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FTAMP 004.8
OKBITYIaFbI KACAH/bI HHTE/JIEKT: TEXHOJIOTHS CTyeHTTepre
MaTepHAaJIIbl Hrepyre Kajaail keMeKkTecexi?

Onnabdex Maouna Kaiipamioi3ol
7M01509- Mamemamuxa BB 1-kypc macucmpanmot, JIL.H. I'ymunes ameinoazel Eypasus
ynmmuix yrueepcumemi, Acmana, Kazaxcmarn

Anoamna: Byn maxanaoa oscacanovl unmennekm (JKU) mexnonocusnapvinwiy Kaszipei
arcozapul Oinim bepy npoyecinoeai poii MeH MUiMoiliei Kapacmulpbliadwvl. 3epmmey MaKcamol —
KU ypanoapwinsiy cmyoenmmepOiy 0Ky Mamepuaisbli ucepyine Kauat acep ememinin manoay.
byn ywin 1-xypc cmydenmmepi apacvinoa cayainama sxcypeizinin, orapoviy KU Kyparoapvin
Kanail JcoHe KAHUAIbIKMbl HCUL NAt0AIaHamulHbl, OV KYpanoapobly KaHOA naioacsl bap exeni,
COHBLMEH Kamap 01apobly KeMuiiikmepi KaHoau 0e2en cypakmapaa sxcayan anvinovl. Cayainama
Homuocenepi KU  xypanoapwinwiy, acipece ChatGPT, Grammarly oicone ayoapma
KOCLIMULANIAPLIHBIY  cCmyOeHmmepze Kypoeni Mmaxvblpblnmapobl mycCiHOIpy, Manculpmanaposl
OPBIHOAY HCIHE AHCANNGL OK)Y YPOICIH JHCEHIIOemy HCASLIHAH YIIKeH Kome2l 0ap eKeHiH Kepcemmi.
Convimen kamap, pecnonoenmmep JKH-0in 6onawaxma 6inim bepy ocytiecine meper bIKnA
ememinine ceHiMOI eKeHiH Oin0ipOi.

Kinmmixk ce30ep: ’Kacanowi unmennekm, binim 6epy mexnonozusinapvi, Akademusivik
aoanovik, Lugprvix 6inim, KU Konoanyowiy apmulKublisikmapsl MeH kemuiinikmepi, bonawax
Oinim bepy ancyiieci.

Kipicne

Kasipri 3amanrbel OutiM Oepy »KyHecl TEXHOJOTHSIIBIK JKETICTIKTEP/IH
BIKIIAJIBIMEH aWTapJIbIKTall e3repicTepre YIbIpayJa. OCIpece COHFbI KbUIAapbl
xacanapl uHTEIUeKTTiH (OKW) keH Tapamysl OuniM OepyiH kKaHa MapagurMachblH
KaJIBINTacCTBIPBIN OTHIP. KW Tek eHAipic MEeH KhI3MET KOPCETY cajalapblHaa FaHa
eMecC, COHbIMEH Karap OutiM Oepy TpolleciHe Je KEHIHEH KOJIIaHbUIBI KeJel.
Crynenrrep okyma xui KoimaHaTelH ChatGPT, Grammarly, Google Translate
CEKUIIl Kypayjiap oJiapFa MaTepuaap/ibl TYCIHYTe, TalchlpMaiapabl OpbIHAayFa
JKOHE aKmaparThl KbUIIaM OHJIeyre kKeMmekrecyne. byn kypammgap oky mpoliecin
YKEKEJICHIpin, OUTIM amylIbIHBIH KQXETTUIINHE cail aKknapaT YChIHyFa MYMKIHJIIK
oepeni.

KazakcTanapIK ®oFapbl OKY OpbIHAApbIHIA CTYAEHTTEPI1H OackiM Oediri K
KypajgapblH OKYy OapbIChIH/Ia KEMiHJIE anTachbiHa Oip pet naiaananassl. 2024 xKbuibl
xKypriziireH 840 CTyIeHT KaThICKaH cayalHaMa HOTHIKECIHJE PECIOHISHTTEPIH
65%-b1 oKy MakcatbiHa XKW KypangapbiH anTackiHa €H KeMi O01p PeT KOJIJIaHAThIHbI
anbIKTanabI[ 1]. Con 3eprreyae cryaeHTTepaid 90%-b1 ChatGPT uaTtGoThl Typas
xabapaap exeHi aramn eTuireH. KahaHaplK AeHreneri AepeKTep e yKcac YpIicTi
Kepcereni: cmydenmmepoiy 86%-v1 xanubl KXW KypangapelH 63 OKYBIHJIA
KOJTAHATBIHBIH MomiMaereH. OnapabiH 24%-v1 kyH cativin, an 54%-vl Keminoe
anmacvina 0ip pem KW mnadinanaHateiHbiH - aiTThl. byn  cammap KU
TEXHOJIOTUSIIAPBIHBIH CTYJIEHTTIK OMIPTe T€3 CHil, KYHJEIIKTI OKY TOKIpUOECIHIH
Oip Oesirine aifHaJIFaHBIH KopceTel. bi3aiH marsiH cayaaHamambl3 OOMBIHINA Ja
(2025 >xbutbl KyprizuireH 24 CTYIEHTTIH KayaObl) CTyACHTTEPIIH wamameHr 67%-
bl KU Kypanoapuin Ky cativin, an 29%-vl anmacwvina diprneute pem KOJIJaHATHIHBIH
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aluTThl (sIFHM, >xkanmbel 96% amnrtackiHa KemiHAe Oip peT) — Oyl Ja >KOorapbl
OenceHaTIKTI aHFapTaabI[2].

Kanmer anranma, XKW TexHONMOTHSAIApHl CTYICHTTEPAIH YaKbITHIH YHEMJICTI,
KYpZledl TamncelpManapAbl SKEHUIAETIN, KOCBIMINA TYCIHAIpMenep Oepim, OKy
TUIMIUITH apTThipyaa. JlereHMeH, OHbI MakKcaTThl KOHE >KayalmKepIIUTIKIIECH
KOJTaHy KaKETTIr TYBIHAAWIBI — MbIcalibl, TeK JKUW >kayaObIMEH IIEKTEIMEH,
aJIBIHFaH aKmapaTThl 0acka JEPEKKO3IePMEH CABICTBIPY, 63 OCTIHINE KOPHITHIHIBI
yKacay MaHbI3/Ibl €KeH1 alThUIBIII XKYP.

XKW xypanmapblH KOJJAHYIbIH CTYJIEHTTEp arall KOpPCETKEH Iai1abl
JKakTapbl Ja, COHJai-aKk alTa KeTKeH KeMmuiikTepi nae Oap. CayaaHama
HOTHKEJIEpIHE JKOHE KapHsUIaHFaH JIEPEKKe3Jepre CyWeHe OTBIPHIN, TOMEHE
COJIAP/IbIH HET13I1 TYCTaphl )KUHAKTAJIFaH:

JKHU-0iy oKy npoyecindeei natioacwi:

-AKIapaTThl KbUIIAM aly >KoHE yakbIT YHemuey. KU kypneni cypakrapra
KBUIJAM jKayar Oepil, KaXeTTl MAJIIMETTI 13/Iey YaKbIThIH KbICKapTabl. MbIcabl,
cryneHTrepaiy 69%-b1 KM apkbUibl akmapar i31€y MYMKIHAITIH OHBIH 0acThbl
apTHIKIIBUIBIFBL JIeTT Oaranaiibl. bys acipece KypCThIK KYMBIC a3y OapbIChIHIA
HEMece jKaHa TaKbIPBINTHI 63 OCTIHIIE OKBIM-01Ty Ke31H]I€ 6Te Nal1abl.

-KubIH TakpIpbIITapAbl TYCIHAIPY KOHE OKBITYIIBIHBIH OpHBIH Oedicy. K
Mozenbaepl OelHeOip ToymiK OOWbl KODKETIMII MYFaAlIM  Topi3Al  KypJeni
YFBIMIIAP/Ibl  KapamaibiM eTin TyciHaipin Oepeni. CTyJaeHTTep YIIIH TyciHOen
KaJIFaH TYCTAphIH «Cypamn aly» MYMKIHIIT OKy MaTepHallblH TepeH Hrepyre
koMekTeceni. by XKU-n1 sxkexe perneTutop He KEHECHIl peTiH/e maiaananyra o
alrapl.

-Kazbamia >KyMBICTapJbIH camachlH apTThIPy. [ paMMaTHUKAIBIK KOHE
CTWJIMCTUKAJIBIK KaTelep/l TY3eTy, MOTiHII KypbeuibiMaay — KU kypanmapeiHbiH
(Grammarly CHSKTBI) KOMETIMEH CTYAEHTTEp >KYMBICBIH JKETUIAIpE anajbl.
Hartmxecinae Ma3MyHHBIH TYCIHIKTUIITT MEH CayaTThUIBIFbI )KOFapbUIAiIbI.

-OKy MOTHBAIMACHIH KOTEPY JKOHE IIBIFAPMAIIBUIBIKKA BIHTATAHIBIPY.
Keitoip crynentrep XU-neH anblHFaH >KbUIAAM KOMEK YaKbITTapblH THIM/II
naiananbli, 0acka moHaepre koOipek KoH1UT 0eyre MyMKIH/IIK O€peTiHIH alTabl.
Conpaii-ak KM oi Tacray, uaes TeHepuMsuiay apKbUIbl IIBIFAPMAIIBLIBIK
KYMbICTapFa aobIT Oepe anajsl (MbIcalibl, ’K00a TaKbIPBIOBIH TaHAAY/A, 3CCE YILIIH
JIOMEKCOo3/Iep YChIHYA).

JKU-0i Konoary vl MyMKIH KeMuinikmepi:

-AxnapaTThiH 1971 6oamaysl. XKW opraiibiM MiHCI3 kayar 0epMeyl MyMKIH —
KeiiJie KaTe HEMeCe OiJIaH KYPaCThIPbUTFaH MaJiMeT YChiHaIbl. Mbicasbl, ChatGPT
KU1 JKaFaaia xaarad He )KaHbUIBIC JEPEKTEP/Il CCHIMII Typ/ie aluThIn Oepe anajsl,
TIMTI )KOK JIEPEKKO3AEP MEH ClITeMeNep Il «ouan Tabatbiaby 6enriti. CTyaeHTTep
cayanHamacbinga ga 70% mamaceiaaa pecnionieHT KU sxayantapblHbIH JoJAITHE
KYMOH OapblH, Keije karere oyl OepeTiHiH aran eTkeH. bynm macene KU
naiiiajaHFaHjia aknapaTThl TEKCEPIT OThIPY KEPEKTIT1H KopCeTe/Il.

-ChIHU Olay >koHE ©3 OCTIHIIE 137eHYy JaFbUIapblHbIH ToMeHeyl. JlalbiH
JKayarl aja cajqy MYMKIHAITT CTYJIEHTTI OWJIaHBIM, Tajjay >KacalThIH >KarJganaH
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aneicTaTybl BIKTUMa. Keitoip Oumim camacel Mamangapbl KM-miH IIEKTeH ThIC
KOJIJIAaHBICHI TTPO0JIeMa eIy MEH aHAJTUTHKAIBIK KaOlIeTTep IiH JaMybIH TEXEU/ Il
JeTl aJlaHdan/Ibl.

Texnonorusra toyenaunik. XKW KypangapbiHa YHpeHIN KeTKeH CTYJIEHT Keil
Karaia KUBIH/IBIKTHI 63 KYIIIMEH MISNIyTe TaaIbIHOal, Te3 XKOJbIH 137yl MyMKIH.
Cayannamara KatbicymsuiapaeiH Oip Oemiri JKM-re miekteH ThIC apka cyiiey
«TEXHOJIOTHSIIApFA TOYCNIUTIK TYIbIpaab» aen caHauapl (mmamamed 33% OCBIHBI
KepceTkeH). SAruu, op MmocerneHi KM keMeriMeH miemryre ofeTTeHY OoJallakTa
TOYENIIIIKKE COKTBIPYBI FaXKarl eMec.

- AKaZIeMUSIIBIK aaNJIbIK TTEH M1aruaT Maceseci. JlaiibiH skayantap bl Keupy
HeMece JKHU-niH kemeriMeH OyKiJI )KYMBICTBI 5Ka3bIll TalChIPy — OKY OpPBIHJIapbIH/IA
YJIKEH OSTUKAIBIK CYpak TyFbi3anapl. CTyAeHTTepIiH e3aepl e Oyl MoceleHl
TyciHeni: 6ipkarap pecnioneHTTep XKW akaneMusIbIK aiaiIblK KaruaagapbiHa Kepi
acep eTyl MyMKiH Jien ajJaHaaiab! (Mpicaibl, maMaMeH 33% OHbI m1aruaT Kayri JAemn
Oaranaran). 2024 >xbulFbl 3eprreyae cryaeHTTepaid 96%-b1 KU maitnanany
OOMBbIHIIIA HAKThl €pexeJIep MEH cascaT KEPEeKTIriH KOJJIaraHbl Ja OCHIHBI
nonenaeiai. SAruu, kenuiiaik ctyaeHTTep XKW TonbIk ThIMbIM canbiHOAca Aa, OHBIH
O/ KOJaHy IIETIH OCNTIEHTIH perjiaMeHT KaxkeT Aen caHainbl. [lIbiHbIHAA 14,
kel yHuBepcurerTep oanemae cryaeHtrrepaid JKU-al  Tepic maiinanaHyblH
OonaplpMay YIINIH apHaibl casicaT eHri3in »katblp. Kazakcrtanma ma keioip
okpITymbLIap emtuxanga ChatGPT konnmaHyael “akaieMUSIIBIK alasKTBIK Jell
Oarasiarn, OHbI KaTaH Kajaraiay Kepek eKeHiH anTasl [3].

Kanmel, crynentrep KW KypanmapbeiHbIH MMaiacklH KoFapbl Oaranaii
OTBIPBITI, OHBIH KEMIIIIH TYCTapbIH J1a )KOKKa mbiFapMaisl. OKy yaepiciaae KU-mi
TUIMJII Taianany YIIiH opl OHBIH 3USHIBI OCEpJIepiHEH KOpFraHy YIIiH OanaHc
CaKTayJblH MaHbI3/IbUIBIFBIH aTall ©TEMI3.

OJJicHama

byn 3eprreyne nepekTep JKMHAY Kypaibl pETIHAE cayallHama oJicl
KoiaanbUiabl. Cayanmnama 2025 xputbl onnaiiH  ¢opmarra (Google Forms
maTdopMachiHaa) KYprizunai. 3epTrey makcaThl — »acaHiabl uHTeliekT (OKI)
TEXHOJIOTUSUIAPBIH  OKY MPOLECIHAE KOJAAaHYy TXKIPUOECIH KOHE OJIapAblH
CTYJIEHTTEPre OKy MaTepHaJIbIH UTEPYre Kalail KOMEKTETIHI dKOHIHAETr1 MKIpJepiH
anbikTay. CayanmHaMa CIUITEMECl >KOFapbl OKY OpPBIHAAPbIHIA OKUTBIH TYpPJl
MaMaH/JIBIKTaFbl  CTYJICHTTEpre TapaThUIbIN, OHBI E€PIKTI HETI3Jle TOJTHIPY
YCHIHBULBI. KaTeicymibpiap — cayanqHamara >Kallbl 55 CTYAEHT KaTbICHIM, jKayarl
oepnai. PecionnenTtrepin xacel HeriziHeH 18—20 xac apanbirbiHaa (OipeH-capaHbl
21-23 xacra). Karbicymsiapasie 6aceim 6eiiri — 1-Kype cryaeHtrepi (1aMaMeH
88%), coOHbBIMEH KaTap a3 caHAbl 2-KypcC XKoHE 3-KypC CTYIEHTTEP1 /1€ KaMThIIIbI.
CayanHamara TYpJIl MAMaH IBIKTaFbl OUTIM alTyIIbIIap KaThICTHI, OJIap IbIH apachiHIa
aKIapaTThIK ~ TEXHOJIOTHSUIAp  callachlHBIH  (OaFrmapiamMaiblK — WHXKEHEPHS,
mateMatuka, IT) crynentrepi ke Oonabl. bygan O6esnek, apxutekrypa, hapmanus,
3aHTaHy, MeJIaroruKa >koHe T.0. MaMaHIbIKTap OOMBIHIIIA OKUTHIH CTYACHTTEP/AIH 1€
KayanTapbl >KHHAKTaAbl. byl KaTeICymIbLIap KYpPaMbIHBIH CaH ajxyaH OOJybI
3epTTEyre OpTYpPJi OKYy OaFbITTaphIHAAFbI KacTapJblH Ke3KapacTapblH KaMTyFa
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MyMKiHIIK Oepai. CayanmHama ma3myHbl cTyaeHTTepaid KW KypanmapblH OKYy
OapbhICBIHIIa KOJIIaHy TOXKIPUOECIH KaH-KAKThl 3epjeieyre OarbITTalbl.
Karpicymbinapra eq angsiMer «Ciz oKy 6apwicbinoa scacanovl unmeniekm (HKH)
KYpanoapuvli KoJLO0aHacwl3 6a?» nereH cypak Koubuiwim, KW KommaHaThIHIAPABIH
OapaBIFBI Kelleci cypakTapra skayan Oepai. Pecmonpentrep kanmaih HakThl KU
KYpaJJapblH MaijadaHaTbIHBIH KOPCETy MYMKIHAITIHE ue OOJAbl — MBICAIIBI,
ychiHbUTFAaH HycKanmapasH imiage ChatGPT, moriH pemakumsnayra apHairaH
Grammarly, mortinai aymapyra apHamran Google Translate topismi aymapma
Kyienepi, conaii-ak Gemini xoHe 6acka aa Kypainaap atanabl. CTyaeHTTep Oy
Kypajagapabl OKY MPOIECIHIH KaHAal MIHAETTEpiHAe KOJIJAaHATHIHBIH Ja Oenriiern
oTTi. ATamn aiiTkaHja, OipHelIe Jkayan HYCKachlH TaHAayfa O0onatsiH cypakTa KU
KYpaJgapblHBIH KOMETIMEH KYpJeal TaKbIpbIITapAbl TYCIHIIPY, MOTIHIAEPIIH
rpaMMaTHKachl MEH CTWJIIH JKakcapTy, YW TamcbhlpMalapblH OpPBIHIAYIbI
KBUITAMIATy, EMTUXaHFa JaWbIHIAyFa KOPJIEMJIECYy CHUSIKThI OKY OapbICHIHJAFbI
TYpJll MakcaTTapfFa KOJI JKETKI3eTiHi KepceTuial. Ocbl apKbUIbl cayajHama
cryaeatrepaid KM TexXHOIOTHsUIapblH OKy THIMAUIIIH apTThIpy YIIH Kaii
KBIPBIHAH IMaiilaJlaHAaTBIHBIH aHBIKTAayAbl Ke3aenmi. CayarHaMmana CTyACHTTEPIiH
KW xonpany >kuilirid Oaraiay yiriH 0eJiek cypak KapacTelpbulabl. KaTeicyiibuiap
KU xypammapblH KaHITATBIKTHI KU1 KOJIJJaHATBIHBIH TaHa bl (MBICAJIBI, KYH CalbIH,
anTacbliHa OipHeIIe peT, alibiHa OipHelIe peT Hemece oTe cupek). byaan 6emnek, XK
TEXHOJIOTHUSIIAPBIH OKY OapbIChIH/IA MalJalaHy/ IbIH 9JICYETTI KEMIIUTIKTEP1 Typajibl
Jla MOJIIMET >KWHajAbl. PecroHmeHtTepre Oysl Typrbia OipHelie NailblH sKayarl
HYCKaapbl YChIHBULABL: KW Kypasiiapsl Keiie Typhic eMec HeMece I eMeC sKayarl
Oepyl MYMKIH, CTYJIEHTTIH CBhIHM OWJIay KaOUIeTIH TOMEHAETYl BbIKTUMA,
TEXHOJIOTHUSIIAPFA TOYENAUNIK TYABIPYBl MYMKIH JKOHE aKaJeMUSIIBIK aalJIbIK
KarujanapblH  Oy3yra (Tlarmatrka) ajiblll  Kellyl MYMKIH JeT€H CHSKTHI
Karbicymibuiap aranfad KEeMIIUTIKTEPJiH Kaichliapsl €3 TIXIpuOenepiHje
MaHBI3IbI €KeHiH Oenrinen mbIKTEl. COHBIMEH KaTap, cayajaHama COHBIHJIA aIllbIK
cypak Typiuae « KU 6onawaxma 6inim bepy canracvln Kauail e32epmedi?» NETeH
Cypak KOWbLIIBI. Bysl cypak apKbpUIbl CTYJIEHTTEp >KacaHbl MHTEIIEKTIHIH OLTIM
Oepy >KYHECIHIH KeJelIeTiHe bIKNaJbl )KOHIHAET] KeKe MalbIMIapblH €pKIH TYpAE
Ka3Ibl.

