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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 xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamelell, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus eeonoecuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul 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, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

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

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

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

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
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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 CKomaeMbIX 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
Pecrry6mmkn Kazaxcram» (T. AMatsr).
CBUAETENECTBO O MOCTAaHOBKE HA y4eT NMEPHOIMUYECKOro nedaTHoro uiganus B Komurere mHbopManum
MunncTepcTBa HHGOPMAIIHK 1 001ecTBeHHOT0 pa3BuTns Pecrryommku Kazaxcran Ne KZ39VPY 00025420,
BeIganHoe 29.07.2020 .
Tematndeckas HANpaBICHHOCTB: 2e0n02us, XUMU4ecKue mexHonocuu nepepabomku Hegpmu u 2asa,
Hepmexumus, mexHoN02UlU U3GLeHeHUs MEMAI08 U UX COeOeHeHUl.
[eproguarOCTH: 6 Pa3 B TOA.
Tupax: 300 3K3eMIIIIPOB.
Anpec penakiuu: 050010, . Anmarsr, yi. [lleBuenko, 28, od. 219, rem.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

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

4




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. Mazakova'?, Sh.A. Jomartova?, T.Zh. Mazakov'?, G.Z. Ziyatbekova'*",
A.A. Sametova’

nstitute of Information and Computational Technologies CS MES RK,
Almaty, Kazakhstan;
?Al-Farabi Kazakh National University, Almaty, Kazakhstan.
E-mail: ziyatbekova@mail.ru

MATHEMATICAL MODELING AND DEVELOPMENT OF AN
AUTOMATED SYSTEM FOR SEARCHING RING STRUCTURES IN
GEOLOGY

Abstract. With the development of satellite technologies, geoinformatics is
becoming increasingly widespread. Three-dimensional surfaces are important objects
for the study of modern geographic information systems (GIS). In recent years, the
number of works on this topic has been growing rapidly due to the deployment of
information systems. In works (Brodsky, 2014; Kalyutov, 2015) mathematical models of
three-dimensional images are presented. Dissertations (Garanja, 2014; Voloboy, 2012;
Kharchenko, 2012; Nguyen, 2011) are devoted to the problem of synthesis of realistic
images. A number of works are devoted to the construction of surface models based on
the Delaunay triangulation (Kuchunova et al., 2016; Elugachev et al., 2021; Tyukacheyv,
2010; Khlebnikov et al., 2010). The task of constructing a Delaunay triangulation is
one of the basic ones in computational geometry. Many other tasks are reduced to it, it
is widely used in computer graphics and geographic information systems for modeling
surfaces and solving spatial problems. As practice shows, the choice of a structure for
representing a triangulation has a significant impact on the theoretical complexity of the
algorithms, as well as on the speed of a specific implementation. In addition, the choice
of structure may depend on the purpose of further use of triangulation. In triangulation,
three main types of objects can be distinguished: nodes (points, vertices), edges
(segments) and triangles. To approximate the relief model to the real one, additional
elements are introduced into it, which ensure that its linear and areal structural elements
are taken into account and displayed. Such additional elements are structural lines:
watersheds, thalwegs, ridges, cliffs, ledges, lakes, ravines, coastlines, boundaries of
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artificial structures, etc., the totality of which creates the framework of the Delaunay
triangulation. These breaklines are introduced into the triangulation as the edges of
triangles, which is how the simulation of real relief elements is achieved against the
background of general unevenness of the earth’s surface. Such edges are called structural
(fixed, non-rebuildable), and subsequently do not change. In this regard, there is a need
to develop and investigate a mathematical model for displaying the terrain, taking into
account its illumination by applying line density. Applying 2D function interpolation
techniques allows for smoother surface views. This work is devoted to solving these
problems. The developed automated system for searching for ring structures is based on
algorithms for the spatial display of the surface relief, taking into account its illumination
on raster-type graphic devices. The proposed system can be used in geology to search
for hydrocarbons and other minerals.
Key words: automated system, ring structures, illumination, geophysics, minerals.

