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The rapid advancement of DNA and RNA sequencing technologies has led to an exponential
increase in genomic data, necessitating more sophisticated methods for analysis and interpretation.
Traditional bioinformatics approaches often struggle with handling the complexity, high
dimensionality, and heterogeneous nature of genomic datasets [1]. In this context, machine learning
(ML) has emerged as a transformative tool, enabling the automatic extraction of patterns, prediction
of disease risk, and detection of mutation-associated anomalies.

Machine learning techniques have been widely applied in genomic research, particularly in
cancer detection and classification. One of the fundamental ML tasks in genomics is feature selection,
where algorithms identify relevant genetic markers associated with cancer progression. Methods such
as decision trees, support vector machines (SVM), and random forests effectively filter out non-
informative features, reducing the computational burden and improving classification accuracy. Deep
learning approaches, particularly convolutional neural networks (CNNs), have demonstrated
remarkable success in processing DNA sequences, recognizing motifs, and predicting genetic
predispositions to diseases.

A particularly promising area of ML in bioinformatics is multimodal learning, where different
types of biomedical data are integrated for improved predictions. Soenksen et al. (2022) discuss how
multimodal artificial intelligence frameworks combine genomic sequences, mutation data,
metabolomic profiles, and clinical records to enhance diagnostic accuracy. By leveraging diverse data
sources, these models outperform unimodal approaches, achieving improvements of 6-33% in
predictive tasks. The ability to integrate various biomedical data streams allows for a more holistic
understanding of disease mechanisms, particularly in cancer research.

In practical genomic data analysis, ML pipelines typically begin with data preprocessing. This
involves removing duplicates, normalizing values, and encoding DNA sequences using methods such
as one-hot encoding or k-mer partitioning [3]. Clustering algorithms like k-means and hierarchical
clustering help in uncovering hidden patterns in genetic data. Classification models, including random
forests and transformer-based architectures, are used to distinguish between cancerous and non-
cancerous sequences with high accuracy. Additionally, anomaly detection techniques, such as
autoencoders and generative adversarial networks (GANSs), help identify rare mutations that may
contribute to tumorigenesis.

One of the key challenges in applying ML to genomic data is interpretability. While deep
learning models achieve high accuracy, their decision-making processes often function as black
boxes. Techniques like SHAP (Shapley Additive Explanations) and Grad-CAM (Gradient-weighted
Class Activation Mapping) have been introduced to provide insight into how specific genetic features
contribute to predictions. The implementation of explainable Al (XAIl) methodologies is crucial in
medical applications, ensuring that ML-driven diagnoses align with biological knowledge and clinical
reasoning.

Experimental studies utilizing real-world datasets, such as The Cancer Genome Atlas (TCGA),
have demonstrated the efficacy of ML models in genomic analysis. Ensemble methods, including
XGBoost and random forests, have achieved mutation classification accuracies of up to 92%. Deep
learning architectures, such as CNNs and transformers, have further improved prediction accuracy,
reaching up to 95% in classifying cancer-related mutations. Moreover, multimodal approaches that
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integrate genomic data with clinical and imaging records have shown a 10-20% increase in diagnostic
performance compared to single-modality models.

The future of ML in genomic research lies in further enhancing multimodal frameworks and
integrating explainable Al techniques. Advanced deep learning architectures, such as hybrid
transformer models, are expected to provide even more precise predictions by capturing complex
interactions between genetic mutations and clinical manifestations. Additionally, the development of
federated learning approaches will enable secure, privacy-preserving ML training on distributed
genomic datasets, fostering collaboration across research institutions.

Machine learning is revolutionizing genomic data analysis, offering unprecedented
opportunities for early cancer detection and precision medicine. By integrating multimodal data
sources and advancing interpretability techniques, ML-driven bioinformatics is paving the way for
more accurate diagnostics, personalized treatment plans, and a deeper understanding of genetic
diseases.
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Kasipri kayinci3gik kydesnepi KeKe TYJIFaHbl T€3 opi JJI aHBIKTAHTBIH TEXHOJIOTHUSIAPIBI
KaKeT eTe/i. byt skyMpIcTa OeT-omeTTi TanyFa OarbITTalIFaH, )kacaH sl HHTEIUIEKT (Al) xxone 3aTTap
uatepHeTi (IoT) TexHomorusmapbl HETI3IHACTT OMOMETPHUSIIBIK JEpPEKTEepAl TaHyFa apHalFaH
MHTEJUICKTYAIAbl JKYHEHIH o3ipJieHyl cumartanasl. JKyile TepeH HEHPOHABIK KENIIep apKbUIbI
Keckinaepal Tangayasl >koHe loT KypbUIFbUIapbIMEH HAKThl YaKbITTa JEPEKTEpIll >KUHAYIbI
OipikTipeni, anm JepeKTep JIOKalbJdi Typle OHIeneni. byn memim jeke 0acThl TEKCEepyIiH
CEHIMJIUTITIH apTTBIPBII, 9PTYPJIi KOJIJaHy caajapbiHa OedimMaenesi.

XKeke OacblH aBTOMATTHl TYPAE AaHBIKTayFa JIE€T€H CYpPaHBICTBIH apTybl OMOMETPHSIIBIK
TEXHOJIOTUSUIApABl JaMbITyIbl Te3aeryde. Kinrrep Hemece Kymusice3iep CUSKTBI OfCTTErl ojicTep
Oipereii cumaTTaManapra, MbICaJibl, OET-JIeTKe HeTi3/1ereH OMOMETPHUSIIBIK JKyiienepre KaparaHia
TUIMILUTITT ToMeH. XKacanapl uHTesiekT sxoHe [oT TexHomorusnapsl HaKThl yakbITTa 0T KECKIHAEPiH
TaNgan, >KeKe TYJIFaHbl AHBIKTAUTBIH OKYHelepli KypyFa MYMKiHIIK Oepemi. bysn KoramIbiK
OpBIHJIAP/Ia, KOCIMOPBIHIAP/IA JKOHE Kaia MH(PaKypbUIBIMBIHIA KAYINCI3AIKTI KAaMTaMachl3 €Ty YIIiH
MaHbI3b1. byt skymeicta Python tininnge xone DeepFace kitammxaHachl apKbLIbl JIOKAJIb/I1 1€PEKTEp i
OHJICyTe HET13/IeITeH KY€ YChIHBLIA/IbI.

