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Bac penaxrop:
ZKYPBIHOB Mypar ’KypbIHYJIbI, XUMHS FBUIBIMIAPBIHEIH JOKTOPSL, podeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukacel ¥ ITTHIK FBUTBIM akaieMusichiHbIH npe3ueHTi, AK «J1.B. Cokonbckuii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE dJICKTPOXMMUS HHCTUTYTHIHBIHY 0ac qupektopsl (Anmarsl, Kasakcran) H = 4

Penaxkmus aakachl:

OJJEKEHOB Cepra3bl MbIHxkacapyJibl (0ac pegakTOpIbIH OpbIHOACAPHI), XMMUS FHUIBIMAAPBIHBIH
JoKTopsI, mpodeccop, KP ¥FA akagemuri, « Dutoxumunsy XaablKapaiblK FHUTBIMH-OHIIPICTIK XOITUHTTHIH
mupekropsl (Kaparannsl, Kazakcran) H = 11

AI'ABEKOB Buaamumup EnoxoBuu (6ac pemaxtopiablH OpbIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
JokTopsbl, npodeccop, berapycs YFA akanemuri, Kana marepuaniap XuMUsICbl HHCTUTY TBIHBIH KYPMETTI
JupekTopsl (Munck, berapycs) H =13

CTPHAJ Mupocaas, npodeccop, Uexust FbUIBIM aKaJeMHUACHIHBIH ODKCHEPHUMEHTTIK OOTaHHKa
MHCTUTYTBIHBIH 3epTXaHa MeHrepyurici (Onomoyn, Yexust) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUsI FEUTBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA axanemuri,
on-Dapadu areigarsl Kaz¥Y Y-npiy 6ipianm npopexropsl (Anmarsl, Kazakcran) H =11

XOXMAHH J[Ixymut, Ceren ynuBepcuteriniy ®Papmauesruxa ¢daxysnpreTiHin Papmakornosus
KadeapachHEIH MeHrepymrici, JKapaTbuibicTaHy FBUIBIMIAPBIHBIH TOHAPAIIK OPTAIBIFBIHBIH JAUPEKTOPEI
(Ceren, Benrpus) H =38

POCC Camup, PhD goxropbl, Muccucunu yHUBEpCHTETIHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTansirbel, @apmanust MekTebinin npodeccopst (Oxcdopa, AKII) H =35

XYTOPSIHCKUM Buranmii, punocodus mokropst (PhD, (apmanerr), Pequnr yHHBepCHTETIHIH
npodeccopsr (Penunr, Aurus) H = 40

TEJTAEB Barnar Bypxan6aiiyibl, TeXHHKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
KoppecnionaeHT-mymeci, Kazakcran PecnyOmukacer WHaycTpust koHe HWH(PPAKYPBUIBIMIABIK —JaMy
munUcTpiiri (Anmarsl, Kasakcran) H =13

DAPYK Acana Jlap, Xamnap ans-Mamxnaa [IsFsic MeuniHa KoJulepKiHiH Ipodeccopsl, Xamaap
yauBepcureTiHig Lsirpic Mmequimnaa ¢akynereti (Kapaun, [Tokxicran) H =21

®DA3BIJIOB Cepik IpaxmMeTy.ibl, XUMHS FBUIBIMIAPBIHBIH JOKTOPBL, ipodeccop, KP ¥FA akanemuri,
OpraHuKajiblK CHHTE3 XKOHE KOMIp XHUMUSICHl HHCTUTYTHI JUPEKTOPBIHBIH FBUIBIMH JKYMBICTAp JKOHIHIET1
opsiabacaps! (Kaparannsl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XHMHsS FHUIBIMIAPBIHBIH JOKTOPBI, mpodeccop,
Kepreiscran ¥FA akagemuri, KP ¥FA Xwumust xoHe XUMMSUIBIK TeXHOJOTHS HMHCTHTYTHI (Bimikek,
Keipreizcran) H =4

XAJIMKOB [:xypadaii XaJuKoBHY, XUMUS FRUIBIMIAPBIHBIH JTOKTOPBL, podeccop, Taxikeran FA
axanemuri, B.M. Huxurun areranarst Xumust nHCTUTYTHI ([lymante, Toxikcran) H =6

DAP3AJIUEB Barug Merkuaoribl, XMMUs FBUIBIMAAPBIHBIH TOKTOPEL, Ipodeccop, ¥FA akagemuri
(Baky, O3ipoaiixan) H=13

TFAPEJIMK Xempaa, ¢umocodus nokropsr (PhD, xumus), Xanplkapalblk Ta3za jKOHE KOJIIaHOAIBI
XVMWUS OJJaFbIHBIH XVMUS KOHE KOopIllaraH opTa OemnimiHiH mpe3uneHTi (Jlornon, Aarmms) H = 15
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Penaxkuuonnas xosuierus:

AJJEKEHOB Cepra3pl MbIH:kacapoBH4 (3aMECTHUTENb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUECKUX
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«Dutoxumusi» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMecTHTENb TJIABHOTO PENAKTOpa), IOKTOP XUMHUYECKHX
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[lepgsrit mpopextop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [xynuT, 3aBenyromnii kapenpoit ®apmaxornozun dapmareBrHiyeckoro (akymbrera
Vausepcurera Cerena, aupekTop MeXIUCIUINIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, nokrop PhD, mpodeccop IIkomsr dapmanuyi HAIMOHAIBLHOTO IEHTPa HAYYHBIX
HCCIICJOBAaHUH PACTHTENBHBIX MPOAYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop ¢unocodun (Ph.D, dapmanesr), mpodeccop Yuusepcurera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraar Bypxan6aiiyJibl, JOKTOp TEXHHYECCKHX HayK, Ipodeccop, WieH-KOPPECIIOHACHT
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Kazaxcran) H=13
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¢axynsreT BocTouHoit MenuuuHb! yHuBepeuteta Xamaapaa (Kapauu, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBUY, TOKTOp XHMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHo# pabote VHCcTHTYTA OpraHmdeckoro cuHTe3a U yrexumun (Kaparanna,
Kazaxcran) H=6

KOPOBEKOBA Ilapumna Kopo0exoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemuk HAH
Keipreserana, MactutyT Xumun u xumuaeckoit texnonorud HAH KP (bumkek, Keiprezeran) H = 4

XAJIMKOB [Ixypa6aii XaJaumkoBH4Y, IOKTOp XHMHYECKHX HayK, mpodeccop, axkazemuk AH
Tamxukucrana, Vuctutyt xumun nmenn B.W. Hukutuna AH PT (dynran6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua orisl, JOKTOp XHMHYECKHX HaykK, npodeccop, akanemunk HAHA
(baky, Aszepbaitmxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopuu (Ph.D, xumus), npesunent Otnena XUMUH M OKpY’Karomieit
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METHOD OF OBTAINING SURFACTANTS BASED ON VARIOUS FATTY
RAW MATERIALS

Akmalova Ilyana — 3rd year student, specialty «Chemical technology of organic substances», Karaganda
Industrial University, Temirtau, Kazakhstan

E-mail: ilyanaaa2000@gmail.com. ORCID ID: https://orcid.org/0000-0001-6634-5720;
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Abstract. In recent years, there has been an increased interest in obtaining and
researching surfactants synthesized on the basis of natural raw materials. Such surfactants
are interesting because they are, as a rule, biodegradable. They are synthesized from
natural raw materials: corn, coconut, palm and other oils. As an alternative to replacing
vegetable raw materials in this scientific work, it was proposed to use raw materials of
animal origin. In the Republic of Kazakhstan there is a problem with fat waste from
meat processing enterprises. In this work, the possibility of amidation of fatty acids that
are part of fat in order to obtain cationic surfactants was discovered, that is, the results
of this study can serve as a solution to the problem with fat waste. The production of
surfactants using fatty raw materials does not always ensure the production of less toxic
and less environmentally harmful surfactants than petrochemical production. However,
taking into account the carbon dioxide cycle, chemical production based on renewable
raw materials is always more preferable. That is why the work will be devoted to
the study of the method of obtaining fatty acid ethanolamides based on animal raw
materials. These compounds belong to a well-known class of cationic bactericides with
a wide spectrum of antimicrobial activity. They are used as the main components of
surfactants, personal hygiene products, cosmetics, softeners, dyes, biological dyes,
antiseptics and disinfectants. That is, the relevance of the study lies in the fact that in the
post-pandemic period there is a great need for bactericidal agents, which are synthesized
surfactants. The synthesis was carried out by reacting diethanolamine with carboxylic
acid at a temperature of 150°C, caustic potassium was used as a catalyst. The resulting
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compounds have bactericidal properties and are used to eliminate many different types
of household microorganisms.

Keywords: ethanolamides, cationic surfactants, bactericides, higher fatty carboxylic
acids, diethanolamine, caustic potassium
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TYPJII MAI IHUKI3ATTAPBIHBIH HETI3IHJETT BETTIK-AKTUB/I
3ATTAP/IBI AJTY DICI

AnHoranus. COHFBI XbULIAPHl TAOWFU IIHMKI3aT HETI3IHIC CHHTE3JCNTCH OCTTiK
OeJiceHal 3aTTaplbl alyFa >KOHE 3epTTeyre KbI3BIFYIIBUIBIK apTThl. MyHnai OerTik
OejiceHal 3aTTap KbI3BIKTHI, OMTKEHI onap oAeTTe OMOJIOTHSUIBIK BIAbIpaiiabl. Onap
TaOWFH MIMKi3aTTaH CUHTE3/EJIE/]: )KYTepi, KOKOC, ManbpMa skoHe Oacka Mainap. OcimMaik
LIMKI3aThIH aJIMacThIpyFa OajlamMa peTiHAE OCHI FBUIBIMH JKYMBICTa >KaHyapiapAaH
aJbIHATHIH IIMKI3aTThl Maliaanany yeeiHbUIIb. KasakcTan PecriyOnukacbiHga eT eHaey
K9CINOPBIHIAPBIHBIH Mai KaJAbIKTapbIMEeH Maceie Oap. byt skympicTa KaTHOHBI OSTTIK
OesiceHai 3aTTappl aly YIIiH MaibIH KypaMblHa KipeTiH Mail KbIIIKbUIIAPBIH aMUATEY
MYMKIHJIIT aHBIKTaIAbl, SFHU OYJ 3epTTeyHiH HOTXKeJepli Maill KaJlAbIKTapbIMEeH
MOCeJIeH] HIeuTyre KbI3MeT €Tyl MyMKiH. MyHail IMKi3aThIH Naligaana OThIPbII, OETTiK-
Oesicenai 3aTTapabl OHIIPY 9pKalllaH MyHa-XUMUS OHIIpiciHe KapaFaHaa a3 YbITThI )KOHe
SKOJIOTHSUTBIK 3USIHABI OCTTIK-OeNICeH 1 3aTTapabl OHAIPYIi KaMTaMachl3 eTe OepMeii.
JlereHMeH, KOMIPKBIIIKBII Ta3blHBIH aiHANBIMBIH €CKepe OTBIPBIN, >KaHAPTHUIATHIH
LIMKi3aTKa HETi3AelIreH XUMHUSIIBIK OHAIpIC SpKamaH >Kakchipak. COHOBIKTAH JKYMBIC
XKanyapnap muKi3aTbIHa HETI3AEATeH Mai KbIIIKBUAAPBIHBIH ASTaHOJAMHUATEPIH
aly omiciH 3eprreyre apHanaabl . by KocwkuibicTap MHUKpOOKa Kapchl OenceHAaiiri
KeH KaTHOHIbl OakTepuUuaTepAiH Oenrimi kimaceiHa katanel. Onap OerTik OenceHai
3aTTaplblH, >KEKe KYTIM KYpalAapblHbIH, KOCMETHKaHBIH, KYMCApPTKBIIITAPIbIH,
OOSFBILITAPIBIH,  OWOJOTHSNBIK  OOSFBIUTAPIABIH,  AHTHCENTHKTEPIIH  JKOHE
ne3uH(eKuusIay KypaigapblHbIH HETi3r1 KOMIIOHEHTTEP1 peTiHAe KOJAaHbUIa b1, SIFHY,
3epTTEYAiH ©3CKTUIIr MaHAeMHUsaH KeHiHTi Ke3eHIe CHUHTE3NENreH OCTTIiK OelceH I
3aTTap OONbIN TaOBUIATHIH OAKTEPULIUMATIK areHTTepre YJIKeH KaxeTTinik O6ap. CuaTres
150°C Temneparypasna JU3TaHOJIAMHHHIH KapOOH KBIIIKBUIBIMEH SPEKETTECYi apKbLIBI
JKY3ere achbIpbUIAbI, KaTaJu3aTop PETiHAe KayCTUKAIBIK KM KONJaHbUIABL. AJBIHFaH
KOCBUIBICTap OAKTEPHLMATIK KaCHETKE M€ JKOHE TYPMBICTBIK MHUKPOOPTaHU3MIEPIiH
KONTEreH TYPIJIEPiH KO0 YIIiH KONJaHbUIAdbI.

Tyiiin ce3aep: 3TaHONIAMUATEDP, KATUOHIBI OETTIK OCICEH I 3aTTap, OaKTEpULIUATED,
JKOFapbl MaiIbl KApOOH KBIIKBUIAAPHI, TU3TAaHOJIAMUH, KayCTUKAJIBIK KaJlui
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METOA HOJYYEHUS ITIOBEPXHOCTHO-AKTUBHBIX BEIIIECTB HA
OCHOBE PA3JIMYHOI'O ) KUPOBOI'O CbhIPbS

AHHoTanus. B nociennue roapl HaOM0Aa€TCs MOBBIIICHHBIH HHTEPEC K IOy YECHUIO
1 HCCIIENOBAHUIO TOBEPXHOCTHO-AKTUBHBIX BELIECTB, CUHTE3MPOBAHHBIX HA OCHOBE
HAaTypaJbHOTO ChIpbsl. TakHWe MOBEPXHOCTHO-AaKTUBHBIE BEIIECTBA MHTEPECHBI TEM,
4YTO OHH, KaK MpaBuiio, Ouopasznaraembl. X CHHTE3MPYIOT U3 HATYypaIbHOTO CBHIPHS:
KYKYPY3HOI'O, KOKOCOBOI'O, ITaJJbMOBOI'O M JPYyrMX Macell. B kauecTBe albTEpHATUBBI
Ha CMEHY pacTUTENbHOMY CBIPBIO B JAaHHOW Hay4HOH paboTe ObUIO MPEmSIOKEHO
HCTIOJIb30BATh ChIPbE KUBOTHOTO NporcxoxeHus. B Pecriyonuke Kazaxcran umeercs
mpobiemMa ¢ JKUPOBBIMH OTXOAaMHU MsCOTIepepadaThIBalOMMX NPEeApusITHid. B nanHO#M
pabore ObIIO OOHApYKEHA BO3MOXKHOCTH aMUIMPOBAHHS KUPHBIX KUCIIOT, BXOASIIHX
B COCTaB KMBOTHOI'O JKHpPa C LIEJbIO MOTYYEHUS KAaTHOHHBIX TOBEPXHOCTHO AKTUBHBIX
BEILECTB, TO €CTh PE3YJbTAaThl JAHHOIO UCCIECAOBAHUS MOTYT IOCIYXHUTh PELIEHUEM
po0GaeMBI ¢ KUPOBBIMU oTXoAaMH. [IpousBozactso ITAB ¢ ucnonb30BaHNEM KHUPOBOTO
CBIPBS HE BCErAa 00ecIeYnBaeT MoyuyeHne MeHee TOKCUYHBIX U MEHEe 3KOJIOTHYECKH
Bpenusix [1AB, uem Herexumudeckue mpou3BoacTBa. OIHAKO ¢ yIETOM KPyTrOBOPOTa
YIJIEKUCIIOTO Ta3a XHUMHYECKOE IMPOM3BOACTBO, OCHOBAaHHOE Ha BO30OHOBISEMOM
CBIpbE, Bceraa Ooliee MpeanouTHTenbHo. IMeHHo mosToMy pabora OymeT mocBsiieHa
HCCIENOBAHUIO METOAA IOJNYYEHHUs 3TAHOJIAMHUAOB JKHPHBIX KHCJIOT Ha OCHOBE
KUBOTHOTO CBHIPbS . OTH COENWHEHHS] OTHOCSTCS K XOpOIIO H3BECTHOMY KJaccy
KaTHOHHBIX OaKTEPUIUAOB C MIMPOKUM CIEKTPOM aHTUMHKPOOHOH akTUBHOCTH. OHH
HCIIOJIB3YIOTCSI B KAYE€CTBE OCHOBHBIX KOMIIOHEHTOB IIOBEPXHOCTHO-aKTUBHBIX BEIIECTB,
CPEICTB JIMYHON THUTHEHBI, KOCMETUKH, CMITUMTEICH, KpacuUTeNe, OMOIOTrHIecKuX
KpacuTelleil, aHTHCENTHKOB U JIE3MHPHIUPYIOMUX CpeAcTB. To ecTh aKTyalbHOCTb
HCCIIENOBAHUS 3aKIIIOYAETCSl B TOM, YTO B IOCTIAHAEMHUYECKUI MEPHUOJ CYIIECTBYET
Oompmias TOTPEOHOCTh B OaKTEPUIMAHBIX CpPEACTBAX, KOTOPHIMH U  SBISIOTCS
CHUHTE3UpPOBAHHbIE IOBEPXHOCTHO-aKTHBHBIE BenlecTBa. CHHTE3 OCYIIECTBIISAIH ITyTeEM
B3aUMOJICHCTBUS JAUATAHOJIIAMHHA C KapOOHOBOUW KucimoToil mpu Temmeparype 150°C,
B KAa4eCTBE KaTaJM3aToOpa HCIOJb30BAICSA €nKUi Kanuid. IlomydeHHbIE cOeqUHEHUS
00naatoT 6aKTEPUITMTHBIME CBOMCTBAMH M TIPUMEHSIETCS JUTS IMKBUAAIUN MHOYKECTBA
Pa3INYHBIX BUJIOB OBITOBBIX MUKPOOPTaHU3MOB.

Ku1roueBblie €J10Ba: 3TaHOJIAMH/Ibl, KATHOHHBIE IOBEPXHOCTHO-AKTUBHBIE BEILIECTBA,
OaKTepUIIIBI, BHICIINE KUPHBIE KAPOOHOBBIE KHCIOTHI, TUITAHOJIAMUH, SIKUH KaJuii

Introduction

To date, the synthesis of cationic surfactants is of interest to many researchers around
the world. Ethanolamides of fatty carboxylic acids are cationic surfactants that combine
disinfecting, wetting, foaming, anticorrosive and hydrophobic properties. Although
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other types of surfactants such as anionic, nonionic and amphoteric surfactants have
some antimicrobial activity depending on the specific biocide, cationic surfactants have
the greatest antimicrobial activity. Unlike more common disinfectants (chlorine, phenol,
sodium hypochlorite), they have the same useful properties as good solubility in water,
the absence of unpleasant and pungent odor, the ability to exhibit their bactericidal
properties even in large dilutions, while they are harmless to the human body.

The main part. Surfactants are one of the most typical chemical products that are
consumed in large quantities every day all over the world. The word surfactant comes
from the abbreviation of the terms "surfactant" and covers a group of molecules that are
capable of changing the interfacial properties of liquids (aqueous or non-aqueous) in
which they are present. The special properties of these molecules are their amphiphilic
nature, which is due to the fact that each molecule of the surfactant has both a hydrophilic
part and a hydrophobic (or lipophilic) part. As a result, they concentrate at the interface
of immiscible phases, reducing the interfacial tension.

Depending on the nature of the hydrophilic fragment providing the affinity of the
molecule to water, the main surfactants can be divided into anionic, cationic, amphoteric
and nonionic classes. As for the hydrophobic part of the molecule, in most cases it
is a hydrocarbon chain, but in some surfactants this hydrophobic part may be a non-
hydrocarbon chain, such as polydimethylsiloxane or perfluorocarbon.

Although all individual surfactants have their own properties, some general
characteristics can be attributed to each specific class. In the most general terms, the
following can be said: the main points can be proposed regarding the practical advantages
associated with different classes.

Anionic surfactants are historically the earliest and most common surfactants.
They are usually considered the "workhorse" in the detergent world. Accordingly,
they are produced in the largest volumes and for the most part are inexpensive. They
are especially useful because of their excellent washing action and the efficiency of
removing solid soil particles. This advantage is due to the fact that many substrates are
negatively charged; anionites and derived molecular aggregates are not inclined to be
firmly adsorbed on such substrates, thereby preventing the re-deposition of undesirable
contaminants.

Depending on the nature of the negatively charged head group, they exhibit different
resistance to hydrolysis; sulfates are most prone to hydrolytic decomposition; at the
same time, sulfonals are very stable.

Anionic surfactants are also sensitive to water hardness ions to varying degrees;
this fact may limit their use in hard water. The lower solubility in water and the specific
interfacial properties of Mg salt sulfonates are sometimes positively used to optimize
the detergent properties. Ethoxysulfates of alcohols are much less sensitive to alkaline
earth metal ions than homologues of alcohol sulfates.

Amphoteric surfactants are usually used in combination with other surfactants
(anionic or nonionic) to enhance desired properties, such as foaming or washing
properties. Since the optimal activity of amphoteric agents is manifested at a neutral
pH, they are especially valued as personal hygiene products (shower gels, bath foams,
shampoos, etc.) for their softness and compatibility with the skin.

8
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Nonionic surfactants are particularly useful because of their low sensitivity to water
hardness and pH. Since they are compatible with charged molecules, they are easy to
use in mixtures with other ionic surfactants, which often leads to useful associations.
For example, non-ionic substances can contribute to the dissolution of calcium or
magnesium salts of anion-active substances. The hydrophilic-lipophilic balance (GLB)
of nonionic compounds can be regulated by properly balancing the number and nature
of the polar links (ethylene oxide, propylene oxide, which form the hydrophilic part of
the molecule with respect to the carbon chain.

Ethoxylated nonionic surfactants exhibit a specific behavior with respect to
temperature; in a given temperature range, their solubility decreases with increasing
temperature, which leads to the deposition of surfactants at the "turbidity point".

One of the most promising classes of surfactants is cationic surfactants, which
include a number of synthesized fatty acid ethanolamides.

Cationic surfactants are characterized by very high substantiality on various
substrates, especially on negatively charged ones, and subsequent surface modifications.
Therefore, they are widely used as conditioning agents in the care of fabrics and hair
care products. Some cationic compounds, such as dodecyldimethylbenzylammonium
chloride or cetyltrimethylammonium chloride, are also used as bactericidal agents
(bactericides and fungicides). Ethanolamides of higher carboxylic acids as surface-
active substances combine properties such as bactericidal ability, foaming ability. They
are emulsifiers and stabilizers of emulsions, are widely used as flotation reagents in the
enrichment of fossil raw materials. Ethanolamides are liquid viscous substances of an
oily brown color, have a pleasant smell, and also have a moderately wide spectrum of
antimicrobial activity, a residual bacteriostatic effect on treated surfaces, do not cause
corrosion and are effective in a wide pH range.

Due to their chemical and physico-chemical properties, these substances are widely
used in various industries. But these substances are of greater interest due to their
bactericidal properties. In conditions of continuing risks of the spread of coronavirus
infection, the need for the synthesis of these compounds with bactericidal properties
is especially great. Since these fatty acid ethanolamides can become a key ingredient
in many cleaning and disinfectants, including dishwashing liquids, hand soap, air
fresheners and disinfectant sprays used in medical institutions, hospitals, schools,
offices and homes.

Methodology of the analysis

Animal fat was used as a raw material for the synthesis of new compounds. The
higher carboxylic acids included in the fat react with diethanolamine. The qualitative
and quantitative composition of carboxylic acids in fat is shown in Table 1. Caustic
potassium was used as a catalyst. Amines were responsible for the hydrophilic part of
future surfactants.

Table 1 — Quantitative composition of carboxylic acids in fat

Raw material | Acids that are part of fat, their quantitative content in fat(%)
Stearic Palmitic | Myristic | Oleic Linoleic | Arachidonic | Other acids

Pork fat 17,9 30,4 1,1 41,2 5,7 2 1,7
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Goose fat 15 31,2 3 30 19,3 - 1,5
Chicken fat |10 28,6 2,1 39,8 18 1 0,5

The process of chemical interaction between amine and carboxylic acid:

1] R i

A = HH = Hl"‘JJ\H'FR! + HO

R OH
i}

100 g (0.06 mol) of animal raw materials and 36 ml (0.18 mol) of diethanolamine
were loaded into a beaker and heated to 100°C, a catalyst was added — 0.2 g KOH. The
reaction mixture was slowly heated to 150°C and kept at this temperature for 3 hours.
Synthesis based on raw materials is shown in Figure 1.

'E.i!“'!im
J T e
Tl

& 'J‘TF:; _.J' "-l.'-

Fig. 1 - Synthesis based on raw materials

After 1 hour, changes begin to occur in the beaker, namely, diffusion occurs in
the section of the boundary of the two phases, that is, chemical interaction between
the amine and the acid. After 2 hours, the reaction mixture acquires a homogeneous
medium, and the surfactant acquires a pronounced yellow-brown color. At the end of
the synthesis of surfactants, studies of the physico-chemical parameters of the samples
were carried out: their foaming ability, hydrogen index, color, smell, etc. Samples of
synthesized surfactants are shown in Figure 2.

Fig. 2 - Samples of synthesized surfactants

10
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The physico-chemical parameters of the obtained surfactants of fatty acids of animal
fat are presented in Table 2.

Table 2- Physico-chemical parameters of surfactants

Surfactants, based on raw materials
Name of parameters Pork fat Chicken fat Goose fat
Appearance and consistency Oily viscous liquids
Colour Light yellow Dark brown Light brown
Mass fraction, %
- free caustic alkali 0,18 0,15 0,1
- free carbon dioxide soda 0,7 0,6 1
- insoluble impurities 0,3 0,4 0,5

The main indicator of the action of surfactants is their foaming ability. Foaming
capacity is the volume of foam formed under certain conditions (temperature, surfactant
concentration, foaming method) from a certain volume of solution. A quantitative
measure of this property can be the volume of the foam obtained and the time of its
existence. The formation of a stable foam indicates a good quality of the surfactant,
therefore, this property is also tested in the conditions of industrial synthesis of these
compounds.

The foaming ability of the surfactant was determined according to GOST 22567.1—
77 by measuring the height of the foam column obtained by shaking several drops of
the studied surfactant and a certain volume of distilled water in a measuring cylinder.
(Figure 3)

-

Fig.3 - Study of foaming capacity
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The following sample 1 is pork fat fatty acid diethanolamide, foaming capacity — 25
mm;

The following sample is 2 — diethanolamide fatty acids of chicken fat, foaming
capacity -20 mm;

The following sample is 3 — diethanolamide fatty acids of goose fat, foaming capacity
— 20 mm;

The determination of the value of the hydrogen index was also carried out.
Depending on the pH level, concentration and activity of active substances, detergents
are conditionally divided into weak, medium and strong. Accordingly, each of these
classes is designed to remove contaminants of varying severity. The results of the
conducted studies are shown in Table 3.

Table 3 — Results of determination of surfactant indicators

Surfactants pH Foaming ability Foam stability
Surfactant on pork fat 8 25 mm Stable
Surfactant on chicken fat 7 20 mm Stable
Surfactant on goose fat 8 20 mm Stable

The bactericidal properties of the synthesized surfactants were also determined.
Mold was previously grown in a thermostat at 37°C for 48 hours .

Fig. 4 - Biobox

Then sterile petri dishes were taken, 1 ml of a 1 % working disinfectant solution was
poured, and mold was added using sterile tweezers and samples were left for 24 hours..
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The next day, mold samples without bactericide and a mold sample with bactericide
were studied on a microscope.

Figure 6 - Control sample Figure 7- Mold samples after surfactant treatment

Conclusion

At the end of the analysis, ethanolamides and fatty acids were obtained, as evidenced
by the changes in the glass, namely: after 1 hour of time, the two phases begin to mix,
resulting in a reaction and the liquid in the glass becomes homogeneous; there is an
external change in the color of the reagents in the glass.

It has been established that on the basis of animal raw materials containing fatty
acids in their composition, it is possible to obtain products of amidation of these acids,
that is, as an alternative to vegetable raw materials, it is possible to replace them with
animal raw materials. The results of this study can serve as a solution to the problem of
fat waste from meat processing plants.

The obtained results of the main quality indicators meet the requirements of the
technical specifications of various manufacturers, which indicates the good quality of
the products obtained, also of the 3 samples studied — pork fat fatty acid diethanolamide
has a better foaming ability. Also, all surfactants showed the property of suppressing
the biocenosis of fungal and mold bacteria. In conditions of the risk of the spread
of coronavirus infections, the synthesis of substances with bactericidal properties is
quite relev. At the end of the analysis, ethanolamides and fatty acids were obtained,
as evidenced by the changes in the glass, namely: after 1 hour of time, the two phases
begin to mix, resulting in a reaction and the liquid in the glass becomes homogeneous;
there is an external change in the color of the reagents in the glass.

It has been established that on the basis of animal raw materials containing fatty
acids in their composition, it is possible to obtain products of amidation of these acids,
that is, as an alternative to vegetable raw materials, it is possible to replace them with
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animal raw materials. The results of this study can serve as a solution to the problem of
fat waste from meat processing plants.

The obtained results of the main quality indicators meet the requirements of the
technical specifications of various manufacturers, which indicates the good quality of
the products obtained, also of the 3 samples studied — pork fat fatty acid diethanolamide
has a better foaming ability. Also, all surfactants showed the property of suppressing
the biocenosis of fungal and mold bacteria. In conditions of the risk of the spread of
coronavirus infections, the synthesis of substances with bactericidal properties is quite
relevant.
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STUDY OF CARATINOID, FLAVONOID, POLYPHENOL COMPOUNDS
OF DICOTYLEDONOUS NETTLE (URTICA DIOCA L.)

Abstract. The article is dedicated to the study of chemical composition of
dicotyledonous nettle (Urtica dioca L.), which belongs to genus Asteraceae, grows in
the Medeu mountainous region of Kazakhstan and to optimize the efficient isolation
of biologically active compounds and to analyze them. In addition, the qualitative
composition and quantitative content of dicotyledonous nettle’s (Urtica dioca L.)
bioactive compounds (BAC) is shown. In particular, pectin, phenolic acids, tannins,
anthocyanins, flavonoids and polyphenols are found and quantified in the composition
of domestic medicinal raw nettles. In general, a simple physicochemical method for the
separation of flavonoids and carotenoids belonging to the group BAC is proposed. As a
result of the study, from the leaves and stems of the nettle a compound belonging to the
P-vitamin group C H, O, and from the leaves a compound belonging to the carotenoid
group C H, O, were isolated.

Keywords: Urtica dioca L., dicotyledonous nettle, flavonoids, carotenoids, tannins,
phenolic acids, IR, BAC
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EKIYWJII KAJTAKAY (URTICA DIOCA L.) KYPAMBIHIAFBI
MOJUPEHOJIbI KOCBIIBICTAPABI, ®JTABOHOU/ITAPIDI,
KAPOTUHOUATAPIBI 3EPTTEY

AHHoOTamusa. Makana jKekelnereH OWOJIOTHSUIBIK OCJICEHAl 3arTaplblH THIMZIL
TapallyblH OHTalIaHABIpy MakcareiHaa KazakctanHblH Mezey Tay aylqaHbIHIA ©CETIiH
KYpAemni TyJmep TYKbIMIAchblHA >KaTaThlH eKiyimi kKamakaipeH (Urtica dioca L.)
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XUMHUSUTBIK KYPaMBIH 3epTTeyre apHairaH. OcimuikriH (Urtica dioca L.) canaiblk xxoHE
CaHJIBIK KYpaMbl KOPCETUITCH. ATal aiTKaH/a, SKiyili KaJlakail eCiMIITiHIH OTaH]IbIK
JIOPLTIK MIMKI3aThIHAA TEKTHH, (DEHON KBIMIKBUIAAPBI, WIETINI 3aTTap, aHTOIHAHJEP,
¢naBoHouaTap *oHe nmonudenonnap Tadsuinel. BB3 ToOBIHA KaTaThIH QraaBoHOUATAD
MEH KapOTHHOWITApbl aNyAbIH KapamaibiM (U3UKa-XUMUSIIBIK OJIiCI YCHIHBUIIBI.
3epTTey HOTIDKECIHIE Kajlakail eCIMAIriHIH »KambIparbl MeH cabarbiHaH P mopymeni
TOOBIHA KaTaTbiH C sH,,0, xoHe Kanakaii OCIMJIITIHIH KalbIpaFblHAaH KapaTUHOM]T
T0OBIHA *xKaTapl C, sH,,0, KocbuibIcTaphI OoITIHIN alIbIHIbL.

Tyiiin ce3nep: Urtica dioca L., kanakaii eki>kakThl, (pr1aBaHOU I, KAPATUHOW]T, UIICTIIIT
3artap, heHon kpukerinapsl, UK, 6b3
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UCCJIEJOBAHUE MOJIA®EHOJIbHBIX COEJJUHEHU,
®JIABOHOM]IOB, KAPOTHHOWIOB KPAIIMBBI IBYIOMHOM
(URTICA DIOCA L.)

Annoranmus. CraThsi MOCBAILICHA HW3YUYCHUIO XHMHUYECKOTO COCTaBa KpPalMBBI
neynomHuoilt (Urtica dioca L.), pacTeHHs, OTHOCSIIErOCS K POy CJIOXKHBIX I[BETKOB,
npowuspacraromiero B MeaeyckoM ropaom paiione Kazaxcrana, ¢ neiapio ONTUMUA3AIIT
3¢ (EeKTUBHOTO pachpeieieHs] OTACIbHBIX OHOJOTMYSCKA AaKTHBHBIX BEIIECTB.
VYka3aH KaueCTBEHHBIH M KOJUYECTBEHHBIM cocraB pacrenus (Urtica dioca L.). B
YaCTHOCTH, B OT€UECTBEHHOM JICKAPCTBEHHOM CBHIPHE JIBYIOMHOTO PACTEHUS KPAITUBbI
oOHaApyKEHBI U 3alMCaHbl MEKTUHOBHIC BEIICCTBA, ()CHOIBHBIC KUCIOTHI, yOUITbHEIC
BEIICCTBA, aHTONMAHBI, (praBoHOMIEI U TonudeHonsl. [Ipennoxen npocroit Gpusnko-
XUMHUYCCKHI METOJ] TIOMY4YeHHs (IABOHOUJIOB M KApOTUHOWJIOB, IPUHAJICIKAIIIX
k rpymmne BAB. B pe3ynbrare uccieqoBaHus W3 JINCTA U CTEONS PaCTEHUS KParMBbI
BBIJEJICHBI COCIUHCHUS C1 5H1 007, OTHOCSAIIMECS K P-BUTaMUHHON TpyIIme, u C1 5H1 002,
OTHOCAIIMECS K KApaTUHOUIHOHN TPYIINE, U3 JIUCTA PACTCHUS KPAIIKBHI.

KiroueBslie ciioBa: (Urtica dioca L.), kpanuBa IByJOMHas1, (pJIaBaHOW], KAPATHHOM],
IyOWIIbHBIC BelecTBa, (heHoIbHBIE KUcoThl, UK, BAB

Introduction.

Currently, one of the key tasks of pharmaceutical science in the Republic of
Kazakhstan is the development and introduction of import-substituting drugs, including
medicines from plant raw materials. The Republic of Kazakhstan is rich with safe and
affordable domestic raw materials, large reserves of herbs used in traditional medicine
for centuries.
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However, not all species of medicinal herbs, including the genus Asterdceae, are
used in official medicine. Therefore, it is necessary to conduct a comprehensive study
on the development and standardization of medicines based on medicinal raw materials
under the initiative "Modern technologies and production of medicines".

In this regard, dicotyledonous nettle (Urtica dioca L.) is of particular interest as a
raw material for medicines. Its demand is due to the high content of biologically active
compounds such as phenolic acids, anthocyanins, flavonoids, polyphenols.

Dicotyledonous nettle (Urtica dioca L.) is a genus of the nettle family. There are 45
representatives of nettles on the planet, including 850 species. There are more than 40
species in temperate and tropical regions, and 3 species in Kazakhstan. It grows in the
garden, woods, in shady, moist places along the road [4-5].

Biologically active compounds are one of nature's most valuable compounds derived
from plants, which are obtained naturally and synthetically from plants. Nowadays
it is important to get medicines from plants. This is due to the fact that medicines
derived from environmentally safe raw materials, biologically active compounds are
widely used in special natural foods, pharmaceuticals, medicine, household chemicals,
agriculture. Biologically active compounds are substances obtained in different ways,
which are potential sources of drugs that restore the pathologically altered functions
of animals and humans [7]. M. Goryaev, L. Klyshev, M. Kukenov, T. Chumbalov and
other scientists have studied a number of medicinal plants of Kazakhstan and obtained
biologically active compounds from them.

Polyphenols are polyhydric phenols and their derivatives. Polyphenols prevent the
process of photosynthesis, growth, asthma and various infectious diseases [8].

Today, about six thousand polyphenols have been isolated from plants. Polyphenols
are found not only in useful plants, but also in vegetables and fruits as well. In addition
to 1 g of antioxidant components, the human organism gets a number of vitamins,
including about 100 mg of B-carotene, vitamins C and E per day. Polyphenols play an
important role in the biological, metabolic processes in the plant Kingdom. In plants
tannins (floroglucin, pyrogallol, etc.) in the form of glucosides and essential oils are
widely spread. Polyphenols are found in many foods. The products formed during their
oxidation (for example, quinone) give food a delicious aroma and aromatic structure.
Industrial polyphenols include catecholeamine and some hormones and mediators
(adrenaline and noradrenaline) [8-10].

Polyphenols are divided into three types: tannins, lignins and flavonoids. The
latter type of polyphenols is widespread and 10 types, composition and structure have
been identified. These are: flavonoids, flavonols, flavonones, catechins, isoflavanoids,
proanthocyanidine and anthocyanidine.

Polyphenols prevent aging by protecting human skin from sunlight, ozone and other
toxins and. Studies by Canadian scientists have shown that polyphenols are found
in red wine and are important in the treatment of red gums diseases. Polyphenols in
grapes characterize antioxidant, antimutagenic, antibacterial activity of p-vitamins.
Polyphenols in the blood vessels, improve blood circulation. Serves as a fundamental
element that supports skin tissue. Therefore, doctors warn that excessive consumption

17



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

of alcohol can have a negative effect on the organism. In addition, excessive use of
polyphenols causes kidney and liver disease [9-13].

Flavonoids are phenolic compounds. Most flavonoids form groups of pigments
that give color to different parts of plants and combine in different amounts, giving
a magical color to plant life. Others are the founders of flexible things. Flavonoids
(lat. Flavo-yellow) are found in many medicinal plants and even in ordinary tea, and
they are capable of antiseptic effect and PP-vitamin activity. They carry many powerful
antioxidants (substances that counteract the oxidation of body tissues and body fluids,
as well as substances that stop the aging of the organism and cells and form metabolic
processes), the well-known vitamins E and C. Flavonoids retain their beneficial
properties even after drying and extracting the plant. These substances are used in the
preparation of antiseptics, dyes in the pharmaceutical industry. Flavonoids are used
for therapeutic purposes in cleansing the bile ducts, expectoration, heart disease and
cleansing the human body of radioactive substances. Their ability to suppress cancer is
also being studied [5-17].

The purpose of the study: to determine the physicochemical composition and
quantitative content of polyphenolic compounds, flavonoids, carotenoids in medicinal
plant dicotyledonous nettle (Urtica dioca L.) growing wild in Kazakhstan.

Practical part

The object of the study was a wild-growing dicotyledonous nettle harvested in April-
May 2018 and September-October 2019 in the Medeu mountainous area of Almaty.

Hydrogen index of aqueous, alcoholic solutions of dicotyledonous nettle (leaves,
stems, roots) was determined by pH-meter "I-160 MI", refractive index by refractometer
IRF-454B, density was determined by pycnometric method.

Moisture and ash content of dicotyledonous nettle by gravimetric method, acidity,
ascorbic acid, pectin, tannins by titrimetric method, protein by Kjeldahl method, fiber
by weight method according to A.E. Ermakov's modification, crude oil content in
Soxhlet extractor, amount of disaccharides, monosaccharides, polyphenols, flavonoids,
anthocyanins were determined on a photocalorimeter KFK-2.

Polyphenol compounds were extracted with water to separate from plant raw
materials due to their high hydrophilic properties, the extract was washed with water by
adsorption on activated carbon to remove lipophilic resins. Separation of the purified
fraction was carried out by silica gel, cellulose column chromatography.

During the scientific data discussion, the simplest method of BAC isolation on the
basis of the next scheme was used.

The raw material was extracted with 95% ethanol. To neutralize the organic acids,
the solution was heated by adding sodium bicarbonate (10: 1). Distilled water was
used as standard solution. After extraction, the raw material was filtered, the alcohol-
water residue of the extract was pumped out and the filtrate was dried. The filtrate
was dissolved in chloroform. The aqueous solution was treated 7-8 times in a filter
funnel until an alcohol-water precipitate of the same amount of chloroform was formed.
Further evaporation of chloroform (chloroform fraction) was carried. The residue from
the extraction was heated in a water bath until the chloroform was removed, dried and
treated with ethyl acetate [7-9].
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The plant was extracted with pure alcohol to separate flavonoids. After evaporation
of the obtained alcohol extract, hot water was poured into the residue and after cooling,
non-polar compounds (chlorophyll, oils, essential oils, etc.) were removed from the
aqueous phase with chloroform. From the aqueous phase, flavonoids were isolated
alternately with ethyl acetate and butanol. Column chromatography was used to separate
the components in each fraction. Silica gel and cellulose were obtained as sorbents. A
specific method was used to isolate individual flavonoids. Extraction was carried out
with hot water to separate the rutin from the bud. After cooling, rutin precipitated from
the solution. It was filtered and recrystallized to alcohol [14,18].

The raw material for carotenoid separation was processed and extracted in acetone.
The extract was divided into two parts, each of which was processed with 200 ml of
petroleum ether. In order to eliminate xanthophyll, the petroleum ether was purified
from ethanol and acetone by washing with 80% ethanol, water several times. Then
comes the finely ground chlorophyll. Then anhydrous sodium sulfate was then filtered
through 50 g of talc. Carotene crystallized when the filtrate was evaporated at 40°C and
the fatty part was treated with absolute alcohol.

Results and discussion

Table 1. Physical properties of nettle

Raw pH n(refractive index) p, g/cm’

material | in ethanol,% i n | ethanol,% in ethanol, %

name water (40 |70 |90 |water |40 70 90 water |40 70 90
leaves 8,544 16,07 | 6,51 | 6,06 |1,3310 | 1,3515 |1,3600 | 1,3580|1,0022 | 0,9635 |0,9587 | 0,8589
stems 7,6 6,08 | 6,47 | 5,65 |1,3320|1,3510|1,3590 | 1,3536 | 1,0036 | 0,9042 | 0,8913 | 0,8909
roots 5,7 59 |57 [8,54 11,3320 1,355 |1,36 1,33 1,2507 10,9612 | 0,8973 | 0,8470

According to Table 1, the pH of alcoholic solutions of dicotyledonous nettle (leaves,
stems, roots) is weakly acidic, and the pH of aqueous solutions is close to neutral. The
density of the solution in water is higher than the density of the solution in alcohol.

Table 2. Chemical composition of nettle

Raw material name Leaf Stems Roots

Humidity, % 6,5 4,5 6,5

Ashes, % 0,877 0,9 0,96

Extractivity, % 4,1 3,7 3,9

Pectin substances, % Water soluble 3,5 1,3 0,58

Insoluble in water 3,7 1,4 0,6

Phenolic acids, % Gallic acid 5,5 1,9 1,8

Caffeic acid 5,2 2,01 1,7

Wnerim Condensed 4,5 2,15 0,37
3arrap, % Hydrolyzed 4,45 2.9 0,36
Acidity, % 0,399 0,227 0,30

Anthocyanins, % 0,2 0,04 0,07

Flavonoids, % 2,5 1,05 0,75

Polyphenols, % 2,970 3,1003 2,40
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Extraction was carried out in water and 80% ethanol for 2 hours. The extractivity of
nettle leaves is 1.1 times higher than the stem.

Pectins are 3.5 times higher in the leaves than in the stems, and water-insoluble
pectins are 4.1 times higher in the leaves than in the stems. The content of phenolic
acids, gallic acid in the leaves is 3.3 times higher than in the stems, and the content of
caffeic acid in the leaves is 2.3 times higher than in the stems. And the roots are high in
pectin and polyphenols.

Tannin substances are natural phenolic compounds with different molecular weights.
The study results show that the amount of tannins in the leaves is 2 times higher than in
the stems, and the amount of tannins in the roots is less.

Organic acids are 2 times more in the leaves than in the stems. Compared to the
leaves and roots, the content of organic acids in the leaves is 1.6 times higher.

The amount of anthocyanins in the leaves is 4.1 times higher than in the stems and
leaves. The content of flavonoids is 2 times lower, and in the roots is 2.5 times lower
than in the leaves, the content of polyphenols is similar.

Table 3. Microanalytic index of polyphenols separated from nettle leaves

Nettle Output, % | Melting point, Calculated, % Molecular formula Found, %
°C C H C H
Leaves 8 179° 59,55 33 C,H 0, 58,65 3,7
[
- -
. (:L_] { o
™
(quartzetin)

The formula of polyphenols isolated from the leaves and stems of nettle is C ;H, O,
. It is a compound belonging to the group of P-vitamins. Melting point 179°C.

According to scientific data, polyphenols are found at 3400-3450 cm™ IR spectrum
of polyphenols isolated from nettle leaves. The peaks were 3500 cm™ for O-H group,
3000 cm™ for CH, group, 1540 cm for C-C group, 1384 cm'1 for C-O group. That is,
the structure of the released polyphenols corresponds to the literature [10,21].

HIukizar 0% |Zn% |Al% |Si P S Ca Mg K Na |Ba%
% % % | % % | % %

KOCYIJII KAJIA- 48,73 16,80 [1.43 |6.97 |2.31 |2 22 2,65 19.81 0.01

KAMABIH, scanvipaze

KOCYIJII KAJIA- 47,13 16,31 [3.50 |2.59 |2.17 |1.53 |22.16 |0,21 [15.83|0.21|0.01

KAMJIBIH, cabasbl
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Fig. 1 - IR spectrum of polyphenols isolated from nettle leaves

Table 4. Elemental analysis of flavonoids separated from nettle leaves

Nettle |Output, % | Melting point, °C | Calculated, % | Molecular formula Found, %
C H C
Leaves 8 192° 81 42 C,H,0, 80,2 4
(phenyl)
el A
i i
o - ! _.-" '
i - £ F I ’ s !
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Fig. 2 - IR spectrum of flavonoids obtained from nettle leaves

Formula of flavonoids isolated from nettle leaves: C H, O,. It is an unsaturated
vitamin belonging to the carotenoid group. Melting pomt — 192°C. The frequency of
oscillations of the IR spectrum 2900 cm™! indicates the valence oscillations of the group
C-H, 1600 cm™ - the relationship between C = C-, 1300 cm™ C-O. The oscillation

frequency of 570 cm! corresponds to the methyl group [21].

Table 5. Elemental analysis of carotene

Nettle Output, % | Melting point, Calculated, % Molecular formula Found, %
°C C H C H
Leaves 9 183° 89,55 10,44 C,,Hs, 83,10 | 6,76
(B-carotene)
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Fig. 3 - IR spectrum of carotene isolated from nettle leaves

The formula for carotene extracted from the leaves of the nettle plant is C, H56. It
is an unsaturated vitamin belonging to the group of carotenoids. Melting point 183°C.
Melting point was determined on an electronic heater "Boetius". If the IR spectrum
corresponds at 3632 cm-! to O-H group, the frequency of oscillations 3012 indicates the
valence oscillations of H-N group, 1540 cm-1-the relationship between C = C- and the
frequency of oscillations 1384 cm™'-C-O linkage. In addition, the oscillation frequency
of 618 cm! corresponds to the methyl group.

Conclusion

Biologically active compunds were isolated from the nettle, the composition and
structure of which were identified by modern physicochemical methods.

In the future, nettle will be used in the production of domestic phytopreparations,
effective medicines.
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AnHoramusa. Makanana Artemisia cina Berg eCIMIITIHEH 3KCTpPaKIUsAIAY JKOHE
xpomarorpadus omiciMeH  O6JIHINl aJiblHFAaH CECKBUTEPICHOU -CAaHTOHMHHIH
Monekynaceina OH, ankun, xypueni 3¢up, aMuH xoHe T.0. papMako(opibl TONTap.IbI
SHTi3y apKbUIbl XUMHUSUIBIK MOJM(HKAIUIIAY KOJIBIMEH OipHelIe jkaHa KOCBUIBICTap
cunresnenai. Komnbrorepnik PASS Garnapiamacs! OOMbIHIIA albIH-aJ1a ~-CAHTOHUHHIH
BHPYCKa Kapchl OHOJIOTHSUIBIK OeliceHaiIirine Oomkam kacanbsl. -CaHTOHMHHIH
MOIUGUKAIUSIAHFAH TYBIH/BIAPBIHBIHBIH  (apMako(Opiibl TONTAPBIHBIH BUPYCKa
KapChl 9CEpiH aHBIKTAy YIIIH CHHTE3ACIIeH JKaHa KOChUIbICTapabiH SARS-
CoV-2 xOpoHOBHpYChIHa Kapchl OeyiceHaimiri 3eprrenai. HoTwxkeciHae CaHTOHUH
TYBIHABUIAPBIHH, ~ OWOJIOTHSUIBIK ~ OCJICEHIUIIN OHBIH  YJIBUIBIFBIHA — OaiJIaHBICTHI
TOMCHJICHTIH/IITI, aJl MOJICKYJIa KYpaMbIHIaFbl JTUCH/IIK CAKMHAHbBI apOMATThl CaKUHAFa
ayBICTBIpCa KepicCiHIlle BUPYCKa KAPChI )KaKChI OSJICEH TUTIK KOPCETETIH T aHBIKTAJIJIBL.

Tyiiin ce3mep: CECKBUTEPIICHOU, -CAHTOHHMH, TOTBIKCHI3IAHIBIPY, apoMarTay,
XUMHSUTBIK MOIU(DUKAIUS, CHHTE3

Kap:xsuianabipy: by skymeicka Kazakcran PecryOnukachs! FhUTBIM jkKoHE JKOFapHI
oimim munmcTpiairi (rpant BR10965271 «Ocimaik mmmkizareinan COVID-19 xone
OCBIFAaH YKCac BHPYCTHIK WH(pEKIHsIapFa Kapchl OeJCEeHIUri Oap >korapbsl THIMJI
JIOPITIK 3aTTapabl 93ipiiey») KapiKblUial KoJaay KepCeTTi.

Mynaenep KakThbIFbICHI: ABTOpIJIAp OCHI MaKaylaaa MYAJENIep KaKTHIFBICH XKOK JIeT
MaJIIMIAEMEN I,
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Kipicne
Kazakcran, onemuiH Oapiblk enaepi cusktel, SARS-CoV-2 snumeMusiciHaH
alTapibIKTaid IIbIFbIHFA YIIbIpanabl. KazakcTanna XalbIKThl BaKIUWHALMSIIAYIbIH
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KETICTIKTEepiHE KoHE aybIPBIN KalFaH aJaMIapAblH €ldyip CaHblHA KOHE MMMYHIBIK
KabarThIH ecyine KapamactaH, SARS-Co V-2 xaHa xxarnaiinapst 2022 ®bUIIbIH KY3iHACT1
XKarmaid OOMBIHIIA TipKemyni KajFacTelpyna. Kaszipri yakpITTa SMHIEMHOJIOTTapAbIH
KkyTyi SARS-CoV-2 kopoHaBHpYChI aaM MOMYSUATIapbIHAAF bl Al HATIBIMHAH eLIKAIIaH
xoubMaiel koHe SARS-CoV-2 undekiusace xahaHIbIK IeHTeliIe TapaaFaH jKoHe
MayCBIMJIBIK, JKeJeJl PECITUPATOPIIBIK BUPYCTHIK HH(QEKIUSIIApIbl TYABIPATHIH aJaMHbBIH
MayChIMIBIK KopoHaBupycTapsiHa (229E, NL63, OC43 n HKU1Bupycrapsl) yKcaiasl.
KopoHnaBupycThIK HHPEKIHUSIHBI eMACYTe apHAIFaH A3Pi-IopMeKTep MEeAUIINHA A YHEMI
KaxeT Oomanpl. Kaszipri yakpitTa mpaktukanslk MeaunuHana SARS-CoV-2-re kapcs
TiKeNel BUPYyCKa Kapchl acepi Oap npemnapartap a3 (AnekeHos, 2012: 244-245).

Backa mpenaparrap SARS-CoV-2 xopoHaBUpYyCbIHAa Kapchl JQNEIICHICH TiKeJeH
BUpYCKa Kapchl ocepi 0ap jkoHEe KIMHHKAJIBIK KOJJAaHbICKA NEHiH KaObUITaHFaH
XUMMSUIBIK TIpenaparTap AEHCaylbIK MpakTUKachiHIa koK. SARS-CoV-2-re kapcsl
OTaHIBIK BUPYCKA KapChl MpenapaTTapasl TAOUFH Ke3lepAeH i31ey HEMece CHUHTE3IeY
KOHE IIBIFapyabl YHBIMAACTBIPY KYMBICTAPhl ©6T€ MaHBI3/IbI.

CecKBHTEPIIEH JIAKTOHAAPH! ©CIMIIKTEple KEHIHEH TapajfaH >KOHE OMOIOTHSUIBIK
OeJceHAUTiKTIH KeH crnekTpine ue. CecKBUTEpIEHI JTaKTOHAAPBIHBIH OHOJIOTHSIBIK
OeJICeHATIT HeTi3iHeH METHIIMEH alIMacThIPbUIFaH JaKTOH UKL MeH (hapMaropopiIsl
TONITAPBIHBIH 00Ty bIHA OaliJIaHBICTHI, aJl KAHBIKIIAFaH parMeHTi KOChUTY peaKsIapbiHa
kareicassl (Ilarent 1710062, 1992; Yang, Choi, Choi, Kim, 2008: 678—683).

a-CanTtonuH (1) —MeauuuHaaa mapa3uTTepre Kapchl mpenapar peTinae KoJAAaHbUIFaH
QIIFaIIKbl CECKBUTEPIICHAIK JIAKTOH.

Xana Owuomormsuiblk OeJCeHAl KOCBUIBICTApFa TYPJCHETIH CECKBUTEPIEH]
Y-JIaKTOHAAPBIH XUMHUSUIBIK TYPACHY1 MEIUIIMHAIBIK XUMUSHBIH MaHbI3bl OarbIThIHA
alfHaIbI.

-CaHTOHUH TYBIHIBIIAPBIHBIH CHHTE31 OPraHUKAIIBIK JKOHE MEAUIMHAIBIK XUMHUSAa
YJIKeH KbBI3BIFYIIBUIBIK TYABIPABI. -CaHTOHUHHIH PEaKIUSIIBIK KaOUISTTUTIrT €Ki anThl
MyLIeni cakuHaaaH (A xoHe B caxunamapsl) skoHe Oec MyIlelNi JaKTOH CaKMHACBIHAH
(C cakunacsel) TypaThlH Oipereil KYpbUIBIMBIHBIH apKACBIHAA XKOFaphl 00Ia1bl, COHBIMEH
KaTap TYBIHABUIAPIABIH SPTYPJi TYPJEPIH ally YIIIH CHHTE3AEYNiH TYpJi omicTepi ae
konnanbUirad (MunoBaronsei natreHt PK, 2015; ManoBanmonnstii narent PK, 2011).

0~CaHTOHMH COHBIMEH KaTrap CHHTETHUKAJIBIK MEAMLIMHAIBIK XUMHUsAA ap3aH JKoHe
KOJIAisIbl OacTankpl 3aT peTiHAe e KOMAaHbLIa bl

0~-CaHTOHMHHIH XUMUSIIBIK MOAU(UKALNS peaksIaphl, HETi3iHEH TOTHIKCBHI3AaHY,
TOTBIFY, dTepuuKays, JHeHOH(EHON bl KaliTa Kypy, CAKHHAHBIH KeHero, Malkiiabiy
KOCBLTY peakusIapbl, JUMOJSPIIBIK HIUKITe KOChLTY skoHe A, B skone C cakrHaIapbIHbIH
KypbUTbIMAapbiHa OareiTTanran (Mckanaepos, Boiituiek, KokmxkaHosa, JxaneHosa,
Mepxarymnsl, 2022: 44—-49; Anexenos, 2008: 30-35).

Byn xyMmpicTa 0-CaHTOHWHHIH OHONOTHSUIBIK O€JNCEHAl >KOHE BHPYCKa KapcChl
Oencenainirine ocep ereTiH Oacka (YHKOMOHANABIK TONTAapFa TYPJCHIIpY YIIiH
THOPOKCHIIZIEHY, TOTBIFY, apoMarray peakuusuiapbl >xyprizingi. CoHBIMEH Karap
peakUMAIBIK OpPTaHbIH, TEMIIEpPaTypaHbIH, peareHTTEpAiH apakKaThIHACBHIHBIH dcepi
3epTTEIi.
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9jicTep MeH MaTepuaJaap

Kyka kabartel xpomatorpadust (TSH) (Peceit), ynsrpakynrin xpomarockor (Peceit),
R, monzepi Cunygpon 10x15 (Peceii) mnacTHHKaTapbIHIAFbl STHIIALETAT-TEKCaH (4:6)
epiTkimTep xyhecinae xyprizinmi. KKKX HoTnxkenepi yasTpakyirid caynene 254 HM
TOJIKbIH Y3bIH/IBIFBIH/IA JKOHE WO/ OymaphiHIa alKbIHIaJIbI.

Ceirakrap MDCK xacyia MaosieHHeTiHIe KYPri3iiai. A THNTI TYMay BUPYCHIHBIH
mramMMbl, A/Puerto Rico/8/34(HIN1) mrammer konmansuiabl.  Illtamm  YOB
MUKPOOHOJIOTHSJIBIK ~ JAaKbUIIAD OJKWHAFbIHIA CakKrajaabl. TecTuUiey XaTTamachl
KOPOHABUPYC CHIKTHI KOJAaHbuI bl MHpekusabiy kontiri = 0,01. [Tnanmerrep NBT
cyoctparbiMer Oosutran. ®@opmazan cintini DMSO-na epiren (50 % DMSO + 1M
KOH), mnanmerrep 595 HM TONKbIH Y3BIHIBIFBIHAA (OTOMETPHSIIAHFAH.

