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USING PYTHON SOFTWARE IN COSMOLOGY

Abstract. The article uses Bayesian Machine learning (BMO) to solve the
problem of tension in gravity. The intensity in the work refers to the difference
between the early measurements (for example, the cosmic microwave background
and baryon acoustic oscillations) and the late (supernova type) values of the Hubble
constant. The evolution of the Universe in teleparallel gravity is investigated.
Gravity generalizes teleparallel gravity formulated on Weizenbeck space-time,
characterized by a vanishing curvature tensor (absolute parallelism) and a non-
vanishing torsion tensor. Observational constraints on modified teleparallel gravity
are obtained using data obtained by the method of baryon acoustic oscillations
(BAO) and the method of differential age. Results The model behaves like the
cosmological constant ACDM under the condition. Gravity is also consistent with
observations of baryon acoustic oscillations and the differential age method.
Gravity can serve as a viable candidate among other modified theories of gravity.
Bayesian model selection methods are used to compare gravity predictions with
observations of baryon acoustic oscillations and the differential age method. The
most probable models are determined. This approach will test the viability of
gravity as a solution to the problem of tension. The Bayesian model selection
system is described and the analysis methodology is considered. The results are
presented and the implications for our understanding of gravity and the universe
are discussed. The parameter spaces of background dynamics are studied using
currently available Hubble observational data. The space—plane Universe of
Friedman Robertson Walker is considered. In order to cover the different redshift
ranges for both the lens and the sources, as well as the different number of lenses
and sources, model-based data was generated.

Keywords: Bayesian machine learning, f(T) gravity, H ,tension
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KOCMOJIOTHSIIA PYTHON BAFJAPTAMAJIBIK JKACAKTAMACKBIH
KOJIJAHY

AHHoTamus. Makanana aybIpJibIK KYIIIHETI ITHEJIECHIC MACEIIECIH eIy
yiria Baiiec Mamunanbsik okpiTy (BMO) Konmanbiiansl. JKyMbICTarbl HIHEICHIC
epTe eJIeMAep apachlHAAFbl aHBIPMAIUBUIBIKTEL O1ipeai (MbICaibl FAPBIIITHIK
MUKPOTOJKBIHII (DOH JKoHE OAPUOHIBIK aKYCTHKAIBIK TEpOENiCTep) JKOHE Kelll
(tunTi  cymepHoBanmap) Xa00n KOHCTaHTACBIHBIH MoHJepi. Tenenapaiensb
aybIPIIBIK  KYIIiHAEri FamamMHBIH SBOMIONUSACH 3epTTenyfe. AYBIPIBIK KYIIi
JKOUBLTBIN 0apa *KaTKaH KACHIKTHIK TEH30pPhIMEH (a0CONOTTI Mapalielin3M) KoHe
JKOFAJIBIN KETIEUTIH Oypasty TSH30phIMEH CHITATTaJaThiH BEHIICHOCK KeHICTIrIHEe
TY)KBIPBIMJIAJIFAH TeJlenapasuIesbal aybIPIbIK KYIIH JKaJImbUlakiasl. baproHIbIK
akyctukanslk TepOemic (BAQO) xoHe muddepeHIranasl Kac 9ici apKbUIbI
aJIBIHFaH JIePEKTeP/l MakanaHa OThIPbII, 63rePTUINCH TeJIeapalIesbIl aybIPIIbIK
KYIIiHe Oakpuiay IIEKTEYJIepl ajblHAbl. HOTIDKEICP MOJIENIb KOCMOJIOTHSIIBIK
typakTel ACDM cusKTHI opeker ereni. | paBuTamusi COHpIMEH Karap OapHOHIBIK
aKyCTHUKaJbIK TepOenmicTepai Oailikayra >koHe MudQepeHInanapl Kac oJiciHe
coiikec kenenmi. AYBIPIBIK Kyl 0acka e3repTiiirfeH aybIpibIK TeopHsIaphl
apachlHJIa eMipIIeH YMiTKep 0ola anaapl. AYBIPIBIK KYIIiH O0MKayabl OapHOHIBIK
aKyCTHKaJbIK TepOemcrepai OakpiIayMeH xoHe nuddepeHnnanibl Kac 9IiciMeH
CaJBICTRIPY YIIIH Baliec MomeniH Tammay oaicTepi KonmaHbLiaabl. EH BIKTHMA
MOZICTIB/IEP aHBIKTAIIBL. By TOCiN aybIpiblK KYIIiHIH OMIpIICHIIrH MIHeIeHic
MOCeJeCiH IIenly peTiHae TeKcepyre MyMKiHfik Oepeni. baiiec momenin Tapmay
KYHecl cuUmarTajifaH JKOHE Tajjiay oJicTeMeci KapacThIpbLIFaH. Horwxkenep
YCBIHBUIBIN, —aybIPJBIK KYIII MEH Fajamjbl TYCIHYIMI3[iH MaFbIHAJIaphl
TankpuanApl. Kaszipri yakeitTTa Kom okeTiMii Xa0OOm Oakpuiay JepeKTepiH
naianaHa OTHIPEIN, (POHIBIK TUHAMHKA TTapaMeTpiepiHiH KeHICTIKTepi 3epTTeN/Ii.
Opunman Pobeprcon YokepaiH KEHICTIKTiK-Ka3bIKTBIK 9JIeMi KapacThIPhLIabl.
JluHzamap ymiH Ae, Ke3lep YIIH Jie SpTYPNii KbIB3BUIMENIBICY THANa30HIapbIH,
COHNIal-aK JIMH3ajap MEH KO3AEpHiH SPTYpil CaHBIH KaMTy YIIiH MOZAEIbIep
HETI31HJe JepeKTep Kacabl.

Tyiiin ce3nep: bailec Mamunanslk okeiTy, f(T) rpaButanus,

IIHeINeHic

«Ocuvl 3epmmey0i Kazaxcman Pecnyonuxacwot £ouivim sicane sicozapul 6inim
MUHUCmMpRieiniy Folieim Komumemi Kapocolianobipadsl epanm Ne  AP14869238
Kocmonoeusanviy  Oaxviiay Oepekmepiniy — dascblHOA=bL  JHCO2Apbl  MIPMInmi
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AnHoTtamusi. B ctathe ncnonp3yercs baiieceBckoe MammHHOE 00ydeHHE
(BMO) mns pemieHus 3amaud HampspKeHHocTd [1, B rpaBHTanun f(T) . Tlox

HaNpsDKEHHOCTBI0O B paboTe Mmoapa3yMeBaeTCs pasHHIA MEXIy paHHUMH
M3MEpEeHUSIMHA (HarpuMep, KOCMUYECKUI MHUKPOBOJHOBBIA (DOH U OapuOHHEIC
aKycTHueckue KojeGaHus) U IO3IHUMH (CBepxHOBble Tuma [d ) 3HaueHus
rocTostHHON Xa60ma. Mccnemyercst aBommonus BeeneHHoM B TenenapauiebHON
rpasutauun f (7). I'paButanus f(7) 06001aeT TenenapaienbHy0 IpaBUTALMIO,
chOpMyJIHPOBAHHYIO Ha MIPOCTPaHCTBE-BpEMEHU Beiinentexa,
XapaKTepU3YIOIIyIOCs ~ MCYE3alOMMM  TEH30pOM  KPUBU3HBI  (2OCONIOTHBIM
napajuieTu3M) M HEHCYE3alolMM  TEH30poM  KpyueHus.  [lomydeHsr
HaOroaTeNbHbIE OTPaHUYCHUS] HAa MOAMMDUIMPOBAHHYIO TelemapaieNbHY0
IPaBUTAIMIO, HCIONB3ysS JAHHBIC, IMOJYYCHHBIE METOAOM  OapHOHHBIX
akyctuueckux konebanuit (BAO) u meromom auddepeHuaILHOTO BO3pacTa.
pe3yNbTaThl MOJIETh BEJET ce0sl MoJ00HO KocMoIorudeckoi nocrosaaoit ACDM
npu ycloBMM @, ~—1 . I'paBuranus f(T) rakxe cormacyercs c

HaOMIOACHUSAMH  OApUOHHBIX  aKyCTHYECKHMX  KOJEOAaHWMH HW  METOJOM
muddepenumansHoro  Bozpacra. I'paBuramus  f(T) MOXET  CIIyKUTb

KU3HECTIOCOOHBIM KaHAWUIATOM CpPEOH JAPYTUX MOAH(DHUIIMPOBAHHBIX TEOPHUI
rpaBuTai. VCIONB3yOTCS METOABI BhIOOpa OalleCOBCKOM Momenu s

CpaBHCHUA Hpe,Z[CKaBaHI/Iﬁ TpaBUTallUA f(T) (¢ H36HIOZ[CHI/I}IMI/I 6apI/IOHHBIX

aKyCTUYECKUX KoyiebaHuit u  MetozoM jaudepeHIHaibHOr0  BO3pacTa.
Onpenenensl HanOoJee BEPOSTHBIC MOCITH. Takoil MOAX0/ MMO3BOJIUT MMPOBEPUTH

KU3HECTIOCOOHOCTh  TPaBUTAIMU f (T) B xauecTBe pemeHus mPOGIEMBI
HanpsbkeHHoctd [, . OnuceiBaeTcst cuctema BeiOopa baifecoBckoil mozmenu u

paccMaTpuBaeTCsi MeETOAoJorus aHamuza. IlpeacTaBieHbl pe3ynbTaThl U
00CY)XJICHBI 3HAYCHHS JJIs HAIIero IOHMMAaHWsA TpaBUTalMd M BceneHHOM.

7


mailto:a.a.zhadyranova@gmail.com
mailto:a.a.zhadyranova@gmail.com

Reports of the Academy of Sciences of the Republic of Kazakhstan

N3ydensl mpocTpaHCTBa NapaMmeTpoB ()OHOBOW AWHAMHUKH C HCIIOIB30BAHHEM
JIOCTYITHBIX B HACTOSIIEE BpeMs NaHHBIX HabOmoneHuit Xa06ma. PaccMarpuBaercs
MPOCTPaHCTBEHHO — IUTocKass Bcenennas ®puamana Pobeprcona Yokepa. s
TOro, 4ToObl OXBAaTHTh pPa3lMYHBIC AHANA30HBl KPACHOTO CMEIICHUS Kak IS
00BEKTUBA, TaK U JUIsI UCTOYHUKOB, a TAKKE Pa3HOE KOJIMYECTBO OOBEKTHBOB U
HUCTOYHUKOB OBUIM CTEHEPUPOBAHBI JaHHBIE HA OCHOBE MOJETICH.

Kumouesnle c1oBa: baiieceBckoe MammuHoe o0ydenue, rpaputanus [ (7))

HanpsHKeHHOCTh /1
b

«Hacmosawee uccredosanue punancupyemes Komumemom Hayku
Munucmepcmea nayxku u evicuie2o oopazosanus Pecnyonuxu Kazaxcman epanm Ne
AP14869238 Ceoticmea KOCMONOSUYECKUX MOOeell C 2eoMempuyeckumu
UHBAPUAHAMU BbICULE20 NOPSOKA HA (YOHE KOCMONOSUYECKUX HAOI0OAMENbHbIX
OAHHBIXY

BBenenmne
Ilocrosinnas ~ Xab06ma, oOo3Hayaemas kak f, ,  sABusgeTcs

(yHIaMEHTaNbHBIM [apaMeTpoOM, OINPEHESIOMNM CKOPOCTh  PaCIIUpPEHHS
Bcenennoil. 310 urpaer pemaroniyro poib B HallleM MOHUMaHUHA KOCMOCA U €ro

OBOJJIIOIIMH. 3HadeHHe HO MOXET OBITh HU3MCPCHO C MCIIOJIB30BAHHUCM PA3JIMYHBIX

METOOB, BKJIIOUas KOCMHYECKOEC MHKPOBOITHOBOE (POHOBOE M3ITyYCHHE M METOT
OmpeneNeHUs pacCTOSHUS 1o JecTHUIe. OTHAKO HeJaBHUE HAOIIOICHUS BBISBILIN

pacxoXkaeHHe B 3HadeHMH [1, , TONYYEeHHOM pa3HBIMH METOJaMH. OTO

HECOOTBETCTBHE HA3BIBACTCS HANPsDKEHHEM 1, M BBI3BATO OONBIIONH MHTEpEC B
Hay4YHOM COOOIIEeCTBE.

OnHO M3 BO3MOXKHBIX OOBACHEHMH HampsbKeHHOCTH |, 3aKkmouaeTcs B
TOM, 4YTO HAIle HBIHEIIHECE IMOHUMAHUE TPABUTALUU SBISETCS HEMOJHBIM.
Momudummposannsie Teopun rpasurtamun, takue kak f (I') rpaButamms, Ot
MIPEIJIOKCHBI B KauecTBe anbTepHAaTHBBI O0IIeH Teopun oTHOcuTeasHOCTH (OTO)
s pemennsi stoii mpodnemst. f (1) — 510 MommduumpoBaHHas BepcHs

TenenapaensHoro skBuBanieHTa GR, rie ckansp kpydenus T 3aMeHseT ckaisp
Pruyun R B rpaBUTalMOHHOM [JEeHCTBUM. JTa TEOpUS NPUBJICKIA OONBIIOE
BHMMaHHEe  Ojaromapsi  CBOEH  CIIOCOOHOCTH  OOBSCHATH  pazIUJIHBIC
KOCMOJIOTMYECKHE HaOIroAeHns 0e3 HeoOXOIMMOCTH MCIIOJIb30BaHHSA TEMHOM
MaTepuHu.

OnHako mpoBepKa rpaBUTAIIUN f (T ) TpeOyeT cpaBHEHHS €€ TIPOTHO30B C
HAOJNIONEHUAMH, YTO SBJISETCS CIIOKHOM 3ajadeil. baliecoBckoe MallMHHOE
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obydenne (BML) mpemocTaBmsieT MOIHYIO TWIATHOPMY IS JOCTHXKEHHUS JTOM
menu. BML — 3T0 cTaTUCTHYECKHI TOMXOJ, KOTOPHIM OOBEAWHSICT JaHHBIC U
npeaBapUTeNbHbIE 3HAHUS [ COCTAaBJICHUS NPOTHO30B M OOHOBIICHHS
yoexxnennit. OH OBUI yCHEIIHO NMPUMEHEH B Pa3IMIHBIX HAYYHBIX O0OJIACTSX,
BKITIOYAast acTPOPU3UKY U KOCMOJIOTHIO, JUISI aHATTU3a CIIOKHBIX HA0OPOB JTaHHBIX.

Koneunass nenp MammMHHOTO OOyYEHHs 3aKIIOYaeTCs B TOM, YTOOBI
NONMy4YUTh HMH(OpMANMI0O U3 JAaHHBIX. bailleCOBCKMH TOAXOJ K MALIMHHOMY
00YYEHHIO MPEACTaBISIET COOOH CTATUCTUYECKHUU IMOAXO[, KOTOPBIN IO3BOJISET
HaMm 00pabaThIBaTh HEOPE/ICICHHOCTh U HEM3BECTHBIE JTAHHBIC.

BaiiecoBckuii MalIMHHBINA aJrOPUTM HCIOJIB3YET TeopeMy baiieca, uToObI
OOHOBJISITh BEPOSTHOCTH TIEPEMEHHBIX, OCHOBBIBASCh Ha HOBBIX JaHHBIX. OH
OCHOBBIBAETCSI HA TIPUHIIHIIE OaECOBCKOTO BBIBOJIA, KOTOPBIH Mpenoaraer, 4ro
HaM HY)XHO ONpEAETUTh BEPOSTHOCTh THIIOTE3bl HAa OCHOBE [AHHBIX, a HE
Ha000pOT.

MaTtepuajibl 1 0CHOBHBIE METO/IbI

OnHuM U3 albTEPHATUBHBIX METOIOB BBIIIOIHEHHS 0aileCOBCKOTO BBHIBOJA
SIBIISIETCS] BAPUAIIMOHHBIN BEIBOJI. OH 3HAYUTEIHHO OBICTPEE, YeM METOIBI IISTIOYKH
MapkoBa Monte-Kapmo (MCMC) u He cTpamaet oT mpodiieM KOHBEPTEHITUH, YTO
JIEJIAeT ero O4YeHb MPUBIIEKATEILHBIM IS KOCMOJIOTUYECKUX H aCTPOPH3MIECKIX
npwiokeHuil. WTtak, Kak MOXeT OBITh TOJE3eH BapHAIlMOHHBIA BBIBOA. ITO
MOJIE3HBII HHCTPYMEHT, IIOCKOJIbKY OH MpeJiaraeT peuieHre 3a1a49u ONTHMHU3AIIH
MyTeM anmpoKCUMAIIMK IEeBO IMJIOTHOCTH BEPOSTHOCTU. B KadecTBe Mephl
Takoi Onm3octy mcnonb3yeTcs pacxoxkaeHne Kullback-Leibler (KL). B Hamem
CiIy4ae IIeTIeBOW IUIOTHOCTBIO BEPOSTHOCTH OyAeT OaliecoBCKas almoCTEepHOpHas,
KOTOpasi MO3BOJSIET HAM OTrPaHMYHMBATH MapameTpbl Moaenu. s 3Toll 1enw
TIEPBBIM IIATOM SIBIISIETCS] HAXOXKICHNE W TIPEUIOKEHNE CEMECTBa TUIOTHOCTEH

Q , 4 3aT€M HaXOKIECHHE YJIEHA ITOT'0 CEMEMCTBA 9(0)eQ , KOTOPBIN SBJISIETCS
HanOoJiee OJM3KUM K IIEJICBOM TUIOTHOCTH BEPOSTHOCTH. DTOT JIEMEHT M3BECTCH
KaK BapUallMOHHBIA 3aJHUWA, KOTOPbIH MHUHUMU3UpYET pacxoxaeHue KL o
TOYHOTI'O 3aHETO.

Hcnonvzosanue npozpammnoco obecneuenus Python é kocmonozuu / (T)
epasumayus

beimo  mpemiokeHO  HECKOJMBKO — paclIUpeHuil  oOImed  Teopuu
otHocutenbHOCcTH (Aldrovandi, 2013; Bengochea, 2009) u BcecTopoHHE
WCCIIC/IOBAHbl JIISI OOBSCHEHUS JAaHHBIX HAONIOJCHUH B KOCMOJIOTUH |
actpodmsuke. B 9acTHOCTH, JOTIOTHUTEIbHAS TPAaBUTAITMOHHAS CTEIICHD (CTETICHH)
cBOOOABI M3 MOAM(HUIIMPOBAHHBIX T'PABUTAIMOHHBIX MOJIENCH MOTHBHUpPOBaHA
YCKOPSIIOIIMMCS paciiupeHreM BeeneHHoil kak B 6osiee Mo3JHHUE, TaK U B paHHUE
BpeMeHa (MH}sAIHs ). BoIbIIMHCTBO PaboT B 3TOM HANPaBICHUH OOBIYHO UCXOIST
W3 CTaHAapTHOIO TPAaBUTALlMOHHOTO OIUCAHHWSA, T.€. M3 €ro (popMyIHUpOBKH
KPUBU3HBI, W Pa3UYHBIMH CIIOCOOAMH PAaCHIMPSIOT JACWCTBUE OWHIITEWHA-
l'unpbepra, Hanpumep, f(R)-rpasurammio (Clifton, 2012), rpaBuranmto ["aycca-
Bonne (Capozziello, 2016), rpaBurtanus JlaBnoka, rpaButanus Xopasa-JIngmmia
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(Saridakis, 2016), maccoBas rpaButanus (Capozziello 2011) u HeKOTOpBIE APYTHE.
OnHako B paBHOH CTENEHU MOXKHO ITOCTPOUTDH U IPaBUTALIMOHHBIE MOJU(UKaLINY,
UCX0.s U3 POPMYJIMPOBKH Ha OCHOBE KpyUEeHHS, 8 UMEHHO U3 TenenapaiieabHoro
OxkeuBanenta O6meit Teopun OtHocuTenpHOCTH (Rham, Massive, 2014; Horava,
2009; Hayashi and Shirafuji, 1979; Linder, 2010; Mukhanov, 2007; Maluf, 2013).
[TockonpKy B 3TOM TEOpUM JarpaHKuaH ecTh TOPCUOHHBIN ckanap T, mpocreiei
monudukanueit ssusercs f(T) rpasuranus (Muhsin Aljaf, 2022; Nojiri, 2017,
Nojiri, 2005).

CymiecTBYIOT pa3jIniHbIe HANPABICHUS, TPEIUIOKEHHBIC JUIS TIOCTPOCHUS

Monenu TEMHOW SHeprum M TEMHOE Marepud. Tpu BEIOpaHHEIE f (yHKIMH

rpaBUTAIIU () U3y4YeHBl B JIUTEpaType U ABISAIOTCS OJHUMHU U3
HPEANOYTHTENLHBIX. [10 MMEIOIUMCS JaHHBIM 10 CpaBHEHHUIO ¢ Mozenbio A CDM

B KOCMOJIOTHYECKOM KOHTekcTe TocTosHHas A , BBeleHHas OHNHIITEHHOM,
Xaparepu3yeT CBOWCTBa BaKyyMmMa, TII€ IOJIEBbIE YpPaBHEHHUS  UMEIOT
MPOCTPAaHCTBEHHO-OHOPOAHOE  cTarnueckoe pemenue. Kocmomormueckas
KOHCTaHTa He Obula crmocoOHa OOBSCHUTH pacimpeHne BceeneHHol w
BIIOCTIEACTBUHU ObLTa oTOpomeHa. OgHAKO B TMOCIEIHUE TONBI IPH MTOCTPOCHHUH
KOCMOJIOTHUECKMX  MOJENeH, OMNHCBHIBAIOIIMX COBPEMEHHOE  pacIIUpeHHe
BCCHCHHOI\/’I, B ITOJICBBIC YPAaBHCHHA CHOBA BHECJIM KOCMOJIOTHYCCKYIO KOHCTAHTY.

[Ipu paccmotpennu Tenenapasuiens rpasutanuu (Nojiri, 2005; Lovelock,
1971;  Unzicker, 1961) wucnoms3yem OykBbl  Tpedeckoro  andaBuTa

v,p,...=0,1,2,3
('u Vs P O ) IIg  0003HAUYeHUs  HHIEKCOB, CBSA3aHHBIX C
MIPOCTPAHCTBOM-BpeMeHeM (0a30BO€ TIPOCTPAHCTBO), M OYKBHI JIATHHCKOTO

i,j,k,...=0,1,2,3

andapura ( 2S5 2T ) IUIT 0003HAYEHUS WHIEKCOB, CBSI3aHHBIX C
KacaTelbHBIM TpocTpaHCTBOM. KannOpoBodHOE mpeoOpa3oBaHUE OMpEeAesaeTCs
KaK JIOKaJIbHOE MpeoOpa3oBaHe KacaTeIbHO-POCTPAHCTBEHHBIX KOOPIUHAT:

i / i
ox=oa’Px',
B rpaBuTanuu f (T ) JUHAMUYECKHUMHU TIEPEMEHHBIMU  SBJISIIOTCS
TETPAAHBIC I10JIA eﬂA , TIC€ TPECUYCCKHUE HUHIACKCBI COOTBETCTBYIOT KOOpAHWHATaAM

MMpOCTpPpaHCTBA-BPEMCHHU, a JIATUHCKUC HHACKCHBI COOTBCTCTBYIOT KOOpAWHATAM

KacaTeIbHOTO MPOCTPAHCTBA. Terpanubie TOJISI eﬂ”‘ 00pasyroT

OPTOHOPMMPOBAHHBI 0a3UC B KacaTeIbHOM IPOCTPAHCTBE B KaKIOM TOYKe

NPOCTPaHCTBEHHO-BPEMEHHOTO  MHOrooopasusa. Otcroga ciemyer, 4T0 OHHM
A B

YAOBJIETBOPSAIOT ~ COOTHOINECHHIO g ~=nABe”pe”v , TAC g, ~ METpHKa
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npoctpancTBa-Bpemenu, a  177,, = (1,-1,-1,-1) merpuxa  xacarembHOroO

MIPOCTPAHCTBA.
COCI[I/IHCHI/IC BaﬁTueH6eKa B TOPCUOHHOM T'paBUTAIIMU ONIPEAEIISETCS KaK:
~ 4 Y
Fﬂv =e, 6e =-e, 0,e, (1)

DTO coeqMHEHUE HE BKIIOUAET KPUBU3HY PuMaHa, a TOJBKO HEHYJIEBOE
KpydeHue, a UMEHHO:

Y-S RS 4
r,=r, -T, =e (0, -0

Kpome Toro, TopcMOHHBIN CKaIsp:

vu @

r=S"T," 3)
rae

v _ 1 v It a
Sp” =§(Kp” +5p’T -0, T €))
BMCECTC
K,’ = (T vP+T *=T,") (5)

Ora Teopm SKBHBAJICHTHA OOIIEH TEOPHH OTHOCHTEILHOCTH Ha YPOBHE
ypaBHEHUH ABMKCHUS M 0000IeHHBIN JlarpamkuaH MOXKET OBITh 3alicaH Kak:

S = J.d“xe{z f(t)+L} (6)

4
rae T — ckansp kpyueHus, € = det(e p ) =4/- g ,aLlm—marepuanbHbIi

i
narpamkuad. 37ech €,  KOMIIOHEHTBI BEKTOpHOro moiisi Bupbeiina e, B

KOOpIMHATHOM Oasuce, TO eCTb e, =e* 40, . OOparure BHHMAHHC, YTO B
TeJemapaJyIeIbHOW TPaBUTAIIMM JTUHAMHYCCKON TEPEMEHHON SBIISICTCS TIOJIC
Bupo0eiina e, (;(” . I3MeHeHne melcTBHsI OTHOCHUTEIRHO 3TOTO 1mojis BupOeiina
MPUBOJIUT K CIICAYIONINM TPAaBUTAIIMOHHBIM YPABHEHUSIM JIBUIKCHHUS

— v Vi ng 1 1 v
[0,/ =¢/ 1,78, [ 1)+ 5770, 1) fr + 50 f = KT

(7

o’ f(T)
rae == f =
Jr="57 T er?
HAMITYJIbCA MATEPUU.
3nech ckansp KpydeHus T 3amaercs uepes:

T=S_T )]

puvs uvp

» ¥ T (m) " — TEH30p dHEPIHH-

11
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v 1 v Ov vV 6
Sp” EE(KP” +5p”T9 -9, T, )
371eCh TEH30p UCKAKEHUS ONPENENsIeTCs KaK:

1

Hv o uv 177 )%
K, =E(Tp -7," -T,7) (10)
U TEH30p KPY4EHUsI BBINIAIUT CIEAYIOIIUM 00pa3oM:

A A N A i i
Tyv Ervy _Fyv :ei (auev _6vey (11)
Bekropusie nonst BupOeiina cBs3aHbl ¢ METPUKOIT Yepe3
g ()= 1m,¢"u(x)e'v (x) (12)

rae e; ~ e, =1, urn, =dag(l,—1,—1,—1). Teneps Ml HPEATOTOKIM

IJIOCKYIO0 OJJTHOPOJHYIO U M30TponHyto FRW-BceneHHyo ¢ METpHUKOM.
3
ds* =dt* —a*(t) ) (dx')’ (13)
i=1

rae t — xkocmuueckoe Bpems. Torma MoauduIMpOBaHHBIC YpaBHCHHS
@puamana U ypaBHEHHE HEPA3PHIBHOCTH YUTAIOTCS KaK

-2TF, + F =2k*p,, (14)
—8HTF,, + 2T —4H)F, - F =2k’ p,, (15)
Pn+3H(p, +p,)=0 (16)
DTOT HAOOP MOXKET OBITh MEPETHCaH CICAYIONUM 00pa3oM
-T-2Tf, + f =2k’p,, (17)
—8HTf,, + (2T —4H)f, — f =2k’ p,, (18)
Pn+3H(p,+p,)=0 (19)
DTOT HAOOP MOKHO TEPENUCcaTh Kak

-T-2Tf, + f =2k’p,, (20)
—8HTf,, + 2T —4H) f, — f =2k’p,, 21
Pn+3H(p,+p,)=0 (22)

Donosas ounamuxa. Kak Mpl BuguM B pabote [21] ypaBHEHHE COCTOSHUS
TEMHOM SHEPTUH MOXKET OBITh 3aIMCaHO KaK:

— Pde _ f_fTT+2T2fTT 27

e @I = )+ fy +2Tfy)
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B paccMOTpeHHOH BBIINIIE YCTAHOBKE XOJIOAHAS TEMHAas Marepusi OymeT
UMETh CBOIO DBOJIOLHUIO, MPOJUKTOBAHHYIO COXPaHEHHEM TEH30pa SHEPrHu-
HUMITyJIbCa

P +3Hp,, =0 (28)

ITTOTHOCTh TEMHOW DHEPIHU TaK¥Ke OYyJIeT COOTBETCTBOBATH YPABHCHHUIO
coxpanenus (Pellegrini and Plebanski, 1963),

P +3Hp, (1+w,)=0 (29)
s ynoberBa Mol iepenuceiBaeM [21] ypaBHenne @punmana Kak
E(z,r) =0, " 1+2) +Q, " y(zr) (30)
rae V(z,7) pasuo:
1

Wz r)=—— 121 - f €2))

6Hﬂ%ﬁ[ 1=/
U QY Gynyun mapameTpoM IUIOTHOCTH TEMHOH YHEPIUH
Q" =1-0,," (32)

uccnenosanbl coxpanenus (Pellegrini and Plebanski, 1963) Tpu mozenu
f(T). Tpu BiGpanHbie GyHKIMM Yoke ObUTH H3YUYEHBI B THTEPATYPE U SBIISIOTCS
OJHUMH W3 TIPEIIMOYTHTEIBHBIX 10 HMEIOIIMMCS JAaHHBIM II0 CPAaBHEHHUIO C
mozenpio ACDM. baiiecoBckoe MamHHOE OOYYCHHE BIFSET Ha MPOTHO3BI JIIS
KaXJ0H 13 TPEX MOJeIIeH.

Iepras mogens f(T') (manee f, CDM) mpencraBnser coboii cTeneHHyI0
MOJIeJb, KOTOPasi YUTACTCS KaK

fi=al-T) (33)

Bropas f (I") momems (nanee f,CDM ) n3BecTHa KaK SKCHOHEHIMATbHAS
MOJIEJb U CUNTACTCS KaK

fo(T)=al,(1—e ") (34)

Tperest mozens f (1) (mamee fsCDM ), paccMoTpeHHast B JaHHOM

paboTe, TakKe HMeeT SKCIOHCHIHAIBHYIO (hopMy, HO HMEET IPYTyIO SKCIIOHEHTY,
a UIMCHHO.
—pATIT,
fi(M)=al,(1-e™ °),p:% (35)

PesyabTarnsl
C wucnonb3oBaHWEeM KOMaHABI Ha python MOCTPOCH KOCMOJIOTHYECKUI
rpaduK CTENICHHON MOAETH

13
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EBE
import numpy as np
from getdist import plots, MCSamples

p_valuss = [5.16, 5.15, 4.¢
p errs = [0.1, 0.1,

names = ['Omega dm', 'E 0', 'p']
labels = ['\\Omega dn', 'H O', 'p']

samples_list = [|

for i in rangs(len(Omsga_valuss)):
Omega_samples = np.random.normal {Omega_valuss[i], Omega_errs[i], 10
H_samples = np.random.normal (_values[i], H_errs[i], 10000)
p_samplas = np.random.normal(p values[i], p errs[i], 10000)
samples = MCSamples (samples=[Cmega_samples, H_samples, p_samples], names=names, labels=labels
samples_list.append (samplss)

np.savetxt (f'Onega sanples (i}.txt’, Omega_samples)
np. savetxt (f'H_samples {i} txt', B samples)
np.gavetxt(f'p samples {i}.txt', p_samples)

legend labels = ['Experiment [}'.format{i+1) for i in range(len{Cmaga_values))]

legend_labels = ['zl € [0.1,1.2], 25 € [0.3,1.7],when N=50','2zl € [0.1,1.2], zs € [0.:
g = plots.get_subplot_plotter{subplot_size=2)
g.triangle_plat{samples_list, filled=Trua, legend_labels=legend_labels)

.71, whe

71 € [0.1,1.2], 78 € [0.3,1.7),when N=50

21 €10.1,1.2], 25 €10.3,1.7] when N=100
zl € [0.1,1.5], s € [0.3,1.7], when N=100
21 £[0.1,2.0]. zs €[0.3,2.5]when N=100
21 €10.1,2.4], z5 €10.3,2.5], when N=100

02 03 3 )
Qam Ho

Pucynok 1. 1o u 26 rpaduku KOHTYpPOB JOBEPHUTEIBHOIO YPOBHS AJISI KOCMOJIOTHYECKHX
IapaMeTpoB U IapameTpa b It CTeIeHHOH MOJIeIH

C wucronp3oBaHMeM KOMaHIBI Ha python mocTpoeH KOCMOJOTHYECKHH
rpaduk 3KCIIOHEHIINATBHON MOJIEITN

14
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ER®

import numpy as np
from getdist impert plots, MCSamples

omega_values
Omega_srrs
H_values = [
H_erss

p_values

names = ['Omega_dm', 'H_
labels = ['\\Omega dm',

samples_list = []

for i in range(len(omega_valuas)):
Cmega_samples = np.random.normal (Omega_values[i], Gmega_erzs[i], 10000)
H_samples = np.random.normal(E values[i], H_errslil,
p_samples = np.random.normal (p_values[i], p_errs[i],
samples = Mcsamples (samples=[omega_samples, E_samples, p_samples], names=names, labels=labels
samples_list.append{samples)

np.savetxt(f'Omega_samples_(i}.txt', Omega_samples)
np.savetxt(£'H samples [i}.txt', H_samples)
np.savetxt (f'p_samples_{i}.txt', p_samples)

legend labels = ['Experiment {}'.format{i+l) for i in range(len(Omega_values))]

legend labels = ['zl € [0.1,1.2], 2s € [0.3,1.7],when N=50",'zl € [0
¢ = plots.get_subplot_plotter(subplet_size=2)
g.triangle_plot(samples_list, filled=True, legend labels=legend_labels)

21, zs € [

w

/171, whe

I 7l €[0.1,1.2], z5 €[0.
B 7l €[0.1,1.2], zs € [0..
m zZl€[0.1,15) zs €[0.3,
B 7l €[0.1,2.0], zs € [0.
.zl €(0.1,24), zs € [0.

.7],when N=50

.7],when N=100
.7T],when N=100
.5],when N=100
.5],when N=100

026 o028 030 735 740 745 75.0 5 6 7

Qam Ho P

Pucynok 2. KoutypHssie rpaduku JOBEpHTEIHHOTO YPOBHS 16 11 26 A7t 9KCIIOHEHIUATBHON

MOJICITH

C ucnonp30BaHMEM KOMaHABI Ha python MOCTpOeH KOCMOJIOTMYECKHil rpadMK SKCIOHEHIIMATIBHOMH

MoJeIn

15
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(=30
import numpy as np
from getdist import plots, MCSamples

omega_values =

['omega_dm', 'H 0', 'p'l
['\\Omega_dn', 'E 0, 'p']

samples_list = []
for i in rangs(len(Omega_values)):
Omega_samples = np.randem.normal(0mega_values[i], Omega_srrs[i], 10000)
np.random.normal (E_values[i 1000)
= np.random.normal (p_values[i], p_: 1000)
McSamples (samples=[Cmega_samples, H_samples, p_samples], names=names, labsls=labels
ist.append (samples)

samples

np.savetxt(f'Omega_samples {i}.txt', Omega samples)
np.savatxt (£'H_samples (i} txt', H_samples)
np.savetxt (f'p_samples (i}.txt', p_samples)

legend_labels = ['Experiment {}'.format{i+1) for i in range(len(Omega_values))]
legend_labels = ['z1 € [0.1,1.2], zs € [0.3,1.7],when N=50','21 € [0.1,1.2], zs € [0.3,1.7],wh

g = plots.gst_subplot_plotter(subplot_size=2)
g.triangle plot(samplas list, filled=True, legend labals=lagend labels)

21 €[0.1,1.2], zs € [0.3,1.7],when N=50

z1 €[0.1,1.2], zs € [0.3,1.7],when N=100
zl €[0.1,15], zs €[0.3,1.7],when N=100
zI €[0.1,2.0], zs €[0.3,2.5],when N=100
2l €[0.1,2.4], s € [0.3,2.5],when N=100

I M
N
\l‘ H |
< 0 \ N ‘
|‘ ”\
[ I
68 [ “‘I
|| I\
t I
| x
f \
a w0l i ‘\
' | x
‘
45+ 4 \
\
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Pucynok 3. KoHTypHBIE rpad)MKH JOBEPUTEIHLHOTO YPOBHS 16 1 26 IS 3KCIIOHEHIIUABHOM
MOJIEJIU C KBaJPATHBIM KOPHEM

DTOT KOXI CTPOHUT TpPEyrojbHbIe Tpadwku s baileCOBCKHX BBEIOOPOK
napamMeTpoB MOJIEJIH, TMTOJIyUYSHHBIX B PE3yJIbTaTe HECKOJILKHUX DKCIEPUMEHTOB. B
HayvaJie KOJa OIpe/IeNICHbl 3HAYCHUS MTapaMeTPOB MOJICTH U UX TOTPEITHOCTH IS
KKIOr0 OKCIEPUMEHTa, a TaKXKe KOJUYECTBO JSKCIICPUMEHTOB. 3aTeM Ul

16
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KaK/10T'0 3KCIIEPUMEHTA F€HEPUPYIOTCS BBIOOPKH IS KAXKIOT0 ITapaMeTpa MOAEIH
C HCIOJIb30BAaHMEM HOPMAJIBHOI'O paclpelesieHHss C 3aJaHHbIMH CpEeIHUMHU
3HAYEHUSIMH U TIOTPELIHOCTAMU. [ Kax10il BBIOOPKH co3aeTcs 0OBEKT Kiacca
MCSamples u3 OuOmmorekn getdist, KOTOpBIH TMpeacTaBiseT coboi Habop
BbIOOPOK C 33JJaHHBIMU METKaMH U Ha3BaHUSAMHU JUIS KaXI0T0 [apaMeTpa MOJICIIH.
O6wexTel MCSamples noGasisitorest B cnucok samples_list. 3arem ans kaxmon
BBIOOPKM COXpAHSIOTCSA 3HAa4YeHUs] B TeKcToBble (Qainbl. HakoHew, aysi crucka
samples_list cTposiTcst TpeyrobHble rpaduKku ¢ moMolibio GpyHkmH triangle plot
n3 Oubnmoreku getdist, koropas mpuHHMaeT crrcok MCSamples, ONIMOHATEHO
3aIlOJTHEHHBIN IIBETOM, a TaKKe CHHMCOK JIereH AJs Kaxkaoil BeiOopku. ['paduxu
0TOOpaXKatoT 3aBHCUMOCTH MEXJIy TapaMH IapaMeTpoB MOJICIH, a TaKkKe
THECTOTPaMMBI JUTS KaXKJIOTO TIapaMeTpa Ha JUaroHalu rpaduka.

O6cyxaenne

Ucnonp3oBanst BML — bailieceBckoe MammHHOe 0OydeHHE A

OrpaHUYCHHUA KOCMOJIOIT'MYECKUX MO,ZICJICI\/’I, OCHOBAaHHBIX Ha I'paBUTAllUU f(T) ,
YTOOBI MMOCMOTPECTH, KaK 3Ta Hp06neMa MOKET OBITh pcHicHa TaM. PaCCMOTpCJ'H/I u
HU3YUWIN OTPpaHUYCHHA HAa CTCIICHHBIC, SKCIIOHCHIHUAJILHBIC U SKCIIOHCHIIUAJIbHBIC

MOJIETIN C KBaJIpaTHBIM KOPHEM (1) , ucnons3yst SLTD B kadecTBe OCHOBHOTO
3JeMEHTa TMpollecca TEHEPAlMM W KIIOYEBOIO KOMIIOHEHTAa BEpPOSITHOCTHOTO
nmonxoga ML. PesynwTaThl copepikaT TOACKa3Ky, MOKa3bIBAIOIIYIO, YTO Oojee
TOYHBIE U3MEPEHHSI BDEMEHHOM 33IeP)KKH U KOJIMYECTBO JIMH30BBIX CHCTEM MOTYT
CYIIIECTBEHHO MOBIUATh Ha OTPaHWYEHHUS Ha mapameTpbl Moaenu. llpuaumas Bo

H
BHUMaHHE HampspkeHne O, MPOBEPEHBI MOJTYyYCHHBIE PE3YJIbTAThl C TTOMOIIBIO
nocrymHoro OHD u oOHapyXeHBl NpH3HAK HANPSIKCHHS, KOTOPOE MOXKET
CYIIIeCTBOBATh MEX Ty JIMH30BhIMU curHamamMu GW + EM u OHD. Ucnonp3oBanue

(1) B cBeTe maHHbIX SLTD MoeT pemuTh HalpsHKeHHOCTh H, .

3akiouenne

[Tockonbky paccTosIHUS ¢ BpeMEHHOH 3aJep>KKOH MOTYT OBITh HU3MEPEHBI
[0 CHTHAJaM TPABUTALMOHHBIX BOJIH JIMH3 U MX COOTBETCTBYIOIIMM aHAJIOTram
AIIEKTPOMArHUTHBIX BOJIH, HAII MOAXOA MOXKET OBITH OYeHb MOJIE3eH B IpoIiecce
UACHTHU(PHUKALNY HCTOYHUKA. J[eficTBUTENBHO, HAaliIeH YeTKUI HaMeK Ha TO, YTO y
HAac MOTYT OBbITh OYEHb CHJIbHBIC OrpaHn4eHus Ha cucremMbl GW + EM ¢ nuH3amu
W pa3yMHas KOMOWHAIHMs 3TOTO C MOJeNUpOBaHWEM, OcHOBaHHBIM Ha LSST,
teneckone DitHreitna (ET) u O630pe temuoii sneprun (DES) MosxeT obecrieunTs
MOIIHBII WHCTPYMEHT AJsl HACTOSILIEro KOocMoJyioruueckoro ananmsa. lloaxon,
MPEUIOKEHHBI B HACTOSIIEM JOKYMEHTE, MOKET OBbITh JIETKO PACIIUpPEH W JIJIs
OTpaHUYCHUSI CUCTEM JIMH3UPOBAHMUSL.
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Abstract. In this paper, we explore the properties of soliton and rogue wave solutions of a nonlinear integrable
equation using the Darboux transformation method, and discuss the possible practical applications of this research in
various fields. These equations are important mathematical models for describing various wave phenomena in different
physical systems, such as sound waves, light waves, and water waves. The Darboux method us allows to construct various
interesting solutions like soliton and rogue wave solutions for nonlinear integrable equations. By studying the properties
and behavior of soliton and rogue wave solutions, scientists could potentially develop new technologies and safety
measures, especially in the fields of optical communication and marine engineering.
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CbI3bIKTbl EMEC UHTEI'PAJITAHATBIH CIIMHAIK MOJEJII YIHIH KUPATYIIBI TOJIKbIH JKOHE
COJMTOHAbI HLIEIIIM/IEP

Annotanus. by makanana 6i3 JlapOy omiciH KoigaHa OTBIPHII, CHI3BIKTEI €eMeC HHTETPaJTaHaThIH TeHACYIIePIiH
COJUTOHIBIK KOHE KHUPATYIIbl TOJKBIH MHICIIIMACPIHIH KAaCHETTepiH 3epTTeMi3 KOHE OCHI 3epTTEYHiH OpTYpi
cananapIarbl 9JeyeTTi NPaKTHKAIBIK KOJIIAHBUTYBIH TalKbUIAMbI3. Bysl TeHmeynaep OBIOBIC TOJIKBIHAAPEI MEH XKaphIK
TOJIKBIHZAPHI, TEHI3 TOJIKBIHAAPHI CUSKTBI SPTYPIIi (GU3MKAIBIK JKYHenepaeri TONIKBIHIBIK KyObUIBICTapAbl CUIIATTaHTHIH
MaHbI3/Ibl MATEMATUKAJIBIK MOJIENbICp O0sbIn TaObuiaabl. JlapOy o/1ici CHI3BIKTHI €MEC MHTErPaIaHAThIH TeHICYICPIiH
JI9JI COJTUTOHABI JKOHE KUPaTyLIbl TOJKBIH LICMIIMAEPIH KYpyFa MYMKIHIIK Oepeai. COINTOH XKoHE KUPATYIIbl TOJKBIH
KacHeTTEpiH 3epTTey apKbUIbl FajbIMIap jKaHa TEXHOJOTHMsUIap MEH KayilCi3JiK IlapaiapblH, 9Cipece ONTHKAaJbIK
OaiinaHpIC NIEH TEHI3 TEXHUKACHI CAJIaChIH/IA )KaHa allly jKacai ajasbl.

Tyiiin ce3mep: CONMTOH mIenIiMIepi, CHI3BIKTHI €eMeC MHTErpasiaHaThiH TeHzaeynep, JapOy omici, KMpaTyIsl
TOJIKBIH

OM.B. Anbbareiposa, K.M. Caruaysiaesa’, 2023
EBpaswmiickuit Hanmonansueiit Yausepcuret uM. JL.H. 'ymunesa, Acrana, Kazaxcran.
E-mail: mereyalbatyrova7139@gmail.com

PA3PYIIUTEJIBHBIE BOJIHbI U COJIMTOHHOE PELHIEHUE HEJIMHEMHOM UHTETPUPYEMOM
CIIMHOBOM MOJIEJIA

AHHOTalIl/Iﬂ. B »sTol1 cTathbe MBI nuccicayem CBOMCTBA COJUTOHHEIX U Pa3pylinTEIbHbIX BOJTHOBBIX peL[IeHI/Iﬁ
HEJIMHENHBIX HUHTETPUPYCMBIX ypaBHEHI/Iﬁ C HUCIIOJB30BAaHHUEM METOOA Jj[ap6y u 06cy>i<)1aeM IIOTCHIIUAJIbHBIC
HpaKTl/l‘leCKI/le HpI/IMeHeHI/I}I JAHHOI'O HCCJICA0BAHUS B paSJH/Il{Hle 06ﬂaCT$IX. 3Tl/l ypaBHeHI/Iﬂ SABJIAKOTCS Ba>XHbIMU
MAaTEMATUYCCKUMHU MOIACIAMU IJIsI OIIMCAHUSA paSHl/I‘lelX ﬂBHeHl/Iﬁ BOJIH B pa3H1>1x q)I/ISI/IlIeCKI/IX CHUCTEMAX, TaKHX Kak
3BYKOBBIE BOJIHBI W CBETOBBIC BOJIHBI, BOJIHBI BOJBI. MCTOIL I[ap6y IMMO3BOJIIET CTPOUTH TOYHBIE COJMTOHHBIE H
Pa3pyHInTCIbHBIC PCIICHUA HEJIMHEHHBIX HHTCIPUPYCMBIX ypaBHeHHﬁ. HSy‘IaS{ CBOIiCTBa U IIOBEACHUE COJIUTOHHBIX H
Pa3pyHIUTCIbHBIX BOJHOBBIX pemeHHﬁ, YUCHBIC MOI'yT HNOTCHLHUAJIBbHO paBpa6aTLIBaTL HOBBIC TEXHOJIOTMU MU MCPbI
6630HaCHOCTI/I, 0COOEHHO B 001aCTH OIITHYECKOM CBA3U U MOPCKOTO MH)XUHHUPUHTA.

KuaroueBble ¢J10Ba: COJNHTOHHBIC pEIICHWS, HENWHCHHBIC WHTETpHpYyeMble ypaBHeHHs, Mertox JapOy,
Pa3pyInTCIbHBIC BOJIHBI

Introduction
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Nonlinear wave behavior in physical systems has been a topic of research interest for many years, with the goal of gaining a
better understanding of the underlying physics of these systems. We will investigate a rogue wave and soliton solution for our model,
which is a nonlinear integrable equation.

A soliton solution is a type of nonlinear wave that maintains its shape and speed as it propagates through a medium. On the
other side, rogue waves characterized by their extreme height and steepness. Mostly rogue waves are several times larger than the
surrounding waves. They can suddenly appear and destroy everything. Because of it rogue waves claimed to as monster waves. In this
paper, we will investigate the K-IAE equation (see notations in the work of (Nugmanova et al., 2022) and focus on the soliton and
rogue wave solutions of the K-IAE using the Darboux method. This method is a powerful mathematical tool that can be used to construct
explicit solutions for nonlinear integrable equations, making it an important tool for analyzing the properties of soliton and rogue wave
solutions.

The relevance of solving these problems lies in their ability to accurately describe various wave phenomena in different
physical systems. Understanding the behavior of these waves is important for gaining insights into the underlying physics of these
systems and potentially developing new technologies and safety measures. They have applications in various fields such as
hydrodynamics, electrodynamics, optical communication. For example, solitons have important applications in optical communication,
while rogue waves are a major safety concern. These solutions are a valuable tool for analyzing the properties of phenomena. Overall,
finding soliton solution and rogue wave solutions for our model is an important part of understanding wave phenomena and could have
significant practical applications in various fields.

The aim of investigating the rogue wave and soliton solution is to find a new solution with a certain method and to improve
our knowledge of the behavior of nonlinear waves in physical systems.

In the first section of our paper, we extensively investigate the model and examine its Lax representations, as well as
discussing the origin of this model and thoroughly studying the properties of the S-matrix. In the second section, we explain in detail
the method used for new solutions, which is a highly popular method in the field of solitons and widely used by soliton specialists. In
this section, we add new values to old solutions to make them consistent with old data and use the L-matrix to obtain new values for
the scalar potential u'. In the third section, we use the new values for S' and u' to find soliton and rogue wave solutions for our model.
We choose an appropriate solution to the linear spectral problem to obtain new solutions for the required parameters We find soliton
solutions in the form of (3.11)—(3.12) and use seed solutions to obtain parameters for the rogue wave solutions, which are shown in
equations (3.22)—(3.23), (3.30)—(3.31). In conclusion, we create visualizations of these waves using the mathematical software Maple
for soliton and rogue wave solutions to obtain a more detailed understanding of the properties of our model.

Methods and materials

Section 1. Model and its Lax representation. The Heisenberg ferromagnet equation is a model in statistical mechanics that
describes the dynamics of a collection of spins in a ferromagnetic material. On the other hand, the nonlinear Schrédinger equation
(NLSE) is a well-known equation in nonlinear optics and other areas of physics. Remarkably, it turns out that the Heisenberg
ferromagnet equation can be mapped onto the nonlinear Schrodinger equation via a gauge transformation. This means that the two
equations are equivalent in some sense, even though they describe very different physical systems. (Zakharov, 1979; Hoffmann, 1999;
Ding, 2000; Myrzakulov et al., 1998; Makhankov et al., 1998) proved that the two equations are equivalent found connection between
their solutions and integral of motions.

This equivalence is an example of the deep connections that exist between seemingly disparate areas of physics, and highlights
the power of mathematical techniques in unifying our understanding of the natural world. Gauge equivalence of these equation allows
us to obtain infinite number of conservation laws and solutions for both systems which also would be equivalent. In general, this
equivalence is a powerful tool that help us to apply techniques from one field to the other, and has led to many important insights in
both statistical mechanics and nonlinear optics.

One of the remarkable example of such nonlinear model is nonlinear Schrédinger equation. There are exact solutions of the
Schrédinger equation that transform and precisely determine and reveal new equations using various solution methods, including the
Darboux method. Using these methods, scientists have found new equations analogous to the Heisenberg equation. From papers
(Myrzakulova et al., 2022; Myrzakulov et al., 2022) we know that is the anisotropic ZE-equation, has the following form:

(1+2B(cB +4d))S; — SAS,, — uS, — 2B(ch + d)S; + 4cwS, = 0, (1.1)
Uy +%(S?c)f =0, (1.2)
! (53): =0, (1.3)

©x T 2@2pe + D)2
Assuming that c=0, the system of equations (1.1) - (1.3) was rewritten in the form

(14 2pd)S, — SAS,; —uS, =0,, (1.4)
Uy, + % (82), = 0. (1.5)
In order to obtain a new equation, we set B=0 and obtain the spin equation, or K-IA equation in vector form
S, — SAS,; —uS, =0, (1.6)
Uy, + % (82), =0, 1.7)

where § = (S;,S,,53) is a spin vector with length S? = 1.

We know that the KE can have different variants, which are gauge equivalent to each other. In our case, we will
use the Darboux transformation to find solutions for the K—IA equation.

Equation (1.6)—(1.7) is integrable and admits a Lax representation. A Lax pair is a mathematical tool used in the
study of nonlinear integrable equations. It consists of a pair of linear differential equations and a compatibility condition
between them. A Lax pair is a way to transform a difficult nonlinear equation into two simpler linear equations, which can
be easier to solve. The compatibility condition ensures that the solutions of the linear equations are also solutions of the
original nonlinear equation. By proving the existence of these pairs, we can establish that the given equation is integrable
and find its solutions. The Lax pair for this equation is written as follows in the research of (Nugmanova et al., 2022):
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Y = Uy, (1.8)
w, =V, (1.9)
where
U = —ilS, (1.10)
V= 2 Z (1.11)
T 1-22"" '
where
Z = 0.25([S, S;] + 2iuS), (1.12)
u is a scalar potential and spin vector presented in matrix form
5_(53 5_> (1.13)
- S+ _53 ! ’
Si = Sl i iSZ. (1.14’)

Section 2. Darboux transformation methods. A Darboux transformation is a popular method for constructing new
solutions arising from known solutions. It is a systematic way of generating a family of solutions by introducing an
auxiliary function that satisfies a linear equation, called the spectral problem. This method was studied in the scientific
papers of (Chen Chi et al., 2009; Nian- Bing et al., 1989; Schief et al., 2002; Yersultanova et al.., 2016). In this article we
will use the following technique: let us enter new function

Y =1Ly, (2.1)
where L is a Darboux transforming matrix
L=AN -1 (2.2)
Y’ also satisfies the identical Lax representation in the form:
Y =U'Y, (2.3)
Ye=V'Y, (2.4)

L matrix we consider from an article of Myrzakulov R. et al. (2015). It is easy to prove that the matrix L satisfies the
equations

L,+LU=U'L, (2.5)
L+ LV =V'L, (2.6)
and we get
. i .
ius 0.5 (5", S/IN iu'S'N N 0.5 (5.5] + w's’ 0 @7
A1=210) 1-22"""" 1-21 21-20)"""% "aa-220) '
Now collecting A by the same powers we obtain
NI[S,S:] — [S',S{IN) + NuS
,_ (IS, Sd - E tIN) )S’—lN—l, 2.8)
In the same way, the new solution S’
S'=NSN™L (2.9)

So finally, we obtained 1-n fold Darboux transformation for considered spin system in form (2.9). Or we can
rewrite it for spin matrix components as following

-1 _ 9-1 *
st =§t4i ((/11 AAZ )sz) ) (2.10)
-1 _ -1 * x
s~ =5 —i(Ql ’k )lpllpl) ) (2.11)
-1 2 -1 2 X
S§=S3—i(/11 2 Z/lz |¢z|> ’ (212)

here A = |y, |+|1,]|. Now we are ready to construct various types of soliton and solitonlike solutions using DT (2.8)—
(2.12).

Section 3. Soliton and rogue wave solutions. In order to find exact solution we choose a solution of linear spectral
problem as ¥ = (1,3,)7, where

P; = elfi, (3.1)
On purpose to find a new soliton solution for K-IA equation, we will consider the next expression of ; and Y,:
Py = el (3.2)
W, =e'%, (3.3)
here, 0 is a parameter that determine the shape and behavior of the soliton and defines as
0, =mx —kt+A, (3.4)
0, = —(mx — kt + A), (3.5

where m, k, and A are some constants. From the work of Drazin P.G. and Johnson R. S we know a seed solution as S3 = 0
and

S* = fsech(c(mx — kt + ¢))etmx—kt=2), (3.6)
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S~ = fsech(c(mx — kt + ¢))e~({mx—kt-1)), (3.7)
here f, ¢, and y are constant parameters.
In soliton theory, seed solution is a fundamental building block for constructing other solutions of the same type.
Solitons are nonlinear waves with constant shape propagating. A seed solution is typically a simple soliton solution that
can be used as a starting point for constructing more complex solutions. For example, by applying certain transformations
to a seed solution, such as translations and reflections, one can generate new solutions with different shapes and speeds.
The importance of seed solutions in soliton theory lies in their ability to generate a wide range of other solutions through
these transformations. This allows researchers to study the properties of solitons in a systematic way and gain insights
into their behavior and interactions. Seed solutions are an important tool in soliton theory that enable researchers to explore
the rich and fascinating world of nonlinear waves. Substituting our seed solution and y we get

(ith2)y = —2ie”!1702) (38)
193), = 2ie7H1*02) (3.9)
and
A=Y, + 3, (3.10)
After some calculations we get new soliton solutions for the K-IA equation
st = fsech(c(mx — kt + ¢))e(mx=kt=0) 4 (371 — J7lyme-2ilmx—ct+a) (3.11)
s = fsech(c(mx — kt + ¢))e~(mx=kt=0) 4 (371 — J51)me2ilmx—ct+h), (3.12)

For the scalar u’ of our model as equation (2.8) we get figure (1g) and visual representation of obtained solutions (3.11)
—(3.12) we present on figures (1a)—(1f)

First rogue wave solution. A rogue wave in a soliton context refers to an unusually large and rare wave that
appears suddenly and disappears quickly. It is a type of ocean wave that is much taller than the surrounding waves and
can pose a significant danger to ships and structures in the ocean. Rogue waves solution and soliton solution were studied
in the scientific articles of (Guo et al., 2021; Sagidullayeva et al., 2022).

As a soliton, a rogue wave occurs when several solitons interfere with each other, leading to a wave with much
higher amplitude than the individual solitons. This interference can happen in a variety of ways, such as the merging of
two solitons, the interaction of solitons with random waves, or the reflection of solitons from a boundary. In
electrodynamics, a rogue wave refers to an extremely intense and localized electromagnetic wave that occurs unexpectedly
in a medium. This wave is also known as an optical rogue wave, as it is often observed in optical fibers and other

waveguides.
Rogue wave solutions demands plane wave solutions as a seed solution
$* = 5nsec(n(x — 7nt))? e*~7m), (3.13)
S~ = Snsec(n(x — 7nt))? e~ *"7m0), (3.14)
S; =0.
To find a new rogue wave solution for the K-IA equation, we will examine the following expressions for 5 and ¥, as:
Py = eif, (3.15)
P, = elfs (3.16)
for this case the parameter 0 is specified as:
65 = x — 7nt, (3.17)
6, = —(x — 7nt), (3.18)

where n is a constant, which determines the scale of the wave. By using equations (3.15) — (3.16) and (3.17) — (3.18), we
get the next expression:

(W3s)x = —2ie 72770 (3.19)
(W33)y = 2i?x=7m0) (3.20)
and the same result was obtained for A in the form:
A=y3ps + P, (3.21)
And we get new rogue wave solutions for the K-1A equation in the form:
, 1 1 .
S* = 5nsec(n(x — 7nt))2 e(=7nt) 4 (A_ - A—)e‘Z‘("_m”, (3.22)
1 2
/ 1 1 ..
§™ = 5nsec(n(x — 7nt))% e~ *=7n0) 4 (/1— - A—)ez’(x‘”"), (3.23)
1 2

Figures (2a) displays a graphical representation of equation (2.8), while figures (2b) - (2r) depict graphical
representations of equations (3.22) - (3.23).
Second rogue wave solution. In order to obtain second rogue wave solutions, we will use seed solutions as:

_gG+1lg®+rg")

St T+ 47 (3.24)
_ g9G—lg*+rgh
o T+ 5 , (3.25)
53 = 0.

where the parameters 1, r, and j are considered to be constants and g regarded as:
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(x2+1t2)
g = e_ 2
For this case, we will take 15, ¢ and 65, 64 to be:
ll)S = ei95,
lpG = eiGG'
b — X+
5 2 )
_x2+t?
6= 5

As a result, we obtained secondary rogue wave solutions for our model in the following form:

_gG+lg®+rgh) 1 1 el )

s +(——

(3.26)
(3.27)

(3.28)

(3.29)

(3.30)

(3.31)

1+ qg? A A
S_r _ gy + 192 + Tg4) _ l _ l)xe_i(x2+t2)
1+ qg? A A ’
Figures (3a) - (3d) depict graphical representations of equations (3.30)—(3.31), whereas figure (3¢) displays a
graphical
representation of equation (2.8).
Results

Outcomes for the soliton solutions:

5

Figure 1(a). Graphic for the function S + with
parameters f = 1,y =1,m=15A=1,¢ = 1.

Figure 1(b). Graphic for the function S + with
parameters f = 4,y =1,m=15A=1,¢ = 1.

Figure 1(c). Graphic for the function S ~'with

Figure 1(d). Graphic for the function S ~'with
parameters f = 1.864353,y =1,m=1,A=1,¢ =1. parameters f =4,y =1, m=1,A=1,¢ =1.

10 &

YL
Figure 1(e). Graphic for the function S; 'with
parametersf = 1.2,y =1,m=1,A=1,¢ =1,

Figure 1(f). Graphic for the function S, with
parameters f = 1.2,y =1m=1,A=1,¢ =7,

and where S;" = st 457 and here S," = st —s.

6 4 2 0

Figure 1(g). Graphic of the function u'with parameters f = 1,y = 1,m = 5,A= 1, ¢ = 1 for the soliton solution.

Outcomes for the first case of rogue wave solutions:
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Figure 2(b). Graphic for the function S + where n = 1.
The magnitude of the waves is determined by this n.
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Figure 2(d). 2D Graphic for the function S +'where Figure 2(e). 2D Graphic for the function S +'where n = 2.
x=10..20,t="7. x=40...50,t=7.

Figure 2(f). Graphic for the function S~'wheren=1. Figure 2(g). Graphic for the function S~'where n=2.
Figure 2(h). 2D Graphic for the function S ~'where Figure 2(r). 2D Graphic for the function S ~'where n=2.
x=-10..50,t=2. x=-10...60,t="7.

Outcomes for the second case of rogue wave solutions:
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J.?wf.%\"i‘xrﬂﬂ.

10 20 30 40 50

Figure 3(a). Graphic for the function S + where i=1, Figure 3(b). Graphic for the function § +.
I=r=2,q=4. x=-10...50,t=7andl=r=2,q=4,j=1.

Figure 3(c). Graphic for the function S ~'where j=51, Figure 3(d). Graphic for the function S -
l=r=2,q=4. x=-10...10,t=1land1=r=2,q=4,j=5I.

Figure 3(e4) Figure 3(e5) Figure 3(e6)
Figure 3(e). Graphic for the function u’ for second case of rogue waves with values |=r=q=j=1,x=-1... 1,t=-1 ... 1 for the
figure 3(el), x =-2 ... 2,t=-2 ... 2 for the figure 3(¢2), x=-4 ... 4, t=-4 ... 4 for the figure 3(¢3),x=-10... 10,t=-10... 10
for the figure 3(e4), x =-20 ... 20, t =-20 ... 20 for the figure 3(eS), and x = -20 ... 40, t =-20 ... 55 for the figure 3(e6).

Discussion

In our study, we found that the method used is suitable for our model. Using the Darboux transformation method, we obtained
two different solutions, referred to as soliton and rogue waves. Additionally, with the help of the mathematical software Maple, we
obtained representations of our model in soliton and rogue wave solutions. We understood that the method works and from our new
values, graphs of rogue and soliton waves can be obtained.
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Our analysis showed that the Darboux method is an effective tool for solving second-order differential equations with variable
coefficients. This method allows the equation to be transformed into a canonical form, which can be easily solved using standard
methods. However, we also identified some limitations of the Darboux method. This method is not suitable for all models, in particular,
it can only be applied to linear second-order differential equations. Additionally, this method can be difficult to apply in some cases
when the equation coefficients have a very complex form.

Conclusion

In this paper, we focused on examining the K-IA equation. We have confirmed the effectiveness of the transformation method
used, leading to the discovery of new soliton and rogue wave solutions for the given equation. Additionally, a graph for the rogue wave
solution was constructed using the mathematical software Maple, allowing for a clear demonstration of its properties and characteristics.
As a result of our work, we have significantly expanded the understanding of this equation and its potential solutions, which may have

important practical applications in various fields of science and technology.

We get soliton solutions for the spin operator S,, defined as S, = %(S * 4+ 57). Similarly, we considered the spin operator
S; = % (S* 4+ S7) and obtained the corresponding rogue wave solutions. Our results can be used for further exploration of the properties
of systems with spin operators S; and S,, as well as for the development of new methods for analyzing similar systems.

REFERENCES

Bing X., Huang N., 1989 — Darboux Tranformation Method for Finding Soliton Solutions of the Landau-Lifshitz Equation
of a Classical Heisenberg Spin Chain, Commun. Theor. Phys., 12:121-126. DOI: 10.1088/0253-6102/12/1/121 (in Eng.).

Drazin P.G. and Johnson R.S., 1989 — Solitons: An Introduction (Cambridge Texts in Applied Mathematics, Series Number
2), Cambridge University Press. Pp. 14—16. ISBN-10: 0521336554, ISBN-13: 978-0521336550 (in Eng.).

Q. Ding, 2000 — On the gauge equivalent structure of the discrete nonlinear Schrodinger equations, Phys. Lett. A., 266. Pp.
146-154. DOI: 10.1016/50375-9601(00)00027-x (in Eng.).

Chen Chi, Zhou Zi-Xiang, 2009 — Darboux Transformation and Exact Solutions of the Myrzakulov-I Equation, Chin. Phys.
Lett., 26: 080504. DOI: 10.1088/0256-307x/26/8/080504 (in Eng.).

Guo R., Wang H., 2021 — Soliton, breather and rogue wave solutions for the Myrzakulov-Lakshmanan-IV equation.
242:166353. DOI: 10.1016/j.ijle0.2021.166353 (in. Eng).

Zakharov V.E., Takhtadzhyan L.A., 1979 — Equivalence of the nonlinear Schrodinger equation and the Heisenberg
ferromagnetic equation, Theoretical and Mathematical Physics, vol. 38, no. 1. Pp. 26-35. DOI:10.1007/BF01030253 (in Eng.).

Hoffmann T., 1999 — On the equivalence of the discrete nonlinear Schrodinger equation and the discrete isotropic Heisenberg
magnet. arXiv:solv-int/9907002. Pp. 1-8. DOI: 10.1016/s0375-9601(99)00860-9 (in Eng.).

Myrzakulov R., Nugmanova, G.N., Syzdykova R.N., 1998 — Gauge equivalence between (2+1) - dimensional continuous
Heisenberg ferromagnetic models and nonlinear Schrodinger-type equations, J. Phys. A Math. Gen., 31:9535-9545. DOL
10.1088/0305-4470/31/47/013 (in Eng.).

Makhankov V.G., Myrzakulov R., Pashaev O.K., 1998 — Gauge Equivalence, Supersymmetry and Classical Solutions of the
ospu(1,1/1) Heisenberg Model and the Nonlinear Schrédinger Equation, Letters in Mathematical Physics, 16:83-92. DOI:
10.1007/bf00398174 (in Eng.).

Myrzakulova Zh., Myrzakulov R., Nugmanova G., and Yesmakhanova K. (2022) — Integrable motion of anisotropic space
curves and surfaces induced by the Landau-Lifshitz equation, arXiv:2202.00748v2. Pp. 3-23. DOI: 10.48550/arXiv.2202.00748 (in
Eng.).

Myrzakulov R., Nugmanova G., Sagidullayeva Zh., Serikbayev N., Yesmakhanova K., and Yerzhanov K., 2022 — Integrable
generalized Heisenberg ferromagnet equations in 1+1 dimensions: reductions and gauge equivalence, arXiv:2205.02073v1. Pp.1-5.
DOI: 10.48550/arXiv.2205.02073 (in Eng.).

Myrzakulov R., Nugmanova G., Yesmakhanova K., Yersultanova Z.S., Zhassybayeva M., 2016 — Darboux Transformation
and Exact Solutions of the Integrable Heisenberg Ferromagnetic Equation with Self-Consistent Potentials, arXiv:1404.2270v2. Pp. 2—
5.DOI:10.1142/50219887815501340 (in Eng.).

Myrzakulov R. and Sagidullayeva Zh.M., 2015 — Rogue Wave Solutions for the Heisenberg Ferromagnet Equation with
Self-Consistent Potentials, 2—7 (in Eng.).

Myrzakulov R., Nugmanova, G., Sagidullayeva Zh.M., Yesmakhanova K., 2022 — Soliton solutions of the Kuralay equation
via Hirota bilinear method, 14(7):1374. DOI: 10.3390/sym14071374 (in Eng.).

Nugmanova G.N., Sagidullayeva Zh.M., Serikbayev N.S., Myrzakulov R., 2022 — Integrable Kuralay equations: geometry,
solutions and Generalizations, arXiv:2206.05348v1, 1-16. DOI: 10.3390/sym14071374 (in Eng.).

Schief W.K., Rogers C., 2002 — Backlund and Darboux Transformations. Geometry and Modern Applications in Soliton
Theory, Cambridge University Press, 38-39. DOI: 10.1017/cbo9780511606359 (in Eng.).

Yersultanova Z.S., Yesmakhanova K., Zhassybayeva M., Myrzakulov R., Nugmanova G., 2016 — Darboux transformation
and exact solutions of the integrable Heisenberg ferromagnetic equation with self-consistent potentials, Int. J. Geom. Meth. Mod. Phys,
13:1550134. DOI: 10.1142/50219887815501340 (in Eng.).

26


https://arxiv.org/pdf/solv-int/9907002.pdf
https://arxiv.org/abs/2202.00748v2
https://arxiv.org/abs/2205.02073v1
arXiv:1404.2270v2
https://arxiv.org/abs/2206.05348v1

ISSN 2224-5227 2.2023

REPORTS OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF
KAZAKHSTAN

ISSN 2224-5227

Volume 2. Number 346 (2023), 27-33

https://doi.org/10.32014/2023.2518-1483.207

© A.N. Karymbai*, N.A. Sandybayeva, S.T. Toktaugalieva, 2023
Kazakh National Women's Pedagogical University, Almaty, Kazakhstan.

E-mail: aigera karla@mail.ru

THE STRUCTURE OF TASKS OF DIFFERENT DEGREES OF COMPLEXITY WHEN
STUDYING IN A HIGH SCHOOL PHYSICS COURSE

Karymbai A. N. — 3rd year doctoral student, Kazakh National Women's Pedagogical University,050000, Almaty,
Kazakhstan

E-mail: aigera_karla@mail.ru. ORCID:0000-0001-9475;
Sandybayeva N.A. — k.p.s., associate Professor, Kazakh National Women's Pedagogical University,050000, Almaty,
Kazakhstan

E-mail: nazira.s@mail.ru. ORCID:0000-0002-0283-0273;
Toktaugalieva S. T. — 3rd year doctoral student, Kazakh National Women's Pedagogical University,050000, Almaty,
Kazakhstan

E-mail: samga.toqtaugalyeva@mail.ru. ORCID:0000-0002-7867-3454.

