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AUTOMATION OF THE TECHNOLOGICAL PROCESS OF HEATING
OIL PIPELINE EQUIPMENT
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Abstract. The article describes the theoretical and practical aspects of the
country’s energy complex. Calculations that allow obtaining information about the
state of the modern oil transport process are considered. The main problems that
arise when heating oil are identified. Under the influence of different temperature
regimes, the characteristics of the energy fuel are determined. Objective indicators
reflecting problem areas in the heating system of the object under consideration
are calculated, a description of the proposed design of an induction oil heating unit
is given. Oil heating is carried out due to convective heat exchange, taking into
account technological restrictions on the maximum permissible temperature of the
heater walls, which is maintained using a specialized automatic control system. The
results of the study make it possible to develop an automated process control system
for an induction indirect heating installation aimed at improving and optimizing
the operating modes of the equipment. Further development and improvement of
technological processes of oil refining is associated with the creation of high-power
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installations equipped with modern equipment. Due to the increase in the cost of
equipment maintenance, as well as the requirements for service personnel. The
cost of oil transportation increases significantly under low temperature conditions.
When the temperature drops, paraffin begins to crystallize from the oil, which
leads to a change in the structure of the liquid phase of the oil. In this regard, the
introduction and operation of induction units of indirect oil heating, which will
increase the economic efficiency, reliability of transportation systems and improve
the environmental situation, is in demand. Oil heating is carried out by convective
heat exchange, taking into account technological restrictions on the maximum
allowable temperature of the walls of the heater, the maintenance of which can be
carried out using a specialized automatic control system.

Keywords: main pipeline, oil, automation, induction plants, heating temperature,
effective viscosity, heating, modeling, transportation cost
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AHHoTanus. Makanasa eniMi3/IiH dJHepreTHKAIBIK KeIIeHIHiH TEOPHUSIIBIK JKOHE
MPAaKTHKAJIBIK acTeKTiiepi kepceTinreH. Kazipri 3amManfbl MyHall TaceIMainay
MPOIIECiHIH JKal-Kyil Typanbsl akmapar ajdyFa MYMKIiHIIK OepeTiH ecemnTteyinep
KapacThIpbUIFaH. MyHai/Ibl JKBUIBITY Ke3iH/e TYBIHIAWTBIH HETi3ri mpodieManap
aHBIKTAJIFaH. Op TYPJl TeMIepaTypajblK PeKUMACPIAIH SCEpiHEH SHEPreTUKANBIK
OTHIHHBIH epeKIIeNiKTepi aHbIKTanaasl. OOBEKTUBTI KOPCETKIIITEp ecenTemneni,
oNap KapacTHIPBUIBIIT OTHIPFaH OOBEKTiHI JKBUIBITY >KYHECIHIETi MpoOIeMalTbiK
aliMaKTapapl KepceTeli, HHAYKIMSUIBIK MYHAal O KBUIBITY KOHIBIPFBICBIHBIH
YCHIHBUIFAH JIU3alHBIHBIH CHIATTaMachl KeNTipuIreH. MyHalabl SKbUIBITY
KBUTBITKBIIITHIH KaOBIpFalapblHBIH pYKCaT eTUIeH MIeKTI TeMIeparypachiHa
TEXHOJIOTHSUIBIK [IEKTEYIIEpPi €CKepe OTHIPHII, KOHBEKTHBTI KBLTY aIMacy eceOiHeH
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JKY3€ere achIpblIajipl, OHbI YCTal TYPY MaMaHIaHJBIPbUIFAH aBTOMATTHI Oackapy
KYHECIHIH KeMETiIMEeH >XYy3ere achIpblIafgbl. 3epTTey HOTHXKEIepl >KaOObIKTHIH
KYMBIC PEKUMACPIH KaKCApPTyFa JKOHE OHTAMNaHIbIpyFa OarbITTAIFaH >KaHaMa
KBI3/IBIPY WHIYKIHSUTBIK KOHIBIPFBICHIHBIH TEXHOIOTHSITBIK POIIECiH OacKapyIbIH
aBTOMATTaH/BIPBUIFAaH JKYWECIH jkacayFa MYMKiHIIK Oepemi. MyHail eHueymiH
TEXHOJIOTUSIIBIK TIPOIIECTEPiH OJJaH dpi AAMBITY KOHE KETUINIPy Ka3ipri 3aMaHFbI
KaOMBIKTAPMEH JKAOJBIKTAIFAH JKOFapbl KyaTThl KOHJABIPFBUIAPIBI KYPYMEH
OalimaHpICTHI. AmNMaparypara KbI3MET KOPCETy KYHBIHBIH, COHJAi-aK KbI3MET
KOPCETYII TIepCOHANIFa KOWBUIATBIH TaJANTap/blH ocyiHe OaimaHbicThl. MyHai
TaceIMaNZiay KYHbI TOMEH TeMIleparypa JKarJalblHaa alTapibIKTail apTajbl.
TeMneparypaHblH TOMEHCYIMEH NapapuH MYHalAaH KpUCTANIaHy/Ibl OacTaiibl,
OyJ1 MYHaWBIH CYHBIK (pa3achIHBIH KYPBUTBIMBIHBIH ©3repyine okeneni. OchiFaH
0aiiIaHBICTHl 3KOHOMHKANBIK THIMJUTIKTI, TaChIMAIay >KyHenepi >KYMBICHIHBIH
CEHIMJIUTITIH JKOHE JKOJIOTHSUIBIK JKaFIaiIbl )KaKCapTyabl apTThIpyFa MYMKIHIIK
OepeTiH MYHaHIbl )aHama JKbUTBITYIBIH HHAYKIUSIIBIK KOHIBIPFBIIAPBIH EHT13y
JKOHE Makiiaany CYpPaHbICKa He OOJBI OThIP. MYHAH BT JKBUTBITY JKBITBITKBIIITHIH
KaOBIpFallapbIHBIH PYKCaT eTUIreH MIeKTI TeMIIEpaTypachlHa TEXHOIOTHSIIBIK
HICKTEYJIePAl €CKepe OTBIPBIN, KOHBEKTHMBTI JKbUTy anMmacy eceOiHeH xKysere
aChIPBLIA/IBI, OHBI YCTAI TYPY MaMaHAaHAbIPbIIFAH aBTOMATThI 0AaCKapy KYHeCiHiH
KOMETIMEH JKY3ere achbIpbUTybl MYMKIiH.

Tyiiin co3nep: MarucTpaibIbIK KYOBIp, MYHAH, aBTOMATTAHIBIPY, HH Y KIIHSITBIK
KOHJIBIPFBIIAP, KBI3ABIPY TEMIIEPATypachl, THIMII TYTKBIPIBIK, KBI3IBIPY,
MOJICTIb/ICY, TACKIMAIAY KYHBI
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AHHOTANMSA. B cTarbe M3I0XKEHBI TEOPETUUYCCKHE M TPAKTHUYCCKUE ACTICKTHI
SHEPreTHYECKOTO0 KOMIUIEKCA CTPaHbl. PacCMOTpPEeHBI pacyeThl, MO3BOJISIONIHE
MOJIYYUTh HH(POPMAIIUIO O COCTOSIHUM COBPEMEHHOTO He(Te-TpaHCIOPTHOTO
mpounecca. BrisBiaeHbsl OCHOBHEBIE HpO6.HeMLI, BO3HHUKAOOIUC IIPpU HArp€BaHUH
HepTu. [log BIMsSHHEM pa3IMYHBIX TEMIIEPATYPHBIX PEKHMOB OIPEACISIOTCS
OCOOCHHOCTH IHEPreTUIECKOTo ToIuMBa. PaccunTanbl OObEKTUBHBIC TIOKA3aTEIH,
OTpaXkarlie TMPOOIEMHBIC 30HBI B CHCTEME OTOIJICHHS PacCMaTpUBAEMOro
00beKTa, TPUBENCHO OMHCAHUE MpPEAJIaracMoil KOHCTPYKIIMH HHIYKIIUOHHOTO
MAacIISTHOTO HarpeBarelbHOro arperara. [lomorpeB HedTH OCyIIeCTBIsETCS 3a
CY€T KOHBEKTHUBHOIO TeHHOO6MeHa C YUYCTOM TCEXHOJIOIT'MYCCKUX OFpaHI/I‘IeHI/Iﬁ
Ha TIPEACIBHO JOMYyCTUMYIO TEMIIEpPaTypy CTCHOK HarpeBareis, MOJepKaHue
KOTOPOW  OCYIIECTBISIETCS C TIOMOIIBIO  CIICIUATH3UPOBAHHON  CHCTEMBI
aBTOMATUYECKOTO yIIpaBJIeHs. Pe3ynbrarhbl HCCIeIOBaHUS TO3BOJISIOT pa3padboTaTh
ABTOMATHU3UPOBAHHYID) CHCTEMY YIIPABJICHUS TEXHOJIOTHUYECKUM IPOIECCOM
WHIYKIIMOHHOM YCTaHOBKM KOCBEHHOI'O HAarpeBa, HaIllpaBJIE€HHYIO Ha YIy4lIEHHE
YU ONTHUMH3AIMIO PEKUMOB pabOThl 00opynoBaHus. JlanmpHeiiee pa3BUTHE U
COBEpIIICHCTBOBAHUE TEXHOJOTUYECKUX IMPOLECCOB HedTernepepadOTKU CBS3aHO
C CO3aHMEM YCTaHOBOK BBICOKOW MOIIHOCTH, OCHAIIEHHBIX COBPEMEHHBIM
00OpyJI0BaHHEM, B CBSI3U C POCTOM CTOMMOCTH OOCIYXXHBaHHS anmaparypsl, a
TaKxe TpeOOBaHUH K 00CITy)KUBaroIIeMy epcoHaty. CTOMMOCTh TPaHCTIOPTHPOBKH
He(TH 3HAYUTETHHO BO3PACTAET B YCIOBUAX HU3KUX Temreparyp. C MOHWKEHHEM
TEMIIEPaTypbl MapapuH HAYMHAET KPHUCTAUTU30BAThCA W3 HE(TH, YTO MPUBOIMUT
K M3MCHEHUIO CTPYKTYPHI XKHUAKOW (a3l HehTu. B cBsA3M ¢ 3TUM BOCTpeOOBaHbBI
BHEJIPCHUE W OSKCIUTyaTalus HMHAYKIMOHHBIX YCTAHOBOK KOCBEHHOTO Harpesa
He()TH, MO3BOIIAIONINX MOBBICUTH SKOHOMHYECKYIO d(PPEKTUBHOCTD, HAIEKHOCTh
paboThl TPAHCHOPTHBIX CHUCTEM W YIYUIICHHE DJKOJOTHYCCKOH OOCTaHOBKH.
Harpes HedTH ocylecTBIsIeTCS 32 CYeT KOHBEKTUBHOTO TEIIOOOMEHA ¢ y4eTOM
TEXHOJIOTUYECKUX OrPAaHUYEHUM HaA NOPENEIbHO JAONYCTUMYK TEMIEParypy
CTCHOK HarpeBareds, MoAepKaHne KOTOPOU MOXKET OCYIIECTBISATHCS C TIOMOIIBIO
CTEIUATN3UPOBAHHON CHCTEMbBI ABTOMATHUECKOTO YIIPABICHHS.

KiwueBble ciioBa: MariuctpalbHBI TpyOONpOBOJ, HE(Th, aBTOMATU3AIHS,
WHAYKIMOHHBIE YCTaHOBKM, TeMIlepaTrypa HarpeBa, 3¢ (eKTuBHAsS BSI3KOCTb,
Harpes, MOJICIMPOBAHKUE, CTOMMOCTh TPAHCIIOPTHPOBKHU

Kipicne

MyHnaii eHepkaciOi OTBIH-DHEpPTeTHKa KeIIeHIHIH MaHBI3ABl  Kypamac
OemikrepiHiH Oipi OoibIT TaOBUTAmBI. THIMIITIK SHEPTHSICH IpoOIeMalapbiH
menry KasakcTranmarbl MyHaii-ra3 CEKTOPHIHBIH, arall aWTKaHmaa KyOBIPIKOI
KOJIITHIH aca MaHbI3ABl MiHAETTepiHiH Oipi. KyOblp apKpuibl TackIMalaynbiH
SHEPTUsl YHEM/IEY1 HEeTi31HeH MYHal bl TaChIMaJliay MEH JKbUIBITYFa )KyMcalaThlH
SHEPrusl LIBIFbIHAAPBIMEH OalIaHbICTBl. TYTBIHBUIATHIH BIEKTP SHEPTHACHIHBIH
mamaMeH 70%-bI COPFBI arperarTapbIHbIH JKYMBICBIHA KYMCaalsl, ajl MYHal bl
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«BICTBIK» MYHal KYOBIPBI apKbUIbI TachIMallay *KarJdaibIHIa MYHANUBI KBUIIBITY
NEIIiHIH )XYMBICbIHA OaiiylaHbICTHI MIBIFRIHAAP 85%-Fa apransl. MyHail eHepkaciOi
OTHIH-DHEPIeTHKA KENICHIHIH MaHBI3IB Kypamaac OemmikTepiHiH Oipi OobIm
TaObutaabl. Ka3zaKCTaHHBIH HSHEPTETHKAIBIK CTPATETHICHI IMIKI TYTHIHY VIIiH
MYHall eHIIpyAi OfaH opi YIFAUTYABI, OTBIH MEH SHEPTUSHBI YHEMEY KOHIHET1
YHBIMIACTBIPYIIBUIBIK KOHE TEXHOJIOTUSUTBIK Iapaiapabl KAPKBIHABI iCKe aChIPY/IbI
Ko3Iei.

Kasipri yakpITTa Ka3aKCTaHIBIK MYHAWIBIH HETI3ri keyiemi barbicTa , sSFHH
MYHaii MEH MyHal eHIMIepiH HeTi3T1 TYTHIHYIIBUTIAP/IaH aJlbIcTa oHIipineai. MyHai
OHEpKaCiOiHiH Oocekere KadUeTTiniri kobiHece MyHal bl OHJIIPY KOHE OHBI KalTa
OHJICY OHIMJICPIH CaThIN ATyIIbIFa JKETKI3yIiH THIMIUTIriHe OaiinanbicTel. MyHai
TaceIManAay KyHbl TOMEH TeMIleparypa >KarJaiblHAa aWTapiIbIKTaid apTajbl.
TemnepatypanblH TeMeHAEYIMEH MyHainaH mnapadUHHBIH KPUCTAIIaHYbI
OacTaabl, OVJI MYHAWIBIH CYHBIK ()a3aChIHBIH KYPBUTLIMBIHBIH ©3TepyiHe OKeIeIi.
MyHaiIpl  KBUIBITY KYOBIpIapAblH —TapaUHU3ANMATIAHYbBH  OOJIBIPMAaN/IbI,
MUCTEpPHANTAp MEH TaHKEpJepIeH TYCipy Ke3iHlIe MyHall IIBIFBIHBIH, COHJAi-
aK MyHaiabl KyOwbIpiap apKbUIbl aiijaymMeH OallaHBICTBl SHEPTUsl LIBIFBIHBIH
asaiiTanpl.

MyHaip! )KBUTBITY JKBUTBITKBIIITEIH KaOBIPFalapbIHBIH PYKCAT €TUITeH IMIeKTi
TeMIIepaTypachlHa TEXHOJOTHSIIBIK IIEKTEYIepai €CKEPe OTBHIPBIN, KOHBEKTHBTI
KBLTY aIMacy eceOiHEeH JKy3ere achIpblia/ibl, OHBI YCTAIl TYPY MaMaHIaH b PbUTFaH
aBTOMATTHI OacKapy KyHeciHiH KoMeriMeH jKy3ere achlpblIybl MyMKiH. Ocbuiaiiia,
KBUIBITKBIILTHIH XKBUTY aJIMAcy MPOLECTEPiHIH MaTeMaTUKAJIBIK MOJEIBACPIH KYPY
Macernenepi 03eKTi OOMNBIN TaObUIAABI, ONApIbl TEK JKBUIBITKBII KaOBIPFACHIHBIH
TEeMIIEpaTypaIbIK OPICTEPiHIH KeHICTIKTITE TapaTyblH )KoHE MYHal aFbIHBIH €CKEPe
OTBIPBII CayFa 0oJabl.

MyHali eHIey/IiH TEXHOJIOT USJIBIK IPOLIECTEPIH OJ[aH SPi AaAMBITY KOHE KETUIIIPY
Ka3ipri 3aMaHFbl )Ka0IbIKTAPMEH K0 IbIKTAJIFaH KOFAPhl KyaTThl KOHIBIPFbLIAPIbI
KypyMeH OaiinaHbICTBI. Ammaparypara KbI3MET KepCeTy KYHBIHBIH, COHIai-aK
KBI3MET KOPCETYIII MepCOHaIFa KOWBUIATHIH TaJanTapablH ocyiHe OalIaHbICTHI.

MyHaif TaceiManaay KYHbl TOMEH TemIleparypa sKarJallblHlla alTapibIKTai
apranel. TemriepaTypaHblH TOMEHJEyiMEeH napaduH MyHalJaH KpUCTaJIaHYJIbI
Oacraiipl, Oyl MyHaWABIH CYHBIK (Da3achlHBIH KYPBUIBIMBIHBIH ©3repyiHe
okeneni. OcblFaH OalIaHBICTBI 3KOHOMHUKAIBIK THIMJIUTIKTI, TachIMaiay
XKYHenepi )KYMBICBIHBIH CEHIMIUTITIH YKOHE IKOJIOTHSIIBIK JKaFIal bl )KaKCapTyIbl
apTTBIPyFa MYMKIHIIK OepeTiH MyHaiipl ’kKaHaMa >KBUIBITYIBIH WHIYKIIHSIIBIK
KOHABIPFBIIAPBIH €HTI3y JKOHE TaianaHy CypaHbICKa ne OOJBI  OTHIP.
MyHa#iIbl KBUIBITY JKBUIBITKBIIITBHIH KaOBIpFaIapblHBIH PYKCAT €TiIreH IMIEeKTi
TEMIIepaTypachblHa TEXHOJOTHUSIIBIK MIEKTEYNepi €CKepe OTHIPHIN, KOHBEKTHBTI
KBUTY aMacy eceOiHEeH jKy3ere achIpbliaibl, OHbI YCTall TYPY MaMaHJaHIbIPbUIFaH
aBTOMATTHI OacKapy *KYHeCiHIH KOMeTiMEH JKy3ere achbIpbUTYbl MYMKIiH.

3epTTeynin MaKcarThbl
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Mogenbaepai, 3epTTey SIICTEpiH, aNTOPUTMAEPHAl CHHTE3NeY >KoHE KYOBIp
KeJIII1 KOHIBIPFBIIAPBIHAAFEl MYHAll arbIHbIH >KaHaMa WHIYKLMSUIBIK KbI3IBIPY
TIPOIIECIH aBTOMATTHI OacKapy JKyHelepiH jkacay OOMBIHINA FHIIBIMH-TEXHUKABIK
MOCEJICHI HIeTY.

Ocpuiaiiia, e3eKTi Macenenep >KbUIBITKBIIITHIH KBUTYy ajaMacy MpolecTepiHiy
Oapabap MareMaTHKaJIbIK MOICIBACPIH Kypy OOJBIN TaObUIAAbI, ONapAbl
KBUTBITKBII KaOBIPFACBIHBIH KEHICTIKTIK OOJIHTeH TeMIiepaTypaiblK epicTepiH
KOHE MYHAll aFbIHBIH €CKEpEe OTBHIPBIIl calyFa Oonazpl, COHBIMEH Karap >KaHaMa
KBI3IBIPY WHAYKIVSUIBIK KOHABIPFBUIAPBIHBIH TapaThbUIFAH aBTOMATTHl OacKapy
KYHenepiH CUHTE3/IeY JKoHE Tanaay d91iCTEMECiH jKacay Macelelepi.

Anvinean nomudicenepoiy ebLIbIMU HCAHATbIEbL:

— KYOBIp KeIiri KOHABIPFBUIAPBIHIAFl MYHAWAbl MHAYKUUSUIBIK KBI3OBIPY
MPOLIECiHIH MaTeMaTHKaJIBIK MOZIE XKBUIBITKBIII KAOBIPFACHIHBIH TEMIIEPATyPATIbIK
epicTepiHiH 63apa dCEPiH XKoHE MYHaH aFbIHBIH €CKePE OTBHIPBINT ©3TrepTiIe i, OyIT
JKOFaphl canajibl aBTOMATTHl 0acKapy *KYHeCiH KYpy YILIIH oJapisl CUIATTayIbIH
KQXKETTI JAIINH KAaMTaMachl3 €Tel.

ogficTep MeH MaTepHaJaap

Mymaiiner 40-50°C Temmneparypara JIeiliH aiiblH-ana >KbUIBITY, COOaH KeHiH
CaJIKbIHAATy OacTamkbl MYHAalMEH CaJbICTBIPFaHIa MYHAHIBIH PEOIOTUSIIBIK
KacHeTTepiH KypT TeMmeHAeTenmi. bipak KeBmplpy Temrieparypackin S50°C-tan
YKOFapbl KOTEPIeH KOH, OUTKEHI PEOJOTHSIIBIK KACUETTEp, KEPICIHIIE, )KaKcapabl:
THIMJII TYTKBIPJIBIK, KaTy TEMIIEpaTypachl, KipiCTiIiK mIeri ®oHe T.0. TOMeHAeH .
KBI3ABIPY TeMIIEpaTypachlHaH 0acKa, CAJIKbIHAATY KbUIJAMIBIFBI MEH MYHaMIBIH
COHFBI TEMIIepaTypachl TEPMUSUIBIK ©HJEY HOTHXKEIEpiHe YJKeH acep eTemi.
TeXHOMOTUsIIBIK TajlanTapFa ColKec MyHall arbIHBIHBIH Temneparypacsl 90°C-tan
acraybl Kepek.

XKBUIBITY TYTKBIPJIBIFBI JKOFaphl MYHaWbl KYOBIpIap apKbUIbl TachkIMaliayFa
JaibIHAAy UKITIHIH KaXeTTi Kypamaac Oesiri 6ok Tadbutaasl. COHBIMEH KaTap,
MYHAH/IBI JKBUTBITY PEXHMI KOHE KBUIBITY KOHIBIPFBUIAPBIHBIH CHUIIATTamalapbl
OYKUT KemleHHIH THIMAI XYMBIC iCTeyiHe aWTapibIKTail ocep eTemi. 1-cyperrte
“BICTBIK~ MaTrHCTPabABIK KYOBIPABIH (MyHal KYOBIPBIHBIH) KAFUIATTHIK CXEMACHI
KepceTiireH. MyHail KeH OpHBIHAaH KyObIp apKbUTbI 2 6ac aiijay CTaHIMSICHIHBIH
pe3epByapIIbIK apKiHe Oepiie/ii, OH/Ia XXbUIBITY KYPbUIFbLIAPBIMEH jKa0/IbIKTaJIFaH
pesepByapiapia MyHail TemIeparypachl cakraiansl. PesepByapnapaaH MyHai
3 Tipeyiml coprbulapMeH ajblHanbl, 4 Oy HeMece OT >KBUIBITKBIIITAPHI apPKbLIbI
COpBUIAZbI, COAAaH KeHiH 5 Herisri coprbUlapAblH KOMETIMEH MarucTpajibfa
copeutagnsl (atinyx, 2019).
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Cyp. 1. “BICTBIK” MarucTpanbablK MyHail KYOBIPBIHBIH TEXHOJIOTHSIIBIK CXEMaChI
(Fig.1. Technological scheme of the” hot “ main oil pipeline)

MyHaii Ko3ranFaH cailblH CAJIKBIHIAThIIATBIHABIKTaH (YHKEIIC IIBIFBIHIAPbIHBIH
apTybIHa 9KeJeTiH), oi ap 25-100 kM caiiblH KYOBIPABIH Y3BIHABIFBI OOHBIMEH
OpHaJIacKaH 6 apajbIK )KbUTY CTAHLIUSUIAPBIHIIA KBUTBITHUIAABI. ¥3aK KAIBIKTHIKTA
KBUTy CTaHIWsUIaphl 7 apaiblK aiijay CcTaHUusuapbiMeH Oipiktipineni. XKeimy
CTaHIUIAPbIHAH KeHiH MyHail KyOBIPBIHBIH 8 COHFBI MYHKTIHIH pe3epByapiapbiHa
Tycel.

Kemnrteren TeXHONOTHSUIBIK KOHIBIPFBIIApAA MYHall MEH MyHail ©HIMIEpiH
KBUIBITY KYOBIPJIBI TiemTepe (OTTHI JKbUIBITKBIIITADP) KY3€re achlpbUIajbl, OHIA
KaFbUIaTHIH KaHAPMAHIBIH JKBUTYBl KYOBIP KaTyIIKachl apKbUIbI COPBUIATHIH CyFa
Hemece OyablH CYWBIK KOHCHCTeHIUsIChIHA Oepineni. KyObipibl nemrepMen Katap
XblTy anmacy anmaparrapsl (TA) maiinanansuians! (I'ycesa, 2011), onga myHait
OHIMIH KbI3IBIPDY MYHAl OHIMJAEPiHIH KOFapbl TeMIlepaTypasiblK AarbIHAAPBHIH
HEMece apHalbl KbUTy TachIMaJJIaFbIITapabl (Cy Oybl, nayTepM Oybl, Maii »KoHE
T.0.) nmaiiangany eceOiHeH JKy3ere achlpbliaibl.

Taceimaiiiay Ke3iHe MYHaH bl KbI3ABIPY/IbIH KOJIIAHBLIATHIH 9/1iCTEPi OipKaTap
KEeMIIITIKTEpre ue:

a) KYOBIpJIBI TewTepAeri MIBIFATBIH TYTIH Ta3blHBIH TeMIlepaTypachl
CaJILICTBIPMANIBI TYpJZIE JKOFapbl OONYbl MYMKIH, OYJ JKBUTYIIBIH >KOFapblIaybIHa,
MEMITIH THIMAUTITIHIH TOMEHICYIHE KOHE OTBIHHBIH KOI TYTHIHBUTYbIHA OKEJIC/].

0) OTTHI IICIITEP KOPIIIaFaH OPTAHBIH JIACTAHYbIHA OKEJICTIH KOMIPKBIIIKBLIT ra3bl
MEH ajiaM JICHCAyJIbIFbIHA 3USTH/IbI IIBIFAPBIHABLIAPABIH KO31 OOJBIN TaObLIA b

B) JKbUIy aJiMacy almnapaTTapbIHbIH KEMIIUIIKTEpi: KOJEeMAUIIrl, MeTaablH
YJIKEH IIBIFBIHBL, )KBUTY aJIMacy anmapaTTapbiHbIH O0TIKTEpiH Ta3aliay KoHe KoHeY
KYPAETLIIri, TOMEH TI9K, KOFapbl JKbIIIAMIBIKTAFbl JKBUTYy TaChIMAJIIAaFbIIITAP/IbI
oTkizy KublHABIFH (TK KanTama-kyOsipasl TK), skylieHiH jkoFapbl HHEPIUSIIBIFHI,
Oyl mpolecti Te3 TOKTaTy KaKeT OOJIiFaH JKarjaija OHbI IMaigajiaHyabl
OO IBIPMAiiJTbI.

I') )KbUTy aJIMacy armnapaTypachiH Haiaiany epekieniri (0y )KoHEe OT JKbUIbIT-
KBIILITap) JKOFapbl OUTIKTI KBI3MET KOPCETYIII MEePCOHAIBIH TYPaKThl OaKbUIAYBI
MEH pPeTTeyiH Tanam eTe/i.

OchbIFaH CyHeHe OTBIPBIIT, SKOHOMHUKAJIBIK THIMILIIKTI, )KYHeIepAiH CeHIMIUTINH
apTTHIPY JKOHE SKOJOTHSUIBIK >KaFIaiIbl >KaKkcapTy WHIYKIMSIBIK KBUIBITYBI
0ap KbUly aJIMacTBIPFBIITAPABI KOJJaHyFa MYMKIHIIK Oepexi, omap Oipkarap
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apTHIKIIBUTBEIKTapFa Me: oMOeOaNThUIBIK, WHEPIUSICHI3IBIK, JKOFAphl KbUTy Oepy
XKoHE OIpKeNKi KBUTy KYKTeMeCI.Tikeleld KYpBUIFbl KaOBIPFachlHAA JKbUTY Taiiia
Oonazbl, THIMIUIIT] XKOFaphI.

Llewydiy ananumuranvlx a0icmepi

XKbuty OTKI3TIMITIK TEHJEYIH MICIIYAIH aHATUTHKAIBIK OMICTepl MACeleHIH
TONIBIK MAaTE€MaTHUKAJBbIK TYXKBIPHIMBIH KOJJIAaHA OTBHIPBIN, OHBIH AHAIWTHKAIBIK
mIenriMig Ta0aTeIHIBIFBIHIA.

Oe0reTTe op TYPIIi ONIIEMILTIK ece0i )KaFTalbIH A )KBLTY O TKI3TIIITIK TCHICY1H
MIETTYIIH OPTYPIIi 9fiCTepi KapacThIPhUIAIEI: alfHBIMATBIIAP LI 0oty omici (Dypbe
ojtici), Ke3nep 9JIicCi, ONepPaIUIIBIK 9J1iC, AKBIPIIbI MHTETPAIIIBIK TYPJICHIIPY dIiCi.

®Dypbe oIiCiHIH HEri3ri HAesACh-)KapThUIail TYBIHIBI TEHJIEY YIIiH €CeTTi MIenry
Toyenci3 alHBIMANBUIAPIBIH a3 CaHbl Oap TEHJIEYJlep YIIiH KOMEKIIl ecenTepi
memyre Jeiin asasgsl. OchUiaiiina, TeHASymi KapThulail TyBIHABUIAPMEH ISy
KapamnaibiM nuddepeHnnanapK TeHASYIepIl MenTyTe JeHiH a3asapl.

Kafinap ke3i ofmici »KepriliKTi >KpUTy MIBIFAPYMEH OaillaHBICTHI ASHEKepIiey
Ke3iH/Ie METaNJIbl JKBUIBITY JKOHE CANKBIHAATY MACEJENepiH IIEIIyTe BIHFAMIIBL.
Kesnep omiciHiH ()M3MKAIBIK MOHI JKbUIy OTKI3TIIITIKIICH JCHEAC KBUIYIbIH
TapalybIHBIH Ke3-KeITeH IPOIEeCiH KEeHICTIKTe /e, YaKbITTa Ja TapaThLIaThlH
KOITereH KapanaibIM KbUTY Ke3[epiHeH TeMITepaTypaHbl TEHECTIPY MPOIECTEPIHIH
JKUBIHTBIFBI PETiHAC YChIHyFa OonarbiHABIFBIHIA. OCBl 9ic OOMBIHIIA KBUTY
OTKI3TIMTIK MOCENIeIIepiH eIy HeTi31HeH Ko3epi TYPHIC TaHAayFa )KOHE OJIapIIbl
TapaTyra JAeHiH a3asijbl.

Wnrerpanapik  TypieHmipy omici-Oepinrern lllekti Hemece OacTtamkbl
JKarjainapaa ChI3bIKTHIK Au(depeHInaIAbIK TeHACYIePal IICIy 9IiCTePiHIH
KUBIHTBIFBI (IIIEKCI3 JKOHE MICKCi3 MIEKTEPMEH HHTETPAIBIK TYPICHAIPY), OCHI
TCHIEYNCH KaXeTTi (YHKIUSHBI WHTETPAIIBIK TYPJICHIIPY YIIH TEHIEYTre
aypicynaH Typazpl. COHFBI TeHJIEY KapanaibiM 00iybl MyYMKiH. VHTerpaiusiHbg
COHFBI IIIeT1 YKaFJaiibIHAa OYJ1 SJIiC aKbIpIbl HWHTETPANIBIK TYPICHIIPY SIici men
arajajpl.

Crennon @ypre MeH X aHKeINb/[iH HHTETPAJIIBIK TYPIASHAIPYIEPi IIbIFapbUIaThIH
alHBIMAIIBUTAPABIH COHFBI aiiMarbiHa TapasraH. [punbepr [LA., Komursikos
H.C. ycoiHFaH UAESHBI 93ipJie/li KOHE ChI3BIKTHI €MEC IEKapallbIK JKaFIaiiapsl
0ap CBIBBIKTHIK U GEepeHINANIBIK TEeHASYJAepAl IIenly YOIiH >KbUDKBIMAIBI
HIeKapajapMeH JKbUTy OTKisrimTik (auddysus) ecentepid menryaiH ocbl dAiciH
KUHAKTAJIBL.

