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B 2016 rogy mist pa3BUTHS U YAYYIICHUS Ka9eCTBA )KU3HHU Ka3aXCTAHIIEB OBLT
CO3J1aH YacTHBIN briarorBopuTenbHbIH HOHT « XaTbIK». 3aTOIBI CBOCH eI TETHPHOCTH
Ha pealln3aluio OJaroTBOPUTEIIBHBIX IPOCKTOB B 001ACTSIX 00pa30BaHus U HAYKH,
COLIMANIbHOM 3allMThI, KYJBTYPBI, 3APaBOOXpaHEHUs] U cnopra, POoHA BBLACTHI
Oonee 45 MUITHAP/IOB TEHTE.

Ocoboe BHuUManue brnarorBopurenbueli  GoHn  «Xadblk»  yaenseT
00pazoBaTeNbHBIM IPOrpaMMaM, CUUTas 3TO HANpaBlICHHE OJHUM U3 KIIFOUEBBIX
B cBoell aesrenbHOCTH. OKa3biBasi MOAJEPIKKY OTEUYECTBEHHOMY OOpa30BaHMIO,
@DoH1 BHOCUT CBOW MOCWJIBHBINA BKJIaJ B Pa3BUTHE KAuCCTBEHHOI'O 00pa30BaHUs
B Kazaxcrane. Tem caMbiM crmocoOCTBYSl pOCTy 4YHcia JIIOAEH, CIIOCOOHBIX
MEHSTh KU3Hb B CTpaHe K JydleMy — NpodecCHOHAIOB B pa3IMuHBIX cdepax,
MOTCHLIUANBHBIX JIMACPOB U «BEIUKUX YMOB». ONHOW M3 3HAYMMBIX WHULIMATUB
¢donaa «Xansik» B 00pa3oBarenbHol cdepe cran npoekT Ozgeris powered by Halyk
Fund — nepBsrii B cTpane 6nzHec-nHKyOaTop utst ydamuxcs 9-11 kmaccoB, KOTOPBIT
MIOMOTaeT Pa3BUBaTh HEOOXOANMBIC B COBPEMEHHOM MHpE NMpeIIpUHIMATEIbCKHIE
HaBbIKU. Tak, Ha cozelicTBHE MaJloMy OM3HECY HIKOJILHUKOB OBIIO BBIZIEJICHO Oosiee
200 rpanrtoB. [y noanep:KKW TaJaHTIMBBIX U MOTHBUPOBAaHHBIX JeTed DoHn
HEOHOKPATHO BBIACIISUI TPAaHTHI Ha 00yueHue B MextyHapoIHoH mkoie « Mupacy»
u B Astana IT University, a Take MOMOT' Ka3aXCTaHCKHM HIKOJIbHUKAaM NPHUHATH
ydactue B mpectmxkHoM kKoHkypce «USTEM Robotics» B CIIA. Aropckue
paboTsI B pamkax npoekTa « Tamimrepy», koropomy DoHJ 0Ka3ail NOAICPKKY, JICIIIN
B OCHOBY y4yeOHOW MpOrpaMMbl, Y4EOHHKOB M Y4E€OHO-METOIMYECKHUX KHHI IO
npeaMeTy «OCHOBBI IpeIIPUHIMATEIbCTBA U On3HEecay, npenogasaemoro B 10-11
KJIaccax Ka3axCTaHCKMX LIKOJ M KOJIICIKEH.

[ToMuMO moOMOIIM MIKOJIBHUKAM, YYallUMCsl KOJUIe/Ked u cryneHTamM DoHp
CUUTAET BAXHBIM BHECTH CBOH BKJIaJ B MOBBINICHUE KBAJIM(HUKALNU MEaroros,
COBEPLICHCTBOBAHHE MX 3HAHWH M HABBIKOB, MOCKOJIBKY MMEHHO OHH SIBJISIOTCS
MPOBOAHMKAMM 3HAHWH OyaylIMX MOKOJICHMH Ka3axcTaHieB. [Ipu momnepikke
doHma «Xanplk» B KOKHOH CTONHWIE OBUT OpPraHW30BaH €XKETOIHBIN TOPOICKOM
KOHKYpc neparoros «Almaty Digital Ustaz.

BaxxHo#il MHMUIMATHBOM CTaJl peaau3yeMblii MPOEKT M0 OOYYEHHIO OCHOBAM
(MHAHCOBOM TPaMOTHOCTH IpenojaBaTesiedl U3 BocbMM obnacteil Kazaxcrana,
YTO JOJDKHO OKa3aTh CYIIECTBEHHOE BIMSHHE Ha BOCIHMTAaHHE (PUHAHCOBON
PaMOTHOCTH M IPEAIPHUHUMATEIBCKOTO MBILIJICHUS Y HOBOT'O OKOJICHUS TpaskAaH
CTpaHBbI.



HeoOxomumyto nomomps @onp «Xallblk» OKa3bIBa€T U TEM, KTO OCOOECHHO
OCTpPO B HEHl Hykmaercs. B pamkax coluanpHON 3aIlIMTBHl HACEJICHUS aKTHBHO
MpoBOAXTCS paboTa MO MOAJEPIKKE AETeH, ocTaBIIMXCs Oe3 poxuTenel, AeTei u
B3POCIBIX U3 COLMAIBHO YS3BUMBIX CIIOCB HACEJICHHUS, JIOACH C OrpaHMYCHHBIMU
BO3MOJKHOCTSIMH, @ TaKXe 00CCIICUCHHIO HYKAAIOMINXCS COLHMAJIbHBIM KHUIBEM,
CTPOUTENILCTBY COLIMAJIbHO BaKHBIX OOBEKTOB, TAKUX KaK JAETCKUE CaJlbl, AETCKUE
TUIOIIAAKH U (PU3KYIBTYPHO-0310POBUTEIBHBIC KOMITJICKCHI.

B xonmnky 106psix gen @onaa «Xasblk» MOKHO 100aBUTh OKa3aHUE TOMOLIH
JETCKOMY CHOPTY, KyZa OTHOCHUTCS IMOJJICP’KKa B Pa3BUTHU ACTCKOro ¢gyrdoia u
Kapate B Hauel crpane. JKu3HEHHO BasKHYIO ITOMOIb biiaroTBOpUTeIbHbIN (GOH
«XanpIK» OKa3aJl HalllUM COOTEYECTBEHHMKAaM BO BpeMsl HEIaBHEH MaHICMUU
COVID-19. Torga, B pasrap Tsbkenoil OopsObl ¢ KOpOHaBUPYCHOW MHQeKuuei
®onpx Bbtenun cBbimie 11 MWIIMAapIOB TEHre Ha MPHOOpETeHHEe HEeOOXOIUMOro
MEIUIUHCKOTO OOOPYAOBaHMS M JOPOTOCTOSIIMX MEAMLHMHCKUX Ipernaparos,
aBTOMOOWJICH CKOPOM MEIUIMHCKOM MOMOIIM M CPEACTB 3aIlUTHI, aJPECHYIO
MaTepraibHyI0 MMOMOIIL COLMANBHO YS3BHMBIM CJIOSM HACEICHHUS U JCHEKHBIC
BBIMJIATHl MEJUIMHCKUM PAOOTHHUKAM.

B 2023 rogy napsimy ¢ OIpyruMH MpPOEKTaMH, HALICNEHHBIMH Ha MOBBILICHUE
071arocOCTOSHUS Ka3aXCTaHCKUX IpaskaaH QOH pelu yIeIuTh 0co000e BHUMaHNE
HayKe, TIOCKOJIbKY OHa SIBJISIETCSl 4aCThIO OOIIECTBEHHOM KYJIBTYpHI, @ YPOBECHb €€
Pa3BUTHS ONPEACISIET YPOBEHb PA3BUTHUS TOCYIapCTBa.

[Monnep:xka @oHIOM BbIMycKa KypHanoB HamumonanbHOM AkaneMuu Hayk
PecnyOnukn KazaxcTtaH, KOTOpble BXOAAT B MEXAyHaponuHble (OHABI Scopus u
Wos 1 B KOTOPBIX IMYOJHMKYIOTCS CTaTbH OTEYECTBEHHBIX YUYCHBIX, JOKTOPAHTOB
W MarucTPaHTOB, a TAK)KE HAyYHBIX COTPYIHHKOB BBICHIMX Y4YeOHBIX 3aBEeICHMI
W HayYHO-HCCJIEOBATEIbCKUX MHCTHUTYTOB HAIICH CTpaHbl SIBISIETCS HE MEHEE
3HAYUMBIM BKJIaioM DoH/Ia B pa3BUTHE Ka3aXCTaHCKOTO OOIIECTBRa.

C yBaxkenmnewm,
BbaarorBopurenbHblii ®oHa «XaabIK»!
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BAC PEJAKTOP:
BEHBEPUH Banepuii BacuibeBny, MeIuIMHA FUIBIMIAPBIHBIH TOKTOPEL, Tpodeccop, KP YFA akanemuri,
Kaszakcran Pecryonukacer [lpesunenti Ic Backapmackl MeauuMHAIBIK  OPTaIbIFBIHBIH - IUPEKTOPbI  (AJMaThl,
Kasakcran), H=11

PEJAKIUAJBIK AJKA:

PAMA3AHOB Tinexka6b11 CoouTYIbI, (6ac peJakTOpABIH OpbIHOacaps!), GH3HKa-MaTeMaTHKa FhUIBIMIAPBIHEIH
Jnoktopsl, ipodeccop, KP ¥FA akanemuri (Anmvarel, Kazakcran), H =26

PAMAHKYJIOB Epnan Mupxaiizapyibl, (6ac permakrtopasiH opbiHOacapel), mnpogeccop, KP  YFA
KoppecroHaeHT-Mmy1eci, Ph.D GHoXuMus jKoHE MOJIEKYIAbIK TeHETHKA calachl OOMbIHINA YIITTHIK OHOTEXHOIOTHS
opraibrbiHbH 0ac aupekrops! (Hyp-Cyinran, Kazakcran), H =23

CAHTI'-CY Ksak, PhD (6uoxumust, arpoxumust), mpodeccop, Kopeit GHOFBUIBIM KoHE OHOTEXHOIOTHS FEUIBIME-
3eprrey uHCTHTYTEI (KRIBB), ecimMuikrepiH HIKeHEpIiK jKyHenepi FHUIBIMU-3€PTTEY OPTabIFBIHBIH 0ac FHUIBIMI
kpi3MeTkepi, ([]puon, Kopes), H =34

BEPCIMBAEB Paxmerkaxbl Eckenipy/ibl, Ononorus reUIbIMAApPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
axangemuri, Eypasus ynrteik yausepeunreri. JLH. l'ymunes (Hyp-Cyiran, Kasakcran), H= 12

OBUEB Pygar, Texuuka rFbUIbIMIapbIHBIH JOKTOpbI (Oroxumus), npodeccop, Cankr-IlerepOypr MeMIIeKeTTiK
TEXHOJIOTHSUIBIK, MHCTUTYTHI «XUMISUIBIK JKOHE OMOTEXHOIOIMSUIBIK alIlapaTypaHbl OHTaMIaHABIPY» Ka(eapachIHBIH
menrepyiici, (Cankr-ITerepOypr, Peceit), H= 14

JIOKIIHNH Bstuectas HoranoBmu, MeauiHa FBUIBIMAAPBIHBIH JTOKTOPEI, Ipodeccop, KP YFA akamemuri,
«PERSONAY xaJbIKapasblK KIMHUKAIBIK PENPOLYKTONIOTUsl OPTANIbIFBIHBIH AUPEKTOpbI (Anmarsl, Kazakcran), H = 8

CEMEHOB Baagumup I'puropbeBuy, Oronmorus FbUIBIMAAPBIHBIH JOKTOpBL —mpodeccop, UYysamr
pecryOniKachIHBIH €HOCK CIHIPreH FhUIBIM Kaiipartkepi, «UyBarl MEMJICKETTIK arpapiiblK YHUBepCHTETD Denepanabik
MEMJICKETTIK OIO/DKETTIK JKOFaphl OinmiM Oepy Mekemeci AKYILIEpIK oHE Teparus KaeIpachIHbIH MEHIEpYILICi,
(Yebokcapsr, Peceit), H =23

DAPYK Acana [lap, Xamaap ans-Mamkuna Xamaap)i yHUBEPCHTETIHIH IIBFbIC MeUIMHA (axyisreTi, [Ibrpic
MEIUIMHACKI KOJUTe/KiHIH npodeccopsl, (Kapauw, [Tokicran), H =21

HIENETKHWH Urops AsexcanipoBHY, MEIHIMHA FEUTBIMAAPBIHBIH JOKTOPbI, MOHTaHa ITAThI YHUBEPCUTETIHIH
npodeccops! (Monrana, AKII), H=27

KAJIAH/IPA IIberpo, PhD ({pusuka), HAHOKYPBUIBIM/IBI MaTepUaIap/bl 3ePTTEY HHCTUTYTBIHBIH TPOGECccopb
(Prv, Utamus), H =26

MAJIBM Amnna, dapmaneBTrKa FEUIBIMAAPBIHBIH JOKTOPSI, Ipodeccop, JII0OIMH MenuimHa yHUBEPCHTETIHIH
(bapmanepTika daxyasTeTiHiH AekaHsl (JIoomin, [onsma), H =22

BAUMYKAHOB [lacran Acbl10eKy.ibl, aybUl IIAPYaIIbUIbIFbI FRUTBIMIAPBIHBIH T0KTOpBI, KP ¥FA koppecrnon-
JIeHT Myleci, "Mail mapyanibuibFbl KoHE BETEpUHAPHS FhUIBIMU-OHIPICTIK opTaibibl" XKIIC man mapyaibuibEbl
JKOHE BETCPHHAPNBIK MEAVIMHA JerapTaMeHTiHiy Oac reumbivu KpiMertkepi (Hyp-Cynran, Kasaxcram), H=1

TUTUHSAHY Uon MuxaiisioBuy, (hr3nka-MareMaTika FbUIbIMIAPBIHBIH JJOKTOPBI, akaieMuk, Mosjosa Futbiv
AKaJIeMISICBIHBIH TIpe3uaeHTi, MolioBa TexHUKaIBIK yHIBepcuTeTi (Kummues, Monnosa), H = 42

KAJIMMOJIJAEB Maxkcar Hypominyibl, Qusnka-MaTeMaTHKa FhUIBIMAAPBIHBIH JOKTOPEI, Tpodeccop, KP
YFA axanemuri (Anmvarsl, Kazakcran), H="7

BOLIKAEB Kyanraii Arasbiyjibl, Ph.D. Teopusinbik xoHe sSaposblK (GU3MKa KaderpachiHbIH JOLEHTI, -
®Dapabu areigars! Kazak Ttk yHEBepeuTeTi (Anvarsl, Kazakcran), H = 10

QUEVEDO Hemando, ipoceccop, SIaporbIk FeuibiMaap HHCTHTYTH! (Mexuko, Mekcrka), H =28

JKYCIIIOB Mapar AG:kaHy/bl, (U3MKa-MaTeMaTHKa FHUIBIMIAPBIHBIH JOKTOPBI, TEOPHSUIBIK JKOHE SIPONIBIK
¢uzmka kadeapacsHbIH mpodeccopsl, an-Papadbu arbimars! Kasak yiTTeik yausepeureTi (Anmarsl, Kazakcran), H=7

KOBAJIEB Aunexcanap MuxaiiiioBuy, (r3ika-MareMarnka FhUIBIMIAPBIHBIH JOKTOpbI, YKkpanHa YFA
akazemuri, KoinanOasl MaTeMaTika skoHe MexaHuka MHCTUTYTHI (JloHenk, Ykpanna), H =15

TAKUBAEB Hypranu Kabarayiibl, (u3ika-MaTeMaTHKa FHUIBIMAAPBIHBIH JIOKTOPBI, mpodeccop, KP ¥YFA
axagemuri, on-Papabu aremHpars! Kazak yiTTeik yHuBepeuteti (Anmarsl, Kasakeran), H=5

XAPUH Cranncnas HukonaeBnu, (usnka-mMareMarvka FBUIBIMIApBIHBIH JOKTOPEL, mpodeccop, KP YFA
axagemuri, Kasakcran-bpuran texuukansik yHuBepeuteti (Anmarsl, Kasaxcran), H= 10

JABJIETOB Ackap EpOynanoBud, ¢u3nka-MareMarika FbUIBIMIAPBIHBIH JOKTOpbI, mpodeccop, KP YFA
akazemuri, an-Oapadbu  arsiaare! Kazak yiarTeik yHuBepeuteti (Anmvarel, Kazakcran), H= 12
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TOKJAJIBI 2024 ¢ 1
HALII/IOHAHBHOﬁ AKAJIEMHUUN HAYK PECITYBJIMKHN KA3AXCTAH

TJIABHBIMA PEJAKTOP:
BEHBEPHH Bauepuii BacuiibeBu4, TOKTOp MEIMIMHCKUX Hayk, mpodeccop, akagemuk HAH PK, mupexrop
MemuumHckoro neHtpa YipasneHust jienamu [pesunenta Pecrryonuku Kasaxcran (Anvarst, Kasaxcran), H= 11

PEJAKINUOHHASYA KOJJIET US:

PAMA3AHOB Tiekkaya CabuToBUY, (3aMECTHTEIb IIABHOTO PENAKTOpA), JOKTOP (DPH3MKO-MaTeMaTHuecKuX
Hayk, npodeccop, akagemuk HAH PK (Anvarsl, Kasaxcran), H =26

PAMAHKYJIOB Epian Mupxaiinapsud, (3aMeCTHTENb NIABHOTO PEIAKTOpa), npodeccop, wWieH-KopPeCoHIeHT
HAH PK, Ph.D B obnact OHOXMMUM ¥ MOJEKYJISIPHOW TeHETHKH, [eHepaitbHblil aupextop HarmoHanbHOTO IIeHTpa
ouorexnonoruu (Hyp-Cynran, Kazaxcran), H =23

CAHTI'-CY KBak, nokrop ¢unocoduu (Ph.D, Gnoxnmusi, arpoxumus), mpodeccop, IIaBHbII HayqHbIiT COTPYITHHIK,
HayuHo-uccnenoBarebekuil LEHTP MHKEHEPHBIX cUcTeM pacTeHni, Kopelickuii HayuHO-UCCIe0BaTeNbCKU HHCTUTYT
ouonayku u ouorexnonoruu (KRIBB), (I»4on, Kopest), H = 34

BEPCUMBAEB Paxmerka:u MckeHIHPOBHY, TOKTOp OHONOrHYECKUX Hayk, mpodeccop, akanemuk HAH PK,
EBpasuiickuii HarmoHanbHbli yausepcurer um. JLH. T'ymunesa (Hyp-Cynran, Kazaxcran), H= 12

ABUEB Pydart, noxrop TexHIYeCKHX Hayk (Omoxumins), mpodeccop, 3aBemyronmii xkadenpoi «OnTHmMusarms

XUMHYECKOW M OHOTEXHONIOTHYECKO anmaparypb», CaHkT-IletepOyprekuii rocy1apCTBeHHbIN TEXHONIOTHYECKUIA HHCTH-
TyT (Cankr-IlerepOypr, Pocenst), H = 14

JIOKIIIUH Bsiuecia HoranoBu4, JTOKTOp MEIMIMHCKHX Hayk, npodeccop, akanemuk HAH PK, mupexrop
MexayHapOIHOTO KIMHIYECKOro neHTpa penponykroioray «PERSONAY (Amvarst, Kazaxcran), H=8

CEMEHOB Buiagumup I'puropseBud, JOKTop OHOJIOrMHYECKUX HAyK, MPOQEccop, 3aciTy KeHHbIN IeSTelb HayKH
Yysarckoii PecryOnuku, 3aBeyroriiiii kadeapoit Mopdosoriu, akyiepeTsa 1 tepaniu, OeepaabHoe rocyIapcTBEHHOS
OlomKkeTHOE 00pa3oBaTebHOE YUPEKICHHE BBICIIErO oOpazoBaHmst «UyBamICKMil TOCYNApCTBEHHBINH arpapHbIil
yausepcute» (Yebokcapsl, Uysarickas Pecrryonuka, Poceust), H =23

DAPYK Acana Jlap, npodeccop Kortemka BocTouHOH MemuimHbl Xamaapaa anb-Majpkusa, (HaKyisTeT Boc-

TOYHOM MeaniIHbl YHuBepeuTera Xamuapaa (Kapaun, [Takucran), H=21

MIENETKHWH Hrops AnekcaHApoBHY, IOKTOP MEIMIMHCKUX HayK, podeccop YHUBepcHTeTa mrara MoHTaHa
(CILIA), H=27

KAJIAH/IPA Isetpo, roxrop dunocoduu (Ph.D, dusuka), npodeccop UHCTHTYTA 10 M3yUCHHIO HAHOCTPYKTY-
pupoBanHbIX Marepuaio (Pum, Utamms), H =26

MAJIBM AnHa, 1oKkTOp (hapMareBTHUeCKUX Hayk, Ipodeccop, ekaH (apMareBTHdeckoro haxynsrera JIroomm-
CKOro MeJIMIMHCKoro0 yHuBepeuTera (JIro6mun, [Monbnra), H = 22

BAUMYKAHOB Jlacranfexk AcbLIGEKOBHY, JIOKTOP CEIbCKOXO3SHCTBEHHBIX HAyK, YICH-KOPPECIIOH/ICHT
HAH PK, maBHblil HayuHbIH COTpYIHUK JlenapraMeHTa »KUBOTHOBOJCTBA M BeTeprHapHOi Meuimubl TOO «HayuHo-
TIPOU3BOICTBEHHEII LIEHTP KUBOTHOBOZCTBA U BeTepunapmin (Hyp-Cyiran, Kasaxcran), H=1

TUTUHSIHY Won MuxaiisioBu4, 10KTOp (GU3MKO-MaTeMaTHueCKUX HayK, aKaJIeMUK, PE3UICHT AKaIeMUU HayK
Moniobl, Texuuueckuii ynusepcurer Monoss! (Kuinxes, Moiosa), H =42

KAJIMMOJIJAEB Maxkcat HypaanioBud, TOKTOp (pU3HKO-MareMaTHIecKHX Hayk, IIpodeccop, akagemuk HAH
PK (Anmarsl, Kazaxcran), H="7

BOLIKAEB Kyanraii ABraszpieBuy, noktop Ph.D, npenonaaresb, 101EHT Kadenpbl TEOPETUUECKOM U SIePHOM
m3uku, Kasaxckuii HalMOHaIBHBINA YHUBEpCHTET MM. ainb-Dapabu (Anmmarel, Kasaxcran), H= 10

QUEVEDO Hemando, nipodeccop, HarmonansHeiii aBroHomHbIH yHUBepcHTeT Mekcuku (UNAM), UHcTutyT
sinepHbIX Hayk (Mexuko, Mekcuka), H =28

JKYCYIIOB Mapar A6:kanoBHY, TOKTOP (PH3HKO-MaTeMaTHICCKUX HayK, Ipodeccop Kaheapbl TEOPETHIESCKON i
snepHoit pnsnku, Kasaxcknii HarpoHanbHbIH yHHBepcHTeT nM. anb-Dapabu (Anmvarer, Kasaxcran), H=7

KOBAJIEB Aunexcanap MuxaiiioBud, JOKTOp (H3HKO-MareMaTH4ecKuX Hayk, akagemMuk HAH VkpauHer,
VHCTHTYT NPUKNIaHOM MaTeMaTHKy 1 MexaHuky (JloHenk, Yikpauna), H=5

TAKUBAEB Hypraan JKa6araeBud, JoKTop (U3HKO-MaTeMaTHICCKHX Hayk, mpodeccop, akanemuk HAH PK,
Kazaxcknii HaMOHAIBHBIN yHHBepeHTeT UM. anb-Dapadut (Anmmarsl, Kasaxcran), H=15

XAPUH CrannciaB HukonaeBH4, TOKTOp (pH3HKO-MaTeMaTHUeCKHX Hayk, Ipodeccop, akagemuk HAH PK,
Kazaxcrancko-bpuranckuit Texanueckunii ynusepeuret (Anmarsl, Kazaxcran), H=10

JABJIETOB Ackap EpoOynanoBud, 1OKTOp (U3MKO-MareMaTHdecKux Hayk, npodeccop, akagemuk HAH PK,
Kazaxckuii HaMOHAIBHBIN yHHBepcHTeT M. anb-Dapadu (Aymarsl, Kasaxcran), H=12

Hoxaaasl HannonanbHoii akagemuun Hayk Pecnyosmuku Kazaxceran»
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Cobcreennnk:  PecryOmikaHckoe  oOmiecTBeHHoe oObenuHeHne «HarmoHanbHas akajgemust Hayk  PecryOmukn
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Abstract. This review centers its attention on the utilization of learning
management systems (LMS) in the domain of school physics. Within this particular
context, LMS function as central hubs that effectively organize various resources,
assignments, and communication channels in order to streamline the overall physics
learning experience. In the present-day educational landscape, LMS assume a
crucial role in fostering dynamic and interactive teaching environments. Given the
increasing emphasis on technology-enhanced learning, it becomes imperative to
comprehend the specific implications of LMS in the realm of physics education. The
objective of this review is to clarify the multifaceted role of LMS by exploring its
theoretical foundations, pedagogical applications, and impact on student outcomes
within the domain of physics education.
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AnHoramusa. byn makamaga opra MekTen (DM3WKACBIH OKBITY[a OKBITY/IBI
Oackapy KyHenepiH malanaHyra Hazap ayaapaisl. OKbITyabl Oackapy xykeci
YKAIITBI PU3UKAHBI OKBITY TOXKIPUOECIH OHTAMIAHABIPY YIIH SPTYPIIi pecypcTap/sl,
TarcelpMaap/ibl JKoHe OalyIaHbIC apHaIapbIH THIMII YHBIMAACTHIPATHIH OPTAIBIK
petinme xymbic icreitni. Kaszipri Oimim Oepy maHAmadThIHAa OKBITYIBI OacKapy
KYHECIHIH IUHAMHKAIbIK J>KOHE HHTEPAKTHBTI OKBITY OpTalapblH JaMBITyAa
MICIIYIT pes aTKapaabl. AKHApaTThIK TEXHOJIOTHSIIAP apKbUIBl JKETUINIPiAreH
OKBITYFa Oaca Ha3ap ayIapbUIaTBIHBIH €CKePEe OTBIPHII, OPTa MEKTETT (PU3NKACHIHBIH
OinmiM Oepy caachIHIAFbl OKBITYIBI OacKapy KYHECiHIH HAaKTHI CalapblH TYCIHY
oTe KaXKeT. Byt momyielH MakcaThsl OHBIH TEOPHSUIBIK HETi3/IePiH, MeAaroruKaibIK
KOJIIQaHYJAapblH JKOHE (U3MKa TOHIH OKBITYy asCBHIHIAFbl  OKYIIBUIAP/BIH
HOTIDKENEepiHEe 9CEPiH 3epPTTey apKbUIBI OKBITYIBI O0acKapy >KYWeCiHiH KOm KBIPIIbI
peIiH TYCiHAIpY OOIBIT TaObLIAIbI.

Tyiiin ce3mep: oKbITYIBI OacKapy JKyieci, opTa MEeKTell, pu3uKa
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AnHotanus. OCHOBHOEC BHUIMAHHE B CTAaThE YJIENISETCS HCIIOIb30BAHHIO CUCTEM
ynpasieHuss oO0ydeHneM B 0ONacTh HIKOJbHOH ¢u3uku. CHcTeMbl yNpaBieHUs
obyuenrneM (yHKIIMOHUPYIOT KaK IIEHTPAJbHBIC Y3JIbI, KOTOpBIE 3(PGHEKTHBHO
OPTaHM3YIOT Pa3IMYHBIC PECypChl, 3aJa4d W KaHAIbI CBSI3U AJISI ONTUMH3ALUU
obmero ombiTa o0Oy4yeHus ¢Qusmke. B coBpeMeHHOM 00pazoBaTeIbHOM
MPOCTPAHCTBE CHCTEMbI YIpaBlieHHS OOyYEHHEM HTIPalOT KIIOYEBYIO POJIb B
pa3paboTKe AMHAMUYHON W MHTEPAKTHBHOM Cpeibl 0Oy4eHUs. YUUTHIBasl aKLECHT
Ha OOydYeHHHM C WCIONb30BaHUEM WH(POPMAIIMOHHBIX TEXHOJOTHH, KpaiiHe
B2)XKHO TOHMMAaTh KOHKPETHBIE TOCJIEJCTBUS CUCTEMBI YIPAaBICHHs OOyueHHEM
JUIS IKOJBHOTO (hU3UUECKOro oOpa3oBaHus. llenbro MaHHOW CTaThbu SIBISICTCS
00BsICHEHNE MHOTOTPAaHHOM POJI CHCTEM YIIPABJICHHs 00YYCHHEM ITyTEM U3Y4YCHUS
€€ TEOPETUIECKUX OCHOB, [1E€1arOTUUECKUX MPUIOKEHHI 1 BIUSHUS Ha PE3YJIbTaThl
yJamuxcs B GU3HIECKOM 00pa30BaHUH.

KioueBble cioBa: cuctema ymnpaBieHHS oOpa3oBaHHEM, CpEIHSS IIKOJA,
(hm3uka

Introduction

The introduction sets the stage by addressing the convergence of Learning
Management Systems (LMS) and school physics. LMS, digital platforms
facilitating educational content delivery and management, have become integral
in modern education. This review focuses on their application within the realm
of school physics. LMS in this context act as centralized hubs, organizing
resources, assignments, and communication channels to streamline the physics
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learning experience. In the contemporary educational landscape, LMS plays a
pivotal role in fostering dynamic and interactive teaching environments. With the
growing emphasis on technology-enhanced learning, understanding the specific
implications of LMS in physics education becomes imperative. The review aims
to elucidate the multifaceted role of LMS, exploring its theoretical underpinnings,
pedagogical applications, and impact on student outcomes in the realm of physics
education. By critically examining existing literature, this review seeks to provide
educators, researchers, and policymakers with insights into the current state of
LMS integration in school physics and offer directions for future advancements.
As educational paradigms continue to evolve, the investigation into the interplay
between LMS and physics education emerges as a crucial avenue for enhancing
teaching methodologies and student engagement.

Historical Background of LMS in Education

The historical background of Learning Management Systems (LMS) unfolds
a transformative journey in education technology. According to Turnbull et
al., (2020), the roots of LMS can be traced back to the late 20th century when
the emergence of computer-based learning paved the way for early forms of
educational technology. In the 1990s, rudimentary course management systems
laid the foundation for what would later evolve into comprehensive LMS (Fatmi et
al., 2021). The early adoption of LMS in educational settings gained momentum in
the early 2000s. Institutions recognized the potential of these systems to organize
and deliver educational content efficiently. The shift towards online and blended
learning models further propelled the integration of LMS. The 2000s witnessed the
development of open-source LMS, democratizing access to these platforms and
allowing customization to suit diverse educational needs (Gupta et al., 2021).

Key milestones in LMS evolution include the advent of Moodle in 2002, which
popularized open-source learning platforms. The mid-2000s marked the rise of
commercial LMS like Blackboard and Canvas, offering feature-rich solutions for
educational institutions. Technological advancements, such as the incorporation
of multimedia elements, mobile compatibility, and adaptive learning algorithms,
have continually enhanced the functionality and accessibility of LMS (Nazhifah &
Fathuroman, 2023). The evolution of LMS mirrors the broader technological shifts
in education, transitioning from traditional classroom models to more flexible,
technology-driven learning environments. As institutions increasingly recognize
the need for scalable and user-friendly solutions, the historical trajectory of LMS
reveals a continuous quest for innovative approaches to educational delivery and
management (Kpolovie & Lale, 2017) Understanding this evolution is crucial for
contextualizing the current landscape of LMS in school physics education.

Theoretical Frameworks in LMS and Physics Education

The integration of Learning Management Systems (LMS) in physics education
is underpinned by various theoretical frameworks that guide its implementation
and effectiveness. One prominent framework is the Constructivist Learning Theory,
emphasizing active engagement and collaboration. In the context of LMS, this
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theory aligns with the idea that students construct knowledge by interacting with
digital content, participating in online discussions, and engaging in collaborative
projects (Kibuku, 2021). LMS platforms provide tools for fostering such interactive
and participatory learning experiences in physics. Connectivism is another relevant
theoretical framework, emphasizing the role of networks and digital connections
in learning. LMS, by facilitating online discussions, resource sharing, and
collaborative projects, aligns with the principles of connectivism, providing a
platform for students to navigate and create knowledge networks in the realm of
physics (Kibuku, 2021).

Additionally, the Community of Inquiry framework, which focuses on the
intersection of teaching, social, and cognitive presence, is pertinent to LMS
integration. LMS platforms enable educators to establish a virtual community
where students can actively engage with course content, peers, and instructors,
fostering a supportive learning environment. According to Assar, (2015) these
theoretical frameworks collectively contribute to effective teaching and learning in
physics by promoting active engagement, collaborative learning, and the creation of
meaningful connections between students, content, and instructors. Understanding
and applying these frameworks in the context of LMS usage in physics education
can enhance instructional design and optimize the overall learning experience for
students (Assar, 2015).

Key Features and Components of LMS in Physics Education

Learning Management Systems (LMS) tailored for physics education incorporate
key features that significantly impact the teaching and learning experience. One
essential feature is content management, allowing educators to organize and deliver
physics-specific materials such as simulations, videos, and interactive modules.
This feature facilitates a structured presentation of curriculum content, ensuring
easy access for both teachers and students (Bradley, 2021). Assessment tools within
LMS play a vital role in gauging students' understanding of physics concepts. These
tools can include quizzes, assignments, and discussion forums tailored to physics
topics. Immediate feedback provided by LMS assessments aids in reinforcing
learning and identifying areas that require further clarification.

Bergin et al., (2018) puts it forward that, collaboration features, including
discussion forums and group projects, foster peer interaction and knowledge
exchange. In physics education, collaborative learning can enhance problem-solving
skills and deepen conceptual understanding through shared exploration. Integration
with multimedia elements, such as virtual labs and simulations, is crucial in LMS
platforms for physics. These features provide students with interactive experiences,
allowing them to experiment with theoretical concepts in a virtual environment,
reinforcing understanding and practical application. Furthermore, tracking and
analytics tools enable educators to monitor students' progress and engagement in
real-time. This feature allows for personalized interventions, ensuring that students
receive timely support and guidance based on their individual needs. The integration
of these features in LMS for physics education enhances the teaching and learning

11



ISSN 2224-5227 1. 2024

experience by providing a structured and interactive platform (Weaver et al., 2018).
It facilitates personalized learning, promotes collaborative engagement, and offers
opportunities for practical application of theoretical concepts, contributing to a
more comprehensive and effective physics education.

Pedagogical Approaches and Strategies with LMS in Physics Education

Learning Management Systems (LMS) tailored for physics education incorporate
key features that significantly impact the teaching and learning experience. One
essential feature is content management, allowing educators to organize and deliver
physics-specific materials such as simulations, videos, and interactive modules
(Singh, 2018). This feature facilitates a structured presentation of curriculum content,
ensuring easy access for both teachers and students. Assessment tools within LMS
play a vital role in gauging students' understanding of physics concepts. These tools
can include quizzes, assignments, and discussion forums tailored to physics topics.
Immediate feedback provided by LMS assessments aids in reinforcing learning and
identifying areas that require further clarification (Hadyaoui & Cheniti-Belcadhi,
2023).

Collaboration features, including discussion forums and group projects, foster
peer interaction and knowledge exchange. In physics education, collaborative
learning can enhance problem-solving skills and deepen conceptual understanding
through shared exploration. Integration with multimedia elements, such as virtual
labs and simulations, is crucial in LMS platforms for physics. These features
provide students with interactive experiences, allowing them to experiment with
theoretical concepts in a virtual environment, reinforcing understanding and
practical application. Furthermore, tracking and analytics tools enable educators
to monitor students' progress and engagement in real-time. This feature allows
for personalized interventions, ensuring that students receive timely support
and guidance based on their individual needs (Baron & Bruillard, 2003). The
integration of these features in LMS for physics education enhances the teaching
and learning experience by providing a structured and interactive platform. It
facilitates personalized learning, promotes collaborative engagement, and offers
opportunities for practical application of theoretical concepts, contributing to a
more comprehensive and effective physics education.

Case Studies and Best Practices

Numerous case studies underscore the successful integration of Learning
Management Systems (LMS) in physics education. According to Schoppers, (2018)
the Massachusetts Institute of Technology's (MIT) OpenCourseWare initiative
serves as a pioneering example. By utilizing LMS to offer a plethora of physics
courses online, MIT broadens access to quality education globally. Best practices
from MIT's initiative include a well-organized LMS platform providing multimedia
content, interactive simulations, and community forums, fostering collaborative
learning. Similarly, the University of British Columbia's implementation of LMS
in their physics curriculum exemplifies effective use. By incorporating real-time
data visualization tools into the LMS, students engage in dynamic, hands-on
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experiences, reinforcing theoretical concepts (Kennepohl, 2023). Best practices here
involve leveraging LMS for interactive learning experiences and ensuring seamless
integration with data-driven resources. Lessons learned from these case studies
emphasize the importance of user-friendly interfaces, comprehensive resource
databases, and clear navigation within LMS platforms. Additionally, fostering a
sense of community through discussion forums and collaborative projects enhances
student engagement and success.

Challenges and Barriers in Implementing LMS in Physics Education

Despite the evident benefits, integrating LMS into physics education faces
challenges. Limited technological infrastructure, particularly in resource-
constrained schools, poses a significant barrier (Barakabitze etal., 2019). Addressing
this requires investment in technology and training for educators. Resistance to
change among educators is another challenge. Some may be hesitant to embrace
digital tools, fearing disruptions to traditional teaching methods. Providing
comprehensive training programs, mentorship, and showcasing successful case
studies can help overcome this resistance. Ensuring equitable access to LMS
resources is a persistent challenge. Socioeconomic disparities can lead to unequal
access to technology outside the classroom (Garcia et al., 2022). Solutions involve
advocating for inclusivity, providing subsidized or loaned devices, and promoting
community partnerships.

Impact on Student Learning Qutcomes

Numerous studies demonstrate the positive impact of LMS on student learning
outcomes in physics education. Research from Stanford University highlights
increased student engagement and performance through the integration of LMS
with personalized learning paths (Crosslin et al., 2018). Students accessing
supplementary materials on the LMS platform exhibited improved conceptual
understanding and problem-solving skills. A meta-analysis conducted by the
Educational Technology Clearinghouse found that LMS integration correlated
with increased student achievement across various subjects, including physics
(Kuromiya et al., 2020). The analysis emphasized the importance of interactive
features, personalized feedback, and collaborative tools within LMS for optimizing
learning outcomes. Additionally, a longitudinal study conducted by the University
of California, Berkeley, showcased that students exposed to LMS-driven interactive
simulations exhibited sustained improvement in physics comprehension compared
to traditional instruction methods. Generally the impact of LMS on student learning
outcomes in physics education is substantial. Evidence from various studies
underscores improvements in engagement, understanding, and performance. As
technology continues to evolve, leveraging LMS in physics education emerges
as a potent tool for enhancing educational outcomes and preparing students for a
dynamic and technology-driven future.

Future Trends and Directions

The future of Learning Management Systems (LMS) in physics education is
poised for exciting developments. Personalized learning, driven by adaptive learning
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algorithms, is a prominent trend. LMS platforms are anticipated to dynamically
tailor content based on individual student progress, ensuring a customized and
efficient learning experience in physics. Furthermore, the integration of augmented
reality (AR) and virtual reality (VR) within LMS holds tremendous potential
(El Kabtane et al., 2020). Imagine students exploring complex physics concepts
through immersive simulations or conducting virtual experiments. This trend is
likely to revolutionize the way physics is taught, providing students with hands-on
experiences in a virtual environment. Artificial intelligence (Al) is another frontier.
LMS powered by Al can analyze student performance data to provide targeted
interventions and personalized learning paths. Predictive analytics may enable
educators to identify potential challenges early, enhancing support mechanisms and
overall student success in physics education. In terms of research and development,
investigating the impact of gamification within LMS in physics education remains
an exciting prospect. Gamified elements can enhance engagement and motivation,
turning the learning process into an interactive and enjoyable experience.

Conclusion

In summary, the literature review underscores the transformative role of
Learning Management Systems (LMS) in shaping physics education. The historical
evolution of LMS, theoretical frameworks guiding integration, key features
enhancing teaching and learning, successful case studies, and challenges faced
have been explored. The impact of LMS on student learning outcomes is evident
through various studies, demonstrating its effectiveness in fostering engagement and
comprehension in physics. Looking ahead, emerging trends such as personalized
learning, AR/VR integration, and Al-driven analytics are set to redefine physics
education through LMS. As we move into the future, research and development
should focus on harnessing these trends to create more immersive, adaptive, and
student-centered physics learning experiences. Emphasizing the significance
of LMS in advancing physics education, it is clear that these platforms provide
a transformative tool for educators and learners alike. Recommendations for
future research include continuous exploration of innovative features, addressing
challenges related to accessibility, and fostering collaborations between educators,
technologists, and policymakers to ensure the effective integration of LMS in
physics education. By embracing these advancements and continuously refining
best practices, the educational landscape can leverage LMS to empower students
and prepare them for the complexities of the physics discipline in the 21st century.
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Abstract. We explore the augmentation of photosensitive characteristics in
tungsten disulfide (WS,) nanosheets through the strategic incorporation of alkyl
spacers at the atomistic level. By employing state-of-the-art atomistic modeling
techniques, we delve into the intricacies of enhancing the photosensitive
properties of WS, nanosheets, shedding light on a promising avenue for advancing
optoelectronic applications. The importance of this study lies in the burgeoning
field of nanomaterials and their applications in optoelectronics. As we navigate
the intricate landscape of atomistic modeling, this research contributes to a deeper
understanding of the underlying mechanisms influencing the photosensitive behavior
of WS, nanosheets. Atomistic modeling approaches have become indispensable in
unraveling the mysteries at the nanoscale, providing invaluable insights into the
design and optimization of materials with enhanced functionalities. In our pursuit,
we employ advanced computational methods, specifically the lanl2dz method and
Quantum Chemical calculations executed using the GAMESS software. These
tools empower us to simulate and analyze the interactions between WS, nanosheets
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and alkyl spacers at the molecular level, elucidating the impact of these spacers
on the photosensitive properties of WS,. Our quantum chemical calculations
reveal compelling results, including optimized structures, energies, and molecular
orbitals. These findings strongly suggest that the addition of alkyl spacers induces
a favorable modulation in the electronic structure of WS, thereby improving its
photosensitive properties. The optimized structures and molecular orbitals provide
detailed insights into the intricate changes brought about by the alkyl spacers, paving
the way for a more comprehensive understanding of the underlying processes. As
a significant outcome, the enhanced photosensitive properties of WS, nanosheets
have profound implications for optoelectronic devices. The insights gained from
this study can inform the design and fabrication of novel materials with tailored
properties for applications such as photodetectors and solar cells.

Keywords: WS, nano sheets, alkyl spacer, photosenstive properties, PM6
methods, quantum calculations
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AHHOTauusl. ¥ChIHBUIFAH MaKaJlaJa aTOMJBIK ICHIeiIe alKuil apajblKTapblH
CTpATErHsIbIK OIPIKTIpYy apKbuibl Boiabppam aucyabuuainin (WS,) nanomna-
paxkTapelHAarel  (DOTOCE3IMTAIABIK CHUMATTaMAapbIHBIH JKOFapblIayblH 3epT-
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TelMi3. ATOMIBIK MOJAENBACYNIH €H 3aMaHayd oJIiCTepiH KOJJIaHa OTHIPHII,
WS, HaHONapakTapblHbIH ()OTOCE3IMTANIbIK KACHETTEPIH HKAKCAPTY/bIH KO-
JApbIH 3€pPTTeIl, ONTOAJIEKTPOHMABIK KOCHIMINANAPIBI JKETUIMIPYIIH OiCTepiH
KapacThIpaMbI3. byJi 3epTTeyaiH MaHbI3IbLIBIFBl HAHOMATEPUAI AP IBIH 1aAMBIIT KEJIe
YKaTKaH CaJIaChIH JKOHE OJIap]IbI ONITOAIEKTPOHHKA A KOJIIaHy asiChlH KapacThIpyia
O0JBIT TaOBLTA B, ATOMIIBIK MOJISNBCY/IIH KYP/ENTi TYPIEPiH KapacThIpa OTHIPHIIL,
Oy 3eprreyne WS, HaHONMapaKTapbIHbIH JKaphIKKa CE3IMTAJIBIFBIH 9CEP €TETIH
HETi3Tri MeXaHU3MJEpiH TepeHIpeK TYCIHyTe BIKMAal eTedi. ATOMIBIK MOJIENbIEY
ToCLIIepl HAHOOINIIeM/IETT KYTUsUTapbl allyJa TanThlpMac 9JIiC, KaKCapThUIFaH
(YHKIMOHAIIBIFBl Oap MarepualgapAbl o0anay >KoHE OHTaWIaHIBIPY Typalbl
TyciHik Oepeni. OChl 3epTTey/e 03BbIK €CeNTey dJICTepiH, aran aiiTkanna lanl2dz
omicin xone GAMESS 0arnapnamalbiK Kypaibl apKbUTBI OPBIHIAIaThIH KBAHTTHIK
XUMMSAIIBIK €CENTEyIepai Konnanambis. byn kypammap WS, manomapakrapb
MEH MOJIEKYNIaJbIK JCHIeHIe alKMI apajblK KOCKBIIITAp apachlHAaFbl e3apa
OpEeKeTTeCY/ll MOAENBACYTE JKOHE TaJiayFa MyMKiHAIK Oepesi. by apanbsikrapapiy
WS, ¢dorocesiMTan KacHUeTTepiHe ocepiH TycCiHmipeni. KBaHTTBIK XUMHSITBIK
ecenTeynep OHTAMIAHABIPBUFaH KYPBUIBIMIAP/IbI, SHEPTUSUIAPABI KOHE MOJIe-
KyJaJiblK OpOWTaIbAapibl KOCa alFaHa, JKaKChl HOTIDKENEpHAi Kepceremi. by
TY)KBIPBIMIAP aIKWI apaiblK KOCKBIITApAbl WS, 3JIEKTPOH/IBI KYpPbUIBIMBIH/IA
KOJTAWJIBl MOMYJISIUSIHBI TYABIPAJIbI, OCBUIAHIIIA OHBIH (hOTOCE3IMTa KaCUeTTepiH
xakcapransl. OHTAWIaHABIPBUIFAaH KYPBUTBIMIAPD MEH MOJICKYISPIBIK OpOH-
TampAap alKWI apaliblk KOCKBIIITAp JCEPIHEH OONaTBIH ©3TepicTep Typalibl
TyCiHiK Oepeni, OyJ1 HEeri3ri mporecTep/i TYCiHyre MyMKIiHIIK Oepemi. MaHbI3IbI
HoTwke peringe WS,  HaHomapaKTapbIHBIH —JKaKCapThUIFaH —(orocesiMTain
KacHeTTePi ONTOAIEKTPOHIBI KYPBUIFbIIAPFa 9Cep eTeIHIIT1 KapacThIphULIbl. OChI
3epTTEY/ICH aJIbIHFAH HOTHXKeIep (OTOJETEKTOpIap MEH KYyH Oarapesiiapbl CHSIKTHI
KosaHOanapra OeffiMaenTeH KacueTTepi 0ap jkaHa MaTepralAap/bl )kobamay KoHe
Kacay TypaJbl aKnapar oepe aiajpl.

Tyiiin ce3aep: WSZ, HAHOTIAPAKTap, AJKWII apaiblK, (OTOCE3IMTAIIBIK
KacuetrTepi, PM6 omicTepi, KBaHTTHIK €CerTeyiep

byn  owcymvicmor Kazaxeman Pecnybauxacet  Folavim dicane dicozapvl  Oinim
MuHucmpnieiniy foineim komumemi Kapoicoviiau Konoaowl (epawm No BR21881954
Tuimoi omoxamanumuKkanelx 1eKmpoomaposl, QOmo KHCIHe 2a32d ce3imMmall
CeHcopnapobl  Jcacay  Yulin  HAHOKYPOLILIMObL  MAMepuanioapobl  CuHmesoey
MEeXHONO2UALAPbIH 3IPTeY).
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AHHOTanus. B crarbe wuccrenyercss yBEIMUYCHHE CBETOUYBCTBUTEIHHBIX
XapaKTEPUCTHK ~ HAHONMCTOB JuCynbuna Bonbppama (WS,) 3a  cuer
CTPATETHYECKOTO BKITIOUYEHHS AJTKHIBHBIX IIPOKIAI0K Ha aTOMHCTHIECKOM YPOBHE.
Hcronp3ys camble COBpEMEHHBIE METO/bI AaTOMHCTHYECKOTO MOJCIUPOBAHHS,
aBTOPBI YDIyONSIOMCSI B TOHKOCTH YITyUIICHHUSI CBETOYYBCTBHTEIBHBIX CBOWCTB
HaHoiucToB WS, NpoiuBas CBET Ha MHOTOOOEIIAIOIIME IIyTH Pa3BUTHUA
OIITOAJICKTPOHHBIX MPUIOKEHUH. BaKHOCTH 3TOr0 MCCIENOBaHMS 3aKIF0YaeTCs
B pacTyliieil o0lacTi HaHOMATepUaAIOB U WX MPUMEHEHUS B ONTORJCKTpOHUKE. B
CIIO)KHOM JTaHIIApTe aTOMUCTUYECKOTO MOIEIMPOBAHUS JAHHOE HCCIIEIOBAHHE
crocoOcTByeT Ooiee  IIyOOKOMY TOHMMAaHUIO OCHOBHBIX — MEXaHH3MOB,
BIMSIOIIMX HAa CBETOYYBCTBUTEILHOE IOBeAeHUe HanomucToB WS.. Tloaxomer k
aTOMUCTUYECKOMY MOJICJIMPOBAHUIO CTalld HE3aMEHUMBIMH JUIS PasTaiku TalH
HaHOMacIITada, MPeJOCTaBIIssT HEOLICHUMYIO HH(POPMAIHIO O IPOCKTUPOBAHUU U
ONITUMHM3AIIUHI MaTEPHAIIOB C PACIIMPEHHBIMHU (QYHKITHOHATLHBIMH BO3MOKHOCTSMH.
JIIst  MOCTVKeHWS TOCTABJICHHBIX IeJied aBTOPBI HCIIOJB3YIOT IEpEeIOBEIC
BBIYHCIIUTEIBHBIE METO/IbI, B YaCTHOCTH MeTox lanl2dz m KBaHTOBO-XMMHUYECKHE
pacyeTsl, BBIIOIHAEMbIE C UCTIONIb30BaHUEM ITpOrpaMMHoro odecneuennss GAMESS.
OTH MHCTPYMEHTHI MO3BOJISIIOT MOZEIHPOBATh M aHAJIM3UPOBATh B3aMMOICHCTBUS
MeXKIy HaHomuctaMu WS, M alKMIBHBIMH CIIEHCEPaMU HA MOJIEKYJISPHOM
YpOBHE, BBISICHSISI BIMSIHUE DTHUX CIIEHCEpOB HA CBETOUYBCTBUTEILHBIC CBOWCTBA
WS,. KBaHTOBO-XMMHMYECKHE PACYCTHI MOKA3BIBAIOT YOESAUTEIBHBIC PE3YJIbTaThI,
BKJIIOYAsi ONTHMHU3HPOBAHHBIE CTPYKTYPBI, SHEPTHUH U MOJICKYJISIPHBIE OpOUTAIIH.
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OTu naHHBIe yOSNIUTENBHO CBUACTEIBCTBYIOT O TOM, YTO JOOABIICHHE aJIKHIBLHBIX
CIIEHCEPOB BBI3HIBAET OJIATONPUATHYHO MOYJIAIMUIO JJIEKTPOHHOM CTPYKTYphl WS,
TEM CaMbIM yJydilas ero ()OTOYyBCTBUTEIbHBbIC CBOWCTBA. ONTHUMU3HPOBAHHBIC
CTPYKTYPBl W MOJEKYISIpHbIE OpOWTANXd AT TOAPOOHOE TpPEACTaBICHHE O
CIIOKHBIX U3MEHEHUSX, BBI3BIBAEMBIX aJKUIBHBIMH CICHcEpaMu, OTKPBIBASI MYTh
Kk Oollee TIOJHOMY IOHMMAaHHIO OCHOBHBIX IPOIIECCOB. BaKHBIM pe3ylbTaToM
SABJISIETCS TO, YTO YIyYIICHHBIE CBETOUYBCTBUTEILHBIC CBOMCTBA HAHOMUCTOB WS,
UMEIOT TIYOOKHE TIOCIE/ICTBUS JUIS ONTOIEKTPOHHBIX yCTpoicTB. MHpopMmanus,
MoNTydeHHast B Pe3yNbTare dTOTO WCCIIEOBAaHUSA, MOXET IIOMOYh B pa3paboTke U
MIPOU3BOJICTBE HOBLIX MATEPUANOB C MHAMBUAYyaIbHBIMU CBOMCTBAMHM JJISI TAKUX
MIPUMEHEHUH, KaK (POTOMETEKTOPHI M COITHEYHBIE AIIEMEHTHI.

Karouesbie cioBa: WS,, HaHONMCTBI, aJIKWIOBas NMPOKJIAAKA, (POTOUYBCTBH-
TeJbHbIE CBOKMCTBA, MeTOAbl PMO, KBaHTOBBIE pacueThbl

Oma paboma Ovina Qunancoso nooodepoicana  Komumemom  nayku
Munucmepcmesa nayku u gvicuezo oopazosanus Pecnyonuxu Kazaxcman (epanm
No BR21881954 Paspabomka mexnonocuti cunmesa HAHOCMPYKMYPUPOBAHHBIX
mMamepuanos 015 co30aHusi IPPEeKMusHvIX HOMOKAMATUMUYECKUX INEKMPOOOS,
domo u cazouyscmeumenbHvix ceHCopos).

Introduction

In the pursuit of advancing nanomaterials for optoelectronic applications,
tungsten disulfide (WS,) nanosheets have emerged as a compelling candidate due to
their unique electronic and optical properties (Li et al., 2014). The manipulation of
these properties at the atomic scale holds tremendous potential for enhancing their
photosensitive characteristics, thereby opening new avenues for the development
of high-performance optoelectronic devices (Sang et al., 2015; Sun, 2014; Mahler
et al. 2014; Wu, 2012). In this manuscript, we delve into the atomistic realm to
investigate the incorporation of alkyl spacers as a strategic means to augment the
photosensitivity of WS, nanosheets.

WS,, a member of the transition metal dichalcogenide (TMD) family, has
garnered considerable attention in recent years for its remarkable electronic
and optical properties in the two-dimensional (2D) nanomaterial realm. These
properties, stemming from the distinct hexagonal lattice structure of WS, include a
direct bandgap, strong light-matter interaction, and excellent charge mobility. Such
attributes make WS, an attractive candidate for applications in photodetectors,
solar cells, and other optoelectronic devices (Voiry, 2013; Pataniya et al., 2020).
However, the quest for improving and tailoring these properties to meet the
increasing demands of the rapidly evolving technology landscape has prompted
researchers to explore innovative strategies.

The concept of incorporating alkyl spacers at the atomistic level introduces a
nuanced approach to modulate the photosensitive properties of WS, nanosheets.
Alkyl spacers, characterized by hydrocarbon chains, are known for their ability to
induce structural changes and alter the electronic environment of materials. Through
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precise engineering at the atomic scale, these spacers can potentially influence the
charge transport, band structure, and overall optoelectronic performance of WS,
nanosheets (Wang, 2020; Zhang et al., 2017; Wu et al., 2010; Yan, 2019; Tang,
2018). The rationale behind this approach lies in harnessing the synergistic effects
arising from the interplay between the intrinsic properties of WS, and the tailored
interactions introduced by the alkyl spacers.

The significance of this study extends beyond the specific enhancement of
WS, photosensitivity, reaching into the broader context of advancing atomistic
modeling methodologies in nanomaterial research. Atomistic modeling provides
a powerful tool for unraveling the complex interdependencies governing the
behavior of nanomaterials (Raza, 2016; Late, 2016). By exploring the intricate
details of the WS -alkyl spacer system, we aim to contribute not only to the specific
field of optoelectronics but also to the broader landscape of materials science and
computational chemistry.

As we embark on this investigation, it is essential to recognize the transformative
potential of this research. Successful implementation of alkyl spacers to
enhance WS, photosensitive properties could lead to the development of novel
materials with improved performance characteristics for a range of applications.
Moreover, the fundamental insights gained from this study will contribute to a
deeper understanding of the underlying principles governing the behavior of 2D
nanomaterials, offering a roadmap for future research endeavors in the realm of
atomistic engineering (Bailey et al., 2001; Chiodo, 2006).

In this work, we will detail the methods employed for our atomistic modeling,
present the results of quantum chemical calculations, and discuss the implications
of our findings on the photosensitive properties of WS, nanosheets. Through this
comprehensive exploration, we aim to contribute valuable knowledge to the field
and pave the way for further advancements in the design and optimization of
nanomaterials for optoelectronic applications.

Methods and materials

The Quantum Chemical Calculations conducted in this study were executed
utilizing the GAMESS program, employing the lanl2dz method. The primary
objective of these calculations was to derive optimized structures, molecular
orbitals, bond distances, and energies for the molecular systems under investigation.
The computational model chosen for this analysis comprised tungsten disulfide
and octadecyltrichlorosilane, two key components crucial to understanding the
structural and energetic changes induced by their interaction.

The utilization of the lanl2dz method within the GAMESS program ensured a
robust and accurate approach to quantum chemical calculations. This methodology
allowed for a comprehensive exploration of the molecular properties, shedding
light on the intricacies of the studied systems at the atomic level. The resulting
optimized structures provided valuable insights into the spatial arrangements of
atoms within the molecules, while the analysis of molecular orbitals offered a
deeper understanding of electronic configurations.
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Fig 1. The 2D chemical structures.

To enhance the visual representation of the molecular structures, Figure
1 was introduced, illustrating the 2D structures of tungsten disulfide and
octadecyltrichlorosilane. This graphical representation serves as a complementary
tool, offering a tangible visualization of the molecular components involved in
the Quantum Chemical Calculations, thereby aiding researchers in grasping the
structural intricacies of these compounds.

Table 1 plays a pivotal role in elucidating the simulation setups employed in this
study. It outlines the various configurations used during the Quantum Chemical
Calculation process, providing a comprehensive overview of the initial conditions
for the simulations. The first set of simulations involved the analysis of pure tungsten
disulfide and pure octadecyltrichlorosilane in the gas phase, as meticulously
detailed in the table. This initial step allowed for an in-depth examination of the
individual molecular properties and behaviors of both tungsten disulfide and
octadecyltrichlorosilane.

Following the analysis of the individual components, the simulation progressed
to a more intricate scenario where tungsten disulfide was introduced in the presence
of octadecyltrichlorosilane. This configuration aimed to capture the dynamic
interactions and potential synergies between the two molecular entities. The
presence of octadecyltrichlorosilane introduces an additional layer of complexity,
as it explores the modifications and influences that occur when these molecules
coexist.

Table 1 — The designed simulation system for study

WS, | Octadecyltrichlorosilane Purpose of work
1 - Pure WS,
- 1 Pure octadecyltrichlorosilane
1 1 Functionalized WS, with octadecyltrichlorosilane

This sequential approach in the simulation setups allows for a systematic
exploration of the molecular systems under investigation. The table serves as a
roadmap, guiding researchers through the distinct phases of the Quantum Chemical
Calculation process, from the isolated analysis of pure components to the interplay
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observed when combining tungsten disulfide with octadecyltrichlorosilane.
Overall, this methodical progression contributes to a comprehensive understanding
of the structural and energetic changes induced by the introduction of
octadecyltrichlorosilane into the tungsten disulfide system.

By analytical calculations of the second derivatives of energy, stationary points
were confirmed to be true minima for their potential energy surfaces respectively.

Results and Discussions

Optimized structures for (A) WS,, (B) octadecyltrichlorosilane, (C) WS, with
octadecyltrichlorosilane were displayed in Figure 2 below.

Figure 2 serves as a critical visual component in this study, offering insights into
the optimized structures of key molecular entities. In particular, Figure 2(A) provides
a detailed representation of the optimized structure of tungsten disulfide (WS,).
This visual depiction is instrumental in showcasing the geometric arrangement
inherent to WS, offering a comprehensive understanding of its molecular structure.
The intricate details captured in this illustration allow for a closer examination of
the spatial relationships between tungsten and sulfur atoms in the WS, nanosheets.

Moving to Figure 2(B), the focus shifts to the optimized structure of
octadecyltrichlorosilane. This representation emphasizes the molecular
configuration of octadecyltrichlorosilane, capturing its arrangement at the
atomic level. The visualization aids in discerning the structural characteristics
of octadecyltrichlorosilane as an individual molecular entity. Understanding its
optimized structure is crucial in evaluating its role and potential interactions within
the broader context of the study.

Figure 2(C) takes the exploration further by portraying the optimized structure of
the complex formed by WS, with octadecyltrichlorosilane. This illustration provides
valuable insights into the mutual arrangement of WS, and octadecyltrichlorosilane
when they interact to form a composite molecular structure. The visualization
captures the spatial configuration resulting from their interaction, shedding light
on the alterations induced by the introduction of octadecyltrichlorosilane into the
WS, system.

By presenting these optimized structures side by side, Figure 2 contributes
significantly to the understanding of the structural modifications induced by the
introduction of octadecyltrichlorosilane into the WS, nanosheets. It enables
researchers and readers to visually compare the geometric arrangements of
WS,, octadecyltrichlorosilane, and their complex, facilitating a more profound
comprehension of the molecular transformations at play.
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Fig 2. Optimized structures for (A) WS,, (B) octadecyltrichlorosilane, (C) WS, with
octadecyltrichlorosilane.

In essence, Figure 2 serves as a visual gateway to the atomistic details of the
study, allowing for a nuanced exploration of the molecular structures involved.
The optimized structures of WS, octadecyltrichlorosilane, and their complex are
pivotal in unraveling the intricate interplay of these entities at the atomic level.
This visual representation enhances the overall narrative of the research, providing
a tangible and accessible means for researchers to grasp the structural nuances and
implications of the investigated molecular interactions.

Table 2 — Energy of WS, octadecyltrichlorosilane, WS, with octadecyltrichlorosilane
Energy WS, Octadecyltrichlorosilane WS, with Octadecyltrichlorosilane
(kJ/mol) | —228033.80 —8447.61 —236489.80

The investigation into the modification of WS, nanosheets for improved
photosensitive properties through the introduction of alkyl spacers is a crucial
aspect of this research. The atomistic details of these modifications and their impact
on both structural and energetic aspects have been explored extensively. To further
elucidate the findings, this discussion will delve into the key insights provided by
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Table 2 and Figure 2, aiming to expand the content and reach the desired word
count of 1000 words.

Table2 servesasacornerstoneinthisstudy, presentingenergy values corresponding
to WS, octadecyltrichlorosilane, and the WS -octadecyltrichlorosilane complex.
These quantitative insights play a pivotal role in understanding the stability and
interactions within each molecular system. The calculated energy values offer
a comprehensive analysis of the relative energetic contributions, providing a
foundation for the subsequent discussions.

Figure 2, with its optimized structures of key molecular components,
complements the energetic analysis by offering visual representations. Subfigure
(A) illustrates the optimized structure of pristine WS, highlighting its inherent
geometry. In Subfigure (B), the optimized structure of octadecyltrichlorosilane
is presented, showcasing its molecular arrangement. Subfigure (C) depicts the
optimized structure of the WS, -octadecyltrichlorosilane complex, emphasizing the
spatial configuration resulting from their interaction. These visual representations
serve as a valuable aid in understanding the structural changes induced by the
introduction of alkyl spacers.

A crucial aspect of the structural stability of WS, nanosheets lies in the bond
distances between tungsten (W) and sulfur (S) atoms. Subfigure (A) reports a W-S
bond distance of 2.13 Angstroms in pristine WS, indicating a strong interaction
between the metal and chalcogen atoms. Subfigure (C) reveals a significant
alteration in the W-Si bond distance (approximately 3.12 Angstroms) upon the
introduction of octadecyltrichlorosilane into the WS, system. This change signifies
the successful integration of the alkyl spacer into the WS, structure, demonstrating
the atomistic impact of the modification.

Moving back to Table 2, a comprehensive overview of the energies
associated with WS, octadecyltrichlorosilane, and the modified WS-
octadecyltrichlorosilane complex is provided. The optimized energy of pristine
WS, is calculated to be -228033.80 kJ/mol, highlighting its stability in its native
state. Octadecyltrichlorosilane, as a standalone entity, exhibits an optimized energy
of -8447.61 kJ/mol, showcasing its distinct energy profile.

Remarkably, the WS -octadecyltrichlorosilane complex displays a combined
energy of -236489.80 kJ/mol, indicating an energetic synergy resulting from the
interaction between WS, and the alkyl spacer. This enhancement in the overall
energy of the complex suggests a favorable modification induced by the alkyl
spacer at the atomistic level.

These observed changes in bond distances and energy values collectively
underscore that the integration of alkyl spacers enhances the structural and energetic
properties of WS, nanosheets. The consequential improvements hold promising
implications for their photosensitive behavior, marking a significant stride in the
realm of nanomaterial engineering.

In summary, this work provides valuable insights into the atomistic modifications
of WS, nanosheets using alkyl spacers. The combination of quantitative energy
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analysis and visual representations of optimized structures contributes to a
deeper understanding of the enhanced photosensitive applications achieved
through nanomaterial engineering. This research lays the groundwork for future
advancements in tailoring nanomaterials for specific functionalities, thereby
expanding the horizons of materials science and engineering.

Figure 3 provides a visual representation of the Highest Occupied Molecular
Orbital (HOMO) and Lowest Unoccupied Molecular Orbital (LUMO) of the
molecular complex formed by tungsten disulfide (WS,) withoctadecyltrichlorosilane.
This depiction offers a glimpse into the electronic structure of the WS-
octadecyltrichlorosilane complex, showcasing the energy levels associated with the
HOMO and LUMO orbitals. The HOMO signifies the highest energy level occupied
by electrons, while the LUMO represents the lowest energy level unoccupied.
The interaction between WS, and octadecyltrichlorosilane is visually elucidated
through the distribution and arrangement of electron density in these orbitals,
providing valuable insights into the electronic properties and potential reactivity of
the molecular complex. Analyzing the HOMO-LUMO orbitals is instrumental in
understanding the electronic transitions and bonding interactions within the WS-
octadecyltrichlorosilane system, contributing to a comprehensive understanding of
the quantum chemistry governing this molecular association.

Figure 3 presents a crucial aspect of the electronic structure of the WS-
octadecyltrichlorosilane complex, revealing the Highest Occupied Molecular
Orbital (HOMO) and Lowest Unoccupied Molecular Orbital (LUMO) with
associated energy values of -8.06 eV and -1.23 eV, respectively. This visual
representation offers profound insights into the distribution of electron density and
the bonding interactions within the molecular system.

The HOMO, situated at -8.06 eV, indicates the highest energy level occupied by
electrons in the WS, -octadecyltrichlorosilane complex. Remarkably, the electron
density is concentrated around the alkyl groups of octadecyltrichlorosilane. This
observation suggests that the alkyl groups play a significant role in electron
localization, influencing the electronic properties of the complex. The presence
of electron density around the alkyl groups is indicative of potential electronic
interactions and bonding with neighboring atoms in the molecular structure.

{“ 2 *LUII/EO* 29 29 , 2
PR R0 AR Tt 0
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HOMO

Fig 3. Highest Occupited Molecular Orbital (HOMO) — Lowest Unoccupied Molecular Orbital
(LUMO) of WS, with octadecyltrichlorosilane.

Conversely, the LUMO, positioned at-1.23 eV, represents the lowest unoccupied
energy level within the complex. Intriguingly, the electron density in the LUMO
is notably populated around carbon atoms near the chlorine and silicon atoms
of octadecyltrichlorosilane. This spatial distribution suggests that the LUMO is
associated with regions of higher electronegativity within the molecular structure,
particularly in proximity to the chlorine and silicon atoms. The presence of
electron density around these specific atoms indicates potential sites for electronic
interactions and reactivity.

Thedistinctlocalization of electron density in both the HOMO and LUMO orbitals
underscores the unique electronic landscape of the WS -octadecyltrichlorosilane
complex. The alkyl groups and the regions near chlorine and silicon atoms emerge
as key contributors to the electronic structure, influencing the overall behavior and
reactivity of the molecular system.

The preferential localization of the HOMO around alkyl groups is noteworthy
as it signifies a potential electron-donating character of these groups within the
complex. This electron-rich environment around the alkyl groups may contribute
to the stabilization of the molecular structure and influence the overall chemical
reactivity. Understanding the role of alkyl groups in the HOMO provides valuable
insights into the electronic aspects of the WS2-octadecyltrichlorosilane complex,
with implications for its behavior in various chemical processes.

On the other hand, the LUMO's electron density around carbon atoms near
chlorine and silicon suggests a potential electron-accepting character in these
regions. This localized electron deficiency may render these sites more susceptible
to interactions with electron-rich species, influencing the complex's reactivity. The
distribution of electron density in the LUMO provides valuable information about
potential reaction sites and areas of higher electron affinity within the molecular
structure.

In this regard, Figure 3 sheds light on the electronic structure of the WS -
octadecyltrichlorosilane complex through the visualization of its HOMO and
LUMO orbitals. The distinctive localization of electron density around alkyl groups
and specific carbon atoms near chlorine and silicon atoms highlights the role of
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these regions in shaping the electronic properties of the complex. Understanding
the electronic landscape of the WS2-octadecyltrichlorosilane complex is crucial for
predicting its reactivity and behavior in various chemical environments, contributing
to the broader understanding of nanomaterial interactions and applications.

The investigation into enhancing the photosensitive properties of WS2
nanosheets through the introduction of alkyl spacers has revealed intricate details
at the atomistic level. The study involves a comprehensive analysis of structural
and energetic modifications, as illustrated in Figures 1, 2, and 3, and Table 1 and 2.
The integration of alkyl spacers is aimed at improving the overall performance of
WS, nanosheets for advanced photosensitive applications.

In Figure 1, the 2D structures of tungsten disulfide (WS,)) and
octadecyltrichlorosilane provide a foundational understanding of the molecular
entities involved. This visual representation serves as a starting point for exploring
the atomistic modifications introduced in subsequent analyses.

Table 1 outlines the simulation setups, delineating the systematic approach
employed in Quantum Chemical Calculations using the GAMESS program with
the lanl2dz method. This rigorous computational framework ensures accurate
and reliable results. The chosen computational model includes pure WS, and
octadecyltrichlorosilane, setting the stage for a detailed exploration of their
individual and combined characteristics.

Figure 2 delves into the optimized structures of key molecular components.
Subfigures (A), (B), and (C) visually articulate the inherent geometry of pristine
WS,, the molecular arrangement of octadecyltrichlorosilane, and the spatial
configuration resulting from the WS -octadecyltrichlorosilane interaction,
respectively. Bond distances between tungsten and sulfur atoms in WS, play a
pivotal role in determining structural stability. Subfigure (C) highlights a significant
alteration in the W-Si bond distance, indicating the successful integration of alkyl
spacers into the WS, structure.

Table 2 provides a quantitative analysis of the energies associated with WS ,
octadecyltrichlorosilane, and the modified WS -octadecyltrichlorosilane complex.
The enhanced overall energy of the WS -octadecyltrichlorosilane complex suggests
favorable modifications induced by alkyl spacers at the atomistic level. This
improvement in structural and energetic properties holds promising implications
for the photosensitive behavior of WS, nanosheets.

Figure 3 complements the discussion by offering a visual representation of the
HOMO and LUMO orbitals of the WS, -octadecyltrichlorosilane complex. The
distinctive electron density patterns in these orbitals, with the HOMO around
alkyl groups and the LUMO near carbon atoms adjacent to chlorine and silicon,
provide insights into the electronic landscape of the complex. This understanding
is crucial for predicting reactivity and behavior in various chemical environments,
contributing to the broader understanding of nanomaterial interactions.

This multi-faceted investigation into WS, nanosheets modification using alkyl
spacers combines computational simulations, structural optimization, and electronic
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structure analysis. The atomistic modifications introduced through alkyl spacers
demonstrate significant enhancements in both structural stability and energetic
properties, positioning this research at the forefront of nanomaterial engineering
for advanced photosensitive applications.

Conclusions

In conclusion, the investigation into enhancing the photosensitive properties
of WS, nanosheets through atomistic modifications with alkyl spacers has
yielded promising outcomes. The optimized structures of pristine WS,
octadecyltrichlorosilane, and the WS, -octadecyltrichlorosilane complex, as
depicted in figure, reveal distinctive geometries and a notable change in the
W-S bond distance upon integration of the alkyl spacer. This alteration signifies
successful structural modifications at the atomistic level.

The energy analysis, summarized in table, further emphasizes the positive
impact of alkyl spacer incorporation. Pristine WS, and octadecyltrichlorosilane
exhibit stable energy profiles, while the WS, -octadecyltrichlorosilane complex
displays a synergistic energy state, suggesting enhanced stability resulting from the
interaction between WS, and the alkyl spacer.

These findings collectively highlight the potential of alkyl spacers to effectively
tailor the structural and energetic properties of WS, nanosheets. The observed
changes in bond distances and energy values imply a significant influence on the
electronic and optical characteristics of the modified WS, with implications for
improved photosensitive behavior.

The presented results contribute valuable insights to the field of nanomaterial
engineering, showcasing the feasibility of fine-tuning WS, properties for enhanced
applications in optoelectronics. Future endeavors may explore the underlying
mechanisms driving these modifications, paving the way for the development
of advanced materials with tailored functionalities for diverse technological
applications.
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Abstract. Currently, the study of the influence of the types of interaction between
dark energy and dark matter on cosmological parameters and on the evolution of the
Universe is of great interest in cosmology. Using an exotic ideal liquid with negative
pressure satisfying the barotropic equation of state, it is possible to describe the
accelerating expansion of the universe. Most dark liquid models are described using
an inhomogeneous equation of state. On a large cosmological scale, the standard
ACDM model gives good results, but on a galactic scale it has some discrepancies.
In the considered viscous liquid model, the liquid pressure is modeled by a formula
describing the pressure of isotropic crystalline solids. The liquid pressure must be
negative, because with a positive tensile stress, the pressure is negative. In the
logarithmic model, when the volume of the universe exceeds a certain value,
pressure becomes dominant. The interacting term implies a continuous exchange
of energy between dark sectors, a modified equation will be written for dark
matter V7, =0 and dark energy V"T/,QE = Q. The interacting term O shows
the interaction between dark matter and dark energy if O > 0, then the energy flow
occurs from dark energy to dark matter when Q>0 the energy flow goes from
dark energy to dark matter. The dynamics of interacting models is investigated.
Functional forms are selected for the interacting member with the correct physical
size. Then the corresponding evolutionary equations are found. Using viscous fluid
models, the Hubble tension problem can be solved. These models show that dark
energy, the mysterious force causing the accelerated expansion of the universe, has
viscosity, and it resists flow and acts to some extent like a liquid. This viscosity can
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affect how dark energy interacts with matter, and, accordingly, can affect the rate of
expansion of the universe. In these models, the viscosity of dark energy can lead to
a stronger interaction with matter in the early universe, which, accordingly, slows
down the rate of expansion. As the universe grows and cools, the viscosity of dark
energy decreases, which means that it becomes dominant and leads to an increase in
the rate of expansion. Viscous dark liquid models have been proposed as a possible
solution to the Hubble tension problem, as they can explain the differences between
the two measurements of the Hubble constant. However, these models still require
further research to fully understand their importance for cosmology.

Keywords: Hubble constant, viscous liquid, dark energy, dark matter,
expansion of the universe, viscosity, modified equation
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AnHoranmus. Kazipri yakpITTa KYHTIPT SHEpPrusi MeEH KYHTIpT Marepus
apachIHIAFbl ©3apa OPEKETTECY TYPJIEPIHiH KOCMOJOTHSUIBIK Iapamerpiepre,
FaJJAMHBIH SBOJIOIHMSACHIHA SCEPIH 3ePTTEYy KOCMOJIOTHSIA YIIKSH KbI3BIFYIIBUTBIK
TyIbIpaabl. bapoTponThl Ky TeHAEYiH KaHaraTTaHABIPATBIH TEPIC KBICHIMJIBI
9K30THKAJIBIK HI€aJIbl CYHBIKTBIKTHI KOJIJIaHA OTBIPHII, FaJTaMHBIH Y/IeMeJTi KeHSIO1H
cunarrayra 0onaapl. KyHTipT CYHBIKTBIK MOJIENB/IEPiHIH KOIIILIr OIpTEKTI emec
KYH TeHJICYiH KOJIJJaHy apKbUIbl CHIIATTala bl. Y IKeH KOCMOJIOTHSUIBIK MacIITa0Ta
cragnapttel ACDM wMopens >KakChl HOTIDKE Oepeni, Oipak TaJaKTHKAIbIK
MacmradTa keobip colikeccizmikrep 6ap. TYTKbIp CYHBIKTHIKTBIH KapaCThIPBLIBIIT
OTBIPFaH MOJIEJTIH/IE CYHBIKTHIK KBICBIMBI H30TPOIITHI KPHCTAJIBI KATTHI 3aTTap IbIH
KBICBIMBIH CHUTIATTANUTBIH (DOPMYJIaMEH MOJEINbACHEIl. CYHBIKTBIK KBICBIMBI TEpic
00ITyBI KEpeK, OHTKEeHI OH CO3BLTY KepPHEYiH/Ie KBICKIM Tepic 0omassl. Jlorapudmmix
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MOJIeNIb/Ie FaJIaMHBIH KelleMi Oenrimi Oip MOHHEH achill KeTce, KBICHIM OachiM
Ooasel. ©3apa opeKeTTeCeTiH TEPMUH KYHTIPT CEKTOPIIap apaChIHIaFbl YHEPTHSTHBIH

. . . . . . . v DM _
Y3MIKCI3 aJIMacCybIH OLIIpe i, ©3repTiIreH TeHaeyaep KyHripr marepus V7, " = Q

MEH KYHTIpPT dHEPTHUs VVTfVE = @ yIIiH Ka3plIaabl. ©3apa OpeKeTTECETIH TEPMUH
KYHTIpPT MaTepwsi MEH KYHTIPT SHEPTHSHBIH ©3apa opeKeTTecyiH kKepceremni, Erep
O >0 sHeprust arblHBl KYHIIPT SHEPIUsLAH KYHTIPT Marepusira aybicaibl, Q >0
JKaFJaibIHAa DHEPrusl KYHTIPT SHEeprusiiaH KYHTIpT MarepusFa aybicaiubl. O3apa
OpEeKeTTEeCEeTIH MOJIENb ISP i H IMHAMUKACHI 3epTTenei. Jlypric (hn3nKambiK emmemi
0ap e3apa OopeKeTTeCeTiH Mylle YIIiH (YHKIHOHAIABI (opMayiap TaHIAIAJIbI.
ConaH KeifiH ColKec IBONIONMSIIBIK TEHICYJIep aHbIKTanaabl. TYTKBIP CYHBIKTHIK
MOJISJIBJIEPIH KOJIJaHa OTHIPHIN, Xa00m KepHey MaceseciH menryre 6omaasl. by
MOJIENIBJIEp KYHTIPT SHEPrHsHBl KOPCETE/I FaJaMHBIH JKEeIENJIETUITeH KEeHEIOiH
TYABIPATHIH )KYMOAK KYII TYTKBIPIIBIKKA H€ JKOHE OJ aFbIHFa KapChl TYPaIbl KOHE
Oenrini Oip mopexee CYHBIKTHIK PETiHAE opeKeT eTeli. byl TYTKBIPIBIK KYHTIpT
SHEPTHSIHBIH MaTepUsSMEH JpEKeTTeCyiHe acep €Tyl MYMKIH KOHE ColKeciHIe
FaJIaMHBIH KEHEIO KbUIIaMIBIFbIHA 9Cep €Tyl MYMKiH. byl Mozenbaepne KyHripT
SHEPTHSIHBIH TYTKBIPIIBIFEI €pTe FajlaM/IaFrbl MaTepUsIMEH KYIITIPEK SpeKeTTecyre
OKeNyl MYMKiH, OYJ1 COHKEeCiHIIEe KEHEI0 >KbUIIaMIBIFBIH Oasymaranpl. Famam
YIFAibIT, CaNKbIHIAFaH CalblH KYHTIPT SHEPTUSHBIH TYTKBIPIBIFBI TOMEHIICH],
SFHU OJ 0OachkiM Oonazpl KOHE KEHEI JKBUIIAMIIBIFBIHBIH JKOFapblLIaybIHA
okeneni. TYTKBIp KYHTIPT CYHBIKTBIK MOZENbAepi Xa00 MIMeNeHiCiHIH BIKTHMa
IIeniMi peTiHAe YChIHBUIIbI, OMTKeHi onap XabO0J KOHCTAaHTACHIHBIH €Ki ©JIIeMi
apachIHJIaFbl albIPMAIBUTBIKTAPABI TYCiHAIpe ananbl. JlereamMeH, Oysr Moaenbaep
KOCMOJIOTHS YIIIiH OJapAblH MaHbI3IBUIBIFBIH TOJBIK TYCIHY VIIiH OJTi JIe KOCBIMIIA
3epTTeyIepal KaKeT eTe/i.

Tyiiin ce3nep: XaOOm TypaKTBICH, TYTKBIP CYHBIKTHIK, KYHTIPT JHEpPTHS,
KYHTipT MaTepusi, FaJJTaMHBIH KEHEIO1, TYTKBIPJIBIK, ©3TePTIITeH TeHACY

«Ocvl 3epmmeydi Kazaxcman Pecnyonuxacvl folivim oicone dcozapvl Oinim
Munucmpnieiniy foueim Komumemi Kapoicviianovipaost epanm Ne AP19674478
Mynomuepicmix KocMOno2uANbLIK MoOendepoesi eanam 960MHYUACHIHbIY OUHA-
MUKACHIHA MUHUMALObL HCIHE MUHUMATIObL emec OALAHbICMbIY 2Cepiy
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AnHoTanus. B HacTosmee BpeMst M3yUeHHE BIMSHUS BHIIOB B3aMMOJICHCTBUS
MEXIy TEMHOW 3HEpPrueil 1 TeMHOM Marepueil Ha KOCMOJIOTHYECKUE IMapaMeTphl,
Ha oSBomonuto BceneHHolt wMmeer Oonbimod wHTepec B kocmonormm. C
WCTIOJh30BAHUEM JK30THYECKOH HJCANbHOW KHUJIKOCTH C OTpPUIATEIHHBIM
JABIICHUEM, YIOBJIETBOPSIOIIEH OapOTPOITHOMY YpPaBHEHHUIO COCTOSIHHS MOXKHO
onucaTh yCKopstoleecss pacmupenue BceenenHoll. bonmpmmHCTBO  Mopeneit
TEMHOW KHJIKOCTH OIHCHIBAIOTCS C NPUMEHEHHEM HEOIHOPOTHOTO YpaBHEHHS
cocrostHusa. Ha OombIioM KocMomormdeckoMm Macmitade crangaptHas ACDM
MOJIENIb JTAeT XOPOIINE Pe3yNbTaThl, OJJHAKO HA TAJIaKTUYECKOM MaciiTade MMeeT
HEKOTOpBIE HECOBMaJleHUs. B paccMarpuBaeMoll MOJENN BS3KOH IKHIKOCTH
JABIICHUE KUJIKOCTH MOJETHpyeTcs (OpMynol, OMKCHIBAIOIICH JIaBICHUE
M30TPOTHBIX KPHUCTAJUIMIECKUX TBEPABIX Tel. JlaBleHWe >KHUIKOCTH JIOJKHO
OBITh OTPUIIATENBHBIM, TIOCKOIBKY TIPH TIOJIOXKHUTEIBHOM PAaCTSATHBAIOIIEM
HaNpsOKCHWH JIaBJICHWE OTpHIaTeNbHO. B morapudmudeckodt Momenw, Koraa
o0beM BceneHHON MpeBbIIaeT ONpeNeiIeHHOe 3HAYCHUE, JTaBICHUE CTaHOBUTCS
JOMUHUPYIOIIAM. B3anMoneicTByromui 4ieH MoJpa3yMeBaeT HeMpephIBHBIN
0OMEH PHepruei Mexay TeMHBIMH CEKTOpaMH, MOIAM(HUIIMPOBAHHOE ypaBHEHUS

3amuumieTcs s TeMHOW Marepun VYT, =(Q u Temuoit suepruu V'7,)" =Q

nv

. B3aumonetictByromuii uieH () MOKa3blBaeT B3aMMOACHCTBUE MEXITYy TEMHON
MaTepuel 1 TEMHOM dHepruel, eciu Q = (0, TOrAa MOTOK DHEPTUH IPOUCXOIUT OT
TEMHOW YHEPTUH K TEMHOW MaTepHH, Korga Q > (0 MOTOK SHEPTUHU UIET OT TEMHOU
SHEeprum K TEMHOW Marepuu. Hccnemyercss AMHAMUKAa B3aWMMOJEHCTBYIOIIMX
Moneneit. [logbupatorcs (pyHKIMOHATRHBIE (DOPMBI TSI B3aUMOICHCTBYIOIIETO
YJIeHa C MPaBUIIBHBIM (PH3MYECKUM pa3MepoM. 3aTeM HaXOAATCS COOTBETCTBYIOIINE
SBOJIOIMOHHBIE ypaBHeHHs. C MpUMEHEHHEM MOJIeJIe BA3KOH KHUIKOCTH MOXKHO
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pemuThs TpobIeMy HampsHKeHHOCTH Xa00ma. DTH MOZENH TIOKa3bIBAIOT, YTO
TeMHasi PHEPrus TAWHCTBEHHAs CHJIA, BBI3BIBAIONIAS YCKOPEHHOE pacCHIMpPEHHE
Bcenennoili, uMeer BSA3KOCTb, MU OHA CONPOTHUBISIETCA IMOTOKY M B HEKOTOPOMH
CTETIeHU IEHCTBYET KaK KHUIKOCTh. JTa BI3KOCTh MOXKET BIIUATH HA TO, KAK TeMHAas
SHEeprusl B3aUMOJIEHCTBYeT ¢ Marepuei, U, COOTBETCTBEHHO, MOXKET BIHATH Ha
CKOpPOCTh paciiupeHus: BeeneHHoil. B 3Tux mMonensix BSI3KOCTbh TEMHOM SHEPTUU
MOXKET MpHUBECTH K Oojiee CHIBHOMY B3aWMOJCHCTBHIO C MaTepuell B paHHEH
Bcenennoii, 4To, COOTBETCTBEHHO, 3aMeUIIE€T CKOPOCTh pacimmpenud. [lo mepe
TOro, Kak BcelleHHas yBEIMYMBAETCS M OCTHIBAET, BSA3KOCTh TEMHOH 3HEpPrUu
YMEHbIIAeTCs, YTO O3HAYaeT, YTO OHA CTAHOBUTCS JOMUHHUPYIOIIEH W MPHUBOAUT
K YBEIIMYCHUIO CKOPOCTH paciIupeHrs. Mojenu BsI3KOW TEeMHOU KHIIKOCTHA ObLIH
MPEAJIOKEHBl B KayecTBE BO3MOXKHOTO pEIICHUsI MPOOJIEeMBbl HANpsHKEHHOCTH
Xa00m1a, MOCKOIBKY OHU MOTYT OOBSICHUTB PA3JINYHs MEXKAY JBYMsI H3MEPEHHUSIMH
roctossHHON Xab6ma. Tem He MeHee, ITH MOJIEIH BCE eIlle TPeOYyIoT MalbHEHIITIX
HCCIIeIOBaHUH, YTOOBI TIOJIHOCTBIO MOHSTH UX BaYKHOCTH JUIS KOCMOJIOTHH.

KuaroueBsbie cioBa: nocrossHHas Xa00ma, BI3Kas JKUIKOCTh, TEMHAsI SHEPTHS,
TEMHasi MaTepusi, paclIMpeHHE BCEJICHHOM, BI3KOCTh, MOJU(HIMPOBAHHOE ypaB-
HEHUE

«Hacmosawee  ucciredosanue  ¢unancupyemca  Komumemom — nayku
Munucmepcmea nayxu u gvicuieeo oopazosanus Pecnyonuxu Kasaxcman epanm
No AP19674478 Bausnue MUHUMAIbHOU U HEMUHUMATLHOU CEA3U HA OUHAMUKY
960I0YUL BCELEHHOU 8 MYTbMUNONIEEHIX KOCMOTO2UYECKUX MOOETAXY.

Kipicne

Kazipri yakpiTTa Fajmam >KeIeNJETUITCH KeHer QaszachlHaa, Oyn la tunTi
cynmepnoBamapgad  (SNIa), aykemmael KypeuieiMHa"H  (LSS),  FapsimTeik
MUKPOTONKBIHABI (OHIBIK coynenenyneH (CMB), OapHoHIOBIK aKyCTHKAJBIK
tepbemicrepner (BAO) anbiaFaH OipHelie KOCMOJOTHSIIBIK OaKbLIaylTapMeH
pacranansl. Crnmpaiblbl TaJlakTUKaNapaaH jkoHe [amakTuka KiacrepiepiHeH
anplHFaH OakpulaylapMeH Oipre fajamja KYHTIpT Marepus Jel arajaThiH
OakpUIAaHATBIHHAH JIa KOI MaTepusl 0ap >KoHe O KYPBUIBIMHBIH TMaiija 0oybiHa
xkayarn oepeni. JIssmOna cybik KyHTipT Matepus ACDM nen aranatblH KapanaibiM
KOCMOJIOTHSIITBIK MOJICITTh OYJT KYOBUTBICTApIbI KYHI'YPT CEKTOPABI KYPAUTBIH HKOHE
Fanamupig mamamen 95% KypaWThlH €Ki KOMIIOHGHT PETIHJAE CHUIATTajlajibl.
JKenenmerinreH KEHEIO KOCMOJOTHSIIBIK — TYPAKTBIMEH KYH  TeHICYyiMEH
CHIaTTajaasl p = — p, all KYPbUIBIMHBIH Maiiia Ooiysl IIaH 3aThiHa OalIaHBICTHI
(p = 0). KocmonorusuiblK Oakpliaynapra coiikec keneTinine kapamactan, ACDM
TaJTAKTUKAJIBIK MacIITadTa OipHere Moceenep i YChIHAIBI KOHE KOCMOIOTHSITBIK
TYPaKTBICBIHBIH IIBIFY TETi Typajibl CYpakTap/bl allblK Kaaabipaabl. COHIBIKTaH
myHnait LCDM colikecci3aikTepiH menryaiy O0anrama MOoJeNbaepi maiaa OOIb.
KyHripr martepusiHbl TYCIHAIpY YIIIH OipHemie akcHoHAap 0ap, yiabTpa >KEHLT
CKAJISIPIBIK  OOJILIEKTEp, CYNEePCHUMMETPHSUIBIK OeJeKTep KoHe Oackamap.
Anaiifa, FapbeIIITHIK 6JIIEMIEP KYHTIPT CEKTOPIBIH €Ki KYHT'YPT KOMIIOHEHTTEH
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TYPATBIHIBIFBIH aHBIKTAH aJMai/ibl, OUTKEHI aybIPJIBIK TEOPHSUIAPbI TEK TOJBIK
SHEPTUSA-UMITYJILC TEH30PBIH Oaraiaibl.

Ocpbl Macenere Heri3genreH KenTereH MOACIbAEP KYHIYPT CEKTOPAbI epeKIe
KOMIIOHEHT HEMece CYHBIKTBHIK PETiH/Ee TYCIHAIPYIl YChIHAIBI, O YKOFaphl KbI3bLI
BIFBICY KE31HJEe KYHTIPT Marepusi OHE TOMEH KbI3bUI BIFBICY Ke3iHAE KYHTIpT
SHEPTUsl CHUSKTBI OpPEKeT eTell JXOHE OChUIalla FajJaMHBIH Kas3ipri yzaeyiH
Mozenbaeiai. bip KbI3bIFbI, OyJ1 MOJENbAEP KOCMOJIOTHSUIBIK TYPaKTBICBIMEHKYH
TeH7eyl OamaManapelH YCHIHAIABLEKIHIN JKaFbIHAH, KYHTIPT Marepus KoHE
KYHTIpT SHEPTHUSHBI OipiKTIpy MEXaHU3MI U/IeaIIbl CYHBIKTHIKTHIH OPHBIHA TYTKBIP
CYHBIKTBIKIIEH TOJTBHIPBUIFAH FajdaMIbl Oospkainel. byn menOepae ramaMHBIH
KEICIACTUITeH KCHEI01 KOCMOJIOTHSUIBIK, TYPaKThl €MeC, TYTKBIP CYHBIKTBIKTBIH
KBICBIMBIHAH TYBIHIAHAbI. Ochlaiiia, OipeIHFail KYHTIPT MaTepus MOJENbICPiHiH
Oy1 Typi KOCMOJIOTHSUIBIK TYPAKThl MACENE KOHE COWKECTIK MOCeNeci CHSIKTHI
KOCMOJIOTHSJIBIK TYPAKThI MocesieNiepiH OoabIpMaiabl.

MarepuaJjgap :KoHe Herisri agicrep

Fanam norapudmaix MogudukanusiMeH TYTKbIp OalIaHBICKaH CYWBIKTHIKIICH
TOJNTHIPBIIFAH PETiHAE KapacThIpaMbl3. YJKEH MaclITaOTaFrbl KYHTIPT SHEprus
KACHUETTEpPIH €CelKe alydblH KapamaidblM TYpi, OJ FapbIIUTHIK YIACYTe >KayarTbl
CYHBIKTBIKTBI ©3repTy Tocili Oomybl MyMKiH. OHbBl YamimblrMH YCBIHFaH Tra3
XKOHE OpTYpl KyH TeHaeynepiHeH Oaiikail anmampl3. FapblITBIK KBICBIM Tepic
OOJFaH/IBIKTaH, FaJIaMHBIH SBOIIOLMSACHIHBIH Oenrim Oip Ke3eHIepiHIe Tepic
KBICBIM/IBI KAMTaMAachl3 €Ty YIIiH TEeK MaTepusiHbI KoJiaHyFa 0ojia Ma JiereH oifra
kenemi3. On yiriH TaburarTa MYMKiH OOJaTBIH XKaFJaiiap bl TaIIaybIMbI3 KaXKeT.
MyMKiH OoNaThliH JKaFaalaapAblH Oipi-CTaHIAPTTHl MATEPUSHBI OHBIH KBICHIMBI
HeJre aifHaNaThIH OJETTErl aFAaMeH callbICThIpFaHaa Oacka KyW TeHaeyiMeH
KapacThIpy. 3aTThIH KbICHIMCHI3 KYH TEHJICYiHEH Tepic KbICBIMFA 6TyiHE MYMKIHIIK
OepeTiH npolecc CTaHAapTThl MOJIEJIbC KapacThIpbUIFaHIail FapbIIITHIK KEHEIOre
OaiimanpicTel. OchUTaiiina, OChl CTpaTerusra KyriHe oOTwIpbin, Jlebaiasiy
KyBIKTaybIHAarbl AHTOH-IIIMMAT Ky#l TeHzueyiHe OaFbIHATBIH MaTEpUSHBI
ycoeiHambi3 (Kamosmuerno, 2019).

JHopexenik 3aHpl Oap JorapuPMIiK MOTUPUKAIVSIIAHFAH TYTKBIP CYHBIKTHIK
YIIiH ©3repTUIreH Ky# TeHaeyi KapacTeipa adambi3 (bpesuk, 2021).

Byn skepmeri MakcaThIMBI3 — KYHTIPT SHEPIHSIHBI JOpeXeTiK 3aHbl 0ap
norapugMIik MoaruKaMsIaHFaH CYHBIKTHIK TYpFbIChIHAH 3epTTey (Kamosuemio,
2018) 6ombirt TabbuTaBl. OChIFaH OalTaHBICTHI KYH TeHIIEYIMI3 KeJeciael Oomasl

-1
—4(L AR
p=4(2) m(2): (1)
MyHIaFbl P,-II7aHK THIFBI3ABIFEIMEH AHBIKTAIATBHIH AHBIKTAMAbIK THIFBI3BIK:
— Spr2 .
pp =¢>/hG* = 516 x 10*°g/m®. A >0 Gonran sxarnaiina, JIOTOTPOITHI TEMIIE-
.. . 1
parypausl 6ingipeni, an [ = =2 =
KocMonorusira TYTKBIPIBIKTEL €HIi3y op Typii Typrbiaan 3eprrenni (Ipoun O.
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1990). Kynript sneprus mozeni (bpesuk, 2005), FapbIIITHIK CHHTYIISIPIIBIK CUSKTHI
COHFBI o3ipiemenep Oap. KyHripr marepus MeH KYHTIPT 3HEPTUSHBI TYTKBIP
opramen Oipikripinren (bpesuk, 2005). MyHnaii Mojenbaepae Fajaam TYTKBID,
OIpTeKTi CYMBIKTBIKIICH TONTBIPBUIFAH Jem OoibKaHaabl. FapblITHIK THIFBI3ABIK
KYHTIpT SHEPTUSHBIH Oip OeiriHe ®oHe KYHTIPT 3aTThIH Oip OeiriHe OemiHOeH I
(M»aH, 2009). KemeMik TYTKBIPIBIK FApBIMITHIK KBICBIMFA BIKIAT €TEl JKOHE
FaJIAaMHBIH YJIETKIII POJIH aTKapabl.

JloroTponThl KYHTIpT HEpTUs MOJEIiHIH Oenriienynepin Kongana oTeIpsi (1)
KYH TeHJeyiH KaiTa *a3ailblK. ByJ1 yIIiH MaccaiblK TBIFBI3IBIK apKbUIBI KOJIEMI
V~p~! KaTbIHAchl apKbLIbl KepceTeMis (HaBanuc, 2016)

1
—=V

pM=6(5) ¢ (i) 2)

Mynnarsl V- 9pTypili KbICHIM O€NTiIEP] apachIHIaFbl TOCKAY bULIbI 2XKbIPATATBIH
keieM, an f - IproHaiizeHHiH emmeMIik mapamerpi Oombmm kenemi. Kememmai
CBIFy MOXYJI CBIPTKBI KYIITEPAiH OCEpiHEH KOJEMHIH KAHIIAIBIKTEI ©3TepeTiHIH
Kepceremi. bipTekTi ’XKoHE M3OTPONTHI FajamIarbl Y6 mapameTpi TeopHsIarsl
epKiH TapaMeTp Jen aranaasl. Erep KBICKIM OH KOJIeMIi CepIiMIITIK MO YIIIiH
oH 6oinca. Erep V <V 6osca, OHIa KBICHIM OH KOJIEMJIi CEPIIIMLTIK MOYJIl YIIIiH
Tepic OOJBI TaObLIAIBI.