Abstract. In this article, an individual classification of the structure of tasks of varying degrees of
complexity of training in high school physics courses was compiled, the activities and tasks of each of them
are shown. The article talked about the types and specifics of tasks, their significance and effectiveness. In the
course of the study, it was found that secondary school students have an increased interest in physics, as well
as a high role of various tasks to improve the quality of education. According to the order of their creation, its
structure was considered and an example of each type of tasks was given (depending on the classification). In
particular, the revision tasks were considered as theoretical and experimental. The theoretical tasks themselves
were classified into such categories as calculation tasks requiring a clear quantitative answer, tasks considered
by the content of the task (abstract, concrete), tasks of varying degrees of complexity (level "A", level "B",
level "C" and level of creative tasks), tasks classified by composition tasks. Text tasks and theoretical tasks
were also explained. If the tasks listed above are classified into categories and these tasks are presented to
students, it is not only easier to assess their knowledge, but it is also expected that students' interest in the
subject of physics will increase. And this system is planned to be offered for standardization.
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AnHoTamus. by makanaga opra MekTen (u3MKa KypChIHAa OKBITYIa KYPACILIIK JTopeKeci apTyp:i
TaIChIPMAaJIap/IbIH KYPBUIBIMBIHA KEKe Japa )KIKTey jKacaJbIHBII, OPKANCHICHIHBIH ©31HiH aTKapaTblH KbI3METi
MeH MiHaeTTepi KepceTingi. Makanana TtancelpManapiblH TYpJIEpiHe, XOHE O3IHAIK epeKIIeNiKTepiHe,
OJIapIBIH MAaHBI3MBUIBIFEI MEH THIMAUITIHE TOKTAJIIBL. 3epTTey XKYprizy OaphICHIHAA OpTa MEKTEIl
OKYIIBUIAPBIHBIH (PU3HMKa TOHIHE KBI3BIFYIIBUIBIFBIH apTTBHIPBIN, OLTIM camachblH apTThIpyFa KYpAENiIiri
OpTYpIi TamchIpManapAblH peJli KOFapbl SKEHIIr aHbIKTaNIbl. ONapablH KYpbUTy peTi OOMBIHIIA OHBIH
KYPBUIBIMBI KapacTBIPBUIBII, TAIICBIPMAHBIH op TYpiHE (KIKTeITyiHe OalIaHBICTBI) MBICAN KENTIpiimi. Aram
eTijice, TEKCepy TAIChIPMaIap TEOPHSIIBIK JKOHE JKCIIEPUMEHTTIK TaIlChlpManap OOJBINT KapacThIPhULIbL.
TeopHsuTbIK TaIChIpMAaIap/IbIH 631 HAKTHI CaHJBIK JKayal alylbl KaKeT €TEeTIH €CENTiK TarlchlpManap, mapt
€CeNTiH Ma3MyHBI OOWBIHIIA KApaCTHIPHUIATHIH TaIChIpManap (a0CTpakTiii,HAKTBI), KYPACIUIIK Iopeikeci
oprypii Tamnceipmanap («A» meHreii, «B» meHreiti, «C» aeHreili >koHE NIBIFAPMAIIBUIBIK TarChIpMaap
JICHTeli1), ECeNTiH KYPacThIPbUTYbl OOWBIHINA JKIKTEJIETIH TallChIpMaiap ChIHABI KaTeropusuiapra XiKTeTiH .
Conpmali — aK MOTIHJIK TalChIpMaJlap MEH TEOPMSUIBIK TarchlpManapFa aHblkTama Oepinmi. JKorapsl
KOpCEeTUIreH el TarchlpMaiap/ibl KaTeropusiapFa KIKTEM, OKYIIbIIapFa OChl TaIllChIpMaiap YCHIHBUIATHIH
Oonca, omapaelH OumiMiH Oaranmay OHall OONBIN KaHa KOWMaid, OKyIIbUIApAbIH (U3MKA IOHIHE JereH
KBI3BIFYIIBUTBIF apTybl KyTinyne. KoHe Oyl xKyHeHi cTaHaapTTayFa YChIHBUTY KO3ACiHII OTHIp.

Tyiiin ce3mep: TEOPHUSIIBIK TarChIpMa, a0CTPAKTUT TarChIpMa, IEHICHIIIK TarchipMa, MOTIHIIK
TarnchIpMa, TAChIPMaHBI IIEITy, MOTIHIIK TANCBIpMa, IAPTTHI €Cell, MOJEIbICY
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AnHTOauMs. B 3Tol cTarbe OblIa COCTaBICHA HHINBUTyalIbHAS KIACCU(MUKAIHS CTPYKTYPHI 33 TaHHMA
Pa3NUYHON CTENEeHU CIOKHOCTH OOy4eHHsI Ha Kypcax (MU3UKU CpEeIHEH LIKOJBI, MOKa3aHa JAesTeIbHOCTD U
3aJja4d KaKJAOr0 M3 HHUX. B crarbe TroBOpHIOCH O TUMAax W coenupuke 3aaav, WX 3HAYUMOCTU U
s dexTrBHOCTH. B X01€ nccnenoBanus OBUIO YCTAHOBIIEHO, YTO Y YYAIIMXCS CPETHEH MIKOJIBI TIOBBIIIAETCS
UHTEpeC K (QH3MKe, a TaKKe BBICOKA POJIb PAa3IUYHBIX 33/ad IO MOBBIILICHHUIO KadecTBa oOpasoBanus. [lo
MOPSIIKY MX CO37aHus Oblla pacCMOTpPEHa ero CTPYKTypa W MPHUBEACH MpHUMEpP KaXJOro BHIA 3aJaHuil (B
3aBUCUMOCTH OT KHaCCI/I(i)I/IKaIII/II/I). B YaCTHOCTHU, PEBU3HMOHHBLIC 3aJlaHUA pacCMaTrpuBaJIMCh KakK
TEOpPETUYECKHE U dKCIIepUMEHTaIbHbIe. CaMu TeopeTHYeCKue 3a1aHus ObUIM KJIacCHU(PUIIMPOBAaHbI HA TaKHe
KaTeropud, Kak pacueTHble 3aJaHus, TpeOylolde YETKOro KOJIMYECTBEHHOTO OTBETa, 3a/auH,
paccMmarpuBaeMble IO COAEp)KaHMIO 3anaun (aOCTpaKkTHBIE, KOHKPETHBIC), 3a/adud DPa3IUYHON CTETeHU
cinoxHOCTH (YpOBEHB «A», ypoBeHb «B», ypoBeHb «C» M ypOBEHb TBOPUECKHX 3aJaHUN), 3a/Jadd,
KJaccu(pUIUpyeMble TI0 COCTABICHUIO 3aa4t. Taxke ObUIM 00BSICHEHBI TEKCTOBBIC 3a1aHUSI M TEOPETHYECKHUE
3alaHuA. Ecan NEPEUYNCIICHHBIC BBILIC 3a1a4n KHaCCI/I(I)I/IHI/IpOBaTB 110 KaTeropusaM M 3TU 3aia4v NPCABABIIATH
ydamumces, TO HE TOJIBKO JICTYC OLUCHUTL CBOU 3HAHUA, HO U OXKUAACTCA, YTO MHTECPEC YUalIUXCA K IMPEAMETY
(m3uku moBeICUTCS. U 3Ty crcTeMy IIaHUPYETCS MPEATIOKUTD JUIS CTaHIapTU3ALINH.

KuaroueBbie cjioBa: TeopeTHUeCcKoe 3aJaHne, aOCTPAKTHOE 3aaHNEe, YPOBHEBOE 3a/IaHNE, TEKCTOBOE
3aJlaHue, peleHne 3a/1a4u

Kipicne
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Byriari kyni Kaszakcran PecnyOmukacelHbIH Ou1iM Oepy Jkyieci mporpeccuBTi pedopMasiaHsbli,
oneMiK OUTIM KeHICTITiHe SHYIIH aJFallKel KaJaMIapblH OachII Keiemi. FputbIM MeH TeXHUKAHBIH KYH CaHaIr
ecyiHe OaillaHBICTBI MEJaroruka FHUIBIMBIHBIH TEOPHACHI MEH OKBITY YpAici e TyOereitni esrepicrepre
YIIbIpay YCTiHZE, COFaH Opail OKBITYABIH MapagurMacsl e3repai. binmim OepyniH Ma3MyHBI )KaHAPHIIL, JKaHaIa
Ke3Kapac maiina oomyza.

Enimizain Oonarmmarbl KOpKeHin, epKEeHUETTI elep KarapblHa KOCBUTYBI, OYTiHTI ypIiaK OciiHeciMeH
kepineni.JlyHHeXY31TiK 03bIK ToXKipubesepre CyHeHir, )kKaHa THIITI OKBITY, sSIFHH 9p OataHblH TaOUFH KaOileTiH
JTAaMBITY YIIIIH KOJIAMIBI JKaFaaiap »acail OTHIPHIT, OHBI )KaH-KaKThl JaMBITy Kepek.Kasipri Oimim Oepymeri
0acTel MakcaT — J>Kac YPIAKTBIH OUTIM JCHTEeHiH KOTepy JKOHE KaH-)KaKThl JaMbIFaH JKEKe TYJIFa
KanbinTacTelpy.COHBIMEH Karap, OJapAblH ©3 OeTIMEeH JKYMbIC jKacayJaapblHa KaFjaid »acay >KoHe
LIBIFAPMAIIBIIBIK  KaOieTTepiH JaMbITyda JKaHa I€JarOTMKAIBIK TEXHONOTUSIApPABIH €MeC OHBIH
ANIEMEHTTEPIH YTHIM/IBI MTAlIaNIaHy ©3€KTi Moceliere alHaIIbII OTBIP.

OxymbutapaelH — (QU3MKa TOHIHE  KBI3BIFYUIBUIBIFBIH ~ apTTBIPY  VINIH TEKCepy  TalchlpMa
TarnchpMallapblH KYPACIUIIK Aopskecel OONBIHINA JKIKTEY JKOHE OCBHI TallChIpMallapAblH THIMILTITiH aHBIKTaY.

Ocpbuialiia, ©3eKTi Macelenep MeKTel KaObIpFachiHa OKYIIBLIApABIH (PU3MKa TOHIHEH OUTIM canachlH
apTTHIPY YIIIH KYPAENIJITI 9PTYPIi ASHTEHITIK TarchlpMaiap/ibl maidianany OOJbIN Ta0bLIa b, OJap/Ibl JKajra
opTa OiniM OepeTiH MeKkTenTepe, apHaibl MaMaHAaHABIPBUIFAH MEKTEIL, JINLeHepae e naiaaianyra 6onaabl
JKOHE PECIyOIUKANBIK ACHIeH/ e OLIiM canachlH Oaraiay MakCaThlHAa CTAaHAAPTTAY KapacThIPhLIaIbl.

Anvinean nomuoicenepoiy ebLIbIMU HCAHANBIEbL.

-Qu3uKa 1oHi OOMBIHIIA TalChpMajap TEOPUSUIBIK JKOHE ICKIEPUMEHTTIK Oombin skikreneni. by
Makana 0apbIChIH/IA TEOPUSUIBIK TaIllChIpManap o3 iminae OipHele KaTeropusiiapra OemiHil, KapacThIPbLUIbII,
MBbIcanap Kenripineni. Kypaeminiri opTypii Tekcepy TanceipManap KypacThIPBUIBIT, dp JEHIere KiKTeNeIi.
TancelpManapiplH KIKTENyiH aHBIKTay OapbhIChIHAA TEOPWSUIBIK aHanmmu3; OimiM 3aHAapbhlHA aHAIW3;
oneOuerTepre aHanW3; TAlChIpMANapiAblH OKIKTENyiHEe Kapail MOJENbJey JKacajblHaabl. Tekcepy
TaINCHIPMaJIAPBIHBIH Kail KaTerOpUsIFa KaTaThIHBIH aHBIKTaMaid KaThlIll, OHBI 03 illliHAe KypAeitiri OoHbIHIIa
JKIKTEY KMBIHFA COFaJIbl.

Harunxesep #xoHe o1apabl TAJIKBLIAY

3eprrey omictepi OoifpiHmA opOip TapayFa KaThICTBI TEKCEPY TalChIpMajapblH aHATHTHUKAJBIK
TYpFBIa KaTeropusIapra KIKTENeTiHIH TONBIK Kepyre, OLTIM cama JIeHreli OChl JKIKTeIyre OaiaHBICTHI Ja
OOJIaTBIHBIH aHBIKTAyFa MYMKiH/IK Oepe/ti.

Byrinri Tanga skac ypnakka MOHII THIMII YFBIHABIPYABIH Oipi — axmapartapAbl KYHeIeHipil,
neHreiire 6emy Oombim TaObmanbl. COHBIMEH Oipre ecKelleH YPIaKThIH akmapartapabl (Oimimmai) emipiik
Toxipubere madjanaHa OilyiHe Hazap ayjgapraH »JkeH. O3 ic-ToxipuOemizie MeJaroruKajibiK
TEXHOJIOTUsIAPABIH Oipi — JICHIeIIIiK capajay TeXHOJOTHSCHIHBIH JJIEMEHTTEPIH KoyaHambiH. [leHretnen
OKBITY TEXHOJIOTHSCBIHBIH MaKcaThl: 9pOip OKYIIBl ©3iHIH JaMy NeHrediHAe OKy MaTepHaliblH MEHrepyiH
KamTaMachi3 etefi. OChIHAal MaTepruanIapasl KAMTBIFaH KAMTBIMaraHbIH OLTY *KOJIBIH/IA KYPJESTITIK Topexeci
OpTYPIIi TarchlpManap *XHUBIHTHIFBI Maigananpuagsl. OCkl TYCTa MYFaIiM OKYLIBIHBIH TaHBIMABIK JaMYbIHBIH
epeKIIeTiKTepiHe Ha3ap aygapy KakeT: KaObuimay, ecTe cakTay, YFRIMIapAbl KaJbIITaCTBIPY, Macelenepi
IIeITy, KVSUT MEH JIOTHKA.

Oky mpornecine OKyIIbUIapAbIH TaHBIMJIBIK JaMy SpEKIICTIKTePiH eCKepe OTBIPHIN, Japaay >KoHe
capaJay y3ere acblpbliaasl. JKanmel opTa MekTenTe Gpu3MKa MoHi OOlbIHIIA OLTiM camachklH apTThIPY YIIiH
KYPAEILIIT] OpTYpITi TarchipMaiap KOPBIH IMaiIaganFad THIM/II.

3eprrey OolibIHIIA 9 — CBIHBIN OKYIIBUIAPBIHAH aJbIHFAH KYPAEIIIIri opTYpJIl TarncepMaiap apKbUIbl
O171iM camachl apTaTbIHBl KepceTiireH. TanceipManap KypAeIlIiK Aopekeci OOHBIHIIA A€M YII TOMKa OeJTiH/mi:
«A» nmenre#ti, «B» menreiti, «C» meHreiti. Kypaemimiri opTypii TamceipManap KOpPBIH HaimanaHy OLTiM
CamacelH apTTHIPY KONBIHAA YIKEH MaHbFa me. JKammeira opTak OimiM JKyHeciHIIe OCBI YII JSHTeUIeri
TancepMalapAblH KYpbUTBIMBIHA aca KeHin 6enreH xeH (Tarenos, 2007: 279).

Tanceipmanapapiy menriMid Taby - 0i3re OepilreH OKBITYABIH HEeri3ri Mexanm3Mi. TarceipManapsl
IIETTY apKBUIB KaHa O11iM aJIbIIl )KoHE ajFaH OuTiM OekiTisie i, Mura ciHipieni. JKylieIeHTeH TarchpManapabl
Oip capbIHIBI €TilN KaHa KOWMaH, TYpil CHTyalMsUIBIK CYypakTapMeH OWBIH TYpiHIE *Kacajica, OanaiapIbiH
KBI3BIFYIIBUTBIFBI APTHII, Keleci AeHrelre eTyre (coi apKbUIbl Oi7iM camachlH apTThIpyFa MYMKIHIIIK TyaJpl)
yMThUIbIC Oomazpl. JKoHe MyHAail OWBIHAAPABIH €PEeKIIeNiri — OKYIIbUIAPABIH KHbIHIBIKKA Kapail skypyi.
Mpicaibl, KapanaibIM rajpket, TeneoHIarsl OUbIHAap Ja OacTanKelaa eH KeHUT JeHreliHeH eTce, COCBIH Ol
KBI3BIK OOJIMail KeiiHr1 Ke3eHre aybICKbICHI Kejieli. DPU3MKaNBIK TarnchlpMajiap BIKTHMaJl KUBIHABIKTApIbI
OeliHene 1l ek, MbICalibl, KyJIay YaKbIThIH €CENTey Ke3iHe Ke3/1eCyl MyMKiH OOJIaThIH KeJIepTi, CHAPSATHIH
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YIIIy KaIlbIKTBIFBIH HEMece Ta3ZblH JKaHybl Ke3iHze Mmaiiza 0omaTeiH KbIchIM. OCBIHIAN TarchpMaiapIbiH
OKBITYZmaH Oacka Tarel Oip MakcaTel 6ap, ojap 0i3re OKy MaTepHalblH MEHTepy ICHTCHIH aHBIKTayFa
KeMekTeceni. 1on ocblHal KYpAETiliK J9pexeci apTypili TalchklpManap apKbUIbl OiTiM adyIIbIHBIH cabaK
TaKbIPBIOBIH HEMece 0OTiM/Ii KAHIIATBIKTI OAPJIBIK OKYIIIBI TYCIHT€HIH aHBIKTAY.

Kypaemimiri opTypii Tamcelpmaiap OUTiM camacklH OakplIay YINIH ©T€ BIHFAMIBI OapiibIKk Oacka
omicTep/Ii ic Ky3iHIe KipIKTIpreH OKy YATepiMiHIH MOHUTOPHHTBIH IIBIFapyFa 00Jaasl, OUTKEHI ojlap/ia HAKTHI
Kayar KoHe IIemIiM O0apbIchl Oap.

Tanceipmanapapl memnty, menriMia Taby — Oyl KapaThUTBICTaHy TOHACPIHIH eIKaHAal KaFmanaa
HazapJaH THIC KaJIMaWTHIH apTHIKIIBUIBIFEL. E.B. IlomuimHckuil kasraHmai, «ecenTepmi meme Oimy-oKy
MaTepuasblH 3epeliey TEPEHIIriH KoHe OHbI UTepyai OarayayablH eH aKchl KpuTepuiti» (Adpocumos, 2006:
287). TancelpManap OKy MaTepuajblH TYCiHYTe OaiJIaHBICTBI, COHIBIKTAH OYJI MaliMIeMe OKY MaTepyasblH
TEpeH 3epTTey KaKETTUTITiH MYMKIHIITIHIIE KaKChI JKETKi3e .

CoHbIMEH Kartap, eH 0acThIChl, TalchlpMajiap OKYyLIbUIAPABIH 63 OigiMIepiHe JereH CeHIMIUIriH
apTTBIPYFa KOMEKTECE 1.

du3uKaIbIK MOCEJICHIH anFaiikbl anbikTamachid E.B. [TomuruHckuit 6epeni: pU3MKaIbIK TarchpMa -
Oy1 OLITiM ayIIbIIaH O1LTiM MEH JaFIbIIapIbl UTepyTe, OWIay/Ibl JAMBITYFa OaFbITTaNFaH (PU3UKAHBIH 3aHapbI
MEH 9JTiCTepiHe HEeTi3/Ie]reH OHBI eIy, Oiay JKoHe (PU3UKAIBIK 3aHIBUTBIKTAPABI TYCIHY YIIIiH MPAKTHKAIIBIK
OpeKeTTEepl Tajam eTeTIH aKnapaTThIK KOATHIH (MOTIHIIK, rpaduKamblK, OEHHENl J>XKoHE OJapiblH
KOMOMHAIHSIIAPBl) KOMETIMEH KOPCETUITEH MPOOIEMABIK JKaFIa.

MoTiHaIK TarchpManap-0yJ1 TarchipMatapAblH KONTereH TYPJIepiH KAMTHTHIH YFBIM, COHIBIKTAH dpi
Kapai aiftriac OYpbhIH ONapAbIH KIKTENyiH aHbIKTay Kepek. EH anasiMeH, onap eki ylIkeH OJoKKa OemiHemi —
TEOPHUSIIBIK KOHE IKCIIEPUMEHTTIK. TEOPHUSIIBIK ecenTep OKYy MPOLECIiHIH KoM O6iriH Kypaibl, COHIBIKTaH
aJNJIBIMEH ONlapAbl KAPACTHIPHIHBI3.

TeopusTbIK TarcepMa-Oyil HaKTHI JKaFIainapabl MOIENBISHTIH ecerl, O0ipak HaKTHI FBUIBIM €MecC.
KebiHece 013 HaKThl MACEJICHI op TYpJIi AQJAIKIICH CUITATTANThIH MOJACIBICP PETiH/E KaObLIIaliMbI3 HEMECE
B.C. Urporyno sxa3raHaai, «TeOPUUIBIK (TariCbipMaiiap) — «Kara3aa» KOMITBIOTEP/[iH KOMET1IMEH IIeIiICTIH
Macene periaae» (Axmamymus, 2016: 79). Teopusnblk ecenrtep emKaHAail KOCBIMINA IKCIIEPUMEHTTEPI1
Ka)KET eTIeH/Ii, SFHA OHBIH 0acTaIKpl JepeKTepi mapTTa Kericinemi. MekrenTeri TancelpMaiapAblH KOTIIIIiT,
OYpbIH aUTBUIFaHAAN, TEOPUSIIBIK CHUTIATKA He, Oy TAaHKAJIAPJIBIK eMec, OUTKEeHI oJlap/bl IIelTy dJiJeKaiiaa a3
YaKBITTHI aJa/ibl, 3epTXaHAIBIK K0 IBIK ITeH aJIIbIH-aJIa JAWBIHIBIKTHI KaXeT eTIeHI.

TeopusmblKk ~ ecenTeplliH MYMKiH OOJAaThIH HYCKANApBIHBIH CaHBl ©TE KOI, COHJBIKTaH
TancepManapAbH Oy YIKEH PeTi 01aH opi KaTeropusUiapra OeIiHy/li KaKeT eTell, aran aiTKaHaa:

1. HakTpl caHAplK Kayan alylbl KaXeT €TEeTiH €CeNTiK TalcblpMmanap. Mpical: erep MITaHTaHBIH
Maccacsl 1 Kr 6osica )koHe MTaHraHbIH Yiikenic koadumuenTi 0,3 6omca, ropuzonTiieH 30° OyphIII )kacalTHIH
KeJ10ey )Ka3bIKThIKTaH alfiHAIAThIH ITAHTaHBIH YCYIH €CenTeH3.

2. Canaubl ecenrep (Ka4eCTBEHBIC 33]1au ) MOTIHJIIK HISIIIM/II OJ[aH 9pi JIOTUKAJIBIK HET13/1eH OTHIPHIII,
TaICHIPMAHbIH MIAPTTAPBIH KA TAIIAYABI KAXKET eTelli. MbIcall: KepeMeT 3aybITTa KOPFAChIH, alThIH, TEMIp
oHe Bosb(hpamMHaH OipJeit KexeMeri xKomakTap kacananbl. JKonakrapablH KaiiChICHI €H aybIp 00aapl?

3. I'paduxrep, cyperrep, cxemanap koHe 0acka J1a KOPHEKI akmapar Ke3JepiHiH KeMeriMeH
mIemiieTiH rpaduKanblK ecentep. MpIcal: OKyImIbl TaHEpPTEH MeEKTenKe Oapa JKaThil, YiAe KYHIENiriH

KaJmpIpFaHbel eciHe TycTi. On yire KaWThIN, KYHICTITiH

S, M 4 ajabl JKOHE cabaKka Kemlikmed Oapy YIIIH MEKTENKe
500 ckyrepMeH Oapapl. OKyIIBIHBIH ~ MEKTENKE JCHiHT1
400 —t— : KalIbIKTBIKTBI, COHJai-aK CKYTEepAE€ >KYPY YaKbIThIH
300 aHBIKTaHbI3. Erep on KYHZIENIriH YMEITIIaca, MEKTel
200 OKYIIIBICEIHA MEKTETKE KETy YIIiH KaHIIA MUHYT KaKET
oomap emi?
R Ocwl xmaccupukanmsinan 0acka, MbICall PETIHIAC
0 5 4 6 8 7 s OackanapbIH 1a KBIPATYFa Oomab: }
i II. mapT ecentin Ma3myHbl Ooiipiama (babaesa,
2011: 92-96).

1. AbGcTpakTini, OHJIA TanChIPMaHbIH MIAPTTAPhl MEH TaJanTapbIHbIH Oenriii Oip mapameTprepi FaHa
Ka3puiagel. Meican: canmarbl 10 kr OomaTteiH ¢usukanslk aeHe 140 H xykreme ke3iHae KbIPThUIATHIH
caJIMaKChI3 XKinke itiHeai. Erep kinke Tarsl 2 KT caIMaKTarbl JICHEH] 1JICEK, il KeTepe anajnl Ma?

2. Hakrbl, TamcelpMa >Kyleci IapTTaplbl erKeW-TErKeWl CHUIaTTalpl JKoHe erKeh-TerKeui
kepcereni. Mpeicanm: ¢uiIbM KuUHOTeaTrpia TycCipiiedi, oHIa cueHapuil OoibiHIIA akTep TpaMIUIMHHIH
KOMeTiMeH KaiiHaFaH KbIIIKbLT 0ap IIYHKBIP/IAH CeKipyi Kepek. TPIoK caTTi OOy YIIIiH CeKipy Ke3iHle KeM
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nererne 40 m/c kpuIIaMIbIKKA He 60y kepek. Kackamep 10 m/c 6acTanks! KeUTIaMABIKKA He 00J1a OTHIPHITI,
4 m/c? yperin GacTaiipl xkoHe 8 CEKyHATAaH KeHiH ceKipeli. AKTep INYHKBIPAAH CEKipe alaThIHbIH aHBIKTaHbI3.

3. JleHreinik, KypIeniiiK Iopexkeci opTypii Tancbipmanap. Meicaisl:

1) JleHeni Kaii »KaFfalij]a MAaTEpUsUIBIK HYKTE JCN KapacThIpyFa OOJNaThlH MbICAJIaP b

aHBIKTaHBI3.JyphIC KayanTap/Isl TAHIaHbI3

A) XKepnai aitHana KO3FaJbIIl KYPIeH XKacaHIbI CePiK

O) CoHbIN 06IMeECiHAE )KYPreH OKYIIbI

b) DckanaropMen keTepimi Oapa KaTKaH agam

B) Mexkren aynmacbiHaa ofHAIN JKYPreH OKYIITbI

I') XKaranaynan anmakran 6apa >kaTKaH KeMe

2) Jene menOep OolbIMeH KO3Faja OTBIPHIN, 5 ¢ imiHAe 2m paguaHfa TEH KON Xypce, HIeHOep
paauycsiH 10 M 1en ana OTBIPHIT, IEHEHIH ChI3BIKTHIK KbUIIAMABIFBIH aHBIKTaHbBI3.

3) UlenOep OolibiMeH OipKaJBINTHI KO3FAIFaH JIcHE, 9 ceKyHATa 18 alfHaibIM *kacaca, OHJa JCHEHIH
aifHaJTy TIEpHOJIBI MEH JKMITITiH TaObBIHIAD.

II. EcenTiH KYpacTBIPBLUTYBI OOMBIHIIIA

[IprrapManibiIbK, OHAA OKYIIBI TalChpMa OOWBIHINA CYpPAKTHI ©31 KOIObI KepPEeK YKOHE OHBI IIeIry
kepek. Mepicansl 1 — cypert.

1 —cyper.

2) Toxxipubere OarpITTalIFaH, OKYIIBI TAIlCHIpMaJiapAarbl CYpakkKa xayan Oepy YIIiH KaKeTTi oJIIeM
OIpITIKTI aHBIKTAMIbI.

Meican: Erep Mapar mkadter 200 H xymimeH wrepce, KbUDKBITA aNTaTHIHBIH HEMECE JKBUDKBITA
aJIMalTHIHBIH aHBIKTaHbI3. EeH MeH aranr mkad ey yiikenic ko3ddunuenti 0,33, an mkadTeiH canmmars 100
kr. COHbIMEH KaTap, 1mKkad aJrbl cajaMmarel 10 Kr 3aTTapra TOJIbI.

3) Isnenicke OarbITTalIFaH, OHJIA OKYIIIbI HAKTHI KOMBUIFaH CypaKKa *ayart i3aeiiai. Meican: Erep mkag
TeH efIcHHIH Yikenic koadduuenti 0,33, an mkadtey canmarsl 100 Kr jxoHe mikagTa xanmbsl Maccackl 10
Kr-fa TeH 3arTap Oap Oosica, mKadThIH YHKENIC KYIIiH aHBIKTaHbI3.

XKorappima aranpll  ©TKEH WIAPTTHl €CENTiH Ma3MyHbl OOMBIHINIA KYPIENUIri  opTypdi
TanchlpMallapIbIH HET13ri KYPBUIBIMBI KeJIeCiIel KiKTeneIi:

Oxymbitapra yII AeHreiizeri skeke TamncelpMmanap Oepinerni. bipinmn nenreiigeri tancelpmanap —
0azanblK cTaHgapT 60N TadbuTael. ONapasl OpbIHAAYAA OKYIIBI OYJI TOHHEH OTKeH TaKbIPBINITHI KalTasan
aiTeim Oepy ndeHredinme Oonampl. bymapapl opbip OKyIIBl OpBIHAAW amysl Tuic. EKIHINI JgeHTeH
TarchpMallapblH OKYIIBUIAPABIH OKY JKOHE Oiiay KaOileTiH *KeTiNIipeTiH *KaJlbl )KoHe apHaibl TocuIAepal
UTepyal KaMTamachl3 eTei. Y IIiHII JeHrei TanceipManapbl OKyIIbIIapAbIH ajdFaH OlTiMaepiH oiial, capaar
MalamaHyabl Tajam eTeni. bip AeHrelneH eKiHmmre oty KyHeciHiH IIeKapachl CE3UTMEHUTIHIEH oTe MKeM/Ii
Oomysl Tuic. Kypaemimiri opTypni TamcelpManap KoXiMIT KarapAarbl MEKTenTeri opOip OKYIIBIHBIH
APTHIKUIBUIBIKTAPBIH €CEIKe alaThlH «GKEKe TYJIFAHBI KETIAIpy» OapbIChIHAA 1a CEMTIriH TUTi3eni, MyHaan
MeKTenTe Oajanap OKyFa TaJllbIHATBIH, IIOH HETIi3/IepiH ’KaKChl Oepe aaThIH aJlIbIHFbI KaTapAarbl OKy OpHBIHA
aftHananpl. MiHe OCBHIHTAH TOCUIIEPMEH e3TrepMelli opTaja THIMII MMMl KbUIIaM KaObUIgail aiaThiH,
©3iH/IIK olay KalineTi 0ap, ©3iH 631 KETUIIIpe alaThiH, )KaHa TUITETi aaM/Ibl KAJBINTACTHIPYFa, TOpOUeIen
mirapyra Oojaabl. OCkl TYPFbIIa OATBICTBIK OKBITY JKYMECIHICTT NMPHUHIMIKE yKcac, 63 OCIHIIe ©3iHiH
MYMKIHIITIH aHBIKTal anarhiH, 631 JKeKe KacCHeTTep KaJIBIITACTHIPYFa, CPEKINCIICHINT TYpyFa, Kbl 03
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OcTiMeH mientiM Kaoblaayra 6et oypsin keneni. OChIHIal KacueTTepi 0ap agaM oJIeyMETTIK JKaFbIHAH Ja 631H
— ©31 )KaKChI KOpFall aassl.

Kypoeninik  Oapesiceci  apmypni mancvipmanrap manoay oicone Koaoay. OKyIIBI TEHTSHITIK
TancelpManapasl e3fepi TaHmakapl. Erep KubIH AeHreijeri TamnchlpMaHbl OpBIHAAW aimaca, OHAA O
TaIChHIPMaJIaH JKEHUTIPEK ajajpl; opOip OKYIIBI TAllCEIPMaMEH KaMTaMachl3 €TUIEIl; COJI NCHrehmiH eceOiH
IIBIFAPBINT O0JIca KeJlecl AeHrehaiH ecebiHe oTyre KBI3BIFYIIBUIBIFEl apTaabl; OKyIIbuiapaa 6ip — OipiHeH
KOILipy 9AeTi KOFanasl, alaMIepILIiIiK KaCHeTKe, JKOFaphl canajbl OlniMre Oayinuibl; OKYLIBUIAPIBIH MOHTe
KBI3BIFYIIBUTBITBIH apTTHIPAJIbI, aKbUI — OWBIH, Oiiay KadineTiH qaMbiTajb; OKYIIbl IIEFAPMAIIbLUTBIK JKEKe
TYJITACBhIH KAJIBINITACTHIPYTa BIHTACHIH JJAMBITYNAFbI PO YIKEH; )KEKe TaIrlChIpMaIApIbIH 9P TYPIIi O0ITYBI XKeKe
TYITaHBIH ©31H — ©31 JaMbITyra, OHBl 9JcOMEeTTepACH I3[CHIN OKyFa >XKoHe o3 OeTiMeH OimiM amyra
JaFabUIaHABIpaIbl; NEHIEMTiK TarchlpMaliapblH OphIHAANYBIHA Kaparn Oarajay >keHil Oomansl. JleHremik
TarceIpManap OKYIIBUIAPIABIH op TYPii OLTiM mopekeciHe cail YCBHIHBUTANBI. JICHTeHiK TamnchIpMaiapabl
OpBIHAFaHIa MYFalliM — OaKpUIayllbl, KeHecwli. JIeHreisik TancelpManapAbl KOJNAaHyAa OKYIIbIIApAbIH
aKpUI-0M eHOEeriH XeTinmipy Tanadbl KoWbUIagsl. OKyIlIbuIapra IEHISHIiK TarchlpMaiap OHBI OpBIHIAY
OIiCTEMEIIK KeIMeHIMEH YCHIHBUIAARI. bysl TexHomorusma >KYMBIC MIHAETI VI MEHTEHIIIK JKOHE KOCHIMITIA
MIBIFAPMAIIBUTBIK JCHTeH TajanTapbiHaH Typansl (Bapmamos, 2019: 184).

> 1-neHreit: MiHIETTi, OKYIIBLIBIK;

> 2-JIeHT el alrOPUTMIIK;

> 3-7eHrel: 9BPUCTHKAIBIK MaTePHAIIIbl CAHAJIBI TYPE MCHIEPY;

> 4-neHrel: MIBIFapMaIlbLUIbIK — 63 OETIMEH ayKbIMIBI OKY MaTepHAIILIH MEHTEPY;

1-0enzeiioezi mancoipmanapza:

1) XKarrarm anyra TalbIKTaIFaH 00TyBl KepeK;

2) AngwieFBl cabakTa jKaHaJaH MCHIEpUITeH OUTIMHIH OHIH e3repTHel KalTalam, IbICHIKTaybIHaA
MYMKIHIiK Oepy THic;

3) Tarceipmanap JkaHa TaKbIPHIT YIIIH THIMII )KOHE eMipMeH O0aiIaHBICTHI O0TYBI KePEK.

4) Hemece >xeHUT (GoOpMyIaHbl KOJIAHBIT €CENTIH MmIennMmid Ta0y. MyHmail TarcelpMaiapabl
KYpacThIpFaH Ke37¢ OJapiAblH TaHBIMIBUIBIFEI MEH KBI3BIFYIIBUIBIK JKAaKTapblHA KOHUI ayJaapraH >KeH.

2-0enzeiini mancelpmanapza:

1) OTim KeTKEeH MaTepHAIIBI PETTEYTE JKOHE XKyHeleyre OepiireH TarcepMaap;

2) OkxywsUiapablH oijay KaOineTiH »xeTijaipyre OepineTiH TamceipMmanap. bymap: moruxaibik
ecenrep, pedycrep MeH co3 KyMOaKTap.

3-0eneeiinik mancolpmanapzaa:

1) TaHBIMIBIK — 13I€HIM TYPJAET] TaIlChIpMaliapabl OphIHAAY OapbICHIHIA OKYIIBLIAP YKaHA TaKBIPHITT
OOMBIHIIIA MEHIEPIeH aIFalTKbl KapanaibiM OLTIMIUTITIH XKETIIpIM, TePEeHISTYMEH KaTap, OJI TaFbl J1a xKaHa
OLTIMII MEHTepIIl, 631 YIIiH KaHAIBIK alTyhl THIC. MYHIAHi >KYMBIC — aHAJIW3 OCH CHHTE3 YKOHE CabICTHIPY
APKBUIBI HETI3TiCIH aHBIKTAY, KOPHITHIHIBIIAY CHSIKTHI O JKYMBICTAphIH KAKET €TE/Il.

2) OpTYpJIi 9iC-TCUTAEPMEH IICHIJIETIH ecenTep.

3) O3miriMeH MbIcaiap MEH eCenTep KYPacThIPy JKOHE OHBI ©3JiTMEH IIBIFapy, OMIp/ICH aJIbIHFaH
MOJIIMETTEp AMarpaMma, rpaduKTep caily, *KepriliKTi jKardaiga eJIey >KYMBICTApbIH JKYpPridy, KOpHEKi
Kypaljap JaiblHAayFa OepuleTiH TarchlpManap, O KOpBITyFa apHallFaH, IaFibl KaJbITACTHIPATHIH
TarceipManap.

4-0enzell wivizapmauibliiblK 0eH2zell mancolpmanapol:

1) OkymuIsuIapabIH JKUHAFaH OMIPIIIK TOXIpHOeci MEH KaIBIIITACTRIPFaH YFBIM, TYCIHIKTEPIIH KUSIIBI
MeH OeJICeHIi off eHOCTiHIH HOTMXKECIH/IE JKaHala, OyraH Jedin OomMaraH, Oenriii Oip Aopeke/e onapablH
OachIHBIH WKEMIUTITiH OalKaTtaThlH JyHHE JKacall INBIFYBIHA HETI3AENTeH (TeopeMa  IoJelacy,
3aHIBUTBIKTAPBI OKYJIBIKKA CYHEHOESH MyFaTiMHIH KOMETIHCI3 KOPBITHIN IIBIFapy).

2) OnuMnuaja ecenTepiH MbFapy.

3) Bepinren TakpIpeinika 63 OeTiMEeH pedepar, FeUIbIMU jxo0anap Kopray. Jlemek, Oy Tanceipmanap
— OKyIIBIApAbIH OUTIKTUTINT MEH JaFabICHIH KAaJBINITACTHIPY JKOHE OHBI Oaramay JeHTeWi OoJasbl.
Bapneik oKymibuiap sKyMbICBIH Oip Me3ringe OacTam opKaichichl OUTiM urepyzeri o3 kaOineTiHe Kapail o3
Ouirine xerelli. Op OKYIIBIHBIH 9p moHHEH 100 % ynrepimMiHe KOJ XKETKi3yAiH Kemisi 00Jaibl koHe op OKYy
TIOHIHIH 0apIIbIK TaKBIPHIOR! OOMBIHIITA €H OOIMaraHIa MiHACTTI 1-IeHTel i UTepyiH TOJBIK KY3ETe achIpasIbl.
Byn e3 keszeriHae, MEMJIEKETTIK CTaHAAPTTHIH TalalTapbIHBIH OPBIHAATYBIHA OKENII, OKYIIBIIApABIH MoH
OoiibiHma TYCiHiri Oomanel. JKoHe OapiblK Kajimbl OpTa MEKTENTep MEH apHaibl MaMaHAaHABIPBUIFaH
MEKTEITepre OpTak Oaranay skykheci KalbInTacaibl.

KopbIThIHABI
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Kaszipri Tarma 6imimai, 6acekere KabiieTTi ypriak Topoueney — opOip *Korapbl OKY OPHBI MEH JKaJITIBI
opra OimiM OepeTiH MekeMeNnepaiH OacThl MiHAETI. bBigiM anymbuiapaslH  (U3UMKA IOHIHE JereH
KBI3BIFYIIBUTBIFBIH apTTHIPY YIIIH KYPACTUIIrl SpPTYpIi TanchlpMaiapAablH KUBIHTHIFBIHBIH POJIi 30p MaHbI3Fa
ue.

®dusnka moHI OOWBIHIIA TaICEIpMaiapIbl TCOPUSIIBIK JKOHE SKCIIEPUMEHTTIK TallChIpMa JIET eKire
0o KapacTeIpyFa 0omanbl. TEOPUSIIBIK TAIICBIPMAHBIH TYPJIEpi MEH CaHBI KOIl OOJFaHIBIKTaH, OipHeIe
KaTeropusuiapra Oelin KapacThIpraH AYPbIC. MBICabl, HAKTHI CAaHJBIK JKayalThl KKET €TETiH TarchIpMa,
camajel ecenrep, TpadukneH OepinreH ecenrTep. AN IApTTHI MOHIHE Kapai; aOCTpakKTili,HaKTHI.
TancelpMaHBIH KYPACHUIIK TCHIeHiHe Kapai: «A» feHrer, «b» aeHrer, «C» neHrel KOHE OJMMITHAIAIIBIK
ecenTep Aen >Kikreminai. JeHreinmik tamcelpManap, OKyIIBIapAbIH ©3 epikTepi OOMBIHINA TaHJIAJIBIHBII
anbiHAABL. SIFHU «A» JeHTeHiHIer] TarchpManap bl TOJIBIK MICHTKeH 0ana — «3» JereH Oarara JaibIK Oamapl
anmanpl, aln «b» nenreiiinge — «4», «C» meHreuinge — «5» nered Oarara ue 0onaabl. OCBIHBIH HOTHIKECIHIE
MyFalliMHIH OaraJay >Kyleci cTaHAapTKa cail KeJesi.
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Abstract. In the course of the research, polymer composite materials reinforced with nanosized
titanium dioxide in various amounts (0.01 %, 0.05 %, 0.1 %, 0.5 %, 1 %) based on epoxy resin were obtained.
When analyzing images of composite materials obtained using a scanning electron microscope, it was noted
that as a result of particle agglomeration, as the amount of nanosized filler increases, polydisperse
agglomerates 1-10 pum in size are formed. The formation of such agglomerates is explained by the high surface
energy of nanoparticles and their high chemical activity. In addition, to further improve the properties of
composites, filling with nanofillers requires special treatment to prevent or prevent pre-agglomeration (adding
functionalizing additives, annealing at a very high temperature, etc.). The resulting materials were tested for
Martens heat resistance and Charpy impact resistance. Based on the research results, it was concluded that
nanostructured fillers significantly improve the thermophysical properties of the composite material. During
the study of the properties of nanocomposites based on epoxy resin, the effective rate of adding fillers was
determined. It was confirmed that the introduction of a nanostructured filler into the polymer matrix allows to
obtain a composite material with improved thermal properties up to 16 % compared to pure epoxy resin. It was
assumed that the obtained material will be used for bactericidal purposes in biomedicine, ecology, electric
power industry and many other fields.

Keywords: nanocomposites, epoxy resin,amine curing agents, agglomeration, titanium dioxide
nanoparticles, thermal resistance
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TUTAH THOKCUAI HAHOBOJIIEKTEPIMEH MOTU®UKALIUSAJIAHFAH SIIOKCHUATI
IIAUBIP HET'T3IHAEI'T KOMITIO3UTTI MATEPUAJLJAPABIH, KbLTY-®U3UKAJIBIK
KACHUETTEPIH 3EPTTEY

AHHoOTanus. 3epTTey OaphIChIH/A SMIOKCH/ITI ANBIP HET131H/1e HAHOOIIIEM/l TUTAH JUOKCUIIMEH 9D
typmi memwepze (0,01 %, 0.05 %, 0,1 %, 0.5 %, 1 %) apmupieHreH noauMepii KOMIO3UTTI MaTepHasiap
anpiHApl.  KoMmo3uTTi MaTepuanmapablH CKaHEpJeylli 3JEKTPOHABI MHKPOCKON apKbUIbl  aJIbIHFaH
CypeTTepiHe Taljiay >KacallbIHBII, HAHOOJIIEM I TONTHIPFBIIITHIH MOJIIIEP] YIIFaiiFfaH callblH, OONIICKTEePIiH
arjaoMepanusichl HoTIKeciHae, emmemaepi 1-10 MKM >KeTeTiH HONMAMCIEPCTi arioMmeparrap TY3UIreHi
Oalikannel. MyHzail arimomeparrapiblH Haiga 0odybl HAaHOOGNIIEKTEPHiH >KOFapbl OETTIK 3HEPrUsiIChIMEH
JKOHE OJIAPJIbIH KOFaphl XUMUSIBIK OeiceHaiairimen tyciumipineni. COHbIMEH KaTap, KOMITO3UTTEPAiH
KACHUETTEpiH OJaH opi JKaKCapTy MaKcaThblHJa HAHOTOJBIKTHIPFRIIITAPMEH TOJTBIPY — alljIbIH-aJia
arJoMepalHsHbIH aJIbIH alTy Hemece OoJIpIpMay YIIH apHailbl oHAey Il KaxeT etedi (PyHKIMoHaIIay bl
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are’HTTep KOCy, OTe KOFaphl TeMIlepaTypana Kyuaipy, T.0.)ANLIHFaH MaTepuaimapasiH MapTerc OoifbiHIIa
KBUTYFa TYPaKThUIBIFEI, [llapmu GoMBIHIIIA COKKBIFA TO3IMIUIITT CHIHAIABL. 3epTTEy HOTIOKENepi OOMBIHIIA,
HAaHOKYPBUIBIMABI TOJATHIPFBIMITAP KOMIIO3UTTI MaTEPUANJIBIH JKbLUTY-(DU3UKAIIBIK KACUCTTEPIH alTapIibIKTai
KaKcapTabl ACTEH TY)KBIPBIM JKacabl. DIMOKCUATI IAMbIp HEri3iHAeTi HAHOKOMIIO3UTTEPIiH KaCUeTTEePiH
3epTTey 0apbICHIHAA TONTHIPFBIIITAPABI KOCYIBIH THIMI MeIepiaeMeci anbIKTanasl. [lonnmep maTpuiacsiaa
HaHOKYPBIIBIMIIBI TOJNTHIPFBIIITEI €HT13y — Ta3a SMOKCHU/ITI MAaWbIPMEH CATBICTRIPFaH 1A )KBUTYJIBIK KacueTi 16
%-Fa JeiiiH KakcapTbUIFaH KOMIIO3UTTI MaTepuan amyFa MYMKIHAIK OepeTiHiHe Ke3 KETKi3inai. AJbIHFaH
MaTepuana OaKTePUIMATIK MakKcaTTa OMOMEIUIIMHA, SKOJIOTHS, JJIEKTPOIHEPreTHKa >KOHE T.0. KONTercH
cananapza KoJJaHbIc Tabaapl AereH 00KaM >Kacallbl.

Tyiiin ce3mep: HAHOKOMIIO3UTTED, MOKCUTI MIAWBIP, AMUHI KaTaWTKBIIITApP, arlioMepalysi, TATaH
JTMOKCHUJII HAHOOOIIIIEKTEP, )KBUTyFa TYPAKTHUIBIK

©JI.K. TacranoBa, A.3. Bekemes, I'. C. bacbaeBa*, 2023
E-mail: basbayevag@gmail.com

HNCCIEIOBAHUE TEILTO-@U3UYECKHAX CBOMCTB KOMITO3UTHBIX
MATEPHUAJIOB HA OCHOBE 3ITOKCHUJHOU CMOJIbI MOAN®UITUPOBAHHBIX
HAHOYACTHULUAMMU JUOKCUJA TUTAHA

AHHoTanus. B xone uccnenoBanuii ObUIM MOMYyYEHB! MOJIMMEPHBIE KOMIIO3UIIMOHHBIE MaTepHAaIbL,
apMUPOBaHHBIC HAHOPA3MEPHBIM JTMOKCHIOM TUTaHa B paznuuHbix konmdectBax (0,01 %, 0,05 %, 0,1 %, 0,5
%, 1 %) Ha ocHOBe SMOKCHIHOW cMmoubl. [Ipu aHanmu3e H300pakeHHN KOMITO3WUIIMOHHBIX MAaTepHalioB,
MOJTyYEHHBIX C TMOMOIIBI0 CKaHUPYIOIIETO 3JIEKTPOHHOTO MHUKPOCKOMA, OBUIO 3aMEYEeHO, YTO B PE3yJbTare
arioMepaly YacTHI 0 Mepe YBEIMYECHHS KOJIMYECTBA HAHOPAa3MEPHOTO HANOIHUTENS 00pasyloTcs
MOJIUAMCIICPCHBIC aroMeparhl pazMepoM 1—10 mxM. OGpa30BaHUE TaKHUX arIOMEPATOB OOBACHICTCS BHICOKOM
MMOBEPXHOCTHOW SHEprueil HaHOYaCTHII U WX BBICOKOM XHMHYECKOH akTMBHOCTHIO. Kpome Toro, mms
JabHEHWIIET0 YIy4lleHHsT CBOWCTB KOMIIO3UTOB HAIOJHEHHWE HAHOHATIOJHUTEISIMUA TpeOyeT clielHuaibHOM
00paboTKN AJIsi MPENOTBpPAILCHUs WM MPEeOyNpeXICHUs NpenBapuTeNbHON armoMepauun (noOaBieHHe
(YHKIIMOHAIN3UPYIOIUX T00ABOK, OTXKHT MPU OUYEHb BBICOKOW TeMmIeparype u T.7.). [lony4yeHHble MaTeprabl
ObUIM HCTBITAaHBl HAa TEPMOCTOMKOCTH MO0 MapreHcy W ymaponpodHocTs no IHapmu. Ilo pesymsraram
WCCIICIOBAaHUI ClieJIaH BBIBOJ, UYTO HAHOCTPYKTYpHPOBaHHBIC HAMOJHUTENIN 3HAYUTENBHO YIIy4IIAIOT
TeroQpu3nIeCcKre CBOMCTBA KOMITIO3UIIMOHHOTO MaTepHana. B Xozie rccinenoBanmst CBOHCTB HAHOKOMITO3UTOB
Ha OCHOBE JIOKCHIHOW CMOJIBI ObUIO ompeneneHo 3(pQeKTHBHOE KOMUYECTBO BBEICHHS HAMOTHHUTENCH.
[loaTBepsxaeHO, YTO BBEICHKE B MOJIMMEPHYIO MAaTPUIy HAHOCTPYKTYPHUPOBAHHOI'O HAIIOJIHUTENS MO3BOJISIET
MOJYYHTh KOMIIO3MLIMOHHBIA Marepuaji ¢ YAYYIICHHBIMH TEIUIOQU3MYECKUMH CBOMcTBaMHu a0 16 % 1o
CPaBHEHUIO C YHUCTOH O3IOKCUIHOW cMosoi. Ilpenmosaranoch, 4TO MOJNYYEHHBIH Marepuan HaWAeT
MPUMEHEHUE B OAKTEPULIMIHBIX LEISIX B OMOMEINLIMHE, SKOJIOTUH, JIEKTPOIHEPIeTUKE U BO MHOTHX APYTHX
o0nacTsx.

KuroueBble c10Ba: HaHOKOMIIO3HUTHI, SMOKCHIHAS CMOJIA, aMHHOBBIE OTBEPAMTENH, arioMepariys,
HaHOYACTHLIBl AUOKCHUIA TUTAHA, TEIJIOCTOUKOCTh

Kipicne

ONOKCUATI MIalbIpiap TEPMOPEAKTUBTI MOJMMEp OOJNBIN TaOBUIAABI, OJIap KaTaiTy peakuusuiapbl
apKBUIBI 9p TYPJIi KaTalTaThlH areHTTEepAiH KoMeriMeH eHaeneai. OnapapH KacueTTepi AMOKCUITI IaibIpiap
MEH KaTalTaTblH areHTTep TYPiHIH HaKThl KOMOHMHAIMsICHIHA OalmaHBICTHL. TaMarma MeXaHUKaJIbIK
KAacUeTTepiHe, KOMNTEreH HeTi3Jepre >KOFaphl XaOBICKAKTHIFBIHA JKOHE MKAKCHl JKBUTY XOHE XHMUSIIBIK
Te3IMILTIriHE OAMIaHBICTHI Ka3ipri yaKpITTa SMOKCHTI MIAWbIpIIap TATIIBIKTH apMaTypalaHFaH MaTepraiaap,
ombebar xemimaep peTiHae KeH ayKpiMaa KonmaHeiiaasl (Jin, 2015). DOKCHATIH XUMUSIIBIK KYPBLUTBIMBIHA
0aliIaHBICTHI OJlap TaMalla IEKTPIIiK KACUETTePre, TEPMHUSUIBIK TYPAKTBUTBIKKA, YABTPAKYITiH TYPaKThIIBIKKA
XKOHE aya paifblHa Te3iMIilikke ue Oomybl MyMKiH. CBI3BIKTHIK SIMOKCHATI HIaiibIpiapaaH 0acka, omap
IUKII0amudarTel, Y (yHKIMOHAIIH! JKoHE TeTpa (PyHKIIMOHAIIBI STIOKCHUTI MaibIpiaap 00mysl MyMKiH (1-
cyperte kepceriireH) (Chen, 2004).
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Cyper 1. OpTypiti KypbUIBIMIBI STIOKCHATI IalbIpIap

KomnosuTreri SHOKCUATI MIaWBIpABIH peJii TOATHIPFBINIKA KYIITI Oipkenki Oepy »koHe OYKin
KOMIIO3UTTIK JKYHEHiH TYTacThIFbIH KOopFay Oomnbin TaObutaas! (Abdellaoui, 2019). Onokcuari maisipiaap Tek
KaHa JKaOBIHIAp YIIH KOJNIaHBUIMaWmbl,. bucdhenHon A (amemece F) xoHe SMUXIIOPTUAPWH HETi31HIETI
SMOKCUATI IMapIpap OenaMe TeMIieparypachlHia anudarThlK NOTUGYHKITHOHAIIL aMHHACPMEH KOHE
MOJMAaMUATEPMEH OHJENTeH, KeMmelepre, MyHail OyprbulapblHa >KOHE pes3epByapiapfa, COHIai-aKk cy
KyObIpjiapblHa apHajfaH ayblp sxkaObiHmapAa kosmaneutagel (Oldring, 2001). KaraiiratelH 3arTapabiy
MOJIEKYJITBIK, KYPBUIBIMBI QJILIHATHIH KOMITO3WTTI MaTepHalIbIH KYPBUIBIMBI MEH KacHUEeTTepiHe ocep eTei
(Ahmad, 2010).

AMUH KaTalTKBILTaphl SMOKCHATI MIaWbIpIapAbl KaTAJIWTHKAJIBIK MEXaHM3M apKblUIbl HeMece
AMOKCHUJITI MOJIEKYJIJIap apKbUTbI KOITlipMeH OaiIaHbICThIpa b, JXKanmb! ainrania, OipiHIIUTIK KoHe KalTanama
aMHUHJICp PEaKTUBTI KaTaWTKBILI PETiHAE SpPEKeT eTell, aJl YIIIHII PeTTIK aMHUHIEep KaTaIUTHKAJIBIK Ooabl
(Pascault, 2013).

(Sevaeva, 2019) sxymbicta D/1-20 MapKajbl SITOKCH/TI MIAWBIP HETi31HETI KOMITO3UTTI MaTeprall amy
YIIiH KaTblpram areHT petinge 20-200°C TemrepaTypa WHTEpBaIbIHAA BaKyyM/IIbI aiiflay apKbUIbl allbIHFaH
nommaTiiiHnonuaMmut (I1311A) ¢pakuusinapsl Konaanbsaasl. Aiinay 6apbIcbiHaa S TYpii ppakius aablHALBL,
OJIapJIbIH CUIIaTTaMaaphl 2-KecTee OepireH.

[OIA  ¢dpakuusIapblHBIH =~ XpOMAaTO-MAacca-CIEKTPOMETPHUSIIBIK  JKOHE  T'a3-XpOMaTOTrpagHsuIbIK
Tajgmayel HOTWXKeciHOe 1-Ppakums KypaMbl OOHbIHINIA Cy, 2-GpaKiUsHBIH HETi3ri KOMIOHEHTI
nudTHIeHTpuaMuH (Mac. 90-HaH actam %) OoNaThIHBI aHBIKTAIIBL. 3-(hpaKius MaccachiHbIH 98 % actamser 6:4
KATBIHACBIH/IA TUITWICHTPHAMUH MEH aMUHOATHIIITMIICPa3UHHIH Typabl. 4 koHe 5 (pakuusuiapaa anudarTel
JKOHE apoMaTThl aMMHAEPAiH Kocrackl 6ap. Ocklnaiiia, 2-hpakusaHbl KATAWTKBILI PETiHIE NaijanaHy ThIFbI3
TOPIBI YATUIEP/ allyFa MYMKIHIIK Oeperi; 3-ppakuusiMeH oHISITeH KOMIO3UIUSIAp €H JKOFAphl BICTHIKKA
TO3IMIILTIKKE He.

Kecre 2 — TIDITA KaThIpFBIMBIHEH (QPAKIMOHABI KYPaMbI

DpaxuusHomepsbl  |(ChIpTKBI OeiiHeci Temneparypanblk  |PpakiuusHbIH pH
uHTepBai, °C KypaMmel, % macc.

1 Tycci3, MemIip, TYTKBIPJIBIFEI TOMEH CYHBIKTHIK 55-75 2,07 7
2 Tycci3, Memip, TYTKBIPIBIFBI TOMEH CYHBIKTHIK 75-110 1,70 11
3 IAIIBIK capBbl TYCTi, MOJIIIP, TYTKBIPJIBIFB TOMEH CYHBIKTBIK 120-160 14,2 10
4 Capsl TYCTi, MOJIIIP, TYTKBIPIIBIFBl TOMEH CYHBIKTBIK 165-172 17,28 9,5
5 Capsl TYCTi, MOJIIIp, TYTKBIP CYHBIKTHIK 182-200 9,50 9

KyOtbikkanablk  |[KaHBIK CYphI TYCTi, TYTKBIPJIBIFEI )KOFaphl CYHBIKTHIK >200 54,42 9

KaralTkpimTap MYpBIHHBIH, TaMaKThIH, KO3MiH IIBIPBIIITEl KAOBIFBIH TITipKeHIIpemi. AMUH
OyJapbIMEH y3aK OaijIaHbIC 1IIIKi aF3ayiapablH 3aKbIMIANTYbIHA SKEIyl MyMKIH. AMUHIEP, TIMTI a3 MeJIIIEpIe
JKOHE KOHIIEHTpaIsiga 0ojica Aa, KYHWKe XKyHeciHe ocep eTemi. DIMOKCHIATI TOMHMEpIIep i JKOHE OJIapIbIH
HETi3iHAeTi MarepuagapAbl MEXaHUKAIBIK OHJIEY Ke3iH/e makaa OONaThIH IIaH MIBIPBIIITE KAOBIKTaAP.IbIH,
TEpiHIH >KOHE THIHBIC Ay >KOJJAPHIHBIH TITIpKEHYIH TYIBIPAAbl. DTOKCHUATI KOMITO3UIUSIIAPABIH  YIIbI
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KOMIIOHCHTTEPIiHIH 3USHIBI dcepiH OOIIBIpMay KoHE a3alTy YIIiH CaKTHIK MapaJlapbiH cakTay KaxeT (Kinloch,
2003).

ToATHIPFHIII TEPMUHI OI€TTE KOMIIO3UTTE XeKe (hazaHbl KypalThIH KaTThl KOCHalapFa KOJaHbUIAbI
JKOHE MaHbI3/Ibl )KYKTEME JIeHTeillIepiHie KoJaHbUIaAbl. TONTHIPFBILITAD aJIFallIKblJa HET131HEH IbIFbIHJapAbI
azaiiTy yIIiH KaTThl epiTKIIITEp peTiHAe MalianaHbUIFaH Ke3leH OacTam alTapibIKTail MpOTrpecKe MKeTTi.
Byridri kyHi ojap mojJMMepre SKOHOMMKAJBIK MakKcarTa eMeC, OHBbIH (DM3HMKAJBIK (9[CTTe MEXaHUKAJIbIK)
KaCHETTEePIiH e3repTy yiiiH xui enrizineni (Kinloch, 2003).

Kypampaactapapia OipiHiH HaHOMETPJIIK AUANA30HIAFBl ©JIIIEMi 0ap HAHOKOMIIO3UTTEPIiH oieyeTi
TypaJibl KONTereH MolliMAEMeNep Kacauisl, Oipak KelOip MaHBI3Abl MarepHainap KOMOMHALMSCH YIIiH
Taxipubenik aepekrep a3 misirapeuiabl (Kinloch, 2006). Benmekrepain emmeMi KilmpenreH caibid, Oipiik
KeJIeMre KeleTiH OeTTiH yIFaioblHa OainaHbICThl Kypamuac OerikTe apaiblk ayaaH (¢asa) apranel. Exinmi
(azanbIK MaTepuaabl (TOATHIPFBILITAPAbI) SIOKCHITI MaTpULaHbl KYlelTy Makcarsiaaa (10-9 m) naiinanany
apKbLIbl, KOMITO3UIUSHBIH KACHETTEPIHIH KOITEIeH JKaKcapTy/iaphl OaliKaabl, OyJ1 HET131HeH jKaKcapThlIFaH
(azaapayblK OaiaHbiCKa OaiylaHbICThI. JKETUIIIpUIreH KOMIIO3UTTEPI JKacayIblH THIMJII 9iCi SMOKCHITI
MaTpHLaFa SIOKCUATI XKoHE HaHOMaTepHUaIlapAblH apTHIKIIBUIBIKTAPBIH OipIKTipeTiH HAHOTOITHIPF I TAP/bI
eHrizy ooubin Tadbutamel (Bulychev, 2019).

OnTHKaJIBIK, TEPMHUSUIBIK, (POTOKATATUTHKAIBIK YKOHE AJIEKTPOPUIUKAIBIK KACUETTepiHe OaiIaHbICThI
TATaH JWOKCHII HAHOTONTHIPFBHIN PETIHAE IEePCHEeKTHBAILI MaTepHalgapAblH Oipi Oombin TaObLIAIBL.
Hanomucnepcri TiO2 konnmany oneyeTi oTe KOFapbl: TUTAH TUOKCHII )KOHE OHBIH HETi31HIeri MaTepuaniap
TIACTMACCA/IaFbl KOCTIa, YIBTPAKYJTiH coylenepi 0JoKaTop, KyH OarapesuiapblHaa dHEprus TYPJICHIPTill,
OakTepusUIapAblH (POTOKATATUTUKAIBIK BIABIPAYBI JKOHE YIbI 3aTTaplblH (OTOXUMMSIBIK BIIBIpAybl YIIiH
areHT peTiHAe NaiganaHbUTybl MYMKIiH. aFbIHIBI CyJapAbl Ta3apTyFa apHaJFaH XUMHSJIBIK 3aTTap. TUTaH
mvokeunai  (TiO2) HaHOOenmmeKkTepi  ©3/EpiHIH XUMHUSUIBIK ~HMHEPTTUIITiHE, TOMEH YBITTHUIBIFBIHA,
(hoTOKaTANIMTUKAJIBIK OCJICCHIIIrIHE, KOFaphl ChIHY KOPCETKIIIIHE jkKoHe Oacka Ja maijaibl KaCHeTTEpiHe
0aifTaHBICTHI KOTITETeH 3ePTTEYIIUIEPAIH Ha3apblH ayIap Ikl )KoHE TaMak, 005y jKoHE JIaK OHEpKaCciOiHe )KoHe
1.0. TiO2 HaHOOONIIIEKTEPIH EHTi3y SIMOKCUITI MIaWBIPABIH KeHOip KacHeTTepiH KaKCapTATHIHBIH KOPCETTI.
Bipak smokcuaTi malbIpIblH dpeKeTTecy MpoLeci MEH KaTal MeXaHW3Mi ToNbIK TyciHinmMmereH (Bekeshev,
2020). TuTtan AMOKCHII YITBI EMEC, COHABIKTaH KOCMETHKAIBIK OHIMAepAe (KYHHEH KOPFaHTHIH KpeMIep, epiH
nanalbl, IeHe YHTaFbl, Ca0bIH, 1HXY 3CCEHIIMSCHIHBIH MUTMEHTTEPI, TiCIIacTanapsl), COHBIMEH KaTap apHaibl
(apmalieBTHKaa KOJIAHbUIAABI. THUTaH JUOKCHIII TINTI TaMaK OHIMJICPIHJE, MBICAJIBI, CAIAMUAL Opayjaa
KOJNJaHbIaAbl. TUTaH AMOKCHIIHIH (POTOKATANUTUKANBIK CHIIaTTaMalapbl HaHOTEXHOJOTHSHBIH Maina
0oxybIHa OalIaHBICTHl AWTAPIBIKTAN JkaKcapApl. HaHo-MacmTabTa THTaH THOKCHAI OemIIeKkTepiHiH OeTiHiH
ayJaHbl FaHa KYpPT apThll KaHa KOWMAaHabl, COHBIMEH KaTap OJI ONTHKANBIK KAaCHETTEepre >KOHE eeMIi
KBaHTTayFa Oacka oacepiiepi kepceTedi. TOTBIFY-TOTBIKCHI3IaHy MOTEHIMABI apThIl, OJIIIeMi KilllipeHreH
caiibIH (POTOKATATUTUKAIBIK PEAKINS JKbIIAAMABIFIHBIH JKOFapblIaybl OalKaiaasl.

(Bekeshev, 2021) »yMpICTa MHHEpAIIBI TOMBIKTBHIPFBIII PETIHAE YHTAKTAIFAaH OXPaHbl TTaiJaTaHbIIL,
SMOKCHJITI MIAWBIP HETi3iHAe¢ KOMITO3UTTI MAaTEepHAIap aJIbIHIIBL. AJIIBIMEH, OUMOIANbIbI Tapady SIiCiMEeH
OXpaHbBIH KOMITO3UTTIK KYpPambl 3€pPTTENIN, KO MeINIIepae TeMip aTlOMUHUNA , HUKEIIb OKCHATEPIH )KOHE a3
MeJepie TUTaH OKCHII OOJAaThIHBI aHBIKTANABL. JKYPri3iireH 3epTTeyinep MoTuUIIPIEyI KOCa PeTiHAe
OXpaHBbIH €H YTBIMABI KOCBbUTy Menmiepi MaccaHblH 0,5 OemniriH KypaWThIHBIH KOpCETTi, OWTKeHi Oy
3epTTeNeTiH (PU3NKaNIbIK-MEXaHUKABIK KAaCUETTEPIiH KOFaphl MOHJCPIH KaMTaMackl3 eTelli: uiny kepueyi 30
%-ra xoHe ulry Moy 58 %-ra, 6epikTik 75 %o-ra sxoHe co3blry Moy 20 %-Fa apTabl, COKKbIFa TO3IMILTIK
83 %-ra apTajpl.

(Rezaei, 2009) sxyMbICTa JUOPUTTI TOJNTBHIPFBILI PETiHIE KOJAAaHA OTBIPBII, 3€PTTEYIep KYPri3iireH.
JlnopuT — KOJT KEeTIiMI FaHa eMec, KYpaMBbIHIA op TypJli METalT OKCUATEPI (COHBIH IMTIHE TUTAH TUOKCHII —
2,4 %) OomysiHa OalTaHBICTHI TaHJANFaH. JJHOPHUTTI STMOKCHUATI KOMITO3UTTEPTe KOCY OJAP.IBIH TEPMHUSIIBIK
KAaCUETTEPiH, KbUTYFa TYPAaKThUIBIFBIH KaKCAPTATHIHBI, JKaHFBIIITHIFBIH a3alTaThIHBI OaiiKaFaH.

TuTan oKCHI CHAKTHI )KapbIKKA CE31MTaJl XMMUSUIBIK KOCBUIBICKA JKapbIK TYCKEHAE (OTOKATAIN3 eI
aTaJaTblH KYObUIbIC OPBIH ajabl. JKapblKk THTAaH AUOKCUIIMEH COKTBIFBICKAHA, XMMUSIIBIK PEaKLUs KaKbIH
aiiMaKTa KaiTanaHaJbl )KOHE OPraHUKANIBIK TOKCUHAEPIiH, NICTEPiH KoHEe T.0. BIABIPAyIbl TYAbIpaabl. by
peakuus KkenTereH KyHabl HoTmxkenepre ue (Rezaei, 2009).

Marepuanaap

O/1-20 mMapkanbl DMOKCH-IMAH MIalbIpel — Epoximaxx KOMIIAHHSCHI OHIPTreH capbl, KOHBIP TYCTi
MOJI/Iip, TYTKBIP CYHBIKTHIK.

Tommytrnennomuamunep (IT21TA) — MexaHUKANBIK KOCTIANAPHI KOK allTbIK CaphilaH KO KOHBIPFa
JEHIHTT MaJIbl CYHBIKTBIK.

Turtan auokcuai HaHoOemmekTepi (YIbTpaguCIepUCTi TUTAaH JUOKcuai) — auamerpi 100 HM-geH a3

37



Reports of the Academy of Sciences of the Republic of Kazakhstan

THTaH JUOKCHI OemeKTepi, ak TyCTi YHTaK.

Hanobonwexmepmen moamulpoli2an KOMRO3ummi mamepuan any aoicmemeci. JNOKCUATI IIANbIPFa
100:15 xareiaceiHma [1OITA kockutran, xone 0,01 %, 0.05 %, 0,1 %, 0,5 %, 1 % memmepinae TUTaH
JUOKCHJII HAaHOOOMIIIEKTepl KOCHUIFaH KOMIO3UTTI MaTepuaiap Aaibiaaanabl. On YIIiH KaKETTI MeIIIepe
OJIIIIEHTECH PEaKTUBTEP Il INIACTUK BIABICKA KYHBII, 5 MUH Y31IKCi3 apanacThIpFaH COH, CHUIMKOH (hopMajapra
Kydbuiapl. KoMmmosurrepain Katy pexumi — 24 car OeilMe TeMmIlepaTypachlHAa yCTaraH COH, (u3uKa-
MEXaHUKaIBIK KacueTTepiH xakcapTy yuwin 1 carat 90°C xone 1 carar 120°C-ta kentiprim mkadra
yctanel. JlaiiblH KOMIIO3UTTEP/IiH KACHETTEPIiH 3epPTTey YIIIH 0eMe TeMIiepaTypachiHa JICHIH CYbIThULIbI.

3eprTey amicTepi

Cxanepneywi anekmponovt muxpockon. Phenom G2 PRO wapkanbl 3J€KTPOHABI CKaHEpJeyIi
MHUKPOCKOIITa aJIbIHFaH KOMIIO3UTTI MaTepuangapAblH KYPbUIBIMBL, TOJITHIPFBIL O6JIIEKTEPiHiH 6JIeMi MeH
arJoMepaTTapIbIH KYPBUIBICHI 3ePTTEN/I.