Taxipubere 6acrankbl koHIeHTpanusckl 100 mr / mi (Hemece 10 %) OonareiHgait
OapinbIK 3aTTap anbiHael. Opraga 4 Mil CyOCTaHIUs epITIHAICT JaibIHAaIIbI.

3epTTeynep CEHIMII HOTHXKeJIepre KOJ JKETKI3y[l KaMTaMachl3 €TETiH 3aMaHayH
KaOBIKTAPIbI, OJIIICY KYpalJapblH >KOHE JKajlbl TaHBUIFAH JJICTepAl MailjayiaHa
OTBIPBIN KYPTi3iIi.

HoTu:kesiep skoHe 0JIapabl TAJIKbLIAY

1. Kaberayra Kapcel (KOPOHOBHPYC MEH TyYMayFa KapChl aypyinapra Kapchl) >KaHa
KOCBUIBICTAP/IbI AHBIKTAY YIIIH 0aCTaIKbl 3aT -CAHTOHUHHIH OMOJIOTUSIIBIK OCICEHILTIK
CIIEKTpiHE KOMIBIOTEPIiK Pass online OarmapnamacbiMeH Oomxay xyprizinai (PASS
online, 2022 ).

Bomkay ke3iHIe ajblHFaH MAJIMETTEPAIH OYKIJI MAacCHBI TalJaHAbl OHE TEK
Oencenpinik kepcetkinn (P,) 3eprreneTin KOChUIBIC YIIiH eH MaHb3abl (70-100 %)
MOHJIEp TaHIAJIbI.

-CaHTOHWHHIH CKPUHUHT i1 Silico HOTHXeNepi 1-11i kecTene KenTipiirex.

Kecre 1. -CaHTOHMHHIH CKPUHHUHT in silico HOTHXKeNepi

Ne buonorusansik 6enceHminik Typi P,%
1 Kypek-Tamblp aybIpysiapblHa aHAJIENTHKAJBIK Kypas 94,8
2 Icikke Kapch 88,7
3 CYP2C12 cy6erparsl 82,2
4 17-6era-nerunporeHassl scrporeHa (NADP+) uHru6uTops! 80,0
5 XWMO3WH HHTHUOUTOPBI 80,0
6 Kab6biayra Kapcsl 79,4
7 yOUXHHON-IUTOXPOM-C-penyKTa3a HHTHOUTOPBI 75,6
8 CYP2J cyberpatsl 72,8

1-Kecrene kepceTinreniei -caHTOHNHHIH ’KYPEK-TaMbIp aybIpyIapbiHa, ICIKKe JKoHe
KaOBIHYFa Kapchl aybIpyliapFa OCJICEHAUTIK KOPCETY BIKTHMAJIBIFEI KOFaphl eKCHIIT
AHBIKTAJIIbI.

2. JKorapsiarsl 0oiKaM MEH 910U IToJTyIapFa CYHEHE OTBIPBII -CAaHTOHIMHHIH )KaHa
TYBIHIABUIAPHIH CHHTE3/ICI, OWOJIOTHSIIBIK OCIICEHIUTITIH KapacThIpy YIIiH HETi3iHEH
TOTBIKCHI3ZIaHy, TOTHIFY, dTePUGUKANNS, KBIIIKBUIIAP MEH CUITIICPIiH ocepi JAaKTOH
LIWKIIHIH allbUTybIMEH JKYPETiH OipKarap XWMHUSIIBIK MOAW(HKAINS peakusuIapsl
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KYPri3iiin >kaHa TysIHIbIIaps! (3—7) cunrte3aeni (cei30a 1) (Wang, Su, Zhang, Zhai,
Sheng, Wu, Guo, 2019: 215-233).
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Cui30a 1. 0-CaHTOHMHAI MOAM(UKALMSIIAY TYBIHIBUIAPEI
(Diagram 1. o-Santonin modification derivatives)
AOCOJIIOTTI 3TaHOJAAFbl, METAHOJJIAFbl JKOHE H3OMPOIAHOJIaFbI NaBH4-HeH

0-CAHTOHHMHHIH TOTBIKCHI3IaHY PEaKLHUsCHl KapacTBIPBUIBI TUAPOKCUCAHTOHWH (3)
CHHTE3eI/I1.

Ex »xakcel HoTmkenepre 6 carar iminae 0—5°C temrieparypana U30IponaHoIaFbl
CYCIECH3UsIFa HATPUI OOPOTHAPUAIHIH 2—3 SKBUBAICHTTI MOJIIIEPiH KOCY apKBUIBI KOJ
JKETKIZ1ILII.

a~-CaHTOHMHHIH aMMHaK JXoHe OyTwIaMHHMEH aOcomioTTi dTaHongarsl (pH=9)
aMUJITEY peaKIMsJIapbl HOTHXKECIHIC CAaHTOHWH KBIIIKBUIBIHBIH amMuai (3) JkoHe
OyTunamui (4) CUHTE3IETII.

Bupycka kapchl Oelrisi npenapar HanpokceHee KYPbUIBICHI YKCAC aHAJIOTBIH aJTy YIIIH
TOJIyOJI-MEeTaHOJI Kocnachinaa (9:1,5) apomarray peakiusichl xxyprisiiui. Hotmwkecinae
Koclazian OaraHaibl Xpomarorpadusi 9iCiMeH Ta3ajayJiaH KeWiH 5,8-muMeTHii-8-
THIPOKCH--Me-2-HapTannHCIpKe KBIIIKBUIBIHBIH METHI 3(upi (6) OOTiHIIT alIbIHAIBL.

a~-CaHTOHMH CaKMHACBIHBIH TYPaKThUIBIFbIH aHbiKTay yiniH HCI sraHonpmarer (pH
2-3) epiTiHaicinae 6eaMe TeMIlepaTypachiHia 1eCMOTPOIIACAHTOHMH (6) CHHTE3 eI

ConbiMen karap NaOH osranonmarel (pH 8-9) Genme TtemmeparypachbiHIarbl
peaKHsAChl HOTUKECIHAE THAPOKCUCAHTOHWH KBIIIKBUIBI (7) CHHTE3IeNIl.

Bapnblk cuHTe37eNreH aHa KOCBUIBICTap KalTa KpUCTajay >KoHe OaraHabI
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xpomarorpadus omiciMeH Tazamanasl nHapanbirel [ X skoHe DXKCX omictepimen
AHBIKTAJIIBI.

3. SARS-CoV-2 kopornasupycvina Kapcwi beiceHOiniKke mecminey

Bapnblk cuHTE3meNreH KOCBUIBICTap BHPYCKA Kapchl OEJNICEHIUTIKKE 3epTTETiHII.
Hotmxkecinae 3 KOCBUIBICTBIH KOPFAHBIC dcepi 0ap eKeH/IIri aHBIKTaIbI.

SARS-CoV-2-BupychiHa Kapchl OICEHAUTITI Oap 3aTTapbl i13AeyAe KONIaHbLIaThIH
TEXHOJIOTUSLIIAp 9P TYPIIi, 6ipak papMaKoIOTus YIIiH KAkl CTAHAAPTTHL: OYJI BUPYCTHIK
MOJIEKYJAJIBIK MaKcaTTapMeH OallaHbBICATBbIH oJIE€yeTTI JUTaHA MOJEKyJalapblH
Taly ymiH OnomH(pOpPMAaTHKAaHBI KOJNJaHy, yKacylla AaKbUIAAPBIHAAFbl KaHIUIATTHIK
cyOcTaHuusmapaslH, xkorapel eHiMal ckpunuHTi (HTS); YKanyapnap mozpenbaepin
KOJaHy; KIMHUKaNbIK 3epTreynep (Keep, Shustov, Shulgau, 2022: 17).

BupycteiH xacymara eny wuHruouropnapel TMJI  BHUpyCTapblHBIH —9pTYpIi
Typsiepi O6ap mopenpaepae cbiHanawl. Coronaviridae: SARS, OC43, 229E, NL63,
BCoV, MHV, FIPV. 50% tuimni xonueHtpanusansl (EC50) <1 MxMonb kepcereTin
eHy uHrubutopiapsl Oenrim, Oipak omapapiH kemminiri EC50 — ai 1-20 mxMomnb
JMana30HbIHAA ©TE KOFapbl KOPCETE .

Cunmesdenzen Kocwlibicmap (cyocmanyusanap) yulin 6upycka Kapcol JiCoHe
YUMOMOKCUKATLIK OellCeHOLNIKKe CKPUHUHSMIK meCcm Hamuoicenepi

OKCHEepUMEHT YILiH KeJieci ajbIHFaH KOChUIBICTapabiH (cyOcTanuus) SARS-
CoV-2- BupycKa Kapchl OCICCHIITIKKE )KOHE ©31H/IIK IIUTOYBITTHUIBIKKA apHATFaH
3epTTEy HOTHXKENepi 2-111i KecTene OepiireH.

Kecre 2. 2-3, 5-7 xocsutsicTapast SARS-CoV-2 xopoHaBHpyChIHA KapChl OEICCHIITIKKE TEeCTiIey

HOTIDKETIepi.
Kocsuibic CyGcTanmus Toxipubere anbIHFaH Bupycka Kapcel HuToynbuIbIK
mmQps! KOHIIEHTPAIHSI, MT KOHI[CHTpauus ! KOHIIEHTPAITHS
2 2 BOC 100 0,37 1,1 %. >1,1%
3 S-amuz 100 > 29 mr/min 9-29 mr/mn
5 Ap-3 300 0,799 — 2,398 Mr/ma 21-64 mr/mi
6 ¢ NaOH 100 0,506 — 4,556 Mr/mn >5 Mr/Mia
7 ¢ HCI 100 1,222 — 3,667 mr/min >4 mMr/mi

3eprTey HoTIKeNepi kepceTkeHael ruapokcucanToHuH (2) 2 BOC yBITTBUIBIK
LIEKapachlHbIH ©31HJe KOHLEHTpauusia KopraHelc ocepi Oap: 0,37-1,1 %. Xoraps
KOHIIGHTpANUsIap — YIbl, TOMEHT1 KOHIIGHTpANUsIap- >Kacyllalap/bl BUPYCTHIH
erimMiHeH Kopramaiiapl. 2 BOC-TbIH 6apibIK KOPFaHBIC 9CEPi YBITTHIIBIKKA OaiIaHbICThI
00JIybl MYMKIH.

AT CaHTOHWH KBIKBUIBIHBIH amuii (3) (S-amua) cyOcraHmmsicel 9-29 mr/miu
KOHLEHTpaLUusl JIUana3oHbIHAA YABl. ATanfaH Iuama3oHJa BHpPYCKa Kapchl acepi
OaiiKaiMalbl.

5,8-mumeTrin-8-ruapokcu--Me-2-HadTadHCIpKE  KBIIKBUIBIHBIH ~ MeTH1  ddupi
(5) (S-Ap-3) Bupycka Kapcbl acep €Ty MarHUTyaachl oici3, Oipak BHpyCKa Kapchl
oencenninikti 0,926-man 25,000 Mr/mit-re neiiH KeHipeK KOHIIEHTPAIIHS TUATa30HbIHA
KepceTe/i.
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S-Ap-3 cyOcTaHuuMsCH ©T€ XOFapbl KOHIEHTpaUusAa FaHa yibl, >=25 MI/MIL
3arThiH ynbUTBIFEI TeK 10% KoHIeHTpanusaa Oaiikanab.

I'uapokcucanTonnH KeKeUIBl  (6) (NaOH) cyOcTaHUMSICBHIHBIH —KacHeTTepi,
xannel anragaa, "HCl"cyOcranmusceiMer Oipaeid. "NaOH" ybITTbUTBIFBI- >11 Mr/miL.
KOHIEHTPALKUs TUana3oHbIHaa OaiKanabl.

"NaOH" — HbBIH KOpOHaBUpPYCTHIK HH(EKLUMsIFa Kapchl KOpPFaHBIC acepi -
KOHIICHTPALUSHBIH CAJI KeH ayKbIMbIHIA Kepineni: 1,235-11,111 mr/mn.Oyn (Bupycka
Kapcol acep) "HCl"cyOcTaHIMACH CUSKTHI MarHUTYAAchl OOWBIHIIA 9JICI3.

Hecmotponacantonut (7) (HCI) cyOcTanuumsicel kKacueTTepi O0MBIHINA a3 YBITTHI )KOHE
a3 6encennai. "HCI" cyOcranmuscer >11 Mr/mil KOHIIGHTPAIMSCHIHIA [IUTOTOKCHKAIBIK
0oJIbIN TaOBUTIAbI.

Bbipax "HCI" ynel emec makcumanabl koHHeHTpauusga (3,704-11,111 wmr/m).
AVKBIH KOPFAHBIC KACHETTEPI KOK.

XKyprizinren 3eprrey HoTHXKenepi OOWBIHIIA BUPYCKa Kapchbl KOpPFaHbBIC acepi 2, 5
*oHe 6 KocbuibicTapaaH Oaiikannubl. ConblH iminae SARS-CoV-2 supycvina Kapchl eH
Oencenai 3at (Ap-3) KOHLEHTpauuscsl MKr/mi 926-25000.

-CaHTOHUMH]II apoMarTay eHIMiHIH CyOCTaHIUSACHI TE€K 2,5 MI/MII KOHIIEHTpaIusiaa
KOpFraHbIC acepine ue (kacymanapasl SARS-Co V-2 uH}eKIHsIChl HOTHKECIH/IE JTIMHCH
Kopraiigsl). Kopranbeic apekeTi Tek cynbl Karapa — QUTOTOKCHKAIBIK KOHLIEHTPALHS
IeKapaceiHaa kepineai. TeMeH koHIeHTparusaa (<2,5 Mr/mir) 3at yibel eMec, OapIibIK
BHPYCKa KapChl OPEKETi 3aTThIH a3 YBITTBUIBIFBIMEH OaiiTaHbICThI, COHABIKTAH OJ1 Oerimi
0ip KOHLEHTpalMiga BUPYCTHIH OMipIIEHIIrH KacyllaaapAblH e31epiHe KaparaHaa
COJl KYLITIPEK TOMEHAETE .

KopbIThIHABI

XKyprizinren >kxymbpICc OapbICBIHIA -CAaHTOHMHII MoJekynacbiHa OH, anxui, adup,
aMHH JkoHe Oacka na opTypni ¢apMako(oOpibIK TONTapAbl €Hri3inm Oipkarap »aHa
KOCBUIBICTap MOAN(UKANMIAY apKbUIbl CHHTe3/Aene 1. Bupycka Kapchl OenceHaimiKTi
3epTITey HOTWXKECIHAE -CaHTOHMH TYBIHABUIAPBIHBIH (2, 3, 6, 7) OHOMOTHSUIBIK
OeNCeHILIITT ONapblH YBITTHUIBIFBIHA OAaWIaHBICTHI TOMEHICUTIHI AHBIKTAIIBI ajl
CaHTOHWHHIH JUEHAIK UMKJIIHIH apoMaTThl CaKWHaFra aybIcThIpca (5) KepiCiHIe KaKChl
BHPYCKa KapChl OCICSHTUTIK maiiia 0omambl.
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Abstract. This article presents the results of a quantitative determination of the amino acid and
fatty acid composition in the aerial parts of plants of the genus Atraphaxis (Atraphaxis virgata, Atraphaxis
pyrifolia, Atraphaxis spinosa, Atraphaxis muschketowii. Atraphaxis pungens), belonging to the
Polyganaceae family, harvested in the Almaty region (Aksai Gorge, Bakanas district, Kokpek village). In
five plant species of the genus Atraphaxis, by gas-liquid chromatography, it was found by quantitative
content of 20 amino acids, of which 8 are essential. Among the identified amino acids, most belong to the
aliphatic group, including those containing an oxy group and sulfur-containing compounds. g compounds.
In two plant species of the genus Atraphaxis (A.virgata, A.pyrifolia), the capillary electrophoresis method
determined the quantitative content of 13 amino acids, of which 7 are essential. In A.pyrifolia, the mass
fraction of protein was determined by the titrimetric method, by detecting the quantitative content of total
nitrogen on the Kjeldahl apparatus. Quantitative content of fatty acids in the aboveground part of Atraphaxis
plants (Atraphaxis virgata, Atraphaxis pyrifolia, Atraphaxis spinosa, Atraphaxis muschketowii. Atraphaxis
pungens) was analyzed by gas-liquid chromatography. The content of 8 unsaturated fatty acids was
obtained, where a relatively high content of oleic, linoleic and palmitic acid is manifested (Cis:1, Cis:2 and
Cie0). Thus, it was revealed that unsaturated fatty acids predominate in the composition of vegetable raw
materials. The analysis of the acid composition of raw materials was carried out by gas-liquid
chromatography on the device "CARLO ERBA-4200" (Italy) and by electrophoresis on the capillary
electrophoresis system "Drops".

Keywords: amino acids, fatty acids, curly hair, Polygonaceae, Atraphaxis, chromatography,
electrophoresis
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ATRAPHAXIS TYKBIMJIAC KA3AKCTAH/IBIK OCIMIIK TYPIEPIHIH
KBIIIKBLIIBIK KYPAMBIH CAJIBICTBIPMAJIBI 3EPTTEY

Annotamus. by makanana Anmatel o0ibIcEiHIa (AKcail maTkansl, bakanac aynanel, Keknek
aybUIbl) naiibiHganFal Polygonaceae TYKbIMAAChIHA KaTaThlH Atraphaxis (Atraphaxis virgata, Atraphaxis
pyrifolia, Atraphaxis spinosa, Atraphaxis muschketowii, Atraphaxis pungens) 6CiMIiK TYpJIepiHiH xKep YCTi
OeJriHiH aMUHKBIIIKBULIAPBI KOHE MaH KBIIIKbUIAAPhl MOJIIEPiHiH CaHIbIK KYpPaMblH aHbBIKTay
HOTHIKEJIepl KenTipiiareH. Atraphaxis TyKpIMaac 6ec eCiMIiK TYpiHEeH ra3-cyibIK xpomarorpadus opiciMeH
20 aMHUHKBIIIKBUIBIHBIH CAaH/IBIK KYPaMbl aHBIKTAJI/bI, OHBIH §-1 aF3aarbl MaHbI3(b aMHUH KBIIIKBIIIapbIHA
kKaralbl. AHBIKTaJFaH aMUHKBIIIKBUIIAPBIHBIH KOIMIIUITT anu@arThlK TOIKA JKaTaJbl, COHBIH IMIiHJIE
KypaMbIHJIa OKCH TOOBI 9oHE KYpaMBIHIa KYKIpT 0ap KocwuibicTap. Atraphaxis (A. virgata, A. pyrifolia)
TYKBIMJIAC OCIMJIIKTIH €Ki TYPiHJE KaMMLISIPIIBIK 37eKTpodopes diciMeH 13 aMUH KBIIIKbIUTBIHBIH CaH BIK
KypaMbl aHBIKTAJJbI, OHBIH 7-1 ar3ajarbl MaHbBI3Ibl aMMH KbHIIIKbULIAPBIHA JKaTaabl. A. pyrifolia eciMaik
TYpiHEH aKybI3[bIH MaccaiblK yieci Keenmamb anmapaTelHAAFBl XKajlbl A30TTHIH CAHABIK KypaMbIH
aHBIKTAy APKBUIBl THTPUMETPUSUIBIK OJICTICH aHBIKTANAbL. Atraphaxis (Atraphaxis virgata, Atraphaxis
pyrifolia, atraphaxis spinosa, Atraphaxis muschketowii. Atraphaxis pungens) eCIMIIK TYPiHIH >kep YCTi
OemiriHaeri Mail KbIIIKBUIIAPBIHBIH CAHIBIK KYpaMbl Ta3-CYHBIK XpoMmaTorpadus oiciMeH aHBIKTAJIBL.
Tannay HoTHOKENepiHae 8 KaHBIKIIaFraH Mall KbIIIKBUTBIHBIH KYPaMbl aHBIKTaJIABL, OHJIa OJICHH, JINHOJ XKoHE
MaJBbMUTUH KBIIKBUIBIHBIH CaJbICTRIpMaNbl Typae >korapbl Memmepi 6eminai (Cis:i, Cis:2 xoHe Cieo).
Ocpuraiiia, ©CIMIIK IMHUKI3aTBIHBIH KYpPaMbIHAA KaHBIKIAFaH Mai KBIIIKBUIIAPEl 0ackiM EKEHJIT1
anpIKTanpl. [UKi3aTTeH KBIIKEUIIBIK KypambiH Tanpay "Carlo ERBA-4200" (Mrtamust) KypbUFBICEIHAA
ra3-cyiplk  xpomarorpadust omicimen koHe "Kamenp'kammwispielk —amexktpodopes  kyitecinae
anekTpodopes 9iciMeH Ky3ere achbIpbUIIbL.

Tyiiin ce3mep: aMUH KbBIIKBIIIAPBI, Mail KbIIIKBUIAAPHI, Kyp4aBka, Polyganaceae Atraphaxis,
xpomotorpadusi, anexkrpodopes

© MLJ. JlayaeroBa'*, A.K. Ym0erosa!, [.IIl. Bypamesa!, M.W. Yaynxapu?, 2023
'Kazaxckuii HalMOHAILHBINA YHUBEPCUTET UMeHH anb-Dapabu, Kasaxcran, AnMarsl.
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CPABHUTEJIbHOE U3YYEHUE KHCJIOTHOI'O COCTABA KA3BAXCTAHCKHX
BUOB PACTEHUU POJA ATRAPHAXIS

AHHoTanus. B n1aHHOI cTaTbe MpeacTaBIEHBI PE3yNIbTaThl KOJHYECTBEHHOTO OMNpEAeTeHHs
aMHMHOKHCIOTHOTO M >XHMPHO KHCIIOTHOTO COCTaBa B HAJ3€MHOWM 4acTH pacTeHui poma Atraphaxis
(Atraphaxis virgata, Atraphaxis pyrifolia, Atraphaxis spinosa, Atraphaxis muschketowii. Atraphaxis
pungens), TIpUHAIJIEKAIIET0 K CeMeHWCTBY Polyganaceae, 3arOTOBIEHHBIX B AJIMaTHHCKOHW oOmact
(Akcaiickoe ymiense, bakanackuit paifon, cemo Kokmek). B msatm Bumax pactenmit poma Atraphaxis
METOJIOM Ta30)KHUAKOCTHOH Xpomarorpaduu ObUI0 0OHAPY>KEHO IO KOJIMYECTBEHHOMY conepkaHnio 20
aMHMHOKHCJIOT, U3 KOTOPBIX 8 SBIAIOTCSA He3aMeHMMbIMU. Cpean MAeHTH(OUIMPOBAHHBIX aMUHOKHCIOT
GOJIBIIMHCTBO OTHOCATCSA K TpyINe anu(aTHIecKHX, B TOM UHCIE COAEPXKAIIUMU OKCH TPYHIy H
cepocoiepxKallie coequHeHns. B n1Byx Bunax pacrenuit pona Atraphaxis (A.virgata, A.pyrifolia) meronom
KalWULIPHOTO 3JIeKTpodope3a OMpeseeHo M0 KOJIWYSCTBEHHOMY COJEPKaHUI0 13 aMMHOKMCIOT, M3
KOTOpPBIX 7 SBISIIOTCS HE3aMEHUMBIMH. B A.pyrifolia  MaccoByo nomo Oenmka —OHpenenviv
TUTPUMETPUYECKUM METOJIOM, 33 CUET BBISIBJICHMS KOJMUECTBEHHOTO COJAEp)KaHMs OOIero asora Ha
anmapare Keenmansa. KosmmuecTBeHHOE comepkaHHME >KHPHBIX KHCIOT B HAIA3EMHOHM YacTW pacTeHUH
Atraphaxis (Atraphaxis virgata, Atraphaxis pyrifolia, Atraphaxis spinosa, Atraphaxis muschketowii.
Atraphaxis pungens) aHaIM3UPOBAIM METOAOM Ta30XKHIKOCTHOH xpomarorpaduu. Iloxydenst
coJiepKaHNe 8 HEHACHINIEHHBIX )KUPHBIX KUCIIOT, TJe MPOSIBISIETCA OTHOCUTEIBHO BBICOKOE COIEPIKAaHME,
OJIEMHOBOH, TMHOJIEBOH 1 NanbMHUTHHOBON KUCTOTHI (Cis:1, Cis:2 11 Ci6:0). TakuM 00pa3oM, BBISIBIEHO, YTO
B COCTaBE PACTUTEIHHOTO CBHIPBS MPE00IaAaloT HEHACHIILEHHBIE KUPHBIE KHCIOThL. AHANIN3 KUCIOTHOTO
COCTaBa CHIPhS OCYILIECTBIEH METOAOM Ta30KUAKOCTHON XxpoMaTorpaduu Ha npubdope «CARLO ERBA-
4200» (Mranus) m MeTooM antekTpodapesa Ha CHCTEME KallLIIPHOTO d1eKTpodopesa "Kanens".

KiioueBbie cjioBa: aMHHOKHCIIOTEL, XXHPHBIC KUCIOTHI, KypuaBka, Polyganaceae Atraphaxis,
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xpomoTorpadus, anexrpodopes

Beenenne

Bupner pacrenuit pona Atraphaxis He GBUTH TTOIBEPTHYTHl CHCTEMAaTHIECKOMY HCCIIEJOBaHUIO, B
CBSI3M C OTHM H3y4YeHHE XHMMHYECKOTO COCTaBa, pa3pabdOTKa METOJOB BBIACICHHS MHOTECHIMAILHO
6GMOJIOTHYECKN AKTUBHBIX BEIIECTB, HCCIEIOBaHHE OMONOTHYECKOW aKTHBHOCTH M pa3paboOTKa HOBBIX
JIEKapCTBEHHBIX CPEJICTB M (PUTOIMPENapaToOB ABIAETCS aKTYalbHBIM.

Pacrenust pona Kypuaska otHocsTest k cemeiicTBy ['peuntunbie (Polygonaceae) gekapcTBeHHbIS
CBOWCTBA KOTOPBIX JieyaT ¢ rTyOOKOH JpEeBHOCTH.

B HapoHOI MeuIIHE MMEET O0MbIoe MpuMeHeHe PeBeHb TauryTckuii (Rheum palmatum L.),
KOTOPBIH TaKXkKe SBISIETCS MpPEACTaBUTENIeM ceMelcTBa ['peuHIIHBIX W HCIONB3YIOT Kak clabuTeNbHOe
cpencTBO. M3 3TOro pacTeHus TOTOBST IPEHapaT XpHU30pOUH IS JIEUSHNS KOXKHBIX 3a00JIeBaHHH.

LleHHOE TPOTHBOLMHIOTHOE CPEACTBO MOJTYYalOT U3 YEPEIIKOB JINCTHEB PEBEHSI BOJIHUCTOTO (R.
undulatum), nx Tkanu cogepkar ButamuHbl C, E, B2 u xaporun. Cpeny TIpeUMIIHBIX €CTh TaKkKe
KpacuibHbIe pacTenus. 'open kpacunbHbIi (Polygonum tinctorium) naet 4—5 % MHANTO, KOPEHB CTIOPBIIIA
TaKXKe JaeT CHHIOK KpacKy. JKenTyio Kpacky IoJIy4aroT U3 KOpHEH IIaBelisi KOHCKOro (Rumex confertus),
KpacKy TOPYMYHOTO IIBeTa — U3 IaBess kauerpa. B 6acceline peku Konro (3aup) Ky IbTHBUPYIOT IIABEIh
abuccuHckuit (R. abyssinicus), NaroNuid KpaCHYIO KPacky.

Cpeny rpedrIIHbIX eCTh [IeHHbIe MUIIeBbIe pacTeHus. [1Inpoko N3BeCTHON KPYIISTHOM KyJIbTYpOH
SIBIISIETCSL TPeYrXa MoceBHas. [LIoIbl Tpednxn Ja0T KpyIy — BBICOKOKAJIOPHIHBIN MPOMYKT, KOTOPBIN
COJIEPIKHT LIEHHBIE I OpraHu3Ma YeloBeKa OeJIKH, YTIIeBOABL, KUPHI, OPraHMYEeCKHe KUCIOThI, BATAMHHBI.
W3 rpedrxy TPOMBINUICHHBIM CIHOCOOOM MOJY9aloT PYTHH, KOTOPBIM Ha3HAYarOT MPH aTepPOCKIEPO3e H
runeptoHnd. Cpean TpeYrIHbIX eCTh IIEHHBIE MEIOHOCHL: Tpeunxa, roper 3Mennsbli (Polygonum bistorta)
U Ap. I'peunItHblii Mea UMEET TOHKUI BKYC U TEMHO-KOPHUYHEBBIH 1IBET.

B cnpaBounom m3manmu «Pacturensubie pecypcet CCCP» mpencraBineHa KadeCTBEHHAs H
KOJINYECTBEHHAsI XapaKTEePHUCTHKA PACTCHUH cemelicTBa Polygonaceae.

M.K. KykenoBeim n M.M. MyxaMenssipoBoii BepBble OBLIO HPOBEICHHO HCCICIOBAHHE
Kazaxcranckux BUIoB pactenus pona Atraphaxis. imu Obiia naHa OMODKOJIOTHYECKash XapaKTePHCTHKA,
NIpUHAIeKAIast JAHHOMY POAY, C LIeJIbIO BBISIBICHUS HOBBIX (DJIABOHOMAHBIX PAacTeHUil. BBUIO BBISBICHO
4TO pacTeHus poaa Atraphaxis 6oratsl GpraBOHOUAAMH.

B Kasaxcrane pon Atraphaxis Bctpeuaercs B Ilpmbanxambe, Ha Anrae u TapOaratae, B
xynrapckom, 3ammuiickom u Kynreii Anaray, B Uy-Unuiickux ropax, Kaparay, B 3anagaom Tsub-111ane
(Oscanov u 1p., 2018; Aitkulova u ap., 2018; Aqzhigitova, 1982).

XUMnUeckoe HCCIeNOBaHHE BUAOB Atraphaxis TPUBENW K BBIACICHUIO DPA3NUYHBIX THIIOB
KOMITOHEHTOB, BKmodasi (eHosbHble coemuHenus (Odonbayar u gp., 2016), ¢eHumponaHOUIbI,
ny6uneHble BemectBa (Aynehchi u ap., 1981), 4-anTpaxunons! (Minghe Luo u ap., 2017), ¢pnaBoHOHIBI
(Odonbayar u ap., 2016), dbaaBonoumubie rauko3uabl (Odonbayar u map., 2016)., 7-B-cutoctepuH,
OGCH30UIBL.

Kazaxcranckumu yuensiMu YMOeroBoit A.K., Bypammesoii I'.I11. Ob11 HccienoBaH XUMUYECKH
cocraB Atraphaxis virgata, toe ObI ONpenereH KOJMYECTBEHHBIH cocTaB monucaxapuioB 1,12 %,
opraHudeckux Kuciot 3,45 %, tanuHOB 3,59 %, dmaBonomnnos 5,5 % (Umbetova A.K u 1p.,2018). B
pabote YMbGeroBoit A.K mpu uccnenosanuii Atraphaxis spinosa METoIoOM XpOMaTO-MacC-CIIEKTPOCKOTHH

YCTaHOBJICHO COJCp)KaHUE JIMMOQHUIBHBIX KOMIIOHEHTOB — 26 OpraHMYecKuX COCIHHEHWH, TIe
JOMHUHHUpYeET AU — (2-aTrnrekcun) ¢ranar (54,66 %) u B-curocrepon (13,11 %) (Umbetova u ap., 2020).
AMMHOKHUCIIOTBI — OpraHHYeCKHe COCJUHEHHUsS, B MOJIEKYJIe KOTOPHIX OJHOBPEMEHHO

coziepkarcs KapOOK-CWIIBHBIE W aMUHHBIE TpPYNNbl. OTO BELIECTBA IIEPBUYHOTO CHHTE3a, OHH
NPUCYTCTBYIOT BO BCEX OPraHax BCEX PacTeHHi. AMMHOKMCIOTBHI HOJIPa3JeIAoTCs Ha o, B, Y, G U Ap.
aMUHOKHUCJIOTHI, B 3aBHCHMOCTH OT DAacIOJIOKEHHs aMHHO- W KapOokcurpynn. M3 Hux HauGonee
pacnpoCTpaHeHs! O, 3 ¥ . 0.-aMHHOKUCIIOTHI L-KoH(Uryparum — BakHEHIIHe COCTaBHBIE YaCTH IENTHIOB
n OenkoB. Taxke, B pacTeHUSIX MOTYT COJEPXKAThCS OJHOOCHOBHBIE IWAMHUHO- U JIByXOCHOBHEIE
MOHOAMUHOKUCIIOTBL

BemecTsa nmepBMYHOrO CHHTE3a, OHM NPHUCYTCTBYIOT BO BCEX OpraHax BceX pacTeHuid. Bce
aMHUHOKUCIIOTBI, IIPY HU3KOM 3HaueHUH pH, IposBIAIOT CBOMCTBA KHCIOT, IPU BHICOKOM — OCHOBAaHUM, a
B M303JICKTPHYECKOH TOUYKE — KakK LIBUTTEP MOH. B CBA3M ¢ 3TMM aMHHOKHCIIOTHI ABJISIOTCS aM(OIUTaMH.
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AMMHOKHUCIIOTHI ¢ IUKIMYECKUMU (hparMeHTamMu (()eHWIaIaH|H, TUCTUIVH, TPUNTO(AH, TIPOJINH
U 1Ip.) OTJIMYAET BBICOKOE OTPHLATENIbHOE 3HaYeHHe yaenbHoro BpamieHus (Chichibabin, 1957).

Jlnst KayecTBEHHOTO M KOJIHMYECTBEHHOTO OINpPEENeHHUs aMHHOKHCIOT MCIOIb3YIOT Tellb-
¢unpTpanmioo, OyMaxHYI0, TOHKOCIOHHYIO, HOHOOOMeHHyl0o U  BDOXX  xpomarorpaduto
(aMHMHOKHCIIOTHBII aHANIN3aTOP), a TAKXKE AIEKTPOoopes.

W3zyuenne coctaa xupHbIX knucinot (PKK) pacrennii nmeeT BayKHOE NMPAaKTHIECKOE 3HAYCHHUE H
BBI3BIBACT Hay4HBIH HHTEpec. VI3BecTHO, uTo He3ameHnMble JKK He CHHTe3HpyIOTCS B OpraHu3Me UelloBeKa
1 JKMBOTHBIX M JOJDKHBI IOCTymaTh ¢ numeil. OHM SBISIIOTCSA HCXOJHBIM IIPOJYKTOM JUISL CHHTE3a
COeIMHEHHNH, 00JIaJalomuX MUPoYaiyM criekTpoM Grosorndeckoii akruHocTH (Gladishev, 2012).

B paboTe BmepBEIe NMpEACTaBICHB! CPABHUTEIBHBIE JaHHBIE COJEPKAHUS aMHHOKHCIOTHOTO H
KHUPHO KUCIOTHOTO COCTaBa B M3y4aeMbIX 5 BUIAX Atraphaxis B 3aBUCUMOCTH OT MECTa MIPOU3PACTAHUS U
MEPHOJIa BETETAINH.

MatepuaJbl 4 MeTObI

B xauectBe 00BeKTa MCCIeNOBaHUS, BHIOpPAaHBI HaJg3eMHas 4acTh pacTeHHs pona Atraphaxis,
3aroTOBJICHHBIE B NEPHOJ LBETCHUS W IUIOJOHOIICHUS B paifoHe Akcaiickoro ymeinbs, B bakanackom
paiione u cena Koknex Anmatuackoi obnacty.

Ienpto paboTHI SBISIETCS MPOBEICHUE CPABHUTENHLHOTO KOJMYECTBEHHOIO aHAIM3a aMHUHO M
KHUPHO KHCIOTHOTO COCTaBa M OMNpeJelIeHHE COACpP)KAaHMS MAcCOBOW J0iM Oenka B HAJ3€MHON 4acTH
pacrenuii pona Atraphaxis

Omnpenenenre aMUHOKHCIOTHOTO H JKUPHO KHCIOTHOTO COCTaBa CHIPhSI OCYIIECTBICH METOIOM
ra3oXuaKocTHON xpomarorpaduu Ha npudope «CARLOERBA-4200» (Mtamus), MaccoByrO HOJIO
NIPOTEMHOT€HHBIX ~aMUHOKHCIOT B Qopme deHmnm3orrHokapbaMmibHbIXx — npou3Bogubix  (OTK-
MIPOM3BOHBIX) B PACTUTENHHOM CHIPhE aHATM3HPOBAIH C IOMOIIBIO KalIWIIIPHOTO 3J1eKTpodopesa.

Pe3yabTaThl u 00Cy:K1eHHE

CeeneHust 00 aMHUHOKHCIIOTaX, CHHTE3UPYEMBIX DPACTCHUSIMH, TOBOPAT 00 MX (YHKIMIX B
aMHMHOKHUCJIOTHOM o0OMeHe, (apMaKoJIOTHYeCKOH aKTHMBHOCTH HEKOTOPBIX U3 HHUX, OCOOCHHO NpH
(dopmupoBaHUN (AKTOPOB NPOTHBOMH(DEKIMOHHON 3aIIUTHl OpraHu3Ma MpH 3a00JICBaHUAX BEPXHHUX
neIxatensHbIX myTer (Buhanova, 2015; Drozdova u ap., 2015).

Jlnst ompezieneHnst aMHHOKHCIIOT B 9KCTPakTe | T aHAIM3UPYEMOro BEIIECTBA, THAPOIU3YIOT B 5
ma 6 H consnoii kuciotel npu 105°C B Teuenune 24 yacos. IoyueHHBIH THAPONM3AT YIAPUBAIK 10
MUHMMAIBEHOTO 00beMa Ha poTOpHOM Ucniapurene npu temmeparype 40-50°C u nasnenuem 1 armocdepa.
Jlanee HaHOCWIM Ha KOJOHKY C MOHHOOMeHHO# cmomnoii Jlayskc H-8, 200—400 mem, aMHHOKUCIIOTHI
CBSI3BIBAIOTCS B pe3yJIbTaTe KATHOHHOTO oOMeHa. JIJIst »IronpoBaHMsl aMHHOKHUCIOT KOJIOHKY NPOMBIBAIIH
6H pactBopom NH4OH, smroar oObemunsim n ynapusanu. K momydenHol cmecu moGaBmsam 1 mi
CBEXKEMPUTOTOBIEHHOTO ALMIUPYIOIEro arenrta. s pasfeneHus aleTUINPOU3BOJHBIX aMHHOKHCIOT
HCIIOJIB30BAJIM KOJIOHKY M3 HeprKaBerouiel cramu pasmepoM 400x3 MM, 3aI10JIHEHHYIO HOIAPHOI CMEChIO:
0,31 % xap6oBakca 20 M, 0,28 % cumnapa 5 CP u 0,06 % nexcana na xpomocopbe WAW 120-140 mem.
ConepkuMoe TIIATETbHO TEPEMEIINBAIOT U TI0 Mepe TOT0, KaK OTYETIIMBO 00pasyeTcs 2 CIIos KHUIKOCTEH
— OepyT BepxXHHI (3THAIETaTHBIN) /I razoxpomarorpaduaeckoro anammsa (Goryaeva, 1977), koTopsrit
IIPOBOJIMIIM Ha Ta30-kuakocTHOM xpomarorpade « CARLOERBA-4200» (Wramms).

VYcnoBus xpoMaTorpadupoBaHus:

- TeMIeparypa IIaMeHHO-MOHU3AIMOHHOTO0 eTektopa — 300°C;

- Temneparypa ucnapureis — 250°C;

- HaYaNbHas TeMIepaTypa Kouonku — 110°C;

- KOHEYHas TeMIepaTypa KoJaoHku — 250°C;

- CKOpPOCTh HPOrPaMMHMpPOBaHHsl TeMIepaTypsl Kosonku: or 110°C no 185°C-186°C. Ilpu
JIOCTIKEHUH TeMIeparypbl KosoHku 250°C oHa JOJDKHA COXPAHSTCS TAKOM /10 MOJHOrO BBIXOJA BCEX
aMHHOKHUCIIOT.

JlaHHBIE aMIHOKHCIIOTHOTO COCTaBa CHIPbs IIPECTaBIeHb! B TadmHIe 1.

Ta6uuia 1 — CpaBHUTENIBHBIN aHAIN3 AMHHOKKCIIOT B MCCJISyeMbIX BUIaxX poja Atraphaxis
IAMunOKHCIOTHL |Comepxkanue, %
IA.spinosa, |A.virgata A. pyrifolia, Kokmek| A. |A. pungens
Ibakanac, |Axcaii, |BaKaHac, IKOKHeK, muschk [bakanac,
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OBCTCHUA [IBCTCHUA [BCTCHHUA | UBCTCHHA | INIOAOHO [MBCTCHUA | INIOOAOHO etowii IMBETCHUA

LICHUS HIEHUS

IAJTaHUH 9,022 0,608 0,546 0,292 0,844 8,845 0,817 | 8,969 0,622
Iguaganeic 3,843 0,305 0,205 0,380 0,305 3,453 0,319 | 3,476 0,265
Banuu 2,639 0,200 0,182 0,274 0,190 3,150 0,291 3,142 0,182
Vleiinun 4,902 0,450 0,314 0,320 0,368 3,637 0,336 | 3,654 0,338
M3oneinun 4,627 0,370 0,295 0,280 0,315 3,248 0,300 | 3,231 0,319
[Tpeonnn 2,175 0,198 0,170 0,263 0,171 3,009 0,278 | 3,030 0,150
Cepun 3,684 0,255 0,288 0,345 0,306 3,897 0,360 | 3,899 0,254
[Mponun 6,701 0,548 0,398 0,506 0,412 5,684 0,528 | 5,771 0,462
MeTHOHHH 0,870 0,100 0,04 0,074 0,060 0,898 0,083 | 0,891 0,060
\AcnaparusoBast | 9,515 0,978 1,450 1,348 1,055 15,190 1,403 | 15,153 0.858
KHCIOTa

LlucTun 0,348 0,090 0,018 0,020 0,012 0,2598 0,024 | 0,245 0,024

[DeHunaIaHuH 31,349 0,300 0,306 0,292 0,220 3,313 0,306 | 3,342 0,216
[motamuuoBast | 32,027 1,284 2,640 2,510 2,456 28,313 2,615 |[28,412

2,208
KHCJI0Ta
OpHuTHH 0,0145 0,009 0,001 0,002 0,001 0,0216 0,002 | 0,022 0,001
Tupo3un 3,336 0,233 0320 0,334 0,258 3,811 0,352 | 3,832 0,230
CucTuann 2,639 0,198 0,172 0,200 0,160 2,317 0,214 | 2,284 0,182
IApruaua 3,974 0,278 0,332 0,542 0,325 6,149 0,568 | 6,194 0,274
VInzun 3,046 0,25 0,250 0,305 0,200 3,540 0,327 | 3,498 0,21
[Tpunrodan 5,802 0,07 0,067 0,080 0,062 0,909 0,084 | 0,924 0,04

Oxcunpomnx 0,0145 0,020 0,001 0,001 0,001 0,021 0,002 | 0,022 0,001

CornacHO NMPUBEICHHBIM NaHHBIM B Tabnuie | B HaA3eMHOW YacTH pacTeHUH pora
Atraphaxis ©bu10 OOHapyX€HO MO KOJMYECTBEHHOMY coaepkaHuio 20 aMHHOKHUCIIOT, W3
KOTOPBIX & SBISIOTCS HE3aMEHUMBIMH (TPEOHHH, BajMH, METHOHHH, W30JCHINH, JEHINH,
(heHnnananuy, M3uH, Tpuntodan). Cpean HACHTHGHUITMPOBAHHBIX aMUHOKHCIIOT OOJBITHHCTBO
OTHOCITCA K rpymme amudarumyeckux. AjmdaTiueckue KHCIOTHI MPEICTABICHBI 8
MOHOAMHHOKApOOHOBBIMH KUCIIOTaMU (TNIMIUH, aJIaHWH, BAJWH, W3OJCHIIMH, JCUIUH), B T.U.
cofiepKallMMU OKCUIPYIIy (TPEOHHMH, CEPHH) M CepocolepKaliuMu (METHOHHH, IMCTHH)
COeAMHEHUSIMA. MOHOaMHUHOIUKAPOOHOBBIE  KHUCJIOTHI ~ NPEICTABICHB  aclaparMHOBOM
(acnaparar) ¥ IIyTaMHHOBOW KHCJIOTaMHM (TJIyTamart), AMaMHUHOMOHO-KapOOHOBbIE KHCIOTHI —
JIN3UHOM, apTUHUHOM U OPHUTHUHOM. "3 apoOMaTU4€CKUX aMUHOKHUCIIOT 06Hapy>1<eH1>1 TUPO3UH,
¢enmnananmH W TpunrodaH. [eTeponuKIMYecKHe KHCIOTH IPEICTABICHBI THCTHIIHOM,
MIPOJIMHOM, OKCHIIPOITHHOM.

Huzkoe comepkaHme aMHHOKHCIIOT, TaKMX KakK, OKCHIIPOJIMHOBAas W OPHHUTHHOBAsS
KHCJIOTHI HaOIIIOMAIOTCSI BO BCEX BHIAX PacTCHUS pona Atraphaxis.

W3BecTHO, 9TO TITyTAMUHOBAs KUCIIOTA YYaCTBYET B IOAICPKAHUHN IBIXaHUS MO3TOBBIX
KJIIETOK, CTUMYIHUPYCT OKUCIUTCIbHBIC TMPOICCCHI. Ananun MPEACTABIIACT HUHTCPEC KakK
s dekTrHBHOE CpeACcTBO NPOQUIAKTHKY HIIEMUYECKUX HapylleHuit B mo3re (Sampieva, 2010).
HeﬁHHH, METHOHHH, acCliaparvHoBad W IIIyTaMHUHOBas KHCJIOTHI OKa3bIBAIOT IMOJIOKHUTCIBHOC
BIIMSTHUE HA CEPCYHO-COCYIUCTYIO CUCTEMY, TAK)KE NPUMEHSIOTCS IPH APUTMHSX, TUTIOKCHSX U
3a00JIeBaHuUsX [ICHTPaAILHOW HepBHOM cuctemsl (Shilova, 2008).

Hwxke Hamu mpuBeneHa cpaBHUTEIbHAs AuarpaMma (PUCYHOK 1) KOIMYEeCTBEHHOTO
aHaJlM3a aMH-HOKHCIIOT B COCTaBe pacTeHus A.virgata u A.pyrifolia.
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M A.virgata W A.pyrifolia

Pucynok 1 - CpaBHuUTeNIbHAS AMarpaMMa KOJIMYECTBEHHOTO aHallM3a aMUHOKHCIOT MeTooM KX B
cocTaBe pactenus 4.virgata u A.pyrifolia.

MaccoBol0 1010 NPOTEHHOTCHHBIX aMHUHOKHCIOT B (opMe (eHWIN30THOKapOAMHIIBHBIX
npon3BogHbIX (OTK-mpon3BogHBIX) B PACTUTENBEHOM ChIphE aHATH3UPOBAIU C TOMOIIBIO KAMHIUISIPHOTO
anexrpodopesa. CyImHOCTE MeTOJa 3aKITIOYACTCSl B PA3IOKEHHM IPOOBI JUIl aHalM3a KHCIOTHBIM
THIPOIN30M C IIEPEeBOJIOM AaMHHOKHCIOT B cBoOomuble ¢(opmbl, momydennn OTK-nponsBomHbx
aMHHOKHCJIOT, JalbHEHIIeM UX Pa3felIeHNH W KOJMYECTBEHHOM OIpEISNICHHH METOJIOM KaIlUIIPHOTO
aneKTpodopesa.

CucreMa KanuUBIpHOTO 3ekTpodopesa (aatee-nprubop) ¢ HCTOYHUKOM BBICOKOTO HAMPSKEHHS
MOJIO)KUTENIBHOM TMOJSIPHOCTH, OCHAILlEHHAsl KBapLEBBIM KalWIIIPOM MJIMHOH 75 CM M BHYTPEHHUM
quamerpoM 50 MKM, (OTOMETPHUYECKHM WM CIEKTPOGOTOMETPHUYECKUM JETEKTOPOM, MO3BOJISIONINM
MPOBOJUTH W3MEpPEHMs MNpu AauHE BOMHBI OT 250 mo 260 HM, M KOMIBIOTEPOM CO CIICHHAIBHBIM
IPOTpaMMHBIM ~ O0€CIIEUeHHEeM JUII PErucTpalMd M 00paboTKM  3iekTpodoperpaMM, CHCTEMa
KaIWUIIpHOTo 371ekTpodopesa "Kamens" ¢ nmporpamMmmusiM obecriedeHneM "Oibdopan’.

Jlyis ompenienieHnst aMHHOKKCIIOT aHAIM3upyeMyto pooy Maccoii (0,100+0,001) T moMermaroT B
KBapIeByo Win (paphopoByro Janiky, 100aBisioT 5,0 CM CBEXENPUTOTOBICHHON OKHUCIHUTEIBHON CMECH
Y BBIIAPUBAIOT NPH MOCTOSHHOM IEPEMEIIMBAHUHN B CTPYyE TEIUIOTO BO3ayxa mpu Temmepatype 60°C
nocyxa. Cyxoif 0cTaTOK KOJTMYECTBEHHO MEPEHOCST B BUAITY JUIS THAPOIN3a, Hcronb3ys 10,0 cM consHoi
KUCIOTHI. Bramy 1i1st TuApoIi3a repMeTHdHO 3aKPhIBAlOT 3aBUHYHMBAIONIEHCS KPBIIIKON U IIEPEMEINBAIOT.

Buansl mms rupponusa yCTaHABIMBAIOT B CyHMIMIbHBIA mKad. ['mapomus mpoBomaT mpu
temrieparype 110°C B reuenue 14—16 u. [To okoHYaHUU THIPOIM3a BUAIBI IS THAPOJIN3a BBIHUMAIOT U3
mKkada 1 0XJIKIAIOT 10 KOMHATHOH TemepaTypsl. ComepkuMoe BHAI ISt THIIPOJIM3a MOCIIE OXIIaXK JCHHS
¢GunBTpyIOT Yepe3 GUILTPHI "CHHSS JIeHTa" .

B crexnsnHble Orokchl BMecTuMocThio 10-15 cm otbuparor mo 0,05 cM MOATOTOBICHHBIX
THAPONN3aTOB. PacTBOPHI BBINAPUBAIOT AOCYXa B CTPye TEIUIOTO BO3Myxa. B kakmpli OIOKC ¢ CyxuMmu
ocratkamu pobasmsaor 0,15 cm pactBopa yraekucnoro Hatpus u 0,3 cm pactBopa ®UTL. Tmarensao
MepEeMEIINBAIOT 0 PACTBOPEHMS OCaKa, 3aKPBIBAIOT KPBIIIKOH U OCTABIIAIOT Ha 35 MHUH NPH KOMHATHOM
TemIeparype. 3aTeM pacTBOPHI BBIIAPHBAIOT JOCYXa B CTPye TEIUIOTO BO3AyXa. [loArOTOBICHHBIE
PacTBOPHI NEPEHOCAT B MPOOHPKH TUMA DNNEHA0Pd, HEHTPUPYTUPYIOT B TEUCHUE 5 MUH IIPH CKOPOCTH
Bpamienus 5000 06/mMuH.

Jlnst KaXXI0ro MOJArOTOBJIEHHOTO PacTBOpa PErHCTPUPYIOT HE MEHee JIBYX dJeKTpodoperpamm.
ITo OKOHYAaHMM PErMCTPALMY MPOBEPSIOT MPAaBHIBHOCTh ABTOMAaTHYECKOH pa3MeTku nmukoB. Mcmone3ys
IporpaMMHOe oOecriedeHne, IPOBOST HACHTU(PHUKAINIO AMHHOKHCIIOT B POOE 10 COBIAJICHUIO BPEMEH
MX MHTPAIMX B IpoOe ¥ KOHTPOIFHOM PacTBOpE MPH IIUPHHE OKHA naeHTH(uKanuu He 6oiee 5 %.

B rtabmume 2 yka3aHBl 3HAYEHHWsS AaMHHOKHCIOTHOTO COCTaBa, AHAJIM3HPOBAHHBIE METOIOM
anekTpodopesa Haa3eMHOW dYacTu A.virgata W A.pyrifolia 3arOTOBICHHBIX B pPa3HBIX pETHOHAX
ANMaTHHCKOH 00MacTu.

Tab6unuira 2 — CpaBHUTENbHAsE TA0JIKIIA AMHHOKHUCIIOTHOTO COCTaBa HaI3MEHOM yacTh A.virgata u A.pyrifolia

IpouentHas nous, %

Ne AMHHOKHCIIOTSL A.virgata., Axcaiickoe yIenbe, A.pyrifolia, c. Kokmnek, mepuon
HEpHOJ| [IBETCHUS TJIOJIOHOIIICHUE
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1 ApruHuH Arg 2,805 2,254
2 JIuzun Lys 0,198 0,525
3 Tuposun Tyr 0,094 0,401
4 DeHuIaaHuH Phe 0,160 0,494
5 Tuctuaun His 0,082 0,303
6 Jletinmu+usoneiinua | Leut Ile 0,200 0,648
7 MeTnonuH Met 0,038 0,117
8 Baann Val 0,186 0,679
9 IIpomtun Pro 0,240 1,019
10 | Tpeonun Tyr 0,166 0,463
11 | Cepun Ser 0,172 0,463
12 | Ananun Ala 0,182 0,494
13 | Tnuuna Gly 0,162 0,494

CornacHO TIONyYEHHBIM JaHHBIM, B A.virgata wu A.pyrifolia oOHapyXeHBI IO
KOJIMYECTBEHHOMY COZICP)KAaHMIO 13 aMHHOKHCIIOT, M3 KOTOPHIX 7 SIBIISIOTCS HE3aMEHHMBIMHU (BaJMH,
JNEeWIWH, W30JMCHIIMH, METHOHMH, JIM3MH, TPEOHHWH, (CHUIANaHuH). AJmpaTHdecKue KHCIOTHI
MIPe/ICTaBICHE 4 MOHOAMHWHO-KapOOHOBBIMU KHCIIOTaMH (aJaHHWH, BAJIMH, W30JCHIUH, JIEUIWH), B TOM
YHcie COIePXKALUIMMU OKCUTPYMNIy (TPEOHHH, CEPHH) U CEPOCOAEPKALMMU (METUOHUH) COEIUHEHUSIMH.
W3 apomaTndeckux aMUHOKHCIOT OOHapy»KeHbl TUPO3UH, (eHmIanaHuH. [eTepoluKInIecKre KUCIOThI
MPeICTaBICHBI THCTHIUHOM, TIPOJITMHOM.

Benox (mpoTenH) — 3TO OpraHUYECKOEe COEIMHEHUE, SBISIONIEECS MCKIIOUUTENIPHO BasKHBIM
MIUTATeIFHBIM  BEIECTBOM, OINPEAEIIIOIMM I[EHHOCTh pPACTUTENBHOTO CHIpbsi. benkum — 310
BBICOKOMOJIEKYJISIPHBIE OpPraHWIECKHEe COEAUHEHHSI, IOCTPOCHHBIE U3 aMIHOKHCIIOT, COSIMHEHHBIX MEXKTY
c000if nenTuAHBIMHU CBsI3sIMH. Bee Oenky, He3aBUCHMO OT CTPYKTYPBI, CBOMCTB U (DYHKIHH, IIOCTPOCHEI U3
OJTHHX U TEX XK€ aMHHOKHCIIOT, B COCTaB KOTOPBIX BXOJUT a30T.

Copaeprxanue Oenka B paCTUTENBHOM CBIPhE ONPEAEISIETCS THTPUMETPUIECKUM METOJIOM 3a CUET
OTIpEENeHNs] KOJIMUECTBEHHOTO COlepKaHMs o0miero azora Ha ammapare Keenmamsa. Meron Keenpaans
SIBIII€TCS HanbOosee TOUYHBIM, KOTOPBIN 3aKIIOYaeTCs B OKUCICHUM (CXKUTAHWH) OPTaHUYECKUX BEIECTB
KOHIICHTPHPOBAHHON CEpPHON KHCIOTOH NpH KUISTYEHHHW B NPHUCYTCTBHM KaTanm3atopa. CojeprkaHue
OeJika OIpe/eNAIOT 110 KOJIUYECTBY a30Ta.

Jlnst onpeneneHust KOJMYECTBEHHOTO COAepKaHMsl Oellka HaBeCKy M3 TOMOTEHHON Macchl OepyT
C TaKMM pacueToM, 4ToObl B mpobe copepxkanock mpumepHo 20..25 mr a3zora. Meron ocHOBaH Ha
C)KUTAQHUHM OPTaHUYECKHX KOMIIOHEHTOB CHIPBSI B NPHCYTCTBHM CEPHOW KUCIOTHL BeImensiomuiicss npu
3TOM a30T YJABIMBAETCSI CEPHOM KUCIOTOH M oOpasyercs cynbdar ammonus. [Ipu 106aBneHnu eaKkoro
HaTpa BBIAEIAETCS aMMHUAK, KOTOPBI OTTOHSIOT B PAacTBOP CEPHOM KUCIOTHI. BblaenuBmiuniicss aMMuak
OTIPENENAIOT THUTPOBaHWEM. Il yCKOpEHHUs! CKUTAHUS NMPUMEHSIOT KaTalu3aTop: CMECh CEPHOKHCIOH
MEeJ U CEpHOKHCIIOTO HATPHS.

