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B 2016 rogy nng pa3BUTHS W YIy4IICHHS KadyecTBa KM3HU Ka3axXCTaHLEB
ObUT co3maH 4dacTHEIM biarorBoputenpHbI (pora «Xanaelk». 3a TOIBI CBOEH
JEeSTENBbHOCTH Ha peaju3aluio OJIarOTBOPHUTENBHBIX INPOEKTOB B 00JACTIX
o0pa3zoBaHUsl M HAayKH, COIMAIBHOW 3aIlUTHI, KyJIbTYpPbI, 3[PaBOOXPAHEHUS H
criopta, ®ouHx BeIACTHI Oosiee 45 MUIIHAPIOB TCHTE.

Ocoboe BHumanue bnaroTBoputTenbHbld QOHI «XaJbIK» yAENseT
o0pa3oBaTeNbHBIM MPOrpaMMaM, CYUTAsI OTO HANPABICHUE OJJHUM U3 KITIOUEBBIX
B cBOoel nestenbHOCTH. OKa3pIBasi MOAAEPIKKY OTEUECTBEHHOMY OOpa30BaHMIO,
@DoHJ BHOCUT CBOU MOCUJIBHBIN BKJIaJ B Pa3BUTHE Kau€CTBEHHOTO 0Opa30BaHUA
B Kazaxcrane. Tem cambpiM cmocoOCTBysS POCTYy 4YHCIa JOAeH, CHOCOOHBIX
MEHATHh JKM3Hb B CTpaHe K JydylleMy — HOpo(ecCHOHAIOB B pPa3IHYHbIX
chepax, MOTEHIUATHHBIX JHICPOB U «BEIUKUX YMOB». OIHON W3 3HAYMMBIX
vHMIHATHB (oHAa «XallbIk» B 00pa3oBaTelnbHOM chepe cran npoekr Ozgeris
powered by Halyk Fund — mepBsIii B cTpane OM3HEC-UHKYOATOp AJIS yHaIIUXCS
9-11 xnaccoB, KOTOPBIH MOMOTAaeT pa3BUBaTh HEOOXOAMMEBIE B COBPEMEHHOM
MHUpE TpeNNpUHIMATEeIFCKHEe HAaBBIKU. Tak, Ha coIelcTBHE MaloMy OH3HECy
LIKOJIBHUKOB 0610 BeIAENeHO Oosiee 200 rpanToB. {15 mOANEPIKKH TaJaHTINUBBIX
U MOTHUBUPOBAaHHBIX JeTeil DOHII HEOAHOKPATHO BBIACISI IPAHTHI HAa O0y4YeHHE
B MexayHaponnoi mrkoie «Mupacy u B Astana IT University, a Takke momor
Ka3aXCTaHCKUM IIKOJIbHUKaM IPUHATH y4acTHE BIIpeCTHKHOM KOHKypce «USTEM
Robotics» B CIIIA. ABTOpcKue paboThI B paMKax MpoekTa « TamiMrepy, KOTopoMy
@DoHJ OKa3ald MOALEPKKY, JENIM B OCHOBY yu4e€OHOM NmporpamMmsl, yueOHUKOB U
y4e0HO-METOINYECKUX KHUT 1o mpeameTy «OCHOBBI MpealpUHUMATENbCTBA U
OousHecay, npenogaBaeMoro B 10-11 kimaccax Ka3axCTaHCKUX IIKOJI M KOJUTSIIKEH.

IToMrMO mOMOINM MIKOJIBHUKAM, ydamuMcs Koyuteqxked u cryneHram donn
CUMTAeT Ba)KHBIM BHECTH CBOM BKJIAJ B MOBBIILIEHNE KBATU(UKALKUN I1€1Aar0roB,
COBEPIICHCTBOBAaHUE WX 3HAHHMI U HABBIKOB, MIOCKOJIBKY UMEHHO OHH SIBISIOTCS
MIPOBOJHUKAMH 3HaHWH OydyIIuX IOKOJICHWHM Ka3zaxcTaHieB. [Ipw mommepikke
®onpma «Xanblk» B KKHOU CTOJHUIE OBUT OPraHW30BaH €KETOAHBIH TOPOICKOM
KOHKYpc neparoroB «Almaty Digital Ustaz.

BaxHOI MHUIIMATUBOW CTal peaanu3yeMblil TPOEKT MO OOy4YEeHUI0 OCHOBAM
(MHAHCOBOW TPaMOTHOCTH IpemnojaBaTesied U3 BocbMu obnactell Kazaxcrana,
YTO JOJDKHO OKa3aTh CYIIECTBEHHOE BJIMSHUE Ha BOCHHTaHHE (DUHAHCOBOI
IPaMOTHOCTH M IPEANPUHUMATENBCKOIO MBIIUIEHHS Y HOBOI'O IOKOJICHHUS
rpakJaH CTPaHBbI.

