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Baxvimorcan 2KYMAI' YJIOB,

Ipe3udenm mamemamuyeckoeo obujecmaa
MIOPKCKO20 MUpa,

Axaoemux HAH PK

TPUYM®ATOP HAYKU CPEJHEBEKOBbBS

IIpoBraYECKUX M aKTyaJdbHBIX OTKPBITUH, MPUHECIIUX JIOSAM PEabHYIO MOJIb3Y MPHU
JKU3HH aJlb-bUpyHH, XBaTUIIO OBl Ha TIETYI0 aKaJIEMHIO.

Ienyro 1uiesy TeHHUEB MOAAPUIA YEJIOBEUECTBY «30J10Tasl SII0Xa» UCIAMCKOW HAyKH,
k kotopoit otHocsaT VIII-XII Beka: anb-Xopesmu, anb-dapadu, anb-bupynu, non Cuna. ..
Y4eHbIe-9HIUKIIONEANCTHI, OHM COCTABMIIM HACTOSIIEE CO3BE3IUe HAa HEOOCBOIE MUPOBOM
MbIciu. U kaxercs, 3acTaBwiId sipye cuaTh camo CoJlHIIe U HOYHBIE CBETHJIA, TPOJIUB JIyYH
3HaHUHM Ha WX CYIIHOCTh W 3HAUMTENILHO NMPOABUHYB aCTPOHOMHIO M MaTeMAaTHKy B psay
JIPYTUX HayK.

IToMMMO yHUKaIbHOM MHOTOIPAHHOCTH U KOJIOCCAJIBHOIO LIMBUIIM3AL[MOHHOIO BKJIAJA,
BEJIMKUX MYZPELOB POJHUT UX MPUHAUIEKHOCTH K LleHTpasibHOM A3uH, I7ie OHU POAMIIUCH
Y TpoBeJH OOJBIIYIO YacTh KU3HU. Torma MHOTHE HBIHEIIHHE HAIMK TOJBKO (popMHUpo-
BAJIMCh, ¥ TIOTOMY Ka3axH, y30€KH U Jpyrue HapoJlbl, HACEISIOIIUE PEernoH, HeOe30CHOBA-
TEJIbHO TOPAATCA UMH KaK 3eMJISIKAMH U COTIEMEHHUKaMHU.

B 2020 roay Bech HayuHbI MUp mHMpoko oTMedan 1150-netue Broporo Yuurens mo-
cie Apucrorens — ypokeHna ®apada (HpIHE MECTHOCTb OTHOCUTCS K OTpapckoMy paiioHy
Typkecranckoii 00iactn) anb-Dapadu. Teneps HacTan yepe]] BO3AaTh JOHKHOE «TpuyMQa-
TOpY HAyKH CPEIHEBEKOBbs», «OObETUHUTENIO TPEX KYIbTYp» allb-bupyHnu B cBsizu ¢ 1050-
nerueMm. [1o ofHOM Bepcuu «KpyIiiashy 1ara MpUxXoauTcs Ha 4 ceHTSIOps, mo apyroi — Ha 4
OKTsI0ps Tekymiero roga. B macmrabax Vctopuu pacxoxieHue HesHauntenbHoe. Ho cam
OH, CKpYIYJIE3HEHUIINI MaTeMaTHK, HU MPU acCTPOHOMHUYECKHUX, HU MPU KaJIeHAApHBIX HC-
YHCIICHUSX MOJOOHBIX MOTPEIHOCTEH He Jommyckai. M Obl1 paBHOBEJIMKHAM BO BCeX 00ia-
CTSIX 3HAHUI, KOTOPbIE OXBAThIBAJI CBOMM HIMPOYAMIIIUM TaTaHTOM.

MATbDB ITPOI'PECCA - MATEMATUKA

Xapakrepusysi (eHOMEHAJILHOE Hacjieue 4YeJOBeKa-TUTaHA, OCHOBAaTENb HCTOPUH
Hayku JIxopmk CapToH SMONIMOHAJIbHO Hamucal: «VcTopus acTpOHOMHHM M MareMaTH-
K{, aCTPOJIOTHU U reorpaduu, aHTPONOIOTUU U dTHOrpaduu, GuiIocopuu, apXeoaorHH,
0OTaHWKU U MUHEPAJIOTMU OCHPOTENa Obl Oe3 ero BeJIMKOro uMeHu». [Ipu 3tom Ouorpad
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yrycTun (GU3uKy, peTUruioBeieHIe, Teoe31I0, (PapMaKoJIIOTHIO U TaK Aajiee, AaB CIMIIKOM
KOPOTKHH MepedeHb TUCIUIUINH U HalpaBieHUH TTOUCKOB pedopMaTopa 1 MepBONPOXOALa
HayK. Beap bupyHu Biajen moutu BceMu HayKaMH CBOETO BPEMEHHU.

[Tonnoe ums yuenoro — A0y Paiixan Myxamman nou Axman ans-bupynu. OH poanics
B 973 roay B ropoze Ksre, Tornamiueit cronuiie Xope3Ma — MOIIIHOTO TOCYIapCTBa C 3aMeT-
HOU IeHTpanu3anueit Ha Teppuropun LlentpansHoit A3uu. B cpenHEeBEKOBBIX HCTOUHHUKAX
[JIaBHBIM ropoj Xope3ma Ha3blBalu «BOPOTaMH B TypKeCTaH, MECTOM CKOILJIEHUS TOBApOB
TiopkoB Typkecrana, MaBepaHHaxpa ¥ 0OJIACTH Xa3apOB U MECTOM CTEYCHHUS KYIIIOBY.
T'opon, rne poauscs BeauKui yueHslid, ¢ 1957 rona B ero yectb HOCUT Ha3BaHuEe bepyHu
(taxxe bupyHnu — y30. Beruniy, kapakanm. Biruniy) u Haxomutcs Ha Tepputopun Kapakain-
MaKkcTaHa.

O paHHHX ToJax XU3HU BUPYHH M3BECTHO OYEHb Majo, KpOMe TOTO, YTO OH OBLIT Kpy-
[JI6IM cHpOTON. YUTO MOATBEpKIaeTCsl CTUXaMH caMoro ydeHoro: «He 3Hato 4, 1o npasne,
CBOETO POJIOCITIOBHS, BEJb 51 HE 3HAIO MO-HACTOAIIEMY CBOETO Je/la, Aa U KaKk MHE 3HaTb
CBOETO JIef1a, pa3 s He 3Hato otial». O couMnaabHOM MPOUCXOXKIEHUH CIIOKUIIOCH TOXKE He
OYeHb YeTKOe MpezacTaBieHue. Jlonroe BpeMs HUCXOAWIN M3 HUCOa (IIPO3BHUILE MO MECTY
POXIEHHSI) «OUPYH», TO €CTh MPEAMECTbs, TI€ CENMIUCh PEMECICHHUKH W BIaJENbLbI
MEJIKHX MaHy(paKTyp.

Ho BrmocneacTBuu 3Ty BEpCHIO MOCTABWII 1O COMHEHHE JOKTOP (UIOIOTHYECKUX
Hayk [1. B. Bynrakos. im nipeanoxeno Oosee yOennTeNbHOE TOJKOBAHKWE 3BY4allero B
BeKax «IceBIoHuMay. Ieorpa Makyt, moceTnsumii Xopesm HE3aI01II0 10 MOHIOIbCKO-
ro HamiecTBHs, B cBoeM «buorpaduueckom cioBape» yINOMHHAET, YTO CIOBOM «OHUpY-
HI» XOPE3MUNILIbI Ha3bIBAJIN KaXk/10T0, KTO TIOKHMHYI CBOIO POJIMHY, a bupyHH ocTaBisut ee
TPIKIBI ¥ 00JIee TPUALATH JIET IPOXKHII BAAJH OT Hee. Torna, mo Bceil BEpOsITHOCTH, UMS
9TO YYEHBIH MOITYYWII HE TIPU POKJIECHUU WM B MOJIOIOCTH, a YK€ B JJOCTaTOYHO 3PEJIOM
BO3pacTe.

Wnave 3a Kakue 3aCIyTd OTHPBICK MPOCTONIOAWHOB ObUT OBbI MPHUHST HAa BOCIMTAHHE
B OJIMH W3 OoraredIiux JIOMOB — BHU3HpPS U JBOIOPOAHOro Opara xope3mmaxa? Ha ckio-
He net bupynn nanumer: «Cembst pakoB BCKOpMUIIa MEHsSI CBOMM MOJIOKOM U BBHIBEJIA B
JIONU. .. ).

[IpuemMHBIt oTell, XO35IMH BRICOKOPOAHOTO ceMeiictBa A0y Hacp Mauncyp ubH Mpak ai-
Jxanu, aBTOp QyHIaMEHTANBHBIX TPYAOB 10 aCTPOHOMHUH, MaTEMAaTHKE U TPUTOHOMETPHH,
CTall ¥ ero MepBbIM yuuTeneM. [la u B gajbpHEHIIEM NpaBUTeNN 0JaroCKIOHHO, YYaCTIHNBO
OTHOCHJINCH K JESITEIbHOCTH YYEHOT0, HU B YEM €r0 He YIIEMJISUIH, OOMIPSIIA BCE yCTpeM-
nenusi. Tak 4TO HaBepHsIKAa UMENIM MECTO POJICTBEHHBIE CBSI3U, K TOMY K€ y MBITIMBOTO
IOHOIIIM PaHO MPOSIBIIINCH He3aypsiaHble napoBaHus. OH yxe Ha 17-M rogy Bea caMoCTOs-
TeJIbHBIE ACTPOHOMHYECKHE HAOIIOACHUS.

PacckasbiBast 00 Y4YEHBIX, sl TIOCTOSIHHO TOIYEPKUBAIO, YTO OCHOBA MX BBIAAIOLIMXCS
JIOCTHKEHUH — BCET/Ia TaJlaHT, IOMHOKEHHBIN Ha OOJIBIION U yHOpHBIN Tpya. Anb-bupynu
— TpUMep TOJHOW caMOOTIa4d U aOCOIIOTHOTO CIIY:KEHHs MCTHHE. Ero Tsra K 3HaHHSIM
Obula HEYTOJMMA, MOMIOoLIala BCeleso, TpeOys MOCTOSHHON cocpenoTrodeHHOCTH. «Ero
pyKa MOYTH HUKOTZA HE PACcCTaBajach ¢ MEPOM, €ro ria3a — ¢ HaOJIIOIeHUEM U €T0 YM — C
pa3MBIIIUIEHHEM, 3a UCKITIOYEHUEM JIBYX MPa3THUYHBIX JHEH B TOAY», — ClIeNall 3alHiCH CO-
BPEMEHHHK, UMsI KOTOPOTO, K COKaJIEHNIO, HE COXpaHMIOCh. Jlake Ha CMEPTHOM OfIpe OH
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He 1aBaj ce0e YCIIOKOCHHUSI, POI0IIKaI MBICIIUTh, 00AyMBIBaTh BayKHbIE TEMBI: « 5 moceTui
€ro, KOrJa ero jayiia Obula MOYTH rOTOBA OTJIETETh U MIPEJCMEPTHOE IBIXaHUE CTECHSIIO EMY
rpyns. U B 3TOM cocTosiHMM OH cka3an MHe: «Kak 3To Thl 00BSICHUI MHE OTHAKABI TAKOH-TO
BOIIPOC Hccie1oBaHuA?». S eMy ckasal ¢ cocTpajanueM: «B 3ToM-To cocTostHUM?» — 1 OH
orBeTm1: «He myurie im, ecnu s IpoILych ¢ MUPOM, 3Hast TOT BOIIPOC, UEM HE 3Has €ro?».
Torna s eMy MOBTOPHJII BOIIPOC, M OH 3allOMHHJI €r0 U 00Y4MJI MEHS TOMY, YTO OH O0ewal;
3aTeM s BBIIIET OT HETro M YXe Ha YJHUIe YCIbIal KPUKH, BO3BEIIABIINE O €r0 CMEpPTH»
(«Anb-bupynu — apa0ckuii Jleonapno aa Bunumy, dzen.ru, 19.02.2021).

«AxazneMuiecKkui» noprper aiab-bupyHn nononHseT nonuauHreu3M. OH Biaien Xopes-
MHUICKHUM, IEPCUICKAM, apaOCKNUM, TPEYSCKIM, CHPUHCKUM SI3bIKAMHU, HBPUTOM M CAHCKPH-
TOM, Onarofiapsi uemy paboTall ¢ IepBOMCTOYHUKAMH, MHOTHE YUSHHS U TPAKTaThl YUTAT B
opuruHae, OblT MPUOOIICH K BEAYIIMM IIKOJIaM U HayYHBIM COOOILECTBAM TOTO BPEMEHU
Y TIPEALIECTBYIOLINX EPUOJIOB.

BricokooOpa3zoBaHHbIH, oOnagaBmmii QyHIaMEHTaIbHBIME 3HAHUSIMH, OH OBLT yOex-
JIeH, YTO B MPHUPOJIE BCE CYLIECTBYET U U3MEHSETCs M0 3aKOHaM MPHUPOJIbI, & MOCTUTHYTh
9TH 3aKOHBI MOYKHO TOJIBKO C TIOMOIIBIO HayKu. Oco00 JTH00MIT ¥ LIEHWT MaTeMaTHKY, CUUTast
€€ YHHMBEPCAJIbHBIM KJIIOUYOM IOCTHKEHHSI BCEro CyIIero. A B MaTeMaTH4YECKOM CIIEKTpe
BBLJICJISUT TPUTOHOMETpHIO. [IpoHUIaTeNnbHBI YM MHOTO paboTai HaJ TeM, Kak MpOerH-
poBarb cdepy Ha IIIOCKOCTh, U MPHIYMall HOBBIH CIIOCOO IHMIMHIPUYECKOW MPOCKLUH.
Anb-bupyHn Takke NPUHAAICKUT CBEJCHNE 3a7a4 O TPUCEKIMH YIIa U yABOCHHHU Ky0a K
pEIIeHUI0 YpaBHEeHU 3-1 CTeTeH .

[TpeBOCXOMHBIN CHUCTEMIIMK, OH OCTaBWJI TOCI]e cedsi BechbMa CONUAHYIO0 «MareMaru-
YecKyt0» OMONMOTEKY, K KOTOPOH, KpOMe 3HAauUTeJIbHOM YacTh yHUBepcanbHoro «Kanona
Mac’yaa», otHOCATCS counHeHus «O0 onpeaenaeH!n XOp/ B Kpyre Mpy IOMOIIH BIMCAHHON
B HEro JIOMaHOMU JINHUM» (37IECh paccMaTpUBaeTCA Psil MPUHAUISKAIMX APXUMETY TEOPEM,
HE COXPaHUBILIHXCS B TPEYECKUX PYKOMUCAX ), «O0 MHANHCKUX palmKax» (B 9TOH KHHUTE 00-
Cy)XKIaeTcs TaK Ha3bIBaeMoe TPOiiHOe npaBmio), «Ceprukay, «KHura sxkeMayKUH O TIOCKO-
cTi cepbl», BOIPOcaM MPUKIAHON MaTeMaTHKH TOCBSIIIECH TpakTar « TeHn» 1 Tak Jajee.

BosbIIMHCTBO k€ ero OTKPHITHI OBUIO HA CTHIKE HayK.

3EMJIA, TIOKJIOHUCH YEJIOBEKY!

B nepByro ouepenp moBe3no acTpoHOMHUH. [eHUI cpenHEBEKOBbsI (PaKTUYECKH TPE.-
BOCXHUTHWII Mocienyromee oTkpbiTie Konepruka u [anues o TeIMoneHTPUYHOCTH HaIllero
MHpa U BHEC BECOMBIN BKIJI/l B KAHOHBI HAYKU O BeelleHHOo.

[IpaBo, BO cliaBy M 3TOTO YYEHOI'O MYXa 3BYYMT Topjas modtuueckas ¢paza Oika-
ca CyneliMeHoBa «3eMJIsl, MOKJIOHHUCH 4eNoBeKy!». [IoToMy 4TO OH, BO3MOXKHO, TIEPBBIM B
WCTOPHUH MOJ0UIEN K OObEKTHBHO BEPHOMY OCMBICIICHHUIO €€ MECTa M POJIM B MUPO3IaHHH.
ConHIle, KaK ¥ IpyTue 3BE3/bl, alb-bUpyHH cunTan OrHEHHBIM IIApOM, B OTIMYUE OT IJjia-
HET, OTPaKAIOIINX COTHEYHBIH cBeT. 1 Takue MOIIHBIE OTKPOBEHHUS TPUPOJIBI OH TONTyYall
C MOMOIIBIO TOYHBIX HayK, COOCTBEHHOPYYHO COOPAHHBIX MPUOOPOB M YHUKAJIHHOMN CHIIBI
CBOETO MBIIUICHHUS.

Baxkneimmmu 3ajja4aMu aCTpPOHOMHH B T€ BpEMEHA ObIITM COBEPIICHCTBOBAHHE KaJICH-
Jlapsi 1 OPUEHTUPOBAHUE M0 HEOSCHBIM cBeTHIIaM. Heo0x0umMo ObLI0 MaKCUMAJIBHO TOYHO
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orpeaensaTh nonoxenne Ha Hebe Comnua, JIyHbI 1 3B€3/1, KOPPEKTHO U3MEPSTH TaK Ha3bI-
BaeéMble ACTPOHOMHUYECKHE MTOCTOSTHHBIE — HAKJIOH SKJIUITHUKH K 9KBAaTOPY, AJIUHY COJIHEY-
HOTO, 3B€3/JHOTO T0J1a U Mpoyee. A 3T0, COOTBETCTBEHHO, TPEOOBAJIO pa3BUTHS MaTEMATHKH,
B YAaCTHOCTHU — TUIOCKOH M CHepHuECKON TPUTOHOMETPHH, a TaKKe MOA00AI0IINX U3MEPH-
TEJBHBIX MTPUCIIOCOOJICHUA.

Anb-bupyHu ycoBepIieHCTBOBaJI OCHOBHBIE aCTPOHOMUYECKHE HHCTPYMEHTHI, KOTOPBI-
MU TI0JIb30BAJIUCh B TO BpeMsl (aCTpoJsiOMIO, CEKCTAHT) U CKOHCTPYUPOBAJ HETIOJIBUKHBIN
(cTeHHOIT) KBaZpaHT paguycoM 7,5 MeTpa Ajsl TOYHBIX HaOMI0eH! HeOeCHBIX Te, Helpe-
B30I IEHHBI 10 TapameTpaM U YPPEKTUBHOCTH HA NPOTSHKEHUH YETBIPEXCOT JIET.

Bynyuu ere coBceM MoJ10bIM, B 21 roj1 yueHbIH ¢ HCKIIOUYUTENbHOW TOUHOCTBIO OTpe-
JIeNIN BEIMYMHY HAKJIOHEHMs IJIOCKOCTH SKJIMNTHKHU K 3KBartopy. [loHATHA «mepBbIi»,
«BIIEPBBIE» — ATO YACTO O HeM. B ToM umcie u modyc — u3o0pereHue Tpuymdaropa Hay-
KM CpelHEeBEKOBbs. Ha 3KCKITIO3MBHOIN KOIMHU 3€MHOTO IIapa JUaMETpPOM MATh METPOB C
MOMOIIBIO TIOCTPOCHHUS HA €T0 MOBEPXHOCTH CHEPUUECKHX TPEYTOJbHUKOB ONPEICISIINCh
reorpauyeckre KOOPIAUHATHI U PACCTOSHUS MEXK/y HaceJIeHHbIMU MTyHKTaMu. [lo3aHee Ha
9TOl OCcHOBe alb-bupyHH cocTaBui (GUIMTPAHHO BBIBEPEHHBIE Teorpaduieckrue TaOIuIbI
koopauHar. Emie cpeny oTKpbITHIf — HOBbIE METOJIbI ONPEeNIeHUs pauyca 3eMIId 0 cTe-
MEHU TTOHMKEHUSI TOPU30HTA NMPH HAOIIOACHUU C TOPBI (MCXOIS M3 MPEACTaBICHHN O ee
mapooOpa3Hoii (hopme), JONTOTHI U IHUPOTHI.

MOIIHBI MHTEUIEKT W IIAPOYAHIIMK KPYro3op MO3BOJWIM ajlb-BUPYHU pPacKpbITh
MHOTHE TalHbl npupoasl. OH OOBSCHWI SIBIICHHE YTPEHHEH U BEUepHEH 3apu Kak Ciea-
CTBHE CBEUEHHS IBUTMHOK B JIyyaX CKPBITOTO 32 TOPU30HTOM conHIa. B obnactu reorpadun
MIPEUIOKNI IPUHLUITHAIBHO HOBYIO THIIOTE3Y PacIOIOKEHUs] MOpel Ha 3eMHOW MOBEpX-
HOCTH, OTJIMYHYIO OT KOHLenuu IITonemes, KOTOpoit mpuiep>KUBaINCh MHOTHE TOKOJIEHUS
yueHbIX. B 4acTHOCTH, OH MpHIIEN K CIEAYIOIIEMY BBIBOLY: AQpHKa OMBIBAETCS OKEAaHOM
C BOCTOKA, YTO JICJIAT BO3MOXKHBIM MOpCKoi myTh u3 Mumuu B EBpomy. O0ocHOBan cy-
LIeCTBOBaHUE OONBIIOTO MaTepuKa MEXIy ATIaHTHUECKUM M TUXUM OKeaHaMH, JOKa3al,
4YTO MEXAy A3Hel U JAPYrow, elie HeBeIOMON 3emiieii (peub omnsTh ke 00 AMepuke) eCcTh
nponuB (bepuHra — ABT.), KOTOpBIN AEHCTBUTENBEHO ObUT OOHAPYKEH, MPAB/A, JUIIb CEMb-
cot JieT crycts. OnATh e OH, MPOHUKABIIMK MBICIIBIO U B HE/Ipa, BIIEpBbIe B MUpE cop-
MYJIHPOBAJ TUIOTE3Y O ABM)KEHUH MAaTE€PUKOB, MOJYUHBIIYIO pa3BUTHE JHIIb B HOBEilIIee
BpeMsi, pa3paboTai peKOMEHJAaluU 0 MOUCKY MECTOPOKICHUH TOJIE3HBIX HUCKOMAEMbIX,
MOpCKHE IPUIIMBBI U OTIIUBBI CBA3aJ C BozaeiicTBueM JIyHbI, yCTaHOBUII, YTO CBET PacIpo-
cTpansieTcst ObIcTpee 3ByKa. M 3TOT CIUCOK, Kacaroluiics reorpaduu, reoJorui, Te0Ae3HH,
B COBOKYIHOCTH OOJIBIION T'PYMITbI CMEXKHBIX HAayK, MOYKHO TPOAOIKATH M MPOIOJIKAT.
Kak mpoBuaueckux, Tak U aKTyaJIbHbIX OTKPBITHH, IPUHECIIUX JIIOASIM PeajbHYIO MOJIb3Y
MIPU JKU3HH allb-bupyHH, XBaTHIIO OBl HA LIENTYIO aKaJeMHuIo. A OH, 00JalaBIIMi Herpepe-
KaeMbIM aBTOPUTETOM, KaK pa3 U BO3IVIABIISII aKaJeMHI0, KOTopasi 00beHHsIIa BUAHEHIIINX
yueHbIX Boctoka. UToOBI OMYyYUTh NpeCcTaBlIeHHEe 00 YPOBHE M CTaTYCHOCTH BBICOKOTO
HAy4YHOT'0 COOOIIECTBa, JOCTATOYHO CKa3aTh, YTO B COCTaB ee Bxoami nOH CuHa (ABUIICH-
Ha), C KOTOPBIM aJlb-bUpyHH BeJl MHOTOJIETHIOIO TIEPEITUCKY.

W3 mroGomeITcTBa 3amisiHyT B Bukunenuio: Korjga ke B MUpeE MOSIBUIIACh TepBasi aka-
nemust Hayk? W momyumin orset: «llepBble HayuHble akajeMuu Bo3HUKIN B EBpone B XVII
Beke». A camas nepasi — B 1603 rony B MUtanuu. Axkagemus aeit Jlunuen Obuia OCHOBaHa
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apucrokpatoM rpadom Denepuro Yesn. llenpro ee ObUIO M3yueHUE M PACIPOCTPAHECHUE
Hay4YHBIX 3HAHHUW B 007acTH (PU3HKH.

He Gepych yTBep»k)1aTh, 4TO HayYHBIE aKaJeMHIECKHE COOpaHHsI TPH JJBOPAX XOPE3MHUIi-
CKHUX BIIACTHUTEJICH ObUIM HAaUTIEPBEHIIMMHU, HO OHH PeajibHO CYLIeCTBOBAIH U, 0€3yCIOBHO,
00beAMHSUIIN BET HAy4YHOU MBICIHU. Ellle 0OTHO CylecTBEHHOE YTOUHEHHE: Pa3BUTHIO 3TON
MBICJIM UCJIaM OTHIOZb He Bpenwil, EBpolly e depe3 NONOBUHY ThICSUYeNneTHs, OyITo UCTOo-
pHst TOTEKIIA BCTIATh, HAKPBUIA BOJHBI HHKBU3UIIMH.

Ha Bocrtoke Obuio mHaue. JKanb, «auanora» 510X HE MONYYHIIOCH: 3amaj] CIUIIKOM
MO3THO MMO3HAKOMUIICSI C HayYHBIM HacieaneM BocToka. A Tak, Kak 3HaTh, BO3MOXHO, OT
KaKHX-TO TyIIMKOBBIX YCTaHOBOK EBporma u oTkazanack Obl.

Anb-bupyHu He Ha cioBax, a Ha JieJie, CBOMM YIOPHBIM TPYIOM HCIIOBEJOBAN MPUH-
LI, CErOHs OPMYITHPYEMBbIH KaK «Hayka 0e3 rpaHuiy. B3sTh XoTs Obl (apMaKoIOTHIO.
B HezaBepiieHHOM TpakTare «DapMakorHO3Usl B MEAMLIMHE» OH OIMHUCAJl JIEKAPCTBEHHBIC
CBOICTBA M criocoObl nmpruMeHeHus: 6onee 880 IeKapcTBEHHBIX pacTEeHHM, U ClieNal 3TO Ha
CaHCKpUTE, UBPHUTE, XOPE3MUHCKOM, apaOCKOM, TIOPKCKUX — B uTore Ha 20 s3bIKax U Jua-
JIEKTax pa3HbIX HapoAoB. Tak B HayKy ObUI BBEJCH MPUHLIUI HHTEPHAIIMOHAIN3AINH OTIbITa
U pe3yNbTaTOB UCCIICIOBAHHA.

Jlaxxe B caMOM IIEpBOM CBOEM COYMHEHHH — « XpOHOJIOTHs, Win [laMsITHUKYM MUHYBIINX
noxosieHui» (1000-i rox) ydeHslil mpeacTaeT Kak NCClIe0BaTeNb IMNUPpoYaiIIero, MUpoBO-
ro Anana3oHa, Tak Kak coOpaJ v omrcal 31ech BCce M3BECTHBIE CUCTEMBI KaJleHJapsi, puMe-
HSIBIINECS Y Pa3HBIX HAPOAOB, U COCTABUII XPOHOJIOTHUECKYIO TAOIUILYy BCEX SIOX, HAYMHAS
OT OMOJIEHCKNX MaTpHapXoB.

MPUHAUIEKA LA MUPY

YyeHoMy HECKOJIBKO pa3 Bblmana repemena mect. [locie B3situs B 995 romy Ksra smupom
['ypranpxa u nepeHoca B HOCIEIHUI CTONULIBI X0pe3Ma allb-bupyHH, NonaepKuBaBIIni CBEp-
THYTYIO TUHACTHIO AQpHUTruIoB, yexan B Peif, rne pabotan y an-XomkaHy, 3aTeM padoTal B
I'yprane npu nBope 3uspuackoro smupa Tabapucrana llamc ans-Ma’anu Kabyca, kotopomy
MIOCBATHI «XPOHOJIOTHIO. .. ». Jlanee crnemyer Bo3BpalieHue B Xope3M, KO IBOpy Il1axa.

W BHOBB poMCXOAUT cMeHa pexxnmMa. Hactymaer anoxa 3aBoeBaHmii cynrana Maxmyna
l'azueBu. B 1017 rogy ane-bupynu BMecTe ¢ qpyruMH TUICHEHHBIMU YYEHBIMH OBUT BbI-
HYKJIeH nepeexarth B ['a3Hy, rae paboTai npu ABope Maxmysa u ero npeeMHUKoB Macyna
u Maynyna. Benukuil xope3muel TakkKe y4acTBOBaJI B noxogax Maxwmyna B Munuro, riue
MIPOXKUIT HECKOJIBKO JIET.

I'a3Huiickuii mepuox CTajl CaMbIM IUIOAOTBOPHBIM B JKWU3HM THUTaHA MbICIH. Ero uH-
JUICKHE MyTENIeCTBUS BBUIMINCH B HaMMCaHUe QyHIaMEeHTaIbHOTO Tpyaa «Pa3bscHeHue
MpUHAJUIeKAIUX HHANHLIAM YYeHUH, TPUEMIIEMBIX pa3yMoM Wi oTBepraeMbix» (1030 r).
3nech Jaercs MOJIHOOXBATHOE OMUCAaHNE ObITa, KYJAbTYPBl M HAyUHBIX JOCTHKEHUN WHIUH-
LEB, UX pelurno3no-punocodcekoro MupoBos3penns. CounHeHne H300MITyeT CChUIKAMHU Ha
I'omepa, Ilnarona, Apuctotens, ['aneHa, Apyrux aBTOPOB, COMOCTABISAIOTCS MHAMNWCKAA U
MCJIAMCKasl MBICIIb, OCOOCHHO BBIJICJIICTCS yueHUe CypueB Kak HanOosee OJIM3KOe K WH-
JUICKUM TEOpUSM CaHKXbH M WOTH. A TIPU CPAaBHEHHH OOBIYAaEB YIIOMUHAIOTCS OCOOEH-
HOCTH OBITa CIaBsiH, THOCTIEB, Xa3ap, TIOPKOB U pyrux. Ero uccnenosanue Muaun 1o cux



10 Becmnux Hayuonanvhoti unsceneproi akademuu Pecnyonruxu Kazaxcman. 2023. Ne 3 (89)

nop cyrtaeTcs 00pa3oBbIM, 2 HEKOTOPBIE CTPAHHUIIBI €€ MPOIILJIOr0 U3BECTHBI B HALIM JTHH
b Onarofaps anb-bupyHu.

[To pasnbM ouenkaM, nepy AOy Paiixana anb-bupynu npunamiexar ot 150 go 180
00BEMHBIX TPY/IOB, TPAKTATOB M COYMHEHHH. A OTHMM M3 CaMbIX INIaBHBIX cunTaercs «Ka-
HOH Mac yia 1Mo acTpoHOMHH M 3Be3/aM», B KOTOPOM JaeTcsi CTPOWHOE W HaydyHO 000-
CHOBaHHOE TIpefcTaBieHne 00 oduiel kapTuHe Mupa. OuepeHoe MOCBSILECHHE BIaCcTUTE-
JIIO IaXCTBa — cbiHy Maxmyna Macyny aBrop oObsicHAeT Tak: «OH Jjal MHE BO3MOXKHOCTb
LIEJIUKOM IIOCBSITUTh OCTAaTOK JKU3HU CILY’KCHHMIO HayKe». Tak M MOTyIECTBEHHBII MOHApX
OCTAaJICsl B UCTOPHH.

TBopuecTBO anb-bupyHu OKa3aJo 3HAUUTEIBHOE BIUSHUE HA IOKOJICHMS YYEHBIX
bmmxnero u Cpennero Bocroka. «BenukuM yuutenem U yueHbIM» HazbIBall anb-bupyHu
maremaruk 1 actpoHoM XIII Beka Hacup an-Jlun Tycu, a COBpeMEHHUK, CHPUICKUN acTpo-
HOM, MareMaTuk 1 Bpau AOy-1- @apamx Hanucan: «lIpousBeneHns: ero MHOTOUNCIICHHBI,
COBEpILICHHBI U MPeeNbHO HaeKHbl. OHUM CIIOBOM, HE OBIIIO HU CPEIH €ro KOJUIer B ero
BpeMsI, HU MIOCJIEe, BIUIOTH JI0 CET0 pyOexka, y4eHOoro, Oojiee HCKYIIEHHOTO B HayKe acTPOHO-
MUH U OoJiee CBEAYILETo KaK B €€ IIaBHBIX MOJIOKEHUX, TaK U B TOHKOCTSIX». JIaKOHUYHO,
HO HE MEHee BHIPA3HTEILHO OTO3BAJICSA O CBOEM KyMHpe HccieoBarens MakyT: «Bpems He
MIPUHOCHIIO JIPYTOro, MOAOOHOTO €My 10 YUEHOCTH U YMY».

Harocnenok Heo0x0auMo Moa4epKHy Th: 3TO UMs 00bearHsET. He TolbKo cTpaHbl peruoxa,
COCEZICTBYIOLIME C POAUHON YYEHOT0, HO U BECh IIPOIPECCUBHBIN, JYMAOLIUMI U COTPYIHUYAIO-
it mup. Kak ckazan HakaHyHe Mpa3IHOBaHMS ThICSUENICTHErO 00uIIest TeHus ObIBIINIA Tep-
BbIii cekperaps LIK KII Tamxuxucrana u nupexrop Mucturyta BoctokoBenenuss AH CCCP
JOKTOp MCTOPUYECKHX HayK, akajemMuk bobomxon ['adypos, «ans-bupyHn MHOrMe cTpaHbl
CUMTAIOT CBOMM, HO OH OB BBIXOJIIIEM U3 X0pe3Ma, U OH MPUHAICKUT BCEM HAPOIAM)».

[TaMsATH O BEJIMKOM yYE€HOM HETJIEHHA U YBEKOBEUYECHA B MEMOPHAJIAX, HA3BAHUSIX MHO-
TOYUCIICHHBIX YJIHI M YUpeKICHUH Y30ekucTana, ipana u Ipyrux rocynapcTs, B €T0 4YeCTh
Ha3BaH JIYHHBIH KpaTep, 0 HEM CO37aHbl (PMIIbMBI, U3JAHO MHOXKECTBO KHHT. J{eHb reose-
3ucta B IPU npuBs3aH UMEHHO K JHIO €r0 pOXKICHUS. DTa cTpaHa nmojpapuia otaerny Op-
ranm3aiuu O0beuHeHHbIX Hanuii B Bene [TaBuiboH NepCHCKUX yUEHBIX, BKIIFOYAFOIINH
CTaTyo ajb-bupyHH.

I'maBHOE XK€ — OH XMB B MJ€AX U HAyKaxX, KOTOpPbIE PA3BUBAIl U JIEIES, B CBOUX BO
MHOI'OM COBPEMEHHBIX TPyJaX, YATAEMBIX JIETKO U C yBJIEYEHUEM, IIOCKOIbKY HallMCaHbI
JIOXOTYMBO U SICHO, 00J1aJIAI0T BBIBEPEHHOM JIOTMKOM, BEllb X CO3/1all YUYUTEIbh HA BeKa U
THICSAYEINIETHS.

CoBceM ckopo, 20-23 okTsiOps B ApeBHeM TypkecTaHe, KOTOPBIH ¢ XOpe3MOM COe/H-
HaAll Benukuil menkoBslid myTh, npoiger VII BceMupHBI KOHIPECC MaTEMAaTUKOB THOPK-
CKOI'0 MHpa C YYaCTHEM IISTUCOT BEAYIIUX YUEHBIX MATEMAaTUKOB U3 IISITH IECSITKOB CTPaH.
Ero nens — pacmumpeHue HaydHOro COTPYAHUYECTBA, COACHCTBUE PA3BUTHIO MaTeMaruyie-
CKOHM HayKH W MPUMEHEHHIO AOCTIKCHUH MaTeMaTuKd, WH(POPMAIIMOHHBIX TEXHOJIOTHH B
Hay4YHBIX UCCIIE0OBAaHUAX, TEXHUKE U 00pa3oBanuu. Ha ¢popyme takke, B cBete 1050-netus
HAIllero TeHUANBHOTO TpeAlIeCTBEHHHKa anb-bupyHu, Oymer obcyxneHa HcTophdecKas
temarrka. O BKJa/ie BBIJIAIOLIErocs 3eMJIsiKka B MUPOBYIO HayKy pacCKakyT BUIHbIE Ka3ax-
CTaHCKHE YYCHBIE M HAIIU KOJUIETH M3 OJIMYKHETO U IAIBHETO 3apyOeKbsl.

Beunast cnaBa Yuuresnro!
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A STUDY OF ELECTROCARDIOGRAPHIC CHANGES
INTYPE 2 DIABETES MELLITUS PATIENTS

Diabetes, which is known since the early I century, is an illness with a large number of types and
affected people and it has become one of the global problems. From them, type 2 diabetes, which has many
affecting factors, is one of the most common types of diabetes. The objective of our study is to determine
the sugar levels of patients with Type 2 diabetes through a non-invasive method which does not cause
infections, that is the electrocardiogram (ECG). The study lasted for two days. There were two parts of
the experiment: one was carried out on an empty stomach until 8:00 on the first day, and the second one
was done two hours after eating on the second day until 20:00. In order to compare the results the sugar
levels of 20 women and 32 men with Type 2 diabetes were determined with an electrocardiogram and a
glucometer. Data on gender, age, overweight, duration of illness, smoking habits, income, parental history
of diabetes, early cardiovascular disease (CVD) was collected accordingly. The results of the study show
that in patients with Type 2 diabetes the S, T, ST, QTc, QRS intervals of electrocardiogram (ECG) change
and sugar levels are higher in the evening than in the morning.

Key words: type 2 diabetes mellitus, electrocardiography, electrocardiosignals, non-invasive method,
cardioanalyzer.

Introduction. Diabetes is one of the widely spread diseases worldwide and among its
various types the proportion of patients with Type 2 diabetes is about 90% higher than the
number of patients with Type 1 diabetes, gestational diabetes, and other types. According
to previous statistics, the majority of patients with Type 2 diabetes were adults, particularly
men, and citizens of sedentary countries with low incomes, but nowadays adolescents and
young people are also suffering from Type 2 diabetes. According to statistical data obtained
from the Almaty department of the "Republican Electronic Health Care Center", the growth
rate of diabetes mellitus over the past 5 years is shown in Figure 1.

* E-mail xoppecrionnupytomero apropa: chingiz_kopa@mail.ru
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In worse cases of Type 2 diabetes, there is a high chance of patients developing diseases
of the brain, kidneys, bones and joints, eyes, their nervous system, and cardiovascular
system. Patients with Type 2 diabetes must keep blood sugar levels under control constantly
to avoid complications. There is currently the invasive detection of diabetes in use which
is done by inserting a needle or laser into the finger, wrist and abdomen, but it can cause
infections and be painful for patients. The heart has a great connection to the human life
conditions, hence patients with Type 2 diabetes who often have heart problems should be
tested using an electrocardiogram, a non-invasive method.

Figure 1 — Dynamics of the prevalence of diabetes mellitus per 1000 population,
Almaty, 2019-2023 yy.

The ECG results in patients with Type 2 diabetes show that the QRS interval moves
to the left, the R indicator increases and the T indicator decreases. Cardiovascular
diseases are more common among older men and smokers; also patients' behavior affects
CVD [1]. In patients who have Type 2 diabetes for a long time, CVD is more common
and the QTc interval is longer [2]. Patients with type 2 diabetes who also suffer from
obesity, abdominal obesity, adult men and smokers develop myocardial ischemia and
the ST segment changes [3]. In patients with Type 2 diabetes, smoking, albuminuria,
hemoglobin, arterial hypertension and body weight indicators have an effect on changes
in the Q, ST, T intervals of ECG [4-14]. In the study conducted by Holter monitor on
a total of 104 patients with Type 1 and type 2 diabetes it was found that patients with
Type 2 diabetes most commonly suffer from latent myocardial ischemia and silent heart
ischemia than patients with Type 1 diabetes [5]. Another study with 237 patients with
Type 2 diabetes, the vast majority of which were male, presented the results where
the majority of patients suffer from silent heart ischemia [6]. Diabetes is the main risk
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factor for CVD mortality. In patients with Type 2 diabetes mellitus, the QT interval
increases according to the ECG result [7]. Patients with diabetes are more prone to
diabetic peripheral neuropathy [8-15]. Various ECG myocardial infarction, ischemic
disorders, left ventricular hypertrophy, atrial fibrillation are caused by Type 2 diabetes
[9]. According to the study conducted in patients with Type 2 diabetes in the Amhara
National Regional Public Hospitals of Ethiopia, ECG fluctuations were associated with
excess weight, hypertension, duration of the disease, high income, high blood sugar on
an empty stomach [10].

Taking previous research in consideration, it was found that the gender, age,
duration of pain in patients with Type 2 diabetes and the possibility of the presence of
cardiovascular diseases might influence the change in ECG, and there is an insufficient
number of studies conducted on the population of Kazakhstan. The purpose of the study
is to test Kazakhstan patients with Type 2 diabetes using ECG, taking into account
individual characteristics.

Materials and Methods. 52 people with type 2 diabetes with an average age of 55
participated in the study. The experiment was held on Almaty citizens and the data about the
patients was taken from the Almaty department of the "Republican Electronic Health Care
Center". The data collected is shown in Table 1.

Table 1 — Data about the participants with type 2 diabetes

I 11 I v A% VI Vil VIII
female 40<50 | *tn=46 | ly<5y | +n=18 +n=3 lower tn=25
n=20 n==o6 n=15 n=20
male 50 <60 -n=6 Sy <10y -n=234 n=49 average -n=27
n=32 n=27 n=24 n=26

- 60 <70 - more than - - higher -

n=19 10 years n=>6
n=18

Number (n), present (+n), absent (-n). I, gender; 11, age; III, overweight; IV, duration of illness;
V, smoking habits; VI, early CVD; VII, income; VIII, presence of type 2 diabetes in parents.

The ECG signals were registered by the PCA 83G portable cardiac analyzer made by
the former professor of Satbayev University K.A. Ozhikenov’s students which is shown on
Figure 2 [11-12].

PCA 83G is intended to carry out screening studies in order to diagnose and monitor
heart conditions. A portable cardiac analyzer can be used on an active patient to diagnose
the condition of the heart.

In a portable cardiodiagnostics system, a set of filters was used to change the relationship
between their parameters depending on the signal-interference condition in the local parts of
the filter to increase the efficiency of slowing down the interference in the electrocardiosignal
and the resistance of ECG diagnostics systems to interference [ 13]. This principle of combining
filters is called adaptive aggregation of filters (AAF). According to this principle, each local
part of the signal (electrocardiosignal or its component) is processed by a separate filter.
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To conduct this experiment, electrocardiosignals of the participants in the experiment
were taken at the research center of the Department of robotics and automation tools of
technology (Satbayev University) in Figure 3.

Figure 2 — Portable cardiac analyzer used in the experiment

Figure 3 — Participant in an experiment with an ECG with one channel electrode

To compare the ECG results in patients with type 2 diabetes mellitus, a normal sinus
rhythm was used in Figure 4, obtained from the educational and methodological complex
of the Kislovodsk Medical College.
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Figure 4 — Normal sinus rthythm

To compare the ECG results of the participants, a normal reading for adults and children
with Type 2 diabetes shown in Table 2 was used (it was recommended by the American
Diabetes Association), determining the sugar level with a traditional glucometer.

Table 2 — Normal indication for adults and children with type 2 diabetes

Time Average indicator
On an empty stomach (before the meal) 80-130 mg/dl
1-2 hours after the meal less than 180 mg/dl

Milligram/deciliter (mg/dl).

Results and Discussion. The study was conducted over two days. On the first day,
the experiment was carried out on an empty stomach until 8:00 in the morning, and on
the second day, the data was collected 2 hours after eating until 20.00 in the evening.
Unlike previous research, in this study, participants were not given a glucose solution.
Participants went through two different tests over two days. First, blood sugar levels were
measured by glucometer after taking blood from the fingers of the participants, and then

they had undergone the ECG procedure. The results of the experiment are summarized in
Table 3.
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Table 3 — The results of the experiment held in the morning on the first day and in the evening
on the second day

Participants . The morning . The evening
to the The morning lucometer The evening lucometer
. ECG results g ECG results g
experiment results results
1 2 3 4 5
S, T, QTg, ST, S, T, QTc, ST,
female QRS change 80- tgg(ym)g/dl QRSchange 180 n(13gg(01/1 )1 ower
. (18%) ° (52%) °
S, T, QTgc, ST, S, T, QTc, ST,
80-130 mg/ 180 mg/dl lower
male QRS change N QRSchange o
(32%) dI(57%) (66%) (22%)
S, T, QTc, ST, S, T, QTc, ST,
80-130 mg/ 180 mg/dl lower
40<50 QRS change N QRSchange o
(15%) d1(87%) (45%) (43%)
S, T, QTc, ST, S, T, QTc, ST,
80-130 mg/ 180 mg/dl lower
11 50<60 QRS change o QRSchange o
(28%) d1(68%) (52%) (40%)
S, T, QTc, ST, S, T, QTc, ST,
80-130 mg/ 180 mg/dl lower
60<70 QRS change N QRSchange o
(34%) dI(57%) (58%) (39%)
S, T, QTc, ST, S, T, QTc, ST,
_ 80-130 mg/ 180 mg/dl lower
+n=46 QRS change d1(55%) QRSchange (28%)
u (26%) (39%)
S, T, QTc, ST, S, T, QTc, ST,
_ 80-130 mg/ 180 mg/dl lower
—n=6 QRS cglange d1(57%) QRScEange (29%)
(24%) (38%)
S, T, QTc, ST, S, T, QTc, ST,
_ 80-130 mg/ 180 mg/dl lower
ly<S5yn=I5 QRS C?ange d1(25%) QRSctlange (65%)
(15%) (37%)
sy<toy | S LQIGST 1 gq 130 me | S LQTE ST, g0 odl Tower
v n=24 QR(Szgf,}a)nge d1(33%) injgl(;a‘;lge (53%)
(V] 0
more than 10 S(’Q}Tich?;}l zz 80-130 mg/ (S’R%Zﬁ’a ﬁgé 180 mg/dl lower
— V) V)
years n=18 (36%) dl(45%)S, (54%) (35%)
S, T, QTc, ST, S, T, QTc, ST,
80-130 mg/ 180 mg/dl lower
+n=18 RS change RSchange
Q R d1(43%) Q Rt (36%)
\Y%
S, T, QTc, ST, S, T, QTc, ST,
80-130 mg/ 180 mg/dl lower
—n=34 QRS change N QRSchange N
(25%) dI(55%) (37%) (48%)
S, T, QTc, ST, S, T, QTc, ST,
VI =3 QRS change 80—1300mg/ QRSchange 180 mg/gl lower
(44%) dl(41%) (54%) (36%)
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OxoHyaHue TadIuLBl 3

1 2 3 4 5
S, T, QTc, ST, S, T, QTc, ST,
_n=49 QRS change 80—1300mg/ QRSchange 180 mg/(oil lower
dl(47%) (46%)
(36%) (43%)
S, T, QTc, ST, S, T, QTc, ST,
lower n=20 QRS change 8%-188(3;g/ QRSchange 180 n(lfé(oi/l )1 ower
(24%) ’ (41%) ?
S, T, QTe, ST, S, T, QTc, ST,
VII | average n=26 QRS change 8%'11(23(;1)‘%/ QRSchange 180 r?i/l(oi/l )1 ower
(22%) 0 (38%) o
S, T, QTe, ST, S, T, QTc, ST,
higher n=6 QRS change 8(31_11(2(2)(;1)‘%/ QRSchange 180 n(lfé/;(g )1 ower
(23%) ° (38%) ’
S, T, QTe, ST, S, T, QTc, ST,
+n=25 QRS change 8(21_11(22;;g/ QRSchange 180 rr(13gg(3/l )1 ower
VI (27%) ’ (42%) 0
S, T, QTe, ST, S, T, QTc, ST,
—n=27 QRS change 8%—1}2?;?/ QRSchange 180 r?fg )1 ower
(24%) ’ (40%) ’

I, gender; 11, age; 111, overweight; IV, duration of illness; V, smoking habits; VI, early CVD; VII,
income; VIII, presence of type 2 diabetes in parents.

According to the results obtained in the morning, the change in ECG intervals was
higher in men compared to women by 14% (1), in participants aged 60<70 years by 19%, by
6% (I1I) compared to those aged 40<50, 60<70 years, by 2% (III) in overweight participants,
by 21% for patients who are ill for more than 10 years compared to 8% (IV) of those who
are ill for 1 year < 5 years, 5 years < 10 years, by 13% for smokers compared to non-
smokers (V), in patients with early CVD by 8% (VI) compared to patients without CVD, by
2%, 1% for low-income compared to middle-income and high-income patients (VII), and
by 3% in patients whose parents had Type 2 diabetes (VIII). And, according to the evening
results, the change in ECG intervals in men compared to women was higher by 14% (1), in
participants aged 60<70 years 13%, by 6% (I1I) compared to those aged 40<50, 60<70 years
13%, 6% (III) in overweight participants, for patients who are ill for more than 10 years by
17%, 12% (IV) compared to those who have had the disease for 1 year <5 years, 5 years <
10 years, by 14% for smokers compared to non-smokers (V), patients with early CVD by
11% (VI) compared to patients without CVD, by 3% (VII) for low- income compared to
middle-income and high-income people, and by 2% for people whose parents also suffered
from Type 2 diabetes (VIII).

Conclusion. In conclusion, the research results show that the S, T, QTc, ST, QRS
intervals in ECG changed more for male rather than female patients, adults over sixty years
of age, smokers, and participants with early CVDs. Although, the participants' income,
weight gain, and presence of diabetes in their parents did not have a significant impact on
changes in ECG intervals, we assume that these factors might have more influence on the
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occurrence of diabetes in patients. In the future we plan to do research to determine whether
physical activity of the body, the types of temperament, and mental state affects the rise in
blood sugar levels and the occurrence of CVD.
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2 TUIITI KAHT IMABETIMEH AYBIPATbBIH HAYKACTAPIAFBI
SJIEKTPOKAPIUOTI' PAOUSAJIBIK O3T'EPICTEPAI
3EPTTEY

Kanum ouabemi epme I eacvipoan bepi beneini, mypnepi scone ayblpamvlHOAp CaHbl KON HCAhAHObIK
Mmacenenepdiy Oipine atinanzan aypy. An 2 munmi kanm ouabemi kenmezeH Paxmopiapovly acepiHeH
natida 6onamolx, Kawm ouabeminiy KeHinen mapanzan 6ip mypi. biz0iy 3epmmeyoiy JHcanrnvl MaKcamsl
2 munmi Kaum ouabemi 6ap HAYKACMapowbly Kanm OeHeelin UHGheKyus myobipMaimsit, UHEA3UEMI eMec
20ic anekmpoxapouoepamma (OKT) apkwiiet anvixmay. 3epmmey exi KyHee co3vliobl. Bipinuii KyHi manavl
8:00-2e Oetlin aw KapviHea, an eKiHwii KyHi MamakmaHeaHHaH Ketlin exi cazamman coy kewki 20:00-ee
Oellin sKcnepumenm KHcypeizinoi. 3epmmeyoe 2 munmi kanm ouabemi 6ap 20 atien scane 32 ep adammwly
Kanm Oeneelli 971eKmpoKapouoeSpamMmamen JHcone Hamuicenepoi caivlCmulpy MaKkcamovlHoa 2noKomem-
PpMeH anbikmanovl. 2 munmi Kaum ouabemi 0ap HAyKacmapOobly JHCbIHBICHI, JHCACHL, APMBIK CATMAZbIHbIY
00nybl, ayblpy Y3aKmuigvl, memeKi wezy aoemi, mabvic monuepi, kaum ouabeminiy (K/{) ama-nacvinoa
oonyvl, epme dcypex-Kan mamvipaap aypyrapvinoiy (KKA) bonyer mypanvt depexmep Kamap aibiHObL.
3epmmey namuoceci 6ovivinwa 2 munmi Kawm ouabemimen ayvipamoin Haykacmapoa K -noiy S, T, ST,
QTe, QRS apanvikmapel 632epicke YublpaimviHbl JHCIOHE MAKbL YAKBIMKA KAPALAHOA KWK YaKblmma
KaHm OeHeelliniy Moauepi #o2apulpax 601amviHbl AHbIKMALOb.

Tyiiin co3dep: 2 munmi Kanm ouabemi, 21eKMpoOKApoUopadus, 1eKmpoKapoOUOCUSHal, UHBAZUGMNT
emec 20ic, KapouoOaHanu3amop.
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HCCJEJIOBAHUE JIEKTPOKAPIUOT PAOMYECKUX N3SMEHEHUIA
Y BOJIbHBIX CAXAPHBIM IMABETOM 2 THUIIA

Jluabem, komopwiil usgecmen ¢ navaia I 6exa, s6aemcs 601e3HbIO ¢ OOTLUUM KOTULECTNEOM MUNOE
U nopasicarowux aroetl, U OH cmai OOHOU U3 2100a1bHbIX npobrem. M3 Hux ouabem 2 muna, Komopulii
uMeem MHOANCECME0 GIUSIOUUX (DAKMOPOS, A6I5emcs 0OHUM U3 Hauboiee PAcnpPOCMPAHEHHBIX MUNOG
ouabema. Llenvio naue2o uccie008anus A6iAemMcs onpedeienue YpoGHa caxapa y nayuenmos ¢ caxap-
HblM Quabemom 2 muna ¢ nOMOWbl0 HEUHBAZUBHO2O Memodd, KOMOpPblll He 6bl3bl8aen UHGeKYull, mo
ecmb snekmpoxapouocpammol (OKT). Hccnedosanue Onunocy 08a OHs. DKChepumenm coCmosiii U3 08yxX
yacmetl: 00Ha nposoounace Hamowax 00 8:00 6 nepasvlil Oenb, a 6mopasi - uepes 08a Yaca nocie edvl Ha
emopotl denv 00 20:00. Ymobwi cpasHums pezynvmamol, ypogeus caxapa y 20 dceHuyut u 32 Myxscuun ¢
caxapnvim ouabemom 2 muna Obli onpedenen ¢ NOMOWbIO 2AeKMpoKapouoepammsl u eniokomempa. Co-
omeemcmsyowum oopasom oOviiu coopanvl danuvle 0 noie, go3pacme, U3ObIMOYHOM Gece, NPOOOIICU-
menbHoCmuU 60NIE3HU, NPUBBIYKAX K KYPEHUIO, 00X00aX, duabeme 8 aHamMHe3e pOOUmenetl, PAHHUX Cmaousix
cepoeuno-cocyoucmuix 3abonesanuti (CC3). Pesyiomamsi uccied08anis NOKA3bIBAON, Ymo y Nayuenmos
¢ caxapuvim ouabemom 2 muna usmensiromes unmepeanwl S, T, ST, QTc, ORS na anexmporapouoecpamme
(OKT), a yposenwv caxapa geuepom vluue, yem Ympom.

Knrouesvie cnosa: caxapuviii ouabem 2 muna, 31eKmporapouocpapusi, 31eKmpokapouoCUSHal, He-
UHBA3UBHDLIL MEMOO, KapOUOAHATUZATOP.
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AUTHENTICITY DETECTION OF EYE IMAGES USING DEEP
LEARNING TECHNOLOGY IN ONLINE EXAMS

The use of online education technologies is one of the most effective ways to achieve the universal
goal of quality education throughout life for the sustainable development of UNESCO. During the writing
of the article, the features that have appread in the field of application of online exam technologies will be
described. The existing forms, methods and tools for conducting the exam in an online format, their potential
and risks are analyzed. Attention is drawn to the fact that the methods and tools used for conducting online
control have disadvantages, such as significant costs in organizing proctoring and difficulties in assessing
one of the student’s key competencies, namely, readiness to use systematized theoretical and practical
knowledge to formulate and solve research problems.

This research introduces an innovative proctoring system that harnesses deep learning techniques,
specifically the Yolo algorithm. The primary objective of this system is to accurately detect the eyes of the
exam-taker by utilizing a standard web camera as the sole input source. The obtained results from the deep
learning model are subsequently subjected to processing through the Cascaded Haar Classifier to yield
a definitive outcome. The proposed approach demonstrates considerable proficiency in discriminating
between authentic exam-takers and static images, achieving a notable level of accuracy. Leveraging the
capabilities of deep learning in conjunction with the cascaded classifier enables real-time eye detection
and localization within images or video frames, thereby establishing the proctoring system as a reliable
and effective solution for ensuring academic integrity during online examinations.

Key words: Distance learning technologies, online examination, eye tracking, YOLO, Darknet
Framework, Cascaded Haar Classifier, Proctoring system.

Intoduction. Since mid-March 2020, Moscow universities have switched to distance
learning due to the high-readiness regime in the conditions of the spread of coronavirus [1].
This situation was a definite challenge to Russian higher education, a test of its ability to
quickly adapt to the remote form of work. Distance learning technologies have been used in
teaching for more than a year, students and teachers have persona offices, mail, electronic
space in the unified educational system of their university for placing educational materials,
testing, attching completed assigments, practical work. However, this format of work is
not comprehensive, it is used by teachers as necessary, in particular, to build an individual
trajectory of education of a particular student, study group. Therefore, the promptness with
which both teachers and students joined the online format of seminars, practical classes,
lectures, allows us to conclude about the flexibility of our educational system, about
significant developments in the field of digitalization of education.

The most pressing issue today is the issue of student certification, conducting current
and final control. So, in the current conditions, the rectors of Russian universities spoke out
for the willingness of universities to hold the session remotely [2].

* E-mail xoppecnoraupytomiero aBropa: 1 202107003 @stu.sdu.edu.kz
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And then the point-rating eveluation system comes to the fore, which allows you to evaluate
the current work in in accordance with the technological map of the discipline, and at the end,
according to the results of the exam or test, to put a final grade. This is a convenient tool in the
hands of a teacher. Discussions, discussion of essays, analytical notes, reports and practical
classes can be organized during the semester in the format of webinars, and students can send
calculation and graphic works, essays, summaries of articles to the teacher for verification by
e-mail or attach assigments in their personal cabinets. This allows you to do, for example, the
Microsoft Teams program, in which work, in particular, teachers of Moscow State Pedagogical
University. MADI, RANHIGS and other universities of the capital.

The written form of the exam in the conditions of distance learning provides for students
to attach documents with answers to the «Tasks» cell of MS Teams, Moodle, Zoom or send
them by e-mail to the teacher. The advantage in the organization of the written exam is the
possibility of checking the originality of the materials sent by the student through the «Anti-
Plagiarism» system, the disadvantage is the lack of supervision of the examinee during the
assigment, which does not allow to unambiguously determine who exactly performed the
issued written assigment. [5]

The final chord is a test or exam, and here the question arises about how to conduct them
in an online learning environment. But if teachers agree to set a credit for a discipline on the
scale of a point-rating evalution system, in which, for example, the condition for obtaining
a credit it 60 points or more scored by a student while working in a semester, then it is
problematic to set an exam grade without an exam. After all, the exam is the stage of control
that allows you to assess the depth of a student’s knowledge, his scientific outlook and the
ability to apply theoretical material in practice. This article raises the problem of conducting
an online exam, analyzes the existing forms, methods and tools of its implementation,
their potential and disadvantages, and also offers methodological recommendations for
conducting the exam in an online format.

The present investigation employs a set of fundamental tools for proctoring purposes,
encompassing identity verification of exam participants, the prohibition of additional web
browsers, and the monitoring of student behavior. These sophisticated programs facilitate
the administration of examinations in remote settings, enabling students to partake in
assessments from their own homes via personal computers. The utilization of the YOLO
(You Only Look Once) model in conjunction with a well-trained model enables real-time
localization and extraction of the eye regions from the exam-taker’s visual feed.

Proctoring technologies serve as invaluable aids to educators in identifying areas of least
comprehension among students and subsequently directing their attention during subsequent
instructional sessions to address these specific deficiencies. A key characteristic of the proctoring
system lies in its primary function, which is not centered on individual identification but rather
focuses exclusively on analyzing the exam-taker’s movements throughout the assessment
process. Should a user’s face deviate from the authorized trajectory, resulting in a loss of
fixation, the system promptly issues a warning message to the individual.

As an outcome of incorporating the proctoring system, the instructor receives a
comprehensive summary report containing crucial data on student behavior, which plays
a pivotal role in the determination of assessment outcomes. Leveraging a combination of
pertinent features, such as the duration of examination, frequency of authentic violations,
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and occurrences of suspicious behavior, the teacher gains the ability to construct a
comprehensive overview of the entire task completion process[6]. This information aids
the instructor in making informed decisions regarding the evaluation and enrollment of
examination results.

The objective of this study was to construct a liveness detection model for online exams,
employing computer vision techniques. To accomplish this aim, a dataset of approximately
4000 images of exam-takers was curated and utilized in training a model, integrating the
YOLO (You Only Look Once) and Darknet Frameworks. The determination of the model’s
optimal weight was predicated on the calculation of the Mean Average Precision (mAP).
Specifically, the model was trained to focus on the eye region of the exam-taker and
subsequently predict whether the individual under examination was a genuine person or
merely represented by an image.

Literary review. «High-quality online exams can no longer be considered a second-rate
way of learning. They form students competencies no worse than face-to-face classesy, said
Igor Chirikov, head of the study, senior researcher at the University of California Berkeley
and associate fellow at the HSE Institute of Education.

Most likely, the transition to an online format of higher education will be accelerated.
The current situation caused by the Covid-19 pandemic has actually become a forced live
experiment in this transition.

“We see that universities have adapted much faster in this situation, which have made
better progress in creating and using online exams,” says Chirikov. And the national
platform with online courses from leading universities, in their opinion, gave Russia a great
advantage for the rapid transfer of universities online.

“Now it is especially important to invest in the creation of advanced online platforms,
interactive online content and the development of new teaching methods,” says Igor
Chirikov. This will expand access to quality education without significant additional costs
and ensure the flexibility of student trajectories. In addition, it will help to prepare for
various unforeseen situations, such as the coronavirus epidemic that has affected the whole
world.”[2]

Firstly, students can pass certification within e-courses, and there are now more than
1.2 thousand of them in TPU in a variety of disciplines. An external proctoring system is
supposed to be used here — this is a system for monitoring and controlling remote testing,
such technologies are used in many of the world’s leading universities. Such a scheme is
more suitable, of course, for an intermediate assessment of student success.

TPU also has its own platform for evaluating the results and competencies of students.
On it, students will be able to perform tasks in the format of computer testing. The correctness
of the answers is checked automatically. We are now also connecting a proctoring system to
this platform. Examination tickets of the traditional form will also be placed on it. Students
will upload answers to the questions directly to the teacher or discuss them at the webinar.
Teachers will be at their workplaces, and students will be in dormitories or at home. This
option ensures transparency of the procedure for the administration and students, and we
recommend it to teachers who do not have exam tickets in the test form.

Admission of exams, tests, defense of course projects and works, practices in traditional
oral form will also be organized through webinars. In the process, the student’s identity
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will be identified, possible violations will be monitored, and the exam protocol will be
maintained.

Teachers and heads of their departments will decide which of these schemes to choose,
depending on their needs. Everything is flexible here [3].

Due to the transition of the educational process to a remote format at the K.A. Timiryazev
RGAU-MSHA in the process of online exams, including state exams, it became necessary
to ensure a high level of reliability and reliability of the diagnosis of educational results,
for which proctoring was used. Even before the full transition to distance learning at the
university, key provisions on the implementation of e-learning and the use of distance
learning technologies in the implementation of educational programs were approved,
including recommendations for the admission of current exams have been developed, term
papers, student debts and the organization of the state final certification using information
and communication technologies.

At the Faculty of Humanities and Pedagogy of the FSUE About 140 full-time teachers
work at the RGAU-MSHA named after K.A. Timiryazev, who had to take exams in such
an unusual format. More than 70% of teaching staff noted that during the certification
procedures, some students tried to violate the requirements and recommendations of local
regulations acts of the university related to the implementation of e -learning and DOT. Note
that in the presence of an auto-proctoring system, this percentage could be much lower,
since the automated system is much more objective [5].

Method and materials. The security of facial recognition systems is becoming increasingly
important as the technology becomes more widely used. Fake faces, for example, created
from images or video clips of people, can be used to deceive facial recognition algorithms|[7].
As a result, a real face recognition system usually includes a face liveness detection module
that can distinguish a fake face from a real one. The determination of the liveliness of the
face has aroused great interest, and many studies have been proposed. A real face has a three-
dimensional structure in the physical world, while a fake face from a photo or video is a two-
dimensional plane. The image of a fake face just seems to be a mirror image and has some
degree of shape deformation compared to the image of a real face. It is impossible to distort
the color and lose any important information during the second shooting.

The objectives of the proposed work are the following:

» Implement a reliable facial liveness detection system to detect fake attacks.

» Distinguish between a legitimate and illegitimate subject during the exam.

» To determine the photo image and the real face of the subject during the exam.

There are different methods used by different researchers to detect fraud. Some of the
efforts made by the researchers are as follows:

This section aims to furnish comprehensive insights into two key aspects of the present
research: the dataset utilized and the architecture of the employed deep learning model.
Pertaining to the dataset, a thorough account will be provided regarding the source of the
images, the total quantity of images included, the specific attributes characterizing these
images, and the meticulous labeling procedure employed. Furthermore, we shall present
statistical analyses outlining the distribution of classes within the dataset.

