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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of geology and technical sciences in the Emerging Sources
Citation Index demonstrates our dedication to providing the most relevant and influential content
of geology and engineering sciences to our community.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmsa.



KAWMBIFBIMABIABIK, KOFPBI
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CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIICHHS KaueCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J1aH YacTHbIH bnarorBoputenbHblid GoHa «Xanbky». 3a robl CBOSH OesITeIbHOCTH
Ha peajM3aluio OJaroTBOPUTENIFHBIX MPOEKTOB B 00JacTAX oOpa3oBaHMsS U HAyKH,
COLMAJILHOM 3aIlUTHI, KYJABTYPBI, 31paBooxpaHeHus u cnopra, Ponp Beyaenua Oosee
45 MunnuapaoB TEHTe.

Oco6oe BanManue brarorBoputenbHbIH GoHT «XabIK» yrenseT 00pa3oBaTeIbHbIM
IporpaMmam, CUMTas 3TO HAIlPaBJIEHUE OJHUM M3 KIIIOYEBBIX B CBOEH NEATENBHOCTH.
Oxas3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30BaHuI0, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJ1 B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem caMbiM ciocoOCTBY S
POCTY UncIIa JIIoNeH, ClIOCOOHBIX MEHSTh XKU3Hb B CTPaHE K JIy4IllleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB MU «BEIUKUX YMOB». OmHOH u3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpa3oBaresibHOW cdepe cTajm MpoeKT
Ozgeris powered by Halyk Fund — nepBblii B cTpane OuzHec-uHKYOaTop ISl y4aluxcs
9-11 xmaccoB, KOTOPBIH MOMOraeT pa3BUBAaTh HEOOXOOMMBIE B COBPEMEHHOM MHUPE
MpeANPUHUMATENILCKUE HaBBIKK. Tak, Ha COoOelCTBHE MajoMy OHM3HECY HIKOJbHHUKOB
06110 BeIIeneHo Oosee 200 rpanToB. [y moaiep KKy TadaHTIIMBBIX 1 MOTHBHPOBAaHHBIX
nereit @OoHII HEOAHOKPATHO BBLACISUT TPAHThI HA 00yueHHe B MexXTyHapOJHOH IIKOIe
«Mupac» un B Astana IT University, a Taxke MOMOI Ka3axCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tamimrep», koropomy DoHI OKa3an HOAICPHKKY, JICIIIU B
OCHOBY y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4eOHO-METOANYECKUX KHHUT 10 IPEAMETY
«OCHOBBI TIpeANpUHUMATENbCTBA U Ou3Heca», mpenogaBaemoro B 10-11 kmaccax
Ka3aXCTAaHCKUX ILKOJ U KOJUIEIKEH.

[TomuMo mnomomM MIKOJIBHMKAM, ydallMMcs KoJulepked M cryaeHTaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKALWU IEAaroroB,
COBEpIIIEHCTBOBAHNE HMX 3HAHWH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHUKAMH 3HAaHUM OyIyIIMX MOKOJCHHH KazaxcTaHueB. [lpu moanepxkke donna
«Xanplk» B IOKHOH cTONMIe ObUI OpPraHW30BaH E€XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealn3yeMblii MPOEKT MO0 OOy4YEeHHIO OCHOBaM
(UHAHCOBOM TPaMOTHOCTH Mpernoaasareield n3 BockMH obOnacteidl Kazaxcrana, urto
JOJDKHO OKa3aTh CYIIECTBEHHOE BIIHMSIHUE Ha BOCIIMTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MPEeIIPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHUSI TPaX/1aH CTPaHBI.

Heob6xonumyto momors @oHx «Xanbk» OKa3blBaeT U TeM, KTO 0COOCHHO OCTPO
B Hell Hyxnaercs. B paMkax couuanabHOM 3alllUThl HACEJIEHHUsS aKTHUBHO NPOBOAUTCS

3



paboTa 1o TOAJEPKKE JIETeH, OCTABIIMXCS 03 pOJAUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHMUS, JIFOJEH C OTPAaHUYEHHBIMHA BO3MOKHOCTSIMHU, a
TaKKe 00eCIEUESHUIO HYKIAFOIIUXCS COIUABHBIM KUIbEM, CTPOUTEIBCTBY COLIUATBHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMIJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXHO JOOABUTh OKa3aHUE ITOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOZJICPKKa B PA3BUTUU JIETCKOTO (PyTOOJIA M Kapare
B Hamel crpaHe. JKU3HEHHO Ba)KHYIO TIOMOIIL braroTBopuTeNnbHbIN QOHI «XaTbIky»
OKa3all HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHel nangemun COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpYCHON nHpeknuerd Donn Beiaenui cBbime 11
MUJUTMAPJIOB TEHT'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIHMIIMHCKON
TIOMOUIHU U CPENCTB 3aLIUThL, aAPECHYIO MaTEPUAIBHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHHS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c OpYyrUMH TPOEKTaMH, HAlCICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUST Ka3aXCTaHCKUX TpaxaaH DOHJ penimi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SIBJISIETCS YacThlO OOIINECTBEHHOW KYJIBTYPhI, & YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHb Pa3BUTHUS FOCYIapCTBA.