I'puH QYHKIUACBIHBIH 9iCl, Jepekke3 omici-IpuH (QyHKIUACHIH KojaaHa
OTBIPBII, )KapThlIail TybIHABUIAPAAFH! AU PepeHIHATIBIK TeHISYASPAiH IemiMiH
T1aly omici. CHI3BIKTHIK MU epeHITHANIBIK TEHACY YIIiH MIEKapaNbIK €CEeNTiH
XKacbut (yHKIUACH OIPTEKTI MIEKapalbIK IIAapTTapFa COHKEC KEJETIH TeHIESYIiH
iprem tmemrimi Oonbim TaOBUTAABL. bacTamkpl jkKoHE INIEKapallbIK >Karmaniap
KapamnaibIiM Ke3Jiep )KyHeciMeH aybICTBIPBUIa/IbI XKoHE opOip KaparnalibiM Ke3 YIIiH
Mocerne meminesni. bactankel MoceIeHiH TONBIK MIemiMi KapanaibiM Ke3aep YIIiH
HIemiMIepAl JKUHAKTAY HOTHIKECIH/IE allbIHAIBL.

12



ISSN 1991-346X 1.2023

ATanFaH aHAMTHKANBIK oicTep Oipkarap KEHUIETIIreH MacelenepIiy
meniMiH TabyFa MYMKIHAIK Oepeni: TypakThl KodhdUIueHTTep, meKapaiapIsH
KaHOHABIK (hopmanapsl xoHe T.0. Kapcenoy I sxone Jxerep ., Kapramosa 9.M.,
Kommsikoa H.C., JIptkoBa A.B. xoHe T.06. MOHOTpadusIapbiHAa KONTETeH “TUNTIK
TarncelpManap YUIiH LIenriMIep KUBIHTHIFB Oepinaren. Kazipri yakeiTTa XbLTy
OTKI3TIITIKTIH Oip enmeMi ecenTepiHiH eTe KOl CaHbl aHATUTHKAIBIK JKOIMEH
LIS,

Taparpuiran 6ackapy KOHQHUTYpaluusiIChIHA IIEKTeyIep OONFaH Ke3e OObEKTIHIH
MOJAJTBIIBI KOPIHICIH 3ePTTEY KEPEeK.

Mopanbsapl 0ackapy KyWenepiHiH CHUHTE31, 9JeTTe, 9P PETTENICTIH PEKUMIIL
Tayenci3 Oackapy MYMKIHZITI Oap JereH OoipKaMm HETI3iHIe JKy3ere achIpbLIallbl.
CoHBIMEH KaTap, OChI )KYMBICTA KapacThIPbUTFaH TeXHOIOTHSIIBIK KOHIBIPFI €PKiH
KOH(QUTypalMsSHBIH TapaTblIFaH OacKapy ocepiH KaJBIITaCTHIPyFa MYMKIHIIK
oepmetini. Ocpunaiimia, KeHICTIKTIK 0acKapy KOH(DHUTYpalusICHIHBIH IIEKTEyIIepi 6ap
00BeKTIHIH OacKapbUIATBIH PeXUMICPIHIH OaliIaHbIC ©JIIEMIH Oaranay KaxKer.

KyOplp xemiri ymIiH Kem CeKIUSUIbI SKBUIBITKBIITHIH JH3aHBIH TaHJAY
MiHAETI — WHAYKTOPJIAPIBIH Y3bIHIBIFBIH, CEKUWSUIAPBIHBIH CAHbIH aHBIKTAY.
Onraiinbl AU3aiHAbl TaHJaFAaHHAH KeHiH TEeXHOJOTHSUIBIK KBUIBITYIbl OPHATYIBIH
TEMIIEPaTYpaJIbIK PEKUMIH aBTOMATThI OacKapy >XYHWECIH CHHTE3Zey Moceleci
LIENIIeA].

Bbackapy oOBeKkTici 93ipiieHTeH KaObIpFa MEH aFblH apachIHAaFhl KBITY aaMacy
MPOLECiHIH CaHABIK-aHATUTHKAIBIK MOJAET OONBINT TaOBUIAIbI, ON KBUIBITKBIII
KaOBIpFachl MEH aFbIHHBIH TEMIIEpaTypaliblK TapalybIHbIH €3apa SCepiH eCKepeni.
KalObipra MeH aFbIHHBIH TEMITEPATYPANIBIK YAECTIPIMIH KYBIKTay KO PUIIUEHTTEPiH
€CenTey XBUIBITKBILITHIH Y3BIHABIFEl OOHBIHIIA Oipkenki Oeminren 13 Hykremeri
TeMIiepaTypaHsl OJIIIIey apKbUIBI Ky3ere aceipbiiaasl (mnk, MNK 1 Gmokrapsr).
Byt HykTenep HaKThI KOHABIPFBLAAFEI TEMIIEpATypaHbl 0aKbUIAYy TEXHOJIOTHSCHIMEH
CIIKaHAal OalaHbIChl XKOK >KOHE AWCCEPTALUsAAa KOJNIAHBUIATBHIH TapaTbhlIFaH
napameTpiiepi 06ap Kykenepai caHIbIK-aHATUTUKAIBIK MOJIENIBACY TICITIIHE ColKec
KBUIBITKBIII MOJIENIH KYPY YIIiH KOJIAaHBLIAIBI.

Backapy okyieci JKBUIBITKBIIITHIH Y3BIHJBIFEI OOWBIHIIA JKETI HYKTE/Ie
KaOBIpFaHbIH TEMIIepaTypaJIblK TapalyblH OaKbpUIaiAbl (TeMIepaTypa JaT4uKTepi
CeKLVSUIBIK apajIbIKTapAblH OpPTAchbIHIA, COHIAM-aK >KbUIBITKBIIITHIH OachblHIA
JKOHE COHBIHIA OpHAJIaCKaH). MoJienbiey Ke3iH/e ecenTeyaepal YHbIMIACThIPY/IbIH
BIHFAWIBUIBIFBl  YIIIH CaHABIK AHAJUTHUKAIBIK MOJAEIBICTI TeMIIepaTypaHbl
emmeyniH 13 HYKTECIHIH XeTeyiHIH KOOPIWHATTaphl HAKThl KOHIBIPFHIIAFBI
TeMIIepaTypa CEHCOpJIapbIHBIH OpHajacy HYKTejlepiHe coiikec keneni. byman opi
MOIabIabel aHamu3atop OmorsiHaa (MA) sxeTi emmeM OOHMBIHIIIA OacKapy XKy3ere
aCBIPBUIATBIH KaTeJIEP/IiH aJIThl YaKbITIIIA PSKUMI KaJIbIHA KSATIpiIC .

By xympicTa Momanbabl Oackapy KyHeciH 3epTTey KesiHie KYObIp KaObIp-
FACBIHBIH KaeTTi Temneparypackl 120°C neHreiiinae OeNrijeHIi, COHIBIKTAH
MyYHail arbIHBIHBIH Temmeparypacbl 90°C-taH acmaiffipl, Oy KOFapbhl TYTKBIP
MyHail alimay TexHonoruschiHa OaitmanpicTel. KaOblpra MeH aFblH  YIIiH
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CaHJIBIK AHATUTUKANBIK MOJCIbACPAC OONaT MEeH MYHAWIBIH TepMO(U3NKATBIK
napameTpiiepi KOIAaHbIIIbL. KbI3MbIpy KOHIBIPFBICHIHBIH Y3bIHBIFRI fi — 6,36 M;
0ip CeKIUSHBIH Y3bIHABIFRI L — 1 M .

Mopansapl  0ackapy »KYWeciH 3epTTey OapbIChIHAA aFbIHHBIH Kipic TeM-
neparypacs! g(p) 20-nan 30°C-ka geliiH KypT e3repai.

Q Oackapy opeKeTi BEeKTOPHIHBIH KOMIIOHEHTTEPiHIH e3repy Tpaduri cyperre
KOpPCETiITeH.

Hapaspuieik 100 cekyHI YyakbIT apaibIFbIHAA KOJJAHBUIAIbI, HAPa3bLIbIK
KeJTipiAreHre AeWiH OOBEKT TYpakKThl Kyine Oomansl. KuCBIKTapaplH peTTik
HeMipiepi KyOblp OeTiHAeTi WHAYKIUSIIBIK JKbUTBITKBIIITAPIBIH CaHBIHA COHKEC
KeJenl.

TexXHONMOTHSITBIK KOHIIBIPFBIHBIH KOFAphl THUIMIUTIT ko0anay koHe Oackapy
MOceleNepiH KO XKoHE IIeNTy Ke3iHe KYHEeNiK TOCUIII KOJNaHFaH Ke3Ze FaHa
MYMKiH O0Napl.

MyHaii TachIMaAayIbIH TEXHOJIOT HSUTBIK XKeJTiCiHE KipETiH THIM I HH Ty KITHSUTBIK
KBUIBITY KOHJBIPFBICHIHBIH JHEPTUSACHIH d3ipJiey YIIH CYHBIKTBIKTBI JKaHaMa
WHAyKIUSIBIK KBI3ABIPY Ke3iH/Ie HKbLUTY MPOIECTePiH MATEMATHKAIIBIK MOJICITIBCY
MOCeIeCiH TIenny KaxeT. Monenb/ey HOTHKeNIepl WHIYKIHMSIBIK JKbITBITKBIIITHIH
JIM3aiHBIH jK00anay *oHE KOHIBIPFBIHBIH JKYMBIC PEXKHMMIH aBTOMATTHI Oackapy
KYHWECIH eHTi3y Ke3iHe KONIaHbLIa IbI.

JKBUTBITKBINT TIEH CYHBIKTBIK KAOBIPFACBIHBIH TEMIIEPATYPANbIK OpICTEePiHiH
OpeKeTi KBUTy OTKI3TITIKTIH nuHepeHInaNIbIK TeHACYIepIMEH CUITaTTaIaIbl.
JuddepeHmanaplk TeHAey 3epTTeNeTiH KYObUIBICTBI CHUIIATTANTHIH (PU3UKAIBIK
nraManap apachlHAaFbl MAaTEMATHKAIBIK TOYCNIUTIKTEpAi CHUMATTalabl, Oy
(hM3UKANBIK IMamManap KeHICTIK TeH YaKbITThIH (QYHKIUSIIAphl OOIBIT TaObLIAIBI.
MyHpaii TeH/eY Ke3-KeJT'eH yaKbITTa JICHCHIH Ke3-KelTeH HYKTeCiH e (PU3NKATBIK
KYOBUTBICTBIH aFBIMBIH CHIIATTAMIBI.

% gver 4+ L. (1)

ox cy
0? 0% 92
w2 oyt

a-TeMIeparypa oTKi3TimTiK Ko3pPuImenTi;

g-1IIKi JKBUTY KO3IEPiHiH MEHIIIIKT] KyaThl.

Kbty eTkizrimTikTig nuddepeHnnanapik Tenaeyi (1) mene remmneparypachiHbIH
YaKpITIIa >KOHE KEHICTIKTIK e3repicTepl apachiHAarbl OaiIaHBICTHI OpHATAaIlbI;
OJ1 JICHEHIH IMIHIETI JXKbUIY TAachIMAJbIH MAaTEMATHKAIBIK TYPIE CHITATTaAHIIBI
(Ememypazaesa, 2017) Ke3-kenren yakpITTa ISHEHIH IMTIHACT] TEMIIEpaTypa opiciH
Taly yumriH, srEA quddepeHITHaNabIK TEHACYAl MenTy YIIiH ACHEeHIH IMiHIeri
TeMIIepaTypaHblH 0acTanKpl YaKbITTa TapalyblH, JCHCHIH T€OMETPISUIBIK MITHIH
JKOHE KOpIIaraH OpTa MEH JICHEHIH OeTi apachIHIArbkl ©3apa OpeKeTTeCy 3aHBIH
Oy KepeK.IIeKapabIK JKaFaai.

MYHJIAFbl, y2—
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MyHai/Ibl )KBUIBITY KBUTBITKBIIITHIH KaObIPFalapbIHBIH PYKCAT ETUITCH IIEKTI
TeMITepaTypachlHa TEXHOJOTHSUIBIK INEKTEYJIep/li €CKepe OTBIPHIN, KOHBEKTHBTI
KBUTY alMacy ece0iHeH jKy3ere achbIpbUIaIbl, OHBI YCTall TYPY MaMaHIaH bIPbUIFaH
aBTOMATTHI OacKapy ’KyHeciHiH KeMeTriMeH Ky3ere achIpbliIybl MyMKiH. Ocbuiaiina,
KBUTBITKBIIITBIH ~ JKBUTy —ajMacy HpouecTepiHiH Oapabap MareMaTHKaIbIK
MOJICNBACPIH KYpy Maceenepi 63eKTi OONBIN Ta0bUIaIbl, OJap bl )KbITBITKBIIITHIH
KaOBbIpFaapbl MEH MYHail arbIHBIHBIH TEMIIEPaTypaNbIK epicTepiHiH KEeHICTIKTIK
TapayblH €CKepe OTBIPHII FaHa callyFa 00JaIbl, COHBIMEH KaTap )kKaHaMa KbI3JbIpY
MHIYKIVSUIBIK KOHZIBIPFBUIAPBIHBIH TapaThUIFaH aBTOMATTBHl OacKapy Kyienepin
CHHTE3/ICy KOHE Talljlay diCTEMECiH jkacay Macelenepi.

OHEpPKACINIIEH TEXHOIOTHSIAFbl TEXHOJIOTHSUTBIK KOHIBIPFBUIAPIBIH MAaHBI3AbI
OOITi-KBUTBITKBIIITHIH KaOBIPFachl MCH MYHAll aFbIHBI apachIHAAFbI XKbBLTY aJIMacy
MPOIECiH HWIMHAPIIK KOOpIWHATTApIArel eki emmemal auddepeHnnanipk
TeHJEYIep KYHecl YChIHYbl MYMKIH:

10Tse(x,r,t) | 82Tge(x,1t) F(x,1,t) 2
e T o T or + CemYem’ @
0<x<LR <r<R,t>0,a,, 0

OTge(x,1t) _ aZTst(x»rrt)
Tor = G

ATp(xrt) [azrﬂ(x,r,t) 10T (x,rt) | O2Tp(x,rt) aT 1 (x,1,t)
e Mu oz T ar t o v(r) a ’ (3)

0<x<LRy<r<R;,t>0,a,%0

Bacrankp! maprrap:

(x: T, 0) = Tsto(x' T); Tfl(xl T 0) = Tfl O(X' T), (4)
[exri maprrap:
ATse(x,1t)| . BTst(x,r,t)| _ A,

at |x:0 - O’ ot |X=L - O' (5)

MyHOaFbl T (x,7,t) — OYJI KBUIBITKBIIL KaOBIPFACBIHAAFBI TEMIIEPaTyPaHbIH
Tapanysl (Y3bIHABIFEI MEH panuycel Ooiibiama), C; F(X,r,t) — imki ety Oemy

Kyarbl (MHAYKUMSUTBIK KbI3ABIPY), Bm/m?, Tri(x,7,t) — CYHBIKTBIK aFbIHBIHBIH
TeMmIeparypacbiH 0oy (Y3bIHIOBIFBI MEH panuychl OoibiHma), °C; v(r)- paanyc
OolbIHIIA KBUIJAMIBIKTEL O6ny (GYHKUMSICHI, M/c; O — KaOblpFa MEH arblH

apachIHAAFbl KbUTy Oepy Ko duuenTi (Hemece aFblH MEH KaOBIpFa apachlHAa),
Bm/(m?°C); agm = Aem/(Com * Yem) — MaTEpHANIBIH TEMITEPATyPANbIK OTKI3TIIITITI

(6onar), m’/c, Aem - MaTepHaNIBIH KbUly OTKisrimTiri (Gomar), Bm/(m°C);
Cem -  MarepuasJblH MEHIUIKTI JKbUTY CHIMBIMIBUIBIFEI (Oonar), o/ (xe°C);
Yem — MaTepUAIbIH THIFBI3ALIFEL (6omar), xe/m’; @ = Au/(Cu*Vu arbIHHBIH

TeMIIEPATyPaJIbIK OTKI3TIITIK Koo duimenTi (MyHaii), M /c; K, Au - CyMBIKTHIKTBIH
KBUTy OTKI3TIITIT (MyHait), Bm/(m °C); Ca - CYMBIKTBIKTBIH MEHLIIKTi >KBLTY
CBHIUBIMABLTBIFBI (MyHai), [owc/(ke °C );  Yu — TUIOTHOCTB JKUAKOCTH (HE(TH),
Kk27M3, L — BTy aIMaCTBIPFBIIITHIH Y3BIHIBIFRI, M; R, R, , R, — KBUIBITKBIITHIH
napameTpiepi, M.

BonarTeiH >KOFapbl >KbUTy OTKI3TIIUTICIHIH apKacklHAA >KbUTYy OTKI3TIiIUTIK
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teHzaeyinae (1) KaObIpraHbIH KaJBIHABIFEI OOWBIHINA TeMIIEpaTypaHbIH TapalyblH
eckepyneH Oac Taptyra 6osansl. Tanceipma KOWOABI KaOBUIIAHFAH OHANUNATYIBIH
KONAMITBIIBIFBI CAHIBIK SKCTICPUMEHTTEP/IIH HOTHXKEICPIMEH PACTaNaIbl.
KBI3ABIPFBINTHIH KYMBIC CaHBUIAYBIHAA AFBIHHBIH JKAKChl apanacybl JKar-
JaWbIHIA aFbIHHBIH KBUIIAMIBIFB! (3) TeHIeyaeri paauyc OOWBIHINA Ke3 KENreH

HYKTeqe Oipieit KaObUTIaHybl MYMKIH.
. . 02T r(x,1,t) X
MyHalIbIH CYIBUTBIFBI TYPAIbl TEMIEpaTypa KodhGUIueHTi QT TeHAeyl

(4) aFpIHHBIH KBUIIaMIBIFBIHAH aNITHI €CE a3, COHIBIKTaH OHBI eIeMeyre 0oJa k.
Conya 3epTTey MOCENIeCiH TYXKBIPhIMIAY KeJleciaen Oomab:

AT (x,t) _ 0%Tse(x,t) F(x,t)

ot —dm T oa  to——+ Bem * (Tr(x,t) — Tem (x, 1)) (6)
AT 1 (x,t) AT 1 (x,t)
L=t v === = By (T 0) = Tom (x,6)) (7

Bacrankp! mapTrapMeH:

Ts¢(x,0) = Tso(x); Tri(x,0) = Tpy 9(x), ®)
KIHEC IJ.IeKapaJ‘ILIK H_IapTTapMeH:

aTSl’(xlrrt) _ . aTst(x,T,t) _ .
9t =0 - gl(t)' at x=L - gZ(t)l (9)
Tr(0,8) = g(t) (10)

myHnarbl Tgp(X,t) — KyOBIp KaOBIPFACHIHBIH TEMIIEPATYPACHIH HKBUTBITKBIILI-
ThiH y3biHabiFbHA 6oy, °C, Tri(%,t) - arbIHHBIH TeMIEpaTypachiH Y3bIHIBIFBI
ooiipiaa 6eiy, °C ; F{x, t) — iIIKi )bUTy NIBIFAPYIBIH MEHIIIKTI KyaTsl, Bm/m>,
V — aFbIHHBIH JKbIIIAMBIFBL, M/c; () t — aFrbIHMEH KaOBIPFaHBIH KOHBEKTHBTI JKBLTY
aJIMacybIHBIH KenTipiaren kodddunuenti, 1/c, Br — KaOBIpFaMeH aFbIHHBIH
KOHBEKTHBTI JKbUTY aJIMaCybIHBIH KeATipiireH koadduuuenti, //c.

KoHBeKTHBTI KbUTy aJMacylIblH KENTIpUIreH Kod3()OUIUEHTTEepl KbUTY
anMacyblH OCTKi ayJaHbIH >KOHE JKbUTY alIMacyFa KaThICaThbIH 3aTTapIbIH KOJIEMiH,
(DU3UKAIIBIK CUTIATTaMalapblH eCKepes.

Backapy MiHzeTiHe >kofaphl camajbl aBTOMATTHI Oackapy KYHEciH Kypy
YIUiH OJapibl CUOATTaydblH KaXETTi AQJIIITiH KaMTaMachl3 €TETiH KBbUIBITKBIII
KaOBIPFachbIHBIH TEMIIepaTypalblK ©piCTepiHiH JKOHE MyHall aFblHBIHBIH ©3apa
ocepiH ecKepe OTBIPBIN, KYObIp Keuliri KOHIBIPFBUIAPBIHAAFbI MHIYKUHUSIIBIK
KBI3ABIPY MPOLECiHIH MaTeMaTHKaJIbIK Mojaeli Kipeni. TaparbuiFan nmapamerpiepi
Oap Gackapy OOBEKTIIEPiHiH KYBIK MOJEIBACPIH KYPYIBIH 9pTYPi aAicTepi.

Hoaru:xesep xoHe o1apabl TAJIKBLIAY

Bacrankpl MocemneHiH keiOip JKEHUIIETIIreH WEeKTi HYCKaNaphl YIIiH aJlbIHFaH
AQHAJUTUKANBIK IIEMIMAEp 3€pTTENeTiH KYOBUIBICTHIH MEXaHU3MIiH TOJBIK
KepceTyre, camaibl TOyeJIIUTIKTepAl aHbIKTayFa MYMKiHAIK Oepeni. byn o3 ke-
3eriHfie CaHABIK ANTOPUTMII JKaKcapTyFa MYMKiHmiK Oepeni. CoHbIMEH Karap,
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JoN LIelriMep, 9AeTTe, KOMIBIOTepIiK OarmapiaManapisl JKeHIeyAe, COHIai-
aK ecemnTeylep/AiH JOIAIriH Oakpliay VIIiH KOJNAAHBUIATHIH CHIHAKTApABIH POIiH
aTKapajbl.

By makanana, Monaneas! 6ackapy KyHeciH 3epTTey Ke3iHe MyHail aFbIHBIHBIH
Temneparypacel 90 rpagycTaH acmaybl YIIiH KYOBIp KaOBIPFaChIHBIH KasKeTTi
Temmneparypacsl 120 rpagycka OpHATBUIABI, OYJI TYTKBIPIBIFEI )KOFaphl MaiIapasl
aiiay TexHoJOrusACkHA OalnanbicTel. KaObIpFara xoHe aFbIHFa apHaJIFaH CaHIbIK-
AHAJMTUKANBIK YITiIepae OoiaT neH MyHai yiiH TepMo(H3HUKaIbIK TapaMeTpiep
KOJJIaHbUIABL. JKBUTy amMacTBIPFBIIITHIH Y3BIHABIFEI L=6,36 M; Oip CEKIUSHBIH
y3eiHAbFEl Le=1 M.Mopanbael Gackapy >KyHeciH 3epTTey OapbIChIHIA aFbIHHBIH
Kipic Temneparypacsl KypT 20-gan 30 rpagycka feiin e3repai. Op TYpil yaKbITTaFbl
KaOBIpFaHbIH LIBIFBICEIHAAFBI )KETi HYKTEIET1 TeMIIepaTypa MoHIepi — Oy3blIFaHFa
JEHIHTI CTAIMOHAPIBIK KYH 155, Oy3bUIynaH KeHiHTi TYpaKThl KYH, €Ki peXKUMHIH
MaKCHMaJIIbl TEMIIepaTypa aybITKybl Ke3i 1-1m1i kectene Oepinren. TemmneparypaHbiH
OenrinenreH MoHHeH 120 rpamgyc aybITKybl MOJANBIBI PETTETIIITIH CHHTE3IHACT]
PEKUMIEPIIH COHFBI CAaHBIH €CENKEe alyMeH OaiJIaHBICTBI JKOHE TEXHHMKAJIBIK
TaJjanTap¥a colikec KeleTiH Oip rpajyc ImeriHae Kajaabl.

Kepueki monmenpney makerrepiHiy iminae MATLAB maketi epekmie opbiH
amagel. MATLAB op Typm moHAiK aiimMakTap YmIiH OipbIHFail NMPUHIMIITEPTe
HeTi3/Ie]ITeH, COHBIMEH Oipre >XyMbBIC OpTachl fHa, Oarmapiamarnay Tiixi OOJBII
tabwansl (Pomanos, 2019).

Mogenbaey Ke3iHae >Kyhieae OOMNBIN KaTKaH MpOIeCTepAi Oakpuiay YIIiH
SIMULINK kiTanxaHachIHBIH KYpaMbIHa KipeTiH apHaiibl 0aKblUIay KYPbUIFbUIAPHI
KOJIaHblIael. Monenbaey HoTkesepl rpadukrep HeMmece KecTelep TypiHae
YCHIHBUIBLIA/IBI.

CoHbIMEH, CaHABIK >KOHE AaHAIWTHKAJIBIK OSAicTep IIEKapajblK ecenTepai
3epITeyle aKbpulra KOHBIMABI TypAe OipikTipinyi kepek (Xpamenkos, 2019).
Backapy >ky#eci >KbUIBITKBIIITHIH Y3bIHABIFBI OOMBIHIIIA JKET1 HYKTee KaObIPFaHbIH
TeMIIepaTypajbIK TapalyblH Oakpuiaiinel. KaOpIpraHbIH Y3BIHABIFBI KETi HYKTEAeT1
TeMIIepaTypa MoHAEPi op TYpPIi yakbITTa Kepcerineni. Exi pe:xkuMHIH MakCHMAaJTbI
TEMIIEPaTyPAIIBIK ayBITKYBIHBIH OCITiJICHTeH pekuMi |- KecTezie KeNTipiiareH.

Kecte 1. KaObipraHbIH TeMITepaTypabiK OpiCiH Tanmay

KaObipra y3pIHABIFBI OOMBIHIIA JKETi HYKTeeri TeMieparypa MaHi, °C

0 1,06 M 2,12m 3,18m 4,24m |53 ™ 6,36 M
Cortke neilin 119,54 [120,83 119,21 120,83 119,13 120,832 |119,63
Maxkcumanap! aybITKy | 119,85 120,64 119,34 120,72 119,23 [120,74 119,64
KOJIJaHFaHHaH Kedin |119,6 120,75 119,26 120,75 119,23 120,75 119,64

VakpIT coTi

Mogenbaey Ke3iHIe ecenTeylepli YHBIMIACTBIPYABIH BIHFAMIBUIBIFEL YIIH
CaHIBIK AHAJTUTHKAIBIK MOJENBICTI TEeMIIepaTypaHbl omeymiH 13 HYKTeCiHiH
JKETEYIHIH KOOPIWHATTAphl HAKTHI KOHABIPFBIIAFEI TEMITeparypa CEHCOPIaphIHbIH
OpHaJacy HYKTEJepiHe Colkec Kemei.
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Cyp. 2. XKeTi HYKTezieri MyHaii aFbIHBIHBIH TEeMIIEpaTypachl
(Fig. 2. Oil flow temperature at seven points)

bynan opi Mmoganbabel aHamu3atop OmorsiHaa (MA) jKeTi esmmeM OOWBIHIITA aTThI
yakpITIIa KATENTIK PeKUMI KalIblHA KenTipinesi, onap OoiipiHIIa 6acKapy >Ky3ere
aCBIPBLIAJIBL.

2-mmi cyperTe KbI3ABIPFBINTHIH IIBIFBICHIHIAFEI MYHAH aFbIHBIHBIH TEMIIe-
parypacer 90°C-TaH acmalThIHBIH Kepyre OOmamasl, OYJ TYTKBIP MYHaAbl aiimay
Ke3iH/Ie TEXHOJOTHAIBIK TajanTtapra skayan oepemi. JKbUIBITKBII KaObIPFachIHBIH
TeMIIepaTypalblK OpICiH MOJNAIbIbl 0acKapy >KYHECiH TEXHUKAIBIK iCKe achIpy.
KpI3mbIpFhIIT KAOBIPFACBIHBIH TEMIIEPATyPaChIH YCTAIl TYPYyFa apHAIFAH MOJIAJIb/IbI
Oackapy xyHeciHiH GyHKIUOHAIIB! AUAarpaMMachl 3-11i CypeTTe KOpCeTireH.

=

=11
| 11

Cyp.3. MyHaiinpl )kaHama KbI3AbIPYAbIH HHIYKIVSIIBIK KOHBIPFBICHIH 0acKapy xKyieciHn
TEXHHKAJIBIK iCKe achIpy
(Fig. 3. Technical implementation of the induction unit control system of indirect heating of oil)
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Temmeparypa natankrepineH ([ T) kaObipra y3bIHIBIFBI OOWBIHINIA HYKTEIEePACT1
TeMmIeparypa MoHJepi apaiac KenpyHKIHOHAIAB KYPbUIFbl OONbIN TaObLIaThIH
OHE aHAJIOITBHIK CHTHAJAApAbl TIpKEyre XoHE OaraapiamaaHaTbiH JOTUKAJbBIK
koutposuiep OnmorsiHa (PLC) Tipkey HoTIKenepi Typaiibl akmaparTel Oepyre
apHanFaH 00beKTiMeH (uso) Oaiimanbic KypbuTFbichiHA Keneni (LLanpirus sxoHe T.0.,
2019).

Conan keiliH TeMIiepaTypaHblH OepiIreH MoHI 6JIICHITeHIEPMEH CallbICThI-
PBIIABI, COWKECCI3MIIK Kareci MOIajbIbl aHAN3aTOPBIH KipiciHe Oepineni. MA
weirybiHan Curnan IIM-perterimrepre, cogaH KeWiH HHIYKUMSUIBIK JKBUIBIT-
KBIIIITApIbIH alThl CEKIMICH OOWBIHINA OacKkapy acepiH eHpiperiH “Q ecenrey”
ONOTBIHA TYCEI.

Kanama MHAYKIMSUIBIK MaiAbl KBI3ABIPYABIH WHIYKIMSIBIK KOHIBIPFBICHIH
Oackapy >XYHeCiH Kasipri 3aMaHfbl KONTETeH OHEPKOCINTIK KOHTPOJUICPIEPIiH
OarzmapiaManblK KacaKTaMachl apKpUIbl Ky3ere acelpyra Oomansl (Ckobio,
2000). Backapy »xyienepiH KypyFa YCBHIHBUIFaH TOCLI MYHAll aFbIHBIH KBUIBITY
KOHIBIPFBICHIHBIH KBI3IBIPY AJIEMEHTTEPIH iCKe achIpydblH Oacka Tocijaepine
KOJIAAHBLTYBl MYMKIH.

KopbIThiHABI

Bemiaren Oackapy ocepiHIH KEHICTIKTIK KOH(HUTypaIusaChlHA IIEKTey IKaF-
NaibIHAa KaOBIPFaHBIH TeMIIepaTypalblK Tapaly peXuMaepiH Oackapy Ti30ek-
TepiHiH OalTaHBICHIH TaNAAy XKYPTi3uiai. ANTBI KbI3ABIPY OemiMi 0ap KOHIBIPFBI
aNTHI TAYeEICi3 OacKapy Ti30eri Oap Momanb Ikl 6ackapy KyHeciH KypyFa MyMKIHIIK
Oeperi.

— bemninren Oackapynbl KaJbINTACTBIpYFa KOWBUIFAaH INEKTEyAl €CKepeTiH”
BICTBIK “ MarMCTPaJIbAbIK MYHal KYOBIPBIHBIH TEXHOJIOTHSUIBIK CXEMACHI YCHIHBUIIB;

— JluHaMuKaJIbIK IIOFBIPJIAHFAH JKyHeJepAi KOMIBIOTEPIiK MOICIBACY
MaKeTiHAEe MYHAll aFblHBIHBIH TEMIIepaTypachblHbIH TapajyblH €CKepe OTBIPHIII,
KBUTBITKBII KAOBIPFACHIHBIH TEMITEPaTypabIK YISCTIPUTYiH MOAalbIbsl O6acKapy
KYWECIHIH CaHIbIK-aHATUTHKAIBIK MOJIET CHTi31JTeH.

— KaObIpFaHBIH TEMIIEPaTypalbIK epicTepi MEH aFbIHHBIH >KbUIBITKBIIITHIH
Y3BIHIBIFEI OOMBIHINA KEHICTIKTIK TapallyblH €CKEpeTiH KYObIp KeJiri Ke3iHue
MYHall aFbIHBIH XaHaMa WHIYKIMSIIBIK KBI3IBIPY KOHIBIPFBUIIAPBIHAAFBI JKBLTY
aJMacy TMpoIEeCiHIH MOEI KOpCeTiIi.

