(aJepUTTIH alTapibIKTail 06Iiri cakTajaTbIHBIH, MYMKIH KETKIUIIKCI3
YaKBITTBIH ocepiHeH ekeHiH kepceteni. 600 °C Temmeparypaiarbl MHUKPOTOIKBIHIIBI
KYHAIPY JSCTYPIIi SNEKTPOTEPMUSIIBIK KYHaipyMeH Hemece Y IKIK-eHneyci3 bacTarnkbl
IIMKI3aTIeH CallbICThIpFanaa eki ece kom (Hemece 219,3% apThIK) MBIpBII anmyFa
MYMKIHJIIK Oepei.

KopbIThIHABI

By 3eprreyne ximHKepaeH MbIpbIITH THIMAL any YXKOK coyneneny kemerimeH
XKy3ere aceIpblUIbl. AJly mporeci eki mpoueaypaian Typansl: YK coymeneny
apkpuIbl (hazanbik aybicy sxone H,SO, apKpuibl miadimanay. DIEKTPOHIBI-30HITHIK
MUKpoaHanu3atopasiH HoTmkenepi YK coyneneny mbipbin chanepurinig (ZnS)
KarThl (hazachin HMHKKTKE (ZnO) alinanaeipyra xone Gepputtin (ZnO-Fe,0,) Tysinyin
TEXEyre BbIKMaJl eTeTiHIH KepceTei. bepiiren karnmainapna, 600 °C temmneparypanua
5—7 MUHYT OOWBI MHUKPOTOJNKBIHIBI KYHIIPY, HZSO4 koHueHTpanuscel 100 r/am3,
maiMasnay yakeIThl — 6 carat, apajacThipy Kbuigamabirbl — 300 afiH/MUH, KaTThl
3aTThIH CYMBIKTBIKKA KaTbIHAChI 1:5 sxoHe Temneparypachkl 293 K ke3iH/ie MBIPBIIITHI
meFapy 46,47% sxetyi MYMKiH. ByJl jKymbIcTa TEXHOTEHJIIK KAJJABIKTap KHHAJIFaH
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ayAaHAaplarbl SKOJOTHSUIBIK JKaFJaapl KaKcapTyFa, ajblHFAH TYCTI JKOHE achll
MeTalaap acCOPTUMEHTIH OalbITyFa, COHIai-aK SpTYpJli LIKMKi3aT TYpJIepiH OHey YLIIH
O3ipJICHI'eH TEXHOJIOTHsIapAbl OeiliMaeyre bIKMal eTEeTiH ASCTYPIl eMec Ke3aepAeH
MBIPBIIITHI ATy YIIIH 3KOJOTHSUIBIK KAayilci3 omicTepli KOJNAAaHYIBIH eNeylli oleyeTi
KOPCETUITeH.
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Abstract: The article discusses the multiphysical modeling of a pipe-in-pipe heat
exchanger using a flow intensifier in the form of a twisted profiled strip. The introduction
presents the results of an analysis of the literature on the presented topic, the method
of multiphysical modeling of the heat exchanger pipe-in-pipe is presented. The results
of numerical researches of heat transfer and friction coefficient under twisted flow
conditions using CFD-modelling with the software complex COMSOL multytphisics
6.1 are presented. The data obtained as a result of CFD modeling were compared with the
literature data, the data obtained show that the heat transfer coefficient and the coefficient
of friction increased significantly in a pipe equipped with a flow intensifier in the form
of a twisted profiled strip. The analysis conducted is aimed at evaluating the efficiency
of heat exchange and optimizing the design of the apparatus. The use of a twisted strip
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as a flow intensifier allows to significantly improve heat exchange characteristics by
improving turbulence and reducing temperature gradients. The modelling was carried
out using numerical methods, which allows to take into account the complex interaction
of thermal and hydraulic processes. The results of the research show that optimizing the
size and location of the intensifiers can lead to further improvement of heat exchange
characteristics. The results of the research show that optimizing the size and location of
the intensifiers can lead to further improvement of heat exchange characteristics.

Keywords: CFD modeling, intensification, heat transfer, multiphysical modeling,
heat exchanger, pipe in pipe, flow intensifier, twisted profiled strip.
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AunHoranus. Makanaga Oypanran mnpoduubi Tacma TYPIHIET  aFbIHJBI
KYIIEHTKIIITIH KOMEriMeH «KyObIp imIiHAeri KyObIp» JKbUIy ajJMaCTBIPFBIIITHI
MyNTbTH()U3MUKANBIK MOJENbAeY KapacThlpbuiafbl. Kipicmene yYCHIHBUIFAH TaKbIPbII
OolibIHIIA 9AeOHeTTepAl TalAay HOTHKeNIepl KeATIpUIreH, «KyOblp imiHAeri KyObip»
KBUTY aJIMACTBIPFBIITHl MYJABTU(QHU3UKAIBIK MOJAENbIACY OMICTEMECi YCHIHBIIFAH.
COMSOL multytphisics 6.1 6armapnamansik kemenin, CFD monensaeyni naiganana
OTBIPBIN, OypaiFaH aFblH JKaFJaiblHIA KbUly Oepy cuIartamaiapbl MEH YHKemic
K0(GUIMEHTIH CaHIBIK 3epTrey HoTwkenepi yceiHbUFaH. CFD  MopenbaeyiHeH
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QIBIHFaH MOJIMETTep o/eOU NIepeKTEepPMEH CallbICTBIPBUIIBI, AJbIHFAH MOIIIMETTEp
Kbuty Oepy ko3(hduImMeHTi MeH yikenic kodpduuuenti Oypairan npouiIbIl >KOmaK
TYpiHZAEri arblH KYLWIEWTKINIIMEH >KaOObIKTalFaH KyObIpAa aWTapibIKTal ©CKeHiH
kepceteni. KyprizinreH Tanaay )KblUTy aaMacyIblH THIMIUIITH OaFanayFa KoHe anmapar
KYpPBUTBIMBIH OHTaMIaHIbIpyFa OarbITTaNFaH. bypanraH )KonakThl aFbIHABI KYLISUTKIMI
peTiHae KongaHy TYpOYJIEHTTUIIKTI jKakcapTy »oHE TeMmIleparypa TpalueHTTepiH
a3aiiTy apKpUIbl KBUTy anMacy OHIMIUIIIH alTapibIKTail apTThIpyFa MYMKIHIIK
Oepeni. Mozenbaey KbUTYNIBIK JKOHE THIPABIMKAJBIK MPOLECTEPAiH KeHIeHAl e3apa
OPEKeTTECYiH eCKepyre MYMKIHIIK OEpeTiH CaHJBIK OJICTEepi KOJIJIaHy apKbUIbI
JKY3€ere achIpbUIbl. 3epTTey HOTHKENEpl KYMEHTKIITEepAiH KoJeMi MEH OpHaIacyblH
OHTAMNAHIBIPY KbUTyalMacy CHIATTaMallapblH OaH opi JKaKCcapTy MYMKIiH EKeHiH
KepceTeqi. AJBIHFaH HOTHOKENEp JHEepPreTHKa MEH MYHal-XUMHSHBI Koca ajfaH[a,
OpTYpAi cananapia THIMAIPEK >KbUTY aJMacTBIPFBIIITAPABI K00ajay YIUiH Maiaaiisl
00JTybl MYMKIH.

Tyiiin ce3aep: CFD Monenbaey, ”HTeHCHPHUKALMS, KbLTY aIMacy, MyIbTUPU3UKAIIBIK
MOJICTIB/ICY, KLY aIMaCTBIPFBILL, KYOBIp iIiHAeTi KYOBIp, aFbIH KYIISHTKII1, OypanFan
npoduIIBAL KOJAK.
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Aunnorauusi: B crarbe paccMmarpuBaercsi MyNbTH(U3NYECKOE MOICTUPOBAHUE
TEINIO0OMEHHOTO anmapara «Tpyba B TpyOe» ¢ HCIOJIb30BaHHEM HHTEHCH(UKaTopa

113



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

MOTOKa B BHAEC BHUTOW NPOQHUIMPOBAHHOM JIeHTHl. Bo BBeAeHWH NpHUBEICHBI
pe3ysbTaThl aHalIM3a JUTepaTypsl IO TPEICTABICHHOW TEeMaTHKe, IpelcTaBiIeHa
METOIUKa MYNETH()U3NIECKOTO MOJCIMPOBAHUS TEINIOOOMEHHHKA «TpyOa B TpyOe».
[IpencraBneHsl pe3yabTaThl YUCICHHBIX HCCIIEAOBAHNN XapaKTEPUCTHK TEILIONEpeadn
n kod(dduumenTa TpeHUs B YCIOBUSX 3aKPY4YEHHOTO MOTOKa C HCIOJIb30BaHUEM
CFD —mopnenupoBaHusl C HUCHONb30BaHWEM mporpammuHoro kommuiekca COMSOL
multytphisics 6.1. Jlanasle, nomyuennbsie B pesynsrare CFD-monenupoBanusi, Oblin
CBEpEHBI C JIMTEPaTypPHBIMH JaHHBIMH, MOJTyYEHHbIE [aHHbIC [OKA3bIBAIOT, YTO
k03¢ GUIMEHT Termonepenadyn U Kod(QGUIHUEHT TPEHHs 3HAYUTENbHO YBEIHYHIINCDH
B TpyOe, OCHaIIeHHONH MHTEHCH(UKATOPOM MOTOKA B BHJE BUTOH MPO(UIMPOBAHHOM
nenthl. [IpoBenéHHbIi aHanu3 HampapieH Ha OLUEHKY S((GEKTHBHOCTH TEII00OMeHa
W ONTUMM3ALMIO KOHCTPYKUMH amnmapara. IlpumMeHeHHWe BHUTOW JIGHTBI Kak
WHTEHCU(HKATOpa TOTOKA IO3BOJIAET CYIIECTBEHHO IOBBICUTH TETIOOOMEHHBIE
XapaKTePUCTHKH 3a CUET YMy4lleHHs TypOYIEHTHOCTH M YMEHBIICHUs TPaIdcHTOB
TeMImepaTypbl. MoJenupoBaHUe BBIIIOJHEHO C UCIOIB30BAaHUEM YHCICHHBIX METO/IOB,
YTO TIO3BOJISIET Y4YECTh KOMIUIEKCHOE B3aMMOJICHCTBUE TEIUIOBBIX M THAPABIUYECKUX
mporeccoB. Pe3ynbraTsl MCCiIeOBaHUS MMOKA3bIBAIOT, YTO ONTHMHU3ALUS Pa3MEpPOB H
pacmonoXeHus: UHTEHCH()UKATOPOB MOXKET MPUBECTH K JalbHEUIIEMY YITy4IICHHIO
TEMI0O0OMEHHBIX XapakTepucTHK. llomydeHHble AaHHBIE MOTYT OBITH TOJIE3HBI JUIS
MPOEKTHPOBaHUA Oosiee d(PPEKTHBHBIX TEINIOOOMEHHUKOB B DPa3IMYHBIX OTPACIX,
BKJTIOUYAs SHEPTEeTUKY M HEPTEXUMHUIO.

KiroueBsle caoBa: CFD wmopenupoBanue, HHTEHCH(UKALWs, TEIIOOOMEH,
MynbTH(U3NYECKOe MOJETUPOBaHUE, TEINIOOOMEHHBIM amnmapar, Tpyba B Tpyoe,
WHTEHCU(HKATOP MOTOKA, BUTas MPOQUINPOBAHHAS JICHTA.

Introduction.

The heat exchanger is classified according to the transfer process, the amount of
liquids, the degree of surface sealing, the design, the location of the flows, the heat
transfer mechanism. Industrial enterprises assign heat exchangers depending on cost,
high/low pressure limits, thermal characteristics, temperature range, liquid throughput,
degree of purification. Heat exchangers, and especially double-pipe heat exchangers,
play an important role in industrial and engineering applications such as air conditioning
systems, petrochemical industry, power plants, refrigeration equipment, solar water
heaters, The reprocessing industry, chemical and nuclear reactors. Due to this variety
of applications, convective heat transfer in heat exchangers has been investigated in
several studies over the past decades, and various methods of improving heat transfer
have been presented to improve the overall heat transfer efficiency of heat exchangers.
The use of a double pipe with lattice strip inserts (Quadir, et al, 2014), a finned double
pipe (Gao, et al, 2015), a double pipe filled with metal foam (Shirvan, et al, 2016),
and spiral wires in two-tube heat exchangers (Zhang, et al, 2023) are some of these
methods. In addition, the special properties of nanofluids have been the subject of
interest in a number of studies aimed at improving heat transfer for other applications
(Yadav, et al, 2019). Among the previously studied researches of the efficiency of
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heat transfer in heat exchangers, the following studies can be mentioned: Singh and
co-authors (Singh, et al, 2020) conducted an experimental study of the efficiency of
heat transfer, coefficient of friction, specific heat capacity and viscosity of a two-tube
heat exchanger with countercurrent motion. They found that the heat transfer of the
working fluid can be enhanced by increasing the Reynolds number or the percentage of
nanomaterials. An experimental research of the effect of intermittent spiral turbulators
on the flow and heat transfer characteristics in a two-tube water-air heat exchanger
was carried out by Sheikholeslami and co-authors (Sheikholeslami, et al, 2016).
The results showed that increasing the coefficient of the open surface and the angle
of inclination reduces the coefficient of friction and the Nusselt number. In addition,
thermal performance improves with an increase in the coefficient of the open surface,
but decreases with an increase in the angle of inclination. Nakhchi et al. (Nakhchi, et al,
2020) conducted a numerical research of a multi-criteria analysis of the design of two-
tube heat exchangers of a new shape (conical). This article analyzes the influence of
hydraulic, geometric and thermodynamic characteristics. Under optimal conditions, the
results showed a 55% increase in efficiency and a 40% improvement in heat transfer. It
should be noted that when choosing in practice one or another method of heat transfer
intensification, it is necessary to take into account not only the efficiency of the surface
itself, but also its versatility for various single-phase and two-phase heat carriers, the
manufacturability of the surface, the manufacturability of the heat exchanger assembly,
strength requirements, surface contamination, operating characteristics, etc. All these
circumstances significantly reduce the possibility of choosing one of the numerous
methods of intensification studied (Syah, et al, 2022; Kassymoyv, et al, 2023).

The rapid development of computer technology and methods for numerically
solving problems of heat transfer and hydrodynamics using multiphysical modeling
programs has led to the fact that in many fields of science and technology, the results of
multiphysical modeling of heat transfer and mass transfer processes become an essential
element (Krutova, et al, 2020).

The study presents the results and conclusions obtained as a result of a study of
the performance and optimization of a two-tube heat exchanger. Numerical modelling
using ANSYS Fluent has successfully predicted the temperature of both hot and cold
liquid outlet (Urvija, et al, 2024).

The results obtained by modeling make it possible not only to correctly comprehend
and understand the physical effects observed on experimental devices, but also in certain
cases to completely replace the natural experiment with computer modeling (Pulin, et
al, 2024).

Currently, CFD packages for calculating heat transfer, mass transfer and
hydrodynamics are widely used for engineering calculations and research. All CFD
packages consist of preprocessors, a solver, and a postprocessor (Mukhametzyanov, et
al, 2017).

As can be seen from the analysis of scientific and technical literature, heat exchangers
with various flow intensifiers are currently of interest from the point of view of the
development of heat exchange equipment, since they have higher efficiency. Thus, the
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multiphysical modeling and study of heat transfer processes in such devices is an actual
task (Tsvetova, 2022; Abiev, 2002).

The purpose of this work is to research the effectiveness of a flow intensifier in the
form of a twisted profiled strip using the COMSOL multitphisics software complex
(Electronic resource Comsol 6.1., 2022).

To achieve this objective, it is necessary to solve the following tasks:

—construction of three-dimensional models of a heat exchanger with a flow intensifier
in the form of a twisted profiled strip;

—numerical modeling of heat transfer in the tube and inter-tube areas of the apparatus
with a flow intensifier in the form of a twisted profiled strip of the “pipes in a pipe” type;

— determination of thermal and hydraulic characteristics;

— evaluation and analysis of the results obtained.

Materials and methods.

For the multiphysical modeling of the pipe-in-pipe heat exchanger, the type of
intensifier in the form of a profiled twisted strip installed inside the flow part of the
pipe with a given pitch is studied; the profiled twisted strip located with a certain pitch
and the flow part of the pipe are shown in Figure 1. The step between the turbulators
in the studied cases was chosen for reasons of ensuring the maximum intensity of heat
transfer according to the recommendations of the work (Jithin, et al, 2020) and is t =
40 mm, and the twist angle of the twisted strip is 360°. The length of the section L in
numerical researches was 150 mm. The heat exchanger operates in parallel flow mode,
i.e. the cooled and heated flow moves in the same direction. In numerical modeling, the
physical constants of water viscosity were equated, respectively, to heating temperatures
in a smoothed tabular reference manner: at 20 °C — 1,002 MPa-s; at 40°C — 0,653
MPa-s; at 60 °C — 0,467 MPa-s; at 100 °C — 0,282 MPa-s. The specific heat capacity
of water was taken at a temperature of 25°C c=4180 J/kg °C.

Figure 1 — 3D model of a “pipe in pipe” heat exchanger with a flow intensifier in the form of a twisted

profiled strip
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When solving any problem, the aim is always to find a solution in some computational
domain. As a rule, the size and shape of the computational domain are naturally
determined by the problem under research. The creation and generation of a grid of
the computational domain is an essential component of every engineering calculation
where software packages based on CFD technology are used. The size of the calculated
model grid directly affects the accuracy of the final results, the speed of calculation and
accuracy (Figure 2).

A

40

-40
100

50

=50

100

Figure 2 — Model grid Mesh of the heat exchanger

Heat transfer was studied during turbulent and laminar water flow with the following
parameters at the entrance to the inner pipe: average temperature Too = 50°C, at the
entrance to the outer pipe: average temperature Too = 19.3°C, pressure Poo = 0.1 MPa,
degree of turbulence Tuoo = 0.1%, velocity profile — turbulent developed and laminar
flow. Boundary conditions of the first kind Tw = const were set. The similarity numbers
were calculated based on the average outgoing liquid velocity wep and the determining
inner diameter of the pipe D. The turbulent Prandtl number for the conditions under
consideration was taken to be 0.9. The Reynolds number in the inner tube was varied
from Re=440 to Re=800, and in the outer tube the Reynolds number varied from
Re=2430 to Re=7300.

The numerical solution of the equations was based on an implicit finite-volume
approach using the Global Definitions pressure correction procedure. The calculated
area was covered with an uneven tetrahedral grid with condensation to the channel
walls. The size of the minimum step of the grid nodes was selected according to the
recommendations (Belov, et al, 2001). The maximum number of cells required to
discretize the computational domain was ~4 million. For all equations of the system,
the convergence criterion of the solution was 10-.

Experimental part. CFD modeling can be used for in-depth analysis of the movements
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of liquids and their interaction with the coils of the profiled strip. This will help to
obtain data on the distribution of velocity, temperature and pressure, as well as identify
potential areas for improvement of the structure. The correct choice of the turbulence
model (identification) and verification (verification) according to known experimental
data were carried out using four models: the standard high-Reynolds k-& model (k-¢
Standard), the Realizable k-¢ model, the k- shear stress transfer model (SST) of Menter
and the Reynolds stress model (RSM). The turbulence model was identified for smooth
pipes and pipes with internal intensifiers with unchanged geometric characteristics and
density of the calculated grid.

The distributions of heat transfer coefficients and hydrodynamic resistance are
selected as criteria for the adequacy of the turbulence model and the correctness of CFD
modeling.

Heat transfer and resistance ina smooth pipe more correctly describe the k- turbulence
models, however, they incorrectly predict changes in the average characteristics of
heat transfer and resistance for pipes with turbulators. The data on heat exchange and
resistance of pipes with turbulators, calculated using the k- SST model, deviate by
32% from the results of experimental researches. The best identification by heat transfer
(Fig. 3 and 5) and resistance (Fig. 4 and 6) is shown by the RSM model of Reynolds
stresses. At the same time, the maximum deviation of the data does not exceed 0.4%
compared to the known dependencies. Figure 3 a and b show the temperature change
of the flows along the length of the apparatus in laminar flow mode in the inner and
outer pipe. The temperature peaks correspond, according to the geometric model of the
device, to precisely such places where the profile strip is twisted and the gap between
the strip and the pipe is minimal.
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Figure 3 — Temperature change of flows along the length of the heat exchanger during laminar flow
movement
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Figure 4 — Flow pressure change along the length of the heat exchanger during laminar flow movement

From Figure 4, it can be concluded that in the outer pipe, in the laminar mode,
the pressure decrease along the length of the apparatus occurs uniformly, when this
phenomenon occurs abruptly in the inner pipe, this is explained by the fact that a profiled
twisted strip is installed in the inner pipe to intensify heat transfer.

A similar pattern can be observed in the turbulent regime in Figures 5 and 6.

Line Graph: Temperature (degC)

50 F T T T ]
49.9
49.8
49.7
49.6 - -
49.5
49.4
49.3
49.2
49.1

T T
1

T T T T
1 1

Temperature (degC)

48.9

1 1 1
150

o

50 100
Arc length (mm)

a)

120



Volume 4, Number 461 (2024)

Temperature (degC)

21.1

20.9
20.8
20.7
20.6
20.5
20.4
20.3
20.2
20.1

Line Graph: Temperature (degC)

T T

o

a) inner

0 100
Arc length (mm)

b)

pipe, b) outer pipe

150

Figure 5 — Flow temperature change along the length of the heat exchanger during turbulent flow

movement

In the turbulent mode, the temperature difference is 1.2°C for the hot stream, 1.1°C
for the cold, and in the laminar mode, such a difference is 6°C and 7°C, respectively.
This is due to the fact that the residence time of the flows in the laminar mode is longer

than in the turbulent mode.
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Figure 6 — Flow pressure change along the length of the heat exchanger during turbulent flow movement

Twisted profiled strip increases flow resistance, which can lead to increased inlet
and outlet pressure. This should be taken into account when designing the system. To
calculate the velocity and other flow characteristics, it is necessary to take into account
the hydraulic radius, which varies depending on the design of the heat exchanger.

The coils of the profiled strip increase the contact surface between the liquids and the
walls of the pipes, which improves heat transfer. The turbulent vortices created by the
strip help to reduce the temperature gradient, contributing to a more even distribution
of heat.

Heat exchangers with flow intensifiers in the form of a twisted profiled strip
significantly increase the efficiency of heat transfer due to improved convection and
turbulence. Understanding the movements of liquids and their relationship to heat
transfer is key to optimizing the operation of such systems.

Results and discussion.

Figure 7 shows the effect of loosely fitting perforated twisted strips on flow
characteristics. The results of CFD modeling are presented in the form of spatial
distributions of velocity isolines and their pulsations, temperatures, flow lines and
particle trajectories in the central mutually perpendicular sections of the pipes XOY
and XOZ.

For pipes with turbulators (Fig. 7), an area of circulating flow is observed, formed
as a result of the separation of a viscous layer from the surface of the turbulator, as it
moves forward along the flow, the gradually detached boundary layer bends towards the
pipe wall and then joins it in the region x~ 20 mm. The boundary layer developing from
the point of attachment flows onto the turbulator in front of which another separation
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region is formed, which leads to a local increase in velocity and causes an increase in
pulsations monotonously increasing downstream.

A local increase in velocity (Fig. 7a) contributes to an increase in pulsations and
leads to an increase in the intensity of heat transfer in general. The flow gradually warms
up near the wall (Fig. 7b). In this case, the flow disturbances near the wall behind the
obstacle reach 1%, and the flow core remains undisturbed (Fig. 7b).
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Figure 7 — Change in flow velocity along the length of the heat exchanger during laminar (a) and turbulent

(b) flow movements
The swirling flow moves along the axis of the pipe, and the intensification of heat

transfer in this case occurs due to the swirling of the flow.
The flow pattern in the pipe is shown in Fig. 7b, a diagram of current lines in the
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circulation area and their further propagation in the plane of the XOZ pipe is also
illustrated here.

The dependence of the coefficient of friction on the Reynolds number for various
twisting coefficients and hole diameters is shown in Figure 8. A pipe fitted with
loosely fitting perforated twisted strips resulted in a higher coefficient of friction than
a conventional pipe. This is due to the disturbance of the fluid flow, a larger contact
surface area with a longer flow path, and the dispersion of the dynamic pressure of the
working fluid due to a high loss of viscosity near the pipe wall.

As can be seen from Figure 8, the coefficient of friction and the relative ratio of the
coefficients of friction increase with a decrease in the Reynolds number, which can be
explained by the fact that at lower values of the Reynolds number, the liquid can pass
through the entire strip and generate more friction forces due to the occurrence of small
vortices behind the strip.
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Figure 8 — Flow pressure change along the length of the heat exchanger during laminar (a) and
turbulent (b) flow movements
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Loosely fitting perforated twisted strips create less friction during flow movement
compared to a conventional twisted strip. This is due to the fact that a conventional
twisted strip creates a greater disturbance of the flow near the wall. The coefficient of
friction tends to increase with a decrease in the coefficient of twisting and the diameter
of'the hole, similar to the coefficient of heat transfer. This is due to the fact that the use of
a twisted strip with a lower twist coefficient and a smaller hole diameter leads to higher
flow blocking and turbulence intensity in the flow field.

The theoretical part. The CFD modeling software package (COMSOL multitphisics
6.1) was used to perform three-dimensional numerical calculations of inserts from
a conventional pipe and twisted strip in a pipe with a constant heat flow using the
following basic equations [20].

The continuity equation for an incompressible fluid:

dp
5. TV (pY) = S ()
The conservation of momentum equation:

(@ VI =—Vp+pg +V-1;+F @

The energy conservation equation:

2 ) L.
po; (PE) + V- {W(PE + p)} = V- {KegtVT — X hi(Tesr - V)} + Sn (3)

The numerical values of mass flow and constant heat flow used for modeling formed
the basis of this numerical research. Steel and aluminum, respectively, were chosen as
the material for the manufacture of ordinary pipe and twisted strip. In all simulation
cases, water was used as the working fluid.

The CFD modeling software package (COMSOL multitphisics 6.1) was used to
solve the above-mentioned control equations based on certain boundary conditions.

For this research, a sequential solution algorithm (the algorithm of a separate solver)
was chosen, and the solver setting includes an implicit formulation, a stationary (time-
independent) calculation, a visco-laminar model and an energy equation. The SIMPLE
algorithm has been selected as the pressure-velocity coupling method and the first-
order upwind scheme was used for the energy and momentum equations solution. The
following equations are used to calculate the Nusselt number (Nu) and the coefficient of
friction (f) as the coefficient of surface friction (Salman, et al, 2013):

Nu="2, 4)
K

where the heat transfer coefficient 4 was determined using the equation (5):
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h=—9_ (5)

Tw—=Tp

coefficient of friction

f= 16 (7
Re
Reynolds number
Re = 24D, (8)
U

where D is the diameter of the tube, % is the heat transfer coefficient, K is the
conductivity of water, ¢ is the heat flow on the tube, Tw is the temperature of the tube
wall, and T, is the volumetric temperature of the water 7, = (T, + T))/2, T, inlet water
temperature, 7, temperature of the water at the outlet, p is the density, x is the dynamic
viscosity, and u is the velocity of the water.

Conclusions.

Based on the research results, computational models of flows near the wall region for
an intensifier in the form of a profiled strip were constructed, data were obtained on the
distribution of turbulence, velocity and temperature inside the pipe and the influence of
the intensifier shape on them, and the mechanisms of heat transfer intensification were
explained.

Heat transfer in a pipe-in-pipe heat exchanger equipped with profiled twisted ribbon
elements under turbulent and laminar flow modes of heat carriers was investigated. The
main conclusions can be drawn as follows:

Strip flow intensifiers significantly increase the efficiency of heat transfer in both
laminar and turbulent modes by increasing the surface area and improving flow
distribution.

In the laminar mode, the intensifiers help to reduce the temperature gradient between
the heat carriers, which improves heat transfer. However, the overall heat transfer
coefficient remains lower than in the turbulent regime.

During the transition to a turbulent regime, a significant increase in the heat transfer
coefficient is observed. Intensifiers provide a more uniform distribution of flows, which
leads to increased heat transfer and reduced energy losses.

It has been established that the efficiency of intensifiers depends on the flow speed
and viscosity of heat carriers. In high velocities and low viscosity, the benefits of the
intensifiers become more noticeable.

The multiphysical modeling made it possible to take into account the interaction of
heat transfer, hydrodynamics and heat transfer, which gave a more complete depiction
of the processes taking place in the apparatus. Modeling has shown that changes in
the flow rate and viscosity of heat carriers significantly affect the characteristics
of heat transfer. High flow rates significantly increase the efficiency of heat transfer
due to intensifiers. The simulation results indicated the possibility of optimizing the
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sizes and shapes of the intensifiers to achieve maximum efficiency. Ideal parameters
have been identified at which the greatest increase in heat transfer is achieved. The
simulation has demonstrated the high efficiency of using such structures in various
industrial applications, which opens up prospects for the development of more efficient
heat exchangers. It is recommended to conduct additional experiments to validate the
model and refine the flow data, which will help improve the accuracy of forecasting heat
exchange processes.

The results of the research show that optimizing the size and location of the intensifiers
can lead to further improvement of heat exchange characteristics. The data obtained can
be useful for designing more efficient heat exchangers in various industries, including
energy and petrochemicals.
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Abstract. Macromolecules with crown ether groups represent a fundamentally new
type of sorbents, the active centers of which are ligands that retain electroneutrality in
the process of simultaneous binding of cations, anions or organic compounds. The aim
of the research work is to study the conditions for the preparation of polymeric sorbents
containing diaminodicyclohexylcrown ethers, as well as to study the activity of these
sorbents with respect to the extraction of alkali metal cations. A macroporous copolymer
of styrene and divinylbenzene containing 18.4% chlorine was used in this work.
Chemical grafting of cycloaliphatic crown ethers onto macroporous chloromethylated
copolymer of styrene and divinylbenzene was carried out. Under the selected conditions,
polycrown-ethers with the content of crown ether groups 1.42 mmol/g were obtained
when diaminodicyclohexyl-18-crown-6 (DADCH-18c6) was used, while the content of
macrocyclic groups 1.24 mmol/g was obtained when diaminodicyclohexyl-24-crown-8
(DADCH-24¢8) was used.
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As a result, immobilization of macrocycles on the surface of polymeric carrier
was confirmed by IR spectroscopy and elemental analysis. New selective sorbents for
alkali metal ions based on diaminodicyclohexyl-24-crown-8 and diaminodicyclohexyl-
18-crown-6 were developed. The extraction of alkali metals under static conditions
by grafted type sorbents based on different macrocycles has been investigated. High
values of distribution coefficients of alkali metals by synthesized sorbents in acidic
medium were shown. The following selectivity series were found for the sorbent
with diaminodicyclohexyl-18-crown-6 fragments: K™>Cs*>Na®, and for the sorbent
with diaminodicyclohexyl-24-crown-8 fragments: Na®, K*, Cs". The efficiency of the
obtained sorbent for the extraction of alkali metal cations was shown.

Keywords: polymeric sorbents, sorption, crown ethers, selectivity, styrene-
divinylbenzene copolymer.
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Annorauusi.  Kpayn-apup Tomrapel Oap Makpomonekymaigap — OenceHai
OpTaJIbIKTAphl KATHOHAAP/bI, aHUOHAAP/IBl HEMECE OPraHUKAIIBIK KOCBUIBICTapAbl Oip
Mesrinae 6alnaHbICTHIPY MPOLECIHE AMEKTPOHEUTPAIBIIBIKTHI CAKTAWTBIH IUTAHATAD
Ooblll  TaOBUIATBIH COPOEHTTEPHiH TyOereini jkaHa Typi. 3epTTey KYMBICBIHBIH
MakcaTthl — KypamblHJa AWAMHHOJUIMKIOTEKCHIIKpayH sQupiepi Oap mnomumepni
copOeHTTepAl aily KaraailapblH 3€pTTey, COHJAN-aK CUITUIIK MeTall KaTHOHIApbIH
alyFa KaTbICTBI OChI COPOEHTTEpHiH OeNCEeHAUTIriH 3epTTey OONBI TaObLIaIbL.
Opictep MeH Marepuanaap: >KymbicTa Kypambiaaa 18,4% xmop Oap cTtupon MeH
JUBUHWIOCH30MAbIH (8% AWBUHUIOEHOI) Makpomopajibl COMOJIMMEpPi KOIJaHBUIIBL.
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CTtupon MeH IMBUHHMIOSH3O0JIBIH MaKpONOpajbl XJIOPMETHIIACHIEH COMOIUMEpiHe
HUKI0anudarTsl KpOyH-3QUpIepAl XUMUSUIBIK €Ty )Kyprizinai. Tannanran xkarnainapaa
JuaMuHOUIMKIoreKeri- 1 8-kpoyH-6 (JAALI-18k6) xommanraH Ke3ie KypaMbIHIA
1,42 MMOJIB/T KpOYH-3(hUp TONTAPHI Oap MOTUKpayH-3PHUPIIED, TMaMUHOAUITUKIOTeKCHII-
24-xpoyH-8 (JAJALI-24k8) konnanran ke3e 1,24 MMOJIB/T MAKPOLUKIIAL TONTAPIbIH
Ma3MyHBl QJbIHIBL3EPTTEYIEP MEH HOTWXKelep.  MaKpOoUHMKIAEepAiH MHOoIuMepi
TacsIMaNay IIBIHBIH OeTiHe nMMOoOHIH3anusch K creKTpocKonuschl )oHe dIEMEHTTIK
Tanaay opicrepimer pactanasl. JJAIIT-24k8 xone JA AL -18k6 Herizinmeri ciaTiti
MeTaJll HOHJApHI YILiH )KaHa CeNIEKTHBTI cOpOeHTTep a3ipaeHi. CTaTHKabIK Karaaiaa
CUITLNI MeTaapApl SPTYPIIi MaKpOUMKIIEP HETi3iHAE erireH THITI COPOCHTTEPMEH
any 3eprrenai. KpllIKbpUT OpTaga CHHTE3/AEITeH COPOSHTTEPMEH CIITUII MeTalaapIbiH
Tapaiy Kodpduuuentrepinin xorapbl MoHzaepi (Na', K, Cs") kepcerinren. JJAJILI -
18x6 (parmenTTepi Oap COpOEHT YILIiH KeJeci CeNEeKTHUBTLIIK Karapiapbl TaObUIIbL:
Na*, K", Cs*, an JAAUI-24x8 ¢parmentrepi 6ap copoenT yuin: Na*, K*, Cs" ansiaran
COpOEHTTIH CLATiN METal KATUOHJAPBIH ally THIMJLUIITT KOPCETIIreH.

