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I 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.

Kaszaxcman Pecnyonuxacol ¥nmmoix eoinvim akademusicol « KP ¥£A Xabapnapwi. ['eonoeusi scane
MEXHUKATLIK SbLIBIMOAD CEePUsChly blIbIMU JCypHAIbIiHbIY Web of Science-miy oicanananean
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
Byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol scypHanowvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvi0ay macenecin xapacmuipyoa. Webof Science szepmmeywiinep,
asmopnap, bacnawbliap MeH meKemenepze KOHmMenm mepenoiei MeH canacvih Ycuvlhaovl. KP
¥I'A Xabapnapwi. 'eonozus scone mexuuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yuiik ey 03eKkmi Jicane 6e0eNoi 2e0102Usl HCIHE MEXHUKATBIK
EbLILIMOAp OOUbIHULA KOHMEHMKE A0a0blebIMbI30bl OLI0IPeOi.

HAH PK coobwaem, umo nayunoiii sicypran «Mzeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
Hayk» 6vL1 npunam 0 undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uUHOEeKCUpO8aHUU HAXOOUMCS 8 CMAOUul paccmMoOmpeHus
xomnanueu Clarivate Analytics ons danvueiiueeo npunsmus sicypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamenel, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus ceonocuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYanbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102UU U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHHKa FRUIBIMIApPBIHEIH JTOKTOPHI, mpodeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFbI XUMUS FRUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajdka:

OBCAMETOB Mauic Kyasicyabl (6ac penakTopablH OpbIHOAcaphl), TI'€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, 1podeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aThIHAAFBI
THIPOTCOJIOTHS KOHE T€OIKOIOTH HHCTUTYTHIHBIHY JUPEeKTOpHI (AnMarel, Kazakcran) H = 2

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

CHOY [Ipumen, Ph.D, kaybiMaacTeipbutran npogeccop, Hebpacka yauBepcuteTiniy Cy FhUTBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typaisl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiilasbl Ka30alap KeH OPBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

IMAH®HUJIOB Muxaua BopucoBud, TeXHHKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hauncu, @panrms) H=15

HIEH IMun, Ph.D, KerTaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IBIK YKOHOMHKAIBIK Teosiortap KaybiMaacTbirbiHbIH Mymieci (ITexun, Kpitait) H = 25

DOUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTBIPBLUIFAH podeccopsl
(Hpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMIAAPEIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanguvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpBI, benapych ¥FA akanemuri,
YKana matepuaniap XUMHICHI HHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, [[pe3neH TeXHUKaIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH IPodeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPBIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes atsiaaarsl [ €010THs FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

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

DOPATTUHMU IMaosno, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFaH mpodeccopsl (MmumaH,
Wranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusaei MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOnukachiHbIH ¥ITTHIK FBUIBIM aKageMuscel, 2023

Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

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

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

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

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX HCKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

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

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

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX 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, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

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

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Cob6ctBennuk: Pecrybnukanckoe obmiecTBeHHOE 00bennHenne «HaronansHas akaxeMust Hayk
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http://www.geolog-technical.kz/index.php/en/

© HarmmonansHas akagemus Hayk Pecrryonuku Kaszaxcran, 2023
Anpec tunorpaduu: UIT «Apynay, . Anmarsl, yi1. Mypar6aesa, 75.
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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

ZHOLTAEV 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

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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©A.T. Ibrayev'?, D.A. Aitimova?, 2023
'Kazakhstan University of Innovation and Telecommunication Systems,
Uralsk, Kazakhstan;
ZKazakhstan Academy of Information and Business, Almaty, Kazakhstan;
’Kazakh National University named by Al-Farabi, Almaty, Kazakhstan.