9.T. Ma3zakosa'?, III.A. T:xomaprosa?, T.JK. Ma3zakos'?, I.3. 3uaréexona’*",
A.A. CamertoBa?

'AKIaparThIK JKOHE eCeNTeyilll TeXHOIOTHsIap HHCTUTYTHI, AnMarsl, Kazakcran;
2on-Mapadu atbiHarel Kazak yITThIK yHHBepcHTeTI, AnMarsl, KazakcTaH.
E-mail: ziyatbekova@mail.ru

T'EOJIOTUSIIA CAKUHAJIBI KYPBLIBIMJAPIBI I3AEYIIH
ABTOMATTAH/IBIPBLIFAH KYHECIH MATEMATHUKAJIBIK
MOJIEJBJEY KOHE O3IPJIEY

Annotanus. CIlyTHUKTIK TEXHOJIOTHSIAPABIH AaMybIMEH reOMH(pOpMaTuKa KeHiHeH
Tapayza. Y11 eJmeMai OeTTep Ka3ipri 3aMaHfbl reorpagusuIbiK aKapaTThIK KyHenepai
(FAX) 3eprrey ymiiH MaHbI3IBI OOBeKTiIEp OObIN TaObUIAABl. COHFBI JKBUIIAPHI
aKnaparThIK JKYHeNep/iH eHri3iiayiHe OalIaHbICTBl OChI TAKBIPBINTAFBI KYMBICTAPIBIH
caHbl KapkKbIHIBI ecyne. (Brodsky, 2014; Kalyutov, 2015) makananap ymr emmemii
KECKIHAEPiH MaTeMaTuKaIbIK MoJenbaAepin yerHaapl. (Garanja, 2014; Voloboy, 2012;
Kharchenko, 2012; Nguyen, 2011) aucceprauusinap peanuctik OeiHenepi CHHTE3Aey
Mocenecine apHanraH. bipkarap »xymbicTap JlenoHe TpHaHTyIsIOUACH HeTi3iHAE
OerTik Monenbaepai Kypyra apHanran (Kuchunova et al., 2016; Elugachev et al., 2021;
Tyukachev, 2010; Khlebnikov et al., 2010). denoHe TpHaHTYISUUACHIH KYPY MiHAETI
ecenTey reOMeTPUSCHIHAAFbl HeTi3r1 TancelpManapasiH Oipi Oonein Tabbuiaasl. OFan
KenTereH 0acka MiHAETTEpP KOCHUIAJAbI, 0J KOMIBIOTEPIIK Tpadukama xoHe OeTTepai
MOJICTIb/ICY JKOHE KEHICTIKTIK ecenTepii MIelly YLIH TeorpadusulblK aKnaparThIK
KyHenepae KeHiHEH KoygaHbuianel. Toxipube KepCeTKeHIeH, TPHAHTYISLHUSIHBI
KOPCETY YILiH KYpbUIBIMIBI TAHAAY aJITOPUTMAEPIiH TEOPHUSIIBIK KYPAEIiTirine, coHnaii-
aK HaKThl iCKe achlpy KbUIJaMIbIFbIHA aWTapiblKTaid ocep ereni. COHbIMEH Karap,
KYPBUTBIMABI TaHAay TPUAHTYISILUHUSHBI OJaH dpi MaijanaHy MakcaTblHa OaiIaHbICTHI