[lonnepxkka @oHAOM BbIMyCcKa >KypHajgoB HamuonanbHOM AkageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MEXIyHapoiHble (OHABI Scopus u
Wos ¥ B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MarvCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHUKOB BBICHIMX Y4YEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISETCS HE MEHEE 3HAYMMBIM
BKu1ajjoM DOH/IA B pa3BUTHE Ka3aXCTAHCKOTO OOIIEeCTBA.

C yBakeHunem,
baarorBopuresbHblii ®oHa «XaabIK»!



Bac penakrop

7KYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FRUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akagemuri,
«Kazakcran Pecryonukacel ¥ ITThIK FhUTIM akajemusicby PKb-win npesunenti, AK «JI.B. Cokonbckuit
aTBIH/AFI OTBIH, KaTaln3 jKOHE HIEKTPOXUMHS MHCTHTYTHIHBIH» Oac mupextopsl (AmMarel, Ka3akcTan)
H=4

FruibiMu xaTmisl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHHKa FBUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHIaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakuusaablK ajdka:

OBCAMETOB Mauic Kyasicyabl (6ac penakTopAblH OpbIHOAcaphl), T'€OJOTHSI-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, Tpodeccop, KP ¥YFA akamemwuri, «Y.M. AxwmencaduHa aTbIHIArbl
THIPOTEOJIOTHS 5KOHE T€0IKONIOTHSI HHCTUTYTHIHBIHY AupeKTopsl (AnmMarsl, Kazakcran) H =2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpbIHOAcapbl), TIeOJOTrUs-MHHEPAIOTHs
FBUTBIMJIAPBIHBIH TOKTOPEI, mpodeccop, K.M. CarmaeB ThIHIAFBI T€OJNIOTHS FHUIBIMAAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Iaunen, Ph.D, kaysiMaacteipeutran npogeccop, Hebpacka yausepcuretinia Cy FBUIBIMAAPHI
3eprxaHachlHbIH JqupekTopsl (HeOpacka mrarsl, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, TaOuru Tapux MypaxxailbIHbIH JKep Typajibl FBUIBIMIAp OediMiHze
MIeTPOJIOTHS XKSHE Taiiiaibl Ka30aiap KeH OpBbIHAPBI CalachIHAAFbl 3epTTeyiiepain kerekurici (JIonmon,
Anrnus) H =37

MMAH®HWJIOB Muxauna BopucoBu4, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPEI, HaHcn yHHBEpCHTETIHIH
npodeccops! (Hancu, @panmms) H=15

HIEH ITun, Ph.D, KpITaii reoorusuiblk KOFaMbIHBIH Tay T€0JIOTHSICH KOMUTET] TUPEKTOPBIHBIH OPbIH-
Oacapbl, AMEpUKaH/IBIK YKOHOMHUKAIIBIK T€OIOTTap KaybIMAacTeIFbIHBIH Mymeci (Ilexun, Kpirait) H = 25

OUIIEP Axcean, Ph.D, [Ipe3sen TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMIACTBIPbUIFAH IPOPECcCOphI
(dpesnen, bepmun) H=6

KOHTOPOBHUY Aujexceii OMHIbeBUY, TI'COJNOIHMS-MUHEPATIOIUs FBUIBIMIAPBIHBIH JIOKTOPBI,
mpodeccop, PFA akagemuri, A.A. Tpodumyka aTbIHOaFrsl MyHai-ra3 TeolOTHACH XoHE Teodusnka
nucrutyThl (HoBocubupcek, Peceit) H =19

ATABEKOB Baagumup EHoxoBUY, XMMUS FRUIBIMIAPBIHBIH JOKTOPEI, benapycs ¥FA akagemuri,
JKana matepuaniap XUMHUSICbI HHCTUTYTBIHBIH KYpMeTTi JupekTopsl (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, JIpe3neH TeXHUKaNIbIK YHIBEPCUTETIHIH KaybIMAACTBIPBLUIFAH PO eCCOphI
([pe3nen, bepiun) H =20

CEMTMYPATOBA Dieonopa FOcynoBHA, reoiorns-MHHEPANOT s FHUIBIMAAPBIHBIE IOKTOPBI,
mpodeccop, KP ¥FA koppecnionaent-myteci, K.M. Carnaes arbinarbl [ €0n0orust FoUIbIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyici (Anmarsl, Kasakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, kaysimagacteipsuiran npogeccop, Haszapbaes ynusepcureri (Hyp-
Cyurran, Kazakcran) H = 11

®OPATTUHMU MMaono, Ph.D, bukokk Munan yHUBepCHTETI KaybIMIACTBIpBbUIFaH podeccops! (MuiaH,
Wramus) H =28