Furthermore, we will delve into a detailed discourse concerning the rationale underlying
the choices made in dataset selection and model architecture. We will elucidate the series
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of experiments conducted to rigorously evaluate the performance of distinct architectures
and hyper parameters. The intention is to establish a comprehensive understanding of the
decisions made during the course of this study, as well as to determine the efficacy of the
adopted strategies.

Proposed method. To realize our goal of developing a robust proctoring system with a
stringent emphasis on accuracy, a diverse array of methodologies was harnessed throughout
this investigation. To facilitate this, a sequence of experimental procedures was conducted,
commencing with the curation of a bespoke dataset. Subsequently, the decision was made to
employ the YOLO algorithm in synergy with the Darknet Framework for the training of our
deep learning model. Additionally, during the testing phase, the Cascaded Haar Classifier
was incorporated to refine the predictive outcomes. The complete sequence of operations
undertaken in this study is visually depicted in Figure 1.

Figure 1 — Yolo learning process using Darknet framework

Dataset. To facilitate our experimentation, a dataset was required for training a deep-
learning model, specifically designed to discern and localize the eyes of exam-takers.
Although there exist publicly accessible datasets within the research community, they did
not conform to our specific criteria aimed at simulating examination conditions accurately.
For robust testing accuracy, it was imperative to obtain a dataset comprising images of
individuals captured by a web camera at a close distance of approximately 50cm.

Regrettably, several available datasets for eye tracking were acquired using professional-
grade cameras or from considerable distances, thereby rendering them unsuitable for our
intended objectives. Consequently, we deemed it necessary to curate our own dataset,
custom-tailored to meet the desired requirements. To this end, we enlisted the participation
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of eighty volunteers, each recorded through a webcam-equipped notebook for video capture,
with a duration of approximately 25 to 30 seconds per video. In an effort to ensure temporal
consistency among the images, our aim was to extract four images from each one-second
video segment. Ultimately, this data collection process yielded an assemblage of over 4000
images (Figure 2).

Figure 2 — A set of four images was extracted from each one-second segment of video capture.

Used deep learning models and Training process. For training our model, we
employed the YOLO algorithm, which stands for “You Only Look Once.” YOLO represents
an intelligent convolutional neural network (CNN) designed specifically for real-time object
detection tasks. This algorithm adopts a unique approach by employing a single neural
network to process the entire image and subsequently divides the image into regions to
predict the respective bounding boxes and associated probabilities for each region.

To obtain the desired predictions, we trained the YOLO algorithm using our custom
dataset. To facilitate this process, each image in the dataset was meticulously labeled using
the Labellmg software, as depicted in Figure 3. Labellmg is a graphical image annotation
tool, coded in Python and featuring a user-friendly GUI built on the Qt framework. This
software facilitated the task of annotating the images by defining the regions of interest
required for training the YOLO model effectively.

Figure 3 — Labeled image using Labellmg software
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Within our dataset, a singular labeled class named “eye” was meticulously generated.
This particular label served the purpose of both training the model and subsequently
detecting the eyes of the exam-taker during the testing phase.

Once the process of labeling the images was successfully completed, we proceeded to
train our model employing the Darknet platform. The training process was conducted on
a laptop equipped with a 9th generation Intel 17-9750H processor, a GeForce GTX 1650
graphics card featuring 4GB memory, and 32GB DDR RAM (as depicted in Figure 4). This
computational setup provided the necessary resources to carry out the training of the deep
learning model effectively.

Figure 4 — Yolo learning process using Darknet framework

Darknet is an extensively employed open-source framework renowned for its
proficiency in executing neural networks at a high level of performance. Its development
was undertaken through the utilization of C and CUDA programming languages, endowing it
with compatibility for both Central Processing Units (CPUs) and Graphics Processing Units
(GPUs). This characteristic renders Darknet a flexible and adaptable option for sophisticated
implementations of deep neural networks. Notably, Darknet encompasses various advanced
applications of deep learning, including the real-time object detection capability provided
by the You Only Look Once (YOLO) algorithm, ImageNet classification, and Recurrent
Neural Networks (RNNs), among others.
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Testing process and accuracy metrics. Before commencing the training process, the dataset
was divided into two distinct subsets: 80% allocated for training purposes and the remaining
20% reserved for testing. The test dataset played a crucial role in assessing the accuracy of the
trained models and subsequently determining the optimal model for selection.

In order to evaluate the effectiveness of object detection, we employed the Mean Average
Precision (mAP) metric. This widely-used evaluation metric is also known as Average
Precision (AP) and finds extensive application in various domains, including document/
information retrieval and object detection tasks (as illustrated in Figure 5). The choice of
mAP was predicated on its ability to provide a comprehensive assessment of the model’s
performance by computing the average precision across multiple classes and multiple
detection outcomes, thereby offering a robust evaluation of object detection accuracy.

1 k=n
mAP ==Y AP,
n Zl K

Figure 5 — AP, = the AP of class k and n = the number of classes

In order to prevent overfitting and to discern weights that exhibited superior accuracy,
we employed the Mean Average Precision (mAP) metric across all scales. The outcomes of
this analysis are presented in Table 1.

Table 1 — Eight different weights with percentages

Weights
Weight 1 | Weight | Weight | Weight | Weight | Weight | Weight | Weight
Percentage 2 3 4 5 6 7 8
85.17 % | 84.21 % | 89.59 % | 92.28 % | 85.27 % | 69.45 % | 72.36 % | 64.21 %

Upon a thorough evaluation of the generated models, it was observed that weight number
four demonstrated the highest accuracy, achieving an impressive performance of 92.28%.
This noteworthy outcome serves as a testament to the suitability of our curated dataset for
the precise task of eye tracking. Furthermore, Figure 6 illustrates corroborating results that
reinforce the efficacy of our dataset in facilitating accurate eye tracking. The remarkable
accuracy achieved by the model trained with weight number three provides further evidence
of the dataset’s efficacy in enabling precise and reliable eye tracking capabilities.

Figure 6 — Testing process
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Iris detection with the Cascade Classifier. In the subsequent phase, we employed
image processing techniques, particularly the Cascade Classifier with OpenCV, to facilitate
iris detection. Notably, one of the well-regarded iris recognition algorithms, namely
“haarcascade,” was utilized. This algorithm is recognized for its computational efficiency,
expeditious processing, and commendable accuracy.

The Cascaded Haar Classifier, as a machine learning classifier, operates based on Haar
functions and is encapsulated within the cv2.CascadeClassifier class. OpenCV is bundled
with several XML files, each housing Haar functions tailored for diverse objects. These
Haar functions function analogously to feature maps within conventional convolutional
neural networks (CNNs). In essence, they compute features for numerous image regions,
summing pixel intensities and subsequently computing the differences between these
sums. Consequently, an image-downsampling process generates a simplified feature map
that serves as a basis for detecting patterns within images. In our context, we utilized the
“haarcascade eye.xml” file for iris detection.

In order to optimize the speed and precision of iris detection, we capitalized on the
output generated by the YOLO algorithm, which had already identified the eye regions in
the images. Concretely, we extracted the eye regions from the original frames, converted
them to grayscale, and then applied the Haar-cascade classifier XML file to detect the iris.
The schematic representation of this approach is depicted in Figure 7. This method enabled
us to efficiently and accurately detect the iris in the images, consequently enhancing the
overall performance of our model.

Figure 7 — Iris detection
Consequently, we integrated the outcomes obtained from YOLO with image processing

techniques, which yielded a novel result encompassing iris detection. The visualization of
this outcome is displayed in Figure 8.

Figure 8 — Final result
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At present, we have successfully obtained the precise coordinates of both the eyes and
the iris. The graphical depiction of this outcome is illustrated in Figure 9.

Figure 9 — Eye and iris coordinates. (X, Y) are the top coordinates of the eye region.
W is the width of the eye and H is the height of the eye. £ _and £ are the midpoint
coordinates of the iris. (X, ¥,) are midpoint of eye region.

Using existing coordinates we can easily calculate X , Y.

M. B BV TN
2 2 2 2

With the acquired coordinates of both the eyes and the iris, we are now able to compute
the distance between the midpoint of the eye region and the iris.

D=(E, - X.)* +(E, -Y,)*

Results. Liveness Detection of survivability is a method of verifying that a person is
really present, and not just from a photo or video. This is a common tool used in security
applications, for example, to prove that someone is who they say they are.

In our fast-changing, constantly connected world, security is more important than
ever. The number of online attacks and cyber-scams is only growing and becoming more
dangerous: According to a report by the FTC Consumer Sentinel Network, the number of
reported identity thefts doubled from 2019 to 2020 and is expected to grow in the coming
years[8]. That’s why more and more companies are turning to liveness detection as a means
of protecting their data and building trust between the company and its customers.

Liveness detection can also be used as a way to verify the identity of the user who logs
in. This is especially important for sensitive systems, such as those used by banks or other
financial institutions.

At this stage, we possess the capability to compute the distance between the midpoint of
the eye region and the iris for every frame extracted from the real-time video. By monitoring
these distances over a specific duration, typically 15-20 seconds, we can ascertain whether
the video depicts a genuine individual or merely a static photo in front of the web camera.
This determination is based on the observation that the facial features and iris of a real
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person are subject to constant changes, thereby leading to fluctuations in the coordinates
and distances between the eye region and the iris. Conversely, a static image would exhibit
minimal alterations in these coordinates and distances over the designated time period,
consequently signifying its non-live nature.

In order to assess the efficacy of our proposed solution, we conducted extensive testing
involving a sample of more than 200 volunteers. The results of our method demonstrated
an impressive accuracy of 91.8% in detecting images of exam-takers. This outcome
substantiates the effectiveness of our approach, affirming its suitability for real-world
application.

Discussion. This research capitalizes on deep learning methodologies and a pre-trained
model to achieve real-time detection of eye regions. Leveraging deep learning in this
context presents a highly effective means of processing vast datasets, rendering it a well-
suited approach for the task at hand. Moreover, the augmentation of our dataset through
additional data collection facilitates enhanced model training, thereby potentially elevating
its performance and precision. Additionally, the comparative evaluation of the collected
data in tandem with other deep learning techniques affords valuable insights, aiding in the
selection of the most appropriate and optimal approach.

In the current era of the 21st century, ensuring adherence to academic ethics has emerged
as a paramount priority in establishing a conducive and proficient educational environment.
Consequently, novel technologies are being actively developed and integrated to curtail
practices that contradict the fundamental principles of academic integrity, particularly in
the context of distance learning[9]. These technological advancements aim to minimize
instances of academic misconduct, ultimately fostering a more robust and trustworthy
educational landscape.

Upon examining international practices, it becomes evident that a promising
approach to address this matter is through the implementation of proctoring functions.
Proctoring solutions offer the capacity for educational institutions to conduct
remote monitoring and supervision of participants during online examinations. By
leveraging proctoring technologies, administrators can establish a secure examination
environment, effectively deterring and deterring instances of academic dishonesty
among students.

One of the key advantages of proctoring technologies is their ability to facilitate online
exams for students regardless of their geographical location. This flexibility empowers
students to undertake examinations from anywhere in the world, thereby promoting
academic integrity as they are consciously aware of being under artificial surveillance.
Consequently, the presence of proctoring technology instills a sense of accountability and
encourages students to maintain an atmosphere of academic honesty, thereby minimizing
unnecessary disruptions during exams.

Conclusion. It is important to acknowledge that no existing automatic proctoring
system can ensure complete immunity against deceptive behaviors. The primary objective
of such systems is primarily geared towards establishing an environment in which devising
dishonest tactics becomes futile, encouraging students to channel their efforts into
thoroughly acquainting themselves with course lectures and study materials in preparation
for examinations.
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The scientific novelty of this article lies in its exploration of the potential integration of
proctoring system capabilities within domestic educational practices. The study’s theoretical
and practical significance is manifested through the examination of theoretical frameworks
and practical mechanisms for implementing a proctoring system as a means of conducting
remote exams.

In this research, we devised an online proctoring system by deploying a deep learning
model and the Cascade Classifier technique. The resulting system demonstrates a
remarkable capability to accurately predict whether the exam taker is a genuine individual
or a mere image. The seamless integration of this system with any online examination
platform empowers educators with a valuable tool to uphold the integrity of the
examination process. The synergistic utilization of deep learning and Cascade Classifier
technologies empowers the system to efficiently identify and localize the eyes within
image or video frames in real-time, thus presenting a dependable and effective solution
for online proctoring.
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YAxnapammeix scone ecenmey mexnonocusnapol uncmumymet, Aimamet, Kazaxcman
2 Cyneuman [Jemupen Yuueepcumemi, Kackenery, Kazaxcman
$Tynuc srcozapel MeOUYUHATBIK MeXHOLO2UANAp uHcmumymel, TyHuc

OHJIAMTH EMTUXAHJIAPIA TEPEH OKBITY TEXHOJIOTASICHIH
KOJIJAHA OTBIPBIII KO3 KECKIHAEPIHIH
IIBIHAVBLIIBIFBIH AHBIKTAY

TOHECKO-ubiy mypagmoel 0amy ascblHOA canaivl 0inim Oepydiy ambeban makcamviHa dircemyoe
6inim Gepydiy OHNAlH mexXHON02UsAIapbl MUimMOi boabin madwvliadvl. Maxaniada oHLAH eMMUXAH MEXHO-
JIOUANAPBIH KOOanydazsl epexuienikmep cunammanaovl. OHAain opmammagvl eMmuxam icypeizyoiy
KONOaHblcmagzsl (hopmanapeina, a0icmepi MeH KYpanoapblHd maiday Hcdcanwin, onapobl KOIOAHYOdebl
MYMKIHOIKMeEpI MeH KeleHciz owcakmapul cunammanaovl. Ounaun Oaxuliayosvl icypeizyoiy KOIOaHy
20icmepi Men KYpanioapviibly KeMuinikmepi peminoe o1apoblly CbIHAK Ke3IHOe2l KON YaKblm ULblebIHbL
MeH OKYUIbLIApObIY 3epmmey ecenmepin weulyoezi onapovly Heeizei scytieni Oinimoepi MeH 0a20bliapbiH
bazanayovl eckepy MyMKIHOIKMEPIHIH Kypoeniei Cunammanaobl.

Byn ocymwvicma mepey oxvimy mexnonocusicel peminoe ycvinwiazan Yolo aneopummine necizoencen
UHHOBAYUANLIK NpoKmopune dcyueci kenmipineen. Kytieniy necizei maxcamol Jcangvl3 CUSHAN KO3i
peminde cmanoapmmul 66 KAMepacvlH KOLOAHA OMbIPLIN eMMUXAH MANCLIPYUbIHbIY KO3IH OaKbLIay
aicone many. Tepey oxbimy modeninoe AnbIHAH HIMUdICENEP KOPLIMbIHObI WeWiM any MaKcamvlHoa
Xaap kackaomulx Knaccugpukamopuvl apyblivl oHoenedi. ¥ColHbliean 20ic sHco2apebl 02N0IKNeH eMmu-
XaH Manculpyulblioly KO3IHIY WbIHAUL! KeCKIHIHIY MYpaKmvl KeCKiHHeH aublpMAulblIbleblH aHbIKMAn
bepeoi. Tepen oKbIMY MEXHONOUACHIH KACKAOMbI KAACCUGUKAMOpMen yinecmipe Konoany MyMKinoiel
HAaKmvl yaKblm pelcuMinoe YColHblIaH KecKinoe2i Hemece GU0eoKaopiapoa emMmuxan mancolpyulblibly
KO3IHIH WbIHALbL KECKIHIH 0211 MAHY2a MYMKIHOIK Oepedi, an ol Ke3e2iHOe OHIAUH eMMUXaH Ke3iHoe
aKaoemusiiblK  a0anoblKmsl CaAKmay MaKcamvliod HNPOKMOPUHE JCYUeCiHHiy muimoiniein dicane
ceHimOiniein 6indipeoi.

Tyitin ce30ep: KawblKman OKblmMy MeXHOLO2UACHL, OHAAUH-emMmuxaH, atumpexure, Yolo, Darknet
Framework, Xaap xackaomul knaccughukamopui, npoxmopune sicyiiect.

E. AMHPTAJTHEB, b. KA/[bIPOB? H. X/IU®A3, C. KEHILIIHMOB*

Uncmumym ungopmayuonnsix u eluuciumensHvix mexuonoaui, Aimameol, Kazaxcman
? Vuusepcumem Cynetimana /lemupens, Kackenen, Kazaxcman
3 Buicuuit uncmumym meouyunckux mexronrozuil Tynuca, Tynuc

ONPEJIEJEHUE NOJIJTUHHOCTU U30BPAKEHUM IUIA3
C UCHTOJIB30BAHUEM TEXHOJIOI'MH ITTYBOKOI'O
OBYUEHUS B OHJIAMH-9K3AMEHAX

Hcnonvzoeanue mexnono2utl OHAAUH-00PA308AHUS AGIACNCA OOHUM U3 Hauboiee 3QPeKmusHbIx
€nocob06 0oCmudICets YHUBEPCATbHOU Yelu KA4eCEeHH020 00pa308anus 6 pAMKAX YCMOUYUBO20 pa3-
sumust FOHECKO. B pabome onucansi 0cobeHHoCmU, Noasusuiuecs 6 001acmu npuMeHeHus: mexHonro2utl
OMNIAUH-DK3AMEH08. Ananuzupyiomes cywecmayiowue Gopmul, Memoobl U UHCHPYMEHNbL NPOGEOEHUs.
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9K3aMeHa 8 OHNaUH-popmame, ux nomenyuan u pucku. Obpawaemcs HUMAHUE HA MO, YMO Memoobl
U UHCMPYMEHMbl, UCNONb3YVeMble OISl NPOBEOEeHUS OHNAUH-KOHMPOJIA, UMeron HeOOCmamKu, makue KaxK
3HAUUMeNbHble 3aMmpPamyvl HA OPAHUZAYUIO NPOKMOPUHSA U CLOJICHOCIU 8 OYeHKe OOHOU U3 KII0UeBblX
KomMnemeHyuti 00yuaowe2ocs, a UMeHHO 20MMO6HOCMU UCNOIb3068AMb CUCTNEMATUSUPOBAHHbBLE Meopemu-
yeckue u npaKmudecKue 3Hanus 0ask PopMYIUPOSKU U PEuleHUsl UCCLe008AMENbCKUX 3A0ad.

B omoui pabome npedcmagnena unHOBAYUOHHAS CUCHeMA NPOKMOPUHEA, 8 KOMOPOU UCHOTb3VION-
¢l Memooul 2myboko2o 06yuenus, 6 wacmuocmu aneopumm Yolo. Ocnosnasn yenv smoii cucmemvl — uc-
NONL3Ys CMAHOAPMHYIO 8eb-Kamepy 6 Kauecmee eOUHCMEEHHO20 UCIOYHUKA 6X00H020 CUSHANA, MOYHO
pacnosnasamy enasa sxzamenyemoco. Ilonyuennvie pesyrvmamvl 6 Mooenu 2nyOoKo2o0 00yHeHus 6Nno-
crnedcmeuu n008ep2aiomces 00pabome ¢ NOMOWbIO KACKAOH020 Klaccugukamopa Xaapa 0 NOIyYeHUs.
oxonyamenvroeo pezyromama. Ilpednaeaemviii HOOX00 OeMOHCIMPUPYEm 3HAUUMETbHYIO CHOCOOHOCTb U
MOYHOCMb PAIUYEHUSL U300PAICEHUS NOOTUHHBIX IK3AMEHYIOWUXCA U cmamudnble u3oopaicenus. Hc-
NONB306AHUE BO3MONCHOCIEU 2TYO0K020 00VUEHUs 6 COUEMAHUU ¢ KACKAOHbIM KAACCUPUKATNOPOM NO-
380715€M 6 pedtcUMe PeanbHO20 8peMeHU 0OHAPYICUBAMD U TOKAIUZ08AMb 2NA3A HA U300PANCEHUAX UTU
8UOCOKAOPAX, MEM CAMbIM 0eNdsl CUCTHEMY NPOKMOPUHSA HAOEICHBIM U IPPEKMUSHBIM peuienuem Ol
obecneyenus akademMuyeckoll YeCmHOCMuU 60 8PeMs OHIAUH-IK3AMEHOB.

Knrouesvle cnosa: mexnonocuu OUCMAHYUOHHO20 0OVUeHUs!, OHAAUH-3K3ameH, atimperkurne, YOLO,
Darknet Framework, kackaonuiii knaccughukamop Xaapa, cucmema npoKmopuHed.
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DEEP LEARNING AJITOPUTMAEPIH KOJIJAHY
TEXHOJIOI'UACHI

Tepey oxbimy — Oy MAWUHANLIK OKbIMYObly 3epmmey canacvl (machine learning-ML). Tepen
oKbIny 20icmemect YaKeH 0epekKopaapod Cul3bIKMulK emec mypieHoipynepoiy Jco2apbl 0eneetini yuel
abcmpaxyuanapein Konoanaowl. backaoa cananapoa mepery oxuiny apxumexmypacviH eneizy dcacau-
Obl UHmMenIeKmmiy 0amyvlHa arumapivikmail yiec Kocyoa. byn maxanaoa mepey oKbimyowly dcaya
K010anbanbl aneopummoepi mypansl CoHevl 3epmmeynep YcoiHvlazan. Tepey okbimyoa KOHEOMOYUOHOb
HeUPOHOIK JiCeNini natioanranvliybl kopceminioi. Manivemmep xopwin 6ackapy dscytieci — PostgreSOL
00beKMIHIY PenaYUATLIK 0ePeKKOpbL.

JKyzeee acvipy HamudwcecinOe anea KOUbLIZAH MAKCAMmMap MeH MiHOemmepee KOl HCemKi3inoi.
Maxkanaoa kipicmepdi manoay adicmepi KapacmulpolLiadbl, MAUWUHATBIK HCIHE MEPEH OKbLNY apACbIHOA&bL
AUBIPMAWBIILIKMAD CUNAMMANRAH, COHOAU-AK MepeH OKblNy dneopummoepiniy Oipin, aman aumyanoa
Jicecminey MINiHiY KecKiHOepin Oindipemin KecKiHOepOi dcikmey YuliH J0SUCTUKATIbIK pPecpecCusiHbl
Konoany mblcanvln eneizy kenmipineen. Tepey netiponOblK diceninepOliy anvmeprnamumi macinoepee
Kapaganoa Ko scemimoi oepekmepoin 6apivlk HCUbIHMbLZBIMEH JHCYMbIC icmell anadvl. Okvimy ypoicinoe
HeUpOHObIK Jcenlitiy 031 Oepekmepiezi Kandatl benzinep Manbl30bl Heane Kanoau beneinep Kkepexk boamai-
MbIHbIH AHBIKMALobl. JKacanowl HetipoHObIK diceninep adamoapobly OoaCcall aimatmoli benziiepin 6oi-
arcati anaovl. ConobIKman mepery HeupoHObIK Jiceninepoiy KoMe2iMeH MAUUHANbIK OKbIIYObly 02CMYpi
aneopummoepi OpblHOAU AIMAlmvlH MiHOemmepin wewe aniaosl. Texcepy He2iziHOe Ko dHcemKizyoi
backapyobl backapy JHcyuecin Kypuliaobl.

Tyiiin ce3dep: mepey oxuimy, adicmeme, dHcacanobl UHMENIEKM, MAUWUHATLIK OKbIMY, HelPOHObIK
orceni, 00beKmMini mamy.

Kipicne. Deep Learning Hemece TepeH OKBITY — KOJAAHBICTAFbl aKMapaTThIK TEXHO-
Jorusiap HGPaKypeUIbIMBbIHA O1piKTipyre OONaThIH >KAacaHIbl MHTEIUICKT CajlachbIHIarbl
TYKbIpbIMIaManapAbIH 0ipi 6omein Tadbuiaabl. O Kayinci3aiKTiH )KoFapbl AeHreiMeH, KeH
(GYyHKIMOHATABUIBIFBIMEH epeKieneHe . KypbuibiMaanran AepeKTepai OKbITY MalTHHAIBIK
OKBITY 9MIICTEPiHIH XKHUBIHTHIFBL. Op TYpi caiajapaa KojjaHyra 0oiaThiH oMOeban oHiM
aJbIHAJBI: NAyBICTHI TaHy, CypeTTep, MOTIH/AIK 3epTTeyiaep koHe T. 0. [1].

Deep Learning TeXHOJIOTHACH jKacaHIbl HEUPOHABIK XKeJiepre Herizaenred. Onapra
QITOPUTMHIH ©31 e, OChl TPEHUHITI OTKI3y VIIIH MajiMerTep nae Oepinendi, oiapablH
KeJIeMiH yHeMi keOeireni. HelipoHABIK skenminep akmapaTThl HEFYpJbIM KOIl ajica, OKBITY
YPAici COFypibIM THiMAL Oonaast [2].

* E-mail xoppecnionnupyrormero apropa: aygerim.baymakhanova@ayu.edu.kz
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Tepen okpITy — Oyil MamuHaIBIK OKbITynbiH (ML) jkaHa camacel. On kacaHbl
HEHPOHJIBIK JKeliepAiH OipHelle )KachIpbIH KadaTTapbl MEH )KYMBIC jkacaiiibl. TepeH OKbITY
ozicTeMeci ChI3BIKTBI eMeC TYPICHAIPYIEPl JKOHE YIKeH JepeKKOpiIap/a KOFaphl IeHI e
MOJICIIB/IIK a0CTpaKIMsIIap/Ibl Nakaananael. Kenrteren camanapiarbl TepeH OutiM Oepy
APXUTEKTYPACBIHIAFBI COHFBI )KETICTIKTEP JKacaH/Ibl HHTEIUICKTKE alTapibIKTai yliec KOCTBI.
COHBIMEH Karap, TepeH OKBITY dJIiCTEMECIHIH JKOHE OHBIH JICHICHJIePIEri KOHE ChI3bIKTHIK
eMec orepanusIapIarbl HepapXUsCIHBIH apTHIKIIBUIBIKTApbl MEH KEMIILTIKTEP1 YChIHBUFaH
JKOHE QJICTTErl KOJIaHOaIapiarhl JOCTY Il aJITOPUTMACPMEH CaJIbICTBIPhLIAbI [3].

Deep learning xonpmanOacsl imagenet KoOachIHAAFBI CypeTTepAeri HbICaHAAPIIbI
TaHy KarejepiHiH ynecin 16%-fa geiliin Temenaeryre MyMKiHIiK Oepai. Byrinri tanma
HEHpOHIBIK JKemijiep MyHnail TancelpMmanapabl 94-99% nonaikmeH OpbIHIANIBL, Oyl
a/JlaMHBIH MYMKIHJIKTepiHEeH achln Tyceai [4].

Deep Learning okpITy ypaici 2 Ke3eHre OeiHei:

Tikenelt okbITy. Byl Ke3eH e IepeKTep/IiH YJIKeH KoJjeMi OeNriieHe i, 0Jap/blH Heri3ri
cunarTaMmanapbl anblkTanagsl. ConaH KeliH Kyle oap/bl CaubICTBIPaabl, €CTe CaKTaIbI.

KopbIThIHABUIApABl KANBINTACTRIPY. Keminm TyckeH cypaHbIC Typalibl TepeH aknaparka
ne 0oJa OTBIPBIT, XKYie 03 OCTiHIIE HHTEIICKTYaJIbl KOPBITHIH/IbI JKacai anazbl.

Deep Learning oKpITY YpIICIHE YJIKEH JSPEKTEP KOPHIMEH JKYMBIC JKacay ©Te THIM/II
HOTHKE KOpCEeTeIl.

Deep Learningxyiieci ©31HiHATaJIOHIBIK HOTHXKEC1H KJIBIIITACTIPY YILIiH KipicTepai aep-
Oec Oeiryi kepek. byt onuusHBIH MbICalbl pETiH/Ie HHTEPHET-TYKeH MaljaaHybIapbIHbIH
Oenrii Oip KpUTepHiliepre coiikec 0eJiHYiH aTtayFa 0OJajibl: KbIHBICHI, )KAChI, CATHIIT ATy
OelceHaiIir aeHreii xone T. 0.[5].

Deep Learning naiinanany aiiMakTapel.

TepeH MamMHAIBIK OKBITY TOXKipHOeae Keneci cananapia KeHiHeH KOIJaHbUIIbL:

Mammsanslk aynapMa. MyHaa HEWpOHIBIK JKeJiJiep MHUIMOHJAaFaH MBICAIJapMEH
OKBITBUIAABI. MOTiH ()parMEeHTTEpiHiH JKYNTaphbl KOHE OJapAbIH ayJapMachkl KOpceTinei.
Deep Learning Tek aynapMaHbl MEXaHUKAJIBIK TYpJC FaHa €MEC, COHbIMEH Karap MOTiH/II
Tajjayra, rpaMMarrkara, Oenrin Oip cesaep/i KoJAaHy MaHbI3IbUIBIFBIHA HAa3ap ayJapyFra
KaOIJIeTTLIIT KOFapPhL.

Kommbrorepinik kepy. byn ikarmaiiia TepeH OKBITY CypeTTepleri oOBeKTiiepi
tTaHyra KaoOuteTTi. Heliponabik xemniiep ¢ortocyperti Oenimaepre Oeny, yiariaepai tady
apKbUIBI MYMKIH/ITHIIE erKel-Terkeii seprreyre yipereni. Ic xy3inge Deep Learning
KoMIbIOTEpIiK Kepy Aunekc, Google i3aey xylenepine KoaaaHblIa bl

Ceiusieyni OHJIpy JKoHE TaHy. OTe JKOFapbl JOJJIIKIICH JalbIHIAIFaH JKaCaH]IbI
HEHPOHIBIK JKEeNiJIep coiyiey epeKIleNiKTepiHe Ha3ap ayJapa OTBIPBII, JaybICTapbl (Ke3-
KeJreH Tinje) Tanu anaasl [6]. Machine Learning skone Deep Learning-Oyut skacansl uH-
TEJUIEKT CaJlaChIHJIAFbl €Kl YFbIM, OYTiH/Ie TOKIpUOeae 6Te KapKbIHJIbI KOJIaHbLIaabI [7].
Taburu Tingi enney Natural Language Processing (NLP) op Typai KochIMIanap/a xasy
camnachIH THIM/II eTir x)akcapraisl. NLP-neri eq kinaccukanbik 0e1imM-0yJ1 MalllMHAIBIK ay-
JapMasiap, OHbl TUIJEp apachIHIaFbl ayiapMa Jier Tycinesi [8].

3epTTeyaiH dgicTeMeci koHe HITHKeTePi. MallMHANIBIK OKBITYAAFbl KU1 Ke3/IeCETiH
Macene-ML MozenbaepiHiH TaHy Ke3iHJIe Ke3/IeCKeHIepre KaparaHaa opTypJii MbIcajiapa
JYPBIC KYMBIC iCTEl ajaMaybl.
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[emnrimin KyTeTiH OipHEIIe MaHBI3/IbI, AIIBIK Macesesep 0ap. AlTa KeTy KepeK YJIKeH
Mocele-OpHBIKCHI3IABIK acepi. k. ['yadennoy MeH aBTOpiapablH KYMBICBIHAA allFall peT
Keseci ocep OaliKangpl: aJaMHBIH KilIKEHTal, KOPIHOCHTIH KO3IMEH CYPETTiH OY3bLIyHI,
HEHPOHJIBIK JKeJiHI 00JKay TaHBUIFAH YIITiHI 0acka Kilacka aymapajsl [9].

OpuHe, MalnHanblK OKbITY MpodieMatapbl MyHbIMEH IIEKTeIMEH i, COHBIMEH KaTtap
MOJISJIBJEP TYCIHIIPYAEC KUBIHIBIKTAP, OIpKAKTHUIBIK IIEH 3TUKA MACENeNepi, OKbITYIbIH
pecypc ChIMBIMIBUIBIFEI XkoHe Oackaiap Oap [10]. TaOuru Tijai TaHY MaIIWHAJIBIK OKBITY
aJTOPUTMJIEPIH 3ePTTEYAIH MaHbI3IbI cajlachl 00JIbIT TaObUIa b1, JKaHa TaOuFu coilieyMeH
JKYMBIC ICTEY/AiH TEXHOJOTHUSUIApPbl MEH dficTepi maiina O6onaabl, Oy OHBIH Ka)XeTTUIITiH
OUIIipeai OChl TEXHOJIOTHSUIAP/IbIH aHAIMTUKAJIBIK 3EPTTEYJCPIH KYPri3y *KOHE ONapJIbIH
TaHBIMAJI caslanap/a KOJIJaHbUTYbIH 13[Iey €CKIpreH alrOpUTMICPAl aIMaCThIPAThIH FHUTBIMU
epictep [11].

MammHaIbIK OKBITY aTKapa aJlaThbIH SPTYPIIi 9pEKeTTep/li ecKepe OTHIPHII, Oenrii 0ip
TarnchlpMa YIIiH KaHAaid HaKThl MallMHaHbl OKBITY apXUTEKTYPaChlH MaiganaHy Kepek Jie-
TeH Cypak TyblHAaybl MYMKiH. OHTaiJIaHIbIpyFa apHaJFaH TETiH TYCKi ac TeopeMachlH
€CKepe OTHIPBIMN, 63 KeNTereH aJropuTMIep e3apa ayblCThIpblIaas! [12].

MammHa bIK OKBITYABIH MaKcaThl - aJamIapAblH KbI3METiHIH OpTYypii caiajapblHAa
KYpJIeJTi KociOn Macesesiep/ii TOJIK IeIe.

MammHa bIK OKBITYABIH KONTEreH KOChIMIIaIaphl:

— Cetineyni Tany

— Kumbiinapasl Tany

— Komkazbansl Tany

— Ynrini rany

— TeXHUKaNBIK JUarHOCTHUKA

— Kyxarrapas! canarray

— AKIaparThIK i3/ey/ie pEUTHHITI OKBITY

MaivHaibIK OKBITYIbI KOJJIAaHYIIbIH asiCbl YHeMi keHewin keneni [13]. Bapibik xep-
JIe aKlaparTaHbIpy FBUIBIMJIA, OHJIIpICTe, OU3HECTE, KOJIIKTE, JCHCAYIIBIK CaKTay/la YJIKeH
KeJIEMJIET1 epeKTep/IiH KUHAKTAITyblHa dKese/i. MiHaeTTep MyJiieM KOoWblIMaraH HeMece
MyJizieM Oacka 9JicTepMeH tmerrires [ 14].

Cypem 1 — Kacauns! unremuiext (JKW) canaceiaars! 3epTreyiep
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BesmekTepi cy3y ®oHE CeHIMII Tapary aJropuTMiH Koijaany (Bayesian — belief
propagation). ByJl KOChIMIIIAHBIH HEri3ri TY)KbIpbIMJaMachl ajaM OeT KEeCKIHIHIH
JKapTBICBIH FaHa Oaifkay apKbpUIBI OacKa aJaMHBIH OCTIH TaHHW alaibl Il CaHalIbl,
COHJBIKTaH KOMIBIOTEP KECIIreH KEeCKiHHEeH OeT KEeCKiHIH KallllblHa KeJNTipe ajiajibl
[15]. Mbicanbl, TYypdli TYCTi KaObIKIIagapabl TaHY YIIiH KOHBOJIOIMUSIIBIK HEWPOHIBIK
xeminepai (convolutional Neural Networks — CNN) Koniany ofieTTeri ceHcopap/sl
KOJITaHymaH repi THiMaipek 6oysl MyMKiH. CNN Tuimmimiri 99,35% monmikke xeTyi
MYMKiH.

APTBHIKIIBIIBIKTAPEl MEH KEMILLTIKTEPI

Hereamen, deep learning-ti oObekTHBTI Oaranay YIOIH apTHIKIIBUIBIKTAD MEH
KEeMIIIJTIKTEeP/i CalbICTRIPY MaHbI3ABI. DL epekmernikrepi:

— Konpaneicrars! [T uHGpakypbUIBIMBbIHA HHTETPAITUSIIAY MYMKIHJIIT;

— Kayinci3aikTis )orapsl JCHIeHi;

— HefipoHabIK eJijep/ai JaMbITYIbIH KaXeTTi OaFbIThbIHIA FaHa >KYMBIC ICTCHUTIH
OKBITYIIBIH KCH MYMKIHTIKTED1;

— HaxkTsl eMipyie TepeH OKBITY/IbI €HT13y/IiH KONTEreH COTTi MbICAIAAPHI.

LIbHABIFBIHIA, APTHIKIIBUIBIKTAPILI KeOipek Oemyre Oomaapl. OnapiblH apachiH-
Ja xorapbl nkeMutik xoHe TensorFlow, Keras, PyTorch, Caffe sxone 1.0. MbIcanbiHma
OMJIaCTHIPBUTFAaH OKY KYpaJaapbIHa KOJ JKeTKizy Oap [16].

bipak Oy TeXHOJIOTHSHBIH KEMIIUTIKTEpi Je >KOK eMec. MebIcaibl, 93ipre >KyHeHi
KOJIaliChI3 MaKcaTTap/ia Koiianynan koprany kublH. Exni DeepFake xone 0acka ananorrap
KU1 Ke3zecelli, ojap KabartackaH OeTTepMeH HeMece 0acka 3JeMEHTTEpMEH (OTOCYpeT-
TEep MEH OeliHeMarepuasiap xacayra bIKnai eresl. TeXHUKabIK ICKe achIpy TYPFIChIHAH
KEMIIJTIKTep JKOK. JIereHMeH, TEeXHONOTHSHBI TONBIK Koimany ymin GPU merizimmeri
KyaTThl KOMITBIOTEPIIIK KOp KaxeT [17].

TexHOMOTUSHBIH KOJJIAHBUTYBIH Tanaay. Makamana IT-TexHomorusuiap cajachiH-
Jla TepeH OKBITYAbl KOJJIAHY/ABIH HETri3T1 achekTuiepl KapacTeipbuiaabl. HelpoHIbIK
JKETIep Il MaiaTanyabplH HeTi3T1 MOIeTbIepi MEH alTopuTMIepi, COHaai-aK JKeCTiIey
(KoIMeH ic-KMMBLIT) TINHJIET1 apHalbl Oenrijepai TaHy MBICAJBbIHIA OJap/bl KaHAPTY
KapacTelpbutansl [18].

TepeH OKBITY-OyJ1 YJIKEH KoJemJleri AepeKTepMEeH JKYMBIC iCTey Ke3iHje YIIKeH
OHIMIIIIK TeH IONMIIKTIH apKacklHAa OacKa OMICTEPICH achIll TYCETIH MAaITHHAJIBIK
OKBITY 9/IiCTepiHiH Oipi. Makanaaa TepeH OKBITY TEXHOIOTHICHIH iC XKY31HAE KOJIIaHYIbI
KapacTbelpaMbIH [19].

TepeH OKBITY MOJEIBJACHETIH JCPEKTEP/IiH HETi3ri Tapay KepiHiCTEpiHiH OipHelie
JEHreiyIepiH aBTOMATTHI TypJe YHpeHyre MyMmKiHmik Oepeni [20]. bynm kapeM-KaTsiHac
CTHIIIHIC HOJJCH TOFbI3Fa JEWIHT1 caHAap KOJNJAHBLIA/bI, SFHA OH epeKiie TaHOa
KOJIIaHbIIaIbl. 2-CypeTTe nHaeKcTepi calikecinme 260 xone 900 6onarbiH OipIik MeH HOJ
OeJrici KepceTire .

Konnaneictarel  dataset-TiH —mpoOiiemachl-yIl — edmeMJi KeCKiHIEpAiH OOoIybl,
HOTIDKECIHIIE ONapbl eKi emeMIl ety KaxeT. HoTmkeciHae «X» KUBIHTHIFBIHIA 64-TeH
64 nukcensre neitinri 410 cyper Oap, an «y» KUBIHTBIFBIHAA HEOJ Hemece Oip aereHni
oiniperin 410 6enri 6ap (cyper.3).
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Cypem 2 — Dataset 1eMOHCTpaIUSIChI

Cypem 3 — Kimi ynriai kepcery

Logistic Regression. Eximik kimaccudukanus Jen arajaThlH €H THIMAI alTOpPUTM-
JIOTUCTHKANBIK perpeccus. IIbIH MoOHIHAE, IJIOTUCTHKANBIK perpeccus KapamaibiM
HEHPOH/IBIK JKEINiHIH TUTTIK MBICAIIBI OOJBIT TaOBLIA I, HOTHKECIH e Kipicke dataset-TeH
KeCKiHJIep Ki0epine/i )oHe op KECKiH MUKCEIJIEPACH TYpasbl, HOTIKECIHIE 9P MHUKCETh
e3iHiH OacTanKpl canMarbiHa Be 00myhl kKepek. Ochunaiiia, 0i3 op MUKCENb/IiH CalIMaFblH
0.01 nen MHUTMATKN3ANMSIAMMBI3, all 0acTanKbl OPBIH aybIcThIpy 0 Oomambr:

CopnaH KeliH Kipic MaTpHIIAChIH ayBICTBIPHIN, OHBI CUTMa Topi3lli QpyHKIUsIFa Oepy Ke-
pex, Oy Oenrini Oip CHIHBINKA TYCY BIKTHMAJIBIFBIH KalTapa sl KoimaHbIaThIH o/TiCTiH
OPBIH/IBUTBIFBIH KAT€HIH MOHIH aHBIKTAY apKbUIBI TeKcepyTe Oomassl. Erep ci3 Tenaeyre 0ip
Oenrici 6ap cypeTTi *xoHe OipIlikke TeH OenTiHi OepCceHi3, OH/Ia KaTe Helre TeH 00abl, Oy
TaHJaIIFaH aJTOPUTMHIH TYPBIC KOJIIAHBUTYBIH OUTAIpei.
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Mertpukansik enmemuaepre Accuracy, Precision u Recall kapacteipcak. Accuracy -
OapJIBIK CHIHBINITAP OOMBIHIIIA YIITTHIH Kbl 00JKAM/IbI JIQJIITIH CUIIATTANTHIH KOPCETKIIIL.
Jypric OoimkamIap CaHbIHBIH OJIAPJIbIH YKAJIIIbl CAHbIHA KAThIHACKI PETIHJIC €CEITEeNe .

TP+TN

TP +TN +FP + FN

Accuracy =

Precision — oH peTiHJIe AYPHIC KIKTEITCH YITJIep CAHBIHBIH JQJIIK TO3UTUBTI KJIaCCThI
AHBIKTAY Ke31HJIe YITIHIH JOJJIITIH eJIIeimi.
TP

Precision = ———
TP+ FP

Recall - oH yarinepsiH skaimnbl caHbIHA KaThIHACKI peTiHjae ecenrenei. [lo3uTusTi
KJIacKa JKaTaTblH YJTUIepAl aHbIKTAy MYMKIiHAIriH emmeiai. Kaiita makplpy HEFypiibiM
JKOFapbl 00JICca, COFYPJIBIM OH YIITiIep TaObUIAbL.

TP

Recall = ——
TP +FN

Cypem 4 — MeTpUKaIBIK OIIeMIIEp HOTHXKECI

By nepektep MeH Koraphl eHACY KyaTbl Kasip Kemurijiikke Ko sketimai, Oyn IT
TEXHOJIOTUSICBIHBIH YJIKEH ecyine bikmai ereai. Reinforcement learning —OKbITYAbI KYLISHTY
onici. Kopmaran opransl KaOblayFa oHE TYCIHIIpYTe, OpEKeTTep kKacayFa *KOHE ChIHAK
TIeH KaTeiK apKbplIbl yiipenyre kaoinerti.Deep learning sxone Reinforcement learning yrin
*aHa MyMKiHzgikrep Oepeni. IT MHIyCTpUSCBIHAAFBI KbUITAM ©3TepicTep KaraalblHAa
03BIK TEXHOJIOTHsIapra ijecy oHail emec. PostgreSQL, MySQL Gackapy sxyiienepiMen
e3apa opekertecy ymriH craHaaptTel Tim — SQL (Structured Query Language) TimiHe
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cyiieneni. PostgreSQL mepexrep Kopbl Herisi yuriH xacanrad. bepximmaeri Kannpopuuii
yauBepcutetinae 1986 xbuibl Postgres sxo0ackl 6actay ajraH.

Maiikn CtoyHOpelkep KOMIBIOTEPIIK CepiKTecTiKke KaTblcThl «Post Ingres» sxoHe
Postgres OarmapnamachbiMeH KONTETSH 3epTTeyIepli iCKe achIpFaH.

Deep learning sxone Reinforcement learning exeyi e MalInHaIbIK OKBITY MYMKIHAIKTEP1
OotbII TaOBIIa b, AP ©3 Ke3eTiHAe KacaH bl HHTESIUIEKT KYPalAapbIHbIH KeH ayKbIMBIHBIH
Oeurtiri 6ousbin TabbUTaABl. EH KpI3bIFEL, Deep learning sxone Reinforcement learning exeyi
Jie KOMIIBIOTEpre ecenTepl MIeNly ajiropuTMiH ©3 OeTiHIle acayFa MYMKIHAIK Oeper.
Ic xy3inne Deep learning-TiH kapkeiH Mbicansl - Apple ' s Face ID. Tenedonasl opHa-
Ty Ke3iHJe aNropuTMmre ci3 OeTiHi3ai ckaHepiey apkbuibl yiipetecis. Face ID kemerimen
kipreH caiibid TrueDepth kamepachl ci3iH OSTIHI3AIH erkel-Ter ke OeiHeCiH KacalThIH
MBIHAAFaH IepPEeKTep HYKTEIEPiH TYCipe/i, aj KipiKTipireH HeHpOHIBIK JKelli KipyTre ThIPhI-
CBII J)KATKAHBIH/BIFBIH TaAaNl bl

KopbiTbinabuiap. TepeH OKbITy-0yJ1 MallMHAIBIK OKBITY/IBIH IIBIHBIMEH TE3 OCiM Kele
JKaTKaH KOJIAAaHBICKI O0JbIN TaObLIaabl. JKoFaphlga cHNaTTaldFaH KOINTereH KOChIMINauap
OHBIH OIpHEIIIe Kb IIIHJIe KAPKBIH/IbI TaMYbIH JoJeaei i, by anroputmaepai aprypai
canajapza KoJJaHy OHbIH oMOe0anThIFbIH KopceTeai. OChl 3epTTeyae KacaFaH 0achUIbIM-
JIapJIbl Tajjiay OChl TEXHOJIOTUSHBIH ©3EKTUIIrH aHBIK KOPCETEIll KOHE TEPSH OKBITY/IbIH
ecyl MeH OChI cajiaJIaFbl 0oJalaK 3epTTeyIepre KaTbICThl TeHICHUIUSUIAP/IbIH HAKTHI CypEeTiH
Oepeyti.

TepeH OKBITYIIBIH HEri3ri KYHABUIBIFBl WHHOBAIMSIIBIK HEPAPXUSIIBIK OHACY apKbLIbI
MAIIMHAJIBIK OKBITYIaFbl 0ap KOJJAaHOaNap/bl OHTAWIaHABIPY OOJbIN TaObuIaAbl. TepeH
OKBITY CaHJIBIK KECKIHJ1 OHJICY JKOHE COMIeydl TaHy Ke3iHIE THUIMII HOTHXKEJIepre Koj
KeTkize ananbl. Karenep naitbi3piabiy ToMenieyi (10-uan 20% - Fa JieiiiH) KOJIaHbICTaFbI
JKOHE JIQJICTJICHTCH O/IiICTEPIiH JKaKCapFaHbIH aHBIK PACTaM b,

Makanaa KipicTepi Tajjay o1icTepi KapacThIPbUIa Ibl, MAIIMHAJIBIK )KOHE TEPEH OKBITY
apachIHAaFbl albIPMAIIBUIBIKTAD CUIIATTAJIFaH, COHIal-aK TePeH OKBITY aJrOPHUTMACPIHIH
OipiH, aran alTKaHAa JKeCTUIey TUTIHIH KEeCKIHAEPiH OLIIipeTiH KeCKiHAepl KIKTey YIIiH
JIOTHCTHKAJIBIK PErPECCHSHBI KOJIaHY MBICAJIBIH €HT13y KeNTipureH. ¥ ChIHBUIFaH aro-
PUTM anjblH-aja KOJJaHBUIFaH INBIFbIHAAD (QYHKUMSCHIH a3aTy ajaropuTMi, KIKTEymiH
JKOFapFbI JIQJJIITH KOPCETTI.

Ocpbl ceOenTi JkoHe MIbIHAWBI OHTAMIaHIBIPYABI JOJIENIeH OTBIPBIN, TEPEH OKBITY Ka-
CaHJIbl MHTEJUIEKTTI AaMBITY/IbIH 3aMaHayH KOHE KbI3BIKTHI TIOH OOJIBIT TaObLIAIbI.
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TECHNOLOGY OF USING DEEP LEARNING ALGORITHMS

Deep learning is a branch of machine learning (machine learning-ML). Deep learning methods
utilize high-level model abstraction of nonlinear transformations in large databases. In other areas,
the implementation of deep learning architectures has contributed significantly to the development of
artificial intelligence. This paper presents recent research on newly applied deep learning algorithms.
Convolutional Neural Networks are used in deep learning. Database Management System - PostgreSQL
object-relational database.

The implementation resulted in achieving the set goals and objectives. The method of analyzing the
input data is described, the differences between machine learning and deep learning are explained, and
an example of classifying an image representing a sign language image using logistic regression, one of
the deep learning algorithms, is presented. Deep neural networks can work with the full set of available
data better than alternative approaches. During the learning process, the neural network itself determines
which features in the data are important and which are not. Artificial neural networks can predict symptoms
that humans cannot. Thus, with the help of deep neural networks, we can solve problems that traditional
machine learning algorithms cannot perform.

Key words: deep learning, methodology, artificial intelligence, machine learning, neural network,
object recognition.

A. C. BAHMAXAHOBA, K. M. BEPKHMBAEB, A. K. JKYMAJH/TTAEBA,
3. T. ABJTPAIIIOBA

Medicoynapoonwiii Kazaxcko-mypeyxuti ynugepcumema umenu Xooxcu Axmeoa Hcasu,
Typrecman, Kazaxcman
Eepasuiickuii nayuonanvuwiil ynusepcumem umenu JILH. [ymunesa, Acmana, Kazaxcman
FOocno-Kasaxcmanckuii ynueepcumem umenu Myxmapa Ay33o8a,
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TEXHOJIOI'USA UCITIOJIB3OBAHUSA AJITOPUTMOB
INTYBOKOI'O OBYYEHMU A

Iiybokoe obyuenue — smo 6emab MawunHo2o obyuenus (mawunnoe ooyuenue — ML). Memoowr eny-
00K020 00yUeHUs UCNONL3YVIOM AOCMPAKYUU MOOeNell BbICOKO20 YPOGHA HENUHEUNbIX Npeodpa306anuil 6
oorvuux basax dannvix. B opyeux obnacmsx enedpenue apxumexmypbi 2yOoKo2o 00yueHls GHOCUN 3Hd-
YUMenbHbIll BKIA0 8 pA3GUMIE UCKYCCMEEHHO20 unmeniekma. B amoil cmamve npedcmasnenvl HeoasHue
UCCne008anUsi HOBbIX NPUKIAOHBIX AN2OPUMMOE 21YO0K020 oOyuenus. Ceepmoyunas HelpoHHas cemb Uc-
nonvzyemcs 8 2nyookom obyuenuu. Cucmema ynpagierus 6a3amu OaHHbIX — 00beKMHO-PENAYUOHHAS 0a3d
Odannvix PostgreSQOL.

B pe3zynemame peanusayuu nocmagiennvle yeuu u 3aoaqu ouiiu oocmuenymsl. B cmamove obcyoic-
0aromest Memoobl AHATU3A BXOOHBIX OAHHBIX, ONUCLIBATOMCS PAZTUYUSL MENCOY MAUUHNHBIM 00YYeHueM u
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2YO0KUM 0byUeHueM, a MmaKdice NPUGOOUMCs NPUMEP UCHOTL30BANUS OOHO20 U3 ANCOPUMMOS 2IYDOOKO20
00yueHUs, a UMEHHO JI02UCMUYecKoU pezpeccuu Ol KAACCUuurayu u300padxicenutl, npeocmagiaiouux
uz0bpadicenus A3vlKa dxcecmos. 171ybokue HellponHvle cemu Mo2ym pabomams co 8cem Habopom 00Cmyn-
HbIX OAHHBIX, YeM anTbmepHAmuHble HOOX0ObL.

B npoyecce obyuenus neuponnas cemov cama onpeoensen, Kakue NPUIHAKY 8 OAHHBIX GAJNCHYL, d Kd-
Kue nem. McKyccmeennvie HetipoHHble Cemu MO2ym NPeocKasams CUMHMOMbL, KOMOopble J00U He MO2YN.
Tlosmomy ¢ nomowpio 2ny6OKUX HEUPOHHBIX Cemell OHU MO2YM Peuamby 3a0ayll, KOmopble He MO2YI 6bl-
NOIHUMb MPAOUYUOHHBIE ANCOPUMMBL MAUUHHO2O 00YUEHUSL.

Knrwoueswie cnosa: enybokoe o6yuenue, memooonoeus, UCKYCCMEEHHbIIL UHMELIEeKN, MAUUHHoe 00)-
yenue, HeUPOHHAS CeMb, PACNO3ZHABAHIE 0ObEKMOB.
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CHUHTE3 HACTPAUBAEMOTI'O PET'YJISTOPA OCHOBHOI'O KOHTYPA
AJIAITUBHOI CUCTEMBI YIIPABJIEHUSI C OJHUM BXOJAOM
U OTHUM BBLIXOJOM

Tlpeonazaemca ona peutenusa 3adauu cunmesa HACMPAUBAEMO20 Pe2YNAMOPA OCHOBHO20 KOHMYPA
a0anmueHoll cucmemyvl YNpasieHus 2paouenmHo-CKOpOCHHbIM Memooom eexmop-@yuxyuu JIanynosa.
IIpedcmasnenue 5manonHol MoOenU U OCHOBHO20 KOHMYpPA YNPAGLeHUs KaK epaoueHmmuble Cucmemsl, a
@yuryuil JIanynosa kaxk nomeHyuanbHble QYHKYUU N0360J1€m NPUMEeHUmMb 2pAOUeHmHO-CKOPOCHHOU Me-
moo eekmop-@yrxyuu JIAnyHosa 0iist uccied08anus YCmoudugocmu, pooacmHocmu u Kavecmsa pabomol
OCHOBHO20 KOHMYpa A0AnMUGHOU CUCMEMbl YhpaegieHus. Anepuoouyeckas pobacmuas yCmoudugocms
HACMPAUBaemMo20 pezyiamopa OCHOBHO20 KOHMYpAa a0anmueHol Cucmemyl YNpasieHus 2apanmupyem
pobacmuoll ycmouuueocmu u Ka4ecmed CUCmemMbl YnpasieHusl.

Knrouegvie cnosa: aoanmusnas cucmema ynpasienus, 2paoueHmo-cKOpOCMHOU Memoo 8eKmop-
Gynxyuu Jlanynosa.

BBenenue. Metoasl agantuBHoro ympasienus [1,2,3,4,5,6] ciyxar 4jid MOCTPOCHUS
CHCTEM YMpaBleHUS MPH 3HAYUTEIBHON HEONPENEIeHHOCTH MapaMeTpOB OOBEKTa YIpaB-
JIeHUs, 0COOCHHO YCJIOBHH €ro (yHKIMOHUPOBAHHUS (XapaKTEepPUCTUK CPEbl), MEIOLIeHCs
Ha CTaJWU MPOSKTUPOBAHMS WU B MPOLIECCE DKCIUTyaTallul cucTeMbl. PaccMarpuBaroTcst
TaKue 3aJa4d yMpaBJeHUs, IPU KOTOPHIX TUHAMHUYECKHE CBOMCTBA 00BEKTa MOTYT HM3Me-
HATBHCA B IIMPOKHUX IpeesiaX HEM3BECTHBIM 3apaHee oOpa3oM. MMeromelicst anpuopHOi
HHPOPMALMH HEJOCTATOYHO JUIS OCTPOSHHS CHCTEM YNpPaBJICHMS C 3aJaHHBIMHU IOKa3a-
TEJISIMU KauecTBa. B aganTHBHBIX cucTeMax YNpaBIeHUs! HEIOCTAaTOK alprOpHON MHGOP-
MalMy BOCTIONHSIOTCA B mpouecce ee QYHKUMOHUPOBAHUS Ha OCHOBE TEKYIIMX JAaHHBIX
0 TOBelIeHNH 00BbEKTa. DTH AaHHBIE 00padaThIBAIOTCS B PEabHOM MaciiTabe BpeMeHH (B
TEMIIe MPOTEKAaHUs! YIPABISIEMOTO MPOLEcca) U UCIONB3YIOTCS IS MOBBIIICHUS Ka4yecTBa
CHCTEMBI.

[Iponecc afanTUBHOTO yHpaBJIEHHsI MOXXHO paccMaTpHBaTh Kak MPOLecC B3auMOJeii-
cTBUs Tpex mojacucteM [1,2,3,6]: oObekTa, HACTpPAaUBAEMOI'0 PEryJsTOPa OCHOBHOTO KOH-
Typa (COOCTBEHHO perynaropa), Ooka agantauuu (agantepa). Ja mocnennux 61oka 00b-
SIMHSIOTCS B aNTHBHBIA PETYIATOP, KOTOPBIM MMEET JBYXYPOBHEBYIO HMEpPapXUUYECKyIO
CTPYKTYpY. Perynsitop oCHOBHOTO KOHTypa HEMOCPEACTBEHHO (hOPMHPYET ympaBisioliee
Bo3zelcTBrE U(t), MOCTymaromiee Ha peryIupyromuii opran 00beKTa ynpaBieHHs. 3aKOH
(anmropuT™) ympaBieHUs B OCHOBHOM KOHTYPE 3aBHCUT OT HEKOTOPOTro Habopa HacTpau-
BaeMbIX napameTpoB K. HacTpoiika 5THX mapaMeTpoB MPOU3BOAMTCS HA BTOPOM YPOBHE,
B COOTBETCTBHH C HEKOTOPBIM 3aKOHOM, Ha3bIBAEMBIM aJITOPUTMOM aJalTaldd Ha OCHO-
BE€ JOCTYNHOH TekyIueld nadopmannu. 3asada aropuTMa aganTalud COCTOUT B HACTPOIi-

* E-mail xoppeconaupyromero aBropa: beisenbi@mail.ru
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ke K03(p(UIIMEHTOB peryasTopa TakuM 00pa3oM, YTOObI CBECTH PACCOINIACOBAHHE MEKIY
00BEKTOM YHPAaBJICHUS W STAJIOHHOM MOJENBIO K HYI0. ITO MOXET OBITh JOCTUTHYTO MPH
ACHUMITOTHYECKON POOACTHOH yCTOWYMBOCTH CUCTEMEBI ¢ TpeOyeMoil tuHamukoi. [Ipu sTom
OCHOBHOH IPOOJIEMOH HCCIIEOBAHUS SBISETCS OTCYTCTBUE YHUBEPCAIbHBIX METOIOB II0-
ctpoenus ¢yukimit JIsnyHosa [1,3,4] Uit ucclieioBaHus aIalITUBHBIX CUCTEM YIIPaBIICHHS.
B nacrosiee BpeMst 3TOT METOJ SIBJISIETCSI B OCHOBHOM MHCTPYMEHTOM JUISl TEOPETHYECKUX
HCCIIeIOBaHUM M HE MOXKET JIaTh OTBETHI HA BCE BOIPOCHI Kacarolecs YCTOMYMBOCTH U Ka-
YyecTBa padOThI aJalTHBHBIX PETYSITOPOB B PealbHBIX ycinoBusX. [loaTromy mpemnaraercs
JUIS MCCJIEIOBAHUS aJIalITUBHBIX CHCTEM YIIPABJIEHUS HOBBIM IpaMEeHTHO-CKOPOCTHOM Me-
Toj BekTop Qynkimu JlsmyHosa [7,8,9,10,11,12], rae cucrema ynpaBieHUs] pacCMaTpUBacTCs
KaK rpaJIMeHTHBIC CUCTeMBbI M QyHKIUS JIAmyHOBa, KaK NOTeHIHANbHbIE QYHKIMN U3 TEOPHU
karactpod [13,14]. YciaoBus rpalMeHTHOCTH MO3BOJIAIOT OHO3HAYHO MOCTPOUTH (DYHKIIUIO
JlsmyHoBa, 1 ycnoBue cymiectBoBaHusl GyHKIMU JISITyHOBA COOTBETCTBYET YCIOBHIO aCHM-
NTOTUYECKOW POOACTHOW YCTOMYMBOCTH CHCTEMBI YNpaBieHHsS C TpeOyeMOi JMHaMHUKON
[9,10,11]. D10 Takxke oOecreunBacT JOCTHKSHUE OCHOBHOM 111 YIIPABJICHUSI.

CraTbs MOCBsILEHa PELISHHUIO 33/]Ja4yll CHHTE3a HaCTPAauBaeMOI0 PEryisiTopa OCHOBHO-
ro KOHTypa aJlalTUBHON CHUCTEMBbI YIIpaBJIEeHUs TPaJUEHTHO-CKOPOCTHBIM METOZOM BEKTOP
¢yukuun JlsnyHosa.

MarepuaJjbl 1 MeTOABbI. PacCMOTpUM JIMHEWHYIO CTallMOHAPHYIO CUCTEMY yIpaBlie-
Hus. CucteMy ucclieyeM Ha arnepuoindecKodl poOacTHOW yCTONYHMBOCTH TpajleHTHO-
CKOPOCTHBIM METOJIOM BeKkTop-(pyHkuuit JIismynosa [7,9,10]:

x =Ax + Bu, y(t) = x(t), (D

rae x(f) € R* — BekTOp COCTOSIHUS 00beKTa yrpasieHus; x(f) € R" — BEKTOp yIpaBlICHHUS,
A € R™"— marpuiia 00beKTa yIpaBJICHUSI.
3aKoH ympaBIeHUS 3a]jaH B BUJIC

u(t) =— Kx(0), 2

rae K — mojuiexxanias onpeAeseHuIo 7 X 1 — Marpuna kKodpQUINEHTOB PEryisTopa. 3am-
KHyTasi CHCTEMa 00BEKT-PETYISATOP OMHCHIBAETCS YPAaBHEHHUEM

#(t) = (A — BK)x(®), ®)
rae
0 1 0 - 0 0
0 0 1 - 0 0
A= : : 0 o , B= 0 , K =|lky, ky o kil
—an —Ap-1 —Ap—p k! bn

Kak nerko yoenuThCsi HETOCPEICTBEHHO MMOACTAHOBKOM, MaTpuiia A — BK 3aMKHYTO#
cuctemsl (3) Takke UMeeT BUJ MaTpullsl DpodeHuyca.

KagecTBO 1 yCTOMYMBOCTH CHCTEMBI YIIPABIICHUS OTPEIACISIFOTCS dJIEMEHTAaMU MaTpH-
bl 3aMKHYTOHN cucTeMbl. [loaToMy mccrmeayeM cucTeMy Ha anepuogudeckoil poOacTHON
YCTOMYHUBOCTH, T TIEPEXOIHBIE TTPOIIECCHI MTPOUCXOMAT 0€3 BCIUIECKA B HAYAILHBIN TIEpH-
0], ¥ cucTeMa paboraet Oe3 KonebaHuii u 0e3 mepeperyupoBaHHsI.
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Cuctemy (3) B pa3BepHyTOl popme MpeacTaBuM B BUIC

(551=x2
|.7'C2:.X3
o 4
Xn-1 = Xn @)

| %, = —(an + buky)x; — (@n_1 + bks)xs = (An_y + brks)xs—, ..
k Yy _(al + bnkn)xn

Haxomum  yclioBue anepuoguveckoil poOacTHOW yCTOMYUBOCTH CHCTeMbI (4)
I'paJineHTHO-CKOPOCTHBIM METOJIOM BeKTOp-(pyHKIMH JIsmyHoBa.