OxicTep MEH TeXHOJIOTHsIIap:

1. DeepFace kxitanxanacel: Python-na konnansiiarein DeepFace Kypaibl 0eT-onmeTTiH Heri3ri
oenriiepid (K63, MYPBIH, aybl3) aHBIKTAy YIIIH TEPEeH HEHPOHIBIK >KEeNUIepAl Mmaigananansl. by
JaibIH MOJIENTb TaHy MPOLIECIH KEHUTAETe 11 XKoHe KOJDKETIMII AepeKTep/ie OHTANUIIBI HOTHXKE Oeperti.

2. 10T xypeutrputapsl: Kamepanap MeH ceHCOpIiap HaKThl yaKbITTa OMOMETPHSIIBIK IePEKTEeP/Ii
KMHAII, oJlapibl JOKaJb/Il OHJIey OoTbIHA XKibepeai. by skyieHiH y3/1KCi3 dKYMBICBIH KaMTaMachl3
eTell.

3. Jlokanbai nepexrepi tangay: Jlepexrep ChIpTKbI XKemniiepre Toyenai 6oiMai, xKyHeHiH imki
MOMYJIIH/E OHIeTe 1, OYJI aBTOHOMIBUIBIKTHI )KOHE JKEEIIIKTI apTThIPAIbI.

4. Keckingi enzey aaictepi: XKapbIKTbl peTTey jkoHe OeTTi Typasay CUSKTbI aJ/IbIH ajla OHAey
DeepFace-ke cananbl gepexTep Oepy YIIiH KOJIIaHbUIa IbI.

DeepFace kiTanxaHacbIMEH 93ipJIeHIeH )Kyile OeT-oNMeTTi TaHyla XKOoFaphl TNJIIK KepceTe/l,
acipece JKaKChl KapbIKTaHIBIpbUIFaH KeckiHnaepnae. 1oT KypbuiFblmapbiMeH OipiKTIpy JIepeKTepi
OHJIeY/l Te3eTel, Oyl *KyHeHl HaKThl yaKbpITTa KOJIJaHyFa MyMKiHAIK Oepeni. XKapbIk e3repictepi
MeH OypbIll aybITKyJapblHa TO3IMAUIIK alJblH ajla eHIEY apKbUIbl Kakcapibl, Oipak Kenoip
KaFaaiinapaa (MbIcaibl, Hallap >KapblK) HOTIKENEp ol Je 3epTTeyli KakeT ereni. bomarmakra
KyWeHi OeTTiH >KapTbulall KepiHEeTIH >KarjnaiiapelHa (Macka, Ke3uIlipik) Oeiimzey >koHe Oacka
OMOMETPHSUIBIK Oenriiepi (anakaH TaMbIpaapbl apKbLIbl TAHY) KOCY JKOCTIApIIaHBII OTHIP.

Kacaunpr wHTEIeKT >XoHe [oT HeriziHAeri OMOMETPHUSIBIK JEpPEKTEepAl TaHy KyHeci
KayilCi3MIKTI KYHIEHTY MeH Xeke OachlH TeKCcepyAl aBTOMATTaHIBIPYIbIH >KaHa >KOJAApPBIH
ycbiHabl. TepeH HeHpoHIBIK keniiep MeH [0T KypbhUIFbUIapbIHBIH YHIIECIMI KOFaphl ISJIIK MEH
KBUIIAMJIBIKTBI KAMTaMachI3 eTe/li, OyJ1 *KYHeH1 KeH KoJJJaHyFa KoJaiibl ereai. TeXHONorusHbl ogaH
opl JaMbITy OHBIH KYpAeNl JKarjailnapra OeHiMAUIITIH >koHE oMOeOanThIFBIH apTThIpyFa
OarbITTaIabl.
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CucremMa OMOMETPHYECKOr0 PACIIO3HABAHUS HA OCHOBE AHAJIHN3a BEeH JIAJ0OHH C
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CoBpeMeHHbIE CHCTEMbl 0€30IaCHOCTU TPEOYIOT TEXHOJOIMM, CIIOCOOHBIX OBICTPO U TOYHO
UACHTU(UIMPOBATh JIMYHOCTh. B 3TOW cTaThe omuchIBaeTcs pa3paboTKa HHTEIUIEKTYaJbHOU
CHCTEMBI JUIsl PAaCHO3HABAHUS OMOMETPUYECKHUX IAHHBIX, OCHOBAaHHOM Ha aHaIW3€ BEH JIaJOHM.
Cuctema ucnosb3yeT UCKyccTBeHHbIN HHTEEKT (M) 1 nH(ppakpacHble TEXHOIOTUH AJIsl aHATTN3a
n300pakeHU BeH B pealbHOM BpeMeHHU. J[1si oO0paboTKM JaHHBIX HPUMEHSIOTCS TIyOOKHe
HEHpPOHHBIE CeTH, a cOOp MH(OPMAIMK OCYIIECTBISIETCS ¢ IOMOIIBI0 WH(ppaKpacHbIX Kamep. Bee
BBIUUCIICHUS! BBIIOJHAIOTCS JIOKAJIbHO, YTO MOBBIIIACT HAJISKHOCTh U ABTOHOMHOCTb CUCTEMBI. DTO
pelIeHre TOAXOIUT JUIsl pa3Iu4HbIX 00JaCTel IPUMEHEHMS, BKIIIOYasl OBBILIEHHE O€30I1aCHOCTH.