0oyl MyMmKiH. Tpuanrymsuusina oOBEKTUIEpHiH YII HEri3ri TYpiH axblpaTyra
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Oonazapl: Tydinaep (HyKTenep, WBIHAAD), KUEKTEp (CErMEHTTEP) JKoHe YLIOYpBIIITap.
PenbedTik MoAenb1i HAKTHIFA )KAaKbIHAATY YILIiH OFaH KOCBIMIIIA DJIEMEHTTEp EHIi31ei,
oJlap OHBIH CBHI3BIKTHIK KOHE ayMaKThIK KYPBUIBIMIBIK 3JIEMEHTTEPIH €CEelKe alyabl
XKoHe OeifHeneyni KamTamachi3 erefi. MyHaail KOCBIMIA 3JI€MEHTTEP KYPBUIBIMIIBIK,
CBI3BIKTAp OOJIBIN TaOBUIAABI: CYy alpBIKTaphl, TAJIBETTED, )KOTANAP, XKapTacTap, KbIpiap,
KeJJep, JKbIpasap, yKarauay ChI3bIFbI, KacaHAbl KYpPBUIBICTAPIbIH LIeKapajiapbl KOHE
T.0., OMapIbIH KUBIHTBHIFBI JleJ0He TPUAHTYISIMACHIHBIH HETi31H Kacalapl. byn y3ik
CBI3BIKTAp TPHUAHTYISILMsIFA YHIOYPBIITAPABIH >KUEKTEpl pETiHAe eHTi3iieni, xep
OeTiHiH Kammbl OipKesKi eMecTiri (JOHBIHA HAKTHI penbed AIEMEHTTEPIiH MOACTbALY
ochUIaiIIa )Ky3ere acbpbliaabl. MyHaal )KHEeKTep KYpPbUIBIMAIBIK (OEKITiNreH, KajlblHa
KeJIMEHTIH) el aTaja/ibl )KoHe KeHiHHeH o3repmeiii. Ocbiran OailIaHBICTBI, ChI3BIKTHIK,
TBIFBI3ABIKTHI KOJIAHY apKbUTbI OHBIH KapBIKTAHIBIPYBIH €CKEPE OTHIPHIIL, XKep Oeaepin
OciiHeneyIiH MaTeMaTHKaJIbIK MOJIEITiH 931pIiey JKoHe 3epTTey KakeT. 2D QyHKIMAChIHBIH
WHTEPIONSILMSL OAICTepiH Naiiganany OeTTepAiH Teric KecKiHIepiH adyFa MYMKIHIIK
Oepeni. by sxymbic ockl Mocenenepai memryre apHanFaH. CakuHa bl KYPhUIBIMAAPIbI
137€y/IiH 93ipJICHreH aBTOMATTaHIBIPBUIFAH >KYHECi pacTpibIK THUOTErl TpaduKaibIK
KYpPBUIFbIIApAa OHBIH JKapbIKTaHABIPYBIH €CKEPEe OTBIPHII, OETTIK penbedTi KeHICTIKTE
KOPCEeTy alrOpUTMAEPiHE HeTi3aenreH. ¥ ChIHBUIFaH KYHe reojorusga KeMipcyTeKTep
MeH 0acka Ja nmaiaanel Kazoanappl i34eyae KOJIIaHbLTYbl MYMKIiH.