E-mail: pok_rk@mail.ru

A METHOD FOR ACCOUNTING THE IMPACT OF ERRORS
ON THE QUALITY OF ANALYTICAL INSTRUMENTS AND OPTIMAL
CONTROL SYSTEMS

Ibrayev Alpamys — Doctor of Physical and Mathematical Sciences, Chief Researcher, Kazakhstan
University of Innovation and Telecommunication Systems, Uralsk, Kazakhstan, Kazakhstan Academy of
Information and Business, Almaty, Kazakhstan

E-mail: pok rk@mail.ru, https://orcid.org/0000-0002-5263-0384;

Aitimova Diana — PhD student at Kazakh National University named by Al-Farabi, Almaty, Kazakhstan
E-mail: diwka055@gmail.com, https://orcid.org/0000-0003-4757-1321.

Abstract. In various spheres of the economy and life of society, including in
the oil and gas and mining industries, in geology, in metallurgy and in many other
areas of industry, design and research work is currently being actively carried out to
ensure successful innovative development in the design and implementation of new
improved analytical devices and control systems. At the same time, at the stages of
design, manufacture and practical application of analytical instruments and systems, for
objective reasons, there are or occur errors that further affect the quality of technological
complexes or control systems as a whole. In this paper, based on modeling and analysis
of some topical problems, we consider a method for taking into account the influence of
errors on the main parameters and characteristics of analytical instruments and optimal
control systems. As one of the main problems, we consider the effect of technological
errors on the electron-optical parameters of ion sources, which are built on the basis of
cathode lenses with a hollow cathode and are one of the main components of various
types of mass spectrometers, the resolution and sensitivity of which largely determine
the capabilities in the field of analysis of the composition of various minerals, chemical
elements and their mixtures. It is further shown that the method proposed by the authors
of the article can be applied to solve problems of analyzing the influence of errors on
the optimality indicators of control systems for technical complexes and technological
processes in various industries and the economy. The results of the work can be used
to analyze and evaluate the impact of various types of errors on the quality of specific
instruments and process control systems.
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©OA.T. U6paes'?, JI.A. AiitumoBa’, 2023
'KazakcTaHHBIH HHHOBAIMSUIIBIK KOHE TEICKOMMYHHKAIHSUIIBIK XKyieaep
yauBepeuteti, Opan, Kasakcran;

“KazakcTaHHBIH aKmapar xoHe Ou3Hec akanemusichl, Anmarsl, Kazakcraw;
> On-Dapabdu arsianarel Kasak ynTTeik yHuBepcuTeTi, Anmarel, Kazakcras.

E-mail: pok rk@mail.ru

AYBITKYJAPIBIH AHAJIMTUKAJIBIK ACITAIITAP MEH OIITUMAJI/IbI
BACKAPY )KYHUEJIEPIHIH, CAITACBIHA 9CEPIH ECKEPY TOCLII

Hopaes Annambic — Qu3uKa-MaTeMaTHKa FHUIBIMIAPBIHBIH JOKTOPHI, OaclIbl FRUIBIMH KBI3METKEp,
KazakcTaHHBIH MHHOBaIMSUIBIK JKOHE TEIEKOMMYHUKAIMSIIBIK KyHenep yruepcureti Opan, Kazakcran,
KazakcTaHHBIH aKnapar jkoHe Ou3Hec akageMuschl, AnMarsl, Kazakcran

E-mail: pok rk@mail.ru, https://orcid.org/0000-0002-5263-0384;

AtitumoBa Jmana — PhD noxropant, On-®apabu arbimarsl Ka3ak yITTBIK yHUBEpCHUTETI, AJMarhl,
Kazakcran

E-mail: diwka055@gmail.com, https://orcid.org/0000-0003-4757-1321.

