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XUMHUA U XUMHNYECKAA TEXHOJIOTI'UA

MPHTMU 49.01.85; 76.13.21
YK 541.64; 615.453; 615.262

MYKOAATE3UBHBIE INIEHOYHBIE CUCTEMbBI HA OCHOBE
THOJICOAEPKAIIEI'O ITOJIMBUHNJIOBOI'O CIIUPTA J1JIA
BATMHAJIBHOM JOCTABKH JIEKAPCTBEHHBIX CPEJICTB

Tayken A.M., Maxaesa /I.H., UpmyxameroBa I'.C.

Kazaxckuii nayuonanvholil ynusepcumem um. ano-Dapadu, Arimamet, Pecnyonuxa Kazaxcman
e-mail: danelya.1993@gmail.com, galiya.irm@gmail.com

B cmamve paccmompeno nonyuenue muoncooepoicawjeli  NOIUMEPHOU  CUCHEMbl HA — OCHOBe
NONUBUHULOB020 CRUPMA C UCNONB308aAHUEM L-yucmeuna ¢ yenvio nogululeHusi MyKOao2e3ueHulX CEOUCHS.
Onucanvt Memoobl cunmesa, NOAYUEHUs NIEHOUHBIX KOMNOZUYUN U UCCAE008AHUS UX PUIUKO-XUMUYECKUX
Xapakmepucmuk. Ycmanoeneno 6nusHue SpemeHu peakyuu 63auMoO0eticmeus Ha COOepUCAHue MuoIbHbIX
2pynn, KOmopoe 8ospacmaem Hpu YeequdeHuu npoooadlcumenrvHocmu npoyecca. Iloxazamno, umo
g3aumodeticmeue npusooum K USMEHEHUI0 CMPYKMYpbl NOIUMEPHOU CUCEMbl, YMO NOOMEEPHCOAemCsl
oannvimu  HMK-cnekmpockonuu. Ilonyuennvie naéHouHvle KOMRO3UYUU XAPAKMEPUIVIOMCA  XOPOUUMU
MEXHON0SUHECKUMYU CEOUICTNBAMU, BKIOUAS OOHOPOOHOCb, NPO3PAYHOCTL U dNacmudHocmy: Mccnedosanue
8pemMeHu pacmeoperuss NAEHOK NOKA3ano, 4mo MoOouuyuposannvle obpazyvl xapaxmepusylomcs 6onee
ONUMENbHLIM B8DEMEHEM PACMBOPeHUsi No cpasHenuro ¢ Hemoouguyuposannvim [IBC. Mykoadze3ugnvie
CBOlICNBA NIEHOK OYEHEeHbl MemOoOOM 6PAYAIOWE20Ca YUNUHOPA, NPU DIMOM 8PEMs YOeplCaHus Ha
cau3ucmoli  0607104Ke  3HAUUMENbHO  VEeNUYUGAemcs. YcmaHnoenieHa npamas 3a6UCUMOCMb  MedHcOoy
codepoicanuem MUOTbHBIX SPYNN U MYKOAO2Ee3UGHOU CHOCOOHOCMbIO cucmemsl. llonyuennvie pesynvmamoi
nOOmMEepHcOarom nepcneKMu8HOCmMs UCNONb306AHUA MUOCOO0EPHCAUe20 NOTUBUHUIO8020 CRUPMA O
pazpabomxu MyKoao2e3uHuIX 1eKapcmeeHHblX JOpM.

Knwouesvie cnoea: nonusununogvili cnupm, L-yucmeun, muoncoodepicaiyue NOAUMepbl, MyKoaoze3us,
NAEHOUHbIE KOMNOZUYUU, 8ASUHANLHAS OOCMABKA, PUIUKO-XUMUYECKUe c8Olicmea, HabyXaHue.

The article presents the development of a thiol-containing polymer system based on polyvinyl alcohol
using L-cysteine to enhance mucoadhesive properties. Methods of synthesis, preparation of film
compositions, and investigation of their physicochemical characteristics are described. The influence of
reaction time on thiol group content was established, showing an increase in their concentration with
prolonged processing time. Structural changes in the polymer system were confirmed by FTIR analysis. The
obtained films exhibited favourable technological properties, including homogeneity, transparency, and
elasticity. Dissolution studies demonstrated that the modified samples exhibit longer dissolution times
compared to unmodified PVA. Mucoadhesive properties were evaluated using the rotating cylinder method,
revealing a significant increase in residence time on the mucosal surface. A direct relationship between thiol
group content and mucoadhesive performance was established. The results indicate the potential of thiol-
containing polyvinyl alcohol systems for developing mucoadhesive drug-delivery formulations.

Keywords: polyvinyl alcohol, L-cysteine, thiolated polymers, mucoadhesion, film compositions, vaginal
drug delivery, physicochemical properties, swelling.
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Maxkanaoa myxoadzesusmix Kacuemmepin apmmuipy Mmakcamvinoa L-yucmeunoi KonOany apkwiiv
NOMUBUHUTL CRUPMI He2i3iHO0e MUOl KYpamobl ROAUMepPTIK dcyle any Kapacmuipviiead. Cunmes adicmepi,
YA0IpAi KOMROZUYUALAPObL ATy HCIHE OAAPOblY (DUBUKA-XUMUSIBIK KACUETNMEPIH 3epmmey CUnammaiea.
Peaxyus yaxeimvinvly muon monmapulHuly Menulepine acepi aHblKMAIbiN, HPoYecc Y3aKmulebl apmKaH
caiibli 01apOblly KOHYEHMPAYUACbIHbIY 0cemini kopceminodi. Ilonumepinix scyiie Kypulivimbinbiy o032epyi UK-
CHeKmpOCKONUs.  0epeKkmepiMer  pacmanovi. AnviHean  yaolipai  KOMRNOUYUSAAp — OipmexkminicimeH,
Mendipriciven  JcoHe  uKemoOiniciMen — cunammanaovl.  Yn0ipaepOin  epy  VaKblMblHbIY  3epmmeyi
Mooupurayusnanear  yaeinepoiy oacmankwt [IBC-nen canvicmvipeanoa Y3aK epumiHin  KOpcemmi.
Myxoaodeezuemix Kacuemmep auHAIMAAbI YUIUHOP d0ICIMEH Oa2ananvin, Yadipaepoiy wulpblulmol KAbamma
yemany yakblmvlHblY e0ayip apmamviibl aublKmaniovl. Tuon monmapwlibly MOIUEDL MeH MYKOA02e3UBMIK
Kabinemi apacviHoa mikenell OaiiaHvlc 0ap exeHi 0271enN0eHOl. ANbiHeaH Hamudicenep Muoa Kypamovl
NOUBUHUIL CRUPMI He2I3IHOe2l JicylienepOiy MyKoadze3usmi 0apinixk ¢popmanapovl a3ipieyoe nepcneKmueavl
eKeHiH Kepcemeoi.

Tyitinoi ce3oep: nonusunun cnupmi, L-yucmeun, muon monmapul, MyKoaoezesusl, yaoipii KOMROZUyusLap,
BACUHATILOBL JICEMKIZY, PUUKA-XUMUSILIK KAcuemmep, iCiHy.

BBenenne

B mocnenHue ronmpl 3HAYMTEIHHOE BHUMAHHUE YACHSETCS pa3pabOTKe Y(PQPEKTHBHBIX CHUCTEM
JIOCTAaBKH JIEKAPCTBEHHBIX BELIECTB YEPE3 CIU3ZUCThIE 000JIOUKHU, B YACTHOCTH, BATMHAIbHBIN ITyTh
BBEJICHUS PACCMAaTPHBACTCS KaK MEPCIEKTHBHOE HAIPABICHHWE COBPEMEHHOW (apMarieBTHUECKON
texHosoruu [1, 2]. D10 0OYyCIOBIEHO PSAOM NPEUMYIIECTB, BKIIOYAas Pa3BUTYIO CHUCTEMY
KpOBOCHA0XEHHUs, OTCYTCTBUE d(h(PeKTa «ImepBOro MPOXOKACHUS» Yepe3 MeueHb, OTHOCUTEIHHO
BBICOKYIO MPOHHUIIAEMOCTh CIU3UCTON 000JIOYKH M BO3MOKHOCTH CAMOCTOSITEILHOTO MPUMEHEHUS
JeKapcTBeHHbIX GopM [3].

HecmoTps Ha yka3aHHBbIE TPEUMYIIECTBA, LIMPOKOE MPUMEHEHNE BarMHAIbHBIX JIEKAPCTBEHHBIX
¢bopM orpaHuveHo psioM (U3MOIOrMUYecKUX (PaKTOpOB, TaKUX Kak BapuabesnbHOCTh pH cpensl,
W3MEHEHHUS, CBSI3aHHBIE C BO3PAcTOM MU (azaMu MEHCTPYaJIbHOTO LHMKJIA, a TaKXe Haludue
BarvHaJbHBIX BbiAeneHuit [4]. Kpome Toro, TpaguiimoHHbIe JeKapCTBEHHbIE (POPMBI (KpEMBI, T'ellH,
CYINIIO3UTOPUH, TaOJETKH W PacTBOPbl [UIsl HMPPHUTalliu) XapakTepU3YyIOTCs HEI0CTaTOYHON
MPOJOJKUTENIBHOCTIO  yAEpKAHMSI Ha  CIM3UCTOM  O0OJIOUKE  BCIEACTBHE  IPOLIECCOB
CaMOOYHIIEHUS], UTO TpeOyeT MHOTOKPATHOTO BBEJIEHUS IperapaTa M CHIKAET TePareBTUYECKYIO
3¢ dEeKTUBHOCTD [5].

B cBs3u ¢ 3TUM aKkTyanbHBIM HANpaBICHHEM SBISETCS pa3paboTKa MYyKOAJIre3WBHBIX CHUCTEM
JIOCTaBKH, CITIOCOOHBIX 00ECTIeUrnBaTh MPOJIOHTUPOBAHHOE YAECPKAHHUE JIEKAPCTBEHHOT'O CPE/ICTBA HA
cnmu3ucToil 06osouke [6]. OcoOblit MHTEpEC MPENCTaBIAIOT MOJIUMEPHBIC TUIEHKH, O0JIaarolne
YIAYUYIIEHHBIMH aJII€3MOHHBIMA CBOWCTBAMH W KOHTPOJHMPYEMBIM BBICBOOOKICHHEM AaKTHBHBIX
BemiecTs [7].

OmauM #3 TEpPCIEeKTHUBHBIX TIOJXOJOB K TIOBBIIIEHHUIO MYKOAQATE3UU SBISIETCS BBEIACHUE
THUOJIBHBIX TPYII B CTPYKTYpy MOJIUMEpPOB. THONMMpOBaHHBIE MOIUMEPHI (THUOMEPHI) CIIOCOOHBI
00pa30BBIBaTh TUCYIb(GUIHBIC CBS3H C TIIMKOMPOTEMHAMH CIIM3H, YTO MPHUBOIUT K yBEIUYCHHIO
BPEMEHHU YyJAEp)KaHUS W YIyYIIEHHIO OMOJOCTYMHOCTH JIEKapCTBEHHBIX cpenacts [8, 9]
[TonmuBununossiit ciupt (IIBC), obnagaromumii BEICOKOH OMOCOBMECTUMOCTBIO, HETOKCHYHOCTBIO U
XOPOIIMMH TUIEHKOOOPA3yIOIMMH CBOMCTBAMHU, SIBIISICTCS IMOIXOIAIIEH MaTpUIEH TSI XUMHYECKOU
Moaudukarmu [10].
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JKCNePpUMEHTAIbHAS YaCTh

B pabGore wucnonb3oBaiuch cienyromue BeniectBa: nonuBUHWIOBBIA cnupt  (IIBC),
MounekyisipHass macca 145 k/la, Sigma-Aldrich (CIIA), CAS 9002-89-5; L-umcrenn, Sigma-
Aldrich (Uumus), uncrora >97%, CAS 52-90-4; 5,5'-murtnobuc(2-HUTpOOCH30MHAS KHCIOTA)
(pearent Dmnmana), Sigma-Aldrich (CLHA), uncrora >98%, CAS 69-78-3; raunepun, uncrora 84—
88%, PeaktuBCHab6 (Kazaxcran); uemnono3nas memOpana ¢ MWCO 12-14 x/la; murunpodocdar
kammms (KH,PO,), Jlabopdapma (Kazaxcran); rumpodocdar narpus (NaHPO,), Jlabopdapma
(Kazaxcran); xmopua HaTpusi, THAPOKCHI Kallusi, TUAPOKCH] KalbLus, rmoko3a — PeaktuBCHa0
(Kazaxcran); Obl4mii CHIBOPOTOYHBIN aNbOYMHH, MOJIOYHAsi KHCJIOTa, MoyeBuHA — Sigma-Aldrich
(CIIIA). Bce peareHThl HCTIOIB30BAIUCH 0€3 TOMOJIHUTEIBHON OUMCTKH.

Jlst mpurotoBiienus pocdarHoro 6ydepa ¢ pH 5,5 u 8,0 roToBrM 1Ba HCXOIHBIX pacTBOpA:

— pactBop A: KH,PO, (6,8 1) pactBopsiiz B 500 M1 BOABI;

— pactBop b: Na,HPO, (15,6 ) pactBopsumz B 500 M1 BOJEI.

HeoOxonumbie 3HaueHuss pH pocTuramuch CMENIEHHEM pAacTBOPOB B COOTBETCTBYIOIIMX
O00BEMHBIX COOTHONICHHUAX C mnociuenyromeir koppektupoBkoir 1 M HCl wim 1 M NaOH c
HCIonb30BaHueM noHomepa Metrohm 781 pH/Ion Meter.

HckyccTBEHHYI0O BaruHalbHYIO KHJIKOCTh TOTOBUJIM COTJIACHO JHUTEpPaTypHBIM AaHHbIM [11]:
NaCl (3,51 r), KOH (1,40 r), Ca(OH), (0,222 r), 6b1unii ceiBopoTouHsblii ansoymun (0,018 1),
MosiouHas kucinora (2,0 r), ykcycHas kuciora (1,0 r), rmunepun (0,160 r), moueBuna (0,4 r),
rimoko3a (5,0 r). Bce KOMIIOHEHTHI pacTBOPSAIU B AUCTUILIMPOBAaHHOHU Boje (10 1 1), mocne uero pH
nJoBoaunu 10 4,2 ¢ ucnoab3osanuem 1 M HCI.

Jnsa momyuenus tuoiconepxkamiero mnonuBuHuioBoro crnupta (TIIBC) mo mertomuke [12]
noauBUHMIOBBIN crupt (1,25 1) pactBopstiu B 100 M puctuiuimpoBaHHoi Bojel mpu 80 °C B
TedeHre 10 MUHYT 10 TOJIy4€HUsT OTHOPOAHOIO PacTBOPA.

3atem B pactBOp BBOAWIM pactBop L-mucremna (1,81 1) B comsinoit kucnore (1,81 mur) mpu
MosibHOM cooTHomieHuH [uuctenH]:[HCl] = 1:1. PeaknuoHHylo cMech NepeMelnMBalId IpU
KOMHATHOW TeMIlepaType B TeUeHHUE 5 U 7 4acoB, oOecrieunBas B3aUMOJIeHCTBHE ()YyHKIIMOHATBHBIX
rpynn nonvMepa u nucrenHa. [locie 3aBepiieHus mpoiecca pacTBOPhl OXJIaXIalu 1O KOMHATHOM
TEeMIIEPATypHI.

O4unCTKY MOTy4EeHHBIX 00pa3l0B MPOBOJUIN METOIO0M JHAIN3a Yepe3 LEUTI0JI03HYI0 MeMOpaHy
(MWCO 12-14 x/la) 8 2000 M1 1eMUHEPATH30BAHHOW BOJIBI B T€UEHHE 4 CYTOK C BOCBMHUKPATHOMN
3aMEHOM BOJIbI C LENbI0 YJAJICHUS HU3KOMOJEKYJSPHBIX NPUMECEH M HEeNpopearupoBABIIETO
nuctenHa. Ilociae ouncTky 00pa3lbl BBHICYIIMBAIM METOJOM JHOGWIM3AIMKN C HCIOJIb30BaHUEM
cymmiku Labconco FreeZone 6 Plus.

[Tonyuenne TUIEHOYHBIX KOMIO3UIMKA. JIJIsi TONydeHUs: TUIEHOK TOTOBWIIM 1%-HbIE BOJHBIE
pactBopsl [IBC u TIIBC. B kauyectBe minactudukatopa aodasmsuid 1,5 M raunepuHa. PactBopsl
nepememuBany npu 80 °C A0 MOJHOM TOMOTeHM3alluM, 3aTEM pa3JiMBaJid HAa IUIACTHUKOBBIC
MOJIJIOKKH Y CYIITWIIN TIPH KOMHATHOM TeMIiepaType A0 o0pa3oBaHus IIIEHOK.

POu3MKO-XUMHYECKHE MEeTObI HCCICI0BAHUSA

NK-cniexkTpsl mi€HouHbIX 00pa3noB peructpupoBaiu Ha criekrpomerpe Bruker VERTEX 70V B
muanaszone 4500-500 cm™! mpu Temmniepatype 22 °C.

Omnpenenenue THONBHBIX rpynn (Meroa Omimana). O6pasust TIIBC (2 mr/mi) pactBopsuin B
docharaom O0ydepe (pH = 8) B Teuenue 1 vaca. 3aTem H00aBISIIM PacTBOP peareHTa DJUIMaHa U
uHKyOupoBanmu 90 muHYT B TemMHOTe. ONTHYECKYIO IJIOTHOCTh u3Mepsiiu npu 407 HM Ha

6
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cnektpooromerpe Shimadzu UV-2401. KoHUIEHTpauuiO THOJBHBIX TPYII ONPEACISIN T10
KaJTrOpOBOYHOW KPUBOH C MCHOIB30BaHUEM L-1icTenHa.
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Pucynok 1 — KanuGpoBouHast kpuBasi 11 OnpeieTieHns KOHIIGHTpauuu L-1icrenHa

pH mnénox u3Mepsiiv mocie WX pacTBOPEHUS B JUCTUIUIMPOBAHHON BOJE C MCHOJIB30BaHHUEM
nonomepa Metrohm 781 pH/Ion Meter.

Bpemst pacTBopeHus IUIEHOYHBIX KOMIO3MLUHN omnpenessiii B GpochaTHoM OydepHOM pacTBOpe
(pH = 5,5) npu temneparype 37 °C. O6pa3iipl moMemaiu B cpey U (GUKCUPOBAIN BPEMsl IIOJTHOTO
pacTBOpeHUs IIIEHKH, OTIPeeIIeMoe Kak MOMEHT €€ TTOJTHOTO BU3yaJIbHOTO HCYE3HOBEHUSI.

OmnpeneneHne MyKOaIre3MBHBIX CBOMCTB. MyKOaAre3uto OIEHHBAIN METOJOM BPAaIaroIIerocs
uunuHapa. OOpaszen MiIEHKH (PUKCUPOBATM HA CIU3UCTOM O0O0JIOUKE BIATAIUIIHON TKAHU OBIIHI,
3aKpETUIEHHON Ha CTEKIISTHHOW MAJIOUKE COTJIACHO METO/IY BPAIIArOIIETOCs IUIMH/PA, OTUCAHHBINA B
nuteparype [13]. Cucremy nomemanu B 250 MJI HCKYCCTBEHHOW BarmHaJIbHOW IKUIKOCTH H
Bpalaiu co ckopoctbio 50 06/mMun npu 25 °C. Bpems yaepikaHusi onpeaessiii BU3yaibHo.

Pe3yabTaTsl 1 HX 00Cy:KIeHHE

B pamkax naHHOro Mcciael0oBaHUs ObLIa MOJydyeHa THOJICOJEpIKAllas MOJIMMEpHas CUCTEMa Ha
OCHOBE TMOJMBHHUJIOBOIO CIIUPTA C HCIOJIb30BaHMEM L-mucrenHa. Moaudukanus npoBoaniach
OpU pPa3IMYHbIX BpeMEHaX B3auMMOJAEHCTBUS (5 M 7 dacoB) C IIeNbI0 OLEHKU BIMSHUSA
MIPOJIOIKUTEILHOCTH TPOLIEcCca Ha CO/IepyKaHNe THOJIBHBIX TPYMI U (PU3UKO-XUMUYECKHUE CBOMCTBA
MIOJIyYE€HHBIX MaTEpUaJIOB.

B mnponecce Moaudukanum mpoucxoAuT B3auMmojeiicTBue (yHkIuoHanbHbIX Tpynn [IBC u
LUCTENHa, TpUBOJsIIee K (GOPMUPOBAHUIO THOJICOJEPIKALIEH CHCTEMBI 3a CUET BOJOPOAHBIX U
MOHHBIX B3aUMOJIEHCTBUI. BBefieHre THONBHBIX TPyNN B MOJIMMEPHYIO MATPHUILy MOATBEPKIAETCS
pe3yJbTaTaMu CIIEKTPOCKONMUYECKOTO ¥ KOJMYECTBEHHOTO aHAIN3a.

KocBeHHBIM  TNOATBEpXKACHUEM  IPOTEKAHHWS  B3aUMOJCHCTBUS  CIy’)KUT  HU3MEHEHHE
OpPraHOJIENTUYECKUX CBOMCTB: XapakTepHbI 3amax L-nucrenHa, oOyCIOBICHHBIM HaluyueM
CepoCOJEpIKAIMX TPyIMIl, 10 MEpe MPOTEKaHMs MPOLECCA YMEHBIIAETCS, YTO YKa3bIBA€T Ha €ro
BOBJICUEHUE B MOJIMMEPHYIO CUCTEMY.
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Kak BumHO w3 Tabnuibl 1, BBIXOJ MPOAYKTa 3aBUCUT OT BPEMEHH PEAKIMU B3aUMOJICHCTBUS.
Haumenbmmii Beixoa HaOIMIOAaeTcs mpu BpeMeHU 5 yacoB (75,2 + 24,8%), 4TO COMPOBOXKIACTCS
3HAYUTEIBHBIM Pa30pOCcOM 3HAUEHUI U MOXKET CBUCTEIHLCTBOBATh O HECTAOMIILHOCTH MpOIlecca Ha
naHHoM stane. [Ipu yBennueHun BpeMeHu 10 7 4acoB BBIXOJI IOCTUTAET MAKCUMAJIbLHOTO 3HAUCHUS
(98,4 + 1,6%), uTo yka3pIBaeT Ha Oojee MOJHOE MPOTEKAaHWE B3aUMOJEHCTBHUS U (POPMUPOBAHUE
CTaOUJILHOU CUCTEMBI.

Tabnuna 1 — Beixo IpoAyKTOB, MOTYYEHHBIX NPU PA3IUYHBIX BpeMeHaX MOAU(PHUKAIIUT

Oo6pa3zen Broixoa, %
TIIBC (5 yacoB) 75,2 +£ 24,8
TIIBC (7 gaco) 98,4+ 1,6

JIisi KOJIMYECTBEHHOT'O OIPEIEICHUSI COIEPKAHUSI THUOJBHBIX TPYMI HCIOIB30BATU METO
DuiMaHa, 0OJAJArOIIMKA BBICOKOH YYBCTBHTEIBHOCTHIO W JIOCTYIMHOCTBIO TIO CpPaBHEHUIO C
QIbTEPHAaTUBHBIMU METOJaMHM  (RJIEKTPOHHBIM MapaMarHuTHbIl pe3oHanc, BDOXX, wmacc-
CHEKTPOMETPHUS U Ip.), TPEOYIOIIMMHE CI0KHOTO 000Dy I0BaHHUSI.

KoHueHTpauo THONBHBIX TPYII PACCUUTHIBAIM MO KAaTHMOPOBOYHOW KpUBOHM (pucyHok 1).
Y CTaHOBIEHO, YTO C YBEJIMYEHHEM BpEeMEHH MoauduKanuyd HaOII0JaeTcs 3aKOHOMEPHBIN poCT
coJiepKaHUsl THOJBHBIX Tpynil. MakcuManabHOE 3HAYEHHE JOCTUIaeTcs NpU 7 yacax CHUHTE3a U
coctrapisier 0,95 MMOJIB/T, YTO CBUIETEILCTBYET O Hamboiee 3PQGEeKTHBHOM B3aUMOJEHCTBUU
KOMITOHEHTOB TIPH JIAaHHBIX YCJIOBHUSX.

TIIBC
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Pucynok 2 — UK-cniektpsl HemoaudunupoBanHoro nonusuHuioBoro ciupta (I[IBC) u
tuoncoaepxaiiero [IBC (TIIBC)
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NK-crieKTpOCKONMYECKU aHali3 CBUAETENBCTBYET 00 M3MEHEHHH CTPYKTYpBI MOJUMEpPHOU
cucrembl mocne wmomudukammu. B cmekrpe TIIBC naOmromatorcss u3MeHeHHS (QOPMBI U

!, COOTBETCTBYIOIICH BaJICHTHBIM

MHTCHCUBHOCTH IIUPOKOW mojockl B obsactu 3200-3500 cm™
KoJ1e0aHUsIM THAPOKCHIIBHBIX TPYII, YTO YKa3bIBAET HA MepepacipeieieHHe CUCTEMbI BOJOPOIHBIX
ces3eii. B obmactu ~1710-1770 cm™' oTmedaercss yCHJICHHE TIOJIOCHI, CBS3aHHOE C BKJIAIOM
KapOOHUJIBHBIX Tpynn nuctenHa. COBOKYIMHOCTh TIOMYYEHHBIX JIAHHBIX CBHJIETEIBCTBYET O
IIPUCYTCTBUM LIMCTEMHA B IIOJIMMEPHOI MaTpulie U ero B3aumozeiicrsuu ¢ [IBC.

[Ipun pa3paboTke MMIEHOYHBIX KOMIIO3UIMII YCTAaHOBIIEHO, YTO OINTHUMAJIBHOE COJEp>KaHUE
IIIMLIEepUHa Kak ractugukaropa cocrasisier 5—10 % or maccel moiumepa. bonee BbIcOKHe
KOHIEHTPALUU TPUBOJAT K OOpa30BaHUIO JIMMKUX IUIEHOK C YXYIUICHHBIMU TEXHOJIOTMYECKUMU
xapakrepuctukamu. [Inénku Ha ocHoBe TIIBC xapakrtepusyrorcs Xopowed OAHOPOJHOCTHIO,
MPO3pPavyHOCThIO, OTCYTCTBHEM J€(EKTOB ¥ BBICOKOW S3JACTUYHOCTBIO TI0 CPAaBHEHHUIO C

HemoauduuuposanusiM [1BC.

Pucynok 3 — [In€nouynble koMno3uuu Ha ocHOBe ucxoaHoro [IBC (A)
u tuoncozepskamiero [I1BC (TTIBC) (b)

Monudukamus [IBC mpuBOIUT K U3MEHEHHUIO (DHU3UKO-XUMHUYECKHX CBOMCTB IIEHOYHBIX
KOMITO3UIMI: CHMKaeTcst pH 1 moBbIIaeTcsl yCTOMYMBOCTH B BOJHBIX pacTBopax. Kak mokasaHo B
Tabnuiie 2, BBeIeHNE IUCTEHHA MIPUBOAUT K cHIkeHuto pH minénok ¢ 6,22 (ms [IBC) mo 5,47-5,62
s TIIBC, uTo 00yclnoBIEHO TPUCYTCTBUEM KapOOKCHIIBHBIX TPy aMUHOKUCIOTHI.

Tabmuma 2 — XapakTepUCTUKH TUIEHOYHBIX KOMIIO3UIIMH Ha OCHOBE HEMOJU(PHUIIMPOBAHHOTO H
trosnconepxariero [1BC

OGpasen pH
IBC 6,22
TIIBC (5 gaco) 5,57
TIIBC (7 yacoB) 5,62
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HccnenoBanne HaOyxaHus mokaszano, 4yto HemoaupuuupoBanusiii IIBC xapaxTtepusyercs
ObICTpBIM HaOyxaHueM B (pocarHoM OyhepHOM pacTBOpe M pacTBOpEHHEM B TeueHHne 120 MUHYT,
torga kak TIIBC nemoHcTpupyeT 60siee KOHTpoIupyeMoe HabyXaHue W COXPAHSET IETOCTHOCTh B
TedyeHue 0oJiee UIUTEIBHOTO BPEMEHHU.

Kak Buano wu3 pucynka 4, nemoauduuupoBanuelii [IBC xapakTtepusyercs HauMMEHbIIUM
BpPEMEHEM PACTBOPEHUSI, COCTABIISIOIIUM OK0JIO 180 MUHYT.

B3anmopeiictue [IBC nuctetHOM NMPUBOJIUT K YBEIUYEHUIO BPEMEHU PACTBOPEHUS TIIEHOUHBIX
kommo3uiuii. [{ns obpaszua TIIBC, momydenHoro mpu 5 yacax, JaHHBIM MMOKa3aTeiab COCTABIISET
okoio 250 muHyT. MakcuMmanabHOE 3HAaueHHE HaOmonaercs Ui IUIEHOK, CHHTE3UPOBAHHBIX B
teuenue 7 dacoB (TTIBC—7 u), rae Bpems pactBopenust pocturaet ~300 munyt. Takum oGpazom,
YBEIMUEHUE BPEMEHM B3aUMOJECHCTBUS CONPOBOXKIAETCSI POCTOM BPEMEHM PACTBOPEHHUS
IJIEHOYHBIX CUCTEM.
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Pucynok 4 — 3aBucumMocTh BpeMEHH PacTBOPEHHUS INIEHOK OT COCTaBa

Mykoare3uBHble CBOWCTBA, OLIEHEHHBIE METOJOM BpalllaloOIIErocs HUIMHAPA, MOKA3aJd, YTO
MPUCYTCTBUSL TUOJBHBIX rpynn B wmatpuie [IBC npuBoIUT K CyIHIECTBEHHOMY MOBBIIICHUIO
BPEMEHH yNepKaHUs TUIEHOUYHBIX KOMIIO3MIIMA Ha CIU3UCTON 00004YKe. DTO CBSA3aHO CO
CIIOCOOHOCTBIO THOJIBHBIX TPYIIN 00Pa30BBIBATH AUCYJIb(HIHBIE CBSA3H C TIUKOIPOTEHHAMU CIIU3H,
410 oOecreunBaeT 0ojiee MPOYHOE U JIUTENbHOE YepKaHue MIIEHOK Ha TTOBEPXHOCTH.

Ha pucynke 5 mpencraBiieHa MyKoaare3us IUIEHOYHBIX KOMITO3HMIIMK Ha CIIM3UCTON 000JI0UKe
BJIarayIvina (3KCIEPUMEHT 1n Vitro).
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Pucynox 5 — Mykoaare3ust Ii€HOYHBIX KOMITO3UIIMHA Ha CIM3UCTON 000JI0UKE BiIarajiuiia
(9KCTIepUMEHT in Vitro)

HemoguduuupoBannsiit I[IBC xapakTepusyercs MHUHMMalbHBIM BpeMeHeM ynepxanus (3,29
MHUH), YTO OOYCIIOBJIEHO cja0blM B3aUMOJEHCTBUEM C MYLHMHOM M OBICTPBIM yJaJ€HUEM C
IIOBEPXHOCTHU CIM3UCTON. BBeneHne nyucrenHa NpuBOAUT K 3HAUYUTEIIBHOMY YBEJIIMUEHUIO BPEMEHU
yaepkaHus: A o0pas3loB, MOIM(UIMPOBAHHBIX B T€UEHUWE 5 M 7 4yacoB, JaHHBIM MOKa3aTelsb
BO3pacraet 10 25,87 u 36,0 MUHYT, COOTBETCTBEHHO.

Takum 00pa3oM, NOJIYYEHHBIE pPE3YyJIbTAaThl JIEMOHCTPHPYIOT, YTO YBEIMYCHHE BPEMEHU
MOJTU(UKAIIH CIIOCOOCTBYET POCTY COJAEPKaHUS THOJIBHBIX TPYII, yIyUYIIEHUIO MyKOar€3HBHBIX
CBOMCTB M TMOBBIIIEHUIO CTAOMIBHOCTH IUIEHOYHBIX KOMIO3ULUH. ONTHUMAaJbHBIM BpEMEHEM
MOIUGUKAIIMK B YCIOBHSX JAaHHOTO SKCIEpUMEHTa SBISETCd 7 YacoB, oOecrneyuBarolnee
HaWIy4dlllee COYETAHUE XapaKTEPUCTUK CUCTEMBI.

3aki0yenue

B pabore mnomydeHa TuoOsCOnEpKAILAs IOJIMMEpHAas CUCTEMa HAa OCHOBE IOJIMBUHUIOBOTO
CIIHpTa C UCTOIB30BaHUEM L-IucTenHa. YCTaHOBIEHO, YTO YBEIMYECHHWE BPEMEHU MOAM(DUKAINN
MPHUBOANUT K POCTY COJEPYKAHWS THOJNBHBIX TPYNI M MU3MEHEHUIO (PU3MKO-XMMHYECKHX CBOMCTB
Matepuana. [lomydyeHbl MIEHOYHBIE  KOMIO3MIMM €  XOPOUIMMHM  TE€XHOJIOTHYECKHMMHU
XapaKTepUCTHKaMH, IIPU 3TOM BBEJIECHUE LIUCTEMHA NMPHUBOIUT K CHIDKeHHIO pH u yBennuenuro
BPEMEHM pPAcTBOPEHUs MIEHOK. MyKoOaare3suBHbIE CBOMCTBA IOKAa3all YBEIMYEHUE BPEMEHU
yAepKaHUs Ha CIM3UCTOM 000104Ke OT 3 10 36 MUHYT. Y CTaHOBJIEHA IpsMasi 3aBUCUMOCTh MEXTY
COJIEp’)KaHUEM THOJBHBIX TIpynn W Mykoaaresued. IlomyueHHble pe3yibTaTbhl MOATBEPKIAAIOT
NEepCHEKTUBHOCTh IMpUMeHeHHs THoncozaepxkamero IIBC s co3maHus MyKOaare3MBHBIX
IUIEHOYHBIX CUCTEM JUIs BaTMHAJIBHOM JJOCTaBKHU.
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POLYMERIC POUR POINT DEPRESSANTS FOR REGULATING THE
RHEOLOGICAL PROPERTIES OF WAXY CRUDE OILS

Bekbassov T.M., llyas S.G., Alikulov A.Zh., Makhayeva D.N., Madenova A.E.,
Yermukhambetova B.B., Mun G.A.

Farabi University, Almaty, Kazakhstan
E-mail: llyas.sultan@internet.ru

Wax deposition during the transportation of paraffin-containing crude oil under low-temperature
conditions remains one of the most important flow-assurance problems for the oil industry, especially for
Kazakhstan and the Kumkol region. This review summarizes the physicochemical causes of wax formation,
including cooling below the wax appearance temperature (WAT), crystallization of n-alkanes, formation of a
three-dimensional wax network, and the influence of crude-oil composition and flow conditions. Particular
attention is paid to polymeric pour point depressants (PPDs), which modify the morphology of paraffin
crystals, reduce the pour point, improve low-temperature rheological properties, and inhibit wax deposition.
The paper compares several classes of polymeric reagents, including ethylene-vinyl acetate (EVA)
copolymers, maleic anhydride-based copolymers, EVA-based composites, and chemically modified EVA
systems. The literature data show that the efficiency of PPDs depends not only on dosage, but also on
polymer architecture, molecular weight, vinyl acetate content, polarity, and compatibility with the specific
composition of crude oil. The review emphasizes that modified EVA-based systems are among the most
promising reagents for Kazakhstani waxy oils because they can combine high depressant activity, wax-
inhibition efficiency, and industrial availability.