Mapmenc Ootibinwa JHCLLIYMYPAKMbLIbIKMbL anblkmay. byl >KyMbpIcTa KaTaWTbUIFAH STOKCHATI
KOMITO3ULHSIIapAbIH TepMOQU3MKANBIK KacueTTepin 3eprrey ywiH Maprenc (I'OCT 21341-75) GoiibiHiua
BICTBIKKA TO3IMIUTIKTI ©JIIeyaiH OeNrim omici KOJAAaHBUIABL. OMICTIH MoHI Oenriii Oip CTaTUKaJIBbIK
KEpHEYMEH JKYKTEITeH ChIHAK YJTICIHIH YyJTire OCKITiNreH >XYKTeMeci 0ap pelYarthlH yiiel 6 = 1 MM
TeMEHACHTIHAEeH AedopManysIaHaTBIH TEMIIEpaTypaHbl aHBIKTay OOJbIN TaObLIa b

MapteHc OOMBIHINIA BICTBIKKA TO3IMIUTIKTI aHBIKTayFa apHaJIFaH KYPBUIFbI KBICKBII KYPBUIFBIJAH,
nedopManysi WHIAWKATOPbIHAH, TEMIIepaTypaHbl eJliey jKoHe Oackapy Kyieci Oap KbUIbITYy MIKadbIHAH
typansl. 'OCT 21341-75 rananrtapeiHa coiikec chlHaK yorici emmemaepi 10x15x120mMM, TeMnepaTypaHbIH
keTepiny xpuinamaeirsl 50 + 5°C, ninyain Oekitinren kepueyi 5 + 0,5 MIla 60naThiH Tik OYPBIITH apKaJIbIK
TYpiHIe OOMyhI KepekK.

MapteHc OOWBIHINA JKBLTyFa TOIMALTIK — nedopManus 6 = 1 MM-Te KEeTKeH Ke3/1e aHbIKTaIa bl. 2-
cypeTTe KepceTinrenaen Kypburrsl x)xuHAKTANBI, ' OCT 21341 GoiipIHIIA CBIHAK KYPTi3LIII.

Hlapnu 60tibinua cokKblza MypakmuliblKmol anbikmay 20ici. OUbIFBl 0ap YITIHIH COKKbI KYIII a,
kJI/M - OWBIK acTBIHAAFBI YITiHIH OacTanKel KeJJICHEH KUMACBIHBIH aylaHbIHa OOJIIHICH OWBIK ChIHAJIFaH
YATiHIH CBIHYBI Ke3iH/e JKYTBUIATHIH COKKBI DHEPTHACHl. OMICTIH MOHI CHIHAKTA JKATBIP, OHNA €Ki TipeKTe
JKaTKaH Y1 TYPaKThl >KbUIIAMABIKIICH MasTHUKTIH COKKBICHIHA YIIBIPANABbl («CGKAIMAK» HEMECE (KHUEKTE»
COFBUIFAH KE3JI¢) OHE COKKBI CBhI3BIFBI OpTAchiHAa 0OJajbl. TIPEKTEP apachiHA JKOHE OWBIFBI Oap YyaTijep
YIniH oibIKKa Tikemed Kapama-kapcbl. Ceraak ymriH ['OCT 10708 Ooiteiama «KMM-50-M»  Mapkaier
MasTHUKTI COFY CBIHArbIITaphl (Komep) (3-cyper) maiimamaHpUIIBI, oap YITiHI Oy3yFa KYMcajlFaH COKKBI
SHEPIUsCHIH OJIIEH Il )KOHE MAsSTHUKTIH OacTanKbl MOTEHIMAABIK HEPrUsAChl MEH MasTHUK Oy3bUTFaHHAH
KeWiH KaJlFaH HEPrHsl apachIHAAFbl albIPMAIIBUIBIK PETiHE aHBIKTANAIbL.
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CypeT 2. MapTeHc OoMbIHIIIA JKbITYPAKTBUIBIKTEI aHBIKTayfa apHaJlFaHKOHABIPTBIHBI JKUHAY CXEMAaChl
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Cyper 3. «KKMM-50-M» mMapkaisl MasiTHUKTI KOTIEp
Ceinak yiria 80x10x4 MM efiieMiMer V-inniHAi OWbIFBI Oap yiriiep anbsiHp (4-cyper). YITiiepain
€H1 MeH KaJIBIHJIBIFbIH, COH/Iali-aK OWBIK aCTHIHIAFbI YIITLICP/IIH KaJIbIHJIBIFBIH HEMECE SHIH OISy YATiIepIiy
eJIIIeMICPiH MAJUTMMETPMEH JIJTIKIICH ommieyai Kamtamach3 ereTid [OCT 6507 GolbiHIIIa MUKPOMETPMEH
Kysere acelppuiapl. ChlHAy aiaplHAA YATUIEp HOPMATHBTIK KYKAaTThIH HEMece MaTepuajFa apHalfaH
TEXHUKAIBIK KyKaTTamManblH Tanantapeina coiikec ['OCT 12423 Gotibiamma atMochepa 23/50 xarmaiibinaa

KOHIULMSIIaAHIbL.

" /1
[ @280

Cyper 4. V-ninninai odbsIFs 6ap yiriizep
Kecinren ynri MasTHUKTIH COFYBIH ChIHAYIIBIHBIH TIPEKTEpiHE MAsSTHUK TBIIAFhl COKKBICH OMBIKKA
Kapama-Kapchl YITiHIH OMBIKCHI3 XKa3bIKTHIFBIHA TYCETIH/ICH €Till OpHAIACTHIPHUIA Bl MasSTHHUKTI ajJIbIH aya
OenrijeHreH OMIKTIKKe KeTepim, OeKITiiim, cogaH KediH abaiinamn (cepmiaMen) MasTHUK OocaTbulaabl. YIri
JKYTKaH COKKBI SHEPIUACHI XKa3bUIaJbl XKOHE YHKeNiCKe KaXeTTl Ty3eTyiep eHrizineni.Oubrsl Oap yariHig

[lapru GobIHIIa COKKBI Ky a, KJk/M%, Keneci popMyIaMeH ecenTeei:

Ak
a=

b-SN
MYHJaFrbl AJ, — OWBIFBI Oap YATiHI Oy3yFa KaeTTi COKKBI dHeprusichl, J[x; b —ynrinin eni, mm; Sy -

COKKBIHBIH OaFbIThIHA MTAPAILICITh YIATIHIH OIIIEMi, MM.

HoaTuxkesiep skoHe 01apaAbl TAIIAY

5-cyperre 0,01 %, 0.05 %, 0.5 %, 1 % memmepae T/IH xocsurran yarinepain Mukpodotorpadusiapsl
KEINTIpUIreH
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Cypert 5. Komnosurrepain COM dororpadusnapsr: a- 3/1-20 + I[I3ITA + 0,01 % wv-Ti02; 6 — 51-20 + IIBIIA + 0,05 % =-
TiO2; B — 3/1-20 + IIDIIA + 0,5 % u-TiO2; r — 5/1-20 + IIDI1A + 1 % H-TiO2

CypeTTeH KOMIIO3UTTEepAiH KypaMblHIAAa HaHOeNmeMIl ¢pakuusiap na, emmemuepi 1-10 Mkm
JKETETiH OOJILIEKTEp arioMepaTTapsl Ja 0ap MOJIUANCIEPCTIK eKeHiH KopceTeai. KoMImo3HuT KypaMbIHIaFb! H-
TiO, wmemmepi apTKaH caiiblH, arjoMeparrap Ty3uie OacraraHblH Oaiikayra Oosanbl. MyHpai
arJioMepaTTap/ibIH Naa 00ybl HAHOOOIIIEKTEP/IiH KOFaphl OCTTIK SHEPTHSICHIMEH JKOHE OJapJIbIH XKOFaphl
XUMUSUIBIK  OenceHniniriven Tycinaipineai. CoHbIMEH KaTap, KOMIIO3UTTEPIiH KacHUETTepHiH oaaH opi
KaKCapTy MaKCaThIH/Ia HAHOTOJIBIKTBIPFBIIITAPMEH TOJTHIPY — aJIbIH-aa arjoMepalusHbIH aJJbBIH aly
HeMece OoiapIpMay YILNiH apHalbl eHAeyAl KaxeT ereli (PyHKIMOHAIAAYIIBI areHTTep KOCY, ©Te XKOFaphbl
Temneparypaaa Kyuaipy, T.0.)

6-CypeTTe HaHOKYPBUIBIMIIBI TOJNTHIPFHIITAPMEH apMUPICHTEH SIIOKCHUATI KOMIIO3UTTEPAIH MapTeHe
OOMBIHIIIA )KBUTYFa TYPAKTBUIBIK MOHIEP1 KopceTiireH. CypeTTeH KOpiHTeHICH, STIOKCUITI MaTpHIla KYpaMbIHa
1 % B-Ti02 xocy apKbUIbI KOMITIO3UTTEP/iH KbUTyFa TYPAKTBUIBIFBIH alTapibIKTAll MeIep/e apTThIpyFa
OouaTeIHEI OaliKaaabl.

7-cypeTTe KOMIIO3MTTEPIIH COKKbI Kyl — KypambiHfarbl TJIH mesnmiepine Toyemminik rpaduri
kepceriired. Cypet OofibiHia T/IH-MeH 3MOKCHATI KOMIO3UTTEP/I apMUPIIEY — MEXaHUKAJIbIK KacHeTTepi
JKaAKCAPTBUIFAH MaTepUalap adyFa MYMKIHIIK Oepelli IereH KOPBITBIHBI JKacayFa 00omabl.
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Cyper 6. Komno3utTi MaTepuaiaapAblH KbUTY TYPAKTHUTBIFBIHBIH KOMIIO3UT KYpaMbIHa TOYEIALTIK Tpaduri
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Cyper 7. KoMo3utTepiiH COKKbIFa TYPaKTBUIBIFEI — KypambIHarsl T[IH Menmepine Toyenninik rpaduri.

KopbIThIHABI

1. Byn >xymbIcTa opTypili MeunmIepae MOJMMep MaTpUIAChIHA HAHOKYPBUIBIMBI TONTHIPFBIITAP/IBI
CHT'13y apKbUIbl KaJBINTAy 9/1iCIMEH KOMITIO3UTTEp aJbIHABL. AJIBIHFAH MaTepualiapabiH MapTeHc OOMbIHIIA
KbLIyFa Te3iMautiri skoHe IllaprnuaiH COKKbIFa Te3iMILIr 3eprreimi. HaHOKYpBUIBIMIBI THTAH OKCHII
OeJIIIEKTEPIH OTe a3 MOJIIIEPAe MOJUMEp MaTPUIIAChIHA CHII3y — KOMIIO3MTTI MaTEPUAaJIIbIH KBUTYJIBIK
KacuetTepil 13—16 %-ra geiiid xakcapTyFa MYMKiHAIK Oepei.

2. ArnplHFaH KOMIO3WLMSUIBIK — MarepHajapAblH  KYPBUIBIMBIH — CKaHEpJCylli  AJICKTPOHIIBI
MHUKpOCKONTa 3epTTey OaprichiHna Kypambsl 1 % TIH-MeH TONTHIpbUTFaH KOMITO3UTTEP/IE aryioMepaTTapAbiH
TY3UIyl aHBIKTaJIbl, OYJ1 KOMIIO3UTTIK MaTepuallAapIblH KacCHeTTepiHe Kepi acep eTyi MYMKiH.

3. MUKpOKYpPBUIBIM/BI TOJNTBHIPFBILITAD MOJIIEpP] apTKaH CalblH, KOMIIO3HTTI MarepuajiapiblH
KBUTYFa TYPAKTBUIBIK KaOiJeTi )KOFapbIIai bl
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Abstract. A new algorithm is proposed, which is an alternative to the run
method for numerical solution of linear differential equations of the second order
with fixed boundary conditions. The purpose of this work is to obtain recurrent
formulas similar to the run-through formulas for the numerical solution of the
boundary value problem of second-order differential equations. The above method
has the first order of accuracy and is absolutely stable, that is, its stability does not
depend on the magnitude of the step. The paper shows the consistency and
computational stability of the difference schemes represented by the proposed
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recurrent formulas. The results of this article are confirmed by computation data.
Key words: differential equations, sweep method, numerical solution,

boundary value problems, computational error, classical sweep method, Gauss

method, recurrent formula, boundary conditions, simple factorization method
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AHHOTamMsl. bBeKIiTUITeH IIeKTI MApTTHl CKIHINI PETTi CHI3BIKTHIK
muddepeHInanapK TeHASYAepal CaHIBIK MICNly VIIiH Kyanay oficiHe Oamama
OOJIBINT TaOBLIATHIH JKaHA aJITOPUTM YCBIHBUTIIEI. AJITOPATM OeINTiji Kyaay oficiHe
KaparaHja KoJIJjaHy aiiMarbl KeH >KoHe TeHJIeY KO3 (UIMEHTIHIH OH oHE Tepic
MoH/I1 O0TyBIHA TOyeNCi3. byt )KyMBICTBIH MaKcaThl eKiHIII PeTTi
muddepeHTIanABIK TEHACYJIEPHIH INeKapaNIbIK eceOiH CaHIBIK ey VIIiH
Kyamay ¢opMynanapblHa YKcac pPEeKypeHTTIK (opMymnamapasl aimy OOJBII
TaObUIAbI.
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JKorapbina kenTipiiareH sfic AONAIKTIH OipiHIII peTiHe He XKoHE MYIIEM TYPaKTH,
SFHM OHBIH TYPaKTBUIBIFBI /I KaAaMHBIH MeJIepine OailaHbICTBl eMec.

JKyMmbIcTa YCHIHBUIFAH PEKYPEHTTIK (popMylianap apKbUIbl OSpisireH ailbIPBIMJIBIK
CcyOanmapbIHBIH ~ VHJIECIMIUNIII MEH ecenTey TYPaKTBUIBIFBl KOpPCETLIreH.
Makananarpl aJIbIHFAaH HOTHXKEIIEP €CeNTIK JSPEKTEPMEH pacTaIaIbl.

Tyiinai ce3nep: muddepeHnMaNAbIK TeHIASYIEP,Kyalay ofdici, CaHIBIK
IICTIIM, IIeKapajIbIK €CENTepPi, ECeNTey KaTeiri, KIaCCHKAIBIK Kyanay ajici, [‘aycc
omici, peKypeHTTik (opMyia, IMIeKapaiblK MIapTTapsl, KapamailbiM (aKkTopU3aIis
omici
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AnHotanusi. IlpennoxeH HOBBIH aJrOpUTM, KOTOPBIM  SBIIAETCS
IBTEPHATUBOIl METOAY TMPOrOHKHM [UIS YHCJIEHHOTO pEIleHHs JIMHEHHBIX
nddepeHInaNbHBIX YpaBHEHUH BTOPOTO MOPSIKA C 3aKPETJICHHBIMU KPAeBBIMU
YCIIOBHAMH. ANTOpPUTM uMeeT Oojiee IIHUPOKYI0 00JacTh MPUMEHUMOCTH, 4eM
W3BECTHBI METOJl TIPOTOHKHK W paboTaeT Kak NP MOJOKHUTEIBHBIX, TaK U TIPH
OTPHULATENbHBIX Kod(duuuentax ypaBHeHHs. Llenpio HacTosimeil paOoTsl
SIBJISIETCS TTONTyYEHUE PEKYPPEHTHBIX (POPMYI aHAIOTHYHBIX (hOpMyJIaM TIPOTOHKH,
IUIL YMCJICHHOTO pelieHHs KpaeBoi 3amaun nuddepeHUuaNbHbIX ypaBHEHUH
BTOpOro mnopsiika. IIpuBeaeHHON MeTOJ MMEEeT MEPBBIA MOPSAOK TOYHOCTH U
SBIISIETCS. A0CONMIOTHO YCTOMUYMBBIM, TO €CTb €r0 YCTOHUMBOCTH HE 3aBHCUT OT

BCJIIMYHMHBI OI1ara h . B pa60Te IIOKa3aHbl COINTAaCOBAHHOCTL M BBIYHCIIUTCIIbHAA

YCTOMUYMBOCTh Pa3HOCTHBIX CXEM IPEICTABISIEMbIX IIOCPEICTBOM IpEAIaraeMblix
PEeKyppeHTHBIX ¢GopMmya. Pesynsrarbl, moiyuyeHHblE B JaHHOW  CTaTbe,
MOATBEPKAAIOTCS PACUETHBIMU TaHHBIMH.

KarwueBble cioBa: nud¢epeHnaibable ypaBHEHUS,, METOA MIPOTOHKH,
YHCIIEHHOE pEIleHHe, KPaeBhle 3aJaud, BBIYMCIHUTEIbHAS TOTPEIIHOCTh, METON
KJIAaCCHYECKOM TpOTOHKH, MeToA [ aycca, pekyppeHTHas (opmyia, TpaHWYHBIC
YCIIOBHSA, METOJ MPOCTOM (pakTopU3auu

Beenenue

IIpuMeHeHHs  IIMPOKO  PacHpOCTPAHEHHBIX  KOHEYHO-Pa3HOCTHBIX,
MPOEKIIMOHHO-CETOUYHBIX ¥ MHOTHX JAPYTHMX METOAOB JJISl YHCIEHHOI'O pPELICHHS
KpaeBbIX 3314 1 T depeHIInaNbHBIX YPaBHEHHH, B KOHEYHOM 3Talle pelIeHUs
MPUBOJUT K MPUMEHEHHUIO METOAa IPOTOHKH. [109TOMY MeTOT MPOTrOHKH 3aHUMAET
BaXHOC MCECTO Cpeau HauOoJIee 4acTo MPUMCHACMBIX YUCIICHHBIX METO/IOB.

MeTton TpOTrOHKH, MpeIHA3HAueH /ISl PEelIeHHs] Pa3HOCTHBIX ypaBHEHHH,
KOTOpPBLIC IOJYYAarOTCd IIPpU HallHMCaHWU PAa3HOCTHBIX COOTHOIIEHUM JJIsL
mudepeHIInaNbHbIX ypaBHEHHW. BbIUMCIHTENbHAS yCTOMYMBOCTH METOIA
IIPOTOHKM TapaHTUPYETCsl IPU YCIOBHMM, KOIZla MMEET MECTO CBOWCTBO
JUaroHaJILHOTO IpeoOiaaHusl MaTpHULbl CHCTEMbl Pa3HOCTHBIX ypaBHEHHH. B
CBOIO OdYepenhb, IS COOTBETCTBYIOMMX IuM(EpEeHITHaATbHEIX YPaBHEHUH 3TO
CBOWCTBO O3HA4YaeT, YTO KOA(G(UIMEHT NPU HCKOMOM DELICHUH IOJDKEH OBITh
MOJIOKUTENFHBIM. MeToIpl TPOTOHKH TPH YCJIOBHH, KOT/A BHIIIEYKa3aHHOE
CBOWCTBO YCTOMYMBOCTH BBIITOJTHEHO XOPOILIO 3apPEKOMEHI0BANN ce0sl KaK LTHPOKO
MIPAUMEHSIEMOE CpencTBO YHCIEHHOTO penreHus KpaeBBIX 3a/a4q
middepeHInaNbHBIX  YpaBHEHHH BTOpPOTro mopsiaka. K gaHHOMY MOMEHTY
CYHIECTBYIOT pPa3lii4he B OIICHKaX YCIOBHHA YCTOWYMBOCTH METONIA MPOTOHKHU
(Bmu1oTH 10 pemuTenbHoM KputukH, (badenko, 2002) Ho, TeM He MEeHee, ITOT KJ1acc
METOJOB B IIEJIOM MOJOXHUTEIBHO NPUHAT W SBIAETCS OJHUM M3 OCHOBHBIX
HUHCTPYMCHTOB CHCHI/IaHI/ICTOB-BI)ILIHCHPITGHGI;‘I, 0 4€M CBHUACTCIIBCTBYET OINMMCAHUC
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3THX METOZIOB B yueOHMKaX. HecoMHEHHO, pemaronyio poib ceirpajia 0omnee uem,
50-1eTHsS TPaKTHKa MPUMEHEHUS METOAOB MPOTOHKH K PEIICHHIO KOHKPETHBIX
3agad. K cokaneHuto, cTpororo 00OCHOBaHHMsSI MPUMEHHMOCTH METOIOB 3TOTO
KJIacca )KeJaeT OCTaBIISTh JIyUIIeTO, TAK KaK B COBOKYITHOCTH CTPOTHX PE3YIIETATOB
HMEIOTCS CYIIeCTBeHHBIH mpoOen. Hanpumep, B pabore (Baxsanos, 1973)
MPUBOOUTCS NOAPOOHBIN aHaN3 (HOPMYS MPOTOHKH M M3JaraeTcs O TPYAHOCTAX
MPY 3aMbIKAHUH BBIYUCIUTEIEHOTO aJITOPUTMA, KaK CIIEJICTBHE TOTO, YTO (POPMYIIBI
MPSAMOM MPOTOHKHM B Ha4aJIbHOM TOUKE BeIyT ceOs Kak 0OpaTHasi BEIMYMHA K ILIary
CETKHU.

[Ipumepsl, Korma MeTOA TMPOTOHKH JIaeéT HEYIOBIIETBOPUTENbHBIE
pe3yibTaThl IpH PEIIEHUM KpPAaeBBIX 3aJlad, MMEIOTCA MHOXKECTBO B Pa3HBIX
HWCTOYHWKAX. B WacTHOCTH, TaKWX MPUMEPOB MOXKHO HalTth B (AmocoB, 1994;
Wnbun, 1985). IlpudeM HeynOBIETBOPUTENBHBIN Pe3yabTaT MOKET MOTYYUTHCS U
B TOM CIIy4ae, KOT/Ia BCE YCIOBUS MIPUMEHUMOCTH METO/Ia IPOTOHKH BBHITTOJTHEHEI.

Takast HeOaronpusITHAsE CUTYallUsl MOXKET OBITh CJIEJICTBUEM HAKOILIICHHUS
BBIUMCIUTENBHBIX MNorpemHocTed. Ilpn pacuerax ¢ AOCTATOUHO KpPYHHBIMH
nraramu h, BIUSTHHEM BBIYMCIUTENBHON MOTPENIHOCTH HA PEHICHHE YaCTO MOXKHO
npeHebpeds. OQHAKO Bce K€ CTOMT UMETh B BHUJY, YTO NMPU PELICHUH CHUCTEMBI
Pa3HOCTHBIX YPaBHEHMI COOTBETCTBYIOIIEH KpaeBOW 3ajiadye METOAOM MPOTOHKHU
MOJKET MTPOUCXOANTH HAKOIUIEHUE BBIYMCIUTENRHON NorpemHocTy. M3BecTHO, 4TO

npg  h—>0 , BblUMCIUTENBHAS  MOTPEIIHOCTH  MOXKET  BO3pAcTaTh

nponopuuonansHo 1/ h* .

1. Takum o0pa3oM, MpH JOCTATOYHO MANbIX 3HAYCHHSX Imara /A BO3MOXHA
KaracTpouveckas moTepsi TOYHOCTH. Takash HEJOMyCTHMasi TOTepsi TOYHOCTH
MIPOMCXOAMT M3-3a TOTO, YTO YK€ Ha 3Tale COCTABJICHUS Pa3HOCTHBIX YpaBHEHHH
MPOMCXOJNT CYIIECTBEHHOE HCKakeHne uckomoro pemenus (baxsanos, 1973). To
€CTb, TaKas CHUTyalMs SBIAETCS CJIEACTBHEM HENOCTaTKa METOAa KOHEYHBIX
pa3HOCTEH, a HE CIECACTBUEM METOJA NMPOTOHKH, YTO IOJIHOCTBI COOTBETCTBYET
n3noxxeHHomy B kHure badenko K.U. (babenko, 2002).

MeTto/ KJTacCHYECKOl MPOTOHKM MpeAHa3Ha4yeH JJIs PEIeHHs] KOHEYHO-
Pa3HOCTHBIX YpaBHEHMH, MaTpHIIbI KOTOPBIX UMEET TpexAuaroHaiabHbIi Bua. Ho,
€CITU JJ1s1 TAKUX MAaTpHI] HE BBIIIOJIHEHB! YCIOBHS JUArOHAIBHOIO MpeoliagaHus,
TO O0OOCHOBaHHE BBIYMCIMTEIBHOW YCTOMUMBOCTM METOJAa IIPOTOHKH HE
MpeCTaBIsIieTCss BO3MOXKHBIM. (CrieoBaTeNIbHO, TNPUMEHEHHE KJIacCHYecKOu
MIPOTOHKM ISl PEIIEHUs] TaKUX CHCTEM HE COBCEM NpaBomepHo. [loatomy s
TaKUX CIIy4aeB HAIPAIIMBACTCSA IPUMEHEHHS METOa «HEMOHOTOHHOM IPOTOHKMY,
KOTOPBIi sIBJIsIeTCSt MeToI0M ["aycca ¢ BBIOOPOM TitaBHOTO 3nieMeHTa. OIHaKO MpH
MOIMBITKE MPUMEHUTh «HEMOHOTOHHYIO TPOTOHKY» MOET OBITh HapylleH
TPEXANArOHATILHOCTh MCXOJHON MaTpPHIIbl, IOITOMY «HEMOHOTOHHYIO IPOTOHKY»
He TpuMeHsieT s teHTouHbIX Matpurl (Kamntkun, 2013). AHanu3 ycToiuuBoCTH
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cueTa NpU BHIOOpE BEAYIIETO DIIEMEHTa U BO3MOXHOCTh HEJOMYCTHMOTO POCTa
HEKOTOPBIX K03()(PHUIIMEHTOB HEOOXOTUMBIX JIJIs cUeTa mpuBeicH B padote (UnbuH,
1985).

Ha ocHoBe BhITIETIPUBEIEHHBIX OOCTOSTEIHLCTB MOXKHO MPUHUTH K BBIBOLY,
4TO CcleoBaio Obl, UMETh B apceHaje BBIYUCIUTEIBHOW MaTEMaTUKU CEpHIO
PEKYPPEHTHBIX (DOPMYJI, aHAJIOTUYHBIX (DOpMyJaM MPOTOHKH HO, TEM HE MCHEe,
KOTOpasi MpeCTaBIsiIa Obl COO0H HEKYFO aIBTEPHATHBY K (DOpMYyJIaM KIIacCHYeCKOM
nporoHku. Ilpm 3TOM KenarenbHO, YTOOBI TpemiaracMmbie (GOpMYJsl  ObLTH
BBIYUCIUTEIHHO YCTOMYMBBIMU JJIS ITUPOKOTO KJIACCA 33]1a4, YEM 3TO UMEET MECTO
JUTSL U3BECTHBIX BAPHAHTOB METOOB MPOTOHKH.

Lenp HacTosimiel pabOTBI — TIONYYCHHE PEKYPPEHTHBIX (HOpMYIT
aHAJIOTMYHBIX (OpMyJiaM MPOTOHKH, JUIS YMCICHHOTO PEIICHUS KpacBOW 3ajavu
UG hepeHITnaNbHBIX YPaBHCHHI BTOPOTO MOPSI/IKa, KOTIa METOJI IPOTOHKH MOXKET
MPUBECTH K HEYTCIIUTEIBHBIM PE3yJIbTaTaM.

B 4yacTtHOCTH, O0COOCGHHO BaKHBIM SBISCTCS BOMNPOC O HAIUYUU
MPOTOHOYHBIX (OPMYJ, Koraa Kod(pQHUIMEHT NpU pellleHHH B YpaBHEHUH (MMeEeT
OTPHIIATEIIHHBIN 3HAK WM SBISCTCS 3HAKOTIEPEMEHHBIM) ¥ TPAHUYHBIC YCIIOBHSI HE
VAOBJCTBOPSICT YCJIOBUSM YCTOHYMBOCTH IIIMPOKO MPUMEHSEMOIO MeEToja
MPOTOHKH.

Tlocmanoska 3adauu. PaccmatpuBaeTcs nuddepeHIMaIbHOe YpaBHEHHE

BTOPOT'O MOPSIKa
y'(0)=qlehy()=£() 0<e<1 (D

CO CJICIYIOIIUMH KPACBBIMHU yCIIOBUSMHU
¥(0) = 5, 2)
y() =4 3)
rae f,, B, eR= ]— oo,+oo[. Bynem cumtath, 9T0 KOI(GQPUIMEHTH YpaBHEHHUS
f(1), q(t) — HenpepbIBHBI HA OTpE3KE [0, 1].

JUist uccrienoBaHusl BOMPOCOB YHCICHHOTO PEIICHUS JaHHOW KpacBoi
3aJa4M pazobbeM OTPE30K [0, 1] Ha N dyacreil, BBEIEHHEM V3JIOBBIX TOUECK

0=t,<f,<...<ty =1

Ecinu 0003HauuTh Yepe3 /i paccTOsHHMs MEXAY y3aaMu (IIar CETKH), TO

n
t :W,(n =0,2,...N ) rme N - menoe 4uciao OTPE3KOB pasOUCHUs

1
N

(mwar ceTkn MOXeT OBITH M HEpaBHOMEpPHBIM). B manpHeiimem Oynem 0003HauaTh

h:

uepe3 y(f,) 3HaYCHHE TOYHOTO pelieHue kpaeBoi 3agaun (1) - (3) B Touke ¢, , a

Uepes )y, U ), COOTBETCTBYIONIEE MPUOIMIKEHHOE PELICHHE U €€
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MTPOU3BOIHYIO, TOCTPOCHHOE C MTOMOIIBIO0 PACCMATPUBACMOT0 YHCIICHHOTO METO/IA.
Taxoke mist yno0cTBa OyaeM Mob30BaThCsl 0003HAYESHUSIMHI BUIA

tﬂ

w= fod, o= [rwd 0, [ [awusa

Loy Lim

t, t,
= [a@)e—t, )dt, o) = [f@)Ne—t, )dxdt, n=1,2,,..N
Lot Iyt
Heo0xomumMo TONy4nuTh pPEKYppEeHTHBIE MPOTOHOYHBIE (OPMYIIBI YHCIECHHOTO
penienus kpaeBoi 3anaun (1)-(3) u uccien0BaTh UX Ha IPEAMET COTVIACOBAHHOCTH
n YCTOI\/’I‘-II/IBOCTI/I, U TEM CaMbIM YyKas3aTb YCJIOBHUA IMPUMCHHUMOCTHU ITOJIYUCHHBIX
¢dopmyL.
PexyppenTHbie popMyIIbl A7l YUCICHHOTO PeLleHus KpaeBoi 3agauu (1)—

(3), B cimysae korma ¢(t) > 0. Kax u3BecTHO, 9TO B 9TOM CIIydae CyIIECTBYET U
€IMHCTBEHHO pelieHue kpaeroii 3agauu (1)-(3).

Ornrcanue anropuTMa
B cinyuae korma  ¢(?) >0 , amst uncieHHOTO pereHus kpaesoit 3amaun (1) — (3)
MOTYT OBITh HCHOJIB30BAHBI CICAYIOIINE PEKYPPEHTHBIE (POPMYJIBI:

Dopmynvl npamoz0 xooa:

_a,,(+n,)+h

a,=0, ,
1 + an—llun + 77n
4
vo =P,
vn—l - an—lo-n - O-r't
v = , 5)
1 + an—llun + 77n
mmBeex n=1,2,...N .
dopmysia 00paTHOTO XO/a:
h h
(1+7711)y}1+vn7 1+7 +GI;
ﬁ an an
= B n_ = an
IR P (a, +hya +

(6)
miseeex n=N ,N-1,...2.

Hoxazamenvcmeo coenacogannocmu. Jljise 3TOTO TMOKaXeM, YTO TPH
h — 0, u3 npuBeIEHHBIX PEKYpPPeHTHBIX (Gopmyi (4) - (6) MOXKHO IOIYyYHTH
3amaay Komm mist Ttpex muddepeHIManbHbIX YpaBHEHUH TIEPBOTO IMOPSIKA,
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KOTOpasi B CBOKO OUEPE/Ib, SBISETCS SKBUBAIICHTHON UCXOMHOM KpaeBoii 3amade (1)
-(3).

2
U3 dopmynsr (4), mocne orbpackiBanusi ciaraembix mopsiaka O(47) , umeem
an + anan—llun =a

o thwm a —a, ,=h—a,a, u, . Jdenst obe yacTu 3T0TO

BBIp@KEHHE Ha A W mepexoms K mpexeny npu A —> 0, MOXKHO MONyYHTH
nuddepeHInanbHOe ypaBHEHHE KOTOPBI HOCUT Ha3BaHue Pukartu

2
a'(t)+q(t)a”(t) =1, c nauanshbim 3HaueHuem a(0) =0 @)
Paccyxzasi COBEPIICHHO aHAJIOTMYHO, MOKEM YOCIUTBCS B TOM, 9YTO

nnddepeHnNaTbHBIME - QHAJIOTAaMU  COOTBETCTBYIOIINM PEKYpPEHTHBIM

dhopmymam (5) - (6) sBIsIFOTCS cienyrormue nuddepeHImaibHbIe YpaBHEHUS

V) +qa)vt)=—-a@fit) v(0)=p,, ®)
y(t)—a@)y'() =v() y1)=4. Q)

IJe TOCIeNHee ypaBHEHHE CHCTEMBI HMHTETPUPYETCS ClpaBa  HAJICBO.
DKBHBAJICHTHOCTh HCXOMHOM KpaeBoii 3amxad (1)-(3) u 3amaunm (7)-(9) mpoBepsieTcs
(mpomuddepeHiupyeM NoCiIeHee YPABHCHUE W BOCIOJIB3YEMCS TIPSy UM
JIBYMsI YPaBHCHHUSMH) HETTOCPEICTBEHHOW TIOICTAHOBKOA.

Hoxazamenvcmeo ycmouyusocmu. Temepb yOeaumcsi, B TOM, 4YTO
BBHIIICTIPUBE/ICHHBIE  PEKYPPEHTHBIE  (OPMYNBI  SBISIOTCS  BBHIYHUCIHTEIBHO

tYl
yCTOMYMBBIMH. 3aMETHM, 4YTO IO YCIOBHIO U, = Iq(t)dt 20, a,=0,
[
tﬂ
n,= Iq(t)(t —t, ,)dt > 0,01crona, kak BUAHO U3 hopMyIbl (4) clienyer, Bce 4To

t

n-1

1

an > 0 , 3HAYUT, BBIIIOJHACTCA HCEPABCHCTBO ——————— Sl , A BCEX
1 + an—llun + nn

n=1,2,...N . D10 00CTOATEIbLCTBO OOCCIIEUNBACT YCTOHYMUBOCTH CUECTA IIO
dhopmymnam (4) — (5).

B dQopmyne (6) MHOXHUTENb, HETOCPEACTBCHHO BIMSIOMUN Ha
1+7,

— .
1+ h+(hJ
an aﬂ

YCTOHYMBOCTB, (CTOSAIIMI 1epes;  V, ), KIMEET BUIL:



2
3nech B ynciuTese Bropoe ciaaraemoe 77, umeet nopsuok O(47) u Tem

CaMbIM HC OKa3bIBACT CYHICCTBCHHOI'O BJIMAHUC Ha YCTOfIQHBOCTB cyeTa 1o 3ToM

(hopMmyIe, ¥ TOATOMY MOXHO TOJNBKO PACCMOTPETH BBIpaKEHHE! 1 :

h h
I+—+| —
an al’l
HOCKOJ'II:Ky, o ycCJIOBHIO a, >0 , TO BBITIOJIHACTCA  HCPABCHCTBO
1 <1 msBeex n=N,N —1,...1., 4T0 rapaHTHUpyeT yCTONYMBOCTD
h h
I+—4+| —
a a

n n
caera 1o (¢dopmyre oOparHoro xoma (6). 3aMeTHM, UYTO TIPHBEICHHBIC
pexyppeHTHBIe (hopMyIsl (4) - (6) anmpoKCHMUPYET UCXOJHYIO KPaeBylo 3a/1ady ¢
BTOPBIM TOPSIIKOM TOYHOCTH. [IpW HEOOXOMUMOCTH, MOTYT OBITh BBITUCAHEI
aHanornyHele K (4)-(6) pexyppeHTHbIe (POpMYIIbI, KOTOpBIE 00eceunBatT Oosee
BBICOKYIO TOYHOCTb, YEM MPHUBEJCHHBIE, HO LIEJIBIO STOTO IMyHKTa JAaHHOH paboThI
SIBIISIETCSI 000CHOBaHUS KOPPEKTHOCTH 3THX (POPMYII, KOTOPBIE SIBISIOTCSI OCHOBOM
MIPU TOCTPOCHUH aJrOpUTMa ISl YUCIEHHOTO pemenus 3aaadun (1)-(3), B ciyuae
korma q(1) <0.

Ceenenue kpaeBoii 3agaun (1) - (3) k auddepennmanpHoit 3anade Ko
(7) — (9) u mocnenytoiee ee perieHre Ha3bIBACTCsA MeTOIOM Tu(depeHITHaTEHON
MPOTOHKA WJIK METOJOM MPOCTOH (aKTOpu3alu W B TOM Ciydae KOrna, B
ypasaennu (1) ¢(¢) >0 , 6buT IpeIMETOM HCCIIEIOBAHKS MHOTHX aBTOpOB. Cpean

Hux lenbdang, Jlokyumesckuii, Mapuyk, Puamn u T.a. K pasButuio meroma
IIPOTOHKM IPUMEHMUTEJIBHO K 3a/JadaM pa3HOI0 XapakTepa BHECIU BECOMBIE
BKJIaJIbl MHOTHE BHIHBIE MaTeMaTuku. Cpenau Hux: A6pamoB A.A., baxsaios H.C.,
Brnagumupor B.C., Boerogua A.®., I'onynoB C.K., Orenbaes M.O., [lertapen
JIM., CadponoB WN./l. u apyrue. B pesynsrate B I1aHHBIH MOMEHT CYIIECTBYET
MHOTO MOIU(UKAIUHA METOAa MPOTOHKHM TaKWe KaK: KJIACCHYeCKas, MOTOKOBas,
LIUKIWYECKas, OpPTOTOHAJIbHAs, HEMOHOTOHHAas TNpPOroHKH. Bce  oHH
NpedHa3HaueHbl JAJIsl  pEIICHUs] CHCTEeM YpaBHCHHMH, BO3HUKAIOIIUX IIPH
annpoKCHUMAILlMM KpaeBbIX 3ajad, M SBIAIOTCS MoAM(UKAMAIMH METoAa
KJIACCUYECKOW MPOTOHKH, U KAXKIBIH M3 HUX MOXKET OBITh BBHIOpPaH IJIsl pelICHHs
KOHKPETHOTO KJ1acca 3aad.
Yucnennvie npumepoi
1. B kadecTBe YHCICHHOTO PUMEPa PACCMOTPUM KpaeByIo 3a7ady

Y ()-25y()=0,0<t<1, y(0)=1,
y(1)=1.
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B ycnosusix atoro npumepa; k(t)=1, q(t)=25, f(t)=0 p,=1, p,=1.
[Mpu uncnennom pacuere ¢ marom N =100, mo hopmyram (4)-(6), abcomroTHas

BeJIMUMHA Hanboublel norpemnoctu pasua o = 0.0005 .
2. B kxauecTBe CIEIyIOIEro NpruMepa pacCMOTPHM

Y ()—=100p1)=0, 0<t<1, y(0)=1, y(1)=1.
3nmecs; k(t)=1, q(1)=100, f(t)=0 p,=1, B =1.

ITpu umciaennom pacdere ¢ teMm ske marom N =100, mo dopmymam (4)-(6),

abCONIOTHAs BEJIMYMHA HAaWOOJIbIIEH MMOrPEMIHOCTH A0cTUraeT 3Hadenue 0 = (0.
0001.
3. B kadecTBe TPEThEro YUCICHHOTO MPUMEPa PACCMOTPUM

Y (1)—10000y()=0, 0<t<1, y(0)=1, y(1)=1.
3mecw; k(1) =1, q(t)=10000, f1)=0 p,=1, p,=1.
Ipu pacuere ¢ tem xe marom N =1000, no dopmynam (4)-(6), abcoroTHas
BEJIMYMHA HauOOJIbIIeH TorpenHocTr qocturaet 3uadenue o = 0.009 .
PaccMoTpeHHe 3THX M JAPYTHMX MPUMEPOB IMOKA3bIBACT, YTO YeM OOJbliIe
3HauYeHHe KoddduienTa ypaBHeHue ¢(¢) w/wiu 3HaueHus [, , f, , mapaMmeTpoB

Ha KOHIAX MHTEpBaJIa A HOOCTHUKCHHUA nqueﬁ TOYHOCTH, HCO6X0,I[I/IMO
YMCHBIICHHUC IIIara CCTKH. 3I[€CI> BBICKA3bIBA€TCA TOT (baKT, 4qTO IpH OOJIBIIMX

3HauYeHUsIX ¢(1), B, , B, - UCXoIHas 3aJja4a CTAHOBHTHCS OOJee JKECTKUM, IPU

9TOM PELICHUE KPaeBoil 3a71a4u B OKPECTHOCTH KOHIIOB H3MEHSIETCS OYE€Hb OBICTPO
u 00pa3yeT «IOTPaHUYHBIA CIIOW» WIN «KpaeBoi 3ddekr». A BHYTpH OTpe3Ka
peleHre U3MEHSIETCs] OY€Hb MEUIEHHO, T.€., IEPEXOANT Ha «KBA3UCTALMOHAPHBIN
PEXKUM.

B nomo0HBIX cioydasx, B paMKax JaHHOI'O METOdA MOXKHO YKa3aTb TOUKU
nepexosa Iara MHTErpPUPOBAaHKS U3 KPYITHOTO Ha Mallblid mar u ooparHo. Takas
CUTyalus CyIECTBEHHO BIUACT HA TOYHOCTH pacyera.

Ho B nmanHoit pabore yrmyOmarscsi B 3TOT BOIPOC HE OyAeM, YTO MOXKET
OBITh IPEIMETOM JNAJHHEUIITUX HCCIIEIOBAHNN) TaK KaK OCHOBHOW LIEJIbIO JaHHOMN
paboTHI SBJISCTCS UCCIICIOBAHMS BOPOCOB YHCACHHOTO 3anauu (1)-(3) B ciyyae,

korma q(t) < 0.

PexyppenTHBIC (OPMYIIBI IS YUCICHHOTO PEIICHUs KpaeBoii 3aaun (1)—

(3) B ciryuae xorga Q(f) <0.
Onucanue ancopumma. Opeanuzayus NPAMo20
xo0a Cder HaYHEM TI0 popMyJIaMm
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— an—l(l +77n)+h

a,=0, , Vo =Py
’ 1 + an—llun + 7711 ’ ’
'
v = Vn—l — an—lo-n — O-n (10)
! 1 + an—llun + nn

KOTOpPBIX [JId [JAaHHOTO Cliydass Ha30BEM gbopmyﬂamu npsamoco xooa 0
ompuyameilbhoco «B8X00a).

ITo stum ¢opmynaM BeMUCICHHS BexyTcst mist Bcex n=1,..0,—1,tne 0,,-
TaKOi HOMEp Ilara, IZi¢ BICPBBIC OKAKETCS d, > 0, (ecu Takoro HOoMepa 0,, He
CyIIeCTBYeT, To pacdeT mo ¢opmynam (11) Oymer BecTHCH A0 MPaBOTO KOHIA
OTpe3Ka) W Jajee mojaras,

1 Vo
— — 1
be1 ==, Uy =—— (11)
a, a,
CYET MPOJOJDKMM TIO CIenyromuM (opMyrinaM, KOTOPBIX Ha3oBeM (HopMyiIaMu
MPSIMOTO XOJa JUIS MTOJIOKUTEIIEHOTO «BXOJIa)

+ '+
3 — bn—l(1 +77n) lun , ; U” — U"’l +b”’10-” O.” ; n= 91 +1,92
1+hb, , +n, 1+hb, , +1,
(12)

rae 0,,- Takoii Homep, uTo 11 Beex n =0, +1,...0, —1., 3navenus b, >0,
u bg2 < 0 (ecnu Takoro HoMmepa €),, HE CyLIECTBYET, TO PACUET O ITHM

dhopmynam OyZeT BECTHCH 10 TIPABOT'0 KOHIIA OTpe3Ka). 31eCh:
1 Uy,
b,

a‘g :_’ VHZ = —
2

2 ba

2

(13)

Hanee, mpu He0OXOAMMOCTH BBILIEONHCAHHAs MpOLEAypa MOBTOpSIETCS U B
CJIEAYIOIIUX BO3MOXKHBIX TOUKaX Iepexosa.

Takum o00Opa3oMm, 4O 3aBepUICHUS MPSIMOTO XO#a MOryT OBITh
OCYILIECTBJICHBI MHO)KECTBA IIE€PEXOJ0B, MEXIY (OpPMyIaMy HPSMBIX XOIOB VIS
OTPHUILATENIFHOTO U MOJIOKHUTEIBHOIO «BXOJ0B». KonmmuecTBo Takux MEpexoJoB

3aBHCHT OT TOBeZicHHEe (DyHKIMU ( Z) .
Ecmn o6o3naunm 6, =1, u 6, - TOT HOMep, Ha KOTOPOM IOCIEIHHI pa3

coBepmainicsi nepexon u3z Qopmyn (10) x dopmynam (12) wnum Haobopot, TO
MHOKECTBA MHJEKCOB, IPEJCTABIMIOMNE COOOWH «HOMEpa IIaroB IEpexona»
MOKHO 0003HA4YUTh Yepes3 {90, 0,,0, ,....Qk}



M COOTBETCTBEHHO, MHOKECTBO HHIEKCOB OT | 1o N, pasbuBatoTcs Ha
nomunrepsansy; /0,6,/, [0,+1,0,] , [0,+1,0,] ,.... [0, ,+1,0, ],
[60,,+1,0,],/[0,+1,N].

B TepmuHax BBeeHHBIX 0003HaUEHUH MOXKHO YTBEPKAATh, 4To nepexon u3 (10) k

1
(12) m oOpaTHO, OCYIIECTBISAETCA C IIOMOMIBIO COOTHOINEHHMH @, :b_ ,
J
o
U/). 2
v, =——~L, (um no dopmyram bﬂ] =—, Uy =——) 31ech 6’j - HOMEp

/ o ay, g,

i
MHJIEKCa, HAYMHAasl ¢ KOTOPOTO OCYIIECTBIISIETCS yKa3aHHBIN ITePeXoz
( j=0,1,2,..k.), tne j - HOMep mepexona.

Uraxk, noouepenHoe ucnons3oanue opmyn (10) u (12), npsimoro xona
IUISL OTPHUIATEIBHOTO | JUIS TIOJIOXKHUTEIBHOTO «BXOOBY, TIO3BOJISET BECTH pacdyeT
710 TIPAaBOTO KOHIIA pACCMaTPHBAEMOI0 OTPE3Ka M TEM CaMbIM 3aBEPILUTH «IIPSIMO
xom». IIpu 3TOM Ha TocneTHeM OTpe3Ke, I7Ie BEAETCS NPSIMOM X0 pacdeTa, TO €CTh
Ha [0, +1, N] , BO3MOXHBI CIICAYIOIIHE [BA B3AHMOUCKIIIOYAIOIIHX CIIydast:

1) pacuer Bemercs mo dopmyrnam (10) mpsmoro xoma il OTPUIIATEIHLHOTO
«BXOJIa.
2) pacuer Benerca mo GopmynaMm (12) mpsMoro xoma AN MOJOXKHUTEIBHOTO
«BXOJIa.

Opranun3zanus 06paTHOTO X012

B nepBom cnyuae, HauHeM 0OpaTHBII pacueT Mo CIEAYIOIUM (opMyIamM,
KOTOPBIX Ha30BeM (popMylIaMu 0OpaTHOTO XOa AJISl OTPULIATETIBHOTO «BXOIa»

A4m), +v, 1 o
n an 2
(a,+h)a, + h? "
n=NN-1,.0,+2, 0,+1. (14

Janee, HaunHas ¢ mara @, , IPONOIDKUM CYET, IO CICAYIOIIeil peKyppeHTHOIT

yn=8, Ypa =

¢dbopmyne koroporo yaoOHO Ha3Barh (opmynol oOparHOro Xxoma I
MTOJIOKUTEITHLHOTO «BXOA».

_(+m)y, —hun(1+hbn)+ o
1+hb, +(hb, )
n=0,,..0,,+2,0, +1. (15)

Yy =h Yua



Takum 00pa3oM, B TeX TOYKaX, IJIe MOTPEOyeTCs Mepexol, YepeayroTcs GopmyIbl
(13)-(14) nBe popMyIBI «OOPATHBIX XOIOBY»
Bo BropoMm ciywae, mojaraetcs, 4to Y, = f3, , M pacueT NpOIODKAeTCs IO

¢dopmyinam (14) To ecTh, M0 GopMyaaM OOPAaTHOrO XoAa IS MOJOKUTEIBHOTO
«Bxofa» oT unaekca N 10 uHgekca 6, +1. B ocranbHOM mpoLecce BBIYUCICHHS

OpTaHu3yeTcs aHAJIOTHYHO MPEIbIAYIIEMY CITydalo.

Jlokazamenvcmeo coenacogannocmu. COTIACOBAHHOCTh PEKYPPEHTHBIX
¢dopmyn (10) u (14) ¢ ucxomHo# KpaeBol 3amadeil ObLIO MOKA3aHO B TPEThEM
pasneine. CoBepIIeHHO aHAIOTHYHO ITOKA3bIBAE€TCS COTIIACOBAHHOCTE (hopmyr (12),
(15). A wumenno, mpu 7 — 0 u3 pekyppentrsix dopmyn (12), (15) moxHO
MOJYYHTh cleaytonlyro 3aaauy Ko ans tpex nuddepeHuaibHbIX ypaBHeHUH
MEPBOTO MOPSIIKA

b'(t)+b*(1)=q(1) (16)
v'(t) +b)u(t) = f(1) (17)
V() =b)yt) = u(t) (18)

T7ie ocleTHee YPaBHEHUE CUCTEMBI HHTETPUPYETCS CIpaBa HAJIEBO.
Ecmu  mpomuddepennmpyem mocnenHee ypaBHEHHWE JIAHHOW CHCTEMBI H
BOCIIONIB3YEMCSl TIPEIBIIYIIUMU IBYMS ypPaBHEHUSAMH, TO MOXHO IIONyYUTh
kpaesyto 3amadqy (1)—(3). JlamHyto cucremy auddepeHITMATbHBIX YpaBHCHUN
MOXKHO Tak>Ke TIOyYnTh, Tipou3Bens B (7)-(9) ciaemyromntyo 3aMeHy

L __v)
b(1) o) v(t) o)’

W o6patHO, 13 (16)-(18) ¢ moMoIsI0 00paTHOM 3aMEHBI

a) == )=

b(1) b(1)

BepHyTCs K cucteme (7)—(9).

Tem campiM, OBUTO TMOKa3aHO, 4YTO KpaeBas 3amada (1)—(3) u cucTeMBI

muddepeHunanbHelx  ypaBHeHu# (14)—(16) uMeEOT OAMHAKOBBIE pELICHUE.

KpaeBble ycioBHs ONpeAensioTcs W3 MPUBEACHHBIX BBIPOKEHUH IUISI 3aMEHBI

YpaBHEHUH.

Cucremsl nuddepennmanbupix ypasaenuit (19)—(21) u (7)—(9) npuBoautcst Bo

MHOTHX JIUTEPAaTypHBIX UCTOYHHKAX B YACTHOCTH B KHUTax (AMocoB, 1994).
UccnepnoBanuss ~ BBIYMCIWTENbHA  YCTOHYMBOCTH  HPUBEAECHHBIX

pekyppertHeix dopmyn (10), (12), (14), (15) nmpoBoguTcs MO METOMOJIOTHH,

OTMCAHHON B ITyHKTE 3.
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Yucnennvie npumepol
1. B kauecTBe 4HMCICHHOTO MpUMeEpPa PACCMOTPUM KPaeBYIO 3a/1auy

Y (@®)+49yt)=0, 0<t<1, y(0)=-1, y(1)=0. B ycnoBusx 5toro
npumepa; q(t)=-49, f()=0 p,=-1, p,=0. Ilpu uncieHHOM pacuere C
maroM N =100, mo BbllIeyKa3aHHOMY aJIrOPUTMY, aOCONIOTHAsI BEIHYHHA
HauOonbieii morpemnocty pasHa o = 0.00302 . Takas Hu3Kas TOYHOCTH
SIBIISIETCSL CIICACTBUEM TOTO, YTO B ITOM mpumepe (GyHKuus ¢(?) ¥ KOIHYECTBO
maroB N - BEIMYMHBI OJHOrO HOpsjKa. TeM He MeHee, Takas TOYHOCTb HE
OPOTHBOPEYUT TaPAHTUPYEMOMY TMEPBOMY TOPSAKY TOYHOCTH H3JIaraeMoro

MeTtoma. A mpu pacuere ¢ marom N =1000, Ta ke camas OTpeITHOCTs PaBHA

0 =0.00006 .

2. B KavecTBe CIHEAYIOLIECrO YHCICHHOTO IPHMEpa PACCMOTPHM KPAeBYIO 3a1a4y
Y (@®)+100y@®)=0, 0<t<1, p(0)=-1, y(1)=0. B ycnousix 5Toro
npumepa; q(t)=-100, f(t)=0 p,=-1, B, =0. Ilpu uncienHom pacuere ¢
maroMm N =100, mo BblIeyKa3aHHOMY aJrOPUTMY, aOCONIOTHAsI BEIHYHHA

Haubobireii norpemsroctn pasHa o = 0.00724 . A mpu pacdere ¢ Imarom

N =1000, ta sxe camas norpemHocts paBaa 0 = 0.00009 .
PexyppeHTHbIe GOpMYJIbI I YMCIEHHOTO PEIEH s KpaeBoi 3aaaun (1) —

(3) B cityuae, korma () sBnseTcs 3HAKONEPEMEHHON (yHKIMeH

Tak kak, B paMKax JaHHOTO aJTOpUTMa MPOUCXOIUT MEPEHOC KPACBBIX
YCIIOBUU B BBIOpaHHBIE Y3JIOBBIE TOYKHM BHYTPH paccMaTpHUBaeMoOro OTpe3Ka,

nosToMy Ha Jto60it u3 y3noseix Touek f, € [0, 1] moryr 6biITh peanusopamsi
CIIeTyIOIINE BO3MOXKHBIEC CIICHAPHIA:
Ha, =20, gq(#)=0 . B stomM ciyuae, MOXeT ObITH MPUMEHEH AITOPUTM

yKa3aHHbI B myHKTe (3). A Takwke HIPUMEHHMBI (OPMYJIbI KIACCHUYCCKOM
MTPOTOHKH.

2)a, <0, g(t)=20.Torua, ecnu ‘akfl‘ < ‘4 /g, | , To HaunHas ¢ — mara k cuer

, TO IO

BeZieTcsl cieBa HampaBo no dopmyiam (12), HO ecnn ‘ak71‘>‘4/qk
¢dopmynam (10). B pamkax BellleyKa3aHHBIX YCIOBUH, Kak CileqyeT U3
nuddepeHnanbHoro anaigora 3tux Gopmya (bopmynsr (7), (19)) npoucxoaur
peskuil MOHOTOHHBINH pocT 3Hauenuit @, u b, , u B pesyaprate 3a «Manoe»

KOJIMYECTBO IIIarOB OHU CTaHOBSTCS TOJOXKHUTEIBHBIMU. M 3HAUUT, W1t hopmys
(10), (12) ycnoBue yCTOHYHMBOCTH HAPYIIACTCS TOJHKO Ha «MAJOM» KOJHYSCTBE
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LIaroB, YTO HE BJIUSAET Ha pe3yJIbTaThl KOHEUHOTo cueta. OOpaTHBII cUeT 1o ATUM
(dhopMyaM OCyIIeCTBIAETCS, KaK YKa3aHo B yHKTE (4).

3)a, >0, g(t) <0 . Pacuer mpoMCXOAUT 1O ANTOPHTMY, H3JIOKCHHOMY B

MyHKTE (4).
4ya, , >0, q(t) <0 . Pacuer mpoMCXOAUT MO ANTOPHTMY, H3JIOKCHHOMY B
MyHKTE (4).

3akJ0ueHue

B nauHO# paboTe MpeIokKEHBI PEKYPPEHTHBIEC (DOPMYIIBI TSl YHCIICHHOTO
peuieHus kpaeBod 3amauu (1)-(3), KOTOopele UMEIOT OoJjice HMIMPOKYH 00JIACTh
NPUMEHHUMOCTH, YeM METOJ MPOTOHKH, TpPH PpEIICHHH KPaeBbIX 3aj1ad
g depeHInaTbHbIX YPaBHEHUH BTOPOTO Topsiaka. DopMyssl MPUMEHUMBI BHE

3aBUCHMOCTH OT 3Haka kodpoummenta ¢(¢) npu pemennn ) (f). Pesynbratsl,

IIOJIy4YCHHBIC B JTaHHOU CTaTbEC, IMOATBECPKAAIOTCA paCYCTHBIMU JaHHBIMU.
HpHBeﬂeHHOﬁ METOA MMECT HepBHﬁ MOpPAAOK TOUYHOCTU U ABJISICTCA abCOIIOTHO

YCTOMYHBBIM, TO €CTh €TI0 YCTOMYHUBOCTh HE 3aBUCUT OT BEJIMYMHBI [Iara h . Pamu

CTPOTOCTH H3JIOKEHUSI MCXONHAs 3ajada cOpMyIHpOBaHA TMPU YCIOBHH, UYTO
KO3 PHUIMEHTHI ypaBHEHHS SBIISIOTCS HEMTPEPHIBHBIMU QYHKIMsIMU. TeM He MeHee,
OIMH W3 Jalleko HWAYNUX Ieliell JaHHOW paboThl SIBIACTCS H3IIOKEHUE
OJTHOITIIArOBOTO YHWCJCHHOTO METOAa pemeHus KpaeBoi 3amauu (1)-(3), mpu
MUHHMAJBHBIX TPEOOBAHHAX HA yCJIOBUS TNIAAKOCTH KOA(OUIMEHTOB YpaBHEHHUS
[ToaTomy, akmeHT naHHOW pabOTHI enaeTcs Ha BBIBOJA PabOUYUX PEKYPPEHTHBIX
(hopMyIT IPEJOCTABIIOMINX BO3MOXKHOCTH Pa0OTHI C YPAaBHEHUSIMH C Pa3phIBHBIMU
(T.e. KyCOUHO-HETPEPHIBHBIMH) KOI(PPHUIMEHTaMH U B psle CiIydaeB C
K03 UIMeHTaMy, UMEIOIIUMU HHTETpUpYyeMble O0COOCHHOCTH. Bo3MokHOCTH

COBPCMCHHBIX OBM no3BoiseT pa60TaTB npu A0CTAaTOYHO MAJIbIX MIarax h , "

TEM CaMbIM METO/IbI IIEPBOTO MOPSAKA TOYHOCTH MOTYT OBITh BIIOJHE ITPUTOIHBIM
pabounM HMHCTPYMEHTOM O0OECIIEUHBAOIMNX HEOOXOAUMYIO TOYHOCTH IS
YHCIICHHOTO PEIICHUs OONBITMHCTBA MPAKTHYECKUX 3a]1ad.

[ToBbimeHust MOpsIIKa TOYHOCTH METOJA TPEIONIOTaeT CYIECTBOBAHHE
0oJiee OTpaHUYUTENHHBIX YCIOBUN Ha KOA(M(UITUEHTHI NCXOAHOM KpaeBOr 3a1adm.
Ecmm Bce xe BO3HHUKAET HeO6XOI[I/IMOCTB IMOBBIIICHUA TOYHOCTH PCUICHUA, TO
MOXET OBITh WUCHOJB30BaH MeTOH PyHre MOBBINICHUS TOYHOCTH WU JAPYTUC
o0IIIen3BECTHBIE METO/TBL.
2. MW370XeHHBI aNropuTM MOXKET UMETh XOpOIINE MEePCIEeKTHBBl IS
pacnapauieuBaHus cyeTa. ECTh BO3MOXHOCTH OOOOIIMTH UACH MeToja
M3JI0)KEHHOTO B HACTOSAIICH paboTe Ha JPyrue THITbI KPASBBIX YCIOBHUI, a TakkKe
JUIST  KpaeBbIX 3amau Juist auddepeHIHaTbHBIX YpaBHEHHH OoJjiee BBICOKUX
nopsinkoB. Ilocne HeGompmol Moaudukanmii TPEACTaBICHHBIA 37eCh METOJ
MOXET OBITh HCIONB30BaH M JIJIsl YHCICHHOTO PEIICHUs JTMHEWHBIX ypaBHEHUIMA
YaCTHBIX ITPOU3BOJHBIX. Pagm CIIPaBCAJIMBOCTU XOTECJIOCH OBl OTMETHUTD, YTO
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TIepBOHAYANIbHAS H]Ies BRIIICH3IOKEHHOT0 MeToa TpuHaiexxut Otendaesy M.O.
(Yremaran6etoB, 1995) u nonyunna passurue B padorax (Utemaganbetov, 2013;
Utemaganbetov, 2014; YTemaran6eros, 2015).

HenmocraTku ¥ mpenmymiecTBa H3JIaraeMoro 37ech MeToJd, MOTYT ObITh
BBISICHEHBI HA OCHOBE MPAKTHKU MPUMEHEHHS 3TOT0 METO/a CHEIHATUCTaMHU T0
BBIYUCIUTEIBHON MaTeMaTHKe.
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Abstract. Interest in natural muds has been increasing in recent years
around the world. Until now, there is relevance in the study of the composition of
these muds, causing their active physiological effect. An analysis of studies in
recent years shows the lack of systematic studies of the composition and structure
of peloids in the North-Eastern part of the Kazakhstan, which are popular among
the population for their healing properties. The article presents the results of a study
of the physicochemical properties, mineral and elemental composition of natural
muds of large lakes Moiyldy and Tuzkala and assesses the possibility of using this
natural raw material in general. To achieve the goals and objectives of the study,
potentiometric, photometric methods of analysis, inductively coupled plasma mass
spectrometry, X-ray diffraction, the capillary electrophoresis system, and scanning
electron microscope (SEM) were used. The studied samples of therapeutic mud are
salt-saturated slightly alkaline dark gray silt of continental origin with a faint smell
of hydrogen sulfide. It is characterized by an increased content of ammonium,
magnesium, sulfate, which are biologically active components with a positive
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physiological effect. The results of this study can further contribute to the study of
the therapeutic effect, processes of sedimentation of natural mud of salt lakes and
open up new prospects for the use of this raw material not only in Kazakhstan, but
also in other countries.

Keywords: natural mud, peloid, mineralogy, composition, silt, Moiyldy,
Tuzkala
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AnHotanusi. COHFBI JXBUIIAPHI OYKLT oJieMze TaOWMFH eMIIK OaIIbIKKa
KBI3BIFYIIBUIBIK apThin Kenemi. OmapapiH OenceHmi (GH3HOJOTHSIIBIK OpPEKETiH
AHBIKTAMTBIH KOMIIO3MLUSHBI 3€pTTey ©3eKTi Oonbim Kajma Oepeni. CoOHFBI
KBUTIAPIArel 3epTTeyiepai Tanaay emiMizaie ContycTik-IIbIFbIC aiiMaFbIHIaFb]
XaJbIK apachlHAa eMIIK KaCHeTTEepiMEeH TaHbIMaJl MEJIOUATApIbIH KYpaMbl MEH
KYpBUIBIMBIH KYHeNi TypAe 3epTTeyliH >KOKTBIFBIH Kepcereni. Makanana
[TaBnonap obasiceiHAaFEI MoibUIABI koHe Ty3Kana ipi Ty31bl KenaepiHiH TaOburu
OaIIBIKTAPbIHBIH, ~ (DU3MKA-XUMHSJIBIK ~ KAaCHETTEPiH, MHMHEPAIIBIK  JKOHE
3JIEMEHTTIK KYpaMblH 3€pTTE€y HOTHXKENEpl, COHJal-aK OChl TaOWFHM IIMKI3aTThI
KEeHIHeH NaijanaHny MYMKiHAIKTepi OepinreH. Byn »KyMBICTBIH MakcaTbl —
3epTTeNETiH YAriiepaiH OeTki Mop(OJIOTHSCHIHA, TpaHYJIOMETPHUICHIHA IKOHE
AJIIEMEHTTIK KypaMblHAa KEIIeH]I TallJay JKYPri3dy *oHE OChl TAOWFH IIHMKI3aTThIH
oseyeTTi mainanaHyblHbIH (U3UKa-XUMUSUIBIK OarachlH YCBIHY. 3epTTeyHiH
MakKcaThl MCH MIHIETTEPIHE KOJI JKETKI3y VIIIH TaaaayablH MOTCHIIHOMETPHUSIIBIK,
(OTOMETPUSIIBIK ~ OMICTEepl, HWHAYKTHBTI OaiijlaHBICKAaH IUIa3MaMEH Macc-
CHEKTPOMETPUS], PEHTTeHIIK JU(PPaKIISIIBIK Talaay, KaIMUIAPIIBIK 3JIeKTpodopes
JKyHeci, CKaHepieymli 3JIeKTpoHIsl Mukpockon (SEM) madpanaHbuigbl.
3epTTeneTiH eMAiK OallIbIK YITLIEpi KOHTUHEHTTIK INBIFY Teri Oap Ty3ra
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KaHBIKKAH a3gan CUITUII TyHOaap, KO KOHCHUCTCHIMSUIBI KYKIPTCYTEKTIH OJICi3
rici 6ap, MaliIbl KBUITHIPIIBIFEI 6ap Kapa cyp TycTi. On 0H (hHU3HOIOTHSIBIK ocepi
Oap OMONOTHUSIIBIK OEICEeH I KOMIOHEHTTEP OOJIBIN TA0BUIATHIH AMMOHHMIA, MaTHUH,
cynphaT HOHAAPBHIHBIH O KOFApPBUIAYBIMEH CHMATTaNanbl. byl XUMHUSIIBIK-
MHHEPAJIOTHSIIBIK 3ePTTEYMiH HOTHXKEIEPl EMIIK 9CEPiH, TY3IbI KOJIACPAiH TaOUFH
JIAUBIHBIH TI6TY TPOIECTEPiH 3ePTTEYre ONlaH 9pi BIKMAN €Te aylajbl )KOHE OCHI
MMKi3aTThl TeKk KazakcTanma FaHa emec, COHBIMEH KaTap Oacka Ja aiiMakrapnaa
KOJIIaHYIbIH MEPCIIEKTHBAIAPBIH allla ajajbl.

Tyiiin ce3nep: Tabury GaNIbIK, TETONA, MUHEPAJIOTHSCHI, KYpaMbl, JIai,
Moitsunasl, Ty3kana
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AHHOTanus. B mnocnenHue rompl BO BCeM MHpE pacTeT HHTEpec K
NPUPOAHBIM LEJEOHBIM TPSA3AM. AKTyalbHBIM OCTAaeTCsl H3yYeHHE COCTaBa,
ONPENENIAIONIEr0 HMX  aKTUBHOE  (pu3monmormueckoe neiictBue.  AHanu3
UCCIIEIOBAHUN 32 IIOCIEIHHME TOAbl II0Ka3blBa€T OTCYTCTBHE CHCTEMHBIX
HCCIEAOBAHMA COCTaBa M CTPYKTyphl mnenouaoB Ceepo-BocTouHoil wacTu
CTpaHbl, SBISIOLIMMHUCS TOMYJIIPHBIMH CPEIN HAcCEeNeHHS CBOUMH LENeOHBIMU
cBolcTBaMU. B cTaThe npeicTaBieHbl pe3yIbTaThl N3yUYeHHUS PU3UKO-XUMHUECKUX
CBOMCTB, 3JIEMEHTHOTO COCTaBa MPHUPOIHBIX TpA3EH KPYMHBIX COJEHBIX O3ep
Motipnet u  Tyskama [laBmomapckoit oOmactn, a Takke BO3MOXHOCTB
WCTIOJNB30BaHMS 3TOTO IPUPOTHOTO ChIphs. Llens nanHOW paboTHI 3aKiI04aeTcs B
MPOBEICHNH  KOMIUIEKCHOTO  aHallM3a  MOBEPXHOCTHOW  Mopdoioruw,
IPaHyJIOMETpPHH, a TaKKe 3JEMEHTHOTO COCTaBa MCCIEAYEMbIX 00pas3loB u
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MpeJCTaBICHUN (HUIUKO-XUMHUECKONW OIEHKH TMOTEHIUAIBLHOTO HCIONIB30BaHHS
JTAHHOTO TIPUPOAHOTO CHIPhs. JlJId mOCTIKEHHS enel W 3a7ad HUCCIeIOBAHUA
WCTOJIb30BAIUCH MTOTCHIIMOMETPHUYECKUH, (POTOMETPHUSCKAN METOJBl aHAIN3a,
Macc-CIEKTPOMETPHUS C UHAYKTUBHO-CBSI3aHHOM T1a3MOM, PEHTI€HOCTPYKTYPHBIN
aHanM3, CUCTEMa KalWUIAPHOTO JIeKTpodopesa, CKaHUPYIOMAs dIIEKTPOHHAS
mukpockomust (COM). UccnenoBanHble 00pa3ilbl JIe4eOHON TPSI3U MPEICTABIISIOT
co0Ooi COJICHACBIIICHHBIN cnaboIIeT0uHON un KOHTHHEHTaJIBHOTO
MPOUCXOXKIIEHUS, WMEIOT TYCTYI0 KOHCHUCTEHIMIO CO Cia0bIM  3amaxoMm
CEepOBOAOPO/Aa  TEMHOTO-CEpOro  IBeTa C  MACISIHUCTBIM  OJIECKOM.
XapakTepu3yloTcsi TOBBIIIEHHBIM COJEpKaHHEM aMMOHUS, MarHus, Cyib(ar-
HWOHOB, KOTOPBIC SBISAIOTCS OHOJIOTHYECKH aKTHBHBIMH  KOMIIOHECHTaMH,
00JTaaroUMH  TTOJIOKUTENBHBIM  (pr3nonornueckum dddexrtoM. PesynbraTs
JIAHHOTO XUMUKO-MUHEPATIOTUYEKCOI0 HCCICAOBaHUS B JajbHEHIIEM MOTYT
BHECTH BKJaJ B W3Y4YCHHE TEPANEeBTUYECKOTO BO3ACHCTBUA, MPOIECCOB
ocankooOpa3oBaHUs TPHUPOAHBIX Tps3eil CONEHBIX O03€p, B IMEPCHEKTHBHI
KCIIONIb30BaHUs JAHHOTO ChIPbs HE TONbKO B KazaxcTaHe, HO U B APYTUX CTpaHaX.

