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RESEARCH ON THE PROPERTIES OF EPOXY COMPOSITE MATERIALS
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Abstract. Modification of dispersed fillers (basalt and chromite) was carried out
using an induction system with a power output of 2 kW and a processing duration
of 60 seconds. This method provided short-term high-temperature exposure via high-
frequency currents, significantly enhancing the performance characteristics of epoxy
composites.

The aim of the study was to investigate the effect of high-frequency treatment on
the structure and properties of fillers, as well as their subsequent interaction with the
polymer matrix.

The objectives of the study included: Determining changes in the chemical
composition of fillers as a result of treatment; Examining morphological changes in
fillers using electron microscopy; Assessing the dielectric properties of fillers before and
after treatment; Analyzing the impact of modified fillers on the physical and mechanical
properties of epoxy composites.

The results of the study demonstrated that high-frequency treatment facilitates
the removal of unbound moisture, the oxide layer from particle surfaces, and the
decomposition of unstable oxides. Basalt particles acquire a needle-like morphology,
leading to a micro-reinforcement effect and improved mechanical properties. In contrast,
the structure of chromite remains largely unchanged. Measurements of dielectric
permittivity showed a significant increase for both types of fillers, indicating structural
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changes. The strength properties of composites containing modified fillers improved by
7-17%.
This study highlights the potential of induction modification as an effective method
for enhancing the properties of mineral fillers for use in composite materials.
Keywords: epoxy oligomer, basalt, chromite, induction system, high-frequency
current treatment, physical and mechanical properties.

©A. bekemeB, A. MoctoBoii, M. AxmeroBa *, JI. TacranoBa, 2024.
K.2Ky06anoB aTeinmarsl AKTe0€ OHIPIIK YHUBEPCHUTETI
E-mail: majiko.a@gmail.com

TYPIEHAIPIVITEH MUHEPAJI/IbI TOJTBIPFBIHITAP KOCBIJIFAH
SMNOKCUATIK KOMITO3UTTIK MATEPUAJIJAPABIH KACUETTEPIH
3EPTTEY

A. BekenieB — u3nka-MaTeMaTHKa FRUIBIM/IAP KaHIUIATHI, KaybIMAACTRIpELUIFaH podeccop, K.)Kybanos
aTeIHIaFel AKTOOE OHIpIiK yHuBepcuteTi, AKTode, Kasakcran, e-mail: amirbek2401@gmail.com; https://
orcid.org/0000-0002-7038-4631;

A. MocToBOii — TEXHHKAIBIK FHUIBIMIAP KaHIUIATHl, KayBIMIACTHIPBUIFAaH Ipodeccop, DHIeNbC
TEXHOJOTHSUIBIK HHCTUTYTHI, FO.A. Tarapun arsianarsr CapaTtoB MEMIIEKETTIK TEXHUKAIBIK YHHBEPCHTETI,
Omrensc, Peceit, e-mail: Mostovoy19@rambler.ru; https://orcid.org/0000-0003-2828-9988;

M. AxmeroBa — PhD nokropantr, KJKybanoB arbiHmarsl AKre0e eHIpIiK yHHBEpCHTETi, AKToOe,
Kazakcran, e-mail: majiko.a@gmail.com; https://orcid.org/0000-0001-6485-8063;

JI. TacTanoBa — XUMUs FRUIBIMIAp KaHAWAATHL, KAybIMAACTHIpEUTFaH npodeccop, K.Kybanos arsmarst
Axtebe eHipmik yHuBepcureri, AkTobe, Kazakcran, e-mail: Lyazzatt@mail.ru; https://orcid.org/0000-
0002-9236-5909.

Aunnoramus. [ucmepcri  TonTelpreiITapasl  (06a3a’ibT  JKOHE  XPOMHMT)
MoauduKanusiiay 2 KBT KyaTThUIBIKTaFbl MHAYKIHSIBIK KOHABIPFBIHBI Tali1aIaHblIII,
eHJey yakbIThl 60 cexyHa OosiFaH jKarnaiina sxysere acwhlpbuiAbl. bys omic sxorapsl
KHUUTIKT] TOKTap apKbUIbI TONTHIPFBIIITAPFa KbICKAa MEP3IM/1 KOFaphl TEMIIEpaTypaiblK
ocep KOpCeTil, JMOKCHATI KOMIIO3UTTEpIiH NaijanaHy cunarraMaiapblH eadyip
XKakcapTyra MyMKiHIIK Oepi.

3epTTeydiH MakcaTbl — JKOFapbhl IKMITIKTI OHJEYOIH TOJTHIPFBILTAPAbIH
KYpBUIBIMBI MEH KAacHeTTEpiHe, COHAaH-aK oNapAblH TMOJUMEPIiK MaTpHLIaAMEH
e3apa 9peKeTTecyiHe ocepiH 3epTrey. 3epTTeyldiH MiHACTTepi: OHACY HOTHXKECIHAEe
TONTHIPFBIIUTAPABIH XUMUSUIBIK KYPaMBIHIAFbl ©3repicTepli aHbBIKTay; JIEKTPOHIBIK
MHUKPOCKOIHMSIHBI MAHIaNaHbIl  TONTBIPFBIITAPABIH MOP(QOJIOTHSIBIK ©3repicTepiH
3epTTey; TONTHIPFBIIUTAPABIH AURJICKTPIIK CHIATTaMallapblH OHAEyre ACHiH >KoHE
Keiin Oaranay; Moau(UKALMsIIaHFAH TONTBIPFBILITAP/BIH SMOKCUATI KOMIIO3UTTEPIIH
(u3nKa-MexaHUKaJIbIK KACHETTEpiHe 9CepiH Tajiay.

3epTTey HOTHIKENepi KOFaphl KHUIUIIKTI TOKTapMEH OHJEY apKbUIbl OaiiaHbICTIaFaH
BUTFAIIIBI, OOJIIEKTepAIH OCTKi OKCHUATI KaOaThlH JKOHE TYPAKChI3 OKCHUATEPIIiH
BIIIBIPAYBIH KOIOFa BIKIAJ €TeTiHIH KopceTTi. ba3anst GenexTepi HHEre ykcac minrnre
re OOIIBII, MUKPOAPMHUPIIEY 9CEpiHE JKOHE MEXaHHKaJbIK KacHeTTEepIiH >KaKcapyblHa
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oKenai. XpOMHUTTIH KYpbUIbIMbI OHICYICH KEH1H aliTapJIbIKTali e3repicKe YIIbIpaFaH KoK,
JMAIIeKTpIiK OTKI3TIIITIKTI OJIey €Ki TONTBHIPFBIITHIH J1a KYPBUIBIMBIHBIH ©3TepyiH
KOpCeTe OTBIPBIN, OHBIH aWTapibIKTail apTKaHbIH aHBIKTaAbl. Moaudukanusianran
TOJTBIPFBILITAPBI Oap KOMIO3UTTEPAiH OepikTik KacuerTepi 7—17%-Fa apTThI.

Byn 3eprrey MHAYKUMSIBIK MOAWGUKALMSHBIH MHHEPAIABl TOJTHIPFBILITAPABIH
KaCHETTEPiH KaKCapTY/bIH THIMJII iC1 PETIHJIET] 9JIeYEeTiH KOPCeTeIi.

Tyiiin ce3aep: smokcuATI omuromep, 0a3anbT, XPOMUT, HHAYKIMSUIBIK KOHIBIPFBL,
YKOFapbI KHUIUTIKTI TOKTapMeH oHJIeY, (PU3HUKaTbIK-MEXaHUKAJIBIK KaCHETTep.

Anevic: sepmmey Kazaxcman Pecnyonuxacol Fouioim  dicone  dicozapvl  Oinim
Munucmpniei Foliblm KOMUMEMIHIY KaAPACOLIbIK KOLOAYbIMEH ICKe Acbipbliobl (#co0a
Ne BR18574094).
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AHHoOTanmusa. Moaudukaiusi JUCIEPCHBIX HAMOMHUTENCH (0a3aJbT M XPOMHT)
MPOBOAWIACH C HCIOJB30BAHUEM HHAYKIIMOHHON YCTaHOBKH MOIIHOCTBIO 2 KBT
npu BpeMeHu 00paboTku 60 cekyHI. DTOT METOA O0eCIeYMBall KPaTKOBPEMEHHOE
BO3/ICMCTBUE BBICOKMX TEMIIEpATyp 3a CYET BBICOKOYACTOTHBIX TOKOB, YTO
CIOCOOCTBOBAJIO 3HAYUTEIILHOMY YITYYIIEHHIO DKCIUTyaTallHOHHBIX XapaKTEPUCTHK
SMOKCHUJIHBIX KOMIIO3UTOB.

Ilens wccrnenoBaHus 3akiroyajach B HM3YYEHUHM BIMSHHUS BBICOKOYACTOTHOM
00palbOTKK Ha CTPYKTYpy W CBOMCTBa HAIOJHHUTENCH, a TaKXKe Ha MX IMOCICAYIOIICe
B3aUMOJENCTBUE C IOJUMEPHONU MAaTPULIEH.

3agayaMu HUCCJIENOBAaHUSL SBISIIOCH OMNPEICICHUE HM3MEHEHUNH XUMHUYECKOrO
COCTaBa HAIOJNHUTENEH B pe3yasrate 00paOOTKH, H3YYeHHE MOP(OIOrHUSCKUX
W3MEHEHMI HAIOJIHUTENIEN C MCIIOJb30BAHUEM AJIEKTPOHHOM MUKPOCKOIHH, OLIEHKY
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IURNIEKTPUYECKUX XapaKTepUCTUK HAMOJHUTENIeH 70 W mocie oOpadOTKH, aHain3
BIMSAHUS MOAW(DUIMPOBAHHBIX HAMOMHHUTENEH Ha (HU3MKO-MEXaHWYECKHE CBOWMCTBA
SMOKCHHBIX KOMITO3UTOB.

Pesynbraramu mccnenoBaHUsl yCTaHOBJIEHO, YTO 00pabOTKa BBICOKOYACTOTHBIMH
TOKaMH CIIOCOOCTBYET YIAJIEHHIO HECBSI3aHHOM BJIard, OKCUIHOTO CJIOS C IOBEPXHOCTH
YacTUll, a TakXKe pa3pylIeHUI0 HeCTaOWIbHBIX OKcHAoB. Yactumpl OazanbTa
MpHOOPETAIOT UroNbYaTyio (OpMY, UYTO MPHUBOIUT K dPPEKTy MUKPOAPMHUPOBAHHS H
YAYYIIEHUI0 MEXaHWYECKHUX CBOMCTB. B TO ke BpeMs CTpyKTypa XpOMHTa OCTaeTcs
MpaKTUYECKH HEeM3MeHHOW. 3Mepenne nuanekTpudeckoil MpoHUIAeMOCTH MOKa3ano
e€ 3HaYUTENIFHOE YBEIMUCHHE Il 00OMX TUTIOB HATIOJIHUTEJIEH, YTO CBUACTEIHLCTBYET
00 M3MEHEHHMSX WX CTPYKTYphl. [IpouHOCTHBIE CBOICTBA KOMITO3MTOB, COAEPIKAIINX
Moau(UIMpOBaHHBIC HAMOJHUTENHU, BbIpocan Ha 7-17%. JlaHHoe wuccienoBaHue
JEeMOHCTPHPYET NOTeHLHAJl HHAYKINOHHONW MoAn(HUKaHuU Kak 3()(HEeKTHBHOTO METOa
YAYYLICHUS! XapaKTePUCTHK MHHEPAJIbHBIX HAIOIHHUTENEH Ui HCIOJB30BaHUS B
KOMIIO3UTHBIX MaTepuaax.

KiioueBble ciioBa: SMOKCHIHBIM onmuromep, 0a3anbT, XpPOMHUT, MHAYKLIHUOHHAS
yCTaHOBKa, 00pab0TKa BBICOKOYACTOTHBIMH TOKaMH, (PU3NKO-MEXaHUUECKUE CBOMCTBA.

Kipicne

[omumepni komnoszunwsiielk  Marepuangapasl  (IIKM) any ymin  ¢usuka-
XUMUSUIBIK JKOHE MEXaHUKAJIBIK KAaCHETTEpiHEe dcep eTEeTiH UCIEPCTi MHHEpPaJIbl
TONTBHIPFBIIUTAP KeHiHeH KojinaHbutanbl (Bogiatzidis, et al, 2021). Kasipri yaxsiTTa
WHHOBAIMSJIBIK YKOHOMHKA TallallTapblHa cail MOJMMep MaTepHajiapblH XKacay YLIiH
TeK OalTaHBICTBIPFBILITHI FAHA €MEC, TONTBIPFBIITHI J1a OPTYPIl (HU3HKAJIBIK HEMEce
XUMUSUIBIK QicTepMeH MoauduKkanusiiay Oonamiarbl 30p OarblT OOJNBIT TaObLIaIbI
(Bekeshev, et al, 2024).

MuHepanabl TONTHIPFBIIUTAPAB MOAM(UKALMATIAY YIIiH 3(PQEKTUBTI SAicTepAiH
KaTapblHa YJIEKTPOTEPMUSITBIK 9JIICTIH 9Cepi, COHBIMEH KaTap bIIFAJIIbI JKOI0 MaKCaThIHA
JKHUUTITT JKOFaphl KbI3ABIPY, COHJAl aK AWUCIEPCTi TONTBHIPFBIITAPIBIH KacHeTTepi
MEH KYPBUIBIMBIHBIH €3repyi jkatanel. Anaiiia, Kasipri kezae ochl MoAM(UKAIHS
ANEKTPOTEPMUSHBIH KOM()aKTOPIIBI MPOLIeCTEPiHiH KECIpiHEeH, JKETKIUTIKTI 3epTTeIMereH
MarepuangapAbl OHJASYIETi KUIJIri KOFapbl TOKTHIH TEXHOJOTHSUIBIK PEXKUMACPII,
ANEKTPOPHU3UKATIBIK MapaMeTpiiep MEH bUIFal OOWBIHIIA KAaTThl EpeKIIeleHETIH,
COHBIMEH KaTap TONTBIPFBIITAPABl ©HACY Ke3iHae (U3UKAIBIK MapaMeTplepin
KaJaraiayJblH HaKThl 9[iCTepiHiH OOJIMaybl, COHBIH 9CEPIHEH >Ka3bIKTBHIKTAFbl KHUIIIT
YKOFapbl MaTepHajiapAbl TEPMUSUIBIK OHACY MPOLECIHIH TEOPHUCHIHBIH OMIal MIbIFapy
JICHTeliHIH JKeTicrieyiHeH KeH TaparaH KOK.OCbhbIFaH OailJIaHBICTBI JKYMBIC MaKCaThl
KHUUTITT  KOFapbl MOAW(UKAIMSHBIH JUCIEPCTI MHHEPAIAbl TOJTHIPFBILTAPABIH
KYpPBUTBIMBI MEH KaCHETTepiHe 9CepiH 3epTTey

Marepuajgap MeH dicTep
3eprTey OapbIChIHA KOJMAAHBIIFAH MaTepruaiiap:
Onokeuari matpuna. KommosuTTepAiH Herizi peTiHIe >KOFapbl MEXaHHKaJbIK
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OCpiKTIKKe IKOHE XHMHSIBIK Te3imaimikke wue OJ1-20 Mapkambl SHOKCHUATI
LIalBIP KOJNJAHBUIAbIL.

KaraifTkpimn ~ peTiHze ym  emmeMAai  TOpJAbl  KYPBUIBIMIBI  KaMTamachl3
etetin nomudTwicHnonuamut ([1311A) marinananbubL.

XKrputyFra TO3IMALTIKTI jKOHE OTKA TO3IMIUTIKTI apTTHIPy YIIiH Kypamra (heHHIbai
ToNTapMeH asikranraH oiuropesopuundenmidocdar (Fyrolflex, OPOD) kochunasl.

Marpuua kypamer: 100 maccanslk yiec snokcuAri maiisip JJ1-20; 40 maccanbik
yiiec OPO®; 15 maccansix ynec [191TA.

JucnepcTi MUHEpasbl TOATHIPFBIILTAD:

bazansr: KpemHwuii, amoMUHUN JKOHE TEMIp OKCHATEpi KOm MeJjepae OolaTbiH
KaHaprayablKk MuHepai. Kommosutrepain kypambinaa 30 MaccamblK yiaec MeJILIepinae
KONAaHbIAbl. Moaudukanusiian KedHiH MHKpOapMupiiey ocCepiHiH apKachlHIa
MeXaHHMKaJbIK KACHETTEP )KaKCapTabl.

Xpomut: JKorapbl TEPMUSUIIBIK TYPAKTBUIBIKKA e XpOMFa 0ail MUHEpail. 75 MaccalbIK
yJlec MemmiepiHne mHaianaHbuiAbl. KOMMO3HTTEpAIH XHUMUSIIBIK >KOHE TEPMHSUIBIK
TO3IMILIITH KaKcapTyFa apHaJiFaH.

TonteipreiTapasl MoAU(UKALHSIIAY dAiCTEpi:

TonTeIpFeIIITap SMOKCHATI MaTpuuaga OipKeNKi TapalyblH KaMTaMachl3 €Ty
YIIH yIbTpaAblObICTEIK eHaeyre yumblpaabl. Kuimiri: 22+2x[m22+2x[u. Ownzpey
yakbITBl: 60 MUHYT. BenmiekrepaiH XUMUSIIBIK KYPaMbIH jKOHE KYPBUIBIMBIH ©3repTy
YILLIiH >KOFaphl XKHUUTIKTI TokTapMmeH enzaey Y 1M-60-2 nHIyKIMAIBIK KOHIBIPFBICHIHIA
xyprizinai. Kyarsr: 2 kBt. ©Ouney yakpiTsl: 60 cexyH.

CranpapTTainFaH ChIHAK YJTiIepi:

Haiieinganran yarinep [OCT crangaprrapbiHa cail skacanipbl, Oy HOTHKENEpAiH
JIQJIJIITT MEH KalTallaHyblH KAMTaMachl3 €TTi.

3epTTeyae KOIIaHbLIFaH icTep

PentrenduiyopecueHTTiK Tajggay

PentrendmnyopecuentTTik Tajnay JEMEHTTIK KapTHPOBaHHE jKacay MYMKIHAITIMEH
KEPTUTIKTI SJIEMEHTTIK MUKpPOAHAIM3/li 3epTTey YIUiH KOJAMAHBUIABL. YJIT1HIH CamaliblK
ANIEMEHTTIK Tajiay MPUHLUII ajFallKbl PEHTIeH CayleIepiHiH oCcepiHeH KO3IbIPbUIFaH
JKOHE apHailbl JaTYUKTEp AapKbUIbl TipKENeTiH PEHTTeHIIK (uIyopecleHLusFa —
CHUIMAaTTaMaJIbIK €KiHII PEHTIeH CoyJIeNeHyiHe Heri3/Ie/reH.

CaHJpIK Taljay 3epTTENICTIH AIIEMEHTTEPIIH YJTiIeri oHE OChI 3JIEMEHTTEPIIH
Oenrinmi KypamblHa M€ O3TaJOHAApIArbl COyJeleHy KapKbIHIBUIBIFBIH CaNbICTHIPY
ApKBUIBI )KYpri3inesi.

TonteipFeITapablH  peHTreH(IyopecueHTTiKk Tanaaysl PAM 30-p peHTreHuik
AQHAJMTUKAJIBIK MUKPO30HI-MUKPOCKOTIBIHA KY3€Te achIPbIIIBL.

JAuaiexTpaik nmapameTpJiepai eJimey

JusnekTpiniK OTIMIUTIKTI (€) JKOHE NMOAIEKTPIIK UILIFBIHAAPIBIH TaHTEHCIH (tg;)
©JIILIeY TOJNKBIH/BIK KOMIip 9JIici apKbUIbI 3ePTXaHaANbIK KOHABIPFBIAA Kyprizinai (Sivak,
et al, 2021).

CxaHupJieyni 3JJeKTPOH/IBIK MHKPOCKOMHUS d/Iici
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«Aspex Explorer» ycrenmik CKaHUPIEYII AIEKTPOHBIK MUKPOCKOIIBI METAIJIBIK
YKOHE IMDIICKTPIIIK YIT1Iep/ii Kepi MAIIbIpaThIIFaH )KOHE eKiHIII PETTIK IEKTPOHIAPIbI,
COHJIali-aK CHUIaTTaMaJsIbIK PCHTI'CH COYJICJICHY1H aHBIKTAY 9/1ICIMEH 3€pTTEyIe apHaJIFaH.
3eprreynep OapbIChIH/IA STTOKCUATICH TONTHIPBUTFAH IOTUMED YATUIEPiHIH OeTKi KabaTsl,
CBIHYBI )KOHE TITU(TEP] 3ePTTENII.

KymbicTa MexaHMKAJBIK KacHeTTepali 3epTTey TeMeHAeriled aamicrep
KOJJTAHBLIIBI:

- Wiy Ke3iHjeri 0y3buty kepHeyin eniey (crangapt Ooibiaima [OCT 4648-71);

- CO3BITY YpaiciHzeri 0y3puty KepHeyiH enmey (ctanmapt ooisiHma ['OCT 11262-80);

- CO3BLTY, HLTy OapbICBIHIA CEPITIMIUTIK MOAYIiH ey (cTanmapt ooisrama [OCT
9550-81);

- COKKBI TYTKBIPJIBIFBIH ouey (ctanaapt oovibama [OCT 4647-80);

Bpunenns OolibIHIIA KaTTBUIBIKTHI oJiey (ctangapt ootisiHima FOCT 4670-91).

Horu:xenep

[Tommmep:i MaTpuiia peTiHe ajuablH aja d3IpJIeHreH KypaMm KoaAaHbuiasl, oi 100
MaccalblK 0Tk 3mokcuaTi cmoia JJ1-20 mapkacbiHaH, 40 MaccanbIK 06K (heHUITBII
TonTapMeH askranraH onuro(pesopuuHpenmndocdar) Fyrolflex (OPDD) xone 15
MaccaJbIK 06K KaTalTKpI — nonudTiiieHnonnamuaneH ([1911A) Typanst (Mostovoi,
et al, 2019). DnokcHATI KOMIO3UIIMSIFA TOATBIPFRIIITAp peTiHae 30 maccablk 06k
0azanbeT (Mostovoi, et al, 2018) sxone 75 Maccanbik 0esik xpomut (Asimakopoulos, et
al, 2019) xochL1BIL.

TONTRIPFRINITAPIBIH JTOKCHITI CMOJIafia OIipKeNKi TapallyblH >KaKcapTy VIIiH
YABTPAABIOBICTEIK OHACY KYPTi3UIai. YIbTpaAbIOBICTHIK OCEpIiH CHIaTTaMallaphl:
xuimik menmepi— 22 + 2 x['m, oacep ety yakbIThl — 60 MUHYT.

Hucnepcti  MuHepanisl  TONTBHIPFBIUTApAbl  Moaubukanusuiay — YIIM-60-2
MHYKIUSIIBIK KOHJIBIPFBICHIHA 2 KBT KyarTa skoHe 60 cexyHn Ooiibl xxyprizuimi. YITNU-
60-2 UHIYKIUSITBIK KOHABIPFRICHIHAA 60 CEeKYHIT KBI3IABIPY KE3iHAE TOMTHIPFBIIITAPIBIH
TeMIreparypacsl 0azaieT yimiH 645°C, am xpomut yimiH 721°C-TBI Kypabl, SFHH
TONTHIPFBIITAPFA KBICKA MEP3IMJIi JKOFapbl TEMIepaTypajblK KOFaphl SKHITIKTI
TOKTap/BIH dcepi JKypeadi, HOTkeciHAe 0a3anbTThiH (1-KecTe) KOHEe XPOMHUTTHIH
(2-xecTe) XUMUSIIBIK KypaMbl e3repeni. ba3anbT TodTeIprbimbiHAa Fe sxone Al
OKCHJITEepiHIH Meuepi apraabl, an xpomutrre Cr xoHe Al OKCHATEpIHIH MeJIepi
apTanbl. byJr TONTEIPFRINT OemeKTepiHiH 0eTKI KaOaThIHAH BUTFAIIBIH )KOHE OKCHIITIK
IJICHKAHBIH JKOWBUTYBIMEH, COHAAW-aK BIIbIpay TeMIIepaTrypackl MOTU(UKAIIIAY
TeMITepaTypachlHaH TOMEH 3aTTapAbIH OKCHATEPIHIH BIABIPAYBIMEH TYCIHIIPLIET.

Kecte 1— ba3anbsTTbIH XUMUSUIIBIK KypaMbl

Kommonenr Konnenrparwscsr, %
OHJIEIIMETEH OHJIETEH
1 2 3
Si (kpemHmit) 48,47 32,10
Fe (Temip) 11,60 25,23
Al (amromMuHMIA) 11,21 20, 09

10
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Mg (MarHuii) 15,31 16,58
Ca (xanbLui) 8,95 1,91
Cr (xpom) 1,74 2,11
Na (Harpwuii) 1,54 -
Ti (Turan) 0,58 1,21
K (kamuit) 035 -
Mn (mapraserr) 0,20 0,44
Ni (HHUKeIB) 0,16 0,25
S (xykipT) 0,06 0,11

Kecte 2 — XpoMUTTiH XUMHUSIIBIK KYPaMBbl

KomrmioneHnTt Konnenrpanuscer, %
OHJICIIMETCH OHJICITCH
Cr (xpom) 43,33 64, 33
Ca (xampuuif) 21,41 0,38
Fe (Temip) 17,74 18,08
Si (kpemHmii) 13,05 6,27
Al (amromMuHMIA) 3,02 9,45
Ni (HuKen) 0,83 0,67
Cu (MbIC) 0,35 0,47
Ti (TuTan) 0,14 0,15
S (kykipT) 0,08 0,04
P (pocdop) 0,03 0,02

JKorapbl KMUTIKTI TOKTApMEH OHJETeHHEH KeliH 0a3anbT OesIeKkTepi MHere
yKcac minriare ue 6onaasl (cypet 1), aa MyHJIail TONTBIPFBIII MUKPOApMHpIIEY
ocepiHe ue OOJIBIN, KACUETTEPIH XKaKcapyblHa OKeNe/l.

Cypert 1— Bazanbr sxbiHbIchIHBIH COM-CcyperTi: )oFaphl XKHITIKTI TOKTapMEH
enjeyre Jeiiit (a) xoHe keiiid (0)

11



ISSN 2224-5227 4.2024

1000 pn
-y am

Cyper 2 - oFapbl caraTThIK TOKTapMEH OHJIeyIeH OypBIH (A) KaHe KeiiH
(B) xpomur >xbrHBICEIHBIE COM KepiHici.

Xpomutr OemekTepi yuIiH (CypeT 2) HMHAYKIMSUIBIK OHJEY HOTHIKECIHJE
KYpPBUTBIMHBIH, ©3repyl WHE TOpi3[i KYpbUIbIM O6JIIeKTepiHiH iNriHapa KepiHyiMeH
[IaMaibl JIOPEKEe Kypeai. O3epiHi3 OUIeTIHACH, € TUIICKTPIIK €HY MOJSIpU3alns
eJeMi 00JTbII TaObLIa/Ibl, COHJIBIKTAH € IIaMaJlbl ©3repyi Jie MaTepuall KYPbUTBIMBIHBIH
e3repyiHiH jxaHama jaieni Oonbin TaObuIankl (Jakab, et al, 2021; Lei, et al, 2005).
MuHepanabl TONTHIPFBILITAP YLIH JUANEKTPIIK OTKI3TIIITIK €Ki ecelieH acTam
aprajpl, OyJI WHAYKUIUSIBIK KOHJBIPFbLIApAa OHJCYICH OYpPbIH JKOHE KeWiH 0a3ayibT
MEH XPOMHUT KYPBUIBIMBIHBIH ©3repyiH kepcereni (kecte 3). TonTeIpbulFaH 3MOKCHATI
KOCBUIBICTAPIbIH ~ (DM3MKa-MEXaHHUKAJbIK CHUIaTTaManapblH 3eprrey (kecte 4.5)
MoauduKkanysiaHOaFaH TONTBIPFBIIITAPMEH TOJTHIPBUIFAH AIOKCHATI HOJIUMEPMEH
canbicThiprania Kommo3utrepiuiH KacuertepiHiy Oykin kemeHi (7-meH  17%-ra
JICHiH) JKakcapaabl, OV MHIAYKIHMIIBIK KOHABIPFBIA JKOFaphl KHUUIIKTI TOKTAPMEH
OHJIeNTeH 0a3albT MEH XPOMHUTTIH KYPBUIBIMBI MEH XUMHSIIBIK KYPaMBIHBIH ©3repyiHe
0aiiJIaHBICTHI.

Kecre 3— Bazanbr meH XpoMUTTIH JUAJIEKTPIIIK ITapamMeTpiepi

basanbr XpoMut
JIvanekTprItik mapamerpiep KOKT enneyre | KOKT enneyre | KKT enneyre | XKKT enneyre
neiin Keiin neiin KeHiH
JIMAIEeKTPITiK MIBIFBIHAAD
OYPBIIIBIHBIH TAHTEHC, tgd 0,047 0,01 0,243 0,15
JIV3MIEKTpPIIiK OTKI3TIITIK, & 7,504 14,682 3,426 7,02
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Kecte 4 - 6a3anbTieH TONTHIPBUIFAH SMOKCHITI KOMIIO3UTTEP KacHEeTTepi

KoMIo3uT Kypambl, Maccaslk yiec,
15 maccalbIK yiiec MoJUITUIICHITOIMAMUH Gy | Ep Gr” E , MIla | a_, xJx/m> H,
MlIla | MIla | Mlla P e Mlla
KOCBUIFaH

100 DJ1-20 + 40 OO 81 | 3209 31 1897 6,0 176

6a3aJIbT )KBIHBICTAPBIH KOFAPBI KULTIKTI TOKTAPMEH OHJIeyTe JeiliH
100 DJ1-20 + 40 DD + 30 Gasabr [ 89 [10022] 53 | 2704 | 70 [ 394

0a3aJbT JKBIHBICTAPBIH JKOFAPHI KHUUTIKTI TOKTApMEH OHACYTe KeiiH
100 1-20 + 40 DD +30 Gasabr [ 97 9625 62 | 3146 | 80 | 446

ECKngne: G, — Histy Kepreyi; E,, — ninynin cepnimainik Moxyii; G — raprsury .6ep11<T1r1; E -cosbury
ceprimainik Moayii; H, — BpuHesn KaTThUIBIFBI; A, — COKKBI TYTKBIPIIBIFBI; KACHETTEPi GOHbIHIIA BApHALIs
xoaddunnenti 5-7 %.

Kecte 5 - XpoMuTIEH TOATHIPBUIFaH 3MOKCH HETi31HAETI KOMIIO3UTTEP KacHeTTepi

15 nceamn e momemmsenmom | Gee | Eue | G | By aad|
MIla MIla | MIla | Mlla M2 MIla
KOCBUIFaH
100 D/1-20 + 40 OO 81 3211 31 1897 6,0 176
XPOMHT XKBIHBICTAPBIH JKOFaphl KHITIKTI TOKTAPMEH OHJIeyTe NeHiH
100 DJ1-20 + 40 DD +75 xpomuT 96 9554 | 45 | 2543 6,0 310

XPOMHT KBIHBICTAPBIH JKOFaphl JKHITIKTI TOKTAPMEH OHJIeyre KeHiH
100 D/1-20+40 @ +
75 XpoMUT

103 8413 51 3002 7,0 342

Eckeprre: G.m — uiy kepHeyi; E,, —niny kesinzeri cepriMuiniri; G — TapThity Kesinzeri GepikTik; Ep-.
co3d buty ceprimainik Mozyni; H, — Bprseun GoiblHIIa KATTBUIBIK; & — COKKBI TYTKBIPIIBIFBI; KACHETTEPI
OoitprHma Bapuanus koddduruenti 5-7 %.

Taakbliay

XUMHUSIIBIK KYpaMJIbl TAJIJIAy KOFApPhl HKHULTIKTI TOKTAPMEH OHJIEY TOJNTHIPFBIIITAPFa
aiitapiblkTaii  e3repicTep okeneTiHiH KkepceTti: baszamerra Ttemipain (Fe) >xone
anmromuHuiiH (Al) memuiepi aprThl. Byt e3repictep OeTKi OKCHITI Ka0aTThl KOWMEH
YKOHE TYPAKCHI3 KOCBUIBICTAPABI Oy3yMeH OaiTaHbICThI. XpOoMUTTE XpOMHBIH (Cr) yKoHE
amroMuHANAIH (Al) menmiepi apTTel. byt 1a okcHATI KaOaTThl KOO JKOHE TEPMHSITBIK
OHJICY/IIH dCepiMeH TYCIHAiIpiIe .

Byn esrepicrep KoFapbl JKMUTIKTI TOKTap TYABIPFaH »KOFapbl TeMIlepaTypaHbIH
KBICKa MEp3iMIIi ocepiHe OalIaHBICTHI, OYJI TOATBHIPFHIIITAP MEH 3MOKCHTI MaTpHIla
apachIH/IaFbl ©3apa OPEKETTECY/Il KAKCAPTYFa bIKIAT CTE/Ii.

CkaHepreynni 3J1eKTPOHIbI MUKPOCKOIHMS HOTHKesepi OolbiHma: bazansT mHere
yKcac minriHre ue Oojjbl, Oy MHKpoapMupiiey 9cepiH KymeiTrti. Byn xakcapry
KOMTIIO3HUTTIH (PU3NKA-MEXaHUKAIBIK KACHETTEPiHE, MBICAIIBI, HUTyTe OCPIKTIK TIEH COKKBI
TYTKBIPJIBIFBIHA OH dcep eTeli. XPOMUT alTapibIKTail MOp(OIOrHsIIBIK e3repicrep
KOPCETKEH YKOK, OYJI OHBIH KOFaphl TEPMHSIIBIK TYPAKTBUIBIFBIH KOPCETE .

JMonexTpiaiK OTKI3TiTIK (€€) €Ki TONTHIPFBIN YIIIH € alTapibIKTail apTThl:
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bazanerra — 7.5047.504-TeH 14.68214.682-xe neitin. Xpomurre — 3.4263.426-
naH 7.027.02-re neiin.

Byt TONTBIpFRIIITAPABIH KYPBUIBIMIIBIK ©3TepicTepiH KOpPCeTe i, onap Mospu3alus
KaOineTiHe OH ocepiH TUTi3edi, OyJl IUAJIEKTPIiK MaTepuaiaapia KoJIAaHy YLIiH
MaHBI3/bI.

Monudukanuusianran KOHE MoauuKausIaHOaraH TOJTHIPFBILITAPHI
0ap KOMIO3UTTEPIiH MEXaHUKANbIK KACHETTEpiHE CaJbICTBIPMANbl  Talfay:
bazansrnen kommosuTTepAiH OepikTik cumnartamanapsl 9-17%9-17%-ra apTThL.
XpOMUTIIEH KOMIIO3UTTEp e KaKcapTynap 7—16%7—16%-1b1 Kypassl.

By TonThIpFRIITAD MEH MOJIMMEpIIK MaTpHlia apachlHAAFbl aAre3usUIbIK e3apa
opeKeTTeCyIiH MOAU(HUKALUSI apKAChIH/IA KaKCapFaHbIH KOPCETE].

JKoFapbl KHIJIKTI TOKTApMEH TOJTBHIPFBIITAPAB MOAUHUKALUSIAY: DIOKCHATI
KOMIIO3UTTEPIiH MEXaHUKAJIBIK )KOHE TEPMHUSLIBIK )KYKTEMeE KaFAaiiapbliHaa THIMIUTITH
apTThIpaabl. Kypbuibic, SJIEKTPOHMKA JKOHE MallMHA )Kacay caiajapblHAa TOITBIPFBIII
KOMIIO3UTTEPIi KOJIaHy aiiMarblH KeHEUTe .

KopbIThIHABI

PentrendmyopecuentTi Tangayra colikec, 3epTTENETiH TOATHIPFBILTAPAA OKCHATED
caHbl e3repefi: 0a3zanbTTa TEMip MEH aJIOMHUHUN OKCHITEpi, ajl XpPOMUTTE XPOM MEH
amoMUHMK okcuaTepi kebeiteni. JKorapbl KUIMIKTI TOKTapMeH MOAU(UKALMsIaHFaH
Ke3Jie 6azaibTTa HHE TOpi3ai OenmeKTepaiH 00mybl 6aiiKanabl, ajl XpOMUT OeIeKTepi
ic ky3iHge esrepmeiini. Moaudukarnusra IeHiH >KOHE OJaH KEeHiH MUHEpasIbl
TONTHIPFBIIUTAPABIH AUIIEKTPIIK KOpPCEeTKIITepl apraibl, Oy 6a3ajbT MEH XPOMUT
OeNIEKTEPiHIH  KYPBUIBIMBIHBIH ~ ©3repyiH  KkepceTeni. Du3nka-MexaHHKaJIbIK
cUmarTaMayiap/sl Tajnaay 0a3anbTIeH TOATHIPBUIFAH SMOKCUATI KOCBUTBIC YIIiH OapibIK
Kacuertep 9-nan 17% - Fa AeiiiH, an XpOMHUTIICH TOJITBIPbUIFaH YiIiH 7-neH 16% - ra
JIeiiiH ©CEeTiHIH KOPCETTi.

Ocpuaiina, YITM-60-2 MHAYKUMSIBIK KOHABIPFBICHIHAAFBI TUCTIEPCTI MHUHEPAJIIBI
TONTHIPFBIIUTAPABIH MOAU(UKAIMICH KyaTbl 2 KBT xoHe y3akThirbl 60 cek, 6a3ayibT
MEH XPOMUTTIH KYPBUIBIMBI MEH XHMUSUIBIK KypaMblH ©3repTyre MYMKiHAIK Oepeni,
Oyl 3 Ke3eriHle TOJNTBHIPBUIFAH SMOKCUATI KOCBUIBICTAPIbIH (U3MKa-MEXaHUKAJIBIK
CHUIMaTTaMaJIapbIHbIH KOFapblIaybIHa OKee .
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Abstract. When studying harmonic waves, the concept of phase velocity is
introduced as the rate of change in the state of the medium, while the phase velocity is
expressed through the frequencies of natural oscillations and therefore the study of the
propagation of harmonic waves is directly related to the problems of determining the
natural forms and frequencies of oscillations of plane elements limited in plan. The work
examines a number of problems of vibration of flat rectangular elements under arbitrary
boundary conditions at the edges of the element in order to determine the frequencies
of natural vibrations and considers some problems on the propagation of harmonic
waves for various material properties. The general solution refers to an equation of
hyperbolic type, which describes the oscillatory and wave process in a flat element.
Limiting ourselves to a finite number of first terms in the series of the general equation,
we obtain approximate equations for the vibration of a particular plane element. Further,
the work considers a number of problems of vibration of flat rectangular elements under
arbitrary boundary conditions at the edges of the element in order to determine the
natural frequencies of vibrations using the Bland and Filippov method. We presented
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the flat method when the element is elastic. In the future, this method will be used for
elements made of elastic material.

Keywords: vibrations of flat elements, displacement point, frequency stress,
hyperbolic type equations, phase velocity, frequency equation. harmonic waves.
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AHHOTanus1. ' apMOHUKAIBIK TOIKBIHAAPBI 3ePTTEY Ke3iHe (ha3anblK KbUIJaMIbIK
YFBIMBI OpTa KYHiHIH ©3repy KbIIIaMABIFbI pETiH/E eHT1311e11, a1 (ha3abIK KbIIIaMIbIK
OpPTaHBIH TepOesic KHUUIIKTepl apKbUIbl KOpCeTieNi, COHIBIKTAaH T'apMOHMKAaJIBIK
TOJIKBIHAAP/BIH TapalyblH 3epTTeyre TiKeJel OaimaHblcThl Oonagsl. Makanana anabiH
asa IEeKTEeIreH jKasbIK AIEMEHTTEepAiH TepOericTepiniH Gopmanapbl MEH KULTIKTEPiH
aHBIKTAy Macenenepl KapacTelppiinbl. Opra TepOemicTepAiH KHUITIKTEPiH aHBIKTay
YILLIiH 3JIEeMEHTTIH LIETTepiHAer1 epiKTi MeKapaibIK KaFaaiiapaa Ka3blK TIKOYPBIIITHI
aNIEMEHTTEPIiH TepOenicTepiHiH OipkaTap Macesenepi KapacThIPbUIFaH JKoHE SpTypii
MaTepuanblK KacHeTTep YIUiH TapMOHHMKAJBbIK TOJNKBIHAAPABIH TapaiybIHbIH
Keibip Mocenenepi Ae 3eprrengi. YII eJIIEMAl €CeNTiH >Kajlmbl MIelmiMaepinae
XKa3blK OJIEMEHTTIH KapacThIpbUIATBIH JKEeKe TypJepiHe OailaHbICTBI  HEris3ri
Oenrici3 (yHKIMSIIAp TaHJIATAJbL: JKa3blK 3JIEMEHTTIH KO3FaJIMAaWTBhIH JKa3bIKTHIK
HYKTEJepiHJeri, aTtan alTKaHa, OPTaHFbI )Ka3bIKTHIKTaFbl OPBIH aybICTHIPYJIap HEMEce
negopManysaiIap TYpPaKThl KalbIHABIKTAFbl IJIacTHHA. JKa3blK OJIEMEHTTIH epiKTi
HYKTECIH/ET1 OpBIH aybICTBIpYJap MEH KEepHEYyJIep >Ka3blK JIEMEHTTIH OeTTepiHzeri
LIeKapajiblK I[IapTTapJaH aHBIKTaJaThlH Herisri Oenrici3 ¢QyHKOUsIap apKbUIBI
epHekTeneai. JKanmpl MIENM >Ka3bIK AJIEMEHTTIH TepOeIMelli JKOHE TOJIKBIHJIBIK
MPOLECTI CHUMATTAaUTBIH TUNEepOOTaNblK THITI TEHAEyre >karaapl. Kammsl TeHaey
KaTapbIHAArbl OipiHII MYIIENEpIiH CaHbl HIEKTEINimN, Oenrim Oip ’ka3blK AIEMEHTTIH
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TepOerici YUIiH KyBIKTaNFaH TeHACYIepai anaMbi3. OnaH api 3epTTey KYMBICBIMBI3Ia
bnanp sxone @ununmos ofici OoWbIHIIA TepOeNmiCTEpAIH TOPTA JKUUTIKTEPIiH aHBIKTAY
MakcaTblHIa 9JEeMEHTTiH WICTTEePIHJEeri epKiH IIeKapanblK >Karnailiapaa >Ka3blkK
TIKOYPBIIITHI 2IEMEHTTEPAIH TepOenicTepiHid OipkaTap Macenenepi KapacThIpbUIabl.
Byt skybIK 9fic Ka3bIK 2NEMEHTTEpAIH TaOUFU TepOeTicTepiHiH XKHUiTikTepiH Tabyra
MYMKiHIIK Oepeni. Ka3bIK 37€MEHTTiH TYTKBIp CEpIiMAL KaFrAalbIHAAFbl €centTep Ae
ocbuUIail mbIFapeanel. bi3 sneMeHTTiH MaTepuaibl cepriMal OONFaH Ke3leri a3bIK
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AHHOTaALHA. HpI/I HCCICAOBAHUU TAPMOHNYCCKUX BOJIH BBOAUTCA IMOHATUC (1)8.30B01>i
CKOPOCTH KaK CKOPOCTHU M3MCHCHUS COCTOAHUA CPEIAbl, IIPU 3TOM (1)8.30B3.5[ CKOpPOCTb
BBIpAXacTCd 4YCpe3 YaCTOThI COOCTBEHHBIX KOJIEOAHUI U IMO3TOMY HCCJICA0OBAHUC
pacnpoCTpaHCHUsI TapMOHHUYCCKUX BOJIH UMECT IMPAMOC OTHOUICHHUE K HpO6J’IeMaM
onpeAcICHUd 4YacToT H (l)OpM COOCTBEHHBIX KOJI€0aHMH IUIOCKHX DJJIEMCHTOB.
B pa60Te paccMaTrpuBacTCda pAg  3a4a4 KOJeOaHUsT IIJIOCKHMX MMPAMOYTOJIbHBIX
DJICMCHTOB NPHU NPON3BOJIbHBIX I'PAHUYHBIX YCJIOBHAX IO KpadM 3JICMEHTA C LCJIbIO
orpeacyeHus 4acToT COOCTBEHHBIX KOJICOaHUN U paccMaTpuBarOTCAd HEKOTOPHIC 3aAa49n
O pacnpoCTpaHCHUNU TApMOHUYCCKUX BOJIH HPU PA3JIAYHBIX CBOMCTBaxX Marepuaia.
B 3aBucumoctu ot paccMaTpuBaCMbIX YaCTHBIX BUIOB IIJIOCKOT'O 3JIEMCHTA B O6H.[I/IX
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pEUICHUSX TPEXMEPHOW 3a/Ja4d BBIOUPAIOTCS OCHOBHBIE HEWU3BECTHBIC (YHKIIUU:
nepeMenicHuss WM JnedopManiy B TOYKaX (UKCUPOBAHHON IIOCKOCTH IUIOCKOTO
AJIIEMEHTAa, B YACTHOCTH, B CPEIUHHOMN IUIOCKOCTH TIACTUHKH MOCTOSTHHOW TOJIIUHEIL.
[Tepemernienus u HaIPsLKEHUS B TPOU3BOIBHOM TOUKE TJIOCKOTO 3JIEMEHTA BHIPAXKAIOTCSI
4yepe3 OCHOBHBIC HEU3BECTHBIC ()YHKIIMU, KOTOPBIC OIMPEICIISIOTCS M3 TPAHUYHBIX
YCIIOBHIM Ha TMOBEPXHOCTAX IUIOCKOrO ayieMeHTa. OOInee pelieHue OTHOCHUTCS K
YpaBHEHUIO THUIIEPOOIMYECKOTO THIIA, KOTOPOE M OIKCHIBACT KOJEOATCNbHBIH U
BOJIHOBOU TIPOIIECC B TNIOCKOM 3ieMeHTe. OTpaHHYUBAsCh B psijiaXx 00IIero ypaBHEHUS
KOHEYHBIM YHUCJIOM IIEPBBIX CJaraeMbIX, MOJy4YaeM MPHONIMKCHHBIC YpaBHEHUS
KOJIeOaHUs TOTO WJIH WHOTO TIOCKOTO AlieMeHTa. Jlanee B pabore paccMarpuBaeTcs psij
3aJ1au KoJieOaHusl II0CKKX MPSIMOYTOJIBHBIX AJIEMEHTOB IPHU MPOU3BOJIbHBIX TPAHUYHBIX
YCIIOBHSIX IO KpasiM 3JIEMEHTA C 1[eJIbI0 OTPEICICHHS YacTOT COOCTBEHHBIX KOJICOaHUMN
MetozoM biienna u ®@wimnmoBa. DTOT METOI NPUOIMKEHHBIN MMO3BOJISET HAXOIUTh
4aCcTOTHI COOCTBEHHBIX KOJICOAHHUI IIJIOCKKX 3JIEMEHTOB. M3JI05KMIIH TOCTAaHOBKY METO/Ia
Ha ciayyail IJIOCKOTO AJIEMEHTA, KOTJa MarepHal sieMeHTa ynpyruid. B nampHeimem
METOI OyJIeT IPUMEHSTHCS U JUIsl JJIEMEHTOB U3 BA3KOYIPYroro Marepuara.

KamoueBbie cjioBa: koneOaHUS IUIOCKHX DIIEMEHTOB, TOYKAa TIEPEMEIICHUS,
HaNpsOKCHHUST YacTOThI, YPaBHEHHS THUIEPOOIMYECKOro THIMA, (a3oBasi CKOPOCTH,
YaCTOTHOE YpaBHEHUE, TAPMOHUYECKIE BOJTHBIL.

BBenenue

[lnockue MIacTUHKUA TPSIMOYTOJBHOU (DOPMBI SIBISIOTCS OJHUMHU M3 OCHOBHBIX
3JIEMEHTOB KOHCTPYKLHUW U COOPYKEHUM.

[Ipu pemieHUY MPUKIIATHBIX 3a]1a4 KOJICOaHHS TPSIMOYTOJIbHBIX IIOCKUX DJIEMEHTOB
BO3HUKAET NIMPOKHUH Kjacc 3a7a4 KoJeOaHHid, CBS3aHHBIX C PAa3IMYHBIMH KPacBBIMU
3aJlauaMu: TPUOIMKEHHBIMH YPAaBHEHUSMHU KOJeOaHUs, Pa3UYHBIMU TPAaHHUYHBIMU
YCJIOBUSIMM Ha Kpasx IUIOCKOTO 3JIEMEHTAa W HayaJbHBIMU YCIOBHUAMHU. B Teopuu
KoJIcOaHUs BaKHBIM MOMEHTOM SIBJISICTCS  ONPEACICHHE YacTOT COOCTBEHHBIX
KoJIcOaHWH, pelIeHHe 3a7a4 O BBIHYKICHHBIX KOJICOAHUSX IUIOCKOTO ?JIEMEHTa W
HCCJICIOBaHUE PACTIPOCTPAHEHUS TaPMOHUYECKHUX BOJIH B HUX (Dumunmos, 1983).

BonpmmHCTBO  3amau MO  OMPENCICHHIO YacTOT COOCTBEHHBIX —KojeOaHUit
IUIOCKHUX AJIEMEHTOB, MIAPHUPHO OMEPTHIX IO KpasM U HAa OCHOBE NPUOIMKEHHBIX
TEOpUH, MOJYYEHHBIX HA OCHOBE THUIIOTE3 U MPEIAIOJIOKEHUN MEXAHUYECKOTO U
TFE€OMETPUYECKOTO XapakTepa, B YaCTHOCTH, Ha OCHOBE MPHUOIMKEHHBIX YPaBHEHUN
Tumna ypaBHeHus Kupxroda napaOoanueckoro THIIA, IJI0X0 OMHCHIBAOIIAX BOJHOBON
U KOJIeOATENBHBIN XapaKkTep IMOBEIEHHUS TUIOCKOTO 3JIEMEHTAa IPU HECTAIlMOHAPHBIX
BHEIIHUX BO3JICHCTBUSIX.

[Ipu wuccnenoBaHUM TapMOHUYECKUX BOJIH B JIe(hOPMUPYEMBIX TeENax BBOIUTCS
MOHsITHE (Pa30BOH CKOPOCTH KaK CKOPOCTH M3MEHEHUSI COCTOSHUS CPEJIbl, TPU 3TOM
(hazoBasi CKOPOCTh BBIPAXKACTCS YEPe3 YaCTOThI COOCTBEHHBIX KOJEOAHUN U MOITOMY
HCCIIEOBAHUE PACIPOCTPAHEHUSI TAPMOHUYECKUX BOJIH UMEET MPSMOE OTHOUIEHUE K
npobiieMaM onpezesieH!s] COOCTBEHHBIX ()OPM M 4acTOT KoJecOaHUE OrPaHUYCHHBIX B
MjaHe MI0CKUX DJIEMEHTOB.
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B nactosmeit pabote mpHUBOIATCS pE3YNbTaThl MO HMCCIEAOBAHUIO COOCTBEHHBIX
1 BBIHY)KJICHHBIX KOJE€OaHHMH MIOCKUX DJIEMEHTOB C YYETOM CIOMCTOCTH MaTepHaia
JJIEMEHTa, PEeOJIOTHYECKUX BA3KUX CBOMCTB, BIHAHUS OKpY)KalOWIEH Cpemsl,
ne(pOpMUPYEMOTO OCHOBAHHUSI, aHU30TPOITUH U T.1.

Bnusinue yka3zaHHBIX ()aKTOPOB 3HAYUTEIBHO 3aTPYAHSET HCCIENOBaHUE 3aad O
COOCTBEHHBIX U BBIHYKICHHBIX KOJICOAHUSIX TIOCKOTO JIEMEHTa, O paclpoCTpaHECHUN
B HUX TaPMOHUYECKUX BOJH.

MaTepnamﬂ U OCHOBHBIC€ ME€TOAbI
B O6HleI>'I IIOCTAHOBKEC CHHUTACTCA, UTO IUTOCKHUM AJIEMEHT CJ]OPICTLIP'I, BCPXHAA U HUKHAA

MOBEPXHOCTH KOTOPOTO OrpPaHUYEHbl (QYHKIHMAMH  Z = Fl(x, y) uz=-F, (x, y)
COOTBETCTBEHHO. B 1uiockocTu (x, y) IJIOCKUH 3JIeMEeHT HeorpanuueH. K BepxHeil u
HWKHEW TIOBEPXHOCTSM B MOMEHT ¢ = () TIPUKJIAABIBAIOTCS HECTAI[IOHAPHBIE BHEITHNE
yCHIus

or=f(eythor = frileytNz=F.F)j=x») (1)

Teopust konebaHMs W METOAMKA pacyeTa KOJEeOaHWH IJIOCKOTO 3JIeMEeHTa
CTPOMTCSI HA OCHOBE PACCMOTPEHHS IUIOCKOTO DJIEMEHTA B TPEXMEPHOW MMOCTAHOBKE
MEXaHHKH TBEPIOTO J1e(hOPMHUPOBAHHOTO TeJa, MPU TeX K€ MPAHUYHBIX U HAYAIbHBIX
ycnoBusx. TpexMepHas 3aja4a pemaeTcs ¢ UCIOIb30BaHUEM METOIOB MHTETPATbHBIX
npeoOpazoBanuit ypre u Jlamraca. B mpeoOpa3zoBaHUIX CTPOSATCS OOIINE PEIICHIS
TpeXMepHO# nruHaMudeckoi 3anaquu. (Puaumnmos,1989)

Paccmorpum psj 3amad koneOaHWsl MIIOCKUX MPSMOYTOJNBHBIX DIEMEHTOB IPH
MPOM3BOJIBHBIX TPAHUYHBIX YCIOBUSX MO KpasM 3JEMEHTa C IEJbI0 ONpelelICHHs
4acTOT COOCTBEHHBIX KOJICOAHUH METOZIOM JICKOMITO3HIIUH.

W3n0kuM TIOCTAaHOBKY METO/Ia Ha CIy4aidl IUIOCKOTO 3JIeMEHTa, KOIjia Marepuat
JNIeMEHTa ynpyruid. B manpHeliimeM Meton OyleM NMPUMEHSTh U JJIsl QJIEMEHTOB U3
BSI3KOYIIPYTOro MaTepuana.

B ciryuae mutockoro aneMeHTa M3 yIpyroro Marepuana npuOImKEHHOE ypaBHEHUE
MOMEPEYHOTO KOoJIeOaHus 4eTBEPTOTO MOPSIIKA 3aMHIIEM B BUJIC
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A2W0+D{%) EAW, +52(%j ng & —DZ}W:) -0 @

I[J'ISI IMPUMCEHCHUA MCTOJAAa JCKOMIIO3UIINN YI[O6HGC BBCCTH HOBBIC HE3aBUCHMBIC U
3aBUCUMBIC IICPEMCHHBIC

/4 T I
o =-=x; =y W, =-_v;
I P=17 -
/ /
A{:—l; :—1
L A= )

B nepemennsix (5) ypaBHeHue (4) mpuHUMAET BU]T

4 4 4 2 2 2 2
|:a‘i+22,2 o +/146V}+/1f1)0(bj g{avmzav}m{b) E2x

oa oa’op? op* h oa’ op? h
b
X{Dl(h] §2—D2:|V=O (6)
MeTon NEKOMIO3MIMKE B TEOPUH KojeOaHus B OOMIEH MOCTAHOBKE CBOAUTCA K
CIIEYIOIIEMY.

dopmynupyeTcs MOCTaHOBKA BCIIOMOTATEeNbHBIX 3a/1ad. (Seitmuratov, 2017).
a) HaiiTu pemrenne ypaBHeHHS

64\/1 _
i (e, B) %)

Ipyu 'paHUYHBIX YCJIOBUAX

L](oc,ﬁ):o; Lz(aaﬁ)zo; (a:();ﬂ) (8)

0) Haiitu pemenue ypaBHeHUS

4 0, _ /) 9
A 8[34 f (a’ﬁ) 9)
pU I'PAHUYHBIX YCIOBUAX
La.B)=0;  La.B)=0; (B=0;x) (10)

I'pannuHbIe yCIOBHS HA KpasiX IUIACTUHKU 3aBUCAT OT YCIOBUH €€ 3aKpEIICHUS WIN
Ha cBOOOJTHOM Kpae OT HaIpsKCHUH.
B) OcraBiasicst 4acTh ypaBHeHU (6)

4 2 2 2 2 2
2400 +wo[bj 52(6 Vs 4220 V;jmg‘DO(bj g2 Dl(bj E2-D, v, +
a0 h o oB h h (an

+ /e, B)+ f e, B) =0,

21



ISSN 2224-5227 4.2024

rie  fU)a, ) mpousBombHbIC (YHKIMH, BHA KOTOPEIX 3aBHCHT OT DEIIAEMBIX
KpaeBbIX 3a/1au.
Crenyst METOLy JEKOMITO3HUIINH, OYZEM CUUTATh, YTO

v, =%[v1 +v,] (12)

W YCJIOBHE JOJIKHO BBITIOJIHSATHCS B 33/IaHHBIX TOYKAX TUIOCKOTO DJIEMEHTA.
OO6mwe perneHus ypaBHESHUH BCIIOMOTaTeIbHBIX 3a1ad (7) u (9) uMeroT Bug

2

vl:fl(a5ﬁ)+%(pl(ﬁ)+%q’2(ﬁ)+O‘%(ﬁ)"’904([3); (13)

3 2
n=fle B+ Loy @) Eoa(a)+ pysfa)+w o)
e @ 0 v j TIPOM3BOJIbHBIC (byHKIIMY apTyMEHTOB H OTIPEIETISIOTCS U3 TPAHUIHBIX

ycoBuii (8) u (10).
B nanbHelieM mpou3BoibHbIC (DYHKIMH B O0OIIEM BU/IC MPEACTABUM Kak

£ ) =3 a) sin(om)sin(pm), (14)

n=l j=1
i (S a,(nzl MIPOM3BOJIbHBIEC TIOCTOSIHHBIC, & (DYHKITHH fj(oc, ﬂ) B OOIIUX PEIICHUSIX
(13) paBHBI
o0 0 A
a
)= (am)sin(pm)
n=l j=l n'

2 & al)
ZZ sin(an )sin(fm). (15)
n=1 j=1
I/ICHOJ'H)3y5{ YaCTHbIC PCIICHUA 3aJad IIPpU 3aJaHHBIX T'PaHUYHBIX YCIOBUAX U
HCIIOJIb3Y:L HpI/I6J'II/I)KéHHLI€ MpeaACTaBICHUA (12), I HAaXOXACHUS HCU3BCCTHBIX

(/) = .
a, ., TOJyYaeM OIHOPOJHYIO IMHEHHYIO CHCTEMY airedpandeckux ypaBHeHHii,
HETPUBHAJILHOE PEIICHHE KOTOPBIX IPUBOUT K YACTOTHOMY ypaBHeHHi0. (Ashirbayev,
2018; Seitmuratov, 2017).

Pe3yabrarsl

[IponnmocTpupyeM MeTO[ JIEKOMIO3MIMKM Ha psJIeé YacTHBIX KpaeBBIX 3ajad
KoJIeOaHus TUIOCKOTO 3JIEMEHTA.

AHaJM3 pellleHUs1 HEKOTOPBIX 3a/1a4

Paccmorpum npocreiinnyro 3aaady, KOIrja BCe Kpas LIapHUPHO ONEPTHI.

I'pannyHbIE YCIOBUS UMEIOT BUJ
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oy
Vl:@a; =0 (O£=0;7T);

0° (16)
v, = a/;; =0 (B=0:7)

YIAOBJIETBOPSIsl KOTOPBIM 001He perrenus (12), momydanm

vi=file, B v, = [, B) (17)

WJIKM YaCTHBIC PCUHICHHW A PAaBHBI

q)j(ﬁ):l//j(a :O) ]:(1994)
YnosnerBopenus pemenns (17) ycnosusm (12) u ypasuenwuro (11), ams gactorer &
[0JIy4aeM ypaBHEHHE

2B B 1
4 0 g3 0 2 2 _
B +——=& +(+—+By)S" +—(1+Byy)s + Byy” =0 (18)
T, T, T,
Takum o6pazom, NpUOIMKEHHBIA METOA AEKOMIO3ULUH AAET TOT K€ PE3YJbTaT, 4TO
u TouHbIi npsimol Metox (Taiimyparosa,2023; Seitmuratov, 2017). CnenoBatenbHo,
METOJl JEKOMITO3MLIUU MOKHO C JOCTaTOYHOW CTEMEHBIO JOCTOBEPHOCTU NMPHMEHSTH
IIPY PELICHUH U IpyTuX KpaeBbix 3a1ad. (Pshenichnov,1985; Aladag, 2012),
XKéctko 3akperyi€HHas MIaCTHHKA O KpasiM. [ paHUuHBIE YCIOBHS UMEIOT BUJL

2 =—8V1 =0 (a = 0;77);
oa 19)
0

Vl :—a‘g = O (ﬁ :0,71'),

Ucnons3ys obmme pemenns (13) u rpannunsie (19), mis nckomsix BenuanH V), V5
MTOJTy4aeM BBIPAKEHHUS

3 © nm 1
flaﬂ nzzzn [+ ]smﬁm)
n=1 1
(1) 0} B
2 al’l,nl
+a_zz n3 [ +( )]Slnﬂm 77’-2 n=l m=1 n )
T n=1 m=1
B & a’(’l’z” [1+(—1)m]sin(ocm)+
V2 :fz(aaﬂ)_?zz m’
n=1 m=l1
, aV [ ] o o o0
) n,m 1Y | _ nm 20
+ﬁ7zz - 2+( 1) sm(am) ﬁ;; 3 Sm(an). (20)
n=1 m=l1
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OrpannunMcs nepBbIMU K03 (QUIIMEHTaMHU B Psaax MPOU3BOIbHBIX GyHKuuH (14) u

Y3
YCIIOBHEM V|, = V;; (OC, B ) = 5, MOJIy9aeM CHCTEMY alreOpandecKuX ypaBHCHHMA

[al(ll) + /14a1(21)]{12 (l —~ 2) + Mﬂfé{z 1+ Az(ﬁ - 1)} +
’ ’ T 2 T 4
;115 {(7 8V)§ 3(12_V)}(1+%J+%}=0; @1

(1) _ 44,2
a, =" ap,

HerpuBnansHoe pemeHre cuctemsl (21) K 4aCTOTHOMY YPaBHEHHUIO

PN 7 88v)a§ 2212 [3—(1—v)/1f +(2—v{2—%)(1+16)}§2 +

{2&2[1—1}(1%4)} =0 (22)

T

Kpas mnactunku 3 =0; B =7 xécrko 3akperens, a kpas oo =00 =7
CBOGOHHBI oT HEalSDKCHI/H‘/’I, T.C. UMCCM FpaHI/I'-IHI)Ie yCHOBI/Iﬂ

2 3
OV | O, = 0;—2 = 0,(a = 0;7)
o

0, [3 zvj{z 20 &é} o)

7-4 oB>
oV’ )
vz_ﬁ_o (B=0;7)

Pewenue 3ana4n niis onpenenenus V, umeer sun (20).
J1a HaxoXKIeHNsT HEM3BECTHOU (I)yHKIII/II/I V, u3 rpaHUYHBIX yCIOBUI

3
o =0 npu o=0;m
oa’
[Tonyyaem
o f o' f,
O=m e = (24)

M
KOTOPBIC BBINTIOJITHUMBI ITPU n= 2(] T.€. HCUETHBIC 3HAYEHMS HEU3BECTHBIX @y ,m

HEOOXOMMO MOJIOKHUTH PABHBIMH HYITIO.
Venosust (23) ipu ¢ = ();r TPUBOMAT K CHCTEME
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_ 3 A2 2 A2 2 2
[n<p1+</>2]+(3 2VJK”_8 o, 70 ¢2+n6<p3+8q)4j+

T-av)\ 6 9> 2 ap> ap>  op’

77,'3 7T2
Hﬁé{g% T TP 0y || = 0

_(3=2v [P0y | 2.0 (25)
®, = [7_4‘/}( 5[32 + A48 (P4j

JBa ypaBHeHUs (25) CBS3BIBAIOT TPH HEW3BECTHBIC (QYHKIMH. Tak Kak HIIEM

YaCTHBIE PELICHHS 3a/1a4, TO HE OrPaHMYMBas OOLUIHOCTH, HEU3BECTHYIO (DYHKIHIO ¢,
MOYHO TOJIO)KUTh PaBHOM

U3 cuctemsl (25) momyyaeM ypaBHEHHE IS ),

4 2 _ 2 _ 2 3
B R R I e o R
op op T\3-2v 7—-4v) 6 oa w0
+7T_3[3—2ﬂ s | (26)
6 \7-4v)oa’op?| |
YACTHOE PEIEHHE KOTOPOrO PaBHO
0, = >.a5) A" sin(Bm), 27)
q=1 m=1
e
m* —1 1
A;{IL: 5 (m4—2m2).]2§4) (28)
q

OFpaHI/I'-II/IBaﬂCL NEpBbBIMHU CJIaracMbIMU
nojry4yaceM 4aCTOTHOC YpPaBHCHUC

). )

215 A1

),271'2(2—”—2

T’ . 4 2-v\.,|( 72 L 4 n) 3(1—v) 4 2.2
19—2/11(7—8\/)5 —{( > )/1[[24—1}. ( ”J T M }g +
241-7

, Kak W B Ipeaplaylleil 3agade

3
TN T R S (VA N | . L— (29)

£ )

Kpast mactunky (B=0;7) 00 =0 5kécTKO 3alieMICHBI, @ Kpail o =7 CBOGOICH OT
HaMpsKeHUH.
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B sT0ii 3amaue uckomas QyHKuus V), onpeneneHa B IpeabIIylIUX 3aj1adax, a V,
paBHa

3 2

v = e B+ 0B+ 0.(B) + asp;

oA 9
Dy 2 P . 3 2al._, (30)
rae
2 2
ﬂ(3—2vj8 q022+ 1+(3 ZVJ P
2\7-4v)op 7-4
{ﬂam +7r3(3—2vj o f
3 2
da 6 \7—4v )0a 31)

3-2v af\ (3—@) 2af
+(7—4v] oa’ . \7-4 e
Kax u B mpeapinymux 3agadax moiay4acM 9acTOTHOE YPaBHCHHE
2| 1+Z -8 +c[1-2 +@)ﬁ<§2 B-Z-1|-
2 T 2 "2
( nj} 2{( A A j [2 ﬂ}
-C|1+= ||+ A|-|l-————+—B, |+ C| ——1 ||+
2 2 48 8 ™
aool (78 A A (32)
2= ||1-=-Z+=B
el o)
+c1(1—7;ﬂ+(1+c1/14):0;

e B,,C, PaBHBI
T 7w (3=-2v 3-2v 3 2v
B =—— -7 215
4 6 \7-4v 7 -4y 7 - 4
3-2v 3-2v
1+ -—— ;
X{ 2( jﬂqé (7—41})}
3 2 -1 (33)
c=|1-Z-2 2 p|[1-Z
2 48 8 4

YactotHOoe ypaBHeHHE (32) ONpenemnseT TPU YacTOThHl B OTIMYUE OT MPEABIIYIINX,
YTO CBS3aHO, MO-BHIUMOMY, C T€M, YTO Kpai

a=0

0 = T cBOOOJIEH TO HAMPSDKEHUH U
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MIPOMCXOIUT OTpakeHHe BOJH OT kpas o = 0, x&ctko 3akpemnénnoro (Uberal,1973;
I'punuenxo,1981).

Paccmorpum 3amady o COOCTBEHHBIX KOJEOAHHMSAX MPSIMOYTOJIbHOM IIACTHHKH
W3 yNpyroro marepuajia Ha OCHOBE NPUOIMKEHHOTO YpPaBHEHHs LIECTOTO TOPSIKA.
OrpaHnunMcsl YacTHOM KpaeBOH 3ajaveid, Korja Bce YeThIpe Kpast INIACTHHKHU KECTKO

3aKPCIJICHBI. 33[[3.‘13 CBOAUTCH K PCUICHUIO YPABHCHUS
6

R7)+ ﬁ [P3 (N2 +10N" +5Mm )6;:

—4p> (3N +9M " —4MN 2 )x
(34)

4
anan +16p(4+3MN ™ = M>N~ )A aW (1—mn W] ((pzf )

IIpY [IPAaBOM YacTH, PAaBHOW HYJIIO, IPH 3TOM, BSI3KOYIPYTHE OIEpaTopbl 3aMEHsIeM
YIOPYTHMH ITOCTOSIHHBIMU.
Pewenue 3agaun, Kak u paHee, ULIEM B BHJIE

W(x,y.,t)= exp(l—itj (x, ) (35)

U JIJIsL OTIPEICTICHUS BEJIMYUHBI WV TIosTy4aeM ypaBHEHHE
NW, + DNW, + DAW, + D,W, =0 (36)
rie kosdppuuuentst Dy, D;, D, pasubl

_24v2—46v+21§2_i
‘ 4h*(1-v) n’

(37

\ 7

b 14y’ —37v+19)§4 5@
: 8h*(1-v) htoC
~(64v2 —104v + 41)(5(, _ST=8) 0 150-0) o,
P 64h(1-v) 8h° ° 7
V - koadpumment [lyaccona, onpenensemslii o Gpopmyre

u _z_ 1-2v

=—= 38
A+2u  a® 2(1-v) 3%)
FpaHI/I‘-IHLIC YCJ'IOBI/IH 3aa4yun HpI/I )KéCTKOM SaKpCHJ'IeHI/II/I HNMCIOT BU/]
ov o
=5 =57 =0 =xyx=0)
6 6 4 4,
0% | 30 ‘ZV2+3/14 ‘Zv4 QOAZ + 22 ‘ZV FpTIch
8a® 0a*op 0a*0p 8ﬁ oa’op®>  ~ op*
o, % (39)
Q1)‘1|:a 2 zaﬁ :|+Q2)"1v O
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rie koaddurmentsr 9o 0,0, paBHBI

Qo :Dohz;

0, = Dh’; (40)
0, = D,h°.
Crmenyss MeTOAy MACKOMIO3UITUH, CQOPMYIHUPYEM BCIIOMOTATCIbHBIC —3aadu

(Oliver.1959), (Kommuccaposa,1990).
ONIPENIENHUTS V,, YIOBIETBOPSIOILYIO YPABHEHUIO U TPAHUYHBIM yCIIOBHAM

%, 1) ov, v

= , ; = —= = O
oa® / (a ﬁ) ¢ 6a dd* “1)

(a=0;7);

ONpPENENUT V,, YIOBIETBOPSIONIYIO YCIOBUSIM

6
20 gy =222 g “2)

op op  op
(B=0;7)

OcraBiyrocst 4acTh ypaBHEHHs (39) 3anMiIeM OTHOCHTENBHO HEM3BECTHOH V,

yAOBJIEeTBOpsIFOIEeH yciaoBusM (11):

6 6 4 4 4
3N a4v32+12 82v34 +O M 6\:3 82v +)Lzav43 +
0a*op 04’0 oa oB " op

+Q.M‘sz3 + 62?}92&%3 +fW(a,B)+ fa. B)=

oa’ op
o o (43)
f(’)(a,ﬂ)= z Z alE’m s1n(na)sm(m/3)
OO0mue penieHns: ypaBHEHHIA BCIIOMOTATEeNbHBIX 3a/1a4 (41) u (42) UMeroT BUJT
v =filaB)+ 0 (B)+ - 0(B)+ 7 0.(B)+ ags(B)+ o, () (44)
o= £ )+ L (B4 E v (0)+ v (0)+ E v (9)+ By (8) v ()

rae QyHKIUH fj(a, ) MMEIOT BH

w @ ()
Hla.p)==3 3. “ttsin(na)sin(mp)

n=l m=l

oo ) (45)

z Z ~e-sin (na)sin(mp);

n= m=1 m

Vcxonst W3 rpaHMYHBIX YCIOBHI JUIsl ONPEACTCHAA ([3 ), v, (a)n BBIpKEHHUN
(45) , Haxonum
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@ 4 {&z " fal,_
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@, =0; <p5=6—;a:0; P =0
u
360 8f 8[)’1 )
1= 6,3 -0t 0B .
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l//z :__3 8 ﬂl g= 0 ﬁl .
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3 1 + M .
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S ()
B _ mm s .
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of, 0 @y
= == -1 2 sin ;
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o, & & Ay (48)
=— - sinlan ),
aﬁ‘ﬁ:o HZZI: mZ::, ms ( )
AP l)maff,i
aa a=0 — mS

=
I
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3
I
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Ecnu B psagax (45) orpaHHYUTHCS TOJBKO TEPBBIMU cnaraeMHMH (Owen,1964) To

us ycnosus V, =V, mpu (g, g)=—= nomyuaem a11 y a11
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Ucnonk3yto ycnosus u (42) u ypaBHenue (43) OTHOCUTENBHO vV, U TIONIaras

1
Vs :E[Vl +V2],

T
TOJTy4aeM XapaKTEpUCTHIECKOE YpaBHerue | d, B = >

st oot le2- Do

{2(1+,16)+3/12(1+,12I —2—24”:0 (49)

3
T

OTHOCHUTCJIIbHO 4YaCTOTHI g mecToro mnopsijaka, HpI/I6J'H/I)KéHHO OIMUCBIBAIOIIICC TPpHU
NEPBLIC YaCTOThL COOCTBEHHBIX KOJICOAHUM.
I[pyl" M€ KpacBbIC 3a/1a4X PCIIAIOTC aHAJIOTUYHO.

