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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
coobwecmaa.



KAWMBIFBIMABIABIK, KOFBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIIEHHS KaueCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J1aH YacTHbIH bnarorBoputenbHblid GoHa «Xaibky». 3a robl CBOSH IesITeIbHOCTH
Ha peajHu3aluio OJaroTBOPUTENILHBIX MPOEKTOB B 00JacTAX oOpa3oBaHMS M HAyKH,
COLMAJILHOM 3aIlUThI, KYJIbTYPBI, 31paBooxpaHeHus u cnopra, Ponp Beyaenua Oosee
45 MunnuapaoB TEHre.

Oco6oe BanManue biarorBopuTenbHbIH GOHT «XaJIbIK» yienseT 00pa3oBaTeIbHbIM
IporpaMmam, CUuTas 3TO HaIlPaBJIE€HUE OJHUM M3 KIIIOYEBBIX B CBOEH JIEATENBHOCTH.
Oxa3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30oBaHuto, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJI B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem caMbiM ciocoOCTBY S
pOCTy uncIa JItoneH, ClIoCOOHBIX MEHSTh XKU3Hb B CTPaHe K JIy4IlleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEJIUKUX YMOB». OmHOH U3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpas3oBaresibHOW cdepe cTajm MpoeKT
Ozgeris powered by Halyk Fund — mepBblii B cTpane OuzHec-uHKYOaTop ISl yUaluxcs
9-11 xmaccoB, KOTOPBIH MOMOTraeT pa3BUBAaTh HEOOXOOMMBIE B COBPEMEHHOM MUpE
MpeANPUHUMATENILCKUE HaBbIKK. Tak, Ha comeliCTBHE MajoMy OHM3HECY IMIKOJIbHHUKOB
66110 BhIIeneHo Oosee 200 rpanToB. J{iist mo/iep KKy TadaHTIIMBBIX 1 MOTHBHPOBAHHBIX
nereit @OoHI HEOAHOKPATHO BBLACISUT TPaHThI HAa 00yueHue B MexTyHapOJHOH IIKojIe
«Mupac» u B Astana IT University, a Taxke MOMOI Ka3aXCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tomimrep», koropomy DoHI OKa3an HOAICPIKKY, JICIIIU B
OCHOBY Y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT IO MIPEAMETY
«OCHOBBI TIpeANpUHUMATENBCTBA U Ou3Heca», mpenogaBaemoro B 10-11 xmaccax
Ka3aXCTAaHCKMX ILKOJ U KOJUIEIKEH.

[TomuMo mnomoIIM MIKOJIBHMKAM, ydallMMcs KoJulepked u cryaeHTtaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKALWN IIE€AaroroB,
COBEpIIEHCTBOBAHNE HUX 3HAHUH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHMKAMH 3HAHUM OydyHIMX MOKOJIeHHH KazaxcTanueB. [Ipu mognepxke donna
«XanplK» B IOKHOH cTONMIEe ObUI OpPraHW30BaH €XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealu3yeMblii MPOEKT 1O OOy4YEeHHIO OCHOBAM
(UHAHCOBOM TPaMOTHOCTH MpernojaBareield n3 BockMH obmacteil Kazaxcrana, urto
JIOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE Ha BOCIIUTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MPEeINPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHHSI IPaX</1aH CTPAHBI.

Heo6xomumyto nomorip @oHpa «Xajablk» OKa3blBaeT U TEM, KTO 0COOEHHO OCTPO
B Hell Hyxnaercs. B paMkax counaibHOM 3alllUThl HACEJIEHHsS aKTHUBHO NPOBOAUTCS
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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 KOMIIJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXKHO JOOABUTh OKa3aHUE MTOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOJICPKKA B PA3BUTUU JIETCKOTO (PyTOOJIA M Kapare
B Hamiel crpaHe. JKMU3HEHHO Ba)KHYIO TIOMOIIL braroTBopuTeNnbHbIN QOHI «XaTblky»
OKa3aJl HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHell nangemun COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpYCHOH nHpeknuerd Dounx Beiaenui cBbime 11
MUJUTMAPJIOB TEHI'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIMIIMHCKON
TIOMOUIHU U CPECTB 3aLIUThL, aAPECHYIO MAaTEPUAIbHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHUS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c OpYyrUMU TPOEKTaMH, HAlCJICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUST Ka3aXCTaHCKUX TpaxkaaH DOHJ peniwi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SBJISIETCS YacThlO0 OOIIECTBEHHOW KYJIBTYPhI, & YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHD Pa3BUTHUS FOCYIapCTBA.

[Honnepxkka @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 COTPYJAHHMKOB BBICHIMX Y4YEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISECTCS HE MEHEE 3HAYMMBIM
BKutajjoM DOH/Ia B pa3BUTHE Ka3aXCTAHCKOTO OOIIIEeCTBA.

C yBakeHunem,
BbaarorBopurebHblii ®ona «XaabIky»!