C poctoM HOTpPeOHOCTH B aBTOMATUYECKOM HAECHTHU(PHMKALMU JTUYHOCTH OHOMETpUYECKHE
TEXHOJIOTUHU CTaHOBSTCA BCE Oosiee BOCTpeOOBaHHBIMU. TpaJiuIInOHHBIE METObI, TAKHE KAaK KIIIOYH,
[apoJId WM KapThl AOCTYMA, YCTYNAIOT MO yJOOCTBY M O€30MaCHOCTH CUCTEMaM, MCIIOJIb3YIOIIUM
YHHUKaJIbHbIE (PU3WYECKHE XapaKTEPUCTUKU denoBeka. OIHON U3 TaKMX XapaKTEPUCTHK SIBIISIOTCS
BEHbl JIaJIOHU, KOTOPbIE CIOKHO IOJAJENaTh W KOTOpPble MOXHO aHAIM3UPOBATh C IOMOILBIO
COBPEMEHHBIX TeXHOJIOTU. B 3TOi paboTe mpeacTaBiieHa cUCTeMa paclio3HaBaHUs BEH JIAJOHH,
OCHOBAaHHAsi Ha HCKYCCTBEHHOM HHTEUIEKTe W HH(pakpacHbIX kamepax. OHa oOecreyuBaer
OBICTPYI0O M TOYHYIO NMPOBEPKY JUYHOCTH B PEATHHOM BPEMEHH, YTO JAejaeT €€ IOJIC3HOW s
IPUMEHEHHUs. B OOILIECTBEHHBIX MecTaxX, Ha MPEeANpHIATHAX M B JpYrux cdepax, Ijie BaKHa
Oe3zomacHOCTh. [y peanu3aiyu MPOEKTa MCIOJIb30BAICS S3BIK MporpaMmupoBanus Python wu
HeifponHas ceTb ResNet50.

B pa3zpaboTke cucTeMbl MPUMEHSITUCH CIIETYIONTNE TOAX0bl 1 HHCTPYMEHTHI:

1. Heliponnas cerp ResNet50: Jlns xmaccupukanuu H300pakeHUl BeH  JaJIOHU
UCIIOJIb30BaJIaCh TOTOBasi MOJIeNb TiyOokoro oOyuenus ResNet50, peanuzoBannas Ha Python. Dra
ceTb o0ecreyrBaeT BBICOKYIO TOYHOCTb PAacHO3HaBaHUs Onarojaps CBOEH apXUTEKType, KoTopas
3¢ pexTUBHO 00pabaTHIBAET CIIOKHBIC TAHHBIE.

2. Undpakpacubie kamepbl: COOp OMOMETPUYECKUX JTAHHBIX OCYILECTBIISETCS C MOMOILBIO
nH(ppaKkpacHbIX KaMmep, KOTopble (DUKCHUPYIOT HM300pa)K€HUs BEH JaJIOHHM B PEaJIbHOM BPEMEHH.
WHudpakpacHbIil ClIEKTp MO3BOJISET BBISIBUTh YHUKAJIBHBIN PUCYHOK BEH J1aXKe Yepe3 KOXKY.

3. JlokanmeHass 00paboTKa MaHHBIX: Bce BBIUMCICHHS BBITIONHSIOTCS BHYTPU CHCTEMBI 0€3
NOJKIIOYEHUS! K BHEIIHUM CepBepaM. JTO IMOBBIIIAET CKOPOCTh paboOThl U JEJaeT CUCTEMY
HE3aBUCHMOH OT HHTEPHET-COCTUHECHHUS.

4. TlpenobpaboTka nzodpakenuii: Ilepen nmomavet JaHHBIX B HEUPOHHYIO CE€Th U300paKEHUS
MPOXOAAT TPEABAPUTEIBHYI0 O00pabOTKY: KOPPEKTHUPYETCS OCBEIICHHE, yOUpaIoTCs IIyMbl H
BBIPAaBHUBAETCS TOJOXKEHUE JIAZJOHU. DTO YIydlllaeT KadeCTBO BXOJHBIX JIAHHBIX U TOBBIIIAET
TOYHOCTH pPaclO3HaBaHUSI.

PazpabGotanHas cucTeMa rokasaja BHICOKYIO TOUHOCTh PAaciO3HAaBaHUS BEH JIaJOHU, 0COOEHHO
P XOPOIIIEM OCBEIICHUH W NPAaBUIBHOM TOJIOKEHUH pyKH. MHTErpamnus nHppakpacHbIX Kamep ¢
HeiipoHHoI ceTbio ResSNet50 nmo3Bonuia 1ocTudb ObICTPON 00PaOOTKHU JAHHBIX, YTO JENIAET CUCTEMY
MIPUTOTHOM /ISl UCTIOIB30BaHUs B peaibHOM BpemeHH. [IpenoOpaboTka m300pakeHUH yimydImia
YCTOMYMBOCTh CUCTEMBI K M3MEHEHHUSIM YCIOBHM, TaKMM KaK yrojl HAaKJIOHA JIAJJOHU WM ciaboe
ocBemieHue. OJHAKO B CIIOXKHBIX Cly4asX, HampuMep MpHU IUIOXOM OCBELIEHUH WM YaCTUYHO
3aKpBITOM J1aJIOHU, TOYHOCTh TIOKA TpeOyeT JopabOTKH.

B Gynymiem mianupyercs:
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1. AnantupoBaTh CUCTEMY K CUTYallMsIM, KOTJa JaJ0Hb YaCTUYHO BUAHA (HAIIpUMEp, B
repyaTKax WId ¢ OBS3KOM ).

2. VYIIydmuTh anroputMbl 00pabOTKH M300pakeHUil i paboThl B YCIOBUAX HU3KON
OCBEILICHHOCTH.
3. Jl06aBUTh TMOANCPKKY APYIMX OHOMETPHUYECKHX JAaHHBIX, TAKHX KaK OTIEYATKU

MaJbIIEB, [l OBBIIICHUS! YHUBEPCAIILHOCTH.

Pazpaborannas cucrtemMa pacro3HaBaHUs BeH JIaJIOHH Ha OCHOBE HCKYCCTBEHHOT'O MHTEIIIEKTA
1 MH(pPaKpacHBIX TEXHOJOTHUH OTKPHIBAET HOBbIE BO3MOXKHOCTHU JUISI TOBBIIIEHUSI O€30MaCHOCTH U
aBTOMATH3alMY UIEHTH(PUKALNY TUIHOCTU. briarogaps BEICOKOI TOUHOCTH, CKOPOCTHU H JIOKAJIBHON
00paboTKe JaHHBIX OHA MOXKET OBITh IPUMEHEHA B CaMbIX Pa3HbIX cepax — OT KOHTPOJIS JOCTyIa
70 TOpOACKOM WH(pacTpyKTypbl. JlanpHeiimee pasBuTHe cHCTEMBbl crenaer e€ emé Oonee
YHUBEPCAIBHON U YCTOMYMBOM K CJIIOKHBIM YCIIOBHUSIM.
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Abstract: This study compares MediaPipe and YOLOV8 pose estimation models across various
configurations and video conditions. | evaluate performance metrics including FPS, CPU usage, and
memory consumption on scenarios featuring walking, break dance, martial techniques, and crowded
scenes. Results show MediaPipe's lite configuration delivers superior FPS and low latency for real-
time applications, while YOLOV8 excels in complex scenes with superior handling of occlusions and
dense object detection. This analysis provides insights for selecting appropriate pose estimation
models based on specific application requirements.