Tyiiinai  ce3mep: aBrOMaTTaHIBIPBUIFAH JKyHe, CaKMHAIbl  KYpbUIBIMAAD,
KapbIKTaHABIPY, reo(U3nKa, Naigansl Kazoanap.
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MATEMATHYECKOE MOJAEJIMPOBAHUE U PASPABOTKA
ABTOMATHU3UPOBAHHOM CUCTEMBI IOUCKA KOJIBLIEBBIX
CTPYKTYP BI'EOJIOI'MHN

AnHoTtanus. Cpa3BUTHUEM CITy THUKOBBIX TEXHOJIOT U BCE 0OJIBIIIEe PaCIIPOCTPAHCHUE
nonyyaer TreowH(popMaThka. TpexMepHble IMOBEPXHOCTU SIBISIOTCS  BaYKHBIMU
00bEeKTaMH JUIsI M3YYCHHS COBPEMEHHBIX TreonH(opmannonueix cuctem (I'MC). B
MOCJICIIHUE TOJbl KOJIMYECTBO PA0OT IO ATOH TEME CTPEMHTEIBHO PAcTET B CBS3H C
BHe/peHneM MH(OpMaMOHHBIX cucTeM. B paborax (Brodsky, 2014; Kalyutov, 2015)
MPEJICTABJICHbI MAaTEMAaTHYECKUE MOJEIU TPEXMEPHBIX M300paxkeHui. Juccepranuun
(Garanja, 2014; Voloboy, 2012; Kharchenko, 2012; Nguyen, 2011) mocssiieHbt
po0JieMe CHHTE3a PEATMCTUYCCKIX H300paeHui. Ps1 paboT moCBsIIIeH MoCTPOSHUIO
MoJIeJiell TIOBepXHOCTH Ha ocHoBe TpuaHryisinuu [lenone (Kuchunova et al., 2016;
Elugachev et al., 2021; Tyukachev, 2010; Khlebnikov et al., 2010). 3agaua nocrpoeHus
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TpuaHryasinuu JlenoHe siBnsieTcss O4HON U3 0a30BBIX B BBIYMCIUTEIBHON FE€OMETPHU.
K neil cBomATcs MHOrme Apyrue 3ajadd, OHa IIHPOKO MCIIONIB3yeTCs B MaIlMHHON
rpaduke ¥ reoMH(QOPMALMOHHBIX CHCTEMax Uil MOJACIHPOBAHMS TOBEPXHOCTEH H
peleHns MPOCTPaHCTBEHHBIX 3a1a4. Kak moka3piBaeT mpakTHKa, BEIOOP CTPYKTYPHI AT
MIPECTaBICHUS TPUAHTYJISALMH OKa3bIBaeT CYLIECTBEHHOE BIMSHUE HA TEOPETHUECKYIO
TPYLOEMKOCTh AJITOPUTMOB, a TaKKe€ Ha CKOPOCTh KOHKpETHOW peanusauuu. Kpome
TOTO, BBIOOP CTPYKTYPbl MOXKET 3aBHCETh OT LEJU JaJbHEWIIEro HCIOIb30BaHUS
TPHAHTYJSIIMU. B TpUAHTYIALMU MOXKHO BBIIENUTH 3 OCHOBHBIX BHJAa OOBEKTOB:
y37bl (TOYKH, BepUIMHBI), pEOpa (OTpe3KH) W TPeyroibHUKU. s mpuOIMKeHHs
Mozenn peibeda K peaqbHOH B Hee BHEAPSIOTCS JONOJHUTEIbHBIE 3JIEMEHTEHI,
o0ecreunBaroIue yueT U OTOOpakeHHEe €€ JIMHEHHBIX M TUIOUIaJHBIX CTPYKTYPHBIX
3JIEMEHTOB. TaKUMU JOMOJHUTEIbHBIMU JIEMEHTAMU SABJISIIOTCS CTPYKTYPHbIE JTMHUU:
BOJOPA3IeIibl, TAIbBETH, XPEOThI, OOPBIBBI, YCTYIIbI, 03€pa, OBparu, OeperoBbie JMHUH,
IPaHUIBl HCKYCCTBEHHBIX COOPY>KEHHUI U Ap., COBOKYITHOCTb KOTOPBIX CO3/aeT KapKac
TpuaHrysiuu JlenoHe. OTH CTPYKTypHBIE JIMHUU BHEIPSIIOTCS B TPHUAHTYISALUIO
B KadecTBe pedep TpPEyroJbHHKOB, YEM U JOCTUTACTCS MOJEIHMPOBAHHME peasbHBIX
9NIEMEHTOB penbeda Ha (oHE OOIMIMX HEPOBHOCTEH 3€MHOW MOBEPXHOCTH. Takue
peOpa Ha3bIBAIOTCS CTPYKTYPHBIMH ((UKCHPOBAaHHBIMH, HEMEPeCTPanuBacMbIMH),
U B IMOCIEAYIOIEM HE HM3MEHSIOTCS. B CBSI3M ¢ 3TUM BO3HUKAeT HEOOXOAMMOCTH
pa3paboTKK M HMCCIEAOBaHHS MaTeMaTH4ecKod MOJETH OTOOpaKeHHsS MECTHOCTH C
y4€TOM €€ OCBELIEHHOCTH IYTEM IPUMEHEHUS JIMHEWHOU IUIOTHOCTH. IIpumeHeHue
METONOB MHTepnomauuu 2D-QyHKUMH TO3BOMSET MOMY4YUTh Oonee IIIAAKHe
n300pakeHus] TIOBEPXHOCTEW. PemeHnio »THX 3a1ay MOCBsIIEHa JaHHas pabota. B
OCHOBE pa3paboTaHHON aBTOMATH3MPOBAHHON CHCTEMBI MOUCKA KOJBLEBBIX CTPYKTYP
JIeKAT AJITOPUTMBI TPOCTPAHCTBEHHOTO 0TOOPaKEHUsI peibepa MOBEPXHOCTH € YUETOM
€ro OCBEMIEHHOCTH Ha TpaduyecKuX yCTpOHCTBax pacTpoBoro Tuma. [Ipeanmaraemas
crcTeMa MOXKET OBITh UCIIOIb30BaHa B F€OJIOTHH ISl TIOMCKA YITIEBOIOPOAOB U JPYTHX
MOJIE3HBIX UCKOIIAEMBbIX.