«KP YFA» PKb Xaoapaapsbl. ['eosiorust xoHe TeXHHKAIBIK FHLIBIMAAP CEPUSICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecryOnukachiHBIH ¥JITTHIK FRUTBIM akageMusicky PKB (Anmarst k.).
Kazakcran PecmyOnukachiHBIH AKIapar »KoHE KOFaMIBIK JlaMy MUHHCTPJIITiHIH AKHapar KOMUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 0aCbUIBIM TipKeyiHEe KOWBLTY Typalibl KydJTiK.
TaKbIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAIBIK MEXHOL02UAIAPbI, MYHAL
XUMUACHL, MEMAn0apobl A1y HCIHE OAAPObIH KOCLIHObLIAPHIHbIY MEeXHOIOSUACHL.
Mep3iMAimiri: xKpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusiaeig MekeH-kaiibl: 050010, Anmarsr k., [lleBuenko kerr., 28, 219 6eur., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© «Kazakcran PecnyOnukachIHBIH ¥JITTHIK FRUTBIM akagemusicedy PKB, 2023
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuenT POO «HaunonansHol akagemun Hayk Pecriyonukn Kasaxcran», renepanbubiii aupexrop AO
«MHCTUTYT TOTUMBA, Kataiu3a U anekTpoxumun uM. J1.B. Coxonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBII cekpeTrapb

ABCAJIBIKOB BaxbiT Hapuk6aeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBECHHBIN

cexperaps HAH PK, UuctuTyT Xumnueckux Hayk uM. A.B. Bexryposa (Anmarel, Kazaxcran) H=15
PenakxnuunonHas KoJgJerus:

ABCAMETOB Manuc KyapicoBud, (3aMeCTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOrOMUHEPAIIO-
THYECKHUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTAa THAPOTEOIOTUU U TEOIKOTOTUH MIM.
VY.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB T'epoii ’KoaraeBu4, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEPAO-
IMYeCKuX Hayk, npodeccop, mupekrop MHcruryra reonmorndeckux Hayk nm. K.M. CarmaeBa (Anmarsl,
Kazaxcran) H=2

CHOY JIpuued, Ph.D, acconmupoBanublii npodeccop, nupextop Jlaboparopun BOIHBIX HAYK YHUBEP-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJIbTMAH Peiimap, Ph.D, pykoBoauTens ucciaeJ0BaHUN B 007aCTH METPOJIOTHU U MECTOPOKICHHUN
MOJIe3HBIX HCKomaeMbIx B OTaene Hayk o 3emie Myses ecrectBenHo uctopuu (Jlonnon, Aurmus) H = 37

MMAH®HUJIOB Muxaua BopucoBud, J0KTOp TEXHHYECKUX HayK, mpodeccop YHuBepcutera Hancu
(Hancu, ®panmms) H=15

HIEH ITun, Ph.D, 3amecturens nupexropa Komutera o ropHoii reosiornn Kuraifckoro reooruueckoro
oOmiecTBa, 4WieH AMEpPUKaHCKON acconuanuu skoHomuueckux reonoros (Ilexkun, Kurait) H = 25

OUIIEP Axcenn, accoumupoBanHblii npodeccop, Ph.D, texumueckuil yHuBepcurer Jlpesnen
(dpesnen, bepmun) H=6

KOHTOPOBHUY Auekceii DMUIbeBUY, JTOKTOP I'C€OJIOrO-MHHEPATIOTHYECKUX Hayk, mpodeccop,
akanemuk PAH, MuctuTyT HedrerasoBoit reomoruun u reodusukn um. A.A. Tpopumyka CO PAH
(Hosocubupck, Poccus) H=19

ATABEKOB Baaaumup EHokoBHY, TOKTOp XMMHYECKUX HayK, akaneMuk HAH benapycu, moueTHsii
nupekTop MHctutyta Xumun HOBBIX MarepuaiioB (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, accounuposanusiii nmpodeccop, Texuuueckuit yausepcuret (pesnes,
Bepmun) H =20

CEMTMYPATOBA Diieonopa KOcynoBHa, J0KTOp re0I0ro-MHHEPATOrHUECKHX HayK, podeccop,
unen-koppectionienT HAH PK, 3aBenyromas naboparopun MuctutyTa reonorndeckux Hayk nm. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CATUHTAEB Kanaii, Ph.D, accorunpoannslii npodeccop, Hazapbaes ynusepcurer (Hypcynran,
Kazaxcran) H =11

®PATTUHU Iaoao, Ph.D, accoumupoBanHbIi npodeccop, MuigaHCKHil yHUBEpPCUTET BHKOKK
(Mumnan, Utamus) H = 28