3akarouenmne

Ecau Bce ueThIpe Kpast IPOU3BOJIBHO 3aKPEIUIEHBI, TO IIOJYyYUTh TOYHBIC YACTOTHBIE
YPABHEHUS HE MPEACTABIISIIOTCS BOZMOXKHBIM.

st Takux 3a7a4 MOKHO YCHEITHO MPUMEHSITh NPUOIMKEHHBI METOA TONTyYeHHS
YaCTOTHBIX YPaBHEHMH Ha OCHOBE MeTola JCKOMIIO3WMLIMH, Pa3BUTOr0 B paborax
npodeccopa I.W. [Tmennvynoro ams 3a1a4 CTaTUKU.

Pemennass 3amad  KkomeOaHUS IUIOCKMX —MPSIMOYTOJNBHBIX 3JIEMEHTOB MU
IIPOU3BOJIBHBIX IPAHUYHBIX YCIOBUSX 10 KPASIM 3JIEMEHTA C LIEJIBIO OIIPEAEICHUS YaCTOT
coOCTBeHHBIX KoeOanuii MmerogoM brnenna u @ununmnosa no3BoiseT HAXOIUTh YaCTOTHI
COOCTBEHHBIX KOJIeOaHUH TUIOCKUX AIIEMEHTOB. 3aJa4u [UIsl BA3KOYNPYIroro Marepuana
IIJIOCKOTO 3JI€MEHTA PELIAOTCS aHATOTUYHO. M310:K1iIN IOCTAaHOBKY METO/A Ha CIydail
IUTOCKOTO 3JIEMEHTa, KOTIa MaTepual 31eMeHTa ynpyruil. B nanpneiimem meton Oyaem
MPUMEHSATLCA U JJIs1 SJIEMEHTOB U3 BA3KOYIIPYTOr0 Marepuaa.

Takum oOpazaM, NpPUOMMKEHHBIH METON JEKOMITO3MLIMHU MO3BOJISIET HAaXOIUTh
4acTOThl COOCTBEHHBIX KOJICOaHUH MIOCKUX 3IeMeHTOB. O0Iee pereHne OTHOCUTCS
K YpaBHEHHMIO THNEPOOIMYECKOTO THUIA, KOTOPOE M OMHCHIBACT KOJIeOATeNbHBIN H
BOJTHOBOI MpoIIecc B INIOCKOM »ieMeHTe. OTpaHn4MBasCh B psiiax 00IIero ypaBHEHHS
KOHEUHBIM YHCJIOM IEPBbIX CJaracMblX, MOIy4aeM MpPUOIIKEHHbIE YpaBHEHHS
KoJIe€0aHMs TOTO WIIM MHOTO IJI0CKOTO dJIeMEHTa. 3a/1auu ISl BA3KOYIPYTroro MaTepuaia
IIJIOCKOTO AJIEMEHTA PEIIAOTCS AaHAJIOTHYHO.
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Abstract. The purpose of the work is to consider the use of the Fizeau effect to
study neutron scattering in the Yukawa potential. By analyzing the s-wave scattering
(€ =0), it is possible to determine the contributions to the p-waves and a higher order
in the conditions of environmental motion. The main focus is on the difference in
the probability of neutron reflection from a mirror with zero potential and non-zero
potential, which leads to new effects associated with exotic gravity. Quantitative
methods such as the threshold difference method and the Runge-Kutta method are
used to analyze the dynamics of a single particle in the Yukawa potential. The use of
the Python programming language provides an effective solution to the equations of
motion and the study of the behavior of the system under the action of a given potential.
The results show how the exotic gravitational potential affects the wave properties of
neutrons and their interaction. The work includes an analysis of the scattering function
based on an analytical solution obtained by extending the right side of the equation by a
Taylor series. This makes it possible to identify significant dependencies necessary for
further theoretical and experimental research.

Theresults ofthe study show that the study of neutrons in the context of the Fizeau effect
opens up new possibilities for understanding quantum and gravitational interactions.
The results obtained can become the basis for further research in the field of particle
physics and cosmology, expanding our understanding of the nature of interactions in the
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Yukawa model. In addition, part of the calculations and visualization of the results is
performed using Python, which allows not only to efficiently process data, but also to
create graphical representations that contribute to a deeper understanding of the effects
under consideration. The work provides new data and approaches for further research
with significant contributions to the field of particle physics.

Keywords: Yukawa potential, Fizeau effect, exotic gravitational fields, Python
programming language, wave function, scattering cross-sections.
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AnHoTanus. by KyMbICThIH MakcaThl FOKkaBa MoTEHIMATBIHIAFbI HEUTPOHIAPIBIH
HIaIbIpaybiH 3epTTey YiriH Ou3o 3hGeKTiH KOMAaHyIbl KapacThIPabl. S-TOIKBIHIIBIK,
marmsipaysl ((=0) Tanmai OTIPHIN, P-TOJIKBIHIAPBIHA YIECTEP/l KOHE KOpIIIaFaH opTa
KO3FaJIBICHI YKaFJaiibIH/1a )KOFaphl PETTI aHBIKTayFa MYMKIiHJIIK Oepeni. HeiirpoHmap sy
HOJIJIIK TMOTCHIMABI JKOHE HOJJIIK eMeC MOTSHIMANbl alHaJaH IIaFbUIBICY
BIKTUMAJIJBIFBIHBIH ~ albIPMAIlIbUIBIFBIHA HA3ap aylapbulajibl, OYJ 3K30THKAJIBIK
TpaBUTAIUsAFa OaMJIAaHBICTHI JKaHa ocepiepre okeneni. HOkaBa ITOTEHITHMAIBIHIAFHI
YKANFBI3 OOIIIEeKTIH TWHAMHUKACHIH TaJaay YIIiH IIeKTi alibIpMaIIbIIBIKTAp 9/1ici MEeH
Pynre-KyTra omici cHAKTBI CcaHABIK oiicTep KoijaHbuianpl. Python Oarmaprmamainay
TUTIH KOJJIaHy KO3FaJlbIC TEHACYJIEPIH THIMAI HICHIy/l XKoHEe OepiireH MOTeHIUAAbIH
OCepiHEH JKYHMEHIH OpEKEeTIH 3epTTeyli KamTamachi3 ereii. HoTwmkenep 3K30THKAIBIK
IPaBUTALUSUIBIK MOTCHIIHAJIIBIH HEHTPOHAAPIBIH TOJKBIHIBIK KAaCHETTEPIHE JKOHE
OJIapIBIH ©3apa JOpPEKeTTeCyiHe Kallall ocep eTeTiHiH kepceremi. JKyMmbIc TeHIEymiH
OH >karbiH Teilop KarapblHA KEHEHTY apKbUIbI AbIHFAH AHATUTHKAIBIK IICIIIMIC
HETi3/Ie]reH Malbipay (YHKUIUSACHIH Tayaayldbl KaMTHIBL. Bysl ofaH opi TEOPHUSIIBIK
JKOHE IKCIIEPUMEHTTIK 3epTTeyJepre KaKeTTI MaHbI3bl TOYCIAUTIKTEP/i aHBbIKTAayFa
MYMKIHJIK Oepei.
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3eprrey HoTMKenepi HelTponaapasl Pu3o 3ddekTici aschiHaa 3epTTEY KBAaHTTHIK
YKOHE IPaBUTALUSIIBIK ©3apa SpeKeTTeCyep i TYCIHYTe )KaHa MYMKIHIIKTep allaTbIHbIH
Kepceteni. AnbiHFaH HoTHkenep FOkaBa MopaemiHIeri e3apa opeKeTTecy TaOHFaThl
Typasibl TYCIHITIMIi3[1 KEHEHTe OTBIPbIN, OenmeKkTep (U3UKAchl MEH KOCMOJIOTHS
caJIachIH/IaFbl KOCBIMIIIA 3epTTeyNepre Heri3 0ona anaasl. COHBIMEH KaTap, ecenteynep
MEH HOTWXKeNepAl BulyanusauusiayablH Oip Oemiri Python kemerimen xysere
achIpbLIa bl OYJI JepeKTep i THiIM/I1 OHAEYTe FaHa eMeC, COHBIMEH KaTap KapacThPbUIBIIT
OTBIPFaH dcepiiepi TEPEHIPEK TYCiHyTe bIKIAJ eTeTiH rpadHKabIK KOpiHicTep kKacayra
MYMKiHIIK Oepeni. XKymbic Genmexrep (pU3UKachl calachiHa alTapibIKTail yiaec Koca
OTBIPBII 9pi Kapail 3epTTey YILUiH KaHa AePEeKTep MEH TOCUIAEPl YChIHABI.

Tyiiin ce3nep: OkaBa nmoreHumansl, Pu3o 3QPEKT, IKZOTUKATBIK TPABUTALHSIIBIK
epic, Python Garmapnamanay Tisi, TOIKBIHABIK (QyHKIHMS, [IAMIBIPAY KAMaJIapbl
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Annoranus. Lenp paboTel 3aki0uaeTcs B paCMOTPEHUH HCIIONIb30BaHHS dPPeKTa
®u3o A8 HU3ydeHHUs paccessHus HEHTpoHOB B mnoreHuuane lOkaBel. AHamusupys
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pa3HUILE B BEPOSITHOCTH OTPaKEHUSI HEUTPOHOB OT 3€pKajia ¢ HyJEBbIM MOTEHIIMAIOM
U HEHYJNEBBIM MOTCHLHUAIOM, YTO MNPHBOIUT K HOBBIM 3(QeKTaM, CBI3aHHBIM C
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9K30THYECKON rpaBuTanueil. KonnuecTBeHHbIE METObI, TAKUE KaK METOJ MTOPOTOBBIX
pasnmuunii U metox Pynre-KyTra, Mcrnonb3yroTcs Uid aHaIM3a AMHAMHUKH OJMHOYHOMN
yactunbl B notenuuane FOkael. McmonszoBanue si3pika mporpaMmuposanusi Python
obecrieunBaeT 3QpPeKTUBHOE pellleHHe YPaBHEHUH ABMKCHUSI M U3yUCHUE MOBEICHUS
CHCTEMBI TOJ JACHCTBHEM 3aJaHHOTO IOTEHHMana. Pe3ynbraTbl MMOKa3bIBAIOT, Kak
9K30THYECKUI TPaBUTALMOHHBII TIOTEHIIUAI BIMSET Ha BOJIHOBBIE CBOMCTBA HEUTPOHOB
n uX B3auMmopeictBue. Pabora BKirowaeT aHanu3 (QyHKIHMH paccesHHs Ha OCHOBE
AQHAJTMTUYECKOTO PELICHUS], TOTYYESHHOTO ITyTeM PACIIMPEHUS IPAaBOK YaCTH ypaBHEHUS
Ha psix Teiinopa. DTo MO3BOJSET BBISIBUTH CYIIECTBEHHBIE 3aBUCHMOCTH, HEOOXOMMBbIE
JUISL TaIbHEHIINX TEOPETHUECKUX U IKCIIEPUMEHTAIBHBIX UCCIIEJOBAHHA.

Pesynbrarel nccienoBaHusl NMOKa3bIBAIOT, YTO M3yY€HHE HEHTPOHOB B KOHTEKCTE
apdexra PHU30 OTKPHIBAET HOBBIE BO3MOXXHOCTH Ul IMOHUMAaHUS KBAaHTOBBIX H
IpaBUTALMOHHBIX B3auMoneicTBri. [lomydeHHbIe pe3yabTaTbl MOTYT CTaTh OCHOBOM JUIS
JaTbHEHIINX UCCIIEIOBAHUE B 00J1aCTH (PU3UKH AJIEMEHTAPHBIX YaCTUI] U KOCMOJIOTHH,
pacummpsisi Halle MOHMMaHWe MPHUPOABI B3aumMoneicTBuil B Moaenu HOxaBbl. Kpowme
TOTO, YacTh BBIYMCICHUH M BU3YyalIM3alH PE3yIbTaTOB BBIIONHAETCS C TMOMOIIBIO
Python, xotopeiii mo3BossieT HEe TONBKO 3(PQPeKTUBHO 00padaThiBaTh NaHHbBIC, HO H
co3JaBaTh rpaUyuecKue MpeaCcTaBICHUs, KOTOpbIe COCOOCTBYIOT Oosee ITyOOKOMYy
MOHUMAaHUIO paccMaTpuBaeMblx 3(¢dexToB. Pabora mpenocraBisieT HOBBIE TaHHBIC
W TOAXOABI JUIsl NaNbHEHIINX MCCIECAOBAaHUN CO 3HAYUTEIBHBIM BKJIAaJOM B 00JIAcTb
(U3UKH 2IEMEHTAapHBIX YaCTHLI.

KiroueBslie cioBa: norenuuan FOxaol, 3¢ ekt Ou30, 39K30THIECKHE IPaBUTALUOH-
HBIE TIOJIS, SI3BIK TIporpammupoBanust Python, BonHoBast QyHKLMS, cedeHHs paccesiHUs.

Kipicne

CoHFBl OH JKBUIIBIKTapJa MaTEPUSHBIH KBAHTTBHIK KACHETTEPIH KOHE KBAHTTHIK
OeyIeKTEp apacblHIAFbl ©3apa OPEKETTeCY[l 3epTTeyre  KbI3bIFYIIBUIBIKTHIH
aiitapnblkTail ecyi Oaiikanapl. HelTponmapra epekiie Hazap ayaapbuiaibl, cebedi,
onap Oeifrapan OemexTep Oojia OTBHIPBIN, KBAHTTHIK MEXaHHUKAa MEH MaTECPHSHBIH
@3apa 9pEKeTTEeCYiHIH HEri3rl acHeKTiiepiH 3epTTeyre MYMKIHAIK OepeTiH epekiie
KacuerTepre ue. bemmexTepiiH KBaHTTHIK ACHTEHAErT ©3apa OpeKeTTeCyiH 3epTTey
Ka3ipri (M3UKaHbIH HeTi3ri MiHAeTTepiHiH Oipi Oonbin Kanabepeni. Aram alTKaHIa,
IOkaBa moTeHUMaNbl, HYKJIOHIAp AapachIHAAFbl ©3apa OPEKEeTTECYAl CHIATTANTHIH
SIIPOJIBIK ©3apa dpeKeTTeCcy MEH dlieMEeHTap OeIIeKTEepAiH AMHAMHUKACHIH TYCIHY YILIiH
eTe MaHbI3Ibl. ByJl Typrbina ¢a3anslk bIFBICYNApAb] TANAAY YIIIH HOIAiK HeHTpoHabIK
®duzo ¢ dexTiciH naianany e3eKTi )oHe KbI3BIKThI Macene 0obin Tadbuiansl (Frank,
2016).

1859 sxputel ®u30 €Ki KapblK TOJKBIHBI TapalaTblH OPTaHBIH KO3FajbIChIHA
0aliIaHBICTBI )KaPBIK TOJNKBIHAAPBIHBIH HHTEP()EPEHIMSITBIK KOJIAKTAPBIHBIH BIFBICYBIH
KOepCeTeTiH MaHbI3IbI SKcTiepuMeHT kyprizai (Hiromoto, 2021). HoTmke Marepuaiibik,
opTajarbl KapblK KbUIJAMIBIFBIHA OaKbUIAYHIbIFA KaThICTBI OPTAaHBIH KO3FaJbICHI
ocep ereTiHiH KepcerTi. PU30 IKCIEPUMEHTIHAE KAPBIK KO3IHEH IUBIKKAH YKapbIK
pedpakToMeTpIiH KeMeTiMeH eki Oesikke OeiniHi. PU30 SKCIepUMEHTTEpl apHaiibl
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CaJIBICTBIPMANBUIBIK TIalifia OONFaHFa JEiiH KapThl FACBIpIAH acTaM yaKbIT OypbIH
Kyprizinren. Ko3ranaTblH opTagarsl KapblK )KbULAAMABIFBIHBIH ©3TrepyiH CHIIATTAUTHIH
®uzo > dexTici ONTUKATBIK JKOHE TPaBHTALMSIIBIK JKyHeaepieri ykeac npouecTepii
3eprreyre Konmaneutybl MyMmKiH (Nandi, 2003). ABTopnap Ko3FajaThlH OpTaJarbl
KApBIKTBIH HEMECE TOJKBIHAAPABIH OPEKETiH ONTHKAJaFrbl YKCACTBIKTAp ApKbUIBI
MOJIeTIb/IeyTe OONATBIHBIH KOPCETE/].

Benmekrep ¢gu3nkacel MEH KBaHTTHIK MEXaHUKAAaFbl 3aMaHayd 3€pTTeyIep MUKPO
JICHI'eUIeT1 e3apa opeKeTTecy Typasbl TYCIHIriMi3ai enoyip keHeiTTi. byn canamarsl
HeTi3ri OarbITTapIblH Oipi ME30H ajMacy apKbulbl OeeKTep apachlHAaFbl e3apa
opekerrecyni cunartaiitein KOkaBa moreHumansiH 3eprrey Oonabl (Edwards, 2017).
FOkaBa moTeHIMaIbl KYIITI ©3apa 9pEeKeTTeCY KOHTEKCTIHAEC MaHbBI3AbI PO aTKapabl
KOHE aToOM SIAPOCHIHIAFBl HYKIOHIAPABIH OPEKETiH TYCIHIIpY VIIIH KOJAaHBLIYBI
MyMKiH. Confbl *burgapsl HOkaBa moTeHUMaIbIMEH OalIaHBICTBI T'PaBUTALMSHBIH
9K30TUKAIIBIK ()OpMaapblHa KbI3BIFYIBUTBIK Maii1a 00 AbI 5KoHE OHBIH HEUTPOHJapAbIH
LIambIpayblHa AeTeH KbI3BIFYIIBUIBIFEI Naiiga 6onabl (Dongfang, 2021). DK30THKATBIK
IpaBUTALMSHBIH KOCMOJIOTHSIIBIK Cajllapbl OHBIH OOJILIEKTep/iH e3apa dpeKeTTecyiHe
ocepin Tycinymi Tepenaereni. byn lOkaBa mnoTeHIManbl MEH HEHTPOHAAPIBIH
LIalbIpayblH 3epTTeyMeH Tikenei OainanbicTsl (Concha, 2021).

UnTepdepoMeTprsIIBIK IKCIIEPUMEHTTEP MaTepHalAbIK OPTaHbIH KO3FaJbIChIHAH
TybIHIAFaH Oasy HeWTpoHAapAblH (a3aiblK BIFBICYBIH aHBIKTayFa MYMKIHIIK Oepmi.
Byt 3epTTeyne MaTepusHBIH KO3FaJIbICHI HEUTPOHAAPABIH KBAaHTTHIK KYHIIepiHe Kajai
ocepeTeTiHiH TyciHyre ThipbicaMbl3. Ko3ranmansl opTagarsl HEUTPOHIAPABIH (hazaibIK
BIFBICYBIH JKOHE OJIapblH IIEKapalblK >KarJaiaapra TOyeJAUIiriH 3epTTey, COHlai-aK
HEHTPOHAAPIBIH MaTepUsIMEH ©3apa OpEKeTTeCyiH 3epTTey KaHa Marepuangap MeH
TEXHOJIOTHUSIIApABl d3ipiiey caslachlHAa MaHbI3bl MPAaKTUKANBIK KoJjaHOajdapra ue
6omysl mymKiH (Ji X, 2021). 3eprreyimi3ne KBaHTTHIK IIAIIBIPAY €CENTEPiH LICUTY
YIIiH KOJAAaHBIIATBIH CaHABIK SAICTep OaH opi Tycinyre MyMKiHgik Oepeni (Gallinet,
2015). ConbIMeH KaTap, 3epTT€y HEHTPOHIBIK TOJIKBIHAAPIBIH HHTEP(EPEHIMSICHIHBIH
KYTIIETe€H dcepiH aHbIKTaAbl. Byl acepiep KBaHTTHIK MEXaHUKA CalaChIHIAFbl KOChIMIIA
3epTTeysepre )KaHa MYMKIHIIKTEp allajibl XKoHe Cy0aTOMIbIK OeJIIeKTep NeHreHiHaeT]
e3apa opekeTTecy TaOWFaThIH JKaKchl TyciHyre kemekreceai. CoOHBIMEH Karap
Python OarpapnamachiH CaHABIK MOJENBACY YKOHE albIHFaH JACPEKTepIi Tajlaay YLIiH
Konganambl3. 2Kymeic 6apbicbinna KOkaBaHBIH BIKTHMAJI ©3apa 9pEKETTECY KOHTEKCTIHAS
S-TONKBIHABIK mambipay ((=0) ymwid mamsipay (GyHKUUSICH MEH Inambipay (aszaceiH
ecenreimiz (Brandes, 2024). Hotmxenep TeopusuIbIK, OomKaMaapAbl KOIAAWIbI KoHE
FOkaBaHbIH BIKTUMAJ 9CEpiH Kajail esnmieyre OOJaThIHABIFBIH KOpceTedi. 3epTreynep
HEHTPOHAAPIBIH KO3FalaThlH 3aTTap MEH e3apa opekeTTecyi onTukamarbl Puszo
addekTiciHe yKcac epekile acepiiepre dKeiayl MYMKIH eKeHiH KepceTeli. by sxymbic
HEHTPOHAAPIBIH KO3FAIBICBI MEH KO3FaJaTblH OpTa apKbUIbl OTETiH TOJNKBIHIAD
apachIHAAFbl YKCACTBIKTHI KapacThIpabl, OyJl KBAaHTTHIK MPOLECTEPHl TYCIHYTe yKaHa
MYMKIHIIKTep amazpl. Atan aiiTKaHza, 3epTTey S TOJIKBIHAAPBI MEH OaiinanbicTel 1=0
LIapThIHA COMKec KeJeTiH HeHWTPOHAap/blH IIaIIbIpaybiH 3epTreyre OarpiTTanran (Liu,
2018).
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Byn 3eprreynin MakcaThl MarepusHBIH KO3FajbIChl HEMTPOHAAPIBIH TONKBIHIIBIK
KacueTTepiHe KaJlail acep eTEeTiHIH KOpCeTy JKoHe KeAepri acepiiepi NPU3Machl apKbUIbI
FOkaBaHbBIH AK30THKAIIBIK TPaBUTALMSICHIH 3epTTey 00BN Tabbuiaabl. HoTmkenepimiz
OeJLIEKTEP/IH ©3apa 9PEeKeTTEeCy TEOPUSChIHA JKaHA yJieC KOCyFa »KOHE TpaBUTalus
TaOUFaThl TYpalbl TYCIHITIMI3AI KEHEHTyre KOMEeKTeCe/Ii.

Marepuajagap MeH dicTep

3epTTeydiH Heri3ri uaesChl-HeHTPOHJApAbIH HOJAIK MOTEHIMAJIbl aifHalaH JKoHEe
HOJI/IIK eMeC MOTEHIUANIbl allHaJaH IAFbIIBICY BIKTUMAIABIFBIHBIH all IPMAIIBLUIBIFBI P
TOJIKBIHAAPBIHA JKOHE JKOFaphl JICHreiiepre yjaec Kocybl MyMKiH. [ noTe3anapbIMbI3ibI
pacray >xoHe OemmiexTep (pU3MKachl MEH KBAHTTHIK MEXaHHKa CallaChIHIAFbI jKaHa
OarbITTapIbl 3€pTTEY YILIIH TEOPUSUIBIK MOJENBAEP MEH OIKCIEPUMEHTTIK JAEpeKTep
apacelHa OaimaHeic OopHaTyFa ThIpbicambi3 (Zhang, 2017). Vou ocepin la-cyperre,
V=0 — moteHnma k0K OOJIFaHIaFbI JKaFaail MyH/Ia k BEKTOPBIHBIH OaFbITHI )KOHE
q Oepinren ummynbce kopcerinren. 16-cyperre, V # 0 kesneri oHTaiinsl HOTeHIMAIb]

-

N

Oap armaid MyHsa k BEKTOPBIHBIH OarbIThI XKoHE OEpiIreH UMITYJIbC { KepceTuIreH

¢ O
1‘1 lzi

— —_

V=0 V#0
la 16

Cyper 1. HeliTpoHIapIpIH a) KO3FaJIbICEI MEH 0) acepi

[lepectin xoHe Oacka aBTOpIApAbIH EHOEKTEepi CHAKTHl COHFBI OachUIBIMAAD
9K30THKAJIBIK MOTEHIMAIBI OpicTep MIambIpay MpOLECiHe Kajall acep eTyi MyMKiH
JeTeH Cypak TyrbI3ansl. by 3eprreynep FOkaBa moTeHIMAIbIH jKaHA SKCIIEPUMEHTTIK
KOHBIPFBIIAP asChIH/IA TYCIHYTE )KoHE KOJAaHyFa TeOpHsUIBIK Heri3 Oepeni (Mukherjee,
2017). HeiirpoHgapplH HIamisIpaybl Typasibl KOJJTaHBICTAFbl OLTIMII KEHEUTYyl SFHU
TEK S-TOJIKBIHJIBI 3€PTTEy MEH HIEKTEIMEH, P-TOJIKBIHBIHBIH JKOHE ONaH Jia YKOFaphl
PETTUTIKTEpiH YiIeciH Koca KapacTelpambl3. KOKaBa MOTEHIMANBIHBIH S-TOJIKBIH/IBIK
[ameipayasl 3epTTey YIIiH HOJIIK HeUTpoHIbIK Pu3o 3 dhekTiciH KoaaaHa OTHIPHII,
OeJmeKTep iy MambipayblHa dCepiH KapacThipalblk. Pu3o addexrici Gap Kbury
HEWTPOHIAPHI YIIiH HEHTPOH/IBIK ONTHKAJIBIK IOTEHIINAI TYPaJIbl HOTHXKEC] 2-cyperTe
kepcerinai. Kimaccukanslk Tocinaepre cyiieHe OThIphIr, 1=0 OypHIITHIK UMITYIbC Oap
OomexTep yuIiH (a3aiblK BIFBICY TOYEIIUIITIH KOPCETETIH IMIambipay (DyHKIHSICHIH
TangaiMb3.  bermmexkrepaiH Maccackl, OepuIreH HMITYJIbC JKOHE HOTHKEIepre
alitapiplkrail ocep ereriH HOkaBa NOTCHIMANBIHBIH HHTETPAIIBl YJIECI CHSAKTHI
napaMeTpIIep/iH MaHbI3IbUIBIFBIHA Ha3ap aylapblIazbl.

j—‘EI =2 [(1(15)4] sin(ka)[kacos(ka) — sin(ka)] (0
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Cypert 2. HeUTpOHIBIK TOJIKBIH BEKTOPBIHA OaTaHBICTHI HEUTPOHIBIK ONTHUKANBIK MOTCHIIUAIBIH
SHEPreTUKAIIBIK TYBIH/IBICHI

Kytneren aceprep:

» Kenepri >xoiakTapbIHBIH KapKBIHABUIBIFEIHBIH €3repyi: MaTepusHbIH KO3FaIbIChI
KeZepri YJATICIHAE TYPakThl BIFBICYAbl TYABIpaAbl JeN KYTUITeH. Anaiina, 3eprrey
OapbIchiHIa UHTEP(EPEHIUS JKOJTAKTAPBIHBIH KAPKBIHIBUIBIFEI TEK CaJbICTHIPMAIIbI
KO3FaJIbICKa OaiiJIaHBICTHl FaHA €MeC, COHBIMEH Karap TOJKBIHIBIK (PPOHTTapAaFhl
reTepPOreHIUTIK CHSIKThI 0acka (hakTopJIapIbIH OCEPIHEH ©3TepreHiH OaiKaabIK.

* TonkpIHABIK (POHTTApAAFEI TETEPOTEHIUTIK: bByJI TeTeporeHmuTik OacTarKbl
TEOpHsila eCKepiIMereH KypAedi OpHaTy KOHQUTYypaluuschl MEH SKCHEPHUMEHT
JKaFmaimapeiHa 6aiaHbeICThI Taiiaa 0061, Oap TOTKBIHABIK QYHKIHIIapaa KOChIMITIA
ayBITKYJIapFa 9KeJIl, Oy Kelepri yJIriciH KUbIHAATTHL.

» Kopmaran opranbiy ocepi: CoHiaii-ak MarHuT epicTepi MEH TeMITepaTypa CUSIKTHI
CBIPTKBI (pakTOpiapabIH (a3anblK BIFBICYJIApFa oCep CTETIHIH aHBIKTAAbIK. byn mon
Tajay YIIiH KOChIMIIA aifHBIMAJIbUIAP/Ibl €CKEPY KaKET EKEHIH KOPCETTi.

IOkaBanbiH ®u3o jxoHE 5SK30THKAJBIK TPAaBUTALMSUIBIK OCEPIH Tajjay >KoHeE
HEHTPOHABIK [IANIBIPAY/IbI 3ePTTEY YUIIH KBAHTTHIK MEXaHHKa jKoHEe HHTEp(epoMeTpHs
TYXKbIpbIMJIaManapbin  Kongauaelk (Peres, 1983). Ilambipay ¢asacein 8, aHbIKTay
MaHBI3/1bI Ke3€H OOJIbIN Ta0blIa b1, 0YJ1 KOpIIaFraH OpTa KO3FaJILICEIHBIH HEUTPOHJapAbIH
TOJIKBIH/BIK KACHETTEPIHE 9CEPiH TepeHIpeK TYCIHyTre MyMKIiHIIK Oep/ii.

Byn kympicTa HEWTpOHIApABIH LIAIIBIPAYy MEXaHU3MJIEPiH erKeH-TerKei
KapacTeipateipambi3 (Snow, 2021). Herisri Hazap 6 mambipay (a3achlH JKOHE OHBIH
FOkaBaHbBIH 3K30THKAJIBIK IPAaBUTALMSICHIMEH OalJIaHBICHIH €CeNTeyre aylapbliajibl. S
JKOHE P TOJIKBIHIAPHI MEH Liambipay (azachl apachIHAarbl OaiaHblc HEUTPOHIAPABIH
KO3FaJlaThlH OpTaliap apKbLIbl OTETIH JKaFai1aFbl O9PEKETiH TYCIHY YIIiH 6T¢ MAaHBI3/bI.
d e3repicTepi opTypii £ MoHEp1 YIIIH IIANIBIpay aMIUIMTYAaCchIHA TiKeJIeH acep eTeli,
OYJ1 TEOPUSUTBIK ecenTeyaepMeH pactanaisl (Aghanim, 2020).

HOkaBaHbBIH 5K30THKAJIBIK IPaBUTALUSUIBIK IIOTEHIHAIIBI )KaF aiibIH1a OOJIIeKTepIiH
LIalibIpayblH Tajjay YIIiH HEHTPOHJApAbIH KO3FalaThiH 3aTTapMEH OpEKeTTeCYyiHeH
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TYBIHIAWTBIH (a3alblK BIFBICYNBI eckepy KaxeT. [llambipay dynknusicer f(0) apkbuibt
OPHEKTENyl MYMKiH (asanblK bIFbICY O, Oyin Oypbllika OailaHBICTBI IIANILIPAY
BIKTUMAaJIIbIFBIHBIH ©3TePYiH KopceTeni

p=e"+-Fe f(6) @)

0 mramsipay GyHKIUSCHIHBIH (HOPMYITAachl KeJCCiIeH aHbIKTalIa bl
2i8, _

£(0)= ™ -1) o6 3)

2ik k

Byn sxepne k — TONKBIHABIK caH, an 6, — mwanksipay (aszacel, Opra KO3FanaThiH
Ke3Jle HEUTPOHIAp/bl MIAFBUIABIPY HOTHXKECIHJC MAaKPOCKOMUSUIBIK (ha3a BIFBICYBI
naiaa 0oJaibl, OHBI KeJieci (hopMysiaMeH epHEeKTeyre 00JiaIbl

27NJ,

MyHsa N — Oipiik ayJAaHbIHIAFbl MIAIIBIPATKBIIITAPIBIH CaHBI.60-1=0 Ke3iHerl
(dazanbr Ourmipeni. byn HelTponmapabiH (Gu3MKanblk Kacuertepi MeH HOkaBaHBIH
MOTEHIUANIBI OpiciHe OalIaHBICTBHI TPABUTALMSIIBIK dCEpiiep apachiHua OailjlaHbIC
OpHAaTyFa MYMKIHIK Oepe/ii.

3eprreyain Oip Oesiri peTiHIE KapacThIPhUIATHIH JKaJIMaK 3aT HEMece IUIaCTHHA
HEHTPOHAAp MOFBIPHI 01Nl Oip KBUIIaMIBIKIICH KO3Falla/ibl, MYHBI KeJIeCiiel anamMbl3

() “

u=— ®)
m

MyHJIa m — HEHTpPOH Maccachl. Erep jkajamak 3aT HeMmece IUIacTHHA U—vu
CaHI)ICTBIpMaJ'IBI KbUTAaMIBIFBIMCH KO3FaJjica, 6¥J'I TOJIKBIH CAHBIHBIH, e3repyiHe SKeHeHi,
0JI KeJieciieil aHbIKTaIa bl

u-—-v
K =—"Fk (6)
u

Tannmay apkpLibl mamsipay (azacbl MaKpOCKOMUSUIBIK (pa3a apKbUIbI aHBIKTAJIAThI-
HeIH (4) dopmynaman kepemi3. Manpabichl, Oy1 (aza uHTEPPEPOMETPHSIIBIK
IKCIIEPUMEHTTEP/C  OJIIICHEi JKOHE OKYHeHIH TeOMETPHSCHl MEH KO3FalbIC
napameTpliepine Toyemi
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Ocepuaiiia, slab SFHU XKannak 3aT HeMece IIACTHHA KO3FaJIbIChIH, TOJIKbIH CaHbIH
JKOHE MIAlIbIpay Y3bIHIBIFBIH €CKEPETiH Tajjay HOTHKECIHAE OHbI HEHTPOHIApAbIH
HIalbIpay Y3bIHABIFBIMEH OaillaHBICTBIPAThIH (pa3ajblK BIFBICY YIIIH COHFBI OPHEKKE
kenemi3. Enjii kosranarbin slab yunin ¢asassik aybicysl Oinipe anampis. 8 (asanbiy
aybICYBl CaJIBICTBIPMAaJIbl KO3FANIbICKa Ja OaiyaHbICThI OONaAbl )KOHE OHBI Kesecien
KepceTyre Oomnaibl

0, =—ka 7

MYHJIa a — DHEPTUsFa TOyeli eMec IalIblpay Y3bIHJBIFbI, OpPTaHbIH OenTiii Oip
KBUITAM/IBIKIIEH KO3Fallybl Ke3iHzae Oalikayra Oonaabl v TONKBIH caHbl k Jloruep
(axropeina kebeirineni. by 8, hazachHbIH aybICybl 1a cON (haKTOPFa KOOEHTIITEHIH
KepceTesi.

lameipay cymmacsl MOkaBa 3aHbl YIIIH ONTHKANBIK TOTCHIUANIAFBl Kejeci
TeHAeyl Oepeni

£(8) =52, ZE0 . p[(1+ 2ikr - fi(K)) - e — e~ilr=m)] ®)

{ — >KapTbLI1ail TONKBIHEBIH PETTIK HOMIpI, P, — Jlexannp nommuomaapsl, f (k) — €
iITiHapa TONKBIH YIIiH HIAIbIpay (QYHKIUACH, K-TOJKBIH CaHbI, I — ©3apa dpeKeTTecy
paanychl.

IOxaBa moTeHIMANBIHAA JKAIFBI3 OOJIICHIH KO3FAIBICBIH Talgay YIIH CAHIBIK
omictepii, MbICajbl, IIEKTI aWBIPMAIIBIIBIKTAp oniciH koHe Runge Kutta omicin
KOJTAHIBIK, OVJT KO3FaJbIC TEHICYJICPIH THUIMII IICIIyTe YKOHE OCHI IMOTCHITHAIIBIH
ocepiHeH >KYHWEHIH KO3FalbICBIH 3epTTeyre MYMKiHmiK Oepeni. CaHIBIK Tangay
ymrin Runge Kutta 4-mi gopexeni KapamaibIM MISUIYITICIH KOJMAAHBIK KOHE
CaH/IBIK CHHTYISPIBIK >KaFAalIapAblH TybIHAaMaybl YIIiH CTaHIAAPTTHl alTOPUTMAI
nmarganasaapik. KOkaBa MOTEHIMATBIHBIH ocepiHeH Oip OemmeKTiH Ko3Faabsichl FOkaBa
MTOTEHITHAITBI HEMEeCe PKPaH/IAIFaH KyJIOH/IBIK IIOTSHIINA PETIH I aHBIKTaJa bl

viry=-2e* )
r

MyHJa, A FOkaBa MOTEHUIMANBIHBIH AMana3oHbl Oonbln TaObutaabl. [lnaneTapnbik
KO3FaJIbIC TYPi YIIIH KO3FaJbIC TeHILY1

2 L
N S (10)
do Ju

JKakpiH aHamuTHKANGBIK IenriM (9) TeHmeyiHiH oH jkak Oeiirin Teitmop karaps
OOUBIHIIIA KEHEHTY JKOHE CKIHIII PETTIK MYIIeIepre AeHiH KbICKAPTY apKbIIBI TAOBLIIIEI,
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KIHE Apo~P,=1/u, u(0=0) wewim Gonbin Tabbutazabl. Hotmwkecinae Tenaey keneci
Typre Keleli )koHe rpauKalblK KOpiHicl 2-CypeTTe KOpCeTireH

u(@)=u,+u,cosm(@—-06,) (11)
JKOHE
1
2 ap0 |2
_ 4po | =
o=|1-a 7 e A (12)

0=0.1 OonFanma, UIUICTIH TYPAKTHI MPEIECCUsACHIH OalKaabIK. AJaiiia, JUTUIC
Oip aifHaNBIM/IBI AsIKTaFaHHAH KeiiH e3/irineH xadbuimaiinsl (Mukherjee, 2017).

1.0} —— alpha=0.1

|
\““’:: 0 .‘ (

05

e
\ O
22

>

x
-

=
S
‘.

0.0f

—

u " sin(6)

SSL

y
/
4

-0.5

-1.0

10 Z0s5 0.0 05 10
u*cos(8)

Cyper 3. 0=0.1 ke3iHaeri NpeLecCuBTI ALIUIIC

Ochuraiita, OaiaHBIC ~ TYPAKTBICBIHBIH ~ MOHIH — apTTBIPY  MPEIECCUSHBIH
JKBUTIAMIBIFBIH aPTTHIPATEIHBIH OaitkaliMbI3. Keitbip xarmaiimapaa Oyir opOuTamapIby
TaOWFaThIH N1a e3repTeni. Erep OaliyaHbIC TYPAKTHICKIHBIH MOHIH TOJBIK aiHAIBIMHAH
KEHiH MperecCupIIeHreH opouTa 6acTarksl opOuTara ColKec KeIeTIHACH eTilm peTTece,
OJ1 TPACKTOPHSICHIH KaWTayam, »XaOblK OalJaHbICTBI OpOWTA KAJIBIITACTBIPAJIbL.
ConpgpikTan FOkaBa mMOTeHIMANBI VITiH OpOUTAHBIH OalIaHBICTEI 00Ty KpPHUTEpHiil —
OaifraHbpIC TapaMeTpiH AYPBIC TAHIAYBIH, XKOHE OHBI 3-CypeTTe KOPCETTIK.

Horu:xenep

IOkaBa mnoTeHIMANBIHIAFEI HEUTPOHJIAPBIH IIAIIbIpayblHA KATBICTBI 3EpTTEY
HoTkenepi. CaHIBIK €CenTeyep JKYpPri3il )KoHe 3K30THKAIBIK TTOTESHITHAIBIH oCEPiH
€CKepe OTHIPHIIL, ManIbIpay GYHKITUACH f(0) yKoHe TOTKBIHABIK (QYHKITUS YIIIiH OpPHEKTEP
aJIBIK. ATar alTKaHaa, KYPTi3iITreH ecenTeyiep HeTi3iHae manbipay (yHKIHICHIHBIH
epHeTiHe KeniK, o =0 Gornran armaiaa KeineciaeH ka3pliaapl
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f(@) — ﬁ 62[61 . eikr _ efikr:l (13)

MyHJla SK30THKAIBIK TPAaBUTAIMSIHBIH HEHTPOHIAP/BIH IIAIIbIpayblHA JCEpiH
Oaranmayra MyMKiHmiK OeperiH HOkaBa TOTEHIMANBI apKBUIBI aHBIKTAJIFAH ©31HJIIK
(azanbIK BIFBICY YCbIHBUTFAH. (13) TeHEYAl BIHFAWIBI TYpre KenTipin ajacak

is
1(0)= e’ I:ei(kr—Sl) _ e*i(krﬂsl)] (14)
2ikr
CHHYCKa TYPJIEPIipe OTHIPHII SKCIIOHEHTAJIAP albIPBIMBIH TA0AMbI3
i(kr=o;) —i(kr=6,) _ ~z 3
e — e = 2isin(kr - 9) (15)

OacTanKbl OpHBIHA KOSITBIH 00JICAK
&
2ikr
Qpl Kapai OHainary yIiH, 6, KIli MOHJEP] YIIITH XKYBIKTay/Ibl KOJLIAHAMBI3. Erep 6,
MOHI a3 0oJica, OHJIa CHHYCTBI KeJleci/ieil xa3a anaMbi3

sin(kr —6,) = sin(kr) — 6, cos(kr) (17)

f0)=

-2isin(kr —9,) (16)

f(0) yrin opHBIHA KOWaMBI3 COHIA KeJeciel epHeKTee i
i)

£(0)= ‘;{—r -sin(kr) — 8, cos(kr) (18)

Erep Tex OipiHmm peTTi eckepill, eKIHIII PeTTi IamManap/abl e1eMeiTiH 6oncak

_ s sin(kr) 5, cos(kr)
F(0)~e ( « o )

kr-miy mareiH MOHIEpiHIE KapacThIpaMbl3, coHaa f(0) yImin keneci menriM i araMbI3
FO)~ e[ 1-2 (20)
kr

Byn KyblKTay HMMITyIbCTIH TOMEH MOHIEPIHAET JKYHEHIH OpeKeTiH Ialipek
cUmaTTayra MYMKIiHZIK Oepeai. Opi Kapail ecentey Ke3iHae manbipay QyHKIHIChIHBIH
TOJKBIHABIK (QYHKIHAFa KOCKAH YJIECIH eCKepAiK, Oy KeWiHri TaifayiblH Herisri
KajgaMmbl OonbIn TaOblIaabel. AliTa KeTy Kepek, Mamblpay (YHKIHUICH! YIIiH aJbIHFaH
nraMaMeHepHek Teinop KarapblHa bIABIPAYIBIH HOTHKECI OOIBIN TadblIaabl, Oyl Heil-
TPOHAAP/BIH AIbIpay MPOLECIH 3ePTTEY YILiH )KETKUTIKTI ASJAIKTI KAMTaMachl3 eTeli.

Enni »xorapbia KepCeTiIreH OpHEKINEeH aHBIKTaJIFaH >KarJaiiaapia TOJKBIHIBIK
(YHKUMSHBIH JUHAMHUKACHIH KepceTeTiH 4-cypette 2D xane 5-cyperrte 3D rpadukanbik
BU3yaJHM3alMsUIapblH KepceTeMis. byn rpaduxrep HOkaBa moTeHuuanbHBIH Tapa-
METpJIepiHe JKOHE HEWTpOHIAp/bIH LIallbIpayblHa dcep eTeTiH Oacka Qakropiapra
0ailIaHBICTHI )KYHEHIH KO3FAJIBICHIH Kajlai ©3repeTiHiH KaKChl TYCIHYIe KOMEKTECe/Ii.

(19)
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inport numpy as np

1610 dnport matplotlib.pyplot as plt
10 — min|
k = lelo
a5 1S
08 r = np.linspace(le-18, le-8, 169)

ped mmp.exp(3 * Kt r) 4 (npxp(-3) "k * @) /r) ¥ (mpaxp(1f * Kt )4 (a/m)t npaxp(l kY R))
nodulus_psi = np.abs(psi)

04 plt. figure(figsizes(1s, 6))
plt.plot(r, modulus_psi, labelsr'|$\Psi(r)|$’, colors'blue')
plt.xlabel("$r$, ')
02 plt.ylabel(r"$|\Psi(r)[$,")
plt.title("")
plt. legend()
00 plt.grid(True)

=y mr o plt.xscale('log')

™ pIt. shou()

Cyper 4. FOxaBa noTeHINAIBI 9CeP €TKeH/IET TONKBIHABIK (DYHKIUSHBIH rpaduri

les

i

import numpy as np
import matplotlib.pyplot as plt
from mpl_toolkits.mplot3d import Axes3D

hbar = 1.8545718e-34
m = 1.67e-27

E = le-20
Ie¢ = 1.8
r = np.linspace(le-8, 5e-8, 188)
k = lel@
a = le-8

f_theta = np.exp(-1j * k * a) * (1 + r / a)
psi = np.exp(1j * k * r) + (1/r) * (f_theta * np.exp(1j * k * r))
modulus_psi = np.abs{psi)

R, Theta = np.meshgrid(r, np.linspace(8, 2 * np.pi, 188))

X = R * np.cos(Theta)

¥ = R * np.sin(Theta)

Z = np.abs(np.exp(1j * k * R) + (1/R) * (Ff_theta * np.exp(1j * k * R)))

fig = plt.figure(figsize=(12, ®8))
ax = fig.add subplat(111, projections"3d")
ax.plet_surface(X, v, I, emap='viridis', edgetsloer="none’)

ax.set_xlabel("X (M)")

ax.set_ylabal('¥ (m)")

aw.set_zlabel(r'$|\WPsi(r) |5 )

ax.set_title( 3D npeacTamnerne MOByAR BONHOROR dyHKuMM < yqeTom FE)")
plt.show( )

Cypert 5. f(0) eckepe oTbIPBII, TOIKBIHABIK QyHKIMS MOAYTiHIH 3D KepiHici
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TonKpIHABIK KACHETTEP/l €CeNTEYIl JKaHe Tanaayabl skeHinaety yuid f(0) mamsipay
(YHKIMSCH! YIIIH JKYBIK OPHEKTI alnMacTblpa anambl3. TONKBIHIABIK (QYHKUUSHBI (2)
(bopmynara aaMacTbIpa OTBIPBII, KeJIeCi ©PHEKTI ajJaMbl3

o e S
lP ~ elkr += elkr elb, 1__[
r Z kr @D

Enni, erep (-niH 6apiblk inriHapa TOJKBIHAAPHIH KOPHITHIHIBUIANTEIH O0JICAK, OHBI
KaiiTa yxa3zyra 00J1a bl )KOHE OChI KE3CH/I€ OPHEKTI KEHUIACTY TOJKBIHABIK (PyHKIIUSTHBIH
HEri3ri cumarramanapblH Oelinm KepceTyre MYMKiHmiK Oepexi. Ocpiaifma kemeci
WHTEPIPETANMSHBI aJJaMbI3

ol & . o
\P ~ elkl +_etkr 6151 1__1
r ; kr (22)

by TeHney TONKBIHABIK (PYHKIHMSHBIH €Ki HETi3Ti KOMIOHEHTTECH TYPaTHIHIBIFBIH
kepceTemi, e~ min GipiHtr 6eJIiri, o MaIIbIPaHKBl TONKBIH, ajl eKiHII Oesriri 6Gapisk
mddy3opaapabH yiIeciH KaMTuasl, MyHaa et op skeke nuddy3opMeH GaiIaHBICTHI
(ha3abIK BIFBICY OOJIBINT TaOBITATEI.

3eprrey HoTmkeciHae OkaBa moTeHITHaIBl KOHTEKCTIH IE HEUTPOHIAPIBIH ITAIIBIpay
(GYHKIUSICBI Typasibl alTapibIKTall JepeKTep alblHabl. MarepusHbIH KO3FAIbIChl MEH
HEUTPOHIAPABIH TONKBIHIBIK KACHETTEPIHIH ©3Tepyi apachblHaa HaKThl OaillaHbIC
OopHaTyFa MYMKIHIIK OepeTiH ®u30 3PQPeKTTi eckepe OTHIPHIT, TOTKBIHABIK (YHKITH
MEH TaIbIpay QYHKIFSICHIH Tajaay YIIiH OPTYPIT CAHIBIK 9ICTEp i KOIIAHIBIK,

TaaksbLiay

HelitpormapapiH mambipaysl skoHe HOKaBaHBIH BIKTUMAJ ©PiCTepi CallaChIHIAFbI
KOJIJITAHBICTAFbl 3epTTEyJIep asChIHIA aJbIHFaH HOTIDKENepre Tajjay >KacalblK. by
JKYMBIC HEHTPOHIApPIBIH KO3FalaThIH 3aTTapMEH e3apa SPEeKeTTeCyiH 3epTTey YIIiH
®duzo >PPeKTiciH KONTaHy KBAHTTHIK KOHE TPaBUTAIMSIBIK ©3apa opeKeTTeCYIIepi
TYCiHy/IE JKaHa TEePCIIEKTUBAIApFa OKeJIyi MyMKiH €KeHIH KOPCETTI.

BypbIH xypri3iiareH skcrepuMeHTTep, HeHTPOHIap/AbIH IIamIbIpaybiHa OaiTaHbICTH
epekie aceprepiH OomyblH pactansl. KapacThIppUTFaH >KYMBICTA HEUTPOHIAPIBIH
OPTYPIi MOTEHIHAABIK OpicTep/IeH MIAFbIIBICY BIKTUMAJIBIFBIHBIH aibIpMaIIbUTBIFBI
TEK S-TONKBIHABIK (YHKIMSIAPABIH FaHa €MEC, COHBIMEH Karap p-TOJKBIHJIBIK
(yHKIMAIApABIH KO3FANBICEIHA oCEep eTiM, 3epTTeyre jxaHa OarbITTap amlaThIHBIH
KOpCeTe OTBIPHIN, OCHl HWASSIapAbl KeHeWTemi. [paBUTAlMSHBIH SK30THKAIBIK
(dhopmanapsl, conslH imiaae KOkaBa MOTCHIWAIBIH TEPEHIPEK Talgaydsl KaXXeT €Tl
JKOHE KYTIETCeH HOTHKEIIepTe oKelyl MyMKiH.

By 3eprTey Kopmiaran opTaHBIH KO3FABICH KaFJaibIHAa MAIIbIpay (yHKIHSICHIH
erKeH-Ter keIl Tanmaynbl KaMTamMachl3 €Teli, COHAai-aKk MUKpO JCHTeHIeri e3apa
OpeKeTTeCYNIepAl TYCIHYII TepeHaeTyre MyMKiHmiK Oepemi. Kosrambic TeHmeymepin
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memny yurid Runge Kutta oici CHSIKTBI CaHABIK 9ICTEP/Al KOJIAAHY ©31HIH THIMIUTITIH
KOepceTTi, OyJl OChl calaiarbl 3epTTey ONICTEeMECiH NaMBITyAarbl MaHBI3Abl KaJaMm.
KapacTelppuiFan  KyMbIC HJcanu3alysra OaFbITTAIFaH KOHE JKYMEHIH HaKThI
KO3FaJIBICHI TOTCHIUAJIJIBIH TE€TEPOTCH IUIIrT HEMECE ChIPTKBI OPICTEPIIiH dCePi CHSIKTHI
Kypaeni gakropnapra OaliaHbICTBl ©3repyi MYMKiH.

Bonamak 3eprreynep e3apa opeKeTTeCyli erKel-TerKeilsli Tanjgayra, COHBIH
IIIHAE YCBIHBUIFAH MOAETBIACPAl IKCIEPUMEHTTIK TeKcepyre OarbITTalxybl MYMKiH.
CoHbIMEH Karap, TeMmIeparypa MEH TBIFBI3IBIK CHSKTHl OPTYpJi HapameTpiepiiH
HaKTBhl DKCIIEPUMEHTTEp KaFAalblHAa HEUTPOHAApAbIH IHalbipay (QyHKOMsIapblHa
ocepiH 3eprrey FOkaBa moTeHIMAIBI MEH IPAaBUTALMSHBIH SK30THKANBIK (opMasiapbIHa
KaTBICTBI KYOBUTBICTap TypaJsibl TOJIBIK TYCiHIK Oepe amanel.Ocbuiaiima, Oy 3epTTey
Oenmiekrep (U3MKachl MEH KBAaHTTBHIK JCHICHICTi e3apa OpeKeTTeCcy CalachIHAAarbl
KOCBIMIIIa 3epTTEyJiep YLIiH jkaHa OarbITTap amazpl. COHBIMEH Karap, TEOPHSUIBIK
ecenTeynepal IKCIEePUMEHTTIK JepeKTepMeH OipiKTipy YCBHIHBUIFAH THIOTE3alapabl
pacrayasiH skoHe KOkaBa Moneninaeri e3apa opekeTTecy Typajibl 0ap OiTiMai KeHEUTYIiH
HET13r1 KagaMbl 00J1a/bl.

KopbIThIHABI

3eprrey OapbicbiHga HOkaBa 9SK30THKAJIBIK TPaBUTALMSUIBIK MOTECHIMATBIHBIH
HEHTPOHAAPIBIH KO3FajbIChIHA, dcipece OJapAblH KO3FalMalbl 0O0beKTiIepaeH
LIambIpayblHa 9CEpiH KapacThIPABIK. TEOpHsIBIK MOAETBICP MEH SKCIEPHUMEHTTIK
MOJIIMETTEpre CyHeHe OTBIPBIN, TEOPHUSUIBIK OomKamaap MeH (hazajbIK BIFBICYIapbl
KOoca ajfaH/la, HEHTPOHABIK TOJKBIHAAPIABIH OaKbLIaHATHIH ocepiiepl apachbIHIAFbI
0aliIaHBICTBl OPHATYFA YMTBULIBIK.

Me3oHaapMeH aiMacy apKbUIbl ©3apa opeKeTTecyldi cumarTaiTeiH FOkaBa
MOTEHIUANBIHBIH HEUTPOHIAPABIH IIAlIbIpayblHa alTapibIKTail ocep €Tyl MYMKiH
eKeHIH >KoHe Oys OipHeme SKCIepUMEHTTepAeri OakpliaylapMeH pacTalFaHbIH
Jnonenaenik. Oo MapaMeTpi TajjaybIMbI3Ja HETi3r1 pesl arkapaibl, OWTKEeHi Ol
9K30THKAJIBIK ©3apa JpeKeTTecyiep TyAbIpraH (azajblK BIFBICYABl KOpPCETEi.
OkcnepuMeHTTepae OaliKaiFaH KyTIEreH acepiiep KBAaHTTBHIK MPOLECTEepAi ofaH opi
3epTTey KOKETTUIIriH pacTaiipl, acipece rpaBUTaLs MEH 0acKa e3apa opeKeTTecynep
OeJIeKTEpAiH JUHAMHUKACHIH aWTaplbIKTall e3repTe ajaTbhlH >Karjaiiapaa. ATtar
alTKaHaa, HEUTPOHBIK TONKBIHAAPABIH HHTEP(EPEHIMSIIBIK YATIepiHaeri e3repictep
TEOPHSIIBIK MOJIENIBACPIMI3Ieri TPaBUTALMSHBIH K30THKAJBIK (OpPMaNapblH €CemKe
AITyABIH MaHBI3AbUTBIFBIH KOPCETEI.

Ocbl HOTWXKENEpP COHBIMEH KaTap KOJAAHBICTaFbl MOZAEJBICPAl KO3FaJaThbIH
opranblH (pazara >KOHE HEUTPOHAAPIBIH KbUIJAMIBIFBIHA OCEPIH E€CKEepeTiH JKaHa
napamMeTpliepMeH TOJBIKTHIPY KQKETTUIIriH kepceTeni. COHbIMEH KaTtap, 3epTTey MHKPO
JeHIeUeTi e3apa 9peKeTTecyIepli KOHE OJapIblH KypAedl KBaHTTHIK KyHenepre
ocepiH 3epTTeydiH aHa TMepcleKTHBajiapblH amangsl. OCbl calafarbl KOCBIMIIA
3eprreyiaep OemiekTep (GU3NKACHIHIAFHI pTei e3apa opeKeTTeCyNepAl JKaHa TYCIHyTe
JKOHE IpaBUTALMs TaOUFaThl Typajibl OLTiMiMI3Al KeHelTyre okeneni. KopbITeiHaAbLIAM
Kene, 3epTTeyNIepiMi3 SK30TUKAIBIK TPaBUTALUS TYPJIEPIH KOHE ONapiblH KBAaHTTHIK
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XKyHernepre acepiH 3epTTeyAiH TEOPHSUIBIK HEr13/1epiH KoHE IKCIIEPUMEHTTIK TOCIIACPIH
KeHelTyre kemekreceni. by HoTmwxkenep Oemmiekrep (GU3MKAChl, TPABUTALHS KOHE
KBaHTTBIK MEXaHHKa cajlajlapbIHAaFbl JKaHa allbUIbIMIAp MEH KOJAaHynapra Heri3 0oma
anajpl.
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Abstract. Modern science of solid-state physics is increasingly engaged in the
research of nanomaterials and the development of nanotechnologies. Today, all kinds
of theoretical methods and research technologies are intensively used to explain the
meaning of experimental results dependent on the study of the properties of defects in
solids. Improvement in this area is likely due to improvements in computer technology
and the development of modern quantum chemical pack-ages. This work presents the
results of computer simulation of the density of states and total energy of NaX (X =F,
Cl) nanoobjects within the framework of density functional theory (DFT). By studying
the influence of structural defects and comparing them with macroscopic objects,
nanosized NaX crystals with the structure of an ideal cubic crystal, a cubic crystal
with point defects, changes in energy levels in the state density spectra of individual
samples are observed. The obtained results of experiments on modeling NaX in various
cluster compounds make it possible to classify these objects as quantum dots and further
continue studies of alkali halide crystals in nanosized structures.

Key words: nanocrystals NaF and NaCl, density of state, total energy, specific
energy, quantum dots.
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AnHoramus. Kasipri TaHaa KaTThl AeHe (QU3MKACHI FBUIBIMBI HAHOMATEpHAIIapbl
3epITey JKOHE HAHOTEXHOJOTHsUIApAbl JaMbITyFa Oaca Hazap KOHBIN JaMbIl KeJemi.
Byrinae TeopusUIBIK omicTep MEH 3epTTey TEXHOJOTHSUIAPBIHBIH OapiblK Typliepi
KaTThI IeHeNepAeri akaylapblH KaCUeTTEePiH 3epTTeyre OaiaaHbICThl IKCIIEPUMEHTTIK
HOTHIKEJICP/IIH MarbIHACKIH TYCIHIIPY YILUIH KapKbIHIbI KOJAaHbUIAIAbL. Bys camaHbiH
KaKcapybl KOMIIBIOTEPIIIK TEXHOJOTUSHBIH JKETUIAIPLTyiHE XKoHE 3aMaHayn KBaHTTHIK-
XUMHSUIBIK ~TTAKETTEPAIH JaMyblHA OalIaHbICTBI OOMYybl MYMKIH. Bys xymbIc
NaX (X = F, Cl) HaHOOBEKTiNIEpiHiH KYH THIFBI3IBIFEI MEH TOJBIK SHEPTUSCHIH
KOMIIBIOTEPIIK MOJEIBJIEY HOTHUIKEIEPIH THIFBI3ABIKTHIH (DYHKIIUOHAIIBIK TEOPHSCHI
(TOT) mendepinne ycbiHAIbL. KypbUIBIMABIK aKaylTapAblH oCepiH 3epTTel OTHIPHIN
JKOHE OJIap[bl MaKPOCKOMMSUIBIK OOBEKTIIEpMEH, HJeall KyOThIK KPHCTAIBIHBIH
KYpBUTBIMBI Oap HaHoemmmeM i NaX KprucTaigapbIMeH, HYKTEJIK akayinapbl 0ap KyOThIK
KPHUCTaJIMEH CAJBICTBIPA OTBIPBII, JKEKE YITUIEPiH KYH ThIFBI3IBIFEI CIIEKTPIICPiHIET
9HEprusl JIeHreiepiniy e3repyi OalKaampl. OPTYpil KIacTEPNiK KOCBUIBICTAPIAFb
nax MOJENbJIEY OKCICPUMEHTTEPIHIH HOTWxkKelepi OyJl HbICAaHIApbl KBAHTTHIK
HYKTeIep PeTiHe KIKTeyre jKoHe HaHOOIIEM Il KYPbUIBIMIAapIaFsl CUITLI TaTlouIThI
KpHUCTaJIapAbl 3ePTTEY/Ii JKAIFACTBIPYFa MYMKIHIIK Oepelti.

Tyiin ce3mepi: NaF >xone NaCl naHOKpHCTanmmapbl, KYH TBHIFBI3IBIFBI, TOJBIK
9HEPTHsl, MEHIIIIKTI SHEPTHs, KBAHTTHIK HYKTEJIED.
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Annoranus. CoBpeMeHHas Hayka (pr31Ka TBEPOTO Tela BCE aKTUBHEE 3aHUMAETCs
HCCIENOBAaHUSAMH HAaHOMAaTepHaJoB W pa3paboTKol HaHOTeXHOJOTHHA. CeromHs Bce
BHIBI TEOPETHYECKMX METOJOB M WCCIENOBATEIbCKUX TEXHOJIOTUH WHTEHCHBHO
WCTIONB3YIOTCA TS 0OBSICHEHHUS CMBICIIA DKCTIEPUMEHTAIIBHBIX PE3yIbTaTOB, 3aBUCAIIIIX
OT W3yYEHHUS CBOWCTB Je(EKTOB B TBEPHABIX TelaX. YIydYIlIeHWEe B JTOW 001acTw,
BEPOSATHO, CBSI3aHO C COBEPIIIEHCTBOBAHNEM KOMITHIOTEPHBIX TEXHOJIOTHH U Pa3padOTKOH
COBPEMEHHBIX KBaHTOBO-XMMHYECKHX ITaKeTOB. B maHHOW paboTe mpencTaBieHb
Pe3yABTaThl KOMIIBIOTEPHOTO MOJIETMPOBAHS ITIOTHOCTH COCTOSTHHIA 1 TIOJTHOHM DPHEPTUN
HaHooOBekTOB NaX (X = F, Cl) B pamkax teopun ¢yHknmoHana riotHoctu (TOII).
Wzydas BiusHME CTPYKTYpPHBIX Ne(EKTOB M CPaBHMBAA MX C MaKPOCKOMMYECKUMHU
00beKTaMH, HAHOPa3MEepHBIMH KpucTaulaMu NaX co CTPYKTypoil HIeansbHOTO
KyOW4ecKoro KpHUCTalula, KyOW4ecKMM KPHUCTAIUIOM C TOYEYHBIMH JedeKkTamu,
HaOTIONAIOT M3MEHEHHUSI YPHEPTETHIECKIX YPOBHEH B CIIEKTpaX TUIOTHOCTH COCTOSHUS
OTAENBHBIX 00pa3ioB. [lomyueHHbIE pe3ynbTaThl SKCIEPUMEHTOB 10 MOACTHUPOBAHHIO
NaX B pa3nu4HBIX KIACTEPHBIX COENWHEHHSIX TO3BOJSIOT KIACCH(HUIIMPOBATH 3TH
00BEKTHI KaK KBAHTOBBIEC TOYKH U B JTATHHEUIIIEM IPOJOKUATE UCCIIEA0BAHUS IETIOYHO-
TAJIONIHBIX KPUCTAJUIOB B HAHOPA3MEPHBIX CTPYKTYypax.

KuaroueBbie cioBa: HaHokpuctauiel NaF u NaCl, mI0THOCTb COCTOSHUS, TTOJTHAS
SHEprus, COOCTBEHHAs SHEPTHS, KBAHTOBBIE TOUKH.

Kipicne

Kazipri yaxpITTa CIATUTI MeTaXsl MEH TaJOTeHHEH TYPaThlH HaHOOIIIeM/Ii
3aTTapAblH KacHeTTepi XuMus, (U3MKa, MaTepUaNTaHy JXOHE DIIEKTPOHWKA CHSKTHI
FBUTBIMHBIH OPTYPJTi calTajlapbIHBIH MaMaHAaphl TaparbiHaH OeNTLTl 01p TEXHOIOTHSIIBIK
KBI3BIFYIIBUTHIK TyabIpansl (Gopikrishman, 2012; Bichoutskaia, 2006; Fernandez-
Lima, 2012; Istlyaup, 2023; Baker, 2013) wmaxkanacsiaga NaCl HaHOTYTIKIIENepiHiH
KacHeTTepi 3epTTEiM, TYTIKIIIE Y3apFaH CaibIH HOHIBIK OaiJIaHbIC HOHIAP apaChIHAaFbI
TYpaKTaHABIPYABl apTTHIPYFa HETI3T1 YJec KOCaAbl JETeH KOPBITHIHJBIFA KEITeH.
CoHbIMEH Karap, TYTIKIIENEpiH Y3BIHABIFBIH YIFAWTy XKOHE €HIH a3alTy apKbLIbI
MOHJIBIK CUTIATTaMaHbIH JKOFapblIayblHa bIKNaN eryre 0onanbl. (Fernandez-Lima, 2012)
JKYMBICBIHIA OipKarap Oeiirapan kiacreprep ymiH (LiF) .. KemaeHeH KuMmaapsl
AITBIOYPHIIITEl KOHE CETi30YPHIMTH OOJaThIH HAHOTYTIKIICIEPIIH KYPBUIBIMAAPHI
yikeHn LiF kpucranmapblHBIH THNTIK KyOTHIK (DOpPMAcChIHBIH TYPaKThUIBIFBIHA TEH
HeMece Of[aH YJIKEeH TYPAKTBUIBIKTHI KOPCETEIl I TYKbIPhIMIaHa/IbI.

AJFaIIKeI 3epTTeyaepae aares3us, Oaimanbicy, KYpbUIbIC, OETTIK AIEKTPOHIBI KYHIep
JKOHE HaHOTOpJapaarsl opTypiti dddexTinep OOWBIHITA HOTHKENEP KapacThIPHUIFaH.
ConbiMeH Karap, COKKbI ocepineH Na, F  KypbUIBIMBIHBIH (DparMeHTAlHUsIChl KE31HIE
CUITUTITaJIONATHl  KJIACTEPCPaiH JIeMeTalmu3anus Tporectepi TammaHaapl. NaF
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KJIacTepJepiHiH KpeMHHH OeTIMEH COKTBIFBICYBl KE31HIe >KYPEeTiH peakuusiap na
3eprrenred. (Lumeau, 2014) xymbichiHga (ortorepmopedpakTuBTi mbiHbIAaFs NaF
HAaHOKPHCTAIJapbIH PEHTTeHIIK TUPPAKIHUSIIBIK 3ePTTEY eMKeH-TerKelni CUmaTTaaraH.
(Messaoudi, 2015; Mamula, 2018) sxymMbIcTapbiHAa CIATUTIK METAJI FAJIOTeHUATEPIHIH
ANEKTPOHBIK, KYPBUIBIMIBIK, TEPMOJMHAMHUKAIIBIK KOHE ITUHAMUKAIBIK KacHeTTepi
TOJNBIK TOTEHIHMAN JKOHE Aa3bIKTHIK TOJNKBIHIAPABIH ICEBIOMOTEHIMABI IICTEPiH
KOJIZIaHa OTBIPHII, OipiHII MPUHIHUNTEPACH SCEeNTEINI].

3aMaHayu SIEKTPOHMKAHBIH JaMybl jKaHa MaTepHajiapibl allyFa HeTi3AesreH,
OJlapHbIH iIIIHAEC KOMIPTEKTI HAHOTYTIKIIENEp epeKile OpblH amanpl. OnxapibiH
Oipereil MeXaHUKAIIbIK, TEPMUSIIBIK JKOHE DJICKTPIiK KACHETTEpPi IIAaFblH AIIEKTPOHBI
KYpBUIFbIIAp JKacayFa MYMKIHIIK Oepeni, coHpaal-ak Oacka aromaap MeH
MOJIeKyJaJIap/bl MHKANCYISAIMsIay KabijaeTi onapAbl HAaHOAJIEKTPOHUKaAa KOJAaHyFa
Oonarbiabia kepceteni (Istlyaup, 2024 a). NaCl sxone NaF HaHOTYTIKTepi KypbUIFbLIAD
MEH JKaHa MaTepuajjap oKacayFa MNaijanaHblIaThlH — HaHOKYPBUIBIMIAPAbIH
yiarinepi Oonein TaObpuiagsl. Onmap aroMaapbl TOp TOpi3Al OpHAllaCKaH KPUCTAJIbI
MaTepuaiapbH TYTikTepi 0oibin Tadbuiansl (Baker, 2013; Fernandez-Lima, 2012).
MyHzaali KypbUTBIMAAPIBIH AJIEKTPOHIBIK KACHETTEPIH 3epTTey ONapAblH (PU3UKAIBIK,
KAaCHETTEPiH JKoHE TYPJIi callaiapAarbl 9JIeyeTTi KOJJaHyJapblH TYCIHYTe KOMEKTECETi.
(Istlyaup, 2024 b) >xyMBICBIHAA THIFBI3ABIK (YHKIMOHAIABIK TeOpusichl Herizinae NaF
HAHOTYTIKTEPiHIH AJIEKTPOHIBIK KYPBUIBIMBI MEH SHEPrUsIChl €CENTeNi, ajl aJbIHFaH
HOTHXeJep OyJ1 KYpbUIBIMAAPAbl KBAaHTTHIK HYKTEJIEP PETiHAE CHIIATTayFa MYMKIHIIK
oepeni. NaCl kpucranmapbl >xui ToxipuOenik mardgopma peTiHAe KONJaHbUIaIbI,
cebebi onmapAbIH KYpPBUIBIMBI JKOHE OJIIIeMIepl OKCIEPUMEHTTIK KaFAaiiapasl
perreyre eTe bIHFaiIbl. HaHOTeXHONOTHATIAP asChIHAA KPUCTAIAAPAbIH OETTEPiH )KoHE
OJIapIBbIH pPeaKUIsUIBIK KaOleTTepiH 3epTTey MaHbI3Abl OOJNbIN caHanaabl. JKammel,
NaCl xpuctanmapblH 3epTTey Kasipri FhUIBIMAA MaHbI3Abl O0JibIN TalOblIansl, cededi
Oys1 Marepuangap FHUIBIMHU JKOHE TEXHOJOTHSJIBIK KAHAIBIKTApAbIH HETi31H Kajai bl
(Zhanturina, 2022).