Tyiiin ce3nep: momumMepii copbeHTTEp, COpOLMs, KpayH-3dUpiep, TAaHIaMaIbUIBIK,
CTHPOJI MEH AMBUHUIIOCH3O0JI/IBIH COMOIMMEDI.
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AnHoTanuss. MakpoMOJNEeKylbl C KpayH-3(QHUPHBIMH TPYNIaM{ TPEICTABISIOT
cOo0OH NPUHLIMIHMAILHO HOBBIH THI COPOEHTOB, AKTUBHBIMH LEHTPaAMHU KOTOPBIX
SIBIISIFOTCS JIMTAH/Ibl, COXPAHSIONINE AEKTPOHENTPAIbHOCT B IIPOLIECCE OJJHOBPEMEH-
HOTO CBSI3bIBaHMS KaTHMOHOB, aHMOHOB WJIM OpraHWdeckux coequHeHui. llensro
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HCCIICNIOBATENILCKOW PabOTHI SIBISICTCS U3YyUEHHUE YCIOBHUU IMOJIYYEHUS IMOJIUMEPHBIX
cOpOCHTOB,  COAEpKAIIUX  JHAMHHOJMIMKIOTCKCHIKPayH-2QUpPBI, a  Takke
WCCIIEZIOBAaHNE AKTUBHOCTH 3THX COpPOEHTOB B OTHOIICHWH H3BIIEYEHHUS KATHOHOB
IIeTOYHBIX METAJUTOB. MeTo/p! M MaTepHaiibl. B paboTe nemons30Bann MakpOITOPUCTHIN
COTIONIUMED CTHpOJa U AuBHHMIOEH30ma (8% nuBHHMIOEH30Ma), coaepkanuii 18,4%
xyiopa. OcyliecTBieHa XUMAYECKasi MPUBUBKA IUKIOATH()ATHISCKUX KpayH-3(UPOB
Ha MaKPOITOPUCTHIH XJIOPMETHIUPOBAHHBIN COMOIUMEDP CTUPOJIA U JTUBUHHIOCH30IA.
B BBIOpaHHBIX YCJIOBUSAX TPU NPUMCHEHHH JUAMUHOJUIIMKIOTSKCHII-18-KpayH-6
(JAJLI-18k6) monmy4eHbl MOTUKpayH-3QHUPHI C CoJepKaHNeM KpayH-3(OUPHBIX TPYIII
1,42 MMOJB/T, IPH HCIIONB30BAHUH THAMUHOIUIIUKIOTeKCHI-24-kpayH-8 (AL -
24k8) copmeprkaHMe Makponukianueckux Tpymmn 1,24 mmons/r. UccnenoBanus u
pesynbrarbl. UMMOOMIM3aIus MaKPOIIMKIIOB HA IIOBEPXHOCTD TOJIMMEPHOTO HOCUTEIS
noaTBepxkaeHa MeTofgamu MK-criekTpockonuu U 3JieMEeHTHOTO aHanu3a. Pa3paboTaHbl
HOBBIC CEJICKTUBHBIC COPOCHTHI JUISI HOHOB IIEIOUHBIX MeTaioB Ha ocHoBe JIAJIIII -
24x8 u JAJLI-18k6. MccmenoBano u3BICUCHUE MIETOYHBIX METAJIOB B CTATHIECKUX
YCIIOBHUSX COPOEHTAMU ITPUBHUTOTO THITA HA OCHOBE PA3IMYHBIX MaKPOIIUKIIOB. [TokazaHb
BBICOKHE 3HaueHHs kod(duimeHToB pacnpezeneHus menodnsrx mMetammioB (Na®, K,
Cs™) cuHTEe3UpOBaHHBIMHU COpOEHTaMH B KHUCJIOW cpene. HaiineHsl ciemyromme psiibl
CEJICKTUBHOCTH Il COPOCHTA C JTMAaMUHOAMIIUKIOTEKCHII- 1 §-kpayH-6 (pparmMeHTamu:
K" > Cs™ Na', a s copbeHTa ¢ JMaMUHOIUIMKIIOTeKCHIT-24-KpayH-8 QparMeHTamu:
Cs" > K" > Na" [lokazana 3((eKTHBHOCTD NOJIYYEHHOTO COPOSHTA JUIsl M3BICUCHUS
KaTHOHOB IIEJIOYHBIX METAJIOB.

KuroueBbie ciioBa: momuMepHbIe COpOCHTHI, COpOIHs, KpayH-3(DUPHI, CENEeKTHB-
HOCTb, COTIOJIIMEP CTUPOJIA U TUBUHUIOCH30J1a.

Introduction. Macrocyclic polyesters, in particular, crown ethers have specific
physical and chemical properties, as they are able to form complexes with alkali metal
salts, increase the solubility of hard-to-soluble salts in weakly polar organic solvents,
and change the state of ion pairs in solutions of different polarity (Yankovskaya, 2015).
They can bind certain ions by incorporating them into the inner cavity of the crown
ether, with different complex structures being formed depending on the volume of the
corresponding cation.

These complexes are most stable when the size of the metal ion is close to the cavity
size of the crown ether molecule (Yankovskaya, 2016). This makes it possible to create
selective sorbents of complex-forming type on the basis of crown ethers, which are able
to effectively extract metal cations from various solutions. Soaking such sorbents in a
salt solution leads to the fact that the concentration of metal cations in the crown ether
becomes several orders of magnitude higher compared to their concentration in the
initial solution.

Polyester macrocycles have high complexing ability towards alkali and alkaline
earth metal cations. For their efficient extraction it is proposed to use sorbents based
on crown ethers, which are selective to certain metals (Dovhyi, 2017). Their use
significantly simplifies the analysis scheme and allows the separation of metal cation
from solutions of complex composition (Yankovskaya, 2017, Dovgiy et.al. 2017).
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Methods for the preparation of polymeric sorbents containing crown-ethers and
their analogs can be divided into two large groups:

- immobilization of crown-ethers with covalent bonds;

- immobilization of crown-ethers without covalent binding (impregnation).

A number of sorbents based on dicyclohexyl-18-crown-6 and its derivatives
(Yankovskaya, 2018; Yakshin, 2010; Zakurdaeva, et.al., 2010; Bezhin, et.al., 2017)
without covalent binding have been obtained for selective sorption concentration of
alkali metal ions, but they have a number of disadvantages. First of all, it is rather
high solubility of dicyclohexyl-18-crown-6 in water, leading to its leaching from the
sorption system.

In this regard, a promising method for the synthesis of crown-containing polymers is
the immobilisation of crown-ethers with covalent bonds onto various polymeric carriers.

The aim of this work is to synthesize and investigate the complexing properties of
selective sorbents based on diaminodicyclohexyl-18-crown-6 and diaminodicyclohexyl-
24-crown-8 towards alkali metal ions.

Materials and methods

Diaminodicyclohexyl-18-crown-6 (DADCG18k6) and diaminodicyclohexyl-
24-crown-8 (DADCG24k8) were prepared according to the method (Dovhyi, 2017).
Chloromethylated copolymer of styrene and divinylbenzene (ChMC, 8% divinylbenzene)
containing 18.4% chlorine was used.

The interaction of amino derivatives of cycloaliphatic crown ethers with ChMC was
carried out under stirring in dioxane medium in the presence of NaHCO, at 90 °C for 8
h at a molar ratio of polymer: crown compound =1:1.

The exchange capacity was determined by nitrogen content and by the method
described in (Ergozhin, Kurmanaliev 2020).

The sorption of sodium, potassium and cesium ions was studied under static
conditions from aqueous solutions of nitrate salts under stirring at room temperature.
The sorption kinetics was investigated by the method of limited solution volume. To
obtain the kinetic curves of sorption, 0.1 g of sorbent suspensions (m) were placed in
a series of flasks and poured into 10 ml (V) of aqueous solution of the corresponding
salt with an initial concentration (C ) of 8 mg/l and a concentration of nitric acid 1M.
After certain time intervals, the solution was separated from the sorbent by filtration and
the current concentration of metal ions (C) in it was determined on a Kvant-2 atomic
absorption spectrophotometer.

The distribution coefficient was calculated using the formula:

Cinit—Cri
p=mtfin. Y5 g ey
Cfin Msorb
where C, . - concentration of strontium in the initial solution, mg/I;
C,, - concentration of strontium in the solution after sorption, mg/I;
V. - volume of initial solution taken for sorption, ml;

m_ - mass of sorbent taken for sorption, g.

sorb
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IR spectra were recorded on a Vector-22 Fourier spectrometer in KBr tablets.

Results and discussion

The wide variety of available synthetic polymers has ensured their widespread use
as carriers for the immobilization of crown-ethers. The copolymers of styrene and
divinylbenzene have been most widely used for long grafting of crown ethers.

A macroporous copolymer of styrene and divinylbenzene (8% divinylbenzene)
containing 18.4% chlorine was used in this work.

The alicyclic diaminodicyclohexylcrown ethers, which have the highest electron-
donating ability, are of particular interest for the synthesis of kraun-containing sorbents.

The interaction reaction of ChMC with the indicated crown ethers proceeds

according to the following scheme:

LcH- CHQ%

+NaHCO;4
NH2

I'l

CH,Cl

L CH-CH

JC( ;CLNHQ

I’l

Immobilization of macrocycles on the surface of polymer carrier was confirmed by
IR spectroscopy and elemental analysis. In the IR spectrum of kraun-containing sorbents
there are characteristic absorption bands of valence vibrations of simple ether bonds -C-O-C-
in the region of 1350, 1219,1135 cm!, there are intense frequencies of valence vibrations of
NH, - groups at 3425, 3355 cm™. The characteristic frequencies of CH,CI -groups at 1273
and 673 cm! are absent in the sorbent.

The highest degree of covalent binding of crown ethers to the carrier surface was achieved
by immobilization in dioxane at 90° for 16 hours (Table 1).

Table 1. Results of immobilization of crown ethers on ploymer carriers

Crown-ether Solvent Temperature, |Crown ether Exchange capacity,
°C content, % mmol/g

DADCGI18k6 |dimethylformamide |90 48,5 1,18

DADCG18k6 | dioxane 70 36,2 0,88

DADCG18k6 |dioxane 80 50,2 1,22

DADCGI18k6 |dioxane 90 584 1,42

DADCG24k8 | dioxane 90 54.1 1,24
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Under selected conditions, diaminodicyclohexyl-18-crown-6 produced polycrown
ethers with a content of crown ether groups of 1.42 mmol/g, while diaminodicyclohexyl-
24-crown-8 produced a content of macrocyclic groups of 1.24 mmol/g.

The sorption activity of sorbents based on crown-ethers immobilized with polymeric
molecules was investigated.

To determine the kinetic laws of sorption of alkali metals were extracted with the
obtained sorbent from solutions with 1 M nitric acid concentration. The kinetics of
sorption of metal cations was investigated at different duration of contact of sorbent
samples with aqueous solutions of nitrate salts until complete saturation of the sorbent.
The sorption process was investigated by sampling at intervals and measuring the
residual concentration C of metal cations in solution.

The distribution coefficient of alkali metals was calculated using formula (1).

The contact time is an important parameter for studying the kinetic laws of the
adsorption process. It was found that during the first 120 min the rate of adsorption
process increases due to the large number of free adsorption sites on the surface of
crown-ether. With further increase of the contact time, the adsorption rate decreases due
to the gradual filling of the porous surface of the polymacrocycle with sorbate, and the
adsorption process reaches equilibrium. The total sorption time is 48 hours.

The following selectivity series were found for the sorbent with DADCG18k6: K*
> Cs" > Na', and for the sorbent with DADCG24k8: Cs" > K" > Na'". It follows
that the principle of cation-macrocycle structural correspondence is observed for the
synthesized new sorbents.

To construct the sorption isotherm, extraction was carried out with the obtained
sorbent from solutions with different strontium content and 3 M nitric acid concentration.
The obtained systems were periodically stirred. After 48 hours the solutions were
filtered and the concentration of alkali metals was measured. The results of the isotherm
of sorption of alkali metals by the obtained sorbents are presented in Fig. 1.

2

N

10 20 30 40
C, mmol/I

Figure -1 Isotherm of sorption of alkali metal ions by sorbents based on DCG18K6.1-K*;2-Cs*; 3-Na*
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The isotherm of strontium sorption by the obtained sorbent has a linear dependence
in the studied concentration range, i.e. the distribution coefficient does not change.

The efficiency of metal ion extraction from aqueous solutions containing crown-
ethers is influenced by the presence of amino groups. It is known that the amino group
contributes to the formation of a water swelling polymer. When extracting metal salts
from aqueous media, the use of sorbents based on water-swelling polymers will lead to
an increase in the sorption capacity of sorbents due to easier access of metal ions present
in water to the active centers of the sorbent immobilized in the polymer matrix.

Thus, the proposed method of immobilization of macrocycles on available
polymeric carriers allows to obtain by polymeranalogous transformations granular
sorbents possessing a high concentration of crown-ether groups as well as amino groups.
The obtained polymacrocycles may be of interest as selective metal ion sorbents in
chromatography, interfacial catalysis and environmental ecology.

Conclusions

1. New selective sorbents for alkali metal ions based on diaminodicyclohexyl-18-
crown-6 and diaminodicyclohexyl-24-crown-8 have been developed.

2. The recovery of alkali metals under static conditions by graft-type sorbents based
on different macrocycles has been studied.

High values of distribution coefficients of alkali metals (Na, K, Cs) by synthesized
sorbents in acidic medium are shown. The following selectivity series were found for
the sorbent with DADCH18c6: K*>Cs*>Na"*, and for the sorbent with DADCH24cS:
Cs*>K">Na".
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Abstract. In this paper, the technology of obtaining a complex of biologically active
substances by lyophilization from the aboveground part of the Caspian saline plant
is considered. Lyophilization is an effective method that allows you to preserve the
structure and properties of valuable compounds obtained from plants. Plants growing in
the Caspian Solon are distinguished by their exceptional adaptability and composition
rich in bioactive compounds, which makes them interesting for research and use in
medical and pharmaceutical contexts.

In the course of the study, raw materials were taken from the aboveground part of
the plant and dried by lyophilization. This process is carried out at cold temperatures
by evaporating moisture without disturbing the structure of the material. The resulting
powderhasahigh concentration of biologically active substances, which are characterized
by antioxidant, anti-inflammatory and adaptogenic properties, the determination of the
good quality of the drug, the determination of the sum of extractive substances, the
quantitative analysis of the primary raw materials and the main groups of biologically
active substances in traditional herbal medicine were considered.

As a result of the study, it was found that a water-ethanol solution with a ratio of raw
materials and extractant of 1:5, 50% is effective for extraction. The extraction process
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was carried out within 24 hours, at a temperature of 24-28°C, which made it possible
to obtain more than 40% of biologically active substances. The quality of the resulting
product was at a high level in terms of moisture content, ash content and other physical
and chemical indicators.

Practical significance is that this method contributes to the improvement of
production technologies for herbal preparations, ensuring environmental safety. In
addition, by increasing biological activity, it allows use in the fields of Medicine and
pharmaceuticals.

The resulting complex of biologically active substances is potential for use in
medicine, cosmetology and the food industry. The lyophilization method increases the
quality, shelf life and bioactivity of these products, thus allowing more efficient use of
Natural Resources.

Keywords: Halostachys caspica, lyophilization, biologically active substances,
extraction, antioxidant properties, anti-inflammatory properties, adaptogenic properties,
vegetable raw materials, technological parameters, herbal preparation, aqueous ethyl
alcohol extract.
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Annorauusi. byn sxymeicra Kacnuil copranHsl eciMAiriHiH kep YCTi OeiriHeH
nuoduu3anus 91iciMeH OMONOTHSUIBIK OSICeH Il 3aTTap KEUICHIH aly TEeXHOJIOTHSICHI
KapacTelpbuiaabl. JInodunnzanus — eciMaiKTepAeH aabIHATBIH KYH/IbI KOCBUTBICTapAbIH
KYpBUTBIMBI MEH KaCHETTEPiH CaKTal KaJlyFa MYMKIHIIK OepeTin Thimai aaic. Kacnmii
COpTaHbIH/Ia O©CETIH OCIMIIKTEep epekiie OeHimMuenrimTik KabineTi MeH OMOaKTHBTI
KOCBUIBICTapFa 0all KypambIMEH epeKUIeJeHeAl, Oy onapAbl MEIULUHAIBIK >KOHE
(hapMmaleBTHKAJIBIK TYPFbIIa 3epTTEyTe KOHE NaijanaHyFa KbI3bIKThI €Te/.

3eprTey OapbIChIHAA OCIMIIKTIH Kep YCTi OeMiriHeH IIMKi3aT aIbIHbII, THO(UITU3AIHS
oziciMeH KenTipinai. Byn mpouecc cyblk Temmeparypaja MaTepHaAblH KYPbUIBIMBIH
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Oy30aii, buFanabl OyJaHIbIPy apKbUIbI XKY3ere achlpbliaabl. HoTwkeciHae anblHFaH
YHTaK OHOJIOTHSUIBIK O€NCeH[i 3aTTapAblH JKOFapbl KOHLEHTPALMACHIHA He, Oyap
AQHTUOKCUAAHTTHIK, KaOBIHYFa KapChl )KoHE aanTOreHiK KACHETTEPMEH CUIaTTalalbl,
JOPLTIK 3aTThIH KaKChI CallachlH aHBIKTAY, SKCTPAKTHUBTI 3aTTap KOCHIH/BICHIH aHBIKTaY,
Oacramkpl IIMKI3aT MEH JIOCTYPJi MIeN MEIUIIMHACHIHIAFhl OWOJOTHSUIBIK OeJICeHIl
3aTTapIblH HETI3r1 TONTapblHa CaHABIK Tajay JKacay KapacThIPbUIAbIL.

3epTTey HOTHIKECIHJE, IMKi3aT MEeH AKCTPAareHTTiH KaTrbiHachkl 1:5, 50%-apIK cy-
ATAHOJ EPITIHIICIHIH KCTPAKIUSAFa THIM/II €KeHI aHBIKTAJJIbl. DKCTPAKIHsI rponeci 24
carar iminze, 24-28°C Temiiepartypajia ;Kypri3uIin, OnoIoTrusIbIK OeNICeH i 3aTTapIbIH
40%-n1aH acTaMbIH ayFa MYMKIHZIK Oepfi. AJNbIHFaH OHIMHIH canachl bUIFaIbUTBbIFb,
KYJNIUTirt skoHe 0acka (HU3HKaJIbIK-XUMHSJIBIK KOPCETKIITepi OOMbIHIIA >KOFaphI
JeHreiae 60nabL.

[IpakTHKaIIBIK MaHBI3IBUIBIFEI — OYJI 9J1iC SKOJOTHSUIIBIK KayINCI3AIKTI KaMTaMachl3
eTiN, MeNTIK MpenapaTTapIblH OHIIPICTIK TEXHOJOTHSUIAPBIH JKETUIAIpYre BbIKHal
ereni. COHbIMEH KaTap, OMOIOTUSUIIBIK OSNCEHATIKTI apTThIpy apKblIbl MEIUIMHA MEH
(apmateBTHKa cananapblHia KOJIJaHyFa MYMKIHAIK Oepeti.

AnbIHFaH OMOJIOTHSUIBIK O€JICeHIIi 3aTTap KelIeHI MeTUIMHA/Aa, KOCMETOJOTrHsaa
YKOHE a3bIK-TYJIIK OHEPKACIOiH e KOIJanyFa aJaeyeTTi Oonbin Ta0biia sl JInopunuzanms
oaici OyJT eHIMIEP/IiH canachlH, CaKTaly MEp3iMiH KoHe OMOAKTHBTLIITIH apTThIPaIb,
ochblIaiiia TabuFH pecypcTapAbl THIMIII MaliaananyFa MYMKiHAIK Oepeni.

Tyiiin ce3nep: Kacnuii copranpl, muoduiamnszanus, OHOIOTHIIBIK, OeJICeHal 3aTTap,
9KCTPaKIHs, AaHTUOKCUIAHTTHIK KacUeTTep, KaObIHyFa KapChl KACHETTEP, aAanTOTeHIIK
KacueTTep, oCIMAIK IIMKI3aThl, TEXHOJOTHSJIBIK MapaMeTpliep, MIONTIK Mpenapar, cy-
STHJI CITUPTI CHIFBIHABICHI.
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AnHHoTtamusa. B jgaHHOW paboTe paccMarpuBaeTCs TEXHOJOTHS —IOJyYSHUS
KOMITJIEKCa OMOIOTMYECKY aKTHBHBIX BEIIECTB METOAOM JTMO(DHUIU3AINY U3 HAJI3EMHON
yactu Kacrniuiickoro cononuaka. JInopuimsanus-3QpPeKTUBHBIA METOI, TTO3BOJISIFOIINN
COXPAHUTh CTPYKTYPy U CBOMCTBA LIEHHBIX COCAUHEHUH, MOIYYCHHBIX W3 PACTCHHIM.
Pacrenus, npouspactarouiue Ha KaciuiickoM conoH4ake, OTIMYAI0TCS UCKITIOUUTEIBbHOM
aJalITUBHOW CIOCOOHOCTBIO U 0OraThiM COCTABOM OMOAKTUBHBIX COCIUHCHUH,
YTO JAENAeT MX HHTEPECHBIMHU NJIsl M3YYCHHUS U HCIOJb30BAHHS B MEIUIIMHCKOM U
(hapMareBTHUECKOM TIIAHE.

B xone uccnenoBanus ChIpbe U3BICKAIHU U3 HA36MHOM YaCTU PACTCHUS U CYIIWIN
METOZIOM JIMO(PUIN3ALKU. DTOT MPOIECC OCYIISCTBISICTCS ITyTeM HCIAPEHUs Baru
IpU HU3KUX TEMIIeparypax, He paspyllas CTPYKTypy Matepuaina. llomyueHHbIH
MOPOIIOK 00JIajaeT BHICOKOM KOHIICHTpAIME OMOJOTHYEeCKH aKTUBHBIX BEIECTB, OHU
XapaKTepU3YIOTCs aHTUOKCUIAHTHBIMU, TPOTUBOBOCHATUTEIbHBIMU U a1allTOTEHHBIMU
CBOICTBaMH, PACCMOTPEHBl OMPEACICHUE XOPOLIEr0 KauecTBa JIEKaPCTBEHHOTO
CPe/ICTBa, OMpeAeiICHHEe KOMOWHAIIMM SKCTPAKTUBHBIX BEIUISCTB, KOJIMYECTBCHHBIN
aHAJIN3 OCHOBHBIX TPYII OMOJOIMYECKH aKTUBHBIX BEIICCTB B HCXOJHOM CBIpbE
TPaJUIIMOHHON (HUTOTEpAIUH.

B pesynbrare ucciienoBaHuUs YCTaHOBJICHO, YTO JJIS SKCTpakiuu 3(PQPEKTUBSH
BOJHO-3TAHOJBHBIM PACTBOP C COOTHOIICHHEM ChIpbsi U dKcTparenta 1:5, 50%.
[Ipotecc axcTpakuu npoBoguics B TeueHue 24 yacoB mpu Temmeparype 24-28°C,
YTO MO3BOJWIO MONyduTh Oonee 40% OMONOrMYecKr aKTHBHBIX BelecTB. KauecTBo
MOJTy4yaeMOW TPOIYKIMKM OBbLJIO HA BBICOKOM YPOBHE IO BIQXXHOCTH, 30JIbHOCTH W
JIpyTUM (PU3UKO-XUMHYECKUM TIOKA3aTeIsIM.

[IpakTrueckass 3HAYMMOCTh 3aKJIFOYACTCS B TOM, YTO 3TOT METOJ OOEecIeunBaeT
9KOJIOTHUYECKYH0 O€30MacHOCTh M CIOCOOCTBYET COBEPIICHCTBOBAHUIO TEXHOJIOTUH
MPOU3BOJICTBA JIEKAPCTBEHHBIX TpaB. Kpome TOro, oH MO3BOJSET HCIONB30BATh B
MEIMIIMHE U (papMalleBTUKE 3a CYET MOBBIIICHHUS OMOIOIHYECKON aKTUBHOCTH.

[TomyueHHBI KOMIUIEKC OMOJIOTMYECKU AaKTHBHBIX BEIICCTB HMMEET MOTCHIIAA
JUTSI IPUMEHEHUST B MEIUILIMHE, KOCMETOJIOTUH U MUIICBONM MPOMBIIIICHHOCTH. MeTox
JUO(UITU3AIUY TTOBBIIIAET KAYECTBO, CPOK XPAHCHUS M OMOAKTUBHOCTB 3TUX ITPOIYKTOB,
YTO TO3BOJISIET OoJiee APPEKTHBHO UCIIOJIb30BaTh IPUPOIHBIE PECYPCHI.

KuaroueBbie cjI0Ba: COJISTHOKOJNIOCHHK IMPUKACIMACKUN , JIMOPWIN3ALUS, OUOJO-
TUYECKU AKTUBHBIC BEILECTBA, HKCTPAKIMUS, AaHTHOKCUIAHTHBIE CBONCTBA, MPOTHUBO-
BOCTMAJIUTEIbHBIC CBOMCTBA, aAANTOTEHHBIC CBOMCTBA, PACTUTEIILHOE CHIPHE, TEXHOIO-
THYECKUE MapaMeTPhl, PACTUTENBHBIN IIpenapaT, BOZHO-ITHUIIOBBIN CIUPT KCTPAKT.

Kipicne. OcimaikTepieH OHONOTHIIBIK O€JCEeHAl 3aTTapibl aly Ka3ipri FbUIBIM
MEH OHJIPICTIH MaHBI3Ibl OarbIThl OOJBIN TaOBUIAJBL. OCIMIIKTEpAE KYHIBI
(hapMaKOJIOTHSIIBIK JKOHE OMOIOTHSUTBIK KACUETTEPi 0ap opTY Il XUMHUSITBIK KOCHLIBICTAP
0ap. OcwiHaai ecimaikrepain 6ipi — Kacnnii TeHi3iHiIH kaFaiay aiiMakTapblHIa ©CEeTiH
aMapaHT TYKbIMJIACBIHBIH KOIDKBUIBIK OCIMJIIT KaCIIHi COPTaHbI.

Kacriuii copraHbl TY3Ibl TONBIPAK IE€H XOFApPhl TY3/bl OpTa CHUSKTHI TOTCHIIES
XKaraainapra Oefiimaeny TociiiMeH TaHbpIMaL. J{91 0Chl KaOLIEeTTIH apKachIH/a OCIMIIK

141



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

©3 TIHJIEPIHJIE aJlaM aF3achlHa JKaFbIMJbI OCEP €TC ajaThblH Oipereil OMONOTHSUIBIK
Oencen i 3aTTapabl JKUHANIBL.

by 3eprreymin Makcarsl — muodm3aus oniciMer Kacrmii copTaHsl ©CiMaITiHIH
aya OeJliriHeH OMOJIOTHSUIBIK OEJICeH/II 3aTTap KEIICHIH aly TEXHOJOTHSCHIH jKacay.
JInopunuzauuss — OMONMOTHSIIBIK OENCeHIi 3aTTaplblH Maijanbl KacHeTTepi MeH
KYPBUIBIMBIH CaKTayFa MYMKIHIIK O€peTiH eCIMIIK MaTepHallblHaH CyIbl MY3/aTy
JKOHE CyOnmMMaIusiiay mporieci. 3epTTey aschlHaa JHo(rIn3anmsFa JeiHiH oCIMIIKTIH
AHTCHHAJIBIK OOJIIriH JaiiblHay, CyIAbl MY3/aTy JKOHE CyOnuMalusiiay, OUOIOrHsIIbIK
OeJceH 1l 3aTTapMeH KYPFaK KaJlJbIK a1y, COHBIMEH KaTap ajlbIHFaH KeIICHHIH CarachlH
OaxplIay Kyprizitesi.

3eprrey Kacmmii copTaHbl ©CIMIIKTEpIiH ONIEyeTiH XOHE OHBI (apMalleBTHKA,
KOCMETHKA >KOHE TaMaK OHEpKOCIOiHJe maiijajgaHy MYMKIHAITIH TOJBIK 3epTTeyre
MYMKIHIIK Oepemi. AJIBIHFAH HOTIDKENEp aJaMHBIH JCHCAYJIBIFBI MEH OJI-ayKaThIH
JKaKcapTyFa BIKIAJ eTeTiH KaHa mpenaparrapibl, TaOUFU KOCMETHKaHBI JKOHE
(hyHKITMOHAIIBIK TaFaMIapabl 93ipiieyTe Heri3 0oja arassl.

MarepuaJ MeH dicTep.

IEC C-B maprTsl memn gopiciH amy dfici Keleci KOJIMEeH Ky3ere achlpbiianbl. S0-
100 r ecimmix mukizatel (Kacruii copransiaeiy (Halostachys caspica) aya Gemikrepi)
IIMKI3aT-9KCTpareHT KartbiHackl 1:5 Oomarein 250-500 M 50% cy-3THi cOUPTiH
Kyiibim, 24-28°C TemmepaTypaaa kapbIKCchi3 24 cararka Koaasl. KonOanbIH imiHaericin
CYBITBIII, JKaKChUIAIl IIAHKaiIbl )KoHE Kara3 (QUIBTP apKblIbl KYpFaK KojOara Cy3ei.
DKCTpaKIHS TPOIeci KOFaphiia KOPCETITeH TOPTINIEH TaFbl VI peT KalTaraHabl.
ChIFBIHABIIAPABI OIPIKTIpIMN, COM Cy3ri apKbUibl Oip Kombara cyszeni skoHe 35-40°C
temneparypaga 100-120 ma kememre IeiliH Cy aFblHABI COPFBILITHIH BaKyyMbIHIa
KypraraHina KoHIeHTpieli. CoqaH KeiiH CHIFBIHIBIHBI apHAWBI MIlIiHAEPTe KYHBII,
12 caratka - 20° TemrmepaTypama My3IaTKbIKa cananasl. ComaH KeWiH My3IaThbUTFaH
chIFbIHIBI MHel-4 My3aaTy anmnaparbiaia snodunusanusianansl.( Suleimenov, 2021)

Omnap 15 r wapTThl ENTeH jKacanFaH A1 ajlabl.

1-kecTene FKCTpaKIMs PEXUMI Typaibl IepeKTep OepiireH.

ANbIHFAaH MOTIMeTTepai eckepe OThIphIn, 24-28°C  Temmeparypama Kacrmii
copranbiHbiH (Halostachys caspica) sxep ycti Oesmiri yiriH 24 caraTThIK SKCTPaKIIHsI
YaKbIThI TaHAaJJIbI.

Cynbl XoHE CHUPTTI Cy CBHIFBIHABIIAPHI YLIIH AKCTPAKIMSIAPABIH YaKbIThl MEH
TeMITepaTypachl )KoHE JKULIIT1 Oipaei.

Okctpakius ymid 100 © KenTipiireH »oHE CTaHIAPTTalFaH OCIMIIK HIMKI3aThl
AJBIH]IBL.

1-kecTe — I_HapTTI)I HIOIITIK npenaparTbl aJ1yAblH TCXHOJIOIUAJIBIK napaMeTpJIepi.

DKCTpaK- HIbrapy Kenripyre ketken | [Taiinananburran | Anbiaran OKCTpareHT
LUSAJIap CaHbl | yaKbITHI, CaF. | YaKbITbI, CaF. CBIFBIH/IBI MpenaparTblH | KeJemi ,MIL
KoJIeMi, MIL. Maccachl,I.
1 24 10 300 9,515 400
2 24 10 300 7,178 400
3 24 10 300 2,555 400
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TexHOTOTUSIBIK TapaMeTpIIepAl 931paeyiH OyJI IapTTapbl OHTAMIBI ACT CaHATA/bL.

OKCTpakUus TEXHONOTUsICHL. TaH1anFan SKCTpareHTIeH IMKi3aT MeH YKCTPAreHTTiH
OHTalNb! KaTeiHackl 1:5 Gonapl. «llluki3aT sKCTpareHT» mapaMeTpiepiH aHbIKTayIbIH
OPBIHJABUIBIFBI  €H AalAbIMEH OSKOHOMHKAJBIK TYPFBIIAH aHBIKTANAAbl, OWTKEHi
OHEPKACINTIK KOCIMOPBIH YLIIH areHTTI NaiJalaHaThIHAAp CaHbl Typajbl Maceie
MaHBI3/bI.

[ukizaTTan WAapTThI MWOMTIK MpenapaTThl MAKCUMAJIIbI ally YIIiH Ka)KeTTi OHTANIIBI
9KCTPaKIHMs yaKbIThI ]a 3ePTTEIIl KoHe 01 24 caraTka JAeHiH e3rep/i.

CoHbIMeH KaTap, OMOJIOTHSIIBIK OEJICeH Il 3aTTap KEMIeHIH KCTpaKLusIay, COHIak-
aK eceyiK YKOHE JKCTPAKLUs TeMIIepaTypachl apKbUIbl KOJI JKeTKi3iieai. DKCTpaKuus
temneparypackl 5°C, ©MTKeHI CBHIFBIHIBI CHIKaHJal TEPMHUSUIBIK HEMECe XHMMUSUIIBIK
OHJICyTe YIIbIpaMaiIbL.

Ocpbl oiinmap MeH 0i3 anFaH MONIMETTEp HEri3iHIe Keleci IKCTPaKUUs PeKUMI
Tapaanael - 5°C acnaiiTeiH Temnepatypaaa 48 carar iminzge 1 skcTpakuus. DKCTPaKT —
20°C remmniepatypana Mmy3aataisl, kentipy 2,3 [1a keicbiMaa xone — 55°C temneparypana
10 carar Ooiibl xyprizineni (Khorasani, et al, 2022).

10 9,515

7,178

(1]

w

F=y

2,555

(¥ w

-

OipiHIIN IKCTPAKIIA €KIHIIN IKCTPAKIMA YVIINHIN 3KCTPAKIMA

1-cyper — DKCTpaKkuusIapIblH JUHAMUKACHI

CyOuMariusi poIeCiHIH Heri3r1 KEMIILIITT OHbIH SHEPTUS IIbIFbIHBI MEH Y3aKThIFbI
OOJIBINT TaOBLIA/BI, COHBIKTAH OIpiHINI JKOHE EKiHII AKCTPAKIHMSIIAP/Ibl FaHa KeNTipy
HeMece KeHiHT1 SKCTpaKusuiapaa IKCTPareHT KOJeMiH a3aiTy YHEM/II.