Keywords: wax deposition; pour point; polymeric depressants; rheological properties; waxy crude oil;
flow assurance; crystal modification; wax appearance temperature; EVA copolymers; Kazakhstani oil.

Tomern memnepamypa nca2daiivihoa napapuuoi MYHAUAAPOLL MACLIMANOAY Ke3iHOe napagun
WeIHOINepiniy MYy3inyi MYHAU 6HepKICIOIHOe2i a2blHObl KAMMAMACLL3 emyOiy ey o3eKmi macenenepiniy 0ipi
bonvin mabvinadvl, acipece Kazaxcman ocone Kymxon auimaewt ywin. Byn wonyoa napagun mysinyiuiy
QpusuKa-xumusnply  cebenmepi, COHbIY [WiHOe MYHAUOWY napaguHoepdiy Kpucmandawy 6acmary
MeMNepamypaculHan MOMeH CAIKbIHOAYbl, H-AIKAHOAPOLIH KPUCMALOAHYbL, YUuomuemMol napapuHoik
KYPOUIBIMHBIY  MY3LIYI, COHOQU-AK MYHAU Kypamvl MeH 2UOPOOUHAMUKANLIK JHCA20AIapobly acepi
Kapacmuipvinean.  Ilapagun  Kpucmanoapvinvly — Mmopgonocusceln — 032epmin, — MYHAUOblY — Kamy
memMnepamypacbln MoMeHOememin, momMeH MmeMnepamypanbly peoiocusnelK KACUuemmepin Jcakcapmamoii
JHcoHe napagur We2iHOINePIiHiy MY3inyin medcelumin noaumMepii 0enpeccopivik KOCNaiapea epexkuie Hasap
ayoapwlnovl. dmunen-eununayemam (EVA) cononumepnepi, maneun aneudpudi necizindeci conoaumepiep,
EVA mnecizinoeei xomnosuyusnap sicone xumusnvly myprendipineen EVA oscyiienepi cusxmol noaumepiix
peazenmmepoiy dpMYpai KIACMAPbIHA CATbICMBIPMAILL MALOAY JHcaAcanovl. 90ebu Oepekmepdi manoay
denpeccopivlk Kocnanapovly muimOiniei 01apovly Meauiepine 2ana emec, COHbIMEH Kamap noaumep
apxXumeKmypacoliHa, MOJEKYIANblK MACCACLIHA, SUHUNAYEMAm MeIepine, NONAPIbIZbIHA JHCIHE HAKMbL
MYHaUl KypamuvlMeH yiaecimoinicine mayendi exenin kopcemmi. Typnenodipineen EVA necizinoezi scytienep
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Jlcoeapul  Oenpeccopavlk bencenoinici, napagun wezindinepin medcey MUiMOiniel JcoHe OHepPKICINMIK
Kosicemimoiniei apxacvinoa KazaxcmauHuly dicogapvl napapuroi MYHAUIapsl YWiiH ey nepchneKmueaibl
peazenmmepOiy Oipi 606N MAOLLIAMBIHGL AMAN 6MILOL.

Tyitinoi ce3dep: napagun wezindinepi, Kamy memMnepamypacsvl;, HOAUMEPIL 0enpeccoprap,; Peor0SUsIbIK
Kacuemmep; Jico2apvl  Napa@uHoi MYHAU, Aa2bIHObL  KAMMAMACHI3 emy;, KPUCHMALL KYPbLIbIMblH
mMoouurkayusnay, napagunoepdiy Kpucmanoawy o6acmany memnepamypacsi; EVA cononumepiepis
KA3aKCMAaHOblK MYHALL.

Omuoocenue napaguuos npu MpaHcROPMuUposKe napaguuucmolx Hegmell 8 YCAOBUAX HUSKUX
memnepamyp 0Cmaemcsi 0OHOU U3 Haubosee aKmyanibHvlX npodiem obecneyenus NOmoKa 8 HemsAHOU
npomvluienHocmu, ocobenno oas Kazaxcmana u mecmopooicoenuii pecuona Kymxonv. B oannom 0630pe
paccmompenvl  (QU3UKO-XUMUYECKUe NpUYUHbLL  00pPA308aHUS  NAPAQUHOBLIX — OMIOJCEHUL,  GKIIOUAS
oxnadicOeHue Hepmu Hudce MeMHepamypbl HAYALAd KPUCMALIU3AYUU NAPAPUHOS, KPUCTHATIUZAYUIO H-
ANKan08, GopMUPOsaHUe MPexXMEPHOU NAPAGUHOBOL CMPYKMYPbl, a4 MaKdice GIUsHUe COCmasa Hepmu u
euopoounamuneckux ycaosui. Ocoboe eHUMAHUE YOENeHO HNOIUMEPHbIM OEenpecCoOPHbIM NPUCAOKAM,
KOmMopble CHOCOOHbL  UBMEHSIMb  MOP@ON02UI0  NAPAPUHOBHIX KPUCMAIOS8, CHUJNCAMb MeMnepamypy
3aCmbl6anus Hemu, VIYYUams HUKOMEMNEPamypHvle peonocudeckue Ceotucmeda u UHeuOUposamv
napagunoomnodcenus. Ilposeden cpasHUmMenvbublli AHANU3 PA3IUYHBIX KIACCO8 NOJUMEPHBIX PEazeHmos,
BKIIOHAsT conoaumepsvl smunen-eununayemama (EVA), cononumepwi na ochose maneunogozo aneuopuod,
Komnosuyuu Ha ocroge EVA u xumuuecku mooupuyuposannvie cucmemvl EVA. Ananus aumepamypruvix
OaHHBIX NOKA3bIBAEM, HMO IPHEKMUSHOCb OeNnpPecCOPHbIX NPUCAOOK 3A6UCUM He MOAbKO OMm UX
KOHYEeHmpayuu, Ho U Om apXumeKmypvbl NOIUMEPA, MOLEKVIAPHOU MACChl, COOEPAHCAHUST SUHUIAYemAama,
NOSIPHOCMU U COBMECHUMOCHU C  KOHKpemubiM — cocmasom  Hemu. Iloduepxusaemcs, umo
Mooughuyuposantvle cucmemvl Ha ochose EVA sienstomes oonumu u3 Haubonee nepCnekmueHbIX peazenmog
onst  evicokonapagunucmolx Hepmeti Kazaxcmana 61a200apsi COYEemMAaHurO 6blCOKOU OenpeccoOpHoll
akmueHoCcmu, IPPexmusHoOCmU UHSUOUPOBAHUS NAPADUHOOMILONCEHUT U NPOMBIUIEHHOU OOCTYRHOCIU.

Knwuesvie cnosa: napagunoomnodicenus; memnepamypa 3ACmMbl8aHus, NOIUMEPHble O0enpeccopul;
peonocutecKue  Ce0UCmMea;  GblcoOKonapaguuucmas Hedmv, obecneueHue HNOMOKA;, MOOUpuKayus
KPUCMALIO08, MEeMRepamypa HA¥aia Kpucmaiiuzayuu napagunos, cononumepvl EVA; xazaxcmawnckas
Hepmo.

Wax formation during oil transportation

Wax deposition during crude-oil transportation is one of the major flow-assurance challenges in
the petroleum industry [1, 7, 29]. The problem is especially relevant for Kazakhstan and the
Kumkol region, where a significant share of produced crude oils contains high amounts of
paraffinic hydrocarbons [2-4, 17]. During long-distance pipeline transportation, especially in cold
seasons, wax crystals may precipitate from the oil phase and deposit on pipeline walls. This reduces
the effective pipeline diameter, increases hydraulic resistance and pressure losses, lowers
throughput, and may ultimately require costly mechanical cleaning, heating, or repair operations
[9].

Wax deposits are formed when the temperature of crude oil decreases below the wax appearance
temperature (WAT) and approaches the pour point [6, 20, 30]. Under these conditions, dissolved n-
alkanes begin to crystallize. As cooling continues, wax crystals grow, interact with one another, and
may form a three-dimensional network that immobilizes part of the liquid hydrocarbon phase [22-
24]. As a result, the crude oil gradually loses its ability to flow under gravity and exhibits strongly
non-Newtonian rheological behavior.
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The composition of crude oil strongly affects the nature and intensity of wax deposition [21, 27].
In addition to paraffins, resins, asphaltenes, light fractions, aromatic compounds, and other polar
components influence crystallization, aggregation, and adhesion of wax crystals to the pipe wall.
Asphaltenes and resins can stabilize colloidal structures and alter the morphology of paraffin
crystals, while the roughness and surface energy of the pipeline material affect the adhesion and
accumulation of deposits [39, 52].

Several theories have been proposed to explain the loss of oil mobility at low temperature,
including the micellar, solvation, and crystallization theories [38, 39, 42]. The crystallization theory
is currently the most widely used, since it directly relates the loss of flowability to the formation and
growth of solid n-alkane crystals. Diffoperational problems usion-based models of wax deposition,
often derived from Fick’ s law, further highlight the importance of temperature gradients,
concentration gradients, and mass transfer of wax molecules toward the cold pipeline wall [7, 34].
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Here, m is the mass of deposited wax, o 4 is the density of the solid wax phase, Dm is the
diffusion coefficient of dissolved wax in oil, A is the deposition surface area, C is the wax
concentration in solution, and r is the radial coordinate.

Although thermodynamic factors determine whether wax precipitation is possible, kinetic factors
also play a critical role. Nucleation rate, crystal growth rate, cooling history, and shear conditions
determine whether wax crystals form a stable gel network quickly enough to cause operational
problems [14, 15, 22 - 24]. Therefore, both thermodynamic and kinetic aspects must be considered
when selecting technologies for wax-deposition control.

Flow assurance approaches in the petroleum industry

Kazakhstan’ s paraffinic crude oils, which may contain high wax concentrations, create serious
flow-assurance problems during low-temperature transportation. Wax deposition increases
viscosity, reduces pumpability, and can lead to partial or complete pipeline blockage. Traditional
mitigation methods include pipeline heating, thermal insulation, mechanical pigging, blending with
lighter fractions, and chemical treatment [ 19, 25, 28].

Thermal methods are effective but require high energy input and additional infrastructure,
especially for oils with high pour points. Mechanical pigging can remove deposits already formed,
but it does not prevent new wax crystallization and may be difficult or risky in long-distance
pipeline systems [19]. Dilution with lighter hydrocarbons can reduce viscosity, but it may
destabilize asphaltenes and require compatibility testing. Water-in-oil or oil-in-water emulsification
approaches have been used in some countries, but they are less suitable for Kazakhstan because of
strict water-content requirements and cold-climate operation [25, 28].

For these reasons, chemical treatment with polymeric pour point depressants is considered one of
the most promising approaches. PPDs do not simply dissolve wax; instead, they modify the
crystallization process [31]. Polymer molecules interact with growing wax crystals, change their
morphology, suppress the formation of rigid networks, and improve the low-temperature flow
properties of crude oil even at relatively low dosages [16, 29, 35].
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Polymers as pour point depressants

Polymeric pour point depressants influence wax crystallization through adsorption, co-
crystallization, nucleation, and steric hindrance mechanisms [8, 45]. Most effective PPD molecules
contain both nonpolar hydrocarbon fragments and polar functional groups. The hydrocarbon
fragments provide compatibility with paraffin crystals, while the polar groups disturb regular crystal
growth and reduce the ability of wax particles to aggregate into a continuous network [10, 12, 41].

Different mechanisms have been proposed to describe the action of PPDs. According to
adsorption-based interpretations, the depressant molecule attaches to the active growth faces of n-
alkane crystals and changes their shape. Other approaches suggest that depressants can form
micellar or supramolecular structures that delay the formation of a rigid crystal lattice. In practice,
the efficiency of a PPD is usually determined by the balance between its compatibility with the oil
phase and its ability to interfere with wax-crystal growth.

X-ray studies indicate that many depressants do not significantly change the crystal lattice of n-
alkanes. Instead, their main effect is morphological: they reduce the length and width of wax
crystals, promote the formation of smaller or irregular particles, and prevent the development of
long needle-like structures. At higher concentrations, some PPDs may lead to dendritic or highly
distorted crystal forms, which are less capable of forming a strong gel network [44, 49, 53].

Studies on waxy crude oils have shown that maleic anhydride- and vinyl acetate-based polymers
can reduce viscosity and improve low-temperature flow properties. In many cases, EVA
copolymers demonstrate better performance than simple solvent treatment, because they directly
affect wax-crystal morphology rather than only diluting the oil [10, 12, 13, 41]. Representative data
are summarized in Table 1.

Table 1 - Physical properties of treated oil

_ ) Temperature, 'C
Type of chemical | Concentration, ppm
40 30 20 10
500 4.45 5.97 13.2 43.2
EVA
5000 3.69 4.07 5.08 11.1
500 10.4 19.3 20.18 50
MA
5000 4.4 5.8 11.71 25.54
500 11.2 19.9 23.2 55.5
Cyclohexane
5000 4.9 6.62 7.21 23
500 13 25.5 32.1 60.2
Toluene
5000 5 7 6.5 29.5
500 14.9 24.3 31 65
Acetone
5000 54 6.74 8 25
500 15.1 24 314 57.3
DEA
5000 5.28 8.2 7.81 324
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Pour point and rheological parameters in the petroleum industry

The number, size, and shape of wax crystals determine whether they increase crude-oil viscosity,
form a gel network, or remain dispersed in the liquid phase [22-24]. The most commonly discussed
wax-crystal morphologies are listed below:

A. Needles - elongated crystals that can interconnect and trap the liquid hydrocarbon fraction
[44].

B. Malcrystals — irregularly shaped crystals that are less able to form a continuous network and
are therefore more pumpable.

C. Plates — plate-like crystals that are generally more pumpable, although curled plates may form
hollow needle-like structures capable of networking.

D. Microcrystalline waxes — typically associated with refinery residues rather than crude-oil wax
deposits or precipitates.

Figure 1 — Common pattern of paraffin crystal growth

Wax crystal modifiers, including many PPDs and paraffin inhibitors, prevent wax deposition by
changing the structure and growth of wax crystals. These materials may co-crystallize with wax
molecules or adsorb on crystal surfaces, replacing paraffin molecules at active growth sites and
disrupting regular molecular alignment. As a result, wax crystals become smaller, less regular, and
less capable of forming a continuous deposit or gel [48 - 50, 53] isk of pipeline blockage.

Such additives are effective only when introduced before or during wax crystallization, usually
above the cloud point or WAT. They generally do not eliminate wax or substantially lower the
WAT itself, but they can significantly reduce the pour point and improve rheological behavior.
Depending on the crude oil and the polymer structure, the same reagent may act mainly as a pour
point depressant, wax inhibitor, flow improver, or multifunctional additive [11].

Pour point and rheological properties are key parameters for evaluating the transportability of
waxy crude oil. The pour point indicates the lowest temperature at which oil remains capable of
flowing under standardized conditions, while rheological measurements describe viscosity and flow
behavior under shear. Together, these parameters are essential for assessing pumping conditions,
pressure losses, and the risk of pipeline blockage [21 - 24, 27].

Several studies have investigated the effectiveness of EVA copolymers with different
compositions in modifying the pour point and viscosity of waxy crude oils. The crude-oil
characteristics used in one such study is presented in Table 2 [46, 51].
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Table 2 — Crude Oil Parameters

Specification Crude-1 Crude-2 | Crude-3 Crude-4 | Crude-5 | Methods
Specific gravity at ASTM D-
15.56/15.56° C 0.8503 0.8661 0.8846 0.8944 0.9033 4052
ASTM D-
API 34.9 31.9 28.5 26.7 25.1 4053
Kinematic viscosity at 40 ASTM D-
° CCest 7.828 10.959 12.525 14.689 15.125 445
Pour point (° C) 26 20 17 14 8 ':fTM D-
Asphaltene content
(Wt.%) 0.3 15 2.8 4.7 7.8 IP-143
Wax content (wt.%) 13.1 11.2 9.7 7.4 5.2 BP-237

The crude oils listed in Table 2 were treated with different EVA copolymers, after which their
pour point and rheological parameters were measured again. The data show a clear general trend:
increasing the dosage of an effective EVA additive decreases both pour point and viscosity. The
corresponding pour point and viscosity data are summarized in Tables 3 and 4 [46, 51].

Table 3 — Pour point of crudes treated with different EVA copolymers

Type Concentration, ppm EVAS80 EVA20 EVA40 EVA32
Crude-1 500 15 19 21 20
1000 5 13 16 14
2000 -2 9 13 10
Crude-2 500 14 15 16 16
1000 8 10 10
2000 4 7 6
Crude-3 500 12 9 12 10
1000 7 3 6 5
2000 2 -1 3 1
Crude-4 500 9 7 10 7
1000 2 2 6 -1
2000 -1 -1 4 -4
Crude-5 500 4 -2 1 -1
1000 1 -4 -1 -6
2000 -2 -6 -2 -10
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Table 4 — Viscosity (mPa s) of crude oils at a shear rate of 100 s-1 of crudes treated with different
EVA copolymers

Concentration Concentration

o o o o o o o o o o
Type (EVAS0), ppm 40 °C20 °C{15°C |10°C| 5°C (EVA32), ppm 40 °C20 °C{15°C|10°C| 5°C

500 10 | 39 | 155 | 415 | 760 500 13 | 44 | 368 | 691 992
Crude-1 1000 8 | 30 | 120 | 360 | 710 1000 10 | 38 | 292 | 612 874
2000 2 | 25| 98 | 310 | 680 2000 5 | 34 | 221 | 538 842
500 14 | 42 | 180 | 440 | 780 500 12 | 42 | 352 | 656 910
Crude-2 1000 12 | 36 | 140 | 380 | 740 1000 9 | 36 | 268 | 584 855
2000 7 | 30 | 110 | 340 | 715 2000 4 | 30 | 197 | 502 810
500 16 | 45 | 210 | 492 | 810 500 11 | 40 | 302 | 602 895
Crude-3 1000 14 | 40 | 180 | 410 | 780 1000 9 | 32 | 210 | 554 802
2000 9 | 35| 150 | 385 | 730 2000 4 | 24 | 170 | 471 780
500 16 | 47 | 280 | 530 | 865 500 11 | 38 | 250 | 590 820
Crude-4 1000 15 | 42 | 225 | 485 | 812 1000 9 | 32 | 190 | 510 780
2000 9 | 38 | 186 | 427 | 785 2000 3 | 24 | 150 | 410 720
500 18 | 52 | 352 | 587 | 912 500 9 | 38 | 170 | 440 750
Crude-5 1000 16 | 48 | 286 | 512 | 868 1000 7 | 32 | 110 | 350 710
2000 10 | 43 | 227 | 487 | 802 2000 1 |25 | 9 | 310 683

Maleic anhydride-based polymers have also been tested on samples from several Kazakhstani
oilfields. Table 5 presents data for an esterified styrene-maleic anhydride copolymer tested on
highly paraffinic oils with different physicochemical characteristics [3, 10, 13].

Table 5 — Effectiveness of the depressant action of the modified styrene-maleic anhydride
copolymer on various types of oil

i Pour point temperature, °C
Oilfield Paraffin
content, % Blank Treated oil Depression

sample (PPD content, wt.%0) value

Kumkol 16,0 +12,0 -6,0 (0,01) 18,0
+2,0 (0,01) 16,0

Konys 26,7 +18,0 +15(0,5) 165

+16,0 (0,01) 9,8

Bektas 38,5 +25,8 +14,0(0,058) 11,8
+10,6 (0,093) 15,2

Zhetybay +28,0 +12,0 (0,01) 16,0
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The highest depressant activity was observed for Kumkol oil, where only 0.01 wt.% additive
reduced the pour point by 18 ° C. Strong effects were also observed for Konys and Zhetybay oils,
while the efficiency decreased for oils with a higher content of n-alkanes.

It should be noted that the typical industrial dosage of PPDs in Kazakhstani oilfields is often in
the range of 200 - 500 ppm (0.02 - 0.05 wt.%). Therefore, high efficiency at low dosage is one of
the most important criteria for selecting a practical depressant additive [3, 18].

EVA-based pour point depressants as flow improvers

Ethylene-vinyl acetate (EVA) copolymers are among the most widely used polymeric wax
modifiers and pour point depressants in the petroleum industry. Commercial EVA-based PPDs have
also shown good depressant performance for oils from the Kumkol oilfield in Central Kazakhstan,
which makes EVA a logical platform for further modification and optimization [45, 48, 54].

The general structural formula of an EVA copolymer is shown in Figure 2.
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Figure 2 — Structural formula of EVA copolymer

EVA copolymers with different molecular weights and vinyl acetate contents have long been
used as PPDs [48, 49, 55]. Their activity is usually associated with co-crystallization with wax
molecules or the formation of a thin polymer layer on wax-crystal surfaces. This prevents the
formation of large wax agglomerates and improves the flowability of waxy crude oil at low
temperature. In one study, two possible effects of EVA on n-alkane crystallization were observed:
EVA may either promote nucleation or inhibit crystal growth, depending on the solvent, paraffin
chain length, and temperature [49, 50, 53]. The compositions studied are shown in Table 6.

Table 6 — Composition of blends and their cloud points

Solution E1 | Solution E2 | Solution K1 | Solution K2
5 .
5% C20-C22- | 4% paraffin | 5% C20-C22- | 4 ﬁ’lsrf‘ga‘ig'”
Composition C24 blend in C24in kerosene
in ethylbenzene |ethylbenzene| kerosene
Cloud point (°C) 05 49 6.9 15
Cloud point (°C) 500 ppm _1'9 3.6 _7'2 1'1
EVA : : : :
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After cooling the mixtures to the WAT region, the crystal size was measured by optical
microscopy. Untreated systems formed large needle-shaped crystals up to approximately 5 mm in
length, whereas EVA-treated systems produced much smaller crystals, typically in the micrometre

range. The results are summarized in Table 7 and illustrated in Figure 3 [49, 50, 53].

Table 7 — Crystal size obtained by optical microscopy

Paraffin solutions Mean crystal size um St_an_dard
deviation um
E1 + 100 ppm of EVA 11 3
E1 + 250 ppm of EVA 14 3
E1 + 500 ppm of EVA 8 3
E1+1000ppm of EVA 17 8
K2+250ppm of EVA 7 3
K2+500ppm of EVA 9 3
K2+750ppm of EVA 5 2
K2 + 1000 ppm of EVA 4 1

Figure 3 - Paraffin crystals obtained from mixtures with EVA

Improving chemical flow is especially important for offshore production and subsea pipeline
transportation [5, 31, 32]. Heating or pigging subsea pipelines is technically difficult and expensive;
if a pig becomes stuck, production may be interrupted for a long period. In such cases, stable flow
assurance often relies heavily on chemical treatment. A study of Albacora crude oil from the
Campos Basin in Brazil evaluated several EVA copolymers with different vinyl acetate contents

and molecular weights. The copolymers are listed in Table 8.
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Table 8 — EVA copolymers used to test performance

Copolymer Numbgr average molecular Polydispersity, Vinyl acetate
weight, Mn (g/mol) PD content (wt %)
EVA1l 19300 28 41
EVA?2 14100 3.6 31
EVA3 16100 4.5 o8
EVA 4 14500 3.9 28
EVAS5 10100 4.1 28
EVA 6 19300 4.4 28
EVA7 19400 3.8 28
EVAS8 4500 2.0 36
EVA9 2400 2.0 31
EVA 10 2600 2.7 30

The pour point of Albacora crude oil was measured after treatment with 1000 ppm of each EVA
copolymer. The results, presented in Table 9, show that several EVA samples reduced the pour
point from +4 ° C to below -30 ° C, demonstrating the strong potential of EVA-based polymers as

flow improvers [48, 54].

Table 9 — Pour point of oil treated with 1000 ppm of different EVA copolymers

Polymer Pour point (°C)
— +4
EVA1l <-30
EVA 2 <-30
EVA3 <-30
EVA4 <-30
EVAS <-30
EVA 6 <-30
EVA7 <-30
EVA 8 -12
EVA9 -4
EVA 10 -4

The wax-inhibition efficiency of the same EVA copolymers was then evaluated using a static
cold-finger simulation. The results are shown in Table 10. The data indicate that EVA copolymers
with an appropriate vinyl acetate content and molecular weight can provide high inhibition
efficiency, although the performance is strongly dependent on polymer structure [48, 49, 55].

Table 10 — Paraffin inhibition oil treated with 1000 ppm of different EVA copolymers

Copolymerasan | ey/a 1| EyA2 | EVA3 | EVA4 | EVAS | EVAG | EVAT
additive

Efficiency of inhibition | oo 64 14 0 45 2 -12
(%)
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EVA-based chemicals are also used in Kazakhstan. In one study, an EVA copolymer-based
reagent was tested on crude oil samples from different oilfields of the Kyzylorda region.
The main characteristics of the tested crude oils are listed in Table 11 [18, 47, 56].

Table 11 — Main characteristics of oil samples from the Kyzylorda region

Crudeoil |d®kg/imd| PP eC)| Wax | Asphalt. | Resins Fraction (%)
(%0) (%0) (%) |200°C| 300°C| 350°C
Kumkol 810.4 12 14.4 0.1 76 | 29 49 59
Akshabulak | 829.7 21 143 0.6 86 | 29 48 58
Konys-Bektas 874.4 24 16.5 2.0 7.1 15 33 47
Aschysay 878.2 21 20.1 13 92 | 20 39 51

The oil samples were treated with a 200 ppm EVA solution containing 25% vinyl acetate in an
organic solvent. After treatment, key parameters such as pour point, wax-inhibition rate, and
dynamic viscosity were measured. The results in Tables 12 and 13 confirm that EVA can reduce
pour point and improve viscosity behavior, although the effect depends strongly on the origin and

composition of the crude oil [18, 47].

Table 12 — Pour point and inhibition rate of EVA for Kyzylorda crude oils

PP (°C) m (wax), g Inhibition degree (%0)
Akshabulak
Untreated +21 3.6 0
Heat treated +18 2.48 31.2
EVA +6 1.85 48.5
Aschysay
Crude oil +24 4.6 0
Heat treated +21 3.28 28.6
EVA +15 2.99 35.0
Konys-Bektas
Untreated +24 4.2 0
Heat treated +21 3.12 25.8
EVA +9 2.85 32.1
Kumkol
Untreated +15 34 0
Heat treated +12 211 37.8
EVA +9 1.95 42.5
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Table 13 — Dynamic viscosity at different temperatures of treated oil from the Kyzylorda region

. Dynamic viscosity (Pa s)
Waxy crude oil Treatment

10 °C 20 °C
Akshabulak Heat treatment 1.590 0.071
EVA 0.010 0.005
Aschysay Heat treatment 1.220 0.095
EVA 0.557 0.041
Konys-Bektas Heat treatment 4.24 0.084
EVA 0.052 0.015
Kumkol Heat treatment 0.020 0.005
EVA 0.017 0.003

Synthesis and modification of EVA-based polymers

As EVA copolymers became widely used as flow improvers, many studies focused on improving
their performance through chemical modification, blending, and composite formation. The purpose
of such modifications is to adjust polymer polarity, compatibility with crude oil, interaction with
wax crystals, and resistance to aggregation [41, 52, 55].

For example, Jing et al. [55] developed EVA/SiO2 nanocomposite pour point depressants. In this
approach, SiO2 nanoparticles were first modified with succinic anhydride and KH550, and then
combined with EVA to improve the depressant performance. The modification route is shown in
Figure 4.

The first step: Acylation reaction
EtO

—gj MNH
O o EIO/S|\/\\/ 2 EtO\ 0 .
EtO [
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The second step: Hydrolysis reaction
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Figure 4 — Modification of SiO2 nanoparticles

The resulting nanocomposites were tested on Daging crude oil with a high wax content of
approximately 25 wt.%. EVA copolymers containing 28% and 38% vinyl acetate and modified with
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SiO2 nanoparticles performed better than the corresponding pure EVA copolymers. These results
are shown in Figures 5 and 6.
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Figure 6 — EVA 40 pour point of treated oil compared with oil treated

Another study used gossypol, a locally available by-product of cottonseed oil processing, to
modify EVA [56]. Gossypol can be obtained from soapstock generated during refining, which

by SiO2-modified EVA nanocomposite

makes it an attractive low-cost component for the preparation of polymeric PPDs.

The EVA-gossypol composition was prepared by milling the required amounts of the starting
components in a laboratory ball mill. The resulting compositions were then tested as pour point

depressants.

A proposed structure of the EVA-gossypol composition is shown in Figure 7.

The crude oil used in this study was obtained from the Akshabulak field. After treatment with 50

- 500 ppm of the PPD, the main oil parameters were measured.

Crude oil parameters are listed in Table 14 below.

The initial properties of the crude oil are summarized in Table 14.
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Figure 7 — Possible structure of obtained EVA-gossypol PPD

Table 14 —Parameters of crude oil tested with EVA-gossypol PPD

Property Value
Density at 20°C (g/cm®) 0.8427
Wax content (wt%) 17.1
Pour point ('C) 19
Kinematic viscosity (mm?/s) 218.46

When 500 ppm of the EVA-gossypol composition was used, the pour point decreased from -3 °C
to -12 °C. The highest wax-inhibition rate, 89.7%, was achieved at a lower dosage of 200 ppm.
These results indicate that EVA modified with polar natural compounds can act as an efficient
multifunctional reagent for waxy crude oils.

Table 15 — Pour point of oil treated with EVA and modified EVA-gossypol PPD

Pour point depression ("C)

Additive concentration (ppm) EVACc/CG composition (wt%)

EVA 90:10 80:20 75:25 | 70:30| 65:35
50 6 8 8 6 3 1
100 9 11 12 9 4 2
250 8 10 10 11 5 4
500 6 7 7 7 6 4
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According to the literature, EVA can also be chemically modified through hydrolysis to form
EVA-M, which contains additional hydroxyl groups [52]. These groups increase the polarity of the
polymer and may improve its interaction with wax crystals and polar components of crude oil.

The chemical reaction scheme for EVA hydrolysis is shown in Figure 10.

The effectiveness of EVA-M was evaluated using several crude oils from Kazakhstan. The main
results are presented in Table 16.

Table 16 — Pour point and inhibition rate of EVA-M for Kyzylorda crude oils

PP (°C) m (wax), g Inhibition degree (%0)
Akshabulak
Untreated +21 3.6 0
Heat treated +18 2.48 31.2
EVA-M 0 1.13 68.7
Aschysay
Crude oil +24 4.6 0
Heat treated +21 3.28 28.6
EVA-M +9 2.01 56.2
Konys-Bektas
Untreated +24 4.2 0
Heat treated +21 3.12 25.8
EVA-M +3 1.58 62.3
Kumkol
Untreated +15 3.4 0
Heat treated +12 2.11 37.8
EVA-M -3 0.95 72.0

The data show that EVA-M can provide stronger wax inhibition than unmodified EVA for
several oils. For example, in Kumkol crude oil, the wax-inhibition efficiency increased from 58%
for EVA to 72% for EVA-M, while the pour point decreased from +12 ° C to -3 ° C. Similar
improvements were observed for some other oilfields. These results support the broader conclusion
that modification of EVA is a promising route for developing more efficient PPDs for Kazakhstani
waxy crude oils.

Conclusion

Polymeric pour point depressants are among the most effective chemical tools for controlling the
low-temperature rheological properties of waxy crude oils. Unlike simple dilution or heating,
polymeric PPDs act at the level of wax-crystal formation and morphology. They reduce the ability
of wax crystals to form rigid networks, decrease the pour point, improve viscosity behavior, and
may inhibit wax deposition on cold surfaces. The reviewed data show that EVA-based reagents
remain one of the most important industrial classes of PPDs. However, their performance strongly
depends on crude-oil composition, polymer molecular weight, vinyl acetate content, polarity, and
dosage. Modified EVA systems, including EVA/SiO, composites, EVA-gossypol compositions,
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hydrolyzed EVA-M, and grafted EVA-based copolymers, can provide higher efficiency than
unmodified EVA in selected oils.

Table 17 — Dynamic viscosity at different temperatures of treated oil from the Kyzylorda region

) Dynamic viscosity (Pa s)

Waxy crude oil Treatment
10 °C 20 °C
Akshabulak Heat treatment 1.590 0.071
EVA-M 0.009 0.004
Aschysay Heat treatment 1.220 0.095
EVA-M 0.069 0.027
Konys-Bektas Heat treatment 4.24 0.084
EVA-M 0.045 0.012
Kumkol Heat treatment 0.020 0.005
EVA-M 0.012 0.002

For Kazakhstan, where paraffinic crude oils create serious transportation problems, further
development of modified EVA-based depressant additives is a scientifically and industrially
relevant direction. The most promising reagents are those that combine high wax-inhibition
efficiency, low effective dosage, compatibility with local crude oils, and economically feasible
production technology.
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KOHTPOJIb PABOTOCIIOBHOCTH YEJIOBEKA-OIIEPATOPA
B PEXKUME PEAJIBHOI'O BPEMEHMU

Haropusbiii B.M.

Cymckoti eocyoapcmeennulil ynugepcumem, Cymoi, Ykpauna
e-mail: vjacheslav.nagorny@gmail.com

Paccmompenvt npumepvl ucnonv3oanus MemoouKy NPOSHOUPOBAHUS PAOOMOCNOCOOHOCU YeNl08eKd-
onepamopa, NPUMEHIeMOll 8 PedCUMe PeanrbHO20 BpeMenU Ha NPOmsICeHUU e2o pabouell cmenvl. Memoouka
OCHOBAHA HA OONYUJEHUU O MOM, YMO NPOYECC UMEHEHUSI COCMOSHUSL ONEPAmopa MOJICHO NPEOCMAasUms
KaK npoyecc, pazeusaiowuiicss 6 pedcume ¢ obocmpenueM. Omo N0380sem  paccMampugamo
UHMOPMAYUOHHBIL  CUSHAT, QUKCUPYEMbIL NPU KOHMPOJE 3JIeKMpPOdHYeDaiospammpl €20 Mmo3ed, KaK
8pPEeMEHHOU P50, cocmosuull u3 08yx cocmasastougux. OOHa cocmasisiiowas npeocmasisiem coootl 2na0Kuil
MOHOMOHHO UBMeHsIowulicss mpend. Bmopas cocmasnaiowas sasnsemcss nepuooudecku uzMeHsiouelcs
@yukyuei. Ilo pesyrbmamam annpoxcumMayuu 6PeMeHHO20 paod MOOENIMU IMUX  COCMAGTSIIOUWUX
NPOSHO3UpYEemcst 8peMsi pabomvl onepamopa 00 YCMAIOCMU, U GblOeISIOMCS XApaKmepuvle YUacmKu
sapuayuu Ha npomsdceHur paboueill cmenvl e2o0 pabomocnocobnocmu. B cmamwve npuseden npumep
UCTIONIL308AHUAL MEMOOUKU NPOSHOZUPOBAHUS, NOOMBEPOUBULULL ee IDDeKmUBHOCb.

Knwouesvie cnosa: npocnozupoganue padomocnocoOOHOCMU Onepamopd, pedxcum ¢ 000Cmpenuem,
nepuoouyecKas Cocmagiaowas, A020NepuooudecKas @OYHKYUs, OUHAMUYECKAs CUCeMd, WNPOSHO3HAS
MoOenb, 8peMst OOCMUIICEHUs. Y CIMATLOCTIU.