Keywords: Pose Estimation, MediaPipe, YOLOVS8, Performance Evaluation, Computer Vision

Human pose estimation identifies positions and orientations of body parts in images or videos,
enabling applications from human-computer interaction to health monitoring [1]. This challenge
increases with multiple individuals in dynamic environments [2]. Recent advancements include Part
Affinity Fields by Cao et al. [1] and YOLO models adapted for pose estimation [3]. This paper
compares pre-trained MediaPipe and YOLO models, focusing on performance metrics including
processing time, FPS, CPU usage, and memory consumption across various conditions and video
resolutions.

The evaluation used publicly available videos in various conditions (walking, break dance,
martial techniques, two people walking, overcrowded scenes) at three resolutions (1080p, 720p,
480p). Performance metrics included:

« Average FPS: Calculated as avg_fps = (sum of fps_counter) / (length of fps_counter) where
current_fps = 1/ (time_after - time_before)

« Average CPU Usage: Calculated using psutil.cpu_percent(interval=0.1)

« Memory Usage: Tracked as memory_usage = (process.memory_info().rss) / (10242) (in MB)

« Total Elapsed Time: Measured as total_elapsed_time = time.time() - start_time

Experimental Setup

Experiments were conducted on Google Colab with:

e CPU: Intel(R) Xeon(R) CPU @ 2.00GHz, 2 cores

e GPU: NVIDIA Tesla T4, 15,360 MB

« CUDA Version: 12.2

Pre-trained MediaPipe and YOLOv8 models were evaluated by processing each video frame,
recording processing times, and tracking resource usage.

Results:

MediaPipe Model Performance
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Figure 1 MediaPipe Model Performance Metrics
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Key findings:

« Lite Configuration: Highest average FPS with moderate CPU usage and lower memory
consumption

« Full Configuration: Balanced FPS and resource usage

« Heavy Configuration: Lowest FPS and highest memory usage

« Higher resolutions (1080p) generally reduced performance compared to lower resolutions

The MediaPipe model is based on BlazePose, which was designed specifically for on-device
real-time body pose tracking [4].

YOLOvV8 GPU Model Performance
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Key findings:

« Nano Configuration: Highest average FPS with relatively low CPU usage

« Small/Medium Configurations: Balanced performance metrics

« Large/Extra Configurations: Lower FPS with increased resource consumption

« Complex scenes significantly impacted performance across all configurations

Discussion

Performance Comparison

MediaPipe's lite configuration significantly outperformed YOLOV8's extra-large configuration
in scenarios with fast movement, maintaining higher FPS and lower latency. This aligns with findings

from Zhang [5], who demonstrated MediaPipe's effectiveness in at-home fitness applications
requiring real-time analysis.

Pic 1: Performance Comparison: MediaPipe (Lite) vs. YOLOv8 (Extra Large) in Break Dance
Scenario

Key Observations

« FPS and Latency: MediaPipe achieved significantly higher FPS in high-movement scenarios
« Resource Utilization: MediaPipe maintained performance with lower resource consumption
« Simple Tasks: Both models performed well in basic detection scenarios
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Scenario

« Challenging Tasks: YOLOV8's extra-large model outperformed MediaPipe's heavy model in
complex movements

« Model Selection Trade-offs: Our findings support Ceriola et al.'s [6] research on the trade-
offs between model complexity, accuracy, and processing speed when selecting pose estimation
models for specific applications.

i

Pic 3: Performance Comparis: MdiaPibe vs. YOLOVS in Crowded Scenes

e Crowded Scenes: YOLOVS significantly outperformed MediaPipe with multiple people,
handling occlusions better

Conclusion

MediaPipe models demonstrate superior efficiency for real-time pose estimation tasks,
especially with fast movements and limited computational resources. YOLOV8, while requiring more
resources, excels in complex scenes with multiple people. Future work could explore hybrid models
combining strengths of both approaches and further optimization of YOLOv8 for real-time
applications.
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Byt s)xyMbICTa Cy/IbI TYIIBUTAHABIPYABIH OPTYPIIi 9MIICTEPl KAPACTHIPBLIBII, OJAPIbIH THIMALIIT
MEH KOJIZIaHy cajlajlapbl TaJlaH/bl. ATan alTKaHAa, Kepl 0CMOC jKoHE HAaHO(QUIIbTpALUs diCTepiHe
CAJIBICTBIPMAJTBI TANIJIAY KYPTi3iii. 3epTTey HOTHKECIH/IE €Ki 9/1iCTI KaTap KOJJIaHy CY/IbIH CarachiH
KAKCAPTHII, SHEPIUs IIBIFbIHBIH a3aiiTyFa jkoHe MeMOpaHaIap/AblH KbI3MET €Ty Mep3iMiH y3apTyFra
MYMKIHIIK OepeTiHi aHBIKTAIIbl. Byl KemeHai ToCia JKOJOTHUSIBIK Ta3a opi SKOHOMHKAIBIK
TYPFBIAAH THIMJI IIeTIiM OOJIBIT TaObIIaIbl.

Cynpl TYIIBIIAHIBIPY — TYIIBI Cy TANIIBUIBIFBIH IICHIYAIH MaHBI3IBI TOCUI. Ocipece Kyprak
KJIMMAaTThl aliMaKTap/ia HeMece TeHI3 JKarajayiapblHaa OyJ1 Ipolece aybl3 CyFa JereH KaKeTTUIIKTI
KaMTaMachl3 €Ty YIIH KOJAaHbUIaAbl. TYIIbUIaHABIPY apKbUIBI TEHi3, TY3/bI )KEp acThl CyJapblHAH
3UAHIBI TY37lap MEH MUHEpaiJap ajblHBII, 1IIyre »*apamiabl Ta3a cy anbiHaisl [1]. Byn mponece
Ka3ipri TaHJa KONTETeH MEMJICKETTEP/IE SKOJOTUSIBIK JKOHE IKOHOMHKAIIBIK TYPFBIIAH MaHBI3IbI
IIEIIM PeTiHJIe KapacThIpbLIaabl [2].

