KA3AKCTAH PECITYBJIMKACBIHBIH FbUIBIM XXOHE XKOFAPBI BIJIIM MUHWCTPIIIT'T
MUHUCTEPCTBO HAYKHU U BBICIIEI'O OBPA3OBAHUN A PECITYBJIMKM KA3AXCTAH
MINISTRY OF SCIENCE AND HIGHER EDUCATION OF THE REPUBLIC OF KAZAKHSTAN

INTERNATIONAL
UNIVERSITY

XANBIKAPANLIK ™ "= WRNE MEWAYHAPOAHBIA
YHHBEPCHTETI I I YHHBEPCHTET

XAJIBIKAPAJIBIK AKITAPATTBIK KOHE
KOMMYHUKALUAJIBIK TEXHOJIOTI'USJIAP
KYPHAJIbI

MEKIYHAPOJHDIN JKYPHAJ
WH®OPMALMOHHLIX U
KOMMYHUMKALMOHHBIX TEXHOJIOT U

INTERNATIONAL JOURNAL OF INFORMATION
AND COMMUNICATION TECHNOLOGIES

2025 (22) 2

CAVID - MAYCbIM

ISSN 2708-2032 (print)
ISSN 2708-2040 (online)



BAC PEJJAKTOP:

HcaxoB Acbuifex AGANAIIMMOBHY — ECCIITCY TEOPHSCHI CallaChIHa MaTeMaryka GoiibiHiia PhD foktop, "KoMITBIOTEpIIiK FEUIBIMAIAP JKOHE
undopmarnka" GarbIThl GOUBIHIIA KAaybIMIACTBIPbUFAH Hpodeccop, XabIKapablK aKMapaTThlK TEXHOJIOTHsIIAP YHUBEpCHTETiHIH Backapma
Teparacsl — Pexrop (Kazakcran)

BAC PEJJAKTOPIIBIH OPBIHGACAPBI:
KonecankoBa Karepmna BHKTOpOBHA — TeXHMKa FbUIBIMIAPBIHBIH JOKTOPBI, mpodeccop, XaubKapaiblK aKIapaTThIK TEXHOJOIHsUIap
YHHUBEPCUTETIHIH FhUIBIMH-3ePTTEY KbI3MeTi skeHiHzeri npopektop (Kasakcram)

F. IM XATIIbI:

HNnanakoBa Mamnna TyjlereHOBHA — TEXHHKA FHUIBIMAAPBIHBIH KaHIMIATBL, KaybIMAACTEIPbUEAH Hpoheccop, XalbIKapaiblK aKIapaTThIK
TEXHOJIOTHSIIAp YHUBEPCHUTCTIHIH FHUIBIMU-3EPTTCY KbI3METI XKOHIHJICTT AerapTaMeHT mpekTopsl (Kazakcran)

PEJAKIUSLIBIK AJTKA:
Pazax A6ays1 — PhD, XasbIKapanbIK aKapaTThIK TEXHOIOTHSUIAp YHHBEPCUTETI KHOepKayirci3ik kadeapachHbiH npodeccopsl (Kazakcran)
Jlyuno Tommaszo e ITaomic — Canenro Yhusepcuteri (Mtamist) MHHOBAIWS JKOHE TEXHONOTHSUIBIK MHKHHMPHHT JenaprameHti AVR

3ePTXaHACBIHBIH 3EPTTEY JKOHE d3ipIey OeriMiHIH JUPEKTOPBI

JInz Bakon — npodheccop, Abepreii YunpepcuteTi (YIbIOpHTaHNS) BULE-KaHIYIEPiHIH OPbIHOACAPhI

Muxeiie [larano — PhD, ITu3a Vausepcureriniy (Wramist) npodeccopst

Orendaes Myxrapbaii Orendaiiyibl — (usrKa-MaTeMaTnKa FHUIBIMAAPBIHBIH JTOKTOPBI, mpodeccop, KP ¥FA axanemuri, Xasbikapanbik
AKITApaTTHIK TEXHOJIOTHsIAP YHUBEPCUTETI MaTeMaTHKA YKOHE KOMITBIOTEPIIIK Moziesb ey KadeapackiabiH npodeccopst (Kazakcran)

Poicoaiiyibl Bosiaréex — (usnka-MateMaTHKa FhUIBIMAAPBIHBIH J0KTOPBI, ipodyeccop, Ecerrey xkoHe aepekTep FhUIbIMIAPHI JCapTaMeHTIHIH
nipodeccopbl, Astana IT University (Kazaxcrar)

Jaiineko EBrennsi Asexcanp — PhD, XabIKkapaJbIK aKapaTThIK TeXHOIOTHsUIAp YHHBEPCUTETI aKIapaTThIK Kyiernep KadeIpachiHbIH
nipodpeccop-3eprreymici (Kazakcran)

Jy36aes Hyp:kan Tokkyxkaesuu — PhD, kayeMaacTsIpsuFaH Tpodeccop, XambIKapaniblK akKHapaTThIK TEXHONOTHSAIAP YHHBEPCHTET
MdpraHaBIPy JKoHE HHHOBALMSLIAp xkeHiHzeri mpopextop (Kazakcran)

CunueB Baxtrepeii KycnmanoBuu — TexXHNKa FbUIBIMIAPBIHBIH JOKTOpBI, Tpodeccop, XaubIKapaiblK aKNapaTThK TEXHOIOTHsUIApP
YHHUBEPCHUTETI aKIaPaTThIK XKYyiiesep kadenpacsinbiH npodeccops (Kazakcran)
CeiiioBa Hypryiab Afajgy/uiaeBHa — TEXHHKA FbUIBIMIAPBIHBIH JIOKTOPbI, XaJIbIKAPAIbIK AKIAPaTThIK TEXHOJIOTHSUIAPD YHHBEPCHUTETI

KOMITBIOTEPIIIK TEXHOJIOTHsIIap yKaHe KubepKayircisik daxybrerinin aekansl (Kazakcran)

MyxamenneBa Apaak I'aGHTOBHA — SKOHOMMKA FBUIBIMIAPBIHBIH KaHIMIATHI, XaIbIKAPAIBIK AKIAPATTHIK TCXHONOTHSIAP YHUBEPCUTETI
GusHeca MeJna skoHe 6ackapy (akysreriniH Jexans! (Kasakcrar)

Abanka, 3amupa Typcer — PhD, kaysMaacTsIpbUIFas npogeccop, XalbIKapasblK aKapaTThIK TEXHOIOTHSUIAp YHUBEPCHTETI
MaTeMaTHKa JKOHe KOMITBIOTEPITIK MOZIeIbIey KadeapachHbIH MeHrepyici (Ka3akcTam)

IInabaudexos Epaan YKapxanouy — PhD, kaybivaacTsipbuirad npodeccop, XaibIKapaiblK aKIapaTThIK TEXHOIOTHSUIAP YHHBEPCHTETI
9KOHOMHKA JKaHe On3Hec KadenpachiHbiH MeHrepytici (Kasakcran)

Jlamensi MakcyroBHa EckeHMpoBa — TeXHHKA FHUIBIMIAPBIHBIH KaH/IMIAThI, KAYBIMIACTBIPBUFAH 1podeccop, XaubIKapalblK aKIapaTThIK
TEXHOJIOTHsLIAp yHUBEpCUTETi Knbepkayircisik kadenpacsinbiy MeHrepyuiici (Kasakcran)

HusisryioBa Aiiryis AckapGekoBHa — (HIONOrUs FHUIBIMIAPBIHBIH KAHIMAATHI, JOLCHT, Hpodeccop, XaibKapalblK aKNaparTThbik
TEXHOJIOTUSIAP YHUBEPCHTET] MEIMaKOMMyHHMKaIIHs skoHe KasakcTaH TapHxsl KadenpackiHbiH MeHrepyici (Kasakcram)

AiitmaramberoB Aurtaii 3ydapoBuy — TeXHHKA FBUIBIMIAPBIHBIH KaHIMIAThI, XaJbIKApAIBIK aKMNapaTThIK TEXHOJIOIWsUIAp YHHBEPCHTETi
PAIMOTEXHUKA, JIEKTP JKIHE Te. y ¢enpacbinbin npodeccopnl (Kaszakcran)

Baxtusp Enena A — TeXHHMKA FBUIBIMIAPBIHBIH KaHIMIATHI, KaybIMAACTHIPBUIFAH Mpodeccop, XabIKapalblK aKMapaTThIK
TEXHOJOTHSUIAp YHUBEPCUTETI PaTHOTEXHUKA, EKTPOHHKA JKIHE TEIeKOMMYHHKALS KadeapachHbIH MeHrepyici (Kazakcran)