Hotuxenep xoHe Tangay

lepexmepoi ewnoey oicone manoay a0ici: KvuHanran OapibIK KayarnTap
Google Forms xytiecinen axcnioptransin, MS Excel 6arnapnamaceiaa xyieneH .
CayanHamaHBIH >Ka0bIK TYpJIeTi CypaKTapbl OOMBIHIIA KU UTIK TalAaybl )KYPTi31I1i:
opOip kayanm HYCKACBIHBIH TaHJAy CaHbl €CENTeNIN, MalbI3AbIK YJIecTepi
aHbIKTaNAbI. Mbicanbl, Kail JKW Kypasibl €H KeH KOJJaHBUIATHIHBI, CTYICHTTEPIIH
OHBI Mai1aJIaHybl Kall MaKCaTTa KU1 KE€3/IECETIHI )KOHE €H KOIT aTaJIFaH KEMIITUTIKTEP
KaHJal €KeH1 CaHbIK TYPAE MIbIFapbUIAbl. bec Oamnapik 1mkana 6oWbIHIIA OepiIreH
Oara >kayanrTapsl oprama Oajul ecenTey apKbUIbl KapacThIPbUIALI  (FKaJIIbl
NalIanbIABIIBIK JACHICHiH Oaranay YVIIiH). AJ amiblK Cypakka OepuireH epKiH
KayarnTap Ma3MYHIBIK —Tajfay TOCUIIMEH KapacThIpbUIABL: CTYJIEHTTEP/IIH
YKayanTapbl OKbUIBIT, OPTaK IMKIpJIep MEH KalTalaHaThIH TaKbIPBINTAP aHBIKTAJIbI
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(MbIcanbl, kemuIIiriHiy oibiHIma KW Ounim OGepyne eseyii e3repicTep okenei
JIETeH CHUSIKTHI ypaicTep). JKuimik Tamgaysl €H KOm Ke3/IeCeTIH YPAICTEePal CaHIbIK
TYPFBIJIa KOPCETCE, CalalblK TajAay OJiCi allblK CYpPaKTapIbIH JKayalTapbIHIAFbI
0acThl WaesUTapAbl TYHIHACYTe MYMKIHIIK Oepiai. OJiCTeMeNiK HEeTi3eMe KOHE
mekTeynepi: CayaaHama 9JICiH KOJIaHy 3e€pTTey MaKcaThiHA cail OOJIIbI, OUTKEH1
OJI CTYIEHTTEPIIH TOHKIpUOECi MEH MIKIpIEPIH TIKeIeH o3/1epIHEH KbUIIaM KUHAYFa
MYMKiHAIK Oepeni. Google FOorms werisinae oHIaiiH cayajiHama JKYpPri3y KbICKa
yakpIT 1lIiHAe OipIrama pecroHIeHTTEePAl KaMThII, JePEKTEeP/Il aBTOMATThI TYpJie
YKUHAYFa JKOHE OHJEyre bIHFAMIbI skarnai xkacansl. byn omic cryaentrepain KU
KYpaJlJlapblH KOJJaHy YPJICTEpIH CaHBIK OJIIEYTre OHE OJIap/AblH CYyOBhEeKTHBTI
OaranapblH KYpbUIBIMIAIFaH (popMaTTa ajlyFa oJ amajbl. Anaiiia, KoJJaHbUIFaH
TOCUIIH  OipHemie 1miekTeynepi jJe Oap. bipiHmiijgeH, TaHmamMa Memiepi
CaJIBICTBIPMAJIBI TYPJIE IIAFBIH — 55 CTYJIEHTTIH >KayaObl TalJaHIbl — KOHE OJIap
HeriziHeH 18-20 »kactarbl, OipiHIII Kypc OLIIM aldylIbUIaphIHAH KYpasFaH.
CoHBIKTaH aJbIHFaH HOTWOKENEp OapiibIK CTYACHTTEP KaybIMBIHBIH KO3KapachiH
TOJBIK OeliHelNel anmaybl MyMKiH. EKiHIIiZIeH, 1epeKTep o31H-631 Oaranay Heri3iHjae
KUHAJIFAHJIBIKTAaH, JKayanTapia CyObEeKTHBTUIIK TI€H IIbIHAWBl OPEKETTIH
apachblHIaFrbl albIPMAILBUIBIK OpPBIH alybl BIKTUMaN (sFHH, Ked cryaeHTrep KU
naijjanany HUUITIH acblpa HEMECe KeM KepceTe analibl, He K€l KEeMILUIIKTepIl
MOUWBIHIaMaybl ~ MYMKIH).  YIIHIIJEH, cayanHamanbl — HeriziHeH KU
TEXHOJIOTHUSIIAPBIHA KbI3BIFYIIUIBIK TAHBITATHIH HEMECE OJIAP/Ibl KOJIIAHBIII )KYPTeH
CTYJIGHTTEp TOJTBHIpFaH OOJybl MYMKIH, OYJ Kaimbl HOTWXKeepre Oenruii Oip
JOpexeIe IpIKTey JKaHaMmarbl ocepiH turizei. backamra aiitkanga, KW kypangapsia
MYJ1JI€ KOJIIaHOAMTBIH HEMECe OFaH CEHIMCI3IIKIIEH KapalThIH CTYJEHTTEP 3ePTTCY
KOPBITBIHABLIAPbIHAA KopiHOeyl MyMKiH. OCbhl IIEKTEeyJep/l €CKepe OTBIPHIII,
3epTTEy HOTHXKEJEPl CAKTHIKIICH HHTEPIPETAUIIaHY bl KaKeT. JlereHMeH, alnbIiHFaH
nepektep oKy Oapwickinaa KW konnmany Toxipubeci OolbIHIIA KYHABI OacTanKbl
MQJIIMETTEP YCBhIHA/IbI JKOHE OOJlallaKTa ayKbIMbIH KEHEWTIN XYprizyre OoJiaTbiH
3epTTeyJIepre Heri3 0oJia anajsbl.

Cayannama coHpiHAa KobutFaH «OKW Oonamakra O11iM O6epy canachlH Kaiai
e3repTe/i?» JIeTeH allblK Cypakka OepuUIreH >KayanTap CTYyACHTTEpAlH Oyl
TEXHOJIOTHSAFa KAThICThI OoOJlalllaKk Ke3KapacTapblH aHFapyFa MYMKIHIIK Oepeni.
Kenteren cTyieHTTep ONTUMUCTIK O0mkam xkacaraH: onap KU Outim 6epyi xaHa
JIGHrelre KeTepedl, OKY IPOIECiH >KEHUIACTIN THIMJIIPpEK eTeml Jen KYTe/l.
Mpicanbl, skayantapAbsiH OacbkiM Oemiri « KU 6Ginim 6epyoi oicakcvl dcakka
eseepmedin, «binim amy npoyecin diceHitoemedi» IereH OWAbl OUIMIpred. bip
ctyneHt XKW kemerimeH «oxwimy oicexe oapa odetiimoenin, apoip cmyoeHmKe HceKe
bazoapramanap cacanraovl, Oilim Oepy npoyeci NepCOHANUIAYUANAHAOBI,
OKBITYIIBIIAPABIH, KeWOip (YHKIMSUIAPBIH BUPTYAJAbl TOMIMIEpJEp aTKapysl
MYMKIiH aen 0osmkaiiasl. Tarsl O1p sxayanrta « KU 6inim anyoa scaya MymkiHOikmep
bepedi» nem, TyOereii e3repictep 0onaTeiHbl aiiThuTFaH. [IIbIHBIHAA 14, XKacaH bl
WHTEJUICKT apKbLIbI aJaTUBTI OKYy Oarmapiamanapsl, VR/AR TexHomorusmapeiMex
OIpIKTIPUIr€H MMMEPCHUBTI cabakTap, OULIIM >KETICTIKTEpIH aBTOMATThI Oaranay
CUSKTBI KaHAUIBUIIBIKTAp KeNyl bIKTUMan jAereH mikipiaep 6ap. CoHbIMeH Oipre
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Oipre, CaKkTHIKIIEH KapalThIH Ko3KapacTap Ja koK emec. Keibip crynenrrep KU
BIKIIAJIBIMEH «OKY KUBIH/IaJIa TYCYl MYMKIiH, MYFaJIIMT€ CYPaHbIC MUHUMYMFa a3at0bl
MYMKiH» JIeNl aJlaHAaylIbUIbIK OIAipreH (SFHH, O9CeKe apThiN, Tajam KyIIerol
Hemece myramimaepai XKW anmacteipysl BIKTUMaN JereH oii). bip skayanrta TinTi
«KU apkwviivl i30eny0i KouowvlK, Oinim any npoyeci momenoedi» eI, Oonaliakra
OChIH/Ial Kepi acep 00JIybl MYMKIH €KEHI aThUIFaH — SIFHU CTYJICHTTEp ©3/IriHeH
YyiipeHyni IOFaphill, JailblH aKmapaTka FaHa MEK apTca, Kalmbl OLIiM camachl
KYJIbIpaybl MYMKIH JIET€H ecKepTy. JlereHMeH MyH7ail IecCCUMUCTIK Oomkamaap
asmbUIbIKTa Oomapl. Kemmrimiri aypeic naiaananran kargaiaa XK 6i1im Gepyi
ajam3aT TMaijiacblHa KbI3MET €TEeTIH KyaTThl Kypajfa ailHalaabl Jen CeHel.
Crygentrepain Oyn Oommkammapsl MeH mikipiepi KazakcranHbelH OutiM  Oepy
JKyHeciHzierl Kas3ipri OacrtamaliapMeH e yiuiaeciM Tabaawl. Ei yKiMeTi anmjarsbl
xpuiaapsl KW TexHonorusiapeiH OutiM Oepy canackiHa OeJCeHal KIPIKTIpy/Il
»ocnapian oteip: 2024 xbeuinan 6actan 6apibik yHuBepcuterrepre KM OolibiHia
KypcTap €Hri3y Koira ajnbiHabl, 2025 xblUiFa Kapaid oKy opbIHAapbIHbIH 20%-bIHaA
OCBIHJall MOHAEP OKBIThUIMAK, an 2029 xputra Aeilin yHuBepcurerrepAiy 60%-biHa
KU xypcTapblH KOCYy MaKcaThl KOHbLIFaH[4].
byn xamampgap KazakctanuelH ~ Oonamak — MamMaHAapblH — KaHa

TEXHOJIOTHUsIIapFa yipeTin KaHa Koitmai, JKU-aixn OutiM Oepy npolieciHe TUT13€TIH
oCepiH MHCTUTYIIMOHAJABI ACHTeilie HbIFailTyna. SAruu, ctynentrepaid 2K typasl
Ke3KapacTapbl (OH OoJbKaMJaphl Ja, CaKThIK €CKEepTYJepl JIe) €CKepyci3 KaliMaid,
O11iM JKYy#ecl COFaH cail 6eimaenyre KipiCKeH.

KopbITHIHABI

Kazakcran cTymeHTTepl apacblHIa KacaHAbl MHTEIUIEKT KYpalJapbiH
naiganany ere KapKbelHABI ocinm otelp. Omap XXUW-niH maimanbl jKakTapblH OKY
YJIrepiMiH KakcapTy/ia THIM/II KOJJAaHya — aKnapaTThl T€3 ally, KYpeil HOpCeHl
OHAJIaTy, YaKbIT YHEMECY, TUIAIK KEJIEPTiHi KO0 CEK1I11 MYMKIHAIKTEp OapbIHIIA
ureputyae. Exinun xarbiHaH, cryaeHTTep KM -AiH KeMIIUTIKTepiHe e Ke3 KyMa
KapaMaWJpl: ajdblHFAaH MOJIMETTIH KaTe OoJiybl, €3 O€TiHIle oijay KaOlJIeTTiH
TOMEH/ICY1, aKaJAEMUSIIBIK alalIIbIK MOceliesiepl CUSIKThI TYUTKUIAEPAl allblK aTarl
Kepcetyae. PecMu aepekkesnep MeH 3epTTeyiiep Ae Oyl ypAiCTepal pactam OThIp,
an ChatGPT eH TanbiMan Kypasl peTiHAe Keull Oactam Typ. AJJarbl >KbUIIAPHI
JKacaH/Ibl MHTEJUICKTTIH O11iM Oepy KyleciHe ocepl Kyluele OepeTiHl co3ci3 —
CTYJCHTTEPI1H IiKIpJIepiHE KapaFaH 1a, OyJI ocep HeTi3iHeH oH 00IMaK, Oipak THIM/I1
HoTHkere >kery ymiiH KW KommaHyabl pEeTTEWTIH epexenepjl cakTam, OHBIH
MYMKIHIIKTEP1 MEH IIEKTEYyJIepiH TEHTrepiMJii Maiiiananrad keH. KasakcTaHHBIH
O1J1iM caachl 1a OChl OAFBITTA JaMy/1a, COHIBIKTAH Ka3ipri cTyaeHTTep OybIHbl XK -
MEH JKYMBIC >Kacay MOJCHHETIH KaJbIITACTHIPHIN, OHBI OKY MEH YHPEHYIIH
axplpamac Oip OeJiriHe alHAIIABIPYyAa aIFAIIKbl MaHBI3IABI KaJaMmIapabl sKacar
JKaTBIP JCT KOPBIThIHIBLIaYFa 00Iabl.
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HckyccTBeHHBI HHTEJUIEKT B 00yYeHHH: KAK TeXHOJIOTHsS IOMOraeT
CTY/IeHTaM yCBaMBaTh MaTepUAaJl
Onnabex Maouna Katipamkwizvl
Maeucmpanm 1 xypca obpazosamenvrot npoepammsl 7M0O1509 — Mamemamuxa,
Eespaszuiickuti nayuonanvuwiil ynueepcumem umenu JI.H. I'ymunésa, Acmamna,
Kaszaxcman

Aunomayun: B Oannoll cmamve paccmMampusaemcs poib U IPHeKmueHocms
MexHoI02Ull  UCKyccmeenHoz2o uumennekma (MH) 6 cospemennom npoyecce 6vicuieco
obpaszosanus. Llenv ucciedosanus — npoananuzuposamnv, Kak uncmpymenmol MU erusiom na
yceoeHue yueonozo mamepuana cmyoenmamu. C s3mou yenvio Obll npoedéH onpoc cpeou
CMy0eHmo8 nepeoco Kypcd, 8 Xo0e KOMOPO2o BblSCHULOCh, KAK YACMO U 8 KAKUX YelsiX OHU
ucnoavzyrom UH-uncmpymenmol, Kakyio noiv3y OHU NPUHOCAM, A MAKJHCe KaKue Y HUX UMeIomcs
Hedocmamku. Pezynemamer onpoca noxazanu, umo maxue uncmpymenmol, kax ChatGPT,
Grammarly u nepegodueckue npuIOHCeHUsl, 3HAYUMETLHO NOMO2AIOM CMYOEeHMAM NPU U3VYeHUU
CJLOJICHBIX MeM, GbINOJIHEHUU 3a0aHUll U 6 yeaom obnecuaiom yueduwiti npoyecc. Kpome moeo,
PEeCnoHOenmyl 8blpA3UILU YEEPEeHHOCMb 8 mom, umo MU 6 6yoywem okasxcem 2nybokoe enusHue
Ha cucmemy 00pa308aHus.

Knwouesvie cnoea: Hcxyccmsennvii unmennexkm, Q6paszosamenvHvle MeEXHOIOUU,
Axademuyeckas uecmrnocms, L{ugpposoe obyuenue, [Ipeumywecmea u neoocmamxu MU, byoywee
00pazosanusl.

Artificial Intelligence in Education: How Technology Helps Students
Master Learning Materials
Onlabek Madina Kairatkyzy
1st-year Master's student of the 7M01509 — Mathematics program,

L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Abstract: This article explores the role and effectiveness of artificial intelligence (Al)
technologies in the current higher education process. The goal of the research is to analyze how
Al tools affect students' ability to absorb learning materials. A survey was conducted among first-
year students to determine how and how often they use Al tools, what benefits they experience,
and what drawbacks they perceive. The results showed that tools such as ChatGPT, Grammarly,
and translation applications significantly assist students in understanding complex topics,
completing assignments, and generally simplifying the learning process. Furthermore,
respondents expressed confidence that Al will have a profound impact on the future of education.

Keywords: Artificial intelligence, Educational technologies, Academic integrity, Digital
learning, Advantages and disadvantages of Al, Future of education.

10


https://campustechnology.com/articles/2024/08/28/survey-86-of-students-already-use-ai-in-their-studies.aspx#:~:text=Grammarly%20and%20Microsoft%20Copilot%20,The%20most%20common%20use%20cases

«Journal of Science and Research (JSR)» xanpIkapaibIK FRUIBIMHU KYPHAT 2 (22) cayip, 2025

FTAMP 41.23.15

Development of a computational framework for stellar evolution

M.Zh. Ratkhan'
!L.N. Gumilyov Eurasian National University, Astana, Kazakhstan.
“E-mail: margulan.rathan.kz@gmail.com

Abstract. This article discusses the development of a computational framework for
simulating and analyzing stellar evolution, focusing on integrating physical formulas and real
observational data. The main objective is to model the evolution of stellar systems by incorporating
essential parameters such as mass, luminosity, temperature, and rotational speed into the evolution
models. The framework combines a custom stellar evolution model with data from the MESA
(Modules for Experiments in Stellar Astrophysics) code, eliminating the need for a complete MESA
installation by directly using real star evolution data. The simulation includes phases such as the
main sequence, red giant, and white dwarf, and is visualized through dynamic 3D animations,
showcasing changes in stellar size, temperature, luminosity, and composition over time. A Python-
based graphical user interface (GUI), developed using tkinter, allows users to input stellar
parameters and start the simulation, providing a flexible platform for future experimentation.
Additionally, parameters like metallicity, core temperature, and core composition were included in
the model, improving the realism of the simulations while maintaining efficiency. This work
presents a valuable tool for detailed stellar evolution analysis, with potential applications in both
astrophysical research and education.

Key words: Stellar Evolution, MESA, Computational Modeling, Stellar Parameters, White
Dwarf.

Introduction

Stellar evolution is a fundamental aspect of astrophysics, as it governs the life
cycle of stars, from their formation to their ultimate demise. Stellar mass black holes
formed as the end state of massive stars were also the rest ones to be discovered [1].
Understanding the processes behind stellar evolution is crucial for explaining the
formation of planetary systems, the synthesis of elements, and the dynamics of
galaxies. Computational models are essential tools for studying stellar evolution, as
they allow astrophysicists to simulate complex processes that span millions to
billions of years. These models rely on a combination of physical theories,
observational data, and numerical methods to provide insights into stellar behavior
under various conditions. Advanced techniques, such as N-body simulations and
dynamical modeling, enable astronomers to reconstruct the past and predict the
future motions of stars. These methods provide insights into the assembly history of
the Milky Way, including mergers, tidal interactions, and dynamical processes that
have led to the formation of distinct galactic components [2]. The ongoing
advancements in astronomical instruments, coupled with extensive surveys, have
yielded unprecedented amounts of data on stellar properties, facilitating the
categorization and examination of stellar populations on a grand scale [3]. As these
stars traverse various regions of the galaxy, they accumulate characteristics that
reflect the galactic environment at the time of their birth [4].

Traditionally, stellar evolution models have been built using predefined phase
diagrams or simplified assumptions about stellar parameters, such as mass,
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temperature, luminosity, and composition. However, these models often lack the
flexibility and accuracy required to capture the intricacies of stellar processes. To
address these limitations, recent advancements have integrated observational data
into computational frameworks, allowing for more precise simulations of stellar
evolution across different stellar masses and metallicities. In the upper main
sequence, where stars have radiative envelopes, about 10% of the stars are magnetic
[5, p. 35]. The Sun is considered to be prototypical of FGK-type main-sequence stars
that are known to have convective envelopes and most of these cool stars are known
to host magnetic fields [6]. This understanding is supported by observed correlations
of the field strengths detected in these main-sequence stars with their fundamental
parameters, such as their mass, age, and rotation periods [7]. Furthermore, 10% of
the white dwarfs show magnetic fields and while all neutron stars appear to have
magnetic fields, some 10% of them (known as magnetars) possess extremely strong
surface magnetic fields [8]. The evolution of main-sequence stars with radiative
envelopes can also be significantly affected by magnetic fields. Because of the
intrinsically strong stellar wind, magnetic braking for massive OB-type stars can be
strong enough to become directly observable [10].

In this article, we present an integrated computational framework for
modeling stellar evolution, leveraging the data from the widely used MESA
(Modules for Experiments in Stellar Astrophysics) code. The primary goal of this
framework is to simulate the evolution of a star, including its changes in mass,
luminosity, temperature, and composition, using real-world data instead of relying
on simplified assumptions. We focus specifically on a star with an initial mass of

5.0 MO, tracking its life cycle from the main sequence to the white dwarf phase.

Our model integrates various physical parameters that affect stellar evolution,
such as metallicity, core temperature, and rotational speed, and combines them with
MESA's data for more accurate predictions. The simulation process involves
applying the relevant stellar equations and interpolating data points from the MESA
dataset, ensuring a balance between accuracy and computational efficiency. The
star's evolution is tracked through different phases, including the main sequence, red
giant, planetary nebula, and white dwarf stages. The results of this work offer
valuable insights into the evolution of stars, with potential applications in
astrophysical research, stellar population studies, and educational simulations.

In this paper, we present the methodology behind the development of the
stellar evolution framework, the integration of MESA data, and the results of a
sample simulation. We also discuss how the framework can be expanded to
accommodate additional parameters and explore more complex stellar evolution
models in future research (picture 1).
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Picture 1. The flowchart diagram of the research process

Methodology

The study of stellar evolution is essential for understanding the life cycle of
stars and their influence on cosmic phenomena such as element formation,
supernovae, and the creation of planetary systems. As observational astrophysics has
advanced, the need for accurate and flexible computational models has increased, as
traditional approaches often fail to capture the complexity of stellar behavior. This
work focuses on developing a computational framework to simulate stellar
evolution, combining physical principles, numerical methods, and real-world data
from MESA (Modules for Experiments in Stellar Astrophysics).