Erep KyHTIpT CYWBIKTBHIKTBIH KBICBIMBI (2) TEHIEYAI KaHAFaTTaHILIpCA, OHIA
KOCMOJIOTHSIJIBIK Y/ICY/ll KaMTaMachl3 ery yiuiH kenem V = Vg xenepricinen eTyi
kaxeT (Maitep, 2003). Y Typii pexuMIi aXXbIpaTy KEPeK :

1. V0 TOCKAYBUIIaH ©TKEHTe ACHIHTI aiiMak, sFHu V < V0 Oonran kesme. by
aiiMaKTa KbICBIM OH Oouibil Kenemi skoHe ne Famam Oasynaiiael. BynLCDM
MOJEIIHAEr KbICBIMCBI3 3aTTHIH YKaHJalbIHA COMKEC KEJIEIl.

2. V =V, afimak. Byn xkarmaiima GasymaymaH yaeyre aybiCy IMPOIECCi OpBIH
anabl.

3. V>V Oonran Ke3aeri, TOCKaybUIIaH OTKEHHEH KeHinTl aiimak V. Ocblian
KEWiH KBICEIM Tepic 0oaapl )KoHE 1€ CYWBIKTHIK YiiIel OacTaipl.

Ocpiran colikec, JorapudMaik MoaupUKalUsIaHFaH JI9PEKETIK 3aHbIHBIH
MOJIEIiH/Ie FallaMHBIH JIMHAMHMKAIBIK OBOJIONMACH OHBIH kememi V = Vo
TOCKAybUIBIHAH OTKEHJIE FajamJbl >KbUIJAMJIATaThbIH JKaJFbI3 CYWBIKTHIKIICH
cumartanajael. bylm OCbl Moneibli KeHiHTi Falamjbl CHUIIATTayFa KOJJaHyFa
MyMmKiHAik Oepeni. Enmi (1) xy#l TeHaeyiH KoijaHa OTBIPBIN, FallaMHBIH
JTMHAMUKAIIBIK JBOJIIONUSCHIH TOJBIFBIPAK KapacThIpalbIK. FamaM/ibl KEHICTIKTIK
Ka3bIK, OIPTEKTI KOHE M30TPONTHI JICTT KAPACTHIPHIN JKOHE KOJIEMJIIK TYTKBIPJIBIK
Oap nen ecenteiiik (ABenuHo, 2010). KpickiMFa Keneci MyIieHi Koccak

J(H,t) = & () (BH)™; €)

Mynnarst ((H,t)H Xa066n napameTpine skoHe 1€ ! yaKbITKa OaiiaHbICThI
00JIaThIH KOJIeM/1i TYTKBIPIIBIK 00161 Ta0bLIa, 161, TepMOIMHAMUKAIIBIK ceOenTepaeH
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{(H,t) > 0 weranpt. Jlorapudmaik MoOTUHUKALUSIAHFAH TOPEKETIK CYHBIKTBIK
YILUiH KeHEHTINreH Kyl TeHaeyi keneciaei gpopmara ne 6omnapl

p=A (ﬁ)'l — 3HC(H, 0); )

Byn ¢dopmyna skanmpulaHFaH KyH TEHJICYIHIH epeKile >Karnailbl OOJIbII
TaOBLIAIbI.

OperTe, KeIeMIIK TYTKBIPJIBIK (opmachl yakbITKa OaillaHBICTBI (QyHKUIHS
periane tanmanaael (MaH, 2007). XKyMbicTa THIFBI3IBIKKA TOYEIIl TYTKBIPIBIK
xoopummenti {(H,t) erxeii-terkeiini 3eprrenren. BipikTipinren KyHripr
Marepusi MEH KYHTIPT 3HEPrusiHbl MOJEJbJACY YIIiH keOinece A = 1 mapamertpi
TYTKBIP CYHBIKTBIKTBIH KBICBIMBI HOJT€ TEH, al TYTKBIPIBIK TEPMUHI THIMII
KBICBIMFa BIKIAJI eTefi Aen OomkaHansl. MyHaa OipHele Macenenep TybIHIaH bl
Bakpuiay HoTHKenepi OOMBIHILIA FAPBIIUTHIK THIFBI3ABIK FAPBIITHIK KBICBIMFA TEH
(bam6a, 2012). TyTKBIpIBIK MOAETIH/IE TYTKBIPIBIK TEPMHHI FAPBIITHIK, KHICHIMFA
YCTEMIK eTe[li ’KoHE IOCTYPIi CYHBIKTBIK TEOPUSChIHA KAHIIIbI KEJIETIH FAPBIILTHIK
3aTTapaplH 0acka KypamIapblHBIH KbICHIM YIJIECIHEH achlll Tycedi. TYTKbIp
KOCMOJIOTHSIHBI 3€pTTEeYAIH OepiK HEri3iH Kajay MaHbI3/bl €KCHI aHBIK.

byn Oemimae dpuaman-Pobeprcon- Yokepaig KEHICTIKTIK-Ka3bIKTHIK
KEHICTIrHIeTi eKi TYTKbIp OallaHBICKAaH CYMBIKTBIKTBIH (hopManu3MiH KoigaHa
OTBIPBIN, KEHIHI1 YaKbIT QJeMiH KapacThIpbIThIH Oonambr3 (Papaonu, 2002).
Ky#ripr MmarepusmMeH OipikTipiaret (4) KyiiHiH Jorapudmaik MoanpuKanysIaHFal
JOPEIKeITiK TeHIeYiH KonaHa oTeIpsi, Opunman-Podeprcon-Yokep AMHAMUKACH
3eprreneni. Jlorapudpmaik MoauduKanUsIaHFaH ASPEKE MOJENbIEC FaJaMHBIH
keseMi V=V TOCKaybUIbIHAH OTKEH KE3JIE YJIEME FallamMFa skayarn OepeTin Oip FaHa
CYWBIKTBIK Oap. Mojiens epre ralampl cunartail anMaipl, cededi Oy ke3eHeri
TeMIeparypa KaTThl IeHelep YIIiH febail TeMIepaTypacblHaH ieKaiaa sKorapbl
Oonbin keneni. MHQIAIUS Ke3eHIHAe CYHBIKTBIKTAFbl KbICHIM JIOTOTPONTHI KYHTipT
SHEPrusl MOIENIHACTINeH KeMHUAl, all KeHiHT1 yakbITTa KbICBIM TYPaKThI Tepic
monre ymrbuiaasl (Konmgysmn, 2002). By skaraaiiga Fanam KYHTIpT CYHBIKTHIKIICH
TOJNTBHIPBIIFAH JKaF/aiiia e3apa OPEKeTTECEeTiH €Ki KOMIIOHEHTIEH TOJITHIPBUIFaH
FajlaM KapacThIpbUIaJbl: TYTKBIPIBIFBI Oap jorapudmaixk MoaupuKauusiIaHFaH
JIOPEIKEITiK 3aHBIHBIH Kypamaac 0eliri koHe MacutaOTsl akropsl Oap @punman-
PoGepTcon-Yokep KeHICTIKTEr1 XKa3bIK FalaMIaFbl KYHT1PT MaTepusiHbIH KypaMaac
Oemiri (Qnuzanbae, 2014).

DOHJBIK TEHACYIEP

p+3H(p+p) =-0Q, (5)
p1+3H(p1 +p1) =0, (6)
KOHE

. k2

H=—=(@+p+pi+p). (7)
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Mynnarst, H Xa661 ¢pysxumscs Gombin tabbutansy, sean H(t) = a(t)/a(t),
an k2 = 87(G, G-HbIOTOHHBIH IPaBUTALMSAIIBIK TYPAKTHICHL, p, p KOHE P, P,
JIETeHIMI3 - OaHIaHBICTBI CYHBIKTAPABIH KBICBIMBI MEH DHEPTHUS THIFBI3IBIFRI, ail Q
- @3apa opeKeTTecy Myteci O0bI Taobsaasl. DopMysamaa KOPCETITeH HYKTE OJT
FapPBITITHIK YaKbIT t OOMBIHINA TYBIHIBIHBI OUTIIpeTi, A KOCMOJIOTHSIIBIK TYPAKTHI
HeJIre TeH Jen ecenrteieni. Keneciaeh MeTpuKaHbl KapacThIpaMbl3

ds? = —dt? + a%(t) ¥, dx?. )
@®punman MeTpuKachl yiriH Xa00i TypakTheichl kenecigei [11]

H? = (p + p). ©)

Kazipri yaxpITTa KOCMOJOTHSIHBIH HICHIJIMETEH MAcesenepinin Oipi o,
cragnaprtel ACDM MoneniHzeri coikecTik Maceneci Oonbin TaObutanel (Pew,
2006).

AJFalIKbDKYBIKTaY PETIHIE MOAEIBIE TEK O1p CYHBIKTHIKTHIKAPAaCThIPIBIK, aaliaa
MOJICTIbTE COYJICJIEHY JKOHE KYHTIPT DHEPrHsl CHAKTHI KONTEreH KOMIIOHEHTTEPIi
kocsi, §(H,t), ke3-kereH CyibIKTBIKTBIH KOIEM/IIK TYTKBIPIBIFBIH TAFaiibIH/IY
JerpaganusFa okenei, SFHu GOHABIK ASHIei1e TYTKBIPJIBIKTBI TyAbIPAaThIH HAKThI
FApBIIITBIK KOMIIOHEHTTI aHbIKTay MyMKiH emec (Pen, 2007). ExiHimii xarbiHaH,
maH OeJIeKTepi TOMEH KbI3bLI BIFBICY Ke3iHIE PEJSITHBUCTIK Oeekrepre
BIIBIpaYbIHA OAMIAHBICTBI TYTKBIPIBIK TYABIPYBI MYMKIH (z < 1). MyHnaii cCOHFbI
OeuieKkTep SHEPreTHKaIbIK GOTOHIap O0IMaybl KEpPeK, OUTKEH1 Olapabl aHBIKTay
OHail Oomap eni. JleMek, FaphIIITHIK KOMIIOHEHTIMI3 KbICKIMCHI3 (p=0) maH Topi3zi
3aT CUSIKTBI 9peKeT ereai Jen ceHemi3. CopaH KeHiH y3aikci3aik Tenaeyi Gpopmyna
apKbUIBI Oepineni.

KyHripT »HeprusiHbIH THIFBI3IABIFEI MEH Kazipri fajamJIarbl MaTepHSHBIH
SHEPTUs THIFBI3IBIK aMaChIHBIH peTi Oipaeil 0OnaThIHABIKTAaH, KYHTIPT SHEprus
MeH Marepusi 0ip-OipiMen Oenrini Gip nopekesne e3apa opekeTTeceai aen 6omkam
Kacail anambi3 (Homxupu, 2005). HakTbl KOCMOJIOTUSsIBIK OaKpL1aysiap r = p /p
-HbIH OipiiK peri 0ap eKkeHiH aHBIKTAHIbl. THIFBI3IBIK KOX(QQPHULIMEHTIH TYPaKThl
nen ecentern (Typaktsl kKarsiHac CDM MopeniHiH canjapsl), oceiFaH coiikec (9)
TeHJeYyiMi3 Kenecieit 0omabt

3H?

P = oy (10)

OchIan KeliiH 63apa 9peKeTTEeCYIIH KOCMOJIOTHSIBIK MOICITIH 3epTTEHMI3.

Moaceneni Koo

Jlangay MeH JIuQIIUITEH FapBIITHIK JBOITIOIMAIAFEl KOJIEMIIK TYTKBIPIBIK
MaHBI3IBI OOJBIN KOPIHETIHIH Ol1eMi3 KoHE OHBI MAaKPOCKOIMSUIBIK TYPFbIIaH
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TYCiHIpe aaMbI3, OyJI Tere-TeH K KYHiH KaJIblHa KeNTipy/IiH 0asty poIecTepiHiH
OoiybiHa TeH. FaphIIThIK CYWBIKTHIKTBIH KOJIEM/IIK TYTKBIPIBIFBI OOIIIEKTEPIiH
CaKTaJIMaWThIH ©3apa OPEKETTECYiHIH HOTIKECI OONyhl MYMKIiH Jer OoJnKaiibl
(Onunuos, 2018), an OGackanmapbel FapbIUTHIK OPTa KOMIIOHEHTTEPIiHIH OpTYpii
CANKBIHIATY JKBUIIAMJIBIFBI KOJIEMIIK TYTKBIPIBIKKA OKEIyi MYMKIH eKeHiH
kepcereni (ITammanabxan, 1987). ConbiMeH karap, CDM CYHBIKTBIFBIHIAFBI
oetitapant CDM ymriiH KeJeMIiK TYTKBIPIBIK KbICBIMBI CDM CYHWBIKTBIFBIHAH
CoyllelieHy CYWBIKTBHIFBIHA OepilieTiH 3Heprusra OalIaHBICTHI Taiiga Ooajbl.
Jluckinmi  ranmakTHKaNapIblH KONTEereH OalKalaThlH KAaCHETTepiH JKACBIPBIH
CEKTOpJia TYPAKThl KOMIIOHEHT PETiH/Ie KOPIHETIH KYHTIPT Marepusi IUCCUTIATUBTI
KOMITOHEHTI apKbUIbl keOeiTyre Oonax. ExiHmii »xarbiHaH, OY3bUTY JCHTeHiHIE
TYTKBIP CYHBIKTHIK JUHAMUKACHI CHITATTAMAHbI CHI3BIKTHIK €MEC PEKHMIE Tapary
YIIiH KapamaibiM koHe 1o Heri3 Oepeni. (Homxupu 2003) Byrinri tanra aeitin
KYHTIpT MaTtepusi TaOwrarhl Oenrici3 OONFaHIBIKTaH JXOHE KOCMOJIOTHSIIAFhI
JIICCHUTIATHBTI oCep]Ii KOKKa IIbiFapyra OommaiTeiaabiktad, ACDM mopneninzgeri
KYHTIpT Marepus TYpiHIH CHIATTaMaChlH 3epTTey (U3UKAJIBIK KBI3BIFYIIBUIBIK
TYABIPAJIBL.

CyHBIKTBIK KOMITOHEHTTEPIHIH 63apa OpeKeTTeCy TYPIiH Kelleciiel KapacThIpyFa
Ooaasl

= 3qH PP
Q « pP1P—pP1P (11)

MYyHJaFbI 0 — JIIIEMCi3 TYPAKTHI OOJBIN TaOBLTAIbI. DHEPTHS THIFBI3/IBIFBIHBIH
KaTbIHAChl TYPFBICAHAH ' = p/p €KEHIH €CKEpilNl, ©3apa OPEKETTECYy MYIUECIH
KeJecliel )Ka3aMbl3

Q= 3aH£ (12)

Jlorapudmaix MomupUKaLUSIIAHFAH TOPEXKETIK CYHBIKTBIFBI YILIiH KEHEHTIIreH
KYH TeHzeyiH KaiiTa jka3aTblH Ooiicak (4) hopmyna keneci Typre Keneai

p=a(2)" - 3uc00;

Keiceivra ¢ (H, t) xememuik TyTKBIPIBIK KOChUTabl, o1 H XaG61 TypaKkThIChIHA
YKoHE t yaKbITKa OalIaHBICTHI OOJBIIT Keei

J(H,t) = & (OBH), (13)

Ocsl XaFaii1a yakbIT OOMBIHIIA CBI3BIKTHIK TYpE ©3repeTin &; (t) hyHKuumsichin
KeJiecijiel xka3yra 0oaibl

&) =dt +z, (14)
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MyHnaarsl d, Z — TYpaKThl apameTpiiep.

(13) dopmymanersl n = 1 nmen ecenren, comaH KeWiH p > p,/2 karmaibiHaa
TYTKBIPIIBIK OOJIFaH Ke3leri JIorapudMIiK Ty3eTyli Oap MOpekeNiK 3aHbIMEH
0aifIaHBICTHl CYUBIKTHIK YIIIIH TEHJEY/ jKa3aMbI3

{(H,t) =& (OBH)' = 3H(dt + 2),
Keiiin (5) Tenneyine (12) TeHaeyiH KOSTBIH 00JICAK KeJeci/iel OpHEKTi ajJaMbl3

p+3H(p+p)+3aHT 0 (15)

Ocbl 6pHEKKE YIFar0 Ky OpHETiHiH MOHIH KOSTBIH OOJICaK OpHETiMi3 Kelecinei

TYypae 60mambl
3aHr

p+3H (A (pﬁ) In (£) - 9HH(dt +7) + p) =0 (16)

(6) Tereyinen 3H? aHBIKTaUTBIH OOJICAK, O KeJeciae Typre ue 6oma bl
2=k*(p+rp) (17)

Ocninat (17) epHerin (16) TeHaeyiHe KONBII, KalTa aHBIKTAUTBIH 00JICaK

-1 —1-1
; P P — 2 —
j+3H [(A (2) m(2) 3d(1+)k%tp + p
_ 2 ary| _
3z(1+1r)kp + T)] =0 (18)
Keitin  p > P+ xarmaliblHIAa  TYTKBIPIBIK OONMFAaH Kesde JorapudMumik

2 . o . .
MOJIUGUKAIMACH  0ap JIOPSKETIK 3aHbIMEH OalaHBICKAH CYWBIKTBHIK YILIIH
IPaBUTAIUSUIBIK TCHJICYIH KeJIeCiei Ka3bliaibl

-1 -1-1
. p p Fe4 A\l =
pr3r[a(2) =a(2)" T+ (@ +2)p| =0 (19)
MyH1aFbI, d = —3d(1+ T‘)kz, anZ=1-3z(1+ T)kzp + %'
+3H [A lnpﬁ} (20)

[ = — I »xarmalibIHIa 6pHETIMI3 Keleciae Typae 6omambt

k2(1+ )

2H+3(dt+z+ )HZ—O 1)

(21) TenpeyiHiH menIimi
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4d

H(t) = . (22)

3(&t+2+%)2+(:2
C1 — MHTErpajjiay TYPAKTBICHI OOJIBIT TaObLIAMIbL. Cl = 0 xarmaisiaga H > 0
Oonanpl, siFHM FanaM keHeieni. ConelMeH Oipre, t, = —%(2 + pi) YaKbITbIH/IA
H anmaxraiiibl ’oHe OCbUIailla YIKEH aJlllaKThIK CI/IHryJI;IpJH)IfLI*HaI‘/'IL[a 0oJtabl
(Homxwupu, 2005).
(22) epuerinen MacmTaOTHI (haKTOPIbI aHBIKTAUTHIH OO0JICaK, OH/Ia OJ1 Keleciieh
TYypre ue 60manb

-1
45 . A
a(t) = agexp [—5 (dt +74+ p—) ], (23)
MyHarb! 0, — MHTErpasiay TYPaKThICHI €M arana/bl. MacmraOThl (JakTop/biH
YaKbIT OOMBIHIIIA TYBIHIACHI

a(t) = — = a(t) (24)

VA
(e+5+57)
VakpIT OOWBIHIIA TyBIHABI OH OONFaHABIKTAaH, FalaM KeHelemi jen
TYKBIPBIMAAAMBI3. YaKbIT GOMBIHINA EKIHILI TyBIHIBIHbI aJ1aMbI3

i) =[1-2(dt+z+ pi)] HX(Da(t). (25

Jlemek, t1 = 5(% -Z- %) Karmaitbiana  d@(t) = 0. Ocpumaiimma, ¢ < t,,
Karjaibiaga, d > 0, SFHU (G(t) > (0 KOHE FalaM Kell Xe[eJICTUIreH noyipre
ereni (Cystun, 2018). KyHripr marepusiMeH e3apa dpEeKeTTeCycCi3 TYTKBIp eMec
CYMBIKTHIK Karaaiibiaaa ( srau d = z = 0 sxone @ = 0 nmapamerpiepinge), [ = — 1

YKaFJaibIHIa OpHET1Mi3

2/3

H(e) = (1+i)t+c3

(26)
Mynnaret C, — UHTETpasaay TYPAKTBICHL.

Horu:xenep
AJBIHFaH MOJENbIiH (26) epHeriHe coiikec XaO0m mapameTpiHiH yaKbITKa

Toyneni rpaduri Keneciaen
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1.51

0.5+

0 2 4 6 8 10
1

Cyper 1 Xa0661 mapamerpinin H(t) yakpirta Toyenainik rpaduri

FanamublH Ka3ipri TYCiHIri-Ka3ipri yakpITTa OHBIH KEHEIO1 skeaenaeni. by
KEHiHr1 yAeyni KYHTIPT SHEprus e aTajaTblH 0achIM FApBIIITHIK KOMIIOHEHTTIH
OoysiMeH Tycingipyre 6omansl.Ctanaaprtel ACDM mopeni, Ochl skeenIeTiiareH
KEHEIOA1 TYCIHIIPYAiH €H COTTI MOAENI KYHIIPT HEPrusl peTiHAe KOCMOIOTUSIIBIK
TYpPaKTBIHBI KAMTUIBL. AJaiijia, MOJENb HETi3iHEH KOCMOJIOTUSIIBIK TYPAKTHUIBIK
MpoOIeMachIHaH XKoHE Ke3JIeHCOKTHIK IipobiemackiHaH 3apaan mereai (Kommyam,
2003). 120-fa KybIK KOCMOJIOTHSUIBIK TYPAKThl THIFBI3IBIKTHIH OaKblIIAHATHIH
KoHEe OOJDKaHFaH MOHJEplI apachIHIAFbl YIJIKEH allIaKTHIK KOCMOJIOTHUSIIBIK
TYpakThl npoOiema Oonbin TadbulaAbl. KyHTIpT SHEprusi KOMIIOHEHTTEpPi MEH
KYHTIPT MaTepUSHBIH JHEPTrHs THIFbI3IIBIFBIHBIH FAJIAMHBIH Ka3ipri IoyipiHzeri
COMKeCTIri CoKecTik Maceneci peTinae Kapacteipsuiaabl (Oan, 2009). ConbiMeH
karap, ACDM wmozeni Ki1accHUKajblK KAIIBIKTHIK OacliajaKTapbiMEH OJIIIECHTCeH
Xabb6n mapamerpiHiH arbiMiarbl MoHiI MeH [lmamkteiH CMB nmepekrep MoHi
apachIHJIaFbl ATAPIIBIKTAN KeNiCIeyIUTKTep/IeH 3apaan mereai. Jomipek aiTcak,
cynepHoBa OakplnaynapsiHan Hy = 74.03 £+ 1.42 xm/c-Mnxk 0Oap, an [lnank CMB
nepekrepinen ansiaran ACDM  xocmonorusacel  Hg = 67.4 £ 0.5 km/c-Muk.
Byn wmocenmenepni mienry YIIiH #KYHTIPT SHEPTHSHBIH OpPTYPJi JWHAMHUKAIBIK
MOJETbACPI YCHIHBUIABL. KYHTIPT SHEPrHsSHBIH €JIeC MOJICNi, TOJIOTPa(UsITBIK
MOJIeNb, (DAaHTOM, TaxXWOH, TWIIATOH, KBUHTOM YOHE BaKyyMHBIH JWHAMHUKAIBIK
SHEPTUACH OyiIap KYHTIPT SHEPTUSHBIH THHAMHKAIBIK MOICTBIACPiHIH OipHEIIe
mbicangapel(Kommysmr, 2002). OnapaplH KemIIUIri OakpiiaydapMeH HKaKChl
yitneceni. Tarbr Oip GamaMa ToCiI-ayBIPIBIK TEOPHUSICHIH ©3TEPTY.

Epexure xarnaiina, C, = 0 6onranaa, H (t) yakeIT GOMBIHIIA TYBIHIBICHI

2

3(1+i)t2' (27)

P

H(t) = -
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H < 0 Gonran xarmaiina, raaam Oasynaiasl. Ocbian MaciTabThl GpaxTopabl
AHBIKTANTHIH 0OJICAK
2

a(t) = a0t3(1+%), (28)

MyHparbt o, — €piKTi TYPaKThI.
Ocsl MogienbiiH (28) TeHaeyiHae KopceTuIreH MaciuTad GakTOpbIHBIH rpaduri
2 cypeTTe KOpCeTUIreH

100-
80
60
40-

)
e

0 2 4 6 8 10
i

Cypert 2 Macmtad (pakTOpBIHBIH YaKbITKa TOYESIAUTIK rpaduri

2-cyperte MoAM(DUKAIMSIAHFAH Kepl Kapay YaKbIThIHA KATBICThI MACIITaOThI
k03¢ puLIEeHT peTiHAe KYpPhUIFaH OipiKTIPLUITeH IepeKTep )KUBIHTHIFbI KOPCETLITeH.
Conpaii-ak, rpapukre € =0.73 xome Qp =' 0, 27 THIFBI3IBIFBIHBIH
napaMetpiepi 6ap eH kimi kBaaparrap sgiciven ACDM colikecTiri KkepceTinreH.
By Monzep ceprimaiiiik MOAyIiHIH TpaduriHAe adblHFaH MOHJIEPTe OTe KAaKbIH,
ochblIaiiia, Kepi caHaK YaKbIThIH €CENTEY/IIH AYPHICTHIFBI pacTanabl. 2-CypeTTeri
ACDM ymria R-xBagparteiy coiikecTik ko3 dunuenti 0, 98 kypaiinsr. Conmaii-ak,
rpauKTe KYHTIPT Matepus P = % p Kyi#i TeHeyi Oap uueanapl CYHBIKTBIK TYPiHIE
ycoiHbUTFaH, OHBIH THIFBI3/IBIFEI t TYPAKTHICHI PETiHJIE ©3repe/li xoHe o Opuaman
TEHIEYJIEPIHE (D5, /tz peringe ememi, tek Lgark/ a3 mymecin ACDM-te
ayeicTeipansl (Pen, 2006). Hemece, om ACDM wmacmtad ko3hGUIIHEHTI CHSIKTHI
ecernrreneni. by anMacTeipy apKpLIBI 0(t) JKaHa TIemIiMia Ta0yFa O00Tab.

MacmTa0Thl (DaKTOPIBIH YaKBIT OOMBIHINA OIpiHINI TYBIHIBICH Kelecimei
AHBIKTAJIAIBI
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1+4
P

a(t) = %a(t). (29)

TyeHOB! OH OonFaHabikTaH, fajam keHeiyne (bpesuk, 2009). Ocwiman
KOpETIHIMI3, erep JorapupMIAiK MOTU(DUKAIMITAHFAH JOPEKEITIK CYUBIKTHIFBIHBIH
TYTKBIPJIBIFBIH KOHE OHBIH KYHTIPT MaTepUsIMEH 03apa OPEKeTTECYiH eCKepMeceK,
Ka3ipri TaHJarbl FAJAMHBIH yJEMelll VIFAlObIH CHIATTAMANUTBIH KOCMOJOTHSIIBIK
MOJEJIBII AJIIBIK.

Y3mikcizmik TeHzeyni mrenry OaiymaHbIC Mymieci O0ap KYHTIpT marepus TeH
Xab0m QyHKIHSICH Keneciiel opHeKTene i

py(t) = [&%4 (% — 1) arctan (dtzjﬂ (30)

4

. . ~ 2n (ar o
FajaM yunH t — o0 merigae pPi1 — Po €Xp [&_C4 (T -1 Ocplran colikec,

YCBIHBUIFAH MOJICNTb FaJJAMHBIH SBOJIOIMACHIH OaKpliaylapra COWKeC CHMaTTan
aJajpl, MAaTEPHUSIHBIH YCTEM/IIK €Ty A9YipiHEeH KeHiHTi yey AoyipiHe aybICcabl.
Anocel (30) TeHIeyiH/Ie OPHEKTENTEeH THIFBI3IBIKTHIH MOZIEIh Tpaduri 3 cyperte

Mynparsl C4 # 0 — epikTi TYpaKThI OOJIBIN TAOBUIAIBI, all ]50 = p,(0). Keiiinri

KepCeTiireH

0 T \
0 1 2 3 4 5
t

Cypet 3 TIFBI3ABIKTHIH YaKbITKA TOYENIi rpaduri

3 cypetTe OciiHEeICHICHICH, SHEPT U THIFBI3IBIFBI OPKAIIAH YAKbITTHIH OH )KOHE
KeMy (QYHKITUSICBI OOJIBIT Kaia Oepeti )oHe o1 t — 00 Ke3iH/Ie HeJTe KaKbIH AN Ib.
By rpaduKTeH SHEPTHUSHBIH OapibIK TBHIFBI3IBIFEI KEHEHIN KaTKaH FaaaMIbl
KOPCETETiH, SFHU YaKbITTHIH OH TOMEHJICUTIH (DyHKIHSIIAp eKeHIH KOpCeTeI.
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Kaszipri TaHma KYHTIpT Marepusi >KOHE KYHTIPT SHEPrHs THIFBI3IBIKTApPhI
Oipneit wama perine ue (bpesuk, 2021), 6ipak ACDM moaeninge Oy sHEprust
TBIFBI3JIBIKTAPBI OPTYPIIi KOJAAPMEH JAMHUJIBI, COHIBIKTAH €Ki THIFBI3IBIK Ta Ka3ipri
yakpITTa IIamMa peTiHe COHMKec Kelyl YIIH epTe Fajama OJapiblH apachlHAa
HAKTHl OJIIEMJCpiH any KakeT. KeiaeMamik TYTKBIPIBIK CYHBIKTBIKTBIH DHEPTHS
TBIFBI3JIBIFBIHA TYPAKThI KOHE IPOMOPIIHOHAIIBI eKeHIH eckepe oThIphIn (bpeBuk,
2021), epTe xoHEe KEHiHT1 yakKbITTBIK epekuerniktepre akeneriH ACDM Ttopizni
TYTKBIP MOJICNIBIIH HAKThI MICHIIMAEPI 3epTTEIyIe.

KopbIThIHABI

ByJT JKyMBICTA KONEMIIK TYTKBIPIbEl $  Gap, GIpTEKTi KOHE H30TPOITHI
KEHICTIKTIK-)Ka3bIKThIK KeHICTIKTEe JorapupMIiKk MoauduKalusIanrad opeKeiK
KYH TeHJeyiHe Heri3/ieireH FalaMHBIH KYHTYPT SHEPrus MOAEN KapacThIPBUIIBL.
Hopexenik 3aHbpl OoWbIHIIA JOrapuMIIK MOTUPUKAIMSIIAHFAH CYHBIKTBIK
M30TPOMNTHI JiehopManusiiapJarbl KPUCTANIIBI KaTThI 3aTTapFa yYKcac KacueTTepre
ue, TINTI KbICKIM Tepic OosIFaH xaraaiia na. byt hopmaiinzm Moesbai MoeI by Te
JKOHE KeHIHT1 FaJIAMHBIH JKEJIeICTUITCH KCHEIOIH JJOTOTPOITHI KYHTIPT CYHBIKTHIK
TYpPFBICBIHAH TYCIHAIpyre MyMKiHAiK Oepenmi. CoHpmaii-aKk KYHTIPT MaTrepHsIMeH
©3apa OpEeKeTTEeCY/lI KapacThIPABIK JKoOHE €Ki CYHBIKTBHIKTHIH YHEPTHS THIFbI3/IBIFbI
YIIiH aHaJIUTUKAIBIK OpHEKTep ajiblK. MacmtaOTel (akrop o(t) oHE OHBIH
OipiHII KOHE eKiHINI TYBIHJBUIAPBIHBIH ©PHEKTepiHEe CYHEHE OTBIPBIN, 9p TYpIi
cUIarTama pexXuM/IepiHe OOIiH/II: He )KeAeNACTUINeH KeHEHTY (Ka3ipri Ke3aeriaei),
He OastymalThiH KeHelTy. KyHrypT MarepusiMeH e3apa opeKeTTeCycCi3 TYTKBIP eMec
norapu@MIiK Moau(UKAIMsIIAaHFAH JIOPEKETIK CYHBIKTHIFBIHAH allblPMAIIbLIBIFbI,
MOJIETTh Ka3ipri FalaM/Ibl CUITaTTayFa KOJMAHIbl EKEHIIT1 TOICIICH .

Kepcerinrenyiel, CYWBIKTBIKTBIH TYTKBIPIBIFBI 0ap KYHTIPT JHEPrus MeH
KYHTIPT MaTepUsSHBIH e3apa JpeKeTTecyl OpTypili THMTErl epeKIIeNiKTepIiH
cHIaThIiHa ocep eTei. byl skarnail HaKThI )KYMbBICKa TYPTKi Oouijipl. baiianbicThl
KYHTIPT CYHBIKTBIKTapbl 0ap KOCMOJIOTHSUIBIK CIIEHAPHH MaTepUSHBIH YCTEMIIIK
€Ty JAQyipiHeH KeHiHT1 yAey JoyipiHe aybICy/bl OacTaH KeUIipeTiH FajlamJbl
TyABIPYBl MYMKIH €KeHIH KepcerTi. bakpuiay nepexrepimen, aranm alTKaHnaa
Ia (SN Ia) cynepnoBa nmepekTepiMeH XoHe Xa00nm (QyHKIHMSICHIMEH >KYMBICTA
KeNTIpUIreH JIorapuMIiK MOTU(PHUKALUS MEH TYTKBIPJBIK JKarIaiiapbl sKaKChl
kemiceni. Ocpuaiiina, XenenIeTUIreH KeHEIOAIH SpTYpil peXKuMAEpiH 3epTTer,
KeHIHT1 FaJTaMHBIH OYJI CHIIAaTTaMachl KbI3BIKTHI HOTHIKENIEPre SKeIyl MyMKIH JIeTeH
KOPBITBIHABLIAYFa O00JaIbI.

baitmanpic TeHmeynepine OailnmaHbICTEI (Q OaiylaHBIC MYIIECiHIH TaOWFaTHI
(bM3UKaIBIK TYPFBIIAH Oenrici3 ekeHiH OakaiMbr3. OChl TeHICYIEPAiH COHFBICHI,
erep Q > 0 Gosca, KeJIEeMIIK TYTKBIPIIBIK OOJFaH Ke3/1€ SHEPTUSHBI CaKTay TeHIEY1
TypiHae Oonampl. AJIarkl yakKbITTa KEHIHTI YaKbIT OJEMiHIH DBOJOIMSICHIHBIH
TEPMOIMHAMHKAIBIK aCTIEKTUIEPiH 3€PTTEY KbI3BIFYIIBIIBIK TYABIPAIbL.
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Abstract. The article discusses a technique for determining the rotation angles
and field rotation speed of a telescope's photographic sensors on an alt-azimuth
mount. Rotation of the photographic sensors according to the specified parameters
must be done to compensate for side effects associated with the non-parallelism of
the axis of rotation of the celestial sphere and the axis of rotation of the telescope.
Mechanical devices designed to compensate for these side effects are called field
derotators. The relevance of the problem is due to the need to study dim deep space
objects (active galactic nuclei, optical afterglows of gamma-ray bursts, etc.) on large
telescopes with alt-azimuth mounts, on which it is impossible to carry out long-
term observations without rotating the camera field. This technique can be used to
design derotators and create accompanying programs necessary for obtaining high-
quality photographic images of astronomical objects with long exposures.
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AHHOTanus. Makanaja, anTb-a3uMyTajibl MOHTAXJAyIaH OTKEH TeJIECKOITHIH
¢doTorpadusIIBIK MaTpuLa ©piciHiH alHaly JKbIIIAMABIFBI JKoHE OYpBLTY OyphIII-
TapblH aHBIKTayFa oJicCTep KapacTblppUiraH. bepinreH mapametpriep OolbIHIIA
¢doTorpadusIBIK MaTpULAHBIH aifHaIybl acraH cgepachblHbIH aiHaly oci MeH
TEJIECKONITHIH aifHally OCiHe mapayuiesb OoiMayblHa OalyIaHBICTHI KaHama acep-
JIep/AiH OpHBIH TONTBIpYFa jKacalybl Kepek. Kepcerinren »xaHama ocepiepiiH
OPHBIH TOJNTHIpYFa apHaJFaH MEXaHHKaJbIK epic IepoTaTopiapbl JACH aranaibl.
TancelpMaHbIH ©3€KTLTIN KaMepaHbIH ©piciH alHanAblpMail y3aK Mep3imii
OakpuIayaap Kyprizy MYMKiH OOJIMaNTBIH anbT-a3uMyTalbl KOHABIPFBUIAPEI Oap
YJIKEH TEeJIeCKOITap/Aa ajlblC FAPBILTHIH 9JICi3 00BEKTIIEpiH (SAponapsl OenceH i
rajakTHKajIapibl, TaMMa-CcoyJelepiHiH ONTUKAIBIK KeWiHT1 KapKbLIIaphl )KoHE T.0.)
3epTTey KaKETTUIIriHe OalmaHbICTBl KapacThIpbULABL. byt omicti neporaropmapast
xobaay JKoHe y3aK SKCIIO3UIHSITIaphl 0ap aCTPOHOMUSUIBIK OOBEKTUICPIiH JKOFaphl
camaibl (ororpadusUIBIK KECKIHACPIH alyFa KaXeTTi yKcac Oargapramanapabl
Kacay KesiHJe Konganyra 0omabl.
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AHHOTaIII/IH. B crarne paccMaTpuBacTCd METOAMKA ONPCACIICHUA YIJIOB ITOBO-
poTa U CKOPOCTU BpalICHHUA IOJIA q)OTOFpa(l)H‘{CCKOﬁ MaTpulbl TCJICCKOIA Ha
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aJIbT-a3UMYTaJIbHOW MOHTHpOBKe. Bpamenue ¢ororpaduueckoii MaTpuipsl 10
yKa3aHHBIM I1apaMeTpaM He0OXOIUMO MPOU3BOAUTS ISl KOMIICHCALIUH MTOOOYHBIX
3¢ EKTOB, CBI3aHHBIX C HEMAPaUICIbHOCTBIO OCH BpallleHHus: HeOecHOW cdepbl n
OCH BpallleHHsl Telleckona. MeXaHn4ecKue yCTpOMCTBa, MpenHa3HaYeHHBIC IS
KOMIICHCAIIMH YKa3aHHBIX TOOOYHBIX 3 HEKTOB, HA3BIBAIOTCS IEPOTATOPAMH TIOJIS.
AKTyanbHOCTh 3a/auydl OOYCIJIOBJICHa HEOOXOIMMOCTBIO HCCIEIOBAHUS TYCKIBIX
O00BEKTOB JaJIbHETO KOCMOCa (AaKTHUBHBIC S/Ipa TaJaKTHK, ONTHYECKHE ITOCIIe-
CBEYCHUS raMMa-BCIIJIECKOB U I1P.) HA OOJIBIINX TEIECKOIIaX C aJIbT-a3UMYTaJIbHBIMU
MOHTHPOBKAaMH, Ha KOTOPBIX HEBO3MO)KHO NPOBOIMTH JUIUTEIbHbIC HAOIIONCHNUS
0e3 portauuu monsi Kamepbl. [laHHas METOAWMKAa MOXKET OBITh NpPHMEHEHa NpH
MPOCKTUPOBAHUHU JIEPOTATOPOB M CO3JaHUSI COIMYTCTBYIOIIUX MPOrpaMM, HEOOX0-
JUMBIX Ul TIOJyYeHMs] KaueCTBEHHBIX (oTorpaduueckux n3oOpaxkeHuil acTpo-
HOMHYECKUX O0BEKTOB C [UINTEIBHBIMH HKCIIO3UIHSIMHU.

KitroueBble ciioBa: acTpoHOMHMYECKHE HAONIOACHUS, NEpOTATOp, TEJIECKOII,
oOcepBaropust

Q@unancuposanue. Viccnenosanue ¢Qunancupyercss KomureroM Hayku
MuHucTepcTBa HayKH U BbIciero oopaszosanus Pecriyonuku Kaszaxcran (rpant Ne
AP19676713 u nporpamma Ne BR21881880).

Beenenue

Heporarop moinsi TEJIECKONa, TAaKKe HM3BECTHBIM Kak pPOTATOp MONS 3pEHHUs
WA U300paKEHUs, SBISAETCS YCTPOWCTBOM, HCIOJIB3YEMBIM B aCTPOHOMHH IS
KOMIICHCAIIMM BpalieHus: HeOecHOl cdepsl Bo BpeMs (hoTorpaduueckux cheMOK
C JJIUTEIBHOM BBIACPIKKOW Ha TEJIECKONax C ajbT-a3MMYTaJbHOM MOHTHPOBKOH.
3710 ycTpoiicTBO HEOOXOIMMO Uil yAEpKaHMs IOJsl M300pakeHHs 3Be3n 0Oe3
HCKa)KCHUH, KOTOPbIE UIMEIOT MECTO MPU HeMapaJIeIbHOCTH IJIOCKOCTH BPaILeHUs
TeJeCKona W IIOCKOCTH HebOecHoro skBaropa (Barboza, 2018; Brunelli, 2012;
Keskin, 2020). be3 nmeporaropa, n3o0pakeHue 3BE3]], PacIlOararoIIuXCcs HEe Ha
OINITHYECKOH OCH, Ja)ke MPHU TOYHOM BEACHUH TEJIECKOIA MO a3UMYTY U BBICOTE,
uMenu Obl He TOYEYHbIE KOHTYPHI, a MPEACTABISIN Obl COOO0M Tyru OKpYKHOCTEH
C LEHTPOM, COBIAJAIOIINM C TOUYKOW MEepecedeHus ONTHYECKON OCH U MIOCKOCTH
Marpuubl. B naHHO# paboTe nmpeanaraeTcs alropuTM AJIs pacdeTa BhIIeyKa3aHHbIX
napamMeTpoB, HEOOXOIUMBIX NPH NPOCKTUPOBAHUH AEPOTATOpa MOJIS TEIECKOoMa 1
CO3JIaHUSI COIYTCTBYIOLIETO MPOTrPaMMHOT0 oOecredeHusl. AKTYaJIbHOCTD 3a/1aul
00yclIoBJIeHa HEOOXOIUMOCTBIO CO3JaHMsl HA3EMHBIX TEJIECKOIIOB C OOJIBIIMMHU
arnepTypaMmu ISl uccieoBaHus caa0blx 0OBEKTOB AajbHEro kocmoca (Bezawada,
2023; Green, 2023). CoBpeMeHHbIE OONBIINE TEIECKOMbl (YHKIMOHUPYIOT C
WCTIOJIb30BAHUEM JIbT-a3UMYTAJILHBIX MOHTHPOBOK, YTO TpeOyeT NpHBICYCHHUS
JIepOTaToOpOB TMOJSL U TOJIYYEHHUS] KOPPEKTHBIX aCTPOHOMHUYECKHX CHHUMKOB
(Barboza, 2018; Brunelli, 2012; Keskin, 2020).

MarepuaJibl 1 OCHOBHbIE METO/AbI

JepoTarop KBa3u-HENIPEPBIBHO BpaliaeT nosje 3peHust (mose pororpaduueckoit
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MaTpuIel) Teneckona. Ha pucyHke 1 mokasaHo monoxeHwne ¢ororpaduueckoi
MaTpPUIBI OTHOCHUTEIIFHO TUIOCKOCTH ajJbMyKaHTapaTa a s LeHTpadbHOU
Toukn O (TOYKM TIEpEeCeYeHHUs] ONTHYECKOW OCH C TUIOCKOCTBIO Marpuilsl). M3
TE€OMETPUYECKIUX COOOPKEHHH SICHO, YTO TOPU3OHTAIbHAs IUHUS MaTpPHUIlBI
d momxHa nexaTh B IUIOCKOCTH CYTOYHOTO Kpyra Todku O, COOTBETCTBEHHO
BepTHUKAJIbHAS JTMHHUS MaTPUIIBI C JIOJDKHA OBITh KacaTelIbHOW K KPYTY CKIIOHEHUS
touku O. 31ech o Toukoit O MpaBUIIbHEE TIOHUMATH €€ TIPOCKINI0 Ha HeOSCHYIO
c¢epy. CreoBareabHO YIoJI TOBOPOTA MOJIS T COOTBETCTBYET YIUTY MEXKTY TPSIMBIMHU
a u d, 9TO SKBUBAJICHTHO yIITy MEX/Iy MPSMBIMHU C B b Ha PHCYHKE.
B mocnenyrommx gpopmynax OyaeM NpuaepKUBATHCS CISAYIONINX 0003HAUeHUH:
LST - JlokanbHOE 3B€3AHOE BpeMsi
o - [Ipsmoe Bocxoxaerne (RA)
0 - Cxnonenne (DEC)
t - HacoBoii yron
Z - 3eHUTHOE PaCCTOSTHHE

¢ - lupora MecTHOCTH

Pucynok 1. — Cxemarmueckoe n300pakeHue OIS MaTPUIBI OTHOCHTEIIFHO MaTEMAaTHYEeCKOTO
TOPU30HTA. YCIOBHBIC 0003HAYCHUSL: - JIMHUS AIbMYKaHTapara, KOTopas COOTBETCTBYET
MIEPECEUCHHUIO TUIOCKOCTEH anbMyKaHTapara Uit Toukd O (LeHTpa Mol 3peHHs) U THIOCKOCTH OISt
3peHHS TeIeCKoIa (IUIOCKOCTH MaTPUIIbl), b - JIMHUS OTBECA, C - BEPTHKAIbHAS JIMHUS MaTPUIIbI,
d - ropusoHTaNBHAS JTMHUS MATPHLL. Bee TruHUM nepecekarorest B 0HO# Touke O. Yronr u ecth
HMCKOMBIH yToJI IOBOPOTA MOJISI 3pEHUs], HAa KOTOPBII 10JDKHA TOBEPHYTHCS MaTpULA 1I€POTATOPOM
TOJISE JJIs1 OOBEKTa C KOOPAWHATAMH (L U O, TIOJIOKCHUEM HAOIFoaTelst Ha MIMPOTE (P H JIOKATbHBIM
3Be3AHbIM BpemeHeMm LST.

BeiBox opmyiibl 1J1s1 pacyera yriia nopopora pororpapuuecKoi MaTpHIbl
Teopema cuHycoB aisi cepUUECKOro TPEYTOJbHUKA UMEET CICIYIOIINH B
(*Kapos, 2022; Kononosuu, 2022; bnaxxko, 1948):

53



ISSN 2224-5227 1. 2024

sinx _ siny _ sinz
sinX sinY sinZ (D)

B cBoto ouepens TeopeMa KOCHHYCOB I chepruiecKkoro Tpeyroisauka (YKapos,
2022; Kononosuu, 2022; biraxko, 1948):

cosX = —cosY XcosZ +sinY XsinZ X cosx

2

3neck X, Y, Z - nByrpaHHble YIIIbL; X, Y, Z - AYTH CTOPOH, BBIpaXkaeMble B YITIOBOI
Mmepe (cM. Puc. 2). B cdepuueckom TpeyronbHUKE OTHOIIEHHE CHHYCA CTOPOHBI K
CHUHYCY MPOTHBOJIEKAIIIETO YITIa €CTh BEIMUMHA TOCTOSTHHAS.

Y

Pucynok 2. — Cxemarndeckoe n3obpaxenne chepuaeckoro Tpeyroabuuka XYZ.
Tenepr mepeHeceM 3TH CBo¥cTBa Ha HeOecHyro cdepy. Ha pucynke 3 Hac

HHTEpecyeT chepruveckuil TpeyroibHUK ¢ BepimHamu PZE. Hcnons3ys dpopmyty
1, BBIpa3uM CHHYC yIJIa I.
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90-® Z

Pucynok 3. — Hebecnas cdepa. Cunsist paMka - mpoekiust GoTorpapuueckoil MaTpHIbl
Ha HeOecHyIo cdepy. Touka X - IpOeKIHs ONTHYECKOH OCH Teleckona (LeHTpalbHast 3Be3/12)
Ha pucyHke 1 o6o3Hadaercs kak Touka O, kpyr SWNE - maremarnueckuii ropnzont, AWAE -
HeOeCHBIH YKBATOP, A - a3UMYT TOYKH X, O - €€ CKIIOHCHHE, t - 4aCOBOM yroJI, ¢ - IIUPOTa MecTa
HaOJIIOICHHSI, T - HCKOMBI yroJl TOBOPOTA MaTPHUIIBL.

sintxcos ¢
/1=(cos txcos §xcos ¢+sin §xsin ¢)? (3)

sinr =

Tak Kak 4acoBOW yroj CBETHJIA CBsI3aH C JIOKAJIbHBIM 3BE3IHBIM BPEMEHEM
(LST) u npsimbimM BocxoxkaeHueM o popmysoit: t = LST - o, To mpousBenem 3aMmeHy
1 BBIPA3UM CHHYC yIJa I:

. sin(LST—a)Xcos

sinr = { ) ¢ . _

J1=[cos(LST—a)xcos §xcos ¢+sin §xsin ¢]2 4

Taxum 00pa3oM MBI TIOTYUYHIIN OMHY W3 (OPMYI AJIS pacdera yriia MoBOpoTa
(doTorpaduraeckoii MaTpUIlEl TeNEeCKONa C albT-a3UMYTAbHOH MOHTHPOBKOU
B 3aBHCHMOCTH OT 3BE3JIHOTO BPEMEHH I 33JaHHOTO IIEHTpPa W TOJOKEHHUS
Habmronarens. s ycTpaHeHHs HEONIPeIeIEHHOCTH KBaJpaHTa yIiia I He0OXOaMMO
BBIYHCIINTH €r0 KOCHHYC yIfla I' M3 TEOPEMBl KOCHHYCOB IS C(EepHIecKoro
TpeyroiapHuKa (UCTob3ys Gopmyy 2). [Tomydaem:

cosT = cost X cosA +sint X sinA4 X cos ¢

©)
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W3 Gopmys (5) y1oOHO HAWTH IPOU3BOIHYO 110 YACOBOMY YIITy (TI0 BpeMeHH ) t:

ar ) sinAxcoétxcosd)—cosAxsfni 6
dat J1—[sin Axsin txcos ¢+cos Axcos t]? ( )

O0cyxaeHue U pe3yJabTaThbl

HNurepecHo paccmorperh KpaiiHue ciydyau. Hampumep, Korzma Teneckoll
HaOIIOIaeT B MOMEHT KYJIbMHUHAITUH CBETHJIA, COOTBETCTBEHHO YaCOBOW yTOJI paBEeH
aymto i 180° (t=LST — o =0 uiu 1807), B TOM cirydae yroi r oOpamiaercs B Hyb.
Korma Habronarenb HAaXOUTCS Ha CEBEPHOM HITH I0KHOM Tostroce (T. €. ¢ = 90° wim
¢ =-90°), To cos ¢ = 0 m TOTIa YTOJI I BCETIa paBEH HYIIO, YTO HEYIUBUTEIHHO, TaK
KaK B 9TOM CJIy4ae YCTaHOBKA allbT-a3UMYyTabHOW MOHTHPOBKH TEJIeCcKoma OymeT
COBIIAJIaTh C IKBATOPUAJILHOM.

Juiig co3maHus mporpaMMHOTO OOecIiedeHus YIpaBIeHHs epPOTaTOPOM OIS
HEOOXOAMMO C JTOCTaTOYHOW TOYHOCTHIO BBIYUCIIATH JOKAJIHHOE 3BE3THON BpeMs
(LST) u3 MecTHOTO BpeMEHH M KOOpAWMHAT MecTa HaOmomeHus. I MONTHOTHI
nHpopmarmu B pazzaene llpunokeHns pa3MemieHbl alrOPUTMBI BBIYMCICHUS
pa3IUYIHBIX TUIOB BpeMeHHU U onmmanckux nat (Duffett-Smith, 2011; Meeus, 1998;
Brumberg, 2004). B coBokymHOCTH ¢ (hopMyTTaMU, PUBEACHHBIMA B TIPEIBITYIIIEM
paszene 3TO IMO3BOJUT CO3[aTh MOJHOCTHIO aBTOHOMHBIM MPOTPaMMHBIN TaKeT
yIpaBieHus, He TPEOYIOMNii MPUBJICUCHNS BHEITHUX HHTEPHET-PECYPCOB.

3akaouenune

B cetn mHTEpHET BCTpeyaeTCs MHOKECTBO Pa3UYHBIX MPEIJIOKEHHA MO yiKe
TOTOBBIM yCTPOMCTBAM pPOTAllMH AaCTPOHOMHYECKHX Kamep, KOTOpbIe HAIpIMYIO
MOJKHO HCITOJIB30BAaTh IS COOTBETCTBYIOIIEero obopynosanws (Optcorp; Prima luce
lab; Swiss optic; Robotics, 2024). Oqnako, Tpu HEOOXOIUMOCTH CaMOCTOSTEITFHOTO
W3TOTOBJICHHUST TaKOTO YCTPOMCTBA, BO3HMWKAIOT BOMPOCHI MO BBIYMCICHHUIO yIia
MTOBOPOTA TIOJSI B 3aBUCHMOCTH OT BpPEMEHH M KOOPIMHAT 3BE3]l M HAOIOaTeNs,
a Tak)Ke BOMPOC 00 YIIIOBOW CKOPOCTH BparieHus GoTorpadudeckoil MaTpPHIlHl B
KOHKPETHBI MOMEHT BpeMeHH. B manHo# paboTe MBI IPUBOANM MaTEMaTHISCKYIO
WHTEPIPETANIO TapaMeTpPOB BpAIICHUS MO 3pPEHHS TEJIeCKolma Ha albT-
a3UMyTaJbLHON MOHTHpPOBKE. Ha 3TOi OCHOBE BO3MOXKHO CO3JaHUE COOCTBEHHOTO
ABTOHOMHOTO TIPOTPAMMHOTO OOecCIeueHHs] JUIS BBIYUCICHWH W YIIpaBICHUS
poTanuei monsd, a TaKKe JUIA MPEeIINPOEKTHBIX UCCISTOBAHUN W KOHCTPYHPOBAHUS
ACTPOHOMHYECKHX JIEPOTATOPOB.

Tlpunosxcenus

Bcnomoeamenvnvie ancopummel, HeobdXoOumvle O0as1 KOPPEKMHOU padbomsl
depomamopa nons meineckona (Duffett-Smith, 2011; Meeus, 1998; Brumberg,
2004).

Aneopumm naxodicoenus wauancko oamol (JD) u3 karenoaphoi oamol

[Tycts man ron (year), mecsn (month), nens (day) u Bcemupnoe Bpems UTC
(hh:mm:ss). Heobxonnmo HalTH ronnaHckyto aaty (JD), COOTBETCTBYIONIYIO 3TOMY
BpPEMEHH.

[Ipumevanne: 1onuaHcKas gaTta — 3TO YHCIIO CYTOK, MPOIISNNINX HAYMHAS C
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nonyaHst noHenenbHuka, 01 suBaps 4713 roma 10 H. 3. IOJIMAHCKOTO KajeHAaps
WM, 4TO TO ke camoe, 24 HosiOps 4714 rona 10 H. 3. TPUTOPHAHCKOTO KaJleHaaps
710 KaKoi-1100 AaThl.

[ar 1. Ecau month pasen 1 wu 2, TO MONOXKUTH year = year - 1, a Taxxe month
=month + 12, 111 Bcex oCTalbHBIX CilydyaeB month HUYEro He MEHATB.

[Har 2. BBoguM 1eI0YMCIICHHYIO NepeMeHHyto int a = year / 100. 3necs npu
LEeJIOYUCIICHHOM JienieHun year Ha 100 oTOpackiBaeM OCTaTOK.

[ar 3. BBoguM 11esI09MCIICHHYIO TTIepeMeHHyo int b =2 - a + [int](a / 4). 3nech
[IPY LETIOUMCICHHOM JeJICHUH OTOPachIBaéM OCTATOK.

[Har 4. Beonum nenovncieHHylo nepeMeHnyto int ¢ = (365.25 * year). 3nech
MIPHY LETIOUNCICHHOM YMHOXEHUH O0TOpachIBacM OCTAaTOK.

[Har 5. BBogum nenounciennyto nepemennyo int d = 30.6001* (month + 1).
31ech MpH LEeJOUNCICHHOM YMHOXEHUH 0TOpachiBaeéM OCTaTOK.

Llar 6. Bogum mepemeHHyIO ¢ MuiaBaromien 3amstoit float t u mpucBanBaem
el 3nauenue pasHoe BpemeHH UTC (hh:mm:ss), HO B necsTH4HO# cucTeme.
Hanpumep, 14:30:00 Oymet cOOTBETCTBOBATh B ACCSITUYHBIX equHUNAX 14.5

[Tar 7. PaccunTbiBaeM roMuaHcKyro gaty JD kak mepeMeHHYIO ¢ IUIaBarouei

sarstToit (float):
floatJD = 17209945+ b +c +d + day + t/24

[Iar 8. Bo3Bpamaem ronuasckyto gary JD

[Ipumep: mnst kanennapHoil natel 31 mapra 2023 u Bpemenu UTC 12:17:45
(3mech year = 2023, month = 3, day = 31, t = 12.2958333) ronuaHckas jaara
cootBercTByeT: JD =2460035.0123264

Aneopumm HaxoxHcOeHUs KALeHOAPHOU 0ambl U3 10AUanckot oamwl (JD)

[lycte mana ronumanckas gara (JD), HeoOXoammo HaWTH KaJeHIApHYIO OaTy
(year, month, day) u Bpems UTC u3 Hee.

[ar 1. ITonoxxum JD =JD + 0.5

[lar 2. BeeneM 1ENOUUCIIEHHYO niepemMenHyro JD,
nenoi yactu JD:

IMpUCBOMB el 3HaucHHEC

nt’

int JDip, = [int]JD
[lar 3. Beeniem nepeMeHHyI0 ¢ MIIaBaroluei sanaroi frac, :
float frac;p = JD — ] Dipe

ar 4. OObsBIsIeM NENOYMCICHHYIO TepeMeHHyto int A = 1. OObsBiIsieM
LIEJIOYUCIIEHHYIO [IEpeMEHHY0 B:

intB = [Diy, + 1 + A — [int](4/4)

[lar 5. Ecnu ynosnerBopsiercs ycnosue JD, > 2299160), Torna A npucBouTh
3Ha4YeHue ¢ 0TOpachIBaHUEM APOOHON YacTu:
A = [int]((Dine — 1867216.25)/36524.25)

Ecnu e yenosue ne Bomonnsiercest (JD, >2299160), Torna A ocraercst paBHbIM
enunune (A=1)
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[Tar 6. BeneM nenounciieHHyo nepeMennyto C:
intC =B+ 1524

[lIar 7. BBemeM 1ienovncieHHyIo iepeMernyto D (31echk Takike oTOpackiBacTCs
JpOOHAs 9acTh):
intD = (C—122.1)/365.25
[ar 8. BeeneM 1enounciieHHy0 rnepeMeHnyo E (31ech Takke oTOpachiBaeTCs
JpOOHast 4acTh):
int E =365.25*D
[ar 9. Beenem nenounciennyto nepeMeHHy0 G (37ech Takke OTOpachIBaeTCs

IpoOHas 4acTh):
intG =(C—E)/30.6001

[ar 10. Beenem nepeMeHHyIo C IUIaBaroLIeH 3ansaToN, COOTBETCTBYIOILYIO JTHIO
¢ 1pobHoi vacTeio (day, ):
float day,,, = C — E + frac;p — [int](30.6001 * G)

[ar 11. Haxomum Mecsir (month) kak IelOYMCICHHYIO TIepeMeHHy. Ecmu
(G>13.5), Torna:
int month =G — 13
Ecmm me Beimonasercs ycnosue (G> 13.5), Torna:
intmonth =G —1
[ar 12. Haxomuwm roj (year) Kak 1eJI0YUCICHHYI0 iepeMeHHyto. Eciin (month
<2.5), Torma:
int year = D — 4715
Ecnu He BeimonHsieTcst yenosue (month <2.5), Tora:
int year =D — 4716

[Iar 13. Haxoaum menmounciaeHHbIN el (day), myTeM oTOpackIBaHus JPOOHOTO
ocrarka ot (day_): o i
int day = [int]lday,;
[ar 14. Haxonum Bpemst UTC ("ackl ¢ necsITHYHON IpOOHON YacThio)
float hoursg,. = (day,,: — day) x 24

[Mar 15. Bosepalaem 3HaueHns TPEX NepEMEHHBIX: year, month, day, hours

[Ipumep: s ronuanckod narsl JD = 2460035.0123264, coorBercTBYyIOLIAs
KajeHnapHas nara W Bpems: year = 2023, month = 3, day = 31, hours =
12.295833595 wmm 31 mapra 2023 roma UTC 12:17:45

Aneopumm naxooicoenus 2n06anbHo2o 36e30n020 spemenu (GST) uz scemuprozo
epemenu (UTC)

[lycrs man ron (year), mecsi (month), nens (day) m BcemupHoe Bpemst UTC
(hh:mm:ss). HeoOxommumo HaliTH 13 3THX TaHHBIX TIT00ampHOE 3Be3mHoe BpeMs (GST)

[ar 1. ;s year, month, day Haxoaum ronmuasckyro gary JD (cm. [Ipensimymuit
anroputm) 6e3 yuera UTC (3necs UTC He yuntsiBaeM, To ecth UTC=0, HO TOIBKO
Ha HTOM IIare).
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[ar 2. BBogaum nmepeMeHHYI0 ¢ TUTaBaroIIeH 3armsaToi centuries:
float centuries = (JD — 2451545)/36525

[lar 3. Beoaum nepeMeHHyI0 ¢ u1aBaromei 3ansaroii T :
float Ty = 6.697374558 + (2400.051336 * centuries) +

+ (0.000025862 * centuries?)

IIlar 4. Haxomum ocTaTtok OT aeineHus Ha 24:
TO = TO % 24‘

[ar 5. Eciu T, menbure nyisa (T, <0), Toraa monoxuTs:
TO = TO + 24’

[ar 6. UTC nepeBoauM B IECATUUHYIO CHCTEMY. BBOIMM HOBYIO IEPEMEHHYIO
C IUTABArOIIEN 3aIIATOM:

float UTCppyy = UTC * 1.002737909

[lar 7. Haxomum rmobanpHOe 3Be3qHOe Bpems (GST) B mecarnynol cucreme
KaK IMIEPEeMEHHYIO C IIJIaBaOIIeH 3arsIToH:
float GST =Ty + UTC,opr

Iar 8. Ecu GST 6omnbiie 24 (GST> 24), To
GST = GST — 24

nmu ecii GST menbme Hymst (GST <0), To:
GST = GST + 24

[Tar 9 Bo3zBpamiaem 3nauenne GST

pumep: 31 mapra 2023 npu UTC 12:17:45 coorBerctByer GST =
0.87042835622799 nnu GST = 00:52:13.54

Aneopumm naxoscoenus 10KaIbHO20 36e30H020 epemenu (LST) uz ecemupnozo
epemenu (UTC)

[lycte man rox (year), mecsi (month), aeus (day), Bcemupnoe Bpemst (UTC)
(hh:mm:ss) u nonrora mecrta HaOmrofAeHus (L) B rpaaycax. HeoOxoqumo HalTH U3
ATUX JTAHHBIX JIOKAJIbHOE 3Be3MHOC Bpems LST.

[Tpumeuanue. 3/1eCh BaKHO YUYHUTHIBATH THIT JIOJITOTHI MECTHOCTH (BOCTOYHAS
WJIU 3amaHast).

Iar 1. [ns natel ¥ BpeMEHH, KOTOPOE JaHO Ha BXOJE HAXOJMM II00aJIbHOE
3Be3Hoe BpeMs (GST) (cM. mpeasayuii aaropuTm).

ar 2. Eciu noarora Mecta HaOMIOAEHUS 3ana{Hast, TO MOJIOKUTH A = - A, €Cln
BOCTOYHAs, TO HUYETO HE MCHSITh.

[Iar 3. BroguMm mepeMeHHyI0 ¢ TuiaBaromiei 3amstoil LST, kotopas u Oymer
JIOKQJIbHBIM 3BE3/IHBIM BPEMEHEM.

float LST = GST + (1/15)

[Mpumeuanue. 3aech BbipakeHue (A /15) maer mpeoOpasoBaHUE T'PaTycoB
noarotel B yackl. To ecth 360 rpamycoB 310 24 vaca, cienoBaTenbHo 15 rpaaycoB
COOTBETCTBYIOT 1 yacy
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Iar 4. Ecou LST 6omnbiie 24 gacoB (LST> 24), to LST = LST - 24. Unu ecnu
LST menbire nynst (LST <0), o LST = LST + 24
[lIar 5. Bo3Bpamaem 3unauenue LST
[Ipumep: noxansHOe 3Be31HOE Bpemst LST wa 01 anmpens 2023, UTC 04:50:10
ecITu HaOmrofaTe b HaXOmUTCS Ha monrore A = 76.92 Bocrounoit monrotsl (E)
cootBercTBYyeT LST =22.583991918119 mnn LST = 22:35:02
[Tpumeuanne. Ecau tpeOyercs HaiiTh nokaiabHOe 3Be3aHoe Bpems (LST) us
MecTtHOro BpeMeHu (LT), To U3 MECTHOro BpeMEHH HaXOIWM BCEMHPHOE BpeMs
(UTC) myrem Bwrumranust yacooro nosca (UTC = LT — Time zone) u nanee
ciemys aToMy anroputmy, Haxoaum LST
Aneopumm naxooicoenus ecemuproeo spemenu (UTC) uz enodanvroco 36e301020
spemeru (GST)
[Tycte nan rox (year), mecsi (month), nens (day) u modansHOE 3BE3HOE BpeMs
(GST) (hh:mm:ss). HeoOxoaumo HaiiTu U3 3TUX naHHbIX BcemupHoe Bpemst UTC.
ar 1. dns year, month, day Haxoaum ronuanckyro aary JD (cM. aaroputmsl
BoIme) 6e3 yueta GST (3necy GST He yuntsiBaem, To ectb GST=0, HO ToNMBKO Ha
9TOM IIIare)
[ar 2. BBognm nmepeMeHHYI0 ¢ TUTaBaoIIel 3amsIToi centuries:
float centuries = (JD — 2451545) /36525

[Mlar 3. BeonuM nepeMenHyI0 ¢ muiaBaromen 3ansaroi T :
Ty, = 6.697374558 + (2400.051336 * centuries) +

+ (0.000025862  centuries?)

IIlar 4. Haxonum ocTarok OT aeineHus Ha 24
To =Ty % 24

[Mar 5. Ecmu T menbuie vy (T, <0), Torna monoxursb
To =T, + 24
[Iar 6. GST nepeBoguM B ACCATHYHYIO CUCTEMY (€CIU €Il HE MEePEeBEICHA).

BBonuM HOBYI0 niepemennyto ¢ masawouei sansroi UTC
float UTCprr = GST — T,

Iar 7. Ecmu UTC_ 6Gonbwe 24 (UTC > 24), To
UTCeorr = UTCcorr 24

i ecin UTC  menbme nyns (UTC <0), To
UTC.orr = UTCoopy + 24
[lar 8. Beoaum mnepeMeHHy0 ¢ IwaBaromeil 3amstoii UTC, kotopas u
cootBercTByeT Bpemenu UTC B necaTudHoi cucteme:
"UTC = UTCeppyr ¥ 09972695663

[Tar 9. Bo3spawmaem 3nauenne UTC.

[Ipumep: 02 anpenst 2023 npu rodansHOM 3Be3nHOM Bpemenn GST 16:27:15
Bpems UTC = 3.7714908668499 nnu UTC = 03:46:17

Aneopumm Haxodcoerus ecemuproeo gpemeru (UTC) uz nokanbHo2o 36e30H020
epemenu (LST)
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[Tycte man rox (year), mecsi (month), nens (day), ToKambsHOE 3BE3HOE BPEMS
LST u monrora mecra HabOmronenus (A) B rpagycax. HeoOxonuMo HalTH U3 3THX
nanabix BcemupHoe BpeMs (UTC) (hh:mm:ss).

[ar 1. [lepeBonnM nokanbHOE 3Be3qHOE BpeMa LST B pecsatnunyro cucremy
(ecnu errie He TEPEBEICHO).

[ar 2. Ecnmu ponrora Mecra HaOMIONEHUS BOCTOYHAS, TO TIOJOXKHUTh A = - A,
€CJIH 3amajHasl, TO HIYEro He MEHSTh.

[Har 3. BeoguMm mnepemenHyio ¢ miasatouieid 3amstoil GST, kotopas Oyzer
I7100aJIbHBIM 3BE3IHBIM BPEMEHEM

float GST = LST + (1/15)

[Ipumeuanne. 3neck BeIpakeHue (A/15) maer mpeoOpazoBaHHE T'pPaTyCcoB
JIOJITOTHI B YacCHI.

Iar 4. Ecma GST 6ombiie 24 gacoB (GST> 24), To otaaTs or GST 24, T0 ecTh
GST = GST - 24. Unmu eciu GST menpmie vyns (GST <0), To npubasuts k GST 24
gaca, To ectb GST = GST + 24

[ar 5. 3nas 3navenne GST s onpeneneHHoro roaa (year), mecsiia (month),
nHs (day) mo anropuTmy, U3JI0KEHHOMY BbITIe HaxoauM BcemupHoe Bpemst UTC.

[Iar 5. Bo3spamaem 3nauenne UTC.

[Ipumep: ecinm HaOTIOIATENH HAXOAUTCS HA TOATOTE A= 76.92 BOCTOYHOH JTOJITOTHI
(E) na 01 ampens 2023, nokansHOe 3Be31HOE BpeMs 14:34:10, To MeXTyHApPOTHOE
Bpems Oyner coorBercTBoBaTh 3HaueHuto UTC = 20.777916417316 umu UTC =

20:46:40
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Abstract. Studies of stationary (or steady-state) oscillations and wave
propagation in deformable waveguides are of considerable interest in many fields
of science and technology. The aim of the work is to study the problems of wave
propagation in a viscoelastic two-layer cylinder, as well as the development of
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effective methods for solving problems of the propagation of non-stationary waves
in a layered viscoelastic cylinder for various relaxation kernels. It is assumed that
there are no mass forces, and hard contact conditions are set at the boundaries
of homogeneous layers. The problem is formulated and solved in a cylindrical
coordinate system. The normal load or radial displacement is set at the boundaries.
The materials of the layers are elastic or viscoelastic. On the contact surfaces
between the layers, the conditions of continuity of displacement and stress vectors
are accepted. The Laplace time transformation is used to solve the problem.
The solution is constructed using the integral Laplace transform in time with
subsequent reversal. A spectral boundary value problem is obtained for a system
of ordinary differential equations and partial differential equations with complex
coefficients, which reduces to a system of ordinary differential equations with
complex coefficients. The semi-discretized problem is solved by Godunov's direct
and orthogonal sweep method in combination with the Muller and Gauss methods.
The dispersion curves of the first two vibration modes in an infinite viscoelastic
cylinder are obtained. In the case of a cylinder with a radial crack, the first mode
has a boundary frequency, and the phase velocity tends to infinity. For large wave
numbers, the limiting phase velocity of this mode also coincides with the Rayleigh
wave velocity. An example of numerical implementation is given.

Keywords: non-stationary waves, infinite cylinder, viscoelastic body, non-
axisymmetric loading, contour integrals, Laplace transform
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AnnoTtauus. /ledopManusiaHaTeIH TOJIKBIH OTKI3TIIITEPAETi CTAlMOHAPIIBIK
(Hemece TypakThl) TepOeiicTep MEH TOJKBIHIAPAbIH TapalyblH 3€pTTEY FBIIBIM
MEH TEXHUKAHBIH KOITereH cajalapblHAa YJIKEH KbI3BIFYIIBUIIBIK TYIBIPAbL.
JKyMBICTBIH MaKcaThl — TYTKBIP CEPIIMIi €Ki KaOaTThI IIHITUHAP/ICT] TOIKBIH AP IbIH
Tapajly MacelesepiH 3epTTey, COHbIMEH KaTap OpTYpii peiakcaius sapoiapbl
YIIiH Ka0aTThl TYTKBIP CepHiMAl HMIMHAPAE CTAIUOHAPIBIK EMEC TOIKBIHAAPIBIH
Tapajly MoceliellepiH HICHIyAiH THIMAI SJicTepiH acay. MaccalblK KYIITEp
KOK JIeTl OoJpKaHabl, all OIpTeKTi KabaTrTapAblH IIeKapanapblHa KaTaH XaHacy
mIapTTapbl KoWblIaael. Ecen MUIMHIPIIK KOOpAMHATTAap JKyHeciHae KOWbLIaabl
xoHe memineni. Illekapanapaa KanbIIThl JKYKTeME HEMece paaualabl OpbIH
aybICTBIpy OepinreH. KaOarrapablH Marepuangapbsl ceprimai Hemece TYTKBIP
ceprimzai. Kabarrap apacsinarsl )kaHacy OeTTepiH/Ie OpPBIH ayBICTBIPY KOHE KEpHEY
BEKTOpJIaph! YIIIiH Y3IIKCi3MiK mapTTapsl KaObliianrad. Ecenti memry yuris yakplT
OoitpiHma Jlaruac Typrennipyi konmaneiiansl. LlemriM KeWiHTi aiiHanbIMMEH
yakKbIT OOMbIHIIIA HHTETpasabl Jlamnac TypieHaipyi apKpuibl anbiHaabl. KoMiuieke
kod¢pdunmeHtrepi Oap KapanaiibiM audepeHIHanIblK TEHACYIep XKyleciHe
KeNTipireH KapanaiibiM auddepeHnaiiblK TeHaeyaep KoHe epoec TybIHIbLIbI
muddepeHnmanapIK TeHAeyIIep Kyiec YIIiH CIIeKTPIIiK MeKapablK eCel ajJbIHa bl
JKapteutaii quckperrenreH ecen [OAyHOBTBIH Typa >KOHE OPTOTOHAIBABI Kyma
oniciH Mromnep xoHe ["aycc amictepimMen yinectipe oTeipbin memnrineni. Hlexcis
TYTKBIP CEPIIMJII IIFJIUHIP/ICT] aFaIIKbl €Ki TepOeTic MOJACHIHBIH TUCTICPCHUSITBIK
KHUCBIKTaphl ajblHaabl. Paguaniel sKapbIKIIAKTEl [UIMHAD KaFJalbiHaa OipiHIi
MOJIa IIEKaPAJIBIK JKULTIKKE Ue, al (a3aiblK KbULIAMIBIK IEKCI3/1IKKEe YMThLIA b,
Y IKeH TOJIKBIH CaHAaphl JKaFJaibIH/1a Oy MOAaHBIH IIEKTi (ha3aliblK KbIIIaMIbIFbI
Poneil TONKBIHBIHBIH JKbUIAAMIBIFbIHA colikec Keneai. CaHABIK HOTHXKETEpAiH
MBICAJIbI KEATIPIJITeH.

Tyiiin ce3gep: cTanMoOHApIBIK eMec TOJKBIHAAP, IIEKCi3 IHMIMHAP, TYTKBIP
ceprimii IeHe, OCUMMETPHSITBIK eMeC KYKTeMe, KOHTYPIIBIK HHTerpaiaap, Jlammac
TYpJIeHAIpYi
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AHHoTanus. MccienoBanus craiioHapHBIX (MIIM YCTaHOBHUBILIHMXCS ) KOJIeOaHUH
W pacmpocTpaHeHHs BOJH B JAe(OPMHPYEMbIX BOJHOBOAAX MPEICTABISIOT
3HAUUTEJIbHBIM HHTEPEC BO MHOTMX OOJIACTAX HAayKd M TeXHUKH. Llenbio padoThl
SBJSICTCS. MCCIIEIOBaHUE 3aJad O pPAaclpOCTPAHEHHWH BOJH B BA3KOYNPYIOM
JBYXCIIOWHOW LWJIMHApPE, a TakXke pa3padoTka 3((GEKTHBHBIX METOJO0B PELICHHUS
3aa4 O PACHpPOCTPAHEHUHM HECTALMOHAPHBIX BOJH B CIIOMCTOM BSI3KOYNPYI'OM
LWIMHIAPE U pa3nuHbIX siaep penakcauuu. llpeamonaraercs, 4to MaccoBble
CHJIBI OTCYTCTBYIOT, @ Ha PAaHHULIAX OJHOPOIHBIX CIIOEB CTABSATCS YCIOBHS KECTKOTO
KOHTaKTa. 3a/1a4a IOCTaBJICHA U peIIaeTCs B IMIMHAPUIECKON CHCTEME KOOP/INHAT.
Ha rpanumax 3azaHsl HOpMaslbHasi Harpyska WIM paiuajibHOE IEpeMeIleHHE.
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Marepuainsl cloeB YIpyrue Wi Bs3KOynpyrue. Ha KOHTakTHBIX TOBEPXHOCTSIX
MEXJIy CJIOSIMH IPUHATBHI YCJIOBHS HEIPEPHIBHOCTH BEKTOPOB IEPEMEIICHUH WU
HanpspkeHuid. [ pelneHus 3ajadd MCIoib3yeTcs npeoOpa3zoBanue Jlaruraca
o BpeMeHH. Pemienne CTpPOUTCS C MOMOIIBI0 MHTETPajJbHOTO TMpeoOpa3oBaHus
Jlammaca o BpemeHu ¢ mocieayromuM oopamieHrueM. [lomyueHa criekTpaibHas
KpaeBas 3aj7a4a Ui CUCTeMbl OOBIKHOBEHHBIX au(depeHnnanbHbIX ypaBHEHAN
M ypaBHEHHH B YaCTHBIX IPOM3BOIHBIX C KOMIUICKCHBIMH KO3((HUIMCHTAMH,
KOTOpasi CBOJUTCS K CUCTeME OOBIKHOBEHHBIX TU((EPECHIINANTBHBIX YPaBHEHHH C
KOMITIEKCHBIME Kod(dutmenTamu. [lomyauckpernsnpoBanHas 3a/1ada perraercs
METOIOM IPSIMBIX ¥ OPTOTOHAJIBHOM MPOroHku [01yHOBa B COUETaHUH C METOIaMU
Miromnepa u laycca. [lomydeHbl amcriepcMOHHBIE KpPWBBIE TIEPBBIX JIBYX MO
Kone0aHuil B OCCKOHEYHOM BSI3KOYIPYroM LWIUHApe. B ciaydae muimuHApa C
paauanbHOW TPEIIMHOW IepBas MOAa MMEeT I'PaHWYHYI 4YacToTy, a (a3oBas
CKOpPOCTh CTpPeMHTCA K OeCKOHedHOCTH. IIpu OOJBIIMX BOJHOBBIX YHCIAX
npeJieNibHas (pa30Basi CKOPOCTh 3TOM MOJIbI TAKKE COBIAIAET CO CKOPOCTHIO BOJIHBI
Poanes. TlpuBeaeH npumep YUCICHHOM pealu3allyi.

KaroueBble cjioBa: HECTallMOHAPHBIC BOJIHBI, OCCKOHEUHBIH IIUJIMHJD,
BSI3KOYIIPYTO€ TEJIO, HE 0CECHMMETPHYHOE HarpyKeHHe, KOHTYpHBbIE WHTETPAIIBI,
npeobpazoBanue Jlamnaca

Beenenue

PaszBuTtHe psga HampaBlIeHWH MPOMBIIUICHHOCTH IMOJOKUTENBHO BIHMSET Ha
TpeOOBaHMs, MPEAbSABIIEMbIE K CBOWCTBAM KOHCTPYKIMOHHBIX MaTepHalOB.
B psine ciydaeB WCronb30BaHUE KOHCTPYKIMH W3 KyCOYHO-OHOPOHOTO WIIN
HEOJIHOPOAHOTO CTPOEHUS, @ MMEHHO, MHOTOCJOHHBIX KOHCTPYKLUMH SBISIETCS
ompaBIaHHBIM. I3MeHssi peojorudyeckue, a Takke (PU3MKO-MEXaHHYECKHe
CBOMCTBa MaTe€pUaoOB CIIOEB, MOKHO JOCTHYb CYIIECTBEHHOTO Pa3BUTHUSI CBOWCTB
KOHCTPYKUIMH. DTO BUIHO IIPU HECTALMOHAPHBIX ITUHAMHUYECKHUX BO3ICHCTBUSIX.
Hcnonb3oBaHue ynpyrux M BSI3KOYIPYTHUX CIOEB (AMCCUITATHBHO-HEOIHOPOIAHAS
CHCTEMa) YKpEIUIIeT MPOYHOCTHBIE CBOMCTBAa KOHCTPYKUMHA. Takum o0Opaszom,
WICCIIEZIOBAHUS TAaKUX CHCTEM (KOHCTPYKIIM) SBISIETCS aKTyalbHOW 3amadeit aus
OLICHKH HAJICKHOCTH U JIOJITOBEYHOCTH TAKUX KOHCTPYKIHH.

HccnenoBanue HECTaLMOHAPHBIX BOJIHOBBIX IIPOLIECCOB B 00ONOUYKaxX U3
JMHEHHO-BSI3KOYNIPYTOro Marepuaia sIBIseTCSl BeCbMa akTyalbHbIM. Bmecre ¢
TEM M3BECTHBIC Ha CETOHS PE3YJbTaThl (YaCTh KOTOPBIX CONEPIKHUTCS, HAPUMED,
B paborax (Ilerpamenr u np., 1982; XKurambko u ap., 1975) He sBisrorcs
ucuepnbiBatomiumMu. [lo-npexxHeMy ocTaeTcs akTyaJlbHBIM BONPOC O TOM, Kak
Ha IepeXOIHbIC BOJHOBBIE IPOLECCHl B 000JOYKAX BIHUSET NPHHAMICKHOCTH
BSI3KOYTIPYTHUX SIIEP TOMY WJIM MHOMY Kiaccy QYHKUMH U Kakue mapamMeTpsl saep
MPOSIBIISIFOTCS. TIp 3TOM HambOonee sipko. B pabore (Ilerpamens u ap., 1985)
B KayeCcTBE THUIIOTE3bl OBUIM TPEIUIOKEHBI (a 3aTeM HaILIM TMOATBEPXKICHHE B
OTIPE/ICTICHHOM JMalla30He W3MEHEHMsI UCXOAHBIX naHHbIX (Ardazishvili, 2014)
COOTHOUICHUS, YCTaHABIMBAIOIINE COOTBETCTBHE MEXKAY SApaMH pellaKkcaluy,
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MpUHAJICKAIUMH Pa3sHbIM KiaccaM (pyHKUIWH, HO BIUSIOIIMMH Ha MEPEXOAHBIC
BOJIHOBBIE TIPOIIECCHI CXOKMM 00pa3oM. OIHAKO, TH COOTHOIICHHS MPEIaraiuch
JUISL CITydast KOHEUHOH 00I1acTH pacpocTpaHeH s BOSMYIICHUH PH KJIaCCHYeCKON
[IOCTAHOBKE HECTALIMOHAPHOU JMHAMUYECKOM 3a]1a41 JTMHEHHOU BI3KOYIPYyTOCTH, &
He Teopun obosouek. Hapsiay ¢ atum, B ctarbe (Destrade, 2004) Obuta pazpaborana
3¢ QeKTuBHas METOAMKAa [IUHAMUYECKHX pacdeToB MEPEXOAHBIX BOJIHOBBIX
MIPOIIECCOB B YIPYTUX LWIMHAPUYECKUX OOOJOYKaX Ha OCHOBE IMPHUMEHEHUS
WHTErpanbHOro mpeoOpazoBanust Jlammaca ¢ MOCHEIYIOUIMM  BBIYMCICHHEM
opurusaiuos. Hactosmas pabora npencrasisieT co00i €CTECTBEHHOE IPOIOJIKEHUE
uccienoBanuii, Hauateix B (Dowaikh, 1990; Fu, 2003).

B BhimenpuBeneHHbIX paboTax, B OCHOBHOM, HCCIICIOBAHBl JIMHEHHO-
ynpyrue cpefsl. JlocTaTouHOE KOTMYECTBO HMCCIENOBAaHHM IMOCBSIICHO 3aJadaM
pacrpocTpaHeHHsT HECTAllMOHAPHBIX BOJH B HEOAHOPOJHBIX MM KYCOYHO-
OZHOPOIHBIX YIPYTHUX CpPelax, a UCCIIEAO0BAHUS BSI3KOYIPYTHX Cpell — B paboTax
(Mawu ap.,2015; Zhang u 1p., 2013). MccnenoBanus BO3ACHCTBHSI HECTAIIMOHAPHBIX
BOJTH B BSI3KOYIIPYTHX KyCOYHO-OIHOPOJHBIX Cpeax u3ydeHsl B padbotax (Safarov
u ap., 2021). Ilpu onrcanny HECTaIIMOHAPHBIX BOJHOBBIX MTPOIIECCOB B CIIOMCTHIX
cpenax, HECMOTpsl Ha 3HauuTenbHble ycmexu (Wang u np., 2013; Sarrami-
Foroushani u np., 2014), psig BOpocoB OCTaeTcs OTKPHITHIM. AHaTUTHYECKHE
pemieHns 3agad  JBYMEPHOH JWHAMUKA MHOTOCIOWHBIX JHHEHHO-YIPYTHX
TeJ ¢ HE IUIOCKONApaUIEIbHBIMU I'PaHMLAMM pa3zieia CIO0€B CTPOATCS B BUIAC
KOHTYpHBIX HHTEerpasioB (Anjomshoa u ap., 2014). Mcxons U3 3TOro akryaabHbIM
SIBIISIETCS TTOJIyYCHUE PELICHUs] IPOCTOM (OPMBI, YIOOHOM ISl peanu3aluy ee Ha
OBM (Pradhan u ap., 2009; Hosseini Hashemi u np., 2016). Cpeau MHOKeCTBa
MOAXOIOB K PEIICHHUIO JMHEHHO-BSI3KOYNPYTHX AWHAMHYECKHX 3ajad HauOoiee
pacrpoCTpaHEHHBIM SIBIISIETCS METOJ MHTETPaIbHOIo mpeodpasosanus Jlamaca,
WCIOJB3YEMBIH OT/ENbHO WJIM B COYETaHWH C JPYyruMu MeTtonamu. M3-3a
CJIOKHOCTH HMHBEPCUHM pelleHus: u3 obmactu Jlammaca Bo BpeMeHHYHO 001acTh
YacTO BBIMTOJIHAETCS] ACUMIITOTUYECKH WITH C CYII€CTBEHHBIMU OTPaHUYEHHUSIMH Ha
cBoiicTBa Marepuaa. Panee nepBblil aBTOp 3TOW pabOTH yCTaHOBHII OOLLIME CBOMCTBA
pelIeHusl HeCTalMOHAPHBIX TUHAMHYECKHX 33734 BAKOYNMPYTOCTH I KyCOYHO-
ogHOpoaHbIX Ten B obonacty Jlarutaca (Teshaev u ap., 2019). IIpu onpeaeneHHbIX
YCIIOBHSIX, HAK/IaJblBA€MbIX Ha HCXOAHBIE JAaHHbIC, HA OCHOBAHUHU PE3YyJIbTaTOB
(Teshaev u ap., 2019) MOXXKHO CBECTH MOCTPOCHHE pEIICHUE HECTAIMOHAPHOMN
JMHAMHUYECKOH 3a/1a4i HaXOXKICHHUsI COOCTBEHHBIX 3HAUCHHUH 3a7a4a 0 CBOOOJHBIX
KOJIeOaHUAX KyCOYHO-OTHOPOTHOTO BSI3KOYIIPYTOTO TeJa Mo paccMoTpenue. Llens
JaHHOW PabOTHI — MPOAEMOHCTPUPOBATH TAKOW TOIXOJ K MOCTPOCHUIO PEILICHUN
HECTALMOHAPHBIX IMHAMUYECKHX 3a/1a4 JINHEWHON BA3KOYIIPYTOCTH ISl KyCOYHO-
OJTHOPO/IHBIX T€J Ha KOHKPETHOM MPUMEPE TPEXCIONHOM MOIOCTH IHIUHAP. 31ECh
K€ MBI TIpeylaraeéM METOJl HaXOKJCHHUS HJIEMEHTOB MHOXECTBA IOJII0CA PELICHHUS
Ha N300paKeHMSIX BOJIM3U MPENETbHBIX TOYEK 3TOTO MHOXKECTBA.

MeTonnbt

Ilocmanoexka 3a0auu u Memoouxa peuieHus
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Paccmotprm N-CIOMHbBIN HTUTHHIP C pajnycaMu ciioes d , 0< a,<a,<..<a,
CO CKOpPOCTSMH paclpOCTPaHEHHsI MPOJOIbHBIX M TMONEPEYHBIX BOJH c}il) , c}(f)

. Ilycts B mekapToBhIX KoopauHarax (OXyz) ciioi UMeeT CIEAYHNIyI0 00JacTh:
x € (—o0,+m), y € [O> aN], ze [OaaN]. PaccMOTpUM  KpaeByro 3a1ady JIWHAMH-
YECKUX TPOLECCOB B [IMIMHAPUYECKOH 000JI0UKE, CIENAHHOTO U3 BI3KOYMPYIrOro
Mate€puajia B paMKax Ir'uroTe3 TumorieHko. TOFIIa YpaBHCHUA ATUHAMUKN OGOHO‘IKI/I
IIPHUMArOT CJIe,I[yIOHII/Iﬁ BU.

ON, " o’u
ax  er
o0, 1 o’w

ox RO

o*w
= — Q. =(ph’/12)——",
O, =(p )at2

Ox
tne N (x,f) u N 4 (x,) — HOpMaIIbHBIC yCHIIS B CPEIMHHON IIOBEPXHOCTH

000JI0YKH, M x (x, t ) — U3THO0ArOIINiA MOMEHT.

[IpeamnonoxuM, 4YTO B O3TOM Teje TMOJ BO3JICHCTBUM HECTAIIMOHAPHBIX
HArpy30K pachpocTpaHseTcs BoiHA. PacpocTpaHeHne HECTAIIMOHAPHBIX BOJH B
MHOTOCJIOIHOM TeJie MPEACTABICHO YpaBHEHUsIMU JlaMe B mepeMeneHUsIX

2 —

1V + (F. + [i.)grad didii = p. Z—Z, (k=1,2,3.N), (1)
t

e U (ul SUy U5 ) — BEKTOP MEPEMENIEHUH CPEJIbI, — IIIOTHOCTh A-I0
cios,

A 1) = Ag, {f(t) —[R, (- r)f(r)dr} TVAGE

2

= Lo, [f(z)— [ R, (t—r)f(f)dr} )
0

f (t) —TpOU3BOJNIbHAS (YHKIHSI BPEMECHH, RM(t—T) u Rw(t—z') — saapa

penakcanuu, Aoes Mo~ MrHoBeHHbIE Moy ynpyroctu. Ilpu pacuerax
— t 1—

ucnonb3osanock Aapo Konrtynosa-Pxanunema: R, (t)z A.e Pt gl

. Mexny cnosamu CTaBUTCA yCJIOBUE KeCTKOro koHrakta (Nazemnezhad m np.,

2014):

@O _ (2 GO (2 @H 2
Cun =Cun s Cpe =0, 00,0 =0,0,

@ 2 @ . 2) @ 2 3
U, =U, » UG =U U =U] . ®)
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Ha CBO60,Z[HOﬁ MOBCPXHOCTH CJIOA CTAaBUTCSA YCIIOBUC CBO6OI[LI oT HaHpH)KeHHf;II
1 1 1
o =0; G() =0; o'V =0.

nn ns 5

Jnia ypaBHenuit quxenns (1) BBIMOTHSIOTCS clenyrolas MoJCcTaHOBKa!

U, = grad ¢, . +roty, , divy, = 0. 4)

3nech ¢ — NpoaosIbHEIA BOMHOBO# moTeHuuan; ¥ W s ¥ s W) —
TTOTIEPEYHBINA BOTHOBOM moTeHInai. Eciou moacrasuts (4) B (1), Torma:

jR (-0 - Tk g

pk 8
Dy
v? Vo™ .[Rkv(t T)V w, (r)dt—— ka PYS >
2, Vo 20V, | W _ 1 &va _
V l//&( r2 + r2 89 _([Rl//ks' (t T)v l//lk (T)dz- CSZK atz - O’
2 WVK 2 al//[)/c 0 2— 1 azl//rx _ 5
V. _r_z_r_ZW_JO.R‘”ks(t_T)v V/zk(f)df—g?—o- )

3necs oy = (Ao +240)! Pr> € = Hoy/ Py COOTBETCTBEHHO MTHOBEHIE CKOPOCTH
pactpocTpaHeHus TIPOIOIBHBIX M IIONIEPEYHBIX BOJIH B yIPyroM Tele. B
KaueCTBE IPUMEPA PACCMOTPHM 3ajlady MHOTOCIIOMHOTO IIMIMHAPA B ILIOCKOM
nedopmupyemom coctosiauu. K BHemneit mosepxuoctu R = @, kotoporo B
MoMeHT t = 0 npuioxeHs! HopmanbHast P (Vv,f) u tanrenuuansaas P, (v,?)
HArpysKH, IOCTOSHHBIE BIOIb 06pasytonteit (R, V — nonspubie koopauHaThL,
— 7 <V <7,n —Homep cios). I[Tycts

Baenem
r=R/a,, uiﬁ)(r,v,t) = W;n)(R,v,t) /a,,
O'E;)(l",v, )= S;/}?)(R’v’t) / 2G,, a;, = C/(J) / c,(,f)’ ],] =12,

rae (”) W(") paavaIbHBIE M YIJIOBBIE TEPEMEIeHHUs, Sl(1 ), SZ(;), S (")_

COOTBeTCTByIOIHI/Ie (pm3nyecKre KOMIIOHEHTHI TEH30pa HanpsbKeHui. bynem I/ICKaTL
pelieHne ypaBHeHUH B TIOTeHIMaIax nepemerienui (4) u (5)

, 09" (r,v,7)

A" (r,v,7) -, = =0, j=12,n=12,..,N,
‘ ' T
u(ﬂ) _ 6(01( 1 a(D(n) u(n) =la¢1( aw(n)
1 or r o r oy or (6)

[PH HYJIEBBIX YCIOBHSAX JUIS {0;”) u yenousax (V=12,.,N—1,7=1,2)
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o (1 =-P 0 0
; Lv,0)==Ff(0)0,(v), 7> )

) _ (v+1) ) _ ,,(v+) — —
GVGU =G0, u" =u;""npur=r,=a,la, ®)

v+l

)
Paznoxus Qj, u jl , ¢)f" B psiabl Dypbe

0, = (—l)j‘IZHmje[’"V, ull = (—l)j'lPOZV,(,g)(r 7)e™,

m=0
o =B Y 0

1 TIpUMEHUB K (6) — (8) uHTerpanbHoe peodpa3oBanwme Jlamraca

(t=s, f(D)=F(6), vy (ro) =V (r,s), w (r,r) =W (r,s)),

mj mj

OyZeM UMETh

W (r,s) = A2 ()], (rsa,) + By (K, (rse,)), m=0,1,2,..

me 1,,.K, — MonuduipoBanabie GyHkiuu beccens 1-ro u 2-ro poma m-ro

(n) (n) o
nHAekca. Onpenenus Amj u B mj M3 mpeoOpasoBaHHbIX ycnosui (7), (8), ¢
yuetom B = (), momyuum
mj
() _ (m
V. (r.s)=F(W," (r,s)/ Z,(s), ©)
e Jy (M- ananutudeckas GyHkuus npu | s | >0, Z — ananuruueckas QyHKIus
Ha BCeil KOMIUIEKCHOM TIIOCKOCTH, 00€ OIHO3HAYHBI U CHUMMETPUYHBI 110 S, XOTS U
BbIpaxkarorcs uepes [ , K .
m m

IlepeiineM K mocTpoeHuto opuruHana. Beibepem f(7) B Buze QyHKImn

o (n) o
XoBucaiina () ubynemuckarp V, . BKiIacce QyHKIHM, 1715 KOTOPBIX CYIIECTBYET

mj

(n)
taxoe 4 >0, uro v (r, T)T — (0, 1pu 7 —>00. B cuny (9) Bce momrock! V
PAacIosIoKeHbl HAa MHUMOM OCH, MHOKECTBO MX He Ooliee ueM CYETHOM M He Heer
npe/enbHoi ToukH, kpoMe : § = o0, Toraa crpaBeaanBo

YrBepxnenue: [lpu f(@)=hT) ona kancoozo m cyujecmeyem makas no-

C11e006amenbHOCMb {Ifk"')} OKpYJICHOCIEll ¢ paouycamu R]E,'" ' >0 nmpu

V| < ™, e ™

k —>wu yeumpamu ¢ mouxe s=0, umo o S € L(k'.")
— KOHCmanma.