AHHOTaNMs. DKOHOMHKAHBIH XoHE KOFaMBIK LIapyasapAblH TYpPJi calanapblH/a,
OHBIH IIIiHAE MyHal-Ta3 JKOHE Tay-KeH OHJIpy callanapblHla, TeoJoTHsa,
MeTaJUTyprusja KoHe OHEepKaCiNTiH 0acKa /1a KenTereH cajalapblHa Ka3ipri yakpITTa
TaOBICTHI HMHHOBAIMSUIBIK JaMylbl KaMmTaMmachl3 €Ty YIIiH jKaHa IKeTUIIIpiIreH
AHAIMTUKAIBIK aclanTap MEH Oackapy XyWenepiH xobajam icke Kocy OarbIThIHIA
ykoOasay JKOHE 3epTTey KYMBICTApPhI OCICeH Il KYpri3uryae. by xarmnalina 0ObeKTUBTI
cebenTep OOWBIHINA aHATUTHKAIBIK aclanTap MEH KYWenepli >kodanay, malbIrHAay
JKOHE TIPaKTHUKAJBIK KOJNIaHy Ke3eHAepiHAe Taiiga OoiFaH aybeITKyJap opine
TEXHOJIOTHSUTBIK KEeNICHIEepAiH HeMece TyracTail Oackapy >KyielepiHiH camachlHa
ocep eremi. bym >xympicTa, KeiOip ©3eKTi Mocenenepii MOJENbIey JXoHE Talaay
HETi3iHOe, aybITKYJIapAblH aHAJIUTHKAJIBIK KYPBUIFBLIAP MEH ONTHMasIbl Oackapy
JKYHeJepiHiH Heri3ri mapaMeTpiepi MEH CHIaTTamMallapblHa dCepiepiH eCKepy Toculi
KapacTelpbutafbl. Herisri Mocenenepain ©Oipi peTiHOE Macc-CHEKTPOMETPIIEPAiH
OpPTYPJIi TUNTEPiHIH HETi3ri KOMIIOHEHTTEPiHiH Oipi OOBIN TaOBLIATHIH KaTOABI KYbIC
KaTOITHI JIMH3aJapAbIH KOHE HOH KO3[epiHiH JEKTPOHABI ONTHKAIBIK ITapaMeTpiepine
TEXHOJIOTUSUTBIK ~ KaTeJIepAiH ocepl KapacThIPbULNbI, OYJI ONapAbIH HETi3iHIe
KYPacCThIPBUIFAH MacC-CIICKTPOMETPIICPIIIH aKbIpaTy KaOieTi MEH Ce3IMTaJIIbIFbIH,
OpTYPIi MHHEpaNIIAPABIH, XUMHUSUIBIK JIEMEHTTEPIIH KOHE OJapAblH KOCTalapbIHBIH
KypaMblH Tajjiay cajachlHIaFrbl MYMKIHAIKTEpiH aHBIKTaWAbl. Opi Kapaldk Makaia
aBTOpJIAPBI YCBHIHFAH TOCUIAlI OpTYpJi DKOHOMHKA CallaJlapblHIA JXKOHE TEXHHKAaJBIK
KeIIeH/Iep MEH TEXHOJOTHAIBIK Mpouectepai Oackapy >KyHelepiHiH ONTHMAaIbIK
KOPCETKIMTEPiHE ayBITKYIApIbIH 9CEePiH TalIay MOCeNIeIEpiH MenTy YIIiH KoIaaHyFa
0oJaTEIHBI KepceTUIreH. JKYMBICTBIH HOTHIKEIEPIH OPTYPJIl THIITET1 ayBITKYJIapIbIH
HaKThHl aclanTap MEeH TEXHOJOTHSIBIK IporecTepai O0ackapy >KyWesepiHiH camachlHa
oCepiH Tanjay JkoHe Oararnay YIIiH nmaiiganaHyra 0oabl.