KuaroueBble ci10Ba: aBTOMAaTU3MpOBaHHAs CHCTEMa, KOJBLEBBIE CTPYKTYpBHI,
OCBelICHUE, Te0(PH3HKa, MOJIC3HBIE HCKOTIAeMBbIE.

Introduction. Ring structures — geological formations in terms of a ring, round
or oval shape in the stone shell of the Earth and other planetary bodies. They are
established mainly by geological interpretation of space and air-altitude images of the
earth’s surface. Interest in ring structures especially increased in the late 1970s and early
80s due to the widespread use of satellite imagery materials in the practice of geological
research (Livinsky et al., 2017; Miroshnikova et al., 2022).

The study of ring structures is associated with the identification of previously
unknown patterns in the distribution of minerals, incl. focal nature over undiscovered
intrusive arrays, low-temperature mineralization associated with volcano-tectonic ring
structures of mineralization zonality in relation to ring structures of a nuclear nature.
Large ring structures (or concentres) can play an important role in the localization of oil
and gas accumulation zones and individual oil and gas fields. Tectonic ring structures
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often serve as indicators of low-amplitude uplifts in platform areas that are promising
in terms of oil and gas (Gubin, 2014; Sheshukov et al., 2014). According to the latest
results of processing high-quality space images, it was found that ring structures larger
than 100 km across are naturally associated with all known giant deposits (Tengiz,
Romashkinskoye, Chikontepeg in the USA, etc.).

A number of scientific papers (Miroshnikova et al., 2022; Kocharyan et al., 2020) are
devoted to the problem of automated detection and analysis of ring structures.

A real leap in the study of ring formations on Earth, and even on other planetary
bodies of the solar system, occurred in connection with the beginning of the space age.
With the help of satellite imagery, similar forms were found on the surface of some
planets - Mercury, Mars, the Moon, where they form the main background; on Venus,
where they are developed to a somewhat lesser extent, as well as on most satellites of
Jupiter.

At present, in connection with the intensive development of remote sensing of the
Earth and other planets, much attention is paid to the detection and analysis of ring
structures based on satellite imagery. The study of ring structures is of great importance
for the search for new mineral deposits. According to available data, up to 70% of
known deposits of ore minerals and many hydrocarbon deposits are associated with ring
structures (Zeylik et al., 2012; Zeylik et al., 2013).

At the same time, aerospace images do not always make it possible to identify
ring structures associated with the location of the object of study itself, sources of
illumination, and observation (photography) points.

At the same time, mathematical modeling makes it much cheaper to obtain a graphical
representation of the terrain by arbitrarily placing light sources and an observation point.
In particular, it is possible to place the light source on the north side, which is never
possible with aerial surveys.

The aim of the work is to develop technology and software for automated search for
ring structures on the terrain using mathematical modeling.

Research Material and methods. Description of the algorithm and modules. The
article describes programs for the spatial display of three-dimensional bodies, taking
into account their illumination on an ordinary raster monitor.

The program is intended for the spatial image of the surface relief (given in the
form of a matrix of heights) taking into account its illumination on graphic devices of a
raster type. The input information is a regular numerical matrix of surface heights. The
illumination matrix can be calculated during program execution. Parametric information
is entered in the dialog mode. The shadow effect (according to the illumination value
of each node) is created by changing the density of the line drawing near each vertex of
the matrix of heights.