JKanmbl KaObl1ganFaH MiKip OOHBIHILIA, HAHOKYPBUTBIMABIK OOBEKTiIEpre omemMaepi
1-nen 100 HM-Te feitiHri quana3oHIa )KaTaThblH 00beKTiIep Karapl. Herizinne, MyHai
OJILEMIIK ILIeKTeyAiH OipiramMa mapTThl cunarsl Oap. HanoObekrinepnid OacTbl
epeKLIENIri - OMapablH MeJIepiHe OaillaHbICTBI OJIap epeKIle KacCHueTTepre ue OOIybl
(Bryukvina, 2018). HanokpucTanasl KypbUTbIMAapIaFrbl HOHIAPABIH KOTIITIT] CHIPTKBI
KabaTTa OpHaJIaCaThIHJBIKTAH, OJIApJIbIH KOINTEreH KacheTTepi OeTiHje OaiKaiajbl.
Ken xarmaiiza, OyJl epekiie KacHeTTep HaHOOOBEKTUICPIIH eJIeMaepl MapTThl
Typae Oenrinenren 100 HM mieriHeH ackaHma ma Oalikanysl MyMmKiH. (Pandey, 1992)
»kyMbIchiHAa NaF kpucTanbHbIH 2X2X2 KyOTBIK YAIIBIFBIHBIH dHEPTUACH! XapTpu-Dox
QIICIMEH €CENTENTEH.

HanotyTikTepniy KacueTTepiHiH HEri3ri KepceTKilTepiHiH Oipi — omapiblH KyH
TeiFb3IBIFEL (DOS — density of states). DOS »xyi#ienieri aJ1eKTpoHIapMEH TOJITHIPBLIFAH
SHEPTUSHBIH TapalyblH KOPCETEIl >KOHE MaTepHal/IbIH DIICKTPOHJIBIK KACHETTEPIH
tycinyre kemekrecemi. NaCl xome NaF manoxmacreprnepinin DOS 3eprreynepi
OJIapIbIH 3JICKTPOHABIK KACUETTEPIH TYCIHYyTe )KOHE OJ1ap bl SJICKTPOHUKA MEH ONITUKA/1a
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KOJIJJaHy MYMKIHJIIT1H aHbIKTayFa kemekTeceni (Baker, 2013; Fernandez-Lima, 2012),
(Myasnikova, 2015).

Byn xymeicra NaCl sxone NaF HaHOOOBEKTUNEpiHIH KyH THIFBI3/IBIFbIH,
TonmbIK dHepruschiH 1 K TemmeparypaceiHma anbikTay yoriH Atomistix ToolKit
OarmapmamaceiMer Virtual NanoLab (VNL ATK) apkputbl KOMIBIOTEPITIK MOACTBACY
xKacajupl. AtanraH Oaragaprnama OyraH AeliH OipHelne ecenTey >KyMbICTapbIHIA CITTI
TEKCEpUIreHiH aramn oTkeH eoH (Vemuri, 2022; Salih, 2020; Salih, 2021; Chen, 2022;).

Monenbaey maptrapbl (MaTepuaagap MeH aicrep).

Hanoxyiienepni, COHBIH INIHIE HAHOKPUCTAIIAPABI MOICTBACY VIIH KaTThI
JCHEIep MEH MOJIeKyJaJapisl MOJAEIbJACYIe apHAJIFaH oicTep KOJIAaHBUIAIbI,
MBICAJIbI, THIFBI3ABIK (PYHKIHMOHAIIBIK Teopusichl Hemece Xaprpu-DPok oici, onap
KBaHTTBIK MEXaHUKaHBIH HET13T1 3aHABUIBIKTApBIH ecKepyre MyMKiHIik Oepeni. bipak,
HaHOXXYHENepIiH aTOMJABIK KYPBUIBIMBIHAA €peKIIe albIpMaIIbUIBIK Oap: oJapiablH
IIAFbIH 6JIIIeMI 0CTKI )KoHE mieKapabik 3QeKTiepaid acepi KyueiTeai. by acepiep
HaHOOJIIeMII 00BEKTIIePIiH KaCHEeTTepiH OacKapyma MaHBI3IBI oI aTKapassl, cedeodi
oJIapbIH Kol 0eJIiri ChIpTKbI KadaTTa OpHaIacaabl, ajl KeJeMIi MaTepuangapia MyHaan
ocep eneyci3 Kajlabl.

DONeKTPOHIBIK KaCHETTEeP TYPFBICBIHAH HAHOXKYHeJepHAi CUNAaTTalThlH Tarbl Oip
MaHBI3/Ibl epeKIICTIK — ONapAblH KBAaHTTHIK TYTKBIPIBIK (quantum confinement)
KYOBUTBICHL. byl KyOBIIbIC HAHOOOJIIEKTEPIIH MOJIIepi a3aiifaH callblH alKbIHBIPAK
Oomaapl, cebebi AIEKTPOHAAp KO3FAIBICHl KYIINTI MICKTEYJIepre YIIbIpaiabl. MyHmai
LIEKTEYJICp JICKTPOHIBIK TOJKBIHABIK (PYHKIMSIAPABIH KEHICTIKTErl TapaiyblH
azaiirajbl, Oy ©3 Ke3eTriHAe KBaHTTHIK A3 QeKTiaepai aitapiabiKTai apTTeipaasl. OCbiFan
OalimaHbICTBHI HAHOOOJILIEKTEPIiH 3JIEKTPOH/BIK IeHIeiepi ANCKPETTI SHEpTrHs Kyiepi
TypiHJe 00Jaibl, SFHU OJIap SHEPTeTUKAIIBIK JICHICHIeP/IiH KBAHTTAIYbIH KOPCETEI.

Byn  jgwmckperti  Kyiuiep  HaHOOONIIGKTEPAIH  DICKTPOHABIK  KYPBUIBIMBIH
MoJIeKyJIaJlapra yKcac eTeli )koHe oJlap KaTThl JeHeNep IiH KYPbUIbIMbIHAH aiTapiIbIKTal
epekmeneneni, ocipece depmm geHreiti amMarbiHma. depmu JeHrediHe >KaKbIH
SHEPTusl Kyisiepi HAHOKYPBUIBIMIAPABIH OTKI3TIILITIr1, ONTHKAJIBIK KOHE IEKTPOHIBIK
KacUeTTepiH aHBIKTAUTBIH MaHbI3/bI (hakTop Oombin TaObIIa k1. Kenemai MaTepuannapaa
depmu eHreli aiMarbIHAAFBl KYWIEp Y3HIKCi3 Typlle opHanacca, HaHOOeIIeKTepae
oJiap MTUCKPETTI OOMIBIT Keei, Oyl oapablH dJIEKTPOHIBIK TaChIMANIIAy KaCHETTEPiH
EpEeKIIe eTeIl.

Hanoxyifenepiig ockl KacHeTTepi oJapAbl dpTYpJi ONTORIIEKTPOHWKA, KaTalu3,
SHEPreTHKa JKOHE OMOMEIMIIMHA CHUSKTHI cajianapjaa KoJJdaHyFa MYMKIHIIK Oepei,
ce0ebi onmapabIH KBAHTTHIK KoHE OETKI ocepliepi KoNTereH Kojandanap yiiiH epekiie
apTHIKIIBUIBIKTap Oepeti.

Byn sxymbicta ecenteynep Synopsis kommaHuscsiHBIH DFT werizinmeri VNL
ATK Garnmapnamaceiven skyprisingi. Kypeurran Na X . (X = F, Cl) kmacrepi 27
HMOHHAH TYpajbl, o la-cyperre kepceriuirenaei, (j, k, 1) = (3, 3, 3) unaekcrepi 6ap
KoHe O, CMMMETPHACHIHA M€ TEpic 3apsaTanran KyOTel Kypainel. Na X Kiacrepi
HaHOOOBEKTIHIH OpTaNBIK aiiMarsiHaH Na' xoHe X HOHAAPBIH albIl TacTay apKbLIbI
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aneiarad (1b-cyper). Na X, 00bekTici 9 mOHHAH Typaibl, OJ1 1 C-CypeTTe KOpCeTireH e,
(U, k,1)= (3, 3, 1) unnexcrepi 6ap xa3bIKThIKTHI Kypaianl. Na, X knacrepi (j, k, 1) = (3,
3, 5) unpekcrepi 6ap, 45 WOHHAH TypaThIH nmapaenenunes miminiage (1d-cyper). An
Na, X, HanooObekTici 1f-cyperTe KopceTinrenied, COHrbl KabaTThiH opTachiHan Na*
*oHe X MOHJAPBIH aJIbIl TaCTay apKbUIBI AbIHFAH.

Na X

147713

Na X

227721

Na. X

4

Cyper 1. NaX knactepriepinin reomeTpuscsl. KilkenTaii KY/IriH map — raJoreH aToMBl, ajl YIKeH
JKaCBLI IIap — HATPUH aTOMEI

NaX HaHOKJIACTEePiH KOMIBIOTEPIIK MOJAEIbACY HYKTEIIK THIFBI3IBIKTHI KYBIKTAy/1a
THIFBI3IBIKTBIH (PYHKIIMOHAJIBIK TEOPHUSCHI asICHIH/IA JKYPTi3UIi.

DONEeKTPOHHBIH OpHBI (X, ), Z) TOJNKBIHABIK (QYHKUIUSAMEH cUNarTanaabl (X, y, Z).
benrini 6ip HykTene (x, y, z) 37eKTPOHIbI Taly BIKTUMAIIBIFGI [W(X, V, Z)|* @pHeriMeH
CHIIATTaNabl, MyHIAFbl XKAaIIbl BIKTEMAILIBIK [[W(x, v, z)Pdxdydz mapreiHa neiiin 6ip
KaJIbIIKA KeATIPIIreH.

OTKI3TINTIK aliMaFbIHBIH TOMEHTI JKaFBIHIAFBI DJIEKTPOHAAP KOparka CajbIHFaH
6oc Gemmrektep (THIMAI Maccackl 0ap) CUSKTHI SPEKET eTedl. OTKI3TIMTIK allMarbIHBIH
ANIEKTPOHIAPBIH KApACTHIPANBIK, OipaK KEMTIKTEPAiH e HOTHXKecCi yKcac 0omasl. bi3min
napabonablK OTKI3rmTiK aimMarsl yunin: (£ — E ) = i*%k*/ 2m’. L -ten L -re L_apxpuisl
T1K6¥pBIH_ITI:I KeJIEMJIET1 AIEKTPOHIap YLIiH LIEKCi3 LIeKTeY HOTeHLII/IaIIH U(x y,2)=0
(KOpanThlH IIIiHAE YXOHE CBHIPTBHIHIA ©0) TOJNKBIHABIK (YHKIHMS \y IIeKapajiapIarbl
ANEKTPOHJAp HOJre YMTBUIBIN, aiiMak imIiHAeri TapMOHMKAJbIK (YHKUUS TYpPiHZIC
0oiybl Kepek. TONKBIHABIK QYHKIHSHBI HICITY:

y(x, y, z) = sin (k x) sin (k yy) sin (k z),

MYHJIaFbl K, k KOHE k_ — X, y KOHE z OarbITTapbIHAArbl JJIEKTPOHFA apHAJFaH
TOJKBIH/IBIK BeKTopnap KaTTLI KYHJIeri HaKThI TOJKBIHIBIK @yHKum KYpJCTipeK jKoHe
MEePHOATHI (KPUCTAIIBIK TOPMEH), OipaK »KOJIaK >KUEKTEPIHE KaKblH MapadosalibiK
aliMaKTap YIIiH jKaKChl )KybIKTay OOJIBIN TaObLIaIbI.

[lexapanbIK mapTTapAblH OPBIHAAIYBL: X, ¥ HeMece z=( Ke3iHJe CHHYCOUIAIIbI
byHkpsiiap Henre aiHanaapl. Tik 6¥p1>nm1,1 aliMaKThIH KapaMa-Kapehl eKapaiapbiia
X, y XOHE 2 OarprTTaphl yuis sin (k L ) =0, sin (k L ) 0, sin (kL ) = 0 Gomazer. Pykcar
€TUITEH TOJKBIH BEKTOPJIAPHI KaHaFaTTaH,Z[BIpaI[bI

kax =7n, kyLy =7n, kL =mn,

MYHJIa¥bl 1, N, N — OyTiH caHzap.
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HoTuaxesiep MeH TaJIKbLIAY.

OJIEKTPOHJBIK IIIKI JKYHEHI CHIAaTTay KE31HJE THIFBI3ABIKTBIH (DYHKIIMOHAJIBIK
TEOPHSCHI TOMKBIHIBIK (PYHKIMSHBI NEKTPOHIAPIBIH THIFBI3IBIFBIMEH AIMACTBHIPYMEH
epekmeneneni. CINTUNK — TajJOreHUATEPAET aHHMOHABIK 0O0C OpbIHFA TYCKEH
ANIEKTPOHHBIH KYPBUIBIMJIBIK JKOHE JJIEKTPOHIBIK KaCHETTepl CYNEepYSIIBIK 9/iCiMEH
AJIEKTPOHIBI KYPBUIBIMJIBI €CENTEyMiH OIpiHIII MPUHIMNTEPIH KOJIJaHa OTBIPHII
3eprrengi. Konnanpuran teopusibik Heri3 apkbuisl (Hayal, 2017) F-opransirbigars!
OalilmaHpICKaH 2JIEKTPOH JMAMETpi TOp MapaMeTpiHeH eKi ece YJKeH cdepa imniHzae
JIOKaJIM3alUsUIaHFaHbl KOPCETLIe].

Kenreren karmaiiiapia ThIFBI3ABIKTHIH — (DYHKIMOHAJIBIK TEOPHUSACHI  QJIICI
Xaptpu-®ok xone Kon-lllam dopmanmsmaepimen Oipre kommanbuiansl. Kon-IIam
(hopmanM3MiHIH asCBIHJIA CTATHKAIIBIK CHIPTKBI OpicTeri OipHelIe e3apa opeKeTTeCeTiH
AJIEKTPOHAPbl CUIATTAy MAcelieci KaHaai na Oip THIMII MOTCHIMAJIa KO3FalaThlH
TOyeJICi3 AIEKTPOHAAP/AbIH KapanaibiM MaceleciHe JeiiH azasapl. Kasipri yakeiTTa
TBHIFBI3IBIKTHIH (PYHKIIMOHAJIBIK TEOPHUSICHI 9J1iCI KBAHTTBIK XUMHUSI/IA J1a, KATTHI JICHEIIEp
(bu3MKachl cajachliHa Ja HEri3ri Tl 00BN Ta0bLIa b

Kommbrorepiik Momenbaey apkbuibl NaF HaHOKPHCTANBIHBIH OPTYPIII KIIacTepIIiK
KoceutbicTapbibiy  (NaF,, Na F , Na,F . NaF, , Na,F ) Kyil TbiFb3Ib6FbI
cnekTpiepi anbiHAbl (2-cypeT). ManiMerTepre colikec, Heprus jeHreiepi -30-
nan 20 5B apanwireiHna opHamackaH. bapneik NaF  KpHCTanbIHBIH KJTacTepiiik
KOCBUIBICTAPBIHAA HEri3ri mbiHaap -24-25 3B wykrenepinae Oaiikamansl. Herisri
weinaap NaF,, Na .F . Na F  nanokpucrannapsl ymiin -6 5B nykrecinze, an Na, F ,
Na ,F, manokpucranaps! yiin -8 5B Hykrecine 6aiikanausl. by magimerTep opTypiti
KJIACTEPIIK KYPBUIBIMAAPBIH AIEKTPOHABIK KYPBUTBIMBI apAChIH/IAFbl YKCACTHIKTAPIbI
YKOHE albIPMAIIBUIBIKTAP/IBI TYCIHYTE€ KOMEKTECE]I.

,DOS eV & DOS (eV'!) & DOS (V') & DOS (V) & DOS (V) &
T T L T —T T ™ T T T ™ T T —TT T T T T
3sf [ F
ol ' NagF, P NaFy) OrNaFyy : . Nay,Fy ¥ :Nastzz
: 30F : 25l | or X 70k !
5k N 1 | GOk 1 X '
25t , 20l \ , 60 '
A ol : : 50t : sof .
3t | 15 | 40 X a0k '
15F ' [ 3 ' 10 :
,[ nt ' 30t . of !
or : 20} ' 20} .
'r 5t 3 10} | 10} |
L L L 1 'y 1 N J | L 1 h
=30 <20 <10 0 10 200 39 220 <10 O 10 20 =30 =20 <10 0 10 200 239 220 -10 0 |0 20 =30 20 <10 O 10 20
E(eV) E(eV) E(eV) £(eV) E(V)

Cyper 2. NaF HaHOKpHCTaNapbIHBIH KYH THIFBI3IBIFBIHBIH CIIEKTPIIepi

3-cyperre NaCl HaHOKpPHCTANBIHBIH OPTYPJ KIACTEPNIK KOCBUIBICTAPBIH/AFbI
(Na,Cl " Na Cl NaBCllg, Na,Cl,, Na,Cl,) Kyi TBIFBI3IBIFBIHBIH CHEKTPIEPI
KOpCeTUIreH, onap ykcac oficreH -20-1an 15 3B apanbiFplHaaFel HHTEPBAI/IA aJbIHFAH.
Na,Cl, HaHOKPHUCTaIBIHBIH KYH THIFBI3IBIFBI CIIEKTPI YIII HET13I1 IILIHHAH TYPA/Ibl, OHBIH
OipiHmrici -6,5 3B HykTecinae, an eH Ouik mbiHe! 11 3B HykTecinae opHanackan. Herisri
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mblH -18 3B HYKTeciHIe OpHaIacKaH jkoHe OyJ1 OapIibIK Keleci HAaHOKpHCTAIAapaa aa
Oaiikasabl. Na, 4C113’ N2113C112 JKOHE N2122C121 HaHOKPHUCTAJIAPBIHBIH 0ACThI MIBIHBI -6
5B nykrecinne opuanacca, Na,,Cl,, Hanokpuctansinga 6yi1 meid -6,5 5B Hykrecinae
Oaiikananpl. by HOTbKenep, €3 Ke3eriHe, SPTYpPJi KIacTepilik KYPbUIbIMIAAPIBIH
AIEKTPOHJIBIK KACHETTEPIH 3EPTTEYre JKOHE OJIAPJbIH EPEKIICNIKTEpiH aHBbIKTayFa
MYMKIHJIK Oepei.

DOS (eV'}) ¢

v vyl
16 25 VD) o 40

DOS (V' e DOS (eV') & DOS (V' ¢,
T NaI Cll T C T T
14 _N35C|4 ' 35 [ 13-

50N Clyy oNapCh T " Nay,Cly,
1

GOF
30

1

'

' 10}
25| '

i

1

|

1

1

|

30+
20 30

15F 20}

4k 10 20f
- 10F
2t 5k 10}
: I

230 20 <10 0 10 20 -30 -20 -10 0 10 20 30 20 -10 O 10 20 -30 -20 -10 0 10 20 -30 -20 -10 O 10 20
E(eV) E (V) E (V) E (V) E(eV)

=
=

Cyper 3. of NaCl HaHOKpUCTaIAaPbIHBIH KYH THIFBI3/IBIFBIHBIH CIIEKTPIIEP]

I-kecrene NaF xone NaCl HaHOKpUCTAIJIAPBIHBIH TOJIBIK KOHE MEHIIIKTI
SHEPIUACHIHBIH CaHJBIK jaepekTepi kepceriireH. NaCl HaHOKPUCTANIBIK KIIACTEPIIiK
koceuibicTapbinbie (Na,Cl,, Na Cl , Na CI ., Na Cl , Na, Cl,) TONBIK S5HEPrUschl
-1884.05 »B-tan -10331.78 3B-ka neitin e3repei, ain MeHInikTi sHeprus -209.33 3B-
TaH -229.59 »B-Ka aelinri apanbsikra opHaigackaH. NaF HaHOKpHCTANIBIK KITaCcTepIIiK
koceuibicTapel (NaF,, Na.F _, Na F . Na F ,6 Na,F ) ymin Tomeik sHeprus
nuarna3oHsl -2618.73 aB-ran -14391.09 3B-ka zeiiin, an MeHunikTi sHeprus -290.97 3B-
tan -319.80 3B-ka geitin e3repeni. by nepextep HaHOKpHUCTATAAPIBIH YHEPTETHKATBIK
CUIaTTaMaJIapblH CAJIBICTBIPYFa MKOHE OJIapiblH KYPbUIBIMbIHA OaNIaHBICTBI SHEPTHSI
@3repiCiH TyCciHyre MYMKIHJIK Oepei.

Kecre 1 — NaF >xone NaCl HaHOKpHCTaIJapbIHBIH TOJBIK )KOHE MEHIIIKTI SHEPTHsCHI

Hanoxpucramn | TonbIk sHeprus, 5B | MenmikTi Hanoxpucrain | Tonbik MeHnnrikTi
sHeprus, 5B sHeprus, 5B sHeprus, 5B

Na,Cl, -1,884.05 -209.33 NaF, -2,618.73 -290.97

Na CI, -5,636.68 -225.46 Na F -7,846.92 -313.87

Na Cl, -6,109.61 -226.28 Na F -8,503.89 -314.95

Na,Cl,, -9,859.06 -229.28 Na F -13,734.37 -319.40

Na,,Cl,, -10,331.78 -229.59 Na,.F,, -14,391.09 -319.80

4-cyperre NaF (NaF,, Na F_, Na F . NaF ,6 Na,F, ) xone NaCl (N.aSCI43
Na Cl, Na,(Cl, Na,Cl, Na,Cl,) HaHOKpUCTAIIAPBIHBIH KIacTepiepineri
ANIEMEHTTEp CaHbIHA OANIaHBICTBI TONBIK JHEPTHsUIApABIH TPadUriHiH KYPBUTBIMBI

KepcetinreH. [padukre exi KiacTepiik OOBEKT YIIIH HYKTEIEPHiH TY3y CHI3BIK
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OolibIMEH OpHallacKaHbl OaiKamabl, SIFHU OJIAPJbIH apachlHJa CHI3BIKTBHIK TOYEIAUIIK
0ap exeHl aHbIK KepiHeni. By ChIBBIKTHIK OaiiiaHbIC KiacTepiepliH MeJlepi MeH
OJIapIbIH TOJBIK SHEPIUSCHl apachIHAaFbl Typa MPOMOPLHIHBI KepceTeai, Oyl YiIKeH
KJIacTepiepaiH SHEPTHACHIHBIH alTapibIKTal apTybIH KOPCETE/].

-1880 NaCl
—e— NaF
3980 | e
6080
— -
3
2 8180
S
-10280
-12380
-14480
T T 1 T T
9 18 27 36 45

Cyper 4. Tonbik sHeprustHbIH NaCl xxone NaF HaHOOOBEKTINIEpiHIH KIaCTEPIIiK KOCHUIBICTAPBIHIAFBI
JJIEMEHTTEp CaHbIHA TYEeJILIIr]

Ecenreynep TeiFbI3AbIK  QyHKOuoHanAblK —Teopuscel  (DFT)  menOepinge
KannbulanFaH TpagueHTTi QyHkumonan (GGA) omiciMen kyprizinai. byn omictin
camajblK TEHICHIMsUIapbl OipKaTap TajJOTeHUATEp VIIiH albIHFAH MAJIMETTepMEH
kakchl yinecemi. CinTuni rajgouj WOHIApPbl YINIH HEPrEeTHKAJIBIK alMaKThIH €Hi
F>CI>Br>1 xkarapeinna asasgel. GGA ochl aliMak ©HI TCHJICHIUAICHIH €CKepe
aJaTBIH/IBIKTaH, OapIIbIK €CenTeyNIep OChI KYbIKTaya opbiHAanabl. Ontumuszanus ATK
Lusvardi_SiP_NaCaOF 2008 kiaccukallblK TOTEHLIUABI apKbLIbI KYPri3iini, pyKkcar
etired kym moui 0.05 »B/A Gommpl. Byn anic ecenTeynepid IOIITIH KaMTaMachl3
eTiln, HaHOOOBEKTIIEPIiH MEKTPOHIBIK KACUETTEPIH 3epTTeyre MYMKIHIIK Oepei.

KopbITBIHABI

Ocbl  xkymbicTa Atomistix ToolKit ©Oarmapmamaceimen Virtual NanoLab
uHTEpQEHCiHAEe MOJENbACY JKYPIi3Ulil, THIFBIBABIK (YHKIHOHAIABIK TEOPHSICHI
HIeHOepiHe Keleci 3epTTeysep Ky3ere acblpbULabl:

NaX (X =F, Cl) nanooObeKTinepiniH apTypii KIacTepuik KocbuibicTapbinaa (Na, X,
NanXB, NaBX1 »Na, X, N322X23) KYH TBIFBI3JIBIFBIHBIH CIIEKTP1 MEH TOJIBIK SHEPTUSICHI
1 K Temmneparypaceinaa ecenteni. CIEKTp HOTHKENIEPl SHEpTusi AeHreiepiniy -30
3B-tan 20 3B-ka jeliiHri [uamna3oHjia OpHajacKaHbIH KOPCETTI.

Bapnbik 3epTTenreH kiacTepiep YIUiH alFallKbl alKplH OalKanaTblH Tap SHEPrHs
neHreiti NaF wanokpuctanbiana -25 3B, anm NaCl nanokpucrameiaga -20 3B
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aiiMarbIHIa aHBIKTaNAbl. Byl Heri3ri AeHreinep aMeKTPOHIBIK KYPhUIBIMHBIH TYPaKThI
epeKUIETIKTEePiH KopceTeTi.

Knacrep:ik KOChUIBICTapAaFbI 2IEMEHTTEP CaHbIHA OaHIaHBICTHI TOJIBIK YHEPTUSIHBIH
©3repyiH Tanaay HOTHXKEIEPi oap/blH apachbHAaFbl TOYESIAUTIKTIH ChI3BIKTBIK CHIIATTa
eKeHIH KepceTTi. byl ynkeH KiactepiepAiH 3HEprHschl DIEMEHTTEp CaHbIHA Typa
MIPOTIOPIIUOHAIIIBI OCETIHIH OLIIipei.

3epTTey HOTHXKENEPIKYH THIFBI3IBIFBIHBIH aliphIKIIa CUIaThl OyJ1 HAHOOOBEKTLIepAi
KBaHTTBIK HYKTeJIEp PeTiHAe KapacThpyFa MyMKiHIIK OepeTiHiH kepcereai. KBaHTTBIK
HYKTEJNEpIiH alpbIKIIa SIEKTPOHIBIK KYPBUIBIMBI OJapIbIH ONTHKAIIBIK, SIEKTPOHIBIK,
YKOHE KBAaHTTBIK KYPBUIFbIIap/a KOJANaHy MYMKIHAITIH apTThIPabL.
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Abstract. The purpose of this work is the development of studies of non-stationary
gravitating systems. We consider eccentricity as a function of time because of its
numerous interesting consequences for the evolution of young planetary systems.
Eccentricity can be an indicator of long-term orbital stability for various planetary and
other gravitating systems of the Universe. In particular, recent studies of the dynamic
mass of some exoplanets have shown that there is a strong covariation between the
eccentricities of the planets and the total mass of the system: higher eccentricities of the
planets imply significantly greater total mass with long-term orbital stability. This means
that eccentricity is one of the key parameters in the dynamic formation and evolution of
non-stationary gravitating systems. The task of the work is to study the influence of orbits
with variable eccentricity on the dynamics of non-stationary gravitating systems, which
will allow a better understanding of the evolution of various gravitating systems of the
Universe. We use the inverse problem method, which provides an essential analytical
tool for studying various problems in the field of dynamically gravitating systems. In
particular, this method has proven itself in the solution of celestial mechanics problems
related to the restoration of potentials and force fields along a given family of orbits.
This approach of the reverse method gives a much deeper analytical vision for studying
various dynamic systems and understanding their general structure. We consider a
generalized non-stationary problem with an additional friction force. As a result, we
obtained two types for a non-stationary spatially symmetric potential, generating motion
along a given mono-parametric family of plane orbits evolving in time with variable
eccentricity.

Keywords: celestial mechanics, non-stationary gravitating system, inverse problem,
family of orbits, variable eccentricity
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AHHOTanusl. ByJ >KYMBICTBIH MakKcaTbhl — CTAllMOHAPIIBIK €MEC TPaBHTAIMSUIBIK
KyHenepai 3epTTeyl JaMbITy. Bi3 9KCIEHTPUCHUTETTI YaKbITTHIH (DYHKIHUSCHI PETiHAC
KapacThIpaMbI3, OMTKEHI OHBIH JKac IUIAHETANIBIK JKYHEJIep/iH SBOJIIOLNHUSACH! YIIiH
KONTEreH KbI3BIKTHI JKaKTapbl 0ap. DKCIEeHTpUCHTET FamaMHBIH opTYpili IJIaHETAIBIK,
*oHe 0acKa rpaBUTAIMSUTBIK )KYHesepl yIliH y3aK Mep3iM/Ii OpOUTANIBIK TYPAKTHUIBIKTBIH
KepceTKimi 0ona anxagsl. Atam aiiTKaHaa, KeiOip dK30MIaHeTanapAblH JHHAMHUKAIBIK,
MaccacblHa IKYPTi3UIleH COHFBI 3epTTeyJiep IUIaHeTalapAblH JKCIEHTPHCUTETI
MeH JKYHEHIH KaJIbl Maccachl apachlHla KYIITI KoBapuaius 0ap eKeHiH KOpCeTTi:
TUTaHEeTaJIap/IbIH JKOFapbl SKCLUEHTPUCUTETI Kbl MACCaHBIH €JoYip YJIKeH OONybIH
ounmipeni. By SKCIHEHTPUCHUTET CTAIMOHAPJIBIK €MeC T'PaBUTALMSIIBIK JKYHeIepIiH
JIMHAMHKAJIBIK KAJIBIITACybl MEH ABOJIOLMSACHIHBIH HEri3ri MmapaMeTpliepiHiH Oipi.
JKyMBICTBIH MIHAETI ©3repMei IKCIIGHTPUCHUTETI 0ap opOUTanapIblH KO3FaIMaiThIH
IpaBUTALMSIIBIK JKYHeIep/IiH JUHAMHUKachIHA acepiH 3epTrey, byn FanamueiH oprypmi
IPaBUTALMSIIBIK JKYHEJIEPiHIH 3BOJIIOLUACHIH KAKChl TYCIHYre MYMKiHAIK Oepemi. bi3
JMHAMHUKAIIBIK TPaBUTAIMSIIBIK XKYHelep calachHIarbl OPTYPIIl MIcelenepi 3epTrey
YIIIH MaHbI3/Ibl AHAIUTHUKAIBIK KYpaJJbl KaMTaMachl3 €TETIH Kepi ecenTep oIiCiH
KOJIlaHaMbI3. ATan alTKaHza, OYJI 9/IiC acliaH MEXaHUKACBIHbIH OepiireH opouraiap
TOOBI OOWMBIHAFBI TIOTCHIIUAIIAD MEH KYII OPICTePiH KaJIbIHA KENTipyre OaiIaHbICThI
ecernTepiH mrenrye o3iH gonenaeni. Kepi omictig Oy Tocimi opTypii AWMHAMHKAIIBIK
XKYHenepi 3epTTeyre KoHe oJIapAbIH KaJlbl KYPbUIBIMBIH TYCIHYT'€ aHAFYPIIBIM TEPEH
aHaNMTUKAIBIK Ke3kapac Oepeni. bi3 KoceiMIa yiikenmic Kymi Oap jKanlblIaHFaH
CTallMOHAPJIBIK €MeC MJCelieHI KapacThlpambl3. HoTwkeciHIe CTaluoHapibIK eMec
KEHICTIKTIK CUMMETPHSUIIBIK MOTSHIIMAJIBIH €Ki TYPIH aJlJbIK, ojap Oenrimi O0ip MOHO-
napameTpiiik ordachkl OOMBIMEH aybICHalIbl AKCHEHTPUCUTETIICH YaKbIT OOWBIHIIA
JAMUTBIH JKa3bIKTHIK OpOUTATAPBIHBIH KO3FaIbICHIH TYIBIP/bI.
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Tyiiin ce3aep: acnan MexaHWKAchl, CTAIIMOHAPIIBIK €MeC TapThUIBIC Kyiieci, Kepi
ecer, opouranap TOOBI, aifHBIMAJIBI SKCIICHTPHUCHUTET.
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AnHoTauus. llenpro pgaHHOW pabOTHI SABIAETCS pPa3BUTHE HCCICIOBAHHUU
HECTAllMOHAPHBIX TPABUTUPYIOLIUX CHCTeM. MBI paccMaTpuBaeM HKCLEHTPUCUTET
KakK (b}/HKHI/IIO BpPEMCHU H3-3a €0 MHOTI'OYMCJICHHBIX MHTCPECHBIX HOCJIGI[CTBI/Iﬁ JJIsL
9BOITIONIMY MOJIO/IBIX IIAHETHBIX CUCTEM. DKCIIEHTPUCHUTET MOXKET OBITH MOKa3aTelleM
JIOJITOCPOYHON OpOMTAIBHONH CTAOMJILHOCTH JUISI PA3IMYHBIX TUTAHETHBIX W JIPYTHX
rpaBUTUpYIOIIUX cucTeM BcenenHol. B uyacTHOocTH, HeJaBHUE HCCIIEIOBAHUS
JTUHAMHYECKOW MacChl HEKOTOPBIX JK30IUIAHET IMOKAa3alH, YTO CYIIECTBYET CHIIbHAS
KOBapHanus MKy SKCISHTPUCUTETAMH IUIAaHET W OOINeH Maccoil CUCTeMbl: Ooliee
BBICOKHE OKCIICHTPUCHUTETHl TUIAHET I10/Ipa3yMEBAIOT CYHIECTBEHHO OOJBIIYIO
00IIyI0 Maccy C JONTOCPOYHOW OpOUTANBHOW CTAaOMIBHOCTHIO. DTO O3HAYAET, YTO
SKCIICHTPUCUTET SBJSETCS OJHUM U3 KIIOYEBBIX MapaMeTpoOB B JUHAMUYECKOM
(hOopMHPOBaHNH M SBOJIOIMH HECTAIMOHAPHBIX TPaBUTHPYIOLIMX cHCTeM. B pabote
CTaBUTCA 3ajladya WM3Y4YUTh BIHSIHHE OPOUT C TEpEeMEHHBIM OJKCIIEHTPHCHUTETOM Ha
JUHAMUKY HECTAlMOHAPHBIX TPaBUTUPYIOIMIUX CHUCTEM, UYTO MO3BOJIMT JIy4IlEe MOHITh
SBOJIIOIMIO PA3JIMYHBIX TPaBUTHPYIOIIMX cucTeM BceeneHHoll. Mbl Hcnonb3yem
MeTOJT 0OpaTHOHM 3aja4d, KOTOPBIA IPEIOCTABISET CYIIECTBEHHBIN aHATUTHYECKUN
WHCTPYMEHT JIJISl M3YUYCHHsI PA3IMYHbBIX 33]1a4 B 00JIACTH JTUHAMHKH TPaBUTUPYIOIIIX
cucreM. B yacTHOCTH, 3TOT METOJ] 3apeKOMEHIOBAJ ce0sl B peIlIeHUH 3a7ad HeOeCHOM
MEXaHWUKH, CBS3aHHBIX C BOCCTAHOBIIEHHEM IIOTEHIIMAJIOB W CHJIOBBIX TOJIEH 110
3aJJaHHOMY CEeMEHCTBY OpOHMT. DTOT MOAX0J OOpaTHOTO METoJa JaeT ropaszno Oojee
I‘JIYGOKOC AHAJIMTUYCCKOEC BUJACHHUC [JId M3YUCHHA Pa3JIMYHbIX AUHAMUYCCKUX
CUCTEM W TIOHHUMAaHWsA UX OOMIel CTPYKTYphl. MBI paccmaTprBaeM OOOOIIEHHYIO
HECTAIlMOHAPHYIO 3a/1a4y ¢ JOOAaBOYHOW CHIION TpeHus. B pe3ynbTaTe ObUTH OTYUYSHBI
JABa BUIa HECTalMOHApPHOTO MMPOCTPaHCTBEHHO-CUMMETPUIHOI'O IIOTCHIIMAaJIa,
KOTOpBIE TOPOXKJIAIOT JIBM)KEHHE IO 33aJJaHHOMY OIHOIMApaMeTPUYECKOMY CEeMEHCTBY
SBOITIOIMOHHUPYOIIUX BO BPEMEHH TUIOCKUX OPOHT C MEPEMEHHBIM 3KCIICHTPUCHTETOM.

KuaroueBble cioBa: HeOecHas MeXaHHKa, HECTAl[MOHApHAs TPaBUTHUPYIONIAS
cucrema, oOpaTHas 3aj1a4a, CEMEHCTBO OpOUT, IEPEeMEHHBII SKCIICHTPUCHUTET.
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Introduction

It is a fundamental fact that the orbital elements are very useful in a variety of tasks
in the field of celestial mechanics.

Albeit they are coming also to be a significant tool in astrophysical studies of
the orbital dynamics of young planetary systems or in study of isolated evolution or
dynamical formation of the growing population of compact binary mergers detected
with gravitational waves (Romero-Shaw, et al, 2020; Romero-Shaw, et al, 2022). Plus,
the eccentricity is one of the intrinsic parameters of merging black holes (Armitage, et
al, 2005) and short-period comets (Gkotsinas, et al, 2023; Kim, et al, 2023).

Indeed, the orbital dynamics of young planetary systems determines the long-term
architecture and evolution of those systems. Nonzero orbital eccentricity is arguably
the most robust signature of their dynamical formation (Romero-Shaw, et al, 2022).
Eccentricity as a function of time was, for example, considered for study of one of
the closest young planetary systems (currently known as AU Microscopii) with a suite
of dynamical simulations that explored the eccentricity evolution of the two known
planets over a period of 10° yr showing that the period of the eccentricity variations
is about 520 yr and such eccentricity oscillations have the potential to reduce the
stability potential of other planets within the system, including terrestrial planets within
the habitable zone (HZ) (Kane, et al, 2023). Another one example of young planetary
system is the Exoplanet Host Star HR 8799 hosting four directly imaged giant planets
at wide separations (~16—78 au) (Sepulveda, et al, 2022), which are undergoing orbital
motion and have been continuously monitored with adaptive optics imaging since their
discovery over a decade ago. In earlier studies was found that the extrasolar planets
with semi-major axes greater than about 0.15AU (astronomical units) tend to have much
higher eccentricities than are found in our solar system (Korzennik, et al, 2000). Study
of dynamical mass of this exoplanet showed there is strong covariance between planet
eccentricities and total system mass: higher planet eccentricities imply a substantially
larger total mass with long-term orbital stability. The orbital eccentricities of exoplanets
directly trace their formation and dynamical histories (Bowler, et al, 2020; Franson, et
al, 2022; Kane, et al, 2023; Nasgasawa, et al, 2002; Korzennik, et al, 2000).

Most extrasolar planets are observed to have eccentricities much larger than those
in the solar system (Sepulveda, et al, 2022), The eccentricity of the orbit, among the
highest known for extra solar planets, continues the trend that extra solar planets with
semi-major axes greater than about 0.15AU tend to have much higher eccentricities
than are found in our solar system (Korzennik, et al, 2000).

The relatively high eccentricity of HD17156b poses an interesting question regarding
the dynamical origin of the orbit (Kane, et al, 2023). This demonstrates the viability of
the planet—planet scattering scenario as the source of its eccentricity.

We study the effect of the variable eccentricity in the non-stationary gravitating
system with additional forces of friction nature. We showed from the inverse problem
point of view how the dynamical evolution of such system depends on variable
eccentricity. We received an interesting solution of the generalized model problem of
the celestial mechanics, which under any initial conditions determines a motion along
set of evolving quasi conic orbits with variable eccentricity.
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It can be anticipated, that our solution will provide one of the analytical tools to
explain the dynamical effects of the variable eccentricity of exoplanets and other astro-
physical objects.

Materials and methods

In this paper we build an analytical approach to the dynamical evolution of a variety
of gravitating systems with the help of the inverse problem method and coherent partial
differential equation solution method.

We assume the orbital eccentricity as a function of time in order to better understand
the time-dependent dynamical effects of the variable eccentricities on the dynamical
structure of the force field of the non-stationary gravitating system with additional forc-
es of friction nature.

With this aim we consider a generalized non-stationary potential with additional
friction force, described by equations in the form

i=Uc+ax , y=U,+ay, (1)

where U = U(x,y,t) is a non-stationary potential, a = a(t) is a magnitude
generally depending on time and characterizing the action of additional forces of friction
nature.

Let us take a monoparametric family of evolving in time planar orbits

f(x,y,t) = u = const, (2)

Assuming the motion of a material point of a unit mass on given family of orbits (2),
according to equations (1), consider the problem of reconstruction of the non-stationary
potential U= U(x,y,t) generating the given mono-parametric family f(x,y,t) = u
of evolving in time planar orbits.

The system (1) possesses the integral of the form

m(xy —yx) = C(t). A3)
where the following notation is used:

t
m = exp {— ) b adt} (4)

where 7 - is some initial epoch.
In polar coordinates » and @, assuming that the potential U =U(r, ¢,t) is

spherically symmetrical, (U¢ = 0) we have the following equation (Omarova, et al,
2003)

2
c
fiUr + S (v f G+ Y6 fop = 206 f fr + 127 + 21f3) =

2c 2t f2fee _ 2 ®)
— e (Ffoe = F ofi) + T oSy = ¥l + vluef) + T = 2y
tfe—afe =0
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We obtained the above partial differential equation in polar coordinates can be
resolved with respect to non-stationary space symmetrical ‘potential’ function generating
motion on given mono-parametric family of evolving in time planar orbits with variable
eccentricity. The results is given as below.

Research results and discussion

A planetary parameter of exoplanets that can be presently measured is the orbital
eccentricity. This parameter is most often extracted from the Keplerian orbital solution
to RV observations of a bright host star. The primary purpose of the study described
in this work could then be seen as placing constraints on the variable flux from the
measurable parameter of eccentricity as a proxy for the presently unknown obliquity of
the exoplanet.

We propose to take the function f(7,&,t) to be the set of evolving quasi conic
orbits

fQr,¢,t) = ry(l + e(t)cos(¢p — a))) =p (6)

where p, ® are the constants, denoting a dimension and orientation of the orbit on
the invariable plane, e = e(?) denotes the evolving eccentricity, meaning a variation
of the orbit shape over time, y =y (¢) - is yet some rather arbitrary function of time.

By substituting (6) into (5), we obtain the following partial differential equation:

U. + c?%y _ 2y2é? 2Cye
" oprz pZe

r3 + Er? 4+ Ar — R =0, (7

where for brevity, we introduced the below notations 1

_ 2ye é
E=L(T+ -0 ®)
) 2 ous s . .2
A=r_ v vt Zya e ae  2¢7 )

R = \Jy?(e? — 1)r? — 2pyr — p? (10)

The solution of Eq. (7) up to an arbitrary explicit function of time has the following
form:

C%y y?é? r3 r?
1. If e>1 Ulr,t) = — 4 _F_— _ A—
8 = opzer” 3 A7t
Cye PR — pzez 2 3 2 _ 11
=, <Rr t e T e any( (e2=1)3R+y(e’ - Dr+ p)> (11)
3 2
2. Ife<l U(rt)——+yzez r*—EC_al 4
2p“e 3 2
Cye PR p2e? . V(ez—l)rﬂﬂ)
(R e P i-eZ(er_p) TS e (12)
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We received two solutions of the partial differential equation (5) for the given family
of evolving orbits (6) with variable eccentricity.

Conclusions

The recent studies show, that the orbital eccentricities of directly imaged exoplanets
and brown dwarf companions provide clues about their formation and dynamical
histories (Bowler, at al, 2020; Franson, et al, 2023; Franson, et al, 2023; Sepulveda, et
al, 2022), reporting the evidence that the “eccentricity dichotomy” observed at small
separations extends to planets on wide orbits: the mean eccentricity for the multi-
planet system HR 8799 is lower than for systems with single planets. Low mass ratio
companions preferentially have low eccentricities (Sepulveda, et al, 2022),

Exoplanet discovered over recent years have shown that terrestrial planets are
exceptionally common. Exoplanetary studies are rapidly requiring the need for
characterization techniques for terrestrial planets as their discovery rate continues to
increase and many of these planets are in compact systems that result in complex orbital
dynamics (Kane, et al, 2017)..

Our study concluded, that the analytically derived solution of Eq. (7) depends on
magnitude of the function and splits down to two results. In the first result (e > 1) we
have a non-stationary potential (11), generating the set of evolving quasi conic orbits
of hyperbolic type. This solution can be very useful for study of comet dynamics. In
the second result (e < 1) we have a non-stationary potential (12), giving rise to the set
of evolving quasi conic orbits of elliptic form. And this second result we suppose can
be used for study of the orbital dynamics of young planetary systems and brown dwarf
companions.

In both cases, a non-stationary potential determines central force

B Clyo o 2y%e* oo 5 e Cre(R+1) 5

F= o Tt T Er {7 i—t‘r+—pzer (13)

The system of Eq. (1) one can rewrite in the following form

3 c%y 5 5 o

r:—p?r+ar+ﬁr (14)

where in addition to formulas (8) - (10) we used another one notation
2y2e? Cyé(R+1)

B =Bt = p7e? TZ—EI‘—A’+W (15)

Thus, with help of Eq. (5) in the generalized non-stationary problem with additional
friction force, described by Eq. (1), in this paper we derived a new generalized model
problem (14), which under any initial conditions determines a motion along set of
evolving quasi conic orbits (6) with variable eccentricity.
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Abstract. Spectral and photometric observations are a unique tool for studying the
Resident Space Objects (RSO). Spectral observations are of particular value. They are
precious sources of information in identifying and classifying RSO by their spectral
features and studying the variation of these features caused by the influence of space
weathering. The paper we present shows the results of the geostationary satellite (GEO)
reflection spectra analysis. We use spectral observations to analyze reflective spectra
and relevant parameters to develop the methodology of satellite identification. Spectral
observations were obtained on the spectrograph mounted on a 1.5-meter telescope AZT-
20 of the Assy-Turgen Observatory. Photometric characteristics derived from spectral
observations show signs of dependence on the platform of a satellite and its service life
in orbit. Comparison of observed and model reflective spectra indicates the possibility
of identifying the satellite shape and its composite materials. The results of the work
will be of interest for the study of space weathering on materials, will allow us to better
understand the situation in GEO orbits, and refine the methods for near-miss events pre-
diction, taking into account the geometry of objects and the properties of their surfaces.
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Annortauus. Fapeiteik o0bexrinepai (FO) 3eprreyre criekTpiik koHe GoTOMETp-
ik OakpLiaynap epekili Herisri Kypai Oousbin TaObutaabl. CHEKTpIik OakbLiayiap
epekuie MaHpIbl. Omap FO cnexTpiik cumatTaManapbl OOHBIHIIA aHBIKTAY >KOHE
KIKTEy, COHJal-aK FapbIIITHIK aya-palbIHbIH aNlapaTThlK MaTepHajlapra dcepiHeH
TYbIHJaFaH OCHl CHIIATTaMallap[blH ©3TepyiH 3epTTey YIIiH KYHIBl aKmapar Kesi
Oounbin Tabbu1aabl. bi3 yeeiFaH Makanaga reotypakrthl cepiktepain (I'TC) marpuibicy
CIEKTpJIEpiH Tanjgay HOTIKeNnepi KepceTinreH. bi3 cepikrepni colikecTeHaipy
oflicTeMeciH 93ipieyre LIaFbUIBICY CIEKTPJCPiH JKOHE COWKec mapaMeTpiepi
TalfayFra CHEKTPNiK Oakpuiayiapabl KojaaHambl3. CHekTprmik Oakpuiayiap Acchl-
Typren oOcepBaTopusicbiHblH 1,5 wmerpiik A3T-20 TeneckomblHIa OpHATHUIFAH
CHEeKTporpaTblH KeMmeriMeH anblHAbl. CHekTpiik —OakpulaynapAaH —allbIHFaH
(doToMeTpIIK cHMaTTamanap CepikTepiH I1aTopMachiHa JKOHE OHBIH OpOUTaIarbl
KBI3MET €Ty Mep3iMiHe Toyenmiunik OenrinepiH kepceredi. bakpulaHAThIH >KoHE
MOJIENIBAIK MAFBUIBICY CIIEKTPIICPiH CATBICTBIPY CEPIKTIH MiLliHIH XKOHE KOJIJaHbUIATHIH
MaTepHaJiapbl aHbIKTay MYMKIHAITH KepceTei. JKyYMBICTBIH HOTHKEIEPi FAPBIITHIK,
OpPTaHBIH MaTepHajiapFa oCcepiH TaigayFa KbI3BIKTHI OOJIaAbl JKOHE TE€OTYPaKThI
opOuTanapaarsl Karaalabl )KakChl TYCIHYTe )oHE OOBEKTIIEpAiIH FeOMETPHICH MEH
oJlapAbIH OETTEepiHIH KACHETTEePiH eCKepe OTBIPHIN, JKaKblH JKaKbIHABIKTAPAbI €CENTEY
o/liCTepiH KeTiAipyre MyMKiHAIK Oepei.

Tyiliin ce3mep: reoTypakThl cepikTepiai OakbpUiay, CHEKTPOCKOMHS, IIaFbLUIBICY
CTEKTpIIEpPi, POTOMETPHSI, FAPBIITHIK, YTiTy
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Annortamus. CrexTpanbHble H  (OTOMETPUUECKUE HAONIONCHHS  SIBIISIOTCS
YHUKQJIBHBIM ~WHCTPYMEHTOM U1 M3yueHus KocMuueckux o0bektoB (KO).
CriekTpanbHble HAOMIOACHUS HUMEIOT 0CO0YI0 IeHHOCTh. OHH SBIISIOTCS IEHHBIM
HUCTOYHUKOM HHpopMaIu s uaeHTuukaiuu u kiaccudukanun KO mo wux
CIEKTPaIIbHBIM ~ XapaKTepUCTUKAM, a TaKKe JUIsl HW3yYeHHs HW3MEHEHUH OSTHX
XapaKTePUCTUK, BbI3BAHHBIX BIHMSHUEM KOCMHYECKOH IMOrOJbl Ha MaTepHallbl
anmapaToB. B mpeacTaBieHHON HaMH CTaThe NMOKa3aHbl Pe3yJIbTaThl aHaJIN3a CIIEKTPOB
oTpakeHUs1 reoctanuoHapHbix cnyTHUKOB (I'CO). Mbl ucnonb3yeM CHeKTpaibHbIe
HaOJFOIEHHS JJIS1 aHAIIN3a CIIEKTPOB OTPAYKEHHS M COOTBETCTBYIOIINX ApaMETPOB IS
pa3paboTKH METOJO0JIOTUH HISHTU(UKAIMKA CITYTHUKOB. CrIeKTpajbHbIC HAOIOACHUS
MOJYYeHbl Ha cHekTporpade, ycTaHoBIeHHOM Ha 1,5-merpoBoM Teneckone A3T-20
obcepBatopuu Acchel-Typrenb. @oToMeTpuvecKkne XapaKTEPUCTHKH, MOTYYCHHBIC U3
CTHEKTPaJIbHBIX HAONOJCHUH, TOKa3bIBAIOT NMPHU3HAKH 3aBUCHMOCTH OT TUIAT()OpPMBI
CIIyTHHKA M CpOKa ero ciyxO0bl Ha opoute. CpaBHEHHE HAONIOJACMbIX H MOJEIHHBIX
CIIEKTPOB OTPKEHHS YKa3bIBaeT Ha BO3MOYKHOCTH ONpe/eieHUs] (GOPMBI CITyTHUKA
Y HCTIONBb3YEMBIX MaTepuajoB. Pe3ynbTaTsl paboThl OyAyT MHTEPECHBI I aHalu3a
BIIMSIHUSI KOCMUYECKOM cpellbl Ha MaTepHajbl U MO3BOJIT JIY4lIE MOHSTh CUTYAIHIO
Ha TEeOCTAlMOHAPHBIX OpOMTaX M YCOBEPIIEHCTBOBATH METOJBI pacueTa OJIU3KUX
CONMMKEHUH C y4eTOM reOMEeTpUN OOBEKTOB U CBOWCTB MX MOBEPXHOCTEH.

KioueBble cjioBa: HaOMIOACHUS TEOCTAIIMOHAPHBIX CITYTHHKOB, CIIEKTPOCKOIIHS,
OTpa)kaTeNbHbIC CIIEKTPHI, HOTOMETPHS, KOCMHUUECKOE BHIBETPUBAHHE.

Introduction. The Fesenkov Astrophysical Institute (FAI) completed the first
stage of creating a Space Situational Awareness (SSA) system in Kazakhstan in 2021-
2023. The goal of this stage was to deploy the Space Surveillance and Tracking (SST)
segment of SSA at the Assy-Turgen Observatory. One of the tasks of the SSA system
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being developed includes assessing the threats in near-Earth space posed by space
debris, as well as nonfunctional satellites. To do this, it is necessary to estimate the
probabilities of near-miss events (NME) between residence space objects (RSO) and the
consequences of such events, as well as the likelihood of destruction of the satellites.
To refine predictions of NMEs and possible events of RSO destruction, it is necessary
to know the geometry of the objects, their composition (material properties), orientation
and dynamics (such as rotation, for example). For objects in geostationary orbit (GEO)
and beyond, the main source of such information is optical observations. In particular,
optical observations provide photometric estimates of their brightness, as well as
astrometric information, which is used to determine the orbital parameters of RSO and
to calculate mutual trajectories for the probabilities of NME evaluation.

Moreover, the spectrophotometric characteristics of RSO, such as light curves,
colour indices, and reflective spectra, play a key role in identifying satellites (Vananti,
et al., 2009; Cowardin et al., 2010; Hejduk et al., 2012; Vananti, et al., 2017; Sukhov,
etal., 2017; Silha, et al., 2021; Zigo, et al., 2021). At the same time, spectrophotometry
makes it possible to study the influence of outer space on the properties of materials
(Reyes, et at., 2021; Castro, et al., 2023). Some kind of time-resolved analysis was
already performed for a single satellite to study the different effects in detail (Bédard,
etal., 2017).

Photometric information allows us to estimate key RSO parameters such as the
area-to-mass ratio (AMR) (Schildknecht, et al., 2008), its size and geometry, which
are of great importance for the accuracy of orbital propagation and the identification of
RSO. However, it should be noted that to complete such a task for GEO, when direct
imaging of objects is impossible, additional information is required about the properties
of the surface of the RSO, such as, for example, albedo, reflection coefficients and
their dependence on the wavelength of incident light. In addition, a large limitation
on the accuracy of determining these parameters is due to the illumination conditions
of the object, which change over time due to the phase angle variation and the
unstable position of the RSO itself (for example, due to its rotation). Despite such
difficulties, attempts have been made to determine material properties based on colour
characteristics from photometric observations (Cardona, et al., 2016; Zhao, et al., 2016).
However, considering the difficulties mentioned above, implementing accurate and,
most importantly, simultaneous photometry in several filters (wavelength bands) is a
rather challenging observational task. In this regard, the technique for analysis of the
reflective spectra of RSO looks more promising because it allows one to simultaneously
obtain information throughout the entire wavelength range of the spectrum (Bédard et
al., 2017; Jorgensen et al., 2004; Seitzer et al., 2012).

In the context of SSA development, we proposed an algorithm to identify the type
of RSO presented in Figure 1. In this paper, we focused on two aspects of the presented
scheme: the analysis of the reflective spectra and the comparison of the observed
characteristics of the reflective spectra with the modelling results. Spectroscopic
observation campaigns were performed with the 1.5-meter AZT-20 telescope in Assy-
Turgen Observatory (Kazakhstan). The model reflective spectra are obtained using
RaySect (Meakins et al., 2023) software.
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Figure 1. RSO identification scheme in developing SSA

Materials and Method. The monochromatic intensity of the RSO may be written as:

YSFA(P) M
By = Eyun EEED pH® (),

where p, and M(z) is the transparency of an atmosphere and its air mass, respective-
ly; E /15 U _ object’s monochromatic illumination by the Sun; d - topocentric distance to
the object; y,- geometrical albedo of the object; S - an area of the visible part of sunlit
object’s surface; F, (p) - phase function. The parameters y,, S, and F, (¢) depend on the
geometry of the object, its coating properties, and the orientation of the object in space.

Usually, when we process observation of the satellite, instead of using known func-

tion Ef’m and compensating for pf{’(z) we simply use the luminosity of the reference

star of solar spectral type. Then we may write:

E, = Ej‘tar VSI;AZ@) )
The reflective spectra, R, (p), is simply:

Ry(p) = Ex_ _ YaSFa(¢) 3)

star 2
Ej d

During spectral observation, all fluxes are observed for the same phase angle ¢, the
same surface S and the same distance d. We might know the value of d, but the value
of § for most RSO is rarely known.
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Also, we may assume that F, (p) does not depend on A, as, for example, for the plate
or the Lambert sphere when this function depends only on the phase angle. With these
assumptions the relative reflectivity, Rx;(¢) is

_ Ry (@) _ Y

2T R, @)

where i and j are different wavelength regions (spectral bands or photometric filters).
Reflective spectra for different phase angles may show a strong variation in shape
as the relative reflective spectra do. This shape, in the first approximation using the as-
sumptions mentioned above, will depend on the parameters of coating materials, includ-
ing the effect of space weathering (Reyes, et at., 2021; Schildknecht, et al., 2009). To
characterize this dependence, we may use the variation of slope of the relative spectra

4),

using relation R72, vs R ; for different spectral bands 7 and ;.

Considering the wavelength range from 400 to 800 nm for slit spectra with grating
360 lines per mm obtained on AZT-20 we choose four different " filters” with equal
bandwidth of 80 nm starting at 400 nm. This allows us to reduce the dimension of the
task to up to 2 parameters for each spectrum obtained in a particular moment (phase
angle). We then analyze Ry, Vs Rz , for different phase angles of a particular object
as well as for different objects obtained at the same phase angle.

Yet, there is another interpretation for the relative reflectivity RANA] using the defini-
tion of stellar magnitude and colour index. The stellar magnitude of a satellite is

my = mf*" — 2.5log [ )

where, y, is an effective reflective surface. This coefficient depends on the difference
between the topocentric (¢,) and geocentric (¢,) phase angles v2S = Y2Sobscos(de — dg),
where Sgps - observable area of the satellite.

Then we may rewrite (5) as:

(my, = my,) = (m§" — m§2") = ~25log 2] = ~2.5log[Ry], ©)

where C.I.=m, —m,, and hence

R, = 100-4(c154n—C1) 7

We interpret it RXa as a variation of the colour change of the reflected light compared
to incident light in the "*blue” and “"red” regions of the satellite spectra.

To successfully apply the described method, it is necessary to obtain information
about the brightness of the object simultaneously in all spectral bands. This task is not
trivial for GEO from the observer’s point of view. To do this, it is necessary to simul-
taneously satisfy the following requirements for the instrumentation: high permeability
and minimal losses in optics for the possibility of monitoring objects with low bright-
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ness, the necessity to promptly obtain spectrophotometric characteristics for objects in
rapidly changing illumination conditions (phase angle variation, RSO rotation). To fulfil
these requirements, we use the most powerful telescope in Kazakhstan - AZT-20 with
an aperture of 1.5 meters equipped with a high-efficiency spectrograph and EMCCD
detector with the possibility to get spectra in high-speed readout mode.

Figure 2. A general view of the AZT-20 (left) and the VPHG spectrograph mounted in the primary focus
of AZT-20, with an open casing for visibility of the internal components of the device (right).

The initial optical layout of AZT-20 was changed to operate in primary focus. For this,
the optical 4-lenses field corrector with the function of focal length reduction was designed
and installed at the prime focus of the telescope (see Figure 2 on the left). The resulting pa-
rameters of AZT-20 are: Dprimary = 1560 mm, f = 1:3.7, Dsecongary = 280 mm
. For the detector, we use EMCCD iXon 888 1024x1024 pixels with the ability to sup-
press effective readout noise in the high-speed spectrum acquisition mode. The spec-
trograph is manufactured using volume phase holographic gratings with 360 lines per
mm (R = 600) with a dispersion of 4.25A per pixel (see Figure 2 on the right). This
configuration allows us to obtain spectra of GEO with exposure time of about 2 seconds
for sufficient signal-to-noise ratio.

Spectra were processed using the standard IRAF package (onedspec subpackage).
Atmospheric extinction was corrected using mean extinction coefficients for the As-
sy-Turgen observatory. The reflective spectra are derived from the extinction-corrected
spectra divided by the spectra of the solar-analogue stars. This procedure also removes
the systematic instrumental noise. We then use the Butterworth filter to remove high-fre-
quency noise in reflective spectra since we are interested in the general distribution of
reflection and not in some high-resolution features like, for instance, spectral lines.

Result and Discussion. As was mentioned above the parameter R}, allows us to
compensate for the lack of knowledge about the geometry of the object and the properties
of its surface. It also gives more flexibility in choosing spectral bands - " *filters™.

Since the spectral range of our spectrograph with sufficient signal-to-noise ratio lies in
the range from A3800A to roughly A3800A we cannot use the conventional photometric
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system as, for example, BVRI or u’g’r’i’z’. Instead, in our analysis we use four color
bands designated as B (A<4800A), V (4800A<A<5600A), R (5600A<A<6400A) and
I (Ax>6400A). As for the shape of transparency for each band, we use a simple step
function.

The dependence of " Rj; on phase and angle on the satellite’s age indicated by the
colour gradient for different platforms (provided in the title for each panel) is shown
in Figure 3. We did not find a dependence of the parameter on the phase angle, but the
dependence of this parameter on the age of the RSO is noticeable.

The dependence of Ry, averaged over all phases, on different platforms with a
colour indication of the satellite’s age is shown in Figure 4. There is a noticeable sign of
clustering of the parameters for different platforms.

The dependence of Rx7, averaged over all phases, on different RSO’s countries of
origin with a colour indication of the satellite’s age is shown in Figure 5. This result
should be considered rather arbitrary, since the statistics of spectral observations of
all RSO for different “countries” is not complete and, in addition, as can be seen from
Figure 4, it can be greatly distorted by the dependence on the specific platform (in the
case where different platforms belong to different manufacturers, i.e. companies and/
or countries).
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Figure 3. The dependence of parameter "Rj3 on phase angle and age (indicated by color gradient) for
different platforms (shown in different color and symbols).

T o e T A o I S I S
1L0F ¥ -~
09 ¢ -

[ ) é
L e ®i, 1
L - 4 1
:?U-S:' 5 ?. L& R ¢ o
.§ I = & i1 Ty e 4
| é = -g: 1
071 -
L [ l,' = 4
C 4 HEg ]
0.6H L 4
05+ 4
S Y T T W AN T T S SN U S N T T N S S S S S S NN [T S TN T |
0.5 06 07 08 09 L0 11 12 L3

Ry

Figure 4. The dependence of parameter "Ri3 on age (indicated by color gradient) and platform
(shown in different color symbols).

77



ISSN 2224-5227 4.2024

v
| I

L - ‘
09F —— ¢ 4
L _‘_< -9 4
v — 4
Zoak - = ]
g [ AT s ]
s Z ' P ‘e
0.7 * == 1
21
’.' L
@ L 7 b
0.6+ . A -
0.5+ |
Gl ooovono boyow oo boooo o kg ww o bow w0 booo o bopvog o by 03
05 06 07 08 09 1.0 L1 1.2 13
Rip v+

Figure 5. The dependence of parameter R3x on age (indicated by color gradient) and country of
origin (shown in different color symbols).

Conclusion. We carried out spectral observations of GEO satellites on a new
spectrograph at the Assy-Turgen Observatory, mounted on an AZT-20 telescope with
an aperture of 1.5 meters. The corresponding GEO reflective spectra were obtained
to develop a methodology for RSO identification in near-Earth space by their spectral
features. For these purposes, it is proposed to use a parameter that does not depend on
the usually unknown characteristics of the satellites such as shape, size and orientation.

Analysis of how this parameter depends on phase angle for some bus platforms like
AMOS, Yakhta and DFH, shows the space weathering effect, whilst for other platforms
it is less noticeable. We see this dependence for several platforms but in general, the re-
sult is inconclusive since the variation of the parameters with age becomes large which
is probably caused by the instability of the satellite when it is out of service or malfunc-
tioning, as, for example, its rotation. This demands additional investigation.

We show that using the dependence of parameters on the satellite bus (or country of
origin) and its age it is possible to roughly identify the GEO’s platform. It is mandatory
to get more observational spectral data to further investigate the relation of reflective
spectra parameters for different shapes and material compositions. Accumulation of
observational data together with modelling and machine learning methodology appli-
cation efforts (Gazak, et al., 2022; Yee, et al., 2023) will help to improve the GEO and
other satellite identification methodologies. The modelling is a significant tool to further
improve the methodology and analyses the time-dependent features (Velez-Reyes et al.,
2023). For spectral modeling-related results see (Lersch, et al., 2023) and in particular
how the spectra might depend on phase angle.
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One possibility we are currently working on is modelling using an open-source Ray-
Sect (Meakins, et al., 2023). For example, we use a glass-covered Gallium arsenide
phosphate mixture to model solar cells and different mixtures of materials (for instance,
Aluminum as suggested in (Gazak, et al., 2022) for bus modelling. The resulting reflec-
tive spectra for various mixtures of materials (see Table 1) as functions of phase angle
are shown in Figure 6. One can see that reflective spectra indeed show different overall
shapes for different platform compositions. We hope that various efforts, such as build-
ing a spectral library (Pearson, et al., 2023), modelling, spectral observation in a wider
spectral range, and applying machine learning algorithms will significantly improve the
RSO identification methodology.
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Figure 6. RaySect modeled reflective spectra for different camera rotation angles (phase angle) and differ-
ent materials (see Table 1).

Table 1. Composition of materials used in modeling with RaySect

Model material, % material, % material, % | Solar panel model
Kapton[ Front: InGaP + Schott “N-BK7” Back:
_ 0, > 0,
Model-1 | MyLarl], 16% 64% Cu0.1, 20% Kapton || 50% + Cu0.02, 50%
KaptonlJ Front: InGaP + Schott “N-BK7” Back:
_ [ > 0
Model-2 | MyLar[], 64% 16% Cu0.1, 20% Kapton™) 50% + Cu0.02, 50%

79



ISSN 2224-5227 4.2024

Front: InGaP + Schott “N-BK7” Back:
Kaptonll 50% + Cu0.02, 50%

MyLar(], Front: InGaP + Schott “N-BK7” Back:

Model-3 | MyLar(], 54% | A10.3, 36% Cu0.1, 10%

Model-4 | Ni0.3, 25% Al0.3, 25%

50% Kapton[] 50% + Cu0.02, 50%
. MyLar[] Front: InGaP + Schott “N-BK7” Back:
- 0, o, >
Model-5 | Ni0.3, 6% Al0.3, 24% 70% Kapton'| 50% + Cu0.02, 50%
. MyLar[] Front: InGaP + Schott “N-BK7” Back:
- 0, 0, s
Model-6 | Ni0.3, 64% Al0.3, 16% 20% Kapton™’ 50% + Cu0.02, 50%
. N oy > .
Model-7 | Ni0.3, 21% Kapton[7, Cu0.3,30% Front: InGaP + Schott “N-BK7” Back:

49% Kapton[] 50% + Cu0.02, 50%

Front: InGaP + Schott “N-BK7” Back:
Kapton[J 50% + Cu0.02, 50%

Model-8 | Ni0.1, 9% MyLarl], 81% | Cu0.1, 10%

. Al0.01 Front: InGaP + Schott “N-BK7” Back:
- 0 0 ’
Model-9 | Ti, 20% Al03,30% 1 500, Kapton( 50% + Cu0.02, 50%
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Abstract. Antimony oxychloride (Sb,0,Cl,) is a promising material with unique
properties, making it applicable in various fields of science and technology. It is widely
used in photocatalysis, energy storage in potassium-ion batteries, and as a fire-resistant
additive to various materials. These characteristics make this material an essential
component for the development of new technologies. This article highlights the
importance of synthesis control during the production of antimony oxychloride crystals,
as it enables the enhancement of their functional properties.

The article describes the process of obtaining bulk Sb,O.Cl, crystals through
hydrothermal synthesis using antimony chloride, glycerin, and hydrazine hydrate. This
method is aimed at identifying optimal conditions for producing high-quality crystals.
During the research, the structural and morphological characteristics of the obtained
material were analyzed using modern methods: X-ray diffraction (XRD), Raman
spectroscopy, and scanning electron microscopy (SEM). These methods allowed a
comprehensive investigation of the material’s structural features and surface morphology.

The study results revealed that Sb,0.Cl, crystals crystallize in a monoclinic phase
with the P2(1)/C space group. This structure defines the material’s layered organization
and dense grain packing, contributing to its unique properties. Furthermore, Raman
spectroscopy confirmed the presence of stretching vibrations of Sb—Cl1 and Sb—O bonds
characteristic of the Sb,0,Cl, structure, verifying the material’s chemical composition.
The presented study fully uncovers the possibilities and advantages of Sb,0,Cl,
synthesis for expanding its application potential.

Keywords: antimony oxychloride, photocatalysis, monoclinic phase, hydrothermal
synthesis, Raman spectroscopy.
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Annoranus. Cypema okcuxyopuai (Sb,0.Cl) — epekiue kacuerTepi apkachiHaa
FBUIBIM MEH TEXHOJOTHSHBIH OPTYpJIi canaiapblHia KOJJIaHBLTY MYMKIHIITI >KOFapbl
nepcnekTuBaibl Matepuan. OHbIH (OTOKATAIN3/E, KATUH-HOHBI aKKyMYyJIsITOpIapaa
SHEPrUsSHBI THIMJII CaKTay/a, COHJai-aK apTypJii MaTepuaapra OTKa Te3IMIi Kocma
peTiHAe KEHIHEH KOJIJaHbUIAThIHBI Oenruii. MyHzai KacuerTepi OyJl MaTephali/Ibl
KaHa TEXHOJIOTHSUIAP/IBl JaMBITYIaFbl MaHBI3bl Kypamac OejiriHe alHaIbIpabl.
YChIHBUIFAaH Makajia CypbMa OKCHXJIOPHIIHIH KPUCTAJJIapblH aixy NpoIeciHeri
CUHTE3/1I OaKbUIayIbIH MaHBI3IbLIBIFBIH €PEKIIIe aTall KepceTedl, OWTKeHI OV OHBIH
(DYyHKITMOHAJIBIK CUIIATTaMaJIapbIH )KaKcapTyFa MYMKIHIIIK Oepe/ii.