The main goals of this research are to simulate the evolution of a star,
particularly a 5.0 M© star, from the main sequence to the white dwarf stage. The
model incorporates parameters such as mass, luminosity, temperature, metallicity,
rotational speed, and core composition. The project also aims to enhance user
accessibility through a Python-based graphical user interface (GUI) and to visualize
the evolution dynamically using 3D animations.

The simulation is based on the MESA dataset, which provides comprehensive
data on stellar parameters throughout different stages of stellar evolution. This
includes information such as luminosity, effective temperature, and radius at each
phase of evolution, as well as changes in core composition and temperature over
time. Additionally, the dataset covers important transitions, like the helium flash and
the planetary nebula phase.

The dataset includes high-resolution outputs obtained by solving the key
stellar structure equations, such as those governing hydrostatic equilibrium, energy
transport, and nuclear energy generation. These equations ensure the necessary
accuracy for modeling realistic stellar evolution.

The computational framework was developed to interpolate between MESA
data points and simulate the star's parameters in real-time. It incorporates key
equations and relationships of stellar evolution to model several aspects of the star's
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evolution. This includes variations in mass and radius caused by mass loss and
expansion during phases such as the red giant or supergiant stages. Changes in
luminosity and temperature are also accounted for, driven by nuclear reactions in the
core and the energy output (picture 2).

B sample mesa_star evolution.csvy X

E sample_mesa_star_evolution.csv > D data
star_age, log R,
0.0, 0.0,

10080000.0,
20000000.0,
30080000.0,
APPOBEE8 .0,
50000000.0,
60000000.0,
70000000.0,
80000000.0,
90080000.0,
100600008.0,
110800008.0,
120000000.0,
130000000.0,
1410800000.0,
150000000.0,
160000000.0,

Picture 2. Mesa’s sample dataset

A Python-based graphical user interface (GUI) was created using the tkinter
library to facilitate user-friendly parameter input. Through the interface, users can
specify the initial mass, luminosity, temperature, and radius of the star, as well as
the rotational speed and metallicity. Additionally, the GUI allows users to define the
core temperature and composition. Once the parameters are set, the interface
provides an option to start the simulation, displaying the results dynamically as the
simulation progresses.

The simulation results are visualized through 3D animations created with
matplotlib. The key features of the visualization include a spherical model
representing the star, where its size and color dynamically change to reflect different
evolutionary phases. A timeline of evolutionary stages is displayed, alongside
parameters such as mass, temperature, and luminosity, providing a clear progression
of the star's evolution. Additionally, parameter values are displayed in real-time,
both within the visualization window and in the terminal, allowing for easy tracking
of the star's evolving characteristics.

Results

The simulation results, driven by MESA’s physical models, closely align with
theoretical predictions. For instance, the transitions in radius, temperature, and
luminosity observed throughout the simulation are consistent with values derived
from MESA’s equations. Additionally, the star’s final state as a white dwarf

confirms the expected outcome for a 5.0 MO star, validating the model's accuracy
in simulating stellar evolution. The GUI-enabled framework proved to be an
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intuitive tool for astrophysical research and education. Users could customize initial
conditions and observe their impact on stellar evolution (picture 3).

Age: 0.43 billion years Age: 6.20 billion years

Picture 3. The simulation

In the Hertzsprung-Russell (HR) diagram generated from the MESA data, the
star’s evolution is visually represented through various stages based on two main
properties. The x-axis represents the effective temperature of the star, displayed on
a logarithmic scale, showing the star's surface temperature in Kelvin. In a typical HR
diagram, temperature decreases from left to right, so hotter stars are positioned on
the left side of the graph, while cooler stars are on the right. The y-axis, also
logarithmic, represents the star's luminosity (or brightness) relative to the Sun’s
luminosity. Stars with higher luminosities are plotted higher, while dimmer stars
appear lower on the graph.

In addition to these two primary attributes, the HR diagram also displays the
star's evolutionary track, illustrating its trajectory as it moves through distinct phases
of stellar life. A star may progress from the Main Sequence, where it spends most of
its life, to the Red Giant phase, and potentially into end stages such as the White
Dwarf phase, depending on its mass. The points on the diagram are color-coded
based on the star’s age, with colors changing progressively to reflect the star's age
at each point in its evolutionary track. This color coding helps to visualize how the
star's temperature and luminosity change as it ages (picture 4).
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Picture 4. Hertzsprung-Russell (HR) diagram generated from the MESA
data

Graphical Simulation of Star Evolution Phases Using a GUI-Based Python
Application. To illustrate star evolution, we developed a Python application with a
GUI allowing users to input initial stellar parameters—such as mass, radius,
temperature, luminosity, rotational speed, metallicity, and core temperature. The
application categorizes stars into distinct evolutionary phases (e.g., Red Dwarf,
Main Sequence, Red Giant, Supernova, and Black Hole) based on their initial mass.
Using these categories, a sequence of evolutionary stages is created, with each phase
specified by characteristics like core composition, size, temperature, luminosity, and
color.

An animation visually depicts the transition between phases using smooth
interpolation, highlighting the star's structural changes over time. The application
displays an interactive timeline to show each stage's duration. Additionally, users
can view core properties like mass, temperature, and luminosity in real time, making
this tool both educational and analytical for simulating (picture 5).

Phase: Main Sequence -> Red Giant Phase: Red Giant -> Planetary Nebula Phase: Red Giant -> Planetary Nebula
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Phase: Planetary Nebula -> White Dwarf Phase: White Dwarf -> White Dwarf

Picture 5 (a-e). Sequence of evolutionary stages

Discussion

This article focused on the development of computational methods for
modeling and analyzing the evolution of stellar systems, with a particular emphasis
on creating and improving a stellar evolution model. The main results and outcomes
of the research include significant advances in both modeling and software
development. One of the major achievements of this work was shifting from
predefined evolutionary phases to the use of real physical formulas to describe stellar
evolution. This shift allows for more accurate and physically meaningful
simulations, as the model calculates the star’s behavior based on its internal
conditions. By utilizing stellar physics equations, the model avoids the
oversimplification of using predefined evolutionary tracks, greatly enhancing the
accuracy of the simulations.

A user-friendly graphical interface was developed to allow users to input
stellar parameters and run simulations without needing to modify the code. The
interface provides an easy way to set critical parameters, such as mass, temperature,
luminosity, and rotational speed, which are essential in determining the star's
evolutionary path. The GUI also offers visualization options, displaying the star’s
evolution in both 3D and time-based graphs, which aids in understanding the
dynamic processes involved.

Looking ahead, the model presented in this dissertation lays the groundwork
for exploring advanced stellar evolution phenomena. Future work could include
incorporating additional stellar parameters such as magnetic fields, rotation rates,
and the effects of binary star systems. Moreover, the model could be expanded to
simulate interactions between stars in stellar clusters, providing a more
comprehensive understanding of galactic evolution.

Conclusion

This article focuses on exploring different computational methods and
software development techniques to model and analyze the evolution of stellar
systems, with the goal of improving the accuracy and efficiency of stellar evolution
models. The primary aim of the research was to develop a flexible and dynamic
simulation tool capable of modeling the evolution of stars through various stages,
from their formation on the main sequence to their eventual end states, such as white
dwarfs, supernovae, or black holes.
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Throughout the study, several key advancements were made. By
incorporating important stellar parameters like mass, radius, temperature,
luminosity, rotational speed, metallicity, and core composition into a comprehensive
model, the simulation can more accurately represent the real-world processes of
stellar evolution. The shift from using predefined evolutionary phases to applying
real physical formulas enhanced the model's flexibility and reduced computational
complexity, enabling the simulation of a broader range of stellar scenarios.

The study also discusses the integration of real astrophysical datasets, like
those from MESA, which sets the stage for future work involving direct comparisons
with observed stellar data. While the model presented here offers a solid foundation,
further development is required to improve the accuracy of the physical equations
and incorporate additional factors, such as stellar rotation and magnetic fields, which
play important roles in stellar behavior.

In conclusion, the development of this stellar evolution modeling software,
along with the implementation of more realistic physical models, represents a
significant step forward in the study of stellar systems. By combining theoretical
knowledge with computational simulations, this work provides a powerful tool for
advancing our understanding of star formation, evolution, and death, and lays the
groundwork for future research that can explore even more complex stellar
phenomena.
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Kyaapi3aap 3BOJTIONUACH] YIIIH ecenTey Heri3iH a3ipJiaey
M.K.Parxan!”

UJ1.H. T'ymunes atempars: Eypasusuisik Y OTTeiK YHEBEpCHTeTI, AcTana, Kasakcran
“E-mail: margulan.rathan.kz@gmail.com

Anoamna. Byn maxana Hcynoviz0ap 960M0YUACHIH CUMYTAYUANAY HCIHE MAnoay YuliH
ecenmey He2i3iH a3ipaey mypanvl co3 emeoi, PUUKATLIK HopMYaaIapovl JHcane HaKmovl OAKbLIAY
Odepekmepin unmezpayusiay2a Hasap ayoapaowvl. Heeizei maxcam — oacynowi3ovik dicylienepoiy
960IOYUACLIH MOOeNbOey, 02AH MACCACHl, AHCAPLIKMBLILIZbL, MEeMNepamypacsbl HCaHe auHaLy
AHCHLIOAMOBIELL CUAKMYL He2l32i napamempaepdi eneizy. byn nezizoe scynovizoapovly 260110YUACHIH
Mooenvoey yuin apuaivl dcacanzan mooeinv men MESA (Modules for Experiments in Stellar
Astrophysics) koovinan anvinzan depexmep Oipikmipineen, oyn monvik MESA opuamyowl Kaxcem
emnecmeH, HaKmvl JHCYIObL3 280MIOYUACHL OepeKmepin mikenell naudaiany2a MyMKIHOIK Oepeoi.
Cumynayus sHcynowvi30apovly Hezizeli pemminici, Kbi3vll Albli JiCoHe aK epeedicellni hasanapuln
Kammuobl, dxcane 3D aHumayusnap apkwlivl 6U3Yantu3ayusianaosl, MyHOA JHCYn0vl30bly o1uleMmi,
MemMnepamypacwl, HCapblKMbliblebl MeH KYPAMbIHbIY YaKblm eme o32epyi kopceminedi. Python
Hezi3inOe oicacanzan epaghuxanvix nanoaranyuvl unmepetici (GUI), tkinter ximanxanacwi
ApKbLILL  I3IPIEH2eH, NAUOAIAHYUbIIAPEA  HCYA0bI30bIK — Napamempaepoi  eHeizyee  JHCoHe
CUMYTAYUAHBL OACay2a MYMKIHOIK Oepedi, Oyn bonrawax maxcipubenep yuiin ukemoi niamegpopma
ycoviHaowl. CoHblMeH Kamap, Mooeibee MemaiobliblK, 10p0 MEeMNepamypacsl HCaHe s10po KYpamol
cusKmsl napamempiep KOCbLiObl, OY1  CUMYIAYUALAPObIY  UWLIHAULIIBIZHIH — APMMbIPLIN,
MUIMOLTIKMI Cakmayea MyMKiHOIK 6epedi. BYn dcymbic HeYnobl30ap 260I0YUSCLIH mepel maiday
Yulin KYHObl KYpan 0oavin madwvliadsl, OHbIH ACMPOQU3UKATLIK 3epmmeyiep MeH Oinim bepy
Canacvinoa KON0aHy MymKiHOikmepi oap.

Tyiiin co30ep: owcynovizoap 36omoyusicel, MESA, moodenvoeyoi ecenmey, HCYa0b130bI1K
napamempiep, axK ep2excelii.

Pa3paboTka BbIYMCIAMTEIbHOH OCHOBBI /IS IBOJIIOLMH 3Be3/1
M.K. Parxan'”

EBpasuiickuii HalmoHanbHbIN yHUBepcuTeT nMenu JI.H. I'ymunesa, Acrana, Kasaxcran
“E-mail: margulan.rathan.kz@gmail.com

Annomayua. Oma cmamoes obcyxcoaem paspabomky 6blYUCIUMENbHOU OCHOBbL OJlsl
CUMYTAYUU U AHATU3A IBOTIOYUU 36€30, C AKYEHMOM HA unmezpayuio usudeckux Gopmyn u
peanvHbiX HabarodamenvbHulx OanHblX. OCHOBHAS Yelb — MOOeIUPO8AMsb IGONIOUUID 36E30HbIX
cucmem, GKIIOYAs MaAKUe BANCHbIe NAPAMEmpbl, KAK MAccd, C8emumMocms, memnepamypa u
CKOPOCMb  6pAUeHUs, 8 MOOeIU 960II0YUU. DMa OCHOBA 00BeOUHsIem CReyuaiu3upOBaAHHYI0
Mooenv 26oa0yuu 36e30 ¢ OanHvimu uz kooa MESA (Modules for Experiments in Stellar
Astrophysics), ycmpansas neobxooumocms 6 noanou ycmanoske MESA, ucnonv3ya Oanmbie
peanvHou  26omoyuu  36e30. Cumynayus — ekaouaem — maxkue — ¢azvl, KAK ~ OCHOBHAS
nOCNe0068amenbHOCMb, KPACHBIN 2Uu2aHm u Oenvlii Kapauk, U 6U3Vaiusupyemcs ¢ HOMOWbIO
OuHamuunwlx 3D-anumayuil, NOKA3bLIBAIOWUX USMEHEHUS 8 pa3mepe, meMnepamype, cemumocmu
u cocmage 38e30 ¢ meyeHuem epemenu. I paguueckuii nonvzosamenvckuii unmepgetic (GUI),
paspabomanmuwviti Ha Python c¢ ucnonvzoeanuem tkinter, nozeonsem noab308amensam 6800UMb
napamempui 36e30 U 3aNyCKAmMb CUMYIAYUIO, NPedoCmasisisn 2UOKYIo naamgopmy 0is OalbHeuux
aKcnepumenmos. Takce 6 Mooenb ObLIU 6KIIOUEHbL NApaMempbl, MaKue KaKk MemaiiuiHoCmb,
memnepamypa a0pa u cocmas A0pa, 4mo Yiyuuiaem peaiusm CUMYIAYULl, COXPAHssA NPU SMOM UX
aghghexmuenocms. Oma paboma npeocmasisiem coOOU YEeHHbIU UHCMPYMeHm OJisi 0emalbHO20
aAHaIU3a 2801I0YUU 36€30 C BO3MONCHBIMU NPUTLOHCEHUAMU 8 ACMPOPUIUYECKUX UCCTEO08AHUAX U
00pa3068amenbHbIX Yesx.

Kniouesvie cnosa: ssonoyus 36e30, MESA, sviuuciumensnoe mooenuposanue, 36e30Hble
napamempui, Oenvitl Kapiux.
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FTAMP 20.53.21

Pa3Butue MeT010B 3D-peKOHCTPYKIINH JIS1 AHAJIN32 HAYYHBIX
00pa3uoB 1 00bEKTOB

basinos Kanrup MaparoBuu
maructpast 2 kypca, OI1 7M06136 — «MudopmanronHbie cuctemMbl», Kazaxckuit
YHUBEpCUTET TexHosioruu u 6usneca um. K. Kynaxanosa.
(r. Acrana, Kazaxcran)

Annomauusn. Memoovwt 3D-pekoHcmpyKyuu Omrpwvieaom 0Jist HAYKU HOBble 20PU3OHMbL —
C UX NOMOWDIO MOJCHO NOIYYAMb Oemaniu3uposanusvie Yu@dposvle Mmooeiu 00beKmos ¢
mounocmoto 0o 0,2 muxpomempa. Taxue mexHonocuu ysace HAX00AmM WUPOKOe NPUMEHEHUE 6
apxeonozuu, ouomeouyuHe (8KI0UASA U3yYeHUe KIeMOoK), MamepuaiosedeHuu u opyaux 001acmsx.
OO0HaKo noka Ymo ux NOMeHYUAal UCHOLb3YEMC L 6 OCHOBHOM OJisl HEPAPYULAIOWE20 AHAIU3A U
coXpaHenuss 00BEKMOo8, a  BO3MONCHOCMU — OCMAOMCA  20pazoo  wupe. B cmamve
PACCMampusaromces  Kiuodegvle meopemuyeckue OCHO8bl U Npakmuyeckue memoovt 3D-
PEKOHCMPYKYUU — OM POmocpammempui 00 KOMNbIOMEPHOU momozpaguu u ux KOMOUHAyUl.
Takoce NOOHUMAEMCSl BANCHBIL BONPOC O MOM, KAK COBPEMEHHble MEXHOL02UU, MaKue KaK
UCKYCCMBEHHBIU UHMETLIeKM U 00auHble NAAm@pOpMbl, 8 COYeMAaHUU ¢ eOUHbIMU CIMAHOAPMAMU
OAQHHBIX, MO2Ym NO8blcUMb 3pdhexmusnocmvb dmux npoyeccos. Ha ocnoge npaxmuyeckux
nPUMEPO8 U KOIUYECBEHHBIX OAHHbIX AHATUBUPVIOMCA NpeumMyuwecmsa U O02paHudeHus
mexuonoeutl. B 3aeepuienue npeonodicenvl nymu ux pazeumusi — Om A6MOMAMu3ayuu u
yoeutegnenusi 060py0osanusi 00 pazpabomku oowux cmamoapmos, Komopwle coenaiom 3D-
PEKOHCMPYKYUio 0ocmynHee 0Jis ucciedogamerell u3 pasHvlx ooracmeil. Paboma nanpaeniena na
cuCmemMamu3ayuro mexKywux 3HaHuil U NOUCK HOBbIX NePCNeKmus Oisi UCHONb30BAHUS IMUX
MEXHON02UTL 8 MENCOUCYUNTUHAPHOU HAYKe.

Knwuesvie cnoea. 3D-pexoncmpykyus, gomocpammempus, 1a3epHoe CKAHUPOBAHUE,
KOMNbIOMEPHAST MOMOZPADUS, UCKYCCMBEHHbIN UHMEIEeKM, 00IAYHbIE GbIYUCICHUS, HAYUHbIE
uccne0o8anusl.

Bsenenne

CoBpemMeHHON Hayke BCE yaile TpeOyIOTCS MHCTPYMEHTHI, MO3BOJISIOLINE
U3y4aTh OOBEKTHI C MAKCUMAJIbHON TOYHOCTBIO U TIPH 3TOM U30eraTh GU3HUIEeCKOro
BO3JcicTBUS Ha HUX. OJHUM U3 TaKWX pelIeHud cTanu TexHojoruu 3D-
PEKOHCTPYKIIMU: OHM TMO3BOJIAIOT CO3/aBaTh TOYHbIE LU(PPOBBIE MOACIU C
paspemienrem 10 0,01 MM. DT MOJENN HE TOJNBKO BU3YATU3UPYIOT OOBEKT, HO U
JAI0T BO3MOXHOCTh MPOBOJUTH BUPTYyaJIbHbIE H3MEPEHHUS, MOJEIUPOBAHHUE U
aHaJM3, YTO YCKOPSET MPOLECC UCCIIEIOBAHUS U COXPAHSAET LIEHHbIE 00pa3bl — OT
apXeoJIOrMYEeCKUX HaXOA0K J0 OMOIOTHYECKUX TKaHEeW U MH)KEHEPHBIX MaTepPUAIIOB.

B apxeonorun 3D-pexkOHCTPYKIHMS TMO3BOJISIET H30€XKaTh pa3pyIICHUS
apreakToB, COXpaHWB UX B IU(PPOBOM BUJE ISl JaTbHEUIIEro u3ydeHus. B
MEIUIMHE OHA ITOMOraeT CO3/1aBaThb TOYHBIE MOJEIM OPraHoOB, IPUMEHSEMBIE,
HarpuMep, MpHU IUIAHUPOBAHMM omepanuil. B MarepuanoBeneHun — 1aér
BO3MOXXHOCTh ~HCCJIEIOBaTh BHYTPEHHIOIO CTPYKTYpy MaTepHalloB, YTOOBI
yAy4lIUTh UX CBoWcTBa. OJHAKO, HECMOTPS Ha OYEBUJIHBIE MPEUMYLIECTBA,
TEXHOJIOTHsI II0OKa HE CcTajga IOBCEMECTHO JOCTYNHOW: €H MEIIalT BBICOKAs
CTOMMOCTB 000py0BaHusl (B nuana3zone ot 15 10 600 ThicsY 1011apOB), CII0KHOCTh
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00paboTKH OOJBIIUX MACCUBOB JAHHBIX U HEOOXOJUMOCTh HAJIMYUS CIICIIUATUCTOB
C BbICOKOW kBanmudukarueir. Tem He MeHee, aKTUBHOE Pa3BUTHE UCKYCCTBEHHOTO
UHTEIJICKTa, 00JTauHbIX MIATPOPM U MOOMIIBHBIX YCTPONCTB CO3AAET YCIOBUS IS
MPEOIOJICHUS 3TUX OIPAHUYCHUN U PACIIUPEHUS JOCTYITHOCTH TEXHOJIOTHIA.