Bac penakrop

7KYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FBUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akanemuri,
«Kazakcran Pecryonukacel ¥ITThIK FhUTBIM akanemusicby PKB-win npesunenti, AK «/1.B. Cokonbckuit
aTBIHJIAFBl OTHIH, KaTalll3 jKOHE IEKTPOXUMHUS MHCTUTYTBIHBIH» Oac aupekTops! (Anmarsl, Kazakcram)
H=4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukdaiiyabl, TeXHHKa FRUIBIMIApPBIHEIH JOKTOpHI, mpodeccop, KP ¥FA

JKayanThl XaTbICkl, A.B. BekTypoB aTbIHAaFBI XUMUS FRUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnaknusaabplK ajdka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), TI'€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemuri, «Y.M. Axmencadunua aThIHAAFEI
THIIPOTCOJIOTHUS KOHE TCOIKOIOTHI MHCTUTYTHIHBIHY» TUPEKTOphI (AnmMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcAphI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH TOKTOPBI, mpodeccop, K.M. CarmnaeB ThIHIAFBI T€ONOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektops! (Anmarsl, Kazakcran) H=2

CHOY [Iaumen, Ph.D, kaybiMaacTeipsutran npogeccop, Hebpacka yauusepcutetiniy Cy FbUIBIMIAPbI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminae
TIeTPOJIOTHS XKOHE Taiiiaibl Ka30anap KeH OpBIHIApPBI CalachIHIAFEl 3epTTeyIepais kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®WJIOB Muxaua BopucoBud, TeXHHKa FRUIBIMIAPBIHBIH JOKTOPEI, HaHncn yHHBepcHUTETIHIH
npodeccopsl (Hancu, @pannms) H=15

IIEH IMun, Ph.D, KpITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMepHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToiFbiHbIH Mymieci (ITexun, Kpitait) H = 25

DOUIIEP Axkceab, Ph.D, /Ipe3neH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMIACTBIPBLIFAH TIpodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, TE€OJOTUS-MHHEPAIOTUs FHUIBIMIAPEIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpopumyka arblHIarbl MyHaii-ra3 TeoJIOrHsChl KHE reo(U3HKa
nHctuTyThl (HOoBOCHOHpCK, Peceit) H = 19

ATABEKOB Baagumup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH JT0KTOpEI, benapycs ¥FA akaxemuri,
JKana Matepunanaap XUMHUSICBI HHCTUTYTBIHBIH KYpMeTTi qupekTops! (Munck, berapycs) H = 13

KATAJIUH Credan, Ph.D, [[pe3neH TexHUKaIBIK yHUBEPCUTETIHIH KAy bIMaCTBIPBUIFaH IIPodeccopbt
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoiorns-MHHEPANOTHsS FHUIBIMIAPBIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.M. Carraes arsiaaarbl [ €010THs FRUTBIMIAPEI HHCTUTY THI
3epTXaHachlHbIH MeHrepymrici (Anmarsl, Kazakcran) H=11

CAYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcuteti (Hyp-
Cyurran, Kazakcran) H =11

DPATTUHMU IMaosno, Ph.D, bukokk Munan yHHBEpCUTETI KaybIMAACTHIPBIIFAH Mpodeccopsl (MmuiaH,
Uranus) 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 KydJIiK.
TaKbIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAIBIK MEXHOL02UAIAPbI, MYHAL
XUMUACHL, MEMAn0apObl ALy HCIHE ONAPObIH KOCLIHObLIAPHIHbIY MEXHOIOSUACDL.
Mep3iMAiTiri: )KpUIbIHA 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 ¥IJITTHIK FRUTBIM akagemusicky PKB, 2024
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I'naBHBbIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOP XMMHUYECKUX HayK, mpodeccop, axagemuk HAH PK,
npesunenT POO «HanmonansHol akagemun Hayk Pecryonmku Kasaxcran», renepanbHbiii aupexrop AO
«MHCTUTYT TOTUMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBII cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBEHHBIN

cekperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHas KodJgerus:

ABCAMETOB Maauc KyabicoBud, (3aMeCcTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOTOMHUHEPAIIO-
THYECKUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTa THAPOTE€OIOTUU U T€OIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEPAo-
IHYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmorndeckux Hayk nm. K.M. CartmaeBa (Amnmarsl,
Kazaxcran) H=2

CHOY Jpunen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOIHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIen0BaHIN B 00JIACTH IIETPOJIOTHU U MECTOPOXKIACHHUN
M0JIe3HBIX HCKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKHX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®pannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEpUKaHCKOW acconmanuy skonomudeckux reojoros (ITexun, Kurait) H = 25

OUIIEP Axcens, acconmmpoBaHHBIH Tpodeccop, Ph.D, Texumueckmii yHuBepcurer Jlpesnen
(Hpesnen, bepnun) H=6

KOHTOPOBUY Aunekceii DMuIbeBHY, JOKTOP TI'€0OJIOTO-MHHEPAIOTHYECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H =19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akajeMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XMMHUU HOBBIX Marepuaiios (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuupoBanusiii mpodeccop, Texuuueckuit yauepcutet (JpesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecionneHT HAH PK, 3aBenyromas naboparopun MHcTHTyTa Teonormdecknx Hayk um. K.
Carnaesa (Anmarsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H =11