B konby Kbenppans nepeHoCsT HaBeCKy, KOTOPYIO OepyT Ha aHAJIMTHYECKUX Becax B JIOZOUKY
U3 AIOMUHMEBOH (OJLIM WIM TOJ INEPraMeHTHON Oymaru, noGaBisiiorT nuauapoM 20 cM® cepHO
KHCIIOTHI, BIINBAasl €€ IIOCTETICHHO M0 CTEHKaM KOJIOBI ¥ CMBIBasl YaCTUIIBI MPOaykTa. B konly nobasisior
katamm3arop (0,5 T cepHOKHCION Meu U 7,5 T CepHOKHCIIOTO HATPHsI), YCTAaHABIUBAIOT €€ B HAKIIOHHOM
TOJIOKEHNH B BBITSDKHOM TIKady B HArpeBaTENbHBIN NpUGOp, mpuimsatoT 1 cM? atrnosoro ciiupra. Konby
3aKpBIBAIOT TPYLICBUAHON CTEKISIHHOW NMPOOKOH M OCTOPOXKHO HarpeBaioT. IIpm oOpa3oBaHuM TEHBHI B
TIEPBBIH MEPHOJ] OKUCIIEHHS KOJIOY CIeAyeT CHATh C HarpeBaTeNbHOro Npudopa 1 AaTh IEHE OCECTh, a 3aTEM
MPOJOKUTE HarpeBaHHe, CIeAls 3a TeM, YTOObI MeHa He romnana B ropio konosl. Ilocne mpexpamieHus
neHooOpa3oBaHusl HarpeB ycwinBaioT. CTeneHb HAarpeBaHMsl CUMTAIOT JOCTATOYHOH, KOTJA KHILAIIas
KHCJIOTa KOHJICHCUPYETCs B CpeHEl YacTH ropiblika Koiaos! Keempaams.

Bpems ot BpeMeHH cozep)KUMOe KOJIOBI EepEeMENINBAlOT, CMBIBAas YaCTHIBI CO CTEHOK KOJIOBI.
HarpeBanue npofopKaroT 10 TeX HOp, MOKa >KHIKOCTh He CTaHeT OecIBETHOH (ciierka roiy0oBaToi) 1
coBepiIeHHO Npo3payHol. ConepikuMoe KOJOBI OXJIaXKIAIOT, OCTOPOXKHO IO CTeHKe mobasistor 50
CM> IMCTHILTMPOBAHHON BOIIBI, IEPEMEIIMBAIOT U OXIAKAAIOT.

B KoHMuYecKyr KoiOy BMecTHMOCTBIO 250 cm® numerkoil ormepuBaror 40 cm? 0,05
MOJIB/IM? CEPHOM KHUCIIOTHI, NOOABISAIOT YETHIPE KAIUIM HHAMKATOPA, TNEPEMENIMBAIOT M TOTPYKAIOT
HAKOHEYHHK, COEJIMHEHHBIH C XOMOUIbHUKOM, B KUCIOTY Ha 1,5...2 cM.
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B meperonnyio xoi0y nepeHoCsT coepKuMoe Koiosl Kbenpaans, ormoIackuBasi €e HECKOJIBKO
pa3, 100...150 cM? TMCTHILIMPOBAHHOM BOJIBI, OITyCKAKOT KPACHYIO JIAKMYCOBYIO OYMaXKy U COEIMHSIOT C
XOJIOJIMIBHUKOM € TIOMOIIBIO Karneynosutens. OtmepuBaior nuwmuaapoM 80 cm® 33%-Horo pacteopa
THAPOOKUCH HATPHs U Yepe3 AENUTENbHYI0 BOPOHKY BIMBAIOT €T0 B IIeperoHHyto konby. Cpasy ke mocie
J00ABIEHUS ILEIOYM 3aKPBIBAIOT KPaH JEIUTENIbHON BOPOHKU JUl MPEAOTBPALICHUS MOTEPh aMMHUAKa.
ConepkuMoe KOJIOBI HAarpeBalOT A0 KHICHUs, IPU 3TOM HeoOXOAuMO mn30erarb IMeHOO0Opa3oBaHMS.
[MpoaomKkaroT MeperoHKy 110 TeX 0P, IO0Ka JKHKOCTh He CTaHeT BCKUIIAaTh ToJUKaMu. Harpes perymipyior
TakuM 00pa3oM, 4TOOBI MPOJOILKUTENFHOCTS AUCTIILIIIMY Obl1a He MeHee 20 muH. [lepen okoHIaHHEM
MIEPETOHKH OITyCKAOT KOHMYECKYIO KOJIOY Tak, YTOOBI KOHEIl HAKOHEYHUKA OKa3ajIcsl HaJl IIOBEPXHOCTHIO
pacTBopa CEpHOIl KHCIOTHI, H MPOAOJDKAIOT MeperoHky emie 1..2 muH. HarpeBanuwe mpekpamaior. B
KOHUUYECKYI0 KOJOY CMBIBAIOT HEOONBIIUMHU MOPUUSIMU JUCTUIIMPOBAHHOW BOJBI OCTaTKH PacTBOpa
CEpHOI KUCIIOTHI C BHYTPEHHEH U BHEIIHEH MOBEpXHOCTEH HaKoHeuHHKa. Juctmsrt turpytot 0,1

B Tabnuie 3 npuBeneHbl 3HaueHue Oenka B A.pyrifolia, npouspactaromux B c.Kokmnek,
OTOOpaHHBIX B MEPHOJ TUIOOHOIICHHS.

Tabmuna 3 — Conepxanue 6enxa B Atraphaxis pyrifolia

No HaunmenoBanue mokazatens IpouentHas nons, %
1 MaccoBas 10151 Oenka 6,93
KupHble KuCIOTBEI — anu@aTH4ecKhue OIHOOCHOBHBIE KapOOHOBBIE KHCIOTBI C OTKPBITON

HEpa3BETBICHHOI IENbI0 W3 YETHOTO 4YHCJIAa aTOMOB YIJIEpoJa, B JITEPUHIMPOBAHHON (opme
cojiepKaliyecss B BENIECTBAX JIMIHUAHONW TPHPOABI PACTUTENHFHOTO M JKUBOTHOTO IIPOMCXOKICHHS.
[NonnHeHacHIIEHHBIE XKHUPHBIE KUCIOTH ¢ 18 aToMamu yriiepoja (JIMHOJIeBast, IMHOJIEHOBAS) SIBISIOTCS
MPEIIIECTBeHHUKAaMH  (DU3MONOTHYECKH  3HAYUMBIX  coequHeHHMH.  OCHOBHBIM  HCTOYHHKOM
TOTMHEHACHIIEHHBIX JKUPHBIX KUCIIOT SBIISETCS MHINA, B TOM YHCIE U pacTuTenbHble MpoaykTsl (Titov,
2006).

CopneprxaHue KUPHBIX KUCIOT ONpEeNessTd Ha Ta30-KUIKOCTHOM Xpomartorpade «Kapiao-Opba-
4200» (Mranus-CLLIA) mocne mpeaBapUTENbHOTO H3BICUYEHHS U3 HCCIEAyeMOTO MaTepHala CMEChIO
XJI0poOpM-METaHOT B COOTHOIICHNH 2:1 B TedeHHe 5 MHH MeTHINpoBaHHEe IPOBOHIN B IPHCYTCTBUH
METaHoJa U XJIOPHUCTOro aueruna mnpu temieparype-60-70°C B crnenmanshoii cucreme B Teuenue 30
MHHYT. 3aTe€M METaHOJI BBIIAPHBAIM HAa POTOPHOM HCIIApHTeENe, a 00paselr] SKCTParupoBaid I'eKCaHOM.
XpomaTorpagudeckoe pasieneHre MPOBOIWIN HPHU CISAYIOINX YCIOBUSX: TeMIepaTypa HHXEKTopa
188°C, Temmeparypa merekrtopa 230°C, Temmeparypa Tepmoctata 188°C; comepKuMoe KOJOHKH:
MONUATUICH-TIIHKOIbANIHHAT (20 %) Ha tenuTte -545 (Tabnuua 4).

TaGmma 4 — COHCp)KaHPIC JKUPHBIX KUCJIOT B HaﬂSeMHOﬁ HacTU HEKOTOPBIX BUIOB paCTeHI/Iﬁ POOOB: KypdaBKa

(Atraphaxis)
Copnepxanue, %

HasBanue KHCIOTH|  A. A. virgata A. A. A.pungens

spinosa| Akcaii, | Bakanac Kokriek, muschk | pyrifolia, | Bakanac,

LIBETEHMS | BETCHUS etowii | Kokrek, LBETEHHUS

LBerenwus ([Inomon
IBerenus | [lnomoHomeHust OUICHMS

MupucrtiHoBast 1,1 2,1 0,4 1,0 1,1 1,8 1,3 1,2 1,1
(C14:0)

IlentanexanoBas 1,8 2,0 0,6 0,7 0,8 0,7 0,9 0,8 1,8
(C15:0)

ITanmeMuTHHOBAS 6,5 8,1 6,5 11,2 16,3 11,2 12,3 11,7 | 6,5
(C16:0)

MansmuTancnsosa| 957 1,5 0,4 0,1 1,0 0,1 0,2 0,1 2,9
a(C16:1)

CreapuHoBast 2,9 42 34 5,4 4.2 5,4 6,1 5,7 0,7
(C18:0)

OserHOBas 64,4 54,4 62,0 50,5 22,1 50,5 49,3 49,1 | 64,4
(C18:1)

JlunoneBas 21,5 26,2 26,0 30,5 15,3 30,5 29,2 31,8 | 21,3
(C18:2)
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JIunoneHnoBas 1,3 15 0,7 0,5 39,2 0,0005 0,7 0,6 1,3
(C18:3)

B pesyibrare KOJIM4eCTBEHHOTO aHaIM3a )KMPHBIX KUCIIOT, HAMU ObLIM OOHAPYIKEHBI CIISAYOIINe
HaONIO[ICHNs: TIPUBEACHHbIE JaHHble B Tabinuie 4 CBUICTENBCTBYIOT 00 OTHOCHTEIBHO BBICOKOM
coziep KaHnH, OJICHHOBOM, JTMHONEBOH 1 ManbMUTHHOBOH KHCIIOTHI (Cis:1, Cis:2 1 Ci6:0) B HAI3EMHON HacTH
pona Atraphaxis, Takum 00pa3oM, OBUIO BBISBICHO, YTO B COCTaBE PACTUTENIBHOTO CHIPbS NMPeo0IagaloT
HEHACHIIIEHHBIE JKUPHBIE KHCJIOTHI.

Jnst HanIsIHOCTH, TOJyYeHHBIE 3HAYEHHS COJEPIKAHMS OTAENBHBIX JKUPHBIX KHCIOT
BBIHECEHBI B JIMarpaMMy, KOTOpasi WIUTIOCTPUPYET COOTHOIICHHE XKUPHBIX KUCIOT B 4.virgata n A.pyrifolia
(pucyHOK 2).

O c}" o\b Ob Ooé o\ O O

60
50
° 40
g" 30
% 20
= 10
o
o
=

W A.virgata l/?p rifolia

Pucynok 2. Jlnarpamma coaepikaHust )KUPHBIX KHCIIOT B A.virgata u A.pyrifolia

W3 sKcHepuMEHTaJbHBIX [aHHBIX CIEQyeT, 4To Juisi Oojiee yIyONEHHOTO HCCIIEIOBAHUS
XMUMHYECKOTO0 COCTaBa pacTeHuil Atraphaxis mpl otoOpanu A.virgata u A.pyrifolia 3aratoBieHHBIX B
Axcaiickom ymenbe u cema Komek AnmarvHCKOH oOmactd. PacturenbHOE ChIpbe MOABEPIIH K
CHCTeMaTHYECKOMY Pa3IeICHHIO JUTs OTPE/CIeH s COJePIKaHus TIEPBUYHBIX M BTOPHYHBIX METaOOIHUTOB.

3axinoueHue

B pesynbrate cpaBHHTEIBHOTO KOJMYECTBEHHOTO aHAJIM3a COCTaBa ISITH BHJOB PAacTEHMIl poxa
Atraphaxis (Atraphaxis virgata, Atraphaxis pyrifolia, Atraphaxis spinosa, Atraphaxis muschketowii.
Atraphaxis pungens) B 3aBHCHMOCTH OT MecTa IIPOM3pAacTaHWs M IEpHOIa BEreTalluy OIpeesieHO
conepxanue oenka B 4.pyrifolia (6,93 %), ycTaHOBIIEH aMHHO-)KMPHO KHUCJIOTHBIH COCTaB, COBPEMEHHBIMH
(bH3UKO-XMMIYECKUMH METOJaMH aHaJIn3a.

MeromoM ra30kKHIAKOCTHOH XpoMarorpaduu ObUIO OOHApYKEHO MO KOIMYECTBEHHOMY
conepkannio 20 aMHHOKHUCIIOT, U3 KOTOPBIX 8 SBIAIOTCS HE3aMEHHMBIMU (TPEOHUH, BalIWH, METHOHHH,
W30JIeHINH, JeHuH, (eHMIananuH, Tu3ul, TpunTodan). Cpean HASHTUPUIMPOBAHHBIX AMUHOKHCIOT
OOJIBIIMHCTBO OTHOCATCS K Tpynmne anu(aTuuecKux MpeJCTaBIeHsl 8 MOHOaMHHOKapOOHOBBIMH
KHCJIOTaMH (IVINIMH, ajlaHuH, BAJIMH, N30JICHIVH, JIEHINH), B T.4. COJEpPKA[UMH OKCHIPYIITy (TPEOHHH,
CepHH) ¥ CepocoepKaliuMu (METHOHHH, IMCTHH) COSUHEHUSIMI. MOHOAMIUHOANKapOOHOBBIE KUCIOTEI
MPEeCTaBICHbl aCapardHOBOW (acmaparar) M [IyTaMHHOBOW KHCJIOTAaMH, THAMHHOMOHOKApOOHOBBIC
KHCIIOTBI — JIN3UHOM, apTHHUHOM ¥ OPHUTHHOM. M3 apOMaTHYeCKHX aMHUHOKHUCIIOT OOHAPYIKEHBI TUPO3HH,
¢benunananud U TpunTodaH. [eTeporMKINYEcKre KUCIOTHI MPEICTABICHBI THCTHUIMHOM, MPOIHHOM,
OKCHIIPOIHHOM.

MaccoBoto JI0JTI0 IPOTENHOTEHHBIX aMUHOKHCIIOT B PaCTUTEIIBHOM CBIpbe Atraphaxis (A.virgata,
A. pyrifolia) ananu3upoBaIn Ha KaMUIAPHOM dJIeKTpodopese, ObLI0 0OHAPYKEHO 0 KOJTHMYSCTBEHHOMY
coziepkaHnIo 13 aMHUHOKHCIIOT, U3 KOTOPBIX 7 SIBIISIFOTCSI HE3aMEHHMBIMM (BaJIMH, JICHIMH, M30JICHIIMH,
METHOHMH, JIM3UH, TPEOHUH, (eHmnanannH). Anudarndyeckue KUCIOTHI IPeacTaBiIeHsl 4 MOHOAMUHO-
KapOOHOBBIMH KHCJIOTaMH (aJIAaHUH, BAJIMH, N30JICHINH, JICHIIMH), B TOM YHCIIE COJEPKALIUMH OKCHT PYIIITY
(TpeOHUH, CEepUH) U CepocoAepKaIUMH (METHOHUH) COeAMHEHUAME. V3 apoMaTn4eckux aMHHOKHCIOT
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oOHapy>XeHB! THPO3WH, ()eHWIANaHUH. [eTepolMKINYECKHe KHUCIIOTH HPEACTaBICHBl THCTHANHOM H
HPOJUTHHOM.

PesynbraThl  KOJIMYECTBEHHOTO MCCIIEIOBAHHMS JKMPHBIX KHCIOT —CBHJCTENBCTBYIOT 00
OTHOCHUTEIIBHO BBICOKOM COJEPIKAHWH, OJICMHOBOM, JIMHONEBOH M nanbMUTHHOBOH KucioThl (Cis:1, Cis2 1
Ci6:0) B HaJ3€MHOH YacTH pacTeHuit Atraphaxis, Ipou3pacTaroIUX B pa3HbIX pernoHax Kasaxcrana. Takum
00pa3oM, OBLIO BBISIBIICHO, YTO B COCTaBE PaCTUTENILHOTO CHIPbs (Atraphaxis virgata, Atraphaxis pyrifolia,
Atraphaxis spinosa, Atraphaxis muschketowii. Atraphaxis pungens) TpeoOIagaloT HEHACHIIICHHEBIE
KHUPHBIC KUCIIOTEL.
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ABOUT FOREIGN STUDIES OF Znln COMPOUND SULFIDE AS
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Abstract. The importance of solving the problems of carbon dioxide utilization is
substantiated. The scheme of synthesis gas production is described. The function of the
photocatalyst in the reaction of photocatalytic conversion of CO, has been determined.
The place and role of complex sulfide compounds in the production of photocatalysts
have been clarified. The review of the most significant foreign studies in the production
of photocatalysts from more than 100 scientific papers, part of which are given in the
article. Production of synthesis gas under the action of light on defective nanosheets;
fabrication of ZnIn,S,-ZnAlO_ nanocomposite to reduce CO, to CO; oxygen doping
of ZnIn,S, nanosheets to accelerate photocatalytic conversion reaction of CO,;
quantitative evaluation of carrier dynamics in Znln,S, with indium vacancies to enhance
photocatalytic conversion of CO, are considered; phosphorus-doped metal-free ZnIn,_S,
nanosheets for enhanced photocatalytic CO, conversion; Znln sulfide photocatalyst
modified with NiS co-catalyst with ohmic transition for efficient CO, conversion;
synthesis of Zn,In,S /TiO, for enhanced photocatalytic CO, conversion activity through
electron transfer in Z-circuit; influence of composition defects in layered crystals of
ternary metal chalcogenides (Zn In,S. , x = 1-5) on carbon dioxide conversion by
visible light; co-production of synthesis gas and C-N bond formation in one photo-
oxidation-reduction cycle; construction of ZnIn,S,-CdIn,S, microspheres for effective
photocatalytic conversion of CO, under visible light; creation of one-dimensional TiO,
nanotubes integrated into the ultrathin heterostructure of two-dimensional Znln,S,
nanosheets for highly efficient and selective CO, conversion; growth of ZnIn,S,
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nanosheets on SiO, functionalized with amine for photocatalytic CO, conversion etc.
are considered in this article.

The research trends of mixed Znln sulfide for increasing synthesis gas production
are revealed.

Keywords: zinc-indium sulfide, synthesis gas production, photocatalyst, doping,
photocatalytic conversion of CO,, carbon monoxide
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CHUHTE3-TA3 OHAIPICIHAE ®OTOKATAJIN3ATOP PETIH/JE Znln
KYPAEJI CYJb®UAIH ITETEJAIK 3BEPTTEYJIEP TYPAJIbBI
(:kargaiibl MeH TeHIeHIHAIAPbI)

Annoranusi. Kemip KBIIIKBUI Ta3blH K9OAEre >KapaTy MaceNelepiH ISy
MaHBI3bUIBIFbIH  erizfenred. CuHTe3-ra3 amyablH cxemachl cunartanran. CO,
(OTOKaTaMUTHUKANBIK TYPJIEHAIPY peakUMsAChIHAA (OTOKATATM3aTOPABIH (PyHKUUSACHI
anpIKTangpl.  DoTokarammzaTtopiap — eHAipiciHAeri  cyabQUATEpHiH ~ Kypaeli
KOCBUIBICTapPBIHBIH OPHBI MEH podi aikpiHaanasl. Kelibipeynepi Makanana KenTipiiarex
(oTokaranuzaropaapbeiH eHAIpy canaceiHaarbl 100-1eH acTaM FBUIBIMH KYMBICTAPIBIH
€H MaHbBI3/bl LIETENIIK 3epTTeyNIepiHe MIONy >Kacaaabl. AKayiabsl HaHOMApaKTapAarbl
JKapBIKTBIH ocepineH cuHTe3-ra3 onaipy; CO,~ni CO-Fa TOTHIKCHI3JAHABIPY YILUiH
ZnIn S -ZnAlO_ nanokomnosutin kacay, CO, (OTOKaTaIMTUKAIBIK TYPIECHIIPY
PEaKUMACHIH JKeNeNAeTy YIIiH Znln,S, HaHOmapakTapblH OTTETIMEH JONUPIIEY;
CO, QorokaranuTUKaNbIK TYPAEHAIPYiH KYHMIEHTy YHIIH HHAMKAIH 60C OphIHIAphI
Oap ZnIn,S, TacebiManmay IIbUIApAbIH JWHAMMKACHIH caHiblK Oaramay, CO,
KaKCapTbUIFaH (OTOKATANUTHKAIBIK TYpACHIIpYy YUIH ¢ocdopMeH JerupieHren
ZnIn S, merann emec Hanonapakrapsl; CO,-HI THiMAI Typienaipy yurin NiS oMbk
aybICy COKaTanuM3aTopbiMeH e3repriireH Znln cynbduai  dorokaTamuzaropsr
Zn,In,S /TiO, cuntesi Z - cxemachl GOMBIHIIA 3NEKTPOHIAP/IBI TACKIMATIAY APKbBLIbI
CO, ¢orokaranuTHKANBIK TYPJAEHAIPY OEJNCEHIUIIr HAPTTBIPY; YINTIK METall
XaJIbKOTEHU/ITEPIHIH KabaTThl KpucTamaapeinaarel (Zn In,S., , x = 1-5) xomnosunus
aKayJIapblHBIH KOpiHETiH >KapbIKTBIH 9cepiHeH KOMIPKBIIIKBUI Ta3blHBIH TYpJIeHYyiHE
acepi; Oip GOTOTOTHIFY-TOTHIKCHI3aHY LIMKIIIHAETT CHHTE3-T'a3/Ibl Oipiecil OHipy KoHe
C-N GalinaHbICBIHBIH TY311yi; KopiHeTiH sxapbiknen CO, TMiMai (OTOKAaTaIMTHKAIIBIK
Typaenaipy yuwin Znln,S,-CdIn,S, mukpocdepanapbii KypacThIpy; *OFapbl THiMi
xone cenexktusri CO, Typrnenaipy ymwin Znln S, exi emmemai HaHOIApaKTapAblH
YIBTPa XYKa reTepOKYpbLIbIMbIHA OipikTipinren 6ip emmemai TiO, HaHOTYTiKIIENEPiH
xkacay; CO, (hoToKaTamMTHKAJIBIK TYPJICHIPY YIIiH )KYMBIC Xacayiibl aMuHMeH SiO -
ne Znln,S, nanomapaKTap/blH ©Cyi JKOHE T. 0. KapacThIPLIIBL.

CunTte3-ra3 eHAipiciH yiuFaliTy MakcarbiHaa Znln apamac cynbQuIiH 3epTTey
YpAicTepi aHbIKTaJAbI.
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Tyiiin ce3mep: MBIpHII-UHAWN CyAb(QUIL, CHHTE3-Ta3 OHIIpici, POTOKaTaIU3aTOP,
nonuur, CO, hoTOKaTaIUTHKAJIBIK TYPIEHIIPY, KOMIPTET TOTHIFbI
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O 3APYBEXKHbBIX UCCIEJOBAHUSAX CJOKHOTI'O CYJIb®UJIA Znln B
KAUECTBE ®OTOKATAJIU3ATOPOB B ITIPOU3BOACTBE CUHTE3-TA3A
(cocTosiHUEe U TEHAEHIINN)

Annoranus. O6G0CHOBaHAa BaKHOCTh PEIICHUS MPOOJIEM YTHIN3AUNUN YITICKHCIOTO
raza. Onucana cxema nony4ueHus cuuTe3-rasa. Onpenenena GyHKus oToKaTaau3aropa
B peakuuu (orokaranutudeckoro npeodpasoanus CO,. BbIACHEHBI MECTO M POJb
KOMIUIEKCHBIX COeIMHEHUH CyIb()HUI0B B IPOU3BOACTBE (hoTOKaTanu3aropos. [Ipusenén
0030p HamOoyiee 3HAYMMBIX 3apyO€KHBIX HCCIEIOBaHMK B OOJacTH NMPOU3BOIACTBA
¢dortokaranuzaropoB u3 Oonee 100 HayuyHBIX PabOT, YacTh KOTOPHIX NPHBEICHHI B
crarbe. PaccMOTpeHBI MPOM3BOACTBO CUHTE3-Ta3a MO ICHCTBUEM CBEeTa Ha 1e()EKTHBIX
HaHOJIMCTAX; M3rOTOBJIEHME HaHokomnosuta Znln S -ZnAlO nis BocCTaHOBJIEHHUS
CO, B CO; nonupoBaHue KUCIOPOAOM HAHOMMCTOB Znln,S, 1uis yCKOPEHUs PEaKIuu
(oroxaranuruyeckoro npeodpasosanus CO,; KOIMYECTBEHHAs OIEHKA IMHAMUKU
HocuTenel B Znln,S, ¢ BakaHCMAMM MHIMS JUIS YCHIICHHS (POTOKATaIMTUYECKOTO
npeobpaszosanus CO,; Ge3meTannoBble HaHOMUCTEI Znln, S, nerupoBannbie pochopom
Il yAy4HIeHHOro (oTokaranuTudeckoro npeodpasosanus CO,; nisa >dpdexruBHOrO
npeobpazosanuss  CO, ¢orokaranmsarop cynbdun Znln, MoauuUMPOBAHHBIH
cokaranu3atopoM NiS ¢ oMuueckum nepexonom; cunres Zn,In,S /TiO, aist noBeInIeHus
aKTUBHOCTH (DOTOKaTanuTHieckoro mpeodpazosanus CO, MOCPENCTBOM IIEpeHOCA
SNIEKTPOHOB MO Z-CxeMe; BIHMsAHUE Ae()EeKTOB COCTaBa B CIOUCTBIX KpUCTaJUIaX
TPONHBIX XaJIbKOTEHUI0B METaIoB (Zn In,S.. , x = 1-5) na npeobpaszoBanue IMOKCH 1A
yriaepoAa TMOI JeHCTBUEM BHIUMOIO CBETa; COBMECTHOE MPOHM3BOACTBO CHHTE3-
raza u obpazoBanue cBs3u C-N B OZHOM (OTOOKHCIMTEIEHO-BOCCTAHOBUTEIHHOM
LMKIE; KOHCTpyupoBanue Mukpochep ZnIn,S,-CdIn,S, nna >ddexruBrOro
(oroxaranuTuyeckoro npeodpasoanus CO, BUIMMBIM CBETOM; CO3aHUE OJHOMEPHBIX
HaHoTpyOoK TiO,, HHTErPUPOBAHHBIX B YJIBTPATOHKYIO IE€TEPOCTPYKTYPY JBYMEPHBIX
HaHOIUCTOB ZnIn,S,, 11 BBICOKOI((EKTHBHOIO M CEJIEKTMBHOIO MpPeoOpa3oBaHus
CO,; pocr nanonuctoB Znln,S, na SiO,, QyHKIMOHAIM3UPOBAHHOM AMMHOM IS
(oroxaranutuyeckoro npeodpazosanus CO, u ip. BIsABIEHbI TEHICHIMU MCCIIEI0BAHMS
CMeLIaHHOTO cyiab(uaa Znln B 1emsx yBeIWUeHHUs TPOU3BOJCTBA CUHTE3-Ta3a.

KiwoueBble caoBa: cynb(ua OUHK-MHOWHA, [POM3BOACTBO  CHHTE3-Tasa,
(orokaranusarop, JonupoBaHue, QoTokaranuTudeckoe npeodpasosanue CO,,
yrapHBIf Ta3
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Beenenne

Kak yxe cooOmanoch, KOMIUIEKCHOE coeuHeHue cyabpuaa Znln obnanmaer
YHUKQJIBHBIMA CBOICTBaMH, 4YTO TO3BOJIUJIO €My HaWTH JOCTOMHOE MECTO B
npakTuueckoM npuMeHeHuu. Tak, B pabdore (Daurenbek, 2020), napsany ¢ npyrumu
CynbpuIaMH TpPUBEAEHBl NPUMEPHl HCCIENOBaHUN (U3NKO-XUMHUYECKUX CBOMCTB
3TOT0 COEIMHEHMS C LIETIBI0 €TO MPUMEHEHNS B PA3IMUHBIX OTPACIISIX HAYKH U TEXHUKH.
B crarbe (Daurenbek, 2022), nmpeacTaBieHbl HCCIEIOBaHUS HA3BaHHOTO cyib(uaa
B paMKax BBIICHEHHS €ro MCIIONIb30BaHUs B IMPOM3BOACTBE BOAOPOAA. 3AECH MBI
0CTaHOBHMCS e1LIE Ha OTHOM HCCIIEJOBAHUH 3TOTO CYJIb(pHIa B IIETISIX €ro MePCIIEKTHBHOTO
WCIIONB30BaHUA B IPOU3BOJACTBE CHHTe3-raza. CHHTE3-ra3 sBIsIETCd IJIaBHBIM
HMCTOYHHUKOM CBHIpbS B XMMHMYECKOM IIPOU3BOJCTBE BaYKHEMIIMX BEIIECTB: aMMHAKa,
MeTaHoja, pocrena, AMMETHIIOBOTO 3(upa, CHHTETHUECKOH HEYTH K MOTOPHBIX Macedl,
Pa3NUYHBIX YIJIEBOAOPOAOB, MeTwiIdhopMuaTa, popMaMuIa, MypaBbHHOW KUCIIOTHI U
ap. B cBoro ouepens cuHTE3-ra3 — NPOAYKT MepepadOTKH YyrapHOTO Ta3a, ChIPhEM LIS
KOTOpOTO SIBJIAETCS yINeKHcHblid ra3. KomoccalbHbIM MCTOUHMKOM YIJIEKHCIIOIO rasa
(20-40 %) sBIAIOTCS MOMYTHBIE Ta3bl, 0Opa3ylomuUecs Mpy 100bIYe TPUPOJHOTO Taza
u HedTu. MicTounnkom yriekucioro raza (30—40 %) taxxke SBISIOTCS OTXOISAIINE T'a3bl
W3BECTKOBBIX M LIEMEHTHBIX 3aBOAOB, KOJOIIHUKOBBIX T'a30B JOMEHHBIX meuer (21-23
%), TPOMBIIUICHHBIE MPEeNUpUATHSA, TpaHcnopT u Ap. OUYeBUAHO, YTO YTHIM3ALUS
XOTs1 OBI YaCTH ATUX BBHIOPOCOB MPHOIU3UIO OBl K PELICHUIO YKOJIOTHUYECKUX Mpoliiem,
CBSI3aHHBIX C MAPHUKOBBIM 3(hhekToM. OTMETHM, YTO BaXKHEHIYIO POJIb B H3BICUCHUN
CO U3 ymIeKucnoro rasa siBisieTcs CKOpoCTh 3TOT0 Ipoliecca, A7 yBEINYEeHU KOTOpoil
UCTIONB3YIOTCSl (POTOKATaIU3aToOpbl HA OCHOBE CMELIaHHBIX CcyAbpuaoB. Cpeau HUX
HanOoJee TEPCIEKTUBHBIM OKaszaics cynb¢ua UuHK-uHaui. llpuBeném mnpumeps
HCCIIeIOBaHUHN (PU3UKO-XMMUYECKUX CBOMCTB (DOTOKATAIN3aTOPOB HAa OCHOBE Cy/Ib(puaa
IUHK-UHJIUHA.

Cocmosinue u menOenyuu ucciedosanuti. 1. B pabore (Wang, 2021)
HOM4EPKMBAETCS, YTO NPpou3BoACcTBO cunTes-raza (CO u H,) ¢ ucnonszosanuem CO, B
KauecTBE MCTOYHHKA ra3a He TOJILKO CHIKaeT NapHHUKOBBIN 3((deKT, HO U JaéT LIeHHOe
XHUMU4ecKoe chIpbE. OHAKO TpaaUIMOHHbIE (OTOKATAIUTHIECKUE CUCTEMBI TPEOYIOT
WCTIOJIb30BaHUE OIarOPOAHBIX METAJIOB MM MUMEIOT HU3KUH BBIXOA. B cBs3M ¢ 3THM
aBTOPBI IPEACTABIIAIOT HaHOMMCTHI ZnIn,S, ¢ S — Bakancusamu. IIpu 5ToM 00HapyKEHO,
4TO CO3/IaHKE S — BaKaHCHI MOXKET Ipuaath Znln S, Gosee CHilbHOE (OTONOIIOMIEHHE,
3(peKTHBHOE pa3JeNeHHe IEKTPOHOB U ABIPOK U Oomburyro ancopouuro CO,, uto B
pe3yibrarte crnocoOCTBYET YCKOPEHUIO MPOTEKAHHS PEaKMi KaK BBIAECICHHS BOAOPOIA
(HER), tak u peakuun npeobpasosanus CO, (CORR). Kak cnencrsue, mpu 3tom
3HAUMTEILHO YBEIMYMBAETCA BBIXOJA CHHTE3-raza. B omimune or ucxomnoro Znln, S,
HpeUIOKEHHBIA (poTokaramuzarop V-S- Znln, S, nmpumepHo B 4,73 pa3a yBeaHYMBAET
CKOPOCTb BBIXOa CUHTE€3-ra3a, a COOTHOLIEHHE CO/H2 u3MeHunock or 1:4,18 mo
1:1. O0mee KOMMYECTBO CHHTE3-ra3a mocie 12-4acoBoro (oToKaTaiu3a JOCTHUraeT
63,20 MMonb !, 4TO Ja)ke BBILIE, YeM Y TPAAMIHMOHHBIX KAaTalM3aTOPOB HAa OCHOBE
0JaropoIHBIX METAJIIOB.

2. B crarbe (Shao, 2021) ormedeHo, 4TO NpeoOpa30BaHUE CONHEYHON PHEPTHH B
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TOIUIMBO TPUBIIEKaeT BcE Oolbliee BHUMaHUe BO BCEM mMupe. OnHako 3 hekTHBHOCTD
TaKoro peodpa3oBaHms 0CTAETCA OTHOCUTEIHLHO HU3KOW 13-3a OBICTPON peKoMOMHALINT
(oToreHepupOBaHHBIX HOCHUTENEH 3apsina. B cBs3u ¢ 3TUM aBTOpamu IpeajaraceTcs
HaHokomno3ut Znln,S -ZnAlQO . IIpu 5TOM TOHKOCIIOHHAs CTPYKTypa HaHOKOMIIO3HTA
obneryaer GOTOMHAYLMPOBAHHOE pa3felicHHe U MEPeHOC HOCUTENIeH 3apsiaa, a TakKe
o0ecreunBaeT MPEBOCXOAHYIO aJCOPOLMOHHYIO CIIOCOOHOCTH IO OTHOLICHUIO K
monekynam CO,. Takoi HaHOKATaIU3aTOP MPOAEMOHCTPUPOBAI BBICOKYHO AKTHBHOCTD
B npeoOpazosanuu CO, 1oj N€HCTBMEM BHAMMOIO CBETA C ONTUMAIBHON CKOPOCTBIO
obpazopanust CO 1100 mxmons 1! u', uTo B 5 pa3 Gonblue, 4eM y 00bémHoro Znln S,
IToxa3aHo, 4TO COOTHOIICHUE CO/H2 yBenmuuBaercs ¢ 0,2 npu 00bEMHOM ZnInzs , 110
1,5. Okcniepumentsl in situ FT-IR moka3zanu, 4to Ha npeanokeHHOM HaHOKaTaIu3aTtope
ZnIn S -ZnAlO_ tpancdopmanus CO, B CO Ha MPOMCXOAUT HO IIyTH 0Opa3oBaHus
COOH*. Dta paboTa gaet npeacTaBlIeHUe O MeXaHu3Me (DOTOKATATUTHYECKON PEaKIuu
npeobpaszosanus CO, B cuHTE3-Ta3.

3. B myOnukauun (Pan, 2021) aBTOphl OTMEYAIOT, YTO pa3pabOTKa 3IEKTPOHHBIX
CBOMCTB (DOTOKATamM3aTOpOB Ha OCHOBE MONYIMPOBOAHUKOB C HCIOJIb30BAHHEM
9NIEMEHTHOTO JIETUPOBaHUS SBISIETCS 3(PQPEKTUBHBIM TOAXOAOM K YIYULICHHIO HX
KaTaJIUTUYECKON aKTHBHOCTH. TeM He MeHee, O CHX TOp OCTAarTCs MPOTHUBOPEUUS
OTHOCUTENBHO pOJHM JOMaHToB B (oTokaTanu3e. B umccinenoBaHWM yIBTPAaTOHKHE
HanomucTel  Znln,S, (ZIS), nomupoBaHHBIE KHCIOPOAOM, OBUIM CHHTE3MPOBAHBI
OJTHOPEAKTOPHBIM COJBBOTEPMUYECKUM MeToAoM. Hamnume kuciopoma B pelIeTKe
obpasna ZIS (O-ZIS) noareepxknaercs crektpamu XRD, XPS v koMOMHAIIMOHHBIM
paccestaueM. [lpu onTuManbHOM JETUPOBAHUM KHCIOPOAOM YIBTPATOHKHE HAHOIUCTBI
O-ZIS, obny4yaeMble BHIUMBIM CBETOM, JAEMOHCTPUPYIOT MOBBILICHHYIO aKTHBHOCTb
npeoOpazoBanuss CO2 B yrapHblii ra3 cO CKOPOCTHIO BhIeNeHHs nocienHero 1680
amonb 9! r', yTO MpHMEpHO B 7 pa3 BhIIIE, Ye€M Y HEJONMPOBAHHOTO Cylb(pua.
PacueTsl OKa3bIBAIOT, YTO JIETUPOBAHUE KHMCIOPOIOM B PELIETKY HAaHOIUCTOB Znl S,
WTpaeT KIIOYEBYIO pOJb B ONTHMHU3ALMHU €€ 3JIEKTPOHHBIX CBOWCTB. 3ameuareiabHbIe
¢doTokaranuTryeckue xapakrepucTuku O-ZIS MOXHO OOBSCHUTH CHHEPreTUYECKUM
CJIEZICTBHEM YHUKAJIbHOMN YIBTPAaTOHKOCIOWHOM CTPYKTYPBI M CIBUTOM BBEpX MUHUMYMa
30HbI IpoBoanMocTy (CBM), BEI3BaHHOTO JIerHpoBaHHeM KuciopoaoM. Mccnenosanue
npeaaraeT NpoCcTOd METOH 3JIEMEHTHOTO JIETUPOBaHUS CyIb(pHAa KHCIOPOAOM, YTO
JlaeT HOBOE TPE/ICTaBICHHE O BBICOKOI(h()EKTHBHOM UCKYCCTBEHHOM (POTOCHHTESE.

4. B pabore (He, 2022) orMeuaeTcsi 0 HEBBISICHEHHOM BIUSHUH JS(EKTOB PEIIETKH
Ha KOJMYECTBEHHYIO IMHAMUKY HocuTenei. B wuccnemoBanum pedext pemérku
CHHTE3MPOBAHHOIO YyBCTBUTENBHOrO MeTamuueckoro Znln,S, (VIn-rich-ZIS) sbi3Ban
OoraTeIM cofepKaHUEeM BaKaHCUH MHIMS, YTO MPUBOOHUT K BHICOKOH 3((EeKTHBHOCTH
dorosoccranosnenus CO, 1o CO. KonmuuecTBEHHO HCCIIEN0BAHO BIMAHUE 1e()EKTOB Ha
JMHAMHUYECKUE apaMeTpbl HocuTenei. B pesynbrare BeIICHEHO, U4TO THHA JU(Qy3un
HeocHOBHBIX Hocutenel (LD) TecHo cBs3aHa ¢ KaTAIMTHYECKUMH XapaKTEPUCTHKAMHU.
WndpakpacHas crnekTpockonus in situ M TEOpPETHYECKHE pPacyueThl MOKa3aid, 4YTO
NPUCYTCTBHE BAKAHCHI MHIMS CHHYXKAeT SHEPreTHUECKuil Oapbep Ui MpeBpalleHHs
CO, B CO 4epes mpomexytounoe coequnenne COOH*. Takum o06pa3om, BbICOKas
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ckopocTh BeiAeaeHnss CO mocturaet 298,0 mxmons ! u!) uro moutu B 28 pa3 BhiIIe,
yeM y ZnIn S, (VIn-Gexnpiii-ZIS) ¢ ManbiM KOJIMYECTBOM BakaHCHd uuaus. Pabora
3aMoiHAET NpoOeNbl MEXAy KaTaJUTHYECKUMH XapaKTepUCTHKaMHU JAe(eKTHBIX
(oTOKaTanM3aTOPOB U TUHAMHUKON MX HOCHUTENEH, U NaéT NeHHYI0 WHPOPMAIHUIO IS
MMOHWMaHUs MexaHu3Ma (oTokaTanu3a u pazpadotku Oosee 3P PpeKTUBHBIX AePEeKTHBIX
(hoToKaTaMTU3aTOPOB.

5. Asropsl cratbu (Qin, 2021) ormeuarot, uto cyabpua Znln,S, (ZIS) noxasan
OoybIION MOTEHHMAN (OTOKATATUTUYECKOTO MPeoOpa3oBaHMsl COJIHEYHOW IHEPTHH.
OnHako CyIIECTBEHHBIMH MpoOieMaMH 3TOro MaTepuaia SBISIOTCS —CHJIbHAs
pEKOMOMHALIUS 3apsIoB W HEJOCTAaTOYHAs IUIOIAAb IMOBEpXHOCTH. Jlermposanue
rerepoaroMaMyd HEMETaJUIOB cuuTaercs d3(QQeKkTUBHON cTpaTerueld ymydlleHHs
ero (OTOKATaTUTUYECKHX XapaKTepUCTUK. B wuccrnemoBaHun HaHOMUCTHL ZIS,
aerupoBanHble hocopom (P-ZIS) OblIM NPUTOTOBIEHBI M3 HCXOAHOTO MaTepHaia
HPOCTOH  IMAPOTEPMHMYECKOM o0paboTkoii ZIS ¢ ucnonbzosanuem NaH, PO,
UccnenoBano BiusHue lerupoBanus (ocPopoM Ha KPUCTAIUIMYECKYIO U 30HHYIO
CTPYKTYpBbI, a TaKkxke (POTOKATAIMTHYECKYIO aKTUBHOCTh ZIS B npeobpasosanuu CO,
B BUIUMOM cBete. OOHapyxeHo, 4To jerupoBanue Gochopom B pemi€rky ZIS urpaer
KJIOYEBYO POJIb B ONITUMHU3ALMH €€ JIIEKTPOHHBIX CBOKWCTB. OTHOmEHHe ZIS k NaH PO,
BIHMAET Ha (HOTOKATATUTHYECKHE XapakTepucTuku P-ZIS, mpu sTOM onTHManbHOe
cootHouienue 1:15. JlerupoBanuslil pocdopom P-ZIS nemoHCTpHpyeT 3aMeyaTebHyI0
(oTokaTanUTHYECKyI0 cKopocTh npou3BoacTBa CO B BunuMoM cete (18,8 mkmoin/30
MUH), 4TO B 2,5 pa3a BbIIlIe, 4eM y HeJonupoBaHHOTO ZIS. OcoO0eHHOCTD YIBTPaTOHKUX
HaHOJMCTOB ¥ CMELIEHHE Kpasi 30HbI IpoBoAUMOcTH CB BBepX NPUBOAAT K MOBBIILIEHUIO
> dexruBHocTH npeobpazosanus CO,. Hccnenosanue JeMOHCTPUPYET HPOCTOM
cnoco0 nerupoBanust P B ZIS, na€r pekomMeHOauuu 1Mo KOHTPOIUpPyeMOMY AeheKTy
PEETKH U CUHTE3Y BBICOKOA((EKTUBHBIX (DOTOKATAIN3ATOPOB MyTEM JIETUPOBAHUS
rerepoaToMaMy HEMETAJIJIOB.

6.Bpabore (Wang,2022) aBTropamMu 0OTMeU€Ha BAXKHOCTB YITydIIeHHsI 3 HeKTHBHOCTH
paszzneneHus GOTOreHEpUPOBAHHBIX HOCUTEJEH ISl MOBBILICHHUS (POTOKATATUTHYECKON
aKTUBHOCTH Marepuana. Msydeno ¢orokaranmutuueckoe npeodpasoanne CO,
(orokaranuzaropom ¢ omudeckuM nepexogom 3D/0D ZnIn,S,/NiS npu oGiydennn
COJIHEUHBIM cBeToM. braromapst TpusTanonmamuHoBeiM (TEOA) pearentam, oOpasen
Znln,S ~2 %NiS umeer yiy4IleHHbIe XapaKTepUCTUKU npeoOpasoBanus CO, B yrapHblii
ra3 (Beixon CO 12,63 mxmons u' r'), uTo B 1Ba pasa Oonblie, yeM i uucroro Znln S,
(BbIxon 6,37 mxmonb u! r'). I[Tokazano, yto HaHOYACTHUIIBI NiS HE TOJIBKO IOBBIILAOT
3¢ PEKTUBHOCTH TEHEPALMH SIIEKTPOHOB M pa3AesIcHUs 3apsaoB 3a CUET MOCTPOSHHS
IJIOTHOTO KOHTAaKTHOT'O OMMUYECKOTO IIEpeX0a, HO M IEHCTBYIOT Kak cokaranuzarop. [lpu
9TOM pacHIMpsIeTCs] TUana3oH (GOTOpPEeaKUUi U CHUKAETCS PEaKIMOHHBINA Oapbep, 4To
3G PEKTUBHO YCKOPSIET peakiuio (OTOKATaIMTHIEeCKOro mpeodpasoBanus. Kpome toro,
TpeXMEpHas CTPyKTypa Znln S, yBenM4uBaeT yIeIbHYI0 MOBEPXHOCTh, YTO 00JIEr4aeT
nucnieprupoBanue NiS. ['enepamus, pasgeneHue ¥ Murpauusi GOTOreHepHPOBaHHBIX
3JIEKTPOHHBIX JBIPOK U3Y4arOTCs C TOUKH 3PEHUS KUHETUKH C TMOMOIIBIO IEPEXOJHOTO
($oTOTOKA, KPUBOW BOJBTaMIIEPOMETPHH C JTHMHEHHON pa3BEpPTKOM M CIIEKTPOCKOIHEH
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¢doromoMuHecueHnu. B pabore packpeiBaeTcs BakHasi pOJib COKaTaiau3aropa
OMHYECKOTO COEIMHEHHs B YMy4llleHHH (OTOKATaJIUTUUECKOH aKTUBHOCTH, a TaKkKe
npeanaraeTcs HoBas uaest co3nanus d3PpQPeKTUBHBIX (OTOKATATUIATOPOB.

7. B uccnenoanuu (Wang, 2019) aBropamu 0TMEUYeHO, 4TO (POTOKATAIUTHIECKOE
npeobpaszosanue CO, Bce OOMbIIe IPUBJIEKAET UHTEPEC YIEHBIX B CBA3U C PACTYIIMMH
OTMACEHMSIMH I10 MOBOJY U3MEHEHHsI KJIMMaTa, CBSI3aHHOTO C MapHUKOBBIM d((PEKTOM.
B crarbe mpeacraBieH MeTo[ THUAPOTEPMAIBHOIO CHHTE3a MOAWUGHUIMPOBAHHOTO
nanokomnosura Zn,In S /TiO,. Tlomy4enusie 00pasubl HMCCIENOBAHBI CIEKTPAMU
¢doromomunecuenmu (DOJI), auddysnoro otpaxkenus B YO-suaumoii oonactu (CO),
pentreHoBckord nudpakuueit (PI[), cxaHupyromeil SIeKTpOHHOW MHKpPOCKOMHEH
(COM), mpocBeumBarolieil 31eKTpoHHONH Mukpockonuerd (IIOM), peHTreHoBckon
¢dotosnexTponHoi ciekrpockonuei (POIC) u sHeprogucnepcHOHHON PEHTT€HOBCKON
cnekrpockonueii (31C). Ilpumenenne 3Toro Marepuana B KauecTBe OTOKaTann3aTopa
[T03BOJIMJIO 3HAYUTEIBHO YBEIMUUTE CKOPOCTH Mpon3BoacTBa CO U3 yIIIEKHCIIOro rasa.
Konrakr mexny Zn,In,S. u TiO, crnocoGcTByeT ymyduieHHOH (OTOKATATMTHIECKON
aKTMBHOCTH W3-32  (OpPMHpOBaHHMs  MEXaHW3Ma T[epeHoca M paselieHus
(OTOMHAYMPOBAHHBIX 3apSAA0B 10 Z-CXeMe.

8. B nyOmukamum (Wu, 2019) aBTopamu mogu€pKuBaeTCs, 4YTO H3y4YEHHE
3QQEKTUBHBIX M CTAOWIBHBIX (POTOKATAIM3aTOPOB HMEET pelIalollee 3HaueHHe
JUIl TIPaKTHYECKOTO TPUMEHEHHsS (HOTOKATATUTHYECKOTO pACILEIUICHUS BOABI LIS
MOJTYYEHUS YUCTOTO BOAOPOJHOTO TOIIMBA, a TAKXKe I MPeoOpa3oBaHUsl YIIIEKHUCIOTO
rasa B CHHTE€3-Ta3. AKTMBHUPYEMbIE BUIMMBIM CBETOM oOpasupl Zn In,S, —(x = 1-5)
C pa3JIMYHBIM HApYIIEHHBIM COCTAaBOM CHHTE3MPOBAHBI MPOCTHIM T'MIPOTEPMaTbHBIM
METOIOM B KauecCTBE CEpUH BBICOKOI(p()EKTHUBHBIX (oToKaranu3atopoB. JledekTs
pem€Tok B o6pasuax Zn In,S.. WrparT BaXHyI0 poiib B IEPEHOCE HOCUTETIEH 3apsa ¢
BHYTPEHHUX [IOBEPXHOCTEN Ha BHEIIIHUE, YTO JOTIOIHUTENBHO BIHUAET Ha OKUCIUTEIBHO-
BOCCTaHOBUTENBHBIE PeaKIMHU (POTOTCHEPUPOBAHHBIX AIIEKTPOHOB U JBIPOK HA TPaHULIE
TBEPJIOE TENO-KUAKOCTh. ['panuia nornomienus 06pasios Zn In,S, B CHHTETHYECKOM
pacTBope cMelaeTcs B CTOPOHY OoJiee KOPOTKUX AJIMH BOJH IO MEpe YBEIHUYEHHUS X
aTOMHOrO OTHOIIEHUs Zn/In. DOTOKATATUTHYECKYIO aKTUBHOCTE Zn In, S, oneHnBamm
10 (OTOKATaTUTHIECKOMY MOIYYEHHIO BOAOPOJA M3 BOAbI M npeoOpasoBanuio CO,
oJ| AeWCTBUEM BUIMMOIO cBeTa. B To)ke Bpems B MCCIIEIOBAaHUM BBIABIEHO, YTO W3
00pasuos Zn In,S, Haumyunryo (pOTOKaTAIMTUYECKYIO aKTUBHOCTD MOKa3asl 00paserr
Znln,S, (x = 1) co cKopoCThIO BbENEHHUs BoAopoaa 2,93 Mmonb 4! ', U KBAHTOBBIM
BBIXOZIOM 7,92 % npu anmne BoHbI A = 420 M. Yro kacaercsa npeobpasosanus CO,
nof, ACWCTBHEM BHIUMOIO CBETa CaMYyI0 BBICOKYIO CKOpocTh obOpazoBanus CO 40,4
MKMOb U T mokasan obpasen Zn In,S, . Hamuuue nedekros coctaBa cosnasaio
JOTIOTHUTENbHBIE YHEpPreTHYecKre Oapbephl Al OJIOKUPOBKU (HPOTOMHAYLIHMPOBAHHOTO
nepeHoca Hocuteneil 3apsaa. Ilogu€pkuBaercsd, 4TO HCCIEOBAaHHME IMPEAIIONAraeT
HOBBIN B3IV HA PACKPBITHE B3aUMOCBSI3U CTPYKTYPa-CBOMCTBO CIIOMCTBIX KPUCTAIIOB
Zn In,S., , MMEIOIMX BAKHOE 3HAYECHUE /IS PEATU3ALMU UX PHIIOKEHUH B LIMPOKOM
JMarna3oHe, CBA3aHHOM C YHEPTeTUKON OKpY’KaroIel Cpebl.

9. B pabote (Han, 2021) oTmMeuaeTcs, 4TO IPOU3BOJCTBO CHHTE3-T'a3a Ha COTHEYHOM
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SHEPIUHM 3a CYET COKpaieHus BbIOpocoB CO, 00ecneunBaeT yCTONYMBYIO CTPATETUIO
MOTY4YeHHUs] BO30OHOBISIEMOTO ChIphsi. OHAKO ATOT MHOTOOOCIIAIOINHI MTPOLIECC YacTo
crpajaer ot kecTkor aktuBaiuu CO,, BAIIOW KUHETUKU OKMCIIMTENBHOM MOTypEeaKun
U BBIJCNICHHUSA HEKENATENbHBIX IOOOYHBIX MPOAYKTOB. ABTOpPBHl MpPEAJIararoT
(YHKIIMOHAJIEHO-OPUEHTHPOBAHHYIO CTPATErHIO MPEeIHAMEPEHHOTO KOHCTPYHUPOBAHNUS
TETEPOCTPYKTYP YEPHBIX (OCHOPHBIX KBAHTOBBIX TOYEK Cylbduaa Znln,S, 8 BP/ZIS
nys ipeo6pazosanust CO, 10 CHHTETHYECKOTO Ia3a IO A€HCTBUEM COITHEYHOM SHEPrUK
B COYETAHWH C CEJICKTHBHBIM OKHCIMTENBHBIM OOpa3zoBaHueM cBsizu C-N B ogHOM
OKHCJIMTEIbHO-BOCCTAHOBUTENbHOM WKJIe. OnTuMmanbsHas rerepoctpykrypa BP/ZIS
XapaKTepHU3yeTcsl YIyUIIeHHBIM pa3feleHueM HOCHUTENeH 3apsga M 0OOralieHHbIMU
aKTUBHBIMU LIEHTPaMH JJIi COBMECTHOTO (DOTOKAaTAJIMTHYECKOTO IPOU3BOJCTBA
cuHTe3-raza ¢ perymupyembiM cootHomenueM CO/H, n >ddekTHBHBIM OKHCIEHHEM
aMUHOB B MMMHBI C BBICOKOM KOHBEpCHEH M CENEKTHBHOCTBIO. OTH BBIJAIOLINECS
KaTaJIUTUYECKUE XapaKTePUCTHUKH OOYCIOBJICHBI ONTUMAILHON AIIEKTPOHHOW CBS3BIO
MEKTy KBAaHTOBBIMU TOYKaMH 4€PHOTO pochopa u Znln, S, a Takke ONTHMH3UPOBAHHON
azicopOLuell KIIIOYEBBIX IMPOMEXYTOYHBIX IIPOLYKTOB PEaKLH, YTO IOATBEPIKIAETCS
KaK 9KCIIEPUMEHTAJIbHBIMHU, TaK U TEOPETUIECKUMHU HCCIEIOBAaHUAMHU.

10. ABrops! crarbu (Han, 2022) mpemiaraioT cepuio rerepoCcTpyKTypHpPOBaHHBIX
mukpochep Znln,S,-CdIn,S,, nony4eHHyl0 METOIOM HMOHHOTO OOMEHA M BIEPBHIE
UCTIONb3yeMYI0 Juls  (oToKaranuTUyeckoro mnpeobdpasosanus CO, B cucremax,
HE Ccoaep)Kalmmx OJaropofHBIX MeTauioB. Pe3ynpraTsl TOKa3ald, YTO TakKue
MHUKpPOC(EpBl MPOSIBIAIOT NMPEBOCXOAHYI0 KATAINTHYECKYI0 AKTHBHOCTH B BHIMMOM
ceere, mpu 9toM Hawryummid Beixoq CO  mocturaer 33,57 wMxmonbs-u! mpum
cenekTuBHOCTH 91 %. CTabWiIbHOCTD W BO3MOXKHOCTH MOBTOPHOTO HCIOJB30BaHUS
ZnIn,S,-CdIn,S, moaTBEpXKIEHBI ~ PA3IMYHBIMM  XapaKTEPUCTHKAMHM,  BKIHOYas
pentreHoBckyro nudpakuuio (XRD), ckaHUpYIOUIYIO B3IEKTPOHHYIO MHKPOCKOIHIO
(SEM), mpocBednBaronlyo 3JeKTpoHHYI0 MHKpockonuio (TEM), peHTreHOBCKYIO
(hoTodMeKTPOHHYIO cIlekTpockonuio (XPS), sHepreTHdeckylro — IHCIIEPCHOHHYIO
PEHTTEHOBCKYI0 cniekTpockonuio (EDX) u usmepenusamu agcopouunn N,

11.Bpabote(Kim,2022)moka3ano, 4ropa3padboTka HeJOPOToid, BEICOKOI(D(HEKTUBHOM
(doTocucTeMBI, HEe cozmeprKallei 0JaropogHBIX METasIoB, MMEET OONbIIOE 3HAUYCHHE
B LEJsIX obecnedeHus: paszieieHus: (poTonpon3BOJHBIX HOCUTEIEH M B 0Opa3oBaHUH
HeHTpoB 3axBara myis npeodpasosanus CO,. Karamuszaropbl u3 HeOnaropomHbix
meTaio B Buae HaHoTpyOok TiO, (TNT) u rexcaronanbHeix HanonuctoB Znln, S,
(ZIS) cunTe3UpOBaHbl NPOCTHIMU TUAPOTEPMAIbHBIMI METOAAMH U UCIIOIb30BaHbI IS
¢oroBoccranoBienus: yrekucioro raza CO. IIpu stom ckopocts obpazosanusi CO
cocraBmia 4,41 Mmmonb ' u', 4to B 1,5 pa3a Bhllie CKOPOCTH IPH UCTIOIH30BAHUH TOIBKO
HanoyucToB Znln,S,. B wactnoctu, TNT/ZIS neMoHcTpHpYeET CTaOUIIbHYIO TEHICHIIUIO
k BeIeniennto CO B TeueHne 72 9acoB 00IydeHNs, 00€CTIeUnBast pEryISIPHYIO AKTHBHOCTh
U CENEKTUBHOCTh AJIS1 4-KPaTHOTO MCIIOIb30BAaHUS Ha PELUPKYIALUIO [IPU 00Iyd4eHUH
COJIHEYHBIM CBETOM. ISl BBIICHEHHS HPUPOIBI (DOTOKATAIUTHYECKOTO MEXaHH3Ma
HCCIIEIOBAaHBI M MIPOAHAIM3UPOBAHbl KPUCTAJUINYECKAsE CTPYKTYpa, HAHOMOP(QOIOTrus,
MIOTJIONIEHNE CBETA, LIMPUHA 3alpelleHHOW 30HBI M AIIEKTPOXHMUYECKOE MOBEACHUE
MIOJTyYEHHBIX KOMITO3UTOB.
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12. Asropsl pabotel (Shao, 2022) orMme4aroT, 4YTO (HOTOKATATIUTUUIECKOE
npeobOpazosanuss CO, B IIEHHOE TOIUIMBO MMEET MHOroooOelaromee Oymyinee, HO
ocTaeTcs mpodieMa HHU3KOH 3(PQEKTUBHOCTH pa3ieieHus 3apsAAoB M HEaJaeKBaTHBIX
aKTHBHBIX LEHTpoB. llpum pemeHHn 5THUX NpoOIeM aBTOpaMH BBIABICHO, YTO
OpTaHMYEeCKUil  KpemHe3eM, (YHKUMOHAIM3UPOBAHHBIA  BTOPHUYHBIM  aMHHOM,
comepxammii  ZnIn,S,  (ZnIn,S,/NH-Si0)), oxazancs  5(QQeKTHBHBIM  IIpU
(oroxaranutuyeckom npeodpasoannu CO, mox nekicTeueM BuaMMoro ceera. Znln, S /
NH-SiO, ¢ conepxanuem Znln,S, 40 % obGecneunBaer ckopocTh npoussonctsa CO
1304,8 mxmoinb ! ! mpu KOMHATHO# TemIieparype, 4To MPUMEPHO B 3 pa3a BbIIIE,
4eM y HenonuposanHoro Znln,S,. Tonkue HaHONMUCTHI Znln,S, yCKOPSIOT pasjienenue
(oToreHEpUpPOBAHHBIX SIEKTPOHHBIX Iap, a aMmuHorpymmnsl Ha ZnlnS,/NH-SiO,
JEWCTBYIOT KaK aKTHBHBIE LEHTPhI I ancopOuuu u aktusamuu CO,, TeM caMbIM
cnoco6¢TBys npeodpasosanuio CO, B yrapHblid ras.