Ulvinaiiol yakbimma OHbIH AHCYMBIC AYbICLIMBIHOA KOIOAHBLIAMbBIH A0AM-0NEPAMOPbIHbIY OHIMOLIIZIH
bondcay adicmemecin KOAOAHY MbICAI0Apbl Kapacmulpbliean. OO0ic onepamop KYUiHiy o32epy npoyeci
wUeneHiCKer pexcumoe OaMUmMslH NPOYecc peminoe YCblHblLIYbl MYMKIH 0eceH bonicamea Hezizoenzen. byn
OHbIY MUBIHbIY NEKMPOIHYEPDANOSPAMMACHIH OAKbLIAY Ke3iHOe JHCA3bLI2AH AKNapammulk CUSHANObL eKi
KOMNOHEeHmMmeH mMYypamvli Me32ii0ik Kamap peminoe Kapacmuipyea MYMKIiHOIK 6epedi. Bip kypamoac —
OipKenxi, MOHOMOHObL 632epemin mpeHO Oonbin mabvliadvl. Exinwi — mep3imoi mypoe o3zcepemin (hyHkyus.
Mep3imoi  kamapaaposl  0ocbl  KYpamoacmapobvly —YicilepiMen JicyblKmay Hamudiceiepi  OoublHua
onepamopovly Wapuiazanea Oeuinei JHCYMbic yaKbimvl OO0MHCAHAOLL JHCIHE OHBIY OHIMOINICIHIY OapiblK
HCYMBIC AYBICHIMbIHOASH! 8APUAYUAHBIY CUNAMMAMATLIK, AUMAKmapsl aublkmanaosl. Maxanada 6oaxcay
MEXHUKACLIH KONOAHYOblY MUIMOLTICIH pACMAMbIH MbICAN KeAMIPiiceH.

Tyitinoi ce3dep: onepamopdviy OHIMOINICIH 60dCAY, WUETCHICKEH pedcuM, Mep3imii Kypamoac,
020MeP3IMOL YYHKYUSL, OUHAMUKATBIK JdHCYlie, BOANCAMObL MOOEb, WAPULAY VAKbINbL.

Examples of the use of a method for predicting the performance of a human operator, applied in real time
during his work shift, are considered. The method is based on the assumption that the process of changing
the operator's state can be represented as a «blow-up» process. This allows us to consider the information
signal recorded during monitoring of the electroencephalogram of his brain as a time series consisting of
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two components. One component is a smooth monotonically changing trend. The second component is a
periodically changing function. Based on the results of approximating the time series with models of these
components, the operator's work time before fatigue is predicted, and characteristic areas of variation in his
performance are identified during the work shift.

Keywords: predicting operator performance, mode with «blow-up» periodic component, log-periodic
function, dynamic system, predictive model, time to fatigue.

BBenenue

Tpyn kak ocobas ¢dopMa B3aMMOACWUCTBUSA 4YelIOBEKAa C OKPY’KAIOLIEH NpUPOION SBISETCS
UCKITIOYUTENILHBIM JIOCTOSTHMEM uenoBeka. [loj BIUsSHUEM TpyAa MPOUCXOAaT (OpMHUpOBaHUE U
COBEpIICHCTBOBAHUE CIIOCOOHOCTEH paboTaromero 4ejaoBeKa, CO3/JAIOIIEr0 MaTepHalibHbIE U
KYJIbTYPHBIC IICHHOCTH.

Tpyn B monHOW Mepe cTadl OCHOBHBIM OIpPEISISIIONMM (HaKTOPOM JKHU3HENEATEIbHOCTH
OOJBIIMHCTBA TPYAOCIOCOOHOTO HaceJdeHHs. byayun MHOTOCTOPOHHUM SIBIEHUEM, TPYI C
COIIMAIbHO-9PKOHOMUYECKON TOUYKH 3pPEHHUs BBICTYMAaeT KaK co3JaTelb M Mepa MaTepHUalbHBIX
LIEHHOCTEH, C HAYYHOU CTOPOHBI TPY/ — BaxkHas opMa B3aMMOJICICTBHS YETIOBEKa C OKPYKAIOIIEH
Cpeliol U 11e1eco00pa3HON KOJIEKTUBHOM J1€ATEbHOCTBIO.

CreuunanbHbd pa3zied TUTHEHbI Tpyna (PU3UONIOTUH), W3ydaeT U3MEHEHUs (YHKIUOHAIBLHOTO
COCTOSIHMSI OpraHM3Ma YeJIOBeKa MOJ| BIUSHUEM TPYJIOBOW NEATEIHHOCTH C LIENBI0 pa3paboTKu U
000CHOBaHUS MPOPHIAKTUUECKUX MEPONPUATHH MO0 ONTUMHU3ANWK TPYIOBOrO IpoIlecca,
CHOCOOCTBYIONIMX MOAJCPKAHUIO BBICOKOM pabOTOCIIOCOOHOCTH U COXPAaHEHUsS 370POBbs
YeJIoBeKa.

UccnenoBanuss B 0o6macTy (PU3MOIOTUM TpyJda pPa3BUBAIOTCA MO ABYM HampaBleHUsM. Bo-
MEPBBIX, OTO H3y4YeHHE OOMHUX (PHUINOIOTUYECKUX 3aKOHOMEPHOCTEH B Mpoliecce TpPyAOBOM
NESTETLHOCTH; BO-BTOPBIX, W3y4Y€HHWE KOHKPETHBIX BHUIOB TpyJa C IMLEIbI0 palMOHAIU3AINN
(Hay4HOW OpraHu3alnuu) TPyHoBOro mpoiecca. Du3HoiOTUsS TpyJda MpPU PEHICHUH MPHUKIATHBIX
BOIIPOCOB UCIOJIB3YET JaHHBIE TeX 00JacTel 3HAHUN, KOTOPBIE OMPEIEISIOT OOUIYI0 OPTaHU3AIUIO
MIPOU3BOJICTBA. DTO CBSI3aHO C TE€M, UTO JIF0O0E MeponpusTHe (PU3NOTOTHIECKOTO XapaKTepa MOKET
cTaTh ()aKTOPOM TOBBIIICHUS PAOOTOCTIOCOOHOCTH YeNIOBEKa U YIy4IleHHUs ero (pyHKIIMOHAIBHOTO
COCTOSIHMSI ~ TOJIBKO TIPH  TMPABWIBHOM  TNPUMEHEHUM  TEXHOJOTHYECKHX, TEXHUYECKHX,
OpPraHMU3aIMOHHBIX U IPYTUX CPEJICTB IPOU3BOJICTBA.

3amgaun GU3MONIOTHH TPyJa OXBATHIBAIOT IUPOKUN KPYT BOIPOCOB, BKITIOYAIOIIUN:

— n3ydeHue GU3NOIOTHUECKUX 3aKOHOMEPHOCTEH pa3IuYHbIX BHJIOB TPYAA;

— HccaenoBaHue (pU3NONOTUIECKIX MEXaHW3MOB JUHAMUKH PabOTOCIOCOOHOCTH (YTOMIICHHS)
YeJIOBEKA B TPOU3BOACTBEHHBIX YCIOBHSIX;

— OLIEHKY TSKECTH M HANPSXKEHHOCTH TPYJI0BOTO MPOILECCa;

— pa3paboTKy (U3HOTOTUYECKUX OCHOB HAyYHOW OpraHU3AIMH TPYJa, a UMEHHO, ONITUMU3AIIUS
pabounx ABMKEHUM, paboueil mo3bl, OpraHu3aluy padbouero MecTa, puTMa

TpyJa, peKUMa TpyAa U BHYTPUCMEHHOTO OT/ABIXA;

ens manHONM pabOTHI — pPAacCCMOTPEHHE METOJa TMPOTHO3UPOBAHHUS B PEXKUME PEaTbHOTO
BpEMEHH pabOTOCIIOCOOHOCTH dYelloBeKa-omepaTopa. [l KOHTPOJdS CTENeHW KPUTHYHOCTU
COCTOSIHMSI ~ YE€JOBEKa  METOJ  HMCIIONB3YyeT  PErHUCTPUPYEMYI0 B OHJAWH  peKUMe
anektposriedanorpammy (33I7) omepatopa. [Ipu 3ToM UIsi KOJTMYECTBEHHOW OIICHKU CTEIIEHU
M3MEHEHUs pPaboTOCIOCOOHOCTH oOlepaTopa OCHOBBIBAIOTCS Ha MPEICTABICHHH OIEpaTopa, Kak
«blow-up» TMHAMUYECKON CUCTEMBI.
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O030p JuTEpaTYpHI

Heo0XxonuMbpIM  yCIIOBUEM COBPEMEHHOI'O 3Tala Ppa3BUTUS  CUCTEMHO-KOJIMYECTBEHHOM
(U3MONOTHH LIETIOCTHOTO OpPraHu3Ma, Kak Hay4yHOTO HarpaBiieHUs! (GU3HOJIOTUN YEJIOBEKa, SBISETCS
pa3paboTKa HOBBIX COBEPLICHHBIX METOAOB KOJMYECTBEHHOIO aHaiM3a (PyHKIMOHAIBHOIO
COCTOSIHMSI OpTaHU3Ma 4YeJI0BeKa-oeparopa. OTo JaeT BO3MOXKHOCTh CBOCBPEMEHHO OCYIIECTBIIATh
IMAarHOCTHKY U MPOTHO3MPOBAHHE COCTOSHHI YellOBeKa M MPOBOJUTH MEPONPUSATHS MO OXpaHE H
BOCCTAQHOBJICHHIO €ro 310poBbs. Ilpu 3TOM o0coboe 3HaueHHWe HMEeT NPOTHO3UPOBAHUE
paboTOCTIOCOOHOCTH YeJI0BEKa-0Meparopa B OMACHBIX M OTBETCTBEHHBIX Mpodeccusax (Hampumep,
aBUALIMOHHBIX  JIUCIIETYEPOB, OINEPATOPOB  ATOMHBIX CTaHIMH, MWIOTOB, MAIIWHUCTOB,
cypoBoauteneii u T.1.) [1].

[IpodeccuonanbHast ASSITETBLHOCTh B TAKUX 00J1aCTAX TpeOyeT BHICOKOW CTETIEHN KOHLIEHTPAIIHH,
BHUMATEJIbHOCTH M CIIOCOOHOCTH OBICTPO NPHUHHMMATh PELIEHHs B YCIOBUAX cTpecca. Ommokwu,
JOMYyIIEHHbIE H3-3a CHIKEHHUS PaOOTOCIOCOOHOCTH WJIM YCTaJOCTH OIEpaTopa, MOTYT HMETh
KaracTpouyeckue nociaeICTBU, KaK Ul CaMOro 4eloBeKa, Tak U JJIs OKpyxKaromux [2].

CoBpeMeHHbIE HMCCIIEAOBAHUS IOKA3bIBAIOT, YTO PabOTOCIIOCOOHOCTH Omeparopa IOABEP)KCHA
BIIMSTHUIO MHOTHX (DaKTOPOB, TAKUX KaK MCUXO()U3UOIIOTHIECKOE COCTOSIHHE, PEKUM CHA M OT/ABIXA,
YPOBEHb CTpecca, BO3pacTHbIE U UHIUBUAYaJIbHbIE OCOOEHHOCTH OpPraHu3Ma, a Tak)Ke OCOOEHHOCTH
npodeccruoHanbHOi cpensl [3]. B cBsa3u ¢ aTuM, pa3paboTka METOIOB MPOTHO3UPOBAHHS YPOBHS
pabOTOCIIOCOOHOCTH CTAHOBUTCS Ba)KHBIM HANpaBICHUEM JUIsI MPEeNOTBpAIlEHUs aBapuil u
YPE3BBIYANHBIX CUTYALUM.

D10 ompenenseTr 3amady (pU3NOIOTMYECKOT0 HOPMHUPOBAHUS, BKJIIOYAIONIIETO HEOOXOANMOCTD

BBISIBIICHUS Pa3IMYHBIX YPOBHEM aKTUBHOCTH (PU3HOJOIMYECKMX (QYHKLUH, HaTU4YHE Pe3epBOB
peryisiuyi, WX  XapaKTepUCTHKH, TAaKTUKA  HWCIONB30BaHMA ®  T.0.  Pa3paborka
aBTOMAaTU3MPOBAHHBIX CHCTEM MOHUTOPHHIA IPEACMEHHOro (mpeapadbodero) KOHTPOJS U CUCTEM
MIOCTOSIHHOTO BHYTPUCMEHHOTO TEKYILIEro KOHTPOJs  YPOBHS  pabOTOCIOCOOHOCTH  W/MIU
(YHKIIMOHATIBHOTO COCTOSIHUSL OpraHu3Ma KaXIoro pabOTHHKa, HE3aBUCMMO OT BHAA €ro
JesTeIbHOCTH, MPEJICTaBIsAET KOHKPETHYIO 1eTb 11 (Qu3noioroB Tpyaa. Co3naHue TaKMX CUCTEM
C 0o0paTHOM  CBSI3pI0  MO3BOJIAET  CBOEBPEMEHHO  YCTaHABJIMBATH  HEOJIArONpHUSTHHIE
¢u3noIOrNUecKue M3MEHEHUs, NPOBOJUTH MNPO(UIAKTUYECKHME Mepbl U TEM  CaMbIM
MPEIyNpekaaTh He TOJNBKO HAPYUICHUS COCTOSIHUS 3[J0OPOBbBs, HO U BO3MOXXHOCTh BOSHUKHOBEHHS
aBapuIHBIX CUTYalMi U TpaBMaTHU3Ma.
AKTyalnbHBIM B (DU3MOJIOTHM TPyZAa SBISETCA TaKKe HAIpaBJICHUE, CBSI3aHHOE C BO3MOKHOCTBIO
KOppEeKIMH  (PYHKIIMOHAIBHOTO OpraHW3Ma 4YellOBeKa pas3iINYHBIMH  TPAJAWIWOHHBIMH U
HETPAJAULMOHHBIMU MeToaMu. OTCyTCTBME HaydyHO OOOCHOBAaHHBIX pPEKOMEHJAlUi 1Mo HX
OpTaHU3aINH, OCHAIEHUIO U (PYHKIIMOHUPOBAHHUIO MOXET TPUBECTH K 3HAYUTEITLHOMY CHIDKEHHIO
WIA OTCYTCTBUIO MOJIOXKUTENBHOTO 3¢ dexTa. AnpoOarus U Nocieayolee BHEAPSHHE PA3TUIHbIX
CPEACTB KOppPEeKUUH (YHKIMOHAIBHOIO COCTOSIHMS JIOJDKHBI IMPOBOJUTBHCS C YYETOM BHJA,
crienu(UKA TPYIOBOH IEATEILHOCTH, WHANBHYaTHHBIX 0COOCHHOCTEH U COCTOSHUS 37I0POBBSI.

TpaauumoHHBIE TOAXOABI K OLEHKE paboTOCHOCOOHOCTH BKJIIOYAIOT CYOBEKTUBHBIE U
OOBEKTHBHBIE METO/BI, TaKHE KaK CaMOOIEHKA, MOHUTOPHHT (DU3MOJIOTUYECKHUX I1apaMeTpoB, B
YaCTHOCTH aKTUBHOCTH Mosra [4]. M3ydeHue akTMBHOCTM MO3ra, IyTe€M, HalpuMep, OHJIaiH
KOHTPOJIS ero aJieKTpodHuedanorpamMmsl (3317), OTKpeIBaeT HOBbIE NEPCHEKTUBBI ISl pa3padOTKU
0osiee TOYHBIX M MEPCOHATU3UPOBAHHBIX IPOTHO30B PabOTOCIIOCOOHOCTH YEJIOBEKA-OIepaTopa B
pabouux ycnoBusx [5].
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PaboTocnocoOHOCTh — BEIMYMHA TUHAMUYECKAs U MOXKET U3MEHAThCS B T€UCHHUE paboyero JHs,
CMEHBI WJIA B 3aBUCUMOCTH OT MHAUBUAYAJIbHBIX OMOPUTMOB oriepaTopa [6].

BaxHO yuuTBIBaTH HE TOJBKO TEKYIIMHA YPOBEHb PabOTOCIOCOOHOCTH, HO M €r0 JAMHAMHKY.
PaboTocnocoOHOCTh OLIEHMBAETCSl PA3TUYHBIMU TOKA3aTeIsIMUA, B YACTHOCTH PE3YJIHTaTOM CaMOIo
TpyJa IO MPOU3BOAUTEIBHOCTH, A(P(HEKTUBHOCTH, CKOPOCTH pPaOOThI, SKCIEPTHOW OLIEHKE
npoecCHOHaNbHOM NEeATENbHOCTH, a TaKKe I0 TOoKa3aTesAM, OTPaXarolMM (QYHKIIHOHAIbHOE
coctosiHMe 4enoBeka [7]. PabGoTocmocoOHOCTH B TIpolecce TPYAOBOM JEATEIBHOCTH HMEET
HECKOJIbKO (ha3 WIIM CMEHSIIOIIMX IPYT JApyra cocTosiHUM yenoBeka. [lepBoiil u3 Hux sBisiercsa ¢aza
«BpabaThIBAEMOCTHY, MJIM HAPACTAIOUINIA MEPUOJT pabOTOCIOCOOHOCTH.

Crnenyronuii mepuog — (a3a BBICOKOHW YCTOWYMBOCTH PAOOTOCIIOCOOHOCTH, OIPEACTSAETCS
CTa0MJIBHOW YCTOHYMBOM JEATENBHOCTBIO MpPHU ONTHUMAIBHOM aJIeKBaTHOM SHEPreTUYECKOM
obecriedenun [8]. Ileproa BBICOKOW yCTOMUMBOW pabOTOCTIOCOOHOCTH CMEHSET (ha3za CHIDKEHHS
paboTocrnocoOHOCTH, KOTOPasi CBUAETEIbCTBYET O PA3BUTUN YTOMIICHUS B PETYJIHUPYIOIINUX 3BEHBSX,
YXYALIEHUU SHEPreTUKH opraHuzMa u T.1. Da3Has nWHAMUKAa W3MEHEHUs paboTOCIocOoOHOCTH
XapakTepHa Kak JJis1 IepBOW MOJOBUHBI pabouero AHs (T.e. 10 obena), Tak U AJs BTOPOW — mocie
00eIeHHOTO TTepephIBa 10 KOHIIA CMEHBI [9].

Bo Bropoii momnoBune pabouero nHs (aza BpabaThIBaEMOCTH Kopoue IO BpeMmeHH, (asa
YCTOMUMBOM pabOTOCIIOCOOHOCTH HECKOJBKO HIKE 10 YPOBHIO M MEHee JIuTenbHas, a (asa
CHIDKEHHUS pabOTOCIIOCOOHOCTH HACTYyIAeT paHblle, pa3BUBaeTCs ObicTpee U 0o0Jiee BBIPAXKEHO €ro
CHIDKEHHE 10 CPAaBHEHUIO C IIEpBOM MOJ0BUHON cMeHbl. IHOrAa B KoHIle cMeHBl, 3a 20—30 MuH 10
€e OKOHYAHHUS, OTMEYAeTCs KpPAaTKOBPEMEHHOE IMOBBIIICHHE pabOTOCTIOCOOHOCTH, Ha3BaHHOE
«KOHEYHBIM MTOPBIBOM.

Takum oOpa3oM, TpyJaoBas NESATEIbHOCTh YEJIOBEKA OCYLIECTBISETCS, MPEXIe BCEro, 3a CYeT
(bopMHpOBaHHS TUHAMUYECKUX MO3TOBBIX CHUCTEM, OMPEAEISIOIINX COBOKYIMHOCTh NMCHUXHYECKHUX
MIPOIIECCOB, pa3HOOOpa3HbIe JBUraTeIbHbIE AKThI, YCHJICHHYIO paboTy CUCTEM >KHU3HEOOeCTeueHus
OpraHusMa M 00ecleyMBaIOUINX ONTUMAIBHYI0 X KOOPJAMWHALUIO B JOCTHKEHUHM KOHEYHOM Iienu
[10].

CoBpeMeHHbIE CUCTEMBl MOHUTOPUHIA (U3MOJIOTMYECKUX MNapaMeTpoB (HAIpUMEp, YacCTOTHI
CepJCUHbIX COKpAallleHUH, YPOBHS KOPTH30Jla, MO3TOBOW AaKTUBHOCTH) IO3BOJISIIOT OTCIIEKUBATh
YPOBEHb PpabOTOCHOCOOHOCTH B PEXUME PpEATbHOTO BPEMEHU. OTO JaeT BO3MOXKHOCTh
CBOEBPEMEHHO IMPEIYyNpekaAaTh oreparopa 0 HEOOXOIUMOCTH OT/IbIXa MM KOPPEKLUH MOBEICHUS
U1 ipeAoTBparieHus omuook [11].

Unes «blow-up» cucrem mnpemnoxkena B [12] u mogpobno um3noxena B [13]. CyTtb wunmeu
3aKJIIOYAeTCs B MPEACTABIEHUU KOHTPOJIUPYEMOTO CHUTHANla, XapaKTepU3YIOLIEro COCTOSHHE
IUHaMuueckol «blow-up» cucTembl, Kak CyMMYy MOHOTOHHO W3MEHSIOIIErocs TpeHaa u
HaKJIaIbIBAIOLUXCS HA HETO JIOT-MEPHOIUYECKIX KOIeOaHuH.

Acym=Arp+Amngp (1)

Mogenb TpeHaa Arp (2) comepskuT YeThIpe HeM3BecTHRIX: A, B, T, <.

Ap = A+ B(T -4 ()
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IIepuonnueckas cocraBisronas Az BBIICISETCS W3 KOHTponupyemoro curHama (1),
MOCPEJICTBOM MPUMEHEHHSI «OBICTPOT0» AITrOPUTMa IKCTpEeMaIbHOM QuuibTpanuu [14] (BeipaxeHue

3)).

Appg=—025Aonpg 1 +0.54cn — 0. 25 Ampan 3)

[Tepuonnueckas COCTaBIISIIOLIAS Aer ONUCBHIBACTCS MOJIeIbI0 (4) Tak e C YeTbIPbMS

HEU3BECTHBIMHU MapaMerpamu: &, '133'1 T, C:

AHEF=C-cns{m-Ln(T—Ij—cp)’ @

['maBHBIM M3 ITHX HEU3BECTHBIX SABJISIETCS oOIIee g 00enx Mojenei Bpemsi 7, Ha3bIBaeMOE
MOMEHTOM ob6ocTpenus. [lo Mepe npubImkeHus Tekyuero Bpemenu t ko BpemeHu 7 BbIpak€HUE B
ckoOkax B (2) u (4) crpemurcst Kk Hymo. Ha mpakTuke 3TO 03HAYaeT, YTO COCTOSIHHE CHCTEMBI,
¢byHKIHOHHMpYIOWIEH B «blow-up» pexumMe, UCUEpIIBIBask CBOW pECypc, CTPEMUTCS K KPUTHIECKOMY
COCTOSIHUIO, COIPOBOXKJAIOIEMCSI pa3pyLIeHUEM WM PaJAUKaIbiM H3MEHEHHEM 3aKOHAa CBOEro
pazButus [12] TIpuMEHHTEIBHO K YENOBEKY-OIEpaTopy MPHOIMKCHUE BpeMeHH paboThl t KO
BpeMeHU 7 SKBHMBAJEHTHO MCYEPIAHUIO pecypca 4YeJOBEYECKOI'O OpraHu3Ma, 4TO HPUBOJIUT K
najieHue ero pabOTOCIOCOOHOCTH YEJIOBEKAa /0 YpPOBHsS, HE IO3BOJISIOIIETO KaueCTBEHHO B
COOTBETCTBUH C KBAIMKAIIMOHHBIMU TPEOOBAaHUSMH BBIIIOJIHATH IPOU3BOJCTBEHHOE 3aJJaHHeE.

CornacHo MmeToauKke, BpeMs 7 pacCUMTHIBAIOTCA MpU MUHMUMM3AnUHU pasHuisl U (5) mexny
IKCIIEPUMEHTANBHO ompezesieMbiM TpeHaoM OO0 (curnamom Acyy (1)) u  pacdeTHbIME
3HaYeHUsAMU Mojenei (2) u (4).

)

U= i I:.Aﬁ«M - Aﬂ, - ﬂPER,.] => tmin . (5)

Pe3yabTaTsl U MX 00Cy:KI€eHUE

Lenbro SKCIIEPUMEHTATIBHBIX UCCIIEAOBAaHUM OBIJIO ONpesieleHne BO3MOKHOCTH HCIOIb30BAHUS
OTIpe/IeNIIEMOr0 B pexXuMe oHJalH curHana D3I s oleHKH HaJeKHOCTh paboThl onepaTopa, Kak
KJIFOYEBOTO M OTBETCTBEHHOI'O MTPOU3BOJICTBEHHOTO 3BEHA.

[Ipu anammse curnana D21 cTaBuiachk 3ajava MO BBISIBICHHUIO BapHaIluu paOOTOCIIOCOOHOCTH
orneparopa Ha TMPOTAKCHUMU CMCHBI IIPU BBIIIOJIHCHHU OTBETCTBCHHOI'O ITPOU3BOACTBECHHOIO
3aJlaHusl.

I'papux D3I, mnomyyeHHBI 1O pe3ysibTaTaM JUCTAHLMOHHBIX HW3MEPEHUH CHUTHaja,
TeHepUPYEMOTr0 MO3TOM YelIOBEKa-oIeparopa, NpuBe/ieH Ha pUCyHKe | a).
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Pucynok 1 — DnekrposHiedanorpamMmma yenoBeka-omneparopa: A — ucxoanas 9917
b — anmpoxcumarus 931" mporao3HO MOAEIbI0 AMOJT

[Ipu ob6pabotke D3I, mocpeactBoM muHHUMH3AUK (QyHkuoHana U (5), BBITOIHEHHOW ¢
MOMOIIIbI0 KOMITBIOTEPHOM MPOTPaMMBbl, BBIBIISIIMCH XapaKTEepPHbIE JJIs OlepaTopa BapHallM €ro
paboTOCIIOCOOHOCTH (PUCYHOK 2).

Kak crnexyer u3 pucyHka 2, cMeHa HauMHAJIACh C Y4acTKa «BpadaThIBAEMOCTH» JTUTEIBHOCTHIO
1 "ac, B Te4eHUU KOTOPOro (K 9-TM yacam) ypoBeHb pabOTOCIIOCOOHOCTH MO3BOJISIT KAYECTBEHHO
paborate 10 15 wuacoB nHsA. IlpeomoneB B paiione 11 wyacoB «mnpenoOeneHHBIN» craj
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paboTocrnocoOHOCTH, B MTOCIIC00EIEHHOE BpEeMs OTIEpaTOp BHIIIET HA YPOBEHb pabOTOCTIOCOOHOCTH,
00ecreunBarOIINN BBIITOJIHEHUE ITPOU3BOICTBEHHOTO 3aJJaHus, B cpeiHeM, 10 18 acoB qus. Jlanee
ONEpaToOp  HCIBITAl THUIOBYKD  «yCTAJIOCTh B  KOHIIE CMEHBI»,  CONPOBOXKIABIIYIOCS
KPaTKOBPEMEHHBIM MO HEMOM PabOTOCIIOCOOHOCTH — «KOHCUHBIM TIOPHIBOM.

23f

= * yuacTok BbIcOKO# paGoTocnocobHocTH
21} S A e el N R S
20 A S R b LA SRR ThE (S - (F e nopHB'"

-
w0

BpaGateiBaeMocTe ¥

np'enoﬁenenuanﬁ- . ; 5 B KOHUe
" YCTanocTb - IR SOOI VRO, - SOOI

Mporxos paborocnocobHocT Tnp,yac
—
(4}

8 9 10 M 12 13 14 15 16 17
Mepuog HabnoageHus THab,uac

Pucynoxk 2 — [Iporno3s Bapuaiust paboTOCIIOCOOHOCTH OIlepaTopa Ha MPOTSHKEHUH pabouelt CMEHbI

Huxe NPUBOJNATCS «IIpotokou...», JTOKYMEHTUPYIOIIMA  PE3yJabTaTbl  KOHTPOJIS
paboTOCIIOCOOHOTO COCTOSIHUS OTepaTopa MpPU OKOHYAHMHM CMEHBI Ha y4YacTKax: «ycTaJoCTH B
KOHIIE CMEHBD) U «KOHEUYHOT'O MOPBIBA.

IMTPOTOKOJI
IPOrHO3a paboTOCIIOCOOHOCTH oIepaTopa

||  Bpewms nporHoza ||
| 16.21 gac I

I[TPOT'HO3:

[IporHo3 Hanbonee BEPOATHOM TUTETHLHOCTH pabOTHI 10 YCTAIOCTH COCTABIISET:
15.24 gac
Y U3MEHSIETCS C IOBEPUTEIbHOM BEpOATHOCThIO P=0.95 B cnenyromux rpaHunax:
ot 15.12 no 15.37 gac

kkhkhkhkkhhkhkhkkkkhkhihikikik

||  Bpewms mporHoza ||
| 16.31 gac I
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ITPOT'HO3:

[TporHo3 Hanboee BEpOSATHOM UTUTETHLHOCTH PadOTHI 10 YCTAIIOCTH COCTABIISCT:
13.31 gac
Y U3MEHSIETCS C IOBEpUTEIbHOM BeposTHOCThIO P=0.95 B cienyromux rpanuiax:
ot 13.11 no 13.42 ygac

*khkkhkkhkhkkhkhkhkhikikikx

||  Bpems nmporuoza ||
I 16.47 gac I

[TPOT'HO3:

[Tporuo3 Haubosee BEpOSATHON JAIUTEIBHOCTH PAOOTHI IO YCTAIIOCTH COCTABIISCT:
16.23 yac
U U3MCHSIETCS C JOBEPUTEIIBHOM BeposATHOCThIO P=0.95 B cienyromux rpaHuiax:
ot 16.21 no 16.25 gac

*hhkkhkkhkhkkhkkhkhkikhkhkiiikkik

||  Bpewms mporHoza ||
I 17.00 wac I

ITPOT'HO3:

[IporHo3 Hanbonee BEpPOATHOM JIUTEIHLHOCTH PabOTHI 10 YCTAIOCTH COCTABIISET:
18.24 4vac
Y U3MEHSIETCS C IOBEPUTEIHHON BeposATHOCThIO P=0.95 B ciemyrommx rpaHumnax:

ot 18.12 mo 18.30 uac

Taxkum 06pa3zom, MpUBeIEHHBIE BBILIE PE3yJIbTaThl KOHTPOJIS BapHaluuu curiana 231" B pexxume
pEeaIbHOTO BPEMEHH SIBIISIFOTCS IOCTATOYHO HATJISIIHBIMHU, MTO3BOJISIOIIUMU CIEIUTh 32 U3MEHEHUEM
paboTOCIOCOOHOCTH  YeJIOBEKa-oleparopa Ha MPOTHKEHMHM Bce pabodyeld CMeHBl. ITo
CBUACTENBCTBYET 00  A(P(PEeKTUBHOCTH  PACCMOTPEHHOM  METOAMKHM  MPOTHO3UPOBAHUS
paboTOCIIOCOOHOTO COCTOSIHMSI 4YeJOBE€Ka B MPOIECCe BBHIMOJIHEHUS WM IPOU3BOACTBEHHOI'O
3aJlaHusl.

BriBoabI

Hayunasi HOBU3Ha MONyYEHHBIX PE3YJIBTATOB 3aKIIOYAETCS B TOM, YTO JEHCTBYIOIIHUE METOMIbBI
KOHTPOJISI IO 3JIEKTpodHIIearorpaMmme paboTOCIOCOOHOCTH orepaTopa yCOBEPIIEHCTBOBAH, BO-
nepBbix, DI paccMarpuBaeTcs, KaKk BPEMEHHOU psifi M, BO-BTOPBIX, 3TOT PSAJl aHAJIU3UPYETCS B
MPEANONOXKEHUH O TOM, YTO IOBEJIEHHUE OIlepaTopa B MPOU3BOACTBEHHON cpeie MpaBOMEPHO
paccMaTpuBath, Kak moBeAcHUE «blow-up» CHCTEMBI.
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[IpakTnyeckass 3HaYMMOCTH TOJYYEHHBIX PE3yJbTaTOB OTKPBIBAET HOBBIE IMEPCHEKTUBBI AJIS
pa3paboTku 0Oojee TOYHBIX M TEPCOHAIM3MPOBAHHBIX IPOTHO30B MOMEHTA HapyLICHHS
paboTocrnocoOHOCTH YeJI0BeKa-oIeparopa, KaK Haubosee KPUTUYHOT'O 3JIEMEHTa
IIPOU3BOJICTBEHHOU CHUCTEMBI.

[lepcnexkTrBaMu JaNbHEUIINX MCCIECIOBAHUN SIBISETCA AAJIbHEHIEE M3Yy4EHUE BO3MOKHOCTHU
MCTOJIB30BaHUS pa3pabOoTaHHOW METOAMKH Ui MPOTHO3UPOBAHUS PabOTOCIIOCOOHOCTH oreparopa
B PEKUME pealbHOI0 BPEMEHHU, OCYILECTBISIEMOI0 HENOCPEACTBEHHO B ONACHBIX Ul OllepaTopa
pabouux ycIoBHsIX.
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DEVELOPMENT AND EXPERIMENTAL VERIFICATION
OF ADIGITAL POWER PLANT TRAINING SIMULATOR BASED ON C++
AND UNREAL ENGINE 5 (A CASE STUDY OF THE KAPCHAGAY
HYDROELECTRIC POWER PLANT)

Tsoy A.A., Shepovalov D.P., Yevstifeyev* V.N.

JSC "Institute "KazNIPIEnergoprom", Almaty, Kazakhstan
e-mail: yvladimirn@gmail.com

This paper examines the development and application of the Power Plant Simulator software suite
designed for training and drilling operational personnel at energy facilities. The relevance of the study is
driven by workforce shortages and increasing safety requirements for plant operation, under which
traditional training methods do not provide sufficient practice in emergency and off-normal modes. The
objective of the research is to create a digital training simulator that enables realistic real-time
reproduction of power plant processes and provides a user-friendly human - machine interface. The
methodological framework includes analysis of international experience and standards in simulator-based
training, mathematical modeling of power plant processes, 3D modeling of equipment, and experimental
verification through scenario-based testing. The solution architecture is implemented as a modular system
with a C++ computational core and a visualization subsystem integrated with Unreal Engine 5, providing
photorealistic graphics while maintaining interactivity. As a pilot case, a digital twin of a hydro unit at the
Kapchagay Hydropower Plant was developed, including detailed models of the turbine, generator,
auxiliary systems, the machine hall, and the control console. Verification of model adequacy demonstrated
small deviations of key parameters from reference data: in nominal operation, the power discrepancy was
within a few percent, while for transient processes (e.g., water hammer during rapid closure of the wicket
gates) the deviation was on the order of up to 5%. The system supports training in basic operations,
drilling of procedure-based actions in emergency modes, qualification assessment, and scenario-based
sessions with logging of trainee actions. In addition, the results show that a purely software implementation
without specialized hardware control panels reduces deployment barriers and improves scalability for
educational institutions and industrial enterprises. Recommendations are provided for deploying domestic
digital simulators to enhance training effectiveness, ensure knowledge continuity, and attract young
specialists to the power sector.