Ocbutaiiina, my3nary oxicimer 19,22 T mpenapar anblHABI, 07 OHWOTEcTieyre
On-®apabu areigarbl Kaz¥YVY skaseiparel  “Oxonorus Wuctutythl” F3U-ne
tancelpeUibl. Ochutaiiima, Oyl oic TYTaHFBINI CYWBIKTBIKTapra Hemece SDYA-ra
JKaTaThlH KOCBUIBICTApbl OHIIPICTIK IUKIJICH MIbIFapyFa MYMKIHIIK Oepemi, Oy
OHJIIpIiC KayilCI3/iriH apTThIPabl, YIIbl IILIFAPBIHABUIAPIBIH KOJIEMIH a3aiTapl KoHe
eH 0acCTBICHI - COHFBI OHIMIE HIETENJIIK KOCHaIapablH TYCYi.

CoHbIMEH Kartap, OHMOJOTHSUIBIK OCJICCHIUIIKTI IKOFapbUIaTAThIH aJIKOTOJIb-CY
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ceiFbIHIBICBIHAH (50%) mpenapar anbHIbl. AJIBIHFAaH MAJIMETTEp HETi3iHAe LIenTeH
QJIBIHATBIH JOpiHI aly[ablH KeJleCl TEXHOJOTHSUIBIK CXeMachl JKacalabl yKoHE AJPUIiK
LmIenTepi aiy NpoLeciHiy MaTepHaIblK OanaHchl xacaasl (Sarker, et al, 2019).

Hepekrep 1-cyperTte xoHe 2-KecTee OepiireH.

2-kecTe — DKCTPAKIHS IPOIIECIHIH MaTepHaIBIK OalaHCHI

JKykren canbIHIbI

JKykren canbIHIbI

IwukizarTeiy Maccacsr =100,00r

Tamak maccacel = 73,752 T

HlapTTh! I6NITEH XacaiaFaH A9PiHiH Maccackl = 19,248 T

OxkcrpareHT kenemi = 1200 mi

DkerpakT kesemi =900mi

V1 =400 mn V1 =300 mn
V2 =400 mn V2 =300mn
V3 =400 mn V3 =300mn
IIsrbramap
Iukizar 9KCTPareHT
26,3 1 (26,3%) 300 v (25%)
DKCTPaKTHBTI 3aTTapAbIH WLIFBIMBI = 19,25%
Conyaii-ak ~ CHIFBIHJBIHBIH ~ JKOFApbl  IIBIFBIHBI  OCIMJIK  IIHKi3aThIHBIH
epeKmeﬂiKTepiMeH JKIOHE 1IapTThI Q)HTOHpCHapaTTLI ainy TEXHOJIOT'UACBIMECH

tycingipiteai. Komimri mentik mnpenaparTarbl OHOJIOTHSIIBIK OEICeHII 3aTTap/IblH
HETi3rl TONTapbIHBIH Calachkl MEH CaHJBIK Kypambl 0acTarkbl IIMKi3aTKa apHajIFaH
OMICTEPMEH aHBIKTAJIAJIbI.

Iuipmene
YHTAKTay

1-mi
IKCTPaKINAa

= =

=
50% 3Ta”On
ﬁ:>| 1-1mi 3KcTpaT ||::>| BipikTipinren skcTpakT | I::)

= Cysy |2-u.|i 3Hc1pa|{'r| | 3-wi sKcTpaKT |
2mi T 1l
E{) SKCTpAKIILA — l Cy3y [:>| 3-mi 3KCTpaKLIs | —

2111 3KCTPAKIHAFA
ApHAIFaH IIHKi3aT

> o]
= [t

Eﬂ Mysaaty |I:> | Jhnodnunsiey |I:>

50% aTaHOn 50% 3TaHON

[apTTEl
tuTonpenapat

|:>| Cysy ‘:>| HIpor

2-cypet-halostachys caspica aye GesiriHeH mapTThl pUTONpPENnapaTThl alybIH TEXHOIOTHSIIBIK
CXeMachl
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2-cypeTTe KeNTIpUIreH OJIOK-CXeMa JKETKITIKTI JKOFapbl OHIMIUTIKIEH OJeTTerl
LIONTIK MpenaparThl anxyFa MYMKiHAIK Oepeni. [lopimik 3aTThIH KakKChl camachlH
anpikTay. llenTik mpemaparTblH camachl OHBIH CHIPTKBI CHIIATTaMajJapblMEH >KOHE
CaHIBIK KOpCeTKIITepiMeH (BUIFAJIABUIBIFBI, KYJIIUIIT, OSKCTPAaKTHBTI 3aTTapIIbIH
Meduepi) aHblkTanaasl. [HIuKizaT canacklHbIH MaHBI3Abl KOPCETKII TayapJiblK b
OoutbII TaObLIaAbl. OHAIPICTIK BUIFA ACT IMKI3aTThl TYPAKTHI Maccara KeNTipy Ke3iHae
AHBIKTAJIATBIH TUTPOCKOMUSUIBIK bUIFajl MEH YIIKBIII 3aTTapIblH OCEPiHEH MIMKi3ar
MacCachIHBIH JKOFaybIH alTabl.

Halostachys caspica >xep ycTi OesiriHEH allbIHFaH OKCTPAKTUBTI 3aTTapAblH
KOCBIH/BICBIH aHbIKTay. J{opiiiK eCIMIIK IUKi3aTBIHBIH AKCTPAKTUBTI 3aTTaphl IAPTTHI
TypJe OCIMIIK NIMKi3aThlHAH THICTI EPITKIIIIEH albIHATHIH JKOHE KYPFaK KaJJIbIK
TYpiHJAE CaHIBIK TYPAE AHBIKTANATHIH OPraHMKaIbIK jKoHE OeHopraHMKajbIK 3aTTap
KEIICH] JIen aTanaibl.

Hopinik  eciMIiK IIWKI3aTBIHAAFbl OSKCTPAKTHBTI 3aTTapAblH KYpaMbl OHBIH
KaTepCi3MiriH aHBIKTaWThIH MaHBI3/IbI CaHJIBIK KOPCETKIII OOJBIN TaObLIAMbI, dcipece
Oescenai 3aTTapAbl CaHBIK aHBIKTAY KYPTri3UIMEHTIH MIHKi3aT Typiepi yiiH. Japimik
LIMKI3aTThIH XUMHUSUIBIK KYpPaMblHa >KOHE KOJAAHBLIATBIH EPITKIIIKe OaiaHbICTHI
Oeurini Oip Oesncen i KoHE 17IecTie 3aTTap SKCTPaKLUsIFa 0Te/l. OAETTe OChI IINKi3aTTaH
TYHOAHBI HEMECE CHIFBIHABIHBI JaibIHIayda KOJAAHBIIATBIH €PITKII KOJAaHBLIAIbI.
OKCTpaKUUsUIApAbIH  TOJNBIKTBIFBl TYpalbl MOJIIMETTED OPTYPIl AKCTPareHTTePMEH
4-kectene xoHe 4-cyperte kentipinares. (Kozhakhmetova, et al, 2023)

Bacrankpl mukizar neH ASCTYpI 16N MEAULUUHACBIHAAFBl OMOIOTHSUIIBIK OeIceH i
3aTTaplblH HETi3r1 TONTapblHAa CaHABIK Tannay kacay. Kacmuii copranst Opra Asus
MeH Kaszakcran aymarblHIA TapaJFaHblHA KapaMacTaH CallbICTBIpMalbl TypAe as
3eprrenreH. Aran aiiTkana, Kacnuii copTaHbIHbIH Kep YcTi Oemiriniy GUTOXUMUSITBIK
Kypambl ic 3ky3iHae 3eprrenMereH. COpTTBIH Kep YCTi OeiriHie OWOJOTHSIIBIK
Oescenai 3aTTapIblH KeJeci TONTaphl aHBIKTANAbL: (IaBOHOUATAP, OOC OpPraHUKaJIbIK
KBIILIKBIIAAP, aMHUHKBIIIKBIIAAPEI, alKaJOUATap, CAIIOHUHAEP, TAHUHAEP, CY.

AHBIKTayJapAbIH HOTHKENIEPi S-kectene OepiireH.

Harun:xesiep MeH TanakblIay

3-kecre — Yenono tyksiMaacsHbIH Kacrmit copransmbsig (Halostachys caspica) xep ycri Oemirinen
QJIBIHFaH IIapTTHI [I6TI A9PUIEPiHIH cana KOpCceTKIMTepiHiH canblcThipMasl kecteci 2022-2023 xok.

Kepcerkimt MoHi %
Kem ®bUIIBIK TOXIpHOE 2022 2023
blnranabuibk 8,48 8,83
Kanmsr kyi 43,19 64,89
Ky 10% Ty3 KBIIKBUIBIHAA epiMeni 38,90 40,067
Cynbgar xyii 5,58 5,48
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Cynbdart kyni

Kyn 10% Ty3 KbILWKbIAbIHAA epimenai

Hanne v -

blaranabinbik

B MaHi % 2023 M MaHi % 2022

3-cyper — Chenopodiaceae TykpimMzaacbina xxararbiH Kacnuit copranbsinbiy (Halostachys caspica) xep
ycti GeIiriHeH ajbIHFaH JOpUIiK MOeNTep/iH carna KOpCeTKIITEePiHiH calbICThIpMaibl Tasaaysl. 2022 -
2023 xbLiiap

3-kecTe/ie KeNTIpUIreH MAJIMETTep/IeH KOPIHINl TYpFaHai, 3epTTeNieTiH 3aybITTaH
aJbIHFaH (UOMpenapar SIKCTPAKTUBTI 3aTTap/IbIH JKOFapbl KYPaMBIMEH CHITATTAIA]bI.

Byt kepceTkilin 3epTTeeTiH 6CIMIIKTI KETKUTIKTI dKOFaphl Canalibl IOPUIIK [IUKI3aT
pETiHIe CUITaTTakIbI.

4-KecTe-apTYpJli SKCTPAreHTTEP/IiH KCTPAKIMSIIAPIBIH TOJNBIKTBIFBIH CATBICTBIPMAITBI TAJIIaY
nepektepi. 2022-2023 xox.

DKCTpareHt AnbBIHFaH 3aTTapasly yieci %

JlaibIHIBIK SKBLIAAPbI 2022 2023
Cy 48 53,77
50% mporw crmpt * 32 31,61
[Iponun ciupt 14 9,2
50% sTanon® 40,7 41,88
70% Drtanon™ 30,44 31,83
90% stun ciupt™ 23,29 24,43
50% Aneron 31,61 31,00
Aueron* 425 2,54
Byranon 5,27 3,79
T'ekcan 1,1 1,69
Benson™ 1,8 1,28
Drunanerar® 2,3 2,54
Xnopogopm* 3,9 3,33
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Xnopodopm*
3Tunauerat*
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lekcaH

BytaHon
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50% AueToH
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B AnblHFaH 3aTTapAbliH, yaeci % 2023 B AnbIHFaH 3aTTapAblH, yneci % 2022

4-CypeT-opTypili 3KCTPareHTTEepAiH IKCTPAKLMSIIAPBIHBIH TOIBIKTBIFbI TYPaJbl CaJIbICTBIPMAIIbI
nepexrep. 2022-2023

4-cyper meH 4-KecTeleH ONTUMAJAbI KcTpareHtTep cy, 50% cyiabl 3THI CIUPTI,
50% cynel wm3omponmi cnupti, 50% Cynpl aneToH €KeHI aHbIK, OHTKeHi oiap
Ononorukainslk Oencenai 3arrapasiH 40% neiin sKcTpakuusIaigsl. Anaiaa, sKorapsl
KYHBI MEH YBITTBUIbIFbIHA OaiiianbicThl 50% cyibl u30mponui cnupti sxaHe 50% cyiibl
alleTOH TaHJAIFaH TEXHOJOTHSHBI MalaigaHa OTBIPHIN, IIONTIK IperaparTapiabl amy
MPOLIECIHE KapaMChI3 el TaHbUIAbI. KeHiHHEeH Cy JKoHE CIIUPTTIi-Cy CHIFBIH/IBIIAPBIHBIH
OHMONIOTHANBIK, OSJICEHIUNITIH aHbIKTAy OOMBIHIIA YKYMBICTAp JKYPTi3inai, Oy TemeH
IKCTPaKLMAJa MaHbI3/bl OMOJOTUSIIBIK OCJICEHIUIIKTIH JKOKTBIFBIH KOHE aJIKOIOJIb-
CY DKCTPAKIHUSCHIHBIH KOFAPBI OMOJIOTHUSIIBIK OCNCEHAUTITIH KOpCeTTi, OyJI Imentymri
(bakTOp OONIBI. SKCTPAreHTTI TAH/AAY.

Ocpburaiima, 013 3KCTpareHT peTiHae 3T CIUPTi MeH cynblH 50% epitiHaiciH Tanaa-
IbIK, OUTKEHI OJ1 KypraK IMKi3aTrThiH canmarbiHad 40% acrtam BB3 skcrpakuusiaiabl.
Okcrpakiys 1 T Kyprak ycakTanFaH muKizartad 50 MIT epiTKImmneH Ky pri3iii.

5-kecte — BronorusuibIK GesiceH 1i 3aTTapAbIH Heri3ri TONTapbIHBIH KYPAaMbIHBIH CaJIBICTHIPMAIIBI
kecreci 2022-2023 x.xk.

Bb3 10061 Ma3smynsl %
J1aifbIHABIK SKBUTAAPHI 2022 2023
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DdnaBoHouaTap”* 2,26 2,68

Boc opraHukabiK KbIIIKBUIIAD 3,17 5,00
AMUHKBIIIKBLTIAPH 9,17 10,66

Anxanouarap 0,83 1,35

CanoHuHAEp 1,65 427

Tauuunep* 6,36 2,41

Kewmipcymap 0,83 0,24

Kymapunnep 0,28 0,33

Puboduasun* 1,33 1,51

Kaporunourap*® 1,32 1,24

ITomucaxapunrep 0,36 0,29
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5-cyper-BB3 Herisri TonTapbIHEIH Ma3MYHBIH CAJIBICTBIPMAITBI TaJIIay
2022-2023

S-xecrenen Kacrmit copraneinbiy (Halostachys caspica) xkep yeri Oemirinuperi
CaHIBIK Kypambl OOWBIHIIA AaMHHKBIIIKBUIAAPbI, TaHUHICP, (aBoHOMATAp, 0OC
OpraHUKaJBIK KBIIIKbUIIAP, CATOHUHACP, KAPOTUHOMATAP KoHE prOodIaBHH GackiM
Oonazapl.

OnicteMe OOWBIHIIA AHBIKTAJIFAH [IMKI3aTThIH AMHHKBIIIKBULIBIK — KYPaMbl.
Chenopodiaceae TykpimaaceinbiH Kacrinii copranbsiabiz (Halostachys caspica) sxep yeri
OeJtirin/ie IIF0TaMKH JKOHE aclapariH KbIIIKbULIAPhl, COHIali-aK alIMacThIPbLIMANTHIH
AMUHKBIIIKBIIIAPBl KETKUTIKTI JkoFapbl. COHBIMEH KaTap, JICHIMH, H30JCHIIHH,
(beHMIIaNaHUH JKOHE JTM3UHHIH J)KOFapbl Ma3MYHBIH aTall ©TKEH JKOH.

YCBIHBUIFAH JIEPEKTep TY3/bl LIONTEH alblHFAaH TaOMFH IIONTIK MpernaparThiy
JKOFapbhl OMOJIOTHSUTBIK OCJICCHIIUTIKKE We EKEHJITIH Jayiesieyre MYMKIHIIK Oepeni,
aJl OCIMJIIKTIH 631 MaHbI3Jbl TaFaMJIbIK KYHJBUIBIKTBI OUIIIpeal - OHBI KbICTA JKOHE
KOKTEM/Ie YCaK JKOHE ipi Kapa MalFa jkabaiibl )KeM peTiHJe Mainanany .

AMMH KBIIIKBUIAAPBIHBIH CalaiblK KYpaMbl CTAHIAPTThI 3aTTap/blH KAThICYbIMEH
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xpomarorpadusi (kyka KabarTa Karasjma), ofic OOMBIHINA camaiblK JKOHE CaHIBIK
kypambl — GLC apkpuibl anbIKTanabl. HoTmxkenep 6-kecrene xoHe 6-cyperte OepijireH.
( Tursynbai, 2018)

6-xecte — Chenopodiaceae TykpIMaachiHa sxarateid Kacruii copransabeie (Halostachys caspica)
AMHMHKBIIIKBUIIAPBIHBIH KypaMel, %

AMUH KbIIIKBIIbI Maszmynbl Mr/100r | MasmyHsI Mr/T Masmynsl %
Ananun*® 930 9,3 0,93
Tnuiun 305 3,05 0,305
Jlevitun 442 4,42 0,44
M3zoneiinnn 370 3,7 0,31
Banuu 324 3,24 0,32
nyramar® 2400 24,00 2.4
Tpeonun 265 2,65 0,27
Tponun* 716 7,16 0,72
MeTtnoHuH 180 1,8 0,18
Cypun 354 3,54 0,35
Acnaparar® 1440 14,4 1,44
HUCTUH 30 0,3 0,03
11
OKCUIIPOIHIIUH 3 0,03 0,003
DennnananuH 372 3,72 0,37
Tuposun 394 3,94 0,39
Tucruaun 255 2,55 0,26
OpHUTHH 3 0,03 0,003
ApruHuH 420 42 0,42
Jlvzun 302 3,02 0,30
Tpunrodan 148 1,48 0,15
12000
10000 302 148
37y 394 255 3 -
8000 1440 30 3 gup W
354
716 180 mmm
°000 2400 265 N
4000
324
2000 305 a2 30
0
< S 3 e & 2 b 2 g & & 2 & 2 s
< = = 2 £ z e
g e

6-cyper-Mapesu tykpimaachiabiH (Chenopodiaceae) Kacrumii maub! Ty3biabiH (Halostachys caspica)
AMUHKBIIIKBULIBIK Kypambl %o
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6-KecTelie )KoHe 6-CypeTTe KeNTIpUIreH MaTiMeTTepieH KopiHin Typranaii, Kacnmii
MaHbI TY3BbIHBIH 3€pTTEJETiH TYPiHiH KypaMbiHAa 20 aMHH KbIIIKBLIBI 0ap, CaHIbIK Ky~
pambl OOMBIHIIA [Ty TAMUH JKOHE aCIIapTUH KBIIIKBUIIAPHI, TPOJIHH )KOHE aJlaHWH 0aChIM.

AMUWHKBIIIKBULAAPBIHBIH CaHJBIK KYpaMbl 9IICIMEH 1€ aHbIKTanabl sxkoHe 9,07%
KYpaspl.

KopbIThIHABI

IEC C-B maprts men gopicin aiy oxici Kacnuii copranpiabiy (Halostachys caspica)
OCIMIK IIMKi3aTbIHAH OMOJIOTHSUIBIK, OSNICEHTi 3aTTap KEUIeHIH THIMII AKCTpaKLIusIay
oziici peTiHAe OHTaWJBl TEXHOJOTHSUIBIK MIeHriMaepMeH skacanabl. Ilpouecc keneci
HOTHIKEJIep/1i KOPCETTi:

IMukizatr men JKcrpareHT KaTblHachl: llluKi3aT-oKCTpareHTTiH OHTAMIIBI
KaTbiHachl 1:5 Gonbin Tanganapl. by eHaipicTik MaciiTabTarbl THIMIUTIKTI apTTHIPY
MaKcaThIH/a YKOHOMHKAJIBIK TYPFBIAAH HET13AeM .

JKCTPaKUHUsl YaKbIThl MeH TeMmeparypachl: 24 caraTTBIK SKCTPAKIHS YaKbIThI
xoHe 24-28°C Temmeparypa apalblfbl €H THIMAI PEKUM Jen TaObulabl. Anaiina,
skctpakius 5°C tremneparypana 48 carar illiHae Ky3ere achbIpbUIIbl, MYH/Ia CHIFBIH/IBI
TEPMUSUTBIK OHJIEYTE YIIBIPAMaJIbI.

JKCTpaKkUus HITH:KeIepi: bipHele sKcTpakuusaiaH KeiliH albIHFaH ChIFBIHABLIAP
MY3/IaThIIl KEeNTipy 9MiCiMEH eHAeNiN, HoTmwkeciHae 19,22 T OHONOTUsIIBbIK OeICeH/ T
mpernapar ajabIH/IbL.

TexHoJOrMANBIK APTHIKWBLIBIKTAP: byn oxmic TyTaHFbII  CYHBIKTHIKTAp
MEH 3USHIbl 3aTTapAbl KoyjgaHOal, OHIIPICTIH KayilCI3AiriH apTTHIPABI, YiIbl
LIBIFAPBIHIBIIAPIBI Q3aHTHII, SKOJIOTHAJIBIK Ta3a OHIM alyFa MyMKIiHIIK Oepai.

OKCTPAKIMUSAHBIH THIMIUIIri: DKCTPaKTUBTI 3aTTaplblH MIBIFBIMBL 19,25%-11b1
KYpazbl, OyJ1 ©CIM/IIK MIMKi3aThIHBIH €PEKIICTIKTEPiHE )KOHE SKCTPAKIUSHBIH TaHAaIFaH
TEXHOJIOTUSIChIHA HET13eI/Ii.

AJNBIHFAaH DKCTPAKTUBTI 3aTTapiblH OWOJOTHSUIBIK OEJICEHIIUIIrT JKOFapbl, OHBIH
1IIiHEe aHTHOKCUAAHTTHIK, KaOBIHYFa KapChl KoHE alallTOTeHIIK KacHeTTepi Oap.

DKCTpaKLus MPOLECiHIH TEXHOIOTUSUIBIK ITapaMeTpiepi MeH MaTepralbIK OaaHChl
AHBIKTAJIIBI.

AMUHKBIIKBUIAAPEl MEH  (IaBOHOMATAPABIH Ma3MyHbl OOMBIHIIA ©CIMIIK
KYpaMBbIHBIH OMOJIOTHSIIBIK KYHABUIBIFBI )KOFaphI A€M aHBIKTAJbI.

XKanmbl, 3eprrey HoTmxKenepi Kacmmii copTaHBIHBIH INONTIK MpenaparTapblH
(apmateBTHKa A KOJIaHy YIIiH MaHBI3IbI IIMKi3aT K31 €KeHiH KopceTei.
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Abstract. Flavonoids are plant aromatic compounds derived from diphenylolpropane
(C,-C,-C)) of various degrees of oxidation and substitution. Flavonoids belong to
chromane and chromone derivatives containing an aryl radical at position 2, 3 or 4.
They have antioxidant activity, scavenge free radicals, prevent coronary heart disease,
have hepatoprotective, anti-inflammatory and antitumor and potential activity against
viruses.

Theaimofthe presentwork wasto studythebiological activity of polyproanthocyanidin
(flavonoid from aqueous-ethanol extract of Alhagi plant) during protein biosynthesis in
a model cell-free system.

As a result of these studies, it was shown that polyproanthocyanidin (PPA) in
micromolar concentrations specifically and reversibly binds eukaryotic protein
biosynthesis initiation factor elF-2 (inhibition of the 2nd stage of protein biosynthesis).
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The stage of polypeptide elongation on the ribosome (stage 3 of protein biosynthesis) is
not blocked in the presence of PPA both in the case of peptide synthesis on matrix RNA
of tobacco mosaic virus and in the case of polypeptide elongation reaction on artificial
matrix (poly U). The reaction of aminoacylation of transport RNA by aminoacyl-tRNA
synthetases (step 1 of protein biosynthesis) is also not blocked by polyproanthocyanidin.
Inhibition of viral protein synthesis by suppressing elF-2 activity in virus-infected cells
is a mechanism of antiviral defense in mammals.

Antiviral activity has been shown for plant flavonoids such as proanthocyanidin A2,
catechin and their derivatives.

It can be concluded that the specific interaction of polyproanthocyanidin from camel
thorn (Alhagi kirghisorum S.) with the initiation factor eIF-2 is part of the antiviral
defense system in plants.

Keywords: flavonoids, polyproanthocyanidin, protein biosynthesis, eukaryotic
translation initiation factor elF-2.
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AnHoramusa. DnaBaHouaTap — OCIMIIKTIH  XONmI  WICTI  KOCBUIBICTapHI,
nupennnonnponannbiy (C,-C,-C.) opTypiti TOTBIFY KoHE OphIHOACY IOpexkecinaeri
TysIHABUIAPEL. DaBoHOUATAp 2, 3 HEMece 4 OpBIHAAPBIH/IA APUJ PaTUKAIIBI 6ap XpOMaH
JKOHE OHBIH TYBIHABIIAPH! OOJBIT Ta0bUIaAsl. OJap aHTHOKCHAAHTTHIK OCICEHIUTIKKE
e, 0OC paauKajImapIbl KOSABI, XYPEKTIH WIIEMUSIIBIK aypyblH OOIIbIpManIbl,
reraTopOTEKTOPIBIK, KAOBIHYFa KapChl )KOHE KaTepili iCiKKe KapChl acepre, COHIan-aK
BHpYCTapFa KapChl MOTEHITUANIBI OCTICECHIITTIKKE He.
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Byt KyMBICTBIH MaKCaThI KacyIlachl3 MOAETBIIK KYHee aKybl3 OMOCHHTE31 Ke3iH e
MOJUITPOAHTOLMAHUINHHIH (AJIXaru eciMIiriHiH Cy-3TaHOJ CHIFBIHABICHIHAH AJIbIHFaH
(h1aBoHOWM ) OMONOTHSITBIK OSJICEHIUIITH 3epTTey OOJIbI.

3eprreyaep HoTwkeciHne mnonunpoanTouuanuanHHie (I1TTA) MHUKpPOMONSAPIBIK
KOHUECHTPALUSIAAFbl aKybl3 OMOCHHTE31HIH SYKaPHOTTHIK MHULIUALUSIIBIK (DAKTOPHIH
elF-2 (akyb3 OuOCHHTE3iHIH 2 CaTBICBIHBIH TEXelyi) CHEeUU(pUKAIBIK >KOHE
KaWThIM]IbI OalIaHBICTHIPATBIHBI KOPCeTiIl. PubocomManarbl MOMUIIEITUATIH CUHTE31
(akypI3 OMOCHHTE3iHIH 3 caTBICBl) TEMEKi MO3aMKachl BHPYCBIHBIH MAaTpPHLAIBIK
PHK-ma nonumentuATephiH CcHUHTE31 JKarmailblHma Jga, JKacaHIbl —MarTpuuana
(ITomn V) nonumenTuATiH y3apy peakumschl xarmaibinaa na IIITA xareicybiMeH
Oyrarranmaiapl. AmuHoaima-TPHK —cuHTeTazamapbl apKpUibl  TachIMajiaHAThIH
PHK-HbIH aMuHOanuinaeHy peaknusachl (aKybl3 OMOCHHTE3iHiH 1 caTbichl) na
MOJMITPOAHTOLMAHUINHMEH Oerenmeiini. Bupyc skykTelpran sxacymanapaa elF-2
OejceHaiirin 6acy apKbUIbl BUPYCTBIK aKybl3 CHHTE3IH TEkKey CYTKOpEKTiiepaeri
BUPYCKa KapChl KOPFaHBIC MEXaHU3MIePiHiH Oipi 0osbin TadbuTaab!. [IpoanTonnanunu
A2, KaTexWH >KOHE OJIAPJbIH TYBIHABUIAPHI CHAKTHI ©CIMIAIK (IaBOHOMATAPHI YLIIH
BHPYCKA Kapchl OENICEHITIK KOPCETIITeH.

Tylie TikeHeTiHEH allbIHFaH MOTUNPOAHTOUNAHUIUHHIH (Alhagi kirghisorum S.) elF-
2 MHULUALMSUIBIK (aKTOpBIMEH CTIeU(PHUKAIBIK 9PEKETTECY1 OCIMIIKTIH BUPYCKA KAPChI
KOPFaHbIC )KYHeciHiH 0eiri 00JbI TaObUIA B! JETCH KOPBITHIHIBI )KacayFa 00Jaibl.

Tyiiin ce3nep: ¢aBoHOMATap, MOTUNPOAHTOLIMAHUINH, aKybI3 OnocuHTe3i, elF-2
9YKapHOTTHIK TPAHCISIIUSIHEL OacTay (GakTopbl.
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Hypmyxan6eroBa /lunapa EpukoBHa — KaHIMIOAaT TeXHWYECKHX HaykK, YHuBepcuteT Hapxos, OII
«Pectopannblii 1 oTenbHBIN OuzHec», Anmarsl, Kasaxcran, E-mail: dinara.nurmukhanbetova@narxoz.kz,

ORCID: 0000-0002-8939-6325.

Annoranusi. OnaBoHOMIBI — PACTUTENbHBIE apOMAaTHYECKHUE COCIUHEHUS,
npoussoanbie udpenunon-nponana (C-C,-C,) pasiu4HON CTENEHH OKUCIEHHS U
3amMerieHust. DI1aBOHOM Il OTHOCSATCS K IPOU3BOTHBIM XPOMaHa M XPOMOHA, COJIEPKAIIAM
ApPWIBHBIN pamukan B monokeHud 2, 3 wim 4. OHE 00JagaroT aHTHOKCHIAHTHOM
AKTUBHOCTBHIO, TOTJIOMIAIOT CBOOOMHBIE PaIWKajbl, MPEIOTBPAIIAIOT HIIEMUYECKYIO
Oone3Hp cepana, oOONANAOT TemMaTONPOTEKTOPHBIM, IPOTHBOBOCHIAIUTEIBHBIM |
MPOTUBOOIYXOJIEBBIM JACHCTBHEM, a TaKKe MOTEHIHMAIbHOW aKTUBHOCTBIO IPOTHB
BUPYCOB.

Henpto HacTosmiedl paboOTBl  OBUIO  W3y4YeHHE OHMOJOTHYECKOW aKTUBHOCTH
MTONTUTIIPOAHTOIIMAHNANHA ((pIaBOHOHMIA W3 BOTHO-ITAHOIBHOTO JIKCTPAKTa PACcTEHUS
BepOrokbelt Komrouku (Alhagi kirghisorum S.) mpu 6mocuHTe3e OenKa B MOAETHHON
0OECKIIETOYHOH crcTeME.

B pesyabrare  mpoBeAEHHBIX — HMCCleAOBaHMK  ObLIO  TOKa3aHO,  YTO
nonunpoantounanu il ([1I1A) B MUKpOMONSIPHBIX KOHIIEHTPAUIX crieln)UIecku u
00paTuMoO CBSI3bIBACT IYKAPUOTHUYCCKUN (PAKTOp MHHUIIMAIMU OMocuHTe3a Oenka elF-2
(maTHOMpOBaHMeE 2 HTana OnocuHTe3a O6enka). B kireTkax sykapuoT (paKkTop HHHUITHAIIHI
elF-2 sBisercs KIOYEBBIM PEryilsaTOpoM OMOCHHTe3a Oenka, oOparnMasi OJOKHpPOBKA
aKTUBHOCTU (pakTopa MHUIMAIMH elF2 saBiseTcs MexaHu3MOM KOHTpOIsT OWOCHHTE3a
Oeka.

CuHTe3 monunenTuna Ha pudocome (3 3tam OMocuHTE3a Oejika) He OJIOKUPYETCs
B npucyrcrBuu IIITA kak B ciydyae cuHTe3a nojaunentuaos Ha MarpuuHoil PHK
BHpyca Ta0a4HON MO3aWKH, TaK M B CIlydae PEaKINH YUIMHEHUS TOJHIENTHAA Ha
WCKyCCTBEHHOU Marpuiie (ronu Y). Peakuus amuHoanmipoBanus TpancoptHoit PHK
amuHoarmm-TPHK-cuaTeTazamMu (1 sTam OmocmHTe3a Oenka) Takke He OIOKHUpyeTCs
MOJMIIPOAHTOLMAHUINHOM. MHrubupoBanne cuHTe3a BHPYCHOro Oelika IyTeM
noAaBJeHUs: akTUBHOCTH elF-2 B MHPUIIMPOBaHHBIX BUPYCOM KJIETKaX SBISICTCS OHUM
W3 MEXaHW3MOB MTPOTHBOBUPYCHOM 3alIUTHI Y MIICKOITUTAFOIIHX.

[IpoTuBOBHpyCHas aKTUBHOCTH ObIIa MOKa3aHa /ISl PACTUTENBHBIX (pIIABOHOHUJIOB,
TaKUX Kak MPOAaHTOUMAHUIUMH A2, KaTeXMH M UX NPOU3BOAHBbIE. MOXHO CHaenaTh
BBIBOJ[, UTO crenu(puyeckoe B3aUMOACHCTBUE MOIUIIPOAHTOIIMAHUINHA U3 PaCTCHUN
BepOmoKbel komouku (Alhagi kirghisorum S.) ¢ pakropom unnumanuu elF-2 sBnsercs
YaCThIO CUCTEMBI IPOTHBOBUPYCHON 3aIUThI PACTEHUI.

KioueBble cioBa: (raBOHOWBI, TMOJUNPOAHTOIIMAHUINH, OMOCHHTE3 Oerka,
AYKaAPHOTHICCKUN (DAKTOP MHUIMAINH TpaHCuu elF-2.

BBenenne

@®naBoHOUIBI SBISAIOTCS NOIM(EHONBHBIMU COCITUHEHUSIMH. B cooTBeTCTBUM
C PUCYHKOM |, MOXXHO yBHIETh |5 yINIepogHBIX aToMOB, KOTOpble 0Opa3yroT jaBa
apoMaTHYeCKUX KoJblia (A u B), KOTOpBIE COSTUHSIOTCS ¢ TIOMOIIIBIO TPEX YITICPOTHBIX
MOCTHKOB (Koib1i0 C).
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Pucynok 1 — Xumunueckas cTpykrypa ¢iaBaHOnI0B

OnaBoHOMIBI — Hamboliee pacHpOCTpaHEeHHbIE MOMM(EHOBI, BCTpEUaroIuecs B
pacrenusix. K HUIM OTHOCSITCSI KaT€XWHBI, aHTOLIMAHBI, JICHKOAHTOLMAHBI, (hJIABOHOJIBI,
(naBoHbI, (PITABOHOHBI W XaJKOHBI, KOTOPbhIE Pa3IMYalOTCSl MO CTENEHU OKUCIICHHS
MIPOTIAHOBOTO (pparMeHTa, pazmepy reTepoKoIblia, TOJIOKEHUI0 OOKOBOTO (DEHHIBHOTO
KOJblIa W CTPYKType CBSI3YIOIIErO TpexyrieponHoro ¢parmenra. Haubonee
BOCCTAHOBJICHHBIMH SIBJSIFOTCSl KaT€XWHBI, a HanOoyee OKUCICHHBIMH — (DIIaBOHOIIBI
(Poznopoxuas, u np, 2021; Ypanosa, u np, 2021).