B 3akarouenun ormMeTHM, 4To U3 aHanu3a 6osee 100 myOnauKanuii, 4acTh U3 KOTOPBIX
MIPUBEICHBI B CTaThe, CICAYET, YTO B UCCIIEIOBAHIN KOMIUIEKCHOTO COEqMHEH M CyIb(uaa
LIUHK-WHAXN B LETSIX UCTIONB30BaHUs B Ka4eCTBE (POTOKATaIM3aTOPOB B IIPOU3BOJICTBE
CHHTE3-Ta3a YETKO NPOCIEKUBACTCS TEHISHLHMS YACLIEBICHHUS 3TOr0 mpouecca u
YBEIMUEHHUS CKOPOCTH BBIXOJAa KOHEYHBIX NMPOAYKTOB. C 3TOH LETBbI0 MAYT MOMCKH
3aMeHbI KJIACCHYECKHX KaTaJn3aTopoB, COAEpKaIluX OlaropoaHble MeTabl Hanbosee
MEPCHEKTUBHBIMU Cyidb(puIaMu, B 4YacTHOCTH, cynbduaom Znln. J{ns yBenuueHus
CKOPOCTH BBIXOJa YrapHOTO Ta3a MCXONHBIA MaTepuall KaTaju3aropa HCIOIb3yeTcs
B BHJIE HAaHOJUCTOB, OCYLIECTBISIETCS PErYIUPyEeMblid Ne(eKT PemETKH ¢ TOMOIIBIO
BBEACHUS PA3ITUUHBIX XUMHUECKUX DJIEMEHTOB, KOHCTPYHUPYIOTCS CIIOKHBIE KOMITO3HUTHI
U3 HECKOJBKHUX CYIb(HUIOB, BBOAATCS NOMOJIHUTEIBHBIE COKATAIU3aToOPbl U T.I. DTH
npuéMBbl CIIOCOOCTBYIOT B HECKOJIBKO Pa3 YBEJIMYUTH CKOPOCTH (POTOKATATUTHYECKOH
peakmun Beixoga CO H, 4TO BaKHO, MO3BOJIIIOT MHOTOKPAaTHOE HCIIOJB30BaHUE
W3TOTOBJICHHBIX (POTOKATAIU3aTOPOB.
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Abstract. The aim of the work is to obtain a macroporous cryostructure under normal
freezing conditions of an interpolyelectrolyte reaction between oppositely charged chitosan —
sodium alginate and to study its properties. The results obtained: the cryostructure was obtained
by mixing concentrated solutions of biopolymers at a temperature of — 12°C based on the
complex interpolyelectrolyte - chitosan and sodium alginate. The formation of an
interpolyelectrolyte complex was proved by the method of IR-Fourier spectroscopy. IR spectra
show a shift in the characteristic absorption bands of the functional groups of sodium alginate
and the disappearance of peaks of chitosan deformation vibrations. The result of the spectrum:
the peaks of sodium alginate are equal to v¥c—o (1603 cm™) and vSc=o (1409cm™), which are
converted to the values of IPEC those v¥c-o (1574cm™") and véc-o (1388cm’™"), respectively. The
physico-mechanical properties of the cryostructure were studied: morphology, degree of
swelling, the rate of fluid flow through the volume of the cryogel. The indicators of scanning
electron microscopy demonstrate a porous matrix with a system of communicating pores. The
average pore diameters of cryogels have been determined. The average pore size is 24.20
microns. Determination of the swelling kinetics of chitosan-sodium alginate cryostructurate in
water shows good swelling ability. It was found that the degree of swelling of the cryostructure
is 11.03 g/g. The cryostructure showed that the maximum velocity of liquid flow through the
volume is pH 3. The experimental data obtained indicate the possibility of using the newly
obtained cryostructure based on biocompatible natural polymers — chitosan and sodium alginate
in medicine for the transportation of medicines, in catalysis, biotechnology and other fields.
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Cryostructure-based drugs and biopolymers are widely used to create polymer complexes by
combining such materials with synthetic polymers and for individual design.

Keywords: cryogel, interpolyelectrolyte complex, polyelectrolyte, biopolymer,
chitosan,sodium alginate
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XUTO3AH- HATPUI AJTIbI' MHATBI HET'I3IHAEI'T BUOYMAJIECIMII
KPUOKYPBUIBIM/bI AJTY ZKOHE KACUETTEPIH 3EPTTEY

AnHoTanus. )KyMbICTBIH MaKcaThl — Kapama-Kapchl 3apsATaIFaH XUTO3aH — HaTpU
QJIBTUHATH apachblHAa MHTEPIIONMAIEKTPOIUTTIK PEaKLHUAHbl KAJIBIITEl MY3IaTy >KaraaiibiHaa
MaKpOKEYeKTI KPHOKYPBUIBIMIBI ally JXOHE OHBIH KaCHETTEpiH 3epTTey. AJIBIHFaH IKYMBIC
HOTIDKEJEPi: KPHOKYPBUIBIM HHTEPIOIUAICKTPOIUTTIK — XHUTO3aH JKOHE HATpHUil albIHMHATHI
KoMIuTeKkci Herizinge — 12°C temmeparypana OnomomuMeplepaiH KOHIEHTPI epiTiHAiIepiH
apanacTelpy AapKbUIBl aNBIHABL. VHTepHONMMANeKTponuTTiK KoMmIureke Ty3imyi UK-Dypse
CHEKTpOCKOmusl dfici apkpuiel jganenaeHnai. HWK-crnektpnepi  HaTpuii  anbrUHATHIHBIH
(YHKIMOHANIBIK TONITAPBIHBIH ©31HE TOH JKYThUTY KOJAKTapbIHBIH BIFBICYBIH XKOHE XUTO3aHHBIH
JneGopMalsUIBIK TepOeNic IIBIHAAPBIHBIH JKOFaNyblH Kepcereai. CIEKTp HOTHIKeCi:HaTpuii
aJlbIMHATBIHBIH WLIHAAPH! V=0 (1603 cm™!) sxane vic=o (1409c¢m™") Ten, on cotikecinme UTIDK
Te V-0 (1574cm™) sxonevic-o (1388cm™) monnepine aybicanbl. KpuoKypbUILIMHEIH (HU3UKa-
MEXaHUKaJIBIK KacueTTepi: MOpQoJOrusch, ICiHy Jopexeci, KpHOredb KeyeMi apKbLIbI
CYHMBIKTBIKTBIH aFy JKbUIOaMABIFBI 3epTrenai. CkaHepieylli 3JIeKTPOHIbl MHUKPOCKOIHSHBIH
KepCeTKiImTepi OaiiaHpICaThIH KEyeKTep JKyieci 0ap KeyeKTi MaTpuIaHbl kepcereni. Kpuorens
TECIKTepiHIH opTama IuaMmerpiepi aHbIKTannsl. KeyexrtepaiH oprama memmepi 24,20 MKM
Kypaiapsl. XUTO3aH-HATPUH aJbIHMHATHl KPHOKYPBUIBIMBIHEIH iCiHY KHHETHKACBIH aHBIKTAy, OJI
cyna JKakchl iciHy KaOimeriH kepcereni. KpmokypsulbIMHEIH iciHy mopexeci 11,03 r/r TeH
EKeHJIrl aHBIKTANIbl. KpHOKYpBUIBIM KejieMi apKbUIbl CYHBIKTBIKTBIH MAaKCUMalbl ary
xbuaamabiFsl pH 3 KypalThIHBIH KOPCETTi. AJIBIHFAH SKCIIEPUMEHTTIK MAJIiIMETTep OHOCalKec
TaOUFK TOJMMEpJiep — XHUTO3aH >KOHE HATpWil albrMHATHl HETI3iHJEe KaHa aJIbIHFaH
KPHOKYPBUIBIM MEIUIMHA/A JIOpUIIK 3aTTap/bl TackIMall[ayFa, KaTalu3le, OMOTEeXHOIOTHsAa
KoHe Oacka cajajapia KojJaHy MYMKIHIITIH kepcereni. KpuokypbuibiM Heri3inzaeri Jopiiik
3aTTap MeH OuononuMepiep MyH/1ail MaTepuanIapibl CHAHTETUKAIIBIK TOJIMMEpIIepMeH OipiKTipy
apKBUIBI  TOJIUMEP KOMIUIEKCTEPiH KaJbINTACTBIPY apKbUIBI XKOHE JKEKe-)Keke jkobaay YIIiH
KeHIHEH KOJIaHbUIAIBL.

Tyiiin ce3mep: KpHOrelb, HHTEPIOIMAICKTPOIUT KOMIUIEKC, OHOIOIMMEp, XUTO3aH,
HaTPHUH abrUHATHI

© B.C. Iaiicuna’”, JL.K. Opasxanosa', 5.X. Myca6aesaZ, A.H. CaéuroBa’,
B.Bb .BasixmeroBa', 2023
"HAO «Yuusepcurer umenu [llakapuma ropona Cemeit", Cemeii, Kasaxcran;
*MesxnyHaponublii yausepcuteT Acrana, Hyp-Cynran, Kasaxcran.
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MOJYYEHUE U U3YUYEHUE CBOMCTB BUOCOBMECTUMOM
KPUOCTPYKTYPbI HA OCHOBE XNTO3AH-AJIBI'MHATA HATPUSA

AnHotanust. [{ensio paboTh sSBISETCS NONTyYCHHE MAKPOIIOPUCTONW KPUOCTPYKTYPHI B
HOPMJIBHBIX YCJIOBUSIX 3aMOP@XMBAHUS WHTEPIIOJHMAIEKTPOIUTHON pPEaKUUd  MEeXIy
MIPOTUBOIIOJIOKHO 3apsHDKEHHBIM XHTO3aH — aJIbIMHATOM HATpPUSl M M3yYEHHE €ro CBOMCTB.
[TonyuenHsle pe3yabTaTthl  pabOTBI: KPHOCTPYKTypa IIOJlydeHAa IyTeM CMEIIUBaHUS
KOHIIGHTPUPOBAHHBIX PAaCTBOPOB OuoOmonuMepoB mpu Temmeparype — 12°C Ha oOcCHOBe
KOMITJIEKCA HHTEPIONMAICKTPOIUT — XHUTO3aH W ajpruHar Harpua. OOpasoBaHue
MHTEPIIONUAIEKTPOIINTHOTO KOMIUIEKca ObUTo moka3aHo MetogoM VK-Dypbe CreKTpoCcKomuH.
HK-criekTpsl ~ NOKa3bIBAIOT ~ CMEIIEHWE  XapaKTEPUCTHYECKHX  II0JOC  IMOIIOIMICHHS
(YHKIMOHANBHBIX TPYNIN aJIbIMHATA HATPUSA M HCUC3HOBEHHE IHKOB Je(hOPMAIMOHHBIX
KoJIe6anmii XuTo3ana. Pe3ynbTar CriekTpa: MUKH albIHHATa HATpUs PaBHEI vic—o (1603 cm™) u
Vic—o (1409cm™'), xoTopble mpeoOpasytorcsa B 3HadeHns UIIDK te v¥c—o (1574cm™) 1 vie—o
(1388cm™)  coorercrBenno. M3yueHnl (U3MKO-MEXaHHUECKHE CBOWCTBA KPUOCTPYKTYDBI:
MopdoJorusi, CTereHb HaOyXaHHsl, CKOPOCTh IPOTEKAHMs JKHJIKOCTH yepe3 00beM KpHOTElls.
[Mokazarenu ckaHMpyOLIEH IEKTPOHHONH MUKPOCKOIIMH JIEMOHCTPUPYIOT NOPHUCTYIO MaTpUILY,
¢ cucTeMoii coobmaromuxcst nop. OnpeneNieHsl cpefHue JuaMeTpsl nop kpuoreneil. CpenHuii
pasmep nop coctasiser 24,20 mMxMm. OmnpeneneHne KMHETUKM HaOyxaHHs KpUOCTPYKTypara
XWTO3aH-HATPHUI aJbIHHATa B BOJE MOKA3bIBACT XOPOIIYI0 HAOYyXaroUIyl0 CIIOCOOHOCTb.
YcTaHOBIIEHO, YTO CTEleHb HaOyXaHHA KpHOCTPYKTypel paBHa 11,03 r/r. Kpmoctpykrypa
MOKa3aia, 9YTO MaKCHMalbHas CKOPOCTh ITOTOKAa JKHUAKOCTH depe3 o0seM cocramisier pH 3.
[TomyueHHBIE 3KCHIEPUMEHTAIbHBIE NAHHBIE CBUACTECIHCTBYIOT O BO3MOXKHOCTH NPHMECHEHHS
BHOBbB TTOJIy9E€HHOH KPHOCTPYKTYPBI HA OCHOBE OMOCOBMECTUMBIX IPHPOAHBIX MOIUMEPOB —
XHUTO3aHa ¥ albTUHATAa HATPHUS B MEIULIMHE JUIS TPAHCTIOPTHPOBKH JICKAPCTBEHHBIX CPE/ICTB, B
Karajnie, OMOTEXHOJIOTHH M APYTruX o0iacTsx. JlekapcTBeHHBIE CpeacTBa U OMOMOIMMEDHI Ha
OCHOBE KPHOCTPYKTYPbI ILIHPOKO UCIIONB3YIOTCS ISl CO3JaHUS TIOJIMMEPHBIX KOMIUIEKCOB ITyTEM
00beIMHEeHUs] TAKMX MaTepHalioB C CHHTETUYECKUMHU MOJMMEpPaMH U IJIsl WHIUBHIYaIbHOTO
MPOEKTUPOBAHMSI.

KiroueBble ciioBa: Kpuorenb, WHTEPIOIUAICKTPOIUTHBIA KOMILIEKC, OUOIONIHUMED,
XHMTO3aH, aJIbTUHAT HATPHs

Kipicne

FInmpIMHBIH, OHAIPICTIH KOHE TEXHUKAHBIH OPTYPJIi caslaJapbIHIaFbl TEOPUSIIBIK JKOHE
NPaKTHKAIBIK MaceJeNep/i IIemyre OarbITTalFaH MNOJUMEPIiK MaTepHajljapiblH JKaHa
TYpJiepiH ko0ajlay MaKpOMOJICKYJIAJIBIK KOCBUIBICTAPIBIH XMMHSCHI MEH TEXHOJIOTHSACBIHBIH
MaHBI3AbI OarbITEl OOJIBII TAOBUIAEL.

CoOHFBI OH JKBUIIBIKTApAa KPHOKYPBUIBIMAAPIBl — MY3JAThUIFaH €pITKIll opTaja
TY3UIETIH MAaKpOKEYeKTI KYpbUIBIMJAApAbl HeMece Tenblepldl OHIIpYMEH alHajbIcaThiH
KPHOTPONTHI MOJIUMEP KYPBUIBIMAAPBIHBIH XUMUSICHI KapKbIHIBI 1amblbl (Lozinsky, 2014).

BuoakTuBTI  TMONMMMEpNEpHiH ~ MHTEPIIONUAICKTPONHTTIK  KemeHaepi  (MIIOK)
HETI31HJIeT] KpHOTeNbep FRUIBIME KOHE KOJIaHOABl TYPFBIIa IEPCIIEKTHBTI OOJIBIT TaObLIab.
[Monmumepiti MaTepuangapAblH Oy KiachlHa JIETeH KbI3BIFYIIBUIBIK, €H aJIABIMEH, OJapablH
AlKBIH THIMJI CHITaTTaMaIapbhiHa OaiIaHBICTHI: MAKPOKEYEKTLIIIT1, YBITTBUIBIFBI TOMEHT1 HEMece
KOFaphl (PU3UONOTHSITBIK OCICeHIUTIT], (PU3UKAIBIK JKOHE XUMUSIIBIK TYPAKTBUIBIFEI, JKOFaphI
MEXaHHUKAJIBIK KacHeTTepi, OMOYHIeCIMILIIT], JKOFaphl OTKI3TIMITIr XKoHE cyaa iciHy Kalineri
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oHe OmonorwsiblK optanapsl (Iltunemana, 2016). KpHoKypbUIBIMABI MaTepUaiIapbIHBIH
MaHbI3[bl €pEeKIIeNiri JAe KapamailblM OHJIpIC TEeXHOJIOTHACHl OoibIn  TaObuIagsl. by
KPHOKYPBUIBIMIAPAbI OeJICeHAl KeH CHEeKTpi Oap Marepuaiigap peTiHiae KoJAaHyFa MYMKIHIIK
Oepeni — OHOMEAMIMHANBIK JKoHE (apMaleBTHKaNBIK MaTepHaijap, Karaiusaropiap,
copbenrrep, MmemOpananap xaHe T.0. (Klivenko xane 1.6., 2021; Kutlusoy, 2017).

Taburu monuMepnep HETi3iHAE ajJblHFaH KPHOKYPBUIBIMJApFa Kell KeHin OesiHeni.
Taburu mnonuMepsep, aranm aWTKaHAA IOJHCAXapUATEP, CHUHTETUKAIBIK IOJUMEpIICpIcH
alBIPMAIIBLUIBIFBI, OHOYHIIeCIMII JKOHE Tipi aFr3aMeH OaiTaHpIcTa OONFaH Ke3/e )KaHaMa YBITTHI
ocepiepni KepceTmeli >XoHe COHBIMEH Oipre OHMOXeTIMIUTri MEH Y3apTBhUIFaH JCepiH
aptTeIpysl MyMKiH (Jagadish Chandra Roy xome 1.6., 2018).

KpuorponTsl KypbulbIM Ty3ily - OipHelle Ke3eHHEH TYpaThlH KypZeli Iporecc.
Bacrankpl ke3eHIe epiTKImTe KOsl IPEKYPCOPIBIK 3aTTap epiTiiei, epiTKIII peTiHae Kui
CymBl, COHAai-aK OipKarap OpraHUKAJBIK epiTKimTepai maiimamaHaabl. KprorenbaiH >KOFapsl
MOJIEKYJANBIK MPEKypcopiapbl PeTiHAe KOJJAaHBUIATBIH OHOIONMMEpIepi eKi Tonka Oeiyre
Oomajpl: akybi3aap MeH nonucaxapuarep (Jlosunckuit, 2002; Konstantinova,1997).

BuoyiineciMai jxoHe OMONOTHSUIBIK BIIBIPAWTHIH KPHOKYPBUIBIMBI KYpPyFa KaOieTTi
TabuFy nonuMepiep — xuro3aH (Xur) sxoHe Harpuil ansruHatel (NaAH). KprnoxkypsuibIMHBIH
TY3Ulyl peakius OpTachIHBIH KaJbINThl My3laybl Ke3iHle OHOIOIMMEpep apachIHAaFbl
MOJIMANIEKTPOJIUTTIK Peakius HOTHKeciHae naiaa 6omansl (Lozinsky, 2014; Izumrudov, 2019).

[NonucaxapuarepiH immiHAe KeH TapaidfaH OWOIONHMEp XWTO3aH — XUTHHHIH OH
3apsATANFaH TYBIHIBICHL, TaOWFH OWOMONHMEp, O (PU3HONOTHSIBIK OCICeHIl 3aT OONyMeH
KaTap ©3iHIH (YHKIHOHAIIBIK >KOHE TEXHOJOTHSUIBIK KACHETTEPIMCH I¢ OCNTili: KypBUIBIM
TY3yW ’XK9HE MHKPOOKAa Kapchl, aHTHOKCHAAHT. ByJl KaTHOHIBIK IONHMCaxXapUATIH Taiiaibl
KacueTTepi TaOWFW aHWOHABI TOJIMMEPJIEPMEH KOMIUIEKC TY3LTy Ke3iHIe cakKTajalabl JKoHE
KeOeiienni. XWTO3aH TMPAKTHKAJIBIK MOCENENepai MIenry YIIH JKOFaphl oJeyeTke He
(hyHKIMOHAIIBI TONTAphl 0ap WMHTEPIOIMAIEKTPOINTTI KOMIUIEKCTEpAl KypyFa KaOinerTi
(OpaszxanoBa, 2022; CysopoBa, 2005). Hatpuii ruapokcuai ocepiHEH XHTHHHIH N-ameTui-
TIIOKO3aMUH  OipiliKTepi e3repTijieni »koHe aeanerwiaeHeni. [leanerwmngenyne N-arnetwi-
mmoko3aMuH OipmikTepi 50 %-maH ackaHAa, XUTHH KBIIIKBUIIBIK OpTaja epu OacTaljpl KoHe
OHBI XWTO3aH JEM aTaiapl. XUTO3aH KYpaMbIHJA CBI3BIKTHIK Ti30eKTe Ke3neicok OeminreH D-
miroko3aMuH  MeH N-ametwn-D-mmoko3amuuHiH —(1,4) OailaHpickaH MOHOMepIiepi  Oap.
ConplMeH KaTap, D-miroko3aMuH OJIOTHIHBIH aMHMH TONTaphsl epyre eote OeiliM JkoHe
neauermwineny 50%-naH ackaHaa XUTHH OH 3apsika ue Oonaapl. COHABIKTaH OJ Tepic
3apsaTanFaH  (QyHKIMOHANABI TONTapMEH OHal OaiinaHbicagbl Jla KOMIUIGKC —TY3€al
(Opazxanosa, 2022; Konovalova, 2016).

XUTO3aHMEH KOMIUIEKC TY3€TiH aHHOHIBIK INOJMMEpJIEp Tepic 3apsAThIH JKETKUTIKTI
JKOFaphl THIFBI3NBIFBIHA HE€ OONMyBI Kepek, VABl eMmec, OuoyitmeciMai OOIysl JKoHE
OuonerpananusiiaHa axysl Kepek. KepceTiireH cunarramanapra HaTpuil anrHHATEL, IEUTI0N03a
TYBIHIBIIAPET (MBICAJIBI, HATPUH-KapOOKCHIMETHIILEIUIION03a) CHUSKTHI TaOWFH aHUOHIBIK
TONMMeEpIiep COWKec Kemlenmi. AJBrUHATTap — TNHpaHo3a TypiHaeri |—4-TIuKo3uATIK
OalimaHpIcTap apKBUIBI OalmaHBICKaH [-D MaHHYpOH koHE O-L-TylTypoH KBIIIKBUIAapBIHBIH
KaJIJIBIKTapbIHAH TY3UITeH Ta0UFH Cy/la epUTIH MoiHucaxapua. AJIbIUH KbIIIKBUIBIHBIH TY3/1aphl
TYPaKTaH/IBIPFBILI JKOHE TelIbJIiK KacueTTepi 0ap, ar3afaH ayblp MeTalap MOHAAPBIH LIbIFapy
kaoinerine me Khotimchenko, 2001; Fabia, 2005). Harpuii anbruHatsl XuTo3aHMeH Oipre
Oenrial MeAUIMHAIBIK OarpITTap/a Koiganbicka ue (Stoyneva, 2014; Usympymos, 2011).

¥ CBHIHBUIBIN OTHIPFAH KYMBICTBIH MaKCaThl — PEaKIMsIIBIK OPTaHbl KaJIbINTHl MY3/1aTy
Ke3iHle Kapama-Kapchl 3apsiATaliFaH IOJUAJIEKTPOIUTTEP (XUTO3aH, HATpPUH aJIbTUHATHI)
apacelHIa WHTEPIOIMAICKTPOIUTTIK PEAKIHs IKYPrizy apKbUIBl OHOYHJIeciMIi KoHe
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OUOJIOTHSUIBIK BIABIPANTHIH MaKPOKEYEKTI KPHUOKYPBUIBIMIbI &y KOHE OHBIH KaCHETTEepiH
aHBIKTAY.
Marepuajjaap MeH dicTep
Sigma — Aldrich (USA) enmipren Xwuro3an (XuT), KaiTadaHaThIH OipIiKTiH
MOJICKYJIANIBIK canMarbl 161 1/MOJib, KOCHIMIIIA Ta3aPTYChI3 KOJIIAHBLIJIBL.

OH OH OH
(0] (0]
HO (0] 0 0 OH
HO HO HO
NH, NH, NH,
n

1-cypeT. XuTO3aHHBIH KYPBUIBIMIBIK (hOPMyIACchl

Sigma — Aldrich (USA) enmipren Hatpumii anerunatel (NaAH), kaiiTamaHaTeiH
OiIpIIKTIH MOJIEKYJTANBIK calMarbl 198 r/M0oJIb, KOCBIMIIIA Ta3apTyChI3 Mai1aJaHbIIIbL.
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2-cypet. Hatpwuii albrHHATBIHBIH KYPBUIBIMABIK (POPMYJIachl

Cipxke kpikpuibl (My31) — CHs3COOH X.T. KOChIMIIIa Ta3apTyChI3 KOJIAAHBLIIBL.

Jlumon kpimkbuiel — CeHgO7°H,O 3 % epiTiHmici a.y.T. KOCHIMINA Ta3ajiayChl3
KOJITaHBUIIBI.

3epTTey daicTepi

Kpuoxypuvinvimowor any

KpuokypsuteiMasl nmaiisiamay yoria 20 Mr/mi KoHHEHTpamwsisl XuT MeH NaAH
epiTiHAiNepi apajacTHIPBUINBI, ANBIHFAH EPITIHAI MAaiKammsl, epiTiHgl 2 M-Ik DmmeHmopd
TUOTI KaKMakTapsl 0ap IDIacTUK BIObIcTapra Kyisin -12°C Ttemmepatypamga Oip KyH OOMEI
my3natbuiabl. ComaH KeiliH My3JaTbulFaH epiTiHaiiep JuoQwibai  KenTipiaai. AJBIHFaH
KPHOKYPBUIBIM IIIaMaMeH 5 MM OHMIKTIKKe KeCiJIiI, 3epTTey YILiH Nnai janaHblIbL.

HK-Dypve cnekmpnik manoay

UK-Oypoe crnekrpiik Tangay ATRP kopaber 06ap Agilent Cary 660 kypaibiHma
opeiHaanpl. O yiniH ayana 60c ToxipuOe )Kypri3uiii, comaH KeiiH caamarsl mamMameH 10 Mr
KPHOKYPBUIBIM HeMece Ta3a mosumep yirici KypbutrbiHbIH ATRP kopaGbiHa eichuibin, MK
cnektpi skaspuigpl. CaHABIK AepekTepai mblFapsin, Origin OarmapiaMachlH IaiJaNaHbII
rpaduKTep TYPFHI3BULABIL.

Kpuokypuineimnsiy mopgponozuacein ansikmay

KproxkypbutbiM  MOPQOIOTHACH CKaHEpJIEYIli 3JICKTPOHABl MHUKPOCKONHUS OIiCiMEH
seprrengi. Kpuokypeuieim mukpodororpadusicer «JEOL» (JKamonus) ¢upmaceaby «JSM-
6390 LV» TemeH BakyyM/li pacTpJibl SJIEKTPOHIBIK MUKPOCKOIIBIH/IA aJIBIH/IbI.

Kpuoxypuvinvimnuiy iciny oapesicecin anvikmay

AJBIHFaH KPUOKYPBUIBIMHBIH ICiHY A9peKeci TpaBUMETPHUSIIBIK OMICTICH aHBIKTANIHI.
KpHOKYpBUTBIMHBIH ICIHY JOpe)KeCiH aHbBIKTay VINIH alblHFaH KpPUOTENh aHAJUTHKAJIBIK
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tapaspia 0,0001 r mommikneH emmreHmi. CanMmarbl OJIIEHTEH KPHUOTENb Yirici Oemme
TemIeparypacbiHaa O0ip crakaH cyra Oarslpbuiibel. ColaH KeiiH 5 MUHYTTaH KeiiH ojiap YAriHi
aJIbIT, apTHIK BUFAJIBI CY3T1 Kara3sIMEH allblll, OHBIH MaccacklH enmreni. Ommey 10, 15, 30, 60
xoHe 120 MuHyTTaH KeliH Kaiirananasl. KpuorensiH iciny gapexeci o (1) popmyna Goitbiamia

€CeITeli:
me—mo

Q=" (M

MYH/IaFbl Mo- KYPFaK KPUOKYPBUIBIMHBIH Maccachl, T;mg- 0Oipa3 yakbeITTaH(t) KehiH
KPHOKYPBUIBIMHBIH Maccachbl, I.

Kpuokypuinvim apKolist CyiubiKmolKmMulH azy #col10amObleblH AHbIKMAY

KpHOKYpBUIBIM apKbUIBI CYHBIKTBIKTBIH aFy JKbUIAAMIBIFBIH aHBIKTAY YIIIH LIBIHBI
TYTIKTiH TOMEHTi1 OeJliriHme KpPHOKYPBUIBIM YITICI OpHANACTHIPBUIABI, OJN ICIHTeH KyHze
KPHUOKYPBUTBIM ~ TYTIKTiH KaObIpramapblHa Oepik OpHATBUIBIN, OipaKk COHBIMEH Oipre
KBICBUIMAHTBIH €Till OpHATBHULABL. JKOFaprbl JKarblHIA IEPUCTANIBTHKANIBIK COPFBIHBI KOJIaHA
oTBHIpEIT, OwmikTiri 30 cM OoNaTelH CYWBIKTHIK OaraHachl kacaimel. CYHBIKTBIKTEIH 30 cM
OuikTIriHIE TypakThl OOJFaH J>KbUINAMABIKTBI OpHaTKaHHAH KeWiH, acThiHa 0OC CTakaH
KOMBUIBII, CEKYHJOMEp ICKe KOCBhUIAbL. | MHUHYTTaH KeWiH CTakaHra arblll [IBIKKaH
CYMBIKTBIKTBIH KOJIEM] OJIILIEeH/I1.

HoTu:kesnep #xdHe o1apaAbl TAJIKBLIAY

KpHOKYpBUIBIM/IBL aJly peakiusiapbl KpUOTPOINTHI T'ellb TY3y HEMece KpUOKETUpIey
nern atamanel (Lozinsky, 2014). CuHTe3 TYpFBICBIHAH KPHOKYPBUIBIMHBIH Taiga OoiryblHa
KaOlIeTTi Ke3-KelreH Xyieme amyra Oonamel, €H OacThICHI, OacTamkpl JKylenepae opTypii
CHIIATTAFbl  KYWITEpAiH (XMMHSUIBIK  Oaiimaneicrap, Bam jmep Baanec  xymrepi,
AIIEKTPOCTATUKANBIK ©3apa dpeKeTTecylep) HOTIKECIHIE MYMKIHAIK OCpeTiH KYpBUTBIMIBIK
9JIEMEHTTEP OONTybI KepeK.

Xut — NaAH xpuoxypsutbiMbl apackiaga MITOK-Tig maiiga OomysIH monenmey yioiH
UK-®ypbe cnextpi Tycipingi. 3-cyperre Xut - NaAH Herisingeri kpuokypbuibiMHbIH MK
CIICKTPJIEPi KOPCETLIreH.

Annonnsl nonumepnepaig MK cnexrprnepinge ve-o (1800-1500 cm™), (1600-1317 cm”
1), cumarramaibIK mWbHAAP GOJTyBl KEPEK, al XUT CHEKTPiHje AePOpPMALHUSIIBIK TepOeTiCTiH
WBIHEL Oy, 1654 cm!. UIIDK Tysinyi HaTpuii aNbrHHATHEIHBIH KapOOKCHJI TONTaphl MEH
XMTO3aHHBIH aMHUH TOOBI apachlHla peakius OoJFaH jkarAaiijia CHEeKTPIepIiH e3repyiH KYTy
KEpeK eIi.

3-CypeTTe HaTpHil aJbIMHATHIHBIH IBIHAAPH! Vic—o (1603 cm™) xone vic—o (1409cm™)
TeH, on colikecinme UIDK te vc—o (1574cm™) u vie—o (1388cm™) Momzepine aybicapl, an
XUTO3aHHBIH JAe(GopMalMsbIK TepbemicTepinid mbHBL Sy (1654 cm™) xoramaner. UK
cnekrpiaepinin HaTmwxkenepi UTTOK-Tin Ty3inyiH kepcereni.
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Xur-NaAH Herizinzeri KpHOKYPBUIBIMHBIH MopQosoruschl 3eprreiii (4-cyper). 4-
cyperre Image] GarmapnamMacbkIMeH eHIeyTe AeHiHT1 (COJ KaFbIH/A) )KOHE OHJICYICH KeHiHT1 (OH
JKaFbIH/Ia) KPHOKYPBUIBIM (hoTorpaduscel OepiireH.

4-cypeTTeH KepiHIN TypraHmal, KeyekTep MOp(oJOoTHicH Oipmama Kypaeni OOoJbIT
tabputanel. Keyekrepnin ¢opmacel op Typii OONFaHIBIKTaH, ONAPABIH MOJIIEPiH JKyBIKTAI
Oaramay ymiH opOip Keyek meHOep ¢popMackiHa Aet OomkaM xacainabl. COHBIH HOTIKECIHIE
KEyeKTep OHaMeTpiepi JKYBIKTAall ECENTeNill, IWaMETpAiH OpTalla [IaMachblH KOPBITHII
IIBIFapyFa MYMKIiHZIIK Tyasl. XuT-NaAH KpHOKYPBUTBIMBI YIIIH KEYeKTEpIiH OpTalia JrHaMeTpi
24,20 MKM OOJIBIIT IIBIKTHI.

4-cyper. Xur-NaAH Heri3inze Ty3UIreH KpHOKYPBUIBIMHBIH MUKpodoTorpaduscs (exaeyre aeiinri (coa
JKarbIH/IA) )KOHE OHJICYAICH KeiiHTi (OH JKaFbIHAA))

AJNBIHFaH KPHOKYPBUIBIMHBIH ICiHYy Jopexeci aHbIKTanibl. ICiHYy KHHETHKAachl
KPHOKYPBUIBIMHBIH €PITIHIIHI CiHIpy KalOijeTiH aHbIKTaiapl. XUT-NaAH KpHOKYpPBUIBIMBIHBIH
ICIHY JIopeXeCiH 3epTTey HoTwxelepi OoiibiHIIa S-cyperteH Xur-NaAH KpHOKYpPBUIBIMBIHBIH
OacTarkbl yakpITTa Jie3/ie Cy/Ibl ©3iHe )KaKChl CiHipeTiHi Oaiikanaasl. KprHOKypbUIBIMHBIH iCiHY
IopexeciH 3eprrey HoTikeciHae XuT-NaAH KpHOKYpBUIBIMBIHBIH CYHAFbl iCiHY Jopeskeci
11,03 1/t TeH eKeHOIr1 aHBIKTAJIIbI.
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S-cypet. KpHOKYpBUIBIMHBIH iCiHY AOPEKECIHIH yaKbITKa TOYESIALTIT

Iciny kaOimeri imki KypwuibiMFa Tikesieit OainanbicTel. XuT-NaAH Herizinzeri
KPHOKYPBUIBIMHBIH iCIHYiHIH KOFaphl Ka0isleTi KpHOKYPBUIBIMHBIH KEYEKTi ilIKi KYPBUIBIMBIMEH
TyciHmipineni. IciHy xa0ineTti >xorapbl OOJFAHABIKTAH, aJbIHFAH KPHOKYPBUIBIM JICHEHIH IIKi
OpTachIMEH YHJIeciMIli, OHBIH KYpaMbIH/Ia Cy MeIIIepi JKorapsl. IciHy KabineTi OnomenumHaga
KOJITAHBUIATBIH MAaTepHajIapablH MAaHBI3IBI KAacHeTi OoJbIn TaOBUTafsl, OHTKeHI Oy
KacyIanxapIslH MaTepruatgapMeH dpeKeTTeCcyiHe acep eTei.

KpuokypsuteIMHBIH ary JKeUimamabiFeiHa pH ocepin 3eprrey pH-TeiH 2-nen 9-ra
NIeHiHTi MOHIEpi apabIKTa C¥ﬁ21:)IKTLIK OaraHBIHBIH OMikTIri 30 cM Memepae KYpri3iiii.

18 b

16 b

-
-

- -
o N
T T

AFY KbINAAMABIFbI, MA/MAH
-]

0 1 2 3 4 5 6 7 8 9 10
pH
6-cypeT. pH-ThIH op TypJii MOHIHJE CYHBIKTHIKTApABIH XUT-NaAH Kpuoresi apKbUIbl aFy KbLIIaMIbIFbI

I'padukren kepiHin TypraHgai (6-CypeT) arbIHHBIH €H JKOFaphl XKbULAAMIBIFBI XUT-
NaAH kpuoxypbsutsimbl yurin pH 3,0 kypaiinsl. KpuokypbulbIMHBIH Oyl apekeTi OacTarkbl
KOCHaHbl JaWblHAAy YIIIH XWTO3aH EPUTIH JIMMOH KBINIKBUIBI epitinaiciniy pH 3,0
OOJIaTBIHIBIFBIHA OalTaHBICTEL. pPH OCBI MOHHEH ayBITKBIFAH KE3Je TOJUMEPIl TOPIBIH iCiHyl
XKOHE Tepl TecCiriHiH Tapbulybl maiina Oosaael. pH KorapbimaraH callblH  epiTIHAIHIH
KBULAAMIBIFBl TOMEH/ICHTIHI aHBIKTaAJIbI.
KopbIThIHABI
- Koprita xemrenge, -12°C TemeHri TtemmepaTypana MOJIMMEpIEpAiH KOHICHTPIII
epiTiHAiNepi apachiHIa HHTEPIOIMAICKTPOIUTTIK peaklusl HeTi31HIe KPHOKYPBUIBIM ally ofici
o3iprmeHni, amFam  peT  ocekl  omiceH — Xut-NaAH  taburm  monmMepliepiHiH
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AHTEPIIONMAJICKTPOIUTTI  KOMIUIEKCI  HETI3iHAe  KPUOKYPBUIBIM  albIHABL.  AJIBIHFaH
KPHUOKYPBUTLIMHBIH KYpbUTBIMBI MK-criekTpi o/1ici apKbUIBI TOIEIACH]II.

- Kpnorenpnin MopQONOTHACH aHBIKTAJBI, HOTIDKECIHIE KeyeKTep IuaMeTrpiepi
KYBIKTAIl €CeNTelNill, AUaMEeTPiH OpTalla MIaMachlH KOPBITHIN HIBIFapyFa MYMKIHAIK TYBIL.
Xwut-NaAH KpHOKYpBUIBIMEI VIIIH KeyeKTepaiH oprama aunamerpi 24,20 MKM TeH.

- KprokypbUIBIMHBIH iCiHY AopeKeciH 3epTTey HOTHMKECIHJE CyHarbl iCiHY Adpexeci
11,03 1/t TeH eKeHIIri aHBIKTAJIIbI.

- CyHBIKTBIK aF BIHHBIH €H KOFapbl )KbuTIaMabiFsl  XuT-NaAH kprokypbuisivMe! yiris pH
3,0 Kypaiapl.

AJnbIHFaH HOTHKENED KBI3BIFYIIBIIBIK TyIbIpa OTBIPBII Xut-NaAH
KPUOKYPBUTBIMBIHBIH TalialaHy MYMKIHAIT1H KepceTeni. KprHoKypeIIbIM Heri3iHae KaTannu3zae,
SKOJIOTHUSAA, MEIUIIMHAA JOPLITIK 3aTTap KOMETIMEH CYHeK jKoHe MIeMipIleK TiHISpiH KalIbIHa
KeNTipyae, OMOTEXHOIOTHAAA, TONTBIPAKTaHy FBUTBIM CAachIHIA KOJINAHY MYMKIHIITiH aHBIKTAY
YIIiH 3epTTeyACpi KaIFaCTHIPY KO3ICIyIe.
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Abstract. In the scientific article, a study was conducted on waste disposal
of «Novo-Zhambyl Phosphorus Planty LLP for the production of zinc-phosphate
composite cement. Phosphorus slag contains oxides P,O, and F, which are considered
an important compound in the production of zinc-phosphate cement. The study of the
phase structure, mineralogical and oxide composition, the amount of radionuclides and
radioactivity of phosphoric slag in the preparation of dental composite material is very
relevant. The chemical composition of phosphoric slag was determined, (%): SiO,-
41,98; A1,O,-3,06; Fe 0,-0,74; Ca0-40,92; MgO-2,30; SO,-2,30; F-1,45; PO -2,01;
CaF,4,5; Ca,P-0,3. Diffraction maxima of pseudovollastonite, wollastonite and
melilite minerals were determined during X-ray diffraction analysis. As a result of the
DTA analysis, the exothermic effect of the pseudovollastonite mineral was observed at a
temperature of 920°C. The SEM analysis showed that no harmful radioactive elements
(U, Th, Ra) and their daughter particles were detected. The actual effective activity of
radionuclides in phosphoric slag was 17625 Bq/kg, the exposure dose rate was 0,12
msv/h. This indicator is below the permissible power of 0,2+ background mSv/h. It is
important to introduce phosphoric slag into the composition of zinc-phosphate cement
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based on mechanical activation. As a result of mechanical activation of phosphoric slag,
the specific surface area of slag decreased from 3585 cm?/g to 1104 cm?/g. The average
particle size of the powder increased to 6,2—20,0 microns. As a result of grinding, which
lasted 5 hours, the residue on the 008 sieve was 0,08 %. The use of phosphorus slag
in the production of zinc-phosphate dental cement allows you to reduce the price of
cement, reduce the cost of dental services, improve the environmental situation and
increase the physical and mechanical properties of cement.

Keywords: Phosphoric slag, zinc, radioactivity, composite material, zinc-phosphate
cement
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Annoramusi. FoubiMu Makanana MeIpeiii-ocgarTsl KOMIIO3ULIMSIIBIK IIEMEHT
anmy ywid KUIC «Xana-KamObi1 docdop 3aybITBIHBIHY KaNABIFBIH KSAETe jKapaTry
OoiibiHIa 3epTTey Kyprisinmi. @ochop mnarsiHbH Kypambinaa kenecetin PO, jxone
F okcuarepi Mblpbim-QocharTsl HEMEHT amya MaHbI3Ibl KOCBUIBIC OOJIBIN CaHaIadbI.
CTOMAaTONOTUSUTBIK KOMITO3MLIMSUIBIK MaTepuan eHzaipyne ¢ocdop makTeiH (azaibik
KYpPBUTBIMBIH, MHHEpPAJIbl XKOHE OKCHATI KYpaMblH, O€JCEHAlI paJuOHYKIMATEPIiH
CaHbl MEH PAaJUOKTHBTLIIrH 3epTTey oTe 03eKTi. Docop NUTaKThl XUMHUSUIBIK 9IiCTIEH
3epTTey HoTHWKeCiHae Kypambl (%): Si0,-41,98; Al,0,-3,06; Fe 0,-0,74; Ca0-40,92;
Mg0-2,30; SO,-2,30; F-1,5; P,0,-2,01; CaF,4.,5; CaP,-0,3 aubikransl. POA
Tangay Kes3iHIe ICEBJOBOJUIACTOHMT, BOJUIACTOHUT >KOHE MENHIUT MUHEpalJapAblH
TUQPPAKIUSITBIK MaKcCUMyMIapbl anbIkTanabl. JITA tannay Hotmkecinae 920 °C ke3inme
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MICEBIOBOJUTACTOHUT MHUHEPAJIBIHBIH YK30TEPMISIIBIK acepi Oalikannel. POM tanmayna
3usHAbl paanoaktusti snementTep (U, Th, Ra) xone onmapabiH eHmrinec Oemmexrepi
CHUSIKTBI PaJUOHYKIUATEP KE3IECKEH KOKTBIFBI Aonenaenai. @ocdop nuiarsiHaarst
PAAMOHYKIUATEPIIH HAKThI THIMAI Oencenautiri 176£25 Bk/KT, 3KCIIO3UIUSIIBIK /1032
kyatsl 0,12 mMx3B/car TeH Oonnmel. byn xepcerkim pykcat erinren 0,2+¢oH MK3B/car
KyaTbIHaH TOMEH eKeHAIriH ganenaeiini. @ocdop marsid MeIpeI-hocgarTsl IeMEHT
KypaMblHa MEXaHUKaJIBIK OeJCeHIipy Heri3iHae eHaipy MaHbpiabsl. Pochop nuiarsH
MEXaHUKAJIBIK OCICeHIIIpy HOTHXECIH/IE, IUIAKThIH yiiecTik Oeti 3585 cm?/r-nan 1104
cM?/T aeiiin TemeHaeni. YHTaK Oeumiekrepiniy oprara eimemi 6,2-20,0 MkM neiin
KOFapiabl. 5 caraTKa CO3bUIFaH YHTaKTay HoTmwkecinae 008 enexTeri Kanaslk Memmepi
0,08 % kypaasl. Mpipeim-ocdarTsl CTOMATONIOTHSUIBIK LIEMEHT eHAipyae ¢docdop
LOUTarblH  KOJAaHy LEMEHT OaFachlHBIH TOMEHJEYiHe, CTOMATOJIOTHSIIBIK KbI3MET
TYPiHiH ap3aHaaybIHa, SKOJIOTUSIIBIK KaFAai AbIH JKaKcapyblHa, IEMEHTTiH (pHU3HUKaIbIK-
MeXaHHMKaJbIK KOPCETKIIITEPiHiH apTyblHa MYMKIHIIK Oepexi.

Tyiiin ce3gep: Pocdop nuIarsl, MBIPHI, PagdOOETICEHIUTIK, KOMIO3UIHSIIBIK
Marepua, IHHK-(pocdaTTbl HEMEHT

Byn orcymvicmor Kaszaxcman Pecnybnuxacer Axnapam dicone K0amowlk 0amy
MuHucmpniei Kapacoliai Konoaowl (Tayencizoix ypnaxmapul epanmol).
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Annoraums. IIpoBeaeno uccruemoBanue mno yrwiuzanuu orxonoB TOO "Hogo-
XKambpuickoro  QochopHoro 3aBoma" aAnsd  MPOM3BOACTBA  LMHK-(pochaTHOTO
KOMITO3UIIMOHHOTO eMeHTa. B cocrase pocdopHoro mutaka conepxarcs oxkcupt P,O,
u F, xoTopble cunTaroTcs BayKHBIM COCOMHEHHEM IIPH MOJTYYeHUH LHUHK-pochaTHOrO
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uemeHTa. M3ydyenue $a3oBoil CTpyKTYpBbl, MUHEPAJIOTHYECKOTO M OKCHIHOTO COCTaBa,
KOJIMYECTBA PAAUOHYKIUAOB U PaJHOAKTUBHOCTH (Oc(OpHOro nuiaka npy Noxy4eHUH
CTOMAaTOJIOTHYECKOr0 KOMIIO3MIIMOHOTO MaTepuana O4eHb akTyaibHo. OmpenencH
XUMUYECKUH cocTaB (ocdoproro muaka, (%): Si0,-41,98; Al,0,-3,06; Fe,0,—
0,74; Ca0-40,92; MgO-2,30; SO,-2,30; F-1,5; P,O-2,01; CaF,—4,5; Ca,P-0,3.
HudpakiroHHble MakCUMyMBl MHHEPAJOB IICEBIOBOJUIACTOHHTA, BOJUIACTOHHTA H
MenunrTa ObUTH ONpeeieHbl B X0J¢ PeHTIeHOCTPYKTYPHOTO aHanu3a. B pesynsrare
ATA ananuza sxk3orepMuueckuii 3 ekt MuHepaa ceBIoBOUIACTOHNTA Habmoaascs
nipu Temneparype 920°C. POM-ananu3 nokasas, 4T0 HUKaKUX BPEAHBIX PaJUOAKTUBHBIX
anementoB (U, Th, Ra) m ux nouepHux dwactuum He oOHapyxkeHO. DaxTmyeckas
3¢ peKTUBHAs aKTUBHOCTh PaIUOHYKIUIOB B (ocopHOM HuIake cocraBuia 176+25
BK/KI, MOIIHOCTH 3KCIO3ULUOHHONM 1036l — 0,12 M3B/4. DTOT IIOKa3aTellb HUKE
nonyctuMoit Momnoctd B 0,2+ ¢doHoBBIX M3B/4. BaxkHo BBecTH (HOoCQOpHBINA HLTAK
B COCTaB IHMHK-()OC(aTHOro IIEMEHTa Ha OCHOBE MEXaHMYEeCKOH axThBanuu. B
pe3ynbraTte MexaHW4eckol akTuBauuu (ochopHOro mmiaka yaenbHas MOBEPXHOCTD
HUIaka ymeHbumiachk ¢ 3585 cm?/r no 1104 cm?/r. CpenHuii pa3Mep YacTHIl TOPOLIKA
yBenuumics 1o 6,2-20,0 mxM. B pe3ynbrare usmensaeHus, KOTOpoe MPOAOIKaNIoch 5
4acoB, octatok Ha cute 008 coctaBui 0,08 %. Mcnonb3oBanue ¢pocdopHOTo HIaKa npu
MOTY4YeHUH IMHK-(POCc(HaTHOTO CTOMATOIOTUIECKOTO IEMEHTA T03BOJISIET CHU3UTD LIEHY
HAa [IEMEHT, CHU3UTh CTOMMOCTb CTOMATOJIOTHYECKUX YCIYT, YIyUIIUTh IKOJIOTHUECKYIO
00CTaHOBKY U MOBBICHTH (PM3HKO-MEXaHUYECKHE CBOMCTBA [IEMEHTA.

KiroueBslie ciioBa: pocdopHbIii NIIaK, HUHK, PAJHOaKTUBHOCTb, KOMIIO3UIIMOHHBIH
Marepua, IUHK-(poc(aTHBI HEMEHT

Oma paboma 6wina unancoso noodeprcana Munucmepcmeom uxngopmayuu u
obuecmeennozo pazgumus Pecnybnruxu Kazaxcman (epanm Toyencizoik ypnaxmapb).

Kipicne

Kazakcranma cromaronorusiia KOJNJAHATHIH I[EMEHTTEPAIH CIIKaHmal Typi
eHmipinmelai. Emimi3 Oyl KOMIO3MIMSIBIK Marepuan TYpiH IIeT enjuepicH
ummoptrayra Maxk0yp. Conrsl 10 xpuiaa KazakcTanra CTOMATONIOT S CallaChlHA KAXKETTI
KOMIO3UIUSUIBIK, Marepuangapasl Tepmanusi, AKIL, Peceit, Kerrait, llselinapus,
Opannus, Yneiopuranus, XKanonus xone OHTycTik Kopes cexinmmi MeMiekeTTepcH
xetkisreH  (Analysis, 2021). B¥¥-uelH MoniMmeriHe coiikec, Ka3zakcranra
CTOMATOJIOTHSUIBIK TIEMEHTTEP/II KCIIOPTTAYIIbI eIIePAiH KatapbiHaa [epmanus — 54
%, AKII — 14 %, ®panuus — 8 %, peiinapust — 7 %, Peceit — 5 % xoHe Oackana
engep — 12 % xyparan (UN in Kazakhstan, 2022).

CTOMaToNoTHsJIBIK  MaTepuaiap - TICTEpAl YakbITIIa KaJIbIHA KENITIpyae,
MyJIbIIaHBI KOPFay/ia, KybICTAP bl TONTHIPY/A, CEAINI HEMeCe OKIayaayaa, OeKITUIreH
MPOTE3ACPAl LIEMEHTTEYAC KOJNJIAHBLIATHIH apHaWbl CYHBIKTHIKIICH apaiacThIpFaHja
KaTThl Kylre aifHajaThlH KOMIIO3UIMSUIBIK MaTepuaiibl aWTaabl. 3aMaHayu
CTOMATOJIOTHS/Ia XaJIBIKAPabIK KIacCU(UKAIUSIFa COWKeC LEeMEHTTEepHiH 8§ Typi
ke3neceni (Abdurakhmanov xone 1.0., 2016), onap:

- MBIpBII-(ocharThi; - MBIPBIII-EBICHOIIIBL;
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- CUIIMKATThI; - MOJTMKAapOOKCUIIATTEI,
- cunukoocdarTsl; - LIBIHBI HOHOMEPITi;
- OaKTepUIIUATI, - MOJIUMEPITI.

Meipeim-docdartsl memeHT - 90% Mbipbin Metain okcuni (Zn0O), 10% marauit
okcuai (MgO) yurarbiHan xoHe Hochop KbIIKBUIBIHBIH Cyibl epiTingiciven (H,PO,)
opekerTecyi HoTrKeciHAe KarasTeiH Marepuan (Choon-Keun, 1997). ¥urtak mneH
CYHBIKTHI apaacThIpFaH Ke3[e SK30TePMUSUIBIK PeakLus KYpeadi, ofl cyla epiMeiTiH
MBIpBII GocdarbiH Ty3emi. [leMeHTTI opHATy yakbIThl 2,5—8 MUHYTTaH OacTayiajpl,
IUICHKAHBIH KaJbIHABIFEI 20 MKM, Cy/lieMeHT KarbiHachkl — (0,5, micipreHHeH KeuiHTi
KYMBIC YakKbITBI — 5 MHH, Kpicy Oepiktiri — 104 Mlla, an co3emty — 5,5 Mlla
kypadinel (Vishakha, 2020). H,PO, xeuiiam Geditapantanibipy apKbulbl HEMEHT Tic
LeJUTFONI03achIH TiTipkeHaipmeriai (Leung xone T1.6., 2022).

Mpipbim-gocharTel IEMEHTTIH XUMHUSUIBIK KypamblHIa kesgeceTiH ZnO, MgO
koHE T.0. OKCUJAEPHIH YHTAKTaJIFaH Kypamzac OeJiKTepi XWMUSIIBIK KaThlHACHhIHA
Kapail apanacsln, anektp nemre 950-1300°C temneparypa auanaszoHna 4—6 carar
kydaipineni. Ky#ipinres xapTeutaii JaiiblH ©HIMIII peakius Ty3y YIIiH opTtodochop
KBIIKbIIMEH opeketectipin anansl (C.-K Park sxone 1.6., 1998). Muipbim-docharts
LEMEHTTIH KaTal pPEeakUMACHIH KELIKTipy MeH OepiKTiriH apTThpy MaKcaThIHIa
amomunuil pocdarein (AIPO, nH,O) xompanran. HoTwkecinae 1eMeHT OepikTiri
100,6 MIla 6onran. Mynna, % AIPO, nH,0=11,9, ZnO=37,2, H,PO,=50,9 (Jabri sxone
1.0.,2012).

Kazipri yakpeiTTa, onemae [xon @umep, Cresan IBapn, banmkamen [anmvep, JIun
Xoy sxoHe [I>xoH X0AcCOH FaapIMAap MBIPHI (ocdarThl HEMEHTTIH jKaHa KypaMAapbiH
OWJIam TaywlIl, OJIAPJbIH KaCUETTEPiH )KaKcapTy OOMBIHILA KYMBIC jkacamn xatsip (Viani
*oHe T.0., 2017).

Bi3niH FBUIBIMH-3€pTTEYy KYMBICTa MBIPBII-POochaTThl LEMEHTTIH KOFaphl
TYPaKTBUIBIKKA, YaKbIT OOWBIHINA aAre3sUIbIK OEpiKTiKKe, TOMEH To3yFa, (u3uka-
XUMUSUIBIK ~ TO3IMALUTIKKE, JKOFapbl (HU3HKAa-MEXaHUKANBIK KOPCETKIITEepre >KoHE
KOFapbl pEMHHEPATH3ALUSIIBIK KACHETTEPTe TONBIK JKapaMabl HEMEHTTEYILI MaTepuat
aiy MakcatblHaa (ocdop IuIarkiH KoJAaHy MYMKIHAIT KapacThIpbIIabl.

docdop mutarsiana keneceTid Pxone F anemenTTepi Mplpbini-ocgarTsl HEeMEHTKE
SHreHJe MaHBI3Abl PoJib aTKapaabl. MeIpbim-(ocdartel neMeHT KypambiHa ¢Gocdop
LUIarblH €HIIpYy LIeMEHT OepiKTiriH, cy MeH arMocdepalblk KaFmaiifa Te3IMIUIriH
xaxcapansl. CoHbIMEH KaTap, Gpocdop 1uarsl eHAipic KalnabiFbl OONFaHABIKTaH ap3aH
OarameH airyra 6onansl (Svetlov, 2017; Arun skaHe O6ack., 2023; Carlos xoHe T.0., 2022).

Meipbi-docdarte neMeHTKe Gocop marsiH OeJaceHaipy apKbpUIbl eHaipeni. Sruu,
¢dochop HUIaKTB OCNCEHAIPYAIH TEPMUSUIIBIK, CLTITUIIK, KBIIIKBUIIbI, MEXaHHKAIBIK
XoHe apanac Tacingepi Oap. CoHBIH ilmiHAE, THIMIAUIII JKOFaphl - MEXaHHKaJBIK
Oencenaipy. MexaHuKabIK OenceHaipy kesinae ¢ocdop nuiak OeIeKkTepiH Mapibl
IUipMEHE YHTAKTay apKbUIbI XKaKcapTabl.