«H3Bectuss POO «<HAH PK». Cepusi reo10ruy 1 TEXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcrBennuk: Pecnybnmikanckoe obmmecTBeHHOe 00beinHenne « HarmonanbpHas akaeMust HaykK
Pecny6onmkn Kazaxcram» (r. AMarsr).
CBUJIIETENILCTBO O MOCTAHOBKE HA YYET NMEPHOJMYECKOro medaTHoro minanus B Komurere mHpOpManuu
MunncrepcTBa HHGOpMAIHK 1 001ecTBeHHOr0 pa3Butns Pecrryoimku Kazaxcran Ne KZ39VPY 00025420,
BblianHoe 29.07.2020 I
Temarudeckass HaIpaBICHHOCTb: 2e0n02Us, XUMUYeCKue MexXHON02Ul nepepabomKu Hemu u easa,
Heghmexumus, MmexHoN02UU U361eYeHUs MEMANN08 U UX COeOeHeHU].
IlepuoauyHocTs: 6 pa3 B rof.
Tupax: 300 sK3eMILIAPOB.
Anpec penakiuu: 050010, . Anmars, yi. [lleBuenko, 28, od. 219, ren.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© POO «HammonanbsHas akagemus Hayk Pecryonuku Kazaxcrany, 2023
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11
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Abstract. The article reflects information about the technology of obtaining tank
shells from composite material — fiberglass. Such tanks have an extended service life
due to the absence of corrosion, reduced own weight, low wettability of the surface. In
particular, the influence of the winding angle of the glass fiber on the cylindrical surface
is investigated. Unlike traditional materials, in the case of composite, the creation of
the product occurs simultaneously with the creation of the material. Therefore, the
load-bearing capacity of the structure and its resource significantly depend both on the
choice of the initial components and on the technology of their connection. Therefore,
the calculation of a composite product is closely related to solving the problem of its
creation. Improper organization of the technical process, unsatisfactory preparation of
the initial components, non-compliance with technological and many other reasons
can significantly change the properties of finished products. Depending on the molding
technology, the values of the properties of polymer composites may differ several times.
The choice of technology depends on the design of the product, its operating conditions,
the volume of manufacture and available production resources. The paper discusses some
issues related to the process of obtaining a composite. The influence of the technological
process on the properties of the composite is investigated, especially in the statistical
aspect. The authors consider a cylindrical shell consisting of a large number of layers
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of glass fiber connected by a binding material. The relations are determined by which
optimal material structures can be determined for other possible reinforcement schemes
of the material, for example, winding in a spiral with different angles. The condition of
optimality of the structure of a cylindrical shell loaded with internal pressure and axial
force is determined. With the help of this ratio, it is possible to determine the optimal
winding angle of the glass.

Keywords: winding, tank, glass roll, winding angle, fiberglass, optimal material
structure
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MYHAM OHIMJIEPIHE APHAJIFAH KOMIO3UTTIK MATEPUAJIIAH
HUCTEPHAJIAP 93IPJIEY MOCEJIECIHE

AHHOTanusl. Makanaga KOMIIO3UTTIK MarepuaigaH — IIbIHBl TaJIIBIKTaH
LUCTEpHATAPIBIH KAOBIFBIH aly TEXHOJOTHACHI Typajbl MANIMETTEp KOPCETUITeH.
HuctepHanblH Oy Typi KOPpO3HUSIHBIH OoJMayblHa OalIaHBICTBI Y3aK KbI3MET eTeqi,
BIOBICTBIH O3IHOIK Maccachl TOMEHAEHAl, OETIHIH bBLIFAIAbUIBIFEI TOMEH. ATall
alTKaHAa, MIBIHBI TATIIBIKTEL Opay OYPBIIBIHBIH HUIHHIPIIK OETKEe acepi 3epTTei.
Hoactypni matepuanaapiaH alblpMallblUIbIFbI, KOMIIO3UT >KarJaliblHOa OHIMII jkacay
MaTepuaibl )KacayMeH Karap kypeli. COHABIKTaH KYpPbUIBIMHBIH KYK KOTEpIiLITiri,
OHBIH pecypchl OacTanKbl KOMIOHEHTTEP/1 TaHAayFa Jja, olapAbl KOCY TEXHOJIOTHSIChIHA
na 6aiinanpicTel. COHOBIKTAH KOMIO3UIMSUIBIK MaTepUallaH sKacalfaH oHIMII ecenTey
OHBI JKacay MOCEJECIH IICIIyMEH THIFbI3 OalIaHbICThl. TEeXHOJOTHSIBIK MPOLECTIiH
IOYphIC  YUBIMIACTHIPBIIMAYhI, OacTanKbl KOMIIOHEHTTEPIiH KaHaraTTaHAPJIBIKCHI3
JalbIHIATYbl, TEXHONOTHSUIBIK TajanTapAblH CaKTalMaybl jkKoHe Oacka Jla KeITereH
cebenTep NaiblH OHIMHIH KacHeTTepiH aWTapibIKTail e3repre anaabl. Kanemray
TEXHOJIOTUSIChIHA OalIaHBICTBl TOJNUMEPII KOMIIO3UTTEPAIH KAaCHETTEepiHIH MoHI
OipHerie per e3repyl MyMKiH. TeXHOJOTHSIHBI TaHJIAdy OHIMHIH JW3ailHbIHA, OHBI
naiianany IapTTapblHa, ©HAIpiC KeJieMiHe, COHAal-ak Konja Oap eHAIpicTiK
pecypcrapra GaitnanbicThl. JKyMBICTa KOMITO3UTTI ally MpoLeciHe OaiaHbICThl KeHOip
MocenieNiep KapacThIpbliagbl. TeXHOIOTHSIBIK MPOLECTIH KOMIO3UTTIH KacHeTTepiHe
ocepi, acipece CTATUCTHKAJBIK aceKTife 3epTrenedi. ABTopiap OallnaHBICTBHIPYIIBI
MarepuaiMeH OaiflaHbICKaH MIBIHBI TANIIBIKTApABIH KONTereH KabaTTapblHaH TYPaThIH
LWINHAPIIK KaOBIKTBl KapacThipaibl. Marepuainbl HBIFAUTYIBIH 0Oacka MYMKIH
cxemajapbl YUIIH MaTepuaiblH OHTAWIbl KYPBUIBIMIAPBIH aHBIKTayFa OOJaThIH
KaTblHACTAP aHBIKTAJbI, MbICAIbl, SPTYPJi OypbIUTapel O6ap cnupaibabl opay. lmki
KBICHIM MEH OCBTIK KYILUIEH JKYKTEIIeH HAIMHAPIIK KaObIK KYPBUIBIMBIHBIH OHTANIIBI
mapThl aHbIKTaIAbl. OCBl apaKaThIHACTHIH KOMETIMEH Ci3 IIBIHBI TAIIIBIKTHI OpayablH
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OHTAMITBI OYPBIIIBIH aHBIKTAH aJlachl3 )KOHE aJIbIHFaH OHIMHIH CanachlH eyip KakcapTa
ajnachI3.