Heobxonumyto momomrs ®oHj «Xanblk» OKa3plBaeT U TEM, KTO 0COOCHHO
OCTPO B HeHl HyXJaercsi. B pamkax conuanbHON 3alIMTHI HACEJICHUS aKTHBHO
MPOBOAMTCS paboTa 1Mo MOAAepKKe JeTel, ocTaBmIMXCs 0e3 poauTenel, AeTel u
B3POCIIBIX U3 COIIMATIBHO YA3BUMBIX CIIOEB HACEJICHUS, JIFOJEeH C OTpaHUIEHHBIMU




BO3MOXKHOCTSIMH, a TAaK)Ke 00€CIICUCHUIO0 HYKIAIONIMXCS COLUATBHBIM KHIIbEM,
CTPOUTENHCTBY COITMATBFHO BaKHBIX 00BEKTOB, TAKHX KaK JIETCKHE CaJbl, JETCKHE
MJIOMAAKU U (PU3KYIBTYPHO-0310POBUTEIBHBIE KOMIUICKCHI.

B xomunky no6psix aen @oHaa « Xanblk» MOKHO J00aBUTh OKa3aHUE ITOMOIIIH
JIETCKOMY CIIOPTY, KyZla OTHOCHTCS MOAJIEPKKa B PA3BUTHHU JIETCKOTO yTOOIa 1
KapaTte B Hamel ctpaHe. JKU3HEHHO BaXXHYI0 TOMOIIb biiarorBoputenbHblil GoHA
«XanpIK» OKa3zal HallUM COOTeUYeCTBEHHHMKaM BO BpeMs HEJaBHEHl MaHIeMHH
COVID-19. Torna, B pasrap Tsxenoit 60ppObI ¢ KOpOHABHPYCHON MHpeKmmeit
@®onp BeLAennd cBbiie 11 MIIITHApa0B TEHTe Ha MPUOOpPETeHHEe HEOOXOAUMOTO
MEIUIMHCKOTO OO0OpPYIOBaHMUS M AOPOTOCTOSIINX MEAWIIMHCKHUX IPEernaparos,
aBTOMOOWIIE CKOpOW MEAMIIMHCKOW TIOMOIMU M CPEACTB 3aIlUTHI, aIpPECHYIO
MaTepHaJbHYIO NMOMOIb COLMANBHO YSA3BUMBIM CIOSIM HAaceJIeHUsS U JEHEKHbIe
BBITIJIATHI MEIUIITHCKUM pabOTHUKAM.

B 2023 roay Hapsany ¢ OpyruMU NPOEKTaMU, HALlEJICHHBIMU Ha MOBBILICHUE
0NarocoCToSHMS Ka3axCTaHCKUX TrpaxkaaH PoHA pemna yaeiauTb ocoboe
BHUMAaHNE HayKe, TOCKOJIbKY OHA ABIISIETCSA YacThiO OOIIECTBEHHON KYIBTYPHI, &
YPOBEHb €€ pa3BUTHUS ONPEAENsIeT YPOBEHb PA3BUTHS rOCyJapCTBa.

[onnepxka doHIOM BBINTyCKa XypHanoB HamuoHanbHOM AkaneMuu Hayk
Pecny6mmkn KazaxcraH, KOTOpbIe BXOAST B MEXKIyHapoaHbIe GoHABI Scopus u
Wos U B KOTOPBIX MYONHKYIOTCS CTaThll OTEYECTBEHHBIX YUEHBIX, TOKTOPAHTOB
W MarucTpaHTOB, a TAK)KE€ HAyYHBIX COTPYAHHKOB BBICIIUX yUeOHBIX 3aBEICHHM
1 Hay4YHO-HMCCJIEA0BAaTEIbCKUX MHCTUTYTOB HAILIEH CTpaHbl ABISETCS HE MEHEE
3HauYUMBbIM BKJIajgoM DOHa B pa3BUTHE Ka3aXCTAaHCKOTO OOIIeCTBa.

C yBaxxeHueM, birarorBopurenbHbI QoHI «XaTBIK» !




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
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHUX 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 Hapuk6aeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

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

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

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INABHOTO PENaKToOpa), JOKTOP T'eOJOTOMHUHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryra reomornueckux Hayk nMm. K.M. CartmaeBa (Ammarsl,
Kazaxcran) H=2

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

3EJBTMAH Peiimap, Ph.D, pyxoBoauTens HCCIeI0BaHIN B 00JIACTH IIETPOJIOTHU U MECTOPOXKIACHHI
M0JIe3HBIX HCKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBeHHol uctopuu (Jlonnon, Aurmus) H = 37

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

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

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

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

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XUMUUYECKUX HayK, akajeMuk HAH benapycu, moueTHbIi
mpekTop MHCTHTYTa XUMHAU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii nmpodeccop, Texuuueckuit yauepcutet ([pesneH,
Bepnmun) H = 20