W3 ypaBHeHus cocrosHus (4) HaXoIUM KOMIIOHEHTOB BEKTOpa IpaJMeHTa OT BEKTOp-
¢byukiyu JIsnynosa V(x) = (Vl(x),Vz (%), ... ,Vn(x)) [7,9]:

( Vi (x) —0 vy (x) _ vy (x) —0 Vi (x) —0

axl ) axz _xz, 6x3 )y axn
v, (x) v, (x) IV (x) v, (x)
— O’ = 0’ = _x3,..., = 0

axl 6x2 GX3 axn

TG B I/ € BN 1/ 1o B AT CO N 5)
axl axz ax3 axn
oV, (x) IV, (x)
anxl = (an + bnkl)xlﬂ anxz = (an—l + bnkz)xz,

\ anx3 = (an_z + bnk3)X3, e ,anTn = (al + bnkn)xn

U3 (4) ompezensieM KOMIOHEHTBI PA3JIOKESHUST BEKTOPA CKOPOCTH MO KOOPMHATAM CH-
cTemsl (X, ..., x,) [7,9,10]:

[ d d d d
(ﬁ) =0, (ﬁ) = x,, (ﬁ) —0, (ﬁ) —0
dt /., t /)y, dt /, dt /,,
d d d d
(ﬁ) =0, (ﬁ) 0, (ﬁ) = x5, (ﬁ) =0
dt /., dt /, dt /., dt /.,

(dx”‘l) =0, (dx"‘l) 0, (dx"‘l) =0, ...,(dx”‘l) =x, (6
dt /.y, a /., . o

A

dt dt
dx dx
(d_tn> = _(an + bnkl)xl' (d_tn> = _(an—l + bnkz)xz'
X1 X2
dx dx
(d_tn>x3 = —(ay_, + byks)xs, ., (d—t”)xn = —(ay + byky)x,

['pagreHTHO-CKOPOCTHOM MeTox BekTop-GyHKIMK JIAmyHoBa Oa3upyeTcs Ha Teopeme
00 acCMMNTOTUYECKOH YCTOMYMBOCTH CHUCTEMBI, COIJIACHO KOTOPOH /Il aCHMITOTHYECKON
YCTOWYMBOCTH COCTOSIHUSI PABHOBECHS CUCTEMbI HEOOXOANMO U 1OCTATOYHO, YTOOBI CyIle-
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CTBOBaJIa MOJIOKUTEIILHO OlpeiesieHHas pyHKIus V(x), Takas, 4TOObI MOJTHAS TIPOU3BOIHAS
1o BpeMeHH OT (pyHKUWH JIsmyHOBa ¢ y4e€TOM ypaBHEHHUSI COCTOSIHUS (4) SIBISUIACH OTPH-
HareapbHo omnpenesieHHon GyHkiueit [3,7]. [ToaToMy BBIYHCISETCS TOTHASI TPOU3BOIHAS
OT BeKTOp-(QyHKIMH JISImyHOBa KaK CKalspHOE MTPOM3BEICHHE BEKTOPa IpaJiueHTa BEKTOP-
¢yukuum Jlsmynosa (5) Ha BekTop ckopoctH (6) [7]:

n n
dV(x) aV;(x) dx
Z Z ax l)xk — _x% — x?%_’ e, _x% — (an + bnkl)lez —
i=1 k=1 t (7)
—(apn-1 + bnkz)zxzz —(ap—, + bnk3)2x32, e, —(ag + bnkn)zxnz,

W3 (7) o4eBUIHO, YTO MTOTHAS TPOU3BOJIHAS IO BpEMEHH OT BeKTop-QyHKInu JIsmyHoBa
SIBJISIETCSI 3HAKOOTPHUIIATSIILHON (PYHKITHEH.
Oynknuio JlsmyHoBa u3 (5) MOXKEM MOIYyYUTH B BHJIE

1 1 1
V(x) = E(an + byky)x,? + > (an—1 + bpk, — Vx5 + E(an—z + bk — x5 + ®)
1
+, ...,+§(a1 + bpky, — 1)x3

YcrioBue MoJI0KUTEIHHON ONpeeIeHHOCTH (PyHKIHH (§), T.€. YCIOBHE CYIECTBOBAHMUS
¢ynkunn JlamyHoBa ornpeienseTcs HepaBeHCTBAMH:

( an+byk,>0
ap_ 1+b k,—1>0
|

ka1+bk >0

Cucrema HepaBeHCTB (9) SBISIETCS YCIOBUEM allepUOANIECKON poOaCcTHOM yCTOMINBO-
CTH CHCTEMBI YTIPABICHUS C OTHUM BXOJIOM U € OJHUM BbIxozioM — SISO cucremsr.

Br100p 3TaoHHOM MOIEeH 3aBUCHT OT TPEOOBaHHIA, IPEIBSIBISIEMBIX K 3aMKHYTOH CH-
creme. [Ipu 3TOM, IIPENONOKUM, YTO MATPUIA A, — HE TOJIBKO IYPBULIEBOM, HO U TpeOye-
MBIii, ¥ OBbLI alepUOAMYCSCKON POOACTHOM YCTOMUNBOM.

PaccmoTpum 3a1auy oOecrieueHre 00beKTa yIpaBiIeHNs KeJlaeMoi TMHAMUKH (arepHo-
JITYECKOM poOacTHOMN yCTOHYMBOCTH), KOTOPYIO 33J1a/IMM C TIOMOIIIBIO 3TaJIOHHOM MOJENN

rae x, (f) € R" — BEKTOp COCTOSIHMS JTalOHHON Mozenu; 7(f) € R — 3anaiomee Bo3zei-
CTBHE.

0 1 0 0 0
0 0 1 0 8
Ay = | , By = ., By =bh
M 0 0 0 1 M . M Mn’
—d, —dp-q dn—2 ©o—dy by
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DTallOHHOW MOJIENIBIO BBIOEpEM alepHoOIUYecKy0 POOACTHYIO YCTOHYMBYIO, KOTOpas
MOKa3bIBAET XOPOIIHME KadyecTBa ynpasieHus. VcciemnyeM dTalloHHYI0 Mojaeib. Takum 00-
pasom, cuctemy (10) 3amucbiBaeM B pa3BepHYTOH Gopme.

{le = Xm2

Xmz = Xm3
XMn-1) = Xmn (an
Xun = —dpXy1 — dpo1Xyz — dpoXyz—, -, —d Xy +

k +bynty + bynts + bynts+, .., ¥byntm

Uccnenyem Ha anepuoamyaeckoil podacTHOM ycToiunBocTH cucteMsl (11) rpaanenTHO-
CKOPOCTHBIM METOJIOM BekTop-pyHkuuu JlsmyHosa.
U3 ypasuenus (11) onpenensieM KOMIOHEHTHI BEKTOPa IPaJIMEHTa OT BEKTOP-(PYHKIHH

JIsmynosa V(xy, 1) = (V1 Ceny 1), Vit G, ), e, Vi Gy, 7’))5

VvV, (xpy, 1) Vi (xpy, 1) oV, (xp, 1) Vi (xy, 1)
=0, =Xy, —=0,...,—=0
X1 0Xum2 0xp3 0Xpmn
oV (xy, 1) oV, (xy, 1) oV, (xy, 1) oV, (xy, 1)
=0, =0, ——=—xy3,..,——=0
0xp1 0Xpy2 0Xpy3 0Xpn
OV (xy, 1) V1 (xp,7) Vi1 (xpy, 1) Vi1 (xp, 1)
_— =0, ——=0, ——=0,..,—— = —x»,
ale axMz axM3 aan (12)
AR 0V G, 1) 0V G, 7)
Tm= nXM1, Tmz = O0n-1XM2, Tm = O0n—2XM3) -
aVn(xM: 7")
'W = A1Xpmn;
OVn (1) OVn (1) OV (xy, 1)
T = — Mnrl, 6—7'2 = —anT', 6—7'3 = —anT'3, e
aVl’l(xM:r) _ b
\ . or,. = —bynTm

N3 (11) onpenensieM KOMIIOHEHTHI Pa3IOKEHUSI BEKTOpa CKOPOCTH IT0 KOOPAMHATAM CH-

crembl (Xp1, ) Xpns T o0 Ti):
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dx dx dx dx
( M1> —0, ( M1> Xors, ( Ml) —0 ,< Ml) —0;

dt XM1 dt XM2 dt XM3 dt XMn

dxp dxp dxp dxpy;
(), =0 &), =0 (GF), =me (), =

dt XM1 dt XM2 dt XM3 dt XMn

dxM(n—l) dxM(n—l) _ dxM(n—l) —0
dt ’ dt ’ dt ’
XM1 XM2 XM3
dXp(n-1)
! ( to > I (13)
XMn
dan dan dan
i (158) = (58) =
< dt )le nXM1 dt . n-1XM2 dt ‘s n-2XM3
dxy
,( dtn>an = —dlan;
dan dan dan dxM
( dt )7”1 = byn', ( dt )rz = bynTz, ( dt )23 = bynTs, -, ( dtn>rm = bynTm-

[MonHas mpou3BOAHAS 0 BPEMEHH OT BEKTOP-(QYHKIUH JISTIyHOBA BBIYMCISIETCS KAk
CKaJIIpPHOE IMPOM3BEcHUE BeKTOpa cCkopocTH (13) Ha BekTop rpamueHToB (12).
dV(x,r)

2 2 2 2.2 2 2 2 2
dt —Xy2 — Xm3— s — Xy — AaXmn — dp—1Xi2 — dp—2Xym3—

(14)

2,2 2 2 2 2 2 2 2 2
ey T dlan - anT‘l - anrz - anT3 Ty ey —anTm,

Oyukuus (14) sBaseTcst rapaHTUPOBAHHO 3HAKOOTPUIIATEIIBHOM (DyHKITHEH, T.e. JocTa-
TOYHOE YCJIOBHUE aCUMITOTUYECKON YCTOHUMBOCTH BBITIOJIHACTCS.

Oyuknuro JlsmyHoBa u3 (12) MOXXeM MOIYYHUTh B BUJE:

2 1 2 1 2 1 2
V(x) = Edan1 + E(dn—l — Dxjpp + E(dn—z = Dxysz+, ..., + 2 (dy — Dxpgn —

(15)
1 1 1 1

- Eanrl2 - E anrz2 - E anT32 T T Eanrrgu

[NonoxurenbHyt0 onpeaeneHHocTs GyHkumii Jlsmynosa (15) MOXKHO MpecTaBUTh B BUIIE:

dp1—1>0 — byt > 0
dp,—1>0 — bynrs >0 (16)
I

Pe3yabrartnl u 00cyxkaenne. Takum oOpazom, u3 (15) ciemyer, 9To BHEUTHEE BO3ICH-

ctBHE () JOIDKHO OBITh OTpAaHMYEHHBIM M TP HapyIIeHwii ycmoBun (16) sTaloHHas MO-
JIeNTb TepsIeT arepUoMIECKYI0 POOACTHYIO YCTOHYMBOCTb.
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B 1iesiom, [yist TOCTHOKEHUS 1IENU TPH (PUKCUPOBAHHBIX 3HAYCHHSIX (TTapaMEeTPOB) CUCTE-
MBI IOJDKEH BBITOJTHATHCS, KOTOPYIO MOXKHO MONYy4uTh U3 (9) u (16)

bpkixy + bypry = dp — ay,
bpkyxs + bynty = dpq — @y
4 bnk3X3 + anT'3 = dn_z - an_z (17)

brpknxy + bynm, = dq —ay

BuiBoabl. CHHTE3 aanTHBHBIX CHCTEM YIpPaBJICHHS HEpa3phIBHO CBs3aH ¢ obecriede-
HUEM YCTOWYMBOCTH 3aMKHYTOTO OOBEKTa C KOHTYpOM ajmantanud. Meron GpyHkuuu Jls-
IIYHOBA SIBJISIETCS] OIHUM U3 OCHOBHBIX METOJOB MCCIIEIOBAHMS YCTOMYMBOCTU U KaYECTBA
JIB>KEHUS IMHEWHBIX U HEJIMHEUHBIX cucTeM. Ho B CBSI3U C OTCYTCTBUEM YHHUBEPCAJIbHBIX
MTOIXO/IOB K MOCTPOCHUIO (PYHKIHH JISTIyHOBAa METOI OTPAHIMYECHHO TTPUMEHSICTCS JIJIST HC-
CJIe/IOBaHUs aJJaliTUBHBIX CUCTEM yIIpaBiieHus. B HacTosIee BpeMs 3TOT METO/ SIBJISIETCA B
OCHOBHOM MHCTPYMEHTOM JIJIsl TEOPETUUECKUX UCCIEIOBAHUI U HE MOXKET J1aTh OTBETHI Ha
BCE BOIIPOCHI, KACAIOIINECs YCTOMYNBOCTH U Ka4eCTBA Pa0OTHI aalITUBHBIX PETYISTOPOB B
pEaIbHBIX YCIOBUSIX.

IIpencraBienue 3TaJOHHOW MOJIETIM U OCHOBHOI'O KOHTYpa yIpaBJieHUsl KaKk rpajJueHT-
HOH cucteMbl, a pyaKnn JISyHOBa Kak MOTCHIIMAIBHON (YHKITHH ITO3BOJISCT MPUMEHUTH
TPaJeHTHO-CKOPOCTHOM METON BeKTOp-(yHKIMU JISTIyHOBA AJI1 NCCIIEIOBAHUS YCTONYN-
BOCTH, POOACTHOCTH U Ka4eCTBa PabOThI OCHOBHOTO KOHTYpPa aJanTHBHOW CUCTEMBI YIIPaB-
nenwust. [1e U3 ycnoBuii anepuoIuIecKoil poOacTHOM YCTOHYMBOCTH ATAIIOHHON MOJICIU U
OCHOBHOTO KOHTYpa a/IalITUBHOW CHUCTEMBI YIIPABJICHUS TPU (UKCUPOBAHHBIX 3HAYCHUSIX
apaMeTpoB 00BEKTA YIPABICHUS BBIYHMCISIOTCS COOTBETCTBYHOIINE KOID(UIIMEHTHI 00-
paTHOM CBSI3W OCHOBHOTO KOHTYpa aJalTHBHOW CHCTeMBI yrpaBiieHus. [Ipu atom xo3ddu-
LIMEHTHl 00paTHOW CBS3M OCHOBHOTO KOHTYpa aJlalTHBHON CHUCTEMBI YIIPAaBICHHUS MOXXHO
OIIPENIEIHTH 10 KOMILIEKCY IMOKa3aTelel KauecTBa, TAKUX KaK yCTOMYUBOCTh, pOOACTHOCTS,
KOJICOATEeIIbHOCTh, OBICTPOJICHCTBHE, OTCYTCTBUE MEPEPEryIUPOBAHUS, CTATHUCCKAS TOY-
HOCTb, JK€JIa€MbIH BUJI IEPEXOAHBIX MIPOLECCOB B CUCTEME U T.]I.
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BIP KIPICI ’K9OHE BIP LIBIFbICHI BAP ATAIITUBTI BACKAPY
JKYHUECIHIH HET'I3I'I KOHTYPBIHBIH BATITAJIATBIH
PEI'YJIATOPBIHBIH CUHTE3I

Jlanynosemuly 2paouenmi-ocolidamObIKmslK, GeKMop-QyHKYUaCyl maciliven aoanmugmi oackapy
Jicyleciniy ne2iz2i KOHMYpuIHblY OAnmManamell pe2yisamopsit CUHmMe30ey Macelecin weuty YColHblidobl.
ODmanonoviKk mooenb Men 6ackapyobly He2izel KOHMYpPblH 2padueHmmix Jcyienep peminoe, an JIanynos
yukyusnapeln nomeHyuandvl GYHKYUsIap peminoe Kepcenmy aoanmusmi dacKapy xicyueciniy nezizei
KOHMYPUIHBIY OPHLIKMBLIBIZbIH, POOACIBLIBIK JCOHe CAnaculi 3epmmey Yuin Jlanynosmuoly epaouenni-
HCLILOAMOBIKMBIK B8EKMOP-QYHKYUACHL MACINIH KONOAHY2a MYMKIHOIK Oepedi. Adanmuemi backapy
Jrcyieciniy neizei KOHmypbiHbll 6anmMaiamoii pecyismopulibly AnepuoOmulik, pOOACbIK OPHLIKMbLIbIEbL
backapy scytieciniy pobacmvl OPHLIKMbLIbIZLL MEH CANACbIHA Keninoik bepeoi.

Tyitin ce30ep: aoanmusmi backapy xcyiieci, JIANYHOSMbIY 2PAOUEHMI-)ICHLIOAMObIKIbIK 8EKMOp-
yuryusicol macini.
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M. A. BEISENBI, A. TEMIRBEK

L.N. Gumilyov Eurasian National University,
Astana, Kazakhstan
beisenbil@mail.ru, aiku08@mail.ru

SYNTHESIS OF A CONFIGURABLE CONTROLLER OF THE MAIN
CIRCUIT OF AN ADAPTIVE CONTROL SYSTEM WITH ONE INPUT
AND ONE OUTPUT

It is proposed to solve the problem of synthesis of a tunable controller of the main contour of an
adaptive control system, using the gradient-velocity method of the Lyapunov vector function. The
representation of the reference model and the main control loop as gradient systems, and the Lyapunov
functions as potential functions allows us to apply the gradient-velocity method of the Lyapunov vector
function to study the stability, robustness and quality of the main loop of an adaptive control system. The
aperiodic robust stability of the adjustable controller of the main circuit of the adaptive control system
guarantees the robust stability and quality of the control system.

Key words: adaptive control system, gradient-velocity method of the Lyapunov vector -valued
function
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TEXHUKAJIBIK ?KOO-HbIH OKY MPOLECIHJIE MOBUJIBAI
OKBITY TEXHOJIOTUSICBI

Maxkanaoa 6inim 6epy npoyeciniy 6apivlK KAMbICYUBLIAPLIHGIY, MUIMOI  63apa  IC-KUMbLIbIH
yuvimoacmuipyaa, OipneckeH JHCYMblCHIbL HCOCNAPLAYea, pecypcmapobl cayammul bo1yee, 0Ky Minoemmepin
weuly yuwiH Kaxcemmi KYpanoapmeH KamMmamacwl3 enyee MYMKIHOIK Oepemin 0acmypii OKblmy
a0icmepimen canvlCmulpeanoa MoOUILOI OKbIIY MeXHON02UANAPLIHbIY MAHbI30bLIbIbL MATKbLIAHAObL.

Maxana aemopnapvl mexHuKkanwlK yHugepcumemme 0Ky npoyecin YublMOacmuipyoblt KYpblLiblmbl
mypazvl 63iHOIK KO3KAPACMAPbIH YCIHAObL.

Oxy npoyecinde MoOOUNLOI OKbINY MEXHONOSUANAPLIH KONOAHY MYMKIHOIKMEPT OKbIMYUIbIHbIY
Kblzmeminoe Oilim anyubliapobly 03iH-03i 0aMbInybl MEH OKbINTYbL OPLIH anameln Oinim Oepy eupmyanosl
OpPMACchIH KANbINMACMbIPY Caldcblina baca Hazap ayoapy2a MyMKiHOIK 6epemini aHbiKmanobl.

Maxanaoa mobunboi oxuiny yugpuulx okbimyouly O0amy Kenewiezi peminoe Kapacmulpbliaobl,
0Ky Npoyecin YuvimMoacmulpy KeziHoe MoOUIbOi OKbimyObly OipKamap apmulKUbLILIKIMAPbL HCIHE
KeMuiinikmepi cunammanaovl dxcone Oinim depy npoyeccinoeei MoounbOi KOCbIMUANapoblly MA3MYHbIH
awaowvl. Condail ax, Kaszipei 6inim depyde mobunboi OKbinyobl KOIOAHY Oagblmmapuvl Kapacmulpbli2dH.
binim anywvinap apacvinoa yanel meneonoapovly Key mapanysl MeH Kojl Jdcemimoinicine Kapamacma,
MOOUNLOT OKBINY OMAHOBIK HCOAPLL OKY OPLIHOAPBIHOA A3 MAPATIEAH.

byn makanada mobunvoi okbimy mepmunine mycinix 6epinin, Moounvoi okvimyouvly 0inim depyoe
Kon0aHy maceleiiepi MeH OHblY 3epmmenyiepine mokmanzat. binim aryuwinapost oxeimyoa moounsoi
MEeXHONOUANAPObI KONOAHYEA MEXHUKAIBIK HCIHE NCUXONOUANLIK OAlbIHObIRIH MAA0AYy MAKCAMbIHOA
JKanzip xan ameinoazel azpapnvik — mexXHUKAIbIK YHUSEpCUMeminiy « AKnapammoix mexuono2usanap» oiniv
bepy bagoapnamacwvinbly OINIM ATYWLIIAPLIHA OKY NPoYecinoe MoOUIbOl KYpbLIebLiapobl nauoanamyea
CayanHama sHcypeizinoi sHcane Homugiceci manidaHowbl.

binim anywwinapoviy kenwiniei 6inim depyoe mMoounbOi mexHono2usanaposl Konoamy2a mexHuKauibly
JICIHE NCUXONO2UANLIK MYPebloan Oatibin dcone KOO-ubiy 0Ky npoyecinoe MoOUIbLOI OKbINMY MEXHON0-
2UACLIH MUIMOIPEK nauoanany ywin jcaya MymKinoikmepin o0aun api s3epmmeyoi Kasxcem emeoi 0e2eH
KOPbIMbIHObL2A KENOL.

Tyiiin co30ep: mobULOI OKbIMY, YUDPIbIK MEXHON02US, MOOUTLOIK KOCLIMULA, NOPMAMUBMI MOOUTLOT
KYPbL2bLIAp, CbLMCbL3 Jicelinep.

byn Makamama mOCTypii OKBITY OIiCTEepiMEH calbICTRIpFaHma MoOWITBII OKBITYIBIH
MaHBI3IBLUIBIFEl TATKBUTAHAIE. MOOWIIB I TEXHOJOTHSIIAP OLTIM Oepy TIPOIEeCiHIH 0apiIbIK

KaTBICYITBIIAPEIHA THIMII ©3apa iC-KUMBUIABI KaMTaMachl3 eTefi, OipJIeCKeH >KYMBICTHI

* E-mail xoppeconaupyromero apropa: aizatmail@mail.ru
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YHBIMIACTBIpYFa, pecypcTapbl THIM/I 0eyre )KoHe OKY MIHAETTEpiH eIy YIIiH KaKeTTi
KypangapAbl YChIHYFa MYMKIHAIK Oeperti.

Makana aBTopiapbsl TEXHHKaJbIK YHUBEPCHUTETTE OKY NPOLECIH YHBIMAACTBIpYFa 03
Ke3KapacTapblH Ourgipeai. Onap oKy HpOIECiHJIe MOOMIIbII TEXHOJIOTHSUIAPIbI KOJIJIaHY
CTYJICHTTEP OKBITYLIBIHBIH KETEKIIIINiIMEH JaMblIll, OKBITHIIATEIH OiLTiM Oepy BUPTYasbl
OpTAachIH KAJIBINTACTBIPYFa Ha3ap ayAapyFa MYMKIHAIK OepeTiHiH aHbIKTa bl

Makanazna MOOWIBII OKBITY IUQPIBIK OUIIM Oepyli JaMBITYIbIH HEPCIEKTHBAIBIK
OaFrpIThl PETiH/AC KapacThIpbUIa/ibl. OKY MPOLECIH YHBIMIACTHIPYIa MOOMIIbII OKBITY/IBIH
apTHIKIIBUIBIKTAPEl MEH KEMIIUITIKTepl CHUIaTTalajbl, COHbIMEH Karap OuriM Oepy
MPOIECiHAe MOOWIIB/II KOChIMINATAPAbIH Ma3MYHbI anibuiajel. CoHai-ak, Ka3ipri Oiim
Oepylie MOOMIIBII OKBITY/IbI KOJIZIAHY MbICAJIIAPhI KEJITIPUITeH.

¥sinp1 Tenedonaap OL1iM anmyIibUIap YIIiH KeH TapaliFaH KoHe KOoJ KeTiM/1i OOIFaHbIHA
KapaMacTaH, OTaHJIbIK KOFapbl OKY OpPBIHAAPBIHIA MOOHIIB/II OKBITY CUPEK KOJIAAHBLIAIbI.
Makanazna «MOOWIbJII OKBITY» TEPMUHI TYCIHIIpLJEi KoHE OHBI OUTIM Oepyse KOJJAaHy
MEH 3epTTey Maceselepil KapacThlpaabl. bimiM amyisiapabiH MOOMIIBAI TEXHOIOTHsLIap-
JIbl KOJIJJAaHyFa JTABIHIBIFBIH Tangay YuriH JKoHTip XaH aTbIHAAFbI arpapiiblK-TeXHUKAIBIK
YHUBEPCUTETIHIH « AKIAPATTHIK TEXHOJIOTHSIIAPY Oiim bepy 6a20apiamacvlHbly OLLiM any-
wivliapeina cayaiinama xyprizinni. CayaiHama HOTHXKEIIepl TaJIaH bl

Cayannama notmxkecinze JKOO-HbIH OKy TpOIECiHIe OLTIM ayIIbuIapIibiH MOOMIIBII
TEXHOJIOTUSIIAP/Ibl KOJIaHYFa TEXHUKAJIBIK JKOHE TICHXOJIOTHSUIBIK TYPFBIIAH JalibIHABIFbI
MOOWMJIBJII OKBITY TEXHOJIOTHSICHIH THIMJIIPEK MaiilalaHy YIIiH j)kaHa MYMKIHIIKTEp]Ii OJlaH
opi 3epTTey Ka)eT JIereH KOPBIThIHbIFA KEeII].

Kipicne. Kazipri yakpITTa Ke3 KelareH KbI3METTI ally KAlIbIKTHIK MEH YaKbIT OOMBIHIIA
mekrenveiini. Conail ak, IHTEpHET TeXHOJIOTHsIIAP/IbIH JaMybl OLTiM Oepy caiachiHa Jia
e3repicTepre ajibin Keyieai. byrinri OiniM OepymiH €H MaHbBI3IAbI MIAPThI — MEAaroruKabIK
TEXHOJIOTHSHBI LUQPIIBIK TEXHOIOTHSIIAPIIBIH ANIeMEHTTEpIMEH TONBIKTBIPY. Ochl OarbITTa
AyIUTOPUSIIBIK OETIe-0eT OKBITY MEH OHJIAHH OKBITYIbI OIpIKTIpPETiH apajiac OKBITY €H
KOJIAHITBI OOJIBIN TaObUIaAbL. by ereHiMi3, OLTiM amyIbUIapIblH TAHBIMJIBIK KaXKeTTUTIKTepl
MEH MYMKIHJIKTepiHe ColiKeC ©31H-031 TopOuelney apeKeTTepine MyMKIHAIKTep xKacaiasl [1].

«Mobunbai okpITY» mobile learning (m-learning) Tepmuui PDA (personal digital
Assistants) KanTa KOMIIbIOTEpIIEpi, YsUIbl TeaehOHIap, MEKTPOHIbI KiTaTap, HOyTOyKTep
JKOHE TUIAHILIETTIK KOMIBIOTEpIIep CHAKTHI MOOWIIBI KOHE OPTAaTHBTI aKMapaTThIK TEXHO-
JIOTHS KYPBUIFbIIApBIH OiiM Oepy MeH OiTiM airyia KoJAaHy/Ibl KapacThpaabl[2].

Kasipri Tania Ke3-KeJlreH yakpITTa )KoHe Ke3-KelreH sxkep/e 0imim airy MarepHeT sxemici
apKBUIBI KOJ >KeTiMAl Oonabl. by mopTaTuBTi MOOWIIBAI KYPBUIFBUIAP/BI MaiilanaHaTbIH
OKBITYJIBIH KaHa TEXHOJIOTHSCHI - MOOMJIB/II OKBITY/IBIH KapKbIHJIbI JIaMblIl, OiiM Oepy ca-
JIAChIHJIa ©3 TIO3UIIMSCHIH OepiK ana OacTayblHa oCep eTTi.

Ic xy3inzme OumriM adymbuiap MEH OKBITYIIBUIAp apachlHAa MOOWIIBII KYpBUIFbLIAp
KOJI XKETiKi3y epKiH OOJFaHBIMEH >KOHE FBUIBIMH OPTaJBIKTap TapalblHAH OChI MACesere
alTapnpIKTall  KbI3BIFYIIBUIBIK TaHBITKAHBIHA KapaMacTaH, MOOWIBII OKBITY OKY
TOKIprOeCiHe KeH TapaliFaH eMec.

Ocplnaiiina, 03eKTiIiK MOOMIIBI OKBITY/IbI HHTETpAIsIIay YIIiH MOOHIIB1 KOChIMINAIap
OJIiCTEMECIHIH JKETKUIIKCI3 JaMybIMEH JKOHE oJlapJbl OapiblK JCHreimeri OuriMm Oepy
MPOIIECiHAE MPAKTHUKAJBIK iCKEe aChlpy KayKeTTLTIMIMEH aHbIKTala/bl.
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MoOuJIb1i KOCBIMILIAIAP aPKBUTBI IIOHAEP/I1 YHPEeHY-0YJI TaHBIMAIABUIBIKKA HE OOTY/IbIH
CaJIBICTBIPMABI TYpAE KaHa Tocimi. Kasipri yakplTTa KOochIMIIanap HETi3iHAE OKBITYIIBIH
KaHa KYHEeCiH Kypy YIIiH KETKITIKTI KYWITi Heri3 ok, Oipak «Kaszakcran-2050» crpa-
TErusichbl O171iM Oepy opTachIHAa OHJIANH-KYHeIep/i OKbITY JKOHE aMBITy oflicTeMesepiHe
KaTBICTBI HETI3r1 TycTapAbl aram kepcereni. JKorapeiga aiTbuiranmapra OaiaHbBICTBI
MOOMJIB/II KOCBIMIIIAHBI OiTiM Oepy JKYHeCiHJe KOMEKIi 3JIeMEHT peTiHAe MaijaiaHy
KOHBIM/IBI OOJIBIN TaObUIAbI.

MoOuibai KypbUIFbUIApABIH KOMIILIIr 0ackapy, YHBIMAACTBIPY JKOHE Taxipube ay-
bl MamMaHjgap yuiH OiniM Oepy, coHAal-ak OuTIM amylmIbuIapAbl OKBITY IPOIECCIHAe
TEXHHUKAJIBIK KypalJapMeH KoJiay YIIiH Maiaamibl.

Byt perte MOOHIBAI OKBITYABIH OipKaTap apThIKIIBLIBIKTAPEI Oap:

* OiiM OepyliH KOJI MKETIMJIUIIT dKaKcapajbl ®KoHE KESHUIISTUICH], SFHU, KYHCHIKTI
KOJIZIAHBIN JKYPTeH ap3aH TEXHOJOTHsUIapIbl MaiijajaHa OTHIPBIN, ©3 aFbIMBIHIA OKY
MYMKIHJIITI KeOeliesi;

® OKy CYpaHBICTapbl HEFYPJIBIM TOJBIK KaHAFaTTaHIBIPHUIAABI: OKyFa JETCH KBI3BIFY-
LIBUTBIKTAP aKbIChI3 OKY MaTepraliapbl HeMece MOAKACTTap CHAKTHI KOCBIMIIIA pecypcTapra
KOJI JKEeTKi3y OapbIChlHIa KaHaraTTaHIbIPbUIAbl, MOOWJIBII KYPBUIFBUIAD OoceKere
KaOUICTTUTIKTI apTThIpyFa, OMIipJiK JarabuIap MEH TOXIpUOenepi ainyFa, )KYMBIC 9ICTepiH
KaKcapTyFra bIKIaJl eTEeTiH 3aMaHayd iCKepiiKk eMip/iH Oip Oeiri Oobin TadbLIa b

* 93apa OpPEeKeTTECy Kypasbl peTiH/e OaiyiaHbicTa 00Ty: OOJIBII )KATKaH OKY IIPOLEC] TY-
paJiel acepiepimMer OipaeH Oedricy; OKBITYAaFbl BIKTHMAI MPOoOIeManap/ibl JKaKChlpak aua-
THOCTHKaJIay/Ibl )KoHe Oarajay il )Ky3ere achlpy YUIiH “KayinTi” TONTarbl OLTiM anyibiiapra
QJIEYMETTIK JKeNiJiep apKblIbl IICUXOJIOTUSIIBIK KOJJIay KOpCeTe ajaibl;

* OKBITYIBIH Oacka TypJiepiMeH OipiKTipy MYMKIHIITI Oap;

* OKY NIpOLIECiH KapKbIHAATyFa MYMKIHAIK Oap;

* OiyTiM JieHrei OYTiHT1 KYHHIH CYypaHbICTapbIHA JKayarl Oepei.

Amnaiizia, KeJeci bIKTUMaJ KeMIIUTIKTEPIi 1€ €CKePy Kaxer:

* PDA (personal digital Assistants) marblH MOOWJIBII JKpaHIApbl KOPCETIIETiH
aKIapaTThIH Carachl MEH TYPIH ICKTEH/I.

* Ysuiel Tenedonaap meH PDA cakray MyMKIHJIITI HIEKTEYJTi.

* barapestiap yHeMi JKYMBIC iCTEyl KepeK, erep OYpbhIC KYMBIC jKacamaca JCpeKTep
YKOFaTybl MYMKiH.

* Onap aepOec KOMITBIOTEpre KaparaHa djjieKaiiia Kayirnciz 0oJiMaybl MyMKiH

* gcipece ysutbl TenedoHaapaa rpagukaMer JKyMbIC jkacay KUbIH, 1ereHMeH 3G jxkoHe
4G OyraH MYMKiHIIK Oeperi.

* HapbIk Te3 e3repei, acipece ysuibl TeJaeoHAap YIIiH, COHABIKTaH KYPbUIFbUIAP TE3
€CKipyl MYMKIH.

e CpIMCBI3 KeJiNlepl MaijanaHaTelH MaliAajaHylibliap Kol OOoJFaH Ke3[e OTKi3y
KaOUIeTTLIIr TOMEeH eyl MYMKiH.

Ocpiran  OailylaHBICTBI  MOOWJIBJII  OKBITY — CaJlaChIHBIH ~ OOJamiaFbl  MOOWJIBAI
OHJIpYyLIiNIepAiH, MOOMIBAI KbI3MET JKETKI3YLIUIepiHiH, COHIai-aK OKBITY CaTaChIHBIH
capaniubUIapbIHbIH OipJIecKeH KYlI-xkKirepiH Tanam ereai [3].

Marepuaa :xdHe duicrep. bimim Oepynmeri jkaHa TEXHOJNOTHSI PETiHAEC MOOWIBI
OKBITYJIbI YHBIMIACTHIPY YIIIIH MOOWJIBJII OKBITYIIBIH KEJIECl CAaHATTaphl EPEKINEICHE/I:
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* Texnomorusutblk MoOmmpAi OoKbITY (Technology-driven mobile learning) - kei0ip
HAKThI TEXHOJIOTHSITBIK HHHOBAIHMSIIAP TEXHUKABIK JKOHE IMeAarorHKaIbIK MYMKIHIKTEPI1
KOpCeTy YIIiH aKaJeMHUSIIBIK OpTaia OpHAIACa b

* AynutopusiMeH OaitnanbicTe OKBITY (Connected classroom learning) — rexaonorusiap
WHTEPAKTUBTI TaKTajlap CUSKTHI ayIUTOPHUSIAFbl 0acKa TEeXHOJIOTHsIIaApMeH OalIaHbICKaH
OipiecKkeH OKBITYABI KOJIAY YIIiH KOJMIaHbUIAIbI.

* beiipecmu, nepOecTeHIIpIIITeH, CUTYasITBIK MOOMITHII OKBITY (Informal, personalized,
situated mobile learning) - TexHoNOTHsIIap KOCKIMINA (DYHKITMOHAIBUIBIKIICH KYIICHTINENI,
MBICaJIBI, OiiM Oepy KbI3MeTiHe OarbITTaFaH XKePriTiKTi Xxadap Hemece OeifHeOarmapiIama
ay.

* MobOumnbai oKbITY/THIMALTIKTI Konaay (Mobile training/ performance support) - Tex-
HOJIOTHSUITap MOOWIIB/TI KI3METKEPIIEP/IiH OHIMIIIITT MEH THIMIIIITIH apTThIpy YIIiH Mai-
nanaHbUIab.

* KambIKTBIKTaH/aybUIIBIK/ IAMBITT KeJle KaTKaH MoOwibai okbITy (Remote/ rural/
development mobile learning)-texHomorus O6inmiM Oepyae oIETTETi MEKTPOHMIBI OKBITY
TEeXHOJIOTHSIJIAPHl JKYMBIC ICTe aJMaWlThIH SKOJOTHSUIBIK JKOHE WH(PAKYPHUIBIMIBIK
MoceenepAl Menry YIIH KOJIaHbIIa k.

Oky mporeciHe MOOWIIBAI TEXHOJOTHSUIApPIbl EHTi3Y[AiH HAaKThl HBICAHJIAphl MEH
dmicTepiHe TOKTaIalbIK.

Bipinmrisien, ysumbel TeaeoH OKBITY aKIaparsl 0ap caiTrapra Kipy/li KaMTamMachl3 eTe/,
SIFHU KaIIBIKTBIKTaH OKBITYIBIH Oip TYpl peTiHIe KOMAaHbUIa bl bipiHII 9Tic-ysmbl Tene-
(OHITBI FamaMJIBIK JKeNire Kipy Kypajbl peTiHjae TMaianany. DIeKTPOHIBIK OKy KypcTa-
PBI, TeCTTep, MPAKTUKAIBIK TallChipMaiap oHe KOCBIMINA 0Ky MaTrepHaiaapsl (Cyperrep,
(oTocyperTep,IbIOBICTHIK kKoHE OcitHe daitnmap) 0ap MaMaHAAHIBIPBUIFAH CaWTTapra
Kipyai yibiMaacTeipyFa 6omansl. CoHpaii-ak, 0iiM Oepy MakcaTbIH/Ia SIEKTPOHIBIK MOIITa
ajMacy JkoHe ysiIbl TenedoHIapra apHairal Hyckanapsl 6ap ICQ, QIP 6arnapiamanapeiaia
xegen xabap anmmacy MyMKiHziTi Oap. Ockinaiiiia, OKBITYIBIH OapibIK Ke3eHepiHae Oimim
aJyIIpIFa aKnmapaTThIK MaTepuajiapabl O0epy, COHBIMEH Karap OapiiblK OKYy MpOIeciH
OaxpIay JKOHE TyBIHIaFaH MaceJeNepIi Menryre KOMeKTecy MYMKIHIiKTepi 0ap.

Y b1 TenedoHmap Il naitananyasH Meicais petinge Ll Bennsaeia Learning Academy
WorldWide yiteimbr o3ipneren 2007 >KbUIIBIH €KiHIII JKapThICBIHAH OacTam JaMblIll Kelle
xkartkad M-Ubuntu sxo6acer Oombn Ta0Obmiagsl [4]. Ocel jk00a asChIHIA KAIIBIKTHIKTAH
OKBITY TIaT(hOpMachl YCHIHBUIIBL, 001 KaHa OLTIM aiyFa, TIilTi IIaaFail eHipiep MeH YIIiHII
QJIeM eNziepiHiie Jie ’KaHa aKIapaTThIK TeXHOIOTHsIIap/Abl OelceH i maiananyra 0apIibiK
JKaFJai xacayra MYMKIHJIIK Oepeti.

ExinmmineH, ysutel TenedoH - IBIOBICTHIK, MOTIHIIIK, OcifHe jkoHe TpaduKajbK (aiin-
JIapJbl OMHATY Kypaibl O0ap oKy akmaparbl. OKy YIIiH ysutbl TenedoHaapasl KOMIaHyIbIH
ekinmi oxici-Office Word, Power Point, Excel cusxrsr keHce OarmapiaManapblHbIH (aiii-
JTApbIH allyFa )oHe Kopyre KaliineTTi sl TenedoH tuiaTdopManapbiHa apHaliFaH apHaibI
Oarmapimamanapap! Konnany. Ocbuaiiia, ysutel TeseOHHBIH KaJbIHIa OKY aKiaparsl 0ap
(aitmapapIH KOMETiMeH oapbiH TeleOH dKpaHbIHA apHaibl OeiiM/IeNTeH HyCKaJaphlH
BIHFAIIIBI alfHATIIBIPY KONAKTAPBIMEH, KOJAJIbl KapilieH KoHe bIHFaliIsl nHTepderceH
Kepyre 0omaabl. Byt OKBITY 9fIiCiH COTTI KOJIaHYIbIH MBICcalbl peTiHae XKamonns meH Kpitait
YHUBEpCUTETTEpiHeri Oipkarap OiniM Oepy OarmapiamanapblH amyFa 0omaasl. MoOwbIi
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TEXHOJIOTUSUIAPbl KapacThpa OTBIPBIN, OCHl YHUBEPCHUTETTEP/IH OKBITYIIBUIAPHI ONap.Ibl
Ka3ipri KOFaMJIbl aKnapaTTaHbIPy JKarJaiblHAa ©Te MepCIeKTUBANbBI Jen caHa bl 1H-
TEpHET apKbUIbl KAIIBIKTHIKTaH OKBITyFa MaMaHaaHnfraH JKamonusaarsl yiTTeik Kubepln-
ctutyT 2008 KbUTHI Yiie ne, Kadene e, MeTpoja Jia Ke3 - KeJreH MoH I OKyFa MYMKIHJIIK
OepeTiH ysuibl TesiehOH apKbUTBI OKBITY/IBIH HHHOBAIMSUIBIK JKYHEeCiH YebIHbl. Erep cadbak
Ke31H/Ie KOMITBIOTEP/IC SKPAaHHBIH OPTACBIH/A JOPICTIH MOTIHI %KoHE 0APIIBIK KAKETTI CypeT-
TEp KepceTiyice, aj OyphIIITa JopicTiH OeiiHexka30achl KOpCeTiIce, OH/Ia YsIbl Teie(OHHBIH
HYCKachl OeliHE aFbIHBIHBIH TEXHOJIOTHSICHIHA HETI3/ICJTeH JKOHE OapIIbIK MOTIHIEP MEH
cpi30anap KocwMIIa >Kykrenedi [S]. Bimim Gepy TexHomorusiapel canachlHaa (QUHIIK
Nokia xone Pearson Oyrin Beijing Mobiledu Technologies GipieckeH KoCiOpPHBIHBIH
KYpBUIFaHBIH JKapUsIaabl. Byl KoCIMOPBIHHBIH MaKcaThbI-KbITall azamMaTTapbl YIIiH YSUTbI
TenedOH apKbUIBI KAIIBIKTBIKTaH OKbITY. Heri3ri MakcarTapblH Oipi-aFbUIIIbIH TiJIH Ha-
cuxarray. Mobiledu-0y;1 namyra yChIHBUIATBIH OaraapiaMaHblH ataybl. barmapmama 2007
KBUIbl 0acTalibl, OFAH aFbUIIIBIH TUTIHIETT OKYy MarepHaapbl *OHE KOITEreH Keel
aKIapar KeTKi3ylIiiepiHeH ysuibl TenedoHaapra Jedinri 0acka na OutiM Oepy Ma3MyHBI
Kipeni[6].

Keneci omic Oyn — ysanbl TenedoH koHE OHBIH (DYHKUMOHAIIBIK MYMKIHAIKTEpi
OCWiM/ICNITeH AJIEKTPOH/IBIK OKYJBIKTAp/bl, OKY KypCTapblH JKOHE OKBITY aKmaparbl Oap
MaMaHIaHbIPbUIFaH THIITET] (ainaapasl naiiganana OThIPBIN TiKeJIeld MOOMIIbAL TesnedoH
aTgopManapbliHa apHaJIFaH OKBITYAbl YHBIMIACTBIpYFa MYMKIHJIK Oepei.

Oky yIIiH ysuibl TenedOoHIap bl KOJIIaHYIbIH Tarbl Oip ToCUI — OLTIM amylibLUIapabiH
ysutbl TeneOHAAapbIHAa Kepyre >KoHe OpbIHAayFa OeHiMJENreH apHaibl SJIEKTPOHIIBI
OKYJIBIKTap MEH KypcTap/ibl naiaanany. benrini 6ip nonaep OolbIHIIA TeCTIICY/Ii, COHIaM-
aK oJIapbl COTTI OPBIHAAY YIIIH KQKETTi aKnaparThl KaMTyFa Java KOCBIMIIACHIH KYKTEyTe
Oonanapl.

3aMaHayd TEXHOJOTHSIAP OCHIHIAN DIEKTPOHABI KypaigapAbl KoOamayasl >KoHE
OarmapiiaMalblK TYPIE JKy3ere achlpyibl skeHuimeTeni. Cxemanapibl, chi30anap/ibl KoHe
(dopmynanapasl opHajacTelpy MyMKiHairi PDA apHanraH sneKTpOHIbl OKY KypCTapblH
Kas3yIbl )KaH JKaKThl )KOHE Ke3-KeJITeH TOHTe KOJIaHYbIH KamTaMachld eteni. Connail ak,
MOPTATHBTI AKMApaTThIK TEXHOJOTHS KYPBUIFBUIAPBIHIAFEl Trpaduka MYMKIHAIKTEPiH
KOJIZIaHa OTBIPBII, OMBIH TIaTOopMackIHAAFbl OKY OaraapiamalapblH jKy3ere acbipyra 60-
nanel, Oipak MyHJald KOCBIMIIAJIapbl iCKe achlpy ©Te KYpAETi )KOHE KON YaKbITThl KayKeT
ereni. Kazipri TaHia, mOpTaTuBTI aKMmapaTThIK TEXHOJIOTUS KYPBUIFbLIAPBIHAAFEI apHalFaH
KONTereH apHaiibl KochIMIIanap Oap, MbICANbI, 9p TYPJi KUBIHIBIKTAFbl KaJIbKYJISTOPIIAP
(kapamaiibIM, FEUTBIMH), YsUTbI TeNle()OHIAPFa apHAIFaH KeHece OaraapiamMaapsl, xKayamnTa-
PBI KOPCETIAreH ap TYPIIi TeCT KockiMiIanap Oap kaHe T. 0.

MoOuIbi TEXHONTOTUSUIAPABIH MYMKIHIIKTEpi MeH onapisl OimiM Oepy sxyiHeciHnae
JKYy3ere achlpy Typalibl FBUIBIMH 3epTTeysiep OeJICeHJ Typie KalFacylda *oHe OYTiHTi
KYHI oJiapJibl IpakTukasa Koiaany Kazakcranma na namu 6actaasl. MoOWIIB/II OKBITYIIBIH
OpTYpJIi HBICAHAAPBIH MakanaHa OTBIPHII, AJIEMIIK JICHIel1e KenTereH OuriM Oepy *xo-
Oanapbl icke ackIpbulyna, Mbicanbl, Horizon Project, Oy New Media Consortium »xoHe
EDUCAUSE Learning Initiative (EDUCAUSE) 6Gipnecken >xo0ackt [7]. By xo0a Oinim
ayIIbIIapFa KOJIIAaHATBIH JKOHE KONTEreH KaMITycTap/a OpHAThIIFaH JKeJlire OipikTipiiren
MOOMIIB1 KOMIIBIOTEPIIIK JKYHenepi naiaasanyabl Ko3aeni.
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DKCIIEPUMEHTTIK 00a asiChIH1a MOOMJIIBI1 OKBITY JOCTYpJIi cabakTapra OanaMa peTiHje
KapacTeipbil oTbiprad [8]. Apeun Crayne nen Jlune Konac (Arvid Staupe, Line Kolas),
OUTIM aJylIBUTAP/BIH OKBITYJBIH KOJDKETIMILIITIHE KAThICThI KbI3METTEPJl KEHEHUTYIi
KaJalTBIHBIH KOPCETTI JKOHE MOHAPANbIK OKBITYIIBLUIAP TONTAphl OChl MAKCATKA >KETYHiH
KYpaJibl OOJIBIT TaObLIAIBI.

Apeup Crayn nen Jluna Koyac MOOWIBAI OKBITYIBIH SKCIEPUMEHTTIK >KO0ACBIH
Myp [9] xone ManToBanu [10] TeopuschiHA CYHEHIN »a3/bl JeceKTe Oonanbl. ByHBI,
op maiijanaHymbuIap TOOBIHBIH MiHE3JEeMEJIepiH CHIATTall OTBIPBIN, MaiAajaHylIblIap
TOIITAPBIHBIH OipHEIe caHATTapblH KYPY apKbUIbI HAPBIKTA KaHA TEXHOJOTHSHBIH Kajan
KaObUIJaHaThIHBI Typauibl ka3buiran Jlxepdpu A. MypusiH «Crossing the Chasm» [9]
KiTaObIHaH Kepyre Oonanel. TemeHzaeri 1-cyperTe orapblia aTan aiThbUIFaH Maiaaiany-
HIBUIAP CaHbl YaKbIT OOMbIHIIA KepceTinren. CyperTeri rpaduKTeH Naiijananybliap ToI-
Tapbl apachlH/Ia ANIAKTHIK 0ap exeHmiri kepineai. Ocwiran opaii, A.Ctoyne men JI.Konac
MOOWMJIBJII OKBITYSIAp Myp rpadblHbIH OACTAIKbI CATHICHIH/IA TYPFaH 1A, TEXHOJOTHUSIIAP MEH
TYKBIpBIMJIaMaliap OJIKBUIBIKTApbl CHCEPY YLIIH KYII caly KepeK JEreH KOPBITHIHIbIFa
KeJIi.

Cypem 1 — ana TeXHOJIOTHSIAP/IBI CHT13y Ke31H/e MaiiianaHyIbuIapIblH SpTYpIIi TONTapsl
OoitsraTIa Myp Tpaduri

Kazipri 3amMaH¥bI ysiTbl TeTehOHIap MEH KOMMYHHUKATOPIIAP/IBIH CaHbl IepOeC KOMITbIO-
Tepiep/eH OipHelle ece Kot 0oJca 1a, MOOMITBIi KYPBUIFbIIIAp KOMITBIOTEpIIEpTe KaparaH/ia
KOJI KETIM[Ii, all Ka3ipri 3aMaHFbl MOOWJIBAI KYPBUIFbLIAPABLIH KyaThl 2000-KbUTIapapiy
0achIHIaFbl KOMITBIOTEPIICPACH aChIIT TYCE/i,013/1iH eNiMi3/ie OKBITY MaKCaThIHA YSJIbI Te-
nedoH a3 KOJJIaHbLIa IbI.

Hotu:xenep Men Tankpiiaay. MoOMIB/I OKBITYFa apHAJIFaH KOCHIMIIIATIAP/BI 93ipiey
JKOHe Taiiianany OOMBIHIIA 9/1iCTEMEIIK YCHIHBICTAP/IBIH KOIITITiHEe KapamMacTaH, oJlap arail
alTKaH/Ia, JKaJbl QJICYMETTIK TIOHJIEP CajachIH/Ia OKBITY YIIiH 9Ili JIe KETKUTIKCi3. bimim
aJTyIIBUTAP/IBIH MOOWIIBIII OKBITYFa TEXHUKAJBIK JKOHE MCUXOJOTHSUIIBIK JaibIHIBIKTAPHIH
anbikTayMakcatbiaaal 1;11])KoHripXaHaTbHIaFpIarpapiIbIK—TEXHUKAIBIK yHUBEPCUTETIHIH
«AKnapaTThIK TEXHOJOTHsUIapy OlniM Oepy OarmapiamMachIHBIH OilliM alyIIbUIapblHa OKY
npornecinae MOOMIIBbAI KYPBUIFBUIAPbI MalialanyFa cayaiHama sxyprisingi. CayamHama
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XKYPprizy OapbICbIH/A )Kac epPeKIIeNiKTepi MEH KBIHBICHI eckepiameni. CayanHama xKyprizy
Google Forms muardopmackl apkbuIibl Ky3ere achipbuibl. CayaiHaMa HOTHKECIHAE OiiM
anyubuiapaeiH 100% cmaptdonaapel 0ap ekeHiH kepcerTi. SIFHU, OUTIM amylIbUIapabiH
cMapT(OHBIHIAFEl TEXHUKAIBIK MYMKIHIIKTEp 0JapablH MHTepHETKe Kipyre, SIeKTPOHIbI
KiTanTapnbl, CO3MIKTEp MEH aHBIKTaMaJIbIKTap/Ibl Maiiiajianyra, ayano koHe OeiHe Qaiin-
Japabl oiiHaTyra MYMKIHAIK Oepeni. 33,7% 10S onepanusiblk xyhecinae, KanraH 66,3%
Android onepanusiiblk KyHecinaeri cMapTdoHapra ue.

2-cyperTe OUTiM amymbuIapAbIH MOOMIAL TeaeOHAapbIH/Ia OPHATHIIFAH TEXHUKAIIBIK
MYMKIHIIKTEpMEH >KaOIbIKTaJIFaH Kypajaap Ti3iMi >KoHE CcaHbl NalbI3AbIK JKyiiene
KOPCETIITeH:

Cypem 2 — MoOunpai TenedoHFa OpHATBUIFaH KOChIMIIIAIap

JKorapbiarsl 2-cypeTTe KOpceTiireH MoOMIIbA1 Tesie(hOHFa OpPHATHIIFAH KOChIMIIaIaphl
coiikecinme 1-10 HeMipnepae KepceTiarex:

1. GPRS UnTepHeTke Kipy
. 3G HnTepHeTKe Kipy
. WAP Unrepuetke Kipy
. Bluetooth
. Madpaxp3sut mopt
. MP3 aiinnapbin oliHaty
. Aukroon
. Kanpkynstop

9. Java KochIMIIanapbeIHa KO XKeTKi3y (OWBIHAAp, SMEKTPOHIBI KiTanTap >koHe T. 0.)

10. dorokamepa

Binim anymsimapasiz ysutsl TenepoHAapbiH TEXHUKAIBIK )Ka0bIKTay onapabiH 80% - nan
actaMbl VIHTEpHETKE Kipyre, 3JeKTPOH/IBI KiTanTapasl, CO3IIKTEp MEH aHBIKTaMaJIbIKTaPIbI
naiinananyra, ayano aiigapasl oiiHaTyFa MyMKIiHIIK Oeperi.

3-cypeTtTe OimiM anmyibiap MoOWITB I TeneoH/1a KaH1ai KOChIMIIIaaap KOJIJaHaThIHBIH
KepceTei:

0N L bk~ WD
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Cypem 3 — binim anymsuiapabH KOCHIMIIAIap bl KOJIJIaHybI

Binim anymeutapaeiy 80% - maH actambl, aran aitkanga 64% - bl €3 KbI3METIHJIE
«Instagramy» aneymertik xemicin, 52% - colikecinme « WhatsApp» sxoHe «YouTube» Oeii-
HE XOCTHUHTIH TalJanaHaTblHbIH Kepyre Oonaasl. COHBIMEH KaTap, JIeKTPOHBIK TOIITa
oTe a3 maiJanaHbUIafbl, a1l MOOMIIBAI KYPhUIFbUIAPIAFhl MOTIHAIK XKoHE rpadUKaNbIK pe-
JaKTopiap AEpiiK MaiaanaHbUIMaibl. AJBIHFAH jKayanTap/bl Tajalail OTHIPBII, CTYACHT-
Tep TEXHHUKAJBIK KaOIBIKTHIH KOFapbl JICHIeHiHe KapamacTaH, YsUlbl TeledOHIapabIH
MYMKIHJIKTEPIH OKy VIIiH 9JICi3 ’oHE PEeTCi3 maiijanaHaasl JeTeH KOPBITHIHIBI jKacayFa
Oomazpl. [IcHXOMOTHSNIBIK AaHBIHABIKTEL Oily YLIIH OiTiM amymsiuiapaaH ysuibl TenedoH-
JapAbl naiiananyra Keneci cypakTapra skayar Oepy YChIHBUIABL:

* «Ci3 ysutbl Tenedonra GapIbIK KayKEeTTi KiTanTap MEH OKYJIBIKTapbl, MyTbTHMEINSIIBIK
MarepuangapAbl KYKTeH alrblHbI3 Kelle Me, cabakka JaWbIHABIK YIIiH TeCT CypaKTapblHa
MOOMIIBAI KYPBUIFBIIA JKayan OepriHi3 kene Me?»;

* «Ci3re MOOWIIBI 3KpaHja OAPIIBIK KAXKETTI KiTanTap MEH OKYJIBIKTap/Ibl, MyJIbTUME-
Jia Marepuangapbit, cabakKa JalbIHIaly YIIiH TeCTTep/Ii Kope alybiHbI3 KepeK me?»

JKayanrapne! Tangay kepceTkeHAeH, Oi1iM anymbuiapabH 83% - bl cabakka JaibHa-
Jy YUIH MOOHIBAI TeneoHFa OapiblK KaKeTTI MaTepHalaapIbl )KYKTeH alFbIChl Kelel,
17% - b1 Tepic xayan Oepai. Exinmn cypakka xayan Oeprenje: ysuibl TeJIeQOHHBIH dKpa-
HBIHAA OapibIK KaXXeTTi KiTanTap MEH OKy KypalaapblH, MyJbTUMEIUSUIBIK MaTepHalaap-
IIbl, cabaKKa JaibIHABIK CHIHAKTApBIH KOpe aly Kepek Ie AeTeH CYypakka, TeK 6% - bl Tepic
JKayan Oep/ii. AJIBIHFaH AepPEeKTEpAl CalbICTBIPY JKOHE Tajlay Ke3iHAe CTYACHTTEP IiH 0achiM
KOTIILILIIr OKBITYa MOOHJIIB/I1 TEXHOJIOTHSTHBI KOJIIAHYFa TEXHUKAJIBIK KOHE IICUXOIOT USLITBIK
TYPFBIJIaH JalbIH EKeHi aHbIK.

OxpITyna MoOMIBAI TeneoHaapAbl Naiiiananyra JaiblH CTyASHTTEpIiH caHblH Myp
rpaduringeri (cyper 1) TEXHONOTHAHBI NalJalaHyLIbUIAp CAaHBIMEH CaJbICTHIPAThIH
Oosicak, OHJa MOTEHIMAJIBl Al JalaHyIbUIap CaHbl MHHOBATOpJap CaHbIHAH djJeKaiina
KeTl 0OJIriH KaJblNTacThIpyFa KaOiIeTTi IereH KOPBITHIH/IBI )KacayFa OoJaibl.
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Oky mporeciHae MOOWIBII OKBITYJBIH aHa MYMKIHIIKTepiH TNaijanany VIIiH
MOOWJIIB/II OKBITY/IBIH 3aMaHayd CTpaTervsuIapblH, HhICAHIAPhl MEH SJIICTepiH €HTi3y OOM-
BIHIIA YWBIMJACTBIPYIIBUIBIK, 36PTTEY KOHE 9ICTEMEITIK KYMBIC KaKeT.

KopsoiThinabl. bonanrakra OKBITYIIBIIAp MEH OLTIM amymibuiap Oenriii Oip skepre
JKOHE yaKbITTa O11iM Oepy koHe OiJliM aiy MyMKIiHJIITIHEH IIeKTenMeyi kepek. bomamnrakra
MOOWIIBA1 KYPBUIFBUIAD MEH CBIMCBI3 TEXHOJIOTHsIIAp ayAUTOPHSHBIH ILIHIE 1€, ayIuTo-
pUsIIaH THIC OKBITYIBIH KYHICIIKTI O6JliriHe aiiHasa b,

Kazipri OimiM amymsmiapplH KeMIIulri OuriM Oepynae MOOWIBAI TEXHOJIOTHSHBI
KOJIZIaHyFa TEXHUKAJBIK KOHE TICHXOJIOTHSUIBIK TYPFBIIAH JaiblH )KOHE MOOHIIBJII OKBITY
MOTEHITHANIAPEIH THIMAIpEK Taianany VIIH XKaHa MYMKIHIIKTEP/i KapacThIpy KaxerT.
Byn wmingerri memy OumiMm Oepy OacIIbLIapBIHBIH, FaIbIMAAap MEH OKBITYIIBLIAPIIBIH
KOFapbl OKY OpPBIHAAPBIHBIH OKY MPOLECiHe MOOWIIBII OKBITYIbIH CTpaTerusiapbliH, HbI-
CaH/Japbhl MEH OMICTEpIH €HTi3y JKOHIHJET1 3epTTey KOHE OICTEeMENK >KYMBICTapbIHBIH
YHBIMAACTBIPYLIBUIBIK KYII-KIrepiH Tanamn eTesi.

Binim 6epyre MoOMIIB T TEXHOJIOTHSIIAP/IBI €HTI3Y :

* OKY NpOLIeCiHe KaThICYIIbIIapFa epKiH KO3FalyFa MYMKIHAIK Oepei;

* MYMKIHZITI IIEKTEYI KaHaapra O1TiM aryFa MYMKIHIIK Oepei;

* nepOec KOMIBIOTEP MEH Kara3 OKy 9[cOMEeTTEpiH CaThIll alylbl KAKET eTICH I, SIFHI
9KOHOMUKAJIBIK TYPFBIJJAH HET13/eNICH;

* OKy Marepuanjapbl 3aMaHayd ChIMCBI3 TEXHOJOTHSIIAPAbIH apKachlHAa NaiganaHy-
msIap apaceraaa oHait rapanansl (WAP, GPRS, EDGE, Bluetooth, Wi-Fi);

* MyJIBTUMEIUSUIBIK (DOpMATTaFbl aKmapar oKy MPOLECiHe KbI3BIFYIBUIBIKTEI apTThIpa
OTBIPBIII, MaTEPUAIIBI )KAKChl UTEPYTe XKIHE €CTE CAKTayFa bIKIIAN eTel.

KopbIThIHBUIAMN KeJIe, MOOHIIBII KOCBIMIIIAHBIH 0OJTybI OUTIM alylIbUIapFa Ke3-KeJareH
yaKbITTa, TinTi UHTepHET j%emici 0ommaca 1a, OHbI MOOWITB I KYPBUIFBIIaH iCKe KOCYFa JKoHE
TEOPUSUIBIK MaTepHalIibl 3ePTTEYre MYMKIHJIK OCpeTiHiH atam eTyre Oosaabl. MoOWIbI
KOCHIMIIIATAp €H KeH ayIuTOPHSIMEH THIMJII ocep eTy KypaslJapblHbIH OipiHe aifHamyma.
Konnan6ane! 93ipiey, opuHe, KOIT yaKbIT MEH KYIII )KYMCAWIbl, Oipak OKYy/Ibl LITepiIeTy IiH
Oacka KypanmapblHa OaFbIHOANTHIH MakcaTTapra KON JKeTKizyre okemeni. MoOwibai
KOCBIMIIIaHBI TIAlIalaHy Ke31HJIe KY3ere achIpblUTybl MYMKiH HHTEPaKTHUBTI OaCKapbUIaThIH
©31H-631 OKBITY KaruIachblH €HIi3y, COHBIMEH Karap, aKIapaTThIK-KOMMYHUKAIHSIIBIK
TEXHOJIOTUSTAP IbIH OLTIM aJTy [IBIHBIH TAHBIM/IBIK JKOHE OJICYMETTIK KbI3METIHE IeCTPYKTUBTI
oCepiH a3zalTyFa MyMKIiHIIK Oeperti.
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TEXHOJIOI'MSI MOBWJIBHOI'O OBYYEHUS B YYEBHOM ITPOLECCE
TEXHUYECKOI'O BY3A

B oaunoii cmamve obcyscoaemes 3HauuMocnms MOOUILHO2O 00VUeHUs 8 CPABHEHUU ¢ MPAOUYUOH-
HbIMU Memodamu 0byuerus. MobunbHble mexnonro2uu npedocmasiam Qp@ekmueroe 3aumooeicmeaue
6ceM yuacmuukam 06paz08amenbHo20 Npoyeccd, NO360NAI0N OP2aAHU308AMb COBMECIHYIO pabomy, d¢h-
hexmusHo pacnpedename pecypcvl u npedoCmasiams HeodXo0uMble UHCMPYMEHMbl OISl peuleHus yyeo-
HbIX 3a0a4.

Aemopbl cmamvu npedcmagnam ceou 632140bl Ha OPLAHU3AYUIO YHeOHO20 NPOYeccd 8 MeXHUYECKOM
8yze. OHU YCmanosuny, 4mo npuMeHenue MOOUTLHIX MEXHON02UI 8 YHeOHOM npoyecce NO360Isem Co-
CpeoomouUmbCs Ha GopMuposanuu oopa306amenbHol UPMYAIbHOU CPedbl, 8 KOMOPOU CIMyO0enmyl pas-
BUBAIOMCSL U 0OYUAIOMCSL OO PYKOBOOCTNEOM NPenodasamers.

B cmamve mobunvroe odyuenue paccmampusaemcs Kaxk nepcnekmugHoe Hanpaeienue pa3gumusl
yugpposoeo obpazosanus. ONUCLIBAIOMCS NPEUMYUeCmea U HeOOCMamKy MOOUTLHO20 0OYyYeHus npu oOp-
2anuzayuy yuebHo20 npoyecca, d makdice pacKpbleaemcs cooepiicanue MOOUNbHBIX NPULONHCEHUIL 8 00-
pasosamenviom npoyecce. Takoice npusoosimcs npumepvl NPUMeHeHUst MOOUTIbHO20 00yUeHUsl 6 cospe-
MeHHOM 00PA308aHUL.

Hecmomps na mo, umo mobunvivle meiegh)onsl WUPOKo pacnpocmpanensvl U O0Cmynivl 0Jii 00yuaio-
WUXCA, 8 OMEUeCMEEHHbIX 8)3aX MOOUNbHOE 00yYeHue uchonb3yemcs pexce. Cmamovs 00vbACHAem mepMuH
«MObUNLHOE 0Oyuenuey u 3ampazueaem npoodIeMvl €20 UCHONb308AHUs U UCCTIE008ANUS 8 0DPA308AHUU.
Hns ananuza 20mogHocmu 00y4alouuxcs K UCNonb308aHUI0 MOOUTLHBIX MEXHOI02UL 8 00yUeHUY Dbl npo-
6eden onpoc cmyoenmog NPocPAMMbl «UHGOpMayUoHHbIe MeXHONo2ULy AepapHo-mexHu1ecko2o yHueep-
cumema umenu JKaneup xana. Pe3yrsmamel onpoca 0vLiu npoanaiusupo8anbl.