Xorapbina KenTipinreH HepeKkTepliH HoTwkeciHne ¢ocdop MHUIarkiH MBIPHIII-
¢docdarTel mEeMEHT amyaa KOCBIMIIA KOCMa pETiHIe KypaMblHa CHIIpYy >KOHE
TOJIBIKKAHBI 3epTTEY ©3€KTi 00JbIN TaObUTaAbl. By FEUIBIMU MaKamiaa Heri3ri 00beKT
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petinae Tapa3 xanacsinaa opHanackas «2Kana XKamObu1 hocdop 3aybITEIHBIHY UTATHI

KapacThIPBUIFaH.
Marepuajagap MeH 3epTTey daicTepi
XUMHATIBIK Taigay — epiTiHONepaeri aHBIKTANaThIH 3aTTapAblH  XUMHSUIBIK

peaknuaigapelHa HETi3OeNTeH oJicTep apKbUIbl MaTepHalAblH KypaMblH aHBIKTay
(Andreeva, 2011). bacranks! MmaTepuanaapasiH XuMIsUIBIK Kypambl MECT 5382-2019
«lleMeHT jkoHE NEMEHT OHIPICiHIH Marepuaniapbl. XUMHSMIIBIK Talfay OJiCTepi»
OotipiHIa anbiKTaN IRl (GOSTS5382-2019, 2019).

Pentrenodasansik Tanmay — LIMKi3aT MarepuangapblHbIH, OHAIPIC KaIABIKTapAbIH
JKOHE aJIbIHFAaH OHIMHIH, IIEMEHTTEPIiH (a3asblK KypaMbIHBIH Caackl MEH MOJIIIEPIH
aHbIKTaiapl. Pentrenogaszansik tannay JJPOH-3 kypeuirbicbiaa xyprizinai. JJPOH-
3 penrtreHodasanblk amnmaparbl Keneci (akTopiaapMeH XYMBIC iCTEeWIi: KopluiaraH
opra Temmeparypackl 10-35°C; campicThipManibl bUTFAIAbUIBIK 25°C kesinge 80
% neitin; arMocgepanbik KbicbiM 630—-800 MM.CHIH. Oar. JETEKTOPIBIH KO3FaJbIC
OypBIIITAapBIHBIH,  IUana3onbl (au¢pakuust Oypeimrapsl) 0-meH +1660-re  neiiin
(carar timine kapcel) skoHe 0-nmeH-1000-re neitin (carar timiMen). CaThUIbl PEXKUMIIC
JETEKTOPIbI )KBUDKBITY Kanamaapsr: 0,01; 0,02; 0,05; 0,10; 0,20; 0,50; 1,000. O31irinen
Ka3bUIaThIH OTEHIIMOMETP TacnachbiHAarsl OypeiTHIK 0enri 0,1 Hemece 1,0 6 apKbuIBI
xy3sere acbipeinansl. Pentren tytiri 1,5 BSV 23 Cu (Esimov xxane T.6., 2012).

Huddepennuanabl TEpMUSIIBIK TaJgay - XKbUIYAbIH OeliHyiMEeH HeMece CiHyiMeH
Oipre KpI3AbIpY Ke3iHOe 3epTTelieTiH Marepuainapia OonaTeiH (PHU3HMKa-XUMHSIBIK
TYPJACHIIpYJAepai 3epTTey YIUiH KOJAAHBUIAABl. OJICTIH MOHI 3epTTENeTiH >KoHe
aHBIKTAMaJIbIK YJTUIep apachlHAAFbl TeMIlepaTypa aibIpMallbUIBIFBIH Oip yaKbITTa
XKoHe Oipael KbI3AbIpY HEMece CalKbIHAaTy Ke3iHAae eJey Oombinm TaObuIabl.
Huddepenumanapl-repmusiislk - Taianay  Q-1500D  KypbUIFBICBIHAA — OPBIHIAABL.
Q-1500D mepuatorpadsl 3aTTapabIH TEPMHUSIIBIK ©3r€pyiH, 3aT MACCACHIHBIH ©3TEpYiH,
3aTTBIH Maccachl MEH JKbUTy CBHIHBIMIBUIBIFBIHBIH ©3Tepy KbUIJAMIBIFBIH >KOHE
KBa3UTEPMIUTBIK, KBa3H-U300apIbIK 3epTTeyiaepai 3eprreyre apHanrad (Myrzakozha
*oHe T.0., 2013).

PacTopnbl  3neKTpOHABIK-MUKPOCKOIIMSUIBIK TaJifdy YATIHIH OC€TiH 3MeKTPOHIBI
30HIMNEH CKaHEpIiey >KOHE OCBhI MPOLECTe TYBIHIANTHIH COYNENEHYIIH KEeH CIEKTPiH
aHBIKTAy apKbUIbI XKYPri3ijei. DJIeKTPOHABIK MUKPOCKOIITa KECKIH ally YIIIiH CHTHAJap
eKiHIII, NIaFBUIBICKAH JKOHE JKYTHUIFaH dJIEKTpoHAap Oonbin Tadbutansl. backa acepnep,
aran alWTKaHZa PEHTIeH coyJelnepi, 3epTTeNeTiH YIri MaTepHabIHBIH XUMHSIBIK
KypaMmbl Typajibl KOCBIMINIA aKnapar ajixy YLIIH KOJNJaHbUIaAbl. YTiIepai 3IeKTPOHIbI-
MukpockonusuiblK Tanaay JEOL JSM-6490 LV mapkaibl aneKTpoHAbl MUKPOCKOITBIH
KeMeriMeH xyprizingi (Shadrov, 2014).

«AKI-02Y ApOutp» XKoFapbl ce3iMTal paiuoMeTp-I03UMETPi raMMa-CayleleHy
KO3IepiH aHBIKTayFa, KOpLIaFaH OPTaHbl, KYMBIC OPBIHIApBIH, KOHABIPFBUIAD MEH
KOJIIK KypajlapblH pagualusulblK OakpliayFa, METajul CHIHBIKTAPBIH, IIWKI3aT >KOHE
MaTepuangapAbH 0acka TypJepiH, OHBIH ilIiHAE KYPBUIbIC MaTepuaigapblH OaKplIayFa
apHanraH. Paguanusiieik 6akpLUiay XKyprizy 9icTeMeci ajIbIMeH ChIHAIATHIH MaTepral
KabaTka XaWbUIbI, TaMMa-CoyJelieHy J03achlHBIH KyaThlH Oip eimiey »Kyprizijemni.

68



Volume 2, Number 455 (2023)

Ommey 0,1 M Top OoiibIHIIA i371€y PaJHOMETPiHIH KOMETIMEH KY3€ere achIpbLIabl, erep
CBIHBIK OeTiHeH ramma-coynenenyniq OKK sxepain Taburu paguanusuiblk (QOHBIHAH
0,2 mMx3B/car acaTbiH OoJyca, MaTepual PaJHOAKTHUBTI JIaCTaHFaH OOJBIN CaHaaIbl
(Zhanikulov xase T.06., 2020).

®ochop mmumarel — ¢ocdar kKeHaepiH mnaiimamany apkpuiel  1300-1500°C
TeMmIeparypaja 3JIeKTp MelliHAe TePMHUSIIBIK oficiieH (ocdop anxy KesiHae Ty3ineTiH
KaJABIKTHI aiitaMbi3. @ocdop MIarslHeIH XUMUSUIBIK KypambiHaa mamamer 30—40 %
- Si0,, 10-20 % - CaO, 5-15 % — Al O, ke3neceni. ®ocpop marsina MECT 3476-
2019 LlemenT eHaipyre apHaNFaH TYHIPIIIKTENreH JOMHA XKoHE dJIeKTpoTepModocdop
nutakTapsl. Tajxantap Koeansl (GOST3476-2019, 2019).

Harnxesep #xoHe TaaKbLIaYyIap

KUIC «Xana-Kam6b1 (ocdop 3aybITBIHBIHY IIJIarbiHA XUMUSUIBIK, PEHTIEHO-
¢dazanbik, auddepeHInaNIb-TePMUSIBIK, JO3UMETPHSUIBIK —Talfay  KYpri3uifi.
Xumusansik Tangay AK «lLIbIMKeHTIEMEHT» 3aybITBIHBIH OpTaIBIK Ja0opaTopHsaChHAa
opHanackas 3amaHayu «XRF Axios FAST» kem aneMeHTTi CHEKTPOMETP KYPBUIFBICBIHBIH
KOMETiMEH aHBIKTaJIJIbI.

1 - kecte. @ocdop IIIArBIHEIH XUMUSIIBIK KypaMbl

Iukizat XUMUSUIBIK KypaMbl, cai. %
KOMIIOHEHTI | SiO ALO, |Fe O, |CaO |MgO |SO, |[Na, O |K,O0 | F |P,O, |CaF, | Ca,P, | xammst

2 3 2
Dochop |41,98]| 3,06 | 0,74 [40,92| 2,30 |1,15| 0,39 (1,01 |1,5|2,01| 4,5 | 0,3 | 99,86
IIJIarsl

XUMUSATTBIK-MUHEPAIOTHAIIBIK Kypambl OokbiHma pochop muiarst (%): Si0,-41,98;
AlL,0,-3,06; Fe,0,-0,74; Ca0-40,92; MgO-2,30; SO,-2,30; F-1,5; P,0-2,01; CaF -
4,5; Ca,P 0,3 typanel. Kypambinaa 1mbiHbl T9pisai (asa canst 90-95 % Kypaibl.

docdop mmarsiHa peHTreHodasanblk Tangay M. Oye3oB arbiHaarbl OHTYCTIK
Kazakcran ynusepcuteTiniH «CAIIA» FBUIBIMU-3EPTTEY KOHE CHIHAK OPTaJIBIFBIHIAY
xKyprizinai. Docdop MIarkiHBIH pEHTTEHOTpaMMach! 1-CypeTTe KepCeTiireH.

a1

o

o
I

i e g e
e

Im s s = B
1 — cypem. ®ocdop UUTATBIHBIH PEHTTEHOrPAMMACHI
(Fig. 1. X-ray of phosphorus slag)

Pentrenodazanslk  Tanmay HOTIKeciHme (ocdop TUIATBIHBIH — KYpaMbIHIA
ncepnosotactonut (a-Ca0-Si0,) d/n=4,26; 3,85; 3,32; somnacronur (B-CaO-SiO,)
d/n=3,89; 3,05; xone memmnut [Ca,(Al,Mg,S1)S1,0,] d/n=2,87; 2,29 munepannapabiy
T PaKIHITBIK MAaKCUMyMAAphl aHBIKTaNAbl. Docdop murarsiHma XypeTiH (u3uka-
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XUMUSUIBIK ©3repicTepli 3epTTey YiuiH auddepenuuanapl TepMusuiblk Tangay (ATA)
omici Kommaueuapl. Pochop muIATHE TYCIPUIreH JepUBaTOrpaMMachl 2-cypeTTe
KOpCeTIIreH.
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2 — cypem. ®ochop ULTATBIHBIH I€PUBATOIPAMMACHI
(Fig. 2. Derivatogram of phosphorus slag)

®octhop umareibiH  JTA  kuceireiHma MakcumyMm  920°C  ke3iHze TepeH
3K30TEPMHUSIIBIK 9Cep aHBIKTAIBL. Ocep eTy npoueci 870°C temneparypaja OacTanassl,
Oy1 docdop 1Iarl KypaMmblHIA IICEBJOBOJIACTOHUT MHHEPAJBIHBIH Oap eKeHIH
kepcereni. Docdop nuIarelHAa pPeTciz KypbulbIMbI 0ap mibiHbL (pa3a caHbl 95-98 %
Kypaiapl. TemmepaTypaHblH >KOFapbUIaybIMEH aAcOpOLMsIIaHFaH CyAbIH a3 MeJIIePiH
KeTipy apKbUIbl MacCaHbIH I1aMasibl koranysl (TT Kuchirsl) Oalikaaambl.

®ochop mHmAreHEIH KYpbUIBIMbIHA «KOHCTPYKIMSUIBIK KOHE OHOXUMHSIBIK
MaTepuaiiap» UHXEHEpIiK OCiiHIeri ChiHAK aiiMakThIK 3eprxaHackiHga JEOL JSM-
6490LV KypbUIFBICHIHBIH KOMETIMEH PacTOPIIbI AIIEKTPOH Bl MUKPOCKOMHUSUTBIK Talaay
KYPri3iimi. DIEeKTPOHIbI-MHKPOCKONHUSUIBIK 3HEPTHs JTUCTIEPCUSUIBIK MHKpPOAaHAIN31
3-cyperTe KepceTireH.

3 — cypem. ®ocdop HITATBIHBIH PACTPIIBIK ACKTPOHIBI-MUKPOCKOITHSIIBIK SHEPTUsl TUCHIEPCHSLIBIK
MHKpOaHaIN31
(Fig. 3. Raster electron-microscopic energy dispersion microanalysis of phosphorus slag)
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PacTopiibl 351eKTpOHIBI MUKPOCKOTIHSIIBIK Tajlay HOTHxKecCiHae (pocgop MUTaKThIH
KypaMmbIH/Ia 3usSHbl panuoaktuBti snmemeHtTep U, Th, Ra xoHe omapawiH eHIiiec
OeJIeKTepi CUAKTBI PaIMOHYKIUATEP Ke31eCKeH koK. CoHai-aK, yiabl, ayblp METaJLI
Zn, Cu, Pb, Be snementrepi ke3aecneni, MbIPbITI PocdarThl IEMEHT ally Ke3iHe Kocma
peTiH/E KONaHyFa YChIHBLIA b,

®docdop HUIATBEIHBIH KYpPaMbIHAa KE3I€CETiH PaAHMOHYKIUATCPAIH HAKTHI THIMJIL
OCNCEHIITIH MEH pPaguoKTUBTUNrH 3epTrey IIIBIMKEHT KaJlaChIHBIH ¥ JITTBHIK
capanTama OpTaIbIFBIHIAFE «Pamuonmorus» 3eprxanaceiga «JIKI-02Y  ApOurp»
panuoMeTp-I103UMETp anmnapaTbIHAA KYPTi3UIaL.

2 - KecTe. q)OC(i)Op nuIareIHAAFbl SKCIIO3UIUSIIBIK 103a KyaTbl

Ne | Marepuan atayst DKCMO3UIMSIIBIK, JO3aHBIH DKCIO3ULMSIIBIK JI03aHBIH PYKCAT eTiIreH
OJIIICHTeH KyaThl, MK3B / car KyaTbl, MK3B / car
EnenneH rpanTKa neiiiH (rpaHT) Enennen rpanTka neiiid (rpaHr)
1,5m 1M 0,1 m 1,5Mm Im 0,1 m
1 | ®ocdop nurarsr - - 0,12 - - 0,2+don

Jo3uMeTpusulbIK  Oakpuiay —HOTIKeciHAe, (ocdop HIIarkiHBIH —KypaMbIHIA
AKCIO3UIMSIIBIK /1032 Kyarhl 0,12 MK3B/car TeH O0Jbl. ByJ kepceTKiln pykcar eTiireH
0,2+¢don MK3B/car KyaTblHAaH TOMECH SKEH/IITIH JQICIICHII.

3 - kectre. Docdop NUIArEHAAFEl PATUOHYKIUATEPIIH HAKTHI THIMJII OCIICEHILTITIH aHBIKTaY

Ne | Marepuan | Haktbl THimMzi Haxkre! TriMi Marepuan | CsbIHaK dfliciHE apHaJFaH
araysl OenceHmaiiK, OeJICeHUTIKTIH pyKcar KJIachl HOPMATHBTIK KY>KaT
Bx/xr eTIIreH aeHreii, bx/kr
1| ®ochop 176+25 370 1 MECT 30108-94
LTarsl

dochop nuareIHIAFbl PaguOHYKIUATEPAIH HAKTHI THIMAI O€JICeHATITiH aHbIKTay
HOTHXKECIHJIC, PAIMOHYKIUATEP/IIH KOHIICHTpAIMACH! Oenrijienred Hopmaaan 370 Bx/
KT acKaH koK. Dochop 1utarbiHbIH HAKThI THIMI OesiceHaitik Meepi 176125 Bk/kr
TeH 00JIIBI. ByJT OHBIH ajaM JeHcayIbIFbIHA XKoHe KOpITaraH opTara Kayil TOHTipMen i,
COHJaii-aK, MBIpBII-(pocdaT HeMeHT ary Ke3iH e KOChIMIIIAa KOCTIa PETiHIe MaiganaHyFa
MYMKIHJIK Oepeni.

dochop nuarbiH MEXaHUKANBIK OeJICeHIIpY MIapibl TuipMen e opeiHAanabl. Llapisr
muipmenre 1 kr ¢ocdop mmak, 3 kr 30-60 MM map, 2 Kr HHiIbe0C TONTHIPBUIABL.
YHTaKkTay YakpIThI 5 caraTka cO3bUIABI. KanmbIKTEIH yiecTik 6eTi MeH OemeKTepain
oprama emmemaepi [ICX-12 KypbUIFBICBIHBIH KeMeTiMeH aHBIKTanasl. Pocdop
[IUTAKTHl MEXaHUKAIBIK OETICEHIPY HOTHKeC] 4 KecTee KeNTipiiire .

4 - xecre. Docop HUTAKTH MEXaHUKAJIBIK OeNICeHIIpY HOTHXKEC]

YHTaKTay yaKbITH, Ne 008 emexreri Ynecrik 6eTi, Bemmexriy oprama
MUH Kbk, % cM?/T oIIeMIePi, MKM
?};’;ﬁg’ 60 37.58 3585 62
120 14,63 3241 6,8
180 0,1008 1769 12,5
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240 0,045 1667 13,2
300 0,08 1104 20,0

®dochop muIarblH MEXaHUKANBIK OCIICEHIPY HOTHKECIHE, MUIAKTHIH YJIECTIK OeTi
3585 cm?/r-Han 1104 cM¥/r neiiin TeMeHaeql. ¥HTAK OOIIEKTEPIHIH OpTaIlla eJIeMi
6,2-20,0 MKM [eiiiH JKoFapiaipl. 5 caraTKa CO3bUIFAH YHTakray HoTmxkecinme 008
enekreri Kaaeik Memepi 0,08 % Gonsl.

KopbIThIHABI

1. Anramn pet MbIpbIl GocdarThl HEMEHT any Kesinae ¢Gocdop nuiareld Koagaany
iCKe aChIPBUTATHIH OOJAIBI.

2. ®@ocdop HUIATBIHBIH XUMUSITBIK-MIHEPAIOTUSIIBIK, KypaMbl aHBIKTanAbl, (%):
Si0,-41,98; Al1,0,-3,06; Fe,0,-0,74; Ca0-40,92; Mg0-2,30; SO,-2,30; F-1,5; P,O ~
2,01; CaF 4,5; Ca,P_-0,3. Kypambinja mbinbl Topisai dasa cansl 90-95 % Kypasbl.

3. Penrrenogasanblk Tanmay HOTHXKeCiHIE Qocdop NUIarblHBIH —KypaMblHAA
nceBoBoytactonuT (a-Ca0-Si0,) d/n=4,26; 3,85; 3,32; Bomtactonut (B-CaO-SiO,)
d/n=3,89; 3,05; xone memunut [Ca,(AlLMg,Si)Si,0,] d/n=2,87; 2,29 munepanmapst
AHBIKTAJIbI.

4. PacTtopnbl 3IEKTPOHIB MHUKPOCKONUSIIBIK Tajiay HOTHXKECIHIE KypaMbIHIA
3uaHAbl paguoaktustri s1emeHtTep U, Th, Ra sxone omapapiy eHminec Oesnmiekrepi
CHSIKTBI PaJHOHYKIHATEp KezaeckeH koK. CoHpaii-ak, ynbl, ayslp Metaiul Zn, Cu, Pb,
Be anemenTTepi ke3nmecneni, MBIphI GocdarTel HEMEHT aly Ke3iHAe KOocma peTiHze
KOJIJIaHyFa YChIHbLIAIbI.

5. Jo3uMeTpusutblK Oakpliay HOTHKECiHAE, (Qocdop MNUIATBHBIH KypamblHAA
AKCIO3UIHSIBIK 1032 Kyarsl 0,12 mMx3B/car Oomapl. Bynm kepceTkim pykcar eTinireH
0,2+¢don MK3B/car KyaTblHAaH TOMEH €KEH/IITIH JOICIICHII.

6. PammoHyknuaTepaiH HAKThI THIMJI OCJICEHAUIITIH aHBIKTay HOTHKECIHIE,
PAIMOHYKIUATEPAIH KOHIIEHTPANHUsAChl OenrineHreH HopmaaaH 370 Bk/kr ackan
koK. Haktel tmimmi OenmceHmiunik memmepi 176+25 Bbx/kr Gonmel. byn oHBIH amam
JeHCayIbIFbIHA KOHE KOpIIaraH opTara Kayill TeHAIpMeimi, COHAai-aK, MBIPHIII-
(dbocdar nemMeHT anry ke3iHJie KOChIMIIA KOCIIa peTiHAe NailatanyFa MYMKIiHJIIK Oepe/ti.

7. MexaHuKabIK OSJICeHIIPY HOTHKECIHE, IUIAKTHIH YiecTik Oeti 3585 cm?/r-HaH
1104 cm*r neiiin TeMmenaeai. YHTak OesmiekTepinin oprama einmremi 6,2-20,0 MkM
JICHIH KOFapiajpl. 5 caFaTKa CO3bUIFaH YHTaKTay HoTrokeciHae 008 ejeKkTeri KalbiK
meepi 0,08 % Gonpl.
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Abstract. Extraction of essential oil from medicinal plant raw materials of wormwood
(Artemisia cina Berg.) by various methods and its standardization on the basis of the
State Pharmacopoeia of the Republic of Kazakhstan (KR MF) was carried out. During
the experiment, essential oil MF was obtained by two different methods and its yields
were calculated. The quantitative and qualitative composition of the finished product
was determined by gas-liquid mass spectrom etry (GS MS). As a result of the study,
the main components are: 1,8-cineole (43.7 %), a-Thujone — (12.5%), a-Thujone — (6.6
%), p-Cymene — (5.0 %), Terpinen-4-ol — (4.2 %), it was determined. Quality indicators
(characteristics, transparency, color, smell, solubility, presence of ethyl alcohol, water,
esters, fatty and mineral oils, including resinous substances, essential oil residue after
evaporation, density, optical rotation, refractive index, acid number) were determined.
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. The quality indicators of the essential oil obtained from the Artemisia cina Berg. plant
correspond to the MF of the Republic of Kazakhstan.
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Annoranus. J{opmene xycansl (Artemisia cina Berg.) Aopinik eciMaiK MIKMKi3aTbIHAH
opTYpi omictepMeH 3(up MalbIH anmy >koHe OHBl Kaszakcran PecmyOnaukachIHBIH
Mewmnekertik ®Papmaxones (KP M®) Herizinge cranmaprray xyprizingi.Texipuoe
OapoicbiHaa 3¢up Maiiel M® exi Typii omiciMeH anbIHABI KOHE OHBIH IIBIFBIMIAPHI
ecenrtengi. JlaliblH OHIMHIH CaHABIK JXOHE CalalblK Kypambl ra3 CYMBIKTBHIK Macc-
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Heri3ri kommoneHntrep:1,8 — Cineole (43,7 %), o-Thujone — (12.5 %), a-Thujone
— (6.6 %), p-Cymene — (5.0 %), Terpinen-4-ol — (4.2 %), ekeHi aHbiKTa)ABI. Cara
KepceTKilTepi (cumarramachl, MeJAIpJiri, Tyci, HWici, epirimriri, STHJI CHHPTIHiH,
CYIBIH, KypAeni 3(Qupieplid, Maiibl )koHEe MUHEpaJbl MallapiablH, COHBIH ilIiHAE
LIaWBIPIIBI 3aTTapAbIH Ooybl, OyinaHynaH KeHiHri 3(up Maiibl KalIbIFbl, THIFBI3ABIK,
OIITHKAJIBIK alfHally, ChIHY KOPCETKIlIi, KBIIIKbII CaHbl) aHBIKTANAbL. JlopMeHe KycaHbl
(Artemisia cinaBerg.) eciMairinen ajbiHFaH 3pUp MaHBIHBIH camna kepceTkimrepi KP
M® colikec eKeHIH KOPCETTI.

Tyiin ce3mep: nopmeHe xycaHbl (Artemisia cina Berg.) Iopulik eciMik
LIMKI3aTBIHBIH 3(Up Maibl, CTaHOapTTay, CaHABIK KOPCETKIIITEp, Tra3-CYHBIKTHIK
XpoMmarorpauschl, TUHEOI

Kap:xbinanaeipy: by seprreyni Kasakcran PecyOnukacs! FrutbM sKoHE JKOFaphI
oimiMm wmunmcTpiiriHig Feuteim  komureri BR10965271 «Ocimuik mmKizaThiHAH
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Oap JKOFapbl THIMAI ASPUIIK 3aTTapibl o3ipiey» FbUIBIMU Oarjapiiamachl aschlHAA
Kap KbUTaHIBIPBL.
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Annorauus. IIpoBeneHo BblmeneHHEe 3S(GUPHOIO Macia U3 JIEKapCTBEHHOTO
pPacTUTENBHOTO CHIPbSl TMOJBIHM LMTBapHOU (Artemisia cina Berg.) pa3muuHbBIMH
METOlaMH W €ro CTaHAapTU3alusd Ha OCHOBaHMU locymapcTBeHHOH (apmakonen
Pecny6nuku Kazaxcran (KP M®). B xoxe sxcniepuMenTa 3UpHOE MACiIoO U3 MOJIBIHA
LUTBAPHOI OBUIO MOJTYYEeHO ABYMS Pa3HBIMU CIIOCOOAMHU M PACCUMTAHBI €TO BBIXOBI.
KonuuecTBeHHBIH U KadyeCTBEHHBIN COCTaB TOTOBOIO MPOAYKTA ONPENENISAIN METOJOM
razoxuakocTHoll Mmacc-cnektpomerpun (I'XMC). B  pesynsrare unccnenoBaHus
OCHOBHBIMH KOMITOHeHTaMu siisirores: 1,8 — Cineole (43,7 %), a-Thujone — (12.5
%), a-Thujone — (6.6 %), p-Cymene — (5.0 %), Terpinen-4-ol — (4.2 %). Onpenensau
MOKa3aTeau KadecTBa (XapakTepUCTHUKH, MPO3pPavHOCTh, LIBET, 3alax, paCTBOPHUMOCTD,
HaJIW4YKME STHIOBOTO CIHUPTA, BOABL, 3(UPOB, JKUPHBIX W MHUHEPaIbHBIX Macell, B
TOM YHCIJIE CMOJIUCTBIX BEILECTB, OCTATOK S(HUPHOrO Macia Mocje BHIIapUBaHUS,
IUIOTHOCTh, ONTHYECKOE BpalICHWE, MOKazaTelb MPEIOMIICHHS, KHCIOTHOE YHCIIO).
[lokazarenu kadecTBa 3(QHUPHOTO Macia, MONTYYEHHOTO M3 pacTeHus Artemisia cina
Berg, coorBerctBytor I'® PK.

KioueBsble cioBa: 3¢pupHOE Macio MOJBIHM LUTBapHOW (Artemisia cina Berg.),
JIEKapCTBEHHOE PaCTUTENBHOE ChIPhE, CTaHIAAPTU3ALM, KOJINYECTBEHHbIE TI0KA3aTeNH,
ra30KUAKOCTHAS XpoMarorpadusi, IHHEOI

dunancupoBanue: laHHOE MCCIIeIOBaHUE BHITIOIHEHO TPU PMHAHCOBOW MOAEPIKKE
Komurera Haykr MuHUCTEpCTBa HAYKH M BRICILIET0 00pa3oBaHust PecyOnnku Kazaxcran
B pamMkax Hay4Hoi mnporpammbel BR10965271 «Pa3zpaboTka BbICOKOA()(EKTHBHBIX
JIEKAPCTBEHHBIX BEIIECTB U3 PACTUTEIBHOTO CBHIPhs C IPOTUBOBUPYCHOIN aKTUBHOCTBIO
B otHomteHur COVID-19 u cXomHBIX BUPYCHBIX HH(EKLIUID.

KonpaukT nHTEpecoB: aBTOPHI 3asBIAIOT 00 OTCYTCTBHH KOH(IUKTa HHTEPECOB.

Kipicne

duronpenapartapaslH aCCOPTUMEHTIH KEHEHTy TocinaepiHiH Oipi, Heri3iHeH
TEPIIEHOUATHl CUMATTarbl Ouonorusuiblk Oencenai 3artapasiH (BB3) KockHABICH
Oonbil  TaOBIATBIH 3QUP MalIapbl CHUAKTBI OCIMIIK TeKTec (hapMaleBTHKAIBIK
cyOCTaHUMsIIapIbl OHAIPY >KOHE CTaHAapTTay Oonbim TaObuiansl. Ddup MaimapeiH
eMJIIK MaKcaTTa KOJAaHYIbIH y3aK TapuXbl Oap jkKoHe Oenrisii Aopilik eciMIiKTepAiH
enayip Oeuiri eH anneiMeH 3(pup Maiibl IIMKi3aThl peTiHAe naiaaganbuiansl (MomyaHos,
2009; Tenmosa, 2012; Tokaes, 2007; Sakipova, 2017; Jurtom, 1999; Ky3smenko, 2010;
Trixees, 2021). lerenMeH, IopiiiK ©CIMIIK IIMKi3aTbIHAH aJIBIHFaH (hpapMalleBTHKAJIBIK
CyOCTaHUIMSHBI PECMU MEIUIIMHAJBIK TOKIpHOETe SHI13Y KoHE OJlapAbl CTaHAAPTTayAaH
KeHiH, OCBl OHIMIEpAiH CcamachlH CHIIATTAHTBHIH KPUTEPHIJIEp MEH HopMalapra
3epTTEyJIep KYPrizy KaKeT OOJbI TaObLIa b

HopMmeHe 3KycaHBIHBIH J(QHUp Maibl KypaMblHAa IHHEOJIBIH KONl MeJiepae
Ke3JecyiHe OalIaHbICThl (hapMaKOJIOTHAJIBIK 9Cepi: KAHTaMBIPIIBIK PEBMaTH3M Ke3iHIe,
KYpFaK KoHe KOKXKOTeN /i, OpPOHXHT MEeH aCTMaHbl eMEYNe, COHBIMEH KaTap MIBIPBIIITHI
YKYKapTHIIl, OHBI IIBIFApyFa >KOHE THIHBIC ATy JKOJIJapblH Ta3apTyFa biKnani erefi. Ocbiran
0alimaHBICTBI, KYMBICTBIH MaKcaThbl IOpMeHe KycaHbl (Artemisia cina Berg.) mopmik
OCIMIIK HIMKi3aThIHAH AJbIHFaH 3(QUp MaibIH any *oHE OHbl HOPMATHBTI KYXKaTTapra
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coiikec cranaprray 6ok Tadsansl (Tykheev, 2019; Sehailia, 2020; BorosiBinenckui,
2013; beticenbaes, 2001; Acanoga, 2003; bekexanosa, 2018).

gjicrep

Cana KpuTepHiiyiepi HETi3ri cama cTaHIapTTapbIHAAFbl d3QUP MalblH CTaHIAPTTay
TOCUIAEPIH canbICTHIpMaibl Talday HeTi3iHAe TaHmaraH Kepcerkimrep Oomasl: (KP
M®, I, 1. 2.8.12) cumarraMacel, MOJIIIpPIri, TYCi, HiCi, epirilmTiri, 3THJI CIUPTI,
cy,Kypzeuni a¢upiep, Maiibl )koHE MUHEpaJbl MaiIapablH COHBIH iIIiHAE MIaHBIPIIbI
3atTap, OynaHynaH KeHiHT1 3Up MabIHBIH KANIBIFbI, THIFBI3IBIFb], ONTHKAIBIK aifHATY,
CBIHY KOPCETKIIIl, KBIIIKBLT CAHBI.

Tycin (XxoHE MOIAIPIIriH) OTIENI KapblKTa Kapal OTbHIpsI, 10 M 3¢up MaiibiH
auaMeTpi 2-3 cM Tycci3 MeJIip WBIHBIAAH KacalfaH IIJIMHAPIe OpHAJIACThIpa bl
(KPMOD I, T 1, 2.8.8).

Uicin keneci tocinmen anbikraiiner: 0,1 mia (2 tammbl) 3¢up MalblH QHIBTP
KaFa3blHBIH ChI3BIFBIHA 12 CM Y3BIHIBIKTA XOHE €Hi 5 cM OonaTeiHAai eTim, Oipak
Mall KaFas3[blH WICTTEPiHE MIBIKIAWTHIHIAM €Tilm TaMbi3albl, op 15 MHUHYT caiiblH
3epTTeNieTiH YIriHI Typa coilail QuiubTp Kara3plHAa TaMBI3BII AadbIHAAIFAH
CTaHIAPTTHI YT UICIMEH CalBICTHIPHIN OTHIpaabl. | caraT KeleMiHae Hici Oakpuiay
yJriciHiHiH niciMeH Oipreit 6omysl kepek (KP M® I, 1. 1, 2.8.8).

JoMiH Mail TaMBI3BUIFAH HeMece | T KaHT Komackl MEH | T 3epTTeJETiH YITiHIH
KOCIAaChl TAMBI3bUIFaH (PUIBTP KaFa3bIHBIH CHI3BIFBIH TIITe KOO a PKBUIbI a HBIKTA I IbI
(KPMOD I, T 1, 2.8.8).

Kocnanapap! aHbIKTaYy:

Omun cnupmi. 3epTTENCTiH MaWJbIH OipHEIIe TAMIIBICBIH CaFaTThIK OWHEKKE
KYHBUIFaH CyFa TaMbI3aJbl Aa Kapa (oHIa Kapaiabl, Mail TAMIIBICHIHBIH aifHaIachIHIa
naiinany aWkplH OimiHOeyi Kepek. | M 3epTTeneTiH Maiiibl mpoOMpKara KYHbII,
opracelHia (QYKCHH KpHCTaJUAapbl Oap MaKTaMeH Xayblll, KalHaraHra JeuiH
KBI3AbIpaibl; erep cnuptTi Ooica OHBIHOYBl (YKCHHII epiTin xibepeni, MaKTaHBI
KbI3bLI Tycke Oostitnel (KP M® I, . 1, 2.8.10).

Maiinvl scone munepanowvt matinap. 1 v aup maiieia npodupkaga 10 vt 80 %
9THJI CIUPTIMEH IaiKaiasl; nainany (5—-10 % maiina) skone Maitnel Tammbsuiap (10
% aca) maiina 6oiaMay Kepex.

Cy. Quctnnnanus saiciMeH aHbIkTaiasl. by onic a¢up maitnapenein 150°C aca
TeMmrepaTtypala KaliHaTyra HeriznenareH. [Ipobupkara 1-2 mi adup MaiiblH KyibIT,
120°C neitin kp13apipa nel. Kypameiaga cy 6ap 6oica nmpoOupKaHBIH Ka ObIpraiiapelHaa
Oy Tammbuiapsl naiina Gomanel. Cynel canaplk omicniern 10 mi adup maiibiHaa
120°C temmepaTypala TOHA3BITKBIIINEH akgay apKbuibl aHbIKTaiael. Cy OynaHbII
OonraHHaH keiiH (Oympl aiimay Ttemmepatypackl 100°C keMmireH TepMOMETp
TeMIepaTypachl) OHBl ONIICI, CaJMaFblH KajdfaH 3QHp MailbIHBIH caiMarblHA
teHectipeai (KP M@ I, . 1, 2.8.5).

Canovix kepce mxiwmenp.

Dup mativiHbly Mul2bI30bI2bIH NUKHOMe mpmeH anbikmatiovl (KP MO 1, 1. 1, 2.2.5).

THonapuzayus sHca3vlebinbly atiHaxy Oypuluubii nonapumempmer anvikmatiovt (KP
MO LT 1,22.7).
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Coiny kepcemxiutin pe ppakmomempmen auvikmatiovt. CeIHY KOpceTKili aerr (n)
3epTTEJICTIH 3aTTaFbl aya >KapBIFBIHBIH JKbUIIAMABIFBIHBIH KaPBIKTBIH TapaJTyblHa
KaTbiHaChIH alTanel. (KP MO [, 1. 1, 2.2.6).

Ocvi 3epmmeyoin wvicauvi KP M® (1, T. 2.8.12) 0apmene sicycan wobinen anvinzan
aghup mativiHbly yaciiepi 60106l

O¢up maiiet KP M®-na xenrtipinren «lopifik eciMIik IIMKi3aThl MEH A9PiNiK
OCIMIK MpenapaTTapblHAarbl YQUp MalbIHBIH KYpaMblH aHBIKTay» 2-9[JiCKe ColiKec
cy OybIMeH aiiiay apKbUTbl alblHIbl. MaiaeiH Kypambl 100 T ycakTanraH IIUKi3aTTa
aHBIKTAJIBI (CyMEH KaTbiHaCHl 1:5). JuCTHNALMs yakbIThl 2—2,5 caFraTThl KYpaJbl.

Herisri KOCBUIBICTBI aHBIKTAay YIIIH 3(GHUp MaHBIHBIH Kypamuaac OeJiriH 3epTrey
Thermo Scientific UHPLC Dionex Ultimate MWD 3000 RS Diode Array Detector ras-
CYHBIKTBIK XpoMaTorpausChIHIA KYPri3iiii.

Dpup maiinapvin KP M® 3-wi 20ici apkwinwt any (Knesenoocep annapamuol apKvlibl).

KneBenmxkep annaparbiHaa THAPOAUCTHILIALMUS dficiMeH 3Gup MaiibiH 6oy Kbt
CalibIHFBI JKYCAHHBIH OCIMJIIK INWKi3aThl keM nereHie 1 mm, 100 r OemmexrepaiH
MeJIIepiHe JeiiiH YHTaKTanraH. 3Qup MaiblH aiiay yIiH 2 JTUTPIiK KonOara cajbim, |
JIUTP Ta3apThUIFaH cy Kyiasl. ComaH KeifiH konba KieBenmkep anmaparsiMeH KOCHUIBIT,
OaiimaHbpIC TEPMOMETPIMEH MIEKTP IUIMTKAChIHA OPHATHIIABL. Ddup Maitel 2-2,5 carar
IIHAE MIBIFAPBULABL. aiilayablH OacTanybl AWCTHIUIATTBIH aJFalllKbl TaMIIbLIapBI
naiiga OojFaH CoTTeH Oacran OenrineHedi. AWjay KapKbIHIBUIBIFEI MUHYTBIHA 45—50
TaMIIBIIAH acrlaybl Kepek. Alinay askranranra faeiin 10 MUHYT OypbiH onap OHBI
KBUIBITY MaKcaThlH/Aa TOHA3BITKBIIIKA Cy Oepyai TOKTAaTThl, OChUIAMINIA OHBIH iIIKi
KaOBIpFaapblHa KajFaH 3(up MaibIHBIH TaMIIbIIaphl KAOBUTAAFBIIKA TyCceal. Alay
asIKTaJIFaHHAaH KeWiH KaObUIIAFbIIITaH MAiIbIH KeJIeMi aFbI3bUIbI, Oy 30 MUHYT ilIiHae
anmapar apKbUTbl ©TKi311/11. anbiHFaH 3pup Maisl Oenrim myHKeIpaarsl Cynan OemiHim,
CyCBI3 HaTpuil cyib(aTbIHBIH YCTIHAE KEeNTipuiai jKoHE OcChUIaiIa amblHFaH 3(up
Maiibl TOHa3BITKBIITA 4°C-TaH acalThIH TeMIIepaTypaja cakTaaabl. DQHup MalbIHbIH
UIBIFBIMBL 2% KYpaJibl.

Dpup maiinapein KP M® 1-wi a0ici apxviawt any (Iunzbepe annapamol apkbiivl).

Cy OybiMeH aiimay apkbuibl ['MH30epr ammaparsl OoiibiHma any.AnaeiMer 100 T
yCakTalfaH LIMKi3aTThl CHIMBIMIBUIBIFEI 1000 My GonaThiH, JOHTENEK JKoHE XKalak
TyOi O6ap konmbara opHanacTeIpAbL.S00 MIT Ta3apThUIFAH CyAbl KYHbI, KOIOAHBIH OCTiH
pEe3eHKe THIFBIHMEH J>Kayblll Kepi MIApHKTI TOHA3BITKBIIIKA OpHajacThIpabl. JKyka
CBIMHBIH KOMETiMEH TOHA3BITKBIIITAH KOFaphl OOMaThIHAAH eTill imin Koiiapl. Makanaaa
KOPCETIIreH yaKbIT OOMBIHIIA KBI3ABIPHUIAJIbI KOHE KalHATbUIaAbl. MalabiH KeJaeMi
JUCTUIUISIINS asKTaNFaHHAH KeiiH KoHE KYPBUIFBIHBI OelMe TeMIlepaTypachiHa Jeiiin
CaJIKbIHATKaHHAH KeiiH emmenei. 2gpup MailbIHbIH WBIFBIMEI 3 % Kypajbl.

O¢up MalbIHBIH Kypamaac OeJiri *oHE OHBIH JXeKe (pakuusiapbl AETEKTOP
perinne GL Science wHeprtTi Kakmak Oaranacel 25-30 M, 0,32 MM, 0,25 wmkwM.
Bynangpipreiuteiy Temneparypacsl — 2600]C. TaceiMangaynisl ra3 Teiuid, NIBIFBIHBL
2,3 mn/muH. baraH Temneparypachl Kenecifei Oarmapnamananran:temneparypa 8001C
1 munytka; munyThiHa 1000C x)pupmaMasikiien 25000C neifiH KbI3ABIPY KOHE OCHI
TeMmIeparypaaa 5 MUHYT;TaJAaydblH >KalIbl YakbITel — 23 MUH.Macc-ClieKTpoMeTpIiH
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KYMBIC IIAPTTapbL:TOPT NomocTi Temneparypa — 15000C; uaTepdeiic Temmneparypacsl
—28000C;noHabIK K6OEHTKIMTIH KepHeyl — 1388 B; monspibIk — oH.

HoTukenepai TankbLiay

KP M® cunarranran 3-mi ogmici (KneBenmxep ammaparbl) apKbUIbl A9pPMEHE
KyCaHBIHAH aJIbIHFaH 3()1p MabIHBIH MIBIFBIMEL 2 % Kypasjbl.

KP M® cunarranran 1-mi oxici (I'un306epr annaparsl) apKbUTb AOPMEHE KyCaHbIHAH
aJbIHFaH Y(QUP MANBIHBIH IBIFBIMBI 3 % Kypazbl.

CeIpTKBl TYpi OoWbIHIIA 3¢up Maibl capbsl TYCTi, ©3iHE TOH Hici Gap Menaip
KBUDKBIMAIIBI CYWBIKTBIK Oonabl. Dup Maiibl cygaH keHid. Maii ic xysiHme cyna
epimeiini, Tomyonna, cnuptre 96%, xmopodopmaa a3z epumi. opMeHe KycaHBIHBIH
3¢up Maibl Macca-CIEKTPOMETpHUsl Ta3 CYHBIKTBI XpoMmoTtorpadus amicimen 42 3ar,
OHBIH KYpaMbIHIarbel eH kem kommoHeHTTep — 1,8- Cineole (43,7 %), a-Thujone —
(12.5 %), a-Thujone — (6.6 %), p-Cymene — (5.0 %), Terpinen-4-ol — (4.2 %) exeni
anbIKTangbl (kecre 1). JlopMeHe >xycaHbl 3GHUp MabIHBIH XpoMaTorpaMMmachl |-mii
CYpeTTe KOpPCEeTIIreH.

O¢up MalibIHBIH KypaMaac 0eJIiri »oHe OHBIH KeKe (PpaKIusIapbl AETEKTOp PeTiHAe
GL Science nneptTi Kaknak 6aranacer 25-30 M, 0,32 MM, 0,25 MxkM. BynasabIpFbIITEIH
temneparypacel — 260]C. TacbiMangaymsl ra3 TeJIuid, IBIFBIHGI 2,3 MJI/MHH.

Baran Temmeparypacel kenecigeid OarmapiamananraH: Temieparypa 800JC 1
MuHyTKa, MuHyThIHa 100JC skpurmamabikned 25000C neiiiH KbpI3ObIPY KOHE OCHI
TeMmIeparypaga 5 MUHYT;TajAaydblH >KalIbl YaksIThl — 23 MUH.Macc-CieKTpoMeTpIiy
KYMBIC IIapTTapbl: TOPT HomocTi Temmneparypa — 15000C; ke3niH TeMmeparypacsl —
2300C; narepdeiic Temneparypacsl — 28001C; nOHABIK KOOSUTKIMTIH KepHeyi — 1388
B; nonsapiusix — oH.

| .
i J I_.LLI.

Cypert 1 — Jlopmene sxycaHbl 3Up MaibIHBIH XPOMaTOrPaMMAach
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Kecre 1 — Jlopmene sxycanbl 3Gup MaibIHBIH KOMIIOHEHTTIK KYpPaMbl

NN RT RIlit Component Match Area%
1. 10.101 96612 B-Thujene 909 0.2
2. 10.475 937+£3 o -Pinene 919 0.3
3. 12.922 974+2 Sabinene 919 0.5
4. 13.149 979+2 B-Pinene 943 0.2
5. 14.07 991+2 2,3-Dehydro-1,8-cineole 919 0.3
6. 14.217 991+2 B -Myrcene 913 0.1
7. 16.029 10172 a-Terpinene 908 0.9
8. 16.704 1025+2 p-Cymene 929 5.0
9. 17.332 1032+2 1,8-Cineole 951 43.7
10. 18.498 1038+2 B-cis-Ocimene 929 0.4
11. 19.254 1060+3 a-Terpinene 932 1.4
12. 20.124 10704 cis-Sabinenehydrate 900 0.2
13. 21.397 1088+2 Terpinolene 938 0.3
14. 22.78 1070+5 trans-Sabinenehydrate 879 0.2
15. 23.213 1103£2 a-Thujone 922 12.5
16. 24.126 11142 B-Thujone 927 6.6
17. 24.592 112243 cis-p-Menth-2-en-1-ol 884 0.6
18. 25.762 113942 trans-Pinocarveol 780 0.3
19. 25.88 1136+3 3-Thujanol 889 0.2

20. 26.104 1112 trans-p-Ment-2-en-1-ol 873 0.5

21. 27.193 1156+2 Sabinaketone 861 0.2

22. 27.589 1164+N/A Pinocarvone 886 0.2

23. 28.055 1162+1 cis-Chrysanthenol 907 0.6

24. 28.488 1167+£2 trans-Borneol 758 0.6

25. 28.672 1167+3 p-Mentha-1,5-dien-8-o0l 871 0.2

26. 29.409 117742 Terpinen-4-ol 909 42

27. 30.011 1183+2 p-Cymene-8-ol 849 0.6

28. 30.451 1193+£3 Myrtenal 918 0.2

29. 30.675 118942 a-Terpineol 928 0.9

30. 31.911 1208+3 trans-Piperitol 861 0.2

31. 34.263 Unknownl 0.2

32. 34.538 1239+3 Cuminaldehyde 921 0.2

33. 36.167 1239+1 trans-Chrysanthenylacetate 941 0.2

34. 36.702 1298+7 Isothujylacetate 923 0.3

35. 39.102 1280+2 Neo-iso-3-thujylacetate 867 1.2

2-Cyclohexen-1-ol,3-methyl-

36. 39.542 1303£N/A 6-(1-methylethyl)-, acetate 925 0.5

37. 39.945 1289+3 p-Cymen-7-ol 803 0.2

38. 40.954 131542 v-Terpineol,acetate 860 0.5

39. 43.798 1350+3 a-Terpinylacetate 905 1.2
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4a,8-Dimethyl-2-(prop-1-en-
40. 53.82 1485+N/A 2-yl)- 932 0.2
1,2,3,4,4a,5,6,7-
octahydronaphthalene
41. 54.286 1481+3 GermacreneD 923 0.3
42. 55.446 1495+4 Bicyclogermacrene 924 0.3
87.6

1-kecTeneri ManmimMerTepre coiikec d(Up MaWbIHBIH HETI3ri KOMIOHEeHTTepi: 1,8 —
Cineole (43,7 %), a-Thujone — (12.5 %), a-Thujone — (6.6 %), p-Cymene — (5.0 %),
Terpinen-4-ol — (4.2 %) aHBIKTaIIbI.

KopbIThIHABI

Hdopmene xycanbl (Artemisia cina Berg.) eciMIik MIMKi3aThIHBIH 3(up MaiibH
3epITey JKOHE CTaHAapTTay OOWBIHIIA KEHIeHIi 3eprreyiep xyprizimmi. Jopmene
KycaHbl (Artemisia cina Berg.) eciMIiK HIMKi3aThIHAH SPTYpIi dficTepMeH 3hup
Maiipl anbiHabl. HoTmkecinae [mH36epr anmapaTsl apKbUTbl ajdbIHFaH dGHpP MabIHBIH
HIBIFBIMBI KOOipeKk 00 iel — 3 %o.

Hopmene xycanbiHaH (Artemisia cina Berg.) anpiaFaH »¢up MailbIHBIH cama
kepcetkimTepi KP M® caii sacanblHabl )koHE canachlHa KOWBUIATHIH TaJlalTapra cau
€KEeHI1 aHBIKTAJIIBL.

O¢dup MalbIHBIH KYpaMbl MacC-CHEKTPIIK Ta3-CYWBIKTBIK XpomaTtorpadus odmici
apKbUIBl JKOHE HETI3r KOMIIOHETTEPIiHIH CamayblK >KOHE CaHJIBIK KOPCETKIIITEpi
AHBIKTAJIJIBL.
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Abstract. The secondary education system is constantly changing and renewing.
The implementation of a renewed educational programme to develop students' critical
thinking, self-reflection and in-depth analysis of information depends on the quality of
the teacher's work. The effective use of technology in the classroom is a major issue
today. A creative level of learning is defined by the actions of students in their own
search for knowledge, skills and abilities; a creative level of learning is achieved. As a
result of engaging students in independent creative activities, heuristic ways of inquiry
become possible. As a result of the ways of thinking that provide this level of knowledge;
they are also involved in creative activities: students identify topics and tasks, work
actively, formulate hypotheses and research plans, and carry out research activities. In
order to meet these challenges, it is appropriate to teach using the technology of the
three-dimensional methodological system (TTMS). This article looks at the planning
and teaching of the topic "Hydrolysis of salts" in chemistry using one of the new TTMS
technologies. The aim of the article is to independently form and measure the level
of development of functional literacy of students within the framework of the above
mentioned technology; to determine the quality of student's knowledge in the subject
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based on the results of criterion-based assessment. Before the new topic is explained
to the students, they are given the opportunity to master it on their own. To do this, the
pupils first prepare themselves by completing the "anchor tasks" at home. This develops
their ability to work with the textbook and search independently, increasing the quality
of their knowledge. The third stage (feedback) is the completion of three (four) levels
of tasks. The first three levels constitute the compulsory level of the state standard:
while the first level tasks cover the maximum required minimum of the state standard
level, the next two levels are devoted to the in-depth development of this knowledge
by students, systematically summarising the results. The fourth creative level tasks
(Olympiad assignments, research projects) are independently compiled by teachers,
depending on the abilities of the individual child.

Keywords: qualitative knowledge, functional literacy, hydrolysis of salts, ionic
product, degree of hydrolysis
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Annoramus. Opra OimiM Oepy »yileci yHeMi e3repiml, >KaHapblll OTBIPAIbIL.
OKywIbUTapablH CHIHM OMaybIH, ©31HIIK PEeQIeKCUsCHIH JKOHE aKMmaparThl TEepeH
Tangayabl JaMbITy OOHBIHIIA >KaHApTBUIFaH OuriM Oepy OarnmapiaMachblH icke
acblpy OKBITYIIBIHBIH JKYMBIC camachblHa OaiinaHbICThl. TeXHONOTHSHBI CHIHBINTA
THIMII TMainanaHy OYriHr KyHI MaHBI3OBI Mocene Oomnbill TaObuiaabl. OKBITYABIH
IIBIFAPMAIIBUTBIK JCHICHI OKYIIBUIAPIABIH OLTIMIH, JaFabulapbl MEH JaFAbUIapbIH
i37ey/Ieri ic-opeKkeTTepiMeH aHBIKTANabl; OKBITYABIH [IBIFAPMAIIBUIBIK JCHIeHiHEe KO
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xeTkizineni. CTyIeHTTepal TOyelICi3 HIBIFapMallblIbIK KBI3METKE TapTy HOTHXKECIHAE
3epTTEYAiH OSBPUCTHKAIBIK oJicTepi MYMKiH Oonaapl. BimiMHIH OChl JIeHreiiH
KaMTaMachl3 €TETiH Oiiylay TOCUTIHIH HOTHKECIHAE Oap IBIFapMAIIbIIBIK KbI3METKE A€
KaTbICa/lbl: OKYIIBUIAD TAKBIPHINTAPD MEH MIHIETTEepIl aHBIKTalIbl, OEICEeHAl KYMBIC
icTeliai, rumore3ajap MeH 3epTTey KOCHaplapblH TYKBIPHIMIANIBI KOHE 3epTTey
KBI3METIiH XYy3ere aceipaapl. OChl MaceNenep i MIenly YIIiH YII eJIeMal 9IiCTeMeiK
xyie (YOOK) TeXHONOTHSACHIH KOJAaHA OTBHIPBHI OKBITYABI JKYPri3reH *xeH. byn
Makanaaa xaHa YOOXK TEeXHONOrHACHIH KOJJaHa OTHIPHIN, XuMusi OoibiHma "Ty3
ruaponu3i” TakpIpbIOBIH JKOCHApiay J>KOHE OKBITY KapacThIpbuIaAbl. MakajaHbIH
MaKCaThl )KOFapbla aTallFaH TEXHOIOTUs IeHOEpiH/e OKYIIbIIaPAbIH (PyHKIMOHAIIBIK
cayaTTBUIBIFBIHBIH AaMy JEHIeiiH nepOec KalbINTacThIpy JKOHE OJIIeY; KPUTEPUaIbl
Oaranay HOTIDKENepl HEeTi31He OKYyIIbUIApIbIH oH OOHBIHINIA OUTIM canachlH aHBIKTAY
Oonbin TabbuTaAbl. CTYOEHTTEpTe KaHa TaKbIPBINTH TYCiHAIpMEC OYpBIH, OJlapFa OHBI
o3 OeTiHIIe Wrepyre MyMKiHAIK Oepineni. MyHBI icTey YIIiH OKyLIbUIAD ajlAbIMEH
y#ize "Tipek TarncblpManapbiH” OpbIHAAY apKbUIbl ©37epiH naiibiaaaiasl. by onapabia
OKYJIBIKIIEH JKYMBIC ICTEYy JXKoHE 63 OeTiHIIe i37ey KaOlIeTiH JaMbITajbl, OJapablH
OliM camachlH apTThIpaAbl. YIIIHIN Ke3eH (Kepi Oaiyanbpic) — TarnchlpMaiapAblH Yl
(TepT) meHreiiH opbIHIAY. ANFAMIKBl YII JEHITed MEMJICKETTIK CTaHAApTThIH MIHAETTI
JeHrelin Kypaiapl: OipiHmm JeHrelzeri TamcelpManap MeMIEKeTTIK CTaHIapTThIH
€H KQXKETTi €H TOMCHT1 JCHICHiH KaMThICa, KeJIeCl eKi JCHrel HOTHMXKeNep i xyheni
TYPA€ KOPBITBIHABUIAN OTBHIPBIN, OKYIIBUIAPIBIH OCHl OUTIMAI TepeH WrepyiHe
apHaiFaH. TepPTiHIII IIBFapMalIbUIBIK ASHIeHAer] TarncepManapasl (OJUMIINAAaIbIK
TarncepManap, 3eprrey xobajapbl) MyFaliMIep HaKThl OanaHbIH KaOineTiHe Kapait
nepOec KypacThIpabl.