Kanunbex Cancbi3oaii — PhD, kaysivacTteipburras npodeccop, XanbIKapasiblK aKapaTThIK TeXHONOTHIIAP YHUBEPCUTETI KHOepKayirci3mik
kadenpaceiHbIH npodeccop-3eprreyici (Kazakcran)

TeinbiMoaeB Caxudaii — TeXHIKA FhUIBIMAAPBIHBIH KAHMAATHI, Tpodeccop, XabKapablK aKIapaTThIK TEXHOIOIHSUIAP YHHUBEPCUTETL
KOMITbIOTEPIIK HEDKeHepust KadyeipachiHbiH mpodeccop-3eprreyiuici (Kasakcrat)

Anmucped Aim Ao — PhD, XasbIkapalibIK aKIapaTThIK TEXHOIOTHsUIAp YHHBEPCHTETI KHOepKayinci3tik kadyepachIHbIH KaybIMIACTBIPbLIFAH
nipodeccopst (Kasakcram)

Moxamen Axmen Xamana — PhD, XaJbIkaparibIK aKIapaTThIK TEXHOJOTHSIAP YHUBEPCHTETI aKIapaTThIK JKyHernep KaheapackHbIH
KaybIMIACTBIPbUTFaH rpodeccopsl (Kazaxcran)

Sur Um Yy — PhD, I'avon yrusepcuretinig nmpogpeccopst (Outyctik Kopes)

Tapeym Bamiac — PhD, Aam MutikeBud atbinzars! (ITosbiia) yHUBEpCHTETTIH IPOPEKTOPBI

Mawmbipoaes Opken JKymazkanosud — PhD, KP F2KEM FobuibiM koMUTETI aKIApaTTBIK ¥KOHE eCeNTey TeXHOMOrusuIapbl HHCTUTYThl OMK
JIPEKTOPBIHBIH FHUIBIM sKOHiH/eri opbiHbGacaps (Kasakcram)

Byuyes Cepreii JIMUTpHeBHY — TEXHHUKA FHUIBIM/IAPBIHBIH JIOKTOPBI, 1podeccop, YipanHansi "YKPHET" sxo6anapib1 6ackapy
KaybIMJIACTBIFBIHBIH TUPEKTOPBI, KHeB YIITTBIK KYPBUIBIC )KOHE COyJIET YHHBEPCHTETI Ko0asiap bl 6ackapy KaheapachIHbIH MEHIepyIIic
(Ykpauna)

Benommunkas CBeri1ana BacuibeBHAa — TeXHUKA FhUIBIMIIAPBIHBIH JOKTOPBI, 10LEHT, Astana IT University ecentey skoHe IepeKTep FhUIBIMBI
kacenpachHbIH npodeccopsl (Kasakcran)

PEJAKTOP:

Mp3ab6aea Payman 2KameBna — maructp, XanbIKapaibIK aKIapaTThIK TEXHOIOTHSIIAP YHUBEPCUTETIHIH penaxTopsl (KasakcTam)

XaublKapasiblK aKIapaTThIK )KOHE KOMMYHHKALUSIIBIK TEXHOIOTHSIIAP 5Ky PHAIIBI

ISSN 2708-2032 (print)

ISSN 2708-2040 (online)

Menmik neci: AK «XasblkapanbIK aKIapaTThIK TEXHOJIOTUSIIAP YHUBEPCUTETI» (AJIMATHI K. ).

Kasakcran Pecrry6iikacsl AKnapar %oHe KOFaM/IbIK laMy MUHHCTpIIiriHe Mep3iMai 6acrace3 GachbUIbIMBIH €CEIKe KO Typalbl Kyalik

Ne KZ82VPY 00020475, 20.02.2020 3. Gepinrex

TaxbIpBII OaFbITHL: AKNAPATTHIK TEXHOIOTHSUIAP, AKIIAPATTHIK KayilCi3Aik sKOHE KOMMYHHKALSIIBIK TEXHOIOTHSIIAP, JICYMETTIK-

9KOHOMHUKAIIBIK XKYHeTep i JaMbITy 1aFbl LHPPIBIK TEXHOJIOTHSL.

Mep3imainiri: skblibiHa 4 per.

Tupax: 100 nana.

Penaxunst mekerxkaiipr: 050040 Anvater K., Manac k., 34/1, ka6. 709, texn: +7 (727) 244-51-09.

E-mail: jjict@iitu.edu.kz

Kypuan caitrsr: https://journal.iitu.edu.kz © XasblKapalibIK aKIapaTThiK TeXHoJIorusuiap ynusepeuteri AK, 2025
Kypnan caitter: https://journal.iitu.edu.kz © ABTopmap yxbimel, 2025




TJIABHBIN PEJJAKTOP
HcaxoB AcbLifexk AoamammmoBunu — jaoktop PhD no maremarnke B 00NacTH TEOPHH BBIYUCIUMOCTH, aCCOLMHPOBAHHBII
npodeccop mo HampaneHuto "KommbroTepHble Haykn u uHpopmaruka", Ilpencenmarens Ilpasnenus — Pektop MexmayHapomHOro
yHHBepcuTeTa HHOOPMALMOHHBIX TexHosoruit (Kazaxcram)
3AMECTHUTEJIb I''TABHOI'O PEJIAKTOPA:

KonecankoBa Karepmna BHKTOpPOBHA — JIOKTOp TEXHMYECKHX HayK, Mpodeccop, MPOPEKTOp IO HAayYHO-HCCIIEN0BATEIbCKON
JeATeNbHOCTH MexXKIyHapOIHOTO YHHBEPCHTETa HH(OPMALIMOHHBIX TexHonoruii (Kasaxcramn)
YUYEHBIU CEKPETAPD:

Hnanakosa Maauna Ty/ereHoBHa — KaHIHAAT TEXHUYECKHX HAyK, aCCOIMMPOBAHHBINA Ipodeccop, TMPEKTop JenapTaMeHTa 110

HAy4HO-HCCIIE0BATEIbCKON AESTEIbHOCTH MeXIyHapoIHOrO YHUBEpCUTETa HH(OPMALMOHHBIX TexHoornii (Kazaxcran)
PEJAKIIMOHHAS KOJUIEI U51:

Pazak A6ayn — PhD, npodeccop kadeapsl kubepoesonacHoCTH MeKIyHAPOIHOrO yHUBEPCHTETa HH(OOPMALMOHHBIX TEXHOIOT Ui

(Kasaxcran)

Jlyuno Tomma3zo e IMaosme — aupexkTop OTAeTa MCCIEAOBaHMH M pa3paboTok nabopatopuu AVR nenapramMeHTa MHHOBALUHA

TEXHOJIOTUYECKOro MHKUHUpHHra YHusepcutera Canenro (Mramus)

JIu3 BakoH — mpodeccop, 3aMecTHTeNb BHIe-KaHIuiepa Y usepcurera Abepreit (Beankodpuranus)

Muxese Iarano — PhD, npodeccop Yunsepcurera ITussr (Mranmmus)

Orendaes Myxrtap6aii Orenbaityibl — J0KTOp (husHKo-MaTemMaTudyeckux Hayk, mnpodeccop, akamemuk HAH PK, mpodeccop

Kadenpbl MaTEMAaTHYECKOI0 U KOMIIBIOTEPHOTO MOJICIMPOBaHHS MeXKIyHapoIHOrO YHHUBEPCHTETa MH(GOPMAIMOHHBIX TEXHOIOTU

(Kasaxcran)

Prichaiiysnbr Borardek — nokrop dusnko-MaremaTHueckux Hayk, npodeccop, npodeccop Astana IT University (Ka3axcram)

Jaiinexo EBrenusi AsnexcannpoHa — PhD, npodeccop-uccnenoBarens kadeapbl HHOOPMALMOHHBIX CHCTEM MEKIyHApOIHOro

YHHBepcHTETa HHPOPMaMOHHBIX TexHoornii (Kasaxcran)

Jy3oaeB Hyp:xan Tokky:kaeBuu — PhD, accoummpoBaHHBIH mpodeccop, NPOPEeKTOp Mo UU(GPOBH3ALMKM W HWHHOBALMAM

MesxayHapoaHOro yHUBepcuTeTa nH(GOpMaLOHHbIX TexHonorui (Kasaxcran)