Hacrosimas pabGota mnocBsinieHa KOMIUIEKCHOMY 0030py COBPEMEHHBIX
MeTOI0B 3D-pekoHCTpyKIMU. B Hel paccMaTpuBarOTCA TEOPETUUYECKUE OCHOBBI,
KJIFOYEBbIE METOJ0JIOTUYECKHUE MOJIXO/bI, TPAKTUYECKUE MPUMEPHI IPUMEHEHUS U
BO3MOXXHBIE MYTH JajibHEWIIero pa3putus. Llenb uccnenoBaHuss — HE MPOCTO
0000IIUTh CYIIECTBYIOIIME 3HAHUS, HO U TNPEIJIOKUTH HANpPABICHUS UX
COBEpUICHCTBOBAHMUS, C AKIEHTOM Ha AaBTOMATU3alMI0 MPOLECCOB U
CTaHJApTU3AIMI0 JIlaHHBIX. B crarbe MOATAaIHO PACCMOTPEHBI: 0a30BbIC
TEOPETUUYECKHE MIPUHLINIIBL, UCTOPHUYECKAs ABOJIIOLIMS TEXHOJIOTUH,
METOJOJIOTUYECKUE U TEXHUUECKUE PEIICHUS, IPAKTUYECKUE PE3YIIbTATHI, a TAKKE
MEPCIEKTUBBI U 3akitoueHre. OCHOBOM aHaIW3a MOCITY KN aKTyallbHbIC HAyYHbIE
HUCTOYHUKH, TPUMEPHl U3 MPAKTUKU M KOJMYECTBEHHBIE TOKa3aTelau, Ha 0aze
KOTOPBIX (OPMYJIUPYIOTCSI KOHKPETHBIE MPEIJIOKEHUS MO Pa3BUTHUIO 3TOrO
HaIpaBJICHUS.

Teopernueckue 0CHOBBI

3D-peKoHCTPYKIHMS — 3TO MEKIUCIUIUIMHAPHOE HAMpaBJICHUE, B KOTOPOM
OOBEIUHSIOTCS 3HAHUSI U3 TE€OMETPUM, ONTUKU, UHPOPMATUKU U CTATUCTUKU. C
TOYKHU 3PEHUS] T€OMETPUH, OOBEKTHl OMUCKHIBAIOTCS B BHUJIE€ KOOPAMHATHBIX CETOK,
rae BepmMHbl M pEOpa GOpMHUPYIOT TpEXMEpHBbIE CTPYKTYphl. OnTuyeckue
MPUHITUIIBI TOMOTAIOT 3a)MKCUPOBATh, KaK CBET B3aMMOJICUCTBYET C MOBEPXHOCTHIO
00BEeKTa, 4TO JISKUT B OCHOBE cOopa BusyainbHOU nHpopmaiuu. Madopmaruka, B
CBOIO O4Yepellb, pa3pabaThIBacT aJITOPUTMbI OOpPAOOTKHU MAaHHBIX — HAIPHUMED,
METO/Ibl TPUAHTYJISIUU WM (UIBTPAIlMU, a CTATUCTHUKA IO3BOJIAET COKPATUTH
BIIMSIHUE OIMMUOOK U IIIyMOB, KOTOPBIE MOTYT BOSHUKATh ITPU CKAHUPOBAHUMU.

BaxueiimuM kpurepueM kadectBa 3D-Monenenl ABISE€TCS TOYHOCTh HX
BocripousBefeHusl. COBpEMEHHbIE TEXHOJOTMH, HampuMep KOMIIbIOTEpHas
ToMorpadus, MOryr jgocturatb TouHoctd g0 0,01 MM, Torma Kak
(doTorpaMmmeTprueCcKre METOAbI B 3aBUCUMOCTH OT YCIIOBUH naroT pazopoc a0 0,5
MM. /[[ns monydeHuss MakCMMAajbHO JOCTOBEPHOM MOJIETM YacTO MNPUMEHSIOT
00BbeAMHEHNE JAHHBIX U3 PAa3HBIX HCTOYHUKOB: IBYMEPHBIX U300paKeHui, 00JIaKoB
TOYEK, MOJYUYECHHBIX JIA3€PHBIM CKAHHUPOBAHUEM, U PEHTI€HOBCKUX CHHUMKOB. JTO
MO3BOJIIET BOCIPOU3BOAUTD KaK BHEUIHUI BU/I, TAK U BHYTPEHHHUE XapaKTEPUCTHKU
00bekToB. OHUM W3 TOMYJSPHBIX METOJ0B ONTHUMHU3AIMH MOJIETCH SBISCTCS
TpuaHryysinus JlemoHe, TMO3BOJISIIONIAS COKPATUTh KOJMYECTBO IMOJUTOHOB
npumepHo Ha 20%, He Tepss KadecTBa, YTO OCOOEHHO BAXXHO IS YCKOPCHHS
00paboTKH.

ToYHOCTH MOJIETM MOKHO BBIPA3UTh C MOMOUIBIO CPEAHEKBAIPATUYHOU
o6k (RMSE), paccuntsiBaemoit o gpopmyiie:

RMSE = V((1/n) * £ (xi - X)),

/e Xi — KOOPJMHATHI TOUEK Ha PeabHOM 00BEKTE, X; — COOTBETCTBYIOIIIUE
KOOPJIMHATHI HA MOJIENH, a N — 00Illee YUCI0 TOUYeK. YeM HUKE 3TOT MOKa3aTellb,
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TEM BbIIIE TOYHOCTb, YTO KPUTUYHO, HAMpUMEp, TMpPU HCCIEIOBAHUU
MUKPOCTPYKTYP MaTepUalioB.

Baxknoe TpeOoOBaHME K TEXHOJOTUSM — YHUBEPCATbHOCTb. OHU JOJKHBI
aJanTUPOBAThCSI K OOBEKTAM pPa3JIMYHBIX pa3MEpoB (OT MUKPOCKOMUYECKHUX [0
MaKpOCKOIMYECKNX) U MaTepuanaoB (METaibl, KEpaMHUKa, OpraHuka u T.1.). 3D-
MOJIEIN MOTYT UCTIOJBL30BAThCS IJI PEIICHUS CAMBIX Pa3HbIX 33/layu: OT U3MEPEHUs
TCOMETPUYECKUX TapaMeTpOB JI0 CHUMYJISIUU (PU3UYECKUX TPOIECCOB U
o0pa3oBaTeIbHBIX EIeH.

CyliecTBYIOT TpU OCHOBHBIX TEOPETHUUYECKHMX TMOJIX0Jla K PEKOHCTPYKIIHUHU.
PeanucTuyHbli MOAXOJ CTPEMHUTCS K MAKCUMAJIbHOM TOYHOCTH M TPUMEHSETCS,
HaIpuMep, NMPHU aHaM3e MUKPOIe(PEKTOB B MaTepuanax, rjae Jaxe MOrpelIHoCTh B
0,01 MM MokeT ObITh KpUTHUHON. DYHKIMOHATBHBIM MOAXO0 JeNaeT aKIeHT Ha
yA00CTBO MPUMEHEHMsSI MOJIEJeH, HallpuMep, B MEIUIIMHE — JUIsl UHTETPaIuu C
nmporpaMMamMu IUIaHUpOBaHUsA onepanui. CHUCTEeMHBIM MOAXOJ MPEANnoaaraet
KoMOuHUpoBaHue 3D-MojenupoBaHus € JpPYyrUMH METOJAaMH, TaKUMHU Kak
CIIEKTPOCKOMHMS, UTO MO3BOJISET MOJIYUYUTh 00JIee MOJHYI0 KAPTUHY UCCIEAYyEMOTO
oOBEKTA.

XOpomrM NOPUMEPOM  CIYKHAT 3D-pEeKOHCTPYKIUSA apXeOJIOrM4ECKOIrO
cocyja: JUisl TOYHOU Tepeadyu OpHaMeHTa TpeOyeTCsl pealuCTUUHbBIA OAXO0M, IS
pa3MenieHus MOJIEIN B BUPTYAJIbHOM My3ee — (DYHKIIMOHAJILHBIN, a JJIs aHaIu3a

MaTepuaia cocyjla — CHUCTEMHBIN. DTHU TpU Mojxoja (pOopMUPYIOT OCHOBY IS
JAJBbHEUIIIETO PACCMOTPEHUSI METOIOJIOTUYECKUX U TEXHUYECKUX perieHuid B 3D-
PEKOHCTPYKIUHU.

HNcropnyeckuili KOHTEKCT

Pa3Butne TexHOJIOrMN TPEXMEPHON PEKOHCTPYKLIUHM OXBATHIBAECT MOYTH JIBA
BEKa M OTPaXaeT IyTh OT OINTHYECKUX OKCIIEPUMEHTOB 10 BBICOKOTOYHBIX
HU(POBBIX PELICHUN, KOTOPBIE HCIOJNB3YIOTCS CEroAHs B HAayKe, MEIUIMHE,
WHXEHEpUH U KyJbType. Hayano Ob110 nonoxeno B 1830-x rogax, korna Yapiss
YUTCTOH NpemIoKUI METOJ CTEPEOCKONIMU — YCTPOMCTBO, CO3JAIOIIEE UILTFO3HUIO
rIIyOMHBI 32 CYET MNPOCMOTpPa ABYX CJerka CMEIIEHHBIX H300paxeHui. OTa
TEXHOJIOTHS 3aJI0KMIIa GyHAAMEHT U1 Oy 1yumx (oTorpaMMeTpUUECKUX METO/I0B,
OCHOBAHHBIX Ha aHAJIM3€ MapasuIeIbHbIX H300paXKEHUH.

CymiecTBeHHbI TpopeiB npousowén B 1960-x romax, korma ['oadpu
Xayucohung u Annan Kopmak paspaboranu MepByI0 CHUCTEMY KOMITBIOTEPHOMN
tomorpaduu (KT), koTopast mo3BosIsIa «IIPOCBEUNBATE» OOBEKTHI, MOTYyYasi CEPUI0
PEHTTEHOBCKUX CpPEe30B. 3a 3TO JOCTHKEHHUE OHM ObUIM ynoctoeHbl HoOeneBckoit
npemun B 1979 ronmy. BrmepBbie cTamo BO3MOKHBIM IOIY4aTh TPEXMEPHYIO
UH(GOPMAIIMIO O BHYTPEHHUX CTPYKTypaxX 00BEKTOB, HE pa3pyllias UX — 3TO CTaJIOo
pPEBONIFOLMEN JJI1 MEIMLIMHBI M HAYYHBIX UCCIIETOBAHUM.

B 1970-x  rogax  HayanuM  AKTMBHO  Pa3BUBATBCA  CHUCTEMBI
aBTomMaTu3upoBaHHoro mnpoektupoBanus (CAD). Takue mnporpamMmbl, Kak
AutoCAD, no3Bonmv MHKEHEpPAM W JHU3aliHEpaM CO3/1aBaTh TOYHbBIE LIHU(PPOBHIE
YepTexKu U Mojenu o0bekToB. [lapamienbHo ¢ 3TUM HayaauCh SKCHEPUMEHTHI C
nepBbiM o0opyaoBanueM st 3D-ckanupoBanus. B 1980-x mosiBUIMCH a3epHbIe
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CKaHepbl HA OCHOBE MPHUHIIUIA TPUAHTYJISIUU, 00ecleunBarome TouHoCTh A0 0,5
MM. HecMOTpst Ha BBICOKYIO CTOMMOCTh W TPOMO3JKOCTH YCTPOMCTB, 3TH
TEXHOJIOTMM Hayall [PUMEHATHCS B a3POKOCMUYECKONM M aBTOMOOWIBHOU
IPOMBIIIEHHOCTH.

B 1990-x ronax Ha pbIHOK Ha4aJid BBIXOJUTH OOJIEE TOCTYNHbIE HU(DPOBBIE
KaMepbl U MEPCOHAJBHBIE KOMIBIOTEPHI, YTO 3HAYUTEIBHO YIPOCTHIIO IMPOIECC
dororpammerpun. iMeHHO TOra apXeoaoru, reoJoTH U OMOJIOTH Hayalld aKTUBHO
UCIOJIb30BaTh 3D-pEeKOHCTPYKUHUIO MJii JOKYMEHTHUPOBAHHS OOBEKTOB — OT
NaMATHUKOB apXUTEKTYPhI O MUKPOCKOIMMUYECKUX 00pa31ioB. TOYHOCTh METOIOB B
3TOT nepuoa nocrurana 0,2 MM, a MOJENU CTAJIA MPUMEHSATHCS HE TOJBKO IS
BHU3yaJN3allMK, HO U JUIsl KOJJUYECTBEHHOTO aHAIN3a.

C nayvana 2000-x ro/10B pa3BUTHE MPOrPaMM C OTKPBITHIM HCXOHBIM KOJOM,
takux kak MeshLab, CloudCompare u Blender, B couetanuu c ynemieBieHueM
o0opynoBaHus (HampuMmep, Kamepbl CTOMMOCTBIO OT 500 moyIapoB U CKaHEphl 3a
HECKOJIBKO TBICSY) CHENaN0 TEXHOJOTUH 3D-peKOHCTPYKUUU AOCTYINHBIMHU JIs
YHUBEPCUTETOB, MYy3€€B M Jaxe »HHTy3uacToB. PoTorpamMMmeTpus cTajia
CTaHJAAPTHOM METOJMKOW Juisi HeOOoNbIIMX JabopaTopuii, a TOYHOCTb
PEKOHCTPYKIMU NTOBbICKIAcCh 10 0,4 MM.

C 2010-x romoB Hayamach HOBas d3I0Xa — BHEJIPEHHE HMCKYCCTBEHHOIO
unremekra (MN), wmammaHoro oOydenuss u LiDAR-texnonoruii. Taxue
yCTpoicTBa, Kak Artec Eva, ocHallléHHbIE BCTPOCHHBIMU aITOpUTMaMH 00pabOTKH,
MO3BOJIWJIN 1O0CTHYb TOYHOCTH J10 0,01 MM M BBINOJIHATH CKAHUPOBAHUE B PEAIBHOM
BpeMmeHu. braronaps MU nosBuiack BO3MOKHOCTh ABTOMAaTUYECKH COMOCTABISATh
U300pKEHUSI, YAQIATh IMyMbl, BOCCTAHABIMBATh HEIOCTaroIue ¢GparMeHThl
00BEKTOB U JIaXKe PEKOHCTPYUPOBATH BHYTPEHHIOIO CTPYKTYPY 06€3 HEOOXOMMOCTH
ucnionbzoBanuss  KT. TlapamnensHo pasBuBanack wMoOmwibHas 3D-cbéMmka ¢
MOMOIIBI0 JIPOHOB, cMapThoHOB U MaHmeToB ¢ LiDAR-cencopamu, Takux Kak
iPad Pro. D10 cnenano BO3MOXXKHBIM OUM(POBKY JaHAIAPTOB, 3MaHUA U Jaxe
LEJIBIX apXEOJIOTMUECKUX PACKOIOK B MOJIEBBIX YCIOBUSX.

CoBpeMeHHbIE PEIICHUs] COYETAIOT B ceOE Cpa3y HECKOJIbKO TEXHOJIOTHM.
Hanpumep, rulOpugnbie MeTOAbl OOBEIUHSIOT (POTOTPAMMETPUIO, JIA3€PHOE
CKaHHPOBaHUE U TOMOTpaduio, co3aaBas MOJEIH C BHICOKUM YPOBHEM JeTaIU3aI[UU
KaK BHEIIIHEH, TaK U BHYTPEHHEN CTPYKTYpbl. Takue Mmoaxoabl yKe MPUMEHSIOTCS B
OMoOMeUIIMHE JJI TUTAaHUPOBAHUS OTIEpAIlHii, B MaTEPHAIIOBEICHUN JIJIs aHAJIM3a
MUKPOCTPYKTYP, B MAJICOHTOJIOTUU — JJIsl U3YUYEHUS OKAMEHEJIOCTEN, U B My3esX
— JI7Isl BUPTYAJIbHOM pecTaBpannu apTedhaKkToB.

Pa3zButne o6maunsix miatdopm, Takux kak Sketchfab, RealityCapture Cloud
u Autodesk Recap, mo3Boimio obpabaTeiBaTh U XpaHUTh Oosbire 00bEMBI 3D-
JaHHBIX 0e3 HEeoOXOJUMOCTH MCHOJIb30BAaHUS JIOPOTOCTOAIIUX JIOKAJIbHBIX
CepBEpOB. DTO, B CBOIO OYEpEelb, PACIIUPWIO AOCTYN K TEXHOJOTHSIM s
UCCJIEI0BATENCKUX IPYIII IO BCEMY MUPY.

MeToa0/10rH4ecKue MOIX0AbI

Merononoruss 3D-peKOHCTPYKUMU OXBAaThIBAET PAa3jMYHbIE CTPATETHUH,
ONPEIENSIONINE, KAK UIMEHHO CJIeIyeT NPUMEHSITh TEXHOJIOTMU B 3aBUCUMOCTU OT
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uenel wuccienoBaHus. OOUH U3 KIIOYEBBIX TMOJAXOJOB — CHUCTEMHBIH,
npeanoaralomuil 00beJMHEHNE JaHHBIX U3 Pa3HBIX MCTOYHUKOB JUIS CO3AHUS
MHOTOCJIOMHBIX U Oosiee MH(OPMATUBHBIX Mojened. Hampumep, npu u3ydeHuu
UCKOTIAeMBIX OCTAaTKOB (DOTOTpaMMETPHS MO3BOJIAET 3aPUKCUPOBATH TEOMETPHUIO U
TEKCTYpy IMOBEPXHOCTH, B TO BpeMs Kak kKommbioTepHas tomorpadus (KT) maér
uHGOPMAIIMI0O O BHYTPEHHEM CTPOCHHHM OO0bekTa. Takas MHTErpaunus MOBBIIIAET
JeTanbHOCTh Mozenu Ha 15-20%, ogqHako TpeOyeT AOMOIHUTENIBHBIX PECYPCOB Ha
KaJIMOPOBKY M COBMEILEHHE [AHHBIX, YTO MOXET YBEJIMYUTh 0OIlee BpeMms
00pabOTKH HA YETBEPTh.

Jpyrou Ba)HbIM METOJIOJIOTMUYECKUN BEKTOP — AITOPUTMHUYECKUN MMOAXO/I,
HaIICJICHHBIA Ha COBEPUICHCTBOBAHUE MPOrpaMMHBIX perieHuid. COBpEMEHHbIE
QITOPUTMBI, OCHOBaHHbIE Ha OalleCOBCKOM (UIBTpAlUM W HCIOJIb30BAHUU
CBepTOUHBIX HeMpoHHBIX ceTeil (CNN), MO3BOJISIIOT IOCTUTAaTh BHICOKON TOYHOCTH
— 10 0,03 MM — U YCKOpSIIOT 00pa0OTKy JaHHbIX npuMepHo Ha 30% Omaromaps
aBTOMATHU3alMK TaKUX OTEPaIHii, KaK BRIpaBHUBAHHUE 00JIAKOB TOUYEK U (DHIIHTPALIHS
mymMoB. OJIHaKO peanu3aius 3THX pelieHu TpeOyeT MOUIHOTO 000pyI0BaHuUs, B
yacTHOCTU rpaduueckux npoueccopoB (GPU) c o0bémom namsitu He meHee 16 T'b,
YTO MOXKET OBITh HEAOCTYITHO JIJIs1 HEOOJIBIINX Ja0OPATOPUI U UCCIIEI0BATEIBCKHUX
TPYII C OTPAaHUYEHHBIM OIO/IKETOM.

NutepaucuumivHapHblii  OAXOJ OOBEAUHSAECT 3HAHUS W3 Pa3IUYHBIX
obOnacteit — Hampumep, Gu3uku, OMOJOTUU, UHPOPMATUKU — IS aJanTaluu
MeT0/10B 3D-peKOHCTPYKIIMH MO/ 33]]a4l KOHKPETHOM Hay4yHOU oOnactu. Tak, npu
CO3JaHUU MOJIeJIell OMOJOTUYECKUX TKAaHEW YUYMTHIBAIOTCS Takue MapaMeTphl, Kak
KOd(DPUIIMEHT TPEIOMIICHUS, YTO MO3BOJIIET MOBBICUTh TOYHOCTh MOJICTUPOBAHUS
npumepHo Ha 10%. BMecte ¢ Tem, peanuzaiusi Takoro Mojxo/ia TpeOyeT ydacTus
CHELUAINCTOB C Pa3HOCTOPOHHEW 3KCHEPTHU30M, YTO JENAET €ro TPYIOEMKHM H
OpPraHU3aLUOHHO CIOKHBIM.

Takxe BBIICNSAETCS TEXHOJOTUYECKUHM MOJXO0M, KOTOPBIM JIEJIACT aKIEHT Ha
NpaBUIBHOM  BBIOOpE  00OpYIOBaHHMS U MPOTrPaMMHOrO  OOecreyeHusl.
Hcnonb3zoBanue npopecCuoHAIbHBIX MHCTPYMEHTOB, TakuxX kak LiDAR-ckanepsl
(manpumep, Faro Focus) wiM crenuanu3upoBaHHBIX HPOrPAMMHBIX IUIATGOPM
(mampumep, RealityCapture), mo3BoJisieT yCKOpUTh Ipoiiecc cOopa U MOATOTOBKHU
nanHbix Ha 15-20%. Tem He MeHee, BBICOKAs CTOMMOCTh TaKHWX PEIICHUH —
HaynHas OT 15 ThICSY JOJUIAPOB — CTAHOBHUTCS CACP>KUBAIOIINM (PAKTOPOM st
IIMPOKOrO BHEIPEHUSI.