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

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

DOPATTUHU IMaoso, Ph.D, acconmmpoBanHbBIil mpodeccop, MuIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H =28
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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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Abstract. Analytical instruments and devices are widely used to solve a wide range
of technological and managerial tasks in various fields of industry and society. For
example, in geology, in the oil and gas, mining, metallurgical and chemical sectors
of the economy, in environmental pollution control systems, as well as in many other
areas of industry and the production of goods, there is a constant need to analyze
the chemical composition of substances, minerals and gas mixtures. Currently, gas
analyzers and chromatographs are often used to analyze the composition of binary and
multicomponent gas mixtures. The advantages of these devices are simplicity and low
cost. The main disadvantages of gas analyzers and chromatographs are: the duration
of the analysis time, the small number of components analyzed by one device, low
reliability and relatively short service life. These devices are practically not suitable
for qualitative analysis of multicomponent minerals. Therefore, mass spectrometers
are used for effective and qualitative analysis of the composition of various minerals
and gas mixtures. Currently, there are various types of mass spectrometers whose
operating principles are based on the focusing properties of magnetic and electric
fields. At first, magnetic mass spectrometers were invented for a detailed analysis of
the composition of substances, which were not widely used due to their high cost and
bulkiness. Later, several types of less bulky mass spectrometers were invented, which
do not use a magnetic field. These include time-of-flight and radio frequency (high
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frequency) mass spectrometers. The disadvantages of time-of-flight mass spectrometers
are their rather large dimensions and insufficiently high resolution, and high-frequency
mass spectrometers have relatively low sensitivity. The disadvantages of a high-
frequency mass spectrometer are associated with the presence of grid electrodes,
which significantly impair its sensitivity and resolution. Therefore, in this article, in
order to solve theoretical problems of improving radio frequency mass spectrometers,
a method for modeling and analyzing the movements of charged particles in fields with
a high-frequency component of the field in emission systems without grid electrodes is
considered. The method proposed in the article for studying the focusing properties of
charged particle sources with a high-frequency component of the field makes it possible
to provide the necessary conditions for eliminating grid electrodes when designing
specific radio frequency mass spectrometers with improved technical characteristics.