CunueB Baxtrepeii KycnaHoBHY — IOKTOp TeXHHMYECKHX HayK, mpodeccop, npodeccop kadenpbl MHOOPMALHOHHBIX CHCTEM

MesxtyHapoTHOTO YHUBEpCUTETa HHDOPMALMOHHBIX TexHoornii (Kazaxcran)

CeiiioBa Hypryab Afaay/uiaeBHa — KaHAWIAT TEXHUYECKMX HAyK, JeKaH (paKyIbTeTa KOMIBIOTEPHBIX TEXHOJOTHI M

kubepOesonacHocTH MexayHapoaHoro yHuBepeurera nH(GOpMannoHHbix TexHonoruii (Kasaxcram)

MyxameaneBa Apaak TI'aGuToBHA — KaHAMIAT SKOHOMHYECCKHMX HayK, JeKkaH (axyinbreTa OW3Heca MeAHa W YIpPaBJICHHS

MesKyHapoJHOTO YHHBEpPCHTETa NHPOPMALIMOHHBIX TexHonoruii (Kasaxcran)

AoaukanukoBa 3amupa Typcebinfaesna — PhD, accoumupoBanubiii mpodeccop, 3aBemyromas kadeapoil MaTeMaTH4ecKoro

KOMIIBIOTEPHOT'O MOZICIHPOBaHHs MexIyHapOIHOTO yHUBEPCHTEeTa NHPOPMAIMOHHBIX TexHomoruii (Kasaxcran)

HInasaudexo Epaan JKapixanoBmu — PhD, accoummpoBanHbIil npogeccop, 3aBeyrouuii kadeapoil SKOHOMHKH U OH3Heca

MeskyHapoJHOTO yHHBEpCHTETa HH(POPMALMOHHBIX TexHonorui (Kasaxcran)

Jamenss MakcyroBua EckenampoBa — KaHIuIaT TEXHHYECKHX HayK, aCCOLMHPOBaHHBIA mpodeccop, 3aBeayroiuas kadeapoit

knbepOesonacHoCTH MeXIyHapoIHOro YHUBEpcUTeTa MHPOPMAMOHHBIX TexHooruii (Kasaxcran)

HusisryioBa Aiirynb Ackap0ekoBHAa — KaHAWIAT (HIONOTMYECKMX HAyK, IOLEHT, mpodeccop, 3aBemyromas Kadeapoii

MeMaKOMMYHHUKanuu 1 uctopun Kazaxcrana MesxyHapoJHOTO yHUBEpcHTeTa HH(BOpMaMOHHBIX TexHonoruii (Kasaxcram)

AiitmaramoeroB Auartaii 3ypapoBMu — KaHIMAAT TEXHUYCCKUX HayK, mpodeccop Kadeapbl pagrOTEXHUKH, SJICKTPOHUKU H

TEeJIEKOMMYHHKaIHit MeX1yHapoaHOTo yHUBEpCHTETa HH(OPMAIMOHHBIX TexHouoruit (Ka3axcraH)

Baxtusipopa Ejena Aixn0ekoBHAa — KaHAMJAT TEXHHYECKMX HAyK, ACCOLMMPOBAHHBIH mpodeccop, 3aBeayromas kadenpoit

PaIMOTEXHUKH, HJIEKTPOHUKH U TEJIEKOMMYHHKALMIT MeK1yHapoIHOro yHUBEpCHTeTa HH(POPMALIMOHHBIX TexHouorui (Kasaxcran)

KanuGex Cancbizfaii — PhD, accouumpoBanuslii mnpodeccop, mpodeccop-rccnenoBarenb Kapeapsl KnbepOe30nacHoCTH,

MeskyHapoJHOTO yHHBEpCHTETa NH(POPMALIMOHHBIX TexHonorui (Kasaxcran)

ToinbiMbaeB Caxubaii — KaHIUIAT TEXHUUECKUX HayK, npodeccop, npodeccop-uccnenoparens Kadeapbl KOMIBIOTEPHON HHKEHEPUH,

MesxtyHapoIHOTO YHUBEpCUTEeTa MH(OPMAMOHHBIX TexHoornii (Kazaxcran)

Anvucped Amm A6x — PhD, accounumpoBanHblii npodeccop kadeapbl kubepbezonacHocTH MexayHapOAHOTO YHHBEPCUTETA
uHpopMaMOHHBIX TexHonorui (Kasaxcramn)
Moxamen Axmen Xamaga — PhD, accoummpoBanubiii npodeccop kadeapbl HHGOPMAUMOHHBIX CHCTEM MEKIyHAPOIHOTO

YHHBepcHTeTa HHPOPMAIMOHHBIX TexHosornii (Kasaxcran)
Sur Um Yy — PhD, npodeccop ynusepcutera ['avon (FOxuas Kopest)
Taneym Basiac — PhD, npopekrop ynusepcurtera umMen Anama Murkesuya (ITonbina)
Mawmbipéaes Opken JKymaxanoBuy — PhD, 3amecrurens aupekropa mo nHayke PITI Muctutyra MH(OPMAUMOHHBIX M
BBIUHMCIHTENBHBIX TexHonoruii Komurera naykn MHBO PK (Kazaxcran)
BymyeB Cepreii JIMuTpueBHY — JOKTOp TEXHHYECKHX HaykK, mpodeccop, AUPEKTOp YKPaMHCKOIl acCOlMaLiM YIPaBICHUS.
npoektamu «YKPHETY, 3aBenytonmii kadeapoii yrpasienus npoekrami KHeBCKOro HalOHAIbHOTO YHUBEPCUTETA CTPOUTENIBCTBA U
apxuTeKTyphl (YKpanHa)
Besomunkas Ceerjana BacnmibeBHa — JOKTOp TeXHHYECKHX HaykK, JOLEHT, npodeccop kadeapbl BEIYHCICHUH U HAYKN O AAHHBIX
Astana IT University (Kazaxcran)
PEJAKTOP:

Mp3a6aeBa Payman JKanmeBHa — MarucTp, peaakrop MeKIyHapoJHOTO YHHMBEPCHTETa HMH()OPMALMOHHBIX TEXHOJIOTHI
(Kazaxcran) )
MexayHapoaHblii KypHAJT HHPOPMAMOHHBIX H KOMMYHHKAIIHOHHBIX TE€XHOJIOTHii
ISSN 2708-2032 (print)
ISSN 2708-2040 (online)
CoberBeHnuk: AO «MextyHapOHbIH YHHBEPCHTET HHOOPMALMOHHBIX TEXHOIOTHII» (I. AJIMaThl).
CBHIETENbCTBO O MOCTAHOBKE HA YUET MEePUOIUUESCKOTrO MEeYaTHOTrO n3aanus B MUHHCTEPCTBO HHPOPMALIMH U OOIIECTBEHHOTO PA3BUTHUS
Pecry6mnukn Kazaxcran Ne KZ82VPY 00020475, Binannoe ot 20.02.2020 .
TemaruuecKas HalpPaBICHHOCTh: HHMOPMAI[MOHHBIC TEXHOIOIUH, HH(POPMAIMOHHAs 6E3011aCHOCTh 1 KOMMYHHKAILIHOHHBIC TEXHOJIOTHH,
1U(PPOBBIC TEXHOIOTHU B PA3BUTUH COLIMO-DKOHOMHYECKHUX CHCTEM.
TlepronnunocTs: 4 pas3a B ro.
Tupax: 100 5K3eMILISIPOB.
Anpec pepakuun: 050040 1. Anmarst, yin. Manaca 34/1, ka6. 709, ten: +7 (727) 244-51-09.
E-mail: jjict@iitu.edu.kz Caiit sxypnaia: https://journal.iitu.edu.kz