Tyiiin ce3mep: camanbl OimiM, (QYHKIMOHAJABIK CayaTThUIBIK, TY3 THUAPOIH3I,
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Annotanus. Cucrema cpeiHero 00pa3oBaHus IOCTOSHHO MEHSIETCS 1 OOHOBIISETCSL.
Peanuzanust oOHOBNIEHHO 00pa30BaTEIbHON MPOTPAMMBI 10 PA3BUTHIO KPUTHUYECKOTO
MBILIUICHHS y4alluxcs, camopediekcu H yrIyOJeHHOTO aHajiu3a WH(POpPMaIH
3aBUCUT OT KadecTBa pa0oOTHl mpenofasartens. OQQeKTUBHOE HCIIOIb30BAHKE
TEXHOJIOTUH B KJIaCCe CErOMHS SBIISIETCS CEPbEe3HOM MpobieMoii. TBopueckuii ypoBeHb
0Oy4eHUsI onpeseNnsercsl IeHCTBUAMHI YUYalIuXcs B UX COOCTBEHHOM IOMCKE 3HAHUIA,
HaBBIKOB M YMEHWH; JOCTHTraeTcsi TBOPYECKHI YpOBeHb oOydyeHusi. B pesynwrare
BOBJICUEHHUS CTYACHTOB B CAMOCTOSTEIbHYIO TBOPUECKYIO JEATEIbHOCTh CTAHOBSITCS
BO3MOXKHBIMH 3BpPUCTHUYECKHE CIIOCOOBI HccieroBaHusi. B pesynprare oOpasa
MBILICHHS, 00ECTICUYMBAONIETO TAKOW YPOBEHb 3HAHWH, OHM TaKK€ BOBJIEKAIOTCS B
TBOPYECKYIO JeSATENFHOCTD: YUallHecs ONPeesaioT TEMBI 1 3a/1a4i, aKTUBHO pabOTaloT,
(OpMYIHPYIOT THUIOTE3bl M HCCIENOBaTEeNbCKHE IUIAHBI, a TaKKe OCYHICCTBISIOT
HCCIIEZIOBATENbCKYIO JAEATENbHOCTh. [l pelneHus STHX 3aJad  IesIecoo0pa3Ho
MIPOBOJIUTH OOYYEHHE C HCIOJIH30BAHHWEM TEXHOJOTHH TPEXMEPHON METOANYECKON
cuctemsl (TTMS). B a10if craTthe paccmarpuBaeTcs IJIAHUPOBAHHUE U IPETOIaBaHUE
temsl "['maponu3 conel" mo xumuu ¢ ucnonb3oBaHueMm texHonoruit TTMS. Llensio
CTaThH SIBISIETCS CAMOCTOSITENIbHOE (OPMUPOBAHME M H3MEPEHUE YPOBHS pa3BUTHS
(YHKIMOHAILHOH TPaMOTHOCTH Y4YalllMXCS B paMKax BBIIIEYKa3aHHON TEXHOJOTHH;
orpeneieHne KayecTBa 3HAHMN YydYalluXcs IO TpPEeAMETy Ha OCHOBE pEe3yJbTaToB
KpUTEpHAJIBHOTO oleHMBaHUS. [Ipexne dYeM cTyneHTaM OOBSCHITH HOBYIO TEMY,
UM TPEJOCTaBISAETCS BO3MOXKHOCTH OCBOUTH €€ CaMOCTOSATeNbHO. UTOOBI crenarh
3TO, YYCHUKH CHa4aJila TIOATOTABJIMBAIOT Ce0si, BBINOIHSS "OMOpHBbIC 3ajaHus"
JoMa. DTO pa3BUBaeT y HUX CIIOCOOHOCTH paboTaTh ¢ YY4COHHKOM M OCYIICCTBISATH
CaMOCTOSITEIbHBIN TOMCK, MOBBINIAS KAaueCTBO MX 3HaHWi. Tperuit sram (oOparHas
CBSI3b) — 3TO BBINIOJHEHHE TpeX (YeThIpex) ypoBHel 3amanuii. [lepBrie Tpu ypoBHS
COCTaBIISIIOT 00s3aTebHBIH YPOBEHb TOCYJapCTBEHHOTO CTaHIapTa: B TO BpeMs Kak
3aJ]aHus TIEPBOTO YPOBHSI OXBaThIBAIOT MAKCUMaJIbHO HEOOXOMUMBIN MUHUMYM YPOBHS
TOCYIapCTBEHHOTO CTAaHAApTa, CIEAYIOIIUE JIBA YPOBHS MOCBSICHBI YIIYOJICHHOMY
OCBOCHHIO yUYAIIUMHCS ITUX 3HAHUH C CHCTEMaTHYECKHM O00OOIIEHHEM PEe3yJBTaToOB.
3a1aHus 4ETBEPTOr0 TBOPUECKOTO YPOBHS (OJIMMITHAIHBIE 33JaHNS, HCCIIE0BATEIbCKIE
IIPOEKTHI) COCTABIISIIOTCS YUUTEIMHU CaMOCTOSITENIFHO, B 3aBUCHUMOCTH OT CITOCOOHOCTEH
KOHKPETHOTO peOeHKa.

KioueBble cioBa: KadeCTBEHHbIE 3HAHWS, (QYHKIHOHAJIBHAS TPaMOTHOCTB,
TUJPOJIN3 COJIEN, MOHHBIN MPOAYKT, CTENEHb TUIPOJIN3a
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Introduction

The secondary education system is changing radically. The implementation of
the updated educational program for the formation of students' skills of constructive
thinking, self-search and deep analysis of information depends on the quality of the
teacher's activity (Karaev, 2018).

The main point of the topic under study is to improve the quality of Education. The
goals and objectives of the topic are dictated by the needs of the education system today.
Society has changed. Accordingly, the economy has also changed. The change requires
a high level of professional quality of its participants. The education sector plays a
key role in solving these complex problems. For this purpose, it is urgent to meet the
needs of society for young people who can work in any situation, see problems and turn
them into tasks, create technologies, methods of solving and make decisions, have high-
quality knowledge of Information Technologies.

The quality of education is determined in the world by International Studies (PISA,
TIMSS, PIRLS). These studies are conducted on the basis of a unique selection of
students and allow conclusions to be drawn about the overall quality of the system.
Based on the results of these studies, we know that it is necessary to improve the natural
science literacy of 15-year-old Kazakh schoolchildren.

Criterion-based assessment determines the goal of creating conditions and
opportunities for educational and cognitive activity, formation and development of
students, their creative and search-cognitive "immersion in the learning environment",
orientation, the flow of scientific information through the involvement of students leads
to systematic reflection, search for the meaning of this activity.

Current criterion-based assessment (formative assessment) determines the current
level of knowledge and skills acquisition thematic independent work, consisting of
levels corresponding to the goals of training, performs tasks. It stimulates the student
to understand how successfully the tasks in learning are performed, which is an
independent cognitive activity and allows him to do so. For students who have not
achieved the educational goal, an individual schedule is planned during the study of the
topic, corrective work is carried out.

The final (summary) assessment is carried out by the teacher, determining the level
after the end of each quarter. After completing the training, sections of the educational
material for the quarter of knowledge, skills and application of skills are analyzed.

Assessment of determining the level of application of knowledge,skills and abilities
in the conclusion aims to form functional literacy of students.

Experimental

The process of mastering the topic" hydrolysis of salts "on the SPP of pedagogical
technology" three-dimensional methodological system " includes two parts.

Of the organizational part of the lesson: a) organizes the lesson in 7—8 minutes; B)
checks the implementation of level tasks assigned to completion at home; C) checks
first from individual students, and then from the front.

A distinctive feature of the pedagogical technology" three-dimensional
methodological system " from others is that the synectic part consists of two stages.
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Atthefirst stage of the synectic part, students perform tasks necessary to independently
master a new topic. He said, "Remind me! «Starts with the heading. Tasks for updating
the topic improve the quality of knowledge, forming students' skills of working with
textbooks and self-search.

Let me remind you! Students prepare at home for topical issues that are the basis for
mastering the topic. Teamwork.

At the second stage of the synectic part, students prepare the first four of the six steps
of the text in the textbook, analyze the tasks "knowledge", "understanding", "analysis",
"compilation" from home and analyze them in the course of group work. The peculiarity
of this is that time is saved for practical work in the classroom.

Let me remind you!

1. What is the Ionic Product Of Water? Answer: using the law of interaction of
masses, we write the dissociation constant of water:

[H*1[0H]
Rd=— 0

Since water is a very weak electrolyte, by subtracting the constant values to the right
of the Equality-Kd - [H,0] = Kc we get the ionic multiplication of water.

Kc = [H*]-[OH] or Kc = [H*]-[OH] = 10

Is denoted as the ionic product of water and denoted as KS.

1. What is the hydrogen index? Answer: for the convenience of calculations, the
hydrogen reading is expressed by PH and measured in MOL/L. Equal to the negative
decimal logarithm of hydrogen ions: it indicates the concentration of hydrogen ions in
their solutions.

pH = - 1g[H] or pOH = - 1g[OH"]so, pH + pOH = 14.

From this

1) if pH = 7, then the medium is neutral, here [H*] = [OH"];

2) if pH > 7, then the medium is neutral, here [OH] > [H*];

3) if pH < 7, then the medium is neutral, here [H*] > [OH].

Students, in our lesson today we will consider "hydrolysis of salts:

The first step is to prepare students from home for the tasks of the "Know" approach.

1) What reaction is called hydrolysis? Answer: salts react with water and enter into
an exchange reaction, called hydrolysis.

2) What is the concept and what concept does the term hydrolysis give? Answer:
Greek"Hydro" means water, "lysos"means loss.

3) What definition would you give to the hydrolysis and constant of salts? Answer:
the frequency of hydrolysis directly depends on the degree of hydrolysis (hhydr).

4) What is full hydrolysis? Answer: hydrolysis is a reversible process, but in some
cases it can also occur irreversibly. Such cases:
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a) when the Cation charge of the salt is large (+4, +5);

b) when both the Saltcathion and the anion are hydrolyzed simultaneously;

c¢) when the substance does not belong to a salt, but consists of two non-metals or a
combination of an active metal and a non-metal.

Step 2 (teamwork) — tasks of approaches to "understanding” in theory. It is set in
order to deepen the tasks of the "knowledge" approach of students in the first step.
Determine the cause.

1) Why does a chemical reaction occur between salt and water? Answer. for example,
explain the dissolution of sodium carbonate Na,CO, in water [5-8].

2Na* +CO,*+ HOH «> HCO, +2Na" + OH +H"

The anion of a salt formed by a weak acid binds to a hydrogen ion (H+), resulting
in the formation of a weak electrolyte (HCO,") —bicarbonate ion, and the exchange
reaction between salt and water occurs fo the end.

The following salts are given: KCI, MgCO,, Na,SO,, BaBr,, Ca(NO3)2 ,Li,SO,,
Fe(HSO,),, NaNO,, CuCl,, FeSO,. Complete the following and prove your answers by
writing the reaction equations.

Questions Answers
Which salt solution indicates a neutral environment? | KCI, BaBr,, Ca(NO,), , Li,SO,, NaNO,

Which salt solution indicates an alkaline environment? | MgCO,, Na SO,

Which salt solution reflects the acidic environment? Fe(HSO,), ,CuCl,, FeSO,

Step 3 (group work) — tasks of approaches "analysis" in theory.

Compare the degree and constant of hydrolysis of salts and acid strength.

The weaker the acid (the lower the Ka-acid strength value), the stronger the hydrolysis
occurs.It can also be seen in this.By Cation, the hydrolysis of the weak base by Cation
Kh =K /Kb, and by anion K,= K /K K, and the degree of hydrolysis of h=C,/C can be
multiplied.

Dissimilarity: very similar to Ostwald's law of dilution.

Feature: because K, = 7,210 K = 10"%/7,210""hydrolysis takes place deep.

4. The main idea of the topic — What is the similarity and specificity?

The depth of hydrolysis of salts is quantitatively characterized by the degree of
hydrolysis of salts (h ) and the constant of hydrolysis (Kr). Compared to the degree of
hydrolysis, the hydrolysis constant does not depend on the concentration of the solution
in KT, so it is an acceptable characteristic of this process. Kr-the value depends on the
nature of the hydrolyzed salt and the temperature of the solution.

Step 4 (group work) — tasks of approaches to "accumulation” in theory. Stock up on
what you know!

Report. Calculate the degree and constant of hydrolysis at the first stage of a solution
of potassium phosphate (K,PO,) with a concentration of 0,1mol/l.

Resolution:
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1) determination of the hydrolysis constant of the first stage is determined by the
third stage (from the reference table Khy 4o H;PO,=4,2¢10"") (Bengoetxea, 2015).
2)h we'll figure it out by step.

KH,0 10-14 1014
2h = z = = ~ 0,49
hydro Kacia-Csait 4,2°10"13°0,1 4210714 ’
or 0,49 - 100 = 49%

The fifth step (group work) —according to the tasks of the approaches "accumulation"
in theory, the operations "apply"” and "evaluate"” on the content of the topic are performed.

Report. Determine the hydrolysis constant and degree in ammonium nitrate solution
with a concentration of 0.03 mol/l.

Resolution:

We determine the hydrolysis constant:

firsthydro

Ki,o 107 10-107%
Kocy 1,76-1075  1,76-1075

Khydro -

~6-10710

We determine the degree of hydrolysis of NH,NO, by the formula:

Kn,0 10-14 —4
3h = 2 = ~ V2-1078 = 1,4-10
hydro KnH,0m* Cacid 1,76% 10~5x0,03 ’

The sixth step (teamwork) is the tasks of the approach "evaluation” in theory.In your
opinion!

Task. What would you rate the given chemical reactions below? Evaluate the
hydrolysis reaction by comparison.

First example:

NaCI + HOH < NaOH + HCI,
Na+ + CI+ HOH < Na*+ CI'
HOH < H*+ OH-

Since the table salt solution is formed by a strong base and a strong acid, the
concentration of hydrogen (H*) and hydroxyl (OH") ions in the solution does not change.
Second example:
Na,CO,+ HOH = NaHCO,+ KOH
2K*+ CO,*+ HOH « Na "+ HCO, + Na'+ OH
CO,*+ HOH «+ HCO,+ OH

The concentration of hydroxide ions accumulates in the solution and hydrolysis
occurs.
Third example:
ZnCL— Zn* + 2CI
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HOH < H' + OH-
Zn*+ HOH < (ZnOH)' + H'

The concentration of hydrogen sulfide ions accumulates in the solution and hydrolysis
occurs.

Fourth example:

ALS, +6H,0 = 2A1(OH),|+ 3H,S1

I think so! If we compare the four examples given above, in the first the concentration
of only hydrogen (H") ions,in the second the concentration of only hydroxide (OH-)ions,
and in the third the electrolyte water molecule weaker than hydrogen and hydroxide
ions, and in the fourth example the hydrolysis reaction occurs to the end due to the
formation of a base and volatile acid insoluble in water (Saginayev, 2022).

The next stage of the lesson is feedback. The level of knowledge of students is
determined and fairly assessed by dividing and performing the knowledge gained in the
course of group work at the second stage of the lesson into three levels. The measure of
the result of the first level is 50 points.

Step 1 (individual work) — tasks of the "know-it-all" approach in theory are being
prepared by students from home.

1. What is the name of the exchange reaction between salt and water? Answer: a
chemical reaction that results in an exchange reaction that produces water and insoluble
salts is called hydrolysis.

2. What concept does the term hydrolysis give, what concept does it give? The Greek
"Hydro "means water,"lysos" means water.

3. What factors depend on the degree of hydrolysis of salts? Answer: 1)depends
on the nature of The Salt; 2)the temperature of the Medium; 3)the concentration of
the solution; 4)the charge of the lon; 5)the radius of the lon; 6)the deformation of
the electronic circle of the lon; 7) the dissociation constant(CD) of the formed weak
electrolyte.

Step 2 (individual work) — tasks of approaches to "application" in theory.

The following salts are given: sodium silicate, chromium (III) chloride, aluminum
nitrate. How does the solution environment change when dissolving salts in water?
Answer: the first shows an alkaline medium, the second shows an acidic medium, and
the second shows a neutral medium.

1) if the concentration of [on-] ions in the electrolyte solution is [on-] =10—-10 mol/L,
is it possible to calculate [H+] ions? Answer: the concentration of [H+] ions [H+]=10—
4/10—10mol / L. is it possible to calculate the pH value in the aqueous solution of this
electrolyte? ph= - Ig and the medium of the aqueous solution of this electrolyte will be
acidic because the pH<7 (Goncharov, 2017).

The first intermediate result. The measure of the first result of students is 5 points. If
the student is unable to complete the level tasks, "3" is put in the Journal in the journal.

The size of the second level is estimated at 89 points

Step 1 (individual work) — when performing tasks of approaches to "understanding”

in theory, it determines the reason.
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Task 1: Report. Why does the resulting solution show an alkaline environment
when 10g HNO, is added to 10g NaOH solution? Prove your answer by generating a
numerical problem?

Given:

m(NaOH) =10g; m (HNO3) = 10g.

Solution: mg (NaOH) = 40g;mg (HNO3) = 63g

We write the reaction equation: NaOH + HNO, = NaNO, + H20

Interaction of NaOH and HNO, in a ratio of 40:63 = 4:6.3, the reaction will be
neutral, and since we have a mass in a ratio of 10:10, the reaction will show an alkaline
environment. Because NaOH is obtained in excess. We find in proportion how much
NaOH is left in excess:

63g HNO,- - - 40g NaOH;10g HNO, - - - -. 10g NaOH; HG (NaOH)= 6.38 G HNO,

10g — 6.38 G = 3.62 g.answer: the medium is alkaline.

Step 2 (individual work) — tasks of approaches to "analysis" in theory. Compare the
exchange of acids and bases using the Venn diagram 1-3,from the point of view of the
new solvosystem theory.

Task 2: What is the essence of hydrolysis in the given equations?

Cu*', H,O «<Cu OH" + H"; pH<7

CN+H,0 «<HCN + OH’; pH>7

A" + 3CH,COO" + 3H,0 <Al (OH), + 3CH,COOH?; pH=7.

Answer: in the first case,hydrolysis occurs on the cation pH<7, since in the second
case, hydrolysis occurs on the anion pH>7. in the third case, the hydrolysis reaction
occurs to the end pH =7.

Step 3 (individual work) — tasks of approaches to "application” in practice.Give an
example of how a chemical reaction occurs between salt and water.

Answer: for example, sodium carbonate Na,CO, in water.

2Na' + CO,* + HOH <> HCO, + 2Na' + OH+ H"

in solution, a weak electrolyte (HCO, ) — bicarbonate forms an ion and a chemical
reaction between salt and water occurs fo the end of the exchange reaction.

The measure of the result of the middle interval is 89 points. In case of failure to
complete the tasks of the following levels, "4" is put in the log.

Step 1 (individual work) — tasks of "accumulation” approaches in practice.Compare
the given chemical reactions below and draw conclusions.First example:

NaClI + HOH < NaOH + HCI,
Na'*+ CI' + HOH < Na'+ CT;
HOH < H'+ OH

In the course of the exchange reaction, the concentration of hydrogen and hydroxyl
ions does not change.Hydrolysis does not occur.Second example:
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K,CO, + HOH = NaHCO,+ KOH
2K*+ CO,>+ HOH « K'+ HCO,” + K'+ OH
CO,*+ HOH < HCO; + OH
Only the concentration of hydroxide ions is accumulated. Third example:
CuCL, — Cu** +2CI
HOH < H"+ OH"
Cu* + HOH < (Cu OH)" + H*
CuCl, + 2HOH = Cu(OH),| + 2HCI

Fourth example:
Fe S, +6H,0 = 2Fe(OH),| + 3H,S1

Conclusion

If we compare the four examples given above, it follows that in the first the
concentration of only hydrogen (H+) ions, in the second the concentration of only
hydroxide ions, and in the third the concentration of hydrogen penhydroxide does not
change, and in the fourth example, the hydrolysis reaction occurs to the end due to the
formation of a base and a volatile acid insoluble in water.

Step 2 (individual work) — the task of the "assessment" approach in practice.

Task 2. What is your opinion?

In my opinion:

If in solution the concentration of hydroxide ions (OH") is equal to the concentration
of hydrogen (H*) ions? When dissolving table salt in water:

NaCl + HOH < Na* + CI* + H+ OH"

what do you think the environment shows? Answer: the medium is neutral.
If the concentration of hydrogen (H") ions in the solution is excessive? Ammonium
chloride in the process of dissolving in water:

NH," + Cl+ HOH «> NH,OH + CI + H'

what environment does the salt solution reflect in your mind? Answer: medium
acidity.

If the concentration of hydroxyl (OH") ions in the solution is excessive? In the
process of dissolving sodium carbonate Na,CO, in water:

2Na* + CO,* + HOH <> HCO, + 2Na" + OH
what environment do you think the salt solution shows? Answer: the medium is
alkaline.

If the salt formed from a weak base and a weak acid is dissolved in water:

(NH,),S <> 2NH," + S*NH," + HOH <> NH,OH + H*
S? + HOH < HS- + OH-
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What kind of salt solution in your opinion shows what environment? Answer: fully
hydrolyzed.

How would you rate the examples given? Depending on the nature of the salt, the
reaction medium will be weakly acidic or weakly basic. The Aydrogen indicator — (pH)
is used to determine the reaction medium. pH = - 1g[H"].

In the final result, 11 points scored from the previous level are added and a total of
100 are considered the result of the third level. The result is put in the journal" grade
five". The quality of students ' knowledge is considered "correct”, "complete", "action",
"depth" and "consistency" and "firmness" (Torsykbaeva, 2015).

Results and discussion

In order to make sure of the effectiveness of this technology, a pedagogical
experiment was conducted at the University, when the teacher directly interacts with
students,survey questions were taken and an analysis was carried out.

In order to implement the use of the technology of a three-dimensional methodological
system in chemistry, students of two universities were involved in the pedagogical
experiment. The experiment was conducted by Astana Medical University in Astana
under the educational program "General and Biological Chemistry" of the Astana
Medical University in Astana and the educational program "Chemistry" at the Aktobe
Regional University named after K. Zhubanov in Aktobe,which gave positive results.

120
100

80

: bbb_

0 —
FULL INCOMPLETE INCORRECT FULL INCOMPLETE INCORRECT
EXPERIMENTAL GROUP RESULTS

B Total EOutcome(%)

RESULTS OF THE CONTROL GROUP

Fig. 1. Survey conclusion diagram Nel

| ™
22 -I..._.I [~ = U .L..J .L.J

Full Incomplete Incorrect Full Incomplete Incorrect
Experimental group results Results of the control group
| Total HEOutcome(%)

Fig. 2. Survey conclusion diagram Ne7
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According to the results of Survey No. 7, the percentage indicators of the experimental
group showed a higher degree than the first ones, and the indicator of the control
group did not change to a significant extent. The results of the correct response of the
experimental group and the control group were a ratio of 75:50.

Conclusions

The importance of the technology of a three-dimensional methodological system in
teaching chemistry is very high,the level of knowledge and motivation of groups in the
use of these technologies in order to increase students ' interest in chemistry, provide
high-quality education and master it.

If the goal of training is fully consistent with the result of training, then it shows the
effectiveness of the pedagogical process. Teaching technologies activities that raise the
effectiveness of the constituent parts of the pedagogical system to a qualitative level.
The use of the technology of a three — dimensional methodological system in chemistry
increased students ' interest in the subject and revealed the ability to cognitive creativity.
Students were taught to be inquisitive, to cooperate, to work together systematically, to
be able to express themselves openly and freely.
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Abstract. Rare earth elements (REE) are important metals that are often used in
modern production. In nature, REEs are found in various ores, such as phosphorus-
containing ores. Usually, a large amount of REE remains in the waste after processing
and flotation of these ores. Therefore, it is essential to process and extract rare
earth elements. In the waste of phosphorus-containing ores, dysprosium is found in
significant quantities in comparison with other lanthanides. Optimal conditions for the
decomposition of phosphate waste in a closed system have been studied. This work
considers the extraction of dysprosium from standard solutions in a nitrate medium
with the cation-exchange extractant di-2-ethylhexylphosphoric acid (D2EHPA). For
this purpose, the effect of various diluents, such as hexane, kerosene, higher carboxylic
acids (HCA), and paraffin on the extraction of dysprosium was studied. The optimal
parameters were studied: extraction temperature, pH, concentration, and volume ratio
of the aqueous phase and extractant. According to the results of the study, extraction
with the D2EHPA — paraffin system at pH 1.1-6.0 is 94 %, and the optimal volume
ratio of the aqueous phase and the extractant is 1:10. The D2EHPA — paraffin system
is adequate for extracting dysprosium. The results obtained, which are considered with
a standard solution of dysprosium, will be used to separate it from phosphate waste.

Keywords: extraction, rare earth metals, dysprosium, di-2-ethylhexylphosphoric
acid (D2EHPA), paraffin
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HUTPATTBI OPTAJIAH JUCIIPO3UI I 12T ®K-MEH
SKCTPAKLIUSLIIAY

Annoramus. Cupek xep snementrepi (CXKD) kasipri 3amMaHfbl eHIIpicTe XKHi
KOJIIaHBIIATBIH MaHbBI3ABI MeTajnap Oonbin TalObuianel. Taburarta CXKD oprypmi
pynanapaa, COHBIH imiHAe KypambiHaa ¢ocdopbl Oap KeHIepAe Kezdeceni. OnerTe
Oy KeHJepAi eHAaeyneH koHe (uoTauumsuiayqan KeiliH ajblHFaH Kaiaeikrapaa CXKO
Meduepi ko Oonansl. COHIOBIKTAH CHUPEK >Kep JJIEMEHTTEpiH OHIEY JKOHE OHIIpY
ere MaHbI3ABL. Kypambiaaa ¢ocdoper 6ap KeHAEpAiH KalAbIKTapblHAA IUCIPO3HUN
0acka JTaHTaHOMITapMEH CaNbICTBIPFAaHIA alTapiblkTail Menmepae Oonansl. Docdar
KaJIIBIKTapbIHBIH JKaObIK JKYHele BIObIpaybIHBIH OHTAMIIBI MIApTTaphl 3epTTenai. by
KYMBICTa KaTHOHAJIMACTBIPFBI AU-2-3THIreKcuidocop Kekpuibl (221 DK)
SKCTpareHTIMEH HHUTPATThl OpTajarbl CTAHAAPTTHl EPITIHALIEPIHEH IUCTIPO3Uiiai
Oeunin amy KapacTeIpbUIIBI. JIMcIpo3uil SKCTpaKUUsICHIHA T€KCaH, KEPOCHH, JKOFaphl
kapOon kpiukeiaapsl (OKKK), mapadwH cHAKTBI opTYpii epiTKIIITepAiH acepi
3epTTeNi. DKCTPaKUsHBIH OHTAMIIBI TapaMeTpil KapacThIpbULABL: Temreparypa, pH,
KOHLEHTPALUS, CyJIbI Pa3a MEH SKCTPAreHTTiH KOIEeMAIK KaThIHACKL. 3epTTeY HOTHKENepi
ooiibiHma JI20I'®K — mapapun xyiecimen pH 1,1-6,0 ke3iHme sKCTpakIHMSHBIH
Oeniny nmopexeci 94% xoHe Cyinbl (pa3a MEH 3KCTPAreHTTiH KOJIEeMIIK KarbiHachkl 1:10
Kypaznel. 123I'®K — napadun xyleci nucnpo3uidai 0exin amy yiriH THIMAI OOMmbII
TaObUIABL. JMCTpO3UiiaiH CTaHAAPTTHI ePITIHAICIHEH aJbIHFAH HOTHXKeJIep OHbI ocdat
KaJIIBIKTapblHaH OOl any YIIiH NainanaHbuIagsl.

Tyiiin ce3mep: OSKCTpakuus, CHpPEK J>Kep MeTalgapbl, AWUCIPO3HUH, [OU-2-
stunrexcundocdop Kekpuibl (231 OK), napadun
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IKCTPAKIIUAA JUCITPO3US C JI2OTI'®K U3 HUTPATHOM CPE/IbI

Annoranus. PenkozemensHbie anmeMeHTH (P3D) sBISIOTCA Ba)XKHBIMH METaJlIaMHU,
KOTOpBbIE YacTO HCHONB3YIOTCA B COBPEMEHHOM Ipou3BoacTBe. B mpupone P33
BCTPEUAIOTCSI B Ppa3HBIX pylax, Takue Kak Qocdopcoaepxkamue pynsl. OObIYHO
Oonbiioe xomuuecTBO P30 ocraercs B oTxomax mocie oOpaboTku U (IoTaluu 3THX
pya. [ostomy oueHp BaykHO 0OpabaThIBaTh U U3BIEKATh PEAKO3EMEIIbHBIE IIEMEHTHI.
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B orxome ¢ocdopconepxkammx pya BCTpedaeTcs TUCTIPO3UHA B 3HAYUTEIBHBIX
KOJIMYECTBAX MO CPAaBHEHUIO C OCTaJbHBIMU JIaHTaHOUJaMU. V3ydeHbl onTHUMasbHbIe
ycnoBusi pasnoxkeHusi (QocdarHoro orxoma B 3akpeIToi cucteme. B pabote
paccMmarpuBaeTcs M3BJICUEHHME AMCIPO3MS U3 CTaHAAPTHBIX PacTBOPOB B HUTPATHON
cpeae ¢ KaTHOHOOOMEHHBIM AKCTPareHTOM IH-2-3TUirekcuidochopHOil KucioTon
(22T ®K). HccnenoBano BIUsHHE pazIUyHBIX pa3OaBUTENEH, TakHe KaK TEKCaH,
KepOCHH, BeIcine kapOoHoBbIe kuciaoThl (BKK) n napadun Ha 3KCTpakuuio AUCTIPO3USL.
N3ydeHsl onTUManpHBIE MapaMeTpbl SKCTpaKLUUU: Temrmeparypa, pH, koHUeHTpanus
1 00beMHOE COOTHOIIEHHE BOAHOW (a3bl W dKcTpareHTa. [lo uroram mcciaenoBaHus
skcTpakius ¢ cuctemoit J[20T'®K — mapadun npu pH 1,1-6,0 cocraBnser 94 %, a
ONTUMAaJIbHOE 00BbEMHOE COOTHOIIeHHE BOAHOM (haszel M 3kcrpareHTa 1:10. Cucrema
J23I'®K —napaduH sensercs 3¢ GeKTUBHBIM U151 U3BIeYeHUs quctipo3us. [lomyueHHbIe
pe3yNIbTaThl, KOTOPBIE PACCMOTPEHBI CO CTaHAAPTHBIM PAaCTBOPOM OUCIIPO3Usi OyneT
MPUMEHSITHCS TS BBIIEJIEHHS ero U3 (ocdaTHBIX OTXOAOB.

KuroueBble ciioBa: 3KCTpakius, peAKO3EMENbHbIE METaJbl, AUCIPO3UH, IU-2-
stunrexcundocdopnas kucnora (291 OK), napadhun

Introduction

Currently, rare earth metals (REM), i.e. 14 f-elements (Ce, Pr, Nd, Pm, Sm, Eu,
Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu) and 3 d-elements (Sc, Y, La) are critically important
elements for the production of magnets, fluorescent lamps, lithium hydride batteries,
etc. In nature, REM occurs in the form of various ores, such as monazite, bastnesite,
xenotime, and others. In our work, the extraction of dysprosium from phosphate waste
is considered. In phosphate slag, the amount of dysprosium is greater than the rest of
the REE. Therefore, it is important to quantify the extraction of dysprosium in the waste
of phosphorus-containing ores.

One of the effective methods of extraction of rare earth elements is extraction.
D2EHPA is often used for the extraction of REE (Acharya et al., 2015; Kolarik, 2010;
Mowafy & Aly, 2006; Ohashi et al., 2007; Pei et al., 2012; Turanov et al., 2004;
Wannachod et al., 2014a; Wannachod et al., 2014b; Wannachod et al., 2015) as a cation-
exchange extractant, that is, it is a selective extractant for REE. Also, the results of the
work of other authors who used D2EHPA with various diluents as an effective extractant
for the extraction of rare earth metals from different media are presented in Table 1.

The authors of (Erust et al., 2021) performed an extraction of Nd and Dy from a
neodymium magnet with Cyphos IL 101 and D2EHPA at pH 4.5 at room temperature.
The extraction results showed that 72.3 % Tv and 66.3 % Vn were isolated with Cyphos
IL 101 and 98.7 % Tv, 82.6% Vn using 0.4 M D2EHPA. Here you can see that the effect
of Cyphos IL 101 is significantly lower than D2EHPA.

N.A.Ismailetal. (Ismail etal.,2019) used a bifunctional extractant—di (-2-Ethylhexyl)
phosphate (P,O,) with IL Aliquat 336 (A 336), which is diluted in n-heptane. The ratio of
organic and aqueous phases is 4:1 at room temperature. Samarium showed the highest
separation factor of 2.81, and the separation factor of samarium from europium was
2.26. Samarium is easily separated from a mixture of Sm-Eu-Gd solutions in the first
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stage of extraction, and Eu and Gd in the second stage of extraction. For re-extraction,
nitric, hydrochloric, and sulfuric acids were used for comparison. Among them, HNO,
gives a high possibility of separation than HCl and H,SO,. Aliquat 336 as an extractant
was used in the following work (Jiirjo et al., 2021) compared with D2EHPA, extraction
was carried out in a highly acidic medium pH 1.5 to extract lanthanides from Estonian
phosphor ore. It has been found that U, Th, and T1 (in ore) can be selectively extracted
using A336[NO,] with concentrated nitric acid. However, the extraction of REE from
A336[NO,] is insignificant. Thus, A336[NO,] cannot be proposed as a good extractant
for REE. And D2EHPA is more selective compared to A336[NO,].

In the following work (Mishra & Devi, 2020), one can also see the extraction of
samarium in a monocyte, in which 0.1 mol/L D2EHPA in kerosene and 0.1 mol/L
trihexyltetradecylphosphonium bis(2-ethylhexyl)phosphate [P66614][D2EHPA] in
kerosene were used as a cation exchanger. The optimal separation coefficient Sm/La
= 130.83. And in this work it is also noted that D2EHPA is a better extractant than
[P66614] [D2EHPA].

Table 1 - Extraction of REE with D2EHPA with various diluents in different years (Ni’am et al.,

2020)
REE Extractant | Diluent |R, % Year References
Nd(III) D2EHPA |Kerosene |92.9 2012 (Pei et al., 2012)
Eu (I1I) D2EHPA | Kerosene | 94.2 2011 (Pei et al., 2011)
Nd (1) D2EHPA | Heptane |94.5 2014 (Wannachod et al., 2014b)
Nd, Dy and Pr | D2EHPA | Isopar-L |83.5, 81.55, and 87.93 |2020 (Ni’am et al., 2020)
Nd (I11) D2EHPA | Aliphatic |90.0 2018 (Batchu & Binnemans,
2018)
Nd (1) D2EHPA | Kerosene |90.2 2019 (Kumari et al., 2019)
Dy (III) D2EHPA |Hexane |67 2022 In this work
Dy (III) D2EHPA |Paraffin |94 2022
Dy (IIT) D2EHPA |HCA 70 2022

Also, extracts of REE with D2EHPA with various diluents and other extractants are
presented in the works (Gergoric et al., 2017; Kurdakova et al., 2017; Maslennikova &
Sinegribova, 2017; Matsumiya et al., 2021; Mohammadi et al., 2015; Raji et al., 2017,
Daware et al., 2021; Seyed Alizadeh Ganji et al., 2016; Yoon et al., 2016).

In this work, various diluents with the cation-exchange extractant D2EHPA for the
separation of dysprosium from nitrate media are considered. The influence of various
factors on metal extraction has been studied, and optimal conditions for the dissolution
of phosphate waste have also been studied. As part of the waste, dysprosium occurs
in significant quantities. Therefore, in the future, the separation of dysprosium from
phosphate waste will be considered.

Materials and methods

2.1 Reagents

The following reagents were used for the experiment: nitric acid HNO, (67 %),
D2EHPA (purity 95 %), dysprosium oxide (purity 98 %), hexane (purity 95 %),
kerosene, paraffin, phosphate waste.

101



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

2.2 Aparatus

Inductively coupled plasma - mass spectrometer ICP-MS (Agilent 7500 A, USA),
muffle furnace (SNOL 7,2/1300, Lithuania), microwave sample preparation system
(Speedwave four "Berghof", Germany), photocolorimeter KFK-2MP (Russia), [-160
MI Ionomer (Russia)

2.3 Acid leaching of phosphate waste

Acid leaching of phosphate slag was carried out in a closed system in an autoclave.
0.1000 g of phosphate waste put in a Teflon dish with a volume of 60 mL, and 5 mL of a
freshly prepared mixture of HNO, + H,0O, is added. The autoclave is hermetically sealed
and placed in a microwave oven to a temperature of 220°C in 1 hour.

2.4. Extraction procedures with diluents

For extraction, 10% D2EHPA and the diluents hexane, paraffin, and HCA were used
as an extractant. A standard solution of dysprosium with a certain concentration (9203.2
micrograms /L) was taken into a 25.0 mL volumetric flask and diluted with distilled
water. For liquid extraction, the solution was poured into a dividing funnel, pre-prepared
extractant was poured and shaken for 3 minutes. They were left for complete delamination
of the organic and aqueous phases. After 20 minutes, the phases were separated and the
equilibrium pH of the aqueous phase was measured. For solid-phase extraction, the
solution was poured into extraction flasks, pre-prepared suspended solid powder of the
extractant was poured, heated in an electric stove until the extractant completely melted
(do not allow the solution to boil). After stirring for 3 minutes, extraction was carried
out and cooled. The extract formed on the surface was separated and the equilibrium pH
value of the aqueous phase was measured. In case of the formation of a turbid solution
after extraction, the solution was filtered. After extraction, the content of dysprosium in
the aqueous phase was determined by photometric, ICP-MS method.

2.5 Photocolorimetric determination of dysprosium
After extraction, the concentration of dysprosium in the aqueous phase was

determined using a photocolorimetric method. To do this, aliquots were taken from
the solution after extraction and transferred to glass. Added 1 ml ascorbic acid, 1 ml
buffer solution pH = 3.5, and 2 ml Arsenazo III. On the [-160MI ionomer, the pH of the
solution was adjusted to 2.6 + 0.1, the solution was brought into a measuring flask with
a volume of 25.0 ml, then the optical density was measured on a photocolorimeter at
a wavelength of 670 nm. The metal content is determined according to the calibration
schedule. The concentration of dysprosium in the aqueous and organic phases was
calculated by equations 1 and 2:

Cv = (C,-C**)-undiluted (1)
Corg: (Cinit-cw) (2)
where C" is the concentration of the aqueous phase, C__is the concentration of the

organic phase, C, , is the concentration of the initial solution, C# is the concentration
of the calibration graph.
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2.6 Extraction of dysprosium
D2EHPA is a cation-exchange extractant, so the reaction mechanism can proceed in
the following form:

[Ln”]aq +2 [(HA)Z]Org [LnA3'HA]Org + 3H* 3)
where, Ln — Dy, HA - D2EHPA, K, — equilibrium constant;

[LnA3-HA]org [H*]?
[Ln3+ Jag ([((HA)z]org )? (4)

A=

The 3- and 4-equations show the extraction mechanism between lanthanides and a
cation-exchange extractant.

[Dy"], +2 [(HA),],, [DyA, HA]  +3H" 5)

[DyA3'HA]org [H*]?

Ka=
A [Dy3+ ]aq ([(HA)Z]org )?

(6)

The 5" and 6™ equations present the mechanism of the extraction process between
the aqueous phases of dysprosium and the organic phases - D2EHPA.

Extraction proceeds according to the following degrees: dissolution of organic
reagents in the aqueous phase; formation of the extracted complex and distribution of
the extracted complex in the aqueous and organic phase.

Results and discussian

Extraction of dysprosium by organic substances of various classes

This section presents the results on the effect on the extraction of dysprosium
D2EHPA of the nature of the solvent, the concentration of the metal in the aqueous and
the reagent in the organic phase, the ratio of the organic and aqueous phase.

The effectiveness of extraction reagents depends on the nature of the diluent. In
some cases, the diluents themselves act as an extractant. Therefore, it is necessary to
choose the optimal reagent and diluent for the extraction of dysprosium. Various cation
exchange reagents have been used as diluents, which can themselves be good extractants.
Organic substances of various classes were used as diluents: hexane, kerosene, higher
carboxylic acids (HCA), paraffin.

The results of extraction of dysprosium with different diluents are shown in Figure
1. Extraction can be accompanied by polymerization, solvation, ionization in two
phases. Therefore, it is reasonable to use the distribution coefficient of dysprosium
for the quantitative description of extraction, which is equal to the ratio of the total
concentrations of the substance in two phases, organic and aqueous, and on its basis to
calculate the degree of extraction.
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CDy=l,1'10'4 mol/L, t=20-70 °C; = 3 min;
1 - kerosene; 2 - hexane; 3 - HCA; 4 — paraffin

Fig. 1 - The effect of the acidity of the medium on the extraction of dysprosium with various solvents

Figure 1 shows the extraction of dysprosium with various diluents. Extraction with
hexane and kerosene was carried out at room temperature, and with paraffin and HCA
at 70°C. During the study, an interesting phenomenon of metal distribution between the
aqueous and nonpolar organic phase is observed without the reaction of the formation
of complexes for the solvents paraffin, hexane and kerosene. As a result of the study,
hexane and kerosene extracted dysprosium up to 7 % in the pH range 1-5. And with
high-temperature extraction, the degree of metal extraction with paraffin is 65 %, and
with HCA is 59 %.

In the considered pH range, there is no sharp change in the extraction of dysprosium
for all diluents. But when using kerosene and hexane, the solution is emulsified,
which complicates the separation process. Therefore, for further research, a mixture
of paraffin and HCA can be chosen as a solvent, because one of them is inert, and the
second increases the extraction properties of the extractant. The extracts obtained after
extraction are solid and homogeneous, easily separated from the solution after cooling,
and the solutions are translucent, which makes it possible to determine dysprosium by
photometric method.

3.2 The effect of diluents on the extraction of dysprosium with D2EHPA

It is necessary to identify the effect of cation exchange reagents, in particular higher
carboxylic acids, on the extraction of dysprosium D2EHPA. Therefore, we considered
the extraction of dysprosium with (10%) D2EHPA with diluents such as hexane, higher
carboxylic acids (in HCA), paraffin.

The results of the extraction of dysprosium D2EHPA are shown in Figure 2.
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CDy=1,l 10* mol/L, t=70C; =3 min;
1 - D2EHPA - hexane, 2 - D2EHPA-HCA, 3 - D2EHPA -paraffin

Figure 2 - Extraction of dysprosium D2EHPA in various diluents depending on the acidity of the aqueous
phase

The extraction curve of dysprosium D2EHPA-hexane (1) and HCA (2) increases
slightly with an increase in pH at a medium acidity of 1.2-2.5 to 67 %, with an increase
in acidity, extraction decreases slightly. The degree of dysprosium extraction when
using HCA was Ry, ~70 %. The use of carboxylic acids did not improve the extraction
of dysprosium. Extraction of D2EHPA — paraffin (3) metal proceeds in a wide pH range.
AtapH of 1.1-6, the extraction is R, ~94 %. AtpH 1-5.0, dysprosium is in the aqueous
phase in the form of cationic hydroxo-ion. At low concentrations of hydrogen ions,
D2EHPA is a cation exchange reagent. As a result of the study, the cation-exchange
extractant D2EHPA was proved, since it has high extraction properties, is available and
is widely used in the technology of obtaining dysprosium, and paraffin as a diluent.

3.3 Effect of the extractant concentration on the extraction of dysprosium with the
D2EHPA - paraffin system

The influence of the extractant concentration plays an important role in the study of
the metal extraction process. This section studies the extraction of dysprosium D2EHPA
of different concentrations in paraffin, depending on the acidity of the medium. In
slightly acidic and neutral solutions, D2EHPA exhibits the nature of a cation-exchange
reagent. As a result of dimerization of D2EHPA, the extracted complexes obtained
during extraction may possibly be solvated by acid molecules. Therefore, the study
of the effect of the concentration of D2EHPA on the extraction of dysprosium makes
it possible to determine the metal ratio: the extractant in the complex and the optimal
concentration of the extractant for practical use. Extraction extraction of metal was
carried out by D2EHPA-paraffin melt. The concentration of the reagent varied from 5
to 20 %.

The concentration of dysprosium was 1.1-10* mol/L, the extraction time was 3
minutes, the temperature was 70°C, the volume ratio of water and organic phase was
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1:10. The extraction of dysprosium D2EHPA depending on the acidity of the aqueous
phase is shown in Figure 3.

As can be seen from Figure 3, the degree of extraction of the extraction curve at
5%-D2EHPA-paraffin was 75-85 %, and the extraction curves with melts of 10 %, 15
%, 20 % D2EHPA-paraffin are close to each other, in this regard, a mixture of 10%
D2EHPA-paraffin was selected for further study.

B, L
LL
— = "
L e ——
- -
- b i
- )
L -
-
- e |
—._'-_-
R
_I-_'--
_I---'- i
— —'__'_.F
TR ol =
¥ L) ¥ ¥ " ¥ ] L] = il
- s L] L] . £ T

1-5 % D2EHPA-paraffin, 2-10 % D2EHPA-paraffin, 3—-15 % D2EHPA-paraffin,
4-20 % D2EHPA -paraffin; CDyzl.l 10* mol/L, t=70°C; =3 min

Figure 4 - The effect of medium acidity on the extraction of dysprosium with different concentrations of
D2EHPA

3.4 Effect of dysprosium concentration on extraction efficiency

Extraction was carried out by a D2EHPA melt with a constant concentration in
paraffin and a metal concentration in the range of 1.0-10*—1.0-10~° mol/L in the aqueous
phase. The study was carried out at constant values: the ionic strength of the solution, the
ratio of the aqueous and organic phase, temperature, extraction time. At concentrations
of dysprosium greater than

10-3mol/L, a sharp decrease in metal extraction is observed. At metal concentration
values

1.0-10%-1,0-10° mol/L the degree of extraction of dysprosium does not change.
Thus, the concentration of dysprosium in the aqueous phase of 1.0-10* mol/L was
selected for further study.
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Figure 5 - Effect of dysprosium concentration on extraction efficiency

3.5 Effect of the phase ratio

One of the factors influencing metal extraction is the volume ratio of phases. The
extraction process in most cases is determined by the process of complexation, which
is greatly influenced by the phase ratio. Metal extraction was carried out by D2EHPA-
paraffin melt, the volume ratio of the organic and aqueous phase varied between
1:10—:500. The concentration of the extractant was 0.304 mol/L, the concentration of

dysprosium in the aqueous phase was 1-1
the temperature was 70°C. The pH of the
shows the dependences of the degree of
ratios at constant pH. With a ratio of the o

0 mol/L, the extraction time was 3 minutes,
medium remained constant pH = 2. Table 2
extraction of dysprosium at different phase

rganic phase and the aqueous phase of 1:100,

the degree of extraction is already quite low — 40 %.

Table 2 - Effect of the phase ratio on the extraction of dysprosium by D2EHPA-paraffin melt

Vol Vg |R %

1:5 98
1:10 98
1:20 99
1:50 84
1:100 40
1:200 7
1:500 5

C,.=0.304 mol/L; pH=2; CDy

=110*mol/L; t=70-90C; =3 min

As follows from the table, for the quantitative extraction of dysprosium, a high ratio
of the aqueous phase and the extractant should not be taken. The most optimal volume

phase ratios are 1:5-1:20.
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Thus, the obtained optimal conditions for the extraction of dysprosium have found
practical application in extracting it from phosphate waste.

3.6 Results of decomposition of phosphate waste in a closed system

A mixture of concentrated nitric acid and hydrogen peroxide was used to decompose
phosphate waste. The scheme of the decomposition process is given below:

Sample of phosphate waste HNO, coney T H,0, ICP-MS analyses.

According to the scheme of the decomposition process, the sample is cooled to room
temperature, then poured into a 50 mL volumetric flask and brought to the mark with
bidistilled water. The resulting phosphate waste solution was filtered through white
filtered paper, and then a quantitative analysis of the composition of the sample with
ICP-MS was carried out. The results obtained after the decomposition of the sample are
shown in Table 3.

Table 3 - ICP-MS results after decomposition of the waste by microwave autoclave method
EEE ©, %
u

Tb
Dy
Ho
Er
Tm
Yb
Lu
)

According to the results of the decomposition of phosphate waste, it can be
concluded that the content of dysprosium in the sample is quite high, compared with
other REE. The content of REE in the composition of the waste decreases in the series
Dy>Er>Ho>Tm> Eu >Tr >Yb>Lu.

Conclusion

Comparative indicators of diluents with the extractant D2EHPA in an acidic
medium are considered. The effectiveness of diluents decreases in the series paraffin>
HCA > hexane = kerosene. The paraffin - D2EHPA system is the most optimal for the
separation of dysprosium. Optimal conditions of metal extraction and decomposition of
phosphate waste have been investigated. In the phosphate waste, the concentration of
dysprosium is greater than the rest of the REE. Therefore, further work will be devoted
to quantitatively separation of dysprosium from the waste, while taking into account the
optimal parameters with a standard metal solution, which are presented in this work.
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Abstract. The main aim of any higher education institution is to train a qualified
specialist. To achieve this goal, various methods are used in the process of training
specialists. One of such methods is "the use of three-dimensional methodological
system technology in the educational process". Many technologies are currently being
used, one of them being the "three-dimensional methodological system of teaching".
The effectiveness of the named technology: students are given the opportunity to assess
their knowledge objectively, the learning achievements of each student are assessed for
each topic, and learning outcomes are fairly assessed and recorded on the monitoring.
The article pays much attention to improving the quality of education — new learning
in accordance with the requirements of the humanistic paradigm, which has replaced the
traditional learning of the younger generation, and clarifies the content of the concepts
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of their formation. In this regard, in order to disclose the subject, the experience of
introducing a tool to improve the quality and efficiency of the educational sphere in the
educational process of the university by Professor Zhaumbai Karayev, the author of the
training technology "Three-dimensional methodological system" (TMS) is presented.
Education with level tasks according to the technology of the three-level methodological
system is classified as compulsory, algorithmic, heuristic, creative level.

Keywords: level assignment, criterion based assessment, solvo system theory,
ionochemistry, ammono-chemistry, aquochemistry
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Annoranus. Ke3 kenren >xorapsl 0Ky OpHBIHBIH 0acThl MakcaThl — OLTIKTI MaMaH
nasiprnay. byn makcaTka skeTy YLIIH MaMaHIapAbl AalbIHAAy MPOLECiHAE SpTYpi
omictep Konmmanbutaasl. Ockl omicTepAiH Oipi — « Y1 emeM i oficTeMeNiK KyHeHIH
TEXHOJIOTUSICBIH OKY YpZiciHae Kommany». Kazipri yakbITTa KOJAAHBUIBIN XYPreH
TEXHOJIOTHUSIIAp ©Te KOIl,colapablH 0ipi peTinae « OKBITYIbIH YLIOMIIEM Il 9IiCTEMENiK
xytieci (YOXK)» afita anmambiz. «YOX» TeXHOMOTUSACHIHBIH THIMALIITI: OKYIIBLIAPIBIH
o3 OimiMaepiH onin OaFanayFa MYMKIHOIK —amajbl, 9p TakbIpblll OOWBIHIIA JpOip
OKYIIBIHBIH OKY ETIiCTiri OarajgaHaabl, OKYy XETiCTiri o1l OaranaHbIll, MOHUTOPHHTKE
Tipkeneni. Makanaga >kac yprnakThl OYpBIHFBI JOCTYPJi OKBITYABIH OPHBIHA KEJIreH
TYMaHUCTIK NapaJurMaHbIH TallanTapblHa COHKEeC jKaHalla OKBITY — OimiM OepyadiH
camachlH apTTHIPYFa YJIKEeH MoH OepiireH koHe olapAbl KAJIBINTACTHIPY YFBIMIAPBIHBIH
Ma3MyHBbl HakTbUTaHFaH.OChIFaH Opai, TaKBIPHIITHIH Ma3MyHBIH amly MaKcaThIHIa
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OKBITYIBIH «YIIONIIeM i dIiCTeMENiK Kyiec» TexHomoruschHbIH (YOXKT) aBTOpHI
npodeccop Kaymbali KapaeprhiH OiniM Oepy canachIHBIH camachl MEH THIMIUTITIH
apTTHIpyFa apHaJFaH KypalblH XOFapbl OKY OPHBIHBIH OUTIMAIK yHepiciHe eHAipy
ToXipuOeCci  YCHIHBUIFAaH. YIIONIIEMIl 9ICTEMEINIK JKYHEeCl TEXHOJOTUSChIHA cail
JNEHIeWIIK TancelpManapMeH OuriM Oepy MIiHIETTi, aJrOPUTMIIK, 3BPUCTUKANBIK,
TBOPUYECTBOJBIK JCHTeH AT JKIKTEeIIe/I.

Tyiiin ce3mep: neHreiik TancelpManap, KpuTepualibl Oaranay, COIbBOXYiHeci
TEOPHSICHl, HOHOXUMHUSI, AMMOHOXUMHUSI, aKBOXHMHUSI
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AHHOTaIII/Iﬂ. I'maBHOI IOCJIbIO JIF000r0 BBICIIETO ylle6HOl"0 3aBCACHUSA SABIISACTCA
IIOATrOTOBKa KBaJ’II/I(l)I/I]_II/IpOBaHHOFO crienuaiaucra. I[J'IH JOCTHIXCHUA 3TOM eI BIIPOLECCE
MOATOTOBKU CHEIUAIUCTOB HCIIOJIB3YIHOTCA PAa3IMUYHBIC METOBI. OZ[HI/IM U3 TaKux
METOHOB ABJIACTCA «Hcnonp30BaHuE TEXHOJIOTHH TpeXMCpHOﬁ METOOUYECKON CUCTEMBI
B y‘le6HOM mpouecce». B HACTOAICC BPEM UCTTIOJIB3YETCA MHOXKECTBO TCXHOJ’IOI‘I/IfI, OJHa
U3 HUX — «TpCXMCpHaH METOANYCCKasA CUCTEMA 06yquI/I$I>>, S(bq)CKTI/IBHOCTL Ha3BaHHOM
TEXHOJIOTHHU: yUalllUeCd MOTYy4arOT BO3MOKHOCTh OOBEKTUBHO OLI€CHMBATHh CBOU 3HAHMUA,
M0 KaXXOA0l TeMe OLICHUBAIOTCS yqe6HHe AOCTHUIKCHHUA KaKA0T0 YUCHHKA, CIIPABEAJINBO
OLICHUBAIOTCS PC3YJIbTAThL O6y‘-IeHI/I$I n (I)I/IKCI/IPYIOTCSI Ha MOHUTOPUHI. B cratbe YACIICHO
0OIbIIOE BHMMAHUE ITOBLIIICHUIO KauecTBa O6pa30BaHI/I$[ — HOBOMY o6yquI/1}0 B
COOTBETCTBHHU C TpCGOBaHI/IHMI/I FyMaHHCTH'{CCKOﬁ napaavurmal, anme):[Lueﬁ Ha CMCHY

113


https://orcid.org/0000-0002-8488-4071
https://orcid.org/0000-0001-5278-3404
https://orcid.org/0000-0002-2683-1190
https://orcid.org/0000-0002-3121-3135
https://orcid.org/0000-0002-0519-2297

OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

TPaJULIUOHHOMY OOYyYEHHIO MOJIOJIOTO MOKOJICHHUS, U YTOYHEHO CONEpKaHUe MOHSATHH
ux hopmupoBaHus. B CBA3M ¢ 3TUM, B LEISAX PACKPHITUSI TEMAaTUKU TPEICTABICH OIBIT
BHEZIpeHHUs B 00pa3oBaTesIbHBIN MPOLECC By3a MHCTPYMEHTA JJIsl IIOBBIIIEHHUS KaueCcTBa
u >QQeKTuBHOCTH 00pazoBaTenbHOM cdeprl mpodeccopa Kaymbas Kapaesa, aBropa
TexHONoruu obyyenus « TpexmepHas meroguueckas cucrema» (TMC). OGpazoBanue ¢
YPOBHEBBIMH 3aJaHUSMH B COOTBETCTBUH C TEXHOJIOTHEH TPEXyPOBHEBOM METOAMYECKOM
CHCTEMBI KilacCU(QUIHMPYETCS KaK 00s3aTeNIbHBIN, aITOPUTMHYECKHHA, IBPUCTHYECKHUH,
TBOPUYECKHUI YPOBEHB.

KiioueBble ciioBa: ypoBHEBHIE 3aJaHus, KpUTEPHAJIbHOE OLCHWBaHHE, TEOPHH
COJIBBO CUCTEMBI, HOHOXUMHSI, aMMOHOXUMHSI, aKBOXUMHUS

Kipicne

TakpIpBINTEIH Ma3MYHBIH allly MaKCaTbIHAA OKBITYABIH « Y LIONIIEMIl 9AiCTeMeiK
xy#eci» TexHonoruscsiHbIH (YOXXT) aBTops! mpodeccop XKaymbaii Kapaes 0inim Oepy
CaJIaCBIHBIH canachl MEH THIMALIITIH apTThIpyFa apHaJFaH.

«OKoFapb1011iMKoHE FBUTBIM MUHUCTPIIIT 1KY PTi3ilKaTKaH KenTereH peopMasiapAbIH
0acThl MaKcaThl OKBITY CamachlH apTThIpy €KeHi Oenrijgi. MUHHCTPIiKTIH coHFBI 30
KBUIJAFBl opeKkeTTepi OinmimM Oepy >KyheciHmeri yHWbIMIacTHIPYIIBUIBIK-HOPMATUBTIK,
MaTepUaNIbIK-TEXHUKAJIBIK,  KapXKBbUIBIK  CHIATTaFbl  KONTEreH  Macenesepre,
Me1arOTUKaHbIH FRIIBIMU-9/IicTeMENIK OemiriHiH Oipkarap Macenenepine OaiaHbICThI
KaXeTTI HOTHKenep Oepin Kejeli:MmeaarorukaiblK >KOFapbl OKy OpBIHAApHl Oonmamiak,
YCTa31ap/ibl KIIACCUKABIK OLTIM-IISHTPIIIK TUJaKTHKA HET131He NaibIHAai bl ATanFan
OUIAKTHKA FBUIBIMU capanTamaJaH ©TKeH jXKoHe OiniM Oepy KyHeciH JaMbITyAblH
WHHOBALIUSJIBIK TOCULACPIHIH (TYJIFANbIK-OCICCHILTIK, KY3BIPETTUIIK, IIU(PPIBIK JKOHE
STEM cuskThl) TananTapbsiHa COHKec ©3repTUlil OTHIPhLUIAIBL.

Binim 6epy yiisimaapsiaaa, consly iminae XKOO-aa 1a nenarorukaiblk )KYHeHiH TeK
xekenereH CEI'l3 anementTepi OolbIHIIAa FaHA MOAEPHHU3ALMSIAY SPEKETI OPBIH aly/a:

- OKy Ipouecinae OenceHai )oHe HHTEPaKTHBTI 9AiCTepi KOIIaHy;

-TaFrbl COJI CHSIKTBI JKaHA 9JiC-TACLIep Il THIM/II TIaiianaHy.

MexkrenTin OiniM O6epy Ma3MYHBIH FBUIBIMH HETI3IEMECIH KaHApTy» — THIMAI
camajbl HOTIKe Oepin kemexmi. JKorapwlga arajfaH WHHOBAUMSUIBIK TOCUIOEpAiH
TananTapbl TYPFBICBIHAH OKBITYIBIH TYTac TEOPHSICHI TEpPEeH FHUIBIMH TalAayMeH
KaMTBUIFaH.

OKBITY TEOPHUSICHIHBIH HET13T1 TYFhIpIapbl TOMEHACTIICH KaHAPTYIbI KAXKET eTeli:

-OKBITY/IBIH KaHa 3aHIbUIBIKTapbl MEH IPUHIUNTEPIH OaclIbUIBIKKA ajy;

-OKBITYy MaKCaThIH CaThLIall, HUEPAPXHUSUIBIK TYPIE TUArHOCTUKAIBIK KOIO;

-OiniM Gepy Ma3MyHBIH HepapXUsUIBIK TYPAETi MaKcaTKa ColiKec NeHreHsIen ipikTey
MIPUHIIUATITEPIH ECKEPY;

-IUJaKTUKAHBIH TPOIENypalblK JKoHe Oaranay-Oakpiiay OeiriH —THIMII KaHa
TocinMeH xy3ere aceipy (Kapaes, 2018).