— TapaTbUIFaH CHUTHAJIAAPIBIH KEHICTIKTIK KaKbIHIAyblHa HET131eJITeH JKbLTY
alMacy IMpOLECTEPiHiH CaHAbIK-aHAINTHKAJIBIK MOJENbICPIH KypyFa Tocia
yChIHBUIABL. OCBI TOCLIAI KONJaHa OTBIPHIN, TWHAMUKAIBIK KOHLEHTpalHsIaHFaH
KyHenepai MOAENbACYNiH KOMIBIOTEPIIK MaKeTiHAe TapaTbUFaH HapameTpiepi
0ap 3epTTeNreH KYHEHIH MOIeN] JKacabIl, SHT131II.

— KbUTy OOBEKTiIEepi MeH OeiiHTeH mapamerpiepi Oap xyienepmiH KeH
ayKbIMBIHBIH TUHAMHKAIBIK MOJIENbepiH, connaii-ak MATLAB xone SIMULINK
FBUIBIMU €CENTEYNEPiHiH KOMITBIOTEPITIK MaKeTiHJe MOAANBIl PeTTey KyHhelepiH
iCKe achIpy 9JIicTeMecCi YCHIHBUIIBI.
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— Kazipri 3aMaHFbl OHEPKACINTIK KOHTPOJUIEPIEp YIIiH OaFqapiaMaibik KaM-
TaMachI3 €Ty apKbUIBI KY3€Te aChIPbUTYbl MYMKIiH jKaHaMa WHIYKIHUSUTBIK KBI3IBIPY
MYHall HHAYKIUSUTBIK KOHIBIPFBICHIH 0ACKapy KYHECIH iCKe aChIPy YCBIHBIIIBL.

TeXHOMOTUSITBIK MPOIECTEP/Ti ABTOMATTAHABIPY KbI3MET KOPCETYTe YMCAIAThIH
HIBIFBIHAP/BI KBICKAPTYFa, COHMIAil-aK MepcoHaNiFa TYCETIH KYKTEMEHI a3aiiTyra
MYMKiHAIK Oeperi. TeXHOTOTHSITBIK MPpoIecTep i aBTOMATTAHIBIPY HOTIKENEPi:

— IIIpIFapbLIaThIH OHIM KOJEMIH YIIFANTY;

— lIprrapbutaTelH OHIMHIH 631HIIK KYHBIH TOMEH/IETY;

— IlIpIFapbLIaThiH OHIMHIH CaaChIH JKaKCapTYy;

TexHomorusmelkK, YKaOaBIKTEIH CEHIMIIUTITIH apTTHIPy JKOHE OJIApPIbIH KBI3MET
€Ty Mep3iMiH yIFaiTy;

— KpI3MeT kepceTylili epcoHall CaHbIHBIH a3aiobl;

— Marepuanmap/pl YHEMICY;

— EHOex sxarmaiiinapel MEH KayilcCi3TiK TEXHUKACHIH KaKCapTy.

MyHa#ael jkaHaMa KbI3ABIPYABIH WHIAYKIUSIBIK KOHABIPFBICHIHBIH TEXHOIO-
THSUTBIK, TIPOIECiH OacKapydblH o3ipIIEHTeH aBTOMATTaHIBIPBUIFaH JKykeci xab-
IBIKTHIH JKYMBIC PEXXHUM/ICPiH OHTAaWIaHBIpYyFa, Maliganany Kayilci3IiriHiH AeH-
TeiiH apTTHIpYyFa, ®aOIbIK )KYMBICBIHBIH YHEMILIITIH apTTBIPYFa, HETI3r1 %a0abIK
JKYMBICBIHBIH CEHIMJUTITT MEH Y3aK MEp3IMJAUITIH apTThIpyFa, ONEepaIUsIIbIK
MEPCOHAN/IBIH, TICUXUKATBIK-QU3UKAIBIK JKYKTEMECi MEH KaTe OpeKeTTEpiHiH
BIKTUMAJI/IBIFBIH a3aiiTyFa oKeNesi.
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Abstract: Protection of the resources of information and communication
systems. Some of these systems allow you to determine not only the nature of
violations (type of attack), but also the category of the violator. There are two
basic approaches for building such systems - signature and behavioral (abnormal).
Almost all existing systems are built on the first approach and are not effective in
the conditions of fuzzy formalization of input data. The analysis of publications has
shown the effectiveness of using the mathematical apparatus of fuzzy logic to solve
problems related to identifying attacks on information resources and cybersecurity
violators in a weakly formalized environment (cyberspace is certainly such an
environment). In this regard, the paper proposes an intellectualized method of
early detection and identification of the violator in information and communication
systems, which, through the use of fuzzy logic methods, makes it possible to
identify the cybersecurity violator in a poorly formalized environment and more
accurately identify him in accordance with the selected categories. The input data
of the method are network and /or host parameters (the model of network and host
parameters proposed by the authors in previous works is used) and the identifiers of
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the violator (possible categories), the output generates a message about fixing the
fact of the violator and the result of the procedure for categorizing the violator. In
future works, based on the proposed method, the authors plan to develop a software
system that will effectively identify and identify the violator in information and
communication systems.

Keywords: identification, intruder, attack, information security, decisive rules,
information and communication system
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AHaTna. AKnaparThIK-KOMMYHHKAIMSUTBIK KYHETIepIiH pecypcTapblH KOpray
yIIiH Oachlll Kipyni aHBIKTAy XOHE alJbIH alny Kykenepi KonmaHeansl. Ochl
KYHenepaiH KeiOipeynepi Oy3yIIbUTBIKTapABIH CHUNATHIH (IIa0ybll TYpiH) FaHa
eMeC, COHbIMEH KaTap OY3YIIBIHBIH CaHATHIH Jla aHBIKTAayFa MYMKIHAIK Oepei.
MyHpait xyrenepai KypyablH €Ki HeTi3T1 ToCLIi 6ap — CUTHATypaIbIK )KOHE MiHE3TIK
(xampITel eMec). Ic xy3iHAe OapibIK KOJNIAHBICTAFbI JKyHenep OipiHmI Tocinre
HeT1i3/IeJITeH JKoHE KipiC MANIIMETTEepiH aHBIK eMeC PICciMJIey JKaFJaibIHaa THIMCI3.
JKapusutanpIMIap/Is! Taniay Hamap peciMIeseTiH OpTaja akapaTThIK pecypcrapra
JKacallaThlH MIa0yBUIAAPAbI JKOHE KHOEpPKAYIINCI3MiKTI OY3yIIbUIapIbl aHBIKTayFa
OaillaHBICTHl MIHJIETTEp/I MICNTy YIIIH aHBIK €MeC JIOTHKAHBIH MaTeMaTHKAaJIbIK
anmaparbiH KOJIJaHyIbIH THIMJIUTITIH KepceTTi (MyH1ai opTa ce3ci3 KHOepKeHICTIK
Ooubin TabbuTaabel). OckiFaH OaHTaHBICTHI, JKYMBICTA aHBIK €MEC JIOTUKA dIiCTepiH
KOJJIJaHy apKbUIBI HAIlap PACIMIENTeH opTana KUOepKayincCi3mik Oy3yIIBIHBI
aHBIKTAayFa JKOHE OHbBl AHBIKTAJFaH CaHATTapFa COHKec JJMipeK aHbBIKTayFa
MYMKIHAIK O€peTiH aKMmapaTThIK-KOMMYHHUKAIMSUTBIK JKyHenepaeri  Oy3yIIbIHBI
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epTe aHBIKTAY KOHE CONKEeCTEHAIPYiH HHTEIICKTYaN Il 9/TiCI YCHIHBUTFaH. OJIICTIH
Kipic MoJIMeTTepl JKENITIK >KoHe / HeMece XOCT mapaMeTpiepi (aBTopiapIbiH
QJIBIHFBI YCHIHFAH XKYMBICTAPBIHIA KEJTIK KoHe XOCT MmapaMeTpiepiHiH Moaemi
KOJIJITaHBLIA/bI) JKOHE OY3YIIBIHBIH HIACHTH(UKATOpIAphl (MYMKIH CaHATTaphl)
OonpIn  TaOBUIAABI, HOTHXKECIHIE OY3ymIbl (DAKTICiH aHBIKTAy JKOHE CaHarTay
pociMiHIH HOTHXKECI Typallbl Xabapiama »kacalaibl. ¥ CHIHBUIFaH SIIC HETri3iHze
Kellecl JKYMBICTapJa aBTOpJap aKlapaTThIK-KOMMYHHKAIMSUIBIK SKYHenepaeri
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AHHOTanus. [ 3amuTel pecypcoB HH(POPMAMOHHO-KOMMYHHKALIHIOHHBIX
cucreM (MKC) mnpuMEHSIOTCS CHCTEMBI BBISBICHUS W TNPENOTBPAIICHUS
BTOPKEHUH. Bce 3TH cucTeMbl MOCTPOEHBI Ha CHTHATYPHOM MPUHLIMIIE U SABJISIOTCS
HE HS(QQEKTUBHBIMH B YCIOBHAX HEYETKOCTH BXOOHBIX JaHHBIX. Hekotopsie
U3 TaKUX CHCTEM IIO3BOJISIIOT OIPEHCIUTh HE TOJBKO XapakTep HapyleHHH
(Tun arakm), a TaKkKe M Kareropuio Hapymutess. CymecTByeT ABa 0a30BBIX
MOAXONA AJsl TMOCTPOCHUS! TaKMX CHCTEM — CHTHATYPHBIA M MOBEAECHYECKHUH
(anomanbHpiit). IIpakTHdyeckHm Bce CYIIECTBYIOIIHME CHCTEMBI IOCTPOCHBI
Ha MEPBOM IOAXOAEC U SBISIIOTCA HE 3()(EKTUBHBIMH B YCIOBHSAX HEYETKOH
(dbopMann3auny BXOAHBIX JaHHBIX. AHAIN3 MyOnuKanuid mokasai 3GpQekTHBHOCTS
MPUMEHEHHUS] MaTEeMaTHYEeCKOTO arll apaTaHeyeTKON JIOTUKU AJsl peleHus 3a1ad,
CBSI3aHHBIX C BBIBICHHEM arak Ha MH(QOPMAIMOHHBIEPECYPCHl M HapyLIHTENeH
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kubepOe3omacHoCcTH B ciabo  (opmanm3oBaHHOW cpene (Takod —Cpemow,
0€3yCIIOBHO, SBIISETCS KHOSPIIPOCTPAHCTBO). B CBSA3M C 3THM, B paboTe MPEIIOKEH
WHTEJUICKTYaTU3UPOBAHHBIA METONl PaHHEr0 OOHapY:KeHHA W HIEHTU(UKAIHMN
HapyIWuTend B HMHPOPMAIMOHHO-KOMMYHHUKAIIMOHHBIX CHCTEMax, KOTOPBIH 3a
CeT HWCIOJb30BaHHUS METONOB HEYETKOH JIOTUKU, AAaeT BO3MOXXHOCTH BBISBUTH
HapymuTens KubepbesonmacHOCTH B cinabodopmann3oBaHHON cpere U Ooee
TOYHO €r0 HJCHTU(UIMPOBATh B COOTBETCTBUHU C BBIJICIICHHBIMH KaTETOPUSMH.
BxogHbpIMH JaHHBIMH METO/A SIBIISIIOTCSI CETEBBIC U / MJIM XOCTOBBIE MapaMeTphl
(ucmonmp3yeTcsi MOZAENb CETeBBIX M XOCTOBBIX IAapaMETPOB, IIPEIOKEHHAS
aBTOpaMH B MPEABIIYIINX paboTax) U UACHTU(PHUKATOPHI HAPYIIUTEIS (BO3MOKHBIE
KaTeropuH ), Ha BbIxoze popMupyeTcs coodmierne o Gpukcaniy Gpakra HapyIIuTens
W pe3yNbTaT NpoleAyPhIKaTerOpH3allui HapylmuTess. B nanpHeimmx padorax, Ha
OCHOBE NPEJIOKEHHOTO METOIa, AaBTOPHI IIAHUPYIOT Pa3padboTaTh MPOrpaMMHYIO
cuctemMy, Kotopas Oymer 3GhGEKTHBHOBBIABIATE M HIACHTHU(GHIIHPOBATH HAPY-
muTeNs B “HQOPMaIUOHHO-KOMMYHHUKAIIHOHHBIX CHCTEMaX.

KroueBble ciioBa: maeHTHUKAMS, HApYIINTENb, aTaka, HHOOPMAIIMOHHAS
0e301acHOCTh, pelIaone MpaBuiIa, HHPOPMAIMOHHO-KOMMYHHKAIIMOHHAS CHC-
Tema

Berynienue

Ceromgnst s 3amuthl pecypcoB MKC mpuMeHSIOTCS CHCTEMBI BBISBICHUS
BTOP)KCHHH, a B aclekTe BBIABICHUS (akTa HapymieHHs HHOOPMalMOHHON
0€30IacCHOCTH  3JIOYMBIIIJICHHUKOM — CHUCTEMbl BBISIBICHHS HapyLIUTENs.
[IpakTudeckn Bce 3TH CHUCTEMBI TOCTPOCHBI HAa CHUTHATYPHOM MPUHIMIE U
ABISIIOTCS He- 3(P(EKTUBHBIMM B YCIOBUSX HEUETKOCTH BXOIHBIX JaHHBIX
(Khosravietal, 2020). IToaTomy menecoodpasHoii sBISIETCS pa3padOTKa CHCTEM,
KOTOpBIE paboTaIOT MO pelaroleMy IPUHIIMITY, 2 3TO B CBOIO 0YepElb YCIOKHICTCS
UCTIOJIb30BAHUEM CTaTUCTHYECKHX JAHHBIX, YTO 3HAYUTENBHO YBEIHMYUBACT
TpeOOBaHMs TaKMX CHUCTEM K YaCOBBIM U BBIYMCIMTEIBHBIM pecypcaM. JlaHHYIO
npobieMy MOXET peIlINTh NMPUMEHEHHE METOAOB He4YeTKOH JIorHkH. [lostomy
pa3paboTka MeToza BeIsIBIIEHU 1 uaeHTHGuKamu HapymuTens B UKC Ha ocHOBe
METOJIOB HEYETKUX MHOXKECTB U MPEIIOKEHHBIX B PEABIIYIINX paboTax Moaenen
SIBJISIETCSI AKTYaJIbHOM 3a1a4ueid.

MarepuaJbl 1 OCHOBHbIE METOABI

B pabGorax (Yanetal, 2020) moxazaHa 3¢¢EKTUBHOCTh NPHUMEHEHUS
MaTeMaTHYeCKOro amrmapara HeYeTKOM JIOTHKH JJISl PeleHHs 3a/1a4, CBSI3aHHBIX C
BBISIBJICHHEM aTaKk HAMH()OPMaLMOHHBIE PECYPCHI M HApYIIUTEIeH TH)OPMallMOHHON
Oe3omacHoCTH B ci1abo dpopmanmsyemoii cpene. B (lashvilietal, 2021) paspaborana
MOZIETIb ATAJIOHOB JIMHTBUCTHYECKUX TEPEMEHHBIX Ui MapaMeTpOB HEYETKOTO
Xapakrepa 3a cueT (OPMHUPOBAHMS MHOXKECTB Map “HapyILIUTeNlb — MapaMeTp” U
“HapymuTens — HaOOp JOTHKO-TUHTBUCTHYECKUX CBS3EW” , KOTOpas IMO3BOJSET
(dbopmann3oBaTh Nporeccs 00HApyKEHUsI HapyIuTels B ciabo Gopmanu3yemoit
cpele ¢ HEYeTKUMH ycioBusMu. Kpome Toro, chopmupoBaHbl 0OHApYKEHUS
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HapyILIUTENs, KOTOPHIE 38 CUET MHOXKECTBA 3TAJOHHBIX apaMeTPOB MO3BOJISIOT
MPOBECTH HETIOCPEICTBEHHOE OOHApy)KEHHE TMPHU3HAKOB AEATEIHHOCTH HEaBTO-
PU30BaHHON CTOPOHBI M OMNPENEIUTh €r0 THUIl C OMNpPEAENCHHBIM IOKa3aTeleM
OTIACHOCTH, MTOPOXKJECHHON BO3MOXHOM aTakol HapyIIuTesl.

B cBsa3u ¢ 3TUM, NENBIO JaHHOW pa0oOThI SBJISETCA pa3paboTka MeTona
oOHapyXeHHsI ¥ UACHTU(PUKALIMK HAPYIINUTENs HH(POPMALIMOHHOM 0€3011acHOCTH B
HKC, ncnonp3oBanne KOTOPOTO MO3BOIUT CHHTE3UPOBATH CUCTEMY OOHAPYKESHUS U
UACHTH(PHUKALNE HAPYIIUTEIS U TIOBBICUTD 3(p()EKTUBHOCTH €€ padOTHI B YCIOBHUX
HEUYETKOCTH 32 CUeT NpUMEHeHus pertaronux npasui (PII) 1 sxcnepTHBIX METOIOB.

OcHoBHAAl YacTh HCCJIEAOBAHNS

[IpeanoxeHHbIl MeToA pemiaeT 3anady BbISBJICHHS 3JOYMBINUICHHUKA B
HKC, nporiecchl B KOTOPBIX IO CBOCH CYTH SBISIFOTCS €J1ab0 (opMann3yeMon u
HEYETKOM cpefiod. B Merone HMCIONmb3yroTCsl JIEMEHTBhl HEUETKOM JIOTMKU AJIA
[IPEABAPUTEIILHOTO IPUHATHS PELICHUS O BO30YKACHUM U UICHTU(QUKALIUY JIULA-
HapYILIUTENS, a TaKke 0a3uc 0OBIYHOM YETKO! JIOTUKH, 00€CTIeUNBAET YTOUHSIOLIY IO
HIEeHTU(DUKAIIHIO.

Merton umeet 3 dasbl:

1) [TonroToBUTENBHAS,

2) PaboThI ¢ HEYETKIMH [TapaMeTPaMH;

3) PaboThl ¢ YeTKMMHU MapaMeTpaMH, KOTOpble B CBOIO OY€pedb COCTOAT W3
OT/ENbHBIX TAIOB.

Paccmorpum mpennoxeHHsiii Metos; Oosiee moapoOHo. Ilepsas daza mpen-
Ha3Ha4YeHa U1 OpraHu3alMy paboThl CUCTEMBI OOHAPYKEHUs U MAECHTU(DUKALNN
Hapymutens B MKC, xoropas paspaboTana Ha OCHOBE JaHHOTO METOna, €€
HAaCTPOWKU W ONpeneseHus] UCXOOHBIX NaHHbIX. s ¢opmupoBaHMsS (QyHKIMN
HNPUHAIICKHOCTH OyJeM MHCIONb30BaTh METOJ JIMHTBUCTHUYECKUX TEPMOB C
UCTONIb30BaHueM cratrctudeckux AaHHeix (MJITC), B HeweTkol apudmeTnke -
METOJ INHEHHON anmpOKCHMAIlMK MO JIOKANBHBIM MakcumyMam (JIAJIM) u ams
cpaBHeHUs PyHKINH MPUHAIICKHOCTH — METO]] -ypOBHEBOTO pacctossHus (AYP).
Ha3zBannbie MeTobI OyAyT UCIIONB30BATHCS ATl 00PaOOTKH HEYETKUX JaHHBIX IPU
pelIeHnH TOCTaBICHHOM 3a1aun. B mepBoii haze peannzoBansl 3Tamnsl 1-4.

Oman 1 — Bwibop memooda onpedenenus kod¢pguyuenmos sasxcnocmu (MOKB)

Ha»srtom stane mpoxoaut Bs16op MOKB ¢ 3amaHHOTO MHOYKECTBA, HICTIONB3YEeMBIi
B nanbHeimeM st popmuposanus PIT(MOKB1, MOKB2 ..., MOKB25, naripumep,
Meton cpenuux panroB (CP), mynsrunimkatusHas cseprka Kunu (MCK), meton
ciy4aiiHeIX BeKTOpoB (MCB) 1 ap.), cpeau KOTOPHIX BRIOUpAeTcs: pabounii METOI.
Ha BBpIOOp MeTO/a BAMAIOT TaKhe KPUTEPHH, Kak (popMa MpeacTaBiICHUs! BXOJHBIX
(Bx/1) n BeIXOmHBIX maHHBIX (BBIx]l), TPYyTOEMKOCTh W pEeKOMEHIyeMas IIKaja
(Gnatyuketal, 2021). Ecnu 3agaHHBIM KpUTEPHUSIM COOTBETCTBYIOT HECKOJBKO
METOIIOB, TO OKOHYATENbHBII BHIOOP OCYIIECTBISETCS 10 PELICHUIO SKCIEpTa.
Hampumep, B COOTBETCTBMHM C 3aJlaHHBIMH KPUTEPUSIMH H TIPHOPUTETaMHU U3
muoxectBa MOKB (i = 1,25) Beibupaercst METOJ CPEHHX PAHIOB.

Oman 2 — ghopmuposanue MHOICECTNE KAME2OPUT HAPYUIUMEIsL U NAPAMEMPOs
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OTanm OpUEHTHUPOBAH Ha ONpEACICHHE MHOXECTB KaTeropuil HapyIINUTEIs
U TapaMeTpoB, KOTOpPbHIE HCIONB3YIOTCS Uil OOHapykeHHMs Hapymutens. Ha
ocHoBe anammsa cpeasl MKC  dopmupyrorest naeHTHGHKATOPBI HapyIIATENs
ms k-ro ysma I} (l =1n;k=11 , @ TaKKe MHOXKECTBAa KOHTPOJIMPYEMbIX
HEYETKUX MapamMeTpOB Pi ¥ YETKHX HapaMeTpoB Splk (i =1,mk-= ﬁ)
U C ONpeNeeHHOH, 3apaHee YCTAaHOBICHHOH, MEPHOIMYHOCTBIO HMX TEKYLIHE
3HAUEHHS 3aHOCSATCSI B PETUCTPBI CUCTEMBI OOHAPYKEHHMA M HIEHTU(UKAIMN
HapymmTens. CormmacHO (UKCHPYIOTCS Iik, Pl-k u 'SPik, KOTOPBIE TI03BOJISIOT
BBISIBUTh IIPH3HAKM JIEATEIBHOCTH 6 BUJIOB HapYIIUTEIs If,]é‘,]é‘,]f,]é‘,[é‘
(D¥, S, C*, H*, SB*u B* u - nesundopmarop, camep, kpekep, xakep,
cnaM-00T 1 OOT-B3JIOMIIMK COOTBETCTBEHHO) HA OCHOBE 8 HEUETKUX MapaMeTpOB
Pk, PX Pk, Pk, Pk, PE, Pku FF (Tlog*,Nlog*,TSlog* I*,cPU*,
CPU¥*, NErk n RTPr/F¥- Bpems xona B cuctemy, YacToTa 3anpocoB Ha BXOJ
B CHUCTEMY, BpeMsl, 3aTpauy€HHOE Ha BXOJl B cUCTEMY, IHTEHCUBHOCTbH IEUCTBUH,
MPOIIECCOPHOE BpeMsl / 3arpyKEHHOCTh Iporieccopa, KoarmyecTBO BBHIMONHSIEMBIX
¢aiino, KomnuecTBo cO0eB U OMMOOK, BpeMsl BBIIOITHEHHUS Hpouecca / ¢aiina
COOTBeTCTBeHHo) U 7 4eTKuX napaMeTpOB SPl ,SP ’SP?’ ’SP4 Spé‘ ’Spé‘ u
SP7 (UIDk AtEF*, UPr¥ TTFln , ModF*™, TT'Fount'%I/IKSk—I/IM;I
MOJIB30BaTENs IPU BXoae, Tui I/ICHOJ‘IL3yeMBIX ¢aiinos npu arake, HecBoiicTBeHHBIE
npouecchl, llepenaya ¢aiina B cucremy, M3meHenue QaiinoB, konupoBaHue /
nepenada ¢anoB u3 cucTtembl, HakaTne KiaBUII KIIaBHATypbl COOTBETCTBEHHO)
(Fanetal, 2018).

Oman 3 — gopmuposanue smanonos YI1

OTOT 3Tam HampaBleH Ha MOMY4YEHHE 3TAJOHHBIX BEIWYHMH, HEOOXOAMMBIX
JUIL U3MEPEHUsI TeKYIMX 3HAYeHWH KOHTPOIMpYyeMbIX mapameTpoB. Ha ocHoBe
BXOOHBIX JaHHBIX, MOJNyYEHHBIX Ha d3Tamne 2, (OpMUPYEM COOTBETCTBYIOLIHE

ef
3HAYCHHS ITAJIOHOB JIHHIBUCTUYECKHX NEPEMEHHBIX UL BCEX 1 ] = U% f=1 T
UCIIOJIB30BAHUEM  BBHIOPAHHOIO MeTo,ua ¢dopmuposanust  DOH, HaanMep,

ef ef ef ef
{TTlog'TN log’TTSlog’T TCPU' } (Grimesetal 2002). Tak, maa CPU

nonyunm B mieane suaverne Tepy =U3 =1 TEL,, KOTOpI:Ie MO>KHO TIPE/ICTaBUTh B

BHJI€ TUHTBUCTHUECKUX TepMOB 11t CPU- {TCPU ’ TCPU ’ CPU} {H® C¢ B°}
C TIOMOIIBIO IPOLEAYPHI BU3YyaIU3aLIUU.

Oman 4 — popmuposanue muoxcecmea UI1

Cosznanve HaOOpoB yeTKUX M HeueTkux PII, MCIONB3yeMbIX Ui BBISBICHUS
Hapymuteneir B UKC Ha ocHOBE cpaBHEHUS ITAJOHHBIX U TEKYLIUX 3HAYCHUI.
C ucnonp30BaHMEM armapara MHOXKECTBA JIMHTBUCTHUYECKHUX HICHTU(UKATOPOB

L[ = U U HAOOpPOB  JIOTHMKO-TMHTBHCTUYECKUX  CBS3CH LC =
1(U 1L C; ]) (lashvilietal, 2021) dopMHEpyeTCsS MHOXECTBO
anLTepHaTHB E Rl j ((l = 1 n; k =, rue n - KOAMYECTBO KATErOpHUii HapyIIHTE-
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JeH, T - KONMYECTBO TpPaBWI [ OOHApyKEHMsl M-OH KaTeropuu HapyIIMTEIIs,
a  d- KONMYECTBO aJbTePHATUBHBIX BAPHAHTOB Ul (DOPMUPOBAHHS OIHOTO
npaswuia). Hanpumep, Ui mepBoil KaTeropuH HapyLIMTENs W MEPBOTO IpaBHIIa
OJTyYUM Uﬁ=1 ER{‘1 = {ER%l,ERfl, ...,ER151}. ®opMUpOBAHKE TIPABUI
OCYILECTBIISIETCS HA OCHOBE MHOXKECTBA aJIFTEPHATHB C MMOMOIIBIO POLEAYPHI HX
BbIOOpa, ocHOBaHHas Ha oxHoM M3 MOKB, gopmupys takum obpasom HabOpHI
OIl, Hanpumep,

ER3={ER31 = (t; = B,tcpy = B, tygr = B, trrprr = DM) — B, ER3,
- (tl = B’tCPU = B, tNET' = B’tRTPT/F = M) B BBH}

Bo Bropoii daze oOpabaTbIBarOTCS HEUETKHE IapaMeTphbl, HCIOJIb3yeMbIe
Ui OOHapy>KEHHsI HapyIIUTEIsT WHPOPMAITHOHHON OE30MacHOCTH M OTHECEHUS
€ro K OJHOM M3 TpEeIJIOKEHHBIX Kareropuil. Ecimm pesymbrar paboThl BTOpOit
(a3el ABISETCS TOJOKUTEIBHBIM, TO €CTh OOHAPY)KEHBbI MPU3HAKK HapyIICHUS
nH(pOpMaIIMOHHON 0€30IaCHOCTH, 3alycKaeTcs TpeThs (aza metona. daza paboTh
C YEeTKMMHU MapaMeTpaMH HMeeT YTOYHSIOIIee 3HaueHHe, MOCKOIBbKY Ipolecc
WACHTH(HUKAIIUH 370YMBIIIICHHUKA 3HAYUTEIBHO d3PPEeKTHBHEE HA OCHOBE YETKUX
napamMeTpoB B OTIMYME OT Mpolecca BhISBICHUs (DakTa HapyIICHUs, KOTOPBIN
1eecoo0pasHo MPOBOJIUTH HA OCHOBE HEYETKOM JIOTMKU. XOTA BTOpas U TPEThA
¢da3pl pa3nuyHbl (PU3UYECKH W BBIMOJHSIIOTCS OTICIBHO HX IIeJIeCO00pa3HO
JIOTUYHO OOBEIUHHNTD.

Oman 5 — gopmuposanue cea3u Kamezopuu HaApyWumesis ¢ napamempamu

Bo Bpewms BeimonHEeHMsI BTOpoit (a3bl ocymiecTBiseTrcs o0paboTka HEUETKUX
napameTpoB. [Ipu 3ToM (GOpPMHUPYIOTCS CBSI3M KOHKPETHOTO THUIA HApYIIMTEIS
WHPOPMAIIMOHHOH 0€30IacHOCTH € TapaMeTpaMH, KOTOpble HEO0OXOAUMBI
JUIs ero oOHapy»keHwus. JIJis Haimiero ciiydas npu n = 6 u m = 8 B k-M y3ne aus
UICHTU(UKATOPOB HAPYIIUTEIS I{‘, 1;3 1§<, 1¥, If-fn 14!: CO3JaI0TCSI CBSI3H C
napamerpamu (PX = P¥ = PX =(PK, Pk, Pk, PF, P¥, Pk, P¥, P¥),

P¥ = p¥ = (Pf, Pk, Pk, P¥)u P = (Pf, P¥, P¥, Pf, P¥, P, P¥, PY), To ecn

Dk = ¢¥ = H¥ — {Tlog",S* = SB* — {I¥, CPUX, NEr*, RTPr/F¥}} n

B* — {T log*, N log*, TS logk, I¥, CPU¥, NEF¥, NEr*, RTPr/F¥}, (k = 1,1),

rae | - konmuuectso y310B MKC. ITocne nepexona k TpeTbelt asze BBIOTHIAETCS
00paboTKa 4YeTKHX NapaMeTpoB mis (OPMUPOBAHUS CBSI3M KOHKPETHOTO
TUIIA HApYLIUTENs C YEeTKUMH IapaMeTpaMH, KOTOpbleé HEOOXOOUMBI AJISl €ro
uaentudukanuu. Hanpumep, npu n = 6 u m = 7 B k-M y311e ¢ uaeHTuduxaropamu
HapyLIHUTENA ,,,,d CO3AAIOTCS CBA3U C YSTKUMH MapaMeTpaMHu, TO €CTh

Oman 6 — gopmuposanue u ghazzugurayus napamempos

PaGora panHOro osrTama TakXe MNPOXOAWT B [Ba JTala: CHayaja C
HEYCTKMMHU IIapaMeTpaMH, a 3areM ¢ 4YeTKuMH. llo OKOHYaHUIO mpouexyphl
¢opmupoBanus ceasm ¥ — Py, TPOMCXOIHUT npeoOpa3oBaHUe MHOMKECTBa
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TEKyIIUX 3HAYCHWH TMapaMeTpoB, (UKCUPYEMBIX B TEYEHHE OIPEEICHHOTO
BPEMEHH B OJIHO HEUETKOE YWCJIO W TaKUM 00pa3oM IMONy4YrMM m HEYETKHUX
uucen t¥(i=1,m) 1m0 KakIOMy NapaMeTpy CBS3aHHBIX C [MOAXOSIIUM.
Hanpumep, pu m = 6 GyeM uMets: U = tiog: t5 = 109 > t5 = tfs10g » L4 =
thoy , tE=thoy , tE=thee , tF =thg, , th=th, ;- B Tpetbeiidase
MO OKOHYAHUIO Tpoleaypbl (GopmupoBaHus cBsseit ;7 — SP,{‘i1 OTIpEIETISAIOTCS
TEKyIlMe 3HAYEHMs] YETKMX TAPAMETPOB S P Ha MOMEHT Mepexofia K TpeThelt pase,
KOTOpBIE TIEPENAIOTCS U3 KaXIOTO y3JIa CHCTEMBI Ha COOTBETCTBYIOIUE KaXIOMY
napaMeTpy MOAYIHU JIOTUIECKON apu(METHKH.