© AO MeskyHapo/IHbli yHHBEPCHTET HHYOPMAIMOHHBIX TeXHOIOrHiT, 2025

© Konnexrus aBropos, 2025




EDITOR-IN-CHIEF
Assylbek Issakhov — PhD in Mathematics in Computability Theory, associate professor in “Computer Science and Informatics,”
Chairman of the Board — Rector of the International Information Technology University (Kazakhstan)
DEPUTY EDITOR-IN-CHIEF
Kateryna Kolesnikova — Doctor of Technical Sciences, professor, Vice-Rector for Research, International Information Technology
University (Kazakhstan)
ACADEMIC SECRETARY
Madina Ipalakova — Candidate of Technical Sciences, associate professor, Director of the Research Department, International
Information Technology University (Kazakhstan)
EDITORIAL BOARD
Abdul Razak — PhD, professor, Department of Cybersecurity, International Information Technology University (Kazakhstan)
Lucio Tommaso De Paolis — Director of the R&D Department of the AVR Laboratory, Department of Engineering for Innovation,
University of Salento (Italy)
Liz Bacon — Professor, Deputy Vice-Chancellor, Abertay University (United Kingdom)
Michele Pagano — PhD, Professor, University of Pisa (Italy)
Mukhtarbay Otelbayev — Doctor of Physical and Mathematical Sciences, professor, academician of the National Academy of
Sciences of the Republic of Kazakhstan, professor of the Department of Mathematical and Computer Modeling, International
Information Technology University (Kazakhstan)
Bolatbek Rysbaiuly — Doctor of Physical and Mathematical Sciences, professor, professor of the Department of Computing and Data
Science, Astana IT University (Kazakhstan)
Yevgeniya Daineko — PhD, research professor, Department of Information Systems, International Information Technology University
(Kazakhstan)
Nurzhan Duzbayev — PhD, associate professor, Vice-Rector for Digitalization and Innovation, International Information Technology
University (Kazakhstan)
Bakhtgerei Sinchev — Doctor of Technical Sciences, professor, Department of Information Systems, International Information
Technology University (Kazakhstan)
Nurgul Seilova — Candidate of Technical Sciences, Dean of the Faculty of Computer Technologies and Cybersecurity, International
Information Technology University (Kazakhstan)
Ardak Mukhamediyeva — Candidate of Economic Sciences, Dean of the Faculty of Business, Media and Management, International
Information Technology University (Kazakhstan)
Zamira Abdikalikova — PhD, associate professor, Head of the Department of Mathematical and Computer Modeling, International
Information Technology University (Kazakhstan)
Yerlan Shildibekov — PhD, associate professor, Head of the Department of Economics and Business, International Information
Technology University (Kazakhstan)
Damilya Yeskendirova — Candidate of Technical Sciences, associate professor, Head of the Department of Cybersecurity,
International Information Technology University (Kazakhstan)
Aigul Niyazgulova — Candidate of Philological Sciences, Professor, Head of the Department of Media Communications and History of
Kazakhstan, International Information Technology University (Kazakhstan)

Altai Aitmagambetov — Candidate of Technical Sciences, Professor, Department of Radio Engineering, Electronics and
Telecommunications, International Information Technology University (Kazakhstan)
Yelena Bakhtiyarova — Candidate of Technical Sciences, associate professor, Head of the Department of Radio Engineering,

Electronics and Telecommunications, International Information Technology University (Kazakhstan)
Kanibek Sansyzbay — PhD, research professor, Department of Cybersecurity, International Information Technology University
(Kazakhstan)
Sakhybay Tynymbayev — Candidate of Technical Sciences, Professor, Research Professor, Department of Computer Engineering,
International Information Technology University (Kazakhstan)
Ali Abd Almisreb — PhD, associate professor, Department of Cybersecurity, International Information Technology University
(Kazakhstan)
Mohamed Ahmed Hamada — PhD, associate professor, Department of Information Systems, International Information Technology
University (Kazakhstan)
Yang Im Chu — PhD, Professor, Gachon University (South Korea)
Tadeusz Wallas — PhD, Vice-Rector, Adam Mickiewicz University (Poland)
Orken Mamyrbayev — PhD, Deputy Director for Science, RSE Institute of Information and Computational Technologies, Committee
for Science of the Ministry of Science and Higher Education of the Republic of Kazakhstan (Kazakhstan)
Sergey Bushuyev — Doctor of Technical Sciences, professor, Director of the Ukrainian Project Management Association “UKRNET,”
Head of the Department of Project Management, Kyiv National University of Construction and Architecture (Ukraine)
Svetlana Beloshitskaya — Doctor of Technical Sciences, professor, Department of Computing and Data Science, Astana IT University
(Kazakhstan)

EDITOR

1 1 K 1hct )

R 1. LV § N MNach £Q o0 it Tt 43 1 T tion Taok Tni s
rzapayeva viaster-oroetenceeattormterpationarrormationreenorogy-oitverstty tat

«International Journal of Information and Communication Technologies»

ISSN 2708-2032 (print)

ISSN 27082040 (online)

Owner: International Information Technology University JSC (Almaty).

The certificate of registration of a periodical printed publication in the Ministry of Information and Social Development of the
Republic of Kazakhstan, Information Committee No. KZ82VPY 00020475, issued on 20.02.2020.

Thematic focus: information technology, digital technologies in the development of socio-economic systems, information security
and communication technologies

Periodicity: 4 times a year.

Circulation: 100 copies.

Editorial address: 050040. Manas st. 34/1, Almaty. +7 (727) 244-51-09. E-mail: ijict@iitu.edu.kz . . .
Journal website: https://journal.iitu.edu.kz

© International Information Technology University JSC, 2025
© Group of authors, 2025




MA3MYHbI

M.K. Aiitumos, K.K. MakyJioB, A.b. Ocraea, I'.1ll. Mycary.ioBa, 5. Kyiaran

AﬁMAKTblK JAMYTA SJIEYMETTIK-5KOHOMUKAJIBIK ®AKTOPJIAPIbIH ©CEPIH 3EPTTEY
YIUIH TUBPUITI MOJEIIBIT KOTIJIAHY ... 8
A.C. Baerusosa, I'.E. MbIp3adexoBa, A.3. Anumaraméerosa, I'.U. Myxameapaxumosa, M. Kaccum
WHTEJUIEKTYAJIIbI KIIACTEPJIEY S AICTEPIH KOJITAHA OTbIPBIIT, KbICKA MOTIH/EP/II TAJI

I'.Y. BekremicoBa, A.A. brikoB, b.A. Hypamuxun, A.A. Kepew, M.O. Jlayjeroex

KOMIIBIOTEPJIIK KOPY JXOHE MAILIMHAJIBIK OKbITY HEI'I3IHJIE K¥PbUJIbIC ITPOLIECTEPIH
BAKBUIAY JIbIH UHTEJUIEKTY AJIJIBI )KYVECIH ©3IPJIEY KOHE ChIHAY ... 37
. Eninxan, H. Xaiimyaeaun, /I. Ocnanosa, b. AMupraines

BAPJIbIK KOLIEJIEP/I KO3FAJIbIC IHEKTEYJIEPIMEH KAMTYFA APHAJIFAH OHTAIszl
MAPHIPYTTbBI TABY AbIH UHTEJUJIEKTY AJIABI MOEJIL.....ccciiiiiiieeeeeeee e 57
A. UrnatoBuy, A.C. Ecenrenbauna, JI.T. Kypmanrasuesa, C.P. lllapmyxanoer, M.Y. XynoiiGepranos
MAIIMHAJIBIK OKbITY KOMEI'ITMEH KA3BAKCTAHJIAFbI COT IHELLIIM/IEPIH BOJDKAYFA
APHAJIFAH JIEPEKTEPIL K¥ PV ..ottt ettt ettt ettt st et e s e et e sessaeseesaessessessensenes 75
A.X. KacsimoBa, I'.b. AonukepumoBa, A.K. Aca6aii, A.b. CepuxoaeBa, C.M. AxmenoBa

BEMHE AFBIHJIAPBIH/IA KO3FAJIATBIH OB BEKTIJIEPAI AHBIKTAY YIIIH HAKTbI YAKBITTAFbI
MATEMATUKAJIBIK MOJIEJIBJIEY .....viiiiiiieiieietetetet ettt ettt se s v s s s esaessesessassassasnnesaennens 91
C.K. Kymapraxanosa, /I. Hypasioekona, A.C. TaeoanauaoBa, M.A. Kapmenoa, C.A. CmanioBa
HIBIFBIC KASAKCTAH OBJIBICBIHBIH KAP KOILIKIHI AﬁMAKTAPbIH MAIINHAJIBIK OKBITY
OJIICT APKBIJIBI AHBIKTAY ...ttt ettt ettt ettt et be s 115
C.b. MyxaHos, K. bek6oaar, H.A. CeiisioBa, 7K.M. Bekayanoa, C.2K. )Kakbinoexkon

CAVYJIA X¥TITAPBIHAAFBI KPUIITOBAJIKOTA BAFACBIHBIH, K¥ BbIJIMAJIBIJIBIFBIH BOJDKAYFA
APHAJIFAH HEMPOH/IBIK YKEJII MOJEJIBJIEPIH CAJIBICTBIPY ... 130
H.A. OnanoBa, K.b. Barurosa, 3.9. JDabaaposa, /K. T. Kadosuixamur, JI. TepeiikoBckas