2 )
Bribepem f(7)=17"/2 n, nons3ysce popmyinoii Menmna u chopMyTHpoBaH-
HBIM  yTBEP/KAEHHEM, TIIONYYMM COOTBETCTBYIOIMH OpMIMHAl B  BHUJE

o (n) -3 st
0CCKOHEUHON CYMMBI BBIYETOB (DYHKITUH Wm]. Zm S €, 1mocie 4ero mo npaBuiy

. (n)
mupdepeHnpoBanys  opuruHano Haiiaem V,;, mna  f(7)=h(r). Moxno
T0Ka3aTh, YTO BCE HYJIU Z OJIHOKPATHBI, TOITOMY
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W= YO (1) + S YO ()T + 8., YO (1) +

m+17 02

+gﬁ”§:)(“Nj'afm)cosafm
k=

(10)
e
nm nm d(m) d(m) (m) -1
Xr(ﬂ:)(r a)) a) Z{Hm Q( ) Qéz) m2 nm ljm }(dD J >
d21 d21 Q Q/‘Z do
D(m)(a)) — de(jm) , dj(/m) — ejlm)nNm Qnm _ anlmnnm — 1,2; l — 1’2’3’4,
10
1m 0 O v+lm vm vm .
(770,):01,770_ =h, s , 1'=1,2,3,4;, v=12,....N —1;
00
no nosropsommmest [ u [ - CYMMHPOBaHHE; 5; , é:m — CHMBOJIBI
Kponekepa,
” ” "— 3HaK gerepmuHanTa, gV =2, ¢ =27"" ”razM FO et By Qs NN
DIIeMEeHTBI e(,lm),q;llm MMEIOT BHJ{ (xjn =roa,,® =a, Na))
(rn) J (a)) 22N + m(l _2 m) _ Jm+l (C()) ,
2 w w
m m
e;l = _;[(1 - m)J)n (a)) + a)Jm+l (C())],
m m ,
el = ;[(1 —m)J, (@) +®J,, ()],
. ; . | ol m(l—m
eis): ZNJm+1(a))—Jm(a))|: 2+ ( 2 ) >
o) 2 ]
a7 =, [mx) 7, (x,) =, (x,) ], 45 =-ma,xJ, (%),

qln3m = maZme;nJm (x2n )’ q23 = aZn [Jm+l (x ) - mx;:t"]m (x2n ):I >

nm nm

(m) (m)
DJIEMEHThI e 4 ,q 5 ,qj4 IIOJIy4aroTCsa COOTBCTCTBCHHO nus3

(m) (m) nm _ nm

e.es,q, 9, ] 1,2, sameHoii (yukimit Beccens 1-ro poga /., /... Ha

¢yukunn beccens 2-ropona N , N, ., ¢ Temu xe aprymMeHTam. Jlis HuX nmMeem

m+l(ﬂ]v)[amﬂlv m+|(ﬂ]v) a; ﬁ]v‘]m(ﬂw):|+ V' —a
+(B) N, B @" B, (B —aid, (B]] A

— m
1= /S
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hlvzm noiy4yaercst rmojctaHoBkoir B (11) N,(B,), N,.(B,) Bmecro

J, (B J,.(B,) h~ noncranoxoit & (11) =J,(B,), =J,..(,) Buecto

(,Blv) il (ﬂ,v) a 00e 3TH TOJICTaHOBKH JIAayT hvm OcTanbHbIe 271EMEHTHI

nonyaatores us k', b, j=1,2, coorsercreenno: A7, h)",, — samenoii
vm m o vm vim
a, wa b u B, mna B, npuy =ma,,; W, h)" samenoit @, wa b)

' ' m. __ . vm vm '
Hu ﬂlv Ha ﬂzv npu Yy, =ma,,,, h3/+2’ h4/+2 3aMEHOM ,Blv Ha ﬁzv u ﬂlv

ma 5, npu y" =ma
3nmech

:ij =r4,Q, ﬂ'jv a,.,o ] 1’2’ alvm = _blvm = Gv /Gv+l -
b = —b!" = (m - 1)(1 -G,/ G,H), b =a —a
=mb” +0,58°G. /G ——mb" +0,5(8.), a’” =mb.".

v+12
(m)
Bennuuns! @,

YpaBHEHUS D("’)(a)):(), OTIPEICIISIIONIET0 COOCTBEHHBIE YacTOThI KOJICOaHUMN

2v+1°

SABJIAIOTCA OAHOKPATHBIMH TMOJIOKUTCIIBHBIMU  KOPHSIMU

wmHapa. OyHKIuU Yo(l") " Yny), m > 2 CYTL pELICHUS] COOTBETCTBYOLINX
3aj1a4 CTaTHKU C FpaHI/I‘{HLIM ycioBueM O, —RH u oy V' =-PH iy M2,
npu 7 = 1. OyHkuuu VAL A u Y o +Y, @ )T y):[OBJIeTBopﬂ}OT ypaBHeHI/I;IM
JAMHAMHKH B [IEPEMEIICHHSIX, YCIOBUSIM (3) U TPaHUYIHBIM YCIIOBHSIM o, =-PH,
u Gl(N) -RH wy TIpa ¥ =1,720 a YOEO)TZ Y, (0)’5 CYTh CMEUICHHS IIHITNHIpA
KaK LeJIOT0 MPU TaKKX HAarpy3Kax.

Pamer (10) cxomsrcss paHomepro B obmactn  0<e<r<1,0<7<co
, @ OCTAaTOYHbBII 4IEH, COOTBETCTBYIOIIMI CyMMe NepBbIX K cilaraeMbIX, €CTh

O(l/K \/; ). Pemtenue 11 npousBosibHON f (7) J1erko momy4uTh CBEPTKOM.

PesyabTarhl u aHaTU3

OTMeTHM, 9TO COTJIACHO TEOPUHU YIPYTOCTH MPH 3eMIIETPSICEHUSIX 00Pa3yrOTCst
celicMUYeCKHe BOIHBL: TPOAOIbHAS BOJIHA U MONlepeyuHas BoyHa. [Ipu npoxoxknenun
ITPOJIOJIEHOM BOITHBI YaCTHUITHI TIEPEMEINIAIOTCS BIIEPE M Ha3a/l BIOJb HAIPaBICHUS
JIBH>KEHUS BOJIHBL. [Ipy 3TOM cpejia UCTIBITBIBAET PsiJl CXKATUM U pacTshkeHui. B aTom
CIy4ae OTCYTCTBYET BpallleHHE YacTull. [Ipyu MpoXOXKICHUHM MOTEPEIHON BOJHBI
YaCTHUI[Bl TPYHTA MEPEMEUIAIOTCS MEPICHANKYAIPHO K HAMPABICHUIO ABUKCHHUSI.
Cy1ecTByIOT ellie TOBEPXHOCTHBIE BOJIHBI: BoJIHA JIsiBa 1 BonHa Perest. DTv BOHBI
pacIpOCTpaHAIOTCS MEJIEHHEee, YeM IpyTre BONHEL. [IpomonpHble 1 monepedHbie
BOJIHBI PACTIPOCTPAHSIOTCS MO 00BEMy M 3aTyXaroT OOpaTHO MPOMOPIHOHAIHHO
KyOy paccTosiHus, a BojHa JIsBa pacmpocTpaHseTCsl BIOJIb IMOBEPXHOCTH U
3aTyxaeT 00paTHO MPOIOPIUOHAILHO KBAAPATy PACCTOSHUS, IOATOMY, HAUUHAs C
OTIPENIEIICHHOTO PACCTOSTHUS 0 UILIEHTPA.

[IpuBenem pe3ynbTaTsl YUCICHHON pealli3alii AaHAIUTHYECKOTO PELICHMS IS
TIoJIOTO TpexcioitHoro mutrHapa (N=4) ¢ mapameTpaMu:
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1, =0.75; r, =0.80;r, =0.85;7, =0.9.

BepxHuil © BHyTpEHHUI CJIOU IOJOTO TPEXCIOMHOIO LWIMHJpA CACIAHBl U3
CTaJM, XapaKTEPUCTHUKU MaTEPUAJIOB KOTOPBIX IPUBEJEHBbI HUXE. BTOpoil crou
CeIaH U3 CTalH.

E, =E,,=2x10°Mna; v,=v,=0.26,p, =p, =7800kz/Mm",
E,, =6.67.10°Mna; v, =v,=0.20,p, = p, =2280xe/ M,

_ 1-
TlapameTpsl sapa peNaKcaliy NPHHATH B Buae 1y (t ) =Ae " /17,
A, =0,048;, B, =0,05; «, =0,10. YyacTok NOBEPXHOCTH LMIMH/IPA
|v| < r / 8 momBep>keH KPaTKOBPEMEHHOMY BO3/ICHCTBHIO PAIMAJIbHON HATPY3KH,

OIpeIeIsIeEMO KaK 6,(v) =0,51+cos8V) qua |v| <r/8,6(v)=0, ms

w/8< |V| <7 w anmpokcumupyemoit 15 uienamu psaga dypee:
15z, 0<7r<0.04
f(z)=41-15z, 0.04<7<0.1
0, 0.1=<7,

BCIOLY.

Pesynbrare! nomyueHsl 1isi 6€3pa3MEpHBIX MapaMeTpOB.

Ha puc.1 nmpencraBneHs! 3aBUCUMOCTH O0€3pa3MepHBIX KOHTYPHBIX HaNpsKEHUN
B 3aBHCHMOCTH OT BpeMeHu: 1. ipu 1 = q; 2. npu I =4, . 3. ipu r = a, . Buzaxo,
YTO JJIs1 HApY’)KHOTO ILMJIMHIPA KOHTYPHbIC HAaNPsDKCHUS M3MCEHSIOT CBOM 3HAK
KoJe0aTeTbHBIM 00pa3oM.

Ha puc.2 npuBeneno uameHenue nepeMenienuii npu (I = dj) B 3aBUCUMOCTH
OT BPEMEHHU: 1. KOHTypHbIE IE€peMellenus npu 7 =d,. 2. IlpomonbHbie

nepemernienus npu ' = 4. 3. Pagunaneusie nepemenienus npu I = d,. U3 puc.2
BHUJHO, YTO B T€YCHUH BPEMEHH OTPAXEHHBIX BOJIH OT CJIOEB 3HAYUTEIHHO BIHSIET
Ha QopMuUpoBaHWM TepeMelneHuid. OTpakeHHe BOJHBI 3HAYUTENIHHO BIHUSET Ha
paauagbHbIE TIepeMEeIeHuUsI.

Ha puc.3 npuBeneHo n3mMeHeHne KacaTeIbHbIX HaNpsHKeHUH B 3aBUCUMOCTH

OT BpeMeHH TIpH ckomb3siieM kourakre (1. Tlpu 7' =0d,y; 2. Tlpu " = d;). Bee
rpaduKu cOOTBETCTBYIOT pacuetam npu K =30, m= 0, 1, 2,...13, u ¢ yBelIn4eHUEM
K mpakTtuiecku He MEHSIIOTCSI.
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Puc.1. VI3MeHeHre KOHTYPHBIX HaNPSHKEHUH B 3aBUCUMOCTH OT BPEMEHHU:
LF=4ay 2.7=da; 3. r=da,,
(Fig.1. Change of contour stresses depending on time:

L7V =0ay 2. V=4;3 1r=a,)

2V 107"

2 —

1[— e

@ %\J//\\V ./ AP
—2 =

Puc.2. VI3MeHeHne TepeMeneHni B 3aBUCHMOCTH OT BPEMEHH:
1. KonTypHble nepemewieHus npu J° = a,: 2. Tpomombrbie mepememenus mpu I = d;

3. Paymansuble nepememenus npu I = Q.
(Fig.2. Change of displacements depending on time:

1. Contour displacements at " = @g; 2. Longitudinal displacements at 7" = Q;

3. Radial displacements at 7" = d.)

o_l(:).lol
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1 2 3N Xa SN

o st———___17
b \
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Puc.3. VI3MeHeHHEe KacaTelbHbIX HAPSHKCHUH B 3aBUCHMOCTH OT BPEMEHH IIPU CKOJIB3SIIEM
KOHTaKTe:
= r=a
1. ITpu r a2;2.HpI/I L
(Fig.3. Change of tangential stresses depending on time during sliding contact:
— r=a
1.At 7' =0,;2 At )
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[lomuepkuBaeTcs, 4TO MPHUBEICHHBIN BBINIE CIIOCO0 OTHICKAHHWS OpPUTHHAIA
MO3BOJISICT TOJMy4YaTh AHAJIOTHYHBIC PEUICHHs] TPHU Pa3IUYHON T€OMETPHH, TpHU
HAJMYUU MAacCOBBIX CHJI M TIPH Pa3HBIX THUTAX IPAHUYHBIX YCIOBHH.

3akiouenue

[IpencraBieHHbIe pe3ynbTaThl MOKA3bIBAIOT MPHHIUITHAIBHYI0 BO3MOXHOCTh
HalTH CpelH SAep pellaKCaIliH, COCTOAIINX BCETO M3 OJHOW JKCIIOHEHTHI, Te,
KOTOpBIE OKaXKYT Ha MEPEXOIHBIC BOTHOBEIE MPOIECCHI B IMHEHHO-BI3KOYTIPYTHX
000JI0YKaX MPAKTHYECKH TaKoe K€ BIVSIHHME, YTO M PETYISpHBIE sSapa B BHIE
CYMMBbI HECKOJIbKMX SKCIIOHEHT. YCIOBHSI COOTBETCTBHUS MEXAY BA3KOYNPYTUMHU
SIIpaMu, TPEUIOKEHHBIE I 3alad O TIePEXOAHBIX BOJHOBBIX TpOIeccax B
pamMKax KIACCHUYECKHUX IIOCTAHOBOK 3a7ad MEXaHWKHA Je(POPMHPOBAHHOTO
TBEPJIOTO TelNa TMpPH OTPAHWMYEHHON OOJACTH pacIpOCTPAHEHHS BO3MYIIEHHIH,
OKa3aJINCh TPABOMEPHBIMH M I [UJIHHIPHYECKOW 000IOYKH OECKOHEYHOM
JUTAHBI, TTOJIBEPKEHHON BO3/ICHCTBUIO HATPY3KH B BUJE OJWHOYHOTO HUMITYIIbCA
i QyHKIMKM XeBUcaiaa. 3aMeTHM, YTO B JIaHHOW pa0oTe TPUBEICHBI JIHIIH
OTAENbHBIC XapaKTepPHBIE pe3yJIbTaThl BBIOJHEHHBIX pacdeToB. WX criemyer
pacIieHHBaTh KaK MPeIBAPUTENBHBIN ATall JalbHEHIINX UCCIICAOBAHUN BIHSHHS
HACJICJICTBEHHBIX CBOWCTB MarepHualla Ha IepPEXOIHbIE BOJHOBBIC IPOIECCHI
B TBEpABIX Je(OpMUPYEeMBIX Telax, paccMaTphBaeMble B pPaMKax TEOPUHU
BBIPOXKJICHHBIX CUCTEM — IJIACTHH U 000JIOYEK.

Takxum 0O6pa3zom, B X0jie UCCIIEAOBaHUS ObLTH pa3pab0oTaHbl METOAMKA PEIICHUS
Y allTOPUTM JIJIs PEIIeHUs] 3a/ladd PaclpOCTPaHEHHUS HECTAIMOHAPHBIX BOIH
B CIIOMCTOM BSI3KOYIPYTOM NWJIMHIpEe. Ha OCHOBE YHCIEHHBIX pPE3yIBTaTOB
YCTaHOBJIEHO, YTO OTPaKEHHBbIC BOJHBI 3HAYUTENBHO BIUSAIOT Ha 3HAYCHHS
paaraIbHBIX ITePEeMEICHHA.
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Abstract. The paper presents the results of Reynolds-averaged Navier-Stokes
(RANS) model calculations of non-isothermal turbulent flow of a viscoplastic fluid
in a pipe. The Reynolds stress model (RSM) was used to simulate turbulence. The
results of calculations of Newtonian and non-Newtonian fluids were compared
with the data of direct numerical simulation (DNS) calculations of other authors.
The calculated data of the RSM showed a significant anisotropy of the axial and
radial velocity fluctuations (up to several times) and good agreement with the DNS
data of other authors. Incorporating supplementary runoff and source terms into
the transfer equations for both averaged and turbulent flow characteristics results
in a more accurate alignment with the DNS calculations regarding the distribution
of turbulent non-Newtonian flow properties. The results of calculations of non-
isothermal turbulent flow show the transition of a Newtonian fluid to a viscoplastic
state. An increase of turbulent kinetic energy in the flow core and attenuation in
the zone of yield stress manifestation are obtained. The averaged and fluctuation
profiles express the indicated transformation of non-isothermal turbulent flow.

Keywords: non-isothermal turbulent flow, viscoplastic fluid, RANS, Reynolds
stress model, non-Newtonian fluid
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AnHoTauus. byn mMakanana KyObIpJarbl TYTKBIP-TIACTUKANIBIK CYHBIKTBIKTBIH
H30TEPMUSUIBIK eMec TypOyneHTTi arbIHBIHBIH RANS ecenteyiepinin HoTHXKenepi
Oepinren. Peitnonbac kepeyi moneni (RSM) typOymeHTTiINiK Monenpaey yIIiH
nainanansuiel.  HplOTOHABIK koHe HBIOTOHABIK eMec  CYHBIKTBIKTap.Ibl
ecenTey HoTmxenepi Oacka aBtopiapaslH DNS ecenTeynepiHiH aepekTepiMeH
casbIcTRIpbULABI. RSM ecenrtenren gepeKkTep OChTIK )KOHE pafnaliibl KbIIIAMIBIK
ayBITKYJIAPbIHBIH eJieyl aHM30TponusichiH (OipHelle ecere AediH) >koHe Oacka
aBropuapasly DNS nepexrepiMeH jKakchl CoMKecTiriH kepcerTi. Oprama jKoHe
TypOyJIeHTTiI afblH KacHeTTepiHe apHaJFaH TachbMajjay TeHJIeyJepiHe arblH
XoHe Oactay OOMBIHIIA KOCHIMILIA LIAPTTapAbl €Hrisy TypOyneHTTi HbIoTOHABIK
eMecC arblH KacHeTTepiHiH TapanxyblHa KaTeicThl DNS ecenreynepimMeH jkakchlpak
Kemicimre okenei. M30TepMHsIIBIK eMec TypOyIeHTTi aFbIH/IbI €CENTEY HOTHKeNepi
Hp10TOH CYHBIKTBIFBIHBIH TYTKBIP-TUIACTHKAJIBIK KYHTE 6TY1H KopceTeli. AFbIHHBIH
SOPOCBHIHAA TYpOYIEHTTIK KHHETHKAJBIK OJHEPrHSHBIH JKOFapblIaybl JKOHE
aKKBIIITHIK KepHeYyiHiH OalKaly aiiMarbIHIa OHBIH OachuTybl OpbIH ajibl. Opraiua
KOHE MYNbCAMSIIBIK MPOQMIBIACP NU30TEPMHSUIBIK €Mec TypOyJeHTTI aFbIHHBIH
KOpCETUIreH TyplieHyiH Oinnipeni.

80



Reports of the Academy of Sciences of the Republic of Kazakhstan

Tyiiin ce3aep: M30TEPMUSIIBIK eMeC TypOYJIECHTTI aFblH, TYTKBIP-TIIIACTUKAIIBIK
CYWBIKTBIK, PeliHonmbac OolibiHIa opTamananrad Haebe-CTokc TeHueynepi
(RANS), PeiiHosbc kepHey Mojieli, HbIOTOHIBIK eMeC CYHBIKTHIK

© M. Ilaxomos', Y. Kanbac6aen?, I. Pamazanosa®’, 2024
"Muctutyt Teruodusuku umenu C.C. Kyrarenanze CO PAH,
Hosocubupck, Poccus;

MHCTUTYT MEXaHUKHU M MAITHHOBEICHNS UMEHHN aKaJIeMUKa
V.A. JIxxongacoekoBa, Anmatel, KazaxcraH.

E-mail: gaukhar.ri@gmail.com

MOJIEJb HANTPSIKEHUI PEVHOJBICA JIJISI PACYETA
HEU3OTEPMUYECKOI'O TYPBYJIEHTHOI'O TEYUEHUSA
BSI3KOILJIACTUYHOM )KUJIKOCTHU B TPYBE

IMaxomoB M. — 1OKTOp (PU3HKO-MaTeMaTHUECKHUX HayK, Mpodeccop, IIaBHbIH HayYHBIH COTPYIHUK,
WncruryT temmnodusuxu nmenn C.C. Kyrareranse Cubupckoro otnenenus Poccniickoit akagemun
Hayk, HoBocubupck, Poccust

E-mail: pakhomov(@ngs.ru, https://orcid.org/0000-0002-8127-3638;

/Kanbac6aeB Y. — 10KTOp TEXHUUESCKHX HayK, Ipodeccop, NIaBHEIH HayIHBIH cOTpyHHUK, MHCTHTYT
MEXaHWKH 1 MaIIMHOBEACHHsI IMEeHH akajgeMuka Y.A. JlxonnacOekoBa, Anmarsl, Kasaxcran

Email: uzak.zh@mail.ru, https://orcid.org/0000-0001-5973-5149;

PamazanoBa I. — xanmunmar (QU3MKO-MaTeMaTHYECKHX HAyK, BEIYIIMIl HAy4HBIH COTPYIHUK,
WHCTHTYT MEXaHHKHU M MAITTHOBEICHNS UMEHH akafeMuka Y. A. /xonnacoexosa, Anvarsl, Kazaxcran
E-mail: gaukhar.ri@gmail.com, https://orcid.org/0000-0002-8689-9293.

AnHoTaums. B crarbe mpeacTaBieHsl pe3yasTaTthl pacdeToB RANS HensoTep-
MHYECKOTO TYpOYJEHTHOTO TEUYECHHSl BA3KOIUIACTUYHOW JKHAKOCTH B TpyoOe.
Jg MonenupoBaHus TypOYJEHTHOCTH HCIIONb30Bajach MOJETh HampsKeHUH
Pefinonbpica (RSM). Pesynmberarel pacdeToB HBIOTOHOBCKOH W HEHBIOTOHOBCKON
)KI/IILKOCTGI\/'I CpaBHUBAJIMCh C JAaHHBIMU TIIPAMOTO YHCJICHHOTI'O0 MOACIUMPOBAHUA
(DNS) npyrux aBTtopoB. Pacuetnwsie mamHeie RSM mokaszamy 3HAYUTEIHEHYIO
AQHM30TPOIIMIO OCEBBIX M PaJUalbHBIX (IYKTyallii CKOPOCTU (IO HECKOIBbKHX
pa3) m xopomee comacue ¢ gaHHeIMH DNS npyrmx aBtopoB. Brmrouenwe
JIOTIOJTHUTENBHBIX YCIOBHM CTOKAa M HMCTOYHMKA B YpaBHEHHS IepeHoca JJis
OCPETHEHHBIX U TYpPOYJICHTHBIX XapaKTEepPUCTUK IIOTOKA MPHBOIUT K Ooiee
TOYHOMY COTJIacOBaHHUIO ¢ pacdyeramu DNS B gactu pacnpeneneHus TypOyIeHTHBIX
HEHBIOTOHOBCKHMX CBOMCTB TIOTOKa. Pe3ynabTaThl pacueToB HEM30TEPMUUECKOTO
TypOyJIEHTHOTO TOTOKa CBUJETEIHCTBYIOT O TEPEX0/ie HbIOTOHOBCKOW KHUIKOCTH
B Bs3KOIUIacTHUecKoe cocrosiHue. I[lomydeHo yBenuueHue TypOyJaeHTHON
KUHETUYECKON S3HEPIMH B SIIPE TOTOKA U 3aTyXaHUE B 30HE ITPOSIBIICHNS HAIIPSKEHUS
TexkyuyecTH. OcpeqHEHHBIC U MyIbCAMOHHbBIE TPOQMIN BBIPAKAIOT YIIOMSHYTYIO
TpaHc(hopMaLUIo HEN30TEPMUUECKOTO TypOYyJIEHTHOTO TOTOKA.

Ki1roueBble c10Ba: HEM30TEPMUUIECKOE TYpOYJIEHTHOE TEUCHUE, BI3KOILUIACTH-
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YHas JXUAKOCTb, YPaBHCHUS HaBLC—CTOKCa, OCpe,Z[HéHHBIe o PeﬁHOJ’ILI{CY, MOJIECIIb
HaHpSDKCHI/Iﬁ PCfIHOHLZ[Ca, HCHBIOTOHOBCKaAs KUJKOCTb

Introduction

Turbulent non-Newtonian fluid (NNF) flows are encountered in various
engineering applications, in particular in pipeline transportation of viscoplastic
(waxy) oil (Zhapbasbayev et al., 2021). Turbulence anisotropy, wall effects and
stratification are characteristic of non-isothermal flow of a viscoplastic fluid and
present difficulties in modeling.

Direct numerical simulation (DNS) and large eddy simulation (LES) are the
main methods for studying non-Newtonian fluid (NNF). There are known works
by LES (Gnambode et al., 2015), DNS (Gavrilov & Rudyak, 2016 a; Rudman &
Blackburn, 2006; Rudman et al., 2004; Singh et al., 2017 a; Singh et al., 2017 b)
on the study of turbulent power-law, viscoplastic and pseudoplastic non-Newtonian
fluids. The results of average and fluctuations axial and radial velocities, wall
friction and turbulent kinetic energy were obtained at Reynolds numbers Re from
5000 to 20000. Note that LES (Gnambode et al., 2015) and DNS (Gavrilov &
Rudyak, 2016 a; Rudman & Blackburn, 2006; Rudman et al., 2004; Singh et al.,
2017 a) dealt only with Buckley-Herschel fluids, and only the recent work (Singh et
al., 2017 b) presents DNS prediction data for a viscoplastic yield stress fluid.

The high computational cost of the DNS model for predicting turbulent flows
of viscoplastic fluids makes the RANS+RSM approach the viable alternative for
engineering applications. Research into RANS modeling of wall effects on turbulence
has seen significant progress since the seminal work of Durbin, 1991. This paper
examines the effect of wall blocking using the elliptical relaxation method. Durbin
presented a new rationale for modeling heterogeneity in the “pressure-strain” term.
In a later paper (Durbin, 1993), Durbin successfully applied the second moment
full closure procedure to a wide range of canonical flows. However, this resulted
in an inordinately large number of equations, since there was a separate elliptic
equation for each Reynolds stress. On the other hand, simple turbulence models
could not adequately capture the anisotropy of turbulence compared to complete
second moment closure (SMC).

Manceau & Hanjalic, 2002 developed a practical model to solve both wall
blocking and anisotropic effects with a single elliptic relaxation equation for a full
Reynolds stress model. There is already evidence in the literature of successful
application of the model in various applications (Thielen et al., 2005, Fadai-Ghotbi
et al., 2008). These studies mainly concerned flows without heat exchange. The
RSM model was also applied to forced convective heat transfer and generally gave
good agreement with experimental results (Manceau & Hanjalic, 2000; Behnia et
al., 1999).

Several papers have dealt with the study of heat transfer in turbulent NNF
(Masoudian et al., 2016; Masoumi et al., 2019; Yigit et al., 2020). Turbulent flow
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studies with viscoelastic polymer flow have been investigated (Masoudian et al.,
2016). In (Masoumi et al., 2019), a numerical study of the natural convection of
a Schwedoff-Bingham (SB) fluid between horizontal concentric cylinders was
carried out. DNS study of the velocity and temperature spectra in Rayleigh—Benard
convection was carried out in (Yigit et al., 2020). The authors showed that thermal
convection weakens with increasing Rayleigh number.

In our work we consider axisymmetrical RANS modeling of turbulent non-
isothermal flow with yield strength of a viscoplastic SB fluid. The turbulence of the
fluid is modeled using RSM model. The novelty of the study is the transformation
of the turbulent flow of a Newtonian fluid into a viscoplastic state due to heat
transfer with the surrounding medium

Mathematical model

Physical Model of a Non-Newtonian Viscoplastic (Schwedoff-Bingham) Fluid

A schematic view of the flow configuration is shown in Figure 1. Anon-isothermal
viscoplastic non-Newtonian fluid (waxy crude oil) flow along an underground pipe
with an inner diameter (I.D.) D= 2R = 0.2 m, length L = 3 m, and depth to pipe
axis H = 2 m. The mean-mass velocity of the liquid flow at the pipe inlet was U |
= 0.2 m/s and its initial temperature 7|, = 298 K. The ambient temperature (soil)
was T, = 273-298 K. The pipe material was stainless steel and the pipe wall
thickness 0 = 2 mm. It was assumed that the temperature of the pipe wall from its
outer side was equal to the soil temperature 7, = T . The temperature of soil was
a constant value. The density of fluid flow in the inlet cross-section p, = 835 kg/m’.
The Reynolds number of the flow, determined from the flow parameters at the inlet
(for a Newtonian fluid) Re=U D /v, = 8200.
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Figure 1 — Scheme of non-isothermal flow of paraffinic oil in a pipe:

1 — Newtonian fluid flow area; 2 — area of flow of the Schwedoff-Bingham non-Newtonian fluid.

Rheological Properties of a Non-Newtonian Fluid

In a non-Newtonian viscoplastic state, the effective molecular viscosity u . can
be modeled using the linear Schwedoff-Bingham rheological fluid model (Gavrilov
& Rudyak, 2016 b; Finho, 2003). The effective molecular viscosity Moy of a fluid
has the form
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+7, '4, if |7|> 7,
{u i i[>, "

. b
00, if |r| <7,

Here 7, is the yield stress and u, is the plastic viscosity, |T| =/7;7; is the
second invariant of the deviatoric stress tensor, y =,/2S S, is the shear rate,

U,

oU .
Sij = 0'5(6_ + a_JJ is the shear rate tensor.
X; X;

1

The effective molecular viscosity of the non-Newtonian fluid in turbulent flows
depends not only on the average turbulent velocity of the flow, but also on fluctuations
of the shear rate tensor (Gavrilov & Rudyak, 2016 b). The instantaneous value of
viscosity is represented as a sum of the averaged and fluctuational components. The
expression for the mean shear rate in the non-Newtonian fluid has the following
form and consists of two terms. Let us the average value of the molecular viscosity
is related to the average value of the shear rate such as the same rheological
relationship as for the instantaneous quantities (1). Then, the expression for the
averaged shear rate can be written as (Gavrilov & Rudyak, 2016 b):

() =2(S,XS,)+ (o) ) where (s ) =c ()4, @

The main difficulty in the numerical modeling of viscoplastic flows, including
a turbulent regime, with the help of expression (1), is associated with the existence
of a singular molecular viscosity in regions where the shear stress is less than z,.
The approach of (Papanastasiou, 1987) was used in this work, where the effective
viscosity was approximated by the following smooth function. It limits the value of
effective viscosity as the shear rate tends to zero T — 0:

[1-exp(-10°|s])] 3)
S|

Mg = H, T T,

The Governing Equations for a Non-Newtonian Non-Isothermal Turbulent Fluid

The governing equations are given in symbols of vector analysis operations,
although they are solved for an axisymmetric flow in cylindrical coordinates. The
set of steady-state axisymmetric RANS equations of continuity, momentum in axial
and radial directions, and the energy of a turbulent incompressible generalized
Newtonian fluid has the form (Pakhomov & Zhapbasbayev, 2021; Pakhomov et
al., 2023):

V-(pU)=0
4)
V-(pUU)=-VP+V-2p,,8)+ V(- plu'u))+ V- (24, 8") (5
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V-(pC,T0)=V-(29T)+ V- (- oC, (u' v ®

Here, O, Hett, 4, and C, are the density, effective molecular viscosity, thermal
conductivity coefficient, and heat capacity of the fluid, respectively; U = (ux, ur) is
the velocity vector, (u_= U, u = V) are the fluid velocity components in the axial (x)
and radial (r) directions, respectively; P is the mean pressure; %1 j> and <U it >
are the Reynolds stress and turbulent heat flux. The last terms in the equations of
motion and energy of system (6) consider the effects of heat release during viscous
dissipation of kinetic energy in a non-Newtonian fluid and have the form (Vinay
et al., 2005).

The turbulent Reynolds stress — p<ll/ u’ > =— p<uiuj> and turbulent heat

flux —pC, <u/ t >= -pC, <u it > were written according to Boussinesq hypothesis
(Pakhomov & Zhapbasbayev, 2021, Pakhomov et al., 2023). The expression

V- <2:Lléjfs/> in equation (8) is found according to representation of (Gavrilov &
Rudyak, 2016 b).

Turbulent viscosity 4. is determined using the RSM model (Manceau & Hanjalic,
2002). The turbulent heat flux in the non-Newtonian fluid was obtained according
to the Boussinesq hypothesis, which have the form:

p<ujt>=— Hr oT

. 7
Pr, ox;, ™

Here, Pr is the turbulent Prandtl number. It was determined in accordance with
(Kays, 1994), where it was shown that for the range of variation of the molecular
Prandtl number Pr = 1-100, the turbulent Prandtl number was Pr, =0.85+0.7/Pe,,
where Pe, = PrgvT /v).

The RSM Turbulence Model

The elliptical relaxation RSM (Manceau & Hanjalic, 2002) considers anisotropy
of complicated turbulent flows and is computationally more complicated than a
well-known k- & turbulence model (Hwang & Lin, 1998). This model shows better
results than the k—-& turbulence isotropic model. The Reynolds stress components
are derived from a system of partial differential equations, and the system of basic
equations of the second-moment closure model of (Manceau & Hanjalic, 2002) is
given:

Du.u. . CT —Ouu.
#:B'_'_D;_'_qji'_gi‘—i_i AlTuu it (8)
Dt y J y y axl

pe C,P-C.e o (C,— o¢ o’e k o'u, | oy, 9
— =t | ——uu, — |tV +C, v—uu, )
Dt T, ox,\ o, ox,, 0x,0x, Te T oxox |\ oxx,
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x—LV?y=1/(¢T})
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( k;() P L e+ k}(385 - (12)
9 uu, 2
4 :l—g(aija aljajkaki)’ a; 271_551‘1 (13)
« P 1 .
__(gl +g ;)gbij +g28(bikbkj _gbklbklé:j)+(g3 = Z3+/buby, )kSij +
2
g4k(biijk +bijik 3 blnlSlmé;jj+ gsk (biijk +bijik) (14)
uu, 1 oU, U, oU, U,
b=—~__—5:8 = +—L|; Q= 4 15
ook 37 Y 2(8)6 é’xiJ v [ax axl.J (15)
o e(— — —
D) :—5%(ul.uknjnk +uunn, —Euku,nkn,(nl.nj -5;) (16)

1/2
. Vy k 1% K” V3/4
! ”;Z ' [8 T(gj j ' Lma){ & ES (47

Here P, is the intensity of the energy transfer from the average velocity to the

pulsating one; P = 0.5P,; T, is the turbulent time macroscale; Dl_-‘; is the viscous

diffusion; CD is the redistribution term; €; is the dissipation; ¢ is the dissipation
rate. The constants and functions of the system of equations (8)—(17) are taken

from (Manceau & Hanjalic, 2002).

The RSM model did not have additional sink and/or source terms taking the
effect of non-Newtonian fluid on carrier phase turbulence.

Boundary conditions

The flow sketch is shown in the Fig. 1. No-slip conditions are set on the wall
surface for the velocity and the condition of heat transfer with the environment
medium is set for the temperature of the wall (Pakhomov & Zhapbasbayev, 2024):

or — _q. k. _
r=R; U=V=k=£=0; -2 (61’) :al(Tm_Tw);“i“j_O> g=2v?,}[—0 (18)

w

The symmetry conditions are set on the pipe axis for all variables:

ouu .

oo, OU _OT 0k _08_, . oMl 0c_Ox _,(19)
or or or or or or or

In the inlet section (x = 0), the distributions of all variables over the pipe section

were set, corresponding to the developed turbulent flow in the pipe. At the outlet

edge (x=L) soft boundary conditions were given for all variables.
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Thus, the system of equation (1)—(17) with the corresponding input and
boundary conditions (18), (19) is a closed system of equations that describes the
process of turbulent heat transfer in a waxy oil flow and allows the predictions of
all the required quantities.

Thermal effects in rheological properties are taken into account by the

dependence of viscosity x(T) and yield stress 7,(I) on temperature (Pakhomov
& Zhapbasbayev, 2021). These dependencies are based on experimental data. In
the Table 1 are given the values of the yield shear stress 7, plastic viscosity x,, and

Bingham number Bm = 7, R/ ( lLlPUm 1) vs fluid temperature.

Table 1
The dependence of yield shear stress, and plastic viscosity of non-Newtonian fluid
t,°C T K 7,, Pa Uy, Pass Bingham number Bm
0 273 589.6 0.3585 822.32
5 278 34.62044 0.14634 118.29
10 283 2.03286 0.05974 17.01
15 288 0.11937 0.02438 2.45
20 293 0.00701 0.00995 0.35
25 298 4.1156E-4 0.00406 0.05
30 303 2.41662E-5 0.00166 0.007

Numerical realization

The numerical solution is obtained using a control volume method on a
staggered grid. All numerical predictions are performed using the “in-house” code.
The system of equations (3—5) is solved numerically using the QUICK scheme and
the SIMPLEC algorithm. The simulations use a non-uniform mesh (streamwise
and transverse directions) with refinement close to all walls. The cell closest to

the wall is located at yu+/vw= 0.4, where u, :‘/TW / p is the friction velocity of
a Newtonian fluid in the inlet pipe, 7, is the wall shear stress and v, is kinematic
viscosity of a fluid at wall condition. The residual error for the continuity equation,
momentum equations, and RSM model is 10~ and for the energy equation the error
is 107.

The grid convergence test (GCT) for the radial profiles of turbulent kinetic
energy (TKE) is performed on the grids: 500x40 (“coarse”), 1000x80 (“basic”) and
1500 x 120 (“fine”) (see Fig. 2).

The Reynolds and Prandtl numbers of the flow are Re = U D/v,,, = 0.82x10* and
Pr=u, C,/A=42. The difference between “basic” and “fine” grids is very small
(up to 0.1%) and the grid with 1000 x 80 CVs is used in authors’ simulations as the
basic grid.
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Figure 2 — The grid convergence test for RSM models of in-house numerical code:
L=2m,Re=28200,U =02m/s, T, =298K, T, =273 K

Calculation results and discussion

Averaged and turbulent characteristics of the Schwedoff- Bingham fluid

The axial averaged velocity profile along the tube cross section is qualitatively
similar to the one for a Newtonian fluid. This is characteristic both for the DNS
data (Singh et al., 2017 a) and for our RANS calculations. For the axial averaged
velocity distributions, it is possible to note an excess by RANS calculations (up
to 10 %) in comparison to DNS data (Singh et al., 2017 a). The TKE distributions
calculated by the author’s model also agree satisfactorily with the DNS calculation
both in the viscous sublayer and in the logarithmic region and the difference does
not exceed 15 %. These data are given in (Pakhomov & Zhapbasbayev, 2021) and
are not presented here in order to reduce the manuscript volume. However, the
isotropic k—& — model (Hwang & Lin, 1998) does not even qualitatively describe
the complex distribution of velocity fluctuations over the pipe cross section and
significant anisotropy of axial and radial velocity fluctuations of SB fluid. This is
especially noticeable in the profiles of the radial velocity fluctuation component.

For the Schwedoff-Bingham-fluid the results of the RSM model calculations of
the axial y* =y /yu, (a) and radial v* =y /u, (b) velocity fluctuation profiles are
shown in Figure 3.

Here points are DNS (Singh et al., 2017 b), lines are RANS calculation of authors
using RSM model (Manceau & Hanjalic, 2002). As can be seen from the data
shown in Fig. 3, the RSM model qualitatively well describes the anisotropy of the
axial and radial velocity fluctuation profiles. The positions of maximum values and
practically coincide with DNS data (Singh et al., 2017 b). The obtained calculation
data confirm the possibility of successful use of the RSM model (Manceau &
Hanjalic, 2002) to describe the non-isothermal flow of the SB fluid. Further in our
calculations of flow and heat transfer at transition of turbulent Newtonian fluid to
non-Newtonian fluid we will use exactly RSM model (Manceau & Hanjalic, 2002).

The following crucial points can be noted in conclusion to these two subsections

88



Reports of the Academy of Sciences of the Republic of Kazakhstan

concerning the validation a numerical model for describing turbulent isothermal
power-law and Schwedoftf-Bingham fluids. The use of the isotropic k—& model
(Hwang & Lin, 1998) makes it possible to predict, in the first approximation, the
distributions of the averaged parameters of the turbulent flow (averaged axial
velocity and TKE) of non-Newtonian fluids with a reasonable degree of accuracy.
However, this model is completely unsuitable for calculating the axial and radial
components of the carrier phase velocity fluctuations (up to 300 %). The use of
the Reynolds stress model (second-moment closure) (Manceau & Hanjalic,
2002) in describing turbulence makes it possible to calculate the behavior of the
turbulent characteristics in axial and radial directions of non-Newtonian fluids with
satisfactory accuracy (up to 20 %).

RSM |

08

04

Figure 3 — Comparisons of the results of authors” RANS calculations using the RSM model
(Manceau & Hanjalic, 2002) of axial 4" =u /u, (a)and radial vi=v/u, (b) velocity
fluctuations of the Schwedoff-Bingham fluid with the DNS results (Singh et al., 2017 b): Dots are
the DNS (Singh et al., 2017 b), lines are the RANS calculation by the author using the RSM model
(Manceau & Hanjalic, 2002). Re= U D /v, =1.3x10*, Re =uR /v, =323. I, 3 - Newtonian

ml™— 1 "Wl

fluid; 2, 4 — non-Newtonian fluid; z/z,, = 1.1;

5, 6 —non-Newtonian fluid 7,/z,, = 1.2.

Predictions of turbulent non-isothermal flow structure

A non-isothermal waxy crude oil (WCO) flows along an underground pipe (see
Fig. 1). The pipe inner diameter is D= 2R = 0.2 m, and length of computational
domain L =20 m (x/D = 100). Turbulent flow in the inlet cross-section considers as
a Newtonian fluid. Then WCO cools down by flowing along the pipe length due to
heat transfer through pipe wall with cold soil. The Reynolds and Prandtl numbers of
the flow are Re = U D/v,, = (0.4-1.2)x10*and Pr = u,, C, /A= 42. The Reynolds
number has the same form as for a generalized Newtonian fluid. It based on the
fluid viscosity determined under wall conditions and the viscosity is depends on
the fluid temperature. Studies are carried out with a steady flow of fluid in the pipe.

Results of calculations of non-isothermal motion in the pipe show change of
state of Schwedoff-Bingham fluid (paraffinic oil). Newtonian properties of liquid in
initial sections of pipe gradually change to viscoplastic (non-Newtonian) state due
to heat transfer between heated liquid in pipe through its wall and cold environment.
In process of movement along the pipe the value of longitudinal velocity in zone
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near axis increases (up to 1.7 times in comparison with entrance velocity level),
and in the wall zone on the contrary decreases and height of section with zero value
of liquid velocity increases (see Fig. 4a). Height of the section with zero liquid
velocity in the pipe gradually increases as the oil moves along the pipe and reaches
y/R = 0.15 at x/D = 20. The core area with maximum liquid velocity gradually
decreases to y/R = 0.9 at x/D = 20.

There is a significant increase of turbulent kinetic energy in the near-wall area
of the pipe (more than 1.75 times) and a noticeable decrease in the near-wall area
(see Fig. 4b). For the axisymmetric flow, TKE is determined by the well-known
equation: 2k = <uv2>+ 2<vv2>. The boundary of the region of Newtonian fluid
properties has been determined. Profiles of evolution of dimensionless temperature

O=(T-T,,)/(I,-T,,) of liquid show cooling of paraffinic oil flow due to heat
exchange with environment through the pipe wall (see Fig. 4¢). Here T}, is the wall
temperature at the inlet section.
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Figure 4 — Distributions of the dimensionless average axial velocity U/U_ (a), turbulent
kinetic energy k/k, (b), average temperature © (c) and yield shear stress 7,/7,,. (d) and averaged
effective dynamic viscosity (e). Re = 28200, T =298 K, 7, =273 K

Yield stress profiles 7,/7, | are shown in Figure 4d, where 7 | is the yield stress at
T'=293 K. The radial profiles of average dynamic viscosity coefficient distributions
U eﬁ/(ﬂnﬁu) along the pipe length are given in Figure 4e. Here oy is the effective
averaged viscosity of the turbulent NNF and (u,,+x,) is the sum of turbulent and
molecular viscosities of the NF (waxy crude oil) at the inlet. This ratio is clearly
showing the effect of appearance of non-Newtonian behavior of the fluid movement.
The decrease in the fluid temperature in the near-wall zone by turbulent Newtonian
fluid cooling causes significant increase in the value of average dynamic viscosity
coefficient of the fluid.

It is known (Zhapbasbayev et al., 2021) that at fluid temperature 7’< 293 K, non-
Newtonian fluid properties begin to appear and limit shear stress 7, arises. This leads
to a sharp increase in mean dynamic viscosity and ultimate shear stress and leads
to a decrease in the speed of waxy oil and even to a complete stop. It can be noted
that the temperature, average dynamic viscosity and ultimate shear stress profiles
evolution along the pipe length show that at temperature 7> 293 K paraffinic oil
has a Newtonian fluid property, whereas in the temperature region 7 < 293 K the
properties of viscoplastic (non-Newtonian) Schwedoff-Bingham- fluid appear.

Earlier in works (Pakhomov & Zhapbasbayev, 2021; Pakhomov et al., 2023;
Pakhomov & Zhapbasbayev, 2024) it was shown that heat transfer of moving
liquid flow in pipe or channel and surrounding ground has the main influence on
manifestation of non-Newtonian properties of SB liquid. The results of numerical
calculations for the influence of the ambient ground temperature 7 on the turbulent
characteristics of paraffinic oil are shown in Figure 5. For a Newtonian fluid, flow
and heat transfer calculations were performed for paraffinic oil without taking into
account the non-Newtonian properties at 7, = 298 K. Note that for the Newtonian
fluid our numerical calculations are in good agreement with the known DNS
calculations (Singh et al., 2017 a). These data are not shown in these figures.
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Figure 5 — Effect of soil temperature T on the profiles of axial 4’/ U, (a), radial VU , (b)

turbulent fluctuations, Reynolds stresses #v'/ U} (c) and turbulence kinetic energy  / U} (d):
Re = 8200, x/D =20, T, =298 K

The lowering of the ambient ground temperature causes additional generation
of turbulence in the near-wall zone of the pipe and its significant suppression in
the wall part of the pipe (see Fig. 5). This is consistent with the data shown in Fig.
4. At the same time there is a shift of position point of turbulent pulsation level
maximum, Reynolds stress and TKE towards the pipe axis. In Newtonian liquid it
is located y/R = 0.1 for axial fluctuations, Reynolds stress and TKE (see Fig. 5). For
a liquid with manifestation of non-Newtonian properties and ultimate shear stress
(T, = 273 K), the maximum is located at (/R = 0.23). Also significant turbulence
anisotropy is visible and the ratio of axial velocity fluctuations to radial fluctuations
is (w’/v’),  =5.3) (see Fig. 5).

Heat transfer between of waxy crude oil (paraffinic oil) with the cold environment
leads to the decrease in the temperature of the carrier fluid. It causes an increase
in plastic viscosity, and the appearance of a yield stress in the near-wall zone of
the pipe. The values of plastic viscosity and yield stress in in the near-wall region
become larger for the colder carrier fluid. As the temperature decreases, the near-
wall zone of the viscoplastic fluid expands, covering more and more parts of the
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Newtonian fluid. The velocity of the carrier fluid slows down and loses their fluidity
at high values of the yield stress in the near-wall zone. The decrease in the fluid
temperature leads to crystallization of the wax, and the release of the heat of the phase
transition. Figures 4, 5 clearly demonstrate the occurrence of a stagnation zone and
the viscoplastic state of the fluid, and also illustrate the transition of paraffinic oil
from the Newtonian state to the viscoplastic non-Newtonian Schwedoff-Bingham-
state due to heat transfer with the cold environment.

Conclusion

A numerical study of the motion and heat transfer of a turbulent non-isothermal
Schwedoff -Bingham fluid through a pipe wall with a cold environment has been
carried out. Dependences of viscosity and ultimate shear stress on temperature
were determined experimentally. The calculated data show the transition of an
incompressible Newtonian fluid to a non-Newtonian (viscoplastic) state.

Calculation results for transition of turbulent Newtonian fluid to viscoplastic
state are in satisfactory agreement with DNS data of other works for Schwedoff-
Bingham fluid. A better agreement with the DNS calculations on the distribution
of turbulent non-Newtonian flow characteristics is obtained by including additional
runoff and source terms in the transfer equations for the averaged and turbulent
flow characteristics. In the logarithmic layer velocity profile for the Schwedoft-
Bingham fluid is qualitatively similar to that for the Newtonian fluid.

One of the significant results is an increase of turbulent kinetic energy in the
flow core and damping in the zone of yield strength manifestation. The calculated
data of the turbulent stress model qualitatively describes the anisotropy of the axial
and radial velocity fluctuations well. The locations of maximum values of axial and
radial velocity fluctuations are in agreement with the DNS data of other authors.
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Abstract. This work is devoted to the study of simulation modeling of the
dynamics of the orbital motion of a spacecraft. Simulation modeling is a powerful
tool for analyzing and predicting the behavior of space objects under various
conditions. The paper discusses the basic principles of constructing a model
of orbital motion, including taking into account gravitational interaction with
planets, the sun and other space objects, as well as aerodynamic and other external
influences. Model verification and validation methods are also discussed, as well
as possible applications of the results obtained for optimizing spacecraft missions
and planning space operations. The work includes both theoretical reflections and
practical examples of simulation modeling, making it useful for both researchers and
engineers involved in the design and management of space missions. Calculations
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of orbital motion were carried out and a simulation model of various types of orbital
motion of the spacecraft was obtained.

Key words: Orbital movement. Spacecraft. Modeling. Dynamics. Gravitational
influence. External influences. Mathematical models
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AHHOTanusA. By )XyMBIC FapbIll anmapaTtblHBIH OPOUTAIBIK KO3FaJIBICHIHBIH
JMHAMUKAChIH MMUTALVSIIBIK MOJENBACYIl 3epTTeyre apHairaH. MMuTanusuibik
MOJISNBJIEY — SPTYPI JKaFJaiiap/ia Fapblil 0ObEKTUIEPIHIH OPEKETiH Taiiay )KoHe
Ooypkay yIIiH KyarThl Kypais. JKyMmbIcTa TIaHeTajdapMeH, KYHMEH jKoHe Oacka
FapbIl 00bEKTIJIEpIMEH IPaBUTALMSUIBIK dCepIIecyli, COHIai-aK a9pOAMHAMUKAIIBIK
’KoHe 0acka J1a CHIPTKBI dcepliep/ii €CKepe OTHIPHIT, OPOUTAIIBIK KO3FAIIBIC MOACITIH
KYPYIBIH HET13T1 MPUHIUNTEP] TAIKbIIaHa bl MOJEIb/Ii TEKCEpY JKOHE BATUIAIIHS
onicrepi, COHaii-aK FaphlIll annaparTapbIHBIH MACCHSUIAPBIH OHTAMIaHABIPY KOHE
FapBIIITHIK ONepanusIap/Ibl Kocrapiay YIIiH aJlblHFaH HOTYDKENEPIiH BIKTHMAI
KOJIIAaHBUTYBl TaJKbUIaHAABL. JKYMBIC TEOPHSIIBIK OWNIApABI /a, MOICIBICYHiH
MPAKTUKAJIBIK MBICAJIIAPbIH Ja KaMTHABL, OYJl OHBI FapBIITHIK MHCCHSIIAPIIBI
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KoOalayMeH jKoHe OacKapyMeH aiHaJbICaThIH 3epTTEYIIIep MEH WHXKEHepiep
yiriH maiganel eremi. OpOUTaIBIK KO3FAIBICTBIH €CeNTeyiepi KYPri3iimi xKoHe
FapHhIN alMapaThlHBIH OPOUTABIK KO3FAJIBICHIHBIH OPTYPJi THUIITEPiHIH UMHTa-
LUSIIBIK MOJIEI albIHIbI.
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AnHoranmus. Pabora mocsdineHa HCCIEIOBAHUIO MMHUTAIMOHHOTO MOJEIIHN-
pOBaHUS JWHAMHKH OpOWTaIbHOTO JBW)KEHHS KOCMHYECKOTO armmapara.
HNmuTanumonHoe MOAETUpOBaHWE TPEACTABISET COOOW MOIIHBIH WHCTPYMEHT
JUIS aHaJM3a W TPOTHO3MPOBAHUS TIOBEJACHHS KOCMHYECKHX OOBEKTOB B
Pa3IMYHBIX YCIOBHSIX. ABTOpaMH pacCMaTPHBAIOTCS OCHOBHBIC IPHHIIUIIBI
MTOCTPOCHHSI MOJIENI OPOUTATIHHOTO JIBUKECHHUS, BKITIOUAsl YYEeT TPaBUTAIIHOHHOTO
B3aMIMOJICHCTBUS C TUTAHETAMH, COJTHIIEM U IPYTHMH KOCMHYECKAMHU 00bEKTaMHU, a
TakKe a3pOAMHAMUYECKHUE U APYTUE BHEUTHHE BO3AeCTBUS. Takxke 00CyKaaroTcs
METO/Bl BepU(pUKAIIMK W BaJUIAllMHd MOJENN, BKIFOYas BO3MOXHBIE 001acTH
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MPUMEHEHUS MOTYUYCHHBIX PE3YJBTATOB ISl ONMTUMH3AIMNA MUCCHHA KOCMHUYECKUX
arraparoB M INIAHUPOBAHUA KOCMHUYCCKUX onepaum‘/'l. HpOBe}IeHBI pacyeThl
OpOHTAIILHOTO JIBUKCHUS U TIOJYYCHBI UMUTAIIMOHHBIN MOJICNIb PA3TUYHbIC BUJIBI
opbutanpHoro aBmwkeHus KA. Pabora BkmogaeT B cedS KaK TCOPETHUCCKHE
Pa3MBIIUICHUS, TaK U NIPAKTHUYCCKUEC MMPUMEPHI UMUTAIIMOHHOIO0 MOJACIMPOBAHMA,
4TO JIeNaeT ee MOJIE3HOW JUIs HMCCieoBareield W HHKCHEPOB, 3aHHUMAIOIIUXCS
pa3paboTKOM 1 yIIpaBICeHUEM KOCMUYCCKUMHA MUCCHSIMH.

KaroueBbie cioBa: opOuUTaIbHOE IBUKCHHE, KOCMUYCCKUH ammapar, Moje-
JTUpPOBaHUE, NTUHAMUKA, TPABUTAIMIOHHOE BO3/ICHCTBHE, BHEIHHE BO3JCHCTBUS,
MaTeMaTHYeCKUe MOJICIIN

Beenenne

MopnenupoBanne  OpOWUTANIBHOTO  ABHMJKEHHSI ~ KOCMHYECKHX  OOBEKTOB
SIBISIETCS. HEOOXOAMMBIM KakK AJIs1 pelleHHs 3ajad NPOEKTHOH OallIMCTHKH, Tak
U MJaHUPOBAHUS OMNepalil yrpaBleHUs] KOCMUUYECKUM ammnapaTtoM. Jlias kocMHu-
YEeCKHX allapaToB 3TO IO3BOJSET 3allJIAHUPOBATH CEAHCHl YIPABJIECHHS U CBA3H,
OpPraHM30BaTh HAy4HbIE SKCIIEPUMEHTHI, peIIaTh MHOKECTBO MPUKIIATHBIX 3a/1a4.

VMuTanmoHHOE MOIEIMPOBAHUE IPU HU3YUYCHHUH CIIOKHOW ITUHAMUYECKOU
CHCTEMBbI, B YAaCTHOCTH KOCMHYECKOTO armapara, UMEIOIIero CBOW 3aKOH JIBH-
KEHUSI U OCOOCHHOCTH TIOBEIEHHS, SIBIISIETCS OCHOBHBIM METOJOM IIOJNyYEHHUs
nHGOpPMAMM O IIOBEICHUH CHUCTEMbI B YCIOBHSAX HeolpeneiaeHHocTu. Kpome
TOT0, UMHUTAIMOHHOE MOJIETMPOBAaHNE — YHHUBEPCAIbHBIN METO/ HCCIel0BaHUus
1 OLIEHKU 3(PEKTHUBHOCTU CHUCTEMBI, [TOBEJCHNUE KOTOPOH 3aBUCHUT OT AEHCTBHUS
CITy4aifHbIX ()aKTOPOB.

CerosHd MMPOKO TNPUMEHSIOT PA3IMYHBIE THUIBI HW3MEPHUTEIBHBIX CHUCTEM:
panuoTEeXHUYECKUE, ONTUYECKHE, I'PaBUMETPUYECKHE, MarHUTOMETPUYECKHE U
T. A. OCHOBHBIMM BHJIaMHU BHEIIHE TPACKTOPHBIX M3MEPEHUH SIBISIIOTCS pajno-
TeXHUYECKHe M omntuueckue. [IpoBeneHne paanOTEXHHMYECKHUX M ONTHYECKUX
M3MEpPEeHUH CBSI3aHO C OINpe/eTIeHHNEeM HEKOTOPhIX T€OMETPUUYECKUX W KHHeMa-
TUYECKHX XapaKTEPUCTUK MITU BPEMEHHBIX CIBUTOB, 0OTHECEHHBIX K QPUKCUPOBAHHBIM
(6a3ucHBIM) B IPOCTPAHCTBE TOUKAM.

Omnpenenenne opoutsl KA — oauH M3 BaKHEHIIMX Pa3IesioB KOCMHYECKOH
0aJUIMCTHKH, 3aHUMAIOILUICS BOIPOCAMU BBIYHMCIIEHUS KOOPIMHAT U COCTABIISIOLINX
ckopocth KA Ha HEKOTOpOM BpeMEHHOM HHTEpBaje M 00eCIevnBaIOIINi
nojiyueHue TpeOyeMmbIX NaHHBIX O BekTope cocrosHusi KA. Hyxno pasnuuars
METOABI pelIeHus 3aaadn omnpeaeneHus opoutsl KA Ha sTame mpoekTupoBaHus
U B XOIe pealbHOro nosera. Ha srame mpoekTUpoBaHUS HEOOXOIUMO BBIOpATh
TPAEKTOPHIO, HAWIYYLIMM 00pa3oM PELIaroLlyl0 IOCTAaBICHHYIO 3ajady; B XOJE
peasbHOTrO MoJieTa oNpeieieHue OpOUThI XapakTepu3yeT (PaKTHUECKOEe COCTOSTHHE
KA B nonere.

[MpuHnHnUansHas 0COOCHHOCTH 3a/1a4H OTIPEICIICHUS OPOUTHI B XOJIE PEATbHOTO
MOJIeTa 3aKJIF0YaeTCsl B TOM, YTO JJIsl pelleHus 00s13aTebHO TpeOyeTcst HEeKoTopast
nHpopmanus o apmwxeHnd KA, momyyaemas no pesyasraraMm uamepeHuid. TouHocTh
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U OTEPaTUBHOCTh PEUICHHS 3aJ[adil OTpeIeTICHUs OPOHUTHI pemaronM o0pa3oM
3aBUCSAT OT COCTaBa, KOJNMYECTBA W KayecTBa W3MEPHUTEIBHOW WH(POPMAIVH,
MO3TOMY BOIPOCHl TONydYeHHs U 00paboTkn uH(poOpManuu nprHOOpeTaoT
camocrosTelIpbHOe 3HadeHne. Hambomee mpocto 3amady ompezeneHus OpOHUTHI
pelaoT B paMKax TEOpUH HEeBO3MYIIeHHOTro JABmkeHus KA. Hannune anpruopHoii
nH(pOpMAIMA B BUIEC KOHEYHBIX COOTHOIIEHUH, XapaKTepH3YIOUINX IMapaMeTphl
KEIUIepOBOM OpOMTHI, MO3BOJIAET HAWTH HMCKOMBIM pe3ynbTar NpU 3aJaHud B
KaueCTBE N3BECTHBIX PA3IMYHBIX COUCTAaHUN MapaMeTPOB: MOJIOKEHHUS U CKOPOCTH
KA B HauansHBIN MOMEHT BpeMEHH, NBYX (PMKCHPOBAHHBIX TOJIOXKCHHH ammapara,
(hokaJIbHOTO TapaMeTpa ero opOuThl U T. J. ONHUIIEeM pelIeHHE MOCTABICHHBIX
3a/ad A1 HEBO3MYIICHHOTO JIBMKCHUS W DIUIMITHYECKON OpOWTHI, HambOosee
Ba)KHOM C TOUKH 3PCHUA MMPAKTUYCCKOTO IPUMCHCHHNA JJIs1 OKOJIO3EMHBIX KA.

Pesyabrartel u o0cyxkaenue

B pa6ote (bapunoBa u ap., 2019) 65111 1TOTyIeHB! GOPMYITBI IJIS OTIPEICTICHUS
MOJOKEHUH OTHOCUTEIBHOTO PAaBHOBECHUSI TUHAMUYECKH CHMMETPUYHOTO HaHO-
cnytHuKahopmaraCubeSatmozaeiicTBHEM adpOTMHAMIYE CKOTO UTPABUTAIIIOHHOTO
MOMEHTOB TIPH JBWKCHUH II0 KPYroBOW OpOWTE, KOTHA HEHTP Macc CMEHIEH
OTHOCHUTEIFHO TE€OMETPUYECKOTo 10 TpéM KoopawHaTam. Pabora mocBsieHa
OIPEACICHUIO MTOJIO’KEHUH PaBHOBECHUA YITIOBOT'O ABMIXKCHUSA HAHOCIIYTHHKa
¢opmara CubeSat Ha KpyroBoil opOuTe IMoj AEHCTBUEM a’pOAMHAMHYECKOTO U
TPaBUTAIMOHHOTO MOMEHTOB. OTIMYMTENHFHOW OCOOEHHOCTHIO HAHOCITYTHHKOB
¢opmara CubeSat siBisieTcs TO, 4YTO OHH UMEIOT (POPMY MPSAMOYTOIBHOTO Mapai-
JIEJIeTIUTIENIa U, KaK CIIEACTBHE, KOA(D(HUITUEHT adpOInHAMHYECKOU CHIIBI JIOOOBOTO
COTIPOTHBIICHUS 3aBUCUT OT OPHEHTAIIMU CITyTHUKA OTHOCHTEILHO HAOETaIOIIero
MoToka (YIJIOB aTakd ¥ COOCTBEHHOTO BpalIeHUs ). Bpliy omnpeesieHs! NON0KeH s
paBHOBeCHsI MWHAMHYECKH CHMMETPUYHOTO HaHOCIyTHHKa ¢dopmara CubeSat
MpYU CMEUICHUH LEHTpa Macc OT T€OMETPHUUECKOr0 LEHTpa Mo TpEM ocsM, Mpu
IBIKEHUHU TI0 KPYrOBOW OpOWTE TOA JEHCTBHEM a’pOJMHAMHYECKOTO M T'PaBH-
TaouOHHOTO MOMCHTOB. OnpeneHeHm YCJI0BUs, NIPU KOTOPBIX U3MEHACTCA YMCIIO
MOJIOKEHUH OTHOCUTEIILHOTO PABHOBECHS B 3aBUCHMOCTH OT COOTHOIICHHH TaKUX
MapaMeTpoB, KaK CMEIIEHHE IIEHTPa MacC OT TE€OMETPUYECKOTO IIEHTPa, MOMEHTHI
WHEPIHH, BEICOTa OpOUTHL. OIpeeseHbl TOJI0KEHUS! OTHOCUTEIILHOTO PABHOBECHS
HaHocmyTHHKA SamSat-QBS50 115 pa3nuyHBIX 3HAYSHHH BEICOTHI OPOUTHI.

B crarbe (MruaroBa u mp., 2022: 362-362) pazpabotanu MoJelb JBHKCHUS
CIyTHHKa-uHCHEeKTopa B oOkpecTHOcTH KA Ha opOute 3emmn. IIpoBenenst
pacyeTel i1 4YaCTHOI'O Cliydasd TaKOro JABMIKCHHUA CIIYTHHKA-HHCIICKTOpA, a
3aTeM W JUId MaHeBpa cOmmkenus: ¢ KA U nanpHeHIero macCUBHOTO JBMKCHHUS.
OcymecTBiieHa BU3yaln3alys TapaMeTpoB IBIKCHUS. A Takke B pabore Oblia
MMOCTPOCHA MaTeMaTh4deCKad MOJACJIb ABUKCHUA CITYTHHUKA-UHCIICKTOpPA, KOTOpI)II\/'I
Oe3aBapuitHo cOmmkaercs ¢ KA W compoBOXmaeT ero B TeUeHHE HEKOTOPOIo
BpeMeHHU. IlosydeHHBIE PE3yabTaTbl MOXKHO NPUMEHSTH IPHU NPOEKTUPOBAHUU
CUCTEeM ympaBieHUs JBHKeHHEeM KA, B 3a7a4ydl KOTOPBIX BXOAST OMEpAIUH I10
CONKEHUIO ¥ COTIPOBOXKICHUIO.
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Pazpaborannoe mporpamMHoe obGecrieuenne «VisualSpace» (Kesuk, 2020)
MO3BOJISIETIIPOBOIUTH PACUETHI: OPOUTAIBHBIX TAPAMETPOB IBHIKCHUS KOCMHYECKUX
anmnapaToB B T'€OLEHTPUYECKHUX (TJIAHETOLEHTPHUYECKUX), OpOUTANBHBIX, TOIO-
neHTpudeckux cuctemax koopamHart (CK); crammapTHOW OayTHCTHYECKOM
WHPOPMAIMK JUIs 33a[JaHHOTO IyHKTa HaONIONEHHs C BO3MOXKHOCTBIO BBIOOpa
napameTpoB mposeta. [IporpamMma npenHazHaueHa A1l BU3yaJbHOTO HAOMIOACHNUS
KOCMHUYECKHX aIlllaparoB M KOCMHYECKHX OOBEKTOB COJHEYHOW CHUCTEMBI.
MonenupoBaHre MPOU3BOAMIOCH B TPEXMEPHOM MPOCTPAHCTBE, YTO MO3BOJISLIIO
JEMOHCTPHUPOBATh 3BOJIIOLIUIO OPOUT CO BPEMEHEM.

B (Sarychev u np., 2007; CapeiueB u np., 2012: 394-402; 2015: 488-496)
ObUI IPENIOKEH CHMBOJIBHO-YUCIICHHBIH METOZ OINpEIeNICHUS BCEX MOJIOKCHUI
paBHOBECHSI CITyTHHKA B OPOUTAIILHOM cUCTeMe KOODP/IMHAT.

B crarbe (TynexenoBa u np., 2015) paccmoTpeHa mareMaTHdeckas MOJIEIb
U CUHTE3 BpamareapHoro nsikeHus KA B opOuTanbHOI cucreme KOOpAMHAT
C Y4ETOM MarHUTHOTO TMOJSI U aTMOc(epbl 3eMJIH JUIsl HAKJIOHHBIX OpOHT. bpumn
HCIIOJIb30BAHBI JUHAMUYECKHE YPAaBHEHUS Diiiepa B CACTEME KOOPIUHAT, CBA3aHHOU
CO CIIyTHHKOM, a UIMEHHO, B ocsix KeHura, 171t IOCTpOeHHsT ypaBHEHUS IBUKCHUS
CIIyTHHKa BOKPYI' LeHTpa Mmacc. [IpoBeieHHbI CHHTE3 MOAEIH BpallaTelbHOTO
JIBIDKEHHST KOCMHUYECKOTO armapara ¢ y4eTOM MarHHUTHOTO TOJS U aTMOCqepsl
3eMJiIH TI03BOJIUII TTOJYYHUTh JIaHHbIE, XapaKTepU3YIOIIKe JOITOBPEMEHHbIH HoneT
10 OpOUTAIBHOM OpOUTE.

B npoctpanctee KA nBuskeTcs coriacHo onpeeieHHbIM (PU3NYeCKUM 3aKOHAM,
WCTIBITHIBAsI BO3ACHCTBHE PA3IMYHBIX BO3MYILAOMINX (HaKTOPOB (HE CheprUuHOCTh
3emiu, TpaBuTannonHoe BiausHUE JIyHbl, CONHIA W TUTaHET, a3pOJMHAMUYECKOe
CONPOTHUBIIEHUE aTMOC(EpBI 3eMIIN, MATHUTHOE 10J1€ 3eMJIH, TaBIICHHE COJIHEYHOTO
CBETa), HEKOTOPbIE M3 KOTOPBIX MMEIOT CIy4alHYI0 HPUPOLY U HE IMOIAAIOTCS
OpSMOMY MaTeMaTH4ecKOMY ONHCAHHIO. YUeT 3THX (PaKTOpOB MPH H3yUYCHHU
npwkeHnss KA siBisiercss ClIOXHOHM 3agadeild, KpoMe TOro, JUIsl UX KOMIIEHCAUH
HEo0X0aMMO (OPMHUPOBATh YIPABISIONINE BO3JEHCTBUS. B MOAOOHBIX CHTYyaIusIX
HEBO3MOXKHO CO31aTh pealibHYI0 MOAEJb, ONUCAHHYIO AHAIUTHYECKH, ITOITOMY,
KOT/Ia 3aTPYAHUTEILHO YUUTHIBATH HETMHEHHOCTH, CTOXaCTHYECKHE TEPEMEHHBIC U
HE00X0IMMO UMUTHPOBATh noBeneHre KA Bo BpeMeHH, paccMaTpuBasi pa3inuHbIe
CLICHApUU €r0 JABIKEHUS NPU W3MEHEHUM BHEIIHUX U BHYTPEHHUX YCIOBHH,
MPUMEHSIFOT METOBI IMUTAIIMOHHOTO MOJICJINPOBAHUSI.

CymiecTByeT 00IBILIOE KOJMYECTBO PA3IMYHBIX METOJOB YHCIEHHOTO HHTETPHU-
poBaHus OOBIKHOBEHHBIX (D depeHnanbHbIX ypaBHEHNH, K KOTOPbIM OTHOCST U
ypaBHeHus nuxkeHus KA.

OpburtanbHas MeXaHuka (MJTH acTPOJUHAMHUKA) BKITIOUACT B CE0sl TPUMCHCHHE
3aKOHOB JIBM)KeHHSI HBIOTOHA M YHUBEPCAIBHOTO 3aKOHA TATOTEHHS K KOCMUYECKUM
KopalJisiM (TaKMM Kak pakeTbl U CIlyTHUKN). OH HCHONb3yeTCs IUIAaHUPOBIIMKAMU
MUCCHH JUUTSl TPOTHO3UPOBAHUSI IBMKECHHSI KOCMUYECKOTO Kopaliist o1 AeHCTBHEM
IpaBUTALUH, TSTH U APYTHX CHIL

[Ipocreiimieli 3amadeii HeOECHOM MEXaHHWKU CUMTACTCS 3ajada JIBYX I'paBH-
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TallMOHHO-B3aUMOCHCTBYOMUX Tell. Eciu Havano cucTteMbl KOOpAMHAT COBMEC-
THTHh C MACCHBHBIM TE€JOM, TO BCJIEACTBHE €r0 HEMOABIIKHOCTH TakKas CHCTEMa
KOOpIUHAT Oy/eT WHEePITUATEHOM.

JlBmkenue nenTpa Macc KA onuceiBaeTCsi BEKTOPHBIME YPaBHEHUSIMU:

=V (M

<!
=

7

3%
515

= (V3
rae IV, 7 - BEKTOp CKOpoCTU U paanyc-BekTop KA maccoit m. Cuia npuTssKeHus
onpenemnsiercs Gopmyrnoit HeroToHa:

p=yM
| pI(S] Y - YHHUBCpPCAJIbHAdA I'paBUTALMOHHAA IIOCTOAHHAA, m - MaccCa, a U -
FpaBI/ITaLII/IOHHHﬁ napamMeTp He6eCHOFO TCJa. PaS,I[CJ'II/IB Ha MaccCy arirapara JICByro
Y TIPaBYIO YaCTH MEPBOTO YPaBHEHUS CUCTEMHI (1), TOTydnMm:

nowT )

[IpoexTupyst ypaBHeHue (2) Ha OCH HHEPLHAIBHON CUCTEMbI KOOPANHAT, IOJTY-
YYM ypaBHEHUS HEBO3MYILICHHOIO ABMKECHUS B KOOPAMHATHON (opMme:

¥=-£x=0
y=-5y=0 3)
7= -r%z =0

OCHOBHbBIE XapaKTEPUCTUKU 3aJaudl OIPENCIICHUs [apaMeTPOB JBHKEHUS
KA, mporaosnpoBanue ux i 3aJJaHHBIX MOMEHTOB BPEMEHHU HETOCPEICTBEHHO
3aBUCST OT CBOIMCTB MareMarudeckoi Mmoaenu apmwkenus (MM]I), paliioHaIbsHOTO
MOCTpPOEHHsI e¢ (DYHKLIMOHAIBHOW CTPYKTYpBl, CBOEBPEMEHHOCTH IOJNyYCHHS U
TOYHOCTH HaBUIALIMOHHO-0AJUINCTUYECKON HH(OpMALIHN.

OnHOBpPEMEHHO ¢ onpeziesieHueM BeKTOpa coCTosHIS KA yTOUHSIOT mapaMeTphl
MOZICTI TI0 pe3yjbTaraM HaOJIOCHUH C Ha3eMHBIX W3MEPUTEIbHBIX CTaHIHM.
B pesynprare 3amady uaeHTH(UKAMM pEIIAlOT € YYETOM JONOJHUTEIBHBIX
MOTPEeIIHOCTEH (aHOMaJbHbIE M3MEPEHUS, BBIYMCIUTENbHBIE OIINOKH, HENOIHAs
peanu3anys mMTaTHOH cxeMbl n3Mepenwii). [1pu Takoi mocTaHoOBKe 3a7a4H pacueThl
MIPOBOJIAT B YCIIOBUSX HE MOACITUPYEMOTO JIBUKECHHS.

Jnst yTouHeHHs: UICHTUPHULIMPYEMBIX apaMeTPOB NP HAJMYMHM OIIMOOK H3Me-
PeHHI pe yIaraeTcs UCTIONbh30BaTh MMUTATMOHHO-Moienmupytommii komrieke (MMK).

Juia onpeneneHust mapaMeTpOB ABIKEHUS MO0 M3MEPEHHSIM TEKYIIMX HaBUTa-
UOHHBIX MApaMETPOB HEOOXOMMO UMETh BOBMOYKHOCTD BBIYMCIICHUST PACUETHBIX
3HaYEHUH BEKTOpa COCTOSHUS B 3aJaHHBIII MOMEHT BpeMEHHM. {5 BBHINOIHEHUS
yKazaHHOM nipouieaypsl ucnonb3ytorcss MM/ KA. Dto coBokymHOCTh muddepen-
LUaJIbHBIX YpaBHEHUH ABMkeHUs KA ¢ onrcaHneM MaTeMaTHYeCKUX MOJIENIEH CHII,
nerictByromux Ha KA B monere,  MeTo/ia pelIeHus 3TOM CUCTEMBI YPaBHEHUH (4).
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i=—2"t x
(x2+y?+2z2)2
o u
y=—""73Y 4)
(x%2+ y2422)2
P L — =Z

(x2+y2%+2z2)2

IJe 4 — TPaBUTAIMOHHBIN MapamMeTp TMEepBHYHON Macchl (MJIAHETHI, JYHBI,
CTapTa U T. 1.).

X,y ¥ Z — JIEKapTOBBI KOOPIUHATHI, OTIPEIEIISIONINE IMTOJI0KEHUE KOCMUYECKOTO
KopaOlisi B MHEPIIUATLHOM MPOCTPAHCTBE.

Touku TpencTaBIsSIOT COOOH MPOU3BOAHBIC 10 BPEMEHH, TIOITOMY OJTHA TOUKa
— 3TO CKOpPOCTh, a JIBE TOUKH — yCKOpeHue. bynem ncrnoib30Bath UX B pasjerne
KOJIMPOBAHHMS CTATHH.

310 BCTpOeHHAs (DYHKIHS, KOTOpasi MPUHUMAET B KQUYECTBE BXOIHBIX JAHHBIX
HaOOp TPOWM3BOJAHBIX JIISI WHTETPHPOBaHHS (ONpeselnsieMas IOoJb30BaTeieM
GyHKIMS), WHTEPECYIONMA BPEMEHHOW WHTEpBall, HadaJlbHBbIC YCIIOBHS W,
BO3MOJXKHO, JIOITYCK JUTSl YHCIICHHOTO HHTETPUPOBAHNSI.

)

<L
Il
N-LRN R R

v/

Ha6op mpon3BogHEIX OYIET MPON3BOIHBIM ITO BPEMEHH OT BEKTOPA COCTOSTHUS Y,
KOTOPBIN BKITIOYAaeT KOMITOHCHTHI ITOJIOKSHUS M CKOPOCTH KOCMUYECKOTO KOpaoJIs B
BEKTOpHOMU popme. M BEKTOp COCTOSHUSA, 1 €T0 MTPOU3BOTHAS IO BPEMECHH MTOKAa3aHBI
HUKE.

X
y
zZ
.. n
s | X= ————«x
= d 3
y:d_jt./: (x2+y2+22)2 (6)
. n
y= - 3
(x2+y2+2z2)2
= ——2*F 7

3
(x%2+y?%+2z2)2

B mpouecce monera KA coBepriaer ciloxHOE€ JIBUKEHHE: €ro LEHTP Macc
JBIDKETCS 110 OTIpeNIelIeHHo# Tpaekrtopun (opdute), a cam KA — BOKpyr cBoero
[IEHTpa Macc.

OcHOBHBIC YIacTKH ABMKeHHS KA:

- BBIBE/ICHUE Ha OpPOUTY (aKTUBHBIA yYaCTOK);

- OpOHTANTEHBIH TTOJIET (TACCHBHBIN YYacTOK);
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- MmaneBpsl KA Ha opOuTe 1 KOppeKLusi OpOuT;
- coyck KA.
BriBenieHne Ha OpOUTY OCYIIECTBISIETCS C TIOMOIIBIO MHOTOCTYIIEHYATHIX
paxetonocureneii (PH).
Juis BeIBenieHUs Ha reoctannoHapHyro opouty (GEO) Moryt mcnonp3oBaThes
coOCTBeHHBIC pa3roHHble Ooku KA.
Mertozp! BoIBEICHHS Ha OpOUTY:
- C OJHUM aKTHBHBIM Y9acCTKOM (BBIXOJ] Ha OpOUTY 0e3 JOKUTaHHS TOTIIINBA);
-4epeI0BaHHEM aKTHBHBIX M TACCHBHBIX YYacTKOB (BBIXOJ] HA OPOUTY C JOKHUTa-
HHUEM TOIUINBA), YTO XapaKTEpPHO AJIsl BHIBEJCHUS HA T€0CTALMOHAPHYIO OpOUTY.
[Ipu cocraBnennn u pemeHnn AuddepeHINaTbHBIX YPaBHEHUH IBIKEHUS
HaISAHO OTOOpaXkaeTcsi COBOKYIHOCTb CHJl, AeiicTByomumx Ha KA. Jlist onucanns
nemkenns KA Beioupaem cucremy xoopannar (CK) Ha ocHoBe perraemoii 3aiaun
KOCMUYECKOH OayuncTHKM W ympasieHusi. Hampumep, mnst cinexxenus 3a KA ¢
Ha3eMHBIX IIyHKTOB YIPaBJICHHUSA U CBSA3U HEOOXOIMMO OIHCHIBATH €r0 JBIKCHHE
OTHOCHTENLHO Ha3eMHOro nyHkTa. [lpu ynpasnenun nemkenrneM KA Heooxoaumo
YUUTBIBATh TUI U CXEMY U3MEPUTEIIbHbBIX JaTYMKOB U UCTIOIHUTEIbHBIX OPTaHOB, a
TaK)Ke COOTBETCTBEHHO BBIOMpPATh YIOOHYIO CHCTEMY KOOPMHAT.
MarepuaJjibl 1 METOAbI
Urobb1 cMozenupoBaTh OpONUTY, HAM HY)KHO OyJeT MCIOJIB30BaTh YHCICHHOE
uHTErpupoBanue. UToObl YHMCIEHHO WHTETPUPOBATH WJIM PEIIUTh YpaBHEHHUS
TBIDKEHUST KOCMUYECKOTO KOpaoiis, HeOOXOIUMO HCITONIb30BaTh QyHKIHIo odel113 B
MATLAB.
JIneTuur:
function dYdt = ODE2BP(t, Y)
mu = 3.986*10"5;
x =Y(1); % [km]
y =Y(2); % [km]
z=Y(3); % [km]
vx =Y(4); % [km/s]
vy =Y(5); % [km/s]
vz =Y (6); % [km/s]
xddot = -mu/(x"2+y"2+z"2)"(3/2)*x; % [km/s"2]
yddot = -mu/(x*2+y"2+z"2)"(3/2)*y; % [km/s"2]
zddot = -mu/(x"2+y"2+z"2)"(3/2)*z; % [km/s"2]
dYdt = [vx;vy;vz;xddot;yddot;zddot]; % Y'
end
function dYdt = ODE2BP(t, Y)
mu = 3.986*10"5;
x=Y(1); % [km]
y =Y(2); % [km]
z=Y(3); % [km]
vx =Y (4); % [km/s]
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vy =Y(5); % [km/s]
vz =Y(6); % [km/s]
xddot = -mu/(x"2+y"2+z"2)"(3/2)*x; % [km/s"2]
yddot = -mu/(x"2+y"2+z"2)"(3/2)*y; % [km/s"2]
zddot = -mu/(x"2+y"2+z"2)"(3/2)*z; % [km/s"2]
dYdt = [vx;vy;vz;xddot;yddot;zddot]; % Y'
end
s moaenupoBanust opouTsl KA 3amaéM HauanbHbIC MapaMeTPhl U MOTydaeM
M300paKEHUE MITUIITHUECKON OpOUTHI KaK MOKa3aHO Ha PUCYHKE 1.
Y0 =[20000; 0; 0; 0; 2.9; 1.8]; % [x; y; z; vx; vy; vz] [km, km/s]
tspan = [0 24*60*60]; % One day [s]
options = odeset('RelTol', 1e-13); % Setting a tolerance
% Numerical Integration
[t, Y] = 0del13(@ODE2BP, tspan, Y0, options);
% Pulling Position Data from Output
x=Y(:, 1); % [km]
y=Y(:, 2); % [km]
z=Y(:, 3); % [km]
(4] Figure 1 - O X
File Edit View Insert Tools Desktop Window Help
Dede 808 KE

Two-Body Trajectory

%10

x10*

20000 v

Puc. 1 - Dnnmuntudeckas opoura

Br1Bo n300paskeHus U1l OTOOPAKSHUST MOICTUPOBAHUSL:
figure; hold on

title("Two-Body Trajectory’, 'Interpreter’, 'Latex’)
xlabel('x', 'Interpreter’, 'Latex")

ylabel('y', 'Interpreter’, 'Latex")

zlabel('Z', 'Interpreter’, 'Latex’)
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axis equal

grid minor

view(30, 30)

% Creating/Plotting Spherical Earth

rm = 6378.14; % Radius of Earth [km]

[xEarth, yEarth, zEarth] = sphere(25);
surf(rm*xEarth,rm*yEarth,rm*zEarth, 'FaceColor', [0 0 1]);
% Plotting Trajectory

plot3(x, y, z, 'k")

hold off

Jlns ompeneneHus 3akoHa OpPOUTAIBHOTO JBHUXKCHUS CIYTHHKA HEOOXOTUMO

YCTAaHOBUTH 3aBUCHUMOCTH IAPaAMCTPOB JABWIKCHUSA OT BPCMCHHU. Paccrosiane
CITYTHHUKA OT MPUTATUBAIOIICTO LICHTPA U €0 CKOPOCTh MOXKXHO AOCTATOYHO IPOCTO
BBIYHCJIMTB, €CJIM U3BCCTHA BCIINMYMHA HWCTHHHOM aHOMAITNH J.

Juis MonenupoBaHus monsipHON opOuThl KA 3amaéM HauanbHBIE TTapaMeTphI:

Bricora 24xm, ckopocTs aBmkenne KA na opoute 1.8 km/c.

YO0 = [0; 0; 24000; 0; 2.9; 1.8]; % [x; y; z; vx; vy; vz] [km, km/s]
U momyuum Kak nonsipHas opouTa npoxoauT Haja noirocamu 3emiu (Puc. 2).

[4] Figure 1 — m} X

File Edit View Insert Tools Desktop Window Help k]

Nade|@ 0@ sE

Two-Body Trajectory

25000
20000 ~
15000
10000
5000 ~
0+
-5000

Puc. 2 — [NomsipHast opOuTa MPOXOAUT HAM MOIIOCAMH 3EMIIH

s Beicokux opout KA (¢ BeicoToit 6osee 3000 kM) OCHOBHOM 0COOCHHOCTHIO

METO/IOB pacyeTa sIBISCTCS HeOOXOIMMOCTh yueTa BO3MYINAIOIIETo AeiicTBus JIyHBI
u CoinHiia. B cBsi3u ¢ 3TUM 17151 pacyera 3JIeMeHTOB OpOUT HauboIIee 1eJIeCO00pa3HO
HCTIOJIb30BATh CHCTEMY YPaBHEHHI B WHEPIMATIBHOW TEOICHTPUUYCCKON CHCTeMe
KOOP/IWHAT.
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Jnis MoJenMpoBaHusl KPyroBOil AKBaTOPHAIbHOM OpOMTHI 3aJaéM HaudalbHBIC
napametrpsl KA: 43xm BbicOTHl 0.8 KM/C CKOpPOCTH Ha OpOUTE M MOIYUUM
reoCTallMOHAPHYI0 OpOUTY (KPYTOBYIO) KaK MOKa3aHO Ha PHUCYHKE 3.

[# Figure 7 = =] X
|
| File Edit View Insert Tools Desktop Window Help

RELE RIEEEYE

Two-Body Trajectory

Puc. 3 — I'eocranmonapHast opoura (Kpyrosast)

B mpakTnke KOCMHYECKHX IOJIETOB MOIYyYMIO HAaHOOIbIIee pacipoCcTpaHeHHE
olpezieNieHne OpOMUT M mapaMeTpoB ABMKeHUS KA ¢ MCroab30BaHHEM BHELIHE-
TpaekTopHbIX u3Mepenuit (BTH). B atom ciywae mamepurenpHas wHbopMamus
MIPSIMO MJIM KOCBEHHO CBsI3aHa ¢ TpackTopueit KA nimm napamerpamu ero JBIKCHHUS.

Boutn mpoBeneHs! pacdeThl OpOUTAIBHOTO JBMKCHHMS M TMOJTYYEHBI MOJEIH
Pa3NMYHBIX BUIOB OpOMTaibHBIX IBIKeHMH KA. A Taxke B pabore M3I0KEHBI
MPOIECC CO3/IaHUsl OPOMUTHI WM TPAeKTOpHH NBYX Ten ¢ momoribio MATLAB
MpeAHa3HAYSHHOTO TSl U3y4eHHs opOuTansHoro asmkeHns KA.

Pesynbrarsl NpuOIMKEHHBIX PEIICHUN MIUPOKO MPUMEHSIOT MPH MPOBEICHUN
Pa3IMYHOrO PoJia OLEHOYHBIX U MPOBEPOYHBIX PACUETOB B MPOLIECCE OAIITMCTHKO-
HaBUTalMOHHOTO oOecrieueHust mojera KA, a Takke HCHONB3YyIOT B KayecTBE
9KCIIPECC-OLIEHOK JJIsl ONEPAaTHBHOTO aHajM3a PEe3yJbTaTOB CaMOCTOSTEIBHBIX
WHXXEHEpHBIX uccienoBanuii. Jlopaborka m passurme MMK mo3BomsT omntu-
MU3UPOBATH IPUMEHEHUE PA3TUYHBIX METOAOB (MIBTPALMU JAaHHBIX U IOJyYaTh
OIIEHKH yCTOMUUBOCTH paboThl KA.

BpiBoaBI

[Tomy4eHHsle B pe3yabTaTe UMUTALMOHHOTO MOJCIUPOBAHUS AUHAMUKH OpOH-
TaJbHOTO JABMKCHUSI KOCMHMYECKOTO ammapara, MO3BOJSIOT CAEIaTh CICIYIOLIHe
3aKITIOUCHHMS:

Tounoe mpenckasanue W aHain3 OpOWTaNbHOW AMHAMHMKM: VMUTanMOHHOE
MOZICTTUPOBAHHE TO3BOJISIET OIYYNTh TOUHbIE M HAICKHbIE TPOTHO3BI IEPEMEILICHHUS
KOCMMUECKOTO afmapara B IPOCTPAHCTBE. DTO BaXKHO IS MJIAHUPOBAHUS MUCCHH,
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yIOpaBleHUS IMOJETaMHd M HW3Y4YeHHs JOJTOCPOYHBIX 3(PQeKToB BO3AEHCTBUS
Pa3INYHBIX (aKTOPOB Ha OPOHMTY.

Onrtumusanus pecypcoB MU PHUCKOB: MopeiaupoBaHHE IO3BOJIAET ONTHMU-
3UpOBaTh UCIOJIb30BaHUE TOIUIMBA M APYTHUX PECYpCOB, MUHUMHM3HPOBATh PUCKU
CTOJIKHOBEHUH € KOCMHUYECKHMM MYCOPOM WJIM APYTHMH OOBEKTaMH, a TaKKe
IUTAHUPOBATh PE3E€PBHbIE MAHEBPbI AJSI KOPPEKLUUHM OPOHMTHI B Cilydae HEO0OXo-
JUMOCTH.

ITonnepkka NpuHATUS pelleHni: Pe3ynbTaTsl MOJEIUPOBAHUS IIPEIOCTABIISIOT
LEHHYI0 MH(OPMALUIO AJIsl IPUHATHS CTPATETHUECKUX M TAKTUYECKUX PEICHUN
B XO/I€ MUCCHH. DTO MOXKET BKJIIOYaTh BHIOOpP ONTUMAaNbHON TPAEKTOPHU IOJIETa,
BpPEMEHH U MECTa BBITIOJHECHUSI MAHEBPOB U JIPYTUX OIEPAIIHH.

[loaTBepkaeHNe KOHLENUMH U MIPOSKTHpOBaHUE: MoJeIupoBaHue MO3BOJSIET
MPOBEPUTH PAOOTOCTIOCOOHOCTh U 3(H(HEKTUBHOCTh KOHIEIIUH MPOEKTa KOCMH-
YEeCKOro armapara emie Ha CTaJIMU MPOEKTHPOBAHHs, YTO TOMOTaeT H30ekKarh
OMOOK U YIYYIINTh KaY€CTBO KOHEYHOTO NPOIYKTA.

OOy4yenne u oOydeHHe TmepcoHana: VIMUTAIlMOHHBIE MOJAEIH  SIBISIOTCS
OTJIMYHBIM MHCTPYMEHTOM JIsi OOyUeHHS MHJIOTOB U MHKEHEPOB KOCMHUYECKHX
MHUCCHH, TO3BOJISII UM NPAKTHKOBATh PA3iM4HbIE CIIEHApPUU M pearupoBaTh Ha
HETpeIBUICHHBIC CUTYAlU B YCIOBUSAX O€30MaCHOM CUMYJISIIIHU.

Takum 00pa3oM, MMHUTALMOHHOE MOICJIMPOBAHUE JUHAMHUKH OpPOHUTAIBHOTO
JBMKEHHSI KOCMHUYECKOTO alapara sBJIsIeTCs KIIFOUeBBIM KOMIIOHEHTOM yCIICITHON
KOCMHUYECKOW IporpaMMbl, obecriednBasi 0e30MacHOCTh, A(PPEKTUBHOCTh U
YCIIELIHOE BBINOJHEHNE TOCTABICHHBIX 3a1ad.

B 3axstoueHNH HY>KHO OTMETHTB, YTO UMUTALIMOHHOE MOJICTUPOBAHUE THHAMUKI
OpOUTAILHOTO JIBWKEHHUS KOCMHUYECKOTO ammapara MpeacTaBisieT co00l BasKHBIN
WHCTPYMEHT [yl NIOHMMAaHHs MU YIPaBIEHUS KOCMHMUYECKHUM IPOCTPAHCTBOM. B
XOJIe MCCJICIOBAHUSI ObUTM M3Y4YeHBbl OCHOBHBIC NMPHHLUIBI ITOCTPOCHUSI MOAEIEH
OpOUTAIILHOTO JIBMKEHHS, BKIIIOYAsl YYET TPABUTAIIMOHHOTO BO3JCHCTBUS, BHEIII-
HUX BO3IECHCTBHUN M YMCIIEHHBIE METOIbI perieHus AuddepeHIanbHbIX ypaBHEHUH.

AHanuz pe3yabTaToB MOJCIMPOBAHUS TO3BOJISIET AEaTh TOYHBIE MMPOTHO3BI O
COCTOSTHMH ¥ MOBEJICHUU KOCMHUYECKOTO armapara B pa3jIHYHbIX CIIEHApUsIX. DTO
BOXHO AJIS pa3pabOTKM M ONTHUMM3AaLMU MHUCCHH, oOecredeHus: 0e30macHOCTH
MOJIETOB, a TAKXKe MNIAHUPOBAHMS JOJITOCPOYHBIX OINEpaIii B KOCMOCE.

OnHako cieayeT OTMETHTh, YTO WMHUTAIMOHHBIC MOJENU BCETAA SIBISIOTCS
YIPOLICHHBIM HPEACTaBICHUEM pPEajbHBIX CHCTEM, W MX TOYHOCTh 3aBUCHUT OT
KauecTBa BXOAHBIX JAHHBIX U UCIOIb3yEMbIX MaTeMaTuueckux Moaenei. [loatomy
B2)KHO TIPOBOJIUTH BAJIMJIAIIMIO MOJICJICH HA OCHOBE DKCTICPUMEHTAILHBIX JIAHHBIX
1 KOPPEKTUPOBATH UX MIPHU HEOOXOAUMOCTH.

B 1enom, IMUTaIIMOHHOE MOJICIMPOBAHNE TUHAMUKH OPOUTAILHOTO JBHKEHUS
KOCMUYECKOI'O amapara WIrpaeT KIIUEBYH0 pOJIb B Pa3IM4YHBIX AacleKTax
KOCMHUYECKOHU JIeSTeIbHOCTH, 0OecnieunBas 3(p(PEKTUBHOE YIIPABICHUE PECypCaMH,
0e30MacHOCTh MOJIETOB U JOCTHKEHHE MOCTaBICHHBIX Leneil. Pa3sutue u cosep-
LIEHCTBOBAaHME 3TOTO METOAA MOAEIMPOBaHMS OyaeT CocOOCTBOBATH NaJIbHEH-
LIeMy IIporpeccy B UCCIEIO0BAHUM U OCBOEHUH KOCMOCA.
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Abstract. The advent of hybrid halide perovskite materials has marked a
significant breakthrough in photovoltaics (PV) over the last decade due to their
remarkable optoelectronic properties, such as high absorption coefficients, tunable
band gaps, low exciton binding energies, long carrier diffusion lengths, and
high charge carrier mobility. Today, hybrid halide perovskite solar cells (PSCs)
demonstrate record power conversion efficiencies (PCEs) of 25.5 % for single-
junction cells and 29.1 % for monolithic perovskite/silicon tandem solar cells,
surpassing other thin-film photovoltaic technologies (e.g., CIGS, CdTe), and
comparable to well-established solar technologies such as crystalline silicon solar
cells. To accelerate the development of PSCs towards commercialization, several
critical issues such as reproducible high efficiency, long-term stability, hysteretic
behavior, lead toxicity, and scalability need to be addressed comprehensively. The
high versatility of thin-film fabrication technologies allows for significant flexibility
in device architecture design, enabling PSCs to hold substantial potential for
enhancing device performance. To further enhance the performance of perovskite
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solar cells, a promising approach is to incorporate an integrated back-contact
structure, which is expected to reduce light loss. This study employs numerical
simulation methods to compare two structures and investigates factors influencing
the power conversion efficiency of integrated back-contact perovskite solar cells,
demonstrating their advantage over traditional multilayer perovskite solar cells.
The presented results offer guidance for designing and fabricating high-efficiency
integrated back-contact perovskite solar cells.