The program for the spatial image of the surface relief, taking into account screening
and illumination, is intended for a graphic three-dimensional image of a function of two
variables. The main area of application of the program are the processes of studying
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the behavior of various functions in geophysics, geodesy and other sciences, modeling
aerospace images of the surface relief. The program allows processing matrices (the
matrix of the applicate function and the illuminance matrix) recorded as a data set on
a magnetic carrier. The program outputs the resulting graphical information directly to
the graphical output device.

The program requires a minimum of 150K bytes of RAM to run. The speed of the
program execution is affected by the size of the initial matrix of terrain relief heights.

The execution time of the program is determined by the requested functions, the size
of the initial numerical information and the amount of RAM allocated for the task. The
time spent can be estimated from the listing of the given test cases.

The main task solved by the program is to display a three-dimensional image of
the surface relief on a graphic device, taking into account its illumination. A three-
dimensional image is obtained by projecting a surface onto a plane. The program
implements the central projection method, which allows you to set an arbitrary
observation point, relative to which the projection is built. The projection plane is
drawn perpendicular to the line of sight (line) passing through the given observation
point and the center of the volume formed by the surface of the function and the lower
base, the applicate of which coincides with the lowest point of the function (minimum
value) or is forced. The designed surface elements are formed as lines of intersection
of the function surface with vertical planes (sections) parallel to the coordinate axes.
Regardless of the illumination, the main sections are drawn through the vertices of the
nodes of the displayed matrix. If the volumetric image mode is set taking into account
the illumination, then, depending on the degree of illumination of each node, a number
of additional sections are made. Moreover, the number of sections is determined by
the illumination of the node. In the case when additional sections are drawn, a linear
interpolation of the function to the section line is performed.

The projection of any point A of the section line onto the projection plane is defined
as the point of intersection of the line of sight passing through point A with the projection
plane. A set of projection points are connected by line segments, forming a projection of
the section line. When constructing an image, only those lines are drawn that are visible
to the observer, i.e. 3D image with screening.

Graphic display of three-dimensional bodies, taking into account their illumination,
is carried out in three stages.

At the first stage, the numerical matrix of surface elevations is entered and corrected.
The result of the program execution is a set of data on the disk (by default, the file name
is NamFi.txt).

At the second stage, the illumination of the surface relief is calculated. The result of
the program execution is a set of data on disk (by default, the file name is NamFo.txt).

At the third stage, the direct display of three-dimensional bodies on raster graphics
devices is carried out. The input information is the elevation matrix of the terrain and the
matrix of its illumination. Parametric information is entered in the dialog mode.

It should be noted that the software tools and algorithms that directly provide the
process of graphic display of a three-dimensional body on the screen of a raster graphics
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device are not related to the presentation of the initial information in a rigidly fixed
format and allow subsequent three-dimensional display of various three-dimensional
bodies.

The program consists of the main MAT module and a number of modules, the main
of which is MatGrafUnit, developed in the Delphi environment.

The MatOswUnit module is designed to calculate the illumination intensity of the
surface relief (represented as a regular matrix of heights) by a natural light source or
two artificial light streams, one of which illuminates the relief from above, and the other
provides side illumination (Khlebnikov et al., 2010).

When the surface relief is illuminated by two artificial light sources, the illumination
intensity is calculated by the formula:

J] = S1 *x cosa + S, * cosay ()

where

S, is the power of the side light source;

S, is the power of the vertical light source;

a is the angle between the normal to the illuminated area and the direction to the side
light source;

a_is the angle between the normal to the illuminated area and the vertical.

To calculate the intensity of sunlight, the formula is used:

IX
Jo =2
c 1+c*secf

#[(1+a*H"®) xcosa+ b * (1 — cVH)] )

where

B is the angle between the vertical and the direction to the light source;

H is the relief amplitude measured from the sea level;

o is the angle between the normal to the illuminated area and the direction to the
light source;

I§ — solar constant;

a is the vertical illumination gradient;

b is the coefficient for taking into account the proportion of scattered light falling on
the Earth’s surface;

c is the coefficient that determines the optical properties of the atmosphere.