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AnHoTanus. B paznnysbpix cdepax SJKOHOMHUKH U KHU3HEACATEIEHOCTH 00IIeCTBa,
B TOM 4YHCJIE€ B He(Tera3oBOi M TOPHOJOOBIBAIOIIEH OTpaciisiX, B TCONOTHH, B
METAJUTYPrHH ¥ BO MHOTHX JIPYTUX OOJACTSX MPOMBIIUICHHOCTH B HACTOSIIEE BpeMs
Ui Oo0eCTiedeHHsl YCIEHNIHOTO WHHOBAIIMOHHOTO pa3BUTHA AKTHBHO IPOBOISTCS
MIPOEKTHBIE U HCCIE0BaTeNbCKUE paObOThI M0 MPOEKTUPOBAHUIO M BHEAPEHUIO HOBBIX
YCOBEPIICHCTBOBAHHBIX AHAIUTHUYECKUX MNPUOOPOB ¥ cucTeM yrpasieHus. [lpu
3TOM Ha 3Tamax MPOEeKTUPOBAHUS, W3TOTOBJICHHUS M TPAKTHUYECKOTO MPUMEHEHUS
AQHANMTUYECKUX TMPHOOPOB M CHCTEM 10 OOBEKTUBHBIM MMPUYAHAM HMEIOTCS
WIM BO3HMUKAIOT MOTPEIIHOCTH, KOTOphIE B JalIbHEHIIEeM BIHSIIOT Ha KayecTBO
TEXHOJIOTUYECKHX KOMIUIEKCOB HJIM CHCTEM YIpaBlIeHHS B LIeOM. B nanHoii paboTe Ha
OCHOBE MOJIEIMPOBAHUS 1 aHAJIM3a HEKOTOPHIX aKTyaJIbHBIX ITPOOJIEM paccMaTpUBaETCS
METOJI y4eTa BIMSHUS TOTPEITHOCTEHl Ha OCHOBHBIE MapaMeTPhl M XapaKTePHUCTHUKU
AHATMTUYECKUX MPUOOPOB U CHCTEM ONTHMAIBHOTO YIpaBleHHs. B kauecTBe oHOTO
W3 OCHOBHBIX IPOOJEM pacCMOTPEHO BIMSHHUE TEXHOJIOTHUYECKUX TOTPEIIHOCTeH Ha
3JIEKTPOHHO-ONTHYECKHE TapaMeTPhl HOHHBIX HCTOYHHUKOB, KOTOPBIE CTPOSATCS HA OCHOBE
KaTOAHBIX JIMH3 C MOJIBIM KaTOOM U SIBJIIOTCSA OJHUM M3 OCHOBHBIX Y3JIOB Pa3IMUHBIX
TUIIOB Macc-CIIEKTPOMETPOB, OT pa3pellaroleil ClloCOOHOCTH M YyBCTBUTEIHHOCTH
KOTOPBIX B 3HAYUTEIHHOMN CTETIEHU 3aBHCAT BOZMOXKHOCTH B 00JIaCTH aHaJIM3a COCTaBa
Pa3IMYHBIX MHHEPAJIOB, XUMHUYECKHX DJIEMEHTOB U UX cMecei. Jlambile moka3aHo, uTo
MPeIOKEHHBIH aBTOPaMHU CTaThU METOJ MOXKET OBITh IPUMEHEH JJIS pELICHUS 3a/1a4 10
aHaJIM3Y BJIMSHUS MOTPEUTHOCTEN Ha MOKa3aTequ ONTUMAIBHOCTH CUCTEM YIPAaBICHHUS
TEXHUYECKUMH KOMILJIEKCAMH U TEXHOJOTHYECKUMHU MPOIIECCaMH B Pa3HBIX OTPACIISIX
MIPOMBIIUIEHHOCTH W 9KOHOMHKH. Pe3ynbraTsl paboThl MOTYT OBITh HCIIONB30BAHbI JIS
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l'[pI/I60p0B 1 CUCTEM YIPABJIICHUA TCXHOJIOTMYCCKUMU IPOL[ECCaMU.