Ha mpaktuke »>QdexkTuBHON OKa3bIBacTCS KOMOHWHAIUS — Pa3TMYHBIX
NOJXO/IOB, HANpHMEpP, CUCTEMHOIO W aJIrOpUTMHUYEcKoro. Takoe coueTaHue
MO3BOJISIET JOOUTHCA YBETWYCHHUS KauecTBa MTOTOBBIX Mojaened mo 25%, HO
OJTHOBPEMEHHO TpeOyeT OoJibllie BpEMEHH U PECYpPCOB — KaK TEXHUYECKUX, TaK U
KaJIpOBBIX. BhIOOp ONTMMAaIbHON METOJOJIOTMHM 3aBUCUT OT KOHKPETHBIX 3a/ay
UCCJIEIOBAHUSI, JOCTYIHOIO OOOpYIOBaHHA U MPOQPECCHOHAILHON MOJITOTOBKHU
KOMAaH/Ibl.

Ta6numa 1. XapakTepucTUKU METOA0JOTHUECKUX TTOAX0I0B
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IIpenmymect |Orpannuen |IIpume
IMoaxon Heanb P y P p P
Ba s NPUMeEHEeHUs
ITomHOTA, C10XXHOCTH
. HNuTerpanus Ananus
CucTeMHBIHI KOMILIEKCHOCT | KOOPIMHALIH .
JTAHHBIX " OKaMEHeIoCcTen
Bricokas
OntuMusan [TocTpoenue
. TOYHOCTbD, 3aBHCHUMOCTbD
AJITOPUTMUYECKUN (U5 MMOJIUTOHAJIBLHBI
aBTOMATH3AIIH |OT PECYpPCOB
00paboTKH X CETOK
MopaenupoBaHu
Tpebyer
NurepnucuumnnHapi |Anantamust [ MOKOCTb, N
BIH K 33J]ayaM  [TOYHOCTbH P OHMOJIOTHYECKUX
AKCIIEPTU3bI o
TKaHel
OddhekTUBH CkanupoBaHue
. o [Ipocrora, Bricokas P
TexHoJIOrMYeCcKui ast apXeOoJIOTUYECK
CKOpPOCTh CTOUMOCTD
peanu3anus ux apteakToB
Texnuuyeckue NoaAXoabl
IIpakTuueckoe BOILIOIIICHHE TEXHOJIOTHUI 3D-peKOHCTPYKIUHU

oOecreuynBaeTCs Pa3IMYHbBIMU TEXHUYECKUMHU METOAAMH, KaXKIbli M3 KOTOPBIX
UMEET CBOU IMpEUMYyLIeCTBa, OrpaHUYEHUs U obnacTu npumeHeHus. Hauboiee
pacnpoCTpaHEHHBIMM HAa CETOAHSIIHUN JeHb SBISAIOTCS  (OTOrpamMMeTpus,
Ja3epHOE CKAHMPOBAaHWE, KOMIBIOTEpHAss TOMOrpadus M X KOMOMHUPOBAHHBIE
BApPUAHTHI.

doTorpaMMeTpUsi — OJIUH U3 CAMbIX JIOCTYIHBIX U IIUPOKO MPUMEHSIEMBIX
MeTonoB. OHa OCHOBaHa Ha aHainu3e MHOxecTBa 2D-dortorpaduii, cHATBHIX ¢
nepekpbiTieM B 70—-80%, Ha OCHOBE KOTOPBIX MPOTpaMMHOE 00eCTeUeHHUE, TaKoe
kak Agisoft Metashape unu RealityCapture, ctpout TpéxmepHyto mozenb. [ Ipuniumn
palboTHI 3aKJIFOUAETCS B COMOCTABICHNUHN KITIOUEBBIX TOUEK MEXIAYy N300paKeHUSIMU,
U3 KOTOPBIX 3aTeM (hopMUpyeTcs 00JIaKo TOYEK U IMOJIMTOHajJbHas ceTka. Meton
MPUBJICKATEJIEH CBOECM OTHOCHUTENBLHOM JelieBU3HOM — 11 0a30Boro Habopa
JIOCTATOYHO KaMepbl crouMocTbio oT 500 momtapoB u IIK cpenHeil MOIIHOCTH.
doTorpaMMeTpusi aKTUBHO UCIOJIB3YEeTCS B apXeoJOruu sl Olu(pOBKH
apTeakToB, apXUTEKTYPHBIX JJIEMEHTOB U KepaMuku. OJHAKO Yy METO/a €CTh H
cialdble CTOPOHBI: OH YYBCTBHUTENEH K YCIOBUSM OCBEIICHUS, a TaKXe IJI0XO
CIPABJISIETCS] C OTPAKAIOIIMMHU WM OJHOTOHHBIMH MOBEPXHOCTSAMH, TJI€ TOUHOCTb
MOJKET CHHMKAThCS 00 1 MM.

Jlazepnoe ckanupoBanue (LiDAR) mpenmnoniaraeT akTUBHOE CKaHUPOBAHHE
MOBEPXHOCTU 0OBEKTA C TOMOILBIO Ja3€PHBIX UMITYJILCOB, YTO MO3BOJISET U3MEPSIThH
paccTOsTHUE C BBICOKOW TOYHOCTBIO M CO3/1aBaTh IUIOTHBIE OOJIaka TOYEK.
CoBpemenHble ycTpoiicTBa, Hampumep Faro Focus, obGecnieunBatoT TOYHOCTH /10
0,08 MM ¥ MWIOTHOCT, A0 | MMJIJIMOHA TOYEK HA KBajapaTHbIA MeTp. Takue
TEXHOJOTMH OCOOEHHO BOCTpPeOOBaHbl B TIE€OJIOTMH, MAaTEPHUAJIOBEICHUU U
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WHXEHEPHOW Ie0J€3UN — HaIpUMeEp, ISl aHAJIN3a CTPYKTYPbI TOPHBIX TOPOJ WK
KOHTpPOJIsI TeoMeTpun AeTtanei. OCHOBHBIMU MPENSATCTBUAMH OCTAKOTCS BBICOKAs
CTOMMOCTh oOopymoBanust (0T 15 mo 50 ThICSY MOUIApOB) W OTpPaHUYCHHAS
IIPUMEHUMOCTB B YCJIIOBUAX BBICOKOW BJIAKHOCTH, 3alIBUIEHHOCTH WUJIY IEPEMEHHOTO
OCBEILEHUS] — YTO OCJIOKHSET UCIIOJIb30BAHUE B MOJIEBBIX PabOTax.

Kommerotepras tomorpadus (KT) mpemoctaBisieT BO3MOKXHOCTh CO3/IaHUS
3D-Moneneit Ha OCHOBE PEHTTEHOBCKUX CPE30B, UYTO OCOOCHHO IIEHHO MPU aHAIN3E
BHYTPEHHHUX CTPYKTYp 00BbeKTOB. C €€ MOMOIIBbI0O MOKHO JJOCTHYb Pa3pelieHus 110
0,005 MM, 4TO AenaeT MeTOJ HE3aMEHHMMBIM B OMOMENHIIMHE (HarpuMmep, s
MOJICJIMPOBAHUS OPTaHOB, KOCTEH M COCYJIOB) U MAJICOHTOJIOTUH (JIJIs1 UCCIEAOBAHUS
okameHesnoctei). OnHako Tomorpadusi ocTaércs AOPOTOCTOSIIEH: I[EHA OJHOTO
Tomorpada MmoxeT HaunHaThCs OT 100 Thicsiu nosutapoB. O6paboTka 0AHOTO 00BEMA
nanHbIX pazmepoMm 8—12 I'b 3anumaer ot 10 no 15 yacoB Ha pabouel CTaHIIUU C
nporeccopom 3,5 I'Tn u 32 I'b onepaTuBHOM NMaMsITH, YTO TAKKE OTPAHHUYHMBAECT
MOBCEHEBHOE MPUMEHEHHE METO/Ia B MaJIOOKOIKETHBIX MPOEKTaX.

['uOpuaHbie METOABl OOBENMHSIIOT MPEUMYILECTBA PA3JIMYHBIX MOAXOAOB.
Hampumep, (ororpamMMerpusi MOKET HCIIOJIb30BAaThCA JUIsl 3aXBaTa TEKCTYPHOMH
uH(pOpMaIuK, a Ja3epHOE CKAHUPOBAHWE — JUISI TTOJIYYEHHUS] TOYHOM T€OMETPHUH.
Takoli cuMOK03 O3BOJISIET NOBBICUTH TOYHOCTH 710 0,1 MM M IIpU 3TOM COXPaHUTH
peaTuCcTUYHBIN BHEIIHUM BU. B apxeonornyeckux npoekTax ruOpuIHbIC PEIICHUs
MTO3BOJIWJIN BBIIBUTH CKPBITHIE MTOJIOCTH BHYTPH CTaTy3TOK C AeTanu3anueit 1o 0,05
MM. OHaKO peann3anus MoJ00HbBIX MOAX0A0B TPEOYET JOMOIHUTENBHBIX PECYPCOB
— KaKk TEXHWYECKHWX, TaK W  BBIYMCIUTEIBHBIX — A  TaKxke
BBICOKOKBAJIM(DUITMPOBAHHOTO TIEPCOHATIA.

OneHka KadecTBa CO3JaBAaE€MbIX MOJENEH 4YacTO IPOBOAUTCSA UEpe3
MOKa3aTelib MJIOTHOCTU 00Jlaka TOYEK, paCCUNThIBAEMBIH o hopmyIie:

D=N/A,
rie D — mioTHOCTH (B TOYKAX Ha KBaApaTHbIA MmeTp), N — obmiee
KOJIMYECTBO TOYEK, A — IUIOIIaJAb CKAaHUPYEMOM MOBEPXHOCTH. YeMm BbIlIe

IUIOTHOCTb, TE€M OOJIbIlIe JeTaNN3alus MOJEIH, OJHAKO 3TO TAaKXKe 03HA4yaeT poCT
00BEMOB JTaHHBIX, YTO TpeOyeT OOobIle BPEMEHH M BBIUMCIUTEIHLHOW MOIIHOCTU
JUTSL ©X 00paboTKH.

Tabnuna 2. XapakTepuCTUKH TEXHUYECKHUX TOJIX0JI0B

IMpunnun  |IIpeumynrect Obaactb
Meton P perMyI Orpanuyenust
padoThbI Ba IPUMEHEHUSI
O6paboTka
p Hwuzkas [TorpemuocTu
®dortorpammer |[2D- Apxeonorus,
CTOMMOCTb,  |Ha OJJHOPOJIHBIX
pus n300paxeHu apXUTEKTypa
M MpOCTOTa MOBEPXHOCTSX
JlazepHoe Jlazepubsie  |Bricokas Bricokas MarepuanoBeaeHu
CKaHUPOBAHUE [U3MEPEHUS [TOYHOCTb, CTOUMOCTb, €, F€0JIOTHs
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IUIOTHOCTD YyBCTBUTEIBHO
TAHHBIX CTb K YCIIOBUSIM
Amnanms JlnuTenbHas
KomrnbrorepHa [PEeHTTe€HOBCK buomennimna,
BHYTpeHHUX |00paboTKa,
st ToMorpadusi e Cpe3bl MMAJICOHTOJIOT U
CTPYKTYp JIOPOTOBU3HA
CII0KHOCTB
KommiiekcHoc
['ubpuaabIe HNurerpanus b BRICOKAS peanu3anuu, MexaucuurimHap
METOJIBI TEXHUK ’ BLICOKHE HbIE HCCIICIOBAaHUI
TOYHOCThH
3aTpaThl

Pe3ynbTaTel npuMeHEHNA

Texnonorun 3D-peKOHCTPYKIMU HATIISIIHO JOKa3alHl CBOIO 3((EKTUBHOCTh
B CaMbIX pa3HbIX HAYYHBIX M MPUKIAAHBIX cepax. B apxeonoruu, Hampumep,
UCIIOJIb30BaHUE (POTOrpaMMETPUM M JIa3€pHOrO CKAaHUPOBAHMS  IO3BOJSET
CO37aBaTh BEICOKOTOUYHBIE HU(POBBIE MOJENH apTe(haKTOB ¢ TOUHOCTHIO 110 0,1 MM.
OTO HE TOJNBKO YNPOUIAET XPaHEHUE U aHAJIN3, HO U YCKOPSIET UCCIIEI0BATEIbCKHE
IPOLIECCH — BPEMS HAa U3yUYEHUE OOBEKTOB COKPAIIAETCS B CPEAHEM HA YETBEPTh.
Tak, B ucciie10BaHNM KEPAMHUYECKUX COCYIOB, MpoBenéHHOM B Kazaxcrane B 2022
roay, Uu(ppoBble MOJEIN 3HAYUTEIBHO YIPOCTHIN paciinpoBKy OpHAMEHTOB, a
IPUMEHEHUE THOPUAHBIX METOIOB MIO3BOJIMIIO BBISIBUTBH CKPBITHIE 3JIEMEHTHI BHYTPU
OpOH30BBIX CTaTy3TOK, paHEe HEJOCTYNHbIE JUJIsi BU3yaJbHOTO aHajM3a.
Jeranuzanus nocturana 0,05 mm.

B MemunuHckoil mpakTuke TpEXMEpHasi pEKOHCTPYKIUS OCOOCHHO LIEHUTCS
32 BO3MOYKHOCTb TOYHOTO BOCIPOM3BEACHUS CIIOKHBIX aHATOMHYECKUX CTPYKTYP.
Mogenu, co3ganHble 1m0 JgaHHbIM KT-ckaHMpoBaHUWs, MO3BOJISIIOT IOBBICUTH
TOYHOCTh JIMAarHOCTHKU 10 12% W yCKOpUTH NOATOTOBKY K XHUPYpPrUYECKUM
BMemiatenscTBaM Ha 18%. Oaun u3 mpumepoB — 3D-peKkoHCTpyKIus depena ¢
paspemrenrem 0,005 MM, KoTOpas momoria HEMPOXHPYPraM MHUHUMH3UPOBATH
PUCKH OCIIOKHEHHUH Onarogaps 0oJjiee TOUHOMY TUIAHMPOBAHUIO onepauuid. Takxe
OTMEUYEHO, YTO MOJEIIMPOBAHUE CEp/Illa YCKOPSAET aHAIU3 BPOXKAEHHBIX aHOMAJIUN
npuMepHOo Ha 20%, 4TO CIIOCOOCTBYET CBOEBPEMEHHOMN KOPPEKIIUU JICUEHUSI.

B obGnactu wmarepuanoBenenust 3D-peKOHCTPYKLUMS HCIOJIBb3YeTCs Jis
JETAIbHOTO U3yY€HUs MUKPOCTPYKTYp. KommbroTepHas Tomorpadusi ¢ TOYHOCTBIO
10 0,01 MM MO3BOJISIET BBISABIATH MeNbyaiiiine 1e(eKTsl B METaUIMYECKUX CIIIaBax
— TakWe Kak IIOpbl, IyCTOTBl W MHUKPOTpEUIMHbl. B pamMkax wuccienoBaHus
yTIEpPOIHbIX KOMIO3UTOB (2023 rom) OBLJIO YCTAaHOBJIEHO, 4TO BHeapeHue 3D-
MOJIeJIEl Ha 3Tare MPOEKTUPOBAHMS IMO3BOJSET MOBBICUTH IMPOYHOCTh U3ACIIAN B
cpeaneM Ha 7%. Kpome Toro, nasepHoe ckaHupoBaHue c paspemenuem 0,08 mm
CIIOCOOCTBYET YJIYUILIEHUIO KOHTPOJISi Ka4ecTBa B MPOM3BOJCTBE, YTO OCOOEHHO
aKTyalbHO B a’pOKOCMHUYECKOM OTpacid — 3/1eCb TOYHOCTh KPUTHYHA, U
BHEJIPEHUE TEXHOJIOTUI MO3BOJIMIIO MOBBICUTH 3 (HEKTUBHOCTH KOHTPOJIS Ha 15%.

[TaneoHTONOTHS TaKXe BBIMTPBHIBAET OT 3D-pEeKOHCTPYKIMH, OCOOEHHO B
cily4asiX, KOrjJja HeOoOXOJAMMO HW3YyYWUTh BHYTPEHHUE IOJIOCTU HCKOIMAEMbIX
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o0pas1oB, He noBpexaas ux. [ MopuaHbie METO/ABI, cCOYETAIONIUE POTOIrPAMMETPHUIO
u ToMorpaduto, odecreunBaroT neranuzanuto 10 0,05 mm. Tak, mpu uccieq0BaHUU
yepena auHo3aBpa (2022) ynamock BOCCO3[aTh CTPYKTYpPY €ro Mo3ra, 4To paHee
OBLIO HEBO3MOXKHO O€3 pa3pyIieHus okamenenoctu. [Ipu aToM Bpems ananuza 66110
COKpAIIEHO MTOYTHU HA TPETh.

Tabmuua 3. KosmuecTBeHHbIE pe3yJIbTaThl IPUMEHEHHSI METOI0B

Tounoct |IPpPpexkTuBHoct |IIpume
Oo0JacThb Meton b p p
b(MM) |b pe3yJjabTara
Coxkpalienue BrisiBienue
doTorpamMmmeTpu
ApxeoJiorus 0,1 BpEMEHU CKPBITBIX
1+ KT o
aHanu3a Ha 25% |371eMEHTOB
IToBbilIeHKE CHmxeHue
TOYHOCTH HCKa
buomeguina KT 0,005 p .
JIUArHOCTUKHU Ha|OCJIOKHEHUHN
12% Ha 8%
YBenuueHue
Marepuanosenenu Ontumuzanus
Tomorpadus 0,01 MPOYHOCTU  Ha
e 0 KOMIIO3UTOB
7%
Cokparienue
['ubpunnsie Pekonctpykim
[TaneonToorus pui 0,05 BpEMEHU TPYXI
METO/IbI o, |1 AHATOMUU
ananuza Ha 30%
Oo0cyxaenune

bynymee texHonornii 3D-peKOHCTPYKIMH CBSI3aHO C HECKOJIbBKUMHU
KJIFOYEBBIMU HaIPaBJICHUSIMHU, KOTOpPbIe OOCIIAIOT MOBBICUTh UX 3()PEKTUBHOCTS,
JIOCTYITHOCTh U YHUBEPCAIbHOCTh. JTH HAINpPaBJICHUS BKIKOYAIOT aBTOMATU3AIUIO
IIPOLIECCOB C TMOMOIIBI0 HMCKYCCTBEHHOI'O HWHTEJUIEKTa, BHEApPEHHE OOJIauyHBIX
BBIYUCJICHUN,  pa3paOOTKy  YHUBEPCAIBHBIX  CTAHAAPTOB  JIAHHBIX U
MUHUATIOpU3aIMilo0  obopynoBanud.  Kaxmoe w3  HHUX — HOAKPEIUIEHO
KOJINYECTBEHHBIMU JIAHHBIMH, OCHOBAHHBIMH Ha COBPEMEHHBIX HCCIICIOBAHUSX U
MPAKTUYECKUX MPUMEPAX, YTO [MO3BOJISIET TPOTHO3UPOBATH UX BIMSHUAE HA PA3BUTHE
TEXHOJIOTUH.

1. ickyccTBEHHBIN MHTEIUIEKT U aBTOMATU3AIUS

UckycctBennsiii unremekt (M), Bkiatouas cBEpTOYHbIE HEHMPOHHBIE CETU
(CNN) u renepatuBHO-cocTszaTenbHble ceTu (GAN), urpaet HeHTpaIbHYIO POJib B
aBToMaTu3aluu o0paboTku naHHbIX A 3D-pexoncTpykiuu. CNN ucnosb3yrorcs
JUIT  aBTOMATHMYECKOT'O BBISIBJICHUS KIIIOYEBBIX TOUEK Ha HU300paKEHUSIX B
dbotorpammerpun, a GAN nomoraroT ycTpaHath apTedakTbl, TAKUE KaK IIyMbl OT
ocBenieHus win aedektsl ckanupoBanusa. CornacHo uccienoBanuto Patel u Chen
(2024), onyonukoBannoMy B IEEE Journal of Image Analysis, npumenenne CNN
COKpalaeT Bpemsi KamuOpoBku portorpammerpuueckux moxaeneit Ha 40% 3a cuér
aBTOMATUYECKOW PErUCTPalMU TOYEK C TOYHOCTHIO 110 0,02 MM. DTO mocTturaercs
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Onmaromapsi  CHOCOOHOCTM  HEWpoceTed  HaXOJuUTh  COBHAACHUS  MEXIY
HN300pKEHUSIMU OBICTpPEE, YeM TPATUITMOHHBIC anropuT™bl, Takue kak SIFT (Scale-
Invariant Feature Transform).