AKITAPATTBIK KA VITICI3JIIK CAJIACBIHJIA TIEPHETAKTA/IA TEPY YJTICIH TAJIJIAVFA

APHAJIFAH HEMPOKEJIIIIK MOIEJIBAEP I KOJIIAHY ..o 142
A.C. Cpax, M. Hyprac, A.A. Auraiidek, 3.T. AdaukainkoBa
HEIZPOH}]blK KEJIJIEP MATEMATUKAJIBIK ECEIITEY K¥PAJIBI PETIH/E.......ccooiieiieeeee 154

A.M. Temipxan, I'.H. [1amenko

BAHKTBIK AJIASIKTBIKTbI AHBIKTAYJIAFbI TPAGTBIK HEUPOH/IBIK KEJIIJIEP: O JICTEP/I
CAJIBICTBIPMAUJIBL TAJIZIAY .ottt sttt ettt 174
E.B. Tynebaes, A.A. Myxanosa, H. 'opanun

MYHUNLUITAJIABIK AKTUBTEPAIH TOYEKEJIJIEPIH BOJDKAY: MAILIMHAJIBIK OKbBITY 1bI
TTATIJIAJIAHY APKBUJIBI )XAC, TO3Y XXOHE HAUJAJIAHY KAPKBIH/IbUIbIFBI HETT3IHJIE
TEXHUKAJIBIK KbISMET KOPCETY HIEIHIMAEPIH MOIAEJIBAEY ..ottt 186
C. ToinbimbaeB, 7K.E. Temup6exona, P.111. bepau6aes, C.E. MamanoBa

TOPT PA3PAATHI EKIJIIK ITAPAJIJIEJIb TACBIMAJIJIAFBIIIBI BAP KOCBIH/IbIJIAP1bI
CAJIBICTBIPMAUJIBL TAJIZIAY ...ttt sttt sttt 200
Bb.M. Ykubaccos, C.b. Paxmeryanaesa, 2K.O. )Kanadexos, AHcap-yinb-Xak Slcap
DXOKAPJIMOI'PAMMAIJIAPJIATBI AKAYJIAP/IbI JIUATHOCTUKAJIAY YILIIH BETTI AHBIKTAY
JKOHE TAHY YJITIIEPTH BEVIMUIIEY ......ooooivoeoeeeeeeeeeee oo 214
JL.H. Yeunb6exosa, M.b. EcenoBa, H. ¥3akksbi3bl, P. Myparxan, II. IlImuar

MAMMOI'PAOUAJIBIK CYPETTEPIE CYT BE31 KATEPJII ICIT'TH 1oJ1 AHBIKTAYFA APHAJIFAH
BEJIIIJIEP BEKTOPDBIH KY¥ PV ...ttt s 235



COJIEPKAHME

M.K. Aiitumos, K.K. MakyJioB, A.B. OcraeBa, I'.11ll. MycaryJioBa, 5. Kyiaran

[TPUMEHEHUE FI/IBPVI}IHOVI MOJEJIN JJ1 U3YYEHW A BJIMAHUA COLIMAJIBHO-
OKOHOMUNYECKUX ®DAKTOPOB HA PETMOHAJIBHOE PA3BUTHE........cccoiiiiiiicieeceeeee 8
A.C. Baerusosa, I'.E. MbIp3a6exoBa, A.3. Anumaramoerona, I'.1I. Myxameapaxumona,

M. Kaccum

AHAJIN3 KOPOTKHNX TEKCTOB C UCIIOJIbB3OBAHUEM METOOB WHTEJUJIEKTY AJIbHOM KJIAC
TEPUBALI. ..ottt ettt b e e bbbt ettt et et na et eb e bt beeaeennen 23
I'.Y. BektembicoBa, A.A. brikos, b.A. Hypamuxun, A.A. Kepem, M.O. layaerdex

PA3BPABOTKA U TECTUPOBAHUE MHTEJUIEKTY AJIbHOM CUCTEMbBI MOHUTOPHUHI A
CTPOUTEJIBHBIX ITPOLIECCOB HA OCHOBE KOMIIBIOTEPHOI'O 3PEHUA 1 MAILIMHHOI'O ObYY

J. Eqnixan, H. Xaiimyasaun, /I. Ocnanosa, b. AMupranues

MHTEJUIEKTYAJIbHASI MOJIEJIb ITOUCKA OIITUMAJIbBHOI'O MAPHIPYTA ITOKPBITH S BCEX
VIJIUL C OTPAHUYEHUSAMMU 11O ITEPEMEIIEHMSM.......ociiiiiiiiieieeeeee e 57
A. UrnatoBuy, A.C. Ecenrenbauna, JI.T. Kypmanrasuesa, C.P. lllapmyxanoer, A.M. Hen3bBean
I'EHEPALISA JAHHBIX JJIA ITPOT'HO3MPOBAHM S CYAEBHBIX PEILIEHUH B KABAXCTAHE C
WCTIOJIbB3OBAHUEM MAIINHHOI'O OBYUEHMUSL.........ccuieieiieiieicieieesee ettt enaens 75
A.X. KacbimoBa, I'.b. AoaukepumoBa, A.K. Acabaii, A.b. CepuxoaeBa, C.M. AxmenoBa
MATEMATHUYECKOE MOJIEJINPOBAHUE B PEAJIbLHOM BPEMEHU J1J151 OBHAPYXXEHU
IBVDKYLIUXCS OBBEKTOB B BUIEOITOTOKAX ..ot eeee e eeeseesseeseeeseseeseeesee e 91
C.K. Kymapraxanosa, /I. HypasioexoBa, A.C. TuaedanauHoBa, M.A. Kapmenosa,

C.A. CmaunsioBa

BbISIJIEHUE JIABUHOOITACHBIX 30H B BOCTOUYHOM KA3AXCTAHE C UCITOJIb3OBAHUEM
METOZIOB MAIIMHHOI'O OBYUEHMS.......c.oociiiiieiieiieieieieiestesteste sttt ettt saaeta e esaesaeaenaennens 115
C.b. Myxanos, K. bBex6oaar, H.A. CeiinoBa, K.M. bekay.osa, C. K. Kakpinoexkon

CPABHEHUE MO)IEHEIZ HEWPOHHBIX CETEN JUISI TIPOTHO3UPOBAHU A BOJIATUJIBHOCTHU
LIEH KPUIITOBAJIFOT B TOPTOBBIX TTAPAX ..ottt 130
H.A. OnanoBa, K.b. Baruroa, 3.3. Juabaaposa, K. T. Kadsuixamur, JI. TepeiikoBckast

[IPUMEHEHUE HEMPOCETEBBIX MO)IEHEVI JUISI AHAJIN3A KIIABUATYPHOI'O TTOUYEPKA B

MHO®OPMALIMOHHOMN BEBOITACHOCT .......o..ooooioreiesiiiesiiseeeissssis s 142
A.C. Cpax, M. Hyprac, A.A. Aaraiidek, 3.T. Adqukannkosa
HEWUPOHHBIE CETU KAK UHCTPYMEHT MATEMATUYECKUX BBIUNCIEHUN. ... 154

AM. Temupxan, I'.H. [Iamenko

I'PA®OBBIE HEMPOHHBIE CETU JIUIs1 OBHAPYXXEHU A MOIIEHHUYECTBA: CPABHUTEJIbHBIN
AHAJIAS METOOB. ...ttt ettt st sttt ettt be bbb eneen 174
E.B. Tyuae6aeB, A.A. MyxanoBa, H. 'opanun

[TPOT'HO3HAS OLIEHKA PUCKOB MYHULUITAJIbBHBIX AKTUBOB C UCITOJIb30OBAHWEM
MAILIMHHOI'O OBYUYEHUA: MOAEJIMPOBAHUE BO3PACTA, U3HOCA U1 UCITIOJIb3OBAHU S J1JI
[IPUHATHS PEIHEHUMN 11O OBCITY IKUBAHUEO. .........oooeeeeeeeeeeeeeeeee e 186
C. ToinbimbaeB, 7K.E. Temupoexosa, P.11. bepaun6aes, C.E. MamanoBa

CPABHUTEJIbHBIN AHAJIA3 YETBIPEXPA3PAAHBIX IBOUYHbBIX CYMMATOPOB C
ITAPAJIJIEJIBHBIMU TTEPEHOCAMI.......ocuiiiiiiiiiiiieieseee ettt 200
B.M. Ykubaccos, C.b. Paxmerynaesa, 7K.O. ’KanadexoB, AHcap-yJib-Xak Scap