KuaroueBsble cji0Ba: IpuUpOIHAS TPs3b, MIEIOUI, MUHEPAIOTHs, COCTaB, W,
Motibuinsl, Ty3kana

Brenenne

Conénble o3epa Moiibuiabl 1 Ty3kalia pacroiararoTcsi B CEBEpHOM 00J1acTH
Kazaxcrana u cojepkar Oojbliie 00ObeMbl HATHBHOHM TPS3U, TONIIMHOW CIIOS
oko10 0.6 M. OHM OBUTH MOMYJISIPHBI CPETM MECTHOTO HacesleHus u3apesie. Ecnn
Ha Oa3e TpA3EBBIX 3amacoB o3epa Moiibuiapl co3maH eme B 1922 T
o310poBUTENbHBINA KoMIuieke AO «CanaTopuit MOWBUIAED) M B HACTOSIIIECE BPEMS
MOJTy4NJI MUPOBYIO MOMYJISIPHOCTB, TO TPsA3b 03epa Ty3Kana akTHBHO IPUMEHSIETCA
B Ka4eCcTBE HAPOTHOT0 JIEYeOHO-03JOPOBUTEIHHOTO cpencTBa. OCOOEHHO B IEPHO.
MaHIEMHUH BO3POC MHTEpEC K JAHHOMY JOCTYITHOMY LieleOHOMY HMCTOYHHKY. B
OTKPBITHIX HCTOYHHUKAX OTCYTCTBYIOT JI@HHBIC O CUCTEMHBIX UCCIIEI0BAaHUN Ipsi3eit
JaHHBIX O3€p 3a IOCJIEAHHE TOIbl, a HMMEIoIIHecs HEeOOJbIINE CBEIACHUS O
XUMHYECKOM COCTaBe mejonaa MOWBUIABI HOCAT HMH(POPMAIMOHHO-PEKIAMHBIN
xapaktep. llemp [gaHHOTO WCCIETOBAaHUS OMPENENUTh MHUHEPAIBHBIA U
IpaHyJIOMETPHUUECKUIN COCTaB, a TAK)KE DJIEMEHTHBIN COCTaB AJIsl ONPEACICHUS U
pacipenns NOTeHIMAIFHO 3HAYMMBIX Cpep MPUMEHEHHS], a TAKXKe epepadoTKH,
PaIOHATBHOTO HCTIOJIb30BAaHMUS JAHHOTO ChIPhs B IPOMBITINIEHHOCTH.

[IpuponHsiii wi npeacTaBiseT cOO0H KOMIIEKCHBIN IPOAYKT, ITOJTyYCHHBIH
B XOJI€ JUTUTEIBHBIX KOMIUIEKCHBIX MPOLIECCOB TEOXUMHYECKOTO i OMOJIOTHYECKOTO
MIPOUCXOKICHNUSI. XUMHUYECKHH COCTaB €CTECTBEHHBIX Tps3eH, WX (HU3HUSCKHUE
CBOMCTBA, a TakKe TepamneBTHUECKUN 3(PpdeKxT m3ydaroTcs moBceMecTHO. bbum
OIMCaHbl KOMIUIEKCHOE (PU3UKO-XUMHUUECKOE HCCIIEA0BAHUE TPSA3EH, BKIIIOUAIOIIee
onpenenenue pH, rpanyioMeTpun, XUMUYECKOTO U MUHEPAJIOTHYECKOIO COCTaBa,
opranndeckor yactu B Pymbranu (Baricz u np., 2021), B UepHoropuu (Potpara u
ap., 2017), B Typuun (Odabasi u ap., 2007; Karakaya u ap., 2018), na KyGe
(Sua’rez m gp., 2011; Martinez-Villegas N. u np., 2020). bpumn npoBeneHs!
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MHOTOJIETHHE MOHUTOPHHIOBBIE MCCIEIOBaHUS (PU3UKO-XMMHYECKOTO COCTaBa U
9KOJIOTHYECKOTO COCTOSIHHSI €CTECTBEHHBIX MenonaoB B Poccun (Muradov u mp.,
2019), B JlarBuu (Pavlovska u np., 2020), B Utanuu (Bergamaschi u ap., 2020). B
Kazaxcrane Hambojee uccieqoBaHbl (UIUKO-XUMHUYCCKHE CBOWCTBA MEIIOHJIOB
coneHbIX 03ep 3amamHoro Kaszaxcrana Xakucop, Apancop, Muanmep, AnmxaHcop,
Bonbmoit Cop, Copkonb (AxMeneHoB u ap., 2021), a Taxke KOxnoro Kazaxcrana
- MectopoxkaeHus «Koccop», pacnonokeHHOe B ypouulne «AKTyOeK» B Tpex
KHJIOMETpax OT FOKHOTO mobepexbs o3epa Aiakonb (Dzhetimov u np., 2014),
o3epa Kanmanamxkons (Tokpanov m mp., 2016), u o3epa Peit ¢ 2012-2015 rr.
(Tokpanov u np., 2021).

VYcrnoBuss W BpeMsl  CO3pEBaHHS MOTYT  H3MEHATh  HEKOTOPBIE
XapaKTEPUCTUKN TIEJIOWJOB, TaKWe KaK MX IUIACTHYHOCTb, CIIOCOOHOCTHh K
noroteHuro, onoxummdeckuii cocras (Carretero, 2002; Centini u np., 2015). K
(dakTopaM, BIHUSIOMKM Ha (QOPMHUPOBAHHME XMMHUYECKOTO COCTaBa W T'CHE3HCa
WJIOBBIX T'psI3€ii OTHOCSTCS COJIEBOW COCTAB parbl BOIOEMa, IIOYBbI M OPTaHIYECKOe
BEIIECTBO PACTUTEIHHOTO U KMBOTHOTO MpoHCcXoxkaeHus. [Ipu 3ToM Ha cTeneHb
HaKOIUIEHHS TIps3d  OONbIIOE  BIWSHHE  OKas3blBAIOT  MOP(QOJIOrHYECKHE
O0COOEHHOCTH BOJIOEMOB, COJIEHOCTH BOJBI, T€OJIOTHYECKOE CTPOCHHE OeperoB u
CBsI3aHHBIC C HUM 0coOeHHOCTH NanmadTa. B 3aBucuMocty ot reorpadudyeckoro
MOJOKEHUsI M KIMMAaTH4eCKUX YCIOBHHM KoNeOaHUsl cocTaBa M COIEpXKaHUs
MUHEPAIBHBIX W OPraHWYECKHX BEIIEeCTB TIEJIOWI0B OyAeT BapbHpPOBaTh B
JIOBOJILHO IIMUPOKHUX TIPENieNax, YTO CBUAETEILCTBYET 00 MX CIECHU(PUIHOCTH B
KaXIOM OTICJBHOM ciy4ae. B 3Toi cTaTrbe NpPEACTaBICHBI PE3yNbTaThl
uccienoBaHusl (U3UKO-XUMHYECKHX CBOWCTB WM MHHEPAJOTHYECKOTO COCTaBa
mmeneOHOW Tpsi3u o3ep Moitsuiasl n Ty3kama, MPOBEACH WX aHAIM3 W JaHa
XapaKTEepUCTHKA C TOUYKH 3PECHUS MMEIOLIeiica KaccCu(pUKauy, a TaKkke cAeyaHa
MOTIFITKA HAYYHOW WHTEPHPETAIMM BO3MOXKHBIX TMPOMBINUICHHBIX MPUMEHCHHHA
JAHHBIX TIETOUI0B.

MartepuaJbl 1 METOAbI IKCIIEPUMEHTA

OOpa3upl oTOMpanu w3 paiioHa, A€ O0OBIBAETCA IPsi3b, METOIOM
TOYCUHBIX P00 TiyOnHo# 10 20 cM B OJTHOM CJIO€ depe3 KaxAple SM B pagnyce
WCTOYHMKA W TIOJABEPraNCh HanbHeHmeMy kBapToBanuio cortacHo ['OCT
17.1.5.01-80. Ha pucynke 1 0003Ha4eHBl KOOpAMHATE MecTa 0TOOpa Ipod 03epa
Motipaer (52°23'48"N 77°04'03"E) u Tyskama (51°52'11"N77°28'29"E) u
BHEIITHUY BUJI TTEJION a2 COOTBETCTBEHHO. MecTomonoxenue GPS Bo Bpems otbopa
npo0® OompeAensuioch C TOMOLIBI0 NPUIOKEHHs A MOOMIBHOTO TenedoHa
GoogleMaps. Ot6op npo6 mpon3BoAMIICS B OCEHHUH mnepuon (ceHTs0pb 2022r).
VYcpenHeHHble MPOOBI XpPaHWIM B YHCTBIX MOJMATHICHOBBIX KOHTEHHEpax ¢
IUIOTHO 3aKpHITO Kpelkoi npu Temneparype 4°C B TemHOM Mecre.
Omnpenenenue 3Hadenuss pH memonga M TUIOTHOTO OCTaTKa BOJHOM BBITSKKU
onpenensum coraacHo OCT 26423-85 ¢ mOMOIIBIO IBYXKAHATEHOTO N3MEPHUTEIIS
S47 Seven Multidual meter pH/conductivity (Poccus).
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I-a

1000m Kamepa: 6 191 M 51°50'53"N 74

Moiyldy O é L

Mud sampling

@

Puc. 1. Mecto ot6opa (a) 1 o6umit Bux o6pasuos rpssu (b): I — Tyskana; Il — Moiibuiast
(Fig. 1. Sampling (a) and general view of mud samples (b): I - Tuzkala; II — Moyyldy)

Taxxe OBUIH oOmpeAeNeHbl COAepKaHWE TOABIKHBIX (GopM as3oTa B
HutpatHoit popme cormacHo ['OCT 26951-86 MOTECHIMOMETPHUESCKUM METOIOM;
¢dochopa n xamms mo meroxy Maumruna cormacHo ['OCT 26205-91; cepsr
¢dotomerpuyeckum meroaoMm cornacHo ['OCT 26490-85. beutn omnpenencHb
KaIMWUIPHBIM  3JIeKTPO(OpPe30M KaTHOHBI HATPUS, KaJusl, aMMOHHS, KaIbIIHS,
Maraus cornacHo meromuke ITHAD 16.1:2:2.2:2.3.74-2012 (KZ.07.00.03091-
2015), xyopua-uoHbBI, Cyib(aT-uOHBI B BBOJHOHM BHITsDKKE coriacHo [THJ[D
16.1:2:2.3:2.2.69-10 (KZ.07.00.03091-2015). dnst maHHBIX HCCIEAOBAHMIA
MCIOJIb30BaIaCh CUCTeMa KamuuiapHoro anekrpodopesa "KAIIEJIb-104T" ¢
nporpaMMHbeIM obecrnieuerrneM "Onbdopan". BanoBele KOHIEHTpaUK METAJIOB
ObUIM  Ompe/ereHbl METOJIOM JIa3epHOW aOJsimuu B COYETAaHHMH C Macc-
cnextpoMeTpueii ICP-MS Agilent 7500cx nmpousBojcTBa KoMIlaHuu «Agilent
Technologies» (CILIA). 175t momy4eHus JOCTOBEPHBIX PE3YIbTATOB ObLI IPOBEICH
TpPEeXKpaTHBI aHanu3 oOpa3uoB. JlaHHBIE TPEACTABICHBI B BHIE CPEOHETO
3HayeHust +SD. ['panynomerpudeckuii coctaB rps3u omnpenensum cornacHo I'OCT
12536-2014 mnunetoyHbiM MeToaoM. OOBEMHYIO MHHEPAJIOTHIO OIPEISIsUIN
METOJIOM peHTTreHOBcKor audpaknuu (XRD) ¢ ncronp3oBaHreM pEHTTEHOBCKOTO
mudpakrtomeTpa MoaynbHOH koHcTpykmmu X'Pert High Score npoussonctsa
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kommaanu «PANalitical» (Humepmanmbr). AHaTU3bI TPOBOIMINCH B JHMAITA30HE
yrioB audpaxiuu 20 ot -12° mo +140° npu MUHMMAJIBHOM IlIare CKaHUPOBAHHS
0,001°.  PacumdpoBka  JaHHBIX  OUQpPAKTOrpaMM  NPOH3BOAMIACH  C
ucnojns3oBanrueMm kaproreku Crystallography Open Database (COD), Inorganic
Crystal Structure Database (ICSD). [li1s1 u3y4yenus Mukpopeibeda HOBEpXHOCTH U
pacnpenenenus yactul mno pazmepam (PSD) Obina mcmonp3oBaHa CKaHUPYOLIAs
anekTpoHHass Mukpockomusa (COM) ¢ HCIONb30BaHMEM HHU3KOBAKYYMHOTO
AQHAJIIMTHYECKOTO  PacTpOBOTO  JJIEKTPOHHOTO  MuKpockoma  JSM6390LV
npousBoActBa  kommanumu  «JEOL  Ltd.»  (Slmonmst) ¢ cucremoit
sHeproaucnepcuonHoro Mukpoananusa INCA EnergyPenta FET X3 xomnanun
«OXFORD InstrumentsAnalyticalLimited» (BenmukoOpuTanus) MHUKPOCKOI.
Pacnipeiennenne wactui mo pasmepaM OBUIO PacCUWTaHO C HCIOJNIBb30BaHHEM
nporpaMMHoro obecrnedenus: ImagelJ, pacnpenenenue 4acTuil 1o pazmepam ObLIO
noctpoeHo B nmporpamme OriginPro 2018.

Pe3yabTarhl

[lenouner o3epa Tyskama (oOpasen 1) m Moilsuiner (oOpasen 2)
NPEACTABIAIOT CO00 OIHOPOIHYI0O Maccy TEMHO-ceporo npera 0e3 KpyIMHBIX
BKITIOUEHHI OpPraHUYeCKUX OCTATKOB, MMEIOIIYI0 MACISHHUCTBHINA Oleck W 3amax
cepoBomopona (pucynok 1). Obpaser; 1 uMen OoJyiee IUIOTHYIO KOHCHUCTEHIIMIO.
O6pazen 1 comepXuT B OONBIINX KOJMYECTBAX I'YMYCHOIO yIiepoia I'yMHHOBBIX
KHCJIOT B CpaBHEHHH c oOpasioM 2. ['yMWHOBBIE KHCIOTHI 10 CPaBHEHHIO C
(GynbBOKHCIOTAMH  O0JNagar0T  OONBIICH  MOIIOTUTENBLHOW  CHOCOOHOCTHIO
3NIEMEHTOB, (OPMHUPYIOT CTPYKTYPHBIE MHUHEpaJIbHBIE arperarbl, YirydIias
TEIUIOBBIE CBOMCTBA.

Ta6n14ua 1. ®u3uKO-XUMHUYECKHE TTOKA3ATEITN HCCIICAYEMBIX 06pa3HOB

ITapamerp Tyskana Moiibuiabt
pH 8.664+0.024 8.973 +£0.088
MaKcn:)V[aana;{ TUTPOCKOTINYECKast 29,60 2782
Biara, %

MHH;:panmaum[ IpsI3EBOTO PacTBOpA, 408.0042.34 400.00% 2.12
/oM

I'pynmosoii coctas rymyca, %

C oOuuit 0.1212 0.039

C (TyMHUHOBBIE KHCJIOTHI) 0.0936 0.0012

C ((pyapBOKUCIOTHI) 0.0276 0.0378
CocTaB BOTHOM BBITSHKKH, MT KI™!

CI 42,273+1,502 29,966+756
SO4* 115,498+5,549 125,500+6,024
Ca?* 1,200+24 800+16
Mg2* 840+10 1,980+24
Na* 18,698.5+430.1 5,275+121
K* 263.3+£10.3 213.33+8,19
NH4" 141,262+8,193 253,849+19,750

Konuenrpanus 0OMEHHBIX pOPM HOHOB, MI" KT

P —P20s

27.60+0.36

33.11+£0.31

64




Reports of the Academy of Sciences of the Republic of Kazakhstan

K -K>O 545.91+5.83 15,556+£147
S —SO4* 138.17+5.39 125.254¢4.70
N-NOs 81.30+2.11 >109

Ob6a o0Opa3sma MOTYT OTHOCHTBCS K  HaTpHEBO-aMMOHHHHO—
XJIOPUIHO-CYAb(paTHOMY THITYy U OBITH ONTUCaHBI B BUE Gpopmynbl Kypiosa:

IRIE: rpsi3u o3epa Tyskana

50,120.31C1119.08
M408 = %MMoJib; pH8.66
“NH,784.79Na81.30[Mg3.50]’ % P

JU1s rpsi3u o3epa Moibuiast

50,1307.29CI 84.41
M400 = % MMoub; pH8,97
NH,1,410Na22.93[Mg8.25]’ % » PHS,

AHanN3 3IEMEHTHOTO COCTaBa MCCIIEAYEMBIX 00pa3I0B MPOBOIMIICS
Ha OCHOBAHWH CPaBHEHUS 3HAYEHHWH C MPHUHATHIMHA 3HAYEHHUSIMH B 3€MHOU
kope (3K) u mrybokoBomubie kapOonarHbeie orinoxeHus (I'BKO), mpu stom
eciu 3HadeHus: B 3K mpeBbImaioT, To oHM Takke W mpesbimaiT B ['BKO
(Siegel, 1979).

= rps3L Modbinas!
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Puc. 2. O6mast KOHLIEHTpAIHMS ATeMeHTOB B quamnaszone >10,000 mr/kr (a) u > 200 mr/kr (6) B
obpasue rps3u o3ep Moiisuinel u Ty3kana B cpaBaennu ¢ 3K u B 'BKO, mr/kr.

(Fig.2. Total concentration of elements in interval >10,000 mg/kg (a) and > 200 mg/kg (b) in
the mud sample of Moiyldy and Tuzkala lakes in comparison with the CC and in the CDSS,
mg/kg)

AHaJIN3 JJAHHBIX TIOKa3bIBAET, YTO CPEIU DIEMEHTOB, COJICpIKaHHE
kotopeix mpeBbimaer 10,000mr/kr (pucyHok 2a) u 200Mr/kr, HO He
npebliarmux 2000mr/kr (pucyHok 20), B 00pasiiax rps3u 03epa MoibLI b
n Ty3kana HaOmIOMaeTCsl TIOBBIICHHOE COACPIKAHNE HATPHUS B CPABHEHHU C
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3K B2.0pa3zau 1.2 paza cOOTBETCTBEHHO. BOIBIIMHCTBO U3 MPEACTABICHHBIX
DJIEMEHTOB HAaXOJATCA B MCEHBIIMX KOJIMYECTBA B CpPaBHEHUH C UX
cogepxanneM B 3K, omHako mpeBblmuaroT cpeanero 3HaueHus st ['BKO:
marHuit B 4.9 nns Moiibuinel u 5.2 pasa qisa Tyskana, kamuit B 3.9 pas,
¢docdop B 2.2 paza, Tutan B 2.0 u 1.7 pasa, xxene3o B 1.8 pa3 u airoMuHui B

1.8 u 2.0 pa3a COOTBETCTBEHHO.

Cpenu 311eMEeHTOB, COllepKaHue KOTOPBIX He NpeBbiaeT 8OMI/KT, HO
Oonbire 5 Mr/kr (pucyHok 3), B o0pasnax Motisuiasl u Ty3kana HaOmogaercs
MOBBILIEHHOE coAepxkaHue nuTHd B cpaBHeHuu ¢ 3K B 1.9 m 1,5 paza
COOTBETCTBEHHO; Al oOpasua o3epa Tyskasna HaOMOOaeTcs MOBBIIICHHOE

coaepkanue cBuHLA B 1.9 pasza.
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Puc. 3. O0mast KOHIIEHTpAIHS JIEMEHTOB B Tuana3one < 80 Mr/kr B o6pasie rps3u MonbUIIs!

n Tyskana B cpasHennu ¢ 3K u 'BKO, mr/kr

(Fig.3. Total concentration of elements in interval < 80 mg/kg in the mud sample of Moiyldy
and Tuzkala lakes in comparison with the CC and in the CDSS, mg/kg)

IIpesbimarot cpeauero 3nadenus 1t ' BKO: ckannuit B 5.9 u 7,9 pas,
pyoumumii B 5.1 u 4,5 pa3, xpoMm B 3.6 u 2.7 pa3za, nupkonuii B 3.6 u 3.2 pa3sa,
BaHaawii B 2.3 u 2.0 pa3sa, ceusen B 1.5 paza mist Moibuiael, HEOOUi u

HeoanHui B 1.5 pasa ass 06oux oOpasios.
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Puc. 4. O01mas KOHIIEHTPAIUs IEMEHTOB < SMI/KT B 00pasiie rps3u Moibuiist 1 Ty3kana
B cpaBHenuu ¢ 3K u 'BKO, mr/xr
(Fig.4. Total concentration of elements in interval < 5 mg/kg in the mud sample of Moiyldy
and Tuzkala lakes in comparison with the CC and in the CDSS, mg/kg)

Cpenu 3J71€MEHTOB, COJEpKaHUE KOTOPHIX HE IPEBBINIAET SMI/KT
(pucyHok 4), B oOpa3iax HaOIrIaeTCsl OTHOCUTEIBHO BBICOKOE COACPIKAHUE
BucMmyTa B cpaBHeHNH ¢ 3K B 41.4 B cimydae Moubuiael U 67.6 pasa B cirydae
Ty3kana. Takke TOBBITICHHBIC KOJIMYECTBA OOHAPYKESHBI U Kaamus B 4.4
5.9 pasa, cepebpa B 2.7 u B 2.9 pasa, cypsMbl B 2.4 u 3.7 pa3a, MbIlbsika B 1.6
u B 2.1 pa3 coorBercTBeHHO. KOHIEHTpAIMH CJCIYIOIIUX 3JIEMEHTOB
npeBbImaoT cpeauue 3HadeHus 111 [ BKO: mie3wmii B 8.0 u 5.4 paza, repmanmii
u radHmii B 4.4 pasa.

AHanu3 rpaHyJIOMETPHYECKOTO ¥ MUHEPAJIHLHOTO COCTaBa MEJIONa
MOKA3bIBAET €r0 TECHYH CBs3b C (DM3MKO-XUMHUYECKUMHU CBOWCTBAMH H
arperaTHpIM CcoCTosHMeM. Ha pucyHke S5a TpeAcTaBICHBI pPE3yiIbTaThl
JUCTIEpCUOHHOTO peHTreHoBckoro aHamu3a (EDAX) ¢ Tpex 3acBeYCHHBIX
00JacTsIX KaXkI0ro 00pasna. AHaIM3 pe3yJabTaToB MOKa3bIBALT, UTO B 00pasiie
Moibuiapl BO BCEX HUX HaumOONbIIAs JONS IO Macce NPUXOAUTCS Ha
KHcIopo/ 1 Hatpuid. B o6pasie Ty3kana Bo BCEX HCCIEJOBAHHBIX 00IaCTsX B
CpaBHeHMH ¢ Moibpuinel HaOMrOmaeTcs TakXke Oolblliee CopepIKaHue
KHCIIOpOJia, HO TOpAa3[0 MEHbIEe CONAEp)KaHUE HATpusi, cephbl. Takke OH
OTIIMYAETCs OOJBIIMM COAEP)KAHNEM MarHus, KpeMHUS, TUTaHa, MapraHIa.
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O6pazen; MoibUIIBI COIIACHO PacHpeieIeHUIO YaCTHUII 110 pa3Mepam
(pucyHok 50-B) oTnuuaercs HauOOJBIIUM COIEpXKaHUEM (pakUuu Hia
(<0.001MM) 1 rpsA3b MOKHO OTHECTH K THITY «Tecuanblii win» (Shepard, 1954).
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Puc. 5. Mopdonorus o6pasnoB rps3u Molsuinsl (BepxHU oOpaser) u Tys3kana (HIDKHUI
obpazen): COM-u3obpaxenus macimraba 500 MkM (a); pacripeaereHue 9acTuI] o pasmepy (0-
B)

(Fig. 5. Morphology of mud samples from Moiyldy (upper sample) and Tuzkala (lower
sample): 500 pm SEM images (a); particle size distribution (b-c))

CornacHo nuteparype, pacupeaesieHue YacTull o pa3MepaM Urpaet
BaXKHYIO POJIb B MOJBHXKHOCTH MOHOB MeTayuioB. Pasmep wacTuil memousa
Moitsunasl BapbupoBaics oT 239 um a0 3,446 HM, cpeaHuii pa3Mep COCTaBUI
1,109 um. Ilenomg oOoramieH MEITKO3EPHUCTBHIM KBapleM, TallUTOM H
KanpIUTOM (Tabmuma 2). Pazmep wactun menonaa Ty3kaiia BappHpOBAICS OT
1,697 um no 3,243 uMm, cpenHuil pasmep coctaBui 2,254 HM, uTO OOJbIIE
cpenHero pasmepa Modbpuiasl B 2 pa3a. [ps3p MOXKHO OTHECTH K THUILY
«mecok» (Shepard, 1954).

Tabnuua 2. ®a30Bblii MUHEPATOTHYESCKUI U IPAHYJIOMETPUYECKHI cocTaB 00pa3iioB
METION 0B, %

Mot
Ty3kana
BUIIBI

Cunukarst
Kaapir (SiO2) 37.8 453
ITnarnoxnaz-Ansoutr (Na[AlSizOs)) 40.5 -
Heomut Y (Na [AlSi1,5-305-8]%(3-4)H20) 2.1 -
Kap6onatsr
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Kamsmut (CaCO3) | 2.3 | 23.5
Comu

Tamt (NaCl) | 15.2 | 293
Oxcuasl

T'emarut (Fe203) - 1.9
Marnuetut (FeO-Fe203) 2.1 -

Oo0pazen;r Ty3kama B CBOEM COCTaBe COACPKHT B OOJBIIMHCTBE
¢pakuuio mecka pazmepoM 1-0.25MM, 4TO B JECATKM pa3 MPEBHIIACT
OPUHATOH  HOPMBI A  WCHOJNB30BaHMSA B HEJIOUATEPANUH. ITO
CBHIETENLCTBYET O HEOOXOOUMOCTH OTCeBa JTOM (pakuum mpH
MOTEHIUATBHOM HCIIONb30BAaHUM JAaHHOW TpA3M B  IeJIOWAETEepaIuu.
MunepanbHblii cocTaB oOpasna Ty3kama NpeAcTaBlieH, B OCHOBHOM,

KBapleM, aiabOUTOM, TallUuTOM. Taxke OH OTIMYAETCS HAJTHUIUEM
HE3HAYNTEIBHOTO KOJTMYEeCTBA MarHeTUTA, IIeonTa Y.
Oo6cy:xneHue

CommacHO  TONYYEHHBIM  (DU3UKO-XMMUYECKHUM  II0Ka3areisiM
(Tabmuua 1) 00a meyrouaa OTHOCATCS K COJCHACHIIICHHBIM CITa00IIEIOUHBIM,
BBICOKOMUHEPAJIU30BAHHBIM ~WJaM ¢  NPUOJIM3UTEIBHO  OJUHAKOBBIMH
3HAYCHUSMHU BJIAXKHOCTH. YUHTBHIBasE HOPMBI BJIAXXHOCTH, NPHHSTHIC IS
WCIIOJIb30BaHUS I'PsI3U B OaibHeoponoruu 25—75 %, naHHble 00pa3ibl MOTYT
HOAXOIUTh Ui ATuX Iener. CorracHO MaHHBIM TaOnuikl 1 B OOdbIIeH
CTETICHH B BOJHOW BBITSDKKE oOpasma o3epa Tys3kaia HaxXomsTcs HOHBI
KaJbIUsl, HATPUs, KalWs, XJOPHUA aHHUOHBL. VOHBI KallblUsi CIIOCOOCTBYIOT
PETYISIUN KOXKHOTO Oapbepa, MPOHHUIIAEMOCTH MHKPOOPTaHHW3MOB dYepes
koxy, muddepentupoku keparnaoruTos (Lee u ap., 2018). Monsr HaTpus u
KaJusl TIOBBIIIAIOT POHHUIIAEMOCTH KOXKH, CIIOCOOCTBYIOT YIEP>KaHUIO BIIarH,
AKTUBUPYIOT CHCTEMY TPAHCIOPTa HMOHOB Yepe3 KIETOUHYI MeMOpaHy
(Potpara u gp., 2017) OGpaszerr MoOHBUIAB OTIMYAETCS B CPAaBHCHHH C
o0pa3ioM 1 HanOOIBIIUM COJCPKAaHHMEM HOHOB MarHusi, aMMOHUS, CyJIb(ar
AHHUOHOB. Cynbhar-noHbt OKa3bIBaeT AHTUOKCHUJIAHTHOE u
NpoTUBOBOCHIANINTENbHOE JeiicTBue (Bajgai u nmp., 2017). Monbl Maruus
WTPAIOT BYKHYIO POJIb B KJIeTOUHOM MeTaboau3me (Pygmalion u ap., 2010).
Conu aMMOHHS obnamatoT KePaTOIUTUIECKUM apdexrom
MPOTHUBOAJUIEPTUYCCKOTO  XapakTepa,  oOjerdas  TCUCHHE  KOXHBIX
3a00JIeBaHMiA, TAKUX KaK IICOpHa3, AepMaruT (3k3ema) T.1. (Medasani, 2004).
CpaBHEHHE KOJNMYECTBCHHBIX 3HAYCHUH BAJOBOTO comepkanus (ocdopa u
Kams (PUCYHOK 2) W mX OOMEeHHBIX (hopMm (Tabmmma 1) mokaspIBaeT, YTO
OCHOBHas yacTh pochopa HaXomuTcst B 000HMX TENONax B CBI3aHHOM BHUJIC
(oxomo 96 %). Kanwmii B 06pasne o3epa Ty3kana Taxxke B OONbIIEH CTETIEHN
HaXO/IUTCS B HEeMOABIKHON Gopme (95 %). B npuponHoit rpssun ModbLIIb
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OCHOBHOE COJICp)KaHHE Kallusl HaxXoAuTcs B OOMEHHO# ¢opme, TO ecTb
ABJsieTcss Oojiee JIETKOAOCTYMHOW. AHANM3 Ppe3yNbTaToB 3JIEMEHTHOTO
cocTaBa IOKa3bIBACT, YTO YMEHBIIEHHOE COACP)KAaHHE MEIU B CPAaBHEHUH C
I'BKO MoxeT cBHAECTEIbCTBOBAaTh O IIMHHUCTOM XapaKTepe HCCIEIyeMBIX
o0pazuos. Takue 31eMEHTHI KaK XpOM U CBHHEL MPOSBIISIOT OIPAaHUYEHHYIO
MOABMKHOCTh TaK KaK HAXOASTCS B MEHEE BBILIETIAYMBACMBIX (Ppakiusx U
HECMOTPSI Ha TOKCUYHOCTh HE OKa3bIBACT HETaTUBHOE BIMSHUE HAa KadeCTBO
MPUPONHON TIps3H, UCTIONB3yeMOH B menounrepanuu (Sudrez u ap., 2015).
Bonpimoe comepkaHue BHUCMyTa MOXET OBITH OOBSACHEHO TEM, YTO B
Cynb(UAHBIX MUHEpAIax COAEpKaHUE BHCMYTa BapbUPYETCs] HA HECKOJBKO
MOPSIAKOB BEJIMYMHBI M UMEET TEHACHIMIO KOHLIECHTPUPOBATHCS B OOMNbIIEH
CTETEeH! BMECTE C TAJICHUTOM. DJIEMEHTHI, HAXOASIINECS B MOBBILICHHBIX 110
CpaBHEHMIO C 3HaueHUAMH B 3K KOHIEHTpalusx B MccieqyeMbIX oOpa3nax,
BXOJISIT B IPYIINY XaJIbKOQWIBHBIX MeTau1oB cornacHo Goldschmidt u umeto
crierduaeckoe cpoactso k cepe (Siegel, 1979). bonpmmucTBO hopMm mx
MHUHEPAJIOB SBISETCS MAJIONOABIDKHBIM B IIEJIOYHOW MHUHEPAIbHOU cpene,
YTO HPEACTABISET €CTECTBEHHBIE reOXUMHYeCcKe Oapbepbl. OqHAKO Ipyrue
(akTOpBbl, KaK TEMIIEpaTypa, OTHOIIECHHE KATHOHOB K aHWOHAM, HOHHAS CHJIa
cpedpl, MHKpPOOHbIE MeTaOOMMTBI MOTYT  3HAUUTEIbHO  HM3MEHAThH
MOJBMKHOCTE dreMeHTOB (Sherene, 2010). Bricokne KOHIIEHTpAITUH TaIUTa,
B ciydae meioupa MoWbUIABL, MOTYT OOyCHIaBIUBAaTh YBEJIWYEHUE
COACP)KaHUs WIMCTOW (DpakIMu W BIMATH HAa TEKCTYPHBIE OCOOEHHOCTH
nenouga (Cara u ap., 2000; Pozo u mp., 2013). CoxmepkaHne WIHCTOH
¢paxmm 10 70,15 % cBUIETENBECTBYET O ATUTEITHFHOM MPOIIECCE CO3PEBAHMUS
uccnexyeMoro oopasua Moibuigb! U IPUOIMKAET €r0 K COCTaBY TEPMAIbHBIX
nenongoB u3 Typuum.  IlpucyrcTBue kanpuura B 00pasue MOXET
o0yciiaBnMBaTh  TEPAleBTHUECKOE JIEHCTBHE, IIOCKOJIbKY KapOOHAThI
CTUMYJIMPYIOT IIOAKO)KHOE KPOBOOOpalleHHEe M OOHOBICHHS SIHUIEpPMHUCA
(Karakaya w gmp., 2010). MwuHepam MarHeTUT o0OJagacT MarHUTHBIMHU
CBOWMCTBAMH, YTO OTKPHIBAET IEPCIIEKTUBBI KOMIUIEKCHOTO HCIIOJIb30BAHUS
rps3u Tyskama B MarHurorepanuu. lLleonuTsl MOIYT — yCUIIMBATh
COpPOLIMOHHYIO aKTMBHOCTb JaHHBIX IIEJIOWAOB C TOUKU 3PEHUS] aKTUBHBIX
paauKaIoB, COTHEYHON pajfiariy, YKOTOKCUKAHTOB, TTaTOTC€HHBIX MUKPOOOB
(Pesando u ap., 2022). ITockoyibKy oOpa3sel] OTJIMYAETCs MOBBIIICHHBIMH B
cpaBHeHHH ¢ MOUWBUIIBI OOIUMH KOHIICHTpalUsIMU cepedpa, KaaMmus,
CYPBMBI, 3TO MOXKET IOKa3bIBaTh MOTCHIIUAIBHYIO CBSI3b U CPOJICTBO JIAHHOTO
MHUHepalla K 3THM dJieMeHTaM. HU3Kkui mpoueHT rMuHNUCTO Gpakiym odoux
MEeJIOUAOB MOXET CBUICTEIbCTBOBATh O TMPUOPEKHOM  XapakTepe
KOHTHHEHTAILHOTO MIPOUCXOXKICHUSI. CornacHo pesyisraram
JUCTIEPCHOHHOTO PEHTIEHOBCKOTO aHAIHM3a B BBIIEJICHHBIX 00JACTSIX MOXHO
MPEANON0KHUTE TPUCYTCTBHE B OOJbBIIECH CTENEHH XJIOPHIOB, CYIb()aToB,
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OKCHJIOB, KapOOHAaTOB, ATFOMOCWUJIMKATOB, CYIb()HUIOB HATpUs, KaJwus,
KaJpIUs, XKelle3a B ciydae oOpasima Moibsuiiel. B BeIENeHHBIX 00mMacTsIX
MOBEPXHOCTU menouja 1y3 KajdaBO3MOXKHO B OOJbIIeH  CTeneHH
MPHUCYTCTBYIOT aFOMOCHIIMKATHI, OKCHIBI, KapOOHATHl KaJbIMs W MarHWs,
JKene3a, THTaHa, MapraHna. AHaNM3Upys JaHHble OOOWX IEJIOUIOB
MOKA3bIBAET TOJIOKUTEIBHYIO KOPPEIALUI0 MarHui, KajabIUii, aIIOMUHUN H
KpEMHUI1; Kele30 U aTIOMUHUN B BBIJIEIICHHBIX 00nacTsax. OTpurarenpHas
KOppeJsIus HaOMIoMaeTcs MeXIy HaTpueM W Cepod C KpPeMHHEM H
AJTIOMUHHCM.

[IpoBenenne mAeTambHOTO HCCICNOBAHHUA — (U3UKO-XUMHUYECKOTO
COCTaBa carporieneil coneHoro o3epa Moiibiasl 1 Ty3kanma ocyIecTBIEHO
BIIEpPBBIC, €r0 OOTaThlii MUHEpPaIbHBI COCTAaB NAaET BO3MOXKHOCTH HAyYHO
000CHOBaHUS YCIIOBUH €ro KOMIUIEKCHOTO UCIIOIh30BaHUS B KypOPTOJIOTHH,
a TakXe COJEHCTBYeT HOBBIM pa3paboTKaM JUIsl PaCIIUPEHHUs CHEKTpa ero
WCTIONB30BAHUS U TIOYYCHHUS TIPOTYKTOB Ha €T0 OCHOBE.

3akaouenne

DUBUKO-XUMUYECKUIT W MHUHEPAJOTUYECKUM aHaIu3 MNPUPOIAHOU
rpsi3u o3ep CeBpeHoro Kazaxcrama Motibuiael 1 Ty3kama mokaszani, dTo
JaHHbBIE TIETOUIBI OTHOCSITCS K CITa0OIIEIOYHBIM,
BBICOKOMUHEPATN30BAHHBIM, CYyIb(HUIHBIM TPs3SM C HU3KUM COJAEpKaHHEM
TYMYCHOTO yriepoaa. IMEroT OMHOPOIHYIO METKOANCIEPCHYIO KOJJIOUTHYIO
Maccy TEMHO-CEeporo IBeTa. MUHepalormuecKuid aHaju3 I0Ka3aji, dTo
menous;, MoWBUIZBI B OCHOBHOM COCTOWT W3 MEJIKO3EPHHCTOTO KBapIia,
TaJInTa, KaJbI[UTa ¥ OTHOCUTCS K THITY «TIECOYHBIN nim». [IpenMymecTBeHHOE
cofiepKaHNe WJIOBOM (paKIyH TOKa3bIBa€T €ro JOCTAaTOYHO IJIUTEIHHOE
CO3pEBaHUE W MOXKET OKa3bIBaTh MATKOE TAKTUIHHOE BO3JCHCTBHE Ha KOXY,
MOJKET SIBIISITBCS TOCTAaTOYHO peakmuoHHocmocoOHsM. [lemonn Tyskama B
OOJIBIIIMHCTBE CBOEM COACPIKUT KPYIHYIO (pakiuio pazmMepoMm 1-0.25 MM u
OTHOCHUTCS K THUIYy «mecok». [Ipu mMOTeHIHaIhbHOM MCIONB30BaHUH B
rpsA3esiedeHu N JaHHBINA oOpa3zel TpedyeT ImpeaBapuTeNsHOro oTcenBanms. K
MUHEpajiaM, BXOIAIINM B COCTaB rps3u Tys3Kkama OTHOCSTCS KBapll, aJlbOUT,
TAINAT, a TaKKe HEOJUT Y W MarHeTuT, YTO MO3BOJSET HCIIONB30BaTh B
Tepanmuyd €ro MarHWTHBIE CBOWCTBAa. AHAJIN3 BaJlOBOTO COICPIKAHUA
JJIEMEHTOB B OOOWMX TPA3SIX IMOKa3ajd YBEIMYEHHOE CONEp)KaHUE CKaHAWA,
pyOuansa, xpoma, IMUPKOHUS, BaHAAWA, KaaMUs, cepedpa, CypbMbI, IIe3us,
repMaHusi, rad)HUSI B CpaBHEHUH C WX KJIAPKOBBIMH 3HAYEHUSMHU B 3€MHOU
Kope. BoNBbIIMHCTBO M3 3THX METAJUIOB OTHOCUTCS K XallbKOQUIAM ¥ HMEIOT
€CTEeCTBCHHBIN Oaphep B cIa0OIIEIIOTHOH aIcCOPOITMOHHON cpeie, 1 MOXKET He
OKa3bIBaTh HETATHBHOE BIMSHUE HA TEPAIIEBTUYECKYIO0 aKTUBHOCTD IEIOUIA.
N3ydeHne MOBEPXHOCTHOH MOP(OIOrHK IOKA3bIBAE€T, YTO B OOJIBIICH
creneHn B oOpasne MOWBUIABI NPUCYTCTBYIOT OKCHIHAS, XJIOPHAHASA,
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cynb(darHas, CUIMKaTHas (OPMBI MUHEPAJIOB HATPHs, Kalws, JKeie3a; B
obOpasnie Ty3kama OkcuaHas, KapOOHaTHas, aJFOMOCUJIMKAaTHAs (HOPMBI
MarHus, jkejie3a, TUTaHa, MapraHia, Kaubius. MccienoBanue conepkaHus
MOJBMKHBIX (DOPM OCHOBHBIX KAaTHMOHOB W AHUOHOB TPUPOIHOW Tps3H,
MOKa3bIBACT, YTO 00a MEIONIa MOXHO OTHECTH K aMMOHHITHO-HATPHUEBBIN—
CyNb(haTHO—XTIOPUITHOMY THUITY, 00J1aJaI0IUMU B KOMILIEKCE
MPOTHUBOBOCIIAIMTEIFHEIM W aHTHOKCHJAHTHBIM 3(dektoM B 0O0pnde ¢
KOXXHBIMU 3a00seBanusIMu. [IpoBeneHue 1eTaabHOTO NCCIIeA0BaHUS (DU3HKO-
XMMHYECKOTO COCTaBa campomnesiell ColeHblx o3ep Motvibuiasl u Ty3kana
OCYIIIECTBJICHO BIIEPBbIC, WX OOraThlii MHWHEPATBHBIA COCTaB JaéT
BO3MOXXHOCTH HAay4yHO OOOCHOBaHHUS yCIOBHA €ro  KOMIUIEKCHOTO
WCTIONb30BAHUS B KYPOPTOJIOTHH, a TAKIKE COACHCTBYET HOBBIM pa3paboTKam
JUISL PACITUPEHUS CIIEKTPa €r0 MCIOJIb30BAHHS U TIONYyYCHUS MPOAYKTOB-
KOHIICHTPATOB Ha €T0 OCHOBE.
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Abstract. The article discusses the colloid-chemical, rheological properties
of hydrodispersions of bentonite clay samples obtained from the Kelessky,
Kyzylorda deposits of natural clay minerals in the southern, southwestern region of
Kazakhstan, including the mineral composition of clay, the characteristics of the
nature of the functional groups contained in it, as well as their hydrophilicity, the
possibility of frequent use in industrial conditions of research aimed at determining
the adsorption method and ion-exchange capacity. To evaluate the research results,
modern unique instruments were used: X-ray phase analysis method (X-ray
diffractometer), infrared spectral method (IR-Fourier spectrophotometer),
electrokinetic potential (Zetasizer Nano) and rheological properties (Brookfield
viscometer) of the samples were comprehensively determined. Physical and
mathematical methods widely used in colloid chemistry: colloidality, sediment
volume, optical density of the liquid on the sediment surface, electrical
conductivity, salinity and pH values of hydrodispersions of selected samples of
natural clays and filtrates of these bentonite clays were studied. Analyzing the
obtained results, it was determined that the features of the chemical composition of
bentonite clay change depending on the concentration of solutions, along with
phase transformations occurring in the system.

Keywords: clay mineral, bentonite, montmorillonite, hydrodispersion,
zeta potential, filtrate optical density, rheology
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OHTYCTIK OHIP CA3/1bl MUHEPAJIJIAPBIHBIH KOJIVIOUATHI-
XUMUAJBIK KIOHE PEOJIOI'UAJIBIK KACUETTEPI

AnHoTamusi. Makamana Ka3zakCTaHHBIH OHTYCTIK, OHTYCTIK - OaThIC
OHIpiHiH TaOuru ca3npl mMuHepanaapel Kenec, Ke3buiopaa keH opbIHAaphIHAH
JIbIHFaH OCHTOHWUTTI ca3 YATUIEPiHIH THAPOIUCTICPCUSIIAPBIHBIH KOJJIOUATHI-
XUMHUSUIBIK, PEOTIOTHSUIBIK KaCHETTepl, OHBIH IIIiH/IE ca3/IbiH MUHEPAIIbI KYPaMbl,
KypaMbIHAa  Ke3/leCeTiH  (QYHKIMOHAIBIK  TONTAPBIHBIH  TaOWFATHIHBIH
CPEeKILETIKTepi, COHBIMEH KaTap OJIapAbIH THUIPOMWIBIIK KACHUETi, OHIIPICTIK
JKarmaiia ki maigaanyra MYMKIHIIK OepeTiH ajacopOIusiay 9Mic-ToCiai MEH
WOH alMAaCTBHIPFBINTHIK KaOUTeTTEepiH aHBIKTayFa KapaTbUIFaH —i3JIeHICTEep
KYpriziared. 3epTTey HOTIKENIEPIH capanTay YIIiH Kasipri 3aMaHFbl Oiperei
KYpBUIFbIIap: peHTreHai (azanblk Tanaay omici (pentrenai audpaxromerp), UK
criekTpiik 3epTrey amici (MK-dyphe criekTpoMeTp) KOJIIaHBUTBII KOHE YATUICPIiH
DJICKTPOKMHETUKAJIBIK TMOTCHIHAIEI (Zetasizer Nano), peosoTHSIIBIK KacHeTTepi
(bpyxdunsa BUCKO3UMETpiHE) XKaH-KaKThl aHbIKTaJFaH. TaHganraH TaOuru ca3
YATUIEPIHIH THAPOAWCICPCHSIAPBIHEIH JKOHE OCHI KOPCETIITeH OCHTOHUTTI
caszgapAblH  (QUIBTPATTAPBIHBIH KOJUIOUATHUIBIFGL, TYHOA KeJieMi, TyHOa OeTiHaerl
CYMBIKTBIKTBIH ONTUKAIBIK  THIFBI3JBIFBl, MEHIIKTI 3JIEKTPOTKI3TINITIrI,
TY3IbUIBIFBI  KoHE pH  KepceTkimTepi KOJJIOWATHI XUMHsAa  KCHIHCH
naiananbUIaTeiH  (DU3HKANBIK, MAaTEMAaTHKANBIK OJIC-TOCUIICPMEH 3EepPTTENIEH.
ATBIHFaH HOTIDKENEPAl capanTtay apKbUIBl JKYWEHIH KYpPaMBIHIAFbl KYPETiH
(azanplk  e3repicTepMeH, OCHTOHUT  Ca3bIHBIH  XUMUSIBIK — KYPaMBIHBIH
EPEKIIETKTEP] ePITIHI KOHIICHTPAUICHIHA Kapall ©3repeTiHIIr TYCIHAIpUITeH.

Tyilin ce3mep: ca3asl MuHEpad, OCHTOHUT, MOHTMOPHLIOHHT,
TUAPOJUCTICPCHUS, J13€Ta TOTCHIUAN, (UIBTPATTHIH ONTHKANBIK THIFBI3/IBIFBI,
peonorus

© A. Acanos, C.A. MamemoBa*, A.A.AcaHos, 2023
Tapasckuil pernonansHblld yHUBepceuteT uMeHH M.X. Jlynaru, Tapas, Kazaxcrasn.
E-mail: saya8383@mail.ru

KOJUIOUJHO-XUMHUYECKHUE Y PEOJIOTMYECKUAE CBOMCTBA
I'NIMHUCTBIX MUHEPAJIOB I0KHOI'O PETHOHA

AnHOTamusi. B crathe paccMOTpeHBl  KOJUIOMAHO-XUMHYECKUE,
pPEOJIOTHYECKNE CBOWCTBAa THIPOIUCIICPCH 00pa3oB OCHTOHUTOBOHM TIIHMHEI,
nonydyeHHbix u3 Kenecckoro, KbI3pUIOPAMHCKOIO MECTOPOXKACHUN NPUPOTHBIX
[JIMHUCTBIX MHMHEPAIOB I0KHOTO, IOro-zamagHoro peruona Kaszaxcrana, B Tom
YHCIie MUHEPAJIBLHBIA COCTaB TJIMHEI, 0COOCHHOCTH XapakTepa (PyHKIIMOHAILHOTO
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COJIEp)KaIIUXCSl B HEM TPYIII, a TAKXKE UX TUAPOGUIBHOCTD, BO3MOKHOCTh YaCTOI'0
UCIIOJIb30BaHMs B IPOMBIIUICHHBIX YCIOBHUSX UCCIEIOBAaHUI, HAPABIEHHBIX HA
orpenesieHre aacopOLHMOHHOTO METOAa M HOHOOOMEHHOH cmocoOHocTh. [lis
OLIEHKU DPE3YJIbTATOB UCCIECIOBAHUI HCIIOJIB30BaJId COBPEMEHHBIC YHUKAJIbHBIC
MPUOOPEI: METOJ PEHTTreHO(a30BOTO aHANMM3a (PEHTTCHOBCKUN IU(GPAKTOMETD),
uHppakpacHeli  cnekTpanbHbli  MeTon — (MK-®ypee-crektpodoTomerp),
ANEKTPOKMHETHUECKUH ToTeHIuan (Zetasizer Nano) U peoJIoTHUYecKre CBOHCTBA
(BuckozumeTp bpykduipaa) oOpasioB BcecTopoHHe ompenencHo. Ilupoko
OPUMEHSIEMBIMA B KOJUIOMTHOW XUMHH (DU3MYECKHMH, MaTeMaTHUYECKUMHU
METOAAMH: M3YYEHBI KOJUIOMIAIBHOCTh, 00BEM OCajKa, ONTHYECKasl IIOTHOCTH
KHUIKOCTH Ha IIOBEPXHOCTH  OCalka, yJelbHas  3JIEKTPOIIPOBOJHOCTb,
cojeconepxanue U pH mnokazarenu ruapoaucnepcuil 0oToOpaHHBIX 00pa3LOB
MPUPOAHBIX TJIMH U (UIBTPATOB YKa3aHHBIX OCHTOHHTOBBIX INIMH. AHAIH3UPYS
HOJIy4EHHBIE Pe3yJbTaThl, OBLJIO OIPEIEICHO, YTO OCOOEHHOCTH XHMHYECKOTO
cocTaBa OC€HTOHMTOBOI TIJIMHBI M3MEHSIOTCS B 3aBUCUMOCTH OT KOHLIEHTpalUU
pacTBOpaoB, HapsLy ¢ (Pa30BBIMU MPEBPAILICHUSIMH, IIPOUCXOIAIINMHI B CUCTEME.
KuaroueBble cjioBa: TIIMHUCTBIM MUHEpai, OEHTOHUT, MOHTMOPHJUIOHUT,
TUJPOAKCIIEPCHS, J3€Ta IIOTEHIMAJ, ONITHYECKas! INIOTHOCTh (DUIIbTpaTa, peoJIorus

Kipicme

EniMizmig skep KoWHaybIHma oieMieri TaOuFu Kaz0a OalyIbIKTapIbIH
Oapibik Typuiepi kezaeceni. Conmapapiy Gipi OO ecenTeneTiH OSHTOHUT ACTeH
aTmeH OenTuri  ca3;abl  MUHEpanjap XallblK I[MapyallbUTBIFBIHBIH — OPTYpIi
cajaJlapbIHJIa ©T€ KOIl KOJIMaHBUIATHIH KYHABI Ka30amsl Matepuan (Camapraimes,
2003).

BenToHUT cazgapbIHBIH MpaKTUKANBIK MaHbI3Bl oTe 30p. Omap 200-men
acTaM OHEPKOCII cayajapblHia Xui Koymaneuiansl. OHBIH iMTiHAE, Tay KEH, ras
JKOHE MyHall XWMHSCHI CajachlHIAa MYHAl KEHIITepiH Oapiay >KYMBICTaphIHA
KaXeTTi OypreUiay epiTiHAUIEpiH JaiblHAayAa, MYHad JUCTHILISTTapbIH
TazapTyaa, TAMIIOHAXKBI XYY CYHBIKTBIKTApBIH o3ipiieyne, TEMIp pyAaiapbIHbIH
TYHIPIIKTEPiH OHAIPYAE, KYPBUIBICTa Cy OTKI30CeHUTIH O€TOH oHmipiciHae, KOOIKTI
KYPBUIBIC MaTepUAIapbIH OHIIpY/Ie, MalllMHa Kacay/a KyMJIbl — ca3jbl YIriiepil
anyzaa, CTepKHACPl JalbIHIay 1a, TOKbIMA OHEPKACiOiH e akaba Cyiap bl OOSFhIIT
3aTTapjaH Ta3apTyaa, TaFaMTaHy OHIIpiCiHAEe MaWimapisl, IIapar CyCHIHIapbIH
TazapTyna, MEOUIMHAAA CyCIICH3UsUIap MEH TY3Ibl epITIHAUIEpal Cy3yAe, eMIiK
BaHHaJIapZa, KOCMETOJOTHsIa 9PTYpIIl OeT TepiciHe KaeTTl KakKna Mainap MeH
MacKayap anxyaa, COHBIMEH Oipre, sIPOJIBIK PHEPTETHKA CaJIaChIHIA COPOITHSIIBIK
MaTepuainapaa, CYWbIK paJHOaKTHUBTI KaJABIKTapAbpl CaKTayFa apHaJFaH
THIPOOKIIAYJIAFbII TocEeMIEp Al d3ipieyne KeHiHeH KonaaHbeuansl (Zhou xoHe
1.0., 2013; benoycos xoHe T.0., 2019).

Ochb1 OarbITTa 91eOMETTEH OCNTUT FRUIBIMY 13/ICHICTEP Il TAAay apKbLIBI,
casfpl AUCTIEpCUsIIApABIH MYHIAM op alyaH MakcaTTapAa KOJIJaHBUTYBI OJIap IbIH
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KeHOIp KOJIOMITHIK-XUMHUSIIBIK, aCOPOIISIIBIK KOHE PEOJIOTHSIBIK KACHETTEPiH
COJI cajaylapAbIH TanabbIHa COMKECTEHAIPY/ KaXKET €TeTIHIITIH OalKaTTHI.

BenToHUT — MUHEpaNAbl CMEKTUTTEPACH KYpalfaH Tay IKBIHBICHL
CMekTuTTepre KaTnapibsl CHJIMKATThl MHHEpaJap kaTaabl. beHTOHNUT ca3bIHBIH
Heri3ri Kypamaac 6ejiri — MOHTMOpWUTIOHUT. Con cebenti o1 ruApPO(UIbIIIK
el iciHy KabineTine e 6onaasl. TaburaTTa OHBIH KypaMmbl OoibIHIIA Oip-OipiHeH
alippIKIIa epeKIIeNIeHEeTiH Typyepi Oap, ojap TeK CiHIpUITeH KaTHOHAapFra
0ailTaHBICTBI €MeC, COHBIMEH KaTap KPUCTAIABIK TOPABIH COWKECIHIIE iCiHYyIMECH
ATIOMUHHUAI  OPTYpJi HMOHAAPMEH aybICTHIpYbIHA OalmaHbICTHI.  backim
KYPBUIBIMABIK KaTHOHIApFa OaliIaHBICTBI MOHTMOPWIIOHUTTED (XUMUSIIBIK
dopmynacer: (Al, Mg, Fe* )5 sNag3.035[(Al,1S1)4010](OH), - 4H>0) Geiinenurrti
Hemece amoMuHWI  (Al,O03°4Si02°H>OenH;0), HOHTpoHWTTI (Temip) -
ALO3(Fez03)*4S10,°nH,O sxoHe camoHuUTTI (MarHe3manasik) NaMgs[AlSizOpo)
(OH), - 4H,O oOonpm Oemineni (1). CHHTOHHMACHI MOHOKIMHII. bapibik
CMEKTHTTEpAIH KYpBUIBIMBI YII KabatTtaH Typanbl. OHBIH €Ki KadaThl KPEMHHIMA
ottekTi (Si04) — TeTpadapiepAeH KypallFaH, OJapAblH apachblHAAFbl AIIOMUHHUN
(Al) xarvoHmapblHAH TYpPAThIH YINIHIII OKTa’Apii KaOaThl KPUCTAIIBIH
TYPaKTBUIBIFBIH KaMTaMackl3 eTei (Babahoum sxone T.0., 2021; Xiong koHe T.0.,
2019). MuHepanapIH TYCl aKIIbLT CYpP, KOKIII aK, KbI3FBUIT, KEHIe ®Kachll OOJIBII
KeJemi.

KazakcTanma OEHTOHHT ca3mapbIHBIH KETKITIKTI Kophl 0ap (Camapraiues,
2003). Cazmpl MuHEpanmap KeHIMTEepiHiH OackiM Kemmuiri Kaszakctan
pecnyOaukackiHbIH OHTYCTIK, OHTYCTIK OaTBIC OHIpJIEpiHe OpHaJIacKaH KOHE COJ
OHIpIIEPAiH OpTYpIIi aMaKTapbIHAa OeNTiIl O6ip TOpPTINIIECH TapayFaH (AcaHOB )KOHE
1.6., 2020).

Marepunangap MeH 3epTrey aicTepi

JKymeicra 3epTTey Hblcansl peTinae KasakcTaHHBIH OHTYCTIK, OHTYCTiK —
OatpIc eHipi Keibip keH opweiHmapsHEIH Kenec (Typkictan o6ubick, Capblaranr
aynanbl) sxoHe Kp3putopaa (Kpisbutopaa oObIckl) TaOuru OCHTOHHUTTI cazfaphl
KOJJAHBUIABL. 3EpPTTENCTIH VATIICPIiH KOJUIOUITHI-XUMUSUIBIK KaCHUETTEPiH
KapacThIpy YIUiH MUHEPAIIBIK KYPaMbIH aHBIKTAy/la PEHTIeH 1 (azaiblK Tanaay
oIici, ca3 YATUIepiHiH TaOMFATHIH 3epTTey MakcatbiHaa MK criekTpiiik 3epTreyiep
9/IiCi KOJAAHBUIBIIN, COHIal-aK YITUICP IiH AIeKTPOKUHETUKAIIBIK TIOTCHIHAIIBI MCH
OPTYPJTi KOHIICHTPAITUSIBI CYJBl  CPITIHAUIEPIHIH PEOJIOTUSIIBIK KaCHeTTEPi
3eprrenmi. COHBIMEH KaTap TaHAAJIFaH ca3 YATUIEPIHIH THIPOIUCIICPCHSIIAPHI
(UIBTPATTAPBIHBIH KEHO1p KOJUTOUITHI-XUMUSITBIK KACUETTEPI JIe KapacThIPhUIIHL.

Penmezenoi ougppaxyusa. Ca3 yiurinepiHiH ¢as3adblk KypaMbl KoHE
kypeutbichl  CuK,-coymeciame (20 OYpBINTHIK  apalbIFbIHAA) PEHTICHII
mudpakromerp X,Pert PRO MRD (PANalytical, Hunepnann) KypbUIFbICBIHAA
AHBIKTAJIIBL.

Hugpaxwizvin cnekmpockonus. Y ITUISPIIH KYPaMbIHIAFb! (PYHKITOHAT
tonrapel KBr—HBIH KaThICHIHIA HBIFBI3NAIFAH TaOJeTKa TypiHAe (TabJieTKaHBIH
nuametpri 13 mm) xkone ruapoaucnepeus Kyhinge (5 % epitinai) 4000-800 cm™!
antmarbiaga UK-dypbe cnekrpomerpae (Carry 660 Agilent, AKIII) 3eprrenmi.
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Onexkmpoxkunemuxanvl ~ nomenyuan. Caz  yarinepinin 5 %
THIPOIUCTICPCUSIIAPBIHBIH KypaMbIHAAFbl OemeKTepinin -moTeHnuansl 633 HM
Ja3ep Ke3iMeH jxkabmpikTanran Zetasizer Nano ZS90 (Malvern, ¥aeiOpuTaHus)
KYPBUIFBICHIH]IA aHBIKTAJIIBL.

Peonozusanvix kacuemmepi. Ca3 ynriiepiniy KYpbUIBIMIBIK MEXaHUKAIBIK
KacuerTepi poraruonasl Buckosumerp (DV2T-II Bpykdunsa, AKII, LV Ne64
MITTUHACIB/IE) KYPBUIFBICHIHIA JKY P31,

3epTTey HOTHKeIEPi

I3genic HOTWXeNEepiH capanTay apKbUIBI 3€pTTEY HBICAHBI PETIHAC
TaHIAJIFaH ca3 YATUICPiHIH KOJUIOUATHI — XUMISUIBIK, PEOJIOTHSIIBIK KaCHETTEPiH
aHBIKTAy OJIAPABIH KOJJAHBIC OaFbIThl OOWBIHINA THICTI cajlanapra OapblHILIA
WKEMAECTIPYIiH Ko 1apblH Ta0yFa MyMKIHIIK Oepi.
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CaznapapiH (azaiplk Kypambl JKoHE KYPBUIBICHI OOWBIHINA TallayabIH
HOTIDKETIepl  3epTTeJeTiH  ca3fapAplH  MHHEpPAIOBIK  Kypambl  YKcac
MOJIMMUHEPANIBI, Ca3[bl KypaMJaac MHHEPAIAAPMEH, SFHH MOHTMOPHJUIOHHT,
HOHTPOHHUT, MYCKOBHT, KaJNbLIUT, CIOAa T.0. KOCTANapAblH MAJIM [opexene
Memrepi 6ap OOJMATHIHABIFBIHA KO3 XKeTKi3nmi (1-cypet a, 0). SFHmM, peHTreHIiK
chI30anapra: MOHTMOPMILIOHUT — 14,73-14,56; 6,43-6,48; 2,54-2,60 A, xBapi -
2,46; 3,36-3,34; 2,29; 2.24-2.25 A, OpTOKJIa3 TYpiHAETi nana mmartsl - 3,80; 3,20—
3,18;2,92; 2,53 A, MmyckoBuT Typinzeri cmomanap — 5,03; 3,50; 3,20; 2,34-2,35 A
peHTreHorpamma peduiekcTepinae coiikec KeneTiHgiri ganenaeny (1-cyper a, 0)
(Wang xone T1.0., 2008, Gea xone T.0., 2018, Kacnpxunkuii sxone 1.0., 2012).

Kenec, Kp3putopna keH opbsIHAAphl OSHTOHUT ca3lapbiHa HH(PAKBI3BII
CIEKTPJIK Tanmay >Kyprizy OapeickiHma (2 cypeT a, 0, B, T) MuHepanabiH MK
CHCKTPI OHBIH XHMUSJIBIK KYpaMmblHA JKOHE KPHUCTAIABIK KYPBUIBIMIIAFEI
aTOMIApABIH OpHAajacyblHa OalaHBICTHI eKeHi kKepceTumreH. CHEKTPIIK Taujaay
HOTWDKECIHE ca3 YATUICPiHiH KypFakK KYHiHIe Je, CYJIbI AUCTIEPCHs TYPIHIE e eKi
YJITiHIH ©3apa YKCaCTHIFbI Oap OONaThIHIBIFBIHA KO3 KeTKi31nai. MoceneH (2-cypet
a,0) 3100-3700 cm! muama3zoHbIHAA KYpHUILIMIBIK OaiimaHbickaH TonThiH -OH
TONTAPHIHBIE, CO3bLTy TepOenicine OaiinanbicTel Kenecre 3616 cm! Gonca,
Kp13buiopaa yiriciage 3619 cm™! skyTeity sonarsl naiiga 6onagsl. An 1637 cv'-
ne casfa ajcopOuMsiianFaH cy MojekynaiapsiablH v2 (H-O-H) medopmanus
TepoOemcTepineH jxonak Oap. OCHl YITIIEPIiH CYIBl AUCIEPCHSICHIHBIH CIIEKTP
TanjaybIHbIH HoTWKecineH 3378, 3332, 3284 cm'!' nmamasonsHaa cyreriMen 60c
xoHe Oaiinanbickan cynsiH v1(H-O-H) cummeTpusibk co3pl1y TepOemicTepiniH
KCH KOJIaFrbl OaiiKaiabl.
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Cyuibl yIITi cEKTpiHE OYJI 5KOJIAK KOFAphI KHULTIKTI aiiMakka (1642 cm™)
aypIcamel JKOHE Oip yakeITTa OV JKOJAKTHIH KAPKBIHABUIBIFBI TOMEHICHII.
CoHbIMeH KaTap CHEKTpiik Tangay kesinae Kenecre 995 oM, Ke3eimopaa
yaricinge 914, 1023 cm™! (2-cyper B, T coliKec) KONaKTapbl MOHTMOPUIUIOHUTTIH
Si-O xome Si-O-Si cospury TepOenmicrepine coiikec kememi. Ca3 KoJarblH
o3repTkeHHeH KeWin 1009 cm'-meH TemeHri kmimiktepre aybicambl. A,
Kp13pu10p/a ca3 ynricinme KyphUTbIMIBIK Oaiinanbickan TonThlH -OH ¢yHKIMOHAT
TONTapBIHBIH CO3bLTY Tepbemici Kyprak kesinme 3619 cm! Gonca, cynsl kesinme
3387 cm! xyThuly skomarbl maiima Oomaxel. CoHOaii-aKk OCHI YIITiHIH CYJIBI
nucnepeusachbinaa 2954 cm! xminikTi aliMakka neiin aGcopOLUs KONAFBIHBIH
KapKbIHABUIBIFRIHBIH TOMEHIEY1 ca3/ibIH Kypambiaaa 6ap H,O monexynanapslHbIH
CYTEKTIK OaiJlaHBICTAPBIHBIH CAHBIHBIH TOMEHIEHTIHIH Kepcereni. byn casmer
nucriepcus 0eTiHiH TuapowIbal KabieTKe aifHaNyBIHBIH HOTHXKEC. 3epTTenreH
exi yari ymwinge UK-pypoe criektpomeTp Tangay HOTHXKeepi HEeTi3iHAe oNapIbiH
cinTim >kep OCHTOHHWTTI ca3fap CHIHBIOBIHA J>KATATHIHIBIFBIHAH Xabap Oepemi
(Ixycyesa xoHe T.0., 2014; Caccamo xoH€ T.0., 2020).

3epTTeNreH YAriIepIiH Cyaarbl ca3 OeIIeKTepiHiH OCTiH/ETI SHSPTUSHBI
aHBIKTAy VIIiH 3JCKTPOKWHETHUKAJBIK MOTeHUWanbl (a3eta (&) MOTeHLMAIBI)
OJIIICH/TI, OHBIH MOHIepi l-kectene kenripinred. Kecrene yarinepaid mzera
TTOTCHITHANBIHBIH TEpIC 3apsiabpl O6ap eKkeHl KepceTulreH. by KOoJOWITHIH
aIcOpOLMSUTBIK KaOAThIHBIH TY31Tyl Ke3iHIe Cy MOJIeKyIanapsl (KaTHOHIAp) ca3zbl
OOJIIIIEKTiH Tepic 3aps/IbIH TOJNBIK 6TEH aTMalThIHBIH KopceTei. ANWTa KeTy Kepek,
J3€Ta TOTEHIMAJBIHBIH OJIICHICH MOHJAEPI KOJJIOWATHIH — aJcOopOIHsIIBIK
(OekiTiireH) KaOaThIHBIH OETIHAET! dHEPreTUKAJBIK KyHal cunarTaiasl. Jlemek,
J13eTa TOTCHITUAIILIHBIH MOHI HEFYPJIBIM YIIKeH 00Jica, COFYpIbIM (D Y3USITBIK
(KO3FasFbIill) KAOATTHIH KYIII KOJJIOWIICH TY31IeIl.

1 - xecte
Caz el THAPOIMCIEPCHSIAP IBIH KeHOIp KOJUIOMITHI — XUMHUSUIBIK KACUETTepi
Ne Ca3 Cyunsl CyJibl THAPOHUCTICPCHS  YITLIEpiHiH
yarinep TUAPOAUCTICPCHUS ¢unbTparTaps!
i yarinepi
- K« D Ly Tysn pH
nore ot ® x BLITBI
HIHA onx M FBI,
bl . K Mr/n
C 'S
M/
cM
1 Kenec - 12 0 51 255, 7,81
8,41 s 1, 5
+0,6 0 0
MB 2
2 Ke13b11 - 16 0 25 120, 7,56
opaa 12,3 ,6 N 1, 1
+0,6 7 0 8
MB 2

O 31eKTp epici acep eTKeH Ke3ze (pa3amap/biH KO3FAIBICHIH aHBIKTANIbI.
JudpakrorpaMMaaH abIHFaH HOTIOKE HETI31HIE 3ePTTEITeH YATUISPAiH eKeyi 1e
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OciimenuTTi OCHTOHWTTI Ca3 JETeH KOPBITBHIHABI JKacayra MYMKIHIIK Oepmi.
CoHBIMEH KaTap ca3 YATuUIepiH Oeiriii aBTopiapaslH €HOCKTEepiH/Ie KOPCETIITeH
(OBuapenko, 1961) omicrien (Oostynap 9fiCi) aHBIKTAIBIT HOTHKECIHJIE OJIap/IbIH
Ca-MOHTMOPHJUIOHUT XKOHE OCHACTUT TYpiHIET1 MUHEPAJIIBI ca3 €KSHIIT HEe HAKTHI
ko3 keTkizuimi (1-kecte). CoHbIMEH Oipre ca3 VATUICpiHIH cyda ICIHTIIITIK
KaOinerTepine cunatrama Oepy yurid (boptHukoB xone T.0., 2018) axic OoiibiHIIA
KOJUTOWITBUIBIFBL 3epTTenai. Hotmxecinme Kenmec yATICiHIH KOJUTOMATHUIBIFBI
KeBpmmopna yoricine kaparanma 1,5 ece TeMmeH ekeHmiri OaWkammel. byn
KOPCETKIIUTIH AoieNi 3epTXaHalbIK JKarnaiina opblHAairaH Oipkartap ToxipuOe
JKYMBICTapbIHBIH HETI3iHAC J¢ K3 JKeTKi3umi. SIFHu, eTKI3UIreH 3epTreyiep
HOTHDKECIHAEC ca3 yiriiepiHiH tyHOa keneminiH (V), TyHOa OeTriHaeri
CYWBIKTBIKTBHIH OuikTirinig Mmemurepi (h), dunbrpnenyinin, TyHOa OeriHmeri
CYMBIKTBHIK TICH (PHIBTPATTHIH ONTUKAJIBIK THIFBI3ABIFEIHBIH (D), COHBIMEH Karap,
MOJIIIpJCHY JOPEXKECiHIH yaKbITKa OalmaHbicThl e3repyi (3-cyper a,0),
(GUIBTPIIeHY KbUIIAMABIFHI (4 cypeT), puabTpaTTap bl ONTHKAJIBIK ThIFbI3IbIFbI,
3NIEKTPOTKI3TILITIr, TY3ABUIBIFEI koHe pH kepceTkimTepi (1-kecte) 3epTTenmi.
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3 - cypet. benTonntTi ca3 yirinepinin 5 % ruapoaucnepcrsuiapbIHbIH TyHOA KeneMiHiH (V), TyHOa
OeTiHferi CYHBIKTHIKTHIH OmikTiri (h) (a), ONTHKAIBIK THFBI3ABIFE (D) MeH CYHBIKTHIKTEIH
meJaipieny aspexecitif (Dewr) (0) yakpiTKa 6aitlaHbICThI ©3repyi

CoHpaii-ax, OHTYCTIK, OHTYCTIK OaTpIC OHipi cazmpl
TUJPOAUCIIEPCUSIAPBIHBIH  PEOJIOTHSUIBIK  KAaCHETTEepl HETi3IHAE TYTKBIPJIBIK
AHOMAJTMSICHIHBIH KOPIHICIH CHMATTaWTBIH, THAPOIUCTICPCUSIIAPIBIH TaOUFaThIHA
OaliiaHpICTBl AUCHepCTi (a3aga TY3IIETIH TYTKBIPIBIKTHIH OY3bUIYBI )KOHE KaiTa
KaIMbIHA ~KeMy  VAepici apachlHAarbl THAPOAWHAMHKAJIBIK  KAaCHETTEPiH
TYCIHAIpeTiH i3aeHicTep Kyprizinai. OcbiFan OailaHbICTH TAHAAIFAH ca3 YIriiepi
THIPOANCIIEPCHSIIAPHI KATTHI (ha3achbIHbIH OpTYPJli KOHIEHTpanusapsl (2,5 %; 5,0
%; 7,5 %; 10 %; 12,5 %; 15 %) a3ipneHin bpykduiba BUCKO3UMETPIH/IE OJapAbIH
OpPTYPJli  KOHIEHTpAlMsJIAPBIHBIH ~ OipAeil  Kosrany OKbULIaMibiFbiHa ()
0ailTaHBICTBI TYTKBIPIBIKTAPBIHEIH (1] cll) e3repeTinmiri (5-cypeT a,0) aHBIKTaJIIBI.
Caznpl MuHepanAblH iCiHyiHiH TaOWFaTBIH TYCIHAIpE OTHIPHIN, Oy yAepic exi
Ke3CHJE JKYPETiHIH aTam ©TKEH XeH: OipiHIN Ke3eH - aacopOuus Hemece imki
KpUCTaJIZBI 1CIHY, EKIHII Ke3¢H - MAaKPOCKOIHUSIBIK HEMECE «OCMOCTBIK» ICIHY.
Bipinmi ke3eHae ca3pl MUHEpPaAN ca3IblH Maiiia OemmeKTepi MoJeKyaaapbIHbIH
KPUCTAIIBIK TOPBIHBIH KalaTTacy KeHICTII MeH Cy MOJeKyJaJapblHbIH
aJIcCOpOLIMACHI CallapblHaH bUIFANIBI CiHipemi. By ke3eH ic Ky3iHAE ca3lbiH
KeJIEMiHIH e3repyiHe acep ermneiiai. ICiHymiH eKiHII Ke3eHIHAe bIIFAl OCMOCTHIK
KBICBIM apKbUIbl CiHipiiemi. On ca3 OemmiekTepiHiH OeTiHE JXaKbIH JKepe
OpHaNAacKaH epiTiHiAeri ca3 OemNIeKTepiHiH OeTiHeH OOIIHIIT IIBIKKAH KOITEreH
anMacy KaTHOHIAPBIHBIH IIaMaJiaH ThIC HIOFBIPJIaHYbIHA OaiIaHBICTHI maiina
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6omaapl. COHIBIKTAHIA Ca3IapAblH KOJIEMIiHIH YJIFAHBIT iCIHY1 HET131HEH IO OCHI
MaKpOCKOIMSIIBIK Ke3eH Ie Ky3ere acansl (OcumoB skoHe T.0., 2013).