B pesynvmame onpoca 6vin coenam 6b1600 0 MoM, Yno MEXHUHECKAs U NCUXOTOSUHECKAsl 20MOGHOCb 00Y-
UAIOWUXCSA K UCNONL30BAHUI0 MODUTLHBIX MEXHONOSULL 8 Y4eOHOM npoyecce 8y3a mpebyem OanbHeluezo usyye-
HUsl HOBLIX BOIMOJICHOCTEL 0711 BOIee IPPEKMUBHO20 UCNOTL308AHUSL MOOUTLHBIX MEXHONOUL 00)YEHLS.

Kniouesvie cnosa: mobunvnoe obyuenue, yughposvie mexnonocuu, MooOUIbHOE NPUIOdICeHUe, NOPMA-
mueHble MOOUbHbLE YCMPOUCmed, 6ecnposooHble cemu.
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Zhangir Khany Uralsk, Kazakhstan
4Baltic State Technical University « VOENMEH» named after D.F. Ustinov,
Saint-Petersburg
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MOBILE LEARNING TECHNOLOGY IN THE EDUCATIONAL PROCESS
OF A TECHNICAL UNIVERSITY

This article discusses the importance of mobile learning compared to traditional teaching methods.
Mobile technologies provide effective interaction for all participants of the educational process, allow
organizing collaborative work, effectively distribute resources and provide the necessary tools for solving
educational tasks.

The authors of this article present their views on the organization of the learning process in a technical
university. They found that the use of mobile technologies in the learning process allows focusing on the
formation of an educational virtual environment, in which students develop and learn under the guidance
of a teacher.

The article considers mobile learning as a promising direction for the development of digital education.
1t describes the advantages and disadvantages of mobile learning in the organization of the educational
process, and also reveals the content of mobile applications in the educational process. Examples of
mobile learning in modern education are also given.

Despite the fact that cell phones are widespread and accessible to students, mobile learning is used
less frequently in domestic universities. The article explains the term “mobile learning” and touches
on the problems of its use and research in education. To analyze the readiness of learners to use mobile
technology in education, a survey of students in the “information technology” program of Zhangir Khan
Agrarian and Technical University was conducted. The results of the survey were analyzed.

As a result of the survey, it was concluded that the technical and psychological readiness of students
to use mobile technology in the educational process of the university requires further study of new
opportunities for more effective use of mobile learning technologies.

Key words: mobile learning, digital technologies, mobile application, portable mobile devices,
wireless networks.
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ANALYSIS OF THE CONSEQUENCES OF BREAKDOWNS OF HYDRAULIC
STRUCTURES AND THE OCCURRENCE OF EMERGENCY SITUATIONS

The problem of prevention and elimination of emergencies remains very urgent. The prediction of area
flooding as a result of seasonal floods, or due to emergency situations is important and is solved on the
basis of various technologies. Computer modeling methods based on direct hydrodynamic calculations of
surface water dynamics seem to be an effective direction. Of particular interest is modeling the dynamics
of filling of hydraulic structures in mountainous terrain.

In this article, features of destruction of hydraulic structures in emergency situations on water
bodies. The article also mentions the methods of monitoring water levels in the reservoirs. A description
of flood monitoring technology is given, the results of its practical use in some regions are discussed,
and directions for further development are outlined. This information is subsequently used to predict the
emergency situation.

Key words: dam, reservoir, flooding, mathematical model, monitoring, forecast, breakthrough,
environmental safety.

Introduction. According to the report of the United Nations Commission, the damage
caused by natural disasters, particularly floods, has been increasing over the years, and the
economic losses caused by floods have led to a decrease in the gross domestic product. To
select a set of measures to minimize damage, it is advisable to forecast the main charac-
teristics of floods that affect the amount of damage. Their magnitude affects the degree of
severity of the consequences of floods for the population, economy, agriculture, etc. [1, 2].

In the last century in the world there have been more than a thousand cases of failure of
hydraulic structures, the causes of which, among the meteorological phenomena were also
factors of geological and geophysical nature [3, 4].

Based on statistics for the 15,000 large dams that exist in the world, there has been an
average of 1.5 failures per year, which means that the probability of dam failure is approxi-
mately 1-4 cases per year [5].

Modern information technology provides powerful tools for collecting, storing and pro-
cessing data. Integrated application of mathematical modeling and geographic information
systems is the most effective strategy for solving the problem of adequate, rapid monitor-
ing and analysis of threats of water body breaches. It will make it possible to assess the
environmental risk, predict the possibility and the expected time of the dam break of the
wave arrival to the settlements, as well as competently manage the hydraulic situation in
the region.

* E-mail xoppecionaupytomero apropa: ziyatbekova@mail.ru
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Existing hydraulic safety systems are mainly designed for large bodies of water, and
their software and technical operation requires large staff and appropriate conditions. There-
fore, development of autonomous hardware-software complexes for monitoring of filling in
real time is urgent for reservoirs with volume up to 100 min. m’.

Lakes and rivers of Kazakhstan are sources of fresh water and are used in the life sup-
port of the country’s population, for irrigation of agricultural land. Currently, there are 1,665
hydraulic structures in the republic, including 443 large dams and 125 dike. The main prob-
lem in Kazakhstan is that many of them are remote, disconnected from power supply sys-
tems and pose some threat to the population.

In the spring of 2010, Almaty Oblast was hit by a tragedy: the flooding, with human
casualties and devastation. The natural disaster was caused by a dam break. In 2014, the
tragedy repeated itself in the Karaganda region.

Only the creation of an automated information system to monitor and prevent the hy-
draulic situation in the regions of Kazakhstan will solve the problem of minimizing the cost
of preventing floods and eliminating their negative consequences.

Hydraulic structures are complex technical objects that create a whole range of
environmental and nature-user problems even in normal operating conditions. The zones of
influence of a hydraulic structure on adjacent areas (reservoirs and downstream areas) are
quite long and can occupy hundreds of square kilometers.

There are now many known examples of flooding emergencies caused by the spread of
floodwaters and breakwaters. At this time in our country is the task of protecting agricultural
land and settlements from flooding. Flooding of agricultural land occurs both during the
passage of large-scale floods and natural, man-made factors.

The problem of floods is becoming more and more acute. The situation when settle-
ments in different regions of the country literally go under water has already become the
norm. At the same time, the budget is still spent on floods, instead of preventing them. Flood
is a phase of the water regime characterized by an intense, usually short-term increase in
discharge and water levels caused by rainfall or snowmelt during thaws. Springtime flood-
ing is a seasonal phenomenon, and, in fact, it’s a recent phenomenon that cannot be avoided
to any degree.

Attempts to resolve the conflict between the need to use floodplains and coastal lands
and losses from possible flooding have been made repeatedly by many experts. But so far
this conflict has not been resolved. To solve the problem of the possibility of using coastal
land, it is necessary to analyze the possible damage from floods.

In the event of a flood or breakthrough wave, the quality of the land is significantly
degraded. Even a short-term rise in river water during a flood can cause flooding of coastal
lands, which will invariably lead to significant losses associated with both the possible loss
of crops and deterioration of land quality.

As measures to prevent damage caused by possible flooding, it is necessary to carry out
engineering measures such as:

— monitoring and regulation of flood flow using various engineering structures: dams,
dikes, riverbank reinforcement, straightening river channels, etc.;

— design and rational placement of infrastructure elements and residential buildings in
accordance with the potentially dangerous areas of possible flooding; in areas with frequent
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cases of flooding it is possible to build houses on piles, or to transfer the first floors of build-
ings into non-residential housing;

— ensuring the sustainability of operations, taking into account the possible occurrence
of emergencies, important infrastructure elements: bridges, communication lines, etc.

The occurrence of emergency situations on hydraulic structures leads, in particular, to
such hydrodynamic accidents as the destruction of a hydroelectric complex and the forma-
tion of a breakthrough wave with catastrophic consequences in the tailrace - the destruction
of dams, dikes, power, industrial and civil facilities, flooding territories, loss of human life.
The main causes of emergencies are natural or man-made factors, such as overflow of the
reservoir head or a terrorist act. Man in the modern world is becoming more and more dan-
gerous to live in. While natural disasters such as earthquakes, floods, and forest fires have
always posed a threat, they have recently been joined by man-made disasters. The most
dangerous are accidents at large environmentally sensitive facilities, which include many
water management structures (dams, reservoirs, levees). Every day we hear about dam and
dam failures, accidents at nuclear power plants, gas and oil pipelines, resulting in floods,
toxic gas discharges into the atmosphere, and tons of oil spills. All of this can even be due to
the slightest breach of technology and safety technology, negligence, oversight, and finally,
because of the notorious “human factor”. Dams have been built for thousands of years - for
flood control, power generation, drinking, industrial and agricultural water supply. By 1950,
many governments, and in some countries private companies as well, were building more
and more dams in response to growing populations and growing national economies. The
construction of dams was seen as an important means of meeting water and energy needs
and as a long-term strategic investment capable of producing multifaceted benefits. Some
of these benefits are typical of large social projects involving infrastructure development,
while others are either unique to all dams or specific to some of them.

Experimental. The research will address the following scientific questions: Based on
the results of hydraulic data (signals) processing, development of mathematical models and
algorithms for their calculations. Depending on the class of mathematical model different
sections of mathematics will be applied: differential equations, difference equations, etc.

Scientists have concluded that the effects of dams have a major impact on the environ-
ment, since flow rates and soil erosion are directly related. Dams prevent sediments accu-
mulated in rivers (mud, waste, etc.) from reaching the sea. Therefore, near the confluences
of rivers, accumulations of such wastes are formed, leading to the formation of erosion.

Nevertheless, the past 50 years have revealed many characteristics of dams and their
impact on society and the environment. Large dams have fragmented and transformed the
world’s rivers. Dam failure has catastrophic consequences. First, the flow destroys the struc-
tures created by human hands on the land below the dam. Secondly, the powerful streams of
water squander their energy not only uselessly, but also with great harm to humans. Thirdly,
formerly flourishing lands are ravaged, piled with stones.

As we enter the twenty-first century, the world faces many challenges, foremost of
which is the need to create a sustainable way of life that will not endanger future genera-
tions. Fresh water is an important element of life on our planet. Therefore, sustainable de-
velopment requires the sustainable use of the world’s limited freshwater resources. The role
of water resources in the development of the productive forces of our society, in solving
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national economic and socio-cultural problems is increasing every year. Water resources
predetermine the development of individual regions, location of industrial facilities and
settlements, play a paramount role in the formation of natural and technical complexes,
such as water management nodes, irrigation and drainage systems, energy, agro-industrial
and other complexes.

According to various scientists, in the future there may be serious disagreements and
contradictions between countries in the use of fresh water, which can escalate into military
conflicts [6].

Clog dams have disrupted the natural flow of rivers, led to the development of stagnant
processes, reduced the ability of “self-purification,” drastically changed water quality, etc.
Increasing pressure in dams and their deplorable condition can lead to their destruction. A
natural disaster or sabotage explosion could result in a devastating flood.

In the operation of hydraulic structures, in particular dams, the destruction of the pres-
sure front of hydroelectric installations is one of the most dangerous cases of accidents,
leading to significant economic, environmental and social consequences, as well as affect-
ing significantly the ecology of the tailrace of hydroelectric installations.

Based on statistics for the 15,000 large dams that exist in the world, there has been an
average of 1.5 failures per year, which means that the probability of dam failure is approxi-
mately 10 cases per year. The accuracy of prediction of the spill hydrograph depends on the
reliability of forecasting the parameters of the spill wave (change in time of the flow depth,
flow velocity, etc.) in various flood areas, information about which is necessary to select
the location of economic facilities, development of flood control measures, drawing up an
action plan in case of a breach, assessment of the consequences of the wave passage and the
subsequent environmental situation, insurance of retaining structures, etc. [7].

The basis for the formation of population protection is the zoning of the territory ac-
cording to the types and degree of possible danger in case of catastrophic flooding by a
breakthrough wave. To predict the engineering situation during the passage of the break-
through wave, it is necessary to calculate its main parameters, which include: the maximum
height of the breakthrough wave; the maximum velocity of the body of the wave; the speed
of the breakthrough wave front; the tail speed of the breakthrough wave; time of reaching
characteristic points of the breakthrough wave (front, crest, tail) to the design sections.

To effectively protect the population, objects and territories, a methodology and pro-
gram for calculating the parameters of the breakthrough wave and flooding zones, as ap-
plied to the hydromorphometric conditions of our country are needed.

Result and discussion. The theoretical basis is based on the study of the movement of
the breakthrough wave during hydrodynamic accident on the hydraulic structures of the
pressure front.

We consider a slowly changing unsteady fluid flow on the section d/ of some channel
with the live cross-section area at the beginning of the flow S. The calculation scheme of the
breakthrough wave motion is shown in Fig. 1.

The coordinate of the free surface of the flow at the initial section is denoted by z, and
the average velocity at this section by v. At distance d/, coordinate z and velocity head
ov?/2g will receive the following increments: dz and d(av?/2g), respectively (o is the Corio-
lis coefficient) [8].
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Figure 1 — Calculation scheme of the breakthrough wave motion

For rivers, the longitudinal gradient for channels is relatively small, so for the break-
. o . . .
through wave flow, the acceleration equal to BLEV (taking into account the irregularity of
velocity distribution in the section) acts along the axis / (o, is the Boussinesq factor; ¢ is the
time of flow, s).

In accordance with Fig. 1, taking into account the work of inertial force per unit weight
of the fluid at section d/, the equation of conservation of total specific energy for the section
with coordinate z and the section at the increment d/ at unsteady motion of the breakthrough
wave body is

2
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where i, is the slope of friction:
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where O — flow rate in the section, m3/s; K — flow characteristic, m?/s, K = SCVR ; R—hy-
draulic radius, m; S — live cross-sectional area of the flow, m?; C — Shezi coefficient, m®3 /s,

C= 0 R | n — roughness coefficient of the watercourse, s/m°%.

For calculation of open channels it is recommended values y =0,2...0,25. For the calcu-
lations in the work took y = 0,25.

Dividing both parts of equation (2) by d/ with the friction slope taken into account, we
obtain the following equation:
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0z oh
where — = | =i —— — free surface slope; i — stream bottom slope; 4 — flow depth, m.

al al
After transformations, equation (4) takes the form of the Saint-Venant equation [8, 9]:

_oh_av _ov_ o, ov Q2
—¥*rt— w2 (5)
T g E)I g at K

or

_oh_av ov o, ov v’

AT g ol e ©)

The complexity of the equations in question and the impossibility of obtaining analytical
solutions required the use of numerical methods based on the approximation of derivatives
by finite differences [10]. Systems for real-time monitoring of water bodies, based on
automation of information collection and processing, are being developed for practical
application.

The main concepts of this work is to identify ways to establish a monitoring system,
in particular, predicting the risks of accidents due to dam breaks, analyzing data, the
characteristics of objects falling into the flood zone and obtain instructions for an
immediate response to prevent emergencies. The objectives of the work are to analyze
the consequences of a dam break and the immediate response to these events, to predict
possible flood zones, the destruction of downstream dams, recommendations for rescue
operations.

To solve the problem of obtaining flood zones as a result of flooding, the following ways
of obtaining results are possible:

1. Physical models;

2. Conducting analytical calculations;

3. Numerical modeling.

To date, it has been shown that it is possible to determine the parameters of flood and
breakout wave propagation only by using numerical computer modeling. Fluid flows are
divided into two very different types: laminar (smoothly varying, regular) and turbulent
(disordered). In cases of flood and breakthrough wave propagation, the fluid flow will be
turbulent [11].

All existing software packages can be divided into one-dimensional, two-dimensional
and three-dimensional. Numerical modeling in one-dimensional and two-dimensional
cases greatly simplifies the model under study, and does not give a complete picture of the
processes occurring during the propagation of the breakthrough wave or flood wave, which
will be shown below. Thus, the most accurate would be to use three-dimensional numerical
modeling to perform flood and breakout wave calculations.

In most cases, the basic system for hydrodynamic modeling is a three-dimensional
system of Navier-Stokes evolutionary equations.

Let's analyze the necessary input data for different ways of modeling.

Saint-Venin's system of differential equations for unsteady fluid motion, assuming flow
in a channel with a sufficiently large bottom slope, can be reduced to the form:
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where: ¢ — time, 0 < ¢ < T = const, s; x — spatial coordinate in the direction of motion, and

0 <x </, m; J — bottom slope, m/m; b — width ¢ of the channel, m; A(x, ) — channel
bh?

depth, m; K(/) — flow characteristic of the channel (K(h) = P where n — is the roughness

coefficient); v(x, ) — average flow velocity in the channel cross section, m/s; Q(x, ¢) — flow
3

rate in the selected cross-section, m? .

To calculate by these equations describing unsteady nonuniform movement of water
masses, it is necessary to set initial and boundary conditions on the river section. Initial con-
ditions require to set the state of the flow, its velocity or flow rate at all points of the channel
at the time ¢ = 0. Boundary conditions determine the water level, its velocity or flow in the
upper and lower sections of the river at any time.

The initial conditions will be of the form:

(x,0) = 0,(x),  b(x,0) =y, (x), )

Boundary conditions:
Q(0,t)=0,(t), h(0,t)=y, (1), (10)
QL) =a,(1)., h(l.t)=y,(). (11)

The problem can be solved by dividing the interval [0, 7] into segments and calculating
on them all the characteristics of the flow, because for real river channels in a non-uniform
movement area of the cross section varies depending on x, and since the motion unsteady,
then the area also depends on time. Thus, it is necessary to divide the section into segments
with unchanged hydraulic characteristics, then solve the system of Saint-Venin equations
for the segments, where for the first segment the input hydrograph is taken from the initial
data, then the flow parameters in this segment are calculated and the output hydrograph,
which serves as the output hydrograph for the second segment, and so on.

The task of modeling river flow is an important problem. Currently, there is no single solu-
tion for predicting river flow. The constant desire to simplify methods leads to a loss of quality
in the results of the study. But more complex models require numerous observational data,
which are often not available, so we have to resort to simplifying models. One-dimensional
models of river flow modeling can be used only for preliminary calculations. One-dimension-
al models of river flow modeling can be used only for preliminary calculations [12].

Conclusions. The paper shows that it is possible to determine the parameters of flood
and breakthrough wave propagation only with the use of numerical computer modeling. All
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considered methods do not allow to quickly obtain baseline data to justify flood protection
measures and require significant material and time resources. Thus, there is an obvious
need to create a simplified technology for engineering justification of flood control mea-
sures, comparable in terms of reliability of obtaining results with existing ones, but with
the advantage of speed of modeling and ease of implementation. The technology should,
with a minimum set of input data, make it possible to simulate the propagation of the flood
wave or breakthrough wave, which results in a two-dimensional map of the study area with
flood zones, ranked by depth, as well as other parameters that characterize the propagation
of waves.
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monitoring the level of occupancy of water bodies.
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I’ 3. BSHATFEKOBA"?, JK. BUAXMET?, P. C. AJITOJKAEBA? K. T. A3AHBAH?,
O. T. MA3AKOBA? I. b. CYJIEUMEH?

'Kaszaxcman Pecnyonuxacel Fouivbim dcane sco2apol Oinim munucmpiiei AKnapammoix
JrcoHe ecenmeyiul mexHono2uanap uncmumymol, Aamamol, Kazaxcman,
2an-@apabu ameindazel Kazax yammuix ynueepcumemi, Aimamot, Kazaxcman

I'MAPOTEXHUKAJIBIK KYPBIJIBICTAPABIH b¥3bIJ1YBIHBIH CAJIJIAPBIH
KOHE ABAPUSLIBIK KAFJANJIAPIBIH TYBIHIAYBIH TAJIJIAY

Tomenuie caz0atiniapovly anblH ALy HCIHE ONAPObL AHCOI0 MIceNeci ome 03eKkmi 60bin Kaia oepeoi.
Maycvimovlk cy mackviHbl Hemece memeHule Hcaoaunap Hamugcecinoe aymakmol cy 6acyovl bonxcay
ome Manbl30bl OOILIN MAOBLIAObL JCIHE ONAp IPMYPIL MexHoLo2usIap He2izinoe wewinedi. Kep ycmi
CYnapul OUHAMUKACLIHGIY MiKenel 2UuOPOOUHAMUKANBIK ecenmeyiepine He2iz0eneen KOMNbIOmepniK Mo-
denvoey adicmepi Kawian oa muimoi 6agvim 6onvin kepinedi. Taynvl diceprepoe 2uOPOMeEXHUKAIbIK
KYPbLIbICIapobl cyMeH MoNmbvlpy OUHAMUKACHIH MOOETbOe)y epeKule Kbl3bl2VUlbliblK Ny0blpamuitbl pac.

Byn makanaoa cy obvexminepindeci momenuie Hcaoaunapoa 2uOpOmMexHUKAIblK KypbliblCMapobly
oy3vLny epexuenixmepi kapacmoipuvinean. CoHbiMen Kamap mMakanaod cy KouManiapbiHoagsl ¢y 0eyeeiin
oaxvLiay 20icmepi 0e atimvinadvl. Cy mackpinvli 6aKbIIAY MEeXHOL0UACHIHbIY CUNAMMAMACH] KeNMIPInceHn,
OHbl KellOip aumakmapoa npakmukaibl KOI0AHy Hamuxcenepi maikblianbin, 00aH api 0amy 6azelmmapbl
yevinvLiean. byn aknapam xetiinnen momeHute sHca20atiovl 60IHCaAy Yulit KOIOaHbLIAObL.

Tyitin ce30ep: 6ocem, cy KouMacwl, Cy MACKbIHbL, MAMEMAMUKALLIK MOOelb, OaKwliay, 001xcay,
cepninic, IKONOSUAILIK KAYINCi30iK.

I. 3. SHATEEKOBA', JK. FHJAXMET’, P. C. A/ITO;KAEBA? K. T. A3AHBAI,
A. T. MA3AKOBA? H. . CYJIEUMEH?

YUnemumym ungpopmayuonnvix u eviuuciumensuvix mexnonoautt KH MHBO PK,
Anmamut, Kazaxcman,
2Kaszaxckuil HayuoHanibhwill yHusepcumem umenu aio-Papadu, Aimamol, Kazaxcman.

AHAJIN3 HOCJIEACTBUSA PASPYIHEHUA THAPOTEXHUYECKUX
COOPY)XEHUI 1 BOSHUKHOBEHUE ABAPUMHBIX CUTYALIUI

IIpob6rema npedynpedsicoenus u IUKEUOAYUY YPE3BLIYAUHBIX CUMYAYULL OCIMACMCS 04eHb AKMYAIbHOU.
Ipozrosuposanue 3amonienusi meppumopuil 8 pe3yibmame Ce30HHbIX NAB0OKOS UL 6 Pe3yibmane upes-
BBIYAUHBIX CUMYAYULL UMeem 8AXHCHOE 3HAYEHUE U Peuldemcs Ha OCHO8e PA3IUYHbIX mexHon02ull. Memoob
KOMIbIOMEPHO20 MOOCIUPOBAHUSl, OCHOBAHHBLE HA NPAMBIX 2UOPOOUHAMUYECKUX PACUEMAX OUHAMUKU HO-
BEPXHOCTHBIX 800, NPeOCMAsIAOMCs dhpexmusnvim Hanpasienuem. Ocobwlll unmepec npeocmasisiem
MOOenUposaHUe OUHAMUKY 3ANOTHEHUsI SUOPOMEXHUUECKUX COOPYICEHUTL 8 2OPHOU MECIHOCHIL.



Ziyatbekova G. Z. e. a. Analysis of the consequences of breakdowns of hydraulic ... 77

B oaunoii cmamve paccmompenvl ocobennocmu paspyuienus uOPOMEXHUYECKUX COOPYICCHUL 6
Upe3BLIYAUHBIX CUMYAYUAX HA B0OHBIX 00bekmax. B cmamve makoice ynomMunaromes memoovl MOHUmMO-
PpUHea yposHsi 600bl 8 8000Xpanunuwax. Ilpusedeno onucanue mexHoro2uu MOHUMOPUHeA HABOOHEHUI,
00cydHcOenbl pe3ynomamyl eé nPaKmuiecko2o UCNONb306aHUs @ HEKOMOPLIX PecUOHAX, HaMeUeHbl HANPas-
Jlenust danvbHenwe2o pazeumus. dma uHgdopmayus Gnocieocmeu UCNOIb3Yemcs 05 NPOSHO3UPOBAHUS
upe3euLIYaHol CUMYayuu.

Kniwoueevie cnosa: niomuna, 6o0oxpanunuwye, HA8oOHeHUe, MAMEMAMUYECKAs MOOeb, MOHUNO-
PpUHe, NPOCHO3, NPOPLIE, IKONO2UHECKAS DE30NACHOCTb.
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APPROACHES TO THE DESIGN OF A SOFTWARE SYSTEM FOR
MONITORING AND ANALYZING DATA OF SOCIAL NETWORKS,
ADAPTED TO THE SPECIFICITY OF THE KAZAKH AND
RUSSIAN LANGUAGES

This article is a description of the process of designing a sofiware system for data analysis and
monitoring of social networks, adapted to the specifics of the Kazakh and Russian languages. Also, a
review of existing systems used by ordinary users, government agencies, commercial organizations, as
well as scientific organizations, and designed for the analysis and monitoring of social networks, was
carried out.

Key words: social network, social network monitoring, social well-being, user perception assessment,
software system.

Introduction. Today, the Internet has become the main means of communication, and
social networks have become the main platform for communication and interaction. More-
over, social networks are a source of huge amounts of information and are widely used for
research purposes, marketing, various business tasks, tasks related to security at various
levels, recruiting agencies, etc. The use of such sources is not an easy process, and the prob-
lems that arise along the way require specialized technologies and tools. The main tasks of
software systems for analyzing data from social networks are: achieving an understanding
of the processes occurring in social networks (analysis and monitoring), as well as transfer-
ring the social network to the required state (forecasting and management).

Existing software tools used in the activities of companies in our country have a number
of shortcomings. Basically, such developments are foreign, the linguistic dictionaries of
which are poorly adapted to the specifics of the Russian and Kazakh languages; any situa-
tion is monitored manually, there is no practice of using Data Mining methods to process
the information array of streams.

As a result, the task of creating a software system for data analysis and monitoring
of social networks becomes relevant. The implementation of the software tool will allow
monitoring social networks and web resources, solving a wide range of business tasks in
real time: identifying reputational and informational threats, criticism, negativity, misinfor-
mation, tracking the mood of the company’s customers and responding to their complaints
and suggestions, fighting fraud, brand management, formation of new sales channels, etc.

Materials and methods of the study. Review of Existing Systems for Monitoring and
Analyzing Social Media Data. To date, there are quite a few tools for monitoring social

* E-mail xoppecionaupyromiero apropa: raushan85 07@mail.ru
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networks and content analysis. The foreign market is represented by such systems as
TweetDeck, Hootsuite, PolyAnalyst, Socialmention and other analogues that allow using
social networks to solve a wide range of business problems. As for the market of Kazakhstan,
it is not richly represented by domestic developments in opinion monitoring. There are such
systems as iMAS, Alem Media Monitoring. Table 1 presents the functionality of software
systems.

Table 1 — Functionality of software products

Sales percentage, %
Compare parameter Proposed Alem.Me.:dia iMAS PolyAnalyst 1QBuzz
system Monitoring
Russian language support 100 100 100 0 100
Kazakh language support 100 100 100 0 0
English language support 100 0 100 100 0
Modeling social well-being 100 0 0 0 100
Analysis detail 100 0 0 0 0
Social media monitoring 100 100 100 100 100

As shown in the table, the systems have a number of disadvantages. In the considered
software systems, there are no modules for managing the tone dictionary for modeling social
well-being. All of the above systems have a number of disadvantages. Foreign systems do
not take into account the syntax of Russian and Kazakh languages and are aimed mainly
at foreign users. They, among other things, have a rather high cost, and free versions,
in turn, do not provide access to all the functionality of the program and algorithms for
finding information, which significantly reduces the efficiency for finding answers and user
comments.

The proposed software system for monitoring and analyzing data from social networks
will be implemented based on the use of the functionality of similar systems, and is primarily
aimed at research purposes, taking into account the syntax of the Russian and Kazakh text,
and will also be more accessible to users. The system will use: a semantic profile model,
machine learning algorithms, production model methods, which will make it possible to
build rules for assessing social behavior, and to perform a quantitative analysis of the tone
of the text.

The body. Outcomes. Sofiware system design concept. Functional Software Tool
Design. The context diagram of the software system model is shown in Figure 1.

The input is information converted by the function block. For this model, the input
information is social network data. The governing mechanism is the regulations of social
networks, dictionaries. The executing mechanisms are the system itself and the moderators of
the system. Various types of reports on public opinion, quantitative reports on the assessment
of the tonality of topics with monitoring visualization serve as output information .

The software system consists of three stages: «Data entry», «Data processing», «Report
generationy.
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Figure 1 — Context diagram of the software system model

Figure 2 — Decomposition diagram of the first level

Next, we will simulate the problem using UML. Figure 3 is a system use case diagram
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Figure 3 — Usage diagram

The system must use a database that will contain all the necessary data tables. Figure
4 shows an entity-relationship diagram, which is a data model and includes entities and
relationships that reflect the main business rules of the subject area.

The architecture of the designed system is based on a three-level model of a client-
server application (DBMS - graphical user interface - business logic).

Software system requirements. Functional requirements. The system must:

— Have the “Connector” module that allows you to configure connection settings to
Internet resources and APIs of well-known social networks from the resource catalog;

— Have a module «Linguistic constructor» that allows you to create a tonal dictionary
in Kazakh and Russian;

— Have the «Data Processing and Analysis Platform» modules that allow modeling
social well-being and building a quantitative analysis of the results of monitoring social
networks, processing data in order to determine the assessment of sentiment, using machine
learning algorithms;

— Have a module «Visualization generating reports» in PDF format and allowing you to
build graphical representations of the results of quantitative analysis;
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Figure 4 — Entity-relationship diagram

— The System should be able to respond to public publications or comments that are
displayed as a result of monitoring in a special section, without entering the specified social
networks. Also, from the public comments (mentions) displayed in the monitoring results,
it should be possible to create an internal task;

—The System should be able to collect feedback left on the company's mobile application,
hosted by the company in the Google Play /App Store application store. In the System, in
addition to collecting such comments, it should be possible to respond to them without
entering the Google Play / App Store application store.

— Work with texts in 2 languages (Kazakh, Russian);

— Determine the tone of the topic/text (negative, positive, neutral);

— Identify the profile of a participant in a social network by reading data on the
participant's profile; counting the participant's activity in the topic (the number of comments,
likes, reposts);

— Predict the behavior of society members, model social interaction;

— Calculate the index of social well-being of society.

Integration requirements.

The system must have built-in modules for connecting to the API of social networks
Vkontakte, Facebook, Twitter, as well as to the API of mobile applications in the Google
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Play and App Store. Monitoring in social networks should be carried out according to the
following rules:

1. Vkontakte:

— words or phrases;

— links;

— hashtags (prefixed with “#”)

— mention of any user/community page (with the “@” prefix);

— comments in the discussion on the personal page of the community;

— comments on the personal page of the community.

2. Twitter:

— words or phrases;

— links;

— hashtags (prefixed with “#”);

— mention of any page of the user (with the prefix “@”);

— tweets / publications / posts on the personal page of the user/community account.

3.Facebook:

— mentioning the user/community page in public publications/posts;

— mentioning the user/community page in public comments;

— comments on the personal page of the user/community.

Non-functional requirements (characteristics of the program and its environment). The
system must have the following characteristics:

—Dbe scalable. This is an obvious requirement for almost all large data processing systems.
As the volume of data increases, the speed of the system should increase;

— must be expandable. The number of data sources on the Internet is constantly
increasing. In addition, as the number of analytical tasks grows, so does the number of types
of data that need to be collected. Therefore, the system must be extended with handlers for
new data types;

— there must be a storage system. This is necessary primarily to ensure that the same
data is not collected multiple times.

User interface requirements:

— the appearance of the user interface and forms of interaction with the user should be
intuitive;

— the user interface should provide access to the internal functionality of the system, to
various digital content;

— the presence of a mobile version.

Information system security requirements:

— The system must have reliable means of protecting data from unauthorized access;

— system should have a security system at the level of best practices. The functionality
of the security system should provide: user identification; verification of the user's authority
when working with the system; differentiation of user access at the level of tasks and
information arrays in accordance with job responsibilities; blocking password guessing at
all entry points to the system

— the safety of information in the system must be ensured in the event of the following
emergency situations: — power failure, — software failure, — hardware failure, — database
destruction;
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— The system must have reliable means of protecting data from unauthorized access;

— the system must be operational 24 hours 7 days a week, downtime - no more than
20%.

Conclusion. Despite the fact that the foreign market is represented by a sufficient
number of tools for monitoring social networks and content analysis, there is a need for such
a system in Kazakhstan. There is a need to identify consumer opinions, identify reputational
and informational threats, criticism, negativity, disinformation, monitor the mood of the
company's customers and respond to their complaints and suggestions, combat fraud, brand
management, the formation of new distribution channels, etc. The projected system will
allow developing a new direction the market for software solutions for monitoring and
analyzing the opinions of social networks in order to obtain information on assessing user
perception of content and assessing the social well-being of society.
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KA3AK )KOHE OPBIC TUIJIEPTHIH EPEKIIEJITTHE BEUMIMJIEHTEH
IJIEYMETTIK KEJIJIEPAIH AEPEKTEPIH BAKBIJIAY )KOHE
TAJITIAY BAFJAPTAMAJIBIK )KYWUECTH JKOBAJIAY TOCLIJIEPI

byn makanaoa kazax oicone opvic miNOepiHiy epexuienikmepine Oetuimoencen  aieyMemmix
arceninepoeei depekmepoi manday dHcaHe MOHUMOPUHZIILEYee APHANAH 0a20aplaMANblK JHCYUEeHI HCo-
banay yoepiciniy cunammamacwl o6epineen. Conoau-ax, KapanauviM nauoalaHyubliap, Memiekemmix
opaanoap, KOMMePYUALIK YiublMoap, COHOAU-aK blIbIMU YUbIMOap NAtoaNanamyl JHCIHe dneyMemmiK
Jiceninepoi manoay meHn MOHUMopUHziieyee apHanizan Koa0aublCmagzol Jcylieniepee womy Heacaiobl.

Tyitin co30ep: aneymemmik diceli, aneyMemmix Hceli MOHUMOPUHSI, aleyMemmiK an-aykam, nauoa-
Janyubl Kabulioaysin 6a2anay, 6a20apramaiblk KAMMAMACsL3 eny HCyuect.

A. A. HMAHFBEP/BI, JI. JI. JIAY, P. H. MOJI/TALIIEBA?

'Eepasutickutl nayuonanvuwiil ynusepcumem um.JI.H.Iymunesa, Acmana, Kazaxcman
?Kazaxckuii acpomexnuyeckuii ynusepcumem um. C. Cetighyniuna, Acmana, Kasaxcman

MOJIXO/Abl K MPOEKTUPOBAHUIO ITIPOI'PAMMHOM CUCTEMBI
MOHHMTOPUHTA U AHAJIM3A JTAHHBIX COIIUAJIBHBIX CETEMN,
AJATITUPOBAHHOT'O IO CHENU®UKY KA3ZAXCKOI'O
N PYCCKOI'O SA3BIKA

ﬂaHH[lﬂ cmamus npedcmaeﬂﬂem cobotl onucanue npoyecca npoeKkmupoearusl npOZp(lMMHUIZ cucme-
Mbl AHATU3A OAHHLIX U MOHUMOPUH2A COYUATIbHBIX cemeﬁ, adanmuposal-moeo noo cneuuqbuky KAa3daxcKkozco
U pyccKoeco A3blKaA. Takorce npoeebeH 0630p cywyecmeyrowux cucmem, npumeHAaemvlx 00bIYHBIMU NOJIL30-
sameiimMu, 2ocydapcm6eHHblMu opeanamu, KOMMepUeCKUMU OPpcaHU3AyUuUAMU, d nmaKa#ce Hay4YHblmMu opeda-
HUuzayuiamu, u I’lpeaHab’Ha‘teHHblx 015l aHanu3a u MOHUMOPUHZA COYUATIbHBIX cemell.

Knrouesvie cnosa: coyuaiibHast cemv, MOHUMOPUHS COYUATIbHbLX cemeﬁ, coyuaibHoe camouyescmeue,
OYEHKA NoIb306AMeNbCKO20 60CNPULMUSL, NPOCPAMMHAA cCUcCmemda.



YK 004.9
https://doi.org/10.47533/2023.1606-146X.20

III. K. MYCHPAJIHEBA, M. K. IIIAH3AT, A. K. FEKETOBA, A. 5. MAHACOBA*

On-@apadbu amvindaswl Kazax yammolk yHUGepcumemi,
«Axnapammulx Kayincizoix scyiiecin mamanovlawl, Armamol, Kazaxcman
E-mail: manassova.akerke4493@gmail.com

BUTKOMUH KEJICIHIE KYJAIKTI TPAH3AKIIUAJIAPABI AHBIKTAY:
TAJIAY, BEJT'VIEP ’/KOHE MAIINMHAJIBIK OKBITY AJITOPUTMIEPI

Byn makanaoa xazipei ke30e2i ey maublMal KPURMoSa OmMaHvly Oipi — OUMKOUH Nypaivl Malimemmep
aumulnaosl. bBumkoun men O10K4€elH MEXHONOUAIAPBIHBIH HCYMBIC KAZUOAIAPbL KAPACMBIPLLLAObL, OHbIH
iwinde Bitcoin-uiy apmulKubliblKmapsl MeH Kemuinikmepi kopcemineen. JKymvicmoiy Hezizei Oasvimol
KpUnmoganomaniapovl, aman aumaHoa OUMKOUHOI 3aHCbl3 MAKCAMmapoa Nauoaianyobl manoayad
bazeimmangan. bumkour dcenicindezi KyOikmi mpaH3aKyusiapobl aHblKMay YuliH Oenciiep JHCuHagblH
aHbIKMayea epexkuie HA3ap ayoapblieat. 3epmmey AHCYMblCLIHOA KONME2eH 2bLIbIMU JHCAPUAIAHLIMOAp
MeH MaKananapea wony Jcacaivli, manoday JHcypeizinoi Jdcane ocvl 3epmmeynepoiy Homusicecinen 6aanay
Ke3inoe Bumkoun Kyoikmi onepayusanapea apHaiean mpan3akyusnapobly neeizei ampudymmapsl 001bin
mabviiamuln benzinep anbikmanovl. Kyodikmi Oumxoun mpaH3akyusiapovl aHbIKMAumvlH MOO0enbOi
oxbimy ywin 100 000-2a srcyvix mpansakyuscel oap 15 benieden mypamuln Kipic 0epekmep JHCUHARbI
(Oamecem) drcacanovl. Jlepexmep JcuHagvl KaIbINmMacKaHHau Kelin Ke30eiiCoK, OpMaH, 102UCTNUKATbIK pe-
epeccus, k-ey JrcaKvin Kopuiinep, wiewin agauivl CUAKmul OipHeue MAuuHAIbIK OKblmy an2opummoepine
Heziz0eeer OUMKOUH dicenicinoei KyOikmi mpaH3aKyusiapobl aublKMay YuiH MoO0enboep iHeacaiobl
orcone oKbimoliobl. COHbIMEH Kamap, Makaiaod MawuHan bl OKblmy ai2opummoepiHiy caiblcmulpMabl
Manoayeivly Homudicenepi, COHOAll-ax Hcoapsl 0INOIKMI KAMMAMACHL3 eMemin anreopumm mayoanan.

Tyitin co3dep. kpunmosanioma, On0Kyelin, OumKour, KyOikmi mpauzaxyusnap, oencinep.

Oneduerke mouy. Kasipri TaHna TeXHOIOTHSHBIH KapKBIHIBI JaMybIHAa OaliIaHbICThI
olleM/ie KPUNTOBAJIOTA JIeN aTajaThlH HU(PIBIK BaJIOTaIapAblH jKaHa (opManapsl naina
Oosryna. ATanFaH KpUIITOBAIIOTANAPAbIH SpPEKIICTIKTEpiHiH Oipi — onap OaHKTEp CHUSKTHI
JOCTYPITi Kap>Kbl MHCTUTYTTAPBIHBIH KAaThICYBIHCHI3 )KYMBIC icTe aa ipl. Epexine KapKbIHMeH
Tapajbll KaTKaH KPUITOBAIIOTAJIAPABIH Oipi KOHE €H TaHBIMAaJBICHl O — OMTKOMH. buT-
korH 2009 KbUTbI KYpBUIFAH aJFallKbl COTTI €HII31IreH KPUIITOBAIIOTA OONBIN TaObLIa bl
[1]. burkoun GarmapiamaiblK XaTTaMaHbl KOJIAHATBIH JKOHE KAThICYIIbIIAPFa BaJIOTAHBI
0ip-OipiMeH Tikenel aiibipOacTayra MYMKIHAIK O€peTiH OpTalbIKTaHIbIpbUIMAaraH >Kyhe
HETi31HJe KYMBIC XKacaiabl. BUTKOMHII KypyAarbl HETi3r Makcar amblK HUQPIBIK TexeM
XKyHeciH a3ipiey Oonabl. BUTKoMHHIH 0acThl apTHIKIIBUIBIFEL — OJ1 ayAapbIMAAPIbl Ky3ere
achIpy YILiH ©31H-631 KAMTaMachl3 €TETiH aJFallKbl, CEHIM/I1 )KOHE OPTaJIbIKTaHABIPbLIMAaFaH
KYHeH1 YChIHBI [2].

Butkounnep «MalHUHT» Jlen arajaThlH MPOLEAYpaHbl KOJJaHa OTBIPHIN, CaHAAP.bI
KAIITEyTe OaiIaHbICTHI KYPAEi TarchlpMatapibl OpbIHIAY apKbUIBI MATEMaTHKAJIBIK TYPAC
xacanansl [3]. butkonnaepai eHnipyMeH alfHaJIbICATBIH aJaMAapabsl MaliHepIep Ael ara-
nanael. MaiiHepiep TpaH3aKUusuiap >KypHaJIblH OHICH I KoHEe ONapAbIH 3aHIbIIBIFBIH pac-
taiinel. Kasipri kezae Bitcoin TpaH3akIMsICHIH TEKCEPYIiH OpTalla yaKbIThl IIaMaMEH alIThl
MUHYTTBI Kypai/ibl, aj1 91eM OOWBIHIIIA sKacalIbIIl KaTKaH OapIblK TpaH3aKIUsIIapAbIH Kap-

* E-mail xoppecionaupyromiero aBropa: manassova.akerke4493@gmail.com
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TBICBIHA JKYBIFBI JIEPIIK OCHI aTalifaH ajThl MUHYT HEMece OJlaH Jia a3 yakbIT ilIiHJe pac-
Tanansl [4].

buTkouH kemiciHaeri OapiblK TpaH3aKUWsUIap OJOKYEHH JIen araiaTbhlH TapaTbUIFaH
JIepeKTep KiTaObIH/IA jKa3bUIajbl. BlIoKYelH — OyJ1 Kayilci3 AepeKTep anMacy YIIiH KaHa
TYKBIpBIMIaMaliapAbl SHT13€TiH PEBOIIONUSIIBIK TeXHOMOTHS. O Kabl )KOHE TapaTbUIFaH
JKEJNIIepl Takiiagana OThIPII, OAPIIBIK asKTalFaH TPaH3aKIUsIapAbl Kayilci3 cakTayra
MYMKIiHJiK OepeTin 6okTap Ti30erineH Typaast [5].

BUTKOMH TpaH3aKIUACHIH KY3€re achlpy YLIIH KeJleci KaJaMaapabsl OpbIHIAY KaKeT:

— butkonHaepi cakrayra apHaNFaH OMHSH jKacaHbI3.

— AJTyIIBIHBIH MEKCH-)KalbIH aHBIKTaHbBI3 KOHE ayJlapblM COMAChIH €HT131Hi3.

— ApHaiibl pacTay KOAbI apKbUIbI TPAH3aKIUSHBI PACTAHBI3.

— MaiiHepnepaeH TpaH3aKIUSHBIH PACTaTybIH KYTiHI3.

— Tpan3axuus pacTaaraHHaH KeiiH 01 OJOKYEHHT e KOCBUIAbI )KOHE KapaskaT allyIIbIHbIH
OMHMSIHBIHA ayJlapbLIaibl.

IbiabIHAa, OIOKYEH — OYJI TapaThlIFaH MAJIMETTep 0a3achl, MyH/a 9p KAThICYIIbIIa
Ti30€KTeJIreHOJIOKTAp PETIH/IE CAKTAIAThIH OapIIbIK IePEKTePAIHKOIIipMeepi0oia sl Opoip
O70KkTa OYKiN TI30€KTIH TYTaCTBIFBIH KAMTAaMaChl3 €TETIH aJIbIHFbI BJIOK Typalibl aKnapar
Oap. OpOip OJOKTa JepeKTeplli aybICThIpyAaH KOPFAWTHIH alIBIHFBI OJNIOKTHIH XdIIi Oap.
Conpaii-ak, OJOK4YelH JepeKTepIiH KayilCi3IiriH KaMTaMachl3 €Ty JKoHe TPaH3aKIHUsIapIbIH
TYNHYCKAJIBIFBIH pacTay YILIiH KPUIITOrpaQusIbIK alropuTMaepi naaananansl. COHbBIMEH
Karap, OJIOKYEHH MPOIeCTeP i aBTOMATTAH IBIPATHIH XKOHE MOMUICIEPAIH CEHIMIUIITT MEH
KayilCi3iriH KaMTaMachl3 €TEeTiH cMapT-KeliciMIIapTTap kacayra MyMKiHZIIK Oepeni. Ochl
MYMKIHJIKTEp/IiH apKachblHAa OJIOKYEHH opTYpIli MPOLEeCTEPAiH, COHBIH 1IIiHAE KaPKBbUIBIK
TpaH3aKLIUSIIaPIbIH, CATHIT alyJap/blH, JOTHCTUKAHbIH, AaybIC OepYIiH XKoHEe OacKaIapIblH
KayIiICI3/IiriH, alIbIKTBHIFBIH JKOHE CEHIMIUITH KaMTaMachl3 €TYIIH €H MepCIECKTUBAIBI
TEXHOJIOTHUSIIAPBIHBIH OipiHe aliHaAIIbI.

Jenaancel3 )KbULAaM KoHE ap3aH TpaH3aKLHsJIapAbl )KY3ere achlpy MYMKIHJII JKeKe
naianaHybUIapabl J1a, *KOCBIKChI3 IMalJajlaHymIbUIapAbl Ja TapTaabl. bipak, OuTko-
WH HeTi3/1eNreH OJOKYeHH TEeXHOJOTHSCHI, ka30anapasl ©3repTy MYMKIH €MECTIriH KoHe
TPaH3aKLIHUSUIaPIbIH AlllBIKTHIKTBIFBIH KAMTAMAaChl3 €TETIHIH aTan 0TKEH JKOH, 03 Ke3eTiHae
OYJT KOJIIMTI aKIia ayaapbIMIapbIHBIH JOCTYPIIl 9AICTePIMEH CaJBICTBIPFaH/1a KbIIMBICTBIK
OpeKeTTepre OHIIA JKOJ OepMeri.

CoHBIMEH Karap, YKIMeT IeH OMpKa CUSKTHI peTTeylIiiep 0ap, oap TpaH3aKIUsIIap bl
OakplIail anmapl ®oHE KbIJIMBICTBIK MaKcaTTa )acalfaH KYAIKTi ornepauusuiapasl OyrarTai
ananpl. XKoHe TpaH3aKIMsAIApAbl TAAAY JKOHE KYMIKTI ONepanusuiapibl aHbIKTay apKbLUIbI
KBUIMBICTBIK 9PEKETTEPAiH aJIABIH aTyFa KOMEKTECEeTiH MaMaH JaH IbIPbUIFaH KOMITaHUsIIap
MEH KbI3METTEp Oap.

JKanmbl, OIOKYEHH TEXHONOTHSICHI )KOHE KPUITOBAIIOTANAP, COHBIH illliHAEe OMTKOWH,
JKaKChI ’KOHE KyMOH/1 MaKcaTTap/a naijajiaHburybl MYMKiH. Bipak TeXHOIOTHSHBI AyphIC
naianaHy KenrtereH apThIKIIBUIBIKTap 9KelTyl MyMKiH €KeHIH ecTe YCTaraH )KOH, COHBIH
IIHJE IBIFBIHIAPABI 32Ty XKOHE OPTYPIIi calanapaarskl TpaH3aKUUsUIapAbIH THIMIUTITIH
apTTHIPY.

PaceiMeH Jie, KpUIITOBaIIOTANAPIbl, COHBIH IlIHJE OWTKOWHJI MNaijajiaHy 3aHChI3
orepauusuiapra Keoip apTHIKIIBLIBIKTAp Oepeni ’KoHe COHBIMEH Oipre yKiMeTTep MEH



88 Becmnux Hayuonanvhoti unocenepnoi akademuu Pecnyonruxu Kazaxcman. 2023. Ne 3 (89)

peTTeyuIiepAin MyHIai onepanisuiapMeH Kypecy MYMKIHIIKTepiH KublHAaTaabl. Jleren-
MeH, OyJ1 MacelieH] ey iy OipHere Taciiaepi 0ap.

BipinmrigeH, keli0ip enjep KpUIITOBANIOTA ONEpalisIapblH OaKbUIayFa, COHBIH ilIiHAe
naiananymsuiapasl MiHACTTI TYpAe COUKeCTEHAIpYTe XKoHE TpaH3aKLIUsUIap/ bl OaKbUIayFa
OarbITTaNFaH peTTEYLIl mapanapasl 93ipier, eHri3ai. by 3aHCBI3 omepanusiapasl xKy3ere
achIpy MYMKIH/IIKTEPiH HIEKTEI, KPUIITOBAIIOTA PKOHOMHKACHIHA AIIBIKTBIKTHI KAMTaMachI3
€Tyl MYMKiH.

ExiHmizeH, 3aHChI3 KPUOTOBAIIOTAa ONEpalWsUIapblH aHBIKTAayFa >KoHEe OakpliayFa
KOMEKTECETIH KbI3MeTTep 0ap. MyHiail KpI3MEeTTep/i YKIMETTEp MEH peTTeyIIiiep KYAiKTi
TpaH3aKUHUsUIAp/Ibl aHBIKTAY JKOHE 3aHCHI3 9PEKETTEeP/IiH JKOJIBIH KeCy YIIiH Maiiaanana ana-
JTBL.

Hotmxkecine, kelOip KpUITOBAIIOTA )K00aIapbl Ka3ip liH ©31H/1€ 3aHChI3 TPaH3aKIUsIap-
MEH KYpeCy KypaJiiapbiH a3ipieyje. Mbicalibl, Kei0ip sxo0anap OJIOKUEHH I KapKbUTAHBIPY
KO3/IEepiH KOHE KaWBIPBIMIBUIBIK MaKcaTTaplia ayJapbLIaThlH KapaKaTTapAbl Oaxbuiay
YIIiH naiiananajel, OYJ1 TePPOPUCTIK YHBIMAAP/bI JKoHE 0acKa Ja 3aHChI3 MaKcaTTapbl
Kap KbUTAHJIBIPY YIIIH KPUIITOBATIOTAIAP I A 1allaHy MYMKIHJIITIH a3aiTa bl

Ocplnaiiiiia, KPUITOBAIIOTANIAP/IBIH, COHBIH IIIHIEC OUTKOMHHIH 3aHCHI3 TpaH3aKI[Us-
Jap YWIiH KeiOip apTHIKIIBUIBIKTapbl Ooica Ja, YKIMETTep MEeH peTTeylIiiep oJapMeH
KYpecy/iiH OipKaTrap ToCUIAepiH KOJIaHa aiajbl.

KyaikTi onepaunusinbl aHbIKTay YHIiH Oerijiep sKUHAFbIH aHbIKTAY. by Genimze
KPHUIITOBAIIOTA CAJIACBIHAAFbI KYJIKTI OpeKeTTep/AiH Oenriiepi, atam alTKaHJa OWTKOWH
KeJICiHJe HeMece KYKBIK KOpFay OpraHAapbIHBIH OIIKepeNeyiHeH jKauTapy opeKeTTepi
Oap.

FouteiMu sxapusitaHeIMIap MEH MakajlaJlapra Loy MEH Taljay, 9JeOuerrepre miony
JKOHE alllbIK JIePEeKKe3Iepi 3epTTey OaphIChiHIa Oaranay Ke3iHJe Heri3ri arpudyrrap 6o-
JIBITT TAOBUIATHIH KeJiecl Oelriiep aHbIKTAJIbl COHBIMEH KaTrap KY/IKTI HeMece KyMoHII
TpaH3akusuIap yiriH Bitcoin TpaH3akinuschiH Oarajiay Ke3iHIE Heri3ri Oenrinepi 0oJbIm
TAObLIA/IbI:

* Kenteren OUTKOMHACP/I1 OHJIaFaH XKOHE KY3/IeTeH TpaH3aKIUsIapra 0eJy/IiH KeNTereH
orepanysiapbl KeOiHece TapuXbl JKOK OMHSHAAP apKbUIBI OPBIHIANAMIbBI, SFHU KaKbIHIA
allbUIFaH HEMece Kas3iplliH ©3iHJe OPEeKeTCi3 OOJbIN CaHaJaTbIH OMTKOMH OMUSHIAPHI,
Oackaiia aWTKaHJa, OJapiAbl Oip KYHIIK OMHUSHIApP HEMECE TPAH3UTTIK OMUSHAAP Jel
arayra Oomnanbl. Erep Oopi OosiMaca J1a, OChl TUNITEri OUTKOWH OMUSHIAPBIHBIH KOIIIILIIT
TEK 2 peT KoiJaHbuiaabl. bipiHon per OuTKoMHAepAi (akiIaHbl) any YIIiH, eKiHIN peT
aJlbIHFaH OWTKOMHAEPI (aKiiaHbl) Oacka oMUsiHFA kiOepy yuriH. MyHpail ornepanusiaH
KeHiH OMTKOWH SMUSHAPHI Nalijanany bl TOKTaTaabl. bip naiigananymblia KenTereH OuT-
KOWH 9MUSTHIAPbI OOITyBl MYMKIiH;

» KpunroBamoranbl aynapy HeMece aibIpOacTay —Orepaiusuiapbl, Kara3 —aKIachl
JKaFIaibIHIAFbIIAM, ONepalsuiapapl MIHICTTI Tipkey Hemece xalapriamanap Oepy YIIiH
OenriJieHreH IeKTi MOH/IEp/ICH aCTIaliThIH ILIaFbIH COMaJIapFa HeMece ipi comanapra 06y apKbUIbI
JKy3ere achIpbUIajbl. TOJBIFBIPAK alTaThiH OOJICAK, OMTKOMHIICP/IIH YJIKSH CaHbIH KOINTEreH a3
MeJIiIeperi OUTKouHepre 06ty yoHe OUTKOMH/IEP/Ii KeHIHT aTylbUIapFa ayaapy.

* beJliHreH OUTKOWHEP TPaH3aKIUSHBIH KbICKA Ti30ErHEeH KeiH mamMaMeH S5-6 TpaH-
3aKIusi OUTKOMHIEp Oip OMHUsIHFA KaliTa )KUHAJAIbI,
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 ButkonHIepai opTYpiIi SMUSTHIAPFA )KiOepy OpT Ke31HIeTi TOPTIMTEeH )KOHE 0Te KbICKa
Mep3imze, Mbicaibl, 30 MUHYTIICH | carar apachIH/a KY3ere achlpPbLIAIbL;

» KoMuccusiHbl KOCKaH/1a ajbIHFaH COMMa JKOHE XKibepiiren comma Oipzeit comma 60-
JIBIN TaOBUTAABL. OUTKEH1, MyH/Ial TpaH3aKIUsIIApbl )KYPTi3eTiH agamaap Oyl oMUsSHAAP b
eH/ii naiijananOaiThIHBIH Oiie/li, COHOBIKTAH ofiap OapibIK aKIaHbl (OUTKOWH) ayaapabl;

* butkonHi KpuNTOOMpIKAFra €HTri3y, COAaH KeliH Ke3-KeJIreH HOpPCEHI CaThIll ally He-
Mece Oacka OMUSHFAa ayJgapy CHSIKTBI KOCBIMIIA ONEpalysuiapChl3 OMpiKaaH >KbULIaM
HIBIFAPBII aly.

XKorapeina aranran OenrinepaiH  OapibIFbl  FBUIBIMH - KapUsUIAHBIMAAD MEH
MakajalapJaH ajblHFaH OHHAH acTaM MPaKTHKAJIBIK MbICANJapAbl Tajifay OapbIChIH-
na aHbIKTaiabl. bipaen aranm eTkiM Keneni, Oenrinepain OipeyiHiH Ooiybl TpaH3ak-
LUSIHBI 3aHCHI3 HEMECe KbUIMBICTBIK JIeIl CaHayFfa Heri3 Oonmaiiabl. KeOiHece bIKTUMAaI
KBUIMBICTBIK 9pEKeTKe KYIiK KapamaibM MaiaanaHylIIbIHbIH MiHEe3-KYJIKbI TYPFBICHIHAH
KHMCBHIHJIBI HETi3eMeci KOK TpaH3aKkIusapaa OipHenie Oenriaepaid O0MybIH TyAbIPAIbL.
Benrinepaiy 60mybl oaH 9pi MOHUTOPHUHT TIEH erKeH-TerKeNIl Tajay Kyprizyre TypTKi
00JIybI KEPEK.

JaTtaceTrTiH KajJpInTacybl JKOHE CcUNATTaMacbl. DUTKOMH  YIIiH — KYZIKTi
TpaH3aKLIMsUTapbIH HETI3ri OenrijiepiH aHbIKTaraHHAH KeWiHTi Keyieci Ke3eH, JepeKTep-
MEH JKYMBIC: JIEpeKTep/i 131ey KoHe JKHUHAY, KUHAJIFaH JEPEeKTepAl Tajjay KoHE OHIEY,
MOJIETIb/Ii OKBITY YILIH JaTaceT Kipic OenrijaepiH KaJblnTacThIpy.

3epTTey JKYMBICHIHBIH HICTiHAe OMTKOWHAI ypJiiayFa, ONTKOMHAL XKbUIbIcTaTyra Oaiina-
HBICTBI O€NTiNi KaFaalnap/pl 3epTTey apKblUIbl 5 MBIHFA JKYBIK 3aHCHI3 TpaH3aKUUsIIapAaH
TYpaThIH JaTaceT Kypbuiabl. JKorapblaa KepceTiireH Mplcanaapabia 0ipi 0y 2018 skblibiH
KbIpKYHerinae opblH anraH Bitcoin ypnbirbl, xakepiep Zaif OMpKachbIHBIH OMHSHBIHA
pyKcarchi3 kipir, 5966 Bitcoin ypiaras [ 7]. COHbIMEH Katap, AepEKTep KUHAFbIHAFbI TPAH-
3aKUUsUIap CaHbIH YJIFANTY YIIiH TaHOANaHFaH TpaH3aKUHsIapbl Oap olemeri eH YJKeH
nepexrep sxxuHarbl «Elliptic DataSety OUTKOMHIIK TpaH3aKIMsIIAP CaJIAChIHAFbl TAHBIMAT
JepeKTep KUHAFBI 3epTTeii. JlepeKTep sKUBIHTHIFbI KaJIIbI COMAChl 6 MUJUTAAP/] AOJLTAP b
kypaitTeia 200 000 TpaH3aKIUsSHBI KAMTUABL. bysl mepexTep KuHAFbl KaybIMIACTBIKTapFa
JKUHAJFAH JEpeKTeplli KPUNTOBATIOTANAPAArbl KapKbUIBIK KBUIMBICTBI aHBIKTAy YIIiH
naiananyra MYMKiHAIK Oepy MakcaTbiHaa skacanra [10].

ONIUNTUKANBIK JEPEeKTEp KHUBIHTHIFBL Bitcoin TpaH3aKkOUsIapblH «3aHCBI3 €Mec)
(anmasiKTBIK, 3USHIBI Oaraapiamalap, TePpOPHUCTIK YHbIMIAp, TejxeM Oaraapiamaiapbl,
[Monnum cxemanapsl >koHEe T.0.) CaHATBIHIAFbl OOBEKTUICPMEH, 3aHJbl CAaHATKA KaTaThIH
HaKTbl 00BEKTiIepMeH (OHMpiKanap, OMHUSH KETKI3yIIIepi, KeHIIep, 3aHbl KbI3METTep
JKoHE T. 0.) canbICTBIpazpl, COHIal-aK Oenrici3 caHartel Aa Oap. OnapiblH MalbI3IbIK
MmemiepieMeci: 2% 3aHchi3, 21% 3anHbl xoHe 77% Oenrici3 aen oenrinenai.Elliptic ne-
pEKTEp KHUHAFBI TCHrepiaMci3 (4 545 «3aHcbi3» xoHe 42 019 «3anab» TpaH3aKIMsIIap) ae-
T'eH MaHbI3/bl OaKbUIay jkacaiibl. COHIBIKTAH, KeJIeCl TalChlpMa MOMUICICPIIH KOFaphiia
aTrajFaH SJIEMEHTTEPiHIH MOHIH Taly FaHa emec, COHbIMEH Karap Oeinrici3 omepanusiiap
YIIIiH MOMUTENEeP/Il 3aH bl HEMECE 3aHChI3 JICT aHBIKTAY SPEKETi OOJIJIbI.

BuTKOMH TpaH3aKIUSACHIHBIH Kipic JIepeKTepiH 1-kecTeneH kopyre 6onaabl: 'transaction’,
‘weight’, 'block hash', 'block height', 'block time', 'confirmations', 'count_in', 'count_out’,
'fiat_rate', 'hash', 'pool_time', 'size', 'total in', 'total out', . 'risk_score'.
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Kecme 1 — Kipic nepekrep

ATpuOyT araysl JepexTep Typi Cumarrama

TRANSACTION STRING Benrini Oip TpaH3aKUMSHBI aHBIKTAY YITiH
KOJIIAHBUIATHIH Oipereit naeHTuhuKaTop

BLOCK HASH STRING X1 670TEI
BLOCK HEIGHT INTEGER Broxreiy OuikTIri
CONFIRMATIONS | INTEGER JKemineri TpaH3aKIMSIHBI pacTay
COUNT _IN INTEGER AJIBIHFAH TpaH3aKIMUIAPBIH JKaNIbl CAHBI
COUNT_OUT INTEGER JKibepinreH TpaH3aKIUSITAPIBIH JKaJIIIbl CAHBI
FIAT RATE FLOAT Tpamzakmusnap kesinge AKIL nommapsiHIaFs! akma
INPUTS STRING BTC xibepren MekeHxannap
OUTPUTS STRING BTC anran mexenkaitnap
POOL TIME TIMESTAMP | TpaH3akIUsHBI pacTay yaKbIThI
TOTAL IN NUMERIC XKibepinren BCT »xanmsr caHbl
TOTAL OUT NUMERIC Ansiaran BTC sxanmnsl caHsl
SIZE INTEGER ByJ1 TpaH3aKIUSIHBIH KBl MOJIIIEpi
WEIGHT INTEGER By TpaH3aKkUMsHBIH CalIMaFbl
RISK_SCORE BOOLEAN Kynikri TpaH3akiussiiap/sl Oaranay

Moneanbai Kypy “koHe OKbITY. /laraceTTi naiibiHIaraHHaH KeliH KeJleci Ke3eH MOJIEIbIi
OKBITY O0II6I. MOZIeTIB 11 OKBITY VIIIiH Ke3/IeHCOK OpMaH, IIEIIiM aFaliTapbl, JOTUCTHKAIBIK
perpeccus CUSKTHI OipHellle MalIMHAJBIK OKBITY alropuTMmiaepi KommaHbuLIbl. OKBITY
JKoHe ChlHAK yuirinepine 6emy 80% - man 20% - ¥a JediHTI apakaThIHACKa HETi3JIeINTeH.
Hormxkecinge okpITy ymriH 1 cyperte kepcerinrenzei 79 618 ke3neiicok ameMeHTTep ma-
JATaHBUIIBI, all ChIHAK YIIiH 19905 snemMeHT KoIqaHbUIIbL.

Cypem 1 — Op0Oip caHATTHIH CaHbBI
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Monenbai OKBITYIBIH €pPeKILIeNiKTepiH aHbIKTay YIIiH MOHAED apachlHAarbl OailnaHbl-
CTBI HEMECE KOPPEJISILINS aHBIKTAJIbL.

2-cyperTe OapIbIK TpaH3aKIUsIIap YIIiH OapiblKk MYMKIHAIKTEp apachIHAAFbl KOppes-
uus kepcerinred. KelOip Oenriiep/ i KaTThl Toye Ui, conuai-ak block height, block
time, fiat rate, pool time, confirmations CHSKTBI Tepic TOyeJAUIIrl Oap ekeHiH Kepyre 00-
JaJIbl.

Cypem 2 — Genrinep apachbHJarbl KOPPEISLHS

3-cyperTe Ta3a TpaH3akUMsJIap YIIiH Oapiblk Oenriiep apachblHOArbl KOPpessus
KOpCETIJIreH.