AJIANITALIUS MOJIEJIEN OBHAPYXEHMS U PACITO3HABAHUS JIULL 181 IMATHOCTUKUA
JIEDQEKTOB HA DXOKAPIMOT PAMMAX ..ottt sttt 214
J.U. YcunoexoBa, M.b. EcenoBa, H. ¥Y3akkbi3bl, P. Myparxan, I1. lImuar

OITPEAEJEHUE BEKTOPA ITPU3HAKOB JI51 TOYHOI'O BBISIBJIEHM S PAKA MOJIOYHOH
JKEJIE3bI HA M30BPAXKEHUSAX MAMMOIPAMMBDBL......ccoooiiiiiiiieiicieeeiteteieeeeve et 235



CONTENTS

M. Aitimov, K. Makulov, A. Ostayeva, G. Mussagulova, J. Kultan

APPLICATION OF A HYBRID MODEL TO STUDY THE IMPACT OF SOCIO-ECONOMIC FACTORS
ON REGIONAL DEVELOPMENT .......ooiiiiiiiiiiiiiiicteeteee sttt s 8
A. Bayegizova, G. Murzabekova, A. Alimagambetova, G. Mukhamedrakhimova, M. Kassim
INTELLIGENT CLUSTERING METHODS FOR PROCESSING AND ANALYZING SHORT TEXTS.......23
G.U. Bektemysova, A.A. Bykov, B.A. Nor>ashikin, A.A. Keresh, M.O. Dauletbek

DEVELOPMENT AND TESTING OF AN INTELLIGENT MONITORING SYSTEM FOR
CONSTRUCTION PROCESSES BASED ON COMPUTER VISION AND MACHINE LEARNING............. 37
D. Yedilkhan, N. Khaimuldin, D. Ospanova, B. Amirgaliyev

INTELLIGENT MODEL FOR FINDING THE OPTIMAL ROUTETO COVER ALL STREETS WITH
MOVEMENT CONSTRAINTS.....cotiititititet ettt ettt ettt sae s sae e 57
A. Ignatovich, A.S. Yesengeldina, L.T. Kurmangaziyeva, S.R. Sharmukhanbet, A.M. Nedzved
SIGNIFICANT FACTORS ANALYSIS USING SHAP AND PCA FOR OPTIMIZING AGRICULTURAL
RESOURCE MANAGEMENT ......ccooiiiiiii ettt s 75
A. Kassymova, G. Abdikerimova, A. Assabay, A. Serikbayeva, S. Akhmedova

REAL-TIME MATHEMATICAL MODELING FOR MOVING OBJECT DETECTION IN VIDEO

STREAMS. . .ottt ettt ettt et e bt et e e et e et e s et e e bt e s a e e bt e et eabe et e embeenteeateennenaneeaeenaeens 91
S.K. Kumargazhanova, D. Nurlybekova, A.S. Tlebaldinova, M.A. Karmenova, S.S. Smailova
FINDING AVALANCHE AREAS IN EAST KAZAKHSTAN USING MACHINE LEARNING.................. 115

S.B. Mukhanov, K. Bekbolat, N.A. Seilova, Zh.M. Bekaulova, S.Zh. Zhakypbekov

COMPARISON OF NEURAL NETWORK MODELS FOR PREDICTION CRYPTOCURRENCY PRICE
VOLATILITY IN TRADING PAIRS..... .ottt ettt et ettt e eetaeesnseeenbeeensaaennneas 130
N. Odanova, K. Bagitova, E. Eldarova, Zh. Kabylkhamit, L. Tereikovska

APPLICATION OF NEURAL NETWORK MODELS FOR KEYSTROKE DYNAMICS ANALYSIS IN

INFORMATION SECURITY ...ttt sttt ettt ettt sttt e sae et e bt e bt e b e enneenneenteennens 142
A.S. Srazh, M. Nurtas, A.A. Altaibek, Z.T. Abdikalikova
EURAL NETWORKS AS A TOOL FOR MATHEMATICAL COMPUTATION........ccoiiiiiiieniieciieeeeeee. 154

A.M. Temirkhan, G.N. Pachshenko

GRAPH NEURAL NETWORKS FOR FRAUD DETECTION: COMPARATIVE ANALYSIS

OF METHODS ...ttt h et ettt e et e e et e eh b e sae e bt e bt e bt e bt enteenbeeateasnenanenaeenbeenee 174
Y.B. Tulebayev, A.A. Mukhanova, N. Goranin

PREDICTIVE RISK ASSESSMENT OF MUNICIPAL ASSETS USING MACHINE LEARNING:

MODELING AGE, DEPRECIATION, AND USAGE FOR MAINTENANCE DECISIONS.........cccccevieniene 186
S. Tynymbayev, Zh. E. Temirbekova, R. Berdibayev, E.S. Mamanova
COMPARATIVE ANALYSIS OF FOUR-BIT BINARY ADDERS WITH PARALLEL CARRIES.............. 200

B.M. Ukibassov, S.B. Rakhmetulayeva, Zh.O. Zhanabekov, Ansar-Ul-Haque Yasar

ADAPTING FACE DETECTION AND RECOGNITION MODELS FOR ECHOCARDIOGRAPHIC
DEFECT DIAGNOSIS. ...ttt ettt et sttt sttt b e e bt e bt et esbe et e estesaeesseesaeenbeenaeenne 214
D. Ussipbekova, M. Yessenova, N. Uzakkyzy, R. Muratkhan, P. Schmidt

DETERMINATION OF SIGNS VECTOR FOR ACCURATE DETECTION OF BREAST CANCER IN
MAMMOGRAM IMAGES. ...ttt ettt ettt e et et e bt e bt et e et enneeateennes 235



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2025. Vol. 6. Is. 2

INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES
ISSN 27082032 (print)

ISSN 2708-2040 (online)

Vol. 6. Is. 1. Number 22 (2025). Pp. 200-213

Journal homepage: https:/journal.iitu.edu.kz

https://doi.org/10.54309/1JICT.2025.22.2.013

IRSTI 20.01

COMPARATIVE ANALYSIS OF FOUR-BIT BINARY ADDERS WITH PAR-
ALLEL CARRIES
S. Tynymbayev', Zh. E. Temirbekova'", R. Berdibayev’, E.S. Mamanova’
'International Information Technology University, Almaty, Kazakhstan;
?Almaty University of Power Engineering and Telecommunications named after
Gumarbek Daukeyev, Almaty, Kazakhstan.
E-mail: temyrbekovazhanerke2@gmail.com

Tynymbayev S. — Candidate of Technical Sciences, professor, academician of the International Academy of
Informatization (IAI), International Information Technology University, Almaty, Kazakhstan

E-mail: s.tynym@mail.ru

Temirbekova Zh. — Doctor of Technical Sciences, PhD, International Information Technology University,
Almaty, Kazakhstan

E-mail: temyrbekovazhanerke2@gmail.com

Berdybayev R. — Candidate of Political Sciences, academician of the International Academy of Informatization
(IAI), Almaty University of Power Engineering and Telecommunications named after Gumarbek Daukeyeyv,
Almaty, Kazakhstan

E-mail: r.berdybaev(@aues.kz

Mamanova S. — Master of Technical Sciences, International Information Technology University, Almaty,
Kazakhstan

E-mail: s.mamanova@iitu.edu.kz.

© S. Tynymbayev, Zh. E. Temirbekova, R. Berdibayev, E.S. Mamanova, 2025

Abstract. Recently, non-traditional adders have appeared, such as adders with
a conditional sum and with conditional transfers, adders on three input or two-in-
put fans «exclusive OR (XOR)». The paper considers the construction of functional
circuits of four-bit binary adders, where bit adders are built based on two and three
«exclusive OR (XOR)» input gates and on adders with a conditional sum such as
with parallel transfer circuits. The synthesis of an adder with a conditional sum is
considered. In conclusion, four-digit adders are compared in terms of the number of
MOSFETs and speed, which allows you to choose the type of adders when designing
various digital devices that contain binary adders.
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AnHoTanms. Ka3ipri yakpITTa FRUIBIMU OachbUIbIMIApFa MAPTThl KOCHUIFBIILIBI
6ap, MIAPTTHI TaChIMAJIJAFBIIIBI Oap OHE YII HeMece €Ki KipicTi €Ki MOIYJIbMEH
KOCY apKbUIbl KYPBUIFaH JCTYPJIl €MeC KOCBUIFBILITAPABIH TYpPJIepl KapabIll OTHIP.
Kapanein oTblpraH Makajaja aTaJfaH KOCBUIFBIILTAp apKbUIbl TOPT Pa3psAThI
KOCBUIFBIIITAP/ABIH ~ KYPBUIBIMJBIK ~CyjI0anapblH  Kyphlll — ojapAsl  Oip-OipiMeH
KBULIAMIBIKTaphl JKOHE OJIap[bl KYpaTbIH TPaH3UCTOPJAPIABIH CaHbl apKbUIBI
caNbICTRIPBUIBL. CanbICTBIPY HOTHIKECT LUQPIBIK KYPBUIFbLIApABI KoOajaraH/aa
KOCBUIFBILITAP/ABIH TUIM/II TYPiH TaHAAIl allyFa MYMKIHAIK Oepei.