Oman 7 — Obpabomka u popmuposanue Kopmedgxnceii NAPAMempos

OTan OpHEeHTHUPOBaH Ha OIpe/eNIeHNue 3HAYCHHS Ka)X/I0TO U3 HEUYETKUX U YeT-
KHX TapaMeTpoB U BCEW CHUCTEMBI B LEIOM M (OPMHUPOBAHUS UX B OIMH KOP-
tex. Chopmuposannsie tF¥(i =1,m,k =1,1) mapamnensHo B COOTBETCTBHH C
Ka)XJIOTO IapaMeTpa C HCIOIb30BaHHEM BHIOPAHHOTO MeTofla He4eTKoW apudme-
TUKH 00padaThIBalOTCS JJIS MOJYYCHMsI CyMMAapHBIX IOKa3aTeseit Ttk xapak-
TEPU3YIOLIUX BEIMYMHY KOHTPOJIMPYEMBIX IMapamMeTpoB Ha Bcex y3nmax HKC.
Ha nmanHOM »Tame Wcmonb3yeTcs OAWH W3 BO3MOXKHBIX METOJOB peau3aluu
oreparuii HeueTKoW apu(METUKH B COOTBETCTBHU C 33JJaHHBIMH I10JIb30BaTEIIEM
KPUTEPHSIMHU, IS IPEIIIOKEHHOTO MeTo/Ia HarnboJee 1esiecoo0pa3Ho UCIONb30BaTh
meton JIAJIM. Ecnu mpouecc oOHapykeHUsl HapymwurTens HHOOpMaluOHHON
0€301acHOCTH OCYLIECTBISIETCS TONBKO Ha ogHoM y3iie MKC, To HUKakuX JIOTHKO-
apu(METHUYCCKUX Olepalrii Ha HEM HE BBIMOJIHACTCS ¥ HE CO3J[al0TCsI CyMMapHbIS
3HAYCHUsS MEPeMEHHBbIX. [loyueHHBIE CyMMapHbBIC IMOKA3aTead 3allUChIBAIOTCS
Mo KaxJoMy mnapameTpy B Koprex. daza paboThl C YEeTKMMH MNapameTpamu
MPOXOIUT CIEAYIOMKUM O0pa3oM: MPOUCXOAUT 00pabOTKa HYETKUX HapameTpoB
Y HMCUYHUCISIETCS WX pe3ylIbTUpYIoIIee (CyMMapHOe) 3HadeHHe Y SPf nns Beeit
HKC. BrrauciaeHue MpouCXOANT IO MpaBuiIaM OOBIYHOM joruku. Ecim 3HadeHme
YEeTKOTO MapaMeTpa XOTs Obl Ha OTHOM M3 Y3JIOB paBHO 1, TO cymMMapHOe 3Ha4eHHe
Takke paBHO 1. Ecnmm mporecc oOHApy>KeHUS HapyIIUTENIs WH()OPMAIMOHHOMN
0€30I1acHOCTH OCYIIECTBISETCS TOMBKO Ha ogHOM y3ie MKC, To HUKakux JTIOTHKO-
apr(MeTHIeCKUX orepannii Ha HeM He BBITIONHAETCS M He CO3[JAI0TCsl CyMMapHbIe
3Ha4YeHUs epeMeHHbIX. [lomydennbie qanabie GOpMUPYIOTCS B KOPTEX < ). SP; >.

Oman 8 — ghopmuposanue pesyromama

Oran OpueHTHPOBAH Ha MPUHITHE PEIICHUS O TOM — ITPOU3OIILIO JTM HAapyIIeHUE
nHpopmanmonHoit 6e3onacHocTr B MKC, To ecTh ¢ukcanus ¢akra HapyIICHUS
U WACHTUGUKAIMK HapyIIUTENs] 10 OJHOM W3 TMpemIoKeHHBIX KaTeropui
(me3undopmarop, crramep, Kpekep, Xakep, crmaM-00T, 60T-B3ToMIIKK). Ha ocHOBe
c(hOpMHPOBAHHOTO KOPTEXKA C UCIIONB30BAHNEM MHOXecTBa mpasun ER; (i = 1,n)
C IOMOILBIO JIOTUKO-UHTBUCTHYECKUX cBsi3 LI;(i = 1,d) BBIMONHSETCS CpaBHEHHE
O®H HeueTkux nmapameTpoB ¢ 3HadeHussMu OIl ¢ momoursio metoga APB, To ecthb
BBISIBJICHHE BO3MOXKHOTO HAPYIIUTENS U UACHTU(DHUKAIINS €r0 THIIA.

WHbIMEH cOBaMHM, KaXJAOH KaTeropud HapyIIUTeINs If MIPUCBaNBAETCS
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noruueckuit uaeHtuduxarop LI (H, BHB, C, BBH, B, K). Ilomy4enHsrii
pe3yNbTaT MOXKET OTOOpa)XKaThCsl KaK B JIMHTBUCTUYECKOM, TaK M B rpaduueckon
¢opMe B BHIAEC HEUETKOTO YHWCNA, W300paKCHHOrO Ha (OHE CIIOKUBIIUXCS
STaJOHHBIX 3HAUYEHWH JHMHIBUCTHYECKUX NEepeMEHHBIX. IMeHHO Ha 3TOM 3Tame
(dbopMupyeTcss IPOMEXKYTOUHBIH pPe3yNbTaT, YIOCTOBEPSIIOMNA (PakT HapylIeHus
nHpopmanronnoil 6ezonacnoctu B MKC u 3amyckaer 3-10 azy merona. Ilocne
3TOTO MPOXOIUT PadOTa ¢ YETKUMHU IIapaMeTpaMu Ha 3Tanax 5-8.

B pesynbrare copmupoBaH KOpTex <, SP;> ¢ UCNONIBb30BaHHEM MHOXKECTBA

npasun ESRi(i = 1,n) cooTBeTcTByIomux onpejaeneHaomy Ttam Y/ £ Bbimon-
HSETCA MACHTU(HUKALNS TUIA BO3MOXKHOTO HAPYIIMTEIS U3 YUCIIA IEPEUNCIICHHBIX
BBIIIE.

Crenyet OTMETHTB, YTO KOJIMYECTBO KaK HACHTHU(PHUKATOPOB (TO €CTh KATETOPUIA)
HapyILIUTENs, TaK U IapaMeTPOB, IO KOTOPBIM MOXHO BBISIBUTH (DakT HapylIeHHs
nHPOPMAILIMOHHON 0E30MacHOCTH MOXKET OBITh M3MEHEHO B Ipolecce padoThI
CHCTEMBI, pa3paboTaHHON Ha OCHOBE JaHHOTO METOJIA, PELLICHUEM SKCIIepTa.

Pe3yabrarsl

Ha ocHoBe mpemyiokeHHOW METOIMKH SKCIIEPUMEHTAIBLHOTO MCCICAOBAHUS U
Maremarnueckux moaeneit B cpene 1C Ipennpusitue pazpadorano [10 «Cucrema
oOHapyXeHHs U UICHTU(UKAINN HAPYIINUTEIS AJIsl IPOBEACHHSI HUMUTALUOHHOTO
MoAenupoBaHus. B  gaHHOW mporpaMMe MOXHO 3alyCKaTb —IPOLEXypHI
(hopMHPOBaHHS M KOPPEKLMH 3TAJTOHOB JIMHIBUCTUYECKHUX IIEPEMEH, KOPTEKEH U
OIl, a TakXe HacTpauBaTh NapaMeTPbI IPOBEACHHUS MOJCTUPOBAHUSL.

BrimonHsieMblii TporpaMMHBIH MOIY/Ib MOXET OBITh MCIIONB30BaH Ha JIOOOM
KOMIIBIOTEPE, XapaKTEPUCTHKH KOTOPBIX OTBEYAIOT MUHUMAJIBHBIM TPEOOBaHHUAM
niist padotsl ¢ 1C Ilpeanpusaruem:

* [Ipouteccop IntelPentium IV/Xeon 2,4 I'T11 u Gonbiie

* OneparuBHas namstb 1024 MO u Gonplie

* JKectkuit nuck 40 I'0 u Ooinee

* OC — MicrosoftWindows.

Ilo cyrm, Obula pa3zpaboTaHa HOBas KOH(HUTypamus, peaausyromas Mare-
MaTH4ecKue Mozeny, pasnena 3. MaTtepdeiic mporpaMmsl IpencTaBieH Ha puc. 1.
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Puc. 1 —HWnTepdeiic nporpammuoro cpencrea «CrucreMa oOHapYKEeHUS U HICHTU(PHUKAITIH
HapyLIUTEIs B KHOEPIIPOCTPAHCTBEY
(Pic. I — Interface of the software tool “System for detecting and identifying an intruder in
cyberspace”)
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B cpene 1C st paboTHI € TOCTOSIHHOM M YCIIOBHO MOCTOSIHHOW MH(pOpMauen
C HEKOTOPHIM MHOXECTBOM 3HAYEHHI B CHCTEME HCHONB3YIOTCS OOBEKTHI THIIA
“CnpaBoyHukn”. s peamusanuu MpeIOKEHHBIX MaTeMaTHYECKHX MoJesen
ObutM co3faHbl cienyiomme oObekThl THma «CrnpaBouHuKH»: «KopTexm»,
«ITapamerprl», «JInarsuctuueckue Ilepemennsie», «MHTEpBaIbl», «IKCIEPTHI,
«Tumel 3n0ymblI-IeHHUKaY, «JInHrBucTHYeckne Wnentudukaropsr». B Menro
«CripaBouHHKN» B HHTEpQeiice MOXKHO MOTYUYUTh TOCTYII K 3TUM CIIPAaBOYHHUKAM.

B cnpaBounuke «KopTexxm» XpaHATCS KOPTEXH, HCIOJIb3yeMble mpu padorte
CHCTEMBI Ul OOHapyKCHHS M HACHTH()UKAIMH 3TOyMBIIUIEHHHKA M CIHCOK
napameTpoB, M3 KOTOPHIX OH cocToMT. Ha puc. 2a mpuBeneHsl okHa (opmbl
3NIEMEHTA YKa3aHHOTO CIIPaBOYHUKA.

CrnpaBOYHHMK «JKCHEPTHI» CIYKUT IS XpaHsehcss HHGOpMalud MO BCEM
JKCIepTaM, NMPUHUMABIIUM YYacTHE B HCCIICIOBAHUHM (KOJIMYECTBO 3KCIEPTOB
MOXeET OBITh OONBIINM, a MPU NPOBEACHUM DKCIIEPHUMEHTA €CTh BO3MOXKHOCTH
BBIOpATh AKCIIEpTa ¢ HEOOXOMUMOH KOMIEeTeHIHEH, (JOPMUPOBABILETO 3TATIOHBI U
npaBuia), a cupaBoYHUK «Tubl 3MOYMBIIIICHHUKA) HEOOXOAUM Ui XpaHEHHUS
MEepeYHs]  3JOYMBIIIJICHHUKOB,  BBIBISBIIMXCS ~NPH  3KCIEPUMEHTATBHOM
uccnenosanur. Ha puc. 20 mpeactaBieHO OKHO (OPMBI CIIMCKA CHPABOYHUKA
«THIIBI 3I0YMBIIIJICHHUKAY.
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a) OKHO (hOpMBI dNIeMeHTa cripaBodHKKa «KopTrex»
6) OKHO OPMBI CIUCKA CIIPaBOYHUKA « THIIBI 37I0YMBIIIIIICHHHKa
(a) the form window of the “Tuple” directory element
b) the window of the list form of the reference book “Type of Manslayer™)
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B) OKHO ()OPMBI CIIHCKa U HOPMBI dIeMeHTa cripaBodHnka «Ilapamerpon»
(the window of the list form and the form of the “Parameters” directory element Pic. 2-Examples of
form windows of developed reference books)

B cnpaBounuke «Ilapamerpb» XpaHATCS BCE MapaMmeTphl, 3aJ€iiCTBOBaHHbBIE
B KopTexkax. Takke B KaXIOM TapaMeTpe YKa3bIBAaIOTCS WMHTEPBAIBl U
JUHTBUCTUYECKHNE TIepeMeHHbIe. J[7Is1 HanIATHOCTH Ha pHC. 2B MPHUBENEHBI OKHA
(hopmbI iepedns u GopMbl dNeMeHTa cripaBodHuKa «Ilapamerps.

CrpaBounuku “JlmarBectudeckue I[lepemennsie” u “UHTepBanbl” ciyKaT
JUTA XpaHeHus1 WH(GOPMAIMH O BHINIEYKa3aHHBIX JTMHTBHCTUYECKUX MEPEMEHHBIX
n wuHTepBanaXx. CnpaBoynuk «JIuHrBecTHUeckne WpeHTedUKaTOphD CIIyXHAT
IUTA XpaHsmieics nHGOPMAIMK 10 BCEM JIMHTBUCTHYECKUM HACHTHU(UKATOPAM,
WCTIOJIB3YEMBIM B UCCIIEIOBAaHHH.

B 1C ¢ momompro 006eKTOB THITA «J{0KYyMEHTBDY OPTaHU3YETCS BBOI B CHCTEMY
nHpOpManuH 00 OCYIIECTBICHUN JIFOOBIX OIEpaIliii, a TakkKe X MPOCMOTPE H
KOppekTHpoBKe. B pazpaboranHoi KoHpHUTYypammu ORI CO3MaHBI CIICAYIOIIHE
00BekThl THHA “‘JlokymMeHTHI”: “YcTaHoBKa OTanoHOB”, “YcranoBka IlpaBwmi”,
“OxcnepeMeHT”’. B MeHI0 «JloKyMeHTBI» B HHTepdeiice MOKHO TTOTYUUTh TOCTYII
K 9THUM JIOKYMEHTaM.

DTaJOHBI TapaMEeTPOB 33AAFOTCA IKCIIEPTOM B TOKYMEHTE « YCTaHOBKAATAIOHOB)
(mammpumep, cMm. puc. 3). Ha Briaake [laHHbIe SKCIIEpTa SKCIIEPTOM 3aTOTHSIIOTCS
3HAYeHUSI KaXJAOT0 M3 WHTEPBAIOB W3MEHeHHWs mapamerpa. lIporpammuoe
CPEICTBO aBTOMATHYECKH CTPOUT rpauk (YHKIHH MPUHAIIEKHOCTH 3TaJIOHOB
JTUHTBACTUYECKOTO N3MEHEHWISL.

B nmokymeHTe «YcTraHOBKa MPaBHID IKCIIEPT 337a€T UCIIOIB3yEMbIE B CHCTEME
JUHTBUCTUICCKAC MACHTHPHUKATOPHI (TIpuMep, cM. puc. 4) Ha BKiaake «JIM» u
npucsauBaet oquH u3 HuX (H, BHB, bBH, B, K) coorBeTcTByrOmmM mpaBuiam Ha
BKianke “IIpaBuma”.
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Puc. 3 — OxHO popMBI 21eMeHTa TOKYMEHTa “YCTaHOBKA 3TaJIOHOB”
(Pic.3 — The window of the form of the document element “Setting standards’)

ITocne YKa3aHusA 3TaJIOHOB U JIMHIBUCTHYCCKUX I/I,I[eHTI/I(l)I/IKaTopOB C ITIOMOIIBIO
AOKYMCHTa ((9KCHCp€M6HT» MOXHO IMPOU3BECCTH UMUTALIMOHHOC MOACINPOBAHNC

COCTOsAAHUA KI/I6epHpOCTpaHCTBa 1 BBISBJICHUC q)aKTa HApyHoICHUA U KaTCropuu
3JIOYMBIIIJICHHUKA.

we @ W LT

'
Fihge;
-

Puc. 4 — Oxno ghopmut snemenma dokymenma « Yemanoska npaguny
(Pic. 4 — The form window of the document element “Setting rules”)

B q)OpMC DJIEMCHTAa JOKYMCHTa ((9KCHGpPIMCHT» 3a4a€TCA KOJINYCCTBO
CCpI/Iﬁ OIIbITa B rpa(pe «KonuuectBo 3ammcei JJIA OIbITa», TAaKXKC OCTaJIbHBIC

XapaKTEePUCTHKH (J1aTa, KOPTEXK, SKCIEPT) U MPOUCXOAMT €T0 3arycK (OKHO (popMbl
3lIeMeHTa U300paskeHo Ha puc. 5).
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e v ] iFam L]

Puc. 5 — OxHO (HOpMBI 21IeMeHTa JOKYMEHTa « DKCIIEPUMEHTY
(Pic. 5 — The form window of the document element “Experiment”)

Oocy:xnenue

B 1C ordersl uCHONB3yIOTCS Al TONYyYeHHS CBOAHOM HHGOpMaluM Ha
OCHOBaHWH JIaHHBIX, BBEIGHHBIX B cricTeMe. B pazpaboTanHoii koHuUTrypauu Obi1
CO3J1aH TOJIbKO OJIuH 00bekT Tuma OtueTsl — OTdeT MonenupoBanus. C mOMOIIbIO
JaHHOTO OTYeTa MOXKHO MOJYYHTh AOCTYI K HOAPOOHOMY OTYETY IO pe3yJbTraraM
MPOBECHUS HIMUTAIIMOHHOTO MOJECITUPOBAaHUS, OCYIIECTBISIEMOTO MPOrPaMMHBIM
cpeactBoM. Yepe3 MeHro OTdeTsl B MHTepderice MOXHO MONYyYUTh JOCTYN K
JAHHOMY OTYETY.

3akaouenune

Takum oOpa3om, B pabore pa3paboTaH METOJ pPaHHEro OOHApPYKEHUS
u upeHtuuranun Hapymmtens B MKC, koTopwlii 3a c4eT HCHONB30BaHUS
METOJIOB HEYETKOW JIOTWKH, JaeT BO3MOXKHOCTb BBISBUTH  HapyLIMTEIs
nH(pOpPMAIIMOHHON 0€30IacHOCTH B CJIabo (opManiu3yeMoii cpeae u 0ojiee TOYHO
€ro MICHTU(UIMPOBATh B COOTBETCTBHUHU C BBIICICHHBIMH KareropusiMu. Meton
BKItouaeT B ceOst 3 aspl u 8 sTamoB. BXomHBIMU AaHHBIMH SIBISIOTCSI CETEBBIC
W / WIM XOCTOBBIE MapaMeTpbl U WACHTH(PHUKATOPHl HApYLIHTENs (BO3MOXKHBIC
KaTeropuu), Ha BeIX0JIe GopMUpyeTcst COOOIICHHE O PUKcanuy GakTa HapyIuTes
W pe3yNbTaT NpoLenyphl KaTeropu3aniy HapyIuTeIs.

B nanpHeiiimeM, Ha OCHOBE TNPEMJIOKCHHOTO MeTona OymeT paspaboraHa
cucreMa, Kotopasg Oyger 5(QEKTHBHO BBIBIATE W WACHTHPUIUPOBATH
HapYLIUTENS C ONpPEJeSICHHOW CTENEeHbI0 YBEPEeHHOCTH dKcmepTa. Kpome atoro,
UCTIONIB3Yysl pa3pabOTaHHOE MPOrpaMMHOE OOeclieueHHe, IaHUPYeTCsl MPOBECTU
SKCIIEPUMEHTAIILHOE HCCIIE0BAHUE MTPEIOKEHHOTO METO/IA.
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Abstract. Nowadays Automatic Speech Recognition (ASR) systems are
included in all possible applications which capture different parts of human life:
smart assistants like Alica and Siri, smart search engines, Speech To Text (STT)
applications for meetings, smart home applications and etc. However, these systems
are available only for common languages, like English, Russian and Chinese. For
low-resourse languages such smart systems are not available, due to the lack of
transcribed data for system training and necessity of studying modern effective
methods for getting models and building ASR systems. For low-resource languages,
like Kazakh language it is necessary to study effective methods for modelling and
building effective ASR systems with low error rates. In this paper there were studied
the methods of end-to-end Automatic Speech Recognition Systems. In this work it
was proved that CTC model works for agglutinative languages. Author conducted
experiments with BLSTM neural network using encoder-decoder model based on
attention-based model. Training results show Character Error Rate (CER) - 8,01%
and Word Error Rate (WER) — 17,91%. This work proves possibility of getting
good results without integration of language models to end-to-end ASR models.
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AnHoTanus. Kazipri yakeITTa ceiyieymi aBTOMAaTTBl TypAe TaHy Xyuerepi
aJ1aM eMipiHiH SpPTYPIIi callaChlH KAMTHTHIH ajlyaH TYpIi Kyhenepre KipikTipiireH.
Omnap: Anmca xoHe Siri cekiimi akbULIbl KOMEKIIJIep, akKbUIIBI 13/1ey Kyiienepi,
Ke3Zlecyep XaTTaMachlH KypaTblH OarmapiaMaibIK jKaOIbIKTap, aKbUIAbl yilnep
xoHe T.0. bipaxk aranraH xyilenep TeK arbUIIbIH, OPBIC, KbITall CEKiIAi oJeM
XaJIBIKTAPbIHBIH KOIIIIIr KOJIJAHAThIH TUIACpAE FaHa JKYMBIC jKacail ayajbl.
XKyiteHi yiipeTyre KayKeTTi MOTIMETTEp CaHBIHBIH a3/IbIFbIHA OaiIaHBICTHI, O1pTYTaC
ceineyni TaHy JKyHeciHe KypyFa apHajFaH 3aMaHayd THIMII SAicTepAl 3epTTer
TYCY/IiH KaXKeT eKeH/IiriHe OaiIaHbICTBI a3 peCypCThI TULAEP YIIiH MYHIaH Kylienep
a3ipIIre Ko JkeTiMci3 Oombi Tadbaapl. by Makanana ceitneymi aBTOMaTTHI TYpIIe
TaHyIbIH HMHTETrpajabl kyHenepi 3eprrenred. byn skymeicta CTC mozneniHig
armIFOTUHATHBTI TUIIEP YIIIH THIMAI JKYMBIC >KaCaNTHIHIBIFBI JOJEINICHTEH.
Asrop BLSTM (Bi-Deirectional Long Short-Term Memory) HeHpOHIBIK
KYHeCiH KoJiJaHa OTBHIPBII Hazap aymapy(attention-based modelsMexanusmine
HETI3JIeNITeH MUQparop-aemudpaTop MOAETIH KOJIaHBIT SKCIIEPUMEHT KYPTi3TeH.
OkcrniepuMeHT HaTIKenepi 8,01%-re TeH 00naThIH CHMBOJIIAP/IBI TAHJAY KATEINIriH
— CER (Character Error Rate)xone 17,91%-re TeH ce3nepi TaHaay KaTesliria —
WER(Word Error Ratekepcerrti. Ceitneyni TaHyaslH OipTyTac MoaeliHe TUTIIK
MOJIETIb/II KOCTIali-aK XKaKChl HOTHIKeNep allyFa OOJIaThIHABIFBI ASJETACH .

Tyiiin ce3mep: armmroTuHATHBTI TiUTAEp, MHTErpanublk amaic, CTC, BLSTM
HEHPOHIBIK Xyleci, coineyi Tany
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AHHOTanus. B HacTosiee BpeMsi CUCTEMbl aBTOMATHYECKOTO PACIO3HABAHMUS
peur BHEAPEHBI BO BCE BO3MOXKHBIE CHCTEMBI, KOTOPBIE OXBAaTbIBAalOT pa3HBIC
cdepbl 4eTIOBEUECKON NIeSTeTHbHOCTH: YMHBIC TIOMOIIHUKH, TaKue Kak AJjmca U
Siri, yMHBIE TIOUCKOBBIE CHCTEMBI, MIPUIIOKEHHS I IPOTOKOJIMPOBAaHUS BCTPEY,
yMHBIE JoMa U T.A. Ho gaHHBIE cHCTeMbI pealn30BaHbl i Oosiee OOLINX S3bIKOB,
Takue Kak aHIIIMHCKUM, PyCCKUM W KUTaWcKuh. J[is MamopecypCHbBIX SI3BIKOB
OYeHb OOJIbIIIAs YaCTh TAKUX MPHUIIOKEHUH HE JIOCTYITHA B CHITYy HEOCTATOYHOCTH
JaHHBIX Uil OOyYeHHs W HEOOXOIMMOCTH H3y4YCHHs COBPEMEHHBIX METOAOB
MOJTY4YEHHUs] CKBO3HOH MOAETH CHCTEMBbl aBTOMAaTHYECKOTO pPaclO3HABaHUS PEUH.
ManopecypcHble SI3bIKH, TaKMe KaK Ka3axXxCKMH, HYXIAlTci B HMCCIEIOBaHUU
3 PEKTUBHBIX METOIOB JUISI TOYYCHHUS U TOCTPOCHHSI CHCTEM PACIIO3HABAHUS PEUH.
B crarpe nccienoBaHbl COBpEeMEHHBIE METOMABI JIsi TIOCTPOCHUSI MHTETPaJIbHBIX
cucTeM pacrno3HaHus peud. B pabore nokaszano, uro mozxens CTC sddexTuBHO
paGoTaeT I arrIIOTHHATHBHBIX S3BIKOB. ABTOPOM IPOBEIEH 3KCIEPUMEHT C
ucnonb3oBanueM HeriponHoi cetn BLSTM (Bi-Deirectional Long Short-Term
Memory) mnpu moMmomiu Moxenu Imdparop-aemmdparop, KOTopas OCHOBaHA
Ha MexaHu3Me BHUMaHus (attention-based models). Pesynmbrar skcnepumenta
nokasai omuoky nepedopa cumsonoB CER (Character Error Rate), pasnsiii 8,01%
n ommoky nepebopa ciioB WER (Word Error Rate), pasusrii 17,91%. [loka3zano,
YTO CKBO3HAsI MOZIETIb U 6€3 UHTErPUPOBAHUS SI3BIKOBBIX MOJICTIEH MOYKHO JOCTUYb
XOPOIIHNX PE3YIBTaTOB.
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KuioueBble ci10Ba: arrirOTHHATUBHBIC S3BIKM, MHTErpanbHbId moaxon, CTC,
HelipoHHas cetb BLSTM, pacno3sHaBanue pedu.
Bnazooaprnocms. Paboma evinonuena npu ghunancosotl noodepoicke Komumema

Hayxu Munucmepcmea nayku u evicuie2o obpazoganus Pecnyonuxu Kazaxcman
(BR18574144).

Beenenne

[Ton peunto mozmpa3ymeBaeTcs Lieasi ccTeMa 3BYKOBBIX CHTHAJIOB, CHMBOJIOB
W THCBMEHHBIX 3HAKOB, KOTOpPBIE TPUMEHSIOTCS YEIOBEKOM MJIsi TOTO, YTOOBI
XpaHHUTh, TPEACTaBIATh, MepepabdarbiBaTh M IepenaBarh JaHHble. Kpome Toro,
peubIo SBISETCS MHCTPYMEHT, KOTOPBI HEOOXOAWUM AJsl TOTO, YTOOBl MalllMHA U
YeJIOBEK B3aMMOJEHCTBOBAIN MexIy coboit (Perera u ap., 2005). Ho mnst Toro,
YTOOBI YEJIOBEK MOI' B3aMMOJCHCTBOBAaThH C MAIMHON, HYXHO pa3paborarhb
CHUCTEMY JUI1 aBTOMaTHUYECKOTO pacloO3HaBaHUS CIUTHOM peun. Panee ans Toro,
YTOOBI TOJIOCOBOM MHTEp(delc ObLI peau30BaH, HEOOXOJUMO ObLIO MPUOETHYTH
K MTOMOIIY MHO)KECTBa CIELHAINCTOB: MporpaMMucTa no DNN, koMIbroTepHOro
JIMHTBUCTA, YTOOBI OH Ha KaXX/IbIi 3ByKOBOH (hpeliM CTaBUII METKY, U TaK Jalee.

CranpapTHas CUCTEMa PACIIO3HAHMS pEUH AETUTCS Ha Pl MOAYJIEH: SI3bIKOBBIE U
aKyCTHUYECKHE MOJIETIH, a TakXke Ha gekoaepsl (Mamyrbayev u ip., 2019). OcHoBHOI
JUI. KOHCTPYKIUU MOAYJABHOCTH SBJSIETCS OOJIBIIOE KOJIMYECTBO HE3aBUCHMBIX
MPEANONOKEHUH, a CTaHAapTHAs aKyCTHYeCKash MOJCIb MPOXOIUT OOydeHHE IO
(peiiMaM, KOTOpPBIC HAXOATCS B 3aBUCUMOCTH OT Mojiesin MapkoBa. B paznuunbix
ABTOMATH3HMPOBAHHBIX CHCTEMax paclio3HaBaHUsI HauOosee MOMYJSpPHbIE MOJEITU
pPEUEBBIX CUTHAJIOB, a TaK)Ke NMEpPEeYHs TayCCOBCKUX pacHpeieNeHUM TIOTHOCTEH
BEPOSITHOCTH JUIS TOTO, YTOOBI paclpelefiTh CHTHAJIbl Ha NPOTSHKCHUN
CTAllMOHAPHOTO KOPOTKOTO BPEMEHHOTO TPOMEXYTKa, KaK IpaBWJIO, OTBEYaeT
€IMHUILE POU3HOIIECHHUS.

Ho B mocnennee Bpems, ¢ MOSBIEHHMEM CKBO3HBIX CHUCTEM paclO3HABaHU
peun, HeoOXOIUMOCTh JOMOJIHUTENBHBIX METOK AJisl (peliMOB, Takke MondopKa
¢doHeM I KakIOH OyKBBI WIIM coueTaHWH OykB orTmana. CTallo JOCTaTo4HO
MMETh ayJUOAAHHBIE M UX TEKCTOBbIE pa3MeTKH. lIpu HECOOTBETCTBUM ATUHBI
ayano(aiioB C TEKCTOBBIMH JaHHBIMH CKBO3HBIE CHCTEMBI CIIOCOOHBI CaMH
MPOBECTH BhIpaBHMBaHHE ayauoppeiimMoB ¢ OykBamMu. OJHMM U3 OYEHB
3¢ PeKTuBHBIX MeToAoB Mpu BblpaBHUBaHUM sBisieTcst CTC-dynkumu. Taroke
COBpPEMEHHBIE apXUTEKTYPBl UCHIONB3YIOT HeliponHsle cetn u3 LSTM u Bi-LSTM
SYeEeK, KOTOPBIE CIIOCOOHBI PEIIUTh MPOOJEeMy 3aBHCHMOCTEH BBIpaXCHUI Ha
OOJNBIINX PACCTOSHUSX.

Hecmotpst Ha 3QEeKTUBHOCTh COBPEMEHHBIX METOAOB, AJISI MaJOpeCypCHBIX
SI3BIKOB BOTIPOC YITYUIIIEHHS KAY€CTBA PacllO3HABAHUS OCTAETCS OTKPBITHIM, TaK KakK
WHTErpabHbIE CKBO3HBIE CHCTEMBI TPEOYIOT OYEeHB 0OJIBIIOE KOIUYECTBO IaHHBIX.
MHOX€eCTBO arrIrOTUHATUBHBIX A3BIKOB TOXE OTHOCATCS K MaJIOPECYPCHBIM.

B pamkax pmanHOW paboThl Obula TOCTaBieHAa IeNb PEIIUTh 3afaqu
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OTPaHMYCHHOTO PEYEBOI0 pecypca Ul paclo3HaBaHUE arriIIOTaTUBHBIX SI3BIKOB B
WHTETPAIbHON apXUTEKType.

Kpamxkuii 0630p uccnedosanuii

B pamxkax nccienoBanuii aBTOMaTn4eCcKOro pacro3HaBaHus pean mogens HMM-
GMM 6bli1a Hanbonee NOMyNIIPHOM MHOXKECTBO JIET. B HacTosimee BpeMst HelipoHHast
CeTb UCHoNb3yeTcs B cepe pacno3HaBaHus peur. B OonbiioM konudecTse padoT
yaanoch J0Ka3aTh, YTO NPUMEHEHHE HEHPOHHBIX CETEH B paMKax KaXXIOro U3
3TAIOB CLEHApUs CTAHJAPTHOM CHCTEMbI PACIIO3HABAHMUS JieflaeT HAMHOTIO JIyYlle
YPOBEHb KauecTBa JaHHOW cHUcTeMbl. CaMblil MOMYSPHBIA MOAX0A O0yUeHHS —
aTo rubpuaHas apxurekrypa HMM-DNN, B kotopoii ctpykrypa HMM ocraércs
HemsMeHHoH, a GMM yxonut u e€ Mecto 3aHnMaeT HanOoJee ITyOoKast HeHpoHHas
CeTb, KOTOpast HeoOX0ANMa AJIS TOTO, YTOOBI OBLIN CMOJECTTMPOBAHBI XapaKTEPHCTUKI
peueBbIx curHanos. K npumepy, B MHOTOUMCIIEHHBIX HcciaenoBanuax Mikolov u. mp.
(2010) xoHKpETHBIE SA3BIKOBBIE MojIen 00y4eHb! Onarofaps RNN, B tpyne Rao K. u
ap. (2015) cnoBaps yaanoch nonyuuts onarogapst LSTM cetsam. B cBoro ouepens,
B pabote Jaitly u mp. (2011) mryOokue HEHpOHHBIE CETH MPOAEMOHCTPHPOBAIN
JOCTaTOYHO BBICOKHE PE3YJbTaThl Al (POPMHUPOBAHUS aKyCTHUECKUX MOJENEH, a
B Tpyae Smolensky (1986) npogeMoHcTpupoBaH croco0 onpeneneHns Npru3HaKoB
Onarozmapsi orpaHM4eHHbIM MamuHaM bonbivana. IlosToMy BO3HHMKIM HzAEH
IUI IPUMEHEHUS! UCKYCCTBEHHBIX HEHPOHHBIX CETeld Ha Pa3iIMyYHBIX MEpHOAaX
pacro3HaBaHMsI PEUH.