Makanasa cypbMa XJIOpHIi, TIHUIEPUH JKOHE THIAPA3UHTUAPAT KaThICYbIMEH
TUIPOTEPMHSIIBIK CHHTE3 apKbLbl Sb, O, Cl, kenem1i KpucTanapsiH amy MpoLeci erken-
TerKeN cunarrairad. byst ofiic skoFapbl camnaibl KpUCTAJIIAp bl aly YIIIH OHTANIbI
KaFIalnapIpl aHbIKTayFa OarbITTanFad. 3epTTey OapbIChIHIIA aJbIHFAaH MaTepUalIbIH
KYPBUTBIMJBIK JKoHE MOP(OJIOTHSIIBIK CHIIATTaMallapbl OpTYPJi 3aMaHayu oficTep
KOMETIMEH 3epTTelli: peHTreHaik ¢asanbik Tanaay (XRD), Paman crekTpocKomHsChI
JKOHE CKaHepJeylli 3MeKTpoHAbIK MuKpockorus (SEM). By onmictep MaTtepuanabig
KYPBUTBIMJIBIK €PEKIIENiKTepl MEH OHBIH OeTKi MOP(OIOTHSCHIH TOJBIKTAN 3epTTeyre
MYMKIHJIK Oepi.

3eprrey motmkenepi Sb,0,Cl, kpuctannapbinbin MoHOKIMHAIK (azana P2(1)/C
KEHICTIKTIK TOOBIMEH KPHCTaNJaHATHIHBIH aHBIKTaJAbl. ByJl KYpBUIBIM MaTepHalIbIH
Ka0aTThIK KYPBUIBIMbIHA JKOHE OHBIH JOHJIEPIHIH ThIFbI3 OpHAJIaCyblHA OalIaHBICTHI
epeKIle KacueTTepiH aikbiHAa 1bl. COHBIMEH KaTap, PaMaH criekTpocKonusichbl Sb 4O 5Cl2
KypbutbiMbiHA TOH Sb—Cl sxoHe Sb—O OaiinaHbIiCTapbIHBIH CO3bUTY TepOeNicTepiHiH
OO0JIybIH pacTajbl, OYJI ajdblHFaH MaTepPHAaIbIH XUMHUSUIBIK KYPBUIBIMBIH JQJIEIICHII.
Ycompurran seprrey Sb,0,Cl, MaTepualibii KojaHy NepCreKTUBATAPbIH APTTHIPY YIIH
OHBI CUHTE3/ICY/IiH MYMKIHAIKTEP1 MEH apTHIKIIBIIBIKTAPBIH TOJBIK alIbIT KOPCETE 1.

Tyiiin ce3mep: cypbMa okcuxiopuzi, (oTokaTanu3, MOHOKIMHIIK a3a,
THIIPOTEPMUSUIBIK CHHTE3, KOMOWHAIIMSUTBIK IIAIIBIPAY CIIEKTPOCKOIHUSICHI.

83



ISSN 2224-5227 4.2024

© A.K. Hlouramaosa*, A. Caiisiayoek, A.E. Kemen0exoBa,2024.
Satbayev University, ®U3uK0o-TeXHUUECKUH HHCTUTYT, AntmaThl, Kazaxcras.
E-mail: shongalova.aigul@gmail.com

HNOJYUYEHUE OBBEMHBIX KPUCTAJIJIOB OKCUXJIOPUJIA CYPBMbI U
NCCIEAJOBAHUE EI'O CTPYKTYPHbBIX XAPAKTEPUCTHUK

A.K. lllonranoBa — PhD, Satbayev University, ®usuko-reXHHUYCCKH HHCTUTYT, Anmatsl, KaszaxcraH,
E-mail: shongalova.aigul@gmail.com, https://orcid.org/0000-0002-7352-9007;

A. Caiisiay6ek — CTyaeHT MarucTparypsl, Satbayev University, @U3HKO-TEXHUUCCKUIT HHCTUTYT, AJIMATHI,
Kazaxcran, E-mail: aididarsailaubekqyzy@gmail.com, https://orcid.org/0009-0002-6461-5787;

A.E. KemenoexoBa — PhD, Satbayev University, ®u3uko-TexHu4ecKuii HHCTUTYT, Anmarsl, KazaxcraH,
E-mail: a.kemelbekova@sci.kz, https://orcid.org/0000-0003-4813-8490.

Annoranusi. Oxcuxyopua cypbMbl (Sb,0,Cl,) — 3T0 nepcreKTHBHBIA MaTepuall,
00JIaIaloNINK YHUKAIIBHBIME CBOMCTBAMH, YTO JETIaeT €ro IPUMEHUMBIM B Pa3IMYHBIX
obnactsx Hayku ¥ TeXHUKH. OH IIUPOKO MCHONB3yeTcsl B (OTOKATaNM3e, XpaHESHHH
SHEPIUH B KAJIMNW-MOHHBIX AKKYMYJSATOpax, a TaKXKe B KaueCTBE OrHECTOMKOMN
N00aBKH K pa3IMYHBIM MaTeprajiaM. Takue CBOHCTBa AEIaloT ATOT Marepual BayKHBIM
KOMIIOHEHTOM JIJIsl Pa3BUTHSI HOBBIX TeXHOJNOTWi. Hacrosimiasi ctaThst moguepKuBaeT
Ba)KHOCTB KOHTPOJIS CHHTE3a B IIPOIIECCE MTOTyUeHUs KPUCTAJIOB CypbMa OKCUXJIOPH/IA,
TaK Kak 9TO MO3BOJISIET YIYUIIHTh UX (PYHKIIMOHATBHBIC XapaKTEPUCTHUKH.

B crarbe onmcan nporecc nojyvenus o0beMubIx kpucramios Sb,0.Cl, meTtonom
THAPOTEPMATBHOTO CHHTE3a C HCIOJB30BAHMEM CypbMBI XJIOpHJA, TJIMIEPHUHA
W TUApa3uHrUApara. ODTOT METOJ HampaBieH Ha ONpe/eieHue ONTUMAIIbHBIX
YCIIOBUH JIJIsl TTONYYEHHUs] BBICOKOKaueCTBEHHBIX KPUCTAIUIOB. B Xoze mccnenoBanus
CTPYKTypHBIE ¥ MOP(OJIOTHUECKHE XapaKTePUCTUKU TIOIYYEHHOro Marepuana
M3yYAINCh C UCIIOJNB30BAaHHEM COBPEMEHHBIX METOJIOB: PEHTIeHO(a30BOro aHam3a
(XRD), pamaHOBCKO# CHEKTPOCKOMHH M CKAaHUPYIOIMIEH 3JIEKTPOHHONH MUKPOCKOIHUH
(SEM). DT MeTO/1bI MMO3BOJIMJIN TOJTHOCTBIO UCCIICI0BATh CTPYKTYPHBIE OCOOSHHOCTH
MaTepHaia u ero OBEPXHOCTHYIO MOP(OJIOTHIO.

PesynbTaTel uccnenosanus nokasamu, uto kpucramisl Sb,0,Cl, kpucramnmusyrorcs
B MOHOKJIMHHOH (a3e ¢ mpocrtpancTtBeHHor rpymmoi P2(1)/C. Dta crpykrypa
OOyCIIOBIIMBAET ~CIIOUCTOE CTPOCHHE Marepuala ¢ IUIOTHOE PacIojOKEHHe
3epeH, 4TO ONpeAessieT €ro yHHKaJbHble cBoiicTBa. Kpome TOro, pamaHoBckas
CTIIEKTPOCKOIHUS TIOATBEPIUIIA HaMure Koyebanuil pacrsukenus ceszeir Sb—Cl u Sb—
O, xapakrepHbIx st cTpykrypbl Sb,0.Cl,, 4T0 MOATBEPAMIO XMMUYECKUH COCTAB
Matepuaina. [IpencraBieHHoe UccieI0BaHUE TTOTHOCTHIO PACKPHIBAET BO3SMOKHOCTH U
npeumymectsa cuntesa Sb,0,Cl, 1is pacumpenus NePCIEKTHB €10 MPUMEHEHHS.

KioueBble cjioBa: OKCHXJIOPWA CypbMbI, (POTOKATaIM3, MOHOKIWHHAs (a3a,
THJIPOTEPMANTbHBINA CHHTE3, CIIEKTPOCKOIHSI KOMOMHAIIMOHHOTO PacCesHUsL.

HUccnedosanue nposedeno npu Qunancosoi noddepoicke Komumema nayxu
Munucmepcmea mayku u evicuteco obpaszoganus Pecnyonuxu Kazaxcmawn (epanm
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NO AP 19178659 «Hccredosanue Ounamuku pewlemku ceneHuoa cypbmbl Memooom
KonebamenbHou CNeKmpoCKORUU»).

Beeaenne

B coBpemeHHOM MHUpe pa3BUTHE HOBBIX MaTepHalOB WUIPacT KIIOUEBYIO pPOJb B
pemieHnr TII00ANBHBIX 3a/1a4, TaKUX KaK yCTOMYMBOE SHEPreTHYECKOe Pa3BHTHE U
oxpaHa OKpykaromei cpensl. Co3naHne MaTepUalioB ¢ YHUKAIBHBIMH CBOMCTBaMH,
TaKUMH KaK BBICOKas (POTOKATAIUTHYECKASI aKTHUBHOCTD HITH 9HEPTOEMKOCTh, OTKPBIBAET
BO3MOXXHOCTU JJIsl MHHOBAIIMOHHBIX TEXHOJIOTHUI B 0O0NACTSIX JHEProXpaHEHUs H
9KOJIOTHYECKOH Oe30macHOCTH. TakuM HOBBIM MaTEpPHAajOM SIBISETCS OKCHUXJIOpHUIA
cypembt Sb,0,CL,.

Oxcuxyopun  cypembl  Sb,O.Cl, sBisleTCs MOTYNPOBOJAHUKOBBIM MaTEPUATIOM
Cc mpsMo#l 3anpemnieHHod 3onHoM 3,12-3,38 3B (Sarnstrand, 1978). Marepuan
KpHUCTaJNTU3yeTcs B MOHOKIMHHOU (haze ¢ mpocTpancTBeHHOi rpynmoi P2(1)/C mpu
o0bryHbIX yenoBusix (Makhloufi, 2022). CtpykTypa OKCUXJIOpHIA CYpPbMbI COCTOHT U3
CJIOEB, COJCPIKALINX OKCUAHBIC SMHUIBI CYPbMBI, B KOTOPBIX HOHBI XJI0pa 3aHUMAIOT
cBOOO/IHBIH 00beM Mex Ty cocetHuMu cosimu (Sb,0,>) . Kpucranmueckas cTpyKkTypa
UMeeT BaXKHOE 3HAYCHWE AJISl TIOHMMaHUs CBOMCTB MaTepuala M €ro IMOBEICHHS B
pasnuuHbIX npuiokenusx. Onno u3 Hanbosee u3BecTHbIX npumenennii Sb,0,Cl, —
¢dorokaranus. bruto nokaszano, uto coennHeHne YQPEKTUBHO pa3iaracT OpraHMYecKHe
3arps3HUTENH, TaKue Kak KpacuTelH, MoJ Bo3aelcTBueM Buaumoro cBeta (Yang L.,
2016). Dorokaranuruyeckas >pdexrusnocts Sb,0.Cl, Obuta ymyuuniena 3a cuer
CO3JIaHMsl KOMIO3UTOB ¢ Apyrumu Matepuanamu (Das S., 2024). Kpome Toro, Obuio
HCCIIeIOBAHNE KaK MOTCHUWAIbHBIA aHOMHBIA Marepuasn sl KaIWH-HOHHBIX H
XJIOpHI-MOHHBIX akKyMyssTopos (Hu, 2019; Shen, 2024) Cwmeummsanue Sb,0,Cl, ¢
MXene (Ti,C,) 3HAQYUTENBHO YNYYNIUIO €T0 JJIEKTPOXMMUYECKUE XAPAKTEPUCTHKH,
MIPOIEMOHCTPUPOBAB €TI0 MPUTOTHOCTH AJsl XpaneHus suepruu (Shi, 2022) Eme onHo
BaxHoe mpumenenue Sb,O.Cl, — B CEHCOPHBIX TEXHOJOTHAX. XIIOMKOMOMOOHBIE
TpexmepHbie CTpyKTyphl Sb,O,Cl, mpoieMOHCTPUPOBAIH TIOTEHIUAT [T OOHAPYKEHHUS
runpokcuga ammonus (Toledo, 2023). CoequHeHne ObLTO UCCIIEIOBAHO HA MPEAMET
€ro CIIOCOOHOCTH YIAATh 3arpsS3HSIONINE BEIECTBA U3 CTOUHBIX BOJ. bblI pa3padboran
komno3ut Sb,0.CL,@NbSe,, xotopeiii 3¢ dekTnBHO ancOpPOMpPOBaT HOHBI XpoMma
(Cr(VD) un xeneza (Fe(Ill)), a Takke KpacuTedb METHIOPAHK W3 BOAHBIX PacTBOPOB.
Onrtuyeckue XapaKTepUCTUKU MO3BOJSIET €ro MPUMEHEHHUE B HEJTMHEHHOH ONTHKE B
oonpmx Macmradax (Lv, 2020). TepMudeckasi cTaOUIBHOCTD U BBICOKAS TEMIIEPATypa
rasnenust Sb,O,Cl, paciumpsioT €ro noTeHIMATbHbIE IPUMEHEHHUS [IJ1S1 OTHECTOWKOCTH.
DTO CBOWCTBO B COYETAHUH C €TO CTPYKTYPHBIMHU Xapakrepuctukamu aenaet Sb,0,Cl,
LEHHOM T00aBKOM JI CHIKEHHSI BOCTIIIAMEHSIEMOCTH B TEKCTHJIC, TUIACTHKE U IPYTUX
Marepuanax, Tlieé OTHECTOMKOCTD SIBISIETCS KPUTHUYECKH BakHOU mpobmemoii (Pitts,
1970).

Ucxons m3 o630pa nuTepaTypbl Ha JaHHBIH MOMEHT OKCHXJIOPHJ CYpbMBbI OBLI
MOJNy4YeH TruapoTepMaibHbiM  MeTonoM (Wang, 2000; Su, 2006), rumpoiauszHoe
ocaxaenne (Palden, 2021), ynbrpasBykoBoii cunte3 (Huang, 2020), u ap. (Komal,
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2019; Xu, 2014). Kaxxaplii U3 3TUX METOAOB MMEET ONpeesieHHbIC MTPEUMYyIIecTBa C
TOYKH 3PEHHUSI KOHTPOJISI CBOUCTB K MOP(OJIOTHH MaTeprania.

B nmannoii paboTe mpencTaBieHa HOBBIM pelenT THAPOTEPMaIbHOTO CHHTE3a, YTO
MO3BOJIMIIO TOJYYUTh OOBEMHBIE KPUCTAJUIBI OKCUXJIOpUAA CypbMbl. [lomyueHHbIE
KpHUCTAIJIbI ObLIH HCCIIEJOBAHBI METOJAMU PEHTICHO(PA3HOT0 aHAJN3a, CIIEKTPOCKOITUEH
KOMOWHAIIMOHHOTO PACCESIHUS CBETA U CKAaHUPYIOIIEH 3JIEKTPOHHONH MUKPOCKOTIHEH.

MarepuaJibl U METO/ABI

ITonny4yenne KpuCTALIOB

KommosuTHblii  Marepuan mody4add THAPOTEPMAlbHBIM  MeTomoM. Jlns
IPUTOTOBJIEHUS PACTBOPA MPUMEHEHBI CIIEMYIOIIME PEArEHTHI: XJ0pus cypbMbl SbCl,
(Sigma-Aldrich, 99%), rmuuepun (PAPM, 98%), runpasunrugpat (Ckar, maccoBas
noinst ruapasuHruapara 65%). 0.152r noporuka SbCl, 3aceinanu B 15 My riuuepuHa.
3areM cMech MepeHOCWIM B Te(IOHOBBIM cTakaH (BKJIaiblll aBTOKJaBa). Jlms
pacTBOpeHHs CMeCh MepeMellBald HA MAarHUTHOM MeIlalke Ha MPOTSHKEHUH dYaca,
no0aBmsist 2 M ruapasuHruapara. CTakad MepeHecin B OCHOBHOW KOPITYC aBTOKIIABa,
KpBIIIKAa TJIOTHO 3aKpbIBACTCS W IOMEINACTCS B MHKPOBOJIHOBBIM 3JIEKTPHYECKHUH
narpesatenb (BERGHOF, I'epmanus). PactBop nmepxamum npu Temmeparype 150
°C B Teuenue 12 yacoB. [locne oxoHuaHHs mporecca 0caJoK OT(UIBTPOBHIBAIHU C
noMoIIbi0 QuabTpoBasbHONH Oymaru. OcafoKk TpPOMBIBaJIM pa30aBICHHOW COJISIHOM
KHCJIOTOH B AMCTHJUIMPOBAHHOM BOAE. 3aTE€M OCal0K MPOMBIBAIH 3THUIIOBBIM CIIUPTOM
1 BeICyIMBaiu npu tremneparype 60 °C B BakyyMHOH 1e4r B TEUCHUE S5 4acoB.

XapaKTepuCTHKA CTPYKTYPbI 00pa3LoB

JlaHHBIE PEHTT €HOBCKOWTOPOIIKOBOH AN ()PAKIINU OBLTH IOy YEHBI C UCTIONIB30BAHUEM
cuctemsbl JIpon-6 (Poccust) ¢ monoxpomaruueckum Sb,0,Cluznyuennem (10°<2<80°),
paboratomum npu 40 kB.

CrieKTpbl KOMOMHAIIMIOHHOTO PaccestHUs ObLIIM CHATHI IPH KOMHATHOM TeMIlepaType
C MOHOXpOMaTHUYECKUM H3nydeHnem 632,8 um ¢ momoibio LabRaman HR 800 (Horiba,
Snonus). DneMEeHTHBIM aHaiu3 W MOP(OJOTHIO HCCIEAOBA Ha CKaHUPYIOIEM
anexTpornHoM mukpockorne JEOL JSPM-5200 (SAnonwus).

PesyabTaThl M 00cyKIeHHE

Ha pucynke la) mpejacraBieH OJMH W3 BBIPAIICHHBIX KpHCTALIOB. OO0pasiibl
MPENICTABISIFOT W3 Ce0sl CIOCHHYI CTPYKTYpy M XOpOIIO OTCIIAUBAIOTCS TIPU
MEXaHUYECKOM BO3JICWCTBUHU, YTO COOTBETCTBYET HUX KPUCTAJUIMYECKOW CTPYKTYpE.
Mopddonorus nopepxHocTH (puc. 10) yka3piBaeT Ha 00pa30BaHKUE 36PHUCTON CTPYKTYPBI
C OTHOCHUTEIIFHO TJIQJKOW TOBEPXHOCTHIO 3E€PEeH. 3EpHA PACIOJIOKEHBI JIOCTATOYHO
IUIOTHO, YTO MOXET CBHJICTEIBCTBOBATH O BBICOKOW CTENEHU KPUCTAILUTMYHOCTHU
Matepuana. M3 nmonepeyHoro ceueHus: o0pasnoB (puc.1B) ObuIa paccuuTaHa CpeHss
apudmMernyeckass TOJIIMHA pPaBHON mnpudOmu3utenbHo 200 MM,  Pesynbrarhl
3JIEMEHTHOrO aHanu3a nokasann: Sb — 38 at.%, O — 45 at.%, Cl - 17 at.%

86



Reports of the Academy of Sciences of the Republic of Kazakhstan

30kV  X3,700 Sum 0000 PC-SEM 30kV X110 100pm 0000 RC-SEM

x40 500pm 0000 PC-SEM

Puc 1. Uz00paxenue kpucramia, momydyeansie COM: a) BRIPAIICHHBINH KPUCTAIT METOAOM
TUIPOTEPMATBHOTO OCaXACHUs, 0) Mopdomorus noBepxaoctu npu x3 700 yBenedeHuu, B) MONepeyHOe
CeYCHHUE

Kpucranmueckas ¢aza 00pa3oB Obuia MoATBEPkKI€HA PEHTTCHOBCKON T paKLueit
W ONpeJelieH0 KaK MOHOKIIMHHAs CTPYKTypa ¢ MpOoCTpaHCTBeHHOU rpymmoi P2(1)/C
(romep xapThl ioporkoBod mudpakmun: 01-073-1534), ¢ mapamMeTpaMu pelieTky a =
6,229 A, b=5,103 A, ¢ = 13,530 A. TlonyueHHslii pe3ynbTaT aHAJOIUYEH C APYTUMU
paboramu (Toledo R. P., 2023). Cpeanuii pazmep KpHUCTALUTUTOB COCTAaBISET 29 HM.
Pasmep kpucTaanuToOB OBUIO ONPEAETICHO C MCIHojib3oBaHMEM ypaBHeHus Llleppepa
D=KA/(BcosB), tme D — pasmep xpucrammmrtoB (HM), K — mocrosunas Illeppepa
(K=0.9), A — nnwHa BomHBI peHTreHoBcKoro uanydenus (0,154 um), B — momymmpuHa
nvKa (pajnaHel).
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Puc 2. Pentrenosckas mudpakrorpamma kpucramios Sb,0,Cl,
CriekTp KOMOMHALMOHHOTO paccesHusl oOpasla Mmoka3aH Ha pucyHke 2. Crektp
JEMOHCTPHUPYET OCTpble NUKH npubmmsutensHo 114, 141 u 174 cm!, xoropbie

CBSI3BIBAIOT C BaJICHTHBIMU KoJicOaHussMu Sb—Cl cBs3eii, B TO BpeMs KaK MUKH MEXKIY
211 u 273 cm! cBasanbl ¢ konebanusamu cesazeid Sb-O crpykryp Sb,0,Cl, (Toledo
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R. P, 2023). Taxxe, monocsl mpu ~364, 387, 466 cM !, IpUIHCHIBAIOT KOICOAHUSM,
BBbI3BaHHBIM Jedopmanueil cBszeir Sb-O-Sb, paccmaTpuBaeMbIX Kak CHMMETPUYHBIC
WIM acMMMETpUYHBIe KOMOMHAaLUMU BaJeHTHBIX kojeOGanmii (Warzycha K., 2021)
[lonmy4eHHble pe3yibTaThl coriacyroTcs ¢ npeaplaymmm padoramu (Shi Y., 2022,
Warzycha K., 2021) u JONOJHHUTEIBHO MOATBEPIKIAOT BBIBOJBI pPEHTreHO(A3ZHON
TQpaKIH.

140
273

MHTEeHCMBHOCTE (OTH.€A,.)

114

y T y T g T y T ’
100 200 300 400 500 600
Pama capur (cM™)

Puc 3. CHGKTp KOM6HHaHHOHHOFO paccesHus CBETa Kpucrauia

3akio4yeHue

Takum 00pa3oMm, 0OBEMHBIE KPUCTAIBI OKCHXJIOPHIA CYPbMBI OBUIM IMOJYYEHBI
THIPOTEPMaIbHBIM MeTo oM. OOpa3Lbl KPUCTAIUIN30BATICH B MOHOKIMHHYIO PELICTKY
¢ mnpoctpanctBeHHoll rpynmoit P2(1)/C. Ilomyuennas ¢aza Oblia MmoATBEpIKICHA
CIEKTpaMy KOMOMHAIIMOHHOTO paccestHus cBera. O1HaKo, KOMOWHAIMU HOKHUYHBIX,
BWIAIOIIMX W CKPYyYUBAIOIIUX JAe(OPMALMOHHBIX KOJCOAHUH TOSBIAIOTCS IPH
Oosiee HHM3KUX CABHMrax KOMOMHALMOHHOTO CHEKTpa. TOYHas KOppeysiuus MOJ
KOMOWHAIIMOHHOTO PAaCcCEsSHUSI CBETA C IMKAMU B CIIEKTPAaX MOXKET ObITh OCYIIECTBIICHA
IIyTE€M TEOPETHYECKOTO pacueTa CIeKTPOB HAa OCHOBE M3BJICUCHHBIX KPUCTAJUINYECKUX
CTPYKTYp. DTHU pacueTsl CTaHyT OJHOW U3 1ejel Oyaymmx padoT.
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Abstract. This article outlines observation tasks for studying symbiotic stars using
a cislunar-orbit telescope with a 20-30 cm aperture. The aim is to define optimal
observation objectives for such a telescope. Symbiotic stars are vital to modern
astrophysics, serving as unique laboratories for studying binary system interactions
at various evolutionary stages, with some acting as supernova precursors. Based on
infrared (IR) radiation presence, symbiotic stars are classified into D-type (dusty)
and S-type (stellar). Observations will focus on D-type stars, characterized by excess
IR radiation, to explore pulsations, dust shell formation, and system evolution. Key
objectives for IR studies include analyzing the physical properties of symbiotic stars
during the pre-outburst and outburst phases and examining the structure and distribution
of their dust components. Telescope specifications include a 20-30 c¢cm aperture, 0.8-25
um wavelength range, angular resolution of 0.8—1.2 arcseconds, spectral resolution of
R=1000-3000, and sensitivity of 107°~10""®* W/m?. The optimal field of view is 0.5—
1 arcminutes for spectroscopy and up to 10 arcminutes for photometry. Cooling to 50 K
for near-IR and 10 K for mid-IR is required for detector sensitivity. These parameters
will enable detailed studies of D-type symbiotic stars, offering valuable insights into
their evolution and dynamic processes.

Keywords: symbiotic stars, infrared range, cislunar orbit, space telescope.
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AnHoramus. byn Makanana Afira kakblH OpOMTaga OpHAIAcaThIH TEJICCKOITHI
KOJIIaHa OTBIPBIN, CUMOMOTHKAJIBIK JKYJbI3AAp/bl OaKblIayFa apHAJFaH FhIIBIMU
MIHJICTTEp KapacThIpbLIa sl Makcat — At opOuTachiHA OPHAIACTHIPBIIFAH allepTyPachl
20-30 cM ka0 abIKTaIFaH TEJIECKONTHIH KOMETIMEH 0aKblIayAbIH OHTAUIBI MIHIETTEPIH
K010, CHMOMOTHKAJIBIK XK YJLIBI3IaP bl 3€PTTEY Ka3ipri aCTPOHOMHUSIFA KAThICThI, OUTKEHI
oJIapJIbIH KekOipeysepl aca »aHa >KYJIIbI3IApbIH 13amapbl 0ojia anajbl, COHBIMEH
KaTap 3BOJIIOLUSHBIH dPTYPJIl Ke3eHAEPIHAe KOC KYJIABI3IAp/IbIH ©3apa 9PEKeTTeCyiH
3epTTeyre apHajaFaH Oipereii 3epTxaHa 0oJibin TaObuIa bl MK coyneneHyiniH OomybiHa
Hemece OosiMayblHA OalJIaHBICTBI CUMOMOTHKAIBIK JKYJIIBI3AAp €Ki Typre OesmiHemi:
D Tunti (dusty) sxone S tunTi (stellar). Alifa akbplH OpOMTanarbl TEJICCKONTHIH
KYMBICBHI YIIiH MiHgerrepaiH Oipi MK comenenyi apThlk OOIyBIMEH epeKIIeICHETiH
D Tunti 0o0beKTiIEp KapacThIpbLIaAbl, OVJI MyJbCallus, IIaH KaOBIKTapbIHBIH Maiia
0O0JIybl JKOHE OCBI JKYHENEpP/IiH ABOJIOLMUACHI CHIKTBI MPOLECTEPl erKeH-TerKeni
3epTTeyre MyMKIiHIIK Oepemi. Aiira »kakpiH opOuTacekiHaa MK aiimakra 3eprreynin
HEri3ri MIHJCTTEPl KOWBUIFAH: KapPKbUI aJIJIbIHIAFbl KE3CHJIE JKOHE TIKeJIeH >KapKbLI
Ke3iHJe CUMOMOTUKAIBIK OOBEKTUIEPIH (PU3UKANBIK CHNIATTaMallapblH 3EPTTEY JKOHE
OCBI JKYHeNepieri maH-To3aH KypayllbUlapbIHbIH KYPbUIBIMBI MEH TapallyblH TaJljay.
Koitburran MiHIETTEpi IIelly YIOiH TEIEeCKONThIH TapameTpiepi aHbBIKTaJJIbL:
aneprypacsl 20-30 cM, TOJKBIH Y3bIHABIFBIHBIH Juana3onbl 0.8-25 MKM, OypBIIITBHIK
QXKbIPATBIMIBLUIBIFBL 0.8-1.2 TOFAa CEKyHJIbI, CIEKTPIIK aXbIpaThiMIbLIBIK R=1000-
3000 >xome 107°-10"'* Br/m*nuana3oHblHAarbl ce3iMTAIABIK. CHEKTPOCKOHSI
YIIiH OHTaWbl Kepy epici 0.5—1 noranblk MUHYT, an ¢poromerpust yuriH 10 goraibik
MUHYTKa JeWiH. JleTeKTopiiapiblH KaXeTTi Ce3IMTalJbIFblHA KOJ KETKI3y YIIiH
sxakpiH MK nuamazonsr yinin 50 K getiin sxoHe oprama MK nuanazonst ymin 10 K
JCHiH CalKbIHIATy KakeT. By cumarramanap CUMOMOTHKAIIBIK SKYJIIBI3IAPAbIH D
TUNTI eMKEH-TerKEWIl 3epTTeysiepine MyMKIHIIK Oepelii, OlapAblH SBOJIIOIUICH MEH
JMHAMHUKAIIBIK [TPOIECTEPl TYPabl KYH/IbI MAJIIMETTEP Oepelti.
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AnHOTauMa. B JaHHOM cTaTbe paccMaTpUBAETCs IIOCTAHOBKA 3axad s
MpoBeIeHHs HAOIOJICHH CUMOMOTHYECKUX 3BE3]l C MCIIOIB30BAHUEM OKOJIOJYHHOTO
Teneckomna. Llenpro sSBIsIETCS ompeneieHue ONTHMANBHBIX 33/1a4 Ui HaONIOIEeHUH C
ITOMOIIBIO TEJIECKOTIa, Pa3MEIIEHHOTO Ha OKOJIOyHHOU opouTe ¢ aneptypoit 20-30 cm.
HccnenoBanns cMMOMOTHYECKHX 3BE37] aKTyalbHBI JUIsi COBPEMEHHOH acTpO(HU3UKH,
MOCKOJIBKY OHHM TPEICTaBISIOT €000l yHHKaJbHbIE J1a0OpaTOpuH Uil H3yYEHHS
B3aMMO/ICHCTBHSI KOMIIOHEHTOB JIBOMHBIX CHCTEM Ha Pa3IMYHBIX dTarax HBOJIOLUH, a
HEKOTOPBIE U3 HUX MOTYT CIIY’KHTb MPEANICCTBEHHUKAaMH CBEPXHOBBIX. B 3aBncumoctn
oT Hamm4us Wim oTcyTeTBrAA UK-n3mydeHnst cHtMOMOTHYECKIE 3BE3bI TTOIPA3ACIIIOTCS
Ha nBa Tuma: D-tum (dusty) u S-tum (stellar). [y paGoThl OKOJIOIYHHOTO TeNecKomna
paccmarpuBaroTcs 00BeKTHl D-Tuma, oTnmyaromuecs u3z0obiTkoM HWK-uznydenwus,
YTO TIO3BOJISIET JACTAIBHO M3YyUUTh MPOLECCHI, TaKUe KakK MyJbCalluk, oOpa3oBaHHE
MBIJIEBBIX 000JIOUEK M IBOJIOLMS ATUX crcTeM. [IpeararoTes ciaeayonme 3a1a4u Jis
UK-uccnenoBanuii ¢ OKOJMOTYHHOH OpOMTHI: M3yueHHE (U3MUECKHX XapaKTEPUCTHK
CUMONOTHYECKUX OOBEKTOB B IPEABCIIBIINICYHBII TIEPHO]T M HETIOCPEICTBEHHO BO BPEMsI
BCITBIIIIKH, & TaKXe aHaji3 CTPYKTYPBI W paclpeiesieHHs IBUICBON COCTaBIISIOIICH
B 3TUX cucreMax. /s pernieHus MmocTaBIEHHBIX 3aiad ONpesesieHbl HeOOXOMMbIe
napaMmeTpsl Teneckona: aneprypa 20-30 cM, 1nana3oH AauH BosH 0.8—25 MKM, yrioBoe
paspemenue 0.8—1.2 cekyHasl AyrH, cnekTpamnbHOoe paszpemieHue R=1000-3000 u
YyBCTBHUTENBHOCTh B amanazoHe 107°—107"% Br/M2. OnrtumanbHOe TIoJie 3peHHS
IUTST CTieKTpocKomuy coctaBisieT 0.5—1 yrinoBeIXx MUHYT, a 1 poromerpun — 10 10
yraoBeix MuHYT. Oxnaxaerne 1o 50 K ms 6mmxaero MK-nnanazona u go 10 K st
cpennero MK-nnana3zona HeoOX0IMMO ISt JOCTHYKEHUS TPeOyeMOU 4yBCTBUTEILHOCTH
JETEKTOPOB. OTH XapaKTEPUCTUKHU IMO3BOJIAT NMPOBOAUTH JAETalbHbIE HCCIIEIOBAaHUS
D-tuna cMMOMOTHYECKHX 3BE3J M TOJyYaTh IICHHBIC JaHHBIE 00 HMX HIBOJIONHU H
JTUHAMHYECKUX MPOIECcCax.
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KiawueBble ¢JI0Ba: CHMOMOTHYECKUE 3BC3/1bI, HK—I[I/IaHaBOH, OKOJIOJTYHHas 0p61/1Ta,
KOCMHUYECKUN TEICCKOI.

Hupopmayus o unancuposanuu. Paboma evinonnsemces 6 pamkax Ilpoepammul
No BR24992759 «Paspabomka Kowyenyuu nepeoco Ka3axcmancKo2o OpoOumaibHo20
OKONONYHHO20 meneckona - dman Iy, punancupyemoeo MHBO PK.

BBenenne

HccnenoBanne mepeMeHHBIX 3BE3]l, OCOOEHHO CUMOUOTHUYECKUX 3BE3J, SBISETCS
BaXHOW 00JIACTHIO COBpeMEHHOMacCTpoPu3nKu. CHUMOMOTHYECKUE3BE3 I IIPEACTABIISIOT
co0oif OWHApHBIE CHCTEMBI, COCTOSIIME W3 KPAaCHOTO TUraHTa (KpacHBIH TUTaHT,
JKEJITBIA TUTAaHT, CBEPXTUTaHT (ITyJIbCUPYIOIIasl IEPEMEHHAsT)) U ropsiuell KOMIIOHEHTBI
(Oenplit kapnuMK, HEWTpOHHas 3Be3na wim 3Be3na [naBHoit [locnemoBaTenbHOCTH)
(Pucynoxk 1). McciienoBanne cHMOMOTHYECKUX 3BE3]I SIBISICTCS aKTyalbHOMW 3a/laueii B
ACTPOHOMUHU, TaK KaK HEKOTOPBIE U3 HUX CYUTAIOTCS MPEAIICCTBEHHUKAMU CBEPXHOBBIX
Ia (SN Ia) (Miszalski, 2013). OTu 00BEKTBI MPEAOCTABISIOT BAXKHYIO HH()OPMAIUIO O
(pU3UYECKUX U TUHAMHYECKHUX MPOIECCaX B3aMMOJICHCTBUS KOMIIOHCHTOB B JIBOHHBIX
3BE3HBIX CHUCTEMAax Ha PA3MYHBIX dTamax MX SBOMIONUHU. B yacTHOCTH, M3yucHUE
CUMOUMOTHYECKUX 3BE3]] MOKET TIOMOYb TIPU UCCIICJOBAHUHM MEXaHU3MOB, BEIYIIUX K
BBIOpOCaM BEIIECTBA U, B KOHEYHOM UTOTe, K B3PhIBAM CBEPXHOBBIX.

e Symbiotic nebula
o DYMOIOL » Accretion disk

] . Roche lobes =2

i Stellar wind S - ‘\T /} \
| P " A\ ;
‘ e ~._Stellar wind \/

\ - 1 . whitedwarf
Cool igtaat Lagrangian point L, SRO— -

Pucynok 1. Mogens cumbnoTrnaeckoit 38e3ne! (Adrian , 2021)

Brauane 1930-xro10B ObUTH OTKPBITHI IEPBBIE CHUMOHOTHYECKHE 3Be3/1bl, Takne Kak Cl
Cygu AX Per, oJTHaK0 UCCIIe/IOBaHUE 3TUX 0OBEKTOB MOJIYUNIIO 3HAUUTEIIBHOE PA3BUTHE
JIMIIIB CIYCTSI HECKOJIbKO jecsatuieruii. Ceiiuac n3BectHo 0osiee 400 moTBepKACHHBIX
CUMOUMOTHYECKUX 3BE3]], BKJIFOYAs KaK TaJaKTHYECKUE, TaK M BHETAIAKTUYCCKHUEC
00BeKThI. B mocieiHue EecATHIIET S BBIILIO HECKOJIBKO KAaTaJIOrOB CHMOMOTHYECKUX
3Be3: karanor Asviena (Allen,1983), karanor Kenumona (Kenyon,1986) u karanor
Benvunncku u np. (Belczynski, 2000). Briepbie Mojieib IBOWHON 3BE3THON CUCTEMBbI
JUISL OTIMCaHUsl HAOJIIOAABIINXCS OCOOCHHOCTEH 3Be3/] ¢ KOMOMHAIMOHHBIM CIIEKTPOM
npeanoxun bepman (Berman,1932). CneKTpocKomMuecKre UCCIeTOBAHUS BHIIBIIINA B

93



ISSN 2224-5227 4.2024

CIEKTPax HEKOTOPBIX CHMOMOTHYECKHX 3BE3/] YMHUCCUOHHBIC IMHUN BBICOKON CTENEHU
nonuzauuu NeV, OVIu FeVII, uto yka3zpiBaeT Ha BBICOKYIO TEMIIEPATYPY LEHTPATBLHOTO
HCTOYHMKA, opaaka 130 000 K.

B 3aBucuMoOcCTH OT XapakTepa aKTHMBHOCTH, CHMOMOTHYECKHE 3BE3bl JEJATCS Ha
HECKOJIBKO TOATPYIIIL:

1) Knaccuueckre cuMOMOTHYECKHE 3BE3bI BPEMsi OT BPEMEHHU JEMOHCTPUPYIOT
BCIIBIIIKH C aMIUTUTYJOU 10 3 3BE3AHBIX BETHUYHH.

2) CumOnoTHYECKHE HOBBIC: 32 BECh MEPHOJ HaOMOAeHUH (QUKCHUpYeTCs TOJIBKO
OJIHa BCIBIIIKA, IIOXO0’Kas Ha BCIBIIKY HoBOM, Tociie KOTOpOH 3Be3/1a BO3BpAILAeTCs K
HCXOJIHOM SIPKOCTH B TEUEHHUE COTEH JIET.

3) IloBTOpsrouecs: (peKyppeHTHbIE) CUMOMOTHYECKHE HOBBIE XapaKTEPU3YIOTCS
HECKOJBKMUMHU MOIIHBIMU HOBOITOJJOOHBIMH BCIIBIIIKAMHU.

4) IlexynsapHble cHMOMOTHYECKHE 3BE3/Ibl POSIBISIOT aHOMAJIbHBIE XapaKTEPUCTHKH,
OTJIMYAIOIIME UX OT APYTUX THIIOB.

5) CuMOMOTHYECKHE 3BE3[bl C HEAKTHUBHBIM TOPSYMM KOMIIOHEHTOM HE
JEMOHCTPUPYIOT BCIIBILIEK U OCTAIOTCS CTAOMIIBHBIMHU TI0 SIPKOCTH.

B 3aBucumoctu ot Hanmmums wiam otcyTcTBusi UK-m3myuenus, cumOnoTudeckue
3Be3bl aensarcs Ha: D-tun (dusty) u S-tun (stellar).

D-tun (dusty) - 3Be3npl 00nagaroT mbUIeBOW 00oMouKoM M u3nmydeHuem B HK-
nuanasone. HaOmioneHus Takux 3Be31 MOTYT JaTh IEHHYI0 HH()OPMALIUIO O MBIJICBOM
OKpYXXEHHH M ero BiaumopeiictBuum c¢ monem wuzmydenues (ILlenaBpun, 2011;
Bogdanov,2017; Schild, 2001).

S-tun (stellar) - 3Be3abI HE UMEIOT SIBHBIX MPU3HAKOB MBUIEBOM 000I0UKH. XOTA OHU
COCTABJISIOT OOJBLIYIO YaCTh U3BECTHBIX CUMOMOTHYECKHX 3Be31 (0Koio 80%), ux uccie-
JOBaHUE MOXKET OBITh MEHEE MHTEPECHBIM 110 cpaBHeHHIO ¢ D-Tumnom (Belczynski, 2000).

UccnenoBanus B OnrkHEM HHPPAKPaCHOM JHaNla30HE MOKA3bIBAIOT, YTO U3IYYECHHUE
B 9TOH 00JIACTH CIIEKTPa YaCTO TOMUHHUPYET 32 CUET XOJIOTHBIX KOMIOHEHTOB CHCTEMBI.
[lynpcanmoHHast akTHBHOCTb TaKHUX 3BE3]] MOKET BBI3BIBATH LIMKIMUECKHE KOJIeOaHHS
IIOTOKA, 4TO OBLIO TPOAEMOHCTPUPOBAHO B psijie uccienosanuii (Feast,1997; Chen,2019).
MHorue cucTeMbl ¢ KOMIIOHEHTaMH1 THITa MUPBI Takske 001aJat0T INTOTHBIMU [TBIJIEBHIMH
000JI0YKaMH, YTO MOXKET BIUSATH Ha HAOMOJaeMble TTOTOKU m3nydeHus (Allen,1983;
Belczynski, 2000). B ungpakpacHoii 006J1acTH IbUIb PETUCTPUPYETCS KaK B OJIMKHEM,
TaK ¥ B JaJ€KOM JAuana3oHax. Jis peryaspHOro MOHUTOPUHTA, ONTHMAaIbHBIM MOKET
ObITh ucnonb3oBanue J wnn K-QunbTpoB, Tak Kak oHH o0ecreynBaloT HHOOPMAILIHIO
00 M3MEHEHHUSIX M3IyYeHHsI KaK OT XOJOAHBIX KOMIIOHEHTOB, TaK U OT BO3MOXKHOTO
n3nyuenus meu (Chen,2019; Ananth, 1993; Mikotajewska,2001).

Takum  oOpazoMm, uWH(pakpacHble HAOMIOACHUS CHMOMOTHYECKHX  3BE3]
MPEJOCTABISIOT BaKHYIO MHPOPMALUIO O (U3NYECKUX IMpoleccax B dTHX CHCTEMax,
BKJTIOYas MyJIbCAL[H, 00pa30BaHHUE MBLIEBBIX 000JI0YEK U HBOJTIOLUIO CUCTEMBI B LIETIOM.

MarepuaJibl U METO/ABI

Ha6J'I}O)_ICHI/I$IHaOKOJ'IOJ'IyHHBIXTCHCCKOHaXpeaJ’IBHOpaCI_LH/IpHIOTHaHII/IBO3MO)KHOCTI/I
MOCKOJIbKY, UCKIIFOYACTCs BJIMAHUC 3eMHOU aTMOC(bepLI, 1 TIOABJIACTCA BO3MOXKHOCTD
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MPOBOJUTH HEMPEPBIBHBIE KPYITIOCYTOUYHbIE HAaOMIONCHHS TEPEMEHHBIX OOBEKTOB.
Onna u3 Hambojee akTyalbHBIX 3ajad 3aKII0YacTCsl B MOJYYeHUH HH(GOpMAIUU O
COCTOSTHUM CUMOMOTHYECKOW 3BE3/Ibl HAKAHYHE BCIBIIKUA. DTa CTaJusl O CHX TIOp
0CTaéTCcs HEM3yYCHHOH, TIOCKOJIBKY BCIBIIIKH, KaK IPAaBUIIO, MTPOUCXOIAT BHE3AITHO.
Tem He MeHee, Takue JaHHBIE HEOOXOAWMSBI JUI TIOHUMAHUS NMPUYMH U MEXaHU3MOB
BCTIBIIICYHOH aKTUBHOCTH.

Undpakpacnas kocmuueckass obcepatopus (ISO) Obu1  BhIBeaeH Ha
BBICOKOJITMIITHYECKYIO OpOUTY B HOsI0pe 1995 rona ¢ moMompio pakeThl-HOCHTEIS
Ariane 4. 3amaua ISO 3akitouasics B HCCICIOBAaHHM KOCMOCAa B HH(pPaKpaCHOM
nuarnaszoHe BOJH (0T 2,5 mo 240 MKM), TTO3BOJISIST aCTPOHOMaM HaOJIF01aTh 0OBEKTHI, HE
BU/IUMBIC B ONITHYECKOM JIMANa30He, U U3ydaTh COCTAB M CTPYKTYPY KOCMUYECKHX Tell
1 nbLIeBBIX 001akoB (Kessler, 1996).

Kocmudeckne HaOmoeHNSI CHMOMOTHYECKUX 3BE3]T

st u3ydeHus CHMOMOTHYECKUX 3Be3]l B MHPPAKPacHOM AHMana3oHe B HACTOSIIEE
BpEMs UCTIOJNI3YIOTCSI HECKOJIBKO KOCMHUYECKHX TEJIECKOIOB, KOTOPBIC MPEAOCTABIISIFOT
JaHHBIE O TaKUX CHCTeMax. BOT OCHOBHBIE AEHCTBYIOMIME KOCMHUYECKHE TEIECKOIIBI
(Tabmuma 1), koTopble pabOTalOT B MH(pPAKPAaCHON 00JACTH CIIEKTpa U MOTYT OBIThH
HCTIOJIb30BaHbI [T UCCIIEIOBAHUS CHMONOTHYECKUX 3BE3I:

Tabmuma 1. JleficTByromue KOCMIYECKUE TEIECKOIBI ISt H3y9IeHHsT CHMOMOTHYECKHX 3BE3]1 B
nH(ppakpacHOM Anana3oHe

Kocmunueckue | 3anyck | Opranun- | K- [Tpubops! Haznauenus
TEJIECKOIIbI (ron) 3anus JI1ana3zoH
Jxeiimca 2021 NASA, |0.6-28.3 | NIRCam, AKKpEIMOHHBIE POLECCHI,
VY3606a ESA, MKM MIRLNIRSpec | n3ydaTs X0n01HBIE KOMIIOHEHTHI
(JWST) CSA CHCTEMBI, IbUIEBbIC 000JIOUKH U
TEMJI0BOE U3ITyYEeHHE
SPHEREXx? 0KU- NASA 0.75-5 W3yUYeHHs BCEero HeOa B
naercst MKM ommxaem MK guamaszowne,
2025 CIIEKTPOCKOMMYECKUE JIaHHbIE
Xabou 1990 NASA, |0.8-2.5 NICMOS — MOTYT MCIOJIb30BaThCS JIIsI
(HST)? ESA MKM nHdpakpacHas | M3ydeHUsI aKKPEIIMOHHBIX
Kamepa u IIPOLIECCOB M MBUIEBBIX 000JI0YEK
criekTporpad | cumOHoTHUECKHX 3BE3]T
WISE (Wide- | 2009 NASA 3.4,4.6, NEOWISE -B | a5t moncKka MajbIX Tejl B
field Infrared 12,u22 cpentem UK COJIHEYHOM CHCTEME, B TOM YHUCIIE B
Survey Ex- MKM JMamna3oHe cpeziHeM HH(paKpacHOM JiHara3oHe
plorer)* (0cobeHHO B 12 1 22 MKM) MOJIC3HBI
JUTSL HCCIIEIOBAHUS TETTIOBOTO
M3ITy4eHHMs TIBIIEBBIX 000JI0UEK B
CHUMOMOTHYECKHX 3BE3/aX

Pe3yabTaThbl 1 00cy:KIeHUS
Pesynprarom naHHO# paboTHI sBIsIETCS (HOPMYINPOBKA KIIFOUEBBIX 3a7a4d U BBIOOD
ONITUMAJIBHOTO 000PYJIOBAaHUS Il (POTOMETPHUECKUX M CHEKTPAIbHBIX HAOII0ICHUN

95



ISSN 2224-5227 4.2024

CUMOMOTHYECKHUX 3Be3/ B MHPPAKPaCHOM JAWANa30HE C HCIOIb30BAaHHEM TEIECKOIa
c ameptypoit 20-30 cm. D10 mMO3BOMUT oOecmnednTh 3(H(HEKTUBHOCTH M YCIEIIHOE
BBINOJIHEHHE HAYYHBIX UCCIIEOBAHUI C OKOJIOIYHHOU OPOUTHI IEPBOTO KOCMUYECKOTO
TellecKoIa, pa3padarsiBaeMoro kKoncopuymom «I"amam'y u « AU D,

[Inanupyemble 3agauu Ui HAONMIOACHUH CHMOMOTHYECKMX OOBEKTOB Ha
OKOJIOJTYHHOM TeJIeCKOIIE:

1. HccnenoBanue pU3NUECKOrO COCTOSHUA CUMOMOTHUYECKMX OOBEKTOB HaKaHyHE
BCIIBIIIKK U BO BpeMsl Hee. J{J1s1 CBOeBPEMEHHOTO BBISIBJIEHHSI aKTHBHBIX IPOIIECCOB!

® aHupyrorcs narpynbheie (1 pa3 B 3-4 nust) poromerpudeckue HabIr01eHNs B B
V R ¢unbTpax rpynmnsl cCikMOMOTHYECKUX 3B€3[ (SIPKOCTH BEIOpaHHBIX 00BEKTOB OyaeT
OTIpeNeNsiThC BO3MOKHOCTSIMU TeJlecKomna). PacnpeneneHne cUMOMOTHUECKHX 3BE3.T
B 3aBucuMoctu oT ux UK Ttuna cornacho kartanory (Belczynski, 2000) otpaxkeHo Ha
Pucynxke 2.

® [Ipu u3mMeHeHnH OsiecKa Kakoro-mmdo o0beKTa, HOTPeOyIOTCS KPYIIIOCyTOUHBIE
(doroMeTprueckre HaOMIOACHUSI C KpaTHOCTBIO 20 HaOmroneHuid B CyTKU (KpaTHOCTD
20 HaOmOACHUI B CYyTKH O3HA4aeT, YTO BbI INIAHUPYETE OCyIecTBUTH 20 OTACIBHBIX
HaOJIONEHMH 32 OUH LHKJI, KOTOPBIA AnuTcs 24 yaca (0HO HAOIIOJCHUE TPUMEPHO
Kaxnaple 1,2 yaca wiu Kaxaple 72 MuHYThI). [Ipr HamuMuum CHeKTpalbHOTO KaHaja
OyIyT Hy’KHBI ONTHYECKHE CTIEKTPHI C paspelieHueM He Xyxke 1A (paspemenue B 1 A
03HAYaeT, YTO CIEKTPOMETP CIIOCOOEH pa3nuyaTrh JUIMHBI BOJH, OTJIMYAIOLIUECS APYT
OT JIpyra Ha €IWHHUIy aHrcTpeMma). B aTom ciiyyae HeoOxoamma ObICTpas Ha3zeMHas
00paboTKa JaHHBIX JUIS yCTAaHOBJICHUS IPUYMHBI HAOTI01aeMbIX U3MEHEHUH.

JL71s1t BBITIOSTHEHHMSI TIEPBOM 3a1a41 HEOOXOIUMO CIeAyIomIee 000pYA0BaHHE: 3ePKAIIO
teneckomna quamerpom 20 - 30cm, CCD kamepa 1 padOThl B OITHYECKOM AHANa3oHe,
na6op ¢unsTpos B V R, cniekrporpad, padotaromuii B quanaszone 3700 - 7500A.

e D e D e S S,D e SD o He onpenenex

Pucynox 2. TIpoexuus cumbuornueckux 38é3x no MK tumam.

1

https://ghalam.kz/
https://fai.kz/

2
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2. WccnenoBanne CTPYKTYpBI IBUIEBOM COCTABIIAIONICH U €€ pacTipeie/ICHHs B COCTaBe
CUMOMOTHYECKMX O00BEKTOB. PacmpeneneHne CUMOMOTHUECKUX 3B€3]] C IBUICBBHIMU
COCTaBIISIIOIIMMHU U 0e3 HUX, KiaccupuuupoBanHeix o MK Tumy, mpeacraBneHo Ha
Pucynxke 3.

® [lnanupyrorcs HaOmogenus B OmmkHeM MK aumanasone anst oOHapyKeHUs
MBIJIEBBIX  00O0JIOUEK BO BHEIIHHX M BHYTPEHHHUX 30HAX CHMOMOTHYECKOTO OOBEKTA.

®  [lonyueHHbIE pe3yabTaThl Oy Iy T UCTIOIB30BaHBI I OTIPEICICHUS XUMHUUECKOTO
COCTaBa U MJIOTHOCTH MBUIEBOW COCTABISIOIIEH

® (CpaBHEHHE XapaKTEPUCTUK IMBIICBBIX COCTABIISIONINX, IOJYYEHHBIX IS
CUMOMOTHYECKHX 00BEKTOB PA3HOTO THIIA.

120

100 1
o}
2 80 \
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/
3 60
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Pucynok 3. Pactipenenenue cumOuotnyeckux 38¢31 mo MK tumam.

Br160op 06opynoBaHus 1151 OKOJIOIYHHOTO TEJIECKOIa

Jnsinposenenus GOTOMETPUIECKUX M CHEKTPAJIbHBIX HAOII0ACHUH CHMONOTHYECKUX
3Be3/1 B MH(PPaKpacHOM uana3oHe ¢ UCIOJIb30BaHUEM Teseckora ¢ aneptypoit 20-30 cm
Ha reoctaunoHapHoii opobute u B Touke Jlarpamka L1 (ComHue — 3eMiist), KIIIOYEBBIMH
napameTpamu, SIBJISIIOTCSI JUana30oHbl, OXBAThIBAIOIIUE KaK ONMXHUHN, TaK U CPEeIHUM
HHPAKPACHBIN CIIEKTP:

bmwxunii nadpaxpacusiii auanazon (NIR): 0.8—5 MxM (BaxkeH U1 MccIeJOBaHUS
MBIIEBBIX 000I0YEK, AKKPELIMOHHBIX TUCKOB U XOJIOIHBIX KOMIIOHEHTOB).

Cpenuuii nndpakpacuslii quana3zon (MIR): 5-25 MM (i U3y4eHHs] TEIJIOBOTO
W3Iy4YeHHUs] TbUIM M HHU3KOTeMIeparypHbIX mpoueccoB). Ilpu ameprype 20-30 cm
TEJECKOIl OyeT UMETh 4yBCTBUTEIBHOCTD, IOCTATOUHYIO sl HAOMIONCHHUS YMEPEHHO
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SPKUX OOBEKTOB B ATHUX JHAaIa30HaxX, HO A Oosee ciadblX CUMOMOTHYECKUX 3BE3]1
noTpeOyroTcss Oosiee YyBCTBUTEIbHBIC TPHEMHHMKA U MEHbIIAs pa3peliaronias
CIOCOOHOCTH CIIEKTPOrPaMM.

Ha pucynke 4 mpencraBiieHa HHTCHCHBHOCTh TU(DPAKLIMOHHON KapTHUHBI IS
Kpyrioit aneptypsl. Kak u B ciyyae (a) audpakiuy Ha OTHOM LIETH, [EHTPaTbHBINA
MaKCHMyM 3[IeCh LIMPE M Sip4e [0 CPaBHEHHIO ¢ OOKOBBIMH Makcumymamu. [lpu
HaJIO)KEHUU AU(PPAKIIMOHHBIX KAPTUH OT JABYX TOUCYHBIX 00beKTOB (b) HalmoaaeTcs ux
nepeKpbITHE. 371eCh OKa3aH KpuTepuit Panes 1uis npezena pa3pemeHus: eHTpaabHbIN
MaKCHMYM OJIHOU AU(PPAKIIMOHHON KapTUHBI COBIAACT C IEPBHIM MUHUMYMOM JIpYTOi
(Physics. Simple Book Production, Query date: 24.10.2024).

Intensities

r
i
"’f ' y

Intensity

o
? Object 1
] ; [
—1.224 1.22A Cbiecte ?

o o
(a) (b)

TY_ -

.~

Pucynok 4. Ha rpaduke npeacraBieHa HHTEHCUBHOCTD TU(PAKIIMOHHON KapTHHBI JUTsl KPYTJIOH
anepTypsl

Paspemenne teneckorna 3aBUCUT OT alepTypbl U JUTHHBI BOJIHBL. OHO BBIpaXkaeTcs
gepe3 dopmyny Panes, popmyma 1. Ilpu mimuHe BOJHBI 2 MKM YTJIOBOE pa3pelicHUE
OyIeT onpeaenaTbes mo hopmydie:

1.222

== M

rze, 0 - ymoBoe paspelieHre TeJiecKona B paJuanax, A - IJIMHA BOJIHbBI H3Ty4eHUs (B
MeTpax), D - muameTp anepTypsl (B MeTpax), 1.22-uncinoBoi ko3 puineHT, CBI3aHHBIN
¢ IU(PaKIUOHHBIM NPEAETIOM Ul KPYroBOH amepTypsl (3TO KO3(GQHUUUEHT HepBOn
HyJIleBo# Touku (pyHKIMN beccens mis kpyrioii aneprypsr). @opmyina 1 mpencrasiser
co00H mNpuONMKEHHOE BBIPAXEHUE Ul AW(PAKLUOHHOTO IpeAena pas3pelieHus
teneckona [16] Temepsr g Hamrero teneckomna mnpuMepHo ¢ aneprypoir 20 cm (0,2
MeTp) (mpu A = 2um WM 2 MHKPOMETPA) M JUIMHOM BONHBI A = 2u = 2 X 107 %M
TaKuM 00pa3oM ucnonb3ys ¢opmyny | s teneckona ¢ aneptypoit 20 cM yriosoe
paspetienue coctabiseT 1.22x107° paauan = 2».52. COOTBETCTBEHHO [yis anepTypsbl 30
CM — OKOJIO 1».68 yriOBbIX CEKYH]I IIPU IJIUHE BOJHBI 2 MKM.
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CnextpanbHoe paspemenne (R) ans cumMOnoTHYECKHX 3BE3] BaXKHBI HAOIIOICHHS
JUHAN SMHCCUH U ToryomeHus. Yem Beiie R, Tem myumie npubop paznuyaer OIU3KO
pacrosyioKeHHbIe CrieKTpajibHble JInHIK. CreKTpaiabHoe paspemeHus R onpexaensiercs
KaK OTHOILECHHE JJMHBI BOJHBI (A) K MUHUMAJILHON pa3HUIIE IJTUH BOJIH (AL), KOTOpbIE
MOXET Pa3IM4YUTh JaHHBIN crieKTporpad:

R== )

Hanpumep, ecnu y cnekrporpada paspemenue R=1000, sto o3Hayaer, 4TO
[pU JUIMHE BOJIHBI | MKM Ha CHEKTporpamme OyIyT pasfelsiTbes JHHUHU C JUTMHAMH
BoyiH, orTiuyarommxcs Ha 1/1000 t.e. 0.001 mxm. OntumanbHOEe paspelieHHe JUIs
mupoKonosnocHoi ¢poromerpun R ~ 100 - 500, oHO MO3BOJNISIET PA3TUUUTh OCHOBHBIC
0CcOOEHHOCTHU CIIeKTpa B MH(PaKpacCHOM AMana3oHe. (HampuMmep, MbUIEBbIE SMUCCHU
WIA XOJIOJHBIE KOMIIOHEHTHI B CHMOHMOTHYECKHMX 3Be3aax). st cumMOMoTHuecKux
3BE3]l BXKHBI ICTATM3UPOBAHHBIC CIICKTPBI, TOCKOJIBKY Pa3HbIe COOBITHS (aKKpELHs 1
BBIOPOCHI BEIIECTBA) COMPOBOXKIAIOTCS MOSIBIICHHEM Pa3IMYHBIX CIICKTPAIBLHBIX JIMHUH
(manpumep, He 11, O VI u npyrux). ns ux uzmepenuii Tpebyercsi pasperienue R ~
1000 - 3000.

UyBCTBUTENBHOCT MH(PAKPACHOTO TEJIECKONA OMPENeNseTCsT HECKOJIbKUMHU
KIIIOYEBBIMU  (DAKTOpaMH, BKJIIOYAs CUCTEMY JETEKTOPOB, YCJIOBHUS HAOJIOACHUM
W mapaMeTpbl TelecKola, TaKhe Kak ameprypa W cucreMa oxiaxkaeHus. [lpenmen
OOHapyXCHHUSI YKa3blBaeT Ha MHUHHMMAJIBHBIA IOTOK H3JIyYEHHs, KOTOPBIH MOXKET
OBITH 3aUKCHPOBAH TEJIECKONOM. DTOT MapaMeTp OObIYHO M3MEpsEeTCsl B BaTTax Ha
kBapaTHbIH MeTp (B1/M?) min B Besmuunax Suckoro (1 uc=102¢ Br/m?/ T'm), mpu ero
BBIYKCJICHUU UCTIONB3YETCs OTHOIICHUE curHa/myM (S/N):

F-An+/t

TFon+ N )

rae, F - moTok oT o6bekra (B1/M?), A - 3pekTHBHAS TLIOMIA I ATIEPTYPhI TETECKOTIA
(A =mD?/4), n- - xBaHTOBas >PPEKTHBHOCTH JETEKTOPA, ¢ - BPEMs HAKOTIICHHS (B
cekyHmIax), F - moTok hoHOBOTO M3ITyUeHU (ammmapaTyphl TEIECKOIIa HITH KOCMHYECKOTO
(ona), N — mrym geTekTopa.

Uem Oomple ameprypa TEJECKONa ¥ JOJbIIE BpPeMs OSKCIIO3WIIUH, TeM BBIIIE
OTHOIIICHUE CUTHAJ/TIIYM M JIyYIlIe BO3MOXKHOCTH IS OOHApYXEHHUs Ooiiee ciaadbIx
O00BEKTOB.

Hetexroper HgCdTe (pTyTh-KaqMHUH-TEIUTYPHA) HCIIONB3YIOTCS IS OJIMKHETO
nH(ppakpacHoro muamazona (0.8-5 MkM). DTH HETEKTOPHI 00Jamaf0T BBICOKOM
qyBCTBUTEIHHOCTHIO K HMH(ppaKpaCHOMY H3IyYCHHUIO TIPU TeMmIiieparype okoio 77 K
(Temmeparypa Kuakoro azora). OHE 00ECIICUNBAIOT XOPOIIee COOTHOIICHNE CUTHAIT/
IIyM IIPY HU3KHX TTOTOKAX M3TyYCHUS.

Hetexropbr Si mwmm Ge (KpeMHUNH-MHUIIIMETAII U TEPMaHHI) HCTIOIB3YIOTCS IS
cpemHero HHGPaKpPacHOTO AUara3ona (5—25 MKM). DTH AETEKTOPHI TPEOYIOT aKTHBHOTO

S/N =
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OXJIXKICHHUS 10 TemrnepaTypsl 4-10 K, 4To0bl MUHUMH3HPOBATH TEIIOBOH IIyM, 1 OHU
00ecnevYnBaloT BBICOKYIO UyBCTBUTENLHOCTD [T 00JIee JTMHHBIX BOJH HH(PPAKPACHOTO
JMana3zoHa

Jnst uccnenoBaHuss CUMOMOTHYECKUX 3BE3/, KOTOPBIE MOTYT OBITH OKPYKEHBI
MBIJIEBBIME O000JIOUKAMH M TUCKaMM, BaYKHO JIOCTHUYb BBICOKOW YYBCTBHTEIBHOCTH,
4T0OBI HAOIIONATH Cabble KOMIOHEHTHI cUcTeMbl. [Ipemen obHapyxenus 10716 Bt/
M? B OJNM)KHEM HH(PAKpAaCHOM IUara3oHe IMO3BOJSET U3y4aTh TEIUIOBOE M3IydYCHHE
OT XOJIONHBIX KOMIIOHEHTOB M IBIJIEBBIX 000JIOYEK B TaKUX cHUCTeMax. B cpeanem
WHPPAKpaCHOM [Mamna3oHe BaKHbl HAOMIOACHUS MBUICBBIX 000JIOUEK, KOTOpBIE
n3Iy4aloT Ha AnuHax BosH 10-20 MKM, ¥ JJis 3TOro TpedyeTcsi 4yBCTBUTEIBHOCTD
nopsaka 10 Br/m?.

[Tone 3penus ans poromerpun (1o 10 yrioBBIX MUHYT) IO3BOJISIET MCCIIEIOBATDH
Oonpme obnmactu Heba, YTO BAXKHO MJsl MMOMCKAa M MOHUTOPHHTAa OOBEKTOB, IS
CIEKTPOCKOIUH MTPEANOYTUTEIBHO y3K0e 1moie 3pernst (~0.5—1 yrioBbIX MUHYT), TaK KaK
OHO MOMOTaeT c(hOKYCHPOBATHLCS Ha 1IEJIEBOM 00BeKTe U n30exath GpoHa. Kpome toro,
TEJIECKOII JI0JDKEH OBbITH OCHAILEH NMACCHMBHOW MIJIM aKTHBHOW CHCTEMOHW OXJIa)KIACHUS,
YTOOBI MUHUMH3HPOBATh TEIJIOBOE M3IyYEHUE OT CAMOT0 TEJIECKOIa, KOTOPOE MOKET
MeraTh HabmroaeHusIM. OOBIYHO HCIIOIB3YEeTCs HACCUBHOE OXJIaXKACHHUE 710 TEMIIEpaTyp
nopsinka 50 K st nerexropos B 6mkHeMm MK-nnamna3oHe n akTMBHOE OXJaxkIeHHE (¢
MOMOILBIO JKUJIKOTO TeJIHs WM 3aMKHYTBHIX cucteM) ans cpennero MK-auanasona mo
temnepatyp nopsaka 10 K.

Haxonsce Ha BbicoTe okoio 36 000 kM, TelecKOn Ha Te0CTallMOHAPHOW OpOuTe
UMeeT CTaOMIBHOE TOJI0KEHHE OTHOCHUTENBHO 3eMiid. OCHOBHBIM MPEHMYIIECTBOM
TaKoW OpOHUTHI SBISIETCS BO3MOYKHOCTH HEMPEPBIBHBIX HAOIIONEHHN OMpPEAETICHHOTO
ydacTka Heba, HO OHa MOKET OBbITh OrpaHMYeHa (DOHOBBIM H3ITyYEHHEM OT 3eMJIH H
TpeOyeT 3amuTbl OT COOCTBEHHOTO TEIUIOBOrO W3iydeHus. Touka Jlarpamxka L1-
opbuta (~1.5 MiH KM oT 3emisn) oOecrieunBaeT CTaOMIIbHbBIC YCIOBHs HaOMIOICHUN
0e3 BAMAHUS 3eMIH, 4TO JenaeT e Ooyiee MPHUBICKATEIBHON ISl UyBCTBUTEIBHBIX
nH}ppakpacHbx HabmoaeHuil. B L1 teneckon OyaeT HaX0UTHCS B 30HE MUHIUMAIBHOTO
TEMIIEPaTypHOTO M PaJUallMOHHOTO (OHA, YTO 3HAYUTEIBHO IOBBICUT TOYHOCTH
HHPaKpPaCHBIX HAOIIOIECHHH.

st GONBbIIMHCTBA CHMOMOTHYECKUX 3BE3]] BPEMS IKCIIO3UINUN MOKET COCTABIISTD
OT HECKOJBbKHX CEKYHJ A0 MHUHYT Al (OTOMETPUH H OO ACCATKOB MHUHYT ISt
BBICOKOUYBCTBUTEIBHOH CIEKTPOCKOIHU.

3akio4yeHue

B 3axmioyeHnu mpeacTaBiieH aHaIM3 HMCCIEJOBAaHMH CHUMOMOTHYECKHX 3BE3d B
WHPAKPaCHOM JHAama3oHe, YTO MO3BOJsIET cHOPMYIMPOBATH OCHOBHBIE 3aJauyd LIS
HaOJIOAEHNH C OKOJIOMIYHHOTO TEJIECKOIa, Pa3MEIIEHHOT0 Ha OKOJIONYHHOH OpOHTe C
aneptypoii 20-30 cm. [IpeanoxeHHbie HAOTIOACHUS HAaPaBJICHbI HA ITyOOKOE H3ydeHHe
(U3NUECKUX NPOLECCOB W JWHAMUKA CHUMOMOTHYECKHX CHCTEM, 4YTO IO3BOJHT
JEeTalbHO HCCIEN0BAaTh MX HBOJIIOLHUIO, IMbLIEBbIE OOOJOYKH W MPHUPOAY BCIIBILICK.
[lonGop mapaMeTpoB Teleckona, TaKuX Kak AMana3oH JUIMH BOJIH, pa3peliaroiias
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CIOCOOHOCTh M YyBCTBUTEIBHOCTH, MOATBEP)KAAET €ro TOTOBHOCTh K peanu3aluu
MOCTaBJICHHBIX 337124 U 9 (PEeKTUBHOMY M3y4eHHUI0 00bekTOB D-THna. Takum oOpaszom,
OCHOBHBIE MapameTpsl HH(ppakpacHoro Teneckona: aneptypa 20-30 cm, 1 paboThl
B auanazone 0.8-25 mkm TpeOyercsi yrioBoe paspemienue 0.8—1.2», crekTpanbHoe
pasperienne R=1000—-3000, u ayBcTBUTENEHOCTH OT 107!° 10 1071 BT/M2. OnTrMasbHOE
0J1€ 3pEHHS IS CIEKTPOCKONUH cocTaniisieT 0.5—1 yrioBeIX MUHYT, a 47151 GOTOMETPUH
— 10 10 yroBbix MuHYT. CHCTEMBI OXJIaXKACHUS, AKTUBHBIC WIIN TTACCUBHBIE, JOJKHBI
obecrieunBarh TeMreparypsl aetekTopoB 10 50 K ans Ommxnero UK amanasona u
1o 10 K mns cpeanero MK auanasona. OTH mapaMeTpsl TO3BOJST AETAIbHO M3ydaTb
CUMOMOTHYECKHE 3BE3/Ibl U UX MBIJIEBYIO COCTABISIIOLIYIO.
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Abstract. The scientific article presents the results of a study of the chemical resistance
of synthesized zinc phosphate cement (ZPC) under the influence of an aggressive
environment. ZPC is a special type of cement required for dentistry in Kazakhstan.
Its scope of application is extensive, it is not produced in the country, it is transported
from abroad, and due to the high cost of dental services, the research is very relevant.
Zn0O, MgO, Si0,, Bi,0, and phosphorus slag were used as starting materials for the
study of the chemical resistance of ZPC under the influence of aggressive environments.
X-ray phase, electron microscopic methods, methodological recommendations and
requirements were used for the study.