TynOa OeriHAeTi CYHBIKTHIKTBIH ONTHKANBIK THIFBI3ABIFEL (D) MeH
MOJITIPJICHY JOpEXKECiHIH ©3repyiH CaBICTRIPHIT Kaparanaa Kemecte onTHKaIBIK
TBIFBI3IBIFEI 6 caraTtTal keitinge 0,50 exeni Oaiikanca, Ke3sumopaa yariciage 0,15
KOpPCETTi, OYJI ONap/bIH Ca3bl THIPOMUCIICPCUSICHIHIAFEI Malijaa OeIIeKTepaiH
CYMEH OpEeKeTTeCY MEXaHU3IMiHIH IKOFapbUIBIFBIHAH, SFHH TUApoduiIbai
KacHeTiHiH 0achIM eKeHAIriHEH KeJin mbiFaabl (3-cypert, 0).

Ynrinepaid TyHOAAaH aXKbIpamn MIBIKKAH CYUBIKTHIKTAPBIHBIH OMTHKAIBIK
THIFBI3IBIKTAPEIH aHbIKTaraHaa (D) exi ynriHig ae 6 caraTTaH KeHiHTi aHBIKTaFaH
ONTHUKAJIBIK THIFBI3IBIKTAPbIHBIH CaHIBIK MOHIEPI KOHIIEHTPAIUS OCKEH CalbIH
MPOIOPIIMOHAJIBI TYPJE ©cin 0apa >KaTKaHABIFbIH KOpCeTTi. Al Oip TOyIKTEeH
KeliH OapIBIFhI VIIH/E ONTHKANBIK THIFBI3IBIK (D) Oip-OipiHe oTe ®KaKbIH CaHIBIK
MOHI€ M€ eKeHHIr aWkeiHmanael (1-xkecte). By omapaplH ca3mbl  Maiina
OenmiekTepine Oap HOHIAPABI XKYTY KabieTTepiMeH TYCiHAIpiien.

Cazner TUAPOIVCTICPCHUSIHBIH (bunBTpaTTaphIHBIH MEHIIIKTI
ANMEKTPOTKI3MIITIK Kalimerrepi (Ymensm) MeH pH KepceTkimiTepi  MOHICPIH
CaJIBICTBIPY Ke3iHzae Oapiblk araiFaH mamaiap yurH Kenec yiricizme >korapsl
OonareIHABIFEl Oaiikanmanp! (1-kecre). By aramran yiuriHIH KypamblHIA €piTeH
DIEKTPOHTTIH KOHIIEHTPAIMAChIHA OalIaHBICTHl HMOHIAPABIH Ja MOJIEPiHiH
apTaTBIHABIFBIH  Oinpmipeni. SfHuM, KarThl Qas3aHblH KypamblHIa OoJaThiH
AIIEKTPOIUTTEPAIH CaHABIK MeJIepiMeH TyciHaipyre 0onansl. CyHbIKTHIKTHIH pH
KOPCETKIIMTEPl OHBIH XHMISUIBIK KYPaMBIMEH JI€ THIFBI3 OalTaHBICTHI OOJIaIbI
JIETEH FHUIBIMU TYKBIPhIMJIaMa J1a OChIFaH joinen. O KanbIuil, MarHuil, Kanuid MeH
HaTpUil OKCHATEPiHIH KOpCeTKITepiHe 1e TikeJeHd OailaHbICThL. 3epTTenreH
yIirinepaiH cyperre kenripiiren pH kepcerkimrepinin MoHi 7,5—8,0 apaibiFbIHIA.
Bynan ke mbiFaThlH KOPBITBIH/IBI Ca3Ibl MUHEPAIAAPABIH CLITUIIK, CUITLTIK JKep
MeTanabl OONaTHIHABIFBIH MonmiMAeHal. MyHAall FBUIBIMHA  TYXKBIPbIMIAP
kepcerinren aBropnapibiy (Camapramues, 2003; Opuapenko, 1961; barranoga,
1986; OBuapenko xoHe T.0., 1963) eHOekTepiHme Ac KaH-)KAKThl TYCIHIiPUTIIT
OepinreH.

Yarinepain 5 %  casgsl  TUAPOMUCHICPCHUSICHIHBIH  (DHIIBTPICHY
KeUTIaMABIFBIHBIH ~ (Ucar)  yakbITKa OalIaHBICTBI  ©3TEPYiH — caparnTaraHia
Oacrankpiia GunbTpiacHy KeUAaMIbIFbI (Ucay) OipIiiiaMa skorapbl MOHI€ JKETE/I €,
onaH coH yakpIT oTe OipTe-0ipTe (Ucan) KeMin OGapybl OpbIiH anagbl (4-cyper).
MynbiH ce6ebi, TY3UITeH THAPOIUCIIEpCHs OeIIIeKTepiHiH TeK OipimaMa Maiaa
OONaTHIHABIFEIMECH FaHa OalIaHBICTEI 00IMACTaH OCTTIK KAaCHETIHIH 63repyiHeH e
KeJin meiraasl (Asanov xoHe T.0., 2021). CoHpIKTaH quctepc Ga3aHblH AUCIIEPC
OpTaJiaH aXbIpaybl ©Te 0asy JKypeldi, COFaH COWKeC, QPUIBTPICHY XKbUIIaMIBIFBI
(Ucan) 1a TOMEHACH/TI.

86



Reports of the Academy of Sciences of the Republic of Kazakhstan

40

(=1 s
= =

DPUALTPIAEHY AbLIAAMALIFLL, Ucan
=
=

VakelT, { Mug

==k rrEmopaa == enec

4 - cypert. bentonutTi ca3 yarinepinig 5 % rugpoaucnepCHsIapbHbIH CaTbICTBIPMAIIBI
¢bunbTpaeny xbl1aamMIbFbIHBIH (Ucan) yaKbITKa Kapar e3repyi

Kymbicta TaHzanraH cas3lbl THAPOJUCIIEPCUSUIAPBIHBIH PEOJIOTHSIIBIK
KAacHUeTTepi HEeTi3iHAE TYTKBIPJIBIK aHOMAIMSACHIHBIH KOPIHICIH CHIIATTalTbHIH,
THIPOANCTIEPCHSIAPAbIH TaOUFaThIHA OalnaHBICTBl qucnepeTi ¢aszaga Ty3UIeTiH
TYTKBIPJIBIKTBIH OY3bUTybl )KOHE KaliTa KallblHa KeJly YIepicl apachlHIarbl
TUAPOAMHAMHUKAIBIK  KACHeTTEpiH  TYCIHOIPETIH  I3ACHICTEp  KYPri3uifi.
Hotmxecinae epiTiHOinepAiH  TYTKBIPIBIFBIH — ©JIEYy  KE3iHAE  ONapbIH
PEOJNIOTHSUIBIK  CHUTIATTAaMaJIapBIHBIH OPTYPJl €KEHJIriHe OOJIaTHIHABIFBIHA KO3
xeTkizinai. OcbiFan OalIaHBICTBI TAHJAIFAH ca3 YIruIepi THIPOAUCTICPCHSIAPHI
KaTThl Pa3aChIHBIH SPTYPIi KOHIEHTparmsuaps! (2,5 %; 5,0 %; 7,5 %; 10 %; 12,5
%; 15 %) naiibiHpanein, bpykdwibn BHCKO3UMETpiHAE oOnapiablH  Oipaeit
KOHIIEHTPAIMSIAPBIHBIH ~ OPTYPJ  KO3Fally OKbUIIamibiFbiHa (c')  kapan
TYTKBIPIIBIKTAPBIHEIH, 03repy KodhPHUITMEHTTepiHIH (Nosrk) (5-CypeT a, 0) xkoHe
OpTYpIi  KOHUEHTpALMSAIAPLIHBIH ~ Oipaed Kosraly oKbUIgaMiablFbiHa  (c)
0ailTaHbICTBI TYTKBIPIBIKTAPEIHGIH (1 ¢Il) e3reperinmiri (6-cypert a,0) 3epTTein/i.
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TYTKBIPJIBIKTAPBIHBIH ©3ICPy

K03 GUIUEHTTEPiHIH (Nesr.x ) KO3FAILY KBUIIAMABIFbIHA (alH/MUH) Kapan e3repyi

(Kenec (a), Ke3suiopaa (0) cas yariiepi)
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Ochl KepceTKImTepai KapacTeIpy OapbIChiHIa (5-cypeT a, 0) ca3mapasiH
KOHIICHTpAIUUIaphl apTKaH CalblH OJIAPABIH TYTKBIPJIBIKTAPBIHBIH — ©3repy
ko3 purmeHTi OOWBIHIIA CAHIBIK MOHIEPI MPOMOPITHOHAIIL ©3TePMEHTIHAIT
Oaiikanael. JKypriziniren sxymbicTap HoTkecinae Kenec, Kei3bputopma ca3szpl
THIPOANCIICPCUATIAPBIHBIH,  OipAel KOHLEHTpAaUUsIbl epiTIHAUIEpIH  opTypii
KO3Fally SKbULIAMIABIFbIHA (C') Kapam esrepyiH aHBIKTaraHga €H JKOFaphl
TYTKBIPIBIKTBIH 03repy KodQPHUUUEHTI (Nosrx) 7,5 % yirine xepiHce, €H TOMEHTI
canabik MoH Kenectig 10 % ynricinae, Kpizputopaa caseiaaa 2,5 % ynrige Kepinai
(5-cyper, a). Ca3 ynrinepidig KeiOip TYTKBIP aKKBIIITHIK KYHIepiHe OalTaHbICThI
KaTThl (pa3aHBIH CYMEH OPEKETTECYl Ke3iHe KO3Faly JKbUIIaM ILIFbIHBIH dCepiHIe
©3TepiCTEePiH OPbIH aJaThIHIBIFbI AHKBIH OalKaI b,
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6 - cypet. OHTYCTIK, OHTYCTIK - 6aThIC OHIPI Ca3bl THAPOANUCIICPCHSIAPBIHBIH
TYTKBIpIIbIKTapbIHbIH (1 ¢l ) konuentpauusra (C, r/mn) Oaitnansictsl e3repyi (20 aiin/muH. (a); 60
aiir/muH. (0)
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O o3 Ke3erinje AUCIepCTi Kyhenepai (asza apaiblk KadaTTap/blH e3apa
OpeKeTTeCyi Ke3iHAe TYTKBIPIBIKTHIH aHOMAJIbIbl KACHETTEPiHIH OPBIH IYBIMCH
TyciHmipineni. byn aysicmanbl KacHeTTiH KeJim INBIFYBl ca3 YJATUIepiHiH
KYpaMbIHIAFel Maifla OeJIIeKTEpIiH ONImeMIACpIMeH, SFHA OUCIEPCTIK
JOPEKECIMEH ~ oJIapJblH,  Aucriepc  (a3achlHBIH —~ XUMUSIIBIK — KYPaMbIH/AFbI
epekuIenikTepiMer Tycingipinai. COHbIMEH Katap 3epTTereH YATiiepAin OipKenKi
KO3Fay OKbULIaMIbIFbl OoWbiHIIA (20 aiiw/mun., 60 aifH/MuH.) epiTiHII
KOHIIGHTPAIMSIChl apTKAH CAlbIH OPKAMCHICHIHIA OPTYPIl OONATHIHIBIFBIH KOpY
KHUBIH emec (6-cypert, a, 0). Macenen Oipaeit 20 aliH/MUH KO3Faly >KbUIIAMIBIFbI
ke3inge Kenec caseinna 2,5 %-nan 7,5 %-ra qeifin TYTKBIPIIBIFEL Oasty ecin Gapca,
10 % Oen 15 % epiTiHaiaep apajibIFbIHAa TYTKBIPIBIKTBIH CaHBIK MOHI 9CTE TYCII
Oapansl. An Keibutopaa ynriciage 5 %-nan Gacran 15 %-ra neiiin cesinepi
Iopekene TYTKBIpABIKTaphl acanel. Conpaii-ak, Oipmedt 60 aifH/MuUH KO3Faiy
KBUTIAMIBIFBIH/IA OCHI YAT1IEP/IiH TYTKBIPJIBIFBIHBIH 63repyiH aHbIKTarana Kenec
yiriciage 2,5 %-nmaH 5%-ra mediH TYTKBIpIBIFBL Oasty ecim, 7,5 %-ma octe
tycetinairi, 10 %-6en 15 % epitinainep apaibiFblHAA TYTKBIPIBIK XKaliMeH TyCil
OapaTeIHABIFEI KOpiHAdi. Ke3butopsa cas ynricinae 5 %-man 6acram 15 %-ra neiiin
Oasty FaHa TYTKBIPJIBIKTAPBIHBIH CaHIBIK MOHJIEPI ©CETIHIIT alKbIH KOpiHil (6-
cyper, 0). bym xenripiareH wMomiMeTTep KYPBUIBIM TY3UIyAiH OHTAMIIBI
KOHIIEHTPAIMACHIH aHBIKTAaYFa 1a MYMKIH/IK Oepi. SIFHu, OyprbLIay epiTiHAiICiHIH
Oyprbutay KyOBIpIApBIHBIH OYPFBUTAHYIIBI YHFBI KaOBIPFACBIMEH apachIHAArbl
yiiKenic KyuriHe acepiH Oaranay yIIiH THIMII KOHIEHTPAUUSICHIH 01Ty MaHbBI3/bL.
OcBl MaKcaTTHl OPBIH/AY YIIIH OTKI3IITEH 13€HIC JKYMBICTAPBIHBIH HOTIDKEIEPiH
FBUTBIMH 9JIcOMET KO3/ICPIHCH abIHFAaH MOIIIMETTEPMEH CAITBICTHIPA (ACAHOB XKOHE
1.0., 2022) kene oHraiuibl KoHIeHTpanus Kenec skone Kpi3buiop/ia ca3aaps! -
ne 2,5 %—7,5 % rugponucnepcusiapbl OHTAMIBI KOHIEHTPALUs OOJIBIN TaObUIAAbI.
By 3epTreynep ca3zmaplbiH KOJIOUATHI-XUMHUSITBIK, PEOJIOTHSIIBIK KACHETTEPiHEe
TikeJiel OalIaHbICThI CKCHIITTHEH MAJIIMET Oepe/ii.

KopbIThIHABI

Maxkanaga Onryctik, OHTYCTiK 0aThIC ©Hipi KeH opbIHAaphIHBIH Kernec
xoHe KpI3piopna TaOWUFM OCHTOHUTTI Ca3JapbIHBIH  KOJUIOWATHI-XUMHUSITBIK,
PEONOTHSIIBIK KACHETTEPl MEH OJIap]IbIH XaJIbIK NIapyaIlbUTBIFbIHA KAKETTI Oackana
KOJNJaHbIC OAaFrbITHIH aHBIKTayFa KapaTbUIFaH 13[ICHIC KYMBICTapbl >KYPTi3UIi.
OTKI3UITeH TOXKIpUOE HOTHKEIIECPI apKbUIBI TAHJAFaH TaOWFU OCHTAHUTTI Ca3zbl
THJIPOJIUCTICPCHUSIIAPBIHBIH,  KACHETTEPIH SFHHU, MUHEPANJBIK KypaMJIapblH,
TaOUFaTBIH, XUMUSIIBIK KACUETTEPiH, KOJUIOMATHUIBIFBI MEH TYHOA KOJIEMiH, TYHOA
OCTiHJIET] CYHBIKTBIKTBIH ONTHKAIBIK THIFBI3ABIFBIH, (DMIBTPIICHY JKBUIIAM/IBIFBIH,
(UIBTPATTBIH ONTHUKAIBIK THIFBI3ABIFBIH, MEHIMIKTI JJIGKTP OTKI3TIMITITIH,
TY3IBUTBIFBIH, pPH KepceTKImTepiH aHBIKTald OTBIPBIT OJApIBIH  IiIIiHApa
KAaCHETTEePiHIH CYUBIKTHIKTHIH KYPaMBIHIAFbl KaTThl (pa3aHbIH, AUCepC (a3aHbIH
TEK KOHICHTPAIlMSChIHA FaHAa €MeC, OJApJbIH JHUCIIEPCTIK JOpexeci >KoHe
XMMHUSUTBIK KYpPaMbIMEH TaOUFaThIHA Kapai KYphUTBICHIHA JIa OaiiIaHbICThI 0ONATHIH
TYpJIepiHe Kapam e3repeTiHAiri KepceTinii.
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Abstract. Today, one of the leading directions of modernization of
vocational education is to increase the role of the student's personality,
including strengthening the applied orientation of the chemistry course.
Chemical knowledge is used in the study of various branches of the national
economy, direct acquaintance with which was carried out through industrial
practice; the basis for the implementation of the polytechnic principle is laid.
The main task of modern education, along with the formation of the student's
qualifications, is the formation of a personality capable of independently
searching for information and choosing the most effective, as well as
rationally using and servicing it, i.e., the student's scientific work is a
requirement of time. Organization of research work formation of research
skills and teamwork skills, development of professional and creative training
of students. Today, the demand for domestic products is growing day by day,
including household goods. Since ancient times, our ancestors used "black
soap" from natural plants with healing properties to treat many diseases.
Therefore, if domestic "black soap" is produced on an industrial scale and
presented on the market, this product will undoubtedly be in great demand.
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The paper describes the technology of making this soap at home.
Keywords: education, research work, innovative activity, creative
professional thinking, laboratory work
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AnHoTauus. byriari Tagga xkociOu 6inimM O6epyai KaHFBIPTYABIH KETEKI
OarbITTapbIHBIH Oipi OiMiM allylIbl TYJIFACBIHBIH POJIH apTTHIPY, COHBIH iMIiHIE
XHMMHUST KYPCBIHBIH KOJJIaHOAIbI OaFbITBIH KYIIEHTY OOMNBIN TaObUIaIbl. X UMHSIIBIK
OLTIM XaNBIK MAapyallbUILFBIHBIH OPTYPIi CallaiapblH 3epTTEye KOJIIaHBLIA IbI,
OJIAPMEH TIKEJeH TaHBICY OHMIPICTIK MPAKTHKA apKbUIBI XKY3€re achIPBUIIBI,
MOJIMTEXHUKAJIBIK MPUHIIMIITI KY3ere achIpyAblH HETi3i KanaHazapl. Kasipri OimiM
OepyiH Heri3ri MiHaeTi OiLTiM aTyIIBIHBIH OUTIKTUTITIH KAJBIITACTRIPYMEH KaTap,
o3 OeTiMEeH aKmaparTsl i371e1, THIMJICIH TaHJal anaThiH, COHBIMEH KaTap OHBHI iC
KY3iH/IE YTHIMIBI TaialaHaThIH JKOHE KbhI3MET eTyre KaOLIeTTi TYJIFaHbI
KaJIBINITACTBIPY, SIFHA OL7IM alyIIBIHBIH FHIJIBIMHU JKYMBICIICH aliHAJBICYBI YaKbIT
Tagabbl Oonbil TaOBUIAABI. FBUIBIMH-3€PTTEY JKYMBICTAPBIH YHBIMIACTBIPY
3epTTEYIIUTIK JKOHE  YXKbIMJA JKYMBIC Kacay JaFJbUIapblH KaJIBIITACTHIPY,
CTYICHTTEPIH KOCIOU-IIBIFAPMAIIbUIBIK JAaWbIHIBIFBIH JaMBITY — MACeeepiH
memyre Oonazpl. Kasipri KyHI OTaHABIK ©HIMIECpPIe CYpPaHBIC KYHHEH KYHIE
apTynaa, COHBIH IMIiHJE TYPMBICTBHIK 3aTTapJblH Ja MaHbI3El 30p. Exkenmen ara
0abanapeIMbI3 MK KacueTi Oap TaOWFM OCIMIIKTEPACH JalbIHIAIFaH Kapa
caObIHBI KONTEreH aypyiapiabl emaeyae Konganrad. Coi ceOenTeH Kasipri KyHi
Ka3aKThl Kapa CaObIHBIH OHAIPICTIK KeJeMje AaWbIHAATBII HAPBIKKA YCHIHBLICA
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OTAaHIIBIK OHIM YJIKEH CYPaHBICKA Fie O0IaTBhIHBI CO3Ci3. JKYMBICTa COM CAaOBIHIBI
TYPMBICTHIK KaF/aiiia JaiblHAay TEXHOJIOTUACH OasHaIFaH.

Tyiiin ce3nep: 6imim Oepy, FEUTBIMU-3€PTTEY KYMbICTaphl, HHHOBALHSJIBIK
KbI3MET, MIBIFapMAaIIbUIBIK KOCIOH Oiiay, 3epTXaHaNIBIK )KYMBICTap
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AnHotanus. CerofHs OTHUM W3 BEAYIINX HAMPaBICHUH MOAEPHU3AINU
npodeccuoHanbHOr0  00pa3oBaHMsA SABJISETCS TMOBBIICHWE PONU JHMYHOCTU
o0yyaromerocs, B TOM YHCIE YCHJICHHE NPUKIaTHON HampaBICHHOCTH Kypca
XUMHAH. XUMHYECKHEe 3HAHUS NCTIONB3YIOTCS TPU M3YYEHUH PA3INIHBIX OTpacien
HapOJHOTO  XO3fHCTBa, HEMOCPEACTBEHHOE 3HAKOMCTBO C  KOTOPBIMHU
OCYILIECTBIISIOCH Yepe3 MPOU3BOACTBEHHYIO IMPAKTUKY, 3aKIaJbIBAETCS OCHOBA
peanm3anuy NOJUTEXHUYECKoro mpuHuma. OCHOBHOW 3amadeil COBPEMEHHOTO
oOpa3oBaHMsl, Hapsay ¢ QopMHpOBaHMEM KBaJW(pHUKAKUKH 00YydaroIIerocs,
apusieTcss  (OpMUpOBaHHME JIMYHOCTH, CIHOCOOHOM CaMOCTOSITENbHO HCKaTh
uHpopMaLuo U BeIOMpaTh Hanbosee 3(P(PeKTUBHYIO, a TaKKe PalHOHAILHO €
HCIIOJIb30BaTh M OOCIY)KMBaTh, T. €. 3aHATHE OOYYArOIIMMCS Hay4dHOH paboToi
saBnsieTcss TpeOoBaHHeM BpeMeHH. OpraHuzanysi Hay4HO-HCCIIEI0BATENbCKOM
paboTbl (HOpMHUpPOBAHME HCCIIEAOBATEIBCKUX HABBIKOB M HAaBBIKOB pabOThl B
KOJIJICKTHBE, pa3BUTHE NPO(HECCHOHATHLHO-TBOPUECKOW TOATOTOBKH CTYJICHTOB.
CeroyiHs cIIpoc Ha OTEYECTBEHHYIO POJTYKIIHIO PACTET JIEHb OTO JIHS, B TOM YHCIIe
1 Ha TOBaphl 11 ObiTa. C TaBHUX BPEMEH HAIllW MPEAKH UCIOIh30BAIN «IEPHOS
MBIJIO» M3 HATypAIbHBIX PACTEHUH, 00JaqaroluX MeNeOHBIMA CBOMCTBAMH, IS
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JIeYeHUsI MHOTHX Oorne3Helt. [1oaToMy, ecin 0Te4ecTBEHHOE «U9epHOE MBUIOY» Oy et
MPOU3BEACHO B IPOMBIIUIEHHBIX MacITadax M IPEACTAaBICHO Ha PBIHKE, TOT
MPOAYKT, HECOMHEHHO, OylIeT Moib30BaThca OonbIUM crnpocoM. B pabote
OIFCaHa TEXHOJIOTHS M3TOTOBJICHHS 3TOTO MbIIa B IOMAITHUX yCIOBHSX.

KnioueBble cioBa: o0pa3oBaHHe, Hay4HO-HCCIIEIOBaTeNbcKas paboTa,
WHHOBAIIMOHHASL [IESTEIbHOCTh, TBOPUYECKOE MPOPECCUOHANBHOE MBbIIUICHHUE,
naboparopHas paborta

Kipicne

XuMusi FBUIBIMBIHBIH ~ KOJJaHOAQNBl acCHeKTICl opKamaH eMipimisie
Keznmeceli. XUMUSIIBIK OUTIM XallblK MIapYallbUIBIFBIHBIH OPTYPJIi callallapbiH
3epTTey/e KOJIIAaHbUIA b, OJIAPMEH TiKeJe TaHBICY TONUTEXHUKAIBIK, TPHHITUIITI
JKy3ere acelpyAbIH Herisi Kananazas! (Glinka, 2018).

OneMie SKOJIOTHSUIBIK Ta3a OHIMIe JIETeH CYPAaHBICTBIH apTybl elliMisre
»KaHa MYMKIHIIKTEp ambi Oep/ii. AxaM3at epTe 3aMaHHaH XUMUS FBUTBIM PETiH/Ie
KaJbIITaCIIaFaH Ke3eH/Ae 1€ OHBIH MYMKIHIIKTEpiH KOJAaHBIN, Kojma Oap
IIUi3aTTapAbl TYPMBICTHIK JKaFIai/ia OH e, KaKeTiHe xapara Oinres. byrinri kyHi
XMMUSl FBUIBIMBIHBIH JKETICTIKTEpl XallblK IMapyallbUIBIFBIHAA, KYHJAENIKTI
eMipiMi3ie KeHiHeH Kosaanbuibin oThip (Lomotey, 2017).

Kazipri KyHi FBUIBIM MEH TEXHUKAHBIH KapKbIHIBI JTaMybl Ke3eHiHZe
eJMI3/Ie OTAaHBIK OHIMICP Il OHIIPYAIH MaHBI3bI 30P.

COHFBI JKBULIAPBI TUTHEHATBIK TYPMBICTHIK OHIMIEP TYTHIHYIIBLIIAPABIH
Ta0BIC ICHTeHiHIH apTybIHA OaMTaHBICTHI HAPBIKTA YIIKEH CypaHbicKa ue. Emimizae
CaOBIHHBIH TYTBIHY HAPBIFBIH JaMBITYy Mocellenepi Ka3ipri yakbITTa 3epTTeleTiH
OHIMJII IIBIFapaThIH IIETEIIK GupManap apacblHaa KOoFapbl 0acekere KadineTTi
OOJIBIIT TaOBLIAIBL.

CalbIH KacayablH FHUTBIMUA-TEOPHUSIIBIK HETi131 CUITLI TUApONn3Ii cabbIH
acay Jel aTajaTblH nporecke Herizaenred. CaOblH oJeTTe Maiinapipl HeMece
Mainap/pl CiIITIMEH THAPOIM3JLY apKbUIbI )Kacanaapl. bys mporecc cabbIH TY3y
YIIiH CIITI HOHIAPBIMEH KOCBUIATHIH CA0BIH MOJIEKYJIATAPBIH (Mai KBIIIKBLIIAPHI)
LIBIFApajbl.

Ca0bIH alty MPOIIECiH KeJeci Heri3ri Ke3eHuepre 0eryre 00a b

CinTimik ruaponusi cabbiH jkacay: byt kagamna Mait Hemece Maii caObIH
MEH TJIMLIEPHH TY3y YIIIH CUITLT epiTiHAIMEeH (9[eTTe HATpHi Hemece Kaiaui
THIPOKCHI) dpekeTTecei. by peakums cintini ruapoiaun3ai cabblH jkacay Hemece
CinTiNi aroMeparus petiHae Oenrimi. [umepuH eHIMIE jkaHaMa ©HIM PETiHIAC
KaJapl.

Betitapantanapipy: CaOblH jkacay peakUUsICHl asKTajlfaHHaH KeHiH
CINTIHIH KaJABIKTapbl KBIIKBUIMEH, 9/IETTE€ TY3 KBIIIKBUIBIMEH Hemece (ocdop
KBIITKBUTBIMEH OeTapanTaHasIpbliansl. by KamaplK CUITIIEPIl KOO KOHE
caObIHHBIH Aypeic pH neHreiiine xkeTy yIIiH Kaxer.

Tazanay >xoHe enaey: CabbiH OeliTapanTaHABIPBUTFAHHAH KEHiH KOCHIMIIA
Tazayiay XKoHE OHACY KaXeT 0OMyhl MYMKIH. bysl apThIK Cymbl KeTipymi, KayinTi
eMec KocIaiap/Isl KETIpy YIIiH Cy3yai HeMece KOChIMIITa ca0bIH KaCUETTEPIH KOCY
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YIIIiH XOIN HicTep, TYCTEP HEMece Kocmanap CHUSAKTHI KOCHIMINIA MHTPEANCHTTEPII
KOCYJIbI KAMTYBI MYMKIH.

Kanbinray sxoHe Karblpy: TasapTeUIFaH J>KOHE OHJIENreH CaObIH
KaJIBIMITapFa KYWBUTaMel HEMece KOJIMEH Kajbimraiaabl. CaOblH TMiCI-KETUTY
MPOIIECiH asKTay YyoIiH Oipa3 yakelT OOWHBI TYHIBIpYFa KOHE KaTarora
KaJaelpeutagsl. byn mpomecc OGapwichiHAa caOblH KaThll, MaijanaHyra JalblH
Oomanpl.

CalbIH acay Ipoleci MakaiaHblIaThlH HHIPEIUECHTTEPIe KOHE COHFBI
OHIMHIH KaXeTTi KacueTTepiHe OailaHbICTBl e3repyl MYMKIH €KEeHiH eCKepy
MaHb3/IBI. JlerenMeH, caObIH JKacay/IbIH HET13T1 MPUHITUITEPl ©3Trepicci3 Kaabl.

3epTTEyaiH MaKcaThl

Ca0bIH anmyIbIH MaKCcaThl 9JICTTE OHBI YHJIET1 9pTYpIti OeTTep MEH 3aTTap bl
Tazanay >KoHEe KYTy YVINIH maiijamaHyMmeH OalmaHbICTBl. Anmampaap Kip caObIH
AJIFBICHI KEJICTIH HEri3ri cebenTepain OipHereyi:

a) OMbOeban Tazanarei: Kip cabbiH op Typii OerTepieH Kipai, Maiibl,
JAaKTapIbl JKoHE 0acka JjacTayllbl 3aTTapibl KeTipy VIIiH KoJJaHyFa OONaThIH
KyaTThl Ta3apTKeII Oonbim Tabbutafpl. Onm ac yd ycrenumepiHze, MemTepae,
pakoBHHaNapja, BaHHA OeJIMeNepiHJle, Tepe3eiepne, eleHAepae >KOHE IepeKi
Tazanaynbl KaXKeT eTeTiH OacKa )epiiep/ie THIMIII )KYMBIC iCTeH/Ii.

o) Kuimpneri makrapmer kertipy: Kip caObiH keOiHece marajarbl KaTThl
JIaKTap bl KETIpy YIIiH Kojmanbuiaabl. O Kip, Mai, 005y )KoHE KOIIMII Kip K YFBIIII
YHTaK HeMece CYWBIKTHIK YVIIIH KHbIH O0OJybl MYMKiH 0acka 3aTTapiAblH
JTAaKTapbIMEH Kypecye THIMA1 00Iybl MYMKIH.

b) Ko kyrimi: Kip caObia 6arbaHIBIK, TapaX *KYMBICTaphl HeMece 0acka
MEXaHUKAJIBIK HEMECE JKOHJICY YKYMBICTAPhIHAH KEHiH KOJBIHBI3NAH KipJi KoHE
KaTThl Kipai KeTipyre eTe maijamsl Oomysl MyMmMKiH. On coHpmaif-ak wicTepIi
KeTipyre Jie KOMEKTeCe]Ii.

Marepuasgap men auicrep

KarTel caOblH XMMUSIJIBIK JKaFbIHAH KaTThl CAOBIHHBIH HETI3Tr Kypambl
JKOFapbl Mail KbIIIKBUIIAPBIHBIH €PUTIH TY3JIAPbIHBIH KOCIACHI OOJIBI TaObLIA/IbI.
Ornapra cTeapuH *oHE NAILMUTHH, JIAYPUH, OJICUH T.0. KBIIKBULIAPBIHBIH KOOiHE
HATpHUH, CHpEK KaJIni, aMMOHUM Ty3/1aphbl XKaTalbl.

KarTs!l caroObIHHBIH XUMUSUIBIK KypambiHa - C17H3sCOONa  (CyHBIKTHIK -
Ci7H35COOK) kipeni.

ConbIMeH KaTap, CAa0BIH KYpaMBbIH/IA )KYFBIII ocepi 0ap 6acka 3arrap, 1oM
MeH OosFBIITap 00Iybl MYMKIiH.

Kazipri 3amanfbl cy#WblK caOblHOap — KOHCEpBAaHTTap, XOLI HiCTep,
OOSIFBINTAP, TYTKBIPIBIKTHI PETTEUTIH TY3/ap, KaIbIIUH XKoHEe MarHUH HOHJIAPBIH
0aliIaHBICTHIPATHIH KOCHIANIAP JKOHE T.0. KOCBUIFAH CHHTETHKAJIBIK HOH/IBIK HEMece
MOHJIBIK eMeC OCTTIK OeJICeH Tl 3aTTap/IbIH CyIaFbl epiTIHALIEDI.

JKabrickak caObIH cajKbIHIaraH Ke3jae Kip caOblH ajblHaabl. KaTTbl
caObIHHBIH KypambiHaa 40—72 % wuerisri 3ar, 0,1-0,2 % 6oc ciari, 1-2 % 6oc Na
Hemece K kapbonatrapsl, 0,5-1,5 % cyna epiMelTiH KanaslK Oomazpl.
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CaOBIHHBIH XYYy dcepi CaOBIHHBIH opOip MOJIEKYJIaCHIHEIH CyFa OeiiM Oac
OeniriHiH OOMybIHA, al KYWPBIKTHIH MaIbl «apThIK KOPETiHIHE» HETi3NeINTCH.
Kyiippik Mojexymacel MaiaplH OenmeKTepiMeH KoplianFaH, an OacTapsl cyjaa
Kayanel, air Mail cyra etedi. CaObIH — JKOFaphl Mail KBIIKBUIIAPBIHBIH HATPHI
TY3MIaphl, OJIAPJABIH CYJIBI €PITIHIALIEP] Kyy ocepiHe ue [6-8].

CabblH — KOFapbl Mall KbIIIKbUIIAPBIHBIH HATpUH (Kauuil) Ty3daphbl.
CoHppIKTaH caObIH MOJIEKYJIAachl MOJISIPIIBI €MEC KOMIpCyTeK paJuKaibIHaH KOHE
MOJISIPIIBI KapOOKCHIT TOOBIHAH TYPaJlbl, OHJIA CYTErl aTOMbI HaTpwiire (KaTThl
cabbIHOapaa) HeMece Kanuire (CyHbIK caObIHIap/aa) ayblcThIpbuTaasl. CaObIHHBIH
OYJ1 KYpBUIBIMBI OHBIH KONTETeH KACHUETTEPiH, COHBIH IIIiHAE XXyy OCEpiH
AHBLIKTANIbI.

lumponans — opTypnmi 3aTTap MEH Cy apachbiHAarbl METa0OIHKANbIK
BIIBIpay peakuusicbl. CaObIH CyIbl epiTIHAIAET] KYLITI HeTi3 O€H 9JICi3 KbIIIKBIIIBIH
TY3BI PETiHJIE THAPOIHM3ICHE I, SFHU CYMEH 9pPEKeTTeCe i, Mai KbIIIKBUIBI MEH 00C
CLITIrE BIBIPAMIB:

RCOONa + H,0O —-RCOOH + NaOH

Oipak caObIH epiTIHAUIEPIHIH TUAPOIU3i EPITiHAI KOHIICHTPALUSCHIHBIH
TOMEHIIEyiMeH,  Mall  KBIIIKbUIAAPBIHBIH  MOJIEKYJAJBIK  MAacCaChIHBIH
YKOFaphUIaybIMEH KoHE ePITIH/IHIH TEMIIEpaTypackbIMEH apTabl.

KanbpIkmiaraH KbBIIKBUIAAPABIH —caOBIHIAphl KaHBIKKAHFA KaparaHja
Oipuiama a3 ruapoausnaeHeni. Llladblp KBIIKBLIIBIHBIH — CaObIHAAPHl  Mai
KBIIIKBUTBIHBIH Ca0bIHIapbIHA KapaFaHa THIPOIU3re KoOipeK YIbIpanbl.

lumponu3aen madga OosFaH Mail  KbIIIKBULIAPBIHBIH MOJIEKYJIaIaphl
TUAPOIU3JCHOETeH Ca0BIHMEH OPEKETTECIl, TeHJey OOWBIHINA KBHIIMKBUI CaObIH
Ty3ei:

Ci7H35COOH + NaOH — C;7H35COONa + H,O
RCOOH + RCOONa —RCOOH * RCOONa

Kip cabwvinowst oaspray adicmemeci

Wurpeauentrep: 800 r kynOarsic Maiibl, 300 T kactop maiisl; 100 r KokocC
Maiier; 140 T cinti; 330 M tasa cy.byn koMmmoneHTTepaeH opraia ecenmnex 1 kr
eHiM  amerHamel.  CaOBIH — Jkacayra ~ apHajgFaH — OapiblK  ©HIMIEPHi
MaMaHIAHIBIPBUTFAH JYKEHAepJe caThil anyra Oonamel. CoHBIMEH Kartap,
JKOJIAaKTap/IbIH XYy KAaCUETTEPiH jKaKCapTaThIH TYPJIi KOCTIaIap/bl KOCYFa OoJabl.

Yiine xip caObIH Kanaii jkacayra Ooyajbl: KailHATyFa apHAIFaH BIIBICTHI
nmauprHaaiapl. OFaH KOKOC MalbIH callajbl, OJT KaTThl, COHMIBIKTAH CYHBIK OOJIBITT
epiTy YUIIH KOeIl YaKhIT KaKeT. EpireH CYWbIKTBIKKa KYHOAFBIC Maibl KOCHLIAIBI.
YHeMi apanacTelpelll, Cy MEH CIUITIHIH MemumepiH einmey KepeK. COHFBICHI
CYWBIKTBIKKa MYKHAT KYHbUIQZBl. Byi ke3ze epiTiHAl YHEMi apalacThIpbLTyhI
Kepek.

tamM. Maiinapra cinTiiik epiTingini Oasy xyinsl. Komnonenrrepain
TeMIlepaTypachl Oipaei 0oyl KepeK. AJIbIHFAaH Macca YHEeMI apajacThIPbUIBII
OTBIpY KaXKeT, OHBI OJieHIepMeH kacayra Oonansl. BipTe-0ipTe KambliH Maccana
i3nep maiina Ooma Oactaiingsl. ComaH KeliH ajblHFaH TYTKBIP 3aT CY BaHHACBIHA
canpiHbI, 3—4 carar imiHAe KaiHaThuTybl Kepek. OchlaH KediH macca Telbre
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ykcac 3atka aiHamazpl. OraH pH »komareiH camanel. AnbiHFaH MoH 8,5-10
apalibIFbIHAA ©3Trepyl Kepek. Maccara KacTop KOCaJibl OHE OHBI MilliHJepTe
KYHBITI, TUICHKaMeH >kadafpl.

Conrbl ke3eH — KaTaro. Taxxiprbe OapbIChIiHIa Ca0bIH €Ki-YIII KYHHEH KeHiH
caObIH TONBIFBIMEH JaiiblH Ooyigbl. ComaH KeWiH OHBI KIIIKEHE TEKIIeIepre
Kecineni.

G R, SR TR
& - + )

L - o il .

= A :

Kapa cabsin anry (amabora eciMairiHen)

Bocekere kabineTTUITiH cakTay YIIIiH TaAOUFH eMJIIK KacueTTepi 6ap caObIH
JMafbIHIaral Ke37le OHBIH CHIPTKBI TAPTHIMJIBI CHUITATTAMATAPhl OOJIYBI Kepek, Te3
OpeKeT eTell JKoHe KepiHeTiH ocep ereni, Oipak TepiHIH pereHepaTuBTi
(YHKIUSUTApBIH JKaKCapTaTblH MeTabOoNM3M TPOIeCTepiHe THIMJI dcep eTeTiH
OHMOOTHSUTBIK OSJICeH/I1 3aTTap OOMYHI KEPEK.

En mnaiimaner TaOuru caObiH-I'aHanma eHAipiireH kakao MEH NalbMa
SIIPOCHIHBIH MaibIHAH JKacajiraH caOblH. TaOWFW caOBIH €pireH capbl MaiijiaH,
KayCTHKaJIbIK cofianaH, 3(hup MaiiapelHaH, cakapAaH )KoHe T.0. Kacalybl MYMKIH.

Cakap-Ana0ora menTtepiHiH KYJiHEH OHBIH KaThICYbIMEH JalbIHJAIFaH
caObiH "Kapa caObIH" genm aTanajpl. Exxenri 3amaHHaH Oepi Kapa caObIH Keneci
KOJIMEH KOJJIAaHBUIFaH. AJJIbIMEH Ky31e ANbOOTaHBI IIBIHIAIFaH cabaKTapbIMEeH
JKUHAIT, OPTET, KYJIiH aJIbIll TaCTa bl AJNBIHFAH KYJIiH YCTiHE KaifHAFaH Cy Ky#iraH
Ke3J1e KYJ KOPEKTiK CyMeH 0ipre aFbil, KOHTCHHEPre dKUHATAbI.

AnbIHFaH CYHBIKTBIKTHI MaillaHFaH Ka3aHFa KYWBII KaifHaTy apKbUIBI
cakap anblHaabl. 4—5 Ka3aH KYJAiH CeNliHeH »apThl Ka3aH cakap *KHHaIl, TaOuru
ca0ObIH xacayra Oomazpl (Richard, 2021).

HoTu:kesiep skoHe TaJKbLIAY

Kapa caObIHHBIH JaiibIHAaTy 9icTeMect

Konnansmateia 3arrap: 800 r anmabora, 2,5 i cy, 40 r ToH maid

Kapa caObiaab Yii skaFgaiiblHIa KeJleci oliclieH amyFa 0oJaibl:
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-amaboTaHbI OPTEY;

-aJIBIHFaH KYJII1 Cy KOCBII KalHATY;

-TyHOaHbI Oemy;

-cakappl aiy;

-cakap MEH TOH Maii/ibl apalaCThIPHII, CAOBIHABI AlTy.

Haiibiagay Oapeicel: 800 T anaOyrta eprengi. OpreyneH KajblHFaH KyJAi
tapassiga enmerenae 300 r TeH 6omasl [1-cyper].

1-cyper. AnabGoTaHEI epTey

Conman keliH KazaHIbBIKKa 2,5 JNHUTp KaliHaraH Cy KYHBUIIBI, all Cy
KallHaraHHAaH KeWiH ajiblHFaH KyJ ycTiHe Koibuiabl. 20 MUHYT KailHaraH Ke3ze
YHEMI apanacTbipa OTBIPBIN Kapa TYCTi KOCHAChI AJIBIHIIBI [2-cyperT].

2-cypet. TynbaHsI any Ke3eHi
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Keneci ke3enyie KocmaHbl KYHbIT, Oip KYH Tanam eTTi. TYHIbIpbUIFaHHAH
COH OJI KBbI3BIJI IIAH/IBIH TYCiHE YKCAc KbI3bUIFa aifHAIIbI.

CyMBIKTBIKTBI MOPJIiHIH KOMETIMEH KYJICH Cy3ulin OeiniHin ansiHabl [3-
cyper].

3-cyper. Cakap any
Kerneci ke3eHze epiTiHAiHI Ka3aHFa KypraraHIIa, sSFHH cakap TY3UIMCHIIE KbI3AbIPBUIIbI,
HOTHDKECIH/Ie albIHFaH cakap/blH Maccackl 10 T TeH 6omnapl [4-cyper].

4 - cyper. Kapa caObIHIBI 2Ty

Opan coH 50 T CHBIPIBIH TOH MaWBIH Ka3aHNa CpiTijeli,OHbIH YCTiHE
cakap/pl CalbIl, Oasy oTTa KbI3ABIPhULIGL. Cakapibl canFaH Ke3je keOik maiia
Oona OacTaapl. ATBIHATBIH ©HIM KYHIN KeTHeyi YIIiH YHEeMi alblHATBIH ©HIMIi
apaslaCTBIPHIN OTHIPAMBI3,

Kocna korosaHblII, jxa0bICKaK O0JIFaH Ke3/¢, OTThI OIIipill, JaiblH OHIMII
KaJIBITIKA CaJIbIT CybITaMbI3. HoTmkecinme emlik KacueTrepi 6ap Kapa caObIH maiia
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oonapl. EckepTy: erep Konabl cabbIHMEH KyY Ke3iHJIe AYphIC KellipMece, KaiTaaan
KaifHaTaMbI3 [5-CyperT].

S-cyper. Kapa ca0biH (amabota eciMirineH)

Kapa caObin any (cekceyin aranibiHaH) JaibIHAATY dicTeMeci

Kapa ca0biab anadota eciMIiriMeH Katap ceKceyisl araniblHaH Ja alyFra
0omael

Kaxerti kypan-xaOapIKTap: 8 Kr cekceyin, 5 1 cy, LIOHBIH Ka3aH, CyHek
Maiibl, 500 Tp ToH Maii.

AnIBIMEH CeKCeylT aralllbiH OHBIH KYJIH ajdy MakcaTbiHaa, epreii. XKany
Y3aKTBIFBl 5 caraTThl Kypanael. Ky ak yHTaK >KoHE aKmbUl OOJAbL. AJIBIHFaH
KYJIIiH caJiMarbl — 2 KT [6-cypert].

6-cypeT. Cexkceyinai ep-Tey nporeci

103



ISSN 2224-5227 2.2023

IToiibiH Ka3aHabl KBI3ABIPHIN aJIbII, AJBIHFAH KYyJIre S5 J1 Cy KYHbII
KaHaThUIBL. bipkenki macca 6onranma 30—40 MUHYT KallHATHII, IAFbIH Ka3aHFa
1 xynre TyHabIpbUIABL. COH/A Cybl O€TiHE WIBIFBIMN, KYJIi BIABICTBIH TYOiHE TYHJBL.
Berine OGeiHreH Cypl KaiTaaH MOWBIH Ka3aHFa KaiHateuiel. CyibIK cy 1 carar
KeJIEMiHJIe KOIOJIaHBITI, aKIIBII-CYPFBUIT YHTaKKa aitHan 1. byn — cakap [7-cyper].

7-cype. Kynnen cakap amy

Keneci kesekte 8 carar cyilekTep/ii KaWHATBIN, CYHEeK Maibl aJIbIHIBI.
[oiibiH Ka3aHFa CyHeK MaibIH )KOHE TOH MaiJIbl CAJIBII, SPITill abIHIHI [§-cypeT].

L e

8-cyper. CyiiekTeH Maii ajy mpoueci.
CopmaH COH cakap/bl arall TasKIEeH apaacThIpa OTBHIPHIT CATBIHIBI.
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Koromansim Tyci e3repin kaiiHaiasl. TyOiHe kaObichill OacTaraHia KOO
MacCaHbI OTTaH albIH/IbL. bICThIKTal MopITire cajbil, KaTThl opar OipHelle caraTka
kenTipyre Koubuiabl. Cadbiaabl 7 Gemikke 180 rpamnan Geminai. OceiMeH Kapa
caObIH JaiiblH 0OJabl. AJIBIHFAaH Kapa caOblH HICI JKaFbIMIIbI YKOHE KOIlipeTiH
KacueTke ue 6omel [9-cyper].

Kapa caObIHHBIH eM/IiK KacheTTepi

BypbiH KYHAETIKTI eMipje KeHIHEH KOJIJAHBUIATBIH J>KOHE OChl KYHI
YMBITBUTFAH Ka3aKThIH Kapa caObiHbl — Cakap KenTereH eMiK, IIHITAJIBIK
KacHeTTepre ue OOJIbI.

- IITiH ayBIPYBI, TYMAY Ke3iHJIE;

- Oac aypysl Ke3iHge, erep 0ac Kapa caObIHMEH XYBUIBII, KBUIBI OYpKeIl
JKATKBI3BII Kolca, 0ac aypybl KOSIbI;

- IeHeIeT] KpI3apraH xKapaHbl, 06pTIICH], TEMIPETKIHI eMIei i,

- ipiHzi, aybIpCBIHY Oacy YIIiH Ke3[i, KYJIaKThl, Kapa ca0bIHMEH >KybIHBI3;

- Oy3aymbIKIeH (MalbIHIAIFaH Kapa caOblH) — OeTi MEH KOJIBIH KyFaH
OaslaHBIH JCHECI Ta3a OOJIBIN KajlaIbl )KOHE IEPT aCKbIHOAM IbI.

AnBIHFaH €Ki Kapa caObIHIapIbIH €MIIK KaCHUETIH aHBIKTay MaKcaThIHa
Oer KyTiMiHe mmIaFrblH TaxipuOe skacamapl. Toxipube OapeickiHAa OerTeri
Oe3eysep/i KeTipy JKoHE TepiHi Ta3apTy YIIiH KyHIHe Kapa CaObIHMEH €Ki peT
JKYBUIBIIN, 0€C KYH apalbIFbIH/Ia OH HOTH)KUE KOPCETTI.

Cabvin KanovikmapviHan cabvin any adicmemeci

Kaxerri kypan xaOapiktap: CaOblH Hemece CaOblH KaJIABIKTaphl (XOLI
WIiCTI HeMece Wicci3), YKKIll, cy (Ta3apThUIFaH Cy MIHJETTI €Mec), Cy MOHIIACHI,
TIUIepyH, 3gup Maiibl, cabbiHIBI 005y (MiHAETTI emMec)

CyliibIK caOBIHABI ATy Ke3eHIepi:
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- caOBIHABI YKKIMTEH oTKI3Y (50 T);

- YTiTiAreH caOBIHIB! canbin, 600 MIT Cyabl TIEIITE KaiHATY;

- 3(pup MaBIHX)KOHEOOTYKOCABI;

- KOCIIara TJIMIEPUH KOCAIBI:

Angeiver 50 T caOBIHABI YKKIMITSH OTKI3UIII.

YriTiireH HeMece ycaKTalFaH CaOBIHABI KOCIAHBI Xacay YIIiH apHaibl
KOJIIAaHBUIATHIH YJIKSH BIIBICKA CANbIHBIN, 600 MII Cy KYHBLIBIIT CYJBI MOHIIAAA
KaitHaTeU1 A6l COHAH COH CYMBIK KOHCHUCTEHITHSIFA d(hHUP Mabl )KoHE CaOBIH 0O0SYHI,
TIIALEPHUH KOChUTIbl. CaObIH BIIBICHIH XKaYHII, OHbI 12—24 caraTka JeiiiH KOMBUIIBL.
Erep kocmacel ThIM JXyKa OOJBIT KOpiHCE, OHBI KalTa KbI3ABIPHIN, CAaOBIH
YIIIEeKTEpiH Kocaabl. AJl ThIM KaJIbIH 00Jica, KalTa KbI3ABIPII Cy Kocazbl. JlaibiH
caObIHHBIH KOHCUCTCHIIMSCHIH OJIEHJEp apKbUIbI TETiC eTil jkacayra Oomajsl
(Akhmetov, 2021).

KopbIThIHABI

Taxipu0Oe OapbIChIHIAa ana0d0Ta MEH CEKCEY1I OCIMIIKTEPIHEH Kapa Ca0bIH,
eCiM/IIK MaWJaphlHaH Kip JXoHe HWic calblH, CYWBIK CaOBIHIAp dalbIHAAIIbL.
TypMBICTHIK KaFmaiiaa 5 caObIH TYPi aJbIHIbL:

-Ta0WFU OCIMJIIKTEp HEeTi3iH/Ie albIHFaH 2 TYpIi Kapa caOblH;

-op TYpJIi Malyiap/iaH JalbIHJAIFaH Kip %oHE HiC CaObIH;

-caObIH KaJABIKTapbIHAH aJIBIHFaH CYUBIK CaOBIH.

JaiibiHnanran caObIH YITUIEpi MEH CaThUIBIMJIIAFBI «XO3SIOIIKa» JKOHE
«AHTUISTHHY» CAOBIHAAPBIHBIH OPraHOJCITHKAJIBIK KOPCETKIIITEPI: TYPI, TYCI, Hici
JKoHe Ke0ikTeHyi, pH *oHe KYFBIITHIK KACUETTEP1 aHBIKTAII/IBL.

ATBIHFaH 3epTTEy HOTIKeIepi OOMBIHIIA Keleci KOPHITHIHABI Kacallbl:
JIaK KeTipy KepceTKiln OoWbIHIIA Kapa caObIH apHaiibl caObIHAAPAAH Ja XKOFaphl
HOTIDKE KOPCETTI JKOHE OJI eMJIK KacHeTTepre, aj MaibIHAalFaH Wic caObIHIap
JKOFaphI cara KepceTKilTepiHe (CyFa TYPaKThl, sSIFHU epill KeTHew i) ue OOIIbI.

Kasipri yakeitra Kazakcran HapeirbiHaa Tek "Phytoperfume" komnaHusicbt
Bakrepusira Kapchl Tabury caObIH 1IbIFapaabl. byl KoMIaHus MIbIFapaThiH caObIH
TIOPUTiK eciMAIKTEp MeH d(Up MaiapbIHaH kacanraH bakrepusra Kapchl acepi Oap
JKOFaphl carnajbl TAOUFH OHIM OOJIBIIT TaObLIAIBI.

Kazakcranna caOblH eHAipici ic JKy3iHIE KeH ayKpIMAa jJdaMbIMaras,
COHBIMEH Oipre Tabury caObIH OHAIPY/IE OTAHIBIK OHAIPYIIIep OTe a3 el aiTyra
6omnanpl. Erep 6i3 ockl TaOUFH caObIH OHTIPICIH KOJIFa aJicak, OH/a HAPBIKTHIH KYHBI
skorapsl 6onap eni. CeOedi OHBIH apTHIKIIBUIBIKTAPHI:

- MHHOBAIMSUTHIK TEXHOJIOTHSIIAD;

- OCIMJIIK IIMKi3aTHIH Maliaany;

- OHJIIPICTE TAOUFU JKOHE Ta3a KOMIIOHCHTTEPIi KOJIJaHY;

- CHUHTETHKAJBIK CaOBIHMEH CallbICThIpFaHna baktepusra Kapchl caObIH
aiy,

- ap3aH Oouy;

- Kasakcranna o3 eHiMIiepi CaThill allbIHJBI, XUMUSUIBIK OHJIIpicTepi
JAMBITY.
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Abstract. One of the main tasks of the food industry is to meet the needs
of the population with high-quality, biologically valuable and environmentally
friendly products with specified functional properties. Among the various types of
dairy products, soft cheeses occupy a special place. The world science of nutrition
recognizes soft cheese as a highly nutritious, biologically complete, easily
digestible product. Soft cheeses are essential and indispensable components of the
human diet. Up to this date, soft cheeses are one of the most promising segments
of the general food market. For this reason, expanding the range of soft cheeses and
increasing the biological value of products is an urgent problem for dairy
production. In the modern food industry, there is a positive trend in the production
of food products from enriched raw materials. This article presents the rationale for
the technology of obtaining soft cheese with the addition of salmon meat as a source
of semi-unsaturated fatty acids. The analysis of soft cheese samples was carried out

108


mailto:araiskakova@mail.ru
mailto:araiskakova@mail.ru
mailto:s.zaure@bk.ru
mailto:s.zaure@bk.ru
https://orcid.org/0000-0001-7964-7736
mailto:aray3005@mail.ru

Reports of the Academy of Sciences of the Republic of Kazakhstan

in the laboratory of the Department of Food Biotechnology and the Research
Institute of Food Safety of the Almaty Technological University. The results of
scientific research of the obtained product have shown that the addition of salmon
significantly improves the taste and quality of soft cheese, increases its biological
value by increasing the content of semi-unsaturated fatty acids. Not only it enriches
the cheese product with functional ingredients, but also gives the product a pleasant
taste.
Keywords: soft cheese, semiunsaturated fatty acids, vitamins, salmon
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AnHotamusi. Tamak eHEpKociOiHIH HETi3Ti MiHAeTTepiHiH Oipi —
XaNBIKTBIH ~ Oenrini  QYHKUMOHAJIABIK KacherTepi ©Oap JKOFapbl — camaisl,
OMONOTHANBIK ~ KYHIBI JKOHE  OKOJOTHSUIBIK  Ta3a  OHIMIC  CYpPaHbBICHIH
KaHararTaaaelpy. CyT eHIMACPiHIH alyaH TYPJICPiHIH IMIiHIE KYMCAK 1pIMIIIKTED
epeKiIe OpblH ananbl. JIYHHEXY3UIK TaMaKTaHy FBUIBIMBI ipPIMIIIKTi >KOFapbl
KOPEKTIK, OMONOTUSUIBIK TOJNBIK, OHAW CIHETIH eHiM periHae TaHuabl. On agam
PAIMOHBIHBIH MIHJETTI JKOHE aybICTHIPBUIMANHTBIH Kypamiac Oeiri 0ok
Tabbutaapl. byrinae omap jkaimbl a3bIK-TYJIK HApBIFBIHBIH €H NEepPCIEeKTUBAJIBI
cermMeHTTepiHiH ©Oipi Oonbim TaObpiazel. Ocbl  cebenTi >KyYMcak ipiMILiK
ACCOPTHUMEHTIH KEHEWUTY oHE OHIMJIEP/iH OUONOTHSUIBIK KYHIBUILIFBIH apTThIPY
CYT OHIIpiCiHIH e3eKkTi Mmaceneci OONbIN Ta0bUTAABl. 3aMaHayHd TaMak
OHEPKACIOIHIE XUMUSITBIK KYPaMbl TY3€TUITeH TaMaK OHIMIEepiH OHAIpyae OH YpAiC
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Oaiikanmanpl. MyHmail eHIMIEPAI MaMBITYNBIH Oip OarbIThl — IIHKi3aTTapIbl
OaifbITy. Makanaza >kapThlilail KaHbIKIIaraH Mal KBIIKbUIIAPBIHBIH K631 PETiH/Ie
aKcepke OaNBIFBIHBIH €TiH KOCY apKbUIBI )KYMCAK IpIMILIIK aly TEeXHOJOTHSACHIH
HETi37ey JKoHE FRUIBIMH 3epTTEYNICPAiH HOTIKenepi OepinreH. KyMcak ipiMimik
YVATUIepiHe Tanmay >KYMBICTaphl AJIMaThl TEXHOJOTHSUIBIK YHUBEPCUTCTIHIH
«TaramIbIK OMOTEXHONIOTUS KadenpachIHbIH KoHe « Tamak Kayirnci3miri» FEUTBIMH
3epTT€y WMHCTUTYTHIHBIH 3€pTXaHachblHAa Kyprizingi. KopbIThIHIBUIAW Keie,
KYMCaK ipiMIIIKKe akcepke OaNbIFBIH KOCY apKbUIbl JKapThUIall KaHBIKIIaFaH Mai
KBILIKbUIAAPBIHBIH KYPaMbIH JKOFaphljaTa OTBIPBII, KYMCaK ipIMIIIKTIH 1oMi MEeH
camachlH alTapibIKTall jKaKcapTyFa JKOHE OHBIH OWOJOTHSUIBIK KYHIBUTBIFBIH
apTThIpyFa OOJNAThIHBIH aTall OTKEH JKOH. AKCEepKe OaJIbIFbIHBIH €Tl IPIMIIIK OHIMIH
(YHKIIMOHAIBI WHTPEJUCHTTEPMEH OalbITHINT KaHa KOWMAKbpl, COHBIMEH KaTap
OHIMTe KaFbIMJIBI JToM Oeperi.

Tyiiin ce3mep: ’xymcak IpiMIIK, KapThulaii KaHBIKIIaraH Mai
KBIIIKBULIAPEI, TOPYMEHIEP, aKCEePKe OaIbIFbI
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AnHoramusi. OTHON W3 OCHOBHBIX 3aJ]lad IHUIICBOW IPOMBINIIICHHOCTH
SIBIIICTCS.  YJIOBJICTBOPCHHE  MOTPEOHOCTH  HACCJIICHUS  KAYCCTBCHHBIMH,
OMOJIOTMYECKU IICHHBIMA W 3KOJIOTUYECKH YUCTBHIMU MPOAYKTAMHU C 33J[aHHBIMU
(YHKIIMOHAIEHBIMU  cBoOMicTBaMU. Cpemu pa3HOOOpPa3HBIX BHUOB MOJIOYHBIX
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IPOLYKTOB 0C000€ MECTO 3aHMMAIOT MSTKUE ChIpbl. MUpoBas Hayka O MUTaHUU
IIPU3HACT MATKUH CBIP BBICOKONUTATEJIbHBIM, OHOJIOTHYECKU IIOJIHOLIEHHBIM,
JIETKOYCBOSIEMBIM TIPOIYKTOM. MSIKHE CBIPBl SIBISIIOTCS 00S3aTENbHBIMU U
HE3aMCHUMBIMHA KOMIIOHEHTAMM pAalMOHAa 4YesoBeka. Ha ceromHsmHWid AeHb
MATKME CBIpl OIHM M3 CaMbIX IIEPCIEKTUBHBIX CETMEHTOB  OOLIEro
MIPOOBOJLCTBEHHOTO phIHKA. [l0 3TOH mNpHuYMHE pacHIMpeHHe acCOPTUMEHTA
MSTKHX CBIPOB M TIOBBILICHHWE OHMOJIOTMYECKOH LEHHOCTH MPOAYKLIHUH SBISETCS
aKTyaJIbHOH TIpOOJIeMOil MOJIOYHOTO TPOU3BOACTBA. B COBpEMEHHON NHIIEBOM
MPOMBIIUIEHHOCTH HAONIONAeTcs TMOJOXKHUTENbHAsT TEHACHIMsS NPOU3BOJCTBA
NPOAYKTOB IUTAaHUS M3 OOOTAIIEHHOrO ChHIphs. B cTarhe mpeacTaBieHO
000CHOBAaHUE TEXHOJIOTHH TIOJNYYSHHUSI MSTKOTO Chipa C JI00aBICHUEM MsCa CEMTH
B Ka4eCTBE MCTOYHHKA MOJMHEHACHIIEHHBIX XUPHBIX KUCIOT. AHaJIN3 00pa3iioB
MSTKOTO ChIpa MPOBOAMICS B abopatopuu kKadenpsl «Ilumenas OnOTEXHOMIOT U
n HU «be3onacHoCcTH MUIIEBHIX MPOAYKTOB» AJIMaTHHCKOTO TEXHOJIOTHYECKOTO
yHUBepcUTeTa. Pe3ynbrarbl HAy4yHBIX MCCIECJOBAHUM IIOJIYYEHHOIO IPOAYKTa
MOKa3alli, YTO NOOaBJICHHE CEMI'M 3HAYMTENBHO YIyYIIaeT BKYC U KadueCTBO
MSTKOTO ChIpa, MOBBIIAET €r0 OMOJIOTMYECKYIO LIEHHOCTh 32 CUET YBEJIHMUYCHHS
COJIEP)KAHMSI TIOJMHEHACBILIEHHBIX >XUPHBIX KHUCJIOT. MSCO CEMIM HE TOJIBKO
o0oraiaer ChIpHBII MPOAYKT (PyHKIIMOHATIHHBIMA UHTPEIUCHTAMH, HO U MIPHJAET
MIPOAYKTY MPHUATHBIN BKYC.

KuroueBble cy10Ba: MATKUiA CBIp, MOJWHEHACHIIIIEHHBIE KUPHBIE KUCIOTHI,
BUTAMUHBI, CEMIa

Kipicnoe

TyTRIHYIIBUTAPABIH  IPIMITIKKE VIKEH KOHIT O6dyiH OHBIH >KOFaphI
OMONOTHSIIBIK KYHIIBUIBIFBIMEH, K€H aCCOPTUMEHTIMEH OHE IpIMIIIKTIH KeHOip
TYPJIEPiHiH Y3aK YaKbIT CaKTalybIMEH TYCiHAIpyTre Oonaapl. [piMITIKTiH TaFaMIIbIK
’KOHE OHMONOTHSAIBIK KYHABUIBIFBI OHBIH KYPaMbBIHAAFbl CYT OEJOTBIHBIH >KOHE
KaJBIUHAIIH JKOFapel OONybIHA, aJaM ar3achblHa KaKeTTI aJIMacThIPbUIMANWTHIH
AMHUHKBIILIKBULIAPBIHBIH, Mail JoHe 0acka OpraHUKaJdblK KBIIKBULAAPIIBIH,
JTOpYMEHJIEPAiH, MUHEpalAbl TY3Iap/AblH, MHKPOIIEMEHTTEPIHIH OO0NybIHA
OaitnanbicThl (Ostroumov et al., 2015; Khodunova et al., 2016; Kohlmeier et al.,
2013; Ivanova et al., 2019).

Kymcak ipiMIIIKTepAiH KaTTbl JKOHE >KapThUlali KaTThl ipiMIIIKTEpre
KaparaHaa OipKarap apTBHIKIIBUIBIKTApEl 6ap. Onap YHBITKEI MUKPOGIOPACHHEIH
KaTBICYBIMEH XKETKITIKTI Te3 xkeTineai. Onap mpecreyre yiblpaMaiapl, COHABIKTaH
KYMCaK IpiIMIIIKTep HO3IK XYMCaK KYpbUIBIMFa JKOHE OaillblH ©HIMAE >KOFaphbl
BUTFANABUIBIKKA  We.  COHBIMEH  Karap, ONApAblH  TEXHOJIOTHSACHIHBIH
KapanaibIMIBUIBIFBIH, CaJbICTBIPMANIBl TYPAE TOMEH €HOCK IIBIFBIHIAPBIH,
TEXHOJIOTUSJIBIK OMepalysiapAblH a3 CaHblH, O6TE€H MHUKPOQIOpaHbIH AaMy
MYMKIHJITIH alTapibIKTail TOMEHJIETETIH JKOFapbl TUTHEHAIIBIK KOPCETKIIMITEepIi
aTar eTy KepeK. AJlaM ar3achliHa JKaKChl CIHETIH, €PUTIH TYPiHIe OEepUIreH )KyMCaK
ipimmikreperi Oeokrap MeH 0acka Jja a30TThl KOCHUIBICTApABIH MOJIIIePi KaTThl

111



ISSN 2224-5227 2. 2023

JKOHE JKapThIIall KaTTHl ipIMIIIKTepre Kaparanma 2—-3 ece JKOorapbl OoJraisl
(Khodunova et al., 2016; Kuzina et al., 2016).

XKapreutait kawbikmaraH wmail  Kelnkeuiaapel (QKKMK)  KypbUIBIMIBIK
JUATIAATEP MEH OPTYPITi (PU3HOTOTHSITBIK OCIICEH TI 3aTTapIbIH TY31TyiHE KaThICaIbl.
OnapaelH  a3bIK-TYJIIKTE OONMMAaybl CEMI3iK, THIEPTOHHWSA, KAaHT IUa0eTi,
PEBMATOMITH apTPUT, KaTepii iCik CHAKTHI SpTYPJIi aypyJaapAblH Haiiga OomybiHa
okeneni (Kuzina et al., 2016).

JKKMK amam ar3achlHIa CHHTE3ICIMEUTIHIIKTCH, Oap TaMaKIeH Tycim
OTHIpY Kepek. bysl KbIIKbUIIap eki Tomnka OeriHeni: -6 (JIMHOM KoHE apaxXuioH
KBIIIIKBUIIAPBI)  KOHEe -3  (JIMHONEH, SWKO3alleHTaeH, JIOKO3areKCacH
KBIITKBUIIAPEI), OJlap JKaHyapiapAa >KOK >KOHE OCIMIIK MaapblHIa Ke3IeCel.
OWKO3aleHTacH JKOHE JOKO3areKCacH KBIMKBUIAAPEl TEK TEHi3 OaabIKTaphIHBIH
MammapbiHaa OoabL.