Meronpl TiiyOokoro  oOydeHHs Omarofapsi  BBICOKONIPOM3BOIMTEIBHBIM
rpaduecKuM IpoIeccopaM HCHONb3yeTCsl Ha MPAKTHKE, U 3TOT MOIXOA WMEET
Ha3BaHME HMHTErpaipHbI crnocob. Ilpu 3Tom momxoxe, B mpouecce oOydeHHs
HEHPOHHON CETH HCKIIIOYUTENBHO OIHA M3 MOJENCH MOXKET AEMOHCTPHUPOBATh
HEOOXOOUMBIM pe3ynbTaT, He NPUMEHSAS NpHU STOM JAPYTHX 3JICMEHTOB —
WHTErpanbHasi MoAeb. Te Wi HHBIe HHTETPUPOBAHHBIC CETH MOXKHO C(OPMUPOBAThH
Orarozmapsi ToMy, 4To OyneT J0OaBISTHCS PSI PEKYPPEHTHBIX M HHTETPAJIbHBIX CII0EB,
KOTOpBIE SIBJISIIOTCS SI3BIKOBBIMH M aKyCTHUYECKMMH MOJACISMH, M Onarofapsi HUM
COIOCTABIIAIOTCS APYT C IPYroM PeueBbie JaHHBIC HA BBIXOIE, C HCIIONb30BaHUEM
TpaHCKpHUIILIUH. B Hacrosiiee BpeMsi MMeeTCsl LBl psii cnoco0OB IS TOTO,
9ToOBl OBLIM peannu30BaHbl WHTETPANbHBIE MOAETH — IMIH(paTop-aemudparop
MOJICTIH, a TaK)Ke KOHHEKLIHMOHHasi BpeMeHHas knaccudukanus. OHu 0azupyrorces
Ha MEXaHU3Me BHUMaHMsA. Bo MHOXeCTBe 3a/1a4 paclio3HaBaHUs PeYr 0COOCHHBIN
aKIEHT JeNaeTcss Ha MHTerpaigbHoM momxone (Vanék u mp., 2017). B Gombrmom
KOJIM4YeCTBE paboT ynanoch JOKa3aTh, YTO YCIEXH UTOTOB HHTETPAbHOTO MOAX01A
HaXOAATCS B 3aBUCHMOCTH OT pocTa 00bEMa AaHHBIX i1 oOydeHus. Wmeercs
MHO)KECTBO MPWIOKCHHH, KOTOphIE pPabOTaroT, 0a3upysch HENOCPEICTBEHHO
Ha uHTerpaibHOM moxxone: Baidu Deep Speech, Google Listen, Attend, Spell,
Speechto Translator TTS, Voiceto Text Messenger. [maBHass npuunHa IaHHOTO
MOAXONE COCTOMT B TOM, YTO Ha CETOAHSALIHWN JACHb HHTETPajJbHBIC MOIEIH
npoxonsT o0ydyeHue, 6a3upysich Ha JaHHBIX. Ha ocHOBaHMM aHaN3a BBIIIE MOKHO
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3aMETHTh DVIAaBHYIO NPOOJIEeMaTHKy, KOTOpas CBsi3aHa C paclo3HaHHEM Majo
PECYPCHBIX SI3BIKOB, KOTOPBIE BXOIST B IPYINY arrIlOTHHATUBHBIX. ISl HaHHBIX
S3BIKOB HE IMEeTCsl O0IINX KOPITYCOB 00Yy4alOIINX JaHHbIX. MIHBIE 361K 001a1a10T
TIMIT, WSJ, Libri Speech, AMI u Switchboard, Grarogapsi KOTOpbIM CyILIECTBYET
MHOXKECTBO SI3bIKOB 00YJaIOLINX JTaHHBIX.

UroOBl yMy4yIINTh WHTETPANbHBIA TOOXOA B Pa3IMYHBIX MOJACTAX —
umparop-gemmdparop, a take CTC, xoropple 0azupyroTcs Ha MeXaHH3ME
BHUMAaHUSI, TIPOBOJWIINCH pa3HOOOpa3Hble BapHaHTHl ceTeid. UTOOBI MPUMEHATH
JIOKaJbHBIE KOPPEISALUH B PEUEBBIX CUTHATIaX ObUTH MCIIOJIb30BAaHbl KOMITJIEKCHBIC
KOAEPHI, B KOTOPbIE BXOIAT CBEPXTOUHBIC HEHPOHHBIE CETH. ODTH MOIENU
NPUMEHSIOT T€ WJIM MHBIE NPEHMYILECTBa IJIS1 BCEX MOAMOJENICH M BIUSIOT Ha
BO3HMKHOBEHHE OTPAaHMUYCHHUH IJI1 MOAETH. AHalU3 MOJOXKHUTEIBHO BIHUSET HA
CTEINCHb MPOM3BOAUTENBHOCTH PAa3IUYHBIX MHTETPAIBHBIX CHUCTEM. B mpomursix
WCCIIEIOBAaHUSX YAAJOCh BBIIBUTH, YTO MOIENU DIyOOKOro oOy4deHusi Ha
Pa3sHOOOPa3HBIX sI3BIKAX HanOoJee ynauyHbl, a MHOT03a1auHoe o0yueHne Hanbosee
ONTUMAJBHO U MHTerpanbHoro odydenus (Kim u nmp., 2017; Aida-Zade u np.,
2009).

Mertoauka U MaTepUAaJIbl

Mopnenu,  koTopble  0Oa3upyroTcsi  Ha  KOOHEKIMOHHOW  BPEMEHHOMH
KJaccu(UKauuyu ¥ HEOOXOOUMBI Ul PACIO3HABAHMS PEUH, OCYIIECTBISIOT CBOIO
JesITeNbHOCTh, UCKIII0Yasi IEPBOHAYAIbHOE BHIPABHUBAHUE BBIXOAHBIX U BXOJHBIX
nocnenosarensHocTeld. CTC chopMupoBan i1 TOro, YT00bl JEKOAUPOBATH S3BIK.
Hannun BmecTe co cBoeil KoMaHA0# NpUMEHSUIH ISl pacro3HaBanus peun Baidu,
KOTOPBII UCTIONIB3YET MapajuleNbHbINH anroput™ ooyueHus ¢ npumeneranem CTC.

B tpyne (Zhang u nmp., 2016) mpennaraercss MpUMEHSATH Oojee TIIyOOKue
PEKYppEHTHBIE CBEPTOYHbBIC, a TaKKe IIIyOOKHE OCTAaTOYHBIE CETH BMECTE C
CTC. Haubonee onTUMaNbHBIA pe3ynbTaT yaaaoch HOIYyYUTh C HCIONb30BaHUEM
OCTaTOYHBIH ceTell ¢ Oaru-HopManu3anuel. biaaronaps sTomy, yrnanock NOITy4UTh
PER, xortopsiit Ha peueBom kopryce TIMIT Ob11 pasen 17,3%.

AnsrepHatuBHbIN BapuaHT CTC — 3710 Sequence to Sequence ¢ BHUMaHUEM
(Bahdanau u np., 2016). JlanHbIe MOIETH BKIIIOYAIOT B ce0sl KaK EKOAUPOBIIUK,
Tak W KOAWPOBIIMK. briaromaps KOAWPOBIIMKY NPOUCXOIUT CXKaTHe IAaHHBIX
KaZpoB ayauo B HauOojee KOMIIAKTHOE IpEeACTaBICHUE Olarofapsi COKpalieHUIO
YHCIO HEHPOHOB B closAX. B cBOIO ouepenp, ACKOAMPOBIIMK, O0a3upysch Ha
C)KaTOM TIPENICTABIICHNH, a TaKXKe PEKYPPEeHTHOH HEHPOHHOH ceTH, paboTaeT Haj
BOCCTaHOBJICHUEM 3TAIOB CJIOB, CHMBOJIOB 1 (DOHEM.

B pabore Zhang u mp., (2017) npeanaraercs CTC-Monens ¢ mpUMEHEHHEM
HanOojee TIyOOKHX CBEPTOUHBIX CETed B3aMEH PpEKYPPEHTHBIX CeTeH.
HauOonee ontumanbHas Mopesb, KOTOpas Oa3HpyeTcs Ha CBEPTOYHBIX CETSX,
obnajana AECATHIO CBEPTOUYHBIMU CIOSIMH M TPEMs ITOJHO-CBSISHBIMH CIIOSMHU.
Haubonee nyumas PER paBna 18,2%, yuntsiBas To, yro Hammyqmas PER s
neyHanpasieHHbIX LSTM paBasercs 18,3%. TecTupoBaHre OCyIECTBISIIOCH Ha
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ocHoBanuu TIMIT. Ynanocs onpenennTs, 4To CBEPTOUHBIE CETH JAIOT BO3MOXKHOCTh
CKOPOCTb 00y4eHHsI caemaTh OpIcTpee, U HanboJiee ONTUMAILHBIMU OHHM SIBJISIOTCS
1151 00y4eHHS Ha MOCIEeI0BAaTEIbHOCTIX (POHEM.

B pamkax CTC ceTH, BEIXOAHBIE 3HAUEHHSI HEHPOHHOM CETH — 3TO BEPOSITHOCTH
nepexona. ApXHTeKTypa HEHpOHHOW ceTm — nByHampasineHHble LSTM cetn.
Mexy coboii mpoBoamiock cpaBHerne Tpéx mofeneii: RNN-CTC momens, RNN-
CTC mogenb, a Taxke MUHUMU3MpOBaHHOW mepeoOydenHor WER u 0azoBoit
rUOpUIHON MOJENH, KoTopas Oblia HamwcaHa Omaromaps wHcTpyMeHTam Kaldi
(Povey u np., 2011).

Soltau u mp. (2016) ocymiecTBIsIIM KOHTEKCTHO-3aBHCUMOE paclio3HaBaHHUE
¢donem, KOTOpbIe 00Y4MIM Moaenb, Oazupysck Ha CTC B 3agade NOANUCH BUAEO
Ha YouTube. B Sequence-to-sequence MOAETSIX HEIOCTATOYHOE KOJIHMYECTBO
pacro3HaBaHusi Ha npuMmepHO 13-35%, ecnm cpaBHMBaTH HMX ¢ 0a30BBIMHU
cucteMamu. MImeet MecTo ObITh «00001eHne» CTC Mozaeneii, a uMmenHo — RNN
npeoOpa3oBaTesIbHBIN, HA OCHOBAaHUU KOTOPOTO OOBEIUHSAIOTCS APYT C APYTOM JIBE
RNN B omnpenenennyto npeodpasoBarenbHyio cucreMy (Anandan u ap., 2002).
OpnHa cetb siBnsieTcst cxoxeit ¢ CTC-ceThro, M 3aHIMAaeTCst 00pabOTKON OMHAKOBOTO
BPEMEHHOT'0 IIEpHo/1a, KOTOPBI 00padaTbIBaeTCsl BXOAHOM MOCIEI0BATEIbHOCTHIO.
B cBoro ouepens, 6maromaps Bropoit RNN Monmenupyercst BepoITHOCTh OYIyIIIX
MeTol, HpuHuUMas Bo BHHMMaHue mpouuiele. B CTC cersx mnpuMeHsIOTCA
JUHAMHYECKOE NPOrpaMMHUpPOBAaHUE UISI TOTO, YTOOBI BBIYUCISTH aJTOPHUTMBI,
a TaKXXe AJITOPUTMBI NMPSIMOTO W OOpaTHOTO IMepexofa, IMpW 3TOM NPHHUMAS BO
BHUMaHHe OrpaHn4deHus, npucyrcreyronme B AByX RNN. Ecnu cpaBauBars ¢ CTC-
cersaMu, Onaromaps npumeneHuro RNN mpeoOpazoBaternsi MOXKHO (OPMHUPOBATH
BBIXOZIHBIE TIOCJIENOBATEIBHOCTH, KOTOPHIE SBISIIOTCS Haubojee JIMHHBIMH, YeM
BXOJHBIE.

RNN mnpeobpa3zoBareny mpoaeMOHCTPUPOBAIHN JOBOJIBHO XOPOLINE PE3YIIBTATHI
B Ipouiecce pacrio3HaBanuu ¢ponem ¢ PER, xoropas pasna 17,7% u Gaszupyercs Ha
kopmyce TIMIT.

Ilpeonazaemas cucmema agmomamuyecko2o pacnosHA8aHUs pedll

B pabote MeTono10rHs BRIOIHATIACH CIIEAYIOIIUM CIIOCOOOM:

CTC-gynxyusn

CTC-dynkuus s oOydeHHsi HEHPOHHOM CETH MPUMEHseTCs B Buie (QPyHKINU
norepb. BpIXomHas TOCIEAOBaTENbHOCTh HEHPOHHOW CETH  ONMCHIBAECTCS
cnenyromeit  popmynoii: Y = fw(X). B BbixomHoil c0#i HeiipoHHOH cetn
BXOJIUT ONUH OJIOK Uil Ka)XJIOTO W3 CHMBOJIOB BBIXOIHOW MOCIENOBATEIBHOCTH,
a TaK)Xe IOIOJHUTENbHBIM cuMBoa ‘‘blank”. Bce KOMIIOHEHTHI BBIXOIHOM
MTOCJIEZIOBATENIFHOCTH — 3TO BEKTOpPA paclpeneleHrus BEPOATHOCTH ISl BCEX
cuMBOJIOB G B KOHKPETHBIH BPEMEHHOW MPOMEXYTOK f. MTak, KOMIOHEHTOM
' SBJISIETCS BEPOSITHOCTh TOTO, YTO B KOHKPETHBIM BPEMEHHON NPOMEXYTOK f
BO BXOJHOW MOCIENOBATEIBHOCTH OyleT MPOM3HECEH CHMBOJN k M3 MHOXECTBA
cUMBOJIOB G .
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Wrak, mycTb o SBISETCS MOCIEAOBAaTEIbHOCTBIO M3 CHUMBOJOB IJIMHBI T
U wuHAeKcoB blanks, cormacHo mo X. BepostHocts P(alx) mpexacramsercs
CIIeAYIOIUM 00pa3oM: MPOM3BEICHUE BEPOSTHOCTEH MOSBICHUS CHUMBOJIOB B
KayKIbIil BpEMEHHOM TIEpUOJ;:

P(alx) = [1{=1 y&, VaeG* (1)

Ilycte B — sABNSAETCS ONEPATOPOM, KOTOPBIA yAajsieT MOBTOPHI CHMBOJIOB U
blanks.

P(alx) = ZaeB‘l(y) P(alx) (2)

Brimeonucannast  ¢GopMyna BBIUMCISETCS € IOMOLIbIO JIWHAMHUYECKOTO
MPOrpaMMHUPOBaHUs], a HEUMPOHHas ceTh OyaeT oOyuyena muHUMH3HpoBate CTC-
(byHKIHIO:

CTC(x) = ~In(P(ylx)) 3)
HCKOI[I/IpOBaHI/IC OCHOBBIBACTCA Ha CIACAYIOLICM IMPEATIOJIOKCHUM
argmaxP(y|x) = B(a*) “4)

A€ ar = = arg max,P(alx)-

Attention-based model

Attention siBisieTcst MexannzMoM Encoder-Decoder, koTopblii ObL1 copMupoBaH
JUISL TOTO, YTOOBI YIYYIIMTh YPOBEHb TpousBoautenbHocTh RNN B mporecce
pacnio3HaBanus peud. llludparopom sBisieTcs HEWpPOHHAs CETh, K KOTOPBHIM
otHocatcs: DNN, BLSTM, CNN. OH u3MeHsIeT BXOJHYIO MOCJIEI0BaTeIbHOCTD

x = (x1, ..., % F) 9ro6GBI ONpPENENUTh NPU3HAKU B ONPEIETIEHHOE IPOMEKYTOUHOE
npexcrasnenue: h=(h, ..., h).
h =Encoder (xi, ..., xF) ®)]

Heumdparop (Decoder) — 310 o0brunbiid RNN, KOTOpBI HCmONB3yeT Hpo-
MEXXyTOYHOE MPEACTABICHUE IS TeHEPAIlMU BBIXOAHBIX TOCIIEA0BATEIILHOCTEH:

P(y|x) = Attention Decoder (h, y) (6)

B Bume aemmudparopa NPUMEHSIICS PEKYPPEHTHBIH TEHEpaTop IOCIen0-
BaTEIILHOCTH, KOTOPBIH Oa3upyeTcs Ha MEXaHU3ME BHUMAHUSL.

Jlannvie

Wndopmarust anms ananu3a Oblia TpeAcCTaBiieHa Onaromaps JiabopaTtopuu
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«KoMIbroTepHOM WH)XEHEPHHM HHTEIJICKTYyaJbHBIX CHCTEM». B CBi3M ¢ 3TUM
MPUMEHSITICH: TPOQeccHoHaNbHas 3ByKo3anuchiBaomas ctyaust Vocalbooth.com,
KOTOPAs SIBJISETCS LTyMOU3OJISIIIMOHHOM.

Cpenu aukTopoB ObLTH Jr0Au Oe3 mpobiieM ¢ pousHoLeHneM. Beero B 3anncu
ydactBoBasid 380 AMKTOPOB Pa3HOTrO Moia ¥ Bo3pacTa. [Ipornecc 03ByunBaHUS U
3aliCH OJHOTO AMKTOpa Mpoxoipkaics okono 50 muHyT. Kakaplid quxrop duTan
COOCTBEHHBIM TEKCT, KOTOPBII BKIIOYall B ce0sl CTO MPENJIOKEHUH, 3aliCaHHbIe
B oTAenbHble (aiipl. Kaxknoe npemiokenne BKIOYalo B ceOsl B CpEIHEM CEMb
CJIOB ¢ JocTaroyHo Ooraroil ponemoir. TekcroBas mHpoOpManus codupanach 3
HOBOCTHBIX CaliTOB, KOTOPBIE [TUIITY T HA Ka3aXCKOM S13bIKE, HO IPUMEHSUINCH U APYTHE
JaHHBIC, KOTOPBIE XPaHATCS B JIEKTPOHHOM Buje. B obmieil cl1oKHOCTH 3amuch
naHHBIX gocturna 123 4. B nepuox 3ammcu copMupoBaHbl TPAHCKPUITLIH, O
KOTOPBIMH TIOIPa3yMeBaeTCs ONMMCAHNE KAXKIO0T0 U3 aynno(dailyio, HO B TEKCTOBOM
Buzge. ChopMUpoBaHHBIN KOPITyC MO3BOJISIET, B MEPBYIO OYEpEb, OCYILIECTBIAThH
paboTy ¢ JOBOJIBHO OOJBIIMMH O0BEMAaMHU JAHHBIX, IPEAIararb XapakTepUCTUKN
cucreMbl. Kpome TOro, MO>kHO MccleqoBaTh TO, KaK BO3ACHCTBYIOT PACIIMPEHUS
0a3bl TaHHBIX Ha CKOPOCTb PACIO3HABAHUS TEKCTHI.

Aynromatepuaisl 007aJal0T HASHTHYHBIMH XapaKTePUCTHKAMU:

1. PCM — 310 MeTox oOpa3zoBanus daiina B qudpoBoii BuL;

2. 16 butHas pa3psaHOCTH Qaiina;

3. OguH ayauoKaHAT;

4. Wav — 370 pacumperue ¢aisos;

5. Yacrora 441,1 xI'1l.

B pamkax oOy4eHus MHTETpajbHOM CHCTEMBI NPUMEHSJIMCH ABa KOpIyca, K
KOTOPBIM OTHOCSITCS:

- Kopnyc typeukoro si3bika: http://www.tnc.org.tr;

- Kopmyc tarapckoro si3p1ka: https://commonvoice.mozilla.org/ru/datasets.

Peanuzayus

CucremMa MHTErpaJbHOrO pacro3HaBaHusi peun ¢ npumeneHunem CTC —
¢yHKMHu peaim3oBeiBaack ¢ npuMmeHeHneM TensorFlow. B sToii cucteme
npumMensics naecTpyMmeHT Eesen B Tensor Flow. Jlannas cuctema 1aét BO3MOKHOCTh
MIPUMEHSATH S3BIKOBBIC MOJIENH, KOTOphie ObLTH chopMupoBansl B Gopmare Kaldi,
HO JIOTIOJTHUTENbHAsI KOHBEpTauus MpH 3TOM He mpumeHsutack. Tensor2 Tensor5
MPUMEHSIIACh A7 TOTO, YTOOBI OCYILECTBISUIMCEH SKCIIEPUMEHTHI C MOJEIISIMH THIIA
Attention-based models.

OKCHEepUMEHTBl OCYIIECTBISUINCH € TMPHMEHEHHWEM cepBepa Supermicro
SYS-7049GP-TRT. Koudurypanust nanHoro cepepa o0liafaeT BBICOKOMPOM3-
BoauTensHOM BuaeokapToir NVIDIA TESLA P100.

Pe3yabrarsl

B skcnepumeHTax Ui M3BJIEYEHHUS MPU3HAKOB MBI HCIIOJB30BANU Mel-4dcC-
momuble kencmpaivHole kKodgppuyuenmor (MFCC) ¢ iepBbiMU 13 BRIYUCICHHBIMU
kod¢p¢unrenTamu. Bee nannbie 00yuenus ObUH paszieseHsl Ha oOyuatomue (90%)
1 niepekpECTHYIO POBepKy (cross-validation 10%).
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Ha BropoM »rame 5KcHepuMEHTa MBI OIMIIEM Pe3ylbTaThl MOJCTH Ha
ocHoe ¢ynkuuu noreps CTC. Pesymerarel coorBercTBytomux CTC-moneneit
npezacrasieHs! B Tabnuue 1. B nccnenoBanusax Mbl HCTIONB30BaIN HECKOIBKO TUIIOB
Heiiponnsix ceteii: ResNet, LSTM, MLP, Bidirectional LSTM. IIpensaputensnas
HacTpOlKa HEHPOHHBIX ceTel 0e3 S3bIKOBOM MOIENM Jaja HaM HaWIydllne
Ppe3yNbTaThL:

MLP: 6buto 6 CKpBITHIX cioeB ¢ 1024 y3maMu, Ipu UCTIOIB30BAHUU (PYHKITUH
aktuBaimn ReLU ¢ HaganmpHOM ckopocThio oOydeHus, pasnoir 0,007, u
K03(GHUINEHTOM 3aTyXaHHs, paBHBIM 1,5.

LSTM: 6b110 6 ciost ¢ 1024 enuHUIIAMH B KQXKIOM C BBINIaZeHUEM, paBHBIM 0,5
C, HauaJIbHOH CKOPOCTHIO 00y4deHus, paBHoii 0,001, u koadduIeHToM 3aTyxaHus,
paBHbIM 1,5.

ConvLSTM: ncnonb30BaH OMH AByMEPHBINA CBEPTOUHBIN CJI0H ¢ 8 puiIbTpamuy,
¢ynkius aktuBaunu ReLU. 3arem OH BBIMAZaeT ¢ BEPOATHOCTBIO YIEpXKaHUS,
pasHoii 0,5.

BLSTM: ucnons3oBain 6 cioes ¢ 1024 eauHUIIaMH U BBIIAAAI C BEPOSITHOCTHIO
yaepxanusi, pasuoii 0,5.

ResNet 0b110 9 ocTarounbx 0110K0B ¢ HOpManm3anuei (batch-normalization).

B nepBom skcniepuMmente i Mozeneil mudparop-aemmdparop, 0CHOBaHHBIX
Ha MexaHn3Me BHUMaHUs (attention-based models), m1st n3BnedeHUs MPU3HAKOB
MBI Hcnonb3oBanu anroput™M MFCC.

B nepBom skcniepuMmenTe i Mozeneil mugparop-aemmdparop, 0CHOBaHHBIX
Ha MeXaHn3Me BHUMaHUs (attention-based models), m1st n3BneUeHUs PU3HAKOB
MBI ucnonb3oBasu anroput™ MFCC, mist o0yuenns HeHpOHHON CeTH MPUMEHSIIN
¢yskmuro CTC. MBI He UCTIONB30BANIN SA3BIKOBBIC MOZENH B TAaHHOW Moxaenu. Bo
BTOPOM 3KcriepuMeHTe Mbl ucnonb3oBaid MFCC u si36Ik0BbIE MOZIETIH.

Tabnumna 1 — Pesynsrarer CTC-Moneneid.

Moness | CBER% | WER% | Decode Train

Mozenu, He MCIIONB3YIOMIUE A3BIKOBBIE MO,

MLP 48.11 59.26 0.2032 131.2
LSTM 36.43 46.51 0.2152 421.3
Conv+LSTM 34.92 39.31 0.2688 465.2
BLSTM 33.61 37.66 0.2722 491.7
ResNet 32.52 36.57 0.2657 192.6

Mognenu, ucnone3yromnue s3p1x0Bbie Mogenu u MFCC.

MLP 39.11 63.26 0.0192 146.2
LST™M 24.43 46.51 0.0152 521.3
Conv+LSTM 22.92 39.31 0.0088 465.2
BLSTM 13.61 20.66 0.0022 591.7
ResNet 11.52 19.57 0.0051 242.6

B cnenyroniem skcrepuMeHTE Mbl OpUMEHsUIM HeMpoHHble cetd LSTM u
BLSTM. B narteii Moneau UCOoIb30BaIOCh 6 ¢JI0eB o 256 eIUHULL C HaYyaIbHBIM
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YMEHbBIIIEHHEM OTCEBa IMPH BEPOSTHOCTH coxpaHeHHUs B xoxepe 0,7. B kadectse
nexogepa Mbl  ucnomb3oBand  LSTM  u  mmdparop-gemmdparop Moapenw,
OCHOBaHHBbIE HAa MexaHW3Me BHHMMaHUs (attention-based models). Pesymbrarst
MOYKHO YBHJIETh B TaOnuIe 2.

O0cyxnenne

[IpoBeneHHBIE HAMU SKCIIEPUMEHTHI JJokaszanu, uto moaeias CTC paboraer 6e3
SI3BIKOBBIX MOJIENIEH HETOCPEACTBEHHO IS arrTIOTHHATHBHBIX SI3BIKOB, HO BCE
paBHO Hanmy4inM siBisieTcst ResNet ¢ pesynsrarom CER, paBabIM 11,52% 1 WER,
paBHBIM 19,57%, ¢ ncnONB30BaHHUEM SI3BIKOBOW MojenH. TakuM oOpa3om, MOKHO
YBUETD, UTO S3BIKOBAS MOJIEIb SABISICTCS BaXKHON YaCThIO PACIIO3HABAHUS PEUH.

Tabmuma 2 — Pesynsrarsl mmgpaTop-aemupparop MOIETH, OCHOBaHHBIE HA MEXaHU3MeE
BHUMaHUA (Attention-based models).

Mopens CER% WER% Decode Train
LSTM 8,61 17,58 0,468 476,7
BLSTM 8,01 17,91 0,496 5443

Mognens CTC pomyckaeT omMOKHM B MOCTPOCHUH CIOB M TNPEUIOKCHUH U3
pacro3HaHHBIX CUMBOJIOB, HO MOJydeHHas hOHEMaTn4ecKas TPAaHCKPHUIILIUS OYeHb
noxoxaHaopurusai. Honocue skcriepuMeHTa Mbl 0OHAPYKHITH, YTO HCIIOIb30BaHHE
mmdparop-gemudparop MOAENH, OCHOBAaHHOW Ha MEXaHM3ME BHUMAaHUSA
(attention-based models) a7 armIIOTHHATUBHBIX SA3BIKOB 0€3 MHTEIPUPOBAHUS
SI3BIKOBBIX MOJIENEH, TI03BOJISIET JOCTUYD XOPOILINX pe3yasraroB. HeliponHas cetpb
BLSTM c nomouipto mudparop-nemundpaTop MoAeTH, OCHOBAHHON Ha MEXaHU3ME
BHUMaHUA (attention-based models), mokazamna pesynsrar CER, paBhbriii 8,01% u
WER, pasnsiii 17,91%.

3axkino4eHne

B ato0ii pabote MBI paccMaTpuBaeM 3aady paclo3HaBaHUs arrIIOTUHATHBHBIX
SI3BIKOB C IIOMOILBI0 HHTETPAILHOTO MOAX0Aa, Takux Kak Moness CTC u mudparop-
nemrdparop MoOIeNd, OCHOBAHHBIX HAa MeXaHHM3Me BHUMaHHs (attention-based
models). [Ipu npoBeneHnU SKCHEPUMEHTa MBI WCIIOJIB30BAJIM Pa3IMYHOTO BHIA
apxuTeKTypbl HelipoHHbIX ceTel: MLP, LSTM n nx monudukanny, a Takxke ResNet.
B pesynbprare skcnepruMeHTa MbI 1OKa3aiH, YTO 0€3 MHTEIrPUPOBAHUS S3BIKOBBIX
MoJeJieil MOXKHO JOCTHYb XOPOIINX pe3ynbTaTtoB. Hanmydimii pe3ynprar nokasanu
ResNet. B nganHOM skcnepuMeHTe OBUIM IOCTUTHYTHI XOPOLIME PE3yJIbTaThl,
Jydqie, yeM 0a30Bble THOPHUIHBIE MOJCIIH.

B Oynymem muiaHupyeTcs NpOBENEHHE SKCIEPHUMEHTOB C HCIIOJIb30BAaHHEM
JOPYTHX TUIIOB MOAENEH Ul U3BJICUEHHs IPU3HAKOB M AJISl PacllO3HABAHHS PEUH.
Byner npumensThest Mmozenb ycnoBHO ciaydaiinble nons (Conditional Random File).
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Abstract. The article is devoted to the study of a well-known steganographic
method using an interpolation algorithm. Image magnification algorithms directly
affect the quality of image magnification. In this paper, the experiment was carried
out on the basis of bicubic interpolation. Bicubic interpolation is most often used in
image processing, giving a better picture compared to bilinear interpolation. Many
authors have investigated this method, and a good review of existing works was
made on our part. We also performed regular — singular value analysis (RS) and
obtained the results, the steganographic algorithm is considered resistant to this
type of steganalysis. Effective methods of entering hidden information into images
using bicubic interpolation type are considered. Experiments were carried out and
the results were presented in tabular forms for convenience. The results proved
that this method will be used in the future. Also in this article, issues related to the
construction of a secret communication channel by embedding hidden messages in
digital content (image) were considered, the scope and secrecy of implementation
were studied. The experimental results give the user recommendations on how to
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use the algorithm to achieve optimal results in accordance with various fields of
application. In the future, it is planned to introduce and investigate implementation
methods using other interpolation methods.

Keywords: bicubic interpolation, steganography, images, steganalysis, secret
message
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AHHOTanuMsA. Makana WHTEPIOAIMS aJrOPUTMIH KOJIIaHa OTBIPBII, Oenrimi
cTeraHorpadUsIIBbIK SIICTi 3epTTeyre apHaiFaH. KeckiHail yikedTy anroputmaepi
KECKiHJl YJKCHWTy camachlHa TiKeled ocep eremi. Bys jKymbpIcTa 3KCIEPUMEHT
OWKYOTBIK WHTEPIOJSIHA HETi3IHAe JKYpri3ijami. BUKyOTBIK WHTEpPIONSIISL
KeOiHece KecKiHepli oHAeye KOIJaHbLIA TbI, OYIT €Ki CHI3BIKTH HHTEPIIOISIIUIMEH
CaNBICTBIPFaH/Ia JKaKChl KeckiH Oepeni. Kenreren aBTopmap Oyn omicTi 3epTremdi
JKoHe O13/1iH TapanbIMbI3IaH 0ap )KYMBICTAPFa KaKChI IOy yKacanasl. biz conmaii-
aK TYpaKThl CHHTYISIPIBIK MoHAepAi (RS) Tammanbik oHe HOTHXKENEpPiH albIK,
cTeraHOTpaUsAIIBIK AITOPUTM CTETAaHAIIM3/IIH OCBI TYPIiHE TO31M 11 OOJIBIT CaHAIA b
WHTepnonsauusiHbIH OMKYOTBIK TYpiH KOJJaHa OTBIPBIN, CYpETTEPre >KACBIPHIH
aKnaparThl eHTi3YIiH THIM/I 91icTepi KapacThIPBIIIBL. DKCIIEPUMEHTTE XKYprizingai
JKOHE BIHFAMIBl OOMy VIINIH HOTIDKENEP KECTENIK TYPAE VCHIHBUIABI. AJBIHFaH
HOTIDKENep Oyl omicTiH Oojamakra KOJNAAHBUIATHIHBIH nonenaeni. CoHpaii-ak,
Oyl Makanana CaHIbIK CypeTke (KEeCKIHre) »KachIpblH xabapiamaiapisl €HTrizy
apKbUTBI KYIHs OalilaHbIC apHACKIH KYPYFa KaThICThI Maceneep KapacThIPbUIIHI,
iCKe achIpy/IbIH ayKbIMbl MEH KYIHUSUTBUTBIFI 38PTTEN I, DKCIIEPUMEHT HOTIDKENEPi
naianaHymibpFa OpTypili KOJIJAaHy OpTanapblHa COHKEC OHTAMIIBI HOTHXKEIepre KO
JKETKI3y YIIiH aJroOpUTMII Kalail maijaiany KepeKTiri Typajbl YChIHBICTAp Oepeti.
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bonamrakra MHTEPHONSAIMSHBIH Oacka OMICTEpiH KOJIaHa OTBIPHIN, iCKe achIpy
OMiCTEpPiH EHTi3y )KOHE 3epPTTey )KOCIapIaHy/a.