D®PATTUHU IMaoso, Ph.D, acconmmpoBanHbBIil mpodeccop, MuIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) 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 Hayk
Pecny6onmkn Kazaxcram» (T. AMarsr).
CBUIIETENILCTBO O MOCTAHOBKE HA YYET NMEPHOJMYECKOro medaTHoro minanus B Komurere mHpOpManuu
MunncTepcTBa HHGOpMAIHK 1 001ecTBeHHOr0 pa3Butns Pecrryoimku Kazaxcran Ne KZ39VPY 00025420,
BbliaHHOe 29.07.2020 1.
Temaruyeckass HaIpaBICHHOCTb: 2e0n02Us, XUMUYECKUe MeXHON02UU NnepepadomKu Hemu u easa,
Heghmexumus, MmexHoNI02UU U361eUeHUs MEMANN08 U UX COeOeHEHU].
IlepuoauyHocTs: 6 pa3 B rof.
Tupax: 300 sx3eMILIAPOB.
Anpec penakiuu: 050010, . Anmarsr, yii. [lleuenko, 28, od. 219, ren.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© POO «HanmonanwsHas akanemus Hayk PecryOnuku Kazaxcrany, 2024
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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

AGABEKOV 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
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Abstract. In practice, many technological objects, such as complex rectification
columns, refineries and other industries are often difficult to formalise, as some
parameters are not directly quantified. Such parameters as oil composition, raw material
and product quality parameters are not clearly assessed in practice by experienced
production personnel based on their experience, knowledge and intuition. Since
the quality of operation of complex objects is assessed by many criteria, which are
contradictory in the field of effective solutions, the problem of optimising their operating
modes should be formulated as a decision-making problem in a fuzzy environment. A
decision-making problem with fuzzy constraints for controlling the operating modes
of the main rectification column of a delayed coking unit (DCU) is formulated. Based
on a modification of Pareto principle of optimality, a heuristic method for solving the
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formulated decision-making problem in a fuzzy environment is proposed, which allows
to obtain an effective solution by using experience, knowledge and intuition decision
marker. The process of optimisation and selection of the best solution in the advanced
heuristic method is carried out on the basis of the models of the main DCU rectification
column developed by the authors. In known approaches to solving fuzzy problems,
the initial problem based on the level set a is represented into a set of crisp problems,
which are then solved by deterministic methods, which leads to reduced adequacy of
the solution. The novelty and difference of the proposed heuristic method of solving the
decision making problem from the known methods of solving fuzzy problems lies in
the maximum use of available fuzzy information from decision marker, experts. This
advantage of the developed method is achieved by formulating and solving the problem
in a fuzzy environment by formalising the fuzziness through their accessory functions,
which ensures high adequacy of the decision to be made in a fuzzy environment. The
proposed heuristic method for solving decision making problem with fuzzy constraints
is an iterative method based on improving the solution by exchanging information
between decision marker and computer by utilising their advantages.

Keywords: decision making, fuzzy information, Pareto principle of optimality,
distillation column, heuristic method
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Annoranus. llpaktukaga mMyHail eHIey oHe Oacka eHipicTepae KOJJaHATHIH
KYpIem peKTH(QUKANHIAy KOJOHHANAPBl CHAKTHI KONTETeH TEeXHOJOTHSIIBIK
OOBEKTIEPMiH KeHOip mMmapameTpiepi OHIIPICTIK JKaFrmaiiga CaHIBIK TypAe
enmIeHOaTiHAeH (GopManm3anysIaHybl ©0Te KUbIH. MyHaiIbIH KypaMbl, MIUKI3aT TIeH
OHIMHIH cara KepCeTKIIMTepi CHSIKTHI TapaMeTpiIep i OHIipiCTe TOKIPUOEIT OHIIPICTIK
KBI3METKepJIep 63 OimiMi, ToKipuOeci MeH TYHCIri Heri3iHae alKBIHCBHI3 Oarajiaiiibl.
Kypmeni oObexTinepaiH >KYMBIC carachl THIMII IICIIiMIep >KABIHBIHBIHIA KapaMa-
KaWIIBIIBIKTa OONaThIH KOITEreH KpHUTepHilyiep OOWBbIHIIA OaralaHaTHIHIBIKTAH,
ONapIbIH KYMBIC PEXUMIEPIH ONTHMHU3ANMsIay eceOi alKbIH eMec opTaja IIenlim
KaOpuImay ecebi peTiHIe TYKBIPBIMIANYBl KepeK. AUWKbIH eMec IIeKTeyJIepMeH
CUTIATTANATHIH MIemiM KaObuiaay ecedi Oasy kokctey KoHAbIpreICHIHBIH (BKK) Herisri
PEHKTHU(UKANMSIIAY KOJOHHACKIHBIH JKYMBIC pEeXUMAEpiH Oackapy MbICaIbIHIA
TYKbIpbIMIaFad. [lapeToHbIH oNTUMANIBIK MPUHIUIIH MOAU(UKAIUsIAy HeTi3iH/Ie
aliKbIH eMec opTajia TY)KBIpPbIMIAJIFaH IIeNIiM KaObuiay eceOiH MIenry YIIiH IIenrimMm
KaOBUTAAYIIBIHIH TOXKIPUOECiH, OLTIMIH KOHE MHTYUIUACHIH Maii1anaHy apKbLUThI THIMII
IIeTIiM/I] ATyFa MYMKiH/TiK 9BPUCTHKAIIBIK TOCUTYCHIHBUTFAH. ¥ CHIHBUTFAH 9 BPHUCTHKAIIBIK
TOCLIIJIE ONTUMHU3ANINAY JKOHE €H THIM/II IIeITiM/Ii TaH Iay TTPOIeCci aBTopIIap KaTbICyMeH
azipmeren bKK' Herisri pextudukanusiay KOJTOHHACBIHBIH MOJENbIKPil HETi3iHze
JKY3€ere achIpbUIaIbl. AWKBIH €MeC eCenTep i MIeTTyaiH OeNTiT TaCiIepine o JeHr el
JKUBIHBIHA HETI31H1e 0aCTaIKBI €Cell aWKBIH €CETNTeP )KUBIHTHIFBIHIA KETIPIJIeTi, ComaH
KEHiH OeNT LTl AeTEpMUHHUII TOCIIAepMEH MISTTiTe i, OYJT IIeTTiMHIH aIeKBaTTHUTBIFBIHBIH
teMmeHeyine okeneni. [llemim KaObuIAay eceOiH menTyaiH YChIHBUIFaH 3BPHUCTHKAIIBIK
TOCLTiHIH afKBIH €MeC eCenTep/i MIeTTy/IiH OeNTi TocinaeMenaepiHeH Al bIpMAaITbITBIFBI
MEH KaHAIIBIIBIFEI IIeNIM KaObUIIAYIIbl, SKCIIEPTTEP/IeH aNbIHATHIH alKBIH eMec
aKmaparThl MaKCHMAaJIbl TallaTaHybIHAA. O3IpIEHTeH TOCUIIIH OYJ apTHIKIIBUIBIFBI
ecenTi alKbIH eMec opTraja KOUBII, HIelryre MYMKIHAIK OepeTiH aWKBIHCHI3IBIKTHI
THICTUTIK (YHKIUSIAPBI apKbUTBI (opManu3aIisiay HerisiHae alKblH eMec opTraja
KaOBUIMaHFaH IMENTMHIH JKOFaphl aJeKBAaTTBUIBIFBIH KaMTaMachl3 €TeTHi. AMNKBIH
eMec TIeKTeyIepiMeH CHIaTTalaThlH IIeNTiM KaObuiay eceOiH MIenIyIiH YChIHBUIFaH
IBPUCTUKAJIBIK TCLIII MIETTiM KaObUIIAyIIIbl MEH KOMITHIOTEP apachIH/a aKmapaT ajiMacy,
ONapbIH apPTHIKIIBUIBIKTAPHIH MTaiAalaHy apKbUTBI MISTTiM/Il KaKcapTyFa Heri3nenreH
HATEPaATHUBTI TOCIT OONBIT TaOBLIA b