Cypem 3 — anasKTHIK eMeC TpaH3aKIUsIap YIIiH Oenrinep
apachbIHIAaFbl KOPPEIALHS

4-cyperTe anasKThIK TPaH3aKIFIIAP YIIH OapiblK Oenrinep apacklHIaFbl KOPPEIIns
KOPCETIJITEH.
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Cypem 4 — anasKTHIK TPaH3aKIUsUIAP YIIiH OeNriiep apachiHIaFbl KOPPEIus

5-11i cyperTe Ke3[eHCcOoK opMaH alroputMi TaHaamibl. Ke3nelcok opMaH eTe jKaKChl
HoTHXE KopceTeni. onnik mamamen 84 maibI3abl Kypanibl.

Cypem 5 — Ke3neiicok opMaH alTOPUTMiHIH JKIKTEIyl Typabl ecerl

Perrenren ke3elicoK OpMaH aJTOPUTMHIH JQJJIITIH apTTHIPY YIIiH KecTe 2-Ti mapamer-
priep TaH1aIa Ikl )KOHE KOJTaHBLIIBL:

Kecme 2 — Ke3neiicok opMaH anTOpUTMiHIH TapaMeTpliepi

'n_estimators":, 1757
'min_samples_split": 5
'min_samples leaf': 2

'max_features':, auto

'max_depth': 200
'criterion': entropy
'bootstrap": True
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A 6 cypeTTeH JIOTUCTHKAJIBIK PErpeccHs aliropuTMi (yHKIMOHAJIBI aIrOpHTMACP
apachIHAaFbl €H Hallap HOTHXKEHI KepceTeai, 66 maibi3bl TpaH3aKIHUIHbI aHbIKTayFa FaHa
JKapamibl.

Cypem 6 — JIoTUCTUKAIIBIK PErPECCHsl AITOPUTMIHIH XKIKTEIy1 Typabl ece

Kecme 3 — Hotmxkenep yoHE HETi3Ti KOPCETKIIMITEP/Ii CANBICTHIPY.

Ne Name Accuracy Precision Recall F1-score
1 Decision Tree 0.789249 0.681771 0.691323 0.686514
2 Logistic Regression 0.665845 0.347826 0.001205 0.002402
4 KNN 0.713618 0.595658 0.442302 0.507651
5 Fine-tuned Random Forest 0.844966 0.833677 0.669027 0.742332

7-mi cyperre jKoHE 3-IIi KecTelne KOpiHIN TYpFaHiai, OapibIK anropuTMIEPIiH

HOTIIKECIH Kopyre 00Jaibl.

Cypem 7 — ATTOPATMAECPII CAITBICTHIPY
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JKympbic GapbIchbIHIa 4 MAIIMHAJIBIK OKY aJIrOPUTMIEP/Ii KOJIIAHbIII, 4 MOJICIIb YKaCaJIJIbL.
EH »aKchl HOTH)KEHI PeTTeNTeH Ke3AeHCOK OpMaH alropuTMi KOPCETTi.

Kopsitbinabl. XXyprizinres skymbIc 0apbIChIHAA KYIIKTI HEMECEe KYMOH/I1 JIeT TAHBUIFaH
TpaH3akusuIap yuriH Bitcoin TpaH3akIusChiH Oaranayia Herisri Oenriiepi aHbIKTaJIbl
YKOHE TallIaH/bl.

JaraceTTiH TeHrepiMci3hirin OonaplpMay YIOiH OWTKOMHII yprayFa, OWTKOWHI
KBUIBICTATyFa OalIaHBICTHI OSIITLI KaFaaiIap bl 3ePTTEY apKbUIbI 5 MBIHFA JKYBIK 3aHChI3
TpaH3aKUMsUIapapl KAMTUTHIH aataceT Kypbuiabl. Conpaii-ak «Elliptic DataSet» mpepekrep
JKHHAFBI 3€pTTEN/l. 2 IepeKTep KUbIHBIH OipiKTIpy apKbUIbI Oip HEri3ri JepeKTep KUHaFbI
kanbinractsl. ConbiMeH Karap, Crystal skone Blockchain mnargopmanapeina xyriny apKbLUibl
200 MbIH OMTKOMH TpaH3akuusuiapsl yiiH «Python» OGarmapnamanay TimiHIe nepexTepi
aBTOMATTHI TYpJE KMHAyFa apHaJlFaH mepcep Ka3bulgbl. Op TYPal 4 MalIUHAJIBIK OKBITY
QITOPUTMJIEPIH KOJJIaHa OTHIPBIN, KYAIKTI TpaH3aKIHMsIIap/Abl aHBIKTAY YIIiH 4 MOJENb Ka-
CaJIJIbl )KOHE OKBITBULIIBL. MoJelibliep/IiH opKaichichl 15 mapamerpi 6ap 100 MbIHFa KYBIK
JIepeKTep/ie OKbITHUIIBI. HoTmkeciHe Ke3eicoK OpMaH HETi3iH/Ie KYPBUIFaH €H YKOFaphl
JIQJIJIIKKE M€ MOJIeNb TaH A Ibl. By skyMbIC KeJeci %o00a asiChIH/Ia OPbIHIaJIbI )KOHE OYJI
seprreyai Kazakcran PecniyOnukacs! FUIbIM jKoHE jKOFaphl OUTIM MUHHUCTPIIITIHIH FhibiM
komuteTi (OKTH AP19676342) Kap»KbUTaHIbIPIIBI.
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UJIEHTUO®UKALIUS ITOJO3PUTEJIBHBIX OIEPAIIAN B CETH
BUTKOUH: AHAJIM3, IIPU3HAKU U AJITOPUTMBbI
MAIIUMHHOI'O OBYYEHUSA

B oannoii cmamove oan ananuz 00HOMY U3 CaMbIX NONYIAPHBIX HA C20OHAUHUL OCHb KPUNMOGAIOM
— bumkouny. Paccmampusaomesi npuHyunsl u xapaxmep pabomel OUMKOUHA U OLOKYelH MexXHON02Ull,
20e nepeuucIsiomcs npeuMyuwecmsd u Hedocmamrku Oumxkouna. Bunumanue ¢ pabome axyenmupyemcs
HA aHanuze UCNONb306AHUS KPURMOBANIOM, d UMEHHO OUMKOUHA 6 HE3AKOHHLIX U NPEeCmynHbIX Yeisx.
Ocoboe srumanue yoensemcs uoenmu@urayur no0OOPKU NPUHAKOE OJisk ONpedereHus: NOOO3PUMENbHOL
OdessmenvbHoCmu 8 cemu Oumkounda. B xo0e uccnedosamenvckotl pabomel bl nposedeHvl 0030p U aHa-
JIU3 MHOJICECMEA HAYYHBIX NYONUKAYULL U CIMAmblU, d U3 IMUX UCCLeO08AHUL ObLIU GbisGNIEHbl NPUSHAKU,
KOmopule AGIAMCS KIIOUeBbIMU ampudymamu npu oyenKe OUMKOUH -mpaH3aKyuu Ha npeomenm nooo-
3pumenvHoix onepayutl. Ha ocHoge smux npusnaxos owii cpopmuposan 6xooHou damacem uz 15 ampu-
o6ymos u oxono 100 000 mpanzaxyusx 01a OanvHelue20 UCNONb30BAHUS 8 CO30AHUU MOOEIU, KOMOPAsl
byoem oyenusamos OUMKOUH MPAH3AKYUY HA npedmem nooospumeivhocmu. C UCNONb308AHUEM IMO20
HaboOpa OaHHBIX ObLIU CO30aHbl U 00YUEeHbl MOOenU O UOEHMUDUKAYUU NOOOZPUMETbHBIX Onepayuil 8
OUMKOUH-CEMU HA OCHOBE HECKONIbKUX AI20PUMMO8 MAUUHHO20 00y4eHUs, MaKue KaK CLyYaiHslil jiec,
noeucmuyeckas peepeccust, Memoo k-onuscativiux cocedetl, depeso pewenuil. Taxoce 6 cmamobe npusede-
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Hbl CpaBHEeHUsl pe3yibmamoe aji2opummos MauHno2co 06yll€HM}Z, a makoke 6bl6paH ﬂquuzi aneopumm,
KOmOpbllZ noxKasait 1y4uLyro moyHocmas.
Knrwoueswie cnosa: 6]101{116121-!, Kpunmoeamuaiomd, 6umk0uH, n0()03pume]lebl€ mpan3akyuu, xapakme-

pucmuxu 6noxKueina.
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IDENTIFICATION OF SUSPICIOUS TRANSACTIONS IN THE
BITCOIN NETWORK: ANALYSIS, FEATURES, AND MACHINE
LEARNING ALGORITHMS

This article talks about one of the most popular cryptocurrencies today - bitcoin. The principles of
bitcoin and blockchain technologies are considered, where the proc and cons of bitcoin are listed. The
focus of the research work is on the analysis of the use of cryptocurrencies, namely bitcoin for illegal and
criminal purposes. Particular attention is paid to identifying a set of signs to identify suspicious activity in
the bitcoin network. During research work reviewed and analyzed many scientific publications and articles,
and from these studies, signs were identified that are key attributes when evaluating a Bitcoin transaction
for suspicious or questionable transactions. Based on these features, an input dataset of 15 attributes with
about 100,000 transactions was generated for further use in building a model that will identify suspicious
bitcoin transactions. Using this dataset, models were created and trained to detect suspicious transactions
in the bitcoin network based on several machine learning algorithms, such as random forest, logistic
regression, k-nearest neighbors, decision tree. The article also provides comparisons of the results of
machine learning algorithms, and in addition, selects the best algorithm that showed the best accuracy.

Key words: Cryptocurrency, blockchain, bitcoin, suspicious transactions, features.
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DEVELOPMENT OF INTELLIGENT CONTROL SYSTEM OF HVAC
BY USING MACHINE LEARNING

The article is devoted to the problem of regulation of heat supply and air conditioning in the room.
An automated system for monitoring the dynamic characteristics of such sensors is described, which is a
software and hardware complex for setting up a test bench and analyzing the parameters of sensors for
dynamic temperature control and air conditioning. The main purpose of this system is automation of one
room by controlling air conditioning and supporting a temperature. The system performs the functions
of controlling the Google Coral USB Accelerator, configuring the ADC and determining the amplitude-
frequency and phase-frequency characteristics of temperature sensors, switches, leak sensors and air
conditioning based on the results of their experimental studies on the stand for monitoring the dynamic
characteristics of sensors and monitoring in the SCADA Genesis64 program. The scheme of the test
bench, the generalized algorithm of the system operation and the screen form of the program operation
are presented. The software of the automated system for temperature control and air conditioning in the
room is developed on the basis of ModBus TCP, OPC UA and SCADA programs.

Key words: SCADA Genesis 64, intelligent system, machine learning, neural systems, air and
conditioning system.

Introduction. The majority of current health management products are used in medical
institutions and do not pay enough attention to students. This research develops a student-
centered and functional autonomous health management system based on this.

Currently, the regulation of indoor temperature and air is one of the most common
problems in residential complexes. In the process of creating an intelligent control system,
the task was set to create a supply system in a specially separated laboratory, which is
located in the smart laboratory.

An important element of the Laboratory is a software package built on the basis of the
leading Software-the Internet of Things platform Genesis 64. This is the so-called “Upper”
level of the system of “Smart” cities, in which processes are displayed, managed, indicators
are analyzed, and predictive modeling of processes is performed.

Air conditioning is an automated process of maintaining the microclimate in the room
(air temperature, humidity, air circulation rate, air purity). This is necessary for the normal
functioning of a person or to ensure the conditions of safety measures at the workplace in
polluted areas in the enterprise. The air conditioning system of large areas is usually carried
out by complex automated control systems. An automated air conditioning system controls
the indoor climate, regardless of the parameters of atmospheric conditions. The main devices
are placed in an apparatus called an air conditioner. Before proceeding to the gradation of
air conditioning systems, it should be noted that there is still no standard classification of

* E-mail xoppecrionnupyromero apropa: madina.mansurova@kaznu.edu.kz
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air conditioning systems and this is indicated by the fact that the basic schemes, technical
and functional parameters of the SLE are diverse, as are the rooms for which this or that
system is intended. Air conditioning is achieved by providing a complex of technical and
technological means, in other words, an air conditioning system. The air conditioning
system consists of a complex of installations, such as an air intake, cleaning and processing
equipment, heat exchangers, filters, dehumidifiers or humidifiers, air circulation systems
- fans, automation systems and remote control. As a rule, such air conditioning units are
assembled in one or two boxes, and in this case the values “air conditioning system” and
“air conditioning” are similar.

Comparison of neural network architecture. Researches were carried out on an
experimental sample of the color sorter [3], the block diagram of which is shown in Figure
1. The sequence of technological processes in the color sorter includes: SH - storage hopper;
VT - vibrating tray; IPT - inclined pitched tray; VC - video cameras; RU - recognition unit;
MC - microcontroller; PE - pneumatic ejectors; SA1; SA2 - respectively, amplifiers for
signals of pneumatic ejectors and vibrating tray; Ifr. and Ilfr. - respectively, outlet pipes
for the first (alfalfa seeds) and second (seeds of quarantine and hard-separable impurities)
fractions.

The experimental setup is equipped with CCD Nikon AF NIKKOR cameras (52mm)
with a minimum resolution of 1800-4500 pixels. A Raspberry Pi3 processor was used as a
microcontroller, and a JMGD LED-W LED lamp was used to supply lighting, providing
32Ix illumination in the object recognition area. Also, the color sorter is equipped with a
Vibrator1 10V Small modei vibrating tray, Ejector 20 Blocks pneumatic ejectors, a Trays
size 306mm profile pitched tray, a 64 Holes nozzle plate blowing panel, an air filter and a
valve.

The optical-electronic control unit operates on the basis of its own software product
“Digital Seed Cleaning”, which makes it possible to recognize seeds of quarantine and hard-
separable impurities with defects of up to 64 classes [4]. The performance of the separator
was regulated by the speed of transportation on a horizontal vibrating tray, at which uniform
movement of the flow of seeds was ensured in one layer. Once in the survey area, each seed
is examined by cameras separately, so that a high degree of purity of the seed fraction of the
main crop can be achieved with a color sorter.

. 1 N N N
T!{nazzaiajyiyjK(Xi’X)_Za‘i (1)
W25 3

i=1

In the result of researching they get the output function which was effective in summer
months.

f(x):SgnaaiyiK(xi’x)"'bE 2)

The method, which is using for our researches is based on machine learning and dataset,
but in this time, in papers and researchers [7] and [8], they based on their mathematical
model of hybrid neural system. There was presented the data output, which collected
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predicted faults in normal and negative sample of system. For example, in works [9], there
was shown and made the monitoring different kinds of dataset, which was combined to
econom the electricity of HVAC system, results are below:

Figure 1 — FDD model for system

The glitch of the warming, ventilation and cooling (air conditioning) framework is
viewed as a Moderna significant issue in present day structures. Because of the intricacy
of the Structure The executives Framework (BMS) with the contribution of functional
information from an enormous number of sensors utilized in the air conditioning
framework, a breakdown can be truly challenging to recognize at a beginning phase. While
various strategies for shortcoming identification and analysis (FDD) utilizing measurable
and preparing models have exhibited amazing outcomes as of late, early finding stays
a test, since numerous cutting edge approaches are unfeasible for diagnosing specific
infringement of Moderna air conditioning and have exactness issues. In such manner,
this review presents another half breed FDD approach by joining arbitrary timberland
classifiers (RF) and a reference vector machine (SVM) to apply FDD to the central air
framework. Exploratory outcomes show that the proposed half and half woodland irregular
number machine svm (HRF-SVM) is better than different techniques with higher forecast
precision (98%), in spite of the way that the indications of disappointment were moderate.
Moreover, the proposed construction can essentially lessen the quantity of sensors required
and function admirably with few mistaken examples of preparing information accessible
in genuine applications [9].

Also to think about neural organization models, this article presents a drawn out transient
memory (LSTM) model for anticipating [AT for a multi-zone building in view of direct
multi-stage expectation with a consecutive methodology. Two techniques, LSTM-MISO
and LSTM-MIMO, are made for a long time with one result and numerous result with
different results, separately. The adequacy of these two procedures was assessed in view of
two contextual analyses of truly canny structures utilizing variable wind stream (VAV) and
consistent wind stream (CAV) frameworks. For the two structures, the exploratory outcomes



100 Becmnux Hayuonanvhoti unocenepnoi akademuu Pecnyonruxu Kazaxcman. 2023. Ne 3 (89)

showed that LSTM models are better than multi-facet perceptron models, lessening the
expectation mistake by 50%.[10]

Creating own neural model. The framework is a product and equipment complex for
ideal control of the room’s central air (Warming, ventilating and molding), gas, moistness
and temperature. It comprises of a module for gathering, handling and observing room gas,
stickiness and temperature information, a neural organization - based expectation module, and
a choice - making module [11]. The information obtaining module communicates temperature
information from sensors situated along the space to an equipment programmable regulator.

The synthetic research facility of the Organization of Burning Issues, for the creation of
materials for the dental business, with three rooms, an area of 70 square meters, was picked as
the premises. In this work, we utilized 13 sensors, these are temperature, moistness and tension
sensors, which were put in each room, for more exact information estimation, and for preparing
the neural organization. The motivation behind gathering information from these sensors was
a checking framework, as indicated by which we will control the warming and cooling in the
room. Three sensors would be hung in each room, these are DHT11 (temperature, dampness),
CCS811 (pressure). Nonetheless, in enormous rooms, you can introduce sensors each 10 meters,
and in little rooms - each 2-3 meters, and this won’t essentially influence the outcome. The
information from the sensors is gathered through the 12C convention to the regulator, we utilized
the regulator - ESP32, then, at that point, the regulator by means of WiFi sent the information to
the server in the MySQL data set, we conveyed our own neighborhood server in the labs. The
information move rate has been decreased to 250 bytes/s because of impediments because of the
qualities of the sending gadget. The Arduino Nano regulator is customized utilizing the Arduino
IDE. The remote organization is utilized to communicate information to the expectation module.
The information assortment module sends temperature information from sensors situated along
the space to an equipment programmable regulator [ 11]. From the server, the expectation module
sent on Raspberry PI, in the Python language, processes sensor information from the server and
utilizations them to prepare the neural organization [11].

In this trial, we took just temperature information for preparing the neural organization,
and we will utilize it to control warming and cooling in the room. In view of a pre-prepared
LSTM neural model, the forecast module gives temperature circulation expectations
to various methods of activity of the air conditioning framework. The dynamic module
chooses the ideal temperature method of the warming and cooling framework to acquire the
objective hotness conveyance work in the room and communicates the fitting order signs to
the regulator to control the temperature.

The counterfeit neural organization (ANN) structure depends on the human sensory
system and the learning system of the human cerebrum and neurons.

The In strategy incorporates a bunch of interconnected neurons partitioned into
information, yield, and secret layers. The framework utilization is determined in light of
the framework input and the organization weight, as well as the organization transmission
work [11]. By adjusting this strategy to oneself help process, the ANN technique is broadly
utilized in central air frameworks. The ANN practice is accomplished by changing the
weighting element to diminish the expense work. An ANN Framework Distinguishing
proof Model isn’t needed. In view of the construction of non-straight capacities and
articulations of information through the shells of interconnected neurons, the purported
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counterfeit neural organizations or straightforward neural organizations, which are a typical
technique for showing or showing associations among data sources and results. This can be
an alluring decision for controlling and characterizing non-direct frameworks like central
air frameworks. As indicated by Deponte and Grimaldi, the design or calculation of this
strategy depends on a neurobiological framework. This implies that this technique should
be visible as a black box with a ton of unsurprising power for the models. This is extremely
helpful, particularly broadly utilized in obscure models or without a numerical model, or
when all images are depicted in an obscure case and can prepare ANN [11].

To anticipate the activity of temperature sensors in the time series, two kinds of neural
organizations were utilized. The first is a basic neural organization with a few secret layers,
and the second is an intermittent neural organization (LSTM). A neural organization of
the LSTM type was picked, since there are time information here, and this kind of neural
organization is more ideal for this task [11].

As a module for information expectation and direction, we utilize a Raspberry PI single-
board PC. On it, we send our neural organization and utilize the information recorded in the
data set to prepare the neural organization. We split our tangible information into tests and
train to prepare the neural organization [11].

The neural organization comprises of an information layer of 120 neurons (10 sensors
x 12 time spans) and a first secret layer of 128 neurons, a second layer of 256 neurons, and
a result layer of ten neurons, considering that the result 10 neurons are a forecast for every
one of the ten neurons .

Information cleaning. In the data set, information was gathered from sensors for quite a long
time. While composing temperature information to the data set, some of it contained commotion
and mistaken information. Hence, as an example, we take information from ten sensors recorded
with the right time list, and take an example in which the time series is accurately marked. We get
an example where every one of the ten sensors are available. We likewise fill in information that
contains mistakes. While cleaning the information, a few sensors showed a temperature of 150
or - 127 degrees, as the information is erroneous, so we sift through such commotion and select
information under 40 degrees or more ten degrees Celsius.

As a model for the neural organization, we utilized an intermittent neural organization. The
thought behind RNN is to involve data in a steady manner. Customary neural organizations accept
that all sources of info and results are autonomous. Be that as it may, for some assignments this
isn’t appropriate. To foresee the following word in a sentence, it’s ideal to think about the words
that precede it. RNNs are called repetitive on the grounds that they play out a similar undertaking
for every component of the grouping, and the outcome relies upon past computations. One more
understanding of RNNss: these are networks that have a “memory” that considers past data.

We utilized the Mean Squared Mistake (MSE) equation as the result work, and the SGD
work as the enhancer.

The MSE-RMS expectation mistake is utilized in circumstances where we want to
underscore enormous blunders and select a model that gives less huge forecast mistakes.

MSE - the standard mistake of the estimate is utilized in circumstances when we really want
to underscore enormous blunders and pick a model that gives less huge figure mistakes.

14 ,
MSE=HZ(yi -¥) 3)

i=1
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Forecasting and obtaining results from neural networks. In this way, we analyze the
gauge of the neural organization and the genuine worth of the sensors in a given time stretch.
In this diagram, we look at the genuine qualities and the qualities taken from the estimates.
In the chart, we deduct the base worth from the greatest worth, then, at that point, it will be
equivalent to 95-100 percent a model that gives less enormous conjecture blunders.

Figure 2 — Neural network prediction

Figure 3 — Visualization losses

Figure 4 — Dataset of air conditioner working modes
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As we can find in the above diagrams, forecast blunders decline essentially with every
age of neural organization preparing and reproductions.

Subsequently, we think about the figure of the neural organization and the genuine worth
of the sensors in a given time stretch. In these diagrams, we look at the genuine qualities and
the qualities taken from the gauges. On the diagram, we take away the base worth from the
greatest worth, then, at that point, it will be equivalent to 90-95%. In this paper, based on the
prediction of temperature parameters, we have developed a neural network that allows you to
control air conditioners in an intelligent optimal mode, in the form of a recommendation system.
We tested this system and got excellent results. In the future, we will add data parameters of
other gases and more input parameters to improve the scalability of the system.

Conclusion. In this research, combination of heating ventilation and air conditioning
(HVAC) system was concepted by the architecture and the methods of optimization neural
network. A model was built to optimize using HVAC system in the buildings. As a result
of our research, we have developed an intellectual system that optimizes the problem
of consumption and waste of heat supply and air conditioning in the room through a
management and monitoring structure and an intelligent system model. The functionality
of the system with the help of an intelligent automated system allows you to minimize
human influence, increase the efficiency of the system, manage and control all the states
in the system locally and remotely, analyze and examine data for a certain period of time,
identify violations and failures of elements and sections of the system, optimize all work
processes. The developed intelligent automated system solves the problems associated with
the use of excessive heat and its costs, which allows the developed technology to function
as a centralized system to supply heat to the room in the right amount and turn on air
conditioning all year round, regardless of the time of day and weather conditions. The use
of monitoring and regulation of the set parameters allows the intelligent system to provide
electricity only in the amount in which it is needed and at the same time save unnecessary
consumption. The system is easily scaled and can run for many years without interruption
and is safe for the environment.

This research was funded by grant of Ministry of Education and Science of the Republic
of Kazakhstan NeAP09260767 “Development of an intelligent information and analytical
system for assessing the health status of students in Kazakhstan (2021-2023).
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MAIIINHAJIBIK OKBITY KOMEI'IMEH KKAB 3USTKEPIIK
KYUECIH 93IPJIEY

Maxkana 6eamedezi dcoliymen HcabObIKMayobl JicoHe ayamvbl 6anmayovl pemmey Macenecine
apuanzan. Hdamuuxmepoiy OUHAMUKATLIK, CUNAMMAMANAPLIH  OAKbLIAYOLIY  A8MOMAMMAHObIPLIIRAH
Jicylieci cunammanzan, 01 ColHAK CMEHOIH OPHAMY2A JICIHe MeMnepamypansvl OUHAMUKATLIK OaKblLIay
JiCoHe  ayaHvl Oanmay O0amuukmepiHiy napamempiepin mandayed apHanear  Oagoapiamanbik-
annapammulix, Keuien 60avin maobwvlnadwl. byn ocylieniy nezizei maxcamol-ayanvl 6anmay dcane memne-
pamypausl ycman mypy apxulivl 0ip 6enmeni asmomammanovipy. XKytie Google Coral USB yoemxkiwin
oacxapy, ADC napamempnepi ocone memnepamypa OAmuuKmepiniy, KOCKbIUMAapObly, a2bll Kemy
damuuxmepiniy dHcone aya banmay Oamyukmepiniy amniumyoarblK-JCuiliK Heane asanvik cunamma-
Manapuvin cencopaapovly OUHAMUKATBIK, CUNAMMAMAIAPbIH OAKbLIAY JIcaHe OAKbLIAY Ywin cmenomesi
9KCnepuMeHmmixk 3epmmeyiepiniy Homudcenepi ne2izinoe anvikmauiowsl. 6agoaprama SCADA Genesis64.
Coinarx cmenoiniy cxemacwl, JHCYUeHiH JCATNbIIAHEAH ANCOPUMMI Jicane 6a20apramanbly IKPAHOLIK Hbl-
canvl ycvinvinean. lwiki memnepamypansl 6aKwviiay dcone ayamvl oanmayobvly ademoMammanobipbliaH
grcytieciniy 6az0apnamansvix scacakmamacvt ModBus TCP, OPC UA ocone SCADA 6azoapramanapul
neeizinoe Jcacanea.

Tyitin co30ep: SCADA Genesis 64, unmennexmyandvl dxcyie, MawuHanblk OKblmy, HeUpOHObIK
Jrcytienep, aya banmay dHcyieci.

B.E.PE3HUK', M.E.MAHCYPOBA?, 5.C. AMAHTI'EJIJ1bI?,
.M.TACMYP3AEB?, ’K.E. BAUFAPAEBA?, 5.T. UIMAHBEK?
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PA3PABOTKA UHTEJUIEKTYAJIbHOM CUCTEMBI YIIPABJIEHUSI
CHACTEMOM OBUK C UCITIOJIb30BAHUEM MAIIIMHHOTO OBYUEHMUSI

Cmamusi noceésujena npobreme pe2yiuposanust menioCHAOX CeHUs. U KOHOUYUOHUPOBAHUSL 6030YXA 6
nomewenuy. Onucana agmomMamusupoOBaHHAas CUCemMd KOHMPOs OUHAMUYECKUX XAPAKMePUcmux ma-
KUX 0amuuxos, npedcmasisiowast cooou npocpamMmHO-annapammblil KOMIJIEKC sl HACMPOUKU UCHbIMA-
MeNbHO20 CMeHOa U AHANU3A NApamempos 0amyuKo8 OUHAMULECKO20 KOHMPOIS MeMnepamypul U KOH-
ouyuoHuposanus 6030yxa. OCHOBHOIU Yelblo YMOU CUCTEMbL SIeMCsl A8MOMAMU3ayUsi OOHOU KOMHAMbL
nymem ynpasienus KOHOUYUOHUPOBAHUeM 8030yxa u nodoepaicarus memnepanypul. Cucmema 6binonHsem
@yuxyuu ynpaenenus USB-yckopumenem Google Coral, nacmpouxu AL u onpedenenus amniumyono-
YACMOMMBIX U PA304ACOMHBIX XAPAKMEPUCUK OAMUUKO8 MeMnepamypbl, nepexiiovamenei, oamuqu-
KO8 YmeuKu u KOHOUYUOHUPOBAHUS 8030YXA HA OCHOBE PE3VIIbMAMO8 UX IKCNEPUMEHMATHBIX UCCTE008a-
HUll Ha cmeHnoe 011 KOHMPOJA OUHAMUYECKUX XAPAKMEPUCMUK 0amyuKos u Monumoputea 6 Ilpoepamma
SCADA Genesis64. [Ipedcmasnena cxema ucnblmamenvbHo20 cmenod, 0000WeHHbIL aleoOpUmm pabomul
cucmemyl U IKpanHan Gopma padbomel npoepammul. IIpoepammmoe obecneuenue agmomamusupo8anHoll
cucmemvl KOHMPOIsL MEMNEPamypul U KOHOUYUOHUPOBAHUS 6030YXd 8 NOMeUeHUU PA3pabOmaHo Ha OCHO-
6e npoepamm ModBus TCP, OPC UA u SCADA.

Knrouesvie cnosa: SCADA Genesis 64, unmenniekmyanbHas cucmema, MauwuHnoe obyuenue, HetipoH-
Hble cucmembl, cucmema KOHOUYUOHUPOBAHUS 8030YXd.
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YAKBITBI KEINIKKEH KOFAPBI PETTI ChI3bIKTBI EMEC
JKYWUEJEPII BAKBLIAY/IbI KOMIBIOTEPIIK MOJEJJIEY

Byn oicymvicma yaxeim kewiicy napamempi KamvlCKaH JHco2apbl pemmi Cbl3blIKmbl emec Jcytienep
KNACHIH Wbl2bIC Kepi batlianvic dcopoeminoe 2100a10bl NpaKmukaniwvlk 6axvliiay maceneci zepmmenol.
Kapacmuipoviiean acyiieniy epexuienicl Col3blKmbl eMeCmikmiy Jco2apbl WUEKapaCcbIHOAbl WeKmeYiniK
Oapedrceci Y30IKCi3 UHMEPBAN ApanbleblHOA anbiHybinOd. CuHym QYHKYUACHL HcIHe Kyam UHMeSpamopblH
KOCyObly dicannviiama 20iCiH natioanansin, cavkecinue JIAnynos QyHKYUACbIH KYpy apKblibl YaKblinbl
KeWiKKeH CbI3bIKMbl eMecmiK acepine ycmemoik ememin pemmenemin Jcane yaKblim Kewicyli napamempine
mayenciz 6aKvliay KOHMpONLepiH dHcobanaimvls. Anvinean KOHmponiep Hamuoicecinoe 3epmmenzen
MYUbIK JACYlieHiy 0apiblK Kyinepi 210064106l weKkmeneen JHcone wekmi yaKblmmar Keliin 6aKwliay Kameniei
Jrcemkinikmi menuiepoe az bonyvin Kammamacwls emedi. Convimen Kamap OYn dcymvicma aidbl Kol
JicemKizeer Hamuoicenepoi Komnvlomepoe mooenoeyze 6acblMObIK 6epinoi.

Tyiiin ce3dep. wibi2bicmol NPAKMUKALLIK OAKbIIAY, CUSHYM QYHKYUACHL, YaKblm Keuicy napamempi,
Komnviomepuix mooenoey, Matlab GUI

Kipicne. Crp3pIKTBI eMmec >xyienepai Oakpliay Moceneci COHFBI Ke3[epi KeITereH
FampIMAAP/IBIH Ha3apblH 3iHe aynapyaa [1-5]. XKyiieHiy Oapiblk KyisepiH emiey MyMKiH
OoJiFaH kargaiiia Kyl kepi OalylaHBICHl 9JICiH, all KYHEHIH TEeK MIBIFBIC BEKTOPBI Oenrii
YKaFAainap yIiH IWBIFBIC Kepi OalinaHbIChIH NalijaHabI OaKelIayIbl XKy3ere acsipyra 6o-
JaJbl.

JKyiieHin ecyiHe »oHe Aopexe TOpTiOiHe KeiOip mapTTapAbl KOS OTBIPBII, CBHI3BIKTHI
eMec KYHEHIH MPaKTUKAaJIbIK IIBIFBICHIH OaKpLIay MaceleciHe KaparaHIa KYHiepi aHbIK
CBI3BIKTBI €Mec JKyHenepi Oakpuiay Macenenepi ®akchl 3epTrengi [6-8]. ChI3bIKTHI eMec
KYHenep YLIH IIBIFBICTB OaKplIdy MOCeNIeci MaHBI3Ibl TEOPUSUIBIK KOHE MPaKTHKAaJIBIK
MOHIe He, OMTKeHI 0N OacKapy TEOPHMSCBHIHIAFbBI ipreyii Macene OONbIN TaObUIAIBI JKOHE
a’pOHABTHKA, poOOTTapAbI Oackapy KoHE YIIyAbl OacKapy CHUSIKThl HH)KEHEpHsiia KeHIHEeH
Konganeianel [9-12]. JlereHMeH, CBI3BIKTBI €MeC Kyielep YLIIH MIBIFBICTHI OakbLiay
MOCeJIECiH 3epTTey OPHBIKTBUIBIK MAceleciHe KaparaHaa KubIHbIpak. Ce0eOi HIBIFBICTHI
Oakpulay 1IIKI OPHBIKTBUIBIKTaH Oacka TIpeK CUTHaIbl Oakbuiay VINiH SKyHelaepriH
LIBIFBICHIH Tanan eTefi. COHBIMEH Karap, KOMMYTauusuIbIK skyhenep [13-14] yurin y3aikeis
KOHE JTUCKPETTI JTUHAMHUKAHBIH ©3apa OpeKeTTecyiHe OalIaHBICTBI MIBIFBICTHI OaKbLIay
Moceneci KUbIHIAH Tyceai. AJl sKoFapbla KeNTipuIreH ChI3BIKTHI eMec JKyienepe yakbIT
KEILIiry mapaMeTpi KaTbIcaThiH 00JIca OHAA O KYiie YIIiH OaKbulay KOHTPOJUIEPiH kobanay
OZIaH 9pi KYpIeJeHe TYCETiHI aHBIK.

* E-mail xoppeconaupytomiero apropa: tasbolatuly@gmail.com



Tacbonamynet H. scane m.6. Yaxvimol Keulikken s#co2apvl pemmi col3vikmbl emec scytienepoi ... 107

JKorapbina KenTipiireH SKyMbIcTapia YyakbIT KiJipiciHeH OonaThlH Kepi acep
KapacThlpbUIMaraH. YakpIT KeLIry mapaMeTpiHe He CBI3BIKTBI eMec XKyHe Jien Kyhe Kyn
CUTHAJIBIHBIH 1ITepl KaJaMmJarbl e3repyi OHBIH TEK aFbIMJBIK IIaMacblHaH FaHa €Mec,
aJIIBIHFBI MOHJICPIHE JIe TOYyesIi 00IaThIH KYHenepal aiTaMbi3. bi3 Oy )KyMbICTa YaKbIThI
KEIIIKKEeH JKOFapbl PETTi CBI3BIKTBHI eMec jKyienepni Oakpuiayabl [15-18] sxobamaynbin
MaTeMaTHKaJIbIK MOJEIiH KYPBII, allbIHFaH HOTH)KEIep/li KOMIIBIOTEpAE MOJEIACYTre KOHLI
OeneTiH GonambI3.

3epTTey HbICaHbl pETiHE TOMEHJIET] YaKbIT KELIiry apaMeTpi KaTbICKaH JKOFapbl peTTi
CBI3BIKTHI €MeC KYHEHI KapacThIpaibIK;

) = 28,1 + 0, (2,2, 1), 2, (t - T,)), 1= L0 -1

]

Z)) =u™ )+, (z(t). z,(t - T),.... ,(t - T,)) (1)
= Zl

1

mynna Z(t) =[z,t),....2,)]" €R" xyite wemimi, Z,.,(t) =:u(t) R Gackapy, T, €R",

i=1..n t=max{t,,..,T,} colikeciHIIEe YyaKbIT KeLIiy IlapaMeTpi JKOHe MIap-

1, 2(0)= £,(0), VO e[-1,0] Gacranks MOHJIED, 0;:R"XR" =R, i=1Ln _ genricis

y3aikcis Gynkupsiiap, p, € R, = { p/q | p=> q} ,1=1..,n - xyifenin soFapbl PeTTiTirin

KOPCETEI, P JKoHE ( TaK OYTiH canaap. 3epTrein xarkan xkyiene Pi = 1 Gornran xarmaiina
YIIOYPBIIITH (POPMaJaFbl YaKbIT KeIIiryl KaThICKaH CHI3BIKTBI €MeC JKyHere Keyeai, ai
P, >1 Gomranpma 3eprrey HbCaHBI Kepi GaillaHBIC HETi3iH/E CHI3BIKTAHABIPBUIATBIH JJIiC
OoiibIHIIa Gackapyasl Taly eceOiMeH MIbIFapbLIabl.

3epTTey KYMBICHIHBIH 0acThl HOTHIKEIEpi: aJlJIbIMEH 3epPTTEIIHIN JKaTKaH )KYHEeHIH ocy
mapThl TOMEHICTIII, KOHTPOJUIEPTe CUTHYM (YHKITUSCHIH CHT13y HOTIDIKCCIHIE IONIeNi
aHBIK TYKBIPBIMIApFa KOJI KETKI3MIK; 9pi Kapai, Topexe HHTETPaTOPhl KOCY 9/1ici HeTi3iHe
0akpulay KOHTPOJUIEPIH KYPABIK. AJIBIHFAH KOHTPOJUIED HOTHKECIHAE TYHBIK >KYHeHiH
OapibIK KyHepi MIEKTEeNTeH jKoHe LIeKTI yaKbITTaH KeWiH i3re Tycipy KaTemiri e3xirineH
a3 OonarelHABIFBIH KepceTemi3. CoHbIMeH Katap, Oyn sxymbicta MATLAB kemerimen
CBI3BIKTBIK €MEC KYHeTIep Il MIENTyIiH CaHIBIK SICTEPiH KapacThIpyFa 0aChIMIBIK Oepiiei.
Bi3 CBI3BIKTHIK eMec JKyienep YImH eH KOl KOJIaHbUIAThIH HTePAITHSIIBIK SIICTEP Il JKOHE
cauapIk mermmiMaepai Tady ymin MATLAB MyMKiHIIKTEpiH YChIHATEIH OonamMbI3. Makana
CaHJIBIK MBICAJIIAPMEH asKTaNabl.

HIbIFbICTHI MPAKTUKAJIBIK 0aKbLIAY

(1) xyitenin Y, (t) Tipex curmamsi [0,+ o] apaibFbIHIA YaKBIT aiHEIMAIBICH OOi-
piHIma C' -mexreyni Oosica, oHTa KYH KOHTPOJIIEP] JKOPAEMIHIE IIBIFBICTBI TIIOOAIIbI
MPaKTUKAJIBIK OaKbLIay bl OblIai TYKBIPbIMIAHMBbI3:

Kes-kenreH € > () 0H HaKTHI CaHbI YIIIiH

u=u(z,y, (1) 2)

Y3IKCi3 KOHTpOJIIepi Oap JKOHE OJT TOMEH/ICTI IAPTTAP bl KAaHAFATTAHIBIPAIbI:
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1) (1)-(2) ryitbIk xyieHiH O0apnblk Kyiuepi [0,+ o] KeciHAICiHIE aHBIKTAJIFaH JKOHE
[100aJI/IbI IIICKTEYITI;

2) Kes-xenren 2(0) € R" ymin 7> 0 mexti yakpitsl Ta6butbi, (1)-(2) TyibIK KyieHin
Y()IIBIFBICHI

ly® -y, )| =|z®) -y, {t)|<e, Vt=T>0 3)

MIAPTHIH KAHAFATTAH/IBIPCA, OHJA TYWBIK-IUKIJIBIK KYHEHIH MIBIFBICHI TT100aJIbI IPAKTH-
KaJbIK OaKblIayFa O0abl.

LBIFBICTHI TITO0AIBI TPAKTHKAIBIK OaKbLIAYy MOCENECiH Iy VIIiH KeJeci THmoTe3a-
JIapibl )KaCaMbIK.

Iunoresa 1. Kes-kenren i =1,...,n ymin C;,C, 20 sxone ® >0 Genrini koncranrana-
PBI TaOBLIBII, OJap KeJleci MapTThl KAHAFATTAH IbIPAIbL:

ICORACE AN EESEADAC

+o

Jm+zi"zj(t—rj)‘T +C, 4)
j=1

L+
r

MYHJIaFBI 7 :
r,+w .
=1 r="-1— i=23..,n+1 (5)
pi—l
Tunoresa 2. Y, (t) Tipex curnanst y3mikcis muddepenimanianarsia 601ca %oHe COHbI-
MeH Katap, D > 0 oH Oenrici3 KOHCTaHTachl Ta0bIICa, OH/IA KeJleci TEHCI3/TiK OPBIH/IbL:
y: (1)

ly, )]+ <D, Vte[0,+e) (6)

Bakpinay koHTposIIepiH xKobanay
KofipimFran wmaxcarka JKeTy VIIIH aJjIbIMeH KeJecified KOOpAWHAT TYpJCHIIpYiH
eHri3eHik:

= O =[2,0] ~[a.ZL@)], k=1n
H

[ (Z, (1)) = ~(sign(x, (1)) ™ 9,° |, (t)|

Tkt [
<]

,k=1n, 7)
i) = a, 1)
A= %+,
MyHaarel 0~ 02 'Eia({ri +®} —  [apTHIH KAHAFATTAHABIPATHIH OH KOHCTAHTA, JKOHE

. Rk -
o, :R" >R, k=1Ln, g, >1 — ox koHCTaHTACH Gap BUPTYAIIBI KOHTPOIUIEP AETI aTaabl.

Bipismimik ymia Po =90 =1 0(1) =0 gem ecenteiimis. Xy (£), 000 X, (1) Ky#i ¢ OoiibIHIIa
y3aikeiz muddepennnananyst (7) TYpaeHAIPY apKbUIbl HAKTHI u(f) KOHTPOIUIEPIH KYPYIbI
KaMTaMachl3 eTej.

Opi Kapai, sign TaHOa QyHKOHUACHIH (7) KOOpAMHAT TYPJCHIIPYiHE €HTI3y apKbLIbI
X, (t),-., X, (1) Gapnbik Mymkin moHzmepin TaGyra Gomambl. Py € Roy Tak OyTiH caH XKoHe
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o, (Z,(t))  epuerinen sign (Ock (Z, (t))) =—sign (Xk (t)) OOJIATBIHIBIFBIH allaMbI3. JleMek
KeJieci TeHIIK OPBIHIBI OOTaIbI:

[0t (Ze s O] = —sign(x, ,(1))

(o

1 N
—sign (%, (t))P: 92,

®)

k-1

= —sign (Xk—l (t)) O |Xk—1(t)| =-0, %, (0= _2( g )[Z (t)

j=i

JISmyHOB (YHKIIMSCHIH KYpanbIK:

20T Py
7 (t)

W, @o= [ Bl -leacaol g s

Oy-1 (£ (1))

s> Un+l T

WDk(t)=(n—k+1)j.xf(l)dl+(n—k) j x>(dl  k=1n.t =0

=7y =T

Byn Wy, ()W, (t) dynxumsiiapst ToMeHeri TYKBIPHIMMEH CHIIATTANIA/IBL.

Tyoicoipoim. k=1n YIIiH W, () sxome Wo, (t) pynxuusanaps! y3aikciz mupdepenim-
aJIlaHa bl )KOHE KeJIeCl TeHIIKTI KaHaFaTTaHIbIpalbl:
—aWHk (Zk (t)) _ [X (t ]ZG—r(k;wk

9z, (t) ‘

20—
72 (t) O M1 P

W, (Z, (1) o o
.= [S]rk - a’k—l(zk—l(t)) fk ds x
9z;(t) o 1(2[ (1) | ] ©)
26—l Py . i=1Kk—1
S > (t)([ o 4 (Z, ()] ) i=1k-1
dV\;Dtk“) =(@2n-2k+1)x? —(n—k+)x2(t —1,) — (N —K)X(t —T,,,).

Vi =WH1 "'WD1 OonareIHAaN Vl-z[i TaHmaiMb13. OHBIH YaKbIT OOWBIHINA TYBIHIBICHIH
TaybIM, TyorcbipbimObl KOIJAHCAK KEeJIECIH alaMbl3:

Vizlx] 0 o [u] e (@ —op) ] e i+ @n-D -n¢-t)-
—(n—1)x1(t—rz).

1-0omkam HeriziHae Keneci 6aranay OpBIHJIATA]IBL:

Toscl e R - B )

(10)
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w+n 26 |:|

]
20 -W- rl + rl [2p-w-n 20-0-n 2 20y _ —_ 2 20
S H O EE =R i)

Enpi Gipinmni O, BUPTYaJIJIbl KOHTPOJUIEP/Ii ObLTall TaH 1AM alaiibIK;

o (z,) = -sign(x)g, ° [x| o (12)

(e}

myrgarst & = (BN —1+B)"" >1 (11) men (12) Teruixrepai konaubimn (10) TeHiKTI 6bI-
J1ai sxazyra OoJajpl:

(sour1

Vi<-nd (-0 (X (t-1)+ X (t-))[x] °

Bynan pexypcuBTi oicTi KonmaHsIt, (k —1)-1mi kaxamaa

a2 -or),

26-0- rkl

Via<—(n—k+2) zxf—(n k+1)2(x (t=1)+ % (t=T,,))[X 4] (zkpk—l—afg—;)(m

Keneci xkagamma V, =V, +W, +W, OoNalThIHIAM eTiIl, Vk-HI)I TagnaiiMer3. OHBIH
k k

yaKbIT OOMBIHINA TYBIHABICHIH (1)-Ti TEHACYMiH MIEITMIHIH ToHiperinae aHbikTam, (13)
TeHIEY MeH TVorcolpbimObl KOTTAHCAK KEICCiHI aJaMbI3:

Vi S—(n—kJrZ)kzi‘ixi2 —(n—k+1)(ixf(t—ri)+k21‘xf(t—ri+l))—

26-w-T 26-w-1

—(N=K)X:(t—T,,.)+(@n -2k +Dx +[x | (kail — o )+ [%] ¢ of+
O M Pi (14)
26-0-1, 26-0-f_, 26—r Z rﬁ rﬁ o
+[Xk] o f +[Xk—l] ° (kaH _afkff)_GTkﬂpk J [s]* —[oy 1" ds x

O-1
k-1 S

X (X|T1+ f) L [o, ]
i=1 |

JKorapeiga KenTipiareH 2-111i THITOTE3aHbl KOJIJIaHa OTHIPHII, #-1IT1 Kajamaa Z,,, = o, = U

exenin eckepin, ®,:R"— R ysnikcis ¢yskimsicein kypa amameis, Gyzan U:R" — R
Oackapysl keneci popmaa aabIHAIbL:

1 el M

u(z) =—(sign(x,))" 9,° [x[ =

(15)

Bynan, X(t) € Q2 Gonranna, V - ¢ yakeIT Te KaTaH KeMimeri, sFHu x(f) - R" KeHiCTiriHin
TOJIBIKTAYBIII JKUBIHTHIFBIHA TIEKT1 7> () yakeITTa €HiT, COJ KeHicTiKTe Kanaasl. OcbinaH (7)
TYHBIK JKYHeHiH x(¢) memrimi [0, +o0) KeHICTIriH/Ie aHBIKTAIFaH )KOHE TI00aJIIbl MEKTETeH
6omnanpl. Eani (3) mapTTeIH OPBIHABI OONMATHIHABIFEIH (9) KOJTAHKII, JKOHE O IMapaMeTpiH
TaHAy apKbUTBI ToJIeNaeimiz. Sruau,
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) -y, ()] =[x ®)]<V, <2208) = <e

Ocbiman ke3-kenreH € > 0 ymin (15) dopmanarbsl y3mikci3 Ky kepi OaiiiaHbic
KOHTpoJuIepi (3) WapTThl KAHAFATTaHABIPATHIH IIBIFBICTHI ITI00AABI TPAKTHKAJIBIK OaKbLIay
eceOiH Iernei.

CanabIk MbIcaJl. by OesimMie TEOPUSIIBIK HOTHIKEICPIIH TYPHICTBIFBI MEH THIMIUTITTH
KepceTy YIIiH caHbIK MbIcal KapacThipaiibik. Cannbik ecenteyne MATLAB GUI (MATrix
LABoratory Graphical User Interface) - >xofapbl JeHreisli KernmapagurMaiblK TUT KOHE
CaHJIBIK €CelTey, BU3yalln3alys )koHe OaraapiamalayFa apHalfaH HHTEPaKTHBTI OPTAChIH
naiinananabik. MATLAB keMeriMeH JepekTepii Talijayra, alrOpUTMIIED jKacayra jKoHE
CUTHAJIZIap MEH KOMMYHUKAIMSIIap/Ibl OHAeyTe, OacKapy >KyHeepiHieri npouecTepi KoM-
IBIOTEpJIe MOAETbIEYTe KOJI JKeTKizyre Oomazpl. Kenmeci Typaeri ChI3BIKTBI eMec KyHeHi
KapacThIpaMbI3:

X, (1) = X ()~ [x (t ~ D2 cosx, (t)

X (1) = u® (1) + X6 (t = 2) + X (©)sin(x, (t-1)) 27)
y(©) =% )

L

0, () =[x (t —1)|g cos(X, (1)), 9, () = X; (t—2) +X; (t)sin(x, (t —1)) . Mynnarer © =% 6ou-

1+ 1 6,1
=1 =5.p,=5 =hife- 5.6  _hte_2 5_ 1
ca,onzar,=1xonep =5,p,=5, nemex 0. 5 o5 B 0, c 128
Ooasl.

o< (2+ xf)(|x1|5 +|X1(t—1)|5)+Cz, RS C1(|X1(t)|5 +[x, ©)f6 + [t -1)f5 +|X2(t—2)|6)+Cz

1-0omkaM/Ibl KaHAFAaTTaHIBIPATHIHBIH KepeMi3. EHJli 6 = 2 nen TaHan ajnabIk.

6 11 36 6
o 2max{r,+;r, +®;L, + O}=Mmax<—;—;——r=—
525125] 5

Ecenreynep »xyprizy apkpuibl JISmyHOB (GyHKIHICHIH Keeci Typ/e Tabambi3:
. 89 89
Vo <=7+ [ %[5 o + 1+P,)%; +[x, |50 (x§ —ag)

uou 8
MYH/IaFbI B, =PBo +By +PBs 05(X,)= —[X2]25 95° Vo<—(¢+ X22)+[X2]50 (X35 —Oti)

50
1 U 11

o, =U , U(2) = =(sign(x,))s 920 [%,[20 , myrarst 92 = (2+B,)">1 Oy1aH
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10

. 1 o
Vs s—(ivz) +28<-25<0
Vs S—(xf+x22)

10

|Y(t) Y (t)| = |X1(t)| <V, <2(40)% <e ,€>0 . Mynuars Y, (t) =sin %% sin (t) dbop-
MacbhIH/1a TAHIAIJIbI.

CanapIK MbICAJIBI KOMIbIOTEpae Moaenaey. Mpicanga yakplT KeUliryi mapaMmerpi
d=0,5 tex nen anwiaabl. Juddepenumanpik Tenaeynep Matlab 6arnapiamachitia apHaibl
¢dynkus dde23 apkpuibl ecenTeneni. Y akbIT KeIliry napaMeTpi KOHCTaHTa OOJIbII KeJIeTiH
nuddepentmanapk tenaeyaepai Y(t) = f(t, y(t),y(t—d),...,y(t-d)) dopmacenga xa-
3Bl amyFa Oonaapl. MyHza: ¢ yaksIT, y TOyel1i ailHbIMaJIbUIapIblH BEKTOp-OaraHaChl JKOHE
Y(t) Gipinmi perri TybiHmbICH, d YaKBIT KelIiry mapameTpi. 1 cypeTTe Kok ChI3BIKIIEH Tipek
curnan y (f) ’oHe XKyie MBIFBICH X (f) KbI3bUI ChI3BIKIEH OepinreH. 2 cyperre Oakbliay
KaTeJiri KepceTiii.

Cypem 1 — 5= 0,01 Gonrannarbl anblHFaH OaKbUIAay HOTHXKECIHIH rpaduri
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Cypem 2 — 5 = 0,01 mamacs! yurin 0akpiiay Karemniri rpaduri

Komnbroreprnik monengeyne & = 0,001 Oonran ke3zne Oakpuiay kareniri mamamen 0.1
azaiiziel (3, 4 cyper). 3 cyperre 6 = 0,001 mamachiHa caii KoK ChI3BIKIICH TipeK CHrHan y (7)
KOHE JKYHe IBIFBICH! X (f) KbI3bUI ChI3bIKIEH Oepinji, an 4 cyperTe colikeciHiue OakbLiay
KaTeJIiri KepceTire .

Cypem 3 — &= 0,001 6onrangarsr OaKpLIay Tpaduri
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Cypem 4 — 5= 0,001 Gonranmars! GakpuIay KaTemiri rpaduri

Kommnbrorepiik Moaenzaey OapeichiHga epkin mapameTrp 6 = 0,0001 mamaceinaa amy
apKbLUIbl OakbUIay Kateniri mamamer 0.06 TemeHaeTTiK (5,6 cyperTep).

Cypem 5 — 5 =0,0001 GornraHIaFs! XKYie MIBIFBICH )KOHE TipeK
CUTHAI rpaduri
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Cypem 6 — bakpinay xareniri rpaduri

KopsiThiaabl. JKorapbia KENTIPUITeH CaHJBIK MBICAIIBI KOMIIBIOTEPIIIK MOJCIICY
HOTIDKECIHIE KeJlecl HoTmKenepre Ko xerkizinai. 0 = 0,01 Oonranna anbiHFaH OakKbLIay
kareniri = 0,5 TeHiperinae 6ompl, an & = 0,0001 Gonran ke3/ie OaKpUIay KaTeiri naMaMeH
0.06 azaiinpl. CoHBIMEH JKYHEHIH CBI3BIKTBIK €MEC QJICI3 IapTTapblHAa KEUIiry mapaMeTpi
0ap IKOFapbl PETTi CHI3BIKTHI €MEC JKYHEeIep KJIAChI YIIIIH IIBIFBICTHI TII00aJIbl TPAKTUKAIIBIK
OakplIay Moceseci KapacThIpbulibl. CHUTHYM (YHKIUSACHIH KOHE KyaT HHTEIPaTOpPbIH
KOCYIBIH OpTaK SAICiH KOJJaHa OTBIPBIN, YaKbIT KEIIiry MmapameTpiHe Toyesci3 Y3IIKCi3
KOHTPOJIEP KYPBULIbI, HOTHXKECIH/C aJbIHFaH TYUBIK )KYHCHIH OapIbIK KyHiiepi meKTeyIi,
an Oakpulay Kareliri »KeTKUTIKTI a3 JICHreijie OONaThIHIBIFBIH Aomenaenik. JKymbicta
KEJITIPIITeH CaHJIbIK MbICAIl HOTHIKSHIH THIMIUIITH KOPCETTI.
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H. TACBOJIATYJIBI, K. OJIIMXAH?, A. K. EPZIEHOBA"?, C. C. AJIULIIEBA?,
I’ b. BAXA/THPOBA*

Meacoynapoonuiii ynusepcumem Acmana, Acmana, Kazaxcman
2Eepasutickuti ynueepcumem umenu JI.H. I'ymunesa, Acmana, Kazaxcman

KOMITBIOTEPHOE MOJIEJITMPOBAHME CJIEKEHUSI HEJIMHEMHBIMU
CHUCTEMAMM BBICOKOI'O IOPSJIKA C 3AJIEP)KKO BPEMEHHU

B 0annoii pabome ucciedosana 3a0a4a 210064161020 NPAKMUYECKO20 YNPAGLEHUA KIACCOM HeluHel-
HbIX CUCMEM BbICOKO20 NOpsioKa ¢ obpammnou cea3vio. OcobenHocmy paccmampueaemoll Cucmemsl co-
cmoum 6 mom, Ymo cmeneHv 0SPAHuYeHUs 6epXHell SPaHuybl HeTUHEUHOCTNU Oepemcs Ha HenpepbleHOM
unmepsane. Mol paspabamvleaem HACMPAUBAEMbITL U HE3AGUCUMbIL O BPEMEHU 3A0ePAUCKU KOHMPOI-
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Jlep ClediceHus, Komopulli OOMUHUPYem HAO d(PDeKmom HeIUHEIHOCMU 6PEMEHU 3A0epPICKU, 2eHepUpYys.
Qyuryuro JIanynoea, coomeemcmseeHHo, UCHONb3YS 0000 eHHblll MemoOd 000a8NIeHUs: CUCHYM-QYHKYUU
u unmezpamopa mowHocmu. Tonyuennviil pe2yismop obecneuugaenm 2100a1bHYI0 02PAHULEHHOCMb 8CeX
COCMOSHUIL UCCTEOYeMOU 3aMKHYMOU CUCMeMbl U OOCIMAMOYHO MAYI0 OWUOKY YAPABIEeHUs 34 KOHEUHOe
spemst. Kpome moeo, 6 oannoii pabome npuopumem omoasaics KOMIbIOMEPHOMY MOOCTUPOBAHUIO paHee
O00CMUSHYMBIX PE3YIbMAMO8.

Krouesvie cnosa: npaxmuueckoe ynpagienue 6bIx000M, CUSHYM-QYHKYUsL, RApamMemp 6peMeHHOl 3a-
Oepoicku, kKomnviomepHoe modenuposanue, Matlab GUI
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COMPUTER SIMULATION OF TRACKING IN HIGH-ORDER
NONLINEAR SYSTEMS WITH TIME DELAY

In this paper, we study the problem of global practical tracking of a class of high-order nonlinear
systems with feedback. A feature of the system under consideration is that the degree of limitation of the
upper boundary of the nonlinearity is taken on a continuous interval. We develop a tunable and delay-
independent tracking controller that dominates the effect of delay time non-linearity by generating a
Lyapunov function, respectively, using a generalized method of adding a signum function and a power
integrator. The resulting controller ensures global boundedness of all states of the studied closed system
and a sufficiently small control error over a finite time. In addition, in this work, priority was given to
computer simulation of previously achieved results.

Key words: practical output tracking, signum function, time delay parameter, computer modeling,
Matlab GUI
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USING BLOCKCHAIN TECHNOLOGY FOR MONITORING
BUSINESS PROCESSES IN ERP SYSTEMS

Database protection is one of the most difficult tasks facing the departments responsible for ensuring
information security. On the one hand, to work with the database, it is necessary to provide access to
data to all employees who, on duty, must collect, process, store and transfer confidential data. On the
other hand, the expansion of databases does not always have a centralized architecture, and therefore the
actions of violators are becoming more sophisticated. Thus, there is no clear and precise methodology
for a comprehensive solution to the problem of protecting databases that could be applied in all cases; in
each specific situation, an individual approach has to be found. Blockchain technology can solve some
of these problems. The purpose of the study was to show the possibilities of blockchain technology for
tracking possible external and internal attacks on Control Systems and their databases. It is proposed to
combine and blockchain-based hashing methods in alphanumeric format and explore its application in
tracking and monitoring the sequence of business process transactions in ERP systems. A cyber attack on
transaction data in ERP systems will immediately affect the root of the Merkle tree, which can serve as a
signal that the system has been hacked. We show that blockchain, considered one of the most disruptive
technologies in various industries, certainly has the potential to apply and ensure the security of enterprise
management systems in the ERP format.

Key words: blockchain, information security, cyber attacks, distributed ledger, Merkle tree, ERP,
hashing.

Introduction. Cybersecurity is becoming increasingly important for both governments
and businesses. Information security, one of the components of cybersecurity, focuses on
protecting the integrity and confidentiality of data as it is collected, stored and used. Data-
related people, processes, and technologies work together to create and maintain security.

Currently, a large number of cyber attacks are successful for several reasons: they do not
depend on the location of the cybercriminal and the remoteness of the potential victim, as
well as time frames and time zones. A hacked IT environment can lead to business-critical
consequences, including damage to reputation and lowering the level of trust on the part of
customers, seizing valuable information, integrating virus and malware, and more, due to
the fact that organizations data can get into into the wrong hands. Infrastructure hacking is
also associated with financial risks: leakage of confidential information about the company
itself, its bank details and financial flows, confidential information of customers and sup-
pliers, as well as the outflow of customers and the loss of the organization’s unique innova-
tive developments, its competitiveness can significantly drop in the market. The situation
is complicated by the fact that the methods and tactics of attackers are constantly evolving.
Hackers are constantly adapting their attacks to new realities and technologies. Modern
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cyberattacks are automated as much as possible, which allows attackers to accelerate their
implementation and use artificial intelligence to increase the success of their implementa-
tion. The protection tools used today effectively fulfill their task of ensuring security - they
block typical attacks, but they are not yet perfect in relation to point, manual threats.

According to statistics for 2022, DDoS attacks, phishing and videoconferencing attacks
topped the list of cyber threats. However, other types of attacks bring no less problems to
both businesses and ordinary users.

Security should be both at the technical level, which includes all the necessary tools
to protect the infrastructure, and at the organizational level - company employees should
always be aware of the latest news in the field of information security and current tech-
niques of cybercriminals. Only a comprehensive and active approach to ensuring infor-
mation security will achieve a high level of security and keep confidential data within the
organization [1].

Regarding the blockchain: it is worth acknowledging that this is a rather familiar con-
cept, which initially surfaced when Satoshi Nakamoto introduced Bitcoin in 2008 [2]. It is
known that bitcoin is the most famous implementation of the blockchain, and in fact, it is the
implementation of the cryptocurrency. Nevertheless, blockchain extends beyond its associa-
tion with cryptocurrencies, as it serves as a foundational technology and framework for re-
cording currency transactions between untrusted participants. In present times, blockchain
technology, or its derivatives, is integrated into various domains beyond cryptocurrencies.
Numerous applications now incorporate blockchain technology, including energy trading,
healthcare, supply chain management, manufacturing, identity management, e-government,
and many more. This expansion highlights the versatility and potential of blockchain in
diverse industries and sectors [18,19].

Blockchain is a distributed ledger, referring to how a database is distributed among mul-
tiple peer-to-peer network participants without oversight of the process by a central author-
ity. When it comes to blockchain, the ledger is organized precisely as its name suggests — as
an ordered chain of blocks, with each block containing a sequence of transactions. A block
is essentially a structure comprising a header and a body that holds the transactions in a spe-
cific order. The blocks are timestamped and digitally signed by the entity that creates them.
These blocks are linked together to form a chain through a reference to the previous block.
The header of each block includes the cryptographic hash of the previous block, ensuring
the integrity and immutability of the entire chain. This linkage guarantees that any modifica-
tion to a previous block would invalidate subsequent blocks, making it extremely difficult
to tamper with the data without detection. The first block in a blockchain, which initiates
the chain, is referred to as the «genesis block» [3]. It serves as the foundation upon which
subsequent blocks are added, creating an unbroken chronological sequence of transactions.
This structure of ordered blocks, with cryptographic linkage and timestamping, establishes
the core characteristics of a blockchain, enabling secure and transparent record-keeping
across a network of participants. (Fig. 1).

Indeed, in blockchain technology, the ledger is distributed among participants in a de-
centralized network, eliminating the need for central control. In public, non-permissioned
blockchains, all network participants possess a copy of the ledger. However, in other types
of blockchains, which may be more complex or restrictive, subsets of participants may
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Figure 1 — Blockchain as a chain of blocks

hold different ledgers. Hyperledger Fabric serves as an example of a restricted blockchain
technology that allows nodes to be segregated into different channels, with nodes in the
same channel maintaining identical copies of the ledger. This segregation ensures privacy
and data segregation within the network [4]. While the distribution of ledgers among par-
ticipants raises concerns about ledger synchronization and the potential for participants to
promote their own versions of the ledger or transactions, blockchain employs consensus
mechanisms to address these issues [20].

Consensus mechanisms are protocols that enable participants in a blockchain network
to agree on the validity and order of transactions. These mechanisms ensure that all partici-
pants reach a shared consensus on the state of the ledger. Common consensus mechanisms
include Proof of Work (PoW), Proof of Stake (PoS), Practical Byzantine Fault Tolerance
(PBFT), and more [5]. By requiring participants to agree on the validity of transactions and
the order in which they are added to the ledger, consensus mechanisms prevent individual
participants from manipulating the ledger for personal gain. Consensus ensures that any
changes to the ledger are agreed upon by a majority of participants, maintaining the integ-
rity and trustworthiness of the blockchain system [6,21]. The proof of work mainly consists
of solving a computationally complex problem (related to the block itself) as a condition for
inserting the block into the chain. Blockchain participants compete to solve this problem
in exchange for a reward. The problem is difficult to solve, but easy to check so that other
participants can easily check the solution of the problem and agree on a new block. This
algorithm guarantees consensus as long as no single participant has more than half of the
computing power of the network due to high power consumption. This high power con-
sumption and wastage of computing power is causing blockchain networks like Ethereum
to migrate to lighter consensus algorithms like Proof of Stake [7,22].