Tyiiin ce3gep: OuWKYOTHIK WHTEpHONALMS, CcTeraHorpadus, cyperrep,
CTeraHajms3, Kymus xabapiama
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AnHoTramus. CraTes TMOCBSILEHa HCCIEIOBAHHIO XOPOLIO HM3BECTHOTO
CTEraHorpa)Mueckoro MeToJa C HCIOJIb30BAHUEM aJTrOPUTMAa WHTEPIONSIHH.
AJTOPUTMBI  YBETMYCHUSI H300paKCHUS HANpPSIMYI0 BIUSIOT Ha KadeCTBO
yBeIHYeHHUsT n300pakeHusi. B nmaHHOW paboTe SKCIepUMEHT ObUT MpOBEACH Ha
OCHOBe OMKyOMUecKoi nHTepnoysmy. bukyOndeckass HHTEPIIOJSIHUS Jalie BCero
UCTIONB3yeTCsl TpH 00padoTKe M300paXKeHWid, naBasi Jydllee HW300pakeHUe IO
CpaBHEHHIO C OWJIMHEHHOW MHTepnomseii. MHOTHE aBTOPBI MCCIIENIOBAIN 3TOT
METOI, M C HallIe CTOPOHBI OBLI ClIeNIaH XOPOILIHI 0030p CYIIECTBYOLIHX padboT. MbI
TaKKe BBIITOJHWIN aHAJIN3 PETYIAPHBIX CHHTYJSIpHBIX 3HaueHuHd (RS) u nmomyunnn
PE3yIBTATHI, CTEraHOrpa(uIeCKUif AITOPUTM CUUTACTCS YCTOMYMBBIM K STOMY THITY
crerananmusa. Paccmotpensl 3 eKTHBHBIE METOIBI BBOJIA CKPBHITOH MH(MOPMAIINU
B M300paXEHMSI C UCIIOJIH30BAHUEM OMKYOMUYECKOTO THIA MHTEPHOJISIHMU. bpum
MPOBE/ICHBI SKCIIEPUMEHTHI, H PE3yJIbTaThl Ul yI00CTBa OBLIHM IMPEACTAaBICHBI B
Tabnmu4HOM (opme. Pe3ynbrarsl 0Ka3aad, 4TO ATOT METOX OyIEeT UCIIOIb30BaThCS
B Oynymem. Tarxoke B 3TOH crarhe OBUTH PacCMOTPEHBI BOIPOCHI, CBSI3AHHBIC C
MOCTPOEHHEM CEKPETHOTO KaHalla CBS3H ITyTEM BCTPAaUBAaHUSI CKPBITHIX COOOIICHHI
B IU(POBOA KOHTEHT (M300pakeHWE), W3ydYeHBl MacImTabbl W CEKPETHOCTh
peanu3anuu. Pe3ynbrarbl SKCIIepUMEHTa AAlOT IMOJB30BATEII0 PEKOMEHIALMH O
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TOM, KaK MCIOJIb30BaTh aJITOPUTM JUISl JOCTHIKECHHS ONITUMAIIBHBIX PE3YJIBTaTOB B
COOTBETCTBUU C pa3IMUHBIMK 00ONacTsIMU NpUMeHeHus. B Oyaymem rranupyercs
BHEJIPUTH U UCCIIEA0BATh METO/IBI PEaIN3aIMH C UCIIONb30BaHMEM APYTUX METOIOB
MHTEPIOJISLHN.

KaroueBbie ciaoBa: OukyOndeckas MHTEPHOJSIHS, CTeraHorpadus, u3o0pa-
’KEHHsI, CTETaHAJIN3, CEKPETHOE COOOIICHUE

Introduction

There is an enormous amount of media content being transmitted on the Internet.
Much of this data is a source of income for its creator and is seen as an object of
copyright protection. Given the ease and zero cost of reproduction (creation of a
copy) of any file, there is aneed to trace its path (from the creator to the end consumer,
including the unlicensed one). One of the most effective solutions to this problem
is the use of steganography techniques, which use secret messages embedded in
the file. Such messages can either identify the author (digital watermarks) or the
end user (digital fingerprint) (Daiyrbayeva et al., 2021; Cherikbayeva et al., 2021).

In scientific publications there are works aimed at creating new methods of
embedding and at creating new methods of detection (stegoanalysis). The latter
are used to detect the facts of information leakage, for example, through official
correspondence. Thus, there is an urgent need to analyze existing infiltration
methods and create new and effective methods of infiltration of hidden messages
(Daiyrbayeva and Yerimbetova, 2021)

Given that the most common type of files transmitted on the Internet are
pictures, then the current study focused on the introduction of hidden information
in images. Thus, one of the modern approaches of steganography is based on
interpolation methods. In particular, the application of interpolation techniques for
message embedding, which, in a sense, is a discrete analogue of a hologram, and
is commonly used to recover signals and images that have been affected and have
resulted in a large loss of information, is investigated (Berikov et al., 2021; Singh
etal., 2019).

There are many algorithms for increasing the resolution and scaling of digital
images. The simplest methods, called linear ones, perform interpolation using
polyphase filtering. This class includes the nearest neighbor method, bilinear and
bicubic interpolation, the Lanczos filter, etc (Vaganov et al., 2016)

Popular image zoom methods are methods based on pixel color interpolation.
The principle of operation is that for each point of the final image, a fixed set of
points of the original image is taken and interpolated in accordance with its mutual
position and the selected filter. The number of points also depends on the filter. A
degenerate case of interpolation methods is the nearest neighbor method.

If steganography aims at imperceptibly transmitting data embedded in an
image so that the fact of embedding itself remains unnoticed, then steganographic
analysis (steganalysis) is aimed at detecting embedded data, i.e. the fact of
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embedding. Computer steganography involves the introduction of data into
almost any container, data loss is possible (bmp, gif, jpeg, etc). In practice, the
most common method is the introduction of data into digital images, at the same
time, the stegoanalysis of digital images is the simplest and most studied, so all
the methods under consideration will be shown by the example of images. Also,
a container means an object in which data was embedded to hide. Many methods
of steganalysis are based on detecting deviations of the observed multimedia
information (stego) from its expected model. The class of statistical methods of
steganalysis uses a variety of statistical characteristics, such as: entropy estimation,
correlation coefficients, probability of occurrence and dependencies between
elements of sequences, conditional distributions, distinguishability of distributions
according to the Chi-square criterion, and many others. Simple tests evaluate the
correlation dependencies of container elements into which hidden messages can be
embedded.

When studying the issues of image steganalysis, a comprehensive analysis of
existing works was carried out.

The article (Dryuchenkoe et al., 2022) discusses the problem of digital image
steganalysis. The authors presented a new approach based on the use of deep
convolutional neural networks with a relatively simple architecture, characterized
by the use of additional levels of special processing. Experiments were carried
out for several well-known stego algorithms (including the classical block and
block-spectral Kutter, Koh—Zhao algorithms, modern EMD, MBEP algorithms and
WOW and S-UNIWARD adaptive spatial steganography algorithms) and for stego
algorithms based on the use of heteroassociative compression transformations.

The article (Nechta, 2019) discusses the development of a new method for
embedding hidden messages in various containers (text, executable files). A
new method of steganographic transformation of a binary message is presented,
which allows embedding hidden data. It is proposed to convert a message taken
from an empty container. The original message is processed as a set of two-bit
elements. A sequence of non-repeating elements, called a series, is used to embed
a secret message. The embedding was done by rearranging the elements inside the
string. The proposed algorithm allows you to simulate the statistical features of a
message taken from an empty container, which reduces the likelihood of successful
steganalysis. During the experiment, the statistical properties of the message taken
from the container before and after embedding were investigated. The analysis was
carried out using previously known steganalysis methods based on the detection of
statistical differences in messages taken from empty and filled containers. But the
use of this algorithm for images is not taken into account.

The article (Agaian et al., 2004) presents a new approach that focuses on the
following problems: detection and localization of informative stego areas in digital
clean and noisy images; removal of hidden data along with minimizing statistical
differences between stego images and a deleted image with stego information. The
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new approach presented by the authors is based on a new pixel comparison and a new
dimension of complexity. Also, this new measure identifies informative and wall-
like areas of the image for the purpose of steganalysis by preserving informative
areas and discarding stegoid areas. According to the authors, this method can be
used to compress data and conceal classified information in both temporary and
transformed areas. It is necessary to pay attention to the fact that it does not depend
on the order of color vectors in the palette.

In the work of the authors (Vovk et al., 2015), a proprietary method of embedding
information in still images is proposed. The new algorithm used additional cropping
and stability blocks during the previous image processing. A comparative analysis
of the existing and proposed steganographic system based on quantitative and
qualitative characteristics was also carried out. The synthesized method showed
excellent results relative to the most common methods and resistance to statistical
steganalysis, without detecting significant deviations of the calculated parameters.

The purpose of this work is to investigate the bicubic interpolation method by
conducting steganalysis by available means. To conduct the research, we will use
RS analysis as the main method of image steganalysis.

Methods and materials

Image scaling is one of the classical problems of computer graphics. A special
case of this problem is to reduce and increase the image size by half. These methods
play a special role in the compression of raster images, where the overall coding
efficiency depends on the quality of approximation.

In this paper, we will investigate a shorthand algorithm for embedding
information into digital images using bicubic interpolation.

During the study, an analysis was made of the existing works of authors who are
engaged in the study of interpolation, in particular bicubic interpolation:

In the work (Vaganov, Khashin, 2016), a comparative analysis of the quality of
some interpolation non-adaptive methods of doubling the image size was carried
out. The value of the standard deviation was used as an estimate of the accuracy
(quality) of the approximation. The description of interpolation doubling algorithms
is given, such as: the nearest neighbor method, linear and cubic interpolation,
convolution interpolation with the Lanczos kernel (for a=1, 2, 3), as well as the
17-point interpolation method.

Also in the work (Veselov et al., 2010) the questions of interpolation are
investigated. The results obtained in the work will help to create detailed methods
for assessing the quality of digital images obtained by modern digital aerial
photography systems, as well as to evaluate the technical characteristics of the
latter using various types of dashed test polygons.

The article (Trubakov et al., 2017) describes the issues of effective scaling
of raster images. The reasons for the appearance of negative effects that occur
when increasing the resolution of raster images are considered and analyzed. The
efficiency of such methods as the nearest neighbor method, bilinear interpolation
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and bicubic interpolation is analyzed. The method of experimental research
is considered, the results of comparing algorithms for the quality of the images
obtained and the speed are presented. The result of the study is recommendations
on the choice of algorithms for increasing the resolution of images.

The paper (Dangwen et al., 2010) discusses the issues of image interpolation.
Image interpolation is a method of obtaining a high-resolution image from its low-
resolution counterpart, which is often required in many image processing tasks.
In this paper, the authors propose edge-oriented bicubic convolution interpolation
(BC). The proposed method can adapt well to changing edge structures of images.
Experimental results show that this reduces common artifacts such as blurring,
blocking and ringing, etc., and significantly exceeds some existing interpolation
methods (including BC interpolation) in terms of both subjective and objective
indicators.

The authors (Yingmin et al., 2019) in the article considered a bicubic algorithm
for image scaling. The bicubic algorithm has the advantages of more accurate
image magnification and higher processing speed. Currently, bicubic amplification
technology is used in many image processing programs. The authors proposed an
improved bicubic interpolation algorithm. Unlike the traditional algorithm, which
sets the key parameter a to - 0.5 to guarantee a third-order Taylor approximation, we
remove such a requirement, since this value is applicable only to the interpolation
of a flat area, while the change in the pixel value of the image is often irregular by
direct optimization of the standard deviation of the image, we obtain an optimization
function of a higher order. At the same time, a new variable is introduced to replace
the a2 term of the optimization function, so that a higher-order optimization problem
can be transformed into a least squares problem. Experiments show that optimized
parameters have a better reconstruction effect, and obtaining optimized parameters
is directly related to image magnification, and the image itself has little effect.

In the article (Watchara Ruangsang et al., 2017), experimental results are
verified using processing time and reconstructed images that can be used in real-
time applications.

The authors (Shengkui Gao, 2011) present methods of bilinear and bicubic
interpolation adapted for the separation of the image polarization sensor in the focal
plane. This article discusses five interpolation methods: bilinear, weighted bilinear,
bicubic spline, approximated bicubic spline and bicubic interpolation method. The
modulation transfer function analysis is applied to various interpolation methods,
and test images as well as numerical error analysis are also presented. Based on
the comparison results, full-frame bicubic spline interpolation provides the best
performance for polarizing images.

The paper (Yongxing Zhang et al., 2022) presents traditional methods of image
sampling reduction aimed at removing smoothing artifacts. However, the effect on
the quality of an image interpolated from an image with reduced sampling is usually
neglected. To solve this problem, the authors propose an interpolation-dependent
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downsampling of the image, where interpolation is associated with downsampling.
Numerous experimental results demonstrate the viability and effectiveness of the
method proposed by the authors.

Basically, any stage of digital image processing has an impact on its quality.
Currently, popular methods of image scaling are methods based on pixel color
interpolation. The principle of operation is as follows, i.e., for each point of the
final image, a fixed set of points of the original image is taken and interpolated in
accordance with their mutual position and the selected filter. The number of points
also depends on the filter (Sazonov et al., 2013).

The essence of interpolation is to use the available data to obtain the expected
values at unknown points. Image interpolation works in two dimensions and tries
to achieve the best approximation in pixel color and brightness based on the values
of the surrounding pixels (Ki — Hyun Jung, 2009; Bialas-Cie’z and Calvi, 2012).

The simplest type of interpolation method is as follows: n+1 at the point of the
segment [a,b/, the interpolation node is x,(i=0,1,2,...,n) and the values of the f{x)
function are given at these points: S) =y, f(x) =Y f[(X,)=,.

Bicubic interpolation is in computational mathematics an extension of cubic
interpolation to the case of a function of two variables whose values are given
on a two — dimensional regular grid. The surface obtained as a result of bicubic
interpolation is a smooth function on the boundaries of neighboring squares,
unlike surfaces obtained as a result of bilinear interpolation or nearest neighbor
interpolation (Kameneva, 2016).

One of the methods of bicubic interpolation is sequential cubic interpolation, the
value of the function /" is found by the formula (Eq.1):

S(A=~=) fO.,-) fd,=D) f(2,-1) 1
JO.= f0.00  f1O)  f(2.0) | ¥
SA=H FO.H  FADH (2D x
S@2.-  f0,2) f(1L2) [(2,2) x

S(x,y)=[1y’y'14

One of the main methods of statistical steganalysis is the RS method, which was
developed by Friedrich et all. in 2001.

The method is based on the analysis of disjoint groups of n adjacent pixels, # is
even (Fridrich, 2001). After selecting the groups, a regularity function is introduced
— a function that matches one real number to one group and shows the regularity
of the pixels of the group. The value of the regularity function should be the greater
the noisier the pixel group is.

As a function of regularity, the sum of the absolute differences (the sum of the
differences in values) of the neighboring pixels of the group is selected (Eq.2):

S(G) = f(&s a8 )= 2|2 — &,

)
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Where G is a group of pixels; g, — is the i" element of the group of pixels G; n
is the number of pixels in the group.

After calculating the values of the regularity function for all groups of the
analyzed image, a group of flip functions («flipping functions») is determined.

The main feature of the RS — method is that it analyzes the quantitative
characteristics of small groups of pixels. In this connection, although it is not able
to detect the area of potential embedding, it can detect an autopsy performed in
random bits, and not sequentially (Vilkhovsky, 2020).

The RS analysis method is used to detect LSB embedding and uses a sensitive
method — double statistics obtained from spatial correlations in images (Swain,
2022; Sahu et al., 2019; Daiyrbayeva et al., 2022).

Results

To conduct the experiment, a program was written in the Python environment.

First, a picture is fed to the input, then the bicubic interpolation method was
used to enlarge the picture. The following steps describe the use of this method:

Connect the file where this method is written in the form of code.

Fig.1 From interpolation, import bicubic

In Fig.1, we take the bicubic method from a file called interpolation, where the
logic of enlarging the image is written.

2. We use the cv2 library to read/write the image.

import cv2

3. Create a path string and assign the location of the image there as a string, for
example, as “res_img/interpolated-without-secret/test.png”.

path = “res_img/interpolated-without-secret/test.png”
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4. Create the img variable, where we will store the pixel value as an array using
the cv2 library.

img = cv2.imread(path)

in the cv2 library there is an imread method — for reading an image that takes the
location of the image. That’s where we sell our path.

5. As soon as we read the image and turned the pixel value into an array, we store
the response received through the bicubic method in the new variable interpolated.

Interpolated = bicubic (img, a, b)

the bicubic function takes 3 parameters as image, scale and coefficient!

To embed a secret message in our interpolated image, the method «embedding a
symbol through the k™ step» was used. This is a fairly simple method. The meaning
of this method is to select the optimal step for embedding.

Actually, we will describe the steps of encoding and decoding.

Coding Steps:

1. Get the location of the interpolated image, determine which pixel will change
(R,G,B).

2. Get the message.

3. Choose step k.

4. We run through all the pixels and through the k™ step we symbolically change
the pixel value to the ASCII character code.

5. As we change the value of the last character to the current pixel, the value of
the next pixel will be stop — 0.

6. We return the modified image as an array.

Decoding Steps:

1. Get the location of the interpolated image.

2. Choose step &

3. We run through all the pixels and after the kth step we take the pixel value by
character, change them from ASCII code to a character.

4. Finish the stop loop — 0.

5. Return the hidden message.

Encoding and decoding is spelled out as a function. Encoding takes three
parameters: the location of the image, the message and the step. Decoding takes
only two parameters: the location of the image and the step.

The choice of the optimal step depends on you; I would suggest a LCD (the
Largest Common Divisor).

To evaluate the steganographic algorithm based on bicubic interpolation, we
will use the RS method.

When using the RS method, we introduce the concept of a container. A container
is any information intended to hide a message. The choice of the type of container
has a significant impact on the reliability of the stegosystem and the possibility of
detecting the fact of transmission of a hidden message. When working, a visual
container was used. A visual container is a picture or photograph in which small
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changes in the brightness of predefined image raster points are used to embed
messages.

The empirical capacity of a container is the maximum amount of information
that can be written to the container when using the embedding method. The
analyzing RS — analysis program outputs the amount of embedded information (L)
as a percentage of the empirical capacity of the container, which is calculated as
when embedded (Fig. 2).
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Fig2. RS analysis implementation window

The maximum container capacity in the experiment is 12% and depends on the
image.

During the study, 500 (Digital image interpolation, 2021) images of the size
225x225 were used. The results of calculating the type I error are shown in Table
1, where it is shown that the error is 0%. The results of RS analysis are shown in
Table 2, according to which it can be seen that the method is relatively resistant to
RS analysis.

Table 1 — RS analysis on a set of empty containers (500 images)

L 0% 1-4% 5% or more
File share 225x225 50 49,6 0,4

Table 2 — RS analysis on a set of containers filled using the bicubic interpolation method by 12%

L 0% 1-4% 5% or more
File share 225x225 33,6 64,2 2,2
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Obviously, the less information we embed in the image, the less likely it is that
detectable features will appear as a result of the implementation process.

Also in the conducted study, we determined the volume of containers filled
using the bicubic interpolation method by 12% (Table 3).

Table 3 — Volume of containers filled using the interpolation method by 12%

Archiver Volume of empty containers Volume of filled containers
RAR 107MB 141MB
ZIP 187MB 198MB
GZIP 188MB 199MB
BZIP2 156MB 174MB
Discussion

We experimentally implemented bicubic interpolation. A stegoanalysis of this
embedding method was carried out, and results were obtained that can be compared
with the stegoanalysis of the methods considered in the work (Merzlyakova, 2011).

Based on the results of the study on a set of 500 images of size 225x225, we
determined that the percentage of embedding is 12%. The obtained results of
calculating the type I error (the case when a filled container is recognized as empty)
showed that the error is 0%. The final results of the RS analysis are shown in
Table 2, according to which it can be seen that this method is resistant to the RS
method and is comparable in durability and capacity with the stegosystem of the
permutation method for raster images considered in the work (Merzlyakova, 2011).

Conclusion

The most common interpolation method is bicubic, in which all surrounding
pixels are examined for information to create new interpolated pixels. We have
implemented and researched a steganographic algorithm based on bicubic
interpolation. Based on these principles, a steganalysis of this embedding method
was carried out and the results were obtained.

Also, during the study, issues related to the construction of a secret communication
channel by embedding hidden messages in digital content (image) were considered,
the scope and secrecy of implementation were studied.

In the future, it is planned to implement and investigate implementation methods
using other interpolation methods.
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Abstract. Automated processing of aerospace information allows to effectively
solve scientific and applied problems of cartography, ecology, oceanology, mineral
exploration and development, agriculture and forestry and many other fields. At
the same time, the main way to obtain information is to decode images, which are
the main carrier of information about the area. Aerial images are a combination of
natural textured areas and artificial objects. Texture features are used to solve tasks.
Much attention is paid to the development of software tools that allow the extraction
of features that describe textural differences for the segmentation of texture regions.
This approach is universal and has great potential in researched aerial imagery
to identify objects and boundaries of regions with different properties using
clustering based on images of the same surface area taken in different vegetation
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periods. That is, the question of the applicability of sets of textural features and
other parameters for the analysis of experimental data is being studied. This article
discusses the factors that negatively affect the growth of wheat, including the
methods of analyzing textural features to determine the focus of weeds, on the plot
of land belonging to the A.l. Baraev Research Institute, cadastral number 01-012-
025-040:42. Spectral brightness coefficient (SBC), NDVI, statistical and structural
methods of orthogonal transformation, clustering are used to solve the tasks. The
textural features of the analysis of textural images are considered in the article,
and informative textural features are defined for identifying factors that negatively
affect the growth of agricultural crops.

Keywords: textural features, agricultural crops, image processing, space images
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AHHOTANMSA. ADPOFApBIMTHIK aKMaparThl ABTOMATTAHJABIPBUIFAH  OHJCY
KaprorpadusHbIH, OSKOJOTUSHBIH, OKCAHOJOTHSHBIH, Malgamsl Ka30amap/sl
Oaprmay MEH WIepy/iH, ayblUl »KOHE OpMaH IIapyallbUIBIFBIHBIH KOHE Oacka na
KOMTEreH calaiap/blH FRUIBIMH KOHE KONIAHOATbI MOCeeNepiH THIMAI IIeTyre
MYMKiHAIK Oepeni. CoHbIMEH Oipre, akmaparThl aly[IblH HETi3ri jKOJIbl — aiMak
Typajibl aKHapaTThIH HETi3Ti TaChIMAJIAYIIBICHl OOJBINT TaOBUIATHIH KECKIHAEP/i
JeKOATaY. ASPOFAPBIIITHIK CYpeTTep TAOUFU TEKCTYPaIbl aiiMakTap MEH JKacaH bl
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OOBEKTUIEP/iH KOCHIHIBICH OOMNBINT TaObUIaABl. TamchlpManapsl IISNly YIIiH
TEKCTYpaJlbIK MYMKIHAIKTEp KOJJIAaHbBLIAJbI. TekcTypa aiiMakTapblH CEIrMEHTTEY
YIIH TEKCTYpasblK aiblpMaIIbUIBIKTAPIBI CUITATTANTHIH MYMKIHAIKTEpAi Oeim
KepceTyre MYMKIHAIK OepeTiH OarmapiamalblK Kypajaapabl o3ipieyre Kell
KeHin Oemineni. byn Tocinm omOeban GobIn TaOBUTAAB! XKOHE SPTYPIi BereTanus
Ke3eHJIEpiH/Ie TYCipiireH Oip OeTKi aymaHHBIH CypeTTepi Heri3iHIe KiacTepieyli
naijanaHa OTHIPHIN, OOBEKTIIEp MEH OopTYpii KacueTTepi Oap aimMakTapbIH
IIeKapasiapblH aHBIKTAY YIIIH 3epTTENETiH a3POFAPBIIITHIK KECKIH/IE YIIKSH dJIeyeTKe
ve. SIFHU, SKCTIEPUMEHTTIK MOIIIMETTEepAl Taijay YIIiH TeKCTYPaNbIK OeNriiepaiH
XKoHe 0acka J1a mapaMeTpiepIiH >KUBIHTHIKTAPBIHBIH KOJNJIAaHY MYMKIHIITI Typajbl
Mocene 3eprrenyne. byn makamama A.M. BapaeB arelHIarbl FBUIBIMH-3EPTTEY
WHCTUTYTBIHA THecTl kKamacTpiblk HeMipi 01-012-025-040:42 xep ywackeciHme
OumaliiblH ecyiHe Tepic ocep eTeTiH (akTopiap, COHBIH IlIiHIE apanMenTep
OIIIAFbIH aHBIKTAy VIIiH TEKCTYPAaJbIK OENTilepli Tauaay 9iCTepi TaIKbLUIaHAbI.
Koiiburran MiHAETTEp I NIy YIIiH CHEKTPIiK XKapbIKTHIK k03ddunuenti (SBC),
NDVI, oproroHanbapl TYpACHAIPY CTaTHCTHKAJIBIK KOHE KYPBUIBIMIBIK SIicCTepi,
KJIacTepiey KOJNJaHbUIaZbl. Makanana TEeKCTYpasblK KEeCKIHAEPl TallayablH
TEKCTYpaJIbIK epeKIIEIKTepi KapacThIPbUIFaH, COHBIMEH KaTap ayblIIapyanibUTbIK
JaKbUIIAPBIHBIH ©CY1HE TEpIiC dcep eTeTiH (paKTOpIap bl aHBIKTAY YIIiH aKIapaTTHIK
TEKCTYpaJbIK OeNriiep aHbIKTaJIFaH.

Tyiiin ce3mep: TeKCTypanblK Oenrinep, aybUIIIAPYalIbUIBIK —JaKbUIAAPHI,
KeCKiHJIep/li OH/IeY, CITyTHUKTIK CypeTTep
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AHHOTaNHA. ABTOMaTH3UpPOBaHHAA 00paboTkKa A’POKOCMUYECKOI
uHpOpMaK Mo3BOISIET 3(P(EKTUBHO pelaTh HaydyHble M MPHUKIAAHBIC 3a7aqd
KapTrorpaduu, SKOJIOTHUH, OKEaHOJOTHH, PAa3BEOKH M pa3pabOTKH MOJIE3HBIX
HCKOTIaeMBIX, CEJILCKOTO U JIECHOTO XO3SHCTBAa M MHOTHX Ipyrux obmacreil. [Tpu
3TOM OCHOBHBIM CIIOCOOOM TOJIyueHHS WH(POPMALMH SBISIETCS ACKOAMPOBAHHE
n300paXeHUH, SBISIOMINXCS OCHOBHBIM HOCHTENEM MH(OpMAIMU O MECTHOCTH.
AdpPOQOTOCHUMKH TPEACTaBIAIOT COOOH COYeTaHHE €CTECTBEHHBIX (PaKTypHBIX
YYaCTKOB M UCKYCCTBEHHBIX OOBEKTOB. TeKCTypHBIE 0COOCHHOCTH UCIOJIB3YIOTCS
JUIsl perieHus 3a1ad. borblioe BHUMaHHE yAenseTcs pa3padoTKe MpOrpaMMHBIX
CPEICTB, TO3BOJISIIOMIMX W3BJIEKaTh IPHU3HAKH, OIMCBHIBAIOIIUE TEKCTYPHbIE
pasauuus, ISl CETMEHTALUM TEKCTYpHBIX PErHMOHOB. DTOT TOAXON SBISIETCA
YHHBEPCaJIbHBIM M IMEET OOJIbILINE BO3MOXXHOCTH B 00JIaCTH ad3pO(OTOCHEMKH IS
BBISIBJICHUSI OOBEKTOB U TPaHUL] PETHOHOB C Pa3IMYHBIMH CBOHCTBAMH C TIOMOIIBIO
KJIacTepU3allii Ha OCHOBE H300pasKeHUH OTHOTO U TOTO K€ Y4acTKa IOBEPXHOCTH,
MOJTyYEHHBIX B pa3Hble BEreTallMOHHbIE MEpHONbl. TO €cThb M3ydaeTcsi BOIPOC
0 TNPUMEHMMOCTH HaOOPOB TEKCTYPHBIX NPU3HAKOB M APYIHX IapaMeTpoB
JUIs aHalHu3a SKCHEPUMEHTAIbHBIX AAaHHBIX. B 1aHHOW cTarbe paccMOTpEHBI
(aKTOphl, HETATUBHO BIHSAIOIINE Ha POCT MILICHHIIBI, B TOM YHCJIE METOABI aHAITN3a
TEKCTYPHBIX IPU3HAKOB I ONIPEIEIEHNUS O4ara COpHsIKOB Ha 36MEIbHOM yUYacTKe,
npunauiexameM HWU umenn A.M. bapaeBa, kamactpoBbiii Homep 01-012-
025-040:42. JIng pemieHHs MOCTAaBICHHBIX 3aJad HCHONB3YIOTCA K03(dUIMeHT
cnekrpanbHoi spkoctd (SBC), NDVI, craructuueckue u CTpyKTypHBIE METOABI
OPTOTOHAJILHOTO TpeoOpa3oBaHMs, KilacTepu3alusi. B crarbe pacCMOTpPEHBI
TEKCTypHBbIE TpPHU3HAKA aHaIW3a TEKCTYPHBIX H300paXCHUH W OmpeneneHbl
WHPOPMATUBHBIE TEKCTYPHBIC MPH3HAKH JUIS BBIIBICHHUS (DAaKTOPOB, HETaTUBHO
BIIHMSIOIINX HA POCT CENbCKOXO3AHCTBEHHBIX KYIBTYP.

KioueBble cjioBa: TEKCTypHBIE OCOOCHHOCTH, CEIbCKOXO3SHCTBEHHBIC
KYJBTYpPBI, 00paboTKa n300paKeHUH, KOCMUUECKNE CHUMKH

Kipicne

Kazipri yakbITTa KeCKiHJli TaHy KONTEreH caialapJarbl HETi3ri MacenenepIiy
0ipi OosbIn TaObLIAAbI. ABTOKOIIKTIH MEMJIEKETTIK HOMIPiH 13eYy, ’K0J Oenrijiepin
XKaKkcapTy, MeTUIIMHAIaF bl TaTOJIOTHSIHBI aHBIKTaY, aaMHBIH OCHHECiH TaHy CUSKTHI
KYHJIICNIKTI eMipAe Ke3neceTiH macenenep weurineni. JyHue sxysiHme apTypii
cananapia, SFHH TEHETHKA, MEIWIHMHANBIK FBUIBIMU-3€pTTEY WHCTUTYTTApHI,
FApBIIITHIK 3€PTTEYNIEP FBUIBIMH-3€PTTEY HMHCTUTYTTaphl, AaBTOMAaTHKa JKOHE
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3NEKTPOMETPUS FHUIBIMU-3€PTTEY HHCTUTYTTAphI KoHE T.0. FRIIIBIMH MEKEMeTepe
TEKCTYpAaJIbIK OeNriiep 3epTTeNei.