OnaBoHOMIBI, OyIydd ODBOJIOIMMOHHO aJCKBATHBIMH OpTaHM3MYy YeJIOBEKa,
0OyCIIOBIIMBAIOT ~AHTUOKCHIAHTHbBIC, AHTHONPOTEKTOPHBIC, TeNaTolpPOTEKTOPHEIE,
JKEJTYETOHHBbIC,  JUypeTHYeCKHe, HEWPOTPONHBIE W  JIpyIHe  BaKHeHIue
(dapmaxonoruueckue coiicta (Kypkun, u np, 2013).

Bonpmioit mHTEpeC B KauecTBe WCTOYHHMKA OWOJOTMYECKH AKTHBHBIX BEIECTB
MPEACTABIISIIOT paCTEHHS PoJia BepOItoxKbei KONoukH (A/hagi) n3 oy my cThIHHOW 30HBI
HenrpansHoit A3un. B pabore (Oxynnenaes u np, 2018) u3 pacteHuil BepOIrOKbeH
komouku Buna Alhagi kirghisorum S. ObUIM BBIICICHBI M HUACHTU(DUIIUPOBAHBI
CIHEKTPaJLHBIM aHAIN30M YEThIPE HHIUBHYaTbHBIX COSTUHEHUS (DEHOIBHOM PUPOIBL:
rayosas kuciota (I), (+)-karexun (II), maprucenn (I1I) pytun (IV).

Bunbl pacteHuit BepOJIIOKbEH KOJIIOUKU SIBJISSIOTCS MCTOYHMKAMHM OHMOJIOTHYECKH
AKTHBHBIX COEJIMHEHNH C HU3KOH TOKCMYHOCTHI0. Kak mokaszaHo B pabore (Turosa u ap.,
2021) k TakuM OHMOJIOTUYECKH aKTUBHBIM COCIMHEHHUSIM MOXKHO OTHECTH: CBOOOHBIC
M30(IIaBOHBI, TIIOKO3H/IBI M30(IIAaBOHOB, AlMJIMPOBAHHBIC TTFOKO3UIbI M30(IaBOHOB,
KOTOPBIE MOTYT OBITh TIOJIE3HBI B KIIMHUYECKOH MPAaKTHKE.

[IpoantoumaHuMHbI, BBIACICHHBIE U3 A. pseudo alhagi, BIUSIOT Ha MOKa3aTeIH
KpOBH. AHTUMHUKPOOHOW aKTUBHOCTBIO 00afatoT quiaBaHOM b U3 A. camelorum u A.
maurorum. B paborax (Asghari, et al., 2016; Bypamesa, u ap.; 2012, Canxo u ap., 1992)
(raBOHOMIBI YKa3aHbI, HE TOJHKO KaK TOTCHIMANbHBIE JEKAPCTBEHHBIE MpEnaparsbl,
HO W Kak BEUIECTBA, MCIOJNb3yeMble CAMHM pPACTEHHEM B KaueCTBE MHTHOWUTOPOB H
aKTHUBAaTOPOB POCTA.

Kak 6bu10 IOKa3aHO B padore (Putri, et al., 2017) nsaTh akTUBHBIX (DIIABOHOMIIOB H3
TaMapHH]Ia MHIUICKOTO (KBEPUETHH, PyTHH, TPOAHTOIIMAHHUINH, KATEX MH M STTUKATEXWH )
WHTUOMPYIOT CHHTA3Y KUPHBIX KUCIOT. CHHTAa3a )KUPHBIX KUCJIOT UTPAET BaYKHYIO POJIb
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B IIpoJIQepanny 310KadeCTBEHHBIX HOBOOOPa30BaHUSAX, TOITOMY CBSI3bIBAHHE CHHTA3BI
MATHIO (pIIABOHOUAAMH U3 TaMapUH]Ia MHIUICKOTO MOXKET MOAABIISITD 3]I0KaY€CTBCHHBIE
HOBOOOpa3zoBaHus. Ipymma pacTHTENbHBIX (IAaBOHOWAOB OOO3Hauaemas  Kak
MIPOAHTOLMAHUMHBl HMEET TIIOJIE3HbIE MEIUIMHCKUE CBOWCTBA. OTH BEIECTBa
0051a1al0T aHTUOKCUAAHTHBIMH, MPOTHUBOOIYXOJEBHIMH M MMMYHOMOIYIUPYIOLUTHMU
cBoiicTBaMu. [loMOrarT OT BpeAHOTO BO3ACHCTBHSI COHEUHON pajualuy, yIyqllaoT
3pEHHE, MOBBIIAIOT THOKOCTh CYyCTaBOB, apTEPHd M TKAHEH, TAKMX KaK CepAlLe, a TAKKe
YIy4LIaoT KpOBOOOpaIlleHHe YKPEIUIsisl Kanuisipel, apTepuu U BeHs! (Shi, et al., 2003).

OnuromepHele  mpoaHTolMaHUAWHOBBIE — Kommiekchl — (OIIK)  obGnamaror
AQHTUOKCHUAAHTHBIM, aHTUOAKTEpUAILHBIM, TPOTUBOBHPYCHBIM, aHTUKaHIIEPOTCHHBIM,
MPOTUBOBOCHAIUTEIbHBIM,  IPOTHBOAJIEPIUYECKMM M COCYAOPACIINPSIOLIIM
neiictBueM. IHTHOUPYIOT EPEeKHCHOE OKUCIICHUE JTUMUO0B, arperaluio TPOMOOIIUTOB
1 TIOBBILICHHYIO MpOoHHLaeMocTh KanumusipoB (Fine, et al., 2000). BaustoT Ha anonTos,
9KCTIpeccHio TeHoB H (hakTopsl TpaHckpunuuu, Takue kak NFkB (Cos, et al., 2004).
HccnenoBanue in vitro mokasayio, 4To 3KCTPAKT U3 A. pseudalhagi MOXET CHUXKATh
ypoBeHb Omnnpyouna (Nabavizadeh, etal., 2010) 3a cuet akTrBauy EepMEHTOB IICUCHH.
Jpyroe uccnenoBanue MoKasajio, YTO BHYTPUBEHHOE BBEJCHUE [TPOAHTOLUAHHUIHOB,
BbIJICJIEHHBIX U3 A. pseudoalhagi, cHIXKaeT ypoBHH KpeaTHHHH(poc]aTa B CHIBOPOTKE
KPOBH M MIEPEKUCHOTO OKUCIICHHUS JIMIIUIOB KaK B MHOKap/ie, TaKk U B CBIBOPOTKE KPOBH
YKHBOTHBIX C OKCIIEpUMEHTaIbHBIM HHpapkToM Muokapaa (Khushbaktova, et al., 1992).
A. camelorum Taxoke 00JagaeT TeparneBTHYECKIM HOTSHLIUAIOM TIPH JICYCHUH JruadeTa
U Ipyrux XpoHudeckux 3abonesanuii (Pandeya, et al., 2013).

Henpto HacTosimield paboOTBl  ObUIO W3y4YeHHWE OHOJIOTHYECKOH aKTHBHOCTH
MOJMIIPOaHTONMAHUINHA ((IaBOHOWAA M3 BOAHO-3TAHOJIBHOTO SKCTPAKTa PACTECHHUM
BepOIIOKbEH KOJIOUKHY MPH OMOCUHTE3€e OeNKa B MOJIEIbHON OECKIETOYHOM CUCcTEMe.

MarepuaJjibl U METOAbI.

OOBEKTOM UCCIIeTOBAHUS TOCITY KU (JIAaBOHOU U3 BOIHO-3TAHOIBHOTO DKCTPAKTA
pacTeHus BepOIIOKbeil KOJTIOUKH; OeNTKOBBIN (akTop nHUIManuu elF-2.

[Momumepnbiit prasoroun — npoantounanuaun ¢ dopmoii ceszu C,-C, (wmm Cp)
(IITA), ObLT BBIACTICH M3 PACTEHUI BEpOIIOXKbEH KOMOUKK BUna Alhagi kirghisorum
S. BKCTpakImel 3TaHOIOM (COCTOMT M3 AMHUTAIIOKAaTeXWHA, KaTeXHHA, SIHMKATEXUHA),
PHUCYHOK 2.

11

Pucynok 2 — CtpykTypa NOJIMITPOaHTOMAHUANHA U3 pacTeHuid Alhagi kirghisorum S.
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Ceexee pactuteiabHoe cbipbe (0,5 Kr) M3Mensuuiaun u o0paboTaiu OEH30JI0M
JUIS yAajneHusl JUNUOHBIX coenunHeHui. [locnme momHoro ucmapeHust OCTaToyHOIro
OeH3071a K PacTUTENbHOMY Marepuany no0aBisuii 1 1 sTaHoNa, cierka BCTPSXHUBas
B TeueHue 3 4. 3areM K 3TaHOJBbHOW (pakuuu H0OaBIsUTM PaBHBI O00BEM aleToHa,
coOupasin TEMHBIH HIKHUK CJIOH W CHOBa J00aBIsUIM paBHbIM 00beM aneToHa. Yepes
4 v nosBisicsa ocanok [IIIA. DToT ocamok ObuT coOpaH, BBICYIIEH B 9KCHKATOPE H
xpanuics B npucyrctsun CaCl,. Tlomydennsiii kopuunesbiii nopomok IMTTA mepen
HCTIOJIb30BaHUEM PAcTBOpsAOT B Boxe. llepen wuccienoBaHusMu 0ObeAMHEHHBIH
CIIMPTOBO-BOIHBIA AKCTPAKT KOHLUEHTPHPOBAIH, Pa30aBIsuId JEMOHU30BAHHOW BOION
(1:1) 1 aKkcTparupoBanu cOOTBETCTBEHHO xJopodopmom (400 M X 5), sTHIaLETaTOM
(400 ma x 5) u H-OyTanonoMm (400 ma x 5). @paxuuro, MOIyYEHHYIO Mocie 00padoTKu
STHUJIALIETATOM IIOCJIEAOBATEIFHO XPOMATOrpaupoBaid Ha KOJIOHKE C CHIIMKaresieMm,
MIPOMBIBAJIH XJIOPO(HOPMOM, 3aTE€M MPOIMYCKAIN IPAJUEHT CMECH XJIOPO(OPM-METAHOI.

[IITA ©b11 mpoTEeCTUPOBaH MyTEM B3aHMMOJCHCTBHUS C BAHWIMHOM B MPHUCYTCTBUH
HCI1. C nomosio renb-¢punsrpannu Ha kononke Sephadex G-50, ypasnosemenHoti 0, 1
M pactBopom NaCl, 6b110 ycTanoBieHo, uto [1ITA uMeeT MONEKyISIPHYIO Maccy OKOJIO
10000 mansroH. Unentudukanus nonumepuoro ¢unasononaa (I11TA), BeieneHHOro 13
pacteHuii BepOmtoKbeil komouku Buna Alhagi kirghisorum S. mpoBoauiack METOIOM
nHppakpacHoii crekTpockonuu. HK-crektp mokazan cuibHOoe mnomtomenue (-OH
rpymmn) B obmactu 3500-3200 cm!; TUMUYHOE MOIVIOIMIEHHE I apOMATHUECKUX
kouer] B oonactu 1610, 1535, 1440 cm!; momomeHne XxapakTepHOe [Uisl 3aMELICHHBIX
OeH30IbHEIX KoJiel| B ooactu 1535, 1515, 1150, 1040, 830, 805, 770, 747 cm! | uro
TUIUYHO [T OJTUTOMEPHBIX POAHTOLMAHUANHOB.

Pacturensuplii Qakrop mHUIMAUUK TpaHcisiuuu elF-2 Bbimensiim kak OMUCaHo
(Shaikhin, et al., 1992). ®paxkuuonupoBaHue CyabparoM aMMOHHS POBOIWIN
MOCTENEeHHBIM J00aBieHueM cynbhara ammoHust 10 40% HacChILICHUS, TOAACPKUBAS
pH 7,6; nepememmBanu 30 MuH u ueHTpudyruposanu mpu 23 000 g B Teyenne 20 MuH.
Ocanok oTOpacelBald M K HaA0CAJOYHOW KMIKOCTH JOOABISUIM Cyab(aT aMMOHUS
10 70% HachllIeHus! ¥ NeHTpU(YTHPOBaIM Kak onucaHo Bbime. OcaToK pacTBOPSIH
B Oydepe 20 MM tpuc-HCI1, pH 7,6, 0,1 MM DATA, 5 mM MOIT, auanuzoranu
npotuB 3T1oro ke Oydepa, comepxkamero 100 mM KCI, u ocBemisiim pactBop
uentpudyrupoBanuem npu 15 000 g B teuenne 20 muH. [lanpHeiimee BblneneHne
¢axropa nannuanuu elF-2 npoomunu u3 gpaxnuu 40-70% HacelmeHus CynbharoMm
ammonust. Pacteop Genkos ¢ppakunu 40-70% NH,SO, B 6ydepe, conepsxamem 100 MM
KCl, manocwmu co ckopoctbto 10 mu/mMuH Ha KOJOHKY ¢ 200 Ma (ochonemonosst
P11. He cBsi3aBimnecs Genky OTMBIBaIH U (ppakiuu ¢ akTHBHOCTHIO elF-2 amonpoBanu
oydepom, cogepxamum 300 MM KCl. Dmroar (300 mi, ~1 T Genka) pa3baisiia B 2
pasa u HaHOCWIM Ha KoJOHKY ¢ 120 ma JIDAD-uemmtonossr DE-52. Tlopruu no 200
mi, ~0,1 T Genka ocBeTsM LeHTpUdyrupoBanuem mpu 15 000 g, 15 mun, nanee
pa30aBisuTi B 3 pa3za 1 HAHOCWIIM Ha KOJOHKY ¢ 40 M Q-cedapo3sbl, ypaBHOBEIIEHHOH
oydepom ¢ 50 MM KCI. ITociie mpoMBIBKH CMOJIBI OT HE CBSI3aBILUXCS OETKOB (ppakimun
¢ aktuBHOCThIO elF-2 smoupoBanu nuHelHbIM TpagueHToM KoHueHTpanuu KCl ot
50 no 500 MM KCI. ®axrop elF-2 smouposancs B unTepBaie koHuentpauuii KCl ot
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250 no 350 MM. ®paxuuu, conepxamiue elF-2, pazdasnsiu B 3 pasa Oydepom ¢ 50
MM HEPES, pH 7,0, 0,1 MM DTA, 5 MM M3T u Hanocuwiu Ha KOIoHKY Mono S,
ypaBHOBeleHHYI0 Oydepom, cogepkamum 100 MM KCI. ®daktop elF-2 snronpoanu
JuHEeHHBIM TpaaueHToM KoHleHTpauu KCl ot 100 1o 400 MM. dpaxkiuu, conepxarniue
akTuBHOCTSD elF-2 n amoupyemsie B untepsaie 250- 300 MM KCl, cobupanu, nob6asnsum
K HUM IJIMLEPHUH 10 KOHEYHOH KoHueHTpauuu 10%, 3aMopakuBaiu U XpaHWIN NpU —
70°C kax ouniIeHHbIH npenapar elF-2.

[Ipenaparsr cymmapaoit TPHK Beiaensuin MmetonoM (eHONBHON NeNpOTeMHU3ANH
roMoreHara TKaHu c mnocienytouieid xpomartorpadueit PHK na JIDAD-nemmonose.
elF-2 oOnapyxuBaau MO CIOCOOHOCTH OOpPA30BBIBATH TPOMCTBEHHBIH KOMIUIEKC C
I'T® (ryanozuntpudocdar — mypuHOBBIH HykiIeoTHa) M uHMUMaropHoii Mer-TPHK
(metnonun-TPHK).

Peaknuro amunoaunnupoBanus -TPHK mposogunu B 100 MK MHKYOariMOHHOM
cmecH, conepakameit 100 MM tpuc-HCI 6ydep pH 7,8, 20 MM MgCl,, 30 MM KClI, 0,3-
0,6 MM neiinuna win ¢penunananuna, 20 mxr TPHK, 150 Mkr npenapara aMuHOAImII-
TPHK -cunreras. [Ipo6sr nakybuposanu 20 mun npu 37°C. BeicokomMonekyispHbIe
komIuiekesl amuHoauuia-TPHK-cuHTeTas u3 pacrenuii momyvanu xpomarorpadueit
MOCTMHUKpOcOMalbHON (pakiyu Ha cedaaexce G-200.

Bnusinue [I1A Ha OrocuHTe3 Oelika B O€CKIETOYHON CUCTEME OBLIO POTECTUPOBAHO,
kak onricano (Denisenko, et al., 1989). UnkyOarmonnas cmech (25 Mkit) conepxana 15
MKJI OeckierouHoi cucremsl, 25 MM HEPES/KOH, pH 7,6, 120 mm K-anerara, 1 mm
JIT, 1 mm AT®, 0,2 mm ['TO. NakyOarmoHHas cMECh TaKKe Cofiepikana:

— B ciryyae sHaoreHHoi Tpancisiund MPHK nHeoOxonnmble amuHOKHCIOTHI 110 40
MKM kaxnas, 10 mxr MPHK Bupyca Tabaunoit mo3anku u 1 MM Mg-anerara;

— B ciyyae TpaHcasuy monu (Y), 5 MkM ¢denunananuna, 10 mxr nonu(Y) u 10 MM
Mg-auerara.

B obeux cnyuasx mocie wHKyOarmu B Teuenne 45 mun npu 34 °C n1o6asmsuiu 2 Mt
cmecu IM NaOH u 0,5 M H,O, (1:1) 1 06pa3upl ”HKyOMpOBaIu B TedeHue 15 MuH Ipu
KOMHATHOM TeMIleparype.

PesyabTathl u MX 00Cy:KIeHHe

B mpencraBnenHoir  paGore  u3y4yanu — OMOJOTMYECKYI0  aKTUBHOCTD
MOJUIIPOAHTOLMAHUINHA Ha 3-X dTanax OMocuHTe3a Oerka:

— 1 sran- peakuus obpasoBanus TpoiicTBeHHOro Komruiekca elF-2*I'Td* TPHK;

— 2 9Tan -peakuys HHUIHAUK CHHTe3a OenkoB Ha MarpuyHoi PHK;

— 3 9Tan -peakuus CHHTe3a MOJIHUIIENTUIOB (JIOHTALIKs)

[IITA, B ommumMe OT pacTUTENbHOro (pIaBOHOMAA KBEPLETHHA, WHTUOHMPYET
00pazoBaHue TPOWCTBEHHBIX KOMIUIEKCOB (pakropa muunmanuu elF-2 u3 3aponsimieit
nmenunbl, ['T® u Mer-TPHK B paboueit xonnentpanuu 1 mMxM IIITA. OmgHako
[IITA ©He oxa3piBan MHrHOHMpYIOUIEro AeHCTBHA Ha NoiH(Y)-HAaNpaBIIeMbli CHHTE3
nonudeHunananiHa B OECKIETOYHOM CHCTEME C KOMIIOHEHTaMH M3 3apOjbIIIei
MIICHUIBI. DTH Pe3yJbTaThl MPEACTaBICHbI B Ta0muie 1.
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Ta6muma 1 — [IpoBepka uarnbupyromeit akruBHocTH [1I1A Ha Tpex sTamax OmocuHTe3a Oenka

Konnentpanus  I1I1A, | Bkimtouenue neiiiiuaa B | CBsi3bIBaHUE Mert- | Bkirouenue heHumanannHa
MKM MoJIUIIeNTUI, %0 TPHK, % B MOJIMIICTITU, %0
0 100 100 100
1 13 11 101
2 11 10 102
5 10 7 98
10 7 5 90
Ksepuutus, 5 MkM 91 95 93

Kax BUAHO W3 MaHHBIX, TPEACTABICHHBIX B Tabmwie 1, dJIOHTAmusl TENTHA,
M3MEpEeHHAass METOAOM BKJIIOUEHUS M TOJIMMEPH3AI aMUHOKHUCIOTHl (peHMIIaaHnHa
Ha TONNypUArIIoBoi MaTpuile (rmoau (Y), ocTaeTcs MOYTH Ha YPOBHE KOHTPOJS Jake
npu 10 MxM IIIIA wnmm 5 MmxkM kBepuuTHHA, TO €CTh 3 3Tanm OuocuHTe3a Oejika He
uHruoupyercs. OgHako B OECKIETOYHOW CHCTEME BKIIIOYCHHE JICHIIMHA B OEJKH,
cuHTe3upyeMble Ha BHyTpukierouHoil MPHK, cHmkaercs npumepHo a0 86% B
npucyrctBun 1 MM [IITA, uTo yka3piBaeT Ha MHrHOMpOBaHHE 2 3Tana OMOCHHTE3a
Oenka. Takas ke KOHIEHTpalus WHTHOWTOpa B AHAIOTUYHOW CTETIEHW CHIDKAeT
o0pa3oBaHHe TPOMCTBEHHBIX KOMIUIEKCOB MPH HCIIOIB30BaHUH OYHIIEHHOTO (hakTopa
nHunanuu elF-2 (narubuposanue 1 stana OMocuHTe3a OemKa).

BrxiroueHre aMUHOKUCIIOTHI JIGHIIUH B HOBOCHHTE3UPYEMbIH OEJIOK MPOBOIMIN
B CTaHJAPTHON DYKAPUOTHUECKON CHUCTeMe OMOCHMHTEe3a Oeika. AHAlu3 CBSI3bIBAHUS
Met-tPHK ¢ ¢akTopom unuinanuu Tpascisiuu elF-2 npoBoauiiu mytem q100aBiIeHUs
2 Mkr dakrtopa elF-2 x peaknmoHHBEIM cMecsM, copeprxkarmumM 20 mvons MeT-TPHK.
[ITA n xBepIUTHH H00ABISIIM B KOHIIEHTPAIIMU KaK yKa3aHo B Tabmmre 1.

Tpancnsiust sx3orenHo jpobdaenenHoin MPHK  wnHrnOmposamace, korma [IITA
MIPUCYTCTBOBAJ B Hauaje MHKyOalllu, HO HE MPH ero JT00aBICHUU Yepe3 5 MUH MOoCIie
Hauaja WHKyOarmu. [10CKOJIbKY MHTHOMpPOBaHHE OOpa30BaHUS TPOMCTBEHHBIX KOM-
IUIEKCOB HAOIOMAETCsI IPH TOM Jke HU3KOM KoHeHTpanuu [1I1A, kotopast uHTuOupyeT
cuHTe3 Oenka B OECKIETOYHON CHCTEME, MOXKHO CIeNIaTh BBIBOJ, YTO B3aMMOJEHCTBHE
[ITA c elF2 sBnsieTcsi OCHOBHOM MPUYHHOI €r0 BIHUSHUS Ha CUHTE3 OerKa.

Jis mpoBepKH TAaHHOTO MPEIIOIOKEHUST OBbLIM TPOBENEHBI JKCIIEPHUMEHTHI I10
BrusiHuio [1TTA Ha GuocuHTe3 Oeska npu 100aBneHIH (paKTOpa MHUIMAIIUY TPAHCIISIIUN
elF-2 B OeckiieTounyro cucremy (Tadnuua 2).

Tabma 2 — Bimustane [TITA Ha GrocunTes Oeka npu go0aBiIeHNH (hakTopa HHANUAMK TpaHcsiun elF-2

KonmyectBo  mobaBieHHOTO Bxrouenue neiiirHa B CHHTE3UPYEMbIN TOIUIIENTHL, TIMOJIb
elF-2, Mxr
B KOHTpOsbHOM cucteme (-I11TA) B npucyrcreun [1ITA
0 10,5 0,55
0,2 10,6 1,45
0,45 11,2 7,55
1,0 11,5 9,6
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W3 nansbIx Tabauiel 2 BUAHO, 4TOo MHrHOMpYtouiee neiictue I11TA Ha GuocuHTes
OeJKa KOMIIEHCUPYETCsl JOOaBJIeHNEM SK30T€HHOTO AONOIHUTENbHOTO (hakTopa elF-2
K OeckiietouHol cucreme, oOpadorannoii [1I1A, 4To moaTBepkaaeT MpeArnoIoKeHHe
o crneuugpuyeckom uaruoupoanuu II1A 1 srana 6uocuntesa Oenka. CuHTe3 Oeka
OTIpEeISUI B KOHTPOJIBHBIX OECKIIETOUHBIX cUcTeMax, coiepkammx 3 MkM IIITA.
®akrop nannuanuy elF-2 no6asnsim B peakIMOHHYIO CMECh B yKa3aHHBIX KOJTMYECTBAX.

Hamu nokazano, 4to pacturensHbiid GpraaBonous [1I1A B oTinune oT pacTUTENTEHOTO
¢naBoHOMIA KBepUUTHWHA, MHTHOMpyeT 1 atam OmocuHTe3a Oeika: oOpa3oBaHHE
TPOMCTBEHHBIX KOMIUIEKCOB (akTopa uHMuuanuu elF-2, I'T® u Mer-TPHK B
koHuentpauud 1 MkM. Onnaxo IIITA nHe mHrnOuposan nonu(Y)-3aBUCUMBIA CHHTE3
nonudeHnIatannia B OecKIIeTouHOM cucreMe (3 3tan OMocuHTe3a Oenka) Jaxe B
koHueHTpauud 10 MmkM. CeleKTHBHOE MHTHOMPOBAHWE MHUIMALUKM TpaHCIAnuu (2
sTan 6uocunTesa Oenka) B mpucyTctBuu I1I1A Obu10 MpOTECTHPOBAHO B OECKIETOYHOM
cucreme, rae Marpunei ciyxxuna MPHK Bupyca TabauyHoit Mo3aukH.

B nnky6aunonnyo cmech podasmsn 10 MmxM IIITA o wnum gepe3 5 MuH mociue
nob6asnennss MPHK. Korna I1ITA npucyTcTBOBand B MHKYOAlIMOHHOH cMecH ¢ Havaja
TPaHCISALUY, OJTUIENTH] He CUHTE3UpOBaJICsl (MHIHOMpoBaHue 2 dTana OHOCHHTE3a
oenka). Ecmm IIITA poGammsiim 4epe3 5 MUH MOCie Havaja TPAaHCIALUHU, TO
WHTUOMPOBaHMS CUHTE3a MOJMIIENITHIOB He Habmonanock. [lockonbKy 3¢ (eKTHBHOCTD
tpancisuun MPHK Obuia onnHakoBoit B mpucytctBun U B orcytcTBue [1I1A, MmoxHO
caenarb BbIBOJ, 4To [IITA BAMSI TOMBKO HA CTAAMIO MHULMALMHU. YCTAaHOBJIEHO, YTO
[IITA sBnsiercss cneunduueckuMm uHruOUTOopoM ¢yHKuuu elF-2. CnenoBarenbHo,
MOJHOE WHruOWMpoBaHWe WHUOMANMKM cuHTe3a Oenka [IIIA Obuto cBsizaHO C
Onokasoii 00pa3oBaHus TPOHUCTBEHHOTO Komiuiekca elF-2 * I'Td * Mer -TPHK. [Jlns
JOTIOJTHUTENFHON TpoBepku MHrHOMpytomero aedcteus [1ITA na OGuocuHTe3 Oeixa
Obula MpOBEpeHa BO3MOXKHOCTH MPSIMOTO CEJIEKTHMBHOTO CBS3BIBaHMS (PIaBOHOMAA
[ITA ¢ dakropom mHHMUManuu 2 OwocuHTe3a Oenka sykapuoT (elF-2). Ilokaszano,
yro [1ITA n30uparenbHO CBA3BIBACTCS TOJBKO € (PaKTOPOM MHHUIMALUHN 2 SyKapHOT B
HEOYMIIEHHOM KJIETOYHOM OJKCTpakTe, o0pasysh HepacTBOpUMBbIH Komiuiekc. llocie
HU3KOCKOPOCTHOTO HEHTPHU(YTUpOBaHUS B OTYUUBIIEMCS OCAJIKE BBISBIISETCS TOIBKO
0enKoBbIH (hakTOp MHULKAIMHN 2.

Untepecnoit ocodennoctpio IIITA sBrsieTcs ero crmocoOHOCTb CreNU(PUISCKUIM
00pa3oM B3aMMOJICHCTBOBAaTh C TMOJHMIENTHIAMU TPH HHU3KHUX MHUKPOMOJSPHBIX
koHueHTpauusix. Tor ¢akt, uto III[IA He nHrnOGupyer axtuBHOCTH elF-2 -kuHa3bl U
aKTHBHOCTB (ocdaraspl Tuna 1, u nonu(Y)-HarmpaBieHHBIA CHHTE3 NOTH(EeHUTATaHIHA
yKa3blBaeT Ha crenuduueckoe B3aumopeiicteue IIIIA ¢ ¢axropom HHUIHAMH
tpancisauuu elF-2. MnrunbupoBanue cuHTE3a BHPYCHBIX OEJKOB IyT€M IOAABICHUS
aktuBHOCTU elF-2 B KkieTkax, MHQUUIUPOBAHHBIX BHUPYCAMH, SIBISIETCS MEXaHU3MOM
MIPOTUBOBUPYCHOM 3aLUTHI KJIETOK XO3sIMHA y MIieKkonuTaromux. [IpoTtuBoBupycHas
AKTHBHOCTb MIOKA3aHa JJIsl pACTUTENbHBIX (pIIaBAHOMIOB, TAKMX KaK MPOAHTOUUAHUIANH
A2, KaTexuH U UX MPOU3BOIHBIX.
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3ak/arouenune

Ha ocHOBaHMM pe3ynbTaToOB UCCIEIOBAHUI MOKHO 3aKITIOYHTh, YTO CIICH(PHIECKOE
B3aMMOJICHCTBUE TIOJMIIPOAHTOIMAHUINHA W3 PACTCHUU BEPOIIKBEH KOJIOUKH
Buna Alhagi kirghisorum S. ¢ ¢dakropom wHunuanmu elF-2 Bxomutr B cucremy
[IPOTUBOBUPYCHOM 3aIIUThl Y PACTEHUI.

B nmanHON pabore mnokazaHa BO3MOXKHOCTh HCIIOJIB30BAHHUSI IOTH(EHOTIOB H3
MOJTYIYCTBIHHOTO PACTCHUSI BEpONIOKbEH KOJIOYKM KaK HCTOYHMKA IOIU(EHOIOB
C TIPOTUBOBUPYCHBIMH CBOWCTBaMH, KOTOpPHIE MOTYT OBITH ITOJIE3HBI XUMHKaM M|
(apmarieBTaM Npy CO3AaHUH HOBBIX TIPOTUBOBUPYCHBIX MPENAPaToB.
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Abstract. The article examines the effect of collector reagents’ dosage on the
flotation capacity of sodium dithiophosphates in manganese ore beneficiation. Currently,
the enrichment and processing of mineral raw materials hold an important place, as
special methods must be applied to effectively utilize the valuable substances contained
in them. The work focuses on methods of enriching useful minerals, paying particular
attention to flotation processes, which are widely used to separate minerals based on
their physicochemical properties. The aim of the study is to investigate the effect of
various concentrations of sodium dithiophosphate on the flotation capacity of manganese
ores and to evaluate its efficiency in the beneficiation process. The research identified
the flotation process parameters through the use of different reagents. Additionally,
the flotation processes of manganese ores and the impact of reagents, particularly
the role and efficiency of sodium dithiophosphate in beneficiation, were analyzed.
The experimental part discusses the methodology of flotation processes and methods
of enrichment through the influence of electromagnetic fields. The article proposes
conducting flotation experiments using sodium dithiophosphate and other reagents,
as well as utilizing electromagnetic fields to improve the beneficiation process. The
flotation complex “flotation reagent-particle” polarizes and is subjected to the influence
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of a magnetic field, which acts as a guiding or driving force. This complex becomes
positively charged and is therefore discharged at the negative electrode. The results
of the study show that optimizing reagent consumption can significantly improve the
efficiency of the flotation process by enhancing the quality of the final product and
reducing beneficiation costs. The advantage of enrichment under the influence of an
electromagnetic field is that no frother is required, and the consumption of flotation
reagent is lower. The duration of the process is shorter compared to flotation. Therefore,
the use of this type of beneficiation is economically advantageous.

Keywords: sodium dithiophosphate, flotation, manganese ores, reagent,
electromagnetic field
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AHHoTanusa. Makanajia HaTpui JUTHOPOCPATHIHBIH MapraHell pylaiapbiH OalbITy
Ke3iHzeri (UIOTalMsIBIK KaOUIETIHE >KUHAFBINI PEarcHTTEPAIH MOJIICPiHiH acepi
3eprrenreH. Kaszipri ke3jae MUHepasibl MUKi3aTTapAbl OalbITy KOHE OHJIEY MaHbBI3IbI
OpBIH anajpl, ce6e0i omapAbIH KYpaMbIHIAFbl Maiiianbl 3aTTapAbl THIMII NaiganaHy
YILIiH apHaWbl 9icTep KOJAaHy KaxeT. JKyMbicTa MUHEpaiaapbl (pU3HKa-XUMHUSUTBIK
KacueTTepi OObIHIIA 061y YIIiH KeHIHEH KOJAaHBUIATIH (MIOTAUSIIBIK IPOIIeCTepre
Oaca Ha3zap aynapa OTBIPBII, MalAabl Ka30anapabl OalbITy dicTepl KapacThIPbLIAIbI.
JKyMBICTBIH MakcaThl - MapraHel] KeHACpiHIH (IOoTalMsUIbIK KaOilneTiHe HaTpui
TuTHO(GOChATBIHBIH SPTYPIIi KOHIICHTPAIUSICBIHBIH 9CEPiH 3ePTTEY KOHE OHBIH OabITy
MpoleciHe THIMAUTITIH Oaranay. 3epTTey OapbIChIHIA OPTYPIl peareHTTepai KoIaaHy
apKbLUIbI (IIOTALMS IPOIECIHIH KopCceTKiTepi aHbIKTanabl. COHBIMEH KOCa, MapraHel|
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pyJalapblHbIH  (IOTALMSIIBIK TPOLECTepl MEH peareHTTepAiH ocepi TalaHmbl,
COHBIH ilriHAe HaTpuil uTHO(OChATHIHBIH OalbITYaFbl POl MEH OHBIH THIMIUTIrHE
epeKie Hazap ayfapbuiabl. ToxipuOemik Oeiimae (QIOTAIUSUIBIK MTPOLECTEPIiH
ozicTeMeci JKOHE SJNEKTPOMArHUTTIK OPICIEeH dcep €Ty apKbUIbl OaibITy KOIAapbl
KapacTelpbulFaH. Maxkanaga Harpuil auTrodocdaTelH xKoHe Oacka peareHTTEepAi
KOJIZIaHA OTBIPBIN (PIOTALMSIIBIK TIKipUOenIep JKyprisy, CoHIai-ak 0ailbiTy MpoLeciH
KaKcapTy YULIH 3JIEeKTPOMAarHUTTIK 6picTi KOoNJaHy YChIHBUIFAH.  DIoTanusuibik
KOMILIEKC «(pIOTOpeareHT-06IIeK» NoIIpu3aursIaHaabl ’KoHe OarbITTayIllbl HEMece
KO3FaylIbl KYLI OOJaThlH MAarHUTTI ©pPICTiH ocepiHe YIIbIpaiabsl. byn xommiekc oH
3apsiiTanaipl, COHABIKTAH Tepic ANIEKTPOATa paspsaaTananbl. JKyMBICTBIH HOTHKEIEPI
OolbIHIIIA peareHTTePAl TYTHIHYAbI OHTAHIaHABIPY COHFBI OHIMHIH CanachlH jKaKCapTy
KoHE OalbITy WIBIFBIHAAPBIH a3aiTy apKpUIbl (oTalMs MPOLECiHIH THIMIUIITH
alTapiablKTall apTThIpa ajaThIHBIH KepceTedi. DJIEKTPOMArHuTTIK epic ocepiHeH
0alpITy apTBHIKWIBUIBIFBl KOMIPTKIII KOCBUIMAKIIBI jKOHE ()IOTOPEAreHTTIH IIBIFBIMBI
a3. ®nortauMs npoueciHe KaparaHIa IMpOLecC Y3aKTbIFbl ToMeHipeK. COHIBIKTaH
OalbITYIBIH OYJT TYPiH KOJAaHY 9KOHOMUKANBIK TYPFbIIAH THIMII.