Keywords: digital training simulator; power engineering; operational personnel training; hydropower
plant; mathematical modeling; 3D visualization; emergency modes; model verification; human -machine
interface.

B cmamve paccmampueaemcs pazpabomka u npumenenue npocpammno2o komniexca Power Plant
Simulator, npeonasnauenno2o 015 0OyYeHus U MPEHUPOSKU ONEePAMUBHO20 NEPCOHANA IHEPLeMUYECKUX
00bekmog. AxmyanvHocms pabomel 00YCLO6IEHA KAOPOBLIM Oeuyumom u pocmom mpebo8aHuil K
bezonacHocmu SKCRIyamayuu, npu KOMOPbIX MpaouyuoHHble Memoobl 00yHeHUs He 0Oecneyugaom
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00CMamo4Hol RPAKMUKY ABAPULIHBIX U HEWMAMHBIX pexcumos. Llens ucciedosanus cocmoum 8 co30anuu
yugpposoeo mpenadicépa, obecneuusarOeco pearucmuiHoe 60CNpoU3sedeHUe NPoYeccos INEeKMmpoCmanHyul
8 peanibHOM 8peMeHU U YOOOHbLU 0Jis NOIb308aMeA Yel08eKO-MAMUKHbIL unmepghetic. Memodonozuueckas
O0CHOB8A BKNIOYAET AHAIU3 MUPOBO2O ONBIMA U CIAHOAPMO8 CUMYAAMOPHO20 00VHeHUs, MAMeMAUYecKoe

MOOenuposanue npoyeccos IHepeoycmanosok, 3D-moodenuposanue 060pyo008anus u IKCNEPUMEHMATLHYIO
sepugurayuio cyeHapuaMu. Apxumexkmypa pewileHus peanu308aHa KAK MOOVIbHAA ~CUCMEMA C
sbruucaumenvivim ssopom Ha C++ u nodcucmemoul susyanuzayuu, unmezpuposannoti ¢ Unreal Engine 5,
umo obecneuusaem HomorearucCmuyHylo epa@uxy npu coxpamenuu ummepaxmueHocmu. B xauecmee
nUIOMHO20 00beKma co30aH yugposoli 06ouHuK eudpoacpecama Kanuaeatickou [OC, exmouas
0emanu3uposanHvle Mooeu mypouHsl, 2eHepamopd, 6CHOMO2AMENbHbIX CUCHEM, MAWUHHO20 341d U
nynisma ynpasnenus. Bepugukayus adekeamnocmu nokasania Maivle OMKIOHEHUs KII04eabix Napamempos
OM CNPABOYHLIX OAHHBIX. Ol HOMUHANLHO2O DENCUMA PACXONHCOeHUe MOWHOCMU COCMABUNO MeHee
HEeCKOIbKUX NPOYEHMO8, d 015 Nepex00HbIX Npoyeccos (Hanpumep, euopoyoap npu 6bICMpoM 3aKpbImuu
Hanpaeisowezo annapama) — nopsoka 00 5%. Komnnexc noooepaicusaem odyuenue 6a308biM onepayusm,
ompabomky Oelucmsull no pelameHmam 6 AGAPUIIHBIX PEetCUMAX, OYEeHKY Kealupuxkayuu u cyeHapHoe
3anamue ¢ pecucmpayueli Oeucmeuti o00yuaemozo. [[ONOIHUMENbHO NOKA3AHO, YMO NPOSPAMMHAS
peanusayus 6e3 CneyuanrusupOBaHHsIX annapamublx nyJIbmoe cHudxdcaem 6apvepsl 6HeOpeHUs U noguiuiaen
Macwmabupyemocms  peuieHus 01a  yuyeOHwvlx opeanusayuti u npeonpusmuti. CgopmynupogaHul
peKomeHoayuu Nno  GHEOPEHUl0  OMeYeCmBEeHHbIX  YUPPOBLIX — MPeHadcépos  ONid  NO6bluleHUs
aghpexmusHocmu n0020MOBKU KAOPO8, 0becneyeHuss NPeeMCmMEeHHOCMU 3HAHULL U NPUBTIeYEHUsT MOJI0ObIX
Ccneyuanucmos 6 ompacibv.

Knioueevie cnosa: yugposoii mpenadxcép, sHepeemuxa; NOO20MOBKA ONEPAMUBHO20 NePCOHANd,
2UOPOINEKMPOCMANY U, Mamemamuyeckoe molenuposanue; 3D-euszyanuzayus, asapuiiHvle pexdcumbl;
sepudurayus Mooenu, 4er08eKo-MauuHHbli unmepgelic.

Maxanaoa snepeemuxanvly HbICAHOAPOLIY JHcedell NEePCOHANbIH OKbUMY HCIHE HCAMMBIKMbIPY VUL
apnanean Power Plant Simulator 6az0apramanvi xewienin 23ipaey dcaHe KOAOAHY KaApACMbIPbLIAObL.
JKymvicmoly — o3exkminiei Kadp MAnubLIbIZbIHbIY — OAUKATYbIMEH JiCoHe Naloalany Kayincizoieine
KOUbLIAMblH Maianmapovly apmyblMeH atKblHOALaobl, MYHOAl Xca20atioa 0acmypii oxvimy adicmepi
ABAPUATILIK JICIHE WMAMMAH BIC PeHCUMOePOi dHcemKinikmi Oeyeellde NPAKMUKATLIK NblCLIKMAYObl
Kammamacelz emneuoi. 3epmmeyoiy maxcamvl — J1eKMp CMAHYUACHL Npoyecmepin HAKMbl VaAKbLM
Ppedcuminde WblHAlbl mypoe Kauma OHOIpemin JicoHe NAUOANAHYUbIZA  bIHRAUIbL  A0AM—MAUUHA
unmepdeticin  ycolHamull Yuppavlk mpenasicep Kypy. OOICHAMANLIK He2i3l CUMYISMOPIbIK OKbIIY
OotibiHWa 271eMOIK madicipube MeH CmMandapmmapovl mandayosl, SHEPLOKOHOBIPELLIAD NPOYecmepin
MAMEeMaAmMuKambly — MoOoeaboeyoi,  dcabdvikmuly  3D-molenvoeyin — ocone  cyeHapuiiiep  apKblibl
aKcnepumenmmix eepugpuxayusnol Kammuowl. Hlewin apxumexmypacer C++ mininoezi ecenmey s0pocul
aicone Unreal Engine 5-nen unmezpayusnanean eu3yaiuzayust iukixcytieci oap mooynvoix jcyiie peminoe
icke acvipvlican, Oy UHMEPAKMUSMINIKMI cakmai omulpuln hOMopearucmix paguransbl Kammamacsi3
emedi. [lunommuix 0o6vexm peminde Kanwazau ['DC-iniy eudpoacpecamvinbly yu@dpavix e2izi 23ipaenoi,
ogan mypouna, 2enepamop, KOCAiKbl JHCylenep, Mauuna 3auvl Heane 6acKkapy nyibmiHiy e2oiceli-meiceiini
MoOenvoepi  eneizindi. AO0exeammulibliKmbl GepUPUKAYUAIAY Hezizel napamemprepoiyy aHbIKMAMAbIK
depexmepoen a3 eaHa ayblmMKYblH KOPCemmi. HOMUHANObIK PEeNCUM YULIH Kyam OOUbIHWUA alibpMAULBLIbIK
Oipneute naiviz0an acnaovl, Al emnesi npoyecmep Yuin (Mulcaivl, 6ALIMMAYUbL ANNAPAMMbL HCHLIOAM
acaby Kesindezi 2udpoyoap) — wamamen 5%-ea Oetiin 6010b1. Kewen necisei onepayuaniapovt 0Kbimyobl,
asapusiivlK pescumoepoe peziamernmmep OOUbIHWA apeKemmepol NblCbIKMAyobl, OLLIKMIKmi 6a2anayovl
JICOHE OKYWIbIHbIY dpeKemmepin mipKeyMeH CyeHapuilix cabax emxizydi xondatiovl. Convimen xamap,
MAMAHOAHOBIPLLIZAH —aNNApammuly nyIemmepciz 0a20apramanvly icke acvlpy eHei3y Kedepeinepin
momenOemin, OKy YUublMOapbl MeH KICINOpubIHOAp YWiH WeWiMHIY MACUMAadmanyvii apmmblpamblHbl
xkepcemindi. Kadp oaspnayovly muimoiniein kemepy, OLIIMHIY caOAKMACMbIbIH KAMMAMACHL3 €My JHCIHe
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canaza xHeac Mamanoapovbl mapmy MaKcamvlHOa OMAaHObIK YU@PAblK mpeHadxcepiepoi enzizy OoublHua
YCBIHBIMOAD MYACLIPLIMOANODL.

Tyitinoi ce3dep: yupprvik mpenadicep, HepeemuKa, Hcedel NePCoOHANObl OAAPAAY;, SUOPOILIEKMP
CMAHYUACHL, MAMeMamuxanvl —mooemvoey, 3D-eusyanuzayus;, agapusanvly pexcumoep, Mo0envoi
sepuuxayusaiay; adam—mauwuna unmepgeuci

Introduction

The power industry is experiencing an acute need for modern workforce training methods.
Traditional approaches to training are increasingly being replaced by digital simulators capable of
interactively reproducing the operation of energy facilities. This paper examines the development
and application of the “Power Plant Simulator” computer program - a digital power plant
simulator developed by the KazNIPIEnergoprom Institute and intended for training operational
personnel. An analysis of the literature and existing solutions shows that full-scope simulators
with a realistic human - machine interface are widely recognized worldwide as an effective tool for
personnel training [1]. The paper describes the study objectives and object, the methodology for
creating a digital power plant model (using a hydro unit as an example), and its integration with a
modern graphics engine. Early prototypes demonstrated high model fidelity, with minimal
deviations from reference calculation data. The simulator enables real-time visualization of
equipment operation and allows personnel to rehearse actions under both normal and emergency
conditions. Based on the research results, recommendations are formulated for implementing such
simulators at domestic energy facilities to improve training efficiency, ensure continuity of
knowledge transfer, and promote the industry among young specialists.

Electric power engineering is one of the fundamental sectors underpinning the functioning of
the modern economy and society. Reliable and safe operation of power plants is directly
determined by the qualifications of operational personnel. In recent years, however, many
countries have faced a shortage of experienced staff in the energy sector. In Kazakhstan and Russia,
engineers and operators of the older generation are gradually retiring, while the inflow of young
specialists is not sufficiently rapid. According to industry studies, energy companies are now
confronted with a dual challenge: on the one hand, they must maintain a high level of qualification
among existing personnel to ensure the safe operation of current power systems; on the other hand,
they must prepare staff to address future tasks amid technological change [2-4]. This workforce
challenge is also relevant for the national power sector.

At the same time, requirements for safety and efficiency in the operation of energy facilities
continue to increase. Even minor operator errors can lead to serious disruptions and accidents;
therefore, high-quality personnel training is a key prerequisite for power system reliability.
Traditional training methods - on-the-job apprenticeship based on “observe and remember,”
as well as learning from textbooks and lectures - no longer fully meet modern requirements [5,
6]. First, such approaches are time-consuming and often do not allow trainees to practice off-
normal situations without risking equipment. Second, the new generation of specialists perceives
information differently: young people who grew up in the digital era learn more effectively
through interactive computer environments, 3D graphics, and real-time visualization. Accordingly,
training systems must evolve to reflect these characteristics.

A modern solution to this problem is the use of realistic simulation-based training systems -
software and hardware complexes that model power plant processes in real time. Global practice
has relied for decades on full-scope simulators for training personnel at thermal, hydro, and nuclear

45



N3BECTHUS HAYYHO-TEXHHUYECKOI'O OBIIIECTBA «KAXAK», 2025, Ne 1-2 (83)

power plants, as well as in grid companies. Today, full-function simulators that reproduce the
characteristics of the real facility and the familiar control interface are considered a standard tool
for training operational staff worldwide [7]. Research confirms that simulator-based training
significantly improves skill quality: in particular, practicing various off-normal scenarios in the
safe environment of a simulator allows operators to acquire the necessary experience much faster
and without risk to equipment [8]. In essence, a modern operator training simulator is one of the
most effective means of preparing personnel to operate a plant under diverse dynamic regimes,
accelerating the development of professional competencies [9].

In view of the above, the relevance of this study is driven by the power industry’ s need for
innovative approaches to personnel training and drilling. Digital power plant simulators help
address the challenge of transferring knowledge from experienced specialists to the younger
generation in a clear and interactive format, while also supporting safety by enabling the rehearsal
of actions in conditions that emulate real emergency situations without risk to people or
equipment. In addition, realistic visualization of the training process increases the motivation and
engagement of young specialists, contributing to workforce inflow into the industry. Within the
framework of the state-level energy digitalization agenda, the adoption of such training
technologies aligns with the priorities of the industry’ s innovative development.

The research methods are based on an interdisciplinary approach and include analysis of
scientific and technical literature, system modeling methods for power installations, computer-
based three-dimensional modeling of equipment, and experimental verification of the developed
simulator using test scenarios. Model development relied on object-oriented programming (C++),
3D graphical visualization, and numerical methods for solving systems of equations describing the
dynamics of power units. To assess model adequacy, simulation results were compared with
equipment nameplate data and with calculated reference examples from the literature.

Thus, the introduction substantiates the relevance of the study and formulates the aim, object,
and methodological basis of the work. The next section provides a literature review on simulation-
based training systems in the power industry, followed by a description of the simulator
development process and a discussion of the results obtained.

1 Literature Review

1.1 Global Experience in the Use of Simulators in the Power Industry

Simulation-based training systems for power enterprises initially achieved their greatest
development in the nuclear power sector, where safety requirements are the most stringent. As
early as the 1980s, many countries operated full-scope simulators of nuclear power plant main
control rooms, fully reproducing instrument panels and responding to operator actions. Experience
in the nuclear industry demonstrated the effectiveness of such systems in preventing errors:
operators trained on simulators are better prepared for off-normal situations and are less likely to
take incorrect actions in real operating conditions. Following nuclear power, this approach was
extended to thermal power plants (TPPs) and hydroelectric power plants (HPPs). To date, the use
of simulators for personnel training has become a de facto standard in global power plant
operation practice [10]. As experts note, no other form of training can convey the experience of
controlling a complex technological facility as realistically and safely as a high-fidelity simulator
with an accurate model and interface.

A full-scope simulator typically implies accurate reproduction of the characteristics of the
controlled object (the generating unit) and the standard human - machine interface (HMI),
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including control panels, consoles, and displays of information systems [1]. In other words, the
trainee sees the same instruments and controls as at the real workplace, while the underlying
software model simulates the plant’s response to every operator action. The global industry has
established requirements for such simulators. For example, the American Nuclear Society issued
the ANSI/ANS-3.5 standard defining technical requirements for nuclear power plant simulators
(real-time operation, deviations of key parameters from reference values not exceeding specified
limits, etc.). IAEA guidance documents also emphasize the necessity of using simulators in
personnel training as an element of safety culture. Thus, by the beginning of the 21st century, a
well-established global practice had formed: before an operator is allowed to work independently at
a power plant, they must undergo training and skills assessment on a simulator.

1.2 Industry Standards and Requirements for Simulators

In the post-Soviet space, the development of simulator-based training technologies followed its
own path, building on the legacy of the Soviet era. In the USSR, regulatory provisions adopted in
the 1970s laid the foundations for simulator development in the power sector. At the level of the
Ministry of Energy, methodological guidelines were prepared describing the principles for
building all-mode simulators — systems capable of reproducing both steady-state operating
conditions of a generating unit and transient processes up to and including emergency situations.
These documents ensured a unified approach to developing simulators for TPPs, HPPs, NPPs, and
power grids, which made it possible by the 1980s to deploy training complexes at many large
energy facilities. In modern Russia, this area continues to evolve. For example, the specialized
company JSC “Simulators of Power Plants and Networks” (JSC “TEST”) has, since the late
1970s, developed and implemented dozens of simulation-based training systems for various power
plants. The development of such systems takes into account compliance with state and industry
standards and regulations, including standards for modeling generating units and the requirements
of the supervisory authority (Rostekhnadzor) for personnel training, among others. All modern
simulators undergo certification procedures confirming their quality and compliance with
requirements. In particular, simulator complexes must provide high adequacy of the physical
model (accurately reproducing the dynamics of the prototype unit), model automatic control
systems, include training tools (an instructor workstation), and be implemented on a reliable
software and hardware platform.

Special attention should be given to requirements for the software and computational
components of simulators. The mathematical model of a power unit must solve, in real time, a
system of equations describing processes in the boiler, turbine, generator, heat exchangers,
pipelines, and other plant components. The model must cover a wide range of operating modes —
from start-up and shutdown to emergency equipment failures. To ensure interactivity,
computations are performed with a small integration time step (on the order of 100 ms or less),
which requires optimized code and sufficient computing power. The interface (HMI) must fully
match the real one — down to fonts and the arrangement of instruments on screens where digital
control systems are used, or down to the appearance and tactile feedback of controls if the
simulator is equipped with hardware replicas of instruments. In addition, an instructor workstation
module is required, enabling the instructor to set scenarios (e.g., introduce equipment failures,
change loads, simulate external events) and monitor trainee actions. Finally, modularity and
extensibility are crucial: practice shows that simulator systems require periodic updates (for
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example, following plant modernization or to add new scenarios), so the architecture must allow
changes without a complete redesign of the model.

In Russia and Kazakhstan, the development of simulators for electric power facilities relies on
national GOST and SNIP standards, as well as international standards related to software quality.
For example, 1SO 9000 series standards are widely used to support development quality; JSC
“TEST” itself is certified to ISO 9001. Requirements for educational software products may also
be governed by educational standards. In addition, energy companies introduce internal
regulations defining the procedure for simulator-based training and the frequency of knowledge
assessment for operational personnel. Thus, power plant simulators today are developed and
operated within clearly defined standards, which ensures their effectiveness and safety.

1.3 Modern Technologies in Personnel Training (VR/AR)

A separate development direction in simulation technologies is virtual reality (VR) and
augmented reality (AR) systems. They do not replace classical operator training simulators but
rather complement them by enabling the training of tasks related to personnel actions outside the
control room. For example, VR technologies can be used to train maintenance and operational
staff to act directly in the turbine hall or on the plant premises, where spatial movement and
interaction with equipment are required. Modern VR headsets and controllers make it possible to
create an immersive environment in which the trainee can inspect a full-scale 3D model of
equipment, practice walkdowns, troubleshoot, perform switching operations, and so forth.
International studies indicate that VR training can significantly improve learning outcomes,
especially regarding knowledge of plant layout and equipment location [11]. For instance, pilot
deployment of VR simulators for training field workers at nuclear power plants produced positive
results: most participants reported that VR-based training helped them better understand three-
dimensional spatial aspects of the plant, increased confidence in their actions, and improved
retention of equipment locations. At the same time, nearly all respondents (93%) agreed that
virtual reality increases training effectiveness and can successfully complement traditional
methods.

Despite clear advantages, VR training is still regarded as an auxiliary tool. Researchers
emphasize that simulation in a virtual environment should be complemented by traditional forms of
training and that its effectiveness requires further quantitative assessment [12]. Nevertheless, it is
already evident that, due to full immersion and interactivity, VR/AR technologies can attract
young specialists and provide practical skills in a safe environment. Some major energy
companies worldwide are introducing VR elements to train personnel in working with high-
voltage equipment, firefighting equipment, and emergency response procedures at power plants.
Within the “digital twin” concept, VR modules can be linked to the overall plant model,
providing a unified data space [13-16].

Systematic reviews on safety and virtual training confirm that, when tasks are properly
designed, VR simulators can improve the quality of procedural learning and ensure safe practice
of hazardous operations [17-19].

In Kazakhstan and Russia, virtual reality technologies for the power sector are at an early stage
of adoption but undoubtedly have strong potential for future personnel training.

Thus, the literature and practical experience indicate that digital simulators have become firmly
embedded in personnel training practices for power enterprises worldwide [20].

48



N3BECTHUS HAYYHO-TEXHHUYECKOI'O OBIIIECTBA «KAXAK», 2025, Ne 1-2 (83)

Their use is regulated by standards, while technological innovations (such as VR) expand
training capabilities. Against this background, the development of domestic solutions for digital
power plant simulation that meet modern requirements is both relevant and timely. The following
section provides a detailed methodology for creating such a simulator - the “Power Plant
Simulator” software suite developed at the KazNIPIEnergoprom Institute - and presents the
results of its testing.

2 Methodology for Developing a Digital Simulator

2.1 Architecture of the “Power Plant Simulator” Program

The software suite under development is a modular system consisting of a simulation core and
a visualization subsystem. The simulation core computes all physical processes of the power plant
model in real time, while the visualization subsystem is responsible for graphical representation of
equipment states and the surrounding environment. The architecture follows a block-hierarchical
modeling principle: each major unit (e.g., turbine, generator, boiler, pumping station) is
represented by a set of interconnected mathematical models combined into a module. The unit
modules are then integrated into a unified computational block that calculates interactions among
all parts of the generating unit.

Within the software core, several types of input data required for simulator initialization and
operation are clearly distinguished:

Structural data (I1): information about equipment configuration, geometry, and
interconnections. This category includes three-dimensional models of objects (e.g., turbine and
generator components, valves, pipelines) as well as structural connection diagrams. In “Power Plant
Simulator,” a proprietary format based on FBX is used to load equipment 3D models.

Kinematics data (12): descriptions of mechanical degrees of freedom and constraints, including
mounting and support points, rotation angles of blades and joints, limit positions of valves and
gates, and similar parameters. These data define moving parts of units and the ranges of their
motion.

Working-fluid parameters (13): properties of the medium flowing through the equipment: for
thermal power engineering, this is water and steam; for a hydro turbine, water; for a gas turbine
unit, air and combustion products. This category specifies thermodynamic parameters — pressure,
temperature, density, and viscosity ranges — as well as characteristics such as turbulence, phase
transitions (boiling/condensation), and others. This information is required to calculate flow
regimes, heat transfer, and energy conversion.

In addition to the above core information flows, the core also receives:

Time-scale factor (T): a special parameter allowing acceleration or deceleration of the
simulation. By changing this factor, an instructor or user can, for example, simulate a 24-hour
operating cycle in accelerated mode or examine a fast transient process in slow motion, improving
the usability of the training process.

Control inputs (Al and A2): signals from the user (operator) that emulate actions on the
plant controls. Al is used for continuous signals (analog regulators, levers, setpoints), while A2 is
used for discrete signals (buttons, switches). For example, changing the position of a lever
controlling water supply to the turbine is an Al signal, whereas pressing an emergency shutdown
button is an A2 signal. Using these inputs, the simulator core solves the system dynamics
equations and produces an output data array Ores (Output Result). The results include both
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numerical values (process parameters such as pressure, power, rotational speed, etc.) and
visualization coordinates (positions of moving equipment elements, rotation angles,
displacements of graphical objects). The output data Ores are

transferred to the visualization (rendering) module, which displays the system state on the screen.

Thus, the program architecture provides a clear separation between the computational core
(simulation) and the graphics engine (visualization). This modularity enabled flexible selection of
optimal solutions for each part. C++ (using Visual Studio) was chosen for the core due to the
requirement for high computational performance. The mathematical models of equipment units
were implemented manually based on physical principles and reference data for specific objects
(in particular, for the hydro turbine — using Soviet catalog data from the 1970s). During core
development, particular attention was paid to numerical stability and correct handling of nonlinear
dependencies typical of power systems (e.g., the dependence of turbine flow rate on guide vane
opening and head).

THE TIME FACTOR
(process speed, cycle range)

OUTPUT OF THE FINAL DATA
(resulting array)
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(structures and aggregates) /
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Figure 1 — Simulation Block

2.2 Development of a Digital Model of Power Equipment

The next key stage was the development of a digital model of a specific power plant used to
pilot-test the simulator. As a pilot project, a hydroelectric power plant model was selected —
specifically, the Kapchagay HPP, one of the operating hydroelectric plants in the region. This
choice was driven by several factors. First, the PL2 hydro units installed at the Kapchagay HPP
have demonstrated reliable performance and are supported by a substantial research and
reference base. Second, the plant’s geographic proximity made it possible, when needed, to
validate the model against the real facility.

The HPP modeling process included several components: collecting baseline data, three-
dimensional geometric modeling, developing mathematical submodels of key subsystems, and
integrating everything into a unified system. Data collection relied on archival materials, including

technical catalogs of hydro turbines and HPP equipment. In particular, the project team studied the
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Kaplan-type PL2 adjustable-blade turbine schematics based on the 1975 catalog of the Leningrad
Metal Works and the reference book Hydro Turbine Construction in the USSR (1970). These
sources contain design drawings of the turbine, generator, wicket gate mechanism, and auxiliary
systems, as well as operating characteristics (rated power, efficiency, allowable loads, etc.). Based
on these data, the project engineers used Blender to accurately recreate the geometric model of the
hydro turbine and adjacent assemblies. The modeled components included a spiral case of a
specific shape (trapezoidal cross-section, wrap angle of approximately 300°), a wicket gate
mechanism with guide vanes and their actuation mechanisms, the turbine shaft, the generator rotor
and stator, and the oil pressure unit of the governing system.

The turbine, generator, and auxiliary system components were reproduced with high precision,
ensuring realistic visualization.

In addition to the turbine and generator, a digital model of the HPP machine hall and the
control room was created. The objective was not only to compute hydraulic and electrical
processes, but also to visually present the surrounding environment to the operator — i.e., the
arrangement of equipment, rooms, and control panels. To this end, the HPP building, the operator
workstation with the control console, and auxiliary equipment were modeled in Blender. The
resulting models were imported into the simulator via the above-described 11 channel (structural
data). The 12 channel (kinematics data) was configured so that the turbine blades and guide vanes
could rotate, sluice gates could open, and the generator shaft and rotors could rotate in the
generator model. The 13 channel (working-fluid parameters) contained data on water, including
the head range (upper reservoir water level), turbine flow rates, the physical properties of water
under various temperature conditions, and related parameters. The model also included the turbine
operating points — the dependence of output power on guide vane opening under different heads
(the so-called turbine load table). These data were subsequently used to evaluate the simulator’s
accuracy.

Once the geometric and computational models were prepared, they were integrated with the
simulation core. This represented a “coupling” of two worlds: three-dimensional objects and
mathematical equations. In practice, this meant that each state variable computed in the core was
linked either to a visual element or to a displayed numerical parameter. For example, the equation
calculating the current water flow through the turbine simultaneously affected both the rotation
speed of the 3D turbine shaft model and the power indicator on the instrument panel. At this stage,
the correctness of these links had to be tested: engineers ran the simulation and verified whether
changes in all visual elements corresponded to expected behavior. At the end of May 2024, the
first working version of the digital HPP model was obtained and successfully launched in
conjunction with the simulation block. The initial test runs showed that the model behavior in
normal operating modes was close to reality: when the nominal head was specified and the guide
vanes were opened to the calculated optimum, the simulator produced an output power value that
almost exactly matched the turbine’s nameplate rating. Deviations of key parameters (pressure,
rotational speed, generator voltage) did not exceed a few percent, indicating high model fidelity.
Thus, the task of adequate physical modeling of the HPP prototype was generally accomplished.
Remaining issues concerned performance optimization and visual realism, which required moving
to the next stage — selection of a graphics engine.

Figure 1 presents the digital 3D model of the hydro unit developed for the simulator.

51



N3BECTHA HAYYHO-TEXHWYECKOI'O OBILIECTBA «KAXAK», 2025, Ne 1-2 (83)

Figure 2 — Digital Model of the HPP Hydro Unit in the Simulator

2.3 Integration of the Simulation Core with a Graphics Engine

The first prototype version ran on a test server and rendered graphics using the same
environment as the computational core (Visual Studio). This rendering was essentially
provisional: it provided only basic display of 3D models without advanced effects, and the frame
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rate was unsatisfactory. To transform the prototype into a full-featured training simulator, it was
necessary to ensure photorealistic rendering and smooth performance even on a standard personal
computer. The obvious solution was to use an off-the-shelf game graphics engine. Such engines
are optimized for fast rendering of complex scenes, include visual effects (lighting, shadows,
reflections), and support low-level interaction with the GPU, enabling high performance. The team
considered several widely used technologies, including Unigine 2, Unity 6, Unreal Engine 5,
Godot, and the promising domestic Nau Engine.

Each candidate had its strengths and weaknesses. For example, Unigine Engine 2 initially
appeared attractive as a product of Russian origin; however, in 2022—2023 its development shifted
toward foreign markets, and obtaining the required developer support proved difficult. In
addition, tests revealed a number of technical challenges in integrating our objects into the Unigine
environment, so this option was abandoned. Unity is known for its ease of use and broad adoption;
however, in recent years Unity Technologies changed its licensing policy to a less favorable model,
and reports emerged regarding developer support issues. Given the risk of instability associated
with Unity, this option was also rejected. Godot — a lightweight open-source engine — seemed
attractive from the standpoint of independence, but the team lacked sufficient experience with it,
and the required training would have taken too much time. The promising Russian Nau Engine,
derived from the Dagor Engine, was at an early stage of development and was not yet available for
practical use.

Ultimately, Unreal Engine 5 (UE5) by Epic Games became the leading choice. By 2023, this
engine had established itself as one of the most advanced and high-performance solutions. Its
advantages include the modern Lumen global illumination system and Nanite micropolygon
technology, which allow highly complex scenes to be rendered without performance loss; a
mature developer toolchain with extensive libraries and examples; and close integration with
hardware acceleration on NVIDIA GPUs. The development team conducted an experimental
integration of UE5 with the simulation core, and the results were compelling: even on a relatively
old (2017) graphics card, a high frame rate was achieved while visualizing our HPP model. The
simulator + UE5 combination demonstrated smooth real-time operation — turbine rotation, water
flow, and dynamic lighting and shadows in the machine hall were all rendered without noticeable
delay. After these tests, the choice of graphics engine became clear. By the end of summer 2024,
the digital HPP training simulator had been fully migrated to the Unreal Engine 5 platform and
compiled as a standalone application.

The transition to UE5 also provided additional benefits. First, it became possible to easily
expand visual effects — for example, to add animated moving clouds, water spray, and a
photorealistic sky and landscape around the plant. Second, Unreal supports VR devices, which in
the future opens a pathway to combining our simulator with VR training (as noted in the literature
review, this is a highly relevant direction). Third, UE5 provides convenient tools for building user
interfaces, enabling the display of auxiliary panels on screen, including parameter indicators,
prompts, and scenario menus. After integration with the engine, the developers performed a series
of final calibrations of the model. In particular, algorithms were refined for coordinating the
rotation angles of the turbine runner blades and the guide vanes based on the load table — this is
necessary to ensure that, for any combination of head and turbine opening, the simulator correctly
determines the generated power. By autumn 2024, the simulator program had reached a completed
form.
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Figure 3 shows a fragment of the interface of the resulting simulator: the Kapchagay HPP
control room visualized in Unreal Engine 5, alongside a photograph of the real control console for
comparison. It can be seen that the graphical accuracy is very high — instrumentation, sensors, and
indicators on the control panel are reproduced in fine detail.

High-quality visualization in Unreal Engine 5 provides trainees with a strong sense of presence.

After integration and graphics tuning, development of the “Power Plant Simulator” software
power plant simulator entered its final stage. The finished product is a PC application capable of
real-time operation and does not require expensive specialized equipment. The following sections
describe the functional capabilities of the developed system and the results of its testing under
various scenarios.
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Figure 3 — Comparison of the Main Control Console: Actual HPP Control Panel (left)
and Virtual Interface in the Simulator (right)

3 Results and Discussion

3.1 Capabilities and Functions of the Developed Simulator

As of early 2025, the “Power Plant Simulator” system offers a broad set of functionalities that
enable its use across multiple areas of industry practice. The key capabilities include the
following:
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Digital modeling of any type of power plant. The simulator architecture was designed from the
outset as universal, making it possible to digitize and simulate the operation of virtually any power
plant — thermal, hydro, nuclear, solar, wind, and others. It is sufficient to implement the
appropriate equipment models and control laws. This makes the system a flexible tool applicable
to different power enterprises.

Modularity and extensibility. The software is designed to allow the addition of new modules
and functions as needed. For example, an electric grid model can be added to train power system
dispatchers, or an economic analysis module can be included to evaluate plant performance. Such
extensibility increases the value of the simulator by enabling customization for specific tasks.

Training and drilling of operational personnel. The primary purpose of the system is to serve as
a training simulator for power plant operational staff. The simulator provides training modes in
which beginners can become familiar with plant equipment, learn unit control algorithms, and
understand interdependencies among parameters. A drilling mode is also implemented: the
instructor sets a scenario (e.g., “turbine run-up and generator synchronization to the grid” or
“emergency pump trip”), and the trainee must perform the required actions. During drills, the
system records all operator steps and can subsequently analyze them and identify errors.

Knowledge assessment and certification. The simulator can be used for periodic qualification
checks of existing plant personnel. A testing mode is provided in which an employee, without
prompts, must operate a virtual generating unit under various conditions. The results are recorded
and can serve as a basis for certification/attestation. This approach is already applied at major
NPPs and TPPs; with our universal simulator it becomes available for other facilities as well.

Emergency scenario practice. One of the most valuable features of the simulator is the ability to
safely reproduce emergency and off-normal equipment operating modes. Neither at a real plant
nor even at a training ground is it possible to reproduce, for example, a turbine failure or a generator
short circuit without the risk of serious consequences. The simulator, however, can reproduce
virtually any emergency — from boiler overheating and protection trips to a sudden earthquake
disabling part of the equipment. In the simulator, the operator learns to act strictly according to
procedures under extreme conditions, which in reality can save lives and protect equipment from
severe damage.

Presentation and outreach modes for a broad audience. The simulator can be used not only for
specialized training but also for introductory purposes. For example, during onboarding it is
possible to conduct a virtual tour of the plant — demonstrating the layout of an HPP or TPP, the
operating principles of key units, and an “inside view” of the power unit. It can also be used for
presentations to management or investors: the digital plant model makes it possible to clearly
demonstrate planned modernization or new solutions. Finally, media and communications teams
can use the simulator to create educational videos, interactive museum exhibits, and similar
content.

Engineering design and debugging. An important application area is industrial visualization and
the design of new facilities. In effect, the simulator acts as a digital twin of an energy facility.
Design engineers can upload a plant under design and evaluate its behavior virtually - for
example, how it will start up, how it will respond to various load regimes, and how maintenance-
friendly the equipment layout is. This can help identify potential issues at the design stage, thereby
reducing risks during real construction. In addition, a digital twin enables personnel training even
before a plant is commissioned [21]. Real-world examples are known where digital twins
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accelerated commissioning; for instance, Emerson reported that operator training on a digital twin
significantly reduced the start-up time of a new unit and lowered commissioning costs [22].

Photorealistic graphics. By using Unreal Engine 5, the simulator achieves very high visual
quality up to photorealism. This is important not only aesthetically but also for training
effectiveness: immersion in a near-real environment helps trainees acquire skills that transfer more
readily to the real facility. High graphical fidelity also supports presentations and outreach, as
visually compelling content makes a strong impression on audiences.

Industry outreach and talent attraction. Finally, the simulator serves as a tool to promote the
power industry among young people. A generation raised on computer games perceives complex
systems differently, and high-quality simulation is an effective way to demonstrate the complexity
and appeal of energy professions. “Power Plant Simulator” can engage students, school
engineering clubs, and young engineers by demonstrating power plant operation in an interactive
format, thereby addressing the strategic challenge of attracting new talent to the sector.