Kpome Toro, B OHMOMEOUUMHCKOW pEKOHCTPYKLUWHU, HAIpPUMEP NpH
cermMenTanuu cocy1oB Ha KT-canmkax, I camxaet koiuuectBo omubok Ha 20%.
DTOT moKazaTenb B3SAT W3 Toro ke ucciemoBanus Patel m Chen (2024), raoe
onuckiBaeTcss npuMeHeHne CNN g aBTOMaTHYeCKOW KIacCUPUKAUUU U
cermeHTan  gaHHbix KT, 4YTo yMeHbIIaeT HEOOXOAUMOCTH PYUYHOU
KoppekTupoBku. OgHako oOydyeHre Takux Helpocerel TpedyeT 6obluX HabOpOB
JTaHHBIX — He MeHee 10 ThICSY n300paskeHUi AJ1s1 JOCTUKEHUS BBICOKON TOYHOCTH.
Ora uudpa ocHOBaHa HAa CTAHJIAPTHBIX TPEeOOBAHUAX K OOYUEHHMIO TITyOOKHX
HEHPOHHBIX CETEH, OMMCAHHBIX B JINTEPATYpE MO MAMIUHHOMY O00YUYEHHUIO, BKIIOYas
paboTsl o 06padoTke n3oopakenuit (Hanpumep, Goodfellow et al., Deep Learning,
2016). Takxe obyueHue TpeOyeT MOIIHBIX Tpadudeckux mporeccopoB (GPU) c
o0béMoM namsTu oT 16 I'b, uyTo moaTBEepKAaETCA TEXHUYECKUMU CTICIU(DUKAUSIMU
JUTSl COBPEMEHHBIX (peiiMBOpPKOB, Takux kak TensorFlow u PyTorch.

YT0oOBI MPEOAOIETh ITH OTPAHUYEHHUS, IEPCIIEKTUBHBIM PEIIEHUEM SIBIIAECTCS
pa3paboTka npeoOyYEeHHBIX MOJEIIEN, JOCTYIHBIX Yepe3 OTKPBIThIE IIAT(HOPMBI,
takue kak GitHub win Hugging Face. 9To mo3BOIUT HEOOIBIINM J1aOOpATOPUSIM
ucroab3oBath MM 0e3 HEoOXOOMMOCTH CO3JaHHUsI COOCTBEHHBIX JAaTaCETOB U
MHBECTHUIIMI B Joporocrosiiee odbopynoBanue. Mnes npenoOyueHHBIX Mozenen
OCHOBaHAa Ha TeKymux TpeHaax B oOmactu WU, rme Takue mmar@opmel yxe
IPEOCTABIIAIOT MOAETH A1 00paboTKU n300paxeHuit u 3D-1aHHbIX, KaK YKa3aHO
B 0030pe coBpeMmeHHbIX TexHojorui B Journal of Medical Imaging (Lee, Kim,
2022).

2. O0na4yHbIe BHIYUCICHHUS

OOGnauHble BBIYMCIECHUS, Takue Kak ruiargopmel Amazon Web Services
(AWS), Google Cloud u Microsoft Azure, paauKaJbHO MEHSIIOT TOAXOJ K
o0pabotke pgaHHBIX B 3D-pexoHCTpykuuu. OHU TO3BOJIAIOT 00pabaThIBaTh
Oomnpie 00bEMBI TaHHBIX (Hanmpumep, 12 I'b, Tunuunbiid pazmep Habopa AaHHBIX
st KT) 3a 4 gaca, no cpaBHeHHIO ¢ 15 yacamu Ha JIOKaJbHBIX CUCTEMaXxX CpelHen
momuoct (CPU 3,5 IThu, 32 I'b RAM). DToT mnokaszarenb OCHOBaH Ha
CPABHUTEJIBHOM aHaIM3€ MPOU3BOJUTEILHOCTH OOJIAYHBIX U JIOKAJIbHBIX CHCTEM,
ormmcanHoM B cTtathe Lee u Kim (2022) B Journal of Medical Imaging. O6naunbie
W1aTGopMbl UCIOJIB3YIOT MacIITaOHpyeMble BBIYMCIUTENIbHBIE PECYPChI, 4YTO
CHIDKaeT TpeOOBaHUS K JIOKAIbHOMY oOopynoBaHuio Ha 50%, Kak yka3aHO B
UCCJIEIOBAaHUM MO MPUMEHEHHI0 OOJAYHBIX TEXHOJIOTUH B (POTOTpaMMETPUU IS
apXe0JIOTMYECKUX MMPOEKTOB.

3aTpathl Ha OOJaYHBbIC BBIYMCIICHUS cocTaBisgioT 0,5—2 momrapa B 4ac, 9To
3HAUYUTENBHO JEUIEBIIE MOKYNKHA CEPBEPOB CTOMMOCTHIO OT 10 ThIC. TOIIapoB. JTa
nudpa B3sTa U3 0UIIMATBHBIX Tpaiic-mucToB AWS (aws.amazon.com, JaHHBIE Ha
2023 rox) ansa cepBUCcOB 00pabOTKK AaHHBIX, TakuX Kak EC2 ¢ GPU-yckopenuemM.
B koHTekcTe apxeoyoruu o0jadHas o00paboTKa HOaHHBIX (PoTOrpaMMeTpuun
MOBBICWJIA JOCTYNMHOCTh Te€XHOJIOrud Ha 40%, 4TO MOATBEPKAACTCS AHAIU3OM
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MIPOEKTOB MO OLIM(PPOBKE KyJIBTYPHOI'O HACIEAMS, OMCAaHHBIM B cTaThe IBaHOBOI
(2023) B XKypHane TEXHUYECKUX HAyK. DTOT POCT AOCTYIHOCTH CBSA3aH C TEM, UTO
naboparopusiM OOJIbllIe HE HYXHO 3aKymHaTh JOpOrocTosiiee 00OpyAoBaHUE, a
00pa0oTKa TaHHBIX CTAHOBUTCS BO3MOXKHOM Uepe3 apeH Iy 00JIauHbIX PECYPCOB.

OmHako BOMPOCH 0€30MacHOCTH JTaHHBIX, OCOOCHHO B OMOMEAWIIMHE, TIE
oOpalaThIBatOTCsl KOH(MUICHIMATbHbIE MEIUIMHCKUE HW300paxeHus, TPeOyroT
BHEJPEHUS CTaHAapTOB mudpoBanus, Takux kak AES-256. Heo6xoaumocTs 3TOro
CTaHJapTa MOAYEPKUBACTCS B HOPMATUBHBIX JOKYMEHTAaX IO 3aIUATE JIAHHBIX,
takux kak HIPAA (Health Insurance Portability and Accountability Act) u GDPR
(General Data Protection Regulation), kotopbie TpeOyIOT BBICOKOIO YpPOBHS
Kpunrorpaguueckod 3amMThl I  MEIUIMHCKUX JaHHbIX. llepcrekTuBbI
BKJIIOYAIOT CO3J]aHUE CIEeLUUATU3UPOBAHHBIX 00dauHblX ratrgopm st 3D-
PEKOHCTPYKIIMHU C ONITUMU3UPOBAHHBIMU JITOPUTMAMU M UHTEpdercaMu, 4TO yiKe
oOcyX/aeTcss B Hay4HOM COO0O0IIIecTBe, Kak ykazaHo B 003ope texHosoruii B IEEE
Journal (Patel, Chen, 2024).

3. YHuUBepcaJabHbIE CTAHAPTHI TAHHBIX

Pa3paGoTka  yHHUBepcaldbHBIX  CTAaHIAPTOB  JaHHBIX, TaKUX  Kak
pa3pabatsiBaemblid ¢ 2023 roga cranaapt ISO 26304, HanpaBieHa Ha yHU(DUKAUIO
dbopmaTtoB u mapamerpoB 3D-mopnenei. CerogHs HECOOTBETCTBHE (HOPMATOB
nansbix (Hanpumep, PLY, STL, DICOM) ysenuuuBaet BpeMst unrerpaiuu Ha 30%,
Tak Kak TpeOyeTcs KOHBEpTallMsl U COIJIaCOBaHME METaJaHHbIX. DTOT MOKa3aTellb
OCHOBaH Ha aHaJlM3€ IMpPOLECCOB OOpabOTKM JaHHBIX B THOPUIHBIX METOMAX,
onmucaHHOM B cTaThe MBanoBoit (2023), rae MNOTYEPKUBACTCS CIOXKHOCTD
oOBbeauHeHus: JaHHBIX 0T poTorpammerpun u KT.

CranpapTuzanys, COIVIACHO MPOTHO3aM, IOBBICUT BOCIPOU3BOJMMOCTD
mozenein Ha 10-20% 3a CcU€T eOUMHBIX MApaMETPOB TOYHOCTH, Pa3pELICHUS U
METaJIaHHBIX. JTa OIEHKAa B3ATa W3 O00CyXaeHuil padodeit rpynnel [SO 1o
craHfgapTuzauu 3D-naHHBIX, YIOMSHYTBIX B TeXHHYeCKuX oTu€rax 2023 rona,
JIOCTYMHBIX yepe3 ouinanbubie myonukaiuu [SO. B apxeonoruu cranaptusanus
MO3BOJIUT CO3/1aBaTh IN00aNIbHbIE IIU(POBBIE APXUBBI C MOrpeIHOCTHIO0 MeHee 0,05
MM, 4YTO MOJJEpKUBAETCS MpoekTamu, TakuMu kak Open Heritage 3D, rae yxe
MPEANTPUHUMAIOTCS TMOMBITKH YHUGUIIMPOBATh (hOPMATHI JaHHBIX JJI1 OUU(PPOBKU
KYJITYpPHOT'O HacJeIusl. OrpannyeHuemM ocTaércs HEO0OXOANUMOCTb
MEXIyHapOJAHOIO KOHCEHCyCa, YTO TpeOyeT KOOpAMHALUU MEX]y HayYHBIMHU
COOOIIeCTBAMU W TPOU3BOAMUTEIIIMH OOOpYJOBaHMS, KaK YKa3aHO B 0030pe
coBpeMeHHBIX BbI30BOB B Journal of Technical Sciences (2023).

4. MuHuaTiopu3aius 00opy10BaHUs

Munuatiopuzarusi  obopynoBanust jaenaetr 3D-pexkoHcTpykiuio Oonee
MOOWIJIbHOW M JOCTYMHOM /IS TOJIEBBIX HCCienoBaHuil. KoMmakTHBIE CKaHEPHI,
Taknue Kak Artec Leo, CTOMMOCTBIO OKOJO 5 ThIC. J0JIIApOB, OOECHEUYUBAaIOT
touHocth 0,15 MM W moaxonmar sl pabOThl B YCJIOBHUSIX PAcKOMOK. J[poHBI,
ocHaménubie LiIDAR-ckanepamu, noBbIcHiIn 3P(HEKTUBHOCTh KapTOrpapupoBaHUs
apxeosiorndyeckux 00bekToB Ha 40%, Kak yka3zaHoO B HccliiefoBaHuU VIBaHOBOI
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(2023), rme omnuchIBaeTCA NPUMEHEHHE APOHOB ISl OIUGPOBKH KPYITHBIX
apXeOoJIOTMYECKUX MAMSITHUKOB.

[To cpaBHeHHIO ¢ MpodeccHoHaTbHBIMU CKaHepaMu, TakuMH kKak Faro Focus
(50 TeIC. mOMIApOB), MOPTATUBHBIE YCTPOMCTBA CHIXKAIOT 3aTpaThl Ha 80%, uTO
MOATBEPKIACTCS AHAIM30M pblHKa 3D-CKkaHEpOB B TEXHUYECKMX 0030pax 2023
roja. OJIHaKO UX TOYHOCTh OTPAHUYEHA, YTO JIETAET UX MEHEE MOAXOIAIUMHU IS
3ama4, TpeOyommMX MuKpoaHain3a. [lepCreKTUBbl BKIIOYAIOT pa3pabOTKy
TUOPUIHBIX MOPTATUBHBIX CUCTEM, COUETAOIINX JIa3€PHOE CKAHWPOBAHUE U MUHU-
tomorpaduto. Takue cucTeMbl MOTJIM Obl CO3/1aBaTh KOMIUIEKCHBIE MOJEIIH,
BKJIIOYAIONINE KaK BHEIIHUE, TaK U BHYTPEHHUE XapaKTEPUCTUKU OOBEKTOB, MPSIMO
Ha MECTE€ PacKOIMOK. DTa HJied OCHOBAHA Ha TEKYIIHUX pa3paboTKax B 00JacTU
NOpPTAaTUBHBIX TOMOTpadoB, ynoMmsHyThix B Journal of Medical Imaging (2022), rae
oOcyXmaroTcsi TpoTOTUNbl  KoMmmakTHeIX KT-cuctem s MeauIMHCKHX
MPUJIOKEHUH, KOTOpHA 22%, HO MX pealn3alys yBEIUYUBAET 3aTpaThl HA 35% u3-
32 CJI0’KHOCTU MHTETPaLIUU.

3akioueHue

Texnonorun 3D-peKOHCTPYKIMHM OKa3bIBalOT BCE 0oJiee 3HAYUTENBHOE
BJIUSIHUE HA PA3BUTHE HAYYHBIX HCCIEAOBaHUMN Ojarojgapsi BBICOKOW TOYHOCTH,
YHUBEPCAIBHOCTH M CIIOCOOHOCTH COXPaHATh YHUKaJIbHbIC 00pa3iibl B IU(POBOM
dopmare. X mnpuMeHEHUE TMO3BOJIAET COKPATUTh BpEMs aHaIHW3a, MOBBICUTH
KQ4ueCTBO MOJTyYa€MbIX JJAHHBIX U PACIIUPUTH BO3MOKHOCTH MEKIUCIUIIIIMHAPHOTO
B3aumozeiicTeus. HecMoTpst Ha cymiecTByronue 0apbepbl, BBICOKYIO CTOMMOCTD
o0Opy/lOBaHUs, CIOXHOCTh  OOpaOOTKM  JaHHBIX W IMOTPEeOHOCTh B
KBATM(UITUPOBAHHBIX CIelUainucTax. Pa3Buthe HampaBlieHU, CBSI3aHHBIX C
WCKYCCTBEHHBIM WHTEJUIEKTOM, OOJAYHBIMU BBIYMCIICHUSIMHU, CTaHJApTU3alUCH U
MUHHUATIOpU3AIMe 00OpyJOBaHMs, OTKPHIBAET IMUPOKHUE TEPCHEKTUBBI JJIs
JalbHEHIIEro COBEPIICHCTBOBAHUS M PACHPOCTPAHEHHS] OSTUX TEXHOJOTHUU.
KomrnekcHbIl MOaX04 K UX BHEAPEHUIO MO3BOJIUT CleNaTh 3D-pEeKOHCTPYKIUIO
OoJiee JoCTYNHOM U 3(HPEKTUBHOMN, YCHIIUB €€ POJIh KaK KJII0UEBOT0 HHCTPYMEHTA B
pElIeHNU aKTyalbHbIX HAYYHBIX 3aja4.

Cnucok JuTepatypsbl

1. BacuibeB K.II. Teopust u mpaktuka 3D-pexonctpykiuu. HoBocubupck: HI'Y,
2021.
I'puropreBa A.M. dotorpammerpus B coxpanenun Hacneaus. CII0.: [Tutep, 2020.
Canpixos P.T. Jlazepnoe ckanupoBanue. Anmarsl: KazHTY, 2022.
Kysnenos I.A. Anroputmsl 3D-pexonctpykuuu. M.: Texnocdepa, 2023.
WBanosa E.B. 'mOpuanbie MeTozp!. XKypHann TexHU4ecKnX Hayk, 2023, 5, 72-80.
Thompson J., Harris M. 3D Imaging Technologies. New York: SciencePress, 2019.
Lee S., Kim H. Computed Tomography. Journal of Medical Imaging, 2022, 48(4),

Nookrwd

145-160.
8. Patel R., Chen L. Al in 3D Modeling. IEEE Journal, 2024, 35(1), 180-195.

31



«Journal of Science and Research (JSR)» xanpIkapaibIK FRUIBIMHU KYPHAT 2 (22) cayip, 2025

Development of 3D-reconstruction methods for analyzing scientific
samples and objects

Bayanov Zhangir Maratovich
2nd year Master's student, OP 7M06136 - “Information Systems”, Kazakh University of
Technology and Business named after K. Kulazhanov.
(Astana, Kazakhstan)

Abstract. 3D reconstruction methods open new horizons for science - they can be used to
obtain detailed digital models of objects with an accuracy of 0.2 micrometers. Such technologies
are already widely used in archaeology, biomedicine (including cell research), materials science
and other fields. So far, however, their potential has been used mainly for nondestructive analysis
and object preservation, while the possibilities remain much broader. This article reviews the key
theoretical foundations and practical methods of 3D reconstruction, from photogrammetry to
computed tomography and their combinations. It also raises the important question of how modern
technologies such as artificial intelligence and cloud platforms, combined with common data
standards, can improve the efficiency of these processes. Based on practical examples and
quantitative data, the advantages and limitations of the technologies are analyzed. Finally, paths
for their development are proposed, from automation and cheaper hardware to the development
of common standards that will make 3D reconstruction more accessible to researchers from
different fields. The work aims at systematizing current knowledge and finding new perspectives
for the use of these technologies in interdisciplinary science.

Keywords: 3D reconstruction, photogrammetry, laser scanning, computed tomography,
artificial intelligence, cloud computing, scientific research.

FouibiMu yarinep meHn o0bekTiiepai Tanaay ymin 3D-kaiita Kypy
dicTepiH JaMBITYy

Bbasinos Kanrup Mapatosuyu
2 kypc maructpantbl, Bb 7M06136 - "AknapatTeik xyienep", Kazak TeXHOIOTHS KoHE
ousnec yuusepeuteti. K. Kynakanosa. (Acrana k., Kazakcran)

Anoamna. 3D xaiima Kypy a0icmepi 2bLiblM YIMiH HCAHA KOKIHCUEKMED auladbl-0aapobll
KoMezimen 00vekminepoiy ezoiceti-mezoicelini yugpavix moodenvoepin 0,2 mukpomempee Oeilinei
0210iknen anyea 6Oonadvi. MyHoali mexnonro2usnap apxeonocusdd, OUomMeouyuHaoa (COHuIH
iwinde oicacywanapovl 3epmmey), Mamepuaimary JHcoHe Oacka canianapoa  KeyiHeH
KOJOaHbLIA0bL. [lecenmen, a3ipee onapovly aneyemi He2i3iHeH 00bekminepdi OY30aumuvlH manoay
JHCIHe caKkmay YuliH nauodaiansbliaobl HaHe MyMKIHOIKmep andekatoa Key 0oavin Kaia depeoi.
Maxanaoa 3D katima xypyovln Hezcizei meopusiivlK Heliz0epi MeH NpPAKMmuKauvlk adicmepi
Kapacmulpwliadbl-homocpamMmempusioar  KOMNbIOMEPIIK  mMomMocpagusaza HcaHe 0aapobly
Kombounayusnapvina oeuin. CoHOau-ax, Hcacanovl UHMeNIeKm JHCaHe OYImmulK niamgopmanrap
CUAKMbL  3aMAHAyU MexHoI02usNap OipviHeall oOepekmep CcmaHoapmmapvimen 0Oipee ocbl
npoyecmepOiy, MUiMOINIciH Kana apmmulpa alamviibl Mypaibl Maybi30bl CYpax myblHOAObL.
Ipakmuxanels ~ mvlcandap  MeH  CAHObIK — Malimemmep  He2i3iHOe — MEeXHOIO0SUAHbIH
APMBIKUBLILIKMAPLL MeH weKkmeyiepi maidanaosl. AsKkmay yulin onapovl 0aMulmy Hoa0apbl
YCHIHBLIObL — ABMOMAMMAHObIPY MeH Hcabovikmbl apzandamyoarn dacman, 3D kaiima Kypyovt
apmypni canadagel 3epmmeyuliiep YuliH KOJIHCemiMOi ememin JHCainvl CmaHoapmmaposl
azipneyee Oeuin. JKymvic xazipei 6inimoi scyiieneyee Hane 0Cbl MeXHOI0UALAPObl NOHAPAILIK
BbLIBIMOA KONOAHYObIH HCAHA NEPCReKMUBAIAPbIH Madyea 6ablmmanean.

Tyitin co3dep: 3D gauma Kypy, pomozcpammempusi, 1a3epiik cKanepiey, KOMRbIoOmepiiK
momozpagus, Hcacanovl UHMeIeKm, OYammyl ecenmey, blAbIMU 3epmmey’ep.
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COBpeMeHHLle MOJ€JIU UCKYCCTBEHHOT'0 MHTE/VICKTA IJIA aHaJIHu3a
(l)l/IHaHCOBLIX JAHHBIX H MIPUHATHA TOProBbLIX pemeHm‘/’I

HUrusbaeB Aiibex
Maructpast 2 kypca, OIl 7M06136 — «udopmarnmonusie cuctemb», Kazaxckuit
YHHBEPCHUTET TexHoioruu u ousHeca um. K. Kynaxanosa.
(r. Acrana, Kazaxcran)

Annomayusn. @unancosvie pvinku 6 XXI sexe npedcmasisiom coboll CL0JiCHbIE CUCTEMDbL,
20e 00vbemMbl OAHHBIX PACMYM 9KCHOHEHYUAIbHO, d peuleHust mpeOyiom 6blCOKOU CKOPOCMU U
mounocmu. Uckyccmeennwiii unmennekm (MH) cman ne3amenumvim uHCmpymenmom OJisk AHaniu3a
BDEMEHHBIX PSI008, MEKCMOBLIX OAHHBIX U ONMUMUZAYUU MOP2O8bIX cmpameeuil. B cmamuve
paccmampusaiomces Kaouegvle modenu MU - enybokoe obyuenue, 0opabomka ecmecmseeHHo20
sa3vika (NLP), ancambnegvle memoowvl u 00yueHue ¢ NOOKpenieHuem, - Ux npumeHeHue 6
NPOCHO3UPOBAHUU YeH, AHANU3Ee DbIHOYHBIX HACMPOEHUU U a8MOMAmMu3UpoSaHHOU mopeosie.
Ocoboe enumanue yoensemcsi 02PaHudeHUusIM, MaKkum KaKk Kauecmeo OAHHbIX U pe2yisimOpHble
8bI308bl, A MAKHCE NEPCNEKMUBAM, BKII0YAS 2UOpUOHble Mooenu, 00vsacHumbll MU u keanmosbvie
sbluucienus. /i1 HaeasoOHOCmU UCHOB3VIOMCS (QOpMyabl, mMabauysl, 2paguku u cxemol,
unroCmpupylowue pabomy aicopummos u ux eiusHue Ha QUHAHCO8YI0 cepy.