Tyiiin ce3nep: natpuii autnodocdarsl, droranus, Mapraienl KeHAEpi, peareHr,
ANEKTPOMATrHUTTIK Opic
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AnHoTanus. B cTarbe n3yueHo BIMSIHNE TO3UPOBKH COOMpATEbHBIX PEareHTOB Ha
(roTaMOHHYI0 CIIOCOOHOCTH HATpUil AUTHOGOC(ATOB PH 00OTAIEHUH MAPTAHIIEBBIX
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pyz. B Hacrosmiee BpeMst oboraiienue 1 nepepadboTka MHHEPAJIbHOTO ChIPbS 3aHUMAET
Ba)KHOE MECTO, MOCKOIBKY Al 3((EKTUBHOTO MCIOIb30BaHUs IMOJIE3HBIX BEILECTB,
coziepKaIluXcsi B HUX, HEOOXOAMMO MPUMEHATH ClelualibHble MeTonbl. B pabote
paccMaTpuBaOTCsl METOABI 00OTALIEHNUS TTOJIE3HBIX HCKOMAEMBIX, ¢ OCOOBIM aKIIEHTOM
Ha (IOTAIlMOHHBIE IPOLECCHl, KOTOPHIE MIUPOKO NPUMEHSIOTCS Ui pa3lelieHHs
MHUHEpAJIOB M0 WX (PU3MKO-XUMHUYECKUM cBoiicTBaM. Llens paboTbl — uccienoBarh
BIMSHUE pPAa3IMYHBIX KOHLEHTpauuid HaTpud nutuodocdara Ha (GroTaHOHHYIO
CIOCOOHOCTh MAapraHueBBIX pPyAd M OLEHUTH ero 3((EeKTHBHOCTb B Ipolecce
oOoramenus. B xone uccnenoBanus ObUIM ompeneseHbl HapamMeTpsl (IoTaMOHHOTO
mporecca ¢ MCIOIb30BaHMEM pPAa3lUYHBIX PpEarceHToB. Takke MNpOaHATU3UPOBAHBI
(rIoTaOHHBIE TPOLIECCHl MApraHLEBBIX PyA M BIUSHHE pPEarcHTOB, B YaCTHOCTH,
poib ¥ 3P PEeKTUBHOCTE HATpHii AuTHOGOCc]aTa B oboramenun. B sxciepuMeHTanbHOR
gacTu 00CY)KIArOTCs METOAMKA (DIOTALMOHHBIX MPOLECCOB M CIOCOOBI 00OTaIeHHS
C BO3ACUCTBHEM D3JEKTPOMAarHUTHOrO moiisi. B crarbe mpenmaraercsi mpoBeneHHE
(IIOTaMOHHBIX SKCIEPUMEHTOB C MCIIOIb30BAaHUEM HATpUil AuTHOdoCchaTa U Apyrux
peareHToB, a TaKKe HCIOJb30BAaHUE DIIEKTPOMATHUTHOTO TIONS JJIsl YIy4lICHUS
mporecca obOorameHusi. DIOTAUMOHHBIA  KOMILIEKC — «(IoTopeareHT-4acTHLA
MOJISIPU3YETCS M TOJBEPraeTcsl BO3ACHCTBUIO MarHUTHOTO MOJIsI, KOTOPOE BBICTYIIAET
HaMpaBIsIOMIEH WM ABWXKYIIEH CHIOW. DTOT KOMIUIEKC 3apspKaeTcsl MOJIOKUTEIBHO,
U, CIIEIOBATENILHO, Pa3pspKaeTcsl Ha OTPULATENILHOM dJIeKTpoae. Pesynbrarsl paboTh
MOKA3bIBAIOT, YTO ONTHUMH3ALMUS PAcXOla PEarcHTOB MOXKET 3HAUUTEIbHO MOBBICHTDH
3G PEeKTUBHOCT (IOTAIMOHHOTO TPOLECcca, YIyUlIUB KayeCTBO KOHEYHOTO MPOAYKTa
W CHHM3MB 3aTpaTbl Ha oOoramenue. [IpenMyiecTBo o0orameHus moj Bo3aeHcTBUEM
ANIEKTPOMArHUTHOTO TOJIS 3aKIII0YAeTCsl B TOM, UTO TIEHOOOpa3oBareib He Tpedyercs, a
pacxon (mmoropearenta Huxe. [IpogomKUTEIBHOCTD MpoLiecca HUKE TI0 CPABHEHHIO C
¢noranueii. CiaeqoBaTeiIbHO, HCIOIB30BAaHUE STOTO THIIA 00OTAICHHST SKOHOMUYECKU
BBITO/THO.

KiroueBsble cioBa: Tnodocdar Harpus, ¢roranus, MapraiieBble pyabl, PearcHr,
ANEKTPOMArHUTHOE I10JIe

Kipicne

Kasipri ke3zne XalblK MIapyambUIBIFBIHBIH OapibIK cajalapblHa )Kep KOMHAybIHaH
aIbIHATBIH MHHEpaNgbl HIMKI3aTTapAblH MaHbI3bl oTe 30p. OmapaaH meranjaap,
XUMUSUIBIK 3aTTap,0ThIH TYpJIEpi jKOHE KYpPBUIBIC MaTepHaaapbl ajbiHaabsl. Oiapiasl
OHJIIPy YIIiH OacTalKpl MIMKi3aT KONTEreH eHICY MpollecTepiHeH eredi. Kemmrimik
MUHEepaAbl KKi3aTTap Kypambl Kypaeni keneni (bekrypranos, 1.6.,2009). ConapikTan
oJlapIblH KYpaMBIHAAFbl Maiansl 3aTTapAbl THIMAI MaiijaiaHy YUiH Oip-OipiHeH
aXbIparhil 0oty KaxeT. KeH OalipITyna anfa KOMbUIATBIH MakcarTap-KeH KypamblHaH
Oarasipl 3aTTapAbl HEFYPIIBIM TOJIBIFBIPAK OOJIIM ajly JKOHE aJIbIHFaH OHIMIEPIiH canachl
HEFYPJIBIM KOFapbl OOIYHI.

Kenpnepai 0albITyIbIH TEXHOJIOTHSUIAPBIH KETIIIPY HETI31HIE 6Te KeJeH KeHIepIcH
YKOFapbl canalibl KOHIEHTPATTap aly KoHe KYpAei KypaM/Ibl KeHAEPACH KeKe MeTajiap
KOHLEHTPATTapbIH aily MYMKiHIIIiri Tyas! (bekrypranos, 1.6.,2009). .
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Kasipri xe3ne 6apibIk Aepiik maiaansl Kaz0anap OallbITy MpoLecTepiHeH OTKi3ineai
(bexrypranos, T.6.,2008). Tex Ttemip,mapranen xoHe Qochop KeHIAepiH TiKeleH
METaJLTyprUsUIbIK HE XUMUSJIBIK 9/IICTEPMEH OHIeyre 00Jiasibl. balbiTy TEXHUKACHIHBIH
JaMyBLYJIECTIK MOJIIepi 6Te TOMEH CHPEK Ke3MECETiH MeTanaap KeHIEPiHiH KOPBIH
MOJIAUTHIT,icCKe KocyFa ceben 6onazpl (bexTypranos, T.6.,2008)..

[Nafimaner ka30amapasl OaibiTyma ¢uoTanus €H Kem TaparaH OaWbITy oJiciHe
xaranael (KymekoBa, T.0.,2007). Kazipri kesze on maiigansl Ka3oanmapblH OapIibIK
TYpiH OalibITya o Herisri 9/1ic OoJca,Kapa MeTanaap KeHepiH, KoMipAil KoHe Kehoip
Ka30a TypiepiH OaiibiTyma Oacka omictepMeH Oipre kosjaHbuianbl (PaxumOacs,
T.0.,2008). OnoTarusIHBIH YHUBEPCAIIBI 9/1iC OONYBIHBIH ce0ebi, 071 MUHEPAIIAPIBIH
(hM3UKa-XUMUSAIBIK KacHeTTEepiHIH  alpIpManibUIbFbIHa HeriznenreH (CeMymIknHa,
1.6.,2008). On kacuerrep op MuHepanaa opTypii. COHABIKTaH TXKipuOe XKy3iHae
MUPHUTTI MBIC-KOPFACHIH-IIMHKTI KeHJAEPHi OaibITy YIIiH KJIACCUKAIBIK pearcHTTepre
JKATATBhIH Oy TUJIBJI1,U30TPOIIIIBIL, STHIIBII KCAHTOTEHATTAP, all JHAKHWIIUTHO(POChaT
KCAaHTOTCHAThI MBIC-MOJNIMOMCH/I KECHAEpAl OailpITyma KEHIiHEH KOJIaHBLIA bl
(CemymkuHa, 1.6.,2007).

Byn KypcTBIK JKYMBICTa JKHHAFBIII PETiHAE OPTaHUKANBIK KOCBUIBICTAP/IbI
NaiaanaHbII, GIOTANNs HOTHIKECIHIE KEHACPAIH OalbITBLTY IOPEKECi aHBIKTAIJIbI.

JKyMbICTBIH MakcaThl: KeHIepAl OaibITy Ke3iHaeri HaTpuil ITUTHO(OCHATHIHBIH
Mapraserl pyJajiapblHa KaTbICThI (PIOTAIUSUIBIK KaOiJIeTIHS JKHHAFBIIITAD IIBIFHIMBIHBIH
ocepiH Oarayay OOJIbII TaObLIa b,

Marepuajaap MeH 3epTTey dicTepi

KonnmaHpmatelH peakTuBTEp «X.T.», «X.a.T.» KiIacCH(UKaIusra ue. 3epTreyinep
YIIH Keleci epiTiHIiIep KOJIaHBUIABL JUCTWIBICHTEH Cylda €pITUITeH HaTPUHIIiH
mubytunuTnopocdarembi (C,H,0),PS,Na 10° monw/n epitingici, MbIc cymbda-
toiHpH CuSO, 10° M epiTinfici enneHaiHi JUCTHIBACHIEH Cyla €piTy apKbLIbl
JAfbIHAAIbl, AUCTUIIBJICHTCH CY/Ia ePITUINCH aMMOHMMTIH JMH30aKTHIIUTHO(OChHATHI
(C,H,0),PS NH, epirinmici.

KonnmanpiFan KypbUTFbIIap: (IOTAIUSIIBIK MAaIlllFHA, AJIEKTPOMArHUTTI epicrieH
ocep eTy apKbUIbl OalibITY KYPBUIFBICHL, TYPJIi ©JIeMAl Kondajaap, cCTakaHaap MeH T.0.
XUMHUSUTBIK BIIBICTAp KOJAAHBUIIBL.

drorarust Kyprizy amictemeci OoiibiHIIA (BroTarus NpPOIECIHIH HETI3ri KepcerT-
KIIITEPiH (6HIM HIBIFBIMBI, HIBIFY I9PEKECi, KOHIIEHTPICHY JOPEkKeci) KNHETHKAIIBIK
KHCBIKTAp TYPFBIBIN €CENTEH Il KoHE KYMbIC OOWBIHINA KOPHITHIHIBIIAD KACANIBI.

Onim (koHUeHTpar) mbFBIMBEI E (%) — ajplHFaH KOHIIGHTPAT MAaCCACBhIHBIH M
aJIBIHFaH K€H MacCachlHA /71 KAaThIHACKI:

E:% 100% (1.1)

eiry mopexeci X (%) maijganbl KOMIIOHGHTTIH KaHJail 0ejri OHBIH KeHJEri
0acTarnKbl MeJIIICPIHEH KOHIICHTpATKa O6JIiHETIHIH KOpCceTei:

_ Cemy
X==— 100% (1.2)

m
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mynzarel C, C — naiiansl KOMIIOHEHTTIH KOHLICHTPATTa )KoHE KEHJETi MOJIIepi,
MaccCaJbIK YJIec.

Konnentpneny pgopexeci (0Oaitbity mopexeci) K — OesiHETiH 31€MEHTTIH
KOHIICHTPATTAaFbl MOJIIIEPiHIH OBIHBIH KCHJICPIH MOJIIIICPiHE KAaThIHACKI:

K=C/C. (1.3)

Onotauus KbULAAMABIFEl YaKbIT OipiiriHAe anblHFaH KOHLEHTPAT MeJIIepiMeH
aHbIKTanaabl. byn Menmiepai aHbIKTay YIIIH ©HIM MacCachlHBIH YyaKTTaH TIyemli
rpadMKTi — KHHETHKAJIBIK KUCBIKTBI TYPFBI3aIbI.

I'paduxTic auddepeHumpneyai KONJaHbII Ke3 KeIreH yakbIT OipiiriHaeri mporuec
KBUIJAM/BIFBIH aHbIKTayFa Oomazpl. On yImiH OepiireH HYKTEHeri KHHETHKAaJbIK
KHCBIKA KaThICThl KHCal0 OYPBIIBIHBIHBIH TAHICHCIH OHE KOOPAMHAT MacIITAObIH
AHBIKTAy KepPeK.

OnoTanUsHBIH OpTalia >KbUIJAMJBIFBI OCNIrili WHTEpBall ayMarblHIa Oenriii
YaKbIT apalbIFbIHIAFbl AT = T, — T, KOHIEHTPAT MacCCaChIHbIH Am = m -m apTybIMEH
AHBIKTAJIAbI:

2~ My

W:m

T2—T1

(1.4)

[TynbnaHbIH THIFBI3ABIFEL P Keseci GOpMyIaMeH aHbIKTaTa bl:
m+m
P= TB (1.5)

MYHJArbl m, HlB, V— KCHHiH MaccCachl, CyAbIH MAaCCAChI KOHEC CYJbIH KeJIeMi.
Hy.]'IBHa TBIFBbI3AbITbIH  AHBIKTAY Y]J_IIH KaKTTBIIBbIK KaTBIHaCBIHBIHIC¥ﬁBIKHCH
KaTbIHACBIMCH aHbIKTAaY/lda KaTbIHACTBI KOJIJaHaAbl.

TOK=m/m_ (1.6)

BalibITyIBIH 371€KTPOMArHUTTI OPICHEH ocep €Ty apKblIbl OalBITY 91licTeMeci KeJeci
Typze xyprizineni. Kepexri ipinikri keni 6ap mysnsna (K:C) 1:1,15 (133 r kaTThl 3aTThI),
MOJMMEPIIl MaTepHalIaH KacallFaH TYTiK OoibiHIIA eTeni. O TyTikiie *a3bikka 5°
TOPU30HTAJIb OpHAJacabl, OHBIH MK JKaFbIH/a, IMyJIbIIaHbl 9pi Kapai >KbUDKBITATHIH,
TYPaKTbl MAarHUT OPIiCiH TYFBI3aTbIH MHAYKTHBTLTIK KaTyIIKACHIHBIH aJJbIHIA >KOHE
KeHiH opHaslacaThlH KAJIBIHIBIFBI | cM OO0JaThIH MBIC 3JIEKTPOATApHI Oap.

Yoarinepain MK-cnekTpockomusulbIK — capantamachl — €Kicoynedi  CKaHUpIeyIi
UV — 1800 Shimadzu cnekrpodomerpae, E.A.bexeros aremmarst KapMVY xumus
¢daxynpreTiHiH «DUUKO-XUMHUSIIBIK —capanTama oIiCTepl» HHXEeHepal mnpoduiai
naboparopusaa Kyprizingii.

AToMABIK a0copOuMs OIICiHIH apTHIKIIBUIBIFBI JKYTBUTy CIEKTpiH Oakpliay
YIIiH TOJNBIK CIEKTP KO31HIH OPHBIHA, CHI3BIKTHI CIIEKTP — AHBIKTAJIATHIH JIEMEHTTIH
PE30HAHCTHI CHI3BIFBIHBIH COYJIENCHYIH KonganyFa 0onansl. Byi chI3bIKTap MIbIFapynaH
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0acka, )KYThUTY Ke3iH/Ie 1ie OaifKaia b1, OYJI Ke3/1€ Pe30HAHCTHI ChI3BIKTHIK COYJICICHY IHIH
TOMEH/ICY JOPEKECIHIH KYThIIAThIH Oy KYpBUIFBIHBIH KaOileTiHe Toyenai emec, o
apKbUTbl OakplIay >KYprisiliesi. KYpbUIFBIHBIH OCBI JKarnaiiiarbl MiHIETI Tek 0Oacka
CIIEKTP ChI3BIKTApbIHAH 0acKa Pe30HAHCTHI CHI3BIKTAP/IBI 00Ty FaHa OOJBIN TaOBLIA b

Harun:xesiep MeH Tankbliayaap

ATOMIBIK-a0COPOLMSIIBIK capanTaMara colkec, Oyl KeHJeri JOMUHAHTTHI 3JIeMEHT
Temip Oonbin TabbUIaABI, Oy coHbiMeH Katap KI'MIO nmaboparopusiceinaa eTKi3ireH
OTKI3IreH TEeOaHAIMTUKAIIBIK capanraMa HOTIKenepiMeH monenaeHeni (63,104%).
Yarigeri metaabiy Meuepi 0,622 wmr/m. KoHIeHTparTarbl MeTalAbIH KYpambl
0,827 mr/n. ®nortauus monmimMerTepi OOHBIHIIA KOHIEHTPAT WIBIFBIMBI 1,8%, Herisri
KEHJIET1 MeTaul Kypambl 6,22%, MeTaJAbIH KOHICHTPATTarbl Kypambl 45,94%, 6aibiTy
nopexeci 7,38%, aneiny gopexkeci 13% xypaiinel.@noranmus GipcaTbuibl  chiz0a
OoiibrHIIa Kyprizinai (cyp. 1). Ocbunaiima, kemipiuikTi GpaoTaunsHblH OepinreH omici
KypaMmblH/a TeMipi Oap MUHepangapAbl TOJIBIFBIMEH allyFa MYMKIHAIK 6epMmeiini, cebedi
onap OepinreH karnaiina keOiHece OKCUATEPMEH KENTipiIreH.

l (C,H,0),PS,NH,, 15 /T (8,5 r/T) +
+(C¢H,,0),PS,NH,, 15 1/t (17,0 r/1)
akrac, 3000 r/T

/ (C,H,0),PS,NH,, 10 T/1 (8,2 /1) +

Temip duoranusce +(C¢H,,0),PS,NH,, 10 r/1 (16,3 1/1)
akrac, 3000 r/t

l =9 MUH l -
Fex-t KonnexkrupTi droranus /
l =6 MHH l

Fex-1 (1) KallbiK

ycary

Cyper 1. Maprater keHiH (rotanusuibik 6aibITyIbIH O0ipcaThuibl ChI30ackl

byman opi kapaif 3J€KTPOMAarHuTTI OPICTIH CYIb(THAPHIBII KUHAFBIIITAPIBIH
(hIOTAIUAIIBIK KAO1IeTIHEe 9CEePiH 3ePTTEY KYMBICTApPHI XKYPTi3iiami. MarHUTTI KeHAEPi
OaMBITYOBIH HETI3T oJiCi MarHUTTI cemapamnusi OONMFaHIBIKTaH, aHBIKTAyIIbl (HaKTop
MHHEpaJIIapABIH MarHUTTI CE3IMTaIIBUIBIFBI OoNaapl. MuHepanmap KaTThl MarHUTTI,
OJICi3 MarHWTTI JKOHE MarHuTCi3 OonbIT OemiHeni. bepinreH karmaiima peHTTCH-
KYPBUIBICTHIK capanTama OoibIHIIa, KeHae KyaTThUTbIFsl 800-1500 KA/M MeH sKOFaphl
MOHIIEpHie, KYIITI epicTepie MarHWTTI cereparopiiapia aiblHATBIH, OJICi3 MarHUTTI
MHHEpaIaap Ke3aecei. bysr Tomka MEHIITIKTI MarHUTTI ce3iMTanabIbIFRI (750-10)* 10"
§ M¥/KT MuHepanmap Kipei: TOTBIKTap, TEMip jKOHE MapraHelTiH KapOoHATTapbl MeH
THAPOTOTBHIKTAPHI, HIIBMEHUT, BOIb(PpaMHUT, TpaHat, OMOTHT koHe T.0. KymiTi epici 6ap
cemaparopiap/a ajabHAThIH, MUHEPaIIapAbIH MEHITIKTI MAaTHUTTI CE31MTaJIIBUTBIKTHIH
TOMEHTI IIIEKapachl, cernaparopyiap KOHCTPYKIMSUIAPBIHBIH JlaMy MOHIHE Kapai
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TOMEH/ICY TEH/CHIMACHIHA ne. [eMaTuT MaruuTTi ce3iMTanasiIbEbl (380-60)*10% Mm%/
Kr TeH. ['emarurreri Temipaiy Kypamsl 70% Kypaiasl. OHIipicTe MarHUTTI KeHAEpAi
OalipITyFa MarHUTTi JEIIOMATOpPIap/bl, THAPOLUUKIOHIAP MEH TYPaKThl MarHUTTAPhI
Oap ceneparopiapasl KojnaHa sl bepinren xarnaiia TypakThl MarHUT OPIiCi TYPaKThI
TOKTBIH KaTyLIKachIMEH >Kacalajibl. PEeHTIeH-KYpbUIBICTBIK capantamMara COHKeC CYIIbI
MarHuTTi OaHBITY KEHJIET] TEMaTUTTiH MOJILIEPiH apTThIpabl, ajd 00C KBIHBIC MOJIIEpi
TOMEHJICH/II. AJBIHFaH KOHIIEHTPATTap €Ki Kjaccka OerniHmi. YJrinepai yu xKepacH
angel: ynri Nel katymkagan KeiliH OH 9JIEKTPOATaH COH, YAri Ne2 Tepic aneKTpoATaH
keiin, yari Ne3 kanneik. Hotmkenep 1-kecrene kentipinres.

Kecrel. DiexTp koHEe MarHUT OpiciMEH OHJCY IpOIEcCi Ke3iHJeri MeTaja MeJIIepiHiH e3repyi
ATOMJIBIK-a0COPOIMSIIBIK capanTaMa diciMeH OaKbUIaHIbI

Meramn | Yurigeri metamt Kypambsl Ne, Mr/i o, Pynanars Konnenrpar- | baiipiTeiny
aTaybl MeTaJll KypaMbl, | TaFbl METaJUT | JeHreiti,%
1 2 3 BacTankel % Kypambl, %
Temip |23,2800 | 5,0000 | 8,6700 | 6,2200 | 0,1000 8,5-102 0,0050 37,4280
Msic | -0,0034 | 0,0056 |{-0,0086 | 0,0003 | 0,1000 8,4-107 0,0006 180,6500

Temip nonaapbiHa kacajaFaH aTOMABIK-a0COPOIMAIIBIK capanTaMa, OH JIEKTPOITaH
KeWiH allbIHFaH KOHIIEHTpATTarbl MeTalIbiH Mouepi 0,17%, an GaiibiTy nopexeci 2,76
per exeHairin kepcerti. SFHH, (QIOTaUMSUIBIK KOMIUIEKC «(IoTopeareHT-0emmex
MoJsIpU3alMsAIaHaaAbl KOHE OarblITTaylIbl HEMECE KO3Fayllibl KYII OOJMaThlH MAarHUTTI
epicTiH ocepiHe ymblpaiapl. byn KoMIUleKC OH 3apsiATanajbl, COHIABIKTAH Tepic
ANEKTPOATA Pa3pSATATIAbL.

Kecre2. «Mapraner keHi — HaTpuii tuOyTrnauTHOGOCchaT xKyiiecinmeri aqcopOHsIIbIK TeTe-TeHIIKTI
T=313 K ke3iHaeri NOTEeHINOMETPUSIIBIK aHBIKTAYABIH HOTIKENIEPi

Epiriami Ne C, 10%, moms/n | C -10*, mons/n | x/m-10? 1gC. lg(x/m) 1gK
1 3,2 3,6 7,36 -3,44 -2,13
2 32 2,8 2 -3,55 -2,70 15,743
3 4,0 3,2 4 -3,49 -2,40
Kecte womimertepi Ooipima, copOuust mnpomecci T-313 K temmeparypa

Ke3iH/e KapKbIHJbl OTeTiHi Oenruri. bByn kesge epitiHumigeri (oTopeareHTTiH
KOHIEHTPALMSCHIHBIH apTybl, KeH YATUIepIHIeri COpOLMSHBIH apTyblHAa OKeJe[i.
CopOumsi M30TepMaCHIHBIH IMTKE KUCAWFaH CHIIATHI, HOTIDKECIHIE THIAPOKOMIICKCTED
TY31IeTiH, Oip caThICHl KeH OeJIIeKTepiHiH OCTTIK KaOaTBIHBIH THAPOIN3i OOJaTHIH,
OipHerre caThlJaH TYPaTBIHBIH Janesaeiai. Epitianine cynmbOrupuibal sKHHAFBIITap
OoiFaH Ke3le, TUAPOKCHIBAI TONTApABIH (IOTOpEeareHTTEpiH KCAaHTOTCHATTHI
TOINTapblHA AybICYy MPOIIECCI )Ky3ere acybl MYMKiH. Tere-TeHJIiK KOHCTaHTaJIapPbIHbIH
TEMIIEPaTyPaJbIK TOYESIAUTIKTEpl MAiMETTepiHeH, OepijreH copOuus nporecci Y
OeNICeHIIIpY PHEPTUSACHIHBIH YJIKCH IIaMachkl Typaibl Ooikayra Oomamsl. Ochuiaiiia,
MapraHer] KeHiHIH (JIOTAlMsACHIH BIIBIPATy TEMIEpaTypacblHAH TOMEH >KOFaphl
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TeMIlepaTypaiap/a, HeMece HOH ajaMacy MPOIEeCCTEPiH Ky3ere achpaThiH, skorapbl pH
Ke3iHJIe iCKe achIpy Kepek.

Kecre3. MK-crniekTpackonusIIBIK capanTama HOTHKeIepi

Kyteiny KyppiabIcThIK JKonakrapabIH HHTEPIPUTALUACH
JKOJIAKTapBIHBIH OipiikTep MeH
xuimikrep, cm™! TonTap
1 2 3
470
533
801 814 G Apomarthl cakuHanarsl C-H OaitiaHbICHIHBIH Ka3bIKTHIK

CBIPTHIHIAFHI Ae(hOopMansUIBIK TepoericTep

908 915 CCH Beepui TepOemnictepi

1008 1011 WHTepnpuranus oK

1632 1616 ApOMaTThl CAKWHAHBIH KaHKAJbI TepOericTep

1638 1655, ApomatTsl cakuHaMeH Kocapnanrad, C=0 OailaHbICHIHBIH
1675 BAJICHTTIK TepOeicTepi

3140 3000- C — H cakunacsl | C-H apomatTsIK OaifilaHbICTapBIHBIH BaJICHTTIK TepOenicTepi
3100

KopbITbIHABI

Byt sKyMBICTBI KOPBITBIHBUIAH KeJie, MapraHell PyJachlHbIH KOOIKTi (uiorarust
OOMBIHIIIA aTOMIBIK-a0COPOIIMSUIIBIK caparTamara ColKec, OyJl KeHJEr JOMHHAHTTI
AIIEMEHT TeMip OoJbin TaOblIabl, OYJI COHBIMEH KaTap OTKI3LIreH Te0aHaTnTHKAIIBIK
capanrtamMa HoTHKeJepiMeH aanereHe . dnoropeareHT peTiie HaTpuid AUOY THIITUTHO-
(dhochaTbiHbIH KaThICBIHIAA TEMIp/iH OalbIThLUTY JCHIeHl 1,5 ece apTKaHbIH KOPCETTI.

Bynan opi kapail »neKTpOMarHUTTI OPICTIH CyIb(OrHIPUIBII KUHAFBIILITAPIBIH
¢droranusIbIK - KalijeTiHe ocepiH 3epTTey JKYMbICTapbl OKyprizungi. PeHtren-
KYPBUIBICTBIK capanramMara COHKeC Cylbl MarHuTTi OaibITy KeHJeri TIeMaTUTTiH
MOJIIIEPiH apTThIpaabl, an 0oc >KbIHBIC Medmepi ToMeHueini.Temip HoHmapbIHA
KacaJFaH aTOMJIBIK-a0COPOLMSUIBIK caparnTama, KOHIEHTPATTaFbl METalJIbIH OalbITy
nopeskeci 2,76 peT eKeHIITH KopceTTi. SIFHU, PIoTalMsIIbIK KOMILIEKC «(pIoTOpeareHT-
Oeumiek» MoJspU3aIUsIaHajIbl XKOHE OarbITTayIlIbl HEMeCe KO3Faylllbl KYII OOJIAThIH
MarHuTTI OPICTIH ocepiHe yiibIpaiiibl. Byl KOMILICKC OH 3apsaTajiajibl, COHIABIKTAH
TEpic AIEKTPOATA Pa3psITaNIAIbI.

«Mapranen keHi — Harpuil auOyTuaauTaodocdary xyheciHmeri aacopOIMsIIbIK
tene-TeHaikTi T=313 K ke3iHjgeri MOTCHIIMOMETPUSIIBIK aHBIKTAYIbIH HOTHIKCCIHJIC
cop6uus mporecci T-313 K temneparypa ke3iHjie KapKblHAbl 6TETiHI Oeriii OOIb.

AJBIHFaH HOTIDKeNlep OOWBIHIIA DJIEKTPOMArHUTTIK 6pic ocepiHeH OaubiTy
APTHIKIIBUIBIFBl  KOMIPTKIII KOCBUIMAWIBl JKOHE (DIOTOpEareHTTIH UIBIFBIMBI  a3.
dyortarys MpoILECiHe KaparaHJa MpoLecC Y3akKThifbl TOMEHipeK. COHJIbIKTaH
OalbITYIIBIH OYJI TYPiH KOJJIaHY SKOHOMHUKAJBIK TYPFBIIAH THIMIL.
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Abstract. This study investigates cationic polymer hydrogels based on
N-isopropylacrylamide (NIPAAm) and N-(2-vinyloxyethyl)-N-(2-cyanoethyl) amine
(VOECEA), synthesized via three-dimensional radical copolymerization of the
corresponding monomers. The complexation between the obtained NIPAAm-VOECEA
copolymers and sodium dodecyl sulfate (NaDDS) was studied, along with the effects
of factors such as concentration, pH, and temperature on this process. It was found
that no complexation occurs between the copolymers and the surfactant in a basic
medium. It was revealed that solutions of the copolymers actively form complexes with
NaDDS in an acidic medium. Complexes are formed only at pH values below a critical
threshold, as the copolymer macromolecules ionize in an acidic environment due to the
positively charged amino groups. Additionally, the absorption and release behavior of
aqueous NaDDS solutions by the NIPAAm-VOECEA hydrogels was studied. It was
found that the release of surfactants from the hydrogel’s lattice structure is directly
dependent on temperature and decreases with increasing temperature. This indicates
the thermosensitivity of the cationic hydrogel’s lattice structure to temperature changes.
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AnHotamus. byn xymeicta N-m3onponmnakpmiamug (HUITAAM) xone N-(2-
BUHUIOKCUATIN)-N-(2-tnanostun) ammui  (BODILDA) Herizime  ymesmemii
panuKanasl CONMOJIMMEpIICHY HOTHIKECIHIEC allblHFaH KaTMOHIBIK THITETi MOIMMEpIi
rupporensaep 3eprrengi. AnemaraHn HUITAAM-BOJIDA comommmeprnepi MeH
Hatpuii momenmicynbareiabH (NaJl[lC) apackliHmarsl KOMIUIEKCTY31Ty, COHAai-aK
Oy mpolecke KoHIEHTpauusi, pH >koHe Temmeparypa CHSKTHI (akTopiapiblH dcepi
3eprrengi. CinTini opraza comomumepiep MeH OeTTiKk OeJCeHIl 3aT apachbIHIAFrbl
KOMITIIEKCTY31JTy TIpoIeci )KypMeHTiHI aHBIKTaN bl KBIIKBIT OpTa a ConoInMepIepIin
epitinaitepi NaJlJIC-ien Gercenii KOMITIEKCTEp TY3€TiHI aHBIKTaNAsl. KoMImiekcTep
TEK KpPUTHKAIBIK MOHHEH TeMeH pH ixarmalibiHma Ty3UIedi, OWTKEHI KBIIIKBLI
opTajga COMOJMMEpP MaKpOMOJIEKYNajapbl OH 3apsATajlfaH aMHH TONTapbl apKbUIbI
nonnananel. ConpiMen karap, HUITAAM-BODIIDA runporensaepinin Na/lJIC-Tix
CyJBl EpITIHAICIH CiHIpY KoHE IIBIFapy 3aHABLUIBIKTApBl 3epTTenai. bertik Oencenmi
3aTTapIbIH THIPOTEINIbIIH TOPJIbI KYPBUIBIMBIHAH OOCAl IIBIFYbI TEMIIepaTypara TiKeJIeH
TOYeJIZIl eKEeHI JKOHE TeMIIepaTypaHbIH JKOFapbUIAYBIMEH a3asThIHIBIFbI aHBIKTAJIbI.
Byt KaTHOHABIK TMAPOTeNbAiH TOP KYPBUIBIMBIHBIH TEMIIEpaTypa e3repicine ce3iMran
eKeHIH KepceTesi.