KiioueBble ciioBa: MHHEpaJlbl 1 CMCCH, aHaliu3, MacCC-CIICKTPOMETP, TCXHOJIO-
rn4uecKas norpemHoOCThb, ONITUMAJIBHOC YIIPABICHUEC, MCTOA, Ka4€CTBO

Introduction

In the oil and gas industry, in the mining industry, in geology, in metallurgy and in
many other areas of the economy and the life of society, much attention is currently paid
to the introduction of innovative technologies and technological systems. Innovative
development, as is known, involves active work on the development and implementation
of new improved analytical instruments and control systems (Mosichev et al., 2008;
Starostin et al., 1997; Dong et al., 2014: 1-8; Ganeyev et al., 2016: 427-444; Lebedev,
2013: 632; Sikharulidze, 2004: 21-30; Ganeyev et al. 2015: 80901-80910; Sanchez
et al., 2012: 71-79; Pontryagin et al., 1983: 393). At the same time, at the stages of
design, manufacture and practical application of analytical instruments and systems, for
objective reasons, there are or occur errors that further affect the quality of technological
complexes or control systems as a whole. By belonging to the stages of their origin
and manifestations listed above, errors are divided into theoretical, technological and
operational. In addition, by origin, errors can also be divided into the following types:
subjective, instrumental, external, methodological, errors due to the inadequacy of the
model, unforeseen errors. Subjective errors are called errors that depend on the human
factor, for example, the qualifications of the operator. Instrumental errors include errors
that arise due to the shortcomings of measuring instruments. The causes of such errors
are investigated and taken into account when designing new devices. External errors
are associated with the influence on the device or processes of physical quantities that
are characteristics of the external environment. Methodical errors usually arise due to
the shortcomings of the chosen method of analysis or measurements. This is most often
due to simplifications, such as various approximations and roundings. Errors caused by
the inadequacy of the model used are associated with insufficient correspondence of
the model to the objects under study. The adequacy of the object model means that the
model sufficiently reflects all the main properties of the object that are of interest for
research. Unforeseen errors appear as a result of unforeseen circumstances. Such errors
can sometimes occur, for example, when observing artificial satellites of the Earth,
when another satellite is mistaken for the satellite under study.

In this paper, we consider a method for taking into account the influence of errors on
the main parameters and characteristics of analytical instruments and optimal control
systems using some examples, which are given below.

As one of the main problems, let us consider the effect of technological errors on the
electron-optical parameters of ion sources, which are built on the basis of cathode lenses
with a hollow cathode and are one of the main components of various types of mass
spectrometers, the resolution and sensitivity of which largely determine the capabilities
in the field of analysis of the composition of various minerals, chemical elements and
their mixtures.
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Materials and methods

At present, there is a fairly complete theoretical base for studying the properties of
various types of elements of electron and ion optics, which allows successful work on
the design of ion and electron beam devices and devices with high quality indicators of
charged particle focusing (Kel'man et al., 1968: 488; Ibrayev et al., 1981:22-30; Szilagyi,
1990: 639; Yakushev, 2013: 147-247; Ibrayev et al., 2017: 108—114; Ibrayev, 2015).At
the same time, in order to achieve design indicators in their practical implementation,
as is known, it is necessary to ensure a sufficient degree of requirements for production
technology. In turn, in order to determine the requirements for technology in electron
beam instrumentation, it is necessary to study the effect of technological errors on the
quality indicators of charged particle focusing in the electronic lenses used. Therefore,
we study the effect of technological errors on the ion-optical parameters of an ion source
built on the basis of a doubly symmetric cathode lens, the theory and numerical studies
of the focusing properties of which were devoted to works (Ibrayev et al., 2017: 108—
114; Ibrayev, 2015).

In the Cartesian coordinate system, whose z-axis coincides with the main optical axis
and the plane coincides with the lens median plane, the paraxial equations have the form
(Ibrayev, 2015).

c;’Zx ,dx (@

S ) 0
d’ dy (@

2@;4‘@ d_)Z)+(7+2fKBjy:0 (2)

Here ®=®(z) denotes the distribution of the electrostatic potential along the main
optical axis, f, .= f,,(2) is the distribution function of the quadrupole component of the
lens field, the dashes denote differentiation with respect to z.