Keywords: mass spectrometer, mineral composition, emission system, high-
frequency potential, property, sensitivity
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AHHOTaNHs1. OHEPKAICIN IeH KOFaM eMipiHiH SpTYypJli caanapblHAa TEXHOIOTHSUTBIK
XoHe Oackapy >KyHeJlepHiH MacesieNepiH KeH ayKbIMAbI HIeNly YINiH aHaJIWTHKaJIbIK
Kypajiiap MEeH KYpbUIFbUIap OelIceHAl KOJIIaHbUIaTBIHBI OenTii. MbIcalibl, reonorusa,
SKOHOMHKAHBIH MYHai-ra3, Tay-Ke€H, METaJUIyprus >KoHE XHMHsS callalapblHIa,
KOpLIaFraH OpTaHBbIH JacTaHyblH OakpLiay >KyHenepiHie, coOHIaii-ak eHEepKacil MNeH
Tayapiap OHAIPICiHIH KenTereH OacKa cajalapblHAa 3aTTapiAblH, MHHEpaIapIblH
KOHE Ta3 KOCMaJapblHbIH XUMMSIBIK KYPaMbIH TalayIblH TYPaKThl KaKeTTUIr Oap.
Kasipri yakpITTa €Ki jkoHe Kol KOMIIOHEHTTI ra3 KocHalapblHbIH KYPaMbIH Tajlay YLIIH
ra3 aHaJlu3aTopiapbl MEeH XpoMmarorpadTap >Kui KoJgaHbUIaasl. by KypbUFbuiapabH
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ApTHIKUIBUIBIKTAPBl - KapanalbIMIOBUIBIFEI MEH ap3aHibifbl. ['a3 aHanm3zaTopiapsl
MeH XpomarorpadTapAblH HETi3ri KEeMIIUTIKTepi: Tanjgay YaKbITBIHBIH Y3aKTBIFbI,
0ip KypalMeH TaJlJaHaThblH KOMIIOHEHTTEPAIH CAaHBIHBIH a3/IbIFbl, TOMEH CEHIMJILIIK
KOHE CaNbICTRIPMalbl KapaFraHIa KbICKa KbI3MET €Ty Mep3iMi. byl KypeUIFbIiap Ker
KOMITOHEHTTI MUHEpaIapIbl canaibl Tajay YIIiH ic Xy3iHae xapaMchi3. COHABIKTaH
OpTYpIIi MUHEpaigap MEH ra3 KOClalapblHbIH KYpaMblH THIMJI KOHE camalibl Taaaay
YILIiH Macc-CIeKTpoMeTpIiep Konaanbiaasl. Kazipri yakeITTa Macc-CIeKTpOMETpIIEepAiH
Oipreme Typiepi 0ap, ONapABIH OPEKET €Ty MPUHITUNTEPI MArHUTTIK JKOHE JJICKTP
epicTepiHiH (OKYCTHIK KacHeTTepiHe HeTi3nenreH. bipiHmriaeH, 3arTapibslH KypaMbIH
erKel-Ter kel Tangay YUIIH MarHMTTIK Macc-CIEKTPOMETpIiep Oian TaObLIabL,
olap KpIMOAT >KoHE KeJieMIi OOJFaHIBIKTAaH KeHIHEeH KolmaHbUuIManmbl. KeiHipek
MarHuT epiciH mainanaHOalTHIH a3 KeJIeMi Macc-ClieKTpoMeTpiepaiH OipHemie Typi
oiinan TadbuIABl. ONapra yiry yakbITThl MEH PaAHOKHUIUTIKTI (3KOFaphl XKHUUTIKTI) Macc-
CIIEKTPOMETPIIEp >KaTamabl. ¥IIy YaKBITTHI MacC-CIIEKTPOMETPIICPIHIH KEeMITIIKTEPI,
OJIapIBIH eNYip YIKEH KeJeMIepi )KoHE aXKbIPpaTbIMIBUIBIFEI KETKITIKCI3, all JKOFaphl
KHUUTIKTI Macc-CIIeKTPOMETpIIep CajbICTRIpMalibl KaparaHJa Ce3IMTalIbIFbl TOMEH.
JKoFappl >KHMUTIKTI Macc-CIEKTPOMETPAIH KEeMIIITIKTEepiH, OHBIH CE3IMTaJIBIFBI MEH
XBIPaThIMIBUIBIFBIH, A TAPJIBIKTAN HAIIAPJIATaTHIH TOPJIBI AJIEKTPOATAPABIH OOTybIMEH
OatinanpicThl. COHJIBIKTAH, OCHI MakaliaJa PaJuoKULTIKTI Macc-CIEKTPOMETPIICPiH
KETUTIPYiH TEOPHUSITBIK MOCETIeNIEPiH ISy YIIIiH TOPIIBI AJIEKTPOATAPCHI3 SMUCCHSITHIK
XKyHenepaeri epicTiH >KOFapbl >KHUTIKTI KOMIOHEHTI 0ap epicTepAeri 3apsaTaifaH
OeNIIeKTePIiH KO3FAIBICHIH MOIETBACY JKOHE Talaay ofici KapacThIphUIFaH. Makanama
YCBIHBUIFaH JKOFaphl XKULTIKTi ©pic KOMIIOHEHTI Oap epicTepe 3apsaTanFad OeImeKTep
Ke3JIepiHiH (OKYCTHIK KACHUETTEpPiH 3epPTTEy oJIiCi, TEXHHKAIBIK CHIaTTaMaliapbl
YKaKCapThUIFaH HAKThl PaJOXXHIIIK MacC-CIIEKTPOMETPIIePiH xKobanay Ke3iH/e, TOPIbI
ANEKTPOATAPBI JKOIOIBIH KAXKETT] MApTTapblH KAMTaMachl3 €Tyre MyYMKiHAIK Oepeni.