Tyiiin ce3aep: opay, HEcTepHa, IBIHBL, Opay OYPHILIbI, HIBIHBI TATIIBIK, MATEPHAIAbIH
OHTAMIIBI KYPBIIBIMBI
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K BOITPOCY PABPABOTKHU HUCTEPH U3 KOMIIO3UTHOI'O
MATEPHUAJIA JISA HEOGTEITPOAYKTOB

AnHoOTanusi. B cratbe oTpakeHbI CBENEHHS O TEXHOJIOTHUH TONyYeHHsT 000JI0YeK
LUCTEpPH U3 KOMIIO3UTHOTO MaTepuaja — CTEKJIOIUIacTHKa. Takue IMCTEepHBI
HMMEIOT YBEJIIMYEHHBIN CPOK JKCIUTyaTallid H3-32 OTCYTCTBUS KOPPO3HMH, CHUKEHHYIO
COOCTBEHHYIO Maccy, HU3KYI0 CMauMBaeMOCTh IOBEPXHOCTH. B uacTHOCTH, MCCIe1oBaHO
BIHMSHME YIIa HAMOTKM CTEKJIOHHUTH Ha IWJIMHAPUYECKYIO MOBEPXHOCTh. B oTinune
OT TPaJUIMOHHBIX MaTepUAJIOB, B CIy4yae KOMIIO3UTA CO3JaHUE U3AETUS MPOUCXOIUT
OZIHOBPEMEHHO C co3JanrneM Marepuaina. [lostomy Hecymas cnocoOHOCTh KOHCTPYKIIUH,
€e pecypc CyLIECTBEHHO 3aBUCST KaK OT BHIOOpa MCXOAHBIX KOMIIOHEHTOB, TaK W OT
TEXHOJIOTUN MX coennHeHus. CienoBarenbHO, pacdeT U3AETUs U3 KOMIIO3UTa TECHO
CBsI3aH C peleHreM MpoOIieMbl ero co3aanust. HenpaBuiibHasi oOpranu3anus TeXmporecca,
HEYJOBJICTBOPUTENbHAS  MOATOTOBKA HCXOAHBIX KOMIIOHEHTOB, HecOOoneHune
TEXHOJIOTHYECKUX U MHOTHE APYTHe MPUUUHBI MOTYT 3HAYUTEIbHO U3MEHSTH CBOMCTBA
TOTOBBIX M3CIMU. B 3aBHCMMOCTH OT TexHOJIOTHH (DOPMOBAHMS 3HAYCHUSI CBOHCTB
MOJIMMEPHBIX KOMIIO3UTOB MOTYT OTJIMYAThCcS B HECKOJNBKO pa3. Bribop TexHomornu
3aBHUCHUT OT KOHCTPYKLUH U3CIHsI, YCIOBUI €ro SKCITyaTalui, 00beMa H3rOTOBICHHS
1 UMEIOLINXCS TPOU3BOACTBEHHBIX pecypcoB. B paboTe paccMaTrpuBaloTCst HEKOTOpBIE
BOIPOCHI, CBSI3aHHBIE C MPOIECCOM IMOJIy4eHUs Kommosurta. Mcciemyercs BnusHuE
TEXHOJOIMYECKOro Mpolecca Ha CBOMCTBAa KOMIO3HMTA, OCOOEHHO B CTaTHCTHYECKOM
acrmekTe.  ABTOpaMH paccMaTpuBacTCs LWIMHIpHYECKas 000J0YKa, COCTOsIIas
13 OOJBIIOTO YHCNA CJIOEB CTEKJIOHUTH, COCAMHEHHBIX CBS3YIOLUINM MaTEepPHAaJIOM.
BBISBISIIOTCS  COOTHOIIEHHS, C TOMOIIBIO KOTOPBIX MOTYT OBITH OMNpPEAETICHBI
ONTUMAJIbHbIE CTPYKTYpbl Marepuana JUil APYTHX BO3MOXHBIX CXEM apMUpPOBAaHUS
Marepuana, HalpuMep HaMOTKH IO CIUpajiH C Pa3HbIMU yriamu. Omnpenenstorcs
YCIOBUSL ONTHUMAQJIBHOCTH CTPYKTYphl LHJIUHIPUYECKOW OOOJIOYKH, Harpy>KeHHOH
BHYTPEHHUM JIaBJI€HHEM U 0ceBOM criioi. C MOMOIIbIO TaHHOTO COOTHOIIEHHUSI MOXKHO
BBIYUCIUTH ONTUMAJIBHBIA yTOJI HAMOTKH CTEKJIOHUTH.