OniMmuaepne JKKMK oHTalITBI KATBIHACKH PEIICTITTEPTE OCHI KBIIITKBUIIApFa
0ait eciMik MailTapeIH KOCy apKbUThl aimyra 6omanbl. JKKMK ar3ara jkakchl CiHy
yiin Oenrimi Oip memmepae OOmybl Kepek, oWTHECE XYPEK-KaH TaMbIpiapsbl,
ACKOPHITY, KYWKE XOHE KaH TaMBIPIAPBIHBIH KBI3METIH PETTey YIIiH YIKESH
MaHBI3EI 0ap MPOCTaANTAHIWHACPIIH — MMMYHJIBIK XYie, CTepOMATApABIH OHAIpic
JKOHE TOPMOHIAPABIH CHHTE3l, TOPMOHFAa YKCac MOJEKYIalapJblH TOIBIK
MeTtabonmm3mi 6onmaiiner (Gladyshev et al., 2012).

AKcepke eTiHIH KypaMbIHaa ke Memmepae omera-3 JKKMK 6omaner. Maif
KBIITKBUIIAPBIHAH 0acKa, akcepke KypaMblHIa 22 MUHEPAIILl 3aTTap, COHBIH
iTiHAe KanbIMi, MarHWid, KYKIpT JKOHE Tarbl Oackanapsel, coHnaii-ak A, B, C, PP
nopymengepi 6ap (Dzantieva et al., 2012).

Ocepuraiima, XKXKMK ' ke3i 0oibll TaOBUIATHIH OaNBIK CTIMEH KXYMCaK
IpIMILIK ©HIMAEPIH 93ipiey ©3€KTi OOJBIN TaObIIa b

3epTTey  KYMBICBIHBIH ~ MaKcaThl JKapThUIall  KaHBIKIaraH  Mait
KBIITKBUIIAPBIMEH OaHBITHUTFAH KYMCAK 1PIMIIMIKTIH CarachklH 3epTTEY.

3epTTey MaTepuaJaapbl MeH ddicTepi

3epTTey HBICAaHBI PETIH/C ANBIH/IBL:

— CHBIp CYTI;

— «VIVOy» (YkpanHa) KOMITAHISICBIHIIA 931PJICHTEH JKYMCaK ipiMITIiK amyFa
O3ipJICHTCH YHUBITKBI;

— aKCepKe OaJIBIFBIHBIH TypaJFaH €Ti;

— KOCITachI3 KYMCAK 1piMIIIK YJITiCi;

— aKcepke OalIbIFBIHBIH €Ti KOCBUIFaH JKYMCaK ipiMIIIK yJTici.

3epTTeyal KYprizy Ke3iHIe CTaHAApTTHI, KaJIbl KAOBUIAHFaH 3epTTCY
omicTepi KOMTAHBUIABL. AJIBIHFAH IPIMINIK YJITUIEPiHIH MOPYMEHIIK JKOHE Mai
KBIITKBUTIBIK KYPaMBIH aHBIKTAY YIIIIiH Tajagayiap xKypri3iimi.

Kymcak ipiMmik yarinepiHiH KypambiHmarbl A gepymenin MEMCT
30627.1-98 (GOST 30627.2-98, 2009); E mopymenin MEMCT 27547-87 (GOST
27547, 2013); C mopymenin MEMCT 30627.2-98 (GOST 30627.2-98, 2009); By
xoHe By mopymennepin M-04-41-2005 omicremeci Oofipiaina «Kamens 105»
KYPBUIFBICEIHIA aHbIKTana6l (M-04-41-2005, 2005).
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JKyMcak ipiMImik yaTuUlepiHiH KypaMbIHIAAFEI MOHOKAHBIKITaFaH (OJICHH
KBIILIKbUIBI) JKOHE >KapThlIail KaHBIKIAFaH Mall KbIIKbUIJAPBIHBIH (JMHOJ KOHE
nuHONeH) Maccanblk  yneci  «Kpucrammokc-4000M»  xpomaTorpadbIHbIH
KOMETIMEH aHBIKTaJI bl

JKymcak  ipiMmmk — yATUIepiHe — Tajuday  JKYMBICTaphl  AJIMAaThI
TEXHOJIOTHSIIBIK yHUBEpCUTETIHIH «TaramablK OHOTEXHONOTHM) KadeapachiHbIH
xoHe «Tamak Kayimci3miri» FHUIBIMH 3€pTT€y HHCTHTYTHIHBIH 3€pTXaHACBIHAA
JKYPTi3UIi.

3epTTey HOTHIKeIePi KIHE OHbI TAJAAY

IpiMiiikTepAiH  opTYpii TYpJIEpiH OHIIPYAiH SKOHOMHKAJBIK JKOHE
TEXHOJIOTHSIIBIK EPEKINENIKTEPiH Taljiay HEri3iH/e )KYMCaK IpiMIIIKTepAl OHIIpY
6Te TEePCIeKTUBANIBI O0MBITT TaObUIaabl. ONapAblH apTHIKIIBUIBIFE — IIHKI3aTThI
THiMAI TalganaHy, MyHAadl ipIMIIIKTIH KeWOip TypliepiH >KeTijmipMedl Hemece
KETiTy Mep3iMi KbICKa YaKbITTa CaTyFa MYMKIHIITi, OHIMHIH YKOFapbl TaFaMIbIK
XKOHE OMONOTHSIIBIK KYH/IBUTBIFBL.

3eprxaHa  OKargailplHZA ~ JKYMCaK  IpIMIONIK  YATLIEpl  ajmbIHABL.
TexXHONOTHSITBIK TIPOIIECC KeNeci HEeTi3ri Ke3eHIep/i KaMTHIIBL: CYTTi KaObuiay,
Tazajay, CalKbIHJATy, IIacTepyiey, YHBITKbI OHE aKcepke OalbIFBIH KOCY,
apaacThIpy, almlbITy, AIBIHFAH MacCaHbl TEKIIere 0eiy, capbl CYbIHAH aXKbIPary,
e3lliriHeH mpecrtey, cakray. lllukiszarTap craHzapt TajganTapblHa COHKEC abIHIBI.
uki cublp cyTi (70£2) °C Temneparypaa macTepieH/I.

JaiiblHaanrad CyT TEPMUSIIBIK OHACYACH oTel. [piMinikrep eHaipiciHaeri
TEPMUSUIBIK OHJICYIIH MaKCaThl:

— maroreHfi MHUKpPOQIOpaHbl KOS OTBIPBIN, CAHUTAPIIBIK-TUTHEHAIIBIK
Kayirci3 eHiM aiy;

— OKaumel OaKTepUasIbIK JIaCTaHyObl TOMEHAETE OTHIPBIN, OHIMHIH
3aKBIMJATYBIH aHBIKTAWTBIH IIHKI CYT (DepMEHTTEPiH OY3Y;

— YHBITKBI MUKPOOPTaHM3MAEPIH JaMbITy YIIiH KOJAWIbl KaFmaimap
xKacay.

AmpiTy TemmeparypacbiHa (32+1)°C  pmediH CalKBIHOATBUIABL JKOHE
JKyMcak ipimMImik gaibragayra apaanrad « VIVOy (YkpanHa) YHBITKBL, COaH KeHiH
annueH ana naeiHganFad 5 %, 10 %, 15 % axcepke OaybIFbI KOCBUIABL. ATIBITY
yakpIThl 60-90 MuHYTKa CO3bUIIEI. ATbiHFaH Macca 20—30 MM TeKIenepre Keciii.
Capbl cyblHaH aXbIpaTbUIbIN, e3AiriHeH mnpectenni. [Maiipm ipimmik 2-4°C
TeMmIleparypajia cakraiabl.

OpraHonenTUKaNbIK KOPCETKIIITEPiH TallAay HOTHXKEC] OOMBIHIIA, )KYMCAK
ipimmrikke 15 % akcepke OanbIFbl KOCBUTFaH/Aa KOFapbl HOTHXKeNIep KepceTTi. Oxan
opi Taxipubenik 3eprreyiep 15 % akcepke OalbIFbl KOCBUIFAH YIITITe XKYPri3ii,
OaJIbIK €Ti )KyMCaK IpiMIIiK OHIMIH (QyHKIIHOHAIbI HHIPEIUCHTTEPMEH OalbITHII
KaHa KOWMaiIbl, COHBIMEH KaTap ©HiMIe >KaFbIMIIBI JoM Oeperi.

Banbik eTi Kocmamapbl 0ap JKyMcaK IpIMIIIK ©HIMIH  aJyIblH
TEXHOJIOTHSIIBIK TPOIIEC CYpeTTe KEeNTIpPUIreH ONeparysIbIK-TEXHOIOT HSITBIK
cxemara colikec xyprizinai (1-cyper).
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Cyp. 1. XKymcak ipiMILiK ajay TeXHOJIOTUsIChI
(Fig. 1. Soft cheese production technology)

Hopymennep — Tipi ar3amarbl OMIpJiK MaHBI3AB OHMOXUMHSUIBIK JKOHE
(U3HONOTHSIIBIK MPOLECTEPAl JKY3ere achlpy YLIIH KaKeTTi, SPTYPJi XUMHUSIIBIK
TaOHUFaThl TOMEH MOJICKYJTaJIbl OPTaHUKAIBIK KOCBUIBICTAD. AJlaM XoHE JKaHyapIiap
ar3achl JIOPYMCHIEPHl CHHTE3AEMEHII HeMece OJlapabl KETKUTIKCI3 MeJIIepiace
CUHTE3/IeMEl Ti, COHABIKTAH OJIap/bl JalbIH KYWiHJE TaFaMMeEH Oipre KaObLiman
OTHIpYBI Kepek. [lopyMeHep eTe >xoFapbl OMONOTHSUIIBIK OEJICEHAUTIKKE Ue KOHE
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ar3ara eTe a3 MeJIep/ie KaKeT — KYHiHe OipHelle MUKpOrpaMMHaH OipHelle Mr-
re IeHiH.

BrOXMMUSIIBIK TIpoIiecTepre KaTbICaThlH JpYMEHIEp Ko(epMEeHTTEpIiH
anFpl 3arbl (MbIcanbl B THamMuH) Hemece KOGEpMEHTTEpHAiH ©e31epi (MbICAIbI
numaMut) 6oibin Tadbutaabl. KodepMeHTTep — (epMEHTTEp/IiH KaTaluTHKAIBIK
OpeKeTiHe KaKeTTl OEJIOKChI3 TAOUFATTHIH OPraHUKAJIBIK TAOUFH KOCBUIBICTAPHI.

Kodepmentrep  QepMEHTTIH  aMHHKBIIKBUIAAPHI  KaJJABIKTAPBIHBIH
(YHKIMOHAIABIK TONTApbIMEH Oipre (epMEHTTIH OCJICeHJl aiMarblH Kypaubl,
OHAa cyOcTparneH OalnaHbBICYybl XoHE OesceHaipinreH QepmeHT-cyocTpar
KEeIICHIHIH TY31yi XKYpeai.

Keiibip mopymenzaep (H3MOIOTHSUIBIK TPOLECTEpPAl JKY3ere achIpyabl
KaMTaMachl3 €Telli, MBICANBI: A TopyMeHI Kopy KaObuInay npolieciHe, KacylIaHbH
nuddepeHInaMATIaHy TpoLeciHae Karbicaabl; D gopyMeHi cyiiek TiHiHIH TY311y
nporiecine Karbicansl; E nopymeni anTHOKCHIAHT 00J1bI TabbiIa sl (Seitov, 2011).

JKyMBICTBIH OaphICBIHIA KYMCaK IpIMIINK YITUIEPiHIH KypaMbIHIAFbI
Kelbip Maiina XKoHE cyna epHTiH JopyMEHIepre Tajnay KYpPTi3iimi, HOTHXKeci
TOMEHJICT1 KeNTipiiareH (2-cyper).

06  mr/100r

0,5

04
03
02
0,1
0 , . . mew mbw
A E C BY BI2

n Kocnacsi kymeax ipiMmmik B AKcepke 6a/TbIFBI KOCBUTFAH JKyMcaK ipiMmik

Cyp. 2. — KymMcax ipiMITIKTepIiH AOPYMEH/IK KYpaMbl
(Fig. 1. Vitamin composition of soft cheeses)

CypetTeri HOTHXENEpAECH KOCMAChI3 IpIMINIKKE KaparaHIa akcepke
OaNbIFBl KOCBUIFAH 1pIMILIKTE, AOPYMEHIEP/AIH MOIIIepi KOFapbl OONFaHIbIFbIH
kepyre 6onajsl. Kocnack3 ipimmikre A gopymeni — 0,201 mr/100 T, E nopymeni —
0,417 mr/100 1, C mopymeni — 0,45 mr/100 1, Bg gopymeni — 0,3 mr/100 1, Bi»
nopymeni — 0,014 mr/100 1; akcepke OanbIFbl KOCBUTFaH ipiMIIIKTe A T9pyMeHi —
0,218 mr/100r, E mopymeni — 0,437 mr/100 r, C mopymeni — 0, 54 mr/100 1, By
nopymeni — 0,32 mr/100 T, Bi> nopymeni — 0,018 mr/100 r 6ombi.
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MaiinapaplH =~ OMOJOTHSUIBIK — KYHABUIBIFBI  OJIAPABIH  KYPaMBIHIIAFbI
JKapThlIail KaHbIKNaraH Mai KeIIKpUIIapbiMeH aHbikTanaasl. JKKMK eTe kaxer
KOpEeKTiK (akTop Oonblll TaObUIAABI, ©MTKEHI onap ar3aja TY3UIMEWHIl, O TeK
TaMaKIICH TaMaKIeH TYCil OTBIPYHI KepeK.

JKyMcak ipiMIIiK yATUIEpiHAeTi Mail KBIIKBUIIAPBIHBIH YIECIH aHBIKTAY
MaKcaThIH/a Tangaynap *KYpri3iiai, HOTHKeci ToMeHer 1-kecTene KenTipiirex.

Kecre 1 — XKymcax ipiMImik yariiepinaeri Mai KbIIIKbULIApBIHBIH YiIeci, %o

Maii Maii Maii Kocmaceiz AKcepke OabIFbI
KBILIKBUIBIHBL | KBIIKBUIBIHBL | KBIIKBUIIAPBIHBI IKyMcaK KOCBIIFaH
H H XUMHSIIBIK H UHIEKCI ipiMimikTeri Mai HKYMCaK
TPUBHAJIBIbI ¢dbopmynacsr KBILIKBUIIAPBIHBL |  ipiMIIiKTeri Mait
araybl H MaccablK KBIIIKBLIAPBIHBI
yuteci, % H MacCalbIK
yneci, %
Oueiin C17H33COOH (Cis:1) mmc-9 24,32 25,50
KBIIKBLIBI
JIunon C17H31COOH | (Cig:2) mmc-9,12 3,75 3,96
KBIIKBLIBI
a-Jlunonen Ci17H20COOH (Cis:3) mmc- 0,43 0,72
KBIIITKBIIEI 9,12,15

1-kecTeneri Tangay HOTHKEIIEPIHEH aKcepKe OalbIFbl KOCBUIFAH JKYMCaK
ipIMIIIK YNATICiHAE KOCHAChI3 JKYMCAK IpIMILIIK YJATiCiHE KaparaHIa MOHO KOHE
KapTbUIaliKaHbIKIaraH  Mal  KbILIKbULAAPBIHBIH ~ MAacCalblK  YJIECIHIH
JKOFaphUIaNTRIHEIH  Kepyre Oomampl. Cebebi  akcepke OanbIFbl  JKapThIIai
KaHBIKIIaFaH Mail KbIIIKBIIAPBIHBIH HET13T1 Ke37epiHiH Oipi.

KopbIThIHABI

KophIThIH/BITAN KeTe, dKYMCaK IpIMIIIKKE aKCepKe OANTBIFBIH KOCY apKbLIbI
XKapTbUlall KaHBIKIaFaH Mai KhIIIKBUIIAPBIHBIH KYPaMbIH JKOFapbLIaTa OTBIPHII,
JKYMCaK IpIMIIIKTIH JoMi MEH camachlH aiTapibIKTail jKakcapTyFa »KOHE OHBIH
OMOJIOTHSUTBIK KYHIIBIIBIFBIH apTThIpyFa OONATHIHBIH aral ©TKEeH XOH. AKCepke
OaNBIFBIHBIH €Ti IPIMINIK OHIMIH (D)YHKIMOHAIBI WHTPEAHCHTTEPMEH OalbITHII
KaHa KOWMaiIbl, COHBIMEH KaTap ©HiMIe KaFrbIMIIBI JoM Oeperi.
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Abstract. In this scientific paper qualitative and quantitative analysis of wheat
seeds of "Licamero" variety was carried out. The method of atomic-adsorption
spectral analysis revealed 11 elements from ashes of wheat grain. Of these, K
(187.04 pg/g), Na (26.39 pg/ml) and Mg (78.49 ug/g) constituted the bulk. An
extract was obtained by subcritical CO2 extraction. Phytochemical analysis of the
CO,-extract showed the presence of carbohydrates, amino acids, flavonoids, and
unsaturated fatty acids. The method of gas chromatography showed that the extract
contains 9 fatty acids, the main part of which is methylbutyrate (99,777 mg/100 g).
The content of vitamins riboflavin (B2) and pantothenic acid (B3) was determined
by capillary electrophoresis.
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AnHoTauus. byn FeUIBIMEH KyMBICTa «JIMKaMepo» COPTHIHBIH Ownmait
TYKbIMBIHA CalajblK JKOHE CAHIBIK TaJlaay >KYpPri3iami. ATOMIBIK-aCOPOLUSIBIK
CIIEKTPIIIK Tajmay omiciMeH Owmadl JoHiHIH KyliHeH 11 SIeMEHT aHBIKTaJIbL.
Omnapapig Herisri 6emiri K (187,04 mkr/r), Na (26,39 mxr/mi) xone Mg (78,49
MKr/T) 0onzpl. Kputrkara faeiinri CO2-3KCTPaKIUACH APKbLIbI CHIFBIH/IBI aJIBIH IbI.
CO,-CHIFBIHIBICHIHBIH ~ (PUTOXUMUSUTBIK ~ Talfaybl OHAAFbl  KOMIpCYIapIbIH,
AMUHKBIIIKBUTIAPBIHBIH, (DITaBOHOUATAPABIH, KAHBIKAFaH Mai KBIIIKbULIAP/IBIH
O0omyblH KepceTTi. la3mel Xpomarorpaduschl OmICIMEH CHIFBIHABIAA 9 Maid
KBIIIKBLIBI 0ap eKeH1 aHBIKTaJIbl, OHBIH Herisri Oeniri metmwnoytupar (99,777 mr
/100 1) xypaapl. Kanmuisipisik anekrpodopes3 opicimen pubodmnasun (B,) xone
MMaHTOTEH KBIMKBUTHI (B3) mopyMeHaepiHiH Meepl aHbIKTaIIbL.

Tyiiin ce3nep: ounaiiney bb3, kputnkara neiiinri CO,-3kctpakmmsicel, CO,-
AKCTPAKT, Ta3]lbl XpoMaTorpadus

© A.B. Kaiisin6ek!, M.A. ltocedaeBa’, C.A. Coiabikoaena?, C.C.
*
Ackan6aes’, [.E. Bepranaesa'’, 2023
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E-mail: gulzat-bakyt@mail.ru

OUTOXUMHUYECKOE UCCIIEJOBAHHUE CO:-9KCTPAKTA
COPTA INIHIEHUIIBI "JINKAMEPO"

AnHoTauus. B panHON HayuHOW pa0oTe NpOBENEH KayeCTBEHHBIH U
KOJTMYCCTBEHHBIA aHAIN3 CEMSH MIIeHUIIBI copTa "JImkamepo". MeTogoM aTOMHO-
aJICOPOIIMOHHOTO CIIEKTPAIEHOTO aHAIM3Aa BBISBIICHO 11 3JIEMEHTOB U3 30JIbI 3¢pHA
meHnnbl. M3 HUX ocHoBHYRO Maccy coctaBuinu K (187,04 mxr/r), Na (26,39
Mkr/min) U Mg (78,49 wmkr/r). [lyrem nokpurudeckoir COr-3KCTpakmuu ObUI
MOJTy4eH 3KCTpakT. Puroxumudeckuit anann3 CO,-3KCTpaKTa Mokaszaja HaJlu4ne B
HEM YTJIEBOAOB, AMUHOKHUCIIOT, (DIABOHOWAOB, HEHACHIIICHHBIX KUPHBIX KHCIOT.
MeTomom ra3oBoii XxpoMaTorpaduu yCTaHOBIIEHO, YTO B COCTAB KCTPAKTA BXOAAT
9 JKMPHBIX KUCJIOT, OCHOBHYIO YaCTh KOTOPHIX COCTaBIsIeT MeTuioytupat (99 777
Mr/100 1). MeTonoM KanWJUIIPHOTO 3JeKTpodope3a ompeaeieHbl CoAepiKaHue
BUTaMHUHOB pubodaaBuHa (B2) u manToTeHOBOH KUCTOTHI (B3).

Kawuesbie ciaoBa: bAB mmennnpl, moxkputudeckas CO,-dKCTpakius,
CO,-3KCTpaKT, ra3oBast xpomartorpadpus

Kipicme

bunaii a3pIK-TyJIiK JaKbUIIAPH! PETIHIAE alaM MEH KaHyapiiapAblH HETi3Ti
SHeprus ke3ziepiHiy Oipi 6onbin Tadbutaabl. OHBIH QNEMIIK MOJCHHET PETiHJeT]
MaHBI3Bl YHEMI apThIN OTHIPAJIbl, OUTKEHI OJI 6Te KEH XKOHE OpTYpIIi JKaFaaiiapaa
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ecipyre 001aThIH KOPEKTIK KOHE YHEM/I a3bIK-TYJIIK JAKBUTBIH OLipesi. OIeMIiK
STIHIIUTIKTe IOHII JaKpuimap Oacka MaKbUIIapMEH CajbICTHIpFaHAa OapIibIK
eTiCTIKTIH mamameH 55 % kypaiins! ([Joarononosa xaue 1.6., 2009).

bupnaii ypeIKTapsl — €H JKOFapbl TaFaMJbIK KYHABUIBIFBI Oap IIHKi3ar
Oonbin  TaObuTagel. bumail ypeIK MaHbBIHBIH KypaMmblHIA KON MeJIIepae
MOJMKAHBIKIIaFaH Mai  KBILIKbUIAApsl JkoHe Tokodeponmap ©Oap. KKMK
TTACTUKAJBIK, JHEPTeTUKANBIK (YHKIUAIApABl OPBIHAANWBI;, COHBIMEH KaTap
TOPMOHIAP/IBIH TY31TyiHEe KaThICA/IbI )KOHE OJIap/IbIH OPEKETIH KYIIEHTe 11, MU MCH
JKYMKe )KYHECIH BIHTAJNAHABIPaJIbl; MMMYH/IBIK JKYHEHI HbIFANTA bl )KOHE JIECHEHIH
AJUIEPTUSUIBIK PeaKIusUIapra OSHiMILIITIH a3aiiTa bl; OHKOJIOTHSUIBIK aypyaapAbliH
aJIABIH aJlafbl J)KOHE T.0.

Op TYPJIi MUKI3aTTH OHJACYTE apHaAIFaH TaFaMIBIK KOocIajap MEH JopUTiK
npenaparTapablH Kasipri 3aMaHayd Ke3KapacTapblHa COWKEC, KbI3BIFYIIBLIBIK
TYIBIPAThIH 3aTTAPJIBIH KOHIICHTPATTAPBIH CYChI3 OpTajia HeMece epiTKill MyJIJIeM
OonMaraH Keszie ayraH jxkeH. Onapasl anyablH Oip JKOJIbl — CYUBITBUIFAH ra3aapibl
Koyigany. by omic Komaiiel Temmneparypa jKaFaaidblHAa TINTI epITKITIH 131epi
MYJIIEM JKOK CBIFBIHIBLIAP/BI aTyFa MYMKIHAIK Oepeai. OIronaThl KeMipKBIIIKbLUT
ra3bl OChI TYPZETI €H KOJaiIbl, KOJI KETIM/Il KOHE ap3aH ePITKIII Je TaHbUTYbI
mymMmKiH (Pomronoga xome T.6., 2013).

Hoacrypmi SKCTPaKIHA omicTepiMeH CaNbICTBIPFaHA CO»-
OKCTPAKIMSCHIHBIH ~ aWTapiblKTail  apTHIKIIBUIBIKTAPBIHBIH, ~ OONyBl  OipKarap
)kymbictapaa kepcerinrer (Cadapos xone T.0., 2015). Aram keTcex,

. CO,-CHIFBIHIBUIAPBIHBIH,  BUTFAT  ylecTepi 5  %-maH
acmaipl, ofap CIMpTTe, Maiylapaa eTe OHail epui, Cyaa epiMeini;

. TaOUFU OHIM OOJIBIN TaOBLIABI;

. OMOJIOTHSIIBIK OCJICEHAl 3aTTapabl KOFaphl MeJIIepe
CaKTaiIbI;

° EpITIHI OHJENTeH OHIMHIH OapibIK JIoMi MEH XOII WiCiH
CaKTaiIbI;

° CHIFBIHJIBIHBI  TaljaiaHy Mep3iMi  KeMiHae 2  KbLI
Kypanmsl;

. KYpaMbIH/Ia CHHTETHKAIBIK KOHCEPBAHTTAP JKOK JKSHE

AHTHOKCUJAHTTAPIGIH CaHbl OHIMJI camnaliibl cakTainel (3aHuH xoHE T.0., 2018;
Bonsauk xone T.6., 2008; @unumnmosa, 2017).

3epmmey nwvicana: Contyctik Kazakcran Kocranaii oOBIIBICEIHAA
ecipinreH (2021 x). «JIlukamepo» Oumait CyphIrbl.

3eprrey  kymbicTapel  on-Papabu  arelHAarbl  Kaszak — yITTBIK
YHUBEPCUTCTIHIH, XHUMHUS JKOHE XHUMHUSJIBIK TEXHOJOTHs  (haKylIbTeTiHIH
«OpraiukanbslK 3aTTap, TaOUFU KOCBUIBICTAP XKOHE MOJIMMEpIep» KadeapacsiHaa
xyprizinni. CoHpIMEeH Karap, CaHIbIK capantaManap (akynsrerreri "Du3nKabiK-
XUMHSUTBIK, 9IICTep JkoHe Tanjay opTanbirbl’ MeH AK «AnMarsl TexHOMOTHSIIBIK
VYHuBepcHTETI» «ABBIK-TYJIK OHIMJIEpiHIH camackl MEH Kayilci3airin Oaramay
JKOHIH/IET1 FBUIBIMH 3€PTTEY 3€PTXaHACBIHIAY XKYPri3iii.
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Marepuangap #dHe daicTep

«Jlukamepo» Oumaii CYPBINBIHBIH  BUFAIABUIBIFEI  MEH  KYJJIUTIT
Mewmnekertik  ®apmakoressubiy, MEMCT  10847-2019 xome 135862015
TamanrapeiHa coiikec aHbIKTaIApl (I'® Kazaxcrama, 592). Illuka3arTeig
MUHepalablK Kypambl on-®apabu areiHmarbl "Kasak YWITTBIK YHUBEPCHUTETIHIH
KEAK "®u3uKaJIbIK-XUMHUSJIBIK 9IICTEP KOHE Tanjay OPTaJbIFbIHIA" aTOMJIBIK-
aJCOPOIMSUTBIK CIIEKTPJIIK Tajiaay oAiciMeH aHbIKTanasl. JKymbic Gapbicel: 2,0 T
LIMKI3aTThl alAbIH aja KbI3ABIPBUIFaH JKOHE I enuleHreH ¢apop Turensre
opHanacTeipasl. Keilin Mydenb nemine Tureabasl aKbIPbIH KbI3IBIPBII, aJlIbIMEH
3aTTBIH €H TOMCEHI1 TeMmIeparypana >KaHyblHa MyMKiHAIK Oepeni. CochiH
Temreparypanbl OipriHgen skorapnatein, 5S00°C-Ta MMKI3aTTHl KYJIII CYp TYCKe
ailHanraHma Kydzpipeni. Kanpuumeyniy coHbIHOA — TUTeNb  3KCHKaTropnaa
cankeiaaaraasl. Tysinred kyiare S mia HNO; (1:1) Kochln, 2JIEKTp IIMTKaAa bUIFa
Ty3 KaJFaHiia Kei3aeipaasl. Kanran Ty3aeiH yeride 10—-15 min 11 HCI Hemece 1u
HNOs3 xoceIn epiteni, AaliblH OOJIFaH epITIHIIHI 25 MIT ©JIIEMAIK KoJ0ara Ky b,
OenrineHreH Memuiepre AeliH sketkizeni. Mdaiibia epitinginepai Shimadzu 6200
CEepUSUIbI CHEKTPOMETP apKbLjIbl 3€PTTEH .

COs-cuirpraapl - kputukara Jedinri  COr-dKCTpakmus omici  apKbUIBI
anbiaasl. Capanrama JKIIC «KAHADAPM» kemieHi opTanbIFbIHAA KYPri3iimi.
JKymbic GapbIchl: anaeiMeH Oumail mounepid (720 r) 6—8 MM neiin 3epTXaHaibIK
ycakTarpimTa  yHTaKkTanmein, COs-akctpaktopra (YVYIID-51)  enrizineni.
OKCTpakUus >Karnailapbl: SKCTPareHT — CYWBIK KeMipKbIKbul razsl MEMCT
8050-85, KbicbIM 57-65 krc/cm?, Temmeparypa 18-23°C, skeTpakiust yakpIThl — 8
carar. DKCTpakT mejmepi 10 T Kypassl.

«Jluxkamepo» Oupmaii cypeinbiHad anblHFaH CO>-CHIFBIHABICHIHA CAHIBIK
capantaMma AQO «AnMarel TeXHOJOTHSJIBIK YHUBEPCHUTET»  «A3BIK-TYJIIK
OHIMIEPIHIH camackl MEH KayilcCi3miriH Oaraiay >KOHIHIET1 FBUIBIMH 3epTTCy
3epPTXAaHACBIH/AY XKYPri3iiai. Mail KbIIKbUIAAPBIHBIH CaHIbIK CapanTaMachl ra3/sl
xpomarorpadus apkpuiel MEMCT 30623-2018 TtananrapeiHa coiikec, ai
TOPYMEHICPIIH MeJIIIEpl KamuuIapibl 3j1ekTpodopes aaici apkpuiti MEMCT
314832012 TananrapbiHa coiikec aHBIKTAIIEL. 3eprrey «Kpucramrokc-4000M»
XxpomarorpadbIHa KYprizingi.

3epTTey HITHIKEIepi

Kymbic Oapbicbinna «JIukamepoy» Owmail TyTac IOHIHIH IIBIHAWIIBIFEI
aHBIKTAJIFaH. 3epTTey HOTMXKeJepi OONBIHINA BUIFANABUIBIK 7,5 % KoHE KYIALIIK
2,1 % xypanel. CoHBIMEH Karap, aTOMIBI-aJCOPOLMSUIBIK CIEKTPIIK Tajaay
oMiciMeH OMIaill MoHIHIH KYJiHIH 3JIEMEHTTIK KypaMbl aHbIKTaJasl . CapantaMa
HOTHXeTepi 1-cypeTTe KepceTiireH:

121



ISSN 2224-5227 2. 2023

Menwepi, Mkr/mn
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Zn Cu Pb Cd Fe Ni Mn Ca Mg K

191 012 0 001 >2% 02 258

Cyper 1 — «JIukamepo» 6unaii TyTac IoHIHIH MaKpo- KOHE MUKPOIJIEMEHTTIK KypaMbl

Hotwxenepre cyiiene otbipbin, «Jlukamepo» Oupali  CYpBINBIHBIH
Kypambiiaa kamuid (187,04 mkr/mi), marauii (78,49 mkr/mun), narpuit (26,39
MKI/MI), Kanblimid (8,76 MKI/MJ1) 3JIeMEHTTepi 0achiM OOJaThIHBI AHBIKTAJIIbI.
ConbiMeH KaTtap, MeIpbII (1,91 MKr/min) ieH Mapraser (2,58 MKI/Mi1) aneMeHTTepi
Oipzmeit Memmepae Ke3necTi. AWTam eTeTiH KalT, KOPFaChIH CEKiIi ayblp METall
MYJIJIEM YKOK OOJIITBI.

3eprreyiepai xkanrbicteipa oThIpbi, JKIIC « X KAHADAPMy keiieHiHze
«Jlukamepo» Oupail TyTac JOHIHEH KpUTHKara JeHiHri (KbIchiM 57-65 Kre/cm?)
COgz-3KkcTpakiys  KarAaWblHAA  CHIFBIHABL  albIHABL.  AJIBIHFAH  3KCTPaKT
KypamblHaarbl bbB3 aHbIKTay MakcaThlHIA camnajblK peaklysuiap apKbLIbl
(UTOXUMHSIIBIK capanTtama xyprizinai (1-kecre).

Kecre 1 — «JIukamepo» 6unait copTeiHbIH CO2-CBIFBIHABICH KypaMbIHAaFsl BB3-Fa
(HDUTOXUMHUSIIBIK capanTaMa HOTHXKeIepi

. Peakmus 3eprTey
Pearentrep 3epTTeNeTiH 3aTTap . .
HOTIDKEIepi HOTIDKECI
NH3 ¢naBoHouaTap, (aBoH, (IIaBaHOH, canbl n
¢uaBaHoII, (h1aBAaHOHOT P
XaJIKOHJAp, aypOHIap aIlIbIK Capbl, KbI3bUI | -
AlCl; Kcanronnap KaChII-KOK -
JIABOHOU/ITA] atapeiMveH ym  OH-
¢ Arap, —Katap Y aIlbIK capbl +
T00bI Oap monn¢eHo bl KOChLIbICTap
O_
60c COOH-T06bI 6ap monucaxapuarep | KbI3bUl +
Tonyunun
HuHruapvH | aMHHKBILIKBUIIAP, aMHHOKaHTTap, NH2 | KbI3FbUIT, KoK, |
peaKkTuBi »oHe NH-10o0bI Oap ankagouarap KYJITiH, Capbl
MO/J. o KaHBIKIIaFaH Mail KbIIIKbLIIAPbI KOHBIP
epitiHzuici
Kpaxman KOK +
Kymapunnep KOHBIP -
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| NH;+AICI; | OapiibiK (h1aBOHOMITAP | allIbIK capbl TYC | + |

®durocapantama HoTIKeci OolibiHIIa CO,-CHIFBIHABIHBIH KYPaMBbIHAA
KaHBIKIIAFaH Mai KhIIKBUIIAPhI, (IABOHOUATAP, MOHOCAXApUATEP KOHE aMHH
KBIIIKBIIAApel Oap eKeHi aHBIKTAIAb.. AHTPaxXWHOH, XaNKOHIAp, KyMapHHIEP
KaTap/arbl KOCBUIBICTap OOIMaIbI.

«Jluxkamepo» Oumaii cypeimbiHaH — anblHFaH  CO,-CHIFBIHABICHIHBIH
KYpaMbIHIaFsl Mail KBHIIIKbUIJAPbIHA CAHIBIK KYPaMbIH aHBIKTay MAaKCaThIHAA
KOCBIMIIIA TaJIayJIapabl JKypri3yai yirapaeik. Capantama ra3asl XxpomMarorpadus
omici Oo#biHIIa apHaiibl «Kpucrammokc-4000M» 3eprTey Xpomartorpadsiaiua
kyprizinmi. TaceiMammaymisl Ta3  peTiHae a3oT  KommaHeUael.  2-Kectende
«JIukamepo»  Oumaii  moHiHeH Oemim  amraH  COy-3KCTpakTTarbl — Mai
KBIIIKBIIIAPBIMEH KOCa aBIHFBI QJIBIHFAH 3EPTTEeYy MOIIMETTepi, SFHU
«Ypanocubupckas 2» Oumail copThiHBIH CO,-CBIFBIHIBICH KYPaMBIHAAFBl Mai
KBIITKBUTIAPBIHBIH CaHABIK Meiepi kepcetireH (TokOaesa 1.0., 2022).

Eckeperin kait, «Ypamocubupckas 2» Oumaii cypneiasiHan CO,-
CBIFBIHIIBICHI JKOFApbl (NIFOMITHI SKCTPAKIIMSICH apKbUIBl ajbIHFAH OONATHIH, aj
«JIukamepoy» Owumail CYpHIIBIHBIHAH CBHIFBIHIABI, JKOFAphINa aWThII KETKEHICH,
kputukara aeiinri CO,-3KCTpaKmusiChl apKbUTB anblHABL. by skarmait CO,-
CBIFBIHIBI KYPaMBIHIAFbl Mail KBIIIKBUIJAPBIHBIH —CamajiblK JKOHE CaHJbIK
MeJIIepiHe aiTapibIKTall ocep ereTiH Oaiikacak Oomambl. MoceneH, eki Oumaii
CO-3KCTpakTTap KypamblHIOA Memua Oymupam >KOHE Memuin O0eKaHoam
aHbIKTaNFaH OonareiH. Amaiina «Jlukamepo» Oupail CypBIIBIHAAFBI Memu
oymupam Memnepi «Ypanocubupcekas 2» 6uaaii cypbinbIMeH caibicTbipranaa 100
ece kem O0nabI, KepiciHIIe METHJ JekaHoar mejrepi 21 ece a3 ekeHi alKbIH
6onapl. ConbiMeH Katap, «JImkamepo» O0mmait cypsITbIHBIH CO,-CHIFBIHABICHIH/IA
KeOiHeCe KaHBIKMaFaH Mail KBIIIKBUIIAPABIH eKuIepi (MeTun 1uc-9-onenH
KBIIIKBUIBI, METU 1uc-5.8.11.14.17-3iiko3anenraenoar, mnuc-8,11,14-siko3arpueH
KBITKBUIBIHBIH, ~ MeTwn — 3¢upi, mwmc-4,7,10,13,16,19-nq0K03arekcaeHoarrap)
aHBIKTaIFaH OonaTblH, an «YpanocuOupckas 2» Oumail  cypblnblHBIH COs-
CBIFBIHJIBICHIH/IA, KEPICIHIIE, KAHBIKKAH Mall KBIIKbLIIAp 0ackiM O0Nbl. ATanraH
KaHBIKKAaH Mail KBIIKbUIOapel «JIMKamepo» CHIFBIHABICHIHAA Ke3nmecriemi. Exi
CBIFBIHABIIA METHII y-JIMHOJIEH KBIIKBLIBI )KOHE METHII apaXxyuaaT aHbIKTAIFaH KOK.
Eckeperin »kaliT, KaHbIKIaraH Mal KbIIIKbULIAPHl AHTUOKCHIAHTTHIK KAacHET
KepceTesi.

Kecre 2 — «Ypanocubupckas 2» xoHe «JInkamepo» 6unait coprrapbHbIH CO2-ChIFBIH/IBICEIHBIH
KYpaMbIHJIarbI Mait KbIIIKbUIAAPbIHBIH CaH/JIbIK Menmepi

Bunait coprst «Ypanocubupcka | JIukamepo
KypbuibmMasik hopmyna A2* *
Komnonent Menmepi, %

0 CH,
Mertun 6ytupar H;C r\/ 1,416 99,777
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o) CH3
MeTui oKTaHOaT HaC’ W 1,351 -
o
Merin fexanoat / W 21,365 0,002
[®)
Mertun naypar / W 4,268 -
o
Mertun TpunekaHoar 4 W 30,855 -
o
Metwit / W/\/\/\/\/\ ) 0,015
renrajacKkaHoar
0
Mertun y-n1MHOIECH OCH3
KBIIKbIJIBI - / _ B B
H3
H k r H
M e S-onemt | c=c,_ - 0,0009
CH,(CH,)/ (CH,),CO0 CH:3
Mertun uuc- " 7 7
5.8.11.14.17- N N N ° - 0,059
Diiko3arneHTacHOaT e
Merunni a¢up muc- 0
v8,11,14- » _ 0,001
SlKo3aTpHeH 4
KBIIITKBIIEI — = = cH
o
Merwun apaxugar / W/\/\/\/\N ) 0
o
Merin Mupucrar / W 24470 )
O
Merunni 2¢up wuc-
10-neHTaneeH 2,279 -
KBIIIKBLTBI . o /
Merunni a¢up wuc-
10-renTagereH 0,719 -
KBIIIKBLTBI ~
o
Mertun crepear / WW 13,274 -
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L[I/IC- o
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JIOKO3areKCaeHoarTa | Y Y Y
p

Eckeprre:

* «Ypanocubupckas 2» 6unait coptsl - CO2-akcTpaxt KK oxic apKbIIbI aJIBIHIHL,

** «JIukamepo» Ouzail cypmbl - 3KCTpakT KpuTHkara aeiiHri CO2-3KCTPaKLIUACHl aPKbUIbI
QIBIHBL

. 0,001

Kymeic  Oapeiceinma  «Jlukamepo» — Oumpmait  copteiHBIH — CO»-
9KCTPAKTHICHIHBIH KYpaMbIHAaFrel B TOOBIHAAFBI IopyMeHIEpre KamMUISPIIBIK
anekTpodopes dici apKbUIbI CaHIBIK capanTaMma Kyprisiaul. 3epTTey TeMieparypa
22°C KoHE BUFAIIBUIBIFEI 62 %-ma kyprizinmi. B ToOBIHIarel gopyMeHICPIIH
HIBIHAAPHI ANIEKTpodoperpammaia KepceTinreH (2-cyper).

|
1 [ ) it
= \ J il
‘MW*‘»WW"”W ‘ \’J‘L'«‘I

7 8 9 10 1" 12 13 14
MUH
Cyper 12 — «JIuxkamepo» 6unait copTsiHbIH CO2-CHIFBIHIBIHBIH
KypaMbIHaarsl B-1opymenaepinin meniuepi (3exkrpodopeorpamMmma)

~

AIHTOTEHOBas K

6odnae

«JIuxkamepo» Ommait copThiHbIH CO,-CHIFBIHBIIBICBIHBIH KypaMbIHAa B-
TOOBIHAAFB JOpYMEHIEpAiH imriHeH Tek B, (pubodmnaBun) xone B; (mantoren
KBIILKBUTB) JA9PYMEHAEP]l aHbIKTanAbl. B, pubodnaBuH nopyMeHiHIH Medjmepi
0,032 Mr/100 1, an B; maHTOTEH KBIIKBLIBI 1opyMeHiHiH Mesmepi 0,637 mr/100r.
Monimertepre cyieHcek, B: mopymeninin memepi 2 mr/100 r Kypay Kepek
Oonran, an Bz nmopymeninin memmepi 10 mr/100 r OGomy xepek, COo-
CBIFBIHIBICBIHAH aliblHFaH B TOOBIHBIH IOPYMEHIEPIIH Meiepi OipiraMa a3
exeHiH kepceteni (Ko3mos, 2012).

KopbIThIHABI

Anramkel pet «JInkamepo» Oumal CYpBITBIHBIH MIBIHAWIBIFBI, JJIEMEHTTIK
Kypambl aHbIKTaabl. HelcaHa mKi3aTbiHaH KpUTUKAIBIK Aedinri CO,-3KCTpakiys
apKbUIBl CHIFBIHBI AJIBIHBIN, CAMaNbIK OHE CaHJBIK capanTama >KYprisiiii.
3eprrey HoTmxkenepi OofibiHIAa CO,-CHIFBIHABIHBIH KypamblHaa MaHb3As bb3
AHBIKTANABI: Mall KBIIIKBUIAAPBIHBIH 9 TYpi, AopymeHnzaep, (maBoHOUATAp, aMUH
KBIIKbIIAap. EckepeTiH jkKalT, CHIFBIHIABIAA KaHBIKIIAFAaH Mail KBIIKBIIIAPIbIH
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yiaeci OaceiMm  Oommpl. bynm  amsiaFaH CO,-3KCTpakTHIHBI  (DapMaIrieBTHKA,
KOCMETOJIOTHS CaJlaChIH/Ia KOJITaHyFa BIKITAJIBIH TUTI3€TiHI CO3Ci3.
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Abstract. Road transport is one of the sources of environmental pollution.
Nowadays, the impact of transport on the environment is the most urgent and
pressing problem of modern society. The relevance of the study lies in the fact that
adverse environmental factors affect the condition and health of people. A huge
role in the formation of atmospheric air pollution is played by emissions of
impurities from fuel combustion process. One of the reasons for the increase in the
volume of pollutants from exhaust emissions is the growth of the car fleet. The
environmental situation is worsened by: poor environmental performance of fuels
and vehicles in Kazakhstan, an ageing vehicle fleet and deteriorating maintenance,
inadequate road development and deterioration, and underestimation of
architectural and planning factors in cities. Carbon dioxide and other gases, which
have a greenhouse effect, spread throughout the atmosphere, causing global geo-
environmental impacts. The purpose of the research was to determine the impact of
automobile exhaust gases on the ecology of the city and to improve the
methodology for assessing the environmental and economic damage from chemical
pollution by motor vehicle emissions to the environment of Almaty. The levels of
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atmospheric air pollution by carbon monoxide on a particular section of the
motorway were determined. The coefficient of toxicity of CO emissions into the
atmosphere, the background pollution of the surface layer of the atmospheric air,
the total traffic intensity of cars on the streets of Almaty, a certain type of cars for
CO emissions into the atmosphere; the coefficient taking into account aeration on
a given road section and the value of the slope of the roadway; wind speed, air
humidity, dependence of carbon monoxide concentration on the type of road
crossing were calculated. The research was conducted on control points of
emissions of chemical pollutants. The work was carried out in the laboratory of the
Department of Chemistry, Chemical Technology and Ecology of Almaty
Technological University.

Keywords: maximum permissible concentration, atmospheric pollution
index, carbon monoxide, chemical air pollutants, motor transport, toxicity factor,
exhaust gases
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AHHOTauus. ABTOMOOWIb K6Jiri KopliaraH OpPTaHBI JIACTAay Ke3[epiHiH
0ipi Oonbin TabbuTaABl. Kazipri yakeiTTa KemiKTiH KOopIlaraH opTara acepi Kazipri
KOFaMHBIH €H ©3€KTI JKOHE ©3CKTI Moceleci OOJbIm TaObIIaabl. 3epTTEYHiH
©3CKTLIr - KoJaichl3 SKOJOTHSIBIK (akTopiap agaMAaplAblH SKarnaiibl MeH
JeHCayNbIFbIHA acep eTeai. ATMocdepaliblK ayaHbIH JaCTaHyblH KalbIITaCTHIPYyAa
OTBHIHHBIH JKaHy MpOIeciHie Maiya OoNaTelH KOCHAaJap/blH HIBIFAPBIHBIIAPHI
YJIKEH pej arkapajsl. [laiijanaHelirad ra3nap IIbFapbIHABUIAPEIHAH JIACTAYIIIbI
3aTTap KeJEeMiHiH YIFalobIHBIH ceOenTepiHiH Oipi aBTOMOOMIIbAEp MapKiHiH ecyi
Oonbinm  TaObuIaAbl. KazakCTaHHBIH OTBIHBI MEH aBTOKOJNIK TEXHHKACHIHBIH
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KaHAFaTTaHAPJBIKCHI3 DKOJOTHSUIBIK —CUIAaTTaMaliapbl, aBTOMOOWIb MapKiHiH
KapTarobl )KOHE OHBIH KYTIMiHIH HaIIapJIayhl, >KOJIIAPIBIH KETKITIKCI3 TaMyhl )KOHE
OJIapIbIH JKaii-KyHiHiH Halapiaysl, KajJaJapAblH cayjeT-Kocnapiay GakropaapbsiH
KeTte Oaramamay. KeMipKBITIKBUT Ta3bl JKOHE MApHHUKTIK ocepi Oap Oacka raszmap
Oykin arMocdepara Tapanbii, xahaHIbIK T€03KOIOTUSIBIK SCEPIePIi TyAbIPAIbL.
3eprreyniH MakcaThl aBTOMOOWNIBIACPAIH MaijanaHbUIFAaH Ta3dapblHBIH Kaja
9KOJIOTHSICBIHA OCEPiH aHBIKTAy >KOHE AJIMAaThl KaJlaCbIHBIH KOpIIaraH OPTAaHBIH
ABTOKOJIK IIBIFAPBIHIBIIAPBIMEH XHMUSUIBIK JIACTAHYJIAH OOJIATBIH IKOJIOTHSUTBIK-
SKOHOMHKAJIBIK 3USHABI Oarayay oJicTeMEcCiH KeTiuihipy Oonabl. ABTOKeJIK
MarucTpaniHid Oenrimi Oip ywackeciHae armocgepanblk ayaHblH KeMipTeri
TOTBIFBIMEH JIACTaHY JICHTeWi AHBIKTANIBL. 3epTTEYNIep XUMUSUIBIK JIaCTayIIlbI
3aTTap IIbIFapBIHABUIAPEIH OaKblIay HyKTenepiHae xyprizinmi. JKymbic AmMars
TEXHOJOTHSJIBIK ~ YHUBEPCUTETiHIH "XHUMHS, XUMHSUIBIK TEXHOJIOTHUS JKOHE
akojiorus" kadeapachIHbIH 3¢PTXaHAChIHIA OPBIHIAAIIIBI.

Tyiiin ce3mep: KeMipTeri TOTHIFbI, ayaHbl XUMISUIBIK JIACTAYIIBI 3aTTap,
ABTOKOJTIK, YBITTBUIBIK K03 (DUIIMEHTI], MaiifanaHbuIFaH raaap
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AHHOTAmMsl. ABTOMOOWIBHBIA TPAHCIIOPT SBISICTCS OOHUM U3
HCTOYHHKOB 3arpsi3HEHUs OKpYy’Kalollel cpenpl. B HacTosee BpeMs BO3ACHCTBHE
TpaHCTIOpPTa Ha OKPYXKAIOIIyI0 Cpedy SBIeTCSd HauOoJjee akKTyaJdbHOH W
aKTyaJIbHOH TIpOo0JIeMOi COBPEMEHHOTO O0IIeCcTBa. AKTYaIbHOCTh MCCIICIOBAHUS
3aKIII0YaeTcs B TOM, YTO HEOJArONpPHUSATHBIC HKOJIOTHYECKUe (HaKTOPhI BIUIOT Ha
COCTOSHHE W 30pOBbE Jrofed. boipuryio pons B GOpMUPOBAaHMU 3arpsi3HEHUS
atMocepHOTO BO3TyXa UTPAIOT BRIOPOCHI MMPUMECEH, 00pa3yIONTUXCs B IIPOIECCe
ropeHus Toriusa. OHON W3 MPUYHH yBEJTHUCHHS 00beMa 3arpsI3HSIOIINX BEIIECTB
OT  BBIOPOCOB  BBIXJIONHBIX ~ Ta30B  SIBISIETCS  pOCT  aBTONApKa.
Hey,llOBJ’IeTBOpPITeHBHLIe OKOJIOTUYECKHE XapaKTECPUCTUKHU TOIJIMBA u
aBTOTpaHCIOPTHOW TexHWKH KaszaxcraHa, cTapeHHe aBTOMOOWIILHOTO Iapka U
VXYIIIEHHE €ro YyXoAa, HEAOCTaTOYHOE pa3BUTHE MAOPOr M YXYIAILICHHE HX
COCTOSTHUSI, HEIOOIIEHKA apXHUTEKTYPHO-TUIAHUPOBOUYHBIX (PAKTOPOB TOPOIOB.
VTIIeKuCIblii Ta3 ¥ Ipyrue ra3bl ¢ MapHUKOBBIM 3Q(EKTOM pacpoCTPAHSIOTCS MO
Bcell arMocdepe, BbI3bIBas II00ajbHBIE Teodkosnoruueckue >dexrrl. Llenbio
WCCIIeNIOBaHUS OBbLTO BBISBICHUE BIUSHHS BBIXJIOMHBIX T'a30B aBTOMOOWICH Ha
SKOJIOTUIO TOpPOa U  COBEPIICHCTBOBAHWME METOJAMKH OIICHKH  JKOJIOTO-
SKOHOMHYECKOTO yiiepba OT XMMHYECKOTO 3arpsi3HEHHs OKPYXKAroIIeH cpelrsl
aBTOTPAHCIIOPTHBEIMHU BhIOpocaMu ropoma Anmarbl. Ha ompeneneHHOM ydacTke
ABTOMOOWJIGHOW MAarucTpaidl BBISIBICH YpPOBEHb 3arps3HEHUs aTMOC(HEpHOTrO
BO3/IyXa YrapHbIM ra3zoM. MccienoBaHus MpOBOAMIMCH HA KOHTPOJIBHBIX TOYKaX
BEIOPOCOB XMMHYECKWX 3arps3HuTeieil. Pabora BemonmHeHa B maboparopuu
kadenper "Xumusa, XuMHUUECKas TEXHOJOTHS M OJKOIOTHA" AJIMaTHHCKOTO
TEXHOJIOIMYECKOTO YHUBEPCHUTETA.

KaroueBble coBa: yrapHbld ra3, XHMHYECKHE 3arps3HHUTEIN BO3IyXa,
aBTOMOOMIIb, KOA(MPHUIINEHT TOKCUIHOCTH, BEIXJIOITHBIE Ta3bl

Introduction

In recent years, vehicular pollution has been increasing. Today, 60 % of
emissions in large cities in the country are caused by motor vehicles. In Almaty,
the situation with air pollution from motor transport is particularly difficult. The
criterion for assessing the negative impact of motor transport can be the
environmental damage caused to the environment.

Along with energy, industry, agricultural construction, road transport has a
negative impact on the environment. At present, transport, along with production,
is the main source of air pollution.

The main cause of air pollution is the incomplete and irregular combustion
of fuel. Only 15 % is consumed by road traffic and 85 % by air. In addition, the
combustion chamber of a car engine is a kind of chemical reactor which synthesises
toxic substances and releases them into the atmosphere. Reducing toxic waste from
cars is therefore becoming a very topical issue.
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The impact of a vehicle on the environment can be divided into positive
and negative effects. Each type of positive effect can be matched by one type of
negative effect. Chemical pollutants emitted by motor vehicles enter directly into
the surface layer of the atmosphere and are much worse dispersed than industrial
emissions entering the atmosphere at a high altitude (Zhenyu, 2022; Masoud, 2022;
Aiman, 2018; Kashin, 2007). Atmospheric pollution occurs due to imperfect design
of equipment, engine and plant systems, violations of operating rules, low technical
culture and environmental illiteracy of operating personnel, and sometimes as a
result of accidents or emergencies. The level of greenhouse gas emissions in the
atmosphere has exceeded the previous natural maximum. CO2 levels in the
atmosphere, which are considered in studies comparing the climate then and today,
have been associated with only a small increase in carbon dioxide (Ang, 2018;
Zheng, 2020; Xuan, 2022; Shaojun, 2018).

Internal combustion engine exhaust contains more than 170 harmful
components, about 160 of which are derived from hydrocarbons produced by
incomplete combustion of fuel in the engine. The presence of pollutants in exhaust
emissions is directly related to the type of fuel and the combustion conditions. The
chemical pollutants emitted by the car engine are well researched. In addition to
nitrogen, oxygen, carbon dioxide and water, these emissions include harmful
substances such as carbon monoxide, hydrocarbons, nitrogen and sulphur oxides
and particulate matter. Plants growing up to 200m away are affected by the harmful
elements emitted by the exhaust (lead, cadmium, cobalt, aluminium, arsenic, etc.).
Exhaust and exhaust gases of heat engines, in their turn, emit more than 70 % of
carbon oxides and hydrocarbons (benzene, formaldehyde, benz(a)pyrene), about 55
% of nitrogen oxides, up to 5,5 % of water, as well as soot (heavy metals), cinders,
soot, etc. into the air. Together with waste, exhaust and exhaust gases about 60-80
% of all heat received during the combustion of hydrocarbon fuel is discharged into
the atmosphere as hot gases and warmed water which also leads to thermal pollution
of the atmosphere. Flue gases of installations and engines contain tens of thousands
of chemical substances, compounds and elements, more than two hundred of which
are highly toxic and poisonous.

Carbon monoxide (CO) is an odourless gas. Its MAC in the working area
is 20 mg/m3. At concentrations of 300 to 600 mg/m3 people are easily poisoned, at
1,800 mg/m3 people are severely poisoned. Toxicity of exhaust, combustion and
exhaust gases emitted into the ambient air mainly depends on the quality, type and
kind of combusted hydrocarbon fuel, conditions of its combustion process
organization, technical conditions of heat engines and fuel combustion installations
(Ma, 2021; Yang, 2019; Adriana, 2019).

Automotive gases are a mixture of 1000—1200 individual components,
including non-toxic: N, O, water vapours, CO; toxic: C oxides, hydrocarbons, N
oxides, aldehydes, soot, benzopyrene, lead compounds, formaldehyde, benzene, as
well as many other components.

Today, automobiles are among the leading sources of pollution in many
cities. According to most data, it has been established that the amount of incomplete
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combustion products of hydrocarbons emitted from a petrol engine is significantly
higher than that from a diesel engine. Combusted hydrocarbons are emitted most in
the smoke coming out of the car, especially when the car engine is running slowly.
The gas emitted from an uninterrupted transport with quality petrol filling contains
2.7 % of non-flammable hydrocarbon monoxide.

The purpose of the research was to determine the impact of car exhaust on
the ecology of the city and to improve the methodology for assessing the
environmental and economic damage from chemical pollution by vehicular
emissions in the environment of Almaty.

Research methods

Scientific studies indicate that there are around 15 million different types
of chemical pollutants emitted from cars, many of which have not yet been fully
investigated.

The analysis of air for pollutants consists of sampling directly at the source
of emission, for this purpose special automatic gas analysers, such as GANK-4 have
been used. With the instrumental-laboratory method, impurities are first sampled
and then analysed in the laboratory with special instruments. The indicator method
is considered to be an express method. Here selective indicators are used which
change colour depending on the composition of the emission. It is used for a
preliminary evaluation of the production process and in situations where no other
methods are available. Calculations are made using information on the composition
of raw materials, fuels, fumes and gases emitted. The frequency of atmospheric air
analyses depends on the hazard class of substances, on the technological process
itself and on the proximity of the actual emission value to the normative value.

Results and discussion

The level of carbon monoxide pollution of atmospheric air was determined
during the research, which was conducted at the intersection of Tole Bi Street —
Utegen Batyra Street on 24.11.2022 at 17.50 (according to the table).

Table 1. Determination of the CO emission toxicity factor (CT)

Type of vehicle Number of vehicles | Share of total traffic | Kri
flow, Pi

Light truck (including Gazelle | 62 0,15 2,3

minibuses)

Medium truck (including foreign made | 32 0,1 2,9

PAZ taxi buses)

Heavy freight (including diesel | 12 0,15 0,2

vehicles, including buses)

Heavy Duty Truck (including | 23 0,05 3,7

combustion  internal  combustion

engine)

Passenger cars 864 0,55 1,0

Total vehicles per hour 993

Pi - traffic composition (in fractions of the total traffic flow)
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KTi - emission factor (in terms of CO2 emission) for each mode of
transport.

Kco=(0.5-0.01NKT)KA*KY*KC*KB*KII

Kco - carbon monoxide concentration

0.5 - background (non-transport) pollution of ground layer of atmospheric
air within the city boundaries of Almaty (in mg/l)

N - total traffic intensity of cars on the streets of Almaty,

KT- a coefficient of certain type of cars for CO emissions into the
atmosphere,

KA - coefficient taking into account aeration on the given road section,

KU - coefficient that takes into account the slope of the roadway (in
percent),

CW is a coefficient taking into account wind speed,

EF is a coefficient that takes into account the humidity of the air,

KP is a coefficient that takes into account the dependence of carbon
monoxide concentration on the type of road crossing.

The value of the CO emission toxicity coefficient (CT) is determined by

the formula:

K= PiKri

Kwn=0,15%*2,6+0,1*%29+0,15*%0,21+0,05*3,7+0,55*1,0=0,345+0,25+0,03+0
,185+0,55=1,4

Ka=1,06

Ky=2,00

Kc=1,15

Kg=1,8

KHZI,O

Keo=(0,5+0,01-0,03*1,4)*1,0*1,06%2,00*1,15*1,8=63,20

Total: MPC exceeded by more than 9 times.

The level of atmospheric air pollution by carbon monoxide was determined
at a specific section of Almaty — Bishkek (Fabrichnyi) motorway on 22.11.22 / time
17.50 (according to table).

Table 2. Determination of the CO emission toxicity factor (CT)

Type of vehicle Number of | Share of total traffic | Kri
vehicles flow, Pi

Light truck (including Gazelle | 66 0,16 2,4

minibuses)

Medium truck (including foreign | 50 0,1 2,9

made PAZ taxi buses)

Heavy freight (including diesel | 90 0,19 2,9

vehicles, including buses)

Heavy Duty Truck (including | 140 0,15 3,8

combustion internal combustion

engine)
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Passenger cars 621 0,75 1,5
Total vehicles per hour 967

Keo=(0,5+0,0INK)Ka*Ky*Kc*Kp*Kn

Kr=0,15%2,3+0,1*2,9+0,15*%0,2+0,05*3,7+0,55*1,0 = 1,4

Ky=1,06
Kce=2,00
Kg= 0,60
Kn:1,9

Keo= (0,5+0,01*967*1,4)*1,06*2,00*0,60*1,9 =17,85
The level of carbon monoxide air pollution on a particular section of the
motorway was also calculated on Abai Avenue in Almaty on 24.10.22 at 17.20

(according to the table)

Type of vehicle Number of | Share of total traffic | Kni
vehicles flow, Pi

Light truck (including Gazelle | 70 0,15 2,3

minibuses)

Medium truck (including foreign | 63 0,1 2,9

made PAZ taxi buses)

Heavy freight (including diesel | 10 0,15 0,2

vehicles, including buses)

Heavy Duty Truck (including | 10 0,05 2,7

combustion internal combustion

engine)

Passenger cars 905 0,55 1,0

Total vehicles per hour 1058

Kr=0,15%2,3+0,1*2,9+0,15*%0,2+0,05*3,7+0,55*1,0 = 1,4

Ky=1,06
Kc=2,00
Ks=1,5
Kn=1,8

Keo =(0,5+0,01*1058*1,4)*1,0*1,07*1,0*0,75*1,8 = 22,40.

Thus, the concentration of toxic substances in the exhaust gases of internal
combustion engines can vary widely. In addition to factors such as fuel type,
technical condition of the vehicle, and meteorological conditions, the emission of
pollutants also depends on the mode of operation of the engine. Therefore, it is
necessary to assess the toxicity of each individual component when all emissions
are reduced to a single component that is taken as a reference. Typically, carbon
monoxide is taken as the reference component. For the most typical automotive
engine exhaust gases, the component composition of the fuel is plotted below.

As a result of the study the content of carbon monoxide (CO) in the
atmospheric column above the central streets of Almaty according to the data of
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2022 was analysed. The association of areas of elevated CO content with major
urban agglomerations, as well as with places of heavy vehicular traffic has been
revealed. The results of data processing have shown that a stable local maximum
of CO content is diagnosed over the Almaty agglomeration.

Table 4. Values of empirical coefficients determining vehicle emissions depending on fuel type

Fuel type Value of coefficients (K)

Carbon monoxide (CO) Hydrocarbons Nitrogen oxide
Petrol 0,6 0,1 0,04
Diesel fuel 0,1 0,03 0,04

The K-factor value is required to drive 1 km in quantity (i.e. own
consumption), the amount of fuel is equal to the amount of harmful substances
emitted by this component during combustion. Figure 1 shows the increase in the
toxicity factor of carbon monoxide compared to other exhaust gases. Nitrogen
oxides form a photochemical fog which forms peroxyacetyl nitrates, its content of
0.1-0.5 mg/m3 irritates the eyes and causes plants to dry out. The main origin of
nitrogen dioxide comes from the high combustion temperature of the fuel and the
lack of oxygen. Often, as a consequence, it originates from vehicle exhaust fumes.

NO2

0,02 C (isotope

U3 U= (L8 B u

factor value

Figure 1. Vehicle exhaust gases depending on the fuel type

Table 5: Input data for emission calculation

Vehicle type Average fuel consumption (100 km/l) | Own  fuel consumption
V(1km/l)

Car 11-13 0,11-0,13

Cargo truck 29-33 0,29-0,33

Bus 41-44 0,41-0,44

Diesel truck 31-34 0,31-0,34
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diesel truck
0.35 bus

0.3 truck

0.25

car

own fuel consumption

0.05
o 1 2 3 4 5

average fuel consumption

Figure 2. Fuel consumption depending on the type of vehicle

Exhaust gases contain about 300 chemical components belonging to
Hazard Class 1-4 according to GOST 12.1.007, many of which are toxic (carbon
monoxide (II), nitrogen oxides, hydrocarbons, aldehydes, carbon black,
benzapyrene etc.) (Table 6).

Table 6. Hazardous substance emissions depending on fuels

Vehicle type Quantity of harmful substances, 1

CO2 benzapyrene NO2
Petrol 0,014 0,004 0,0015
Diesel fuel 0,04 0,006 0,008

The amount of harmful substances in petrol has a MPC of 76 mg/ml from
the exhaust gas (MPC 3 mg/ml ) carbon monoxide, benz(a)pyrene MPC is 1.5
mg/ml, nitrogen oxides MPC is 0.6 mg/ml. The toxicity of gasoline is less toxic.
Diesel fuels are more toxic than benz(a)pyrene. The maximum permissible
concentration of diesel in the air is 0.3 mg/l. The amount of harmful substances in
diesel fuel composition - carbon oxide MPC is 0.3 mg/l, benz(a)pyrene (MPC 0.001
ug/m), nitrogen oxide MPC is 8-22 mg/mL.
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0,03
0,025
0.02
0,014
0,015
0,01 D006 0,008
0,005 S 0,0015
i m hdad |
1 2 3

u petrol u diesel fuel

Figure 3. Vehicle emissions as a function of fuel type
1-Carbon dioxide; 2-Benzapyrene; 3-Nitrogen dioxide

The results allowed us to determine the area of variation in optical density
for each group of experimental oils. The term "basicity factor" (optical density
decreased by 10) has been conventionally adopted for clarity of results. The
research showed that coefficient of basicity for mineral oils is 1,4—1,7, for semi-
synthetic oils - 1,8-2,2, for synthetic oils - 2,5-3,5. Thus, this technology makes it
possible to determine the basis of engine oil is mineral, semi-synthetic or synthetic
and to identify counterfeit and low-quality oils.

Conclusion

Summarizing the results of the study, it is possible to assess the congestion
of the street section by different types of vehicles, to compare different streets in
this respect and to study the surrounding environment. In this work, the level of
atmospheric air pollution by carbon monoxide in Almaty has been determined. The
parameters collected are necessary to calculate the level of air pollution. The
toxicity coefficient for CO emissions into the atmosphere, the background (non-
transport) pollution of the surface layer of atmospheric air within the city limits of
Almaty (in mg/l), the total traffic intensity on the streets of Almaty, a certain type
of vehicles for CO emissions into the atmosphere; the coefficient taking into
account aeration on a given road section; the coefficient taking into account the
value of the slope of the roadway; the coefficient taking into account the wind
speed; the coefficient taking into account the humidity; the coefficient taking into
account the dependence on the end the study of air pollution by motor vehicles
allowed for determining the amount of CO, emissions into the atmosphere; the
calculated level of pollution exceeds the maximum permissible concentration.
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The methods of calculation of amount of chemical pollutants from motor
transport emissions in the city have been developed taking into account the vehicles
working on liquefied petroleum gas. The calculation of emissions of chemical
pollutants from motor transport in Almaty was clarified.
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Abstract. In paper, the possibility of using soapstock and fatty acids
isolated from soapstock in the tire regenerate formulation as a softener of the waste
of fat and oil industry is studied. Issues related to the regeneration and further use
of used tires and rubber products are of urgent importance. Currently, the main
directions of their processing are the production of tire regenerate, used mainly as
a filler for rubber mixtures and as additives in non-responsible products. Thanks to
the improvement of tire regenerate formulations with the use of fat-and-oil industry
waste, we can solve the problem of increasing the service life of rubber products
and technological methods of their manufacture. Studies of the properties of
soapstock have shown that soapstock can provide the technical characteristics of
the reference regenerate when used in tire regenerate instead of stearic acid, due to
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the presence of oil in the composition. The introduction of higher fatty acids and
their salts into the tire regenerate mixture makes it possible to change its degree of
devulcanization. Due to the high degree of devulcanization, it is possible to obtain
rubber products from the tire regenerate. When using them, it is necessary to
conclude that they can act as softeners, providing an increase in the plasticity of tire
regenerate. We have obtained a tire regenerate using waste from the fat and oil
industry. Two types of tire regenerate were introduced into the composition,
obtained using waste from the fat and oil industry. Extended physical and
mechanical tests of experimental rubbers have led to the conclusion that it is most
expedient to use waste from the fat and oil industry in the formulation of rubber
mixtures for the manufacture of rail track linings.