TyilliH ce31ep: Macc-CIEKTPOMETP, MHUHEpanAap KYpaMbl, SMUCCUSIBIK KYHe,
JKOFAPBhI KHUIUTIKTI TOTEHITHAJ, KACHET, CE31IMTaJIJIbIK
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AHHoTanms. /[ peleHns MupoKoro Kpyra TEXHOJIOTMYECKHUX U YIPABIEHUECKUX
3aJa4 B Pa3IMUHBIX cdepax MPOMBIIUICHHOCTH W >KU3HENESTEIHLHOCTH OOIIecTBa,
KaK H3BECTHO, aKTUBHO HCIIONB3YIOTCS aHAJUTHYECKHE NPUOOpPHI W YCTPOMCTBA.
Hanpuwmep, B reomoruu, B He(pTerazoBoi, ropHO-METAJUTyPrHUYE€CKON U XMMHUYECKON
OTpacisIX JKOHOMHKH, B CHCTEMaxX KOHTPOJIS 3arps3HEHUI OKpYXKaroIlel Cpemsl,
a TaKKe BO MHOIMX Jpyrux cdepax HPOMBIIUIEHHOCTH M INPOM3BOACTBA TOBAPOB
UMeeTcsl TNOCTOSHHAsT HEOOXOOMMOCTh aHaJM3a XHMHYECKOIO COCTaBa BEILECTB,
MHUHEpAJIOB U Ta30BBIX cMeceil. B HacTosmiee BpeMs Ui aHann3a cocTaBa OWHApHBIX
1 MHOTOKOMITIOHEHTHBIX T'a30BbIX CMECEH HEPEIKO MPUMEHSIOTCS ra30aHalIn3aToOpbl U
xpomarorpadsl. [IpenmyiecTBaMu 3TUX YCTPOMCTB SIBISIOTCS MIPOCTOTA U HEBBICOKAS
cTouMOCTb. OCHOBHBIMHM HEIOCTaTKaMH TIa30aHAJIM3aTOPOB M  Xpomarorpagos
SIBIIIFOTCSA: JUIMTENBHOCTh BPEMEHHM aHAIM3a, MaJOE€ YHCIO AHATU3UPYEMBIX ONHUM
npuOOpPOM KOMIIOHEHTOB, HM3Kasg HAAEKHOCTb M CPaBHHUTEIBHO MAaJbIi CPOK
CIIy’KObl. DTH TpUOOpPHI MPAKTUYECKH HE NPUTOAHBI JAJsl KadyeCTBEHHOTO aHaNn3a
MHOTOKOMITOHEHTHBIX MHHEpajoB. [loatomy, mns 3(h(GeKTHBHOTO U Ka4yeCTBEHHOTO
aHaJIM3a COCTaBa PA3IUYHBIX MHHEPAJIOB M Ta30BBIX CMECEH HCIIOJB3YIOTCS Macc-
CIIEKTPOMETPEL. B HacTosiIee BpeMst UMEIOTCS pa3IMYHbIE THITBI MACC-CIIEKTPOMETPOB,
MPUHLMIIBL JEHCTBHUSI KOTOPBIX OCHOBaHBI Ha (DOKYCHPYIOLIMX CBOMCTBaX MAarHUTHBIX
U NeKTpuueckux nojei. CHavyana Ajsl IeTaJbHOrO aHalH3a COCTaBa BEIIECTB OBLIH
n300peTeHbl MarHUTHBIE MacC-CIIEKTPOMETPHI, KOTOpbIE HE TMOJYYHIN IIHPOKOTO
MIPUMEHEHUSI BBUAY MX JIOPOTOBHU3HBI M TpoMO3AKOCTH. Ilo3nHee ObITM M300peTeHbI
HECKOJIBKO BUIOB MEHEE TPOMO3IKHX MACC-CIIEKTPOMETPOB, B KOTOPBIX HE HCIOIb3YETCS
MarHutHoe mnone. K uX 4YHCIly OTHOCATCS BpPEMAINpPONETHBIE M pPagHO4acTOTHBIE
(BBICOKOYACTOTHBIE) Macc-CIeKTpoMeTphl. HemocrtaTkamMu BpeMSIIPONIETHBIX Macc-
CIEKTPOMETPOB SIBISIOTCS TOBOJILHO OOJIBIINE MX Ta0apUTHI U HEJOCTATOYHO BBICOKAs
paspemiaromasi CHOCOOHOCTb, a BBICOKOYACTOTHBIE MAaCC-CIEKTPOMETPBI 00JIaJaloT
CPaBHUTEJIIBHO MAJIOM YyBCTBUTEIBHOCTBHI. HemocTaTku BBICOKOYACTOTHOIO Macc-
CIEKTPOMETpa CBSA3aHBl C HAMYMEM CETOYHBIX DJIEKTPOIOB, KOTOPHIE 3HAYUTEIIBHO
YXYAIIAOT €ro YyBCTBUTEIBHOCTh W Pa3pelIalonlylo crnocoOHocTh. [losTomy, B
HACTOALICH CTaThe, Ul PEIICHUS TEOPETUYECKUX MPOOJEM MO COBEPLICHCTBOBAHMIO
PaauOYacTOTHBIX MAacCC-CIEKTPOMETPOB PACCMOTPEH METOJ MOJEIMPOBAaHUSA U
AHaAJIM3a JBUKEHUH 3apsSKEHHBIX YaCTHL] B IOJISIX C BBICOKOYACTOTHOM COCTABJISIOLICH
MoJsl B OMHCCHOHHBIX CHCTeMaxX O0e3 CETOUHBIX IEeKTPONIOB. I[Ipe/ioKeHHBIH B
CTaTh€ METOA HCCIIeNOBaHUS (HOKYCHPYIOIIUX CBOMCTB HCTOYHHUKOB 3apsDKEHHBIX
YacTUIl C BBICOKOYACTOTHOH COCTaBIISIOIICH IOJSI NaeT BO3MOXKHOCTh 00€CHeYUTb
HEOOXOOMMBIE YCJOBUSI YCTPaHEHHUS! CETOUHBIX OBIIEKTPOJOB NPH MPOSKTHPOBAHHS
KOHKPETHBIX PaJUOYaCTOTHBIX MAaCC-CIIEKTPOMETPOB € YIYUIIECHHBIMU TEXHUYECKUMU
XapaKTEPUCTUKAMH.