Tyiiin ce3nep: N-uzonponunaxpunamuy (HUITA Awm), N-(2-Bunnnokcuytni)-N-(2-
nuanodTmin) amuH (BOBL[DA), cyFa iCiHETIH jKoHE CTUMYJIFa Ce3iMTaJl COTOIMMEpIIep,
KaTHOHJIbI COMOJIMMEPIIEP, TEPMOUYBCTBUTEIBHBIN KACHETTEDP, KOMILIEKC TY3Y.
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Aunnoramus. B pa0ore wuccienoBaHbl TONUMEpHBIE THIPOTENN KaTHOHHOTO
tuna Ha ocHoBe N-m3omponwiakpuwiamuga (HUITAAM) u N-(2-BUHMIOKCHATHIIA)-
N-(2-mmanostuna) amuHa (BOBJILIDA), momydeHHble B pe3ysibraTe TpPeXMEepHOU
paAMKaIbHOW COMOJMMEpPHU3allMid  COOTBETCTBYIOIIMX MOHOMepoB. lccimemnoBaHo
KOMITJIEKCOOOpa30BaHue MeXy HoinydeHHbME conoiaumepamu HUTTAAM-BODIIDA
u aoxeumwicyiabparom Hatpus ([IJICNa), a Takke BiIMsHUE TakuX (aKTOpOB, Kak
KoHLeHTpauus, pH u Temneparypa, Ha 3TOT IpoIiecc. YCTaHOBIEHO, YTO B IIETOYHOMN
cpelie TpoIlecc KOMIUIEKCOOOpa30BaHMUA MEXKAY COMOJIMMEpPAMHU M TIOBEPXHOCTHO
AKTHBHBIM BEUICCTBOM HE MpPOHCXOoAuT. OOHApYKEHO, YTO PacTBOPHI COMOIUMEPOB
aKTHBHO 00pa3ytoT komiuiekcsl ¢ JIJICNa B kucioit cpene. Komruiekesl popMupyrores
TOJIBKO MPH 3HaYEHUAX pH HIKE KPUTHUECKOTO, TaK KaK B KUCIIOH Cpe/ie MAaKpOMOJIEKYIThI
COTIONIUMEPAa HOHM3UPYIOTCS 32 CUET TOJOKHUTENBHO 3apsDKEHHBIX aMHHOTPYIII.
Takoke M3y4eHbl 3aKOHOMEPHOCTH TOIVIOIIEHHS U BEICBOOOXKICHHS BOJHOTO PacTBOpa
JOJICNa rugporensimu HUTTAAM-BOBIIDA. YcTaHOBIEHO, YTO BBICBOOOXICHHE
MTOBEPXHOCTHO AKTHUBHBIX BEIIECTB M3 CETYATOM CTPYKTYPBI THUAPOTENS HAIPSIMYIO
3aBHCUT OT TEeMIIepaTypbl M YyMEHbIIaeTcs C €€ TMOBBIIIEHHEM. OJTO YyKa3bIBaeT
Ha TEPMOYYBCTBUTEIBHOCTh PEIIETKH KATHOHHOTO THAPOTENs TPH TOBBIIIEHUU
TeMIepaTyphl.

KuaroueBsie cioBa: N-uzonponmnakpuiamua (HUTTAAwm), N-(2-BUHHUIOKCUA TN )-
N-(2-manostin) amud (BODLDA), BomoHAOYXaKOIIME M CTHUMYJIYyBCTBUTEIIBHBIC
COTIONIUMEPBI,  KaTHMOHHBIE  COMOJHMMEpH, TEPMOYYBCTBHUTEIbHBIE  CBOMCTBA,
KOMILIEKCOOOpa3oBaHue.
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Kipicme. Ilomumonnel  moimMepiep  COHFBI  Ke3Aepl  3epTTeylliiepiH
KBI3BIFYIBUTBIKTAPBIH TYABIPHIN Keneai. Onap 31eKTpOXUMUSIIBIK, KOH()OPMAaLUSIIBIK,
(depMenTaTHBTI KoHEe Oacka Ja OWONOTHSIIBIK MOJICKYIaJapAblH  (YHKIUSIIApbIH
MOJIENIZICy YIIIH KaXeT 3aT peTiHAe KbI3MeT aTkapa anazpl. [lonukarnoHgap TypMbic
LIapYallbIBIFBIHBIH allyaH TYpPJIl calanapblHIa, TEXHHKaAa >KOHE MEAMLUHAIa KeH
KOJIJaHBICHIH TarKaH. OChI MOTUAIEKTPOIUTTEP KIACChIHBIH Oiperei pu3nKa-XuMHSIIBIK
KacueTTepi MOJUMEpil Topiap OOMBIHIAFBI KOFAapbl THIFBI3ABIKTEL 3apSATapbIMEH
OaiinanpicTsl. [TonuuonaapaeiH KOH(DOPMALMSIIBIK JKaFIaiilapblHa ocep €TETiH Herisri
(daxTopnap: moauMep, epiTKIILTIH KOHE MOHFA KapChl 3aTTap TaOUFATbIHA, EPITKILITIH
HMOHJBIK KYLIiHiH, pH jxoHe TemmepaTypa e3repicTepi.

Kopmiaran opra 1mapTTapelH = ©3repTyiMeH HMHAYLHMPJIEHETIH, MOJUMepIi
THIPOTENBACPAIH KOJUIATNICHl - MIUITIMTIK KAacHeTTepiH OaKbUlaHyblHA MYMKIHIIK
OepyiHe OalIaHBICTBI, Ka31pri TaHJa KONTEreH 3epTTeYIIIEPAiH KbI3bIFYILIBIUIBIKTAPbIH
TyIeIpbIl OTBIp. OChIHAAl TONMMEpIIep TEXHUKAIa JKOHE alyaH TYpJl Makcarrapia
KOJIJaHbICKA ne 00JaThIH MHHOBALMOHABI TEXHOJIOTHS OHIIPICIHAC )KaHa MaTepHuasiap
any yuris naiipanansuianel (Nakan, skone 1.6., 2021; Kanzhigitova, xone T.6., 2023;
Nakan, »xone 1.6, 2020).

On-Dapabu aTeIHAAFBl Ka3aK YJITTHIK YHUBEPCUTETIHAE YLIOMIIEMIi PaguKajibl
MOJIMMEpJIEY OMICIMEH JKaHa TepMOCE3IMTal THIPOTeNbICpAl ajdy YIUiH OacTamksl
MoHomepiiep petinae Kypambiaaa (BMK) ruapodunsai (>NH To0b1) xoHe THaApoPOOTHI
(m3ompomnmi ToOk!) PyHKIMOHAN A TonTapsl 0ap N-uzonponunakpuiamua (HUTTA Am)
woHe N-(2-BuHnIokcuITHI )-N-(2-1imano3tin) amuH (BODIIDA) HeriziHe KaTHOHIBI
MOJIMMEPJTi THAPOTENbACD aJbIHFAH J)KOHE OJlapFa TeMIIepaTypaHblH, OpTaHbiH pH-bI MeH
MOHJBIK KYIIiHIH acepi 3eprreninren (Karipullayeva, xone 1.6., 2017; Toktabayeva
A K. xone 1.0, 2019).

Marepuajgap MeH dicTep

N-uzonponunaxpunamun («Aldrichy», AKILL, 97%) eniMi KypambIHIAFbI TEKETIITEH
apputy yuin 40°C-ta, rekcania KaidTa KpUCTajay apKblibl Ta3alaH/Ibl, aJIbIHFAH OHIM
OipHerue KyH ayana, cocbld Bakyymue kenrtipiny. T, =335-338 K., T _ =362 K.

N-(2-BunmnokcusTHN),n-(2-unanoatuin) amud A.b. bexTypoB arsinmarsl XuMmus
FBUIBIMJAPBIHBIH MHCTUTYTBIHAA MOHOSTaHOJIAMHHHIH BHHUI 3(UpPI MEH aKpuio-
HUTPWII OesIMe TeMIiepaTypachiHia 6 carat O0ibI apanacThIpy apKbUIbl CHHTE3/ICITEH.
Monomep Kocankbl eHIM — N-(2-BHHUITOKCHITHI)-N, N-au-(2-11MaHOdTHI) aMHHHEH
BaKyyM/Ibl alifiay apKblJIbl OOTiHII aJbIHFaH. OHIMHIH Ta3anbIFbl 98% Kypaisl. AMMOHUMA
niepcyabgarbl «4» Mapkaibl, («Aldrich», AKIL, 98%) Ta3a kyiiiHae KOIAAHBUIIBL.

N,N-metunen-ouc-akpunamun (MBAA) («Aldrichy, AKII, 99%) kocbimma
Ta3a1aHyChI3 KOJJaHbUIIBI.

I'uaporensnepnin cuntesi. HUTTA AM-BOBJILIDA Heri3iHaeri rTuaporeNiep/ii 3aTThIK
HMHULPIIEY KOJNBIMEH paguKaisl moaumepiaeHy apkplasl 30:70, 50:50, 70:30 monb.%
MOHOMEp KaTblHacTapbl anblHAbl. CHHTE3 CyNbl epiTiHAile MONHUOACH LIBIHBICHIHAH
xKacairaH ammynana, 60°C temneparypana xyprizingi. Maunuarop perinue aMMOHHUMA
nepcyibdare (0,2%10-° Mosb/) xoHe Tirymi areHt perinae (0,5 mon.%) N,N-meTnnen-
ouc-axpunamuni (BAA) aabHIbL

178



Volume 4, Number 461 (2024)

lenbain keneminin e3repyin USB mukpockoObiMen (Discovery Artisan 16, 20-
230 eceenik, AKII ) emnmrern, V/VO KAThIHACBIHBIH ©3repyiMEeH OarallaHJibl, MYH/IaFbl
V, — cunTtes kesinzeri xxaone V — OeplireH xarjainia OIpKajbIThl ACHICHIE ICIHICH
THIPOTEIh KOJeMi.

I'maporenbrepin Teme-TeHIIK ICIHY JOpeXeciH aHBIKTay YIIH TMOJUMEpIiH
OJIIIICHI'eH MOJIIepl epiTKIITe Tene-TeHIIK ICIHyre >KETKeHre ICeHiH YCTaIbIHIbI.
lenbain iciny mopexeci MbiHa (popmyna OOHMBIHINA aHBIKTAIBIHABL @ = M - m|m,
MYHJIaFBI: 0L — TeIIB/IH TeMe-TeHJIIK iCiHy Aopekeci; m — Tere-TeH/IiK iCIHTeH TeNbIiH
Maccachl; m; — KypFak TeibaiH maccachl. Temne-TeHuik iCiHy aopexeci OipHenne
MapauIesbal eNIeHyIep apKbUIbl )KYPTi3UIim, opTaia MoHI albIH/IbL.

HoaTuaxesnep MeH Tanaay

N-uzonponunakpuaaMug (HUITA Am) MeH N-(2-Bunmnokcuatin)-N-(2-
nuaHodTwin) aMuH (BODIDA) Heri3iHe KaTHOH THUIITI ITOJIUMEPITi THIPOTeIAep COlKec
MOHOMEPJIEP/IiH YII OJIIEM/IIK PaTUKaIABIK COOINMEPIICHY1 HOTHKECIHIE aJIbIHIbI.

Y menmeM;1i coroarMepIIey/IiH 0acThl 3aH IbUIBIKTAPbI, 30J1b-TeITb TAJJIAy TPABUMETPHS
omictepiMen 3eprrenreH (Mun, xone T.0, 2006). bactamkbl MOHOMEpITIK KOCITaIaFbl
(BMK)) HUITA AM-HBIH TaibI3/IbIK MOIIIIEPiH apTTHIPFaH/Ia T'eJb ITBIFBIMBIHBIH apTaThIHEI
AHBIKTAJI/IBI )KOHE OHBI TITLTY JIOpEXKECiHIH TOMEHIEYIMEeH TYCIHIipyre Oomabl.

Onebu monynan (Karipullayeva, xone 1.0., 2017; Toktabayeva, sxone T.6., 2019)
HUITAAM-BODIDA cynbl epiTiHaiiepi MeH TOPJbl KYpbUIBIMAApbIHA TOMEHTI
kputHkanbsik epy temmneparypacsl (TKET) ToH exeni xoHe OHBI apTypii (axroprap
apKBUIBI ©3TePTyTe JeTeH KhI3BIFYIIBUIBIKTEIH apTyhl Oaiikanaabl. 3epTTey HOTHXKeNepi
OOMBIHIIA, aTTBIHFAH KATHOH TUIITI THAPOTENbB/IIH TEMIIEPaTyPaNBIK 9CEPiH 3epPTTEreH/Ie
(1-cyper), comonumepiaiH OacTarkbl MOJEKyIanblk KypambiHaarsl HUITA Am-HBIH
%-BIK MOJIIIepi apTKaH CalbIH THAPOTEIbIIH (a3ablK aybICybl TP TEMIEPATYPAIIbIK
JIMara3oHia OTeTiHI aHbIKTaNIbl. by kyObuibic OypbiHna adThuiFanmai (Mun, sxoHe
1.0., 2006; Rakhmetullacva, >xone T.6., 2004), HUITAAM MakpoMOJIEKYIaChIHbIH
ruapodoOTEl  opeKeTTecylepine OalmaHbICTBI  TYCiHIIpimemi. MakpomoseKkysa
OyBIHAAPBIHBIH CaHBI apTKaH CalbIH CYTEKTIK OalaHpICTap Y3imir, THAPO(hOOTHIK
ocep kymereni. COHBIH HOTIKECIHAE, MOIUMEpAEC KOH(GOPMAMSIBIK aybICyIap
Oaiikanagsl. COHBIMEH Karap, conmonuMmepaiH KypambiHaarsl BODIDA-HbH %-AbIK
MeJIIIepi apTKaH Karaaiiia, >KUbIPbUTY aMIUTHTYACHI a3aibIl, THIPOTENbIIH (a3ablK
aybICysl e3repeni. by kyosuteic BOSIIDA-HBIH poTOHIATyBIHA OAMIaHBICTHI aTTac
3apsAATapAbIH TeOiTyl KoHE OCBHIFaH Kapama-Kapchl OCMOCTBIK KBICBIMHBIH Taiiaa
OOTyBIMEH TYCIHAIpIiTe.

AJBIHFaH CONOJMMEPiMi3 KaTMOH TUNTI OONFaHABIKTaH, ojapAblH opTypii pH
opTajia 63 KeJeMiH e3repTyiH 3€PTTEY KbI3bIFYIIBUIBIK TAHBITTHIL.

OcpbIFaH opait )kyMbIcTa rodacTanksl MoHOMepIiK Kocnagarsl HUTTAAM OybiHaaps
30 momb.% OomFaHmarsl TUAPOTENBIIH opTypii pH opTanmarsl iCiHy KHHETHKAChI
3eprTenmi. 2 (a) - CypeTTe KepceTumreHael, opTanbiH pH-bI HEeTi31eH KBIITKBUIIBIKKA
aybICKaH/a, O0acTamnkel 5-6 carar apajbIFbIH/Ia THAPOTENBIIH CATBICTHIPMalbl KOJIeMi
MaKCUMYM apKbUIbl OTIll, YaKbIT OTE J>KUBIPBUIFaHbI AaHBIKTANbI. OJ KBIIIKBLIIIBIK
opraga BODIIDA KypambIHAarbl a30T TOOBI MPOTOHIANY CaJJapbIHAH, THAPOTEIIbIC
KOCBIMIIIA iCiHy maiifa 0omybIMEH TyCiHAIpiIes.
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25 30 35 40 45 5I0 T,OC 5IS
BMK [HUTIAAM]:[BODLIDA] = 30:70 (1); 50:50 (2); 70:30 (3) mMo11.%.

Cyper 1. HUTTAAM-BODIIDA HeriziHzeri Topiapra TeMIepaTypaHbIH dcepi

bacranker monomepik kocmanarbi HUITAAM-HBIH MallbI3abIK MeIIepi apTKaH
ke3ne (2 (9)-cypeT), opTaHbIH SpTypiai pH MoHAepiHAe THIPOTEIbIiH CaTBICTRIPMAIbI
KOJEMiHIH e3repyi esremie OoNaThIHBI aHBIKTANABL. Mpeicanbl, pH=4,0 Oonranna,
rugporens OacTankpiaa (aIFaliKel 3 carar inrH/e) iCiHiM, KeHiH KaiTa KUbIPhUIFaHbI
Oaifkanapl. byt a30T TONTapbIHBIH MPOTOHIATYHI JKOHE AJIEKTPOCTATHKAIBIK TEO1CYIiH
naiga OonybIHAa OailNIaHBICTHI THAPOTEINBIIH KOJieMi YaKbIT OTe YJIFAlObIHA OKeJeli.
An pH=7,0 kxe3inae comonmMep KypambIH/Ia HOHBI EMEC COMOHOMEDP OYbIHIAPBIHBIH
OoybpiHa OaIaHBICTHI TOP CAJNBICTHIPMAJBI TYpAE KOJIEMiH a3 FaHa esrepreni. A
pH=9,0 kxe3inae epiTKIiTIiH TEPMOAMHAMUKAIBIK CATIACHIHBIH HaIllapiaybl calliapbIHaH
TTOJTUMEPIT] THAPOTEIb KUBIPBLIAIBI.
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BMK [HUITAAM]:[BOLIDA]=30:70 (a); 50:50 (a) mon.%; pH=4,0 (1); 7,0 (2); 9,0 (3).

Cyper 2. HUTTAAM-BODIIDA Herizinzeri Topiapasiy op Typii pH opTana iciHy KHHETHKACHIH 3€PTTEY

HUITAAM- BODJLDA cononumepnepinid ($HU3MKa-MEXaHUKAIbIK KacHETTEPiH
AHBIKTAy MaKCaThIH/Ia TEPMOTPABUMETPHSIIBIK TaJAay Kacalabl. TepMOrpaBUMETPHs —
Temneparypa OoibrHIIa (V =const) HeMece yakpIT (1) OoiibrHIIa (T°= const) yiriHig

JKBUIBITY
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CaJIMarblH Y3/1KCi3 OJIIEYIiH AMHAMUKAIBIK 9/ici (M30TepMUSUIBIK HEMeCe CTaTHKaJIbIK
TEPMOTPAaBUMETPHsI). TepMOrpaBUMETPHSUIBIK —Taljay TYPaKThl —aTMOCQepabiK
kbiceiMzia 50-850 °C tremneparypa apanbirbiaga 10°C/MUH KbULIaMIBIKIICH a30T T'a3bIH
KOJIZIaHA OTBIPBIN OPBIHAAJIBL.

XKympicTa GacTanksl MOHOMEPIIIK KOCHAChIHAAFbl MOHOMEPJIEPIH MOJIBIK MaibI3bI
YII TYpiai KaTblHACTa ajbIHFAH COIOJMMEpJepre TEepPMOTPaBUMETPHSIIBIK Tanjay
xacannel (3, 4-cyperrep). CyperTepie KOpCETIATeHACH CBHI3BIKTHI COMOIUMEpre
KaparaHJa TOPJbl KYPBUIBIMHBIH TE€PMOBIABIPAY KHCBHIFBI TEMIIEpaTypaHbIH >KOFaphl
aiiMarbIHa aybICATBIHBI aHBIKTAJABI JKOHE OYJI THIPOTeNb KYJIBIMBIHIAFbl KOJJICHEH
KaTKaH XUMHUSUIBIK OaiilaHBICTapBIHBIH Y31UTyiMEeH TYCIHIIpiiei.
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Cyper 3. HUTTAAM-BODBIIDA (50:50 moi. %.) Heri3iHaeri TopJibl CONOIMMEepIep/iH
TEPMOTPaBUMETPHUSITBIK TaJIAaybl
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Cypet 4. HUITAAM-BODIIDA (50:50 mon. %) HeriziHzAeri chI3bIKTHI (1) skoHE TOPIHI (2)
COMOIUMEPIIEPAiH TePMOTPABUMETPHSIIBIK TaJIay bl

HUITA AM-BOJILIDA xone 6etrik 6encenni3arrap (bb3) Herizinmeri komruiekcTepai

KypyFa OeTTiK OeJCeH i 3aTTap/blH KOHICHTAPIHUSICHIHBIH OCEpPiH 3EPTTEreH Ke3lg,
runporenepmi, Hatpuil gponericynb(areiabi (NaJl/IC) xoHIeHTpanusacsl apTKaH
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cattera ([NaJIZIC] = 5-10°, 8-10*, 2-10° M) sxoraprbl KOHIeHTpanusibl bb3-men
THIPOTENBACPIIH KOMIUIEKCTY3y KaOineTi OipeH apThill, THAPOTeib KHUBIPHUIBII,
KOHTpakuusra ymbipaiinel. OHbelH cebebi, bb3 memmepi aprkanaa, THIPOTENbIiH
MPOTOHJAJIIFAH  TONTApbIMEH  DIEKTPOCTATHKAJBIK  9pEKeTTecin, THAPO(POOTHI
OalimaHpICTaphl YT KOMIUIEKC Ty3iaeni (5- cyper).

o .
24 / \_\-H,

3 5 *

3 .
1] ‘e 2 '\_ . » 2
- /
1 <
.2 — S 3
° )
oo n:5 1.‘n 15 t;Jl n‘,z 17i4 |7I5 17‘.! III.D b v T T " T # T T T T ', caFar
y . BB D5 4B 45 2B 175 178 177 7R 178 4En

BMK [HUITAAM]:[BOLIDA] = 50:50 (a) 30:70 (2) Mmo1n1.%);
[NaIZIC] = 5-10" (1), 8-10*(2), 2103 (3) M; pH = 2,0; [TA] = 0,5% .

Cyper 5. HUTTAAM:BOOJLIDA runporeninin BA3 epitinaiciHne KoIeMIiK e3repy KHHETHKACHI

I'maporensnepnin NaJl/IC epitinuiciHae iCiHy KMHETHKACBIH 3€pTTEy OapbIChIHIA
opranblH  pH-piH  eciprenge (pH=1), HUIIAAM-BOBLSA 50:50 wmon.%
THPOTENBACPIHIH Koemaepi pH=2-MeH canbICThIpFaHa KHUbIPbIIMaid, MOHOTOH/IBI
eceTiHirin Oadikanabl (6-cypetr, 2, 3-kucbikrap). byn HUIIAAM-BODIDA
THJPOTENBACPIHIH  3apsaTapbl  OH OOJFAHIBIKTAH, KBIMIKBUIABIK OpTaga arrac
3apsATapAbIH 9CepiHeH jKaKChI iciHim, BA3-0eH KOMITIEKC )KaKChl TY3€TiHIH T/
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BMK [HUITAAM]:[BOLIDA] = 50:50 mo.%; [NaJ[JIC] = 5-10° (1), 8:10%(2), 2:10° (3) M;
pH = 1,0; [TA] = 0,5%

Cyper 6. [HUITAAM]:[BODLIDA] ruaporensain A3 epitinaicinae keaeMIiK e3repy KHHETHKACHI
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Kympicta HUTTAAM-BOSLDA ruaporensaepiniy Nall/IC-nieH spekerTecyiHiH
a71copOIUs MOHI YaKbIT OOMBIHIIIA 3epTTeNl. AJIbIHFaH MaJliMeTTepre (7-CypeT) colikec,
rugporens TopiaapelHblH Na/lJIC-nien agcopOuuMschl yakbIT ©TKEH CablH apTaipbl,
Oipak Temnepatypa 25°C-ten 40°C-ke neliiH ©CKeH caiiblH TOMEHeH Ii. by KyObUIbIC
HUITAAM-BODIIDA ruzporenbiepiHiH TeMIepaTypaHblH apTyblHa OaiIaHbICTHI
KHUBIPBUTYbIHA JKOHE KOHTPAKLMSFAa YIIbIpayblHA OalNaHBICTBI JAEN TYCIHIIpiieni.
Comnonumeprnepain Oactankbl MOHOMeEpIIK KypambiHaarsl BOOLIDA menmepi apTkan
caitbit (50 Monb % neiin) ruaporenbaepain agcoponms Kabineri ae apraasl. Mbicasl,
[HUITA Am]:[BODLIDA] = 70:30 monb % ruaporeniniz agcopouuscel 2 Toyiikre 60%-
nbl Kypaca (7(a)-cypet), [HUITAAM]:[BOSLIDA] = 50:50 moab % rumporensiepiHig
agcopobumsicel con yakpitta 70%-ra xerenmi (7(9)-cyper). Byn KyObUibIC TOpPIIBI
KypbUTbiMAarel mpotoHganarbin BOJLDA wmemmepimen >xone BA3-gpiH (OeTTik
AKTHBTI 3aTTHIH) THAPOTEIBMEH MIEKTPOCTATUKAIBIK OaiilaHbICTapbIMEH TYCIHAIpiIEesi.

%A A %

BMK [HUITAAM]:[BOBLIDA] = 70:30 (a); 50:50 () Mo1.%;
[NaJIC] = 810 M; T = 25(1), 30(2), 35(3), 37(4), 40(5)°C;[TA] = 0,5%

Cyper 7. [HUITAAM] :[ BOSLIDA] ruaporeninin BA3 epiTiHaici KaThICHIHAAFI a1COPOLUS KHHETHKACHI

AncopOuumsitanran  BA3-IbIH  TOpIIBI  THAPOTENBICPACH UIBIFYBIH — 3€pTTEY
MakcathlHIa opTypii Temmeparypanapaa NaJ[JIC-teiH cyra jecopOuusiiany
KMHETUKAChI OaKbLIaH bl bakbuiay HoTHXKeepi OolbiHIIA (8-CypeT), yaKbIT oTe Kelie
epitinaigeri Na/lJIC koHUeHTpanuscbl MOHOTOHABI TYPAE apThill, 2 Toyinikte 70-80%-
Fa JKeTel.

OpTypil TeMmIieparypajiapja JIecopOlusiiaHy KHUHETHUKAChIH 3epTTey OapbIChIH/IA
temneparypanbl 25°C-ten 40°C-ke neitin aprreipranna, NaJ[JC-tein HUITTA Awm-
BODILIDA ruaporeninen mbirybl 80%-1an 25%-fa eliiH TOMEHACUTIHI aHBIKTAJIJIbI.

BA3-npIH TOpnapaaH HIBIFYBIHBIH TeMIepaTypa apTkaH kesie azaiobl HUITAAm-
BODLDA runporenbiepiHid TeMIieparypaHbl KOTEpPreH ie KOJIEMiHiH KUBIPbUTYbIMEH
YKOHE TepMOCe3iMTalIbIFbIMEH TyciHaipiieai. CoOHpIMEH KaTtap, 0acTankbl MOHOMEPIIIK
kKocnazga nporonaanarbii BODLDA wmemmepi 30 monbs%-man  (8(a)-cyper) 50
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Monb%-ra neiin (8(b)-cyper) aprkan caiibin NaJ{JIC-tein HUITAAM-BODILIDA
ruzgporenbaepiner aecopoumscel 80%-nan 70%-ra aeiiin TeMeHae . by KyObLIbIC
HUITA AmM-BOJILIDA runporensaepiniy Na/lJIC-nieH 31eKTpoCcTaTHKAIBIK OPEKETTECY
apKbLIbl OAalIaHBICATHIHBIH JIOJICIICH/II.
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BMK [HUITAAM]:[BOBLIDA] = 70:30 (a); 50:50 (b) Mmon.%;
[NaJIC] = 810 M; T =25 (1), 30 (2), 35 (3), 37 (4), 40 (5)°C; [TA] = 0,5%

Cypert 8. NaJlI/IC epitinaiciniyg [HUTTAAM]:[BODIDA] ruaporesniHeH aecopOusiiaHy KHHETHKACHI

KopbITBIHABI

ConbiMeHn, kymbicta HUITAAM-BODILDA  comomumep renbiaepiniH  Na-
noaeumicyisparnen (Na/lJIC) oprypmi pH opranapma KOMIUIEKCTY3Yl JKOHE TY31LITreH
KOMILJICKCTEPIe TeMIIEpaTypPaHbIH dcepi 3epTTei . 3epTTey OaphIChIHAA COMOIUMEPIICD
epiTiHaiepiHiH Kpimkew1 opraga NaJl[JIC-men Oencennmi Typae KOMIUICKCTY3ETiHI
AHBIKTAJIJIBI.

ConbiMen  karap, HUIIAAM-BODILIDA  ruaporensaepinin  NaJlJIC-nien
aJ1COPOIUSUIBIK)KOHE IS COPOIIMSIIBIK 3aHIbLTBIKTApbI 3ePTTE 1. A icopOnmsuianFad BA3-
JIBIH TOPJIBI THIPOTCIIbICP/ICH LIBIFYBIH 3¢PTTEY MAKCAThIH/Ia OPTYPJIi TeMITepaTypaiapia
Na/lJIC-ThiH cyFra JaecopOLMsiaHy KHHETHKAChl OakbUIaH/bl. bakpuiay HOTHIKECIHJIE
BA3-1bIH TOpapAaH MIBIFYBI TEMIIEpAaTypa apTKaH CalbIH a3asThIHIBIFBI AHBIKTAJIIbL.
Byn kyosuisic HUTTAAM-BODIIDA ruaporeibaepiHiH TeMIeparypa KeTepuUIreH e
KOJIEMiHIH KHBIPBLTYBIMEH KOHE OJap/IbIH TEPMOCE3IMTAIIBIFBIMEH TYCIHAIPLIE/.
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Abstract. Currently, polymer-based wound dressingsare effective dosage forms, which
accelerate wound healing, can prevent penetration of microorganisms, possess sufficient
air permeability, elasticity, absence of allergic effects. The aim of work is to synthesize
hydrogel dressings, based on the crosslinked copolymers of N-vinylcaprolactam,
2-hydroxyethylacrylate and polyvinyl alcohol, with of CuO (II) nanoparticles; to study
their main characteristics. Hydrogel dressings were obtained by crosslinking using
radiation. Main physico-mechanical and bacteriostatic properties were studied using IR
spectroscopic and gravimetric analysis methods, as well as mechanical property testing
and the diffusion method to determine bacteriostatic activity. Hydrogel dressings based
on PVA-HEA:NVCL of various compositions were obtained. It was found that with a
decrease in the concentration of CuO (II) nanoparticles in the composition of dressings,
the gel yield increases. At the concentration of nanoparticles of 0.075%, the maximum
degree of swelling in water (4.19 g/g) and saline (4.14 g/g) is observed. It has been
established that with an increase in the concentration of nanoparticles, the strain limit
decreases, the mechanical properties are due to an increase in the hydrogel crosslink
density. Samples of dressings with a concentration of nanoparticles of 0.1% have a
slight bacteriostatic effect against the test strain of Escherichia coli and Staphylococcus
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aureus in comparison with the control sample; the inhibition zone averaged 12+1 mm.
It has been established that hydrogel dressings with a ratio of PVA-HEA:NVCL =
60-20:20 and 60-30:10 mol.% with a concentration of nanoparticles of 0.1% have no
significant bacteriostatic effect.

Keywords: hydrogel dressings, 2-hydroxyethyl acrylate, N-vinylcaprolactam,
polyvinyl alcohol, radiation exposure, copper oxide nanoparticles, bacteriostatic effect.
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Annoramusi. Kasipri yakplTTa momuMmep HETI3iHAErT TaHFBILITApPhl YKapaHbIH
Ka3bUTyBIH TE3AETETiH, MUKPOOPTaHU3MIICpAIH €HyiHe >xoi OepMeyre KabijerTi,
KETKITIKT] aya OTKi3TiIITIriMEeH, CepImiMIUIIrIMEH XoHE aJUIePTHsUIBIK ocepiiepi JKOK
THiMAL 1opinik (opmanap Gonbin TaObuIagel. OChl KYHTe ACHiH OapiiblK TalamnTapra
cail monmuMepii TaHFbIN anbiHOaraH. byn skymbicThiH Makcarel MbIc (II) okcnainin
HAaHOOOJIIEKTEPiH KOCY apKbUIBI TOJUBHHMI CIOUPTIMEH N-BHHMJIKAIIPOJIAKTaM
MeH 2-THJIPOKCHATHIAKPUIATTBIH COTOJIMMEpIIEpl HETi3iHAe THAPOTeNbai TaHFBIII
MarepuangapAbl CHUHTE3[eYy JKOHE OJapAblH KacHeTTepiH 3epTrey. [uaporenbai
TaHFBIIITAp paJUalMsIIBIK COYIEJICHYAI KOJJaHa OTBIPBIN, TOTY OIiCi apKbUIbI
anbiHAbl.  OnmapAplH — HETi3ri  (HU3MKa-MEXaHUKANBIK JKOHE OaKTepHOCTaTHKAaJIBIK
Kacuerrepi 3eprrengi. ©Op Typai Kypamaarel [IBC-I'DA:NBKJI  Herizinzeri
THIPOTENIbAl TAHFBILTAP aNbIHBL. TaHFBIITApABIH KypaMbiHaars! Mbic (1) okcuainig
HaHOOOJIIEKTEPiHiH KOHICHTPALUICHIHBIH TOMCHJCYIMEH TeJlb IIBIFBIM apTaThIHBI
anbikTanael. HanoOemmekrepai 0.075% konnenTpanusceiga cyna (4.19 r/r) xoHe
¢usnonorusibik epitiaiae (4.14 1/r) iciHymiH MakCUMAaIIbl JIopexeci OalKalajbl.
Mpic (II) okcuaiHiH HaHOOONIIEKTEpPiHIH KOHUEHTPALMSICHIHBIH IKOFapbUIaybIMEH
nedopManys Imeri, COHAal-aK THAPOTENbAIH TIrUTy TBIFBI3IBIFBIHBIH KOFapblUIaybIHa
0aifIaHBICTHl MEXAHUKAJIBIK KAaCUETTEPl TOMEHJEHTIHI aHbIKTanbl. HaHoOemmiekrep
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koHuentpauusicsl 0.1% OGonarein TanFbim yariaepi moic (II) oxkenai HaHoOemmexrepi
KOK Oakpulay YiATiciMeH canblcTeipranna Escherichia coli xone Staphylococcus
aureus ChIHAK IITaMMbIHA KATBICTHI HIaMaslbl OaKTEPUOCTAaTHKAJBIK acepre ue, dacy
aiimarel opta ecenmneH 12+1 mm kypansl. [IBC-I'DA:NBKIJI = 60-20:20 sxone 60-
30:10 karpiHackiHga Mbic (II) oxcunmi HaHoOemmiektepiHiH KoHIeHTparwmschl 0.1%
OOJIaThIH THIPOTENbl TAHFBIIITAPABIH HIaMalIbl OaKTEPHOCTATHUKAIIBIK dcepi Oap eKeHi
QHBIKTAJIJIBI.