These capabilities are supported by early results of simulator deployment. During pilot training
sessions using the developed simulator, trainees were observed to learn the material significantly
better than during traditional lectures. According to feedback, studying diagrams and equipment
operating principles in an interactive 3D environment proved far more intuitive. Even experienced
operators participating in the pilot found it useful to refresh their skills — especially for emergency
procedures that are rarely encountered in practice. Thus, the developed power plant simulator
demonstrated effectiveness as a training and drilling system, supporting the conclusions of global
studies regarding the benefits of simulation-based training.

3.2 Verification of Modeling Adequacy

A key aspect of developing any simulator is verification — assessing how accurately the model
reproduces the behavior of the real facility. For our system, multi-stage tests were performed,
ranging from validation of individual calculation blocks to full-scale plant operating scenarios.
Already at the hydro-turbine modeling stage, as noted above, the resulting characteristics were
compared with the manufacturer’s tabulated data. For example, at a nominal head of 35 m and a
guide vane opening angle of 32°, the simulator produced an output of approximately 56 MW,
which matches the nominal rating of the Kapchagay HPP unit (55 MW, allowing for a small
deviation); a discrepancy of less than 2% is considered an excellent result. Similarly, the rotor
speed was maintained at exactly 50 Hz during generator synchronization to the grid, and the
generated voltage corresponded to 13.8 kV.

Next, transient processes were simulated, such as rapid closure of the guide vanes (emergency
turbine trip). The model predicted a sharp pressure surge upstream of the turbine (water hammer)
and rising levels in the penstocks, consistent with well-known real effects. Numerical values
(pressure surge magnitude) were compared with calculations using a simplified formula; the
deviation did not exceed 5%. This indicates that the hydraulic model behaves correctly. Another
important test was unit start-up from standstill: the simulator successfully passed through all
stages, from opening the pre-turbine gate, accelerating the turbine, energizing the generator field,
and reaching nominal operating conditions in parallel with the grid. The automatic speed governor
and the generator excitation system embedded in the model kept parameters within allowable
limits, and the unit reached steady operation without oscillations or deviations.

In addition to the hydro unit, adjacent systems were also verified, such as the oil pressure unit
supplying hydraulic control pressure for blade actuation. The simulator correctly reflected

56



N3BECTHUS HAYYHO-TEXHHUYECKOI'O OBIIIECTBA «KAXAK», 2025, Ne 1-2 (83)

pressure drops during intensive blade actuation and the start-up of the standby oil pump. The
electrical part — generator and transformer — was also tested. When a short circuit was simulated
on the auxiliary busbars, protective automation operated, the generator model responded by
increasing current up to the specified limit, after which excitation was reduced. All of these
responses were programmed according to real protection relay settings, and tests confirmed their
correct execution.

Overall, the adequacy verification demonstrated that the developed simulator has a high degree
of fidelity. Naturally, any model involves assumptions — for example, we did not simulate network
overvoltage processes or minor details such as bearing heating — however, for training purposes
and for the main technological processes, all key aspects are covered. The small discrepancies
identified in testing are quantitative in nature and do not affect the qualitative picture. Thus, it can
be concluded that the simulator has been validated on the hydroelectric plant case study. The next
step is similar work for a thermal power plant, including development of a steam boiler and steam
turbine unit model. It is expected that, thanks to the modular principle, most of the platform will
remain unchanged, and only the blocks responsible for hydraulics will need to be replaced with
steam-cycle models.

3.3 Comparison with Existing Solutions

The developed system should be considered in the context of other simulators used in the
power industry. In the post-Soviet space, the best-known solutions are those produced by JSC
“TEST” (JSC “Simulators of Power Plants and Networks™), which has historically held a leading
position in terms of the number of simulators deployed at power plants. As a rule, JSC “TEST”
simulators are full-scope complexes with a hardware-and-software replica of the main control
board (i.e., real control consoles or their fragments connected to a computing system). They are
highly valued for model accuracy and compliance with regulatory requirements; however, they
also have certain limitations. First, such systems are typically developed for each plant
individually and over a long period (sometimes years), which makes them costly — many
enterprises cannot afford a from-scratch development. Second, their architecture is often closed
and highly specialized, which complicates updates or modifications by the customer. Finally,
hardware replication of the control panel increases realism but reduces flexibility: a simulator
created for a thermal power plant cannot be reconfigured for a hydroelectric plant without
replacing the entire instrument panel.

Our approach is characterized by greater universality and accessibility.

“Power Plant Simulator” is a cross-platform software solution running on a standard PC and
not requiring special hardware, except, optionally, a standard VR kit when needed. This means it
can be deployed quickly and at relatively low cost by distributing software copies and, if required,
VR headsets. It can be installed in university and college training classrooms, as well as at power
plants for self-paced personnel training. Of course, if necessary, the system can be supplemented
with hardware mock-ups of control panels; however, the key feature is that such hardware is not
required for basic operation. Expert feedback on our solution indicates that, in terms of flexibility
and universality, it is closer to modern digital simulators used, for example, in aviation, where
software-based pilot simulators have long been standard.

When compared with foreign analogues, it should be noted that the global market includes
commercial software products for power unit modeling. Examples include simulators by CORYS
(France) for nuclear and thermal power plants, and integrated systems from Siemens and Emerson
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(e.g., Ovation Digital Twin) for operator training. These products are very powerful but also very
expensive and typically oriented toward large corporations. Our simulator, developed by a
scientific organization, is potentially several times more affordable while offering comparable core
capabilities. For instance, Emerson Ovation Digital Twin — a digital twin based on the Ovation
DCS platform — is positioned as a tool for operator training and control algorithm testing
integrated into the overall control system. A distinguishing feature of Emerson’s solution is the use
of a copy of the actual DCS software within the simulator, which ensures complete interface
identity. In our approach, we chose interface emulation: the simulator reproduces monitoring and
control screens that are visually and functionally analogous to real ones, while operating
autonomously. This is a more flexible approach, as it does not require licensing industrial DCS
software inside the simulator.

A key indicator of simulator maturity is the accuracy of the mathematical model. In the case of
Emerson or CORYS, models can achieve very high precision, including reproduction of fine
oscillatory processes, since these companies rely on decades of experience and large libraries of
ready-made components. Our simulator is only at the beginning of this trajectory; at present, the
model granularity can be considered moderate — sufficient for training purposes, but potentially
insufficient for engineering analysis of emergency processes at a strict scientific level. However,
the architecture supports incremental refinement: for example, it is possible to implement a more
accurate grid dynamics model or include delayed thermal effects in equipment if such tasks arise.

In summary, “Power Plant Simulator” successfully combines approaches validated by global
practice with modern visualization technologies. It delivers most of the functions typical of
leading international simulators, while remaining relatively straightforward to deploy and adapt to
new facilities. Further project development is expected to include expansion of the model library
(for different plant types), improvement of instructor tools, and introduction of networked modes
(for training groups of operators simultaneously, as implemented in full-scope simulators).
Nevertheless, the results achieved to date can be regarded as a significant step forward in the field
of digital workforce training for the power industry.

Conclusion

In this study, a software power plant simulator — Power Plant Simulator — intended for training
and drilling operational personnel was developed and experimentally validated. The work was
comprehensive in nature, integrating analysis of global experience, software engineering,
mathematical modeling, and pedagogical aspects.

The introduction substantiated the relevance of the topic by demonstrating that the power
industry requires new approaches to workforce training capable of replacing outdated methods and
mitigating the shortage of experienced specialists. Simulation-based training systems were
identified as an optimal solution, as confirmed by international practice and research. The study
defined the objective (development of an effective training simulator) and the object of research
(the personnel training process supported by digital models), and outlined the applied methods
(mathematical modeling and experimental validation).

The literature review analyzed existing simulator systems and the requirements placed on them.
It was noted that full-scope and semi-physical simulators have long been a standard tool for
personnel training, and the historical prerequisites for the development of this field in the
USSR/Russia were described. Modern technologies, including virtual reality, were considered as
enabling tools that enhance training. Overall, the review showed that the proposed project aligns

58



N3BECTHUS HAYYHO-TEXHHUYECKOI'O OBIIIECTBA «KAXAK», 2025, Ne 1-2 (83)

with global trends and corresponds to national standards (GOST and sectoral regulations)
governing personnel training. The main part of the work addressed the simulator development
methodology. A program architecture was designed that includes a simulation core (C++ models)
and a graphical visualization module based on Unreal Engine 5. A digital model of a hydroelectric
power plant (Kapchagay HPP) was created with detailed 3D visualization of the turbine, generator,
and auxiliary systems. The model was integrated with the simulation core, resulting in a full-
featured virtual generating unit controllable in real time. Particular attention was paid to model
accuracy: initial tests confirmed only minor deviations from real hydro unit characteristics (on the
order of a few percent), indicating the validity of the chosen modeling methods. To address
graphics performance, UE5 was selected and successfully applied, providing photorealistic
rendering without loss of real-time responsiveness.

Pilot operation results demonstrated the simulator’ s multifunctionality. The developed system
can train beginners in fundamental plant operating principles, drill experienced operators in
emergency scenarios, support knowledge assessment, and serve as a tool for presentations and
engineering/project work. This broad application scope is a key advantage. In practice, the
simulator implements the concept of a digital twin of a power plant: it not only supports training,
but can also be used for experimental studies, such as evaluating modernization hypotheses. A
notable outcome was confirmation of the effectiveness of simulator-based training - compared to
traditional instruction, the interactive format yielded improved learning outcomes and practical
skill development.

Overall, the study objective was achieved: a working prototype of a digital power plant
simulator was created, providing the core functions of a training and drilling system. It
demonstrates high modeling fidelity and realism, supporting its potential for successful application
in educational and industrial organizations.

Future work includes expanding the model library (adding templates for thermal and nuclear
power plants), developing scenarios for group training (shift operation simulation and multi-
operator interaction), and producing methodological materials for instructors. In addition, close
cooperation with specialized educational institutions is planned to integrate the simulator into
engineering education programs. These efforts will contribute to improving the quality of
education and workforce training in the power sector in response to contemporary challenges.
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DEVELOPMENT OF A DECENTRALIZED VOTING SYSTEM UTILIZING
BLOCKCHAIN AND MACHINE LEARNING

Amangeldy A.Ye.
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e-mail: al_amangeldy@kbtu.kz

This article addresses the problem of ensuring transparency, integrity, and trust in electoral processes.
Traditional voting systems are vulnerable to fraud, manipulation, and lack of verifiability. A decentralized
voting system based on blockchain technology and machine learning methods is proposed. The blockchain
component ensures immutability and transparency of voting data, while machine learning is used to classify
voting sessions as normal or suspicious based on simulated behavioral data. The proposed system leverages
Ethereum smart contracts for secure and verifiable ballot handling, combined with a supervised Random
Forest classifier trained exclusively on synthetic data. A prototype was developed and evaluated under
controlled simulation conditions, including scenarios with normal and malicious voter behavior.
Experimental results demonstrated high classification accuracy in identifying suspicious voting patterns
within the simulated environment. The results confirm the potential of integrating blockchain and machine
learning for building secure and transparent digital voting platforms.

Keywords: blockchain, decentralized voting, machine learning, anomaly detection, smart contracts,
election security

B oannoti cmamwve paccmampusaemces npodiema obecnevenus nPo3pPAvHOCMU, YeIoCMHOCMU U 008epust
K uzbupamenvhvim npoyeccam. Tpaouyuonuvie cUCMEMbl 20A0CO8AHUSL NOOBEPIHCEHbl MOUEHHUYECMEY,
MAHURYISAYUAM U HedocmamouHou eepuduyupyemocmu. I[lpednazaemcs deyenmpaiu308anHas cucmema
20710CO8AHUSL, OCHOBAHHASL HA MEXHONO2UU ONOKHEUH U Memooax MauwunHo2o obyuenus. Komnowenm
On0Kuelina obecneyusaem HeuSMeHsAEMOCHb U NPO3PAYHOCHIb OAHHBIX 20JI0CO8AHUS, MO020d KAK MAWUHHOE
obyuenue uUcnovb3yemcs Osl KIACCUGUKAyUL cecCcutl 20J10CO8AHUSL KAK HOPMATIbHBIX UTU NOOO3PUMETbHbIX
Ha OCHO8e CMOOENUPOBAHHBIX NoGedeHuecKux Oanuwlx. Illpednacaemas cucmema ucnoiv3yem cmapm-
xoumpaxmul Ethereum ons 0e3onacnoii u nposepsiemoll obpabomxu Ow1emenell 8 COYemaHuu ¢
obyuaemvim  memooom Random Forest, 00yueHHbIM UCKIIOYUMENbHO HA CUHMEMUYECKUX OAHHBIX.
Ilpomomun cucmemvl 611 pazpabomar u RPOMECMUPOBAH 8 KOHMPOIUPYEMBIX YCLOBUAX MOOCTUPOBAHUS,
BKIIOUASL  CYCHAPUU HOPMAIBHO20 U 6Pe0OHOCHO20 NOo6eoeHus usdupamenei. IKCnepumMenmaibhble
pe3yIbmamovl NPOOEMOHCMPUPOBAIU BbICOKVIO MOYHOCTHb KIACCUDUKAYUY NPU 8bIAGTIEHUU NOOO3PUMETbHBIX
MoOenell 2010CO8aHUs 8 PAMKAX MoOoeaupyemol cpedsl. llonyueHuvie pe3yibmamvl NOOMEEPHCOAIOM
nomeHyuan unmezpayuu ONOKYelUHA U MAUWUHHO20 00VYeHUsl Ol CO30aHusi Oe30NACHLIX U NPO3PAYHLIX
yugposvix naamgpopm 2010co8aHUsL.

Knroueswvle cnosa: 6noxueiin, oeyenmpaiu3o08anioe 20J10C08aHue, MawurHoe odyuenue, oOHapysiceHue
AHOMAAUT, CMAPM-KOHMPAKMbl, 6€30NACHOCIb 8bIO0POE.

62


mailto:al_amangeldy@kbtu.kz

N3BECTHUS HAYYHO-TEXHHUYECKOI'O OBIIIECTBA «KAXAK», 2025, Ne 1-2 (83)

Byn makanaoa caiinay yoepicmepiniy auiblKmoleblH, MYMACMbIEbIH JHCIHE CeHIMOLNI2IH KAMMAMACHL3 emy
Maceneci Kapacmulpuliaosl. [Jaocmypai oayvic Oepy oicylienepi anidaakmulKKd, MAHURYIAYUALAPRA HCIHE
meKcepy MYMKIHOICIHIY oJicemKinikcizOicine Oeuim. Bnokuelin mMexHoA02uscbl MeH MAUWUHATLIK OKbIMY
a0icmepine Heziz0eNceH OpMAanIblIKMAHObIPLLIMAAH 0ayblc Depy Jucyliect YehiHblaaobl. brokuetin komnonenmi
dayvic bepy OepexkmepiHiy e32epmelmindici MeH AUbIKMbIZbIH KAMMAMACHL3 emeoi, Al MAUUHANBIK OKbINY
MOOeNbOCH2eH MIHE3-KYAblK Oepekmepi He2i3iHOe 0ayblic Oepy cecCUsapblH Kaaibinmbl Hemece KYMaHOI
peminde Jfcikmey YiH KONOaHwliaobl. ¥CulHbLIEAH JiCyle OriemeHb0epol Kayinciz api mexcepiiemin
enoeyoi kammamacwls ememin Ethereum cmapm-xenicimuapmmapvin dHcone mexk CUHMemuKanvlK 0epexmep
Heeizinde okpimuliean Random Forest Kadasananamuvln Kiaccuukamopwvln navoananaowvl. XyiieHiy
npOMoOmuni  Kaublnmvl JCIHe 3UAHObL  0aybic Oepywli apeKemmepiHiy CcyeHapuuiepin KaMmumbiH
OaKbLIaHambii MOOeNbOE)Y HCAZOAUNAPLIHOA d3IPNEHIN, CLIHALObL. DKCNEPUMEHM HOMUICEEP] MOOEbOCH2EeH
opmaoa KyMaHOi oaywic Oepy Yaciiepin aHblKmayoa #o2apwvl dicikmey O0d10iciH Kkepcemmi. AnviHean
Homuodicenep Kayinciz api awwlk yugprvlk oayvic Oepy niamgopmanapvli Kypy YVuwiiH OI0KYelH MeH
MAWUHATBIK OKbIMYObl OIPIKMIPYOiy afieyemin pacmaiobwl.

Tyiiindi  ce3dep: Onokuelin, OpPMATBIKMAHOBIPLLIMARAH — Oayblc  Oepy, MAWUHAALIK — OKblmY,
AHOMARUANAPObL AHBIKMAY, CMAPM-KEAICIMUApmmap, caiay Kayincizoiei.

Introduction

Elections serve as the cornerstone of democratic governance, establishing legitimacy and
enabling citizens to participate in decision-making processes. Trust, transparency, and accuracy are
vital in ensuring the credibility and acceptance of election outcomes. However, traditional paper-
based and centralized electronic voting (e-voting) systems are increasingly under scrutiny due to
their susceptibility to vote tampering, privacy violations, lack of transparency, and reliance on
centralized authorities [1, 2]. High-profile incidents of election fraud and interference across various
countries have exposed the vulnerabilities of existing infrastructures, prompting the urgent need for
more secure, transparent, and verifiable voting alternatives.

Blockchain technology has emerged as a transformative solution in addressing many of the
limitations of traditional voting mechanisms. By offering decentralized data storage and immutable
ledgers, blockchain eliminates the need for a central authority while ensuring that all recorded
transactions (or votes) are tamper-proof and traceable [3-5]. Ethereum, in particular, facilitates the
use of smart contracts - self-executing code that automates procedures such as vote validation,
ballot counting, and result publication, all in a transparent and auditable manner [6].

In parallel, advancements in machine learning (ML) have unlocked powerful tools for analyzing
large-scale behavioral data to detect irregularities and fraud. In the context of voting, ML can be
applied to identify patterns indicative of manipulation or automated interference, such as bot voting
or abnormal time-based activity. Techniques like fraud detection and time-series classification
allow systems to respond dynamically to emerging threats, potentially preventing attacks before
they can influence results [7-9].

This paper presents a novel approach that combines the decentralization and transparency of
blockchain with the intelligent pattern recognition capabilities of ML to form a secure digital voting
system. Our proposed architecture leverages Ethereum-based smart contracts to ensure verifiability
and immutability of votes, while a trained machine learning model monitors the voting process in
real-time to flag and classify suspicious voting sessions.
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To evaluate the practicality and effectiveness of our system, we simulate election scenarios
under varied conditions, including simulated attacks and abnormal user behaviors. This enables us
to assess the system’s performance, scalability, and anomaly detection accuracy.

The main contributions of this research are summarized as follows: Design of a decentralized
voting architecture leveraging Ethereum smart contracts for secure and verifiable ballot handling,
Development and training of a machine learning model capable of detecting fraudulent voting
behavior through time-series and behavioral pattern analysis, Simulation of voting scenarios under
diverse operational and threat conditions to evaluate system reliability, transparency, and fraud
detection capability, Analysis of implementation challenges and practical considerations for real-
world deployment of decentralized, intelligent voting systems.

The remainder of this paper is structured as follows: Section Il provides a comprehensive review
of related work and existing voting technologies; Section 111 describes our system architecture and
technical methodology; Section IV presents experimental results and performance evaluations; and
Section V concludes with key findings and directions for future research.

Literature Review
The problem of ensuring transparency and security in voting systems has been widely studied

over the past two decades. Traditional electronic voting (e-voting) systems frequently rely on
centralized infrastructures, which represent a single point of failure and are vulnerable to tampering,
denial-of-service (DoS) attacks, and internal manipulation [1, 10]. In response, researchers have
explored decentralized technologies - most notably blockchain — as a promising alternative to
create more secure, transparent, and tamper-resistant voting architectures [2].

Blockchain-based voting systems have attracted significant academic attention due to core
properties such as immutability, distributed consensus, and resistance to censorship [11]. Real-
world projects like FollowMyVote and Voatz, as well as academic prototypes using Ethereum and
Hyperledger Fabric, demonstrate the viability of using blockchain to create verifiable records of
voting events. For instance, Zhao et al. [2] implemented a smart contract-based voting system on
Ethereum that ensures votes cannot be altered or deleted after submission. Likewise, McCorry et al.
[12] introduced a privacy preserving voting protocol with verifiable tallying through zero-
knowledge proofs - though scalability and privacy remain challenging.

However, despite blockchain’ s advantages, it alone cannot fully prevent sophisticated attacks
such as automated mass voting, user impersonation, or bot-driven manipulation [13]. To address
these issues, recent studies have begun integrating machine learning (ML) into voting systems for
real-time anomaly detection. ML models — particularly unsupervised methods like Isolation Forests,
One-Class SVM, and clustering — can identify statistical outliers in voting behavior [7, 8].

For example, Sharma et al. [5] proposed a hybrid system combining blockchain and decision tree
classifiers to validate voter behavior based on login times, IP address origins, and device metadata.
Their experiments demonstrated that ML models were able to detect over 90

Meanwhile, privacy remains a central concern in blockchain voting systems. Techniques like
homomorphic encryption and zero-knowledge proofs are often applied to preserve voter anonymity
while maintaining verifiability [5]. However, these cryptographic methods introduce significant
computational overhead and scalability challenges.

Although several blockchain-based e-voting systems have been prototyped, most fail to address
real-time fraud detection during the voting process. Moreover, real-world deployment remains
limited due to technical, legal, and societal challenges [1, 2]. In summary, the literature shows that:
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Blockchain provides immutable, decentralized data storage but requires enhancement for real-time
fraud detection [2, 10], Machine learning can effectively detect anomalous voting behavior when
integrated with usage metadata [5, 7], Combining blockchain with ML is a novel and underexplored
approach that offers both transparency and adaptive security [13].

Our research builds upon this foundation by designing and evaluating a decentralized voting
prototype that integrates Ethereum-based smart contracts with an ML-powered anomaly detection
model. Unlike previous approaches, we simulate both normal and malicious voter behavior and
assess the system’ s performance under various threat scenarios.

Methods
This section outlines the technical design and implementation approach of our decentralized

voting system. We describe the system architecture, dataset preparation, smart contract
development, and machine learning (ML) integration.

A. System Architecture

The system is composed of three core components: Blockchain Layer: Built on Ethereum, this
layer uses smart contracts to handle vote registration, validation, and final tallying. All transactions
are immutably recorded on the blockchain ledger. Backend Middleware: Acts as the bridge between
frontend users and the blockchain network. It manages user sessions, encryption of voter identities,
and ML anomaly detection triggers. ML Engine: Analyzes behavioral data (timestamps, IP regions,
session lengths, device fingerprints) to detect anomalies indicative of fraud or automation.

B. Dataset Description

To evaluate the machine learning model, a synthetic dataset was created that simulates realistic
voting behavior, including both normal and malicious patterns. It is important to note that all
experiments in this study are conducted exclusively on simulated data; real voter data was neither
collected nor used. Each data entry represents a single voting session and includes features such as
login time, session duration, device ID hash, IP region, number of votes cast, and sentiment score
(optional).

Table 1 — Dataset (Sample Records)

ID Duration (sec) Post Post Sentiment Emoji Saturation Hue Likes Views Comments Shared
Emotion Length Score Count

1 7 -3 65 0.05 1 94.00 52.53 83.30 2606.06 0.67 4.24

2 85 -2 288 —0.32 7 37.57 15.83 70.06 1828.57 1.43 3.86

3 180 -2 376 0.89 3 49.54 49.44 67.16 1621.62 141 2.81

4 90 0 44 0.36 0 68.33 45.30 37.14 1621.62 0.30 0.30

50 58 -2 496 0.87 5 115.34 69.77 14.07 504.10 0.11 0.25

Table 2 — Dataset Summary Statistics

Statistic Duration Emotion Length Sentiment Emoji Saturation Hue Likes Views Comments Shared
Count
Mean 62.24 -1.22 298.92 0.12 2.12 78.90 63.70 101.04 2660.25 117 3.21
Std 43.95 1.36 245.34 0.62 247 26.39 23.38 133.27 2598.15 1.25 3.50
Dev
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C. Exploratory Data Analysis (EDA)

We conducted a series of exploratory analyses to better understand the data distribution and
identify correlations between features. This helped guide feature selection and preprocessing for
ML training.

D. Smart Contract Implementation

The voting smart contracts were developed using Solidity and deployed on the Ethereum Sepolia
testnet. The contract lifecycle includes voter registration, ballot issuance, vote casting, and result
verification. Event logs were indexed for further analysis and used to validate system integrity.
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E. Machine Learning Model

A Random Forest classifier was selected for supervised fraud classification due to its high
interpretability and performance on small- to medium-scale tabular datasets. The dataset was split
into training (80%) and test (20%) sets, with 10-fold cross-validation performed to ensure
generalization. Data was normalized and encoded prior to training. The model input included
temporal features (e.g., login time), user behavior metrics (e.g., session duration, vote count), and
network indicators (e.g., IP region). Output was a binary classification: normal or anomalous
session. Model performance is discussed in the Results section.
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Figure 3 — Scatter Plot of Session Duration vs. Vote Count (colored by Classification Label)

Results

This section presents the outcomes of the developed decentralized voting system that integrates
blockchain-based smart contracts and a machine learning (ML) module. The results are organized
into four key areas: smart contract performance, machine learning evaluation, user feedback, and
system load testing.

A. Smart Contract Execution and Blockchain Integration

The smart contract was successfully deployed on the Ethereum Sepolia test network and
validated through automated and manual audits. Key performance metrics are illustrated
in Figure 4.
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Figure 4 — Smart Contract Performance Metrics: transaction time,
gas usage, and audit coverage

- Average transaction time: 12.4 seconds

- Gas consumption per vote:~41,000 gas units

- Smart contract audit coverage: 100% of critical paths successfully tested and verified

These results confirm the system’ s efficiency in registering and validating votes in a secure and

tamper-resistant manner.

B. Machine Learning Prediction Accuracy

The ML module was trained to classify voting sessions as normal or suspicious using a labeled
synthetic dataset. A Random Forest model was chosen for its robustness and interpretability. The
model’ s performance metrics are summarized in Figure 5:

- Accuracy: 92.6%

- Precision: 89.4%

- Recall: 90.8%

- F1-score: 90.1%

These results suggest the system is capable of reliably flagging suspicious voting patterns with
minimal false positives.
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Figure 5 — Machine Learning Module - Evaluation Metrics:
accuracy, precision, recall, and F1-score

C. User Interaction and System Usability

As a preliminary pilot study, a group of 20 participants engaged in a controlled usability test of
the voting system. Post-session surveys and system logging produced the following findings (Figure
6):

- 85% found the interface intuitive and easy to use

- 90% expressed trust in the transparency of vote recording

- Average time to cast a vote: 32 seconds

These results indicate a positive user experience, with minimal barriers to engagement.

D. Overall System Load and Performance

The system was subjected to load testing under simulated election conditions with 1,000
concurrent voting operations. Observations included:

- No critical failures or system crashes

- Failure rate: 2%, mostly due to external network latency

- Scalability: The platform demonstrated the ability to scale horizontally using distributed smart
contract instances

These stress tests validate the system’ s readiness for deployment in small to mid-sized

elections with hundreds to low thousands of participants.
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Figure 6 — User Feedback and Interaction Metrics: ease-of-use rating,
trust level, and average time per vote

Conclusion

This study presented the design, development, and evaluation of a decentralized voting system
that combines blockchain technology with machine learning to enhance transparency, security, and
trust in electoral processes.

The integration of smart contracts ensured immutable and verifiable recording of each vote,
eliminating the possibility of manipulation or data loss. Deployment on a test blockchain network
confirmed the reliability of the contract logic, with successful audits and optimal transaction
performance.

Meanwhile, the incorporation of a machine learning module allowed the system to classify and
flag suspicious voting sessions. The trained model achieved high accuracy and demonstrated the
potential to act as an intelligent fraud detection layer, further reinforcing system integrity.

User testing validated the platform’s usability and transparency. The majority of participants
reported a positive experience and confidence in the system’s trustworthiness, indicating the
system’s applicability in real-world voting scenarios.

Stress tests showed that the platform could handle hundreds of concurrent users without failure,
confirming its readiness for small- to medium-scale elections.

To further improve the system, the following directions are proposed:

- Deployment on a main net with real voter identities and encrypted credentials.

- Integration with zero-knowledge proofs (ZKPs) for enhanced privacy.

- Expansion of the machine learning module using real-world data and ensemble models.

- Development of a mobile-first interface to ensure accessibility for wider audiences.
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In conclusion, this project demonstrates that combining blockchain and Al technologies can lead
to more transparent, secure, and intelligent voting systems — paving the way toward trustworthy
digital democracy.
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Maxanada  xazakcmauovlk — HIAMPOPMA  MBICATLIHOA — OCHCAYAbIK — CAKMayobly — YUDPIbIK
mpancghopmayusicoinwiy enomeni sepmmenedi TopDoc.Kz — nayuenmmepoi dapicepnepee mipkey 6oivinua
onnatin-mapkemnieic. Mynoail  cepsucmepodiy  naiioa  Gonyeinwiy  aneviwapmmaper, MedTech-
UHOYCMPUSIHBIY 2NeMOIK damy meHOenyusiapsl, Kazaxcmanunuvly MeOuyunaivblk KblsMemmep HApblebIHblH
epexuienikmepi, COHOQU-aK — NAAM@OpManvly  DaceKenecmix — apmblKUWbLILIKMAPbIH — AHLIKIMAUMbIH
MEXHONOSUSIBIK, JHCOHE YULIMOACTBIPYWUBLIBIK UHHOBAYUALAD MALOAHAObl. Tenemeouyunansl, Hcacanovl
UHMEIeKMMi  UHMEe2PAYUsiiay NEPCHeKMUBANAPbIHA  JHCIHE YUDPIbIK  MEOUYUHATLIK — KblaMemmepoi
damvimyaa 9KOJiCYUenik maciiee epekute Hazap ayoapwiiadel Opmanviy A3us uapwikmely. Maxana
naame@opmManvly  ORepPaYUsIbIK  0epekmepine, XANbIKapaablK CANbICMbIPMAIbL  3epmmeyiepee  JCoHe
arcahanovlk menemeOUYUHa HAPLIZLIHBIY AHATUMUKACBIHA He2i30el2eH.

Tyitinoi co3dep: yugprvix oencaynvlx cakmay, meiemeouyuna, MedTech, meduyunanviy mapkemune,
0apieepoiy ounaln sHcazdacwl, 0apicepiepdiy peumunei, Yyu@dpavlk mpauncpopmayus.

B cmamve uccnedyemca enomen yugposou mpancghopmayuu 30pasooxpareHus Ha npumepe
Kasaxcmaunckou naamgopmvr TopDoc.me — ounaun-mapkemnietica no 3anuUcU NAYUEHMO8 K BPAYAM.
Ananuzupyromest npeonocwliku 603HUKHOBEHUST NOOOOHLIX CepeUCcO8, MUPOBble MEHOSHYUU pPa3gumus
MedTech-unoycmpuu, cneyugura pvinka meduyuncrkux yeaye Kasaxcmana, a maxoice mexnoniocuieckue u
OpeaHU3aYUOHHbIe UHHOBAYUYU, ONpedesiowue KOHKYpenmuvie npeumywecmsea naamgopmol. Ocoboe
BHUMAHUE YOeliemcsi NePCHeKmusam UHMezpayuu meiemMeOuyUuHsl, UCKYCCMBEHHO20 UHMELIeKma u
9KOCUCIEMHOMY — ROOX00Yy K  pasgumuio  yupposvlx  MeOUYUHCKUX — CEePBUCO8 6  YCILOBUSIX
yenmpanvHoasuamcxkozo pwvinka. Cmambvs onupaemcs Ha ONEPAYUOHHbIE OaHHblE NIAM@OPMYL,
MENCOYHAPOOHBLE CPABHUMETbHBLE UCCACO08AHUSL U AHATUMUKY 2I00ATbHO20 PbIHKA MeLeMeOUYUHD.

Knroueswle crosa: yugposoe 30pasooxpanenue, menemeouyuna, MedTech, meduyunckuii mapkemn.ielic,
OHIAUH-3ANUCH K 8payy, pelimune gpayell, yupposas mpauncgopmayus.

The article examines the phenomenon of digital transformation in healthcare through the case of
TopDoc.kz, an online marketplace for booking medical appointments. The study analyzes the prerequisites
for the emergence of such services, global trends in the development of the MedTech industry, the specific
characteristics of Kazakhstan’s healthcare market, as well as the technological and organizational
innovations that shape the platform’s competitive advantages. Particular attention is paid to the prospects
for integrating telemedicine, artificial intelligence, and an ecosystem-based approach to the development of
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digital healthcare services within the context of the Central Asian market. The article is based on the
platform’s operational data, international comparative studies, and analytics of the global telemedicine
market.

Keywords: digital healthcare, telemedicine, MedTech, medical marketplace, online doctor appointment
booking, physician ratings, digital transformation.

Kipicne: /lencayabIK cakTayabl HH(PIaHABIPYIBIH KahaHABIK KOHTEKCTI

JleHcayJbIK cakTay IOCTYPIIl TypJe dJIeMIiK SKOHOMUKAHBIH KOHCEPBATUBTI caylajapbIHBIH Oipi
Oompin TabbuTanbl. OHaFaH XKbULIAP OOWMBI MAIMEHT IEeH IOPITep/liH 63apa opPeKeTTeCyl HEeri3iHeH
KEKe KapbIM-KaTbIHACKA, aybl3lla YCHIHBICTApFa JKOHE JEHCAyJIBIK CaKTay MeKeMelepiHiH
MHCTUTYLMOHAIABIK ~ MH(QpaKypbUIbIMbIHA  Heri3aenreH. JlereHMeH, COHFbl  OHXBUIJBIKTA
aKnapaTThIK ~ TEXHOJOTHSUIAPJBIH  KApPKBIHABI  AaMybl, CcMapT(OHAApIBbIH Tapalaybl JKoHE
TYTHIHYIIBUIAP IBIH KYTYJIEPiHIH €3repyi ocepiHeH Oyi1 Mojenb TyOereii e3repicrepre yuisipayia.

Ludpnbik neHcayiblk cakrayaslH skahanaeik Hapbeirel  (Digital Health) Ttexsomorusuibix
WHIYCTPUSHBIH OApJIBIK CEKTOPJIAPhl apachlHa €H KOFapbl 6CY KAPKbIHBIHBIH KeHOIpiH KepceTy/e.
BBC Research momimertepi Ooitbiama, 2015 kel mamamern 1 muwumapn AKIL posmapein
KyparaH »xahaHJplK TeneMmeauuuHa Hapbirbl 2019 xbutFa Kapail opramia KbUIIBIK ©Cy KapKbIHbI
mamamed 17,7% nenreitinge 44 muummapn gosviapra sketti [1]. Capammibutap Oykin onem
OOlibIHINIA TeleMeIUIMHAIBIK KbI3METTEepAl Kammail KaObulgayZblH KaTajau3aTopblHA alHallFaH
COVID-19 naneMusICbIHBIH dCepiHeH OYJ1 6CIMHIH O/1aH api xeaenaeyin 0omkaiabl [2].