KuioueBbie ¢j10Ba: Macc-CIEKTPOMETP, COCTAB MUHEPAJIOB, SMUCCHOHHAS CUCTEMA,
BBICOKOYACTOTHBIN TOTEHIIUAJI, CBOMCTBO, YyBCTBUTEJIBHOCTh
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Introduction

In geology, in oil and gas, mining, metallurgical and chemical sectors of the economy,
in environmental pollution control systems, as well as in a number of other industries
and the production of goods, it is often necessary to analyze the chemical composition
of substances, minerals and gas mixtures (Chhabil, 2007: 585; Ganeyev et al., 2015:
80901-80910; Ganeyev et al., 2016: 427-444; Mosichev et al., 2008: 608; Sanchez et
al., 2012: 71-79; Starostin et al., 1997: 304). Currently, various types of gas analyzers
are used to analyze the composition of binary gases, i.e. to measure the concentration
of the component being determined, while chromatographs are used to analyze the
composition of multicomponent gas mixtures. According to the principle of operation,
the following types of gas analyzers are distinguished: thermoconductometric, diffusion,
magnetic sorption, evaporative, condensation, optical, ionization, thermochemical,
potentiometric, electrolysis and others. The main disadvantages of gas analyzers and
chromatographs are: the duration of the analysis time, the small number of components
analyzed by one device, low reliability and relatively short service life. These devices
are practically not suitable for qualitative analysis of multicomponent minerals. Mass
spectrometers can be used for effective and qualitative analysis of the composition of
various minerals and gas mixtures (Bothner et al., 2000: 13455-13459; Dong et al.,
2014: 1-14; Edmond de Hoffmann et al., 2007: 489; Fabris, 2005: 30-54; Ibrayev et
al., 2017: 108-114; Kel'man et al., 1968: 488; Lebedev, 2013: 632; L. McDonnell et
al., 2005: 160—168). Currently, there are various types of mass spectrometers whose
operating principles are based on the focusing properties of magnetic and electric fields.
Note that magnetic mass spectrometers were first invented. However, currently magnetic
mass spectrometers are almost not used due to their high cost and bulkiness. Existing
time-of-flight mass spectrometers have rather large dimensions and insufficiently high
resolution, and high-frequency mass spectrometers have relatively low sensitivity.

In a radio frequency (high frequency) mass spectrometer, ions in a static electric
field acquire a certain energy and pass through a system of sequentially arranged grid
cascades. Each cascade consists of three plane-parallel grids that are located at an equal
distance from each other. A high-frequency potential is applied to the middle grid, which
forms a high-frequency electric field relative to the two extreme electrodes. Inside a
cascade with a high-frequency field, ions with different masses receive kinetic energy
increments of different values, and only ions with a certain mass receive additional
energy in a high-frequency field sufficient to overcome the braking field and hit the
collector. The radio frequency mass spectrometer is adjusted to register ions with
different masses by changing the ratio of the constant and high-frequency components
of the fields.

The main disadvantages of a high-frequency mass spectrometer are associated with
the presence of grid electrodes, which significantly impair its sensitivity and resolution.
The theory of focusing charged particles in static electric and magnetic fields has been
developed in sufficient detail (Ibrayev et al., 1981: 22-30; Ibrayev, 2015: 270-275;
Ibrayev, 2023: 1307; Sikharulidze, 2004: 21-30; Szilagyi, 1990: 639; Yakushev, 2013:
147-247), and the problems of focusing in high-frequency fields have been considered
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quite a bit. Therefore, in order to solve theoretical problems of improving radio frequency
mass spectrometers, this paper considers a method for modeling and analyzing the
movements of charged particles in fields with a high-frequency component of the field
in emission systems without grid electrodes.

Materials and methods of research

The motion of a charged particle with charge £ and mass #7 in an emission system
with static and dynamic components of the field in a non-relativistic approximation is
described by the equations

m -“rl- = —ggradp 6]
af
where ¥ is the velocity vector of the charged particles, ¥ is the distribution of the
electric potential in the system under consideration, { is time.
In the Cartesian coordinate system X.¥,Z, the function can be represented as

iplx. v, z.1)
plx.y.z.t) =0, (x, v.2)+ @, (x,p,2)f 1), )

where ¢ [x,1,z) is the static component of the potential distribution function,
i, lx, ¥, 2] is the modulus of the dynamic component of the potential distribution
function, £t} is a function of time.