Tyiiin ce3mep: mrenrim KaOpuigay, aiKpIH eMmec akmapar, llapeTo onmTumanabik
MIPUHIIATITI, pEKTU(PUKAIHIIAY KOJIOHHACHI, SBPUCTUKAIIBIK TOCLT
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AHHOTanusa. MHOTHE TEXHOJIOTMYeCKHe OOBEKThI, TaKhe KaK CIIOKHBIE PEKTH-
(uKaIMOHHBIE KOJIOHHBI, He(TerepepadaTpiBaloIne 3aBOIbl U IPyTUe IPOU3BOICTRA,
3a4acTylo0 TPYAHO (HhOpMain30BaTh, MOCKOJIBKY HEKOTOPBIE MapamMeTpbl HE HMEIOT
MPSIMOTO  KOJIMYECTBEHHOTO ompeneieHusa. Takue mapamMeTpbl, Kak COCTaB Macia,
Ka4eCTBO CHIPbS W MPOAYKIMH, Ha MPAKTHKE HE TMONYy4aloT YETKOW OLIEHKH OTBITHBIM
MIPOM3BOJICTBEHHBIM TepcoHaTOM. IIOCKONBbKY KauecTBO SKCIUTyaTallud CIOMKHBIX
OOBEKTOB OLIEHHBACTCSI IO MHOTMM KPHUTEPHUSIM, TPOTHBOPEYMBBIM B OOJIACTH
3QQEKTUBHBIX pPELICHUH, 3aJady ONTHMH3ALUN PEKHUMOB HX PabOTHI CleIyeT
(dopMmynupoBaTh Kak 3ajady TNPHHATUS PEHICHUH B HEYETKOH cpene. ABTopamu
chopMynarpoBaHa 3afaya NPUHATUS PEIICHUH C HEYETKUMH OrpaHHUYCHHSIMH JUIS
yIpaBIeHHUsT PEKUMAMU Pa0OThl TIIABHOW PEKTU(UKAIIMOHHOW KOJNOHHBI yYCTaHOBKH
3amemsenHoro kokcoanust (Y 3K). Ha ocHoBe MomudrKkanny NpuHIIKAIIA ONITUMATHLHOCTH
[Mapero mnpemiokeH 3BPUCTHUECKUNA METON pelieHHus CHOpMYIMPOBAHHON 3ajlaun
NPUHSTHS pelleHHd B HEYETKOH Ccpeie, MO3BOJSIIONIMK IMONYYHTh S(PQPEKTUBHOE
pelieHne, HWCIoJb3ys OIBIT, 3HAHUS M HUHTYUIMIO Mapkepa perieHus. [Ipomecc
ONTUMH3ALUHN U BBIOOpA JIYUIIEr0 PEIICHUs] B PACIIMPEHHOM IBPUCTUYECKOM METO/EC
OCYILIECTBISIETCST HAa OCHOBE MOJIENe OCHOBHOW DPEKTU(PHKAIMOHHONW KOJOHHBI,
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pa3paboTaHHBIX aBTOpaMH. B HM3BECTHBIX MOIXOJAaX K PEIICHHI0O HEYETKUX 3ajad
HCXOZHAs 3ajaya Ha OCHOBE MHOXKECTBA YPOBHS ¢ TNPEACTaBIseTCS HaOOPOM
YETKUX 3aja4, KOTOpbIE 3aTeM pEeLIaoTCsl JETEPMHUHHPOBAHHBIMH METOJAMH, YTO
MIPUBOANT K CHM)KEHHUIO aJIeKBaTHOCTHU pelieHus. HoBU3Ha 1 oTiMune npeiaraeMoro
3BPUCTUYECKOTO METO/Ia PEIICHUS 3a7adll IPUHATHS PELIeHUs OT U3BECTHBIX METO/I0B
pelIeHns] HEYETKHX 3a/1ad 3aKII0YaeTcsl B MAKCHMaIbHOM HCIOJIb30BAHUN JTOCTYITHON
HEeYeTKoW MH(OpMaluu OT MapKepoB PELICHUs, PKCIEPTOB. JlaHHOE MpeuMyIIecTBO
pa3paboTaHHOTO MeToJa IOCTUTAETCsl 3a CUET MOCTAHOBKM M PEICHHS 3aJadd B
HEUYEeTKOH cpefie myTeM (GopMan3alii HEYETKOCTH Yepe3 X aKleccopHble GyHKuuH,
YTO 00ECIeYrBaeT BBICOKYIO aJC€KBaTHOCTh NPUHMMAEMOTO PpEIICHHsS B HEUETKOU
cpene. IlpeanaraeMslil 3BpUCTHUECKUI METOJI PEIIEHUS 3a/laull MPUHATHUS PELIEHUH C
HEYETKHMHU OIPaHUYCHUSIMH MIPEACTABIISICT COO0W UTEPALMOHHBIN METOI, OCHOBAHHBIH
Ha yJIy4LICHUH PEeUIeHus MyTeM oOMeHa MH(pOpMael MeXI1y MapKepoM peleHHs ’
KOMITBIOTEPOM 3a CUET UCIOIb30BAHUS UX IPEUMYILECTB.