The most commonly used cryptographic function in Proof of Work is the hash. The hash
or hash function is one of the main components of modern cryptography and the blockchain
algorithm. Hashing is the transformation of any amount of information into a unique set of
characters that is unique to this array of incoming information. This set of characters will
be called a hash.

The hash function has several required properties:

— The hash is always unique for each piece of information. However, sometimes there
are so-called collisions, when the same hash codes are calculated for different input blocks
of information.
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— With the slightest change in the input information, its hash changes completely.

— The hash function is irreversible and does not allow restoring the original array of
information from a character string. This can be done only by sorting through all possible
options, which, with an infinite amount of information, requires a lot of time and money.

— Hashing allows you to quickly calculate the desired hash for a sufficiently large
amount of information.

— The algorithm of the hash function, as a rule, is made open so that, if necessary, it is
possible to evaluate its resistance to restoring the initial data using the issued hash.

— A hash function must be able to convert any amount of data to a number of a given
length [8].

The use of hashes in blockchain helps guarantee the integrity of the transaction chain
and protects it from unauthorized modifications. Each block in the blockchain contains a
hash that represents the data within that block. This hash is calculated based on the data’s
contents using a cryptographic hash function. Any alteration in the data would result in a
different hash value, immediately signaling that the data has been tampered with. The dis-
tributed nature of blockchain makes it highly resistant to hacking attempts. When a network
participant, known as a miner, discovers a hash solution that meets certain criteria, they can
assemble a new block and broadcast it to the network. Other participants can then verify
the validity of the block by checking its association with the previous block and confirm-
ing that it satisfies the network’s required properties. Consensus is achieved when all par-
ticipants have the same set of blocks, forming the longest blockchain [9]. Hashes are also
instrumental in verifying data integrity and facilitating the cryptographic signature process.
By generating hashes of data and comparing them, the integrity of the data can be verified
without revealing the original content. Additionally, cryptographic signatures utilize hash
functions to provide authenticity and non-repudiation, ensuring that the data or transaction
was indeed generated by the claimed party. When constructing a blockchain architecture,
the default structure typically consists of blocks linked together in a sequential chain, with
each block containing a hash of its data and a reference to the previous block, establishing a
secure and tamper-evident record of transactions[10]. If it builds a blockchain architecture,
then by default it looks like this (Fig. 2).

Thus, the benefits that can be obtained using the blockchain are obvious. What makes
us accept a network with such a load of processing and redundancy? All this complexity
is necessary to create a decentralized network consisting of many participants who reach a
common consensus without the intervention of a central authority; create a transparent and
immutable ledger that you can check yourself; establish a contract without the intervention
of a notary (in fact, applications running on the blockchain are known as smart contracts)
[23]. And all these goals are achieved with a sufficient level of reliability and availability.
At the same time, blockchain does not solve all problems. This is not a suitable solution for
systems managed by a single central authority, or for storing data whose integrity and origin
are irrelevant. This is a new paradigm that provides deterministic contract performance and
data integrity in the registry with full guarantees and without third party interference.

Research methodology and results. Once blockchain technology has been imple-
mented, the focus is on fulfilling the information security properties that it provides. By
focusing on data integrity, the blockchain ledger is immutable. Each transaction in a block
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Figure 2 — Architectura of system

is cryptographically signed by its sender, each block in the blockchain is cryptographically
signed by its miner, each block contains the hash of the immediately preceding block, and
all participants in the blockchain network reach consensus on the chain. In order to change
a single transaction on the blockchain, an attacker must change each subsequent block ac-
cordingly, solve the consensus problem of this block and subsequent blocks, and convince
more than 50% of the network participants to accept the new chain. This situation is almost
impossible due to the properties of hashing and the amount of computing and electrical
power required to achieve this goal. Blockchain is resistant to hacking, and integrity is its
greatest advantage [11,24].

Consider an application of a Merkle tree that uses hashing to transform large amounts of
information into a single string. This allows you to prove that the transaction was included
in a large data set. The technology is named after Ralph Merkle, who proposed it in 1987. A
binary Merkle tree is a data structure that is created by combining hashes [12].

The construction of a Merkle tree involves the following steps (Fig.3):

— Calculate Transaction Hashes: Start by calculating the hash of each individual transac-
tion in the block. For example, hash(L1), hash(L2), hash(L3), and so on, where L1, L2, L3
represent the transactions.

— Pairwise Hash Calculation: Combine the hashes in pairs and calculate the hash of their con-
catenation. If the number of transactions is odd, duplicate the last transaction and add it to itself
before pairing. For example, calculate hash (hash(L1) + hash(L2)), hash(hash(L3) + hash(L3)),
and so on. This ensures an even number of elements at each level of the Merkle tree.

— Repeat Hash Calculation: Repeat the pairwise hash calculation process with the newly
generated hashes from the previous step until you reach a single hash known as the Merkle
root. The Merkle root represents the top-level hash of the Merkle tree and serves as a cryp-
tographic proof of the integrity and order of all transactions in the block. The value of the
Merkle root is included in the block header.
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Figure 3 — Merkle tree

A hashing variant is proposed, where each block is formed with an alphanumeric code,
where the numerical coefficients will be formed according to the simplest hashing principle
as the sum of the initial data from those included in the hash. The literal content of the block
will be formed depending on the serial number of this letter in a particular alphabet (for
example, in Latin). For example (Fig.4):

Thus, each step will convert not only the numerical coefficient, but also its literal com-
ponent. In this case, when building a Merkle tree, the main task is not so much to encrypt
block data, but rather to track the sequence of transactions. At the same time, one should
not forget that modern complex ERP systems, such as Oracle, SAP and others, use transac-
tions with an alphanumeric code to form business processes of various modules, which can
allow tracking the irreversible sequence of a transaction using the proposed alphanumeric
hashing based on blockchain. This implies the need to provide an unambiguous relationship
between alphanumeric hashing and alphanumeric encoding of transactions in the process of
functioning of the ERP system [13,14].

It must be understood that the Merkle Root is responsible for summarizing the data
present in specific transactions, all of which is stored directly in the block header [15]. This
method maintains data integrity. In the event that at some point one detail in a transaction is
changed, the Merkle root will automatically change along with it.

The integrity of the transaction is easy to verify in no time. Due to the way the data
is structured, the validation process requires very little memory usage and the processing
power required is greatly reduced.

Since blockchains are usually composed of hundreds of thousands of blocks, each of
which can contain up to several thousand transactions, two main problems appear: memory
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Figure 4 — Merkle tree in our version

size and computing power. Every node in the network would maintain a complete copy of
a transaction that ever took place on the blockchain if Merkle trees were not used on the
blockchain. The node would have to compare each record line by line when verifying the
transaction to make sure they match the network records exactly. Network security can be
compromised if there is any discrepancy between the two. To compare the records and make
sure that there were no changes, the computer would need much more processing power.

Merkle trees, on the other hand, offer a solution to this problem by drastically reducing
the amount of data you need to have on hand. They hash each entry in the registry, effec-
tively separating the data itself from the evidence supporting it [16]. Without knowing each
individual TXID in a block, you can check the TXID using a merkle root with a hash tree.
A Merkle Tree is a great way to show part of the data without having to download the entire
set. Therefore, less processing power is required to verify transactions.

Conclusion. As a result of the study, an alphanumeric hashing scheme using a modi-
fied Merkle tree is proposed. Moreover, the literal part of hashing must not only be taken
into account, but a logical, analytical justification should be brought under it. There is also
a rational basis for the relationship between alphanumeric hashing and alphanumeric en-
coding of transactions during the operation of an ERP system. This approach can provide
some security in tracking irreversibility and monitoring possible cyber attacks that violate
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and distort the merkle tree root. This will ensure control over a clear sequence of transac-
tions and their appropriate coding in the main business processes of the ERP system [17].
In this work, the methods associated with ensuring security were used, while the blockchain
technology does not have direct access to cryptocurrencies, but goes to a different level and
field of application.
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Yon-@apabu ameinoazer Kazax ynmmeix ynueepcumemi, Armamol xanacel, Kasaxcman
2JTio6nun mexnono2usnvlk yuueepcumemi, Jlioonun, [lonvua

ERP )KYHUEJIEPTHJIETT BUSHEC-ITPOIIECTEPII BAKBLIIAY
YIIIH BJIOKYEHH TEXHOJOTUSACHIH KOJITAHY

Mbanimemmep KopvlH Kopeay — aknapammolk Kayincizoikmi Kammamacwl3s emyee Hcadyanivl
bonimwenepdiy anovinoa mypaH ey Kypoeni minoemmepoiy Oipi. Bip owcasvinaH, depekmep KOpbIMeH
JHCYMBIC ICMEY YULTH Ke3eKWINIK Ke3IHOe KYynusi 0epekmepoi HCUHAYea, oyoeyee, CaKmayad dcamne bepyee muic
bapnvlK Kblzmemkepiepae 0epeKmepaee KOAHCeMiMOLIKmi Kammamacel3 emy Kasxcem. Exinuii dcagvinan, Oe-
pexmep KOpbiH KeHelmy apKauian OpmanslKmanoblpuLi2an apxumexnypaza ue 6oaa bepmetioi, CoHObIKman
oy3ywbLIapobly apekemmepi Kypoenipex 6onaovl. Ocvlaatiua, dapivlk dxcazoaiiapoa Kondanyea bona-
MblH MaEMemmep KOPblH KOP2ay MaCeleCiH KeuleHOl uleulyOiy HaKmbl HCaHe MYpakmsl 20icmemect JHcok,
apbip Hakmol KHcaz0auioa dceke macindi mady Kepex. Biokuelin mexHon02UACsl 0cbl Macenenepoiy Keubipin
wewe anaodvl. 3epmmeyoiy maxcamvl dbackapy scylenepine ducane 01apovly 0epPeKKOPAAPbIHA bIKMUMAT
CHIPMKbL HCIHE [UKT UAOYBLIOAPObL ODAKBLIAY YULiH OIOKYEH MEXHOI02UACBIHbIH MYMKIHOIKMEPIH Kopcemy
6010b1. Opinmik-yugpivik opmamma Or0Kuelin He2izindeel Xauune aoicmepin Oipikmipy ocone ERP
Jrcytienepindeci OusHec-npoyecmepoiy MpaH3aKYUsLIAPLIHbIY PeMMmMinicin Kadaganay siane OaKwliayod
Konoanyowsl sepmmey ycwinvliaowvl. ERP ocyiienepindesi mpanzakyus depekmepine kubepuabyvin Merkle
ARAUILIHBIY MAMbBIPLIHA 0epey acep emedi, Oy Jcylie OY3blI2aHOblebl MYPabl CueHal bona anaovl. biz
apmypai cananapoagol ey cepnindi mexHono2usLapobly Oipi 6onvin canaramoln 6n0kyelnniy ERP ¢op-
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MAmvlHOA KICINOPLIHObL OACKAPY HCYUENePiH KONOARY JHCaHe KAVINCI30IKmi KAMMAMACyL3 emy MyMKIHOI2I
bap ekeHin Kopcememis.

Tyitin ce30ep: Onokuelin, aknapammolk KAyincizoik, Kubepuabyvlioap, mapamliean peecmp,
Merkle azawvt, ERP, xouume.
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Kaszaxckuil nayuonanvusiil ynugepcumem um. ano-QPapabu, 2. Anmamol
2liobnunckuit mexnonozuueckuil ynusepcumem, Jlroonun, Honvwa

HCIOJIb30BAHUE TEXHOJIOT MU BJIOKYEWH JIJIs
MOHUTOPHUHI'A BUSHEC-ITPOLHECCOB B ERP-CUCTEMAX

3awuma 6a3 0annwix s6751€MCS OOHOU U3 CAMBIX CLONCHBIX 3A0Ad, CIOSUUX Neped NoOPa30eieHuUs -
MU, omeeyarowumy 3a obecneverue ungopmayuorrou desonacrocmu. C 00HOU cmopoHsbl, O pabomsl
¢ 6a301l HeoOXOOUMO NPedoCmasisineG 0OCMYNn K OAHHbIM 6CeM COMPYOHUKAM, KMO NO 002y CILyHCObl
QoJHCeH OCcyujecmenams coop, 0opabomxy, Xparerue u nepedady KoHguoeHyuarbHuix oannvix. C opyeotl
CMOponbL, YKpYnHeHue 6a3 OaHHbIX 0aleKo He 6ce20d umeen YeHmpaiu3oeaHHylO aApxXumekmypy, 6 cesasu
€ yem Odelicmsus Hapywiumenel cmanosamcs éce bonee uzowpennvimu. Takum obpazom, 4emkou u ACHOU
MEMOoOUKU KOMNIEKCHO20 peuenus 3a0a4u 3auumsl 6a3 OAHHbIX, KOMOPYIO MONCHO ObL10 Obl NPUMEHSNb
60 8CeEX CIVUAAX, He CYUecmByem, 8 KalcOOu KOHKPeMHOU CUMyayu npuxooumcs Haxooums UHOUSUOY-
anbHwlll n00xo0. Texnonoeus ONLOKYEUH MOdICEN pewums Hekomopble us smux npoonem. Llenv uccnedo-
8AHUA COCMOANA 8 MOM, UMODbl NOKA3AMb BO3MOICHOCTU MEXHON02UU ONOKYEUH Ol OMCIeHCUBAHUS
B03MOIICHBIX BHEWHUX U GHymMpeHHux amak na Cucmemvl ynpaenenus u ux 6azvl 0annwvix. Ilpeonraeaemcs
00beOUHUNb U MEMOObl XIUIUPOBAHU HA OCHOGe ONOKUElHa 6 OYKGEHHO-YUCTIO80M (opmame U uccie-
008aMb €20 NPUMEHEHUE 8 OMCIENCUBAHUL U MOHUMOPUH2E NOCIE008AMETbHOCIU MPAH3AKYULL OU3HeC-
npoyeccos 6 ERP cucmemax. Kubepamaka na oanHvle no onepayuam ¢ ERP cucmemax cpasy ompazumcs
Ha Kopre depesda Mepkaa, 4mo mModicen Cayicums CUSHALOM, YO CUCIEMA NOOBEP2IACH GHEUHEMY 3110~
My. Mol noxaszvieaem, umo On0KuelH, CHUMAOWULICS 0OHOU U3 CAMbIX NPOPBIGHBIX MEXHONO2UL 8 PA3HbIX
ompacasax, 6e3ycioeno, 0oaadaenm nomeHyuaiom s NPUMeHeHUs U obecneyenus: 0e30naAcHoCmu CUcmem
ynpasneHus opeanuzayuil 6 popmame ERP.

Knroueswvte crnosa: 6noxkueiin, unghopmayuonHas 6e30nacHocms, KUbepamaku, pacnpeoesieHHblil pe-
ecmp, 0epeso Mepxna, ERP, xewuposarue.
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ANALYSIS OF THE APPLICATION OF EXPERT SYSTEMS

This article offers an overview of expert systems, identifies their advantages and disadvantages. The
main advantages of expert systems are the ability to use expert knowledge to solve problems in automatic
mode, which allows you to reduce the time and cost of solving a problem, as well as improve the quality
of decisions made. However, there are also disadvantages, such as limitations in the use of only those
knowledge that was embedded in the system at the stage of its development, which can lead to errors if
the knowledge is outdated or insufficient. In addition, developing and supporting expert systems can be
expensive and challenging.

However, expert systems continue to develop and find application in various fields, which allows you
to increase the efficiency and quality of solving problems, as well as increase the speed of solving them.

This article reviewed modern expert systems as: “Intelligent medical differential diagnostic system
based on expert systems,” “Dermatological expert system implementing ABCD, ” “Hybrid recommendation
system for recommendations of relevant films using an expert system”’ Their model construction, knowledge
base formation and user interface are analyzed. The importance of their development, their effectiveness
and the need for implementation as an information system are also discussed.

Key words: knowledge base, presentation languages, knowledge processing, telecommunications
services, ontology, expert system.

1. Introduction. Expert systems (ES) are an important tool in the field of artificial
intelligence and are software capable of solving complex problems that require the
knowledge and experience of experts in the relevant field. In this article, we will review the
review of expert systems, identify their advantages and disadvantages, and consider their
application in various fields.

The main advantage of expert systems is the ability to use expert knowledge to solve
complex problems. Expert systems can effectively use expert knowledge to solve a problem
that other methods would not be able to solve. This makes it possible to improve the quality
of decisions made and speed up the decision-making process.

Another advantage of expert systems is the ability to automate problem solving.
The expert system can work around the clock, which allows you to solve problems at
any time, without the participation of experts. It also reduces the cost of solving the
problem.

One of the main disadvantages of expert systems is their limitations. An expert system
can use only the knowledge that was embedded in it during development. If knowledge is
outdated or insufficient, the expert system may make incorrect decisions.

* E-mail xoppecnonaupytomero apropa: d.umutkulov@gmail.com
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In addition, developing and supporting expert systems can be expensive and challenging.
Developers need to know not only the specification of the subject area, but also have
programming and artificial intelligence skills. In addition, expert systems require constant
updating and support, which can also become a significant problem.

2. Literature review and problem statement. The article “Intelligent medical system
of differential diagnostics based on expert systems” describes the development and
application of an expert system in medicine for differential diagnosis of diseases [1]. The
article emphasizes that many diseases have similar symptoms, which can make diagnosis
difficult. The expert system developed in the article allows you to take into account many
factors, increasing the accuracy of diagnostics and reducing the likelihood of errors.

The authors of the article justify the need to use expert systems in medicine and describe
the basic principles of the expert systems. Next, the authors describe the process of developing
an expert system, including determining the knowledge base and creating inference rules.
The article details the structure of the expert system and its main components.

To test the developed expert system, the authors conducted an experiment on a sample
of patients with various diseases. The test results showed that the expert system has
high diagnostic accuracy, which can significantly speed up and improve the treatment
process.

However, it should be noted that the article does not pay due attention to assessing
the advantages and disadvantages of expert systems in medicine. For example, it was not
described how the safety and confidentiality of patients were ensured, nor was the possibility
of errors related to incorrect data entry or the use of outdated knowledge considered.

In general, the article “Intelligent medical system of differential diagnostics based
on expert systems” is an interesting work that shows the application of expert systems in
medicine. However, a more complete assessment of the advantages and disadvantages of
expert systems is needed, as well as ensuring the safety and confidentiality of patients when
using them.

In the article Safiullin R.N., Nurullin R.R. the following models of knowledge
representation were used to make decisions in the intelligent medical system of differential
diagnostics based on expert systems:

1. Knowledge base - the representation of knowledge in the form of product rules.

2. Ontology is a model for representing knowledge in the form of a semantic network.

3. A semantic network is a graphical model in which vertices represent concepts and
arcs represent relationships between them.

The following methods were used to make a decision in the system:

1. Mathematical statistics methods for analyzing data obtained from patients.

Article Safiullin R.N., Nurullin R.R. “Intelligent medical system of differential
diagnostics based on expert systems” describes the development of a system of differential
diagnostics of diseases based on artificial intelligence methods and expert systems.

One method of mathematical statistics used in this paper may be the multiple logistic
regression method to build a disease diagnosis model based on clinical data from patients.

In addition, it is possible to use the principal component analysis (PCA) method to
reduce the dimension of the data and highlight the most significant features for the diagnosis
of diseases.
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Descriptive statistics techniques such as mean, median, standard deviation, interquartile
range, etc. can also be used to analyze the distribution of trait values in groups of patients
with different diagnoses.

Thus, mathematical statistics methods can be used to build a model for diagnosing
diseases, highlight the most significant signs, analyze the distribution of feature values in
different groups of patients and assess the quality of the model.

2. Machine learning algorithms for system training based on collected data.

The article by Safiullin R.N., Nurullin R.R. mentions the following machine learning
algorithms for training the system based on the collected data:

— Decision Tree Algorithm-Used to build a decision tree that allows you to classify
objects based on features.

—Random Forest is an ensemble of decision trees where each tree is trained on a random
subset of features and objects.

— Support Vector Machine (SVM) - Used to classify objects by separating them with a
hyperplane in feature space.

— Naive Bayes algorithm - Used to classify objects based on Bayes’ theorem, which
determines the probability of an object belonging to a certain class based on its features.

— K-Nearest Neighbors (KNN) algorithm - used to classify objects, defining the class of
an object based on the classes of its K closest neighbors in feature space.

The paper also mentions the use of an expert system that uses expert knowledge and
expertise in conjunction with machine learning algorithms to more accurately diagnose and
classify diseases.

3. Inference methods for applying product rules from the knowledge base to a specific
diagnostic situation.

The article Safiullin R.N., Nurullin R.R. mentions methods of logical inference, such as a
chain of rules, a method of direct inference and a method of reverse inference. These methods
are used to apply the rules of products from the knowledge base to a specific diagnostic
situation in an intelligent medical differential diagnostic system based on expert systems.

Regarding the use of logic, the article does not mention specific logic, but it can
be assumed that classical predicate logic is used to build a knowledge base and apply
inference methods, which is widely used in the development of expert systems and artificial
intelligence.

Dermatological expert system implementing ABCD. The article “Dermatological
expert system implementing ABCD” describes the development of an expert system designed
to diagnose skin diseases. The system is based on the ABCD method, which is based on the
assessment of the characteristics of moles and other formations on the skin [2].

The authors of the article describe in detail the principle of operation of the ABCD
method and its advantages for the diagnosis of skin diseases. Next, they describe the process
of developing an expert system, including collecting data and creating a knowledge base.
The authors also describe in detail the architecture of the system and its components.

One of the main advantages of the system described in the paper is that it can be used as
a training tool for dermatologists, as well as for people wanting to self-evaluate their moles
and other skin formations. Also, the system can be used for mass diagnosis of skin diseases
based on photographs.
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However, it is worth noting that the article does not describe the results of testing the
system on a large sample of patients. Nor is it described how the system was trained on the
database, or what methods were used to verify its accuracy.

In general, the article “Dermatological expert system implementing ABCD” presents an
interesting development of an expert system for the diagnosis of skin diseases, which can
be useful for both dermatologists and patients. However, it is necessary to conduct wider
testing of the system and assess its accuracy on a large sample of patients Fig 1 .

The presence of one or more colors or uneven color distribution is considered by the
dermatologist for early diagnosis of the lesion.

Differential structures: For characterization of skin lesions, the presence of differential
structures is considered an important dermoscopic finding. To identify dermoscopic structural
features, the presence of an unstructured region, pigment network, branched bands, blue-
white veil, dots and globules, the focus was on this issue. To assess the dermoscopic score for
differential structures, a maximum of five points were allocated, one point per structure.

Leus MM’s paper used the Rule-Based Model as well as machine learning techniques
to classify images of skin lesions. For classification, a machine vision system was used
that analyzed images and extracted features (Asymmetry, Border irregularity, Color
heterogeneity, and Diameter) according to the ABCD method. Then, based on the rules set
by expert dermatologists, the system decided on the classification of skin formation.

Figure 1 — Expert system architecture
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Hybrid recommendation system for recommendations of relevant films using
an expert system. The article “Hybrid Recommendation System for Recommendations
of Relevant Films Using an Expert System” describes the development of a hybrid
recommendation system for films that uses collaborative filtering techniques and expert
systems [3].

The authors of the article describe in detail the methods of collaborative filtering, which
are based on analyzing the viewing history of users and identifying similar users and films
based on their preferences. Further, they describe methods of expert systems that are based
on the analysis of the characteristics of films, such as genre, actors, directors, etc.

The authors describe the process of developing a hybrid recommendation system,
including creating a knowledge base, training models and algorithms, and integrating them
into a single system. The paper also presents the results of experiments that show that the
hybrid recommendation system has higher accuracy than each of the methods individually.

One of the advantages of the system described in the article is its ability to take into
account not only user preferences, but also the characteristics of films, which allows for more
accurate recommendations. It is also worth noting that the system can be easily adapted for
other types of content, such as music, books, etc.

However, it is worth noting that the article does not describe some important aspects,
such as the cost and complexity of developing a system. It also does not describe how the
system will work in real conditions with a large number of users and a large database.

In general, the article “Hybrid recommendation system for recommendations of
relevant films using an expert system” presents an interesting development of a hybrid
recommendation system that can be useful for recommending content to a user based on his
preferences and content characteristics.

Han J., Kim K. used a hybrid knowledge model that included a Collaborative Filtering
model and a Content-Based Model. In addition, methods of machine learning and data
analysis were used to make a decision in the expert system.

The collaborative filtering model was used to analyze user preferences and recommend
films based on their similarity to films that the user already likes. The content-based model
analyzed the characteristics of films such as genre, cast, director, etc., and recommended
films based on their similarity to previous films that the user had already watched.

In addition, machine learning algorithms such as Random Forest and Gradient Boosting
were used to train the models. They made it possible to optimize models and improve the
accuracy of recommendations.

A brief overview of other expert systems. The article “Development of an expert system
for selection of metalworking technology” by Rakhmatulin R.G. and Illin I.V. mentions the
development of an expert system for choosing a metalworking technology that uses artificial
intelligence methods to provide optimal recommendations for choosing processing parameters
for a specific task. Thus, the system takes into account the characteristics of the material, the
type of processing operation and other factors in order to select the optimal set of parameters
that will ensure the maximum efficiency and quality of the processing process [4].

The article “Development of an expert system for analyzing and predicting the reliability
of automation tools” by Pozdnyakov M.Yu., Lysenko E.A. and Samorodova Yu.G. is
devoted to the development of an expert system that uses artificial intelligence methods to
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analyze and predict the reliability of automation tools. It allows you to define criteria for
assessing system reliability, diagnose and determine the causes of failures, as well as provide
recommendations for troubleshooting and improving system performance. This system can
be useful for automation professionals who maintain and configure automation tools, as
well as for managers who make decisions about replacing or upgrading systems [5].

The article describes the development of an expert system designed to control the
equipment of technological processes in the chemical industry. It uses artificial intelligence
techniques and expertise to provide optimal process managementrecommendations, including
selecting optimal processing parameters, diagnosing problems, and recommendations for
correcting them. This improves the efficiency of the equipment, reduces maintenance costs
and reduces the downtime of the production line. This system can be useful for chemical
specialists and managers responsible for production management [6].

The article is devoted to the use of expert systems to improve production processes in
the field of metal structures. The article describes the features of the production of metal
structures, the problems faced by manufacturers, and the possibility of using expert systems
to solve these problems. The authors consider various types of expert systems, such as
diagnostic and predictive systems, quality control systems, and decision support systems,
and provide examples of the successful application of each of these types of systems in the
manufacturing process [7].

The article is devoted to the application of expert systems in regional management. The
authors consider the use of expert systems for decision-making in various areas of regional
governance, including economics, ecology, health and education. They describe the features
of the development and application of expert systems in regional management, as well as
provide examples of the successful use of expert systems in solving specific problems.
The article also addresses the challenges and limitations associated with the use of expert
systems in regional management and suggests recommendations for overcoming them. This
article can be useful for specialists in the field of regional management who are interested in
using modern technologies for decision-making [8].

This article describes the features of business processes in the enterprise and the
problems associated with their management. The authors offer an expert system model that
allows you to automate the process of managing business processes in the enterprise, taking
into account the specifics of the industry and the customer’s requirements [9].

The article describes the main challenges associated with decision-making in marketing
activities, such as lack of information, uncertainty and ambiguity of data [10].

3. Application of expert systems. Expert systems are widely used in various fields,
such as medicine, finance, industry, etc. In medicine, for example, expert systems can help
in diagnosis Fig 2 .

Knowledge base: This is the central part of the ES, containing the knowledge of experts in a
certain area. The knowledge base can be organized in the form of a set of rules, frames, semantic
networks, Bayesian networks, as well as in the form of expert systems based on cases.

Knowledge Interpreter: This subsystem is responsible for interpreting and applying
knowledge from the knowledge base to solve specific problems. An interpreter can use
inference methods such as product rules, task chains, inverse inference methods, or a
combination of several methods.
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Figure 2 — Expert system architecture

Data management subsystem: It is responsible for storage and organization of data
related to POS operation. This can be used to store knowledge, manage the history of
consultations, preserve the results of the expert system, and much more.

User Interface: The user interface subsystem provides the user with access to the ES and
allows asking questions, entering data and viewing results. The interface can be implemented
as a text interface, a graphical user interface (GUI), or even a voice interface.

Explanation system: It provides the user with explanations of the decisions made, makes
it possible to clarify the information and explain the reasons why the ES made a certain
decision. The explanation system may be implemented as a graphical interface or a text
message.

Training module: This module allows ES to learn from new data and experience. Training
can occur as the ES is used or through special training procedures that allow experts to enter
new data and knowledge into the knowledge base. The training module can also be used to
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optimize rules or improve ES performance by automatically analyzing data and identifying
new patterns.

All these subsystems interact with each other to create an effective expert system. The
user interface allows the user to interact with the system, enter data and receive results.
The knowledge base provides information that is used for decision-making. The knowledge
interpreter uses knowledge from the base to make decisions, and the explanation system
helps the user understand how the decision was made. The data management subsystem
manages the storage and organization of data, and the training module can improve the
quality of decisions made by the POS.

Thus, the architecture of the expert system is a complex system of subsystems, each of
which plays an important role in the creation and efficient operation of the expert system.

Conclusion. Based on the articles discussed above, the following advantages and
disadvantages of expert systems can be listed:

Advantages of “Intelligent Medical Differential Diagnostic System Based on Expert
Systems”:

1. Rapid and accurate diagnosis of various diseases.

2. The possibility of using the expert system as an assistant in decision-making by a
doctor.

3. Automating the diagnostic process can improve the efficiency of a medical
organization.

Disadvantages of “Intelligent medical system of differential diagnostics based on expert
systems”:

1. Lack of accuracy in case of lack of data on symptoms or disease.

2. Limited access to the system for most patients.

3. Inability to take into account the individual characteristics of the patient.

Advantages of the Dermatological Expert System Implementing ABCD:

1. High accuracy and speed of diagnosis of skin diseases.

2. The ability to use the system as a doctor’s assistant.

3. Automating the diagnostic process can improve the efficiency of a medical
organization.

Disadvantages of the Dermatological Expert System Implementing ABCD:

1. Inability to take into account the individual characteristics of the patient.

2. Presence of false positives.

Benefits of Hybrid Recommendation System for Movie Recommendation using Expert
System:

1. The ability to provide personalized recommendations to users.

2. Improve the quality of recommendations through the use of an expert system.

3. Enhance collaborative filtering capabilities.

Disadvantages «Hybrid Recommendation System for Movie Recommendation using
Expert System»:

1. The need for sufficient data to train the system.

2. Complexity of selecting optimal system parameters.

3. Inability to take into account individual user preferences that are not related to
watching movies.
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In general, expert systems can be very useful in various fields, but their accuracy
and effectiveness depend on the correct selection of algorithms and parameters, as well
as on the quality and volume of data on which the system is trained. In addition, expert
systems may be limited in the ability to take into account the individual characteristics
of patients or users, which may reduce their accuracy and effectiveness. In any case,
when using expert systems, both their advantages and disadvantages should be taken
into account, and the context of application should be taken into account for the best
results.
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CAPAIITAMAJIBIK )KYHEJIEPII KOJJIAHYIbBI TAJIJTAY

Byn maxanaoa xaszipei 3amanzel capanmamanviy gkcyienepee wiony dcacanovl. «Capanmamanvly
Jcytienep HeeiziHoe Oughpepenyuandvl OUACHOCMUKAHBIY UHMELIEKMYaniobl MeOUYUHANbIK JHCYUecy,
«ABCD oicysece acvipamuln 0epmamonouanviy capanmamanvik xcyiey, «Capanmamanvik dcyueHi
KONOAHA Omulpuln, muicmi uibMoepoiy YCbIHbICMAPbIHA APHANAH SUOPUOMI YCLIHBICIAD JHCYeci»
onapovly MoOoenin Kypy, Oiim 6azacein KAIbINMACMblpy HCaHe NAuOAIanyulbl uHmep@eici maidana-
ovl. Conoaii-ax, onapovl 0amvlmyObly MAKbI30bLIbIZbL, 0NAPObIY MUIMOLLIZI HCIHE AKNApammulK JHcylie
peminde eneizy Kajcemminiei MaiKbliaHAObL.

Capanmamanvix scyiienepoi Kypy cxemanapbl MeH apXumeKmypacsl, HAtoaianyubliap MeH Jicyienepoiy
o3apa apekemmecyi, COHOAU-AK, capanmamabli 6iimMoi eneizy Kapacmulpbliobl JcaHe Mal0aHObL.

Byn makanaoa capanmamanvl ocyienepoi KOIOAHYOblH MAHbI30bl  ACHEKminepi auibliaobl.
ApmuiKublielKmapsl MeH KeMuinikmepi, cOHOAal-aK capanmamanbli JCyuenep JICyMblCbIHblY OONauax
memikmepin HcaKcapmy maciioepi aHblKmanaobwl.

Tyitin co30ep: 6inim 6azacel, Ycviny minoepi, Oinimoi OHOey, MeLeKOMMYHUKAYUsL KblzMemmepi, OH-
Mono2us, capanmama dHcyueci.
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AHAJIN3 IPUMEHEHUS DOKCIIEPTHBIX CUCTEM

Oma cmamus npednazaem 0630p HIKCNEPMHBIX CUCTEM, GbISLGISLEIN UX NPEUMYWECNEa U HeOOCMAMKU.
OcHognvle npeumyujecmed IKCNepmHuIx CUCeM — MO0 B03MOICHOCb UCNONb30GANUSA 3HAHULL IKCNEPNO8
07151 peutenus npobrem 8 agmMoMaAmMu4eckoM pedcume, Yno no360Jsem COKpAmumy 6pemst U CIouMoChy
peutenuss npoodnemvl, a Mmakxdlice NOGbICUMb KA4ecmseo npunumaemvix peutenuii. OOnaxo cywjecmeyom u
HeOOCMAamKu, MaKue Kax 0ZPaHuyenus 8 UCNOIb308AHUL MOTLKO MeX 3HAHUL, KOMOopble ObLIU 3a10iCEeHbl
6 cucmemy Ha dmane ee pazpabdomKil, Ymo ModNiCem npueecmu K ouubdKam, eciu 3HaHus yCmapenu uu
Hedocmamounvl. Kpome moeo, pazpabomra u no00epicKa IKCREPMHbIX CUCTEM MOoXcen Oblmb 00pPO2oll
u codcHol 3a0auell.

Tem ne menee, akcnepmHvie cucmemvl RPOOOINHCAIONM PA3GUBAMNCA U HAXOOUMb NPUMEHEHUE @ PA3-
JUYHBIX 0OIACMAX, YMO NO360IAEMm NOGLICUMb IPHEKMUBHOCb U KAYeCMEO peuleHuss npoonem, a max-
JKce YBenuuUny CKOPOCMb UX PEUeHUs.
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B oannoii cmamve npousgeeden 0630p Ha co8peMeHHbie IKCHEePMHbIe CUCMEMbL, maKue Kak: «HH-
MENNEeKMYanbHAs MEOUYUHCKAs cucmema OugpeperyuanbHol OUaeHOCMUKY HA OCHO8E IKCNEPMHbIX
cucmemy, «/lepmamonozuveckas skcnepmuas cucmema, peaiusyiowasi ABCDy, «lubpuonas cucmema
pexomeHOayuil Ol PeKOMEHOAYUll COOMEEMCmEYIUUX QUIbMOE ¢ UCNONb30BAHUEM SKCNEPMHOU ClU-
cmembly. AHanu3Upyemcs. ux nocmpoenue mooeiu, Gopmuposanue 6azvl 3HAHUL U NOIb30GAMELbCKULL
unmepdetic. Taxace 06CyHcOaemMes 8AHCHOCMb UX pA3PAOOMKU, UX IPDEKMUBHOCMb U HEOOXOOUMOCTIb
6HEOPEHUsL KAK UHDOPMAYUOHHOU CUCEMb.

Knrouesvie cnosa: 6asza sHanuil, A3viKu NPeOCmMasieHus, 0opabomrka 3HaHUll, YCIy2u MeaeKOMMYHU-
Kayuu, OHMOL02Usl, IKCHEPMHAsL CUCTEeMd.



VIIK 004.89
https://doi.org/10.47533/2023.1606-146X.26

I C. BIBBITAEBA'*, O. K. MAMBIPBAEB?, H. ®. XAHPOBA®, K. K. MYXCHHA?,
E. K. )K¥MAKAHOB?

'K.U. Combaes amvinoasvl Kazax yimmuli 3epmmey mexHuKaiblK YHUSepCUmemi,
Anmamul, Kazaxcmar,
2Aknapammuik JHcane ecenmeyiul mexHonro2usiap uncmumymol, Aimamot, Kazaxcman,
3« XapbKo6 nonumexHuUKanblK UHCMUNTYmsly YImmulk MeXHUKAIbIK YHUGEPCUmenti,
Xapwvkos, Ykpauna
e-mail: ybytayeva.galiya@gmail.com, morkenj@mail.ru, nina.khairova@gmail.com,
kuka_ai@mail.ru, bagasharj@mail.ru

CAPAITIIBIVIAP HIKIPIEPIHIH KEJICIM OJIIUEMI PETIHJIE
KO2HHIH KAIIIMA KOOOUIUEHTIHIH EPEKIHEJIKTEPI

DKcnepumenmmix Hamuogicenep MeH CapanuibLiapObly NIKIPi apacblHOAbl KeiciM KO3 Guyuenmmepin
bazanaysa apnanean 3amMaHayu MEmpukaniap CanblCmblpbliaobl JHCaHe OYi MempuKanaposl MauUHAIbIK
oKbImy 20icmepiMer MamMIHOI asmomammyl 6HOeyoe SKChepuMeHmmix 3epmmeyiepoe naudaiany
MymKinoiei  baeananaovl. NLP owcone Text Mining ecenmepinde capanuiblibl NiKip KeniCiMiHiK
enuemi peminoe Koswuiy Kanna rosgpguyuenmin manoay wecizoencen. Capanwwvl nikipi men ML
KAACCUPUKAYUACBIHbIY HIMuUdcenepi apaceinoagsl Kenicim Oeweeiiin Oazanay ywin Kosuniy Kanna
Kod(hpuyuenmin  Kon0anyouly Mbulcalbl JICIHE KA3AK-OPLIC NAPALeNb KOPHYCHIHbIY COlleMOepi
menecmipy KesiHoe capanuivl niKipiepiniy xenicim enwemi kenmipineen. Ocvl manoay neeizinoe Kosnniy
Kanna rosgppuyuenmi  Konoanyovly OHaliblebiMeH, ecenmeyoeci  KapanaublMObLIbIEbIMEH —JICIHE
Homuoicenepoiy dHco2apbl 0an10ieiMen madicipubenik sepmmeynepoe Kenicim Oeyeeuin aHblKmayovll ex
Y30IK CmMamucmukanvly 20icmepiniy Oipi exenoiei 0anen0eHoi.

Tyiiin ce3dep: Text Mining, NLP, Kosnuiy Kanna cmamucmuxacsl, KeniciM CcmMamucmukacul,
MomiHOep KAaccudurayusacsl, napaiiens KOpnyc.

Kipicnme. FputbiM mamMyBIHBIH Ka3ipri KaFmaibIHIA 3epTTEy HOTIDKENepiH Oaramay
Moceneci ©3eKTi OONBIT  TaObUTambl. ODKCICPUMEHTTEPHIH HOTHXKENepiHe CYHeHyml
JKOHE OJlapFa CUITeMe >Kacaymbl KaJIFAaCThIPy YIIIH OJap TOJBIFEIMEH OOBEKTHBTI JKOHE
MYMKIHIITIHITIE 10T 00TYBI KepeK. by TananTtap FeUTEIME )KYMBICTHIH CAHIBIK HOTHIKEJIEpiHe
Jie, carajbl 3epTTey HOTHIKEIEPiHe JIe KaThICTHI.

Tabwuru tinai enney (NLP) nemece motinmi enney (Text Mining) Mocemnenepin menryae
Oenrii 6ip KOPITyCIeH JKYPTi3iireH SKCIEPUMEHTTEPAIH AYPHICTHIFRIH Oaranay 1a MOTIHII
aBTOMATTHI TYPIIE OHACYTE KaTBICTHI HET13T1 Kypae MiHASTTepAiH Oipi OOJBIT TaObIIaIbL.
OJIeTTe, aKmapaTThl 137ey, JKIKTEY, KiacTtepiey, MOp(oIoTHsIIBIK Oenriiey, Tangay JKoHe
0acka TarceIpMaapabIH OAICTepi MEH MOJICNBICPiH KOITaHy HOTHXKEIIePi capaniIbuIapapIH
KaThICYBIMEH HEMeCe «aIThIH CTaHAapT» JIeM araiaTblH, SFHU MAaIIWHAIBIK OKBITY
(ML) TamceipMachlHa KATBICTBI KEeHOIp MakcaTThl MOHIEPMEH OCNTiICHTeH KOPITyCIeH
CaBICTRIPY apKbUTBI Oaraananbl. by skarmaiina TONBIKTHIK (completeness), mommik (accu-
racy) xoHe F-emmeM (F-measure) CHAKTBI METpHUKaIap TOCTYPIIi TYp/e KoMaaHbIIagsl. by
MeTpukanap Oiprrama omoOeOan xoHe ke3 kenreH NLP 3epTTeyine KOImaHBUTYBI MYMKIH.

* E-mail xoppecmnionnupyrormiero apropa: ybytayeva.galiya@gmail.com
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Amnaiina, onapabIH oMOeOanThIFbIHa OAHIaHBICTHI OJaP/Ibl JKETKUTIKTI TYpAe OObEKTHBTI JeTl
arayra OoJMaiibl.

Capanramanblk Oaranay Jen opi Kapad ImemiM KaObuiaay YLIH capaniubliapiblH
miKipi HeriziHjae KYOBUIBICTHI HEMece TYKbIpbIMJIaMaHbl Oaranay mpoueci Tycinineni [1].
Amnaiina, omeTTe, TEK JKEKe capanTaManblK Oaraiay KeTKiJikci3. Mpblcanbl, Tap Oedinai
MiHJIETTEp/Ie KIacCU(QHUKATOP KYMBICBIH Oaranay >KOHE OJlapAbIH MiKipJIEpiHiH COMKECTIK
JICHTel1H TeKcepy YIIiH OepUIreH MOHIIK caja/laFbl KEKeJIereH caparibuiapiblH OipHele
TOyeJsci3 TiKipJiepiH mnaimamnaHy kKaxkeT. bynm Tekcepy capamiibuiapAblH KYMBICBIHBIH
COMKeCTIK JIeHreliH, COHIali-aK Oarasay/iblH CEHIMIUIIr MEH OOBEKTUBTUIITIH aHBIKTAyFa
MyMKiHAIK Oepeni. Capamiibuiap/iblH HEMeCe CapariliblIblK TONTAPAbIH MIKIpIepPiHiH
ColiKec Kelyl IKCIIEPUMEHT HOTHIKENIePIHIH CarachIHbIH MaHbI3]Ibl CUIIATTaMaJIAPBIHBIH Oipi
OoJIbII TaOBLTABI JIET caHama(bl. byt onci3 KkemiciM capamibuiapbiH JKYMBICBIHBIH TYPBIC
€MECTIIH KOpCceTyl MYMKIH JKOHE ColKeciHIIe OYKiI 3epTTeyIiH HOTHKENIEpiHe KYMOH
TYIBIPYBIMYMKiH. COH/IBIKTaH YKCIIEPUMEHTTEPAIH HOTHIKEIIEPIH KA IbUIayFa KOMEKTECETiH
capanmbUIapIblH MiKIpIHAETI YJIKeH HeMece Killi adblpMallblUIbIKTapAbl aHbiktay NLP
CUSIKTBI 9JIICTEPi MEH MOJICIIbICPiH Oaranay Ke3iHe Jie, MOTIH Il MHTE/UISKTYaJJIbl Tajiay/aa
J1a MiHIETT] OOJIBII TaObUIAIBL.

ConpplkTaH OyJ1 3epTTEy[ie CaparniiblIapblH KeJiciM JIopekeciH Oarayay YIIiH
KOJI JKeTIMJ 9/licTep MEH KOPCETKIIITEp CalbICTHIPhUIAIbI )KOHE OJap/bl €CenTey >KoHe
KOPIIYCTBIK JIMHTBUCTUKAHBIH OSKCICPUMEHTTIK MOCeNeNepiHe KOJIJAaHy MYMKIHIIT
HeTi3aeneni.

Byn 3eprreyne TanmayaplH €Ki Typi KOJJIaHbLIaAbl. BipiHIIici capamiibl MEH MOTiHII
ABTOMATThl MOTIHIIK KJacCU()UKATOp apachlHAAFbl KelliciM jaopexeciHn OipHeme ML
o/licTepiMEeH aHBIKTal/bl, al eKiHIIICI mapauielb KOPIyCTbl aBTOMATThI TYypAe Oenriney
OolibiHIIA OipHele capanubuiap apachlHOArbl KeiciM JopeKeciH aHbIKTalgbl. by
JKaFJaia aBTOMAarThl TaHOAnay €Ki TUIAI KOPIYCThIH €Ki OeJIiriHAe CeMaHTHKAJIbIK
9KBUBAJICHTTI coiuiemaepai Oenrineyai oinaipeni.

Makana kenecigeld KypbuUiFaH. 1-Oemimie capammbUIapIblH MiKipiaepiH OaraiaynbiH
3aMaHayu CTaTHCTUKAJBIK QJICTEpi Typajbl 9JeOHeTTepre 1oy kacanaabl xoHe NLP
MeH Text Mining macenenepinne mikipiepnai Oaranay emmemi peringe KosHHiH kamma
ko3 dunmeHTiH TaHmay Herizaeneal. 2-0eyiMie Kypri3iireH TaxipuOenep MeH oyapia
KOJIZIAHBIIFaH KOpITycTap, COHbIMEH Karap capanibl MeH ML omicrepiH KoijaHAThIH
aBTOMATThl KJIACCH(PHUKATOp apacblHIAFbl KeJiciM JeHrediH Oaranmay YIOIH Karma
k03 PHUIIUEHTIHKOIIaHYIBIHIKCIICPUMEHTTIK TaJI/Iay bl CUTIATTaJIFaH. 3-06I1iMIe Ka3aK-0pbIC
napaiesb KOpIyChIHbIH COMIeM/IepiH TEHECTIpy Typajbl capaniibuiapblH MKipIepiHiH
KeJiciM JtopekeciH Oarayay ymiiH Karnma ko3(Q(UIMEHTIH KOJJaHy KapacThIPbLIAJIbL.
KOpBITBIHABI €Ki CTAaTUCTUKAIBIK SKCIICPUMEHTTIH HOTH)KENEpIHE HETi3/eNreH 3epTTeyi
KOPBITBIHBUTAN B, ATan aiiTkanna, KosHHiH karma koadduimenTin konnany NLP sxone
Text Mining mocemnenepiHaeri capanibsiiap HEMece capaniubliapAblH Hikipi Mmen ML
KOPCETKIITEepi apachlHarbl KeiciM JeHreiin Oarajay YIIIH €H KaKChl CTAaTUCTHKAJBIK
KOPCETKIII PETiH/Ie HeT13/IeNIeH.

OJedmnerke moay. CapanmblLiapabiH HiKipJaepiHin keJiciMin O0arajayabiH 3a-
MaHayd MeTpUKaJjapbl. Ecenrtey XoHE KOPIMYCTHIK JUHTBUCTHKA CalachIHIAFbI
IKCIIEPUMEHTTIK 3epTTeYNIepie KoJJaHyFa O0IaThIH capanTaMalbiK HiKipIepiH KeTiciMin
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Oararay/iblH €H KeH TapaliFaH CTaTHCTUKAJIBIK o/licTepi HeMece MeTpUKajlapbl MbIHATIAD
0O0JIBIIT TAObLIAbL:

— Bapuauus Ko3phurenTi;

— Kenmamn kenmiciMainik ko3GduuenTi;

— KooaHHiH kanmna ko3 uImeHTi.

V. Bapuarust k03 punmeHTI 9/1eTTE NABI30CH OJIICHE 1. Byt )Kabl TONTHI Oaraiay/biH
opTala MoH1 TypaJbl MKipaepaeri albipMalbUIBIKTapAbIH apTThl KepceTKimn. On opoip
CaNBICTBIPBUIATBIH OOBEKT YVIIIH aHBIKTaJalbl JKOHE j-IIi OOBEKTIHIH CabICTBIPMAaIbI
MaHBI3/IBLIBIFBI TYPAJIbI CAPAIIIBUTAP/IBIH MIKIPISPIHIH KEJiCIM JTOPEKECIH CUITATTaM b

MyH/aFb1 M, — 06beKTinepii Garaay/isiH opTaiia apu)METHKAIIBIK MOH, a1 G —/-Ii1i 00BbEeKTI
YIIIiH aJbIHFaH OaFanayJlblH CTaHAaPTThI aybITKYHI.

Bapuanus koapunmeHTiHIH MoHI HEFYpIIBIM a3 0olica, capamnmibUIapIblH KeJiciM
JIOpekKeci COFYPITBIM )KOFapbl 0omabl et Oomkanansl. Erep kosddurment V.<0,30 Oosca,
OHJIa KeJTICIM JIoperkeci KaHaraTTaHapIIbIK OOIBIT caHaanbl. Erep Bapuanus kodddummenTi
V/. < 0,20 Gosca, oHIA capanbLIapABIH KeIiciM Topekeci oTe KaKchl aen caHanassl. 0,25-
TEH acIalThIH BapHualus KOd(UITMSHTIHIH MOHI KOJAMIIbI HOTHKE OOJBIN TaObLTa b [2].

Kemicimainik 6aranayasiH keneci kodddunuenti Kernamn kenicimainik koaddummenTi
0O0JIBITI TAOBIIAIBI, OJ1 OOBEKTLUIEP/IiH JKUBIHTHIFEI OipHEIIe PaHT Ti30eTiMeH CHITaTTallFaH I
KOJITaHBLTA bl J)KOHE 3€PTTEYII OCHI PETTLTIKTEP apachlH/a CTATUCTUKAIBIK OaiiaHbIC Op-
HaTybl Kepek [3]. Onxerte Oy Ko uIreHT kemneci GopMyrna OOWBIHIIA ecenTeNeIi:

n
W 12 ilDiZ
= - (M
m’(n®*-n)’
MYHJaFbl n — OaFanaHaTblH OOBEKTUICPIIH CcaHbl; m — paHr Ti30EKTepiHiH CcaHbl
(caparmbiiapsii canbi); xone Di = d; =d — i 06bekT paHrTapbIHBIH KOCHIHBICHIHBIH

OapiblK 00BEKTIIEPIiH paHTTAPBIHBIH OPTallla KOCBIHABICBIHAH ayBITKYHI [4].

W kenicimainik kosdduruenti (1) 0-gen 1,0-re nmediinri MoHumepai kKaObuigai ana-
npl. Capamubliap/blH mikipiepinin kemicimi W = 1,0 ymin tonsik, W = 0,5 yunix
KaHaraTTaHapJBIK JkoHe W = (0,5 ymiH TeiM TeMmeH nemn ecenreneni. Kem merenme 0,75
KeiciMainik ko3 dunmenTi pykcar erinreH. Kennasm paarTeIk Koppensnus koddduimenTi
€Ki JlepeKTep Ti30eri apachlHaFbl MOHOTOHIbI OalIaHbICTAP bl AHBIKTAY/IBIH THIMJI1 )KOHE
ceHiMi aici 6ombIn TaObLIaabl. JlereHMeH, OHBbIH IU(PIIBIK JepeKTepre KOChUTyIap CaHbl
Kol OOJIFaH Karjaijla KOJJIaHbUIybl MYMKIH KBaHTTayFa OailJIaHBICTBI Kapama-KanIibl
HOTHXeNep Oepeni [5].

Ecenrey sxoHE KOPITYCTBIK TUHTBUCTHKA MACEIIeTEpiHae OChl eKi KodddumumentTri (Ba-
puanmst koddduienti xxoHe Kennamn kemiciMainik kodQQUIMeHTi) nainanany, acipece
YKBIMIBIK Oaranayfa KoHE OpTaK Heri3iepAiH OoiMayblHA KaThICTHI ©T¢ Kapama-KaiIibl
HOTIDKENIEePre 9Kelyi MyMKiH. by keOGiHece MOTiHAEp i CEMaHTUKAIIBIK OHJIEY/IE Maiaa 00-
JaJbl, MBICAJTbl, CEMAaHTHUKANBIK OEINTiiey, Tap TaKbIPhIN OOMbIHINA KacCH(DUKAIMI HeMece
MOTIHJIEp/Ii KiIacTepliey JKaraibIH A KoHe T.0
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Byt Moceneni menrynis THIMAI 5KoJbI OipHelIe daicTepai OipikTipy OONbIN TaObUIAdbL.
Byn ko3 dunmenTTep jKoHE ONMapabIH HyCKanapbl 0acTankbl KO3 QHUIIMEHTKE HET13/eITeH,
onbl KosH 1960 >xputbl eHrizin, kanma kodgpuuueHTi aen araapl. by kosgduuuent exi
Oarayayiibl apachlHIaFbl KeJTICIMHIH Ke3/IeHCOK PETTEITeH HOMUHAJIBI IIKAJIAChIH OJIIIeY
YILIiH KOJ1IaHbLIa bl backaria aiitkanaa, Koo HoMuHau b 11kasa OOMbIHIIA €3 MiKipIepiH
OlnipeTiH exi Oaranaylibl apachlHAAFbl KEIiCIM eJeMi peTiHae Karmma KodQQHUIUeHTiH
nainananynsl yeeiHabl. CoHbIMEH Oipre capammbuIapIblH MiKipIepiHiH KeliciM IeHreiin
aHBIKTAy MYMKIHJITI [3] KepceTinreH, Oy HOTHXKETe ocep €TEeTiH Ke3lAeHCOK KeiciMre
MYMKiHIiK Oepeni. CoHApIKTaH Aa Oyl OYypBIHFBI €Ki KOA(QHUIMEHT Heri3re alblHFaH
Narb3IBIK KeJICIMHIH KapamnaiibiM eceOiHe KaparaHa CeHIM/ eueMm [6].

Karma ko3 puIMeHTiH aHBIKTaY/IbIH A9CTYPITi (GOpMyIachl KeJecie:

_R-FR

K=,
1-P,

2)

MyHJarbl P 0aKbUTAHATBIH KETICIMHIH KE3ICHCOK KeTiCIMHEH KAHIIAJIBIKTHI KaKCHIPaK
SKeHIH OaFraJayJ bl KepceTe/ i, a P ke3neiicok KeTiCiMIIi KOCTIaFaH 1a, MAaKCHMaJIIbl MYMKiH
KeJiCIM/Ii ecenTey HOTHKECIH KOPCETEl.

Kenreren xoppemnsiuust k03hGUIHEHTTEp] CUAKTHI Kanmna KodppuuuenTi -1-nen +1-re
neiin e3repyi MyM™mkiH. Hempen a3 mMoHzmep ecerke aiblHFaHbIMEH, KOodH onmapislH a3
BIKTUMAJIJIbl €KEeHIH aaseneni [7]. K =1 yiH kemiciM MiHCI3 jxoHe KepiciHie, K = 0 yurin
KeJIiCiM MYMKIH/IIKKE DKBUBAJICHTTI JICTI €CENTEINe/Ii.

JKakpraga KosHHIH TOCTYpIIi Kammma CTaTHCTHKACKHI HET131HE KaamblilaMa KelliciM Me-
TpuKajapsl o3ipaeHni. by merpukanap KosHHiH Kamma KepceTKilIiHiH KeHeUTinyi O0bII
TaOBLIaIbI HeMece Karma (GOopMYIachklH KOJJaHabl, CoIaH KeiiH Oacka Oaramay MozelniH
eHrizeni [8], acipece capariibuiap caHbl YIITCH acaThiH jkepie. Mbicabl, Diielic Kanmachel
[9], JlatiT nen Konrep kanmacs! [10, 11] sxone Muenke kanmachr [ 12] ocbianai ko urim-
eHTTep OOJIBIN TaObLIAIBI.

CapaniusliapAblH KeJiciM JI9pexeciH TaHay Ke31HIeTi eH Kol TaparaH IIeKTey — Taj-
JAHATBIH JepeKTep Typi. MBIcaabl, HOMUHAIABI IEPEKTEP/Il CCENTEy KEe3iHIe 9IeTTe ca-
panmbuiap apacklHAarbl KeniciM jaapexeci perinae Kpamepnin V koddduumeHTi xoHe
Oacka accommanus KodQQuIMeHTTepi TaHganansl. OmapabiH OapibIFbl KaTeHIH Calbl-
CTBIpMAJIbl TOMEHJICYIH KOPCETETIH accolMalysl Jopekecine HerizaenreH. by xarnaiina
MOTIHJIK aKIapaTThl SKCIEPUMEHTTIK TaJlfiay HOTHKeNepi PeTTiK Te, HOMMHAJBI ]a eMec
OONFaHIBIKTaH, oJeM peTinae KosHHiH karma ko3 UITHeHTIH naiiaanany Kepek.

InicTep MenMarTepuaaap. CapanbuiapAbIHTIKIpIepiHIHKENiCiM IopeKeCciH aHbIKTay
JKoHe OipHeIe opTypIli KIACCHU(UKAIMSIBIK MOJICTBICD MEH CapaliibHbIH HOTHKEJIepiH
CaJIBICTBIPY YULIIH €Ki MOTIHIIK KOpIyc o3ipieHai. bipiHii koprycra »aHalbIKTap CaiT-
TapblHAH aJbIHFAH >KOHE KbUIMBICKA, CIIOPTKA, FHUIBIMFA, 9JIEM >KaHAJBIKTApbIHA >KOHE
SKOHOMHWKAaFa apHaJFaH YKpauH TUTiHIeri MaTiHaep Oap. Ekinmi kopiryc — KBUIMBICTBIK
MOTIHJEPAIH Mapajliesb Ka3zak-opbic Kopmychl [ 13]. Makaiansl ka3zy Ke3iHae eKi KOpITyCThI
TOJNTHIPY TPOIIEC KYPIM JKATTHI.

Bipinmn kopryc Kasipri jKaHaJdbIKTapJblH €Ki Ka3aXCTaHJbIK CANTBIHBIH Ma3MYHbI
Herizinzae a3ipnenmni: KazAkmapar (https:/www.inform.kz) xone Xa0ap 24 (https://www.24.
kz). 3eprrey Oapbicbinna 6000 MOTIHHEH TypaThlH KOPIYCTHIH Oip Oeiri naiaaiaHbliib,
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onbIH 3000-b1 KbuTMBIC (Crime) Typasibl MaTiHAEp xoHe 3000 MaTiH criopT (Sports), FEUIBIM
(Science and IT), anem xanansikTapsl (World News) sxoHe sxoHomuka (Economics) CusiKThI
OPTYPIIi TaKBIPBINTHIK KaTEropHsIapFa KaTaIbl.

Exinmrici — aBTopiap acaraH KoHe Ka3ak IeH OPbIC TULIEePIHe CoWieM ACHTeHiH/ e
peTTenTeH KbIMBICTBIK MaHbI3bl 0ap MOTIHACPACH TYPAThIH Mapaelb Ka3ak-opbic Kop-
mychl. MoTIHACPAIH MapauieTu3Mi OJIapiblH opOip xKeke ceremaeri Oipael keemueri
JKOHE MarbIHAHBIH TOJBIK COMKECTIri peTiHae TyciHiuteni. MoTiHaepHi KuMHAy YIIiH
Kazakcran PecryOnukacbIiHbIH TOPT KOC TUIII BeO-nopTansl (zakon.kz, caravan.kz, lenta.
kz sxone nur.kz) [14] naliganansliibl, onap OackaiapMeH KaTap eJjieri KbUIMBICTBIH JKaii-
KYWiH KamMTuabl. bysl mopranmap eki TUIII jKOHE TOHAy, KOJK ypiay, Kicl eaTipy, JKOoJ-
KOJIIK OKUFACHI J)K9HE T.0. KbUIMBICTAp TypaJibl Ka3aK jKoHE OpPbIC TUIAEPIHACT] KBUIMBICTBIK
JKaHAJIBIKTapAbl KaMTUABL. Bys TakpIpeITap KYPBUIFaH KOPIYCTBIH HETi3r1 pecypChiH
AHBIKTANUbI.

Oconl kopryctapasiH Herizinge NLP sxone Text Mining macenenepiH menry yiriH Kam-
Ma CTaTUCTHKACBIH KOJIaHy OOMBIHINA €Ki DKCIIEPUMEHTAJIBI 3epTTey KYpriziaai. bipinmi
3epTTey Ka3ak TUIIHAET! >KaHAJIBIKTApIbl aJaMHBIH 3HUSITKEPIIK OCJICeHAUIIrHEe YKcac
JKIKTEeyre apHajraH OipHeIe aJrOpUTMIEP/AiH JKYMBICHIH CalbICTBIPABL. JKCIEPUMEHTTIH
MiH/IETI aBTOMATThI TOJIMTEMATHKAJIBIK KIacCU()UKATOp MEH ajJaM apachIHAAaFbl KbUIMBIC
(Crime), cnopt (Sports), FeutbiM (Science and IT), sxkonomuka (Economics) Hemece oiem
ska"abikTapsl (World News) TakpIpbinTapbl O0ap aHaJbIKTap BeO-CalThIHIaFbl MaKaiara
KaTBICTBI KEJTICIM JICHreiliH Oarasnay OOJIbl.

3epTTeyiH eKIHIIN Ke3C€HIHIH MIHJIETI KbUIMBICTBIK MOTIHJIEP/IH Mapajuieibh Ka3ak-
OpBIC KOPITYCBIHBIH aBTOMATTHI TEHECTIPY CEHIMALTIriH Oaranay 0oinbl. BypbiH MoTinaepai
celinemzep OOMBIHIIA aBTOMATTHI TYPAE KYNTHIK CalbICTHIPY [14] anropuT™iH KoJiIaHy
apKBUIBI JKy3ere achipbULAbl. Byn kezeHjae Karapiac KOpIYC MOTIHIEpiHIH opOip Keke
celiyieMi YIIIiH TOJBIK MaFbIHAJBIK COMKECTIK Typalibl OipHelIe caparibuiapAbIH MKipIepiHiH
KeJIICiM JIeHreliiH Oararnay 3epTTeli.

Exi skcriepuMeHTTe Jie Kalla CTaTUCTHKACHI IIATaCThIPy MaTpHULIAChIHA HEMECe KaTelliK
MaTpHLAChIHA HET13/1eNIT'eH, OJ1 KITacCH (UKL alTOPUTMICPiHIH )KYMBICBIH KOPBITBIH/IBLIAY
YILiH MalIMHAIBIK OKBITY/a )KHi KOJAaHbLIaAbl. Byl MaTpuiia aBTOMaTThl Kilaccu(uKarop-
MEH CaparublUIbIK KOPBITBIHIBIHBIH COHKECTIK CaHBIH HEMECE caparibuiapAbH 0ip-0ipiMeH
nikipaepiH (true positive) jkoHe capaniibl MEH aBTOMATThl KJIACCH(DUKATOPABIH MiKipiepi
colikec KeNMEWTiH araainapasiy canbiH (false positive sxone false negative) kepcereTin
KecTe OOJbIN TaObLIa b

ABTOMATTBI TAKBIPBINTHIK KJIACCH(DUKATOP HOTHKETePiHiH OaKbIIIaHATBIH )KOHE KY TUIETIH
JIOJIIITIHIH [IaTaCy MaTPUIACHIH CYpETTEY YIIIiH MAIIMHAJIBIK OKBITY/IbI 0aCKapy/IbIH YIII €H
keH TaparaH Text Mining ofici, aran aiiTKaHa, JJOTHCTUKAIBIK perpeccusi, SVM (Support
Vector Machine) »xone kapanaiisiM baiiec kimaccupukaropsl maiaaaaHbUIIbL.

Knaccudpukanus maceneci 20 yiarizeH TypaTblH Ka3aK MOTiHAEPiHIH KOPITYCHIHBIH
mrarbiH (PparMeHTIHAEe MICHIUI, oJlap KeJecl TaKpIphInTap OOMbIHIIA YII KiIaccu(pUKaius
onici OolibiHIIa XikTeneni: KpuiMbic (Crime), copt (Sports), FeutkiM (Science and IT),
onem sxaHanbsikTap (World News) sxone sxkonomuka (Economics). bactankel manimeTTepai
aJyJIbIH 0acTanKbl Ke3CHIH/IE aBTOMATThI KIacCU(UKAIUS HOTHXKEIIEPl KOHE ajaM caparl-
IIBICHI XKYPTi3reH KIacCU(pUKAIM HOTHKEIEPl KOPCETUIreH 1-KecTe KyPbUIIBL.
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Opi kapaii, ML knaccudukaropiapblHbIH HOTHXKEIIEPiH Oaraiayra apHaJIFaH KOJIKEeTIM/I1
KepceTKimTep MeH KodH CTaTHCTUKACHIHBIH KOPCETKIIITEPiH CAIBICTHIPY YILiH op0ip Kiiac-
cuduKaTop YIIiH JocTypii F-score xoHe accuracy 0enek ecenteinai. KiiaccTblH MaKcaTThl
MOHI peTiH/Ie >KaHAJIBIKTAp CAWTBhIH CKPEUIUHI KE3IHJC ajblHFaH COMKEC KaHAJBIKTAp
TaKBIPHIOBIHBIH, WHTEJUICKTYalAbl TaHOa ay aybIHIBI. 1-CypeTTe KeNTIipiIreH HOTHKENep
F-score xoHe accuracy MOHJIIEPIHEH KOPIHIIN TYPFaHJal, eH Jo1 Kiaccu(ukaTop — Tipek
BEKTOPJBIK MamHa (SVM), an eH a3 gonairi — kapamnaiieiM baliec knaccudukaropsl, Oy
OHJICJICTIH KOPITYCThIH IAFbIH OJIIIeMiHe OalIaHbICThI €KEHI aHbIK.