Keywords: vegetable oil production waste, regenerate with soapstock,
fatty acids isolated from soapstock, strength, elongation
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MAM OHEPKOCIBI KAJIIBIKTAPBIHBIH 2JIACTOMEPIIK
KOMIIO3NIUAJAPIBIH KACUETTEPIHE 9CEPI

AnHoTauus. by skymbicTa Maif ©HepKaCiOiHIH KaIJbIKTaphl — COANCTOK
MEH COANCTOKTaH OOJiN ajblHFAaH Mal KbhIIIKBUIIAPHIH NIMHAIBIK pereHepar
peLenTine KyMCapTKbILI peTiHAe KOoJAAaHy MyMKIHIIT 3epTTenni. Perenepauusra
JKOHE MaiajaHblUIFaH MIMHAJIAP MEH pe3rHa OYWBIMAApBIH OJaH 9pi KoJJaHyFa
0aliIaHBICTHI MAceenep 03eKTi OoIbIN TadblIa bl Ka3ipri yakeITTa onappl Kaita
OHJICY/IH HEri3ri OarbITTaphbl, HETI3IHEH pe3uHa KOCHAJlapbIH TOJBIKTHIPFBIII
peTiHAe >KOHE >KayalChl3 eHIMIepre Kocmajap pPeTiHIe KOJAaHBUIATHIH IIWHA
pereHepaThiH ary 0oJbi TaObuIaabl. Mali eHepKaciOiHIH KalIbIKTaphIH KOJIIaHa
OTBIPBII IIMHAJBIK pPEreHepar PELEeNTIiH JKETUIMIPYMIiH apKachlHAa pe3uHa
TEXHHUKAIBIK OYHBIMIAPABIH JKYMBIC PECYPCHIH JKOHE ONlapAbl  OHIIpPYIiH
TEXHOJIOTHSUIBIK SICTEpiH apTThIPy MaceneciH memryre Oonampl. COancTOKTHIH
KaCHETTEPIH 3epITey COAalCTOK KypaMbIHAa MaiablH OOJybIHA OailylaHBICTHI
CTeapuH KBIIIKBUIBIHBIH OpHBIHA IIMHA pPEereHeparblHaa KOJNJaHBUIFaH Ke3le
aHBIKTaMaJIbIK PETeHEPaTThIH TEXHUKAIBIK CHIAaTTaMallapblH KaMTaMachl3 eTe
anaTeiHBIH KepceTTi. JKorapbl Mail KBIIKBUIZApHl MEH OJapAbIH TY3JapbiH
INIMHANBIK pEreHepaT KOCMAachlHA €HTi3y OHBIH JeBYJIKaHU3AIMs JIOPEkKECiH
e3repTyre MyMKIiHAIK Oepermi. /JleByJaKaHW3aIWSIHBIH JKOFAphl  JI9pPEKECiHe
OaliIaHBICTHl IIUHANBIK pPEreHeparTaH pe3uHa OYHBIMIApbiH anyra OoJajbl.
Omnapap! naiiganany Ke3iHae ojiap HIMHA pereHepaThbIHbIH UKEMIUTITIH apTTHIPYIbI
KaMTaMachl3 €TETIH JKYMCApTKBIIITAP PETiHAE OPEKeT eTe aJaThIHBIH ECKepy
KakeT. bi3 Mall eHepKoCiOiHIH KalIbIKTapblH MaijallaHa OTBHIPBII, IIIFHA
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pereHepaThiH aNnblK. Kommosurusara Mall eHEpPKOCiOiHIH KalABIKTaphl apKbLIBI
aJIBIHFaH MMWHAJBIK pETeHEPATTHIH €Ki TYpl eHT131mal. ToxipuOenik pe3nHazapIsH
KEHEHUTIreH (PU3MKa-MEeXaHUKAIBIK CHIHAKTAPBl TEMIp JKOJNAAPIBIH PEJbC acThl
TeceMJIepiH JKacay YIIIH pe3rHa KOCMaJapbhlHBIH pEIenTypachlHAa Mai
OHEPKOCIOIHIH KaJIIBIKTApEIH TaigalaHyAbIH OapbIHIIA OPBIHIBUIBIFB TYpPAaJIbI
KODPBITBIH/IbIFA OKEJI.

Tyiiin ce3mep: eciMaik Maiibl OHAIPICIHIH KaJABIKTapbl, COANCTOKIECH
pereHepar, coarcTokTaH OeJIiHTeH Mail KbIIIKBUIIAPhl, OCPIKTIr, CaTbICTRIPMAIIbI
y3apybl
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BJIMSHUE OTXO10B MACJIO)KAPOBOU MPOMBIIIVIEHHOCTH HA
CBOUCTBA JIACTOMEPHBIX KOMIIO3UIIUU

AHHoTanus. B maHHO¥M pabore M3ydeHa BO3MOXKHOCTh NMPUMECHECHHS B
Ka4eCTBE MSTYHUTENS] OTXOJa MACIIOKHPOBOW MPOMBIIIIEHHOCTH — COAICTOKA U
YKUPHBIX KUCJIOT, BBIICJICHHBIX U3 COANICTOKA B PELENTYpe IIMHHOIO pereHepara.
Bompocel, cBsizaHHBIE ¢ pereHepanued W - JadbHEHIIMM IPUMEHEHHEM
0TpabOTaHHBIX IIMH M PE3WHOBBIX H3JENHUN, UMEIOT aKTyalbHOE 3Ha4deHwe. B
HACTOSIIIIEe BpeMS OCHOBHBIMH HANPAaBICHUSMH UX MEPepabOTKU SBISIFOTCS
MOJIyYeHHE MIUHHOTO pereHepara, IpUMEHIEMOro MPeuMyIECTBEHHO B KaueCTBE
HAITOJHUTEIA PE3NHOBBIX cMeced M Kak ZIO6aBKI/I B HCOTBECTCTBCHHBLIC H3ICIINS.
Bbraromaps coBepIieHCTBOBAHHIO PELENTYpP MIMHHOTO pereHepara ¢ NpuMeHeHHEeM
OTXOJIOB  MAaCJIOXHPOBOH TMPOMBIIIJICHHOCTH MOXHO  PEIIUTh  TpodieMmy
MOBBIIIICHHUS pecypca pabOThl PE3NHOTEXHUUYECKUX HM3IETHA M TEXHOJIOTUYECKUX
METOZIOB MX HM3TOTOBNIEHHUA. lccnemoBaHWs CBOMCTB COAINCTOKa MOKAa3alld, YTO
COANCTOK  MOXET OO0CCIEYUTh  TEXHUUYECKHE XapaKTePUCTHKH STAJIOHHOTO
pereHepara HpU HKCIONb30BAHUM B IIIMHHOM pPETreHEpare BMECTO CTCapUHOBOM
KHCJIOTBI, OJiarojiapsi HAJIMYMIO B COCTaBe Maciia. BBelieHHe BBICIINX KHPHBIX
KHUCJIOT U UX COJIE B CMECh IIMHHBIN pereHepar mo3BoJseT U3MEHSThH €€ CTETICHb
JIeByJIKaHU3auu. M3-3a BEICOKOH CTETIEHU AECBYJIKaHU3AIMN BO3MOKHO MOIYUYCHUE
W3 IIMHHOTO pereHepara pe3uHOBbIX wu3Aenuil. Ilpm HMX HUCHONB30BAHUU
H€O6XO)II/IMO Y4uThIBaTh, YTO OHU MOTYT HeﬁCTBOBaTB KaK MITYHUTCIIN,
oOecriedrBasi TIOBBIIIICHUE MJIACTHYHOCTH IIMHHOTO pereHepara. Hamu momyden
IMUHHBIA ~ pereHepar ¢  HWCIOJB30BAHMEM  OTXOMOB  MAaCIIOKHPOBOM
ITPOMBIIIIJICHHOCTH. B KOMIIO3MIIMKW BBOJWJIMCH JiBa TUIIa IIHWHHOIO pEreHEpara,
MOJIYYCHHBIE C HCIIOJIB30BAHUEM OTXONOB MAaCIOXUPOBOM MPOMBIIICHHOCTH.
Pacmmpennspie (hHM3UKO-MEXaHUYECKUE HCIIBITAHUS  OMBITHBIX PE3WH IMPHUBEIU K
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BBIBOAY O HauOonpIned  1enecooOpa3HOCTH — WCIMOJB30BAHHA  OTXOAOB
MacJIOKHPOBOM TPOMBIIUIEHHOCTH B pELENType pEe3WHOBBIX CMeced s
M3TrOTOBJICHUS MOAPETBCOBBIX MPOKIIAIOK JKEJIC3HOIOPOXKHBIX My TEH.

KuioueBble cj10Ba: OTXOABI TPOU3BOJCTBA PACTHUTEIHHOTO Macia,
pereHepar ¢ COAarCTOKOM, JKHPHBIE KHCIOTBHI, BBIIEJICHHbIE W3 COAICTOKA,
MIPOYHOCTH, OTHOCUTENILHOE YIJIMHEHUE

Brenenue

Bompocsl, cBsizaHHBIE ¢ pereHepanueid M JalbHEHIIUM NpPUMEHEHHUEM
OTpabOTaHHBIX IIMH W PE3WHOBBIX H3IENHHA, UMEIOT akTyalbHOE 3Ha4deHwe. B
HACTOSIIIIEE BPEMA OCHOBHBIMH HAIPABICHUSAMH WX TepepabOTKH SBISETCA
MOJIyYeHHE HIMHHOTO pereHepara, IpUMEHIEeMOro MpeuMyIleCTBEHHO B KaueCTBE
HATIOJHUTENSI PE3WHOBBIX CMeced M Kak J00aBKHM B HEOTBETCTBEHHBIC HM3/IETIHSL.
Braromaps coBepIieHCTBOBAHHIO PELENTYpP IIMHHOTO pereHepara ¢ IpuMeHeHHEM
OTXOMIOB  MAaCJIOXKHPOBOH TMPOMBIIIJICHHOCTH MOXHO PEIIUTh  Tpodiemy
MOBBIIIICHHUS pecypca padOThl PE3UHOTCXHUUYCCKUX WM3CIUA M TEXHOJIOTUICCKUX
MeToz0B ux mi3rotopicHus (Kalmataeva et al., 2022, Kalmataeva et al., 2022).

Perenepar — 1uracTHYHBIA MaTepHal, MOMYYaeMBIA IyTeM TIEpepadOTKH
W3HOUICHHBIX PE3UHOBBIX U3JEIUMA U OTXOJOB PE3UHOBOTO MPOU3BOACTBA,
CIIOCOOHBIN K BYJIKAHW3ALMHU Ojlarogaps HaJIUYHIO B MOJIEKYJIaX JBOMHBIX CBSI3CH.
OH npeIcTaBIsIeT CO00M CMECh Tellb- M 30J1b-(PPAKITHH, TJIE TeTb-PPaKITUI COCTOUT
3 (pparMeHTOB ByJIKaHW3AIIMOHHOW CETKU, a 30J7b-(Pppaknus u3 (QparMeHTOB
Kay4yKOBBIX IIeTIeH TMHEHHOTO 1 pa3BeTBIeHHOTr0 cTpoeHus (Shashok et al., 2021).

M3BecTHO, YTO OCHOBHBIM TPOIIECCOM IONyYEHHUS] pereHepara SBISETCS
JIeBYJIKAHU3AIMS, 3aKIIOYAIOascsl B JECTPYKIMHU BYJIKaHU3AI[MOHHOM CETKU U
MaKpOMOJIEKY Kay4dyKa [P BO3ICHCTBUYU BHEIIHUX (hakTopoB. [1pn 3TOM BayKHBIM
SBIISIETCS  JOCTHKEHHE MAaKCHMaJIbHO BO3MOXXHOW CTENEHH AECTPYKIHH
MOMNEPEYHBIX CBA3EH MU MUHHUMAJIBHO BO3MOXHOH JIECTPYKIIMM OCHOBHOM LIETIH.
BozneiictBue MOXKET OCYHIECTBIATHCSA TOA JCHCTBHEM KHCIOPOAA BO3AYyXa,
BBICOKMX TEMIIEpaTyp, MEXaHW4eckod OOpa0OTKM H TOA  BO3JACHCTBHEM
CHENHANBHBIX ~ XUMHUYECKHX  IUIACTU(QHUKATOPOB, a TakkKe IOCPEICTBOM
MOHM3UPYIOIIETO M3ITydeHus. BO3MOKHOCTh peakiny Kak MO CEPHBIM WM WHBIM
MOTIEPEYHBIM CBSI35IM, TaK U 10 JBOWHBIM CBSI3SM IJIABHOH IENH CBUAETEIHCTBYET
0 CIIOKHOCTH (U3NKO-XMMHUYECKHUX TPOIIECCOB, JIEKAIINX B OCHOBE pereHeparun
pesuns (Timofeeva, 2012; Shashok, 2021).

OcHOBHO#l ~ Tporlecc  TPOW3BOJCTBA  pereHepata —  MpoIlecce
JEBYJIKAHU3AUN — OOBIYHO OCYLIECCTBIISIETCS IyTEM HarpeBaHUsl U3MEIbYSHHON
PE3UHBI C MATYUTEIMH TeUeHHE HECKOJIBKUX 4acoB Mpu TeMmeparype 160—-190°C.
Ponp wmsrumTeneit mpu AEBYNKaHW3AIMH CBOJUTCS K TOMY, YTO MOJCKYJIIBI
MATUMTENEH KaydyKa yBEJIWYMBAIOT MEXKMOJIEKYJSIpHBIE pPACCTOSHUA U
YMEHBIIAIOT MEXKMOJCKYJIAPHBIC B3aUMOJICUCTBUA B KaydyyKe M TEM CaMbIM
YMEHBIIAIOT ~ BEPOSTHOCTh  MpoOIecca CTPYKTYPUPOBaHWSA, TOABIKHOCTD
OTIIENBHBIX DJIEMEHTOB CTPYKTYPHl MPH STOM YBEIHYUBAeTCS. MsArduTenud He
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TOJIBKO YYacTBYIOT B NPOIIECCE PETEeHEPallii, HO U BXOJAT B COCTAaB pereHepara,
MOBBIIIAsl €ro IUIacTHYHOCTh. Kpome Toro, HempenenbHble COETUHEHHS,
coJiep)Kaluecss B MATYUTENSIX, MOTYT B3aMMOCHCTBOBAaTH Kak cO CBOOOIHOMN
cepoil, cojepkalieiica B BYyJIKAHM3aTe, TaK U C CEPOM, BBIACISIOLICHCS TNpU
TEIIOBOM 00paboTKe MpHU pacmajie MOJUCYIbGUIAHBIX CB3CH, Ogaromaps 3ToMy
TaKXe YMEHBIIAETCS BO3MOXKHOCTh CTPYKTYPHPOBaHUS KaydyKa.

B nanHoit paboTe wu3ydeHa BO3MOXKHOCTh NPUMEHEHHs B KadyecTBe
MSTYUTENSI OTXOa MACIOKUPOBON MPOMBINUIEHHOCTH — COAICTOKa M YKHPHBIX
KHCJIOT, BBIJEJICHHBIX M3 COAIICTOKA B PELENTypEe IIMHHOTO PereHepara.

Coarictokn, oOpasyrommecss MpU HEUTpalu3alul Pa3IUYHBIX Macedw,
OTIINYAIOTCSA conep)kaHmeM ooOmero xupa. CoalcTOoK TPEACTaBIsSET COOOM
MHOTOTOHHKHBIH OTXOJ MPOU3BOJICTBA PACTUTENBHBIX Macell, MPU TONyYeHHN
OJHOM TOHHBI pagUHUPOBAaHHOTO Macia ero obpasyercss 10-20 mac. momu, %.
I'maBHAas IEHHOCTH COANCTOKA O0YCIIOBIICHA HAIMYMEM B HEM BEIIECTB )KUPOBOH
MPUPOBI B BHJIE MBLI, BHICOKOMOJIEKYJISIPHBIX KAPOOHOBBIX KHCJIOT U TIUIICPHIOB.
OCHOBHBIMH KOMITOHEHTaMH B COCTaBE€ >KMPOBOW HYaCTH COAICTOKA SBISIOTCS
TIIALNEPUIBl M KUPHBIE KUCIOTBI — HACHINICHHBIE (CTeapuHOBas) U
HEHaChIIICHHbIE (0JienHOBas1, inHoJeBas) (Poiarkova et al., 1992).

B HacTtosimee BpeMst 0051acTh IPUMEHEHUS COAICTOKOB UMEET TEHACHITHIO
K pacmupeHuto. CoalcTOK HAXOAUT NpPHMEHEHHEe B TaKWX OONacTsaXx Kak
METaI000paboTKa, CTPOMTENBCTBO M TOPHOPYAHAs MPOMBIIIIEHHOCTh. Tak,
HanmpuMep, B KavyecTBe TUAPOPOOU3MPYIONIMX  JOOABOK Ui 00pabOTKU
CTPOUTENFHBIX MAaTepHAIOB HWCIOIB3YIOT KyOOBBIE OCTAaTKH, MONydYEHHBIE OT
Pa3TOHKH KUPHBIX KUCIOT Ha Ppakiun. CopeprkaHne BHICIIHX KUPHBIX KACIOT OT
C»o u Beimie (Kadyrov et al., 2020). Beiciine »kupHbIe KUCIOTHI U HEPACTBOPHUMBIC
KaJbLMEBbIC, IMHKOBBIC U aIIOMHUHUEBBIC MbLIA HAMHOTO CHIYKAIOT KalJUISIPHBIN
MOACOC Biark, Oiarogapss 3TOMY TIOBBIIIAETCS  BOJOHEIPOHUIAEMOCTH
CTPOMUTENbHBIX u3Aeaui. ['uapodoOHbIe CBOMCTBA MOSBIAIOTCSA Onaromaps TOMY,
9TO THAPOPUIBHBIE TPYIIBI )KUPHBIX KHUCIOTHI, B3aUMOACHUCTBYSI ¢ KapOoHATaMU
WA OKCHJIAMH KaJIbLUsI, MarHus, oOpa3yloT Ha UX MOBEPXHOCTH TOHKHE CIIOU
HEPACTBOPUMBIX B BOJE KaJbIIMEBBIX W MAarHUEBBIX COJIEH, HWMEIOIIIX
ruspodooOubIie cBolicTBa (Markevich, 2011).

Bricmine >xupHBIE KHCJIOTHI M MX COJIM B HACTOSILEE BPEMs HaXOIST
NPUMEHEHHE B TPOM3BOJICTBE CHHTETUYECKOTO KayuyyKa, PE3HMHOBBIX H3ICIHM,
JTUHOJIEYMa, JTaKOKpacouHbIX m3nenuit u ap. (Rakhmatullina 2009; Abdurakhimov
et al., 1988; Popova, 2010). Hampumep, Beicime )HUpHbIE KUCTOTH (ppakuuu Cir
K KOTOPBIM OTHOCSATCS OJIMHOBASI U CTEAPHHOBAS KHCIOTH M UX CMECH SIBIISIIOTCS
3G PEKTUBHBIMU TIACTU(PHUKATOPAMU W aKTHBATOPAMH BYJIKAHHM3AIUU KayIyKOB
(Shashok, 2013; Sakibaeva et al., 2013; Reznichenko et al., 2012).

Hns  BolgeneHust CBOOOAHBIX JKUPHBIX KHCIOT M3 COAlCTOKa €ro
00pabarpIBAalOT MHHEPATBHBIMUA KHCJIOTaMHU WM IHEJNOYbI0 (U1 OMBUICHHUS
HEUTPaTHHOTO KHUPa) C MOCISAYIONIEH TUCTHIUIAINEH. BEICTIIHe KUPHBIE KUCIOTHI
HaXOAAT IIMPOKOE NMPHMEHEHHWE B Pa3IMYHBIX O00JACTIX MPOMBILUICHHOCTH: B
CeJIbCKOM XO3HCTBE (YIOOpEeHHsI), B CTPOUTENLCTBE (3MYIIBraTophl s acanbTa,
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OYHMCTHUTENH MeTalljia, TPOM3BOJCTBO KPACOK), B TEKCTHILHOW MPOMBIIIIEHHOCTH
(pa3msTHaromue W paduHEpYIONHE MTO0O0ABKH), B IPOM3BOACTBE ILIACTHKOB
(cmazounble Marepuansl) U T.A. (Sagitova, 2021, Kalmataeva, 2022).

Henpio maHHOW paOOTHI SBIAETCS M3yUEHHE BO3SMOKHOCTH MPHUMEHEHUS
COAICTOKA M KUPHBIX KUCIIOT, BEICTICHHBIX U3 COATNICTOKA, B KAYECTBE MATYUTEIS
B peLEeNType LIMHHOTO pereHepara.

Matepuajibl 1 METOIbI HCCJIETI0BAHMS

B xagecTBe 00BHEKTOB HUCCIIEOBAHUS pacCMaTPHUBAIIH:

-COATNiCTOK — OTXOJ MacloXHUpoBod mnpombinuieHHOCTH TOO Apaid, r.
IsiMKeHT

-IIMHHBIA pereHepar (Tadnuua 1)

-XKUpPHBIE KUCJIOTHI, BIZIENeHHbBIE 3 coancToka (JKKBC.).

-pelent pe3nHOBOM cMecH JIs MoapenbcoBoit mpokanku OI1 356, 1111328
TOO «3OxommHay (Tabnwma 4);

HccnenoBanns mpoBOAMIM  METOAAMH:

UK - cnekrpanpHOro anammsa Ha mnpubope MK-®Dypee cnexrpomerp
ShimadzulRPrestige-21 ¢ mnpucrtaBkoil HapyMIEHHOTO MOJIHOTO BHYTPEHHETO
orpakenust (HIIBO) Miracle ¢pupmbr PikeTechnologie (puc. 1).

[lpu monydeHNM WIMHHOTO pEreHepaTa Ha BaJKOBOM 000pYIOBaHUM
PE3MHOBYIO KpOIIKY IpEIBapUTENbHO cMemmBatoT ¢ msaruurenem, (Nikoliukin,
2011). B xagectBe MsarunTens ucmonb3oBain coarnctok u JKKBC.

PesunoByro cmech momydanu Ha Banmbmax (I'OCT 14333-79E. Banbitet
pe3nHO000padaThIBAIOIINE).

Pe3yabraThl U HX 00Cy:KIeHHE

C nomompio merona MK-ciekTpockonuu Obii  mipoaHanm3upoBansl K-
CHEKTPBl COAlCTOKa papHUHAINKA IOACOTHEYHOI0 Macilia M XHUPHBIE KHCIIOTHI
BBIJICIICHHBIE U3 COATICTOKA.

[IpencraBnenne 0 CTPOCHWH WHANBHAYAJIBHOTO COEAWHEHUS WIA O
KOMITOHEHTHOM COCTaBE€ CIJIOXKHBIX BEIIECTB MOXHO TIONYYHUTH Onaromapsi 4uciy
XapaKTePUCTHUECKUX TOJIOC MOTIOIEHNSI aTOMHBIX TPYII, WX WHTEHCHUBHOCTD U
MOJIOKEHNE MaKCHMYyMOB, HaOONaeMbIX Ha HH(paKpacHbIX criekTpax. B metone
MH(PaAKPACHON CHEKTPOCKONMUHM  ITOJOCH TIOTVIOMICHUSI OJHOTO M TOTO € BUAA
KojJeOaHWH aTOMHON TpyNIbl  Pa3IMYHBIX  BEIIECTB  paclojiaraloTcs B
OTIPEJIENIEHHOM JMara3oHe HHPPaKpacHoro criekTpa (Harmpumep, 3720-3550 cm'-
JMana30H BaJIEHTHBIX Koaebanuii rpym - OH; 3050-2850 c¢m ™! - rpymm -CH, -CHa,
-CH3 opraHM4yecKux BEIIECTB), & MAaKCHUMyM IIOJOCHI TOIIOLICHHUS aTOMHON
TPYIIBI YKa3bIBaeT Ha IpUpoAay Beuectsa (Avilova, 2016).

W3BecTHO, 4YTO B CIEKTPax pPACTUTENBHBIX MAacel MPUCYTCTBYIOT
UHTEHCUBHBIE TOJOCH B oOnact ot 2800 g0 3000 cM' — moI0OCH BaJE€HTHBIX
xonebanuii rpymn C-H, 1720-1750 cm™! 06ycnoBneHHble cMeneHneM KoneOanuii
rpymm C-H u C-C, a Takxke cmerenneM koiebannii rpymm C-H n C=0 B Monekynax
KUPHBIX ~ KHMcloT, 1400-1450 cm!  pacnonoikeHsl  IOJNOCHI  IUIOCKHMX
negopMaMoHHbIX Kosebanuit rpymn C-H. DTH monmochl MCHONB3YIOTCS Ui

144



Reports of the Academy of Sciences of the Republic of Kazakhstan

HNOATBEPKACHUS cOocTaBa U uaeHTuukauuu Macen merogom HMK-cnexkrpockonuu
cm! (Tarasevich, 2012; Stopskii, 1992).

Ha pucynke 1 mnpeacraBnensl WK-cmekTpbl coarncroka paduHAIH
MTOICOTHETHOTO Maca (1) 1 KUpHBIE KHCIIOTH BBIICIICHHBIC U3 COAIICTOKA (2).
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Pucynok 1. UK - ciekTpsl

Anamus  UK-cnektpos (pucynoxk 1) B obmactm  3000-650 cm’!

MOATBCPIKAACT HAJINYUC KIIACCOB OPraHNYCCKUX COC,Z[I/IHCHI/Iﬁ B COOTBCTCTBHUHU C
IoJijocaMu  IIOINIOMICHUS ®YHKHHOH3HBHLIX T'pyIIIlL. HMHTEeHCUBHBIE I10J0CHI C

MakcumyMamu ipu 2970, 2924 u 2854 cm 1 MOTYT OBITh OTHECEHBI K BaJICHTHBIM
KojeOaHusM MeTwieHOBBIX rpymn (VosCH2 u vsCHz). dns HempeaenbHBIX
yITIEBOAOPOOB XapakTepHsl nonockl C=C cBsa3u B obnactu 1643 cm!. Tlomocsl B
obmactu 1465 cm! coorBercTByrOT nedopManroHHBIM KonebanusaM rpymn CHo.
[Monocw B obmactu 3363 cm™! rosopsar o BaneHTHBIX KoneOanusx cessu OH.
[Momumo yrieBonopoanoii nenu, B MK-criekTp ®HUPHBIX KUCIOT BHOCHT BKJal
KapOOKCWIbHAs TPyNIa, NMPUYEM YUHTHIBACTCS Kak KojeOaHus KapOOHMIBHOM
rpymmsl (C=0), Tak u cBazeit C—O u O—H. Cnekrpbl Bcex TUNOB KapOOHHUIIBHBIX
COCAMHEHUH XapaKTepU3YyIOTCS MHTEHCHUBHBIM MoriounieHneM B obmactu 1900-
1580 cm!, 00yClOBIEHHBIM XapaKTEPUCTHYECKUMHU KOJNEOAHUSAMHU C YyYaCTHEM
rpynmnsl C = O (Knerel'man et al., 2008).

Takum 06pa3om, HCCIIEeAOBaHMUS COATICTOKA TTOKA3aJIH, YTO COAIICTOK MOYKET
o0ecreynTh TEXHHUYECKHE XapaKTePHCTHKH JTAJOHHOTO pereHepara Ipu
UCTIONIb30BAHUH B IIMHHOM pETeHEpaTe BMECTO CTEapHHOBON KHCIIOTHI, Oarogaps
HAJIMYMIO B cOCTaBe Maciia. BBeJeHne BBICIIMX KUPHBIX KUCIIOT M UX COJIEH B
CMECH IIMHHBIA pereHepar Mo3BOJISAET U3MEHSTh €€ CTENEHb AeByIKaHU3auu. 13-
3a BBICOKOM CTENEHU JIEBYIKAHHW3AIMA BO3MOXKHO IIOJNIy9€HHE W3 MIMHHOTO
pereHepara pe3uHOBBIX wm3fenuil. Ilpm wux wucnonb3oBaHMKM  HEOOXOAUMO
YUHUTBIBATh, YTO OHU MOTYT A€HCTBOBAaTh KaK MITYUTENN 00eCIIeurBasi MOBBILICHHE
IJTACTUYHOCTH IIMHHOTO pereHepara.
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Ha ocHOBe pe3ynbTaToB MPOBEACHHBIX HCCIEIOBAHUA HAMHA COBMECTHO C
TOO «32xo-1lIunay pa3padorad THOKHI CIOCOO MMOYICHHSI IIMMHHOTO PEreHepara
Ha OCHOBE JOCTYITHOTO, JEHIEBOTO OTXOIa MACIIOXKHPOBOH MPOMBIIUICHHOCTH —
COAarCTOKa 1 )KUPHBIE KUCIIOTHI, BeIeeHHbIe 3 coarctoka (JKKBC). Ilomydenue
pereHepara u3 MUHHON KPOIIKH BKJIIOUAET ONEPAITUI0 CMEIIEHHUS HHIPEINESHTOB B
CMECHTENE CBHIMYYHX KOMIIOHEHTOB, NEBYJKAaHM3AaLMUIO PE3UHBI B KYJIAYKOBOM
JKCTpyA€pe M Ha Balbllax MpH TeMieparype, He mnpesbimaronieit 100°C.
TemneparypHsIii peskum padoTsl B skcTpyaepe 70 - 100°C, ua Bambmax 30—60°C.
ToToBunu nBa obpasna (Sagitova et al., 2022).

PazpaboTraHHble peLenTypsl IWHHOTO pereHepara mpuBeAeHsI B Tadbmuue 1.

Ta6numna 1. CocTaB NIMHHOTO pereHepara, Macc..

KommnoHeHTbI Cocras, Macc. 4.
DraaoH 1 (o6pazerr) 2 (o6pa3err)
Kpomika munnaas mexee 2,0 MM 100,0 100,0 100,0
CreapuHOBas KMCIIOTa 6 - -
Coarncrok - 6
KKBC - 6
Bceero 106,0 106,0 106,0

BrIOOp TEXHOIOTHYECKUX PEKUMOB IONyYEHUS IMUHHOTO pereHepara
OIpeJieNisieTcs UMCEIONIMMCS  O0OpYIOBaHHMEM, a Takke TpeOOBaHMSIMU K
pereHepary, 00yCIIOBICHHBIMHU €ro JanbHedIM mpuMenenrem (Stopskii, 1992).

B TeueHue HekoTOpOro BpeMeHU 00paOOTKM Ha BaibllaXx B CMECH IOJ
JEHCTBUEM JIABJIICHUS W TEMIIEpaTyphl MPOMCXOMWIA JeBylKaHu3anus. CTerneHb
JIeBYJIKaHU3AIMH TIepepaboTaHHON CMeCH OTPEACIISUTH alleTOHO-XJI0OpOhOPMEHHON
dKCTpakuuel (Tadnuna 2).

B pesynbrare 00paboTku cMech MpeBpaIaiach B JIMCT, KOTOPBIH BO3MOXKHO
B JIalIbHEWIIIEM HCIIONb30BaTh JJIS TOCIIEAYIOIIEH epepadoTKy.

Tabmuuma 2. 3aBUCHMOCTH CTENEHH JAEBYIKAHM3aLUMH OT MOTPeONIsieMOil MOIIHOCTH
obopynoBaHus

ObopynoBanue Baunbuet cmecutensubie XK-450
MomHocTbh, KBT 55
CreneHb AeByIKaHU3AMHU, % 28

B Tabnuie 3 npuBeneHbl pe3yabTaThl (PU3NKO-MEXaHUUSCKUX UCIBITAHUN
MOJTyYEHHBIX IIIMHHBIX PereHeparoB. M3 JaHHBIX TaOIUIBI CIEMAYET, YTO MaccoBas
JIOJIST JICTYYHWX BEIIECTB HCCICMYEMBIX IMHHHBIX PEreHEpaToOB C COANCTOKOM
(obpazenr 1) m XKXKBC (oOpasen 2) MeHblIe, a yCJIOBHAas MPOYHOCTh MpPHU
pacTsbkeHUM Bbllle, 4yeMm dTajoH. Ilpu ucnonmb3oBanum coanctoka u KKBC
MOKa3aTe CBOWCTB INWHHBIX PETCHEPAToB IMPAKTHYECKA HE W3MCHSIOTCS,
COOTBETCTBYIOT HOpMaM 3TaJIOHA.

Tab6muma 3. CBoiicTBa NIMHHOTO pereHepara
IToka3zarenu | DTasoH | 1 (o6pa3err) | 2 (obpazerr) |
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MaccoBast 10151 JIETY4MX BEIIECTB MpU 0,2 0,1 0,19
110°C, %, He 6omee

[InacTu4HOCTS, y.€. 0,1 0,12 0,12
YcnoBHasi IPOYHOCTH NPU PACTSHKCHUH, 8,3 9,2 9,3
MIla

OTHOCHUTENBHOE YAJIMHEHHE npu 187 325 326
paspsise, %

Janee Hamu OBIITHM TIPOBEJICHBI MCCIICOBAHHS 110 BBISIBICHHUIO TIOBEIICHHUS
MOJTYYEHHOTO IMHHHOTO pereHepara B perenTypax Pe3HHOBBIX CMECEH.

W3BecTHO, 4YTO pereHepar-nmpoayKT NepepadOTKH W3HOIICHHBIX IIUH,
NPUMEHSETCS B IPOM3BOICTBE OONBIIMHCTBA PE3WHOBBIX H3ICIHH 0O0IIEro
Ha3HAYCHUS:  aBTOMOOWIBHBIX  IUH,  (QOpMOBBIX M He()OpPMOBBIX
PE3MHOTEXHUYECKUX W3IENNi, pe3nHOBON 00yBH. B 3aBHCHMOCTH OT KadecTBa
pereHepara M YCIOBHH SKCIUTyaTallMM M3ACIMH €ro COoIep)KaHHe B PE3WHOBBIX
CMECAX MOXKET UBMECHATHCA B HIMPOKHUX ITPEACTIaX. B MMPpOAYKIHHU C IMMOBBINICHHBIMU
TEXHUYECKUMU TpeOOBaHUSIMHU KOJINYECTBO perenepara He npesbiiaet 10-20 % B
pacdeTe Ha Kay4ayK. HekoTopblie BUbl M3, HAalPUMep, TEXHHYECKasi INIaCTHHA,
KpPOBEJbHBIN mudep, ObITOBbIE KOBPUKH W JAp., MOTYT OBITh W3TOTOBIICHBI 0Oe3
HCIIOJIb30BaHUA KaydyKa. PereHepaT IMPUMCHAIOT IJId HEKOTOPOIo YMCHBIICHHSA
pacxopa kaydyka rpu usrotosienuu mwH (Shashok, 2013).

[pun BBEJICHUM pereHepara B pPE3WHOBBIE CMECH HaOIomaeTcs
YMCHBIICHUE JSHEPro- U TPYAOCMKOCTH HUX H3TOTOBJICHHA. PereHepaT CHHMXKACT
yCcaaKy W yAydliaeT KadecTBO MPOGUIUPOBAHHBIX 3arOTOBOK, MO3BOJISET
MOBBIIIATE CKOPOCTH MPOGUITUPOBAHUS U YBEIUUNBATH KATHOPHI KaTaHAPOBAHHBIX
pe3uH Oe3 pucka oOpa3oBaHUs BO3MYIIHBIX Iy3bIpei. [loBbImas CrocoOHOCTH
PE3MHOBBIX 3arOTOBOK COXPAaHSITh NPUIAHHYIO (HOopMy (KapKacHOCTh), pereHepar
yAyd4liaeT MX KOH(EKIIMOHHBIC CBOWCTBA. PE3MHOBBIC CMECH C peEreHeparoMm
00JIaIal0T XOPOIIEH TEKy4ecThIO, JIETKO (OPMYIOTCS, MMEIOT 0o0jee BBICOKYIO
CKOPOCTD BYJIKAHMU3ALlMH, a BYJIKAHMU3AThl — IIUPOKOC IUIATO BYJIKaHU3AIl[UU.

Perenepar TOBBIIIACT TBEPAOCTD, TEeMIeparypo- U
aTMoCc(epOCTONKOCTh, HO CHUXKAET DIACTUYHOCT, IPOYHOCTD MPH PACTHKCHHH,
W3HOCOCTOMKOCTh U JAUHAMUYCCKYIO BBIHOCIMBOCTL B BBICOKHUX YaCTOTax
nedopmanmii (Shashok, 2013).

W3 mony4yeHHOro IIMHHOTO pereHepara ObUla W3rOTOBICHA PE3MHOBAS
cMech (Tabmuna 4).

Ha TOO «3OxommHa» B perenType pe3nHOBOW CMECH IS U3TOTOBIICHUS
MOZIPEIbCOBOM TPOKITAJKH JKEJIC3HOMOPOKHBIX ITyTEH HCIONb3YeTCsl LIMHHBIHA
pereHepar.

Tabnuua 4. Penent a1 u3rorosienus noapenscoBoi npoxnanku OIT 356, II1328

HauMeHoBaHMEe HHIPEUEHTOB Maccossle gact Ha 100 Macc. 4. kaydyka
Oranon 1 2
Perenepar 100,0 = =

[lomyueHHbIi  IIMHHBIA ~ pereHepar  C

coarncrokoM (IIIPC) - 100,6 -
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Ilomydennsiii muuHbIl pereHepar ¢ JXXKKBC ) ) 100.6
(IIPXKBC) §
Cepa TexHUYECKas 2,3 2,3 2,3
Cynbdenamun L] 1,0 1,0 1,0
benuna nuHKOBBIE 2,7 2,7 2,7
CreapuHOBas KUCIOTA 0,6 - -
Uroro 106,6 106,6 106,6
Pesynprarsl ncnblTaHuil BylIKaHH3aTOB MPUBEICHBI B TaOMuUIE 5.
Tabnuua 5. Pe3ynpTarhl HCIBITAHUN BYJIKAHU3aTOB
HaunmenoBanue noka3zareneit Hopwma Howmep o6pasna
Oranon 1 2

YcnosHas mpouHocTh, MIla He ?51;62‘6)7’0 8,26 8,43 8,39
OTHOCHUTENBHOE YUITHHEHNUE, Yo He MeHee 250 287 297 300
OcrarouHoe yjuiuHeHue, % He Goree 20 11 9 10
Teepnocts o lopyA, y. e. 58-73 63 64 64
VYenosHast MIPOYHOCTh nocine
TEPMUUYECKOTO CTapPEHUs B BO3IyXE MPU 6.53 6.62 6.61

temmneparype 90°C B Tedenue 72 4acos,
MIla

M3MmeHnenne  ycloOBHOM  NPOYHOCTH
1ocjie  TEPMHUYECKOrO  CTapeHus: B
Bo3nyxe npu Temneparype 90°C B
TeueHue 72 dacoB, %, HC MCHEE
OTHOCHUTENBHOE YAJIMHEHHE npu
paspbIBe IOCIIE TEPMUIECKOTO CTApeHUS

MHHYC 25 % -20,9 % 215% | 212 %

o 227 233 237
B Bo3ayxe mnpu Temmeparype 90°C B
TeueHne 72 JacoB, %
W3menenue OTHOCUTEIILHOT'O
YIJIMHEHHUs. [IpU  paspblBe  IIOCIE
TEPMHUYECKOTO CTapeHus B Bo3ayxe npu | wmunyc 30 % -20,9 % 215% | -21,0%

temmneparype 90°C B Tedenue 72 4acos,
%, HE MEHEee

W3 pe3ynbraroB WCHBITAaHWHA TONXYYEHHBIX BYJIKAaHH3aTOB BHIHO, HYTO
MPOYHOCTH MPH pacTshkeHuH y Bynkanuzatos ¢ LIIPC (ob6paser 1) Ha 2 % BbImIE, a
¢ HIPXKKBC (o6pa3er 2) va 1,57 % BblIllle, OTHOCHTEIILHOE yIJIMHEHHE o0pasna 1
Ha 3,48 % Bblire, a obpasua 2 Ha 4,52 % BBIIIE 10 CPABHEHHUIO C 3TAJOHOM.
Pacmpennble (hM3MKO-MEXaHUYECKUE HCIBITAHUS — OMBITHBIX PE3WH MPHUBEIU K
BBIBOJY O HauOombIleld  1enecooOpa3HOCTH  WCIONB30BAHHS  OTXOJIOB
MACJIOKUPOBON TPOMBIIINIEHHOCTH B PEIENType PE3MHOBBIX CMeced Ist
W3TOTOBJICHHS TIOIPEIIbCOBBIX MPOKIIAIOK KEJIC3HOJOPOXKHBIX ITyTeH, TaK KaK Mpu
WCTIOJb30BAHUY IIIMHHOTO PEreHepaTa IMoKa3aTelid CBOMCTB Pe3UH MPAKTHYECKU HE
M3MEHSIOTCS, COOTBETCTBYIOT HOpMaM KOHTpois. Ha oCHOBaHWMHU NMPOBENCHHBIX
HCCIIEIOBAHUNA MOXKHO CIIeJaTh BBIBOA O TOM, YTO B PEIENTYype ITUHHOTO
pereHepara JydIie UCTIONb30BaTh coarcTok, a He JKKBC, mockombKy 3To sBisieTcs
aKTyaJbHOW 3a7jadeil ¢ IKOHOMHUYECKOH Touku 3peHus. [lpw STOM BBIIENeHUS
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YKUPHBIX KUCIIOT U3 COAIICTOKA HE TPeOyeTCs, 4TO 3aTpaurBacTCs JOCTATOTHO MAJIO
DHEPTHH.

BrIiBOI

Hamm monmydeH IMMHHBIA pereHepar C HCIOJIB30BAHHEM OTXOZOB
MAcCJIO)KHPOBOM TIPOMBINTUICHHOCTH. Pe3ynbTaThl HMCHBITAHWW IIOKA3alid, dYTO
OTXOIbl  MACIIOXKUPOBOW TMPOMBIIIJICHHOCTH  O0ECIEUYMBAIOT  TEXHUYECKUE
XapaKTepUCTUKU HTAJIOHHOTO pereHepara IpU HUCHOJIb30BAHUU B IIWHHOM
pereHepare.

Pacmmmpennble  (hU3MKO-MEXaHUYECKHE HWCIBITAHUS OIBITHBIX PE3UH
MIPUBENIN K BHIBOJY O HAWOOJbBIIEH 11EIeCO00Pa3HOCTH UCIOIh30BAHUS OTXO0B
MacCJIO)KUPOBOM TPOMBINIICHHOCTH B TPOW3BOACTBE PE3UH JIS HM3TOTOBJICHHS
TTOAPETHLCOBOM MPOKITAIKH JKEJIC3HOOPOIKHBIX Ty TEH.
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Abstract. The formation of a microbial biofilm around implants is the main
cause of postoperative complications, disruption of the osseointegration process,
even leading to loss of biomaterial. Obtaining antimicrobial coatings in order to
extend the life of implants in the body is a relevance of research. Coatings based
on Na-carboxymethylcellulose (Na-CMC) and chitosan (Chit) with silver
nanoparticles (AgNP) were obtained by the multilayer assembly method (layer-by-
layer, LbL) to modify the surface of medical titanium implants and impart
antibacterial properties to them. The surface of any substrate is not developed; for
this purpose, the surfaces of titanium samples were activated by two methods. The
wetting angle of titanium implants after etching was determined by the sessile drop
method. The results showed the formation of a hydrophilic surface after the
activation of titanium implants. The scheme for obtaining Na-CMC/Chit coating
with AgNP is shown. Ascorbic acid was chosen as the reducing agent. Scanning
electron microscopy revealed that when using 1 mM silver nitrate, the average size
of AgNPs varies in the range of 40—95 nm. Bringing the concentration of a solution
of silver nitrate to 0.01 M leads to an increase in the size of silver particles and their
aggregation. The kinetics of the release of silver ions in physiological saline was
studied to assess the prolongation properties of the coating with AgNP. The largest
release was observed in the first 24 hours with a further decrease in the dose of
silver ions passing into solution. Determination of antibacterial activity was carried
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out by disk diffusion method. Coatings containing AgNP inhibited the growth of
Escherichia coli bacteria.

Key words: antibacterial coatings, silver nanoparticles, chitosan, Na-
carboxymethylcellulose, LbL method
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YypAiciHiH Oy3bUTybl TiNTi OMOMaTepHasIblH iCTEH IIBIFYBIHBIH HeTi3ri ce0edi
Oouibill  TaOBUTAJBI. AF3allaFbl UMIUIAHTTAPABIH KbI3MET €Ty Mep3iMiH y3apTy
MaKCcaThIHIa MHUKPOOKa KapcChl KaObIH ally 3€PTTEYIIH ©3€KTI TaKbIPHIOBI OOJIBII
TaObUIaAbl. MeANIIMHATBIK TUTAH UMILTAHTTAPBIHBIH OCTiH MO UKAIMIIAY KOHE
onapra OaKTepHsIFa KapChl KACUETTEP OPHBIKTHIPY YIIiH KON Ka0aTThl KbIHHAKTAY
omici (layer-by-layer, LbL) kxemerimeH xymic HaHoOemmekTepi Oap Na-
kapOokcumetmiemnono3a (Na-KMII) skxone xwurtozanm (Xwur) HeriziHgeri
aObIHIapabl anbiHAbl. Ke3-kenreH KarThl TOCEHIMTiH OeTik Kabarbl OenceHmi
eMec, OChl MakcarTa TUTaH HWMIUIAHTATTAphIH OHJIEYy €Ki oJicleH JKy3ere
achIpbUIBI. OHICYJACH KEWIHIT THUTAH HWMIUIAHTATTAPBIHBIH KYFY OYPBIIIBI
TaMIIBIHBIH KaTTHI JIeHe OeTiMeH aHacy 9JliCi apKbUIbl aHBIKTaNbl. HoTmkenep
TUTaH WUMIUIAHTTApbIH OeJICEHIIpreHHeH KeHiH ruapodwibal OSTTiH TY3iNreHiH
kopcetTi. Kypambinna AgHB 6ap Na-KMI/Xut Herizinaeri >xaObIHHBIH ajiy
cxeMachl KkopceTini. TOTRIKCHI3NaHABIPFBIII PETiHAE ACKOPOWH KBIITKBLUTHI TAHIAIl
anerHAbl. KoHneHnTparusacel 1 MM KyMic HHTpaThl €piTIHIICIH KOJNJIaHFaH Ke3[e
AgHbB oprama wmemmepi 40-95 HM apanbIFbIHIA ©3TEPETiHAIrT CKaHepI eyl
AIIEKTPOHIBI MUKPOCKOTIHS 9/1iCiMeH aHBIKTaIbL. EpiTinai kornerTparusceH 0,01
M neitiH skeTkizy OeJIIIeKTep MeJNIIEPiHiH apTybl MEH oNapiblH Oip-OipiMeH
Oipiryine anpim keneni. Kypambiana AgHB Oap xaObIHHBIH y3apThUIMAaIIbI
KacueTiH Oaraiay YIIiH TY3/bl epiTiH/IiIe KYMiC HOHJAPBIHBIH 06JIiHY KHHETHKACHI
3eprreninai. EpiTiHIire oTKeH HMOH MONIIEpiHiH €H Kol maMacel 24 carar
KeJIeMiHJIe TIpKeJJIi, apbl Kapai OyJI IaMaHbIH TOMEH/IET1 Oalikannbl. bakrepusira
Kapchl OesiceHauniri quckim auddy3usuibik o/1ici kemeriMeH anbIKTanbiHabl. AgHB
Oap xabbrH xabbrHaap Escherichia coli 6akrepusicbHbIH ocyiH Texei. Ocpuaiima
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anplHFaH ke KaOartel jkaObiH (AgHB 6ap Na-KML/XuT) MeauiMHaIbIK-
OMOJIOTHSIIBIK KOJIAHY VIIH YIIKEH TOTEHITHAIFa e O0Iyhl MYMKIiH.

Tyiiin ce3mep: OakTepusra Kapchl XaOblH, Kymic HaHO OeIIeKTepi,
xuTo3aH, Na-KapOOKCHMETHIIIIEIUTIoN03a, LbL omici

© B.E. Casaentexona’, /I.T. Paxmary/uiaeBa, JK.B. Bexucanosa, 2023
Kazaxckuit Haunonanshelii YHUBepcuTeT ans-Papadbu, AIMatsl,
Kasaxcran.
E-mail: balzhan.savdenbekova@gmail.com

IHOJIYYEHUE AHTUBAKTEPUAJIBHOI'O IOKPBITUS C
HAHOYACTHUIIAMMU CEPEBPA HA TUTAHOBOM UMIIVIAHTE

Annotamnus. PopMupoBaHre MUKPOOHOW OHOTIEHKH BOKPYT UMILIAHTOB
SIBIISIETCS. OCHOBHOW MPHYMHOW TOSBJIICHHUE ITOCIECONEPAIIIOHHON OCIOXKHEHUH,
HapylIeHHEe TMpolecca OCTEOMHTErpaluy JaXe NPUBOIALIMM K IOTEpH
Oouomarepuana. [lomydyeHre NpOTHBOMUKPOOHBIX MOKPHITUH C LENbI0 TPOAJICHHUE
CpOKa JKW3HM HWMIUIAHTOB B OpPraHu3MeE ABJIACTCA aKTyaHLHOﬁ TEeMOH
uccrnenoBanusi. Merogom wmynbrucioiHoir  cbopku  (layer-by-layer, LbL)
MOJTY4YeHBl MOKPBITHS Ha OCHOBe Na-kapOokxcumerwinesmtonossl (Na-KML) u
xuro3aHa (Xurt) c¢ HaHouactunamum cepebpa (HUAg) ans moamdukanyu
IOBCPXHOCTH MCEOAUIMHCKHNX TUTAHOBBIX HUMIIJIAHTOB u InpuaaHus UM
aHTHOAKTEpHUATBbHBIX CBOUCTB. Il0BepXHOCTH 1000 NOATIOKKH HE pa3BUTA, C 3TON
LEJBI0 AKTHBALMIO ITOBEPXHOCTEH THUTAHOBBIX OOpasloOB MPOBOAWIN JABYMS
MeToaMH. MeToIoM Jexalel Kaluld ONPENEIEH YroJl CMauuBaHUS TUTAHOBBIX
HUMIUIAHTOB IOCTIe TpaBieHus. Pe3ynpraTel mokasanu oOpa3oBaHue ruipoduiIbHON
MOBEPXHOCTH TIOCJIE AaKTHBAaLUUM TUTAHOBBIX MMIUIAHTOB. IlokasaHa cxema
nony4enust nokpbiTin Na-KML/Xur ¢ HHAg. B kauecTBe BocCTaHaBIUBAIOIIETO
areHta Obula BbBIOpaHa acKOpOMHOBas KHCIOTa. MeETOJOM CKaHHpYIOIeH
3NIEKTPOHHOM MHKPOCKOIIMHM BBISBICHO, YTO MpPU HCIOIb30BaHMKM |MM HuTpara
cepebpa cpeanumii pasmep HUAg, Bapeupyetcs B untepsaie 40-95 um. JloBenenue
KOHIICHTPAIlMA PacTBOpa a30THOKUCIOro cepedbpa mo 0,01 M mpuBomur X
YBEJIMUEHUIO Pa3MEPOB YaCTUL cepedpa U K UX arperauuu. MccnenoBana KUHETHKA
BBICBOOOK/IEHHSI MOHOB cepedpa B (DM3HONOTHYECKOM PACTBOPE [UIS OICHKH
MPOJIOHTHpYIoIIero cBoHTBa MoKpeITHH ¢ HUAg. Camoe 6o1b110€ BEICBOOOXKIEHHE
HaOIonajaochk B TepBble 24 yaca ¢ JaJbHEHIINM yMEHBIIIEHHEM J03bI HMOHOB
cepebpa neperenmwii B pactsop. Onpenenenre aHTHOAKTEpHATFHOW aKTHBHOCTH
npoBoAMiN AucKonupy3noHHbIM MeTonoM. [lokpeitust comepikamme HYAg
uHrnomupoBanu poct Oaktepuii Escherichia coli. Muorocnoitnas nokpsitust (Na-
KMII/X3 c HHAg) mony4deHHas TAKIM 00pa3oM MOTYT UMETh OOJBIITON TOTEHITHAI
IUIS1 METUKO-OMOJIOTHUECKUX TIPUMECHEHHI.

KioueBble cioBa: aHTHOAaKTEpUAIbHBIE TOKPBHITUS, HAHO YaCTHLIBI
cepebpa, xuro3aH, Na-kapOoKCHMETHIIIeITon03a, LbL MeTon
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Introduction

In practical medicine, implants made of various materials are used, which
differ from each other in chemical nature, physical characteristics, etc (Patel &
Gohil, 2012). However, not all implants can withstand the harsh conditions of the
organism, and therefore fail soon. Implant rejection may be due to poor bone
integration or biofilm formation (Quinn et al., 2020). Thus, the development of
antibacterial coatings has become an important area of scientific research.

Currently, there are the following strategies for obtaining antibacterial
polyelectrolyte multilayer coatings (PEMs) a: prevention of adhesion of
microorganisms, b: killing by contact, c: killing by releasing active compounds near
the implant (Seon et al., 2015).

The first two strategies for prolonging the life of the implant in the
organism are not effective compared to the third method. Since the coatings are
resistant to adhesion, they do not kill bacteria, but only due to the formation of a
strong hydrophilic surface repel microorganisms (Xu et al., 2018). Contact-killing
films are limited by surface functionalization, that is, in the absence of positively
charged groups on the surface, the coatings are inactive against negatively charged
bacteria (Qin et al., 2018). In this regard, there is a growing interest in obtaining
PEMs containing an active component that exhibits a prolonging action against
microorganisms due to the release of an antibacterial agent. Various antibiotics,
antiseptics (Rakhmatullayeva et al., 2023) and active particles such as silver and
gold nanoparticles, etc. are used as antibacterial agents in such coatings (Urrutia et
al., 2012; Zhou et al., 2014).

The most common antimicrobial agents introduced into coatings are (Ag")
ions (Woo et al., 2008) and silver nanoparticles (AgNP) (Daengngam et al., 2019).
The composite structure obtained on the surface of titanium implants should
provide a slow release of Ag", thereby exhibiting long-term antibacterial activity.
Layer-by-layer self-assembly is a universal method in which a multilayer structure
is created on a Ti surface by depositing alternating layers of oppositely charged
polyelectrolytes (Ariga et al.,, 2022). Due to biocompatibility, multilayers
consisting of positively charged chitosan and negatively charged hyaluronic acid
(Jeon et al., 2015) carboxymethylcellulose (Rakhmatullayeva et al., 2023) and
heparin (HEP) (Li et al., 2019) are widely used for drug delivery and release
control.

In general, silver particles or ions are introduced into coatings by two
methods: by impregnation into pre-assembled films with further reduction if
necessary, or directly during assembly. In the work, the authors introduced AgNP
into the coating after obtaining a polyelectrolyte reservoir (Fu et al., 2006). Films
previously deposited on the substrates which have free carboxylic acids or sulfonate
groups were immersed in a solution containing Ag” ions. Due to ion exchange with
protons, silver ions enter the interlayer space. Subsequently, they were reduced to
AgNP using NaBHj or irradiation with light in the UV range.

The authors in (Li et al., 2019) work obtained a coating with AgNPs for
dental implants, which were biosynthesized by a simple “green” method. Chitosan
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has been used not only as a stabilizer and reducing agent, but can also be used as a
polycation in PEMs. After obtaining a solution of chitosan-NPAg, an assembly was
designed with a combination of heparin, thereby including NPAg in the
composition of multilayer during the PEMs process. These coatings promoted not
only the adhesion and proliferation of human gingival fibroblasts, but also provided
a continuous release of Ag* for 28 days before healing of mucous membrane.

In (Fu et al., 2006) work, a similar reservoir of chitosan/heparin was used
to load AgNPs. Ascorbic acid was used as a reducing agent, which is a “soft”
organic acid due to their low toxicity. Well-dispersed nanoparticles with a size of
10—40 nm had a bactericidal effect against Escherichia coli (E. coli), and also
showed no cytotoxicity.

Despite the large number of works aimed at solving this problem, there are
relatively few practical results in obtaining antimicrobial coatings with long-term
antibacterial activity. Therefore, the aim of this study is to obtain multilayers on the
surface of titanium implants based on chitosan and sodium carboxymethylcellulose
containing an antibacterial agent of silver nanoparticles, to evaluate the prolonged
action of AgNP embedded in PEMs, and to determine their antibacterial activity.

Materials and methods

Characteristics of materials and reagents. Low molecular weight chitosan
(MW=50-190 kDa) with a degree of deacetylation of 75-85 % (Sigma Aldrich)
and Na-carboxymethylcellulose (Na-CMC) (MW=700 kDa, Sigma Aldrich) were
used as polyelectrolytes. The following reagents were also used in the work: low
molecular weight polyethyleneimine (PEI) (MW=750 kDa, Sigma Aldrich),
AgNOs (99.8-100.5 %), glacial acetic acid, acetone, ethyl alcohol (96 %), sulfuric
acid (98 %), hydrogen peroxide (37 %). All reagents were used without any further
purification. Medical titanium implants served as substrates.

Surface treatment of titanium implants. Since the surface of the titanium-
based implant is hydrophobic, the layering of polyelectrolytes on its surface was
carried out only after activation. For this purpose, two etching methods were used:
in the first case, titanium implants in the form of plates were treated with a solution
of concentrated sulfuric acid with the addition of hydrogen peroxide (“piranha”
solution) for 15 minutes, then washed with a large amount of distilled water. In the
second case, titanium implants were polished with sandpaper, then they were
immersed alternately in solutions of acetone and ethyl alcohol. The process ended
with washing with distilled water.

Obtaining of multilayers with silver nanoparticles. The obtaining of
multilayers with silver particles was carried out by the LbL multilayer assembly
method. To bind the multilayers to the substrate, titanium implants were first
immersed in a 0.01 M solution of polyethyleneimine (PEI) for 30 minutes, which
is a cationic polymer with complexing properties. As a result of this process, the
surface of titanium implants acquires a positive charge due to the protonated amino
groups of PEIL

The obtaining of multilayers began with the deposition of Na-CMC on a
PEI layer fixed on the surface of titanium implants. Further, to remove non-
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adsorbed particles, the substrate was washed with distilled water. The subsequent
immersion of these samples in a chitosan solution leads to electrostatic interaction
between the functional groups of the polyacid with the polybase and the formation
of the first bilayer. A similar process was also carried out after the application of
chitosan. By repeating this cycle, coatings with the required number of bilayers
were obtained. The concentration and pH of the polyelectrolytes are 0.01 M and 4,
respectively.

The synthesis and incorporation of silver nanoparticles into thin films was
carried out as follows. Coated titanium implants were immersed in AgNOj3 solution
(1 mM and 10 mM) for 12 hours. The solution was kept in a cold place to avoid
oxidation of silver. Subsequent reduction (“in situ”) of silver ions (Ag") to silver
nanoparticles (Ag®) was carried out using a 0.01 M solution of ascorbic acid. The
samples were stored in a dark place prior to the study.

Scanning electron microscopy. The surface structure was studied by
scanning electron microscopy (SEM). SEM images were taken with an Auriga
scanning electron microscope. Titanium implants were attached to the SEM stand
with conductive tape. The surface of the samples was coated with Au-Pt by
microwave plasma spraying for 10 seconds at a discharge voltage of 1 to 3 kV.

Determination of contact angle. The contact angle was determined using
the sessile drop method at room temperature and normal pressure. The apparatus
"DSA100-KRUSS GmbH" was used. The average droplet diameter averaged 2—5
mm.

Study of the release of silver ions in saline. To assess the release of silver
ions, titanium implants with coating were immersed in freshly prepared phosphate
buffer (pH-7.4) for 24 h and stored in a dark place. Then samples were taken and
the implants were immersed in a fresh solution. The amount of silver ions that
passed into solution every 24 h was determined by atomic absorption spectroscopy.

Determination of antibacterial activity. The determination was carried out
by the disc diffusion method in agar-agar on a dense nutrient medium by comparing
the sizes of the zone inhibition of the growth of test microbes. E. coli was used as
a reference strain for antibacterial testing. 20 ml of nutrient agar were poured into
sterile Petri dishes. The thickness of the agar layer affects the results of the
determination; therefore, the indicated amount of the nutrient medium was strictly
controlled in the experiments. Muller-Hinton medium and Sabouraud agar were
used as a nutrient medium.

To obtain lawns, a homogeneous suspension of bacterial cells in
physiological saline was prepared, corresponding to the standard of 0.5 units of
turbidity according to McFarland. The bacterial suspension was applied with a
sterile swab to the agar surface in three different directions. 5-10 minutes after
inoculation, the dried agar surface was brought into contact with a titanium implant
with antimicrobial properties. The dishes were left at room temperature for 30
minutes, and then, without turning, were incubated in a thermostat at a temperature
of 28-37°C for 24 h. The formation of a transparent zone around the sample is an
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indicator of the antibacterial activity of the obtained materials. Zones of inhibition
of microbial growth were measured with a millimeter ruler.

Results and discussion

Surface treatment of titanium implants. Implants used in medicine, upon
contact with oxygen, are naturally covered with an oxide layer, 3-10 nm thick,
characterized by low chemical reactivity, affecting biocompatibility and roughness.
In addition, when stored in the open air, the surface of the biomaterial becomes
contaminated due to physical adsorption. Also, as is already known, the surface of
any substrate is not developed, which consequently makes it difficult for chemical
reagents to “stick” to the surface of the material (Lu et al., 2012). Therefore, the
first step in obtaining the coating is the preparation of the active surface of the
implanted products.

One of the methods to increase surface energy and improve implant
integration is acid etching. The authors (Buuser et al., 2004) have shown that a
sandblasted and acid-etched (SLA) surface provides tighter bone-to-implant
contact than a conventional standard surface. A similar goal was achieved in
(Giavaresi et al., 2003) using a 25 % HF solution followed by passivation with a 25
% HNO; solution.

As a result of the analysis of various etching methods, in order to improve
the surface characteristics, we activated titanium implants in two ways: 1) polishing
with sandpaper followed by washing successively with acetone and ethyl alcohol
2) treatment with a “piranha” solution (a mixture of sulfuric acid and hydrogen
peroxide). The authors (Quinn et al., 2020) studied coatings against a strain S.
aureus that can cause orthopedic infection. Most bacteria are hydrophobic and can
cause various infections. Hydrophilic surfaces are more desirable when interacting
with biological fluids, cells and tissues of the body, compared to hydrophobic ones
(Nazarov et al., 2018).

The results are shown in figure 1. due to the heterogeneity of the surface of
real titanium implants, the contact angle was determined using 5 points.

2

Fig. 1. Angle of contact of titanium implants with water
(a) the surface of the titanium implant before processing;
(b) surface after polishing with sandpaper followed by treatment with organic solvents;
(c) after etching with “piranha” solution
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Wettability describes the interaction of a water drop with a surface. A
wetted surface is hydrophilic and will have a contact angle of <90° while a non-
wettable surface is hydrophobic and will have a contact angle of >90 ° (Quinn et
al., 2020). As shown in figure 1 (a) before etching, the contact angle of titanium
implants is in the range of 89-93.7°. After etching the surface of titanium implants
with organic solvents (figure 2 b), this value was 70-80.6°. Treatment with the
“piranha” solution reduced the contact angle to ~ 62° (figure 2 ¢), which indicates
the formation of a hydrophilic surface. The formation of a less hydrophilic surface
in the first way is due to the fact that the use of emery polishing leads to the disposal
of only adsorbed grains of abrasives obtained during storage of the biomaterial in
the open air. Sequential processing with organic solvents makes it possible to
remove fatty impurities. At that time, the use of a "piranha" solution reduced the
wettability of the surface by 30 °. Such changes are explained that sulfuric acid,
which is part of the “piranha” solution, dissolves the oxide film and thereby
excludes the surface polishing process. Hydrogen peroxide is a "provider" of
atomic oxygen, which oxidizes organic and inorganic impurities that are on the
surface of the samples.

Obtaining a coating with AgNP. Silver nanoparticles embedded in a
polymer matrix are of great interest due to the large surface area that is in contact
with bacteria and physicochemical properties dependent on size/shape. In addition,
polyelectrolytes, which are the basis of coatings, have a pronounced potential to
inhibit the aggregation of AgNPs, control the release of Ag*, and thereby provide a
stable antibacterial effect and reduce cytotoxicity.

As already reported above, AgNP films were obtained by dipping a coated
solid substrate into a silver nitrate solution with further in situ reduction (fig. 2).
Since the coating was obtained at pH-4, as can be seen from the figure, part of the
carboxyl group (about 25 %) remains in the protonated form (COOH), and part of
the deprotonated CMC groups binds to the amino groups of chitosan. Further
holding of the film in the AgNOs solution will immediately lead to the replacement
of the CMC proton by Ag".

COOH cooa coon VHZ &)
00. VHz 004g w12 0. VHz
+ recov el" VH
(™ VHZ introduction of [Ag 1 N VHz NH3 2
GOOH CcooH cooug CO0Ag COOR cooH
oo c00- ¥ “coo- 3004 €00~ €00~ EOOH ) oo~
S EEe 2 G

Fig. 2. “In situ” reduction of Ag™ to AgNPs in a PEMs coating

After the immobilization of Ag* in the coatings, in situ chemical reduction
was carried out using ascorbic acid. The choice of ascorbic acid (1 mM) as a
reducing agent is associated with the low toxicity of the agent and can be carried
out as follows (Fu et al., 2006):
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2Ag" + C¢HsOp — 2Ag° + C6HeOg + 2H" (D

Proton ions released from the reaction make it possible to regenerate
carboxyl groups. Thus, the polycation is again ready for Ag" rebinding.

In the study, silver nitrate was used at a concentration of 1 mM and 10 mM.
As can be seen from Figure 3a, at a concentration of 1 mM, the size of silver
particles fluctuates in the range of 40-130 nm, this is due to spontaneous “in situ”
reduction and the process is difficult to control, as a result of which the formation
of randomly arranged particles is observed, however, the average particle size was
~ 70 nm. However, as the concentration increases to 10 mM, the particle sizes reach
up to microns (Fig. 3b). This is because with an increase in concentration,
undoubtedly, more silver ions enter the ion exchange and the large particles that
formed were a potential center for attracting more particles in themselves. Since
not only particle size but also surface distribution is important, it can be observed
from figure 3a that at low concentrations the surface is not completely covered with
AgNPs. But, an increase in the concentration of silver nitrate will not only lead to
aggregation of AgNPs, but also a large number of micron-sized particles can be
seen distributed over the surface. This contributes to the showing of less
antibacterial activity due to a decrease in the surface area which contact with
bacteria. In addition, the process of particle aggregation is explained by the
presence of a large amount of AgNPs, which leads to their enlargement.

The surface structure, distribution, shape, size, and content of silver
nanoparticles in the obtaining multilayers were studied by scanning electron
microscopy and SEM EDX. Figure 3¢ shows the results of EDX spectroscopy; it
was revealed that silver is present in the composition of the multilayers. However,
since this method provides information only on the elemental composition, it is
possible that, in addition to metallic silver, silver oxide may also be present in the
sample.

Fig. 3. SEM images of the surface of coating (Na-CMC/Chit) with AgNPs
(a) AgNO3— 103 M; (b) AgNO3 — 102 M;
¢) EDX spectrum of the sample

Thus, the size of nanoparticles in multilayers and their distribution over the

surface can be controlled by choosing the initial concentration of AgNO:s.
Since a surgical wound heals within 10-14 days, we also decided to
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investigate the release of an antibacterial drug in phosphate buffer in the presence
of saline for 14 days. Figure 4a shows the results obtained for the system (Na-
CMC/Chit)ios with AgNPs where the concentration of AgNOs in the initial solution
was 10 3 M. As can be seen from the figure, the maximum release of Ag” reached
~ 0.054 mM/day during the first day. However, the further release of silver ions
decreases, which is a positive factor, since the continuous release of silver is not
recommended due to cytotoxicity to host cells. The minimum concentration of
silver ions that passed into the solution was observed on the 14th day, which is
0.0012 mM/day. The release of silver ions from the coating is explained by the fact
that in aerobic solutions, metallic silver passes to Ag,O (Lopez-Carballo et al.,
2013). Then the metabolism of the bacterium creates an acidic environment to
convert of silver to its ionic form.

ClAgH (107 My

12 3 4 5 6 7 8B 9 10 1 1213 1

Days
a

Fig. 4. (a) Release of silver ions from (Na-CMC/Chit)10.5 coating with AgNP;
(b) antibacterial activity against E. coli bacteria
(1) implant without coating; (2) multilayer coatings (Na-CMC/Chit)10 without AgNP;
(3) coatings (Na-CMC/Chit)10.5 with AgNP

The release of silver ions in solution was not monotonous, which is
explained both by the presence of aggregates on the surface and by the uneven
distribution of nanoparticles between layers, which leads to different ion migration
kinetics. However, it should be noted that not all of the silver ions are released from
the coatings during the postoperative period. The initial burst of Ag" release
prevents immediate colonization of bacteria on the Ti surface after surgery (Li et
al., 2019). Then a sustained release of Ag" is needed to resist bacterial invasion
from the outer edges of the wound until the healing mucous membrane.

The antibacterial activity of the obtained samples was determined on the
museum strain of E. coli the bacterium. Figure 4b shows the results illustrating the
antibacterial activity of the samples. The inhibition zone (IZ) around the original
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titanium implants is 0 (sample 1). As can be seen from the figure, in samples 2 and
3, an inhibition zone is observed, and for the sample coated with layers (Na-
CMC/Chit)yo, it is 2.8 £ 0.01 mm, while for the sample (Na-CMC/Chit)ios with
AgNPs the size of the zone inhibition increases to 5.1 = 0.03 mm. The appearance
of an inhibition zone around sample 2 is possible presence of a positive charge on
the last layer, which further led to the destruction of the microorganism due to the
contact killing properties. For both samples (2, 3) the appearance of [Z is associated
with the presence of a film coating. However, it should be noted (sample 3) that the
coating with AgNP was applied on silicon wafers not on titanium implants. The
indication of the antibacterial effect for the 3rd sample is mainly due to the adhesion
of the cell membrane of AgNP occurs, the change in its penetration, as a result,
affects the respiratory system of cells. Therefore, this leads to the death of the
bacterium. In addition, the antimicrobial effect of AgNPs is due to the penetration
of particles into bacteria and the release of Ag”, which interacts with thiol groups
or phosphates that are part of the DNA/protein bacteria (Lopez-Carballo et al.,
2013).

Conclusion

Coatings based on chitosan and sodium carboxymethylcellulose containing
silver nanoparticles were obtained by the method of multilayer assembly on the
surface of titanium implants. To improve the adhesion of hydrophilic
polyelectrolytes to the substrate, the surface of the implants was treated in two
ways. Etching with a solution of concentrated sulfuric acid with the addition of
hydrogen peroxide made it possible to obtain a more hydrophilic surface compared
to the second method.

The mechanism of formation of multilayers is determined by the acid-base
interaction of the polyacid with the polybase, which is accompanied by electrostatic
interaction. Multilayer coatings based on Na-CMC and chitosan served as a
reservoir for AgNPs, which maintained a prolonged release of silver ions for 14
days. Research was conducted to determine the antibacterial activity of the obtained
coatings against E. coli strains. Coatings with/without AgNP were active showing
5.1+ 0.03 mm and 2.8 + 0.01 mm zone of inhibition, respectively.

The obtained results in the present work point to the prospects of research
in this direction. In the future, it is planned to establish the kinetic features of the
release of silver, to conduct more detailed research of the antibacterial activity of
coatings in order to identify the optimal conditions for obtaining nanocoating with
the required properties.
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Abstract. The problem of efficient use of natural and associated petroleum
gases and stopping their burning in flares is one of the most urgent and unresolved
environmental problems. In the current emerging crisis and the near-depletion of
oil reserves, the ways of obtaining natural and associated petroleum gases can be
considered as an alternative source of valuable products of petrochemistry and
organic synthesis. The purpose of current work is the development of a new
generation of effective thermally stable catalysts for the processes of synthesis and
oxidation of light alkanes of natural and associated gases to synthesis gas. The
results of partial oxidation of methane over catalysts prepared by the solution
combustion synthesis are given. To obtain a synthesis gas, a study of the activity of
catalysts from the initial mixture of Co(NO3),-Mn(NO3)>-Mg(NOs),-Al(NOs)s/urea
of various compositions was carried out. It was found that the optimal conditions
for producing of synthesis-gas are: CHs4 conversion — 99,7 %, yield of target
products: H — 94,1 % and CO — 42,5 %, T = 900°C, space velocity — 4500 h’!, the
ratio of gases in the reaction mixture CH4: O>: Ar=2: 1 : 3. The properties of the
prepared and spent catalysts were studied by the methods of X-ray diffraction
(XRD), Brunauer-Emmet-Teller (BET). The products of the reaction were analyzed
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by gas chromatography (GC). As a result of the conducted physico-chemical
studies, the structure of simple and mixed oxides, metal aluminates and spinels was
studied. It was found that these compounds affect the active functioning of catalysts
in the process of oxidative conversion of methane.