Tyiiin ce3mep: exijiKk KOCBUIFBIIITAP, €Ki HEMece YII KipiCTi €Ki MOIYJIbMEH
KOCBI apKbUIbl KYPBUIFaH KOCBUIFBIIITAP, Mapajlieib TaChIMAJ1ay CyJ10achl, IAPTThI
KOCBUIFBIII
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AnHoTaunus. B nocneanee BpeMs MOSBUIUCH HETPATUIIMOHHBIE CYMMaTOPBI
TaKHe Kak CyMMaTOPBI C YCIIOBHOM CYMMOI1 1 C YCTIOBHBIMU MIEPEHOCAMH, CYMMAaTOPBI
Ha TPeX BXOJOBBIX WU ABYXBXOJOBBIX BEHTHIISAX «ucKitoyatoiiee MJIN». B paborte
paccMaTpuBalOTCAd TOCTPOCHHE (YHKIIMOHAIBHBIX CXEM YeThIpeXpa3psiIHbIX
JIBOMYHBIX CyMMaTOPOB, TJI€ Pa3psIHbIE CYMMaTOPbI IOCTPOEHBI Ha 6a3e ABYX U TpeX
BXOJIHBIX BeHTHJIEH «uckimovaroniee MJIM» u Ha cymmaTopax ¢ yCIOBHOM cymMMoun
TaKHe Kak ¢ [eMsIMH MapajieIbHbIX IepeHoCcoB. PaccmaTprBaeTcsi CHHTE3 CyMMaTopa
C YCJIOBHOI cyMMOIii. B 3aKiTi0ue€HIM OCYIIIECTBIISIETCA CPABHEHHE YETHIPEXPA3PSTHBIX
cymMMmaropoB 1o komudecTBy MOII TpaH3uCTOpOB U 1O OBICTPOACIHCTBHIO, YTO
MO3BOJIIET BBIOPATH TUII CYMMAaTOPOB MPH MPOSKTUPOBAHUU PA3TUYHBIX ITU(PPOBBIX
YCTPOICTB, Iie CoiepKATCS JBOMUHBIE CyMMaTOPBI.

KitoueBble ci10Ba: 1BOWYHBIE CyMMAaTOPbI, BEHTUIIH «UcKitovaromiee NI,
CXEMBbI MapaieIbHBIMU IEPEHOCOB, CYMMATOP C YCIOBHOU CyMMOM

Juast umtupoBanus: C. TeiaeimOaes, XK.E. TemupOekosa, P.111. bepanbaes,
C.E.MamanoBa. CpaBHUTENbHBII aHAIN3 YETHIPEXPA3PSAAHBIX IBOUYHBIX CYMMaTOPOB
C MapajyieNbHBIMU TepeHocaMu//MexayHapoaHbIA KypHall MH(POPMAIMOHHBIX U
KOMMYHHKAIMOHHBIX TexHoyoruit. 2025. T. 6. No. 22. Ctp. 200-213. (Ha anrm.).
https://doi.org/10.54309/1JICT.2025.22.2.013.

KongaukT uHTepecoB: aBTOPHI 3asBISAIOT 00 OTCYTCTBUU KOH(IMKTA
HUHTEPECOB.

Introduction
Adders perform arithmetic additions and subtractions of numbers and, togeth-
er with other logical operations, adders form the basis of arithmetic logic device cir-
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cuits that implement several different operations (division, multiplication, raising to a
power, etc.) that are integral parts of processors of various types. This article is useful
for specialists in designing any digital accounts where binary adders are used.

The hardware complexity and speed of an adder are important parameters and,
therefore, many variants of single-bit and multi-bit adders with serial, parallel and
combined carries have been developed (Ugryumov, 2020: 800; Russo et al., 2018).

Materials and Methods

Traditionally, binary adders are synthesized based on a truth table (Nair et al.,
2018: 1942-55; Timmermann et al., 2018: 1-4). The analytical expressions of the

sum (S.) and carry (P,) functions for the i-th digit have the following form:
S;=a;- E:’P'—lv a;b,P;_,V a;b;P;_, (1

P.=ab,VaP._\VbP._,

where, % — bits of the i-th digits of numbers A and B;

Fioy - carry from the least significant digit.
In the AND-NOT circuits in formula (1), Pi_1 has the following form (Harris
et al., 2022: 947; Sazhina, 2021: 140):

P,=a;b; -P,_ya;- P;_;b,

2)

The expression for S using the summation operation modulo two («exclusive

OR») can be rewritten as follows:
5;= 'Pi—l(ﬂ’ibi + EEEE) + Fa‘—l[afbf + ﬂ'iEE) = ()
= F:‘—i[ﬂ'i @ bi) +P,_y(a;+b)=P,_, Ta Hb,

As can be seen from formula (3), the sum of the i-digit can be formed on
three-input or two-input «exclusive OR» circuits.

Recently, new approaches to the design of digital circuits have been devel-
oped and are being developed, including adders based on integrated circuits on MOS
transistors, which are characterized by high speed, low power consumption, where
the transistor placement density in one chip is calculated in millions.

In this regard, approaches to the development of adders are changing. So-
called adders with a conditional sum (CSA) and adders with a conditional carry
(CCA) have appeared (Sklansky, 1960: 226-231). In this paper, we will consider a
four-digit adder with parallel carry on adders with a conditional sum.

To speed up the operations of adding multi-digit numbers, parallel carry cir-
cuits (PCC) have been developed (Cheng et al., 1998: 131-134; Kuo-Hsing et al.,
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2016: 975-989). The formula for calculating the carry P; on AND-NOT gates 1s as
follows:

_ = (4)
P = 0:9i-1hi1 9ig hiymy - Bphohy o b

where 9i=%:5; _ carry generation function;

hi= a;vb; =a;b; _ carry transfer function.

With a large number of adder bits, the implementation of parallel carry re-
quires logic elements with a large number of inputs and high load capacity. For ex-
ample, to build an eight-bit adder, elements with 8 inputs and a branching factor of 16
are required, which may exceed the capabilities of basic logic elements. Therefore,
adders with parallel carry are usually implemented only for a small number of bits.
In the future, we will consider the construction of multi-bit adders based on four-bit
adders, where the parallel carry circuit (PCC) is implemented according to the fol-

lowing formulas:

P, = EDPE}:.FLU, = agb, - P hy

P, =a;b, - absh, - P _h h, ©)

P, =a,b, -a;bh,-abyhh; -P_h,h h,

Fig.1. shows the circuit diagram of the power supply system, constructed ac-
cording to formula (5), where the carries P P, P, are formed in parallel for a four-bit
adder.

Four-bit parallel carry adder with three-input «exclusive-OR (XOR)» gates
SM

1
The functional diagram of a 4-bit adder with parallel carry on three-input «ex-

clusive-OR (XOR)» circuits is shown in Figure 2.
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Fig. 1. Functional Diagram of the Parallel Carry Generator for Four-Bit Adders
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Fig.2. Functional Diagram of a 4-Bit Adder with Parallel Carries on Three-Input «Exclusive-OR (XOR)» Cir-
cuits

As can be seen from Figure 2, the adder consists of four three-input «exclu-
sive-OR (XOR)» circuits, a PCC circuit, and an output carry generator FVP, where
the carry is formed at the output of the four-bit adder. The FVP can be constructed
using the following formula:

(6)

The three-input «exclusive-OR (XOR)» circuit is implemented according to

B, .. =agb; -P,a;- P,b;

BECT

the truth table, which is given in Table 1.
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Table 1. Truth Table of the Adder S, for the Three-Input «Exclusive-OR
(XOR)» Circuit

i-1 | b, S; [Py | @ b, |5,
) ) 0 (0 0 |1
) ) | () 1 10
0 0 [0
1 L 11
From this table we have:
5;= a;bP;,_, + aibiﬁz’—l +a;bP;_ = )

= (a;b;P;_y) (aigiﬁi—l) (a;b;P_y) (aigi P_y)
Figure 4 shows the functional diagram of the 5 generator constructed accord-
ing to formula (7).

v Iv|Y

s
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Fig. 4. Functional Diagram of the Si Generator on Three-Input «Exclusive-OR (XOR)» Circuits

Four-bit parallel carry adder with two-input «exclusive-OR (XOR)» gates.
The functional diagram of such an adder is shown in Figure 5.