Tyiiin ce3mep: rumporenbJi TaHFBIII MaTepuUangap, 2-THIPOKCHITHI aKpHUIIAT,
N-BUHMJIKANIPOJIAKTaM, TOJUBHHUI CITUPTi, paAUALHSIIBIK COYICHAIPY, MBIC OKCHUIIHIH
HaHOOeIIeKTepi, 0aKTEePHOCTaTHKAIBIK 3Cepi.
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AHHoTammsa. B Hacrosiee Bpemsi paHeBble TOBA3KM Ha IOJUMEPHOM OCHOBE
SBISIFOTCA  D(QPEKTUBHBIMH JIEKAPCTBEHHBIMH (HOPMAMHU  YCKODSIOLIME 3a)KUBJICHHUE
paH, crnocoOHblEe MPEeNoTBpalIaTh NPOHUKHOBEHHE MUKPOOPTaHH3MOB, 00JaJarolue
JIOCTaTOYHOH MPOHHUIIAEMOCTBIO JJII BO3AYXd, AJIACTUYHOCTHIO M OTCYTCTBHEM
alneprudeckux JedctBuil. K HacTosiieMy BpeMEeHHM Tak W HE MOJIyYWUIM PAHEBYIO
MOBA3KY, OTBEYAIOLIYI0 BCEM TNpEAbSIBIsEMBIM TpeboBaHusM. [lenvio OanHouU
pabomvl SBISAETCSI CUHTE3 TUAPOTENIEBBIX MOBS30K HA OCHOBE CIIUTHIX COIMOJIMMEPOB
N-BUHMJIKANpoJakTamMa - 2-TUAPOKCHITHIIAKPHUIIATA C IOJMBHHUIOBBIM CIIUPTOM C
nobasnenrneM HanouacTul okcnaa meau (1) 1 u3ydenne ux OCHOBHBIX XapaKTEPUCTHK.
I'maporeneBbie MOBSI3KHU MMOTy4YaIl METOJIOM CIIMBKH C UCTIOJI30BAHUEM PAIUALIMOHHOTO
nznyuenus. iccnenoBanbl MX 0CHOBHBIE (PU3MKO-MEXaHHUECKUE 1 OaKTEpUOCTaTHIECKHE
cBoiictBa ¢ mnomouplo MK-crnekrpockonuueckoro, rpaBUMETPUUECKOTO METOJ0B
aHaliM3a, a TaKXKe WCIBITAHWH MEXaHWYeCKHX CBOHCTB M auddy3HOro meroma s
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orpeeneHns OaKTepruoCcTaTHIecKoro aecTBus. llomyueHsl rumporeneBbie MOBsI3KU Ha
ocnose [IBC-I"'2A: NBKIJI paznmuunoro cocraBa. OOHapyKeHO, YTO C YMEHbIIEHHEM
koHuenTpaunu Hanodactul, CuO (II) B cocTaBe MOBS30K, refib BBIXOJ YBETHUMBACTCSL.
[Ipu xonuentpamuu Hanouactun 0.075 % HaOnromaeTcss MakcHUMajbHasi CTENEHb
HaOyxaHus B Bone (4.19 r/r) u ¢usuonorndeckom pacrsope (4.14 r/r). YcTaHOBICHO,
YTO C yBenuueHueMm KoHueHTpaumu Hanoudactun CuO (II), ymenbmiaercss mpenen
negopMalnyy, a TakKe MEXaHHMYECKHEe CBOHCTBA, YTO OOYCJIOBJIECHO IMOBBIIICHUEM
IUIOTHOCTU CIIMBKHU rujaporens. OOpas3ubl MOBS30K C KOHIEHTpAalMeHd HaHOYACTHIL
0.1%, obnagaroT He3HAUYUTEIBHBIM OAKTEPUOCTATHYECKUM JIEHCTBUEM B OTHOLLCHHU
tecT-mramma Escherichia coli n Staphylococcus aureus B cpaBHEHHH ¢ KOHTPOJIBHBIM
obpasuoM 6e3 HaHnouacTul okcuaa meau (1), 30Ha momaBiIeHUs cocTaBuia B CpeHEM
12+1 MM. YCTaHOBJIEHO, YTO T'MJpOreieBble MOBS3KU Hpu cooTHomeHuulIBC-I'DA:
NBKIJI = 60-20:20 u 60-30:10 monp% c koHrenrpanuein Hanouactury CuO (I11) 0.1%,
00J1a/1al0T He3HAYUTEIBHBIM OaKTEPUOCTaTHYECKUM JCHCTBUEM.

KioueBble  cioBa:  TUApOTeNeBbIE  MOBS3KH,  2-THIPOKCHATHIIAKPUIIAT,
N-BUHMJIKANIpOJIaKTaM, IOJMBUHMJIOBBIA  CIIUPT, paJdaldoOHHOE  OOIy4eHue,
Hanouactuisl okeuaa meau (1), 6akrepuocraTnyeckoe qeicTBUE.

Beenenne

B mnacrosmiee BpeMs paHEBble IOBSI3KM Ha IOJMMEPHON OCHOBE SIBISIOTCS
3G PEKTUBHBIMU  JIEKAPCTBEHHBIMH ~ ()OPMaMHU  YCKOPSIOIIME 3aKUBICHHE paH,
CIOCOOHBIE MPEeNOTBPAIlaTh MNPOHUKHOBEHHE MHUKPOOPTaHM3MOB, OONafarole
JIOCTAaTOYHOH MPOHMIIAEMOCTBIO JJII BO3AYyXd, JJIACTUYHOCTHIO M OTCYTCTBHUEM
amepruueckux neiicruil (Jleronbkoa, np., 2015). DkcruryaTtanMOHHBIE CBOMCTBa
CUHTETUYECKUX MOJUMEPHBIX TOBA30K OMNpPEAEISAIOTCS TOJMMEPHON OCHOBOM,
a TepaneBTUYECKHE — MPaBUIBHO NOAOOPaHHBIM JIEKAPCTBEHHBIM BEIIECTBOM
(Maxkapenko, np., 2016). K HacTosmeMy BpeMEHU HE MOJYyYWJIH PAHEBYIO MOBS3KY,
OTBEUAIOIYI0O BCEM MPEABSABIIEMBIM TPeOOBaHHMSM. B CBS3U C 4YeM, HMCCIIEAOBaHUS
B 00JlacTH CO3JaHMsl M M3yYeHHsS CBOWCTB paHEBBIX IOBS30K SIBISIOTCS BechMa
akTyanpHbeIMH. B pabdorte (Kamoun, et al, 2017) moBsi3ku Ha OCHOBE MONMBUHUIOBOTO
cnupra — noiuBuHUINUpponuaona (IIBII), cmmTeie paaManoOHHBIM H3TYYEHUEM,
YIAyYLIAI0T 3aIMTHYIO (PYHKIUIO IIOKPOBA KOXKH U 3alIMIIAI0T OT Pa3IMYHBIX MUKPOOOB.
[TonMBUHWIOBBI CIUPT HMMEET XOPOIIYyI0 OHOCOBMECTUMOCTb M MEXaHHYECKHE
CBOMCTBA, YTO MO3BOJIAT IIMPOKO IPUMEHSTH €r0 B OMOMETUIIMHCKUX 1IETISIX B KAUYECTBE
MaTPUIBI U1 THAPOTEIEBBIX MOBSI30K.

WHTepecHbIM C TOUKH 3peHMsI IPUMEHEHHSI B Ka4eCTBE OJTMMEPHON OCHOBBI IBIISIETCS
HCTIOJIb30BAHUE COTONMMEPOB Ha ocHOBe N-BuHmiIKamponaktama (NBKJI), mmpoko
UCIONB3yrIuXcss B pasnuuHbix cdepax (Cortez-Lemus, et al, 2016). Cononumepsl
Ha ocHoBe NBKIJI Omaromapsi X JOCTYMHOCTH M LEHHBIM (U3IUKO-XUMHUYECKHM H
OMOJOrMYECKUM CBOMCTBAM sBIAIOTCS 3HaUMMBIMU (Sofia, et al, 2015). /lobaBnenue k
NBKJI nHebomnbiioro konuuectsa (20-25 monb %) Oosiee runpouiIbHOr0 COMOHOMEPa
yBEJIMUUBAET TEPMOUYBCTBUTENBHOCTL noiumMepa (Popkov, et al, 2007). B kauectse
COMOJMMEPa MOXKHO MCIIONIB30BaTh 2-ruapokcudTiiaakpuwiat (IDA) - ruapodunbHbIi
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MOHOMED, HMIMPOKO HCToNb3yeMblil B Meauuuue (Aguilar, et al, 2014). Onnaxo, DA
HE SIBJISIETCSI TEPMOUYYBCTBHUTEIBHBIM IOJMMEPOM, YTO CO3JaeT OTPaHUYEHHSI B €r0
npuMeHeHuH. J{aHHBII HETOCTAaTOK MpeoposieBaeTCsl MmyTeM monuMmepusanuun DA ¢
ruapodoOoHbIME MoHOMepaMu TakuMu kKak NBKJI unu Oytunaxpunat (Khutoryanskaya,
et al, 2008). Tax B padote (Sawpan, et al, 2002) moay4eHbl THAPOTEIH U3 COMOIUMEPOB
'S A uruapoxkcunponuiIakpuiara B BOZHOM PaCTBOPE METOIOM PaIUallMOHHOM CIIUBKH,
IJe TONyYeHHbIE MOBA3KM TMOKa3ajW YIydlleHHble (u3ndeckrne M MeXaHHYEeCKHe
CBOMCTBA.

C yBenuyeHneM HHQEKIUH BOKPYT, PacTeT MOTPEOHOCTh CO3JaHMs HOBBIX H
3G PEKTUBHBIX aHTUOAKTEPUAIBHBIX CPEICTB, K IPUMEPY MCIIOIb30BaHNE HAHOYACTHII
(HY) 30n0Ta, Meau, nuHKa, cepedpa 1 OKCH0B METAJLIOB (OKCHIa MM, OKCHA [INHKA)
OTKPBIBACT IUPOKUE BO3MOXKHOCTHU (Zhou, etal, 2011). B uccnenosanuu (Liu, etal,2012)
nokazano npumenenne HY nunka (ZnO) B NHUIIEBOH MPOMBIIUIEHHOCTH, ONPEAEICHO
3¢ PeKTBHOE MHTUOUPOBaHNE PAa3MHOKEHHS OaKTEpUU TPU MCIOJIb30BAaHUU JAaHHBIX
HY. B paGore (Jadhav, et al, 2011) mokazaHa 3aBHCHMOCTh aHTHOAKTEPUAIBHBIX
coiictB Cu ot auamerpa HY cuHTE3MpOBaHHBIX pa3HBIMHU CIIOCOOAaMU, BBISCHUIIOCH,
YTO pazMmepsl B 5-10 HM ZOCTATOYHBI Il aHTHOAKTEPHATIbHBIX CBOMCTB MPOSBIISIEMBIX
Hanouactuamu. HY cepeOpa mposBIAIOT OrpaHUYEHHOE ACHCTBHE K HEKOTOPBIM
IPaMIIONIOKHUTENIBHBIM U FpaMOTpULaTeNIbHbIM O0akTepusim, B omtmune ot HY CuO (II)
(Wu, et al, 2014).

Lenbto nanHON paOOTHI SBISETCS CHHTE3 THIPOTEIIEBBIX MTOBSI30K HA OCHOBE CIIUTBIX
conojauMepoB N-BUHMIIKANPOJIAKTaMa - 2-THAPOKCUITHIIAKPWIIATA C MOJTUBHHUIOBBIM
CIHPTOM C JoOaBieHHeM HaHowacTHl okcuaa Menu (II) m m3ydeHwe MX OCHOBHBIX
xapakrepuctuk. Jlo6asnenne nHaHowactun CuO (II) oOycnoBneHo mnposiBiIeHUEM
aHTHOaKTepUaNbHONW aKTUBHOCTHU Yy ocneanux (Miao, et al, 2016).

MarepuaJjibl 1 METOAbI

Ucxoonvie mamepuanvr: HU oxcupna neyxsanentHor meau (CuO) (Sigma-Aldrich);
NBKIJIc copepkannem ocrnoBHoro npoaykra 98 % (NBKJI; Sigma-Aldrich); 2-I'DA ¢
cojiepKaHueM 0CHOBHOTO NpoaykTa 96 % (I'DA; SigmaAldrich); [IBC (Sigma-Aldrich)
¢ MM=145000 (Merck) crenens rumponusa 98 %, ocTaro4HOE COEPIKaHUE alleTaTHBIX
rpynn 3.0-13.0; HAK (98%, Sigma-Aldrich) ucnonbs3oBaiiv 06e3 AOMOTHUTEIHHON
OYMCTKH.

Cunmes cuopoeenesvbix noes3ok. ['MaporeneBbie MOBSI3KA TOIYYalld METOIOM
CIIMBKH C HCIOJb30BAHUEM PAJMALMOHHOTO W3Iy4yeHUs. JIMHEHHbIE COMOIUMEphI
'S A-NBKJI 6bU1M CHHTE3UPOBaHBI METOJIOM CBOOOTHO-PAIUKAIBHOM MOJUMEPU3aLIAN
B CIIUPTOBOM PAcTBOPE (CMECHh U30TPOIHIOBOTO U 3TUiI0BOTO criupta (1:1)). B kauecTse
BEIICCTBEHHOTO MHUIMATOPA UCIIOIB30BAIHU - IMHUTPHUI a300MCH30MACIISTHOW KUCITOTHI
(IAK). Hanee npoBoauiach peakuus CUHTE3UpoBaHHBIX comnoiumepos ¢ [IBC. [Ins
3TOrO OblIIa IPUTOTOBJICHA PEaKIIMOHHASI CMECh, COCTOSIIAsI U3 BOAHBIX pacTBOpoB [IBC,
coronmMmepa 1 arap-arapa. CMech pa3MelinBaiiy, NOCTEIIEHHO J100aBIss BCE UCXOIHBIC
COCTaBHBIC YaCTH, JIO OJHOPOJHON Macchl. Jlajmee MmomydeHHYIO CMECh pa3jiMBalid B
MOJIUATHIICHOBBIE eMKocTh. J{00aBisuin B eMKOCTH HaHowyacTuilbl okcunma menu (II).
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[locne momemianu B ynbTpa3BykoByro BaHHY («Bandelin DT 255 Hy», I'epmanus) mns
PaBHOMEPHOTO pAaclpeAeCHUs HAHOYACTHI[ MO CMeCH. [loNMATHICHOBBIE €MKOCTH
TepPMETHYHO 3aKpPbIBAIUCH, 3aTE€M OTIPABIISUIMCH HA PAIHallOHHYI0 yCTaHOBKY «JIB-
4 nust oOydeHusl.

Duszuxo-xumudeckue 1 Mexanuyeckue memoouvt ananuza noaumepog. UK - cekrpbl
peructpuposainuchk Ha K cnekrpomerpe «PerkinElmer Spectrum 65 FT-IR» B o6nactu
400-4000cM™! B BOTHOM PacTBODE.

['enb-BBIXOM TIONMMMeEpa OTIPENEISIICS MyTeM OTMBIBKM 00pasiia moimMepa B Bojie B
TEUeHHe HECKOJBbKHUX AHEH. BhIXon renb-pakuum paccuuThIBACTCS MOCIE TOTO, Kak
BBICYIIMIIM 00pa3zel] J0 IMOCTOSIHHOTO Beca B BaKyyMHO-CyHIMJIbHOM mikady (mkad
BakyyMHO-cymmibHBIN « BINDER VD 53», I'epmanmus).

Kunernky HaOyxaHus THIpOTenei n3ydanu MmeTofroM rpasuMerpun. [ IpenBapurensHo
B3BELICHHBIE CyXHe TMAPOreiH (Kpymible oOpasiusl Kpyrioi ¢opmbl d=1 cM maccoit
~0.02-0.08 r) momenianu B IUCTWUIMPOBAHHYIO Boay M m3oToHmUeckuit 0.9 macc. %
-ue1i pactBop NaCl.

Memoo ucnvimanus Ha pacmsicenue. J{nst ICTIBITaHUS HA Pa3pPhIB TOTOTABINBAIHICH
oOpasipl uHOM He Oosiee 120 mwm, mmpuaod 10 MM, TommuHOM SMM. HcnbiTanue
MIPOBOAMIIOCH HA YHUBEpCAIbHOU HcIbITaTebHON MamuHe « Tinius Olsen 10ST».

Onpeoenenue anmumukpoobnot axkmusnocmu. OTpeneneHne aHTHMHKPOOHOMN
AKTUBHOCTU OCYIIECTBISUIA AUCKO-TU(PPY3HOHHBIM METOIIOM, COIIACHO METOJIHKE
(Weinstein, et al, 2010).

Pe3yabTarbl U 00CyKIeHUE

B nmanHo#i paGoTe CHHTE3MPOBaHBI T'MIAPOTENIEBBIC IMOBSI3KM HAa OCHOBE CIIUTBIX
COTIOJIUMEPOB 2-THAPOKCUATUIaKpUiIaTa-N-BUHHIKAIpoJakTaMa Ha TMOJIMBUHUIIOBBIIN
CIHUPT.

B pabore cuHTE3MpOBaH psiA THUAPOTENEBBIX MOJIMMEPHBIX MaTEepUajoB Ha
ocHoe [IBC-I'DA:NBKIJI ¢ Hanowactuniamu oxcuna menu (II) pasmudnoro cocrasa.
Bapruposanoces cootHomenue cononumepoB I'9A n NBKIJI, a taxke koHLEHTpauus
HaHOYACTHUI[ B cocTaBe MOBs3KU. COCTaB CHHTE3WPOBAHHBIX MOBS30K MPEACTABICH B
tadmume 1. st momydeHus moBsi3ok pazmmuHoro cocraBa [IBC-I'DA:NBKII, mmst
KOTOPBIX OIPEICIICHbI CTeNEeHb Ha0yXaHHUsl, BBIXOA I'eldb-(hPaKLUU THAPOTENs, Ipeie
MIPOYHOCTH IIPH PACTSHKEHUH, MOAYNb FOHra 1 6akTepuocraTndeckoe IeCTBHE.

B HUK-cniekTpax cHHTE3UpOBaHHBIX TOBSI30K HAOMIONAINCH MOJOCH TIOTJIONICHHUS B
obmactu 2900, 1200 u 800 cm™!, xapakTepHbIe s Kojebanmii aaudaTHIecKuX TPYIIT
-CH, -CH2 u C-O rpynn [1BC, cootBerctBeHHO. [Trk B 061acTi 3300 cM™! mpuHaAIeKHUT
-OH rpymme TIBC. Takxe wHMEHOTCS WHTCHCUBHBIC KoJeOaHUS KapOOHWIBHOM
rpynmnsl, xapakrepusie aast NBKJI u I'DA npu 1600 u 1700 cm'. Hanuuue rpymiisi
TUAPOKCUATIIIOBOTO dupa 'SA OBUIO TOATBEPKICHO HAWYIHEM CEPUU IBOWHBIX
nukoB kojiebanun C-O u C-O-C B obmactu 1100 u 1000 cm™!, cootBeTcTBeHHO. [IpHruem
ymeHblenue coaepkanns NBKJI B ncxoqHol cMecH MPUBOAUT K YBEIHYEHHUIO BEICOTHI
MUKa moromenus 3pupHoi rpynmsl [JA. B To ke BpeMsi HaOmomaeTcst cMeleHne
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CIIEKTpa MOMIOIICHHUS KapOOHMIbHOM Tpymiisl ¢ 1600 10 1550 cm' 1 amuaHOM TPy
¢ 1500 no 1430 cm™.

B pabore nns modydeHHBIX MOBS30K paznuuyHoro cocraa [IBC-I'DA:NBKII
OIIpelieNieH BBIXOJ refib-ppakiuuu ruaporens. [lo gaHHBIM renb BbIXOAa HaOMOgaeTCs
ero MakcumaipHoe 3HaueHue ans ruzaporens [IBC-I'DA:NBKJI=60-30:10%, paBHoe
7.62%. YcTaHOBIIEHO, YTO C YBEITMUYEHUEM KOHIeHTpauu HaHouacTull CuO B cocTaBe
MOBSA30K, T'eJlb BBIXOJ YMEHBILIAETCS. DTO CBSI3aHO C TEM, YTO PEaKIIMOHHOCIIOCOOHOCTD
[IBC ¢ nmuHelHBIMU COTIOIMMEpaMH TOHM)KAETCsI BCISACTBUE 00pa30BaHMs KOMILIEKCa
Mexay ¢yHkmuoHanbHbiME Tpynmnamu [IBC ¢ wHanouactumamu CuO (II), yto
MPEISITCTBYET 00pa30BaHHIO THAPOTEs.

W3 naHHBIX, NpeACTaBIEHHBIX B TaOnmuie | BHUIAHO, YTO pPaBHOBECHAs CTEICHb
HaOyxaHusl JOCTUraeTcs Mo ucredeHuio 24 4. OqHako, 3HaYEHUE CTEIICHH HaOyXaHHS
cwibHO 3aBUCAT 0T KoHHeHTpauuu HY CuO. Tak mpu KOHUEHTpaluud HaHOYACTHI
0.075% nabmromaeTcst MaKCUMalbHasi CTENIEHb HA0yXaHusl B BOAC U (PU3MOIOTUIECKOM
pactBope, paBHas 4.19 u 4.14 1/, B To BpeMsi Kak JUIsl MOBA30K C KOHLEHTpauuei
"anouacturl 0.15% o = 3.2 u 3.42 /T, COOTBETCTBEHHO.

Tabmuma 1 — OCHOBHBIC XapaKTEPUCTUKH T'HAPOTEIIEBEIX MOBsI30K Ha ocHoBe [IBC-I'DA:NBKII (1pn
no3e obmydenus 40 xI'p) ¢ HaHOUACTHIAMU OKCH/IA MEITI

Cocras Tenp o, T/T /T
noss3ki [[TBC- CuO BBIXO ( I/ICTI/IJ'IJ';H OBaHHAs (I/I30T(()xl;nq KU Yananenne, | Monyne
FOANBKI, |~ (O/)Z‘ A . 2) o e; % [Onra
MOJIb. %0 ’ ’ o pacTBop
0 6.5 2.2 2.1 101 0.0802
60-10:30 0.075 4.1 2.0 2.2 102 0.091
0.1 4.0 1.7 2.0 100 0.0798
0.15 4.2 1.5 1.8 94 0.0763
0 6.8 2.56 2.52 104 0.0879
60-20:20 0.075 4.2 2.73 2.48 127 0.114
0.1 4.1 2.62 2.63 99,9 0.123
0.15 4.7 2.93 2.69 120 0.113
0 7.6 43 4.33 133 0.0998
60-30:10 0.075 6.7 4.19 4.14 115 0.119
0.1 5.5 3.91 3.71 115 0.0985
0.15 4.8 3.2 3.42 122 0.0941

st CUHTE3UPOBAHHBIX TOBSI30K H3YYCHBI MEXaHHUUECKHE CBONCTBA — Tpeel
MPOYHOCTH HA PACTSHKCHHE, MOAYIh YHPYTOCTH M MAaKCUMAIbHOE YUIMHCHHE IPU
pacTsbkeHur. Ha 0CHOBaHMY 3KCTIEPUMEHTAIBHBIX JJAHHBIX, IPEICTABJICHHBIX B TAOJIHIIC
1, MO>XKHO CJIeNIaTh BBIBOI, UTO B3aUMOACHCTBHS MEX Ty MaKpoMoieKynamu [ DA urparot
pOJIb TOTIOTHUTENBHBIX Y3JI0B B CTPYKTYpE MaTepHaia, YTO U BBI3HIBACT MOBBIIICHUE
MIPOYHOCTHBIX XapaKTEPUCTUK 00pa3IloB THIPOTEICBBIX MOBsA30K. Habmromaercs, 4yto ¢
yBEJIMYCHHEM KOHIIeHTparuu HaHodactul] CuO, yMeHbIaeTcsi mpesel JaehopMaliuy.
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[Tosszka cocraBa [IBC-I'DA:NBKJI=60-30:10 mMonb.%, nmoka3bplBaeT yIJIMHEHHE TPU
pactsbkeHnn a0 133%. Takue MexaHWYecKHe CBOWCTBA OOYCIOBJICHBI, BEPOSITHO,
MOBBIILICHHEM TIOTHOCTH CHIMBKH TUAPOTENS.

B Tabnune 2 npencraBieHbl pe3yAbTaTbl aHTUMUKPOOHOH aKTUBHO CTH THAPOTENEBBIX
MOBA30K C HaHOYACTHLAMH Meau B oTHoweHuu Escherichia coli ATCC 8739 nu
Staphylococcus aureus ATCC 6538-p nonydeHHbie TUCKO-TU(D(HY3HOHHBIM METOIOM.

Tabnuma 2 — bakteprocraruueckoe IefcTBHE THAPOTENEeBEIX MOBsA30K Ha ocHOoBe [IBC-I'DA:NBKIJI ¢
nanovactunamu CuO (I1)

[IBC-I'DA: NBKJI], mosb.%

HItamMMbl MEKPOOPIaHU3MOB 60-10:30 60-20:20 60-30:10
6/m)* [ 0.10% | 6/m)* | 0.10% | @m)*|[ 0.10%
30Ha MOAABJICHUSI, MM

Amnuyuniun

Escherichia coli ATCC 8739 | 60 | 620 6+0 12+1 6+0 ]9.33+0.57 27+1
Pe3yflbmam y** y** y** LI*** y** LI*** LI***
Slaphylowzcs'gssfgre”s ATCC 600 | 620 | 60 [13.332057| 60 | 1241 4521
Pe3yﬂbmam y** y** y** [I*** y** q*** q***

* 6/u — 6e3 nanoyactuiy CuO (II), ** "V" — ycroituus, *** "4" — qyBcTBUTENICH

Ydyer pe3ynpTaToB MPOBOMWICS IYyTEM BHU3YalIbHON OIEHKH TNPUCYTCTBUS WIIH
OTCYTCTBHUS 30HBI yTHETEHHUS POCTA TECT-IIITaMMa B MPO0ax, B CPAaBHEHUH C KOHTPOJIBHBIM
o0OpasrioM (UTarenbHas cpenia ¢ TeCT-IITaMMoM Oe3 Mpernapara) U B OJI0KHUTEITHHOM
KOHTpoOJIe (C aMmUILTHHOM). M3 maHHBIX TaOnuibel 2 BUIHO, 9T0 0Opasisl 60-20:20
n 60-30:10 monb.% c koHueHTpanueit HaHowyactull 0.1%, o0nagarT He3HAYUTEITHHBIM
0aKTepUOCTaTHUECKUM JACHCTBUEM B OTHOIIIEHUH TecT-mTamma Escherichia coli ATCC
8739 u Staphylococcus aureus ATCC 6538-p B cpaBHEHHHU ¢ KOHTPOJIBHBIM 00pa3LioM
0e3 HaHowacTull Meau (0/H), 30Ha MOIaBIeHHS COcTaBmia B cpeareM 12+1 mm. OgHaKo
B CpaBHEHUH C IOJOXHUTEIHHBIM KOHTPOJEM (aMITMIMIIMHOM), OIBITHBIE O0pa3Ilbl
resneii ¢ HaHoyacTuuaMu CuO BBICOKOI aKTUBHOCTBIO HE 001a1ar0T (PUCYHOK 1).

[HY] = 0.1%; [TIBC-I'2A: NBKJI] = 60-30:10 mo116.% (a, 0);
[IBC-I'DA: NBKJI] = 60-20:20 mo:156.% (B,T)

Puc. 1. Pe3ysbraThl aHTUMUKPOOHOM aKTUBHOCTH THAPOTEIEBbIX MOBSI30K
B oTHoIeHun Escherichiacoli (a, B) u Staphylococcusaureus (0,r)
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3akarouenne

[HomyuensirnaporenessienoBsasknHaocHOBE [ IBC-I'DA:NBKJIpa3znuuHorococrasa.
CocraB TuaporeneBbiX MOBA30K ObUT ompeneneH ¢ momomnibio MK-cnekrpockonum.
OU3HKO-XMMHUYECKHE XapaKTEPUCTUKKA MOBA30K H3Y4YalUCh C IOMOIIBIO (HU3UKO-
XMUMUYECKUX METOMIOB ONpEJesICHHsI 30Jb-Tellb BHIXOAA, KHHETUKH HAOyXaHUsl, TaKkKe
ObUTM U3YYEeHBI MEXaHHMUYECKUE CBOICTBA U OakTepuocTarniueckoe aeiictsue. OOpasisl
MOBA30K ¢ KoHueHTpanued HaHodacTul 0.1%, oOmamaroT OakTepHOCTaTHYECKUM
JICHCTBHEM B OTHOIICHUH TeCT-mTamma Escherichia coli w Staphylococcus aureus.
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Abstract. Decarbonization, as a systemic problem for Kazakhstan, is becoming
increasingly urgent. The Republic ranks 64" in the ranking of countries with the worst
air pollution index. The share of harmful emissions from industrial enterprises exceeds
85%. In 2020, the Ministry of Ecology cited data that a total of more than 2.5 million
tons of waste are emitted into the air each year. This figure increases by 100 thousand
tons annually.

One of the main sources of air pollution are energy generating enterprises.
In Kazakhstan, ~75% of electricity is generated from coal and oil products. The
consequences of using coal as an energy source are most severe. During its burning,
nitrogen- and sulfur-containing oxides, volatile organic compounds, ash, dust and CO,,
as well as metals are released, dispersing over large areas.

Decarbonization technology as a process can be greatly complicated by the presence
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of the above components in the flue gases. Therefore, preliminary treatment is necessary,
since no sorbent or membrane for CO, extraction can withstand long-term “pressure”
from dust particles and toxic impurities.

At the same time, the installation of gas cleaning systems, including those using
catalytic modules in flue gas ducts (pipes) of industrial enterprises, is associated with
certain difficulties associated with changes in the strength characteristics of flue gas
ducts and an increase in the gas-dynamic resistance for exhaust gases inside them.

This work is devoted to solving this problem by using a universal fastening unit
for installing catalytic neutralization modules in industrial smoke exhausts during
preliminary treatment of flue gases in decarbonization technology. The work describes
the design of the universal fastening unit and provides its diagram.

Keywords: decarbonization, gas treatment, catalysis, fastening unit
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Annoranus. [lexapOoonmsauus Kazakcran yimiH Kyieni mocene peTiHAe ©3eKTi
Oona Tycyne. PecryOnuka ayaHblH JacTaHy WHAEKCI Hamap ejijiep peuTuHrinae 64-mi
OpBIH/A TYP. OHEPKICINTIK KOCIMOPBIHAAPAAH 3USHIBI 3aTTap IIBIFAPBIHABLIAPBIHBIH
yiieci 85% - nan acazapl. 2020 KbUTbI DKOIOTHS MUHUCTPIIIT KBUT CalibIH ayara 2,5 MITH.
TOHHAJIaH acTaM KaJJbIK LIBIFapbUIAThIHEI Typallbl iepekTep kenTipai. bym kepcerkinn
Kb caiibiH 100 MBIH TOHHaFa apThII K/,

196



Volume 4, Number 461 (2024)

ATMocdepanbl TacTayablH HEeTi3r1 Ke3AepiHiH 0ipi SHEpIys OHAIPYILi KOCIMOPBIHAAP.
Kazakcranna snexTp SHEpPrusicblHbIH ~ 75%-bl KeMip MEH MyHall eHIMIepiHeH
enzipineni. Kemipai sHeprus taceiManiaylibl peTiHAE MaiIanaHyIblH cangapbl €H
ayblp Oonbin TaObutaabl. OHBI JKaFy Ke3iHJe a30T MeH KYKipTi 0ap oKcuATep, yiima
OpraHMKaJbIK KOCBUIBICTAP, KYJI, IaH xoHe CO,, cConaii-aK YJIKeH ayMaKTapra Tapairybl
MYMKIiH MeTasnaap OemiHesi.

[Iponiecc  perinae  AekapOOHU3AIMs  TEXHOJOTHMACHI  JKOFapblda  arajifaH
KOMIIOHEHTTEpAIH TYTiH Ta3JapblHbIH KypaMblHAa OONybIMEH KaTThl KUBIHAAYBI
MyMKiH. COHJIBIKTaH aijIbIH ajia Ta3ajay KaxeT, ce0e0l, KOMIPKBIIIKbUI Ta3blH aly
ywin Oipae O6ip copOeHT Hemece MeMOpaHa LiaH OeJIeKTepi MEH Yibl KoclanapaaH
Y3aK «KbICBIMFa» ToTen Oepe anmaiiabl. COHbIMEH KaTap, Ta3 Ta3apTy KyHesaepiH, OHbIH
IIiHAe KaTalu3aiK MOTYJIbACP i Maii1ajaana OThIPHII, OHEPKICINTIK KOCIMOPBIHAAPIBIH
TYTiH LIBIFApFBIITApbIHA (KYOBIpIaphlHa) OPHATY TYTIH LIBIFAPFBILITAPIBIH OEPIKTIK
CUMAaTTaMaJIapbIHbIH ©3repyiHe JKOHE ONapAblH IMIHAETi HIBIFAaThIH ra3jfap YIIiH
ra3-JUHaMUKaIbIK KEACPTiHiH apTyblHa OailaHbIcThl Oedrimi Oip KHUBIHIBIKTApMEH
0aliIaHBICTHI.

Byn KymbIC 1om OCBI MoceneHi JAeKkapOOHW3alMs TEXHOJOTHSCHIHAA TYTIH
ra3japblH ajjblH-aJla Ta3apTy Ke3iHOe OHEPKACINTIK KOCINOpBIHAAPABIH TYTIH
MyprKajJapblHa KaTalu3mik OelTapanTaHiblpy MOIYIbIACPIH OpHATy YIUiH omOeOar
OeKiTy KOHIBIPFBICHIH KOJJaHy apKbUIbl LIeITyTre apHaaFaH. JKymMbicTa OeKiTKIIITepAiH
omOe0an KUHAFBIHBIH JU3aiHbI CUMIATTAJIFaH KOHE OHBIH CXeMachl KeTipiJireH.

Tyiiin ce3nep: nekapOoHM3aIMSL, Ta3Aapabl Ta3anay, KaTajlu3, OCKITKII >KHHAFbI
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Annoramus. JlekapOoHuzanus, Kak cHcTeMHas mnpoOnema Juis KaszaxcraHa,
craHoBUTCsl BCE Oosiee akTyasibHOW. PecnyOnuka 3aHumaer 64-¢ MeCTO B pEHTHHIE
CTpaH C Xy/JIINM HHIEKCOM 3arps3HeHus Bo3ayxa. [lois BEBIOPOCOB BpeIHBIX BEIIECTB
OT TPOMBIIUIEHHBIX NpearnpusTuil mnpessimaer 85%. B 2020 romy MHHHCTEPCTBO
9KOJIOTHH TPHBEJIO JaHHBIE, YTO CyMMapHO KaXIblii TOJ B BO3AYyX BhIOpachiBaeTcs
Oosee 2,5 MJIH. TOHH OTXOJIOB. DTOT MOKa3aTelb €XKeroqHo yBennunBaetcs Ha 100 ThIC.
TOHH.