CoHbIMEH KaTap, MEIUIMHAIBIK KBISMETTEPIiH arperarop ImiaTgopMalapblHbBIH CErMEHTI -
MEIUIIMHANBIK Oa3zapiiap Jen arajatbiHaap aamyna. OnapAblH HETi3ri KbI3METI Jopirep Typasibl
HETI3r1 aKmaparThl Oepy FaHa eMec, MalMeHTTEep/l, MaMaHIapIbl, €eMXaHaJlap/bl, CaKTaHILIPY
KOMITaHUSJIAPBIH, JopiXaHalap/bl KOHE MEIUIIMHAIBIK KBI3MET KOpCETy HapBIFBIHBIH 0acka 1a
KAThICYIIBITIAPBIH  OIPIKTIPETIH TOJIBIKKAHABI LUQPIBIK HKOXKYHEH! Kypy OOJbIn TaObLIabl.
ITocTkeHecTiK KeHICTIKTerT MyHAal cTpaTerustHbiH Mblcanbl peTinae 2017 xbuisl COepOaHK caThIi
anran DocDoc — peceiinik nopirepiepre apHaifaH €H ipl »ka30a arperaTopblHbIH TapUXbIH
kenripyre 6omaas! [3]. MoMiseHiH HEri3ri MOTHBI KapKbIIBIK aIMaybITThIH MEAUITUHABIK KBI3MET
OpPTaNBIK d3JEMEHTTepAiH Oipi Ooibll  TaOBUIATBIH KON canaibl ILUQPPIBIK SKOXYHEH1
KaJIBIITACTBIPYFa YMTBLUTYBI OOJIIBI.

byn typreima Kazakcranmaslk tuiatgopma TopDoc.kz umdpnbsik TexHOMOTHsIIAD apKBLIBI
eNIMI3/IH JIeHCAYJIbIK CaKTay CaJlaChIHBIH >KYMenl MocelnenepiH Iieuryre OarbITTalFaH >KepriliKTi
MedTech »xo0achiHbIH yirisi yiricin kepcereai. byt »o0aHbl Tanaay MeIUIIMHAIBIK HAPBIKTAPIBIH
JaMyBIHBIH omOe0an 3aHIbUIBIKTApbIH 1@, OpTanblK A3Ms HapbIFbIHBIH EpEKIIETIKTepiH e
aHBIKTayFa MYMKIHJIIK Oepe/ti.

by makamaHblH MakcaTbl — KOHIIETITYaJbl HETi37epaAl, TEeXHOJOTHSUIBIK MICIIIMACPAl KOHE
riaTopMaHbl KeHEeHTy aneyeriH 3eprrey 10pDoc.kz KasakcraHHBIH JeHCAyNBIK CaKTay CallaChblH
uupablK  TpaHchopMmanMsiayIblH HMHHOBAUUMSUIBIK Kypalibl peTiHae. 3epTTeyliH MiHAeTTepi
MbIHaJap OO0JbIN TaObUIA bl MEIUIIMHAIBIK MapKeTIUIEUCTEpIl NaMBITYAbIH JIeMJIIK TOHKIpUOeCiH
tangay; KaszakcraHmarbl MEIUIIMHAIBIK KOMEKTIH KOJDKETIMIUIITT MEH camachl MOceleNepiHiH
CHITaTTaMachl; TUIATQOPMAHBIH apXUTEKTypackl MeH (YHKIHOHAIABIK HWHHOBAIWSIAPBIHBIH
CHUIIaTTaMachl; Ka3aKCTaHJBIK HAPBIK KOHTEKCTIHJE TeJIeMEIUIIMHAHBIH JaMy MepCleKTUBAIapbIH
Oaranay; OOaHbIH YKOKYHEIIIK aJIeyeTiH Tauaay.
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KazakcTangarpl MeIMIMHAIBIK KOMEKTIH KOJLKeTiMALIIr Macenesepi

Kazakcran jxep KkesneMi OOWBIHINA OJE€MIE TOFBI3BIHIIBI OPBIHA, XAJBIKTBIH THIFBI3/IbIFbI
CaJIBICTBIPMAJIBl TYPAE TOMEH — Oip MIapIibl MAKbIphIMFa IIaMaMeH / ajJaMHaH Kenendi. byn moH-
Kail JIeHCayJIbIK CaKTay YHecl YIIH KaFuIaTThl KYPBUIBIMABIK CHIH-TET€YPIH/l TyAbIPaabl: eNaiH
ipl KaJaJblK arjoMepanysiiapblHbIH J1a, [aJFaiarel OHIPJICPIHIH A¢ TYPFBIHAAPHI YIIIH OLTIKTI
MEIUIIMHAIIBIK KOMEKKE TeH KOJDKETIMILUTIKTI KaMTaMachl3 €Ty.

AnmMatbel MeH AcraHaza >KOFapbl OUIIKTI MEIMIMHA MaMaHJApbIHbIH IIOFBIPJIAHYbI ©HIpJIep/e
tap OeliHAl MaMaHJapiblH TalIUbUIBIFBl JKarJaiblHAa Ka3aKCTaHJIBIK JEHCAYJBIK CaKTayIblH
Kyiteni npoonemanapbiHbiH O0ipi 6ok Tadbutazb! [4]. Cemeit, LlsiMkent, Kpi3putopya xxoHe Oacka
KallaJapAaH KelIreH eMmJeiylIiep OUTIKTIMIrT TOMEH MaMaHIapIblH KOMEriHe KaHaraTTaHyFa
HEMece MerarnoJiucTepre KbiMOaT camapiapra Oapyra moxOyp. byn typreina Kaszakcran Kananma
meH Kpitaiira ToH mnpoOiiemansl Oedjiceqi, MyHIA XaJbIKapalblK CapaniibulapaslH Oaranaysl
OoliblHIIa  TeleMenuIMHA  Keije  manFail  aliMakTap[blH  TYpFbIHJAapblHAa  carajbl
MaMaH/IaHIbIPbUIFaH KOMEK ay IbIH JKaJIFbI3 MYMKiH/IITT 00JbIN TaObL1a B! [5].

Kazakcranaarsl qopirepiepii TaHAayAbIH ASCTYPIIl )KyHeci, MOCTKEHECTIK KeHICTIKTET1 KONTereH
eJJiepAerifielt, Heri3iHeH OelipecMH apHanapfa HEri3eireH: TaHbICTap MEH TYBICTAp/bIH aybl3Ila
YCBIHBICTAphl, y4YacKeJNiK TepaneBTTep/iH KeHecTepi, COHJai-ak MHTepHeTTeH CTUXUSUIBIK 137ey.
MyHnaii MoJenb alKbIH aKMapaTThIK aCUMMETPUSHBI TYIBIPAJAbl. TAIMEHT, 9IETTe, OLTIKTLIIT,
MaMaHJaHybl, eMJICYIiH HAKThl HOTIDKENIEpPl xKoHe Oenriii 0ip MaMaHHBIH KOJI KETIMAUIITT Typaibl
OOBEKTUBTI MATIMETTEPTE HE eMeC.

MenuiuHanbslK MeKeMeIepAiH KOMMEPIHSIIBIK JIOTUKACHl JKEKe MpobiieMa OOJIBIT TaObLIa bl
OJIeTTe, KIMHUKA OKIMIIUIIr Ke3/1eCy1i TaFalbiHAay Ke3iH/e MAlMeHTTIH KaKeTTUIIKTepiH Oenriii
Oip AopirepiiH Ky3bIpeTTUIiriHe OaphlHIIA COHKECTEHIIpyre emec, Kojijna 0Oap MaMmaHIapAblH
KYMBIC KECTECIHIH TOJBIKTBIFbIHA Ha3ap ayjaapajbl. byn manueHTTiH 3 jkaFjailbl yIliH OHTaHIbI
MaMaHfa eMec, Ka3ipri yakpITTa )KYMbIC KeCTeCl epKiH O0JIaThIH MaMaHFa KMl TYCyiHe oKelel.

By macene ipremni 6osbin Ta0bUIaAbL: MIaTGopMa MaTepraIiapblHaa CUIATTAIFAH MIHE3-KYJIbIK
yiricine coiikec TopDoC.Kz, manueHTTepiH KOMIILIri Aopirepai i3aey Ke3iHIe Keleci )OJIMeH
KYpEaAl: KaKETTUIIKTI TYXKBIphIMJIAy — 1371y CYpPaHbICBl — S3MUCCHUSHBI Tannay (KbI3METTep,
KJIMHUKaJap, *KeKe MaMaHiap) — A9pirepAiH npoduiiiH 6aranay — MiKIpJep/al 3epTTey — TaFralbIHIay
TypaJibl menim Kaosuinay. Ocbl Ke3eHIep/IiH dpKaiChIChIHIA MALMEHT KYPbUIBIMIBIK, TEKCEPUITeH
’KOHE JKaHAPTBUIFaH aKnapaTThIH KeTiCIeyIuliriHe Tan 0oJaibl.

ConbivMen Oipre KaszakcraH uupiblK MEIWIUHAIBIK CEPBUCTEPAl JAMBITY YLIIH >KOFapbl
oneyerTi KepceTinm OThIp. EniMi3ie MHTEpHETTIH €Hy JEHreii TYpakTbl TypAe ecilm Kejeml.
XanbIKThIH JKac €peKUIeNIK KYPBUIBIMBI LU(PABIK KypalgapJblH >KbUIIaM HrepulyiHe >Karnai
xacaiapl. MemiekeT uQpiIaHaslpy OaraapiaaMaiapbiH, OHBIH IITH/E JCHCAYIIBIK CaKTay CaIAChIH
JoWeKTi Typne dkyszere aceipyaa [6], Oyn MedTech crapranTapsl yiIiH KOJaiibl peTTEyI
KITMMATTBI KaJIbIITaCTHIPAIBL.

[Tnardopmanbiy onepausuibik aepekrepi TOpDoc.kz Oy omeyerti pacTaHbpi3: 0ec KBUIIBIK
KYMBIC OapbICBIHJa CalWTKa KIPYLIUIEpAiH O>KalImbl CaHbl 2 MHUIMOHHAaH acTbl. KyHaemikTi
opranukanbsik Tpapuk 3000—nan 5000-ra neitin, an Anmartbia tayinirine 1000-ra neiiin G6apyab
Kypaiabl. CaiiTka 6apynaHn Oacrar >ka30ara ©TiHIMAI TOJNTHIPYFa JeHiHT1 KOHBEPCUS TYPaKThl TYpAE
10% neHreifinne cakramajsl, OTIHIMIAI ©TKeH jka30ara typiaenuipy — 80-90%, am HaxThl
OpBIHJIAFAaH  Jopirepre Oapy — kazbamap caHbiHbIH  70-90%. bByn  kepcerkimrep
naiiananymslapAslH mwIaTGopmara IereH KajablITaCKAH CEHIMIH JKOHE ayIUTOPHSIHBIH JE€HCAYJIbIK
cakTay XyheciMeH MUPIIBIK 63apa OPEKETTECyTe KOFaphl TalbIHIBIFBIH KOPCETE/I].

74



N3BECTHA HAYYHO-TEXHWYECKOI'O OBILIECTBA «KAXAK», 2025, Ne 1-2 (83)

InardopmMaHbIH APXUTEKTYPACHI KIHE HHHOBAIUSIIIBIK TYKbIpbIMaamMackl TopDoc.kz

TopDoc.kz knaccukanblk eki KakThl HapbIKTBHIK Mojenbiai (two-sided marketplace) sxysere
aceIpaibl, OHAA MIATGOPMAHBIH MOHI ©3apa TOYeIN i €Ki MalJalaHyIIbl TOOBIHBIH: MAIUEHTTEPIIH
(cypaHBbIC KaFbl) JKOHE AQpirepJiepiH/IeHCayIbIK CaKTay MEKeMEJIepiHiH (YChIHBIC JKaFbl) e3apa
OpEKEeTTEeCy camachbIMEH aHbIKTaIaabl. MyHIal 1iaTdopManapra TOH KeIuTik dddexT kemecimen
KepiHei: miardopMasa TeKCcepireH MaMaHap HEFYPIIbIM KOIT YChIHBLUICA, OHBIH MAIUEHTTEP YIIiH
MOHI COFYPJBIM JKOFapbl OoJajbl JKOHE KEpICIHIIE — TMAalHUEHTTEp ayJUTOPHUSICHIHBIH Ocyil
Jopirepiep/IiH )Kyhere KaTbiCyFa JIETeH bIHTACHIH apTThIPaIbI [7].

DOCTOR

CA

¥
DOCTOR g m
vy 1
WAy ©C

L R*8%g 4

DOCTOR

5 ii%

Cypet 1 — MenunuHaablk MapKeTIUIEHCTIH JKENTIK apXUTEKTYpachl: YChIHBIC XKaFbl (1apirepiep)
YKOHE CYpaHbIC Karbl (TTallUEHTTEP)

&
&
@ DOCTOR
&

[MpuniunTi waHOBamMs T0PDOC.KZ GoKyCcTh MEAMIIMHAIBIK MEKEME JCHICHIHEH HAKThI Idpirep
JeHreiiHe aybICThIpYJIaH Typajbl. MeAUIMHAIBIK KbI3METTEpiH KOIIIUIrT JoCTypii Typle
eMJIeNyIIire eMxaHa TaHJayJda KeMekTecyre OarbITTaiaraH Oosca ga, TOpDOC.Kz MmamaHHBIH jkeke
OachIHBIH aifHATAaChIHIA HABHUTAIMSHBI KYpacThIpaibl. Byl ManmueHTTiH HaKThl MiHE3-KYJIBIK
yJIriciHe coliKkec Keleqi: 9feTTe, ajjlaM 31 CeHeTiH Oenriii Oip mopirepre O0apaibl, all METUITUHAIBIK
MeKeMe Ka3ip/iH e3iH/e oraH "OaiinaHbICThI .

[MnargopmaHblH OPTANBIK TEXHOJOTHSUIBIK JKOHE YUBIMIACTHIPYIIBUIBIK MICHIiMI  HAKTHI
NAIMEeHTTePAIH pacTalifaH MiKipJepiHe HeTi3JeNreH AdpirepiepAiH PeHTHHITIK >Kykeci OoJbIn
Ta0ObuTabl. Kepi OaitlaHbICThI )KUHAY TTACCUBTI TYpAE (€pIKTI MiKipJepal kapusiiaay) eMec, OenceH/ai
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TYpAEC — eMIenyuriepai KaObulgayJaH KeWiH IIaKbIpy apKbUIbl )Ky3€re achlpbUlybl HMPUHIHITI
TYpAE MaHbI3Abl. Bya peHTHHITIH penpe3eHTaTUBTLIINH alTapiIbIKTall apTThIPAAbL: O €H BIHTAJIbI
naiiananymsliapAbH MKipaepiH KepceTneiai (A9CTypii Typle — eTe KaHaFaTTaHFaH HEMEce oTe
KaHararTanOaraH), Oipak HalMEeHTTEP/AiH Ke€H ayKbIMbIHBIH OpTalla OarachblH KepCceTei.

PeliTunrrin BepuduKanusiaHybl Adpirepiepre MeIUIMHAIBIK KOMEKTIH camnachlH apTThIpyFa
KyaTThl BIHTAQJAHABIPY JKacalapl. AIBIK Oaranmay >Kyideci Oelnen HapbIFBIHBIH Oip TYpIiH
KaJIBIITaCTRIPAbl: KOCciOM ecyre >KoHE KIMEHTTIK Oa3aHbl KEHEWTyre YMTHUIATHIH MaMaHaap
MaUEHTTEPre KbI3MET KOPCETYHAl, KOJKETIMIUIIKTI KoHE KOMMYHHKAIUSHBI JKaKCapTyFa KYIITI
BIHTANAHABIPY anaabl. Ocbulaiima, raTdopmMa METUIMHANBIK KBI3METTED HAPBIFBIHBIH Carajibl
perreymrici (yHKIMSACHIH OPBIHAANABI — OYJI TOCTYPIIi OKIMIIUTIK MEXaHU3MEp KETKUTIKTI TypAae
TUIM/II OPBIHIAMANTBIH (DYHKITHS.

HNamyneiH — Kasipri  ke3eHiHge  T10pDoC.Kz  TONBIKKAHIABI ~ MEIMIIMHAIBIK  HAPBIKTHIH
GYHKIIMOHATABIFBIH  JKY3€Tre€ achIpajbl, OHBIH IMIHAE: Jdpirepiep MeH KIMHHUKAJIapAblH
nepOecteniipiired npoduiabaepi, KpI3METTEPAIH MaMaHIaHybl, OUTIKTUII MEH KYHBIH erXeii-
TErKEUJIl cUraTTail OTBIPBII; HAKTHI YaKbIT PEXKUMIH/IEC OHJIANH PEKUMIHJE Ka3bLly; Iapirepiepre
apHaJFaH KecTeHi Oackapy »kylecl; maiiamaHyliblUIapAsl KOJjay YIIiH OailflaHbIC OpTAJIbIFhI;
TEKCEepUIreH IMIONyNaplbl XKUHAY >KOHE >KapHslay MEXaHH3Mi; Kely Tapuxbl 0ap HayKacTap.bIH
KEeKe KaOMHeTTepi.

O3ipJey JKOHE €HTi3y YCTIHAerl Keyeci TEXHOJOTHSUIBIK JCHred (QYHKIMOHAIIBUTBIKTHIH
aliTapiplKTali KeHEro1H Ooypkaiapl. [lmatdopMaHbIH jkaHa HYCKAchl MAIUEHTTEpre, opirepiepre
KOHE eMXaHalapra apHaJIFaH MEeIUIIMHAIBIK KYKaTTap/Ibl, ChIHAK HOTIIKEIEPIiH JKOHE Ke3ecyiepii
CaKkTay MYMKIHIIrT Oap TONBIKKAHIBI JKEKe KaOMHEeTTepAl KaMTHIIbI, camapiap MeH IIOT-
bakTypanapasl pacTay[blH AaBTOMATTaHJBIPBUIFAH JKyHeci; TesneM KyienepiH OipikTipy;
OeiiHeKoHCyNbTalusl (QYHKIUSACHI Oap TeleMeIulMHa KbI3METi; €Ki TUIAl (Ka3ak »XoHE OpbIC)
uHTEepdeiic.

Byn apxutexTypanblK 3BOJIONMS (arperaTopiaH dKOXyiere AeiiH) K00aHbIH WHHOBAIUSIIBIK
QJIEyeTIH TYCIHY YIIIH TyOerewsai MaHbI3Abl. MeauIMHAIbIK MapKeTUHT €HJII TeK JdpirepiepiiH
aHBIKTaMaJIBIFbl  OOJBINT TAaOBUIMANIBI KOHE MAIMEHTTIH JCHCAYJBIK CakKTay >KYHeciMeH e3apa
OpeKeTTeCYiHIH OapibIK MUKIIH OIpIKTIpeTiH HUPPIbIK xabka aiiHanaabl [8]: MaMaH i37ey JKoHE
TaHJay, >Kas3bUly, Kelyre ajjblH-alla JalbIHIBIK, KaObUIgayJIblH ©31 (COHBIH IIIiHAE OHJAiH
peXHUMiHJIE), TaFalbIHAAYIap, 3ePTXaHANIBIK 3ePTTEYIIep, AdpiXaHa, JeHCAYIbIKTH OaKbUIay.

TenemeanuuHa 1aMyIbIH CTPATerHsIbIK BEKTOPbI peTiHae

Tenemeauuuua — aKmapaTThIK-KOMMYHUKALMSIIBIK TEXHOJOTHUIAp/Abl MaijaiaHa OTBIPHII,
MEIUIMHAIBIK KBI3METTEPAl KAIIBIKTBIKTaH Kepcery — oaneMaik MedTech-unaycTpusichlHbIH
HEFYPJIBIM CEPITIH/II TaMBITT KeJle )KaTKaH CETMEHTTEpiHIH 0ip1 6obin Tadbbiiaabl. 2010 xpu1mapasH
asrpigaa AKHI-Ta ipi xymeic Gepymriiepaid 72% -bl TeleMeAUIIMHAHbI KOPIOPATUBTI AEHCAYJIBIK
nmakeTTepiHe eHri3al [9]. DKOHOMHKAIBIK JOTUKA aHBIK: OHJIAWH-KOHCYJIbTAIUs OeTre-0eT Kemyre
KaparaHsna aWTapiblKTail ap3aHblpak, Oy CaKTaHIBIPY KOMIIAHMSUIAPbIHA  IIBIFBIHIAPIBI
aftapnelkTail aszaiiTyra MyMKiHIIK Oepexmi. JKanmbel en OoMBIHIIA CO3BUIMANBI HayKacTapabl
TEJIEMOHUTOPUHITEY ILIYFBII aypyXaHara >KaTKbI3y CaHbIH €Ki ece a3alTbIl, KbUI CalibIH KY3/ereH
MWIJIHOH JI0JUIap YHeMJieyre MyMKiHaik Oepeni [10].
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Cypert 2 — MenunuHaibIK MapKeTIUIEHCTIH KOIDKAKThI 9KOXKYHEIIK apXUTEeKTypachl

TenemenaunHa HapbIFBIHBIH OCYIHIH HEri3ri jApaiiBepiepl OipHemie ¢dakrtopiap Oo0JbI
Tabbimanpl. bipiHmiigeH, Oyl SKOHOMHUKANBIK THIMILTIK: OHJIAWH-KOHCYJIbTaLMsIap OeTme-0eT
Kelmyre KaparaHJa ap3aHblpak, Oyl CaKTaHIBIPy KOpJIapblHA S>KYKTEMEHI a3alTajbl >KoHE
MEIULUHAIBIK KOeMeKTi KoipkeTiMai ereni [11]. ExiHmigeH, reorpausuiblK HHKIIO3UBTLIIK:
TeJleMeIUIIMHA [IanFail ailMakTapJaarbl TYPFBIHIAAPIBIH MaMaHIAHABIPBUIFAH KOMEKKE KOJ
KETKI3YIHET1 (PU3UKANBIK Keeprijiep i KosIbl. Y IIHIIIIEH, eMIeIYyLIIre bIHFalIbUIbIK: eMXaHara
Oapmaii-aK KeHeC ally MYMKIHJIIT acipece *Kyieni 0aKkplayibl KaKeT €TeTIH CO3bUIMAIbI aypyiap/ia
XKoHE (DMBUKAIBIK TEKCEPY/I1 KAXKET STIEHTIH aJFaliKbl eMACITYIIIep/e CYpaHbICKa He.

Mamanpaapra KypJaeni karfaiinap OOWbIHINIA OpINTECTEpIMEH KAIIbIKTaH KEHEeCyre MYMKIHAIK
Oeperin "mopirep — gopirep" ¢opmarel Tap OeiliHal MaMaHAapFa KOJDKETIMAUIIIT IIeKTeysi
KarJainapaa MeIUIMHAIBIK KOMEKTIH camachlH apTTHIPYIBIH TYyOereiin jkaHa MYMKIHAIKTepiH
alasel.

Kazakcran ymiH TeneMeAWIMHA €NJIH epeKine aAeMorpadusiablK KarqaiibiHa OalIaHBICTHI
epeKIlie MaHbI3Fa he. XallbIK THIFBI3IBIFEI CANBICTBIPMAIIBI TYPJE TOMEH opacaH 30p ayMak Kanana
MeH KpiTaitra ykcac >Karmaiipl TyAbIpy/Ja, MYHJIA KallbIKTaH KeHEC Oepy Kelae MmanFai
ayJnaHJapAblH TYPFBIHIAPBIHBIH OUTIKTI MEIUIIMHAIIBIK KOMEKKE KOJI JKETKI3YiHIH KAJIFbI3 IIBIHANWBI
HYCKACBhI OOJIBIN TaObLTA IbI.

[Tnardopmara TeaeMeTUIIMHAIBIK MOy Iba1 eHrizy TopDoc.kz 6y TyOereiini kaHa MYMKIHJIIK
TyFbi3anel: Keieuiopga Hemece TanaplKOpFaH KalacklHAH KENTeH eMmenylri AnMmaThl MEH
AcTaHaHBIH KETEKII MaMaHJIapblHA KOIl CaFaTThIK KO3FaIbICChI3 OHJIAMH PEKUMIHJIE KOJI KETKI3e
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amanel. CoHBIMEH Karap, IularGopmMa  Ka3aKCTaHIBIK  MAIMEHTTEpre, €H  aJjIbIMEH,
Ka3aKCTaHABIKTAPABIH JTOCTYPIi TYpHe >KOFaphl CEHIMIHE We QNEeMIIK ACHTeHIeri MeIUIIMHATBIK
opranblKTap IOFbIpiaHraH Peceiinen, ['epmanusnan xoHe M3pawibIeH KeJreH XalbIKapaslbIK
MaMaHJapra JIeyeTTi KOJDKETIMIUTIKTI aIlajbl.

Kazakcranma TenemMenMIMHaHBl JaMBITY YIIIH PETTEYIIUNK KEHICTIK yAeMem  Typle
KaJpIlTacyna. MeMyeKeT KallbIKTBIKTaH METUIIMHANBIK KbI3MET KOPCETYAl PETTEUTIH 3aHHAMAIIBIK
0a3a OoifbIHIIA JoHeKTI Typae >kymbic icteyae [12]. TuicTi HOPMATHBTIK KYKBIKTBIK aKTiJICpPIIiH
UIBIFYBl TEJIeMEIUILMHA CETMEHTIH JaMBITYyAbIH MaHbI3[bl KaTaJau3aTopbl OOJaabl, ©HUTKEHI O
KBI3METTIH KOMMEPIHUSIIBIK aYKBIMBIH IIEKTEHTIH KYKBIKTBIK OCNTICI3IKTEP Il AKOSIbI.

[Tnarpopma menOepinge TopDoc.kz TtenemenuumHa MapKETIUICHCTIH JKaIbl 3KOXKYHECIHE
nepOec, Oipak Heri3ri CEpPBUCIICH OPraHUKAJBIK OalIaHBICKAH MOJYJIb PETIH]IC WHTETPAIUSIIaHATbI.
Haykac peiituari MeH npoduiii OOMbIHIIA MaMaHAbl TaHAAW OTBIPBIN, KOHCYJIbTALUS (POpPMATHIH
TaHJayFa MYMKIHJIK anajel: OeTre-0eT keny Hemece OeiiHeKOoHCynbTanus. TeneM TpaH3aKIUsSHbIH
KAyIMCI3ITiH KOHE Kap)KbUIBIK ECENTUIIKTIH aBTOMATThI TYpJE acalyblH KamMTaMachl3 €TeTiH
KIPIKTIPIITeH TOJIEM U031 apKbUIbI )KY3€Te aChIPbLIaJIbI.

Koncynpramusmapasiy OeliHexazbanapsl MeH OepuireH OHJIaiH-TaralbIHAAyIap MalMeHTTIH
Keke KaOWHEeTIHAe CakKTamaipl, OYJ Y3[IKCi3 HUGPIBIK aypy TapUXbIH KalbIITACTBIPAIbl. by
3aMaHayd MEIWIMHAHBIH JKYWelTl MocenenepiHiH OipiH — opTypii Mekemenep MeH ¢opmarrap
OOMBIHIIIA IANTBIPAHKEI METUITUHAIBIK KY)KaTTapIbIH CHIIOCTAPBIH IICIIE/TI.

CanbIcThIpMAJIBI TAIIAY: MEAUIUHAIBIK MapKeTILIecTepAiH dJ1eMIIK TI:Kipuoeci

Tuntik mardgopMmanapaplH  CTPATETHSUIBIK OJIEYeTiH TYCIHyre apHajafaH WHIUKATHUBTI
xanbIKapaislk mpereaeHt TopDoc.kz oy peceitnik DocDoc cepBucinin Tapuxbl. 2010 sxbu1aaph!
KOMMEPUMSUIBIK KJIMHHUKANapAa Jopirepiepre »asplly arperaTopbl PeTiHAE ICKe KOCBUIFaH Oy
kbI3MeTT1 2017 xbLibl Peceiieri eH ip1 Kap>Kbl HHCTUTYTHI - COepOaHK caThIl afbl.

Byn caTeim anyaelH JIOTHKAChl KCHIPEK CTPATETHSUIBIK 3aHJBUIBIKTBI KOPCETeIl: KapiKbl
WHCTUTYTTapbl OaHKTepAeH oMOeOanm UUPIBIK HKOXKyienepre aWHalyra YMTbUIa OTBIPHIIL,
MEAWIMHANBIK  HApBIKTapAbl  ©3[EPiHIH KApXKBUIBIK eMec HH(PaKypbUIBIMBIHBIH  HETi3Ti
AJIIEMEHTTEPIHIH Oipi peTiHAe KapacThipaabl. MeauIMHAIBIK TaKbIPBINTAp MaliJanaHyIIbuIapablH
MaKCHUMaJIbl KaThICYbIH, MIaTgopMara OpalyAblH >KOFAphl KHULUIITIH JKOHE KapXKBUIBIK OHIMAECPIl
KpOCC-CaTyJIbIH OpacaH 30p dJIEyeTiH KaMTamachl3 erelni. Emzaeyre apHamraH Hecuenep,
MEAUIMHANIBIK CaKTaH/AbIPY, KapTa YCTayllbulap YIUiH KEHUIJIKTI HIapTTap — OCHIHBIH OapJIbIFbl
OaHKTIK )KOHE MEIUITMHAIBIK KbI3METTEP apachlH/1a CHHEPTUSHBI Ty IBIPAIBL.

COepbank TeparachlHBIH OIpiHII OpbIHOAcAphl CTPATETUSIIBIK KO3Kapacka TIKelel Hazap
ayJap/bl: AOpITepiH OHJIAWH JKa3bUTy HAPBIFBIHBIH 031 MEIUIUHANBIK KbI3METTEPIIH KUBIHTHIK
HapBIFBIMEH CANIBICTHIPFaH/A [IAFbIH, OIpaK MEAUIIMHATBIK MIaTGopMa KOl callaibl dIKOKYHere Kipy
HYKTecl peTiHzae KyHabl. OFaH Ja9pi-TopMeKTepre Tarchlpbic Oepyai, Aopirepiiep apachlHAAFbl
MOIMETTEPMEH aiaMacybl JKOHE METUIIMHANBIK KhI3METTEpAl KapKbUIaHIBIPYABl "KOHABIpyFa"
0omabl.

byt icTiH Tikenme#d cTpaTerusuibiK MaHbI3Bl Oap TopDoc.Kz: kasakcranapik matdopma Oenrimi
Olp ayKbIMFa IKETKCHHEH KeliH enaiH 1pi OaHKTEepiHIH HEMece TEICKOMMYHHUKAIIMSIIBIK
OTIepaTOPJIAPBIHBIH IKOXKYHENIepiHe HHTErPAIHsUIAy YIIIiH TAPTHIMIbI aKTUB OOJIBINT TaObLIA b,

Onemaik MedTech-mathopmanapasl  Tangay ONapAblH — JAaMYbIHBIH — OipHEIle  Herisri
3aHJBUIBIKTApbIH 06l KepceTyre MYMKIHIIK Oepeni. BipiHIi 3aHABUIBIK — TIK arperatopaaH
KOJJICHEH OHKOXyiere sBomouus. TaOBICTBI MeIMIMHANBIK HapbIKTap Oenriai Oip MaceneHi
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menryZien Oactananbl (Iopirepl i3ney, Ke3aecyli TarailblHaay) jKoHe OaiaHbICThI KbI3METTEpIi:
3epTXaHaJBIK 3epTTEYJIep/i, IopiXxaHa KbI3METTEPiH, CaKTaHIBIPY/bl, TeJIEMEIUIIMHAHBI OipIKTIpY
apKbUIbl (QYHKIMOHATIBUIBIKTEI IOUEKTI Typ/ae keHeiTeni [13].

ExiHII 3aHABUTBIK — CEHIMHIH MaHbBI3IBI poti. MenuiuHa, O9JIKiM, TYTBIHYIIBUIBIK HAPBIKTHIH
CEeHIM Mocenenepine €H ce3iMTan camackl Oonbin TaObutaabl. [likipimep MeH peHuTHHTTEpIl
TEKCEPYIiH CEHIMI TEeTIKTEPiH Kypa ajiFaH miaTdhopmaiiap TYPaKThl 09CEKEIeCTIK apThIKIIBUIBIKKA
ue 6onanel. Hak conmpiktan TopDoc.kz Gaiinanbic opTaibiFbl apKbLIbl HAKTHI MAMESHTTEPACH Kepi
OailyTaHpICThI OCTICEH/ 1 TYPAC JKUHAYFa OACBIMIBIK Oepe/l.

YuriHmn 3aHABUTBIK — KIipyre TOCKaybul peTiHae xeniumik dddexr. [opirepnepnin e,
MAIMEeHTTePAIH Je MaHbI3bl 0a3achblH KaJBINTACTHIPFaH MEIUIMHAIIBIK HApBhIK OocekenecTep YIIiH
alTapibIKTall Kelepri »acaiapl: )KaHa OMBIHIIBIFA "TaybIK MEH XYMBIPTKAHbI" JKEHY ©T¢ KUBIH —
HAPBIKTBIH €Ki aFblH Oip yakeiTTa TapTy Maceneci. TopDoc.kz 2500-nen acram nopirep men 600
KIMHUKAJIaH TYpaThblH 0a3ackl 0ap JKoHE 2 MHJUIMOHHAH acTaM TNaiJalaHyIbl carapiapbiH
KMHAKTaraH Ka3aKCTaH/IbIK HAPBIKTAFbl IIMOHEP/IiH Al TapIIbIKTall apTHIKIIBLIBIFBIHA HE.

NHHOBaUAIBIK MYMKIHAIKTEP K9HE NMaiilajJIaHy bl TI:Kipuodeci

3amaHayu MeAMLMHAIBIK Oa3apiap MEH ACTYpPJll MEIUIMHAIBIK AHBIKTAMaJIbIKTAp apachbIHIaFbl
TyOereini alpIpMaIIbUIBIK HaialaHyIIbl TOHKIPUOECIH TepeH KEKeNeHIIpy OOJbIn TaObLIaib.
TopDoc.kz nopirepuiy erkeii—Terkeiti npoduliH KaabIITaCThIPaIbl, OHBIH ILIIHIE MaMaHIaHYBbI,
OUTIKTLIITI, KBI3MET KOPCETY KYHBI, KaObU1Iay KecTeci, PoTocyper, Makaanap KoHe capanTaMalibiK
Ma3MyH, €H 0acThICHI - HAKTHI IIOyJIap HETi31H/e pacTalFaH PeUTHHT.

Haykacka Texk MamaH[bIFbl OOWBIHIIA FaHA €MEC, COHbIMEH KaTap CHUMOTOMAApbl HeMmece
HO30JI0THSACHl OOMBIHIIA OHTAWIBl MaMaH/bl TaOyFa MYMKIHAIK O€peTiH i37ey alropuTMIepiH
o3ipney/iH epekue MaHb3bl Oap. [lopirepai i31ey skyieciMeH OipIKTIpUIreH Ka3ak KOHE OpbIC
TIAIEPIHJET aypyJiap MEH AJPUIIK 3aTTap/bIH TaKbIPHINTHIK aHBIKTAMAJIBIFBIHBIH TYKBIPHIMIaMacChl
SEO-KBUDKBITYIBIH ~ KyaTThl ~ KypajblH JKacaibl OHE COHBIMEH Oipre mamueHTTep
m1aT@opMachbiHbIH OUTIM Oepy KYHIBUIBIFBIH apTThlpaabl. benrim Oip aypy Typanbl aknaparThl
13IeNTIH Maiiana”Hylbl TeK MEAMIMHAIBIK MAJIIMETTEpJll FaHa €MeC, COHbIMEH KaTap THICTI
MaMaHFa Ka3bUTy MYMKIH/IITIH JIe aiaJibl.