Cynel  TYIBIIAHOBIPYABIH ~— OipHemie  oxmictepi  0ap, ONapAblH  IOIiHAE €H Kol
KOJIJaHbUIAThIHIApBI:

1. Huctwmsauust (Bynmanablpy) — cCynbl KbI3ABIPY apKbUIBI OYJaHIBIPHIN, COHAH KEHiH
KOHJIEHCalMsIay apKbUibl TYIIBI cy aiy nporeci. byn onic KapamaibiM, Oipak HEPIUsl LIbIFBIHBI
orapbl. OHBIH HETI3T1 apTHIKIIBUIBIFEI — K3 KEJITeH THIITET1 Cybl Ta3anail anaapl. Jlereamen, Oy
9JTic JKOFaphl SHEPTHsl TYThIHYbIHA OalTaHBICTBI KbIMOAT 00MbIN cananassl [3].

2. DnexTpoanaIn3 — HOHABIK MeMOpaHajgap apKbUIbl TY3IbI CY/ABI DJIEKTP ©piCiMEH Ta3apTy
onici. byn mpouecc a3 Ty3apl cynapisl Tazanayzaa THIMJI OOJbIT TaObUIAAbl. DIIEKTPOAMATIU3IIH
0acThl apTHIKMIBUIBIFBI — SHEPTUSHBI CATBICTBIPMANBI TYPAE a3 TYTHIHYBI XXKOHE Y3aK Mep3imii
naiganany MyMKiHAiTi [3, 4].

3. Kepi ocmoc (Reverse Osmosis) — skapThiiail ©TKI3TIIT MEMOpPaHa apKbLIbI KBICBIMMEH CYIbI
©TKi3y mpoueci. THIMALTIT )oFaphl opi Ka3ipri TaHjaa KeH TapairaH ojic. Kepi ocMoc TeHi3 CyblH
TYIIBUIAHABIPY/IA K1 KOJITAHBLIAIbI, ce0e01 011 99%-Fa neliiH Ty3/1ap MEH JIaCTaFbIITapabl KETIpyre
KaOineTTi. bys omicTiH HEri3ri KeMIIiTiri — MeMOpaHamapblH KUi aybICTBIPY KaXETTUIIr MEH
YKOFAPBI KbICHIMIBI JKa0IBIKTAPAbIH KBIMOATTHIFHI [ 3, 4].

4. HanogunbTpanus — Kepi 0cMOCKa yKcac ojiic, 0ipak MeMOpaHasap ipi MojeKysagapsl FaHa
ycTan, MUHepaiapablH 0ip OeiriH eTkizyre MyMKIHIIK Oepeni. by ozic xyMcak cy/bl aiy yIliH
KosgaHbu1azbl. HaHOQUIBTpausiHBIH apTHIKIIBUIBIFBI — KaJdbIIMA MEH MarHUi CUSKTHI €Ki BaJICHTTI
MOHJAp/bl KO MYMKIHJII, COHBIMEH Karap OpraHUKaJblK 3aTTap MEH MHKPOOMOJIOTHUSIBIK
JaCTaFbIITAP/IBI TUIMII TYPAE KeTipeni [4, 5].

5. Mon anmacy — apHaiibl I1aiibIpiap KeMeriMeH CYJbIH KYpaMbIHaFbl HOHIAP/Ibl aIMacThIpy
apKbUIbI TYIIBUIAHABIPY 9JIici. ByJ o/1ic 9feTTe KaTThl Cy/Ibl )KYMCapTy koHe Oenrisi 6ip HoHIap b
KOIO YIIIH KOJmaaHblIaabl. MoH ammacy ofici ToMeH TY3JaHFaH CyJap YIIIH THIMII KOHE KeH
TapanFat [3, 4].

Kepi ocmoc koHe HaHODUIBTpaLUs — eKeyl e MeMOpaHaiblK TEXHOJIOTHUsAIapFa HeT13/1eTeH,
Oipak oJapAbIH KYMbIC IPUHLIUITEP] MEH KOJAAaHy canajapbl 9pTypii.

Kepi ocMoc — xorapel KbICBIMMEH CYyIbl JKapTbUlall OTKI3rill MeMOpaHa apKbUIbI
OTKI31M,0apibIK JEpiiK epireH Ty3Jap MEH OpraHuKajbIK 3aTTapAbl KOsiibl. byn omic >korapbl
JICHT€I/Ie TY3ChI3IaHIbIPY KaXXET OOJFaH JKaFaaiia KoJIganbuiaasl [4, 6].

HanodunbTpanus — TOMEHT1 KbICHIM/IA KYMBIC 1CTEH/II KOHE MEMOpPaHACHIHBIH KEYEeKTLIIrl
YJIKEHIpeK, OyJl ekl BaJIeHTTI MOHJApbl (MbICalibl, KaJbLMHA, MarHui) THIMAL KOsAbI, Oipak Oip
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BAJICHTTI MOHAAPAbI (MbICAbI, HATPUHA, XJIOPHUI) OTKIZyl MYMKIH. Bys omic cyabl skymcapTy kKoHe
OpraHUKAJIBIK 3aTTap Il KO0 YIIiH THIM/I [5, 6].

bi3 kapacteipran maTtepuangap OOMBIHIIA CyAbl TYIIBUIAHIBIPY YLIIH KEIIEHII TACUI, SFHH
HaHO(UIBTpAIMsl MEH Kepi OCMOC OJICTepiH KaTap KOJJAaHy €H THIMJI IIEHIiM JIeM TanThIK.
Hanopunprpanus cynsl >KymMcapThill, €Ki BaJIEHTTI HMOHAAPIbI, OpPTaHMUKAJBIK 3aTTap MEH
OakTepusIapIbl JKOIOFa MYMKIHIIK Oepesi, al Kepi OCMOC JKOFaphl camajbl Ta3a Cy ajyfra
KeMeKkTecel. byt KoMOMHAIMsI Cy IbIH CanlachiH KaKCAPTHII, OHBIH MMaliJaJTbl MUHEPAIapbIH CaKTaIl
KaJlyFa MYMKiHJiK Oepeni [4, 6].