For each vertex of the face, according to the formula (1) or (2), its illumination
is calculated taking into account possible shading. If the face under consideration is
shaded by more than 50% of its area, then for it the illumination intensity is calculated
only from the vertical light flux or only diffuse illumination.

The program execution time is determined by the size of the initial numerical
information and the amount of RAM allocated for the task.

The main initial information is a regular numerical matrix of heights recorded on a
magnetic medium.
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Parametric information includes a number of parametric variables:

- azs is the azimuth of the light source (sun). Default = 0.

- zs is the zenith angle to the light source. Default = 80.

- azlrm is the azimuth of the left frame of the illuminance matrix. Default = 0.

- skl is the power of the oblique illumination source. Default = 1.

- sk2 is the power of the vertical illumination source. Default = 0.2.

- nf — way to calculate the illumination:

- 1 —illumination, calculated by formula (1),

- 2 — illumination is calculated by formula (2). The default is nf=2.

After entering the parameters for calculating the illumination and selecting the menu
item «Calculation», the actual calculation of the illumination of the terrain matrix is
performed.

The result of the MatOswUnit module execution will be placed in the NamFo.txt file
and can be viewed in the «view» mode.

The MatGrafUnit module is designed for graphic display of three-dimensional
bodies, taking into account its illumination on raster graphics devices.

The main initial information is regular numeric matrixes of heights of the function
and illumination, which can be set or calculated in the program, recorded on magnetic
media in a certain format.

The result of executing the MatRelfUnit and MatOswUnit modules can serve as
input information. The program execution time is determined by the size of the main
source information.

Parametric information includes a number of parametric variables. All parametric
variables can be set online. Below, when describing variables, each time the rule of
formation by the program is indicated - the value of the variable, if it was not mentioned
in the input information.

A three-dimensional image is obtained by sequentially projecting sections onto a
plane. The program implements the method of central projection, which allows you
to set an arbitrary point of observation, relative to which the design is carried out.
The projection plane is drawn perpendicular to the line of sight (line) passing through
the given observation point and the center of the parallelepiped bounding the three-
dimensional body.

The graphics are implemented using the properties and methods of the Canvas object
of the Delphi programming system (Kultin, 2012).

The output data consists of text and graphic parts.

The graphic part is issued directly to the graphic device. The graphic part includes,
as an obligatory element, a surface relief drawing.

Samples of the final graphical result of the program execution are shown in fig. 1-7.

Result and discussion. Input data: function f(xy) =5+ (1 —sinsin(x))/
/(x%> +y? + 0.3). The function is not symmetrical, it can be observed from different
points. Choosing different observation squares.
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Figure 1 — Azimuth in rays angle 0; zenith angle 80: square 1
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Figure 2 — Azimuth in rays angle 0; zenith angle 80; change viewing angle: square 2
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Figure 3 — Azimuth in rays angle 0; zenith angle 80: square 3
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Figure 4 — Azimuth in rays angle 0; zenith angle 80: square 4

Figure 5 shows an aerial photograph of the Shunak crater located in the Karaganda region.

Figure 5 — Aerial view of the Shunak crater

The corresponding samples (from two different sides) of the graphical result of the program execution
are shown in Fig. 6-7.

Figure 6 — View of the Shunak crater from the north
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Figure 7 — View of the Shunak crater from the east

Conclusion. The article provides a description of the program for the spatial display of
the surface relief, taking into account its illumination on graphic devices of a raster type.

The presented work contains research and development, which can be considered as
a solution to an urgent scientific problem devoted to the development of a technology
for automated search for ring structures using digital data (the terrain height matrix).

The main theoretical results of the work are the following:

1) mathematical apparatus and theoretical foundations of a new technology for
automated search for ring structures from digital data (matrix of terrain heights);

2) mathematical model of taking into account the illumination of the terrain due to
the density of the lines;

3) algorithms and software modules that implement the developed technology for
automated search for ring structures.

The practical value of the work lies in the fact that the technology and algorithms
developed in it allow solving the problem of automated search for ring structures using
digital data and can be used in scientific and practical research aimed at searching for
new mineral deposits.
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