Knaccudukanusi ogicTepiH caibICTBIPYAbl KOpceTy YIIiH opOip keke kiaccuguka-
TOp MEH caparliilibl apachIHIaFrbl KeiciM feHreii KosHHiH Karma ko3 QHUIMEeHTIH ecer-
TEy apKbUIbl aHBIKTANabl. By yiniH yineciMal kinaccuduranus HoTwkenepi (1-kecteHi
KapaHbI3) apHalibl MaTpHUIIaJIapFa HEMeCe JKYIIIEH CallbICTBIPBUIATBIH 00BEKTiIEp 1l Oaranay
KecTelNiepiHe TYpJCHIIpiIe i, oap capaliibuiblK Oarajay HOTIIKENEPiH KIKTEYdiH opoip
9/1ici OOMBIHINIA JKEKE )KUHAKTaFaHHAH KEHiH TONTACThIPhLIA/IbIL.

Ocpbutaiiina, mMaracTelpy MaTpULAJIapblH TYPFBI3Y YIIiH JKYNTBIK CajbICTBIPY oAici
KOJIZIaHbIIabl, MYHJAa OOBEKTUIEp KymIeH Oip-OipiMeH cajibIcThIphlIaasl. byn omic
menrimepai Oaranay KoHe TaHzIay Kypajbl OOJbII TaObLIa bl JKIHE 9PTYPIl 00BEKTiIepal
CTaTUCTUKAJIBIK OaraljiayJa MaMaHJapMEH KeHiHeH KosjaHbuianel [15]. Marpunanapisl
KYypy npouecinae oObeKTUIepAiH 9pOip *KyObl CalbICTHIPhUIAIbl JKOHE CamaiblK Oaranay
KpuTepuidi 6enrineHeni (ke3aeliCOKTHIK HeMece OHbIH 00IMaybl).

2, 3 xoHe 4-KecTenep CoMKeciHIIe capamiibl KIacCH()UKAUICHl MEH JIOTMCTHKAIBIK
perpeccusi, KapanaiibiM baifec kinaccudukaropsl xoHe SVM apachlHIarbl maracy MaTpu-
LaJapbIH YChIHABI.

Karnmna ko3 dunimenTin ecentey OaiiKaiaThlH XOHE KYTUISTIH JQJIIKTI €CENTey Il Taiam
eTeli. bakpulaHATBIH JTONJIIK SJICTTE IIATACTHIPY MATPHUIIAChI OOWBIHINA JYPBIC KIKTEITCH
KaFaaiIapIplH CaHbl OOJIBIN Ta0bUTABI, SIFHU CapaliIbIHBIH MiKipi MEH aBTOMATThI KI1acCH-
(ukarop apaceIHAaFbl COUKECTIKTEp CaHbl. bakblTaHATBHIH TONAIKTI €CENTey YIIiH Kiacchu(u-
KaTop IIeH caparllibl KelliCKeH Karaainap/sl Kocy kepek (18 per), conan keilin yariaepain
xannbl canbiHa (20) Gemy kepek. backamma aiiTkanaa, «JIOTHCTHKAIBIK PETPECCHS» KIlac-
CU(HKATOPBIH CapaniIbIMEH CaNbICTBIPFaH JKarjaiiga OaikanatelH Ak (accuracy) 0,9
Kypaumsl.

1-cypem — MamuHaIbIK OKBITY/IBI OacKapy o1iCTepiMEH TaKBbIPBINTHIK KOIT KJIACTHI MOTIHACPI
krmaccuuKaIusa HOTIDKENEPIiH Oaranay YIniH accuracy, F-score xxone KosHHIH Kamma
K03((HOUIHEHTIH CaTBICTHIPY.
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1-kecme — ManivHaJIbIK OKBITY/IBI 0ACKAPY/IBIH JKOHE CapanTaMaliblK Oaraiay/IbiH Yl
o/iici apKBUIBI aJBIHFAH TAKBIPBINTHIK KO KJIACTHI MOTIHACP I KIacCUPUKAIIHS

HOTIDKEIICPiHIH Y3iHIiCl

.. . JlorucTuKAJBIK Kapanuai/iLIM
MoTinaik ¢aiia perpeccus Baiiec SVM AnaM MaMaHBI
KJIACCU(PUKATOPBI
149 kz raw Crime Crime Crime Crime
133 kz raw Crime Crime Crime Crime
378 kz raw Economics Economics Economics Economics
32 kz raw Crime Crime Crime Crime
255 kz raw Crime Crime Crime Crime
498 kz_raw Sports Crime Sports Sports
319 kz raw Sports Crime Sports Sports
575 kz_raw Economics Economics Economics Economics
8 kz raw Crime Crime Crime Crime
469 kz raw Crime Crime Science and IT Science and IT
80 kz raw Crime Crime Crime Crime
111 _kz raw Crime Crime Crime Crime
206 kz raw Crime Crime Crime Crime
573 kz raw Economics Crime Economics Economics
177 kz_raw Crime Crime Crime Crime
128 kz raw Crime Crime Crime Crime
550 kz raw Economics Crime World news World news
416 kz raw Economics Economics Economics Economics
182 kz raw Crime Crime Crime Crime
316 kz raw Sports Sports Sports Sports

KyTineTin gonaik (ke3aeiicok KemiciM) — maTtacy MaTpuIachlHa HEri31eIreH Ke3 KeJ-
TeH Ke3/IeHCOK KiacCu(UKaTOpAaH HEMECE CaparnibliaH KyTyre 00JaTbiH AdiK. bizaix
MbIcanja knaccudurarop «Crime» KiachlHa *KaTaTblH 12 yIATiHI TaHJAABl XKOHE capar-
Ikl ©3 Ke3eriHje ochl kiacka 11 yirini taradbiHgansl. backamia adtkanga, «Crimey
KJIAChIHA JKaTKbI3Y/BIH KYTUIETIH qomairi 6,6 (11x12/20 = 6,6), «Sports» kinackiHa 0,45
(3%3/20 = 0,45), «Economics» knaceiaa 1-re TeH (4x5/20 =1), an «World News» xoHe
«Science and IT» knactaps! ymin 0. Ocpinaiiiia, KyTiAeTiH I9JAIK TyTacTail ajdfania
aJIBIHFaH HOTHIKEJIEP/iH KOCHIHABICHIH XKOHE OJap/bl OJaH opi JKarAaiaapIblH >KajIbl
canblHa Oenyni Ounmipeni. Hotmkecinae kyrinerin manaik (6,6+0,45+1+0+0)/20=0,4

TeH Oostambl.
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2-kecme — VIHTEIIIEKTY AN Il CapalIbUIBIK KJIaCCU(PUKAINS )KOHE JIOTUCTUKAIIBIK PErpecCcust
HOTWKEJEPIHIH [IaTacybl MaTpPHIACKI

Knaccudukarop WuTennexryansl KilaccuprKaius
(ﬂ;g;;cnéj:)b B Crime Sports | Economics \I)lv:;]lsd S;gnlgre Total
Crime 11 0 0 0 1 12
Sports 0 3 0 0 0 3
Economics 0 0 4 1 0 5
World news 0 0 0 0 0 0
Science and IT 0 0 0 0 0 0
Total 11 3 4 1 1 20
3-kecme — VIHTENNEKTY AN 1B XKIKTEY HOTHIKENIepl MEH KapanaibiM baiiec
KJIaCCU(PUKATOPBIHBIH IATACy MAaTPHUIIACHI
Knaccudukarop WuTennextyannsl KiaccuhuKarms
(Kapamnaiibim ] ] ]
Baiiec) Crime Sports | Economics | World news | Science and IT | Total
Crime 11 2 1 1 1 16
Sports 0 1 0 0 0 1
Economics 0 0 3 0 0 3
World news 0 0 0 0 0 0
Science and IT 0 0 0 0 0 0
Total 11 3 4 1 1 20

4-kecme — Nateiexryanas! kiaccupukaims MeH SVM HOTHKEIIEPIHIH I1aTacy MaTpUIaChl

Wuremiextyanasl Kiaccudukamus
Knaccudukarop -
(SVM) Crime Sports | Economics | World news Scwrigre and Total
Crime 11 0 0 0 0 11
Sports 0 3 0 0 0 3
Economics 0 0 4 0 0 4
World news 0 0 0 1 0 1
Science and IT 0 0 0 0 1 1
Total 11 3 4 1 1 20

(0,9 —0,4) /(1 - 0,4)) = 0,83 nmewHreiinge agam caparniibiChl MEH JOTHCTUKAJIBIK
perpeccusiubly, ML MOJENiHIH KOIl KJIACThl KJIACCHU(PHUKAIMICH HOTIKCIICPIHIH KeJliCy
JeHreiiin Oaranay yuiH (2) dopmynaceia Kongansi, KosnHig kanmna koadduiuenTin ana-

MBI3.
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Con cusiKThI, 3 5koHe 4 KecTenep/i naiianana oTeIpeii, KosHHIH Kamma KodQpuunuenTi
KapamaiibiM baitec knaccudukaropsir (0,36) sxxone SVM (1) Oaranay yuriH ecenTe.

KosnHiH kanmna ko3 uiueHTiH OaranayapH Kanllbl KAObUIJaHFaH IIKaJIachl KEIeCiIe:
0,81< K< 0,99 — minci3 kemicimre xakpis; 0,61< K< 0,80 — eneyni kemicim; 0,41< K< 0,60 —
KanelnThel KemiciM; 0,21< K< 0,40 — omin kemicim; sxoHe 0,1< K< 0,20 — GoMaIibs! KeaiciMm.
OHbIH Heri3iHze 013 OIpiHII 3KCIEPUMEHTTE ajiaM capariibickl MeH SVM kinaccuguka-
TOPBI aPAChIHJIA €H YJKEH KeJiciMre KoJl KETKI3IIreHiH kepemi3z. MyHia KelliciM JIeHreii
TOJIBIK JKOHE MjieasiFa TeHecTipuieai (1-cyperTi KapaHbI3).

Hortmikesep koHe Taakpuiay, EKiHIN 3KCIIEPUMEHT KBUIMBICTHIK YKaHAJBIKTAP/IbI
KaMTHUTBIH TIapaiieb Ka3aK-OpbIC KOPIYCBIHBIH COMIEMIEpiH aBTOMATTHI TYpPAE TEHECTIPY
HOTIDKENepl OOMBIHIIIA capanTaMalIbIK KOPBITHIHILIAP/IBIH KeJIiCIM JOPEKECIH 3ePTTEH .

2-cypeTTe aJIBIHFBI 3epTTeyliepAe KacajraH OaraapiamMaHbIH HETI3ri Tepeseci
KOPCETIUITeH, OH/Ia Ka3aK-OpbIC Mapaiielb KOPIYChIHBIH COMIeMIepiH aBTOMATThI TYpAe
TEHECTIpy HOTWXKelNepi kepceTuireH. barmapnama capamniibiHblH (aHA TITIHAE COMICHTIH)
ABTOMATThI TEHECTIPy AYPHICTHIFBIH Oarajay YIIiH KOJAaHbLIa Ibl.

2-cypem — TeHecTipiaren napauiesb KOPIyCThIH caparTaMalblK
Oaranay mHTEpdEFCi.

Kopmnyc Tinmepi (ka3ak sxoHe OpbIC TUTAEPi) OpTYPIIi TUIK TONTApFa KaTaThIHABIKTAH,
OJIApJIbIH aBTOMATThI MAaFbIHAIBIK COWKECTEHIIPY aJITOPUTMIH jKacay YIIH CO3[K ofici
KOJIJAaHBUIAIEL.

MopQoTOTHSITBIK, )KOHE CHHTAKCHCTIK OOIBIN TaOBbLIATHIH OHJICY/IiH OipiHII CATHICHIH-
Jla KOpIyc MaTiHaepi ceinemuepre 6emine . Co3iK o/1iCiHiH eKiHII Ke3eHiH/Ie KOPITYCTHIH
9p0ip ceitileMi OOMBIHITIA OHBIH MOTIHJIET1 OPBIH TOPTiOiHE Kapai OpBIC TUTIHJET CoMeMIeri
ce3/ep Kasak TUTiHAETI ceiyieM cesnepiMeH canbIcThipbuiafsl. On yiria 50000 cesmeH
TYPaThIH TAKBIPBINTHIK KOPIMYCTHIH Ka3aKIla-OpbICIia ayAapMa CesJiri MaiaalaHbUIaIbl.
Exi ceitieMHIH MaFbIHAIBIK DKBUBAJICHTTLIITT Typasbl KOPBITHIHIBI CO3JIIK ayTapMaChIHBIH
OpBIC TiIHJAETI COUJIEMHIH CO3JepiMEH COoMKeC Kaszak TUTIHAETI COWJIEeMHIH ce3lepiMeH
coiikec keiyi xoHe POS Terrtey ynrinepin KochbIMIa KOJIAaHy HETi31He KacajFaH.
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AnroputMm ceinemaepaiy mamamer 70%-bIH aBTOMATThI TYPAE TEHECTIpYTe MyMKIHIIIK
Oepai (nHTEpdeiicTe 6acka MaTiHAE Mapayenb aylapMachkl aBTOMATThl TYP/e TaObUIMaraH
ceiiyieM KO HIPUQTICH OesiekreireH). JlereHMeH, capariibl eKi TUIIeri conneMaepiaiy
MaFbIHAJIBIK COMKECTITiHIH AYPHICTHIFBIH CYyObEKTUBTI Typle OaranaraHIbIKTaH, allbIHFaH
HOTHIKCHIH IYPBICTHIFBIH pacTay yuriH KosHHIH kamma kemiciM kod(d¢uimeHTi naigana-
HBLIJIBL.

DKCHepUMEHTKE Ka3ak >KoHE OpbIC TUIAepiH OineTiH, MaMaHAbIFbl OoWbIHIIA (HUIIO-
JIoT ekl MamaH KaTbIcThl. Onapra OarjapiiaMaHbIH HOTHXKEEPiH Oarayiay YChIHBUIIBI, OV
peTTe Oaranay IIKaJIachl €Ki BIKTUMall HYCKaHbl eckepii: 0 (Ka3ak jKoHE OpbIC TUTIHJETI
CoeMJIeMICp/IiH MarbIHAIBIK TEHJIT1 Typalibl HIeHIiM OaFqapiamMaMeH Kare KaObUITaHFaH )
xoHe 1 (Oarmapiama OoibIHINIA TIEHIiM JIypbic KaObutanraH). [llaracy marpuiiachbiHbIH
(bparmMeHTi OOJBIT TaOBLIATHIH KOPIYCTHIH COMIEM Mapauie/Iu3MiH capanTaMalibiK Oarasay
HOTHKEJIepIMEH KECTEeHIH ()parMenTi 3-CypeTTe KOpCeTiIreH.

Ko3HHIH Kamnma CTaTHCTUKACBIH KYPYAbIH KeJleCi KaJambl S-KecTene OeplIreH mienim
MaTpHLACKIH KYpYy O00JbI TaObLIa bl Byt kecTene sxonmap OipiHIIi capanibIHbIH [EeiMiH,
an GaraHJap eKiHII capallibIHbIH MIENIIMiH KOpPCEeTeIl.

Baiikanran colikec kemiciM (€Ki capalllibl Ja «|Uoy» JeI xKayarl Oepjii HeMece eKi capar-
IIBI J1a <OKOKY» JIeI) P, = (113 + 81) / 200 = 0,97, MmyH/a €Ki capallibIHbIH J1a «Ud» el
Kayan OepreH araainapbiHbIH caHbl 113 KoHe eki capariibl 1a «KOK» JAell jkayarl OepreH
Karmaimap — 81.

Kesneiicok kemiciM P, bIKTUMAIIbIFbIH ecenTedik. bipinmi capammbr 118 per «uoy,
82 per «kOK» zen kayamn Oepce, eKxiHIi capaniibl 114 per «uo», 86 per «KOK» Ael xa-
yar OepreHiHe Hazap ayJaapbiHbI3. EXi capamniiblHBIH J1a Ke3ICHCOK «Hd» JCN alTybIHBIH
KYTUIETIH BIKTUMAIBIFbIH P = 118 /200 x 114 /200 = 0,34 dpopmynackl GoibIHIIA KIHE
capanibUIapAbIH Ke3IEUCOK «OKOK» JCT alTy BIKTHMAJIIBIFBIH PmK = 82/200x86/200=0.18
(hopmyrackl OoiibiHINA ecenTei anaMbi3. COHJIa Ke31eUCOK KeJliCIMHIH BIKTUMAJIIbIFbI P =
P +pP =03+0,18=0,52.

no

3-cypem — Kazak-opbIc KOPITyCBIHBIH COMIIEM Mapaien3MiHe capanTamMaiblK Oaranay
HOTIDKEIEpi KOPCETINTeH KecTe (hparMeHTi.
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5-xecme — 11lemim KaObL11ay MaTPUIIACHI

1-capanibIHbIH 2-capaniibIHbIH IeniMi
HIeTriMi o Mok
56 113 5
Kok 1 81

AJbIHFaH HOTHOKEJIeP/Il Maiianana oTeIphin, KosHHIH Karna ko3 GUIIMeHTIH Kejeciaen
nen ecenreyre 6omaapl: K = 0,93. BypslH OepinreH HOTKEIESPAiH JKaIbl KaOBIIIaHFaH
TYCIHIIPMECIH e€CKepe OTBIPHIIN, KEeNiCIMHIH OyJI JeHreil «uaeaipiFa» JKakbH. byl exi
CapaIllIbIHBIH KOPITyCTa aBTOMATThI TYPAE TEHECTIPUITeH OPbIC JKOHE Ka3ak TilAepiHaeri
celneMIepIiH MaFblHANBIK YHIECIMALTIrT Typajbl MKIpIepiHiH KeJicy AeHreli uaeanisl
JICHTeHTe ACePIIiK KETKeHIH OUTIipesi.

KopsIiThinabl. Accuracy men F-score xepceTkimrepin Kosnnin kanma xoaddummen-
TIMEH CaJIBICTBIPATHIH OIpiHINI SKCIIEPUMEHTTIH HOTIKeNepl Ka3aK MOTIHJEPiH JKIKTeyne
azaM kimaccudukaropel MeH SVM ojiici apachlHaa KeTiCIMHIH €H JKOFapbl JIeHreliHe KO
JKETKI3UITeHiH kopcereai. KenmiciMHiIH eH ToMeHT1 IeHreli KapanaitbiM balcTiH xKiKTey 9J1ici
— agaM XkyObIHa anbiHasl. COHBIMEH KaTap, JKOFapblla KEeNTIpUIreH ToXipuOe HocTypii
accuracy nieH F-score opubiHa KosHHIH Kanma ko3(G(GUIMEHTIH Naianany HOTHXKeIepIi
YKaKCHIPAaK BHU3yalM3alMsUIayFa KOHE MOTIHIAEPHl JKIKTEY VIIH OpPTYPNi aaropuTMACPIi
KOJITaHYZIaFbl albIPMAIITBUTBIKTH alKBIHBIPAK, KOPCETYTre MYMKIH/IIK OCpPETIHIH KOPCETE/i.

Exinmni Toxipubene KosnHiH kamma kodhduiueHTiH KonuaanaslK. OHBIH MOTIHJI aB-
TOMATThl OHJACY HOTHXKenepi OoibIHIIA OipHelIe capammbuIapAblH MiKipIepiHiH KeliciM
JICHTeHIH aHBIKTAY, SFHU Tapajuie)ib OPbIC-Ka3aK KOPIYChIHAA COMIeMIep/l aBTOMATThI
TYpZAe TeHEeCTipy OarmapiamMachIHBIH KYMBIC iCTEY1 YIIiH THIM/II €KeHl KOpCEeTIreH.

Ochuraiiina, 3epTTey OipHEeIIe capanbUTapABIH MiKipIepi apachIHIAFBI AKOHE aBTOMATTHI
OHJICY HOTHKEJIepl MeH MaKCaTThl MOHEP apachIHIAFbl KelTiciM Ko UIIMEeHTIH OaKbliay
Kypalibl peTiHje NainanaHpuiaThlH KOSHHIH Kamma CTaTUCTHKAChl dKCrepuMeHTTiK NLP
xoHe Text Mining CeHIMAUTITIH ©JIIIey YIIiH MaiaaJaHbuTybl MyMKIH AeT O0Kalabl.

ConbIMeH Karap, OyJI eJllieM KeliciM MalbI3bIHBIH KaparaibiM eceOiHe KaparaHja
CEHIMIIIPEK >KOHE WHIMKATHBTI OOJBIN TaOBLIAABI, OUTKEHI O MOHICPIIH KEe3ICHCOK
COMKeCTIK MYMKIHZITIH eckepeni. KosHHIH Kamnma MeTpHUKachiH KOJIAaHy MOTIHII eHIeyIe
JIOJIIIK KOPCETKIMITEPiH MaliananyaaH repi alKbIHBIPAK jKoHE a3 )KaHbUIBICTHIPA bl MbIca-
b1, 80% OakpUTAHATHIH JAQJIK KYTieTiH 50% monmikneH emMec, KyTiteTiH 75% MonliKkieH
CaJIBICTBIPFAH/Ia a3 TaH KaJIJ(bIPaJibl.

3eprrey NLP Hemece Text Mining Oip oiciHiH HeMece MOJICTIHIH THIMALTITIH Oaranay
VIIIiH FaHa eMec, COHBIMEH KaTap OipHermre omictepmai 0ip-OipiMeH calbICTBIPY YIIiH Karl-
Ma CTAaTHCTUKACHIH TMaiAallaHyIbIH apTHIKIIBUIBIKTAPEIH KepceTeni (MbIcaibl, MakKaiaa
YCBHIHBUTFaH KIIACCH(HMKAIUIHBI CANBICTHIPY dficTepi). bysr HoTHKenepai TYCIHIIpY KoHE
Ka)XeTT1 KOpHEKi KopiHicKe JAeiiH a3alTy eTe OHal.

OchLnaiiina, KoJIJJaHy MEH €CENTeY/IiH KSHULIT %KOHEe HOTHKEIEP/IIH HKOFaphl TSI
apkacbiHaa KosHHIH Kara K03 GHUIIMEHTIH eCenTey MOTIHACPIIH 3KCIIEPUMEHTAIbI Tall-
JaybIHIa KeTiciM IeHreiin OaraaynblH €H Y3MiK CTaTHUCTUKAIBIK dMicTepiHiH 6ipi OOIBIT
TaOBUTAIEI JIETT aliTyFa O0JIaIb.
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OCOBEHHOCTH KO®PUIMNEHTA KAIIITA KO9OHA KAK MEPBI
COITIACHSI MHEHUI DKCIIEPTOB

Cpasnusaiomces cogpementvie MEMpuKy sl OYeHKU KOIDPUYUEHMO8 CONACUs Pe3VTbMamo8 IKC-
nepumMeHma ¢ MHeHueM IKCNEPmos8 U OYEHUBAETCS BO3MOICHOCTIb UCHONb308AHUS IMUX MEMPUK 8 DKCHe-
PUMEHMATLHBIX UCCTE008AHUAX NPU ABMOMATNUYECKOU 00pabomKe meKCmos Memooamu MAuuHHO20 00y-
yenus. Obocnosan evloop kodIpduyuenma kanna Kosna 6 kawecmese mepul coenacus MHEHUL IKCNEPMos 6
sadauax NLP u Text Mining. IIpuseden npumep ucnonvzosanus kosgpguyuenma kanna Kosua ons oyenxu
VPOBH5L CO2NACUSL MHEHUs. SKCRepma ¢ pe3yasmamamu Kiaccuguxayuu ML u mepul coenacus MHeHuu sxc-
nepmos npu GblpAGHUBAHUN NPEOLONCEHU KA3AXCKO-PYCCKO20 naparienviozo kopnyca. Ha ocnose amo-
20 ananusa 0okazamo, ymo Kkodhguyuenm xanna Koona senaemces 0OHUM U3 Iy4muUx Cmamucmudeckux
Memo008 onpeoeneHus YPosHs CONACUS 8 IKCNEPUMEHMATLHBIX UCCIe008ANHUAX O1aA200aps npocmome
UCNONB306AHUS, NPOCMOME BLIYUCTEHUIL U 8bICOKOU MOYHOCU PE3YNbIMaANOo8.

Knrouegwvie cnoga: Text Mining, NLP, cmamucmuxa xanna Kosna, cmamucmuxa coenacus, kiaccu-
Gukayus mekcnosg ¢ NOMOWbI0 MAUUHHO20 00YUeHUs, NapalNelbHblll KOPNYC.
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FEATURES OF COHEN’S KAPPA COEFFICIENT AS A MEASURE
OF EXPERT OPINION AGREEMENT

Modern metrics for evaluating agreement coefficients between the experimental results and expert
opinion are compared, and the possibility of using these metrics in experimental research in automatic
text processing by machine learning methods is assessed. The choice of Cohen's kappa coefficient as a
measure of expert opinion agreement in the NLP and Text Mining problems is justified. An example of
using Cohen's kappa coefficient for evaluating the level of agreement between the opinion of an expert
and the results of ML classification and the measure of agreement of expert opinions in the alignment
of sentences of the Kazakh-Russian parallel corpus is given. Based on this analysis, it is proved that
Cohen's kappa coefficient is one of the best statistical methods for determining the level of agreement in
experimental studies due to its ease of use, computing simplicity, and high accuracy of the results.

Key words: Text Mining, NLP, Cohen's kappa statistic, agreement statistic, text classification with
machine learning, parallel corpus.
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YCanxm-Ilemepbypackuil 20cyoapcmeeHHblil NeOUampu4ecKuil MeOUYUHCKULL YHUBEPCUMem
2HAO «3anaono-Kazaxcmanckuil azpapro-mexHuueckuil yHueepcumen
umenu Kaneup xana»

MPUMEHEHUE HOBOM MEXATPOHHOM CUCTEMBI
C MOCJEJOBATEJIBHOCTBIO STIRSAG B MATHUTHO-PE3OHAHCHOM
TOMOI'PA®HUMH 110 ITPOTOKOJIY WHOLE-BODY

Ocnognas yenb 0aHHOU CIMAmvby — paccmMompemsv u NPOAHATUIUPOBAM NPOGEOEHHYIO MEMOOUKY, NO-
JYUEHHYIO NP UCCTe008aHUU 2PYNNbL NAYUCHINOG, UMEIOUWUX XPOHUYECKOe PeBMAamuieckoe 3a001esanue
«I0BEHUNBHBIU UOUONAMUYECKULL apmPUmMy» 8 0emcKoM 803pacme ¢ NpuUMeHeHuemM HO80U MeXampOoHHOU
cucmembl, ¢ UCNONbL30BAHUEM CREYUATbHBIX Kamyuek u npoepamm Survey body u Survey no npomoxony
whole-body macnummo-pesonancroi momozpaguu, oyenusas 3hHexmueHocms npu OUACHOCMUKU 80C-
NAIUMenbHuIX U CMPYKMYPHUIX USMeHeHull DOTbHBIX CYCIMABO8 NO CPAGHEHUIO ¢ PYIMUHHBIM MENOOOM UC-
cnedosanus OanHo20 3a6071e6aHus.

B oaunoii pabome paccmompena Ho8as Memoouka ¢ npuMeHeHuem yCco8epuleHCmeo8anHol mexa-
MPOHHOU CUCTEMbL, MACHUMHO- PE3OHAHCHO20 momocpagha 0ns ucciedosanus no whole-body npomoko-
z1y. Ilpusedennvie pezynbmamol ucciedo8anuli ceedenbl 6 madauybl U NPOAHATUZUPOBAHbL. AHanu3 nomy-
YEHHBIX KIUHUYECKUX UCCLe008AHULL NOKA3AT, YN0, NPUMEHSS OONOTHUMETbHYIO MEXAMPOHHYIO CUCHIEMY
¢ umnynvbcHoll nocredosamenviocmoto, STIRsag 0ano 603MOICHOCbG NOTHOCMBIO OYEHUMb XAPAKMep
namonocuu cpe3os 8 CacumanbHoll NAOCKOCMU 6CeX BUO08 OONLHLIX CYCMABOB.

B uccnedosanusx 6vLn npumener Hogbill 610 YKIAOKU PYK Y NAYUEHMOB 6MeCmo CMAHOAPMHOL, Ko20d YK
Jlexcam no weam: Oblia NPUMeHeHA YKIAoKd, Ko20a PyKi TAOOHHOU NOBEPXHOCMbIO JIexHcam K meiy. Imo no3eo-
JIUIO NOTHOCMBIO BU3YATUZUPOBANTL METKUE KUCHEBbLE CYCIMAGHL, UMo oonezuaem 06cae0osanie DONbHO2O.

Knioueevie cnosa: mexamponnas cucmema, cneyuanvbias kamyuika, npoepamma Survey body, npo-
epamma Survey, npomoxkon whole-body, nocnedosamenvHocmo, yKIaoKa, Cmaxke CKAHUPOBAHUS, MACHUMHO-
pe3oHancHas momozpagus.

OnHO M3 HamOoJee PACIpPOCTPAHCHHBIX XPOHUYECKUX PEBMATHUSCKUX 3a00JICBaHUI
JIETCKOIO BO3pacTa — 3TO IOBEHUJIbHBIN UAMONATUUECKUM apTPUT, KOTOPBIA XapaKTepU3yeT-
Csl XpOHUYECKHM BOCIIAJICHUEM CyCTaBOB HEM3BECTHOM STHOJIOTHEH POUCXOKIeH . Boc-
MaJICHUC NPOABIISACTCA 00BI0 B CyCTaBax, CKOBAHHOCTBIO B IBUKCHWU 1 TOBBIILICHUCM TEM-
reparypsl Ko Hax cyctaBoM [ 1, 6]. JlydeBbIe METOIBI HCCIICTOBAHUS SBIISTIOTCS TIIABHBIM

* E-mail xoppecmonaupytomero apropa: msylantyeva @qmail.com
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NpY MIPOBEJICHUN JHArHOCTHKH JIAHHOTO 3a00J1eBaHusl. BHICOKOTEXHOIOTHYHAS MEXaTPOH-
Has CHCTeMa MarHUTHO-pe3oHaHCHOI ToMmorpadum (MPT) obecrieunBaeT BU3yaIH3aITHIO
COCTOSIHUSI BCEX COCTABIISIIOLINX CYCTaBa, IO3TOMY OHA IPUMEHSIETCS 110 IPOTOKOIY Whole-
body. DTOT MeTOl AMATHOCTHUKM MO3BOJISIET MOMYYHTh U300paKEHHE BCETO Tesa OOILHOTO,
BKJTFOUAs U TIepuQepuIecKie CyCTaBhl, 3a OOHO CKAaHUPOBAHUE [5].

[Ipy npuMEeHEHUH TOTO MPOTOKOJA MCHONB3YIOTCS CIEAYIOINE UMITYJILCHBIE MOCIe-
JIOBaTeIbHOCTH:

— T1-BU npe — 1 MOCTKOHTPACTHOE;

—T2-BU c xxuponoaasieHueM;

— STIR, DWI, DWIBS B pazau4HbBIX IIOCKOCTSIX U KOMOMHAIUSAX [3, 4].

Lenp 1aHHOM CTaThU 3aKJIIOYAETCS B CIACAYIOIIEM:

— MPOBEJICHUE CPAaBHUTEILHOTO aHanu3a pyruaHoro MPT uccienoBanus cycraBoB 1mo
CTaHJAPTHBIM U COKPAIIEHHBIM MPOTOKOJIAM;

— MEXaTpPOHHOE YCOBEPILICHCTBOBAHHE IIPOBEICHMS HCCICIOBAHUS 10 IPOTOKOIY
whole-body ¢ pekoMeHIaMAMU 110 MPUMEHEHUIO B KIIMHUYECKOH MTPaKTHKE.

Knnandeckue nccnenoBanust IpOBOAMIUCH ¢ 13 manmenTamu B Bo3pacte §-17 net, u3
KOTOPBIX YETBEPO ObUIO MAJIBYMKOB M JIEBSITH JIEBOUEK, HA 0a3e MeauaTpuiecKoro oTaese-
uust Ne3, kimmauku GI'EOY BO CII6I TIMY.

Tabnuya 1 — PactipeneneHre 00CIEIOBAaHHBIX TAIIMEHTOB C FOBEHIIBHBIM HINOTTAaTHYECKUM
apTPUTOM TI0 BO3pacTy

B03paCT nanmueHTa KoyinuecTBO ManueHToB JAHHOTO BO3pacTa

8 ner 1

10 net

12 net

13 ;mer

14 ner

15 ner

16 net

o || |u|r|lwivw|—Z

— = (N RN =

17 net

Tabnuya 2 — PactipeneneHre 00CIEIOBAaHHBIX TAIIMEHTOB C FOBEHIIEHBIM HINOMIATHYECKUM
apTPHUTOM TIO JITUTEITHFHOCTH 3a00JIeBaHUS

Ne JimmTensHOCTE 3a0051eBaHASA Bospact o6cnexyemoro (71eT)
(;et)
1 2
1 7
2 10 17
3 2,5 14
4 2,7 13
5 1 14
6 1 12
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OxoHuanue Tadaub! 2

1 2 3
7 1,5 14
8 14 16
9 2,5 13
10 11 14
11 2 10
12 14 15
13 6 Mecs1eB 15

W3 Tabnuil BUAHO, YTO CPEJHUN BO3PACT MAIMEHTOB 13 JieT, a HauOoJbIasl JJIUTEIIb-
HOCTh 3a00JieBaHms mpeodiamana y nereir B Bospacte 13-17 ner co cpemuet mpomaomKu-
TEJILHOCTBIO 5,4 roja.

Bce maboparopHo-KIMHUYECKHE JaHHbIE 00CIeIyeMbIX COOpaHBbI IO CIEAYIONIMM TI0-
KazareisiM: KiInHW4Yeckas (popma martonoruu, nabopartopHbie panHbie: COD, KOIUYECTBO
neikonuToB, yBeut, CPBb, PO, cycTaBHOI cTaryc manueHTa, COCTOSIHUE HA MOMEHT IOCTY-
IUICHUS B CTAIlMOHAP. DTH JIaHHBIC TAKXKE ObUIH MTPOAHAIM3UPOBaHEI [6-14].

Bruto npoBeneHo 18 uccienoBanuii o mporokoiy whole-body MarHuTHO-pEe30HAHCHOMN
tomorpaduu u 116 MPT mcciemoBannii CIIEAYIONTNX CYCTAaBOB: KOJICHHBIX, TOJICHOCTOITHBIX,
Ta300e/IPeHHBIX, TJICYEBBIX, IOKTEBBIX, JIyUe3aIsICTHBIX, MEITKUX CYCTaBOB KHCTH U CTOTIBI.

MeTonbl 00ceIoBaHHS MAIUSHTOB IPUMEHSIIUCH CIIGAYIOIIHE:

1 MeToj — pyTHHHAs MATHUTHO-PE30HAHCHAsI TOMOrpadusi CyCTaBOB;

2 METOJl — MArHUTHO-PE30HAHCHAsI TOMOTpa(us BCEro Tejia ¢ IPUMEHEHHEM MeXaTPOH-
HBIX CITCIIMABFHBIX KaTyIIeK 1Mo MpoTokoiry whole-body .

[Ipu mepBOM MeTO/IE TAIIMEHTAaM ITPOBOIMIIACH PYTHHHAS MATHUTHO-PE30HAHCHAS TOMO-
rpadus CycTaBoB. 3/1€Ch UCTIONB30BAJINCh CTAHIaPTHBIE POTOKOIIBI IS KaXKJIOTO CyCTaBa,
a TaKKe COKpaIICHHBIC MPOTOKOJIBI HA OCHOBAHUU MPEABAPUTEIBLHOMN OLICHKU PE3yIbTaToOB
CKaHHUPOBAHUS CYCTABOB IO CTAHIAPTHBIM MTPOTOKOJIAM.

[IpoBeast obOcnenoBaHWe TO CTaHIAPTHBIM TPOTOKOIaM MP-uccienoBanus ToJeHO-
CTOITHOTO, KOJIGHHOTO, Ta300€IPEHHOTO, IIJIEYEBOT0, JIOKTEBOTO, Ty4e3allsiCTHOTO CYyCTaBOB
Y MEJIKUX CYCTaBOB KHCTH, 00IIiee BpeMs CKAHUPOBAaHUS COCTABIIIO 232 MUHYT 9 CEeKyH/I.
A oOmiee BpeMsi CKaHUPOBAHUS C TIPUMEHEHHEM COKPAIEHHBIX MPOTOKOJIOB JIJISl TIOWCKA
natosioruii coctaBuiio 40 MUHYT 35 CEKyHJI, 9TO BHIHO U3 TAOIHIIHI 3.

Tabnuya 3 — VIMnynbcHbBIE OCIEA0BATEILHOCTH COKPAILIEHHOTO IIPOTOKOJIA U X MapaMeTphbl

Ne | TlocnenoBarens- | TR mc | TE mc FOV | Tommuna | Yucio cpe- | Bpems ckanu-
HOCTb MM cpei3a, MM 30B, MM PpOBaHUA
1 2 3 4 5 6 7 8
Tonenocronuslii cycTan
Survey 12 7 300 10/10 9 14,7cex
2 | STIR foot sag 3500 45 255 3,0/3,0 22 ImuH 51cex
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OxoHyaHue TadIuLbl 3

1|2 3 4 5 6 7 8
3 | PDW_SPAIR ax 3800 30 245 3,0/0,3 34 4muH 43cex

Oo01ee BpeMst ckaHUpoBaHHsl OMHUH 49cek

Konennslii cycras

1 | Survey 12 7 300 10/10 9 14,7cex
2 | STIR ax 6700 30 160 3,0/0,9 25 3muH 15cex
3 | PDW_SPIR sag 3000 30 174 3,0/0,3 25 Imun 42cex

OO1mee BpeMst CKaHUpOBaHMS SMUH 12cek

Tazo0enpeHHsbI cycTaB

1 | Survey 8 5 450 15/10 11 11,4cex
2 | T2W_ SPAIR sag | 3900 75 180 4,5/2,0 30 Imun 40cex
3 | PDW_SPAIR ax 3300 30 350 3,0/0,3 27 4muH

OO1iee BpeMst CKAHUPOBAHMS SMHUH S52ceK

[InegeBoii cycras

1 | Survey 8 5 450 15/10 11 11,4cex
2 | T2W_ SPAIR sag | 3600 75 200 4,5/0,9 40 3mun 59cex
3 | PDW_SPAIR ax 3300 30 374 3,0/0,3 28 2muH 31cex

Oo01ee BpeMst ckaHupoBaHus OMUH 3 1cek

JlokTeBoii cycras

Survey 5,5 1,7 280 5,0/5,0 15 13cex
PD fat sat sag 2800 29 160 3,0/1,0 18 IMuH 54cex

3 | T2W fr FSE fat| 3900 107 160 3,0/1,0 20 3muH 15cek
sat ax

OO1ee BpeMst CKAHUPOBAHMS SMHUH 22ceK

.Hy‘le?,aHHCTHHﬁ CyCTaB U MCJIKME CYCTaBbl KUCTHU

1 | Survey 14 7 250 10/10 15 26,2cex
2 | T2W_ SPIR sag 3000 80 219 3,0/0,3 32 SmuH 48cex
3 | T2W_ SPAIR ax 9600 60 113 3,5/0,4 44 SmuH 15cek

Oomee Bpemst ckanuposanus | 1mun 29cek

Takast pa3HUIa BO BpeMeHH, 0e3 yTpaThl KauecTBa MOJYYCHHBIX Pe3yJbTaToB, COKpa-
maeT olriee BpeMsl CKaHHPOBAaHUS M YMEHbBIIAET HAarpy3Ky Ha mamueHTa. llanmeHTs c
IOBCHUJIbHBIM apTPUTOM OaX€ B PEMUCCUN NUMCIOT OoseBoM CUHJAPOM B IMOPAXKECHHBIX CYy-
CTaBax, MO3TOMY COKpAIlleHNe BPEMEH! CKaHUPOBAHUS [TO3BOJIMIIO IIPOBECTH MPOLIEAYPY C
MHUHUMAJIbHBIM JUCKOM(MOPTOM JIJIsl MAIMEHTOB. M3 3TOr0 MpoOBEJICHHOrO aHaln3a MOKHO
CKa3arh, 4TO MPUMEHEHUE COKPAIIIEHHOTO IPOTOKOJIA SIBJISIETCS 00Jiee MPEIOUTHTEIbHBIM
[3, 9-11].

[Ipu BTOpoM MeTOJIe UCTIONB30Baach MEXaTpOHHAs CHCTeMa MarHUTHO-PE30HAHCHOTO
tomorpad Philips Ingenia 1,5T, ucciieioBanne BHIMOIHSIOCH COMIACHO MPOTOKONIY whole-
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body ¢ npumMeHeHreM MeXaTpOHHOH KaTyIIKH JJIsl TOJIOBBI, MEXaTPOHHON BCTPOEHHOH Ka-
TYLIKH AJIs TeJla 1 MEXaTpOHHOH nepeaneil karymku. [lanuenTs! Obun B COCTOSIHUN TTOKOS,
cefanus He IIPOBOIUIACE.

[IpumeHnscs cnenyromui anropuT™M CKaHUPOBAHMUS:

Survey obnactu [uis OIpeAesIeHUs [10JI0KEHNs IAlIUEHTa U BHICTABJIEHUs CTAKCOB CKaH

HUPOBAHUS 17,4 cexk.
Survey body 39,8 cek.
T2W cor 4 MUH.
STIR cor 2 MuH.45 cexk.
T1Wsag 5 MUH.26 CéeK.
DWI cor 11muH.
Htoro oOriee BpeMsi CKAHUPOBAHUS 24 muH.8 cek.

Hcnonp3oBanack ObICTpas MTOMCKOBas MporpaMMa Survey, 9To0bI TTOTYYHTh CPE3bI CTOI
Y TOJICHEW /ISl BHICTABJICHUSI CTAKCOB B CarMTTalbHOW, aKCUAThHONH M KOPOHAIBHOH IJIO-
ckoctsx [14-16]. 3arem ucnonp3oBaiack mporpamma Survey body 1st KOpPEKTHPOBKH BHI-
CTaBJICHHUS IUIOCKOCTEH CKaHUPOBAHUS U MOJsl 0030pa B IUNIOCKOCTAX. Survey — 3T0 MOAH-
(dbunmpoBanHoe rpaguentHoe 3x0 ¢ TR/TE=7/5 u

TR/TE=9/7 ans Survey body ¢ HU3KMM MPOCTPAaHCTBEHHBIM pa3perieHueM. Jlanee mc-
TTOJTB30BAJIACH CIICAYIOMINE 4-X UMITYILCHBIC TIOCIICA0BATEIFHOCTH TIpoToKoia whole-body:
T2W, STIR, T1IW, DWI B kopoHapHbIX MI0CKOCTIX. [lociie mpoBeaeHHBIX CepHil uccaeno-
BaHWH 1 TIOYYEHHUS Pe3yabTaTOB OBLIO MTPUHATO PEUICHHUE O T00aBICHUH JOTOTHATEIHHON
MEXaTPOHHOU CUCTEMBI UMITYILCHOM mocnenoBatenbHoctu STIR sag B caruTranbHOM 1110-
CKOCTH CO CJICAYIONIUM aJITOPUTMOM CKaHUPOBAHHUS:

Survey oOnacTu A onpeeeH s MOJ0KESHUS MAeHTa U BHICTABICHHS CTAKCOB CKa-

HUPOBAHMS 17,4 cexk.
Survey body 39,8 cek.
T2W cor 4 MuH.
STIR cor 2 MuH.45 cexk.
STIR sag 3 muH.50 cek.
T1Wsag 5 MUH.26 ceK.
DWI cor 11 muH.
Wroro ol1iee Bpemst CKaHUPOBaHUS 27 MuH.58 cek.

[Ipu noGasnenun B mporokon whole-body, HOBOW UMITYTECHOW TTOCIEIOBATEIEHOCTH
BpeMsI CKAHUPOBAHHUS YBEITHYHIOCH Ha 4 MUHYTBI, 9TO BHIHO M3 TaOJHIIbI 4.

Taénuya 4 — Bpewms ckaHupoBaHusi 1o nporokosy whole-body

Oo1ee BpeMs CKaHUPOBAHUS

4 IMITYThCHBIX TTOCIenoBarenbHOCTH (T2W 5 UMIYIBCHBIX TTocnenoBarensHocTel (T2W
cor, STIR cor, T1Wsag, DWI cor) cor, STIR cor, STIR sag, T1Wsag, DWI cor,)

24 MuH.8 cex. 27 MuH.58 cek.
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Taonuuya 5 — TlapameTpsl 4-X UMITYABCHBIX MocaenoBarensHocTei: T2Wcor, T1Wsag, STIR cor,

DWI cor o npotokoiy whole-body.

[losicanu- | I'pyanoit
[TocnenoBarensHocTh, | loneno- HBII oTHen | oraen mo- | lomnosa,
rapameTpel cTom Kozeno Tas MI03BOHOY- | 3BOHOY- rest
HUKa HUKa
1 2 3 4 5 6 7
T2W cor, xopoHaJIbHas MIOCKOCTh
TR, mc 1000 1000 1000 1000 1000 1000
TE, mc 80 80 80 80 80 80
FOV, mm 500 500 500 500 500 500
TomnmuHa cpesa, MM 6,0/1,0 6,0/1,0 6,0/1,0 6,0/1,0 6,0/1,0 6,0/1,0
KonugecTBo cpe3os, mT 40 40 40 40 40 40
Bpewmst ckanupoBaHus 40cexk. 40cex. 40cex. 40cexk. 40cex. 40cex.
Ob1mree BpeMst CKaHUPOBAHUS 4 MUH.
O6mee FOV=1609x500Mm
T1Wsag, carurranbHas IIOCKOCTb
TR, mc 412 412 412 412 412 412
TE, mc 4 4 4 4 4 4
FOV, mm 300 300 300 300 300 300
TonmuHa cpesa, MM 6,0/1,0 6,0/1,0 6,0/1,0 6,0/1,0 6,0/1,0 6,0/1,0
KonnuecTBo cpe3oB, mT 65 65 65 65 65 65
Bpewms ckanupoBanus 54,4cek. | 54,4cek. | 54,4cex. | 54,4cek. 54,4cek. 54,4cex.
OO6miee BpeMsi CKaHUPOBAHUS SMUH.26CEK.
Oo6mee FOV=1607x300mm
STIR cor, kOpoHalIbHas! MIOCKOCTh
TR, mc 13800 13800 13800 13800 13800 13800
TE, mc 70 70 70 70 70 70
FOV, mm 455 455 455 455 455 455
Tommuna cpesa, MM 6,0/1,0 6,0/1,0 | 6,0/1,0 6,0/1,0 6,0/1,0 6,0/1,0
KonmuecTBo cpe3os, mt 40 40 40 40 40 40
Bpewms ckanupoBanus 27,5cek. | 27,5cek. | 27,5cek. | 27,5cek. 27,5¢cek. 27,5¢cek.
OO6iee BpeMsi CKaHUPOBaHUS 2MUH.45ceK.
O6mee FOV=1607x455mm
DWI cor, kopoHanbHasi IIOCKOCTb
TR, mc 6500 6500 6500 6500 6500 6500
TE, mc 103 103 103 103 103 103
FOV, mm 490 490 490 490 490 490
Tommuna cpesa, MM 6,0/1,0 6,0/1,0 | 6,0/1,0 6,0/1,0 6,0/1,0 6,0/1,0
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OxoHuanue TadauLbl 5

1 2 3 4 5 6 7
KonnuecTBo cpe3os, mrt 40 40 40 40 40 40
Bpewms ckanupoBaHus I Mun. 50 | 1 muH. I mun. | 1 mun. 50 | 1 Mun. 50 | 1 mMun. 50

CeK. 50 cex | 50 cek. CeK. CEK. CeK.

Oomiee Bpemst ckanupoBaHus 1 1MuH.
O6mee FOV=1609%490mm

rae TR — Bpemst noeropenuii, TE — Bpemst axo, FOV — nose 0630pa.

[Ipumenenne 4-X UMITYIBCHBIX MTOCIEIOBATSIIBHOCTEH HE MO3BOJISUIO B IMOJTHONW Mepe
OIIEHUTH XapaKTep MaTOJOTHH, TIOITOMY OBUIO MPHHATO PEUICHHE J00aBUTH HOBYIO MeXa-
TPOHHYIO CUCTEMY UMITYILCHOU TocienoBarenbHOCTH STIR sag B caruTTasibHOM TTOCKO-
CTH CO 3HaYCHHUAMHU NTapaMeTPOB, PUBEICHHBIX B Ta0muIEe 6.

Tabnuya 6 — TlapaMeTpbl JOMOJHUTEIBHO T00ABICHHON 5 HOBOW UMITYJIBCHOMN
nocnenosarenbHocT STIR sag

I[MocnemoBarens- Hoscnma- i
A 1 T'oneno- HBIN OTHET PYA T'onosa,
HOCTb, Koneno Tas OTJIeI TI0-
cTOII MTO3BOHOY- Tiest
apaMeTphl 3BOHOYHHKA
HHKA
STIR sag, carurranbHas JIOCKOCTh
TR, mc 19100 19100 19100 19100 19100 19100
TE, mc 70 70 70 70 70 70
FOV, mm 300 300 300 300 300 300
Tonmuna cpesa, 6,0/1,0 6,0/1,0 6,0/1,0 6,0/1,0 6,0/1,0 6,0/1,0
MM
Konuuectro 65 65 65 65 65 65
Cpe30B, T
Bpewms 38,3 cek. | 383 cek. | 38,3 cex. | 38,3 cek. 38,3 cek. 38,3 cek.
CKaHUPOBAHUS
O01ee Bpemsi ckaHupoBaBHUST 3MUH.50ceK.
Ob6mee FOV=1607*x300MMm

rne TR — Bpemst moBTopenwii, TE — Bpems sxo, FOV— mone o630pa

C nmpuMeHeHneM HUMITYIbCHOU mociieaoBatenbHOoCTH STIRSsag Obuia morydeHa cepust
CPE30B B CArMTTAILHON TIOCKOCTH, YTO TIO3BOJIMIIO B TIOJHOW Mepe OLEHUTh XapakTep ma-
TOJIOTHH.

[epBoHaUANBEHO HCCIICAOBAHMUS MAIIMEHTAM IPOBOJIWIINCH B CTAHIAPTHON YKIIAJIKe, KOT-
Jla pyKu CBOOOIHO Jiexkat 1o 1mBaMm (puc.l). B mampHeHIeM ncmonb30Banach n3MEHEHHAS
YKJIaJKa, KOrjJa MAaIMeHT KJIAAeT PyKH IOJ] Ta3, P 3TOM MEepPBbIA Mallel] pacroiiaracTcs
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MeanaIbHO (puc.2). 3a cueT U3MEHEHHUs YKIIAQJKU KUCTh PacIiojlaraeTcs mapaiesbHoO Ty,
YTO BU3yaJIN3UPYET JTy4e3arsICTHBIM CycTaB B KOPOHAPHOM MI0CKOCTH MOJHOCTBIO,  TAKKE
MOJTHOCTBIO BU3YaJM3UPYIOTCSI MEJIKHE CYCTaBbl KHCTH, BCE 3TO 00Jier4aeT pe3ynbTarhl Uc-
CJIeIOBAHUSI.

HOHy‘IeHHI)IG PE3YIbTAaThl CKAHUPOBAHUSA IO KAXKIOMY MAIIMCHTY 3aHOCUJIUCH B TadIu-
Iy U CTAaTUCTUYECKH 00pabaThIBaINCh.

Pucynox 1 — CrannaptHas yKiajaka Pucynok 2 — smeHneHHas
MAIMECHTA, PYKHU JICXKAT 10 IIIBaM YKJIaJIKa MMalUeHTa, PYKH JIekKaT
JIAJIOHHO MTOBEPXHOCTEIO K TEITy

IIpu mpoBenennn MP-ucciaeoBanus ¢ UCIOIb30BaHUEM M3MEHEHHOW YKIIAIKU y 2-X
MaIMEHTOB BOHUKJIM OOJIEBbIE OLIYIICHHUS B pyKax, HO MOCJe aHaIN3a KIMHUYECKUX JIaH-
HBIX ¥ OIIpOoca ObUIO BBIACHEHO, YTO OOJIEBBIE OUIYIICHHS MPUCYTCTBYIOT U B OOBIYHOM
COCTOSIHUM. Y JpPYTUX MAlHeHTOB OOJEBbIC OLIYIIEHHS NMPH MPOBEACHUN CKaHWPOBAHMUS
HE OTMe4YaInch. Takas yKiajKa Mo3BOJIMIA PEUIUTh MPOOIeMy 3aTPYJHEHHUS OMTUCAHUS JTy-
Ye3aIsICTHBIX CYCTAaBOB U MEJIKUX CYCTAaBOB KHUCTH, KOTOPBIE YaCTO MOPAXKAKTCS IIPU KOBE-
HUJIBHOM HJUONTHYECKOM apTpure. Tak Kak JIaJOHU MAlUEHTa CTalu pacrojlararbes Ia-
paIeIbHO KOPOHAPHOH MIJI0CKOCTH CKAHUPOBAHUSA, XOPOLIO CTAIU BU3yaIM3UPOBATHCS BCE
MEJIKHAE CYyCTaBbl KUCTHU U [TOATOMY OIIPEIEICHUE MECTA IATOJIOTHH HE 3aTPYIHEHO.
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[Tocne mpoBeneHHOTo aHaIM3a U pa3padOTKH ajJropuTMa MeXaTpOHHOH CHCTEMBI UM-
MyJTbCHOTO CKAHUPOBAHUS, C PEIIeHHEM O 100aBICHIH HOBOM NMITYJIbCHOU MOCIIEIOBATEIb-
Hoct STIR B caruTTanbHOM MIIOCKOCTH, MAKCUMAJIbHO PEIINIACh MPodieMa C OIpe/iesie-
HUEM TOYHOTO MECTa MaTOJOTHH, U €T0 Bepru(HUKaIHIO B APYTYIO TNIOCKOCTh. [I[pumeneHue
HOBOH YKJIaJIK{ MPY MIPOBEICHHOM HMCCIICAOBAHNHN PElInia MpodiaeMy BU3yalnu3alul MeJl-
KHX CyCTaBOB KHUCTH IPU ONPE/ICICHUH MECTa MaTOJIOTHU M €€ Ka4YeCTBEHHOTO OITMCAHUSI.

[IpuMeHeHne HOBOW MeXaTPOHHOH cCHCTEMBI 10 TipoTokoiny whole-body, MPT siBisiet-
Csl AMarHocTu4ecku d(PQPEKTHBHON METOAMKON: NpU OOHAPY)KEHHH M3MEHEHUH CyCTaBOB
MAIMEHTOB MO CPABHEHHIO C PYTHHHBIM MCCIIEIOBAHUEM U MO3BOJISIET OLEHUTh COCTOSTHHE
BCEro Tella MalUeHTa 110 pe3yJibTaTaM OJJHOTO UCCIIeIOBAHUS.
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2«Koneip xan amvindazel bamuic Kazaxcman azpapivik-mexHukanvly yHugepcumemiy
KEAK

WHOLE-BODY ITPOTOKOJIbI BOMBIHIIIA MAT'HUTTI-PE3OHAHCTBIK
TOMOT'PA®USI A STIRSAG PETTLIITT BAP ")KAHA MEXATPOH/IBIK
JKYUEHI KOJJAHY

FOHECKO-nwiy mypaxmol damy ascbinoa canaivl Oinim 6epydin ambeban makcamvina dvcenmyoe
Oinim OepyOiy oMalH MEeXHON02UANAPLl MUIMOL Oonbln MadbLIadbl. Maxanada ownaln eMmuxan mexHo-
J02UANAPBIH KONOaHydagwl epexutenikmep cunammanaovl. OHaaiin opmammasgvl eMmuxan siCypeizyoiy
KOIOaHblcmazel popmanapelia, adicmepi MeH KYpanoapblHa manddy Hcdcdlvln, onapobl KONOaHyO0azbl
MYMKIHOIKmMepi MeH KeleHci3 ocakmapul cunammanaovl. Ounain Oaxwliayovl HCypeizyoiy KOorOaHy
a0icmepi MeH KYpanoapbiHvly KeMuinikmepi peminoe onapobiy CblHAK Ke3iHoe2i KON YaKblm WbleblHbl
MeH OKYUbLIAPObIH 3epmmey ecenmepin uwieutyoezi onapobly He2izel Jcytieni Oinimoepi MeH 0a20bliapblH
bazanayowvl eckepy MyMKIHOIKMePIHiY Kypoeniei cCunammandaobl.

bByn oicymvicma meper oxvimy mexnonocusicel peminde ycvinviaean Yolo ancopummine necizoencen
UHHOBAYUANBIK NPOKMOPUHE JHcylieci kenmipineen. XKytieHiy He2i3el MaKcamul HCaebl3 CUSHANL KO3i peminoe
cmandapmmul 8ed Kamepacvli KOIOAHa OMuIpbln eMmuXan manculpyubiibly KO3iH OaKblIay JHcaHe mamuy.
Tepey oxbimy mooeninoe anvinean Hamudicenep KOpblmblHObL Weim Ay Makcamulnoa Xaap Kackaomolx
Kaaccugukamopwvl aprulivl OHOenredi. YColHbli2an 20ic Ho2apebl OINOIKNEeH eMMUXaH MAancolpyulblHblH
KO3IHIH WbIHALIbL KeCKIHIHIK MYpaKmbl KeCKIHHEH aublpMalublibleblH aHbikman bepeoi. Tepey oxbimy mex-
HONO2UACHIH KACKAOMbL Kaaccugukamopmen yinecmipe Koa0amy MyMKinoiei HAKmbl YaxKblm pejicuminoe
Ycvinvligan Keckinoei Hemece 8U0eoKaopaapoa eMmuxan mancolpyublHbly KO3IHiY WbIHALLL KeCKIHIH 0211
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manyea MyMKiHOIK 6epedi, an o1 Ke3e2iHoe OHLAH eMMUXAH Ke3iHOe aKA0eMUSIbIK A0AL0bIKNbL CAKMAay
MAKCcamovlHOd NPOKMOPUHZ HCYIeCIHHIH MUIMOLNIZIH dcaHe ceHImOinizin 6indipeoi.

Tyitin co30ep: KauwiblKman OKblmy MeXHOA0SUACHl, OHAAUH emmuxaH, aumpekune, Yolo, Darknet
Framework, Xaap xackaomul knaccuguxamopbl, npokmopune icyeci.

M. A. SILANTEVAY, N. A. SATYBAYEVA? K. . MUKHANBETZHANOVA?
A. V. SILANTEV?

1St. Petersburg State Pediatric Medical University,
2NJSC «West Kazakhstan Agrarian and Technical University named after Zhangir Khany

APPLICATION OF A MECHATRONIC SYSTEM WITH A STIRSAGE
SEQUENCE IN MAGNETIC RESONANCE IMAGING USING
THE WHOLE-BODY PROTOCOL

The main purpose of this article is to review and analyze the conducted methodology obtained in the
study of a group of patients with chronic rheumatic disease juvenile idiopathic arthritis in childhood using
a new mechatronic system, using special coils and programs Survey body and Survey according to the
whole-body magnetic resonance imaging protocol, evaluating the effectiveness in diagnosing inflammatory
and structural changes of diseased joints compared with the routine method of studying this disease.

In this paper, a new technique is considered, using an improved mechatronic system, magnetic
resonance imaging for whole-body protocol research. The above research results are tabulated and
analyzed. Analysis of the obtained clinical studies showed that using an additional mechatronic system
with a STIRsag pulse sequence made it possible to fully assess the nature of the pathology of sections in
the sagittal plane of all types of diseased joints.

In the studies, a new type of laying was applied in patients with hands, instead of the standard one
when the hands lie at the seams, laying was applied when the hands of the palm surface lie to the body.
This made it possible to fully visualize the small wrist joints, which facilitates the examination of the
patient.

Key words: distance learning technology, online exam, eyetracking, Yolo, Darknet Framework, Haar
cascade classifier, proctoring system.
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PABPABOTKA MMOJCUCTEM UHTEI'PALIMA U AHAJIM3A
JTAHHBIX THO®OPMALIMOHHO-AHAJIUTHYECKOM IVIAT®OPMbI
JJIS NOAAEPKKU Y MPUHATHUSA PELLIEHU B OBJIACTH
PETMOHAJIBHOM SKOJIOTMYECKOM MOJIUTUKHA

B cmamve npedcmasnenul pe3ynvmamol uccie008anull, npo6eo0eHHbIX 8 PAMKAX NPOeKmMa NPpoepaMMHO-
yenesoco Qunancuposanus BR18574148 Munucmepcmea nayku u evicuieco obpazosanus Pecnyonuxu
Kaszaxcman, nanpaenennvix na paspabomxy eourol uH@GOpMayuUoHHO-AHATUMUYECKOT NIAmMpopmblL eco-
modeling.kz ons noodepoicku u npunsAmus peuwienutl 6 0o1acmu pecUuoHAIbHOL IKOI02UHECKOU NOTUMUKU.
B nacmosuweil cmamove npusooumcs onucanue mpex noocucmem OAHHOU NAAM@POPMbL, OCYUeCmEII0-
WUX UHMeSPayuIo NIAm@opmul ¢ pasnudHLIMU UHGOPMAYUOHHBIMU UCTOYHUKAMU, AHAIU3 OQHHBIX MOHU-
mopuHea ammocghepvl npomMbluLIeHHbIX 20p0008 Kazaxcmana, npozHo3uposaHie 3HaveHull KOHyenmpa-
Yuu 8peOHbIX 6eujecms ¢ npuMeHenuem Mooeiel MauunHo20 00y4eHUs 1 omoodpasicenue pe3yibmanmos.
B cmamve onucanvl mexuuueckue acnekmoi NOLYYeHUs OAHHBIX UBMEPEHUs U3 08YX UHQOPMAYUOHHBIX
UCMOYHUKOB, cmpYKmypa 6a3bl OAHHBIX, PA3pabOmMantble UHCMPYMEHMAbHble cpeocmea OJid AHalu3a
OaHHbIX, UCNONb3YeMble MOOENU MAWUHHO20 00YYeHUs, a MaKdice NoIb308amenbCKull unmepgetic 6eod-
NPUNOICCHUSL.

Knrouegvie cnosa: ungpopmayuonto-ananumuieckas niame@opma, 3azpasHenue ammocpepol, aHaius
OaHHbIX, MawuHHOe 0OyyeHue, npoepammubiil unmepgpetic (API), kapmoepaguueckuii sed-unmeppetic.

Beenenue. CymniecTByeT MHOKECTBO MHPOPMAIIMOHHBIX IIAT(HOPM, TPEAOCTABISIOMINX
HHPOPMALMIO O KaYeCTBE BO3AyXa M MPOTHO3 3arps3HEHHs BO3AyXa B PeXXUME PeabHOTO
BpemeHH. [laHHble TuIaTGOpMBl HAMpaBICHbI HA YIyYLICHHUE 3KOJOTHMYECKOH 0O0CTaHOBKU
peruoHa u oOLIECTBEHHOTO 3/10POBbs MTOCPEACTBOM KOMIUIEKCHOH OLIEHKH JaHHBIX MOHH-
TOpPUHTa BO3JyXa, NPEAOCTaBICHUS MPAKTUUYECKUX PEKOMEHIALUN Ul OXpaHBbl 310POBBS,
a TaKKe CBOEBPEMEHHOTO YBEJOMJICHHSI IPaX1aH O HeOIaronpusaTHOW SKOJIOTHUECKON CH-
Tyalluy C LENbI0 IPUHATHS IPEBEHTUBHBIX Mep.