KiioueBble ciioBa: TpHUHATHE pELICHUs, HeYeTKas HHGOpPMAaLUs, MTPHHIMII
ontumaibHOCTH [lapeTo, pekTuduKannoHHas KOJIOHHA, IBPUCTUYECKHN METOX

Introduction

Rectifying columns of oil refineries, petrochemical plants designed for separation of
oil and other multiphase systems are complex and difficult to formalise, as some of their
parameters are not measured. The main rectification column C-1 of the delayed coking
unit (DCU) is complex and separates heavy oil refining units of complex composition
(tar, fuel oil) from crude oil products (gasoline, light and heavy gas oil). In addition, fatty
gases are released from this column, which are used as internal DCU fuel. As a result
of heating in the rectification process light fractions of oil products are separated at low
temperature in the upper part of the column, and heavy fractions at high temperature in
the upper part. Thus, gas, gasoline and light gas oil are removed from the upper part and
columns, and heavy gas oil and raw materials for coke production are removed from the
lower part, which are sent to the coke reactors of the DCU.

Currently, an effective method of controlling and increasing the productivity of the
rectification process is decision-making methods for choosing effective operating modes
of rectification columns based on their models (Tsirlin et al., 2021: 483-491; Chuzlov
et al., 2022: 236-243). Thus, effective control of the operation modes of complex
rectification columns requires the development of their mathematical models, on the
basis of which multicriteria optimisation problems are solved (Assanova et al., 2023:
1-7). Since the optimisation criteria in the field of effective solutions are contradictory,
these problems of multicriteria optimisation are solved as decision-making problems,
allowing to choose an effective, compromise solution. The decision-making task of
selecting effective operating modes of rectification columns is complicated in practice
due to the vagueness of some initial information.

Below are the results of the analysis of works devoted to the development of models
of rectification columns and to the optimisation of the rectification process. The studies
(Anisimov et al., 2017: 225; Duyfjes et al., 2019: 537-547; Khazeev et al., 2022: 23-42;
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Palancz, 2022: 247-270) consider the issues of modeling and optimization of simple
distillation columns. These and many other well-known works have investigated the
development of mathematical models for optimising the separation process in simple
rectification columns for the separation of feedstock into two phases. In this case,
mathematical models of the rectification process are developed on the basis of methods
of calculation of the separation process from plate to plate. Khazeev et al. Models of
the process of rectification of crude methanol into two phases have been proposed. The
state of the issue of optimizing the rectification process on simple rectification columns
is analyzed in the work (Savelyev, 2022: 25-28). The author (Anikin, 2019: 55-58)
analysed the issues of modelling simple distillation columns with the use of freeware.
In the article (Nadir et al., 2021: 379-389), an algorithm and software for optimal design
of simple distillation columns are proposed.

The analysed and other known works on the subject investigate the issues of
modelling based on plate-to-plate methods and optimisation of the rectification process.
The proposed models and methods of rectification process optimisation are applicable
for modelling and optimisation of operation modes of simple rectification columns
separating liquids into two phases depending on the boiling point. But these approaches
for complex rectification columns designed to separate multiphase systems like oil into
multiple petroleum products are not efficient or suitable.

In the works (Sheikus et al., 2020: 33—40; Shakeri et al., 2021: 36-57) the authors
considered the issues of modeling, optimization and management of raw material
separation processes in complex distillation columns of petrochemistry and other
industries. However these and other similar works do not sufficiently investigate
and address the issues of model development, optimisation and control of complex
rectification columns under conditions of deficiency and vagueness of initial information.