Kntouesvie cnoea: Vckyccmeenmuwili ummesiekm, 21ybokoe o0yyeHue, o0bpabomka
ecmecmeeHH020 A3bIKA, 0OyUeHUue ¢ NOOKpenieHueM, PUHAHCOBILI AHANU3, NPOSHO3UPOBAHUE YEH,
PbIHOUHbIE  HACMPOEHUsl,  AICOPUMMUYECKAsi mMopeosis, obwvichumblli WU, keanmogovie
BbIUUCTICHUS, BDEMEHHbLe PAObL, HElPOHHbLE CemU.

Bsenenne

@DUHAHCOBBIE PHIHKY - 3TO apeHa, Iie MUJUTHAP/Ibl JOJIJIAPOB 000pauHBaAIOTCA
€XKEIHEBHO, a PELICHUs], IPUHSITHIE 3a JOJIU CEKYHIbl, MOT'YT MIPUHECTH NMPUOBLIb
uin yObITku. HMcTopuuecku Tpenaepsl Modarajuch Ha HWHTYULUIO, MPOCTHIE
CTATUCTUYECKUE MOJEIH U TEXHUYECKUIN aHallu3, HO 3TH METOJIbl HE CIIPABIISAIOTCS
C COBPEMEHHOM pPEalIbHOCThIO: OTFPOMHBIMH MACCHMBAMM JIaHHBIX, HEJIUHEHHOU
JUHAMUKOW 1I€H W BIUSHUEM HWHPOPMALMOHHOIO IIymMa. MCcKyccTBEeHHBIN
unrtesekt (UMW) paarkanbHO M3MEHUI MOJIX0/1 K aHAJIU3y U TOProBiie, Mpeajiaras
UHCTPYMEHTBI, CLIOCOOHBIE 00padaThiBaTh BPEMEHHBIE PsAJIbl, HOBOCTHBIE MOTOKH,
collMajbHbIe Meua U Jake HECTPYKTYpHpOBaHHbIC JaHHbIE. Monenu riryO0oKoro
oOy4eHHsI MPEACKA3bIBAIOT JIBIIKCHHE 11€H, allTOPUTMBI 00pa0OTKH €CTECTBEHHOTO
A3bIKa OLEHUBAIOT BIUSHHE HOBOCTEH, a CHCTEMBI C HOJKPEILNIEHUEM
ONTUMHU3HUPYIOT MOPT(Enu B peaJIbHOM BPEMEHH.

Omnako UM - ne mananes. lllymnple nmaHHbIe, TIepeoOydeHHE, BBICOKUE
BBIYHCIIUTENbHBIE 3aTPAThl U CTPOTUE PETYISTOPHBIE TPEOOBaHUS CO3AAOT Oaphepbl
JUTs ero BHeapeHus. Kpome Toro, aBToMaTu3aiys oJHUMAET STUYECKHUE BOMPOCHI:
KaK MPeIOTBPATUTh PHIHOYHBIE MAHUITYJISILIUM WJIM BHE3AIHbIE 00BaJIbl, BEI3BAaHHBIC
anroputMamMu? OTa CTaThsl MCCIEOyeT, Kak coBpeMeHHble wmoaenun WU
NpUMEHSIOTCS B (prHAHCOBOU cdepe, Kakue MPerMyIecTBa U OTPAaHUYECHUS] OHU
HECYyT, M Kakhe MWHHOBALIMM KIYyT OTpacib B Oyaymem. [l mnoscHeHus
UCIIOJIB3YIOTCS MaTeMaTuyeckue (hopmylibl, CpaBHUTENbHbIE TAOIUIbI, IpapuKu
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IIPOTHO30B M CXEMbI, JACMOHCTPUPYIOLIME AapXUTEKTypy MOJEIEN M HX
B3aUMOJICUCTBUE C PIHOYHBIMH JTAHHBIMH.

CoBpemennbie mogean UU B punancoBoM aHau3e

DUHAHCOBBIC TAHHBIE MHOTOTPAHHBL: 3TO HE TOJIBKO KOTUPOBKH aKIMH, HO U
OTYETHl KOMITAHUM, MAKPOIKOHOMHUYECKHE HUHAUKATOPBI, HOBOCTH, TBUTHI U JAXeE
cyxu. Kaxxaas u3 3TuX coCcTaBISIIOIMX TpedyeT crnenuduaeckoro noaxona, u U1
npejiaraeT pasHooOpa3Hble MHCTPYMEHTHI ISl BX 00pabOTKH.

I'myGokoe oOyueHue, B 4aCTHOCTH peKyppeHTHBIC HelipoHHbIe ceTh (RNN) u
UX TPOJBUHYTHIE BEPCHM, TAaKHE€ KakK JOJTOCPOYHAs KPATKOCPOYHAs MaMSTh
(LSTM) u Bentunupyemoie pexkyppentbie eaunuibl (GRU), crano cranmaptom
JUTsl aHalu3a BpeMeHHbIX psasioB. LSTM ocobenHo 3¢ pexTruBHA, TaK KaK COXpaHSET
UH(OPMAIUIO O JIOJITOCPOYHBIX 3aBHCHUMOCTSIX, YTO KPUTHUYHO JUIsI (PUHAHCOBBIX
JTAHHBIX, TJI€ CETOJHSIIHSS IIeHAa MOXKET 3aBUCETh OT COOBITHI HEJEIbHOW WITU
MECAYHOM JaBHOCTH. MaTeMatuyecku mpoliecc oOHOBIeHUs cocTosiHus B LSTM
OMUCHIBAETCS CJICIYIOIUM 00pa3oM:

ht=o;t tanh(Cy)

rae: h t - Beixog LSTM siueiiku B MOMEHT Bpemenu t. Ito To, uto LSTM
"oTmaeT Hapyxky" B TEKyIIMM MOMEHT BpeMeHH. MokeT OBITh IOJaHO Ha
CJHEAYIOLIMMI CJION UJIU HA CIEAYIOLIYIO STYEHKY;

0 - BEKTOp BbIxoja (output gate) B MOMEHT BpeMEHH t. DTO MEXaHU3M,
KOTOPBIN penaeT, Kakyro 4acTh UH(POpMAaIUU U3 BHYTpEHHETO cocTosiHUs C; HY>KHO
nepenath gaibine. 3HadeHus ot 0 1o 1 (curmounpa);

tanh(C,) - runepOOJIMYECKUN TAaHTEHC OT BHYTPEHHETO COCTOSIHUS (SUEHKHU
namsTH). [IpeoOpa3yeT BHYTpeHHEE COCTOsSIHME B 3Ha4eHUs OT -1 g0 1, 4TOOBI
CIJIaIUTh U HOPMAJIU30BATh JIAHHBIC.

DTa CTPYKTypa MO3BOJISET MOJCIIH YJIaBIUBATh CJIIOXKHBIE MATTEPHBI, TAKUE
KaK CE30HHBbIC KOJICOAHUS WM PEaKIUd pPhIHKA HA KOPIOPATHBHBIE COOBITHS.
Hampumep, LSTM MoxeT ObITh 00y4eHa Ha JAHHBIX O IIEHaX 3aKPHITHUS aKTHBA,
o0beMax TOPTroB U MHJEKCAX BOJIATHILHOCTH, UTOOBI IIPEICKa3aTh JBUKEHUE 1IEHBI
Ha CIICAYIOLIUN JICHb.

O06padoTka ecrecTBeHHOTO si3biKa (NLP) oTkphIBaeT apyroi GpoHT aHamm3a.
Monenu Ha ocHoBe TpaHchopmepoB, Takue kak BERT wunmu GPT, cmocoOHbI
"ypTaTh" HOBOCTU, KBApPTAJIbHbIE OTYETHl U TMOCTHI B COIMATIBHBIX CETSAX, YTOOBI
OIICHUTh HACTPOEHHUS MHBECTOPOB. [[03UTHBHBIC UM HETATUBHBIE CUTHAJIBI MOTYT
CYIIECTBEHHO TMOBJIMATh Ha PBIHOK: Hampumep, TBUT Mnona Macka o Tesla
CIIOCOOEH MOJHSATh AKIMK KOMITAHUM 3a 4achl. TpaHncopMepsl KiIacCUPUUUPYIOT
TEKCThI, TPUCBANBAsI UM BEPOSTHOCTU MPUHAICKHOCTH K ONPEICICHHOMY KJIacCy
(MO3UTUBHBIN, HETATUBHBIN, HEUTPAJIbHBIN) uepe3 softmax-PyHkiuto:

P(y) = RE
1
2. eXpZ;
rae: P(y;) - BEpOSITHOCTb TOTO, UTO OOBEKT (HarpuMep, HOBOCTh) OTHOCHUTCS K

kiaccy | (Hanpumep, "mo3utuBHas").
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z; - ""cpIpas” oleHka (JIOIHT), KOTOPYIO MOJIE/Ib BBRIYUCIIHIIA JIJIs Kiacca 1. DTo
YUCJIIO MOXKET OBITh JIFOOBIM (TTOJOKUTEIBHBIM, OTPHUIIATEIBLHBIM, OOJIBIINM,
MaJICHbKUM).

exp(z;) - DKCTIOHEHTA OT z;, KOTOpas MPEBpaIlaeT OIEHKY B MOJIOXHUTEIHHOE
YUCIIO.

>=1" exp(z;) - cyMMa SKCIIOHEHT BCEX OICHOK I Beex KiraccoB (0T 1 o N).

N - oOmee uucio kiaccoB (Hampumep, 3: TO3WTHUBHBINA, HETATUBHBIN,
HEUTpaJIbHBIN).

DTOT MOJXO0/] MO3BOJISIET TPEHIepaM YUUTHIBATh HE TOJILKO KOJIMYECTBEHHbBIE,
HO U Ka4eCTBEHHBIC (PAKTOPHI, TAKUE KaK OOIIECTBEHHOE BOCTIPUATHE KOMITAHHH.

AHcaMOJeBbIe METO/Ibl, TAKHE KaK CIyYalHbIN JI€C U TPaJIMEHTHBIA OyCTHHT
(XGBoost), addhexTuBHBI A1 337a4 KIacCU(PUKALIMKU U PETPECCUU, HATTPUMED, TS
MpeacKa3aHusl BOJATWIBHOCTH WU JOXOAHOCTU akTUBOB. OHHM 00pabaThIBaroT
MHOKECTBO TEPEMEHHBIX - OT IIEH /10 TEXHHUYECKUX WHJUKATOPOB, — HAXOJs
HenuHelHble 3aBucuMocTH. OOyueHnue ¢ mnoakperienuem (RL) waer nanbiie,
co3faBasi areHTOB, KOTOPBIE ydaTcs TOPTOBaTh, B3aUMOJCHCTBYSI C PHIHOYHOM
cpenoii. B RL areHT 0OHOBIISIET IIGHHOCTH CBOMX JeiicTBHH 10 hopmyde Q-learning:

O(s.a)—=Q0(s,a)+a[r+y-amaxQ(s',a)—0(s.a)]

riae: Q(s,a) - pyukmwms monesHocty (value function)

o - ckopocTh o0ydeHus (learning rate)

y - ko3 dunuent quckontupoBanus (discount factor)

I -Bo3HarpaxacHue (reward)

s,s' - TEKYIIIEE U CIEAYIONIEE COCTOSHUS

a,a' -nefcTBUA

Takolt areHT MOXKET, HalIPUMED, PEIIUTh MPOAATh AKIIUU TEPE]] 05KUTaeMbIM
NajIcHUEM PbIHKA, OCHOBBIBASICh HA UCTOPUUYECKUX JAHHBIX M TEKYIIMX CUTHAJIAX.
Hwxe mnpuBeneHa cxema, WUIIOCTpUpYIOWas, Kak pasHele wmoxaenu WU
B3aMMOJICUCTBYIOT B (PMHAHCOBOM aHAIH3E:

MporHos ueH akuvn ¢ nomolsilo LSTM

110 4 A —— PeanbHbie AaHHble
== [porxo3 LSTM

105 4

100 4

95 1

90 +

LleHa akTuBa

851

804

T v T T T T
o 20 40 60 80 100

Pucynok 1. Cxema B3aumopeiicteust Mogeneit U: LSTM ananuzupyer
BpPEMEHHBIE PAJIbI, TpaHCHOPMEPHI - TEKCThI, R onTuMu3upyeT ToproBbie
pelIeHus.
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OrpanuyeHusi ¥ BbI30BbI

Hecmotpsa Ha ycnexu, UM crankuBaercss ¢ cepbe3HbIMU NPENSATCTBUAMH.
KauecTBO maHHBIX - OfHA M3 TIaBHBIX NpobOieM. DUHAHCOBBIE JAaHHBIE YacTO
COZIepKaT LIyM, NMPONYCKH M aHOMAJIMU, TAKME KaK BHE3AIHbIEC CKA4KU LIEH M3-32
OMOOK TOProBeIX cucTeM. Mojenun ray0okoro oOydYeHHUsi CKIOHHBI K
nepeoOyUYeHHIO: OHU MOTYT HCalIbHO ONMCHIBATh HICTOPHUECKUE TaHHBIC, HO TEPSATh
TOYHOCTb Ha HOBBIX.

PerynsitopHble orpaHu4YeHus YCIOXKHAIOT BHeApeHne. OrUHaHCOBBIE OPraHbl,
takue kak SEC B CILIA unu ESMA B EBpone, TpeOyroT npo3payHOCTH aJITOPUTMOB,
4yTOOBl TPEAOTBPATUTh MAHUMYJSILUU pPbIHKOM. Hampumep, Moaenb JoJDKHA
OOBSCHUTD, TOUEMY OHA PEKOMEHA0BAJIa IPOJATh AKTUB, YTO CJIOKHO JJIs "UepPHBIX
AIIUKOB" BpOJAE HEUPOHHBIX CETEM. DTHUYECKHME BONPOCHI TOXKE AaKTyaJbHBI:
aBTOMATU3UPOBAHHAsI TOPTOBJISI MOXKET YCUIIUTh PHIHOYHBIE AHOMAJIMHU, TAKUE KaK
(3II-Kp31IH, KOTJa HEHbl MalatoT 3a CEKyHAbl U3-3a KackaJHbIX npoaax. B 2010
rojty (py3II-Kpa311 Ha aMEPUKaHCKOM PhIHKE YHEC MUJUIHAPIbI AOJIAPOB 32 MUHYTHI,
u N MokeT yCcyryOuTh TaKue CLEHAPHH, €CJIU HE KOHTPOJIUPOBATH €ro JEHCTBHUS.

IlepcnekTUBBI pa3BUTHS

Bynymee M1 B dunHaHcax cBsi3aHO ¢ MHTErpanuend moaxonoB. ['mbpuHbie
Mozenu, couetatone LSTM st BpeMeHHBIX psAZloB, TpaHC(HOPMEPHI 1JIsl TEKCTOB
u RL gns onTumuzanuu, oO€IIarOT KOMIUICKCHBIM aHanu3. Hampumep, Takas
MOJE/Ib MOYKET OJHOBPEMEHHO IIPOTHO3UPOBATH IIEHBI, OLICHUBATH BIIUSHUE
HOBOCTEH W BBIOMpATh ONTHUMAaJbHBIE CIENKU. KBaHTOBBIE BBIYMCIIEHUS — €IIE
ofHO HampasieHue. OHM MOTYyT YCKOPUTb OOpaOOTKy OOJBIIMX JaHHBIX, YTO
OCOOCHHO Ba)XHO JJIsi BBICOKOYACTOTHOM TOPrOBJIM, TIJ€ CYET UAET Ha
MHUKPOCEKYH/IBI.

O6bsacaumsbiit MU (XAI) cranoButcs npuopureroM. Metonsl Bpone SHAP
MO3BOJISIIOT TOHSATh, Kakue (hakTOpbl MOBIUSIM HA MPOTHO3 MOJENH, MOBbIIIAs
JOBepue TpenaepoB U peryasTopos. opmyna SHAP BeIraanT Tak:

b= Y, L rsu{ih) - £(s)]

S N i}

riae: ¢; - 3Hauenue SHAP mis npusHaka i

S - MOAMHOKECTBO MPU3HAKOB, HE BKIIOYAOIIEE |

N - MHOKECTBO BCEX MPU3HAKOB

f(S) - Mmozenb, 00yUYeHHAsT TOJIBKO Ha MPU3HAKAX U3 S

f(SKi}) - momens ¢ 0OaBICHHBIM IPU3HAKOM |

S/ - bakTopuan KoJu4ecTBa NPU3HAKOB B S

OT0 moMoraeT 0ObSICHUTh, HAI[PUMEP, TOYEMY MOJIEIb TIpeicKa3aa MmaieHue
aKIMW: W3-3a HETATUBHBIX HOBOCTEN WJIM POCTa BOJATWIBHOCTH. Huke nmpuBeneHa
cxema uHrerpanuu XAl B TOProByto CUCTEMY:
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Toproeasi cuctema

Mogens A SHAP Toproeoe
(nporHos) (0BbACHUMBI M) [ peleHne
L LSTM+ Tpancgomeps! D Mokynka/npopaxa

Bxn
Bxog: aHubie Uetbi (-0,3. Ho.0.5) Bbixoa:
(ueHbl, HOBOCTU) [eiicTsiie Ha pbiHKe

ObbscHeHue:
BKNan nepemMeHHbIX

|
v

O6patHas ceaab:
pesynbTaThl GOenok

Pucynok 2. Cxema unterpanuu oobsacaumoro MU, rne SHAP o6bsacuser
BKJIAJI IEPEMEHHBIX B ITPOTHO3.

Hpyroe HamnpasieHue - agantauuss MW Kk HecTaHIZApTHBIM CUTYAaIUsIM.
CoBpeMeHHbIE MOJIETH TIOXO CIPABJISIOTCA ¢ "YepHBIMU JieOeqIMU" — pPEAKUMU
COOBITHSIMU, BpOJI€¢ TNaHACMHUN WJIA TEONMOIUTHYECKUX Kpu3ucoB. PazpaboTka
QITOPUTMOB, CIIOCOOHBIX YUYUTHIBATH IKCTPEMAJIbHBIC CIICHAPUHU, MOKET MOBBICUTH
uX HaJexHOCTh. Kpome Toro, aenenTtpanuzoBannbie ¢puHaHchl (DeFi) oTkpriBatoT
HOBBIE BO3MOXHOCTH 1111 UM : cMapT-KOHTpaKThI, yIpaBiisieMble anropurMamu RL,
MOTYT aBTOMAaTHM3HPOBATh TOPTOBIIO Ha OJOKYEHH-TUIATPOpMax, MUHUMHUBHPYS
MOCPETHUKOB.

3akioueHue

W cKyccTBEHHBI MHTEIJIEKT YK€ M3MEHWI (PMHAHCOBBIE PBIHKH, C/IEJIaB MX
0oJee aHaTUTUYECKUMU, OBICTPBIMU U aBTOMAaTU3UPOBaHHBIMU. MoJ1€11 IITyOOKOro
oOyuenusi, NLP u RL no3BoisitoT Tpeiinepam npeacka3biBaTh HEHbI, aHATU3UPOBATh
HAaCTPOCHUS M ONTHUMHU3UPOBATh CTPATETMU C OECHpeneeHTHON TOYHOCTBIO.
Opnako ycnex MY 3aBUCHT OT perieHus KIIFOUEBBIX MPOOIIEM: YITyUIlIeHUS KaYeCTBa
JAHHBIX, TPEAOTBpAIEHUS TMEePeoOydYEHUs, COOTBETCTBUSI  PETYJSTOPHBIM
CTaHJapTaM ¥ MHUHUMHU3AIMK OSTUYECKUX PHUCKOB. bynyiiee 3a THOpUIHBIMU
MOJICNIIMHA, KBAaHTOBBIMU BBIUUCIECHUSAMU U 00BsicHUMBbIM MU, koTOphIE crenaior
PBIHKH HE TOJIbKO 3 dexTruBHEe, HO U npo3payHee. DunHaHCcoOBas cepa CTOUT Ha
opore HOBOH 3pbl, I/Ie TEXHOJOTMH M JaHHbIE OyAyT ONpENeNsTh ycClex, a
CIIOCOOHOCTh aalNTUPOBATHCA K TIEPEMEHAM CTaHET TJaBHBIM KOHKYPEHTHBIM
PEUMYILECTBOM.
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Modern models of artificial intelligence for analyzing financial data and
making trading decisions

Igizbaev Aibek
2nd year Master's student, OP 7M06136 - “Information Systems”, Kazakh University of
Technology and Business named after K. Kulazhanov.
(Astana, Kazakhstan)

Abstract. The XXI century has seen the use of exponential derechter derechter exponentials
in the field and the use of the device in the field. Doing so may result in fire, electric shock, firearms
damage, or the loss of power to the device. Doing so may cause the modeler, therapist, NLP,
ensemble leader, ensemble designer, or musician to become unstable, and may cause the machine
to malfunction. The following table summarizes the results of the test, the system is not intended
to be used as an example of a hybrid modeler, but rather as a modeler with a hybrid model, a
modeler with an Al and a quantum sensor. Doing so may cause the device to become unstable and
may result in fire or electric shock.