Physically, an electronic lens consists of electrodes to which certain potentials are
applied and which have certain geometric dimensions. Therefore, inaccuracies or errors
in geometric dimensions in the manufacture of the lens, alignment during assembly
work, and errors or fluctuations in the potentials (voltages) applied to the lens electrodes
constitute the main set of technological errors.

Results and discussions

In general, the distribution of electrostatic potential along the main optical axis can
be represented by a function of the following form

o=0(zX.,Y.2.U,.), (3)
where X, Y., Z U, denote the sets of values of quantities characterizing the boundary
conditions for the Dirichlet problem, and the elements of these sets are the values of
specific electrode sizes in measurements of the Cartesian coordinate system and the
values of the potentials applied to the electrodes
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Xy € Xp, yri €1, Z € Z;, Up; €Up. 4)

The symbol i in the indices for each of the sets in (4) has its own limit value and
varies from 1 to [, [, 1,1, respectively.

Technological errors will be denoted, taking into account (4), as follows

o Ay =06y, Azp =6y, Aup =6, (5)
Taking into account (4) and the smallness of the errors in (5), from (3), keeping

only the terms of the first order of smallness of the considered small quantities in the
expansion in a series, we can obtain

L oD Z, oD 5y oD L 0D
O=0(z)+ 5, + 5, + 5, + 8, (6)
( ) ;6)(1'1 1 ;ayn ’ ; Oz, ’ ga”ri )
Denoting
oD oD oD oD
=D, =0, , =0, , =0,, 7
ox,, li ., 2i oz, 3i ouy, 4i ( )

From (6) we get

1 I, I 1,
Z)+ZCD1/51[ +Z(D2i62i +z®3[63/ +z®4i64i = zzq)m i (8)
i=1 i=1 i=1 i=1 n=l i=1
Similarly, we can decompose
4 1,
fKB z f]zsll +Zf21521 +z f%yéx, +Zf4; 4i fKB +szm'5m" (9)
n=l i=1
4 1,
lelgll +2x2152, +szx53: +Zx41641 = x +szm§m (10)

n=l i=1

V8 (11)

. M\\

I 1, I I 4
+Zyli61i +Zy2i62i +Zy3i63i+zy41541 = +Z
i=1 i=1 i=1 i=1 -l

n=l i

In the last expressions

Yrs Y xs Y s

oxp, G Vri s Ozp, ~h Our, ~
ox Ox ox ox
=X SXyis ST X =Xy
Oxy, i Oz, Our,
1% 0 0
» = Vs a =X > o4 =Vii» e =V
oxp, Oy Oz, Ouy,

Substituting (8) — (11) into equations (1) and (2), grouping similar terms with respect
to small values that characterize errors not higher than the first order of smallness,
and taking into account the linearity of the paraxial equations, we obtain a number of
independent equations
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2D —d.x;" + @’% + @
dz dz 2

_szBjxm:FXm’ (12)
Fy. = _|:2®nixl +@,x, +(2t“_2fnijxl}xk -

N
- |:2®m'x3 +@,x; + (; -2f, J X3 } \/; >

d’y. dy, (@
20— 4 @' =ty 42 f =Fyi,
dz* dz 2 Jia 2 =P

F}’ni:_|:2®niy2+q)niy2+[ 2’“ +2fnin2i|yk— (13)

RN £
_|:2®niy4+®niy4+( 5 +2fni]y4:|\/;v’

where x, X,, y,, and y, are particular linearly independent solutions of paraxial
equations x,, y, are the coordinates of the charged particle at the moment of its departure
from the cathode surface, and \e,.,/e, characterize the initial energy of the charged
particle.

Solutions of equations (12) and (13), which have zero initial conditions, are
determined by the method of variation of arbitrary constants from the expressions

xm':xl_[%F)midZ_xsj%F)midza (14)
Vi :yz_[%FYmdz_yAJ.%E'mdz- (15)

Expressions (14) and (15) make it possible to determine the values of aberrational
distortions associated with technological errors. Given these values in equations (10) and
(11), it is possible to determine specific tolerance values for each type of technological
errors.