OmHUM W3 OCHOBHBIX HCTOYHHKOB 3arpsi3HEHHsI aTMOCQepbl  SIBISIOTCA
sHeproreHepupyiomme mnpeanpustus. B Kazaxcrane ~ 75% oanmektpolsHepruu
BeIpabarbiBaeTCsl M3 ymisi M HedTenpoaykToB. [locieacTBusi MCIONb30BaHUS YIS
B KaueCTBE HHEPrOHOCUTENs SBIAIOTCS HauOosee THKENbIMHU. [Ipu ero cxuraHuu
BBIJICJISIFOTCS @30T- U CEpOCOIepIKaIIe OKCUIBI, JIETYy4He OPraHNueCKHe COESAMHEHNS,
3oma, mbuth U CO,, a TaKkKe METAIbl, KOTOPhIE MOIYT PAacCeUBaThCsl Ha OOJBIIMX
TUIOMIAAX.

Texnomnorus nekapOOHU3AIMKM Kak Ipoliecca MOXeT ObITh CHJIBHO OCJIOKHEHa
MIPUCYTCTBHEM B JIBIMOBBIX ra3aX BhIIIETIEPEUHCICHHBIX KOMITOHEHTOB. Clie10BaTesbHoO,
HEoOXoMMa MpeBapUTeIbHAs OUUCTKA, TOCKOJIBKY HU OJMH COPOCHT MM MeMOpaHa
JUIS W3BJICUEHHS JUOKCHIA YIIepojia HE BBIIECPKUT UINTEIBHOTO «IABIECHUS» CO
CTOPOHBI TBIJIEBBIX YaCTUIl M OTPABIAIOIIMX NpUMeceil. BmecTte ¢ Tem, ycTaHOBKa
CUCTEM Ta300YUCTKH, B TOM YHCJIE C MCIOJIH30BAHMEM KaTaTUTHUYECKUX MOAYJEH B
JBIMOOTBO/IBI (TPYOBI) IPOMBIIIIIEHHBIX MPEANPUATHH, COMpsIKEHa ¢ ONpeAeNEHHBIMU
TPYAHOCTSIMH, CBSI3aHHBIMH C U3MEHEHHEM ITPOYHOCTHBIX XapaKTEePUCTHK JBIMOOTBO/IOB
Y BO3pacTaHus ra30IMHAMUYECKOTO COMTPOTUBIICHUS 111 OTXOSAIINX Ta30B BHYTPHU HUX.

JanHas paboTa mocBsieHa peeHnio UMEHHO 3TOU TPOOIEMBI ITy TEM UCTIOB30BaHUSI
YHUBEpPCAJIBHOTO y3Jla Kpemeka Ui YCTaHOBKM MOIyJIel KaTaJUuTUYeCKON
HEHTpPaIU3aIiy B AIMOOTBO/IBI TPOMBIIIUIEHHBIX MPEANPUATHN PHU NTPEIBAPUTEIHHON
OYHCTKE JBIMOBBIX Ta30B B TEXHOJOIHMH JieKapOoHHM3anuu. B pabore omumceiBaeTcs
KOHCTPYKIIHSI YHUBEPCAIBHOTO y3J1a Kpemne)ka U MPUBOJUTCS €r0 CXeMa.

KiroueBble ciioBa: nexapOOHH3aINs, OUYMCTKA ra30B, KaTajius3, y3el KpernekKa.

Paboma evinonnena npu @QuHancogoll noooepicke NO NPOSPaAMMeE Yele6o20
Qunancuposanus MOH PK HPH BR21882241 «Hccrnedosanue u paspabomka
Komniekcrou cucmemvl yraenueanus u xpanenus CO, na npomvlunennvlx 00bexmax
Pecnybnuxu Kasaxcman 0na cokpaujenus: b10p0co8 NapHUKOBbIX 2A308).

BBenenune
DKOJIOTHYECKOE COCTOSTHIE OKPYIKAIOIICH Cpe/ibl, 0COOEHHO BO3IYIIIHOTO OacceliHa,
HE 3aMbIKACTCA B HAIIMOHAJIBHBIX rpaHHuax TOI'O UJINU UHOI'O FOCyILapCTBa, a SABJISICTCA
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TPaHCTPAHUYHOW, MEXAYHAPOIHOU NpoOiemMoi. OAMH U3 OCHOBHBIX aCIIEKTOB ATON
poOJieMbl - CHIDKCHHE YIVIEBOJOPOIHOIO Cliea MPOMBIIUICHHBIX IPOU3BOJICTB.
HecMmotps Ha TO, 4TO B MUPOBOM HAyYHOM COOOIIECTBE OOJBIIIOE BHUMAaHUE YCIISICTCS
Bonpocam JekapOonmsanuu (Adanez, et al, 2018; Koons, 2022; Mirza, et al, 2022;
Robertson, et al, 2022; Munson, et al, 2022; Hiiser, et al, 2017; Axmeros, u ap.,
2020; Aminu, et al, 2017), B Hacrosilliee BpeMsi B MUpE HacUMThIBaeTcs MeHee 30
KPYITHBIX IPOMBIIIICHHBIX 00BeKTOB B 10 cTpaHax, riie yiIaBIuBacTCs U UCIIOIb3yeTCs
YIJICKHUCIIBIN Ta3.

Kazaxcran nmognucan [lapmxkckoe cornamenue (Wang, et al, 2019), o06s3aBimch
CHIDKaTh SMHUCCHIO IapHHUKOBBIX Ta3oB. B cBs3u ¢ 3TuM JekapOoOHM3aIMs Kak
cucteMHas npobiiema it Kazaxcrana craHoBHTCS BCE Oosiee akTyalibHOM. PecyOnika
3aHUMaeT 64-¢ MECTO B PEHTHHIE CTPaH C XyAIIUM HHJIEKCOM 3arps3HEHHS BO3yXa.
Jlonst BEIOPOCOB BPEIHBIX BEIIECTB OT MPOMBINIICHHBIX NPEANPUSTHI MPEBHIIIACT
85%. B 2020 rony MuUHHCTEpPCTBO IKOJIOTUHU MPUBEJIO AAHHBIE, IO KOTOPBIM CyMMapHO
KaXXIBIH TOJ1 B BO3/IyX BhIOpackIBaeTcs Oosee 2,5 MIH. TOHH OTXOA0B. DTOT IMOKa3aTelb
exeronHo yeenuuuBaercs Ha 100 Teic. ToHH. HeoOxonmumo y4dects, uto, ¢ 2026 roma
EC mmanupyeT BBECTH HAJIOT Ha IPOIYKIIUIO TEX CTPaH, KOTOPHIE OCTABIISIOT BHICOKUN
yrnepoansblii ciexn (Adam, et al, 2022).

B Kazaxcrane mnpunsta [lporpamma ra3udukanuu, ¥ yrojibHas TeHEpaIus
JOJIKHA TOCTENEHHO 3aMeIaThCsl Ta30BOM, HO, B PsIie CIIy4aeB, MOJHOCTBIO 3Ty
3aMEHY [POU3BECTH HEBO3MOXKHO U3-3a JIOTUCTHUYECKHX TpoOIeM U OOJNbIINX
¢unancoBbix 3arpar (Mukhtarov, et al, 2020; ITocranoenenue [IpaButensctBa PK,
2014; Ilocranosnenue IIpaBurensctBa PK, 2022), kxpome TOro, MCHOIb30BaHHUE Ta3a
B KaYEeCTBE TOIUIMBA HE MCKJIFOUACT BBIJCICHUS B aTMoc(epy OOJBIIOro KOJIMYeCTBa
OKCHJIOB yTIIEpO/a.

Pemenne npobnembl — co3aaHue CUCTEM BblaeeHus, coopa u yrumuzanuu CO.,.
Juokcua yriepona MOXKET HAWTH HIMPOKOE MPHMEHEHUE B HApPOJHOM XO3SHCTBE
(TeTIHIIBI, TPOU3BOJICTBO COJIBI M METAHOJA, TA3UPOBAHNE HAITUTKOB, IOKAPOTYIICHNUE,
CBapKa, CyXOM Jie]l, TOIUIMBO, yA0OpEHUs | T.1.).

OnHUM W3 OCHOBHBIX HCTOYHUKOB 3arpsi3HEHUSI aTMOC(Epbl  SBISIOTCS
sHeproreHepupytome mnpenmnpusitusi. B Kazaxcrane ~ 75% osnekrposnepruu
BbIpa0aThIBaeTCsS IMPU UCIOJNB30BaHUU yIisi W HedrenpomykToB. Bmecte ¢ Tem,
MOCJICAICTBHS HUCIIOJB30BAHUS YIS B KaueCTBE DHEPrOHOCUTEINS HaubOoyee TSHKEIbIS
(Mapuenxko, 2019; Hsammuna, u np., 2017; Tocc, u np., 2005). Ilpu ero cxuranuu
BBIJICTISIIOTCS. OKCHJIBI CEPBI M a30Ta, JICTyYUe OPraHUYCCKUE COCTUHECHHUS, 3014, LI,
CO, n MeTaIbl, pacCenBarOIIMECs Ha OONBLIMX IIOMA/SX.

TexHonorus JnekapOOHM3AIMKM KaK IMPOIecca MOXKET OBITh CHIIBHO OCIJIOKHEHA
MIPUCYTCTBHEM B JIBIMOBBIX ra3aX BBIIICTICPCUHCICHHBIX KOMITOHEHTOB. Clie/I0BaTeIbHO,
HeoOXOoMMa MpeIBapUTeIbHasl OYUCTKA, TIOCKOJIbKY HU OJIUH COPOCHT WM MeMOpaHa
JUISE W3BJICUCHUS JTMOKCHUIA YIIEPOJla HE BBIICPKUT JUIUTSIBHOTO «IABICHUS» CO
CTOPOHBI MBLJICBBIX YACTHI] U OTPABIISIONIUX TPUMECEH.

Bwmecte ¢ TeM, yCTaHOBKa CHUCTEM Ta3004YHCTKH, B TOM YHCJIE C UCIIOJIB30BaHUEM
KaTaJIUTUYCCKUX MOJAYJCH B JBIMOOTBOJIBI (TPYyObI) MPOMBIILICHHBIX MPEAPHUSITUH,
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CONPSIKEHA C ONPEAEIEHHBIMU TPYIHOCTSMHU, CBA3aHHBIMU C U3MEHEHUEM TPOYHOCTHBIX
XapaKTepUCTUK ABIMOOTBOIOB M BO3PACTAHUS Ta30MHAMHYECKOTO COITPOTUBICHHUS TSI
orxomsanux ra3oB BHyTpH HuX (Kumar, 2020; Siwek, et al, 2018; Zhu, et al, 2024).

JlanHass pabora TOCBSIIEHA PEIICHUI0 MMEHHO 3TOH MPOOJIEMBbI U TMPOJOIIKAET
LIUKJI CTaTel, MOCBAIIEHHBIX BOIPOCAM JeKapOOHU3aIluu, HayaTklil padoTol (XycauH,
u jap., 2024). Penienue npeanaraeTcsi Ha MyTH UCIIOJIB30BaHUS YHUBEPCAIBHOTO y3Jia
Kperexa Al yCTAaHOBKU MOJYJIeH KaTaJTuTUUYECKOW HEHUTpalu3alii B IBIMOOTBOJIBI
MIPOMBIIUICHHBIX MPEANPUATANA MPHU NPEABAPUTEIBLHON OYHCTKE IBIMOBBIX Ta30B B
TEXHOJIOTUH JieKkapOoHu3auu. B paboTe onmuchiBaeTCss KOHCTPYKIIUS YHUBEPCATHLHOTO
y3J1a Kpenexa U IPUBOJIUTCS €r0 CXEMA.

MaTepnamﬂ U OCHOBHBIC€ ME€TOAbI

I[J'Ii[ CO3JaHus YHUBCPCAJIILHOIO y3Jia KPCIeiKa HMCIOJJIb30BaJIaCh KOHCTPYKIMOHHAA
ymiepoaucrasa Ctajlb — CT 3. XuMHYeCKHI COCTaB MaTepurajia BKIOYACT CICAYHOIHNC
OJICMCHTHI:

. xkene3o — 97%;

. yrepon — 0,14-0,22%;

. HUKEJb, MeJIb, XPOM — Kax/1blii He Ooubiie 0,3%);
. mapraset - 0,4-0,65%;

. kpemuuii - 0,05-0,17%;

. MbIbsIK MeHee 0,08%;

*  cepsl He Oonee 0,05;

*  dochop menee 0,04%.

VYrmepon omnpeaenser TBEPAOCTb, NPOYHOCTb, IUIACTUYHOCTb, IIOKA3aTENIH
CBapUBAEMOCTH, (PU3UKO-MEXaHUUECKHUE CBOWCTBA CTalH. Jlerupyroiye 3JIeMeHTHl B
CTPYKTYpE 3TOTrO CIUIaBa, KOTOPbIE BIMSAIOT HA €r0 XapaKTepHUCTUKH — 3TO MapraHel,
XpoM, Mezb U Hukelnb. Cepa u pocdop — BpeaHbIe TPUMECH.

OneMeHTHBIN cocTaB MaTepuaa KOHTPOJIMPOBAJICS c IIOMOILBIO
9HEPTOAMCIIEPCHOHHOMN PEHTIeHO(IyOPECEHTHON CIIEKTPOCKOINHU C UCTIONB30BaHUEM
sHeproaucnepcnoHHoil cucreme Mukpoananusa INCA Energy 450, ycraHoBieHHON Ha
CKaHUPYIOIINI 3JeKTPOHHBIN MUKpockor JSM 6610 LV, JEOL, Snonus.

CoiicTBa cTanu «CT3», TPeOOBaHMS K XUMHUYECKOMY COCTaBY, METOABI KOHTPOJIS U
JTaHHBIE O MEXTYHApOAHOM CTaHAapTe KauecTBa PErIaMEHTUPYIOTCS U COOTBETCTBYIOT
I'OCTy 380-2005.

PesyabTathl u 00cyKaeHHE

O030p M3BECTHBIX CIIOCOOOB YCTAaHOBKH CHCTEM OUYUCTKH HENOCPEICTBEHHO B
JIBIMOOTBO/IbI MTPOMBIIIUIEHHBIX MPEANPUATHI MOKa3al, YTO 3THUM METOJaM MPUCYII
LeJIbli Ha0Op HEAOCTATKOB, 3aTPYAHSAIONINX X TPUMEHEHHUE.

B yacTHOCTH, U3BECTHO YCTPOUCTBO JJISl OCYILECTBIIEHUS BBICOKOTEMIIEPATYPHOU
KaTaJIUTUYECKOH 00paboTKM OTpabOTaBIIMX Ta30B CrOPAaHUS POMBIIUICHHBIX
YCTaHOBOK, KOTOPOE COJEPIKUT KOPIYC, BKIIOUAIOIIMN B ceOsi HEMOABHIKHYIO YacTb
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U DJIEMEHT KPBIIIKHA, YCTAHOBJICHHBIH Ha HEMOJBMKHOM 4YacTH A TepeMelleHus
13 pabovero TOJIOKEHUS, 3aKPHIBAIOLIETO OTBEPCTHE, B OTKPBITOE IIOJIOXKEHUE,
o0ecreunBarolee J0CTyI BO BHYTPEHHEE NPOCTPAHCTBO BHYTPH HENOABMKHOM yacTu
4yepe3 0TBEPCTHE, a TAK)KE MOHTaXKHBIH y3€J1 715 CTA0MITbHON YCTAaHOBKH KaTaTUTHYECKUX
HEHTpanu3aTopoB Kak B OCEBOM, TaK M MepuUpEepUUIEeCKOM HaNpaBICHHUH BHYTPH
KOpIIyca, TakK, YTO BO BpeMsl pabOThI BBIXJIOMHBIE T'a3bl IPOXOAAT TOJIBKO Yepe3 KaHaJIbI
B KaTaJUTUYECKUX OJOKaxX. MOHTaXHBIN y3€J MO3BOJISIET U3BJICKATh KaTaATUTHYECCKHE
OJOKM ¥3 BHYTPEHHErO TMPOCTPAHCTBA HEMOABMKHOW YacTH KOpIyca, Korjaa
3aKpBIBAIOIIMHI JIEMEHT MEepeMeIaeTcs B OTKPHITOE MOJIOKEHUE Uil 00CITyKUBAaHUS,
B TO BpeMsl KaK HEMO/ABMIKHAS YaCTh OCTAETCS 3aKPEIIEHHON B MpeJenax MyTH MOTOKa
rasa Jyisi IpueMa JIpyroro KaralnuThuueckoro 0ioka Helitpanuszaropa (Crothers, 1991).

Henocratkom ycTpolicTBa SBISIOTCS 3HAUMTENbHBIE HArpy3KH, BO3HMKAOIHE
P €ro KpervieHWH Ha BEPTUKAIbHYIO ABIMOBYIO TPyOy M CBsI3aHHBIE C TEM, YTO B
MeCTe BCTaBKH YCTPOHCTBa TpyOa pa3pesaeTcs Kak MUHUMYM Ha MOJOBUHY MPOQHIIS.
Bosnukarone Harpy3kd B peasbHBIX YCIOBUSX OKCIDTyaTalld OOYCIIaBINBAIOT
HEYCTOWYMBOCTb BCEH KOHCTPYKIUH.

W3BecTHO yCTpOMCTBO, IpeACcTaBIsIomee cOO0M MPOMBILUICHHBIH KaTaluTHYeCKUH
HEHTpanu3arop €O ChEMHBIM KATAIUTHYECKUM OJOKOM M BBICTYHAIOLUIMM HAPYKy
00bEMOM sl BCTABKU M M3BJICYCHUSI CHbEMHOTO KaTAIUTHYECKOTO OJIOKa, MpUYEM Ha
0J0Ke 3aKperuieHa TBepAas Hacalka TaKuM 00pa3oM, 4To, Koraa OJOK pacroiioxkeH
B KOpIyce HeiTpanus3aropa, TBepjaas HacajJka BBICTyNaeT B KaHal AJs BCTaBKU
070Ka W, 10 KpalHeH Mepe, YacCTHYHO OJIOKMPYET MOTOK BBIXJIOMHBIX I'a30B BOKPYT
Katanutudeckoro ementa (Newburry, 2002).

K Henocratkam ycTpoiicTBa OTHOCHUTCS TO, YTO B XOZE OSKCIUTyaTallUd KOPILYC
KaTaJIUTUYECKOTO HEWTpaan3aTropa XapakTepH3yeTcsl MyCTOTOH («KapMaHOM») MEXKIY
KaTaJlu3aropoM U JABepLed. DTOT «KapMaH» MOXKET CIYXKHTb HCTOYHHKOM YTEdeK
MIPOXOJAIIMX BPEIHBIX Ta30B U MOJBOJMMOTO K Kopmycy Terta. Kpome Toro, Hannune
Takoro «KapMmaHa» OO0ycIaBIUBAaeT IONOJHUTENLHBIE MEXaHHMYECKHE HarpysKH,
CBSI3aHHBIE C IYJbCALMOHHBIMU NEpenajgaMy AaBJ€HHUs B KOpITyce, U YBEIMUYEHHUE
ra30JJMHAMUYECKOTO COMPOTHUBIICHMS.

W3BecTHO yCTpOHCTBO KaTaTUTUYECKOTO HEHTPaIN3aTopa, KOTOPOe BKIIIOYAET B ce0s
KOPITYC CO BITyCKHBIM U BBIITYCKHBIM OTBEPCTHAMH, KAMEPY CO Cb€MHBIM KaTaTUTHYECKUM
0JI0KOM, OTBEPCTHE C JIBEpLEH I AOCTyNa K OJOKY M BHYTPEHHIOIO YIIOTHSIOLIYIO
MOBEPXHOCTh, OXBATHIBAIOLIYIO IEpPU(EPHIO BITyCKHOTO HITH BBIITYCKHOTO OTBEPCTHI B
kamepe. Karanutuueckuii 070K BCTaBiseTCs B KaMepy M M3BJIEKAeTCsS M3 Hee uepes
oTBepcTHE C nBepueil. MexaHuszm Qukcanuu 0J0Ka 00ecleuuBaeT ChbEMHYIO OIOpY
0J10Ka BHYTPH KaMephbl, TakK, 4YTO MepeMeIeHNEe KaTAIUTHYECKOTO OJI0Ka B MONIEPEIHOM
HalpaBJICHHH OJHOBPEMEHHO MepeMelaeT y3esl KaTaIUTHYECKOro OJIOKa B OCEBOM
HanpasieHud. Mexanusm Qukcanuu Onoka oOecreunBaeT TepMETHYHOE CLETIICHHE C
BITYCKHBIM MJIM BBITYCKHBIM OTBEPCTHEM, TEM CaMbIM 0OecCIeunBasl ABUKEHUE MTOTOKA
4yepes KaTauTuieckuil 0ok mexy Humu (Muter, et al, 1991).

Henocrartkom siBisiercst popma Kopiryca KaTaTuTHYECKOTO HEHTpanu3aropa, Koropas
B CBSI3U C YHHBEPCAJIBHOCTHIO €r0 KOHCTPYKIIMU HE00s3aTeIbHO COOTBETCTBYET (hopme
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KaTaJIUTUYECKOro OJIOKa, BCTABIISIEMOTO B HETO, U, XOTS B ONMUCHIBAEMOM M300pETCHUH
KaTaJIUTUYECKUH OJIOK B XOJE SKCIUTyaTallud JKECTKO 3aKpeIyIeH BHYTPH ammapara ¢
MOMOIIBIO CHELUAIBHOIO MeXaHW3Ma (DUKCAIMK, CBOOOJHOE MPOCTPAHCTBO MEXKIY
CTEHKAMH KaTaJINTHYECKOTO OJIOKa M CTEHKaMH KOpIyca HeWTpaiu3atopa oOpasyer
«KapMaH», KOTOPBII MOXKET CITYKHTh HCTOUHHKOM YT€UEK IPOXOSIINX BPETHBIX ra30B,
TEemia, a TAKKE MCTOUHHKOM JOMOJHUTENBHBIX MEXaHHUECKUX HArpy30K, CBS3aHHBIX
C IepernajgamMM JAaBJIeHHs B KOpIyCe€, M JONOJIHHUTEIBHOIO Ta30AMHAMUYECKOTO
COIIPOTHUBIICHUS.

W3BecTHO ycTpoiicTBO, MpeAcTaBisiioniee COOOH KOpIyc MOIYJIBHOTO KaTasu-
THYECKOTO HEeUTpanu3aropa, KOTOPBIA BKIIOYAET B ceOs pa3iuuHble (QYHKIHU JUIS
00CITy)KMBaHUSI U KPEIJICHUS! KaTaIMTUYECKUX OJOKOB, MPOKJIAAOK U (PUIBTPYIOIINX
aneMeHTOoB. Kopryc conepXuT BIYCKHOE M BBIITYCKHOE OTBEPCTHS JUISl BBIXJIONHBIX
ra3oB, CHEMHBIH KaTaJIUTHYECKHH ONOK, IBEpIy, OOECIeUMBAIOIIYIO JOCTYH K
KaTaJIUTUYECKOMY OJIOKY, MPUKPEIICHHYIO K KOPITYCY ¢ BO3MOYKHOCTBIO MEPEMEILCHHS
MEX[Y 3aKPBITHIM T€pMETUYHBIM M OTKPBITHIM HETEpMETHYHBIM mosioxkeHusimu (Roe, et
al, 2009).

Henocratkom sBisieTcsi OTCyTCTBHE pedpa JKECTKOCTH B KOHCTPYKLHH JBEPLBI
JUISL BCTAaBKM U M3BJICYCHHUSI KaTATIUTHUYECKOro Ooka. B CBsI3M ¢ 3TMM ommchIBaeMast
KOHCTPYKLIMS HeWTpanu3aropa XapaKT€pHU3yeTCsl HEAOCTaTOYHOW MPOYHOCTHIO U
XKECTKOCTBIO, BBUIY TOTO YTO BO3HHUKAIOIIME HANPSIKCHUSI M3-3a OTCYTCTBHUS pebpa
KECTKOCTH OyIyT KOHLIEHTPUPOBATHCS B JIOKAJIBHBIX 00JIACTAX (MECTax) KOHCTPYKLIUH.
OTCyTCTBYIOT CHieMaIbHBIE TPUCTIOCOOIEHUSI ISl TPEAOTBPAILCHHS UM YMEHBIICHHUS
TypOYJIEHTHBIX 3aBUXPEHHU, CHU)KEHHSI Ta30IMHAMUYECKOTO COIIPOTUBIICHHS.

B paspaboranHOM M ONHMCaHHOM B HacTosIell paboTe YHUBEpCAILHOM Y3Iie
Kpemexa IJisi YCTaHOBKM MOIYJIEH KaTaJlUTHYECKOM HeWTpanu3aluu JbIMOBBIX
rasoB B JIBIMOOTBOIBI NPOMBILUICHHBIX NPEINPUSATHH YYTEHbl M YCTpPaHEHBI BCE
BBIIIIENIEPEUHCIICHHBIE HEOCTATKH.

CxeMa ycTpoWCTBa YHHUBEPCAJIBHOTO y3Jla Kpereka C 3allluTHOM KacceTol it
YCTaHOBKH MOAYJIEH KaTaJTUTUYeCKOW HEUTpaIu3aln IbIMOBBIX T'a30B B IBIMOOTBO/IBI
reyei MpOMBIIUICHHBIX TPEANPUATHI NpUBEIeHa Ha PUCYHKE 1.
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a - KOPITyC YHUBEPCATBHOTO y371a Kperéxka JuIsl yCTAaHOBKH OJIOKA KaTaIUTHIECKOTO HelTpann3aropa
B 3all[UTHOH KacceTe B CHCTEMY JBIMOOTBOAA; O - 3aIMTHAS KAacceTa I pa3MeIeHNs OIoKa
KaTaJIUTHIECKOTO HeHTpann3aropa, MpeoXpaHsIonas OT MeXaHHIeCKUX BO3IEHCTBHM;
B - YHHBEPCAIBHBIA KPENEKHBIN y3el B cOOpe C 3alIUTHON KaCCETOH U ¢ pa3MENIEHHBIM BHYTPH
OJIOKOM KaTaJMTHIECKOTO HeHTpaam3aTopa

1 - KopITyc yHHBEpCAJIBHOTO y3/1a Kpenexa; 2 - (uanel Uit KperieHns K TpyOe yHUBEpCaIbHOro y3ia
Kperexa; 3 - cerMeHTHasl 3aNTyIIKa; 4 - KpbIIIKa CETMEHTHON 3arTyIlKy;
5 - ¢manen A7 KPeIIeHUs] CETMEHTHOH 3anTyKy; 6 - KOHYCHOCTB KPETIeKHOTO y311a;
7 - «KO3BIPEKIY - TOPU3OHTAIBHBIE pedpa )KECTKOCTH; § - BepTHKAIBHEIE peOpa JKeCTKOCTH;
9 - oTBepcTHS IS KperexXHbIX 0011ToB; 10 - BepxHsis peméryarast KpbIKa KacCeThl;

11 - HKHSAS peméTyaTas KphIIKa KaCCEThl C BHICTYNAIOIIUM 000/10M /Ul pa3MelleHus Oioka
KaTaJIUTUYECKOTO HeHTpanu3aropa; 12 - mpoyIInHBI ¢ OTBEPCTUSIMU MO OOTHI TS KPETIIIeH s BepXHEei
Y HIDKHEH KPBIIIEK KaCCETHI APYT K ApyTY; 13 - péOpa peméTok Ha BEpXHEH U HIDKHEH KPbIIIKax
KacceThl; 14 - 3amuTHas kaccera 0Joka KaTaIUTHYECKOro HelTpanu3aropa; 15 - GJI0K KaTaJIuTHYeCKOro
HeWTpanu3aTopa BHYTPH 3aLUTHON KacCeThl.

Pucynoxk 1 - Cxema ycTpoiicTBa YHHBEPCAIBHOTO Y371 Kpereka ¢ 3alIUTHOI KacCeTor /It
YCTaHOBKM MOJYyJIEN KaTaJIUTHUECKOW HENTpanu3aluy AbIMOBBIX I'a30B B AbIMOOTBO/IbI MeUeH
TIPOMBIIUICHHBIX TPEANPUATUI

OmauuumensHulMu 0COOEHHOCMAMU NPEONA2aemMo20 YHUBEPCAIbHO20 Y31d Kpeneica
AGNAIOMCAL:

- Kpen&xHbIH y3en O10Ka HEWTpanau3aTropa, B LEJAX COXPAHCHMS IIPOYHOCTHBIX
XapaKTEPUCTHK JBIMOBBIX TPYO M YIPOLICHHUS MPOLEIypbl MOHTaXKa, BBIIOJIHEH C
OOKOBBIM BBIPE30M HA MOJIOBUHY MPOQUIS IBIMOBOM TPYObl, CHAOKEH «KO3BIPHKOM),
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YCHUJICHHBIM peOpaMu KECTKOCTH B BUJIE YTOJIKOB, KDOME TOTO, KPENEKHBIN y3el UMeeT
CErMEHTHYIO 3arTyLIKy AJIsl TEPMETH3aLUH KOPITyca U yCTPaHEHHS «KMEPTBOTO» 00beMa;

- KOHYCHOCTh KPEMEKHOTO y371a MO MECTY CTHIKOBKH C JBIMOBOW TpyOOW AOIKHA
ObITh He MeHee 50° A7 TpeaoTBpalleH sl BOSHUKHOBEHUS TypOYJICHTHBIX 3aBUXPEHHIA;

- 3alUTHas KacceTa, IAe pasMelléH ONOK KaTalIMTHYECKOTO HeWTpaiu3aropa,
B coOpaHHOM (Hepa30OpHOM) BHJE MOMEIIAECTCS B Y3€l Kpeneka W MpeAoXpaHseT
0JI0K KaTaJTUTHYECKOTO HEHTpaiu3aropa OT MEXaHHYECKUX BO3ACHCTBHI B Ipolecce
YCTaHOBKH U 9KCILTyaTalluH;

- OTHOILIEHHE AMaMeTpa KopIyca HelTpanus3aropa, yCTaHOBIEHHOTO B 3aIUTHYIO
KacceTy y3Jia Kpernea, K BHyTpeHHEMY JJHaMeTpy TPYObI TOJDKHO COCTABIISITh HE MEHEe
1:1,5 nast cHWKeHHs Ta30JMHAMHYECKOTO COMPOTHBICHMS OJOKa KaTaluTHYECKOTO
HeHlTpanu3aropa Kak LeJIOro U MPeA0TBpaIleH sl CpadaThiBaHUs CHCTEM OIOKHPOBKH.

- OJIOK KaTaJUTUYeCKOrO HeWTpaau3aropa J00ro Ha3HaueHHs (OYUCTKA JIBIMOBBIX
ra3oB OT Pa3JIM4YHBIX BPEIHBIX KOMIIOHEHTOB) MOXKET OBITh BHITIONHEH HA METAJUTHYECKOM
WM KePaMUYeCKOl OCHOBE, UMETh JIFOObIE TEOMETPHUUECKUE Pa3MEPhl C COXpaHEHUEM
LWINHAPHYECKOH (HOpMBI, UMETh JTI000€ KOJMYECTBO KaHAJIOB, C JII000W TreoMeTpuei
CEUEHHs, B TOM YHCJIE U XaOTUYHOTO.

3akaouenne

OnucaHHBII YHUBEpCATBHBIN y3€1 Kpereska MOKET IPUMEHSATHCS MPH YCTaHOBKE
CHCTEM OYMCTKHM OTXO/SIIUX ABIMOBBIX a30B TEIUIOBBIX YCTPOMCTB MPOMBILIUICHHBIX
MPEANPHUATUH, UMEIOLINX JIBIMOOTBO/IBI HA €CTECTBEHHOH THTE.

[lonoXXuTenbHBIM PE3YJABTATOM HCIIOJIBb30BAHHUS JAHHOTO YHHUBEPCAIBHOIO Y3Ja
Kpernexa Oyzaer:

- pa3MelleHHe B 3alUTHON KacceTe, B CUCTeMax AbIMOOTBOA MeUeH KaK BBICOKOH,
TaK ¥ MaJIO MOLIHOCTH, OJIOKOB KaTAJIMTHYECKUX HEUTPATU3aTOPOB Ha METAJUTMYECKOM
WK KEPaMUYECKOH OCHOBE C JIIOOBIMH T€OMETPHUECKUMH pa3MepaMH, KOJIMYECTBOM
KaHaJIOB, C JIIOOOH reoMeTpUel CeUeHHMsI, B TOM YUCIIC U XaOTUYHOTO, 03 yXYIAILICHHS
MPOYHOCTHBIX XapaKTEPUCTUK M YMEHBIICHUSI €CTECTBEHHOU TATH;

- TpefOTBpAllleHHE MEXaHWYECKHX IOBPEKICHUN KaTaUTUYECKUX OJOKOB
HEeHTpanu3anyu, Kak B MPOLecce MOHTaXa, TaK M PU UX SKCIUTyaTalny.

Pestomupysi, HEOOXOOMMO OTMETUTb, YTO ONMCAHHBIM B Hacrosmed pabore
YHHUBEPCAJbHBIA y3€J Kpeleka C 3allUTHOM KacCeTOW MOXKET yCTaHaBJIMBATHCS Ha
CHCTEMAax OYMCTKH OTXOMSIIMX JBIMOBBIX Ia30B BCEX MPOMBIIIICHHBIX MPEAIPUATHH,
HMMEIOIUX CUCTEMBI IBIMOOTBOJIA HA €CTECTBEHHON Tsre. BO3MOXKHO ero npuMeHeHue
U MPU YyCTAHOBKE CHUCTEM OYUCTKH OT BPEIHBIX KOMIIOHEHTOB Ha JIIOOBIE TEIJIOBBIC
YCTPOMCTBA, B TOM YHUCJIE HA BOAOTPEHHBIC KOTJIBI, TICYH MOAOTPEBA MAJION MOIIHOCTH.

TexHUUeCKUX PELICHUH, COBHAJAIOMIUX C COBOKYITHOCTBIO CYIIECTBEHHBIX
MIPU3HAKOB Pa3pabOTaHHOTO YHUBEPCAJIBHOTO Y3Jla KpeIeka, B JMTeparype He
BBISIBIICHO, YTO [TO3BOJISIET CEIaTh BBIBOJ O HOBU3HE ONMCAHHON KOHCTPYKIHH.
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