Keywords: perovskite solar cells; solar energy; modeling; CH3NH3PbI3;
Comsol Multiphysics
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AnHoTanus. [MOPUATI raIOreH/Ii MEPOBCKUT MaTEePHUANIAPbIHBIH Maiiia 601ysl
COHFBI OHXKBUIIBIKTAa (oTodnekTpukana (DPD) ynkeH cepmimic xacaibl, oiap-
IIBIH KePEMET ONTORJIEKTPOH/BIK KAaCHETTepPi, MBICAJbBI, KOFAphl CiHipy Ko3ddu-
IUCHTTEPl, KalTa KYPBUIATHIH KOJAaK, TOMEH SKCUTOHIBIK OalIaHbIC SHEPTHSCHI,
TaCBIMAIIAYIIBIHBIH YJIKEH JUGQY3UIBIK Y3bIHIBIFBI JKOHE 3apsii TachIMal-
Ty IBLTAP/IBIH KOFAPBI KO3FAIFBIIITHIFBL. BYT1HTI KYHTE eiiiH THOpUTI TaToTeH] T
nepoBcKUTTI KyH amementrepi (IIKD) sHeprusHbl KOHBepCHUsIayablH PEKOPATHIK
TrimMainirin kepcereni (power conversion efficiency (PCE)) 6ip aypicnansl yiin
25,5 % xoHe OacKa KyKa IDICHKAIBI (DOTORNIEKTPIIK TEXHOIOTHsIapAaH (MbICAIIBI,
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CIGS, CdTe) acplm TyceTiH MOHONUTTI HEPOBCKUT/KPEMHHUM TaHAEMIi KYH
aneMeHTTepi yuriH 29,1 % xoHe calbICThIPMaIbl )KaKChl JOJICNCHIeH KPHCTAN bl
KPEeMHUH KYH DJIEMEHTTEpl CHSKTBI KYH TEXHOJOTHsChl. KoMMeprusuianabipy
OarpiTeiHa [1KD maMybIH SKemenmeTy VINiH KaWTalaHaTBIH JKOFaphl THIMIIIIK,
y3aK Mep3iMIl TYpPakKThUIBIK, THUCTEPE3HC 9ocepi, KOPFACBIHHBIH YBITTBUIBIFBI
KOHE MaclTa0Talny CHKTBI OipKarap MaHBI3AbI MACesenepli >KaKChl LICUTy
KaxeT. JKyka KaObIKIIAIbl OHAIPIC TEXHOJOTHSIAPBIHBIH KOFaphl oMOCOATHIFbI
KYPBUIFBI apXUTEKTYpaChlH XoOanayga >XOFapbl HKEMIUTIKTI TyOsIpaabl, Oy
[IKD kypbUTFBLIAPBIH OHIMAUTITIH )KaKcapTyFa alTapibIKTall MyMKIHAIK Oepei.
[IepoBCKHUTTI KYH 3JIE€MEHTTEPiHIH OHIMALIITIH OfaH 9pi jKaKcapTy YILIiH onapra
KApBIKTBIH JKOFAITybIH a3alTybl MYMKIH HWHTErpalMsIIaHFaH Kepi OalmaHbic
KYPBUIBIMBIH €HTI3y TEpCHEeKTUBAILI HYCKa OOJBINT TaObuTafbl. byl Kymbic
€Ki KYPBUIBIMIBI CaNBICTBIPY VIIH CAHJBIK MOJENbICY OIICiH KonmmaHansl. bi3
MEPOBCKUTTI KYH OBJEMEHTTEPIHIH HWHTErpalusIaHFaH Kepi OalIaHbICBIHBIH
SHEpTUsl TYPJICHAIPY THIMALTIriHE ocep eTyi MYMKiH (akropiapabl 3epTTeliK,
OJIAPIBIH JOCTYPJIi KOT KabaTThI IEPOBCKUTTI KYH dIIEMEHTTEPIHEH AP THIKITBLITBIFBI
0ap eKkeHiH KOPCETTIK. ¥ CBIHBUIFAH HOTWKEJIEP JKOFAphl THIMII TIEPOBCKHUTTI KYH
3NIEMEHTTEPiH xKobajay koHe eHJIipy OOWBIHIIA YChIHBICTAp Oepei.
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AnHortamusi. [losBieHne THOPHIHBIX TaJOTCHUIHBIX  IEPOBCKHUTHBIX
MaTepuaJioB — OTPOMHBIA TPOpbIB B ¢orodnekrpuke (DPD) B mocnenHee
JECSATHIIETHE OJarofaps UX 3aMe4aTeJIbHbIM ONTOICKTPOHHBIM CBOMCTBAM, TAKUM
KaK BBICOKHE KOX(PQPUIIMECHTHI IOTIIOIICHUS, IepecTpanBaeMas 3arperieHHas
30Ha, HU3Kasi SHEPTHs CBSI3U 3KCUTOHOB, OoJbIve JUTUHBL auddy3un HOocuTenen
Y BBICOKAs MOJBUKHOCTh HOCUTEIICH 3apsaa. Ha ceromHsmHuii 1eHb THOpUTHBIC
raJIOTEHUJ/IHbIC TIEPOBCKUTOBBIE coyiHeuHble AneMeHThl ([ICD) memoHcTpupyroT
pexopaHyro  3(deKkTUBHOCTh mpeoOpa3oBaHUsl 3HEPruu (power conversion
efficiency (PCE)) B 25,5 % s omHomepexonubix u 29,1 % is MOHOJUTHBIX
MEPOBCKUTOBBIX/KPEMHHUEBBIX TaHJIEMHBIX COJHEYHBIX JJIECMEHTOB, KOTOPBIC
MPEBOCXOJIAT  JIDYT'ME TOHKOIUICHOYHBIE  (POTOITEKTPUUCCKUE TEXHOJIOTUU
(mampumep, CIGS, CdTe), u cpaBHUMBI ¢ XOpPOIIO 3apPEKOMEHIOBABIIUMHU CEOs
COJTHCYHBIMU TEXHOJOTHSIMH, TaKHMHU KaK KPHCTAUIMYSCKUE KPEMHHEBBIC
COJIHEYHbIE HIeMeHTBl. YToObl yckoputTh pasButue [ICD B HampaBiieHUU
KOMMEPIIMATU3AIUH, HEOOXOIUMO PEIIUTh PsiJi KPUTHUSCKUX BOIPOCOB, TAKHX
KaK BOCIIPOM3BOAMMAsT BHICOKAsi A(PPEKTUBHOCTh, JOJTOCPOYHAS CTAOMIBLHOCTB,
TUCTEPE3UCHOE TOBEJICHUE, TOKCHYHOCTh CBUHIIA UM MAacCIITaOMPYeMOCTb.
Bricokast yHUBEpCaTbHOCTh TOHKOIUICHOUHBIX TEXHOJIOTHI U3TOTOBJICHHS CO3/1aeT
BBICOKYI0 THOKOCTh B TPOCKTUPOBAHHH APXUTCKTYPBI YCTPOWCTB, IO3BOJISS
[1ICD uMeTh 3HAYUTEIBHBIC BO3MOXKHOCTH ISl YAYUIICHUS! TPOU3BOIUTEILHOCTH
ycTpoiicTB. [{iist qanpHEHIero MmoBbIICHNUS TPOU3BOIUTEILHOCTH TEPOBCKUTHBIX
COJTHEYHBIX 3JICMEHTOB MHOTOOOCIIAIOIIMM BapUAHTOM SIBJISICTCS BHEIPEHUC
B HHUX CTPYKTYphl C WHTETPHPOBAHHBIM OOPAaTHBIM KOHTAKTOM, KOTOpas, Kak
OXHJIAETCs, CMOXKET CHU3UTh MOTEPH CBeTa. B 3TOl paboTe MCIoiab3yeTcss MeToI
YHCICHHOTO MOJICJIMPOBAHUS JIJISi CPABHEHHSI JBYX CTPYKTYp. MBI HcciaenoBain
(akTOphl, KOTOpPHIE MOTYT TOBIUATH Ha APPEKTUBHOCTH MPEOOpa3OBaHUS
SHEPrUHM HMHTETPUPOBAHHBIM OOPATHHIM KOHTAKTOM TMEPOBCKUTHBIX COJIHEYHBIX
AJIEMEHTOB, YTOOBI MPOJIEMOHCTPUPOBATh, YTO OHU UMEIOT NMPEUMYIIECTBO MEPe
TPaJIMIIUOHHBIMA MHOTOCJIOMHBIMU TIEPOBCKUTHBIMU COJTHEUHBIMU DJIEMEHTAMH.
[IpencraBiieHHbIe Pe3yJbTaThl JAIOT PEKOMEHJAIMUA 10 TMPOCKTHPOBAHUIO U
W3TOTOBJICHUIO BBICOKOA((EKTHBHBIX WHTETPUPOBAHHBIX OOPATHBIM KOHTAKTOM
MEPOBCKUTHBIX COJIHEYHBIX AJICMEHTOB.

KiaroueBblie cj10Ba: NEPOBCKUTHBIC COJHEYHBIC JIEMEHTBI, COJTHEYHAS DHEP-
reruka, mojgenupoanne, CH3NH3PbI3, Comsol Multiphysics

Beenenue

ITepoBCKUTBI — 3TO KIACC KPUCTAJUIMYECKOW CTPYKTYpbl TUTAHUTA KaJbLus,
BCTPEYAKOIIMICS B CoeIMHEHUX ¢ popmyioii ABX,, rie X - anuon, A n B-xarnons
pa3NIn4HBIX pazmepoB (A Ooinblie B).
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Haubonee »QdekTuBHBII NEPOBCKUTOBBIA comHeyHbld snmement (I1CD)
ucnons3yet (Kumari et al., 2018; Green et al., 2014; Kim et al., 2014; Wang et al.,
2016; Luo & Daoud, 2015; Rong et al., 2015), kpucramisl nepopckuta MAPbX
rie MA — CH,NH,", a X - (CI', Br u I'). AMOunonspHas npupoza u crocoO0HocTh
K HU3KOTEMIIepaTypHOil 00pabOTKe 1ealoT MEPOBCKUTOBBIC COIHEUHBIC HIEMEHTHI
MEHEE JIOPOrOCTOAIMM (HOTOIIEKTPUIECKUM ycTporcTBOM. Marepuanst MAPbX,
TaKXe MCIOJIB3YIOTCS NPH M3TOTOBJICHUH CBETOAMOIOB, JIA3€POB M Pa3IMUYHBIX
ONTOIEKTPOHHBIX YCTPOHCTB. 110 CyTH, CONMHEUHBIN JIEMEHT — 3TO YCTPOMCTBO,
KOTOpOE TOMIOMIAET COTHEYHOE M3JIyUYCHHE U TEHEPUPYET 3IEKTPOHHO-IBIPOYHBIC
napsl Uil BBIPAOOTKH 3JIEKTPOIHEPTUU. B OONBIIMHCTBE COMHEUHBIX 3JIEMEHTOB
B KadyecTBe IMpeoOpa3oBaTeIbHOW Cpeabl HCHONB3YETCsl IOIYIPOBOAHUKOBBIN
Marepuan. DoToreHepupoOBaHHBIE HOCUTEIM PA3ACSIOTCS C MOMOMIBIO OIS,
CO37IaBa€MOI0 P-N-TIEPEXOAOM, JUISI TIOAAUU JIEKTPUIECKOTO TOKa BO BHEILIHIOIO
Harpy3ky. [ICD — 3To HeZOpOroil CONHEUHBIH 3JEMEHT HOBOIO MOKOJIEHHS C
MPOCTBIM IPOLEcCOM M3roTOBIEHHUS. OH COCTOMT M3 YETHIPEX OCHOBHBIX CJIOECB
(ETL, cnoit mornorurensi, HTL u croit mpoTHB 31eKTposa).

B nocnemHee BpeMsi OONBIIMHCTBO HCCIIEAOBAHMUH 10 IEPOBCKHUTHBIM
conneunbiM 3eMeHTaM (IICD) Obum OcHOBaHBI Ha CIHABUY P-i-N WIM N-i-p
CTPYKTYpax, kKak rmoka3aHo Ha puc.l (a) (Chen etal., 2014; Shietal.,2014; Maetal.,
2015; Giesbrecht et al., 2016). MccnenoBarenu ynyqmuian NPOU3BOAUTEIBHOCTh
[ICD myreM WM3rOTOBIEHHUSI BBICOKOKAYECTBEHHBIX IEPOBCKUTOBBIX IUICHOK,
MoaudupoBanusi HMHTEpPEHCOB M HACTPOHKM COCTaBa MEPOBCKUTOBBIX
MarepranoB. B obmactu BuANMOro cBeta BHYTPEHHSST KBAaHTOBAsK 3 PEKTUBHOCTh
[ICO mpubmmxkaetcs x 100 % (Chen et al., 2014; Li et al., 2016). Takum o6pa3zom,
JanbHEWIee COBEPIICHCTBOBAHUE KOA(GQHUUIMEHT NpeoOpa3oBaHUsi MOIIHOCTU
(power conversion efficiency (PCE)) I[IC3-oB Ha 0CHOBE TpaAHIIMOHHON COHIBAY
CTPYKTYPBI 3aTpyAHeHO. YTOObI peoaoneTh 3T0, He0OX0OAUMO (yHIaMEHTAIBLHOE
HN3MEHEHHUE CTPYKTYPHI.

(6)

IlepoBCcKHT

IlepoBCKHT

_ETL | EB:oval | ETL |

HTL

Pucynok 1. Crpykrypsl conasud-tunHoro (a) u IBC-tumHoro (6) I1CD.

Kak nokazano Ha puc. 1 a, B TpaJUIIMOHHON CIHABUY-CTPYKTYpE MaJaroNIuil
CBET NMPOHHUKAET B COJHEUHBIC DJIEMEHTHI C BEPXHEH CTOPOHBI, Yepe3 CTECKIISTHHYIO
MOJIOKKY, MPO3paYHbI MPOBOISAIININ oOkcun (transparent conductive oxide
(TCO)) u cnoii nepenoca apipok (HTL) wmu croii nepenoca 3nekrponos (ETL),
W B KOHEYHOM HTOTe MOIVIOIIAETCS CIOeM IepoBckuTa. Korga cBeT mpoxoauT
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4yepe3 3TH CIIOW, YacTh (POTOHOB OyJeT OTpaKeHa, paccesiHa WM IMOTIIONIEHA U He
Oyner BHOCUTH cBOH Bkiaa B (oTtoTok [ICD-0B. XOTS MOKHO UCIONB30BaTh HE
OTpaKalolie TOKPBITUS JUTSI YMEHBIIIEHUS! OTPAKEHUSI HA TTOBEPXHOCTH CTEKIIa,
HO cTonMOCTh n3rotosierus [1CD Oyner yBenuunBathes. Lllnpoko ucrnonp3yembie
HTL n ETL marepuaisi, takue kak TiO, n NiO, 00bIYHO JIEMOHCTPHPYIOT CUIIBHOE
noromenue B Y®-obnactu (300-400 um). [losTomy 3Ta yacTh cBera ¢ TpyIoM
JOCTUTAET CIIOS MepoBcKuTa. Ha puc.2 moka3zaHbl CHEKTPHI MOTIIOMIEHHS TOJBIX
W TOKPBITBIX TiO2 noutokek ITO. Mur Bumum, uro 6onee 10 % moteps cBeta
HaOmroaeTcsl B 00IacTH BUAMMOTO CBeTa. B KOPOTKOBOIHOBOH 00JIaCTH TIOTEpH
CBETa, BO3HUKAIOIINE U3-3a MOIJIOKKH, eule Boie. Kpome toro, B Mmoxymsax I1ICO-
OB OOJIBIIION TITOIA U AIEKTPOIHBIE MAJBIIBl K COSTUHUTEIbHBIE TTOJIOCHI, KOTOPHIE
HEOOXOAMMBI JIUTsl YMEHBIIIECHHSI ITOCIIE0BATEILHOTO COMTPOTHBIICHUS B COTHEYHBIX
AIIEMEHTaX COHABHY-THIIA, MOTYT TIPUBECTH K JIOTIOJHUTEIBHBIM IOTEPSM
3aTeHeHHs B cucTeMe. TakuMm o0pa3oM, MOXKHO JIOTIOJTHHUTENbHO ynydmuTh PCE
[IC3-0B 3a cueT yMeHbILIEHUS KaK IOTEPh CBETA, TaK U MOTEPh 3aTCHCHMUSI.

25
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Pucynox 2. 3mMepennble ciekTpbl normontenus nomioxkkn TCO (vepHas) u nokpeitoii TiO,
nomnoxkn TCO (xkpacHas).

B KpeMHHMEBBIX CONHEYHBIX 3JIEMEHTaXx ObUla BBEACHA CTPYKTypa C
WHTEIPUPOBaHHBIM 00paTtHbIM KOoHTakToM (IBC) ans ymeHblueHHs mOTephb
CBETa M 3aTCHEHUs] 3a CUET MHTErPalM BCEX 3JICKTPOAOB C OAHOM CTOPOHBI
AKTUBHOTO CJIOS M JTOCTIDKEHHs pekopaHoit dddexkrnBHOCTH B Mupe (Yoshikawa
et al., 2017). [lockonbKy TEpOBCKUTHBIE MaTepHasbl O0OJAAI0T BBIAAOIIIUMUCS
XapaKTePUCTHKAMHU, TaKUMH KaK BBICOKAsl IOABMKHOCTb W JJIMTEIBHBIA CPOK
CIIy’)KOBI 3apsifia, MOXKHO OyneT HW3roToBUTH BbIcOKod(dexkruBHbie IBC-IICD.
Tem He MeHee, oTdeTHBIE pe3yibTaThl padoTsl IBC- [IC3-0B oka3anmcek HE CTONb
MHOT000€LIAIONIMMH, KAK MBI OXKHJAJIH.

Juis Toro 49ToOBI TOHSTH, YTO OrPaHUYMBAET IPOU3BOAUTENBHOCTH IBC-
[IC3-0B M parh pekOMEHAAUUU O NPOCKTUPOBaHUIO M u3roronineHuro IBC-
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[1CD, MBI IPUMEHMIIM YHCJICHHOE MOJCIUPOBAHUE ISl MCCIICAOBAHUS BIMSHUS
CTPYKTYPHBIX IapaMETpPOB, OTPaKAIOIINX MeX(a3Hoe U 00bEMHOE KauecCTBO,
Ha mpoussoauTensHOCTh IBC-TICO. Crpykrypa IBC-IICO, uncnonb30BaHHBIX B
JaHHOW pabote, n3oOpaxkeHa Ha puc. 1 0, B JaHHON paboTe I MOIEINPOBAHHUS
UCTIONB3YETCsS OCHOBHOM nepoBckuTOBbIH Marepuan CH NH,Pbl.. Ontuueckue u
ANEKTPUUECKHE CBOICTBA 3TOro Marepuana ObUTH n3BIedeHbl u3 Tadmuubl 1 NiO
1 TiO,, KOTOpBIE MIMPOKO HMCIIONB30BAIMCH B KaYeCTBE CJIOEB BHIOOpA 3apsia B
conaBuy - tunax [1C3, ucnonsiytorcs B kauectBe HTL u ETL coorBeTcTBEHHO.
Merannuueckue CJIOM TOJA CEJeKTHBHBIMM KOHTaKTaMmu, HHUKeIb W THUTaH,
HCIOIB3YIOTCA B KaueCcTBE aHOAA U Kartona, coorsercTBeHHO. ETL n HTL moryr
ObITH JIETKO 0Opa30BaHbl IyTEM OKUCIICHHS MOBEPXHOCTH METAJUIMYECKUX
anekTpoaoB. [lockonbKy nanbHeiilee ocaxJeHUEe WIN TpaBlieHHE He TpeOyercs,
3TOT MPOLECC MOXET MOMOYb CHHU3UTh CTOMMOCTb HM3TOTOBJICHHUSI MOAJIOKEK
IBC. Tlagatommii cBeT MomajgaeT B SYEHKYy ¢ BEpXHEH MOBEPXHOCTH M Cpazy ke
MOIVIOMIAETCST TEPOBCKUTOBBIM ciioeM. IlosTomMy cBeT morepu 3HAYNUTEIHHO
CHMYKAIOTCS 10 CPABHEHUIO C TPAAMLMOHHBIMU cOHABHY-TICD.

Teopemuueckuii n00X00 u demaiu MOOeIUPOBAHUs

Onmuueckoe moodenuposanue. Jnsl SKCIEPUMEHTOB 10  ONTHYECKOMY
MOZETHPOBaHUIO MBI Hcrionb3oBaan COMSOL Multiphysics aist MmonenupoBanus
YCTaHOBKHM paccMarpuBacMbIX (DOTOIIEKTPUUECKUX 3JIEMEHTOB Uil  ABYX
Pa3IMYHBIX  BICKTPOMArHUTHBIX —HOMApH3aUMd  (MONEpeYHO—MAarHUTHOW U
MOIIEPEUHO—3NEKTPUUIECKOM). [ paHnUHbBIe yCIIOBUSI PACCESIHUS HaKJIAIbIBAIOTCS
Ha HWKHIOIO TIOBEPXHOCTb, YTOOBI MIPEAOTBPATUTH PA3BUTUE OTPA’KAIOIINX BOJIH,
B TO BpeMsl Kak BO30yXIEHHE IJIOCKOH BOJHBI ONpENENseTcs MyTeM MpPSIMOTro
3aJaHusl DIEKTPUYECKOrO WM MarHUTHOTO TIOJIi Ha BEpXHEH IOBEPXHOCTH.
PaccmarpuBaercsi omHa 4YacTb OOpaTHOrO KOHTaKkTa, B TO BpeMs Kak JUis
BEPTUKAJIBHBIX TOBEPXHOCTEH HCIOJB3YIOTCSI NEPUOAWYECKHE TI'PAHUYHBIC
YCIIOBHS, MPEANNCHIBAIOIINE HEMIPEPBIBHOCTD. J{JIsI CIIOEB MEPOBCKUTA M HUKEIIS
MBI UCTIONIb30BaJIM 3HAYCHUS AUCTICPCHOHHOM AMAIEKTPUYECKON MPOHUIAEMOCTH
13 XOPOILO 3apeKOMEHJOBABIINX ceOsl 0a3 JaHHBIX M CIIPABOYHBIX MaTEPHAJIOB,
ONpeNeNIMB  KycouyHO-HemnpepbiBHbIe  (ynkumu B COMSOL.  3nauenus
JIURJIEKTPUYIECKON MPOHUILIAEMOCTH BCEX APYTMX MaTepHajioB, MCIOJIb3YeMbIX B
KOHCTPYKIIMHU YCTPOHUCTBA, C OYEHb HU3KOH 3aBUCHMOCTBIO OT YaCTOTHI CUMTAIHNCH
HE IMCTIEPCUOHHBIMU U TOCTOSIHHBIMU. [ 17101112716 0230BOT0 GJ10KA COHABUY-MOIEIN
BBIOMpACTCSA TaKoH e MIMPHUHBI, KaK U B YCTPOMCTBE ¢ OOpaTHBIM KOHTAaKTOM (5
MKM). Ha Tabmune 1 mpuBeneHsl Bce mapaMeTpbl, WCIOJIB30BAaHHBIE B JaHHOM

MOICINPOBAHUU.
Tabnuma 1 — Mcronap30BaHHBIE TTAPAMETPHI

[TapameTpsl U eIMHULBI U3MEPEHUS TiO, CH,NH,Pbl, NiO
Jlyanexkrprudeckas OCTOSIHHAS 46 30 12

3anpemniennas 30Ha (3B) 3.2 1.55 3.6
CpoacTBO K 371eKTpoHy (3B) 3.9 3.9 1.85
Tommuna (HM) 100 500 100
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IMoxBrkHOCTH 3apsiaa (cm?/B*c) 0.006 20 0.141
Bpewms sxu3Hu 3apsiia (MKC) 0.006 10 0.141
KosneHTpanus akuenrtopa (cm) 0 0 3x 10"
KonreHrpanust goHopa (cm) 5x 10" 2.8 x 10" 0
DddexTHBHAS MIOTHOCTD 30HbI TpoBoAKUMOCTH (cM™) | 1 x 107! 2,5x 10% 2.5x 10%
D¢ dexTrBHAs MIOTHOCTH BaJICHTHOMN 30HBI (M) 2x 10% 2,5x 10% 2,5 x 10%

Dnexkmpuueckoe mooenuposanue. JIJi SKCIEPUMEHTOB IO BICKTPHUUECKOMY
MOJICTHPOBAHUIO MBI HCIOJB30BANN CTAHAAPTHYIO apeiihoBo-auddy3HOHHYIO
mozenb (Kumari et al., 2018), ucmonb3yroniyto ckopocTh pekomOuHanuu lokmm-
Puna-Xomna (ILIPX) (Shalenov et al., 2022; Shalenov et al., 2021; Shalenov et al.,
2020). s pacueTa pa3IMYHBIX JJIEKTPUYECKUX TMapaMeTpoB YCTPOHCTB Obula
peliieHa caeayonias CucTeMa ypaBHEeHH IS 3aTaHHON apXUTEKTYPhI YCTPOWCTRa,
reoOMeTpUH B (PU3UUECKUX MapaMeTpoB (QYHKIIMOHAIBHBIX CIIOCB:

1. ¥Ypaenenus [lyaccona (Shalenov et al., 2022; Shalenov et al., 2021; Shalenov
et al., 2020)

Ve (=& VV) = p(x,y,2) (1)

rue,

p(x,y,2) = q(p(x,y,2) = n(x,y,2) + Ni (x,y,2) = Ng (x,y,2))  (2)

31€Ch o - AMDIIEKTPUYECKAs IPOHUIIAEMOCTh Bakyyma, €0 - AMIIEKTPUIeCKas
MIPOHUIIAEMOCTh CJIOS TIOIJIOTHTENS (NMEPOBCKUTA), § - OSJIEMEHTApHBIN 3apsi.
Taxxe, p(x,y,z),n(x,y,2), Nf(x,y,z) u N; (x,y,z) SBIAIOTCS JIOKAJIBHOM
KOHIICHTpAaIlMeH HOCUTENeH 3apsima (p W N Uil OBIPOK W DJIEKTPOHOB,
COOTBETCTBEHHO), aKI[EITOPOB U JOHOPOB, COOTBETCTBEHHO.

3Ha4eHUs pPABHOBECHOW KOHIEHTPAIMM HOCHUTENEH 3apsia MONydYeHBbl U3
CJIEAYIOUINX YPaBHEHUI:

n:%((N;—Na‘)+\/(N;—Na')2+4"i2> (3)
p=_%<(N;—Na‘)+\/(NJ—N(I)2+4"1'2> (4)
e

E
— g
n; = y/NeoNyo exp (— szr) )
3neck M - BHYTPEHHSS KOHIEHTpAIUS MEePEeHOCUMKOB 3apsana, Nyo U Ny -
3¢ QeKTuBHAs IIOTHOCTh COCTOSHUH B 30HaX MPOBOAWMOCTH M BAJICHTHOH 30HE,
Eg . LIMPUHA 3alIPENIEHHON 30HbI, kT -nocrosunas Bonbimana u T abCoTIOTHAS

TemIeparypa.
2. Toxu nocumeneii 3apsoa 0ns snexkmponog u ovipok: (Shalenov et al., 2022;
Kiani et al., 2023; Akhanuly et al., 2023)

V=0 (6)
VJm =0 (7)
Jn = qnpEc + pykp TV -1 (8)
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Jp = qipEy + pipk, TV - p 9)

[ne :J,u ]p - DJIEKTPOHHBIE H IBIPOYHBIC TOKHU, Pn M lp - nonsukHOCTS
OJICKTPOHOB U JBIPOK, EC I/IE,, OHEprus MmpoBOAUMOCTU H BaJICHTHOM 30HBI,
OIpPEACTIAOTCA CJ'Ie_I[yIOH.II/IM O6paSOM2

Ec=-=V-(V+Xxo) (10)

E, ==V -(V+xo+Eg) eR)

31ech, |V - ANEKTPHUUYCSCKHI MMOTESHIIUAT U Xo DHEPIHs CPOICTBA K IICKTPOHY.
3. Ypasnenus nenpepwienocmu (Shalenov et al., 2021; Kakimov et al., 2022;
Parkhomenko et al., 2022).

a 1

o= Gn=Rut ¥y (12)
op _ .

o= G RtV (13)

rne, G, Gy - CKOPOCTH IE€HEpalluM B €IMHUYHOM OObeME It 3JIEKTPOHOB
W JBIPOK, COOTBETCTBEHHO. Rp M Ry, - ckopocTn pexkoMOMHALMM 31IEKTPOHOB M
JBIPOK, COOTBETCTBEHHO.

Pesyabrarthl U 00cyKaeHUE

Ha puc. 3 mokazansr pacuetasie BAX IIC3-oB congsud u IBC cTpykTyp.
PacuerHbie u oTYETHBIE TApaMETPhI MPOU3BOIUTEIEHOCTH PUBEACHHI B Ta0nuIe
1 TInoTHOCTL TOKA KOPOTKOTO 3aMbIKaHus (J,.), HAPSIKEHNE Pa3OMKHYTOW LN
(Voo)» k0o duument sanonuenus (Fill Factor (FF)) u PCE TpagnuuonnbIx conauy
I1C3-0B cocrasusior 21,8 MA/cM?, 1,072 B, 0,87 1 20.1% cOOTBETCTBEHHO.

ITo cpasuenmio ¢ canasuy 11CH, IBC T1ICO npossistior cxonusie V. u FF,
npeanoiarasi, 4ro crpykrypa IBC He Oyaer WHAymMpoBaTh 3HAYUTEIBHYIO
pexoMOMHAIMIO B 00beMe TIEPOBCKUTA WIIM Ha TPAHHIAX pas3jieiia B HIICATbHBIX
YCHOBHSIX (HU3Kas IUIOTHOCTH JE(PEKTOB, IIUTEIBHBIA CPOK CIIy:kObI). Kpome
toro, kinetku IBC npoussomumu 3ametHo Gonee Boicokoe J . (24,3 MA/cM?), uTo
npuBeso K 3HaunTenbHoMY yiydmernio PCE wa 22,71 %. Meb1 npennonaraem, 94To
YBEJMYEHHE J . B OCHOBHOM CBA3aHO C YMEHBUICHUEM MOTEPh CBETA B CTPYKTYpE
IBC.

Uro0bl TOATBEPAWTH OSTH TPEATNOIOKEHUS, MBI PACCUYUTAIN BHEITHIOIO
kBaHTOBYIO A dexTuBHOCTH (EQE) I[ICD Ha oCcHOBE ABYX Pa3IHUHBIX CTPYKTYP.
Kax mokazano Ha puc. 3 6, EQE coumBuu snemenToB coctamisier okono 70-90
% B AWMama3oHEe IMOINIOMICHHUS, YTO COIIACYeTCsI C TEOPETUYECKUMHU JaHHBIMH. B
couaBud [ICO QoTOHBI ¢ KOPOTKUMH IMHAMH BOJH YAaCTHYHO OTPAXKAIOTCS
na nosepxnoctu ITO, a sarem wactmdno nortomarrcs cnoem ETL (TiO,).
[ToaTomMy 3Ta 4WacTe cBeTa C TPYAOM JOCTHTAeT CIOA TEPOBCKUTA M BHOCHUT
cBoil Bkiax B ¢otoTtok. C mpyroit croponsl, B cTpykrype IBC mortepu cBera
0OyCJIOBJIEHBI TJIABHBIM 00pa3oM OTpPa)XCHWEM Ha TIOBEPXHOCTH IEPOBCKHTA.
B pesymerate, EQE IBC-IICD BbIme B Oonbie#i 9acTh OOJACTH IOTIIOIICHHS.
Haxe B xopotkoBonHOBOH obmactu (300-380 um) EQE mpessimaer 75 %. Mol
Takke MokeM 3aMeTuTh MUK Ha 400 HM B criekTpe EQE conmsuu [1CD. Takoe
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Bblcokoe 3HaueHHe EQE oOwsicusercst mokaszarenem mpenomienus cios TCO,
COOTBETCTBYIONIMM IIOKa3zareso mpegomienus cios TiO, oxomo 400 M. Kpome
Toro, cioi TCO nelcTByeT Kak aHTHOTPa)KAIOLIUI CIION U YMEHBIIAET OTPAKEHHE.
OnHaKko yMEHBIINTB OTPAKEHHE B TIOJTHOM JUANa30He MONIOIIEHHUS TIEPOBCKUTOBBIX
MaTepranoB TPYIHO, TaK KaK IEKTPHUECKUE, XUMUIECKHE U OIITHUECKUE CBOMCTBA
CJIOECB JOJDKHBI OBITH ONTHMHU3UPOBAHBI OJHOBPEMEHHO, TOTNA KaK B CTPYKType
IBC npu npoeKkTHpOBaHUH MPOCBETIISIONIETO TOKPBITHI HEOOXOIMMO YUUTHIBATh
TOJIBKO IOKAa3aTellb MPEeJOMIICHUS IEPOBCKUTOBBIX MaTepranoB. Takum oOpaszom,
cTpykTrypa IBC nMeeT npenMmymiecTBo B YHNpPaBIEHHUH CBETOM IO CPABHEHHUIO C
COHIBHY-CTPYKTYPOI.

a) 0)
25 T T T T T 1.0
eﬁg 20 1 0.8
E o8
S sf 1 06
E 15 Cy
2 M —IBC
S 4ol —mBC | 04 :
2 Cowpas ~=-Coanpsng
= 0.2
5k 4
0.0 _ | | 1 |
0 " . " " " 300 400 500 €00 700 8OO
0,0 02 04 06 08 1,0
Hanpsenve (B) JlmiHa BOTHET (HM)

Pucynox 3. BAX (a) u EQE (6) connsuu (kpachsiit) u IBC (uepnsiit) [1C3-0B.

B TICD3-ax, xorma cCBET TMOINOIIAETCS TEPOBCKUTOBBIM CJIOEM, 00paszyroTcs
cBOOOMHBIC 3apsabl. Kpome TOro, 3apsasl JOHKHBI JOCTUTATh W COOMPATHCS
ANIEKTPOAAMH, YTOOBI TeHepupoBaTh (GoroTok. [locKombKy mIMpHHA KOHTAKTa
B crpykrypax IBC 00bIYHO HaMHOTO OOJbIE TOJIIWHBI CIIOS TIEPOBCKUTA B
COHABUY-CTPYKTypaxX, OXKHIaeTcs, 49Tro pexkomOmHamus 3apsma B IBC-TICO-
ax OyHmeT 3HAYUTENbHO OoJieeé MHTeHCHBHOW. UTOOBI MOHATH, KaK M B KaKOU
CTETIeH! CTPYKTYPHBIE TapaMeTphl, TAKHE KaK MIMPUHA IEKTPOJa U 3a30p MEXKIY
DJIEKTPONAMH, BIHAIOT Ha Tpom3BoauTebHOCTE [BC-IIC3-0B, MBI CcHagama
3aUKCUPOBAIM 3a30p MeKAy 3aekTpomamu 70 200 HM u paccuutanu BAX
IBC-IIC2-0B ¢ pa3nmuuHO¥ mupwHOW KoHTakTa. Kak mokazano Ha puc. 4 (a) u
puc.1.9 (a), mpu U3MEHEHNH MUPUHBI KOHTaKTa OT 1 10 80 MKM He HaOmomaercs
3ameTHOTO n3Menenus V . u FF, B To Bpemst Kak J . 3HAYUTENBHO YMEHBIIAETCS €
24,3 mo 10,74 mA/cm?. B pesyasrare PCE Taxoke coxparmics ¢ 22,71 % mo 10,1
%. DT pe3yabTaThl CBUAETENHCTBYIOT O TOM, YTO YBEITHMUEHHUE IIMPHHBI KOHTAKTa
B OCHOBHOM BIIHsCT Ha J . IBC-IICD2-0B. Takxe nmageame PCE mpomcxogut B
OCHOBHOM 3a CUET yMeHbIIeHus J .. XoTs nokasano, uto [1C3 ¢ MenbLIel mmpuHon
KOHTaKTa OymyT Mpou3BOauTEH Oojee Bhicokue [ICD, cTOMMOCTh WM3TOTOBIICHUS
IBC-IICD wmoxer OBITh CIMIIKOM BBICOKOH JJIi MAacCOBOIO IPOM3BOICTBA,
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MOCKOJBKY Ui (OPMUPOBaHMS HWHTETPUPOBAHHBIX OOpAaTHBIX KOHTAKTOB
HEOOXOIUM JI0POTOCTOSIIUI npouecc cyOMUKpoHHOH (otonurorpadun. Ha puc. 4
() TaKxke BUIHO, Y4TO MPH yBEINYEHUU IIUPUHBI KOHTaKTa OT 1 110 5 MkM J . u PCE
YMEHBIIHIUCH TObKO Ha 0,7 MA/cMm? 1 0,7 % cooTBeTcTBeHHO. B 3TOM MaciTabe
(5 MKM) MOXHO CGOPMHUPOBATH HHTETPUPOBAHHBIC BICKTPOABI C IMOMOIIBIO
HEIOpOroro Mpolecca M3TOTOBJICHUS, TAKOrO KaK TEXHOJOTHWs medard. Takum
obpazoM, ctpykrypa IBC ¢ mmpHuHO# KOHTaKTa 5 MKM MOXKET ObITH KOMITPOMHCCOM
MEXIYy NPOU3BOJUTEIBHOCTBIO M CTOMMOCTBIO HW3rOTOBIEHHUS. B cremyrommx
MOJICTISIX IIMPUHA KOHTAKTA 110 YMOIYaHUIO yCTaHABIMUBACTCS PABHOM 5 MKM, ecin
HE yKa3aHO HHOE.

EERCIRIN

uPCE %
1 PCE %

ILioTHOCTH TOKa (MA/cM?)

ITotHoCTs ToKa (MA/cM?)

5F ——J w=t=FF

—v—PCE —Voc

t + 07
1 3asop (MKkm) 10

1llnpuna KoHTaKTa (MKM)

Pucynok 4. Paboune napamerpst IBC-IICD ¢ pa3nuuHOl MIHPHHOI KOHTAKTa (2) U 3a30pamiu (0).

Ha puc. 4 (06) u puc. 5 (0) moka3aHO BIUSHHE pa3Mepa 3a30pa MEXITy
JIEKTpOaMu Ha TIpousBoauTenbHOCTh IBC. 3ameueno, yro V. He CHIIBHO
MEHSETCSI, KOTZla MBI MEHSIEM 3a30p MEXIy dekTpomamu. OmHaKo Joo W PCE
YMEHBINMINCE ¢ 23,6 MA/cm? 11 22,3 % 1o 4,73 MA / em? 1 4,16 % tipu M3MeHEHUN
3a3opa ot 0,1 no 50 mxmM. CpaBHuBas puc. 4 (a) ¢ puc. 4 (0), MOXKHO 3aMETHTb,
4TO pa3Mep 3a30pa oKasbiBaeT Oojiee 3HauuTenbHoe BiusiHue Ha FF, yem paszmep
IIUPUHBI KOHTAKTa. DTO CBA3aHO C TEM, YTO YBEIMYCHHUE 3a30pa MPHUBEICT K
YMEHBIICHHUIO 3JICKTPUUYCCKOTO TOJISI MEXKIY DJICKTPOJaMH, a B JaJbHEHIIIEM U K
cHIKeHUI0 3 dekTuBHOCTH cOOpa 3apsijia B COMHEUHbIX 21eMeHTax (Bartesaghi et
al., 2015). TTosToMy Il TOCTHIKEHHSI BBICOKOH 3(D(PEKTHBHOCTH HCIIOJIb30BaHUS
ctpykTypbl IBC Ham HE00X0IMMO COKpaTUTh pa3pbiB. bax u ap. ObuIa mpeiokeHa
KBa3U-UHTEPIUTUTUPOBAHHAS AJICKTPOJIHASL CTPYKTYpa, B KOTOPOU JIBa 3JICKTPOJIA
OBUTH pa3zesicHbl TOHKUM M30JIHMPYIOMNM ciioeM. [TockonbKy 3a30p onpeaensercs
TOJIIIUHON W30JMPYIOUIECTO CJIOS, €r0 MOXKHO JIETKO YMEHBIIUTH JI0 HECKOJIBKUX
COTEH HaHOMETPOB. [IpuHUMAst 3Ty CTPYKTYPY, MBI MO’KEM UTHOPHPOBATH BIIUSHUC
paspsiBa Ha IBC-IICD B cOOTBETCTBHMHM € HAIIMMU PE3yJIbTaTaMU MOAEITUPOBAHMS,
MoKa3aHHBIMU Ha puC. 4 (0).
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a) 0)
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25
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Pucynok 5. 3menenne BAX B 3aBHCHMOCTH OT IIUPUHBI KOHTaKTa (a) u 3a30pa (6) IBC-IIC3-0B.

Mexdazupiii 1eekT MOXKET TakKe BIHMITh Ha TPOIECC MepeHoca 3apsja
B IBC-IICD. 3mech MBI HCHOIB3yeM IapaMeTp CKOPOCTH TOBEPXHOCTHOM
PEKOMOMHAITUK JJIsl TIPEJICTABICHNs PEKOMOWHAIIMHU, BO3HHKIIEH B pe3yabrare
MOBEPXHOCTHBIX Je(ekToB. B COHIBUY-CTPYKTYpax, Kak TOKa3aHO Ha puc. O,
TTOBEPXHOCTHBIN AePEKT MPaKTUISCKH HE MOXKET MOBIHATH Ha padoty [ICD m3-
3a KOPOTKOTO myTH mepenoca 3apspa. Ommaxo mms IBC-TIICO J ., V. u PCE
3HAUUTETHHO YMEHBITHIUCE ¢ 23,8 MA/cm?, 1,08 B 22,2 % no 17,23 mA/cm?, 0,96
B u 13.8 %, xorma cKopocTh MOBEPXHOCTHOH PEKOMOWHAITNH C 00EHX CTOPOH CIIOS
repoBckuTa yBenuamiach ¢ 1 7o 1000 cm / ¢, kak moka3aHo Ha puc. 1 B CTPYKType
IBC myTh mepeHoca 3apsja 3HAYUTENBHO JITMHHEE, YeM B COHJIBUY-CTPYKTypax
W TOBEPXHOCTHBIE Je(QEKThl PACIPENENSIOTCS BIONL IMYTH IEpeHoca 3apsja.
[TosTomy crpykrypa IBC Gonee BOoCIpuUMYHBA K ITOBEPXHOCTHBIM IedeKTam.
[Ipu m3roroiernu IBC HaM HEOOXOAMMO YMEHBITUTE IIOBEPXHOCTHEIE Ne(hEeKTH U
CKOPOCTh TIOBEPXHOCTHOM pekoMOuHaImu. KpoMe Toro, MOXKHO CHU3UTH CKOPOCTh
TIOBEPXHOCTHON PEKOMOMHAIIMK MyJIBTH KpucTaamyeckon mienku CH,NH,PbI,
10 0,4 cm/c.

a) ’ 6)

25 25

1 < 20} 1
4 7 15 | -
; —— 1 (em/c)
| —— 10 (em/c) |

[ ——— 100 (cM/c)
2 —— 1000 (cm/c)|
0

0,0 0.2 04 06 08 1.0 0,0
Hanpskenne (B) Hmpmeum (B)
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@
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0F ——10

——100

|—— 1000
10000

TToTHOCTS ToKa (MA/cM?)
3

TlnotHocTs ToKa (MA/cM®)

e

Pucynok 6. BAX cannsud (a) u BAX IBC (0) - [ICD ¢ pa3nu4HbIMU CKOPOCTSIMU TIOBEPXHOCTHON
PEKOMOMHAIIHY.

3akiaouenune

CpasnuBas IBC-IICD ¢ TpaguIMOHHONW C3HIABUY-CTPYKTYPOH, MBI TOKa3aiy,
yto cTpykrypa IBC siBisieTcsl BBITOAHOM ¢ TOYKHM 3pEHMS UCIOJIB30BAaHUS CBETa
U TIPOU3BOAMTENBHOCTH. MBI Takke HCCIeJOBaNIU (PaKTOPbl, KOTOPbIE MOTYT
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noBnuATh Ha padoty IBC-IIC3-0B. Pe3ynbrarsl mokasaiu, 9YTO KOHCTPYKTHBHBIC
napameTpsl, BKJIIOYas LIMPHUHY KOHTAKTa W 3a30p, OTPULATEIBHO CBS3aHBI
¢ Jio u PCE IBC-TIC3-0B, koTOpOC O3HA4YacT, YTO YBENMYCHHE PACCTOSHHS
nepeHoca 3apsaa cHxkaeT 3¢ GeKTUBHOCTE cOopa 3apsina B cTpykrype IBC. Tem
HE MEHEEe, MOXXHO YMCHBIIUTH 3a30p, NPUHSIB KBa3H-WHTEPIUTUTHPOBAHHYIO
UIEKTPOAHYIO CTPYKTypy. Takke 3ameueHo, 4TO Npou3BoguTenbHOCTH IBC-
[1C3-0B, Kak HU YIUBUTENIBHO, HE CTOJIb YYBCTBUTENIbHA K 3HAYEHHIO MIMPUHBI
KOHTAaKTa B OTHOCHUTEJIBHO LIMPOKOM Juariazone (1—-5 MKM). DTO MO3BOJIMIO HaM
W3TOTOBUTH MHTETPUPOBAHHBIN JIEKTPOJ C UCTIOJIB30BAHUEM HEJOPOTHUX METOHOB
W3TOTOBJICHMS, TAKMX KaK Medarb. Mbl Takke MPOMIUIIOCTPUPOBAIIH, YTO Ae(HEKTHI
B IUICHKaX IEPOBCKHTA M Ha MOBEPXHOCTHU HE OyAyT CYIIECTBEHHO BIMTH Ha
npousBoauTenbHOCTh IBC-IICD-0B, ecnn KauecTBO MEPOBCKUTOBBIM Macchl U
MOBEPXHOCTH pazjelia OyIeT 10CTaTOUHO BBICOKUM. YTO KacaeTcsi BpeMEHH KH3HU
3apsAa M MOABM)KHOCTH 3apsiia B MEPOBCKUTOBBIX Marepuanax, To IBC-IICO-
OB yMeHbIaeTcs: ObicTpee, yeM y cauiuBud-11C3, mo mMepe yMeHBIIEHHS CpOKa
CITy’KOBbI MJTM TOABMXHOCTH. OHAKO CTOUT OTMETUTh, YTO MPH HCIIOJIB30BAHUH B
MOJICTTMPOBAHUM YKa3aHHBIX apaMeTpoB (BpeMsl )KU3HH > | MKC, TOIBHKHOCTD >
10 cmM?> V' s71) rmiieHOK MepoOBCKUTA M OTHOCHUTEBHO IIMPOKOH IIMPUHBI KOHTAKTa (5
MKM) IBC-IIC3-0B ctpykTypa IBC nemoHCTpHUpYET SIBHOE MPEUMYIIECTBO Nepes
COHIBHY-CTPYKTYPOH. Pe3ynbrarsl 310 pabOThl OTKPHIBAIOT HOBBIE BO3MOKHOCTH
JUIS JAJIBHEHIIIETO MOBBIIMIEHNsT MPOou3BOAUTENBHOCTH [IC3-0B M AalOT LieHHBIE
PEKOMEHIAIUH 110 TIPOEKTUPOBAHUIO U n3rotosieHuto IBC-I1CD-0B.
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Abstract. The problem of comet destruction has not yet been solved. Comets
can unexpectedly break down in arbitrary places on their orbits. The mechanisms
involved in explaining such phenomena do not provide satisfactory predictions
on the possibility of the decay of each individual comet. In addition to existing
mechanisms for comet destruction, we propose using the method of thermal stresses
inside and on the surface of cometary nuclei as they approach the Sun on elongated
orbits. We use a thermal diffusion equation to calculate the compression thermal
stress on the surface and the discontinuous stress inside spherical comet nuclei as
they move towards the Sun in a parabolic orbit. By comparing the strength limits
of the material in the core with the obtained thermal stress, it is possible to predict
the cracking of different-sized comet nuclei at different distances from the Sun.
Calculations were performed for two different phases of ice: hexagonal crystalline
ice (Ih) and amorphous ice. The main conclusions are based on crystal ice data. The
observational flare phenomena’ data and observed comets’ decay were compared
with calculation results. From observational cases of comet decay, one can also
estimate the composition of the cometary material and its actual strength.

Keywords: comets, thermal stresses, destruction of comets, crystalline and
amorphous ice
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KOMETAJIAPJIBIH TEPMUSIBIK KEPHE YJIEPMEH
KOUBLITYbI

AnHoTanus. KoMeranapabiH »KOUBLTY MOCeJIeC] o1l MenmiareH koK. Komeramap
©3 OpOMTAChIHIIA KE3JIEHCOK JKepiiep/ie KYTIIETeH JKEpJeH bIJbIpayFa KaOlleTTi.
Byn KyOBUTBICTHI TYCIHAIPY VIIIH KOJJAHBUIATHIH MeEXaHU3MEp opOip HaKTHI
KOMETaHBIH bIIBIpAy MYMKIH/IIT1 TYpasbl KaHAFATTaHAPJIBIK OOKAM/Tbl KAMTaMacChI3
erneiini. KomeranmapablH SKOHWBUTYBIHBIH — KOJIIAHBICTAFbl  MEXaHU3MJEPiHEH
Oacka, 0i3 y3apTeurraH opOuTtamapma KyHre jxakplHZaraH Ke3le KOMETAIBIK
SIIPOJTAP/IBIH, ITIH/IE XKoHe OeTiHJIe makija OONaThIH TEPMHUSIIBIK KEPHEYIIEP dICiH
KOJJIaHYyZbl YChIHAMBI3. Mojenbpaik ecenrteynepae 0i3 mapabomanblk opOuTana
Kynre skakpiHzaran ke3jeri cepajblK KOMETAJIbIK sPOJIAPIbIH  IIIiHICTI
OeTiHeri KbICy TEPMUSIIBIK KEPHEYJIEePIH JKOHE Y31y KepHEYNepiH ecenrey YIIiH
TepMUSUIBIK U y3ust TeHAeyiH KoimaHambi3. Herisri marepuanmbiH OepikTik
LIeTiH HOTHXKECiHAE mMaija OoNaThlH TEPMUSUIBIK KEpHEYJIEPMEH CajlbICThIpa
oTHIpeIT, KyHHEH opTYpii KamIbIKTBIKTAFBl 9PTYPIIi OIeMaeri KoMeTalapablH
SIIPOJIAPBIHBIH JKapbUIyhl Typasbl 00hkaM xacayra Oonansl. Ecenteynep My3nbiH
eKi Typiai (azamblK Ky#uepi YOIiH KYpri3iifi: anTbIOYpBIITE KPUCTAIABI MY3
(Ih) »xone amopdThl My3. Heri3ri KOpbITBIHABLIIAP KPUCTAIBIK MY3 JAEPEKTEPiHEH
xacanrad. Ecenreynep HoTHKeIepiMeH HaKThl OaliKajFaH KOMETalnapablH TYTaHy
KYOBUTBICTapBI MEH BIABIPAYHI TypajIbl OaKblIay AEPEKTEPiH CATBICTHIPY KYPTi3imi.
KomeTtanapabiH bIIbIpaybIH OaKblIay apKbUIBI KOMETalap MaTeprUabIHBIH KYPaMbIH
YKOHE OJIap/IbIH HAKTHI KYIIIiH aHBIKTayFa 00Ja Ibl.

Tyiiin ce3aep: KoMeTanap, TEPMISUIBIK KepHEYIep, KOMeTalapablH OY3bUIYHI,
KPHUCTAJIJIBI KOHE aMOP(PTHI M3
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PABPYIIEHUE KOMET TEPMUYECKUMU HANIPA KEHUAMU

AnHoTanms. [Ipobnema pa3pylieHuss KOMeT 70 CUX Hop He perieHa. KomeTst
CIOCOOHBI pa3pylliaTbCsl HEOXKHIAHHO B IPOM3BOJIBHBIX MeCTaX OpOUTHI.
MexaHu3MBbl, KOTOpPBIE MPUBIEKAIOTCS Al OOBSICHEHUSI 3TOTO SBJICHHUS, HE JAIOT
YAOBJIETBOPUTENBHBIX MPOTHO30B BO3MOYKHOCTH pacmaza KaXKAOH KOHKpETHOU
KOMETBl. B 1omonHeHne K MMEIoIMMCS MEXaHW3MaM pa3pylIeHHs KOMET Mbl
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npeasaraeM MCHONb30BaTh METOJ TEPMUUYECCKHX HAMpPSKEHUH, BO3HUKAIOIIUX
BHYTPH ¥ Ha TIOBEPXHOCTH KOMETHBIX Sijiep 10 Mepe ux npuommkerus Kk ColHILy
MO BBHITAHYTBIM opOuTam. B MomenbHBIX pacuérax Mbl HCIOIb3YeM YpaBHEHHE
TerwioBoil auddy3un At pacuéra KOMIPECCUOHHBIX TEIUIOBBIX HAUPSDIKEHUH Ha
MOBEPXHOCTH M Pa3pbIBHBIX HANPSDKEHUI BHYTPH KOMETHBIX sIJiep MIapooOpazHon
¢opmer pu ux mpubmmxernnn k ConHiy mo mapabonmuveckoil opoute. U3
CpaBHEHHUS MPEJENIOB MPOYHOCTH Marepualia sjpa C TOJIYyYEeHHBIMH TEIUIOBBIMHU
HaNpsDKEHUSMH  MOXKHO JIeIaTh TPOTHO3BI O PACTPECKUBAHHUHM KOMETHBIX
SOep pa3HbIX pPa3MEpOB Ha PA3IUuUHBIX paccTosHusAX oT ConHua. Pacuérs
MPOBEJCHBI JJIsl IBYX Pa3iUYHbIX ()a30BBIX COCTOSHUM JIbJa: T€KCAarOHAIbHOTO
kpucraynueckoro jabaa (Ih) n amopduoro nema. OcHOBHBIE BBIBOIBI ClIEJIAHBI
Ha OCHOBE JAHHBIX KPHCTAITMYECKOTO Jbja. [IpoBefeHO cpaBHEHUE IaHHBIX
HaOMIOACHUH BCIBIIICUHBIX SIBICHUN M pacliaja peanbHO HAOII0AaeMbIX KOMET €
pe3ynbpratamMu pacuéToB. M3 HabmoneHuit ciydaeB pacnajga KOMET MOXKHO TaKxkKe
CYIHUTB O COCTaBE MarepHajla KOMET U X pealbHON MPOYHOCTH.

Ki1roueBble ci10Ba: KOMEThbI, TEPMUUYECKHE HANPSDKEHUS, Pa3pyLICeHUE KOMET,
KPUCTALIMYECKUN U aMOP(HBIH JIEN

Introduction

Despite comets being frequently discovered and well-observed, their formation
mechanisms and mechanisms for their evolution and disintegration remain unclear.
The agglomeration models of comet structure (Greenberg et al., 1995) suggest that
these are loose and porous structures with a density of approximately 0.1 g/cm?,
which can easily be destroyed by tidal forces. This model has some inconsistencies
due to observations of Halley and Shoemaker-Levy-9 comets showing a density of
about 0.6 g/cm? (Solem, 1995; Asphaug and Benz, 1996).

There are other mechanisms of comet destruction: disruption by centrifugal forces
during rapid rotation, fracture by internal gas pressure during intense evaporation
of gases inside the comet as it approaches the Sun and collisions with other small
bodies. Despite the abundance of offered mechanisms, the problem is far from
solved and requires the involvement of other mechanisms for the destruction of
cometary nuclei. There is a list of disintegrated comets, and, according to Sekanina
Z. (1997), many of them were destroyed for unknown reasons.

An interesting alternative to the mechanism of destruction by tidal forces may
be the destruction of a comet by thermal stresses (Kiihrt, 1984), which can be
calculated both analytically and numerically using the thermal diffusion equation
(Kiihrt, 1984; Shestakova and Tambovtseva, 1997). The values of thermal stresses
can be greater than the limits of the mechanical strengths of terrestrial materials
and exceed by several orders of magnitude the stresses arising from the action of
tidal forces.

The thermal destruction mechanism we are developing is worth considering
because it assumes the decay of cometary nuclei at various distances, including
large distances from the Sun, and can potentially explain the decay of long-periodic
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comets in random places of their orbit. In the work of Shestakova and Serebryansky
(2023), the mechanism of thermal destruction is proposed as a possible mechanism
for forming debris disks at large distances from stars and as a source of material for
rings near planets. Thus, applying this mechanism to the decay processes of small
bodies may have various interesting consequences.

Our research will focus on analyzing the thermal stress inside and on the surface
of comet-like bodies as they approach the Sun on parabolic orbits. By adopting
this approach, we can use analytical solutions to the thermal diffusion equation for
bodies of various sizes and monitor increases in internal and surface stress as these
objects orbit at different distances from the Sun. Once the maximum strength in the
nucleus material is reached, comets can be separated and fragmented.

Methods

Theoretical and numerical heat transfer analyses from the surface to the inner
layers of a cometary body can be conducted using the heat diffusion equation
(hereinafter — HDE). The HDE for a spherical body, according to Kiihrt (1984),
has the form:

or
Cva”t:

where T is temperature, ¢ is the current time, x is the coordinate, which is
calculated from the center of the ball, where x = 0, along the radius of the body up
to r, and ¢ (T) is heat capacity per unit volume and k(T) is the thermal conductivity
of the material.

The above equation can be solved together with the initial condition for = 0
and two boundary conditions: for the center of the body at x = 0 and its surface
at x = . The boundary condition for the center of a spherical body is universal
because it follows from its symmetry: dT/dx = 0 when x = 0. We choose the initial
and boundary conditions on the body’s surface based on the physical conditions in
which the body is situated. The initial condition is chosen because the whole body
is isothermal at a certain starting distance Ro, so T(x) = T, when t = 0, when T,
stands for equilibrium surface temperature. The main problem is the choice of the
boundary condition on the body’s surface because the surface temperature changes
over time as the body approaches the Sun.

If the parameters k and ¢ are constant, then Equation (1) is linear in T. When
solving Equation (1), we use parameters a*=k/c_[cm?/sec] and t =(r/na)’, where T _
determines the characteristic heating or cooling time of the body.

If, in the thermal balance of the body, we ignore the loss of sublimation and
thermal conductivity towards the center of the body, then we get the surface
boundary condition in the form of a blackbody approximation:

bl g 2 or
56(7(7556) + ;K(Dgx, (1)
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leﬁ"

T(t) = W, 2)

where T . is the temperature of the photosphere and R is the radius of the Sun.
The phenomenon of temperature hysteresis, resulting from heat conduction into the
core as the body approaches and recedes from perihelion, does not exceed daily

fluctuations in the surface temperature (T ). This T is \/5 times greater than our
assumed value at the point closest to the Sun.

The fundamental principle for getting an analytical solution to the HDE is the
representation 7(2) as an explicit function of time. It is only possible for parabolic
orbits with a perihelion distance ¢ ~ 0. In this case, for parabolic orbits, the transit
time from the distance R to the perihelion has the form:

©(R) = (2/GMo)'*R**/3, (3)
where G is the gravitational constant, and Mo is the mass of the Sun. As a

result, we obtain the boundary condition necessary for solving HDE in the form of
an explicit function of time:

T
Ts(t) — 173 )
(1-t/7,))
Ty o
where T (t) = —=====, is the body’s temperature at the starting distance
J2R, /R

R, t - 7(R) is the current time.

The HDE solution makes it possible to calculate the temperature profile along
the radius of a body T(x), moving in a parabolic orbit at any given distance from the
Sun and for any materials with known thermal parameters k and c .

The only parameter that is directly used in solving the thermal diffusion equation
is the ratio of the coefficient of thermal conductivity k to the heat capacity ¢, = c.p,
that is, the coefficient of temperature conductivity: a> = k/(cpp).

According to Klinger (1980a), for temperatures above 25 K, the thermal
conductivity of crystalline ice can be represented as k = 567/T Wm™'K"'. The heat
capacity determined from experimental data according to Giauque & Stout (1936)
within the temperature range 16.43 K < T < 267.77 K is approximated by the
expression (Klinger, 1981): Cp = 7.49T + 90 J/kg K. This Cp value is convenient
because it mainly depends on the composition of the material, practically does not
depend on the structure of the substance and can be used for both crystalline and
amorphous ice. For crystalline ice, we will use the value a> = 0.65 cm?/sec, which
corresponds to T = 30 K. The thermal conductivity of amorphous ice as a function
of temperature, obtained from the data by Klinger (1980, 1981), is represented
by an approximate formula: k = 2.34 x 10 T + 0.028 W/m K. Substitution of
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numerical values for a?> of amorphous ice gives an almost constant value in the
temperature range T= [30K — 200K], namely a*= 0.0034 cm?/s,

Boley and Weiner (1960) got relations for radial and tangential stresses in solid
spheres, which can be used to isolate functions with a temperature dimension. The
analysis of thermal stresses would be greatly simplified if we used these functions
instead of stresses, which only depend on the body’s geometry and the temperature
distribution within it. By using these temperature functions as analogues of thermal
stresses, it is easy to move on to stresses themselves, using a simple form:

Fa Ea
ETW(X), o, (x)= -4 T,(x), 1)

where the tangential stresses 9, (¥) are characterized as the function of T,, (x)
, and radial stresses O, (x ) are characterized as the function T _(x). We use the
following parameters for the elasticity of bodies: E is Young’s module, o is the
linear expansion coefficient during the heating, and g/ is Poisson’s coefficient.
The temperature functions obtained from the solution of Boley and Weiner (1960)
will have the form:

Oy (1) =

2 % 1 ¢
Ty == [T dy+ 5 [T dy =T, ©
0 0

T ( —3jT °d ijT d
o X)—r3 )y -3 )y dy, (7
0 0

where x is a coordinate along the body’s radius, and 7(y) is the radial temperature
profile obtained from the (HDE) solution. A more detailed description of the
calculation method is described in the work by Shestakova and Tambovtseva (1997).

The radial and tangential stresses o, and oy, occurring during the heating or
cooling of bodies are determined by temperature functions 7. u T4y and parameters
characterizing the elasticity of bodies. If 0 or Oy¢ are negative, the material is
compressed; when they are positive, the material experiences breaking stresses
(Campbell, 1956). The same rule applies to temperature functions: compression
stresses, which are characteristic of the surface layers of a body approaching the
Sun Toe(X), , have a temperature dimension with a negative sign. Breaking stresses
T (x) are positive in such case.

In our calculations, we use the value o= (2—4)MPa for the tensile strength
of crystalline (hexagonal) ice, based on data from Haynes (1978), where strength
values from 0.7 to 3.1 MPa were obtained within the temperature range from 0 to
-50C. According to measurements, the tensile strength varies very slightly, and we
can consider those values as acceptable for assessing comets’ internal destruction.
For the value of ice strength under compression stresses, we take the range of values
6= (5-30)MPa obtained from measurements (Haynes, 1978).
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The values of the elastic parameters according to Kithrt (1984) are the following:
E=9x10° MPa,n=0.33 and a = 3.8 107 grad-' and the lower value of the crystal ice
strength limit is 0+ = 2 MPa. From Equation (5), we obtain the critical values of
the temperature functions 7_u T,,. Tensile strength for breaking stresses: 7, = (4-8)
K and for compression stresses T= (10-60)K. It should be noted that the strength
of materials increases with decreasing temperature, especially for compression
stresses (Haynes, 1978). The starting distance for calculating the motion of a
body in a parabolic orbit is assumed to be R = 86.3 AU, which corresponds to
the surface temperature T, = 30K in the blackbody approximation. Calculations
of temperature and stress profiles along the radii of bodies were carried out
for a number of intermediate positions of bodies in orbit corresponding to
blackbody temperatures from 40K to 200K.

Results

After calculating the temperature profiles inside cometary bodies of different
sizes from r = 10 m to r = 10 km from the solution of Equation (1), we obtained
the behavior of the rate of internal heating of these bodies during their approach
to the Sun in a parabolic orbit. Figure 1 shows the temperature dependence near
the center of the bodies at the profile point x/r = 0.1 at a distance of about 1.94
AU, corresponding to a surface temperature of T =200 K. The calculation data is
given for crystalline and amorphous ice. Figure 1 shows that large bodies made of
crystalline ice maintain a starting temperature of approximately 30K at their centers
if their radii exceed 1 km, and those made of amorphous material at r > 0.1 km. On
the other hand, smaller bodies with a radius between 1 and 10 meters, rotating in
orbit, are strongly heated toward the center to temperatures close to their surface
temperatures.

Figure 2 shows the compression stresses that arise on the surface of crystalline
ice bodies. For ease of understanding, we have changed the sign of negative
compression stress to positive in Figure 2. The straight lines represent a range of
compression stresses, T = (10 — 60)K, which are limits of strength according to
Haynes (1978). When these stresses are reached, the destruction of the surface
layer and the formation of craters, as well as flash phenomena, are possible. Stress
limits are reached for larger bodies with T (r) = T — T, where T is the surface
temperature, and T, (equal to 30° in our case) is the 1n1t1al temperature of the entire
body. The limiting stress is reached on the surfaces of bodies with a radius of 5 and
10 kilometers. Their curves merge in Figure 2.
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Figure 1. Temperature near the center of cometary bodies (x/r = 0.1) at a distance of 1.94 AU, where
the blackbody surface temperature is T = 200K. The calculation results are given for crystalline and
amorphous ice.
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Figure 2. Compression stresses (-T,) on the surface of cometary bodies made of crystalline ice,
depending on the distance, arising during the approach to the Sun in parabolic orbits.

Figures 3 and 4 show the increase in tensile stress inside comet bodies as they
approach the Sun. These figures clearly demonstrate differences in the increasing
behavior of tensile stress depending on the distance.
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Figure 3. Radial (breaking) stresses near the center of large cometary bodies with radii from 500 m
to 10 km, depending on the distance.
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Figure 4. Radial (breaking) stresses near the center of small cometary bodies with radii from 20m to
800m, depending on the distance.

In Figure 3, the largest body with a radius of 10 km shows a slight increase in
stresses. These stresses do not reach the lower tensile strength even at a closest
distance of about 2 AU. A body with a radius of 5 km has the probability of
collapsing from the inside at a distance of (5 — 6)AU, since the breaking internal
stress exceeds the lower tensile limit T,= 4K, which corresponds to 6, = 2 MPa.

Bodies with radii smaller than 3 km will be subject to complete destruction.
At maximum distances from the Sun, internal cracks in bodies with radii less than
800 m — 1 km will occur.
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Figure 4 shows the internal stresses depending on the distance for bodies with a
20m to 800m radius. In contrast to Figure 3, the maximum stresses correspond to
the largest bodies with radii of 500m and 800m. As the size decreases, the stresses
decrease and become inessential for a body with a radius of 20 m.

By comparing the results presented in Figures 3 and 4, we have obtained
estimates of the possible distances where crystalline bodies of different sizes can
experience internal cracks. Figure 5 shows these results for two values of the tensile
strength.
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Figure 5. Distances where the internal stresses of crystalline cometary bodies reach two estimated
values of tensile strength T, = 4K and T, = 8K.

Bodies in the interval between the curves shown in Figure 5 are at risk of
possible destruction due to internal stresses. Cometary bodies of low strength fall
into the zone of possible destruction up to distances of about 40 AU, that is, up to
the orbit of Neptune. Even denser cometary bodies can collapse near and inside the
orbit of Uranus. Inside the orbit of Jupiter, the range of sizes of bodies capable of
destruction is maximum. These are bodies with radii from 30m to 6 km.

Figure 6 shows the results of calculations of internal stresses for bodies of
crystalline and amorphous ice at a distance of 1.94 AU, corresponding to the
blackbody temperature T,, =200K. It can be seen that maximum stresses can be
achieved inside bodies of sub-kilometer dimensions, especially bodies with radii
(200 — 300) m. Strong stresses occur in bodies with radii less than 100 m for bodies
made of amorphous ice, and the maximum stresses correspond to bodies with radii
(10 — 30) m. Such bodies are practically inaccessible to observations due to their

small size.
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Figure 6. Radial (breaking) stresses near the center of cometary bodies at a distance of 1.94 AU,
corresponding to the black body temperature T,  =200K, depending on the radii of the bodies.

Discussion

It is generally believed that comet ice in the Oort cloud is amorphous and
contains impurities of volatile gases that can evaporate at low temperatures. In their
research (Schmitt et al., 1989) for the ice (H,0) with impurities (CO:H,0, CO,:
H,0, CH,:H,0, CO:CO,:H,0 and NH,:H,0) has been researched in the temperature
range from 10K to 180K. The sequence of evaporation under vacuum conditions
is obtained: 25K for CO, 32K for CH,, 70K for CO,. At 120K, all molecules leave
the ice, and the gas-H,0 ratio becomes less than 0.01 % for CO and CH, and less
than 0.001 % for CO,. This evaporation is the trigger for ice crystallization. Finally,
pure crystallized H,O remains. Crystallization from the surface to the interior can
be accelerated because this process is exothermic.

Kuiper belt objects are so cold that the estimated time of ice crystallization
under these conditions exceeds the lifetime of the Solar System. Despite this, the
exploration of satellite spectra in recent years has shown the presence of spectral
features from crystalline ice for planetary satellites and Kuiper Belt objects (KBOs).
In the research of Prialnik and Jevitt (2022), a deep crystallization simulation was
made for the orbital parameters of different comets. The crystallization front inside
the satellites of planetary objects in the Kuiper belt has been explored. It has been
reported that objects of crystalline ice are present in the IR range at a wavelength
of 1.65 microns in many objects. These objects indicate the presence of crystalline
ice at temperatures ranging from 48 to 82 K, which is in the area of Uranus and
even Neptune.

In the process of approaching the Sun, due to surface heating, an amorphous
phase transition to crystalline ice occurs. Specifically, the work by Schmitt B. et
al. (1989) states that at T = 125 K, crystallization occurs in 8 days or less than
5 minutes at 150 K. If the object rotates slowly or its axis of rotation is oriented
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towards the Sun, then the heating at the circumsolar point will be stronger, and

the temperature there may exceed the black-body temperature by as much as \/5
times, greatly increasing the likelihood of ice crystallizing at greater distances from
the Sun. In such cases, crystallization could be successful not only near Jupiter,
where the blackbody radiation temperature is T, 125K, but also at a distance of
approximately 10 AU, or in the orbit of Saturn and its moons.

In the process of approaching the Sun, noticeable cometary activity should
start to appear after the compressive stresses exceed the material’s strength limits.
According to our analysis, the surfaces that initiate the formation of comae and
flare phenomena first reach critical levels in the largest objects whose radii exceed 5
kilometers. The most distant comets from the Sun should exhibit the most significant
cemetery activity. Really, observations of cometary activity at great heliocentric
distances have been made in large comets, such as comet C/2014 UN271 Bernstein-
Bardinelli (29 AU), comet Hale-Bopp (26 AU), comet C/2010 U3 Boattini (25.8
AU), and comet C/2017 K2 Pan-STARRS (24 AU). These comets were active at
heliocentric distances greater than 20 AU (Bernardinelli et al., 2021). Such remote
activity can be explained by the release of evaporating gases. Although this does
not argue the effect of compression stresses, these processes can be connected. If
the ice surface is amorphous at these distances, the compression stress barrier is
virtually non-existent, and the evaporation of gases occurs without obstacles in
line with the sublimation temperature. As we approach the sun, a phase change
gradually occurs, forming a strong crystalline shell. It should be noted that the
strength of this crystalline shell that forms on the comet’s surface decreases with
increasing temperature as it approaches perihelion. In this instance, outbursts of
the cryo-volcanic type are possible. These can recur as they approach the sun, like
comet 12P/Pons-Brooks, whose perihelion will occur on April 21st, 2024. The
first detection of comet 12P/Pons-Brooks was announced by Green Daniel on the
Central Bureau for Astronomical Telegrams on July 21st, 2023. The newly growing
crystalline crust becomes less resistant after each burst and cannot withstand the
increasing internal pressure. We can make an approximate calculation of the
strength of the crust during the first outbreak. According to Green Daniel, the first
eruption happened at a distance of 3.9 AU, where the black-body temperature is
approximately 140 K. If the initial temperature of the comet body is approximately
the black-body temperature at the aphelion distance of 33 AU, which is 50 K, then
the surface temperature will be approximately 90 K. This means that the material’s

strength is approximately o = 45 MPa. Since estimates of the comet’s
diameter range from 17 km to 30 km in magnitude, complete

disintegration of the body due to burst stresses is not expected.
The most severe destruction of cometary bodies occurs when the internal

breaking stresses reach the tensile strength limit and cause the bodies to break into

several large fragments. Figures 3 and 4 show how the radial (breaking) stresses
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inside cometary bodies grow as they approach the Sun, with smaller bodies
experiencing a sharp increase in stresses at closer distances. At the same time,
the difference in stresses between the far and close distances is much greater for
small bodies than for larger ones (Figures 3 and 4). A striking example of how our
calculations match observations of real comets is demonstrated by long-periodic
comet C/2019 Y4 (ATLAS), which was studied by Hui and Ye in 2020 using Sloan
Digital Sky Survey observations between mid-January and early April 2020. Since
mid-March 2020, decay has been observed at a distance of around 2 AU, and it was
found that the C/2019 core had a radius of over 60 meters before it decayed. During
this period, the comet became brighter at the beginning of observation and stopped
increasing in brightness about 70 days prior to perihelion in late March 2020. This
comet rapidly disintegrated into multiple pieces, suggesting an internal fracture. The
results of calculations on breaking stresses based on the distance depicted in Figure
4 demonstrate a close match between the behavior of comet Atlas and a cometary
object with a radius of 50 meters. The critical stress level of 8 MPa, corresponding
to the tensile strength of crystalline ice, is reached for such an object at a distance
of 3 AU. At a range of 2 AU, where the fracture of the comet was observed, the
body’s surface temperature was approximately 200K. Figure 6 demonstrates that
the estimated dimension of the comet closely matches the point of interception
of curves in this graph. Thus, no matter if the comet kept its amorphous form or
changed structure while moving from the outer parts of the Solar system, it would
still break apart because of thermal stresses.

Another long-period comet of a similar size, which disintegrated in May 2019 at
a distance of 1.9 AU from the Sun, is comet C/2018 J2 (Palomar), reported by Jewitt
and Luu (2019). The authors argue that the comet’s disintegration cannot be caused
by tidal forces or collisions. Therefore, the disintegration C/2009 J2 is preliminary
interpreted in this study as a violation of the core’s rotation with a radius of r < 0.1
km due to the release of gas moments. Actually, the authors provided a possible
explanation, which is not obvious. Because the comet disintegrated into many
pieces and showed surface activity. Applying the theory of internal discontinuous
thermal stresses to this case seems like a more logical explanation for the decay,
like in the case of the C/1950 Y4 (ATLAS) comet.

A striking example of the complete disintegration of a long-period comet is
comet C/2021 A1 (Leonard) as well. According to Jewitt et al. (2023), a comet
with a radius of 0.6 + 0.2 km did not preserve a single fragment of its nucleus
larger than 0.06 km, which corresponds to the complete destruction of the nucleus
in mid-December 2021, at a distance of approximately 0.8 AU. The authors argue
that models of tidal disruption, collision, sublimation explosions, and pressure
explosions provide improbable explanations for disintegration. They acknowledge
that the rotational instability caused by released gases has a very short period
(approximately 0.1 years) that does not allow for the rapid spin of the comet’s
nucleus, given its orbit and size. The most probable mechanism for destruction,
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according to the authors’ opinion, is the initial rotational decay accelerated by the
impact and intense sublimation of deeply buried volatiles.

Such an assumption is a big stretch, as other possible options have not been
considered. One possible explanation for the observed phenomenon may be thermal
rupture due to the crystallization of the majority of the volume of the comet. A phase
transition from amorphous to crystalline ice could occur on the surface and within
the comet, especially if the initial crystalline structure of the object is excluded.

Since comet C/2021 A1l (Leonard) is larger than comets C/2019 Y4 (ATLAS)
and C/2019 J2, core cracking could occur at a greater distance from the Sun, and
debris dispersion may be initiated by gas flows as it approaches the Sun.

Another interesting case of comet decay is associated with the famous comet
73P/Schwassmann-Wachmann 3, from the Jupiter family. Its initial radius is
estimated to be 0.4 km, according to the work of Graykowski and Jewitt (2019).
That comet exhibited a beautiful four-stage decay on September 12, 1995, close
to the perihelion point at 0.94 AU. It passed through this point on September 22.
Graykowski and Jewitt (2019) doubted the previously suggested fragmentation
mechanism due to rotational instability. Their argument was that the most likely
rotation period of 10.38 =+ 0.04 hours (20.76 + 0.8 hours at double maximum) is
much greater than the critical rotation period at any reasonable density or shape of
the nucleus, even without considering tensile strength.

It is unknown when the comet was captured by Jupiter, but it is obvious
that during its long stay in the Solar System, amorphous ice underwent a phase
transition. After this, a comet of this size would start to warm up from the inside,
increasing internal stresses and leading to fragmentation into large pieces. This can
be expected as a final stage for any comet captured by Jupiter from the Oort cloud.
The core would first break up into large fragments and then smaller ones, turning
into a meteor shower.

Conclusion

The main conclusions of the research are the following:

1. The proposed mechanism for the thermal destruction of cometary nuclei
could be considered a real mechanism for their destruction. Surface compression
stresses contribute to the formation of a coma and could trigger flash events at the
time of destruction. Internal bursting stresses lead to hierarchical disintegration of
the nucleus into several large fragments, which then continue to break down to the
stage of a meteor shower.

2. Maximum breaking stresses exceeding the strength limits of crystalline ice
lead to the appearance of cracks inside cometary bodies. This process can begin
at heliocentric distances (20 — 40 AU) inside nuclei with radii (0.8 — 1.0 km) (see
Figure 6). Bodies of both large and smaller sizes will begin to collapse closer to
the Sun.

3. Breaking stresses do not have time to develop inside large crystal nuclei
with radii of more than 6 km when moving in a parabolic orbit to overcome the
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material’s ultimate strength. Such bodies are most likely to maintain their integrity
during the passage of perihelion at distances of the order of 1 —2 AU.

It can be concluded that the mechanism of thermal destruction of cometary
nuclei should be taken into account when considering new comet passages into the
inner Solar System. The available statistics on the destruction of comets at arbitrary
points along their orbits, with the phrase “for unknown reasons”, may also undergo
some changes and clarifications in relation to the proposed mechanism.

This research is funded by the Aerospace Committee of the Ministry of Digital
Development, Innovations and Aerospace Industry of the Republic of Kazakhstan
(Grant No. BR20381077).
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Abstract. This paper reviewed the methods and resources for promoting
astronomical science within the Astronomical Hub (AstroHub) to be established
at the Assy-Turgen Observatory in Kazakhstan. In combination with the National
Virtual Observatory (NVO), young astronomy and astrophysics specialists can
improve their skills by analyzing real observational data and conducting research.
Our goal is to create conditions for promoting education and science: preparation
of materials and tools and organizing master classes and science promotion in
society. The development of digitalization and the use of Big Data in Kazakhstan
will significantly improve the capabilities of modern astronomy and astrophysics.
Step-by-step solutions of the set tasks within the framework of new programs, such
as NVO and AstroHub, open opportunities for developing directions in astronomy
and astrophysics at the international level. I would like to note that various
international centers are now being built to study various objects and innovations.
Only through joint interstate efforts, we will be able to develop and popularize this
doctrine among the population. The possibilities of the development of astronomy
and astrophysics at the international level open new perspectives. Combining
the efforts of different countries and creating international centers for the study
of space objects and innovations contributes to a deeper understanding of the
Universe and its phenomena. International centers and scientific organizations are
becoming important forums for the exchange of knowledge, experience, and ideas
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in astronomy and astrophysics. Through this exchange and collaborative research,
scientists can push the boundaries of their knowledge and pursue discoveries.

Keywords: AstroHub, science popularization, National Virtual Observatory,
Big Data
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AnHotamus. bepinreH makanana, KazakctaHiarbl Acchl-TypreH oOcepsa-
TOPHSICBIHA KYPBUIATHIH ACTPOMUSUIBIK XaOTBIH (ACTpoxal) asChIHAA aCTPOHOMUS
FBUIBIMBIH HACHXATTAy 9/IiCTEpiHE XKOHE pecypcTapblHa MIoNy Kyprizinred. CoHbl-
MeH Karap, ¥ Ttk Buptyanner O6cepBaropustsl (¥ BO) KongaHy apKblIbl aCTpo-
HOMHUSI JKoHE acTpo(U3MKa cajlajlapbIHIaFbl )Kac MaMaHapbIH IbIHAWbBI OaKbLIay
MOTIMETTEpiHE TaJay )KOHE 3€PTTEY KYMBICTAPBIH KYPri3y apKbUIbI OLTIKTUTIKTEP-
iH apTTBIpyFa MYMKIHIIKTEepiHIH Oap eKeHIIri aWThUIFaH. bi3miH MakcaThIMbI3
— OimiM Oepy JKoHE FHUIBIMABI HAacHXaTTayFa JKardal jkacay: Marepuangap MeH
Kypainapabl JaiiblHaay, COHOai-ak IeOepilik AspicTepAl YHBIMIACTBIPY *KOHE
KOoFaMfa FhUIBIMJIBI-HacuxarTay. KazakcTanma HUQpIaHABIPYIbl NaMBITY »KOHE
ynken momimertepai (Big Data) maiinanany 3amaHayn acTpOHOMHS MEH acTpO-
(u3MKaHbIH MYMKIHIIKTEpiH aiTapiblKTail skakcapraabl. ¥BO jxoHe AcTpoxad
CHSIKTBI JKaHa Oaraapiamainap ascblHIa KOWBIIFAaH MIHIACTTEPAl Ke3eH-Ke3eHIMEH
LICLTY KOHE XaJIbIKapaJbIK JCHIeHIeri acTPOHOMUS MEH acTpO(H31Ka CalachIHAAFbl
OaFpITTap/BI JaMBITYFa MYMKIHIIKTEp amangsl. Kasip opTypni oObekTinep MeH
WHHOBALMSIAPABl 3€PTTEYMEH alHaNbICATBIH TYPJI XaJbIKapajblK OPTaJbIKTap
CaJIBIHBIN >KaTKAaHBIH aTar eTKiM Kenefi. Tek OiplecKeH, MeMIIeKeTapallblK KYII
— JKirepMeH FaHa 0i3 OCBI UTIMAI XaJbIK apachlHAA NaMBITHIN, KSHIHEH HaCH-
XaTTail ajambl3. XalblKapalblK JEHICHe aCTPOHOMHS JKOHE acTpodH3UKa caja-
JIAPBIH JaMBITy MYMKIHIIKTEpi HIBIHBIMEH JIe jKaHa MYMKIHMIKTEpl amaapl. Op
TYpAl eNAepAiH KYII-KirepiH OipikTipy jXoHE Fapbhllll OOBEKTiIEepi MEH HHHO-
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BalMsIApAbl 3€PTTEyre apHajlfaH XaJbIKapallblK OpPTAIBIKTap Kypy ©OleM MeH
OHBIH KYOBUIBICTapbIH TEPEH TYCIHyTe BIKMAN eTeli. XalblKapalblK OpTaJbIKTap
MEH FBUIBIMH YHBIMIAP aCTPOHOMHSI MEH acTpodH3HMKa cajachblHIarbl OiTiIMMEH,
TOKIpHOEMEH KOHE HISsUIapMEH aiuMacy YIUiH MaHbI3Abl (opyMmFa aiHamyaa.
Ocpbl anMacy oHe OipyieckeH 3epTTeylep apKbUIbl FalbIMAap 3 OimiMIepiHiH
LIeKapajapblH KeHEHTI, jkaHa allblTyJlapra YMThIJIA alajbl.

Tyiiin ce3nep: Actpoxad, FRUIBIMIBI-HACUXATTAY, YJITTHIK BHPTYyaIIbl 00cep-
Batopus, YikeH Momimertep (Big Data)

byn maxana KP JKBFM foueiv  Komumemimen KapocoliaHObIPbLIObI
(BR21881880).
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AnHoTanus. B crarbe mpoBomuTcst 0030p METOIOB M pECYPCOB HOMYJISIPH3ALIUH
ACTPOHOMHYECKOW HayKH B paMmkKax AcTpoHOMHYeckoro xaba (Actpoxa0),
KOTOpBIN Oymer co3maH Ha 0aze oOcepBaropum Acchl-Typrens B Kazaxcrane.
OtmeuaeTcs, 4ro ¢ momomplo HammonanbHOH BHpTyanbHOH oOcepBaTopuu
(HBO) monoaple cnenuanucTsl B 00J1aCTH aCTPOHOMHHM M aCTPO(PU3MKH HMEIOT
BO3MOKHOCTh TIOBBICHTH CBOIO KBaJTH(HUKALUIO, AaHAIM3UPYS ITaHHBIC peajlb-
HBIX HaONIOZICHWH W TpOBOAs UccienoBaHus. llenb — co3manue ycloBuil Juist
MOMYJISPU3aUN 00pa30BaHMs M HAyKH: TIOIrOTOBKA MaTepHaIoB U HHCTPYMEHTOB,
a TaKke OpraHU3als MacTep-KJIAcCOB W IMOMYISpU3AIMs HAYKH Ul ITUPOKOM
obmecTBeHHOCTH. PasBuTre nuQpoBU3ann U UCTIOIH30BAHUE OOJIBIINX JaHHBIX
(Big Data) B KazaxcraHe 3Ha4HMTENBHO YITydIIaT BO3MOKHOCTH COBPEMEHHOM
acTpoHOMHUH M acTpopusnkh. [losTanHoe peneHne MoCTaBIeHHBIX 3a/1a4 B paMKax
HOBBIX mporpamm, Takux kak HBO u Actpoxal, OTKpbhIBaeT BO3MOKHOCTH IS
Pa3BHUTHS HANPABJICHUI B 00IaCTH aCTPOHOMHH M aCTPOPH3UKN MEXKTYHAPOIHOTO
ypoBHs. Ceiuac CTpOATCS pa3lW4Hble MEXKAYHAPOAHBIC ILIEHTPBI, KOTOpBIC
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3aHMMAIOTCSl M3YyYCHHEM DPAa3IM4YHbIX OOBEKTOB M HMHHOBALMWI, W TOJIBKO COB-
MECTHBIMH MEXTOCYIapCTBEHHBIMH YCWIIMSIMA MBI CMOJKEM DPa3BUBATh U IIOITY-
JSIPU3UPOBATH 3TO YYESHHE CPeIn HaceleHns. BO3MOKHOCTH pa3BUTHS aCTPOHOMHUH
U acTpOo(U3UKK HAa MEKITYHAPOJHOM YPOBHE OTKDPBHIBAIOT HOBBIC NMEPCIIEKTHBEI.
OObenuHeHne yCHIIni pasHbIX CTpaH U CO3IaHHE MEKAYHAPOAHBIX LIEHTPOB IS
M3Y4YeHHsI KOCMHUYECKUX OOBEKTOB M MHHOBAIMIT CIIOCOOCTBYET Ooiiee rTyOoKoMy
NOHMMaHWIO0 BceneHHON M ee sBieHMH. MeXayHapoIHbIe HEHTPHI W Hay4YHBIC
OpraHu3aliy CTAHOBSATCS B)KHBIMH (hopymMamu Uil OOMEHa 3HAHUSIMHU, OTIBITOM
U UIeSIMU B 00JAacTH acTPOHOMHH M acTpodusuku. braromaps sTomy oOMeHy n
COBMECTHBIM HCCIICJIOBAHUSAM YY€HBIE MOTYT PACIIUPSATH TPAHUIBI CBOMX 3HAHMI
Y CTPEMHTBCS K HOBBIM OTKPBITHSIM.

KuiroueBblie cioBa: Actpoxal, momynmspusanus Hayku, HanmonambHas BHp-
TyanpHas oOcepBaropus, oonbine naHabie (Big Data)

Kipicnoe

Kynnp3ae! acnan opKaliaH agaMm3aT 0ajgachlHa KbI3BIKTBL. OTe epre Ke3eHHEH
Oacrar, acmaHJarbl MIBIPAKTAP/BIH OPHBIH aHBIKTAUTHIH “THOMOH” TpeK TUTiHEH
ayJaprafja “0arbIT KOPCETKINT JIereH MaFbIHa OUTIIPETiH aCTPOHOMUSIIBIK Kypas
Oenrimi Oommel. YakpIT eTe Keje OaKbUIayIblH MYMKIHIIKTEpiH apTThIpaThiH
“acTposstOus”,' “kBaapant”’,’ “ceKCcTaHT ™ TOPI3/i KypAesi Kypaiaap maia 60bl.
Heri3i FBUIBIMHBIH JaMybIHA FaTBIMAAPIBIH, KUSUTIIBUI-Ka3y IbUIAPBIH, FBUIBIMIbI
TOPINITEYIIIEp/IiH YIIeCTepiH atan aiiTyra Oonmampl. Meicansl, JXKtonb BepH e3iHiH
LIBIFapMaJIapblHa Cy acThl KalbIK, FApBIIKA YITy, aKBaJIAHT, T.0. FBUIBIMU KaHa
aIIBLTYJIApAbI aJI/IbIH-aJ1a JKa3FaH.

lanuneo [amwmmeit 1609 KbIIbl TOJUTOHABIK ONTHKTEPIiH KOpiHEpmiK IypOi
yKacaraHJapbIH €CTil, 63 OETIHIIE Ka3bIK-TOHEC OOBEKTHUBTI JKOHE Ka3bIK-OHBIC
OKYJISIPJIBI, YII €ce YJIFAHTaThIH TEJECKOI >Kacalbl, CON yakbITTaH Oacrtam 415
KBUI OTTI JKOHE aJbICTBI KAKBIHAATBHIN KONTEreH FBhUIBIMH allyblIyJlapra Heri3
oonner (LlommexkoBa, 2008). Om, AfiapiH OeTiHAIHIET1 AaKTapAabl, (a3aisapbiH,
FOmutepanin tepr cepirin (Mo, EBpona, Kanucro, ['anumen) xone acnannarst Kyc
YKOJIBIHBIH CAHCBI3 KOIl *KYJIJbI3AapiaH KypalFaHblH KepceTTi. FbUIbIMHBIH XKoHE
TEXHUKaHbIH JaMybIHBIH apKacbhlHAa ajamM3aT FapbllIKa YIITHI, €HJI aJaM3aTThIH
FapBIIITHI TOJIBIK UT€PYiHIH KaJaMbl Jia ajlbIC eMec.

OpuHe TipuIiik Ke3iHiH 0acTbl Ke3i cy, ocbl Makcarrta actpoHomuap Kyn
KYHeciHiH 0acKa ItaHeTalapbIH KOHE OJap/IbIH CEPIKTEPiH 3epTTEYl KOJIFa ajJIbl.
Hormwxkecinne, FOmuTepain cepiri EBporanbiH 0eTki KabaThl My3/bI KaOBIKIIAIaH
TyparbIHAbIFbIHA 1970 5KbUTBI FAPBIUTHIK 30HI «Bosmkep-2» 3epTTeren 0onaThIH.
1990 sxpibl «I"anuneo» rapeim annaparsl FOmurtepai afinanein etin, EBponanb

! acTponsOus — XyJIbI3Iap/AbIH OPHBIH aHBIKTANTBIH OYPBIII JIILIEYI acrarl

2 KBaPaHT — achaH OOBCKTUICPHIH KOKKHEKTECH OWIKTIriH >OHE ONIap/blH apachiHIarbl
OYPBILITBIK KAIIBIKTBIKTBI OJILICYTe apHAJIFaH OYPHIIITHIK aCTPOHOMHSUIBIK acTiarl

3 ceKCTaHT — OaKbUIAY SKYPri3ieTiH HYKTEHIH reorpausiblK KOOPAMHATAIAPBIH aHBIKTAy MAKCATHIH/IA
FapbII O0BEKTUICPiHIH KOKKUECKTEH OMIKTIIH OJIIey YIITiH KOJIIaHBUIAThIH HABUTALMSIIBIK acTiar
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3epTTeyiep HOTHWXKeciHIe OeTKi KaOaThIHBIH acThIHAA, CYWBIK MYXHTTHIH Oap
eKeH/IiriHe Ke3 JkeTKizmi. Eypomanbik rapermn arentriri 2023 ke 14 coyipae
FOmutepnin my3nel Abnapsin 3eprreyre (Jupiter Icy Moons Explorer JUICE)
aBTOMATTHI IJIAaHETaapaIbIK CTaHIMSACHIH FOnmuTep iy KyHecin 3epTTeyre YIIbIpaAbl
(JloroaroBckas, 2022).

MapcTbl oTapnay-KypAesli MeXaHU3M, OJ KeNTereH XyHeni MiHAeTTepAeH
Typajpl TINTI OHAaFaH XbUIIApAaH KeHiH JIe aJamMFa YIKeH KaKeTTi ToKipruOe MeH
TEXHOJOTUs a3ApIK ereni. Mapc JKepre eH >KakbIH IUIaHeTa OOJFaHIBIKTAaH, OHBI
oTapiay oHai Oonazabl AereH TyciHikrep O0ap. OHIaFbl yakbITKa Toyaainik XKepre
yKcac: KYH 37 MUHYTKa CO3bLIabl, OChIFaH OalIaHbICTHI XKbUT IIaMaMeH 700 KyHi
KYpaiiJipl j)KoHE KOCHIMINA TOpT Me3riire Oemineni. [Lmaneransiy atMocdepacs
TOJIBIFBIMEH KOMIPKBIIIKBUI Ta3bIHAH TYPaJbl. OpHHE, SUTiI eHepTankpim Mnon
Mack (SpaceX) 2016 >xbutbl 67-1111 FapbIIIKEPIIEPIiH XalbIKapablK Ke3/IecyiHe
“MapcTsl oTapnay” k00acklH aliTKaH OonaTeiH. Mapcka ety yiIiH 0ip KpuiFa
KYBIK YaKbIT KEPEK, ajl aZlaM OChl Y3aK YaKbIT apajibIFbIHIA >KaObIK KEHICTIKTE
IPaBUTALMSCHI3, KO3FAJIBICCHI3 OTHIpyFa Typa kenexdi. [lmanerara skeTKeH KyHHIH
©31HJIe, JICHCAYNBIKThl KaJbIIIKa KENTipyre y3aK YakbIT kepek Oomansl. Erepre,
FapBIIITAFbl CAIMAKCBI3ABIKTBIH MOCEJIECiH FalpIMIap OoramakTa KaHaai na oip
meniMin TabaTelH Oosica, MitoH MacKThIH UIESICBIH JKy3ere achlpyFa MYMKIHIIIK
Tyap. Kasipri ke3ne, MapcTeiy OeTiHze eki Oencen i MmapcapOanapsl (MapcoXoaTap)
Oap: exeyi ne AKII rapeimn arentriri NASA Gackaparbin «Curiosity»* xoHe
«Perseverance»® wmapcapOanapsl. Kpitait ¥ITTBIK Fapbilml  OacKapMachIHBIH
(CNSA) «Tianwen-1» MHCCHSACHIHBIH 06JIiri OOJBINT TaOBUTATHIH «Zhurong rover
Mapcap6ackl 20 mambip 2022 xbUTFa qeiin 0enceni 0onabl. YHictad 2024 ®KbIbl
«Mars Orbiter Mission 2» ymslpaasl. YHIICTaH MapcThl 3epTTey MakcaTbIHIA
OeTKi KaOaThIH KapTaFa TYCipy, KIMMaTTHIK JKaFIaiaapabl 3epTTey, COHBIMEH Karap
METaHHBIH 13/1€piH 137ey *oHE OHBIH aTMocdepaarbl KOHIECHTPALUSICHIH aHBIKTAY
00JIBII TAOBLIANEI.

CoHbpIMeH KaTap, TIPIIUNIK K©3iH e3re IulaHeTajapaaH (9k3omiaHera — KyH
KYHECIHEH ThIC JKYIABI3AAp alHalachIHAAFbl IUIAHETanap) i31ey acTPOHOMHS
JKOHE acTpou3uKa cajalapblHAa ©3€KTi TaKBIPBIITHIH Oipi OOJBIN TaOBLIAIIBL.
KyH xyliecineH ThIc maiifa 0oNaThiH IIaHeTaIapAblH 0aCThI TOYEIILIITI OJap/IbIH
OPTaJIBIK KYIJABI3AAPBIHBIH MaccachblHa OaimaHbicThl. OpTajbIK KYIIBI3 JKOHE
9K30IJIaHeTa apachlHAa SBOJIONMS KE3CHIHAE THIFBI3 OalIaHbIC OpHATBIIABI.
[Imaneranblk >KyHenep HBONIOUMSICHIHBIH —AIFAIIKbl KEe3CHJEPiHAE OpPTaJbIK
xynae3 bac tizoekre (I'epummpynr — Paccen auarpamMmacsl  SKYIIbI3AapIBbIH
CHEKTPIIK KJIAcTapbIMEH aOCONIOTTIK O KYIABI3ABIK IIaMachl apachIHAAFbl
0aifIaHBICTHI KOPCETETIH quarpamMmma, 6ac Tizoexre 0i3miH KyH Topi3mi )xyiasiaap)
OpHAaJIACKaH JKOHE MPOTOILIAHETAPIIBIK JUCK Jli JIe caKTajJFaH Ooiybl Kepek. by
KE3€H/e, OPTaJbIK JKYJIABI3IBIH OCTKi KabaThIHIAFbl MPOTOIIAHETANBIK JTUCKiIe
3aTTTHIH aKKPEUMSUIaHYbl SIM30ATTHIK CHIATTa OONIabl, SFHU MAaCCaHbBIH LIBIFYBI

4 https://mars.nasa.gov/msl/home/
5 https://science.nasa.gov/mission/mars-2020-perseverance/
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KOHE KaWTybl aHM3aTpPONTHI KyilJe, Oy IJIaHEeTaHBIH KaJbIITAacyblHA HEMece
xoibutybiHa ocep ereni (Cadponos, 1969).

Backa rutanetanap/abiH TaOUFaThIH 3€PTTEY YIIIH CIICKTPIIEPiH aly MaKCaThIHBIH
6ipi G6obi TabBUTATHIH «J[KeiiMe Y260» Fapsimr TeneckoOsl (JWST).6 «Jxetimc
Y20606» TeneckoObl 17 MEeMIIEKETTIH XaJIbIKApaIblK BIHTHIMAKTACTHIFBIHBIH JKOHE
oHbIH OacTbl yitbiMbl AKII FapbIITHIK KEHICTIKTI 3epTTey *KOHE a’pOHaBTHKA
OoiibiHIIA YATTHIK OackapMachl OOJbII TaOBLIATBIH AYKBIMIBI KYMBICTBIH
HOTIDKECIHJIE XKYy3ere acThl. «/[xerimc Y300» Tenecko0bt 202 1 sKbuThl 25 jKeNTOKCaH
aiipiHIa «ApuaH-5» 3pIMbIpaHbIHBIH KoMeriMeH Kypy (French Guiana) rapeim
alinarelHAH YIIBIPBULIBL. Fapeiin TeneckoObl xKeke aliHa cerMEeHTTEePIHEH TYpaThiH
JKaImel guaMmeTpi 6.5 MeTp OoJIaThIH €H YJKECH FaphIll TelecKoObl. bacTamker
MaKcaThl, aJFaIIKbl XKYJIIbI3Aap MEH TajaKTUKaNapaaH >KapblK KHHAY, OJapIbIH
naiina Oonmybl JKOHE IaMyBIH 3€pTTey, IJIaHeTaNbIK >KyHenepni seprrey. 2022
KBUIIBIH 2 coyip alibiHaa «JxeiiMc Y200 TenecKonbl FUIBIMU aclanTapblH 6CiH
TypaJiayablH O1piHII Ke3eHiH asgKTabl. by ke3eHae )kakblH HHPPaKbI3bLUT KaMepa
Oamrrangel - near infrared camera, gom OGarpiTTay maruuri — fine guidance sensor,
YKaKbIH HH(PAKBI3BLI CIIEKTpOMETp — near infrared imager and slitless spectrograph
KOHE KaKblH MH(PaKbI3bUI crieKTpoMeTp — near infrared spectrograph. Oprama
nHQpaKp3bUT Kamepa — mid-infrared instrument — canKpIHAATYIBI KaIFACTBHIPYAA.
Kaxpin wHQpaKBI3BUT Kamepa HEri3ri KypbuUFbl Oomnbin TaObutansl, 0,6-maH 5
MUKpPOHFa JICHIHT HHPPAKBI3bLT TOINKBIH Y3bIHABIFBIHBIH aiiMaFbIH KAMTH/IBL.

JKanmb! FRIIBIMABI KapanaibIM TIIMEH KOFaMFa KETKI3y jKOHE KOFaMHBIH dJIey-
€TIH apTTHIPY MaHBI3IBI MiHAECTTEPIiH O1pi OOJIBIT TAOBLTA IE. 3aMaHAYH ACTPOHOMHUS
TEK KaHa iprei 3epTTeyiepai KaMThIMaliIbl, 01 FBUTBIMHBIH Oacka cajaiapblHia aa
MaHbI3/IbI OPBIH aliajibl. ACTPOHOMHUSIHBIH QJICYMETTIK KOJJIAHBICTAFbl THIMIUTIT]
— yKacaH/Ibl JKep CepikTepiMeH OaiylaHbICThI, HABUTALIMAA, TAOUFU PeCypcTap/bl
MOHHUTOPUHTIJICY/IE, KITMMATTBIK ©3TrepicTep/Ii 3epTTeyne KoJaanbuianbl. FeurbiM bt
TOpiNTey — KOFAaMHBIH FRIIBIME aKImapaTTapasl KaObuimayra KoJl JKeTIiMII Kypal-
Jap/ibl KOJJAHY apKbUIbl FBUIBIMHBIH MOpPTEOECiH KeTepy KOHE COJ apKblIbl
KOFaMfa FbUIBIMFAa KaWIIbl KEJNETiH aKmapaTTapAblH TapalyblHa Kol OepMmey
(Cakconos, 2021).