Keywords: Artificial intelligence, deep learning, natural language processing,
reinforcement learning, financial analysis, price forecasting, market sentiment, algorithmic
trading, explainable Al, quantum computing, time series, neural networks.

Kap:XbLIbIK 1epeKTepai TAJaayFa KoHe cayAa memiMaepin
Ka0bLIayFa apHAJFaH 3aMaHAYH KACAHIbI MHTEJLIEKT MOAeJbAepi

HUruszdaes Aiidex
2 kypc maructpantsl, Bb 7M06136 - "Axnapatrteik xyienep", Kazak TexHonorus xoHe
ousnec yuusepeuteti. K. Kynakanosa. (Acrana k., Kazakcran)

Anoamna. XXI 2aceipoazvl Kapocwl HapblKmapvl O0epekmep Kolemi 9KCNOHEeHYUaniovl
mypoe 6cemin HcaHe weuimoep Hoeapovl HCblIOAMObIK NeH 0N0IKMI Kaxcem ememin Kypoeni
acytienep oOoavin mabwinaovl. Kacanoer unmennexm (Al) yaxvim cepusnapvin, MamiHOIK
OdepekmepOoi mandayovly JHCoHEe Cayod CmpamecusiapblH OHMAUIAHObIPYObIY MANMblpMac
Kypanvina aunanovl. Makanaoa nezizei Mooenvoep dicane - mepey oKbimy, mabueu mindi eHoey
(NLP), ancambavOik adicmep dHcane Kyuieumiieen OKblmy - 0a2ansl O0ax#cayod, HapblKMulK KOHLI-
Kyuoi manoayoa dxcane asmomMammanoblpbliean cayoaod KOoJLOaHy Kapacmulpuliaosl. /lepekmep
canacvl MeH pemmeyuli KOHbIpayiap CUsKmol uiekmeyiepee, CoOHOal-ax euopuomi mooeniboepoi
KOca anganoda, nepcnekmusanaped epexkuie Hasap ayoapuliaovl. mycinoipinoi Al scane keaHmmulx,
ecenmey. Tycinikmi 601y yuin aneopummoepoil HCYMbICLIH HCIHE ONAPObIH KAPHCHL CANACHIHA
acepin betinenetimin ghopmynanap, kecmenep, epagpukmep MeH cxemanap KoJIOAHbLIAObL.

Tyiiin ce30ep: dcacanObl unmeniekm, mepey oxKbimy, maoueu mindi oyoey, Kyweumy
ACAMmMuIYNAPYL, KAPHCHLILIK, MAA0ay, 6a2anvl OONHCAY, HAPLIKMBIK KOHIN-KYU, al2opUmmoix
cayoa, mycinoipinemin Al, keanmmuix ecenmey, yaKblm cepusiapbsl, HeUpOHObIK dceiiep.
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PROTECTING INFORMATION SYSTEMS FROM ADVANCED
PERSISTENT THREATS (APTS): CURRENT TECHNIQUES AND BEST
PRACTICES
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Abstract. Advanced Persistent Threats (APTs) are among the most serious types of
cyberattacks due to their targeted, stealthy, and persistent nature. This study presents a structured
review of current strategies for countering APTs, focusing on four key areas: monitoring,
detection, deception, and mitigation. Documented attack scenarios are examined to demonstrate
how layered defense mechanisms, such as SIEM-based monitoring, behavioral anomaly detection,
honeypot deployment, and network segmentation, can significantly enhance organizational
resilience. Particular attention is given to the challenges of detecting long-term, low-noise
intrusions typical of APT behavior. The analysis also outlines ongoing research trends and
explores future directions involving artificial intelligence, adaptive deception technologies, and
collaborative threat intelligence. The key findings emphasize the importance of combining
proactive and reactive security measures to effectively combat increasingly sophisticated APT
campaigns in complex and distributed environments.

Keywords: Advanced Persistent Threats, network security, anomaly detection, honeypots,
cyber defense, threat intelligence

Introduction

APTs are designed for long-term infiltration, allowing adversaries to gain
access and retrieve important information over time. Their capacity to operate
surreptitiously presents a big challenge to organizations globally.

The growing reliance on digital infrastructure across industries, government,
healthcare, banking, and technology, has provided various access routes for APT
actors. Most famous APT campaigns have been associated with financially
supported state-sponsored organizations or cybercriminal groups that carry out
industrial espionage. For instance, according to a Mandiant report [1], the APT1
gang used spear-phishing and sophisticated malware to methodically infiltrate
numerous international companies.

APTs target critical infrastructure, intellectual property, and confidential
information, making them a top focus for cyber security organizations. Due to
attackers are always changing how they get around security systems, it is challenging
to defend against these attacks. This study aims to provide a methodical assessment
of APT techniques as well as actual protection mechanisms. Organizations can
improve their defenses against APTs by understanding how they work and
employing smart security techniques.

Definition of APT

Advanced Persistent Threats (APTs) are targeted, complex, and persistent
cyberattacks. APTSs, in contrast to conventional attacks, call for sophisticated
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techniques, carefully thought-out operations, and substantial resources. There are
three primary features of the word:

1. Advanced: To get past defenses, APTs use a variety of attack
techniques and state-of-the-art technologies. These tools, which make detection and
prevention very challenging, include zero-day exploits, custom malware, and
advanced evasion techniques [2].

2. Persistent: These attacks are meticulously prepared, carried out over
long stretches of time, and use stealth to avoid detection while achieving their goals.
In order to stay present on the network, attackers invest a great deal of time and
money.

3.  Threat: Often for geopolitical or strategic reasons, APTs target certain
targets in order to steal or destroy important data. Their objective is long-term access
and control rather than immediate financial gain.

APTs typically gain illegal access through spear-phishing attempts or
software flaws. After entering, attackers move laterally around the network,
acquiring the necessary rights to access private information or systems. The National
Institute of Standards and Technology (NIST) emphasizes the adaptable and covert
character of APTs, making them extremely difficult to detect and resist [3]. Table 1
compares APT attack tactics and features with typical cyber threats, emphasizing
their complexity, targeted nature, and persistence.

Table 1. Comparison of traditional and APT attacks

Traditional Attacks APT Attacks (Advanced
Persistent Threats)

Attacker | Mostly a lone individual Highly  organized, skilled,
determined, and resourceful
group

Target Unspecified, mostly individual | Specific organizations,

systems government institutions,
commercial enterprises

Goal Financial gain, demonstrating | Competitive advantages,

capabilities strategic benefits

Approach | Single attempt, "break and | Repeated attempts, remains low

capture”, short duration and slow, adapts to defense
resistance over a long period

Method Already known attack method | Unknown attack method Manual

and Manual attack by hackers or automated

The Stuxnet infection, which targeted Iranian nuclear facilities and went
unnoticed for a long time, exemplifies its persistence and sophistication. The
capacity to alter industrial control systems highlighted the scope and impact of APT
operations [4].

Phases of an APT
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APT attacks typically follow a planned lifecycle, designed to accomplish
particular goals while avoiding detection. These phases are interrelated and show the
methodical strategy that attackers take to penetrate and compromise target systems
(Fig. 1).

Reconnaissance: During this initial stage, attackers gather thorough
information on the target organization's network, staff, and security infrastructure.
This frequently includes open-source intelligence (OSINT), social engineering, and
scanning technologies. Identifying vulnerabilities and sketching out potential entry
points helps attackers establish the framework for a successful compromise.

Initial Compromise: Attackers obtain unauthorized access to the target's
network by techniques like spear-phishing, malicious email attachments, or
exploiting zero-day vulnerabilities. This phase is crucial because it develops a
foothold in the organization. For example, the Operation Aurora hack targeted major
organizations by exploiting browser vulnerabilities via personalized phishing emails

[5].

Lateral Movement: Once within the network, attackers identify important
systems and escalate privileges to gain access to sensitive data. Tools like Mimikatz
and PowerShell are frequently used to harvest credentials and move laterally across
the network.

Data Exfiltration: APTs typically target sensitive data. This phase entails the
clandestine transmission of data to external servers controlled by the attackers.
Encryption and steganography are used to avoid detection by security tools.

Persistence: Attackers use backdoors, rootkits, and other techniques to get
long-lasting access. This ensures that they can re-enter the system even after the
initial breach has been identified and partially addressed.

Stealth
Persistence

Figure 1. The lifecycle of an advanced persistent threat (APT)

Understanding the APT lifecycle is critical for enterprises in developing
preventative measures and disrupting attacks at each step. For example, monitoring
lateral movement within a network can detect unlawful activity early on, allowing
for a speedier reaction.

Defense Strategies against APTs
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Advanced persistent threats (APTs) are difficult to detect because of their
stealth and long unnoticed lifespan. A number of detection techniques, such as
behavior analysis, anomaly-based detection, and signature-based detection, have
been put forward. Each one of these approaches has advantages and disadvantages
of its own.

Table 2 presents a comparison of various APT detection systems, highlighting
their approaches and the difficulties they encounter. The compromises between
detection accuracy, false positive rates, and system overhead are highlighted in this
table, which is an adaptation of Ghafir et al. [10] and provides an overview of several
popular methods for identifying APTSs.

Table 2. Comparison of APT detection methods

Detection Approach Used Strengths Limitations

Method

Signature- Pattern matching, rule- | High accuracy for | Ineffective against

Based IDS based known threats zero-day attacks

Anomaly- Machine learning, | Detects novel | High false positive

Based IDS statistical analysis threats rate

Behavior User and  entity | Identifies Computationally

Analysis behavior modeling advanced threats | expensive

Honeypots Deception-based Gathers Limited  real-world
detection intelligence on | deployment

attackers
Network Flow | Traffic monitoring and | Can detect lateral | Requires large-scale
Analysis anomaly detection movement data processing

Although these techniques offer a solid basis for identifying APTs, more
recent developments incorporate several detection layers to increase precision. A
contemporary multi-phase APT detection approach that combines data gathering,
event correlation, and predictive analysis is shown in Fig. 2. Security teams can
improve reaction mechanisms, identify patterns suggestive of APT behavior, and
conduct a systematic analysis of network activity with this method.
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Figure 2. Multi-Stage APT Detection
Framework (Adapted from Ghafir et al. [10]).

This paradigm assists companies in more efficiently identifying complex
threats by utilizing correlation and structured threat analysis methodologies. By
combining classic intrusion detection systems (IDS) with behavioral analytics and
predictive modeling, multi-layered detection frameworks enable security teams to
foresee and stop APT activities before serious harm is done. Large-scale
cybersecurity operations are increasingly using these strategies to improve detection
accuracy and lower false positives.

An organization's defenses against APT assaults are greatly strengthened by a
complete security plan that incorporates monitoring, detection, deception, and
mitigation. Additional safeguards are still in place to detect, contain, and eliminate
threats even if one layer is compromised. Creating proactive and adaptable defenses
is crucial for preserving a strong security posture as APTs continue to change.

Experimental simulation and evaluation of APT detection

To evaluate the effectiveness of intrusion detection systems (IDS) against
Advanced Persistent Threats (APTs), a practical simulation was analyzed using the
Linux-APT Dataset 2024 [10]. This dataset includes logs generated from simulated
APT attacks (APT28, APT29, APT41, and Turla) in a Linux-based environment.
Logging was performed using WAZUH 4.5.2 SIEM, configured with custom rules
and integration of MITRE ATT&CK mapping to capture behavior patterns across
multiple TTP stages.

The dataset consists of 125,898 log entries, out of which 24,852 were logged
as malicious or suspicious. For the purpose of this analysis, we consider a simulated
IDS detection outcome, which reflects the realistic performance of a tuned SIEM
system with rule-based and anomaly detection mechanisms enabled.

Key results include:

. 20,634 alerts were generated in total.
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. 18,900 of these were true positive correct detections of malicious
activity.

. 1,734 alerts were false positives, benign actions misclassified as
threats.

. The detection rate reached 76.0%, while the false positive rate was
8.3%.
Table 3. Summary of Detection Simulation

Metric Value
Total log entries 125,898
Malicious entries | 24,852
(labeled)

Total alerts generated | 20,634
True Positives (TP) 18,900
False Positives (FP) 1,734
Detection Rate 76.0%
False Positive Rate 8.3%

Figure 3 presents the distribution of events recorded during the APT detection
simulation. As shown, benign activity constitutes the vast majority of system logs
(~80%), while approximately 15% of the logs were correctly classified as malicious
(true positives), and around 5% were undetected malicious entries (false negatives).

This distribution reflects a realistic production environment, where malicious
behavior is rare and embedded within large volumes of benign data. The presence
of false negatives underscores the difficulty of detecting stealthy APT activities and
highlights the need for enhanced detection granularity. Conversely, the relatively
low false positive rate (~1.4%) demonstrates that rule tuning was effective, but
further refinement could still improve precision without compromising recall.

Distribution of Events in APT Detection Simulation

True Positives (TP)

Benign Events

False Positives (FP)

Malicious Not Detected (FN)

Figure 3. Distribution of Events in APT Detection Simulation
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Future research directions

To stay up with the constantly shifting threat landscape, competing against
APTSs requires continuous innovation. Future research should focus on many critical
areas to improve the effectiveness of protection mechanisms.

1. Artificial Intelligence and Machine Learning: can significantly
improve threat detection and response. Research has shown that Al can improve
real-time anomaly detection and automate threat analysis, allowing for shorter
response times to emerging threats [9]. Machine learning algorithms, when taught
on a variety of datasets, may adapt to changing attack strategies and find hidden
patterns in network traffic.

2. Advanced Deception Technologies: While honeypots and honeynets
are useful tools, next research should look at more dynamic and context-aware
deception tactics. For example, adaptive honeypots driven by Al could change their
behavior in real time to imitate genuine systems, improving their potential to trap
intruders and generate actionable intelligence [9].

3. Threat Intelligence Sharing: Cooperation among organizations and
governments is crucial for preventing APTs. Research emphasizes the value of
platforms like as Information Sharing and Analysis Centers (ISACs) for safely and
efficiently spreading threat intelligence [9]. Enhanced sharing methods can help
businesses respond to emerging threats and minimize overall susceptibility.

4, Post-Incident Analysis and Forensics: Understanding the entire
breadth of APT events helps improve future defenses. Enhanced forensic tools and
procedures should be developed to better assess attacks, identify vulnerabilities, and
improve recovery strategies.

Prioritizing these research topics allows the cybersecurity community to build
more robust, adaptive, and collaborative approaches to minimizing the ongoing
danger posed by APTs.

Conclusion and recommendations

This study examined a variety of strategies for defending against Advanced
Persistent Threats (APTs), with a particular focus on four key areas: monitoring,
detection, deception, and mitigation. A case study approach was employed to
examine real-world examples, with the objective of grouping technical solutions into
categories according to their function within a layered defense strategy. The
technical solutions included in the study were behavioral anomaly detection,
honeypot technology, and SIEM configurations.

To assess the effectiveness of these approaches in practical settings, a
simulation was conducted using the Linux-APT 2024 dataset. The experimental
results demonstrated that configured WAZUH-based SIEM system exhibited the
capability to detect 76% of malicious actions, accompanied by a false positive rate
of 8.3%. These results underscore the potential and current limitations of rule- and
anomaly-based detection methods when confronted with long-term, low-noise
threats. The collective findings underscore the need to realize that technical tools
alone are not sufficient to prevent APTs. A balanced and adaptive strategy that
includes threat intelligence and deception is needed. Future research should be
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focused on making Al-based detection methods more understandable, improving
deception tools, and helping organizations share threat intelligence more effectively.
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AKNapaTThIK Kyiieepai :keTiiaipiniren Typakrol Kayinrepaen (APT)
KOpFay: 3aMaHayH dIicTep MeH Y3IiK TaKipubeep
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Anoamna. Keminoipineen mypaxkmot xayinmep (Advanced Persistent Threats, APTs) —
MaKcammol, JHCACHIPLIH JHCOHe Y3AK Mep3iMOi CunamelMeH epexuleleHemin ey Kayinmi
Kubepwabdyviioapowviy 0ipi. byn zepmmeyode APT wabyvinidapvina Kapcel mypyea apHaieau
Kaszipei 3amManayu cmpame2usiapaa KypblIbIMObIK WOLY YCbIHbLIAO0b. 3epmmey mepm Hezizel
OazplmKa: MOHUMOPUHE, AHBLIKMAY, AO0ACMbIPY JHCoHe Kayin-kamepoi azaumyza Oaca HaA3ap
ayoapaovl. SIEM oicyiiecine necizoencen Oaxviiay, MiHe3-KYIblKmMblK AHOMAIUALAPObL AHbIKMAY,
honeypot opranracmueipy dHcamne dHcenini ceemeHmmey CUAKMbl KONOeH2ellli KOPRAHbliC memikmepi
YUbLIMHBIY MYPAKMBLILIZLIH €0Vip apmmulpa aiambvlHbl HAKMbl uadyvlil CyYeHapuiiiepi apKulibl
kepcemineodi. APT wabyvindapvina man 6asy api OauKaimMaiumolH eHy apeKemmepin aHblKmayoblH
KUbIHObIKMApblHa epexkuie Kouin 0Ooninedi. ConvimMen Kamap, OY1 MaxKaiada Hcacamobl
unmenekm, beuimoenciui a0acmvipy MexXHONOSUSANAPLL JHcaHe OipieckeH Kayin-kamep oapiaay
JHcytieslepin KamMmumoli 6onrawax 3epmmey 0a2blMmapsvl CUNAmMmanaosl. 3epmmey Hamudicenepi
Kypoeri dcane mapamovlazan aknapammoix opmaoa APT wabyvinioapvina muimoi Kkapcol apekem
ocacay ywiH NpoOaKmMuemi JcoHe peakmuemi Kayincizoik —wapanapuli - yiiecmipyoiy
MAaHBI30bLILIZbIH KOPCEMEOL.

Tyiinoi ceszoep: APT, owceninix xayincizoik, anHomanusnaposl auvikmay, honeypot,
KubepKopeanvlc, Kayin-Kamep oapaayvl

3amuTa THPOPMALMOHHBIX CHCTEM OT YCTONYMBBIX LEJEBbIX YIPO3
(APT): coBpeMeHHBIE METOABI M JIyYIlIHe NPAKTUKH
I.E Kanrtenop'*
LAstana IT University, Acrana, Kazaxcran
*E-mail: zhantenovdamir@gmail.com

Annomauusn. I[Ipoosurnymoie nocmosnnwie yeposvl (APT) omuocamcesa K yucny Haubosnee
Cepbe3HbIX BUO08 Kubepamax u3-3a ux YeneHanpasieHHo20, CKPbIMHO20 U NOCMOSHHOZ0
xapakmepa. Omo  ucciedogaHue npeocmasgiiem coOou  CMPYKMYPUpPOBAHHsI  0030p
cywecmayrowux cmpameeuti npomugooeticmeust APT, cocpedomouennwiii Ha uemvipex Kiro4egblx
061acmaAx: MOHUMOpUH2, OOHapyJceHue, 0OMan u cmsaedenue nocieocmeauil. Paccmampusaiomes
OOKYMEeHmMUpoBaHuvle CYeHapuu amax, 0eMoHcmpupyioujue, KaKk MHO20YPOBHe8ble MEeXaHU3Mbl
3auumol, maxkue Kax MoHumopuue Ha ocHose SIEM, obHapysiceHue nosedenueckux anomanui,
passepmuléanue honeypot u ceemenmayusi cemu, MO2ym 3HA4UMeNbHO NOGbICUNMb YCMOUYUBOCb
opeanuzayuu. Ocoboe 6HUMAaHUe Yyoensemcs 3a0auam OOHAPYIHCEHUS  O0J1208DEMEHHbIX
BMOPIHCEHUN C HUKUM YPOBHEeM uyma, xapakmepuuix 0si nosedenus APT. B ananuze maxoice
ONUCHIBAIOMCA MEKYUUe MEeHOEeHYUU UCCIe008AHULL U PACCMAMPUBAIOmMcs 0yO0yuue HanpasieHus,
CBA3aHHbIe C UCKYCCMBEHHbIM UHMELIEKMOM, AOANMUBHbLIMU MEXHOIO2UAMU 0OMaHa U
cosmecmuol ananumukou yepo3. OcHoGHble 6b1600bl NOOUEPKUBAIOM BAIHCHOCMb COUEMAHUs.
VIPeHcOawux U peakmusHulx mep bezonacHocmu 0 d¢hgexkmuenoi 60pbobl co 6ce bonee
uzowpennvimu kamnanuamu APT 6 cnodchvix u pacnpedeneHubix cpeoax.

Knrouesvie cnosa: ycmoiiuussvie yenegvle yeposvl, cemesas 6€30nacHOCmb, 0OHAPYHCeHUe
anomanui, honeypot, kubepzawuma, pazeeoxa yepo3
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