As aresult, the composition of the MPC, fired for 4 hours at a temperature of 1000°C,
was: ZnO-83.0; Mg0-9.0; SiO,-3.5; Bi,0,-3.0; phosphorus slag-1.5%. In the mixture
prepared for molding ZPC in the mold, the cement/solution ratio was C/R=0.3. The
setting time began in 6 minutes, and ended in 9 minutes. To determine the chemical
resistance of zinc phosphate cement under the influence of an aggressive environment,
the tensile strength was determined: in 10% lactic acid-98.8MPa, in 5% NaCl solution-
100.1MPa and in carbonated water - 104.4MPa. X-ray phase analysis showed that the
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cement contains the mineral zincite-52.3%, periclase-32.9% and quartz-14.8%. As
a result of electron microscopic analysis, the cement content was determined: ZnO-
87.06%, Ca0-0.57%, Si0,-4.36%, Al,0,-0.64%, MgO-7.37%. An amorphous phase
was also identified in the mineralogical composition of zinc phosphate cement. The
phase consists of excess zinc oxide (ZnO) particles in an amorphous phosphate matrix
that did not react with orthophosphoric acid. Wide porosity of the microstructural
crystals of ZPC was determined, the porosity size was 1-5um. Thus, the tests showed
that 10% lactic acid as an aggressive environment reduced the strength of the developed
zinc phosphate cement by 8.0%, 5% NaCl by 6.8% and carbonated water by 2.8%.

Keywords: zinc phosphate cement, composite material, chemical resistance, tensile
strength, microstructure.
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AHHoTamus. FrulbiMuH Makajiaja CHUHTE3ACITeH MbIPbIII-(PochaTThl IEMEHTTI
arpeccuBTI OPTAaHBIH dCEPIHEH XUMUSIIBIK TO3IMAUTITIH 3epTTey OOWBIHIIA HOTHKEIIED
kenripinred. M®IL[ Kazakcranga cromaroiorusra KaXeTTi apHaibl LEMEHT Typi
0ombin Ta0kUTaaRl. OHBIH KOJMAAHY asChl ayKBIMIBI, STIMI3Ie OHIIPUIMEH I, TIEeT eNAcH
TachIMaJIIaHAIIbI )KOHE CTOMATOJIOTHSIIBIK KBI3MET TYpi KbIMOAT O0JTybIHA OaliIaHBICThI
3eprTey oTe o3ekTi. MDI] arpeccHBTI OpTaHBIH OCEPIHEH XWUMUSUIBIK TO3IMIITITIH
3eprTey yuin Oactankel Marepuanaap peringe ZnO, MgO, SiO,, Bi,0, xane dpochop
IUTArbl KOJITAHBIIIBL. 3€pTTey JKYPTi3y YIIiH peHTreHO(a3abIK, 3H6KTp0H,Z[BI MHUKPOCKO-
MUSUITBIK oficTep, daicTreMenik HyckaynbikTap MeH MECT Tanmanrapsl KONIaHBUIIBL.

Hormxkeciage 1000 °C temmeparypama 4 carar kyiapipimres MOL[ kypamsr:
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ZnO - 83,0 %, MgO - 9,0 %, SiO, - 3,5 %, Bi,0, - 3,0 %, dochop mmarer - 1,5 %
Oomnnel. M®LITi dopmara KaniplnTay YIIiH JalbIHIAIFAH KOCMAaga LIEMEHT/epiTiHAl
kareiHackl 1I/E=0,3. ¥cracy mep3imiHiH Oactanybl 6 MUH, asKTaiybl 9 MUH OOJIIBI.
Maipbi-GocharTel HEMEHT YITUIEpIi arpeccHBTi OPTaHBIH OCEPIHEH XWUMHUSUIBIK
TO3IMAUIINH aHBIKTAy YIIH OepikTiK mmieri aHbIKTauasl: 10 % CyT KbIIIKBUIBIHIA
— 98,8 Mlla, 5 % NaCl epitiamiciane — 100,1 Mlla sxone razmamran cyma — 104,4
Mlla 6omnpl. Pentrenodaszanblk Tanmay HOTHDKECIHAE IEMEHT KYpaMbIHIA ITHHITAT
MuHepais - 52,3 %, nepuxias - 32,9 % xone kBapil - 14,8 % aHBIKTaNIBI. DIEKTPOHIBI
MUKPOCKOIIMSUTBIK Tallfidy HOTHXKECIHIEe ImeMeHT KypambiHma: ZnO — 87,06 %, CaO
- 0,57 %, SiO, — 4,36 %, ALO, - 0,64 %, MgO — 7,37 % anbikrangpl. Connai-
aK, MbIpbII-hocdarTsl LNEMEHTTIH MHHEPAJOTHJIBIK KypamblHaa amopdrtel ¢daza
anbIKTasAbl. Paza oprodocdop KeIIKBUIBIMEH peakiusFa TycrereH aMmoprol pocdar
MaTpHULACBIHAAFB MBIPHII OKCHIIHIH (ZnO) apTeik OemmexTepiHeH Typaiasl. MOIL]
MUKPOKYPBUIBIM/IBI KPUCTAIIAPABIH KSH KEYEKTIIr aHBIKTAN/bl, KEYeKTUTIK eeMi
1-5 MxM Kypazbsl. Ocbutaiiina, MeIpbII-(ocdaTThl HEMEHT OepiKTIriHe arpeccuBTi opTa
10 % cyT kpimkbuib — 8,0 %, 5 % NaCl — 6,8 % xoHe ra3nanran ¢y — 2,8 % TOMEHIETTI.

Tyiiin ce3mep: MbIpbi-hocarThl EMEHT, KOMIO3UIMSUTBIK MaTEepUal, XUMHSUTBIK
TO3IMAIIIK, KbICYaFbl OEpPIKTiri, MUKPOKYPBUTBIM.
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AnHOTanusi. B HayuHOH cTarbe TIPENCTAaBICHBI pE3YJIbTAaThl HCCICIOBAHHS
XUMHUYECKOW CTOMKOCTH CHUHTE3HUPOBAHHOTO IUHK-PocharHoro mementa (LIDII) mox
Bo3MeiicTBUEM arpeccuBHOM cpeapl. LIDL] - 370 0coOBIi BT IIEMEHTa, BOCTPEOOBAHHBIH
B ctoMatoioruu Kazaxcrana. Cdepa ero mpuMeHeHHUs 00IHUpHA, OH HE TPOU3BOIUTCS B
CTpaHe, ero NPUBO3ST U3-3a PyOexka, 1 N3-3a BBICOKOH CTOMMOCTH CTOMAaTOJIOIMYECKUX
yCIYr' HWCCIEJOBaHMs OYEHb aKTyalbHbl. B KauecTBe HMCXOAHBIX MaTEpHAOB JUIS
n3yuyeHus: Xumuueckor croiikoctu LI®DL mpu Bo3neiicTBUU arpeccUBHBIX Cped ObLIH
ucnonb3oBarbl ZnO, MgO, SiO,, Bi,0, u ¢ocdopubiii mnak. Ilpu mnposeneHnn
WCCIIEZIOBAHUS HCIIOIB30BAINCH PEHTTeHO(]A30BbIe, IEKTPOHHO-MHUKPOCKOITUYECKHE
METOIbI, MeTonuueckue pekomeHmanun u tpedbosanus ['OCT. B pesymprate cocrar
L®LI, o6oxkeHHBIX B TeueHue 4 gacoB mpu Temrieparype 1000°C, cocraBui: Zn0-83,0;
Mg0-9,0; SiO,-3,5; Bi,0,-3,0; dpochopmslii mnak-1,5%. B cMecn, NpUroToBIeHHOM
st popmoanust LIDLL B popme, cooTHOLIEHNE LIeMEeHT/pacTBOp cocTtasisuio LI/P=0,3.
Bpems cxBaTbIBaHHS HAYMHAJIOCH Yepe3 6 MUHYT U 3aKaH4MBajIoch yepe3 9 MunyT. Jlims
OTIpeNeIeHNs XUMHYECKOM CTOMKOCTH IHMHK-(pochaTHOrO 1eMeHTa npu BO3AECHCTBUI
arpeccUBHON Cpeabsl OBLT OTpEeNeNeH MpeneNn MPOYHOCTH Ha cxatuu: B 10%-Hoit
MosouHo# kucinore - 98,8Ml1a, B 5%-1om pactBope NaCl - 100,1MIla u B razupoBaHHOM
Bozie - 104,4MIla. Pentrenoda3oBblii aHaM3 MMOKa3al, YTO IIEMEHT COICPIKUT MUHEPAI
uuHIIT - 52,3%, nepuknas - 32,9% u xBapu - 14,8%. B pesynbrare anekTpoHHO-
MHUKPOCKOITMUECKOTO aHaji3a ObLIO OMpeeeHo cojepxkanue remenrta: Zn0O-87,06%,
Ca0-0,57%, Si0,-4,36%, Al,0,-0,64%, MgO-7,37%. B MuHEpanoru4eckoM cocTase
UHK-(ochaTHOTO IeMeHTa Takke OblIa o0HapykeHa amopdHas dhaza. Paza coCTOUT U3
M30BITOYHBIX YaCTHUIl OKCHAA ITMHKA (ZnO) B amopdHOU PocdaTHOM MaTpHIle, KOTOPHIE
HE BCTyHaJld B peakuuio ¢ opropocdopHoil KucnoTol. beia onpenenena mupoxas
MIOPUCTOCTh MUKPOCTPYKTYpHBIX KpHucTaiuoB LDII, pazmep koropeix cocrasisa 1-5
MKM. Takum obpa3zoM, ucHbITaHus Mokasaiu, 4To 10%-Has MoJO4Hasg KHUCJIOTa Kak
arpeccuBHasl cpejia CHIXKala IIPOYHOCTh Pa3pabdoTaHHOTO IMHK-(QOC(aTHOTO eMeHTa
Ha 8,0%, 5%-us1it NaCl - Ha 6,8% u razupoBanHas Boaa - Ha 2,8%.

KiroueBble cioBa: 1uHK-pocarHbI LEMEHT, KOMIIO3MIMOHHBIM MaTepHal,
XMMUYECKasi CTOMKOCTD, Ppeell IPOYHOCTH, MUKPOCTPYKTYpa.

Kipicne. byringe onem ranpiMaapbl 3aMaHayd KOMITO3HIMSUIBIK MaTepHaslapibl,
OHBIH IIIHJIE CTOMATOJIOTHSIFA KaKETTI (DYKIIMOHAJBI IIEMEHTTEPIH KINHUKAIBIK,
(U3UKaIBIK, XUMUSIIBIK, aIr€3UsUIbIK JKOHE 3CTETHKAJIbIK KACHETTEpPiH >KaKCapThIIl
KOHE apHalbl KypaMmJapra KOChIMIIA KOCTajapAbl eHaipy apkbuibl o3ipieyne (Leung,
2022). Opra Aszus enzepi iminne Kasakcranna qa cTOMaTOJOTHIFA KKETTI apHAbI
LEMEHT TYPiHIH KYpaMbIH 93ipiey OoiibIHIIa 3epTTeynep xyprizityae (Abdullin, 2023).

Mpipbim-docdarter nement (ML®) Tic nmpoTe3nep MeH KOpOHKajapiabl OeKiTyre,
TICTEpAl KalIbIHA KeNTipy Ke31H/e TNIOMOaHBIH acThIHA TOCEYTE JKoHE OacKa 1a KaJrblHa
KEITipy KYPBUIBIMIAPHI VIITiH Naiiananbuiansl. KeHiHeH KoMIaHyIbIH HEeTi3r1 cedernrepi
OJIapIbIH JKaKChl MAaHUITYJISIUSUIBIK KACHETTEP] KOHE LIEMEHTTIH KbICKA YaKbIT ilIiHAEC
Kararo Kaoineri 6ombin Tadbu1a e (CBeTiioB, 2017).

Komno3nmusinelk Marepuan HETi3iHEeH YHTaK XOHE CYHBIK epiTiHII CeKuldl eki
KOMIIOHETTEH Typajbl. ¥HTaK KOMIOHEHTTIH KypaMbiHaa 90 % MbIpbim okcui (ZnO),
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3-10% marnuii okeuai (MgO), connaii-ak, KOChbIMIIIa KACHETTEP/I ’KaKCapTy MaKCaThIH A
BUCMYT, KPEMHHIA OKCHATEPI JKoHE T.0. Kochltaabl. PeakTuBTiiik kommonentrepai 1000-
1300 °C temneparypaja KyHaipy apKelibl OakbuiaHaabl. SIFHH OyJ1 pouecTe KyHaipy
PEXUMI MaHBI3IBI POl aTKapazibl. AJBIHFAH KOMIO3HLHMSUIBIK MaTepHall aKIIbLI capbl
TYCTi, KBILIKBUIAAPFa peakusichl a3 6ounein keneni (Mitra, 2008).

M®IITiH KaTarobl YIIiH KOJTJaHBUIATBIH CYHBIK KOMIIOHET — OC(Op KBIIIKBUIBIHBIH
epiTingici. KelKpu1 epiTiHi KOMIOHEHTTIH Kypambiaaa (75-85 %) H,PO,, 10 % neiin
Znxoue 1-3,1 % Al typansl (A6mypaxmanoB,2016). Alsxone Zn peakiust ’KbULIaMIbIFbIH
Oakpulayaa MMy pes aTkapazbl, onap epitinaine ¢pocdarrapablH THICTI MOJILIEPiH
KaJIBINTACTBIPY apKbUIBI KBIIIKBUI epiTiHAIHIH pH AeHreiliH >korapbLiaTaibl >KOHE
OHBIH peakTuBTUIiriH TemMennereni (Czarnecka, 2003). bactanke! kararo mporeci yurid
KOCBUIAaTBIH epiTiHAl Hocdop KBILIKBUIBIHBIH KOHLIEHTpanuschl MOLITIH XUMUSITBIK
KOHE MEXaHUKAJIBIK KACUETTEPiHe TiKeIel Tayesi.

MBpIpbIl OKCHAI YHTarbl MeH Cyabl (HOCOp KBIMIKBUIBI apachblHIAFbl PEaKIHs
TINTI OJapIBIH JeaKTHBALMJIAHFaH TYPiHAE € KYIITI 9K30TEPMHUSIIBIK OOJBIN Keei.
Ocpifan OainaHpICThl, maMaMeH 1,5-2 MUHYT OOMbl CYHBIKTHIKKA a3[aFaH YHTAKThI
KOCY apKbUIbl KOMIIOHEHTTEPl CAJKbIH IIBIHBI IUIMTAAa, KEH ayMakKTa apalacThIpy
KaxeT. ApanacTelpyaaH KeiiH nemeHTTiH pH MoHi mamamen 3,5 Kypaiinsl, Oy MoH
MyNbIAHBIH TiTIpKeHYiHE KoHE IIEMEHTTEYeH KeHiHT1 ce31IMTaNIbIKKa SKeIyl MYMKiH,
an 24 carartaH KeiiH, TOJNBIK opeKeTTeckeHae lemeHT pH 6,7 neHreitine xeremdl
(Lad, 2014), Oy OMONOTHSNBIK TYPFBIIAH JJcKaiia KOJaiabsl OOJBIN caHalabl.
CoOHJIBIKTAaH, CTOMATOJOT-KIMHULUCTED YIUiH Oyl KOMIO3ULIMSIBIK LEMEHT Typi
KIMHUKAJIBIK KOJJaHyJa PeKOplAKa He jKoHEe LIEMEHTTIH Oacka TypJepiHe KaparaHia
TUIMALIr jKoFapsl ekeHairin kepcetker (Kotha, 2023).

MO®L] KOMIO3UIUSIIBIK MaTepHaIbl 3ePTTEY KOHE THIMIUIITH apTThIpy OOMbIHIIA
KacaJFaH FhUIBIMH HOTWOKENepre CyieHin, KypambiHa (ochop eHIIpiCiHIH KalabIFbl
— anekTporepmodocdop mIarslH eHAipy MYMKIHIIT KapacTelpeuiasl (JKaHukynos,
Taiimaco, 2023). fruu, ¢ochop uwarsl Meipeim-gocdarTsl HEMEHTTIH KypaMmaac
Oeutiri peTiHje OHBIH KaCHETTEpiHe alTapibIKTail ocep eTyi MyMKiH. by MyMKiHAIKTI
KapacTeipyFa OoyarbiH OipHemnie jgonengep Oap. bipiHmiigeH, ockiFaH JeHiHTI
XKypriziinren 3eprreyaepae (ocop HularbiH MBIPBII-PochaTThl HEMEHT KypamblHa
SHIIPYAIH OHTAMIBI MeIepi aHbIKTangbl. Kannsl Kypamra HeOopi 1,5-3,0 % enaipy
yebibuIAbl. ExiHmigen, ¢pocdop muarsiHbg Kypambinaa kesaecetin 1,5 % — F, 2 %
- P,0,, 4,5 % — CaF, anam opranusmi yIriH MansI3/bl KOCBUILICTAP OOJIBII TAOBLIAIBI.
Omnap cyleKkTep/iH, TiCTEep/IiH KalbINTacyblHa KaThICabl. Y IIIHIIIIEH, GochOop OKCHl
LEMEHTTIH MUKPOKYPBUIBIMBIH 1A OEpiKTiK OaiiaHbIc TY3eTiH GocharTapapiy KypaMaac
Oeuiri, an ¢GTOp >IEMEHTI KOPpO3MsFa TO3IMIUTIKTI apTTHIPaThiH, KBIIKBULAAPIBIH
eHyiHe Kapchl TypareiH GpTopuarep Ty3yui. P sxone F 6ip-0ipiMmen cuHepreTuKaJbIK
acep ereai, onap MbIpbII-(ochaTThl LEMEHT OCEpIKTIriH, aAre3usra >KoHe
KOppo3usiFa TO3IMALIIriH kakcapTyra kemekreceai (Zhanikulov, Kenzhehan, 2023).
Byn xentipinren manennep MbIpbim-GocharTel HEMEHTTI OfaH 9pi 3epTTeyre, OHbBIH
KOPPO3MSUIBIK OpTa 9CEpiHEH XUMHSJIBIK TO3IMIUIMH aHBIKTAy[blH ©3€KTI Maceie
EKeH[IIT1H KepCeTei.
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MarepuaJsizap MeH 3epTTey daicTepi

Hatterananran MeIpeIT-Gocdartel meMedT Kypamel: ZnO - 83,0 %, MgO - 9,0 %,
Si0, - 3,5 %, B1,0, - 3,0 %, hocdop mars: - 1,5 % typagsr. MOLITIH yHTaK KOMIIOHEHTI
1000 °C temneparypazna 4 carar KyWaipinin ansiarad. Hotmwxkecinge ynecrik 6eti 3345
CM*/T KYpaWTBhIH CHHTE3/ICITCH KOMITO3UIUSUIBIK MBIPBIII-(POC(ATThI IIEMEHT aJIbIH/IBL.
AJNBIHFaH TOXIpUOETIK MBIphIII-GocarTel LEMEHTKe OpTO(HOCHOp KhIIKBUIBIMEH
apanacteipy apkbuibl eiiieMi 20x20x20 MM OonaThiH yiriiep KajablnTauasl. By
MBIpPBIII-POCc(aTTsl MEMEHT YITIepi KOPPO3UAIBIK OPTAHBIH SCEPIHEH XUMUSIIBIK
TO3IMIITITIH aHBIKTAY YIITiH KaXXeT OOJIBIT TaObUTa k.

Toxipnbe OapbIChIHIA MBIPHIII-(pocharThl IEMEHTIH arpeccrBTI OpTaap/IbIH ocepiHeH
XAMUSUIBIK TO3IMIIUIIH aHBIKTAy YIIIH KyOMK Topismi yarinepai Oip yakeitra 10 % cyT
KBILIKBUTBI ePITIHAICIHE, 5 % ac Ty3bl epITIHJICI MEH ra3jajFaH Cy epiTiHiicine 1 cararka
Oarblpbuiaibl. Bip carar yakpITTaH KeHiH YATUIep aibIHaJbl, JAUCCTHUIBIACHICH CyMEH
YKYBLITJIBI )KOHE YITLIep/IET] e3repicTepii Ko30eH KaHe MIKPOCKOMIIEH OaKblIay KYPriziies.
Osrepicrepi 6akpuIann OoFaHHaH KeiiH kenTipy mkadsHga 1 carar 6oiibt (37+1) °C Tem-
neparypana kenripeni. Coman KeliH KbICy Ke3iHairi oepikTikke ceiHanaapl (Cynapes, 2021).

Pentrenogazaneik  Tamgay Oyl KOCmazarbl 3aTThl  OHBIH  Ka3bIKTBIKAPAJIBIK
KAIIBIKTHIKTAPBIHBIH, JKUBIHTBIFBl JKOHE PEHTICHOTpaMMaarbl COHKEC CBI3BIKTap/IblH
CaJIBICTBIPMAITbI KAPKBIHIBUIBIFBI OOMBIHINA aHBIKTAY OOJIBII Ta0bUIa bl PeHTreHO(a3abK
TaJAAyAbIH KOMETIMEH MBIPBIII-(hocdaTTsl 1eMeHTIH (a3aiblK JKOHE MHHEPAIOTHSIIBIK
Kypambl aHblKTanagpl. CaHIBIK KOHE canajblK Tajijay OOHMbIHIIA >KYMBICTAp AJIMATh
kanaceiHnarsl «LeJICM» XKIIC ceprudukarranran cbiHak 3eprxaHackiniga D2 PHASER
pentrennik audpaxromerp (XRD) KypbUIFBICHIHBIH KOMETIMEH KYPri3uimi. Yiritepaiq
PEHTTEHIIK IEPEKTEPI KaTaH MOHOXpomaThkaibik Cu K | -coynenenysti kKaMramachi3 eTeTin
kucbIk Ge (111)monoxpomaropsl 6ap STOE-STADIMP yHTaK audpakToMeTpiH/Ie aJIbIHFaH.
Jepexrepi )KHHay ITO3UIHSITBIK-CE3IMTAIl CHI3BIKTHIK JCTEKTOP/IBIH KOMETIMEH CKaHepIiey
aiimakrapei 10°-man 70°-re neitin 2q Ke3eH-Ke3eHMEH a0y peKHUMIHIE OTTi, OHbBIH
tycipy Oypsimet 0.02° apHa eHi 0ap 5° -TeH 2q neitin 6011, DazablK KypamM/Ibl aHBIKTay
winxpowsoftware // STOE&CIEGmbH 6 WinXPowSoftware / STOE&CIEGmbH, 2000
Oarnapnamaisik KemeHi skone Match! Software // CrystallmpactGbR, 2016 Garnapnamacst
apKpUIBl Ky3ere acwlppuiipl okoHe PDF-2 (ICDD-2013) yHTak nIepeKKopbl OHbIMEH
OaiimansicTsl (EcrMos, 2012; Meip3akoxka, 2013).

Pactopnbl  371€KTPOHIBIK-MUKPOCKOIMSJIBIK ~ Tajinay MBIPbIL-(pocdarTel LEMEHT
YIIriciHIH, OeTiH ANEKTPOHIBI 30HMATNEH CKaHEepiey >KOHE OCHI IMPOIECTe TYBIHIAWTBHIH
CoyJIeJIeHYIH KeH CHEKTPiH aHBIKTAy apKbUIBI XKYPriziaeai. DNEeKTPOHIBIK MUKPOCKOITA
KECKiH ally YIIIH CHUTHAJIAp eKiHII, [IaFbUIBICKAH >KOHE JKYTBUIFAH OSJIEKTPOHAAp
OonbIn TaObUIABL. backa acepriep, aram alTKaHAa PEHTTEeH coyJesepi, 3epTTeNeTiH YT
MaTrepHasbIHBIH XHMHUSUTBIK KYPaMbl TYPasibl KOCBIMIIA aKIapaT ary YIIiH KOJJIaHbLIa bl
JEOL JSM-6490 LV wmapxanbl 3MeKTpOHIBl MHUKPOCKOMIIEH JKYMBIC jKacay Ke3iHe
ANIEKTPOH/IBI COYJICHIH 3epTTENeTiH 3aTreH (YHTaKTalFaH Marepuall) opeKeTTecyiHe
Heri3aenred. YJriHiH OeTi 3JMeKTPOH/ABI COyIEMEH CKaHEpJCHENl YKOHE HOTHXKECIHJE
naiina OoyFaH Kepi IIAlIbIpaHKbl IEKTPOHIAp OCTTiH Tomorpaduscel, COHal-aK
YIITiHIH (QU3HKAIBIK KOHE XUMHSUIBIK KACHETTEpl Typajbl aKHmapaTThl TachIMaJlaiIbl.
Byn snekrponmap opTypii OarbITTapiaH YINAAbl JKOHE ONTHKAIBIK OChKE KATBICTHI
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CHMMETPHSUIBI OpPHAJNACKaH J>KapTbUlail OTKI3TIIl 3JEMEHTTEPMEH aHbIKTanaabsl. by
Karnaiaa ckaHepiey MpOLECIHAE aHBIKTaJIaThIH AIIEKTPOHIAPABIH CaHABIK e3repicTepi
ANEKTPIIK CUTHAJJapra aiiHanaabpl. JleTeKTop sIeMeHTTEpiHiH €Ki CUTHajbl aJlbIH
ala KYLWIEHUTKIIIEeH KYLIeHUTLIIN, onepauusuiblK KYIIEHTKimke Tyceni. Onepauusuibik
KYIIEHTKII OyJ1 CHTHAIApAbI OJlaH 9pi KYLISHTe 1l dKaHe onapAbl KOCYy MeH a3aiuTyabl Oip
yakKbITTa Kacailpl. JKUBIHTHIK CUTHAJ KOMIO3UIMSIIBIK KECKiHAI KaNbIITACTBIPY YIUiH
OeiiHe cHrHAN peTiHAE MalJaJaHbUIAbl, Al aHbIPMAIIBLIIBIK CUTHAIBI TOHOTPAa(USIIBIK
KECKIH/l KaJIBITACThIPY YIINiH OCHHE CUTHAN PETiHAEC KbhI3MET ereii. YJIri OeTiHiH
reTepOreHIIIT JKOHE OHIAFbl Kypamzac 3JIeMEHTTEPIiH Tapalybl Typajbl aKnapaTThl
TachIMAIJAUTHIH Kepi IIalbIPaHKbl ANEKTPOHIAPABI aHBIKTAy YJATi OETiHIH KecKiHiH
Oalikayra MYMKIHAIK Oepefi. DJIEKTPOHbI-ONTHKAIBIK JKYHE JKYMBIC KAIIBIKTHIFBI
(WD) 48 MM Oomran ke3ne X8 MUHAMAJIBI YIIKEHTY Ke3iHAE KeCKiHAepAi aimyFa
myMKkiHzik Oepeni. JEOL JSM-6490 LV mapkanbl aneKTpoHIsl MEKpockon 3-100 MkM
CBI3BIKTHIK emeMepain enmey auana3onbiaga, 0,03-1000 MKM CBI3BIKTHIK ©JIIIEM
KOPCETKIIITEPiHiH ayKbIMBIHIA, NEKTpMeH kabapiktay 22045 'l kepHey kuimirinzue,
yaetkim keprey 0,3-30 kB auana3oHbIHIA KYMBIC Kacalabl. YIruIepai 3JeKTPOH/IbI-
MuKpockonusuislk Tanaay JEOL JSM-6490 LV mapkaibl 251€KTpOH/IbI MUKPOCKOIITBIH
kemerimeH xyprizingi (ILlagpos, 2014).

Harn:xesiep xoHe TaJKbLIAYIAP

Mpipbi-docdarter nemeHTTi ommemi 20x20x20 MM OonaThiH YAriIepre KaublnTay
ke3inge neMeHt/epitinai KarbiHacel LI/E=0,3 xypanel. Oprodocdop KbILIKBUIBIMEH
(H,PO,) apanacein Karaiiran yIriiep/i KajblITaH IIEIIN aJFaHHAH KEWiH OapbIH
opTamia caiMarbl Tapasblia ejdmeHAl. | KyOWK yJTilleHiH oprama caiMarsl 36,5
I' Kypaibl. AJBIHFAaH MBIpHIII-(GOCcdaTThl LEMEHT YATIIepAl arpeccuBTI OpPTaHbIH
OCEpIHEH XUMHUIIBIK TOIIMIUIITIH aHBIKTAY YIIIIH €H aJIIbIMEeH OpKalchichbiHa S0 MJI-JIeH
10 % cyt kpiukbuisl, 5 % NaCl xoHe razganran cy KyWblUIFaH 3 KosOara CajibIH/BL.
Jaitprananyan yariaepai epitinainepre 1 cararka Koibuiabl. ToxipuOenmik yuriiepin
JKaJmbl KepiHici 1 cypeTTe KepceTireH.

fasupoBaHHasn
: BOAa

Cypet 1. MbIpbi-GocdarTsl IEMEHTTIH TOXIPHOETIK Yarinepi

1 cararTaH KeHiH aNbIHFaH MBIPBIII-(PochaTThl IEMEHT YATLIEP/Ii TUCCTUILIbICHTCH
CYMEH IIaibI, e3repicrep/i ke30eH Oakpuiay xyprizinai. Hotmxkecinge, ynrinepain
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TYCiHIH aKIIbUIJaHFaHbl OalKanapl. ©O3repicTepai OakpuIan OonFaHHaH KeHiH ynritepai
kentiprim mkagpta 1 carar 6oibl (37+1) °C TemmepaTypana KeNnTipy OpbIHIAIIBL.
KenTipyneH keliin yirinepiiH opTaiia caJMarblH OJIIICH], HOTHKECIHIE, calMaKTa

SIIKaHJIal e3repicTep OOIFaH JKOK,.

Conpaii-ak, 20x20x20 MM OonaTbIH LEMEHT YAriIepai cy (epiTiHaiiep) ciHipimyi
JKOHE IIery MpPOLECCIHIH OpBbIH ajlMaFaHAbIFbl aHBIKTANABL. YJTiIepAl ekl Kapama-
Kapcel OeriH ereynen, Ttericten anbim, [IITM-100MI'4-A mapkaibl THAPaBIUKAIBIK,
npeccTe KbICy Ke3iHairi OepikTikke chiHanaabl. MbIpbim-(GocharTsl CTOMATONOTHSITBIK,

LIEMEHTTIH KacueTTepi OOMBIHIIIA HOTIOKENEP 1 KecTelne KeNTiplireH.

1 — xecre. MBIpbII-hochaTThl CTOMATOIOT MSUTBIK IIEMEHTTIH KaCHeTTepi

Cromaronorusiblk | ¥cracy Mep3imi, MuH | BepikTik ATpeccHBTi OpTara acep eTKeHHEeH KeliH
LEMEHTTIH aTaysbl ureri, MI1a KbICY Ke3inzeri Oepikrik mmeri, MITa
OacTanybl | asKTaIybl KbICY 10 % cyt 5% NaCl | Ta3nanran
KBIIIKBLTBI cy
MBeIpbii- 6 9 107,4 98,8 100,1 104,4
(docdarTel HEeMEHT

Mpipbi-gocharTel IEMEHTTIH YcTacy Mep3iMi MeH KbICy Ke3iHueri OepikTiri
FBUIBIMU  Makanajga kentipuired (Zhanikulov, Kaiyrbayeva, 2023). Ocsbuiaiiiia,
opropochop xpmukpuibiMen (H,PO,) karaiiran MbIpbII-pochaTThl  LEMEHTKE
arpeccuBTi OPTAHBIH ocep eTKeHAIriH Oaiikayra Oomaapl. 10 % CYT KBIIKBLIIB IEMEHT
Oepikririn 8 %-ra, 5 % NaCl uement OepikTirin 6,8 %-fa xoHe raznanras cy 2,8 %-ra
TOMEHIETKEHIIT aHBIKTAI/bI.

Bepikrikke  chlHamFaH ~ yiaTiIepAl  peHTreHo(as’anblK — KOHE
MHUKPOCKOIHUSUIBIK Tasiaay skacay yimia NeOQ08 enekreri Kayiabirbl 3 % OoareiHaal eTimn

ANIEKTPOHIBI

YHTAKTaKTaIl aJIbIH]IbL.
Meipeim-gocdarTsl  IEMEHTTIH KYPBUIBIMBIH peHTreHOo(asanblk Tangay D2

PHASER pentrenzik audpakroMeTp KeMeTiMEH OpBIHAAIABL. 2 CypeTTe MbIPBILI-
(docdarTbl IEMEHTTIH PEHTIEHOIPaMMAChl KENTIpiIreH.
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Cypert 2. MpIpbiii-pochaTTsl HIEeMEHTTIH PEHTTeHOTpaMMachl
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1000°C Temmeparypaja KYWOIpLTINl —adblHFaH MBIpHII-(ocdarTsl  IIEeMEHT
pEeHTreHOrpaMMachIHa Keleciiel Ty31IreH MUHepanapra THECIT jKa3bIKThIK apaliblK
HYKTeNepi coliKkecTeHIipisireH:

— muHIT (ZnO) d = 2.818; 2.6039; 2.4779; 1.9119; 1.6259; 1.4774; 1.4079; 1.359 A;

— nepukiasz (MgO) d =2.367; 2.1159; 1.4958; 2.44; 2.88 A;

— xBapu (Si0,) d = 3.3566; 1.3788 A.

Pentrenodazansik tannay Hotmkecinae 1000 °C temmneparypana KyWaipin anran
MBIpBII-pocdaTTbl HEeMEHT KypamblHIa OUHUUT (ZnO) MUHEpanAapbIHBIH Kol
meuepae (52,3 %) TysuireHairin keyre o0onaasl. CoHbIMEH Katap, nepukia3 (MgO)
MUHEpallblHa THICTI JKa3bIKTHIK apayiblk HykTesnep Oaiikanapr (32,9 %) >xoHe KBapil
(Si0,) munepansr (14,8 %) Tysinmi.

Mpipbi-gochar nement ¢azansik KypsuibiMbl JEOL JSM-6490 LV wmapkais
ANEKTPOHIbl MUKPOCKOINTBIH KOMETIMEH OpPBIHAANABL. 3 CypeTTe MBIpbIL-PochaTThl
LEMEHTTIH MUKPOAHaIN3 HOTHKEC] KeNTipiireH.

TP "Ku b M"
(CrexTp

Opazens 6-Bap3-1000'C

31eMeRT Becooi %
0 1499
Mg 445

Al 034

si 204

Ca 0.41

Zn 77

Irorn | 100.00

Konesrape: nm-Goepamuuri wevest

12
lonvaa wkana 5336 v, Kypeep: 0030

Cyper 3. MeIpbini-dgocdarTsl IeMEHTTIH MUKpOaHaTH31

1000 °C ky#aipinreH MbIpbII-QocharTsl HEMEHTTIH MHKPOCKOMHUSIIBIK Tasaay
HOTHIKECIHJIE alIbIHFAH JJIEMEHTTIK Kypambinaa: ZnO — 87,06 %, CaO - 0,57 %, SiO, —
4,36 %, Al,O, - 0,64 %, MgO —7,37 % menuiepine anbikTasn bl Conaii-ak, Kypambina
enaipiired 1,5 % docdop nuiarsinia ke3aeceTin paauoaktusti anementrep U, Th, Ra
xoHe Cu, Pb, Be ynbl ayslp MeTat aieMeHTTEPiHIH OOJIIIeKTEpi aHBIKTAJIFaH JKOK.

Mpipbi-gochaTrTel EMEHT YHTAFbIHBIH KYpaMblHIa HUHIUT MUHEpaibl (ZnO)
MBIPBIII OKCHJII YHTaFbIHBIH €H KON TapaifaH (a3achl OOJBII TaOBUIAAbI, al TaHUT
(ZnAl,0,) xone nepuknaza (MgO) Tomen naiibi30en TadbuLIbL. Conlali-aK, MBIPBILI-
(docdartel neMeHT yiriiepingeri kypamjaa aMmopdThl (a3aHbIH aHBIKTAJIFAHBIH aTarl
oTKeH keH. OpTodochop KbIIIKbUIBIMEH KaTaifaH Ke3/Ie pPeakKIlusFa TYCIereH OeJiri
amopd el pocdar mMaTpULIACHIHAAFBI MBIPBIIT OKCHITIHIH (ZnO) apThIK OeIIeKTepiHeH
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Typazsl (Viani, 2017). MuKpocypeTTe bITFa KaFraalibiHa OaliIaHbICThl KPHCTANApAbIH
KeH KeyeKTiriH Oaiikayra Oonaabl. MUKPOKYPBUIBIMIBIK TYPFBICHIHAH KEYEKTEepiK
emmemi 1-5 MKM mramachiHgia, OyJI KEyeKTUIIK apThIK CyAbIH (epiTiHAiHIH) O0NybIHA
OaitmanpicThl. [llamMaman Kem KEYeKTUTIK MEMEHTTIH OepiKTiri MeH >KaOBICKAKTHIK
KacHeTTepiHe acep eTe/li.

KopbIThIHABI

1. MeIpbii-ocdarTsl IEMEHT YATIJIEp/Ii arpecCUBTI OPTaHbIH 9CEPIHEH XUMHUSITBIK
TO3IMAUIINH aHbIKTay Ke3iHjge OepikTik ieri texcepingi. Hormwxecinge 10 % cyr
KeIKBUTBIHAA — 98,8 MI1a, 5 % NaCl epitingiciaae — 100,1 MIla xoHe razganran cyaa
—104,4 MIIa 6omns1. Byn arpeccuBTi OpTaHBIH MBIPHITI-(hOC(HATTHI IEMEHT OepiKTIiTiHe
cotikecinmre 8,0 %, 6,8 % kone 2,8 % ToMeHae].

2. Pentrenodasansik Tangay HITHKECIHIE MBIPHIII-(QocarThl HEMEHT KYpaMbIHIa
uuHIMT (ZnO) munepans! - 52,3 %, nepukias (MgO) munepaist - 32,9 % xoHe KBapIl
(Si0,) munepaisi - 14,8 % Memnmiepine aHbIKTaIIbI.

3. DNeKTpOHABl MHUKPOCKONUSIBIK Talnay HOTIKECIHAE MBIPHITI-PochaTThl
nemMeHT Kypambiaaa: ZnO — 87,06 %, CaO — 0,57 %, SiO, - 4,36 %, Al,O, — 0,64 %,
MgO — 7,37 % anpikrannel. MOL[ kypambina ennipiares 1,5 % ¢ocdop mmarsinga
kesgeceTiH paanoaktusTi anemeHTTep U, Th, Ra sxone Cu, Pb, Be yibl aysip mMeTann
AJIEMEHTTEPIHIH OOJIIICKTEePl aHBIKTAIFaH JKOK,

4. MUKpOKYPBUIBIMJBIK TajiJidy HOTIIKECIHAE MBIPbIII-QochaTThl  [EMEHT
KypaMbIHIa aMop(THI haza aHBIKTIIEL. byt daza kararo mporeci ke3inge oprodocdop
KBIIIKBITBIMEH peaklusra TycrmereH Oeiiri amopdTel Qocdar MaTpuIachIHIaFb!
MBIpBIIT  OKCUIiHIH (ZnO) apThlK OONIIeKTePiHEH TYPATHIHABIFBI aHBIKTAJIBL.
MHUKpPOKYPBUIBIMIBL Talgady Ke3iHAe KpUCTalIapAblH KeH KEyeKTiIirl aHBIKTalbI,
KEYEKTUTIK emmemi 1-5 MKM Kypasbl.
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Abstract. The plant Lythrum salicaria L. is used in the treatment of inflammatory
diseases such as hemorrhoids, dysentery, eczema, varicose veins, periodontitis and
gingivitis. A phytochemical study of this plant from the aerial part identified phenolic
compounds, flavonoids, tannins, anthocyanins, glycosides (salicarin), triterpenoids and
organic acids. In addition, a significant amount of flavones (vitexin, isovitexin, orientin
and isoorientin) were detected. A representative of sterols, B-sitosterol, has also been
identified. This study is based on the first analysis of the content of phytochemicals in
a hexane extract obtained from the roots of Lythrum salicaria L.. The composition of
plant metabolites was analyzed using gas chromatography-mass spectrometry. Forty-
eight compounds are identified in roots that can contribute to the medicinal potential
of the plant. 74.3% of the identified compounds are fatty acids. The prevailing fatty
acids are hexadecanoic acid (29.3%) and 9,12-octadecadienoic acid (Z,Z)- (18.8%).
Sesquiterpenoids, triterpenoids are found in very small quantities. Biologically
active compounds in plant roots may provide an opportunity to get future medicinal
substances. For example, hexadecanoic acid, which is in large amounts in this hexane
extract, has antioxidant, hypocholesterolemic, nematicidal and pesticidal activities. The
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second most common 9.12-octadecadienoic acid (Z,Z)- has antimicrobial properties. In
addition, other compounds found in small quantities also have biological activity. For
example, phytol show anti-inflammatory activities. Topical application of docosanol is
indicated in the treatment of recurrent oral-facial herpes simplex.

Key words: GC-MS, fatty acids, phytochemicals, sesquiterpenoids, triterpenoids
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AnHoramus. Lythrum salicaria L. eciMairi reMoppoH, TU3EHTEepUs, SK3eMa,
BapUKO31bl KaObIHY, MapOIOHTO3 JKOHE THHIBUT TOpi3Ai KaObIHY CHIIATBIHIAFbI
aypynapasl eMaeyae KOJIAaHblIa bl

By eciMaikTi GUTOXUMHUSIIBIK 3€pTTEy OapbIChIHAA JKep YCTi OeririneH (eHomIbI
KOCBUIBICTAp, (IaBoHOMATAp, AyOWIbII 3aTTap, AaHTOUMAaHAap, IJIUKO3UATED
(canmukapuH), TPUTEPIICHOMATAP JKOHE OPTraHUKANBIK KBIIIKbUIAAD aHBIKTAJIFaH.
ConbiMeH KaTap (uaBOHAAPABIH (BUTEKCHH, W30BHTEKCHH, OPHEHTHH >KOHE
W300pUEHTHH) eneyni Menmiepi TaObuiFaH. CTepuHIEpAIH OKinl [-CUTOCTepUH Ae
aHBIKTAJIFaH. Byl JKYMBICTBIH Makcarbl aTajMbIll ©CIMIIK TaMBIPBIHBIH TEKCaH[bI
CBHIFBIHJIBICBIHBIH ~KYpamblH Tra3 Xpomarorpagus-mMacc CHEKTPOMETPHs SJiCiHiH
KOMETIMEH aJfall peT 3epTTey.

OCIMIIKTIH eMIIK oJeyeTiHe BIKINAI eTe ajaTblH TaMbIpbIHAH KBIPBIK Ceri3
KOCBUIBIC aHBIKTaNFaH. byl KOCBUIBICTap ©CIMIIK MeTaOOJMTTEepiHiH TONTapbiHA
KIKTeNAl. AHBIKTAIFaH KOCBUIBICTApAbIH 74.3% Mail KbIUKbULAapsl Oomngsl. Maii
KBIIIKBUIIAPBIHBIH IIIHAETT 0achIMIBUIBIKTa TeKCaJeKaH KbIKbUIB (29.3%) xoHe
Z,7-oxtaneka-9,12-nuen Kuimkbuibl (18.8%). Z,Z-okrageka-9,12-1ueH KBIIIKBLIBI
oMera-6 Mail KbIIIKBUIAAPBIHBIH OK1Ti 00k Tadbuiaabl. ONenH KhIIIKBUIB - -9 Mai
KBILIKBUTBL. OMera-9 KbIIIKbUIAAPhI TIIOKO3aHbIH CiHIpUTyiHE OH 9cepi )KoHE CycaMbIp
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aypybl, MeTaOOJMMKaJIbIK CHHAPOMHBIH JaMybIHA Kepi 9CEpiH THUTi3yl apKbUIbl aaaM
ar3achl YUIIH Maiaaisl Mail KbIIIKBUIBL 00JbIn Tabbuiansl. CyT Oe3nepi aypylaapbIHBIH
AIJBIH ajiaibl, IMMYHUTETT] apTThIPaJIbL.

Kemipcyrekrepain yieci 9.9% kypaiinel. OHbIH iIIiHAE €H KON Ke3JIeCeTiH
eKxinaepinin Oipi — HoHako3aH (6.9%). EHOexTe rexcaHabl CBHIFBIHIABI KypaMbIHAA
KE3JIECKEH KOCBUIBICTAP/bIH OHOJIOTUSIIBIK OCIICEHAUTIKTEpl Typajibl Taimaibl
aKnapartap KenripiireH. [ekcaHabl CHIFBIHABIHBIH (UTOXMMHUSUIBIK KYpPaMmblH Oily,
OHBIH HETi3iHAE ASPUTIK cyOcTaHIusap Jasipiayda Maiaaisl akmaparrtap Oepei.
OCIMIIKTIH TaMbBIpbIH (UTO(PAPMALECBTUKANBIK KYHABUIBIFBI Oap IIWKi3aT peTiHAe
KapacThIpyFa 0omabl.

Tyiiin ce3gep: ['X-MC, wmaili KbIIIKbUIAAPEI, (QUTOXUMHSIBIK KOCBUIBICTAP,
CECKBUTEPIICHOUATAP, TPUTEPIICHOUITAP
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Aunnorauusi. Pacrenme Lythrum salicaria L. wucmonp3yercss TpW JICUCHUH
BOCTIAJIUTENBHBIX 3a00JIeBaHN, TAKUX KaK TeMOPPOH, TU3EHTEPHS, DK3eMa, BAPUKO3HOE
pacUMpeHne BeH, NapOAOHTUT U THHTUBUT.

[lpu QuTOXMMHUUECKOM HCCIEIOBAHUHM 3TOTO PACTCHUS W3 HAA3E€MHOH 4YacTH
ObutM ompezeseHbl (DEHONbHBIE COEAWHEHHMs, (IaBOHOWABI, AyOWIbHBIC BEILECTBa,
AQHTOLIMAHBI, TIUKO3UABI (CaNUKapHH), TPUTEPIICHOMIBl M OPraHUYECKHUE KHUCIIOTHI.
Kpome Toro, oOHapykeHO 3HAYMTEIbHOE KOIMYECTBO (DIaBOHOB (BUTEKCHH,
W30BUTEKCHH, OPHEHTHH U M300PHEHTHH). MICHTUPHULINPOBAH TaKKe MpeICTaBUTENb
CTEPHHOB — [3-CUTOCTEPHH.
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Lenpro HacTosiIIel pabOTHI SIBISETCS W3yUYEHUE COCTaBa IEKCAaHOBOTO 3KCTpPaKTa
KOPHSI 3TOTO PaCTEHUSI METOJIOM T'a3 XpoMarorpaduu-macc-CrieKTpOMETPHUH.

B xopHe ObUIO UACHTU(UIUPOBAHO COPOK BOCEMb COCJAMHCHUH, KOTOPHIE
MOTYT CIIOCOOCTBOBATh JICKAPCTBEHHOMY IIOTCHIIMANTY PACTEHUS. OTH COCAMHCHUS
ObutH  KJIacCU(UIUPOBAHBl K TPYIMIaM pacTHTEIbHBIX MeTabomuToB. 74.3%
UICHTU(DUIUPOBAHHBIX COCAMHEHUN COCTABHIIM JKHPHBIC KHUCIOTHL. Cpelu MKUPHBIX
KHCIIOT peo0IaaroT rekcaiekanonas kuciora (29.3%) u Z,Z-okraneka-9,12-mueHoBas
kucnora (18.8%). Z,Z-okraneka-9,12-1ueHoBasi KUCIOTA SBISICTCS MPEICTABUTEIIEM
oMera-6 KUpHBIX KUCIOT. OJIenHOBAs KUCIIOTA MPECTABIISET COOON HKUPHYIO KUCIIOTY
®-9. Kucnotel omera-9 — mone3Hble >KUPHBIC KHUCIOTHI IJIS OpPraHu3Ma YeloBeKa,
OKa3bIBAIOIIME TMOJOKUTEIHHOE BIUSHUE Ha BCACBHIBAHUE IVIIOKO3bI M OTPHUIATEIHHO
BIUSIONIMNEG Ha pa3BUTHE auadera, Meraboimdeckoro cuHiapoma. l[IpemorBpariaer
3a00JieBaHMsI MOJIOYHBIX JKeJe3, TIOBBIIIAeT WMMYHHUTET. Jloyis yIIIeBOZOPOIOB
coctanisieT 9.9%. Cpean HUX caMbIM PACTIPOCTPAHEHHBIM MPEICTABUTEIIEM SIBIISETCS
HOHaKo3aH (6.9%).

B pabore npuBenena rmosie3Has WHPOpPMANUs O OHOJIOTHYSCKOH aKTHBHOCTH
COCIMHCHUN, OOHAPYKECHHBIX B T€KCAHOBOM JKCTpakTe. 3HaHHE (UTOXUMUYECKOTO
COCTaBa TEKCAaHOBOI'O 3KCTPAKTa JIAeT MOJIC3HYH MH(POPMAIIMIO TIPU CO3/IaHUU HA €ro
OCHOBE JICKAPCTBCHHBIX CyOCTaHIuu. KOpeHb pacTeHHss MOXHO paccMarpuBaTh Kak
ChIpbe, UMeroniee (uTodapmManeBTUICCKYIO IICHHOCTb.

KaroueBbie ciaoBa: ['X-MC, xupHble KUCIOTHI, (UTOXUMUYECKUE BEIICCTBA,
CECKBUTEPICHOUIbI, TPUTEPIICHOUIBI.

Introduction. The genus Lythrum L. is represented in the flora of Kazakhstan by
ten species. One of them is Lythrum salicaria L. (L. salicaria L.) 30-200 cm high with
thick woody roots. It grows in coastal meadow areas, sedge swamps, along the edges
of tugai forests, in rice fields, wet sandy and rocky floodplains. Found in all lowland
regions of Kazakhstan.

L. salicaria L. plant is also used in folk medicine and pharmaceuticals. It is used to
treat inflammatory diseases such as hemorrhoids, dysentery, eczema, varicose veins,
periodontitis and gingivitis (Piwowarski, et al, 2015).

The presence of glycoconjugate in L. salicaria L. causes anticoagulant activity
(Pawlaczyk, et al, 2010). Phytochemical studies of this plant revealed phenolic
compounds, flavonoids, tannins, anthocyanins, glycosides (salicarin), triterpenoids and
organic acids from the surface part. Phytochemical studies have shown that the main
compounds of L. salicaria L. are tannins. 14 phytochemicals have been isolated from
the aerial parts, such as 5-hydroxypyrrolidin-2-one, umbelliferone-6-carboxylic acid,
3,3’,4’-tri-O-methylellagic acid-4-O-B-D-(27-acetyl)-glucopyranoside, 3,3’,4’-tri-O-
methylellagic acid-4-O-B-D-glucopyranoside, daucosterol, phytol, dodecanoic acid,
oleanolic acid, 3,3,4’-tri-O-methylellagic acid, corosolic acid, B-sitosterol, peucedanin,
buntansin and erythrodiol. The cytotoxic activity of the compounds against three cancer
cell lines, colon carcinoma (HT-29), leukemia (K-562), and breast ductal carcinoma
(T47D), and Swiss mouse embryo fibroblast (NIH-3T3) cells was assessed. Daucosterol,
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corosolic acid, B-sitosterol and erythrodiol have the most cytotoxic activity against the
HT-29 cell line. Daucosterol showed the highest activity against the K-562 cell line; its
selectivity exceeded methotrexate (positive control) by 13.3 (Manayi, et al, 2013).

In addition, a significant amount of flavones (vitexin, isovitexin, orientin and
isoorientin) have been found. Representatives of steroidal compound such as stigmastan-
3,5-diene, stigmastan-3,5,22-trien have also been identified (Rauha, et al, 2001).

Ethanol extracts of plant materials demonstrated antimicrobial properties against
gram-positive and gram-negative bacteria such as Staphylococcus aureus, Escherichia
coli, Pseudomonas aeruginosa, and also against the fungus Candida albicans (Rauha,
et al, 2000).

Also, the extracts obtained by the authors (Becker, et al, 2005) have the activity of the
phytopathogenic fungus Cladosporium cucumerinum, activity against Staphylococcus
aureus, Proteus mirabilis and Microccocus luteus.

Extracts obtained with various extractants (n-hexane, chloroform, ethyl acetate and
50% ethanol in water) from the flowering part of L. salicaria L. have intestinal effects.
Scientists recommend using these extracts orally as a mild stimulant of gastrointestinal
motility.

Hydromethanol extracts of L. salicaria L. and Hypericum scabrum were used as
substances to obtain ointments with a wound-healing effect. In this case, the percentage
of wound contraction was 89.5 £ 3.7 and 77.6 + 4.1, respectively. The L. salicaria L.
extract also had a positive effect on the overall morphology of the skin (Al-Snafi, et al,
2019).

Phytochemical studies related to the underground part (roots) can only be found in
the articles of the following authors (Lee, et al, 2014). For the first time, it was noted that
myricetin-3-O-B-D-glucopyranoside, oleanolic acid and betulinic acid were isolated
from the roots.

From the above data it is clear that the aerial part of L. salicaria L. has been
significantly studied. Therefore, the aim of the work is to study the composition of the
hexane extract of this plant root using gas chromatography-mass spectrometry.

Materials and methods. Plant material. The roots of L. salicaria L. was collected
in the Akmola region of Kazakhstan in September 2023.

Obtaining dry hexane extract. 150 grams of crushed plant material was extracted
with hexane (1,5L) by using the maceration techniques. The hexane extract was filtered
through a Teflon filter. After that, the solvent was evaporated in a rotary vacuum
evaporator, and the remaining dry extract was dried under vacuum (Baisalova, et al,
2022).

Analysis of the extract by gas chromatography-mass spectrometry (GC-MS).

The chemical composition of the obtained extract was analyzed by Agilent
7890A/5975C. The separation of substances was done using chromatography capillary
column (DB-WAXetr) 30 m long and 0,25 mm in internal diameter. The carrier gas
(helium) speed was 1 ml/min. The obtained mass spectra were identified using the
Wiley 7th edition and NIST’02 libraries (Baisalova, et al, 2014).

Results and discussion. The GC-MS method, used to identify and quantify the
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resulting hexane extract, is an analytical method used to determine the amount of active
substances in plants used in the production of cosmetics, drugs, pharmaceuticals and
food, as well as in forensic science. By using gas chromatography-mass spectrometry, 48
chemical compounds were found in the plant roots (figure 1, table 1). These compounds
are classified into special groups of plant metabolites

(hydrocarbons, aldehyde, ester, amide, diterpenoids, fatty acids, sesquiterpenoids,
v-lactone,

fatty alcohols, steroidal compound and triterpenoids).

The share of hydrocarbons is 9.9%. Nonacosane is found in the largest quantity
(6.9%). The share of aldehydes is 0.4%. The group of esters includes 12 compounds,
their total percentage content is 7.3%. As is known, esters are used in the synthesis
of perfumes, food fruit essences and cosmetic flavors, and medicines. The only
representative of amides is hexaethylphosphoric triamide (0.2%). Two compounds of
the diterpenoids: phytol, acetate (1.3%) and phytol (0.9%) were identified.

The fatty acid group is rich in compounds. 16 carboxylic acids (74.3%) have been
found. In percentage terms, hexadecanoic acid (29.3%) and 9,12-octadecadienoic
acid (Z,2)- (18.8%) predominate. 9,12-octadecadienoic acid (Z,Z)- is one of the
representatives of omega-6 fatty acids. These fatty acids provide healthy skin and
improve blood clotting, relieve inflammation, and relieve pain.

Oleic acid is ®-9 fatty acids. Omega-9 is a very beneficial fatty acid for the human
body, which has a positive effect on the absorption of glucose and a negative effect on the
development of diabetes and metabolic syndrome. Prevents diseases of the mammary
glands, improves immunity. In addition, omega-9 reduces the amount of cholesterol
in the blood and negatively affects the formation of cholesterol plaques on the walls
of blood vessels. That is, it reduces the risk of developing atherosclerosis. Omega-9
improves tissue metabolism and thereby reduces the risk of chronic inflammation in the
body.
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Figure 1 - Chromatographic profile of hexane extract L. salicaria L.
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Sesquiterpenoids (0.3%), y-lactone (0.4%), alcohol (1.5%), steroid compounds
(3.4%) and triterpenoids (0.3%) have been found.

Biologically active compounds in plant roots may provide an opportunity
to get future medicinal substances. For example, hexadecanoic acid, which is
in large amounts in this hexane extract, has antioxidant, hypocholesterolemic,
nematicidal and pesticidal activities (Sheela, et al, 2013). The second most
common 9,12-octadecadienoic acid (Z,Z)- (18.8%) has antimicrobial properties
(Manilal, et al, 2009).

Table 1- Chemical constituents from the roots of L. salicaria L.

Neo Retention time Compound Percentage %
1 2 3 4
Hydrocarbons (9.9%)
1 10.17 Heptadecane, 2,6,10,15-tetramethyl- 0.1
2 11.29 Pentadecane 0.2
3 13.55 Hexadecane 0.2
4 15.51 Hexadecane, 2,6,10-trimethyl- 0.1
5 15.73 Heptadecane 0.2
6 17.82 Octadecane 0.2
7 21.76 Eicosane 0,2
8 30.37 Pentacosane 0.3
9 33.43 Heptacosane 1.5
10 36.29 Nonacosane 6.9
Aldehyde (0.4%)
11 13.40 2-Decenal, (E)- 0.2
12 15.89 2,4-Decadienal, (E,E)- 0.2
Ester (7.3% )
13 Pentanoic acid, 2,2,4-trimethyl-3-carboxyisopropyl,
18.25 . 0.2
isobutyl ester
14 24.75 Hexadecanoic acid, methyl ester 0.3
15 25.51 Hexadecanoic acid, ethyl ester 1.9
16 28.57 Hexadecanoic acid, butyl ester 1.4
17 28.95 Octadecanoic acid, ethyl ester 0.2
18 29.09 Ethyl Oleate 0.5
19 29.48 1,2-Benzenedicarboxylic acid, bis(2-methylpropyl) 0.4
ester
20 29.72 9,12-Octadecadienoic acid, ethyl ester 0.8
21 31.79 Dibutyl phthalate 0.4
22 32.17 Methyl 19-methyl-eicosanoate 0.2
23 32.53 Butyl 9,12-octadecadienoate 0.8
24 34.39 Hexadecanoic acid, 1-(hydroxymethyl)-1,2-ethanediyl 0.2
ester
Amide (0.2%)
25 | 24.49 | Hexaethylphosphoric triamide | 0.2
Diterpenoids (2.2%)
26 | 31.07 | Phytol | 0.9
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27 | 47.66 Phytol, acetate | 1.3
Fatty acids (carboxylic acids) (74.3%)
28 21.22 Octanoic acid 0.2
29 23.18 Nonanoic acid 0.1
30 31.90 Tetradecanoic acid 0.9
31 35.04 Hexadecanoic acid 29.3
32 36.40 Heptadecanoic acid 0.7
33 38.79 9,12-Octadecadienoic acid (Z,Z2)-0-6 18.8
34 39.59 9,12,15-Octadecatrienoic acid, (Z,Z,7)- 3.6
35 37.83 Octadecanoic acid 4.3
36 38.14 Oleic Acid ®-9 7.7
37 40.50 Eicosanoic acid 1.7
38 41.78 Heneicosanoic acid 0.6
39 43.03 Docosanoic acid 3.7
40 44.24 Tricosanoic acid 0.9
41 45.60 Tetracosanoic acid 1.4
42 35.75 Erucic acid 0.4
Sesquiterpenoids (0.3%)
43 2327 2-Pentadecanone, 6,10,14-trimethyl- 0.3
) (Hexahydrofarnesyl acetone)
v-lactone (0.4%)
44 36.08 | 4,8,12,16-Tetramethylheptadecan-4-olide 0.4
Fatty Alcohols (1.5%)
45 36.64 Behenic alcohol (Docosanol) 1.5
Steroidal compound (3.4%)
46 43.69 Stigmastan-3,5-diene 2.5
47 44.04 Stigmastan-3,5,22-trien 0.9
Triterpenoids (0.3%)
48 | 46.59 [9,19-Cyclolanost-24-en-3-ol, acetate, (3p)- | 0.3

Nonacosane possess antiviral agent. Oleic acid has activity that inhibits gram-
positive bacteria (Dilika, et al, 2000).

In addition, other compounds found in small quantities also have biological activity.
For example, phytol show anti-inflammatory activities (Siswadi, et al, 2021). Topical
application of docosanol is indicated in the treatment of recurrent oral-facial herpes
simplex (Dilika, et al, 2000). Hexadecanoic acid, ethyl ester shows hypocholesterolemic,
nematicide, antiandrogenic, nemolytic activities.

The extract also contains a sesquiterpenoid — hexafarnesyl acetone. Many
sesquiterpenoids are known to have flavor and fragrance. Also, many of them have
various biological functions, such as cytotoxicity, antiplasmodial, antimicrobial,
antidiabetic, anti-viral, and anti-inflammation.

One of the representatives of this group, hexahydrofarnesyl acetone, possess
allopathic and pest control potential (Riyadi, et al, 2023; Balogun, et al, 2017).

Conclusion. For the first time, various biologically active substances in hexane
extract from L. salicaria L. roots, have been identified using GC-MS. Hexadecanoic acid
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(29.3%) and 9,12-octadecadienoic acid (Z,Z)- (18.8%) are the prevailing phytochemicals
in root. The share of each of the 32 compounds found in the root extract is less than
one percent. For example, the share of octadecanoic acid, ethyl ester in the extract is
0.2%. The percentages of pentadecane, hexadecane, heptadecane, octadecane, eicosane,
2-decenal, (E)-, 2,4-decadienal, (E,E)-, methyl 19-methyl-eicosanoate, octanoic acid,
hexadecanoic acid, 1-(hydroxymethyl)-1,2-ethanediyl ester and hexaethylphosphoric
triamide are also the same.

Almost all of the compounds found in this extract have biological functions.
Hexadecanoic acid, ethyl ester shows hypocholesterolemic, nematicide, antiandrogenic,
nemolytic activities.

Hexahydrofarnesyl acetone  possess allopathic and pest control potential.
Hexadecanoic acid has antioxidant, hypocholesterolemic, nematicidal and pesticidal
activities. 9,12-octadecadienoic acid (Z,Z)- (18.8%) has antimicrobial properties.

The current findinges of the phytochemical composition of hexane extract will be
useful information when preparing medicinal substances based on it. The plant root can
be proposed as a raw material with phytopharmaceutical value.
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Abstract. At present, the in-depth study of the chemical composition of medicinal
plants is progressing intensively. The primary focus is on secondary metabolites, such as
phenolic compounds, triterpenoids, alkaloids, and others. However, primary metabolic
compounds also play a crucial role in fulfilling the physiological needs of both human
and animal bodies. An example of these are essential amino acids, which cannot be
synthesized by the body. Along with carbohydrates, lipids, and nucleic acids, amino
acids are involved in all life processes as components of proteins. They are included in
medications for treating gastrointestinal and liver diseases, to reduce the excitability of
the central nervous system, and to improve heart circulation (Zapadnyuk, 1980).

This article investigates the chemical composition of the aerial part of the hybrid
Rubus plant, collected from the Almaty region, with a particular focus on the amino acid
and fatty acid composition. In this study, a quantitative analysis of 20 amino acids was
performed using gas-liquid chromatography, 8 of which are essential (threonine, valine,
methionine, isoleucine, leucine, phenylalanine, lysine, tryptophan). The majority of the
amino acids belong to the aliphatic group, including monoamino acids (glycine, alanine,
valine, isoleucine, leucine), as well as amino acids containing an oxy group (threonine,
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serine) and sulfur (methionine, cystine). Among the monoamino dicarboxylic acids,
asparagine and glutamic acid stand out, while diamino monocarboxylic acids include
lysine, arginine, and ornithine. Aromatic amino acids such as tyrosine, phenylalanine,
and tryptophan, as well as heterocyclic compounds—histidine, proline, and
hydroxyproline—were also identified in the analyzed samples. Quantitative analysis
revealed relatively high contents of oleic, linoleic, and palmitic acids (C18:1, C18:2,
and C16:0) in the aerial parts of the hybrid Rubus plant. Thus, it was concluded that
unsaturated fatty acids predominate in the composition of the plant material.

Key words: Rubus hybrid, Rosaceae family, amino acid, fatty acid, gas-liquid
chromatography.
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Annoramusi. Kazipri yakpITTa A0pUTiK OCIMAIKTEPIIH XUMHUSUIBIK KYpaMbIH
TEPEHICTIN 3epTTey KapKbIHABl Oactay anubl. Herisri Ha3ap eKIHIILIIK anMacy
3aTTapbiHa  ((PEHONABl KOCBUIBICTAp, TPUTEPICHOMITAp, aJKaJIOWATap >KoHE T.0.)
Oepineni. bipak conbpiMeH Oipre OipiHIIUIIK METa0OMU3MIIK KOCBUIBICTAp ajaM MEH
KaHyapiap ar3ajapblHbIH (DU3MOJIOTHSIBIK KAKETTITIKTEPIH KaJlbINThl KaMTaMachl3
eTyre ae Karbicaabl. OnmapAblH MBICANbl PETiHAE — OPraHM3MIC CHHTE3ACIMEUTIH,
aIMaCTBIPBIIMAUTBIH aMHUH KBIIIKBULAAPBIH KenTipyre Oonansl. Omapra — Kemipeynap,
JUMUAATED JKOHE HYKJIEHH KBIIIKbUIIAphIMEH Oipre OenoKTapAblH Kypamaac Oemiri
peTiHme OapiblK TIPUIUIIK MPOLECTEPiHEe KaThICalbl. AMUHKBIIIKBULIAPHI OPTAIIBIK
KYHKe KYHECiHIH KO3ybIH a3aiiTy jKoHE )KYpeK aliHaJIBIMBIH JKaKCapTy YIIiH acKa3aH-
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IIIeK SKOJIAPbIHBIH, OaybIpAbIH aypylapblH eMJeyre apHallFaH MpenapaTTapibiH
KypamblHa Kipeni (3anaaniok, 1980).

Byn makanana Anmatsl eHipiHeH uHanFaH Rubus hybrid eciMIiriHiH kep YCTI
OeMITiHIH XUMUSUIBIK KYPaMbIH, aTal aiTKaHIa aMUH JKOHE Mail KBIIIKBUIBI KYPaMbl
3eprrengi. bynzeprreyne raz-xpomarorpadus ogicimer 20 aMHH KbIIIKBUTBIHBIH CAHIBIK
KYpaMbl aHBIKTaJIAbI, OJIApAbIH 8-1 MaHbI3[bI (TPEOHUH, BAJIMH, METHOHWH, N30JICHIINH,
neruuH, GpeHunananul, JU3UH, TpUNTO(aH). AMUH KbIIIKBUIAAPBIHBIH 0ackiM Oeiri
anuarThlK KOCBUIBICTapFa JKaTajbl, OJaplblH IIIHAE MOHOAMUHKBIIKBUIAAPHI
(TMMUMH, ajJaHWH, BAlWH, W30JCHLMH, JEWIUH), OKCHIPYyMMachkl Oap KBIIIKBLIAAP
(TpeoHHH, cepHH) KoHE KYKIpPTTI KOCBUIBICTAp (METHOHHMH, LMCTHUH) Ja aHBIKTAJIIBL.
MoHoaMUHIUKapOOH  KBIIIKBUIAAPHl — apachlHIA  acmapardd MeH  [IyTaMHUH
KBIILIKBUIAAPHI, THAMUHOMOHOKAPOOH KBIIKBUIAAPBl PETiHAE JHM3HMH, aprUHUH >KOHE
OPHHUTHUH OaiKaiabl. X0l HiCTi aMUHKBIIKBUIIAPB! apachblHIa TUPO3UH, (eHUIaTaHuH
KOHE TpUNTO(aH, al reTepOUUKIIKTI KOCBUTBICTAp PETiHAe TUCTHIWH, MPOJIUH JKOHE
OKcUNpoiuH TaObu1bl. CaHIBIK 3€pTTey apKbUlbl Rubus hybrid eciMpairiHiy xep ycTi
0eJIiriH/e OJIeHH, JIMHOJ KOHE NMaNbMUTHH KhIKbUIBIHBIH (C18:1, C18:2 xone C16:0)
CaJIBICTBIPMAJIBI TYPIIE KOFaphl KYpaMbl aHbIKTanabl. Ocbliaiiia, eCiMaiK IIMKi3aThIHBIH
KypaMblH/1a KaHBIKIIaFaH Mail KBIIIKbUIAAPH! 0AChIM €KEH/IIT aHBIKTaJI/IbI.

Tyiiin ce3mep: Rubus hybrid, Rosaceae TyKpIMAachl, aMHH KbIIIKbUIBI, Mai
KBIILIKBLIBI, Ta3-CYHBIK XpoMaTorpadus.

© H. Boaarkpizbl!, A.b. Amanrenau', b.E. [liocebaen?, I.E. Bepranaena’,
ML.A. [TiocebaeBa’, 2024.

'Kazaxckuit HanmoHanbHbI YHUBEpCUTET UMeHH alb-Dapadu, Anmarsl, Kazaxcran;
*Kazaxckuit Harnonansbiit [Teqarorndeckuii YHuBepcuTeT uMeHu Abast,
Anmarel, Ka3zaxcran.

E-mail: moldyr.dyusebaeva@kaznu.edu.kz

NCCIEJOBAHUE AMUHOKUCJIOT U " KUPHBIX KUCJIOT
B COCTABE HAJI3EMHOM YACTHU RUBUS HYBRID

Boaarkeiel Hazepke — nokropant Kasaxckoro Hammomnamsroro YeuBepcurera mMenn anb-Dapadw,
Anmarsl, Kazaxcran, E-mail: nbolatkyzy98@gmail.com, ORCID: https://orcid.org/0009-0007-2072-5884;
Amanresyin Afinana Bypkurtkbizbl — Maructpant Kazaxckoro HamuonansHOro YHuBepcuTeTa UMEHU
anp-Papabdbu, Anvarsl, Kazaxcran, E-mail: aydana.amangeldi@gmail.com, ORCID: https://orcid.org/0000-
0001-6389-2067;

Bepranaesa I'yabsar EprasueBHa — kanaujgar xumudeckux Hayk Kazaxckoro HanuonansHoro
Vauepcutera umenn anb-Papabu, E-mail: gulzat-bakyt@mail.ru, ORCID: https://orcid.org/0000-0002-
7213-7458;

JiocebaeBa MoababIp AKHMIKAHOBHA — KaHIUJAT XUMUYCCKUX HAyK, aCCOLMHMPOBAHHEINA Ipodeccop
Kazaxckoro HanmonaneHoro YauBepcurera umeHu ainb-Dapadu, E-mail: moldyr.dyusebaeva@kaznu.edu.
kz, ORCID: https://orcid.org/0000-0003-3873-5099;

Miocebaes Bexsar Ep6onynsr — cTynent OaxanaBpuara Kasaxckoro Harmonansnoro [lemarormueckoro
VYuuepcutera nmenu Abas, E-mail: xakerkros@gmail.com.