When developing models of complex rectification columns as the main rectification
column DCU, designed for the separation of oil, or its refined products into several
petroleum products in practice, there are often problems of deficiency and vagueness of
the initial information. The main reasons for these problems include: unmeasurability
or difficult measurement of some important parameters of the rectification process such
as raw material composition, qualitative parameters of separation products and others.
Even with the theoretical possibility of measuring such parameters, in practice, their
measurement is economically impractical. In practice, a more effective assessment
of the value of immeasurable or difficult to measure parameters, indicators is a fuzzy
assessment based on the experience, knowledge and intuition of decision marker (DM),
experts, in their natural language (Orazbayev et al., 2019: 182—-194; Chen, 2020: 1-9).
Under such conditions of scarce and unclear background information, experienced DMs
can effectively manage the operating modes of complex facilities like the main DCU
rectification column based on their knowledge, experience and intuition. Currently,
an effective and promising approach to the development of models, optimization and
control of modes of operation of complexly formalized objects is the use of expert
assessment methods and fuzzy set theories (Orazbayev et al., 2021: 1-22).

Thus, the results of the analysis of the work on the research topic substantiates the
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relevance of decision-making methods for managing the operating modes of complex
distillation columns as the main DCU distillation column and motivates this study. In
connection with this, the aim of the study is to develop a decision-making method for
controlling the modes of operation of complex, difficult to formalise objects on the
example of the main distillation column DCU.

Research object, materials and methods

The object of research of this work is the main rectification column DCU of Atyrau
refinery, which is complex and difficult to formalise for optimisation and control of
operating modes. The main distillation column DCU of Atyrau refinery is designed
for the rectification of tar and oil vapor from coking reactors for additional petroleum
products: gasoline, light and heavy gas oils (Tuleuov et al., 2018: 217). In addition,
fatty gases are extracted from the top of this column to be used as the internal fuel of
the plant, and from the bottom - heavy fractions to be sent to the coking reactors for the
production of high quality petroleum coke. Thus, a complex rectification process takes
place in the main distillation column DCU, as a result of which gases, gasoline, light
and heavy gas oils, as well as raw materials for coke production are released from the
raw materials, depending on the boiling point.

The research materials are the technological regulations and schemes of the DCU of
Atyrau refinery (Tuleuov et al., 2018: 217), the results of the study, experimental and
statistical data on the work of the research object (Gafner et al., 2018: 24-35; Sunyaeyv,
2019: 307). In addition, the selected operating schedules of DCU of Atyrau refinery
over the past 2 years were used as materials in the research process.

In order to achieve the formulated research goal, at the end of the Introduction
section, the development of a decision-making method for controlling the operating
modes of the main DCU distillation column, the following research tasks are set and
solved:

1. Selection or development of mathematical models of the main rectification
column DCU, determining the influence of input, mode parameters of the column on its
optimisation criteria and constraints in controlling the operating modes of the column.

2. Formulation of the mathematical formulation of the decision-making problem,
taking into account fuzzy constraints for controlling the modes of operation of the
object of study.

3. Development of a heuristic method for solving the formulated problem of
decision-making in a fuzzy environment to control the modes of operation of the
object under study.

The following research methods were used in the process of conducting the study:

— for the application of available or accessible information of various types, methods
of system analysis (Radin et al., 2017: 378; Dieter et al., 2018: 267; Doumeingts et al.,
2018: 201-224; Pavlov et al., 2019: 117-133);

— methods of mathematical planning of experiments and mathematical statistics
for the collection and processing of experimental statistical data (Dvorkin et al., 2019:
5-16; Douglas et al., 2021: 784-794; Karmanov et al., 2019: 187; Melnikova et al.,
2022: 132);
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— methods of expert assessments and fuzzy set theories for collecting, processing
and using expert and fuzzy information (Boiko, 2018: 9—11; Jorgensen, 2019: 37—-60;
Ryzhov, 2017: 178; Zimmermann, 2018: 525).

In the formulation and development of a method for solving the decision-making
problem, multicriteria optimization methods were used (Odu, 2019: 1-14; Volin et al.,
2017: 165-178; Kahraman, 2018: 592—-608) and Pareto principle of optimality (Ng,
2020: 26—46; Mornati, 2020, 65-82; Lovison, 2022: 1-23).

Results

The quality of operation of complex technological objects such as the main DCU
rectification column is usually evaluated by several criteria, which are contradictory on
the set of effective solutions. When optimizing and managing the operating modes of
such objects, it is necessary to take into account various limitations and the vagueness of
some of the initial information. In this regard, the task of multi-criteria optimization in
managing their modes of operation in a fuzzy environment can generally be formulated
as a fuzzy decision-making problem. To control the operating modes of the main
distillation column, the statement of the problem of acceptance for controlling the
operating modes of the main distillation column C-1 DCU c with fuzzy constraints can
be written as follows:

(%) i —
xmlg§uc(x1).l =14, (1)
X:{fl,fz:fl,fz EQ/\(p(fz) gbq,q :1,_3}, (2)

where uk(%;),i = 1,4 — local criteria evaluating the volume of petroleum products
produced (u2 (x;) - gasoline, ug Z(x,) - light gas oil, , He 2 (1) —heavy gas oil and pg (1) —
heavy residue used for coke production); @(%;) < bq,q = 1,3 fuzzy restrictions on
the quality of gasoline, light and heavy gas oil; x; = (x4, x5, x3)— vector of input,
regime parameters affecting local criteria; X, = (x4, x5)—vector of input, regime
parameters affecting quality indicators of the main gasoline products, i.e. gasoline, light
and heavy gas oil. The components and vectors of these vectors are: x, — the volume of
raw materials (tar) at the inlet of column C-1; x, and x, — the temperature and pressure in
column C-1; x, and x, — the temperature and pressure of the output of petroleum products
from column C-1; Q- the initial set of alternatives to the input, regime parameters of
the distillation column; X the range of acceptable solutions subject to restrictions.
Then the solution to the decision-making problem (1) — (2) is such values of
vectors X; = (xl,xz,x3) and X; = (x},x:), providing optimal values of local criteria
e (%5), i = 1,4 when fulfilling the condition ofall fuzzy constraints p(x3) < bq,q = 1,3
. When solving this problem, the optimization process is carried out on the basis of
mathematical models that allow us to determine the dependence of criteria (product
volumes) and restrictions (product quality) on the input, operating parameters of the
C-1 column: x , x,, x,, x, and x. In this work, the following mathematical models of the
main DCU distillation column developed by the authors of the work are selected and
used as such models (Orazbayev et al., 2023: 1-17).
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Mathematical models determining the dependence of local criteria, respectively, on
the volumes of gasoline, light gas oil, heavy gas oil and raw materials for coking, on the
vector of input, operating parameters of the C-1 DCU column:

Mathematical models determining the dependence of local criteria,
Ut (%,), u2 (1), ud (x,), respectively, on the volumes of gasoline, light gas oil, heavy
gas oil and raw materials for coking, on the vector of input, operating parameters of the

%y = (X1,X2,%3) C.1 DCU column:

— uk(%,) = 11.805 + 0.625x, + 0.842x, — 0.434x5 +0.003x2 + 0.0022 — 0.0002x2 +

+ 0.006x1x, — 0.001x,x5, 3
— p2(%;) = 54.999 + 1.533x; + 1.991x, — 0.832x5 +0.008x7 + 0.002x3 — 0.005x% +
+ 0.002x1x5 — 0.019x,x3, 4
—ud (%) = 6.788 + 1.046x; + 3.167x, + 0.981x; +0.006x? + 0.002x% — 0.006x2 +
+ 0.003x1x, — 0.002x,x3, )
— ug(%,) = 165.665 + 0.082x; + 0.359x, — 0.265x3 +0.002x2 + 0.001x% — 0.001x3 +
+ 0.007x1x, — 0.005x,x5. (6)

Models describing fuzzy restrictions on the quality of commercial petroleum products
(boiling point): ¢(x,) < b,;— gasoline, ¢(x,) < b,— light and ¢(x,) < b;—heavy gas
oil, depending on the value of the vector of operating parameters X, = (x4, X5):

— (%,) = 27.50000 + 0.02750x, + 3.66667x, + 0.00014x2 < 55 °C, (7
— ¢(x,) = 87.50000 + 0.05469x, + 11.66667x, + 0.00017x% < 175 °C, (8)
— (%,) = 97.50000 + 0.07344x, + 15.66667x, + 0.00023x2 < 235 °C. 9)

Further, based on the above models describing the dependence of criteria and fuzzy
constraints on the vectors of input, mode parameters (3) — (9), it is possible to solve the
problem of making decisions with fuzzy constraints (1) — (2). To solve decision-making
problems in a fuzzy environment (1) — (2) modifying the Pareto principle of optimality,
we rewrite the problem in a convenient way by formalizing fuzzy constraints through
their accessory functions:

4
e

max Z Yi e (X1), (10)

i=1

3 3
X = fz:;n%Zﬂquq(fz)/\Zﬂq:l/\ Bq=0,q=13¢, (11)
2
q=1 q=1

where ;,i = 1,4— are the weighting coefficients of local criteria; Bqq = 1,3-are
the weighting coefficients of fuzzy constraints set by DM, experts; uy(X;),q = 13-
are membership functions evaluating the degree of fulfillment of fuzzy constraints.

Based on the modification and adaptation of Pareto principle of optimality for
working in a fuzzy environment, a heuristic method for solving the problem of decision-
making in a fuzzy environment (10) — (11) has been developed. The proposed PO+PO
heuristic method is iterative and is based on the use of DM’s experience, knowledge and
intuition in the process of improving and choosing the best solution and is specified to
control the operating modes of the main DCU distillation column
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The PO+PO heuristic method.:

1. DM, experts set the values of the vector of weighting coefficients
¥ = (Y1,Y2,¥3,Ya), determining the mutual importance of local criteria based on the
condition: Y1 + Y2 +Vv3+va=1v;=20,i = 1,4.

2. The value of the vector of weight coefficients = (B, B2, B3) for constraints is
set: 1+ B2+ P3=1,8,=0,qg=13.

3. The number of steps for each gth coordinate of constraints is determined:
Pg q = 1,3.

4. To change the coordinates of the weight vector, the g = (S, 5, B3) values of the
steps are calculated using the formula: hg = 1/ pg' 4= 1,2.

5. Changing in the interval [0,1] with the increments calculated in the
previous paragraph, a set of weight vectors is determined: where B%, B2, ..,5",
N=@ +1)-(p2+1)(p3+ 1.