Texctypans! kenecineit OipHele Kiacka 0emyre Oonambr:

1) wbIFy Teri OOMBIHILA: JKAacCaHBI Ja - MBICAJIBI, TPadUKaIbIK 6pPHEKTED, KIHE
TaOWFH - MBICAJIBI, 16T, OPMaH, JKep;

2) OeTTIK KYpbUIBIMBI OOWBIHIIA: TEOMETPHSUIBIK IYPHIC KaWTalaHaThIH
3NIEMEHTTEPACH TYPAaThlH KYPBUIBIMIABIK >KOHE KEe3AEeHCOK BIIEMEHTTEp Ti30eri
apKbUIBl KYPBUIFAH CTOXACTHUKAJBIK; CAJBICTHIPMAIIBl OJIIIEMIET1 IEeMEHTTEPIIH
TEKCTYpachl: YCaK TYHIPIIIKTi )KoHE ipl TYHIpIIiKTi;

3) dopmamarel 3IEMEHTTEPAIH TEKCTYpachl: TOJKBIHABL, MAKThl, DETCi3,
CBIBBIKTHIK koHE T.0. (Komomgaukosa, 2004). JKorapbiia KenTipiireH aHpIKTaManap
MEH CHIIaTTaMajapAaH, TEKCTYpaHBIH OIpTEKTi CTATHCTHKAJBIK CHUIaTTamaiapbl
0ap keckiHHiH Oenrini Oip Oemiri ekeHIri mibIFanbl. by ockl KiaccTeiH opoip
TEKCTypachlH OCBI KIIACCTBIH OapiblK TEKCTypallapblHa OPTaK CHUIAaTTaMajIbIK
KacHeT apKbUIbl curarrayra OomateiHbIH Ounmipeni (I'oncanec, 2022). Mynnait
KacHeTTep TeKCTypasblKk Oenrimep nem aramaabl (ApcianoB, 2016). Keckinmi
KEKeJIereH aiWMakTapra Oeiylde TEKCTypajblK EpeKIIENiKTep MaHBI3AbI pell
arkapanabsl. Mpelcaibl, a’spodoTocypeTTepAe AOHAI NaKplizap Hemece Oypiiax
JNaKbUIOAphl ©CETiH TaHamTapAbl aXbIpaTyfa, >KalbIpaKTbl HEMece KbUIKaH
KaIbIPaKThl OPMaHAAPIbl AXKBIPATyFa, aybUl IAPYyaIlbUIBIFBl JaKbUIIAPBIHIAFBI
apaMILeNTePAiH KaITalapblH aHBIKTayFa jkoHe T.O.

Kazakcran PecmyOnukachiHbIH arpoeHepkacinTik kerieHiH (AOK) naMberTynpig
2021-2025 xpugapra apHalFaH MEMJICKETTIK — Oarjapiamachl — asChIHIa
allKpIHIATFaH MiHJIETTEP/IiH 01pi — MEMJIEKETTiK KbI3MET KOPCETY CalachlH apTThIPY
xoHe AOK-zme nn¢piblk TeXHOIOTHATIApAbl SHTi3yll KaMTamachi3 eTy. 0ip. byn
3epTTey )KYMBICBIHBIH HET13T1 MaKCaThl a3pPOFaphIIITHIK CypET, BEreTallHsIIBIK KE3eH
JKOHE CIIEKTPIIK XapHIKTHIK Ko3(pHIMeHTI MomiMeTTepiH maljganaHa OTBIPHII
(Cyp. 1), aypummapyalnbulblK JaKbUIIapbl MEH OJIApJarbl apallllieNTep OLIaFbIH
AHBIKTAY OICTEPiH KOIIaHy OOJBIT TaObLIAIbI.
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Cyp. 1. A>pOFaphIIITHIK CYpeTTepIi OHIEeY dici
(Fig. 1. A method of processing aerial images)
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AJBIHFaH HOTIKEJIEPi FUIBIMU 3epPTTEYepAE )KOHE OHIIPiCTe KOJIAaHbUIaThIH
KeCKIHAEPi TajlayadblH aBTOMATTAaHABIPBUIFaH XKylenepinae Konganyra Oomasl.
Omnapapl eHepkacinTe MaiijajgaHy apaMIIeNnTepli >KOIOFa, THIHAWTKBIITAPIBIH
KYHBIH TOMEHJETYTe, ajl KelOip aFaainapaa aybul MIapyallbUIbIFbIHBIH CalachlH
XKakcapTyra MYMKiHIIK Oepemi. COHABIKTaH MAaKbUINAPIBIH OCYiHE Tepic acep
€TeTiH QaKTopIapIbl aHBIKTAy/Ia KECKIHACP/l OHICY, OHAAFbI OIPTEKTi aiiMaKTapabl
AHBIKTAY OJIi JIe ©3€KTi ©3€KTi1 OOIBINT TaOBLIAIBI.

FouteiMu onebuerTepne CTaTUCTUKANBIK CHIIATTaMaapra (3HEpPTusi, 3HTPOIHS,
Bapuanus oHe T.0.) HeTi3ZenreH Oenrijep KapacThIpbUIaAbl. ATam alTKaHaa,
MyHJaii Oenrinep peTiHue cCurHain MoHAepiHiH Oip emmemM i TucTorpammacsl (1-mri
PeTTi cunarramalnap) ’KoHe CUTHAJI MOHJEPIHIH €Ki eIIeM i TucTorpaMmmacsl (2-
I peTTi cumarramalnap) Heri3iHae OipTeKTiTiK emeMaepl peTiHae ecenTeneTiH
KEHICTIKTIK TapayiapIblH CTaTHCTUKAJIBIK CUIIaTTaMaIapblH KOJIAaHyFa 0oJa bl

Exinmi xiacc — e3apa OpHaNacyblH €CKepeTiH epekmenikrep. ChIpFbIMaibl
Tepe3eleri MUKCENACPHiH e3apa OpHANACYbIH ECKEPEeTiH TEKCTYPajblK MYM-
KIHIIKTep/li KAJIBINTACTHIPY YIIiH ipresiec MaTpyUIlaHbl (0acka araybl — IpaJieHTTi
TapaTy MaTpULackl) MaliAaJaHyFa HET131eNIeH TOCT KO AaHbIIa bl

Odebuemmepae wlony

(EpxanoBa, 2022) makamaga aBTOpiap 3bIFBIP JKOHE OHBIH apaMINeNnTepiHiH
(OKYCBIH a3pOFapBIITHIK CYpETTEpIETi TEKCTYPaJIbIK €PeKLIeTiKTepiMEH aHbIK-
Tangel. FeutbIME omeOueTTepre CyieHe OTBHIPHIN, 9pOip MACEeNeHiH MalimiaeMeci
YIIiH HaKTbl aKHapaTrThIK TEKCTYPAlbIK EPEKLIEeNiK BEKTOphl XOK. JKoHe Oy
Makayaja, aramn aiTKanaa, Ounai KapacThIpbUIMaraH KoHe OHBIH 6CyiHE Tepic acep
€TeTiH (haKTOp aHBIKTAIMaraH.

Byn (Ecenosa, 2022) makanana aBTopiap a’poFaphIITHIK CYpPEeTTEpl Tauaay
ozicTepiH KapacThIPBII, SPTYPJIi BEreTALMSIIBIK Ke3CHAEpAeT] JaKbUIapAbIH KYHiH
KepceTTi. Aran alTKaHIa, a9POFapPBIIITHIK CypeTTepre OPTOrOHANBABI TYPICHAIPY
omicTepi KOJMMaHBUIABI. ABTOpIIAp MaKallaja KepCeTUITeHIepAeH 0acKa oIicTepIiH
TUIMIUTITIH aHBIKTaFaH KOK.

Kywmeic (latigens, 2013) can cyHeriHiH PeHTTEHIIK CYpPETTEePiH TEKCTYPabIK
Tajnay apKbUIbl TiPEK-KUMBUI ammapaTbIHBIH OCTEOMOPO3IBIK aypyJlapblH KOM-
NBIOTEPIiK AWArHOCTUKANAY OMICIH YCHIHAABI >KoHE 3epTTeini. TaHynmelH Ko-
JAMIIBI carachlH KaMTaMachl3 €TeTiH TEKCTYPabIK Oenrinepiai TaHmay Moceneci
e ii. OMICTIH OHIMILIIT OeNTisli quarHo3sl 0ap HAKTHI PEHTTEHIIK KECKIHAED
KHUBIHTBIFBIH/IA 3epTTeNeal. ¥ ChIHBUIFaH SiCTI KIIMHUKAIBIK TOXKiprOene Kongany
MYMKIHZITIH KOPCETETIH 3epTTeyNepiH HoTHKeNepi OepinreH. ¥ CBIHBUIFAH 9IiCTi
3epTTey YIIiH e, KIMHUKAIBIK TUAarHOCTHKA YIIIiH Je OaFaapiaMa o3ipIeH Ii.

(Yaban, 2018) xyMbIcTa aBHALMSIIBIK THUIIEPCIIEKTPIiK OelHenep OONBbIHIIA
OCIMJIIK JKaMBUIFBICHIH KYHeNey YIIH CIEeKTPIIK KoHE TEKCTYpallbIK Oenrinepi
YKBIMIBIK TaiianaHy ChIHAKTAPbIHBIH KOPCETKILITEpl KapacThIpbUIFaH. DKCIie-
PUMEHTTIK CEHCOPMEH albIHFaH KECKIHIEp apHaJapiblH a3 CaHbIH MaijajaHFaH
Ke3Jle FaHa TeKCTYpaJbIK OeNTLIepIiH KIKTelly callachlH Xakcapra amajsl. bipak
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aKMapaTThIK Ma3MYHBI apTTBIpy VIIH 9pOip KOpiHiC YIIiH KeKe TEKCTYPallbIK
CpEeKLIETIKTEP KUBIHTHIFBIMEH aifHANIBICY KAXKET

(KoctpoB, 2016) >xymbicta aBTopmap Bunenkun-Kpectencon QyHKIus-
JAPBIHBIH KYHelnepiH MYMKiH OONaThlH €H Killli TPUTOHOMETPHUSUIBIK eMec
(dhopmMana KONIMaHyABIH TEOPHSIIBIK JXKOHE O/IiICTEMENIK HETi3iH a3ipiemi. AKBIPFI
WHTEpBAJAapAarbl AUCKPETTI CUTHAIApP TEOPHACHIHAH TYBIHIAWTBIH epexesiep
MEH KOpPBITBIHIBIIAp Heri3inae Bunenkun-KpecteHcoH —GyHKIMsIIapBIHBIH
OapIbIK TYpiiepiHeH HeTisri QpyHKIUsIIap KYHeciH KYpPyablH €H OpBIHIBI HYCKACHI
KOpCeTiNreH. AJIBIHFAH TEOPHSUIBIK KOHE 9ICTEMENIK epeKesIep adpOFaphIITHIK
CypeTTepi eHey YIIiH NaiaanaHbuabl. byt >KyMbIC a3pOoFaphITHIK CYpeTTepIiH
camachblH JKaKCapTThl OHE HAKThI OOBEKTINEp[i, SFHU ETICTIK allKarTapbiH
epeKIIeIeMeTi.

Bi3miH KYMBICEIMBI3IBIH €PEKIIENiri — adpOoFaphIIITHIK KECKiHJEpre OpTO-
TOHANIBIBI TYPIACHIIPYIEPi, TEKCTypajblK Oenriiep oJicTepiH KoimaHy. Arar
aliTKaHAa, aybUl INAPyallbUIBIFBl JAAKbUIAAPBIHBIH, SFHU apaMIIenTepAiH ecyiHe
Kepi acep eTeTiH QakTopiaapAbl aHBIKTaya OChI SAIiCTEeP Il KOJIaHYIbIH THIMILIIT1.

3eprTey aaici

ChexTpmik Tangayasl OpbIHIAy YILIIH aJbIMEH CHIHAJAbl HeMece KeCKiHgi
XKHUUTIKTepre bIabIpary KaxkeT. O yuIiH 0a3ucTik QyHKUUSUIApIABIH SPTYPIi KHUbIH-
THIKTapbl KonaaHbliaasl (Xapamuk, 1979). Coiikec anroputMaep TYpJIEHOIpyJep
JIeTl aTanajbl: KOCUHYC, Xaaamapa, Xaap, Karail xoHe T.0. Xaap xoHe [loOemmn
TYpPJACHIIPYIAEpI €H KapamailbiM TOJKBIHIBIK TYPICHAIPYIICP €KeHIH €CKepiHi3.
Barmapmama MATLAB opraceiHga jKy3ere achIpbUIafibl OHE alThl TYpAETi
CIIEKTPJIIK TYPJICHIIPYIep i OpbIHIayFa MYMKIHIIK Oeperi: 1) kocunyc, 2) n? perti
Xamamapn, 3) n=p+11 perri Xamamapa, p = 3(mod 4) — »xaii can, s¥au Legendre
Oenricine HeriznenreH, 4) Xaap, 5) kurai, 6) Jlooemu-4.

TemMeHe TeKCTypabIK OeNTiIepIiH MaTeMaTHKAIIBIK CUIIaTTaMaIapbl OepiireH:

1. DHeprus KecKiHHIH OIpTEKTUTIK JopeKeCiH aHBIKTAMHIbI:

n= ZZ[MF.J'H"-

2. DHTpOIHUS — KECKIH 3JIEMEHTTEPIHIH aPbIKTHIK KaCUETTEePiHIH OipKeyKi
eMeC Tapaysl;

NN
T2==1% X pli.jylog (pl )k
J].'I .

3. Biprekrinik (roMoreHik) OipTeKTUIIKTIH eJIIeMi peTiH/e TyciHiteni?
".

N N i f
r3= % I Hr,;]:
,-—|l,.—||"".-'
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4. KoHTpacT — >KapbIKTHIK JCHICHIIEPiHIH Tapairy eimieMi. JKeprumikri Ba-
pHanys mamachl OOWBIHIIA aHBIKTaNa bl. JKepriTikTi Bapranysiiap caHbl apTKaH
calibIH KOHTPACT >KOFapbUIaiIbI:

Tq= {f'—fll- Pl g

5 MuddepeHnnaniplk SHTPOIUS KaJlbl MaTPULIANIBIK SHTPOIHUSFA JKOHE Kep-
LIiJiec MaTpuIa SHTPONHUACHIHA YKcac, OipaK >KapbIKTHIK ailbIpMalIblIbIKTapbIHBIH
THCTOIPaMMACHh! YIIIH €CeNTeNeai:

T5==EN a0 dilogle, , (0
MYHJIarbl
NN
-",.'I'--L':“: ¥ O ﬁ.-*.—,l.il"r‘-.-"'* k=23 2N '?;m._u={

i=li=1

l.af m=mn

0, i =

6. Jlucmepcusi KOCBIHIBICHI — OyJ1 OpTalla MOHHIH KOCHIH/BICHIHA KATBICTHI
KAPBIKTBUIBIKTHIH ©3TepyiHiH e3repyi:

N 5
To= X U=-T35F pog ik
7

=z

7. Koppensuuss — OelfHe KapbIKTBIFBIHBIH CBI3BIKTBIK PErpeccusiFa Kapchl
eJIIIeMi:
::. N U=pd=p ) i f)
T7= L E ;
i=1f=1 FjF

My My Oy O~ p(i, j) YIIH opTaiia MOHAEP MEH CTAHIAPTThI aYBITKYIap
8 JKanmel opramia MOH KOPIIJIECTIK MAaTPHIACHIMEH THIFbI3 OaiIaHBICTHI
OeliHe 2JIeMEHTTepiHIH JKYITaphl YIIIH XKapbIKTHIK MOHAEPIHIH KOCHIH/IBICHIHBIH
THCTOrPAaMMACBHIHAH aHBIKTANIA I
-2,
MYH/IaFbI

L
Peoyibl= T F
i=ljm=

fa f P

k=2,3,...,2N — xxaHama THaroHajb OOWBIMEH Tapaiy.

9. Kepi aitbIpbIM MOMEHTI KOHTPACTIICH THIFBI3 OAMIAHBICTHI )KOHE TPATUCHTTIK
MaTpUIIAHBIH HETI3r JHAarOHAaJbIHBIH aifHATAChIHAAFBI SIIEMEHTTEP/IIH MIANIBIpay
TopeKeCiH KopceTeni. byt GyHKITHS MeTTiK KYphUTBIMaap O0JIFaH Ke3/1e KOHTPACTKA
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Oamama OoONbBIN TaOBLTAIBI, OWTKEHI JXKAPBIKTBIK MOHIEPIHJIET] CalIBICTHIPMAITbI
YJIKEH albIPMAIIBUTBIKTAD TYMKITIKTI HOTHXEre MHHUMAIIJIBI 9Cep eTei:

[ W S
X N#{i= 1] i,
li=1

I =

I =

10. YKaumsl SHTPOITUS aKIapaTTHIH CTATHCTHKAIBIK TEOPHUSICHIHBIH KIIACCUKABIK
MOHIMEH aHBIKTaJaJbl JKOHE OeWHEe 3JIeMEHTTEPIIH JKAPBIKTHIK KaCHETTEePiHIH
OipKeITKi TapaaybIH OUTIipeTi:

Tin= .I:'_:;'_ .::.I Py (1o gy _ _|_|:-'-].|'-

n ==

MYHJIIAFBI .. 1K) = ek k=0, 1, 2, 3,..., N-1 Heri3ri AuaroHaib
OOHBIHIIIA Tapalry.

11. 1 — KOppeNAnnsSHBIH aKMapaTTHIK OJIIIeMi:

n M=

li=1

__Ta-Hxh
| max(HY, HY)

MYHJarbl

Hy —:3:._||'.IA[J"I.|I.'IE'[|LIA[JI]'. HY —}.: p._l_l_."'l'll.'lg[ln.ll_l'.l"lr.
! 4
HXY, = =X pli. loglp o (1) p U0 p iy = X1y pUINp ()= X | LI
L

AKMapaTTbIK enmeMaep ipreiec MaTpHLAHBIH 3JIeMEHTTEpl YIIiH CTaTuc-
TUKAJIBIK aKnapar TEOPHACHIHBIH OaiJIaHBICHIMEH, JKapBIKTHIK MOHAEPiHIH
KOCBIHABICHIHBIH TUCTOTPaMMAaChIMEH JKOHE JKaPBIKTHIK MOHIEPiHIH allbIpMaChIHBIH
THCTOIpaMMAachIMEH aHBIKTaIa bl

CoHFBI Ke3lle TEeKCTypaHbl KYpaHTBIH 3JIEMEHTTEPIiH MilliHI MEH eJjIIeMiHe,
KEPriTKTI epeKIIeNIKTepAl ecenTeyre, TEeKCTYpajblK 3JIEMEHTTepAiH KeCKiH
OolibIHIIA TapalyblH TajiayFa HeTi3OeNreH KYpBUIBIMABIK CHIIATTama oJIici
*acaiayga. TeKcTypaHbl TajlayAblH KYPBUIBIMIBIK TOCUIAEpiHIE TEeKCTypajap
Xall KypbUIBIMABIK NPUMHUTUBTEpIAEH Oenrini Oip opHanacy epexkeniepiHe colkec
KYpacThIpblIaabl A€M KYTiTeAl *oHe Oyl MPUMUTHBTED TYPaKThl HeMece KUi
KaliTanaHanel. benrinep KatapablH Y3bIHIBIFbIHA Kapall Oepineni. TexcTypa kata-
PBIHBIH Y3BIHABIF bl — PACTPIBIK XKOJAAFbl TYPAKTHI ’KAPBIKTHIFBI Oap 3JIEMEHTTEPAIH
CaHbl.

Cepust — TY3y CBI3BIK OOIBIMEH jKa3bUIFaH OipAel >KaphIKTHIKTAaFbl MUKCEI-
JepAiH MaKCHManbl >KUBIHBL. Cepus >KapbIKTHIFBIMEH, Y3BIHIBIFBIMEH JKOHE
OarbITBIMEH cUMaTTananbl. Ipi TYHipIIKTI TekcTypanapaa Oyl Karapiap ycak
TYHIPILIKTI TEKCTypanapra KaparaHaa Y3arbIpak.
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12. Kepi MOMEHT — KbICKa KaTapiap/bIH aHBIKTHIFBIH aHBIKTAHTBIH JKEPTiTIKTI

¥KCaCTBhIK GJ'IH_IeMi.
n
W Ny
o e P
L= e -
i=1 P= 1 =

13. MOMEHT — ONTHUKAJBIK THIFBI3IBIFBI TYPAKTHl CHI3BIKTHIH CajMarbl. by
(YHKIMS Ke3 KeNTeH Cyp JeHrell YIIiH Y3BIHABIK calMarblHa KeOeHTiren apoip
CBI3BIK CaJIMaFbIHBIH IAMACHIMEH CHUITATTaJIa/Ibl:

"".J-.' Np il
I I b 1 ]
f=]f=1
ri= r i
""'.5':' -"'-_I'
2 OE mi

ol

14. JXKaphIKTBIKTBIH ©3repyi — Cyp ACHTeUIIH Tapaaybl. by Oeiri onTHKaIbiK
TBIFBI3/IBIK CHI3BIKTAPBIHBIH CaHbl CYp JCHIreWre OipKesKi OejiHreH jxarmainapnaa
MHUHHAMAaJIILI MOHII KaObLIIaiIbl:

"5\! ."'.I" -
¥ OrR Apdognt
f=]f=1
N g Np
R opli g
I= .I_li - I

T4

15. Ko y3bIHABIFBIHBIH T€TEPOTEHAUIIN — ONTHKABIK THIFBI3ABIFBI TYPAKThI
CBI3BIK V3BIHIBIFBIHBIH TapaTysl. bipkenki 0oy Ke3iHmae MUHIMAIIABl MOH:

o N
E TF
TOE (plian?
{m] j=]
-"".;: N .
L I pli.j)
i=]j=1

715

16. Cepusarsl cypetTi Oeiicy:

Ng Ny

L L opling)

i=lj=l
Fl6= 3

& aF
& et iy
::1.|:::|

i
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JKoraprpla aTanFaH TEKCTypaJIbIK €pEKIIEIIKTEp FUIBIMU de0HeTTepae Kapac-
THIPBUTBII, aKIAPATTHIK TEKCTYPANBIK OeNrijep Ochl Oenriiep HeTi3iHAe TaH A IbL.

HoaTuaxenep meH mikiprasnac

OkcnepuMeHT OapwichiHAa ecentey MatLab opraceiHma opblHOanaabl KoHE
KeCKiH/II Tanjay YIIiH naimanaHbsiianel. Keckin OarmapmamManblK Kypal apKbLTbl
Oexex Oemikrepre OemiHeni. TeKCTypalbIK KeCKiHAEPI 3epPTTEy/le OPTOTOHAIBIBI
TYPACHIAIPYAI KOJNJaHy apKbUIBI OPTYPIi CTaHAAPTTHI eMeC SICTepAl KONJAaHyFa
Oomagpl. Mpicanbl, OacTamkbl KeCKiH KHBUIBICTIANTHIH IIApIIBI Tepe3enepre
Oemineni. Toxipube KepceTKeHAEH, Tepe3e OJIIeMiH KIllipeHTy KaKChIpaK:
8x8, 16x16, 32x32 sxoHe T.0. OpOip Tepesene HMHTErpajabl TYPIACHIIPYAi
OpbIHIANMBI3. bi3 coHpail-ak KOFapbl JKUUTIKTI kodddummeHTTep Hemece
CHEKTPIiH Keibip OemikTepi CHSIKTHI KeHOip crekTpiik kodddunmeHTrepai Henre
KosiMbI3. EKi emmemmi skarmaiifia *KUiTK CHEKTpiepi MaTpulla TYpiHAe OOialbl.
MarpunaHblH SIeMEHTTEpiH BEKTOpiap TYPIHIAE OpHAIACTBIpAWbIK. MBICAIBI,
COHBIHZIA OipiHEeH COH Oipi OpHANTaCKaH MaTPUIAHBIH KOJIJAPhIH KapacThIPaHbIK.
BekTopIblk nepekTepie ajdblHFaH BEKTOPAAH HOJTe TEHECTIPUIreH CIEeKTPIEpHiH
ko3 uIHeHTTepiH ki TacTaiMbl3. HoTmkeciHe 0Chl BEKTOPIapIbl KIacTepiey
MpOLETyPAaChIH OpPbIHAANMBI3. JKOFaphla CUITaTTaIFaH d/1iCTEPMEH KECKiH I OHIeY
HOTIDKENEpi TOMEH/Ie KenTipinreH (2-cyper).

Cyp. 2. Xaap TYpJeHIIpYi KOJIaHBLUIFaH CIICKTP/IH TOMEHT] XKHLTIri OOWBIHIIA KIacTepiey
HOTIDKEC1
(Fig. 2. The result of clustering according to the lower frequency of the spectrum, where the Haar
transformation was applied)

BapaeB arbiHmarpl FRUIBIMH-3€PTTEY MHCTUTYTHI arpOHOMIAPBIHBIH MOIIMETi
Ooiibiama, ounai 2021 xeuabig 12 mingeci Med 25 sxpurablH 2021 KpUIObIH 5
MaychIMbl apaibiFbiHIa ecipinmgi. 17.06.2021 apammentep OygaHIacTHIPBUIBIIL,
18.07.2021 6acrar xoiibiaansl. TeMeHeri KecTene opTYpIii BEreTallusIIbIK KE3CH e
apaMIIenTepIiH MaibI3bl KOPCETUITeH.

Kecte 1 - Oprypii BereTanusuiblk Ke3eHAe apaMIIenTepAi OPTOrOHAIbAb! TYPICHYIEP apKbIIbI

AHBIKTAY

nara 10.06.2021 | 01.07.2021 | 21.07.2021 | 06.08.2021
omicrep

Xaap 27% 15% 9% 4%

JoGerun-4 28% 16% 10% 5%
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KocunycThIK 28% 16% 10% 5%
=p+11 perri Xanamapz, p = 3(mod 4) - xaii 27% 15% 9% 4%
can, srHH Legendre Genricine HeriznenreH

n? perri Xagamapn 28% 16% 10% 5%
Kuram 27% 15% 9% 4%

Texctypa  OenrimepiH  TammaymblH ~ HETI3ri  MIHACTTEpiHE  MBIHAJIAP
Karajgpl:  TEKCTYypalblK  aWbIpMAIIbUIBIKTapAbl  CHUIATTAWTBIH  Oenrinmepml
TaHJay, KaJbIITacThIpy, OIPTeKTI aiMakTapAsl TaHJay, OipHEIIe TeKCTypachl
Oap aiimakTapApl OKiKTey, HAaKThl OOBEKTiIHI TEKCTypa OOWBIHIIA aHBIKTAY.
ABPOFapBIIITHIK CypeTTep OOWBIHINA aybUT MAPYaIIbUTBIFEl ACTHIK AJIKAITAPBIHBIH
YIIKEH ayMaKTapblH TajjayFa HETi3IeNTeH CETMEHTTEY OMICTepiH KOJIaHBUIFaH
KECKIHIEP/IIH TEKCTYPAJIBIK OCNTiIEp IiH epeKIIeTikTepiHe Kapail CTaTHCTHKATIBIK,
KYPBUTBIMABIK, (DpaKTalIeIK, CHEKTPIIK >KOHE Kypama Jnem Oeiryre OoJaisl
(Cumopoga, 2008). TekcTypa aliMakTapblH TaHAAy YIIiH TEKCTypaHBI CETMEHTTEY
Macereci memnriiaesi, o1 KeCKiHAI TYpaKThl TEKCTypackl Oap aiimMakTapra OeyneH
Typajsl, SIFHU Oenriigi Oip TEeKCTypaiblK OeNTinepaiH MoOHIEpi CaJbICTHIPMAIIBI
TypAe TYpakThl OONaTblH alMakTapAbl aHbIKTay. [epPUTOPHUAIBIK TaigayFa
HETI3JENITEH CETMEHTTEY OJICTEepiH KOJMAHBUIFAaH KECKIHIEPHiH TEKCTYPaJbIK
allMaKTapbIHBIH  EpeKIIeTiKTepiHe Kapall CTaTHCTHUKANbBIK, KYPBUIBIMABIK,
(dbpakTanaplk, CIEKTPIK, apajac omictepre Oemyre Oomambl. A’pPOFAPBIMITHIK
aKmaparThl aBTOMATTaHIBIPBIIFAH OHACY KapToTpadusHBIH, KapaTbUIBICTAHY/IBIH,
OKEaHOJIOTHSHBIH, TMalfanel KazOamapabl Oapray MEH WrepymiH, aybUl >KoHE
OpMaH HIapyalIbUIBIFBIHBIH JKOHEe 0acKa /la KenTereH cajajdapAblH FhUIBIMHU JKOHE
KOJNJaHOAbl MoceNeNiepiH THIMAI IIenryre MYMKIiHIIK Oepemi. TexcTypamibik
Oenriep omicTepiHEH eKIHI PEeTTI CTAaTUCTUKANBIK JKOHE KYPBUIBIMIIBIK
Oenrinepai KemeHai KONJaHyIbIH KOMETIMEH aybUl MIapyanlbUIBIFbl JTaKbUIIaph
MEH apaMIIenTep/iH aibIpMalIbUIBIFbl aHBIKTAJaabl. 3-CypeTTe axKmapaTThIK
TEKCTYPaJIbIK MYMKIHJIIKTEP KOPCETIJITEH.

Textural features

1 Statistical 2 Structural 3 Fractal 4 Spectral

T1, T2, T3, T4, TS5, T6, T12,T13, T14, R/S analysis Haara, Oblique,
T7, T8, T9, T10, T11 e me Dobeshi, Legendre, etc.
T12, T8, T16
Clustering
Wheat Weeds

Cyp. 3. AKnaparTbIK TEKCTYpabIK Oenrijaep
(Fig. 3. Informative textural features)

75



NE WS of the National Academy of Sciences of the Republic of Kazakhstan

barnapnama MatLab opraceinaa xy3ere aceipsuiazsl. Kipic nepekrep petinae
adpOFAPBIIITHIK CYpeTTEp aNBIHABL. byl MoceneHi menry yuriH KenTereH Tociauep
MEH aJIrOpUTMAEP YCHIHBUIABL. Herisri Hasap TEKCTypaHBIH epeKIIeNiKTepiH
ecenTeyniH THIMAI alrOPUTMICpiH KypyFa ayaapbUiibl. TaHmanraH aymakrap
ke3nelicok Tarnanael (cyp. 4). TekcTypanblk epekienikTep opOip aliMak yIIiH
ecenreneni. Cxema OoiibIHIIa OpOip MYMKIHIIKTIH aKNapaTThUIBIFEI TEKCepiin, 18
MYMKIHAIKTIH imTiHeH 3 TekcTypablk Oenri Tagnanasl: T12, T8 xone T16.

Cyp. 4. Tangay >xyprisy YIIiH KapacThIpbUIFaH aiiMaK
(Fig. 4. Area considered for analysis)

8 Xammel opramia MoH KOPIIIJIECTIK MaTPHUIIACHIMEH THIFBI3 OaiIaHBICTHI
OeliHe 3IEMEHTTEPIHIH JKYITAPhl YIIIH XKaPHIKTHIK MOHACPIHIH KOCHIH/BICHIHBIH
TUCTOTPAaMMAChIHAH aHBIKTAJIa bl

_v2N ; .
T8_2i=21'px+y(l)7
N N

Myngarst ()= X % oo gpls k=23,...2N- d xanama
i=1j=1
JTaroHai b OOMBIMEH Tapaiy.

12 Kepi MOMEHT — KbICKa KaTapilapIblH aHBIKTHIFBIH aHBIKTAWTHIH KEPTUTIKTI
YKCACTBIK OJIIIIeMi:

N g Nl" ..
(i,
MR .21)
T12= —N 5
g Ny o
> X p@.))
i=1j=1
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16. Cepusnarsl CypeTTiH yieci:
Ng Ny o
> X p@))
T16= i=1j=1
Ne Np
> 2 JpG.))
i=1j=1

By xxymbicTa 14 cTaTuCTHKANBIK KOHE KYPBIIBIMABIK TEKCTYPANIbIK OeNTisiepain
iriHeH Owlaii MeH OHBIH apaMIIIeNTEPiH aHBIKTAUTHIH 3 aKIapaTThIK TEKCTYPaJBIK
oenrinep, sram T12, T8, T16 ampikranraH. 4-cyperre KiacTepliey CTaHAApPTTHI
TYpIe XKYy3€ere achIpbUIabl, SIFHU aFbIMIAFEI Tepe3eHiH emmemi 3x3 (cyp. 5).

Cyp. 5. T12, T8, T1 tekcTypabik Oenriiep OOHbIHINA KIIACTEPIIey HOTHKEC]
(Fig. 5. The result of clustering on textural features T12, T8, T1)

Temenneri kecrenme axmapartsl (T12, T8, T16) Tekctypadblk Oenriiepui
KOJIZIaHy HOTHXKECIHZE op TYPJi BETeTalMWsUIbIK KEe3eHIETl apaMIleN OIIarbIHbIH
0ap OONYBIHBIH MAHBI3ABIK CUIIATTaMAChl KOPCETUITEH.