KuroueBblie cj10Ba: HaMOTKa, [IUCTEPHA, CTEKJIOHUTBD, YOI HAMOTKH, CTEKJIOBOJIOKHO,
ONITUMAaJIbHAsl CTPYKTYpa Marepuaa
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Introduction

Tanks for transportation and storage of petroleum products are traditionally made
of various grades of steel. The use of fiberglass for the manufacture of tanks reduces
operating costs due to the resistance of fiberglass to the effects of aggressive loads,
lower thermal conductivity compared to steel and sufficiently high mechanical strength
with significantly lower own weight. In turn, saving the weight of the boiler due to the
use of fiberglass in its design can increase the useful load capacity of each mobile unit
by 3-5 %.

Focusing on the oil and gas industry, the development of commercial fiberglass
tanks appeared around the 1960s and were quickly used to transport oil and natural gas
onshore and offshore, from the wellhead to households and commercial users, at higher
pressures compared to civilian applications. (Amani et al., 2017; Ashraf et al., 2017)

Fiberglass surfaces, due to their high purity and smoothness, as well as poor
wettability of the walls, are less polluted by the transported goods. The use of polymer
materials is described in detail in (Cwiek et al., 2022; Aktas et al., 2019).

For the production of such tanks, it is necessary to choose a method of manufacturing
fiberglass. The following methods of production of products made of reinforced plastics
find the greatest practical application:

- contact molding with the laying of resin-impregnated fibrous canvas on the mold;

- spraying of a fiber-polymer composition on the surface of the mold;

- various methods of forming in a closed form;

- winding of resin-impregnated fiber on the mold;

- forming of profile products by broaching the fiber through a polymer bath and a
calibration die.

Depending on the molding technology, the values of the properties of polymer
composites may differ several times. The choice of technology depends on the design
of the product, its operating conditions, the volume of manufacture and available
production resources.

Improper organization of the technological process, unsatisfactory preparation of
the initial components, non-compliance with technological modes (pressing pressure,
duration and temperature of the process, requirements for the preparation of raw
materials and materials) and many other reasons can significantly change the properties
of finished products. Therefore, it is very important not only to competently, taking
into account the design and operating conditions of products, to build a technological
process, but also to strictly observe technological modes during its implementation. To
this end, it is necessary at all stages of the process to carry out current control of the
technological parameters and properties of the manufactured product.

Materials and research methods

An expedient method of producing a fiberglass boiler is the winding method.

Winding is the process of manufacturing high—strength reinforced products, the
shape of which is determined by the rotation of arbitrary generators. In this method,
the reinforcing material (thread, tape, harness or fabric) is laid along a given trajectory
on a rotating mandrel, which carries the internal geometry of the product. Almost any
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continuous reinforcing material is suitable for winding. Special mechanisms that move
at a speed synchronized with the rotation of the mandrel control the winding angle and
the location of the reinforcing material. It can be wrapped around the mandrel in the
form of adjacent strips or according to some repeating pattern until the surface of the
mandrel is completely covered. Successive layers are applied at the same or at different
winding angles until the desired thickness is reached. The winding angle can vary from
very small - longitudinal to large — circumferential, i.e. about 90° relative to the mandrel
axis, including any spiral angles in this interval. The main materials for the matrix are
epoxy and polyester resins and polymers of vinyl esters. Epoxy resins are more often
used for winding carbon fiber products, whereas unsaturated polyester resins are used
for winding fiberglass products. Polyamide resins are used to produce heat-resistant
products.

Winding methods can be classified:

- according to the method of combining the binder and filler;

- according to the reinforcement laying pattern;

- on the device of winding equipment.

According to the method of combination, "dry" and "wet" winding are distinguished.
In the "wet" winding method, resin is applied to the reinforcing fibrous material during
the winding itself.

Continuous Rovings

Nip Roller ngl'ce
T | The pay-out eye

Resin Bath

~.

Comb Device

R

(3

Figure I — Process of winding the filament

1
ndre
Rotatin® o

Filament winding processes can be used for the manufacture of hollow cylindrical
composite structures. In the process of winding the thread, stretched continuous bundles
of fibers are passed through a resin bath before winding onto a rotating mandrel in various
orientations controlled by the fiber feed mechanism. Filament winding is a computer-
controlled manufacturing technology that provides a high strength-to-weight ratio and
uniformity of composite parts. The process of winding the filament is schematically
shown in Fig. 1 (Aktas et al., 2019).