6. If the criterion, weight vectors are fuzzy, then term sets are defined for them and
membership functions are constructed that vaguely describe them.

7. For each fuzzy constraint, a term set is defined, and an affiliation function is
constructed that p,(%;),q = 1,3, evaluates the degree of its fulfillment.

8. The problem of maximizing the integrated criterion (10) obtained by summing the
product oflocal criteria ,ué (x1),i = 1,4 by their weight coefficients y;, i = 1,4 to the set
of'acceptable solutions X' (11), ¢, taking into account the condition of fuzzy constraints, is
solved. As a result of the solution, the current solutions are determined: #1(7.8 ).%2(7.8)

providing the appropriate values of the integrated criterion 27 ,-ﬂc(fl (r.B )) and the

values of the membership functions of fuzzy constraints #q (flz (1}7, B)a=1L.

9. The current decisions obtained in the previous paragraph are submitted to the DM
for analysis of making the final best decision. If the current solutions do not satisfy the
DM, then in order to improve the solution, he changes the values of the vectors and/or
and the search for a solution is repeated starting from point 4. If the current solutions
obtained satisfy the DM, then he chooses the final best solutions based on his preference
and proceeds to the next point.

10. Conclusion of the final solutions chosen by the DM, which are the best in the
current situation in the production and sales market of manufactured products:

— the best values of the vectors of input and mode parameters x; (7,3 ), % (7,8 );

4 . _
— the maximum value of the integrated criterion DV C()?l 7. B )) when %5 (7,8 );

— maximum degrees of fulfillment of fuzzy coﬁslztraints 1q(%#7,8)),a =13, when
%(7.F)-

The proposed heuristic method for solving the problem of decision-making in a
fuzzy environment is based on a modification of the Pareto principle of optimality for
use in a fuzzy environment and will work effectively if DM is possible, experts will
determine the weighting coefficients of criteria and constraints. In other situations,
similarly to the proposed approach to solving the problem of decision-making in a fuzzy
environment, other principles of optimality can be modified and their combinations
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applied depending on the availability and accessibility of the initial information. This
justifies the universality of the proposed approach to solving decision-making problems
in a fuzzy environment.

Discussion

The proposed approach is universal for solving the problems of decision-making on
controlling the modes of operation of complex, difficult to formalise objects in a fuzzy
environment, because depending on the current situation and available information
allows to choose and apply different principles of optimality. For convenience, the
methods of fuzzy set theory are used to normalize the criterion so that their values
vary in the range [0, 1]. And fuzzy constraints are formalized through their accessory
functions, which assess the degree of their fulfillment.

The formulation of the problem of decision-making in a fuzzy environment (10)
(11) and the proposed heuristic method for solving it are specified to control the
operating modes of the main distillation column DCU, with m=4 criteria and L=3
fuzzy constraints. The values of these criteria and constraints in solving this problem
are determined on the basis of models (3)(9) developed with the participation of the
authors in the work (Orazbayev et al., 2023: 1-17). To apply an advanced approach to
the formulation and solution of decision-making problems in a fuzzy environment, it is
necessary to take and In the points of the method, where the membership functions of
terms describing fuzziness are constructed, Gaussian-type functions can be used using
the Fuzzy Logic Toolbox of the MATLAB system, which more adequately describe the
fuzzy representations of DM, experts.

The developed heuristic method by modifying Pareto principle of optimality is an
iterative method that allows consistently improving solutions based on the use of human
and computer capabilities. In (8), the proposed heuristic method for solving a single-
criteria problem in which the fuzziness is formalised through membership functions is
solved by more appropriate well-known conditional optimisation methods, such as the
penalty function method. In the process of solving the problem, the DM analyses the
current solutions obtained by the computer and, in order to improve the solution at the
next iteration, changes the values of the relevant parameters based on his experience and
preference. The final best decisions that satisfy the DM are made by him depending on
the current production situation and market demand for the products produced.

If the situation arises that the application of Pareto principle of optimality is difficult
and inefficient, it is possible to modify other principles of optimality (principal criterion,
maximin, ideal point, equality and others) for fuzzy, similarly develop an appropriate
heuristic method to solve the decision making problem in fuzzy environment.

Conclusion

The problem of decision making in a fuzzy environment to manage the modes of
operation of ore-formalised technological objects on the example of the main rectification
column DCU is formulated and a heuristic method for its effective solution is developed.
The obtained formulation of the decision-making problem in fuzzy environment and the
proposed method of its solution are based on the modification of Pareto principle of
optimality to work in fuzzy environment.
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The main conclusions based on the results obtained include:

1. The mathematical models of the main DCU rectification column developed by the
authors are selected, allowing to determine the dependence of criteria and constraints
on its input, mode parameters.

2. The mathematical formulation of the decision-making problem with fuzzy
constraints for controlling the operating modes of the main distillation column DCU
is formalised and obtained.

3. A heuristic method for solving the formulated decision-making problem in a
fuzzy environment for controlling the operating modes of the object under study
based on a modification of Pareto principle of optimality is proposed and described.

In further research of the authors it is planned to formulate decision-making
problems in fuzzy environment and to develop heuristic methods of their solution
on the basis of modification of other optimality principles. In addition, software
implementation of the proposed heuristic methods and creation of computer decision
support systems for controlling the operating modes of complex, difficult to formalise
objects are planned.
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