127



ISSN 2224-5227 4.2024

AunHoTanus. B HacTosiiee BpeMsi MHTCHCHBHO H3y4yaeTCss XUMHYECKHHA COCTaB
JICKApCTBEHHBIX pacTeHnii. OCHOBHOE BHUMAHHUE YACIACTCS BTOPUIHBIM METa0OTHTAM
(peHOMBHBIM COCMHEHUSIM, TPUTEPIICHOUAAM, aJTKAIOUAaM U 1p.). B To ke Bpems
MEPBUYHBIC META0ONNYECKUE COCTUHEHUS WIPAIOT BAXKHYIO POJIb B HOPMAIHHOM
oOecrieueHUN (U3NOJOTHYECKHUX MOTPEOHOCTEH OpraHu3Ma 4YejOBeKa M JKUBOTHBIX.
ITpuMepoM TakuX COCAMHEHWH SIBISIOTCS HE3aMEHHUMbBIC aMHUHOKHCIIOTBI, KOTODBIC
HE MOTYT CHHTE3MPOBAThCA B OpraHu3sMe. BMmecTe ¢ yIIeBOJaMH, JHIUAAMH W
HYKJICHHOBBIMHU KHCJIOTAMU OHHU YYaCTBYIOT BO BCEX MPOIECCaX JKU3HEACATEIHOCTH
B cOCTaBe O€IKOB. AMHHOKHCIOTHI BXOMAT B COCTAaB MPEMapaToB MJIsl JICUCHHS
3a00JIeBaHMI KETYTOUHO-KAIIIEIHOTO TPAKTA M TIEUCHH, /T CHIKSHUS BO30YIUMOCTH
HHC u yny4ienus kpoBooOparieHus cepaua (3amaguiok, 1980).

B nmaHHO#W cTarbe W3y4YeH XMMHUYECKHH COCTAB HAJ3EMHOW YacTH THOPHIHOTO
pactenus Rubus hybrid, coOpanHoro B AJIMaTHHCKOW 0071aCcTH, B 4YaCTHOCTH, COCTaB
AMHHOKHCIIOT U JKHPHBIX KHCIOT. B paboTe ¢ HCMONB30BAHHUEM Ta30-KUIAKOCTHON
xpoMarorpaduu ObUT MPOBEAEH KONUYECTBEHHBIH aHamu3 20 aMHUHOKHCIOT, CPeu
KOTOPBIX 8 SBJISIOTCS HE3aMEHHUMBIMH (TPCOHHH, BAaJUH, METHOHWH, W30JCHIINH,
nenuH, peHnnaTanuH, Tu3uH, Tpuntodan). OCHOBHAS 4aCTh AMUHOKHCIIOT OTHOCUTCS
K anupaTnyeckuM COEAWHCHUSAM, BKIIOYash MOHOAMUHOKHCIOTHI (TNIHIMH, aJaHuH,
BaJIMH, W30JICHIMH, JICHIMH), a TAKXKe aMHUHOKHCIIOTBI, COACPIKAIIUEC OKCHUTPYIIIThI
(TpeonuH, cepuH) U cepy (MeTnoHuH, 1HcTHH). Cpead MOHOAMHHOAUKAPOOHOBBIX
KHCJIOT BBIZICISIOTCS aclaparvt U TIYyTaMHHOBAsE KUCIIOTA, B TO BPEMS KaK JUAMHHO-
MOHOKApOOHOBBIC KHCIOTHI IMPEJACTABICHBI JIU3UHOM, APTUHUHOM W OPHUTHHOM.
ApoMaTHUYeCKHEe aMHUHOKHCIIOTHI, TAKHE KaK THPO3WH, (EHUIATaHWH U TpUNTO(DaH,
a TaKXKe TeTePOLUKIMYCCKHE COCANHEHHUS — THCTHAWH, MPOJUH U OKCHITPOJIUH —
TaKk)ke OBUTH BBISBICHBI B COCTAaBE aHAIM3MPYyeMbIX 00pasioB. KomndecTBEHHBIC
KCCJIC/IOBAHUS TIOKA3aJId OTHOCUTEIHHO BBICOKOE COJIEPIKAHKUE OJICMHOBOM, JIMHOJICBON
u nanpmutrHOBOU Kuciot (C18:1, C18:2 u C16:0) B Hapzemuo# yactu Rubus hybrid.
Takum 006pa3oM, OBLITO YCTAHOBJICHO, YTO B COCTaBE PACTUTEIBHOTO ChIPhs PE0OIaIatoT
HEHACBIICHHBIC )KUPHBIC KUCITOTHI.

KuaroueBsie ciioBa: Rubus hybrid, ceMelcTBO Rosaceae, aMUHOKHCIIOTHI, SKUPHBIE
KHCJIOTBI, TA300KUIKOCTHAS XpoMaTorpadusi.

Kipicne. byrinri Tanaa eciMaik HeTi3iHe )KacaFaH ASPUTiK penapaTTapra CypaHbIC
aptyna. OHbIH OipreH Oip ce6ebi mpemaparTapAblH aIeprUsIbIK 9Cepi CHHTETHKAIBIK
JOpiNiK 3arTapra Kaparanga TeMmeH OonybiHzna. CapanmbuiapAblH KOPBITHIHIBICH
OOMBIHILIA COHFBI )KbULAAPHI PUTOIPENapaTTapAblH KONJaHbIC asichl 3%-Fa OCKEH.

Kazakcranna ecetin Oenrini gopimik eciMaikrepaid 0ipi — Rubus hybrid (Rosaceae
TYKBIMJACHI). OCIMIIK KeMicTepi OypbIHHAaH opTYpJi cajanapaa: MeIULnHAala,
(apmareBTHKaga KoHEe TaMaK eHEepKociOiHAe KoiaaHbUIFaH. PecMu MeannuHamga TeK
KEMICTep TepJiey JKOHE JEHEHI KbI3bI KeTyai OacaThlH Iopi peTiHAe KOJIaHbUIAIbI.
Onebu aepeKTepre CyHeHCeK, TaHKypai jKamblpaKTapbIHBIH XUMUSIIBIK Kypambl Oaii
(M3 PD, 2003). Ex MaHbI3ObLTapEI KAOBIHYFa Kapchl acepi 0ap GpeHomnbl KOChUIbICTap,
OHBIH imiHAe TaHuHaep MeH ¢QnaBoHouarap (Peyt, 2013), Oy onapasl OMOIOTHSIBIK
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oencenni KoceutbicTapabiH (BAK) Oaraibl ke3i jxkoHe MeTUIIMHA MeEH (apMarius
YIIH JOpiTiK ©CiMIIK MIMKI3aThIHBIH MEPCIEKTUBAIIBI TYpiHe aifHanasipagsl. OckiFan
0aiiIaHBICTBI 3ePTTEYAiH MakcaThl Rubus hybrid eciMairiHiH xep yCTi OOIITiH 3epTTey
00 BL

Rubus  hybrid >xorapbl MONEKyNlalbl >KOHE TOMEH MOJEKyJIanbl (HEeHONIbI
KOCBUIBICTAP/IbIH, COH/Ial-aK aCKOPOWH KBHILIIKBIIBIHBIH, YIIKBIII XOII HiCTi 3aTTapAbIH
YKOHE TIEKTUHAEP/IIH XKOFapbl KypaMbIMeH epekiueneHeni (Pypea, 2015; Jlopkosa, 2011).
ConbiMen, 100 r tarkypatiga 0.5-ten 0.8% - ¥a jeliiH aHTOUMAHWH]II OOSFBIII 3aTTap,
0.4-ten 0.8% - ra nmeiiiH (heHONIBIK KOCBUIBICTAp (XJIOPOT'€H KBIIIKBUIBI OOHBIHILA),
150-nen 190 mr-ra peitin ¢naBoHon TmKo3uarepi (kyHuemikti), 300-gen 450 mr-ra
neitin tanuHaep, 1.5-ten 2.5% - ra JeiliH NEeKTUH/IIK 3aTTap, aCKOPOUHHIH MacCaJIbIK
yuieci kprkpuinap 100 r-na 25-ten 60 mr-ra aeiiin (Aspau, 2011).

OciMIOiK KypaMblHAa eKiHIIIK anMmacy 3artapbl  ((eHongsl KOCBUIBICTap,
TPUTEPIICHOUATApP, aJKaJoOUATap JkoHe T.0.) Ke3mecexdi. bipak conbiMeH Oipre
OipiHIITIK MeTaOONMMKaNbIK KOCBUIBICTAp aJaM MEH JKaHyapliap ar3ajapbIHbIH
(PU3UOTOTHSIIBIK KQKETTUTIKTEPIH KaJIBIIITHl KAMTaMachl3 €TyTe Je Karbicaabl. OnapIbiH
MBICAJIbl PETIHAE OpraHM3MIe CHHTE3ACIMENTIH aMUH KBIIKBULAAPHI, aTan aiTKaHaa
aIMacThIpbUIMalTBRIHAAPAB! KenTipe anambi3 (Kykcosa, et al, 2014). Onap kemipcynap,
JUMUAATED JKOHE HYKJIEHH KBIIIKbUIIAphIMEH Oipre OemoKTapAblH Kypamzaac Oemiri
petinae OapibIK TIpUIUIIK MpOLecTepiHe KaTbicaabl. AMUH KBIIIKBUIAAPBI OPTAIBIK
KYHKe KYHECiHIH KO3ybIH a3aiiTy jKoHE KYpeK aliHaJIBIMBIH JKaKCapTy YIUiH acKa3aH-
IIIeK SKOJAPbIHBIH, OaybIpAbIH aypylapblH eMJeyre apHallFaH MpenapaTTapibiH
KypambiHa kipeni (Wang, 2000; Sochor, 2019).

OciMaikTepAiH Mai KbIIIKbULAAPBIHBIH KYPAMBIH 3€pPTTEY MaHBI3Ibl MPAKTHKAIBIK
MOHI€ M€ JXOHE FBUIBIMU KbI3BIFYIIBUIBIK TYABIpaabl. MaHBI3Abl Mail KBIIIKBUIBI
ajaM MCH KaHyapJiapJblH JICHECIHAE CHUHTE3ICIMEHTIHIIKTEH OHbI TaMaKIleH Oipre
KaObu1Aay Kepek. Oyap OUOIOTHSUITBIK OSJICEHAUTIKTIH KE€H CIIEKTPiHE Ue KOCHUIBICTAPIbI
CUHTE3JIey/liH O0acTankbl eHiMi Ooubin TaObuTa bl (Hayka, 1987; Bennuko, et al, 2015).

Marepuajagap MeH dicTep

3epTTey HbICaHbI peTiHae ATIMaThl ©1HPHHEH )KUHAI annbIHFa Rubus hybrid eciMIiKTIH
xep ycTi Oemiri Tagaanael. JKyMBICTBIH MakcaTbl AMUH jKOHE Mail KbIIIKbIIIAPbIHBIH
KYpaMblH CaJILICTBIpMaNbl canAblK Tangay «Kapmo-Dp6a-4200» (Mramusa-AKIL) ras-
CYHBIK XpoMarorpadblHia ra30XpoMarorpadusuIblK Talaay KYpridy oliCiMeH aHbIKTay.

Harn:xesiep :xoHe TaJKbLIAY

OKCIepUMEHTTIK OeiM. OCIMIIKTIH OUOJIOTHSIIBIK OEJICeH]II KOMIIOHEHTTEpiHE
CaHIBIK JKOHE camaiblk Tanfgay MemiekeTTik (apmakonesHsl XI IIbIFapyIbiH
o/licTepiH/Ie CHIIATTANIFaH d/IiCTepre COUKec KYpri3iiai.

1 r tanmanatsiH 3arThl 5 Ma 6 H Ty3 keinuksuisiaaa 105 °C temneparypana 24
carat 0O0ifbl, aprOH aFbIHBIMEH JIOHEKEPJICHIeH aMITyiajiap/ia THAPONIN3ACHIl. AJBIHFaH
rugponusar 40-50 °C temneparypana xoHe 1 arMocdepara TeH KbICBIMMEH POTOPJIBI
OymanapIpreluTa Y per OymaHanel. llaiina OGomran TyHOa 5 M cyab(ocanuiun
KbILKbUTBIHAA epui. Llentpudyranaynan keiiin (1500 aitn/Mun) 5 MuHYyT iinge TyHOa
yCTiHAer1 CYHBIKTBIK | TaMIIbl/C KbUIIAMIBIKIIEH HOH ajMacy IIabIpel Oap OaraHa

129



ISSN 2224-5227 4.2024

apKBUIBI OTKI311€1, OChIJaH KeHiH ManibIpabl 1-2 MIT JeMOHU3aLUsUIaHFaH CY XKOHE 2 MIT
0.5 H cipke KbIIIKBUTBI )KyaIbl; COaH KeHiH maibIpabl Oelitapan pH-ra geiiid xyaapl.

Baranagan aMuH KBIIKBUTAAPBIH ITIOLHSIIAY YIIIH 01 ApKBUIBI 01 APKBUIBI 2 TAMIIBL/C
xoutamapiknes 3 min 6 H NH,OH epitingicin oTkiseni. DmoarThl TyOi JeHremex
Koj0ara JUCTUIIZICHIEH CyMeH Oipre >KnHaiIpl, OHbl OaraHaHbl Oelitapan pH-ra neitin
Kyy yuriH nmavgananaael. CofgaH keiiH konOaHbIH inrHericin 1 atM keicbimmer 40-50
°C Temmeparypaga poTopIibl OyJaHIbIPFBIIITA OyJIaHABIPAIBL.

Ocbl konbara sxana paibiHpanran 1.5% SnCl) epirinpicinin 1 Tammbichl, 2,
2-TUMETOKCUNponan | TaMmbIChl KoHE 1-2 M Ty3 KBIIKBUIBIMEH KaHBIKKAH
nponanoiabl Kockin, oHbl 110 °C neiliH KbI3ABIPBIN, OChl Temmeparypara 20 MHUH
00iibl ycTan, colan KeiiH iIIHAEeTICiH POTOpIibl OylaHABIPFRIIITA KONOaJaH KalTagaHn
OymaHabIpaabI.

Keneci kezenne kombara | M jkaHa JadibIHOANFaH anenaeylli peareHTTi (cipke
aHTUAPUIIHIH 1 KeyieMi, TPUATHIAMHUH KOJEMIHIH 2 KelleMi, alleTOHHBIH 5 KeJemi)
enrizeni xone 60 °C rtemmeparypaga 1.5-2 mMuHyT Oolibl KbI3abipansl. KomOaHbIH
INIHJIETICIH MYKHST apanacThipajibl OHE CYHBIKTBHIKTBIH 2 KaOaThIHBIH Maiijga
Oonybina Kapail — «Kapno-Op6a-4200» (Mranusa-AKIL) raz-cyiibik xpomarorpadsiaaa
KYPri3iares ra3oxpomaTorpadusibK Tanaay YIIiH )KOFapFbl (3THALETATThI) alajbl.

Xpomatorpadusinay mapTTapsbl:

JKaJIBIH-UOHIAY JETEKTOPBIHBIH TeMmeparypackl - 300 °C;

OymaHABIPFBILTHIH Temneparypacsl - 250 °C;

OaraHaHbIH OacTankel Temmeparypacel - 110 °C;

OaraHaHBIH COHFBI Temieparypacsl - 250 °C. baraHaHblH TeMmIeparypachlH
OarnapiaManay xKbuigamasiFsl - MUHYThIHA 110 °C 6actan 185 °C neitin. baraHbIHBIH
temmeparypacsl 250 °C-re keTKeH/e, 071 0apIIbIK AMUHKBILIKBUIIAPHI TOJBIK IIBIKKAHFa
JICHIH OChLIAl CaKTalybl KEpeK.

Kecre 1. IlInki3aTThIH aMUHKBIIIKBUIAPBIHBIH KYPAMBI TYPaJIbl MATIMETTEP

Ne Amun KbluiKplit Monekynanusik gpopmynacor  Kannwvt AK monwepi, %
1 AnanuH C5H7NOZ 4.94

2 I'munun C HNO, 4.65

3 Jleiiumn Cﬁ H, 3N02 7.50

4 W3oneituun Cﬁ H,NO, 2.15

5 Banun C5H11N0_7 4.61

6 Iroramar CngNO4 12.28

7 Tpeosun CJHQNOj 3.84

8 [pomun C5H9N02 11.30

9 MeTtuoHuH C‘THHNO2S 2.51
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10 Tpunrodan CnH/zNzOz 1.71
11 Cepun C3H7N03 5.01
12 Acmnaparar C HNO, 14.05
13 Hucrenn C3H7NOZS 1.79
14 OKcUIIPONIUH CSHyNOZ 1.55
15 DdennnanaHuH C JH, NO, 5.08
16 Tupozun C JH,NO, 3.92
17 luctupun C HN0, 2.53
18 OpHUTHH C‘ H N0, 1.34
19 Apranux C N0, 5.22
20 JInzun C N0, 4.02

Rubus hybrid ecimuirinig KypampiHan 20 aMHH KBIIIKBUTBI KOMITOHEHTTEpI Ta3-
CYMBIKTBI XpoMaTorpadus apKbLUTbl aHBIKTAIIBI. KypaMbIHaH KeT MeJepe TIFTaMaT
(12.28%) xone acniaparat KeIrkbLUTbI (14.05%) MemmepiHae aHbIKTaIIbL.

Maii KpIIIKBUTIAphI - alibIK TapMaKTaiaMmaraH Ti3oeri Oap ammdartel Oip Herimi
KapOOH KBIIKBIIAAPEI, KOMIPTEK aTOMIAPBIHBIH JKYI CaHBIHAH, dY(DUPIICHTeH TYPIHIE
OCIMJIIK JKOHE JKaHyap TEKTEC JUIMUATIK CUMATTarel 3aTTap. OnapasiH Kehoipeyepi
KOMIpPTEK aTOMIaphl apachlHIa KaparaibiM OaiTaHpICTapFa e )KoHe KaHBIKKAaH Maitiap
JIeTI aTaIajIel, a1 6acKaraphIHaa Koc Oaimansic Oap KoHe KaHBIKITaraH OOJIBITT CaHAIa bl

Maii KBIIIKBUIAAPBIHBIH KYpaMbl Ta3-CYHWBIK XxpoMaTtorpadra aHBIKTAIIBL. S
MUHYT IIIiHAE XJI0poQOpM-MeTaHON Kocmackl (2:1) sKcTparupieHreH CHIFBIHABICH
Kara3 GUiIbTipl apKbUIBl CY3UIIN, KYpFaK Maccara Aeiin koHmeHtpiewmi. Coman
KeWiH aJIbIHATBIH CHIFBIHJbIFA 10 MJI METaHOJIJIBI JKOHE 2-3 TaMIIbl alleTUIXJIOPHITI
Kockir, 60-70 °C temneparypana 30 MUHYT OOibl MeTHIIACH/I. MeTaHOI POTOPIIbI
OyJIaHIBIPFBIII apKbLIbl aijlanajibl XKOHE YJTUIep 5 MJI TeKCaHMEH SKCTparupiieHel
xoHe Kasak Tamakrany Akanemwusicbinna 1 carar iminge « CARLO-ERBA-420» ra3
xpomarorpadbl apKbUIbl TaliaHaasl. HoTwkeciHne Mall KbIIIKbUIAAPBIHBIH METHIT
a¢upaepiHiH XpoMaTorpaMMaliapbl allbIH/IbL.

Kecre 2. I1Inki3aTThIH Mail KbIIIKBUIAPBIHBIH KYPAMBI TYPabl MATIMETTEp

N
Maii Kpluikslioapul Kannwv Kypoinoimovix, hopmynacet Ocimoikmezi yneci,
dopmynacet %
1 Mupuctus (C14:0) C H O 0 0.6
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2 : .
Ienragennn (C15:0) C1 H, 02 /\/\/\/\/\/\/\H/OH 1.2
o}
3 [Mamemurun (C16:0) C 0 54
ut:0; /\/\/\/\/\/\/\)J\
OH
4 ITageMuTOOICHH C = 0.2
(Cle6:1) 16100
0
OH
5 Creapun (C18:0) C 0 4.1
0 AAAAAANAAA
OH
6 Oseunn C = 18.1
(C18:1) 18H34Oz
o
OH
7 JIunon C H.0 , 0 77.6
(C18:2) 18773272 o A TN
8 JIunonen C 0 0.2
(C18:3) [XH3002 Ho e 5 3 L

Maii KbIIIKBUIAAPBIHBIH CAHABIK Talgaybl HOTIDKECIHIE Keneci Oaxpliayiapabl
AHBIKTAJIBL: 2-KeCTeAe KeATIPUITeH MaMeTTep Atraphaxis TYKBIMIACKIHBIH JKep YCTi
OediriHAe OJCHH, TUHOI XKoHE MaTbMUTHH KIIKGUTBIHBIH (C18:1, C18:2 xxone C16:0)
CaJBICTBIPMAITBI TYP/IC YKOFaphI KypaMbIH Kepcetei. Ochutaiina, oCIMIIK ITUKI3aTHIHBIH
KYpaMBbIH/Ia KAHBIKITAFaH Mail KBIIKBUIAAPEI 0aCHIM €KEHIIT] aHBIKTAJIIbI.

KopbIThIHABI

AnMarbl eHIpiHEeH JXWHajuFraH Rubus hybrid eciMpiriHiH skep YycTi OeniriHig
XUMUSUTBIK KYPaMbIH CaH/BIK TaJay HOTHXKECIHAEe aMUH-Mai KbIIIKbUTBIHBIH Kypambl,
TaJ/Iay/IbIH 3aMaHay ¥ (pU3MKa-XUMUSUIBIK 9JIICTEPi aHBIKTAJIIBI.

I'a3-cyitbik xpomarorpadusi oniciMeH 20 aMUH KbIIIKBUIBIHBIH CaHJBIK KYPaMbl
AHBIKTAJIJBI, OHBIH 8-1 MaHBI3AbI (TPEOHUH, BaJMH, METHOHHWH, M30JICHIIMH, JCUIIUH,
(deHunananuH, JU3UH, TpUnTodaH). AHBIKTaIFaH aMUHKBIIIKBUIIAPBIHBIH KOIIIITIr
anudarrap ToObIHA KaTagbl § MOHOAMHHOKApOOH KBIMIKbUIAAPHI (IJIMIHH, ATaHUH,
BaJIMH, WM30JICHIMH, JICHIMH), COHBIH IIIHAEC KYpaMbIHAAa OKCHUTpyIHa (TPEOHHUH,
CepUH) J>KOHE KYpaMbIHAAa KYKIpT Oap (METHOHMH, IMCTHH) KOCBUIBICTap Oap.
MoHOAaMHHOIUKApOOH KBIILKBUIAAPH acnaparuH (acrmaparar) »oHE IIyTaMHUH
KBILIKBUIAAPbI, JUAMUHOMOHOKAapOOH KBIIIKBUIAPBI — JIM3UH, AprMHUH >KOHE
OPHUTHMHMEH YCBHIHBUIFaH. XOLI MiCTI aMMHKBIIIKBIIAAPbIHAH THUPO3UH, (heHUIaTaHUH
xoHe TpunrodaH TaObulAbl. leTepouMkial  KBIIKBUIIAP TUCTUAMH, IPOJIMH,
OKCHUIIPOJIMHMEH YChIHBUIFaH.

Maii KbIIKBUTIAPBIH CaHIBIK 3€pTTey HOTHXenepi Rubus hybrid ecimairiHiH xep
ycTi OeiriHae ONEWH, JIMHOJM >KOHE TadbMUTHH KeIIKBUIBIHBIH (C18:1, C18:2 xoHe
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C16:0) canblcThIpMalbl TYPAE JKOFapbl KypaMblH Kepcereai. Ocbliaiimia, ecimMIik
LIMKI3aThIHBIH KYpaMbIH/a KaHBIKIIaFaH Mail KbIIIKbIIIAPhl OachM €KeHi aHBIKTaJI/bI.
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Abstract. The main direction of development in the baking industry is the application
of technologies that make rational use of raw materials, ensure their safety, and enhance
the nutritional and biological value of the product. Bread is a daily consumable product,
so it is important to create a range of functional bread products and increase their
production. This includes the technology of making sourdough bread, which consists of
lactic acid bacteria cultures. The widespread use of sourdough of various compositions
in baking is driven by producers’ desire to reduce the use of yeast in bread recipes

Improving the quality and safety of bread is a primary focus of research in the field
of'baking. This article presents an analysis of the physical-chemical indicators of quality
and safety of bread samples with the aim of developing a technology for producing
bread with functional properties

The quality characteristics of bread are significantly improved by the addition of
sourdough composed of lactic acid bacteria cultures. The addition of sourdough caused
a change in the acidity of the bread, which increased by 0.3 degrees. Bread made with
sourdough has a higher acidity than yeast bread, which positively affects the quality of
the product. Due to this property, sourdough bread can retain its freshness, taste, and
aroma for a longer time. The porosity in all samples was within the normal range, with
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the porosity of the bread being between 69-71.2%. There was no significant difference
in moisture content.

Based on the conducted research and the obtained data, it can be concluded that the
addition of sourdough composed of lactic acid bacteria cultures has a positive effect on
the physicochemical quality indicators of the bread samples. The concentration of heavy
metals and radionuclides in the examined bread samples did not exceed the maximum
allowable concentrations (MAC).

Keywords: bread, quality, sourdough, physicochemical indicator, safety, heavy
metals, radionuclides.
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AHHoTanus. HaH micipy cajachliH JaMbITY/IbIH O0achiM OarbIThl IIIUKI3aTThI YTHIMIbI
naijanaHarhlH, KayillCi3[MIriH KaMTaMachl3 €TeTiH, COHJal-aK OHIMHIH TaraMJIbIK
JKOHE OMOJIOTUSIIBIK KYHJBUIBIFBIH apTTHIPATBIH TEXHOJIOTHSJIAP/bI KOJIAAHY OOJIbII
TabbUIaibl. HaH KYHIENIKTI TYTHIHATBIH ©HIM OOJIFaHIBIKTaH (DYHKIIMOHAJIbI HaH
OHIMJIEPIHIH aCCOPTHMEHTIH jKacam, OJaplblH OHMIPICIH YIFalTy MaHbI3IbI. by
0arbIT CYTKBIIIKBLIIBI OaKTEePUSIIAP/IbIH ITaAMMIAPbIHAH TYPAThIH YHBITKBI HET131HIeT1
HaH JaiblHAay TEXHOJIOTHSCHIH KaMmTuAbl. HaH micipynme opTypii KypamJarsl
VHUBITKBI JaKbLIIAPbIH KEHIHEH KOJIJaHy OHIIPYIIUICP/IiH HaH JalbIHAy PELCTIHIe
AlIBITKBIIAPbI TAkIaTaHy/ bl a3alTyFa YMTBUTYbIMEH OaliIaHbICTHI.

HanHbIH camackl MeH KayilCi3IiriH apTThIPy HaH MIiCipy CalachlHAaFbl 3epTTEYIIEPIIH
Heri3ri 0arbIThl 00JIbIN TaObLIaABI. bysl Makanama GpyHKIIMOHAIbI OHIM KaCHUETIHE He
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HaH OHJIPYy TEXHOJOTHSCHIH jKacay MaKCaThlHAA HaH YJTUICPIHIH (U3UKa-XUMUSIIBIK
cara KepceTKIITepi MeH Kayilci3airine tangaynap *Kypriziii.

HaHHbIH canaibIK CHITaTTaMaiapbl CY TKbIIKbUIIbI OaKTePUSITAPIbIH ITaMMIapblHAH
TYpaTrblH YUBITKbl KOCBUIFAHJA alTapiibIKTall >kakcapajbl. ¥UbITKbl KOCY HaHHBIH
KBIIKBUIIBIFBIHA  ©3TEePICTEP TYFBI3NBI, YHBITKBI KOCBUIFaHAA KBIIKBUIABUIBIK 0,3
rpajycKa KOrapbUiaabl. ¥ WBITKbl KOCHUIBIN JaibIHAAIFaH HAH alllbITKbIFA KaparaHja
JKOFaphl KBIIKBUIBIKKA He 0oJajibl, OYJ1 ©3 Ke3eriHjae OHIMHIH carachlHa OH acep
eremi. OCbl KAacHETIHIH apKachlHJA YUBITKbl KOCBUIFAH HAH OAaJIFBIHJIBIFBIH, JOMIH
YKOHE XOII WICIH y3aFbIpakK cakTail amaipl. bapnblK yarinepaeri KeyeKTUTiK KadbIIThl
mexTepae OoNapl, HAHHBIH KEYeKTUTK KepceTkimi 69-71,2% apanbiFbiHIa OOMaIHI.
blnranapinpikTa aliTapIbIKTal alfbIPMAIIBUTBIK O0IMaIBI.

XKyprizinren 3eprreyiep MEH alblHFAH MOJIIMETTEP HeETi3iHE CYHEHE OTBIPBII
CYTKBIIIKBLUIIbI OaKTepHUsIapAbIH I TAMMIapbIHAH TYPAThIH YUBITKBI KOCY HAH YJITLIepiHe
(pU3HUKa-XMMHUSJIBIK cala KePCETKIIITEpiHe OH ocep eTeil JeN KOPBIThIHIbLIAYFa
Oomajpl. 3epTTEICTIH HAH YITUICPIHACTI ayblp METalJap/blH KOHIECHTPAIUSICH MCH
PaAMOHYKIUATED MEKTI pyKCaT €TINTeH KOHIIEHTPAaHAIaH acaibl.

Tyiiin ce3mep: HaH, cama, YHBITKBI, (PU3UKa-XUMUSITBIK KOPCETKII, KayilCi3Jmik,
aybIp MeTaJiap, paAuOHyKIUATED.
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Annoranus. OCHOBHBIM HalpaBICHUEM pa3BUTHS XJICOOTICKAPHON IPOMBIIII-
JIEHHOCTH SIBJISIETCSI IPUMEHEHHE TEXHOJIOTUH, PallMOHAIBLHO HUCIONB3YIOINX ChIPhE,
o0ecreunBaroInX ero 0e30MacHOCTh M MOBBIMIAIOIIUX MMUIIEBYI0O U OHOIOTHUYECKYIO
LIEHHOCTh MPOAyKTa. Xj1e0 — MPOAYKT €KeIHEBHOTO MOTpeONeHus, MOITOMY BaXKHO
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CO3[1aBaTh ACCOPTHMEHT (YHKIHOHAIBHBIX XJIEOHBIX M3ICTUA M YBEIMYHBATH X
MPOU3BOACTBO. K 3TOMy HaIrpaBiIeHUIO OTHOCHTCSI TEXHOJIOTHS IPUTOTOBICHHS Xje0a
Ha OCHOBE 3aKBACKH, COCTOSALICH M3 KYJIbTYp MOJOYHOKHCIBIX Oaktepuii. [llupokoe
HCIOJIb30BAHNE 3aKBACKM Pa3jIMYHOTO COCTaBa B BBINIEUKE CBA3aHO CO CTPEMJICHHEM
MIPOM3BOAUTEINCH COKPATUTh HCIIOIB30BaHHUE APOXIKEH B pelienType xieoa.

[ToBpIlIeHHe KauecTBa M 0€30MaCHOCTH XJieOa SIBISAETCSl OCHOBHBIM HaIlpaBICHUEM
HccrenoBaHuil B xjeOoreueHnd. B nmaHHOW cTaThe mpoBeneH aHaiu3 (QU3UKO-
XMMUYECKHX TIOKa3aTenell KadecTBa W 0e30macHOCTH 00pasLoB Xxieda ¢ Lenbio
pa3pabOTKH TEXHOIOTUH MPOU3BOACTBA XJeba ¢ PyHKIMOHATIBHBIMUA CBOMCTBAMH.

KauecTBeHHBIC XapaKTepUCTUKH XJ1e0a 3HAUNTEIBHO YIy4IIAI0TCs IPH J00aBICHUH
3aKBAaCKH, COCTOSIIEH W3 KyJIbTYp MOJOYHOKHCIBIX OakTepwil. DTo moOaBiieHHE
BBI3BAJIO U3MEHEHHUE KHCJIOTHOCTH Xyeba: oHa yBenmumiack Ha 0,3 rpamyca. XieoO,
MIPUTOTOBJICHHBIN C UCTIOIB30BaHUEM 3aKBACKH, IMEET 0osiee BBICOKYIO KUCIOTHOCTD,
YeM JIpOXKIKEBOMH, UTO, B CBOIO OYEPE/lb, MONOKUTENBHO BIUSAET Ha KaY€CTBO MPOIYKTA.
Bbnaronaps aToMy cBOWMCTBY Xi1e0 Ha 3aKBaCKax MOXKET JOJIbIIEC COXPAHSTH CBEKECTD,
BKyc u apomar. [lopucrocts Bo Bcex oOpaslax HaxoAmWiIach B Tpenenax HOPMBI,
MoKa3zarenb MOpHcTOCTH Xxjeba cocraBuwil 69-71,2%. CyliecTBeHHOW pa3HHULBI BO
BJIaYKHOCTH HE HaOII0AaI0Ch

Ha ocHOBaHuMM TpPOBEAEHHBIX HCCIEAOBAHUN U TOIYYEHHBIX JAHHBIX MOXKHO
c/IenaTh BBIBOA, YTO J00OABJIEHHE 3aKBACKH, COCTOSILIEH M3 KYJIBTYP MOJIOYHOKHCIBIX
OakTepuii, OKa3bIBaCT MOJIOKHUTEIBHOE BIMSAHUE HA (DU3MKO-XUMHUYECKUE MOKa3aTen
KauecTBa 00pasuoB xyeba. KoHIeHTpauusi TSHKENIbIX METaIOB M PaJIuOHYKIUIOB B
HCCIIEOBaHHBIX 00pa3liax HE MpEBbILANa MPeNesbHO JOMYyCTUMBIX KOHIIEHTpPALUH
(ITAK).

KiroueBble cioBa: xied, KadecTBO, 3aKBacka, (PU3MKO-XHUMHUUYECKUH IMOKa3aTelb,
0€301acHOCTb, TSKEJIbIe METAUIbI, PaJHOHYKIIHIbL.

Kipicne. A3bBIK-TYJNiK ©HIMAEPIHIH camajbl, Kayirci3 koHe KyHapJbl OOIybl OYKin
oJIeMJIeri TYTHIHYIIBUIAP MEH IEHCAYIIBIK CaKTay areHTTIKTEPiHiH HeTi3T1 MaceenepiHiH
Oipi OOJBIT TaOBLIAbI, OUTKEHI Caraibl )KOHE Kayilci3 eHIMJIEp ajaM JICHCAYIIBIFbIHBIH
KOHE OHBIH TeHO(MOHIBIHBIH cakTanybiHbH Kermimi. JAY (JyHuexy3unik aeHcaynbik
cakTay YHBIMBI) MoyliMeTi OOMBIHIIA KypamblHIA ayblp MeTaunap, BUpycTap,
Oakrepusiiap, mapasuTrep Oap KayinTi 3aTTap TaraMIblK JUapesIaH KaTepii iCiKke
neiiin 200-1eH actam Typai aypynapasl Tyaslpysl MyMKiH (Peltomaa, et al., 2021; Kang,
et al., 2021; Ruiz-Capillas, et al., 2019; Xamuaynuna, xoune T.0. 2021). Jlerenmen,
TaMaK OHIMJEPiH JaibIHIay, caKTay, Opay TEeXHOJOTHSCHIHBIH OapiblK mapameTpliepi
cakrajca Jia, OJIApJIbIH camachl MEH KayilCi3NiriH YHeMi KamMTamachl3 €Ty OHail
emec. Kopiiaran opTaHblH opTYpJi OHIIPICTIK KaJABIKTAPMEH Y3IIKCi3 JacTaHyBI,
aybul LIapyallbUIBIFBIHAA XUMHSJIBIK KOHE OHOJIOTHSUIBIK TEKTi JKy3AereH op Typii
MECTULUATEPA] KONAaHy TaMak MIMKi3aThlHA, COIaH KeHiH TaMak eHiMJepiHe TYCEeTiH
KayinTi TOKCUKaHTTapAbIH TYPAKThI, alyaH TYpil Ke3iH Tyabipaasl (Shao, et al., 2021).

Han enimMaepi — azam palMOHBIHBIH aJIMACTBIPBIMAUTBIH >KOHE MAaHbI3/bI
Oeuiri OONBINT TaOBLIAMbI, COHJABIKTAH XaJbIKTBIH OJapfa JIETCH KaKEeTTUIIKTEPiH
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KaHaFaTTaHAbIPY ILICMIIMIH Tajam eTeTiH e3eKTi Macerne. OnapIblH peLenTypacbiHa
npopUIaKTHKAIBIK KacueTTep OepeTiH >KoHe aJaMHBIH TaMaKTaHy pallOHbIHBIH
camaJblK )KOHE CaHIBIK KypaMblHa alTapibIKTall dcep eTeTiH KOMIIOHEHTTEP i (aKybI3,
MUHEpalAbl 3aTTap, ASpyMEHAEp) CHri3y Oenrini Oip 3aTTapiAblH KEeTicleyidiriMexn
0alIaHBICTBl OPTYPIl aypysIaplblH aJl[bIH aly MACEJIECiH THIMII MIeIyre MyMKIHIIK
oepeni (Kubicova, et al., 2021; JlaBbiieHko xoHe T.0., 2013; PomanoBa xoHe T.0., 2020).

Han enimzepi XanbIKTBIH OapiIbIK TOTITAPHI YIIIH XKaIllai CypaHbICKa He OHIM OOJIbII
TaObUIAbI, COHIBIKTAH OJIApABIH Canachkl MEH Kayilci3airiH KaMTaMachl3 €Ty 0Te 03€KTi
Mocene Oomnbln TaObUTaAbl. Han eHiMaepiHiH TaraMIbIK KYHABUIBIFBIH apTTHIPY YLIIH
OMONOTHSIIBIK OeJICeH Il Kocnauap FaHa eMec, COHBIMEH KaTap ©CiMIIK oHE jKaHyap
TEKTi OHIMAEP J1e KoJAaHblIa bl TeHrepiMai TaMakTaHy TEOPUSCHIHA COHKEC, HaH )KOHE
HaH eHIMAEPIHJET] aKybI3ap, Maijap *oHe KeMipcysiap MeJIepi OHTaMIbI KaTbIHACTA
OoyMaraHIIbIKTaH, HaH eHIMIEPiH OaiibITy KaxerTiniri TysiHaaine! (Tolve, et al., 2021;
Bypenkoga, xxoHe 1.0., 2023; Papchenko, et al., 2020).

CoHFBI yaKpITTa HaH-TOKAII Micipyae ONapAbIH TaraMIbIK KYHIBUIBIFBIH )KaKCapTy
YLLIiH perentke cyT eHiMAepi (capbicy, alipaH, MaliChI3JaHIbIPBUIFAH CYT, KaliMaK) >KoHe
CYTKBILIKBUIIBI OaKTEpUsIIapAbIH JAaKbUIAAPhl Oap YHBITKbUIAP KEHIHEH KOJIJaHbLUIa bl
Byn eniMzaep eH a3 3HEpreTUKAIBIK KYHIBUIBIFBI Oap OMONOTHAJIBIK OEJICeHl 3arTap
KCIICHIH KAMTHUTBIH TaMaK OHIMJIEPIH OHIIpyJe MaHBI3/Ibl IIHMKI3aT Ke3i OOJbII
tabbutaasl (Ipszuna, 2022).

YUBITKBIIAp HAHFA KOCBIMIIA JIOM MEH XOoll HWic Oepy Kypajibl peTiHAe FaHa
eMeC, COHBIMEH Karap HaH OHIMJEpiHIH KacHeTTepiH TEXHOJIOTHSUIBIK >KaFbIHAH
KakcapTaibl. ¥ MbITKbI HAHFa apHaJIFaH TAOUFU KOHCEPBAHT OOJIBIN TaObLIAAbI )KOHE 36H
CaHbIpayKyJIaKTapbIHBIH JaMYbIH a3aiTabl, OChLIalIIa HAaH OHIMACPIHIH KapaMIbLIbIK
Mep3imiH apTThipassl (Cavallo, et al., 2017; Mantzourani, et al., 2019).

Tyci, HaKTBl KeJeMi KOHE KYPBUIBIMBI CHSKTBHI (H3UKA-XUMHUSIIBIK KAacCHETTEp
HaHHBIH callachblHa 9Cep eTeli, OFaH YH TYpi, Kocrauap >koHe 0acka MHIPEAUEHTTED
CHUSIKTBI Oacka (hakTopiap acep eTyi MymkiH (Xiao, et al., 2016; Mudau, et al., 2021).

3epTTey >KYMBICHIHBIH MaKCaThl: CYTKBIIIKBUIABI OakTepHsIapAblH AaKbUIIapbIHAH
TYpaThIH YUBITKBl KOCBUIBIN AalbIHIANFaH HaH YATUIEPiHIH (U3HKa-XUMUSUIBIK cara
KOPCETKIIITEepi MEH KayilCi3AiriH 3epTTey.

3epTTey HbICAHBI MeH JicTepi

3epTxaHanblK Tajzayiaap JKYprizy YUIH OipiHumi cypeinThl Oupail yHbBI, HaH
AIIBITKBICHI, CYTKBILIKBUIABI OaKTepUsUIapAblH JaKbUIIApbIHAH TYPAaThlH YHBITKBL,
ac TY3bl, aybl3 Cy alblHBIN, HaH YJriepi (KOCHachl3 HaH JKOHE CYTKBIIKBUIIbI
OakTepusIIapablH JaKbUIIAPbIHAH TYPAaThIH YHBITKBI KOCBUIBIN AalbIHIANFaH HaH)
JaubIHIAT b,

blnranapiiblk, KBIIKBUIABIK JKOHE KEYeKTITIK CHSIKTHl  (PM3MKA-XUMHUSUIBIK
KepCceTKiTepAi Oaranay yIIiH KaJlbl CTaHAAPT 91iCTePi KOIJaHbUIAbI.

— MEMCT 21094-75 «Han »xone HaH eHiMaepi. blnFanablIbIKThl aHBIKTAY 9iCI».
OpicTiH MoHI — HaH OHIMHIH yIricin Oenrini 6ip remneparypaaa (130 °C) kenTipy koHe
BUTFAJIIBIIBIKTHI €CETITEY.

— MEMCT 5670-96 «Han-Tokam eHimaepi. KbIIIKbUIIBIKTBI aHBIKTAY SIiCTEPi.
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Kprmukpuiaeik gen 100 T eHiMaeri KeIIIKbUIAAPABI OeHTapanTaHIbIpy YIIIH KaXeTTi
HATPHUI THIPOKCHII HEeMece Kaiuil TUAPOKCHAI | MOJB/AM® HAKTBI MOJNSPIIBIK
KOHIICHTPALUSIAFbI ePITIHIIHIH TeKIIIe CAHTUMETPJIET KOJeMIH alTabl.

— MEMCT 5669-96 «Han-tokam eHimzepi. Keyekrinikri aHbIKTay 9ici». HaHHBIH
KEYCKTLJIIT1 KeyeK KOJIEMiHIH HaH )KYMCaFbIHBIH YKaJIITbl KOJIEMiHE KATbIHACHIH KOPCETE i
JKOHE MaibI30eH KOpCeTiIe/].

Han yarinepingeri ayslp MeTanaapiapra Taijay Kyprisy yiliH KOJTOPUMETPHSUIBIK
YKOHE aTOM/JIbI a0COPOITMOH/IBI SIICTEP KOMAAHBULIABL. byl oicTep Tamak eHiMAepiHAeT]
aybIp METaJap/bIH KOCBIHIBUIAPBIH aHBIKTAY YIIIH KeHiHeH Koipanbuiaas: MEMCT
30178-96 «Illukizar xoHe TaMaK OHIMAEPi. Y BITThI AJIEMEHTTEP 11 aHBIKTAY IbIH aTOMIbIK
abcopOusuibIK oxicin, MEMCT 26927-86 «lllukizar sxoHe Tamak eHimepi. ChIHANTHI
anbikTay omiciy, MEMCT 26930-86 «lllukizar >koHe Tamak eHimjepi. MBIIIbIKTHI
AHBIKTAY JICI».

Han ynrinepinneri paananusibik Kayincizaikri Oaranay ymin MEMCT 32164-2013
«Tamak enimaepi. Ctponnuii Sr-90 xoHe ne3uii Cs-137 aHbpIKTay YLIIH ChIHAMa ay
QIiC1» KOIAAHBLIIEL.

Tannay >xymMbIcTapbl AJIMaThl TEXHOJOTHSJIBIK yHUBEpCUTETiHIH « Tamak Kayircizairi»
FBUIBIMU 3€PTTE€Yy MHCTUTYTBIHBIH 3€pTXaHacblHAa Xyprizinni. Toxipubenep 3-4 per
KaiiTajaHa )acallblll, OpTaIlla MOHJIEP1 aIbIHIbI.

3epTTey HOTHIKeEJIePi KIHE OHBI TAJIay

HansbiH Herisri pu3nKa-XUMUSIIBIK, cana KOPCETKIIITePl bUIFAIIBUIBIK, KEYeKTiIiK
’KOHE KBIIIKEUIIBIK OOJBIT TaObIIaIbL.

blnranpinblk HaHHBIH TYTBIHY KACHETTEPIHIH MaHBI3Ibl KOPCETKIIN OO
TaObUTabl. JKOFapbl BUIFANIBUIBIK HAHHBIH KaJOPHSICHIH TOMEHJETE/l, HAHHBIH
camachlH HaIllapiiaTaJibl XKOHE ar3ara a3 ciHeAl. MyHJail HaH Kerepyre OeiiM, oHail
nedopmanusiaHaibl. HaHHBIH TOMEH bUTFAJIbUTBIFBI OHBIH KEYill KeTy1HE, Te3 €CKipyiHe
JKOHE JIOMiHIH HallapiayblHa OKeNel.

KeyekTinik CHSKTBI KOPCETKIIIl HaH YIIIiH 6T¢ MaHbI3/Ibl, OUTKEHI OJI HAaH HEMeCe HaH
OHIMJICPIHIH aF3aFa KaHIIAJBIKTHI )KaKChl CIHETIHIH aHBIKTaiIbl. HaHHBIH KeyeKTUIIrl
OHBIH CIHIMJIUNIriIMeH OainaHbICThl. bipkenki xyKa KaObIpralibl KEYeKTLIir 0ap sKaKchl
OOpIBUIJIAK HAaH ac KOPBITY COJIJICPIMEH JKaKChl KaHBIFAJbl, COHJBIKTAH TOJIBIK aF3afa
CIHEI.

KpIIKBUIIBIK COHBIMEH KaTap HAHHBIH CHUIIATTaMaIaphl YIIIiH MaHbI3/Ibl KOPCETKIIIT
0O0JIBIT TaOBLIA/IbI, OTKEHI aMUIIa3aiap/IblH OCJICCHIUIITIH OaKbLIANTHIH KBIIIKBIIIBIK.
KaMbIppIH KBIMIKBLIT OpTackl 0ap, O aMuiia3aiapiblH OCICeHIUTITIH alTapibIKTal
TOMEHJIETE/lI, OVJI 63 Ke3eriHJe KpaXMaJJblH bIIbIpayblHa bIKMAN eTeli. Kpaxmaasiy
Oasty BIJbIpaybl HAHHBIH OHIMIIITIH jKakcapTaabl. HaHHBIH KbINIKBUIIBIFBl O/ICTTE
mapTTel OipiikTepMeH — rpagycrneH kepceriieni. Kpiukeumablk mopexeci 100 T
YTiHIiAeT] KhIIKBUIIAP/bl KOHE 0acKa KBIIIKBUI KOCBUIBICTAP/IbI OCHTapanTaHIbIpy
YIIiH KOJAaHBUIATBIH KYHAIPTILI CINTiHIH | MIJI KaJIbINTH epiTiHAICIHE COlKec KeJemi.
KpImikpiiapik  Oenriai Oip Jopexene HaHHBIH JOMJIIK KACUETTEPiH CHIIATTANIbL.
JKeTkimikci3 HeMece TbIM KBIMIKBUIABIK HAHHBIH JOMIH JKarbIMChI3 ereml. Han
OHIMJIEPIHIH KBIIIKbULIBIFbI YHHBIH TYPiHE, KAMBIPbI JaWbIHIAY 9/1iCiHE OaiIaHBICTHI.
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YHHBIH CYPBIIIBI TOMEHAETECH CaliblH KhILIKBUIIBIK KOFapbuaibl (KoBanesa sxoHe T.0.,
2020; Konesa xomne 1.0., 2019; Anéxuna xone 1.0., 2021).

Ou3HMKa-XUMISITBIK  KOPCETKIIITEpAl aHBIKTAy HaH JaiblH OONFaHHaH KeiiH 3
caraTTaH KeiliH xyprizinmi. Tangay >kyprizy HOTH)KECiHIE alblHFaH HaH YIATLIEPiHIH
(u3nKa-XUMUSIIBIK cara KepceTKimTepi 1-kecTene KenTipiareH.

Kecre 1. Han ynrinepinin ¢pu3nka-XUMUSUIBIK KOPCETKIMITEP1

Kepcerkimrep HK O0oiibnmra Kocnace3 | ¥#MbITKbI KOCBUIBII
MEMCT 31805-2018 HaH AlIBITBIIFAH HAH
blnranaeuisik, % 19-52 45 45,1
KpIIKBIIIBIIBIK, TPaTyCTaH KoMl eMeC 4,0 3,2 3,5
Keyexkrinik, %, kem emec 65 69,0 71,2

HannbIH camanbik cunarraMmanapsl CY TKBIIIKBUIIBI OaKTePHUsIIap IbIH JAKbUIIaphIHAH
TYpPaTbIH YHMBITKbl KOCBUIFaHJA aWTapibIKTal >Kakcapaabl. ¥UBITKbl KOCY HAHHBIH
KBIIIKBUIIBIFBIHA ©3TePICTEp TYFBI3NBI, YHBITKBI KOCBUIFAaHAA KBIIKBUIABUIBIK 0,3
rpalycKa x)orapbuiaibl. ¥ UbITKbI Al aIaHbII JAbIHAAIFAH HAH alllbITKbIFA KaparaHaa
JKOFapbl KBIITKBUIIBIKKA Ue 00J1a16I, OVIT 63 Ke3€TiHIe OHIMHIH carachlHa OH dCep eTe/Ii.
OchI KacHeTiHIH apKachlHAa YHUBITKBI KOCBUIFAaH HAaH OaJIFBIHIBIFBIH, TOMIH KOHE XOII
HiCiH y3aFbIpak CaKTail aassl.

Bapnbik yarinepaeri KeyeKTimiK KajbIThl MIEKTepae OONJIbI, HAHHBIH KEYEKTLIIK
kepcetkimi 69-71,2%  apanbireiHga  Oonanbl.  blirammgeiisikra  afiTapibikTai
alBIPMaIIBUIBIK O0TMa/TBI.

ABBIK-TYJIK KayiICi3/iri COHFbI KbUTAAPEI MEMJIEKET apachlH/a Kypeli miKipTanac
TaKbIPbIObIHA aifHaIAbl. OHIIPICTIH KapKBIHABI ©Cyl YXoHE ©OHIM aCCOPTHMEHTIHIH
KEHEIOl TYTHIHYIIBUIAPFa a3bIK-TYJIK OHIIPICIHIH JKOHE OJapibl ©TKI3ymiH OapIbIK
Ke3eHJIEpiH/Ie KayilCi3/iK ITeH )KOFaphl cara KeMIIITiH KaKeT eTeTiHAIriHe 9KeIi.

AybIp MeTangap 0apiblK TaOUFU OpTaaa OaKpUIaHYbI THIC OachIM JIACTayIIBI 3aTTap
OobIn TaObUTAABI. AyBIp METaJIap OCIMIIK XKOHE KaHyap TeKTi TaFaMJIbIK IIHKi3aTTa,
TaMaK eHIMIepiHae 0oyl MyMKiH. COHBIH cCalmapblHaH ajaM TaFaMblHa TYCITI,
JeHcaynbIFbIHa Kepi acepin turizeni (bepcenera, 2018).

Mertanmap MEH METaJUTOPTaHUKAIBIK KOCBUIBICTap (METaUIIAPIbIH €H VIBI TYpi)
TaOWFW OPTaHbI, OHBIH IMIHJE CyJIaH, TOMBIPAKTaH XOHE OCIMIIKTEepIEH, COHAAM-
aK MeTaJUl a’po30yIbJepi TYpiHAE ayafaH TYCETiH OHMOJIOTHSUIBIK OopTajap JIacTayIIbl
3aTTap/bIH KaTapblHa )KaTa el AJaM YIIIiH KayilTi KOHIEHTPAUAIaFbl YIIbI JJIEMEHTTEP
TaMak eHIMJIepiHe TeK INKi3aTTaH FaHa eMec, COHBIMEH KaTap TeXHOJIOTHSIIBIK OHJIEY
Ke3iHJIe — THICTI TeXHOJIOTHSIIBIK HYCKayTap/abl Oy3FaH jKaFaai/ia TyCcyl MYMKiH.

OAO/IY (bipikken ¥nrrap ¥ WBIMBIHBIH A3BIK-TYJIK JKOHE aybUT IapPYaIIbUTBIFbI
yiteiMbl/ JlyHHEXY31TIK IeHCcayblK caKkTay YibIMBbI) bipieckeH ABBIK-TYIIK KOAEKCi
KOMHUCCHSICHl XaJIBIKApaJIbIK a3bIK-TYJIK caylachlHAa OaKbLIaAHATBIH WHTPEIUEHTTEP
KaTapblHa ChIHAI, KOPFACHIH, KaIMUH, MBIIIBSIK, MBIC, KaJlaiibl, MBIPBIII JKOHE TeMipIi
KOCTBI. AJIFallIKhI YIIIeyi eH YJIKeH Kayirn TeHaipeni. by metangapapiH HOHIaphl 5KaKChl
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KEIICH TY3YII OOJIbIT TaObLIA I, COHABIKTAH OMOJIOTHSIIBIK OCJICEH Tl OPTAIBIKTAPMEH
KywTi Oaitmanbic Ty3yre kaOimerti. CoHbiMeH Oipre ojap TaOWFM HWOHIAPBI
BIFBICTBIPBIN, MeTauloQepMeHTTepai Texeiai. HoTwxkecinge arzaga KemnTereH
Oy3buTynap maiiaa 6omanel — kacyia MeMOpaHaIapblHbIH OTKI3TIIITIr ©3repei, akybl3
CHHTe31 Oastynaiiibl, 3HEprust anMacy npouectepi Oy3buansl. backa ynel metanaap Tipi
ar3ajia eKi )KaKThl PeJI aTKapajabl. A3 MeJIIIep/e oap TIPIIUTIKKe KaKEeTTi IPOLeCTepAiH
KaJIBINTBl  OapbICBIH PETTEHTIH OWOJOTHSUIBIK OENCeHI 3arTapiblH 0eiri OoJbI
TaObUIaAbI, OipaK >KOFaphbl 103a/1a 0JIap TOKCHKAIIBIK ocepre ue 0onaibl.

Byt s)kympIcTa HaH yarinepi KayinTimiKTiH |-K1acklHa KaTKbI3bUIFAaH MBIHA/IAH aybIp
MeTaliapra 3epTTeN/i: ChIHAIl, KOPFAaChIH, KaJMUI, MBIIIbIK. HaH yarinepingeri aysip
MeTanaap KypaMblH 3epTTey HOTHKENEpi 2-kecTee OepiireH.

Kecre 2. Han ynrinepi KypaMbIHAAFBI aybIp MeTaAap

Merann Pykcar etinreH AeHrei, MI/Kr, apThIK eMec ¥ UBITKBI KOCBUIBIN AlIBITHIFAH HAaH
ChbIHar, MI/Kr 0,015 0,007

KopraceiH, Mr/kr 0,35 0,05

Kaamuii, Mr/kr 0,07 0,01

MBIIIBSK, MI/KT 0,15 0,03

XUMHSIIBIK-TOKCHKOJIOT HSLTBIK Tajliay Ke3ine HaH yarinepine ceinar (0,007 Mr/kr),
koprackiH (0,05 mr/kr), kaamuii (0,01 mr/kr), Mpibsk (0,03 MI/Kr) KOCbUIBICTAPBIHBIH
asjiaraH MeJIepi Ta0bLIIbI, O1paK OJapbIH MOJIIIePl pYKcaT eTiIreH JeHrei1e O0JIIbl.

TamakTan paguoOHYKJIHITEp Tycy ocipece amamjaap YIOiH KayinTi, eWTKeHi Oy
aF3aHbIH 1IIKI coyleJeHyiHe oKenesl. [mKi acep CBIPTKBI ocepre KaparaHja KayimTi,
OWTKEeHI OJ OMIpJIIK MaHbI3/bl MyIlenepre Tikenei acep eremi. EH pagmocesimTan
Kacymanap CyHhek KeMmiri, JKbIHBIC Oe3aepi, KekOayblp koHE T.0. YHEMi »KaHApbII
OTBIPATHIH TIHJEP MEH MYIIEIEP/IiH JKacyIiaiapsl 0ok Tadbuiaabl. by coynenenymin
callapplHaH MMMYHJIBIK MEXaHU3MJCPIIH TEKelyl MEH JKYKIajbl aypylaplbiH
KO3/IBIPFBILITAPbIHA CE3IMTaJIBIKTHIH KOFapbLIaybl 00TYbl MYMKIH.

Kazipri yakpiTTa amam ar3achl YIIiH TEXHOTEH/I Y3aK eMIp CYpPETiH eH KayimTi
pamuoHyKIuaTepre ue3mii-137 sxoHe cTpoHuMK-90 skaTajbl, OJApABIH SKapThUIAN
mbFapbuty kezeHi mamamen 30 skbut. Ocwl exi m3otontap CanExH 2.3.2.1078-01.
coiikec TaMaK OHIMJIEPiHJIe MIHACTTI Typ/Ie TEKCEPyTre KaTabl.

Han yunrinepi KypamblHAAFbl paJMOHYKIMATED MOJILIEPI TOMEHIEri 3-KecTene
KeJITIpIIreH.

Kecre 3. Han ynrinepi KypaMbIHAAFbI paJAHOHYKIUITED

Pagnonyknuarep Pyxcar erinren neHreid, Bx/kr(im), | ¥HBITKbI KOCBUIBII AIlIBITBUIFAH
apTHIK eMec HaH

eswuit -137, Br/kr(1) 40 19,69

Crponnmit -90, Br/kr (i) 20 6,9
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Tanmay HoTIKeNepiHEH 3epTTeNIETIH HaH YITUIepiHAeri paauoHyKIUATEPAIH
OeJICeHAUTIK KOpCeTKIIITEP] paIuanrsuIbIK Kayirnci3aiK TajganTapblHa CORKeC KeeTi.

Han naiipianay xe3iHzge sKajmbl CAaHUTapIIbIK-TUTHEHANBIK [Iapajap cakTaica, OHIM
CanExT 2.3.2.1078-01 TaraMIpIK IIMKi3aT MEeH a3bIK-TYJIIK OHIMIEPiHIH camackl MeH
KayiIci3IiriHe KOUbIJIAThIH TalalTapFa COUKeC KeleIl.

Kopsitbinabl. JKyprizinren 3epTreynep MEH ajblHFaH MOJIIMETTEp Heri3iHe
CYHEHEe OTBIPBIN CYTKBIIIKBUIABI OaKTepHsIapAblH NaKbLUIIapbIHAH TYPAaThIH YHBITKBI
KOCY HaH YJATIEepiHiH (HU3HKa-XUMUSIIBIK calla KepCeTKIITepiHe OH dcep eTeni Jer
KOpBITBIH/bUIayFa Oomafpl. 3epTTeleTiH HaH YATUIepiHAeri ayblp MeTalgapAblH
KOHLEHTPALMUSICHl MEH PaJUOHYKIHUATEp IIEeKTI pPYKCAaT eTUIMeH KOHLEHTpalHsiJaH
acmagpl.
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Abstract. As a result of remote interaction, changes in the electrochemical and
conformational properties of the interpolymer system KU-2-8:P4VP were studied.
Interpolymer systems consisting of KU-2-8 (cationite) and P4 VP (anionite) were chosen
as objects of study. As a result of remote interaction of the studied polymers, it was
found that their mutual activation leads to a significant change in their electrochemical
and conformational properties. During the experiment, the polymers KU-2-8:P4VP in
the ratio of 5:1 showed the lowest values of specific conductivity, since the process of
proton association prevailed over the process of dissociation of carboxyl groups. At
different time intervals (1, 2.5, 6 and 24 hours), the pH value of the interpolymer system
KU-2-8:P4VP underwent significant changes. In the 5:1 ratio, the hydrogen indicator
increased slightly after 2.5 hours and then decreased again, resulting in a deviation
from the overall pH trend. This suggests that a more complex chemical process may
have occurred at the beginning of the experiment. The highest conductivity values were
determined in the 4:2 ratio of the interpolymer systems. As a result of remote interaction
at a distance, the conductivity value in the aqueous medium at the 4:2 ratio increased
to a maximum point of 5.5 uS/cm within 6 h. The pH of the medium decreased to 4.8
after a day compared to the initial level at this ratio, this change is explained by the
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distribution of intermolecular bonds. In aqueous media, when the main anionite is P4VP
in the ratio of 4:2, the degree of swelling reaches a maximum value of 5.45 after 6 hours.
In the ratios of 3:3 and 1:5 no areas of change in electrical conductivity were observed.
According to the results obtained, certain changes in specific conductivity, pH of the
medium and swelling ratio are observed in all molar ratios of polymers. The result of the
study revealed that the change in the polymer pairs and state in the interpolymer system
affects the specific electrical conductivity. These data showed that the ratio of ionized
and dissociated groups in the interpolymer chain varies normally.

Keywords: ion exchangers, interpolymer system, cationiteKU-2-8, anionite P4VP,
specific conductivity, pH value,swelling coefficient,range effect,activation
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Annoramus. KY-2-8:114BI1 unTepnonuMepiik KyHeCiHIH KalLIKTHIKTaH ©3apa
OpeKeTTeCyi HOTHKECIHAE AIEKTPOXUMUSUIBIK jKOHE KOH()OPMALMSUIBIK KACHETTEPiHiH
e3repicrepizeprrenai. byskymbictaKV-2-8 (katrnonanmacteiprsii ) xone [ 14BI1(annon
AJIIMaCTBIPFBII ) TYPATHIH HHTEPIIOTUMEPIIi KYHenep 3epTTey 00bEKTiCi peTiHae TaHaal
aNBIHBL. 3epTTEIETIH MOMMMEPIIEPAiH KAIBIKTHIKTAH 03apa OpeKeTTeCyi HOTHKECIHAe
OJIapIbIH ©3apa aKTHUBTEHY1 3JEKTPOXUMHSIIBIK KoHE KOH()OPMALUSIIBIK KACUETTEPiHIH
aiTapiblkTail e3repyiHe okeneTiHi aHbIKTangsl. Toxipoue Oapoiceinna KY-2-8:114BI1
nojauMepiepiHid 5:1 KaTblHACBIHIA MEHLIIKTI 3JMEKTPOTKI3TIIITIK KepCeTKIITepi eH
TOMEHT1 MoHTe e 00 AbI, OUTKEH1 TPOTOHJAPABIH Oipiry mporeci, KapOOKCHII TONTapbIH
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JccoLMaIys MPoleciHe Kaparanaa 0achkiM O0JIbl. Op TYPIIl YaksIT apanblKTapbiaaa (1,
2.5, 6 xxoHe 24 carar) KY-2-8:114BII unrepnonumepiik xyiecinig pH mamace! yiken
e3repicTepai kepcerTi. 5:1 KaTbIHACBIHAA CYTEKTIK KepceTkim 2.5 cararta Oipmiama
JKOFapbLIan, KaiiTa ToMeHiered, MyHaa pH >kaimbl TeHIeHIMsAAaH aybITKy OalKanazibl,
ain iciny xoadduuenTtinae nonumep OeIeKTEPiHiH OJIeMIepi CyIbl opTaga Ko3rana
anMail aca KaTThl e3repicke yiblpamaranbl Oaiikananel. byn ToxipOueniH OacwhiHaa
KYpZAeTipeK XUMHUSIIBIK MMPOLECTiH O0ybl MyMKiH eKeHiH KepceTreni. MHTepnonumepmi
XKyHenepain 4:2 KaTbIHACBIHIA €H JKOFapFbl JEKTPOOTKI3TIIITIK MOHAEP] aHBIKTAIbI.
KambIKThIKTaH ©3apa opekeTTecy HOTIKeciHnae 4:2 KaThlHACBIHAA CYJbl OpTalarbl
AIEKTPOTKI3TIMITIK MOHI 6 carar inmiHe 5. 5MKCM/CM eH KOFapFbl HYKTECIHE KOTEPIIITeH.
OpranbiH pH KepceTkiln 0chl KaTblHAacTa 0acTarnKpl JCHICHMEH CajbICThIpFaHaa Oip
TOYJIKTeH KeliH 4.8-re neifin ToMeHeni, Oy e3repic MojeKya apaiblK OaiaHbicTap
tapainysiMeH TyciHaipineni. Cynsl opraga Herisri anuoHut [I4BIl Oonranma 4:2
KaTblHachIHAa 6 caraTTaH KeWiH iciHy nopexeci 5.45 MakcuMyM MoHiHe KeTTi. 3:3
XoHe 1:5 KaTeIHACTapbIHAA 3JEKTPOTKIBTIIITIK MOHIH/IE eMIKaHAal e3repic aiiMaKTaphl
OalikanMazpl. AJIBIHFAH 3€pTTEYNEpIiH KOpCETKIITepiHe CYHeHCEK, MOIMMEepIepaiH
0apibIK MOJBIIK KaThIHACTAPBIHIA MEHIUIKTI 3JMEKTPOTKI3riTIKTiH, pH opTackiHbIH
XKoHE iciHy Koa(dueHTiHiH OipmaMa e3repictepi OalikaiaraH. 3epTTey HOTHKECIHAC
WHTEPIIOIMMEPITi JKYHeAeri monuMepiepaid KynTapsl MEH KYHIH ©3repTy, MEHLIIKTI
ANEKTPOTKI3TIMITIKKE dCep eTeTIHAIr aHbIKTaNIbl. byl MonimeTTep OybIHapabIK Ti30€K
OOHBIHIAFBl HMOHJAHFAH JKOHE JUCCOLMALUSUIAHFAH TONTapAblH apa KaTbIHACBIHBIH
KaJIBINTHI ©3rePETIHIH KOPCETTI.

Tyiiin ce3aep: MOHAIMACTHIPFBIIITAP, MHTEPHOIMMEPIIK >Kyhe, kaTHoHHT KVY-
2-8, anmonut [14BII, MeHIIIKTI AMeKTpOTKI3rimTiK, pH KepceTki, iciHy Aopexeci,
KALIBIKTaH 3apa dPEKeTTeCy, aKTHBALIHSL.
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AnHoTanus. B pe3ymbrare IHUCTAaHIMOHHOTO B3aMMOAEWCTBUS OBUTH HM3Y4YEHBI
M3MEHEHHS DIIEKTPOXUMUYECKUX M KOH(OPMAIIMOHHBIX CBOMCTB MHTEPIOIMMEPHON
cuctembl KVY-2-8:114BIl. B xauectBe OOBEKTOB WCCIICIOBAHHS OBLIM BBEIOPAHBI
HHTEPIOIUMEPHBIE CUCTeMBI, coctosimue n3 KY-2-8 (karmonut) u [14BI1 (anwoHHUT).
B pesymbrare AMCTAaHIIMOHHOTO B3aWMOJEHCTBHS WCCIIEAOBAHHBIX ITOJUMEPOB
YCTaHOBJIEHO, YTO UX B3aUMHAsI aKTUBAIHS TIPUBOIUT K 3HAYUTEITLHOMY H3MEHEHHUIO FX
ANEKTPOXMUMHUYECKUX U KOHPOPMAIIMOHHBIX CBOMCTB. B X0/1€ sKcIieprMenTa momuMepsl
KV-2-8: TI4BII B cooTHowmeHun 5:1 mokazanu camble HU3KHUE 3HAUCHUS YAEIbHOU
AIIEKTPOIIPOBOTHOCTH, MOCKOJIBKY TMPOIECC 00bETUHEHNS TMPOTOHOB IIpeodaanan Hal
MIPOIIECCOM JHMCCOIMANNN KapOOKCHUIIBHBIX TPYMIl. B pa3Hble MPOMEXKYTKH BPEMEHHU
(1, 2.5, 6 u 24 dgaca) 3Hauenne pH wHTepmoamMmepHOH cuctembl KY-2-8: [14BII
npeTepriesio 3Ha4YuTeNIbHbIe U3MeHEeHUs. B cooTHomennun 5:1 mokasaresib BOIOpOJA
HE3HAYNTENbHO YBEIHYUBaeTcs depe3 2.5 daca, a 3aTeéM CHOBa CHIDKAETCs, YTO
MIPUBOANT K OTKJIOHEHHIO OT o0miero Tperna pH. DTo ToBopHT 0 TOM, 4TO B Havase
SKCITEPUMEHTA MOT ITPOUCXOINTH 0OJIEE CIOXKHBIA XUMHIECKUH mporecc. Hanbompmmme
3HAYEHUS AIIEKTPOIIPOBOTHOCTH OBLIH OTIPENIETICHBI B COOTHOIIEHIH HHTEPITOTUMEPHBIX
cucteM 4:2. B pe3ynbrare JUCTaHIMOHHOIO B3aUMOZECHCTBUS HA PACCTOSHUN 3HAYCHUE
MPOBOAMMOCTH B BOAHOM Cpeie IPU COOTHOLIEHUH 4:2 YBETNYMIOCH 10 MAKCUMAaJIbHOM
Touku 5.5 MmkCwm/cM B Teuennu 6 gacoB. pH cpena depes cyTku cHu3MIACH 110 4.8 10
CPaBHEHUIO C ICXOIHBIM YPOBHEM B 3TOM COOTHOIICHNH, TAKOE N3MEHEHHUE OOBICHIETCS
pacmpeneneHrneM MEKMOIIEKYISPHBIX CBs3eil. B BOAHBIX cpefax, KOTna OCHOBHBIM
aanonuToM sBisercs [14BIl B coorHomenun 4:2, creneHb HaOyXaHHUS JTOCTHTaeT
MaKCHMaJIbHOTO 3HaueHus 5.45 depe3 6 yacoB. B coorHomenusax 3:3 u 1:5 obnacteit
M3MEHEHHS DJIEKTPOTPOBOAHOCTH He HaOmomanoch. [lo pesymsraTam MONTYYEeHHBIX
HCCIIENOBAHUN OIpPEAEIECHHbIE HW3MEHEHMsI YIECIBbHOM 3JIEKTPOnpoBogHOCTH, pH
cpensl 1 KodpdumrenTa HaOyxaHns HaOITIOAIOTCsl BO BCEX MOJBHBIX COOTHOIICHUSIX
onuMepoB. B pesynbrare rccieoBanns yCTaHOBIEHO, YTO H3MEHEHHE ITap U COCTOSTHUS
MTOJTUMEPOB B UHTEPIIOIMMEPHON CUCTEME BIHSIET Ha YIEIbHYIO IIEKTPOITPOBOTHOCTb.
OTH naHHBIE TIOKa3alld, YTO COOTHOIIIEHHWE MOHU3UPOBAHHBIX W JHUCCOIMHUPOBAHHBIX
TPYyTIT B MEXKXITOKOJICHYECKON I[eTI0UKe U3MEHSETCSI B HOpME.

KuaroueBble cjioBa: HOHOOOMEHHHKH, HHTEPIIOJIMMEpHAsT crcTeMa, KaTHOHUT KY-
2-8, anmonut [14BIl, ynenpHas >1meKTpONpoOBOAHOCTH, MoKazaTens pH, koaddumeHt
HaOyxaHus, dQ(HEeKT TaTbHOACHCTBYSA, aKTHBAIINS.