The equipment for this winding technology consists of the following components:
a glass roving feed section; a binder preparation unit: a mixture of polyester resin - a
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catalyst or another type of binder; a bath with a binder - catalyzed polyester resin or
another type of resin through which the roving threads pass and are wetted; a winding
section with rotation shafts, the size of which determines the diameter the final product;
controls of the winding equipment.

In the case of "wet" winding, a lower tension force is required for the reinforcement,
which allows the use of equipment of lower power and mandrels of lower rigidity.
"Wet" winding provides better formability of products, therefore it is mainly used in the
manufacture of large-sized shells of complex configuration and high-pressure vessels.

"Dry" winding is based on the use of semi-finished products. It ensures a uniform
content of the binder specified in the manufacture of semi-finished products, and,
consequently, the stability of the strength properties of the products. The coefficient of
friction with "dry" winding is almost two times higher than with "wet", which makes it
possible to form more complex shapes in this way. When using the "dry" method, the
production culture increases and productivity increases. However, with this method, it is
necessary to ensure a significant tension of the reinforcement. In, mathematical models
and algorithms have been developed to determine the optimal number of simultaneously
wound fiber evenness in a given layer. In addition, this study considers the optimal dry
winding of the curved parts of the frames.

After the winding is completed, the binder is cured. It is carried out in thermal
chambers at an appropriate temperature (for example, in the case of epoxy resins at 395
or 450 K); the curing time is usually 1-2 hours; during the curing process, it is desirable
to continue rotating the mandrel. Then the mandrel is removed from the product using a
special machine. The final finishing of the product is carried out: stripping, processing
of its ends, etc.

Structures wound on the surfaces of rotation can be obtained in the form of smooth
cylinders, pipes or tubes with a diameter of several centimeters to several tens of
centimeters.

The appearance of the resulting boiler is shown in Figure 2.

[}

Figure 2 — Fiberglass tank boiler obtained by winding

The study (Gari et al., 2022) reflects finite element modeling used to assess stresses
and damages of a composite pressure vessel. The sequence of layers, the thickness
and the angle of winding of the fiber were considered. The relationship between these
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variables and the maximum load-bearing capacity of a structure wrapped in composite
material to withstand rupture pressure was evaluated

The paper discusses some issues related to the process of obtaining a composite. The
study of the influence of the technological process on the properties of the composite,
especially in the statistical aspect, is an extremely time-consuming task. Therefore, it is
not always possible and even advisable to study the influence of these factors in various
types of stress state of the material (Mlynek et al., 2022).

In accordance with the coordination of rotational motion and axial displacement,
three main winding schemes can be obtained. These are flat, spiral and ring windings
(Anders et al., 1987) see Fig. 3. The choice of the winding method for the manufactured
part is made in accordance with the shape of the part and the orientation of the threads.
In cases where the angle of inclination of the fibers is less than 5 © with respect to
the longitudinal axis, the method of flat winding is used. Spiral winding is used when
winding fibers that range from 5° to 80° relative to the longitudinal axis. The fibers are
wound in the positive and negative directions as an alternative to the mandrel surface.
Each completed spiral pattern covering the entire surface of the mandrel leads to the
formation of two layers of composite material (Aktas et al., 2019). Screw windings can
be applied through the ends of the part. Ring windings are a different form of spiral
windings, and the angle of inclination of the fiber is almost 90 degrees relative to the
axis of rotation of the mandrel. As a rule, the winding of the hoop can only be performed
on non-circular surfaces, such as cylindrical or flat sections.

Planar Winding
-t | - 1
O]
Helical Winding
N N
—-. } :h
! </

o T
[e) |
\/

Hoop Winding

Figure 3 — Basic winding types

Determination of the winding angle of glass threads.

One of the main tasks that arise when creating high-strength shells is to determine
the optimal winding angle. Currently, the issue of manufacturing a high-strength
cylindrical shell designed to work under uniform internal pressure has been most fully
investigated. At the same time, it is believed that the surface of the shell is formed by

127



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

a grid of absolutely flexible threads that are not interconnected (Gavrilov et al., 2017;
Frank Shen, 1995; Sathishkumar et al., 2014; Alves et al., 2022; Voropai, 2017).

There are various conditions for the optimality of reinforcement schemes: equal
strength of the threads, minimum deformation, maximum critical load, etc. We will
consider the shell optimal, in which the reinforcing elements are directed along the
trajectories of the main stresses and are destroyed simultaneously at the calculated
load value (Amani et al., 2017; Yu et al., 2017; ISO 14692, 2017). For the analytical
recording of this criterion, a cylindrical shell consisting of a large number of layers of
glass fiber connected by a binder is considered. It is assumed that the glass tape is laid at
an angle (¢ to the forming shell (Fig. 4). The angle @ can take different values up to 90°.
The shell structure is considered symmetrical, i.e. it is assumed that a layer wound at an
angle of +¢;,(i =1,2, ....k) corresponds to a symmetrical layer laid at an angle of - ¢;

Figure 4 — Layout of reinforcing elements on the shell surface

Let 2n; be the number of layers wound at angles +¢; and —%i; and &;;; is the
thickness of the elementary layer. The glass tape is characterized by four elastic constants
Ey; E5; Gy2; vy and (related by the ratio Ey, V1), which represent the elastic modulus
when the tape is stretched in two directions, the shear modulus and the Poisson's ratio,
respectively.