Ocsl opaiina cTyleHTTepAiH )KOFaphl Canaaarbl OKy JKETICTIKTEpiHEe KOJI JKETKi3yre
Kenuigik OepeTiH 3aMaHayd AMJAKTUKAIBIK Kypasl PETiHIEri OKBITY TEXHOJIOTHsIIaphI
KeHiHeH 3eprTenmered. COHIBIKTaH KaHAPTHUTFaH 3aMaHayH JUIAKTHKaHbIH O011iM Oepy
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YKOHE TaMBITY QJIEYETiHIC JKY3iHIIE JKY3eTe achlpaThlH JKOHE carajibl HOTH)KETe KemimiK
OepeTiH meaarorukanblk TexHoaorusiap XXI raceblpaarsl OKBITY TEOPUSCHIHBIH HET13T1
Kypamaac Oeiri 6omysl Kepek, -neini npodeccop XK.Kapaes.

3epTTeyniH MaKcaThbl

Xumus cabarbiHAa KonAaHsl xypreH YOXKT-na KapacThIpbUIaThIH KPUTEPHATIIBI
OaranayiblH epeKIICTIKTepIMEH TaHBICTHIPY JKOHE KBHIIIKBLINAP MEH Hei3aep Typajibl
FBUIBIMH JKaHa Ke3KapacTap TEOPHUSICBIH TYCIHAIPYAiH THIMILIITIH KepceTy.

Makananblg MiHAeTTepi.Makaia yi MiHISTTi HIenryre OaFbITTajlFaH: a) 9p TaKbIPbIIT
KeJIEMiHlle CTYISHTTiH ()YHKUMOHAIBIK CayaTThUIBIFBIH 63 OCTIMEH KaJIBINTACThIpYyFa
XKoHE JaMbITyFa xkargail skacay (I, Il ke3eH TamcblpManapblH OKYJIBIKTHIH KOMETiIMEH
OpPBIHAAY apKbUIbI); 9) 9op TaKBIPBII KeJIEMiHIEe CTYOEHTTIH (YHKIHOHAIIBIK
cayaTTBUIBIFBIHBIH AaMy neHreiin enmey (111 ke3enaeri yu AeHreinik TarncsipManapasl
OipTiHAeN OpBIHIAY APKBUIBL); 0) KpUTEpHA bl Oarajay HOTHXKENIEpi apKbUTbI CTYACHTTIH
Op TaKbIpBIN OOMBIHINA O171iM camacklH aHBIKTAI OTBIPY JK9HE CTYACHTTIH CeMeCTp OOMBI
JaMy TPaeKTOPHUACHIH KaJarajay.

KapacTpIpbuiblll OTBIpFaH CYpakThIH Tapuxbl. Kazipri yakpITTa >kac YpHakKThl
OYpBIHFBI JOCTYPIIi OKBITYIBIH OPHBIHA KEJITeH T'YMaHHUCTIK ITapaIurMaHbIH TaJlanTapbiHa
coliKec jKaHalla OKbITY — OUTiM Oepy/iH canachlH apTThIpyFa YJIKEH MoH Oepelti.

HacTypii OKBITYAA cama «KaKChD» JKOHE «OTe JKaKChIFa» OKBIN KypreH CTyaeHTTep
CaHBIHBIH oNapAbIH JKamnmel caHbIHA KaTIHACHIMEH aHBIKTala/Ibl:

«OKaxcpl» ’KoHE «oTe KaKchhy Oaranap He YIUiH KOHbLIaab?

Erep crynmeHt KapamaiibiM TarlchbpMaHBI J1a, ©T€ KYpAeNi TanchipManbl aa Jlypeic
opbiHAaca 0okl ockl Oaranapasl ana 6epeni. Mplcanbl, OKyIIbl AGaiiabIH Oip eJeHiH
MOHEpJIEN YKaKChl OKbIN Oepce, «Oec» anaipl; eKiHIII OKYIIBI 1) OChIIaid OKBII JKOHE
Tajnan Oepce — on Ja «Oec»ananbl, al eHAl KeJleci OKYIIBl OChUIapFa KOCBIMINA 631
OJICH LIyMarblH IIbIFapca, on Aa «Oec» anmaapl. Jlemek, «OinmiM camachIHBIHY) TEK
«IYPBICTBUTBIK» I9peKeci oJIIeHe ] )KoHe )Ki0epiIreH Karenepre colikec 0ara TOMEHAECT
oteipabl. COHIBIKTAH, 91 Jie OPBIH alblll )KYPreH, MyHAald Oaranayabl «a3aiTy»
HEMece «Kazanay» oIici Jeui.

10.K. Babanckuii OolibIHIIA «OiTiM carmackiHBIHY OyJiaH Ja 0acKa: «TOJNBIKTHLIBIKY,
CTEPEHIILTIKY, «UKEMAUTIKY», <OKYHENUTK», T.0. KOHE COHFBICHI — «OEPIKTUTIK» CHUSKTHI
18-re xybIK TYpiaepi aHbikTanFad. OcbklgaH OUTIM camachlHBIH aTaJiFaH TYPIIEpiH
aHbIKTamn, Oaranay yIIiH Ma3MYHJbI, OHBIH KYPHAENUIIK A9pexKeciHne Kapai, IeHreik
TarncepManapra ipikrey KaKeTTUIr TybIHAaHabL.

Jenreiinix TancelpManapApl ipikTeyre KOMbUIATBIH TalanTapasl KpuTepHiiiepaeyre
OONaTBIHABIKTAH, OJApAbIH HOTW)KECIH Oaranaynsl KpuTepuaiibl Oaranay Aeipi.
Bipax 6imim Oepy yiibIMaapbIHIa TYpIi MEAArOTUKANBIK TEXHOJIOTHsIAP KOJAaHbLICca
na, HdocTypni OKbITyAa Oa, )KaHalla OKBITyda Aa cabak »KOCHapbIHBIH HETi3iH ceri3
3NIEMEHTTEH TYPaThIH OKBITYIBIH IeAarOTUKANbIK JKYHeci (MemKyiie) Kypasl.

[enaror-ransiMaapAbIH FRUIBIME eHOSKTEpiHIe T'YMaHUCTIK MapaAurMa KarJaibiHaa
cabak Oepy >xoHe OiniM Oepy camacblH apTTHIPY YIIiH ajJAbIMEH MeKYyHeHiH OapibIK
ANIEMEHTTEPIH KAHFBIPTHII aJIBI, COAAH KeHiH FaHa omapasl cabakTa KOJNJaHy KasKeT
exeHairi HeriznenareH. CoHNIA OKBITYIBIH KOFaphl JCHTEUJEri HAKTHl HOTIDKENEpiHE
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KOJI eTKi3yre 0onanpl, SFHU CTYACHTTEPAIH OKY KETICTIKTEpiHiH camachlH apTThIpyFa
Oomasl.

Kazakcran Pecriyonukaceiaga GiniM Oepy canachblH JaMBITYABIH Ka3ipri >karqalibiHaa
OKy IMIpoIleciHe MeNarorhKaiblK JKYHe SIIEMEHTTEpiHIH >XaHAPTBUIFaH HYCKajapbl
6ipringen enrizinyne (TopceikbGaesa, 2015).

Marepuajagap MeH dicTep

1) Oxpity Makcarel — SMART makcarrapbl Kolbiiaasr; 2) 0iiM Oepy Ma3MyHBI
KaHAPThUIyJa. byFaH Me3Tij-Mesrill >KaHapTBUIBII OTBIpFaH MEKTeNnTiH OimiM Oepy
OarmapiaManapbl MEH JKbUI CalibIH ©3TepPTUTIN OTBIPFaH OKYJBIKTAp A9Jien Ooma ajasl;
3) OKBITY oficTepi )KaHAPTBUIABl — HHTEPAKTHUBTI, OWBIH 9iCTEPl KOIAaHBUIAIBL; 4)
OKBITYIBl YHBIMAACTBIPY pedopManapbl — OKY TaKbIPBIOBIHBIH TEOPHUSUIBIK OeiriH
03 OeTiHIe 3epzeriey Ke3iHAe HETi3iHeH TONTHIK (KOMaHAAJbIK), KYNTHIK >KYMBICTap
xyprizineni. Kepi OaiiiaHeic Ke3iHIE Op CTyACHTIIEH J>XEKe J>KYMBIC >KYPri3imim,
OKY OKETICTIKTEpiHIH camachl KpUTepHalabl Oarajay >KyHeciMeH aHBIKTaJalbl;
5) memxyiieHiH anFamkel 1—4 >KaHAPTHUIFAH 3JIEMEHTTEpI OKY KYpaJbIHBIH Ja
KAHAPTBUIYBIH Tasal €TTi. byl — akmapaTThIK-KOMMYHHUKAIMSIIBIK TEXHOJIOTHSIIAD
(AKT) Oonpm Tadbmanel. AKT-HBIH Kypampaac OemikTepiHiH O0ipi — IJIaHIIETTED;
6) memxylieHiH 1-5 sneMeHTTepiHiH )KaHAPTBUIYbl CTYIEHTTEPIiH OKyFa JAETeH BIHTA,
KBI3BIFYIBUTBIFBIH apTTHIPAIbL; 7) OKBITYLIBI CTYAEHTTEpre eH1 AaiibiH OiiM Oepmeiini,
oJapablH ©3 OeTiHiie OiiM amyblH YHBIMIACTHIPYIIBI FaHa Oonbinm TaObLIaasl; 8)
CTYACHTTEP O3AIriHeH OiiM anyra KabijeTTi cyObekTinepre aifHaIa bl

CoHIBIKTaH OKBITYIIBLIAP cabaK KO CHapbiH KYPY Ke31H/€ OKBITYIbIH Me1arornKabIK
KYHeCiHiH OapibIK 3JIEMEHTTEPiH JKaHAPTy MACENIeNepiH ecKepyre MIiHIAETTi, COHBIH
iliHAe, MYMKIHIITIHIIE,0p TaKBIPBINTHIH Ma3MYHBIH KapamalbIMHaH Kypuelire
OipTiHIeM ayBICHII OTHIPATHIH ACHI€HITiK-IaMbITYIIbl TallChIPMaIapFaipiKTeN OKBITYIbI
KOCHapIaybl KaKeT.

CabakThiH TakpIpbIObl: «KBIIKBIIIAD MEH Hei3gepre OereH FhUIBIMH JKaHa
Ke3KapacTap TEOpHUsIChI»

YOXIIT OoiibIHIIa TaKBIPBIITE MEHTEPY YAEpici €Ki 0emiMal KaMTHIBL.

CabakThIH YHBIMAACTBIPY O6IiMiHIH: a) 7-8 MUHYTBIH/AA ca0aKThl YHBIMIACTHIPAIbL;
0)yiine asikrayra OepilreH AEHIEHIIIK TarchlpMaiaplIblH OPBIHIATYBIH TEKCEepeli; B)
ANJBIMEH)KEKEJIETeH CTYACHTTEPIEH, COCBIH (PPOHTAIIBI TEKCEPEi.

«Ymenmemai ozicTeMeniK KyHe» NEeNaroruKanblK  TEXHOJOTHSHBIH
OackajapblHAaHEPEKILENiTrT CHHEKTUKAIIBIK 06J1iMi €Ki Ke3€HHEH TYPaJbl

CuHekTuKanblK OemiMHIH OipiHINI Ke3eHiHIEe CTYASHTTEp >KaHa TaKbIPBIITHI
e30eTiMEeH MeHrepyre KaKeTTi TamnchlpManapblHOpeIHAaiasl. On  «EcrepiHisre
TycipiHizaep!» aiimapeiMeH Oactanaabl. TakbIpbINTH ©3EKTCHIIPY TalChblpMaiapsl
CYAEHTTEPAIH OKYJBIKIICH )KYMBIC jKacay NaFIbIChIH jKOHE ©3MITiHEH 13[eHy JaFIbIChIH
KaJIBINTAaCTBIPHII,OllliMcanacklH apTThIPaIbL.

Byrinri cabarpiMbizna «KpIIKpUIZAp MEH Hei3Aepre JAereH FhUIBIMH JKaHa
Ke3KapacTap TCOPHUSICHIH» KapacThIPaMbl3.

Bipinmi kamam «bimy» TocinaepiHiH TamnchlpMalapblHa CTYACHTTEp YHICH
JaibIHIABII KeTe .

116



Volume 2, Number 455 (2023)

WoHIBIK TEOPUSACHIHBIH FHUTBIMU HETI31HJIC KaHai 3aT >kaThlp? MbIcan KeNnTipiHi3.
JKayaOwi: WOHIBIK TeOpHsS CYABIH JIUCCOIMAIMSICHIH 3EPTTEreH/Ie Makiaa OOJIbL.
Mpgicansl,

H,O = H,0" =0OH

2
Kplmkpl1 — Heris

AMMOHOXHUMUSI TEOPHUACHIHBIH FHUIBIMU HETi3iHAe KaHIai 3ar xatbip? Mbican
KenTipiHi3. JKayaObl: AMMOHOXUMHS TEOPHSICHI aMMHAKTBIH THUCCOIMAIHSICHIH
3epTTereHie naiiaa 0oapl. Mbicaibl,

NH, = NH,” = OH

3

Kbplmkbpu1 — Heris

2-kamaM (TONTBIK IKYMBIC) — Teopusa OoitpiHIIa «TyciHy» TocimuepiHiH
tanceipmanapbl.  CrymeHtrepniH  OipiHmi  kamamparbl  «bidy» — TocuiepiHiH
TarnchIpMalIapbIH TEPEHICTY MaKcaThIH A KOMbU1a bl CeOeOiH aHbIKTaHbI3. Boc OphIHFa
KQKETT1 KUIT CO3IEP/Il Ka3bIHbI3:

HoHIbIK TeOpHss MEH aMMOHOXUMHS TEOPUSCHIHIAFbl OTETIH MPOLECTEP HEIIKTESH
yKcac OOJIaTBIHIBIFEIHBIH ce0e0iH aHBIKTaHbI3? MEBICAIHI,

Mg +2H,0Cl= MgCl,+2H,0+H, 1

Byn XuMMUANBIK HpOLECTIH KYpyiHe KemicTik, onma kemeci Mg +2NH,Cl=
MgClL+2NH,+H, 1 XuMHSAIBIK IPOUECTIH XKYPY ceOelOin Tycinmipe anachbi3 6a?
Kayab6pr: OnbIH ce0ebl, TEOPHSICHIHBIH FHUIBIMHU ColfkeC epITKIITIH
MOJIIIEPiH KOCYy Kepek.

MgCL+2H,0+H,TMgCL+2NH,+H, 1

KintTi ce3nep: FRUTBIMEU, aMMOHUM, apPTHIK, aMMOHOXHMFISI.

3-kamaMm (TONITHIK JKYMBIC) — Teopus OoMbiHma «Tammay» TociummepiHiH
TarchlpMaaphl.

1-3 BenH auarpaMMachl apKbUIbl HOHABIK TEOPHS MEH aMMOHOXHMUS TEOPHSLIAPBIH
CaJIBICTBIPBIHBI3.

Honoxumust ANBIpMalIbUIBIFEI  AMMOHOXUMUS

Cyna epiMelTiH

Cyna epiMelTiH Exi >xarnaiina na

THIPOKCH] TyHOanap Tysizeni THAPUN Ty31neni
Ty3uteai Cu(OH)2|xone Zn(NO3)2+2KNH
CuSO4 + 2KOH = Zn( NH2)2| 2=
Cu(OH)2|+K2S04 THIPOKCHITEPIL Zn(NH2)2|+2KNOs3

DA

4. TakbIpBINTHIH HET13T1 UAESICHl — YKCACTBHIFBI MEH €peKIIeNiri Heme?
HoHIBIK TeopHwsi MEH aMMOHOXHMHS TCOPHSCHIHHBIH EPEKIIeNiri: op KesJe
epPITKIMITiH KaTHOHBI , J1 a7 OHBbIH aHUOHBI eTiHeml.
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I/IOHI[LIK TCOpUSA MCH aMMOHOXUMUSA TCOPUSACBIHHBIH epCKH_ICJ'IiF 1 HNOHABIK TCOpUAaa

____ epiTkim 0ojca, aMMOHOXMMHUS TEOPHUSICHIHIA aMMUaK epiTKilll.
HoHnplk Teopus MeH aMMOHOXMMHUS TEOPHUSCHIHHBIH EpPEeKIICNiri: KaTHOHBI
MCH aHHUOHBI e3apa opeKeTTecim, oJCi3
TY3€ei.
HoHaplk Teopus MEH aMMOHOXHMMHSI TEOPUSCHIHBIH EpEKIIeNiri: KaTHOHBI
MeEH AQHWOHBI JIMOHHHA — MeH
Ty31Ie1.
HoHpIK TeOpHst MEH aMMOHOXMMUS TEOPUSCBIHHBIH epekeniri: Cy MoJIeKyIachIHbIH
JMCCOLUSUTAHYBIH 3E€PTTEY HOTHIXKECIHJE, MOHJBIK TCOPUS - TEOPHSICHI

mannga OoJabl.

CychI3 aMMHaK MOJICKYJIAChIHBIH JUCCOIUSUIAHYBIH 3€PTTEY HOTHIKECIH/IEC MOHJIBIK
TEeopHUs — TEOPHACHI Naiaa OOJIIbI.

Kintri cesnep: AKBOXUMHS, aMMOHOXUMHUS JIMOHUM, JIMAT, JIMOHUHA KOHE JIMAT,
AIIEKTPOJHT, KBIIIKBLUT, HET13, HOH/IBIK AMMHAKTHIH, KbIIIKBLT HET13.

4-xkamaM (TONITBIK JKYMBIC) — Teopus OolibiHIIa «JKuHakTay» TocimuepiHiH
TarncelpManapsl. binreHiHi3ni J)KHHAKTaHbI3!

Honoxumusiia THIPOKCOHUH MOHBI — KBIIIKBLI, THAPOKCHT HOH - HETi3, aMMOHUI
WOHBI - KBIIIKBLI, a1 aMUJ] HOH - HETi3.

Houoxumusaga H3O+0KCOHI/H‘/'1 noHbl — KoMK, OH™ ruppokc/ MOHBI — HeTi3
0oJa/1b1 J1a aMMOHU HOHBI 0ap KOCBLIBIC - KBIIIKBLT, aJ1 aMH/]] HOHBI 0ap KOCBIIBIC HETi3
Oonmanel. Kykipr cyTek KbIIKBUIBIHBIH H,S conbBOXYHENEpP TEOPHACH TYPFBICHIHAH
TUCCOITHAIIMSIIAHY TEHJICYiH Ka3bIHbI3.

2H,S = H,S" + HS
KpImkpL1 Heris.

5-kagaM (TONTHIK JXKYMBIC) — Teopusi OoibpiHma <« JKuHakray» TociiepiHig
TanchIpMajapblHa COWKeC, TaKbIphIT Ma3MyHBI OoibiHma «Kommany» sxoHe «bara
Oepy» amangapsl OpbIH/IATA B

Mpena peakuus tenneyin Mg + 2H,OCI = ic xysinae xyprizyre 6onama? bonca
Kangaii eHimuep Ttysineni? JKayaOwl: Bonampl, erep e epiTKIIITIH KeJEMiH apThIK
MOJIIIeP/IC aJIFaH JKaraana.

Mg + 2H,0Cl = MgCl, +2H,0 + H,1.

6-kamaMm (TONITHIK JKYMBIC) — Teopus OoipiHma «bara Oepyi» TocuImepiHiH
tarnceipManapsl. Ci3miH oWbIHbI3IIa! MBIHA TOMEHT1 KYPETIiH XUMISUTBIK TTPOIIECTEPHIH
Mg+NH,Cl,= MgCl, +2NH, +H, 1 xone Mg + 2H,OCl1 =MgCl, + 2H,O + H,tapacbinaa
yKcacThlK Oap Ma? MeHiH oOWbIMINA, €Ki XUMHSUIBIK IPOLECTepiH apachlHaa

MOJIEKYIaChl
monmepae anbiHFadn. COHBIMEH — KaTap JKOHE
rassl
Oemineni. MeHiH OWBINIA, €Ki XUMUSIIBIK TIPOIIECTEPIiH apacklHaa a
MOJICKYIaChI Medniepze anbiarad. COHbIMEH Karap JKOHE

rasel OeiiHenl.
Kintti cesnep: epitkim, Ty3, CyTeK, apThIK.
CalbaxThIH YIIIHIII Ke3€HI Kepi Oaitnanbic. JKeke :KyMbIC
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CabaKkThIH eKiHII Ke3eHIHEeT1 TONTHIK )KYMbIC OapbIChIHIA MEHIepreH OimiMail yiI
JieHreiire 0emin, OphIHAATY apKbUIbI OKYIIBUTAPABIH OUTIM JCHTEeHl aHBIKTAJBII, OILT
OarajaHazbl.

Bipinmni peHrefiain emmemi — 50 ynaiiMen OaranaHabl

I-kagam (3keke KYMBbIC) — Teopusi OolbIiHIIA «bimy» TociiaepiHiH TancepMaiapblH
CTYACHTTEp YilleH JaibIHaam KeJle/i.

Kpimikpiinapabie anbikramachl. JKayaosl: EpiTKilnTiH KaTHOHBI- Jier,
aJl TUOHHUHM HOHBIH — JIeT aTajabl.

Heriznepnin anbikramacel. JKayaObl: EpiTKIimTiH aHUOHBI- JIer,
TY31JIETiH JIHAT UOHBIH- JIEI ecenTenl.

Kplnukbmabik-Herizaik — opekerrecynep kesinae ConbBoXyiienep TEOPHACHI
TYPFBICBIHAH IIEIIylIi pennai KaHgai 3aT arkapanei? JKayaOwl: ComibBoxyiienep
TEOPHSCHI TYPFBICBIHAH aTKapaspl.

KpIukbmabik-Herizaik opekerrecynep kesinae ConbBOXKyienep TeopHusCchl KaHau
KaXeTTUTIKTeH TybHAaab1? JKayaosl: On - TeopHusl.

2-KazaMm (KeKe )KYMBbIC ) —Teopusi OolbiHIIa «Konmany» TacinaepiHiH TarcspManapbl.

Here o1 — mekreyni Teopusa? OiiTkeHi ox oprajarbsl Keioip
MpolecTeIeri anMacyaapabl TYCIHAIpe aaMazbl.

KinTti ceznep: mexreyni, epiTKill, Heri3, TMOHNUH, KBIILIKBLI.

Bipinmi apansik HoTioke. CTYASHTTEPIIH alFallKbl HOTHOXKECiHIH emmemi — 50 ymaii.
Erep CryneHT neHreinepiy TancslpManapblH OpbIHIAN alMaraH jKaraaiina skypHaira
KypHaiFa «3» KOUbLIabl.

Exinmni nexreiiaig enmemi — 89 ynaiiMeH OaranaHaibl

1-kagam (3keKe XKyYMBbIC) — TeopHst OolbIHIIA « TYCiHY» TocnepiHiH TanchIpMalapblH
OpBIHJaFaHa, OHBIH ce0cOiH aHBIKTaNIbI.

1-Tanceipma: HenikTeH HOHIBIK TEOPUSHBI «LIIEKTEYITi TEOpHUs» — Jien aTaiapl? OHbIH
cebebin Tycinaipiniz. XKayaOsl: ['a3 TekTec 3aTTap apacblHAAFbl XUMUSUIBIK PEaKIUsSIHBI
KYprizy MYMKiH €MecCTiriH Teopus TyciHmipe anmaiinel. COHIBIKTaH
Jla MOHIBIK TEOPHSHBI LIEKTEYNi Teopus Oonbin Tadbuiaabl. OcklHAAN HpouecTepai
TYCiHAIpYTe FBUTBIMAA 0acKa TEOPHUS KAKETTLIIr TyBIHIAAbL.

KinTti cesnep: ruipoKCOHUMA, TUAPOKCH, IEKTEYTi, HOHIBIK.

2-KazaMm (JKeKe )KyMbIc) — Teopus OoiibiHIIa « Tangay» TocingepiHin TancspManapbl.

2-tanceipma. 1-3 BeHH quarpammachkl apKbUIbl, KaHa — COJIBBOXKYHE TEOPHSICHI
TYPFBICBIHAH KBIIIKBUIAAp MEH HeTi3Aeperi amMacynapasl CalbICTHIPBIHBI3

ConbBOXKYii€ TEOPHUSCH TYPFBICBIHAH KHIIIKBIIIAP MEH HEeri3aepAeri anMacyaapabiH
YKCaCTBIFBI

Kermkenn ¥KCacTBIFbI Heris

JInonuil noHbIH — Kana reopusna JInaTt noHbIH-

KbIIIKBUI JICTT epITKil aTKapazbL. Heri3 fen

ecenTeii. ecenTeini.
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4. TakpIpbINTHIH 0aCTHI HIEACH Hene?
CoJlbBOXY#i€ TEOPUSCHI TYPFBICBIHAH €PEKIIICIIITi:

’Kana Teopusi TYpFbICHIHAH YKCACTBIFBI: EpITKIIITIH KaTHOHBI- Jet,
TY31JIETiH, THOHUH HOHBIH — JIeTI eCenTei .

Xana Teopusi TyprBICBIHAH epekmeniri: KpIIKbUIABIK- HETi3IiK SpeKeTTecyiep
Ke3iHJe MIeHIyIi pesai aTKapaibl.

Xana teopus TyprbichiHaH epekmeniri: Ke3 KenreH epiTKIIITIH aHHUOHBI-

JIeTl, TY31IeTiH JTMaT HOHbIH- JIeTI eCenTen .

KinTTi cesnep: KbIIKBLI, 3MEKTPONIUT, TMOHUHN, TNAT, THOHHUH, KBIIIKBLI.

3-kagaM (keke JKYMbIC) — TpakThka KysiHge «Kommany» TocingepiHin
TarcepMalapsl.

3-ranceipMa. EpiTKIIITiH aHUOHKI - JIMAT JICTl €CENTeNeTiH OoJica, TY3UIETiH JhaT
WOHBIH - HET13/iH TY30€H apachIHIaFbl XUMUSIIBIK PEAKIUsIFa MbICAJ KeITIPiHi3.

Cu(NO,), +2RbNH,=Cu(NH,), | +2RbNO,

4-kamaM (3keKe JKYMBIC) — paKTuKa xKy3inge «Komnany» TocinaepiHi TarncspManapsl

Mpican KenTipy Cynbl opTa CychI3 opTa

Herisre Mbicain KenTipiHi3

Heri3

KpIKpiIFa MbIcat KeNTIpiHi3

ApalbIK eKiHIII HOTIKE

CryneHTTepAiH eKiHII HOTIKeCiHIH emmeMmi — 89 ymait Erep crtymeHT Kemeci
JEHTeIIIepIiH TarchpMaiapblH OPBIHIAN ajMaFaH JKaFIaiia ;KypHalFa )KypHaira «4»
KOWBUIAbL.

Yuriami aeHrew iy exmemi — 100 ymaiimen OaranaHa sl

I-kamam (keke JKYMBIC) — TIpakTHKa Ky3iHme «KuHakTray» TocimuepiHig
TarnchlpManapsbl.

2-KaymaM (JKeKe JKYMBIC) — TIPaKTHKa XKy3iH/e «bara Oepy»ToCciTiHIH TalChIPMACHL.

HNonoxumust CymelH IUCCONMANMACHIH 3epTTEeTeHNe Taiga OOlFaH HOHIBIK
TEOPUSHBIH HETi31H/Ie KaIbInTacThl. MbICabl,

2HO = HO+ + OH
Keimkein — Heris
AMMOHOXHMUSI CyChI3 aMMHUAKTBIH JHCCONHUAIMACHIH 3EPTTEYy HOTIKECIHIE
sKacaynsl. MeICasl,

2NH, = NH,” + NH;
Keimken — Heris

2-ranceipma. Ci3aiH miKipiHi3 KaHman?
MeniH mikipimMire, TaOWFaThlHA TOyescCi3 epiTKimr abcomoTTi Oeirapam koHE
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abcomroTTi eximainel Oomaapl. MyHzma memynn penni epitkim arkapagbl. CoilbBO
XKyHenep TeopusCchIHAA 1a meKTeynep cakranansl (Egorov, 2021).

CoHnrbl 3 HOTHXKE

Crynentrep eki meHreiineH >kuHaradH 89 ymaiipiHa 11 ymait kocemn Oapnsirsl 100
YLWIHII JeHred i HoTmxkeci Oonbin caHanaapl. HoTmke «5» XKypHanFa KOHbUIAIBL.
CryneHTTepAiH OULTIM camachl «IYPBIC», «TOJNBIKY, «IPEKETTUTIK», «TCPEHMIK» IeH
COKYHENTIK» jKoHe «Oepik» OOMbIN caHaIaabl.

Harun:xesiep :x9He TaJKbLIAY

Makanagarel ~ acThl  CBI3BUIBIN,  KypCOpMEH  Ka3bUlFaH  OaralayablH
aBTOMATTAHJABIPBUIFAH JKYHECIHIH WHIWKaropiaapbl. MHIUKaTOpOBIH KiATI — KinT
cesnepmeH Oepineni. CTyAeHTTEp CHI3BIKIIAHBIH OPHBIHA KIAT CO3AEPAl KOO apKbUIbI
OaranaHbIn ynai >xuHaiapl. OHBIH aBTOMATTaHABIPBUIFAH KYHECIH AUCKIre Ka3bUIbIIL,
06JIeK YChIHAMBI3.

OpicTeMeHiH HoTHXKeci AcTaHa KalachlHIarbl ACTaHa MEJUIMHA YHUBEPCUTETIHE
xoHe Akrebe kamacel K. JKyOaHoB arbiHmarbl AKTeOe OHIpIiK YHHBEPCUTETIHAE
KYPTi3UIreH SKCIepuMEHTTep Herizinae anbHapl. HoTwke keneci kecrene: Oaramnay
naparbl ’KoHe MOHUTOPHUHTI TYypiHAe Oepiii.

. 1-kecTe

3 I armmein & BEHTEH JaeETei ;

- i pe 56 gaic) { panc 20 iy (10 gmic) EE’E } i‘ig Ep

£

: 35, & O
= YT ET ST AR 7 §-[2:i3| 4 1 2 3 4

I+ + + + % ++ + + v 1 + 5 I B 4
Vil [l elne | #| = [+ [+ [+ ¥ LY *a BLs 12 KA 5
I+ + + 4+ + ++ + + 3+ v +x Th iz A 4
R ERERE S SR W |y + (¥ o+ ¥ ¥l 13 1 5
] o | W | oo | ] ¥ ¥ ¥ | = - bW - 54 1o ] 4
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OxpiTyneiH — «Ymemmemai — omictemenik  kyhe (YOXK)»  memarorukaibik
TEXHOJIOTUSCHIH Y3aK KbUIIap O0oibIiHa OpTa MekTenTepe skoHe KOO-1a Ko JaHbUIIbL.
Hotmxecinae okymbuiap aa, CTyISHTTEp A€ KOFaphl KOPCETKIIITepre KO KeTKi3Ii.

Opra MekTenTteri MapbiHAbI OKYIIbLUIAD TOPTIHIII IIBIFAPMAIIBUIBIK JICHICHICH

121



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

KepiHeTiH Oonael. bapieik gapeiaabl (ActaHa KanaceiHaarbl NeSO Kasrapblll Juiieii-
MekTen) okywmwsiapsl (2019, 2021 oky Kpuigapbl) XUMHS IOHI OJMMIIMAJACBIHAH
(aymaHzbIK, KaiaJblK) JKYJAET OpBIHAAPIBI HETCH]I1.

KopbIThIHABI

ArTajraH TEXHOJIOTHS HOTHXXECIHE CTYIEHTTEPAIH MIOH/Ii MEHTepY CalachlH apTTHIPY
apKBUIBI OJIApJBIH OKY CalachblH apTThIpyFa Oonansl (cemecTp OolibiHIIa). JKOoFapel oKy
OpBIHAAPHI TYJIEKTEPiHiH OiiM camachl )kKakcap/bl, )KOFapFbl ICHIel KepceTKiTepine
KETTI.

JKapartsibicTany IoHIEpiHIE, OHBIH IIIiH/IE XMMUSAA YIII OJIIIEM/I1 91iCTEMETIK XKYHe
TEXHOJIOTUSICHIH KOJIaHy — OKYIIBUIAPABIH IOHTE AETeH KbI3bIFYIBUTBIFBIH apTTHIPHIT,
TaHBIMJIBIK IIBIFAPMAIIBUIBIK KaOineTiH amaapl. OKyHIBUIApIbl i3[CHIMITa3/IbIKKA,
BIHTBIMAKTaCTBIKKA, OipJecin xKyHeli dKYMBIC )KacayFa, 63 OHbIH alllbIK, €PKiH KeTKi3yre
y#ipereni. by onapapiH OonamakTa epKiH, Kareci3 MaMaHIBIK TaHJayblHa 1a CENTIriH
THUTi3€i.
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Abstract. The purpose of the study is to develop a technology for beef
sausages using malt with improved organoleptic and nutritional properties, as
well as to study the content of the mineral composition of the product. To obtain
reliable results of the study, the following methods were used: moisture
determination method according to GOST 9793-2016 “Meat and meat products.
Methods for determination of moisture content”, acid number determination
method according to GOST R 554802013 Meat and meat products.Method for
determination of acid value, inductively coupled plasma mass spectrometry.
Experimental production of cooked sausages showed that the use of vegetable
raw materials of the enricher in the preparation of sausages makes it possible to
rationally use meat raw materials, reduce the cost of production, and improve
the nutritional and biological value of products, which affects the organoleptic
indicators of products. According to research, the use of malt sausage is optimal,
as it participates in creating the basis of a balanced ratio of the main food
components.

Keywords: sausage, malt, minerals, beef, method, determination,
results, GOST, meat
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AHHOTANUsA. 3epPTTEYAiH MaKCaThl OPTAHOJICTITUKAIBIK )KOHE TaraMJIbIK
KAacHeTTepl JKAaKCApThUIFAH YBITTHI IalJaJaHbIl CHBIP €TIHEH JKacaliFaH
IIYKBIKTAp TEXHOJIOTUSCHIH >Kacay, COHBIMEH Karap ©HIMHIH MUHEPAIBIK
KYpaMbIH 3epTTey OOJIBIN TaObUTaNbl. 3EPTTEYIiH CEHIMII HOTHKEIEpiH airy
YIIH KeJeci oicTep KOJNAAHBUIbI: BUIFAIIBUILIKTEI aHbIKTay 9onici MEMCT
9793-2016 «ET >xoHe er eHimzepl. bImFanmbUIBIKTBI aHBIKTAY OmICTEPI»,
MEMCT R 55480-2013 ET >xoHe er eHimzaepi OOWBIHIIA KBIIIKBUT CAHBIH
aHbIKTay ofici. KpIIKBIIABIK MOHIH aHBIKTAY 9J1iCi, MHIYKTUBTI OalaHbICKaH
IUTa3MajblK Macc-criekTpoMerpus. I[licipiareH HIyKBIKTapAblH TXIpUOETIK
yaruiepi OaWbITKBIINI PETiHAEC OCIMAIK IIHUKI3aThIH TMakgajaHy €T HIUKi3aThIH
YTBIMIBI TIalilanaHyFa, OHIMHIH ©3IHIIK KYHBIH TOMEHJAETYre, OHIMHIH
TaFaMIbIK KOHE OMOJIOTHUSIIBIK KYHIBUTBIFBIH JKaKCapTyFa MYMKIH/IIK O€peTiHIH
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AnHoranus. llens wuccnemoBanuss — pa3pabOTKa TEXHOJIOTHH
KOJIOACHBIX M3/ICTNI U3 TOBSIUHBI C HCIIOJIb30BAHUEM COJIOJA C YITyUIICHHBIMH
OpPraHOJIEITUYECKUMU W TUTATebHBIMH CBOWCTBAMHU, a TaKXe H3ydeHHE
COZICpaHMUsI MUHEPATbHBIX COCTaB MpoaykTa. (s momydeHusi qOCTOBEPHBIX
pe3yabTaTOB HCCIEAOBAaHUS HCIOJB30BAIM  CIEAYIOIIUE METOABI: METOA
onpeneneHuss BraxkHoctd mo QOST 9793-2016 “Meatandmeatproducts.
Methods for determination of moisture content”, MeTox ompeneacHUs
kucnotHoro yucna mo QOSTP 55480-2013 Meat and meat products.
Methodfordeterminationofacidvalue, Macc-criekTpoMeTpusi ¢ HMHIYKTHBHO-
CBsI3aHHOM TM1a3Moil. OmnbITHAass BBIPA0OOTKAa BAPEHBIX KOJNOACHBIX H3IETUI
MoKa3ajga, YTO WCIOJb30BAaHUE PACTUTENBHOTO ChIpbsi OOOTaTUTENs MpU
MIPUTOTOBIIEHUU KOJIOACHBIX W3JIEHA MO3BOJISIET PAIlOHATBHO HCIOIB30BaATh
MSICHOE ChIpb€, CHHU3UTh CE0ECTOMMOCTh MPOAYKIHHU, YIYUIIUTh MHUILEBYIO U
OHMOJIOTHYECKYIO IIEHHOCTh MPOAYKIIHH, 4TO CKa3bIBACTCS Ha
OpPraHOJIEITUYECKUX MOKa3aTensax MpoAaykiuu. CoriacHO HCCIEIOBAHUSIM,
WCIONIb30BAaHUE COJIOJ]Aa B KOJOACHBIX M3MEIHSIX SIBISCTCS ONTUMATBHBIM, TaK
KaK CIOCOOCTBYET CO3/IaHUIO OCHOBBI JUJIsl COQIaHCUPOBAHHOTO COOTHOIIECHUS
OCHOBHBIX MTUIIEBBIX KOMIIOHEHTOB.

KuroueBble ciioBa: xonbaca, coioll, MUHEPAJIbHBIA COCTaB, TOBSAIMHA,
MeToz, onpeaenenue, pesyasrarsl, [OCT, Msco
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NPOUCXOXKICHUS» B paMkax IlporpamMmel 1neneBoro ¢uHaHcHpoBaHHS No
BR18574252
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Introduction

Currently, sausages and delicacie products are considered to be a large
and dynamically developing trade direction of industrial goods in the market of
Kazakhstan. They have a long tradition and their market position influences
other industrial products.The production of sausages is highly competitive, and
small private entrepreneurs and well-known large institutions work intensively
in this area.Sausage products are considered an important barometer in the diet
of the population.In the conditions of the rapid development of the economy, the
consumption of sausage products also increases significantly;and if the financial
situation of people worsens, the demand for sausages will decrease accordingly.
In the production of domestic sausages, selected types are in great demand
among the population.The share of boiled andsemi-smoked sausages accounts
respectivelyfor 38.6 % and 18,1 % (2015 g.). At the same time, per capita
consumption of sausage products is increasing every year.

Consumption of sausage products is subject to seasonal fluctuations. The
intensity of use increases before the holidays, as well as during the cold season.
In summer, meat products are replaced with vegetables and fruits. To balance
such fluctuations, meat production in winter increases by 2—3 times compared to
summer.

The range of Kazakhstani sausages is wide. Can sell sausages of dozens
of brands from the same industry.At present, according to the consumption of
the main types of sausages in Kazakhstan, the share of semi-smoked sausages is
approximately 45 %, sausages and wieners 14 %, boiled sausages 35 % and other
types of sausages and delicacies 6 % (Analysis of the sausage market in
Kazakhstan — 2023) (Figure 1).
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® semi-smoked sausages

B wieners

® boiled sausages

other types of sausages
and delicacies

Figurel-Segmentation of consumption of sausages in Kazakhstan

Currently, the production of meat products has increased significantly,
including the production of sausages, which are developing in several directions:

1. use of new types of raw materials and food additives;

2. increase the range of products;

3. mastering new equipment and technologies (Zheleuova, 2021;
Orymbetova, 2019; Alibekov, 2018).

New types of raw materials are used to stabilize and emulsify minced
meat, to replace the meat equivalent and improve the quality of meat
(Kassymova, 2020; Bakharev, 2006).

The introduction of non-traditional plant families (pumpkin, sweet
pepper, eggplant, tomato, carrot, etc. and products of their processing) into the
composition of meat products will undoubtedly make it possible to obtain active
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amino acid complexes that provide physiological completeness and high
digestibility of products in biological terms (Uzakov, 2008; Beisenbaev, 2014).

The nutritional value of mechanically processed meat is higher than that
of conventional meat. Adding 5-25 % mechanically ground meat to minced beef
improves its flavor and texture. The bone fat formed during mechanical
deboning of beef gives the product a new quality, and the amount of calcium in
its content increases (Velichko, 2019; Kobzhasarova, 2021).

There is information about the use of different ingredients in the
production of sausages (Slozhenkina, 2015; Bobreneva, 2003; Gordynets, 2004;
Khamagaeva, 2006; Dumin, 2002). When developing new types of meat
products, one of the criteria for evaluating their recipes is the normalization of
the chemical composition of the product from the standpoint of the optimal ratio
of protein and fat. The solution of this problem is facilitated by the directed use
of protein preparations to improve the functional properties of minced meat. At
the same time, the lack of muscle protein in minced meat is compensated by an
increase in moisture binding capacity, water holding capacity and fat-retaining
capacity, as well as an increase in the stability of sausages during storage, an
increase in the volume of production while reducing the consumption of meat
raw materials, increasing nutritional value and reducing the cost of the product.

The development of recipes for sausages with a pumpkin protein-
carbohydrate complex was based on modern principles of healthy nutrition,
based on the selection of certain types of raw materials and their ratios that would
provide the required quality characteristics of the product. To confirm the
feasibility of using the pumpkin protein-carbohydrate complex, as well as the
correctness of the chosen level of their introduction, we conducted studies,
including the determination of the general chemical composition and studies on
the organoleptic evaluation of finished boiled sausages.

In relation to protein substances, their bioavailability for assimilation by
the body, the availability of digestive bonds cleaved by the action of enzymes
and bioactivity are distinguished.

The bioavailability of proteins is characterized by their ability to be
broken down under the action of digestive enzymes into separate fragments
(amino acids and peptides), which can be resorbed by the intestinal wall and
assimilated by the body. Bioactivity characterizes the ability of the product to
stimulate the processes of internal metabolism, secretory activity.

Thus, the correlation between the biological value of proteins and their
amino acid composition can be valid only if the rates of digestion by digestive
tract enzymes, the digestibility of components and their bioactivity are
sufficiently high.
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The bioavailability of protein and the degree of its absorption depends on
many factors. In particular, it is due to the nature of the protein and its structure:
connective tissue proteins are broken down worse than muscle proteins; native -
worse than denatured.

Changes in the physical structure of meat (the degree of dispersion due
to grinding) and the biochemical structure of the protein (denaturation), increase
the availability of components to the action of digestive enzymes (Baitukenova,
2021; Zinina, 2015; Boreskov, 2000).

Also, premium-segment sausages are practically not produced in
Kazakhstan. Demand for elite meat products - natural, “meat-containing”,
healthy has grown. For a healthy lifestyle, first of all, the quality of products is
important, not their price.

In this regard, the use of methods of mechanical processing of raw
materials and new types of food additives are considered relevant.

The purpose of the study is to develop a technology for beef sausages
using malt with improved organoleptic and nutritional properties, as well as to
study the content of the mineral composition of the product.

To obtain reliable results of the study, the following methods were used:
moisture determination method according to GOST 9793-2016 “Meat and meat
products. Methods for determination of moisture content”, acid number
determination method according to GOST R 55480-2013 Meat and meat
products.Method for determination of acid value, inductively coupled plasma
mass spectrometry.

Materials and methods

Experimental samples were prepared using the additive with the
following mass fraction based on meat: 0,5 %, 0.7 %, 1.0 %, 1.25 and 1.5 %.

The scanning electron microscope is based on the use of a pre-formed
thin electron beam (probe) whose position is controlled by electromagnetic
fields. This control (scanning) is in many ways similar to the scanning process
in television kinescopes.The electron probe sequentially passes over the surface
of the test sample (Bykov, 2012).

Under the influence of beam electrons, a number of processes occur that
are characteristic of a given material and its structure. These include the
scattering of primary electrons, the emission (emission) of secondary electrons,
the appearance of electrons that have passed through the object (in the case of
thin objects), and the appearance of characteristic radiation. In a number of
special cases (luminescent materials, semiconductors), light radiation also
occurs.

Registration of electrons leaving the object, as well as other types of
radiation (characteristic, light) provides information about the various properties
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of micro-sections of the object under study. Accordingly, the display systems and
other elements of scanning microscopes differ depending on the type of detected
radiation.

Synchronously with the sweep of the electronic probe, an image is built
on the computer monitor (the brightness of the pixel on the monitor is
proportional to the magnitude of the recorded signal). For example, in the case
of a scanning electron microscope in the secondary electron current indication
mode, the value of the secondary electron current determines the depth of
brightness modulation on a computer monitor. A scanning electron microscope
of this type allows you to obtain an increase of 5—1,000,000 times with sufficient
image contrast.

The resolution of scanning electron microscopes of this class is
determined by the diameter of the electron probe and the sample material and is
10 angstroms.

Organoleptic and physic-chemical parameters of finished products were
determined accordingly according to GOST R 52196-2017 (Uvarova, 2007).

Results and discussion

Experimental production of cooked sausages showed that the use of
vegetable raw materials of the enricher in the preparation of sausages makes it
possible to rationally use meat raw materials, reduce the cost of production, and
improve the nutritional and biological value of products, which affects the
organoleptic indicators of products.

Sensory evaluation of a food product by its organoleptic propertiesaffects
the choice and demand of consumers much more than thechemical composition
and nutritional value. Therefore, the results
of the effect of the combined extract on the organoleptic characteristics of the
studied meat product are ofsignificant value (Zheleuova, 2021).

The results of the assessment of organoleptic indicators of new products
are presented in Table 1.
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Tablel - Organoleptic indicators of new products

Characteristics of the organoleptic properties of control and model samples
Nameofin Model sample Model sample Model sample
dicator #1 Control [#2- with the Model samp_lq #3 #4- with the Model sample #5 #6- with the
. with the addition . o, |withthe . o
sample addition of o addition of 1% - addition of 1.5%
0f 0.7% malt addition of 1.25 malt
0.5% malt malt malt
Long loaf
Appearan | with a .
ce clean, dry dry clean dry clean The surface is even, clean and dry, no damage to the shell]
surface
Uniformly Uniformly colored Uniformly
colored and . . colored and
Sectionalv mixed minced and mixed minced mixed minced
. Darkpink |Darkrosered |Darkrosered X meat from pink-red X
iew meat from pink- color without era meat from pink-
red color without spols 1Y lred color without
gray spots P gray spots
. resilient, . resilient,
Consisten - - - resilient,
resilient  |resilient resilient homogeneous . |homogeneous
cy . homogeneous elastic .
clastic elastic
Peculiar to
this type
of
product,
without Peculiar to this . . Peculiar to this  |Peculiar to this
. Peculiar to this . . . .
foreign type of product without [product without Peculiar to this
Tasteands type of product, . . o
mell taste and  |product, without foreign foreign taste and |foreign taste and product, juicy in
smell, without iaste smell, with the [smell, with the aromaltaste
with the  [foreign taste aroma of spices |of spices
aroma of
spices,
moderatel
y salty

According to organoleptic indicators(table 1, figure 2), samples # 3-5
with an additive content of 1.0-1.5 % showed the best result, i.e.bystructures,
consistency, texture, as well as by the complex sensation in the oral cavity caused
by the taste, smell and texture of the food product.

To obtain accurate and reliable numerical values of product quality
indicators established by the organoleptic method, it is necessary to use the
method of evaluating food products according to several quality indicators, in
which their estimates, expressed in points. The method allows you to set the
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levels of partial (for individual indicators) and general (for a set of indicators)
quality.

The results of the sausage evaluation method presented in Figure 2.

Model sample #2- with the

Control sample #1 addition of 0.5% malt
Appear appear
ance ance
smell Sect'lon sect_uon
al view al view
onsist /) \fonsist
Taste
ency ency

Model sample #3 with the addition of 0.7 % malt Model sample #4- with the addition of 1 % malt

Appear
ance
5
Section sectio
smell . nal
al view .
view
onsist onsist
Taste ency ency
Model sample #5 with theaddition of 1.25 malt Model sample #6- with theaddition of 1.5 % malt
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Figure 2 - Organoleptic evaluation
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According to the results of the method for evaluating sausage products,
which are presented in Figure 2, it can be seen that with the addition of malt 1
and 1.25 % they are inferior only in taste to samples with the addition of 1.5 %

malt.

Table 2 shows the physico-chemical indicators of boiled sausage
prepared with the addition of malt powder.

Table 2 - Physical and chemical indicators of boiled sausage prepared with the
addition of additive powder

Indicators Control Model samples
sample Nel No2 | Ne3 | Ne4 | Ne5
Mass fraction of ash in terms of dry 1,0 2,0 2,0 2,1 2,1 2,1
substance, %
humidity 72 65,5 65 62 62 62
pH 7,0 6,9
Mass fraction of table salt in terms of dry 3,1 3,1
substance, %
Water-holding capacity, % 85 85 | 84 | 84 | 83 | 83

The pH value of halal cooked sausages was determined from model
samples. As a result, all samples of sausages have a neutral environment and

amounted to pH=6.9.
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In the control sample, the moisture content of finished sausages was 72
%. Based on the research work, for the model sample Ne 1, the humidity was
determined and is equal to 65.5 %, for the model sample Ne 2—65.0 %, for the
model samples Ne 3—5, the humidity was 62 %.

The amount of table salt in boiled sausages did not change with an
increase in the mass fraction of the addition and amounted to 3.1 %.

The analysis of the obtained results showed that at the rate of nitrite
content in boiled sausages not more than 0.005 %, the acceptable level of nitrite
content is found in the samples.

The most important factors determining the quality and yield of sausages
are the degree of meat grinding and the correctly selected moisture content of
minced meat. Boiled sausages have on average acceptable quality with minced
meat stability of at least 85 % by weight, water-holding capacity of about 85 %
of the total moisture content in minced meat. In this case, the water-holding
capacity in the model samples is in the range of 83—-85 %.

Finished sausages are stored at a temperature of 0—12°C and air humidity
of 75-78 % for no more than 10 days.

The amount of macro- and microelements in the finished product was
determined using an electron microscope. An electron microscope is an
instrument that allows you to obtain a high-precision image of the surface of a
sample. Since the image obtained in an electron microscope is three-
dimensional, it is convenient to study the structure of the surface.

X-ray pattern of samples taken with an electron microscope are shown in Figure
3.

(a)control sample b (model sample)
Samples elements composition, %
(0] Na Mg | P Cl K Ca Fe Zn
Control sample (a) | 24,35 | 26,49 | 1,57 | 7,31 3321 |85 1,48 0,16 0,14
Model sample (b) | 29,75 | 22,4 1,74 | 10,17 | 26,22 | 9,09 2,30 0,14 0,36

Figure 3 - X-ray image of samples taken with an electron microscope

According to the chemical results obtained in the ICP-MC mass
spectrometer of the samples and as content it was observed that the amount of
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macro and microelements in the sausage product enriched with the use of malt
increased.

The amount of macro and micronutrients in the studied finished product
was studied under an electron microscope. An electron microscope is a tool that
allows you to take a high-precision image of the surface of a sample. Because
the image obtained in the electron microscope is three-dimensional, it is
convenient to study the structure of the surface.

According to research, this type of raw material is optimal and is made
on the basis of a balanced ratio of the main food components, which ensures
good digestion and digestibility of the stomach.

Conclusions

Experimental production of cooked sausages showed that the use of
vegetable raw materials of the enricher in the preparation of sausages makes it
possible to rationally use meat raw materials, reduce the cost of production, and
improve the nutritional and biological value of products, which affects the
organoleptic indicators of products. According to research, the use of malt
sausage is optimal, as it participates in creating the basis of a balanced ratio of
the main food components.
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Abstract. The work is based on the preparation of perovskite structure catalysts in
the presence of organic reducing agents (monosaccharides). Currently, perovskite-like
complex oxides are considered promising catalysts for the Fischer-Tropsch synthesis due
to their activity, stability, selectivity, and low cost. Catalyst samples were obtained by
hydrothermal coprecipitation in the presence of a soft template. Because, soft templates
have broad prospects for use in the synthesis of nanomaterials due to their ease of use and
the absence of the need for special removal of the template. A physicochemical analysis
of the obtained catalyst samples was carried out, the results of which showed that the
catalyst samples have a perovskite structure and all reflections belong to LaCoO,, and
the 36.9° reflection belongs to Co,0,. In addition, the practical results obtained from
the chemical analysis of the sample showed that they are consistent with theoretical
calculations. As a result of thermal analysis, it was shown that in the precursor sample
at a temperature of 500-610°C, the destruction of residual hydroxyl groups occurs,
the decomposition of the precursor phase is completed, and the necessary perovskite
LaCoO, phase is formed. In conclusion, it was shown that Co-containing catalysts
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synthesized by co-precipitation in the presence of organic monosaccharides under mild
hydrothermal conditions have a perovskite structure.
Key words: Perovskite catalyst, monosaccharides
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OPTAHUKAJIBIK TOTBIKTBIPFBIIITAP KATBICBIHJIA IEPOBCKUT
KYPBLIBIM/IbI KYPIEJI OKCHUJI LaCoO, AJTY

Annoramus. JKyMBIC OpraHUKagblK TOTBIKTBIPFBILTAP (MOHOCAaxapHITED)
KATBICBIHAA KYpPJei MEPOBCKUT KYPBUIBIMABI KaTajlu3aTopiapAbl alyFa HETi3JelreH.
Kazipri yakpiTTa mepoBCKHT Topizai Kypaeni okcuarep Pumep-Tpomm cuHTe3iHIH
MEPCIICKTUBAJIBl KaTaIM3aToOphl OOJIBINT caHalafpl, ce0edi oyapIbliH OeNICEeHIUTIrI,
TYPaKTBUIBIFBl, TalFaMIBUIBIFBl JKOHE KYHBIHBIH TeMeH Oonysl. Karanuzatop
ChlHAMajJapbl THUAPOTEPMAJbIbl JKaFdaiina, »KyMcak TEMIUIATThIH KaThICBIHAA
Oipre TyHAbIpy omiciMeH anbiHAbl. Cebebi, KyMcaKk TEMIUIATThl KOJJaHYIbIH
KapanaibIMIBUIBIFEIHA XKOHE TEMIUIATTHI YITIICH apHaibl >KOFOIBIH KaKETTUTITiHIH
OonmaybiHa OaillaHBICTBI TMEPOBCKUT KYPBUIBIMIBI MaTepHalAapAbl CHUHTE3ICYAe
KOJIIaHY/ABbIH KeH MEePCIeKTUBANapbIiHa He. AJBIHFaH KaTalnu3aTop YAriiepine Gpu3nKo-
XUMUSUIBIK TajAay Kacanisl. Tangay HOTHKeNepi KaTaau3arop YAriiepl mepoBCKUTTIK
KypbUIbIMFa M€ €KeHiH xoHe POT normwkenepingeri O6apisik peduekcrep LaCoO,-ke
KATATBIHJIBIFBIH, all 36,9° peduekci - Co,0, TuicTi ekenpirin kopcerTi. COHbIMEH KaTap
YJTiHI XUMUSUTBIK Tangay Ke3iHZe Je alblHFaH MPaKTHKAIBIK HOTHXKENep, TEOPHSUIBIK
eCenTeylIepMeH CoWKeC eKeHIIriH KepceTTi. TepMHUANBIK Tajnay HOTHXKECIHAEe
npekypcopislk yarige 500-610°C Temneparypana KalAblK TMAPOKCHI TONTAPHIHBIH
KOMBUTYBl KYPETIHAITIH, MPEKYpCOpibIK (a3aHblH BIABIPAYBl asKTaJbII >KOHE
kaxerti LaCoO, meposckut (hazacel TysineTinmirin kepcerrti. Kopeita kene xymcak
THOPOTEpPMANbl Karjaiiia OpraHUKadblK MOHOCAaXapuUATEpIiH KaThICBIHAA Oipre
TYHIBIPY 9AiciMeH cuHTe3aenin ajasiHFal Co-KypaMmaac Karajau3aTtopiap MepOBCKUTTIK
KYpBUTBIMFa € EKEeH/ITiH KOPCETTi.

Tyiiin ce3nep: [lepoBCKUT KypHIIBIMABI KaTalu3aTop, MOHOCAXapUATED
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MOJYYEHUE CJIOXKHOI'O OKCHUJIA CO CTPYKTYPOM NEPOBCKUTA
LACOO3 B ITPY CYTCTBUM OPTAHUYECKHUX BOCCTAHOBUTEJIEH

AHHoTamus. Pabora oCHOBaHa Ha TOJNYYCHUH KaTaJIM3aTOPOB IEPOBCKUTHOMN
CTPYKTYpbl B TPHUCYTCTBUM OPTraHWYECKHUX BOCTOHOBHUTENEH (MOHOcaxapuaoB). B
HaCTOHHIeeBpeMSIHepOBCKI/ITOHOIlO6HI)IeCJ'IO)KHBIGOKCI/IIH)IC‘II/ITaIOTCHHepCHeKTI/IBHI)IMI/I
Katanu3aropamu cuHTe3a Dumepa-Tpomnma u3-3a X aKTHBHOCTH, CTaOWILHOCTH,
CEJIEKTUBHOCTH M HU3KOH cTtomMocTH. OOpa3ibl KaTaau3aTopoB IOJNyYald METOIOM
THUAPOTEPMAJIBHOTO COOCAXKACHUSA B IMPUCYTCTBUM MATKOI'O TEMILIATa. HOTOMy qTO
MATKHUE TEMIUIAThl HMMEIOT INHUPOKUE TMCPCICKTUBBI I MNMPUMEHCHUSA B CHHTE3C
HaHOMAaTepuajaoB H3-3a IMPOCTOTHI UX HUCIIOJIB30BaHUA U OTCYTCTBUA HeO6XO)Z[I/IMOCTI/I
B CHCIHMAJLHOM YJAJICHUW TeMmiuiata. IIpoBefeH (U3MKO-XMMHUYESCKUN aHaJu3
MOJTYYEeHHBIX 00pAa3IoB KaTainu3aTopa, pe3ylbTaThl KOTOPOTO TOKA3alH, YTO 00pasibl
KaTanu3aropa UMEIOT CTPYKTYPY MEPOBCKUTA U Bee peduiekcel npunaiexar LaCoO,,
a pednexc 36,9° mpunamnexur Co,0,. Kpome TOro, mpakTHYeCKHE DPE3yJbTarThl,
MOJy4YeHHbIE TIPH XUMHYECKOM aHalln3e o0pasla, MoKa3alid, YTO OHH COINAcyIoTCs
C TEOpeTHYECKUMH pacueTaMHu. B pe3yinsraTre TEpMHUYECKOr0 aHainW3a IOKa3aHo,
9TO B 00pasie mpekypcopa mpu temmeparype S00-610°C mpoucxomut paspyuicHUE
OCTaTOYHBIX THUAPOKCWIBHBIX TPYI, 3aBepliaercss pacmaa ¢assl TpeKypcopa H
obpasyercs HeoOxomumas ¢asa mepoBckuta LaCoO,. B 3akmrodenue mnokasamo,
yro Co-cofiepkaliye KaTalu3aropbl, CHHTE3HMPOBAaHHBIE METOAOM COOCKICHUS B
NPUCYTCTBUU OPTaHUYECKUX MOHOCAXapUAOB B MATKUX FUAPOTEPMAIbHBIX YCIOBUAX,
HAMEIOT CTPYKTYpPY IEPOBCKUTA.