Kipicme. Kazipri Tafma keHiHEH KOJIIaHBUIATBIH HOH aJIMACTBIPFBITI MaRBIpIapIbIH
OHEPKICINTIK KOJIAAHBLUTYBI IIEKTEYITi, ce0e01 CHHTETHKAIIBIK HOH alTMaCTHIPFBIIITAPIBIH
op TYPJIi HOHAAPHI Oap TEXHOJOTHUSIIBIK €PITIHAUIEpAeTi THIMILTITT MEH CeIeKTUBTLIIT
temeH (Lee, etal, 2020; Muhammad, etal,2018). Mlor aimMacTBIpFRIIITap —OYJI epiMEHTIH,
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KATThl MOJUMEpIIEp, MEKTPOJIUT EPITIHAIEpiHAe KOHE OpraHMKaJbIK epiTKilITepae
Oenrini Oip nopexene icineni (Smolinska, et al, 2020). Mo anmmMacThIpFbIII IARBIPIIAP
opTYpai Oeiny, TazapTy koHe Ne3uH(eKUusIIay MpolecTepine KeHIHeH KOIAaHbLIa bl
(Luigi, et al, 2020). Mon anMacThIpfblll IIAlbIpIap cyda iciHyre KaOineTTi, Oy
THIpaTalusFa Kapamasl THAPOGHIbII TYpaKTaIFaH TONTapAblH 00TybIHA OAHIaHBICTHI.
Jlerenmen, mIeKci3 iciHyre KeJJCHEH OalaHbICTap apKbUIBI KEACpri »Kacalaibl
(Oyen, et al, 2020; Shalla, et al, 2019). Murepnonumepiik xyHenepai 3eprreyre
apHaJIFaH )KYMBICTAp MOJUMEPIEPAIH ©3apa aKTHBTEHY1 EKTPOXUMHUSIIBIK, KOJIEMIIK
IPaBUMETPHSJIBIK KACHETTEPiHIH ©3repyiHe aWTapibIKTail ocep eTeTiHIH KepceTTi
(Jumadilov, et al, 2023). MaTepnonumepik xyiienep- Oy KeMiHAe eKi HonuMepaeH
KYpbUIFaH JKOHE OpTaK epiTkimi Oap KemKoMHOHEeHTTi kyie. WHTepmonmmepiik
XKYHenep MEHILIKTI 3JeKTPOTKI3TIIITIK, pH KoHe TpaBUMETPUSHBI OJIIIeY d/iCTepiMEeH
seprrenai (Utesheva, et al, 2022). 3eprreynepain HOTHXKECIHIE albIHFaH ACPEKTEp
MOJIMMEPICPAiH KAIIBIKTBIKTaH PEKETTECY1 HOTHKECIHE OJapAbIH 3JIEKTPOXUMHUSIIBIK
KOHE KOH(QOPMAIMSIBIK KAaCHETTEPiHIH alTapiblKTail e3repyiHe oKeNeTiH e3apa
aKTHBTEHY1 OpBIH anaThlHbl aHbIKTanabl (Jumadilov, et al, 2021). Oran ceben exi
MoJMMepAe /A€ WOHJANFaH TONTApAbIH KOCHIMIIA TBHIFBI3ABIFBI KalbllTacaabl. by
TBIFBI3/IBIK AKTUBTEIIMETECH MOJIMMEPIICPIiH THIFbI3IBIFBIHAH JIIeKal 1a JKOFaphbl 00a bl
(Jumadilov, et al, 2023). Ocbiran OGaifaHBICTBI OYJI KYMBICTBIH 0acThl MakcaThl
MaKpOMOJIEKYJIANbIK COPOCHTTEpP pETiHAE KEeHIHEH KOJNAAaHBIIATBIH ©HEPKICINTIK
HMOHAJIMACTBIPFBII MaibIpnap kaTnoHUT KY-2-8 xone anuonut [14BI1 untepnonumepmi
KYHECIHIH ©3apa aKTHUBTEIY €pPEKILIENiKTepiH 3epTTey OOIBIN Ta0bLIA b

Marepuanagap men daicrep (Taxkipouenix 6eim)

Dnexmpoxumusnvly 3epmmeyiiep: IACKTP OTKI3TIMITITIH aHBIKTAY YIIiH KOHIYKTO-
metp Expert 002 (Oxonukc-capanmibl, Mockey, Peceit @eaepanusichl) KOMTAHBLIIIBL.
pH monzepin enmey ymin 827 pH-Lab (Metrohm, Herizau, IlBefiiapust) sxypri3iii.
Iciny xoaddunentin (Ki) ecenrtey yuriH, iciHreH momumepiiep YJTIEpiHIH Maccachl
SHIMADZU AY220 >1eKTpoHAb aHATHTHKAIBIK Tapa3bIChiHa (JKarmoHus) eIImeH/I.

3epmmey mamepuandapor: KY-2-8 (H'dhopmacel) MOH amMacTBIPFBINI IIANBIP,
CBIMBIMIIBUTBIFEI KOFAPhI, KYIITI KBIIKEUT copOeHT xkoue [14BIT (OH™ dopmacs)nonu-
4-BUHWIMHPUIUHAL THAPOTETh. ATalFaH MOHUTTEP HETI31HAC MOJBIIK KaThIHACTAPHI
OPTYPIIi HHTEPIIONUMEPI JKYHenep KypbULIbl. 3epTTey KYMBICTaphl Ta3apThUIFaH Cyaa
KaJIBINITEI 06JIMe TeMIieparypachiHAaKypri3inai. Cyisl epiTiHAIHIH 3JEKTPOXUMHUSIIBIK
e3repicTepi (MEHIIKTI AIEKTPOTKI3TIMTIK, pH) op TYpIti yaKbIT HHTEPBAJIBIHIA OJIIICH/II.
Iciny koaddunmenTin 6oc OIOKC calMarblH TOJMMEp CalbiIHFaH OFOKC callMarblHaH
erepy apKbUIbI €CenTeNiH .

Hotnxesiep #xdHe 0J1apabl TAJIKbLIAY.

byn makamaza 3epTTey JKYMBICHIHBIH MAakKCaTbhl — HWHTEPIIONUMEPIIK KYHemeri
KOMITOHEHTTEP/IIH ©3apa aKTHUBTEHY ©3repiCiH aHbIKTay OOJFaHIBIKTaH, 013 OCHI
nonumepiepain, sk KaTHOHUT (KVY-2-8) sxone anmonut (I14BII) anexTpoXuMusuIbIK
KacHeTTepiH KOHAYKTOMETpIiK, pH MeTpiik omicrepmen KapacTeipablk. KY-2-8:114BI1
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WHTEPIIOIMMEPITi )KYHeCiHIH MEHIIIKTI DJIEKTPOTKI3TIIUTITiHIH CyJbl OPTaAa yaKbIT eH
MOJMMEpIIEPAiH MOJNbIIK KaTbIHACTapbIHA OAaHIaHBICTHI ©3repic aliMaKTapbl 3epTTeil,
CHUIATTaJIJIBL.

BypBIHFBI )KYPri3iireH 3eprreyaepiiH HOTHKECIHAE MOIUMEPIIEp IEKTPOXUMHSITBIK
KOHE  KONeMIIK-TUAPOAMHAMHKAIBIK KACHETTEpiH ©3repTe OTBHIPBIN, SPTYpIi
MOJIBJIIK KaTblHAacTapaa Oip-OipiMeH KAalIBIKTBIKTAH OPEKeTTEeCETiHl aHBIKTAIFaH
oonareia (Jumadilov, et al, 2023). [lonuMeprnepaiH >IEKTPOXUMUSIIBIK KACHETTEPiH
3epITey KALIBIKTHIKTAH OpEKeT €Ty Ke3iHIe MOIMMEPIIK KYPBUIBIMAAPIBIH JKOFaphI
WOHM3ALMsUIaHFaH ayJaHJapblHBIH Naiiga OodyblH OoinkKayFa MYMKIHIIK Oepeni.
Cynbel opTraja MHTEPHIOIUMEpPIi KYHenepaiH OoNybl epiTiHAIHIH 3JIEKTPOXUMHUSIBIK
Tene-TeHITiHIH ©3repyiHe >KoHE TYpil NpOLECTepAiH iCKe acyblHa BIKHAl eTeli.
KV-2-8:114BI1 unTtepnonuMepii >KyHeciHiH MEHIIKTI SJIEKTPOTKI3TITICIHIH CYIIbI
opTaja yakbIT MEH MOJMMEpJepAiH MOJBAIK KaTbIHACTapbhlHA OalIaHBICTBI TYpJIEHYI
1- cyperre Oelinenenren. byn rpaguxre KY-2-8:114BI1 nnTepnonumepini xyheciHig
6:0 KaTblHACBIHIAFBI IEKTPOTKI3TIIITIK MOHJICPIHIH alTapibIKTall e3repMedTiHAir
Oalikanapl, OHBIH ce0eOi epiTiHaiae Tek Oip momuMep Typi OonFaH Ke3le, epiTiHAIHIH
KOFapbl MOHJAIFaH KyWre Tyce alMalTBIHBIH Olngipeni. byn kepceTkilml TeMeHTi
AIEKTPOTKI3TIMITIK MOHJCPiHIH Maia OonybiHA okeneni. JKeke karnonut KVY-2-8
KaTBICBIH/IA, 3EPTTEYIiH OachlH/Ja >XOHE COHBIHJA JJICKTPOTKI3TIIITIK MOHJIEPIHIIE
alBIpPMAaIIBUIBIKTAP OaliKaIMaii b,

Toxipobue Oapwichinga KVY-2-8:114BI1  monumepnepinig 5:1  kaThlHACBIHAA
ANEKTPOTKI3TIMITIK €H TOMEHIT MOHTe He OOoNabl, eWTKeHI MPOTOHAAPIBIH Oipiry
npolieci, KapOOKCHII TONTapAbIH JUCCOLMAIHS MPOoLeciHe KaparaHaa 0achiM OOJIIBL.

X@K?M’CM Ky2-8(H"):N14BM(OH) e X-“g“?"'/c'“‘ KY2-8(H"):N4BT1(OH")
N A Gi:ar
n |- ¥ 24car

Cypert 1. KY2-8:I14BII unteprionumep:i )XyHEeCiHIH MEHIIIKTI JIEKTPOTKI3TIIITIK KOPCETKIMTEPiHIH
MOJIB/IIK KaTBIHACTAPbIHA XKOHE yaKbITKa OalIaHBICTHI ©3repici

KambIKThIKTaH 63apa opeKeTTeCY HOTHKECIHEe 4:2 KaThIHACKIHIA CYJIbI OPTaJIaFbl
ANMEKTPOTKI3TiMTIK MoHI 6 carar imiHge 5.5MKCM/CM eH >KOFaprbl HYKTECiHE
KeTepiireH, Oy monuMepiepaiH Oip-OipiHe KallbIKTaH ocep €Tyl HOTHKECiHIe,
KOCBIMIIIA MOHJAP/IbIH Taiia 0oiybIMEeH TyciHipiieai. [loy1 ochkl KaTbiHAcTa OAPIIBIK
yakbITTa(1, 2.5, 6 3x9He 24 carar) 21eKTPOTKI3TIIITIK KOPCETKILI MAKCUMyM MOHJIEpre
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ne 6onapl. KepceTinreH KUCHIKTa MAKCUMYM HYKTEHIH OOJTyBI, KYIUIT1 JJIEKTPOIUTTEPIIH
CYWBITBUIFAH epPITIHALIEPIHIE HOHAAPABIH KO3Faly KbUIJaM/IbIFbl KOHICHTpaLUsIFa aca
Toyenai 6onMaiTeiabH Oinnipeni. KY-2-8:114BI1 untepnonuMepiik xyhenepinin 4:2
KaTbIHACBIHJA JIEKTPOTKI3TIIITIK KOPCETKIIITEPiHAE YaKbITKa OaliaHbICTBI Oipiama
aybITKynap Oaiikanmaapl. OpTaHbIH 3J€KTPOTKICIIITIIG 1 cararTaH COH JKOFaphl
MOHT@XKeTiI, 2.5 caraTTa TOMEHJe/i, all 6 caraTTaH KeiiH KaiTa KeTepuiai, Oipak Oip
TOYJIIKKE JKETKeHE KalTaJaH TOMEHIEI.

XKyiiene exi monmumMepin Oenriii Oip MOJIBIIK KaThIHACKIH]IA AIEKTPOTKI3TIIITIKTIH
JKOFapFbl HYKTECiHIH OOJybl, MPOTOHHBIH a30T TETEPOATOMBbIHA KOCBUIYBIHA Tepi,
KapOOHWII TONTAPbIHBIH JUCCONUAIUSICHIHBIH OaCHIMBIPAK CKCHJIITIMEH TYCIHIpLUIEIi.
CynbIH 31eKTpOTKI3TIITIT 3:3 5koHe 1:5 KaTbIHACTApBIHAA SPTYPIIi YaKbIT Ke3eHIepiHae
TYpakThl OOJJBI, eIKaHAal e3repic aiiMakTapel Oailikanmanbl. 0:6 KaTbIHaCHIHIA
ANEKTPOTKI3TIMITIK MOHAEPIHIAE aca Kol e3repicTep OalKaIMaWTBHIHIBIFBIH KOpyre
oonanpl. CoHpaii-ax, epiTinaie Tek O0ip momumep Typi OonFaHga eKiHIII TOJIMMEpAiH
OonmMaybl epITIHIIHIH JKOFaphl 3apsiATalFaHASpPEKere KeTyiHe MYMKIHAIK OepMmeini,
Oyt xarmail epiTiHIIHIH KaKeTTi (PU3MKa-XUMUSUIBIK KaCHETTEPIHEKOJ KETKi3y YIIiH
OPTYPJIi MOMMMEpIIep apachbIHIAFbl ©3apa SPEKETTECTIKTIH MaHbBI3ABUIBIFBIH KOPCETE .

2-cyperre KVY-2-8:114BI1 unTepnionumepni xyiecinig pH mamacbHbIH op Typi
MOJIBJIIK KaTblHACTAPbl MEH YaKbITKa TOYeNAUIri KepcerinreH.KambIKTeikTan e3apa
ocep ety notmwkecinge KVY-2-8:114BIl unrepnonumepni xyiheciHae OapiblK yakKbIT
kezeHaepinae 6:0 karbiHachIHAA 2.5 cararTaH KediH opraHblH pH MoHI MakcuMymra
7.65-Ke neifiH KeTepiireH. Op TYpJl yaksIT apajbikTapeiaaa (1; 2.5; 6 sxone 24 carar)
KVY-2-8:114BI1 untepnonumepiik xyiecinin pH mamacsl yikeH e3repictepii KOpCeTTi.
VYaxkpITKa OaiinanbIcThl e3repicTep 6:0 KarbiHachiHAa 1 caraTTa 6.2-r¢ TOMEH/ICTCHHEH
KeHiH, 2.5 cararTaH coH OipeH KOTepiii.

Ky2-8(H*):M4BM(OH")

pH +). - Fa—
60" Ky2-8(H"):M4BM(OH") ] pH
A~ 6car
|-V 24car 7,54

7,0 4

6,5 6,5

6.0 6,0
551

5,01

5,0

415 T T T T T T T oo T T T T
6:0 5:1 4:2 33 2:4 1:5 0:6 1car 2,5car 6car 24caf

Cyper 2. KY2-8:I14BII untepronumepii xyleciniy pH opTachbIHBIH MOJIB/IK KaThIHACTAPbIHA KIHE
yaKbITKa OaliTaHBICTHI ©3repici

5:1 xaTblHACBIHAA CYTEKTIK KOpCeTKil 2.5 cararra Oipiiama >korapbuial, KaiTa
TOMEH/JIereH, MyH 1a pH JKaJIbl TeHACHIUIaH aybITKy Oaiikanaspl. by ToxipOueHiH
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OaceIHAa KYpAeNnipeKk XUMHUSUIBIK MpOLECTiH O0Mybl MYMKiH €KeHiH kepcereai. by
Ke3JIe MoJMMeEp Ti30eKTepiHiH AUCCOLMalUsIaHybIMEH OaiIaHbICTHI dCepiep OPTaHbIH
pH-Ha TonbIK ocep eTmeyi Hemece epiTiHAiHIH pH-bIH yaKpITIIa TypakTaHIbIPATHIH
HOH anMacy npolieci OpbIH alFaHIbIFbIH OomkayFa 6onaabl. XKyiiene cyasl opransiy pH
MOHI THAPOKCHII HOHIAPbIHBIH CaHBIHBIH 0achIM eKeHiH KepceTeai. by KyObuIbIc a30T
ATOMBIHBIH Cy MOJICKYJIaChIMEH 9PEKETTECYl HOTHKECIHE CYJbl €PITIHAIre THAPOKCHIT
HOHJapBIHBIH 06JIiHy1 MEeH 0acKa peakHsIapAblH 9CEpiHeH 00Mybl MYMKIH.

Opranbig pH xepcetkimni 4:2 KaTblHACBIHAA OacTanKbl AEHITeHMEH CalbICThIpFaHaa
Oip ToymikTeH KeWiH 4.8-re AediH TeMmeHaedi, Oy e3repic MOJEKyl1a apajbIK
OalimaHpicTap TapalybIMEH  TYCIHZIpinedi.YaKplT ©TKeH CailblH MOJMMEpIepAiH
OapJybIK KaTbIHACBIHIA Jiepiaik pH MoHIHIH TOMEHIEreHi >KOHE CyTEeK WOHJIapbIHBIH
KOHIEHTPALMSICHIHBIH apTKaHbel Oalikamanel. byn kyObuteic [14BI1 ruaporeninin
aMHMH TONTApPBIHBIH TMPOTOHIAHYBIMEH JKOHE CYJbl OpTaJarbl €pKiH MPOTOHIAp
KOHILEHTPaLUSICHIHBIH XKOFapiaybIMeH TYCiHaipineai. pH MoHiHIH TOMeHACY1 epiTIHAIHIH
KBIILIKBUIABIFBIHBIH apTybIHa ceOer OO0NaThIH XUMUSUIBIK MPOLECTEePiH naiaa 00mybIH
Oinpipeni. 3eprrey OapwichiHAa 6 xkoHe 24 cararTaH KediH monmmepnepniy 3:3; 2:4
XoHe 1:5 KaTbIHacTapbIHAa alTapibIKTal e3repicTep Oaiikanmaran, pH MoHi OipTiHIen
TOMEH/ICTEH.

3-mi cyperre II4BIl katbiceinma KY-2-8 iciHy nmopexeciHiH CyJabl OpTaarbl
MOJIMMEPICPAIH MOJBIIK KaTbIHACTAPbIHA )KOHE YaKbITKA TOYEI/Ii 03repici CUIaTTaFaH.
6:0 KaTbIHACBIHAA, SIFHU epiTiHAiAe TeK KaTHOHUT KY-2-8 OonFanna, iciny koadduuenTi
0apIbIK yaKbIT apajbIKTapbIHIA CaJIbICTBIPMAIIbl TYPAE ©3repMEi/li )KoHe TOMEH MOHI
kepcereni, cededi annonut [14BI1 Gonmaran ke3ne katumoHUT KVY-2-8 cymwl ciHipy
KaOlJIeTiHIH IIEKTEYIIi EKEHIH KOPCETe/l.

K Kn . ~
’ Ky2-8(H*):T4BM(OH) o Ky2-8(H"):N14BM(OH)

12- v e 124 .

|y 24car )

0,8 1

0,64
0,6

044
0,4 4

0,2 4
0,24 4

0,0 T T T T T T wanon. T T T T
6:0 51 4:2 33 2:4 1:5 1caf 2,5¢car 6car 24car

Cypert 3. I14BII (annon anMacTsIprbInn) KaTeickiHaa KY2-8 iciny koadduneHTiHiH MOIbIiK
KaTbIHACTapBIHA JKOHE YaKBITKA OaiJIaHBICTHI @3repici

Iciny GaitnaHbIcTapbIHBIH AUTAPIBIKTAR aybITKYBI 5: 1, 4:2 xoHe 3:3 KaTbIHaCTapbIHIA
Oaiikanasl. byt katron anmacTeiprbi petinae KY-2-8 noH anMacThIpFbIl MaHbIPEL,
an aHuoH anMmacTelpreiml petinge I14BII apaceiHmarbl Kypuemi e3apa opeKeTTecyni
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KOpceTyl MYMKiH, Oy MOJUMEpIEepAiH KYpJibIMbl MEH KAacCHETTEPiHIH e3repyiHe
oKenelli, oJapblH iciHy KaOineTiHe acep ereni. byn kyiene Tek Oip FaHa moiaumep,
SIFHM €pITiHAine TeK KaTHoHUT KY-2-8 Gonranga cyapl )KyTy MYMKiHAIT1 TOMEH Oonafpl,
OHBIH ce0e0l iCiHY JopeKeci KenTereH jKaFaaiiaapaa TYPaKThl dKOHE TOMEH OO0Jajbl.
KambIKThIKTaH ocep €Ty HoTKeciHae 24 cararTaH KeiliH 2:4 KaThIHACBIHIA ICIHY
Jopeskeci MakCUMaIbl 1.2 MOHTe JKeTil, apbl Kapail 1:5 KaTelHachIHIA KYPT TOMEHAEY1
Oalikanaapl, MyHIall e3repicTep MOJMMEPIiH KYPJIBIMBIHBIH KbICBUTYBIHAH TYBIHAAYBI
MYMKIiH.

Cyperren OaliKaraHbIMBI3Ail MOJIMMEpPJl TOpJapAblH iciHy Jopexeci 3:3
KaTbIHACBIHIA 6 caraTTaH COH JKOFapbUIall, yaKbITTBIH aFbIMblHA OalIaHBICTBI JKYHemi
TYpZle TOMEHAETeHiH Kope anambi3. Ce0edi, momumepiepain 0acTankbl Ke3eHiHIe iciny
JIopexeci yakpITKa OalJIaHBICTHI OCII, KAKETTI yaKbITKa KENTreHiE OIpTIHACH CyJIbl
MOJMMEP KYPJIBIMBIHBIH KaHBIKKAHABIFbIH, SIFHH, 1CIHY J9PEkKECiHIH TypaKTaJlaTbIHbIH
Oaiikaitmb3. [lomumepnepain iciny mopexkeci 2:4 xoHe 1:5 KaTbiHacC aliMakTapbIHAA
KYPT TOMeH IeTeHi Oalikanaibl, ce0e01 KOHIIEHTAPIUSCHIHBIH TOMEH/IITIHE )KOHE HEeTi3Ti
TOTITAP/IbIH ICIHY KBIIaM/IBIFBIHBIH KETKUTIKCI3ITIHE OaiJIaHBICTHI.

4-m1i cypeTTe 9pTypii MONBIIK KaTbiHacTapbiHga (5:1; 4:2; 3:3; 2:4; 1:5 xone 0:6)
[14BIT iciny mopekeciHiH e3repicTepi KenTipiiarex.

Ku . +Y. - M 1car
6o KY2-8(H"):M4BrM(OH") +;,°:ca, Kt E——
LA 6car 61 KY2-8(H*):M4BrM(OH") e 42
|-¥— 24car —&—3:3
5 ! v 24
5 /\ o 15
\ | <06

Cyper 4. KY-2-8 (karnon anmactsiprbii) Kateichinaa [14BI1 iciny ko3 ueHTiHiH MOIBaiK
KaTBIHACTAapbIHA KOHE YaKbITKaOallIaHbICTEI ©3repici

KamrsikTeikran 0ip-0ipiMeH opeKeTTecy HOTHKECIHIE CYIIbl OpTajia Heri3ri aHMOHUT
[I4BI1 xatmonut KVY-2-8 xarpichiHma 4:2 KaTblHACBIHIA 6 cararTaH KeHiH icCiHy
Jopexeci eH JKOFaprbl 5.45 MakCUMyM JICHTeWiHe KeTepiireH. AJ OChl KaThIHACTa
0acka yakpIT apajbIKTapbhIHIa OHAAl OeNCeHATiK OaiKaiMaiapl. 3:3 KaThIHACHIHIA
6 cararra 0Oacka KaTblHAC aiMaKTapbIMEH CaJBICTBIpFaHAa iciHy Kkod(ddumeHTiHIH
e3repicrepi kepiHeni. CyperreH OapibIK yaksIT apaibikrapbeiaaa (1; 2.5; 6; 24 cararra)
5:1 »xoHe 2:4 KaThIHACTapbIHIA MOIUMEpP OOIIIEKTEepiHIH ONeM/Iepi CyJabl opTanaa
KO3Fajla aMaii aca KaTThl ©3TepicKe YIbIpaMaraHbl OaiKamambl, ceOeOdi epiTiHmime
YKaHa MOHJApABIH TMaiaa OolIMaraHbIMeH OalIaHbBICTHI Jaen aiiTyra Oomnansl. COHbIMEH
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KaTap MOJIMMEpJIepliH KAIBIKTBHIKTaH e3apa 9peKeTTecy cajjapblHaH Oip TOyJiKTeH
COH KOFap¥hl iCiHy Jopexeci 1:5 KarbiHAachIiHIA OaliKajaFaH, HOTMIKECIHIE KYHEHIH
CiHipy KaOineTi opTYpili yaKbIT apallbIKTapbIHaa XKoFapbuiainel. XKyliene tex Oip rana
nonumep annoHuT [14BIl Gonrannma TypakTbl KacMeTke ue Ooyiaabl, OWTKEHi iciHy
nopexkecinne 0:6 KaTbIHACBIHAA eIIKaHAal e3repic OaliKaiMai bl

Kopvimuinoot.

Cymnbl opraga KY-2-8 (katron anmacteiprbii) ieH [14BI1 (aHnOH aliMacTHIPFBIIITHIH)
e3apa aKTUBTEHYIHIH e3erepictepi aHbBIKTAJBIN, OJIAPABIH ©3relle 3apsaTalfaH
noHJapMeH OeiTapanTaiMaraH HWOHAAP TYy3€ OTBIPBII  ©3apa KaIIbIKTHIKTaH
OpEKEeTTECeTIHIINiH KepceTTi. AJBIHFaH 3epTTEYKOPHITHIHABUIAPEIHAH  OPTAHBIH
MEHILIKTI 3MeKTPOTKi3rimTiri, pH opTachiHbIH koHE iciHy KOd(pQHLIEHTIHIH Oipiama
e3repicTepi TaJnaHbII, capanTaManap Kypriziii.

OcpbIFaH opaii, HOHAIMaCTBIPFBIIITAPAAH TYPATHIH HHTEPIIOIMMEPIIIK KyHesep YLIiH
MEHILIKTI 3JeKTPOTKI3rimTIK jkoHe pH opTachiHBbIH e3repicTepi OOWBIHIIA aNbIHFaH
TOKIPOUENIK HOTHXKENEp KypamIacTapbIHbIH OipiHiH OacTamkbl KYWHiHiH €3repyi HOH
QIMaCTBIPFBIIITAP MEH HHTEPIOIUMED JKYHENepiHiH 3ICKTPOXUMUSIIBIK OpEKEeTiH
alTapiabIKTall ©3repTeTiHiH KopceTel, Oyl OHepPKACINTIK MOH alIMacThIPFBILITAPIBIH
KacueTTepiHe aWTapnblKTaid ocep eredi. byn esrepictepre cymasl oprara  op
MOJMAIEKTPOIUTTEH OOJIIHIeH TOMEH MOJIEKYNIAlbIK MOHAAPIBIH ©3apa OpeKeTTecyi
yJiec Kocapl en 00ihKaM sKkacalabl. 3epTTey HOTHKECIHe MHTEPIOIUMEpIi Kyleneri
MOJIMMEPICPAiH KAIBIKTHIKTAaH 9PEKETTECY1 OJapAbIH TOPaIl apajiblK OaiilaHbICTaPbIHBIH
KOH(OPMAaLUSIIBIK ©3repicTepiHe ajbll Keledl, 0Jap KOChIMIIA iCIHyTe YIIbIpaiiIbI.
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Abstract. One of the tasks of modern ecology is to study the indicator reactions of
hydrobionts in response to external influences in order to further use the knowledge
gained in determining the functional state of individuals with emerging pathologies,
which makes it possible to assess the adaptive ability of biosystems. The solution of
this problem is not possible without studying the structure of organs, their tissues and
cells, in particular, kidneys. The aim of the work was to study the development of
disorders in the mesonephros of carp during experimental cadmium intoxication. The
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object of the study was mongrel carp (Cyprinuscarpiol.) kept in aquariums with water
to which cadmium chloride was added at a concentration of 0.25 mg Cd2+/1. Electron
microscopic examination showed that the cellular composition of the interstitium was
formed mainly by leukocytes, while connective tissue cells and epithelial cells were
present. Leukocytes were represented by lymphocytes, neutrophils, macrophages and
plasma cells, which should be considered the norm for bony fish. Interstitial changes
manifested themselves in the form of circulatory disorders. In individual fish, up to
20% of the renal capsules were wrinkled, protein and blood plasma were observed
in their cavities, and capillary loops were clogged with blood elements. Complete
capillary atrophy was noted in individual capsules. A decrease in the volume occupied
by heterochromatin in the nuclei of interstitial plasma cells was revealed simultaneously
with the expansion of the tanks of the granular endoplasmic reticulum, which may
probably be due to an increase in their synthetic function resulting from toxic stress. An
increase in the number of mitochondria in the epithelial cells of the convoluted tubules
was revealed, which indicated an increase in energy requirements. The toxic effect of
cadmium on fish manifests itself in the form of significant pathological disorders in the
mesonephros, which inevitably also leads to a violation of its function.

Keywords: Volga-Caspian and Ural-Caspian basins, Northern Caspian, cyprinid
fish, mesonephros, cadmium
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AHHoTamus. Ka3ipri 3KoJorusiHbIH MiHAETTEPiHIH 0ipi — OnoXxyhenepain OeniMaery
KaOijeTiH Oaranayra MyMKIiHIIK OepeTiH maiia OOJiFaH NaTOJOTHSIIAPIAFhl JKEKEe
TYJIFasIap/IbIH Oy HKIIMOHAJIJIBIK JKaF Ial bIH aHBIKTAYJ1a TOJIBIK O1TIM11 0JIaH 9pi i 1aany
MaKcaTbhIH/]a CBIPTKBI dcepiepre jkayan peTiHJe THMAPOOMOHTTAPIbIH WHIUKATOPIIBIK
peaxknmsIapslH 3epTTey. bysl MoceneHi miemly YIIiH opraHjapjbl, OJapAblH TiHAEpi
MeH jKacyllaJapblHbIH, aran aWTKaHJga OYHPEeKTIH KYPBUIBIMBIH 3epTTeMey MYMKiH
emec. JKYMBICTBIH MakcaTbl — KaJMHHMEH DKCIIEPUMEHTTIK MHTOKCHKALUS Ke3iHHe
ca3aH (TYKbl) ME30HE(PPOCHIH/IAFbI OY3bUTYJIAP/IbIH JaMYbIH 3€PTTEY. 3ePTTECY HbICAHBI
— TykbIMCBI3 TYKbI (Cyprinuscarpiol.), 0,25 mr Cd2+/1 koHIEHTpanusicbl OOMbIHIIA
KaJMUH XJIOPHi KOCBUIFaH Cy aKBapUyMAAPhl. DIEKTPOH IbI-MUKPOCKOIUSUIBIK 3EPTTEY
JKacyIallbIK KypaMbIH aHBIKTaIbl HHTEPCTHIIMH HEeTi31HEeH JISHKOUTTED TY3/i, JOHEKED
TIHIHIH JKacyllaniapbl MEH MUTEITHOIUTTEP OoJbl. JlehkouTTep JIMMGOIMTTEPMEH,
HelTpodungepMer, MakpodarrapMeH jxoHe IIa3MalbIK JKacyliajJapMeH YChIHBLIFaH,
ojapbl CYWEKTI OaJibIKTap YINIH HOpMa Jien caHay Kepek. HHTepcTHinaibibl
e3repicTep KaH aWHaIBIMBIHBIH OY3bUTYBI peTiHae Kepinzi. JKeke OanbikTapaa
Oyiipex karcynanapblablH 20%-Ha JeiiH MBDKBUIFaH, OJNApblH KYbBICBIHIA aKybI3,
KaH IJIa3Machl OaiKaiFaH, KalMULIPJBIK LTMEKTep KaH JJIEeMEHTTepIMEeH OiTenreH.
XKeke kancynanapaa KamwusipaapiblH TONBIK arpodusicel Oaiikanael. Ilmazmanbik
KacymanapblH sSApOJapblHAa TIeTepOXpPOMaTHH allaThlH KOJEeMHIH TeMEeHJeyi
AHBIKTAJIJBl HHTEPCTHIIMHI TYHIPIIIKTI SHJOIUIa3MAIIBIK PETHKYIYM [UCTEPHAIAPbIHBIH
KEHEIIMeH Oip Me3riiie OyJl OlapiblH YbITThI CTPECCTCH TYbIHJAaFaH CHUHTETHKAJIBIK
(YHKIMSCBIHBIH ~ KOFapblUlaybIMEH — OalylaHBICTBI  OONMybl  MYMKiH.  bypanran
TYTIKIIEICPAiIH AIUTEINH KacylaJapblHia MUTOXOHIPUSIIAPIbIH KOOCH01 aHBIKTAJIIbI,
Oyl SHeprusi KaXeTTUIIKTEpPiHIH >KOFapbUIayblH KepceTTi. Kammwuiinin OanbikTapra
YBITTBI dcepi, aram aiTKaH[a, Me30He(PpPOCTarbl eleysi MaToNOTHSUIBIK Oy3bLTyIap
TYpiHIe KopiHeai, OyJI co3¢i3 OHBIH (YHKIHMICHIHBIH OY3bITYbIHA OKEIE/I].

Tyiiin ce3nep: Enin-Kacnmii sxone Opan-Kacrmit 6acceitni, Contycrik Kacrmit,
TYKBI OaJIBIKTaphl, Me30He(poc, KaaMHid.
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Annorauus. OgHOM W3 3amad COBPEMEHHOW DKOJIOTHH SIBIISIETCS W3yYCHUE
WHIWKATOPHBIX PEAKIUi TUAPOOMOHTOB B OTBET HA BHEIIHWE BO3ACUCTBUS B ILEIIX
JIAJIbHEHIIIETO UCITOJIb30BaHMSI TIOJYYCHHBIX 3HAHUN B OTIPE/ICTICHUN (PYHKIIMOHATIBLHOTO
COCTOSIHMSL 0COOel TMpH BO3HUKAIONIMX MATOJIOTHUAX, YTO IO3BOJISICT OLICHHUTH
aIaNTHBHYIO CMIOCOOHOCTh OMocHcTeM. PerieHne MaHHOM 3a/aud HE TIPEICTaBISETCS
BO3MOXKHBIM 0€3 M3Y4CHHUs CTPYKTYpbl OPTaHOB, UX TKaHEW M KJICTOK, B YaCTHOCTH,
novek. Llenpro paboThl OBUIO M3yUYeHHE Pa3BUTHUSI HAPYIICHHH B Me30oHe(dpoce ca3zaHa
(kapria) mpy PKCIEPUMEHTAILHOW MHTOKCHKAIMU KajMueM. OObeKTOM HCCIICIOBaHMSI
cnyxuian Oecrioponnbie kaprbl (Cyprinuscarpiol.), comepikaBivecss B akBapuymax
C BOJIOH, B KOTOPYIO ObUT TOOABIICH XJIOPHUA KaaMUS U3 pacuera KoHieHtparuu 0,25
mr Cd**/n. DraeKTpOHHO-MUKPOCKOITHYECKOE HCCIIEIOBAHUE TTOKA3aI0, YTO KIETOYHBIH
COCTaB UHTEPCTHIIUS ObUT CPOPMHUPOBAH MPEUMYIIICCTBEHHO JICHKOIIMTAMU, IIPH ITOM
MPUCYTCTBOBAIM KJIETKH COSIUHUTEIILHOW TKAHU U SIUTEIUOUUTHI. JICHKOIUTHI ObLITH
npeacTaBieHbl TuMdonTamMu, HeHTpoduiaaMu, MakpoaraMu M IUIa3MaTHYECKUMH
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KJIETKaMH, 4TO CJIEAyeT CUUTAaTh HOPMOH IS KOCTHUCTHIX pbiO. MHTepcTUIMaIbHbIE
W3MEHEHUS MPOSIBIISUIMCH B BUJIE PacCTPOMCTBA KPOBOOOpAIeHHs. Y OTAENbHBIX PHIO
710 20% moueyHBIX Karcyl ObIJIM CMOPIIEHBI, B MX MTOJIOCTH Habmonacs Oelok, miazma
KPOBH, KAMMJUIAPHBIE IETJIN ObLTH 3a0UTHI SJIEMEHTaMU KPOBH. B OTJeNbHBIX Karcynax
oTMevasach MojHast aTpous KanuuIIpoB. BeIsBIeHO yMeHblLIeHne 00bEMa, 3aHATOTO
reTepoXpoOMaTHHOM B s/ipax MJIa3MaTHYEeCKUX KJIETOK HWHTEPCTHUIMS OJHOBPEMEHHO
C pacHIMpeHHEeM LUCTEPH TpaHyJISIpHOIO 3HIOMIA3MaTHYECKOro PEeTHKYJIyMma 4To,
BEPOSITHO, MOXKET OBITH CBA3aHO C YCHJICHHEM UX CHHTETHUECKOH (DYHKIMH, BO3HUKILEH
B pE3ylbTare TOKCHYECKOTro CTpecca. DBbUIO BBHISBIEHO YBEJIWYEHHE KOJIMYECTBA
MUTOXOHJIPUH B KJIETKaX AMUTEIMSI U3BUTHIX KaHAJbIIEB, YTO YKa3bIBAJIO HA BO3pacTaHne
SHEpPreTHYeCcKNX NoTpedHocTel. Tokcnueckoe AeCTBHE KaJAMUS Ha PbIO TPOSBISIETCS,
B YAaCTHOCTH, B BUJIE€ CYILIECTBEHHBIX ATOIOTUYECKUX HapYLICHUH B Me30oHe(dpoce, uTo
HEn30€KHO BEAET TaK)Ke U K HAPYILIECHHIO ero (yHKLNH.

KiroueBslie ciioBa: Bonro-Kacnmiickuit n Ypano-Kacnuiickuii 6acceiin, CeBepHbIit
Kacnuii, kaprioBeie pbIObI, ME30HEPPOC, KaAMUI.

Introduction. One of the key challenges in modern ecology is the study of indicator
responses in hydrobionts to external influences, aimed at utilizing the acquired knowledge
to determine the functional state of individuals during emerging pathologies. This
approach facilitates the assessment of the adaptive capacity of biosystems. Addressing
this challenge is not feasible without examining the structure of organs, their tissues,
and cells, particularly the kidneys.

The mesonephros in fish performs several vital functions in maintaining homeostasis
and serves as an indicator of their condition. One of the essential conditions for the
survival of a species is its ability to adapt to changing environmental factors. The
material basis for adaptation lies in morphophysiological restructuring at various levels
of biological organization.

In ecological studies, pathomorphological changes in the internal organs of fish are
among the objective criteria for assessing the negative impact of the environment, as
highlighted in numerous studies (Kryuchkov, et al., 2004), including those focusing on
the kidneys of fish (Burlakov, et al., 2021).

The objective of this study was to investigate the development of disturbances in the
mesonephros of the carp (Cyprinus carpio) under experimental cadmium intoxication.

Materials and Methods

The study focused on common carp (Cyprinus carpio L.) that were kept in aquariums
containing water supplemented with cadmium chloride at a concentration of 0.25 mg
Cd>"/L. After 30 days (and subsequently every 10 days), samples of the body kidney
were collected. Histological preparations were made using standard techniques:
fixation in Bouin’s solution, dehydration through increasing concentrations of ethanol,
embedding in paraffin blocks, and staining with hematoxylin-eosin (Romeis, 1953).

For ultrastructural analysis, the material was fixed in glutaraldehyde in a cacodylate
buffer (pH 7.3), followed by postfixation in a 1% osmium tetroxide solution in the
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same buffer. Dehydration was carried out through increasing concentrations of ethanol,
and the samples were embedded in araldite. Sectionswereanalyzedusing a JEM 100CX
electronmicroscope.

Results and Discussion

The sections of the mesonephros revealed several key elements: reticular
hematopoietic tissue, loose connective tissue with numerous blood vessels, renal
corpuscles connected to convoluted tubules, and collecting ducts. Control sections
exhibited interstitial reticular tissue, which constituted the main mass of the organ. The
renal corpuscles had a clear, empty lumen, and the convoluted tubules were lined with a
single layer of cuboidal epithelium. The cytoplasm of the cells appeared homogeneous,
with granularity attributed to mitochondria, and the nuclei were well-defined, located at
the basal part of the cells.

The initial segment of the nephron — the renal corpuscle — had an average diameter
of 65.9 = 8.2 um. The diameter of the capillary tuft within Bowman’s capsule averaged
52.5 = 5.6 um, with an average of 48.3 £ 7.6 cells in the glomerulus. Following the
renal corpuscle is the convoluted tubule, divided into proximal and distal segments. The
diameter of the proximal tubule sections was approximately 31.8 = 0.9 pm, while the
distal tubule measured 59.4 £ 1.8 pm.

The proximal tubule is formed by epithelial cells resting on a densely stained basement
membrane. The distal tubule is similarly composed of epithelial cells connected by the
basement membrane. Under electron microscopy, mitochondria in the epithelial cells
of both the proximal and distal segments were predominantly located in the basal part
of the cells and around the nuclei, with the mitochondria generally being large and
elongated in shape.

Electron microscopy revealed that the cellular composition of the interstitium was
predominantly formed by leukocytes, along with connective tissue cells and epithelial
cells (ion-transporting cells). The leukocytes included lymphocytes, neutrophils,
macrophages, and plasma cells, which is considered normal for bony fish, as similar
leukocyte representation has been reported (Flyorova, et al., 2020).

Changes in the kidneys induced by cadmium exposure can be categorized into three
groups: alterations in the interstitial tissue, changes in the convoluted tubules, and
alterations in the renal corpuscles (Chen, 2023).

Interstitial changes manifested as circulatory disturbances. During the first 30
days of experimental intoxication, no significant changes compared to controls were
observed. The first signs of alterations, primarily in the form of stasis phenomena in
the capillaries, became noticeable after 40 days of experimental toxic exposure. Small
hemorrhages, primarily along the vessel pathways, were also noted. Subsequently, the
degree of vascular disturbances increased; in most preparations, many vessels of varying
calibers were unevenly dilated, with the lumens filled with blood elements.

Numerous hemorrhages were observed in the reticular stroma of the kidney (Fig.
1A), and in some cases, significant plasmorrhages were present in the stroma of the
mesonephros. Alongside alterations in the rheological properties of the blood, edema of
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the interstitium was detected by the end of the experiment, manifested as an enlarged
peritubular space around the tubules (Fig. 2B).

Figure 1.A — Kidney of the carp. Objective 20. Hematoxylin-eosin. Hemorrhages in the interstitium.
Pronounced peritubular space around certain convoluted tubules.B — Kidney of the carp. Objective 100.
Semi-thin section. Toluidine blue

Membranoproliferative changes in the capillary tuft were characterized by
pronounced proliferation of mesangial cells, resulting in the narrowing of capillary
lumens. The capillary tuft filled the entire cavity of the renal capsule, with an expansion
of the mesangial zone and narrowing observed in the majority of the capillaries.

In most cases, the epithelium of the tubules was preserved. However, polymorphism
of the cuboidal and columnar epithelial cells of the convoluted tubules was observed,
with varying cell sizes. The cell borders were not always clearly defined, and some cells
were devoid of nuclei. Vacuolization was noted in the cytoplasm of the convoluted tubule
epithelium in some areas. Longitudinal and cross-sections revealed a homogeneous,
weakly stained content in the lumens of the convoluted tubules, presumably protein;
however, in most cases, the lumen of the tubules remained clear.

As the pathology progressed, all of the aforementioned changes intensified. The
convoluted tubules became narrowed and filled with protein, and a wide peritubular
space was observed between the epithelium and the interstitium, whereas in control
sections, this space was minimal. Protein and blood plasma were present in the
lumens of the tubules. In some tubules, the nuclei of epithelial cells showed signs of
pyknosis. Tubules filled with homogeneous, weakly stained exudate were also noted.
With the further progression of pathological processes, the lumens of most convoluted
tubules remained narrowed, and the epithelium of many exhibited dystrophic changes,
predominantly hydropic degeneration, characterized by the presence of atypical
vacuoles in the cytoplasm.
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Figure 2. Ultrastructure of the nephron in carp:A — Renal corpuscle, magnification 2000x;B — Renal
corpuscle, magnification 7200x. The basal membrane of the parietal epithelium is unevenly thickened,
with an endothelial cell situated upon it. Within the renal corpuscle, a capillary is clearly visible, with
distinct processes of podocytes. However, the integrity of the capillary epithelium is compromised;C —

Distal segment of the proximal tubule of the mesonephros.

Magnification of 9600x. Expanded lateral spaces between epithelial cells. Altered cell
morphology. Vacuoles in the basal portion of the cells. The nucleus exhibits prominent
heterochromatin; G — section of the proximal tubule of the mesonephros. Magnification
of 9600x. Type II epithelial cells. Minimal heterochromatin. Mitochondria are located
in the basal part of the cell and around the nucleus. Cells are closely packed together,
with narrow lateral spaces; D — section of the proximal tubule of the mesonephros.
Magnification of 9000x. Type I epithelial cells at the beginning of the proximal tubule.
Epithelial cell vacuolization. E — renal corpuscle, magnification of 20000%. Symptoms
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of glomerulonephritis presented as «minimal changes» , with uneven thickening of the
basement membrane and vacuolization of the endothelium. BM — basement membrane,
V — vacuole, C — capillary, LP — lateral space, M — mitochondrion, MP — urinary space,
P — podocyte, SG — secretory granules, EC — endothelial cell, BR — brush border, N —
nucleus.

Changes in renal corpuscles. Renal corpuscles varied widely in size, ranging from 26
to 130 micrometers or more. The average capsule size during this period was 74.6 + 8.54
micrometers (CV = 25.5%). Enlarged renal corpuscles were observed, characterized
by mesangial-endothelial proliferation of glomerular capillaries, where capillary loops
completely filled the entire space of the renal capsule, and the urinary space was absent
(Fig. 1B). In another variant, “collapsed” capillary loops only adhered to one side of the
renal capsule, leaving the remaining part of the capsule free.

There were also transformations of renal corpuscles into areas of destructured tissue.
Epithelial proliferation of the capsule was noted, although it was generally expressed to
a minor extent. A single case of capsule epithelial proliferation in the form of crescents
was observed, which is characteristic, for example, of kidney damage in rapidly
progressive glomerulonephritis in humans (Shulutko, 1983). In some fish, up to 20% of
renal capsules were shriveled, with protein and plasma observed in their cavities, and
capillary loops were clogged with blood elements. In certain capsules, complete atrophy
of the capillaries was noted. Overall, it can be concluded that after 30 days from the
onset of intoxication, the experimental crucians developed symptoms of hemorrhagic
glomerulonephritis.

After any damaging, including toxic, impact on the organism, one of the most
important questions is the prognosis, which depends on the potential for further repair
or compensation for the damage.

It should be noted that after the removal of the toxic exposure, the condition of the
mesonephros in the experimental fish did not improve over the course of two weeks;
instead, a worsening of pathological changes was observed. Blood vessels, especially
capillaries, remained dilated, and microcirculation was impaired (stasis). Multiple
hemorrhages of various sizes and ages were present in the interstitium. Edema around
the epithelial cells of the convoluted tubules persisted. Various-sized vacuoles were
found in the cytoplasm of the cells. The renal corpuscles were enlarged, with capillary
loops completely filling their cavities. Erythrocytes were present in the renal capsules.

After 30 days of the experimental fish being in clean water, some renal corpuscles
were enlarged, while others remained unchanged, resembling the control sections of the
mesonephros. The average size of the renal corpuscles was 70.22 + 7.2 micrometers,
with a significant reduction in variability of the corpuscle sizes (CV = 9.86). Atrophied
renal corpuscles were observed, with diameters not exceeding 25-26 micrometers, and
the cavities of these corpuscles were almost devoid of capillaries, being filled with
protein.

Based on the dynamics of the changes in the structure of the renal tubules throughout
the experiment, this atrophy developed as a result of cadmium’s toxic action, and the
pathological process continued despite the transfer of the fish to clean water. In this
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case, residual effects of intoxication were observed, leading to irreversible damage
at the tissue level. Edema of the epithelial cells of the convoluted tubules persisted.
Nevertheless, the condition of the cells approached normal. Hemorrhages were present
in the intertubular tissue. The characteristics of the hemorrhages changed compared
to previous observations; the color of the hemorrhages became characteristic of dying
erythrocytes (due to the presence of hemosiderin).

It should be noted that adaptive processes at the cellular level were observed
alongside pathological changes. For instance, a reduction in the volume occupied
by heterochromatin in the nuclei of plasma cells in the interstitium was identified,
coinciding with the expansion of the cisternae of the granular endoplasmic reticulum,
which is likely associated with an enhancement of their synthetic function resulting
from toxic stress. An increase in the number of mitochondria in the epithelial cells of the
convoluted tubules was also observed, indicating an increase in energy demands. The
reduction in the volume of heterochromatin in the nuclei of epithelial cells is another
indicator of cellular activation (Ama-Abasi, et al., 2022).

Discussion

Cadmium is one of the most toxic metals lacking biological function and is capable
of accumulating in the bodies of aquatic organisms. Previous studies have shown that
even low concentrations of this metal induce hepatic, nephrological, and hematological
effects in freshwater fish (Pereira, et al., 2016). The kidneys are a target organ, and it
has been repeatedly demonstrated that cadmium causes kidney damage even at low
concentrations, with cadmium-induced renal damage potentially progressing rapidly to
chronic kidney disease (Hernandez-Cruz, et al., 2022; Kryuchkov et al., 1992). It has
been shown that cadmium intoxication develops over an extended period, with threshold
concentrations being very low, leading to cytological damage at both structural and
ultrastructural levels in tubular cells and the brush border (Avallone, et al., 2017).

The observed signs of necrosis and disintegration of the renal corpuscles are
consistent with data obtained by (Al-Zahaby et al. 1998), who described vacuolization
and disintegration of the epithelium in the distal segments of the mesonephric tubules. It
is noted that changes in the tubules are primarily associated with impaired reabsorption
or secretion of substances (Avallone, et al. 2007).

These types of damage are accompanied by a weakening of the protective mechanisms
of the cells, further increasing the sensitivity of fish to metal exposure (Mela, et al.,
2007), (Mochizuki, 2005).

Our studies noted mitochondrial responses to cadmium intoxication. Mitochondria
play a fundamental role in the nephrotoxicity of cadmium. Cadmium ions, penetrating
the mitochondria, affect the electron transport chain, increasing the production of
reactive oxygen species and altering mitochondrial dynamics, which leads to autophagy
and inevitable apoptosis (Hernandez-Cruz, et al., 2022; Kryuchkov, et al., 2022).

Thus, the toxic effects of cadmium on fish manifest, in particular, as significant
pathological disturbances in the mesonephros, which inevitably also leads to dysfunction
of'this organ. Residual effects of toxic damage to the kidneys persist for at least thirty days.
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Abstract. The ability of crown ether compounds to effectively react with metal ions
underlies their practical use. The selectivity of compounds depends on the structure of
the ligands in the molecule, the presence of functional groups and donor atoms in it. It
is known that the high selectivity of the reagents depends not only on the nature of the
donor atoms in the ring, but also on the stability of the ring structure. The preparation of
polymers containing a thiacrown ether group is an urgent task, since such groups make
it possible to obtain selective sorbents.

The purpose of this work is the synthesis of new selective sorbents containing a
thiacrown ether group and the study of their complexing properties with respect to
silver ions. To obtain polymers for this purpose, the reaction of the interaction of a
gel and a porous copolymer of chloromethylated styrene and divinylbenzene (HMS)
with aminobenzothiacrown ethers was studied. Using various influencing factors, it was
possible to obtain sorbents with a high exchange capacity (2.5 mmol/g). When studying
the sorption of silver(I) ions from aqueous solutions by a supramolecular sorbent with a
thiacrown ether group, it was shown that the optimal pH value is 6, the contact time is 60
min. The maximum sorption capacity of the sorbent for silver (I) ions reaches 240.8 mg/g.

Keywords: thiacrown ether, sorption capacity, copolymer of styrene and
divinylbenzene, silver ions.

168



Reports of the Academy of Sciences of the Republic of Kazakhstan

OM.K. Kypmanaaues, XK./. Aimvmkynosa, K.E. lllanxoBa*,
C.0. 9odiakacoBa, 2024.
AJMarsl TEXHOJIOTUSUTBIK YHUBEpcHUTeTl, Anmmarkl, KasakcTaH.
*E-mail: zh.shaikhoval965@gmail.com

TUAKPAYH-2®UPJIEP HET'I3IHAEI'T )KAHA COPBEHTTEP: AJIY ’KOHE
KYMICTI bO.J1Y YIIIH KOJLJAHY

Kypmanamue Mycipen6ex Kypmanomiyasl — XUMus FEUIBIMAAPEIHBIH JOKTOPEL, Tpodeccop, AMaTe
TEXHOJIOTUSUIBIK YHHBepcuTeTi, Anmarel, Kazakcran, e-mail: mkk@mail.ru https://orcid.org/0000-0001-
8561-4332;

AnmnvkynoBa Kammasi J[KakpImOepAbIKbI3BI —  XUMHS  FBUIBIMJAPBIHBIH MAarucTpi, AJIMaThl
TEXHOJIOTMSUTBIK yHUBepcuTeTi, Anmarsl, Kasakcran, e-mail: Zhamilyalll@mail.ru https://orcid.org/0000-
0002-9938-6710;

IlanxoBa 7Kanmat Epe:kmHOBHA — TeXHUKAa FBUIBIMJIAPBIHBIH MAarucTpi, AJIMAaThl TEXHOJIOTHSUIBIK
yauBepcuteti, Anmarsl, Kaszakcran, e-mail: zh.shaikhoval965@gmail.com https://orcid.org/ORCID ID
0000-0002-5909-4182;

JaymeroBa Canranar TypmaranGeTKbI3bI — TNEIaroruka FBHUIBIMJIAPBIHBIH MarucTpi,  AJMaThl
TEXHOJIOTUSUIBIK YHUBepcHuTeTi, Anmarsl, Kazakcran, e-mail: daumetova83@mail.ru ORCID 0009-0008-
2667-0228;

90inkacoBa Canayram OpbIHOAKbBI3bI — TEXHUKA FHUIBIMBIHBIH KaHIUIAThI, AJIMAThl TEXHOJIOTHSIIBIK
yauBepcuteti, Anmarsl, Kasakcran, e-mail: sandy ao@mail.ru https:/orcid.org/ORCID ID 0000-0001-
8322-4592.

Annoramusi. KpayH—s¢upmi KOCBUIBICTApABIH METaul HOHAAPBIMEH TaJFamJibl
opeKeTTeCcy KaOiJieTi, OJap/IbIH MPaKTUKaa KOJIJJaHBUTYbIHBIH HET131 OOJIbIT TaObLIAIbI.
KocbutbicTapaplH, ~— TanFaMABUIBIFBI,  MOJEKYJa  KypaMbIHAAFbl  JIMTaHITapAbIH
KYpPBUTBICBIHA, OHJIAFbl (PyHLIMOHANIBl TONTAp MEH IOHOPIBI aTOMIApIbIH OOIybIHA
OaiimaHpicThl. PeareHTTepmiH JKOFapbsl TajaFamMabl OONybl, IMKIAETT JOHOPIIBI
aTOMIapIblH TaOWFaThblHA FaHa €MeC, COJ ILHKJI KYPBUIBIMBIHBIH TYPaKThUIbIFbIHA
na Toyenai OonareiHbl Oenrini. Kypambinma ThakpayH ToObl Oap monmumepliep any
©3EKTi Macesie OOMbIN TadblIa bl, OUTKEHI OHAAN TONTap TalFamIas copOeHTep anyra
MYMKIHJIK Oepei.

JKyMBICTBIH MaKcaTbl — KypaMbIHa THAKpayH — 3Qup ToObI O6ap *KaHa CEJICKTUBTI
COpOCHTTEp CHHTE31 JKOHE ONapAblH KYMIC HOHJIApbIHA KaTbICTBI KOMIUIEKC TY3Y
KacuerTepin 3eprrey. OchlHIai MakcaTTarbl TONMMEpNep ajdy YIIiH TeNii >KoHe
KEYEeKT1 XJIOPMETHJIZICHTeH CTUPOJI JKoHEe AUBMHMIOCH301 cononumepi (XMC) wmeH
aMUHOOCH30THAKPAYH-3(HUPIICPIIIH OPEKETTECYy PEaKIUsAChl 3ePTTENIi. Ocep eTeTiH
opTYpai QakToprapAbl KOIJaHa OTBIPBIN, aiMacy ChIMBIMIBUIBIFEL SKOFapel (2,5
MMOJIB/T) COpOEHTTEp aixyFa Koi skeTKi3mik. Cynbl epiTiHAlepAeH TuakpayH-3(hup
TOOBI Oap cympamMoseKynaiblK copOenTner kyMic(l) MOHAApBIHBIH COpOIMTIaHybIH
3epTTey YIIiH OHTaiiasl pH MoHI 6 GoNaTHIHBIH KOPCETTi, )KaHacy yakbIThl 60 MUH.
Kywmic (I) monnapbeina KaTeICTBl COPOSHTTIH MakcUMalabl cOpOLMsUTbIK Kabineti 240,8
MI/T XKeTel.

Tyiiin ce3gep: THakpayH-2QUp, COPOLUMSUIBIK CHIMBIMIBUIBIK, CTHPOJN >KOHE
JUBUHWIOCH30JT CONOIMMEPi, KYMiC HOHJApPHI.
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Annoramus.  CrnocoOHOCTb  KpayH-3QHUpHBIX  COeOUHEHUH  d(P(PEKTHBHO
pearupoBaTh ¢ HOHAMH METAJIJIOB JISKUT B OCHOBE MX MPAKTHYECKOTO UCIIOIb30BAHUSL.
CelleKTHBHOCTh COEIMHEHHH 3aBHCUT OT CTPOCHHMS JIMTAHIOB B MOJIEKYJE, HAJTHIHS
B HEll (QYHKIMOHAJIBHBIX TPYNI M JOHOPHBIX aTOMOB. I3BECTHO, YTO BBICOKAS
CEJIEKTUBHOCTH PEareHTOB 3aBHCUT HE TOJBKO OT MPUPOABI JOHOPHBIX aTOMOB B LIUKJIE,
HO M OT YCTOHMYMBOCTH CTPYKTYpHl HUKIA. [lodydeHHe MOIMMEpOB, COIEpIKaIInX
THAKpayH-3(QHUPHYIO TPYIITY, SIBISIETCS aKTyaJIbHOW 3a/1adeil, TOCKOIBKY TaKHe TPYTIITBI
MO3BOJISIIOT TOJTy4YaTh CEJIEKTUBHBIE COPOCHTHI.

Lenb paboTbl — CUHTE3 HOBBIX CEJIEKTHBHBIX COPOCHTOB, COIEPKALINX THAKPAYyH-
3(UPHYIO TPy, ¥ U3yYeHHNE MX KOMIUIEKCOOOPa3yIOIIMX CBOHCTB IO OTHOIICHHIO
K noHaM cepeOpa. [l TOmydeHHs MOIMMEpPOB ISl 9TOW Ienu Obula H3ydeHa
peaxiys B3aMMOJCHCTBUS TENsT M IOPUCTOTO COTIOJIMMEpPa XJIOPMETHIMPOBAHHOTO
crupona u guBuHMIOeH30ma (MC) ¢ ammHoOGeH30THAKpayH-d¢upamu. Hcmonssys
pa3IMyHbIe BO3JCHUCTBYIOMME (AKTOPBI, YIAJIOCh TONYYHTh COPOSHTBI C BBICOKOM
oOMeHHOH eMKOCThIO (2,5 MMmomuw/T). [lpu m3ydenun copOimu moHoB cepedpa(l) ms3
BOJIHBIX PacTBOPOB CYNPaMOJICKYISIPHBIM COPOSHTOM C THAKpayH-d(OUPHOU TpyIION
OBUIO MOKa3aHo, YTO ONTHUMaJibHOE 3HadeHue pH paBHO 6, Bpems koHTakTa 60 MUH.
MaxkcumarnbsHasi COpOIIMOHHAsE €MKOCTh copOeHTa 1o noHam cepebpa (I) mocruraer
240,8 mr/t.

KiroueBsble ciioBa: TnakpayH-3(hup, COpOIIMOHHAS €MKOCTb, CONIOJIMMED CTHPOJIA U
JUBUHWIOCH30J1a, HOHBI cepedpa.

Introduction.
One of the achievements of recent decades is the use of synthetic macrocyclic
compounds (Crown esters and cryptands) and their acyclic analogues (podants) as a
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complex inhibitor for cation, anion and neutral low molecular weight substances, which
is of great interest from a scientific and practical point of view. Currently, many new
macrocyclic compounds have been synthesized, and the scope of their application is
also sharply increasing (Jonathan 2022; Zhaozhao 2022).

Sorbents based on thia-crown ethers are used to extract heavy metals from radioactive
waste solutions and to purification of aqueous solutions from metal ions Co*', Sr** etc.
They are also used for selective removal of strontium from solutions of radioactive
waste and spent nuclear fuel, for radiochemical analysis (determination of strontium in
water, soil and biological materials), for separation of strontium and yttrium isotopes
(Gromoyv, 2020).

The structure of complexes of metal ions with crown compounds is unique: metal
ions enter the internal cavities of ligand molecules, the selectivity of complex formation
in the first approximation is determined by the correspondence between the size of the
metal cation and the size of the cavity. The study of these complexes made it possible to
formulate the concept of relatively weak multicenter interactions, which contributed to
the development of receptor-substrate interaction patterns developed in supramolecular
chemistry (Steed, 2022).

The use of polymeric sorbents containing macrocyclic compounds and their open-
chain analogs for separation and preconcentration is preferable in some cases to
extraction for a number of reasons. First, they are easier to recycle and recover for reuse,
second, crown-containing sorbents are cheaper and less toxic than their monomeric
counterparts, and third, the efficiency of analyte extraction by monomeric macrocyclic
compounds is reduced in some cases due to their partial solubility in water. This problem
can be partially solved by attaching Crown compounds to a suitable matrix (Yergozhin,
et.al. 1994, Kurmanaliev, et.al. 1997; Yakshin, 1992).

Immobilization of macrocyclic compounds on a solid carrier surface can be
accomplished by the following methods (Yergozhin, et.al. 1994):

- due to the formation of a chemical bond during the reaction between the functional
groups of a Crown compound and the functional groups of an organic (polymer) or
inorganic solid carrier.

- Crown impregnation of compounds into a solid porous carrier.

This method is quite simple, but its disadvantage is the lack of chemical bonding
between the Crown compound and the solid carrier. As a result, macrocyclic compounds
from the support surface can be washed off in the sorption system. Despite this
disadvantage, porous carriers impregnated with less soluble compounds can be used in
ion fission (Yakshin, 2010; Bezhin, 2017; Bezhin, 2015; Voloshina, 2014).

Among heteroatoms in macrocycles other than oxygen, which provide stable
formation of complexes with heavy and transition metal ions, sulfur, whose atom is an
electronic analog of oxygen, is of great importance. On the other hand, the presence
of such heteroatoms in the ring structure of the molecule ensures the coincidence of
donor atoms and atoms of metals and soft acids and bases in the macrocycle (Pearson’s
concept) (Yergozhin, et.al. 2005; Gromov, 2020; Tsarkova, 2014). Nevertheless, crown-
complex polymers containing sulfur atoms in the ring are still not fully understood
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(Abramov, 2000; Volchkova, 2013). In view of these conditions, the search for new
methods for the synthesis of polymeric thiacraun- ether compounds, the study of their
physicochemical and complexing properties is currently one of the urgent problems.

The aim of this work is to synthesize new selective supramolecular sorbents
containing thiacraun-ether group and to study their complexation properties towards
silver ions.

Experimental (Materials and methods)

Gel and macroporous chloromethylated copolymers of styrene and divinylbenzene
(HMC, 8% divinylbenzene) containing 18.2% chlorine were used. Aminbenzothiakown-
esters (Dmitrieva, et.al. 2007) were obtained using the method cited in the work:

b-X=S,Y=0, n=

c—X=S,Y=0,n=2
d-X=S,Y=0,n=3
e—X=0,Y=S,n=1

Silver nitrate was also used. To obtain high-water polymers having sorption ability
and a certain degree of swelling, yellow copolymer of chloromethylated styrene and
divinylbenzene (20 g) was placed in a three-necked flask equipped with a reflux
condenser, a thermometer and a mechanical stirrer and dimethylformamide (10-15 ml)
was added and stirred until the polymer swelled. After one hour, after swelling of the
polymer, aminobenzo-5,11-dithia-15-crown-5 was added to the flask. This mixture in
the flask was stirred at high speed for 6-8 hours at 90°C.e silver nitrate was used.

The reaction product was cooled to room temperature, filtered, washed with distilled
water, and the resulting polycraun-ether compound was dried to a stable mass.

Chemically pure silver nitrate AgNO, was used to prepare solutions of different
concentrations. Samples of solutions of Ag+ cations with specific silver concentration
from 0.1 to 2.0 mg/ml were prepared by dilution of silver nitrate solutions. Adsorption
of Ag” ions from the solutions was carried out in static mode at room temperature
(Yergozhin, et.al. 2020). For this purpose, 1 g of adsorbent was taken and 50 ml of silver
solution of known concentration of 0.1-2.0 mg/mL silver was added. The solutions were
left for twenty-four hours for equilibration at a given temperature. During this time,
exchange processes and sorption of silver ions in the sorbents took place between the
solution and the sorbent. After 0.5, 1, 2 and 24 hours, the equilibrium concentration of
silver in the solutions was determined.
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The concentration of Ag” ions in solutions was determined by the atomic adsorption
process (30-35B, Perkin Elmer, USA). IR spectra are recorded on the Vector-22 Fourier
spectrometer in KBr tablets.

Results and discussion

Polymer crown ethers is a widely used method in the field of synthesis of esters,
which is the immobilization of macrocyclic low molecular weight compounds into
carrier polymers. To obtain polymers of this purpose, the reaction of the interaction of
the gel and porous chloromethylated styrene and divinylbenzene copolymer (HMC)
and the macrocyclic compound aminobenzo-5,11-dithia-15-crown-5 (ABDT15K5) was

studied:
2 c|)/\

Len-cHmg |/\X“

_ - Y
Cﬂz_m)@ok/ 3

The properties of polymers immobilized by crown-ether functional groups will
depend mainly on how much of these functional groups are included in the composition
of polymers, i.e. the size. The degree of immobilization of the copolymer of the HMS by
crown-ether functional groups will depend on several factors. The main factors are: the
purity and relationships of monomers, the concentration of the solution, the temperature
and time of the reaction, and the nature of the solvent. The reaction results are shown in
Table 1, wherea-X=S,Y=0,n=0;b-X=8S,Y=0O,n=1;¢c-X=S,Y=0,n=2;
d-X=8S,Y=0,n=3;e-X=0,Y =S8, n=1. Using different exposure factors, we
were able to obtain sorbents with high exchange capacity. For sorbent composition b - X
=S,Y =0, n =1, the optimal conditions are as follows: transformation depth 91.2%,
CAC 2.4 mmol/g, Ag" ion sorption capacity 2.4 mmol/g.

Using various influencing factors, we managed to obtain sorbents with a high
exchange capacity.

It should be noted that the obtained sorbents with the thiacraun ether group do not
sorb alkali and alkali-earth metals.

The resulting sorbent structure was studied by IR spectroscopy. In the IR spectrum
of the sorbent, the following oscillations are observed: at 3448 cm™ — oscillation of
the NH-group, —C=0-groups — 1733 cm!, bending oscillation of the NH-group — 1641
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cm’, tensile oscillation of the —C-C- bonds of the aromatic ring — 1539 cm™, bending
oscillation —C-C- bonds in the aromatic ring - 1075-1027 cm™ (in the plane of the
aromatic ring) and 914-693 cm™! (outside the plane of the aromatic ring).

Table 1. Results of immobilization of macrocycles in polymer carriers

Aminobenzothiacrown ether |  Transformation depth, % CAC, mmol /g | Sorption capacity on
Ag'ions, mmol / g
a 92,1 2,5 1,8
b 91,2 24 2.4
¢ 90,8 2,0 1,6
d 89,0 1,8 1,4
e 92,0 2,4 1,0

The concentration of hydrogen ions (the effect of medium pH) in the liquid phase
is one of the most important factors affecting the balance of the complex formation
reaction of metal ions with sorbents. Sorption of Ag (I) ions was carried out under static
conditions of an aqueous medium, the changing parameter was only the acidity of the
medium (pH = 3-8). The same amount (50,000 mg) of sorbent was added to conical
flasks of the same capacity and shape. The total volume of the liquid phase and the
concentration of metal ions in each flask remained constant. according to the results of
azhiribe, the degree of sorption passes through a maximum of around pH 6. This can be
explained by the fact that when the pH is low, the adsorption of Ag(I) ions is low. when
the pH increases and reaches a value of 6, sorption sites will be available. Consequently,
the adsorption of silver(I) ions increases. This suggests that the mechanism of sorption
of Ag (I) ions is strongly dependent on pH. A pH value of 6 was used as the optimum
pH for further studies. Fig. 1 shows graphically the dependence of sorption capacity of
the sorbent on pH.

30

Sorption capacity, mg/g

20

10

pH

Figure — 1 Dependence of the sorbent’s sorption capacity on the pH of the medium; m-30 mg, V=20
ml, S =102 mol/l
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The contact time of the sorbent and the liquid medium is an important indicator that
affects the sorption and capacitance of metal ions. To study the effect of contact time,
50 mg of sorbent was added to 50 ml conical flasks. The total volume of the liquid
phase was 20 ml. The results of the experiment showed that Ag(I) sorption increases
over time. Full sorption of Ag(I) occurs in one hour under static conditions. Figure 2
graphically shows the dependence of the sorption capacity of the sorbent on the time of
contact.
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Figure — 2 Effect of contact time on sorption capacity; m-30 mg, V=20 ml, S, =10~ mol/l

The study of the kinetic characteristics of the sorbent was carried out at a temperature
of 20°C in model solutions with an initial concentration of C, = 1 mg /ml Ag".

The resulting kinetic curve has a classic type: with an increase in the process time, the
residual concentration of silver in the solution decreases. The most noticeable decrease,
corresponding to an effective course of adsorption, is observed in the first hour. The
almost linear course of the kinetic curve in this section allows us to assume the first

kinetic order of the process.
€ _ x.c
dr
where C is the concentration of silver in the solution; k is the velocity constant (min ).
The integration of this equation makes it possible to obtain a kinetic model of the
adsorption of silver ions with a sulfur sorbent based on thiacraun-ether and calculate the

velocity constant:

C=C,-e ™
k=lln&
r C
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The first order of the reaction can correspond to the diffusion and kinetic zones
of the process. However, given that the diffusion coefficients of most metal ions in
aqueous solutions are at the level of 10-10° cm?/s™, it can be assumed that the overall
adsorption rate is limited. it is through the process of diffusion of mercury ions into the
active centers of the sorbent. The high content of sulfur atoms in the sorbent ensures
the rapid course of the adsorption action along the complex-coordination mechanism.