Conpaii-ak, exi oxicTi Oipre KoJJaHy >XYHWEHIH KbI3MET €Ty MEp3iMiH Yy3apTajibl XoHE
MeMOpaHa ap/AblH JIACTAHYBIH a3aiiTajpl. DHEPIrHsl IIBIFBIHBIH TOMEHJCTY XOHE Y3aK Mep3imii
naiganany TYPFBICBIHAH OYJI OJIC AKOJIOTHUSUIBIK JKOHE SKOHOMHKAIIBIK TYPFBIAAH THIMIII HICIIIM
OoJbin TaObLTANEI [6].

bi3giy TaHmaraH oficiMi3 — KEMICHII TOCUI, SFHM HaHOQWIBTpPAIUS MEH Kepi 0OCMOC
TEXHOJIOTHSUTAPBIH KaTap KoJaHy. byl KOMOWHAIWsi CyIblH camachblH J>KaKcapTyFa, IMaiaajibl
MUHEpAIAAPABl CAKTall, )KOFaphl JICHICH/Ie TYIIBI CYy allyFa MYMKIHIIK Oepesi. DHEepPTrUusHbl THIMII
naiganany MeH MeMOpaHallap/blH Y3aK KbI3MET €Tyl TYPFBICBIHAH OYJI 9JiC Ka3ipri 3aMaHJarbl €H
MEPCHEeKTUBTI memiMaepain Oipi  Gonbim  TaObimanel. Cynabl TYIIBUIAHIBIPY —CaJIaCBIHIAFBI
TEXHOJIOTUSUIAP/IBIH ITaMYbl SKOJIOTHUSIIBIK Ta3a dpi SKOHOMHUKAJBIK TYPFBIIaH THIMJI HIemIimMaepi
eHTi3yre MyMKiHJIK Oeperti.

Maiinananblaran ogeduerTep Tizimi:

1. https://kk.wikipedia.org/wiki/Cypl TyIIbUIaHABIPY

2. XKymnicxan A. AKbUIIIBI TEXHOJIOTHSI Cy TaIIIBUIBIFBIHBIH aJbIH anansl // Texnonorus, 2024
https://egemen.kz/article/378351-aqyldy-tekhnologiya-su-tapshylyghynynh-aldyn-alady

3. Cynsr TYIIBUIAHABIPY: amicrepi MEH napameTpiiepi, 2025.
https://kk.techconfronts.com/17250147-water-desalination-methods-and-installations
4. Cynpl Ta3apry. Cynpr Ta3apry anicrepi, 2019. Thestrip

https://thestrip.ru/kk/prazdnichnyjj/vodopodgotovka-metody-vodopodgotovki
5. Hanodwietparms Boasl / MemOpanHbie anemenTsl, 2019, 5-12.
6. ®apnocosa E. H., Karpamanos I'. I'. HanodunbsTparus u oOpaTHblii 0cMOC: CpaBHEHHE U
obmactu onTuMaibHOTrO puMeHenus // XKypuan «Boma Magaziney, Ne6 (118), 2019.

28


https://egemen.kz/article/378351-aqyldy-tekhnologiya-su-tapshylyghynynh-aldyn-alady
https://kk.techconfronts.com/17250147-water-desalination-methods-and-installations
https://thestrip.ru/kk/prazdnichnyjj/vodopodgotovka-metody-vodopodgotovki

Biok4eiiH TeXHOJOTHATAPBIH OKBITYFA APHAJIFAH OKY OMBIHBIH 33ipJiey 'KoHe MAIIMHAJIBIK
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Amamnskoiios E.H.
on-@Papabu ameinoazvl Kas¥y, 4 xypc bakanasp
E-mail: yernarnugmanovich2004@gmail.com
CapcembaeBa T.C.
on-Dapadbu amvinoazvl Kaz¥Yy, aza oxvimyuiv

Kaszipri Tanga 6;10K4YeH TEXHOIOTHIAPhl KapXKbl, JOTUCTHKA, IEHCAYIIBIK caKTay, Oi1iM Oepy
CHSIKTBI KONITETEH cajlajiap/ia KeHIHeH KO AaHbluTyAa. Anaiina, Oy TeXHOJIOTUSHBI MEHIepY KOITereH
CTYJICHTTEp YIIiH Kypzei macene 60bin Tabbuiaabl. Ockl opaiina, 01iM Oepy yaepiciH KEeHUIIETY
YIIiH redMuuKanus TOCUIIH KOJJaHy THIMII omictepiid Oipi Oona amanel. byn Oasnmamana
OJIOKUCHH TEXHOJOTHUSJIAPHIH OKBITYFa apHAaJFaH OKY OWBIHBIH 931pJiey JKOHE OHBIH THIMIUIITIH
MAalIMHAJBIK OKBITY SJICTEepl apKbLIbI Oaranay Moceleepi KapacThIpbLIaIbl.

Oky oifpIHIapbI O1LTIM AMyIIBUTAPABIH KBI3BIFYIIBUIBIFBIH apPTTHIPBIN, KypJeii TaKbIPbIITapAbl
MHTEPAKTHBTI TYypJie MEHIrepyre KoMeKkTece/li. biIoKUeiH TeXHOIOTHsUIapblH YHPETY YIIiH apHalbI
O3ipJICHIeH OMBIH CTyJEHTTepre MbIHAIall apTHIKUIBLIBIKTAp Oepei:

TeopusipIk MaTepraIIapabl MPAKTHKAIBIK KOJIIAHY apKbUIBI dKAKCHIPAK TYCIHY;

brnokyeiiHHIH Heri3ri MNPUHIUOTEPIMEH TaHbICy (MbICANbl, TpaH3aKUMsIAp, CMapT-
KeliciMImapTTap, mudpiay);

Karenikrepaen cabak amy xoHe OiimMaepiH OeKITY MYMKIHIIT1.

Ielimudukanus omicrepi O6i1iM Oepy canacklHa KEHIHEH KOJJAHBUIBIN Kelemi. 3epTreyiep
KOPCETKEeHIel, MHTEPAKTUBTI OUBIH/IAP apKbUIbI OKBITY CTYACHTTEPIIH MOTHUBALUACHIH apTThIPAIbI
KOHE MaTePHAIIbl THIMII MEHIEPYTEe BIKIAT €T/l .