The condition of optimality of the structure of a cylindrical shell loaded with internal
pressure and axial force will be written in the form of the following system of algebraic
equations

K
D Byt +va)(1-3cosg) + By (1+v)(1 - 3sindg)] =0 (1)
i=1

Let the construction consist of 214 longitudinal layers and 21 zannular layers; if we
put @1 =0 and ¥2 = 90° in equality (1), then we get
2ny; 2B (1 +vy)— E;(1+wy)
2n,  E(1+v,)—2E,(1+v,)

From here

(2)
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n E(1+v,)—2E,(1+v,)
3 E(14vy)—E(14v)°
n 2E,(1+v,)—2E,(1+v;)

I = — - : = - 4
e 3 EJ_{]. + 'L‘:} - Ej{l + 1’1} { }

where n = 2(n; + n5) is the total number of layers.

When E; = E; and V1 = V2, the shell turns out to be isotropic and the concept of
optimal structure loses its meaning. It follows from the recorded ratios that the class
of structures under consideration cannot be made of a material with an arbitrary ratio
of modules E; and Es. Since ny = 0, n, = 0, then in the case of Ey{1+v,) =
E5(1+ v2)there is an inequality

E\(1+vz) > 2E:(1+vy) (5)
Let the shell consist of 2n, longitudinal layers and 2n; spiral layers with a winding
angle ¥, then from the ratio (1) for @1 =0 and @2 =¢, it follows
2ny E\(1 +v,)(1— 3cos?@) + E5(1 + vy ){1 — 3sin? fp}

(3)

2ny =

6
2']‘1: 2EJ_{1+1:' } Eﬂ{l"‘ 'L"J_} { }
Hence, if n = 2(n; + n5,), it follows that
. — n E\(14+v,)(1—3cos?g )+ E,(1+v)(1— 3sin®g) ™
™ = 3in2 @ E(1+vy)—Ex(1+vy) oo
n E{l+u +E.(1+v .
i — 1 ) 1) ®)

= 3singp El'[l+v} E,(14+vy)

It follows from the condition 2Zn; = 0 that the construction in question exists at
winding angles determined by the inequality
. 2E (1 +v,) + E-(1+vy)
sin-g =
E[El{l + 'L’:} —_ Ej{l + L’l}]

(9)

Let the shell consist of 2n, spiral layers with a winding angle ¥ and 2n, annular
layers. Let in equation (1) #¥1 = ¢ and ¥z =90°; then

2ny  E(1+v;)(3cos?e— 1)+ Ep(1+v,)(3sinp — 1)

= _ i 10

n, 2E(1+v,)— 2E,(14+vy) (10)
or

n E'{l+v + 2B, (1+v .
ny = — ) V. (11)

3coste  E(14+vy)—E(1+v) "

n Ey(1+v5)(3cos?@ — 1)+ E;(1+ v, )(3sin@ — 1) _

21, = . (12)

3costyp Ef{l+v)—E(14+vy)

where is still n = 2(ny +n,).
The condition of existence of the considered construction has the form
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. 2E,(1+vy) —Eo(1+1y)
sm=g = - - .
B[El{l + 'L":} —_ E:{l + 'L"l}]

(13)

Results and discussion

Thus, there are two ranges of winding angle values. One of them corresponds
to structures wound in a spiral with longitudinal, and in the other - with annular
reinforcement. The angle value ¢ separating these two ranges of values is optimal for a
shell consisting of spiral layers. Indeed, from equality (1) in this case it follows:

2E (1 +vy)—Eo(1+vy)
3[E (1 +vo) — Ex(1 +14)]

Above, some of the most commonly used winding schemes were considered; using
the ratio (1), optimal material structures for other possible reinforcement schemes can

be determined, for example, spiral winding with different angles, etc.
To illustrate the obtained dependencies, we can consider as an example a cylindrical

sin’@q = (14)

shell consisting of spiral ¥i = @ and annular (@2 = 90 °C) layers.

Let 2116 = 0,002 m; 2128 =0,003 m; 4= 0,005 m: R = 0,250 m; E1 = 4,5-10*MPa;
E,=1,5" 10 MPa; ;5 = 0,6 - 10°MPa; vy = vz =0,

The optimal winding angle of the spiral layer ¢y, according to condition (1), is 46°
54'.

Conclusions

A cylindrical shell consisting of a large number of layers of glass fiber connected by
a binding material is considered.

The relations are determined by which optimal material structures can be calculated
for other possible reinforcement schemes of the material, for example, winding in a
spiral with different angles.

The condition of optimality of the structure of a cylindrical shell loaded with internal
pressure and axial force is determined. With the help of this ratio, the optimal winding
angle of the glass is determined, which allows to significantly improve the quality of the
resulting product.
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