All the results obtained above can also be used to estimate aberrational distortions
associated with technological errors in charged particle sources with axial symmetry of
the focusing field. To do this, it is necessary to take the distribution function fxs - fis(2)
of the quadrupole component of the lens field equal to zero. If we accept f,, :2, then
all formulas obtained above will be valid for two-dimensional planar-symmetric éources
of charged particles.

As theoretical errors in the study of the focusing properties of sources of charged
particles, one can attribute the neglect in the traditional theory of charged particle optics
of aberrations above the third order of smallness.

The method used above to take into account and evaluate the influence of errors
on the focusing properties of ion sources is quite universal and can also be applied in
problems of analyzing the influence of errors on the optimality indicators of control
systems for technical complexes and technological processes in various industries and
the economy.
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For example, consider the problem of controlling an object, which at each moment
of time t is completely described by a finite set of numbers x,(¢),x, (¢)....x, (t) which are
called the phase coordinates of the object (Kel’man et al., 1968: 488; Ibrayev et al.,
1981: 22-30; Szilagyi, 1990: 639; Yakushev, 2013: 147-247; Ibrayev et al., 2017: 108—
114; Ibrayev, 2015; Kiselyov et al., 2007: 270). Let us assume that the law of change
of phase coordinates in time is described by a system of ordinary differential equations

jcl_:f’_(t,xl,xz,.._,x”,ul,uz,...,um), (16)

where i=1,2,...,n, t - time, ; = X _ time derivative of the phase coordinate,

dt
u.- parameters of the control action, f(z,x,x,,...,x,,u,,u,,...,u, ) -known functions of the

arguments indicated in brackets.
For convenience, the reduced system of equations (16) can be written in the
generalized (vector) form

x=f(t,xu). 17

Equation (17) describes the dynamics of the controlled process. To construct optimal
control systems, the concept of control quality criterion J is introduced, which is defined
as the following functional

J:].fo(t,x(t),u(t))dt' (18)

[

Here, /' (tx(¢).u(t)) is a function known (given) for a particular task under
consideration, x(t) is the trajectory of change (movement) of the controlled parameter
over time t, and u(t) is an allowable control action. The initial condition for ()xt is given
at the moment of time t, in the form x(¢,) = x,.

In practice, the problem of ensuring the quality of optimal control is solved by
minimizing the functional J. If there are errors in the initial conditions O, and in the
values of the control action 0, the functional Jmust be considered in a more extended
form, compared to (18),

J=].fo(t,x(t),u(t),Sx,éu)dt, (19)

The integrand in expression (19) can be reduced in the first approximation to the
form

f°(t,x(z),u(t),6X,6,,)=f°(t,x(t),u(t))+%6x+%6u. (20)

Then, taking into account (18) - (20), the deviation of the value of the control quality
criterion AJ, associated with the influence of the noted errors, is determined by the
formula
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] 8f0 afO
A =||=—06. +——6, |d
{(8@ o O | (21)

u

Using (21), one can estimate the absolute and relative values of the errors of the
control quality criterion. If these errors are small, they can be neglected, and if they are
large, it is necessary to solve specific problems to minimize these errors.

Conclusions

In the conditions of growing demand for an innovative component in all spheres of
the economy and the life of society, the need to ensure high accuracy and reliability of
analytical instruments, technical means, technological complexes and control systems
is certainly increasing. In this article, on specific examples, the problems of accounting
for and evaluating the influence of errors on the main parameters and characteristics
of analytical instruments and optimal control systems are considered. The method
proposed in the paper for taking into account and evaluating negative factors from
various kinds of errors can be used in the design of various instruments designed to
analyze the composition and properties of substances and their mixtures, as well as in
the development of optimal control systems in geology, oil and gas and many other
sectors of the economy, industry and manufacturing sector.
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