Multiplying the scalar right and left sides of equation (1) by the vector ¥ and
considering that

do _ -tj‘p + Vgradp |

we get di o
) (12 '| 2¢ |, dp  dp ) 3
af -~ m\ ot o) )
from where we have

o " "
Pl = o a4 [':IT. e -{[I':r_ _,I'il": ]: @

i J

where the stroke denotes differentiation by < .
It follows from (4) that charged particles in the field under study acquire additional
energy AW

AW =] o, filz. )

The distribution of potentials ., and #; in a two-symmetric emission system can
be represented as
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where the index # indicates that the magnitude belongs to the static component of
the field, T — its dynamic component; I, and ', — distribution functions along

the axis z, respectively, of the static and dynamic components of the field; ./ xa s Joms
- quadrupole and octupole components of the fields under study.
Equations (1) and (4) in the Cartesian system have the form

_—ii_wa .-:__"_Jf;j’ (7)
m ox m cy
L1 .3 a3 2e ! o

o #

The second term in parentheses on the right side of equation (8) takes into account
the presence of a spread of the initial energies of charged particles in the beam, the
points denote time differentiation.

The initial conditions for equations (7) and (8) are given in the form

)|, 0= X, ©)
Wit =y, (10)
21 o= i (11)
x|, 0= .J—%E. = .J—%t: simaz cos 7, (12)
_ [2¢ _ [2e .

I = "II_EEL —1‘|—:£ sinar cos 7, (13)
. | 2e [2¢

2 o= .III—EE_. - u'—;sﬂmm. (14)
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where is the angle between the direction of departure of the particle emitted by the
cathode and the main optical axis; is the angle between the projection of the initial
velocity vector on the xy plane and the x axis; the index «k» denotes the value of the
quantities at #=0.

Results

The motion of an arbitrary charged particle in the system under consideration is
investigated relative to the motion of the main particle, as which we choose a particle
with £ = () and moving along the main optical axis. For this particle it is true

[ 2
2w =0, =—dz_ ), (15)
Il‘ I
where £, is the axial coordinate of the main (reference) particle.
The coordinate = ofan arbitrary particle differs from the value =, ofthe longitudinal

aberration i']{:l,,L 7'||

z=z,+1lz,). (16)
Using (6), (15) and (16) from equations (7) and (8) we obtain

"

T W kA | (2 50 ) 1
T 2 el R T P o | e . 7
B, o+ ¥+~ 2 Ja (5= 2o || 5= 2, [ (17)
oodly oy (@] | - [ @ 1.
i} ﬁ;f""r'r". :::'.__I. T""J.rl..i- !' = _!. =3 +J-|li.|'|- | i — ',I_"'!.'lul- :'!l", (18)
d'r}
Xl v gy = | iy -
_ﬂﬁp —'y jt = (19)

In the right parts of equations (17) and (18), the terms are not higher than the second
order of smallness, and in the right part (19) —not higher than the first order of smallness.
The solution of equation (19) has the form

=0, .Erfjm ﬁL,.# +C (20)

where C is the constant to be determined.

Taking into account the initial condition (14), we find
2 —

= Ve e

From (20) and (21) it can be seen that the function 1j can be represented in the form

= yEM, +1, (22)
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where
2 =
N, =— P, (23)
{I:“;
0, =0, '_[ f O fids }.f:_“ 24)
I{D .

W
Note that the function ./ = f {1 } is a function of time I, which, taking into account
(15), is determined by the expression

; | J- =,
= — 25
[ e 1.|I"'-D__ (2)

[-
Y m

Equations (17) and (18) are solved by the method of successive approximations. In
the first approximation, the right-hand sides of these equations are assumed to be zero

Ix i [ "

20, Lty S0 (T _ap v =0, (26)
o, e, |2 J
Iy fy, [ 3

Efr::ll .I:-.__'ll ijJ :.1...:_ W IS llri.ll-\. !TI = [} , (27)
s ez 2 B

where the index «1» indicates that the value is determined in the first approximation.
The general solutions of equations (26) and (27) have the form

n=au, +byv, oy o=aw +byv (28)

where @, and #, are constants determined from the initial conditions, i, and ¥

are partial linearly independent solutions of linear homogeneous equations (17) and
(18), j=x, y.
General solutions of equations (17) and (18) are sought in the form
x=x+D, y=y+0 (29)
where [} are functions characterizing transverse aberrations of the second order of

smallness.
Using (22), (28) and (29) from (17) and (18) we obtain

. = e |¢'f
Jtp}ﬂ: a_-ti."-"_,ﬂ. T 4 —..:_,I'-u_. !Er=a|:"q'5:"ﬂ|:j""bz'\lr‘-'-_;f‘r.'+ﬂ.-:ﬂ:'+'!’:f":rl, (30)
" [} |"|j}' .\'l_ . q
200D+ D+ T‘+2_.|"”, D =a .Je. P, +b Je.P,+a P, +b P, (31
L -_I b b

l‘-\. =
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where

P =_:JI=E,.:[:1}'" o }u, | P, = %(m +4,1"u,] 1
Jio, Jﬂ’_
d [m +4fm]1

P, ——Eﬂf:n[:n\" 4 f )Iu jﬁ“m _.I’.:J'..M}L
P, =- "“irh_(u.: t4 S ‘JFHLJ‘..EL(j'm,'_ﬁin.M }4‘1_ D