Ki1roueBble cjioBa: IEpOBCKUTHBIN KaTalln3aTop, MOHOCaXapH bl

Introduction

Complex oxides with the LaMeO3 perovskite structure are among the most popular
catalysts in liquid-phase oxidation processes due to their high activity in oxidation
reactions and stability in aggressive media (Sadykov et al., 2000). Therefore, a lot
of research are currently underway to study the possibility of using perovskite-like
oxides in catalytic oxidation processes (Zhang et.al., 2013). The catalytic versatility of
perovskite-like oxides is due to their high stability at high temperatures and aggressive
media, as well as the stabilization of transition metal cations at unusual oxidation states,
as well as the high oxygen mobility in the perovskite structure. That is why the study
and properties of the composition and use perovskite catalysts in the Fischer-Tropsch
synthesis becomes an urgent task.

Perovskite-like complex oxides obtained by various methods showed significant
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catalytic activity in many reactions: (Falcon et al., 2001; Lee et al., 2001; Rivas et
al., 2006). In these reactions, the catalytic properties of perovskites depend on the
phase and surface composition, structural defects, and the mobility of surface and bulk
oxygen. In this regard, of great interest is the study of composite catalysts with a special
microstructure, consisting of various perovskite-like phases.

Materials and basic methods

In this work, the goal was to obtain Co-containing catalysts with a perovskite type
structure by hydrothermal coprecipitation in the presence of a soft template. Because,
soft templates have broad prospects for use in the synthesis of nanomaterials due to their
ease of use and the absence of the need for special removal of the template (Rivas et al.,
2006). On the other hand, the operation of the soft template is based on the properties
of the micelle, which forms the boundary between the surfactant and the deposited
substance in the solvent medium. The most common representatives of soft templates
are surfactants, polymers, and monosaccharides. In these work used organic reducing
agents based on soft templates, D-glucose, D-fructose, D-galactose

Discussion

Samples were prepared using soft templates: D-glucose (LCO-Glucose), D-fructose
(LCO-Fructose) and D-galactose (LCO-Galactose). To do this, 0.03 mol of lanthanum
nitrate and 0.04 mol of cobalt nitrate were dissolved in 40 ml of water, then 0.027 mol
of the monosaccharide was added to the salt solution. Separately, 60 ml of 4 M sodium
hydroxide solution was prepared in a polypropylene beaker. Next, the salt solution with
a soft template was added dropwise to the sodium hydroxide solution. Then, 15 ml of
5.4 M nitric acid was added dropwise to the solution in the beaker, and the resulting
suspension was stirred on a magnetic stirrer for 2 hours. A polypropylene beaker with
a gel-like mixture was tightly closed with a lid and placed in an oven at 100°C for 24
hours. At the end of the synthesis, the brown suspension was washed with 2 liters of hot
water on a filter and dried under an infrared lamp. The resulting powders were calcined
in a muffle furnace at a temperature of 300°C for 3 hours, then at a temperature of 700°C
for 4 hours (Massalimova et.al., 2022).

]. The catalyst products formed as a result of calcination were finely ground on a
porcelain bowl. The heat treatment program was chosen based on the results of thermal
analysis, which showed that soft organic templates and their residues decompose at a
temperature of about 360°C.

The chemical analysis of the cation composition of the samples was carried out by
atomic emission spectroscopy (AES) on a Perkin Elmer Optima 4300 DV instrument.

Thermal analysis (TS) of dry samples was carried out in air and in a flow of a mixture
of'argon and hydrogen of 40 ml/min at a heating rate of 10 deg/min to determine the heat
treatment temperature. The study was carried out on a Netzsch STA-409 thermograph.

The phase composition of the samples was determined by X-ray phase analysis on
a D-8 diffractometer (Bruker) by scanning 0.050-point intervals in the 20 angle range
from 20° to 80° using Cu-Koa radiation.

The studies were carried out by scanning with a step of 0.02—0.05 deg 26 and a
simultaneous accumulation time of 5 s at points, the accuracy of measuring the angle A6
=0.01 = 0.020, the interfacial distance Ad ~ 10-3 A.
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According to XRD data (Fig. 1), the obtained samples contain predominantly the
LaCoO, perovskite phase (JCDD PDF2 00-025-1060) with a small admixture of the
Co,0, phase (JCDD PDF2 00-009-0418).
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Fig. 1. Diffractograms of samples after heat treatment at 700°C.

Table 1 presents the chemical and phase composition of the catalyst samples. The
results of elemental analysis show that the amount of cobalt and lanthanum in the
calcined samples does not differ significantly from the theoretically calculated one.
Therefore, the difference between the theoretical and experimental composition of the
catalysts can be explained with losses in catalyst preparation.

Table 1. The chemical and phase composition of the samples

Chemical composition, % w Phase composition, % w
La Co LaCoO, Co.0,
LCO-Glucose 429 37.2 74,6 25,4
LCO-Galactose 43.0 32.9 79,2 20,8
LCO-Fructose 43.4 34.0 78,3 21,7

The heat treatment program was chosen based on the results of thermal analysis,
which showed that soft organic templates and their residues decompose at a temperature
of about 360°C. For this reason, the first stage of heat treatment was modified to avoid
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severe burning of the sample. On fig. 2 shows the thermal analysis curves of the new
precursor obtained in the presence of soft templates when heated to 900°C.
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Fig. 2. Thermal (DTA/TG) analysis of samples (in air). A) LCO-Glucose, B) LCO-Fructose

Thermal analysis of co-deposition samples in air is shown in Fig. 2. The main
difference between the models lies in the diversity of organic template destruction in

the case of hydrothermal synthesis.

At the stage up to 200°C, adsorbed and weakly bound water is destroyed; at 250°C,
part of the lanthanum cations passes into the LaOHCO, phase; At a temperature of 500
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610°C, the destruction of residual hydroxyl groups occurs, the decomposition of the
precursor phase is completed, and the necessary perovskite phase LaCoO, is formed.

The formation of a surface film of lanthanum oxycarbonate La 0,CO, is a
characteristic phenomenon of the synthesis of lanthanum-containing perovskites
in the presence of CO, or carbonates in the solid phase in the gas phase. This is due
to the presence of thermodynamically stable phases LaOHCO, up to 520°C and
La,0,CO, up to 900°C than La(OH),/LaOOH and La O, respectively. In this case, the
thermodynamically more favorable perovskite phase LaCoO, is formed in the bulk of
the sample particles. The minimum thermal effect is observed in the sample obtained
using fructose, which is explained by the small surface area and the small amount of the
La,0,CO, phase. This layer is formed during the decomposition of the LaOHCO3 phase
at 510°C, which is most likely formed in the starting compound during synthesis. In the
results of thermal analysis of samples obtained using glucose and fructose, there is no
stage of dehydration to Co(OH), oxide, and at temperatures of 300-400°C, a significant
weight loss is observed. During synthesis, the presence of an excess of NO* anions in
the solution should have ensured the complete destruction of the templates, but this did
not happen, which may be due to the strong binding of the template and its oxidation
products to metal cations. In addition, the spatial structure of the initial template and its
oxidation products can affect the arrangement of lanthanum and cobalt cations in the
precursor compound, as well as the textural characteristics of the synthesized samples.
The difference in temperature effects on glucose and fructose may be due to a short-term
violation of the homogenization of lanthanum and cobalt cations due to the difference
in precipitation in the precursor compounds, which leads to the formation of two phases
containing individual cobalt and lanthanum.

It should be noted that the obligatory condition for the formation of the perovskite
structure during the heat treatment of the precursor is the homogenization of the
precursor compounds. For this reason, as shown in the work, the preparation of
perovskites by precipitation of cations together with carbonates does not provide a
uniform distribution of cations in the initial compound. As a result of heat treatment of
the obtained precursor compound, a mixture of phases of perovskite LaCoO,, lanthanum
oxide La,03, lanthanum oxocarbonate La,0,CO,, and cobalt oxide Co,0, is formed. In
the case of a sample based on fructose, the assumption of the formation of two mixed
phases with cobalt and lanthanum, which is not visible in other samples, is confirmed
by the observation of the thermal effect of the decomposition of lanthanum carbonate
in this sample. Also, the formation of the perovskite structure in this sample requires
the highest temperature, ~580°C, which is associated with high energy consumption for
rearrangement of the crystal structure. On the contrary, no splitting of the homophase
is observed in the sample based on glucose: the formation of the LaCoO, perovskite
structure is completed in one stage at a temperature of 550°C:

12La0OH + 4C0,0, + O, — 12LaCo0, + 6H,0. (1)

For a sample based on fructose, two stages of formation of the perovskite structure
are observed. In addition, the second effect is associated with two processes:
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2LaOOH — La O, + H,0 [10], 2)
6La,0, +4Co0,0, +O, — 12LaCo0,. 3)
Conclusion

The analysis results showed that the catalyst samples have a perovskite structure and
all reflections belong to LaCoO,, and the 36.9° reflection belongs to Co,0,. In addition,
the practical results obtained from the chemical analysis of the sample showed that they
are consistent with theoretical calculations. As a result of thermal analysis, it was shown
that in the precursor sample at a temperature of 500-610°C, the destruction of residual
hydroxyl groups occurs, the decomposition of the precursor phase is completed, and
the necessary phase of LaCoO, perovskite is formed. In conclusion, it was shown that
Co-containing catalysts synthesized by co-precipitation in the presence of organic
monosaccharides under mild hydrothermal conditions have a perovskite structure.
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Abstract. Currently, one of the main tasks for the food producers is the food products
production with moderate prices and high nutritional value. In this regard, in the meat
processing industry are available various by-products that have possibilities for applying
as the secondary raw materials. HACCP system principles in the production technology
of combined meat and plant paste by using meat, liver and local raw materials is
discussed in the presented work. As the plant additive a boiled and fried millet flour
(tary — Kazakh national delicacy) was used. The application of the HACCP system by
identification of the critical control points allows for the production of safe and high-
quality food products at the international level. At the discovering of the hazardous
factors, it is taken into account the following specifics: composition of meat-plant
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paste, technological stages, food safety ensuring, etc. The analysis of the technological
processes showed that the main hazard is a microbiological factor. As well, the chemical
and physical hazardous are identified. The system of preventive and corrective actions
in the case of occurrence of risks by stages of technological processes is proposed.
The identified hazards in the meat-plant paste technology will minimize or completely
reduce emergencies of production risks, as result, significantly affect product food
safety. The main advantage in the HACCP system implementation is a guarantee of the
food safety and improving of the producer’s status on the market.

Keywords: emergency, food safety, food technology, meat by-products, HACCP
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AHHOTaUMsA. Aypyabl TOMEHIETY, XaIbIKTBIH QJIEYMETTIK KOHE KOCINTIK OelceHIi-
JITiH apTTRIPY MaKCaTBIHAA >KEPTUTIKTI IIUKI3aTTaH KOJDKETIMII a3bIK-TYJIK ©HIMI,
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TaraMJbIK KYHIBUTBIFBI )KOFaphl €T-KOKOHIC MAalITETiH OHAIPY TEXHOIOTUSACH 331pICHI.
Tapa yHbI (Ka3aKThIH YATTHIK JOMIi TaFaM) ©CIMJIIK KOCIIAChl PETiH/E MalJaTaHbLUIIb.
Tamax eHzipiciHIe OHIMHIH )aHa TYPJepiH 93ipiey FhUIBIMH 3epTTEYICPAiH 03EKTUIITiH
AHBIKTAWJIBI, aTan aWTKaHJa OHIMHIH Calackl MEH KayilCi3diriH KaMTaMachl3 €Ty
canaceigaa. JKyMBICTBIH MakcaTbl — >KaHa €T-KOKOHIC MaIITeTiH eHIipy OOHBIHIIA
XACCII xocnapeia a3ipney. XACCII xyiieciH KongaHybl XaJbIKapaiblK ACHrenae
Kayilci3 >KoHEe >KOFaphl camajibl ©HIM IIblFapyasl ke3aeiai. JKymbIcTa eT-KekeHic
MAIITEeTiH OHAIPYAETi OMIpIiK HUKIIIH OapibIK Ke3eHaepiHae OaKplayIbl KAMTaMachl3
eretin XACCII xyiieci Herizinaeri celHu Oakplaay HYKTEJEPiH 3€pTTey HOTHKENepi
oepinren. MUCO 22000 TtananTapblHa COHWKEC €T-KOKOHIC TMAaIITETIH OHIIPYyAiH
TEXHOJIOTHUSIIBIK POLECiHE TaJAay JKYPri3ilin, CbIHA OaKpuiay HYKTeNepi aHBIKTAIbI.
KayinTi Qakropnapapl aHbIKTay Ke3iHAE 013 MbIHaJIApAbl ECKEpHiK: eT-KOKeHic
MaIITEeTiHiH KYpaMbl, OHbI OHIEYIiH TEXHOJIOTHSJIBIK MpOoLeci )KaHe T.0. TeXHOMOTHSUTBIK
MPOLIECTEPIH OINEepalUsIapblH Tajjay HEri3ri Kayil MHKPOOHMOJIOTHSIIBIK CKEHIH
KepceTTi. ET-KekeHIiC mamreTiH eHIIpy MPOLECIHAE XUMHAJIBIK KOHE (U3MKAIBIK
CHUIATTaFbl BIKTUMAN KayinTi (hakTopiap aa aHbIKTanaasl. MOHUTOPHUHT 9pOip OakbLiay
MYHKTi OOMBIHIIA >KOCHApiIaHFaH Ke3eKTUTiK OOMBbIHIIA Kypri3ingi. TeXHOMOTHsUIBIK
MPOIECTiH Ke3eHaepl OOMbIHIIA ToyeKelep TybIHIAFaH Kafjaiaa ajiblH ajly >KoHe
TY3€Ty OpEKeTTepiHiH JKyHeci YChIHbUIAAbl. ET-KeKeHiC MNalTeTThl OHIIpYyAeri
aHBIKTAJIFAH KayilTep OHIIPICTIK ToyeKeNJepAiH TybIHAAybIH OapbIHIIA a3aiTaibl
HEMece TOJILIFBIMEH a3aiiTajbl, HOTHXKECIHIEC OHIMHIH KayilCi3IiriHe alTapibIKTai
ocep ereni. XACCII xylieciH eHri3y Ke3iHJe apThIKIIBUIBIK KOMIAHUSHBIH MOpTEOeCiH
KaKcapTy *KoHe Kayilci3 eHiMIepre CeHIMA1 apTThIPy OONbIN TaOblIa k.

Tyiiin ce3nep: eT-KoKeHic mamTeTi, cana, Tamak Kayincizairi, XACCII
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AHHoTanms. B Hacrosmee BpeMs OAHOM M3 OCHOBHBIX 337a4 MpPOM3BOAUTENCH
MIPOAYKTOB IHUTAHUS SBIAETCS MPOU3BOJACTBO IMPOAYKTOB IMUTAHHUS C YMEPEHHBIMHU
[IEHaMH U BBICOKOHU THITIEBOY MIEHHOCTHIO. B CBS3M C 3THM B MsconepepadaThIBarOIICH
MPOMBIIUICEHHOCTH UMEIOTCS Pa3iInyHble CyONpPOAYKTHI, HMEIOIUE BO3MOKHOCTH IS
HCTIOJIb30BaHUS B KAY€CTBE BTOPUIHOTO CHIPhsI. B ipesicTaBneHHO# paboTe paccMOTpEHBI
npuHOUIel  cucteMbl XACCII B TeXHOIOTMH MPOW3BOACTBA KOMOMHHPOBAHHBIX
MSACOPACTHTEIBHBIX MAIITETOB C UCIOIb30BAaHUEM MsICA, IEYEHU U MECTHOTO CBHIPbS.
B kagecTBe pacTuTenbHOIN 100aBKH MCIIONB30BANACh BapeHas U OOKapeHHas MIIeHHAs
MyKa (Tapbl — Ka3axCKoe HamroHabHOe JTakoMcTBO). [Ipumenenune cucrembr XACCIIT
IyTEM ONpENENeHUs] KPUTHUUECKHX KOHTPOJIBHBIX TOUEK TIO3BOJIAET IMPOU3BOIUTH
Oe3omacHple M Ka4eCTBEHHBIE NPOMYKTHl NHTAHUSA Ha MEXIyHAPOJHOM YpPOBHE.
[Ipn BbIBIEHHM OHACHBIX (DAKTOPOB YUYHUTBHIBAIOTCS CIIEAYIOIIHME OCOOEHHOCTH:
COCTaB MSICOPACTUTEIBHOTO TMaliTeTa, TEXHOJOTMYECKHE JTalbl, o0ecledeHue
0€30I1aCHOCTH IUILEBBIX NPOLYKTOB M JAp. AHajau3 TEXHOJIOTMYECKUX IIPOLIECCOB
MOKa3aJl, YTO OCHOBHYIO ONACHOCTh MNPEACTAaBISICT MUKPOOHMONOTHUYECKUI (akTop.
Taxxe ompeneneHsl XUMUUeckue U pusmyeckue omacHocTH. [Ipennoxena cucrema
IPEAyNpeKJAOINX U KOPPEKTUPYIOIIUX NEHCTBUM NPH BO3HHUKHOBEHHH DPHCKOB
[0 CTAIUSAM TEXHOJOTHYECKHUX IMPOLECCOB. BBISABIEHHBIE OMACHOCTU B TEXHOJIOTUH
MSCHBIX HAIITETOB MO3BOJAT MUHUMHU3UPOBATh WM MOJTHOCTHIO CHU3UTH aBapUilHbIE
IIPOM3BOACTBCHHBIE PHUCKH, KaK CJIEACTBUE, CYLIECTBEHHO IOBIMATh Ha IHUILEBYIO
Oe3onacHoCTh mponykra. OCHOBHBIM IpenMyILecTBOM BHeapeHust cuctembl HACCP
SIBIISICTCSL TapaHTUsl OE30MacHOCTH MHUIIEBBIX MPOAYKTOB M TIOBBIIICEHHE CTaTyca
IIPOM3BOAUTEIISI HA PHIHKE.

Ki1roueBble ci10Ba: MsicOpaCTUTENBHBIN MALITET, KAYECTBO, MUIIEBasi 0€30MacHOCTb,
XACCII

duHaHcupoBaHuUe: J[aHHOE uCCIENOBaHHE BBIIONHAIOCH COIVIACHO HAYYHO-
uccnenosarenbckoro  mpoekta  «KommiekcHas — OezoTxongHas — mepepaboTKa
CEJIbCKOXO3MCTBEHHOTO CBHIPhS XMBOTHOTO M PACTHTEIBHOTO TPOUCXOXKACHUS» B
pamkax [Iporpammer nieneBoro punancupoBanus Ne BR18574252.

KoH(}MKT nHTEepecoB: aBTOPHI 3asBIAIOT 00 OTCYTCTBUH KOH(IUKTa HHTEPECOB.
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Introduction

Technology production meat-plant pastes of new generation ensures rational use of
secondary meat raw materials and designed to reduce growth of morbidity, increase
social and professional activity of the population. Various vegetable components with
a high content of proteins and dietary fibers are using as binding ingredient. With
introduction of herbal additives, texture, also flavor and aroma characteristics of the
finished product improves.

As additive can use not only wheat flour, but also other types of flour, such as tary flour
(Kazakh national delicacy). Tara groats are very useful for the human digestive system,
this is hand-processed millet, technological process of which is very difficult. Tary
cereal contains a large amount of fiber, which binds fats and toxins, and then removes
them from the intestines. Tary contain about 11-15 % protein and about 5 % fat, which
contain lecithin — substance that promotes better protein absorption (caloricizer). Also,
composition of talkan includes ligin, which removes excess cholesterol and bile acids
from the body, bioflavonoids, which are strong antioxidants and have positive effect on
the immune and endocrine systems of the body. Bioflavonoids prevent the formation
of tumors (including cancer), helps to cleanse body of toxic substances, take an active
part in cell regeneration, and catalysts for many biological processes. Tary contains
B vitamins, which are antidepressants and vitamins of youth, have positive effect on
memory and condition of the skin and hair (including nails), amino acids alanine and
cysteine, which restore hair structure and regulate the secretion of sebum. The lack of
these amino acids is cause of hair loss and brittleness, avenanthramides, which prevent
the formation of plaques on the walls of blood vessels, protect against clogging of the
arteries. From macro- and microelements, cereals are especially rich in silicon, fluorine,
iron, manganese, magnesium, copper (Vershininaetal,,2012; Yanovaetal., 2015).

Appearance and quality of raw materials, methods, technologies and conditions of
production, packaging, transportation and storage have the most significant impact on
the formation and preservation of the quality of food products.

Production of safe food products is determined by the degree of purity and good
quality of raw materials. Food products may contain many harmful contaminants with
carcinogenic, mutagenic, teratogenic, and immunosuppressive effects.

The content of contaminants in food products sometimes leads to death, and
contaminated food products impair immunity, body's defenses, cause changes in
heredity and lead to diseases. In many cases allergic, oncological, cardiovascular and
other dangerous diseases occur as result of violation of biochemical reactions in the
body, mainly caused by use of poor-quality food [Fred, Fung etal,2018; ISO 22000—
2018, Dunchenko, 2008; Diyarov etal.,,2022).

Effective quality management of the production meat-vegetable paste, based on the
principles HACCP - an important direction, and will achieve stable and high quality,
safety, that in currently is main component of the production of any food product.

The object of the study is the technological process for the production of high-quality
and safe meat-vegetable paste.

The subject of research is HACCP methodology in relation to the production of new
meat-vegetable paste.
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The goal of the work is to ensure quality and safety of products with using principles
HACCEP at development of new meat-vegetable paste.

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

- identification of critical control points of technological process for production
meat-vegetable paste;

- development of corrective measures to ensure the safety of manufactured products;

- development of recommendations on the organization and distribution of
responsibility for corrective actions.

The HACCP system helps to prevent occurrence of hazards at early stage of food
production and based on preventive approach to ensuring quality and safety during
production process, and can also be used in the development of new types of products.

Use new types of raw materials and technologies in food production determines the
relevance of scientific research, namely in the field of ensuring quality and safety of
products. The application of the HACCP system serves as guarantee of quality and food
safety at the international level.

As result, percentage of implementation HACCP should be 100 % for all food
criteria, from field to table. The implementation of HACCP system means continuous
application of accounting, monitoring, corrective actions consistent with HACCP plan
(Kasza et al., 2022; News, 2018). The ongoing maintenance of an effective HACCP
system depends on timely scheduled verification activities. In general, food safety
takes into account origin of food, this includes agricultural practices, hygiene, food
labeling, pesticide residue content, import and export verification procedures, and food
certification systems (Kasza et al., 2022; News, 2018).

According to the HACCP system, hazards are divided into biological, chemical and
physical. Chemical factors that threaten human health include hazards from chemical
compounds that enter products during preparation, transportation or improper storage.
These include: toxic elements, pesticides, dioxins, antibiotics, chemicals (cleaners
and detergents), diarrhoeic shellfish poisoning (DSP), ciguatoxin, paralytic shellfish
poisoning (PSP), shellfish toxins, mushroom toxins, allergens, scombrotoxin (histamine),
cyanogenic glycosides, etc. (Morya et al., 2022; Rather et al., 2017). Physical hazard for
health can occur when foreign objects from the external environment enter the finished
products. These include solids: hair, plastics, jewelry, metals, fingernails, etc. (Bushra et
al., 2022; Sarker et al., 2017). Biological hazards include: pathogenic microorganisms
(Salmonella, Clostridium botulinum, Escherichia coli, Listeria, Vibrio cholerae,
Cronobacter spp, etc.), viral pathogens (such as Enterovirus, Hepatitis A, Norovirus,
Rotavirus, etc.), parasitic pathogens (such as Cryptosporidium, Entamoeba histolytica,
Giardia, Trichinella, etc.), also rodents and insects. For reproduction, microorganisms
need moisture, nutrient medium, room temperature and time. These factors are present in
most foods [Atambayeva et al., 2022; Bosch et al., 2018; Ceylan et al., 2021; Alibekov,
2019).

HACCEP plan is list of control measures necessary to maintain safety of production
processes, which created based on analysis of the main critical points. This is basic
document on the basis of which management systems for ensuring food safety are
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established and implemented. They involve identification and elimination of biological,
chemical and physical risks at all production stages (Fred, Fung et al., 2018; ISO
22000-2018; Dunchenko, 2008).

Goals of development and implementation of HACCP (Fred, Fung et al., 2018; ISO
22000-2018; Dunchenko, 2008):

Minimizing risks, associated with production of food products, sale, storage,
movement and disposal of food (including raw materials, semi-finished products,
finished products, etc.).

Management, control, protection of production processes from various types of risks
and hazards.

Market promotion within country, abroad.

The plan development process includes the following steps (Fred, Fung et al., 2018;
1SO 22000-2018; Dunchenko, 2008):

organization of group that will deal with HACCP-plan;

analysis of raw materials and final product;

defining how the product should and can be used;

creation of a flow diagram of the technological process and its confirmation;

assessment of potential risks;

finding and defining critical control points;

establishment of critical limits for each control point;

creation of monitoring system for control points;

preparation of corrective actions;

development of verification procedures;

preparation of accounting and control documentation.

HACCP plan development team should include specialists who have deep
technological knowledge, and also understand related areas (veterinary medicine,
general chemistry and biology, technology and food safety, legislation).

Stage of identifying potential hazards and risks is one of the most important in
the process of creating plan. Team members should be well aware of the risks and
threats that exist today, also methods to overcome them. The following situations are
potentially dangerous (Fred, Fung et al., 2018; ISO 22000-2018; Dunchenko, 2008;
Diyarov, 2022):

launch of new product and use of new raw materials;

technology adjustment;

equipment replacement or upgrade.

Serious risks are identified at these and other stages, team should develop operational
countermeasures. The most important step is definition of critical control points. This
is name of the stages with a high risk of errors, failures, violations and deviations from
technology. Due to the complexity of the process or properties of the raw materials, they
require special attention, and task of the group is to reduce their number to minimum.

For each critical point, criteria for the acceptability and inadmissibility of specific
biological, chemical and physical parameters should be developed. Points must be under
constant control. This can be both continuous monitoring and periodic verification
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activities. In case of deviation from the specified parameters, corrective action plan is
created. It is recommended to include the following items:

establishing causes of critical situation;

selection method of disposal defective products;

documenting actions taken.

The final stages of the HACCP plan are determination of procedures for its verification
(validation), also creation of documentation for all its points and the implementation of
control measures. The important documents of the plan are following (Fred, Fung et al.,
2018; ISO 22000-2018; Dunchenko, 2008; Diyarov, 2022; Kasza et al., 2022):

order to create HACCP group;

block diagram of the technological process;

description of raw materials, finished products and packaging;

protocol selection monitoring method and control procedures;

list of responsible specialists.

In the Republic of Kazakhstan there are standards for ensuring quality and safety
of food products, such as ST RK 1179-2003 “Quality systems, HACCP principles for
food products quality management. General requirements”, and ST RK ISO 22000-
2019 “Food safety management systems. Requirements for organizations involved
in the creation of food products”, which ensure the implementation of the HACCP
plan in enterprises, Technical regulations of the Customs Union (TR CU), which
establish requirements for food products, production processes, storage, transportation,
distribution and disposal. Requirements for all organizations in the food production
and consumption chain”, which ensure implementation HACCP plan at enterprises, the
Technical Regulations of the Customs Union (CU TR), which establish requirements
for food products, production processes, storage, transportation, distribution and
disposal. In TR CU 021/2011 “Food Safety” for the first time establishes requirement
which provides that manufacturer, when implementing production processes, consistent
with established food safety requirements, obliged to create, introduce and promote
procedures based on the principles of HACCP.

Materials and methods

Generally accepted standard research methods were used in the performance of
the work. Development HACCP plan was carried out in accordance with ISO 22000.
CCP for each type of raw material used, also for all stages included in the flowchart of
production process, was determined using the Decision Tree method (ISO 22000-2018;
Dunchenko, 2008).

Risk probability was assessed in points according to the criteria given in Table 1.

Table 1. Criteria for assessing probability of risk

Criterion Probability score
Probability of dangerous factor is practically absent 1 score
Low probability of hazardous factor 2 score
Significant probability of a hazardous factor 3 score
High probability occurrence of hazardous factor 4 score
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Guided by this algorithm, possible to fully assess probability realization of each
identified potential hazard with subsequent risk analysis by hazard (Dunchenko,
2008; Diyarov, 2022; Kasza et al., 2022). Risk analysis for each potentially dangerous
factor was carried out taking into account probability of the factor and severity of its
consequences according to the risk analysis diagram. Use of risk analysis diagram
when managing quality of the production of new type of meat-vegetable paste makes
it possible to identify potentially hazardeous factors at its production, which must be
taken into account in the future when determining CCP (Kasza, 2022; News, 2018;
Morya et al., 2022; Rather et al., 2017).

Research results and discussion

At the first stage of research, initial information on the production of meat-vegetable
paste was collected and scheme of the production process was drawn up (Fig.1).

After receiving raw meat, its preparation is carried out according to traditional
technology: beef liver is cleaned from films, large blood vessels are removed, then
lymph nodes, beef meat and liver are washed in water. Preliminary heat treatment of
liver and beef meat of the 2nd grade is carried out until structures are softened. Then
crushed on cutter for 5-8 minutes, where boiled carrots, onions sautéed in sunflower oil,
beef broth, spices, garlic and salt are added to paste mass according to the recipe, then
minced meat components are mixed. Additionally, before mixing, hydrated tary flour is
added to the minced meat in the ratio of flour and water 1:3 for 3 hours.

As vegetable oil, proposed to use sunflower oil, which is rich by polyunsaturated
fatty acids, including linolenic acid, that is -3 fatty acid, and also contains vitamins
such as E and B4.

At second stage of the research, probability of the implementation of each hazardous
factor was assessed.

At the third stage of research, CCP of the raw materials used and at all stages of
the technological process for the production of meat-vegetable paste were determined.
An assessment was made of probability implementation of hazardous factor and, in
addition, at this stage of the research, subsequent risk analysis was carried out for
each potentially hazardous factor. The risk analysis was assessed taking into account
probability of occurrence factor and severity of its consequences. Thus, as result of
the analysis hazardous factors and risks for each potentially dangerous factor, list of
potential hazards taken into account in production was compiled. The identified hazards
in production of new type meat-vegetable paste will minimize or completely reduce
occurrence of production risks, which will drastically affect safety of research object. B
pesynbrarte npoBeaeHHBIX uccnenoBanuii Obutn BeLsiBIeHB! KKT. As result of conducted
research, CCPs were identified. Critical control points in the production of new type
meat-vegetable paste are shown in table 2.
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Acceptance of raw materials

'

Pre-heat treatment

!

Grinding of raw meat

'

Compilation mince according to recipe

¢

Mixing mince ingredients

v

Forming

i

Sterilization

'

Cooling

¢

Storage of finished products

Fig. 1. Scheme of production process meat-vegetable paste

Table 2. List of hazardous factors in technological process of production meat-vegetable paste

Ne |Name of the |Name of |Considered hazard Responsible
technological | control for control and
operation points execution

1 Acceptance of | CCP 1 Microbiological and chemical. There is danger | Head of laboratory
raw materials of not eliminating hazards with insufficient heat

treatment

2 Pre-heat PPM Microbiological. Incomplete destruction of Technologist
treatment microflora, but they are destroyed during further

heat treatment.

3 Grinding of | PPM Microbiological and physical. Possibility of Technologist
raw meat microbial growth, but they are destroyed during

heat treatment. Foreign impurities are removed
using magnesium traps

4 Compilation |CCP2 Microbiological. If temperature regime and the | Technologist
of minced duration of exposure are not observed, also if salt
meat concentration is not observed, too much growth
according to of microorganisms may occur that cannot be
the recipe eliminated at the stage of heat treatment, which

can lead to product spoilage
5 Mixing mince | CP 1 Microbiological and physical. Growth of Technologist

ingredients

microorganisms and ingress of foreign matter.
Compliance technological modes and parameters
of mixing components. Good Hygiene and
Manufacturing Practices
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6 Forming PPM Microbiological and chemical. Growth of Technologist
microorganisms due to equipment downtime
and detergent residues. Thorough cleaning of the
equipment is required.

7 Sterilization |CCP 3 Microbiological. Occurs with insufficient Technologist
processing time, non-compliance with
temperature. Requires compliance technological
regime, personnel briefing

8 Cooling CP2 Microbiological. Growth microorganisms with | Technologist
improper observance of the regimes. Carry
out production control, conduct additional
microbiological analyses. Removal of defective

products
9 Storage of CP3 Microbiological and chemical. Presence of Warehouse manager
packaging chemicals, cross-contamination. Removal of Head of workshop
material inappropriate packaging.
10 | Storage of PPM Microbiological. Growth microorganisms in Warehouse manager
finished case of improper storage conditions. Removal of
products defective products. Warehouse control.

Preventive actions have been developed to control hazards. Preventive actions are
also taken in cases that are not critical controls, but constant control over which is
necessary, since if they are not sufficiently controlled, they can lead to failure of the
technological process.

Preventive actions should include:

- compliance technological regimes;

- heat treatment;

- control over sanitary condition of the equipment;

- strict observance of the rules for operation of equipment and use of metal traps;

- good hygiene and production practice;

- increasing professional literacy and qualifications of employees responsible for the
effectiveness of quality system.

It should be noted that in some cases number of preventive actions are necessary, for
example, lowering pH and temperature for products with high acidity, in other cases,
some hazards (e.g. pathogen infestation) can be eliminated by single preventive action,
such as heat treatment.

Besides to preventive actions, corrective actions have been developed that are taken
in case of violation of critical limits.

These include:

- supplier monitoring;

- verification of measuring instruments;

- equipment check;

- rejection or processing of non-conforming products, etc.

Conclusion

Based on the foregoing, following conclusion can be drawn that the HACCP plan is
modern system for controlling quality and safety of finished products, which improves
performance of enterprise.
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HACCEP system provides control at all stages of the life cycle in the production
of meat-vegetable paste. At identifying hazardous factors, following were considered:
composition of the meat-vegetable paste, technological process of its processing, etc.
An analysis of the operations technological processes showed that main hazard is
microbiological. In the process of production meat-vegetable paste, possible hazardous
factors of chemical and physical nature are also identified. Monitoring was carried out
according to the planned sequence for each control point. System of preventive and
corrective actions is proposed in case of occurrence risks by stages of the technological
process.

Thus, HACCP system gives the company competitive advantage in the food
production market.
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Abstract. This work shows a chemical analysis of various types of water used in
pharmaceutical production in terms of hydrogen ion concentration (pH), electrical
conductivity, anion and cation content, and content of organic and inorganic carbon
compounds. Based on the results obtained, two diagrams of the dependence of pH and
electrical conductivity on temperature were constructed. As the temperature rises, the
pH values for tap, purified, injection and deionized water decrease and the electrical
conductivity values increase. Water samples were analyzed by capillary electrophoresis
(CE), and electrophoregrams (EPG) of tap water were obtained, on which the following
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ions were detected: Na' (107.2 mg/dm®), Mg?* (18.00 mg/dm?), Ca*" (42.40 mg/
dm’), NO,(47.35 mg/dm’), NO,(237.0 mg/dm’), F(6.980 mg/dm*), PO,* (3.205 mg/
dm?). Also, Phosphate ions were found in purified water at 0.788 mg/dm’. No ions
were found in samples of deionized and injection water. Using the TOC-L analyzer,
the concentration of total carbon in tap, purified, deionized and injection water was
determined and amounted to 28.16 mg/l, 0.3289 mg/l, 0.1833 mg/l, 0.06446 mg/l,
respectively. Thus, the chemical analysis of water samples according to these indicators
shows the suitability of using these waters on the production line.

Keywords: Hydrogen ion concentration, electrical conductivity, organic and
inorganic carbon compounds, anions, cations
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AnHoTanus. byn >xyMmeicTa cyTeri HOHIAPBIHBIH KoHIEHTpauusicel (pH), anekrp
OTKI3TIIITIT1, aHUOH/Aap MEH KaTHOHIAPABIH KYpPaMbl )KoHE KOMIPTEKTIH OpraHUKajIbIK
XKoHE OeHOpraHUKaJbIK KOCBUIBICTAPBIHBIH KYpPaMbl CHUSKTBHI KOpCEeTKIimTep OOMbIHIIA
(apMaLeBTHKAIBIK OHIIpiCTe KOJAAHBUIATHIH OPTYPIL Cy TypiepiHe XUMMSIIBIK
Tajnay OepinreH. AJNBIHFaH HOTHXeJepre coiikec pH meH 3JeKTp OTKI3TIMITIKTIH
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TeMIlepaTypara TOYEIIUNiHIH €Ki JAudarpaMMachl JKacajiuel. TemmeparypaHblH
KOFapbUIaybIMEH aFbIHIBI, TA3apThUIFaH, WHBEKUWSUIBIK JKOHE JCHOHW3AIMsIaHFaH
cynblH pH MOoHI TeMmeHAeWmi, and 3JIeKTP OTKI3TIMTIK MOHI apTansl. Kamuuispibik
anekrpodope3 (KD) omiciMeH cy chIHAMachlHAa Taifay >KYPri3iimi, Cy KYOBIphI
CybIHBIH 3JekTpodoperpammanapsl (O®PI) anblHAbl, onapAa MbIHAAAd HOHIAD
tabsuTael: Na* (103,3 mr/om®), Mg?* (17,80 mr/am?®), Sr?* (0,807 mr/am?), Ca?* (41,52
mr/am’) NO(237,0 mr/am’), NO, (47,35 mr/am’), F (6,980 mr/am’), PO, (3,205 mr/
am’). Tazapreuiran cyna PO, (0,788 mr/mm3) Tabbuiael. JlenoHu3anusianFaH oHe
WHBEKIHUSUIBIK Cy ChIHaMallapblHJa HoHjap TabbuiraH koK. TOC-L aHanu3aTtopbIHBIH
KOMETIMEH aFblHAbI, Ta3apTbUIFaH, JCHOHU3ALMIAHFAH KOHE MHBEKLUSUIBIK CYIaFbl
JKANIBl KOMIPTEKTIH KOHIEHTPAIUACHl aHBIKTAIIBl JKoHe coiikeciHme 28.16 wmr/m,
0.3289 wmr/m, 0.1833 mr/n, 0.06446 mr/n, xypansl. Ocbuiaiiia, ockl KepCeTKIiIITep
OolibIHIIIA Cy ChIHAMANAphIHA KYPTi3UIreH XUMUSUIIBIK Tallgay OChl CyJaapbl OHIIPiCTIK
XKeJTijie maliaananyFa skapaMIbUTBIFBIH KOpCceTel.

Tyiiin ce3aep: Cyteri HOHIAPBIHBIH KOHIIEHTPAIHACKI, SJEKTPOTKI3TIIITIK, KOMip-
TEKTiH OPTaHUKAJBIK XKoHE OCHOPraHNKalbIK KOCBUIBICTaphl, aHUOHAP, KATHOHIAP
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AnnoTanus. B nanHoi paboTe mpeacTaBieH XAMHYESCKI aHATU3 PA3TMYHBIX THITOB
BOJIBI, HCTIONIB3YEMBIX B (DapMaIleBTHUECKOM IIPOU3BOICTBE 110 TAKUM TTOKA3aTeIsIM, KaK
KOHIICHTpanus UOHOB Bojpopona (pH), 3neKTponpoBOAMMOCTh, COACPKAHUE aHUOHOB
U KaTHOHOB, M COJIEPYKAHNE OPTAaHMUSCKUX W HEOPTaHUMUECKUX COCTMHEHHH yIiIepoa.
ITo monydYeHHBIM pe3yasTaraM ObLIM MOCTPOCHBI JBE AMAarpaMMbl 3aBUCUMOCTH pH u
SIIEKTPONPOBOMMOCTH OT TeMIeparypsl. [IpH MOBBIIIEHHH TEMIIEPATYPhl 3HAUCHHUS
pH 11 BOmONpPOBOOHOM, OYMIIEHHON, MHBEKLIMOHHOW M JAEMOHU3UPOBAHHOW BOABI
YMEHBINAIOTCS, & 3HAYCHHs JJIEKTPONPOBOIUMOCTH YBeNUUMBarOTCA. IIpoBeacH
aHaM3 Mpo0 BOABI METOAOM KamwutsipHoro sjekrtpodopesa (K3), momydeHs!
anektpodoperpammbl  (OPIY) BOAOMPOBOTHONW BOABI HAa KOTOPBIX OOHAPYKEHBI
crenyromue wonesl: Na' (103,3 mr/am®), Mg?* (17,80 mr/mm®), Sr** (0,807 wmr/
am®), Ca?* (41,52 wmr/am®) NO,(237,0 mr/am’), NO, (47,35 mr/am’), F (6,980 mr/
am’), PO,> (3,205 mr/am’). B oummennoii Boge obnapyxen PO, (0,788 mr/am’). B
nmpobax JACMOHU3UPOBAHHOW U MHBEKIIMOHHON BOJBI MOHOB HE ObLIO 00HapyxeHo. C
nomortipio TOC-L ananuzaropa ObuTa ompese/ieHa KOHIIGHTPAIHsI O0IIEero yriepoaa B
BOJIOMTPOBOIHOM, OUHUIIIEHHOM, TEHOHHU3UPOBAHHON U HHHEKIIMOHHOW BOJIC U COCTABHIIA
28.16 mr/i, 0.3289 mr/i, 0.1833 mr/m, 0.06446 mr/n, cooTBeTcTBeHHO. Takum oOpa3om,
MPOBEICHHBIH XUMHUYCSCKUI aHaIM3 MPOoO BOMABI MO JAaHHBIM TTOKA3aTeIsIM MOKa3bIBACT
MPUTOTHOCTh MCIIONB30BAHUS 3TUX BOJ] HA MIPOU3BOICTBEHHOMN JTHHHU.

KamoueBble cji0Ba: KOHIGHTpPAIMs HOHOB BOJIOPOIA, 3JIEKTPOINPOBOJUMOCTS,
OpPTaHHYECKUE U HEOPTaHUUECKUE COSTUHEHHUS YIIIepO/a, AaHHOHBI, KATHOHBI

Introduction

Water is widely used as raw material, ingredient, and solvent in processing
and manufacturing processes, as well as a component in drug formulations, active
pharmaceutical ingredients (APIs), intermediates, and analytical reagents (Hideharu,
2016: 203-214).

The term "water" is used to refer to drinking water freshly collected directly from
a public water source and suitable for drinking. The water used in the pharmaceutical
industry and related industries is divided into the following types: drinking water
(suitable for drinking), purified water, purified sterile water, water for injection, sterile
water for injection, bacteriostatic water for injection, sterile water for irrigation and
sterile water for inhalation.

The chemical composition of drinking water is diverse, and the nature and
concentration of impurities in it depend on the source from which it is taken (Maria,
2016: 724-733). For pharmaceutical use, drinking water is in most cases purified by
distillation, ion exchange, reverse osmosis, or other processes suitable for the production
of purified water (Cornelius, 2021: 6058). For a number of purposes, water that meets
pharmacopoeia requirements other than those for purified water (for example, water for
injection) is required.

Water is chemically stable in all of its physical states (ice, liquid and vapor). Water
that has been treated at a pharmaceutical plant and enters the storage tank must meet
certain requirements. The main task in the design and operation of the water storage
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and distribution system is to prevent the deviation of its quality indicators from the
permissible limit values. In particular, the storage and distribution system must protect
the water from contamination by ions and organic molecules, which can lead to an
increase in the electrical conductivity of water and an increase in its level of total organic
carbon, respectively.

The purpose of this work was to assess the quality of water for production by such
chemical parameters as the concentration of hydrogen ions (pH), electrical conductivity,
the content of organic and inorganic carbon compounds, as well as the determination of
the content of anions and cations.

Materials and methods:

Determination of pH. This indicator is determined by the potentiometric method, in
accordance with the State Pharmacopoeia of the Republic of Kazakhstan (SP RK), v. 1,
p. 41.

Determination of electrical conductivity. The electrical conductivity is measured
using a conductometer while simultaneously recording the temperature in accordance
with the State Pharmacopoeia of the Republic of Kazakhstan (SP RK), v.2, p. 165.

Determination of the amount of organic and inorganic carbon compounds. Works
on the determination of limited and inorganic carbon compounds in the composition of
water are carried out on the analyzer TOS-L according to the approved method of the
manufacturer (Christian, 2002: 43—47).

Determination of the content of anions and cations. Works on the determination of
anions and cations in the composition of water are carried out on capillary electrophoresis
(CE) "KAPEL-105M" according to the approved method of the manufacturer (Fukushi,
2019: 16006).

Results

One of the main requirements for water, which is used in the production of biological
products, is its pH, determined by the activity of hydrogen ions in the solution, which
quantitatively expresses its acidity.

The analysis was carried out on different types of waters according to the SP RK, v.
1, p. 41. on a pH-meter MARK-901 with increasing temperature.

8,5
8
I7,5 =@=deionized
&7 injection
e v —
6,5 purified
6 tap water
55
5
20 30 40 50 60

Temperature, °C

Fig. 1 - Dependence of pH on temperature
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The results obtained, presented in Figure 1 in terms of pH for deionized, injection
and purified water, are within the allowable values according to the State Pharmacopoeia
of the Republic of Kazakhstan (SP RK). The data in the diagram shows that as the
temperature rises, the pH value decreases.

The second requirement for assessing water quality is its electrical conductivity,
which is determined by the presence of charged particles in it. The determination of the
electrical conductivity of various types of water was carried out in accordance with the
SP RK, v.2, p. 165, using an ANION 4100 conductometer with increasing temperature.
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Fig. 2 - Dependence of electrical conductivity on temperature

Based on the obtained results of the conductometer, a diagram of the dependence
of electrical conductivity on temperature was constructed (Fig. 2). As can be seen
from Figure 2, the readings of the conductometer for all types of water are within the
allowable values. For example, according to the requirement for injection water, the
electrical conductivity is 1.1 pS/cm at a temperature of T = 20.0°C, while the result
of the analysis showed 1.0 uS/cm. The results of the diagram clearly prove that with
increasing temperature, the electrical conductivity of water increases.

The next analysis was the determination of the content of cations and anions in water
using capillary electrophoresis "Kapel-105M", the results of which are presented below
in the form of electrophoregrams (EPG) (Figure 3—4).
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Number Time Component name Height Begin End | Area | Concentration
1 3.965 Sodium 5.295 3.710 3.975 | 383.0 107.2
2 4.900 Magnesium 7.931 4.863 5.015 | 101.5 18.00
3 6.210 Calcium 3.395 6.192 6.565 | 262.6 42.40
Figure 3a - EFG of tap water (cations)
Number Time | Component name Height Begin End Area Concentration
1 2.320 Nitrite 6.588 2.260 2.352 | 69.03 47.35
2 2.493 Nitrate 28.412 2.450 2.548 | 295.8 237.0
3 2.617 Fluoride 2.718 2.590 2.670 | 36.50 6.980
4 2.845 Phosphate 0.797 2.832 2.893 | 6.897 3.205
5 3.110 6.395 2.980 3.253 | 2803

o o . 3 =

LT FEREF

Figure 3b - EFG of tap water (anions)

The following cations were found on the EFG of tap water: sodium (107.2 mg/dm?),
magnesium (18.00 mg/dm?), calcium (42.40 mg/dm?) (Fig. 3a) and anions: nitrite (47.35
mg/dm?), nitrate (237.0 mg/dm?), fluoride (6.980 mg/dm?), phosphate (3.205 mg/dm?)
(Fig. 3b). EPG of tap water (anions) also revealed an indefinite anion with an area of
280.3.
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Number | Time Cor::r(:ll;ent Height Begin End Area Concentration
1 2,972 Phosphate 0.309 2950 | 2998 | 1.697 0.7886
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Based on the EPG data, no cations were found in purified water, while the presence
of phosphate ions with a concentration of 0.7886 mg/dm?®is observed (Figure 4).

When receiving injection water by distillation of purified water, the phosphate ion
found on the EPG of purified water and cations were absent.

When analyzing deionized water, ions (anions and cations) were also not detected.

The next parameter in assessing water quality was the determination of the amount
of organic and inorganic carbons in water using the TOC-L analyzer, the results of
which are presented in the form of graphs (Figure 5).
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Fig. 5 - Results of determining the content of organic and inorganic carbons
Note: a, ¢, e, g - total carbon content; b,d,f,h - content of inorganic carbons.

Figure 5 shows graphs of total carbon content and inorganic carbon content. In
tap, purified, deionized and injection water, the total carbon content (a, c, e, g) was
28.16 mg/l, 0.3289 mg/l, 0.1833 mg/l, 0.06446 mg/l, respectively, while the content of
inorganic carbon compounds (b, d, f, h), represented by carbonate ions and dissolved
dioxide, for the same types of water was 26.03 mg/1, 0.2095 mg/1, 0.1424 mg/1, 0.04648
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mg/l, respectively. The concentrations of organic carbon associated with other atoms,
usually hydrogen and oxygen atoms, in the studied water samples are determined by
the difference between the concentration of the total carbon content and the content of
inorganic carbon compounds and amounted to 2.13 mg/l, 0.1194 mg/l, 0 .0409 mg/I,
0.01798 mg/1, respectively.

Discussion

This paper presents the results of analyzes to assess the chemical parameters of
different types of water used in the production of biological products. The waters used
in the production of biological products must meet the special requirements described
in the State Pharmacopoeia, in terms of such parameters as pH, electrical conductivity,
the content of cations and anions, and the content of organic and inorganic carbon
compounds.

The main factors determining the quality of water are its electrical conductivity and
the concentration of hydrogen ions. According to the results of this work, the electrical
conductivity of water increases with increasing temperature. This is due to the speed
of ions, a decrease in their solvation, and a decrease in viscosity (Masaki, 2004:119—
128). Whereas the concentration of hydrogen ions (pH) decreases with increasing
temperature. This, in turn, is associated with different dissociation of hydrogen ions
(H") (Iman, 2018: 23-24).

Table 3. Maximum allowable values of hydrogen ions (pH) and electrical conductivity
for different types of water.

Name Hydrogen ion concentration Electrical conductivity
(pH)
Purified water From 2.4 pS/cm at 0°C to 10.2 pS/cm at 100°C
Injection water 5.0-7.0 From 0.6 pS/cm at 0°C to 3.1 uS/cm at 100°C
Deionized water Y 0.055 uS/cm
Tap water From 100 to 2000 pS/cm

Based on the maximum permissible concentration (MPC) presented in Table 3, we
can conclude that the values of the electrical conductivity of tap, purified, deionized
and injection water are within acceptable values. The results of the concentration of
hydrogen ions (pH) of purified, deionized and injection water also meet the requirements.
Whereas, the result of the pH of tap water is 8.18 = 0.00019, therefore, it exceeds the
MPC.

There is a work in the literature where an analysis was carried out to assess the
effectiveness of treatment facilities and the quality of drinking water. Using a portable
digital multi-parameter probe, results were obtained on such indicators as pH and
electrical conductivity of tap water, where pH showed a value of 6.88 + 0.05 and
electrical conductivity of 170.6 £ 0.1 puS/cm (Belay, 2021: 1-8). If we compare the
values obtained by the author with the required values of the SP RK, it can be argued
that these readings do not exceed the MPC. Another example is the work to assess
the quality of surface water from the city of Skardu in Pakistan using a water quality
index. In this study, the pH results ranged from 7.26 to 7.98, with an average value
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of 7.67. Whereas the electrical conductivity readings varied from 150 to 780 uS/cm.
The results obtained in this literature in terms of electrical conductivity do not exceed
MPC. However, the pH values exceed the MPC, which is associated with a higher
concentration of acid ions and salts in spring water (Wazir, 2021: 20537-20548).

In recent years, the use of capillary electrophoresis for the analysis of various types
of water has expanded significantly, due to higher resolution, shorter analysis time, less
reagent consumption, and greater ease of operation. The literature reports numerous
applications of CE for the determination of alkali and alkaline earth cations (Foret,
2015: 780; Weston, 2015: 593; Koberda, 2014: 235-240) and common inorganic anions
(Bowser, 2013: 257-264; Jones, 2014: 445; Wildman, 2012: 459; Vera, 2012: 169—180)
in various aqueous media. However, since CE separation is based on the difference
in the electrophoretic mobility of the analytes, the determination of fast anions and
cations in the same run under normal CE conditions was practically impossible.
But due to the improvement of analyzers for the determination of ions, to date, the
simultaneous determination of cations and anions has become possible. So, in the
literature there is a work of simultaneous determination of inorganic anions and cations
in tap water by capillary electrophoresis with a non-contact conductivity detector with
capacitive coupling (C*D) of the system, and the following ions were obtained on the
electrophoregram: CI, SO,*, Na*, Ca®, Mg*" [Michel A. (2000): 89-100]. Another
example is a new approach for the simultaneous CE separation of inorganic anions and
cations based on sample injection by electromigration from both ends of the capillary
and indirect UV detection. So, after analyzing tap water, the author found the following
ions: CI(21,4), SO,*(39,0), HCO, (186,0), Na'(17,9), Ca*'(66,3), Mg*'(19,8) [ Tamisier-
Karolak S.L. (2000): 487-498]. As a result of our work, the presence of the following
ions in tap water was also found: Na*(107,2), Mg*'(18.00), Ca*'(42,40), NO,(47,35),
NO,(237,0), F(6,980), PO,*(3,205). Along with the above ions, an unidentified anion
was also found with a peak area of 280.3. Phosphate ion PO, (0.7886) was found in
purified water, which indicates insufficient purification of tap water, but no ions were
found in deionized and injection water.

The concentration of total organic carbon in samples is widely used to characterize
the organic pollution of water bodies (Han-Saem, 2020: 3901). In particular, the content
of organic carbon is commonly used to assess the quality of environmental aquatic
systems, to check sources of pollution of aquatic environments, and to monitor and
evaluate organic micro-pollution of drinking water. In the literature there is a work
(Yiming, 2010: 789—795) based on the study of the effect of physical sterilization on
the determination of organic carbon content. In this study, a new method for sterilizing
water samples was developed - microfiltration of 0.45 pm in combination with UV
radiation. The results showed that this method is able to have a bactericidal effect on the
water sample while significantly reducing the negative impact on the analysis of organic
carbon content. The following results were obtained by the author: the total carbon
content in tap water is 58.99 + 0.23, the content of inorganic carbon is 31.81 £ 0.79, the
content of organic carbon is determined by subtracting the content of inorganic carbon
from the total carbon content and amounted to 27.18 + 0.56. As a result of our work, the
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total carbon content in tap water is 28.16 mg/l, the content of inorganic carbon is 26.03
mg/l, based on this, the content of organic carbon was 2.13 mg / I. Another example is
the work on monitoring dissolved organic carbon in surface and drinking waters. In this
literature, analysis to determine the concentration of organic substances in rivers, sludge,
filter and wastewater from plants was measured using a portable analyzer (TOC). The
results on the content of organic carbon compounds in river water ranged from 2.15 to
11.90 mg/1, the average value was 4.00 mg/l. In addition, water samples were regularly
sent to the laboratory and analyzed using a high-temperature analyzer (TOC Shimadzu
analyzer). The results ranged from 2.51 to 10.1 mg/l. Data comparison showed good
agreement between the two analyzers (Christian, 2002: 43—47).

Conclusions

Water is extensively used in the pharmaceutical, biopharmaceutical and life sciences
industries for a variety of purposes, such as raw material, ingredient, and solvent in
the processing, formulation, and production of a wide range of finished products, as
APIs and intermediates, and analytical reagents. Therefore, regulatory requirements
for quality control of various types of water throughout the entire production, storage
and distribution process, including microbiological and chemical quality, are very high.
Lack of control over any of the parameters of drinking, purified or water for injection
can lead to the loss of expensive biological products or medicinal substances.

As a result of our work, we can draw the following conclusions:

— pH values in all water samples, except for tap water, do not exceed MPC and fully
comply with the requirements of the SP RK.

- the values of electrical conductivity in all the studied water samples do not exceed
the MPC and fully comply with the requirements of the SP RK.

—according to the content of cations and anions in tap water, the following ions were
found: Na* (107.2 mg/dm’), Mg** (18.00 mg/dm’), Ca** (42.40 mg/dm’), NO, (47.35
mg/dm’), NO,(237.0 mg/dm?), F-(6.980 mg/dm’), PO,* (3.205 mg/dm’). In purified
water, a phosphate ion with a concentration of 0.788 mg/dm’ was observed. No ions
were found in injection and deionized water.

— the following results were obtained for the content of organic and inorganic
carbon: in tap, purified, deionized and injection water, the total carbon content was
28.16 mg/1, 0.3289 mg/l, 0.1833 mg/l, 0.06446 mg /1, the content of inorganic carbon
compounds was 26.03 mg/l, 0.2095 mg/1, 0.1424 mg/l, 0.04648 mg/1, respectively. The
concentration of organic carbon compounds was 2.13 mg/l, 0.1194 mg/1, 0.0409 mg/I,
0.01798 mg/1, respectively.

Based on the above results, we can conclude that the waters used on the production
line fully comply with the requirements for the above indicators and comply with the
requirements of the State Pharmacopoeia of the Republic of Kazakhstan.
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