As can be seen from Figure 5, each bit adder consists of two exclusive OR
circuits. The inputs of the first circuit (0.1, 1.1, 2.1, 3.1) are fed with bits a’Dbl}, a’lbl,
a;b; and aabs, respectively. In this case, at the outputs of each bit of the adder, half-
So=a, @ by, Si=a, @ by, S;=ay @by 4 S3 = az Bbs g formed, which
are fed to the first inputs of the second «exclusive-OR (XOR)» circuit (0.2, 1.2, 2.2,

3.2), and the input carry P_is fed to the second inputs of the “exclusive OR” circuit
0.2. From the output of the PCC, the carries P P, P, are fed to the second inputs of the
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exclusive OR circuit 1.2, 2.2, 3.2; at the outputs of the circuits 0.2, 1.2, 2.2, 3.2, the
sum bits S| S, S, S.are simultaneously formed. The output carry P is also formed at

the outputs of the third bit, which is implemented according to formula (6).

g bp  aphbg

BCC

dos  dp_3 b!}s bo_s

Fig.5. Functional Diagram of a 4-Bit Adder with Parallel Carries, Where Each Adder Bit Is Built on Two «Ex-

clusive-OR (XOR)» Circuits

Figure 6 shows a functional diagram of one bit of the adder on two «exclu-
sive-OR (XOR)» circuit.

P
aj

G

Si
st I_‘>67

i

Fig. 6. Functional Diagram of One Bit of the Adder on Two «Exclusive-OR (XOR)» Circuits

Results and discussion
Four-bit parallel carry adder on conditional sum adders (SM,). Literature
older than 10 years needed to compare existing adders with newly developed adders

[7-8]. In single-digit adders with a conditional sum, in the process of addition %: + b,

0 _ 1 ¢0 . .
calculates the sum 5: = @ © B; and the sum Si= 1. The choice of one of them is

determined by the value of the corresponding transfer generated by the BSC scheme.
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The truth table of the conditional sum adder is shown in Table 2.
Table 2. The truth table of the conditional sum adder

P, a; | b sy | P a; | b | S}
0 0 11
() ) | () [ [Q
() 0 0
| [ 11
From the first part of Table 2 we have
S°=ab +ab,=a @b, (®)
From the second part of Table 2 we get
sz:l: E—Faibi. ©)
From formulas (8) and (9) it is easy to see that
51-S?

to minimize transistors in bit adders, we transform formula (8) as follows.
5% =a,b, +ab, =a& +ab, +ab +bb, =a/la +b)+b(a +b)= (10)

=(a; +b) (@ +5;)= (a, + b )(a;- b)) = (a;, +b)(a;-b) =

=(a; + b))+ (a,- bij’.

Using formula (10), it is possible to implement an «exclusive-OR» circuit

and, adding the MUX multiplexer circuit, it is not difficult to build a one-bit adder
with a conditional sum, which is shown in Figure 7.

Let us consider the operation of the i-th digit of the adder with a condition-

al sum. After applying the bits® 314 B; ya to the inputs of the OR-NOT (1) and
XOR-NOT (1) circuits, at the output of the OR-NOT circuit (2) we obtain the sum

57 = a, @ b; and at the output of INERTOR 2 we obtain the values sums 5 =57,

5

The sum S¢ is supplied to the input (0) of the MUX. multiplexer, and the value Siis

supplied to the input (1). Based on the transfer value P, the value s¢ or S i is output
to the output of the MUX. multiplexer, forming the value Si.

Figure 8 shows the circuit of the adder of the third most significant digit,
where the third digit of the sums S is simultaneously formed at the output of the

MUX, multiplexer, and the sign multiplexer MUX, | generates the output transfer P_,
0 .
choosing one of two transfers Paus= @3bs and P our= a3+ by by carrying P,.
Figure 9 shows a functional diagram of a four-bit adder with parallel carry on

adders with a conditional sum.
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out

Fig. 7. Functional Diagram of the I-Th Fig. 8. Functional Diagram of the Most Signif-
Digit of the Adder With a Conditional Sum icant Digit of the Adder with a Conditional Sum

Fig. 9. Functional Diagram of a Four-Bit Parallel Carry Adder Using Conditional Sum Adders

Figure 10 a) shows the circuit of the MUX multiplexer using MOS transistors.

The operating rules of the multiplexer are shown in Figure 10 b.
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Fig. 10. Functional Diagram of the Multiplexer a) and the truth table of the multiplexer b)

A distinctive feature is the construction of a multi-bit adder with a condition-
al sum, confirmed by patents received for the invention (Tynymbaev et al., 2023;
Tynymbaev et al., 2023; Tynymbaev et al., 2023).

Comparative analysis of parallel carry adders (Hwang et al., 2022: 358-369;
Cheng et al., 2021: 131-134). The comparison is carried out by the number of MOS

transistors that need to be implemented in various adders and by the delay time on the
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logic elements for the formation of sum and carry bits.

When counting MOS transistors, we will use Table 1, which shows the sym-
bols and diagrams of gates on MOS transistors and the number of transistors for
the implementation of the corresponding gates, compiled according to work (Chan-
drakasan et al., 2015: 498-523).

To implement the CPP (Figure 1) according to Table 1, only 76 MOS transis-
tors will be required.

According to Figure 2, four three-input «XOR» circuits are required for the
operation of the adder (Figure 3).

According to Figure 3, the number of transistors for building one three-input
circuit «XOR» is 38 transistors.

To build a VVP (Figure 2), 16 MOSFETs will be required. Since there are
four adders in the number of multipliers, the total number of MOSFETSs required is
N =76+38%4+16=244 transistors. The time for the formation of the digits of the sum
iS TADIZ 31:PCC—i_3‘CAD:61:LE

According to Figure 5, the number of two-input circuits «exclusive
OR» is 4. To build one two-input circuit, 32 transistors will be required, then
N,=7(32%x4)+76+16=220 transistors. The time of formation of the sum is 7, = 37,
C+6TAD:9TLE;

According to Figure 9, the number of a single-digit adder is four. To build the
first three digit adder with a conditional sum (Figure 7), you will need (22x3)+4+6=76
transistors. It will take 30 transistors to build a three-bit adder, represented in table 3.
Then the total number of transistors is N,=76+76+30=182 MOSFET transistors. The
time of the formation of the amounts 1, .= 3t,..+61, =67

A minimum number of 182 MOS transistors is required to build a four-bit
adder based on conventional sum adders, but its performance is determined by the

amount of delay - 97 .
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Table 3. Gate Circuits and the Number Of MOS Transistors for Their Imple-

mentation
The
sym- Number Th Number
e
bol Valve circuits | of transi Valve circuits of
symbol
of the stors MOSFETs
valves
A
P A BC
Y Aﬂ il2 s
. B 4
A N
+f 1rve | ©
A B
. 4. 4§ o
B {_AVB 4
ey AvEVC

N
=
us

s
ke
s
<
w >
Z
=

A B A A
ARB A&B 6
@ D H o | 4] -
- A
BWAVB

>
ve)
a
J

i i a cEh ) d
F # A A&B&C

5 6 0w it [N
8 | MUX;
4% S(C) ¢

A&B&C I

a
i

Conclusion

Based on two and three input XOR circuits and a conditional sum adder and
the formation of parallel carries, four-bit adders (SM, SM, and SM,) with parallel
carries were obtained. Comparing them in terms of speed showed that the fastest

effective of them is an adder of the SMi1 type, which is based on three-input XOR

circuits. In terms of hardware costs (number of MOS transistors), will be built on the
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basis of adders with a conditional sum. It is shown that on the basis of four bit adders

it is possible to obtain a multi-bit binary adder with parallel-serial transfers.
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