KerinaipiareH MeIuUMHAIBIK MIaTgopManap nainanaHymbsliapAbl OEJICeHIUNITH apTThIpY
YIIiH redMupuKanus MexaHu3sMaepli MeH aJaliblK OarjapiaManapblH KeOlpek maiinananyna.
Tyxbipeivaama  TopDoc.kz — emaenymrinepi  bIHTANAHIBIPYIBIH — KOIJICHTEMII  KyHeciH
KapacThIpa/ibl: KAJIJBIPbUIFaH MiKipjep MEH OTKI3UIreH carnapiap YIIiH )XKUBIHTHIK Oanap; AopixaHa
TayapJiappl MEH 3€pPTXaHaJbIK 3epTTeyJIepre >KCHULMIK KOATAapbhl; TaKCH-CEPBUCTEPIMEH KOHE
CaHATOPUMJIEPMEH CEPIKTECTIK Oarmapiamaliapbl; eMICY/IIH OH CepIiiHi OoJMaraH >KaFaaijia TeriH
KaiiTa KaObUIay MYMKIH/ITI.

EMneynin KaHaraTTaHapJIBIKCHI3 HOTHDKECI JKaFaaibiHaa miatopma ecebiHeH KaiTa KaObuiiay
Kyhecl MeMIIMHAIIBIK KbI3MET KOPCETY camnachblH 0acKapy MaceseciHiH TPUBUANb/bI eMec MIeIiMi
peTiHae epekile Hazap ayaapyra Typapisik. LIbiH MoHiHAe, 1aTdopMa MalMeHT MeH JopirepaiH
@3apa OpEKETTEeCYiHIH HOTHXKECl YLIIH KapKbUIBIK >KayarKepIILTIKTI 63 MOWHBIHA ajajbl, Oy
JopirepiepIiH ajai >KYMbIC ICTeyiHEe KYIITI BIHTaJaHABIPYJbl KAMTaMachl3 €Telli KOHE COHBIMEH
Oipre manMeHTTEP/AIH KbI3METKe JIeTeH CEHIMIH alTapibIKTail apTThIpabl.
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Cyper 3 — Ilnardopmara Heri3AeireH caHabIK JSHCAYIJbIK CaKTay dKOXKyihect

[TnardopmaHbIH TOJIBIKKAH/BI Ka3aK TUTIHIET] HYCKAChIH 931pJiey TeXHUKAIbIK Talall KaHa eMec,
ayJIUTOPUSIHBI KaMTYy TYPFBICBIHAH CTpaTeTUsIbIK HMHHOBalMsg Oousibin TaObuiagsl. Kaszakcran
XaJIKbIHBIH OachIM 0eJiri, €H alJbIMEeH eHipJepae, Ka3aK TUIIHIErl aKnaparThl TYTHIHYJIbl >K6H
kepeni. Tapuxu TypFbelIaH aiFaH/a, MEIULUHANBIK TaKbIPBINTAFbl Ka3aK TUIIHAET! WHTEpHET-
KOHTEHT OTe TamIlbl OONBIN Kaja Oepesl, Oyl €Kl TUAUIKKE HEeTi3lenreH miatdopma YIIiH KeH
0aceKenecTik Tepese sKacaiibl.

Ka3zak TutiHAEr! TaKbIpHINTHIK MEIUIMHANBIK AHBIKTAMAJIBIKTBIH OPraHUKANbIK TpaduKTI
KaMTaMachl3 €TeTIH KoHe IUIaT(OpMaHbIH aKbUIbI KBUDKBITYFa TOYENAUIIIIH TOMEHAETETIH 131ey

HOTIDKEJIEpiHJe €eH a3 OoceKeNecTiK >KarlalblHIa aWTapibIKTall 137ey CypaHbICbIHA He 0oy
BIKTHMAJIJIBIFBI )KOFaPHI.

JIKOKYHeJIK TICIJI KIHe cepiKkTecTIK HHTerpanuschbl

MedTech-unaycTpusiCbIH ~ JaMBITYABIH 3aMaHayd OoJpKaMaapbl MEAWIMHAIBIK KOMEKTIH
apXUTEKTypachlHIarbl TYyOerein e3repicTi Kepceredl: (QU3MKAIBIK MEIUIUHAIBIK MeKeMelep
OapraH caliblH KYpJAedl TEXHOJIOTHSUIBIK KapKbIHIbI KOMEK KepCeTyre MaMaHJaHAbIPbUIaThIH
6omansl [14] (kapkbplHABI Tepanus OesiMInenepi, XUPYPrusUIbIK OeiMinenep, IUarHOCTHKAIBIK
KELIeHIep), aJl JKOCTapJibl KOHCYJbTAIMsIap, CO3BLIMAIBI aypysiap/bl OaKbulay KOHE aJFallKbl
MeIULMHAIIBIK-CAHUTAPIIBIK KOMEK OHJIaiH (hopMaTKa Keuripiiei.

Ochl TYpFBIIaH alFaH]la, MEIULUHANBIK HapblK JEHCAYJBIK CaKTayIblH OYKUI 3KOXKYHECIHIH
OpTaJIbIK HAaBUTALMSUIBIK TOpaObIHa alfHanaabl — MAUMEHT YIIIH XYHEeHIH OapiblK 3JeMEeHTTepIMEH
Y3IIKCI3 ©3apa opeKeTTecyll KaMTaMachl3 eTeTiH "OipeIHFal Kipy" Typl: MaMaH TaHAayJaH >KOHE
OHJIAWH-KOHCYJIbTAIIUsTIApAaH OacTal 3epTXaHajblK 3epTTeyJiepre kidepyre, pernentT ajyFa >KOHE
JopixaHa/ia Jopi-A9pMEKTepre TanchIpbic Oepy.
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CepikrecTik 3KOXKYHeciHIH TykKbIpbiMaamacsl 10pDoc.kz  OGipueme Herisri OaFbITTapabl
KaMTuabl. Kapbl cekTopbl: baHKTepMeH cepikTecTik Tikenel riardopma uHTepdeiicinen Kpimoar
TYpPaThIH MEJMIIMHAIBIK TPOIEAypallapibl HECUeNeyre, COHAAi-aK MEIUIMHAIBIK KbI3METTEP/Ii
0aHKTIK MOOMIIB/I KoaHOanapra OipikTipyre MyMKiHAIKTep amaasl. CaKTaHIBIPy cajachl: epiKTi
MEIUIUHAIBIK CAKTaHIBIPY JKYHEJNEepIMEH HHTETpanusiay MalueHTTepre miatgopma apKbLIbl
TiIKEJIeH KaMTy IeHOepiHe Aopirepiiepre ka3bplulyFa MyMKIHIIK Oepei.

Jopixananap sxemici: JlopixaHamapMeH CEpIKTECTIK carap asKTaJIFaHHAH KEWiH TaralbIHIaIFaH
JOpi-IOpMEKTEpre MalUeHTTIH MEAUIMHAIBIK KapTachlHAH TIKEJICH TaIlChIphIC Oepyre MYMKIHIIK
TYFBI3aJbl. 3€pTXaHaJbIK JAMArHOCTHKA: 3€PTXaHAJApMEH HWHTETpalusuiay Jopirepre aHajusre
KOJIaManap ka3yra, aj MalMeHTKe BIHFAMIbI YaKbITTa TAIChIPyFa >Ka3bUIyFa MYMKIHIIK Oepei.
CaHaTOpUITIK-KYpOPTTHIK ~ CEKTOp:  caHATopuiiepal  IulaTOpMaHbIH  JIKOXKYHECiHe  KOcy
aMOyJTaTOPHSITBIK-eMXaHATBIK KOMEKTEH ThIC %Ka30a (PyHKIIMOHAIIBIFEIH KCHEUTE]T.

Takcu KpI3BMETTEpiMEH KOMKTIK wuHTerpamus (conbH imiaae 2GIS, Yandex TunTi
riatopMasiap apKbUIbl) MaiilaianyIlbl canapblHbIH COHFBI "MUJIIH" a0a/bl: MAIIMEHT eMXaHara
TaKCHUTe TiKeNlel Ke3aecyal Tarabinaay HHTepdelciHeH TarnchIpbic Oepe amaabl.

[TnardopmaHbl METUITMHAIBIK TYPU3M KYpallbl PETIHIC NaMbITY alpbIKIIa MEPCICKTHBA OOJIBII
tabbutazpl. [llerennik MamannapabsiH, €H anabiMeH Peceiinen, ['epmanusiian, M3panmibaeH KeinreH
MaMaHJapbIH TPOQHIBAEPIH OPHATACTHIPY AOCTYPJL TYpPAE WLIETENre >KOFapbl TEXHOJOTHUSIIBIK
MEIUIMHAIBIK KOMEK ally YIIiH OapaThlH Ka3aKCTaHABIK eMAETYUIIepre alpIMeH OHJIAlH KEHEC
alyra, MaMaHHBIH KY3BIPETTUIIrH Oaranayra >kKoHE JyphIc HIenIiM KaObUiaayFa MYMKIHIIK Oepeni.
carap TypaJbl.

Kepi Oarbitta miaardpopma KaszakcTanra KeNneTiH MEIUIMHAIBIK TYpPHCTEp YIIIH HaBUTATOP
KBI3METIH aTKapa anajsl. OpTanslk A3us enjepi a3aMaTTapbIHbIH Ka3aKCTaHABIK METUIIMHAFA JIETeH
KBI3BIFYIIBUTBIFBIHBIH aPTYBl MYH/Iall OAFbIT YIIIiH alTapIIbIKTal oJIeyeTTi HaphIK jKacaiIbl.

CaHabIK KepceTKilTep KdHe ocyai Bepupuranusiay

[TnardopmaHblH oOmepanusblK KbI3METIHIH Oec KbUibl imriHge TopDoc.kz Ttekcepinren
naijanaHybl JepeKTepiHIH alTapabIKTal ayKbIMbIH JKMHaKTaIbl. MaMangap 6a3aceina 2500-1eH
actam gopirep MeH 600 knuHuka kipeai. CalTThIH >kaianbl Tpaduri 2 MUJUIMOHHAH acTaM KipyJeH
actel. KyHenikTi opranukanslk Tpaguk Anmarbiia mofrbipianrad (Toyiirine 1000-ra neitin) 3000-
5000 xemyni Kypaiasl.

Heri3ri KOHBEpCHUSIIBIK KOPCETKILITEP OFaphbl ONEpalusiIbIK THIMIUTIKTI KepceTeni: eTiHIMIe
Oapynan 10% xoHBepcus, oTiHIMHEH opbIHaNFaH ka3z0ara 80-90% koHBepcus, xka30aaaH HAKTHI
opeiHAaFaH Kaosiaayra 70-90% xonBepcus. by canmap ecy TeHACHIUACH Oap KbI3METTIH OYKLT
KYMBIC KE3CHIHJE TYpPaKThl TypAe Oailkamaasl, Oyl aJaijIbIK dSJEMEHTTepi 0ap TypakKThl
naiiiamanymrsl 6a3achbIHBIH KAJBIITACYBIH KOPCETEI.

[Tnardopma xaHa HapBIKTapbl JOHEKTI Typ/e AaMbITa OTBIPHII, TeorpadusiiblK MaciTadTayFa
KJIACTEPJIIK TOCUII KYy3ere achlpaabl. ATMaThl MaMaHIapAblH €H KOIl MOFbIpiIanFan (6a3ana 950-re
KYBIK) OHE OpraHUKaibIK Tpaduri 6ap 6a3anblK HapbIK O00sbIN TaObuTaAbl. ActaHa 300-re KybIK
nopirepyiep 0a3ackl Oap MaHBI3BUIBIFBI OOMBIHINIA EKIHINI HApBIKTHl yCcbiHa/Ibl. CeMell — oprta
ayKpIMIaFbl OHIPIIK HApBIKTHI wWrepydiH yirici. Keiinri kesermep KaszakcTanHblH OapibiK ipi
KaJaJapblHa Tapalyabl Ke31eni.

Kiactepik Tocii MApKETHHTTIK IIBIFBIHAAP/IBI OHTAMIAHIBIPYFa MYMKIHIIIK Oepeni: opOip xaHa
KaJla YCBIHBIC KaFbIHA (Iopirepiep, eMxaHajiap) *KoHEe CYPaHbIC JKaFbIHAA (TTAIMEHTTEP) MaHbI3 b
MacCaHbl KaJIBINTACTBIPY YIINIH OacTamKbl WHBECTUIMSUIBIK CEpITHAI KaxeT erenl. JlereHmew,
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KPUTHKAJIBIK Maccara >KeTKEH/Ie, ©CIM HETi31HEeH OpTaHUKAJbIK OOJaabl, Oy MmaiJananyibuIapabl
TapTyIbIH MIEKTI KYHBIH aTapJIbIKTall TOMEHICTE .

DJIeyMeTTIK MaHbI3bI JKOHE [JIeHCAYJIBbIK CaKTaYy XKyieciHe dcepi

MamanaapablH TeKCepUIreH peHTHHI1 HeT131H/1e KYPhUIFaH MEIULUHAIBIK HAPbIK METUIIUHAIIBIK
KOMEKTIH camachlHa JKYHeJi ocep eTyIiH aWTapiblKTaii oneyeTiHe wue. baramay kyleciHiH
AIIBIKTBIFBI OUTIKTUTIKTI apTTHIPY YIIIH HAPBIKTHIK BIHTATAHABIPY/IBI TYABIPAIbI: dKOFAPBI JOPEKel
nopirepiep keOipek »xasz0amap anajel, AeMeK, KoOipek TaObic anaabl. byn miardopma, mbiH
MOHIHJIE, TOCTKEHECTIK KEHICTIKTErl eiepleri MeIuuHa KbI3MEeTKepJiepiHe eHOCKaKbl TOIeyiH
JOCTYpIl KyHenepi erTe oJNci3 KaMTaMachl3 €TETIH CamlaHbl ©OTEYyJiH HApPBIKTBIK MEXaHW3MIiH
KaJIBINTACTRIPaIbl JeTeH Al Olnaipesi.

Emneynin oH nuHaMukacel OoiMaraH jKarjaiiia TeriH KalWTa KaObUINAyIbIH KapacTHIPBUIFaH
MEXaHM3Mi JIopirepre MalMeHTTI ajajd OacKapyFa KOCBIMILIA BIHTAJIAHIBIPYIBI TyIbIpaabl. [LIbiH
MOHiHJIe, MIaTgopMa XalblKapallblK ACHCAYJBIK CaKTay cajachlHIa KeHIHEH TaJKblUIaHATBIH, Oipak
MOCTKEHECTIK KEeHICTIKTEerl MEIUIMHANBIK JKYlenep *arJailblHIa eTe CHpPEK >KY3ere achlpblIaThIH
"HOTHIKETe HET13/IeITeH MEUIIMHA" JIEMEHTTEPIH KYPaCThIPaIbI.

[TnardopmaHbl JaMBITYJIBIH €H MaHBI3bl QJIEYMETTIK dcepiepiHiH Oipi OUTIKTI MeTUIIMHAIBIK
KOMEKKE  KOJDKETIMIUTIKTETI  TEHCI3MIKTepAIH  QJIEyeTTi TeMeHACyl OOoNbIml  TaObLIAIBI.
TenemenuuMHAIBIK MOTYJIb MAJIFA OHIPIEPAIH TYPFBIHAAPBIHA KBIMOAT carmapiiapIsl KaXeT eTIe-
aK, eNiMI3JIIH KOHE QJIEMHIH JKETEKIl MaMaHIapbIHAH KeHeC alyFa MyMKiHAIK Oepeni. by canainer
eMJIeTTyTe KOJI JKETKi3y/JIeri reorpadusuIbIK JKOHE Kap KBUIBIK KeIeprijiep/IcH €H KO 3apal MereTiH
XaJIBIKTBIH a3 KAMTBUIFAH TONTAPHI YIIIH epeKIIe MaHbI3Fa He.

Ka3akTinai KOHTEHTTI koHe IulaTdopMma HHTep(eNCiH AaMBITy @ MHKIIO3UBTI (YHKLIHUSHBI
OpBIHJIANIBI, Ka3aKTiI1 TYPFBIHIAP — HET131HEH aifMaKTapIbIH TYPFBIHAAPHI YIIIH TUINIK KeAepriHi
azaiftanel. Ocbulaiiiia, ratgopma HETI3ri 9JIeyMETTIK ChIH-KaTepiep/iH Oipi - Kaja MeH aybll
TYPFBIHIAPHI apachIHIAFbI U (PITBIK AJIIAKTHIKTH )KOIOFa YJIec KoCcya.

[MepcnekTuBanblk  gamy OarbiTbiMeH 10pDoC.Kz  neHcaynmblk — cakTayaslH —MEMIIEKETTIK
nH(ppaKypbUIbIMbIHA TIATGOpPMaHbl eHri3y Oosbin TaObu1aabl. KazakcranHblH JleHcaynbIK cakTay
MUHHCTPJITIMEH CEPIKTECTIK MEIUIIMHAIBIK KBI3METTEP/IIH CarachiH Oakpuiay, MPOPUIaKTUKAIBIK
Oarmapinamanapisl UIrepiiery, MIHISTTI QJIEYMETTIK MEIMIMHANBIK CaKTaHAbIpY Kykeci
KaFalibIH/Ia TAlUeHTTEep aFbIHBIH OacKapy OolbIHIIA OipjeckeH xoballapFa MyMKIHAIKTEp alabl.

MeaunuHanbelK ~ KbI3METTepre CYPaHBICTBIH KYPBUIBIMBI  (CYpaHbICKa M€ MaMaHJBIKTap,
reorpadusIbIK Tapany, ChIPKATTaHYIIBUIBIKTBIH MayCHIMJIBUIBIFBI) Typalibl aHOHUMHU3ALUSIIAHFaH
JIEPEKTePiH JKUHAKTATYbl JCHCAyJBIK CaKTayIbl MEMIIEKeTTIK Oackapy OpraHaapbl YVIIiH
MEIUIMHAIBIK WHPPAKYPBUTBIMIBI JKOHE KaJp cascaThlH KOocmapiay Ke3iHzIe eJeyli TajaaMalbIK
KYHJIBUTBIKTBI OUTTIpe/Ii.

7KobGaHbIH KaHAIBIFBI MEH 03ceKeIeCTiK APThIKIIbLIBIKTAPbI

XKypriziiren Tangay HOTHIKENEpiH KOPBITHIHIBLUIAN Keje, iaTdopMma >KaHAIBIFbIHBIH HETi3Ti
AJIEMEHTTEPIH TYXbIpbIMaayFa Oomnanbl TOPDOC.Kz kazakcTaHIbIK HapbIK jKoHE Kalbl OpTalbIK
A3us aiiMarbl KOHTEKCTIHJIE.

bipinminen, TopDoc.kz Kazakcranma MemuIMHAIBIK MEKEME €MeC, IOpIrepiiH TYJIFachiHa
OarmapiiaHFaH TOJIBIKKAHABl TIK MEIWIIMHAIBIK MApKETIUICHCT] KaJbIITAcThIpya i3amap OOJbII
TaObuTabl. Bysl TOCUT MaMEHTTIH HAKThl MiHE3-KYJIBIK VITICIHE KOOIpEeK ColKec KeJedi >KoHe
HaPBIKTHIH €K1 KaFbl YIIIIH JIe )KOFapbl KYHIBUIBIKTHI Ty IBIPAJIbI.
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Exinminen, Oencenai TypAe )KUHaIFaH Kepi OaiiaHbIC HEri3iHAe TeKCepireH PeUTHHT Kykeci —
naiganaHymbUIapAbIH MMACCUBTI MIKIPICPIHEH aWbIPMAIIbUIBIFBl — MEIUIIUHAIBIK KBI3METTEP.IIH
carmacelH OaranaylblH aHAaFypibIM CEeHIMII JKYHECiH >kacaiapl. bBynm TINTI  XalbIKapasbIK
CaNBICTBIPYA J]a CUPEK Ke3/1eCeTiH 0ACEKENEeCTIK apTHIKIIBUIBIK OOJIBIN TaObLIaIbI.

YuriHmiiaeH, TeJIeMEeIUIIMHAHbBl HEeri3ri OIpIKTIpY JKOHE Ka3zy KbI3METIMEH OIpiKTipy opTypii
KYpaiappl maiganany apKbUIbl KOJI JKETKI3y MYMKIH eMec Y3AiKCi3 MaiganaHybl ToOKIpruOeciH
)acayra MyMKiHik Oepeni. [laruenT GipeiHFaii nHTEpdericTe peHTHHT OOWBIHIIIA MaMaH bl TaH 1Al
aNajbl, OHBIH >KAPHUIAHBIMAAPHIMEH TaHbICA aJIajlbl, KOHCYJbTAIUSHBIH BIHFAMIBI (HOpMAThIH
Tagaai ananel (Oetne—0eT Hemece OHJIAIH), aKbl TOJIEH alajbl XKOHE KOMEK aja ayajbl - OapIIbIFbI
SKOXKYWENICH IIbIKITai-aK.

Teprinmrinen, exi TuIal HHPPaKypbUTbIM (Ka3ak >KoHE OpbIC TiiAepi) OacekenecTep ic Ky3iHIe
KaMTBUIMaFaH HapbIK CErMEHTIHE Ko amaapl. Kasak TimiHIeri camaibl MeTUIMHAIBIK KOHTEHTTIH
TaNIIbUIBIFBl  KOFAphl 1316y CYPaHBICKIMEH Oipre TIaTQOpPMaHbIH OpPraHUKAIBIK ©CYyiHe
alTapJIBIKTail MYMKIHIIKTEp TEPE3eCiH kKacaiapl.

becinmrigen,  CepiKTECTIKKE  HSKOXKYHETK  Ke3Kapac —  OaHKTEpPMEH,  CaKTaHABIPY
KOMITaHUSJIAPBIMEH, JIOpiXaHaJapMEH, 3epTXaHAIapPMEH, KOJIK KbI3METTePIMEH WHTErpanusiay —
wiatopMaHbl HYKTENIK IIENIIMHEH JICHCAYJIBIK CaKTayIblH Kercanaibl IUQPIbIK XaOblHA
aifHanabIpaabl. by maiinamanymeiiap ymiiH e, 9NeyeTTi CTpaTeTHsUIBIK WHBECTOpJap YIIiH Je
’KOOAHBIH CTPATETUSUIBIK KYH/IBUIBIFBIH TYOCT eI e3repTei.

KopbIThbIHABI

JleHcaynblK cakTay]pl LUGPABIK TpaHchopManusuiay Kasipri 3aMaHHBIH €H ayKbIMJbI >KOHE
MaHbI3[bl MpOLECTepiHiH Oipi OoibIn TaObLIaabl. AyMaKTapbl KeH, MEAMLMHAIBIK pecypcTapabl
Oipkenki OOIMEHTIH kKoHE XalbIKTHIH HUQPIBIK CayaTThUIBIFI KAPKBIHABI JaMBINl Kele KaTKaH
engepae (Kasakcran na ocblFaH Katajbl) Oyl TpOLECC SIEYMETTIK JKOHE HKOHOMMKAIIBIK
TpaHC(hOPMAIHUSIHBIH €pEKIIe dieyeTiHe ue.

[Tnatdpopma TopDoc.Kz ocel oneyeTTiH HaKThI, KeJeN pacTaliFaH iCKe achIpbUIYbIH OLImipeni.
Bec ®BUIIBIK XKYMBIC OapBICHIH/IA OJT MIJUTHOHIAFaH TMaiiaaHyIIbUIap/IbIH carapiapbl, MbIHIaFaH
KOCBUIFAH MaMaHJap >KOHE pacTajifaH KOHBEpCHUS KOpCeTKIIITepi Oap TYXKbIppIMIamMaJaH HAKTh
KYMBIC ICTEWTIH HapblkKa oTTi. JKuHakTanFaH omnepauusuiblK ToXipuOe, MamaHaap MeH
NAlMEeHTTepAIH KaJbIITacKaH 0a3achl, TYpaKThl KOHBEPCHUSJIBIK KOPCETKIIITep MaciuTadTayblH
KeJlecl Ke3€H1 YIIiH OepiK HeTi3 dKacauIbl.

TenemenuIMHAHBIH HMHTETPalMACHl, TOJBIKKAHIBl JKeKe KaOuHeTTepnai o3ipiey, eki Tl
uHTepdeiic, CepIKTECTIK IKOXKYHecl *KoHe XalbIKapalbIK AKCIAHCUS — OYJl HOTHKE Oepe allaThlH
cTpaTerustHblH  djeMentrepi  TopDoC.Kz camanblk karpiHaH Oacka JEHredre: I KepPriTikTi
arperatopjaH ailMaKTBIK ayKbIMIAFbl TOJIBIKKAHIIBI IIU(PITBIK ASHCAYIIBIK CaKTay IIaTGOopMachiHa.

Xanblkapanblk — ToxipuOe (eH anneiMeHn peceimik  DocDoc, conpaii-ak  MedTech
WHIYCTPUSCHIHBIH KahaHIBPIK KeIIOacuIbuIaphl) YITTHIK HAphIKTa CHIHM Maccara JKETKEH
MEIULTHAIIBIK HapbIKTapAbIH KapoKbl WHCTUTYTTapbIHbIH, TEJIEKOMMYHUKAIUSIIBIK
OTIepaTOpJIAP/IbIH JKOXKYHenepiHe MHTerpalusiiay YIIiH ©Te TapThIMJbl aKTUBTEpre aiHalIFaHbIH
KepceTe/li. KOHE TEXHOJOTHSIBIK XOomauHrTep. bynm Typreima TopDoc.kz kamuTanmaHabIpyabIH
alfTapibIKTall alliblIMaFaH dJeyeTi oap.

[Mudpaslk aeHcaylblK cakTay — Oy jkall FaHa TEXHOJIOTHSJIBIK TPEHJ €MeC, MWUIMOHJAFaH
aZamMIapbIH JCHCAYJIBIFbI canachblHa OaiJIaHBICThI OOJATHIH OOJAIIaKThIH WHOPAKYPBUIBIMBL [15].
Xoba TopDoc.kz kazakcranmarsl 0Cbl HHPPAKYPHLIBIMHBIH KYPBUIBICHIHA HAKTHI )KOHE OJIIICHETIH
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YJIeC KoCadbl — JKOHC 6¥JI OHBIH IIBIHAWBI FBUIBIMUA JKOHE IMMPAKTUKAJIBIK MAaHbI3AbIIbIFbIH
aHBIKTANIbL.
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MNEJATOrMYECKUI NOTEHIIUAJ UICKYCCTBEHHOI'O
HUHTEJJVIEKTA B CUCTEME BBICIHHIEI'O OBPA30OBAHUA:
TEOPETUYECKHE OCHOBbBI, BOSBMOKHOCTHU U PUCKHA

ToxunTI. b.

Omcxkuil 2ocydapemeennsiil nedazocudeckutl yuusepcumem, Omck, Poccus
e-mail: tokingleb@gmail.com

Cmamovs nocéswena anamzy neoazoeuieckoeo NOMeHYuana UCKyCCmeeHHO20 UHMEeNIeKma 6 cucmeme
svicuieeo obpasosanus. Paccmampueaiomces meopemuueckue OcCHo8anus npumenenus HH 6 yueOHom
npoyecce, €20 603MONCHOCMU 6 UHOUBUOYANUZAYUU O0OYYEeHUs, PACUIUPeHUU OUOAKMUYECKUX Pecypcos U
asmomamusayuu KoHmpona sHanuil. Ommeuaromcs npeumyuwjecmed UCNOIb308AHUS UHMENNEKMYalbHbIX
00yuaOWUX CUCEM, HelpOCemesblX 2eHepamopos U 4am-00moe 6 opmuposanuy npopheccuoHaIbHbIX U
uccne008amenbckux Komnemenyui cmyoenmos. OOHOBPEMEHHO BbIAGNAIOMCA PUCKU U O2PAHUYEHUS,
CBA3AHHbIE C IMUHECKUMU ACNEeKMAMU, CHUNCEHUeM MOMUBAYUU K CAMOCMOSMENbHOU NO3HABAMENbHOU
OdesimeNibHOCU U He0DX0OUMOCMbIO HOO20MOBKU nedazo208 k pabome ¢ UU. /lenaemcs 6b1800 0 8axcHocmu
KOMNIIEKCHO20 U 0CO3HAHHO20 6Hedpenus MM 6 obpazoeamenvhyio cpedy Oisl COXpanenus pazeusaroujelt
@yHKYUU BbICUIE20 0OPA30BAHUS.

Knioueswie cnoea: uckyccmeenuviii unmenniekm, @vicuiee obpazosanue, neoazocudecKuii nomeHyual,
yugpposuzayus, nepcoHaruzuposanHoe obyuenue, odopazoeamenvHvie mexnonoauu, ueupocemu, ChatGPT,
yughposas epamomuocme.

The article examines the pedagogical potential of artificial intelligence within the system of higher
education. It explores the theoretical foundations for the integration of Al into the educational process, as
well as its capacities for personalized learning, the expansion of didactic resources, and the automation of
knowledge assessment. The study highlights the advantages of intelligent tutoring systems, neural network—
based generators, and chatbots in the development of students’ professional and research competencies. At
the same time, the paper identifies a number of risks and limitations associated with ethical concerns, the
reduction of motivation for independent cognitive activity, and the necessity of preparing educators for
effective interaction with Al technologies. The author concludes that the comprehensive and deliberate
implementation of artificial intelligence in the educational environment is essential for preserving the
developmental function of higher education.

Keywords: artificial intelligence, higher education, pedagogical potential, digitalization, personalized
learning, educational technologies, neural networks, ChatGPT, digital literacy.

Maxkana scozapwr 6inim bepy oscytiecinoezi scacandvl UHMeINeKMmiy nedacosUKaIbIK d1eyemin maioayea
apuanean. OKy yoepicinOe ocacanObl UHMENIEKMMI KOJLOAHYOblY MeopusiiblK He2izoepl, OKblm)Obl
dapananovipyoazvl,  OUOAKMUKATLIK — pecypcmapovl — Keneumyoeei — dwcone — OiMOi  Oaxvliayobl
aBMoMammaHOblpyo0azvl MYMKIHOIKIMEPI Kapacmulpuliadvl. 3usmKepiK OKblmy JHCYUeNepiH, HeupOoNCeniniK
2EeHEpaAmopaAapobl JcaHe Ham-60mmapovl CmyOeHmmepoiy KaciOu JicoHe 3epmmeyuiniK Ky3vipemmepin
Kanuinmacmuipyoa navoaianyobly apmulkulivikmapul aman ominedi. CoHviMen Kamap, SMUKAIblK
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acnexminepmen, 0epbec MAHbIMOBIK Kbi3MeMKe bIHMAHBIY MOMeHOeYIMeH JiCaHe Nedazocmapobl HACAHObL
UHMENIeKMNeH JHCYMbIC icmeyee 0aapaay KadcemminiciMen Oaillanvicmsl mayexeioep MeH uleKmeynep
aligblHOanaovl. JKozapuvl OinimHiy OamblmywsbliblK QYHKYUACHIH CAKMAY YWIH JHCACAHObL UHMELNeKMmI
Oinim bepy opmacviHa KeweHOl api CaHanvl mypoe eHeizyoiH MAanbl30bLIblebl MYpPaivl KOPbIMbIHObL
arcacanaool.

Tyiiindi ce3dep: odicacanObl UHMENIEKM, HCO2apbl OLNIM, Ne0aso2UKANLIK adaeyem, YUDpraHowipy,
dapananean oxbimy, 6inim 6epy mexunonozusiapwl, netupoceninep, ChatGPT, yugpavix cayammoiivik,.

BBenenue. CoBpeMeHHOE pa3BUTHE TEXHOJIOTUM UCKyccTBeHHOro unreiuiekta (M) okaspiBaer
3HAYUTENILHOE BIMSIHHE HAa CHCTEMY BBICHIET0 0Opa3oBaHUs, GOPMUPYS HOBbIE BOZMOKHOCTH JJIs
TpaHcpopmal y4eOHOro mpouecca U MNpodecCHOHANbHOW MOArOTOBKHU creuuanuctoB. MU
IIOCTENIEHHO CTAaHOBUTCS HE IMPOCTO MHCTPYMEHTOM aBTOMATHU3allMM OTIEIbHBIX Olepanuid, HO
MIOJIHOIICHHBIM DJIEMEHTOM 00pa30BaTeIbHOU CpeAbl, CIHOCOOHBIM JOMOJHSATH IEJAarOorHuecKue
byHKIMU  mperogaBarens. B ycnoBmsx  1udpoBH3AlME  00pa30BaTENBHBIX  MPOIIECCOB
ucclieloBaHme neparornyeckoro noreHnuana MU npuobdperaer 0codyro akTyanbHOCTb.

Brenpeane UM B 00pa3oBaHre CTUMYIHPYET MEPECMOTP TPATUITMOHHBIX MOJIEICH OOyUCHHS U
B3aMIMOJICHCTBUS TIpEoaBareiss M OOydYaromuxcs. AJTOPUTMBI aHamM3a OOJBIIMX JTaHHBIX,
a/IalITUBHBIE 00YyYarolne CHUCTEMbI, BUPTYalbHbIE ACCHUCTEHTHl U WHTEIICKTYalbHbIE TPEHAXKEPHI
MO3BOJISIIOT [IEPCOHANM3UPOBATh 00pa3oBaTeIbHBIE TPACKTOPUU M MOBBIIATH A(H(PEKTUBHOCTH
oOydeHusi. JTO OTKPBIBAET BO3MOXKHOCTH JJIsi Mepexojia K TMOKUM, WHIMBUIYaTU3UPOBAHHBIM
dbopMaM oOcBOeHHUsI Y4YeOHBIX MPOrpaMM, YTO OCOOEHHO BAXXHO B YCIOBHUSIX pocTa 0o0BbEMa
nH(OPMAIINY U H3MEHYUBOCTH MPOPECCHOHATBHBIX TPEOOBAHUH.

Onnako wucnonb3oBanue MM cBs3aHO HE TOJBKO € NPEUMYIIECTBAMH, HO H C PSJIOM
METOJO0JIOTUYECKHX, MEeNarorHueCcKuX M ATUYECKUX MpoOsieM. BO3HUKAIOT BOMPOCH COXpaHEHUS
poJIM TIpEnojaBaTeNii KaKk HOCHTENS IEHHOCTHBIX OpPUEHTAlMi, KOHTPOJs KauecTBa 3HAHUM,
3aIUTHl TIEPCOHATBHBIX JIAHHBIX, a TaKKe€ PHUCKOB CHIDKCHHS KPUTHYECKOTO MBIIUICHHS
oOyJaromuxcs Mpyu Ype3MEPHOM YMPOILEHUHU A0CTyma K uHpopmamnuu. BaxHo onpenaenuTs, Kakue
nefgarornyeckue (yHKIUU MOTYT ObITh aenerupoBansl MM, a kakue ocraioTcs yHUKaIbHOU
MpEpPOraTUBOM YeOBEKa.