\!q}-

P, = -.‘:L_:,(m," _4;5.,.] p,jﬁ[jm,ﬁ;,, }L:M -, v, |

[j i ? i [
P‘rd ='_"~IT:(mr +4.|F£H|.] I'Il\.'j III (J-mr f{f'm}'r.'nn __llrmr 1'.1'
W i

We are looking for the function *, in the form
D =aije. D, +b e D, ,+aD,+bD, (32)
. =a u-':ﬂp, +h \'Eﬂ_.-: +a, D, +b.D. . (33)
Solving (30) and (31) by the method of variation of arbitrary constants and taking
into account (32) and (33) we find

| i
=— ._F' - — P 34
- Eu T 'I.w.'_‘F'. - ...} (34)

where m=1234
In the conclusion (34), it was taken into account that

. i T
1."""'.(“,. v, ”r"'.-J= EL (35)

Equations (29) are equations of motion in parametric form.
It is not difficult to obtain from equation (16)
-, G6)
Subst1tut1ng (36) and (28) into (29), we find the equations of trajectories in explicit
dependence on the coordinate z.
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r=au, +hv +a ,.'..'.', B, +h, 1.'....':=.J'=-",: ra B, +5 8, (37)
y=an +hv +a 1".|'.'._- B, th, ,,....L__.B,: ta 8,+0.8,° (38)
In the last equations

#,(z)=D,(z)=u, (=, (=)

B.{z) J’J,:l_'J—r,-[LH_L':'
B (=)= 0 ,(z)-u(;.(z)
B (z)= D (=)= (zh.(z)

The first two terms in the right-hand sides of equations (37) and (38) describe the
motion of charged particles in the field under study in the paraxial approximation. The
last two terms in the right-hand sides of these equations describe aberrations associated
with the presence of a dynamic component of the field. Due to the fact that in practice
the magnitude of the amplitude of the dynamic component of the field is chosen to be
small of the first order of smallness, these additional aberrations are values of the second
order of smallness. Obviously, this conclusion can be used for each specific task of
electron- and ion-beam instrumentation, taking into account the specifics of the problem
being solved.

Discussions

As noted above, the analysis of the composition of minerals, the patterns of
distribution of impurity elements and rock-forming elements are the main goals of
geological and geochemical studies. Note that the main rock-forming elements are Fe,
Si, Al, Ti, Mn, Mg, Ca, K, P, Na. In addition to the main elements, the minerals often
contain the following impurity elements Be, Sc, V, Cr, Co, Ni, Cu, Zn, Ga, Rb, Sr, Y,
Zr, Nb, Cs, Ba, La, Ce, Pr, Nd , Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Hf, Ta, W,
Pb, Th, U. Methods and means of mass spectrometry are widely used in practice for the
group determination of rock-forming elements. The main problem in the analysis of
geological objects by mass spectrometry is the extraction and formation of a stream of
charged particles from a part of the studied mineral. To solve this problem, the method
of opening the sample and the complete transfer of the elements to be determined into
the solution are often used. Some geological objects require an individual approach to
transferring the sample into solution. For example, such objects include carbonaceous
rocks, which include a significant amount of heavy metals (copper, nickel, cobalt,
vanadium, molybdenum, uranium, gold, zinc, lead, platinum group elements, rare earth
metals, etc.), which form rich complex ores. The problems of forming flows of particles
of analyzed minerals in mass spectrometry are solved by sources of charged particles,
the properties of which were studied, for example, in the above articles of the author.
Obviously, the development of new approaches and technical means for the complex
analysis of geological rocks, rock-forming elements and impurity elements is an
urgent and science-intensive problem that contains a number of scientific and technical

94



ISSN 2224-5278 4.2023

problems. The above results of this work are aimed at solving one of the most important
problems in the research and development of new improved models of devices for the
mass spectral analysis of substances.

Conclusions

Summarizing the content of this article, we note that nowadays, mass spectrometers
are most often used for effective and qualitative analysis of the composition of various
minerals and gas mixtures. In addition to mass spectrometers, gas analyzers and
chromatographs are also used in certain cases, but they do not have the capabilities
to analyze multicomponent mixtures, their resolution and speed are much lower than
similar characteristics of mass spectrometers. At the same time, work continues to
improve the existing schemes of mass spectrometers.

In conclusion, we note that in this paper, in order to achieve higher values of resolution
and sensitivity, a study is conducted of a method for constructing a radio frequency mass
spectrometer without grid electrodes. The method proposed in the article for studying
the focusing properties of charged particle sources with a high-frequency component of
the field makes it possible to design specific radio frequency mass spectrometers with
improved technical characteristics that can be widely used in geology, oil and gas and
many other industries and the manufacturing sector.
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