3epmmeyoiy maxcamol

Binim Gepy ’koHe FBUIBIMABI HACHXaTTayFa >Karaal jkacay: Marepuaiiap MeH
KYpalmapapl JTaibIHIAy, COHIal-ak IMeOepiik IopicTepli YVHBIMIACTHIPY JKOHE
FBUIBIMIBI-HACHUXATTAY YIIiH IIeOepIIiK-1apicTep OTKi3Y.

bi3 Oimim Oepy »xyieciHiy OapiblK AEHreiiepiHAe FBUIBIMUA aKnapaTThl
JKOHE OHBIH SKOHOMHUKAJIBIK TYPFbIZa TMEPCIEKTHBTIK YPIiCTEpi MEH KOFaMJbIK
KOKETTUTIKTEPre CORKECTITIH, COHIali-aK OHbIH MHBECTHIIUSIIBIK TAPThIM/IbLIBIFbIH
apTTHIPY/BI KETKI3E aaMbI3.

binim Oepy ’koHE FBUIBIMIIBI TaHBIMAJ €Ty YIIiH KOJIAAHBUIATBIH TOCIIAEp:
Oimim Oepy (©OneM Typajibl FBUIBIMHA TYCIHIK KaJbINTACTBIPY, Fapblll Typajbl
JTYHUETAHBIMIBI KAJIbIITACTHIPY, HET13T1 ACTPOHOMUSUIBIK YFBIMAAP MEH 3aHIapMEH

¢ https://www.ama-science.org/proceedings/details/368
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TaHBICTBIPY); TOPOHENTIK (YHBIMIACTHIPYIIBUTBIK JaFIbUIAPABI, TONITA KYMBIC iCTEY
KaOlJIeTiH KaJbIITACTHIPY); NaMBITYIIBUIBIK (JOTHKAIBIK KOHE JAEPEKCi3 OMaybl
JIAMBITY, allbIHFaH OLTIMIII JKaIbIIay JKoHE OipiKTipy KaOijeTiH KaabIITaCThIPY).

TaHpIMall FRUTBIM Ke3 KENTeH KOCHIMINA OiTiMi KOK ajaMFa TYCiHIKTI OOIybI
Kepek. TaHpIMal eTy/IiH HeTi3T1 (yHKITUSCHI OYJT TeK IIBIHAWBI aKIapaTThl TapaTyaaH
FaHa €MeC, COHBIMEH Oipre oJlemre >KapaTbUIBICTaHy-FBUIBIMH KO3KapacThl,
TaHBIMHBIH THICTi 9JIiICTEPiH KaJBIITACTHIPY.

ojicTep MeH MaTepHaJiap, pecypcrap

AcTpOHOHMUS JKoHE acTpoH3HKa O13re KOpIIaraH OpTaHbI )KaKChIpaK TYCIHyTe
MYMKIHIIK O€peTiH, 6Te KBI3BIKTHI KOHE dCepili FHUIBIM OOJBIN TaObLIa kL. bi3re
ONeMHIH Kajail maiiga OoJFaHbBIH, 3BOJIIOLMUSCHIH XOHE KYPBUIBIMBIH 3€pTTEyre
MYMKiHAIK Oepenmi. Heri3inge 3amaHayn acTpoHOMHsS oHE acTpodu3mkana
3epTTEy/iH ayKbIMbIHA OailsTaHBICTHI OipHEIIIe JKyiiere 0ein KapacTeIpyFa Ooabl:

1) Ky# xyiieci;

2) raJlaKTUKaJIbIK aCTPOHOMUST;

3) ranakTUKagaH ThIC aCTPOHOMHUS;

4) ©nemzi ayKbIMbI KYPbUTBIMAAPBIMEH Oipre 3epTrey.

AcTpoHOMUS JKOHE acTpo(H3MKana OOJFaH ayKbIMIBI alllbLTyIap CTYACHTTEP
MEH OKYyLIbUIApABIH OJeMIi TyciHysiepi OolbIHIIa OH-epicTepiH KeHEHTeal xKoHe
BIHTAJIAHABIPabl. JKac OybIH/IBI OYJT FRUIBIMFA TapTy YIIiH, aTaylibl alllbUTyIapMEH
aKIapaTTaHIbIPy KaXKeT:

1. Kyn »xylieciHiH MacimTaObIHAaFbl 3epTTeyaep (TeTHoCceiicMOoNoTus, KYH
naxrapsl, SOHO muccusicel xaHe T.0.) skone Kyn-XKep OaiinansicTapbia (MarHUTTIK
naysutaap, KyHneri skapbuibicTap, FapblIITHIK aya paiibl), TuiaHeTanapra (CyablH
KoHe 0acKa Ja eMipIIiK AIeMEHTTep MEH KOCBUIBICTApABIH OOIYHI) )KOHE OJap/IbIH
Taburu cepikrepine (Ail, FOnuTepain cepikrepi sxoHe T.0.), OHBIH ilIIHJE ONaPIbI
Urepy jKOHE 0Tapiiay BIKTHMAJIIBLUTBIFEL.

2. OJeMHIH yJieMeli Typae KeHeiyiHiH ambutysl (bnuaankos, 2019);

3. ONeMHIH eH alFfalKel Ke3eHiHeH OacTarn JamMybl TypaJibl aKnapar ajxy YIIiH
PEJUKTIK CoyJIeNeHy i 3epPTTey;

4. Ox3omnaneranap — KyH jxyleciHeH ThIC IUIaHeTaxap: COHFbI KbUIAAPHI
actpoHoMmmaap Oi3niH XKep Topizni, Oacka Kynmi (kyiae3ner) aitanmarera 6000-
Fa KYBIK TUIaHETaNapibl TanThl. byn 0i3re, Oi3geH Oacka ojemHiH Oap OOIybl
MYMKiH, 0acKa TutaHTeNIap/sIH 0ap eKeH/IITiHe )KoHe OJapAbIH OipiH/Ie TIpIIUTIKTIH
0oysl MYMKIH jaereH oif-epicti keHeWTte Tycti (Mapos, 2017).” 2019 sxbuibt
9K30IUIaHeTaNIap/IbIH alIbUTyblHa (HU3HKa cajackl OolbiHIIAa HoOenb CHIAIBIFBI
Oepinai®. Kasipri yakpirta Kocion acTpodu3uKTep YIKeH O0akbliay HayKaHIapbiH
KYPrizy/ie )koHe IK30TUIaHeTaIap/Ibl i371ey YIIiH aCTlaH bl CKaHEepJIeY MUCCHSUITAPBIH
Oacranel. bByTiHTi KyHre JeliH S>KMHAKTaJFaH »JK3OIUIAaHETalapasl OaKbuiay
MaTtepHajIapbIHbIH YIIKEH KOJeMi KOIITeTreH KociOn KaybIMIaCThIKTap MEH Y ITTHIK

7 http://www.exoplanet.eu/catalog/
8 https://www.nobelprize.org/prizes/physics/2019/summary/
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FapbIIll areHTTIKTEPiH a3aMaTThIK FHUTBIM’ OacTaMachlH KeTepyre MOKOyp eTeii,
MyHJ1a iepOec KoMIbroTepi MeH MHTepHeTKe KO JKeTIMILUTIT 0ap Ke3 KelreH ajiaM
oNapibl aHBIKTAyABIH JKETKUTIKTI CEHIMJII TPAH3WUTTIK OJICiH KOJIJaHa OTBIPHIIL,
3epTTeIMEereH jKaHa PK30TUIaHEeTalIap/IbIH alllbUTYbIHA YIIeC Koca anabl. Ochkuaiiia
TaOBIIFaH 0aPIBIK OOBEKTIIEp opi Kapail MYKHUST 3epTTey VIIIiH Ti3iMIe eHTi3iIeT.

5. Kapa KypIbIiM — FaphIIITHIH epeKIe Oip aiiMarbl, OYJ1 )Kep/ie TPaBUTAIUSIIBIK
TapTBUIBIC ©T€ KYIITi, COHABIKTAH eIIKAaHAal J>KapblK OHBIH IIIEKapachbIHAH
aca ammaiinel. KyHHIH MaccacklHaH MIJUIMApH €ce YJIKeH eTe MacCHBTI Kapa
KypaeiMaap 6ap, omap CeiipepT ramakTHKaIapbIHBIH OpTajapblHIa OpHATACKaH.
2019 KbITBI XaNBIKAPATBIK FEUIBIMA KayMJIACTHIKTHIH apkackiHna Event Horizon
Telescope!® pamuoTeneckonTap >KeTiCiHIH KOMETiMEH Kapa KYPAbIMHBIH aJIFariKbl
CYpeTi aJbIH/IbI.

6. I'paBUTAIMSUTBIK TOJNKBIHAAP — OYJI 3aMaHayH aCTPOHOMHUSIIAFbl €H epeKIe
amIBLTyIapABIH 0ipi, 071 KOMIAKTTHI OOBEKTINIepAiH — €Ki Kapa KYpABIMHBIH HEMece
€Ki HEeHTPOH KYJIJIbI3IapBIHBIH — KOCBUTY MIPOIECiHIH calapbIHaH maraa 001asl.
¥3aK yakpIT O0HBI DUHIITEHH TeHEYiH HISTTY/IiH MaTeMaTHKAIBIK CaIapbl OOJIBIIT
CaHaJIFaH TPaBUTAIMIBIK TOJNKBIHIAAp OipKarap AKCIEpUMEHTTEpNE CeHIMIIl
TypZe TaOBUIABI JKOHE aHBIKTANbI, HOTIKeciHAe 2017 XpUibl (U3MKa callackl
Ooitbiama HobGenb chiiinmbiFbiHa KoM skeTkizmi.!! Kasipri kesse, rpaBUTANUSIIBIK
tonkbiHaapasl LIGO!? — Laser Interferometer Gravitational-Wave Observatory
(USA) xone Virgo" (Italy) uarepdepomerpiapbiMeH TipKene/i xoHe OomariakTa
anmaybiT KAGRA'™ — Kamioka Gravitational wave detector (Japan) u IndIGO"
— Indian Interferometer Gravitational-Wave Observatory (India) xypannapmen
TONBIKTBIPBUTABI.  DK30IIaHeTalap TOpPi3/di, TPAaBUTAIUSIIBIK TOJKBIHIAPIBI
3epTTEUTIH KOCiOM KaybIMIACTHIK KOJAAHBICTAFBI JAETEKTOPJIAPIBIH OHIMILTITIH
KaKCapTy JKoHe MoJiMeTTep OaHKiHE TIpKeNTeH OKHFalap/Abl aHBIKTay >KOHE
XKIKTey yuriH Oenrimi Oip OlLTiM canachIHIarbl a3aMaTTHIK FHUTBIM OacTaMachiHA
KBI3BIFYIIBUTBIK TAHBITATHIH a3aMaTTap/bl alllbIK TYPJC TapTaabl'C.

7. KapaHFfbl SHEprusi ®oHE KapaHFbl MaTepusi OJEMHIH KYPBUIBIMBIHA JKOHE
JaMybIHA YJIKEH 9CEPiH TYFBI3aThiH, OJEMHIH Kol 06JIiri ochl 3aTTap/iaH TYpaTblH,
0i3re Typa KepiHOEHTIH epekiie KyOwbuibicTap. Onapasl 3epTrey 0i3re OieMHiH
YKAJTITBI KaJlall TaMBbIIT )KaTKAH/BIFBIH TYCIHYTe KOMEKTECEe/I.

I'amMma-coynenik KapKbul oTe KhICKa yakbITTa (OipHeIe ceKyHATaH OipHere
KY3 CEKyHJIKa JCWiH CO3BUTYbl MYMKIH) J>KOHE KYTIIETeH Me3eTTe OOJaThiH
KyObUTbIC. OHBIH Kaii J)Kep/ie — Kail raiakThKaia — KOHe )KapKbUIIBIH Kail yaKbITTa

° https://exoplanets.nasa.gov/citizen-science/

1 https://eventhorizontelescope.org/press-release-april-10-2019-astronomers-capture-first-
image-black-hole

Thttps://www.nobelprize.org/prizes/physics/2017/summary/

12 https://www.ligo.caltech.edu/

13 https://www.virgo-gw.eu/

14 https://gwcenter.icrr.u-tokyo.ac.jp/en/

15 https://www.gw-indigo.org/tiki-index.php

'¢ https://www.zooniverse.org/projects/zooniverse/gravity-spy
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naiija OonarbiHBI Oenrici3 ce0ebi, Oy KYOBUIBICTHIH JKapbUIBIC TaOWFAaThIMEH
CHUIaTTaja bl, OUTKCHI OYJI XKapbUIbICTAp KYJIABI3IAPAbIH COHFBI Ke3€HIEPiHACT1
CBIFBUTY HOTHIKECIHJIe O0CAThIIAThIH TPaBUTALUSIIBIK SHEPTHACHIMEH OaliIaHBICTHI.
CoHbIMeH Kartap, raMMa-cayleJeHy JKep arMocdepacblHaH OTIIeii, COHIBIKTAaH
OHBIH JKapK €TyiH TEeK FapbIIUTHIK TeJecKonTaH Oakpliayra Oomansl (Mészaros,
2019; Burgess, 2020; Komesh, 2023).

By actpoHOoMHsT MeH acTpodu3MKa calalapblHbIH 3epPTTEyre YCBhIHATBIH
OaFpITTAPBIHBIH KillIKeHe 0odiri rana. JKac yprakka ochl cayiajapAarbl €H COHFBI
KaHAJBIKTAp MEH JKETICTIKTep Typajbl akmapar Oepy osiapIblH KOKKHEKTEpPiH
KEHEHTyTe ’KOHE FRUIBIMJIAFbl ©3 OaFBITTApPBIH TaHAayFa MYMKIHIIK Oepe/ti.

CoHbIMEH KaTap, 3aMaHayH Ka3aKCTaHAaFbl ACTPOHOMHUS ’KHE acTPO(YU3NKaAAAFbI
KAHAJBIKTapAbl ~CTyAETTEpPre, OKYyIIbIJIapFa, JKajlbl KOFaMfa HacHxaTrTay
MaHbI3JIBI MIHAETTEpiMiH Oipi Oonbim TabObuiambl. KazakcTanmarbl ACTpPOHOMUS
OKy JKOCHapbIHJIA: MEKTENTepie acTPOHOMHS apHabl >KeKe TIOH peTiHIe
OKBITBUIMAMIbI, OipaK OKymIbUiap OacTayblll ChIHBINTapAa «KapaTbuibICTaHy»
MoHI — Oy OapibIK KapaTbUIBICTaHy FHUIBIMIAPBIHBIH HETi3Ti YFBIMIapBIH
KYHENEHTIH )KoHE TYCIHIIPETIH FBUIBIM CaJachl, OH/Ia JIEM TypaJlbl KaJlIlbl aKHapar
Oepineni. 7-ceiHbpITa (DU3MKA TOHIMEH Oipre OKyLIbUIApFa ACTPOHOMUSHBIH
YKaIIITBI YFBIMIAPHI YiipeTineai. KyH xyiieci Typaiibl, OHBIH iITiH/IE TIIaHEeTalap/IbIH
eJIILeM/Iepi, OJapAblH OpOMTaNapbl KOHE KYH MEH AWIBIH TYTBUIYBl Typajbl
akmaparrap oepinei.

AcTpoHOMUS camackl OoiibIHIIA koFapbl Oumimai  KaszakcraHHBIH €Ki
KanaceiHaa: Anmarbina an-®Papadu areiHaarel Kaszak yaTTBIK YHHBEpCUTETIHAE, '
coHmaii-ak llerpomaBn kamaceiHmarel M. Ko3bibaeB arbiHmarel  ConrycTtik
Kaszakcran yHuBepcurerinme'® amyra Oonazpl. YHHBepcHTEeTTEp OasachiHIa
XKanmel acTpoHOMUS, IPAKTUKANBIK acTpopusnka, Actpodusuka Herizaepi, Kyn
KyHeci MeH [amakTuka acTpoU3UKachl, allHBIMANIbIl KYJIIBI3AAP, aCTPOMETPHS,
rajJakTHKaZaH ThIC aCTPOHOMMS MOHAEP] OOMBIHILIA JopicTep, MPAKTUKAIBIK XKOHE
3epTXaHaIBIK cabakTap >Kypri3iiesi.

ACTpOHOMUSUIBIK FBUIBIMH 3epTTeyiep Kaszakcran PecryOnukachl nngpisik
JaMy, THHOBAITUSUIAP JKOHE a’pOFaphIll OHEPKICiOi MUHHUCTPIITiHIH A3poFaphIil
KoMuTeTiHe KapacThl,'” B. I. ®eceHKOB aTbIHAaFbl ACTPO(QU3UKAIBIK HHCTUTYTTA
(PADU) xyprizineni. DADU KazakcTanmarbl aCTpOHOMESI JKOHE acTpoQH3UKa
CaNachIHIAFBl ipremi 3epTreyiep OOWBIHINA JKETEKIi FhUIBIMH YHBIM OOJBIT
TaobLTIAABL. 2

ConbsiMeH Karap, Kamenka ycripriageri 1450 meTp TeHi3 IeHreiiHaeri OiKTiKTe
opHajackaH ACTpO(M3MKAIBIK MHCTUTYTBIHIA ACTPOHOMHS KOHE acTpodu3nka
OOMBIHINA FRUTBIMIbI-HACHXATTAY JOpicTepi OTKI3imemi.”!

7 https://www.kaznu.kz

18 https://www.nkzu.kz

1 https://www.gov.kz/memleket/entities/kazcosmos?lang=ru
20 https://fai.kz

21 https://fai.kz/excurs/lect.html
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Conpnaii-ak, on-®apabu arteiHAarel Kazak YNTTHIK YHUBEPCHUTETI OKHUTHIH
CTYIEHTTEPJICH TYPaThIH aCTPOHOMHUSIIBIK KITyO Oap yoHe eniMi3/IiH 0aThICHIH/IAFbI
AKkTebe KaacsIHIa «AKTO0E O0OBICTHIK IUTaHETapUiii» opHanackad. [Imanerapuiine
ACTPOHOMMUSI, FAPBIIIKEPITIK OOWBIHIIIA TaHBIMAJ JSPICTEp OTKI3iNe/i, HKYJIIIbI3/IbI
acmaH MeEH achaH KyObUIbICTapblHAa OYEeCKOW acTpoHOMAap Oaxbliaylapabl
YUBIMAACTBIPBINT  OThIpaAbl. byn mnanetapuii Eypoasusiiblk  miaHeTapuidiep
JocTacTeIFBIHBIH KypaMmbIHa Kipeni. Ilnanerapuiize acTpOHOMUSIAAH Ka3akK KoHE
OpbIC TUIIEpiH/IE JopicTep oTKi3ine .

ACTPOHOMUS FBUIBIMBIH HACHXATTAY HOTHIKeJIePi

Kazakcranma ©OAOU 2021-2023 xbuigapra apHanrad  BR10965141
«PoOoTTansipbuFan Teneckonrap, Big Data TeXHOIOTHACH )KoHE KOFapbl OHIMI1
€CeNTeyIi KYHenep Heri3iHae YITTHIK BUPTyalibl oOcepBaropus Kypy» (OymaH
opi — ¥BO) Garmapnamacel IieHOepiHAe BHPTyaiasl IiatgopMa Kypbuigbl.”
LeHBl  MyparaTTel TUPPIaHIBIPYILIH omicTeMeci kacanmasl (Shomshekova,
2022). GADU >1eKTPOHIBI-ONTUKAIBIK TYPJICHIIPTIINEH alblHFaH cehdept
rajJakTHKaJIaphbl, IUIAHETAPIIBIK TYMaHIBIKTAapbIH CIICKTpOrpaMMaiapsl (I1aMmaMeH
10000 xysIk) mrdpranasl. COHBIMEH KaTrap MyparaTrarbl 0acka 1a 00beKTUIep/IiH
CHEKTPIIIK MAJIIMETTEP TOJIBIK LU PIAHBIIN KOHE OIap/Ibl 3aMaHayu Oargapiamana
eHJIeyiH omictemeci kacamabl (Shomshekova, 2023). bi3niH Oaxpinayiapabiy
ApTHIKIIBUIBIFBI, TOJIKBIH Y3bIH/BIFBIHBIH KbI3bUT aliMarbiHia, Ho alimareinaa sxoHe
OFaH KAaKbIH AMHCCHSUIBIK ChI3bIKTapAa opblHaangsl. COHBIMEH KaTap, KajFaH
cnekTpiik mamimertep (60% nedtinri), HP+[OIIl] smuccusibK CBI3BIKTapaa
anpHAbl. 1970-1990 >Kkputmapbl ONTHKANBIK OaKbLIayTap/AblH JKallbl CaHBIHAH
cekTpig ~ 20-25 % Oeirin “KbI3bLT” aliMaKTarbl OakplIaynap Kypaasl. Celidept
raJlakTUKaJapbIHBIH MaJliMeTTep 0a3achiHa 013/1iH Ho SMHCCHSIIBIK CBI3BIKTAp YIIiH
AJBIHFaH HOTIKEINIEPiMi3 YIIKeH YIIeCiH KOCaIbl.

¥BO cryneHTTep MEH MarucTpaHTTap, COHIaH-aK JOKTOPAHTTap ©3ACpiHiH
3epTTeyiepi YIIiH OpTYpili acTPOHOMHSUIBIK OOBEKTiiep OOWbIHINA OakbuIay
MOJIIMETTEpPiH MaijajiaHa ajaThlH Tamamla KOCBIMILIA pecypc OOJbIN TaOblLaabl.
Bupryanner miardopma Kynasl3ap, TalakTHKauap, IUlaHeTajgap oHe T.0.
CHSIKTBI 9PTYPJIi aCTPOHOMMSUTBIK ©0BEKTUIEP Typajibl KONTETeH MAJliIMETTepre KO
XKeTkizyre MyMkiHzik Oepeni. ConbiMeH Karap, ¥BO monimerTepin naiganany
CTYIEHTTEP MEH 3epTTEyIIiIepre acTPOHOMHUS Typajbl OLTiMIepi MeH Kociou
JOpEKENIePiH KEHEWTyre, HaKThl MAIIMETTEPMEH >KYMBIC ICTEyre >KOHE OJap.bl
03 3epTTeyiepiHe KolJaHyFa MYMKIiHIIK Oepemi. byl skac FanpIMaapabIH Kocion
JaMyBIH/IaFbl MaHBI3/IbI KaJaM JKOHE XKaJllbl aCTPOHOMMS FHUTBIMBIHBIH J1aMybIHA
BIKIAJ €TE.

Ocpuraiima, ¥BO cTyaeHTTep MEH 3epTTeyLIiepre FhUIBIMU 3epTTeyJIepiHe
KOMEKTECETIH, OJIapbIH JKYMBICHIHBIH Carachl MEH TEPEHJITIH apTThIpyFa *KOHE
ACTPOHOMUSUIBIK KaybIMAACTBIKTBIH JaMyblHa BIKMAJ €TETiH KYH/BI Kypas OOJbII
Tabbu1aabl. OCHI aTaIFaH XYMBICTapAbIH HOTHXECiHAEC ACTPO(U3NKAIBIK HHCTUTYT

2 https://planeta-aktobe.kz
Bhttps://vo.fai.kz
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XaJblKapaiblK BHPTYaIabl 00CEpBaTOPUSIAD albsHCBIHBIH KypaMbiHa Kipi.”*
Bbyn BO etki3yre MyMKiHZIK Oepy VINIH KaXETTi TEXHHUKAJIBIK CTaHIapTTap.bl
TaJKBUIARTHIH )KOHE KeJTiCeTiH YIbIM. byt yiibiMFa 24 MEMIIEKETTiH aCTPOHOMUSITBIK
MeKeMelepi Kipesi.

2021-2023 sxputbl, B.I. decenkoB aTbiHIaFb ACTPO(PHU3UKAIBIK MHCTHTYT KOHE
HNonocdepa nHCTHTYTHI Oipriece oTHIpHIN, FaphlmThIK jkaFmaliaan xadapaap 0oy
(SSA — Space Situational Awareness) yIIiH YITTBIK KYHEHI Kypy OarbITTajFaH
Oarmapmamanbl  askTambl. Ocbl Oarnmapiama asChlHAA TUIAHETAMBIIBI  asiay
MakcaTbiHAa XKepMmeH mrarbiH actepouAThiH (2013 xbutel 15 aknanma denssOnHCK
METOPHTIHIH KYJIAybl TOPi3/li) COKTHIFBICYBI a/IaM3aTThIH eiMiHe jkoHe JXKepaeri
aliTapibIKTall KUpaybIHA OKEITyl MYMKIH.

XKepre xakpia o0bekTinep (opi Kapair — XKOKO) (Near-Earth object) - 6y Kyn
KYWECIHIH Ke3-KelTeH Killll IeHeTepi, oJIapIbiH opOuTaIapsl Keiiie onapasl XKepre
YKaKBIHATA bl ACTIaH OOBEKTUIePiHIH epuTesui (OpOUTaHBIH eH )KaKbIH HYKTEC1 ),
AKXKO peringe 0,983 Ten 1,3 acTpoHOMUSUIBIK Oipiikke neiiHri (astronomical
unit (AU)) obbexrinep. AKKO Oyn HeriziHeH acTeponaTap, KOMETalap *KOHE
FapBIITHIK KoKbpIcTap. Kimi mmaneranap opransirsl (Minor Planet Center) Gapibix
BIKTUMAJIIBI KayilTi acTepOnIapT KoHe OacKa Ja Killli IeHeIep Typalibl aKIapaTThl
Kapusutan oteipanbl.”® Kimi mianeranap opransiEbl CMUTCOH acTpo(U3HUKAIBIK
o0cepBaTopHsChIHAA XaTbIKapallblK acTPOHOMISUTHIK 01akThIH (IAU) F Gemiminig
KaMKOPJBIFBIMEH KYMBbIC >kacaiinbl. Meicansl, 2024 >xpuiasiH 14 aknmaHeiHAA
BIKTHMaI KayinTi actrepous; BR4 Xepre sxakpin O6omansl, 6ipak actepoun XKepre
aca kayin tenaipmeiini. Ommemi 130-300 M GomateiH OyI1 acTepous Oi3/1eH o3iHIH
MUHUMAIIJIBI KAIIBIKThIFbIHA JKeTe 1 (4,6 MITH.KM, AfiFa IefiHT1 opTallia KallbIKTHIFbI
mamameH 12 ece). CoHmplKTaH actepounarapiaaH JKepai Kopray MakcaTbIHa
xaneikapaiblk anramkel muccuss DART (Double Asteroid Redirection Test) — Koc
ACTepOH/ITHIH OaFbIT-OaFAaphlH ©3TepTY/i ChIHAKTaH OTKI3y Muccuschl Falcon
9 (Space X) 3BIMBIpaHBIMEH VIIBIPBUIFAaH OONAThIH. Byl MUCCHSHBIH Makcarbl
DART 3onasiabiH [MOpdoc acTepouiHe COKTBHIFBICYBI apKbUIbI, OHBIH Junnm
acTepoH/IbIHA YJey Oepy apKbUIBI TPaeKTOPHSHBI e3repTy. bizmiH Accel-Typren
obcepBaropusicbiHga auamerpsl 1.5 merpaik A3T-20 TeneckoObIHBIH KeMeriMeH
COKTBHIFBICY YaKbITBIHIA JKOHE OJ[aH KEWIHT1 aJfalllkbl MUHYTTapJa allbIHFaH
CHEKTPIiK OaKbLIay MOIIIMETTEP1 JKOHE TaJIay HOTHIKENepi ablHABL. Tanaynapapiy
HOTIDKECIHIIE 9cep eTy Ke3iHJIe KOHe OJlaH KeiliH OipHelle MUHYT ilIiHIe maiina
oomran Nal, Lil sxone K1 cinriik meranmap MIBIFapbIHABUIAPBIHEIH OeNTiNEepiH
kepceTTi (Shestakova, 2022). Hormxecinge, 2023 >buibl AcCTpo(U3HKAIBIK
HHCTHUTYT XaJIbIKapasblK aCTepPOUATHIK KayinTi anapid any (IAWN)  yiibIMbIHBIH®
KypambIHa Kipzi. by yiteim BY ¥ KaMKOpIbIFbIMEH O0acKapbLIaIbl.

3amMaHayu aCTpPOHOMUSIHBIH TaFbl Oip Mocerneci FaphITHIK KOKbIcTap. Fapsimn
KOKbIcTap — JKepni aifHanmbIll ©TeTiH, OipaK ICTEH IIBIKKAH JKACaH/BI CEpIKTep

2 www.ivoa.net
2 https://www.minorplanetcenter.net/
% www.lawn.net
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HEeMece oJ1ap/aH KajiFaH KaJAbIK MaTepuainaap. by marepuangapapiy enmemi aca
KillIKeHTal GOsTyJTbI KAJIJIBIKTaH YJIKSH METaUT OoiKTepiHe aeiin 60mybl MyMKiH.?
KoxkpicTapabrg ke Oeitiri sxkep Oetingeri 2000 KMtoMeTp KallbIKTHIKTa OpHAIACKAH
TOMEH Xep opOuTachiHIa, KeHOip KOKpIcTapAsl SKBaropaaH 35 786 KuioMmeTp
KOFapbl T€0CTAI[OHAPIIBIK OpOuTaaa Tabyra 6omaapl.” FeutbiMu Mozensaep JKep
OpOUTACHIHIAFBI FAPBIII KOKBICTAPBIHBIH JKaJITbl KOJIEMiH Keneciaen Garamaiipl:?’

1) 29 000 o6bekT — 10 cM acaThH eIIIeMIED;

2) 670 000 oOBexT — 1 cM acaTbIH eeMAeD;

3) 170 MunmorHaH actaM 00beKT— | MM acatbiH enmeMiep. Ocbl 00bEeKTUIEPIIH
Ke3-KeJTeHi JKYMBIC iCTeN TypFaH Faphllll KEMECiHE 3aKbIM KeNTipyi MYMKiH.
Meicanbl, 10 caHTUMETp OOBEKTIMEH COKTBIFBIC 9JIETTETI Kep CEpIKTiH armaTThl
(parMeHTauusCHIH TYABIPYBl MYMKIH, ajl 1 caHTHMETp OOJIaTbIH KOKBIC FapbIIl
anmnapaTbiH iCTEH MIBIFAphIN, XaJbIKapajblK FAPBILTHIK CTAHIUS KaJKaHIapblHa
€HYi MYMKIiH, a1 | MHJUTMMETp OOBEKT FaphIIl KeMeCi OOPTHIHIAFHI 11K KYHenepIi
Oy3yBl MYMKIH.

2023-2025 xbiigapel Ne BR21881880 "KazakcTaHABIK >KOHE XaJbIKapabIK
ONTHKAJIBIK KypalJapAbl >KOHE WHHOBALMSIIBIK TEXHOJOTHMSIAPABl KOJIAHBII
ACTPOHOMUSUIBIK 3epTTey XaObiH Kypy'" (Oyman opi — Actpoxal) Oarmapiamachl
meHOepiHae OuTiM Oepy MEH FBUIBIMJIIBI HACcHUXaTTayFa KarJail jkacay MiHJAETI
KOUBIIIBI.

Ocpl cebenten, Accol-Typren oocepBaropusceinaarsl Zeiss-1000 TeneckonsH
(1-cyper) »xorapsl OiNiKTI MamMaHAApIbl Jaspliay MaKcaThIHIAa CTYJASHTTEP MEH
MarucTpaHTTapra TaHBIMAJI/FBUIBIMU J9PICTEp OTKi3y KOHE TarjbIMIaMagaH eTy
MaKcaThIH/a KOJAaHyFa KalTa >KaHFbIPTY MiH/ETI KOHBUIIBL.

1 cypert. Accel-Typren o6cepBaropusichiHnarbl Zeiss-1000 Tereckonst

27 https://interconnectedrisks.org/unu-chs

28 https://www.britannica.com/technology/space-debris

» https://www.esa.int/Space_Safety/Clean_Space/How many space debris objects_are
currently in_orbit
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Zeiss-1000 TemecKoIbIH XKaHFBIPTY OOWBIHIIA KeJeCi JKYMBICTap KYPTri3iiii:
Typa mapsikray ocinig (RA) Herizgemeci, MOTOpBI, OacKapyIIbl TYHiHI, KaMEPaHBI
KOCHIIT-OIIIPETIH MOAYIb, TEIECKONTHl OAaCKapaThH KOMIIBIOTEPIIK OaFaapiaMa
XKOHE T.0. KacaKramasapbl aybICTBIPBIIIBL.

CoHbIMEH KaTap, TEJECKONTHI 0acKapy >KOHE ajaThlH CYpeTTEpiHiH carmachlHa
CBIHAK >KYMBICTApPbI JKYPTi31111 ’KOHE aJfallIKel aCTPOHOMUSUIBIK KaJpiap ajbIHIbI
(2-cyper) xoHe xakchl HoTIKenep kepcerTi. NGC4219 ranaktukacel Llentasp
LIOKXYJIIbI3bIHAA opHajackaH. 2011 Uil Oyl rajakTHKaga €Ki per aca KaHa
xynaeizaap xapk erti SN 2011hp - Ic xxone SN 2011am - [b tuntepine xararsin
aca )aHa JKYJAbI3IAPIAbIH KapK eTynepi Oonsl.

2 cypert. Zeiss-1000 TeneckomnbH kaHFEIPTY HoTIXReciHAe anbiHFal NGC 4219 ranakTukacer

ConbiMeHn Karap Oy Oargapiama asChIHIA —acCTPOKJIMMATTBI  3€pTTeEy,
Oyl 3eprrey OarbIThl MaHBI3IBI ce0eOi Oacka Ja MmeT el MEMJICKTTEPiHIH
Accrel-Typren oOcepBaropusiCbIHIA ©3 TEJIECKONTAaphlH OpHATy MakcaTbIHAA
KBI3BIFYIBUTBIKTAPBIHBIH apTybl, ce0ebi kbuibiHa 200 KYBIK acCTPOHOMUSUIBIK
OakpUIay TYHIEpiHIH Oomybl. ©30excTaHHBIH Maiiganak obOcepBaropusichiHaa™
apHaiibl acTpoknuMarTsl MoHUTOpHHTLIEHTIH DIMM acna®er G6ap. by acman
Differential Image Motion Monitor (DIMM) XXynnei3napiaslH — KeCKiHiHIH
muddepennmanapl Tipinin enmerim acnan. Ocbl acanThl 6i31€ opHATy OaFBITHIHIA
KBI3BIFYIIBUTBIKTAp 00CEpBAaTOPUSHBIH aCTPOKJINMATBIHBIH HAKTHI MTapaMeTpIiepiH
aHBIKTay/aH TybIHAab!. by OonamakTa XanslKapaiblK FBUIBIM MEH TEXHOJIOTHUSTHBI
YIITacThIpaThlH AcTpoxal OpTajbIFbIH KYpyFa Heri3 Oosaabl.

30 http://www.astrin.uz
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KopbITBIHABI

Kazakcranna uudpranaslpyasl AaMbITy JKoHE YJIKeH MamiMmertepni (Big
Data) naiinanany 3amMaHayd acTPOHOMHSI MEH acTpO(M3MKaHBIH MYMKIHAIKTEPiH
aliTapibikTail sxakcapraabl. ¥ BO jkoHe AcTpoxal CHSKTHI jkaHa OaraapiiaManap
asIChIHJA KOWBUIFAaH MIHACTTEPAl KE3CH-KE3CHIMEH ISy JXOHE XaJIbIKapallbIK
JICHI'eiIer1 acTpOHOMUSI MEH acTpodu3nKa cajachiHIarbl OarbITTap/bl JaMbBITyFa
MYMKiHIiKTep amanasl. ¥BO MeH AcTpoxa0 Ka3aKCTaHABIK YHUBEPCHUTETTEPIi
ACTPOHOMHUSI JKOHE acTPO(H3HKA CANaChIHAAFBI MAIIMETTEPAl, oAicTepai, Oipiecin
naiananyra >KoHe OTaHABIK FBUIBIMIBI AaMBITYFa BIKHAJ €TETiH Iuargopmainap
Ooubin TaObLIaABL. Byt mtaTgopmanap xac MamMaHaap MEH CTYACHTTEpre FhUTBIMU
3epTTeysiep KYPrizy, OKBITY kKoHE TOxipuOe ayMacy OolibIHIIA Oiperei pecypcrap
MEH KypajaapAbl YChIHAIBI.

Koramra FbUIBIMABI HacHXarTay »JKOHE caslayaTThl FBUIBIMH KO3KapacThl
TopOMesney MaHbI3AbI MiHACTTEPAIH 0ipi 00JIbIT TaObLIaABI. By FEUTBIMABI TAHBIMAIT
eTyTe bIKIAall eTe/li )KOHE KacC YPIAKThl FRUIBIMHU KbI3METIICH aifHaJIBICYFa TapTabl.

JKorapbia al ThUTFaHAapABIH O9PIH KOPBITHIHBLIAN Kejle, ONeMIe aCTPOHOMUS
FBUIBIMBIHBIH JlaMy TEHJCHIUsCHI Oaiikananbl. Kazipri kesze onemje mamMaMeH
13 MbIH apHaiibl MaMaHJaHIBIPBUIFAH acTPOHOMIAp XXYMbIC xkacaiabl. Kasip
OpTYpi OOBEKTIIEp MEH HHHOBAaLUIIAPABl 3EPTTCYMEH aiHalbIcCaThlH TYPIi
XaJIbIKApaJIblK OPTaIBIKTAP CAJIBIHBII )KaTKAHBIH aTall OTKIM Keliei. Tek OipiieckeH,
MEMJICKeTapalibIK KYIII - )KirepMeH FaHa 013 OChI LTIM/II XaJIbIK aPaChIH/a TAMBITBIII,
KEHIHEH HacHXarTal ajlaMbl3.

XaunbIKapanblK neurenae Oipnecin KYMBIC JKacaynbIy 0acThl
ApTBHIKIIBUIBIKTAPBIHBIH Oipl pecypcTapibl, Kap KbUIaHIBIPY MEH capanTaMalibIK
Oimimai OipikTipy MYMKIHAIri OonbIll TaObUIagbl. Byl ylikeH FhUIBIMH KoOanap
KacayFa, jKaHa TEXHOJOTHsUIap MEH TEJECKONTap »KacayFa, allbiC FajJaMHBIH
OypBIIITapBIH 3€pPTTEYTre JKOHE KEH ayJUTOPHSIHBIH KaHa KbIPbIHAH KOPIHyre
MYMKIHJIK Oepei.

CoHnpaii-ak, acTpOHOMHSHBI XaJIbIK apachlHAa JaMbITy >KOHE TaHbIMall €Ty
MaHbBI3/Ibl MIiHAETTEpP OOJNbIN TaOBUIATBIHBIH aral OTKEH >KOH. XalbIKapalbIK
opTajbIKTap MeH yiHbiMaap Oimim Oepy OarmapiamaiapbiHa OeliceHIi Typle
KOCBLJIa aJiaJibl, KOIIIUTIK aJJIbIH]IA IOPICTEp MEH JICMOHCTpAIMsIIAp OTKI3E anajibl,
FapBILITHI 3epTTEYTre KOOIpEK agaMaapIblH HAa3apblH ay/lapy jKOHE KbI3bIFYIIBUIBIK
TaHBITY YIIIH MyOIMLIUCTUKANBIK ic-IIapajap YHbIMAACTHIPA alaibl.

Ocpuiaiiia, acTpOHOMUSI MEH acTpo(U3MKaAarsl OipJecKeH MeMIIEKEeTapasbIK
Kym-xirep Oizain Famamasl 3epTTeyre oHe TYCiHyre, COHIAH-aK OHbI TaHbIMAIl
eTyTe JK9HE OCBI KBI3BIKTHI 11iMre Ko0ipek agaMaap/bl TapTyFa KeH MYMKIHIIKTEp
alaapl.
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Abstract. A key feature of intergel systems is that hydrogels do not interact
directly in solution. Acidic and basic hydrogels act remotely within the system,
thereby altering the electrochemical properties of the solution (Fazli Wahid, 2020).
This work is to study the electrochemical properties of aqueous environments
as a result of the remote interaction of hydrophobic hydrogel intergel systems
consisting of poly (methacrylic acid) (hPMAC) and poly(2-methyl-5-vinylpyridine)
(hP2M5VP). The specific conductivity and the pH dependency of the aqueous
environment over time and molar ratio are discussed. That the specific conductivity
of the aqueous environment reached its maximum value 24 hours into the experiment
for hydrogels with a 2:4 ratio, while the pH value decreased compared to its initial
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value. At certain ratios of acidic and basic hydrogels, compared to the original
hydrogels, the lowest conductivity values were recorded at ratios of 5:1 and 3:3,
where the maximum value was observed. After 8.5 hours of testing, an increase in
the conductivity of the aqueous environment was observed at hydrogel ratios of 4:2
and 2:4. The pH value of the environment significantly decreases at a ratio of 4:2. In
these intergel systems, the maximum conductivity value almost corresponds to the
minimum pH value. In the intergel system hPMAC:hP2MS5VP with a hydrogel ratio
of 1:5, the conductivity of the environment reached a maximum value of 8.0 after
8.5 hours of remote influence and then decreased to 2.8. The figure shows that in the
case of the poly(2-methyl-5-vinylpyridine) hydrogel with a 0:6 ratio, conductivity
does not change significantly over time. The pH of the environment decreased from
7 to 6.07 over 8.5 hours. Changes in specific conductivity were observed for all
molar ratios of hydrogels. The observed changes in conductivity of hydrogels in the
intergel system of poly(methacrylic acid) and poly(2-methyl-5-vinylpyridine) and
the formation of oppositely charged and neutralized ions indicate the presence of
remote interaction effects between hydrogels. Thus, upon activation, the hydrogel
becomes highly ionized. As a result, the electrochemical properties of the solution
change, as well as the conformational and sorption properties of macromolecules.

Keywords: hydrogels, remote effect, ion exchange resins, intergel system,
specific conductivity, pH value
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AnHoTaumus. MuTepremmi >kyiemepmid ©0acTbl epeKIIelniri, epiTiHmimeri
THAPOTEIBACPIIH apachlHAa TIKEIEeH opeKeTTecymiH OonmMaybiHaa. KeIKBIIIBIK
YKOHE HET13/1K ITOJIMMEPITi TUIPOTENIbIep KYHe e KalTbIKTBIKTaH 9CeP €Tyl apKbUIHI,
ePTIHIIHIH ICKTPOXUMISUIBIK KacueTTepin esrepreni (Fazli Wahid, 2020). Cupexk
TOpJIaHFaH THIPOTEIhAEPAIH TomuMeTakpiil Kekbuibl (TIIMAK) men momnm-2-
MeTmi-5-suaunmrpuant (TII2MSBII) uateperenbai sxyienepidiH KambIKTHIKTaH
OPEKETTECYi HOTMKECIH/IE CYIIBI OPTAHBIH dJICKTPOXUMUSITBIK KACHETTEPIiH 3EPTTEY.
Exi ruaporensiiH Heri3iHAe KYpbUIFaH MHTEPTENIIK KYHEHIH CYIIbI OPTaChIHBIH
MEHIITIKTI AJIEKTPOTKI3TIMTITIHIH )koHe pH KOpCceTKINmHIH yaKbITKa )KOHE MOJBIIK
KaTeIHACTapbIHa Toyenaiiiri Kapacteipsuiasl. TIIMAK:TII2ZMSBII runporensaepi
2:4 xaTpIHACTAPBIHIA CYNBI OPTAHBIH MEHIIIKTI IEKTPOTKI3rimTiri 24 cararran
COH MaKCHMYM MOHT€ JKeTTi, ait pH kepceTkimri 6acTarmkbl MOHMEH CalIbICThIPFaH/a
ToMeHAereH. KBIMKBUIABIK JKOHE HETI3AIK THAPOTEIbACpAiH Oenrim  Oip
apakaThIHACKIHIa0acTaKpITHIpOTeNNbaepMeH canbicThipranaarl IMAK: TII2MSBIT
Kyrecinin 5:1 skone 3:3 KaTbIHACTApBIHAA DJICKTPOTKIBTIMITIKTIH €H TOMEHTI
KOPCETKIMTEP1 TIPKEIII, THAPOTEIBACPIIH €H KOFApFhI OCICCHAUTIK aifMaKTaphl
Oaiikanaapl. 3epTTeymiH 8.5 caraThIHAH COH THUAPOTEIbICPIiH 2:4 KaThIHACKIHIIA
CYJIBI OpPTaHBIH 3JIEKTPOOTKITIIITIT >KoFapblularanbl Oaiikamansl. Optansiy pH
MoHI 4:2 KarbiHAckiHIA pH KepceTkimn alTapibIKTali TOMEHIETeH1 OaiKarabl.
Jlom ochl HHTEpETeNbIl JKYHenepae dMEeKTPOTKI3TIMITIKTIH MaKCUMaIsl MoHI pH
MHHUMAJIIBI MOHiHE nepiik coiikec kememi.TIIMAK: tII2MS5SBII wnTeprensmi
KyHeciHae THaporenbAepAiH 1:5 KaTblHACBIHIA OPTAHBIH JJIEKTPOTKI3TIIITITI
KAIIIBIKTaH ocep eTymiH 8.5caraThlH/Ia MAKCHMYM MOHTE &-T¢ JKETIIl, apbl Kapai
YaKbBIT OTKeH calbrH 2.8-re meiin temeHaeni.0:6 KaTbIHACKIHIA TIOTU-2-METHII-5-
BUHIITTAPHUINH THIPOTEIT KaTBICHIHIA 3JICKTPOOTKI3TIIITIH YaKbIT OT€, aca KaTThI
e3repicke yIbpIpaMaraHbl cyperre kepcerinreH. OpransiH pH kepcerkimi 8.5
cararThIH inmiHAe 7 KopceTKintineH 6.07-re TYCKeH. MeHIIIKT1 SIeKTPOTKI3TIMTIKTIH
©3TepeTiHI THAPOTEIBACPAIH OapIBIK MOJBIIK KAThIHACTAPHIHAA OalKaJIbI.
3eprTeneTin TUAPOTETBIACPIIH KallILIKTaH OpeKeTTeCyi WHTEPTEIbIi
JKYWENepIiH TOIUMETAKPHI  KBIIIKBUTBI MEHITOJIH-2-METHII-S-BUHIITTHPUINH
THAPOTCIBACPIHIH  ANEKTPOTKI3TIMTITIHIH ~ ©3repyl  JKOHE  KapaMa-KapChl
3apsaTaIFaH HOHIAp MEH OcTapanTaarad HOHIAP TY3Yi, THAPOTEIbAC) apachbiHaa
KaIIBIKTaH opekeTTecy dddekTiciniyg 6ap OomFaHbIH KopceTeni./[eMek, akTHBTEeHY
OapbICBIHIA THUAPOTETBACD >KOFAphl HMOHIAHFAH Kyire kememi. HoTmkecinme
EPITIHAIHIH JIEKTPOXUMUSIIBIK KACHETTEPiHIH 03TrepyiHe, KOHPOPMAITUSIIBIK JKOHE
MaKpOMOJIEKYyIaTapAbIH COPOIUSIIBIK KACHETTEPIHIH O3TepyiHe abIT KeIeIi.
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Tyiiin ce3nep: ruaporenbaep, KAIIBIKTaH acep €Ty, HOHUTTEP, MHTEPrenbi
KYHe, MEHIIIKT1 ANeKTPOTKI3rimTik, pH kepceTkimi
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AnnHoTtanus. KimroueBoil 0COOEHHOCTBIO MHTEPIeNEBbIX CHCTEM SIBIISETCS TO,
YTO TUAPOTENIN HE B3aUMOAEHCTBYIOT HEMOCPEICTBEHHO B pacTBope. KuciaoTHbie
1 OCHOBHBIE THJPOTeNd JAEHUCTBYIOT B CHCTEME IMCTAHIMOHHO, TEM CaMbIM
W3MEHSIS AJIEKTpOXUMHUYecKkre cBoiicTBa pactBopa (Fazli Wahid, 2020). Uzyuenue
AEKTPOXMMHUYECKUX CBOMCTB BOJHBIX Cpe€l B pe3yibTaTe JAUCTaHIMOHHOIO
B3aUMOACUCTBHS TUAPO(YOOHBIX THAPOTEIEBbIX HHTEPTEIBbHBIX CHCTEM COCTOSIIINX
n3 nonumeTakpwioBoit kucaoTel (rIIMAK) u monu-2-MeTuin-5-BUHUITUPUANHA
(rII2M5BII). B cratee oOcyxkmaeTcst yaedbHas 3JICKTPOIPOBOAHOCTE U
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3aBUCUMOCTH pPH BOAHOM cpeibl OT BpeMEHH U MOJIBHOTO COOTHOMICHUS. YAeIbHas
ANEKTPONPOBOJIHOCTD BOJHOM CpeJIbl JOCTHralla MAKCHMAIBHOTO 3HAYCHUS Yepe3
244acoB ombiTa IS THAPOTeNedl ¢ cooTHOUIeHWeM 2:4, MpH 3TOM 3HAuCHHE
pH cHmwxanoch mo CpaBHEHHIO C MCXOOHBIM 3HaueHHEM. [Ipu ompeneseHHbIX
COOTHOIICHUAX KHCIIOTHBIX 1 OCHOBHBIX FHI[pOFeHCﬁ 10 CpaBHCHUIO C UCXOAHBIMU
TUAPOTeIIMU CaMble HU3KHE 3HAaUEHHSI JIEKTPOIPOBOAHOCTH ObUIN 3a()UKCUPOBAHBI
npu cootHomreHnu 5:1 u 3:3, rae Habmoganach MakcuMalbHOe 3HaueHue. [locie
8,5 4acoB MCHBITaHWI HAOIIOAACTCS] YBEIUUYEHHE BJICKTPOIPOBOAHOCTH BOAHOM
CpeIbI IPH COOTHOIICHNHU Tuaporeneit 4:2 u 2:4. 3nauenue pH cpenpl 3HAUNTETHHO
CHUIKACTCA MPU COOTHOLICHUN 4:2. B 3THX MEKTIeleBbIX CHCTEMaX MaKCUMaJIbHOE
3HAQUCHHUE 3JIEKTPONPOBOIHOCTH MPAKTHUECKH COOTBETCTBYET MHUHHUMAJIBHOMY
3Hadennto pH. B unteprenesoii cucreme rlIIMAK:TII2MS5BII ¢ cooTHOIIEHNEM
rugporesieit 1:5 31eKTponpoBOIHOCTE CPEAbl JOCTUINIA MAKCUMAJIBHOTO 3HAYSHHUS
8.0 wepe3 8,54 MMCTAHIMOHHOTO BO3MCUCTBHSI M Jajee CHH3WIach mo 2,8. B
cllyyae TMOJIU-2-MeTHII-5-BHHUIMTUPUANHOBOTO THIpOTENs ¢ cooTHomenuneM 0:6
3NEKTPONPOBOJHOCTh CYILIECTBEHHO HE H3MEHsAeTcsi co BpemeHeM. pH cpensbt
camsmica ¢ 7 1o 6,07 3a 8,5 waca. MI3MeHeHus: yaenbHOM 3JIeKTPONPOBOAHOCTH
HaOmo#anuch Uil BCEX MOJBHBIX COOTHOLICHSX rujaporeneid. B pesynsrare
HU3YYCHHBIX JUCTAHIMOHHBIX B3aHMOIIeI71CTBPIS[X MEXKAY THAPOTreIIMU U3MCHCHUC
ANIEKTPONPOBOJHOCTH THIPOTENICH B MHTEPreJeBOM CHCTEME MOTMMETaKPUIOBOH
KHACJIOTBI U TOJH-2-METHJI-5-BUHWINHPUANHAN O00pa30oBaHHE DPAa3HOMMEHHO
3apsSPKCHHBIX U HCﬁTpaJIHE}OBaHHLIX HNOHOB CBUACTCIILCTBYCT O HAJIMIUHN 3(1)(1)CKTOB
JUCTAHIIMOHHOTO B3aMMOACHUCTBHS MEXIy ruaporesiMu. Takum oOpaszom, mpu
AKTUBAIlUMX TUAPOTCIIb CTAHOBUTCA BBLICOKOMOHU3WPOBAHHBIM. B pe3yiibTare
W3MEHSIOTCS 2JIEKTPOXUMHUUECKUE CBOMCTBA pacTBOpa, a TAKKe KOH(popMalnoHHbIe
1 COpOLIMOHHBIE CBONHCTBAa MAKPOMOJIEKYJI.

KirwoueBsblie ciaoBa: ruaporeny, 3pQeKT nanbHOACHCTBUS, MOHUTHI, UHTEP-
rejeBas CUCTeMa, yaelbHasl JIEKTPONPOBOJHOCTb, IOKa3zareiab pH

Kongpnuxm unmepecos: asmopwi 3aseisiiom ob6 omcymcmeuu KOHGIuUKma
UuHmepecos.

Kipicne

WuTeprens xylenepiH 3eprreyre apHaiFaH >KYMbICTapia THAPOTENbIEPIiH
©3apa aKTUBTCHYI 3JICKTPOXUMHUSIIBIK, KOJIEM/IIK TPABUMETPHUSUIIBIK KaCHETTEP/IIH
e3repyiHe aiftapmeikTaii ocep ereriHiH kepcerti (Yskak, 2023). AnapiHFBI
JKYMBICTap/Aa THIPOTENIBACPAIH CEICKTUBTUIINH O0JDKay YIIIH MHTEPreNhb Kyiie-
CiHIeri MOoNMMEpHiH e3apa AaKTUBTCHYIHIH ocepi MEH OpeKeTTeCyIli THApO-
TeNIEPIiH KAIIBIKTEIKTaH OPEKETTECY Ke3iHIe e3apa OpeKeTTecy HOTIKECIHJIe
onjekaiaa OenceHai Kylire aybicathiHbl Ooipkamaamabl (Yan Yin, 2023).
3epTTeyiaepaiH HOTWXKECIHIE ajblHFaH JepeKTep KBIIKBUIIAD MEH HEeTi3IiK
TUJIPOTeNIbACPIe HETI3ACITCH UHTEPreNb KyHenepl apTypill MOHIAPMEH HOHJIBIK
KOHE KOOPJAMHALMSIBIK MEXaHU3MJCP apKbUIbl KaIBIKTaH OpEKeTTeCyTe
kaOinerti ekeHpirin kepcerti (Can Zhou, 2022). CoHABIKTaH, THAPOTeNh OCT-
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TECy apKbUIbl TOJIBIK OpEKeTTece AJIMANTBIHIBIKTAH OJap/AblH e3apa ajbICTaH
opeKeTTecy MYMKIHIITIH 3epTTey Makcar erin Konbsuiasl (Leimapokpam Sophia
Devi, 2023). DnexrpeTki3rimtik, pH-MeTp KoHe rpaBUMETpHUs 9/1iCTepiMEH 03apa
OenceHnipity MYMKIHAIKTEpiH aHBIKTAy MAaKCaTbIH/IA ITOJIMMETAKPHI KBIIIKBIT
rugporeni ([IMAK) sxone nomnu-2-metni-S-suHunnupuaus rugporeni (I1I2MSBIT)
WHTEpreAl JKYHEeCiHIH CyIbl epiTiHAUIEPIHIH 3JIeKTPOXUMISIIBIK KacHeTTepi
seprreai (Jumadilov, 2023). Mosekynanapbl XUMESUIBIK )KOJIMEH CUPEK TOPJIaHFaH
THIAPOTENBACP SPTYPJi SOiCTEpMEH ajbIHATBIH MOHAJIMACTBIPFBIN IIAHbIpIapra
xarazapl. byn marepmangapablH KypbUIBIMBIHIA KOpIIAFaH OpTaMEH HOHIApbIH
aJMacThIpa ajaThlH QYHKIMOHAIABIK TonTapkl 6onaasl (Jumadilov, 2021-2024).

Oxcnepumenmmix 6enim

3epmmeyee Kasxcemmi Konowipeviiap: Cyabl OPTaHBIH 3JICKTPOOTKI3TIITITIH
xoHe pH emmey yurin korykromerp MAPK 603 (Peceit) skone pH—meTp Metrohm
827 pH-Lab (IlIBeiimapus) KOHABIPFBUTAPHI MTA1aIaHBIIIL.

Marepuannap: Tirymi arent N,N-metunen-6uc-akpunamun xome K.S.O,,
Na,S O, TOTBIFY-TOTBIKCBI3IaHY KYHECI KATBICBIH/IA TIOJTMMETAKPHIT KBIIIKBLIBIHBIH
THIPOTEIepl CHHTE3IEIiHIT albIH bl 3epTTey JUCTUIIJICHICH Cy OPTAaChIH A KOHE
0eMe TeMIepaTypachlH/Ia KYPTi3iii.

3epmmey obOvexminepi: Tunporenbiep HETi3IHIAE WHTEPresl JKYI Kypay
ywin rIIMAK: rII2MS5BII runporenpaepi KonganbUabl. bapiblk skypriziiren
TOXKIpUOETiK JKYMBICTap  OeimMe TeMIleparypachbiHAa >Kyprizinmi. WMHTeprenmi
KYHEeHI 3epTTeydl Kenlecied Typle >Ky3ere achlpbULABL CajMarbl OJIICHII
aNpIHFAaH opOip KYpPFaK THUAPOTENh >KeKe WIBIHBI CY3TilmTepre OeJiHIN peTneH
canbiHpl. Cy3rilTepIiH KeyeKTepi THApOoreliep/IiH AUCIEPCHsICH YIIiH OTiMCi3,
al TOMEH MOJIEKYJaJIbIK HOHJAp MEH MOJeKyJjauap YIIiH eTiMIi OOJbIl KeJemi.
OpOip TUIpOTreNb CaJdbIHFaH OIOKCTEp MUCTHIIICHTCH Cy KYHBUIFAH CTaKaHIapra
canbIHAbl. Op TYPIl yaKbIT HHTEPBAIBIH/IA CYJIbI €PITIHAIHIH AEKTPOXUMUSIIBIK
esrepictepi (MEHIIIKTI AJIEKTpOTKI3TImTIK, pH) emmenai. 'ems opHamackaH
CYHBIKTBIKTBIH pH m1amackl MeH 9JIEeKTPOTKI3TIIITIMH CTaKaHHAH THUAPOTeIb
casbIHFaH OIOKCTHI alfaHHAH KeHiH aHBIKTANIbI.

Haru:xesiep kdHe o1apabl TAJIKbLIAY

Typai pyHKUIMOHA B TONTAPBI Oap MHTEPETelb i )KYHeaepre apHaIFaH 3epTTey
YKYMBICTAPBIHBIH HOTIKECI THIPOTENIBACPAIH 03apa aKTUBTEIY1 OJIApIBIH OpPTYpPIIi
e3repicTepre YIIBIPAaUTBHIHIBIFBIH KopceTin OoTblp. Cylbl opTaza HHTEpreibli
XKYHeHiH O0Iybl TYpJli TpOoIeCcTepiH KypyiHe cebermri 6omasl. [lomm-2-meru-
S-BUHHITHUPHUIAH — IAPHIMH CAKHHAIAPHI 0ap CHHTETHKAIBIK osumep. [Tupunna
CaKkuHaJapbl OFaH €PEKIlIe XUMHUSIIBIK KaCHEeTTEeP/li, COHBIH ILIHAE METalgapMeH
Kypaeni 0oy KaOimeTiH KoHE >KOFapbl XHWMILSUIBIK TYPaKTBUIBIKTHI Oeperi.
[MupuanH cakMHACBHIHBIH OOMybIHA OAalIaHBICTBI MOJU-2-METHII-5-BUHUIITUPUANH
opTypii 3artapMeH opekertecy Kabinmerine uwe  (Maria Dolores Ramirez-
Alba, 2024). Op Typii KarblHacTa aJIbIHFAH WHTEPresl *KYHeCiHIH MEHIIIKTI
ANIEKTPOTKI3TIMITITIHIH CyJabl OPTAJaFbIyaKbITKa KOHE TUIAPOTENbIEP/IIH MOJbIIK
KaTbIHACTapbIHA TOYEJIUIITI 1- CypeTTe KOpCeTIITeH.
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Cypert. 1. TTIMAK- r[I2M5BII nnteprenai »xyHeciHiH MEHIIIKTI JI€KTPOTKI3TIIITITHIH CYIIbI
opTaaarkl TUAPOTEIbICPAIH MOJIBIIK KaThIHACTAPBIHA TOYCIILIITI.

VYaxpiT oTkeH caitbid TTIMAK:TII2MSBII xkyifecinig opTypiii KaTblHacTap YIIiH
OacTarnkpl AIEKTPOOTKIBTIIITIH €H )KOFAPFbl HYKTEJIEPiH, THIPOTENbICPIiH CyMeH
YKaHaCy yaKbIThl yJIFaiifaH call bIH MAKCUMAJI bl )KOHE MUHUMAJIJIbI JIEKTPOTKI3TLITIK
aiimMakTapbl Oaikanaapl. Typial MOJBIIK KaTblHACTA 3JCKTPOOTKI3TIIITIH MOHI
op Typii MoHre me Oonazapl. 3eprreydid 24-mn caratsinga [IMAK: T12MSBIT
rugporesibaepi 2:4 KaTblHACHIHAA CYJIbl OPTAHBIH MEHIIIKTI 3JCKTPOTKI3MIIITIKTIH
MOHIHIH JIe3/le ©CyiH, TI'MAPOreJbIACPAiH KallbIKThIKTaH Oip-OipiHe acep eTyi
HOTHXKECIHAE, Kochbimina OH-MOHIAphIHBIH Maiijga 00jdybl HOTHKECIHIEC Jell
Tycinaipyre Oosazpl. Ce0eli, y3ak Mep3iMii OpPEKETTECYIIH HOTHKECIHIC
MOJIUMETAKPUI  KBIIIKbUIBI MEH  IOJU-2-METUJI-5-BUHWINMPUAUH  TelibAepl
epITIHIIACT] 3apsaTairaH OeJIIIEeKTEP/IiH KOrapbl KOHIEHTPAIIUSICHIH KOPCETEI.
KpIIKBUIABIK KOHE HETI3MIK THUAPOreNbIAepAiH Oeiriai Oip apakaTblHACBIHA
Oacrankbl ruaporenbaepmer canbictbipranga TIIMAK:rII2MSBIT skyiiecinig
5:1 sxoHe 3:3 KarblHACTAPBIH/IA AJIEKTPOTKI3TIIITIKTIH €H TOMEHIT KOpceTKimTepi
TIPKEJIII, TUAPOTEIbACP/IH CH XKOFapFbl OCICEHIUIIK aliMaKTapbl OaliKaaibl.
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Cypert. 2. rlIMAK- rI[I2MS5BII unTepremni xyieciHiH MEHIIIKTI IeKTPOTKI3TIMITITHIH CYIIbI
OpTalarbl yaKbITKA TOYCI LTI,
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8.5 cararraH COH TUAPOTENbICPAIH 2:4 KaTbIHACBIHAA CYJIBl OpPTaHbIH
AIIEKTPOOTKI3TIIITIT )KOFapIaFaHbl Oaifkata bl MyH 1Al KyOBLUTBICTHI, THAPOTEIbACD
e3apa aKTUBTCJITCHIH JKOHE >XOFapbl HMOHJAHFaH KYHIe KOIIKEHIH KallbIKTaH
ocep eTy KesiHae Oomaisl Aenm TYKbIpbIMpacak Oonazabl. Jluccounanusiany
KOHCTAHTACBhI KOFapbl KapOOKCHII TOOBI Oap THApOreNbAep KallbIKTaH e3apa acep
€TKEeHJIe, OPTaHBIH 3JIEKTPOTKI3TIMITIK MOHI JKOFapbuTaiifpl. KapOoHwmnai Tonrap
aNJIBIMEH MOHMaHabI, KeliH kapOokcunar annoH —COO  men H' cyTek noHbIHA
auccounanysiananbl. KallbIKTBIKTaH ocep €Ty Ke3iHae THApOoreNbAep e3apa
AKTHBTEINITCHIH JKOHE JKOFapbl HOHJIAaHFaH KYHIe KelIKeHiH Oaiikayra Oomanel. Comn
ce0erITi AucconnaIus MpoIeciH/ie CyJIbl OpTajia MPOTOH HOHAAPHI TY31IEI].

Cyperren OaiikaranbiMbiznail TIIMAK:TII2MSBIT xyiiecinin  5:1 xone 3:3
KaThIHACTApbIH/IA 8.5 caraTTaH COH, AJIEKTPOTKI3TIMTIKTIT ToMeHaewH . MyHmai
©3repicTi, KapOOKCHI TONTApbIHBIH JWUCCOLMALMSUIAHYBIH TEXEHTIH KOoHE
THIPOreSib MOHIAPBIHBIH €PKiH KO3FalyblHa OereT >KacaThIH KOMIUIEKCTEPAiH
Ty3inyiMeH TyciHmipyre Oomanel. TIIMAK: TTI2M5BII unTeprensai xykecinae
THAPOTENbACpAiH 1:5 KaThblHACHIHIIA OPTAaHBIH SJIEKTPOTKI3TIIITITI KaIlbIKTaH
ocep eTymiH 8.5 caraTka JKeTKeHJIe, MaKCHMyM MOHTe 8-Te JKeTil, aphl Kapait
YaKbIT OTKEH caifblH 2.8-re feiin TemeHeni.0:6 KaTbIHachIHIa TOTH-2-METHII-5-
BUHWJINMPHUANH THIPOTENI KaThICBIHIA AIEKTPOOTKI3IIILITIH yaKbIT 6T€, aca KaTThl
@3TepicKe YIIbIpaMaraHbl CypeTTe KOPCETUITeH, SSFHA epPITiH/I/Ie )KaHa HOHIAPABIH
naiza 6omysl JKypMereHnairid 0omkayra 6onaabl. Cyibl opTasa KapOOKCHII TONTAaphI
MeH cy MonekyinanapeiaelH HY, OH monnmapbeiHa ancconuanusuiany OapbIChIHIA
TY3UIETIH CyTeK MOHAAPBIHBIH KOCBUTYbI KE31H/IE TOJIN-2-METHII-5-BUHUIITUPUINH
KaTHOHIBI rujaporeni HoHgaHaigsl. OH  3apsATapAblH  KalIbl  MeJjepi
opeKeTTecylep Ke3iH e Cyabl opTaia a3assl. | uuporen OenmekTepiHiy enmemaepi
YJIKeH OONFaHIBIKTAH CyNbl OpTajaa Kosrana ajaMaiabl. MHteprenai kyiene exi
renaig Oenrim Oip KaThIHACTAPBIHIA AIEKTPOTKIBTIMITIKTIH JKOFaphl IIaMaliapbl
KapOOHWJIZI TONTapAblH AWCCOLMALMSACH MPOTOHHBIH a30T TeTepoaToOMIapblHa
accolMalysIaHy npouecineH 6ackiM OOJIaTbIHBIH KepceTeai. by BuHUIMMpuana
a30T aTOMAAPBIMEH CYTEK HOHAAPBIHBIH acCOLMAlMsIaHybIHBIH TOMEHACYiHEeH
Oomyel MyMmKiH. MyHBIH ce0ebi TyHiHapalblK Ti30ekTepaeri OybIHAapABIH
KOH(pOpPMaLMSUIBIK  e3repicTepi Oomybl MyMKiH. 3apsinranran NH Tonrapiasin
Oenrini KOHLEHTpaLMsJIapblHAa IOJUMEPIIIK IIyMaKTapAbIH >KABIPBUIYBl MEH
MTPOTOHHBIH OalIaHBICTHIPYBIHBIH a3atoblHa okeneTiH > N...H" ...N= tunreri imxi
MOJICKYJaJIBIK TOpJap Ty3ilnyl MyMKiH. IlonmmeTakpun KbIIKBUIBI MEH MOJIH-2-
METHWII-5-BUHWINIAPHUINH TeNbJIEPIHIH WHTEPreNbal Kyieci epiTiHmiinepiniy pH
IIIaMAChIHBIH YaKbITKA TOYSJIIIIT 3-1ITi CypeTTe KeNTipijareH.
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Cypert. 3. TIIMAK:rII2M5BITunTepremnni xyiiecinin pH cyibl oprafars! yakbITKa TOYeIUTIT

WuTepreni syHeHIH KaThIChIHA CUPEK TOPJIAHFaH MOJTUMETAKPUI KbIIIKBLTBI
MEH  IOJIU-2-METHJI-5-BUHWITTUPUIUH TIOJIMMEPIIIK TOPJApbIHBIH CYJIbl OpTajaa
CYTEeK HOHJApbl KOHIICHTPAIMSACHIHBIH e3repici Oaiikamasel. 5:1 KaThIHACHIHJA
cyibel opranbiH pH MoniHIH (.5cararTa MakCUMyM MOHTe 7.9-Ke JKeTil, apbl Kapai
pH kepcerkimii 2.5 cararta TeMeHel, 6.5 caraTka ®KETKEHC KaliTa KOTepuUIreHIH
OalikaybsIMbI3Fa Oonael. KepceTinren HOTHKENEp MOMUKBIIIKBUT OackiM OoJFaHia
epiTiHiHIH OacTanke! yakbiTTa (1 KUCHIK) skyiiene pH 1mamackl sxorapbl 00JIaThIHBIH
KepceTe/i, iucconuaius ke3inie H' MoHbIHBIH 0611HY KbLIIaM/IBIFbl TTOJIMHETI3Te
KaparaHjia nojukeimkbuiaa (1,2,3 kuceirsl) xorapsl. Kapookecnin COOH ToObIHBIH
JUCCoIManusia O6eJiHy >KbUIIAMJIBIFBI TOMEHJICI, COHBIH HoTIkeciHae pH
opracel eceni. Con cebenti, H* MOHBIHBIH KOHICHTPALUAICH €Ki IMPOIECCTiH
Terne-TeH IriH aHbIKTan oThipanpl. Epitinainin pH mamacer TIIMAK:rI12M5SBIT
4:2 KaThIHACBIHJA MHUHUMYM apKbUIbl ©T€ OThIpa TOJMBUHUINUPUINH YJICCIHIH
apTybIMeH OiptiHjgen tyce Oacrtaiibr4-cyperre TIIMAK:rII2MSBIIT unTeprenmi
XKyHeciHiH pH mamachIHBIH THAPOTEIBACPAIH Op TYPIl MOJBIIK KaTbIHACTapbIHA
TOyeJIUIIrT OCiHEICHTeH.

—m— 0,5car|
'DH —®— 1,5car
—4A— 2 5car
7,6 - —Ww—4,5car
\ 6,5car|
T —<4— 8,5car
7,4 A
e
"] /'\\ \
X
7.0 o s
* T /2
~ .
6,8 ~_
,/ A
6.6 ) AN -
B \4
MMAK 60 24 1'5 oG Morkimons

rm2mMsBIn

Cyper. 4. rTIMAK:rI12MSBIIunTeprenni sxyitecinin pH cysbl opTafarsl yakbITKa TOYeIilir
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CypeTTe, yaKbITKa KaTbICTBI THAPOTENBICPAIH 0apIbIK KaThIHACTApHI yiIiH pH
IIaMachIHBIH ©3repreHi Oaiikananel. 3eprreyaid pH moni 0.5 carar yakpIT ©TKEH
Ke3Je, 6:0 KaTbichiHachiHIa pPH KepceTKinTiHIHMOHI MaKCUMAaJIbl ©CKEH,all KeHiH
yakpIT oTe kene OipriHmen pH kepcerkimii TemeHuereHi Oaifkananbl, MmyHaa pH
KOPCETKIIIIHIH JKajmbl TCHISHIWSIIAH aybITKy Oaiikanamel. byn ToxipuOeHiH
0acbIHIa KYpAETipeK XUMHSIIBIK IPOIECTiH OOMYbl MYMKIH €KEeHIH KepCeTel.
MywMmKiH, OyJT Ke37ie monMMep Ti30eKTepiHiH AUCCOIMANUSIaHybIMEH OaiIaHbICTHI
ocepiep opTaHblH pH-bIHA TONBIK ocep eTrieyi HeMece epiTiHiHiH pH-bIH yakbITIa
TYpaKTaHIbIPAThIH NOH aJTMACy OPBIH ATy MYMKIiH. 2:4 KaTbIHACHIH 1A CYJIb OPTaHbIH
pH wmoHiHiH 4.5cararta TeMeHJEyl CyTeri WMOHIAPBIHBIH KOHIICHTPAIUSCHIHBIH
YKOFaphIIayblH KepceTeni. MHTeprenai xxyie YIIiH Cyibl opTaja CyTeKTiH TOMEH
KOHIICHTpaNUsIIaphl TUAPOTENbaepaiH 4:2 xoHe 1:5 KaTelHACTaphIH/A OaiiKama b,
Oyl gepekTep ToxipuOe KY3iHIE AMEKTPOTKI3TIMITIK OOWBIHINIA HOTHKEICPMEH
colikec Kene/i. 3epTTeyiH 8.5-caraThIH/Ia, TPOTOHIAPBIH KOHIICHTPAIHSICH TOMEH
OosFaHbl THIpOTENbACPAiH 3:3 KaThHACBIHIAA OalKanaabl, OyJl MOJEKYTAilIiTiK
accolMarTaplblH bIABIPAaybIMEeH TYCiHmipineni. 0:6 KaThIHACBIHIA TOIH-2-METHII-
S-BUHWINAPHUINH THAPOTENl KaThICHIHIA OpTaHbIH PH kepceTkimn 8.5 caraTThiH
inrieae 7 kepcetkintineH 6.07-re TYCKeHiH OaiKai ajampl3.

KopbIThIHABI

3eprreynepAiH  HOTHXKECIHIE, MEHIUIKTI BJIeKTPOTKI3TIITIKTIH ©3repeTiHi
THIPOTENbACPAIH OapiblK MOJBJIK KaTbIHACTaphlHAAa OalKamabl. 3epTTeNneTiH
THJIPOTEIbACP/iH KAITBIKTaH SPEKETTECY1 HHTEPTelbIl )KYyHelep IiH MOIUMEeTaKPIIT
KBIIIKBITBl MEH TIOJH-2-METHII-S-BUHWINUPUANH THAPOTENBICPIHIH 3IEKTp-
OTKI3TIIITITIHIH ©3Trepyi JXoHe KapaMa-Kapchl 3apsATalifaH WOHJAp MeH Oeii-
TaparnTaaFaH HOHAap Ty3Yi, THAPOTENbIEP apachlH/Ia KAIIBIKTaH opekeTTecy 3 dek-
TiciHiH Oap OonFaHbIH Kepcereni. JleMek, akTHBTeHY OapbICBhIH/IA THAPOTEIbIED
JKOFaphl HOHJIAaHFaH Kyire kememi. HoTmkeciHae epiTiHIIHIH 3IEeKTPOXUMUSITBIK
KacHEeTTepiHIH e3repyiHe, KOHPOPMAIUSIIBIK )KOHE MaKpOMOJIEKYIaIapIblH cOpo-
IUSUTBIK KACUETTEPiHIH 03repyiHe abIl Kelei.
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Abstract. In recent years, there has been a growing interest among researchers
in developing mucoadhesive dosage forms utilizing natural polymers due to their
biocompatibility, biodegradability, and non-toxic nature. Polymer hydrogels,
particularly, are gaining traction in ocular therapy for enhancing drug delivery
efficiency and safeguarding the cornea from damage. These systems must possess
mucoadhesive properties to adhere to the eye's mucous membrane effectively. This
study focuses on creating a prototype of eye drops utilizing a modified natural
polymer, alginic acid, and exploring its main physicochemical characteristics
and potential practical applications in ophthalmology. The chemical modification
of alginic acid with glycidylmethacrylate was undertaken, and spectroscopic
analyses, including IR and NMR spectroscopy, revealed signals indicative of the
glycidylmethacrylate double bond within the methacrylated alginic acid, with
no signals associated with the epoxy group. The physicochemical properties of
polymer solutions were assessed using UV-spectroscopy and viscometry. It was
observed that the viscosity of methacrylated alginic acid increases with higher
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concentrations of glycidylmethacrylate in the initial mixture and decreasing
temperature, with an optimal effective polymer solution concentration determined
to be 1 w.%. Furthermore, prototypes of dosage forms in the form of eye drops
were successfully developed for the first time using the synthesized polymers.
Their mucoadhesive properties were evaluated through in vitro studies on the
cornea and eyelids of sheep eyes. This comprehensive approach provides insights
into the potential application of modified natural polymers, such as methacrylated
alginic acid, in ophthalmic formulations, highlighting their suitability for ocular
drug delivery systems with enhanced mucoadhesive properties.

Keywords: alginic acid, glycidylmethacrylate, chemical modification,
mucoadhesion, ophthalmic dosage forms
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AHHOTanus. 3eprreymiepai TaOuru MOMUMEpiep HETi3iHIeri MIBIPHIITHI
aATe3UsIIBIK JOPITiK (hopManapbl skacay OarbIThl KOOIpEK KbI3BIKTHIPYA, OUTKEH1
onap OuoyIeciM/Ii, OMOIOTHSITBIK BIIBIPANTHIH )KoHE YiIbl eMec. OChl KaCHETTePiHIH
apKaceiHIa OuoromuMepiep oQTaTbMOJIOTHIIBIK AOPUTIK (hopManapsl peTiHe
’KaKChl KaJublnTackaH. [loauMmepiti rumporenbaep JKETKI3UIeTIH IpenaparTapabiH
TUIMJIUTITIH apTTHIPY MaKCaThIH/IA XKOHE KO3 KaObIFbIH 3aKbIMIaHY/IaH KOPFay YIIIiH
Ke3 TepanuschiHna KongaHbuiaabl. COHbIMEH Karap, MYHAAH >Kyhenep Ke3aiH
HIBIPBIITHI KA0ATHIH A Y3aK YaKbIT CAKTaJy YIIiH IIBIPBIIITH KaObICKaK KACHETTEpre
ne 0omysI KepeK. LI BIpBIIITh KAOBIKTHIH YKOFAPHI OTKI3TIIITIT1 I9P1TiK popManapIbIH
0acka TypiepiMeH CalbICThIPFaH/a MIBIPBIIITH aATe3USIIBIK TOPLTIK (hOpMaHBIH
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MYMKIHAIKTepiH KeHelTeni. by »xyMmpic MomuduKanusiianFal TaOUFd TOJTUMEpP
— aJI'MH KBIIIKBUIBI HETi3iHIe KO3 TaMIIbLIapbl TYPIHIET1 JOpiTik (hOpMaHbBIH
MPOTOTHIIIH JKacayfa, HETI3rl (U3UKa-XUMUSUIBIK CHUIIaTTaMallapblH aHbBIKTayFa,
cOHmaii-aK o(QTaIbMONIOTHsIIa ajbIHFAH YJATIIepAl ToxipuOene KoIaHyIbIH
MEPCHEKTUBANBIK aCIEKTUIEPiH aHbIKTayFa apHalIFaH. 3epTTeydiH Heri3ri GpusuKa-
XUMUSIIBIK 9MICTEepl PETiHAE KYMBICTa TpaBUMETpHs, BUcko3uMmeTpus, 1H-SIMP-
cnekrpockornusi, MK-cniekrpockonusi, YK-criekrpopomerpust, tudpepeHnnanibi-
CKaHepJiey KaJIOpUMETPHSICHI KOHE in Vitro ycray KabiJieTiH 3epTTey KOIIaHbUIa bl
UK -, SIMP cnexkTpoCKONHMACHIHBIH HOTHXKEJIepi OOHMBIHIIA METaKpUIIACHICH
QJIBI'MH KBIIKBUIBIHBIH CIIEKTPIIEPiHAC DIMIUIMIMETaKpUWIATTBIH Koc OailaHbIC
CUTHAJIIAPBl Oap JKOHE HMOKCHITI TOMKA KATAThIH CHUTHAJIAAP KOK CKCHJITI
aHpIKTaNABl.  YK-CIIEKTpOCKONHMST KOHE BHCKO3MMETpPHUSI OJICTEpl  apKbLIbI
MOAM(UIUPICHTEH TOJIMMEpJIep EpITIHAICIHIH (HU3NKa-XUMHUSUIBIK KacHeTTepi
3eprrenai. bacrankel Kocnazarbl DIMIMIMIMETAKPUIAT KOHLEHTPALMSACHIHBIH
KOFapbUIaybIMEH OJKOHE TEMIIEPaTypaHblH TOMEHAEYIMEH METaKpHIICHICH
QIBIMH KBIIIKBUIB ePITIHIUIEPIHIH TYTKBIPIBIFBI JKOFAPbUIAWTHIHBl aHBIKTAIIIBI.
MonudukauusianFal YAriIepaiH ONTHKAJIBIK THIFBI3ABIFBIH 3€PTTEY HOTHKENepi
OOMBIHIIA, METAKPWIIJICHTEH aIbI'UH KIIIKBUIBI epITIHAIEPiHIH KOHIICHTPAIHSICHI
1 macc.% neiiH OHTAMIBI KOHE MOJAIp €KeHi aHBIKTaNIbl. AJFam perT Ke3
TaMIIbUIAPbl TYPIHJETI albIUH KBIIKBUIBIHBIH MOIU(UKANMSIIAHFaH YITiIepi
HETi3iHAe JOpimiK ¢dopMajapAblH MOPOTOTUNTEPl AalbIHABI JKOHE OJapIbIH
MYKOQITe3UsIIBIK KacHeTTepi in vitro ycray KaOuleTiH 3epTTey ojiciMeH KO
KO3iHIH KaOBIFbI MCH KaOaFbIHA 3€PTTEY JKYPTi3UTIIT CHIHAIIBI.
Tyiiin ce3mep: aJbI'MH KBIIIKBUTBI, TIHAUIAIMETAKPUIIAT, XUMHUSUIBIK

MOJIUUKAIS, MyKOAAre3us, 0(pTaaIbMOIOTHSUIBIK TPk hopmanap
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AnHortanus. VccrenoBareneii Bce OOJIbIIE PUBJICKACT HATIPABICHHUE CO3/IaHUS
MYKOQ/IF€3UBHBIX JICKAPCTBCHHBIX (DOPM Ha OCHOBE MPHUPOJHBIX TOJIUMEPOB, TaK
KaK OHU SIBJISIFOTCS OMOCOBMECTHUMBIMHU, OMOpasIaraeMbIMU W HETOKCUYHBIMH.
bnaronapst aTMM cBo¥icTBaM OHMOMOIMMEPBI XOPOIIO 3aPEKOMEHIIOBAIM CceOsi B
Ka4eCTBE IA3HBIX JIEKapCTBEHHBIX (popM. [TomMepHbIe THIPOTEIIH UCTIONB3YOTCS
B TJIA3HOH Tepamuu JUIs TOBBINICHHUS APPEKTUBHOCTU  JIOCTABIIEMBIX
JICKQpCTBEHHBIX BEILIECTB M 3alllUThl POTOBUIBI Ivia3a OT mnoBpexacHui. [lpu
ATOM TaKWE€ CUCTEMBI JOJDKHBI 00J1aJlaTh MYKOAJI€3MBHBIMU CBOWCTBAMU IS
yACpKUBaHUS Ha CIM3UCTOM O000JIOUKE Ia3a JJTUTEIbHOE BpeMs. Bbicokas
MIPOHUIIAEMOCTh CIU3UCTON O0OJIOUKH PACIIUPSET BOBMOXKHOCTHA MYKOAI'€3UBHON
JICKApPCTBEHHOW (POPMBI TIO CPaBHCHHIO C JIPYTMMH BHJIAMHU JICKapCTBEHHBIX
¢opm. [lanHas paboTa MOCBAIICHA CO3/JAaHUIO MTPOTOTHUIIA JIEKAPCTBEHHON (POPMBI
B BUJIC IVIa3HBIX KalleJib HA OCHOBE MOJU(HUIIMPOBAHHOTO MTPUPOAHOTO MOJIUMEpPa
— anpruHoBoi kucioThl (AK), ompeneneHuio OCHOBHBIX (PU3UKO-XUMHUYECKUX
XapaKTEPUCTUK, @ TAKKE BBISBICHUIO IEPCIEKTUBHBIX CTOPOH MPAKTUYECKOIO
MPUMEHEHUS TOJIYYeHHBIX 00paslioB B OQTaIbMOJIOTUH. B KauecTBe OCHOBHBIX
(PUBUKO-XMMHUYECKAX  METOJIOB  HCCIIEJOBaHMs B  paboTe  HCIOJIh30BAaHBI
rpaBumeTpusi, Buckozumetrpus, 1H-AAMP-cnekrpockonus, NK-cnekrpockomus,
Y®-cnekrpodomerpusi, auddepeHIaibHO-CKAHUPYIONIas KAJIOPUMETPUsS M in
Vitro uccienoBaHus yAepKHBamIIehH crocoOHocTH. B pabore ocyimecTBieHa
XUMHYECKass MOJU(UKAIMS aTbIMHOBOW KUCJIOTHl DIHIUIMIMETAKPHIATOM.
ITo pesynsraram UK-, SIMP-cnekTpoCKONMUM yCTAHOBJIEHO, YTO Ha CIEKTpax
METaKpUIMPOBAHHON aJlbIMHOBOM KHCJIOTBI MPUCYTCTBYIOT CUTHAJbl JIBOWHOW
CBA3M NIHLMAWIMETAKpUJIaTa W OTCYTCTBYIOT CHUTHAJIbI, [PUHAJJIEKALIUE
AMOKCUIHOW rpymme. M3ydeHbl (PU3UKO-XUMUYECKHUE CBOWCTBA PacTBOPOB
MOJTUGUITIPOBAHHOTO ITOJIUMEPa MeToIaMu Y D-CIIEKTPOCKOITUHN U BUCKO3UMETPHH.
YCTaHOBIIEHO, YTO C YBEJIWYEHHEM KOHILIEHTpaUWMW DIULUIWIMETaKpuiaaTa B
HUCXOJHOM CMECH U TOHMKEHUEM TEMIIEPATypPhl MOBBIIAETCA BA3KOCTh PaCTBOPOB
METaKpUJIMPOBAHHOM aJIbFTMHOBOW KHCJIOTHL. Ilo pesynbraram uccinegoBaHus
ONTUYECCKON TUIOTHOCTH MOJM(HUIIMPOBAHHBIX 00pa3IOB OBUIO BBISIBICHO, YTO
KOHIICHTPALIUS PACTBOPOB METAKPUIMPOBAHHON albIrHHOBOW KUCIOTHI 70 1 Macc.
% SIBISIETCS ONTUMATIBHOM C TOYKH 3PEHUS MPO3pauyHOCTH. BrepBbie momydeHb
MPOTOTHIIBI JICKAPCTBEHHBIX (OPM HA OCHOBE MOIU(MHUIIUPOBAHHBIX 00pa3IOB
aJbCMHOBOM KHCIIOTHl B BUJIE IJIa3HBIX Kallellb U U3YYEHbl UX MYKOAJI€3MBHBIE
CBOICTBa Ha POTOBUIIE M BEKaX OBEYbUX IJIa3 in vitro.

KuroueBbie cj10Ba: reOMarHUTHBIC aHOMAJIUHU, TITyOUHHBIE PA3JIOMBbI, OTPHIIA-
TEJIbHbBIE, MTOJI0KUTEIIbHbIE, BEPTUKAJIbHAS KOMIIOHEHTA
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Beenenne

Co3nanne MyKoaAre3uBHbIX JIEKaPCTBEHHBIX ()OPM Pa3IMYHOIO TUIIA SIBIISIETCS B
HaCTOAIIee BPEMS OIHUM U3 TIEPCIIEKTUBHBIX ¥ 9PPEKTUBHBIX CIOCOOOB peIIeHNs
BOIIPOCOB KOHTPOJIMPYEMOM JocTaBKM JiekapcTBeHHbIX BemectB (Laffleur,
2014: 591). IlpupomHbie MONMMMEPHI, B YaCTHOCTH TIIONHCAXapuAbl W OCIKH,
00Nalal0T TaKUMHU CBOMCTBAMH, KaK HHU3Kash TOKCUYHOCTb, OMOCOBMECTUMOCTH,
ouonerpaaupyemocts u 1p (Zelikin et al, 2016: 997). bnaromaps Tum cBoWicTBaM
(Laffleur & Dachs, 2015: 1211) GuomnosumMepbl XOpOIIo 3apeKOMEH/I0BAIU ce0sl B
KaueCTBE TNIA3HBIX JIEKAPCTBEHHBIX (hopM. [IpuMeneHne MexaHu3MOB MyKoare3un
npu  pazpaboTke OQPTATBMOIOTHYECKHX JICKAPCTBEHHBIX (OpM  sIBISIeTCS
MEPCIEKTUBHBIM HanpasieHneM. Tak Kak MpUIMIIaHUe Ha CIIM3UCTOH MMOBEPXHOCTH
I71a3a BEET K YBEJIMUYEHUIO BPEMEHH KOHTAKTa Ipernapara B MECTe HAHECEHHUS H,
ClIeIOBaTeNIbHO, CHIYKAETCS 0011asi BBOJMMAS 1032 Ipenapara Kak MpH CUCTEMHOM,
TaK M NPH MECTHOM BBEJCHUHU. BBICOKAs MPOHUIIAEMOCThH CIM3UCTON 000JOUKU
pacuupsieT BO3MOKHOCTH MYKOaATe3UBHOM JIEKAPCTBEHHOM (DOPMBI TIO CPABHEHHIO
C IpyTUMH BUAAMU JIKapCTBEHHBIX hopM (Abuiosa u ap., 2019: 21).

ANBrMHOBas KHUCJIOTa — MPHUPOAHBIA IOJMMEp, IOJydaeMbld n3 OypbIxX
BOJOpOCHIEH, KOTOpBI oOnagaeT reineoOpasyloOmIMMH — CBOWCTBAMH  TIOJ
BO3/IEHCTBHEM JBYXBAJICHTHBIX KATHOHOB METAJIOB. DTO CBOWCTBO IO3BOJISIET
WHKAICYJIMPOBATh JIGKapCcTBa B I'eJIEBYI0 MaTpPHUILy, 00ecTieunBasi KOHTPOIUPYEMOe
BbICBOOOXK/IeHHE. [eneBast MaTpruua MOXKeT 3aMe ATk AU y3HIo JIeKapcTB, YTO
MPUBOJUT K YCTOWYMBOMY M KOHTPOJHMPYEMOMY BBICBOOOXICHHIO B TEUCHHE
anuTenbsHoro nepuoaa Bpemenu (Guo etal, 2020: 628). AnbruHOBasi KHCIOTa MOKET
«3alIUIIAThY JEKapCTBEHHbIC [IPENaparhl, YyBCTBUTEIIbHBIC K TAKUM IIapaMeTpam,
kak pH, Temneparypa u pepMeHTaTHBHOE BO3/IciicTBHEe. IHKANCymupyst penapaTsl
B TMIPOTENIEBYI0 MaTpPHUILy, albIMHOBAsI KUCIIOTA 3aILUINACT UX OT ACTPajaluyl U
MoBBIIIAaeT ux crabunpHOCTh (Bennacef et al, 2021: 106782).

AJBruHaTHl IUPOKO MCHONB3YIOTCS B MPOMBILIUICHHOCTH IJISI PETyIMPOBAHUS
BSI3KOCTH, B Kau€CTBE CTAOMJIM3aTOPOB WMJIM 3aryCTUTEJeH, CIOCOOHBI CO3/1aBaTh
IUICHKK M MOTYT TPHUMEHSTHCS B KavyeCTBE CBS3YIONIMX MarepuayioB (Savi¢
Gaji¢ et al, 2023: 2592). AnpruHaThl UCHOJB3YIOTCS B OCHOBHOM B IHIIEBOI
MPOMBIIUIEHHOCTH Oarofiapsi UX CIioCOOHOCTH 00pa30BHIBATH TEPMOCTAOUIIbHBIC
rejiv, B TEeKCTUIBHOM NevaTH, B MPOU3BOJCTBE KEPAMHUKH, CBAPOYHON MPOBOJIOKU
n B (apMalEeBTUUCCKON NPOMBIIIJIEHHOCTH MJIsI IIPOU3BOJICTBA OMHTOB U
CTOMATOJIOTHUECKUX CIICTIOYHBIX MaTepHaliOB, a TAKXKE [Tl MHKAIICYIISIUH KIETOK
n QepmeHToB. VHKancynupoBaHHbIE KJIETKH 3allUILEHBl OT MEXaHWYECKOTO
BO3/IEHCTBUS, a MeTaOONWThI W THUTaTEeIbHBIC BEIIECTBA INPOHUKAIOT dYepe3
MOJTyNpOHUIIAeMYI0 Karcyiay. HoBble marepuanbl, Takue Kak IMOJMYypETaHbl Ha
OCHOBE anbruHara, 00JaJar0T MPEBOCXOAHBIMH MEXaHWYECKHMMH CBOHCTBaMHU
U MOTYT OBITH MCIIONB30BaHBI B cocyaucThix cucremax (Lee & Mooney, 2012:
106). OHu MOryT OBITH MCHOJIB30BaHbI Ul MHKAICYSILHUU KIETOK M JIEKapCTB.
OO6mnacTb MpUMEHEHHUS alTbTMHOBOM KUCJIOTHI OYEHb MINPOKA, U MOKHO PaCIIUPUTh
ee 3a cyeT MoAM(UKAIMK ATBIMHOBON KUCIOTHL. Hamnune kapOOKCHIBHBIX TPYIIT
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JieNlaeT aJbIMHOBYIO KHCIIOTY PEaKIMOHHOCIIOCOOHOM, IO CPaBHEHHIO C APYTHMHU
noiucaxapugamMu. Moxandukanrs KapOOKCHIBHBIX TPYII MO3BOJSET IMOJYYHTh
HOBBIE MTPOU3BOAHBIC AILIMHOBOM KUCIIOTHI.

Lenbio paboThI SIBJISETCSI METAKPUIIMPOBAHUE ATbIMHOBOM KHCIOTHI IITULIUANII-
METAKpWJIATOM C LEJIBIO MOJTYYEHHUS MYKOAAI€3MBHOTO IMPOTOTHIA O(TaIbMO-
JIOTHYECKOH JIEKapCTBEHHON (DOPMBI CO CITOCOOHOCTBIO K iM Sifu Tee00pa30BaHHIO.

MarepuaJjibl 4 METOIbI

Mamepuanut

AnprunoBas kuciora (Sigma Aldrich, I'epmanus), mmuuMauIMEeTaKkpHiar,
creneHb YucToThl 97 % (Sigma Aldrich, I'epmanus), mumermiicynb(oKcHa MapKu
«X.4.», HaTpHeBas conb pmyopecuna (Sigma Aldrich, BennkoOpurtanms).

Mooughuxayus areeunogou Kuciomsl

Juis Mopudukanum K pacTBopy ambrmHOBOW KUCOTH (AK) koHIeHTparmeit
3 macc.% mokanenbHO MoOaBimsu TmiuanaMerakpuiar (IMK) B cnemyrommx
MonbHbIX cooTHomeHusx [AK]:[IMK]= 1:2; 1:3; 1:4 u 1:8 u npoxysanu
nHepTHBIM razoM. Ilocie ycraHoBneHust Temmeparypsl, paBHoW 60 °C, cuHTe3
OCYIIECTBIISUIN B TeUeHHE 2-X yacoB npu pH=8 u mocrosHHOM nepeMermuBaHmy.
[lomy4yeHHBI U OXJIQKICHHBIA O KOMHAaTHOW TEMIIEPaTypbl PAcTBOP OCaXIan
B mumetuicynspokcune (JAMCO) u mepeocaxknanu B aneToHe Ui YAAJICHUS
HETMpOpearupoBaBILIero DIHIUAUIMeTakpunara. Ocagok MOIU(PHINPOBAHHOTO
MOJMMEpa PACTBOPSIIM B JUCTHUTMPOBAHHONW BOAE M OYMIIAIH C TOMOILBIO
muanu3Hoil memOpanel (MWCO 12-14 xJ/la) B TeueHHE YETBIPEX CYTOK.
[omy4eHHbI oMUMeEp ObLT BBHICYIICH B THO(PUIBHOM CYIIHIIKE.

Du3suKo-XuUMUUECKUE MEmoObl UCCLE008AHUSA

'H AIMP cnexmpubl onumepoB ObLIH 3amucaHbl Ha criektpomerpe INM-ECA
500 ot mpoussoautens Jeol (SInonust). Cyxue oOpasubl MOJIUMEPOB PACTBOPSIIH
B JeiirepupoBaHHOi Bome. Bce xumumueckue caBuru gaHbl B ppm. CHEKTphI
Obutn 00paboTaHbl ¢ MoMoLIbI0 HporpamMmbl MestreNova it rpaduueckoro
oToOpakeHust. Bce XMMuieckne CIBUTH Ha CIIEKTPax ObUIN MPEICTaBICHbI KaK O —
MUJUTHOHHAS 10 (ppm).

HK-cnexmpul BPICYIICHHBIX M TBEPABIX 00Pa3LOB MTOJMMEPOB OBLIH MTOTYUCHBI
¢ momomnipio PerkinElmer — Spectrum 65 FT-IR (CIIA) B uatepBaire ot 4000 10
500 cm.

Y®-6uoumvie cnexmper TOTIOLICHNS PACTBOPOB MOJIMMEPOB MONYYWIH C
nomotipio Y®-criekrpodoromerpa «Shimadzu UV — 19001 YO-Bun» (Anonus)
npu JuHe BOAHBI 390 HM ¢ UCTIONIB30BAaHUEM KBAPIIEBOM KIOBETHI TOMIIMHONW 1 MM
IIpY KOMHATHOH TeMIeparype 1 ICHOHU3UPOBAHHON BOABI B KAYECTBE 3TAJIOHHOTO
pacTtBopa.

Tepmuyeckuil ananu3 anbTUHOBOM KUCIIOTHI X €T0 METAKPHIIMPOBAHHON (hOPMBI
obu1 mposeneH Ha npudope Netzsch DSC-TGA with IR coupling (I'epmanust).

Buixoo monmy4yeHHOM METaKpUIIUPOBAHHON aJIbITMHOBOM KHCIIOTHI ObLT pacCUnTaH
TpaBUMETPHUYECKAM METOIOM 110 popmyme (1):
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m
n= AT 100% (1)

Mpeop,

Onpedenenue  OuHamuueckou  A3KOCMU  TIPOBOJWIM  C  MOMOIIBIO
Mukpoucko3zumerpa Lovis 2000 M/ME (AntonPaar, ABctpusi), paboTaroriero
o mnpuHIUIYy mnajaromeld cdepbl. CTEKISHHBIA KalWUILp, 3aroJIHCHHBIN
pacTBOPOM, YCTAaHABIMBACTCS B UBMEPUTEIBHYIO KaMepy, U3MEHSIOIIYIO CBOU YTOJ
pacrnionokeHust B auanazoHe 15+80°. PesynsTaTbl UCTIBITAaHUM TMPEICTaBIAIOTCA
KaK TUHaMHU4YecKasi BSI3KOCTh B Mllasc. [l onpeienienust TMHAMUYIECKOM BI3KOCTH
HCIIOJIB30BANIA KAWL AHaMeTpoM 1,59 MM. DKCIIepUMEHTHI MPOBOAMINCH TIPU
temmepatype 25°C u 37°C u mOBTOPSUTHCH 110 TPH pasa.