CryneHTTep/IiH OKY IIPOLIECIHAET1 )KETICTIKTepiH 00BEKTUBTI TYpie Oaranay YIIiH MalIHHAIBIK
OKBITY 9QJIICTEPiH KOJIaHyra 001aabl. By oftic keneci kepceTKImTep i Talijayra MyMKIHIIK Oepeti:

OiibIH OapbIChbIH/IA XKIOEpIIreH KaTesep caHbl MeH TypJepi;

OiibIH TarnceIpMaIapblH OPBIHAAY KbUIIAMIBIFbI,

OKy MaTepHualbIHbIH KAHIIAJIBIKTEI MEHI€PUITeHIH aHbIKTAY.

MamuHanbelK OKBITY alTOpPUTMJIEpl CTYACHTTEPAIH OpEKETTEpiH Tajjall, oJaplblH Kai
OemiMaepae KHUBIHABIKTapFa Tam OOJFaHBIH aHbIKTall anajgel. bBynm  OKbITYyIIBUIApFa OKY
OaFgapiaMachIH JKETUIAIPYTe KOHE KEeKe OKBITY TpaeKTopusIapbliH Kypyra kemekrecenl (Baker &
Inventado, 2014).

brok4eliH TEeXHOJOTUSIAPBIH OKbITYFa AapHaJFaH OWBIH Kypy >KOHE OHBIH THUIMIUIIIIH
MalllMHAJIBIK OKBITY 9/1iCTEP1 apKblIbl Oaranay — Ou1iM Oepy yAepiCiH KeTUIAIpyAlH MepCIEeKTUBAIIBIK
OaFpITTapbIHBIH O1p1. MyHAal TOCUT CTYAEHTTEP IIH O1711M adybIH KbI3bIKTHI Opi THIM/I €Te/ll, COHAAM-
aK oJIapJIbIH OKY HOTHJKEJIEPIH TepeH TajjiayFa MyMKiHIK Oepeni. bomamakra Oy omicti 6acka na
KYPJEITi TEXHOJOTHSIIAP/Ibl OKBITYA KOJIIaHyFa 00Ja bl
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Kasipri 3amanza »acaHnabl MHTEJUIEKT HEH JepEKTep TYpajbl FHUIBIM CaTaChIHBIH KAPKbIH/IbI
JnamMybl MalmuHaIbIK OKeITY (ML) Men kymelitinred okpiTy (Reinforcement Learning, RL) omicTepin
KEHIHEH KOJJIaHyFa KOJ alThl. bysl TexHonorusap agaM opeKeTTepiH aBTOMATTaHABIPY, Kypaeli
HIemiMIep/Il OHTAMIaHIBIPY KOHE UHTEIUICKTYaAbl Kyienepi JaMbITy1a MaHbI3 bl POJI aTKapaIbl.
byn GasiHmamana MalIMHAIBIK OKBITY JKOHE KYLICHTIATeH OKBITY 9MICTEpiHIH HETi3rl MpUHIMIITEPI
MEH OJIap/IbIH KOJIIaHy cajaiapbl KapacTblPbLIa bl

MarnuHansik okbITy (ML)

1. MamuHaniblK OKBITYABIH aHBIKTAMAChl MEH MPUHIIUITEP1

MammuHanelK OKBITY — KOMITBIOTEPIIEPIiH aJaM KOMETiHCI3 AEPeKTepACH 3aHIbUIBIKTAP.IbI
aHBIKTaIll, ©3/]irHeH YHpeHyiH KaMTaMachl3 €TeTiH jKacaHAbl MHTEJUIEKTTIH Oip canachl. byn amic
YJIKEH KeJIeMJETi JEpeKTepAl Taujgay apKbulbl OOJDKaM Kacayra, KIacCH(pHUKAIMsIayFa MXOHE
OHTaWJIaHBIpyFa MYMKIHIIK Oepe/i.

2. MammHAaIBIK OKBITY/IBIH HET13T1 TypJiepi

MarmuHanbIK OKBITY SAICTEpl YIII HET13T1 TOnKa OeiHe:

Kanaramaymen okpiTy (Supervised Learning) — kipic aepexTepi MEH OJIapIbIH COUKEC IIBIFBIC
MoHZepl Oap yiriuiepal maijganaHbll, MOAENbAEp YHpeHendi. Mpicanaap: ChI3BIKTBIK perpeccus,
JIOTHCTUKAJIBIK PETPECCHs, HEUPOHBIK KeJiiep, MM aFalITaphl.

Kanaranaycei3 okeity (Unsupervised Learning) — tek Kipic JepeKTepMeH KYMbIC ICTEeH I, SIFHH
KaHJai 1a Oip OCNTUICHTeH HOTIIKEIePCi3 AepeKTep Il TONTacTeipaabl. Meicanmap: kinacrepiey (K-
Means, DBSCAN), 6ac kommonenttep aaici (PCA).

XKapteuait kagaramaHatelH OKbITY (Semi-Supervised Learning) — kajaranaHaThlH JKOHE
KaJlaranaHOaWThIH OKBITY QJICTEpiHIH apaiackaH Typi. byn omic nepexrepiiH Kemmiiiri 6enricis
OourFaH Xaraaiaa KoJIIaHbLIa kL.

3. MamuHambIK OKBITYBIH KOJJIaHy caianapbl

Menuiiuna — aypynaapasl 0oiKay, 1o9pi-I9pMeK d3ipIiey.

Kapaxpl canachl — anasKTHIKThI aHBIKTAYy, HECHEIIIK pEUTHHITEP/Ii eCenTey.

OHepKacin KoHE eHIpic — canaHbl 0akbuIay, O0JKaMIBIK TEXHUKAIBIK KbI3MET KOPCETY.

MapKeTHHT — TYTBIHYIIBLUIAPIIH MiHE3-KYJIKBIH Tajay, )kapHaMa OarbITTay.