Keywords: catalytic oxidation, methane, synthesis gas, cobalt, manganese
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AnHoTauus. TaOury xoHe iiecrie MyHail ra3napblH THIMAI Haiinanany
JKOHE OoJIapApl alayiiapaa >Karydbl TOKTATy MOCEJeCi ©3€KTi XKoHe IMemMiH
TaImaraH KOJIOTHSUIBIK Mocesenepaid O0ipi 6omeim Tadbuiansl. Kasipri TysHman
KaTKaH JOardapbICTHIK JKOHE MYHAl KOpJIapbIHBIH CapKbUIybIHA JKaKbIH OOJBII
KaTKaH KaraalblHAa TaOUFU JKOHE 11eciie MyHal ra3aapblH aly >KOIJapblH MyHal
XHUMHSICHI MEH OpraHMKaJbIK CHHTE3/1H KYH/Ibl OHIMICPiHIH O0ajlaMa Ke31 peTiHae
KapacTteipyFa 6onaiel. COHIBIKTaH TAOUFHU Ta3]Ibl KOJIETE KapaTry Macesleci epeKIie
©3CKTLJIK MEH MPaKTUKAJIBIK MaHBI3bUIBIKKA He O0myna. byt ;KyMBICTBIH MaKcaThl
TaOUFM JKOHE 1Jecre Tras3fgapiblH JKSHUI ajKaHIapblH CHHTE3-rasra JCHiH
TOTBIKTBIPY YpAiCTEepi YIIiH »aHa OYbIHHBIH THIMJI TEPMHSIBIK TYPaKThI
KaTaJu3aTopiiapblH kacay Oonbll TaObutagpl. CHHTE3-ra3 aily YIUiH 9pTYpii
kypamaarsl  Co(NO3)2-Mn(NO3)-Mg(NO3)-Al(NOs)s/kapbamua  GacTanksl
KOCTIaChIHAH aJIbIHFaH KaTaJu3aTopiiapAbliH OenceHmiiri 3eprrenni. CuHTe3-ra3
aTyablH OHTaiNbl maptrapsl: razaapaeig Kocnackl CH4:O2:Ar =2:1:3, T=900°C,
KOJIEMIIK KbUinaMabiFsl — 4500 car! Gomranna, CHa-TiH koHBepcuscsl 99,7%, an
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MakcarThl OoHIMHIH IIbFBEIMBI: Hy — 94,1 % xone CO — 42,5 %, OolaThIHBI
afKpIHIaabl. JlalbIHIAIFAH KaTaau3aTopiiapablH KacHeTTepl peHTreHo(a3aIbIK
tannay (PDT), Dbpynaysp-Ommer-Temnep (BOT) omicrepimen 3eprrenmi.
Peakmusuey  enimumepi rasael  xpomartorpadus (I'X) omiciMeH TamgaHbL.
JKyprizinren ¢pu3nKa-XUMUSIIBIK 3€PTTEYICPIIH HOTIKECIHAC KAl XKoHEe KypJemi
KYpamJIibl OKCHITEPAiH, METaII aJlOMHUHATTAPBIHBIH JKOHE MIMUHENIh TYPIHJIETI
KYPBUIBIMAAPBI aHBIKTAIBI. BYJl KOCBUIBICTAp METAaHHBIH TOTHIFY KOHBEPCHUSCHI
YPAIICiHAE KaTaln3aTopiiapAblH O€JICCHIII J>KYMBIC jKacayblHa ocep CTEeTIHMIr
AHBIKTAJIBL.

TyiiH ce3lep: KaTalIWTUKAIBIK TOTHIFYy, METaH, CHHTE3-Ta3, KOOaJET,
Maprasert
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AnHoramus. [IpoOnema 3pPEKTUBHOTO HCIONBb30BAHUS MPUPOAHBIX U
MOy THBIX HE(QTSIHBIX Ta30B W NMPEKPAICHHS X CXKUTaHUs Ha (akenax sBIseTCS
OJTHOW W3 aKTyallbHBIX W HEPEIICHHBIX JKOJOTHMYECKHX IMpobiieM. B ycmoBmsx
HBIHCIITHEW KPU3NCHOW CUTYallMd M OJIM3KOHM K UCTOIICHHUIO 3aMacOB HE(TH MyTH
JNOOBIYM TIPUPOJHBIX M TOMYTHBIX HE(PTSIHBIX Ta30B MOXKHO PAaccMaTpHUBaTh Kak
ANBTEPHATUBHBIN MCTOYHUK IICHHBIX MPOMYKTOB HE()TEXUMHUH U OPTaHHYECKOTO
cunresa. [loaroMy npobiiema yTHIIM3aluy MPUPOTHOTO Ta3a MPUOOPETAET 0COOYIO
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aKTyaJIbHOCTh U IPAKTUYECKYIO0 3Ha4MMOCTb. Llenbto naHHOW paboThl ABISAETCS
co3maHue S(PQPEKTUBHBIX TEPMUYECKH CTAOMIBHBIX KaTaJn3aTopoB HOBOTO
MOKOJICHHUSI IS TIPOLIECCOB OKUCIICHHS JIETKUX AJIKaHOB MPHUPOAHBIX U MOITYTHBIX
ra3oB J0 CHHTe3-Taza. /[l TmoigydyeHHs CHHTE3-Taza ObUIO IPOBEIEHO
HCCTIENOBaHNE AaKTUBHOCTH Kartanm3aropoB u3 ucxomuoit cmecu Co(NOs),-
Mn(NO3),-Mg(NO3),-Al(NO3)3/ModeBHHA Pa3TUYHOTO COCTaBa. Y CTAHOBJIECHBI
ONTHUMAJIBHBIE YCIIOBHS I MOJY4YEHUsl CHHTEe3-ra3a: cMech razoB CHs:Ox:Ar =
2:1:3, T=900°C u oOwemnas ckopocth — 45004’ u GBUIO OmpemeneHo, 4To
koHBepcust CHy cocraBister 99,7 %, a Beixon 1eneBbIx npoaykros: Ho — 94,1 % u
CO — 42,5 %. bbumu n3yuyeHbl CBOWCTBAa IMPHUIOTOBICHHBIX M OTPaOOTaHHBIX
KaTaJu3aTopoB MEeToaMu peHTreHodazoBoro ananusa (POA), bpynayspa-Ommer-
Tennepa (BOT). IlponykTsl peakuuu ObLIM aHATM3UPOBAHBI METOIOM Tra30BOMH
xpomarorpadpun (I'X). B pesynsrare npoBeAeHHBIX (HUIUKO-XUMHUECKUX
UCCIIEOBAaHUM ObllIa MCCIEOBaHA CTPYKTypa B BHIE IPOCTBIX U CIOKHBIX
OKCHJIOB, AIIFOMHUHATOB METAJIOB U MIMuHeTd. OOHAPYKEHO, YTO 3TH COCIUHEHHS
BIMAIOT Ha aKTHBHOE (YHKIMOHMPOBAaHHE KaTaju3aToOpoB B IIpolecce
OKHUCIUTEIBHOTO IPEBPAIIeHs] METaHa.

KnwueBble coBa: KaTalUTHYECKOE OKHCICHUE, METaH, CHHTE3-Tas3,
K0OaJIbT, MapraHell

Kipicne

CuHTe3-ra3 alynblH HEFYPJIBIM THIMII JKOHE YHEMIII TEXHOJIOTHSIIAPHIH
i37ecTipy SHEpreTMKa MEH ra3 XHMUSCBIHAAFbl 0acTbl FBUIBIMHU-TEXHUKAJIBIK
OarbITTapIbIH OipiHe aifHamyna. bys COHBIMEH KaTap 3KOIOTHSIIBIK Ta3a KOIiK ITeH
CYTeTi 3HEpTrHsCHI YIIIiH ap3aH oHe KOJ KeTIMJIi CYTeTiH alyFa MyYMKiHAiK Oepei
(Lovell, 2017; Lou, 2017).

MeTaHHBIH KaTaJUTUKAIbIK KOHBEPCHSCH! apKbUIBI CUHTE3 T'a3bIH ally/IbIH
3 Heri3ri ofici 6ap: MeTanHbIH Oy KoHBepcusichl (MBK), MeTaHHBIH mapiuaibl
ToThIrybl (MIIT) skoHE MeTaHHBIH KoMip KbIIKbULIBI KoHBepcusichl (MKK)

MBK: CH4+H>0-3H>+CO AH%05=+206 kJI>x/ MOJIb )
MIIT: 2CH4+0,<-2CO+4H, AH02982-76 KI[)K/ MOJIb (2)
MKK: CH4+CO+2CO+2H, AH0298:+247 KI[)K/ MOJIb (3)

MIIT-HbIH 0acThl apTHIKIIBLIBIKTAPBIHEIH 0ipi cuHTe3-razasl Hy: CO =2 :
1 xarpiHachiHOa amy Oonbin TaObuiazel, ceOeOi Oy JkaFfaiiga ajblHFAH ©HIM
Oummep-Tponir cHHTE31HE XKOHE METAHOJI MEH CHHTCTHKAJIBIK OTHIH OHIIPICiHIC
KonjaHyra ete bIHFaiibl. Cy Ta3bIHBIH BIFBICY PEAKIMSICHl Ta3 TOpi3li eHiMje
KOMIPKBIIIKBLT Ta3bIHBIH €/10yip Meuepe keoewine okeneni (Talasbayeva, 2019;
Wei, 2019).

Peakmusabiy xypy Temmeparypackl (1200-1500°C) karanmsmik emec
nmapuuanabl TOTBIFYFa KapaFaHIa aHaFypJibIM TeMeH. JlereHMeH, Karaau3arop
OHEPKACINTE BIKTUMAIJIBI KOJJAHBLUTYHI YIIIIH PeaKIUsSHBIH XKYPY TEeMIIEPaTypachl
omaH na TeMeH OonyblH Kaxer eremi. MIIT kesiHme kemipTekTiH Ty3inyi Ha
CEJICKTHBTUIITHIH TOMEHJICYyiHEe acep €eTell >KOHEe COHBIH OCEpIHEeH peakmus
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OapBICHIH/IA KAaTAIM3aTOPIIap IbIH OCIICCHIUTITIHIH ¢ ToMeHAeyiHe okeneni (Moral,
2019; Zhao, 2018).

Byn ypmicrep yumiH aceul MeTajmapAblH HETi3iHAE >KacalblHFaH €H
OeliceH Il Karanu3aropiap eTe KeiMOaT O0ombim Kenmeni. COHFBI JKBUIIAPEI HUKEIh
KaTaJU3aToOpJIapblHbIH ~ KAaTbICBIHJIA  albIHAaTBIH  MAaKcarThl  ©HIMICPAIH
CEJIEKTHBTUIIN MEH IIBIFBIMBIHBIH >KOFapbl OOJIATBIHBI KEHIHEH 3epTTENi.
Karanuzpik OenceHainiriHiy >korapel OOJybIHA KapaMacTaH HHUKENb HeTi3iH7e
JKacaJIbIHFaH YJTUIEpIiH Oipiry MeH KOoKcTeayre OeiiiM OoiaThiHbIHA OaiiIaHBICThI
JIe3aKTUBAIMIIaHYFa KBUIAM YIITBIPaUTHIHBI aHbIKTAIB (Hassan, 2019; Egawa,
2018; Xanthopoulou, 2015).

MIIT Oyiel puOpMUHTIIICHY/TIH HET13T1 albIpMAaIIBUIBIFBIHA, PEAKIUSIHBIH
QJICi3 DK30TEPMUSUIBIK OONYBIHBIH CalIapblHAH, YPIICTIH JKYpyi YIIiH JKBLTY
SHEPTUACHIHBIH a3 Memmepi Kaxer erineai. ConbiMeH Katap, MIIT »xakcel
VaKbITTHl JIMHAMHKAJBIK PEaKIUsIFa Ue JKOHE KBICKA KaHACY YaKbIThIHIA JKYMBIC
icTeld amanmel, Oy IIAaFbIH peakTopiapipl MaiijanaHyFa MYMKIiHIIK Oepeni
(Specchia, 2017; Xanthopoulou, 2018).

Anadia, MeTaHHBIH NapUHUajabl TOTBIFYBIHBIH Keneciged Oipkarap
KeMIIITIKTepi 0ap:

- XKyHere oTTeri MeH MeTaHABl Oepy OapbICBIHIA >KAPBUIBICTBHIH
TyBIHAAY Kayli *OFapbl OONajbl oHE OTTETiHI ayajaH Oelim ajay alTapibIKTai
KbIMOATKa TyCce/i;

- ra3ipl (pazajblK peakiusga KOMIPTEKTIH Maiaa OoJybl MKoHE
JKEITIHIH KbI3BII KeTYl eCe0iHEeH KaTaln3aTopIbIH OY3bLTYBI MYMKIiH.

Bencennainiri MeH TYpaKTbUIBIFBIH )KOFaphIIaTy MaKCaThIHAA METAIJapAbIH
OCJICeHAUTITIH apTTHIPBIN, OipiryiH TeMeHaeTy yiuiH Ni HeTi3iHAe KacalblHFaH
KaTanu3aropiap KOChIMINA OHISYNI KakeT eremi. llapiumanisl TOTBIFY OfiCiHIH
Tarbl Olp AapTHIKIIBUIBIFBIHA JKOFaphl KOJEMIIK JKbUIIAMIBIKTa METaHHbBIH
KOHBEPCHUSICHIHBIH,  KOFapbl OONlyBIMEH CaJbICTHIpMallbl  TYpAE CYTETiHiH
CEJICKTUBTUIITIHIH JIe JKOFapbl OOJIYbIH KaMTaMachl3 eTell. Bbyi peakiusiiaH
aNBIHATBIH  OHIMJEPIiH JKOFaphl KOPCETKIIITepiHe KapaMacTaH, KOKCTBIH
TY3UIyiHEH JKOHE MeTajjapAblH OipiryiHeH TybIHIaraH KaTajlu3aTop.bl
3aJIaJICBI3AHIBIPY Ui e Oosica miemiMi TaObUIMaraH Kypaeidl Macese OOJIbII
TaOBpIIaAbl, cebebi HUKeNh KaTaln3aTopiapblHAa KOMIpTEeKTiH TY3lIyl YpIicTiH
KypyiHe  cesiMran  Oomeim  kememi.  COHOBIKTAaH  KaTaJdM3aTOPAAFrhl
KPUCTAJUTUTTEPAIH MOJIIIEPIH a3aiiTy HeMece TachIMAJJArbllINeH OpeKeTTeCyIli
apTTRIPY YVIIIH MOMU(UKAIMUIAYIIBl KOcChanap ki KojmaHbutaael. Omapra
CLITUTIK KOHE CHPEK Ke3IeCETiH AIeMEHTTEPAIH OKCHATepiH KonaaHaas! (Novikov,
2017; Tungatarova, 2010).

MIIT vypmicinae HUKENb KaTanu3aTopiapbl MEH achll MeTanjgapra
Heriznenren ynrinep (Pt, Ru, Rh) sxorapsr 6emcenminik kepceTTi. ATan alTKaH/a,
acbuUl  MeTalJapFa  HeTi3eNreH  JKOFapblAa  aTajfaH  Karajau3aropiiap
CaJIBICTBIPMAJIBI TYPAE >KOFapbl OENCEHAUTIKTI, TYPaKTBUIBIKTHI JKOHE KOKCTEyre
TO3IMIUTIKTI KepceTedi. bysr Merammapasl 6acka MeTanmapMeH CajabICThIpFaHAa
KYHBI KOFapbl 0OJaabl KoHE KOJI JKETIMIUIIT KWABIH OONFaHIBIKTAH OJap.IbIH

170



Reports of the Academy of Sciences of the Republic of Kazakhstan

OHEPKACINTIK JACHredae KOoMmMaHbpUTybIH Imekrediai. CoraH OaimaHbicThl  Ni
HETI31HeT1 JKacaJIbIHFaH KaTaJu3aTopiapAblH OCICeHIUTITIHIH JKOFaphl OOJYHI,
OarachIHBIH KOJ KETIMIUIIT HIH apKachblHIa OHEPKACINTE KOJIJaHy YIIiH KONJaHyFa
OomatelH Oajama peTiHAe KoiimaHyra MyMkiHmik Oepemi (Tungatarova, 2019;
Dosumov, 2012; Alvarez-Galvan, 2018). KobanbT karagu3aTopiapbl METaHHBIH
Mapiuaibl TOTHIFYBIHAA OeNceH Il ekeHi Oenrini. Onap oJeTTe HUKEIb HeTi31HIeT]
JKOHE achUl METaUl KaTaju3aTopiapblMEH CajbICTHIpFaHa METaHHBIH TOMEH
KOHBEPCHSICHIH KaMTaMachl3 eTeii. Anaiia, KoO0aasT METANBIHBIH OalKy >XoHE
OynmaHy HyYKTelepi »oFapbl, OyJl OHBIH TOMEH arjioMepalMsAChIHA KOHE
Jle3aKTHUBAIUS JKbUIIaMIbIFbIHA BIKnat etefi (Tungatarova, 2018; Xiao, 2009).

JKaHa mporpeccuBTI HAHOOIIEM I KaTaau3aTopiiapabl eHIIpY TocuIaepi
KCHIHCH 3epTTelyle »JKoHe OYriHTT KyHI OCBIHAAH THIMAUIL KOFaphbl
WHHOBALMSIIBIK 9MICTEepiH OipiHe 3MiriHeH TapajaThlH >KOFapbl TeMIepaTypabl
cuate3 (OXC) omiciH >karkpizyra Oomambl ce0ebi, OV OmiCTIH HOTHXKECIHIC
Oipereii Kacuerrepi Oap KHbIH OaJKUTBIH OTKA TO3IMII KYHIBUIBIFBI >KOFaphbI
kemreHaep anbiHaapl. OKC TeXHOMOTHACHIHBIH HETi3I1 apTHIKIIBUIBIFBIHA CHIPTTaH
KbUTy OepMeii-ak, XMMHUSUIBIK peakUusuIapAblH JKypyl OapbichiHOa OeliHeTiH
JKBLTYIbI KoJiany npuHituni Herizaenred. Conapikran, OXKC mporectepi nacTypiii
SHEPTHUSHBI KOl KAKET eTETiH TEXHOJIOTHsUIapMEH CallbICThIPFaH/a COTTI Oocekere
tyce anazasl (Holmen, 2009).

Epitingine xany curaTte3i (EXKC) ©XKC omiciHiH TYpJEHTEH XaHa TYPi.
Epitingine >xany omiciHiy ypzici memri oprama 350-ger 600°C apaibiFbpiHAa
KBI3ABIpY Ke3iHae Kyprisiemi. byn omicrieH anplHFaH eHIMAEp, OAETTE,
Ta3aJbIFbIHBIH JKOFAphl OOJyBIMEH, KpUCTalAaHy KalOineTi Oap HaHOemeMi
KJIaCTepJIi MaTepraIiapabl Ty3yre KabimeTTimirimer cunarranazis (Sarsenova R.O,
2020).

Kymeicra EXXC omiciMeH MeTaHHBIH CHHTE3-Ta3Fa ailHally TOTBIFY YPIiCiH
Kyprizyre KabimeTTi Co-Al-Mg-Mn/kapbamug HeTi31H/1e JKacaraH
KaTaJu3aTOPLIHBIH OCIICEHIUTITIHIH AepekTepi OepinreH.

3epTTey HbICAHBI MEH dicTepi

Jafieiamanrad  yATUIEpAiH KYpaMbBIHIA op TYPJi MeJIIepAe MeTajul
HUTpATTaphl 0Oap KaTralM3aTopiapiblH CEPHSICHl EpITIHIIAC >KaHy oIiCiMEH
naibpIHAan IR, MeTam Ty3aapbl MEH MOYCBHHA aHATTUTUKAIIBIK Tapa3bla OJIIeH .
Ty3mapneiH  ocel  KocmackiHa — 80°C  nmeitin kpi3aplppuFad 50 Mo
WOHCBHI3JAH/IBIPBUIFAH CYy KOCBUIFAHHAH KEHiH aJiblHFaH KOCIA TOJBIK epireHIe
ayana apanacteipbuigsl. Cunte3 10-15 muHyTKa cossuiabl. Karammsaropabt
CHHTE37Iey YIIiH My(enb Helli ajIplH-ala KaXXeTTi Temreparypara aeiin (0i3miH
xarmpaiina 500°C) ke3abipeuiabl. CofaH KeHiH epiTiHAIci Oap cTakaH ajjblH ajia
KBI3IBIPBUIFaH My(Qemb/Ii Telke KOWbIIIbL. PeakisiHbIH OachIHIa KOl MeJIIepie
XKbUly Tmaima Oomanmel, Oyl >kaHy (POHTBIHBIH T€3 TapaldyblH >KOHE
TeMIepaTypaHblH KYPT JKOFapbUIaybIMEH aHBIKTANbI. bipHeme MUHYTTaH KeiliH
KYPBUIBIMJBIK ~ KaTalu3aropiiap TY3UIedi, oNapAblH TY3UMyi JaibIHIaIFaH
YITiNepAiH KOFaphl OeNCeHNiNiTiHIH cebenTepiniH Oipi OONBIN  TaOBLIAIEL.
KypambiHaars! KOMOOHEHTTEPAIH Memtiepi ap Typii 6onbin kenetin Co-Mn-Mg-
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Al/xapbaMun HeTI3iHIET1 KaTajau3aTopiiap epiTiHAiae >KaHy ofici OoWbIHIIA
JMaBIHAAIBIN, KeJecl yaruiepaiy oencenniniri 3eprrenmi: 7,5 % Co-2,5 % Mn-20
% Mg-20 % Al/50 % xapbamun xoHe 20 % Co-5 % Mn-5%Mg-20 % Al/50 %
KapOammu.

Co-Mn-Mg-Al/kapbamun cepusiChiHbIH KaTanuzatopiaapbl 500°C  neitin
KBI3ABIPBUIFaH My(ebai nemre JaibiHaanasl. Y CTiHe YII TepMOoIiapa OpHaThIIIBL.
Bapnbik Tepmomnapnap mydenbai HEmTiH illiHAEC OpHAJACKaH CTakaHaa OOJIbL.
Bipinmi tepmonapa epiTiHAiHIH TOMEHT1 Ka0aThIHAa, EKIHIII TepMOoTapa OpTaHFbI
KabaThIH/A, YUIIHIII TepMomapa epiTiHAiHiH OeTki kKabarbiHza Oonapl. Epitinai
XKaHy 9[IICIMEH KaTalu3aropiiapAbl CUHTE3Aey Ke3iHIe €Ki JKaHy pexHuMi kKy3ere
achIPbUIA/IbI: KOJIEMIIK JKapbUIbIC JKOHE O37iriHeH Tapany pexuMi. JKapbuibic
PSKMMIHIH KOJIEMIHAE epiTiHAlI KbI3adbl JKoHE Cy OymaHanpl. [enb CymbiH
OynaHybIHaH KeliiH maiiga Oonanbl. Mydenp/i nemreri Temneparypa 6ipre-06ipre
KpUTHKAJBIK TeMIleparypara JeiiH Ketepinemi. Temmeparypa KpUTHKAJBIK
JICHrelire KEeTKeHJIE KaTalnu3aTopAbIH OYKUT KeJeMiHAe SK30TEPMUSIIBIK PeaKIIHs
KYpei.

Karanuzaropnapas! gaiieiaay 6apsiceiaaa 20 % Co-5 % Mn-5 % Mg-20
% Al/50 % kapbammup XYHECiHIH KeleMIli >KaHy PEeKUMIHIH TeMIleparypalibi-
YaKBITTHI TPOQHII 1-cypeTTe KepceTinreH.

— KOFAPBI

800 A = opTa
TeMeH

600 4

paTypacsl, °C

400+

Aany Temmne

50 600 650 700 750 800 850

th

HaHy VaKBITEL, CEK

Cyp. 1. 20%Co-5%Mn-5%Mg-20%Al/50%kapoamun sxyiteciHiH KeaeMi )kaHy PeXUMIiHIH
TEeMIepaTypajIbl-yaKkbITThl TPOQITI
(Fig. 2. Temperature-time profile of volumetric combustion mode of 20%Co-5%Mn-5%Mg-
20%Al/50%urea system)
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Karanuzaropaer cunTe3ney OapwichiHma epiTiHmi T,=120°C-tan Oactan
oymananelr, T;=152°C-tan Oacram epiTiHAIMI3 Telbre awHamamel, am T,=295°C
OonFaH/ia KeJeMIIIK PeKHMIE JKapbUIbIC Taina Oomanel. EpiTiHAiHIH TeMeHTi
Oemiringe Temmeparypa 850°C-xa, opra Oemiriage 893°C-ka, am KOFapFel
6exiringe 840°C-ka neitin xereni.

Bacranke! kocma MeH peakuus eHiMmaepid Tangay "Chromos GC-1000"
(Peceit) xpomarorpadblHBIH KOMETriMEH >KYPri3iifi, OJ canTaMalibl KOHE
KaWULIPIBIK ~ OaraHgapMeH kaOmeikranmran. Canrtamansl  Oarangap CaA
KYpaMBbIHBIH (a3anapblH KongaHa oTeipeil, Ha, Oz, N2, CHs, C2He, CoHa, C3-Cy
kemipcyTekrepin, CO xone CO; Tanaay YUIiH KOJAaHBUIIBL

Karanuzaropnapisly Qu3nka-XUMISUTBIK KacHeTTepiH 3epTTey National
center for scientific research «Demokritos», (Athens, Greece) xyprizimi.
CunTtesnenreH Katanuzaropyap peHTtreHodaszanslk Ttangay (PDOT) omicimen
Siemens Spellman DF3 cnexrpomerpinge Cu-Ka (A=1,5406 A), 26=5° - nan 100°
- ra nedinri apaneikra 0,03°/1 coyneneHyMeH 3epTTeiai. MeHImiKTi OeT ayaaHbl
JKOHE — KaTtanmuzaropiapiarbl — keyekrephi  Ttapaimyel  GAPPV-Sorb 2800
aHanmm3atopsl apkpuisl bpyHaysp-Ommert-Temnep (BOT) omicimen emmenmi.
Taceimaiinayiiisl a3 petinae a3or (Tasaubirbl 99 %) neH renuii (TasanbiEbl 99%)
KOJIIAHBULIBI. METaHHBIH TOTBIFY YPHICIHIE KaTalu3aTropiapAblH KaTalu3/iK
OeJICeHAINTITiH chiHay OOMbBIHINA KacaJbIHFAH TOKIpHOeNIep aFbIHABI - KaTalu3IiK
KOHBIPFBIIA 3epTTeil. KOHIBIPFBI YIII HET13r1 O6IIKTeH: 0aCTaKbl a3 KOCIIACHIH
JANBIHIANTBIH OOIKTEH, aFbIH/Ibl THIITET1 KaTaIH3/IK KBapIl| PEaKTOPhIHAH JKOHE
ra3mapabl  TanjayFa — apHanFaH — xpomarorpadTaH  Typaabl.  O3ipJeHreH
KaTaJn3aTopIapIblH OCIICEH IIIITIH aHBIKTAy Ke31HIe PEaKTOP/IbIH TeMITepaTypachl
600-nen 900°C-ka e3repyiMeH JKYpri3iimi. ¥3bIHIbIFEI 40 CM JKOHE 1IIKI JUaMeTpi
18 MM GomaThIH KBapITHl KYOBIPIIBI peakTopFa 2 MJI MeJIIEePiHAeTi Karaanu3arop
EHTI31Ial.

3epTTey HOTHIKeIePi KIHe 01apPAbI TAIKBLIAY

MeTaHHBIH ~ CHHTE3-Ta3fa TOTBIFYbIH 3epTrey ymiH  600-900°C
TeMIIepaTypa apalibIFblHAa Ta3mapisiH keneci Kocrmackl CHy @ O, @ Ar = 2:1:3
naiigananeiael  koHe 4500 car!  KemeMIiK  KBUILIAMIBIKTA KYPri3iireH
TOXKIPUOCHIH HOTIKENEPl 2-CypeTTe KOPCETUITEH.
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Cyp. 2. MetaHHBIH CHHT€3-Ta3fa TOTBIFY peakiusachiHAarsl 7,5%Co-2,5%Mn-20%Mg-
20%A1/50%  xapbamux  (a) koeHe  20%Co-5%Mn-5%Mg-20%A1/50%  kapbamua  (0)
KaTaJnu3aTopJIapbIHbIH OCICeHAITITIH 3epTTey

(Fig. 2. Study of the activity of 7.5%C0-2.5%Mn-20%Mg-20%Al/50%urea (a) and 20%Co-
5%Mn-5%Mg-20%A1/50%urea (6) catalysts in methane synthesis gas oxidation reaction)

2(a) cyperinen kepiHinm typraHmai, H, xone CO mbpireiMbl 800°C
temneparypana 2,6 % (H,) xone 0,6 % (CO) 6aiikanansr, 900°C temmeparypana
coiikecinme 50 % (Hz) sxane 29 % (CO) meiiin apTca, COHIai-aK OCbI TEMIIEparypa
JMATia30HbIH]Ia METaHHBIH KOHBepcuschl 22,4 %-nen 60,5 %-ra neitin apragpl. A,
2(0) cyperre, Co-Mn-Mg-Al/kapbamMua KaTaau3aTopiiapblHAarbl IEMEHTTEPIIH
KYpaMbIH ©3TepTy HOTHKECIH/Ie aTFOMHHUN XKOHE ocipece KoOaNbT eH Ko 0OJIFaH
JKaFaia Karamu3aTopiap ©H JKOFapbl OCJICEHIUTIKTI KOpPCETeTiHI aHBIKTAJIbL.
700°C Temneparypaja METaHHBIH aliHAIYBIHBIH Oip Me3rijue xKorapbliaybiMeH Ho
xkoHe CO Ty3imyi OaiikanarelHBIH Kepcetemi. Ho sxome CO mbireiMbl 700°C
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temneparypana 2,8 % (Hz) xane 0,4 % (CO) xypaiinsi xxone 800°C Temmeparypana
coiikecinme meiFbIMBL 90,7 % (H») xone 40 % (CO) xypt e3repeni, coiikeciHime
MeTtaHHbIH KoHBepcuschl 20,1 % (700°C) men 97,9% (800°C) aprambl. byn
oencenninik  Temmeparypa 900°C  meiiiH KeTepiice € CaKTalagbl >KOHE
Temreparypanbl Tarbl 100 Tpamycka KeTepymiH KaKETTLTrl JKOK eKCHIITIH
KepceTei.

Kecre 1. Co-Mn-Mg-Al/xapbamun karanusaropiapsl cepusachiHbIE BOT TannaybIHbIH HOTIKENEpi

Karanuzaropnap Berrik  aynmansl, | CaHpU1aynapbIHBIH CanpliaynapbslH

mor! kesemi, cmr! BIH opramia
OJIIIEM], HM

7,5%Co0-2,5%Mn- 12 0,058 23,1

20%Mg—

20%Al/xapbamu

20%Co—5%Mn-5%Mg— 16,6 0,063 22,9

20%Al/xapbamun

Menmikri GerTik aymaesl 16,6 M’r!, an caHpUIayIapbIHBIH OpTaIla
memmepi 22,9 HM OomarbiH  20%Co-5%Mn-5%Mg-20%A1/50%xkapbamun
KaTanu3aropsl keieci karanuzarop 7,5 % Co-2,5 % Mn-20 % Mg-20 % Al/50 %
KapOamMu KaparaHga >KOFapbl ONCEHALTIK KOepCeTEeTIHAIr aHBIKTangsl. by
3aHJIBUIBIKTBI 2 CypeTTe KOpCeTUINeH CHHTE3 Tra3blHa METaH TOTBIFY
peakmuaceigarsl 20 % Co-5 % Mn-5 % Mg-20 % Al/50 % xapbamua
KaTaJIM3aTOPBIHBIH OCJICEHAUTITIMEH OaiIaHBICTHIPYFa OOIa b,

3 — cyperre BOT onicimen anbikraiFan 20 % Co-5 % Mn-5 % Mg-20 %
Al/50 % xapOamMua KaTalM3aTOPBIHBIH — afcopOIus/aecopOIus HOTHXKeIepi
KEJITipiJIreH.
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Cp. 3. Bacranker  xome  Toxipubenen — kedtinri  20%Co-5%Mn-5%Mg-
20%A1/50%Kapbamut KaTaa3aTOPEIHBIH a30TIeH acopOIHs/necopOnusIany H30TepMachl

(Fig. 3. fresh and spent 20%Co-5%Mn-5%Mg-20%Al/urea catalyst adsorption/desorption
isotherm with nitrogen)
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Toxipube JKacaJibIHFaHHAH KEHiHT1 KaTaJn3aToOPABbIH
azcopOIus/aecopOIs U30TepMachl 3a-CypeTTe KepceriareH, cyperre E Tumine
KararblH, Oip Tap carachl )KOHE KeH iIIKi KejeMi 0ap (KyYMbIpa THITI caHbLIay
Hemece bottle-neck pore) caHpuIayabl TECIKTEpAETi aacopOLHs/IecopOIsIaHy
KHCBIFBI cumnarraiarad. Ajn 30-cyperre B TwumiHe jXaTaThlH >KOHE KypAeii
KYPBUIBIMABI ME30TIOPaHbIH YIT1IepiHe TOH TOKIpHOeIeH KeHIHT1 KaTaan3aTopIbIH
azicopOLms/necopOUMCHIHBIH H30TEPMACH KOPCETLITEH.

Co-Mn-Mg-Al/kapbamuy karanuzatopiapeiably, POT cnekrprepi  4-
CYpeTTe KOpCeTireH.
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Benrineynep: 1 — Co304, 2 — MgA204, 3 — CoAl204, 4 — MgO, 5 — MnO, 6 — MnsOs

Cyp. 4. 7,5%Co0-2,5%Mn-20%Mg-20%Al/50%xkapoamun (a) xkoue 20%Co-5%Mn-5%Mg-
20%A1/50%xkapbamuy (6) xatanu3aToprapbsiHbH POT

(Fig. 4. XRD catalysts 7,5%C0-2,5%Mn-20%Mg-20%Al/50%urea (a) xone 20%Co-
5%Mn-5%Mg-20%Al1/50%urea (6))

JKyprizinren peHtreHodazanblK 3epTTEYIEpAiH HOTIKECIHIS YATUICPIiH
Kypambinaa keneci ¢azanapasi Co3z04, MgAlOs, CoAl20s, MgO, MnO, MnsOs
0ap eKeHIIT1 AaHBIKTAJIIBI.

P®T-man  anplHFAaH ~ MONMiMeTTep  OOHMBIHINA — KaTalM3aToOpIIapIbIH
IINHHETbACP MEH OKCHTEPAiH KYOThIK KYPhUTbIMFA HE SKECH/IITT aHBIKTaJIbI.

KopbIThIHABI

Ochuraifina, epiTiHmie )KaHy 9iCiMeH METaHHAH CHHTE3 Ta3bIH Iy YIIiH
600-900°C  TemmepaTypa  apaibIFbIHIA  Ta3gapAblH  Kelleci  KOCIACHI
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CH4:0,:Ar=2:1:3 xone 4500 car’! keneMIiK KbUIIAMABIKTA KAaTaIU3aTOPIAPIbIH
Oencenainiri 3eprrenami. MIIT omiciMeH MeTaHHAH CHUHTE3-Ta3 ajy VIINIH €H
oencenai 20%Co-5%Mn-5%Mg-20%Al/kapbamuy Karaau3aTopbl AHBIKTAJIHI.
T=900°C-ta, W=4500 car xonemuix xbuinamasikra CHs xousepcuscsr 99,7 %,
MakcaTThl OHIMAEpAiIH Xorapel MBIFBIMBI H>-94,1 % xome CO-42,5 % xon
KETKi3yre MyYMKiHZIK Oepai. CHHTe3eNreH Karanu3aTopiaapasie Kacuerrtepi POT
xone BOT omicrepimen 3eprrenai. XKyprisinreH pusnka-xuUMHSIIBIK 3€PTTEYAEPAIH
HOTIDKECIHIE Kall  JKOHE  KypAem — KypaMIbl  OKCHIATEPHiH,  METalll
QMIOMUHATTAPBIHBIH JKOHE IIMHHENb TYPIHAETI KYPBUIBIMHBIH OONaTBIHABIFBI
3eprrengi. bym KochUIbIcTap METaHHBIH TOTBIFY KOHBEPCHSCHI YpAiciHAE
KaTalu3aropiap/IbiH OeJICeH/I JKYMBIC )KacayblHa dCEp €TETiHI aHBIKTAIIBI.
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Abstract. Modern advances in nanotechnology open up new opportunities
for the development of fundamentally new technological processes for obtaining
nanoscale antibacterial materials. The main promising direction of expanding the
range and improving the properties of textile materials of different composition is
the modification of existing fibers and finished textile materials in order to give
them new properties. This article presents data on the development of cellulose
textile materials with antimicrobial properties using copper nanoparticles. The
synthesis of copper nanoparticles was carried out by reducing copper sulfate in
aqueous medium in the presence of ascorbic acid reducing agent, the optimal
conditions for the synthesis were selected. The effect of copper concentration,
reducing agent, stabilizer on the synthesis of copper nanoparticles was investigated.
The resulting nanoparticles are stable, spherical in shape, 20-65nm in diameter, not
subject to sedimentation and do not change color for up to 3-4 weeks. Electron
microscopic images confirm the appearance of a thin polymer film on the surface
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of cellulose fibers and indicate a change in the morphological surface of treated
samples compared with untreated samples. The physicochemical and antibacterial
properties of cellulose materials modified with copper nanoparticles were studied.
To find out the effectiveness of antimicrobial treatment for textile products,
microbiological studies to the effects of microorganisms were carried out. With
increasing concentration of nanoparticles in the treated samples, the zone of
inhibition by microorganisms increases. Cellulose materials modified with copper
nanoparticles were shown to have antibacterial activity.

Keywords: cellulose textile materials, modification, copper nanoparticles,
ascorbic acid, polyethylene glycol, antimicrobial properties
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AnHoramus. HaHoTexHONOTHS canachiHIAFbl 3aMaHayHW JKETICTIKTEp
HaHOOJIIEMAl OakTepusFa Kapchl MarepuaapAbl aIyAbIH NPHHIMITI KaHa
TEXHOJIOTUSITBIK MTPOIECTEPiH AAMBITY YIIiH )KaHA MYMKIHJIKTEp amraasl. Kypamsr
OpTYpii  TOKbIMAa MaTepHANAAPBIHBIH ~ aCCOPTUMEHTIH KCHEWTYHIH JKOHE
KaCHETTEPIiH JKaKCapTyIdbIH HETI3T1 JaMy OarbIThl KOJIAHBICTAFbl TANIIBIKTap MEH
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JMaWbIH TOKBIMa MaTepHAIaphIHA JKaHa KacHeTTep Oepy yImiH Momudukarusiay
Oonpim TaOBIIAABI. Makamama MbIC HaHOOOINIIEKTEpiH TaimanaHa OTBIPHII,
MHUKpOOKa Kapchl KacHeTTepi Oap HeJUIIoNo3Abl TOKbIMAa MaTepualliapbiH Kacay
Typalbl nepekTep OepinreH. MpIc HaHOOOIICKTEPiHIH CHHTE31 acKOpOWH
KBIIIKBUIBIH TOTBIKCHI3AHBIPATEIH 3aTTHIH KATBICYBIMEH CYIBl OpTaga MbIC
Cynb(aThlH TOTHIKCHI3AAHIBIPY apKbUIBI KY3€re achIPbULABI, CUHTE3IIH OHTAMIIbI
HIapTTaphbl TaHJAJJIbL. MBEICTBIH, TOTBIKCHI3IaHIBIPFBILITHIH JKOHE
TYPaKTaHJIBIPFBIIITHIH KOHIIEHTPAIMSCHIHBIH MbIC HAHOOOJIIIEKTEPiHIH CHHTE31He
ocepi 3eprrTenai. AJBIHFaH HaHOOOINIIEKTEp TYPAaKThl, cepaiblK MiiHl,
muaMeTpi 20-65 HM, TyHOara ymslpaMaiinel skoHe 3—4 amnrara AediH TYCiH
e3repTheli.  DNEeKTPOHABIK  MHUKPOCKOIMSUIBIK — CypeTTep  LeJUTrI03a
TaJIIBIFBIHBIH OCTIH/IE )KYKa OTUMEPITi KaOBIKTHIH Iaii1a 00TyBIH pacTai bl JKoHe
OHJCIIMETEeH YJTIJIEPMEH CalbICTBIPFaHa OHICITEH YIrUIepaiH MOPQOIOTUsIBIK
OeTiHiH e3repyiH kepcerei. MBICTBIH HAaHOOOIIEKTepiMEeH Mo UKAIHsIIaHFaH
HEJUTI0NI03a  MaTepUaNJIapbIHBIH  (U3UKA-XUMUSUIBIK JKOHE OaKTepusiFa Kapchl
KacuerTepi 3eprrengi. TokpIMa OYHBIMIAPBIHBIH MHUKpPOOKA Kapchl eMACyAiH
TUIMJIUTITIH aHBIKTAy YIIIH MHKPOOPTaHU3MIEPIiH SCEpiHe MHKPOOHOIIOTHSIIBIK
3epTTeyJep  JKYpri3ijiii. Ownjenren  yirijgepaeri HAHOOOJIIIEKTEeP IIH
KOHIEHTPAIUSACHIHBIH JKOFapblIaybIMEH MHUKPOOPTaHU3MICP/IH TEXKeNy alMarbl
yrFasael.  Mpic  HaHOOeuIeKkTepiMeH MoAu(UKaIMsUIaHFaH — IeIUTIONO3IbI
MarepuaiapAbH OaKTepusiFa Kapchl OeJICeH T Oap eKeHi ToNeeH/Il.

Tyiiin ce3aep: 1e/UTF0I03a TOKBIMA MaTepUaIapbl, MOTU(DUKALIUSACKHI, MBIC
HaHOOOJIIEKTePi, aCKOPOMH KBIIKBUIBI, ITOJHMITHICHIIINKOIb, MHUKPOOKA KapChl
KacHueTTepi
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Annortanus. CoBpeMeHHbIE JOCTIKCHUS B OOJIACTH HAHOTEXHOJIOTHUH
OTKpBIBAIOT HOBBIE BO3MOKHOCTH Ui pa3pabOTKH NPUHIUIHAIBHO HOBBIX
TEXHOJIOTUYECKUX TPOLECCOB TMONYYCHUsST HAHOPA3MEPHBIX aHTHOAKTEPUATBHBIX
MarepuanioB. OCHOBHBIM  TIEPCIICKTUBHBIM  HANpaBICHHEM  PaCIIUPCHHS
ACCOPTHMEHTa W YIYYIIEHHS CBOWCTB TEKCTWIHHBIX MAaTE€pHalOB Pa3IHMIHOTO
cocTaBa SIBISIETCS MOAM(HKAIMSA YyXKE CYIIECTBYIONIMX BOJIOKOH M TOTOBBIX
TEKCTWJIBHBIX MaTepHaliOB C IEJbI0 NPUIAHWS UM HOBBIX CBOHCTB. B crarhe
MIPEICTABIICHEI TaHHEIE TI0 Pa3pabOTKe MEIITIOIO3HBIX TeKCTHIILHBIX MaTePHUAJIOB C
AHTUMUKPOOHBIMU CBOMCTBAMH ¢ TpUMEHEHHWEM HaHodacTur] memu. CuHTes
HAHOYACTHUI[ MEIU OCYIIECTBISUIM IyTEM BOCCTAHOBIEHHS cynbpara Meau B
BOJAHOU Cpele B MPUCYTCTBUM BOCCTAHOBUTEIS aCKOPOMHOBOW KUCIIOTHI,
momoOpaHbl  ONTHMANbHBIE  YCIIOBHS  CHHTe3a. lcciemoBaHO — BIMSIHHE
KOHIICHTPAIlUA MEIU, BOCCTAHOBUTEIS, CTa0MIIM3aTOpa Ha CHHTE3 HAHOYACTHII
mean. OOpa3yroluecss HAHOYACTUIIBI CTAaOWIIBHBI, UMEIOT cepudueckyo (hopmy,
nuamerpoM 20-65HM, HE TTOABEPKEHBI CEIMMEHTAIIMA U HE MEHSIOT 1BET 10 3—4
HeAeIb.  DJCKTPOHHO-MHKPOCKOIIMYECKUE  M300paKeHUS  MOATBEPIKIAIOT
MOSIBJIEHUE TOHKOW TIOJTMMEPHOH TICHKH Ha TIOBEPXHOCTH IEJITIOIIO3HOTO BOJIOKHA
M yKa3blBAIOT HAa HM3MEHEHHE MOP(OJOTHYECKON MOBEPXHOCTH 00paOOTaHHBIX
o0pa3IoB 1O CpaBHEHHIO C HeoOpaOOTaHHBIMH OO0pa3naMu. bBbUIM H3yYCHBI
(hM3UKO-XUMIYECKHE U aHTHOAKTEPHAIIbHBIE CBOMCTBA IIEJUTFOJIO3HBIX MATEPHUAJIOB,
MOMUGUITMPOBAHHBIX HAaHOYACTHIIaMHd Menu. J[ns BeisicHeHWs 3¢ (deKkTHBHOCTH
AHTUMHUKPOOHON 00pabOTKU JII TEKCTHJIBHBIX W3ICIUN OBLIM TMPOBEICHBI
MHUKpPOOHOJIOTHYECKHE WCCIEOBaHUS K BO3ACWCTBUIO MHUKpoopraHumsmoB. C
yBeNMYEHHUEM KOHIIGHTpPAlMd HAHOYACTHI] B OOpa0OTaHHBIX O0pa3max 30Ha
WHTMOMPOBAaHUS MHUKpPOOpPTraHM3MaMH Bo3pacTaeT. [loka3aHo, 4TO LEITIONO3HbIE
Marepuanbl,  MONU(PHUIMPOBAHHBIC  HAHOYACTUIAMM  MEAHW,  OO0JIaJaroT
aHTHOAKTEpHATHbHON aKTUBHOCTHIO.

KioueBble  cioBa:  IEJUTIONO3HBIE  TEKCTHJIBHBIE — MaTepHabl,
MO UKAIUS, HAHOYACTUIIBI MEJIH, aCKOPOUHOBAsI KUCIIOTA, MOTUITUIICHIJIUKOIb,
AHTUMHKPOOHBIE CBOMCTBA

Introduction

Textiles are one of the most widely used materials in industry and
households. Recently, much attention has been paid to surface modification of
textiles to give a wide range of new high-quality materials with specified properties.
One of the leading positions in this direction is taken by antimicrobial finishing of
textile materials (Agrawal, 2020; Wasim, 2020; Gulati, 2021). Consumer demand
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for clothing and textile products with improved hygienic properties increases every
year. Textile materials with antimicrobial properties are used to make clothing,
linen, dressings, sanitary and hygienic products, and are effective as protective
agents against infections. When developing new antimicrobial agents it is necessary
to consider a number of criteria: the drug should be effective against a wide range
of bacteria and fungi, and at the same time be non-toxic to the body, not to cause
allergies or irritation. Copper nanoparticles are currently of considerable interest
and can replace more expensive noble metals in nanoform. This is because these
particles have a unique set of valuable properties. One of them is a pronounced
biological antimicrobial activity due to which copper nanoparticles can be used in
ecological and medical purposes, in food packing and textile material production
(Vincent, 2017; Review Article Copper, 2015; Nieto-Maldonado, 2022; Burkitbay,
2014). The unique properties of medical textiles and a huge number of potential
applications encourage many scientists, research groups and centers around the
world to focus their work on more efficient and safe ways to produce textile
materials and products modified with copper nanoparticles. Cellulose textile
materials with antibacterial properties modified with copper nanoparticles have
been developed (Tausarova, 2017; Taycaposa, 2018; Roman, 2020; Turakhia,
2020; Hassabo, 2019).

Modification of textile materials with environmentally safe compounds
such as copper nanoparticles to give them effective biocidal properties for medical
and sanitary-hygienic products, dressings, fabrics and textiles, various types of
packaging materials and containers, is a relevant area.

Purpose of work: synthesis of copper nanoparticles in the presence
of polyethylene glycol, determination of optimal synthesis conditions, imparting
antibacterial properties to cellulose materials due to fixation of copper NFs on the
surface of fibers.

Experimental part

Synthesis of copper nanoparticles was performed by recovering an aqueous
solution of copper sulfate. As a stabilizer, ascorbic acid and polyethylene glycol
were used as stabilizers. The structure and size of the product largely depend on the
reaction conditions of the copper sulfate concentration.

Research facilities: JSC "Almaty Cotton Plant" fabric and chemical
compounds producer, copper sulfate, ascorbic acid, polyethylene glycol (PEG).

Copper (Il) sulphate — colorless, very hygroscopic in the form of
anhydrous substance. Crystalloglyphates are hygroscopic non-transparent crystals
of blue color with a bitter taste. Copper (II) sulfate is easily soluble in water,
disinfectant, antiseptic, has viscosity, density 3,64 g / cm?. It is used in medicine,
plant growing as an antiseptic, fungicide or copper-sulfur fertilizer.

Ascorbic acid - white crystals with a sharp sour taste. The melting point of
ascorbic acid is 192 degrees Celsius (under normal conditions). Ascorbic acid is
solid. Although this ester does not dissolve in organic solvents such as chloroform
or benzene, it does not dissolve easily in water or alcohol. It is easily oxidized and
therefore participates in oxidative-regenerative processes.
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Polyethylene glycol — viscous, gel-like synthetic substance obtained by
ethyleneoxide polymerization. Density - 1,1-1,2g / cm?. The main properties of
polyethylene glycol are increased solubility of substances.

Research methods

Synthesis of copper nanoparticles composites was performed by recovering
copper sulphate in an aqueous solution in the presence of ascorbic acid. Synthesis
of copper nanoparticles was performed by recovering an aqueous solution of copper
sulfate. Ascorbic acid was used as a regenerating agent. The structure and size of
the product largely depend on the reaction conditions of the copper sulfate
concentration. Copper nanoparticles of various sizes are obtained by increasing the
reaction time.

The nanoparticles were synthesized in accordance with the following
procedure: equivalent to 100 ml of aqueous solution of copper (II) sulfate (C=0.1—
0.3 mol /1), an equal volume of ascorbic acid (0.1-0.4 mol /1), I added 10 % sodium
hydroxide to a specific pH of 8-11. An additional polyethylene glycol (0.1-0.3 mol
/1) was added as a stabilizer.

Spectrophotometric research. The interaction of the composition with the
macromolecule of the cellulose was studied by the spectrophotometric method
(JENWAY).

Microscopic studies were performed using electron scanning microscopy
(JSM-6510LA).

Microbiological research. Passed through a bacteriological analyzer
(BakTrak4300), which automatically tracks the growth of microorganisms.

Results and discussion

The synthesis of copper nanoparticles was performed by reducing an
aqueous solution of copper sulfate. Ascorbic acid was used as a reducing agent and
polyethylene glycol as a stabilizer. Ascorbic acid, unlike the most commonly used
for copper reduction, is safe for humans, and the proposed process corresponds to
the concept of "green chemistry.

CuSOs + CsHsOs +2NaOH — Cu + Na,SO4+ CsHgO7+H-0.

Chemical reduction is a multifactorial process and depends on the selection
of the oxidizer-reductant pair, their concentrations and conditions of the process.
To determine the optimal concentrations of the initial components a series of
experiments were carried out (Table 1).

Table 1 - Initial concentration

No Initial substance concentration, mol /1

CuSOq4 PEG Ces HsOs
1 0.3 0.05 0.05
2 0.3 0.1 0.1
3 0.3 0.2 0.3
4 0.05 0.05 0.1
5 0.1 0.1 0.1
6 0.3 0.2 0.1
7 0.1 0.3 0.2
8 0.3 0.2 0.4
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When studying the effect of initial CuSO4 solution concentration in the
range of 0.05-0.3 mol/L, the absorption maximum increases at 525 nm (Fig. 1).
The color of the solution changes from pale yellow to saturated green.
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Figure 1- Influence of copper sulfate concentration on optical absorption spectra of copper 1 -
0.05mol/1;2-0.1mol/1;3-0.3mol/1

As can be seen from Fig. 2 with increasing ascorbic acid concentration in the
range of 0.1+0.3 mol/l, there is an increase in the intensity in the absorption band
maximum at 575 nm. The ascorbic acid concentration of 0.3 mol/L was chosen as
optimal. When using concentrations greater than 0.3mol/l, a brown precipitate falls
out, which contains metallic particles with an average size of about 470 nm.
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Figure 2- Influence of copper sulfate concentration on optical absorption spectra of copper. 1 - 0.1
mol /1; 2 - 0.2 mol /1; 3- 0.3 mol /1
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Figure 3 - Effect of polyethylene glycol concentration on the optical absorption spectra of
copper: 1-0.1 mol /1; 2-0.2 mol /1; 3-0.3 mol /1

U3BecTHO, uTO M3MeHeHUe 3HadeHud pH MoxeT KoHTponupoBarh popmy u
pasmep HU. KonndectBo 00pa3yromuxcsi HAHOYACTHI] BO3PACTAET C YBEIMICHUEM
pH (puc. 4).
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Figure 4 - The effect of pH on the optical absorption spectra of copper
pH 1=5-6; pH 2 =7-8; pH 3 =8-9. C (CuSO 4) =0.1 M; C (C¢HsOs) = 0.1 M
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In order to measure the size of nano-particles and study their aggregative
stability, electron scanning microscopy was carried out. The study of the presented
samples (Fig. 5a) showed that copper particles ranging in size from 44—97 nm were
formed, increasing the initial concentration of CuSO4 leads to an increase in the
size of nanoparticles up to 1.58 pm (Fig. 5b).

HV | det | HFW |
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a b
Figure 5. Copper nanoparticles with electron scanning microscopy (ESM),
C cuso4 - 0.05 mol/l (a), C cuso4 - 0.3 mol/l (b)

To find out the effectiveness of anti-microbial finishes for textiles,
microbiological studies to the effects of bacteria and the mold fungus Pennicillium
brevi were conducted (fig.6). The diameter of the inhibition zone reflects the
magnitude of microbial susceptibility.
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Figure 6 - Growth of Pennicillium brevi mushrooms in cotton specimens : unprocessed
sample (a) sample treated with copper nanoparticles of different concentrations b-0.1 mol /1; ¢ -
0.3 mol/1;d -0.4 mol / 1;
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These figures how an increase in the microbiological organisms in the
processed specimens (fig.6,b,c,d)and a decrease in the unprocessed one
(fig.6,a). Kak BHIHO ¢ yBeTHYCHUEM KOHLICHTPALMH HAHOYACTHUI] B 00padOTaHHBIX
oOpasuax 30Ha HWHrUOMpOBaHMS IUIECHEBBIX TpHOKOB Pennicillium brevi
BO3pAaCTacT.

Conclusion

Optimal conditions for the synthesis of copper nanoparticles and cellulose
processing were developed. A composition based on ascorbic acid and copper
sulphate for antimicrobial processing of cotton was developed.

The effect of the concentration of copper, reducing agent, stabilizer on the
synthesis of copper nanoparticles was investigated.

It was found that the treatment with the selected composition gives
antimicrobial properties of the treated fabric, improves the indicators of physical
and mechanical characteristics.
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10 uioHs MCIIOJHUJIOCH 75 JeT
akanemunky HAH PK
BykrykoBy Hukonarw CagsakacoBuay

ByktykoB Hwukxomaaii CagBakacoBu4 — akaJeMHK HampoHamsHOM
akanemuu Hayk PecnyOnuku Kazaxcran npu [Ipesunente Pecnyonuku Kazaxcras,
W3BECTHBIN YUCHBIH-TOPHSIK, 3aciyXKeHHbIN n3o0peTarens Pecryonuku Kazaxcran,
[TouetHsrit Toprsk Pecnyonuku Kazaxcran, Jlaypear nmpemuii IMEHH akaJIeMUKa
AH CCCP K.HM. CarnaeBa; umenn A. baliTypcblHOBa; MMeHH akajgemuka AH
KasCCP 1. Ecenosa, akagemuk EBpasumiickoii akageMHM TOpPHBIX Hayk,
Kazaxcranckoii akazjeMun eCTeCTBEHHBIX HayK, HallmoHaapHON akaieMU TOPHBIX
HayK, JOKTOp TEXHMYECKHX HayK, mpodeccop, nupekrop Pummana «PI'TI HIL
KIIMC PK» «MHcTuTyT ropHoro aena uM. J[.A. Kynaesay.

bykrykoB H.C. B 1971 romy c OTIHMYMEM OKOHYMJI TOPHBIA (hakynbTeT
Kazaxckoro moauMTeXHHYECKOro MHCTUTYTa MO crenuaigbHocTu «TexHomorus u
KOMIUIEKCHAsT MEXaHU3alsl OTKPBITOM pa3padOTKH MECTOPOXKACHUM MOJIE3HBIX
ruckonaeMpix». B 1976 r. 3ammTun guccepranyio MO BOMNPOCaM B3aUMOCBSI3U
9KOHOMHUKH, TOPHOTO MPOM3BOJICTBA M OOOTAIlIEHUsI Py[ Ha COMCKAaHHE yYEHOU
CTETIeHU KaHIuAaTa TEXHUYECKUX HayK, a B 1986 . — auccepranuio Ha COUCKaHUE
Y4EHOH CTENeHH MHOKTOpa TEeXHHMYECKHMX HayK Mo mpobieme (HOpMHUPOBaHHS
KayecTBa YIIel B TOTOKE M €ro BIUSHHE Ha TEXHHKO-3KOHOMHYECKYIO
3G PEKTUBHOCTH TOTTUBHO-IHEPT€THUECKOTO KOMILIEKCA.

byxrykoB H.C. — cnenuanuct, 0 KOTOpOM TOBOPST: MPOLIET BCE CTYNEHU
npodeccnonansHoro pocra. C 1972 1. paboran B MHCTHTYyTE TOpHOTO [ena
Axanemun Hayk, r1e mpoien Bech ITyTh OT CTaplIero HHKeHepa A0 3aBEAYIOIIEro
nmaboparopueir. C 1994 1. HadalbHWK OTAENa MapKeTHHTa W TaTEeHTHO-
JTUIIEH3NOHHOW paboTh! npe3uanymMa HarmonaneHoit Axkagemun Hayk PK, 1995 .
— 3amecTuTens npesuaeHra HannonansHoit Akanemuu Hayk PK mo Bompocam
WHHOBAIIMOHHOW JIESATEIFHOCTH M pealn3aliuil HayYHO-TEXHUYECKUX pa3padoToK.
C HOs16ps 2001 1. — 3amectutens aupexTopa MHCTHTYTA rOopHOTO Aena uMm. JI.A.
KyHaeBa 110 5KOHOMUKE M KOMMepIIMann3aiuy Hayku, ¢ Hosops 2002 1. 1o iekadbpb
2003 . — akanmemuk-cekperapb Otnenenust Hayk o 3emuie HarmonambHOM
Axanemun Hayk PecryOmmkm Kazaxcran. B 2004 — 2006 rT. — 3amecTuTelnb
TEHEPAIBHOTO JIUpEKTOpa PI'TI «dentp XUMUKO-TEXHOJIOTUYECKHUX
uccnenosanuit» MOH PK, Cosetnuk pektopa KasHTY um. K.M. CarnmaeBa no
WHHOBAllUOHHOM  JESTENbHOCTH, MapajuleIbHO — 3aB. OTHEJIOM  (PU3HKO-
TeXHUYeCKUX Npobiem xomruiekcHoro ocBoerus Henp UIJl um. JI.A. Kynaesa. C
2010 r. u no nactosiee BpeMsa bykrykoB H.C. — mupexrtop MHCcTHTYTa rOpHOTO
nena uM. JI.A. Kynaega.

Axanemukom HAH PK BykrykoBeim H.C. pemieHbl KpyIiHBIE HaydHBIE
poOIeMBbI:

- pa3paboTaHBl TEXHOJOTHM W OOOCHOBAaHBI  paIlMOHAIBLHEIE
napamMeTpsl CEeNeKTHUBHOM OTPabOTKH CIOKHOCTPYKTYPHBIX MECTOPOXKICHUN
OTKPBITHIM CIIOCOO0M;
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- CO3JaHbl HOBBIE TEXHOJOTUH OTKPBITOM M KOMOMHHPOBaHHOM
pa3paboOTKN YTONBHBIX M PYAHBIX MECTOPOXACHUH, PalMOHAIBHBIE CIIOCOOBI H
HAayYHO-TEXHUYECKHE pEHIeHHS [0 KOHIIEHTPAllUd TOPHOTO TIPOHM3BOJCTRA,
pa3paboTaHbl pallMOHAJIbHBIE CXEMBbI BCKPBITHS TIyOOKHX TOPU30HTOB KaphepoB U
LIUKITUIHO-TIOTOYHBIE ¥ IIOTOYHBIE TEXHOJIOTHH BEEHHS TOPHBIX paloT;

- paspaboTaHbl  Teopus M TEXHOJOTUS  JUHAMUYECKOTO
(hopMHpOBaHHS OJHOPOJHOCTH KadeCTBA MHHEPAIBLHOTO CHIPhS B HENPEPHIBHOM
MIOTOKE;

- pa3paboTaH MeTo[ onpenesieHns OOPTOBOTO COAEPIKAHNS METalIa,
YUUTHIBAIOIINN SKOHOMHYECKHE PEAINU, CPEAHEE COAEP)KaHUs MeTajila B pyae U
ero KoeOaHui, a TakKe BIMSHUS Ha TOCIEAYIONINH TTepeied;

- CO3JIaHbl  HETPAAWIMOHHBIE  JHEpProcOeperarne  CrocoObl
NOOBIYM WM TPAHCIOPTUPOBKU  BBICOKOBSA3KMX M NapadUHUPOBAHHBIX
YIJIEBOAOPOIOB; CO3aHBI CIIOCOOBI CHHKEHHUS BSI3KOCTH BBICOKONApaUHHUCTHIX
HedTel 1 OUTYMOB, pEIlleHBI 3a7]a4 MUHIUMHU3AIH 3aTpaT Ha MMOJTr0TOBKY HEQTH
K J0OBIYE ¥ TPAHCTIOPTUPOBKE;

- pa3paboTaHbl BETPOIICKTPOCTAHIMKU S((HEKTUBHOCTHIO BBIIIE
TPaJIMIIMOHHKBIX 0Oojiee YyeM B 2 pa3a M COJIHEUHBIE Oaraper HOBOTO TMOKOJEHHS C
s¢pexruBHocThIO 45-60 % BMecro 18-20 %, mnpu 3TOM CTOMMOCTH
AIIEKTPOIHEPTHH BIIEPBbIC B MUPE HE MPEBHIIACT CTOMMOCTH JHEPTHUH OT CETEH.

B cocraBe rpynnsl u3 Tpex uenoek bykrykoB H.C. cozgan nHayuHo-
TeXHHYECKHE pa3paboTKH, pearn3annsi KOTOPHIX MpPU CTPOUTENHCTBE YTOIHHOTO
npeanpuatus  "BocTouHbI" mO3BONMMIA CHU3UTH KAUTAIBHBIC —BIOKCHHS
npakrrdeckd Ha 10 muH. qommapos CIIIA, a skcruryaralinoHHBIE 3aTparbl ObBUTH
CHWKEHBI Ha 1,5 MIIH. JO1apoB B TO1.

B kauecTBe KOHCyJbTaHTa MPHUHUMAN YYacTHE B PELICHUH BOMPOCOB
BBIBOJIa IPOMBIIIJICHHBIX MIPEANPHUITHI HA 0e3yObITOYHBIH ypOBEHbB, BKIto4yas: AO
"UpThImickmii XUMHKO-METaJUTy PrudeCKHi 3aBon", AO "UnCcTHTYT
Kasrumpornsermer", AO "Henunaneprodank", AO "UpThimckuit
Homumerannuueckuii komOuHat" u apyrux. bynyuu skcrnieprom [ocruiana CCCP,
MIPOBOMIMIT TEXHUKO-IKOHOMHUYECKYIO U SKOJIOTHUECKYIO SKCIEPTU3Y MPEATIPUSITHI
TOPHO-METaJUTyprHIecKoro KOoMIUiekca. B KadecTBe akcmepra MuHHCTEpCTBa
sKosioru M OuopecypcoB KaszaxcTaHa HpOBOIMII SKOJIOTHYECKYIO DKCIIEPTH3Y
TOIIMBHO-PHEPTETHYECKOTO KOMITJIEKCA.

Hesaypsiaablii 1 TBOpUECKMH NOAXOJ K PELICHHUIO MOCTABICHHBIX 3a/ad
obecrneuniy ycrex He TOJIBKO 3TUX MPOEKTOB, HO U MHOTHX JPYTHX, B KOTOPBIX
y4acTBOBaJl M NPOABMI ce0i KaK BBICOKOKBAJM(HUIMPOBAHHBIA CIIEIUATUCT
Huxomait CapBakacoBud. Pazpaboran Ilojoxkenwme o BBoje OOBEKTOB
WHTEIJIEKTYaIbHOM COOCTBEHHOCTH B SKOHOMHYECKHH 000OpOT B COOTBETCTBHH C
MEXIYHapOJHON NPakTUKOW M B TOJIe ACHCTBYIOWIEro 3akoHoaarenscTBa PK.
[IpuHrMan akTUBHOE ydYacTHe B pa3pabOTKe paszIHYHBIX TOCYAapCTBEHHBIX
mporpamm, Bkiiodas: [Iporpammy QopmupoBaHusS W pa3BUTHA HAIMOHAIHHOU
WHHOBAIIMOHHOW cucTeMbl; [lnan MeponpusTuii mo peanusaniy NpOrpaMMbl MO
(hOpMHPOBaHHMIO M Pa3BUTHIO HAIMOHAJIBLHONW MHHOBaUMOHHOW cuctembl PK Ha

195



ISSN 2224-5227 2. 2023

2005-2015 rompr; Ilmam  wmepompusaTHii 1o  peamuszammm  CTpareruu
WHIyCTpUaTsHO-HHHOBaMOHHOTO pas3putus PK ma 2003-2015 rogpl; MpUHATHI
MpEVIOKEHUST B «3akoH O Hayke», 3akoH «O rocygapCTBEHHOM NOAAEPIKKE
WHHOBALIMOHHOM AEATENbHOCTH», & TAaKXKe IPEIUIOKEHHUS 110 YITy4LISHUIO paboThl
HanuoHanbHOro HHHOBALIMOHHOTO (OHA.

Axanemuk bykrykos H.C. mpoBoaut paboTsl o npobieMam, CBSI3aHHBIM C
pa3sBUTHEM DJKOHOMHUKM B YCIOBHSAX PpBIHKA, PYKOBOOUT  pa3padOTKOM
KOHCTPYKTOPCKHX HYepTeXeW W H3TOTOBIEHHEM OKCIEPUMEHTANbHBIX U
MPOMBIIUIEHHBIX O00pa3loB HOBOW TEXHUKU JUIS TOPHOH NPOMBIIUIEHHOCTH,
aNbTEPHATUBHOM HSHEPreTUKH, CEIBCKOTO XO3SMCTBA, 3aHMMAETCS BBOAOM B
SKOHOMHUYECKUH O0OpOT HAyYHO-TEXHHYECKHUX pa3pabOTOK, 3aIIHIIEHHBIX
nareHTamu PecryOnuku Kazaxcran u Ipyrux cTpaH, cOCTaBlIeHHE OM3HEC-TUIaHOB,
MapKETHHTOBBIE UCCIIEAOBAHMS.

BbyktykoBeim  H.C. ocoboe BHHMaHHe  yAelsieTcss  BOIpoOcam
WHHOBAIIMOHHOTO pa3BuThs. OnyOnukoBaHa repsasi B Kazaxcrane MoHorpaduwus,
comepkamiasi ~ MEXaHW3Mbl  pealM3alud  HMHIYCTPHUAIbHO-MHHOBALMOHHON
cTpareruu pas3BuTus 3KoHOMHKH. C 1995 1. OH BbICTYymaeT B Ie4aTH C
MIPEIOKEHUSMHU 110 TIEpeX0Ay Ha HHHOBAIIMOHHBIN MyTh Pa3BUTHS S3KOHOMUKH.

AxanemukoMm bykrykoBeiM H.C. omyOmukoBano Oonee 250 HaydyHBIX
TPYIOB, B T.4. 6 MoHOTpaduii, bonee 70 n300peTeHNH, 3aMUIIICHHBIX TaTEHTAMH
I'epmanun, SAnonun, FOxuoit Kopeu, Kananer, Kurast, Kazaxcrana, EBponeiickumu
n EBpasuiickumu marentamu. Ilox nayuneiM pykoBonctBom H.C. Bykrykoma
MOATOTOBJIEHO 5 JOKTOPOB U 9 KaHANWIATOB HayK.

MHororpanHasi ¥ IJIOAOTBOPHAS HAYYHO-IIEAArOTHUECKasi U WH)KEHEpHast
nestensHOoCcTh bykrykoBa H.C. momyumna BbICOKYIO ouLeHKY. OH 3aciy:k€HHO
HarpaxZieH MHOT'MMH HarpafaMu rOCyJapCTBEHHBIX BEJOMCTB M OOIIECTBEHHBIX
OpraHU3aLMM.

Veaxxaembrii Hukonait CagBakacoBuY, YBEPEHBI, UTO, KaK M Mpexiae, Bal
HacCTpOEHBI Ha HOBBIE JIEP3HOBEHHBIE TUTAHBI U BBHICOKHE II€JIM, YTO MHOTOJIETHUM
Oorarblil ONBIT, CAMOOTBEPKEHHBIN TPy, OTBETCTBEHHOCTh U NpodeccuoHann3m
nmo3BosAT Bam uw janpmie  ycmemiHo pemiate  CTOAIIME Teped T'OpHO-
METaJUTypruuecKoi oTpacibio 3aa4H.

[lo3mpasnsast Bac ¢ robuneem, oT Bceil mymm xemaem Bam Kpemkoro
30POBbSI, HEUCCAKAEMOMN SHEPIUH, JOITHX JIET )KU3HHU, OJIaronoiaydus, CEMEHHOTo
CUACThsl, NMPOLIBETAHMS, HOBBIX YCIIEXOB M HAyYHBIX CBEPIICHHUH, BOIUIOMIEHHUS
CaMBIX aMOMITMO3HBIX MPOoeKTOB Ha Oiaro Kazaxcrana!

Kosmnexktus ®@uaunana PI'TI «HI KIIMC PK» KUP MUUP PK
«HHceTuTyT ropuoro aejaa uMm. I A. Kynaesa»
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