Hccnedosanue yoeporcusarouseri cnocoonocmu Memaxpuiupo8anHol arbeuto-
601 KUCIOMbL HA NOBEPXHOCMU 08EUbUX 2143

Tecmul in vitro I ONpPENENECHUS BPEMCHH YACPXKAHUS BOJHBIX PACTBOPOB
AJIbTUHOBOM KHCJIOTHI U MOAUMDUIIMPOBAHHBIX 00PA3I[OB IS OLICHKA MYKOAJIre-
3UBHBIX CBOMCTB, MPOBOJWIA HA TTOBEPXHOCTH OBEUBHX IJ1a3 COTIIACHO METOMUKE
(Mun et al., 2014: 3557). PoroBuity pasmepom 2*2 c¢M BbIpe3alid C MOMOIIbIO
oCcTporo ckaneiens. Kaxxayro poroBuily nepes IpuMEHEHUEM CMaunlBaid PacTBO-
POM HCKYCCTBEHHOM CIE€3HOM KUJKOCTH. JJIsl N3yUeHHs] MyKOaJr€3UBHBIX CBOMCTB
nojiuMepa ObLIa UCTIONB30BaHA YCTAHOBKA, MIPE/ICTaBIICHHAsI HA PUCYHKE 1.

1 — ucrounnk YO cBera, 2 — MINPHILEBOI Hacoc, 3 — 1nppoBoil MUKpocKko, 4 — obpaser
Puc. 1. YcraHoBKa 1711 ©3MEPEHUSI MyKOA/ITe€3UBHBIX CBOHCTB MOJIMMEPOB

B Hauasne skcriepuMeHTa pOroBHUILYy MOMEIIAIN HAIPEIMETHOE CTEKIIO, yCTAHOBUB
o yrimoM 45 © (pucyHOK 2), U BRIIECPKHBAIM B HHKyOaTOpe MPH TEMIIEpaTrype
37 °C B Teuenne 10 MHHYT 10 Havaia JKCIIEPUMEHTA. bBBUIM MPUTOTOBICHBI
(ITyopecIieHTHBIE PACTBOPHI  aJbTUHOBOW KHCIIOTHI M METaKpPHIMPOBaHHOMN
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AJIIbTMHOBOH KUCIOTHI KOoHIeHTpauuei 0,5 macc. %. Konnenrpauus gmyopecunna
Hatpus — 1 mr/mit. [IpogomkUTeNbHOCTh SKCIEPUMEHTa — 6 4, CKOPOCTh MOTOKA
HCKYCCTBEHHOW CJIE3HOH XMAKOCTH — 12 Mi/4. DinyopecleHTHbIe H300paskeHuns
ObUTM TPOAaHANM3MPOBAHbI C IOMOIIBIO MIPOrpaMMHOro obecredueHust Imagel u
Adobe photoshop. Bce n3mepennst moBTOpsUIMCH TPEXKPATHO.

"

Puc. 2. HarnisiHoe npecrapieHe moja0KeHus IIPEAMETHOrO CTEeKIIa C poroBuLel noa yriom 45°

IIpucomosnenue pacmeopa UCKycCmeeHHOU ce3HOU HCUOKOCIU

UckycctBennas cieznas xuakocth (MCXK) Obuta mpuroToBiieHa COINIACHO
Metoauke (Agibayeva et al., 2020: 119093). st 3TOro HaBeCKU XJIOPUIA HATPUS,
OukapOoOHaTa HATPUS M XJIOPHIA KaJbLUs PacTBOPSUIM B 1JI JEMOHM3MPOBAHHOMN
BOJIbI 1 niepeMernnBaiy npu 40°C 10 MOJTHOTO pacTBOPEHUS.

Pe3yabrathl u HX 00Cy:KIeHNe

AJBrUHOBAsI KUCIIOTA SBJISETCS OMOCOBMECTUMBIM M HETOKCHYHBIM ITOJTUMEPOM,
YTO MO3BOJISIET UCHONB30BaTh ee B odranemonorun (Kaldybekov et al., 2018:
83). Vmyumass MyKoaJare3WBHbIE CBOMCTBA aJIbTHHOBOM KHCJIOTBI, BO3MOYKHO
MOJyYCHUE JIEKAPCTBEHHOW (OPMBI, CIIOCOOHOW «IPHIMIIATEY K CIU3UCTOU
000I04Ke 11a3a. YBelIn4eHHE BPEMEHH MPeObIBaHKS U KOHTAKTa JICKAPCTBEHHOU
(GOpMBI C TOBEPXHOCTHIO IVIa3a, OOECIEUYMBACT YCTOWYMBOE BBICBOOOXKIICHUE
JICKapCTBEHHOTO CPEACTBA M YJY4IIAaeT €ro TepaneBTHYECKYr0 3()(EeKTHBHOCTD
(Davidovich-Pinhas & Bianco-Peled, 2011). CymecTByloT Takue METOABI
Moaudukanuu, kak Gpruzndeckas u xumuueckas monudukanuu (Kontopoulou, 2014:
68). Ilpn puzuyeckoit MOTUPHUKAIIMK MPOUCXOTUT CMEIIMBAaHUE U 00pa3oBaHUE
KOMITO3UTOB. MeToi XMMUUECKOW MOAM(HUKAIIMN TPEICTaBIseT co00il BBeICHHE
(YHKIHMOHAIBHBIX TPy (METaKPUIATHBIX, CYIbGHUIHBIX U T.I.) WIH W3MCHEHUE
CTPYKTYpBI HIOJIMMEPA C IMOMOLIBI0 XUMHYECKUX B3aumojencTuil. [Ipucyrcrue
TaKUX TPYII CIOCOOCTBYET YJIyUIICHHIO MYKOAJIre3MBHBIX CBOHCTB IOJMMEPOB
(Khutoryanskiy, 2011: 748).

B nanHOW paboTe OBUIO OCYIIECTBICHO METAKPHIMPOBAHUE albIHHOBOM
KUCJIOTHI DIUIMAMIMETAKPHIATOM C LIENBI0 MONYYCHHUS YIIyUYIICHHOTO TPOTOTHUIIA
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MYKOaJre3uBHON 0(TaIbMOIOTHUECKOH JIEKapCTBEHHON (HOPMBI CO CHOCOOHOCTBIO
K in situ TeneoOpazoBaHuio. Peakiusi mpoTekasa 3a CUYET B3aUMOJACHCTBHUS
snokcuAHON rpynnsl [MA ¢ THAPOKCUIBHOM TPYNIoON adbIMHOBOM KUCIOTHI B
LIETIOYHON CpeJie COTNIAaCHO CXeMe, MPEACTaBICHHON Ha pUCYHKE 3:

ok

H

AJErHHOBAA KHCIOTA MeTaxkpRIEpOBAHHAR
ATLrHHOBAS KHACJI0TA

Puc. 3. Cxema peakiun MeTakpunupoBanns AK MHIuInIMeTakpruiIaToM

st XapaKTEepUCTHKH TOMyYCHHBIX MOJIMMEPOB M YCTAHOBJICHHS MPOTEKAHUS
peakuu MOAM(UKALMK ATBIHHOBOM KHCIOTHI DIMLIUAWIMETaKpUIaTOM, ObUIN
BeIOpanbl Metoabl K- u SIMP-cnektpockonuu. B kadectBe KOHTpois Obuia
WCTIOJIb30BaHA allbTMHOBAS KMCIIOTA.

Kak BugHO 13 pucyHka 4, 1711 aJJlbrHHOBON KHCJIOTBI XapaKTEPHBI CICIYIOLINE
KojiebaHust MONEKYIsApHBIX cBsizeit: 3400 cm!' u 1150 cm! rpymnmnoBbie BalieHTHBIC
xonebanus -OH, 2900-2950 cm' rpynmnoseie BaneHTHbIe Kojebanus -CH,, 2400
cm! konebanust -COOH rpymmer, 1800 1 1730 cm™! 06nacTh koneOaHuid TBOHHBIX
cesizeit (-C=0).

Ha UK cniektpax MoguuuupoBaHHBIX TOJIUMEPOB (PUCYHOK 4) IPUCYTCTBYIOT
XapaKTepUCTHIECKUE TOJIOCH mornommeHus mpu 1722 cm™, 1637 em, 1596 cm
!, mpunajnexarume aBoiHON cBa3u (-C=C-) TMA. Kpome Toro, Ha cmekTpax
METAKpWJIMPOBAHHBIX MOJIMMEPOB MPUCYTCTBYIOT TIOJIOCHI IOIIOMICHUS MpU
1260 cm!, mpuHamiexamnye cioxuodpupHoit rpynne 'MA. Tlpu 3TOM cTOUT
OTMETHUTb, YTO YeM BbIlIe KOHLEHTpauus [ MA B HCXOZHOM pacTBOpE, TEM BbIIIE
WHTEHCHBHOCTH IOJIOC CIIokHO3pupHOU rpynmbl ' MA Ha MK-criekTpax u MeHbIIe
WHTCHCUBHOCTh mwuka B auanaszone 1000-1150 cm!, koTopwle mpuHAAICKAT
kosnebanusam -OH rpymnmer AK. DTo cBHIETENbCTBYET O TOM, YTO HMPOHMCXOAMT
YMEHBIICHHE KOIUYEeCTBA TUIPOKCHIBHBIX Tpynn AK B ¢BsI3M ¢ B3anMOACHCTBHEM
¢ 'MA. Ha ocnoBe mannbix MK-cmekrpockonmuu MOXKHO YTBEpXKAATh, YTO C
MOBBIILICHUEM KOHLEHTpauuu 'MA B MCXOAHOW cMecH yBETHUMBACTCS CTEIEHb
MoAM(UKAIMK aTbIMHOBON KHCIOTHI.
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Puc. 4. UK cnexrpst AK, TMA u AK-I'MA

ITo pesynbraram 'H SIMP cniekrpockonuu (pucyHok 5, a) anst AK xapakTepHsl
Uk Mexay 3,5 u 5,20 M. 1., COOTBETCTBYIOIINE CaXapHUAHBIM SAUHUIIAM OCHOBHOM
uenn AK. Torga kak na cnekrpe AK-I'MA (pucyHok 5, 6) HaOIIOAAI0TCS TUKH M
6.02, m 5.97, s 1,75 m.A. cUrHajIoOB MPOTOHA, XapaKTEPHBIC AJIsl IBOMHOM CBS3U U
MeTwiibHOM rpymniel 'MA. B kauectBe cpaBaenus Ha SIMP cniekrpax AK st nuku
He HaOJroatoTCs. DTO yKa3bIBaeT Ha TO, 4To nocie peakiuuu AK ¢ 'MA nosiBuinch
HOBBIC CHTHAJIBI, IPUHAAJICKAIINE TBOMHBIM CBsI3siM B 'MA, uTo moaTBepx aaet
MOJIU(UKAINIO aJIbITTHOBOM KHCJIOTHI.
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a) A 11 Siis

] 1 L ] 5

Puc. 5. 'H — SIMP cniexrpsl a) AK u 6) AK-TMA = [1:8]

Jts m3ydeHus] TEPMHUUYECKUX XapaKTEPUCTUK MOAM(PHUIIMPOBAHHBIX 00OpPa3IIoB
AK ucnonszoBanuck metonbl JICK u TTA.
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80 804
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2 6o o 90
= =
40 40
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Temperature T'emperature

Puc. 6. ICK u TT'A — xpussie AK (a) u AK-I'MA (6)

177



ISSN 2224-5227 1. 2024

ITo pesynsraram TT'A u JICK, npeacraBieHHbIX Ha pUCYHKE 6, MOXKHO YBUAETS,
YTO TEeMIlepaTypa IUIaBJICHUS M TeMIleparypa CTEKJIOBaHUS WMEIOT JIMIIb HE
Oompmioii casur B mpenenax 200 °C mns mMoguduIMpOBaHHBIX 00pa3moB (puc.
6, 6). DTO CBHIETENBLCTBYET O HEOOJBIIOM H3MEHEHHUH B MOIU(PHUINPOBAHHBIX
MOJMMEPaxX, KOTOPbIE HE OKa3bIBAIOT CYIIECTBCHHOIO BIUSHMS HAa TEPMUUYECKHE
cBoiictBa AK-IMA.

C uenpio ONpeleneHHss ONTHMAIBHBIX BS3KOCTHBIX XapaKTEPUCTHK IS
MPOTOTUNA IJIa3HBIX Kamelb ObUT MPOBEICH Psii SKCIEPHMEHTOB IO H3YUYCHHUIO
3aBHCUMOCTH JUHAMHUYECKOH BSI3KOCTH OT KOHIICHTPALIUH U CTENICHN MOAN(UKALINN
MOJIMMEPOB, TEMIIEPATYPbI 1 HOHHOH CHJIBI PACTBOPOB MOJIMMEPOB.

Bnusinne  Temmeparypbl  Ha  JUHAMHUYECKYIO  BSI3KOCTH  ITOJMMEPHBIX
pactBopoB uccnenoBaigoch npu 25 °C u 37 °C (pucynku 7, 8). YcraHOBIEHO,
YTO C TOBBILICHUEM TEMIIEPaTypbl HAOMIONACTCS] CHIKCHHE BSI3KOCTH BOJHBIX
pacTBOpOB METaKPUIMPOBAHHOM aJbTMHOBOM KHCJIOTBI, YTO OOYCIIOBJIEHHO
TEPMOYYBCTBUTEIILHBIMU CBOMCTBAMHU HOJIMMEPA.

6
—8—AK 37°C
5
—0—AK-I'MA 1:3
4 37°C
_k"’ —8—AK-IT'MA 1:2
&3 37°C
E
2
1
o +—/—r—m—F——7T "7+

0 1 c 3 4

()
Puc. 7. 3aBucumocts fuHaMu4eckoi Bs3kocTu pactsopos nonumepos AK u AK-I'MA ot
KOHLIeHTpauuu npu 37°C

8 3
E —s— AK25°C
! E —eo— AKTMA 1:325°C
6 —e— AKTMA 1:225°C
5 3 AR-TMA 1:425°C
w 3 ]
* 3 AKTHA1:825°
EPE
39
2 3
13
74
0 1 2 3 4
C %
Puc. 8. 3aBucuMoCTh AMHAMUYECKOH BS3KOCTU PAaCTBOPOB MOIUMEPOB OT KOHLeHTpaunuu AK u
AK-TMA 25°C
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Taxoxke Oblza HCClENOBaHA 3aBUCHUMOCTh JUHAMUYECKOH BSI3KOCTH OT
koH1eHTpauuu ' MA B ucxonnoit cmecu. M3 pucynka 9 BUAHO, YTO C MOBBIILICHUEM
conepsxkanus 'MA nosbimaercs BsizkocTh pactBopoB AK-I'MA. Takoe noBeneHue
CBsI3aHO ¢ THAPO(GOOHBIMU CBOMCTBAMU IITUIUINIMETaKpUIIATA.

2,1 1 mAK  WAKIMA 12  ®AK-TMAI:3

2 4

1,9 A
1,8 -
1,7 -
1,6 -
1,5 -
1,4

AK I'MA 1: 2 AK-I'MA1:3 AK I'MA 1 4AK I'MA 1: 8

mPa*c

Puc. 9. 3aBucUMOCTb IUHAMUYECKOH BA3KOCTU PAaCTBOPOB HONUMEPOB 0T cooTHowenus AK-I'MA B
HCXOIHOH MOHOMEpHOIcMecH

BnusiHue MOHHOW CHIIBI Ha BSI3KOCTh PAacTBOPOB MOJUMEPOB 3aBUCUT OT
Pa3NIUYHBIX (PAKTOPOB, B TOM YHCIIE OT IPUPO/IBI TOJTUMEPA U KOHIIEHTPAL[H HOHOB,
TEeMIIEpaTypsl U CBOWCTB pacTBoputend. IloBeneHue pa3nuyHBIX MOIMMEPHBIX
CHUCTEM IpU pa3INYHOM HOHHOM CHJIE MOXKET CYIIECTBEHHO pa3InyarhbCs.
OKCHeprUMEHTalIbHBIE W3MEPEHHsI U TIIAaTeNbHAs XapaKTepUCTUKA HEOOXOTUMBI
JUIsl IOHUMaHHs criennpuueckux 3QQeKToB U MOBEJCHUsT PACTBOPOB MOJIMMEPOB
B OTHOILIEHUU MOHHOMN CHJIBI.

B pabote Obu10 M3ydeHo m3MeHeHHe Bs3kocTd pacTBopoB AK m AK-T'MA B
pacTBope UCKYCCTBEHHOH cie3Hoi xuakoctu (pH=7,4) u B AeMOHM3UpPOBaHHON
BOJE. YCTaHOBJIEHO, YTO BS3KOCTH PAacTBOPOB MOAM(DUIIMPOBAHHBIX MOJIMMEPOB
B MCXK Hmxke mo cpaBHeHHIO ¢ AeumoHu3oBaHHOW Bogod (Pucynox 10). Dto
CBUJETEIBCTBYET O TOM, YTO COCTaB HCKYCCTBEHHOW CIE3HOM IKUAKOCTH
HE OKa3bIBaeT CYUIECTBEHHOTO BJIMSHHA Ha pPEOJIOIMYECKOE IIOBEACHUE
MoAM(UIMPOBaHHON albITMHOBOW KUCIIOTHI (pUCYHOK 10).
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451 mAK-TMA1:8
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Puc. 10. 3aBucMMOCTb AUHAMHUYECKON BSI3KOCTH pacTBOpoB AK-I'MA B TUCTIIIIMPOBAaHHON BOAE U
MCX B 3aBUCUMOCTH OT KOHLIEHTPALIUH MTOJIMMEpa

[Tomyuennsie B padore 3HaueHUs BsizkocT pacTBopoB AK-I'MA moryT ObITh
TIOJIE3HBI B CIEMYIOIINX CIydasx:

1. IlpocToTa penenTypsl M CTaOWIBHOCTB: €CIIM 3HA4YEHUS JIMHAMHUYECKOMH
BS3KOCTH MOAM(DHUIIMPOBAHHOW allbTMHOBOW KHUCIIOTHI B BOJAE M HCKYCCTBEHHOMN
CJE€3HOW KHUIKOCTH COTOCTAaBUMBI, TO JTO YIPOIIAET IPOILEcC pPa3padOTKu
penentypel. OmHa W Ta K€ KOHIEHTpanus MoAH(HUIMPOBAaHHOTO o0Opasna
MTOTEHITUAIEHO MOYXKET MCIIOJIb30BaThCs KakK B Mperiaparax Ha BOJHOW OCHOBE, TaK U
B Iperaparax Ha OCHOBE UCKYCCTBEHHOMW CJIE3HOW KUAKOCTH 0e3 HeOOXOIUMOCTH
3HAYUTENBHBIX ~ KOPPEKTHPOBOK. OJTO MOXKET OOECHeYuTh CTaOMIBHYIO
3¢ (eKTUBHOCTh TMPOAYKTOB HA OCHOBE MOAM(DHIMPOBAHHBIX OOpA3IOB, TAKHX
KaK TJa3HbIe KaIUTH WU O(TaJIbMOJIOTHYECKHE COCTaBbl, HE3aBUCHUMO OT TOTO,
MIPUTOTOBJICHBI JI OHM Ha BOJIC MJTH HA OCHOBE HCKYCCTBEHHOM CIIE3HOMN KHUIKOCTH.

2. YHUBEpCAIbHOCTh: KOTJla Cpela HE CHUJIBHO BIHSET Ha PEOJOTHYECKHE
CBOHMCTBA MOIH(DHUIIMPOBAHHOW aJBTMHOBOM KHCJIOTHI, OHAa MOXKET OBIThH
YHUBEPCAJIbHOU B NPUMEHEHUM I[OMUMO HCKYCCTBEHHOH CIIE3HOW >KUJIKOCTH.
MopmudunrpoBanHbsie 00pasibl MOTEHIIMAIFHO MOXHO HCIOJIB30BATh B JIPYTHX
COCTaBaxX Ha BOJHOW OCHOBE WJIH B Ka4eCTBE KOMITOHEHTA KOMITO3HUITMOHHBIX
MaTepHaIoB, THAPOTENIEH HITH KapKacoB TKAHEBOI MH)KEHEPUH 0e3 CyIIeCTBEHHOTO
VM3MEHEHHS €€ BA3KOCTHBIX XapaKTePUCTHK.

[Ipo3pagHOCTh — BaKHBIN TOKa3aTelb TNIA3HBIX Kallellb, TaK KaK HaNpSIMYIO
BIMSIET Ha CIOCOOHOCTh Kamellb OKa3blBaTh HEOOXOAWMBIM TepareBTHIECKIX
addext. OnpeneneHne TMoKa3aTeNss MPO3PAYHOCTH IMPOBOMAT € IMOMOIIbI0 Y-
CIIEKTPOCKOIIAH, YTO IMO3BOJSET OIEHWUTH KadecTBO M A((EKTUBHOCTH JEUCTBUS
IJ1a3HBIX Kallelb.

UwmcTthle 1 IpOo3pavHble IIa3HbIe KAaIuTi 00eCTIeYUBAIOT ONTHUMAJIHLHYIO CUCTEMY
JTOCTaBKM aKTHBHBIX WHTPEIUEHTOB, TIO3BOJISISI UM OECTIPETSITCTBEHHO IOCTUTAaTh
IJIa3HBIX TKAHEH W OKa3bIBaTh JKEJIACMBIA TeparieBTHUSCKUI dPPEKT.
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Bruta n3yueHa 3aBHCHMOCTh ONTHYECKON IIOTHOCTH PAcTBOPOB IMOJIUMEpPA OT
konneHTpanuu AK u AK-I'MA. JlaHHBIN SKCTIEpUMEHT OBLT MPOBEACH C IEbI0
OTIpeNIeIeHNs MAKCUMAIIbHOM KOHIICHTPAIMU MOAU(HUIIMPOBAHHOTO MOJIMUMEpPa, ITPU
KOTOPOI pacTBOp ocTaBaics ObI po3padHbiM. [lo pesynbraraM, mpeacTaBIeHHBIM
Ha pucyHKe 11, BUAHO, YTO C IOBBIIICHHEM KOHIICHTpAIMH TOIHMEpa HUAET
3aKOHOMEPHOE TIOBBIIIICHUE ONITHYECKOH TUIOTHOCTH. B KoHIIeHTpanuu 10 1 macc.
% HaOIIOgaeTCs TUIIb HEOOJIBIIOE H3MEHHNE ONTHYECKOM IIJIOTHOCTH.

1 —@— AK

50,9

80,8 —@— AK-TMA

o 1:3

80’7 —@— AK-TMA

20,6 1:8

20,5

g

gg0,4

0,3

g0,2

Q0,1
0IlllllllllIlllllllllllllllllllllllll

0 0,5 1 1,5C% 2 2,5 3 3,5

Puc. 11. 3aBECHMOCTB ONTHYECKOI INIOTHOCTH PACTBOPOB MOJIUMEPOB OT KoHIeHTparun AK u
AK-I'MA npu A=390

Takum o00Opa3zoM, omnpeneneHUe MPO3PAYHOCTH IIA3HBIX Kamleidb HMeeT
pelaroiiee 3Ha4eHUE JUIs TapaHTUU KadecTBa, 3()(EeKTUBHOCTH U Oe30MacHOCTH
Opy JICYCHUU Pa3NuuHbIX 3a0oneBanuii 1na3. Ilo pesymeraTtam wuccnemoBaHus
ONTHYECKOH TJIOTHOCTH MOIU(HUIMPOBAHHBIX OOpa3loOB OBLIO BBIABICHO, YTO
KOHIIEHTPALN PacTBOPOB METAKPWIINPOBAHHOW aJIbTMHOBOW KUCIIOTHI 10 1 Macc.
% SIBISIIOTCS ONITUMAJIbHBIMU U HAauOoJIee MpOo3pauHbIMU.

[IprMenenne MexaHU3MOB MyKOaAre3uu IpH pa3zpadoTKe 0(hTaabMOIOrHIeCKUX
JIEKapCTBEHHBIX (hOpM Tarske SIBISETCS MEPCIEKTHBHBIM HampaBieHHEeM. B 3Tom
CJIydae KCILTyaTHPYyeTCsl BO3MOKHOCTh B3aUMOAEHCTBHUS TIOJTMMEPOB CO CIIM3UCTON
000JI0uKOH Ta3a, cofeprkaiield MynuH. B pesynbrare HaOmogaeTcsi yBeIUYCHUE
BPEMEHM HaXOXJIEHHUS JIEKAPCTBEHHOTO Ipenapara B BEPXHEM CETMEHTE IJla3a
W yBEIMYMBAETCS OWMOAOCTYNMHOCTH JIEKAPCTBEHHOTO BellecTBa. V3BecTHO
HECKOJIbKO TEOpPHM MOJMMEP-MYLIIHH B3aMMOJEHCTBUS: D3JIEKTPOHHAS;, TEOpHUs
a7icopOLUy, 3JIEKTPOCTAaTUUYECKUE B3aMMOJCHCTBHSI, BOJOPOIHBIC CBSI3H, CHIIBI
Ban-nep-Baansca, runpodoOHbie 3¢ dekTrl, a Takke KOBAJICHTHAs! CBSI3b MEKIY
HEKOTOPBIMHU cHenr(UUIESCKUMH TOIUMEPAaMH M TEOPUSI CMauMBaHUsI, OCHOBaHHAs
Ha CTPYKTYpHOM CXOJICTBE MEXKAY MOJIMMEPOM M MYyLHHOM. Monudukanus
MPUPOIHBIX MM CHUHTETHYECKUX IOJMMEPOB (DYHKIMOHAIBHBIMU TPYIaMH,
CIOCOOHBIMH K BBINICONMCAHHBIM B3aHMMOJCHCTBUAM (HApUMEp, THOJIBHBIMH,
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aKpWIATHBIMM, MaJCHMHUAHBIMH, WOHHBIMH U T.J.) MOXET CIIOCOOCTBOBAThH
YBEJIMYCHHUIO MYKOAr€3UBHBIX CBOMCTB U3BECTHBIX MTOJIMMEPOB.

VnepxaHue Ha CIM3MCTON OOOJIOYKE POTOBUIIBI M BEKa OBEYHErO Iasa
pactBopoB AK u AK-I'MA, conepxamux ¢uyopecuenn Harpust (NaFl, 1 wmr/
MJI) ¥ YMCTOTO pacTBopa (ryopeclerHa HaTpusl OLEHUBAIN C MOMOLIbIO METONA
CMBIBa in Vitro ¢ IIyopecleHTHBIM JIeTeKTupoBanueM. Ha pucynke 12 npuBeneHbl
(ryopecuienTHRIe  MHUKpOoTOorpadum ynepkuBaHusi pactBopoB AK u AK-
I'MA, conepxamux ¢ayopecuenn Hatpus (NaFl, 1 Mr/mi) u uncroro pactsopa
¢yopecrienHa HaTpusl (UCHOIB3YEMOT0 B KAUECTBE KOHTPOJISI) HAa BEKaX OBEYHETO
1a3a 1mocJyie Kaxzaoro npombiBanus pactsopamu MCXK (pH 7,4; ckopocTh moToka
12 mut/g9ac) B Teuenune 60 MuH.

3areM QiyopecueHTHbIE H300pakeHNsl ObLIM MPOAHATU3UPOBAHBI C IIOMOILBIO
nporpaMMHoro ooecrieueHus ImageJ n Adobe photoshop. 3naueHust ”HTEHCUBHOCTH
¢nyopecuenun Ha MuUKpodoTorpadusx Hopmuposaiuck Ha 100 % (pucynku 12
u 13).

W3 pucynka 12 Bugno, uto st pactBopoB AK-dmyopecnenn natpus, AK-
I'MA-¢dnyopecuenn Hatpust 1 4yucTOro (yopecierHa HaTpusi MOCIEOYIOLIHe
MPOMBIBKH TPHUBOAMWJIN K CHMXCHHIO HHTCHCHBHOCTH OKpAIIUBAaHUS 3a CYET
BbIMbIBaHUS. [Ipu 3TOM ycranoBineHo, uyto pactBop AK-IMA mnposiBiser
3HAUUTEJIbHYIO CIIOCOOHOCTD YIEpPKUBAThCsl Ha CIM3UCTON 00ojouke Beka (Vi
xua. = 12 mim) mo cpaBHeHUIO ¢ pactBopoM AK. BBeneHne MeTakpuiInpOBaHHBIX
IPYIN YBEIUYMBACT BPEMsl YACPKMBAaHHs IJICHOK Ha CIM3MCTOM O0OJIOYKE BEKa,
T.€. yJIy4dllaeT MyKoaJAre3uBHbIe CBONCTBA.

100%
90%
a) 01 [T 2t
80%
70%

60%
50%

40%
30%
20%
10%

0%

Crenenb yaep:xuBanus,%

0 5 10 15 20 25 30 35 40 45 50
Bpewmsi, Mun

Puc. 12. Mukpodotorpadumn, mokassiBaromue BpemMs yaepkanus pactsopoB NaFl (a), AK
(6) m AK-I'MA(B) Ha MOBEPXHOCTH BEKa OBEYLETO IVIa3a M 3aBUCHMOCTD CTEIICHH Yy/ICP/KUBAHHS
pactBopoB AK, AK-I'MA u NaFL Ha noBepXHOCTH CIM3UCTON BEK OT BPEMEHU

Ha pucynke 13 mpencrasnensl ¢uyopecleHTHbIE MHUKpodoTorpadun
yaepxxuBanusi pactBopoB AK nu AK-I'MA, coxepxamux ¢iayopecuent HaTpus
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(NaFl, 1 mr/mi) u uncroro pactBopa ¢uryopeciienHa HaTpus (HUCMOIb3yeMOTo B
KauecTBE KOHTPOJISI) Ha POTOBHUIIC OBEYBETO IJIa3a IMOCI]E Ka)JOTO MPOMBIBAHHUS
pactBopamu MCXK (pH 7,4; ckopocTs oToka 12 mi/4gac) B reuenue 60 mun. Bpems
ynepxxkuanusi AK-I'MA Ha poroBuie oBeubero masza gosasiie, yeM AK u uncroro
pactBopa (yopecuenna Hatpus. Torma Kak BpeMs yIepKHBaHUsI 00Opas3loB Ha
POTOBHIIE MEHBIIE, YeM Ha BEKaX OBEYBETO IIa3a. JTO CBS3aHO C TEM, YTO Ha
POTOBHIIE OBEUBETO TJIa3a COACpKaHHUE MYKO3bI (CIM3UCTOM) MEHbILIE, YeM Ha
BEKaX, YTO MPUBOAUT K Oosiee OBICTPOMY CMBIBY PacTBOPOB HOIMMEPOB.

a)
o mAe
90% A
= AK
80%
70% - u NaF

5-6 Mt
6“
0
5-6 M1

B)
0

60% -
50% 1
40% A
30% A
20% A

Crenenb yjaep:kuBanusi, %o

10% -
0%

0 5 10 15 20 25 30 35 40 45 50

Bpemsi,mun

5-6 M 7-8 Mt

Puc. 13. Mukpodotorpaduu, moxassisaroniie BpemMs yaepxkanus pactsopos NaFl (a), AK (6)
n AK-I'MA(B) Ha TOBEPXHOCTH POTOBHIIBI OBEULETO V1432 M 3aBUCHMOCTH CTEIICHH YIeP/KUBAHHS
pactBopoB AK, AK-I'MA u NaFL Ha n0oBepXHOCTH POrOBUIbI OT BPEMEHHU

[lo pesynpraram skcrepuMeHTa BUAHO, 4TO BpeMs yraepxkuBaHus AK-I'MA
noiblie, yem y AK. DTo mporcxonuT 3a cueT B3auMoAeHCTBIS METAKPUIMPOBAHHBIX
rpynn AK-I'MA ¢ MynMHOM, KOTOpOE€ IO3BOJISI€T YAEpKMBATHCS JOJbIIE Ha
MOBEPXHOCTH Iaza. TakuM 00pa3oM, OTyueHHbIE 1 TIPEICTaBICHHbIC PE3yIIbTaThI
MOATBEPKAAIOT YIyUlIEeHHEe MYKOAJre3UBHBIX CBOWCTB aJIbI'MHOBOM KHCIOTHI
IyTEM €ro METaKpMJIMPOBAHUS, /ISl MCIIOIb30BaHMs B KaUeCTBE MOTEHIIHAIbHBIX
MYKOaJre€3UBHBIX JIEKAPCTBEHHBIX ()OPM B TE€pAITUH ITIa3HBIX 3a00JIeBaHUH.

3akaouenmne

Takum  oOpa3om, B  XOA€  HCCIIEIOBaHUS  OBUIM  CHHTE3MPOBAHBI
METaKpWJIMPOBaHHbIE (HOPMBI AIBIMHOBOH KHCIOTBI B TPEX COOTHOIICHUSX
[AK]:[TMA]J=1:3; 1:5; 1:8, cTpykTypa KOTOpbIX ObUIa M3y4deHa merogamu UK un
SMP-cniektpockonuu. IlomyueHHbIE MeETaKpWIMPOBaHHBIE (OPMBI aJbIHHOBON
KHCIOTBI. MeToIoM BHCKO3MMETPUHM  OBUIM  ONpefesieHbl  ONTHMAlbHBIC
XapaKTepUCTUKHU MPOTOTUIIOB TIA3HBIX Kalellb. YCTaHOBJIEHO, YTO C YBEJIMYEHUEM
koHIeHTpanuu ['MA B HCXOZHOW CMECH TIOBBIIIAETCS BSI3KOCTH PAaCTBOPA
METaKpUJINPOBAaHHON aJbIMHOBOM KHCIIOTBI, a C TIOBBIIIEHUEM TEMIEpaTyphl
UJET CHUKEHHE BA3KOCTH pPacTBOpOB mosinMepa. [IpucyTcTBHe KOMIIOHEHTOB B
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HCKYCCTBEHHON CIIE3HON >KUAKOCTH HE OKa3bIBAeT CYIICCTBCHHOIO BIMSHHS Ha
MOBEACHUE BSI3KOCTH aJIbTMHOBOM KHMCJIOTHI. BBUIO BBISBIEHO, YTO ONTHMaJIbHON
KOHLEHTpAaLMEH Uil TONy4YeHHs IJa3HBIX Kareidb SBISAETCS KOHLEHTpauus
METaKpWJINPOBAHHOW aJIbIMHOBOM KHCIOTHI 10 1 Mace. %. MomuduunpoBaHHbIH
MOJMMEP MOKAa3bIBACT YIyUIIEHHbIE MYKOJare3MBHBIC CBOMCTBA 110 CPABHEHHIO C
aJbIUHOBOM KUCIIOTOM.

Pabora BbimonHeHa npu (UHAHCOBOW MoaJepxKe MHHHCTEpCTBa HAayKH U
BhIcuiero oopasosanust PK mo mpoekTy nporpamMmHo-1iesieBoro (prHaHCHpOBaHUS
BHE KOHKYpPCHBIX mpouenyp Ha 2023-2025 roasr Ne (BR21882289) «Pazpaborka
U BHEIPEHHE TEXHOJIOTHYECKHUX AaCHEeKTOB NPOW3BOJACTBA M IMPOMBIIIJICHHOTO
MpUMEHEHUS PYHKIMOHATIBHBIX YIIIEPOI-KPEMHHEBBIX HAIOTHUTENCH»
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Abstract. In the modern world, leading countries consider organic synthesis as
a state problem and pay special attention to it. The synthesis of organic substances
by simple and effective methods is a modern requirement. Therefore, the purpose
of this work is to determine data on the synthesis of isopulegol and menthol
from monoterpene citronellal and to study the mechanism and conditions for the
formation of reaction products, to study the features of methods for obtaining
menthol from citronellal by its cyclization and hydrogenation. Since citronella is
a highly reactive compound, it may be considered as the basis for the synthesis
of numerous organic compounds. Menthol is one of the substances synthetically
obtained from monoterpenes. Isopulegol is an intermediate product. The purpose
of the study: to study the synthesis of isopulegol and menthol from citronellal
monoterpene. To achieve this goal, the article analyzes a review of scientific studies
with high consistency and data on the synthesis of isopulegol and menthol from
citronellal monoterpene and selects an effective technique. At the same time, the
mechanism and conditions of formation of reaction products, features of methods for
obtaining menthol by cyclization and hydrogenation of citronellals are highlighted.
We have studied the properties of products obtained from Kazakh mint, conducted
Fourier analysis, chromatographic analyses and elemental analysis of products and
presented the results of the analysis.

Keywords: monoterpenes, chirality, citronellal, citronella, synthesis, isopulegol,
menthol, dimethyloctanol
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AnnoTtanus. Kazipri Taniarsl 3aMaHayd FBUIBIME 3€PTTEYIIEPAC MeHmMOI0bIH
OHEPKACINMIK  KONOAHBLLY —AACHIHLIY — Keylicihe 0auiamuvicmvl, MeHMOAObIH
CUHMEMUKATILIK CUHME3l XUMUsL OHePKaciOinoe2l aca Manul30bl CUHmMe30epoiy
Oipi bonvin maodwiiadvl. Meuwmon ouimOepiniy Oipi - YATPOHEIUIANbL PEaKIIHsFa
TYCy KaOUIETTLNIrT ©Te JKOFapbl KOCBUIBIC OOJFaH/IBIKTaH, OHBI KOITErcH
OpTaHHMKAJIBIK KOCBUIBICTAP CHHTE3iHIH IpreTrachl )KOHE HETi3ri IHKi3aT peTiHe
KapacTbIpyFa Oojajibl. 3epTTEyIiH MaKCaThl: MOHOTEPIICHJIIK IIUTPOHEIUIAbIaH
W30IIYJIETOJI )KOHE MEHTOJI CHHTE3iH 3epTTey. byl Makcarka >KeTy YUIIH Makajiana
KOFapbl JolieKkTeMeci Oap FBUIBIMH 3epTTeiepre IMIoNy MEH MOHOTEPIEHIIK
LUTPOHEIJIAbAaH N30ITYJIETOJI XKOHE MEHTOJIBIH CUHTE3/IENy1 Typasbl MAJIiIMETTEep
TaJIaHbII, THIMII oicTeMeci Tanaanabpl. COHbIMEH KaTap MPaKTHKAJIbIK TYPFbIIa
peakuus OHIMJICPiHIH Ty3lly MeXaHH3Mi MEH IapTTapbl, UTPOHEIUIATb/IbI
LUKy JKOHE THIpPJICYy apKbUIbl MEHTONABI ally OAICTepiHIH epeKIIeNniKTepi
axpIpareiiabl. KazakcTan pecmyOnMKachIHIAFbI KaJIObI3AaH allbIHFaH OHIMAEP
KacueTTepi 3epTTedin, oiapaan ainbiran eHiMaepre MK- @ypbe, KOHABIFBUTAPBIHIA
xpomarorpadusuiblk Tangaynap, E A3100 sneMeHTTIK Tangaynap Kyprisiiim,
Tajay HOTHXKeepi YChIHBUIIBL.

Tyiiin ce3aep: MoHOTEpHEHIEP, XUPATBIBUIBIK, IUTPOHEIJIANb, IIUTPOHEILIA,
OpPTaHHMKAJBIK CUHTE3, IYJETojd, HW3O0IMYJIeroll, MEHTOJ, Karalau3aTop, TUApIEY,
LUKIIEY, TUTPOHEIION, TUMETUIOKTaHOI
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AnHoranusa. CHHTETHYECKUNA CUHTE3 MEHTOJIA SIBJISIETCS OHUM U3 BaXKHEHIIINX
CHUHTE30B B XUMUYECKOH MPOMBIIUIEHHOCTH BBHUY HIMPOKOTO CHEKTpPa MPOMBIIII-
JIGHHOTO TIPUMEHEHHUS MEHTOJAa B COBPEMEHHBIX HAyYHBIX MCCICIOBAHUSIX.
[TockonbKy HMTpOHENIAb, OJUH U3 MPOIAYKTOB MEHTOJA, SBISETCS COCTMHEHUEM
C OYEHb BBICOKOW PEAKIMOHHOW CIOCOOHOCTHIO, €r0 MOXKHO paccMaTpHBATh
KaK OCHOBHOE CBIPhE JJIsi CHHTE3a MHOTHUX OPTaHMYECKUX coenuHeHuid. llenb
WCCIIEZIOBAaHUS: M3YyYNTh CHUHTE3 HW3OIyJerojla U MEHTOJIa U3 MOHOTEPIIEHOBOTO
nuTpoHelrana. B ctarbe ObuT mpoBeieH 0030p HAyYHBIX HCCIIECIOBAHUN C BEICOKON
JIOCTOBEPHOCTHIO, IPOAHATN3UPOBAHBI JAHHBIC O CHHTE3€ U30ITyJIET0NIa U MCHTOJIA
W3 MOHOTEPIICHOBOTO IMTPOHEIIanma M BBIOpaH 3(pQekTuBHBIIN MeTom. Takxke
B MPaKTUYECKOM IIJIaHEe OBLTM BBIJCICHB MEXaHM3M M YCIOBUS 00pa3oBaHUs
MIPOIYKTOB PEAKIIMH, OITUCAHBI 0COOCHHOCTH METOJIOB TOIYUCHHUS MEHTOJIA ITyTeM
IUTPOHEIJIAIFHOTO IHKIMPOBAHUS W THIPHPOBaHWA. BBUIM M3y4eHBI CBOWMCTBA
poayKTOB U3 KazaxcTaHCKo# mepeuHoli MAThI, TPOBEACHBI XpoMarorpaduueckue
anamm3el Ha UK - Oypee, smementHwiii anamus E A3100 u mpemctaBieHBI
pe3yIbpTaThl aHAN3A.

KuioueBblie ci10Ba: MOHOTEPIEHBI, XUPATbHOCTD, IUTPOHEIUIAIb, ITUTPOHEIA,
CHHTE3, U30ITYJIETOJI, MEHTOJ, TUMETHUIOKTAHOI

Introduction

Developed countries at the forefront of developing the need for organic products
are paying special attention to the problem of studying menthol synthesis.

The law of the Republic of Kazakhstan "on the production of organic products"
sets the goal "development of internal market of organic products and satisfaction
of the needs of the population of the Republic of Kazakhstan in organic products"
[https://adilet.zan. kz/eng/docs/Z1500000423].
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Natural monoterpenes obtained from plants are the main and cheap sources of
chiral compounds. The most accessible of them are: a - and b-pinene, 2— and 3—
karen, limonene and pulegone, which are used as starting materials for the synthesis
of bi — and three—functional chiral and heterocyclic compounds (Szakonyi et.al.,
2011).

As mentioned above, the organic substance, menthol, is also of particular interest
in the chemical industry, it is used to treat colds, rheumatism, relieve muscle pain
from overwork, etc. It is one of the most common aromatic compounds in the world,
widely used in pharmaceuticals for the treatment of diseases (Lait et.al., 2007).

Natural or synthetic menthol, peppermint essential oils are used in a number of
oral care products and cosmetics, for example, in antitussives, in the production of
toothpastes (Florentina Neat et.al., 2015).

Due to the presence of three chiral centers in the cyclohexane ring of menthol,
it forms four pairs of stereoisomers, but only (- ) — menthol has a sharp smell
and cooling effect, while other stereoisomers and (+)—menthol do not have such
properties, so their market value is low (El Alami et.al., 2015).

Due to the fact that in organic chemistry, the chirality of menthol is used in
stereospecific (asymmetric) synthesis, we studied the mechanism of conversion
of citronellal to isopulegol, isopulegol to menthol, effective catalysts used in the
synthesis process, as well as effective conditionals for the implementation of the
reaction, which were reflected in the research of scientists (Nicolas M et.al., 2015).

Research methods and discussion. (-) — Isopulegol is a very important
intermediate product in industrial production (Takasago process). Since only
the (-)— isopulegol configuration is used in it, its synthesis requires high
stereoselectivity. Pure citronellals are converted to isopulegol when heated in the
range of 130—200°C or under the influence of ultraviolet radiation (fig.1).

CHO

'l/, "///
oH “Uon "o oH

—
'

)

Figure 1. Isopulegol isomers derived from (R) — citronella

(R)

Thermal cyclization is accelerated by activated carbon, silica, metal oxides,
boric acid, nickel sulfate in the hydrogen stream or by Cu — Cr and Cu—Cr — Mn
catalysts (Philipp Miiller et.al., 2015).
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Figure 2. The mechanism of substitution of citronella

Further development of heterogeneous catalysis in menthol production begins
with citronella and includes two stages: cyclization of citronella to isopulegol (Fig.

2) and further hydrogenation of menthol.

The hydrogenation of citronella is shown in Figure 3.
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Figure 3. Citronella ring in the presence of iridium catalysts

H HO

It is clearly seen from these diagrams that isopulegol was obtained by hydration
of citronellal (Eder Lenardao et.al., 2007). In addition, the choice of catalysts used
in the synthesis of isopulegol and menthol from citronellal plays an important role

(MatthiasVandichel et.al., 2016).

Table 1. Hydrogenation of citronella on different bases with 0.8 MPa H2, 800 °C, cyclohexane,
24 hours using Ir 3 %.

CatalYSt Conversion (%) Sisopulcgol(%) Smcnlhol(%) Scitmncllol(%) SS,7—DMO (%)
3% Ir/Beta 100 0 93 0 7
3% Ir/ZM510 95 89 1 5 5
3% Ir /CBV20A 91 80 0 9 11
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Table 1 shows that cyclization of citronella with isopulegol in the presence of a
3 % Ir/ ZM510 catalyst and cyclization of menthol with a 3 % Ir / beta catalyst can
achieve high results (losif et.al., 2004).

Table-2. Effect of solvent on citronella hydrogenation in catalysts of 3 % Ir / Beta, 0.8 MPa H2,
80 ° C, 24 hours, conversion of 100%;

Solvent e’ Dielectric Sisopulegol(%) S menthola S3,7-DMO(%) Scitronellol (%) | time (h)*
(ALO,)* | constant ® (%)
1|1,4-dioxane |0,56 2,2189 10 78 5 7 16
2 | Toluene 0,29 2,3790 0 89 11 0 12
3 | cyclohexane | 0,04 2,0243 0 93 7 0 10
4| 2-propanol | 0,84 20,18 13 46 15 26 24

a) the solvent strength parameter in the Snyder eutotropic series;

b) values corresponding to 293.2 K;

¢) the maximum conversion time.

From the data in Table 2, it can be seen that during the single-stage hydrogenation
of citronella in the presence of Ir / Beta catalysts, menthol and its isomers give high
yields (93%) with a cyclohexane solvent. The choice of parameters such as solvent,
temperature and pressure improves the selectivity for isopulegol, as well as for
menthol (Dong-Lin Shieh et.al., 2014).

The use of solvents with low permittivity and poor interaction with the surface
(for example, cyclohexane) at temperatures up to 80 °C and pressures of 0.8
MPa leads to high selectivity of menthol. The weight of the catalyst is also very
important, 3 % Ir (93 % menthol) gives good results.

Cyclization of citronella into isopulegol and further hydrogenation to menthol
were studied in the works of J. Pl6Ber and other scientists (Jutta PloBer et.al., 2014).
This work is presented in stages in Figure 4.

CHy

Hs
| / ELOH \
\O HaC CH

=]

][ e}
I
&

citronellol
OH
) (COL)
3. hydrogenation
HiC CHy \ %"h HaC CHa
citronellal i 3,7-dimethyloctanol
(CAL) (DMO)
L. cyclization \o
HaC CH,
dihydrocitronellal
(DHC)

191



ISSN 2224-5227

1.2024

CHs CHy CHy CHy
:= “oH “om Y oH “iom
mc/\cm Hae CH, e eh HiC CH,
isopulegol iso-isopulegol menthol iso-menthol
CHy CHy 2 okl ) CHy CHy
-
- “Uom OH " Mo oH
H,c/\cm HaC CH, ch/\crq, HsC CHy
neo-isopulegol neoiso-isopulegol neo-menthol neoiso-menthol
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Figure 4. Scheme of the citronella reaction to menthol

The first stage (Fig. 1, stage 1) is the ringing of citronella, the configuration of
three proximal carbon atoms, and therefore the catalyst synthesizes an excess of
the necessary stereoisomer. Ru / H-BEA is easily hydrogenated by metal catalysts
of double bonds of isopuleholes and menthol is obtained (Fig. 1, stage 2) (Cortés

We have practically studied the synthesis of menthol from Kazakhstan mint

etal., 2011).
Sample ID
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Figure 5. Elemental analysis of compounds

The structure of the practical yield of menthol corresponded to the theoretical

one.
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Conclusion

The article studies the synthesis of isopulegol and menthol from citronellal
monoterpene. To achieve this goal, the article analyzes a review of scientific studies
with high consistency and data on the synthesis of isopulegol and menthol from
citronellal monoterpene and selects an effective technique.

The studied method of synthesis of menthol from isopulegol showed that this
synthesis has been studied in detail using selective catalysts, the product has a
high yield, the resulting compounds are easy to use, low-toxic and affordable. The
synthesis of substances from citronellal, which are important products of organic
synthesis, is one of the most urgent problems today, so in our research we decided
to obtain new organic synthesis products from citronellal.

In addition, in practical terms, the mechanism and conditions of formation
of reaction products, features of methods of obtaining menthol by citronellal
cyclization and hydrogenation were distinguished, the properties of mint in the
Republic of Kazakhstan were studied, chromatographic analyzes of products
obtained from them in IC - Fourier, superconductors, elemental analysis E A3100
were carried out and the results of the analysis were presented.
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Abstract. In this work, the quantitative and qualitative analysis of phytochemical
constituents of the medicinal plant Artemisia terrae-albae from Kazakhstan have
been made for the first time. The total bioactive components of Artemisia terrae-
albae were determined as follows organic acids (1.44 %). Moisture content (7.14
%), total ash (13.4 %), and extractives content (57.61 %) were determined. The
petroleum ether extract from the aerial part of Artemisia terrae-albae was analyzed
using Gas Chromatography-Mass Spectrometry (GC-MS). In total, 67 compounds
were isolated from petroleum ether part and their relative content was determined
by normalizing the peak area, in which the main components are Heneicosane
(14.4 %), Heptacosane (14.1 %), Octacosane (12.6 %), Pentacosane (10.6 %),
Hexacosane (5.9 %).
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Aunnoramusi. Byn >xymeicta amram per Kaszakcranga eceriH Artemisia
terrae-albae nopinmik OCIMIIKTIH (UTOXUMHSIIBIK KOMITOHEHTTEPIHE CAHIIBIK
JKOHE camanblk Tannay kacanael. bloranmeiy (7,14 %), xammer kynuain (13,4
%), SKCTpakTuBTI 3artapisiH (57,61%), opraHMKaiblK KbIIKbLIapabH (1,44
%) Memmepi aHBIKTANABL. Artemisia terrae-albae xep ycTi OemiriHiH meTponeit
3¢upi CHIFBIHABICHI Ta3 xpomarorpaduscsi-macc-criekrpomerpust  (I'X-MC)
KeMeriMeH Tanaanabl. [lerponeit agupi ChIFBIHABICEIHAH OapIbIFbl 67 KOCHUIBIC
OOJIIHIIT aJBIHIBI KOHE OJIAPIbIH CAIBICTBIPMANBI KYpaMbl HETI3T KypaMIacTapsl
rerenko3ad (14,4 %), renrako3an (14,1 %), okrako3an (12,6 %), nenrako3as (10)
OOJIBIT TAOBLIATHIH MUK alfMaFbIH KaJIbIIIKA KEJITIPY apKbUIbI aHBIKTANIBI 6 %). %),
rexcaxo3a (5,9 %).

Tyiiin ce3nep: Artemisia terrae-albae, ra3 xpomarorpadusiCbl-Macc-CIIeKTPOMETPHS

© A.A. Kynaiioepren, A.K. HypubioexoBa, K. Kenuc, M.A. [Tiocedaea’, 2024
Kazaxckuii HaMOHaIBHBIN YHUBEPCUTET UMEHH alib-DPapadu,
Anmatsel, Ka3axcras.

E-mail: Moldyr.Dyusebaeva@kaznu.edu.kz

XUMHMYECKHUN COCTAB ’KHPOPACTBOPUMOTI'O DKCTPAKTA
ARTEMISIA TERRAE-ALBAE

Kynaii6epren A.A. — noxropant Ka3axckoro HanMOHAJIBHOTO yHHBepcuTera MM. aib-(Dapadw,
Anmarsr, Kazaxcran

E-mail: aidana.kudaibergentegi@mail.ru, https://orcid.org/0000-0002-7344-2702;

HypasidexoBa A.K. — nokropant Kaszaxckoro HaruoHaJlbHOTO yHHBepcHTeTa MM. ainb-Dapadu,
Anmarsr, Kazaxcran

196



Reports of the Academy of Sciences of the Republic of Kazakhstan

E-mail: nurl al@mail.ru, https://orcid.org/0000-0001-9797-284X;

Kenne K. — nupexrop meHTpa iekapcTBeHHBIX pactenuil, PhD, mpodeccop Kazaxckoro
HaIMOHAJBHOTO YHUBEpCUTETa M. anb-Dapadbu, Anmarsl, Kasaxcran

E-mail: janarjenis@mail.ru, https://orcid.org/0000-0002-7148-7253;

JiocebaeBa M.A. — 3amecTHTENb JeKaHa (aKyIbTeTa XUMHU 1 XUMHIECKOI TeXHOJIOTUH 0 HayIHO-
MHHOBAIIMOHHOM paboTe N MEXTyHAPOIHBIM CBSI35IM, KaHIUIaT XUMHUUECKHUX HayK, aCCOIIMMPOBAHHBIH
npodeccop Kazaxckoro HarioHaIsHOTO YHHBepcuTeTa nM. anb-Papadu, Anvarsr, Kazaxcran
E-mail: Moldyr.Dyusebaeva@kaznu.edu.kz, https://orcid.org/0000-0003-3873-5099.

AnHoTauus. B pabote BuepBble IPOBEACH KOTMYECTBEHHBIN 1 Ka4eCTBEHHBIH
aHanM3 (UTOXMMHYECKUX KOMIIOHEHTOB JIGKaPCTBEHHOTO pacTeHusi Artemisia
terrae-albae npouspocratomiero Ha Teppuropun Kazaxcrana. Bouto ompeneneno
conepxanue Biaru (7,14 %), obmieii 30ibl (13,4 %), 3KCTPAKTUBHBIX BEIIECTB
(57,61 %), opranmueckux kuciotT (1,44 %). DkcTpakT merponeiiHoro s¢upa
HaJ3eMHOW dYacTu Artemisia terrae-albae aHAIM3UPOBATU C  TIOMOIIBIO
ra3oBoii xpomarorpaduu-macc-ciekrpomerpun (I'X-MC). Bcero u3 skcrpakra
MEeTPOJICHHOTO 3upa BeIJCICHO 67 COSAMHEHHI U UX OTHOCUTEIBHOE COICpKaHHe
ONpeNeleH0 IMyTeM HOPMalM3allMM IUIONAAM INHKAa, B KOTOPOM OCHOBHBIMHU
KOMITOHEHTaMU SIBIISIIOTCS TeHeliko3aH (14,4 %), renrako3an (14,1 %), okTako3zaH
(12,6 %), nenrako3an (10,6 %). %), rekcako3as (5,9 %).

KaroueBbie ciioBa: Artemisia terrac-albae, raszoBas xpomarorpadusi-macc-
CHEKTPOMETPHSI.

Introduction

The genus Artemisia is one of the largest and most widely distributed genera
of the family Astraceae (Compositae). It is a heterogenous genus, consisting over
500 diverse species distributed mainly in the temperate zones of Europe, Asia and
North America. These species are perennial, biennial and annual herbs or small
shrubs (Kundan & Anupam, 2011). The term “Artemisia” is derived from the word
“Artemis,” which is used in folk medicine for women's diseases and corresponds to
Diana, a Greek Goddess (Deepali et al., 2022).

Artemisia contains various of chemical compounds such as lactones, terpenoids
(e.g. myrcene, germacrene D, camphor, chamazulene), flavonoids, and flavonoid
glycosides (Batiha et al., 2020).

In folk medicine, Artemisia has been used as an antipyretic, antiseptic,
anthelmintic, tonic, diuretic and for the treatment of abdominal pain (Javed et al.,
2019).

Substances isolated from Artemisia exhibit antibacterial, anti-inflammatory,
hepatoprotective, antidepressant, antioxidant (Bordean et al., 2021), antimicrobial,
antiviral, antistress, hepatoprotective, antioxidant (Yousefi et al., 2021),
antispasmodic, antimalarial, antipyretic, as well as for the treatment of chronic
fever (Hbika, Daoudi et al., 2022). In dermatology, Artemisia is also used to treat
rheumatism and skin diseases (Hbika, Bouyanzer et al., 2022).

The present study has been made the investigation of the chemical constituents
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for the aerial part of the medicinal plant Artemisia terrae-albae grown in the
Almaty region of Kazakhstan for the first time. Total bioactive components of A.
terrae-albae such as organic acids, and flavonoids together with moisture content,
total ash, and saponins content were determined. The dichloromethane extract from
the aerial part of 4. terrae-albae has been analyzed by Gas Chromatography-Mass
Spectrometry (GC-MS).

Materials and methods

Petroleum, chloroform, ethyl acetate, and butanol brand were purchased from
Sigma-Aldrich (Saint Louis, MO, USA). Ethanol 96 % was from Talgar ethanol
factory (Talgar town, Kazakhstan)

Plant material. The aerial part of plant A. terrae-albae was collected in
September 2021 from the Zailiysky Alatau Mountains of the Almaty region. The
air-dried aerial part of A. ferrae-albae was cut into small pieces and stored at room
temperature.

Extraction. The air-dried plant 4. ferrae-albae (3.0 kg) was pulverized
and extracted with ethanol (EtOH) three times (seven days each time) at room
temperature. After evaporation of the solvent under reduced pressure, 170,74 g of
the residues were mixed and suspended in water and then successively partitioned
with petroleum ether (PE), chloroform (Chl), ethyl acetate (EA), and butanol
(BuOH) to afford the corresponding extracts.

Experimental part. The quantitative and qualitative contents of biologically
active constituents from the aerial part of the plant were determined according
to methods reported in the State Pharmacopeia XI edition techniques (Baitenov,
2001).

Gas chromatography-mass spectrometry. The liposoluble components in
the petroleum ether extract of the medicinal plant were analyzed using the
GC-MS method. The work was carried out on a gas chromatograph with mass
selective detector Agilent 7890A-5975C. Used capillary column HP-5MS length
30 m, internal diameter 0.25 mm, film thickness of stationary phase 0.25 pm.
Chromatography conditions: carrier gas-helium; flow rate 1 ml / min; column
temperature: initial temperature of 50 °C (10 min), temperature rise from 10°C /
min from 50°C to 300°C, final temperature of 300 °C (40 min), scanning range of
30-1000 AU, electronic shock mode at 70eV. The temperature of the ion source is
230 °C. 1 ul of the sample was injected into the chromatograph evaporator. Samples
were introduced by splitting with a 5: 1 split ratio.

Identification of the compounds: Identification of compounds was done by
comparing the NIST and Wiley library data of the peaks and mass spectra of the
peaks with those reported in literature. Percentage composition was computed from
GC peak areas on HP-5SMS column without applying correction factors (Masada,
1976).

Results and discussion

Extraction. The powdered aerial part of 4. terrae-albae plant (3.0 kg) was
extracted (30 L x 3) for twenty-one days in total at room temperature. The combined
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extracts were evaporated under reduced pressure to give a residue (170.74 g) which
was dissolved in water and partitioned with solvents of increasing polarity to give
PE (7.89 g), Chl (56.49 g), EA (30.48 g), and BuOH (13.12 g) (Figure 1).

A. terrae-albae, 3.0 kg

Extraction with EtOH

EtOH extract, 170.74 g

Suspend with H,O
Partition with PE
Partition with DCM
PE fraction, 7.89 g Partition with EA

Chl fraction, 56.49 g
EA fraction, 30.48 g

H>O fraction, 45 g

Fig. 1: Flow-chart of partition of the aerial part of A. terrae-albae

The quantitative and qualitative analysis. The quantitative and qualitative
analysis of biologically active constituents together with moisture content, total
ash, and extractives contents were determined from the aerial part of 4. terrae-
albae. The results are shown in Table 1.

Table 1: Quantitative analysis of bioactive constituents of A. terrae-albae

Component Content, %
Moisture content 7.14 +0.03
Ash 13.4+0.05
Extractives 57.61+0.91
Organic acids 1.44+0.01

Gas Chromatography-Mass Spectrometry. The constituents of petroleum ether
extracts from the aerial parts of 4. terrae-albae were analyzed by GC-MS. GC-MS
technology which is recognized as the “gold standard” in identifying chemicals
in simple and complex mixtures. Besides, the technology is able to recognize
substances at a trace level that is unattainable with other technologies. This method
allows to selectively and precisely determine various types of compounds.

The resulting PE part of 4. ferrae-albae was analyzed by gas chromatography-
mass spectrometry (Fig.2, table 2). The identification of the resulting phytochemical
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compounds was based on the peak area, retention time, and molecular formula. The
active substances with their retention time, name, probability of identification, and
percentage are presented in Table 1. Analysis of the PE part from A4. terrae-albae
revealed 67 compounds in the studied samples.

The main components of the petroleum ether extract are Heneicosane (14.39
%), Heptacosane (14.12 %), Octacosane (12.58 %), Pentacosane (10.66 %),
Hexacosane (5.91 %).

Table 2: comparative analysis of Fat-soluble components from the petroleum ether extract of the
aerial part of Artemisia terrae-albae with other Artemisia species

Peak | Names of compounds Molecular | Molecular | Retention | Peak area

No formula weight time, min (%)
Eucalyptol C HO 154 9,637 0,15
Bicyclo[2.2.1]heptan-2-one,| C H O 152 11,523 2,95
1,7,7-trimethyl-, (1S)-

3 endo-Borneol C,H,O0 154 12,024 0,22

4 1-Allyleyclopropanecarboxylic acid CH,0, 126 14,029 0,06

5 3,3-Dimethyl-6-methylenecyclohexene CH, 122 14,105 0,22

6 Succinic acid, 2-methylpent-3-yl trans-| C, H, O, 284 14,42 0,14
hex-3-en-1-yl ester

7 Ethanone, 1-cyclohexyl- CH, O 126 15,099 0,09

8 Methyleugenol C, H,O, 178 15,448 0,24

9 (-)-Spathulenol C,H,,0 220 17,741 0,11

10 | Methyl jasmonate C,H,0, 224 18,311 0,20

11 | Triethyl citrate C,H,0, 276 18,412 0,22

12 |(S,E)-6-Hydroxy-6-methyl-2-((2S,5R)-5-| CH,,0, 252 18,88 0,08
methyl-5-vinyltetrahydrofuran-2-yl)hept-
4-en-3-one

13 | Lilac aldehyde C C,H,0, 168 18,948 0,13

14 | Estran-3-one, 17-(acetyloxy)-2-methyl-,| C,H, 0O, 332 19,101 0,11
(2.alpha.,5.alpha.,17.beta.)-

15 | Naphthalene, 1,2,3,4-tetrahydro-1,4-| C_H, 160 19,542 0,07
dimethyl-

16 | 3-Acethyl-6-methoxycoumarine C,H,0, 218 19,84 0,33

17 | Furan, 3-(dicyanomethylene)-tetrahydro- | C;H, N,O 162 19,933 0,11
2,2-dimethyl-

18 | Phthalic acid, butyl 2-methoxyethyl ester | C,H, O, 280 20,647 0,40

19 |(2E,4E)-5-Chloro-3,4-dimethyl-2,4-| C/H, CI 158 20,8 0,14
heptadiene

20 1,3-di-n-Propyladamantane C,Hy 220 20,995 0,26

21 | Z,E-2,13-Octadecadien-1-ol C,H,,0 266 21,122 0,17

22 | Hexadecanoic acid, methyl ester C.H,0 270 21,437 0,78
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23 | Di-sec-butyl phthalate CH,0, 278 21,564 0,14

24 | n-Hexadecanoic acid CH,,0 256 21,828 0,68

25 | Estra-1,3,5(10)-trien-17.beta.-ol CH,0 256 21,963 0,13

26 | Hexadecanoic acid, ethyl ester C,H,0, 284 22,108 1,55

27 | Hexacosane C,H,, 366 22,465 5,91

28 | Tridecane, 7-hexyl- C,H, 268 22,541 3,41

29 | Eicosane C,H, 282 22,609 2,87

30 | Ethanone, 1-(1,2,3,4,7,7a-hexahyd C,H,0 246 22,83 0,17
ro-1,4,4,5- tetramethyl-1,3a-ethano-3aH-
inden-6-yl)-

31 9,12-Octadecadienoic acid, methyl ester,| C H, O 294 22,983 0,81
(E.E)-

32 | Trans-13-Octadecenoic acid, methyl ester | C H, O 296 23,059 0,53

33 | Phytol C,,H,0 296 23,246 1,12

34 | Heptadecanoic acid, 16-methyl-, methyl| C H, O 298 23,331 0,22
ester

35 | Cyclohexane, 1,1,2-trimethyl-3,5-bis(1-| C H, 206 23,484 0,17
methylethenyl)-, (2.alpha.,3.beta.,5.beta.)-

36 | Acetamide, N-[3-(3-isoxazolylmethoxy)|C H N,O 206 23,569 1,74
phenyl]-

37 |Ethyl Oleate C,H,,0, 310 23,68 0,28

38 | Methanol, tris(methylenecyclopropyl)- C,H,0 188 23,739 0,97

39 | Octadecanoic acid, ethyl ester C,,H,0 312 23,926 0,16

40 1,1,4,7-Tetramethyldecahydro-1H-| CH,0, 238 24,011 0,40
cyclopropale]azulene-4,7-diol

41 | (S)(+)-Z-13-Methyl-11-pentadecen-1-ol | C H,,0, 282 24,181 0,31
acetate

42 |8-Acetyl-5,5-dimethyl-nona-2,3,8-| C H,O, 236 24,461 2,73
trienoic acid, methyl ester

43 1-Nonadecene C Hy, 266 24,741 0,26

44 | Cyclohexane, 1,1,2-trimethyl-3,5-bis(1-| C H,, 206 24,809 0,12
methylethenyl)-, (2.alpha.,3.beta.,5.beta.)-

45 Heptacosane C,Hy, 380 25,149 14,12

46 | D-Xylopyranose, 5-C-(acetyloxy)-2,3,4-| C H O, 292 25,616 0,12
tri-O-methyl-, acetate

47 |4H-1,2,4-Triazole-3-thiol,|C/HN,OS 207 25,752 0,60
4-(3-methoxyphenyl)-5-(1-methylethyl)-

48 | E-2-Octadecadecen-1-ol CH,0 268 25,88 0,11

49 | Decyl 4-nitrophenyl ether C,H,;NO, 279 26,296 0,08

50 1-Docosene C H, 308 26,398 0,78

51 | Octadecane, 1-(ethenyloxy)- C,,H,,0 296 26,5 0,08

52 | Pentacosane C,.H 352 26,78 10,66
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53 | Octadec-9-en-1-al dimethyl acetal C,,H,,0, 312 27,061 0,06
54 | Docosanoic acid, ethyl ester C,H,O, 368 27,18 0,16
55 | Trans-2-Dodecen-1-ol C,H,0 184 27,443 0,06
56 Heneicosane C,H, 296 28,046 14,39
57 | Methyl 18-methylicosanoate C,H,0, 340 28,165 0,18
58 | Undecanoic acid, ethyl ester C,H,0, 214 28,632 0,13
59 | Octadecane, 1-bromo- C,H,Br 332 28,751 0,11
60 | Octacosane C,H, 394 29,108 12,58
61 | Tricosane C,H, 324 29,456 0,91
62 | Hexacosanoic acid, methyl ester C,H,0, 410 29,558 0,10
63 Tetratetracontane C, H,, 618 30,102 0,05
64 Hexadecane CH,, 226 30,807 0,68
65 | Stigmasterol C,,H,O0 412 31,962 0,21
66 | gamma.-Sitosterol C,,H,,0, 414 32,506 0,34
67 126,27-Dinorergosta-5,23-dien-3-o0l,| C,H, O 370 33,22 0,10

(3.beta.)-

3e+07 . 26.682

28.048
2.8e+07
2.6e+07
29.104

2.4e+07
2.2e+07 26.779

2e+07
1.8e+07
1.6c+07 25. 149
1.4e+07
1.2e+407

le+07
8000000 9o 6
6000000 115238 22.5
4000000 29" 452
zoooooot _r?,\Qzlzl lso. 500

0 9.63612, 02114115, 4487101 119%2221 28230, 133233 917
‘54‘00‘ ‘ ‘ ‘10.‘00‘ ‘ ‘ ‘15.‘00‘ ‘ ‘ ‘20.‘00‘ ‘ 3‘30.‘00‘ ‘ ‘ ‘
Fig. 2: Chromatogram of A. terrae-albae extract (PE part)
Conclusion

Our study determined that the PE extract of 4. terrae-albae contains novel

compounds of pharmacological importance. Identified compounds from A. terrae-
albae plant in this study can be used as potential candidates in drug development to
overcome different emerging diseases. The isolated compounds exhibit the following
activity: Heneicosane - microbicidal activity (Vanitha et al, 2020), Heptacosane -
non-toxic inhibitors of ATPase activity and P-gp function (Manuela et al, 2022),
Octacosane - antitumor activity (Figueiredo et al, 2014, Pentacosane, Hexacosane
- antimicrobial Activity (Seham & Magdy, 2013; Kawuri & Darmayasa, 2019).
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Abstract. One of the urgent problems is the treatment of industrial wastewater
from toxic and heavy metal ions. Increased requirements for the normally
permissible discharge of wastewater require more efficient and environmentally-
friendly methods of treatment. The aim of the research is to study the colloidal-
chemical processes of sorption treatment of wastewater from Pb*2, Ni*2, Zn*? ions
with natural adsorbents. Bentonite montmorillonite (Middle Tentec degeneration),
bentonite red (Mukra degenerations), zeolite (Maitobe degenerate) and diathomite
(Ilyan fields) were selected as the objects of the study. Methods of research - X-ray
phase analysis, atomic absorption spectrometry. X-ray phase analysis determines the
chemical composition of the materials studied. The main component of diatomite
is Si0,, in zeolite — Laumontite composition Ca,AlSi O,.-14H,0 (51.3 %). The
base of bentonites is bedellite-montmorillonite, which has an amorphous structure.
The method of atomic absorption spectrometry was used to investigate the sorption
of heavy metal ions (Pb™, Ni*?, Zn*?) by the natural adsorbents under investigation.
Bentonites, Mukra and Medium Tentec have the best sorption properties. Here,
the content of lead, nickel and zinc ions decreases by an average of 82—85 %. If
diatomite is used, the ion content of these same metals decreases by approximately
7476 %, and for zeolite by 64 %. Generally speaking, the adsorption properties
of these minerals are expected to be achieved by the high porosity in the case of
diatomite and zeolite or the penetration of ions into the interpackage space between
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the bentonite layers. Mixing adsorbents, increasing their mass percentages and
increasing the mass of the mixture leads to increased efficiency of the degree of
cleaning from these ions. In conclusion of the study, natural minerals of the Almaty
region have sorption properties that can be used for practical purposes, in particular
for wastewater treatment.

Keywords: waste water, natural adsorbent, metal ions, sorption, X-ray analysis,
atomic absorption spectroscopy
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AFBIHJBI CYJIAPAbI TABUTU AICOPBEHTTEPMEH
TA3AJIAYJbIH KOJJIOUATHI - XUMHUAJIBIK [TPOLECIH 3EPTTEY

AHHOTanus. OHEPKACINTIK aFbIHABI CYJNapHbl yibl KOHE ayblp MeTaiuapiaH
TazapTy ©3eKTI MocemnenepAid Oipi OonmbIm Kememi. AFBIHIABI Cydarbl KaJJIbIK
WOHJIAPJIH IIEKTI PYKCAaT CTUITeH KOHIICHTPALMSAChIHA Tajial IKOFaphl
OOJFaHIBIKTAH THIMIII KOHE SKOJOTHSIIBIK Ta3a dMicTep KaKeT eTineni. 3epmmey
HCYMBICHIHbIY MAKCAmMbl - aFBIHIBI CyTapasl TaOUFu agcopoentrepmer Pb™?, Nit2
Zn*? HOHIapbhIHAH COPOIMSIIBIK Ta3auay YIIiH KOJUIOMATHIK-XUMHSIIBIK TPOIECCIH
3eprrey. 3epmmey obvexminepi - 0eHTOHUT MOHTMOPWILTIOHUT (Cpennuii TeHTek),
KbI3bUT OeHTOHUT (Mykpsl), neomut (MaritoGe), muaromut (lie) KoigaHBUIIBL.
3epmmey adicmepi — peHTreHO(A3aTBIK TANAAY OIICI, aTOMIBIK-a0COPOITHSITBIK
CHEKTPOMETPUS. 3Jepmmey HamudiceciHoe PEHTreHO(Ma3alblK Taljay oJiciMeH
TaOWFU  aICOpOCHTTEPIMIH XHMHSIIBIK Kypambl aHBIKTAIIBL. JIHaTOMHUTTIH
KypaMbIHBIH Herisri komnonenti SiO,, neomur — Ca,AlSi O, 14H,0 (51,3 %),
OCHTOHUTTEP Kypambl aMOpP(THI KYpPBUIBICTHI OEWIEIITUT-MOHTMOPUIIIOHUTTEH
Typabl. ATOMIBIK-a0COPOIHSIIBIK CIIEKTPOMETPHS oniciMeH TaOUFru
ancopOeHTTepiH ayblp Metaiut nonaapbiH (Pb*2, Ni'?, Zn'?) copOumMsIIbIK KacheTi
3eprrenai. Mykpsl xoHe Cpemauit TeHTeK KeH OpHBIHAH IIBIKKAH OCHTOHHUT €H
JKOFapbl COPOIMSUIBIK KACHUETKEe M€ CKCHI aHBIKTaJ/Ibl. BEHTOHUTIICH KOPFACHIH,
HUKEJb KOHE MBIPBIII HOHAAPBIHAH Ta3apTy 82—85 % Kypaiasl. JluatoMuTneH 74—
76 %, ain ueonutneH 64 % TazapTbullbl. JMATOMUT MEH IIUONMUTTIH KEYSKTUIIMHIH
YKOFaPBI OOTYBI JKOHE OCHTOHUTTIH KYPBUIBICHI KATIIAPIIbl OOTYBIHAH aCOPOIUSITBIK
KacHeTi KOFapbl OONATBIHBI aHBIKTAJIBL. AJICOPOCHTTEPII apajacThIpy, OJapbIH
MacCaJIbIK YJIECTEPiHIH JKOHE KOCHaJarbl MacCaJapblHBIH OCYl OChl HOHJIApJaH
Tazajay THIMIUIT apTrambl. 3epmmey HomudiceCiniy KOpblmblHObICHl AJMAThI
OOJTBICBIHAH IIBIKKAH TaOUFU aJCOPOCHTTEP COPOIMSIBIK KACUET] )KOFaphl eKeHiH
kepcerTi. Onapapl MPaKTHKAIBIK MaKCcaTTa, SSFHU aFbIHIBI CyJIapbl Ta3ajay YIIiH
KOJIJTaHyFa OOJIaThIHBI aHBIKTAJIJIbI.

205



ISSN 2224-5227 1.2024
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HNCCIEJOBAHUE KOJVIONJHO-XUMHUYECKHUX ITPOLECCOB
OYUCTKHU CTOYHBIX BOJA INTPUPOAHBIMU AICOPBEHTAMU

AnHoTtanus. OQHON U3 aKTyaTbHBIX TPOOJIEM IBIISIETCS OUUCTKATPOMBIITUICHHBIX
CTOYHBIX BOJI OT HOHOB TOKCHUHBIX U TSIKEIIBIX METaJLI0B. [loBbIIIeHHE TpeOOBaHU I
K 3HAUYCHHUSIM HOPMATHBHO-IOITYCTHMOTO cOpoca CTOYHBIX BOA TpedyeT Oosee
3¢ (EKTUBHBIX M IKOJIOTHYHBIX CITIOCOOOB UX OYUCTKH. L{enbro nccienoBaTensckon
paboThI SBISCTCS U3YyYEHHUE KOJUIOMIHO-XMMUYECKUX MPOIECCOB COPOIMOHHOM
OYMCTKH CTOYHBIX BOI OT MOHOB Pb™2, Ni*2, Zn*? nmpupomusiMu agcopbentamu. B
KayecTBe OOBEKTOB HCCIIECJOBaHUSI ObUIM BBIOPAHBI OCHTOHHT MOHTMOPHWIJLIOHUT
(mectopoxxnenne Cpenauii TeHTeK), OEHTOHUT KpacHbI (MECTOpOXkKaAeHIE MYyKpBI),
mmeosiut (MectopoxacHue Maiitobe) u aguaroMuT (MIHiCKOTO MECTOPOKICHUS).
Metonbl ucClieioBaHUS — PEHTTeHO(a30BbI aHAN3, aTOMHO-a0COPOIMOHHAS
CHeKTpoMeTpusi. PeHTreHoda3oBbIM aHAIU30M OINPENCICH XHUMHYECKUH COC-
TaB HCCIEAyeMBbIX MarepuasioB. OCHOBHBIM KOMIIOHEHTOM JHWATOMHTA SBISET-
ca SiO,, y neomura — Laumontite cocrasa Ca,AlSi O, 14HO (51,3 %).
OcHOBOI1 OCHTOHUTOB  SIBISICTCSI  OCHICIUINT-MOHTMOPHUIOHUT, HMMEHOIIUI
aMop(HYIO CTPYKTYpy. MeTOIOM aTOMHO-a0COPOIIMOHHON CTIEKTPOMETPHH ObLTH
MPOBEJICHBI MCCIICIOBaHUS 110 COPOIMKM HOHOB TsDKeNbIXx MetamuioB (Pb™?, Ni'?,
Zn'?) uccieayeMbIMH TPUPOIHBIMU afcopOeHTamu. JIydmmMu COpOLMOHHBIMU
CBOMCTBaMHU 00Jadat0T OCHTOHUTHI, MeCTOpOXKAeHIH Mykpbl 1 Cpenanii TeHTek.
3neck cojepKaHWS MOHOB CBHHIA, HUKEJS M IIMHKA YMEHBIIAIOTCS B CPEIHEM
Ha 82-85 %. B ciaydyae MCMoONb30BaHMS NUATOMUTA COACPKAHHE MOHOB ITUX K€
METAJIOB YMEHBIAOTCS MPUOMU3NTENbHO Ha 7476 %, a mis neonuta Ha 64 %.
B 1iermom MOXHO 03KUaTh MPOSIBICHHUE aJICOPOIIMOHHBIX CBOMCTB 3TUX MUHEPAJIOB,
KOTOpBIC JOJDKHBI 00€CIIEYMBATLCS BCIICACTBHE BBICOKOW MOPUCTOCTH B Cilydae
JMAaTOMHUTA M TIE0JINTA WIIM TPOHUKHOBEHUS NOHOB B MEXKITAKETHOE TTPOCTPAHCTBO
MEX]1y CJI0sIMU OEHTOHUTOB. CMeIIMBaHUE aCOPOSHTOB, YBEIIMYCHHE UX MACCOBBIX
JIOJIC M TIOBBILNICHUE MAacChl CMECH INMPHUBOAMUT K TOBBIMICHUIO 3(PPEKTUBHOCTH
CTETIeH! OYHMCTKH OT STHX HOHOB. ABTOPHI ITPUIILTH K BEIBOAY O TOM, YTO IPUPOIHBIE
MUHEpadbl MECTOPOXKICHUN AJIMAaTHHCKOW 00J7acTH, 00JIaAar0T COPOIMOHHBIMU
CBOMCTBAaMH, KOTOPbIE MOXKHO HCIIOJIb30BaTh B MPAKTHUECKUX IIEJIAX, B YACTHOCTH
JUTSE OYUCTKH CTOYHBIX BOJI.

KoroueBbie cj10Ba: CTOYHBIC BOJIbI, IIPUPOJHBIN aJICOPOCHT, HOHBI METAILIOB, COPO-
1Wis1, pEHTTeHO(A30BbIi aHAIIN3, aTOMHO-a0cOpOIOHHas criekTpomeTpus Introduction
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With the development of the industrial sector, the issue of industrial waste water
treatment and waste disposal is increasingly raised. The environmental situation
is deteriorating, forcing firms to tighten their requirements for disposal of waste
and waste water. As you know, almost no enterprise can operate without waste and
waste water. When designing production a few years ago, the formation of waste
water, their further recycling and treatment were not taken into consideration. As
a rule, it was solved in an increasingly simple way, wastewater was diverted to the
nearest point of reception or to a relief (waterway). The effects of the discharge of
wastewater were not calculated.

To date, the situation with the discharge of wastewater is changing. The search
for and development of the most effective solutions in the field of industrial waste
water treatment is required.

With the advent of modern methods of wastewater treatment, the problems of
waste water treatment began to find their solutions. The diversity of the composition
of sewage determines the breadth of choice of different technological schemes
and equipment for their treatment. The range of industrial waste water treatment
equipment includes equipment from different industries, adapted to the required
requirements. The existing range of waste water treatment equipment is constantly
expanding with the emergence of new, more efficient technologies.

The main type of galvanic waste is washing water, which contains large amounts
of heavy metal ions.

The aim of the study was to conduct research on the adsorption of ions of heavy
metals by natural adsorbents by X-ray phase and atomic-adsorption methods.

Methods and materials

Atomic absorption spectrometry. For the analysis of the content of heavy
metal ions in wastewater before and after their treatment, the atomic absorption
spectrometer MGA-915MD was used.

The principle of operation of the spectrometer is based on the use of the method
of Zeeman polarization spectroscopy with high-frequency modulation, which is
one of the options of selective atomic-absorption analysis.

The basis of the method used is that the atomizer is placed in a transverse
magnetic field with a voltage of about 7.5 kE. Modulated at a frequency of 50
kHz by polarization radiation from the resonance source installed in the working
position of the revolver, gets into the atomizer, where the horizontal component of
polarization (parallel to the lines of the magnetic field) is absorbed by the identifiable
atoms, interfering molecules and aerosols, and the vertical (perpendicular to the
magnetic field lines) - only the molecule and the aerosol, i.e. atomic absorption
for it is practically absent. At the same time, non-selective absorption for both
polarizations is the same. The result is a differential signal with a frequency of 50
kHz, proportional to the concentration of atoms.

Limit of the relative average square deviation of the output signal of the
spectrometer at the input of the control solution 6 %.

X-ray phase analysis. The X-rays of the samples were obtained on the
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diffractometer DRON-3 in digital form using copper radiation. The sampling modes
are as follows: voltage on the X-ray tube 30 kV, pipe current 30 mA, movement step
of the goniometer 0.05° 20 and intensity measurement time at the point - 1.0 sec.
During the shooting, the specimen was rotating in its own plane at a speed of 60 rpm.

Preliminary X-ray processing to determine the angle position and intensity of
reflexes was carried out by the Fpeak program. The analysis was carried out using
the PCPDFWIN program with the PDF-2 diffractometric database.

Objects of investigation. Diatomite is a white-grey powder. Diatomite of Ili
field. Diatomite density is 1.4 g/cm’. Bentonite red is a clay of brown or red color.
Mukry field. Density is 0.03 g/cm®. Bentonite montmorillonite - clay, dark gray
colour, in touch resembling soap. Middle Tentek field. Density is 1.8 g/cm?®.Ceolite
is a dark brown powder. The Maitobe field. Density: 1.9 g/cm?.

Results

The main objective of the study was to conduct wastewater treatment using
natural adsorbents. Bentonites, diatomite and zeolite were selected as natural
adsorbents. All these minerals are characterized as good adsorbents due to their
structure and properties (Gholikandi et al., 2010; Ju Okoli et al., 2014; Kafia et
al., 2011). The adsorbents of the fields of the Almaty region were taken: bentonite
montmorillonite (Middle Tentek field), bentonites red (Mukry field), zeolite
(Maitobe field) and diathomite (Ili fields).

Research on the treatment of wastewater from heavy metal ions requires
knowledge of the chemical composition and structure of the potential adsorbents
used. For this purpose, a X-ray phase analysis was carried out on the data of
the minerals, which visually demonstrates the qualitative and semi-quantitative
composition of the tested minerals.

Figure 1 shows a X-ray of the diatomite (Ili field).
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Figure 1. Diatomite X-ray (Ili field)
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On the basis of an X-ray, a semi-quantitative analysis of this mineral was made,
the data of which are given in table 1.

Table 1 - Results of semi-quantitative analysis of diatomite (Ili field))

Formula %
SiO,-Cristobalite 95.7
SiO,-Quartz 4.3

The diatomite under investigation is silicon oxide, which is present in various
forms. Cristobalite is a high-temperature modification of SiO, quartz. Cristobalite
occurs in the form of spherolites or grapes (balls up to 1 mm in size) in obsidian
(volcanic glass), as well as in voids. Sometimes with grown plates of tridimite on
crystals of crystobalite, in grain clusters of correct octahedra, rarely in the form
of complex cellular structure, pseudo-cubic crystales (spherical crystalls), massive
forms. It usually has a color ranging from milky-white to yellowish and light brown.
It has a high hardness of 6-7, a specific weight of 2.32-2,36 g/cm’.

Thus, high mechanical hardness, resistance to the action of high temperature,
as well as aggressive environments of diatomite is ensured by its composition. The
adsorption properties of diatomite are mainly due to its high porosity.

X-ray (figure 2) and table 2 show the main composition of the ceolite (Maitobe
field).
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Figure 2. X-ray of the ceolitis (Maitobe field)

As can be seen from the X-rays and the table, cam ceolite is a rather complex
mixture of natural minerals, which have their own characteristics and composition.
For example, lamontite belongs to the group of zeolites based on aqueous calcium
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aluminosilicate. It has a hardness on the Moose scale of 3.5-4, with a density of
2.23-2,41 g/em?, while it is quite fragile. Heylandite is a mineral, a frame silicate
from the group of zeolites. Albite (lat. albus - white) is one of the most common
species-forming minerals, white sodium field spat of magmatic origin of the silicate
class, aluminosilicate of the plagioclasic group. Augustine (from the Greek avyn
- "shining, shine") is a species-forming mineral from the clino-pyroxene group
Ca(Mg,Fe,AD[(Si1,Al),0,]. Coloring from green to black. Hardness 5-6,5. It is part
of andesite, basalt, diabasis and other erupted mountain species of predominantly
basic nature. Hematite is a common iron mineral, Fe,O,, one of the main iron ore.
Synonyms: red iron, iron gloss (star.) has a hardness of 5,5-6,5. It's fragile. Density
4.9-5.3. Vermiculite is a mineral from the group of hydrohumans, having a layered
structure, hardness on a mineralogical scale of 1-1,5, density of 2,4-2,7 g/cm?
(0,065-0,130 g/ cm?).

Table 2 - Results of semi-quantitative analysis of zeolite (Maitobe field)

Formula %

Ca,ALSi O, - 14H,0O-Laumontite 51.3
Ca(Si,Al)O ,-6H,0- Heulandite-Ca 16.1
(Na,Ca)AlI(Si,Al),O- Albite 10.1
N(CaO-(Mg,Fe)0-28i0,)-(ALFe),0,- Augite 7.6
SiO,- Quartz 6.6
CaCO,-Calcite 6.2
Fe,0,- Haematite 1.9
Mg, Si,0,,(OH),-Vermiculite 0.2

Vermiculite is biologically stable - is not susceptible to degradation and rotation
under the action of microorganisms, is not a favourable environment for insects
and rodents, and is chemically inert - neutral to the effects of alkalins and acids.
In general, it can be seen that zeolite (Maitobe field) mainly contains minerals,
which have a fairly high hardness and mechanical strength. An important property
of zeolites is the ability to ionic exchange, due to its crystalline structure, which is
formed by the tetrahedrical groups SiO, , and AlO,,, joined by common peaks into
a three-dimensional frame, permeated by cavities and channels (winders) of the
size 2—15 angstrom (Khadhraoui et al., 2002; Khraisheh et al., 2004).

A similar X-ray analysis was performed with two bentonites. The first bentonite-
montmorillonite X-ray is shown in figure 3. For this sample, semi-quantitative
analysis is virtually impossible due to its low crystallization. Bentonite refers to
layered clay, therefore in its structure there are no pronounced crystals, i.e. it is an
amorphous material
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Figure 3. Bentonite-montmorillonite sample X-ray (Middle Tentek field)

In general, the main component of the tested bentonite is bedellite or otherwise
- montmorillonite. It is a clay mineral belonging to the subclass of layered silicates.
This mineral has a strong ability to swell due to its structure and has pronounced
sorption properties (figure 4).

Three-layer package (2:1): two layers of silica tetrahedrons, facing their tops
to each other, cover a layer of alumihydroxyl octahedres on both sides. In this
connection, the connection between the packets is weak, the interpackage distance
is large and it can contain ions and water molecules. Because of this, the mineral
when soaking is very swollen. The presence of isomorphic substitutions, a large
specific surface area (up to 600-800 m*g) and the ease of ion penetration into
the interpackage space result in a significant cation exchange capacity (80—150

mmolequivalent /100 g).
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Figure 4. Structure of montmorillonite
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A similar composition is found in the fourth specimen, which is the red
bentonite (Mukry field) (figure 5). The sample contains the same Beidellite-12A
- montmorillonite, as in the previous case. But the content of this smectite here is
less.
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Figure 5. Red bentonite X-ray (Mukry field)

Thus, the X-ray phase analysis gave a complete picture of the chemical
composition of the materials studied. Generally speaking, the adsorption properties
of these minerals are expected to be achieved due to high porosity in the case of
diatomite and ceolite or the penetration of ions into the interpackage space between
the bentonite layers.

Spectroscopic studies of waste water before and after treatment were carried out
to study the adsorption properties of these minerals. Before studying the adsorption
properties, it was necessary to analyse wastewater prior to treatment (Guixia Zhao
et al., 2011). Since the wastewater under investigation is waste from the galvanic
production of lead batteries, it is assumed that it contains ions of lead, zinc, nickel
and other heavy metals. The main types of metal ions examined in the present paper
for technical purposes are lead, zinc and nickel. Table 3 shows the content of these
ions in wastewater before treatment and after treatment with limestone milk by
battery plant technology.

Table 3 - Results for heavy metal ions in sewage

Ni*2, mr/nom? Pb*? mr/om? 7Zn"? mr/am?
Wastewater before treatment 1,801 2,465 1,347
Wastewater after treatment 0,018 0,073 0,015
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As shown in table 3, the treatment of waste water with limestone milk is quite
effective. After cleaning, the content of metal ions decreases. However, according
to the permissible concentration limits of pollutants in sewage, wastewater levels
after limestone treatment exceed the maximum allowable concentration for these
lead and nickel ions. Thus, for nickel ions the maximum permissible concentration
according to this regulatory document is 0.008mg / 1, for lead ions - 0.0lmg /1, and
for zinc — 0.053mg/1.

The use of milk of lime for waste water treatment by the battery plant is based on
the neutralization of acidic wastewater with alkali calcium oxide hydrate Ca(OH),.
In most cases, when Ca(OH), reacts with acids, insoluble calcium salts are formed,
which, precipitating, can clog sewer networks. Therefore, after the neutralizers,
sludge-fillers are provided, in which sludges are defended and the wastewater is
further tempered.

At the plant, the waste water treatment is carried out in step-by-step pools, at
the bottom of which the sludge is deposited. But as the data show, such cleansing
is still not effective enough.

The waste water treatment was carried out as follows: samples of each adsorbent
(2g) were mixed with 100 ml of wastewater taken before treatment. The resulting
mixture was kept for 3 hours, with periodic mixing to improve the sorption process.
After this, the filter was separated from the sediment and then diluted 100 times,
depending on the contamination. Data are presented in table 4.

Table 4 - Co-retention of heavy metal ions in sewage by adsorption

Adsorbents/metals C(Pb™?), mg/l C(Ni™?), mg/l C(Zn™?), mg/l
diatomite 0,614+0,098 0,448+0,071 0,335+0,053
bentonite red 0,423+0,067 0,309+0,049 0,231+0,037
zeolite 0,893+0,143 0,652+0,104 0,488+0,078
bentonite montmorillonite |0,4354+0,069 0,318+0,05 0,238+0,038

The results show that the content of heavy metal ions in waste water after
treatment with the adsorbents under investigation is reduced compared to waste
water before treatment. Comparing adsorbents among themselves, we can say that
in this series bentonites manifest themselves better. Here, the content of lead, nickel
and zinc ions decreases by an average of 82—85 %. If diatomite is used, the ion
content of the same metals decreases by approximately 74—76 %. It's worse for
zeolite. In this case, the ion concentrations detected in waste water after treatment
with this adsorbent were 36 %, i.e. 64% extraction. It should also be noted that for
all adsorbents lead ions are extracted to a greater extent than other ions. This is due
to the high content of this ion in the original wastewater solution.

Probably, the manifestation of higher sorption properties in bentonites is
associated with their more amorphous structure, which facilitates the process of
penetration of ions into the interpackage space (Bokiev et al., 2018).

Compared to limestone-treated waste water, the indicators shown in table 4 for
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natural adsorbents were not as effective as expected. Therefore, in order to improve
the quality of purification, a study of kinetics of nickel ion sorption by adsorbent
mixtures was carried out. Three adsorbents were taken — diathomite, red bentonite
and bentonite-montmorillonite in different ratios. The first mixture contained 30
% of diatomite and 35 % of bentonites each, and the second mixture had the same
composition, but the content of diaatomite was reduced to 10 % and bentonite was
increased to 45 %, respectively. In addition, kinetic curves should show whether the
sorption process improves over time. Figure 6 shows the results.

c(Ni), 2
mg/l K
IEAN
0,5

0 1 2 3 4 5 6 7 24
t, hour

Figure 6. Ni*2 ion sorption kinetics by adsorbent mixtures
I-mixture of composition: 30 % diatomite and 35 % red bentonite and 35 % bentonite-
montmorillonite
2-mixture of composition: 10 % diatomite and 45 % red bentonite and 45 % bentonite-
montmorillonite

The dependency of the concentration of nickel ions in the sewage after its
treatment with the adsorbent mixture decreases over time to the limits that are
achieved when two phases are in contact during the day. Figure 6 shows that the
adsorbent mixture with a higher bentonite content shows lower nickel ion content.
Naturally, an increase in the number of bentonites, which exhibit higher sorption
capacity, leads to an increased degree of nickel extraction. An intense change in the
concentration of nickel ions for both mixtures is observed in the first 3 hours, then
the curves go to constant values. According to the kinetic curve obtained, it can be
said that practically holding the waste water with the adsorbent mixture for 3 hours
is sufficient to pass the main sorption process. In principle, in 2.5-3 hours is usually
physico-chemical sorption.

The next stage of the research was to test the effect of the mass of the adsorbent
mixture on the efficiency of the cleaning process. For this purpose, the weight of
adsorbent mixtures was increased to 4 grams. The ratio of the composition of the
adsorbents remained the same. The data obtained are presented in figure 7, in the
form of comparative charts of indicators of concentration of lead, nickel and zinc
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ions after treatment of waste water with individual types of adsorbents and their
mixtures. As shown in figure 7, the lead ion content of waste water after treatment
with adsorbent mixtures is reduced to 0.335 mg/l for a single mixture and to 0.268
mg/l for a two-mixture where the bentonite content is higher. These concentrations
of Pb™ are the lowest in the range of adsorbents used. For example, compared to
the indicators for zeolite, these values are 2.5-3 times smaller. They are less than
indicators for diamond almost 2 times. The adsorbent mixture is more effective
in cleaning the waste water from lead ions than pure bentonites. Here, cleaning
efficiency is achieved by increasing the mass of adsorbent mixtures. It would be
possible to further increase the mass of adsorbents, however, an increase in the
percentage weight of the absorbent material is not desirable, as this proportionally
increases the weight of sludge, which is also undesirable in technological processes.
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Figure 7. Concentrations of lead, nickel and zinc ions after cleaning with adsorbents and
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Analysis was performed with nickel ions. As shown in figure 7, the content
of nickel ions in sewage after its treatment with adsorbent mixtures is reduced
to 0.25 mg/l for a single mixture and to 0.21 mg/l for a two mixture where the
bentonite content is higher. Here too, as with lead ions, the relative content of Ni*
is significantly reduced compared to zeolite and diatomite.

The same pattern is observed for zinc ions (figure 7). Here the Zn*? content in
the treated waste water in the case of adsorbent mixtures is 0.25 mg/l and 0.21 mg/1.
These data show that the mixtures are the best in this range of sorbents. But once
again it is necessary to add that the improvement of the sorption process is due not
only to the composition of adsorbents, but also to their mass.

Table 5 - Degrees of extraction of metal ions by adsorbents and their mixtures

Adsorbents Degree of extraction | Degree of extraction | Degree of extraction
(Pb*), % (Ni2), % (Zn?), %
zeolite 63,77 63,8 63,77
diatomite 75,09 75,12 75,13
red bentonite 82,84 82,84 82,85
betonite montmorillonite | 82,35 82,34 82,33
1-mixture 86,41 86,12 84,11
2-mixture 89,12 88,34 84,78

A clearer demonstration of the effectiveness of adsorbent mixtures is table 5,
where the obtained data were used to calculate the degree of extraction of metal
ions by all of the above adsorbents. The highest recovery rates are noted for lead
and nickel ions when mixtures are used. The increase in the degree of extraction
for the first mixture reaches 86 % and for the second mixture — 89 % for lead ions.
The degree of extraction is 86 % and 88 % for nickel ions. And for zinc ions, these
values reach 84 %. Thus, mixing adsorbents, increasing their mass fractions and
increasing the mass of the mixture leads to a more efficient result. However, the
achieved values are not sufficient for the treatment of these wastewaters, as they
exceed the norms of the maximum allowable concentration.

Studies conducted in the work on the selection of effective natural adsorbents for
the treatment of wastewater have shown that the natural materials used in the works,
fields of Almaty region, have sorption capacity. The highest sorbent properties of a
number of the objects studied are the bentonites, the Mukry and the Middle Tentek
fields. The predominant sorption of heavy metal ions (Pb*?, Ni*%, Zn™?) is likely
to be associated with the increased ion exchange capacity of these clay minerals,
due to their amorphous structure and high inflatability, which contributes to the
rapid penetration of ions into the interpackage space. The lower sorption activity
observed in zeolite and diatomite is probably due to the fact that the rigid frame-
band structure of these minerals contains less ion-exchangeable ions.