Hanpumep, IQAIr [1] siBnsieTcst oqHOM U3 KpyNHEHIINX HHPOPMALMOHHBIX T1aTdopm,
MIPEIOCTABIAIOUINX KOMIUIEKC pPEIeHUH, HallpaBIeHHbIX Ha yITydlleHHe KadyecTBa BO3IY-
xa. Hapsiny ¢ mHdopmMupoBaHueM O TEKYyIIMX 3HAYEHHSIX KOHLECHTPALUH 3arpsi3HSIOLIMX
BEIICCTB M MHJEKCA KauyecTBa BO3AyXa B BEIOPaHHOM ropoje, miargopma nperocTaBisieT
WHGPOPMALHIO O IIABHBIX HCTOYHUKAX 3arps3HEHNUs], TEHACHIIHMIO 3arps3HEHHS, Pe3yIbTaThl
HCCIIEZIOBAHUS BIUSHUS SKOJIOTMYECKON CUTYallMd B TOPOZE Ha 370POBbE JIFONIEH, a TaKkKe
NpeyiaraeT NpakTHYeCKUe pEKOMEHIAIUH 10 YAYUIIEHHIO KauecTBa Bo3ayxa. Kpome Toro,
aTgopma Mo3BOJISIET NPOCICAUTh AMHAMHUKY M3MEHEHHUS! MHACKCa KadecTBa BO3AyXa Ha

* E-mail xoppecionaupytomero apropa: temirbekov@rambler.ru
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OCHOBE UCTOPUYECKUX JaHHBIX, ClIeNaTh €ro MPOTHO3 Ha HelleIbHBIN MEPHUO] U Ipejiaraet
PaHXKUPOBAaHHBII CITMCOK TOPOIOB IO JAHHOMY ITOKa3aTellio B pa3pe3e BRIOPAaHHOM CTpaHbl
WJIM BCETO MHpA.

IIpoext «BcemupHBbIif HHIEKC KayecTBa BO3AyXa» [2, 3] UMeeT aHaJOrHyYHbIe LN U
MPEAOCTABISET HEOTPAHUYCHHBIN IOCTYI K MUPOBBIM HCTOPUYECKHM AaHHBIM M TEKYLIHM
JIaHHBIM O KadecTBe Bo3ayxa oT 30000 cranumii u3 6onee yeM 2000 KPYyIHBIX TOPOAOB B
130 cTpanax B pexxuMe peajJbHOro BpEMEHH Yepe3 caifThl aqicn.org u waqi.info. Ananoruy-
HbIe (DYHKIIMOHAJIbHBIC BO3MOXXHOCTH TPEA0CTaBIsIeT Tuiatdopma air-quality.com [4].

[poexr airly.org [5] npemnaraer Habop MHCTPYMEHTOB JJIsl aHaKM3a AaHHBIX. Hapsny
C MPEACTABICHUEM OTYETHOCTHU O 3arpsi3HEHHMHU BO31yXa, MiardopMa MmpeiaraeT mporHo3
3arpsi3HeHUs BO3Ayxa Ha 24 gaca ¢ TOUHOCTBIO 95% Ha OCHOBE KaCKaJHOW CHCTEMBI HEl-
pOHHBIX ceTeill. Mcronb3yeTcs TpeIuKTHBHBIN alTOPUTM ¢ TIPUMEHEHHEM MAIInHHOTO 00Y-
YEeHUS] HICTOPUYECKHX JTAHHBIX M TPOTHO3HBIX METEOPOIIOTHYECKUX MapaMeTPOB.

[TpuHMMast BO BHUMaHUE aKTyalbHOCTh MPOOJIEMBI, aBTOPAMHU CTaThU [TOCTABJICHA LIENb
pa3paborarh eanHy0 HU(POBYIO NH(OPMAIIMOHHO-aHAIMTUYECKYIO TIaT(GOopMy JUIs TOJ-
JICPXKKUA W TIPUHATHUS PEIICHUN B 00JIACTU PErHMOHAIBHOM KOJOTHYeCKOi monuTuku. Ha-
CTOSIILIASl CTaThsl OTKPBIBACT LUKJI ITyONWKAIWA, MOCBSILEHHBIX OMHUCAHHIO TEXHHYECKHX
acrmeKkToB paspabarbiBaeMoii miarGopMbl. B 4acTHOCTH, B JJaHHOW CTaThe MPUBOIUTCS
OTMCaHME TPeX €€ MOJCHCTEM, KOTOPhIe OCYILECTBISIOT MHTETPALUIO IJIaTGOPMEI C pa3-
JUYHBIMU UH()OPMALMOHHBIMU HCTOYHUKAMH, TIO3BOJISIOT POBOJUTH aHAIIN3 JaHHBIX MO-
HUTOpPHUHTAa arMocdepbl MPOMBIIIICHHBIX TOpooB Ka3axcraHa, MpOTrHO3MpOBaHKE 3HaYe-
HUH KOHIEHTPALWU BPEIHBIX BEUICCTB C NMPUMEHEHHEM MOjEIeld MAallMHHOTO O0yuYeHHS,
a Takke OTOOpa)KeHHE pe3yJbTaToB MOHUTOpUHTa. PaspabarbiBacMasi ratgopma umeer
HECKOJILKO KITIOUEBBIX OTIMYHUI OT CO3AaHHBIX paHee aHAIOTHYHBIX Tardopm. Bo-mepBbix,
pacdeT NPOTHO3HBIX 3HAYCHUI KOHLIEHTPAIMU 3arps3HSIOMIMX BEHIECTB OCYIIECTBISETCS
Ha OCHOBE KOMOMHHMPOBAHHOTO HMCIIOJIb30BAHUSI MAaTEeMaTHYECKOrO ammapara W Mojaesen
MaIMHHOro 00y4eHus. Bo-Bropsix, miargopma npegocrasisieT HA0Op HHCTPYMEHTOB IS
MPOBEJCHUSI aHaJM3a JaHHBIX U MAaUIMHHOTO OOy4YeHHsl C UCIOJIb30BAHUEM JAHHBIX O 3a-
TPSI3HEHUU BO3/yXa B MPOMBIIIJICHHBIX ropogax KazaxcraHa.

Metoasl U mMaTepuasbl. Pa3pabarbiBacMasi HHPOPMAIIMOHHO-aHATUTHYECKAs IJ1aT-
(opMa COCTOUT U3 IATH TOACUCTEM. B HacTosIIel cTaThbe MPUBOIAUTCS OMMUCAHUE CIEIYIO-
HIUX TPEX ee MOJICUCTEM:

1) moxcucTeMbl MHTErpanyy MIaTGOPMBI ¢ Pa3THYHBIMU HWH(POPMAMOHHBIMH UCTOY-
HUKaMH;

2) MOACUCTEMBI aHAIIU3a TaHHBIX;

3) moacucTeMbl OTOOPaKEHHUS TaHHBIX U3MEPEHUH U IPOTHO3A.

[epBas noacucTema npenHa3zHavYeHa Al HOTydeHHsI, 00paOOTKU U XpaHEHUsI TaHHBIX
W3MEpEeHHI KOHLEHTPAIUU 3arps3HSIONIMX BEIIECTB U METEOPOIOTHYECKHX MapamMeTpoOB
13 pa3IMYHBIX HHOOPMALMOHHBIX UCTOYHUKOB. OCHOBHBIM MOCTABIIUKOM JaHHBIX IO KOH-
HEHTPaLUsIM 3arpsa3HomuxX Bemects B armocdepe siisiercs TOO «OkocepBuc-Cy», KOTO-
PBIH MIpeJoCTaBISIET JOCTYI K AaHHBIM MMOCPENCTBOM MporpamMMHoro uHtepdeiica (API).
VYkazaHHbIE JaHHBIC TOCTYMAIOT OT aBTOMATU3UPOBAHHBIX CUCTEM MOHUTOPUHTA SYMHUCCHH,
KOTOpbIE MpeIHa3Ha4YeHbl JII HEMPEPHIBHOIO M3MEPEHUSI KOHLIEHTPALUH B ra30BbIX BbI-
Opocax B pexHMe pealbHOr0 BPEMEHH, a TaKXkKe pacueTa BaJoBOro oobemMa BIOPOCOB [6].
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[IporpammubIii HHTEpdEHC COCTOMT M3 HECKOJBKHX KOHEUYHBIX TOUEK, MO3BOJISIOLINX
MOJIYYUTh TIepedeHb aBTOMAaTU3MPOBAHHBIX MTOCTOB MOHHUTOPHUHTA C yKa3aHHEM Ieorpa-
(uUecKuX KOOpIWHAT, M3MEPEHHbIE AaHHbIC KOHIEHTPAIMH 3arps3HSAIONNX BEIIECTB C
[I0CTOB MOHUTOPHUHTA, IEPEUEHB 3arPsA3HSIIONINX BEIIECTB CO 3HAUEHUAMHU MPeIeIbHO J10-
IMyCTUMBIX KOHIEHTpAaINi, NHIEKC KaueCcTBa BO3/yXa, BBIYMCIECHHBIN Ha KaXKIOM HOCTY
MOHHMTOPHWHTA, U Ipyryio nHpopmanuio. [lonydyenne ykazaHHbIX Bbile AaHHbIX 13 TOO
«OxocepBuc-Cy» OCyIIECTBISIETCS C MCIOIb30BaHUEM IPOrPaMMBbI, HaMMCAaHHOW Ha BbI-
COKOTIPOM3BOJAUTEIHLHOM SI3bIKE TIpOrpaMMupoBanus Julia, koTopast 3amyckaeTcs ¢ HHTep-
BaJIOM B 20 MUHYT.

Wudopmanus, nonyudaemast u3 TOO «DxocepBuc-C» coaepKUT 3HAUCHHST KOHLIEHTpa-
UM CIEAYIONIMX BEIIECTB Ha KAXKJOM ITOCTY HAOIIOACHUS:

— okeun asota (NO,);

— nuokeun cepsl (SO,);

— okcun yreponaa (CO);

— B3BEIICHHBIC YacTHlbl PM, 1 PM, ;
a TaKkXKe CIEAYIONIYI0 METEOPOIOTHUECKY0 HHPOPMAIIHIO:

— TeMIieparypa Bo3/ayxa;

— HaIpaBJIeHHE U CKOPOCTh BETPA;

— arMoc(epHOE JIaBJICHUE;

— OTHOCHTENbHAS BIAKHOCTH BO3/yXa.

Bropeim ucrounnkom nanusix seusercs PI'TI «Kasruapomery», mpenocTaBuBIIN HCTO-
pHUYEeCcKUe JaHHbIC 3HAYCHUI KOHIEHTPALMI 3arps3HSIONIMX BElIecTB B (aitnax ¢popmara
CSV. MmopT nosryuyeHHbIX JaHHBIX B 0a3y JaHHBIX OCYIIECTBJICH C MOMOIIBIO MTPOTPaM-
MBI, HAITMCAHHOM Ha s3bIKe Julia.

B pesynbrare 6aza maHHBIX MHPOPMAMOHHO-aHAIUTHUECKON TIIAaT(GOPMBI COAEPIKUT
JaHHBIE O 3arpsi3HeHuU atmocdepsl ¢ 2005 roga. JlaHHas TojCUCTEMA XPAHUT JIAaHHBIC B
CJIE/IYIOIMX OCHOBHBIX TaOIUIax:

— Ta0NuIa TIPOBAMJIEPOB JTaHHBIX;

— Ta0NuIa TOPOJIOB;

— Tabnua aBTOMaTU3UPOBAHHBIX TIOCTOB HAOIIOACHUS;

— Tabnua HaOJIoaeMbIX TapaMeTPOB;

— Tabnua eJUHALl U3MEPEHUIT;

— Tabnuna 3Ha4YeHu i H3MEepeHUH
U IpyTHUX.

B pabote ucrnonb3yercs cBoOOIHAsS 00BEKTHO-PENSIIMOHHAS CUCTEMA YIIPaBJICHHsI 0a3a-
mu gaHHbIX PostgreSQL. Ee BeiOop 000CHOBaH rHOKOCTBIO0, BBICOKOTIPOU3BOUTEIBHOCTHIO
TpaH3aKUMH U PEIUIMKAI[H, BOZMO)KHOCTBIO HHACKCUPOBAHUS T€OMETPUIECKHX 00BEKTOB
U HaJm4yueM 0a3upyrolerocs: Ha Heil pacuupenust PostGIS, momnepxkoii ciadocTpyKTy-
PUPOBaHHBIX TAHHBIX C BO3MO)KHOCTBIO MHAEKCHPOBAHUS, a TaK)Ke€ BO3MOKHOCTBIO CO3/Ia-
HUS TI0JIH30BATENIbCKUX THUIIOB.

Haznayenue BTOpO#l moacucTeMbl HHPOPMAIIMOHHO-aHATUTHYECKOW TIAaT()OpPMBI CO-
CTOMT B MPENOCTaBICHUN HA0Opa MHCTPYMEHTOB JJIsl IPOBEJCHNUS aHAIN3a AaHHBIX. [laH-
Has MojicucTeMa MMeeT MOJYJIbHYIO CTPYKTYpY, KaKAbIH MOAYJIb KOTOPOW HampaBieH Ha
pelIeHne onpeaeieHHON 3a1a4H.
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[lepBbIii MOIYJIb CONEPIKUT METOMBI JUIsS BBHIIIOJHEHUS OOILNEro aHaJiM3a JaHHBIX, CO-
CTaBJICHUA MAaTPUILIbI KOPPEIALUN MCKAY MapaMeTpaMi JI1 BBIABJICHUA CKPBITBIX 3aKOHO-
MEpHOCTel. B 4acTHOCTH, MOIy/Ib BBIYUCIIIET CTATUCTUYCCKUE XapaKTePUCTUKH Habopa
JAaHHBIX, TaAKHMC KaK MEAHaHa, CTaHAaPTHOC OTKIIOHCHUEC, MUHUMAJIbHOC U MaKCUMAJIbHOC
3HAYEHUE U KBAPTWIN. Pe3ynbrarsl BEIUMCIEHUN MATPULBLI KOPPEISILIUUA CYLIECTBEHHO HUC-
MOJB3YIOTCS MTPU BHIOOPE MPU3HAKOB B MOJICIISIX MAIMHHOTO O0yUYEeHHS, TIOCKOJIBKY BBIOOD
MIPU3HAKOB SIBIISICTCS KPUTHUECKUAM dTaroM A 9 PeKTUBHOTO 00yUueHus: Mmonend. Marpu-
112 KOPPEJIAINH COCTABISAETCS MHIUBUIYATBHO TSl KaXKA0T0 OCTa HAOIIONCHHUS.

CyTI) BTOPOro MOAYJIA 3aKIIOYAaCTCsd B BBISABJICHUW 3dKOHOMCPHOCTH B HM3MCHCHUU
KOHIICHTpauuu 3aI‘p$13HI/ITC.HCI\/'I Ha OCHOBC aHaJin3a apXWBHbBIX NAHHBIX, C ICJIbIO €€ UC-
MOJIb30BaHMS TPU MPOrHO3e Oyaymux 3HadeHuid. PabGora Momymst ocyliecTBisieTcsl B
HECKOJIBbKO JTaroB. BEHITONHEHHE MepBOro 3Tama OnupaeTcs Ha MpUMEHEHUEe MoJenen
MamuHHOTO 00y4yeHus. Ha Tekymmii MOMEHT peajM30BaHbl TPU aHCaMOJIeBbIe METOAH-
ku o0yuenus. [lepsas monens, XGBoost, mpencrapiser co00i peann3aluio airoputMa
CTOXACTHYECKOTO MOBBIIICHUS TPaUEHTa. DTO aJIFOPUTM JIepeBa pPeIIeHu aHcamOIIs, B
KOTOPOM HOBBIC AI€PEBbs UCIIPABIIAIOT OHII/I6KI/I TEX ACPEBLEB, KOTOPLIC YIKE ABJIAIOTCA Ya-
CTBIO MozeNH. JlepeBbs 10OaBISIOTCS 10 TEX TOP, TOKa B MOAEIH Hellb3sl OyleT BHOCHTD
nanpHelmme ynydmenus. Bropas moxens, LightGBM npencrasisier co0oi cTpyKTypy
MOBBILICHHUS TPATUEHTA, HCIIONB3YIOIIYIO aJrOpUTMbl 00yueHHsI Ha ocHOBe JaepeBa. OHa
npegHazHayeHa i pacrpeneneHus u d(p(EeKTUBHOCTH W HalleJeHa Ha 0oJiee BBICOKYIO
CKOpPOCTh 00yuUeHHUs U 0oJiee BHICOKYIO 3(DPEeKTUBHOCTh, MEHBIIIEE HCIIOIb30BAHUE TTAMSI-
TH, TOBBIIICHHYO TOYHOCTb, TTOAJIEPKKY HapajllieIbHOTO, paclpeelIeHHOTro U rpadoBOro
00y4eHwust, BOBMOKHOCTH 00paboTKu OosnbmnX AaHHbIX. COTIacHO HEKOTOPBIM HCCIIEI0-
BanusM, LightGBM B GonbimHCTBE ciiydaeB oOydaetcs: ObicTpee, yuem XGBoost. Tpe-
ThsI MOJIEJIb — TIOBBILIIEHUE I'pajiieHTa Ha ocHoBe Tucrorpammel (HistGradientBoosting),
MPEJICTaBIIsET COOOM peain3alliio IepeBbeB NoBbimieHUs rpaaueHTa. Kak u LightGBM,
JIaHHAs. MOJIEJIb TAKXKE€ MMEET BCTPOEHHYIO MOAAEPKKY OTCYTCTBYIOLIUX 3HAYEHUU, 4TO
MO3BOJIsIET N30eXKaTh HEOOXOJUMOCTH B UMITyTepe. B pe3ynbrare BBIMOIHEHUS TEPBOTO
sTana Beiuuciastores nokasarenn R%, MAE, MSE u RMSE, koTopsle XapakTepU3yroT CTe-
NeHb 00y4YEeHHOCTH MOJIEIH.

BTOpOI\/'I 9Tal 3aKIIO4YacTCsAd B BbBIYMCJICHUUW IMPOTrHO3HBIX 3HAYEHU N KOHILICHTpAllU1 Ha
Ka)KJIOM aBTOMaTH3MPOBaHHOM TOCTY HAOIIOICHHSI Ha OCHOBE 00yUeHHOM Mozenu. Pe3yib-
TaThl JAHHOTO JTara UCMOb3YIOTCS B MOACUCTEME MOJCIUPOBAHUS PACCEUBAHMUS 3arpsi3-
HSIOIIMX BEIIECTB.

TpCTI/Iﬁ MOYJIb NOACUCTEMBI 3aKJIHOUACTCA B BBIABICHUN BO3MOKHOM CC30HHOCTH, BJIH-
SHOHIeﬁ Ha MOBBINICHUE KOHLICHTPALIUX TOI'O UJIKM MHOT'O BEUICCTBA. AHFOpI/ITM pcain3oBaH
WHIANBUAYAJIBHO UIA KaXAOTO IMOCTa MOHHUTOPUHIA U CTPEMUTCS BBIABUTH 3aBUCUMOCTD
M3MEHEHUS KOHIICHTPAIMK OT YeThIpeX (PaKTOpPOB:

— BPEMEHH CYTOK;

— JIHSL HEJIENH,

— MecsLa;

— KBapTasa roja.

UYeTBepThlii MOAYNb NPEAHA3HAYEH JUIsl IPOBEJACHUS CTAaTUCTHUYECKUX pacdyeToB Ha
OCHOBC IMOJIy4a€MbIX JAaHHBIX H3MCpCHHI7[.
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Tpetbst moncrcTemMa MH(GOPMAIMOHHO-aHATTUTHIECKOH MIIaT(OPMBIL, paccMaTpuBacMas B
JAHHOM cTaThe, MpeHa3HaueHa JJIsl IPEI0CTaBIICHNUS MTOJIb30BaTeIbCKOTO BeO-nHTEepdeiica
KO BCeM (QYHKIHMSIM W MOMAYJISIM, BXOISIIMX B COCTaB MH(OpMAIMOHHO-aHATUTUYECKOM
IaTQOPMBI, a TAKKE IS TPaPUUECKOTO 0TOOPAKEHHSI JAHHBIX U3MEPEHHI M TPOTHO3HBIX
pacyeroB. BeG-mpunoxeHune pa3paboTaHO C HCHOIb30BaHHEM BeO-(ppeiiMBopka Django
REST Framework. OOMeH JaHHBIMU MEX1y Pa3iUYHbIMU YaCTSIMH BEO-IIPUIIOKEHHUS OCY-
HiecTBIsETCS mocpencTsom Web API.

Pe3ynbTarel u ux odcy:kaenue. [IpuBenem onrcanue MoJIb30BaTeNILCKOTO HHTEpeiica
paspaboTanHOl HH()OPMAMOHHO-aHATTUTHYECKO! TaropMbl. BeO-npuiokeHne cocTouT
13 HECKOJIBKUX Pa3/IeNiOB, CCHUTKH Ha KOTOPhIE PACIIONOKEHBI B BEPXHEH YaCTH CTPAHUIIBL.

OTtoOpakeHne NTaHHBIX M3MEPECHUH 3arps3HAIONIMX BELICCTB MPUBOIMTCS B pasjieie
«Kapra». Ha kapre mapkepamu 0003Hau€HbI aBTOMATU3UPOBAHHBIC ITYHKTHI HAOIIOICHUS
(Pucynok 1). LlBeT MapkepoB 3aBUCHUT OT KOHIICHTPAIIMKA Ha COOTBETCTBYIOIIEM TIOCTY Ha-
OJFOZICHUS: TIPU TIPEBBIICHUH KOHLIEHTPAIIMK OAHOKPATHOTO U MSTUKPATHOTO JIOITYCTUMO-
ro rokaszaressi MapKkep 3aKpalluBaeTcsl, COOTBETCTBEHHO, B KENTHIM U KpacHbIH 11BeTa. B
OCTaJIBHBIX CcIy4yasx oToOpakaeTcs 3eyeHblid Mapkep. Kpome Toro, okpecTHOCTh MapKepoB
MOKPBIBACTCS TPAJUEHTHBIM PUCYHKOM, OTOOPayKAIOIIUM TPaJIallii0 M3MEHEHUs 3HAYCHHUH
KOHIICHTPAIIUH.

Pucynok 1 — OtoOpakeHUE JaHHBIX H3MEPCHUN KOHIICHTPALIUU

C nomouIbio BBINAJIAIOLIETO CIHCKA, PACIIONOKEHHOTO B IPABOM BEPXHEM YIITY, MOJIb-
30Bareslb UMEEeT BO3MOXKHOCTH BBIOpaTh ropoa. B HacTosmuii MoMeHT miardopma pacro-
JaraeT JaHHBIMH MOHHUTOpHHTa 1o ropoaam AusmMarsl, Llleivkent, Temupray, Kaparannaa,
VYerp-Kamenoropek n XKanarac. B neBoM BepxHEM yInly pacrioyioKeH HepeKIouaTesib, ¢
MOMOIIbIO KOTOPOTO BBIOMPAETCS ONIMH M3 IISATH TIApaMeTpoB Habmonenus — PM, ., PM,
SO,, NO u CO.

2.5°
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[Ipu HaXkaTUM HA MapKep OTOOPAXKACTCS BCIUIBIBAIOIIEE OKHO C TEKYIIUM 3HAYCHHUEM
KOHIICHTPAILIUUA Ha COOTBETCTBYIOIIEM IoCcTy Habmonenus (Pucynok 2). Ilpu nepexone mo
cchuike «JleTanmny, pacmolioKeHHOM B TAHHOM OKHE, MOSIBIISICTCSI MOJATbHOE OKHO, B KOTO-
POM MOXKHO TIPOCJICIUTh JMHAMUKY U3MEHCHHS KOHIICHTPAI[MM BRIOPAHHOTO BEIeCTBa Ha
JIAaHHOM TIOCTY 32 OJ{HH CyTKH. KpoMe Toro, B BepXHel yacTH MOJAJIbHOTO OKHA OTOOpaxe-
HBI CyTOYHBIC U PA30BBIC MPEACTHHO TOMYCTUMBIC 3HAUCHUS KOHIICHTPAIIUH.

Pucyuol( 2- I[I/IHaMI/IKa HU3MCHCHUS KOHICHTPAIIUU Ha IMOCTY Ha6J'IIOZ[eHI/I$I

B HKHell yacTu OKHa pacroiio)keHa KHOMKa «JleTtanm» il BBIBOAA TaOIUIIbI 3HAue-
HUHM KOHIEHTPALMHU Ha BCEX MocTax HaOmoneHus BHIOpaHHOTro ropoaa. CTpoku Tabmuisl
BBIJICJICHBI 3€JIEHBIM, JKEIThIM UM KPACHBIM LIBETAMU B 3aBUCUMOCTH OT OTHOLIECHUS TEKY-
LIUX 3HAYEHUH K IIPEJEIbHO JOIIYCTUMOMY 3HAYEHUIO.

Kpome Toro, B HM3KHEH 4acTH CTpaHULIbI PACTIOIOKEHBI IEPEKIIIOYATENN C BpEMEHHBI-
MU oTMeTKaMu. [Ipy HakaTuy Ha KHOIIKU JAHHOIO IEPEKIIIYaTeNs [10Jb30BaTelb UMEET
BO3MOXXHOCTh MPOCMOTPETh 3HAUEHHs, COOTBETCTBYIOIINE BBIOPAHHOW BPEMEHHOH OT-
MeTke. FIMeeTcss BO3MOKHOCTD 3aIlyCTUTh aHUMALMIO, IIPU KOTOPOX MOYKHO IPOCIEIUTh
JUHAMUKY M3MEHEHHUS COCTOSIHMS BO3[yXa 3a IocjenHue 6 JacoB ¢ mHTepBasoM B 20
MHUHYT.

Hens paznena npuitokeHust «AHaIU3» COCTOUT B MPEIOCTaBIEHUH MOIb30BATEINIO HA-
0opa HHCTPYMEHTOB JUIsl POBEACHUS aHaIM3a AaHHBIX U MAIMHHOTO OOy4eHHs Ha MCTO-
pUUECKUX AaHHBIX. JJaHHBIN pa3zen uMeeT cieayomue QyHKIMOHAIbHbIE BOSMOKHOCTH:

a) I[IpocMoTp naHHBIX U3MEPEHHUH B TAOIMYHOM BHJE C BO3MOXKHOCTBIO (DUIIBTpa MO
ropojam, noctaM HaOJIIOAeHNUs, IPON3BOJILHOMY TIEPHOLY HAOIIOACHUS, a TAKKe IKCIIOPTa
MOJy4YeHHBIX 3HaueHuH B Qaiin popmara CSV.

0) CrarucTrka mojryyaeMbIX JaHHBIX U3MEPEHUH B pa3pese rOpoAoB, THEH, MECALEB, a
TaKXKe CTaTUCTUKA I10Jy4aeMbIX JaHHBIX B PAMKAaX OJHOIO 3aIpoca.
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B) [locTpoenune koppesiiMOHHON MaTpPHULIbl, TOKA3bIBAIOIIEH 3aBUCMOCTh MEX/1Y Be-
LIeCTBAMH M METEOPOIOTHYECKIMHU JAaHHBIMU 10 KQKOMY ITOCTY HaOIIOAEH!S B 38 JaHHOM
niepuone HaOmoaeHus (PucyHok 3).

Pucynok 3 — Marpuna Koppesniuu

r) BeisgBieHne BO3MOXHBIX CE30HHBIX 3aKOHOMEPHOCTEH M3MEHEHHS KOHIICHTpPALUH
B pa3pese yacoB (Pucynok 4), nueit nenenu (Pucynok 5), xBaprana, Mecsina. BxogHeiMu
napameTpamMy ajJropuTMa sIBJISIOTCS TOCT HAOMIOACHNUS, IEPUOA HAOIIOACHHS U TapaMeTp
IpyNIUpOBKH. Pe3yiasraroM paboThl aaropurMa siBisieTcst O104Hast fuarpaMma ¢ OrpaHuyu-
TEJIIMU BBIOPOCOB, KOMITAKTHO WILTIOCTPUPYIOLIast MEANaHy, HIDKHUHM M BEPXHUH KBAPTHIIH,
MUHHMMAJIbHOE U MaKCUMaJIbHOE 3HaUC€HHE BRIOOPKH, a TAKKE BEIOPOCHI.

Pucynox 4 — OnpeneneHre BO3MOXKHON C€30HHON 3aKOHOMEPHOCTH
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n) OOyuenue moxeneit mamuuHoro odyuenus XGBoost, LightGBM, HistGradient-
Boosting Ha OCHOBE JaHHBIX M3MEPEHUI U MPOTHO3 3HAYCHUI KOHIEHTPAIIUN HA KAXKIOM
MOCTY HaOJIOJICHUSI Ha OCHOBE OOy4eHHOM Mojenu. BXoIHbIME TapaMeTpaMu aJiropuT™Ma
SIBIISIFOTCSL TTOCT HAONIOJICHHS, TEPHOJ HAONIOACHUS M IapaMeTpbl MOJAETH MAIlMHHOTO
oOyueHusi. Pe3yabraroM BBIYHMCICHHH SIBISIOTCS KOA(D(HUIMEHT JaeTepMUHAIMUA R2,
Cpe/IHEKBaIpaTuieckas OIIMOKa, CpeIHssl aOCONIOTHAs OIIMOKA, PE3ylbTaT BauJIalliu
00y4YeHHON MOJIENIM Ha TECTOBBIX JIAHHBIX U MPOTHO3 KOHIICHTPAIHH.

Pucynok 5 — OnpenienieHre BOZMOKHOM CE30HHOM 3aKOHOMEPHOCTH

3akarouenne. Takum 00pa3oM, B pazpadareiBacMoil HHPOPMAITMOHHO-aHATUTHYECKOM
raTdopme peaar30BaH psii KHCTPYMEHTOB /15 IPOBEICHHS aHAIM3a JaHHBIX MOHUTOPUHTA
atMocdepsl MPOMBIIIICHHBIX TopofoB KaszaxcraH, KoTOpble OyIyT HCIOJIB30BaHbI B
Ipyrux mnoacucteMax miardopMel. B cuenyromem nukie crareidl OyaeT HpUBEIEHO
OMKCaHKUEe MOACUCTEMBI MOJCITUPOBAHUS paCCEUBAHMS 3arPsA3HAIONINX BELIECTB HA OCHOBE
KOM6I/IHI/IpOBaHHOFO HUCIIOJIb30BAHHUA MAar€MaTU4YC€CKUX METOAOB U Mo;[eneﬁ MAaOIMHHOTIO
00y4eHusl, OCYIIECTBIIAIOIECH MHTEIICKTYa bHbIH aHAJIN3 CLIEHAPUEB Pa3BUTHS HKOJIOTH-
YecKoil 00CTaHOBKH B POMBIIINIEHHBIX Topoaax KazaxcraHna.

BaarogapHocTu. /[aHHOE HccnenoBaHNE BBIIOIHEHO NPU MOAAEp:KKe MuHUCTEpCTBA
HayKH M Bbicuiero oOpaszoBaHusi PecnyOnukm KazaxcraH mo mporpaMMHO-LIETIEBOMY
¢unancupoannio MPH BR18574148 «Pa3Butne reoMH)OpPMAIMOHHBIX CHCTEM U
MOHUTOPUHIA OOBEKTOB OKPY>KAIOIIEH CPEIb».
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OHIPIIK DKOJIOTUSIJIBIK CASICAT CAJIACBIHJIA
KOJIJIAY KOHE MIEIIIM/IEP KABBLJIJIAY YIITH AKITAPATTBIK-TAJIIAY
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Maxkanaoa Kazaxcman Pecnyonukacel evlivim dHcane dcogapol Oinim munucmpnieiniy BR18574148
0a0apIaManbIK-MAKCAMmul KAPACHIIAHObIPY IHCOOACHl AACLIHOA AUMAKMbIK IKONOUATBIK CAACAm Ca-
JACLIHOA KONOAy Kepcemy HcaHe uiewimoep Kaodwlioay ywin ecomodeling.kz Oipvineai aknapammuix-
manoay niamg@opmacsin azipieyee bavlmmanean zepmmeynepoiy Homudicenepi oepineen. byn makanaoa
niamegopmanvl apmypiai aknapam xeszoepimen Oipikmipemin, Kazaxcmanoazel onepKacinmix kauiaiap
ammocgepacvinvly MOHUMOPUHRT OepeKmepin manioaumult, MAWUHATLIK OKbIMY Yiciiepin naidana-
Ha OmMuIpbIN, 3UAHObL 3aMMApObll KOHYEHMPAYUACLIHBIY MIHOEPIH OONJICAUMbIH JCoHE HIMUdICenNepiH
Kepcememin yul iwki scytieci cunammangan. Maxanada exi aknapam ko3ineH oiuiey 0epekmepin anyobly
MEeXHUKANbIK acnekminepi, oepexmep KOPbIHbIY KYPbLIbIMbl, O0epekmepoi manoay yulin a3ipieHeeH
KYpanoap, KOoNOAHbIIAMbIH MAWUHATBIK OKbIMYy Yacinepi Jicone 8e0-KOoCLIMWAHbY Ratloananyulbl
unmepetici cunammanzan.

Tyitin co30ep: aknapammuik-aHATUMUKAILIK NIAMPOPMA, AYaAHbIY TACMAHYbl, 0epeKmepoi manoay,
MawuHaelx okbimy, bazoapramanay unmepeitici (API), éed-kapmanay unmepgeiici.
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DEVELOPMENT OF INTEGRATION AND DATA ANALYSIS SUBSYSTEMS
OF INFORMATION AND ANALYTICAL PLATFORM FOR SUPPORT
AND DECISION-MAKING IN THE FIELD OF REGIONAL
ENVIRONMENTAL POLICY

The paper presents the results of research conducted within the framework of the program-targeted
financing project BR18574148 of the Ministry of Science and Higher Education of the Republic of
Kazakhstan, aimed at developing a unified information and analytical platform ecomodeling.kz to support
and make decisions in the field of regional environmental policy. This paper describes three subsystems
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of this platform that integrate the platform with various information sources, analyze the monitoring data
of the atmosphere of industrial cities in Kazakhstan, predict the values of the concentration of harmful
substances using machine learning models and display the results. The article describes the technical
aspects of obtaining measurement data from two information sources, the structure of the database, the
developed tools for data analysis, the machine learning models used, and the user interface of the web
application.

Key words: information and analytical platform, air pollution, data analysis, machine learning,
programming interface (API), web mapping interface.
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TEH30METPUYECKAS CUCTEMA U3BMEPEHUSA JJI51
IKCHHEPUMEHTAJIBHOI'O UCCJIEJOBAHUSA MEXAHU3MOB,
MAIIIUH 1 POBOTOB

B pabome noxasana menzomempuyeckas cucmema usmepeHust 0sl IKCHePUMEHMATbHO20 UCCTIe008a-
HUSL MEXAHUZMO8, Mauwiul 1 pobomos. Tenzomempuueckas cucmema uzMepeHust NOCMpoeHa Ha 6aze uH-
mesiekmyanvubix yu@dposvix oamuuxos cepuu ZETSENSOR ¢ unmepgeticom CAN. Aneopumm obpabom-
Ku uHghopmayuu, u U3YanU3aAYUsL USMEPEHHbIX CUSHATO8 OCYWECMBIAEMCs NPU NOMOUU NPOSPAMMHOO
obecneuenus ZETLAB SENSOR. Tewsomempuueckas cucmema uzmeperus npumensiemcs 0Jis onpeoeie-
HUSL MAKUX RAPAMEmpPOo8, KaK: nepemewyetue, Cuibl, 0eqhopmayuil U Hanpsajcenus 8 36eHbx MeXaHu3mos,
Mawiun u pobomos. Tenzomempuueckas cucmema usmepenus Ovlia UCNONb308aHA OJi IKCHEPUMEHNATb-
HO20 UCCTeA06aHUsL KPUSOWUNHO020 npecca. T1onyuennble IKCnePpUMEHMAaibHbLe Pe3YIbmambl NOOMeEepou-
U npocmomy u y0oocmeo ee UCnonb308anus 0ia OUHAMUYECKUX U3MePeHUll

Knioueevie cnosa: menszomempuueckas cucmema usMepenus, yupposou 0amuux, meH3ope3ucmop,
Hanpadicenue, cuna, 0ehpopmayus, HazpysKa,

BBenenue. /111 5KCriepUMEHTAIBHOTO MCCIEIOBAHMS MEXaHU3MOB, MAIllMH B poOOTOB
ITUPOKO HMCIIONB3YIOTCS TeH3omarduku [ 1-4]. Korma TeH30maTduk BCTpamBaeTCs B y3iIbl U
JeTalli MaIIuHEL, 1e(hOPMUPOBAHHOE COCTOSTHIE MOXKHO HAONIOAaTh B peaTbHOM BPEMEHHU
C TIOMOIILI0 BHEITHUX M3MEPUTEITBHBIX crucTeM [5,6]. TeH3oMeTpupoBaHne MEXaHHU3MOB,
MaIuH, poO0TOB HEOOXOTIUMO TSI OTICHKU HAMPSHKEHHO-IE(HOPMHUPYEMOTO COCTOSHUS UX
AJIEMEHTOB M Y3JIOB MIPH Pa3IUYHBIX peXUMax paOdoTel. IIpu 3TOM MCCIeayoTCs: yCIOBUS
peanbHO paboThI AeTaneil, y3/I0B 1 Hecyliel KOHCTPYKIIMH /IS TPOBEPKHU U ONTHMH3AIHH
pacUeTHBIX CXeM; oTpeAeneHus (PaKTHIECKNX BHEITHUX CTATHIECKUX M JMHAMUYECKUX Ha-
Ipy30K; TIPOBEpKa COOTBETCTBHS HAIPSKEHHO-AE(POPMHPYEMOTO COCTOSHHS PACUETHBIM
TAHHBIM; OTIpeieNieHNe KOJIMYECTBEHHBIX MoKa3aTeIeil Ha/leXKHOCTH Y3JI0B U JeTaylell Ma-
ITUHBI TIPU PAa3IMYHBIX PEKUMax paboTsl [7].

B NucTtuTyTe MEXaHWKU W MamuHOBeACHUS M. Y.A. J[ommac6ekoBa, BOSHUKIIA HE00-
XOIMMOCTH Pa3pabOTKH TEH30METPHUECKON CHCTEMBI N3MEPEHHUS, IS SKCIIEPUMEHTAIBHOTO
WCCIIEIOBAaHUSI MEXaHM3MOB, MalllnH ¥ POO0TOB. OTIIMYNTENTFHONH 0COOSHHOCTHIO TEH30ME-
TPUYECKON CHCTEMBI N3MEPEHHS, SIBISIETCS MPIMEHEHNE HHTEIUIEKTYIbHBIX IM(POBHIX J1aT-
qukoB ZETSENSOR [8]. C momoIsio yCTpoicTB TaHHOTO CEMEHCTBA BO3MOKHO ITOCTPOCHHE
pacTpeeneHHbIX N3MEPUTEIBHBIX CeTeH, B OTIINYHE OT IEHTPAITN30BAHHBIX CXEM N3MEPEHHH
[8]. Cucrema TCHU mO3BOIHT OCYIIECTBUTH 3aMEPhI CICAYIONINX MapaMeTPOB: MepeMerre-
HUE, CHJIBI, Ie()OpPMAIH U HATPSHKEHUS B 3BEHBSIX MEXaHU3MOB, MAIlliH 1 POOOTOB.

MeTtoabl U MaTepuaJbl HccaenoBanusa. Ha pucynke 1 mokazaHa KOH(GUTYpaIis TeH-
3oMeTpuaeckoi cuctemsl uaMeperus (TCH), s sxcriepuMeHTaTBHOTO UCCIICTOBAHIS Me-

* E-mail xoppecmonaupyromero apropa: aman_58@mail.ru
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XaHU3MOB, MamuH ¥ podoroB. TCU moctpoeHa Ha 0a3e MHTEIUIEKTYaIbHBIX U(PPOBBIX
naruukoB cepun ZETSENSOR c untepdeiicom CAN.

Pucynox 1 — Koudurypanust TCU 111 SKCIepUMEHTAIBHOTO UCCIICTIOBAHUS MEXaHU3MOB,
MaIiH # poOOTOB

W3MepeHne CUIlbl OCYIIECTBISETCS ¢ TOMOIIBIO HU(POBOTo JaTYMKa CHIIbI, KOTOPBIN
COCTOMT U3 IEpBUYHOTO IpeodpazoBarens (Tenzogardyuk UU) u ©3MepUTEIbHOTO MOIYIIS
ZET 7111. [Ins uzmepenus nedopMannii U HapsHKEHUH B 3BEHBAX MEXaHU3MOB, MAIIlVH,
po0OTOB, NPUMEHSIOTCS (POTIBTOBBIE TEH30PE3UCTOPBI. TEH30PE3UCTOPHI HAKICHBAIOTCS
Ha 3BEHbSl MEXaHU3MOB, MaIlliH, poOOTOB, B KOTOPHIX HEOOXOIUMO ONPEACIUTb HAIps-
JKeHHs BO3HHUKaIoIMe B mpouecce padboTsl. CUTHAJBI ¢ AaTYMKOB 00PadaThIBAIOTCS M3-
MeputenbHbIMU MonyissMu ZET 7111, kotopeie nepeaaloT U3MEpEHHbIC 3HAYCHUS Yepe3
mmHy CAN 2.0 nmpeo6pasoBarento untepdeiica ZET 7174 u nanee Kk KOMIOBbIOTEpPY IO
untepdeiicy USB 2.0.

Hudposoit m3mepurenbubiii moxyab ZET 7111 npennazHaueH A U3MEPEHHS OTHO-
CUTEJIbHOM Ne(opMaliy C MOMOIIBIO MEPBUYHBIX MpeoOpa3oBaresieii, BHIIOIHEHHBIX Ha
0aze TenzopesuctopoB. K mudpoBomy m3meputensHomy moxymto ZET 7111 moryt mon-
KJIFOYaThCs TMOO0 TOTOBBIE TEH30JaTYNKU (JATYUKU CHIIbI, JATYUKU KPYTSILIET0 MOMEHTA),
100 OTHENBHBIC TEH30PE3UCTOPBI, MOJKIIOYaEMbIC MO ITOIYMOCTOBOH JMOO MOCTOBOM
cxeme. IIutanue maTymKa OCyIIECTBIISICTCS HANPSDKEHHEM IEPEMEHHOTO TOKa, TAaKUM 00-
pazom, ¢ momonisio ZET 7111 nmpoBoasTcs AuHaMU4ecKe uaMepeHus. BHyTpu mudpoBoro
m3mMepurenbHoro moaynss ZET 7111 peanu3oBaH anroput™m oOpabOTKH WH(OPMAIUH, 110
AQHAJIOTHH ¢ (PYHKIIMOHAJIOM IPOrpaMmbl « TeH30Mep» 1 BU3yasIn3alHsi H3MEPEHHBIX CUTHA-
JIOB OCYIIECTBIISICTCS TIPH TIOMOIIY MPOrpaMM «BolbTMeTp MOCTOSIHHOTO TOKay, «MHoro-
KaHaJIbHBIN CaMOIHCEeID U ., BXOASAIIUX B COCTaB MporpammHoro obecrieuenus ZETLAB
SENSOR [8]. [Ipu HeoOxoauMocTH BU3yaau3anun O0OIbIIOr0 KOJTMYECTBAa M3MEPUTEIIBHBIX
KaHAJIOB HCIOJNb3yeTcsl nporpamMma «MHOTrOKaHalIbHAs MU3MEpUTENbHas cucTeMa». B 3a-
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BHUCUMOCTH OT HACTPOMKH MPOrpaMMBI, pe3yJIbTaTaMHi U3MEPEHUI MOKET OBITh CHJIa, BEC,
nepeMelienre, Kpy TSIl MOMEHT U ApYTHe apaMeTphl.

LundpoBoii TeH30]aTYMK COCTOUT U3 TIEPBUYHOTO ITPeoOpa3zoBaresis (TCH30/1aTYnKa T
TeH30MocTa) U u3MepurensHoro moayns ZET 7111. Tenzonaruuk ycTaHaBIUBaeTCs B Me-
CT€ U3MEPEHUH, N3MEPUTENBHBIN MOy Ib — B HETIOCPEICTBEHHOW OTM30CTH. JlaTunKu Kpe-
MSATCSl Ha 00bEKTEe M3MEPEHUH, a MOAYJIH, KOTOpbIe 00ecneYnBaloT epeaady HHQpopMaum
pacronaraioTcs B 1eKTpoTexundyeckux mkadax. [Ipeumymecrsom moayneit ZETSENSOR
SIBIISIETCS JIETKMI MOHTAX M IEMOHTAX, a TakK K€ HHANKAIM TUTaHUS U TIepeada CUTHaa,
YTO B CBOIO o4epenb oOlieryaer JUarHoCTHKY CHCTEeMBbI Ha oO0bekTe. Ha BbIxoae TeH3onar-
yrKa (hOpMHUpYeTCsl HANpsbKeHKE, MPONOPIHUOHATBHOE BO3ICHCTBUIO U3MEPSIEMOH BEeTHYH-
HBL. VI3MepHTeNbHBIH MOLYJTb OCYILIECTBISIET IPE0OPa30BaHNE STOTO HAIPSHKEHUSI B 3HAUe-
HUS U3MEPsieMON BEIMYHMHBI U MepefaeT pe3yabrarbl B nudpoBoM Buae. Takum o0pazom,
JUIsl IPOBEICHUSI U3MEPEHHId He TpeOyeTcsl HM HAacTpauBaTh AAaTYUK, HU 00padarkiBaTh pe-
3yJIBTaThl - BCE HEOOXOIUMbIE HACTPOMKH cOXpaHstoTcs B mamsitu Moayist ZET 7111 u uz-
MEpEeHHUs TPOU3BOJISATCS CUTHAIBHBIM ITPOLIECCOPOM, BXOJSAIINM B COCTAB H3MEPHUTEIHHOTO
monynst ZET 7111.

Bri6op mepBuuHOro mpeobpaszoBarelis onpeaensercs pemaeMoi 3anadei. Lindpossie
JaTYuKu ¢ u3mMeputenbHbIM MoayieM ZET 7111 u3MepsioT 3HaueHHue OTHOCUTENBLHON Jie-
¢dhopmaruu (Ipy KCIIOIB30BAHUH TEH30MOCTOB, PUCYHOK 2 a) MJIM 3Hau€HHEe BO3/EHCTBYIO-
mmx cuil (TIPU UCIIONb30BaHMH TEH304aT4nKa, pUCYHOK 2 0). BosmokHo koHUTYpHpOBa-
HUe U(POBOTO JaT4vKa Uil U3MEPEHHs IPYTrUX BEIMYHH, HAlpPUMEp, HAPSHKEHHOCTH,
KpYTSIIEro MOMEHTA, JIaBJIeHNUs, Beca.

(a) (6)

Pucynok 2 — lludposbie qarunku ¢ u3mMepuTeabHbiM Moayiiem ZET 7111:
a) C MCIOJIb30BaHHEM TEH30MOCTOB; 0) C MCIIOJIb30BAHUEM TEH30/IaTYHNKa

st nogxmrouenust uamMeputenbHoi cetu k cucteMam ZETLAB u ZETVIEW ucnons-
3yercs nmpeodpazoBarenu nHTepherica. BoamoxkHbr BapuanTs! ogxiroueHust mo USB (ZET
7174), Ethernet/Wi-Fi (ZET 7176) umu mo GSM (ZET 7177), pucynok 3. KonmuaectBo
JATYMKOB TMOAKII0YaeMbIx K Mmoaymto ZET 7174 ne 6onee 4. IlporpamMHoe obecrieueHne
ZETLAB noanepxuBaet nogaxiroderue 10 200 g poBIX JaTYUKOB K OTHOMY KOMITHIOTE-
py. 3MeputensHbIe ceTH Takke MOTYT TIOAKIIOYATHCS K JIF000# cucteMe 1mo nHTepderncy
CAN 2.0.
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Pucynoxk 3 — CxeMa NOIKIIOUEHHs] U3MEPUTENbHOU ceTu k cuctemaM ZETLAB

[Ipu nocTpoeHny U3MEpPUTENbHOMN ceTh, nudpoBsle AaTuyuku ¢ uuTepdericom CAN 2.0
MOJIKJTFOUAIOTCS 1ocIeoBaTesibHo. OOpa3oBaBIIascss K3MEPUTEIbHAS [IerovYKa U3 upo-
BBIX JIATYMKOB, MMOJIKIFOYACTCS K KOMIIBIOTEPY MIPH MOMOIIX IpeoOpa3oBareis naTepderica
ZET 7174.

Tenzonaruuk cunbl UU nokazaH Ha pucyHke 4, OTIIMYAETCS TOUHOCTBIO U KOMITAKTHO-
CThIO, Auana3oH u3MepeHuit ot 2 krc 1o 10 tc. lpunuun neicTBUs AaT4YMKa OCHOBAaH Ha
peoOpa3oBaHUK MEXaHMUECKOW CHIIbI (pacTsKEHUE/CoKaTHE) BIIOJIb OCU CHMMETPHH Jat-
YHKa B MIPONOPLMOHATIBHBIA ANEKTPUUECKUI CUTHATL.

Pucynok 4 — Tenzonaruuk cuisl UU

Pazpaborannas TCU npumeHsiack AJsl SKCIIEPUMEHTAIBHOTO HUCCIIEIOBAHUS KPUBO-
HIMITHOTO Tpecca. McenbiTanus npoBeneHsl Ha KpuBomunHoM npecce JB23-10T co cre-
IYIOUIMMHU XapakTepuCTHKaMu: HoMuHanpHOe ycunue -100 xH; xonq mox HOMHMHANIbHBIM
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ycuimeM — 4 MM; XoJ1 os3yHa 50 MM; KOJIMYECTBO XO/OB - 1+145 MUH'; CKOPOCTB ANIEKTPO-
neurarelist — 960 006/MIH; MOITHOCTE 3IeKTpoaBuTrarens -1.5 kBT.

Ha pucynke 5 nmokaszaH cTeHJ ISl 3KCIEPUMEHTAIBHOTO HCCIIEeI0BAHMS KPUBOILIHUII-
HoTo npecca noctpoeHa Ha 6aze TCU. Ctena mo3BoIsSeT OCYyMIECTBUTH 3aMePhI HAIPSI-
J)KEHUW B IIATYHE W MOJ3YHE KPUBOLIMMIHOIO mpecca. JJisi u3MepeHus HamnpsiKeHU B
aTyHEe | MOJI3yHe KPUBOIIUITHOTO IIpecca, B KaueCcTBE MEPBUYHBIX MpeoOpa3oBaTeiei,
MPUMEHSIOTCS (OIBIOBBIE TEH30PE3UCTOPHI. TeH30pE3UCTOPBl HAKIEHBAIOTCS Ha IIa-
TYH U THOJI3yH MCHOJHUTEIbHOTO MEXaHHW3Ma KPHUBOLIUIIHOTO MPECCa, B KOTOPBIX He-
00X0IMMO OTpEACIIUTh HANPSIKCHHS BO3HUKAIOIINE B IIpoliecce pabOThl. DTH CHTHAJBI
oOpabarsiBatorcst TCU.

Pucynox 5 — CteH 1711 SKCIIEPUMEHTAIBHOTO UCCIIEIOBAHUS
KPHUBOIIIMITHOTO Tpecca

DKCTepUMEeHTabHBIC HCCIICIOBAHNUE TPOBOAMIIMCH HAa KPUBOIITMITHOM TIpecce TPH CJie-
QYIONIMX MapaMeTpax: MOIIHOCTh ABUTaTes 1.8 KBT, CKOPOCTh BpallieHus kpuporuna 150
00/MuH. OcyIIecTBIsIIaCh BRIPYOKa IITAMIIOM OTBEPCTHS TuamMeTpoM 11 MM B CTalbHOM
nucte tommuHou 0.8 MM 1 1.6 MM. Onieparusi BBIpYOKH POBOAMIIACH HA OMUHOYHOM XOJIe
KPUBOLIUITHOTO mpecca. [ u3MepeHus: CKOpoCTH BpalICHUS! KPUBOIIUIA UCIIOIB30BAJICS
JIaTauK m3mepenust 00opotoB UT372 (pucyHok 6)
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Pucynok 6 — Jlarauk nzmepenust oboporos UT372

1) [uist onpeneneHust HAMPSHKEHUS B IIaTyHE KPUBOIIWIIHOTO Tpecca Ha HEro ObUl Ha-
KJIECH TEH30pe3UCTOp (PUCYHOK 5). Pazmep ceueHus maryHa B MECTE HAKJICHKU TEH30pe-
3uctopa 6.5x6.5 cM. Ha pucynke 7 mokaszaH 3KCHEpUMEHTAIbHBINA rpaduK HATPSHKSHUS B
CEUCHMH IIAaTyHa MPU BBIPYOKE MITAMIIOM OTBEPCTHUS IMAMETPOM 11 MM B CTaJIbHOM JIUCTE
TonuuHoi 0.8 MM. MakcuMasnbHOe HanpsbkeHHe npu BeipyOke paBHo P = 4,95 MIla. [Tno-
[Ia]b CEUCHUS MIaTyHA B MECTe u3MepeHus pasua 4,225 - 107 M%, Torma cuina B JaHHOM
ceuenmu paBHa F' = 20914 H. BripyGka oTBEpCTHS B CTAJIBHOM JIMCTE IPOUCXOIHT B
OKPECTHOCTH HIKHEH MEPTBOM TOUKM M MaKcMMalbHas Cujia Ha nonsyHe F,'  npubiu-

JKEHHO PaBHa MakCHMaJIbHoii cuite B cedennn waryna F7 re F™ = FI™ =20914 H.
Ha pucynke 8 mokasaH sKcriepiMeHTaIbHBIN IpadK HANpsHKEHUS B CEUSHUH IIaTyHa
MIpH BBIPYOKE IMITAMIIOM OTBEPCTHS IUaMeTpoM 11 MM B CTalbHOM JHCTE TONIUHON 1.6
MM. MakcuManbHOE HanpshKeHue Tpu BeIpyOke paBHO P = 12,75 Mlla. [Tnomans ceuenus
HIaTyHa B MeCTe M3MepeHus paBHa 4,225 - 103 M?, Torna cuiia B JaHHOM CEYCHHUH PaBHA

F™ =53869 H. Beipy6ka OTBEpCTHS B CTaTBHOM JHCTE IPOMCXOIUT B OKPECTHOCTH HIK-
HEl MEPTBOM TOYKHM M MAKCUMaJlbHAs CUJIa Ha ToniyHe F' mpuOImKeHHO paBHA MAKCH-

v max max
MaJbHOM cuiie B cedenun maryna F' e B = F' =53869 H.

Pucynok 7 — DKCIIEpUMEHTAIBHBIN Tpa(UK HANPSHKEHHS B CEUCHHUH MIATYHA, TIPH BBIPYOKe
IITaMIIOM OTBEPCTHSI JHaMeTpoM 11 MM B cTampHOM JEcTe TOMmuHON 0.8 MM
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Pucynok 8 — DxcriepuMeHTaIbHBIHN rpaduK HAMPsDKEHUS B CCUCHHUH NIaTyHA, TIPU BRIPYOKe
LITAaMIIOM OTBEPCTHS 1uaMeTpoM 11 MM B CTaIbHOM JIUCTE TONIIMHON 1.6 MM

[pw yBenMUeHNH TONIIUHBI CTATBHOTO JiHcTa ¢ 0.8 MM 110 1.6 MM, criTa HeoOXOmrUMast [T BbI-
PYOKH IITaMIIOM KPHBOIIMITHOTO TIPecca OTBepCTHs AuaMerpoM 11 yBenmmamBaercs B 2.58 pasa.

2) J1nist onpeniesieHust peakLiiy B HAIIPABJISIOIIMX MOI3yHa KPUBOILIMITHOTO MIPECcca, Ha MOJI3YH
MEPIICHINKYISIPHO ObLT HAKJIEEH TEH30PE3UCTOP (PUCYHOK 5) MEPICHANKYIISIPHO HAIPABIICHHIO
ero JBKeHus. Pazmep ceueHust mon3yHa B MECTe HakJeku TeH3opesuctopa 14.5x14.5 cm.

Ha pucynke 9 mokasaH 3KcIepUMEHTAIbHBIA TpayK HANPSHKEHHS B HAPaBIISIOIINX
MOJI3yHa KPUBOIIMITHOTO Mpecca MpH BBIPYOKE IITAMIIOM OTBEpCTUsl JuaMmeTpoM 11 MM B
CTaJIBHOM JicTe TommuHOoM 0.8 MM. MakcuManpHOE HanpsHKeHUe pU BEIpyOKe paBHO P =
0,141 MITA. TTiomiaap cevueHus moa3yHa B Mecte u3Mepenus pasua 0,021 m?, Toria cuna B
JJAHHOM CEYE€HUM paBHA thax =2961 H. Cuuraercs, 4To JaHHAs CUjia paBHA MaKCUMaJlb-
HOM peakin R™ co cTOPOHBI HANPABJIAIONIMX MON3yHA KPUBOILMITHOTO MPECCa.

Pucynok 9 — DKcriepuMEHTaIbHBIN rpaMiK HAMPSHKEHHS B HAPABIISIOIINX MTOJI3YHA KPUBOIIUITHOTO
Ipecca Mpy BBIPYOKe IITaMIIOM OTBEPCTHA AnameTpoM 11 MM B ctasnbHOM JHcTe TommuuHOoi 0.8 MM
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ITo CpaBHEHMIO C MAKCUMAJILHOM cvitoi Ha monsyne B = 20914 H nHeoOxomumoii st
BEIPYOKH OTBEPCTHS B CTAILHOM JIUCTE IUaMeTpoM 11 MM B cTaimbHOM JHcTe TOMIHHOM (.8
MM, MakcuMajibHas peakuust R =2961 H co cTOpOHBI HAPABIAIOMIMX MOJI3yHa KPUBO-
LIMITHOTO Ipecca cocTasisieT 14.2% oT MakCUMaIbHON CHJIBI Ha MOJI3YHE.

Ha pucynke 10 mokaszaH 3KcIieprMeHTaIbHBIN TpaduK HAMPSDKEHUS B HATPABIISIONINX
MOJI3yHa KPHUBOIIMITHOTO Tpecca MPH BBIPYOKE IITaMIIOM OTBEpCTHs auamerpoM 11 mm
B CTaJBHOM IJIMCTE TONMIMHON 1.6 MM. MakcuManbHOE HampshKeHHEe NpU BhIpyOKe paBHO
P = 0,305 MIla. Ilnommaap cedenus moisyHa B Mecte u3Mepenuns pasua 0,021 m?, torma
cuIia B JaHHOM cedeHuu paBHa R = 6405 H. CunraeTcs, 9To JaHHAs CHJIa PABHA MAKCH-
MaJIbHOHN peakIiy CO CTOPOHBI HAIPABIIAIONINX MTOJI3yHA KPUBOIITUITHOTO IIpecca.

Pucynox 10 — DxcriepuMeHTaIbHbIN TpadUK HANPSDKEHUST B HAIIPABJISIIOLIMX MOJI3yHA
KPHUBOIIMITHOTO TIpecca MpH BBIPyOKe IITAaMIIOM OTBEPCTHUS 1uameTpoM 11 MM B cTaibHOM
JIUCTE TOJIIMHOM 1.6 MM

ITo cpaBHEHHIO C MAKCHMAIbHOU cuitoif Ha momsyHe F™ = 53869 H neoOxomumoit aist
BBIPYOKH OTBEPCTHSI B CTaJIbHOM JIUCTE TUaMeTpoM 11 MM B cTainbHOM JHcTe TonImuHOM 0.8
MM, MakcuMaibHas peakius R™ = 6405 H co cTOpOHBI HAIPABIAIOIIKMX TIOJI3yHA KPUBO-
IIUITHOTO Tpecca cocTaBisieT 11.2% oT makcumalnbHON cuiibl Ha TTon3yHe. [Ipu yBennuenuu
TOJIIIMHEI CTadbHOTO ucTa ¢ 0.8 MM 10 1.6 MM, MakcuManbHas peakiusa R™ co CTOPOHBI
HanpapJSIOMIUX [0JI3yHAa KPUBOILIHMITHOTO TIPecca, MPH BBEIPYOKE MITaMIOM KPUBOLIUITHOTO
npecca orBepcTHst quamerpoM 11, yBennuusaercs B 2.16 pa3

BoiBoabl. PaszpaGorana TeH30MeTpuYeckass cUCTeMa H3MEpeHusi Ha 0aze uH-
TEJJICKTYaJIbHBIX HU(PPOBBIX JATUYMKOB, JJIsl IKCIIEPUMEHTAIBHOTO UCCIICAOBAHNS MEXaHH3-
MOB, MalllMiH ¥ po00TOB. TeH30MeTpuUecKas CHCTeMa M3MEPEHUS TTO3BOJISIET ONPEACIUTh
nepeMeleHus], CUITbL, 1e(OpMalui U HANPSDKEHHUS B 3BEHbSX MEXaHW3MOB, MAlIMH H PO-
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0otoB. B TeH30MeTpruecKoii cucteme n3MepeHus, udposbie garuuku ¢ uaTepdeiicom CAN
2.0 moxpkirovaroTes nocnenosarensHo. OOpazoBaBIIasics U3MEpUTEIbHAS LEToYKa U3 Hud-
POBBIX IATYMKOB, TIOJIKITIOYAETCS] K KOMIIBIOTEPY MPY MOMOIIM Npeodpa3oBateist uHTepdeiica
ZET 7174. OTnuuuTebHOM 0COOEHHOCTHIO TEH30METPHUYECKON CHCTEMBI M3MEPEHUSI SIBIISICT-
Csl IPOCTOTA €€ MPUMEHEHUS], MOOMIIBHOCTD ¥ BO3MOYKHOCTb TIOIKITIOUEHHS PA3JIMIHBIX TUTIOB
natyrkoB. TeH3oMmeTpHuyeckas cucTeMa U3MEpPEeHNs MPUMEHSUIACh MTPU IPOBEACHUH IKCIIEPH-
MEHTAJIbHBIX MCCIIE0BaHUN KPUBOILIUITHOTO Tpecca. B pe3ynbrare sKcrepuMeHTaIbHbIX HC-
CJIEZIOBAaHUH ONpeieNIeHbl HAPSYKEHUS U CHJIbI B 3BEHbSAX KPUBOIIMITHOTO IIpecca.

Pabota BrimonHeHa B paMkax rpantoBoro npoekta AP09259339 ¢punancupyemoro Mu-
HUCTEpCTBOM 00pa3oBaHus 1 Hayku PecryOnuku Kazaxcran u rpanTa Ha npoBeieHue QyH-
JaMeHTaabHBIX uccnenoBanuii UMMair um. Y. A.J[xongacoexkoa BR20280990.
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MEXAHW3MJIEPII, MAITUTHAJIAPIBI )KOHE POGOTTAP/IbI
SKCHEPUMEHTTBIK 3EPTTEY YIIIH TEH3OMETPUSIIBIK
OJIIIEY KYHUECI

JKymovicma  mexanusmoepoi, MAauuHaiapobl Hcone pobommapobl IKCNEPUMEHMMIK 3epmmey-
2e apHan2an MmeH30MempusnslK oauiey dcyleci kepcemineeH. Tensomempusnvik onuey icytieci CAN
unmepghetici 6ap ZETSENSOR cepusicoibly uHmeniekmyanovl yu@dprolk CeHCOpIapblHbly He2iziHoe
Kypacmulpuliean. Axnapammoel oHOey anecopummi JcoHe OMUeHeeH CUSHaniapobl 6U3yaru3ayusiay
ZETLAB SENSOR 6az0apnamanviy KYpamblHblY KOMeIMEH Jicy3eze acbipbliadvl. Tenzomempusiivli
enuey Jucylieci MexaHusmoepoiy, MAwuHaiap mes pobommapouvly OybIHOAPLIHOAZbL OPbIH AYbICIbIDY,
Kywimep, deghopmayusnap men KepHeyep Cuskmul napamempiepoi anblKmay yulin Konoanvliaowl. Hindi
npecmi masxcipubenix 3epmmey yuliH MmeH30MempusiiblK, o1uey Heytieci KonoanulLiobl. Anvinean macipube
Homuicenepi OHbl OUHAMUKATBIK OUeYIep VUil KOLOAHYOblY KapanamublMObLIblebl MEH bIHEALIbLIbIZbIH
pacmaobwi.

Tyitin co30ep: menzomempoi onuey Heyiect, CAHObIK OamuuK, mensoaueiul, Kepueyi, Kyu, oegop-
mayus, sxcyKmeme.

A. K. TULESHOV; A. A. JOMARTOV; A. N. KAMAL, A. E. ABDURAIMOV

0O.A.Joldasbekov, Institute of Mechanics and Engineering, Almaty, Kazakhstan
e-mail: aman_58@mail.ru legsert@mail.ru, kan77705@gmail.com,
zizo_waterpolo@mail.ru

TENSOMETRIC MEASUREMENT SYSTEM FOR EXPERIMENTAL
RESEARCH OF MECHANISMS, MACHINES AND ROBOTS

The paper shows a tensometric measurement system for the experimental research of mechanisms,
machines and robots. The tensometric measuring system is built on the basis of intelligent digital
sensors of the ZETSENSOR series with a CAN interface. The information processing algorithm and the
visualization of the measured signals is carried out using the ZETLAB SENSOR software. The tensometric
measurement system is used to determine such parameters as: displacement, forces, deformations and
stresses in the links of mechanisms, machines and robots. A tensometric measurement system was used for
the experimental study of the crank press. The obtained experimental results confirmed the simplicity and
convenience of its use for dynamic measurements.

Key words: strain gauge measurement system, digital sensor, strain gauge, stress, force, strain,
load,
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