But the formation of such a complex requires a certain geometric correspondence
between the location of sulfur atoms on the surface of a solid sorbent, which is not
always possible. It was seen that in the case of coordination of silver with a smaller
number of sulfur atoms, an effective complex is registered.

The effect of the initial concentration of Ag*. To determine the amount of metal
adsorbed by the solid phase, solutions were prepared in advance, the concentration of
Ag(]) ions of which ranged from 0.4-10- to 8.0-10- mol/l. The results of the experiment
showed that with an increase in the initial concentration of the metal, the amount of
adsorbed Ag(I) ions increases, reaching a maximum of 8.0-10-3 mol/l. A further
increase in the initial metal concentration does not result in a significant change in
the amount of adsorbed Ag(I) ions. The estimated maximum adsorption capacity of
the sorbent relative to the absorbed Ag(l) ions was 240.8 mg/g. The dependence of
the sorption capacity of the sorbent on the initial concentration of silver (I) ions is
graphically shown in Figure 3.

300 A

200 A

100 4

Sorption capacity, mg/g
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Figure — 3 Effect of the initial concentration of ag (I) ions on the sorption capacity; m-30 mg,
V=20ml

The sorption capacity of the sorbent relative to Ag (I) ions was calculated using the
following formula:
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A=(C,-C)"V/m,

where C, C_—initial and equilibrium concentrations of metal ions, mmol/l; m - mass

of sorbent, g; V—volume of salt solutions, 1.

Effect of ionic force. The dependence of sorption capacity on the ionic strength of the
solution was studied. Silver was sorbed from solutions containing 0.1-1.4 M KCI. The
presence of KClI increased the adsorption capacity to the value p = 1.0. Further, there
was a significant decrease in metal sorption from KCl solutions with a concentration of
more than 1.0 M. All subsequent experiments were carried out in solutions with an ionic
strength of 1.0 M.

Desorption research. The ability to regenerate and reuse macrocyclic sorbents
depends on the nature of the functional groups and the stability of the complex formed
in the sorbent phase. Sorbent samples were packed in conical flasks of the same capacity
and shape. To obtain metal ions absorbed by the sorbent, mineral and organic acids
HNO,, CH,COOH of different concentrations (0.5; 1.0; 1.5; 2.0 M) were used. The
results of the experiment showed that a solution of 0.5 m HNO, has the best elucidation
properties in relation to silver (I) ions in the solid phase: the sorption capacity after
desorption changed to a value of 42.75 mg/g. For comparison, the desorption of silver
ions with a solution of CH,COOH at the same concentration (0.5 M) was 8.44 mg/g.

Conclusions

The synthesis of new selective sorbents containing thia-crawn-ether group and their
complexing properties towards silver ions have been studied. It is shown that the reaction
of gel and porous chloromethylated copolymer of styrene and divinylbenzene (HMS) and
aminobenzothiacraun-esters leads to polymers for this purpose.Gel- and macroporous
chloromethylated copolymers of 18.2% chlorinated styrene and divinylbenzene (HMS,
8% divinylbenzene) immobilized by functional groups of crown ether. The composition
of the high-ester crown-ether sorbent b - X =S, Y=0, n = 1: transformation depth 91.2
%, CAC 2.4 mmol/g, sorption capacity for Ag* ions 2.4 mmol/g.

Thus, the ability of the proposed new polymeric sorbents to form complexes depends
on the ratio of reagents, the nature of the silver-containing reagent, the size of the
macrocycle, and the dentancy of the ligand determined by the amount of sulfur in the
thiacraun ethers. The maximum sorption capacity was achieved with a 15-membered
crown ether.

To study the sorption of silver(I) ions from aqueous solutions by a supramolecular
sorbent containing a synthetic thiacraun-ether group, it was shown that the optimum
pH value was 6 and the contact time was 60 min. With respect to silver (I) ions, the
maximum sorption capacity of the sorbent reaches 240.8 mg/g.

References
Bezhin N. A., Dovhyi L. I., Lyapunov A. Yu. (2017) Sorption of strontium by sorbents on the base of di-
(tert-butylcyclohexano)-18-crown-6 with use of various diluents. Journal of Radioanalytical and Nuclear
Chemistry. 311(1). 317-322.

177



ISSN 2224-5227 4.2024

Bezhin N.A., Dovgiy LI. (2015), Sorbents based on crown ethers: preparation and application for
strontium extraction, Usp. Chem., 84:12 1279-1293; Russian Chem. Reviews, 84:12 (2015), 1279-1293

Dmitrieva S.N., Sidorenko N.I., Vedernikov A.I., Kuzmina L.G., Howard D.A., Buslaeva T.M., Gromov
S.P. (2007). Synthesis of nitro- and amino derivatives of benzothiacrown ethers. Isa. RAS, ser. Chem. Ne5.
958-966.

Ergozhin E.E., Kurmanaliev M.K. (2020) Fundamentals of ion exchange. Almaty, Almanakh. 275 c.

Ergozhin E.E., Kurmanaliev M.K.. (1994) Polymers on the basis of crown compounds. Almaty,
“Fylym”, 271c.

Gromov V.F., Gerasimov G.N., Ikim M.I., Spiridonova E.Y., Trakhtenberg L.I. (2020) Sorption of
metal ions from aqueous solutions by crown ethers. Chem.physika, Vol. 39, No. 5, pp. 59-65.

Gromov V.F., Gerasimov G.N., Ikim M.I., Spiridonova E.Y., Trakhtenberg L.I. (2020), Sorbents based
on crown ethers for purification of aqueous solutions from metal ions. Chem.physika, Vol. 39, No. 11, pp.
67-72.

Jonathan W. Steed, Jerry L. Atwood. (2022). Supramolecular Chemistry, 3rd Edition. John Wiley &
Sons. 1216 p.

Kurmanaliev M.K., Ergozhin E.E., Kalmuratova A.A., Bizhanov F.B. (1992). New polyamides with
dicyclohexylcrown-ether groups. Dokl. of the USSR Academy of Sciences. 323(6). 1108 -1111.

Nitrogen and sulfur-containing polymeric crown ethers. Izv. MES and NAS RK ser.chem. (2005), NeS5,
c.65-73

Steed, J. W., & Atwood, J. L. (2022). Supramolecular chemistry. John Wiley & Sons.

Supramolecular Polymers: From Synthesis to Self-Assembly. Macromol Rapid Commun. (2022).
Jul;43(14):¢2100775. doi: 10.1002/marc.202100775.

Tsarkova, M.S.; Zaitsev, S.Y.; Zaitsev, L.S.; Krutikov, A.A.; Shtyrlin, V.G. (2014), Spectral studies of
dithiacraun ether derivative in the presence of metal cations and modeling of their possible complexes.
Macroheterocycles, 7(4), 380-385. DO I: 10.6060/mhc140509t

Volchkova E.V., Mishchikhina E.A., Buslaecva T.M., Gromov S.P. (2013) Extraction of noble metals by
macrocyclic compounds. Moscow. MITHT Publishing House, 112 p.

Voloshina N.S., Kamalov G.S. (2014) Crown ethers immobilized on the surface of polymeric materials
and silica. Physicochemistry of surface and protection of materials. vol. 50, no. 5, pp. 483-495

Yakshin V.V., Vilkova O.M., Tsarenko N.A., Tsivadze A.Yu. (2010) Metal extraction from nitric acid
solutions by the macrocyclic endoreceptor dicyclohexyl-18-crown-6 immobilized in a polymer matrix.
Doklady Chemistry. 430(2). 54-57.

Yakshin, V.V.; Tsarenko, N.A.; Zhukova, N.G.; Laskorin, B.N. (1992) Methods for preparation of solid
extractants based on crown ethers in polymer matrices. Dokl. of the USSR Academy of Sciences. 325(4).
748-750.

Duan, Z., Xu, F., Huang, X., Qian, Y., Li, H., & Tian, W. (2022) Crown Ether-Based Supramolecular
Polymers: From Synthesis to Self-Assembly. Macromolecular Rapid Communications, 43(14), 2100775.

178



Reports of the Academy of Sciences of the Republic of Kazakhstan

REPORTS OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN
ISSN 2224-5227

Volume 4. Number 352 (2024), 179-194

https://doi.org/10.32014/2023.2518-1483.318

UDC 504.054;66.074.5

M.T. Telmanov®, B.Kh. Khussain, A.Kh. Khussain, A.R. Brodskiy, 2024.
D.V. Sokolsky Institute of Fuel, Catalysis and Electrochemistry, Almaty, Kazakhstan.
E-mail: m.telmanov@ifce.kz

CREATION OF DIGITAL TWINS, INCLUDING THE DECARBONISATION
MODULE, IN MODELLING AND VISUALISATION OF FLUE GAS
CLEANING SYSTEMS IN INDUSTRIAL PLANTS

Telmanov Merlan Mirzhanovich — master student, JSC “D.V. Sokolsky Institute of Fuel, Catalysis and
Electrochemistry”, Almaty, Kazakhstan, E-mail: m.telmanov@ifce. kz, https://orcid.org/0009-0007-9193-
8414,

Khussain Bolatbek Khussainovich — professor of the National Academy of Sciences of the Republic
of Kazakhstan Deputy Director General for Innovation Activities , JSC “D.V. Sokolsky Institute of Fuel,
Catalysis and Electrochemistry”, Almaty, Kazakhstan, E-mail: b.khusain@ifce.kz, https://orcid.org/0000-
0001-7731-6976;

Khussain Atabek Khussainovich — master student, JSC “D.V. Sokolsky Institute of Fuel, Catalysis and
Electrochemistry”, Almaty, Kazakhstan E-mail: atabek.khussain@gmail.com, https://orcid.org/0000-0002-
0899-6872;

Brodskiy Alexander Rafaelevich — candidate of Chemical Sciences, Associate Professor, Head of the
Laboratory of Physical Methods, JSC “D.V. Sokolsky Institute of Fuel, Catalysis and Electrochemistry”,
Almaty, Kazakhstan E-mail: albrod@list.ru, https://orcid.org/0000-0001-6216-4738;

Abstract: Digital twins are becoming an important tool for monitoring and
optimizing industrial processes, especially in the field of gas emission cleaning. This
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AnHoramus: [ludpnelk erizzgep OHEPKSCINTIK MpolecTep/i, acipece ras
HIBIFAPBIHBUIAPEIH  OHJCY CallachlHJa MOHHUTOPUHT TI€H OHTalJIaHJbIPy/IbIH
MaHbI3/IbI KypajbiHa aiHaiayna. byn Makanmama Unity miardopMachiHia KbUTY
anekTp craHiusichiHbIH (JKDO) MmIbIFapbIHABLIAPEIH Ta3apTy KYHECIHIH IHQPIBIK
eri3iH Kypy mpoleci TankpuiaHagbl. O KOMIPMEH KYMBIC ICTEHTIH KBULYy DJIEKTp
CTaHIUSIIAPBl TYIBIPATHIH ayaHbIH JIACTAHY MOCEJIECIH TalJabl >KOHE CaHJIbIK
eTi3/IH [IBIFapBIHBIIAPALI TA3apTy THIMIUITIH apTThIpyFa Kallaii KOMEKTECETiHiH
cunarraiiapl. Unity oObekrinepaid 3D MozerniH xacay KoHE HAKThI YaKbIT JEPEKTEPiH
OIpiKTIpy apKbUIBI aFbIHJBI CYJIaplbl Ta3apTy >KaOABIFBIHBIH JKYMBICHIH MOJICIIbICY
YIIH KOJJaHbUIAAbl. Busyanuzamus >KyHeHIH »KYMbIC HapaMeTpiepiH Oakbuiayra,
MOJICTIB/ICY/II JKYPri3yre jKoHe OHJIEY KaOJbIFbIHBIH IMapaMeTpiIepiH OHTalIaHAbIpyFa
MYMKiHIIK Oepeni. npabik erizni Kypy >kaOmbIKTBIH JKail-KyiiH Oakpliayra raHa
eMec, COHBIMEH KaTap TOTCHIIE >KarIaillapiblH KaylmiH OapbIHIIA a3aliTa OTBIPHII,
orepaTopiapisl OKbITyFa MYMKIHIIK Oepeni. YCBIHBUIFAH TOCciT arMocdepara
JIaCcTayIIbl 3aTTaP/IbIH IIBIFAPBIHABUIAPEIH a3 TyFa YMTBUIATBIH OPTYPIIi alMaKTapIarbl
IKOJIOTHSUTBIK YKaFAalIbl )KaKCapTy YIIiH KOJIIAHBUTYBl MYMKIiH.

Tyiiin co3nep: Llndpibik eri3, unity, SMUCCUSHBI Ta3apTy )KYHeci, TEPMUSUIIBIK AIEKTP
craniuscel (OKD0), keMipMeH KYMBIC ICTEHTIH DIEKTp CTaHIMSIAphI, JEpeKTep/i
BU3yallU3allUsIay, OHJIPICTIK TPOIECTepPAi MOJCIbBICY, JacTayllbl 3aTTapiblH
LIBIFAPBIH/IBIIAPBIH a3aUTYy.
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AnHorauusi: [{udpoBeic TBOWHUKH CTAHOBSITCS BAXKHBIM HWHCTPYMEHTOM IS
MOHUTOPHHIA M ONITUMH3ALUU IIPOMBIIIJIEHHBIX IPOLIECCOB, 0COOCHHO B Chepe OUUCTKH
ra3oBbIX BEIOpOCOB. B manHo# cTarbe paccMaTpuBaeTcsi MpoLece co3aaHust HU(poBOro
JIBOMHHMKA CHCTEMBI O4MCTKH BEIOPOCOB Ter10BoM anekTpoctaniuu (TOL]) namnardopme
Unity. [IpuBomurcs ananu3 mpoOnembl 3arpsi3HEHUs] Bo3ayxa, coszfgaBaemoro TOILI,
paboTaromux Ha yTiie, ¥ ONIChIBACTCSI, KaK IM(POBOW JBOWHUK MOXKET CIIOCOOCTBOBATH
MTOBBIIIICHUIO YPPEKTHBHOCTH OYUCTKH BBIOpOCcOB. Unity HCTIONB3yeTcs A CO3TaHus
TPEXMEPHON MOJeN OOBEKTOB M CHMYJISAIMH PAaOOTHI OYMCTHOTO OOOPYHOBaHHS C
MHTETpalMell JaHHBIX, NTOJy4aeMbIX B PEAJIbHOM BpeMEHH. Busyanuzanus mo3Bosser
OTCJIC)KHUBATh ITAPaMETPhl pA0OTHI CUCTEMBI, IPOBOIUTH CUMYJISILIMU U OITUMHU3HPOBATD
HACTPOWKU OYMCTHOro oOopymoBanus. CozgaHue LUPPOBOrO IBOHHHMKA TO3BOJISET
HE TOJBKO KOHTPOJHMPOBATh COCTOSIHWE O0OpYIOBaHMs, HO W 00y4aTh OINEpaTopoB,
MUHUMH3UPYST PUCKH aBapUUHBIX cuTyaruil. [IpemiokeHHbIi Moaxoq MOXKET OBITh
HCIOIB30BAH NIl YIYYIIEHUS OJKOJOTMUYECKOW CHTyalluM B Pa3lIMYHBIX PErHOHaX,
CTPEMSILLIMXCSI K CHIYKEHUIO BBIOPOCOB 3arpsi3HSIOLINX BELIECTB B aTMocdepy.

KiroueBble cioBa: mudposoii nBoiHuK, Unity, cucTeMa OYHCTKHA BBIOPOCOB,
TeruioBas wekrpoctanius (TOL]), yronpHble 271€KTpOCTaHIINHY, BU3yaIn3alus JaHHbIX,
CUMYJISIIIASL  TIPOMBIIIJICHHBIX  [IPOIIECCOB, CHIMKEHUE BBIOPOCOB  3arpsi3HSIFOIINX
BEIIECTB.

Paboma evinonnena npu QuUHAHCOB0U NOOOEpPICKe NO NPOSPAMME YeleB020
Gunancuposanus MOH PK HPH BR21882241 «Hccnedosanue u paspabomka
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KomniekcHou cucmembvl ynaenueanus u xpanenus CO, na npomvluiiennplx 0ovexmax
Pecnybnuxu Kazaxcman oas coxpaujenus 6b10poco8 NapHUKOGbIX 2aA308).

Beenenne

Teruossle snexTpoctanimu (TOL), paboraromye Ha HCKONTAEMOM TOTIIIMBE, UTPAIOT
KITIOUEBYIO POJIb B 00€CIICUCHHH TETUIOM H JIEKTpo3Hepruei morpeduteneii Kazaxcrana,
OZIHAKO WX paboTa CONMPOBOKAACTCS 3HAYUTEILHBIMH 3arps3HSIONIMMU BHIOpOCAMH B
arMocdepy. B 2006 romy o6bem BbIOpocoB cocTasisut 4,85 ThIC. TOHH, a K 2018 roxy
sta nudpa ysenuuunach 10 10,4 teic. TonH. [Ipu atom TOLI-2 (. Anmarsr) B 2016 roxny
BbIOpocuna 11% Bcex 3arpsi3HuTENe Bo3nyxa B peruone (Moldagazyeva, et al, 2021).

[Ipobnema 3arpsi3HEHUs] BO3AyXa OCOOCHHO aKkTyalbHa B CBS3HM C BO3JCHCTBHEM
Ha 370pOBbE HACEJICHHS M OKPYKaloIlyro cpeny. Ha mpennpusTisx, HCIOoIb3yOMmnX
pa3nuvHble BUABI CHIPBS, GOPMHUPYETCS IIMPOKHUNA CIEKTP 3arps3HUTENCH, BKIOUas
3UpBl YKCYCHOH KUCIIOTHI, (popmanbaeru, HagTaJuH U MHOTHE JAPYTHE BELIeCTBa.
OTH BBIOPOCHI 3HAYUTENBHO YXYIIIAIOT KAaYECTBO BO3yXa, YTO CO3AaeT HEOOXOAMMOCTD
B TIOMCKE U BHEJAPEHUN TEXHOJIOTHH JJIST X COKPAIICHUS.

[IpobGneMy MOKHO pPelIUTh Yepe3 AeKapOOHU3AIMIO, UCTIONb3Ysl MYJIBTUMOAYIbHEIE
cucrembl (Khussain, et al, 2024), koTopble BKIIOYAIOT MOIYIH MPEABAPUTEIHLHON
OYHCTKH JIBIMOBBIX T'a30B, & TAK)KE CUCTEMBI IJIsl YIaBIUBaHUs, cOOpa W YTHIU3AHNN
BBIOPOCOB OT TEIUIOBBIX YCTPOMCTB, pabOTAIONMIMX Ha MCKOMAEeMOM TOIUIHBE. Momyiu
MPEABAPUTENBLHON OYHCTKU SIBISIOTCS HEOOXOMUMBIMH, TOCKOJNBKY JBIMOBBIC Ta3bl
coziepKaT He TOJBKO AMOKCH] YITIEpOAa, HO M MHOKECTBO JPYTHX BPETHBIX BEILECTB,
BKJIIOYasl MBUICBBIE YacTHIBI pa3inyHOi aucnepcuu. [locie mpeaBapUTeIbHOM
OYHCTKH TIOJTyYCHHBIH YUCTBIA AMOKCH] YIIIEPOJia MOKHO HCIOJIB30BATH B TEIUTMYHBIX
XO035ICTBaX, MPOM3BOACTBE COABI, B MHIICBOH MNPOMBIIUICHHOCTH, a TaKXe JUIs
MIPOM3BOACTBA METAHOJIA, YIOOPEHUH U APYTHX MPOLYKTOB.

BMmecte ¢ Tem, co3maHusl CUCTEM OUYMCTKH, BKIIIOYAs JIeKapOOHH3ALHUIO, TPEOyIOT
OOJIBIINX KAl TAJIBHBIX BIOYKEHHUH, 4YT0 00YCIIOBICHO CIIO)KHOCTBIO X POCKTUPOBAHUS
U TPUBSA3KH K KOHKPETHBIM 0O0bekTaM. CyIIECTBEHHO CHH3HMTBH 3aTpaThl BO3MOKHO
MyTEM MCIONb30BaHNsl MH(POPMAIIMOHHBIX TEXHOJIOTHH.

PasButHe coBpeMEeHHBIX MH(POPMAIIMOHHBIX TEXHOJIOTHI B MPOU3BOACTBE CBI3aHO
C aKTHBHBIM BHEIPEHUEM TEOPUH M MPaKTHUKH HUQpoBbix nBoiiHUKOB (Radhakisan, et
al, 2011). TpanuuoHHBIE TOAXOABI K MPOCKTUPOBAHUIO, TAKHE KaK MMHTAIMOHHBIC
U KOPPEJSIIUOHHBIE MOJENH, MOCTENEeHHO YCTYMalT MecTo 0ojiee TEeXHOJIOTMYHBIM
METOJlaM OIMCAaHMs peasbHOro Mupa B LUQpoBoil cpexe. Hampumep, umdposoii
JBOWHHK MAaKCHMaJbHO TOYHO OTpa’kaeT CJIOKHOCTh OOBEKTa, MPOTHO3HMPYS €ro
CBOMCTBa, ()YHKUMH M TIOBEICHHE, a TaKKe PEaKUWI0 Ha Pa3IHyHble BHEIIHHE
BO3/ICHCTBUSI U B3aWMOACUCTBHE C APYTUMH LU(PPOBBIMH JBOMHUKAMH, OTOOpaxas
MoBeJIeHUEe 00BEKTOB B peainibHoM cpene (Rosen, et al, 2015).

3a mocieaHue TOABl MHTEpeC K IHM(POBBIM JBOMHMKAM 3HAYUTEIBHO BO3POC,
YTO TOATBEPKIACTCS YBEJIMYCHHUEM YHUCIAa HAayYHBIX MyOJWKAMid, OMUCHIBAIOIINX
KOHIETIUU 1 METOABI IPUMEHEHHS HU(PPOBBIX TBOMHUKOB, TAKHX KaK KOMIIBIOTEPHOE
uHTEerpupoBanHoe npoussoacTBo (Computer-Integrated Manufacturing, CIM) (Laengle,
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et al, 2018), umnpopmaumonHoe wmoxaenupoBanue 3maHuii (Building Information
Modeling, BIM) (Abramovici, et al, 2017), MOHUTOPUHT COCTOSIHHSI OOOPYAOBaHUS H
MexaHu3MOB (Ayani, et al, 2018), a Taxxe BUpTyanbHbIe IPOM3BOACTBEHHBIE CUCTEMBI
(Baruffaldi, et al, 2019). Konnenuus CIM paccMaTpuBaeTcsi Kak MpEANICCTBCHHUK
TEOPHH M TPAKTHYECKOTO HCIONb30BaHMs LUPPOBBIX ABoHHMKOB. CHUM-Monenu
CIOCOOHBI TOYHO MOJENUPOBATh OOBEKTHI PEallbHOTO MHUpPa, 00ecleunBasi BHICOKYIO
TOYHOCTh MX OmucaHus u 3()(EeKTUBHOE MpEeACTaBIEHHE MPOLECCOB, B KOTOPBIX 3TH
OOBEKTHI Y4aCTBYIOT.

Kak ormeuaercsa B (Radhakisan, et al, 2011), xnroueBoit 0COOEHHOCTBIO HUPPOBBIX
JIBOMHHKOB SIBJISIETCSI TECHOE B3aUMOJEHCTBHE MEXIY (PU3HMYECKUMU OOBEKTaMHU U UX
IU(PPOBBIME aHAJIOTAMH. DJIEKTPOMEXaHNUECKUE CUCTEMBI MOTYT OBITh IPE0OPa30BaHBI
B U (POBBIE, YTO 3HAYUTEIHHO YIPOIIAET MOACIUPOBAHUE U YIPaBICHHE MPOLIECCaMH
HE TOJIBKO B MIPOM3BOACTBE, HO U B PYTHX cepax.

I'maBHas uens 1MdpPOBOro ABOMHUKA - ynydlIeHHEe MOHUMAaHUS PaOOTHI peabHBIX
00BEKTOB M ONTUMH3ALMS X PaOOTHI 33 CUET MOACIMPOBAHMS PA3IMYHBIX CLEHAPHEB
n ycnoBud oskcmuryaragu. C MOMOIIBIO LU(PPOBOTO JIBOMHMKA MOXKHO 3apaHee
MpeacKa3aTb BO3MOXKHBIE COOM, ONTHMHU3UPOBATH MPOLECCHI, a TAKKE YAYUIIUTbH
3G PEKTUBHOCTD YIIPaBICHUS 000PYIOBAHUEM U PECYPCAMHU.

B KoHTEkCTe OYMCTKM BBIOPOCOB MNPOMBIINIICHHBIX MNPEANPUATHH H(POBOIM
JBOMHHK TO3BOJISIET BOCIIPOM3BECTH BECh NPOLECC B BUPTYaJbHOH cpene, OLEHUTH
3G PEKTUBHOCTH PA3IMYHBIX TEXHOJOTHH OYUCTKH U MPOTECTUPOBATH UX B YCIOBHSX,
MaKCHMaJbHO MPUOIMKEHHBIX K PEAbHOCTH. DTO OCOOCHHO aKTyaJIbHO AJISl TaKuX
CIIOXHBIX 00beKTOB, Kak TOLl, roe MHOXecTBO (HaKTOPOB BIUSIOT HA BBIOPOCHI U MX
COCTaB.

MarepuaJibl 1 OCHOBHbIE METOIBI

Hnst co3manms um¢poBoro ABOHHHMKA mnpuMeHsuiach miardgopma Unity. Dto
yHHUBepcajbHas Mmiardpopma st paspabotku 3D-cumymsuuii w urp, Hameamas
LIMPOKOE MPUMEHEHUE HE TOJILKO B MHLyCTPHUHU Pa3BICYSHUH, HO U B TPOMBIIIIEHHOCTH.
OnHUM 13 KITIOUEBBIX HampaBlieHUH ucrons3oBanus Unity cTano co3nanue qugpoBbIxX
JBOMHHMKOB - MHTEPAKTUBHBIX BUPTYAIbHBIX MOZIETICH peanbHbIX 00beKTOB U cucteM. C
e€ MOMOILBI0 BO3MOXKHO BU3YaJIM3UPOBATh JAaHHBIE B pEaIbHOM BPEMEHH U 3PPEKTUBHO
yIpaBsATh NPOLECCAaMH, YTO 3HAUYUTEIHHO OOJNeryaeT MOHUTOPHHI U ONTHMH3ALHIO
paboTel 000PYIOBaHHS.

[Iponecc pa3paboTku TUPPOBOTO JBOWHHKA COCTOMT M3 HECKOIBKUX KIFOUEBBIX
JTAIlOB:

Ha nmepBom sTame BbIOMpalOTCs LieNeBble OOBEKTHI, KOTOpbIE OyAyT BKIIIOUEHBI B
IUPOBYIO MOAEIb. /151 CHCTEMbI OUMCTKU BBIOPOCOB — 9TO TAKKE 3JIEMEHTBI, KaK 3JIeK-
TPOQUIBTPEI, KATATU3aTOPBI, SMYJILIaTOPbI M O1I0KK Juist cOopa yrmekucnoro raza (CO,).

Hanee, ¢ ucnons3zoBanueM mporpaMmel Blender co3natorcs TpexmepHbIe MOJEIH.
OHM IPOEKTHPYIOTCS C YYETOM PEalbHBIX Pa3MepOB, MPONOPLUUI U (PYHKIIMOHAIBHBIX
0COOEHHOCTEH, YTOOBI MAaKCHMAaJIbHO TOYHO OTPAa3UTh BHEUIHWH BHI H CTPYKTYPY
0OBEKTOB.
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[locne 3aBepiieHUs] MOIENMPOBAHMS MOJICTH OJKCIHOPTUPYIOTCSA B  (Qopmare,
coBmecTuMoM ¢ Unity (Hampumep, FBX), nu ummoptupyrorcs B 1eneByro cpeny. B
Unity mpoBOIMTCS ONTHMHU3ALMA MOJENEH AJsl MOBBILICHUS NPOM3BOAUTEIHHOCTH
CUMYJIALIMU. DTO BKIJIIOYAET CHUKEHHE KOJMYECTBA MOJMIOHOB I BTOPOCTENIEHHBIX
00BEKTOB, HACTPOUKY ypoBHe# netanuzauuu (LOD), a Takke HCTIOIB30BaHUE TEKCTYP
C ONTUMAJIBHBIM pa3peLIeHHEM.

Ha Moznenu HaknmaabIBatoOTCs OTpaHUUYSHHS, OTpaskaroIue ux Gpusndeckue cBoMcTBa.
[IpumensaroTcs KapTbl HOpMajed W OTpPaKEHUM [UId CO3[aHUS PEaTUCTUYHOIO
B3aMMOZCUCTBHS CBeTa C MOBEpXHOCTSMHU. [locie 3Toro mo0aBIsAIOTCS aHWMAlUH,
MO3BOJISIOLINE IEMOHCTPUPOBATh PadOTy 0OBEKTOB, HAIPUMED, ABHKEHHE (PUIBTPOB,
paboTy Karanu3aTopos M npouecchl cobopku CO,.

Crnenyromuii 3Tan — UHTErpaLus ¢ MaTeMaTHYECKUMHU MOJIENISIMHU, ONHCBIBAIOIIUMH
¢u3nUecKre 1 XMMUYECKUE MMPOLECCHL. DTO MO3BOJISIET CHAHXPOHU3UPOBATh BU3yaJIbHbIE
JIEMEHTHI C JaHHBIMH, MOCTYMAIOUIMMH B PEAJIbHOM BPEMEHH, U MPOBOAUTH TOYHOE
MOJICTUPOBaHUE PaOOTHl 000PYIOBaHHUSI.

3aBeplIalONIM IIaroM SBISETCS TECTHPOBAHHE M OTIAAKa, YTOObl yOemuThCs B
(YHKIMOHAILHOCTH MOJENH, €€ TOYHOCTH M COOTBETCTBHHM PEATbHBIM OOBEKTaM.
Takoli mpouecc pa3pabOTKM TO3BOJSET CO34aBaTh peaJMCTHUHBIE IH(POBEIE
JBOWHHKH, KOTOpPbIE UCTIONB3YIOTCS KaK Ul OOyueHHsI OTepaTopoB, TaK U IS aHAJIH3a
1 ONTHMHU3ALUH PAOOTHI CUCTEMBI OYMCTKHU B LIETIOM.

PesyabTathl u 00cyKaeHHe

Dnexmpoghunvmp - BU3yalM3UPOBaH KaK IWIMHAPUYCCKUN OJIOK C BHYTPEHHUMH
IJIACTUHAMU, KOTOPbIE UMUTHPYIOT MPOIIECC OCAKICHUS YACTHUII 32 CUET IIEKTPUUECKOTO
3apana.

Pesynbrarel MojenupoBaHus:

AHUMaI¥si IPUTATUBAHKS YACTHUI] K TUTACTUHAM ITPH BKIIFOYCHUU DJIEKTPODUIIBTPA.

I'paduueckoe oroOparkeHNE HAKOIIJICHHS YaCTHUIl U UX YIAJICHUS.

B03MOXKHOCTB perynupoBaTh IMapaMeTpbl, TaKHE KaK HANPsSHKEHUE U CKOPOCTh
MOTOKA, C U3MEHEHHEM YPPEKTUBHOCTH (PUIILTPAIIUU B PEATTBHOM BPEMEHH.

Kamanuzamop - BHU3yallM3MpOBaH KaK MPSIMOYTOJIbHBIH OJOK C TOPHCTHIMH
BHYTPEHHUMH CTPYKTypaMH, 4epe3 KOTOPbIC IPOXOJST T'a3bl.

Pesynbrarel MofenupoBaHus:

AHuMaIst IBUKCHUS MOJICKYIT Yepe3 MOPUCTYIO CTPYKTYpPY KaTaau3aropa.

Peanuzamnus XuMHUYECKMX peaklUui ¢ W3MEHEHHEeM COCTaBa Tasza (Hampumep,
npespanieane NOx B 6e3Bpenubie Nz u Oz).

Busyanuzanus CHUKEHUS! KOHIICHTPAIMK BPEIHBIX BEIIECTB HA BBIXOJIE.

Omynveamop — BusyanuzupoBaH Kak yCTPOUCTBO C BPAILIAIOIIUMCS SJIEMEHTOM JJIs
MepeMeINBaHus Ta3a ¢ JKUJKOCThIO.

Pesynbrarel MojenupoBaHus:

AHMMaINs CMEIINBAHUS Ta30B C KUIKOU Cpeio.

CuUMynSIMsI K3MEHEHUS IIBETA YMYJIbCUU B 3aBUCUMOCTHU OT HACHIIIIEHHOCTH T'a30M.

Busyanusanus mpoueccoB CBA3bIBaHUS BPEJHBIX BEMIECTB, TakUX Kak SO,.
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Bnox coopa CO, - cuctema, BKIrodaromas abcopoep u pesepsyap ai1s coopa CO,.

Pesynbrarel MosienmupoBaHus:

Anumanus nmotoka rasa 4epes abcopbep, rae CO, CBA3BIBAETCS CHENUATIbHBIM
pacTBOpoM.

Busyanuzauus nakorenus CO, B pe3epByape.

Bo3MOokHOCTh aHanmu3a JaHHBIX B PEAJbHOM BpPEMEHH, BKIHOYAsh KOJIUYECTBO
coopannoro CO, u > ekTHBHOCTH NpoLEcca.

Obwuii npoyecc - 6ca CUCTEMa CMOJEIMPOBaHA KaK EIMHBIA TEXHOIOTHYECKHUN
MOTOK.

Pesynbrarel MofienmupoBaHus:

Busyanuzauusi mociieoBaTeqbHOrO MPOXOXKACHUS BBIOPOCOB uepe3 BCE ITallbl
OYHCTKH.

B03MOKHOCTB H3MEHSI T TApaMeTPhI (HAIPUMED, CKOPOCTh IIOTOKA UM TEMIIEPATyPy)
Y HaOMIONaTh 3a UX BIUSHUEM Ha 3()h(HEKTUBHOCTD.

AHnMaIys paboThl BCEH CUCTEMBI C PEaTICTUYHON (PU3UKOHM U TUHAMUKOU.

Busyanvuvie u ¢pynxyuonanvuvie pezynomamoi:

I'paduxa - nperamusupoBanHble 3D-Mojenu C TEKCTypaMH M PEATMCTUYHBIM
OCBELICHUEM.

WHTepakTHBHOCTH - BOBMOXKHOCTh B3aUMOJICHCTBHS C KaXIbIM 00BEKTOM (Harpumep,
HACTpOIiKa MmapaMeTpOB UM BKIFOYCHHE/BBIKIFOUCHUE).

JanHble: - 0TOOpakeHUE JAaHHBIX B PEAJIbHOM BPEMEHH, TAKUX KakK 3(P(PEKTUBHOCTh
¢unprpannu, oobsem codpanHoro CO: M XUMHUYECKUH COCTaB BHIOPOCOB Ha Ka)JIOM
JTarne.

OOydeHue W aHamu3: - WUCIOJB30BaHUE IM(PPOBOTO JBOWHUKA I OOydYCHUS
OIEePaTOPOB U TECTUPOBAHUS PA3IUYHBIX CIIEHAPUEB PAOOTHI CUCTEMBI.

Takum 00pa3zom, Mporecc MOJICINPOBAHUS TO3BOJISIET JOCTHYD BBICOKOM TOYHOCTH
YU HaDBIHOCTH, Jenias HU(POBOM JBOWHHMK TMOJE3HBIM HMHCTPYMEHTOM Kak s,
ONTUMU3AIUU PAOOTHI CUCTEMBI, TaK U JUIsl 00yUeHUS

Mamumamuyeckue modenu

BripaxkeHust, HEOOXOAUMBIE JUISI TOCTPOCHHS PEATMCTHYHBIX cuMyJisiiuil B Unity:

MaccoBbli 0aiaHC CTIONIB3YETCS IS OTIMCaHMsI ABHKCHUS BEIIECTBA UEPE3 CUCTEMY
Y TIOMOTAET ONPEACITUTh KOJUYESCTBO 3arPsI3HSIONINX BEIISCTB HA KAXK]IOM dTarie

Esxu,qnlsxu,u; = Esarxu,q”lsarxn,q'i' M zromiesne (1)

[Je M - Macca 3arps3HsIOIIMX BEILIECTB, BXOMSIIMX B CHUCTEMY, BBIXOISIINX W3
HEe M HaKalJIMBAIOLUIMXCS HA Pa3IMYHbIX 3Tarnax. ITOT OajaHC IOMOraeT YCTaHOBHUTH
paBHOBECHE CUCTEMBI M OLIEHUTD 3P PEKTUBHOCTH (PUIBTPOB.

OHepreTuueckuii banaHc, MO3BOJSIET YUUTHIBATH KOJIMYECTBO YHEPT UK, HEOOXOANMOE
1151 pabOThI CUCTEMBI U MTOJ/ICPKaHUS IPOLECCOB (DMIIBTPALMU U YIaBIMBaHU ra3a

an:.:: + H‘Jsxu,q = Qsarxup; + I"Vsan{u,q + AFE (2)
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rae Q — xonmuuecTBo Temta, W — pabota, u E — u3MeHeHne BHyTpeHHEH SHEPriu
CUCTEMBI.

- 3axoH KynoHa 17151 ToueqHOoro 3apsijia, OMUCHIBAET CUITY, C KOTOPOH B3aUMOJIEHCTBYIOT
JIBa TOUEYHBIX 3apsijia

E=— 2
= 3)

4TE, T2

rae E — nHanpsbkeHHOCTH anekTpudeckoro noius (B/M), ¢ — BeaMuMHa TOUESUHOTO
3apsana (Ki), r — paccrosnue ot 3apsiaa 10 TOUKH, B KOTOPO# u3mepsercs mnoine (m), B,
— 9JIEKTPUYECKAsk TIOCTOSIHHASL, TPUOIHU3UTETBHO paBHast 8.85%1012 d/m.

VYpaBuenue [lyaccona ajst onrcanust pacupeneneHus SIeKTPHUECKOTo MOTeHIaa
¢ B IIPOCTPAHCTBE, CO3AaBAEMOr0 3JIEKTPOAAMH, €CIIU B IIPOCTPAHCTBE MIPUCYTCTBYET
O00bEeMHBII 3apsii ¢ IUJIOTHOCTbIO P, ypaBHeHue IlyaccoHa mnpuHHMMAaeT BHI:

V=2 “4)
Ep

rae 3¢ — JamiacuaH MoTEHIUaa, ONMCHIBAIONINN KDUBU3HY MOTEHIMATIA B
HPOCTPAHCTBE, p — IIIOTHOCTH 3apsana (Kin/m*), E| — snexrpudeckas mocTosHHas
(8.85%10'2 ®/m).

CKOpOCTh XMMHUYECKUX peaKkiuil (KaTaJuTH4ecKass OYMCTKA) C MOJECINPOBAHUEM
JIBIOKEHUST BO3JIYITHOTO TIOTOKA B TIPOCTPAHCTBE, IS pacdyeTa JBIKEHHS YacTHIl WITH
ITIOTOKOB BOKPYT 3JIEKTPOJIOB U B CHCTEME OYMCTKH, MPUMEHSIIOCh ypaBHeHHue HaBbe-
Croxkca

av L -
. E—Fv*?v =—Vp+ uVio + 7 ®)]

Ijie: p - TUIOTHOCTH XKUIKOCTH WM Tasza(Kr/m?), ¥ - CKOPOCThb TOTOKa (M/C), 22
— IPOU3BOJHAs CKOPOCTH IO BpeMeHH, VP — rpagueHT gasieHus (H/m?), u
— kod¢pdunuent nuHamuueckod Bsizkoctu (Ila-c), ¥*%¥ — nammacuaH CKOpPOCTH,
VUUTHIBAIOUMA BS3KOCTb ITOTOKA, f —— BHELIHHE CHIIBI, NPHIOKEHHBIC K IOTOKY,
HanpuMep, CHJia TSHKECTH.

Cxopoctb noroka (U) u uncno Pelinonbaca (Re), HCnonb3yroTes: BEIpaKeHUs

Cpenusist ckopocTb mmotoka U:

_ av
Y= 3500m0° (6)

rae: V — o0béMHBIN pacxon (M*/4), D — nuametp TpyOsI (M), T~ 3.14159.
qucio Pelinonbiaca Re

Re = =2* (7)
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rae: U— cpennsist ckopocTh motoka (m/c), D — xapaxrepHsblii pa3mep, 0OBIYHO
IraMeTp TpyOsl (M), p — IUIOTHOCTH BO3AyXa WM ra3a (Kr/m*), 1 — AuHaMHYecKas
BsizkocTh (I1a-c).

Yucino PeitHonbaca siBIsieTCS BaXKHBIM TAPaMETPOM, OTIPEIEIISIOLIMM PEXKUM ITOTOKA:
JaMHUHApHBIA WK TypOyneHTHbIH. 3HaueHne Re<2300 ykaspiBaeT Ha JaMUHApHBIN
MOTOK, Torna kak Re>4000 - Ha TypOyJIeHTHBIH.

Coszoanue cxem

Ha srtanme cozganus uugposoro neoiiHuka B Unity, pa3paboTka cxem IO3BOJSET
CTPYKTYpPHPOBaTh U BH3yaJIM3MPOBaTh BECh IPOLECC PaOOTHl OYUCTHBIX CHCTEM.
CxeMbl yNpoIIalT TOHUMaHHE CIOKHBIX TEXHOJOIMYECKHX MPOLECCOB U MOMOTaloT
0TOOPa3UTH KITIOUEBBIE SIIEMEHTHI CUCTEMBI. bbutn pazpaboTanu 1Be OCHOBHBIE CXEMBI,
KaJ1asi U3 KOTOPBIX BBIMOJIHSAET CBOIO POJIb B OIMCAHUN PAOOTHI CUCTEMBI:

Ha pucynke 1 npuBenena o0ras cxeMa KOMIUIEKCA OYUCTKH ABIMOBBIX Ta30B

OUHCTHOI KOMANEKC

Yaaneriue caxw n Tl Yaanewme CO

I MpefgapuTensHan | Bnok ClicTema

| oxnaxpenus

SnexTpuyeckne |
GuneTpsI

P
noAroToBKa OUUCTKI

= e o g

|
ol W L | —
Koten 1-A CTYNeHb 2-91 CTyNeHb | 3mcTyneds Bbixog

|
I
[
I
| | Yganenne ocTarkos caxi W T4 Ygannerca SO, NOZ Coap CO2
|
|
I
I peareHTa

_ Pereqepauma_ _ 1 r 1 co2

\ e
|
|

F = runc L - OTrpysKa TOBaPHOI YT EKHCIOTHI
L — YpoGpenue

MPOMIBOACTEO € MPHMEHEHHEM 30NbI = — -

PI/ICyHOK 1- O6IJ_[a$I CXEMa KOMILICKCAa OYUCTKHU JIbIMOBBIX I'a30B

Oracxema (pUCYHOK 1) oTpaxaet o0IIy 0 CTPYKTYPY OUUCTHOI'O KOMILJICKCA, HAauuHasI
OT TIOIa4M Ta3a M3 TEIUIOBOTO YCTPOMCTBA (KOTJIA) U 3aKaHYMBAs €ro BBIXOJIOM IOCTe
ouncTk. Ha cxeme BBIJENIEHBI BCE KIIIOUEBBIE DJIEMEHTHI, YHaCTBYIOIIHE B TpoOIlecce
OYHMCTKH JIBIMOBBIX Ta30B.

Onekrpudeckue (UIBTPHI - yIASIOT CaKy U TBEPJIbIC YACTHIIBI U3 TA30B, BEIXOJSIINX
13 KOTJIa.

biiokn npeaBapUTENbHOM TEPMUYECKOM IOATOTOBKM - IIOATOTABIMBAKOT Ta3 K
JalbHEeHIIeMy OYMIICHHUIO, CHIKAs €ro TeMIlepaTypy W oOecrieuuBasi ONTHMaJbHbIC
YCIIOBHS JUTSl CIETYIOIINX JTaIOB.

broku KaTtanuTUYECKON OUMCTKH - CIy)KaT Ul yAaleHUs MOHOOKCHJa yIjepoja
(CO) u npyrux TOKCHIHBIX KOMIIOHEHTOB C UCIIOJb30BAHUEM KaTaJIHu3aTOPOB.

CucTteMbl OXJIAKICHHS - OO0CCICUMBAIOT CHIDKCHHE TEMIleparypbl Tras3a Iepes
MTOCTYIUIEHHEM B JIATbHEUIITHE CTaANN OYHCTKH.
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Oransl ynanenus cepsl (SO) u auokcnaa azora (NO:2) - BEIIOIHSIOTCS B HECKOIBKO
CTaJuii, o0ecreunBas BEICOKYIO CTETIEHb OYMCTKU OT 3arps3HSIOLINX BELIECCTB.

Cbop CO, - - ocymecTBnsercs Ha (UHAILHOW CTaauW, TI€ YIIEKMCIbIA ra3
BBIJICJISIETCSI M3 Ta30BOTO IOTOKA JJIsI MOCIEAyIomeil 00paboTKH M MCIONb30BaHUS B
MIPOM3BOACTBEHHBIX MPOLECCAX.

Cxema (pucyHok 1) TO3BONSeT BH3YyaJM3UPOBATH B3aUMOACHCTBHE BCEX
KOMIIOHEHTOB CHCTEMBI M HAIVISTHO ITOKa3aTh H3MEHEHNE YCIOBUI Ha OTHOM M3 ATAIOB
MOXET TOBJIUATH HA BECh MIPOLIECC.

Ha pucysnke 2 6onee neTanbHO MOKa3aHa cxemMa MOLYIS AeKapOOHU3AIHH.

Cxema, npuBeIEHHAs HA PUCYHKE.2 IeTaIU3UPYET NPOLEeCC U3BICUSHHUS YIIIEKHUCIIOTO
rasa u3 IOTOKa JbIMOBBIX razoB. OHa miocTpupyeT mpouecc cbopa CO, n kakue
3NIEMEHTBI 000PYIOBaHHS YYacTBYIOT B 9TOM Ipolecce. Ha cxeme oTpakeHsl:

- 1Ba ajacopOepa, KOTOpbIe MOOYEPEIHO MOAKIIOYAIOTCS K MPOLECCY MOMIOIICHHS
YIJIEKUCIIOTO ra3a, a oCiie HACHIIEHHSI TAKKE IT00UYePETHO MPOUCXOIUT UX PEreHepaLys
co coopom u yrunusanueid CO,;

- CHCTeMa YIpaBJIeHUs KJIallaHAMH - PErYJIUPYIOT MOTOK Taza MeKAy ancopOepami,
KJIarnaHbl OMOTAIOT HANpaBlsTh MOTOK B 3aBUCHMOCTH OT TOTO, Kakoil agcopOep B
JaHHBIA MOMEHT aKTUBEH;

- KOMIIPECCOPBI - CKMMAIOT OYMIIEHHBIH Ta3, paboTas Ha HECKOJIbKUX CTaAUsIX
MOCTENCHHO TMOBBIIIAs JaBlICHHE Tasza, oOecreyrBas ONTHUMAaJbHbBIC YCIOBUS JUIS
HOCIIENYOMEro otaenenus u yruausamuu CO,;

- OJIOK KOHIEHCALMU — 00ECIEeUNBACT OXJIAXKICHHWE CHKATOTO Ia30BOrO IOTOKA H
KOHJICHCAIUs BOASHOIO napa, oraenss sogy ot CO,;

- otBoz ounmieHHoro CO, - HarpaBIAeTCs Ha TaTbHEHITY 0 00pabOTKy U Y TUIIH3ALMIO.

MYNbT YNPEBNEHUA | eennmmemameasaaanns

'
K1 1

n.,....,s.,r..,.. ..... D

Pucynok 2 — Cxema Mopyist ieKkapOOHH3AIMN

Cxema (pUCYHOK 2) MOKa3bIBaeT, KaK MPOUCXOAUT M3BJICUEHHUE YITIEKHCIOro Trasa
Ha KaXJOH CTaauH, KaKue mapameTphl peryaupyroTcs (JaBieHHe, TeMIeparypa) 1 Kak
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B3aUMOJICHCTBYIOT MEXIy COOON KOMIIOHEHTBHI MOMYJs JeKapOOHH3alMU. JTa cxema
nomoraer 0ojee TOYHO aHAIU3UPOBaTh dPPEKTUBHOCTH pabOTHI MOAYJS U BHOCHUTH
HEOOXOIUMbIC W3MEHECHUsS] B BUPTYaJbHOW MOJEIH, TPEkKAE YeM BHEIPSATh UX Ha
pearbHOM 00BEKTe.

Hnmezpayus c OanHvimu peanbHo20 6pemeHu.

WnTerpanus ¢ JaHHBIMU peanbHOTO BPEMEHH - KITFOYEBOH 3Tar co31aHus LUPPOBOTo
JIBOMHHKA, 00ECIIEUHMBAIOIINI CBSI3b MEKAY BUPTYaJIBHOH MOAETBIO M (PU3MYECKUM
00BEKTOM. DTOT MPOLECC BKIIOYAECT HECKOJIBKO B3aMMOCBSI3aHHBIX TaIOB!

[oaxmoueHne qaTInKkoB

Ha ¢usnueckom 000pynoBaHWHM YCTaHABIMBAIOTCS JaTYMKH, KOTOpPHIE COOMpAIOT
JaHHBIC O MapaMeTpax padoThl CUCTEMBL. DTO MOTYT OBITH IOKa3aTeNy TeMIIepaTyphl,
JaBJICHNs], KOHLIEHTPALUHU 3arps3HSIONIMX BEIIECTB, CKOPOCTU IOTOKOB W JpYrHe
napameTpsl. Tak, B CHCTeME€ OYHCTKA BBIOPOCOB JaTYMKW MOTYT H3MEPSTh
koHuenTpauuio CO, Ha KaXK[IOM 3Tale OYUCTKH, TEMIEPAaTypy ra3oBOr0 NOTOKA M
3 PEKTUBHOCTH PUIBTPALIUH.

[lepenaua naHHBIX B peaIbHOM BpEMEHU

CoOpaHHble JaTYnKaMu IaHHbIE IepelaloTcs Yepes CeTh (JIOKaIbHYI0 HITH 00JIaqHYyIo0)
B cucTeMy ymnpasieHus. g unrerpauun ¢ Unity 5TH gaHHBIE MOTYT OBITH NEpeaHbl
B ¢popmate JSON, XML unu uepe3 API, pazpaGoTaHHbIi crielUalbHO A1 KOHKPETHOM
ycraHoBkH. Unity MoaepKMBaeT B3aMMOACHCTBHE C BHEIIHUMH UCTOYHUKAMH JaHHBIX
yepe3 Takue nportokonbl, kak REST wmmm WebSocket, yto mo3Bomser obecneunTsb
Ha/IC)KHBII OOMEH JaHHBIMH B PEKHME PEaIbHOTO BPEMEHHU.

O6pabotka nanssix B Unity.

JlaHHbIE, MOCTYMAIOIIKE OT JATYMKOB, 00pabaThIBAIOTCS BHYTPH «UTPOBOTO» ABHIKKA.
st aToro cozparorcst ckpunThl Ha C#, KOTOpbIe MPUHUMAIOT BXOISIIUE 3HAYCHUS H
npeo0pas3yroT ux st paboThl ¢ BU3YaJbHBIMH M CHUMYJISIIMOHHBIMHA KOMIIOHEHTaMHU.
Hanpumep, n3mMeHeHnE TeMIepaTypbl B pealbHOM 000pYJ0BaHHH MOKET THHAMUYECKH
MEHSITh [IBETOBYIO raMMy 00bekTa B Unity (TEIJIOBYIO KapTy) WM BIMSATH Ha CKOPOCTD
JBIDKEHUS TIOTOKA YacTHUI] B aHUMALHH.

CuHXpOHH3aLHUS TAPaAMETPOB C BUPTYaJIbHBIMU 00BEKTaMHU

[lapameTpsl, MoOJy4YeHHBbIE B pEAJbHOM BPEMEHH, HAMPAMYIO CBS3BIBAIOTCS C
komrnoHeHTamu Mojenu B Unity. Hanpumep:

Hannbsle o xoHueHTpaiuu CO: OOHOBISIOT TOKa3areld B HH(OPMALUOHHBIX
MaHeJsIX, 0TOOpaKaeMbIX MMOJIB30BATEIIO.

W3menenus napneHus B CHCTEME aHUMHPYIOT paOOTy KIIalaHOB HITH KOMIIPECCOPOB.

PeanbHble m3MepeHus TeMIepaTypbl BU3yallU3UPYIOTCSl B BUJE IPaJAleHTa
TEIUIOBOTO W3JTy4YeHHs Ha TpyOax U QUIbTpax.

Co3nanue unrepdeiica 1y MOHUTOPUHTA

Unity no3BoisieT pa3padarbiBaTh ya0OHbIE HHTEPEHCHI ISl BU3yalu3aluy JaHHBIX.
Haskpane oneparopa 0ToOpakaroTcst akTyallbHbIE TOKa3aTeNd, KOTOPbIe OOHOBIISIOTCS B
peansHOM BpeMeHH. {715 ynoOcTBa MOHUTOPUHTA MOTYT OBITH CO3/IaHbI MHTEPAKTUBHBIE
rpaduKH, CXeMbl U TIPEILYNPEKACHUS O BHIXO/IE TTAPaMETPOB 3a JOMYCTUMBIE MTPEAeIbl.
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Peanuzarust CHMyJISIIMHA HA OCHOBE JJAHHBIX

JlaHHbBIE pealbHOTO BPEMEHH HCIOIBb3YIOTCS [T 3aITy CKa CUMYJISIIIAI B BUPTYaIbHOM
cpene. Hanpumep, ecnu nartumku oOHapy:KuBaloT mopbliieHue kKonuentpanuu CO,,
UGpPOBOH TBOWHUK MOXKET MpEACKa3aTh, Kak 3TO TOBIUAET Ha 3((PEKTHBHOCTDH
CHCTEMBI OYHCTKHA U TMPEJIOKHUTH ONTUMAIbHBIC HACTPOHKH obopymoBaHwus. Takue
CHUMYJISIIIUH TIO3BOJISIFOT aHATTH3UPOBATH BO3MOXKHBIE CIIEHAPHH 0€3 PUCKA [Tl PEaTbHOTO
000pYIOBaHHSI.

Oo6parHast cBs13b ¢ HU3NICCKON CHCTEMOIt

ITpu HEeoOXomUMOCTH TM(POBOM TBOWHUK MOXET IMepeaaBarTh JaHHbIE 00paTHO B
peansHOE 000pyIOBaHNE, ABTOMATU3UPYSI KOPPEKTUPOBKY €ro pabotsl. Hanpumep, mpu
obOHapykeHHH CHIKSHUS 3()(HEKTUBHOCTH (QUIBTPOB CHCTEMA MOXET aBTOMATHUECKU
MPEJIOKUTL M3MEHEHHUE TOTOKA ra3a WM TEeMIlepaTrypy, uTo OyaeT MPUMEHEHO B
peanbHON yCTaHOBKE.

OO0ecrieuenne 0€30MaCHOCTH JAHHBIX

Jliist paboThI ¢ TAHHBIME PEATHLHOTO BPEeMEHH Ba)kHA 3aruTa nHpopMaimu. B
CHCTEMe WHTErPaIMy UCTIOMB3YIOTCSI METO/IBI IM(POBAHMUS, KOHTPOJIS JOCTYIa U
PE3ePBHOTO KOTIMPOBAHMS, YTOOBI M30€KATh HECAHKIIMOHUPOBAHHOTO JTOCTYTA UITH
MOTEPH TAHHBIX.

TakuMm 00pa3oM, HCIONB3YEMBbIH MOIXO0A 00ECIEUNBACT HEMPEPHIBHOE OOHOBIICHHE
COCTOSTHUSI BHUPTYadbHON MOMENH, dYTO JefaeT HU(PPOBOH JBOHHUK HE TONBKO
HHCTPYMEHTOM BH3yaH3allid, HO M MOIIHBIM CPEICTBOM aHAIM3a, ONTHUMHU3AIMHA U
yIpaBICHHS MPOIIECCAMHE

Cumynsayus npoyeccos u anaius OAHHbIX

Cumynsaius mMpoIecCoB W aHAIU3 JAHHBIX - OJMH W3 HanboJiee BAXKHBIX ITAIMOB
paboThl ¢ UGPOBBIMU TBOWHHKAMHU, KOTOPHI MO3BONSIET BUPTYATbHO MOICITHPOBATH
pas3IuYHbIC CIICHAPUN PAOOTHI CUCTEMBI, AHATU3UPOBATH UX U IPUHUMATH ONITUMAJTLHBIC
peteHns. DTOT MPOIeCC BKITIOYAET HECKOIBKO KITFOUCBBIX IIIATOB:

Co3nanvie ClIeHAPUEB CUMYITSIUH

Ha ocHOBe MaHHBIX, MOCTYMAONINX OT PEabHON CHCTEMBI UITH 3aIaHHBIX BPYUYHYIO,
pa3pabaTeIBAIOTCS CIIEHAPHH, KOTOPBIC BOCIPOM3BOAAT Pa3IUUHBIC YCIOBUS PabOTHI.
Hampumep, B crcTeMe OYUCTKH BHIOPOCOB MOXKHO MOJICTUPOBATH:

V3MeHeHusT CKOPOCTH MOTOKA Ta3a.

Cumxenve 3G HEeKTHBHOCTH SIIEKTPOPUIBTPOB M3-3a 3aTPSI3HCHUH.

ABapuiiHbIe CUTyalllH, TAKUE KAK TIEPErPeB WK yTeUKa rasa.

Hcnonb3oBanne GU3MYSCKUX MOIEIEH

JI1st CUMYJISIIIAN TTPOIIECCOB MPUMEHSIOTCSI MATEMATHYCCKUE U (PU3HYESCKHE MOJICITH,
OTHCHIBAIOIINE peaibHbIC sBIeHus. Hampumep:

MaccoBbIif ¥ DHEPreTUYEeCKH OamaHchl — ISl pacdyera JBUKECHUS BEIIeCTBA W
9HEPTUU Yepe3 CHCTEMY.

3aKOHBI A3POANHAMUKN — JJIs1 MOJICTUPOBAHUS MTOTOKA Ta3a, UCTIONb3Ys YPABHEHHUS
Hasre-CTtoKkca.

XuMHUUYECKUE Peakiui — Ui aHaan3a 3(p(HEeKTUBHOCTH KATATUTHICCKOW OUHUCTKH
rasos.
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Ot pacuersl peanusytorcss B Unity ¢ momompbio ckpuntoB Ha C#, KOTopble
JUHAMHUYECKH OOHOBIISIOT MAapaMeTPhbl CHMYJISLIUH.

Busyanusauus npoueccos

Cumynsus CTaHOBUTCS HarsiAHOW Onaronapst Bu3yasubHbIM 3 dextam. Unity
MO3BOJISIET OTOOPaXKAaTh:

[ToToku raza B BUJe 4acTHL C aHUMaLlUEH, IEMOHCTPHUPYIOLIECH NX HANpaBICHUE U
CKOPOCTb.

V3meneHnne KOHIEHTPALUK BEIIECTB, UCTIONb3Ys TEIUIOBbIE KApThl MM TPaJUCHTHI
LBETA.

JIBr>KeHHe KOMITOHEHTOB CHCTEMBI, TAaKMX KaK KJamaHbl, KOMIPECCOPHl WM
(UIBTPBI.

Ilposedenue ananuza OanHvix

Hnst cozmanmst nambopaos B Google Sheets qanHble OpraHu3yroTes: B TabnuLax, rae
OHHU TPYNIHPYIOTCS 1O KaTeropusiM. DTO MOTYT OBbITh BPEMEHHBIE Psiibl (HampuMep,
CBSI3b MOKa3aTesiel ¢ BpeMEHHBIMH METKaMH ) WJIM arpernpoOBaHHbIEC PE3ybTaThl, TAKHE
Kak cpenansisi koHueHtpauusa CO: 3a cytku. s ynpomeHus paboOThl ¢ JaHHBIMH
CO3JAI0TCSl OTAEJbHBIC BKJIAAKH JUIS Pa3lIWYHbIX THIOB HH(OpMAlWH, TaKHX Kak
«OddexruBHOCTH PUABTPOBY, « Temneparypa cucremb» win «IloTok razay.

Ucnonesyrorcss GopMynbl W CBOXHBIE TaOMHMLBI JISi BBIYMCICHHS KIFOUEBBIX
nokazareneil. Hanpumep, cpenHsii 3(PQEKTUBHOCTH CHUCTEMBI PACCUMTBHIBACTCS
¢ mnomompio ¢opmyiasl =AVERAGE (range), a wu3MeHeHHs MapaMeTpoB - ¢
HCTIOJIb30BAHUEM PA3HOCTH TEKYILETo W MpeAblayiero 3HadeHnid. CBOIHbIE TaOIHLIBI
MIOMOTAIOT CTPYKTYPUPOBATh U aHAJIM3UPOBATh JaHHBIE, TPYNITUPYs UX IO BPEMEHHBIM
WHTEpBaJiaM, JaTe WIN TUITy Ipolecca.

Hns Buzyanmzaumn uHpopmaumun B Google Sheets cozgarorcs auarpamMel.
Jluneitaple TpaduKU HCHONB3YIOTCS AJISl OTCIEKHBAHUS M3MEHEHUH HapamMeTpoB C
TEUEHHEM BPEMEHH, CcToJ0uaTble TuarpaMMbl — it CpaBHEHHS d((GEKTUBHOCTH Ha
pasHbIX CTaiMAx, a KPyroBble — Il aHaJlM3a paclpelelieHns dHeprosarpar. JTH
rpadMKi HACTPAUBAIOTCS C YUE€TOM LIBETOB, TIOAMUCEH U JIET€H/I, YTOOBI C/IeNaTh JaHHbIE
OoJiee MOHATHBIMH.

Ha otnenbHOl BKIIagike OOBEIUHSIOTCS KIIIOUEBBIC 3JIEMEHTHI, TaKHe KakK rpaduku u
TabnuLbl, B (hopMe BU3yallbHOTO Aambopaa. s Jydiero BoCOpusiTis 100aBIsIOTCS
TEKCTOBBIE AHHOTALIMU, OTMETKU O MPEBBIIICHUH JOMYCTUMBIX HOPM M yKa3aHUsl Ha
OTKJIOHeHHUs. Takoi MmoAxon MO3BOMSET OBICTPO aHAIM3UPOBATH AAHHBIC U BBIABISTH
Ba)KHbIE TCHICHLIUH.

Jnsi moAroToBKM JaHHBIX it cumymsinun B Unity coOupaercs uHpopmanus,
MOCTYMAIOMIAs OT JaTYNKOB WIIM MOACTHPYEMas B «ABHKKE», HAPUMED, KOHIICHTPALIHS
CO,, cKOpOCTh OTOKOB M TEMIEPATypa. DTU JaHHble ((UKCHPYIOTCS B BHJIE MaCCUBOB
uin TaOluI U MOTYT OBITH COXPAHEHBI JOKAIbHO JHOO OTHpaBlieHBl B OONaduHOE
XpaHWJIHILIE Uil AajbHedero aHanu3a. Unity mo3BojsieT KCIOPTUPOBATh NaHHbBIC B
Google Sheets, ucronbsyst API-untepdeticsl mnu naterpamnuto ¢ Google Sheets API for
Unity. C moMouipto 3Tol OMOIMOTEKN AaHHBIE, TAKUE KaK MOKa3aTeld TEeMIIepaTyphl,
JaBieHus: 1 9PPEKTUBHOCTH QHUIBTPOB, IEPEAAIOTCS B 3aJaHHBIC AUAA30HbI TAOJHII.
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®dopmar ornpasku naHHbIX B Google Sheets uepes Unity:

using Google.Apis.Sheets.v4;

using Google.Apis.Sheets.v4.Data;

dopmar ornpasku n1aHHbIX B Google Sheets:

private void SendDataToGoogleSheet(string spreadsheetld, string range,
IList<IList<object>> data){var request = new ValueRange { Values = data };

var  updateRequest =  sheetsService.Spreadsheets. Values.Update(request,
spreadsheetld, range);
updateRequest. ValuelnputOption = SpreadsheetsResource. ValuesResource.

UpdateRequest. ValuelnputOptionEnum.RAW;

var response = updateRequest.Execute();

OtoT mponecc mo3BoiseT APPEKTUBHO CHHXPOHU3UPOBaTh AaHHble u3 Unity c
tabimmuamu Google Sheets, 4To AenaeT UX TOCTYIHBIMU JUIS aHATTU3A U BU3YaTU3aLUH.

Tecmupoganue arbmepHamuHvIX peuleHull

CuMynsIysi TO3BOJIIET BUPTYaJIbHO MPOTECTUPOBATH pPA3IMYHBbIE HACTPOMKH
000py/IOBaHMS M TEXHOJIOTHH OUUCTKU. Hampumep:

OneHnTh, Kak WCIOJIb30BAaHHE HOBOTO THIIA Karajau3aropa TIOBIHSICT Ha
3¢ (HEeKTUBHOCTD.

[IpoBepuTh, Kak M3MEHEHHE CKOPOCTH IMOTOKA Ta3a MOBIHsCT Ha 3(PPEKTUBHOCTh
(buBTpanuy ¥ SHEPrornoTpedIcHHE.

MogenupoBarh pasjvyHbIe CLIEHAPUHU, TaKue Kak pocT kKoHueHTpanuu CO: uiau
BBIXOJ] M3 CTPOSI OJJHOTO M3 KOMITOHEHTOB.

Onmumuzayus npoyeccog

Ha ocHoBe aHanm3a JaHHBIX BBISBISIIOTCS Y3KHE MECTA U ONTHMaJIbHBIE
napameTpsl paboThl cucteMsl. Hampumep:

MoOXHO HAaWTH ONTUMAJILHYIO TEMIIEPATypy WIIM JaBJIEHHUE 1Jisi paboThl (PUIBTPOB.

Omnpenenuth,  Kakol  peXUM  pabOTBl  KOMIIPECCOPOB  MHHUMH3HPYET
9HepronoTpedlieHre NP MaKCUMaIbHON 3P PEKTUBHOCTH.

DTOT 3TaI II03BOJISET yFHY6I/ITI: MOHMMAaHHWE NPOTCKAIUX MTPOUECCOB, IOBBICUTH UX
3(1)(1)GKTI/IBHOCTL, MHUHHUMU3UPOBATHL PUCKU U o0ecreunTh HaJACKHYIO pa60Ty CHUCTEMBI
o4HuCTKH. Mcmonp30BaHuE Unity KakK HJ'IaT(i)OpMLI A CUMYJSINUKW AC€JIacT IMpouecce
HUHTCPAKTUBHBIM, BU3YAJIbHO NOHATHBIM U JICTKUM [JIS1 aHAJIM3a

3akiaouenue

B pabore mnoapoOHO paccMOTpPEeH TIPOIECC TOCTPOCHUS M HCIOJIb30BAHUS
MaTEeMaTHYeCKUX MOJENeH, a TakKe HACTPOMKH B3aMMOACUCTBUI M BU3YaIbHBIX
3¢ (eKTOB Il HATVISIIHOTO OTOOpPa)XCHUsI BCEX ATAIOB MPOIECCa OYUCTKU JIBIMOBBIX
ra3oB IPOMBIIUICHHBIX npeanpustuii. VcnonszoBanue Unity aist pa3paOOTKH TaKHX
MOJIeJIeH MO3BOJISIET HE TOIBKO YIYUIINTh BU3YyaIbHOE MTPEJICTABICHUE PA0OTHI CUCTEMBI
OYHMCTKH B LIEJIOM, HO U CO3/aTh yA0OHBIC HHCTPYMEHTHI JIJIi MOHUTOPUHTA U aHAJIK3a
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JTaHHBIX B peaJbHOM BpEMEHU. DTO, B CBOIO O4EPE/Ib, TIOMOXKET OTlepaTopaM 1 HHKEHEpaM
ObIcTpee MPUHUMATh OOOCHOBaHHBIC PEUICHHUS MO YIyYIIEHHIO (PyHKIMOHUPOBAHUS
CHCTEMBI, MPOTHO3MPOBaTh €€ TMOBEICHHE NPH Pa3TUYHBIX CIEHApUSX PabOTBl U
MpeaOoTBpaIlaTh NOTCHIUAIBHBIE COOH.

Pestomupysi, HEOOXOOUMO OTMETHTh, 4YTO CO3JaHHE UHU(POBBIX JBOWHHKOB
JUI CUCTEM OYMCTKM M yiaBiauBanus yriaekucnoro rasa (CO,) B Unity OoTKpbIBaeT
LIMPOKKE MEPCIEKTUBEI 151 TOBBIIEHUS 3(QEKTUBHOCTH MTPOMBIIUICHHBIX TIPOLIECCOB
W yOydlleHHs OHKojorudeckod cutyaumud. C TOMOIIBIO IUQPOBBIX MOJeNeH,
MOAKPEIUICHHBIX (PU3NUECKUMH U XUMHUECKUMH pacueTaMH, BO3MOXHO 0oJiee TOUHO
CUMYJIPOBaTh CJIOXKHBIE MPOLIECCHI, TPOUCXO/SAIINE B YCTAHOBKAX IS OUUCTKH Ta30B,
OLIEHUBATh UX MPOU3BOAUTENBHOCT U ONPEAEIATH BOBMOKHOCTH AJIs1 ONITUMHU3ALNH.

[Ipumenenne nUGPOBBIX JBOWHUKOB B OOJNIACTH HKOJOTMYECKOTO WHKUHHPHHIA
U TPOMBILUICHHBIX TEXHOJOTWH MMEET 3HAYUTEIbHBIM MOTEHIMAN sl JalbHeHIero
pa3Butus. OHU O3BOJISIFOT UCCIIEA0BATh U TECTUPOBATH HOBBIE OAXOABI K YJIaBIUBAHUIO
CO, 1 1pyrum mpoueccam O4UCTKH, YTO CIIOCOOCTBYET COKPAIEHUIO BEIOPOCOB M MO/
Jep KaHUI0 9KOJOTHYecKoro O6ananca. B ycnoBusx ro0aibHBIX YCHIIHIA MO CHIPKEHHIO
BO3/IEHCTBHUS HA OKPYXKAIOIIYIO CPEAY, TAKHE TEXHOJIOTHUH I0JIKHBI CTaTh HEOThEMIIEMON
YacThI0 YCTOMYMBOTO Pa3BUTHS IPOMBILIICHHOCTH M OOIECTBA B LICJIOM.

B nepcrexktuse, nanbHENIINE UCCIEI0BAaHUS MOTYT COCPEAOTOUNUTHCS Ha OLIEHKE
9HEpro3arpaT u SKOHOMHUYECKOH 3 dexTuBHOCTH, TpuMeHeHnH VR/AR anst oOyueHus
W aHanu3a, a Takke Ha uHTerpauuu ¢ loT mjIst MOHMTOpPHHIAa COCTOSIHUSI CUCTEMBI B
peanbHOM BpPEMEHH. DTH HalpaBlIeHUs MO3BOJIAT MOBBICUTH TOYHOCTH M MOJE3HOCTH
IU(POBBIX ABOHHUKOB AJISl IPOMBIIIJICHHOTO PUMEHEHHSI.
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