Studies of the kinetics of nickel ion adsorption in adsorbent mixtures showed
that an increase in the bentonite mass ratio leads to an increased sorption. Significant
changes in the concentration of Ni*? in the test solutions occur within 3 hours, after
which values decrease less sharply.
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Increasing the mass of the adsorbent by 2 times increases the extraction of heavy
metal ions from wastewater solutions to 84—89 %. The results, however, exceed the
maximum permissible concentration standards that are imposed on sewage. Per
treatment of wastewater with the same adsorbents in two successive stages would
result in the desired results.

Conclusion

The work conducted studies on the treatment of waste water using natural
adsorbents. As natural adsorbents have been chosen bentonite montmorillonite
(Middle Tentek field), bentonnite red (Mukry field), ceolite (Maitobe field) and
diatomite (Ili field).

X-ray phase analysis was performed to identify the chemical composition of
the objects studied. A qualitative and semi-quantitative analysis of minerals was
done, according to which the main component of diatomite is SiO,, in the zeolite
— Laumontite composition Ca,AlSi O,.-14H,0 (51,3 %). The base of bentonites
is bedellite-montmorillonite, which has an amorphous structure. In addition to
the specified substances, these minerals contain other inclusions characteristic of
mineral compounds of natural origin (CaCO,, CaO, Fe,O,, Mg.Si, O (OH),).

Atomic-absorption spectroscopy was used to investigate the sorption of heavy
metal ions (Pb*?, Ni*?, Zn") by natural adsorbents. The results show that the
content of heavy metal ions in waste water after treatment with the adsorbents
studied decreases compared to waste water before treatment. Bentonites, Mukry
and Medium Tentek fields have the best sorption properties. Here, the content of
lead, nickel and zinc ions decreases by an average of 82—85 %. If diatomite is used,
the ion content of these same metals decreases by approximately 74—76 %, and for
zeolite by 64 %. The predominant sorption of heavy metal ions (Pb*%, Ni*?, Zn*?)
is likely to be associated with the increased ion exchange capacity of these clay
minerals, due to their amorphous structure and high inflatability, which contributes
to the rapid penetration of ions into the interpackage space. The lower sorption
activity observed in zeolite and diatomite is probably due to the fact that the rigid
frame-band structure of these minerals contains less ion-exchangeable ions.

Studies of the kinetics of nickel ion adsorption in adsorbent mixtures showed
that an increase in the bentonite mass ratio leads to an increased sorption. Significant
changes in the concentration of Ni*? in the test solutions occur within 3 hours, after
which values decrease less sharply.

Increasing the weight of the adsorbent by 2 times increases the extraction of
heavy metal ions from wastewater solutions. The increase in extraction rate for
1 mixture (30 % diatomite, 70 % bentonite) reaches 86 % and for 2nd mixture
(10 % diaatomite and 90 % bentonites) 89 % for lead ions. The extraction rate
for these same mixtures is 86 % and 88 % for nickel ions, respectively. And for
zinc ions, these values reach 84 %. Thus, mixing adsorbents, increasing their mass
percentages and increasing the mass of the mixture leads to increased cleaning
efficiency from these ions.
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The conducted studies have shown that the natural minerals of the Almaty
region deposit have sorption properties that can be used for practical purposes, in
particular for wastewater treatment. Since the results obtained exceeded the norms
of the maximum permissible concentration for wastewater, it can be recommended
to use these sorbents in wastewater treatment processes along with other methods
(reagent, biological, etc.).
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Abstract. Improving the efficiency of machinery and equipment is the most
important task of industrial engineering. One way to solve this problem is to
ensure the smooth operation of the least reliable nodes that limit the operation of
all equipment. Such nodes include, first of all, seals. To increase the resource of
these units, it is necessary to look for opportunities to improve the performance of
seals, for example, by using a special recipe for rubber mixtures or by introducing
appropriate additives into standard rubber mixtures. Increasing the technical
level of rubber products will increase the service life and efficiency of equipment
operation. This is of paramount importance in a market economy. In this paper, the
possibility of using zeolite from the Daubabinsky deposit in the recipe of a sealing
rubber compound is investigated. To study the effect of zeolites on the properties
of rubbers, a recipe was used to create a seal by partially replacing carbon. The
use of natural mineral fillers in the rubber mixture makes it possible to improve
their performance and reduce the cost of production. In this sense, natural zeolites

219



ISSN 2224-5227 1.2024

deserve great attention, which are minerals consisting mainly of aluminum silicates
of alkaline earth metals. It can be concluded that the task of manufacturing rubber
for sealing elements of oilfield equipment can be solved by introducing special
additives into the recipe of rubber mixtures, that is, zeolite from the Daubabinsky
field. Because when using natural zeolite, the properties of rubbers practically do
not change, they comply with control standards. Optimal physical and mechanical
properties of rubbers were observed when using 15 mass parts of zeolite. Thus,
partial replacement of carbon black with zeolite showed increased rigidity, strength
and elongation of the studied rubbers. As a rule, the use of zeolite in rubbers
prolongs the service life of machines and reduces their cost.

Keywords: ingredients, rubber compound, zeolite, sealer, rubber, rubber
products
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AHHOTanmus. MamuHanap MeH KaOABIKTapIblH JKYMBIC KaOUIeTTUIIriH
apTTHIPY CaJlAJIBIK MaIlTMHA YKacay/lbIH MaHbBI3Ibl MiHJETI 00BN TaObLTa bl OHBI
HIeTTy/IiH Oip ToCimi - 0apibIK XKaOABIKTap IbIH KYMBICHIH IIEKTEUTIH €H a3 CeHIM/TI
TYHIHIEPIIH Y3MIKCi3 XKYMBIC iCTeyiH KamTamachl3 ery. MyHnai Ty#iHaepre, eH
AJJIBIMCH, THIFBI3AFBIIITAD JKaTabl. Byl TYHIHAEPIIH peCypChiH YIIFANTY VIIiH,
MBICAJIBI, pE3UHA KOCTATAPBIHBIH apHAWBI PEICNTIH KOJIaHy HEMECE CTaHIapTThI
pe3uHa KochajlapblHa THICTI KOCHANapibl SHTI3y apKbUIbl THIFBI3IAFBIIITAPIBIH
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OHIMJIUTITIH ~ apTTBIpy MYMKIHIIKTepiH 137€y KaxeT. Pe3nHa-TeXHHKaIbIK
OyHBIMIAp/IbIH TEXHUKAJIBIK JICHICHIH apTThIPY KAOJBIKTHI Haiiaiany Mep3iMiH
JKOHE TalpaNaHy THIMIUTTIH apTTBIpyFa MYMKIHIIK Oepemi. Byi HapBIKTBIK
SKOHOMHMKA >KarnaiiblHna OipiHIN Ke3ekTeri MaHbI3Fa ue. byn skymeicta
TBHIFBI3IAFBII pE3WHA KOCTACKIHBIH petentine J[oydada kKeH OpHBIHBIH IEOTUTiH
KOJTaHY MYMKIHIIT1 3epTTenmi. [{eomuTTep i pe3nHatapIsH KaCHETTePiHe 9CepiH
3epTTey YIIiH KOMIPTEKTi illiHapa ajiMacThIpy apKbUIbl THIFBI3AAFBIII JKacayra
apHaJIFaH PelenT KOJIIaHbUIIbl. TaOuFu MUHEPANIbl TONBIKTBIPFBIIITAPIBI PE3HHA
KOCIIAChIH/A KOJJIAaHYy OJapiblH OHIMAUIITIH XaKcapTyFa JKOHE OHIMHIH ©3iHIIK
KYHBIH TOMEHAETYre MYMKIHOIK Oepeni. Ocbl TYpFBIOaH ajfaHla, HEri3iHEeH
CUITLIL JKep MeTalIapbIHbIH IIOMUHHN CHIIMKATTAPbIHAH TYPAaThIH MUHEpasaap
Ooubll TaOBIIATEIH TAOUFU LICONUTTEDP YJIKEH Hazap ayaapyra TypapiblK. MyHait
KOCIMILLTIr TEXHUKACBIHBIH THIFBI3JAFBILI SJIEMEHTTEP] YIIIH Pe3UHAIapabl xKacay
MIHJIETIH pe3uHa KOCTaJapbIHbIH PEIeNTiHe apHaibl KOCMATap/abl €HTi3y apKbIIbI,
arau  J|oy0a0a KeH OpHBIHBIH LICOJUTIMEH IIenryre Oosiafbl AEreH KOPBITHIHbI
xKacayra Ooiajpl. OWTKeHI TaOMFW LEONHUTTI MalanaHFaH Ke3/le pe3HHaIapIbIH
KAacHeTTepiHIH KOpCEeTKIITepi ic Ky3iHAe e3repMmeiii, Oakpuiay HOpMaiapblHA
coiikec keneni. LleonmutriH 15 macc. OeniriH maiinanany Ke3iHae pe3WHAIapABIH
OHTalibl  (pU3MKa-MEXaHUKAJIBIK  KepceTkimrTepi  Oadikanael.  Ockbuialiiia,
TEXHUKAJIBIK KOMIPTEKTI IICOTUTIICH iIIiHApa ayBICTHIPY 3ePTTEICTIH PE3HHATIAPIBIH
KATTBUIBIFBI, OCPIKTIrT MEH CaJbICTHIPMAJIbl Y3apybIHBIH JKOFapbUIayblH KOPCETTI.
JKaumbl, 11eonuTTI pe3uHanapa KoJijaHy MallMHAIapblH KbI3MET €Ty MEp3iMiH
y3apTaibl XKOHE OJIapJblH KYHBIH TOMEHICTEI.

Tyiiin ce3aep: WMHrpenueHTTEp, PE3MHA KOCHACHl, LCOJIMT, THIFbI3AFbILI,
pe3uHa, pe3rHa TeXHUKAIBIK OyHbIMaap
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Annotanus. [loBblieHre pabOTOCMOCOOHOCTH MAaIIMH W 00OPYIOBaHUS
SBIIICTCS BaKHEWINEH 3amadeld OTpacieBOT0 MammHocTpoeHus. OnmnH U3
CIOCOOO0B PELIUTH 3Ty MPOobIeMy -00ecTednTh OecriepeboitHyto paboTy HanMeHee
HaJICKHBIX Y3JI0B, OTpaHUYUBAONMX paboTy Bcero obopymoBanusi. K Takum
y3J1aM OTHOCSITCS, MPEXkKJIE BCETO, YIUIOTHEHHs. UTOOBI YBEIMYHTL pecypc 3THX
y3JI0B, HEOOXOIMMO MCKaTh BOBMOXKHOCTH JUISI TTOBBIIICHUSI TIPOU3BOIUTEIBHOCTH
VIUIOTHEHUH, HAlIpUMep, C TIOMOIIBIO CIEIHAIBHOTO PelenTa Pe3NHOBBIX cMecel
WIA TyTeM BBEJICHHS COOTBETCTBYIONIMX JI00ABOK B CTaHJapTHBIC PE3UHOBBIC
cmecr. [loBbINIEHHE TEXHUYECKOTO YPOBHS PE3MHOTEXHUYECKUX —W3IEIUH
MO3BOJIUT YBEIMYUTH CPOK OJKCIUTyaTalmu M A(PQPEKTHUBHOCTh JKCIUTyaTallun
obopymoBaHUS. DTO WMEET TEPBOCTCIICHHOE 3HAYCHHWE B YCIIOBUSAX PHIHOTHOU
SKOHOMHUKH. B manHo# padore mcciaenoBaHa BO3SMOKHOCTh MPUMEHEHHUS I€0IUTa
Jlay0abMHCKOTO MECTOPOXK/ICHHUS B PEIENTe yIUIOTHUTENIbHOW PE3NHOBON CMECH.
Hns n3ydyeHus BAMSHUS 1I€0JMTOB Ha CBOMCTBA PE3WH HCIOIB30BAJICS PELEIT
JUIsSL CO3JIaHMs YIUIOTHEHHUS] MyTEeM YacTHYHOHM 3aMeHbl yriepona. [IpuMeHeHue
HATypaJIbHBIX MHHEPAIbHBIX HAIMOJIHUTENCH B PE3WHOBOW CMECH I03BOJISIET
VIIYYIIATE UX PaOOTOCTIOCOOHOCTh W CHHU3UTH CEOCCTOMMOCTH MPORyKIuH. B
3TOM CMBICJIE OOJIBIIOE BHUMAHUE 3aCITY)KHBAIOT TPUPOJIHBIC IIEOTHUTHI, KOTOPhIC
MIPECTABIISAIOT COO0I MUHEPAJIBI, COCTOAIINE B OCHOBHOM H3 CHITUKATOB ATFOMUHUS
IIeTI0YHO3EMETbHBIX METAIIIOB. MOYKHO CIIEeNaTh BBIBOJ, YTO 33/]ady U3TOTOBICHUS
PE3UH ISl YIUIOTHUTENBHBIX DJIEMEHTOB HE(TENPOMBICIOBOM TEXHUKH MOXKHO
peIUTh BBEJCHUEM B PEIENT PE3MHOBBIX CMecel CIeUalbHBIX J00aBOK, TO
ecth nieonuta [laybabuHckoro Mectopoxaenus. [loroMy 4To mpu UCTIONb30BaHUT
MPUPOJTHOTO IIEONUTA TIOKA3aTeJM CBOWCTB PE3UH IMPAKTUYECKH HE MEHSFOTCS
W COOTBETCTBYIOT HOpMam KOHTpoyisi. OnrumanbHble (QH3MKO-MEXaHUYEeCKHE
MOKa3aTean pe3WH HaOMIoNaaich MPH HUCIONB30BaHWM 15 Macc.d. IeoJuTa.
Taxum oOpa3oM, yacTHYHAS 3aMEHA TEXHHYECKOTO YIJIepojia IEOJUTOM IoKa3aa
MOBBIIIIEHHYO )KECTKOCTh, TPOYHOCTh U OTHOCHTEIBHOE YIUTHHEHHE CCIICYEMbIX
pesun. Kak mpaBuiio, HCTIOIh30BaHNE [IE0INTA B PE3NHAX MTPOITIEBAET CPOK CITYKOBI
MAIllUH U CHUKAET UX CTOUMOCTb.

KutoueBble cii0Ba: MHTPEIUEHTHI, PE3UHOBAs CMECH, LIEOIUT, YIUNIOTHUTEID,
pe3nHa, pe3NHOTEXHUYECKNE M3/ICTIHS

Kipicne

MammmHazap MeH XaOIbIKTapAbIH JKYMBIC KaOIETTUNITIH apTTBIPY CajalblK
MaIlTHa >KacayIblH MaHbBI3IbI MiHIETI O0BIT TaObUTaMEI. OHBI MIETTYIiH Oip ToCT
— O0apiBIK >KaOMBIKTApABIH JKYMBICHIH IIEKTCHTIH €H a3 CeHIMII TYWiIHISpHIiH
Y3IIKCi3 JKYMBIC iCTeyiH KaMmTaMmachkl3 eTy. MyHmail TydiHaepre, €H ajjIbIMeH,
TBIFBI3IAFBINTAD JKaTaapl. OUTKEHI pe3rHa TapaMeTpiiepi KOTereH Karaanmapaa
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pecypc OoOWBIHINIA OHJIpiC TajanTapblHa COWKeC KeNMeWsi. ATalFaH TYWiHJIEP
KaraH IaijajiaHy jKarJalblHJA KYMBIC icTeii. Byl perre ThIFbI3IarbIITapFa
KOJI JKeTKi3y IIeKTeyli. AJ ONapiablH KbI3MET €Ty Mep3iMi >KaOIBIKTHIH HeTi3Ti
TYHIHAEPIHIH KbI3MET €Ty Mep3iMiHEeH KeM 00JIMaybl THiC.

by Ty#iHaepain pecypchlH WIFAUTY YIITiH, MBICAJBI, Pe3WHA KOCTaIapbIHBIH
apHalbl pelenTiH KOJJaHy HEMece CTaHAapTThl pe3nHa KochaiapblHA THICTI
KOCIajap/bl CHrI3y AapKbUIBI  THIFBI3AAFBIIITAPBIH ~ OHIMJUINIIH  apTThIPY
MYMKIHAIKTepiH i371ey KaxeT. PesunHa-texHukanblk OyiibimpapasiH  (PTB)
TEXHUKAJIBIK JICHI€HiH apTThIPY Ka0BIKThI MaiaiaHy Mep3iMiH JKOHE Maijaiany
THIMIUTITIH apTTBIPyFa MYMKIHAIK Oeperi. Bys1 HapbIKTBIK YKOHOMHUKA JKaFTaibIHIa
OipiHII Ke3eKTeri MaHbI3Fa He.

Pe3una eHepkociOiHIH ©3€KTI MOCEeNeCi-KONIAHBUIATEIH HWHTPETUSHTTEPIIH
muKizaT 0a3acblH KEHEWTy JKOHE KOMIpPTeri CHSAKTBI JISCTYpNi  KbhIMOAr
TOJIBIKTBIPFBIINTAPB SKOJOTHSUIBIK Ta3a TaOWUFM KOCBLUIBICTAPMEH ajIMacThIPY.
OcpIFaH colikec, OVJI JKYMBICTBIH MaKcaThl IICOJTUTTI THIFBI3NAFBINI OHIpICiHE
apHaJFaH Pe3WHa KOCIMaJapbIHBIH PElENTIHE TONBIKTBIPFBIII PETIHIAE KOJIaHY
MYMKIHZITIH 3epTTey OONBIN TaObIIa IbI.

TaOuru MuHEpaIAbl TOJBIKTHIPFBIITAP/ABI PE3WHA KOCMACHIHIA KOJJIaHYy
OJIapJIbIH OHIMIUIMH JKaKcapTyFa >KOHE OHIMHIH ©31HIIK KYHBIH TOMEHJIETYre
MYMKiHAIK Oeperi. OChl TYpFBIIaH ajFaHaa, HeTi31HEeH CUITLI )Kep MeTalIaphIHBIH
QIFOMHHUN CUJIMKATTapbIHAH TYPAThIH MUHEpaaap OOJBIN TaObUIATHIH TaOWFU
LEOTUTTEP YIKEH Hazap aymapyra TypapiblK. LleonmuTTepaiH XUMHUSIBIK KYpambl
KEH OpHBbIHA OalJaHBICTBI. Byn 3eprreynepie XUMUSUIBIK KypaMbl OOMBIHINA
HETI31HEH KPEMHHI jKoHE alFOMHMHHMI TOThIKTapbiHaH (Si0, — 60-74 %, A1,0, —
14-15 %), connaii-axk HaTpuil, TeMip, KalbLUil, MarHUH TOTHIKTAPBIHAH TYPATHIH
Kazakcranubiy Jlay0aba keH OpHBIHBIH IEOJIMTI nadpanaHbuiibl. Jlay0aba keH
OPHBIHBIH IIEOJINTIHIH OYPBIH 3epPTTENTeH KypaMbl MEH KYPBUIBIMBI OHBIH JKOFapbl
OeTTiK OeJiceHaiNIriH, KOChIMIIa OalaHpIcTap TY3y KaOlleTiH KepceTeli KoHe
oJapApl JKOFApbl MOJIEKYJANBIK KOCBUIBICTAPABIH TOJBIKTBIPFRIIITAPEl PETiHIE
nainananyra keH MyMKingikrep amazabsl (CarutoBa, 2021; CarutoBa xoHe T.0.,
2008; CaruroBa xoHe T.0., 2021).

llluna pe3wHANApBIHAA TOJBIKTHIPFBIII pETiHAE KEHIHEH KOJIaHBUIATHIH
TEXHUKAIIBIK KOMIpPTEKTiH OlpKaTap KeMIIUTIKTepi 0ap: OT MeH >KapbUIbIC KayMiHiH
JKOFaphlIayhl, TachIMANIaydblH KYPACTiIiri, KBIMOATTHIFBI, IICTEIACH OKETy
Ka)KEeTTUIITI.

3epTTey MaTepuaJAapbl MeH JaicTepi

3epTTey HBICAHIAPHI PETiH/IE KapacThIPhUIIbL:

-Jloybaba keH OpHBIHBIH 1eoauTi; lleonuTTepaiH JKaNMmbl XUMHUSIIBIK
popmynacer: Me [AleiyOz(X+y)]><zH20, MYH/IaFrbl Me-MeTalljl, N-OHBIH TOTHIFY
JIOpeKeci, X-aJIFOMUHUN aTOMJIAPBIHBIH CaHbI, Y-KPEMHUH aTOMJIapbIHBIH CaHbI,
Z-Cy MOJIEKYJIaTapBIHBIH CaHBI.

- THIFBI3/IAFBINIITAPFA apHAJIFaH pe3uHA KOCMaHbIH perenTi, (1-kecte);
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Pesuna xocmackr 3eprxanansik Oinikre ansiHAsl (MEMCT 14333—79E Pesuna
OHJIey OliKTEpi).

3eprTeynep TOMEHE KeNTipiIreH 9icTepMeH XKYpri3iiui:

-IIEONIUTTEPAl PEHTTeHIIK KYphUIbIMABIK Tannay ("por-3" mudpaxromerpi)
apKbLUIBI XKYprizingi (cyper 1).

-yarinepaiy cepmiMzai-OepikTik cunarramanapsl MEMCT270-75 coiikec y3y
MamuHaceIHaa aubIKkTanael (IOCT270-75, 1975).

- lllopa Gotibiama karteutbirbl, MEMCT 263-75. (TOCT263-75, 1989).

Haru:xesep xoHe o1apabl TAJIKBLIAY

Jloy0aba KeH OpHBIHBIH LEONUT KYpaMblH 3€pTTey PEHTTCHIIK KYPBUIBIMIBIK
Tajnay 9AiciMeH KYpriziiai.

HeonutTin nudpakrorpaMMachiHaa 0acbiM MUHEpaab! paza — KITMHONTHIIONUT
AhpaKTopibl MakCUMyMIapsl: 4,623 o — 4,25, — 3421, - 3,297, — 3,04, —
298, -290, = 2,775, — 2,57 ; — 2,43, — 2,16, — 2,007 ; — 1,926, — 1,808 ,
— 1,458(2) — 1,44(2) OOJIBIN TaOBLIAIBL.

JuppakuusiblK MakCUMYMHBIH a3 MHTEHCHBTIri reknanmurre (Ca,Na))
[ALSI O, 5H,0]:9.81, 8,831 —5,207 -4499,-398, -3,421,-3,10, -
2,95, —2,85,—-2,710, -2,559, - 1,965, - 1,788  — 1,603, — 1,553, — 1,494
— 1,458 ,, an ¢wmmncurre  AUQPaKTOpIbl MAaKCUMYMBIMEH: 7,68, — 6,695,
- 5207, - 5,04, -4209, 3,153, — 2958, — 2,67, —2525, - 2,413, —
2,16, -2,083, — 1,965, — 1,83 , - 1,765, - 1,725 , - 1,672, — 1,553 , — 1,489
Oaiikanansl (Carurosa, 2021).

Pentrenorpammanarbl KajraH MIBIHIAPABI 1a0a3UT NIEH TCHAPIUTKE JKaTKbI3Y
kepek. OnappIH OHIBIK MAKCUMYM/Iaphl KECTEIK MaliMeTTep OoiibrHIa 2,93 xKoHe
2,94 xypaiigsl. by pentreHorpamMmana OaiikanraH TUQPAKIUSIIBIK MakCHMyM
2,958 KapKbIHIABUIBIFBIH TYCIHIIPEI.

PeHTreHaiK KypbUIBIMIBIK TaJIAAyIbIH HOTHOKENEPl 1-CypeTTe KopceTiireH.
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Cypert 1. Jloybaba keH OpHBI LIEOTUTIHIH PEHTIeHOTPaMMAaChI

LeonmuTTepnin pe3uHaNapIblH KaCHETTepiHEe dCepiH 3epTTey YIIiH KOMipTeKTi
inriHapa anmMacThIpy apKbUTBI THIFBI3IAFBIII )KacayFa apHaIFaH PElenT KOIIaHbIIIbI
(1-xecre).

Kayuykrin nerisi peringe Oyraauen-autpuii kayayk CKH-18 nmaiinananpuist.
Pe3unanapaplH KacueTTepiH aHBIKTay KOMIIOHEHTTEp/Al TaHJay MXOHE pe3nHa
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KOCTIAJIapbIHBIH PELENTIH TY3eTy Ke3iHae TiKeJeW jKy3ere acwlpbuinbl. Pezuna
kocracer [1JI 320 160/160 3eprxaHanmblk OimiriHme sxacanabl. MyHaii-ra3
caianapblH/ia KeHiHeH TapanFaH (1-3 OenrilieHTeH) )aHa ChIHAK JKOHE CTaHAapPTThI
ATAJIOH MapKachIMEH OCNTUIEHTeH pe3nHa KOCHAIapBIHBIH  PEIeNTiCiHIH
KOPCETKIIITEPi aHBIKTAIIIBI.

Pe3snHa Kocmacel 3TaHON, TEXHUKAIBIK Maiiap MeH OCH3MH OpTachIHIA
naianany Y npouib/i )KoHe KaJbllITaTFaH OeJIIeKTep i OHipy/Ie KeHiHeH
taHpiMasl. On Maiffa Te3IMIl MamXeTTep, CaKUHajap, TEXHUKAJBIK IIMTaIap,
TBHIFBI3/IAFBIIITAP, KYOBIpIap, mpoduisaep, cbiMaap xxone 6acka na PTh enpipicinae
kKonmanbiianel. ki pe3wHa eHAIpICIHIH 3aMaHayW TEXHOJOTHSIIAPHI CBHIPTKBI
arpeccUBTI OPTaHBIH KAaFbIMCHI3 (haKTOpIapblHA TO3IMILTITT KOFaphl ©HIMIEPIl
HmIbIFapyFra MyMKinaik 6epeni. Onapsl eH ke Temieparypa (-60-tan 100 °C geitin)
JMara3oHbIHa KonnanyFa 6onaael (Maprun, 2013; TOCT P 54554-2011, 2018).

Kecte 1. TeIFpI3naFbi jxxacayFra apHalFaH pe3Ha KOCIIACHIHBIH PELETITi

WHrpeaueHTTepain araysl Kayuykrtin 100 MaccamnbIk yiecine, Mace. Y.
DrajaoH 1 2 3

CHK-18 100 100 100 100
TexHUKaJIBIK KYKipT 0,3 0,3 0,3 0,3
Tuypam J{ 0,5 0,5 0,5 0,5
Cynbpenamup L] 3,0 3,0 3,0 3,0
[Tapaokcune3oH 1,0 1,0 1,0 1,0
AbnoNb-0-Ha( THIIAMEIH 4,0 4,0 4,0 4,0
MBIpbIII OKCHI1 7,5 7,5 7,5 7,5
Texyrnepon 11-245 60 60 60 60
Texyrnepon I1-514 60 53 45 35
Maii ppakipsuiapbiabiy Kbikbuiaapsr C17-C20 1,0 1,0 1,0 1,0
[Tnactudukarop-3¢up JI3-7 22,5 22,5 22,5 22,5
T'excon 3B 0,6 0,6 0,6 0,6
Huaden OIT 1,0 1,0 1,0 1,0
Jloy6aba KeH OpHBIHBIH [IEOJTUTI - 7 15 25
Bapbirst 268,6 268,6 268,6 268,6

JaiiblH pe3nHa Kocmajgapbl 0eMe TeMIlepaTypachbiia 2 caraT OObI caKTaIbl.
ConmaH KeliH cTaHIapTThI )KOHE TKipuOeni yiarinepai amy ymin 165 °C npecre
10 MuHyT BynkaHmanabl. TeMeHIe pe3rHa KOCHIACBHIHBIH (H3HKa-MEXaHUKAJbIK
KacHeTTepiH 3epTTey HoTkenepi 2—5 cyperrepae kentipinren (I'OCT269-66,
2001).

Bynkannay — pe3uHa eHAIpiCiHIH TEXHOIOTHSUIBIK Iporieci. OH/ia M1acTHKAJIBIK
«WHKD» KaydyK pe3uHara aifHananasl. Bynkangay kesiHze pe3sMHaHBIH OepiKTikK
CUNaTTaMaliapbl, OHbIH KaTTBUIBIFbI, CEPITIMIILTITI, )KBUTyFa )KOHE asi3Fa TO3IMIUIIT]
apranpl. OpraHuKanblK epiTKilTepAe iCiHy A9peKeci MEeH epirimTiri ToMeHaen .
BynkanaaynblH MoHI - Kay4yK ChI3BIKTBI MAaKpOMOJIEKYJIaJapAblH ByJIKaH/ay TOPBI
Jen arajathlH OipTyTac «e3apa OaiylaHbICKaH» JXyHere KOChbUTybl. Bynkanmay
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HOTWKECIHJIE MaKpOMOJIEKylanap apachlHIa KeJJieHeH OaiiaHpicTap maiaa
Oonaznpl. OnapablH caHbl MEH KYpBUIBIMBI BYJKaHIAy oJiciHe OalIaHBICTHI.
Bynkannay nponecinge -C-S-C-; C-S-S-C- OaitaHbICTapbIHBIH OPTYPIIl THIITEPi
Oap BynkaHzmay TOpBl Ty3ineni. Bynkanmay kesiHnme ByJaKaHAaJ FaH KOCHAHBIH
KeHOIp KacuerTepl yakplT ©Te Kelleé MOHOTOHIBI eMeC, MakCHMyMHaH Hemece
MUHUMYMHaH oTelli. PesnHanapapiy opTypiti pu3nKa-MeXaHUKAIIBIK KACHETTEPiHIH
€H KaKChI YHJIeCyiHe KOJ KETKI3UIeTiH ByJKaHAay JOPEeKeci OHTAMIIbI ByIKaH Ay
nen atanans! (Kopaes, 2000).

Byranuen-nurpun 0y akpunonutpun (CH, = CHCN) men Oyraauennin (CH -
CH-CH = CH,) 6ip yJIKEeH Kol 3JIEMEHTTI Ti30€KKe MOIMMEPIIEHY1 OOJIBII TaObLIaIbl.
AKpWJIOHUTPWJIIIH MeJIIEpi HETi3ri momuMepie OoyiaThlH MaiFa Te3IMIUTIKTiH
OPTYPIIi ASPEXKECIH aly YLIIH e3repei. OAeTTeri Anana3oHaap aKpUIOHUTPUILIIH
14-50 maiie3bia Kypaiae! (Komenes, 1968, Jloraakun,1959 Cakubaesa, 2013).

[-CH,-CH=CH - CH,- CH,- CH(CN) -]
n

Byramuen-uutpunai  kayuyk (BHK) Herizimgeri peswHamapblH —HETI3ri
KacuerTepi ojapmarel akpmwioHHTpuindiH (AKH) kypampiHa OaiiaHBICTHI.
KypaMbIHBIH ~JKOFapbUlaybIMEH OEpiKTiK KacueTTepi, KaTTBUIBIFBI, TO3yFa
Te3IMILTIT, anudaTThl KOMIPCYTEKTep/Ieri iCiHyTe TO3IMIIIITI KOHE TEPMUSIIBIK
KapTarora Te3iMaiiri aprajasl. COHBIMEH Karap, MKEMJIUTIK MeH as3¥a TO3IMIIIIIK
aliTapneikrail Tomenaeli. bipraerie nedopmanms ke3iHae KbUTy Taina Ooajsl.
BHK =erizingeri pe3uHa amudarTel KOMipCyTeKTepAe, Maiiapaa jKoHe ©CIMJIIK
MalapblHa iCIHyre TO3IMILUTIT JKOFaphl, OipaK IMOJSPIIBI, XOII HIiCTi KOHE XIIOP
0ap opraHUKaIIbIK KOCBUIBICTAp/Ia KaTTHI iciHeni. Bynkanaay nporieci OyTaaneHHiH
KOC OaiiJIaHBICHI aPKBUITBI JKYPE/i.

MCHQ—CH=CH_CH2 ﬁ

—
HZ'CH=CH-CH2___—~——-___-—CH2—CH=CH—CHT—“'"

——CHy-CH=CH-CHy—~_y
u = 2ﬂcH:CH":H —_—
CrIpofl" xayyi 2

lnS,t°

B yIEAR 20 BEAHHET KAy Ly &

MCH:—CH CH CHy—

CH 3 g
o)
H-CH-cHp————_CHyCH-CH-CHy—
8 5
§ c 5
| —CHy-CH-CH-CHy—————" HZ"FH—CH-CHZm
§ §

AJBIHFaH pe3nHa KOCIAChIHBIH ChIHAK HOTHKeNepi 2-5 cypertepae kenripinreH (TOCT269-66,
2011).
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13
12,8
12,6
124
122

12
118
11,6

Co3y kesinzeri waptrsl Gepikriri, MITa

114
Drason 1 2 3
Cyper 2. TbIFBI3AAFBIII PE3UHAHBI CO3Y KE31HAer MapTThl OEPIKTIriHIH LEONNTTIH MOJIIepiHe

TOYeNnaiiri

172
170
168
166
164
162
160
158
156
154

Co3ran/arsl CaNbICTRIPMAITBI Y3aybl, %0

Dranon 1 2 3

Cyper 3. ToIFBI3AAFBII PE3HHAHBI CO3FAH/IAFbI CAIBICTHIPMAIIBI Y3ayBIHBIH [ICOJUTTIH
MeJIIIepiHe TOyeIIIiri

£ (=)} [

N

Kanusik y3apysbl, %

o

Oranon 1 2 3

Cyper 4. TbIFbI3AaFbIIll PE3UHAHBIH KAJIABIK Y3apybIHbIH LIEOIUTTIH MOJIILEepiHe Toyeiir

JtanoH 1 2 3

LIapTTHI OipITiK

B Maccainsik yiec kayaykri 100 macc.y.

Ilopa A GoiibIHIITa KATTHUIBIFBI,

Cyper 5. TbIFBI3AAFBINI PE3UHAHBIH KATTHUIBIFBIHBIH [EOTUTTIH MOJIIIEPIHE TOYEIIUTIr
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2-5 cypeTTep/eH Kepil OThIPFaHBIMBI3/Ial, albIHFaH Pe3WHA KOCTIACKIHBIH ChIHAK
HOTWOKENIEpIH JTAJOHMEH CallbICThIPFaH/a KOFapbl MOHIE W€ EKCHIH 3epTTeyliep
kepcerti. Kayuykrig 100 maccanbik yinecine J[oy0aba keH OpHBIHBIH IICOJUTIH
15 MaccamnbIK yiecTe pe3uHa KOCIachlHa KOCKaHBIMBI3Aa OH HOTIKE Oepii: cosy
ke3inzeri maptThl Oepiktiri 13MI1a; cosranmarbl caybicThipMaibl y3aybl 170 %;
KaJIIbIK y3apysl 8 %; Lllopa A GoibIHIIA KATTHUIBIFE 79 MIapTThI OipIiK.

Kenreren MyHaii-ra3 »aOapIKTapsl YIIIH )KOFapbl TO3yFa TOIIMAUTIK, KATTBUTBIK
KOHE OyAbIpMalblKKa TYPAKTBUIBIK TaJalTapbl HeEri3ri Oonbln  TaObLIabl.
JKofrappima KenTipiUIreH MOJIMETTepre CyHeHe OTBIPBIN, MYHAW KOCIIMIILIITI
TEXHUKACHIHBIH THIFBI3IAFBII 3JIEMEHTTEpl YIUiH pe3uHajapAbl Kacay MIHIETiH
pe3WHa KOCHAapBhIHBIH pEIEeNTiHe apHailbl KOCHalapAbl €HTi3y apKbUIbI,
srHu  J[oy0aba KeH OpHBIHBIH IICOJNUTIMEH HIenryre Ooyiafbl AeTeH KOPBITHIH/IbI
xacayra Ooianbl. OWTKeHI TaOMFW LEONUTTI MalanaHFaH Ke3le pe3HHaIaplIblH
KaCHETTEpiHIH KOPCETKIIMTEepi ic XKy3iHAe e3repMelisi, Oakpliay HOpMaIapbIiHA
coiikec kKeneni. Pe3nHaHBIH OHTabl (U3MKa-MEXaHUKAJIBIK KOpCEeTKIITepi
IEOJIUTTIH 15 Macc.y. Oaiikamapl.

KopbITBIHIBI

Byn skymbicTa THIFBI3NAFBI pe3WHA KOCHACHIHBIH perentinge Jloybaba
KCH OpPHBIHBIH IICOJIUTIH KOJJaHy MYMKIHIITT 3epTrenmi. Pe3mHa KocmackiHa
LIEOJUTTI SHTI3Y/IH EPeKIIeNiri: ByJKaHAady Ke3iHe XUMHSIIBIK OailslaHbICTap/IbIH
KEHICTIK JKeJCiH KypyFa OeJCeHHi KaTbICYbl, COHBIMCH Karap MUHEpaJIap MEH
tacTu(UKaTOpIapaAblH Pe3rHA KOCHaJapblHbIH 0acka WHTPEIUEHTTEPIHIH Tere-
TEHJIKCI3 aJCOpOIMSIIBIK opekeTTecyinae. MyHBIH 0opi TaOWFu LEOMUTTEp.i
THIMJII JIeTl CUMaTTayFa MyMKYHIIK Oepeni. Ochbuiaifina, TeXHUKAIBIK KOMIPTEKTi
LEONUTIICH 11IiHapa aybICTHIPY 3€PTTENICTIH pe3nHaNapAbIH KaTThUIBIFBI, OCpiKTIri
MEH CaJIbICTBIPMANbl Y3apYybIHBIH >KOFApbUIayblH KepceTTi. JKammbl, IeoNuTTi
THIFBI3AAFBINI  PE3MHANApAa KOJNAAaHy pE3MHANapAblH KbI3MET €Ty Mep3iMiH
y3apTa/ibl )KOHE OJNapblH KYHBIH TOMEHICTEII.
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Abstract. The method of applying electrically conductive silver films to the
surface of polymeric materials is recommended. For this, a mechanically treated
and roughened polymer plate is immersed in a suitable solution to obtain a surface
sorption layer. The activation process was carried out in solutions containing
copper chloride, as a result of such treatment, as a result of the interaction of
copper dichloride and pickled products, associated active centers containing copper
monochloride and partially reduced copper are formed. Silver nitrate and ascorbic
acid solutions were used for silvering. Samples with a sorption layer were exposed
to electromagnetic waves of light radiation. Sunlight and light from artificial
lighting lamps were used as sources of electromagnetic waves of light radiation.
After washing and drying, a metallic silver coating remains on the sample surface.

Keywords: polymer, silver nitrate, ascorbic acid, silvering, photochemistry
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Annoranus. [Tomumepri marepuangap OeTiHe BIEKTP OTKI3TilI KyMic KaObIK-
LIajapabl kary 9fici yeeiHbanel. O YIIIH MEXaHUKAJIBIK OHJCITEH XKoHE KeIip
OyJbIpIaHFaH TIOJIMMEpP TUTACTHHACHIH O€TTiK COpPONMSIIBIK Kabar anmy YIIiH
THICTI epiTiHaire OaTbIpbuIafpl. benceHmipy ypaici MbIC XJIOPHAIHEH TYPaThIH
epITIHIUIepIe KYPTi3iimi, MYHIall OHICYIiH HOTIKECIHAE MBIC JUXJIOPUIL
MEH MapuHaJTaJFaH OHIMICPIIH e3apa OpEeKeTTeCyli HOTHKECIHIE KypaMbIHAA
MBIC MOHOXJIOPH/II MEH JKapThUIail KajmblHA KEITIpUIreH MbIc Oap OaiIaHBICTHI
OencenHi opTanbIKTap maiga Oonmaapl. ANl KyMicTey VIIH KyMiC HUTpPaThl MEH
acKOpOWH KBIIKBUIBIHBIH, epiTiHaIepi Komaanpuiael. CopOusuIbIK KabaTel Oap
YJITiep KAphIK COYJIENCHYIHIH SJEKTPOMArHUTTIK TOJIKBIHAAPBIHA YIIBIPAIbL.
XapbIk coyneneHyiHiH AJIEKTPOMArHUTTIK TOJKBIHIAPBIHBIH K631 peTiHAe KYH
coyieci KoHE JKacaHbl JKapbIKTaHIBIPY [IaMAAPBIHBIH COyJeCi MaiiTalaHblUIIbL.
JKybUTBIIT KOHE KENTIpiATeHHeH KeWiH YT OETiHJe MeTaJIbIK KyMic KarTaMachl
KaJsapl.

Tyiiin ce3mep: mommumep, KyMic HHTpPAThl, aCKOPOHWH KBIIIKBUIBL, KYMiCTey,
(horoxumust
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AHHOTanusi. ABTOpPBl CTAaThbM PEKOMEHIYIOT METOJ HAHECEHHs JJIEKTPO-
MPOBOAALIMX IJICHOK cepedpa Ha MOBEPXHOCTb MOJIMMEPHBIX MarepuainoB. [lis
3TOTO MEXaHWYECKH 00paboTaHHYIO M MPUAAHHYIO IIEPOXOBATOCTH MOJUMEPHYIO
IUTACTHHY MOTPY’KAIOT B MOAXOASALIMNA PACTBOP VIS MOIYYEHUs TIOBEPXHOCTHOTO
copOuonHoro ciosi. Ilpouecc akTuBauyu NPOBOIAT B PACTBOPAX, COACPIKALIMX
XJIOPUIl MEIH, B pe3ysbrare Takoil oOpabOTKM B pe3yiabrare B3aUMOJACHCTBHS
JMXJIOPHU/1a METU M TIPOAYKTOB TPABJICHUS 00pa3yI0TCs aCCOLMUPOBAHHBIC AKTHBHBIC
LEHTPBI, COACPKAIINE MOHOXJIOPUA MEIU ¥ YACTHYHO BOCCTAHOBICHHYIO Meib. [Jist
cepeOpeHns NCTIONIB3YIOTCS PACTBOPHI HUTpaTa cepedpa 1 acKOpOMHOBOM KHCIIOTHI.
O6pa3upl ¢ COPOLIMOHHBIM CII0EM MOABEPTatOTCs BO3IEHCTBUIO AIIEKTPOMAarHUTHBIX
BOJIH CBETOBOTO H3JIyueHHs. B KadecTBE MCTOYHHUKOB HIICKTPOMArHUTHBIX BOJIH
CBETOBOT'0 U3JIyUEHHS HCIIOIB3YIOTCSI COTHEUHBIN CBET U CBET JIAMII HCKYCCTBEHHOTO
ocsenieHus. [locine MpOMBIBKH 1 CyIIKM Ha TIOBEPXHOCTH 00pa3ia 0CTaeTCsl HaJIeT
METaJUInYeCcKoro cepedpa.

Ki1roueBble cjioBa: nonmmep, HUTparT cepedpa, ackopOHHOBasi KUCIIOTa, ceped-
peHue
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Kipicne

KymicTikomnany eH aiIbIMeH OHBIH XUMISUTBIK )KOHE (PH3UKAIBIK KACHETTepiMeH
omemi KepiHiciMeH OaiinaHpicThl. Kymic TeXHUKaHBIH op TYypJi calaixapblHa,
Ouonorusaa JKoHe MeIUIMHAAA, 3eprepilik OyibIMaap eHaipiciHAe KOAIaHbLIAIbI.
Kazipri Tagma TexHUKaga OChI aChUT METANIBLIH >KaObIHIAPE MCH KaOBIKITAIAPhI
O0ap KemTereH MaTepainaap KojiJaHbuiaAbl. KyMIiCTiH KOFapbl KOPPO3HUSUIIBIK
TYPAKTBUIBIFEI JKOHE DJICKTP OTKI3TIIITITIHIH JKOFaphl OOJNFaHIBIKTaH MYHIai
MaTepuaiap/sl AMekrporexHukaaa (CremmwioB xoHe T.0., 2017), 35eKTpOHIbI
KoHE XMMHUs oHepKacibiHae (Jiang xone T.0., 2005), MammHa jxacayja KOJIaHyFa
(Acuuc xone T.6. 2020) MyMKiHIIK Oepe/i.

Kymic conpiMeH Karap KOFapbl OaKTepHALMATIK KacHeTke He. ©Onedu
JIEepeKTepaIeH KYMICTiH Oaktepusra Kapchl crekTpi 650 Typine (Margaret et al.,
2006), an Ke3 KeJIreH aHTHONOTUKTIH OaKTepHUsiFa KapChl CIIEKTP1 OaKTepUsIapIbiH
5-10 rana TypiHe Tapanatsiabl 6enrini (I'apaceko sxoHe T.0., 2008). CoHmbIKTaH
KyMic KaObIKIIanappl METUIIMHAIBIK MaKcaTTaFbl MaTeprallapFa: UMILIAHTTapFa,
Iopi nopMmek xketkily xkyhecine (Furno, & other authors 2004), mMeaunnHaIbIK
KYPBUIFBIIapFa apHaIFaH OaKTepHusFa Kapchl )KaObIHIAPFa KOHE MUKPOOKA KapChl
KanTaMmaiapra KoJJaHyFa apHalFaH d3ipiaemerniep keHineH Tapanasl (Thomas, &
McCubbin, 2003). ConsIMeH KaTap MYHai MaTepraiap TYPMBICTHIK MaKCaTTaFbl
OyitpIMapa: nepaenepae, MallbIKTapaa, OWHTTEpAe, 9p TYpJi KYpbUIFbLIapIa
OaKTepUIMIATIK Kocranap (My3[aTKbIII, KeJIeTKII, KOHAUIMOHED), KHIM KeIIeK
(mryneIK, imrik) OyiisiMaapeiaaa Koiananeansl (Thomas, & McCubbin, 2003).

COHJIBIKTaH OPTYPJIi JTUAICKTPUKTEPre KyMic KaOBIKIIACHIH JKaryFa apHaJFaH
a3ipiemerep KeHiHEH KOJIaHBIUIIbI.

OpneduerTepe MeTall eMec MaTepHajjapra MeTaul KaObIKIIaJapbhlH amy
omictepliH OipKarapbl KeNTIpLATeH, OCHl OMICTEpHi IUAIIEKTPUKTEPre KyMic
KaOBIKIIACKIH ayla KolijaHyra Oonaibl. J(MANEKTpUK Marepuaijapra MeTasul
KaOBIKIIACKIH aJIyAbIH 9AeOreTTeri Oenrisi oxicTepai mWapTThl TYpAe (U3NKAIBIK
JKOHE XUMUSUIBIK OOJIBIT OOJTiHE .

Kymic kaObIKIIachIH anynbiH (U3UKAIBIK SJICTEPIHEH BaKyyMbIK KaMepaja
MeTail OemeKTepiH (COHBIH INIHAE KYMICTi) MarHeTpOHIBI OYpKiIl, comaH
Kelin MaTepuain OetiHe xary aici Oenrimiri (ITatent P Ne 2214476 2003). byn
o/lic MHEPTTI ra3la KaJblTaH THIC XKaHy pa3psablH KOJIAaHyFa HETi3[4eNreH OHla
paspsiATa TY3UITEH OH pa3psaTajifaH HOHAAp JpO3Us aliMarbIHAAFBl KaTOATHIH
OeriH OomOanaii e, 0JJaH MeTaJ OOJIIIEKTEPiH MIBIFAPa/Ibl, COJIaH KeHiH OHJICIICTIH
MaTepHalIsIH OeTiHe JKyKa KabaT TypiHae onap TyHOara Tyceni. MyHa KaTOaThIH
OCTIHEH WIBIFATHIH OOJIIEKTEePIiH JKOFapbhl KWHETHUKAJIBIK DHEPTHSICHI ajbIHFaH
KaOBIKIIIAHBIH HEri30€H KaKChI aIre3us IeHIeHiH KaMTaMachl3 €TEIl.

Ou3HKaIbIK TONMKA MEAMIIMHAIBIK TAHFBIITAPABl aly OMICIH Jie KATKbI3yFa
OoManpl, SIFHU XUMHSUIBIK pEaKlus HOTHKECIHIE KYMiC HaHO Oemiekrepi
MaTa TalIIBIKTAPBIHBIH apacblHa (DM3HWKANBIK [IAIMIBIPATHII  TYHIBIPBIIFAH
onmic. Bakrepusra Kapchl TalIIBIKTBI Marepuas ajy YIIiH KYMIC HHTPaTBIHBIH
CYJIBI epITIHAICIHEH KYMICTI KajlblHA KeJITIpy KosjaHbUiael. COHAA alijbIMEH
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(Lansdown, 2002) xairmbIiHa KENTIpeTiH HEMECE TOTHIKCHI3IAHABIPATHIH areHTTEP
TaJIBIKTBI MaTepHalFa OSKiTize i, ColaH KeliH olapIblH OeTiHe KYMIC JKaFbLIa bl
(BumrasikoB xone T.0., 2008). [IporecTi xyprizy YIIiH TalIIBIKTH MaTepHaIAAP/IbI
OHJICY/ICH TYPaJIbI.

JvdiekTpuKkTepai  KyMicTey[e XHMHSIIBIK ojicTep Jkui Kesaecenmi. MyHna
KYMIC KanTamachlH ally YIIiH XUMHSUTBIK TOTBIKCHI3IaHIBIPFRIITAPIb! (KeOiHece
mumetunoopan (Lansdown, 2002), kykipTkeikbuiasl ruapasud (Heggers, 2005),
Harpuii tunogocduri (Shkil sxone T.0., 2011), rmoko3a, JIUMOH HeMece MHIaparl
KBIIKBUTBIHBIH TY31apbl (Lansdown, 2010) Konmganasl.

Ocpl opaiiia TUANEKTPUKTEPIiH OCTiH a/IbIH aja OeJICeH Py KePeK, COHBIMEH
Karap onap KehOip MeTammapipl KajilblHa KeNTipe HeMece TOTHIKCHI3IaH/bIpa
OTHIPBIN, 0acka MeTalfapra WHEpTTI OOMybl MYMKiH. ABTOMOOWIH ©HEPKICiOi
VIIH XUMHSUIBIK KYMICTENTeH IOJMMEpPIep Al KOoJIaHyda KeIOacuIbuIapIbiH
0ipi ATOTEX xommnanwmsicel 6onbin tabbiiansl (bpanmec, 2011). DneKTpoHIBIK
enepkacinTe (Lansdown, 2002), sxone menutuHana (Lansdown, 2010) XUMUSITBIK
KYMICTey/li KOJIJIaHy HOTHXKelepi eHOSKTepiHe KeTipinreH. XUMHUSITBIK dIicTepre
KapbIK COYJIECIHIH D3JIEKTPOMArHUTTIK TOJKBIHAAPBIHBIH OCEpiHEH OO0JaThiH
(DOTOXUMISIITBIK  TIpOTIeCTep/ie JKarajsl. JKaphelK CoyleleHyl >KaHapThUIATHIH
JKOHE Ta3a PHEPTUSHBIH €H YIIKeH K31 OOJNBIN TaObUIadbl, OJ YIIbI eMeC >KOHE
KOpIIIaFaH OpTaHbI JacTaMaiIbl, XUMUSUIBIK MTPOIECTEPE KAJIBIK KA ILIPMAIbL.
KyHn coymecin e, »kacaHIbl >KapblK CoyleciHlIe (OTOXMMHSIIBIK TpOIecTepe
KOJIJIaHbLIa Oepei.

CanpICTBIpMaIBI TYPJIE KOFapbl TOTHIKCHI3MAHY MoTeHIusanbHa (+0,799 B)
M€ KYMICTIi JKapbIK CoyleciHiH (OTOHMaphl apKbLIbl KAJIIbIHA KENTIipyre Oomabl.
Ocwl apKpUTEI KYMicTiH HaHoOemmekTepiH (Vcaepa xone T.6., 2006) eHmipyae e,
TURJICKTPUKTEP/II MeTaIaHbIpy/aa a Konganyra oomaasl (bemoycosa xoHe T.0.,
2009).

Conbimen (Fritsch sxome T.0., 2015) >kympIcTa HeETi3NiH OeTiHIE KYMICTIH
JKYKa OTKI3TIII KaOBIKIIACKIH ajy YIIiH, MPOIECTiH OipiHII Ke3eHIHAe KyMic
HUTPATHI MEH 2- MUPPOIOAUAOHIBI Cy/la HEMECEe 3TAHOJ - Cy KOCIIAChIH/a epiTei,
[Ag(Pyl),] NO, mysineoi. Cooan coy, npoyecmiy eKinui ke3eninoe Kanmanamoli
Hezi30iy bemine epimindi Hcabliaobl, KelliHHeH KeM 0e2eH0e MUHYM YIbMPaKyAciH
cnekmpoiy  dNeKMpPOMASHUMMIK — MOAKbIHOapuiMeH  cayaenendipinedi. Counoa
XUMUATBIK MOMBIKCHIZ0AHY npoyeci xcypedi, AeHu Kymicmiy 06niHyine axenedi,
cooan ketiin mepmusinvik onoey xeseyi 220 °C memnepamypada xkem dezenoe 60
MUHym iwinoe sHcypeoi.

Knaccuxanviy — xumusineiy — KymicmeyOiy — Kemwiiniei - KON — cambvlibl.
Conovikman Kemwiinikmi azaumyovly OIpKamap mexHOoN02USNAPbl YCbIHbIIRAH.
Ocvinoaii  6anamanvl mMexHono2usnapovly 0ipi — mikeneti Memandanowipy,
ASHU  OUBIEKMPUKmMiy OemiHOe Jiceke KAMANUMUKaiblK OelceHOl HyKmenep
(kamanuzamop) OpHLIHA MOK 6mKizeiul KaObiKuia AlblHAObL, 02AH MbIC Hemece
backa memanosl 2anib8aAHUKANBIK 20icneH OipdeH MyHObIpyea O01adbL.
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Marepuajgap ’k9He Heri3ri agicrep

3eprrey ymin PP H030 mapkansl momumponiiieHHEH jKacajFaH IOIUMeEpITi
IUIACTUHANAP KOJJAHBLIIBL. XUMHSUIBIK JKOHE (DOTOXHMMUSIIBIK TMPOLECTEPIiH
0apbICBEIH BH3yasbJlbl OaKbLUIAyJbl KAMTAMachl3 €Ty YIIiH aIlibIK TYCTi MOJHUMEpP
YATIEp TaHIATBIHIBL.

[InacTunanapael anapiH ana gadeigay P — 2000 3immapa xarasbiMeH Oeti
enzeni, 6enme temneparypacbinaa 5—10 munyt iminae K,Cr,0, — 6, 5%, H,SO,
—93,5 % epiTiHIiCiHAC Keaip OYIBIPIaHBIPUIIBI )KOHE NaSPO - 20r/J1,N212CO3 —
20r/m epiTiHAiCiMEH MalChI3IaHIBIPBLIIBL.

Berncenpipy sxoHe Kymic KaOBIKIIACBIH TYHABIPY NPOIECTEpi Cyla EpHUTiH
MBIC, KYMIC, aCKOPOWH KBIIIKBUIBIHBIH TY3/1apbl Oap 3epTTeNeTiH epiTiHaiiepre
0aTpIpy apKBUTHI, MTOMMEPICPIiH OCTiH cynay apKbUIBl aJIbIHFAH €PITIHAUICPIiH
copOUMsIIBIK KaObIKIIackiHma Skyprizupt. Kypambeiamga 40 1/m acram  Kywmic
HUTpaThIHAH koHe 20 T/71 acTaM acKOPOWH KBIIIIKBUTEI Oap 6acTamnKel epiTiHiIepre
TYpPaKTaHBIPFRINI peTiHae 1-3 T/ kenatuH KochULAbl. JKYMBICTa KOJAaHBUIFaH
OapIIbIK PeaKTUBTEP XUMUSIIBIK Ta3a OUTIKTLTITIHE Ue XKoHEe KOCBHIMIIIA Ta3aliay/laH
otnesni. barbppuTFaHHaH KeWiH YATIHIH OeTiHae KaasHIBIFE mamamed 400—450
MKM OOJIaThIH €PITiH/[IHIH COPOIUSIIBIK KaOBIKIIACH! KaTa lbl.

DNEeKTPOTUTTIH )KYKa COPOLIUSIBIK KabaTTapbIHAH METaII KaObIKITaIapbIH Kary
MPOIIECIH KYPri3y JUAIIEKTPUKTIH OCTIHE KaAPBIK COYJICICHYIHIH 2JIeKTPOMAarHUTTIK
TONKBIHIAP/IBIH €HYiH JkeHurneTeni. OChIHBIH HOTIKECIHAEe KOCBIMIIA DHEPIHS
aJFaH TUAJIEKTPUKTIH IIEKapalblK KadaThl KO3aIbl, OV METaul MOHIAPLIHBIH
coyJieseHy (POTOHJAPBIMEH TOTBHIKCHI3aHYbIHA OKEIIE/II.

by sxarmaiima copOIUSITBIK KabaTTa dJIEKTP OTKI3TI KaOBIKIIa TY31Tyl YIIiH
KaXETTI MeJmepae KyMic KOocbuibicTapbl 0oy kepek. COHbIMEH KaTap, KyMic
HMOHJIAPBIHBIH (POTOXMUMHSITBIK TOTHIKCHI3/IAHY CY MOJIEKYJIaJapbIHbIH KaThICYbIMEH
KYpyl MYMKiH, Oy COpOIMSUIBIK KaOaTThiH Te3 KeOyiHe OKelyl MYMKIH.
CopOuusnblK KadaT KypraraHHAH KeiiH KaJblHa KeJITIPY IPOLECci TOKTaiabl )KaHE
CYMEH >KyFaHHAH KCHiH NMIJICKTPHUKTIH OCTiHAEe TEK KYMICTIH AJEKTP OTKI3TimI
KaOBIKIIACKI Kasiaabl. DOTOXMMUSUIIBIK IPOLIECTEP SCTTE )KAPBIK CIYIIEICHY KO31HEe
KapaiThIH JKaFbIHIA FaHa JKYpeni, Oipak aifHaIMapl KypbUIFBUIAP/ABI Taianana
OTBIPBII, TPOLIECTEP/IiH YITiHIH 0acka jKaKTapblHIa XYPYiH KaMTaMachl3 eTyre
Oonanpl.

JKappIk coymeneHyiHiH 37IeKTPOMarauTTiK TONKBIHAAPBIHEIH (KCOMT) ke3i
PETIH/IE KYH COyJeCi KoHE KaCaH/bl JKaPBIKTAHABIPY IIaMIIAPBIHBIH COYJICICHYI
naigananbuiabl.  CoynesieHy arblHBIHBIH ThIFBI3ABIFEL SM 206-SOLAR  kyH
COyJICCiHIH OJIIeTiniMEeH aHbIKTAJIBI JKOHE Kot skarmaiina 800—1100 Bt/m? 60p1.

KaoOsiKmmanapapy KypbUTBIMBI MEH KypaMbIH 3epTTey JSM-6490-LV pactpibix
ANEKTPOH/Ibl MUKPOCKOTIBIH/IA KYPTi3iili.

AnbiHFaH KaOBIKIIANAPBIH JIEKTP OTKI3riTiriH anpikray ymin DT-830B
KEIIePTi OJIIIey TecTepi KOMIaHbUIALL. byt skaraaiiga OCTTIK 37EKTP OTKI3TIMITIKTIH
apTThl KepceTkimi Ai Koimnansuabl. Al Mmorzepi 2000M keaeprine yiri OeTiHiH
op Typii OeiikTepiHe lCM KalIBIKTHIKTa TECTEP 30HITAPBIH KOJJAHY apKbLIBI
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aHBIKTAJIBI JKOHE OChUIaima 5—6 MOHAEpiH ainFaHHaH KeliH, opramia MoH Al
ecenTelNiHIl. 3epTTeNeTiH YATIIep/IiH OCTTIK IeKTP OTKI3TIIITITIHIH HHIUKATOPHI
petiane Al mafigamaHy TEXHONOTHSUIBIK MPOIECTIH KEKeJereH MmapaMeTpliepiHiH
ANIEKTP OTKI3TIIITIKKE ocepiH Oaranayra MyMKiHIiK Oepezi. CoHbIMEH KaTap Oenrini
0ip kemepri MoHi Al Gap MeTagap bl A9 OCBUTAl Oy apKbUIbI aJbIHFaH KYMIC
KaOBIKIIIACKIHBIH MEHIIIKTI KEeJIEPTiCiHIH IITaMaMeH MOHIH aHBIKTayFa O0JaIbl.

KyMic KaOBIKIIACBIHBIH ITOJIMMEP HETi3iHe KaOBICYBIH CKOTY KOMETiMeH
tekcepiani (Melentiev sxone 1.6., 2022).

Hoatnxenep

Inacmuna 6emin bencendipy

AJNNIBIH aja JaibiHaay HOTIKECIHIe MEXaHUKAIIBIK JKOHE KeJlip OYIBIPIaHIbIPy
monuMep OeTiHAe TUAPOKCHI, KapOOHWII JKOHE aibJeTH] TonTapbl 0Oap
MONTUMEPIIEP/IiH KaTThl OeJIIeKTepiMeH OalIaHBICTBl ©pecKeNl KadaT Ty3ei.
Bencennipy ymrin kypamsiaga 101/ MbIc JUXIOpHIL Oap epiTiHAI KOJIaHBLIIbL.

MBIC TUXITOPUIiIHIH COPOIUSITBIK KaOaThIHA SHTI3TeH Ke3/Ie OHBIH IMOINMEPIiH
anpaeruaTik ToobiMen R CHO keneci peakuus OOMbIHIIA OPEKETTECYI MYMKIH:

R CHO +2CuCl,+ H,0 = R COOH + 2CuCl + 2HCI (1)

[Momumep iy ambaeru 1 TOObI R CHO xartsl (hazameH OaliTaHBICKaH ITOJIUMEPTIH
Oeuiri OonranabikTaH, Ty3iired CuCl onumep OetiMeH Oepik OalIaHbIC Ty3ei.

Yrini KyFaHHaH KeiiH yiri OeTiHe MbIC MOHOXJIOPUAIHEH TYpaThiH OeceH Ti
OpTaJbIKTap Kaiabl.

Conan xeiiin ynrini Kypambinaa AgNO, xone ackopoun kpuukpuisl (C.HO, )
0ap epitinaimen cynan, QKCOMT) ocepine ymsipaTambi3.

By xarmarina CuCl OuHapiel skapThuIail ©TKI3TIII PETIH/E JKAPBIK COyJIeICHY
(hOTOHTAPBIHBIH dCEPIHEH KAJIbIHA KEATIpiIe/i

CuCl % Cu+CI 2)
byn sxarmaiina maiina GonraH 6oc opbiHAap (2. ) acKOpOMH KBIIIKbUIBIHBIH
JICTUPOACKOPOUH KBIIIKBIIbIHA JICHIH TOTHIFYBIHA OKEIIE/I.
L] +
CHO,=CH.O, +2H 3)
OCBIHBI €CKEPE OTHIPBIIL, KAPBIK CoyJIeIeHy (POTOHIAPBIHBIH dCEPIHEH
0O0JIaThIH KaJIIIbl Peakiyst ((POTOXUMUSIIBIK PEaKIKs) maia 0oJia bl

2CuCl + CH,0, =2Cu + C,H,0, + 2HCI )

Bbyn xarpaiina CuCl-ni AgCl-men anmacteipyra Oonaabl, Oyn AgCl-HiH
epirimririnin koGenringici CuCl-ne kaparanna Gipneme petke Tomen (EO | =
1,2-10° E© , = 1,78 10"7).

Kywmic xmopui OuHapiiel POTOXUMUSITBIK CE3IMTaI )KapThiJIaid ©TKI3TiII OOJIBIIT
TaObUIA/bI, COHABIKTaH KypaMbIH/1a aCKOPOWH KBIIIKBUIBI 0ap PeaKIUsIIBIK OpTaaa
KeJiecl mpoiecTep Kypei.
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AgCl 4 Ag+ CI ®)
CHO, = CHO, +2H" (6)
Ocbl (OTOXUMUSITBIK peaKIUsIapAblH HOTHKECIHIE KyMic Ty3iiei

2AgCl+CH,0, V. 2Ag +C H,0 +2HCl (7)

Ochbl ke3ne maitna 6omran HCl kywmic HHTpaThIMEH opekerTecim, (OTOXH-
MUSIIBIK OCJICeH/ I XJIOPUATIH jKaHapybiHa bIKNa ereii. COHIBIKTaH COPOIUSIIBIK
KabaTTarbl COHFbI (DOTOXUMHUSIIBIK PEaKIns KeJieciici 0osa bl

24gNO + CH,0,— 2Ag +C,H,0,+2HNO, )

JKaphIKTBIH 3JEKTPOMATHUTTIK TOJKBIHIAPHI KOFAPhl JKbIIIAMJIBIKIICH KaTaH
TY3Y KO3FaJlaThIHJBIKTAH, Op TYPJIi JICHENep/IeH OTKCHC opIaibiM OllapMEH KaM-
TBUIMaraH Oemimzaep (momizmep) Oomambl. MyHmall KejeHKETl aiMakTap maiga
OoraH (DOTOXMMISUTBIK KaOBIKIIagapra Kapa (HeMece KYHTipT) Tyc Oepemni. COHBI-
MEH KaTap, OyJT aifMakTap JIeKTpOHAAPABIH O6TyiHE TOCKAYBLT KOSITBI, HOTH)KECIH/IE
MeTalul aToOMJaphbl TY3€TiH (DPOTOXUMUSUIBIK KAOBIKIIAIAP OJICTTE 3JICKTP TOTHIH
OTKI30ew .

COHIBIKTAaH KYMICTi aCKOPOWH KBITITKBUIBIHBIH MOJIEKYIaIapbIMEH XUMHUSITBIK
TOTBIKCHI3MAHABIPY 3JEKTP OTKI3TINI KAOBIKIIAHBIH Taiga OOTYBIHBIH KaXeTTi
IapThl OOJBIT TaOBLIA b

Conbimen karap, ogeouerte ([opses u CmupHoB, 2014) ackopOWH KBIITKBLTBIHBIH
a30T KBIIKBUIILI KYMICIICH TOTHIFY PEaKIMSICHI KapbIKTa TE3IpeK JKYPETiHi arar
OTIJNTeH.

Jlemek, O6yi1 mpoltece XUMUSUTBIK OoJica J1a, JKaphlK COyJIeCiMEeH OelceHmipyIi
KaXeT eTei.

KomimMri  XMMUSUIBIK ~ peakuusuiapiblH — (OTOXUMUSUIBIK — peakisuiapaan
aAlBIPMAIIBIIBIFEI OapIBIK OaFeITTa OipIeil >KBUITaMIBIKIICH JKYPEIi, COHIBIKTAH
(hOTOXMMISUTBIK TIPOIIECTeH KeHiH maiima Oonran Ooc jkepiepae Ae KYMICTiH
TOTBIKCBI3MAHYBl O00Mybl MyMKiH. COHIBIKTAaH KYMICTIH JJIGKTp OTKI3TIII
KaOBIKIITACKIH aJTy YIITiH OCHI €Ki IPOTIECTIH TipKeciMi KaskeT. TOTBIKCHI3IaH IbI PFBIII
peTiHae acCKOPOWH KBIITKBUTBIH KOJIJIAaHy OCBIHAAN MYMKIHIIK Oeperi.

OchI 3epTTeynepAiH HeTi3Ti HOTmXKeNnepi 1-kecteme acKOpOWH KBIMTKBITBIHBIH
copOIusIBIK KabaTerHa KochUTysl JKCOMT ocep eTkeH e FaHa KyMic HOHIApBIHBIH
XUMUSITBIK TOTBIKCBI3IAYbIHA BIKITAJT €TETIHIH KOPCETUTIT KeATIPUITeH.

l-kecTe - Op TYpii KapBIKTAHIBIPYABIH DJCKTP OTKI3TII KyMic KaOaTBIHBIH Haiga 0oy
Y3aKTBIFBIHA dcepi

Benrinenyi:

H - yuiri GetiH xapbIKTaHIbIPY TYPI;

W - XJKCOMT arbIHBIHBIH THIFBI3/IbIFbI;

C, — copOuMsIIBIK KabaTTarbl KyMiC HUTPATBIHBIH KOHLICHTPAIUSCHI;

C, — copOLMAIBIK KabaTTarbl aCKOPOMH KBIIIKBIIBIHBIH KOHLIEHTPAIHUACH;

T — DJIEKTP OTKI3TIII KYMIC KaOaThIHBIH TY3UIy IMPOIECIHIH Y3aKTBHIFBI HEMECE COPOIMSITBIK
Ka0aTThIH TOJBIK KeOyi;
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Neo H W, BT/M? C,r/n C,,r/n T, MUH
1 Kapanrsl 0,1 20 20 DIeKTp OTKi3rim
2 KyHzisri skapbik 15,4 20 0 KaOBIKIIa
3 DJIEKTp KaAPBIFBI 1050 20 0 Ty3iTMelii
4 KyHmi3ri ®apbik, 15,4 20 20 77
5 DIEKTP KapbIFb 625 20 50 13
6 ONEKTp KaPhIFBI 1050 40 20 13
7 DJEKTp KapbIFb 1050 40 40 13
8 DIEKTP KapBIFbI 1050 40 100 12
9 DJIEKTp KapBIFbI 1050 60 20 10
10 DJIEKTp KaPbIFb 1050 100 20 10

1 — kecreme KeNTIpUITeH ODKCIIEPHUMEHT HOTIDKENEPIiHEH KapaHFbIAa >KOHE
aCKOPOWH KBIIITKBLUTEI OOJIMaFaH Ke3/1e HIIEKTP OTKI3TiII KaOaThIHBIH TY3UIMEHTIHIIT]
Oaiikanazpl. KyHIi3ri KapbIKTBIH 3JEKTPOMATrHUTTIK TOJNKBIHIAPBIHBIH oCcepiHeH
aCKOpOWH KBIIKBUIBIHBIH KOHIIEHTPAIUACH! DJIEKTP OTKI3Till KabaTThIH TYy3lIyiHe
acep erexi. Conpa, 20 /11 KOHIIEHTpaNH/Ia HIEKTP OTKI3rim KadaTsl Oasy Ty3ineni.

DneKxTp OTKi3rim KaObIKmanapasiH maiiga OomysrHa JKCOMT arbIHBIHBIH
TBIFBI3ABIFEl  aliTapibikTail acep eremi. KCOMT arbIHBIHBIH THIFBI3IBIFBIHBIH
KOFapbUlaybl AJJIbIMEH KYMIC MOHIApPBIHBIH (DOTOXMMHUSIBIK TOTBHIKCHI3IAHY
KbUIJAM/BIFBIH aPTTHIPAThIHBI aHBIK. COHBIMEH KaTap, aCKOPOMH KbIIIKbUIBIHBIH
KaTaJIUTUKAJIBIK OSJICEHAUTITIH apTThIpy apKbUIbI KYMIC MOHJAPBIHBIH XUMUSIIBIK
TOTBIKCBI3/IaHy JKbIJIIAMBIFbIA ApPTa/ibl.

AWiTa KeTy Kepek, DJIEKTP OTKI3Till KaOaThIHAarkl KyMICTIH Heri3ri Oediri 7
peaknusi OoibiHIIA Ty3ineni. COHIBIKTaH, KeCTeleri MoNlIMETTepACH KOPIHiM
TypraH#all, acKOpOMH KBIIUKBUIBIHBIH  KOHLIEHTPALMSCHIHBIH  KOFapbUIAybl
JKCOMT arbIHBIHBIH KOFAPBI THIFBI3ABIFBIH/IA AIIEKTP OTKI3TINI KaOaTTHIH Maiiia
0oy KBUTIAMIIBIFBIHA alTapibikTail acep erneini. Connaiti-ak COM cypertrepi
copOLMSUIBIK KabaTTarbl KYMIC HUTPAaTbl KOHLEHTPALUSICHIHBIH JKOFapbliaybIMEH
yoiri 6eTiHAeri KyMmic aibI3BIHBIH 6CY1H KOpPCETe .
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1-Cypert - Yuri 6etinin COM cypertepi (kapaHrs! epic X500)
Benrinenyi: a) 6acTanks! yiri; 6) keaip-OyAbIpIaHyaH KeliH;
B) OelceHipy/aeH KeiliH; T') GOTOXUMUSIIBIK KyMiCTeyAeH KeHiH.

2-kectene JSM-6490 LV snekTpoHbl MHUKPOCKOIIBIHBIH KOMETIMEH alIbIHFaH
CHEKTPJIIK Tajnay HOTWXenepi kepceriired. Kecre nepexrepiHeH (pOTOXHUMUSIIBIK
IpolLecTep *XoHE CyMEH >KybUIFaHHaH KediH kepyre Oosanbl. COHBIMEH Karap,
CHEKTPJIIK TallAay KOpCeTKEeHIeH KyMic KaOBIKIIACKIHBIH TY311yl YJIT1HIH aJlAbIHFbI
JKOHE apTKbI JKarbIHJa Oipaei.

2 xecte. Kymic HUTpaThl MeH acKOPOMH KBIIIKBUIBIHBIH OPTYPIIi KOHIIEHTPAIHACH 0ap copOIus-
JIBIK KabaTTapiars! (POTOXMMUSIIBIK IPOIECTEeP/l )KYPTi3TeHHEeH KeiiHTi monuMepin 0eTki KabaTsl-
HBIH SJIEMEHTTIK KYPaMbl

CopOuusiiblK KadaTThIH Kywmic Hutparst 20 20 40 60 100
aMbIH/1at bl
KOHﬁg;Tpau;; - ACKOPOUH KBIIIKBUIBI 50 20 20 20 20
[Monumepmin 6eTki C 25.45 37,75 12,04 6,18 2,62
KabaTTapbIHbIH dJIEMETTIK 0 0,09 1.45 4.42 455 | 4,73
Kypambl % macc. C, - - 1,54 0,66 3,49
Ag 65.96 60.32 81,10 | 88,08 | 89,17

Ky™icTeH TypaTblH KaOBIKIIAIAPABIH KYPBUIBIMBIH 3€pPTTETEHE, O1ap OapIbIK
Karaina cepaibik OeIeKTep TypiH/e Ty31IeTiHI aHBIKTaI b, OpTalia TuamMmeTpi
OipHelre oHJIaFaH HAHOMETPJCH XKY3/IeTeH HAaHOMETPTe JIeHiH.
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2 — cypeT - DOTOXUMUSUTBIK KYMICTey TPOLIECIHIH jKeKeNereH Ke3eHaepiHeH KeiiHT1 moIuMep
6eTiHiH MOP(OIOTHSICH MEH KYPBUIBIMBIH CHIIATTANTBIH yIII eJieMal poTocypertepi benrinenyi: a)
GacTankpl yiri; 0) keaip-OyAbIpiaHyaaH KeifiH;

B) GesceHaipy/aeH KeifiH; ) (OTOXMMHSIIBIK KyMICTeyAeH KeifiH.

oo

Koro kex TycTeH KpI3bUTFa ACWIHTI TPaaUeHTTIK CO3BLTY TepeHAIriMeH Ouik-
TIriHiH Tyc mkanacel Oombi TabbuTasl. [llkama 6eTTiH Kemip-OyIBIPIBIFBIH Tajl-
JlayFa MYMKIiHJIIK Oepei.

1 Kecre. ®OTOXMMHSUIIBIK KyMICTEy TpOILEciHae moiaumMep OeTiHiH MOp(OIOTHsICH MeH
KYPBUIBIMBIHBIH ©3repyi.

S- nonuMepi eHIey Ke3eHi;

AH-eH TepeHHEeH eH JKOFapFbl HyKTere JeHiHri ailblpMalIbuIbIK;

h - cb13at Tepeniri;

h - cbi3ar GuikTiri;

Ne S AH, MkMm h mrM h, Mxm afiprpManrbuTbK h mh
1 | bacranker 48 10-20 20-25 7,5
2 | xemip-OyneIpaaHynaH KeiiH 52 10-20 20-25 7,5
3 | GencenaipyneH Keifin 57 15-25 25-30 7,5
4 | GOTOXUMHUSLITBIK 85 3545 45-50 7,5
KYMICTey/IeH Keifin

2 cypeTTiH (POTOXMMUSUIBIK TpoOLEcKe AeHiH TycipinreH a,0,B, cyperrepheri
AH , h , h MonnepiHiH albIPMAIIBUIBIFEI a3, TEMEK KeIIP-OYAbIPIAH/IbIPY KOHE
Oencenaipy mnpouecrepi moauMep OCTiHIH Kemip-OyAbIpblHA iC-KY3iHIOE acep
CTIEUTIHIITIH KepceTei.

Kymicreynen keiin noauMep yIriciHin KanblHAbIFb! apTaabl. Conna, h xone h.
MOHJIepi colikeciHIe apTaibl. HoTmxkecinae nonumep OeTiHIH Keaip OyAbIPIIBIFbI
©3iHIH OacTankbl MOHIH cakTaiabl. byn Kaxer OosraH skarnaiina (OTOXMMUSIIBIK
KyMicTeyqi Kalitanayra MyMKIiHAIK Oepenti.

KopbIThIHABI

JKapbIKTHIH 3I€KTPOMAarHUTTIK TOJIKBIHIAPBIHA YIIBIpAaFraH Ke3[€ oJap KOFaphl
KBUIJAMIBIKIICH KaTaH TY3y KO3FaJaThIHABIKTaH, 9P TYPJi JEHEJIepAEH OTKEHE
opAaibIM ONapMeH KaMThUIMaraH aiiMakTap (gomizaep) Oonanel. MyHaai keneHkeml
aiiMakrap naiina O6onraH (GOTOXUMUSIIBIK KaObIKIIanapra Kapa (Hemece KYHTIpT)
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Tyc Oepeni. CoHbIMEH Karap, OyJI aiiMakTap SJIEKTPOHIApIBIH OTYyiHE TOCKAyhLI
KOSIZTbI, HOTHDKECIH/IE METAJJI aToMJIapbl TY3eTiH (HOTOXMMUSIIBIK KaOBIKIIAmap
OJIETTE BIIEKTP TOTHIH OTKi30ei1i. XUMUSIIBIK TOTHIKCHI3IAHIBIPFBINIKA YIIIbIPaFaH
Kke3zie onapabiH Auddy3uschl TEK KOHICHTpPAIUsS TPaJUCHTIMEH KamMTaMachi3
eTiIeNll, COHJBIKTAH OJlap OChl KOJICHKEN JKepJepAe TOTHIKCHI3IAH/BIPY
MpoIieciH KamTamachi3 eTineni. by momumepiy Oykin OeTiHe IEKTp OTKI3rimI
Ka0aTTapbIHBIH Taiia O0ybIHA BIKITAT €TE/.
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Abstract. The need for effective medicines of plant origin with minimal toxicity
is growing every day. From the point of view of organic synthesis, one of the
approaches to the creation of such drugs is the synthesis of structures containing
several different sets of pharmacologically active atoms. One of the promising
ways is the chemical transformation of available bioactive natural compounds,
which is carried out in order to obtain analogues of drugs with useful properties
or with completely new types of activity when creating such substances. One of
the main such compounds can be considered natural triterpenoids of the Lupan
series (betulin, betulinic acid, lupeol, etc.), which still attract more attention
due to the fact that synthetic chemists have identified a wide range of biological
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activity (antitumor, antiviral, anti-inflammatory, antibacterial, choleretic, etc.). Of
particular interest as the basis for obtaining new effective drugs from this group
is the pentacyclic alcohol - betulin (38, 28digydroxy-20(29)-Lupen), which is the
main component of the bark of the White-stemmed Birch of the genus Betula,
widespread in the territory of Central Asia. The article is devoted to the study of
new synthetic changes in some Lupan derivatives and the analysis of the spectrum
of biological activity of new Lupan series derivatives and the assessment of the
likelihood of the presence of basic pharmacological activity for the development
of new drugs based on plant raw materials. To analyze the current state of research
in this area, we gave a wide assessment of many studies that allow us to determine
the need and prospects for continuing development in this direction. However, a
detailed analysis of literary data showed that, despite the growing interest in this
area, the study of synthesis and new chemical changes, the determination of the
quantitative composition and biological activity of triterpenoids of the Lupan series
in birch bark (Betula pendula) was not previously carried out. Therefore, the search
and development of new ways to modify Lupan compounds and the study of useful
properties still remain relevant.

Keywords: lupine, synthesis, betulin, terpenes, plants, physical, chemical,
spectroscopy, virus, bacterium
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AnHOTanus. MUHUMANABl YBITTBUIBIFEI Oap OCIMIIK TeKTec THIMIl Adpi-
JOPMEKTepreKaXeTTUTIKKYH caiibiHapThImKene . OpraHuKaabIKCUHTE3 TYPFBICBIHAH
MYHJall TmpemaparTapibl  JKacaylarbl — TocULAepHiH — Oipi-(papMaKoIOTHSIIBIK
Oercenai atoMaapApIH OipHeIIe TYPIli KHUBIHTHIFB 0ap KYpPBUIBIMIAPABIH CUHTE31.
OcbIHzail 3aTTapapl skacay Ke3iHae Maiiianbl KacueTTepi Oap Hemece MYJueM
XaHa OelceHAUTiK Typiepi Oap mpenaparTapblH aHATIOTTApbIH aly MaKcaThIHIA
KYPri3iieTiH KOJDKeTiMAI OMOAaKTHUBTI TaOWFW KOCBUIBICTApAbl  XHMHUSUIIBIK
TYPJICHIPY MEPCIIEKTHBAIBI JKONAapAbIH 0ipi Oomnbin TabbuTaabl. OChIHAAN HEri3ri
KOCBUIBICTAap/IbIH Oipi Jlynan cepHsChIHBIH TAOUFH TPUTEPIICHOUATAPBIH (OETyIHH,
OeTyNUH KBILIKBLIBL, JIYTICOJ KoHe T.0.) KapacThIpyFa 00Jaibl, 0Jlap CHHTETHKAIIBIK
XUMHKTEP/IH OWONOTHSIIBIK OCJICeHIUNIKTIH KEH CHEKTPiH (aHTUTYMOPIIBIK,
BUpPYCKa Kapchbl, KAOBIHYFa KapChl, OaKTepHsFa Kapchl, XOJIEPETHKAIIBIK KoHE T. 0.)
aHBIKTaybIHA OalIaHBICTHI AJIi KYHTe JeiiH keOipek Hazap ayaapansl. Ocel TonTaH
KaHa THIMA1 JOpUTIK 3aTTapiabl alnydblH HEri3l peTiHAe NEeHTAUUKIAl CIUPT -
oerynuH (38, 28 murnapokcu-20(29)-myneH) epeKiie KbI3bIFyIIbUIBIK TYAbIPaIbl,0J1
Opra Asus aymarbiHIa KeH Tapanran Betula TykeiMaac ak caGaxTbl KalbIHHBIH
KaOBIFBIHBIH HET13T1 KOMIIOHEHT1 OOJIBIN TaObUTa bl Makasnaia JIylaHHbIH KehHoip
TYBIHJBUIAPBIHBIH JKaHA CHHTETHKAJBIK ©3repicTepiH 3epTTeyre >KoHe JIymaH
CEpUSICBHIHBIH JKaHa TYBIHABUIAPBIHBIH OHOJOTHSUIBIK OCJCEHUNIrT CHEeKTpiH
TajjiayFa JKOHE OCIMIK IIMKi3aThIHA HETI3/CNTeH jKaHa J9pi-JIopPMEKTepli xacay
YILiH HeTi3ri (apMaKoIOTHsUIBIK OSNCEHIUTIKTIH 00Ty BIKTUMAIABIFBIH Oaranayra
apHanran. Ochbl camafarbl 3epTTEYIEpIiH Kas3ipri karmaablH Tanjay YOrH 0i3
OCbl OaFrbITTa JaMyZbl KaJFACTBIPYAbIH KaXKETTiNIr MeH OoJamarblH aHBIKTayFa
MYMKIHIIK OepeTiH KemnTereH 3eprreyiepre keH Oara Oepaik. Amaiima, onebu
JCPEeKTepli eIrKel-TerKeisli Tangay OChl cajiaFa JIETeH KbI3BIFYIIBUIBIKTBIH
apTybIHA KapamMacTaH, CHHTE3/11 )KOHE JKaHa XUMUSITBIK ©3TepicTep/ii 3epTTey, KalblH
KaOBIFbIHAAFEl JlymaH CepusICHIHBIH TPUTEPICHOUATAPBIHBIH CaHIBIK Kypambl
MeH OMONOTHSUIBIK ONCEHAINIriH aHbIKTay OYpBIH JKYpri3iIMEreHiH KepceTTi
(Betula pendula). Connpikran Jlynan KoCbUIBICTApbIH MOAN(UKAIMSIAY/IBIH KaHa
TOCUIJICPIH 13/Iey JKOHE JIaMBITY JKOHE Tal1ajibl KACUETTEP/Il 3epTTey i JIe ©3€KTi
OoubI Kayia Geperti.

Tyiiin ce3aep: Jlynan, cunrtes, OeTynuH, TepreHIED, OCIMAIKTED, (PU3NKATBIK,
XMMUSUIBIK, CHIEKTPOCKOIINS, BUPYC, OaKTepust
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Annotanust. [Torpe6HOCTb B 3 (HEeKTUBHBIX PACTHTENLHBIX JIEKAPCTBAX C MUHH-
MaJbHOH TOKCHYHOCTBIO PACTET C KaXIbIM JTHEM. C TOYKH 3pSHHS OPTraHHYECKOTO
CHHTE3a OJIHUM W3 TMOJXOMOB K pa3pabOTKe TaKUX MPEMaparoB SIBISACTCS CHHTE3
CTPYKTYP € HECKOJIbKUMH PA3TUYHBIMU Habopamu (papMaKoJOrHISCKH aKTHBHBIX
BeriecTB. [Ipy CO3MaHMM TaKWUX BEINECTB OJHUM W3 MEPCICKTHBHBIX IMyTeH
SBISICTCS XUMHUYECcKass MOAMMUKAIMS JOCTYMHBIX OHOAKTUBHBIX MPUPOTHBIX
COCIMHEHHH, KOTOpasi MPOBOJUTCS C IEJIbI0 MOMYYCHHUSI aHAJOTOB MPENapaTos,
00NIaIafoIIUX TMOJME3HBIMU CBOMCTBAMHM WJIM HMCIOIIUX COBEPIICHHO HOBBIE
¢opmbl aktuBHOCTH. OJIHUM W3 OCHOBHBIX TaKMX COCAMHEHWN MOXKHO CUHTATh
MPUPONHBIE TpUTEpreHOUAB cepun JlymaH (OeTynuH, OCTYIHHOBAs KHCIIOTA,
JYTIEON U JIp.), KOTOPbIC MO-MPEKHEMY MPUBJICKAIOT BCE OOJbIICEe BHUMAHUE W3-
3a TOTO, YTO XUMHUKU-CHHTETHKH OMPEACISIOT MIUPOKUH CIEKTp OHONOTHYeCKON
AKTHUBHOCTU (TIPOTHBOOIYXOJICBAs, MPOTHBOBUPYCHAS, MPOTHBOBOCIAUTEIbHAS,
aHTHOAKTepUaNbHAas, KETUeroHHast U Jp.). B KauecTBe OCHOBBI JJISI MOJYYCHUS
HOBBIX 3((PEKTUBHBIX JICKAPCTBECHHBIX CPEICTB U3 ATON TPYIIIBI 0COOBIH HHTEpEC
MIPEJICTABIISICT MEHTAIMKINYecKui crupt - OetynuH (38, 28 auruapoxcu-20(29)-
JlrorieH), IBJISIFONIUICS OCHOBHBIM KOMITOHEHTOM KOPBI 0€pe3bl ¢ OeITBIMU CTEOTSIMU
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pona Betula, mmpoko pacnpoctpaneHHoro Ha Tepputopun Cpeaneit Azuu. Crarbs
MTOCBSIIIEHA U3y YCHUIO HOBBIX CHHTETHYE CKUX I3MEHEHU I HEKOTOPBIX ITPON3BOTHBIX
Jlynana u aHanmM3y crekTpa OMOJOTHYECKOH aKTUBHOCTH HOBBIX MPOU3BOIHBIX
CepUM JIyNaH U OLEHKE BEPOSITHOCTH HAIWYMA OCHOBHOH (hapMaKoJIOTrHUECKOI
AKTHBHOCTH JJIsl pa3paOOTKH HOBBIX JIEKAPCTB HAa OCHOBE PACTHTEILHOTO CHIPHSI.
UroObl MpoaHATU3UPOBATh TEKYIIEEe COCTOSIHUE HCCIIEIOBaHUI B 3TOH 00aacTH,
MBI TIPOBEJIM IITUPOKYIO OLEHKY MHOTHX HCCJIEJOBAHWN, KOTOPBIE ITO3BOJISIOT
OIIPEIETUTh HEOOXOAMMOCTb M TEPCIEKTHBBI Pa3BUTHS B 3TOM HalpaBJCHUH.
OpnHako AeTanbHBIM aHAJIN3 JUTEPATYPHBIX AAaHHBIX MOKa3al, 4TO, HECMOTPsS Ha
pacTymuii HHTepec K 9TOi 00JIaCTH, UCCIIEIOBAHMUS CHHTE3a U HOBBIX XUMHUYECKUX
N3MEHEHHUH, KOJMYECTBEHHOI'O COCTaBa M OMOJIOTMYECKOH AKTUBHOCTH TPHTEP-
neHou 108 JlymaHoBoro psijia B 0epecte panee He npooamiauch (Betula pendula).
[TosTOMYy mOMCK M pa3padoTKa HOBBIX MOAXOAOB K MOAW(DHUKALMU COCAMHEHHN
Jlynana u n3y4yeHue Moje3HbIX CBOWCTB MO-IIPEKHEMY OCTAIOTCS aKTYaIbHBIMU.

KioueBsie ciioBa: Jlynan, cunres, 0eTy/InH, TEPIIECHBI, paCTeHUs, pU3nYeCKHe,
XMMUYECKHE, CIIEKTPOCKOIHNS, BUPYC, OaKTepus

Kipicne

Jlymeon TputepnieHAepaiH INNHIETI €H KEH TaparaHbl, ©CIMIIKTEpPIiH Kol
TypJiepinae kesmecendi. Jlymeom ax KbIpbIKKadaT, OypbIl, Kusp, Kbl3aHaK, co0i3,
OypImmaK, cos, MBIPMAyBIK, Kapa mai, imKip, KYIIbIHAH, KBI3BUT JKY31M, TYT, KypMa
CHUSIKTBI KeHOip KeKkeHIicTep MeH xemicrepie ke3neceai. COHbIMEH KaTap IU Maibl,
MUSI TaMBIPBI CHSIKTBI JOPUTIK eciMIiKTepae ko kezaeceni, Celastrus paniculatus,
Zanthoxylum riedelianum, Allanblackia monticola, Himatanthus sucuuba,
Leptadenia hastata,Crataeva nurvala, Bombax ceiba, Sebastiania adenophora,
Aegle marmelos u Emblica officinalis. CaHIbIK 3epTTeyIep KOPCETKSHICH, YISO
30UTYH >kemicTepinae (3 MKr/r), Manro xemicrepinae (1,80 Mkr / r nemnonosa),
aJI0» KYpFaK JkamblpakTapbeiaa (280 MKT/T Kyprak jkambIpak), kaparaiiaa (800 Mxr/T
KaOBIFbI), JKaroH aaMypThiHaa (175 MKI/T KaObIFbI) OHE YKCHBIIICHb MaibIH/IA
(15,2 mr / 100 r mait) (Mar et al., 2010).

Ocimaikrepaeri mymeon OWOCHHTE3l TPHUTEPHEH CHHTE31 apKbUIbI IKY3ere
achIpbLIAIbl XKOHE TaOuFaTTa OOJIATBIH €H KYpHAEeNi peakuusuIapablH Oipi peTiHae
KapacTeIpbutafpl. Jlymeonm OWOCHHTE31 IUTO30MAa JKYpUIedi >KOHE MeBaJoHAT
(MBA), m3onenrenunmnupodocdar (IPP), numernnammunmupodocpar (DMAPP)
xoHe ¢apresmwmmupodocdar (FPP) anernikoaman careuibl Type KalbITacaibl
(A.H. AutumonoBa sxaHe T.0., 2010). byn peakuus papuesuanupodocdar cunrasza
(FPS) apxpuibl karanusaeneni. Coman keifin ckBasieH cuHTtaza (SQS) FPP-ubr
ckBasieHTe aitHamanbl. CkBaneH-smokcuaasa (SQE) ckBanenmi 2,3-0KkCHI0CKBAJICHTe
NCHIH TOTBIKTBIPAJIbI, COMAH KeiiH iyneoicuHTazanapMmer (LUS) nwmkipenir,
JYTIEHWIBJII KaTHOH Ty3eli. AKBIPBIH/IA, JIYICHHJI KaTHOHBI 29 MeTHI TOOBIH
JETPOTOH 1Ay apKbUIbI yTieonFa aitHanazs! (I"anaiiko sxone 1.0., 2014).
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TpuTepnenaep/in Herisri cumarramanapsl 1-kectee KOpceTiIre .
1-xecte - TpuTeprneHaepaiH CHIIATTaMachl

Tputepnenaepain knaccel | Tputepnenaep R, R, M [r/mom5]
JyTieon CH, 426.70
OeTynuH CH,0H 442.72
IynaH
6etynnH Kpimkpuisl | COOH 456.71
B-amupun CH, H 426.70
IPUTPOIHOI CH,OH H 442.72
OJICaHNH
oneanon KbIuKpUisl | COOH H 456.71
Mail KbIIIKBLIBI COOH OH 472.70
aaMHpHH CH, 426.70
ypcan yBaoja CHZOH 442.72
YPCOT KbIIIKBLIBI COOH 456.71

Herisri TputepnienaepaiH Heri3ri MonupHKalnsUIapbIHBIH KEeH CIIEKTpi Oenrii.
Taburarta TpuTeprneHOUATap (GUTOCTEPOIAAP CHUSIKTHI TPUTEPIEH IIMKO3UATEPI
CUSIKTBI €PKiH TYpJIc HeMece oJIapblH MPEKyPCopIIapbl peTiHae OoiHeI.

Terpauukiai )koHe TeHTAMKIII TPUTEPIICH IEP-SH KOl TapaJIFaH TPUTEPIICHIED.
[lenTamukngi TpuTepneHaep KOMipTeri KaHKaJapbIHbIH XUMUSUTBIK KYPBUTBIMBIHA
HET13/IeJIreH TonTapra 0esiHe 1i; raMmMacepaHiap, Xonaxaap, Iynasaap, oJleanaHaap
xoHe ypcanaap. Onapapl KeiHOip aram TypliepiHiH KaOBIFBIHIIA, KallbIPaKTapIbIH
OanaybI3 KaOBIFBIH A YKOFaphl KOHIIEHTpanusia Tabyra 6onansl. TputeprneHonarap
OipHeme Typ:ii OMOJIOTHSUIBIK HbICaHAapFa KarbicThl Oencenni (I'oBam xone T.0.,
2011).

Bronorusmnsik 6exceHai TpUTepIeHOMATAPIBIH I1I1H/Ie KON TETeH TperapaTTapbl
o3ipieyre MepcreKTUBaNbl OETYIMH TYBIHIBUIAPBI MaHBI3IB! OPBIH anaabl. JlynaH
KAaHKACBIHBIH ~0acKa TO3WIMSUIAPbIHAAFEl  TPUTEPIEHOUATAPABIH — XHUMHUSUIIBIK
TypJsieHyiHe a3 keHin OemiHeni. OcbkiFan OaitnaHpICThl 0i3 omaH opi 3epTTEYyAiH
HETi3rl BEKTOphI pETiHJE TaHJaraH JylaH KaTapblHIaFrbl kaHa (ocdopsl Oap
TPUTEPIICHOUATAP/BIH TYBIHIBUIAPBIH CHHTE3€Y MaHBI3bl JKOHE ©3€KTi MiHJET
0OJIBII TAOBUTAEI.

Jlynan cepusICHIHBIH TPUTEPICHOUATEP KJIACHIHBIH €H TaHBIMAJ 3aTTapbIHBIH
0ipi, OeTynUH OHE OHBIH TYBIHIBLIAPHI, OYTHIr KYHI OeJIceH Il 3epTTemnyae.

Berynun - nynangap ToObIHA KaTaThblH TAOWFU MEHTALUKII TPUTEPIECHOUI.
Byn Tonka skarateiH cumarthl Oenri Oec wmymem cakuHa E sxone C-19-nma
0-U30TIPOITHUIT (M30TIPOITUIIEH) TOOBIHBIH O0sybl. beTynuHHIH Xyiieni araysl — 33,

28-nuruapokcu-20 (29) — nynen Hemece yn-20 (29) — en-3p, 28-auon (1-cyper).
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1 Cypet — berymun

Berynmun (1) xaiitanmama C3 ruapokcu ToObl, Koc C-20 OainaHBICHl KOHE
Oacrankpl C-28 ruapokcu ToObI O0JIFaH Ke3/ie OHal e3reprineni. by GyHKuusimapabt
OCTYNUHHIH HEFYpPJBbIM OCJICEH[I OHE epeKIle TYBIHIBUIAPBIH CHHTE3ICY YILUiH
naijgananyra Oojanubl. 2-KecTeie OCTYNHHHIH KerOip (QH3MKaIBIK-XUMUSIIBIK
kacuetTepi kepcerinred (Kazakova et.al., 2010).

Berynun-azgan amopdThl KacuerTepi O0ap yHTaK TYpiHIETri aK 3aT, KpaxMmalra
YKCaipl, KONTereH epiTKIITepldi KOJJaHy YJKCH KpHCTAIJapAblH 6cyiHe
MYMKIHIIK Oepmeiai, Oy OeTylnH MoJeKyJachblHOa a3 MOJSPIbl  aJKHUII
¢dparMeHTTEpAiH Kon OonmybIHbIH cangapsl Oomnbin Tadbbuiansl (Lucie Heller et.al.,
2016).