Kpome toro, mis sdpdextuBHoro mpumenenus MM B Beicmieit mkone TpeOyeTcsi TOTOBHOCTh
MeJJaroroB 1 CTYJEHTOB K paboTe ¢ TAKUMU TEXHOJIOTHUSAMH, BIaJeHHE ITU(POBOI IPaMOTHOCTBIO, a
TaKkke M3MEHEHHs B 00pa3oBaTelbHONW TMONUTHKE U uHpacTpykrype. HemocraTounas
METOAMYECKasi TOATOTOBKA M OTCYTCTBHE UETKMX PETYIATUBHBIX HOPM MOTYT TIPHUBECTH K
(bparMeHTapHOCTH U HEPABHOMEPHOCTHU ITU(PPOBHIX MPeoOpa3oOBaHUiA.

Takum o0Opa3zom, HccleAOBaHUE MEJArOorMYecKOr0 MOTEHIMana HCKYCCTBEHHOTO HWHTEIJICKTa
MpEANoiaraéT PacCMOTPEHHE €ro TEOPETUYECKUX OCHOBAHMM, BO3MOXHOCTEH MPAKTHYECKOTO
MIPUMEHEHHUS U CBSI3aHHBIX C 3TUM PUCKOB.

[ToHnMaHue MaHHBIX acMEKTOB MO3BOJIUT CHOPMHUPOBATH HAYYHO OOOCHOBAHHBIE MOAXOJBI K
uaterpanmn UM B cuctemy Beicmiero oOpa3oBaHHMs W OOECMEYUTh €ro HCIOJIb30BAaHUE Kak
WHCTPYMEHTA Pa3BUTHSA, a HE 3aMEIIEHUS MeJarOTUYECKON e TENHbHOCTH (PUCYHOK 1).
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Pucynok 1 — MickyccTBEeHHBIN MHTEIIEKT KaK 3JeMEHT HU(PoBOil 00pa3oBaTenbHOM cpeibl
BBICIIEH IIIKOJIBI

PazButue TexHomoruii mckyccrBeHHoro wunrteiviekta (M) B mocnemnuwe rompl OKa3bIBaeT
CYIIECTBEHHOE BJIMSHHE Ha CHUCTEMY BBICIIErOo 0Opa3oBaHus, (OPMUPYS HOBBIE MOAXOABI K
opranmuzanuu ydeonoro nporecca. Cornacuo HarronanbHON CTpaTeruyl pa3BUTHs HCKYCCTBEHHOTO
MHTEJUIEKTa, TOCY/IapCTBEHHAs MOJUTHKAa OPUEHTUpPOBaHAa Ha pacuupeHue npumenenus MU Bo
Bcex cdepax, BKIOUas oOpa3oBaHHE, YTO OOYCIaBIMBAaeT HEOOXOIMMOCTh TEOPETHUECKOTO
aHaJM3a ero nejarornyeckoro noreHuuana [S]. B Beicieit mkone MU paccmaTpuBaeTcsi HE TOJIBKO
KaK TEXHOJOTHYECKUM WHCTPYMEHT, HO M KaK PeCcypc MOBBLIIMICHHUS KadecTBa 00pa30BaTEIbHBIX
pe3yIbTaTOB.

OnHuM W3 TEPCTIEKTUBHBIX HAMpPaBICHUW DPA3BUTHS SIBISETCS HCIIOIB30BAaHUE HEHPOCETEBBIX
T€HEPATUBHBIX MOJEJEH I CO3/IaHUs YYEOHBIX MaTepHaioB. Tak, MCCIIENOBAaHUS TOKAa3bIBAIOT,
YTO TeHepalusi N300pakeHU U MyJbTUMEIUHHOTO KOHTeHTa ¢ moMoIisio MM mMoxkeTr pacmmpsaTs
BU3yaJIbHbIE€ BO3MOXKHOCTH TpENOAAaBaTeNsl, IOBBIMIAs YPOBEHb HAIJIAHOCTH MpPErnojaBaHus
JTUCIUIUIAH ~ XYJOKECTBEHHO-ICTETUUECKOTO M TexHudeckoro mpodwmus [1, c. 165]. Drto
CHOCOOCTBYET YCHUIICHHIO MOTUBAIIMN O0YUYaIOIIUXCS U PAa3BUTHUIO UX TBOPUECKOTO MBIIICHUSI.

Kpome Toro, UM akTUBHO TMpHUMEHSIETCS B aQJalTUBHBIX OOYYaIOIUX CHUCTEMaX, CIIOCOOHBIX
MOJICTPauBaTh COJEpKAHUE M TEMI HU3YyUEHHs Marepuajia MoJ HWHIUBUIYyaJbHbIE OCOOECHHOCTH
ctynenrta. JlaHHbpie cucTeMbl (DOPMUPYIOTCS HAa OCHOBE aHalM3a OONBIIMX MacCHUBOB IH(POBOTO
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ciie1a 00y4aromerocst ¥ MO3BOJISIOT PEaTM30BbIBATh MPUHIIUIIBI IEPCOHATTM3UPOBAHHOTO 00yUeHUS
[3]. Takoit mogxon oOecreunBaeT Oojiee TOYHOE AWATHOCTUPOBAHUE NMPOOENOB B 3HAHUAX M UX
L[€JIEHAIIPaBIEHHOE BOCIIOJIHEHHUE.

3aMeTHOe BHUMAHUE MCCIeI0BaTeNel MPUBICKAIOT YaT-00Thl U MHTEIUIEKTyaJIbHbIC aCCUCTEHTHI,
cpenu KoTopeix ocobOeHHO Bhiaensiercs Mozaenb ChatGPT. CormacHo aHamuTHyeckoMy 0030py,
UCIIOJIb30BaHUE MOJOOHBIX HHCTPYMEHTOB MO3BOJISIET POPMHUPOBATH Y CTYJCHTOB HABBIKU TOUCKA,
aHalli3a U CTPYKTYPUPOBaHMS HHPOPMAIINH, & TAKXKe CIIOCOOCTBYET Pa3BUTHIO CAMOCTOSITEIIbHOCTH
B yueOHOU nesrenbHOCTH [2, ¢. 153]. [lpenonaBarens B 3TOM cllydae BBICTYIAET MOACPATOPOM
MO3HABATEIBHOTO MpOIECcCa, HAMpaBisisi OOYyYarOMIErocss W KOHTPOJIMPYS KaueCTBO YCBOCHUS
MaTepuaia.

Onnako Bo3MokHocT MM He orpaHUYMBaIOTCS MOAJIEPKKON yueOHOH nestenbHocTH. OH Takke
UCIOJIb3YETCS ISl aBTOMAaTH3allMU IPOLIECCOB KOHTPOJI 3HAHUM, BKJIIOYAs CO3JAHHUE TECTOB,
MIPOBEPKY MUCHMEHHBIX padOT U aHAJIU3 yPOBHS JOCTHKEHHS 00pa30BaTEIbHBIX Pe3ylbTaToB [§].
Oti  (QyHKUMH CHOCOOCTBYIOT CHMIKEHHIO HAarpy3Kd Ha TMpernojaBaTeliss M MOBBIIIAIOT
OIEepaTUBHOCTH OOPATHOM CBSI3U I 00YyYaIOIIUXCS.

B 10 )e Bpems pacmupenue QyHkuuoHanbHOocTH WU TpeOyer mepeocMbICeHus poiu
npenojaBaTeniss B oOpa3oBaTenbHOM Tporecce. [IpenonaBarens nepecTaéT OBITH €IMHCTBEHHBIM
UCTOYHUKOM 3HaHUM, HO €ro 3HAaYUMOCTh KaK OpraHM3aTopa, HAacTaBHUKAa W HOCHUTENS
po(ecCHOHANTLHBIX W IIEHHOCTHBIX OPUEHTHPOB Bo3pacrtaeT [4]. Takum oOpa3oM, meaarorndeckue
GYHKIIUU HE yTpadywBaroTCs, a TpaHchopMmupyroTcs. s Oojee HAriIsSAHOTO MPEACTABICHUS
TpaHc(hOpMAIMKM TIEAAaTOTMYECKON JICATEIIbHOCTH B YCIOBHSX IU(PPOBH3AIMU I1esIeco00pa3Ho
COIOCTAaBUTH KJIIOYEBBbIe (DYHKLMHU IMpernojaBaTelis ¢ BOZMOXXHOCTSIMU UX MOJAECPKKU CPECTBAMU
MCKYCCTBEHHOT'O MHTENIeKTa (Tabnuma 1).

Teopernueckoe ocmbicienne MM kak o0pa3oBaTebHOTO MHCTPYMEHTA MpeANoaraeT u3yuyeHue
€ro KOTHUTUBHBIX Bo3MokHOcTel. Kak ormeuaer C. Bonbsdpam, mogenu tuna ChatGPT ocHoBaHbI
Ha BEpPOSTHOCTHOM IPOTHO3UPOBAHUHU CJIEAYIOUIETO JJIEMEHTa TEKCTa, 4YTO OMpeaeser
0COOEHHOCTH MX pabOThl U OrpPaHUYMBAET CIIOCOOHOCTh K MCTUHHOMY IOHMMAaHHIO CMbICHa [6, c.
42]. 2To o3navaer, uro UM cnocoben moaaep>kuBath AUCKYPC, HO HE MOXKET 3aMEHHUTH IMPOIIECC
KPUTHYECKOTO CYKICHUS.

B cBsi3u ¢ 3TUM BO3HMKAET pAJ MEJArormyecKux pUckoB. OIMH M3 HUX CBSI3aH C BO3MOXHBIM
CHIDKEHHEM MOTHBAIIMM K CaMOCTOSITEIbHOMY aHalu3y M TOUCKY HH(OpPMAlHUU, YTO MOKET
OpUBeCTH K  (OPMHUPOBAHMIO TOBEPXHOCTHBIX 3HaHuM [2, c. 158]. VYwmeHbuienue
MHTEJUIEKTYaJIbHOTO YCHUJIMS OOYYaloIIUXCs CHIDKAeT YPOBEHb pAa3BUTHS AHAIUTHYECKOTO U
KPUTHYECKOT'O MBIIUICHHUS.

Kpome Ttoro, BHeapenme WM BBI3BIBA€T BOMPOCHI 3THUYECKOro xapakrepa. Hampumep,
HCIOJIb30BaHUE aJTOPUTMOB JJII MPOBEPKU MHCbMEHHBIX PAa0OT MOXKET MPUBECTU K CTUPAHHIO
WHIUBUAYAIbHOTO CTWJISL MHCbMa CTYJEHTOB, a Takke K (OPMHUPOBAHUIO 3aBHUCHUMOCTH OT
aBTOMATHU3UPOBAHHBIX MO/CKa30K [3]. BakHbIM acniekToM sBIISETCS TakXkKe 3alluTa NepCOHATbHBIX
JAHHBIX CTY/IEHTOB U COOJIOZCHNE HOPM IIU(PPOBON OE30MaCHOCTH.

OtnenbHOro BHUMaHMA Tpebyer mnpoOnemMa uH(OpMaMOHHOrO HepaBeHcTBa. He Bce
oOpa3zoBaTeNnbHbIE OpraHU3allid HWMEIOT PaBHbIE TEXHUYECKHE M KaJpPOBbIE BO3MOXKHOCTH JJIS
BHeApeHusa MM-TexHomoruif, 4Tto MOKET IPUBOJWUTH K YBEIWYEHHIO pa3pblBa B KauecTBE
oOpa3zoBaHus MEXKIy By3amu [4]. DTo cTaBUT 3amavy pa3paOOTKU MEXaHHU3MOB TOCYAapCTBEHHOU
MOAJEPKKH 00pa30BaTENIbHBIX YUPEKIACHHUI.

89



N3BECTHUS HAYYHO-TEXHHUYECKOI'O OBIIIECTBA «KAXAK», 2025, Ne 1-2 (83)

Tabmuua 1 — Ilemarormyeckue (QyHKIMM TpenojaBaTeiass ¥ BO3MOXHOCTH HUX TOAICPKKH
CPEICTBAMU UCKYCCTBEHHOI'O MHTEIIICKTA.

eparoruvyeckast pyn- | Bo3MoKHOCTH MOAACPKKH CO IMenaroruyeckne
KUUA NpenojaBaTesis croponst N OrpaHUYeHust
JuarHoctuka  ypoBHA | AHAIN3 pesyinbTaToB | MU bukcupyer
MOJATrOTOBKU CTYJICHTOB | TECTUPOBAHMS, BBISIBJICHUE | TPEUMYIIECTBEHHO
npoOeoB B 3HAHMSIX, | (hOpMaTH3yeMble TTOKA3aTed 1 HE
OTCJIC)KMBaHUE JMHAMHUKH | BCErnia MO3BOJISIET BBISIBUTD

Y4EeOHBIX TIOCTHKCHUI

rIyOMHY IOHMMaHUs MaTepuania

ITepconanusanus ®dopmupoBaHue uHauBuay- | UpesmepHas ornopa Ha
o0yueHus IbHBIX 3aJaHMM, aJanTalys | AITOPUTMHUUYECKHE PEKOMEHIALNH
TEMIIA W3Y4YEHUs Marepuana, | MOXKET CHUXaTh
nonoop pPEKOMEH 1Al C | CAMOCTOSTENIBHOCTD CTYyZEHTa |
Y4E€TOM YpPOBHS IIOATOTOBKH | €0 T'OTOBHOCTb K IIPEOAOJICHHIO
oOyuarorerocs II03HABATEJIbHBIX TPYAHOCTEN
Pazpabotka  yueOHbIx | ['eHepauuss TekcToB, TecToBbIX | CoxpaHsAeTcss PUCK (aKTHUECKUX
MaTepUajoB 3aJaHul, WIUIIOCTPATUBHBIX M | HETOYHOCTEH,  COJEPIKATEIIbHBIX
CIIPaBOYHBIX MaTepuasoB, | YIPOLIEHUM M  HEIOCTaTOYHOMN

no00p MPUMEPOB U KEHCOB

HAay4YHON CTPOTOCTH CO3/1aBAEMbIX
MaTepUAJIOB

Opranuzanusa oopaTHON
CBSI3U

[IpenocraBienre onepaTUBHBIX
OTBETOB Ha THUIIOBBIE BOIPOCHI,
COIIPOBOXKICHUE
CaMOCTOSITEITbHOM
aBTOMAaTU3UPOBAHHOE
KOMMEHTHUPOBAHUE PE3YIIBTATOB

paboThl,

ABTOMaTH3UPOBAHHOE
B3aMMOJICHICTBHE HE CIOCOOHO B
MOJTHOM MepEe 3aMEHUTh KUBOE
eJarornyeckoe  OOIIeHne |
UHAUBUIYAIbHYIO
UHTEIJIEKTYalbHYIO TOJIEPKKY

KonTtpons U | ABTOMaTU3MpOBaHHas MpoBepka | Bo3MoXkHbI (dhopmanuzanus
OLICHUBaHUE TECTOB, TEPBUYHBIA  aAHAJINU3 | OLIEHOYHBIX npoueayp,
pe3ynbTaToB OOyUeHUsl | MUCbMEHHBIX PAa0OT, BBISBICHUE | AITOPUTMUYECKHE  OLIMOKH U
TUMHAYHBIX OIIuO0K U | HEIOCTaTOYHBIN y4der
3aTpyJHEHUN WHUBU]TyaJIbHOTO CTHUIIS
MBITIUICHHS 00yYaroIIerocs
CornpoBoxieHHE ITomomp B noucke | [lpn HEKPUTUYHOM
Hay4yHO- uH(popMaluuy, WCIOJIb30BAaHUU BO3PACTaeT PHUCK
HCCIIE0BATEIBCKON CTPYKTYPUPOBAHUHU MAaTEPUAJIOB, | IIAOJIOHHOCTH, CHUKEHUS
JESATEIIBHOCTH o0paboTke JAHHBIX U | UCCIIEI0BATEIbCKOMN
CTYJI€HTOB MOJTOTOBKE  MPOMEXYTOUHBIX | CAMOCTOSATEIHHOCTH u
AHATUTHYECKUX MATEPHUAIOB oclabieHus AHAITMTUYECKON
Ty OUHBI
®opmupoBaHue [Tonnepxka MozienupoBanus | L{leHHOCTHO-CMBICIIOBOE,
npoeCcCHOHATIBHBIX U | IPOPECCHOHATBHBIX CHUTYallui, | BOCHUTATEIbHOE u
LIEHHOCTHBIX reHepanus CLIEHApHUEB U | MUPOBO33PEHYECKOE BIIUSIHHE
OpUEHTHPOB y4eOHBIX KEICOB, pacIIMpeHHUe | OCTaeTCs MIPEUMYILIECTBEHHO

JOCTyTA K HH(pOpMaIiu

¢byHKIMEH npenogaBaTes
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OnHuM u3 myTed penieHus OOO3HAYEHHBIX NPOOJIeM SBISETCS CHCTEMHas IOArOTOBKA
MeIarOrMYEeCKUX KaJpoB K Hcnoyib3oBanuio UM B mpodeccnoHaabHON AesITeIbHOCTH (PUCYHOK 2).
B HOpMaTHMBHBIX JOKYMEHTaxX yKa3bIBaeTCs HEOOXOAMMOCTb ()OPMHPOBAHHUS Yy TMpernojaBaTeneu
KOMIIETEHIIM B 00JacTH IU(PPOBONH TI'paMOTHOCTH, MeToaosioruu uHTerpanuun MU u ananmsa
naHHbIX [8]. [loBbIimeHne KBaMM(pUKAIIMNA CTAHOBUTCS KJIIOUEBBIM YCIIOBHEM YCHEIIHON ITU(POBOI
TpaHc(hopMalMy BeIcIIEro 00pa3oBaHusl.

TEOPETUYECKME NEAATOrMYECKUE

OCHOBAHUA 41 h BO3MOXXHOCTHU

nHauBuayanbHble 06pa3oaaTeanble
TpaekTopuun

aBTOMATM3aLMsA KOHTPONS U 06PATHOM CBA3MN
reHepauus y4ebHbIX MaTepuanos
4aT-60Tbl U MHTENNEKTYaNbHbIE ACCUCTEHTI

* Lubposu3sauus obpazosaHus ( 5 '

* NepcoHanu3npoBaHHoe o6yqem4e

* ajjanTuBHble obyuyaroLme CUCTEMbI AI E
« TpaHcopmauus ponu npenogasarens

MCKyc CTB E H H bl “ . zggf:f:‘:;ac::yq HO-MCCNeaoBaTeNbCKOM
ks | 4 WHTENNEKT % | -
- 2 B BbICLUEM \

;
@ PUCKU U L OBPA30BAHMN | ,@ YC/IOBMS 3OOEKTUBHOTO
OrPAHWYEHMS BHE/IPEHUS

neaarornyeckui noTeHLman,

® CHWXEeHWe CaMOCTOATeNbHOCTH 06y‘-IaIOLLLVIXC$l BO3MOXHOCTY U PUCKM . und)posaﬂ rPaMOTHOCTb NeAAroroB v CTyAEHTOB
© MOBEPXHOCTHOE YCBOEHME 3HaHUI Y p * MeToauyeckas NOAroToBKa npenogasarenen
o OWMOKM aNrOPUTMOB W HETOYHOCTb KOHTEHTA * HOPMATMBHO-NPaBOBOE PEryupoBaHie

3Tn4eckue npobnembl * passuThe MHbPACTPyKTypbl

3aliuTa NepCcoHaibHbIX AaHHbIX . Me)K,DMCL[MI‘InMHaprIﬁ noaxoa
MHd)OpMauMOHHOE HEPaBeHCTBO

PE3YJIbTAT

C6anaHcupoBaHHas uHTerpauus MU B obpasoBarenbHyio cpepy

Pa3suTue nuyHocTy, KPUTUYECKOro MbILWNEHUA, TBOPYECKUX U npoqaeccmonaanmx KOMNETEHLMI

Pucynok 2 — [legaroruyeckuii moTEHIMA UCKYCCTBEHHOTO HHTEIJIEKTA B CHCTEME
BBICIIIET0 00pa30BaHUs: TEOPETUUECKHNE OCHOBAHUS, BO3SMOXKHOCTHU, PUCKH U yCIIOBHS
3¢ (PEeKTUBHOTO BHEAPEHUS

Taxke mepcrneKTUBHBIM SBJISETCS pa3BUTHE CIELUAIN3UPOBAHHBIX 00pa30BaTENIbHBIX MOIYJEH
U NpOrpaMM, HamlpaBJICHHBIX Ha u3ydyeHne MU cTyaeHTamMu pa3HBIX HalpaBiICHUN IMOATOTOBKH.
Takue mporpaMMbl  CIIOCOOCTBYIOT —(DOPMHUPOBAHUIO MEKIUCIHUILTMHAPHBIX  KOMITETEHITHH,
HEO0OXOUMBIX CHeHanucTaM Oyaymiero [5]. DTo Mo3BoIsIeT BHITYCKHUKAM YBEPEHHO JIeHCTBOBATh
B YCIIOBUSX HU(PPOBOM SKOHOMHUKH.

OtnenpHOE BHUMaHUE YAENSETCS BOMPOCAM HAYYHO-HCCIIEIOBATENBCKON pabOTHI CTYJIEHTOB C
ucnoie3osanueM HMU. HpI/IMeHeHI/Ie HHTCJUICKTYAJIbHBIX CHUCTEM B HAYYHBIX IIPOCKTAX
CHOCOOCTBYET TIOBBIIICHHIO KadecTBa WCCIICOBAaHHMM, aBTOMATH3aIlMM OOpa0OTKH JaHHBIX |
(hOpMHUPOBAHHMIO HABBIKOB PabOTBI ¢ COBpeMEHHBIMH TexHoiorusMu [3]. Takum obOpazom, MU
CTaHOBHTCS HE TOJHKO OOBEKTOM M3YYEHUS, HO U HHCTPYMEHTOM HAyYHOTO MTOMCKA.
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O060061mas U3M0KEHHOE, MOKHO YTBEPXKIIaTh, UTO MEJArOorMuecKuidl MOTEHIIMAT UCKYCCTBEHHOTO
MHTEJUICKTa MPOSIBISETCS B PACHIMPEHUM AUIAKTHYECKUX BO3MOXKHOCTEW, WHIWBHAYyaIU3alUU
oOydeHUss W TOBBIIICHHH dS()PEKTUBHOCTH TEAArOTUYECKOW JesTenbHOCTH. (OIHAKO ero
UCIIOJIb30BaHUE TPEOYeT OCO3HAHHOTO METOJMYECKOTO M ATHYECKOTO TMOIX0/a, HAIIPABIEHHOTO Ha
COXpaHEHHUE pa3BHUBaloOlIEH pou oOpa3zoBanus [2, c. 160].

[TosTroMy nanbHelIee UCCAEIOBAaHHE BO3MOXHOCTEM M pUCKOB npumeHeHus MU B cucrteme
BBICILIETO O0pa30BaHUS JOJDKHO OCYHIECTBISATHCA B pPaMKaxX MEXKIUCIUIUIMHAPHOTO IOIXO0Aa,
O00BEIMHSIONIETO TEJaroroB, IMCUXOJIOroB, MPOrPaMMHUCTOB M CIIELUAIUCTOB B chepe 1udpoBoit
6e3omacHoCTH. TONBKO KOMIUIEKCHBIN MOIXO]] MO3BOJIUT 00ECIICYUTh TAPMOHHYHYIO WHTETPAIUIO
NN B 00pa3oBaTenpHyO Cpely U Pealili30BaTh €ro MOTSHIMA B HHTEPECAX Pa3BUTHS JTUYHOCTH U
o0miecTna.

3akiioyenue

[legarornyeckuil MoTeHLIHAA MCKYCCTBEHHOI'O MHTEIEKTa B CHUCTEME BBICHIETO 0Opa3oBaHUS
3aKIII0YAeTCsl B €r0 CHOCOOHOCTH PAcCIIMPSITh BO3MOXKHOCTH IPETOAaBaTeliss M O0yJarommxcs 3a
cuéT TmepcoHamM3anuu OOy4YeHHs, aBTOMATH3allMd PYTHHHBIX IPOLECCOB M  TOBBIIICHUS
HarjasgHoctu  yyeObHoro marepuana. MM crmocoOCTByeT  pa3sBUTUIO  MHAMBUIYyaJIbHBIX
00pa3oBaTENbHBIX TPACKTOPUI, (POPMHUPOBAHUIO UCCIICAOBATEIBCKUX U IU(MPOBBIX KOMIIETCHIINHI, a
TaKXe CO3JaHUI0 HOBBIX ()OpM MENarornyeckoro BzaumojeiicTBusa. Ero mpuMeHeHue Mmo3BoJseT
crenarb o0pa3oBaTelbHYI cpeqy Oosiee TMOKOH, MHTEPAKTHBHOM M OpPUEHTUPOBAHHOM Ha
NOTPeOHOCTH COBPEMEHHOI'0 CTY/IEHTA.

Bmecte ¢ TeMm BBISBIEHHbIE PUCKM M OTPaHUYEHHUs TPEOYIOT OCO3HAHHOTO M METOJUYECKU
BbIBepeHHOTOo BKItoueHUs MU B yueOHbill mpouecc. Cpenu Haubosee 3HAYUMBIX HpoOiieM —
CHW)KEHHME MOTHBAllMM K CAMOCTOSTEIBHOM II03HABATEIBHOW JEATEIBHOCTH, OMNACHOCTH
MTOBEPXHOCTHOTO YCBOEHHUS 3HAHUI, BOMPOCH! 3aAIIUTHI JAHHBIX U 00ECIEYEHHE STUYECKUX HOPM.
Ponp mnpenonaBarenss B ycinoBUAX UU(POBHU3AIMM HE YyMEHbIIAETCs, a TpaHchopMHUpyeTcs,
npuobperass  XapakTep HAacTaBHUYECTBA M YNPABIEHUS  KOTHUTHBHOM  JI€ATENBHOCTBIO
o0yJaromuxcsl.

Taxum oOpa3om, JanpHeiee pa3BUTHE MPAKTUKU UCTIONIb30BaHUS UCKYCCTBEHHOTO MHTEIIEKTa
B BbICILIEM 00pa30BaHMUM MpeIoaraeT KOMIIJIEKCHBIN MOAX0/1, BKIIOYAIONIUI COBEPIIEHCTBOBAHNE
HOPMAaTUBHO-TIPAaBOBOTO PETyJIMpPOBaHUs, pa3BUTHE HHQPACTPYKTYphl, NOBBILIEHHE LHU(pPOBOH
KOMIIETEHTHOCTH MEAaroroB W CTYyAEHTOB, a TaKKe yriyOJeHHe HayyHbIX MCCIEIOBaHUM JaHHON
obnactu. Tonpko cbanmancupoBaHHas uHTerpanus MM nmo3BoauT peann3oBaTh €ro MOTEHIMAN Kak
MHCTPYMEHTA Pa3BUTHS JIMYHOCTH, TBOPUYECKOTO MBILIUIEHUS U MPOPECCHOHATBHBIX KOMIETEHUINN
OyAyIIMX CIEIHATICTOB.
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MPABWIA O®OPMJIEHUS CTATEN

1.Kypnan «U3Bectus HTO «Kaxak» myOnaMkKyeT HamuMcaHHbIE Ha pPYCCKOM, Ka3axCKOM,
AQHTTIMICKOM W KOPEHCKOM sI3BIKaX OpHTMHANBHBIE CTaThH, 0030pbl. Takke XKypHanm maet
MH(POPMAIINIO, CBI3aHHYIO C IeATEILHOCTHIO OOIIECTBA.

2.B OpUrMHAIBHBIX CTaThsIX MOTYT PacCMaTPHUBATHCS PE3YNbTAaThl KaK TEOPETUUYECKUX, TaK U
npukiaaasix HAP.

3. ABTOpBI, Kenarolue OnyOJIMKOBaTh OO030pPHYIO CTAaTblo, JOJDKHBI IMPEABAPUTEIBHO
COIJIacOBaTh €€ TEMaTHKy, MpeICTaBUB aHHOTauMi0 Ha 1-2 cTp. B 0030pax ciemyer ocBemarb
TEMBI, IPEJCTABISAIONINE JOCTATOYHO OOLIMI MHTEpeC 10 BHIOPAHHOM TEMAaTUKE UM OTpaskKaroline
KAaKOW-1100 BayKHBIM acleKT IPUMEHEHHUS B IIPOMBIIIJIEHHOCTH, CEIbCKOM XO034iCTBE, METULIMHE U
T.1. Jlomyckaetcs 000011eHne pe3yIbTaTOB MHOTOJIETHUX MCCIIEIOBAaHUN HAYYHBIX KOJUIEKTHBOB.

4.00bem cTaThbu He A0JDKeH npeBbimarh 10 crpannn Gpopmarta A4. CtaThs JOIDKHA HAYUHATHCS
¢ BBeZIcHUsI. B HEM J10JKHBI OBITH JaHBI: CO/IEpIKATEIbHAs IOCTAHOBKA PACCMAaTPUBAEMOIO B CTaThe
BOIIPOCA, KPAaTKUE CBEJEHUS IO €ro UCTOPHH, OTJIMYHME MpeAsiaraeMoi 3ajaun OT y>K€ U3BECTHBIX,
WIM TPEUMYIIECTBO H3JIaraéMOT0 METOJa II0 CPAaBHEHHIO € CyllecTByromMM. OCHOBHas 4acThb
CTaThU JIOJDKHA coJepxkaTb (OPMYJIMPOBKY 3ajjaud M Ipe/ularaéMblii METOJ €€ pelLIeHus,
3aKJIIOYUTEIbHAS YacThb — KPATKOE OOCYXJEHHE MOJYYCHHBIX Pe3yJIbTaTOB M, €CIU BO3MOKHO,
pUMep, WITIOCTPUPYIOMUI UX 3()(HEKTUBHOCTD U CIIOCOOBI TPUMEHEHHUS.

5.Bce crarbu mpoxoAsT MMEHHOE PpELEH3UPOBAaHHE HE MEHEee, YeM JBYMsl HE3aBHUCHUMbBIMU
YYEHBIMH 110 COOTBETCTBYIOILIEH TEMATHUKE.

6. Pemenne o myOnukanum cTaThil IPHHAMACT pelaKMoHHas koJuterus JKypHana.

7. TpeboBaHusl K 3TUKe IMyOIuKauuii: ABTOpPBl HECYT OTBETCTBEHHOCTH 3a JIOCTOBEPHOCTH U
3HAYUMOCTb HAy4YHBIX pE3yJIbTaTOB, U AKTyaJlbHOCTb HAY4YHOI'O COjAep)kKaHus pabor. Pykonmcu
crareil, OImyOJMKOBaHHBIX paHee, WK MepelaHHbIX B JIPyTue U3/1aHus He IPUHUMAIOTCS.

8. ABTOpPBl MOTYT TMpEACTaBUTh DSJEKTPOHHYKO BEpPCHI0O CBOEHl CTaTbu MO  ajpecy:
izv.ntokaxak@mail.ru.

TpebdoBanus k 0popMIIEHUIO PYKOIUCEH

CraTh¥ TIPEJCTABIIAIOTCS B JJIEKTPOHHOM BHJE B TeKCTOBOM pemakrope Word 97, dhopmyisi
HabuparoTes ¢ momoripio perakropa MSEquation 3.0 (2.0) wiau ChemDraw.

HIpudpt Times New Roman 12 pt. Mexcrpounsiii uaTepBan 1,15. Ilons: Bepxnee — 2,0cm,
HmxHee — 2,0 cM, seBoe — 2,0 cm, paBoe — 2,0 cM. Ab3ar1 — kpacHast ctpoka — 0,5 cM.

TekcT cTaThu JOMKEH HAUMHATHCS C YKa3aHUS:

c nesou cmoponuvi—uHAekcoB MPHTH u Y/IK, coOoTBETCTBYIOIIMX 3asiBIEHHON TeMe, Huowce
TIPUBOJISATCS:

Yyepe3 CTPOKY yKa3bIBaeTCs 3arjiaBue cTaThM (IPOMUCHBIMHU OyKBaMH, MIPUMT — MOTYKUPHBIH,
BbIPABHMBAHKE TEKCTA MO IICHTPY, Kerib 14 pt). Ha3BaHue JOHKHO MaKCUMAaIbHO MOJHO M TOYHO
OIHCHIBATh COJEpXaHHE CTaThbU, BKJIIOYATh KIIOYEBBIE CIIOBA, OTpa)KalolllMe HampaBiIeHUE W/UIU
OCHOBHOH pe3yJIbTaT MCCIE0BAHUSA, HO B TO K€ BpeMsl ObITh KOPOTKUM U SICHBIM M HE COJEPKaTh
COKpAaLLECHUM.

— ¢aMuIMM U UHULIMATIBI aBTOPOB (BBIpaBHUBAHUE TEKCTA MO LEHTPY, MPUPT — MOTYKUPHBIH,
kerub 12 pt),

- HAa3BaHUC OpTraHrU3alun U €€ MCCTOHAXOXKICHHC,
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— e—mail aBTopoB (BhIpaBHUBAHUE TEKCTA 1O IIEHTPY, KYpPCUB, Keriib 12 pt),

— pe3toMe (KpaTKOe H3JIOKEHUE COJAEp)KaHUS CTaThH, Jalollee IMpeACTaBIeHHE O TeME U
CTPYKTyp€ TEKCTa, a TAK’K€ OCHOBHBIX pe3yJibTaTaX, /—10 mpeaso:keHui, (BbIpaBHUBAaHUE TEKCTa
110 LIEHTPY, KypcHuB, Keriib 11 pt),

—  KJIFOYEBBIC CJIOBA, 0OECICUMBAIOIIME TIOJHOE PACKPhITHE cojepkaHus cTatbu (7—-10 cjioB)
BbIpaBHHBAHKE TEKCTA 10 MIUPHHE, KypcHB, Kerib 11 pt),

—  TEKCT CTaThH (BbIpaBHMBAHUE TEKCTA 110 MIMPHHE, KYPCHUB, Keriib 12 pt),

—  CITMCOK JIUTEPATypHI,

—  ®.M.0. aBTOpOB, Ha3BaHUE CTaThbH, pPE3IOME, KIIOYEBHIE CJIOBa Ha TpeX sA3bIKax (Ha
Ka3aXCKOM, aHTJIMICKOM U PYCCKOM).

PucyHku 10KHBI OBITH MTPEICTaBICHBI B OTAEIBHOM (aiine.

Cratbs nipenctasisiercs: B documu docx gopmare, a Takxe uaeHTudHas konus B pdfpopmare, Ha
AJIEKTPOHHBIN aJipec )KypHaia, B OTACIbHBIX (paiimax ayOIupyrOTCS PUCYHKH, TaOJHIBI, rpaduKy,
CXEMBI, a TaKKe MPUBOIATCS CBEACHHUS 00 aBTOpax ((pamMmims, UMs, OTYECTBO, yUeHAs CTEIICHB,
y4eHOE 3BaHUE, CIYKEOHBIH aapec, MecTo paboThl, TOKHOCTh, KOHTAKTHBIC TenedoHsl, e-mail u
OrcidID).

Cchulki Ha JUTEpaTypHblE MCTOYHUKUA B TEKCTE MPHUBOJISATCS TOCTE LUTATHI B KBaAPaTHBIX
ckoOKkax. bubmuorpaduuecknii cnucoxk odopMmiIsieTcs B COOTBETCTBUHM € TpeOOBaHUSAMHU
I'OCT 7.1-2003 «bubnuorpaduueckas 3amnuch. bubnuorpaduueckoe omnucaHue: oOIMe
TpeOOBaHUs U MPABUJIA COCTABICHUSY.
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