Kymeiitinren okpiry (Reinforcement Learning)

1. Kyme#lTinren oKbITYABIH aHBIKTAMAChl MEH MTPUHIIUIITEP1

Kymeiitinren okpity (RL) — areHTTiH KopIlaraH OpTaMEH OpEKeTTECil, 63 dPEKETTEePiHiH
HOTIKecl OoiibiHIa Mapamnat (reward) Hemece jkasanay (penalty) aneim, coi apKbLIbl €H THIMI
CTpaTeTUsHBl YHPEHYIH KamMTamachl3 €TeTIH oiic. byn oficTe areHT KyTIETIH MapamaTThl
OHTAMJIaH/BIPY YIIIiH ChIHAY jkoHE KateMeH (trial-and-error) okump.

2. KymelTuireH OKbITYAbIH HET13r1 3JIeMEHTTEP1

Arent (Agent) — OKbITBUIATHIH MOJICITb.

Kopraran opra (Environment) — areHT apekeT eTeTiH KEHICTIK.

Kyii (State) — areHTTiH aFbIMIaFbI )KaF1aibl.

OpexkeT (AcCtion) — areHTTiH OPbIHIAYBI MYMKIH iC-OPEKETTEP KUBIHTHIFBI.

Mapanat (Reward) — areHTTiH opeKeTiH OaranalThIH KOPCETKIII.

Cascar (Policy) — areHTTiH KeJeci opeKeTiH TaHaay CTPATerusiChl.

3. KymeuTinren oKbITYABIH TaHBIMAN aIrOpPUTMIEPI

Q-Learning — MoHiK HETi3/IeTi KYIIEHTIITEH OKBITY alTOPUTMI.
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Deep Q-Networks (DQN) — tepeH HeWpoHIBIK xeninepai maiinanada oteipein Q-learning
OMICIH KaKcapTabl.

Proximal Policy Optimization (PPO) — casicat Heri3iHie OKBITY 91iCi, TYPAKThI KOHE CeHIM/II
YKYMBICBIMEH TaHBIMAJI.

Actor-CritiCc ofiici — areHTTIH IIEIM/IEPiH OHTAMIaHIBIpYyFa OaFbITTAIFAH MOJICIb.

4. KymeltuireH oKbITYbIH KOJIJJAaHY cajlajgapbl

PoGoToTrexHnKka — aBTOHOMIBI POOOTTAPABI YHPETY.

Oitetamap — AlphaGo, Dota 2, StarCraft Il cuskTel oiiblHZapaa >KOFapbl JICHIEHTI
OMBIHIIIBUTAP/IBI )KEHE AJIaThIH KYHeIep i xKacay.

Kapkbl — aknusiiap HapbIFbIH 00JDKAY.

ABTOHOMJIBI KOIIIKTEp — ©31H-031 0acKapaTblH aBTOMOOWIBIEP VIIIH KO3FaJIbICTHI
OHTAMJIaHIBIPY.

KopbITbIH 1B

ManMHambIK OKBITY MEH KYIICHTUINeH OKBITY — Ka3ipri 3aMaHfbl jKacaHIbl MHTE/UICKTTIH
HeT131H Kanaymibl TexHojorusuiap. ML omictepi nepekrepai tanmay, 60mkay KoHe MenriM Kadbuiaay
YIIiH KeHiHeH konmanbuica, RL kypaeni Oackapy >koHe OHTaWIaHIBIPYy MIHACTTEPIHAC THIMALIIK
Kepceryae. by TexHomorusutapapH OoJaliarsl 6Te 30p, dcipece, 03bIK KYHeIep/i JaMBITyIa )KOHE
aBTOMATTaHIBIPY/IbI JKETUIAIPYIe MaHbI3bI POJI aTKapaJIbl.
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Kasipri Tanna ypOaHU3alMsSHBIH KapKbIHIBI JaMybl KOJIK KO3FAJIBICKIH THIMI OacKapyablH
MaHBI3BUIBIFBIH  apTTHIPBIN  OTHIp. Kenremictepin Ke0Oe€roi, SKOJOTHSIIBIK MpoOiieMaapIbiH
VIIBIFYBI J)KOHE YAKbIT LIBIFBIHBI CUSKTBI MOceNeiep KONTereH MErarnojucTep YIIiH ©3€KTi O0JIbIN
oTeIp. by mpobOreManapapl MIETyiH THIMAL XKOJAApbIHBIH Oipi — xkacaHael uHTewiekT (YKI)
ITOPUTMIEPIH KOJAaHY apKbUIbI KOJIIK aFbIHAApbIH aBTOMATTAHABIPHUIFAH 0acKapy >KyHeciH eHrisy.

JXKacanapl UHTEIJIEKT HeTi3iHAeri Oackapy KyHenepl YIKeH JOepeKTepi eHJey >KOHE HAKThI
yakpIT pEeXKHUMIHAE MienriM KaoOwuimay kaoOimerine uwe. JKM-mi Kelik >xyHeciHe WHTerpamusiay
KOJIIAPIBIH JKYKTEMECIH a3alTyFa, KO3FaJbICThl OHTAWIaHIBIPYFa JKOHE KAYINCI3MIKTI apTTHIpyFa
MYMKIHIIK Oepei.

KU xemeriMeH KoJlik aFbIHIapbIH OaCKapyIbIH HET13T1 ToCUIIEepiHiH 0ipi — MAITMHAIIBIK OKBITY
KOHE TepeH OKBITy alrOpUTMAEpiH KojijaaHy. byn omicrep apKbUIbl KON KO3FAIBICHIHBIH
JUHAMHUKACBIH OOJDKayFa, KONIK JKYKTEMECIH aIJIbIH ajla aHbIKTayFa JKOHE KeNTeNicTepIi
Oonnpipmayra Oonanel. COHBIMEH KaTap, HEUPOHIBIK >KENIEp KOJ KO3FaJIbICBIHBIH YITiIepiH
Tanaar, 6enrui Oip yakbIT apabIFbIH/IA KOJIIK aFbIHBIH O0acKapyFa MYMKIHIIK Oepei.

KW werizinae Kemik arbIHAAPBIH OOJKay KoHE Oackapy YIUIH YIKEH JepeKTepiAl eHICY
MaHbI3ABl pent aTkapaabl. GPS TpekeprepneH, oa KO3FAIBICHIH Oakpliay KamepalapblHaH,
JATYUKTEPACH KUHAIFAH aKIMapaTThl TalAay apKbUIbl HAKTHI YaKbIT PEKUMIHIE JKOJIIAFbI JKa