KafipiH KaObIFbl exi OeJiKTeH Typaabl - CBIPTKBI KoHe imKi. KaOBIKTHIH
CBIPTKBI 0OJIIri KCTPAaKTUBTI 3aTTapra eH 0ail. bapibIK HepiiK ChIFBIHABUIAPIBIH
HETi3rl KOMIIOHEHTI OeTynWH OOJNBIN TaObUIaAbl, OHBIH KAOBIFBIHBIH CBHIPTKBI
Oestirinaeri Mesiepi KalblH TypiHe, OHBIH ©6CY OPHBI MEH JKarJaiiblHa, aFrallThiH
KachlHa jkoHe Oacka Qaxropnapra OaiinaneicTel 10-35 % apanbiFeiHAa e3repeni.
BerynuHHIH TypakThl cepiri Jiyneoa 6omsin Tadbuiaasl (2-cyper). KaiibiH KaObIFbI
CBHIFBIH/IBIIAPBIHBIH KYpPaMbIHIa OHBIH TYBIHABUIAPHI Ja Oap: OCTyiaMH anbAerui,
OCTYNOH KBIIKBUIBI, OCTYIMH KBIIIKBUIBI, OCTYIMH KBIIIKBUIBI METUI 3(Upi KoHE
3-okco0eTynuH (0eTYIIOH) KBIIIKBUIBI (2-CypeT).
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2-cypet — beTynuH TybIHIBLIIAPHI (2-11y1eoi; 3-0eTynH ajbaerui; 4-0eTyauH albaer /i,
5-0eTyIUH KBIIKBLIBL; 6-0STYJINH KBIIIKBUIBIHBIH METHIT d(UPI; 7-0STYJIMH KBIILIKBLIbI)

BerynuHHIH jkoHE OHBIH KeHOIp TYBIHIBUIAPBIHBIH XUMUSUIBIK TYPJICHY1

berynuna (1) KypaMblHIAa XUMHSUIBIK TYPJICHAIPYIEp MYMKiH OOJaThIH YIII
¢yskmmronanael Tom Oap: ruapokcu TomTapbl 3-C skoHe 28-C mosmmmsiiapaa
xoHe m3omponua ToObl 19-C mosunmsana. Alta kety kepek, ke3-keiaren OH
TOOBIHA HEMece M30MPOMMI TOOBIHA XUMUSUIBIK TYPJICHIIPYJIEp KYPridy YIIiH
alMJIIEHreH  OCTYMMH TYBIHABUIAPBI KMi KOJNJAHbUIAABL. 2-CypeTKe CoHKec
CHUPTTI TYPJACHIIPYHOIH KapamailbIM TypiepiHiH Oipi-XJIOpaHTHIpHITEPMEH
HeMece KBIIIKBUT aHTHAPHITEPIMEH OpeKeTTecy apKbUIbl dupnepiaiH Ty3ulyi.
Peaknust sxkarnaiinapbiHa OaiyIaHBICTEI MOHO - KOHE IUA(UDP TY3eTiH OeTyTuHII
ATepUPUKAITHSIIAYILIH OpTY Pl HycKanaps! YeeHbUIFaH (Kacenos xoHe T.0., 2019).

9jicTep MeH MaTepHaJaap

3eprTey OapbIChIHAA Tajiay[blH Keleci (QU3UKAIBIK-XUMUSIIBIK oficTepi
konganeiel: MK-, xpomaro-macc-criektpoMeTpusi, Ta3 xpomarorpaduscsl, Pass
OaFrapiaMachl apKbUTbl XUMUSUIBIK KOCBUIBICTAPIBIH OWOJIOTHSUTBIK OSJICeHITIT]
CIIEKTPJICPiH KOMITBIOTEPITIK O0JIKaYy.

LutoysITThUTBIFBl Artemia salina (Leach) TeHi3 masiH Topi3AiepAiH ASPHCITIHIH
TIPIIJTIK 9PEKETIHIH OMip CYPY ChIHAFHI Ke3iHe 3epTTenai. Taxipudenep 2 KyHIIK
JIepHACLIIepre in vitro ecipy »karaaibiaa Kyprizuiii. Jepaacinaep Artemia salina
(Leach) TeHi3 masHmapbIHBIH JKYMBIPTKAJAPbIH JKaCaH/IBl TEHI3 CybIHa OaThIpy
apKbLIBI ecipingi skaHe 48 carar 60iibl, 37 °C Temmeparypaza WHKYOAIUsSIIaH b
ChIHaK YJTICIHIH OJIICHIeH YJTici 2 MJI METAaHOJ[a €pITijli, COlaH KeWiH OChI
epitigminer 500 mxn (3 mapamrens), S0 M1 (3 mapaiiens), 5 MK (3 TTapaliieIb)
anbIHAbl. MeTaHon OyllaHFaHHAH KeHiH opOip BIABICKA 5 MII *KacaHJIbl TEHI3 CYbI
Kocbuibl. Ochutaiiiia, erep YATiHiH OacTankbl Maccachl 2 Mr 0oJca, OHJa YATiHIH
COHFBI KOHICHTPALMSCHl VI PETTIK KadTanaynarbl opOip KOHICHTpalusiaH
tuicinme 100 mkr/mi, 10 Mkr/mit skoHe 1 MKr/Mi 6omnbl. Op6ip biasicta [lactep
TaMINYBIPBIHBIH KOMETIMEH ChIHaMaMeH Oipre TeHi3 masH Topizmiiaepi Artemia
salina (Leach) 2 xynmik mepHocinaepi opHaTacTeIpeIABL. OChImaH KeHiH 0apIiTbIK
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KyThiiap OenmMe TemmepaTypacbiHna 24 caraT OOWBI jKapbIKTa KaJIbIPBULABL. 24
caraTTaH KeliH Tipi KaJFaH )KoHE eJITeH JICPHOCUIIep CaHaIbl.

Jlynan cepusiCbIHBIH TaOMFH TPUTCPIICHOMATAPBIH OKIIAyay YILIiH 013 KalblH
kaOeiFeiH (Betula pendula) tarmaneik (Kommera et.al.,, 2010). 3eprreynepne
KaibIH KaOBIFBIHBIH CHIPTKBI OOJIIT1 KOJITaHBLIIbL.

Jlynan tputepneHounarapbi any yumiH Kaparanasl oOJBICHIHBIH MaHbBIHAFbI
caJIBICTBIpMaNbl TYpAe >kaHazaH keciaren Betula pendula kalieiH aramsiHaH
MYKHUST Ta3apTy apKbUIbl alIbIHFAH KaWbIH KaOBIFbl KOJIAHBUIABI, miuKizaT 2018
KBUIJBIH Kapala albIHaa KUHAJIBL.

BerynuH-3epTXaHaNbIK SICTEPMEH albIHFaH HETi3Ti 3epTTey OOBEKTICi, api
Kapaii 9KCIIepUMEHTTIK )KYMBICTap KYPTi3y YIIIiH OHBIH KYPBUTBIMBIHBIH CEHIM/TLUTIT]
YIIiH TEKCEPiTei.

OKTpakuusl Ke3iHAe epiTKill peTiHAe >KYMbICTa M30MPONMI CHHUPTi, OyTaHod,
3TaHOJI, TeKCaH, XJ0pOPOpM 5koHE OACKa J1a OpraHUKaJIBIK EPITKILITEP KOJAAHBUIIBL.

KKX omici: XKymbicra anbsiaran 3attap (KaceHnos xone T.0., 2020) DIFOIMSITBIK
XKyHenepai kongana oTeipsln, Silufol Takranxapsinaa skyKa KadarTsl XpoMaTorpadus
(KK X)) apKbIIbl aHBIKTAIIBL:

OCH30I: METHIIEH XJIOpHIi: 3THA crupTi = 5:5:1. JlakTapasl aHbIKkTay Gocdop
— MomuOnen KpIKbpUTBIHBIH 10 % epiTiHmiciMeH Ky3ere achIpbUIIbl, COJaH KeHiH
IUTACTHHAHBI 3-4 MUHYT KbI3ABIP/BL.

UK cnekrpiaepi ®CM — 1201 mapkansl @ypbe CeKTpOMETpiHAE TYCipiiai,
TOnKbIH Y3bIHABIFBL 500 — 4000cm -1 nuana3oHbHIa Kaiuid Opomumi
TaOleTKaNaphlHAa KOHE CIHIPY >KOJIAKTApPBIHBIH CHIIATTaMAIBIK JKHUTIKTEPiHIH
KOMETiIMEeH MOJIeKy/lafa OeTyJIMHIe TOH aroMAap MeH OaillaHbICTapIbIH SpTYpIi
TonTapeIHbIH 00ysl aHbIKTANB! (Lucie Heller et.al., 2016).

XKTCX rangayst Shimadzu LC — 20 Prominence xpomarorpadsinaa ;Kypriziiai,
Zorbax OaranbinbelH emmeMi 150%4,6 mm, SPD 20 AV cniektpodoToMeTpusiibIK
JCTEKTOPBI.

Taoucipubenix 6eaim

BerynuHi KalibIHHBIH KaOBIFBIHAH OO aly 9Jici opTYpii epiTKimTepMeH
AKCTpPAKIHSIIAY ApKBLTBI OSTYIHHII OOIIII ajTy oficTepiHe Heri3nenreH. MyHIaFbl op
HaKThI (PaKIHSTHBIH a37araH 0eJIiri yarijaepal Tanaay ®oHe 0acka SKCIIEepHUMEHTTIK
Makcartap yiriH mnainamaseuiael. (KypbatoB skome T1.6., 2011). ConpaplkraH
TazapTyIblH KeJleci Ke3eHIHe KOJIJaHbIaThIH (PAaKLUSIHBIH MOJIIIEP] Ta3apTyIbIH
QJJIBIHFBI CATBICHIHJIA aJIbIHFAH THICTI (DpaKIMSHBIH MOIIIEpiHEH a3 OoJajbl.
Temenne kepcerinreH OapiblK (paKIusIap opirnmeH (B - OeTylnuH Qppakiusichl, L
- Jymneost (ppakmuscel, a - OETYINHH KBIIIKBUIBIHBIH (DPaKIUSICH) )KOHE HOMIpMEH
(TazapTy caThICHIHBIH HOMIpi; 0—KaOBIKTaH HET13T1 3KCTPAKITH YIIIiH) KOpceTinei
(Shayan Amiri et. al., 2016). Konganpurran ofic TeK 3epTXaHAIBIK MacmTadTa,
rpaMM MeJIepiH KOJJAaHa OTHIPHIN >Kacaibl. Ajaiga, OyJI omicTi ToxipuOeni
KOHJIBIPFBIJIa HEMeCce KOMMEPLMSIBIK MaclTadTa KoJAaHyFa OonMaii bl
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2-Kecre - ©paknusuiapaars! OeTyaIHH, OETyINH KIIIKBIIEL, JIYTISON KoHe OacKa
TPUTEpICHEP/IH MeJIepi

Dpakuusiap Kypambl Tazanay
Dparcui oerynuH % BA % nyneon % | Gacka % | uibiry %
BO 83.0 1.4 15.2 0.4 (26%)
Bl 83.5 0.1 15.9 0.5 94
Al 45.7 53.3 0.2 0.8 (mamames 0.7 1)
B2 98.2 0.1 1.1 0.6 70
L2 55.4 0.2 44.1 0.3 (1.121)
B3 98.7 0.1 1.0 0.2 43
B4 99.2 0.0 0.7 0.1 91
B5 99.8 0.0 0.2 0.0 71

I'’X-MC xpomarorpammacsl IMIBIHIAPBIHBIH ayTaHIapbl alKbpiHAananel. Hotu-
xenepai kamuoprney KUChiFbl (BA-OeTynmnH KBIMIKBUIB) apKbUIBI ajbIHFAH MOJI-
MIBUTBIK K03 dUIMeHTIHIH % TYpiHIe YCBHIHBUIFaH. AJJIBIHFBI (DPaKIUSHBIH Oac-
TanKpl MeJIepiHeH % - OCH SKCTPaKIUS KOHE Ta3apTy CaThLUIAPBIHBIH IIBIFYBI
(Haavikko et.al., 2014).

Bo A1 betulin B

betulin

lupeol

lupeol
N - SR SN

50.00 55.00 60.00 65.00 50.00 55.00 60.00 65.00

lupeol L2 betulin Bs

betulin

BA

“sooo  'ss00 6000 65.00 50.00 55.00 60.00 6500

3-Cyper. I'X-MC Toprt (hpakimsigan TypaTelH XpomaTorpaMma. B0-6acTanks! chIFbIHIBL, Al-
OeTyIHH KBIIIKBUIBIMEH OalBITHUIFaH )kKaHaMa oHIM, L2-myneonMen OalibIThIIFaH jKaHAMa OHiM,
B5—ra3za Getynun; BA-OeTyIHH KBIIIKBUTBL; I€TEKTOP/IBIH CAJIBICTBIPMAIIBI peakiusch! (Y oci)
MuHyTTapaa (X oci).

3epTTeNneTiH 3aTTap/IbIH O6TiHY CaThUIAPBIHBIH JKaIIbUIAHFAH CUMIATTAMACHI:

1 ke3en-CA(OH), keMeriMeH KbIIIKbLIIAP MEH 0acKa KOCIasiap/ibl ailbIll TacTay;

2 Ke3eH - OCH30JIMEH 3KCTPAKIUS apKbUIbI JTYIICOJIbI AllbII TACTAY;

3 Ke3eH - epiTiHAIMEeH KalTa KpUCTalaHy;

4 Ke3eH - XJIOpO(POpPMIIaFbl CHUJIMKAreNbJeri KaaablK (imriHapa OosuFaH) Koc-
najxap/bl KO,

5 Ke3€H - 3TaHOJIMEH KaiiTa KpucTalgaHy.
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Cunme3soenzen sammapovly Kypvlivimuin UK-cnekmpockonus 20iciMer anvlik-
may. Jhynaw mywviHOBLIAPHIH XPOMAMOSPADUANBIK, MACC-CNEKMPOMEMPUSLILIK
3epmmey

UK - cmekrpnepni tipkey Opommpn kanuii tabnerkacsinaa 500-4000 cm -1
TOJIKBIH Y3bIHBIFbI Arana3onbsinaa FSM - 1201 mapkaist Dypbe - CIEKTpOMETpiHAe
Kyprizingai (4-cyper).

100 A

594.15,90.17 88351, 9037

111.13,85.85

1466:08, 80,06
186253, 73.18

163969,77

2851.14,67.14
343371,5855

292058, 64.15

50 100 1500 20 20 an 0 i

4-Cyper. UK-3ar ynriciHin criekTpi

CiHipy >KOJaKTapbIHBIH CUIIATTAMAJIBIK JKULTIKTEPiHIH KOMETIMEH MOJICKyiaaa
OeTyTMH MOJIEKYJIaChbIHA TOH aTOMIap MEH OalTaHbICTapAbIH 9PTY Pl TONTAPBIHBIH
OoNybl aHBIKTAIJbl. ATOMIApPABIH KeJeCi TONTapblHa TOH CIHIPY JKOJaKTaphbl
AHBIKTAJIBI: THIPOKCHI TONTApPBIHBIH BaJICHTTIK TepOeicTepiHe KaTaThlH KeH
CiHipy >komarbel 0ap, 3433 cM "' THAPOKCHII TONTAPBIHBIH CO3BLTY TepOemiciHe
KaTaTblH KeH KYThUTY KoNlarbl Oap; mynaH KaHkacbiHbiH C - H TonrapbiHa ToH
co3puty Tepbemici 2920 sxone 2851 cm Iy C = C xoc GaiyaHBICHIHBIH CO3BLTY
tepbernici 1639 cm *'; CH, Tonrapsinbii nedopmanusibik Tepoenicrepi 1466¢em!
ke3ine Oaiikanasr; C - O TOOBIHBIH co3buTy TepOerici 1111 cMm ! Gaiikamazp (Csuk,
2013); CH, TonapbiHbIH aehopmalusibK TepoericTepi - 883 cm-ae ~'. AsbiHran
yirinin UK - cmektpin optypni ke3mepae kenrtipinren MK - cmekrpriepimen
caJIBICTBIPY 013 asFaH 3aT OCTYJIMH JIeTeH KOPBITBIHABI JKacayFa MYMKIHIK Oepei.

Opi Kapaii, cunarTajiraH 9/ic OolibiHIIa hochopaanran OSTYINH TyBIHABLIAPBIH
CHHTE3IeTCHHEH KeHiH peakUsIHbIH XYPY OapbIChl )KyKa Ka0daTTsl XxpoMarorpadus
KeMmeriMeH OakpiiaHibl. AnbiHFaH 3aT MK-criekTpockonus omiciMeH TaigaH[bl
(5-cypet). UK-cniekrpockonusi aepexTepi OolbIHIIA, OSTYyIMH (parMeHTiHE TOH
CIHIpY >KOJIaKTapbIMEH Karap, P-O-CH3 tontapeiHa ToH 1195¢m! xone P = O
1280cm ! ke3iHe KYTHUTY KOMaKTaphl aHbIKTa6! (XU et.al., 2018).
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5-Cypert. berynunnin gochopnanran TybiHIbICEIHBIH MK-criekTpi

Kepcerinren ¢docdar TonTapbHBIH OETYITHH MOJIEKyJachlHAa KOCBITY peak-
LUSTAPBIH JKYPTi3y Ke3iHAE HOTIKeNepi 6-CyperTe KOpCeTUIreH XpoMaTo-macc-
CIIEKTPOMETPHUSHEI KOJJIaHA OTBIPBIN, OHBIH 3, 28-TO3WIMAAa >KYPETIHAIr
anbIKTanasl (Jana Wiemann et.al., 2016)
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6-Cypert. docdopranran OSTyIHH TyBIHIBICBIHBIH XpOMaTO-Macca CIeKTpi

Ocpuraiia, UK >xoHe XpomaToMaccallblK CIEKTPOCKOMUSICHIHBIH MAJIIMETTEpi
OoiibiHIIa GocdaT TonTapbIHBIH OSTYJIMH MOJICKYJIaChlHa KOCBUTY PEaKkIUsCH - 28
MO3ULMSCHIHIA OOJAaThIHABIFBI AHBIKTAJIIBI.

KopbITbIHABI

Byt FRIIBIME-3€pTTEY AKYMBIC JIyTIaH TYBIHABUIAPBIHBIH CHHTETUKAJIBIK ©3repic-
TEpiH, KYPBUIBIMBIH JKOHE OUOJIOTHSUIIBIK OCIICEHILIITIH 3epTTeyre OarbITTaIFaH.

3epTTesireH MaNiMETTEepP KapacThIPbUIBII OTBIPFaH OPraHUKAIBIK KOCBLIbIC-
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TapIbIH XUMUSIIBIK KYPBUTBIMBIHA, PEAKIIMSIIBIK KaO1IeTTepiHe dKoHE TIePCIeKTHBTI
(hapMaKoJIOTHSIIBIK ocepiiepiHe jKacajFaH KeNTereH 3epTTeyiepre KapamacTaH,
JyTIaH CEePHSICHIHBIH MEHTAIUKII TPUTEPIICHOUITAPHI JKaHA KOFaphl THIM/L 19pi-
JOPMEKTEPIi KYPYIbIH 0acTarKbl HYKTECI OOJBINT TAOBUTATBIHBIH KOPCETE/I.

3epmmey OapvlcblHOQ ANBIHRAH HIMuUdICenep Keieci KOPbIMbIHObL HeaAcay2d
MYMKIHOIK Oepedi.

1. Betula pubescenz, Betula kirghisorum, Betula alba >xone 1.6. cuaxTbI opTYpii
KalbIHapaaH OeTylnuH/I 06N amyFra apHaJFaH FBUIBIMH OJIEOMETTepl 3epTTei
oteipein, 0i3 Kaparanabl OONBICHIHBIH ayMarblHAAa ©ceTiH KaibiHHBIH (Betula
pendula) XUMUSITBIK KypambIH 3€pTTey OOWBIHIIA >KYMbICTAp OYpPbIH KYpri3iiren
YKOK JIeT€H KOPBITHIH/IbIFA KEIIK.

2. AnFam pet OeTyIMHHIH KalblH KaOBIFBIHAH CAH/IBIK ITBIFYBIHBIH 3KCTPAKITUS
Y3aKTHIFbIHA XKOHE CINTIHIH CyJbl €pITIHIICIHIH KOHIIEHTPAIHUAChIHA TOYEeJIiIiri
3eprrenai. berymuHmi Oemim amycynmel CUITUTIK epiTIHAIAE THIPOIH3ICHTCH
OyTHJI CIIMPTIHEH 3KCTPAKLHUS IICIMEH KY3€re achIpbUIAbL. 3epTTEydiH OapIibIK
Ke3CH/Iepi YIIIiH JIyIaHHBIH KeWOip TYbIHIBUIAPBIHBIH K031 PeTiHAe KaWbIHHBIH OYIT
TYpi TaHAAJIbL.

3. Kemrreren 3epTreynepiH Heri3iHnae OeTyIMH TeHTAUKIIl TPUTEPIICHONTIH
KaiibIH KaOBbIFbIHAH IIBIFAPY/IBIH €H THIMJII 9JTiCi 93ipIaeH/Ii.

4. beTynuH NIUANETATBIHBIH KYPBUIBIMBI MEH OWOJOTHSUIBIK OJNCEeHIUTIriHIH
e3apa OaillTaHBICKI Typaibl XKaHA JEPEKTEp AalbIHBL, OJlap OCIMJIK IIUKi3aThl
XUMHSICBIHBIH, OipKaTap TEOPHSIIBIK MICeNeNepiH Ienryre 0enriti Oip aliKbIHIbIK
Oepe anmapl.

5. berynun HeriziHaeri )kaHa GocOpPITBI TYBIHIBLIAP CHHTE3IEIIN, CUTIATTaIIbl.
Bipinmmi peaxrust 1:2:2 KaTeIHACKIH/A XKYPTi3ini (OeTyauH: JuMeTnixiopdocdar:
TpudTHIamMuH). Dochop PpparMeHTTepiHiH KOCBUIYbl KOMIPTEK aTOMIApBIHBIH 3
XKoHe 28 mo3unusichiHAa xypei. Peakmmsimap 1:1:1 karsiracsinaxyprizingi. Coman
KeliiH hochop pparMeHTiHIH KOCBUTYBI TEK KOMIPTEK aTOMBIHBIH 28 TTO3UIHSICHIH 1A
KYPEN, SFHU OH JKarbiHzAa, oHxa on Ton -CH, apKpuibl IMKIMEH OaliaHbicabl.
3-mozunmsina OH ToOBI IUKIMEH Tikenel OainmanbicThl. [nanerataberynuuii amy
peakuusIIaphl J1a KYPri3ijami, oHAa 3 skoHe 28-mo3uIusiia O—CO—CH3 aleTarThl
tontapeiHa OH Tontaps! aysicTeipbuiaabl. by 3 sxone 28 keMipTek aToMaapbiH
ONOKTay YIIIH KaXeT, COlaH KeHiH >KOFapFbl = CH, TOOBIHBIH KOC OalJIaHBICHI
apkbUIBI (hochopiaHy peakIusIChIH XKYPrizy Kepek, siFHu 013 hochop pparmeHTiH
Koc OailtaHbic OpHBIHA OTHIPFBI3aMbI3. OChIaH KeiiH 013 TuicTi peaknusmer OH
TONITAPBIH 63 OPHBIHA KaliTapaMbl3.

6. UK cnexTpriepiHeri cumarraMalblK CiHipy XKHUUTIKTEPiH KOJJIaHa OTBIPHIT,
KOCBUTBICTa OETYJIMH MOJIEKYyJachlHa TOH aroMJap MEH OaiylaHBICTapiblH TYpIi
TONTAPBIHBIH 00Mybl aHbIKTanabl. JKTCX omiciMeH OeTyNHHTE camaiblK MKoHE
CaHJIBIK TaJIay JKYPri3inai. by 3aT KallbIHHAH aiFall peT OOiHIIN ajJblHFaH.

7. XWMHSITBIK KOCBUIBICTAPJBIH KYPBUIBIMIBIK (opMynanapsl HETi3iHIe
OnonorusIblK  OesiceHAlTiK cnekTpiepin OomkaiiteiH  PASS  kommbrorepiix
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OarapiaaMachlHbIH KOMETIMEH CHHTE3JICNITCH KOCBUIBICTAP/IbIH OHONOTHSIIBIK
OeNCeHIITITiH OoIDKay/IbI )KY3€eTre achIPIbIK.

8. Ochl KYMBICTa CUTATTAIFaH 3epTTeyiep OapbhIChIHAA aNbIHFAH YITiLIepAiH
IUTOYBITTHUIBIFBIH ChIHAYFA apHAIIFaH ChIHAKTAp/IaH KeliH Artemia salina (Leach)
TEHI3 IAasHIAPbIHBIH JTMYHHKATAPBIHA KATBICTHI in Vitro ecipy KarmaiibiHaa Oy THIT
AKCTPAKTBI, ATHJ JKCTPAKTHI, OCTyIHHHIH (OCPOpIaHFaH TYBIHIBICHL, OCTYINH
yurinepi Artemia salina (Leach) TeHi3 masHIapBIHBIH JTUYAHKAIAPbIHA KATHICTHI
QJICI3 IIUTOYBITTHIIBIKTHI KOPCETEII.

9. «OKONOTHUAIBIK Kayirci3mik» OeiiMiH Ka3yIblH HOTHXKECI KOpIIaraH opTa
YIIiH KayilCi3MiKTi aHBIKTAY JKOHE OCHI JKYMBICTa CHITATTAIIFaH dKCIIEPUMEHTTEP/Ii
KYPTi3y Ke3iHJe «KaChlUl XUMUSD) 9IICTepiH KOJIaHy OOJIbI.

MuHHAMaI B! JKaHaMa dcepiep/IiH OOoMybl JyNaH TYbIH/bUIAPbIHA 0acKa KOCHI-
JBICTApJaH dNJIeKala YIKeH apTHIKIIBUIBIK Oepei.OciMIiK 3KCTPaKTTaphIHBIH
KYpaMBbIH/1a OJapAbIH OOJYHI )KOFaphl THIMALTIKKE ne 00y yIniH Oip/ielt MoHTe He,
OYJ1 YBITTBUIBIK JICHT € 1HIH TOMEH/Iey1HE dKeTe li. O1e0H 0Ty MEH SKCIIEPUMEHTTIK
3epTTEyJIep/IiH HOTHKEIEPiH erKeH-TeT el TaiaFraHHaH KeiiH, OSTYIINH JaMbIIl
KeJIe J)KaTKaH aHAINTHKAJIBIK 9JIICTep/IiH KOMETIMEeH oCiMIIK HeTi3iH/Ier1 )kaHa 1opi-
JOPMEKTEpi OHAIpY/Ie MEePCIEeKTUBANBI OONATHIH JKaHA TYBIHABUIAPIBI IIbIFapa
aNaThIHAN eTim, 0i3/[iH Ha3aphIMBI3/IbI KQXKET €Te/li IeTeH KOPBITHIH/IbIFa KeNIiK.
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Abstract. Currently, an urgent problem is the improvement of methods for
modifying cellulose materials to create a wide range of new, high-quality materials
with multifunctional properties. The aim of the work is to obtain textile cellulose
materials with antibacterial properties based on copper nanoparticles. Methods
of synthesis of copper nanoparticles by reduction of copper sulfate in an aqueous
medium in the presence of ascorbic acid and gelatin stabilizer are considered. To
determine the optimal synthesis conditions, the influence of various factors on
the antibacterial activity of copper nanoparticles was studied: the concentrations
of the reagents used, the pH values of the medium, the effect of temperature on
the reduction of copper ions. To improve the antimicrobial properties of cellulose
textiles in a composition containing copper sulfate based on ascorbic acid, a simple
and environmentally safe method for producing concentrated (about 0.01 mol/l)
hydrosols with nanoparticles is proposed. Copper nanoparticles were obtained
from CuSO, solutions in the presence of ascorbic acid reducing agent and gelatin
stabilizer. The acidity of the copper sulfate solution was changed by sodium
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hydroxide in the pH range 2.8—11.5. The number of nanoparticles obtained increases
with an increase in pH by 10.3, and a further increase in pH leads to the hydrolysis
of copper salts, which to some extent reduces the number of nanoparticles formed.
The study used a solution of copper ions with a concentration of the initial salt
of more than 0.1-0.5 mol/l. Studies conducted by electron scanning microscopy
confirmed the presence of nanoscale particles in the structure of the material.
The synthesis of copper nanoparticles in the presence of ascorbic acid reducing
agent and gelatin stabilizer has been developed. Optimal parameters of processing
cellulose textile materials with copper nanoparticles have been developed. It is
shown that the treatment of cellulose materials with copper nanoparticles gives
them antimicrobial properties.

Keywords: metal nanoparticles, copper nanoparticles; ascorbic acid, gelatin,
copper sulfate, cellulose material, textile materials, antibactericidal properties
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Annoramus. Kazipri yakpITTa KendyHKIMOHANIBI KacHeTTepi Oap >kaHa,
JKOFaphl carajibl MaTepuaIap/AblH KeH CIIEKTPIH jKacay YIIIH LEeJITI0N03a MaTe-
pHaIapblH  ©3repTy OJICTEPIH JKETUIIPY ©3eKTi Mocelie OOJNBIT TaObLIaJIb.
JKYMBICTBIH MaKcaTbI-MbIC HaHOOOJIIIICKTEPIHE HETI3CITCH OaKTepHUsiFa KapChl
KacueTTepi 0ap TOKbIMA IIEIUTION03a MarepuagapbiH aly. ACKOPOWH KBIIIKBLIBI
MEH JKeJNaTHH TYPaKTaHJbIPFBIIIBIHBIH KAThICYBIMEH CYJIBI OpTaja MBIC CYib-
(daThlH KaJIblHA KENTIPy apKbUIBI MBIC HAHOOONIEKTEPIH CHHTE3/CY dJicTepi
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KapacTeIpbutafpl. CHHTE3IIH OHTaWIbl JKaFJailapblH aHBIKTAy YIIH MBIC
HaHoOeuIekTepiHiH bakrepusra kKapchl OeJCeHAITITiHe opTypii (aKTopIapIbIH
ocepl 3epTTenii: KOMIaHBUIIATHIH PEareHTTEePAiH KOHIICHTPAITUSACHI, OPTaHBIH
pH MoHI, MbIC MOHIAPBIHBIH TOTBHIKCHI3AaHY MPOLECIHE TeMIepaTypaHblH 9cepi.
Kypambiaia ackopOWH KBIIKBUIBI HETi3iHAETT MBIC Cyiab(aTsl Oap IeIuIono3a
TOKbIMa OVHBIMIApBIHBEIH MHUKpPOOKa Kapchl KacHeTTEpiH IKaKcapTy VIINiH
30-40 HM wmpic nanoOemmekTepi Oap koHHeHTpauusuianrad (mamamen 0.01
MOJIB/JT) THIPO30JIbIACPAl adyIblH KaparaibIM J>KOHE SKOJOTHSUIBIK Ta3a oJicCi
YCBHIHBUTAABI. AJIBIHFAH THIPO30JIap TiKeJIed CHHTE3JeH KEeiiH jKOHE yaKbIT OTe
KeJe KYJAIH TYPaKTBUIBIFBIH aHBIKTAy YIIiH 7 KYHHEH KEHiH TOJKBIH Y3BIHIBIFbI
400-nen 500 um-re gpeitinri crnekrpodortomerpae ("JENWAY") zeprrenni. Mbic
HaHOOOJIeKTePi aCKOPOUH KBIITKBUTBIHBIH TOTHIKCHI3IaHIBIPFBIIIBI MEH KEJaTHH
TYPaKTaHJBIPFBIIbBIHBIH KaTbicybiMeH CuSO, epiTiHainepineH anbHabl. Mbic
cynbdarhl epiTiHAICIHIH KbIIKbUIIbIFel pH 2.8—11.5 nuamnazoHblHIa HATpUit
TUAPOKCUII apKBUIBI e3repmi. AjbsHFaH HaHoOemmiekrepmin cadsl pH 10.3
JKOFapbUlaFaH caiblH aprtanbl, an pH omaH opi >KOFapbliaybl MbIC TY3dapbIHBIH
TUJIPOJIM3IHE oKeliel, OyJ1 Oesrini Oip Aopekeie naiiia 00FaH HAaHOOOJIICKTeP IiH
CaHbIH azaiiTampl. 3epTreyne Oacramkpl Ty3 KoHIeHTparusacsl 0.1-0.5 moms/n-
JICH acaThlH MbIC MOHAAPBIHBIH €PiTiHAICI KOJIIAHBUIABI. DJICKTPOHABI CKaHepIey
MHUKPOCKONIMSICHI  apKBUIBI JKYPTI3UITEH 3epTTeyiep HOTHXKECIHIEe Marepual
KYPBUIBIMBIHIA HAHOOIIEM/Il OOJIIeKTepIiH Ooysl aHBIKTAIABl. ACKOPOWH
KBIILIKBIUIBl  TOTBIKCHI3NAHBIPFBIIIBI  MEH JKEJIATUH  TYPaKTaHABIPFBILBIHBIH
KaTBICYbIMEH MbIC HaHOOeIIeKkTepi cuHTe3nem . Mpic cynbdarbl Heri3iHjae
KYPBUTBIM KaCaJIbIIL, TIEJUTF0NI03a TOKBIMA MaTepHaIapbIH MBIC HAHOOOIIIIEKTEPiMEH
OHJICY/IiH OHTAMIBI MAPTTaphl aHBIKTAIABI. MbIC HaHOOOIIIEKTEpIMEH OHIENTEH
LIEJUTION03a MaTepHajIapbIHBIH MUKPOOKa Kapchl KAaCHETTEpiH OepeTiHi, OepikTiK
CUNaTTaMaJIapbIH KaKCAPTAThIHBI aHBIKTAJIIBI.

Tyiiin ce3nep: Meramn HaHoOeJIIEKTEpi, MBIC HAHOOONIIEKTEPi, acKOPOWH
KBIIIKBUIBI, JKEJAaTHH, MBIC CYyIb(aThl, MEUTI0NI03a MaTepHalbl, TOKbIMA MaTe-
puangapsl, bakTepusFa Kapchl KaCUETTEP
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AnHoTauus. B Hacrosiiee Bpems akTyaJlbHOW MpOOJeMOil sBISIETCS COBEp-
LICHCTBOBAaHHE METOJ0B MOAMU(HKALIMY IIEIUTIOIIO3HBIX MAaTepPHaIOB IJIsl CO3JaHuUs
HIMPOKOTO CIIEKTPa HOBBIX, BHICOKOKAUECTBEHHBIX MaTepHaloB ¢ MHOTO(YHKIIHO-
HaJILHBIMU cBOMcTBaMH. L{enb paboThl — mony4yeHrne TeKCTUIIBHBIX EJUTI0I03HbBIX
MaTrepuaioB C aHTHOAKTepHaJbHBIMH CBOWCTBAMH Ha OCHOBE HAHOYACTHIL
Menu. ABTOpaMH pPAacCMOTPEHBl METOABI CHHTE3a HAHOYACTUI[ MEIU IyTeM
BOCCTAHOBJICHUS cyib(ara MeAr B BOAHOW Cpe/ie B MPUCYTCTBUH aCKOPOMHOBOM
KHCJIOTBI U cTabuim3atopa kenatuHa. st onpeneneHus onTHMaIbHBIX YCIOBHN
CHHTE3a HW3y4alloCh BIHMSHUE DPAa3IUYHBIX (AKTOPOB HA AHTHOAKTEPHATBHYIO
AKTHMBHOCTb HAHOYACTHI] MEJTU: KOHLICHTPALIMU TPUMEHIEMBIX PEareHToB, 3HAYCHUS
pH cpenpl, BIusiHUE TeMIepaTypbl Ha MPOLECC BOCCTAHOBICHU HOHOB Menu. st
YIAYYLICHUS aHTUMHUKPOOHBIX CBOMCTB UEJUIIOJIO3HBIX TEKCTHIBHBIX HW3ICIIH,
coziepKaluXx Cyab(ar MeAn Ha OCHOBE ACKOPOMHOBOM KHCIOTBHI, PEKOMEHIyeTCs
MPOCTOM M DKOJOTHMYECKH YHCTBIH CHOCO0 MOMY4YEeHUS] KOHIEHTPHPOBAHHBIX
(okomo 0.01 monbe/i) Tuapo30seH ¢ HanodacTuiiamu meau 30—40 HM. [onyyennbie
THIPO30JIM OBUTH HCCIIEIOBaHbI Ha crieKTpodoToMeTpe ¢ AnuHoi BosHb! oT 400 10
500 am ("JENWAY") yepe3 7 aHel mocie mpsMOTrO CHHTE3a U JIISl OIpeCiICHUS
CTaOMIBHOCTH 30JIbI C TEYCHHWEM BpeMeHH. HaHouacTuipl Meau TONydanud H3
pactBopoB CuSO, B NIPUCYTCTBMH BOCCTaHOBUTENS aCKOPOMHOBOM KHCIIOTBHI M
crabunuzaropa skenaruHa. KucinoTHOCTh pacTBopa cynbgara Meau H3MEHSIIACh
C TOMOINBI0 THApPOKcHaa HaTpus B auanazone pH 2,8-11,5. Kommuectso
00pasyonmxcss HaHOYACTHI[ YyBennuuBaeTcs ¢ ysennuenuem pH 10,3, a
JanbpHellee noBbleHre pH NpruBOIUT K THAPOIN3Y CONEH MEH, YTO B HEKOTOPOH
CTENIEHH YMEHBIIAET KOJUYECTBO 00pa3yroIuXcsl HaHOYaCTHIl. B mccienoBannu
HCTIOJIB30BAJICSI PACTBOP HOHOB ME/IM C HCXOAHOM KOHIIeHTpamuen comu 6onee 0.1—
0.5 monb/n. UcecnenoBanust, MpoOBeACHHBIE C TOMOIIBIO AIEKTPOHHOM CKaHUPYIOIIEH
MUKPOCKOITUH, BEISIBUIIA HAIMYME HAHOPA3MEPHBIX YaCTHI] B CTPYKTYPE MaTepuaa.
B npucyTcTBHM BOCCTaHOBHTENSI acKOPOWHOBOW KHCIOTBI M CTaOMiIM3aropa
KeJaTuHa OB CHHTE3UPOBAaHBl HAHOYACTHIBI Menu. PaspaboTaHa cTpyKTypa
Ha OCHOBE Cynb(ara MeIu W ONpeesicHbl ONTUMAalbHBIE YCIOBUS 00pabOTKU
LEJUTIOJIO3HBIX TEKCTHIIBHBIX MaTepHajoB HAHOYACTHLAMH MEAH. YCTaHOBIEHO,
YTO LEJUTIOJIO3HBIE MaTepualibl, 00paboTaHHbIe HAHOYACTHLIAMH MeIHu, 00magaroT
AHTUMHUKPOOHBIMHU CBOMCTBAMH, YIyUIIAIOT IPOYHOCTHBIE XapaKTEPUCTHKH.
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Introduction

Improvement of modern methods of modification of cellulosic materials
to create a wide range of new, high-quality materials with flame retardant,
hydrophobic and antibacterial polyfunctional properties. The unique properties
of copper nanoparticles offer great opportunities for creating new composites for
medicine, agriculture, efficient catalysts, sensor systems and much more (Din et
al., 2017; Ingle et al., 2014). Due to its advances in the production and utilization
of copper nanoparticles, the chosen method allows the production of a certain
amount of stable nanoparticles that retain high chemical and biological activity.
Copper nanoparticles are used to create biosensors with high biological activity
depending on their antibacterial properties. The possibilities of using nanoparticles
for diagnostics and treatment of various (including oncological) diseases, as well
as in methods of immunochemical research are being actively studied in a new
direction of experimental medicine called "nanomedicine".

Metal nanoparticles have been shown to have different antibacterial efficacy
depending on the type of nanometals and bacterial cultures used. Copper
nanoparticles have high antimicrobial activity both in solutions and when introduced
as additives to liquid phase materials or applied to various surfaces (Ramyadevi et
al., 2012; Ermini et al., 2021).

The study of the mechanism of antiseptic, biological action of copper
nanoparticles is the basis for identifying the causes of nanopathology and its use as
an antimicrobial agent in the creation of new drugs, medical and technical materials,
varnishes, paints, etc. (Ynerosa, 2021; Kobayashi, 2016).

The development of modern nanotechnology makes it possible to obtain
nanoscale structures, including metal nanoparticles. A comparative study of
antimicrobial activity of silver, copper, zinc and aluminium nanoparticles showed
that metals inhibit the growth of E.Coli cells and reduce the toxicity of the elements:
Cu>Ag>Zn>Al.

Several works emphasise the importance of physicochemical characteristics of
nanoparticles in the manifestation of antibiotic effects (Qamar, 2020; BopoObeB,
2016). Due to their various functions, relatively low cost and environmental safety
in most living organisms common in nature, copper nanoparticles are used as
antimicrobial agents, replacing composites of silver and other noble metals in the
development of antibacterial agents (El-Saadony, 2020).

Considering the bactericidal effect of nanoparticles, it is necessary to take into
account not only the direct effect of nanoparticles on the bacterial membrane, but
also the presence of Cu?* ions in the suspension.

In contrast to silver nanoparticles, copper has very low stability due to easy
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oxidationand is therefore poorly studied. In orderto develop bactericidal preparations
based on copper nanoparticles, it is necessary to complement experimental data on
their antimicrobial activity. Compared to conventional copper, copper nanoparticle
has mechanical properties and chemical activity, high melting point and plasticity
(Pérez-Alvarez, 2021; Turakhia, 2020).

Nanoparticles and the materials in which they are modified are also widely used
because of their intrinsic properties, practical possibilities. Copper nanoparticles are
currently of great interest and can replace precious precious metals in nanoforms
(Roman, 2020; Wasim, 2020; Taussarova, 2017; Taycaposa, 2018). In modern
conditions, research is actively developing to improve the methods of modification
of cellulose fibres to create a wide range of new, high quality materials with biocidal
properties. Copper nanoparticles are produced from solutions in the presence of
reducing agents and stabilisers of different nature (Taycaposa, 2020; Burkitbay,
2017).

The aim of this work is to synthesise copper nanoparticles, determine the
optimum synthesis conditions and parameters for modifying cellulosic materials
using chemical method.

Research materials and methods

Copper sulphate is a colourless anhydrous substance with the formula CuSO , has
no very hygroscopic odour, well soluble in water, molar mass-159.60, density-3.64
g/cm’, an inorganic compound with disinfectant, antiseptic action.

Ascorbic acid is an organic compound with the formula C.H,O,, is a white
crystalline synthesis of copper nanoparticles reduced with aqueous copper sulfate
solution. Ascorbic acid was used as a reducing agent. The composition and amount
of the product depend on the concentration of copper sulfate and reaction conditions.

Gelatin has a colourless or yellowish tint, partially hydrolysed protein collagen,
a transparent viscous mass, a coupler, a processing product.

The synthesis of nanoparticles (NP) was carried out according to the following
method: an equal volume of ascorbic acid (¢ = 0.1; 0.3; 0.9 mol/l) was added to 50
ml of aqueous copper (II) sulfate solution (¢ = 0.1; 0.25; 0.5 mol/l), and gelatin (c
= (0.05) was added to the resulting solution for stabilisation. This was followed by
the addition of 10 % sodium hydroxide to a certain pH value (7-10). The reduction
process was carried out at 40 °C and stirred. On heating, the solution turned blue
colour within 30 minutes, indicating the appearance of copper NB. The obtained
hydrosols were examined on a 400 to 500 nm spectrophotometer ("JENWAY")
after direct synthesis and after 7 days to determine the stability of the ash over time.

Results and Discussion

Copper nanoparticles were synthesised by reducing aqueous copper sulfate
solution. Ascorbic acid was used as reducing agent. The structure also the size of
the product depends on the reaction conditions of copper sulfate concentration.
Different size copper nanoparticles can be obtained due to increase in reaction time.
The molar ratio and copper salt, pH, temperature and reaction time were changed.
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The acidity of copper sulphate solution was varied using sodium hydroxide in
the range of pH of reducing agent 2.8—11.5. The amount of nanoparticles obtained
increased with increase in pH by 10.3 and further increase in pH leads to hydrolysis
of copper salts, which reduces the amount of nanoparticles formed to some extent.

The synthesis of compo sites with copper nanoparticles was carried out by
reducing the copper content in aqueous solution in the presence of ascorbic acid.
In order to determine the optimal concentration of initial components, a series of
experiments were carried out in several stages (table 1).

Table 1 - Concentration of initial components

Model number Concentration, mol/l
CuSO, CH.O, Gelatine H,0
0.1 0.3 100
2 0.25 0.6 0.05 100
3 0.5 0.9 100

As aresult of the experiments, sediment-resistant ash with copper concentration
of about 0.05 mol/l was obtained, the optimal conditions for NP synthesis were
determined: pH 9-10, initial concentration of copper (II) ions - 0.1 M, ascorbic
acid - 0.1 M. When studying the stability of the obtained colloidal solutions, the
intensity of the maximum surface plasma resonance (SPR) is ¢ = 0.1-0.5 mol/l.
It decreases approximately by a factor of 2, and the sol retains the stability of the
precipitation. It is possible that under the influence of air oxygen NP partially
dissolves, the formation of a surface layer of copper (I) oxide is also not excluded,
which leads to the same change in the spectra.

Optical spectra of hydrosols containing metallic nanoparticles are characterised
by the presence of surface SPR maxima, at which the incidence frequency of the
electromagnetic wave arises from the coincidence of natural vibrations of electrons
in the nanoparticles. The type, intensity as well as the position of the SPRs are
shaped by the size, shape as well as the oxidation degree of the NPs. For copper
spherical NBs (size 2—-10 nm), the SPR state corresponds to 460—470 nm. With
increasing the thickness of the oxide shell on the surface of copper NP, a relative
increase in absorption in the region with a wavelength of 460-470 nm (I, is
observed at B = I_,.- I, the difference in the values of the maximum intensity of
optical absorption in the "red" sphere of the spectrum characterises the yield of NP,
as well as the degree of their oxidation. This parameter is chosen for optimisation
of copper extraction process in this work (fig.1,2).

265



ISSN 2224-5227 1. 2024

2,50

1,50

relative unit, A

0,50

0,00
300 325 350 375 400 425 450 475 500 525 550 600

wavelength,nm

Figure 1. Effect of initial copper sulphate concentration on the optical absorption spectrum of
formed copper ash
1 - C(CuSO,) = 0.1 mol/l; 2 - C(CuSO,) = 0.25 mol/l; 3 - C (CuSO,) = 0.5 mol/l
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Figure 2. Influence of ascorbic acid concentration on the optical absorption spectrum of the formed
copper ash
1-C(CHO,)=0.1 mol/l; 2 - C(CH,O,) = 0.3 mol/l; 3 - C(C,H,0,) = 0.9 mol/l

As can be seen from Figure 1, the maximum absorption occurs in the region of
440-450 nm depending on the copper sulphate content. This indicates an increase
in the size of copper particles with increasing concentration of stabiliser, which
may be due to negligible incorporation of ascorbic acid copper ions into the metal.
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Thus, stable copper nanoparticles were synthesised by copper sulphate by
reducing the presence of ascorbic acid and the optimum conditions for the synthesis
of NB were established.

Electron scanning microscopy studies confirmed the presence of nanoscale
particles in the structure of the material (Fig. 3).

SO pm
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Figure 3. Size of copper nanoparticles obtained by electron scanning microscopy (ESM)
CuSO0, - 0.5 g/mol (a), CuSO, - 0.25 g/mol (b), CuSO, - 0.1 g/mol (c)

Cellulose samples of 100100 mm (4 pieces) were dried at room temperature
and impregnated with freshly prepared solution of the selected concentration for
10 minutes.

To investigate the aggregate stability of nanoparticles for size measurement, we
carried out studies using JSM-6510LA electron scanning microscopy. This method
allows us to obtain the distribution of particles according to size and shape, and
gives insight into the spatial arrangement of the nanoparticles. Examination of the
submitted samples showed that nanoparticles of copper compounds with lengths of
220-950 nm are formed on the surface of the fibres.

By reducing ascorbic acid, copper nanoparticles were obtained. The treated
tissues have pronounced bactericidal properties. The optimum conditions for the
formation of copper nanoparticles and their application in fabrics were determined.
The optimum requirements for the treatment of cellulosic materials with copper
nanoparticles (C(CuSO, ) = 0.5 mol/l; ¢ (CH,O,) = 0.1 mol/l) were developed.
For the first time, a structure based on ascorbic acid as well as copper sulphate
was developed for antimicrobial finishing of linen. It was found that the fabric
treated with the selected composition imparts antimicrobial properties, improves
the strength characteristics.

Conclusion

The study of metal nanoparticles is important in the establishment of modern
nanotechnology. One way to address this problem is to produce materials containing
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copper nanoparticles that are highly active against all biological targets, from
viral particles to the human body. Ascorbic acid was used as a reducing agent.
The structure and amount of the product depend on the reaction conditions and
concentration of copper sulphate. To measure the size of nanoparticles, JSM-
6510LA electron scanning microscopy studies were carried out to investigate the
aggregate stability of the nanoparticles. The optimal treatment requirements for
cellulosic materials with copper nanoparticles (C(CuSO, ) = 0.5 mol/l; ¢ (C.H,O,)
= 0.1 mol/l) were developed.
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Abstract. The condition of the environment and, in particular, the atmosphere is
a transboundary, international problem, with CO, being one of the most significant
components of greenhouse gases. Decarbonization issues are on the agenda of all
industrialized countries, including Kazakhstan. Decarbonization includes several
aspects, the most important being capture and storage (utilization) of carbon
dioxide. The key source of carbon dioxide emissions are thermal devices using
fossil fuels. CO, capture is complicated by the presence of harmful components
in the flue gases. In particular, when burning coal, nitrogen- and sulfur-containing
oxides, carbon monoxide, volatile organic compounds, ash, and dust particles
are released together with CO,. Thus, preliminary purification is necessary, since
sorbents and membranes used for CO, capture are not capable of withstanding
prolonged exposure from solid particles and toxic impurities. This work is devoted
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to the problem of decarbonization and, in particular, the preliminary treatment
of flue gases to obtain pure carbon dioxide. The work discusses the principle of
construction of systems for preliminary treatment of harmful impurities from
flue gases of thermal devices of different industrial enterprises as a multimodular
integrated system. Using the advantages of this approach creates the prerequisites
for a relatively simple design of multimodular integrated treatment systems based
on the free arrangement of individual autonomous modules capable to adapt to
specific operating conditions.

Keywords: decarbonization, CO, capture and storage, exhaust gases, gas
treatment, multimodular systems
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Annoranus. Koprraran opTaHbIH, aTan aTKaH/a, aya 0acCelHiHIH AKOIOTHS-
JIBIK, JKaFIalbI-TpaHCIIeKapaIblK, XaJbIKapaiblK Macene Oonbin Tabbitambl. [lap-
HUKTIK Ta3/1ap/IbIH MaHbI3/[bI KOMIIOHEHTTEPiHIH 0ipi-KOMIPKBIIIKBLT ra3bl. Jlexap-
OoHU3aIMs Macenelnepi 0apIbIK WHIYCTPHAIIBI JaMbIFaH eJJIepiH, COHBIH iIIiH/e
KazakcrannbiH KYH TopTiOiHE TYp. JlekapOoHu3amus OipHele acrieKTiiep/i KaM-
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TUJIBI, OJAPJBIH IIIHACTI €H MaHBI3IbLIAPEI KOMIPKBIIIKGII Ta3bIH aly (IIbFapy)
XKoHE cakTay (7kor0) Oonbim TaObuIaAbl. KeMIpKBIIKBIT Ta3bIHBIH HETI3r Ke3i-
Ka30a OTBIHAAPBIH MaiJajaHaTbIH KbUTY KYpbUIFbUIapbl. KeMipKIIIKBUI ra3blH
any (mpIFapy) Ipoleci MalJanaHbUTFaH Ta3gapia 3WUsSHIBL, Kelepri KenTipeTiH
KOMIIOHEHTTEPAIH KOl OOJybIMEH KUBIHAAWIBI. ATan alTKaHAa, KeMipKBIIKbLI
ra3plHaH 0acka, KeMip/li JKary Ke3iHje MbIHAIap OeJiHei: a30T KoHe KYKIipT O0ap
okcuarep, kemipreri (Il) okcuai, ymma OpraHHWKaibIK KOCBUIBICTAp, KYJI, IIaH
Oesmiexrepi. byaH MIBIFaTBIHBL, alABIH ajla Ta3ajlay KaXeT, OTKeHI KOMiPKbIIIKbII
ra3plH ajy YIIiH Oipze-0ip copOeHT Hemece MeMOpaHa miaH OeJIIeKTepi MEH YiIbl
KOCIajap/aH y3aK "KpIChIMFa" TeTel Oepe anMaiiibl. byt )kyMbIC JexkapOOHU3aIus
MoceJieCiHe oHE, aral aWTKaHIa, Ta3a KOMIPKBILKBUI Ta3blH ajly YLIiH TYTiH
rasJIapblH aJIJbIH ajla Ta3apTyFa apHanFaH. JKyMbICcTa @HIIPiCTIK KOCIMOPBIHAAPIBIH
KBUTy KYPBUIFBUIAPBIHBIH, CY JKBUIBITY *OHE Oy Ka3aHIBIKTApbIHBIH, >KBUIBITY
MEIITEePiHIH XKoHe T.0. TYTiH ra3gapbIHbIH 3HSHIBl KOCHaJapblHaH aji/ibIH-ajia
Ta3apTy JKyHecCiH KyYpy HpWHIUI MYyJbTUMOMYNbB/I KeIIeHAl XXYWhe peTiHae
KapacThIpbUIaAbl. byl TOCUINIH apTHIKIIBIIBIKTAPEIH MaiifanaHy HAKThl KYMBIC
KaFJainapeiHa OeiiMeny MYMKIiHJIITT Oap »keke aepOec MOIYNbIAEPIiH epKiH
OpHajlacyblHa HETI3ENreH MYJABTUMOLYIbIIK KEHIeHAl Ta3apTy KyienepiH
CaJIBICTBIPMAJIbI TYPJIE KaparnaibiM sko0allayablH aIFbIIIaPTTAPIH JKacaiIbl.

Tyiiin ce3mep: nexapOoHU3aIWMS, CO2 JKUHAY JKOHE CakTay, HaiiiamaHbUIFaH
raszap, ra3 Ta3apry, MyJIbTUMOAYIbIbI KYHenep

Myooenep Kakmwlzbicbl: asmopiap OCbl MAKaiaod myooeiep KaKmbvleblCbl
JICOK Oen manimoemeliol.
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AHHOTAIMSA. DKOJOTHIECKOE COCTOSIHUE OKPYIKAIOIIEH cpe/ibl 1, B YACTHOCTH,
BO3AYIIHOTO OacceifHa — TpaHCTpaHUYHAs, MEXIyHapoaHas npobmema. OmxHuM
W3 CAMBIX BECOMBIX KOMITOHEHTOB MTAPHUKOBBIX T'a30B SIBJISIETCS JHOKCH]T YITIEPOJIa.
Bompochl iexkapOoHU3aInH CTOST B TTOBECTKE BCEX TIPOMBIIIIICHHO Pa3BUTHIX CTPaH,
B TOM unciie 1 Kazaxcrana. JlekapOoHu3aIus BKIIIOYAET B ce0s1 HECKOIBKO aCIIeKTOB,
HanboJee BAXHBIMH M3 KOTOPBIX SIBJISIFOTCS YIaBIMBaHUE (BBIICIICHUE) H XPaHCHHE
(yrunmzanus) auokcuaa yraepona. OCHOBHBIM HMCTOUYHHKOM JHOKCHIA YyIiepoaa
SIBJISIFOTCS TETUIOBBIE YCTPOUCTBA, HCIIOJB3YIOIINE HCKoTlaeMoe ToIuiBo. [Iporecc
yIaBIUBaHUS (BBIJACICHUS) AUOKCHIA YITIEPO/a OCIIOKHSIETCS MPUCYTCTBHEM B
BBIXJIOITHBIX Ta3aX OOJIBIIOTO KOJWYECTBA BPEIHBIX, MEMIAOIINX KOMIIOHCHTOB.
B wactHOCTH, KpOoMe IMOKCHJIA YIVIEpOJa, TPH CXKHTAHWW YIJIS BBIIEISIOTCS:
a30T- U cepocojepkaie okcusl, okcun yriepoaa (II), merydne opranmueckue
COCJIMHEHHMS, 30J1a, TbUIeBbIe dYacTHibl. OTCIOfa CIIeAyeT, YTo HeoOXoauMa
MpeABAPUTENbHAS OYUCTKA, MOCKOJILKY HU OJIUH COPOCHT WM MeMOpaHa Juist
W3BJICUCHUS JIMOKCHJA YIIepoAa HE BBIACPKUT JUTUTEIBHOTO «JIABICHUS) CO
CTOPOHBI MMBUIEBBIX YACTHUI M OTPABIISIOIINX ITpuMeceil. Jlannas pabota mocsiieHa
npoOiemMe eKkapOOHHU3AINH U, B YACTHOCTH, TIPEIBAPUTEIHLHON OYMCTKE IBIMOBBIX
ra30B JUIsl IOJTYYEHUS] YHCTOTO TUOKCHJIA yIliepoaa. ABTOpaMH paccMaTpuBaeTCs
MIPUHIIHIT TOCTPOCHUSI CHCTEMBI PEIBAPUTEIHLHOM OYUCTKH OT BPEIHBIX TIPUMEcer
OTXOJISIIIMX JIBIMOBBIX I'a30B TEIUIOBBIX YCTPOWUCTB MPOMBIIUICHHBIX MPEIIPUSITHH,
BOJIOTPEHHBIX M MapOBBIX KOTJIOB, IEUeH MO0rpeBa ! T.1I., KaK MYJIBTHMO/YJIbHON
KOMIUIEKCHOM chcTeMbl. Mcronp30Banue MPEeUMYIECTB TAKOTO MOJIX0/a CO31aéT
MPEANOCHUIKH ISl CPABHUTENLHO MPOCTOTO KOHCTPYUPOBAHHS MYJIBTUMOIYIBHBIX
KOMTIUIEKCHBIX CHCTEMbI OYMCTKH Ha OCHOBE CBOOOIHON KOMITOHOBKH OTICIHHBIX
ABTOHOMHBIX MOJYJCH C BO3MOXKHOCTBIO aJalnTallii K KOHKPETHBIM YCIOBHUSIM
IKCILTyaTaIUH.

KuroueBnble caoBa: nexapOonmsanus, ynaenusanue u xpanenue CO,, BbIX-
JIOTTHBIE Ta3bl, TA300YMCTKA, MYJIBTHMO/YJIEHBIC CHCTEMBI

Kongnukm unmepecos: asmopwvi 3as61:10m 06 0mcymcmeuu KOH@QIUKma
UHMEPECO8.

Paboma evinonnena npu gunancogoll nodoepiicke no npozpamme yenesoco
¢unancuposanus MOH PK UPH BR21882241 «Hccnedosanue u paspabomra
KomnieKkcHou cucmembl yrasiueanus u xpanenus CO, Ha npomviuniennslx 00bekmax
Pecnybonuxu Kasaxcman onsa cokpaujenus 8b10pocos NapHUKOBbIX 2a308).
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Beenenne

DKOJIOTHYECKOE COCTOSTHUE OKPY’KaloIIEeil cpe/ibl U B YaCTHOCTH, BO3AYIIHOIO
OacceifHa sBJSIETCS TPAHCTPAHWYHOW, MEXIyHapoAHOH mpobinemoil. OmuH u3
OCHOBHBIX acCIIEKTOB 3TOH MpOOJeMbl — CHU)KEHHE YIJICBOIOPOAHOIO cliena
MIPOMBILUIEHHBIX MPOU3BOACTB U aBTOTPAHCIIOPTA, MOCKOJIBKY JUOKCHA yTiieposa
SBJISICTCSL €/1Ba JIM HE CaMbIM BECOMBIM KOMIIOHEHTOM IMapHUKOBBIX TazoB (Itop,
2020; Pexman, 2023). 1o onenkam otnena texuonoruit CCUS MexayHapoaHoro
SHEPTeTHYECKOTO areHTCTBA, €XKEroIHO B arMocdepy 3emii MOMajacT CBBILIC
59 mupn T CO-skBuBanenTa (bxascap, 2023). HecMoTps Ha TO, 4TO B MUPOBOM
HAyYHOM COOOILIECTBE B MMOCJICAHUE TO/IbI 0OJIBIIOE BHUMAHUE YIEISETCS BOIPOCaM
JeKapOOHM3aLUK, B HACTOSIEE BPEMsI B MUPE HACUMTHIBACTCS JIUILB 28 KPYIHBIX
MPOMBIIUICHHBIX 00BeKTOB B 10 cTpaHax, Tae yJaaBIUBaeTCs, 3aXOPaHUBACTCS U
WCIIONIBb3YETCS YIIEKUCTBIN Ta3. Y3 59 mupa T oHM cymmapHO yTHIU3UPYIOT 40
mian T CO, B rox (decnopr, 2022; Axmeros, 2020). Ilosbiuenue comepikanus
B arMocdepe MapHUKOBBIX Ta30B B HMTOI€ MOXKET MPUBECTH K MOOATBLHOMY
MOBBILICHUIO CPEAHEN TeMIIEpaTyphl U, KaK CJIEICTBUE, TasTHUIO JIETHUKOB, JIb/I0B
ApKTUKH U AHTApKTHKH, MOBBIIIEHUIO YPOBHS MUPOBOTO OK€aHa, YTO MPUBEIET
K 3aTOIUICHUIO OOIIMPHBIX HACENEHHBIX TEPPUTOPUH M, B KOHEYHOM CuéTe,
HEraTUBHBIM 00Pa30M CKaXXeTCsl Ha cocTosiHuU cpesibl ooutanus (I'top, 2020).

Kazaxcran, nmpucoequHuBIIMCh K [lapmKcKoMy coTNalieHHIo, B3sUl Ha ceds
00s13aTeNILCTBA 110 CHUYKEHUIO IMUCCHHU MTAPHUKOBBIX ra3oB (Banr, 2019). Onnaxo, B
PecmyOnuke sHeproreneprpoBanue Ha ~ 75% MpUXOAUTCS HA UICKOIIaeMOE TOILIMBO
W, B YaCTHOCTH, Ha YroJib. Mcnonp30Banue ymist JaeT camoe 0oJbllee KOJTHUECTBO
BpeIHBIX BBIOpOCOB. [Ipu ero cxxuranum BBIICISAIOTCS: a30T- U CEPOCOAepIKaLINe
(NO, 1 SO,) oKCHIBL, JIETYYHE OPTAHMYECKUE COEAMHEHMS, 301a, IbLIb U OO0NIBLIOE
Konu4ecTBO ymiekucnoro raza (CO,) Ha equHMIly NPOM3BEICHHOW OHEPIUM
(ITapackus, 2018; Jocmyxamenos, 2022).

Honst BBIOPOCOB BpEIHBIX BEUICCTB MPEANPHUITHH, HMCHONB3YIOIIUX TaKOe
ToruBo, Oosiee 85 %. B To xe Bpems, ¢ 2026 roga EC muiaHupyet BBECTH HaJOT
Ha TPOXYKIHIO TeX CTpaH M NPOU3BOAMTEJEH, KOTOpPBHIE OCTaBISIOT BBICOKHI
YIIepoaHbIi criest, a nporuosupyemas 1ena ksorbl CO, x 2030 roxy cocrasut $129
3a ToHHY (Anxam, 2022).

B nocnennue roapl B Kazaxcrane peanusyercst [IporpamMma razuduxauuu u
yIOJIbHAsi TeHEepalys JOJKHA IIOCTEIIEHHO 3aMeIlaTbCsl Ia30BOM, HO, C OJHOU
CTOPOHBI, B HACTOSIEE BPeMs PaMKaJbHBIM 00pa3oM 3Ty 3aMeHY IpPOU3BECTH
HEBO3MOXXHO HM3-32 JIOTUCTUYECKHX MpoOieM u OosbIMX (DUHAHCOBBIX 3aTpar
(Myxrapos, 2020; Bana, 2022), a ¢ apyroi, HCIOJIb30BaHHE ra3za B KaueCTBE
TOILIMBA HE MCKIIOUAET BBIACICHUS B aTMOC(epy OOJIBIIOT0 KOJHUECTBA OKCHIOB
yTiieposa.

Pemienne mpo0ieMbl  BO3MOXKHO TYTEM JeKapOOHHM3allMM Ha OCHOBE
MYJABTUMOJYJIBHBIX CHCTEM, BKJIIOYAIOMIMX B ceO0s MOAYAU IpenBapUTEIbHON
OYMCTKH JBIMOBBIX T'a30B, 8 TAKXKE MOYJIN JUIs YJIaBIUBaHUS, COOpa U yTHIM3aLUU
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CO, u3 BBIOPOCOB TEIIOBBIX YCTPOKCTB, MCIONB3YIONIHMX MCKONAEMOE TOILIUBO.
Mopnynu nipeABapuUTENFHON OYUCTKH HEOOXOMUMBI, TIOCKOIBKY, KaK OTMEYaIOCh
BBIIIIe, JIIMOBHIE Ta3bl, MOMHMO JHOKCHIA YIJIepoja, CoAepkar OoIbIIoe
KOJIMYECTBO JAPYTHUX BPEAHBIX KOMIIOHEHTOB, B TOM YHCIIE W IBUIEBBIX YaCTHUI
Pa3IMYHON JUCTIEPCHOCTH.

[loce mpoxXokIeHUs TpPeABapUTEIHLHON OYHCTKH, BBIJICJICHHBIM YHUCTHIN
TUOKCHJ YIIepoAa MOXKHO OyJeT HWCIIONb30BaTh B TEIUIMYHBIX XO3SHCTBaX,
MTPOM3BOJICTBE COJBI, B THINEBON MPOMBIIIJICHHOCTH, TPOU3BOJCTBE METaHOJA,
YIOOpeHUH u T.1.

Hannas paboTa OTKphIBa€T IMKJI CTaTeid, TOCBAMIEHHBIX MpoOIeMe
JeKapOOHM3AIIMHU U, B YACTHOCTH, MTPEBAPUTEIBHON OUHUCTKE IBIMOBBIX Ta30B IS
MOJTyYeHHs] YUCTOTO JTMOKCHA yriepoaa. B pabore paccmarpuBaeTcst MPHHIIAT
MTOCTPOCHHSI MYJIBTUMOAYIBHONW KOMITJIEKCHOH CHUCTEMBI OYHCTKH OT BPEIHBIX
MPUMECe OTXOJSIINX JBIMOBBIX Ta30B TEIUIOBBIX YCTPOWCTB MPOMBINIICHHBIX
MPEeINpPUATHH, BOAOTPEHHBIX ¥ TAPOBBIX KOTJIOB, Ie4ed TMOoJorpeBa W T.JI.
[IpenBapurenpHas oO4HMCTKAa HEOOXOIWMMA, IOCKOIBKY HH OJHH COPOSHT WIN
mMemOpana a1 m3eiaedenus CO, HE BBIIEPKHUT JJIUTENBHOTO «JIABJIEHHA» €O
CTOPOHBI MBIJIEBBIX YACTHI] ¥ OTPABIISIONIUX TPUMECEH.

MatepuaJjibl 1 OCHOBHbIE METO/IbI

CocTaB JIBIMOBBIX Ta30B OIPENENSIICS C IOMOIIBIO Ta30BBIX aHAIHM3aTOPOB
cemeiictea OPTIMA 7 (MRU, ®PI'), 3anbuiéHHOCTH (T/M® MBI W CaXH)
onpenersiack ontudeckuM asiMomepoM Meta-01MIT 0.1 (Mera, Poccus).
3aMepsl cocTaBa JBIMOBBIX T'a30B MPOBOAMIINCH HAa BBIXOJE U3 JBIMOCOCOB, TJIE,
KaK IPaBHIIO, JaBJIEHHUE HECKOJIBKO TPEBHINIANI0 aTMOC(HEPHOE U HE TO3BOIISIO B
MpoIecce 3aMepOB OCYIIECTBIATHCS TOACOCY Bo3myxa. [lomcoc Bo3myxa mMoxker
BBI3BaTh pa30aBIeHHE BO3LyXOM ITPOOBI ra3a, 4TO MOXKET IIPUBECTH K 3aHIKEHHBIM
pesyibTaraM 3aMepa.

[nst oueHKu pa3Mepa MBUICBBIX YACTUIl HCHOAb30Bajics Mmetoq COM Ha
HU3KOBAKYYMHOM CKaHHPYIOIIEM 3JCKTPOHHOM PacTpOBOM MHUKpockomne JSM-—
6610LV (JEOL, fmonus) ¢ HPUCTaBKOM Ui MHUKpOAHaIW3a M JIOKaJbHBIM
PEHTTEHO(MITFOOPECIICHTHRIM ~ aHAIIM30M DJIEMEHTHOTO COCTaBa TIOBEPXHOCTH.
[lepen ncciemoBaHreM TBUIEBBIX YaCTHI[ MPEABAPUTEIHHO HAa WX MOBEPXHOCTH B
BaKyyMe HAIbUISIICS YTIEPOJl, YBEIHMYMBAIOIINA 3JIEKTPOIPOBOIHOCTh 00pasiia,

9TO MO3BOJISIO O0JIee YeTKO HaOMoaTh 00paselr] B MUKPOCKOTIC.

Pe3ynbrarsl

JIbIMOBBIE Ta3bl YCIOBHO MOKHO Pa3lIeIUTh NCXO/Isl U3 HECKOIBKUX KPUTEPHEB,
TaKdX Kak 3albUIEHHOCTb, TEMIIEPATypa, BIAXKHOCTh, HAJIMYHE HPOLYKTOB
HETIOJIHOTO CTOPaHUsl TOIUINBA, COJACP)KaHUsI OKCHIIOB CEphI U a30Ta.

Tak, 3ambUIEHHOCTH Ha BXOJE TEIIOBBIX ycTpoicTB TOLl, mcrmomp3yrommx
pasmosiotoe TBEPIOE MCKOIIaeMOE TOIUIMBO, BapbUPyeTCs B Ipexaenax oT 5—6 r/
m>. Ha Bbixome (mo mopmaruBam TP Nel232 ot 14.12.2007 1.), oHa HE JODKHA
npesbimars 0,2—0,4 1/M°. Pa3mMepbl IIMOBBIX YaCTHII TOKA3aHbI HA PUCYHKE 1.
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SEl  20kV WD11mm SS35 x1,000 10um

Puc. 1. Muxpodotorpadus nuaka TOL] npu yBenuuenun B 1000 pa3
(Fig. 1. Microphotograph of thermal power plant slag at x 1000 magnification)

ITo naHHBIM CKaHMPYIONIEW JEKTPOHHOW MHUKPOCKOIHWU JIBIMOBBIE UYaCTHIIbI
HMMEIOT pa3Mepbl OT HECKOIBKUX J0 JIBAJIaTH MUKPOMETPOB. DJIeMEHTHBIN aHaJIn3
00pasIoB MOKa3al, YTO YAaCTHUIIBI COCTOST M3 OKCHJIOB IIOMUHHS M KPEMHHUS C
MIPUMECHIO OKCHJIOB JKeJie3a M KaJbIusl.

Temmeparypa OTXOASIINX Ta30B HA BBIXOJE M3 KOTJIOB HAXOMUTCS B Ipeesax
160450 °C u BnuseT Ha PeKUM paOOTHI KATAIUTUYECKIX CUCTEM HEUTpaTu3aiuu
OKCHJIOB YIJIEPO/A, CEPhI, a30Ta U MPOYKTOB HETIOJIHOTO OKMCIIEHUS, COIep:KaHue
KOTOPBIX MOXKET MEHSTHCS OT ppm JI0 HECKOJIBKUX 00OBEMHBIX TPOLICHTOB.

YcTaHOBIEHO, YTO B MPOIECCE CHKUTAHMS KHJKUX U 0COOCHHO ra3zo00pa3HbIX
YIJIEBOIOPOJIOB, B OTIIMYHE OT YTIIsA, 00pazyeTcs O0JNBIIIOE KOJINYECTBO TapOB BOJIBI
(Ha O/IHY MOJIEKYJTy METaHa BBIIEISAETCS JBE MOJIEKYIbI BOABI 110 peakimu CH, +
20, = CO, + 2H,0), KOTOpbIE HETATHBHO BIMAIOT Ha COPOEHTHI K MEMOPaHBI 110
ynasmuBanuio CO,. Hanuvne Ha BBIXOJIE U3 TEIUIOBBIX yCTPOUCTB (110 HOpMATUBAM
TP Nel232 ot 14.12.2007 r.) mpOAyKTOB HEMOJHOTO CrOpaHusl TOIUMBAa (10
MOJTyTOpa MPOLIEHTOB JIJIsl IBUTATENIel BHYTPEHHET0 CrOpaHusi), OKCHIOB CephI (B
mpeaenax 0,78-2,00 r/m®) u a3ota (B ipeaenax 0,125-0,650 r/m?) Taxke Hapymiaer
paboTy MeMOpaH U COPOCHTOB, BIUIOTH JI0 UX MOJHOTO Pa3pyIICHHUS.

Obcy:xnenue

C y4€ToM H3110’KEHHOTO MOYKHO 3aKJIFOUUTh, UTO IS TPOBeIeHHS 3P PEKTUBHOTO
rporiecca JiekapOOHHU3aIMH OTXOAIINX JIBIMOBBIX Ta30B TEIJIOBBIX YCTPONHCTB HET
QIBTEPHATHBBI YYaCTHIO B 3TOM IPOIECCE CUCTEMBI MPEIBAPUTEIBHON OYHCTKU
ra30B OT MBUICBBIX YACTHIL U BPETHBIX TPUMECEH.
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[Ipeanaraemasi cucrtemMa NpPEABAPUTENFHON OUYMCTKM MPEACTaBIsiCT CcoOOH
MYJIBTUMOYJIBHYIO KOMIUIEKCHYIO CHCTEMY, KOTOPast BKIIIOYAET B ce0sl CICAYIOINE
IPYIIIBL, COCTOSLINE U3 Pa3JINYHBIX MOy (OII0KOB) COITIACHO HIKETTPUBEAEHHON
cxeme:

[’pynmet I II I

Puc. 2. Cxema rpyni 1 MoAyaei MyJIbTUMOLY/IBHON KOMIUIEKCHOI CUCTEMBI OUUCTKU
(Fig. 2. Diagram of the group and modules of the multimodal integrated cleaning system)

Onrcanre ¥ Ha3HAUCHWE TPYII, U MOIYICH MYJIbTUMOIYTHHOW KOMITJICKCHOM
CHCTEMBI OUYUCTKH.

Monyns 1. DnekrpoduiabTp — NpeaHa3HaYeH IS YIaJeHHUs TBEPbIX YaCTHIL B
JIBIMOBBIX T'a3aX U MOXET pa0d0oTaTh BO BJIQXKHOU cpejie mpu Temieparype 10 400—
450 °C.

Monyne 2. PykaBHBI (QWIBTp — TpegHa3HAuYeH IS YOAJICHHUS TBEPIBIX
YacTHUIl B JBIMOBBIX T'a3aX U MOXKET paborars mnpu temrmeparype 1o 100—150 °C B
3aBHCHMOCTH OT TEMIIEPaTyphl YCAIKH ¥ IJIaBICHUS TKaHU.

Monyie 3. Ckpy0Oep MOKPOIo THIa ¢ BOJAOH — MpEAHA3HAYCH JUIS yAaJICHUS
TBEPJbIX YaCTHIl B JILIMOBBIX ra3zax M MOXKeT padorars mpu temreparype a0 120-
160 °C na BXOz€ M OUMIIICHHBIH ra3 Ha Bbxoje nocruraetr S0—60 °C.

I'pynma I (momynu 1, 2, 3) npeana3HadeHa Jis yJIaBIMBaHUS ITBUICBBIX YaCTHII.
KonkpeTHbIi MOy b BEIOWpaeTCsS B 3aBUCHMOCTH OT TEMIIEpaTyphl Ha BXOIE U
BBIXOZIE, T.K. JJIsl IOCIEAYIONIMX KaTaJUTHYCCKHX OJOKOB HEO0OXOIMMa BBICOKAs
TEeMIIepaTypa, a i1 030HaTopa — TeMIeparypa OMu3Kas K KOMHATHOM.

Monyne 4. O30HaTop — TpenHa3Ha4YeH JUIsi OKHCICHUsSI OKCHIA yIiiepoja U
MPOIYKTOB HE MOJHOTO CrOPaHUs YIIIEBOLOPOAOB KUCIOPOJOM 030HA B ABIMOBOM
rase 10 JMOKCHIA yIIEposa, OKCHaa B JMOKCH] a30Ta, mepesona SO, B SO, B
nntepane Temmneparyp 20-50 °C ¢ mocnenyroumuM yiIaBIUBaHHEM MPOTYKTOB
peakuuu ckpy0bOepoM MOKPOTO THTIA C IIETIOYHBIM PEareHTOM.

Mopnyne 5. Jlns cenektuBHOro KaramuTuueckoro BocctaHoieHus (CKB)
C YCTpPOHCTBOM TIOAOTpEBAa — NpPEIHA3HAYeH [UIsi BOCCTAHOBJICHHS OKCHJIOB
a30Ta /10 HEHTpPaJIbHOTO a30Ta aMMHMAKOM HJIM MOYEBHWHOW (BBLIETSET aMMHAaK
IIpU pa3lIoKEeHUM) Ha Karanu3arope B uHTepBaie Ttemmneparyp 300—400 °C npu
KOHIIEHTPAINU KHUCIOpona B I6IMOBOM rase 10 10 %.

Monyne 6. Jlns xaranutuueckoro oxuciaenus CO u CH_ ¢ ycrpoiicTBom
MOJIOTPEeBa — TIPEAHA3HAYEH ISl OKUCIEHHUS OKCHJA yTIIepo/ia W TPOIYKTOB HE

278



Reports of the Academy of Sciences of the Republic of Kazakhstan

MOJHOTO CTOPaHUsl YITIEBOJOPOIOB KHCIOPOJOM B JBIMOBOM Ta3e /0 JUOKCHIA
ymiepoza Ha Katanu3arope B uHTepBaie Temrneparyp 300-500 °C npu KoHIIEHTpariu
KHCIIOpOZia B ILIMOBOM Taze Ooiee 1-3 %.

I'pynma 11 (momymu 4, 5, 6) npeaHa3HaYeHa IS MPEOOPa30BaHUS BPETHBIX
KOMIIOHEHTOB JIBIMOBBIX T'a30B B HEHUTpajJbHble MJIM KUCIHbIC ra3bl. KOHKpeTHBIN
MOZYJb ¥ MX TOCJIEI0BATeIbHOCT (MOLYIH 5, 6) BEIOUPAIOTCS] B 3aBUCHMOCTH OT
YCIIOBHH 3KCIUTyaTaltu.

Monyns 7. Ckpy0Oep MOKpOTO THIIA C peareHToM — IpeAHa3HauCH ISl yIaBiH-
BaHMsI KHUCIBIX TA30B B JBIMOBBIX Ia3ax M MOXKET pa0doTaTh MpH TEMIIEeparype I0
120-160 °C na Bxoze (ounIIeHHBIH ra3 Ha BbIXoze uMeet Temmeparypy 50-60 °C).

Monyne 8. Ckpy0OOep cyXoro Tuma C pearecHTOM — NpeAHa3Ha4deH IS
YAaBIMBAHUS KUCIIBIX Ta30B B IBIMOBBIX I'a3aX M MOXKET paboTaTh B TEMIIEPATyPHOM
nntepsaie 100400 °C.

I'pynma I (Momynu 7, 8) mpemHa3HadeHa IS MOTIIOIICHUS KHCIBIX Ta30B.
KonkpeTHblii MOIy/Ib BBIOMpAETCSl B 3aBUCUMOCTH OT TEMIIEPATYpPHOTO PEXHMa
IKCIITyaTalUH.

CucreMa OYMCTKHM KOMIUICKTYETCSl B 3aBHCUMOCTH OT YCJIOBUHM 3KCIUTyaTalluu
U BBIOMpAETCsl U3 TPeX TPYII € YYETOM HX IOCIEI0BATEIBHOIO COCAWHECHHMS.
[Tpumeps! pa3nuuHON KOMITJICKTALIUH:

— MOAYJIH, BEIOUpaeMble AJ1s1 KOMIUICKTOBAHUS CUCTEMbI OUUCTKH U3 TPYyTIs I, B
3aBHCHUMOCTH OT YCJIOBHH 3KCIUTyaTaluy (TeMepaTrypHbIil peXuM) U TpeOOBaHHH
K CTENCHH OYMCTKH OT YAaCTHII MbUIH, BKIIOYAIOT B ceOs AMEKTPOPUIBTP (MOILYIb
1), pyxaBHBIH GUIBTP (MOAYIH 2) B CKpyOOEp MOKpOTo THIa (MOIYIh 3);

— MOJYJIY, BEIOMpaeMble JUIsl KOMITJICKTOBAHUSI CUCTEMBI OYHUCTKH 13 Tpynisl 11,
B 3aBHUCUMOCTH OT YCJIOBHH 3KCIUTyaTaluH (TeMIeparypHbIi pexXuM) U TpeOOBaHUH
K CTETIICHU OYHMCTKH, BKIIIOYAIOT B ce0s1 030HATOP (MOIYIb 4), MOAYIb CEIIEKTHUBHOTO
KaTaJIuTHIECKOro BoccTanoBienuss NO_(MOmynb 5) M MOIy/b KaTaauTHYECKOTO
okucnenus CO n CH_(monyis 6);

— MOAYJIH, BBIOWpaeMble 17151 KOMIUICKTOBaHMS CUCTEMBI OUUCTKH U3 Tpymmsl 111,
B 3aBHUCUMOCTH OT YCJIOBHH 3KCIUTyaTaluH (TeMIepaTrypHbIi peXnuM) U TpeOOBaHUH
K CTENEHH OYUCTKH, BKIIOUAIOT B ce0s1 CKpyOOEep MOKPOIO THIIA C pearecHToM JJist
VAaBIMBAHUS KHCIBIX Ta30B (MOAyib 7) M CKpyOOep CyXoro Tuma ¢ pearcHToM
(Momyns 8).

PaccmarpuBaemass B Hacrosmield padoTe MyJbTUMOAYJIbHAS KOMIUICKCHAS
CHCTEMa OYUCTKH HMMEET 3aMETHBIC IMPEHMYLIECTBA MEepel NPUMEHSIEMbIMH B
HacTosiee Bpemsi cuctemamu (Ime6oB, 1993; Benenmn, 2013; Typkun, 2014;
Makxkapos, 2014). K HemocTarkaM 3THX YCTPOHCTB OTHOCSTCS:

— OTCYTCTBHE BO3MOXXHOCTH HW3MCHEHHUSI PpACIONIOKEHUSI M IapaMeTpoB
(YHKIIMOHMPOBAaHUSI ~ KOMIIOHEHTOB ~ CHUCTEMBI ~ OYHCTKH,  OOYCIIOBJICHHOE
0e3MOyIbHON KOHCTPYKIMEH CHCTEMBI;

— HEBO3MOXXHOCTbh MAaCIITa0MPOBaHMS CHUCTEMbI B JaHHOW KOH(UTypaluu Ha
MIPOMBIIUICHHBIE 00BEKTHI PA3TUYHOTO pa3Mepa;
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— TPOMO3IKOCTb M 3HAYMUTENIbHAs HHEPrOEMKOCTb 030HO-COPOLMOHHOTO
METOJla OYMCTKH, OTCYTCTBHE BO3MOKHOCTH (PYHKIIMOHAJIBHOTO BapbUPOBAHHUS
KOH(UTypalMyu MOAYJEH, COCTABISAIOUINX CHCTEMY, U OTCYTCTBHE ajlbTepHATHUBBI
030HOBOMY METOJly OYMCTKH B PAMKaX CUCTEMBI;

— MOZYJIbHAs CHCTEMa OYMCTKU MOJApPa3yMeBacT BapbUpPOBaHUE KOH(UTYpaLuu
MOZYJICH TOJMBKO B OTHOILCHHH WX T€OMETPUH (TOPU3OHTAJbHAs, BEPTHKAIbHAS,
KOMOWHHUPOBaHHBIC KOH(PHUTYpalMH) U HEBO3MOXXHOCTH aBTOHOMHOTO (DyHKLIHO-
HUPOBAHUS MOIYJICH.

B T0 xe BpemMs OTIMYHUTEIBHBIMH OCOOCHHOCTSIMHM  IpeiaraeMoin
MYJIBTHMOYJIHON KOMIUIEKCHON CHCTEMBI OYMCTKH SIBIISTIOTCSL:

— BO3MOXXHOCTH QJaNTallld KaXJOTO MOAYIS K KOHKPETHBIM YCIOBHSIM
myTéM BapbUPOBaHMS PEarcHTOB, KAaTAIMTHYECKH aKTUBHBIX (a3, puiIbTpyrommx
YCTPOUCTB U T.1.;

— BO3MOXKHOCTb Pa0OTBI KayK10T0 MOAY/Isl B aBTOHOMHOM PEKHME;

— cBoOoAHas KoHQUrypauusi (KOJIWYECTBO, TEOMETPHsl W  OUepEAHOCTD
pacrojoKeHus) MOAyNeH JI000ro Ha3HaueHHs (Pa3TUUHBIX (QYHKIMOHAIBHBIX
BO3MOJKHOCTEH) B CHCTEME OUYMCTKU B 3aBUCHMOCTH OT KOHKPETHBIX TOTPEOHOCTEH.

3akiaouenune

PestoMupys, MOKHO cliesiaTh BBIBOJI O CYIIECTBEHHBIX NMPEUMYIIECTBAX MpPEA-
JaraeMoi MyJIbTUMOYJIbHON KOMIUIEKCHOH CHCTEMBI NpeIBapUTEIbHON OUYMCTKU
BBIXJIOITHBIX Ia30B TEIJIOBBIX YCTPOWCTB, KOTOPBIE 3aKITIOUAIOTCS B CIICIYIOIIEM:

— BO3MOYKHOCTb M3MEHEHHS KOHOUTYPALIHM MOJYJICH HE TOIBKO 10 TEOMETPHH
(BepTHKaNbHOE, TOPH3OHTAJIBHOE, JMHEHHBIE pa3Mepbl), HO U B MIMPOKOM
nuanasoHe (YHKIHOHAIBHBIX BO3MOXKHOCTEH MyTEM BapbUPOBAHUSI PEAarcHTOB,
KaTaJIMTUYECKH aKTUBHBIX (a3, (GUIBTPYIOLUIMX YCTPOUCTB U T.1.;

— BO3MOXHOCTb aBTOHOMHOTO (hYHKIIHOHHUPOBAHHSI MOZYJICH;

— mpocTas ajanTanus K KOHKPETHBIM MOTPEOHOCTSIM MyTEM MOAKIIOUCHHS
(BXOXKIEHUS B CHUCTEMY OUYHCTKHM) K CHUCTEME OYHMCTKM JIO00r0 KOJIWYecTBa
MOAyNeH ¢ pasiu4yHbIMU (YHKIMOHAJIBHBIMH BO3MOXHOCTAMH M B JI00OH
MOCIIeI0BATEIBHOCTH.

Hcnonp3oBanne 3THX NPEUMYIIECTB CO3MAET MPEAIIOCHUIKY AJIsl CPABHUTEIBLHO
MPOCTOTO KOHCTPYHUPOBAHUSI MYJIBTUMOAYJIBHON KOMIUIEKCHON CHCTEMBI OYHCTKU
Ha OCHOBE CBOOOAHOW KOMIIOHOBKHM OTJEIBbHBIX ABTOHOMHBIX MOAYJCH C
BO3MO)KHOCTBIO aJIallTAlli K KOHKPETHBIM YCJIOBHSIM SKCILTyaTalHH.
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PAKHUIIEB BASIH PAKUIIEBUY
(k 90-s1eTHIO CO AHS POKAEHUS)

Beinatonuiicas  y4eHBIM-TOpHSK, JEHCTBUTENbHBIM uieH HaunoHanmbHOU
akagemnn Hayk Pecmyommkm Kasaxcran, 3acmyxenusid aearens PK, moxrop
TEXHUYECKUX HayK, mpodeccop, MmodeTHb pexkrop Kazaxckoro HauoHaJIbHOTO
HCCIIEZIOBAaTEeNbCKOTO TexHndeckoro yHmBepcutera mMm. K. M. CarnaeBa basu
Paxumesua Pakumies ponuncs 15 mapra 1934 rona.

ITocne oxoHuyaHuss ¢ omimuveM Ka3axCkoro ropHO-METAJIypru4ecKoro
nHCcTUTYTa ¢ 1957 mO 1965 Tomer om pabotan Ha KoyHpamckoMm pymHUKE
banxamickoro TopHO-METaUTypTrHIeCcKOro KOMOMHATA B OMKHOCTSIX HadalbHUKA
CMEHBI, HaYallbHUKA I1eXa U Kapbepa. B 1964 romy 6e3 oTphIBa OT MPOW3BOIICTBA
YCIIEUIHO 3aIUTUI KaHAUIATCKYIO JUCCEPTALIHIO.

JlanpHeimas ero TpyaoBasi 1esITeIbHOCTh CBsi3aHa ¢ poaHbIM By3oM. C 1966 mo
1987 roas! Ao1eHT, mpodeccop, 3aBeAyolIui kKadeapoil TeopeTHUECKOM MEXaHUKH,
B mepuoz ¢ 1988 mo 2016 rox 3aBemyromniuii Kagenpoil OTKPBITEIX TOPHEIX PaboT,
¢ 1980 mo 1993 rox Hay4dHBIH PYKOBOAMTENH MPOOIEMHOI 1a00paTOpuy HOBBIX
(hM3UYecKuX METOAOB pa3pylIeHUs TOPHBIX MOPOA M OTpaciieBoil jJaboparopuu
TexHonornu O6ypoB3peiBHBIX pador KaslITU um. B.U. Jlennna. C 2016 roma mo
HacTosimee Bpemsi oH mpodeccop kadeapsr «lopHOE 1€710», MOYETHBIH PEKTOp
Kazaxckoro HalMOHaJIBHOIO MCCIIEJOBATEIBCKOTO TEXHUYECKOIO YHUBEPCHUTETA
nMm. K.W. Carnaesa.

ITon pyxoBoacTBoM b. PakumieBa ¢hakymbTeT ABTOMATHKH W BBIYACIUTEIBHON
TEXHUKH 3aHMMAaJ TepPeloBbIe MO3UINK B HAyYHO-HUCCIIE0BATENLCKON, yueOHO-
MIPOU3BOJICTBEHHON M OOIIECTBEHHOW NeATeIhbHOCTH. DaKyIbTeTCKUNA aHCaMOJIb
«JlocMykacan» ChOpPMHUPOBAIICS, COCTOSIICS KaK TBOPUCCKUH CaMOIESTEIHHBIN
KOJUIEKTHB W cTaj momysipHeiM B cTpanax CHI. O TBopueckoil AesTensHOCTH
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«/locmykacan» u ponu nexana basina PaknieBa B ero cTaHOBIIEHUH PacCKa3bIBAETCS
B knHOmiIbMe «/locMmykacany, BeimymenHoM Kazaxdumsmom B 2020 roxy.

B nomxHOCTH peKTOpa OH BCIO CBOIO CHITY MOHEPT MO OT/IaBaJI PACLIMPEHHUIO CBSI3e i
HayKH C IPOU3BOICTBOM, IPAKTUIECKON MOAr0TOBKE OyAyIIKX crienuanuctos. Torna
B Kas[ITU Bnepsbie B Kazaxcrane ObLIM OpraHM30BaHbl CIECIUAIN3UPOBAHHBIC
CTY[€HYECKHE OTPSIBI IJIs TPOXOAKIEHUS IIPON3BOICTBEHHBIX IPAKTHK, OTKPBUIOCH
Heckolbko rnmanos kadenp Ha 6aze npeanpustuii 1 HUU. AKTHBHO BHEIPSUTHCH
JIOTOBOPBI O HAYYHO-TEXHUUYECKOM COZPYKECTBE U MOATOTOBKE CIHENHAINCTOB 110
OPSIMBIM  CBSI3SIM C TNPENNPHATHAMU. KOHTHHTEHT MHOCTPAHHBIX CTYACHTOB M3
37 cTpaH B TO BpeMsl COCTaBIISUI BHYIIUTENbHYIO LU(ppy — Oonee 300 uenosex.
CylecTBEHHO  yAyYIIWJIOCH COCTOSHHE  MaTepUallbHO-TEXHHYECKOH — 0a3bl
nactutyta. KaslITU um. B.U. Jlennna Ob11 OMTHUM 13 BEIYIIUX BRICITUX YICOHBIX
3aBeneHuit CCCP.

basin PakuineBud co3jan CTpOHHYIO TEOPUIO pa3pyLIECHUs pEalIbHOTO0 MacCHBa
TOPHBIX TMOpoA AelcTBHeM B3pbiBa BB. Paspaboran aHamuTHYecKue METOIbI
OINIpENEICHNs] PACIIONIOKEHHs 3apsnoB BB B MaccuBe, rpaHyIOMeTpHUYECKOTO
cocTaBa B30pBAaHHOW TOpPHOW Macchl, 3arpar »Heprun BB wa npobienue,
nepemMenieHne u rpado-aHaTUTUYCCKHE METOAbI OINpPEICNCHUs pa3MeleHHUs
Pa3HOPOTHBIX TIOPOA B pasBajie, MapaMeTpOB TEXHOJIOTHWH OypOB3pPHIBHBIX H
9KCKAaBaTOPHBIX pabOoT, 00ecleuynBAOIMX HAWMEHBIINE KOJIMYECTBEHHBIE U
Ka4eCTBEHHBIE TTOTEPH.

Basinom PakuiieBbiM chopMyTupoOBaHbI CTpaTErHUECKUE 331291 PALIMOHATBHOTO
OCBOEHHSI HEp W KOMIUIEKCHOTO HCIIOJIB30BaHMs TIOJIE3HBIX HMCKOMAEMBIX,
000CHOBaHBI CHCTEMBI HMX OOeCIeUYCHHUs, pa3paboTaHbl TOPHO-TEOJOTHYECKHUE,
TFEOMETPUYECKHE MOJEIN  CIOKHOCTPYKTYPHBIX OJIOKOB ~ MECTOPOXKICHHIA,
MaTeMaTUYeCKHe MOJIEIN MHMHEPAIBHOIO CBIPbS HA PA3JIMYHBIX JTalax €ero
nepepadOoTKH, TMO3BOJSIONINE YIPABISATh YPOBHEM H3BJICUCHUS KaK OCHOBHBIX,
TaKk ¥ COMYTCTBYIOIIUX IOJIE3HBIX KOMIIOHEHTOB B KOHILIEHTPAT, B METAJI, YTO
Ype3BBIYAHO BaXXHO B YCIIOBHSIX CHCTEMAaTHYECKOTO CHIDKEHHUS COEp)KaHus
npoUIBHBIX METAJJIOB B PY/IE M YBEIMUYECHHUS CIIPOCA HA PEAKHE METAIIBI B CBA3U
C Pa3BUTHEM BBICOKUX TEXHOJIOTHH.

PazpaboranHble = MaremMaTHdeckue  MOJENM  CTaOWIM3alMKM  KayecTBa
MHOTOKOMITOHEHTHOM pyZbl U ONEPATUBHOTO YIPABICHHS BHYTPUKAPbEPHBIM
YCPEAHEHHEM U COCTOSIHUEM MHHEPAJIBHOTO CHIPhS Ha KaXXJIOM M3 ITaloB €ro
nepepadoTKH CIOCOOCTBYIOT COBEPIICHCTBOBAHNIO SKOHOMUYECKH 3()(hEeKTUBHBIX
TEXHOJIOTUH TOOBIYH U TepepabOTKHU MOJIE3HBIX HCKOMACMBIX.

HayunbsiMu paboTamu, BBIOJIHEHHBIMHA Ha BBICOKOM TEOPETHUECKUM YpPOBHE
U OPUTMHAIBHBIMU INPAKTUYECKMMHU pa3padOTKaMH, MOJYUYMBIIMMH IpPU3HAHHE
TOPHOM 00IIECTBEHHOCTH, akaneMuk b.P. PakuiieB BHec 60bI110# BKJIAl B TOPHYIO
HAayKy M HPOMBILUICHHOCTb, CO3/1aj Hay4YHYIO IIKOJIY B 00jacté 3¢ ¢EeKTHBHOTO
pa3pylIeHNss MaCCUBOB MIOPO U Pa3pabOTKHU MOIE3HBIX HCKOTIAEMBIX B PEXKHME UX
palMOHAIBHOTO MCIOIb30BaHUS HEAP, MOAroTOBMI 9 pokropos, 30 KaHIUAATOB
TEXHUYECKUX HayK, 9 noktopoB PhD, cOTHM MarucTpoB 1 HHKCHEPOB.
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Axkanemuk HAH PK B.P. PakumieB sinsiercss aBropom okono 800 Hay4yHBIX U
y4eOHO-METOIMUECKUX PadoT, B TOM uuciie 15 mMoHorpaduii, 6 aHAINTHYECKUX
0030poB, 14 y4eOHWKOB W y4eOHBIX MOCOOMH, 50 aBTOPCKUX CBUJETENHCTB U
MaTeHTOB Ha m300peTeHus, 6onee 100 crareii B m3maHusax B 6a3e JaHHBIX Scopus U
Web of Science.

3a 3acmyrm B oOJacTH Hay4HOW, MEJAaroruyeckoil M OpraHu3aluOHHON
nestensHocTH b. P. Paknmes Harpaxkaen opaenamu Tpynosoro Kpacnoro 3namenn
n «lIlapacar», mectero menansamu CCCP u PK, IlouerHoit rpamotoii BepxoBHoro
Cogera Kazaxckoit CCP, ynoctoeH moyeTHOro 3BaHUsl «3acily>KCHHBIN AesTelb
PK», siBnstercst naypearom Pecryonukanckoit npemun uM. K.M. Carnaesa.

bBasin PakuimeBnu M celiuac BeAeT AaKTHBHYIO HayYHO-HCCIICIOBATEIIbCKYIO,
Hay4HO-OPraHU3aLMOHHYI0 PadoTy, SBILLSICH HAayYHBIM PYKOBOIMTENIEM IIPOEKTOB
MunucTepeTBa HayKH 1 BbIciero odpazosanus PK, ipencenarenem quccepraiimoHHOTO
COBETa IO 3alIUTE JIOKTOPCKHUX JAMCCEpTalMi, pyKoBoauTeneM nokropantoB PhD,
Bure-tipesuieHToM OO «Coro3 yueHslx KazaxcraHa», MOYETHBIM MPE3UIEHTOM
l'opronpomemiieHHoro  coro3a Kaszaxcrana, wiIeHOM peOKOJIETWi  KypHaJIOB
Kazaxcrana, Poccuu, Ykpaussl u Y30ekucrasa.

[lo3npaBnsas basna PakumeBnua c robuieem, jkellaeM €My 310pPOBbS,
Oarononyuus 1 JaJbHEHIINX TBOPYECKUX YCIEXOB.

Munucmepcmeo svicuteco oopazosanusi u Hayku PK,
Hayuonanvuas axademus nayx PK,

Kaszaxckuil nayuonanbHwlil ucciedo8amenbeKuil
mexnuyeckuti ynusepcumem um. K.M. Camnaesa,
pedaxyuu xcypranos «Joxnaovt HAH PK» u
«Becmnux HAH PK»
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