Kecre 2. Texctypainsik Genriiep GoibIHIIA KIIacTepiiey MOHIHIH HOTIKENepi

KYHI 9.06.2021 |01.07.2021 |21.07.2021 |06.08.2021
azicTep
Texcrypansik 6enrinep (T12, T8, T16) 22 % 12 % 7 % 2 %

Tekcrypanblk OenTiepiiH akKmaparThlK Ma3MYHBIH aHBIKTaraHHAH KeHliH
(hepMepriepre oNapIbIH YIIKEH €TiCTIKTEPiHiH XKaFIaiibiH OaKbUIayFa KOMEKTECETIH
aKIMapaTTHIK XYyie KypbUlAbl. bapaeB aThbIHIAFbl FEUTBIMU-3EPTTCY MHCTUTYTHIHBIH
JKep TENIMIHIH 6CIMJIIK )KaMbUIFBICBIHBIH OPTYPJIi Ke3CHIESPIHIET] apaMIenTep IiH
ecy OILaFbl TOMEH/IE KOPCETUITeH CypeTTepie KopceTiireH (6-cyper).
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g rgerugma
e mw

Cyp. 6. bupait MeH apaMIIONTEpAiH 6Cy ANHAMUKACHI
(Fig. 6. Growth dynamics of wheat and weeds)

MynbTHCTIEKTPIII  KeCKiHAI OHACYIACH KeWiH aKmapaTrThlK TEKCTYPallbIK
MYMKiHIIKTep KeMeriMeH cyp TycTi keckiH (NDVI) anbikramagpl. CrnexTpiik
KAPBIKTHIK KO3 UITHEHTI OOMBIHINA aJTbIHFaH a3POFaPBIIITHIK CYPEeTTEPIi 3epTTeh
OTBIPBIN, BETCTAIMSIIBIK KE3CHHIH OPTYPJl Ke3eHJIEpIiHIEe 3epTTey >KYMBICTAaphI
KYPTizimi.

ADdpOFapBIIITHIKCYpETTEPIC AKIAPATTHIK TEKCTY PAJIBIK O LIIep/1i KO TaHFaHHAH
KeliH OIpTeKTi eMec >kepiep aHBIKTAIIbI, SFHU JOHII JaKbUIIap NaKbUIIApbIHIA
apammentepaiH Oomysl. A. M. bapaeB aTelHAaFbl aybUTIIAPYAIIbUIBIK FHUTBIMH-
3epTTeY OPTAJBIFBIHBIH arpOHOMJIAPBIHBIH HAKTHI JIEpeKTepi OOMBIHIIA 3epTTey
OapbIChIH/IAa ApaMIIONTEP/IIH MAHBI3bI COMKEC Keei.

By omicTiH KeMIIiTiri aspoFapsITHIK CypeTTepe oCiMIIIiK 3USTHKECTepi MeH
aypyJiapblH aHBIKTAy MYMKiH eMecTiri 6osbin TaObianel. CoHOal-aK, aknapaTThiK
MYMKIHAIKTep/i TaHIaydaFbl HETi3Ti Macene KeCKiH/eri yKcac TyC MeH TeKCTypa
MoHAEpi Oap KYpBUIBIMIABIK aiMaKTapabl CEHIMII CETMEHTTeY VIIH KaHmal
JKOHE KaHIIa MYMKIHJIKTI aJly KepEeKTIiriH aHBIKTay OOJBIN TaObLTabl. bacTamke
Kyheneri OenrilepiiH MmamanaH ThIC apTybl OH HOTHXKe OepMelTiHi Oenrini,
eiiTKeHi exmemzaepi Oipmeit OenrinepmaiH OepilreH >KUBIHTHIFBI (PyHKITMOHAIIBIK
KEHICTIKTIH eJIeMiHe Kepi mponopiroHanasl. KeckiH ayMaKkTapblH CETMEHTTEY
MOCeJIECiH MIeNly YIIiH KOJAaHBUIATEIH MYMKIHIIKTEpre KOWbIIATHIH €H MaHbI3IbI
Tanmantap MblHamap Oomysl MyMmkiH (bopoBuk, 2018): MyMKiHAIK aKmapaTThIK
0OJIyBI KEepeK, SIFHU OChl KECKiH YIIiH MICMIIeTIH Macele MeHOepiHe MaHbI3/Ibl
aKMmapaTThl KaMTYybl JKOHE OOBEKTIIEpIl oM CEerMEeHTTEYIl KaMTaMachl3 €Ty,
aTpulyT KeCKiHi CEerMEHTTEy alITOPUTMIH OHAEYyTre MYMKIHAIK Oepyi Kepek, SFHU
OHBIH TaHJAIIFaH CETMEHTTEY aJlTOPUTMI YIIiH apHaibl mriMi O0ITysl Kepek.

78



ISSN 1991-346X 1.2023

Ocpinaifia, akmaparThlK MYMKIHIIKTEPIIiH MHHUMAJILI SKUBIHTBIFBIH KYpY
MOCEJECIH IMIeNTy TEKCTYpalblK KeCKiH aiMaKTapblH CETMEHTTEY alrOpUTMIEpi
(Aomukepumona, 2019), (Epxxanosa, 2022), (EcenoBa, 2022) MeH akKmaparThiK
TEXHOJIOTUSIJIAPBIH 93ipIEY/IiH Heri3ri (akTopnapblHBIH Oipi OOJBIT TaOBLIAIbL.
TexctypanbIk Oenrinepi TepT Herisri kinacka 6emyre Oomansl (cyp. 1).

CapammbiiapablH — MIKIpiHIIE, adpOFapBINTHIK CYpeTTepre akKMaparThIK
TEKCTYpaIIBIK MYMKIHIIKTepAl KOIJaHy HOTH)KECIHJE alblHFaH CypeTTepae
apaMIiert eCiMIIKTEpiHIH KanTalapbl TaOBUIIBI JKOHE ONIApIbIH JepeKTepiMeH
CaNBICTBIPFaH/1a TIANBI3IBIK apaKaThbiHAC MIaMaMeH 2% albIpMaIIbIIBIKTEL Oep/Ii.

KopbITbiHABI

3eprreynep Conrycrik KazakcranubelH AKMona OOJBICBIHIAFEI  OHfait
aNKanTapelHAa SKYpri3inmi. bapaeB aTeHIaFbl FHUIBIMU-OHIIPICTIK OPTANBIFBI
YCBIHFAaH MOIMETTEp TalNaHAbl: Oujail ery meps3imi, apaMmInentepMeH YiaHy,
Oumaii >xmHay Mep3iMi. Byn >kympIcTa KONIAHBUIFaH TYMHYCKa cypertep JKep
Typaibl KYHJISTIKTI akmapar KonkeTiMai Planet.com caiiThiHaH abIH/IEL.

1. ADpOFaphIIITHIK CYpeTTepli ©HJeYy YVIIIH OpTOTOHANBILI TYPICHIIPY
oMiCTepiH KONIaHy MYMKIH/IITi aHBIKTaJIJIbL.

2. APpOFapBITHIK CypeTTepAl OHAEY apKbUIbI aybUI MIapYaIlbUIBIFEI TaKbLTBI
— OumaiaplH ecyiHe Kepi ocep eTeTiH apaMIlel ONIaKTapblH aHBIKTay YIIiH
aKIapaTTHIK TEKCTYPaIbIK Oenrinep anbikTanasl. (T12, T16, T8);

3. AybI mapyambUTBIFbI AOH/ I JAKBUIIAPBIHBIH 3aKbIMIaHY aliMaFbl 3aHIapAbIH
TEKCTYPaJIbIK MacKa df[iCIMEH aHBIKTAJIIbI.

Bapneik xapusitanran Hotmkenep A.M. bapaeB aTbiHAarbl FHUIBIMH-3EPTTEY
WHCTUTYTHI. Kenerekre ManIiHaNbIK OKBITYIa aTalFaH 9MICTEp/iH €H THIMIICiH
nmaijanaHa OTBIPBII, KOpIIaFaH OpTaFra 3USH KeNTipMed, opTypii pecypcTapibl
OHTaWIaHBIPY, OHIMILTIIKTI apTTHIPY XKOHE )KOFaphl OHIMJILITIKKE TepiC 9cep eTeTiH
(hakTOpIAp B )KOFO OOHBIHIIIA OpEKETTEP KYUECiH 931pIeiTiH aBTOMATTaHIBIPHUTFAH
KOCKIMIIIA 931pJICHETiH OOIaIbI.
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Abstract. In this study, the real-time Kazakh dactyl alphabet recognition is
proposed using machine-learning algorithm. Kazakh, Russian-Kazakh, American
sign languages are analyzed. Besides, the program for recognition of 42 Kazakh
dactylic gestures is implemented. The Support Vector Machine (SVM) algorithm
is selected for gesture recognition. Also, the quality of algorithms was evaluated.
The dataset of more than 4200 images with 42 classes are formed. The Framework
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Media Pipe is used to get landmarks and for dataset acquisition. The work in this
paper is the extension towards examining the difficulties in classification of gestures
in Kazakh Sign Language (KazSL). The user should be able to capture images
Kazakh hand gestures with the webcam, and the recognizer program should predict
and show the name captured gesture. The goal of the model is to detect 42 gestures
with real-time processing speed, minimize interference, and get high percentage of
recognition accuracy. Results show that the algorithm is up to 99% accuracy. The
importance of that model lies in its economy and ease of use. This system used
real-time images from video frames captured by a webcam. Further, the processed
images were transferred to the classifiers using the SVM algorithm. The classifier
turned the image into a model. Finally, the expected result was obtained.
Keywords: hand gesture, sign language recognition, machine learning, SVM
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HAKTBI YAKBIT PEXKUMIHAE MEDIAPIPE ’KOHE SVM APKbILJIbI
KA3AK BbIM TIJIIH TAHY

AHHoOTanmus. 3epTTeyllc MAIMHANBIK OKBITY alTOPUTMI apKbUIBl Ka3ak
JAKTHUIIBII SIIIECiH HAKTHI YaKbIT PEKUMIHAE TaHY YCHIHBUIAIBI. AMEpUKa, YHII
KoHe apab piMmay Tinaepi Tanmasasl. COHBIMEH Karap, 42 Ka3aKThIH MaKTHIIIIK
KHMBUIJIAPBIH TaHy OarmapiamMachl jKy3ere achlpbUIabl. KUMbBUIIAp sl TaHy YIIiH
KOJIIay BEKTOPJIBIK MamuHackl (SVM) anropuTMiH TaHmamAbl. AJTOPUTMHIH
caracel 1a Oarananpl. 42 kiaactad TyparsiH 4200-1eH aca cypeTTeplieH xKacaaFaH
JepeKTep KUHAFBI Kypbuasl. Kon OenrinepiH anmy jkoHe AepeKTepAl KUHAy YIIiH
Framework Media Pipe naiimananpuigel. Makamagarbl >KYMBIC Ka3ak bIMAy
TUTIHAET] BIM-MINAPAHBI JKIKTEYy KUBIHABIKTAPBIH 3EPTTEYIIiH KaIFachl OOJBII
TabbuTanel. Kommanymisr BeO-kamMmepa apKbUTH Ka3aK KOJI KHMBUTIAPBIHBIH CYPETiH
Tycipe ajybl KepeK, aj oJlaplbl TaHy OaFgapiaMachl TYCIpIITeH KUMBUIIBIH
aTerH OoyKar, KepceTyi KepeK. Moenb/liH MaKcaThl - HaKThl YaKbIT PEXXUMiHIE
OHJIEY KbULIAMIBIFBIMEH 42 KUMBULIBI aHBIKTAy, KeIEprijepal a3aTy KoHe
TaHy AQJIITIHIH KOFaphl MaWbI3bIH any. Hortnxkenep anroputMmHiH gamiri 99%-
Fa JKETETIHIH KepceTTi. MyHiall »KyHeHIH MaHbBI3AbUIBIFEI — OHBIH OarachIHBIH
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THIMJILUTITI MEH KOJIIaHyaFbl KapanaibIMIBUTBIFEL. ATaJFaH )KyHe/1e HaKThl yaKbIT
pexxuMinge BeO-KaMepa apKbUIBI TYCIPUITeH BUICOKaApIapaaH ajJblHFaH CypeTTep
maigananplIabl. ApbIKapail, eHmenareH cyperrtep SVM anropuT™M KOmaHATHIH
knaccugukaropnaapra oepinai. Knaccudukarop cyperri Mozpensre aiHaiIIbIpIbL.
CoHpIHAa 00JDKAMIBI HOTHKE aJIbIH/IEL.

TyiiiH ce3mep: KOI-KUMBUI, BIMAAY TUTIH TaHy, MalTHHAIBIK OKBITY, SVM
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PACIIO3HABAHHME KA3AXCKOI'O ) KECTOBOI'O SAA3bIKA B
PEAJIBHOM BPEMEHU C UCITIOJIb3OBAHUEM MEDIAPIPE u SVM

AHHoTanmusa. B wuccrnenoBaHuM mpeiaracTcs pacrlio3HaBaHUE Ka3aXCKOrO
TaKTUIBHOTO anaBUTa B peajJbHOM BPEMEHH C HCIIONB30BAHHUEM aITOPHTMA
MammHHOTO 00yueHms. IIpoaHamm3upoBaHBI Ka3axCKHH, Ka3aXCKO-PYCCKUN
M aMEPUKAaHCKUH >KEeCTOBBIE S3bIKHM. KpoMme TOro, peanu3oBaHa MporpaMma
pacrnio3HaBaHus 42 Ka3aXCKUX JAKTHIIBHBIX KE€CTOB. BBHIOpaH alropuTM MalldHBI
OMOpPHBEIX BekTopoB (SVM) 1uis pacrmo3HaBaHHUS >KeCTOB. Takke OIEHUBAIOCH
kagecTBO anroputMoB. ChopmupoBan Habop gJaHHBIX U3 60ee 4200 m3o00pakeHui
¢ 42 xnaccamu. Ucnons3zoBad Framework Media Pipe ams mommydeHust OpueHTHPOB
pyku U s cOopa naHHbIX. PaboTa B cTarhe ABISACTCS MPOMOIKCHUEM H3YYCHHS
TPYOHOCTEH KiaccuPUKaMM >KECTOB B Ka3zaxCkoMm s3bike sxecToB (KazSL).
[lomp30Barens TOMKEH WMETh BO3MOXKHOCTH 3aXBaThlBaThb H300pakeHUs
Ka3aXCKUX JKECTOB PYK C IOMOIIbIO BeO-KaMephl, a MporpaMMa pacro3HaBaHUs
JOJDKHA IPeCKa3biBaTh M OTOOpaXkaTh Ha3BaHMWE 3aXBaueHHOro kecta. Llennb
cucreMbl — oOHapyxeHHe 42 Ka3aXCKHUX JKECTOB CO CKOPOCThIO 00paboTKH B
peaNbHOM BPEMEHH, MUHHUMH3UPOBATH IMOMEXH U TOJYYUTh BBICOKUH MPOICHT
TOYHOCTH PACIO3HABaHUsA. Pe3ynbTrarhl MOKa3bIBAIOT, YTO TOYHOCTH AJrOPUTMA
nocturaer 99%. BaxHOCTh TakoW MOJENH 3aKIIOYaeTCs B €€ 3KOHOMHUYHOCTHU
M TMPOCTOTE HCIOJb30BaHMSA. B 3TOH CHUCTeMe HCIOIb30BAIMCH HU300paKeHUs
B peaJlbHOM BpPEMEHH W3 BHJEOKaapOB, 3aXBadeHHBIX BebO-kamepoil. [lamee
o0OpaboTaHHBIE M300paKEHUS TMEPEIABAIMCH B KIACCHU(PHUKATOPHI 110 AITOPHTMY
SVM. Knaccuduxarop npeBpatii u3o0pakeHue B Mojielb. HakoHell, oxxuaeMbIit
pe3yibTaT ObLI MOJTyYeH.
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KioueBble c¢JioBa: KeCcT pyKaMH, pPaclO3HAaBaHHE »>KECTOB, MAIIMHHOE
o0yuenue, SVM

Introduction

With the rise of human-computer interaction, the high technologies are
developed, and that technologies more help to deaf people in communication.

Sign language is not universal throughout the world, because it naturally emerges,
develops and changes in different local communities. It consists of different sign
systems that combine commonly used signs in society and the language of deaf
people.

Sign language is the primary tool of interpersonal communication and natural
method of communication for deaf people. They use gestures as a non-verbal
communication tool to express their thoughts and emotions. There are specialized
schools for deaf people, higher educational institutions, and educational materials,
online courses, and websites in our country. However, there are almost no effective
tools for machine translation of sign language, except KRSL-Online School
(Mukushev et al., 2022: 5).

The research published on intelligent systems in sign language recognition
over the past two decades are analyzed and reviews of techniques for vision-based
sign language recognition are presented. The literature review (Adeyanjua et al.,
2021: 36) presented that perfect intelligent systems for sign language recognition
are still an open problem. Certainly, the researches on the Kazakh sign language
recognition system are not fully explored and that problem is actual nowadays.
Due to the high accuracy of using of machine learning algorithms for 31 Kazakh
gestures (Kenshimov et al., 2021: 15), this paper considers the machine learning
method for 42 Kazakh gestures, as there was no such works.

The aim of this paper is the recognition of 42 Kazakh dactyl alphabet (figure
1) (Ergaliyeva et al., 2005: 401) with the highest accuracy using machine-learning
methods. The contribution of this paper is enhance Kazakh gestures recognition
using the algorithm of machine learning. As a method, the proposed SVM is applied
in 42 gestures with new created dataset.

B 0| =l AR W
L] ik Id (T8 i I JL1 i
.-.-':' - ""'.l' 3] L T ;J'\- 5
Kw B T T Lk i 1
. iy '1; "é "' TN £
hiu Ha [T Lb] (L) 1k g LY
3 ' 1
A AN S
18 L 1 y |
i W Wy Ty s Xn hbh |
oy - . : .
i : |'. oy ¥ I.l..r - i I'.'!"—‘
Iy " 1 [¥] I s
s e,
& -
W Ta

Fig. 1. 42 Kazakh dactyl alphabet
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Methods and materials

Various features extraction and classification techniques used in SLR to achieve
good results are discussed in review (Adeyanjua et al., 2021: 36). Another review
(Cheok et al., 2019: 23) provides thorough the current methods used in recent
hand gesture and sign language recognition research existing state of-the-art SLR
models over the past decade that facilitates a comprehensive overview of SLR and
discusses the needs, challenges, and problems associated with SLR and suggests
future directions.

LSTM RNN architecture for a wide range of modeling in sign language
recognition has reviewed in (Bayegizova et al., 2022: 7). Adding a new layer
to model, sign language is recognized with an accuracy of up to 98%. SMV to
recognition Arabic sign language (ArSL) model achieved a recognition accuracy of
99% (Tharwat et al., 2015: 12). A similar research also used Kinect with the SVM
classifier to develop Indian Sign Language Recognition (SLR) system that the
recognition accuracy of 97.5. Also, SVM was implemented on a mobile application
to recognize 16 ASL alphabets and achieved a recognition accuracy of 97.13%
(Jin et al., 2016: 6). There are some papers (Joshi et al., 2020: 10, Barbhuiya et
al., 2021: 19, Sharma et al., 2021: 12), that employed SVM as a classifier with
better performance. The system (Alzohairi et al, 2018:7) includes object detection
and classification stages. Support Vector Machine (SVM) that combines feature
extraction and classification stages is proposed to constructively translate the
detected hand gestures and Inception v3 and SVM, a vision-based ASL Translator
is implemented.

There are few studies on Kazakh hand gesture recognition algorithms and
methods. For instance, the work (Zholshiyeva et al., 2021: 8) proposes a CNN-based
approach using advanced techniques and algorithms for hand gesture detection and
recognition of Kazakh sign language. The results of the work (Kenshimov et al.,
2021: 15) with updated 31 Kazakh gestures showed that the SVM, Random Forest
and Extreme Gradient Boosting algorithms are superior in real-time performance,
and the accuracy of the classification algorithms was, 98.68 % for Support Vector
Machine, 98.86% for Random Forest and 98.54% for Extreme Gradient Boosting.
The presented research work.

The research projects in Kazakh sign language translation systems not enough
to complete whole presentation of KazSL. Duo to achieving of the goals of the
paper is possible to use of machine learning methods.

Support Vector Machine (SVM)

Predictor algorithms used for sign language recognition are k-nearest neighbor
(KNN), artificial neural network (ANN), support vector machine (SVM), hidden
Markov model (HMM), convolutional neural network (CNN), fuzzy logic, and
ensemble learning.

SVM is some of the simplest and arguably the most elegant method for
classification. It takes the input and classifies them into different classes. SVM
training algorithm builds a model to classify them into categories.
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Each object is presented as a point in an n-dimensional space and the coordinates
of this point are called the features. SVM perform the classification test by drawing
a hyperplane that is a line in 2D or a plane 3D. SVM tries to find one that best
separates the two categories in the sense that it maximizes the distance to points in
either category. This distance is called the margin and that points that fall exactly on
the margin are called the support vectors. To find this hyperplane the SVM requires
a training dataset.

Classification is performed in SVM by differentiating two or more classes
of data. This is done by determining the optimal hyperplane that separates all
categories. When it is impossible to find a unique way to separate two classes in
the input space, the classification can be performed using the kernel trick (figure 2).

Fig. 2. Hyperplanes that separates all categories

SVM finds the best hyperplane by solving an optimization problem that attempts
to increase the distance of the hyperplane from the classes while simultaneously
trying to ensure the correct classification of many training examples. It is controlled
by parameter C. When the value of C is small, a hyperplane with a large margin is
selected at the expense of classifications that are more erroneous. Conversely, when
C is large, the hyperplane of the smaller field is chosen, which attempts to correctly
classify many more examples.

* Realization of SVM:

* Preparation of dataset.

* Feeding data to the fit function.

Calling predict to assign the correct category to a new object.

The biggest advantages of SVM is that it is easy to understand, implement use
and interpret. Furthermore, the SVM classifier can be show high accuracy, works
well with a large space and very little memory is used as a result.

Results

Proposed algorithm

The proposed algorithm uses dataset that is collected from live-stream images
that taken with camera in real time for testing and solving fundamental problems.
The details of the proposed algorithm are shown in Figure 3.

87



NE WS of the National Academy of Sciences of the Republic of Kazakhstan

Frymian _.‘i Hiaael I Lamidrinark | P
e | Boacching CRATAG KRG codlec o in C5Y

'
’ | I3ara spb g
| LS CTL T |-I | DRl oo ]-l | BV M |

Fig. 3. Proposed algorithm

Dataset creation

MediaPipe Hands is a high-fidelity hand and finger tracking solution and it is
used for creation of dataset. MediaPipe Hands (Lugaresi et al., 2019: 9) uses an ML
pipeline consisting of several models that work together: a palm detection model
that operates on the full image and returns a focused frame hand-bounding box. A
hand orientation model that works with the cropped area of the image detected by
the palm detector and returns high-quality 21 3D key points of the hand. Extracted
key points are generated from the coordinates X, y, z (Zholshiyeva et al., 2022: 4).

At first is created the folders to save 42 classes of 42 Kazakh dactyl alphabet.
After reading the 100 images for each class from the webcam, they are saved in the
corresponding folders of each class (figure 4). After having the image, the Media
Pipe is used to run through the dataset images to get the landmark of hand. Then
read through each image in folder, then folder name of the label of that layer and
function process each image to produce 21 landmark. At the end store data points
and a dataset.csv file.

Fig. 4. Created dataset

Class detection

After data creating is proceed the recognition process. The dataset splits into
train/test parts with ratio 80/20. SVM classifier is applied to recognize of KazSL as
shown in figure 5.
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Fig. 5. Detection of 42 classes

Quantitative analysis of the algorithm

To estimate the quality of proposed algorithm and for analyze the results for
each data, precision, recall, f1-score, and accuracy are used.

To do measure the accuracy of model is to count of number of right answers and
to express it as a portion of all the answers that are given. Accuracy given by the
number of true positives and true negatives over the entire prediction set. Precision
describes how accurate proposed model is of predicted positives, how many of
them are actually positive.

Precision is a measure of how is guessed the label that is interested in positive
case and is it calculated by dividing the number of correct positive by the entire
positives.

Recall is like to precision, but it is different in that it takes the negative case.
Recall is the metric model we will choose when there is a high cost associated with
false negatives.

Fl-score is defined to be harmonic mean between precision and recall. In
addition, it asks how well the quality of predictions and how completely is predicted
the labels from the dataset.
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Table 1 shows the values of precision, recall and fl-score for each class, where
all average are 99%.

Table 1 — Metrics for evaluating the quality

precision recall fl-score

A 1.00 1.00 1.00
AE 1.00 1.00 1.00
B 1.00 1.00 1.00
C 1.00 1.00 1.00
CcC 1.00 1.00 1.00
CH 1.00 1.00 1.00
D 1.00 1.00 1.00
E 1.00 1.00 1.00
EE 1.00 1.00 1.00
F 1.00 1.00 1.00
G 1.00 1.00 1.00
GG 0.71 1.00 0.83
I 1.00 1.00 1.00
11 1.00 0.92 0.96
111 1.00 1.00 1.00
10 1.00 1.00 1.00
J 1.00 1.00 1.00
JI 1.00 1.00 1.00
JU 1.00 1.00 1.00
K 1.00 0.99 0.99
KK 1.00 0.91 0.95
L 1.00 1.00 1.00
M 1.00 1.00 1.00
N 1.00 1.00 1.00
NN 1.00 1.00 1.00
(¢] 1.00 1.00 1.00
00 1.00 1.00 1.00
P 1.00 1.00 1.00
R 1.00 1.00 1.00
SH 1.00 1.00 1.00
SHS 1.00 1.00 1.00
T 1.00 1.00 1.00
U 1.00 0.98 0.99
Ul 1.00 1.00 1.00
Uu 1.00 1.00 1.00
\Y% 1.00 1.00 1.00
X 1.00 1.00 1.00
Y 1.00 1.00 1.00
YA 1.00 1.00 1.00
YU 1.00 1.00 1.00
Z 1.00 0.82 0.90
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H 1.00 1.00 1.00
accuracy 0.99
macro avg 0.99 0.99 0.99
weighted avg 0.99 0.99 0.99

A confusion matrix is used to describe the performance of a classification
model (fig. 6). It is analyzed to better understand the types of errors allowed by the
classifier. Based on the confusion matrix, is noted that SVM made some mistakes
for dynamic signs, such as “K”, “K”, “F”” and “3”.

Fig. 6. Confusion matrix of Kazakh Sign language

Discussion

A real-time recognition model of the Kazakh dactyl sign language, consisting of
a 42 dactyl alphabet presented in the paper are focused on real-time processing speed
and get high percentage of recognition accuracy using machine learning methods.
Results show that the algorithm SVM is was 99% accuracy. The SVM algorithm
was also used in other researches (Bayegizova et al., 2022: 7; Tharwat et al., 2015:
22; Jin et al., 2016: 6; Joshi et al., 2020: 10; Barbhuiya et al., 2021: 19; Sharma et
al., 2021: 12) to recognition several sign languages. The authors (Kenshimov et al.,
2021:15) was compare three machine learning algorithms and was performed the
average accuracy of the SVM algorithm with 98.68% correct recognition for 31
Kazakh dactyl alphabet. Our real-time recognition was performed by 42 Kazakh
dactyl alphabet and get higher percentage of recognition accuracy with SVM.
Moreover, real-time execution speed of SVM was a high indicator.

The percentage of dynamic gestures recognition was lower than static gestures.
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According to the dictionary for hearing-impaired citizens in Kazakhstan (Ergaliyeva
et al., 2005: 401) and KRSL-Online School dataset (Mukushev et al., 2022: 5), that
is actual next deep research and automatization of dynamic gestures of Kazakh sign
language.

Conclusion

In this research, the Kazakh sign language recognition model based on SVM is
presented. The dataset of more than 4200 images with 42 classes are formed and
Framework Media Pipe is used to get landmarks for dataset acquisition.

The result shows that the accuracy of the proposed model improves to 99%.
Although, the dataset is not large enough, but results were accurate. However, the
dynamic gestures recognition is lower than static gestures.

In the future, the research can be extended by introducing static, dynamic Kazakh
gestures detection in real time using neural networks to increase the efficiency of
calculations.
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Abstract. One of the factors of development in the research direction is the
activity ofuniversity staff and teachers in participating in grant funding competitions.
The high activity of researchers in this direction will allow the implementation of
new projects, which, in turn, will contribute to attracting additional funding to the
university, obtaining significant research results. Applications for participation in
grant funding competitions are submitted according to the announced competitions
for their holding. According to the terms of the tender documentation for grant
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financing, applications submitted must meet a number of requirements. The article
is devoted to developing an information systemdesigned to record applications
submitted by the faculty and staff of the university for participation in grant
funding, as well as assisting in the design of the application and preparation of
tender documentation. The authors offered innovative approaches to automate
the process of checking applications to find errors.Based on the application’s
verification results, recommendations or errors to modify the application to increase
its level are being constructed. This task has relevance, as it affects the development
of scientific activities of the university. The developed software solutions and the
results of their successful integration with the information management system of
the university offered. In addition to checking applications, the developed system
allows for collecting statistical data on submitting applications to universities in
general and individual units.

Keywords: information system, information technology, research projects,
verification rules, database, application registration
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pBIHA KaTelcy OenceHmimiri 6omsin TaObmanel. 3epTTeyIIiiepaiy Oyl OaFrbITTaFbl
JKOFaphl OEJICEHIUTITI JKaHa JKoOaapbl JKy3ere achlpyFa MYMKIiHAIK Oepemi, Oy
©3 Ke3€TiH/Ie YHUBEPCUTETTECH KOCBHIMINIA KApXKbl TAPTYFa )KOHE MaHBI3bI FEUTBIMU
HOTIDKENEepPre KOJM JKeTKi3yre MYMKIHAIK Oepemi. [paHTTHIK KapKbUTaHIBIPY
KOHKYpCTapblHa KaTbICyFa eOTiHIMIep Oepy onapAsl OTKi3yre >KapusIaHFaH
KOHKYpCTapFa ColKec *Ky3ere achIpbliaibl. [ paHTTHIK KapKbUIaHABIPYFa apHaJIFaH
KOHKYPCTBHIK Ky)KaTTaMaHBIH IapTTapblHa colikec OepineTiH eTiHiMuep Oipkarap
TaJanTapra cokec Kelyi THic. Makana TpaHTTBIK KapKbUIaHABIPYFa KaTbICY YIIiH
KOO IIOK men kpI3MeTKepiepi OepeTiH OTiHIMAEpIi ecelke ajyfa, COHIai-
aK OTIHIMAI paciMIey >KoHEe KOHKYPCTBIK KyKaTTaMaHbl AalbIHAAyFa apHaJFaH
aKmaparThIK JKYHEHI a3ipiey MoceseniepiHe apHajFaH. ABTOpiap Karesiepai
Taly MakcaTblH/Ia OTIHIMJEpP/i TeKcepy IMpOIEeCiH aBTOMATTaHABIPYABIH ©31HIIIK
ToCinAepiH ychIHAABL. OTiHIMIEpAl TeKcepy HOTWXKenepi OoibIHIIA KaTelepui
TY3€Ty KaKETTiNir Hemece KOHKYpCTa OHBIH JACHIEHiH apTThIpy MakcaTblHAa
OTIHIMII ©3repTy JKOHIHJETl YCHIHBIMAAD KaIBINTACTHIPBIIAABL. by MiHmerTiH
©3eKTiIri 6ap, OUTKEHI 011 YHUBEPCUTETTIH FHUIBIMU KBI3METIHIH JaMyblHa acep
eTeqi. O3iplieHreH OariapiaMaiblK IIENIMIep JKOHE OJapAblH YHHUBEPCHTETTI
OackapyablH aKNapaTTbIK JKYHECIMEH COTTI WHTETPAlMACHIHBIH HOTHXKEIepi
YCBIHBUTAABI. OTIHIMIEPAI TEKCEpyMEH Karap, o3ipieHreH sxyie xanmsl JKOO-
Japra KoHe XKeKe OelimMIIenepre oTiHiMIep i Oepy MpoIieci Typaibl CTATUCTUKAIBIK
JepeKTepIi )KUHAYFa MYMKIH/IIK Oeperi.

TyiiH ce3gep: akmapaTThIK XKyle, aKmaparThIK TEXHOJOTHUsIap, FHUIBIMHU
xobanap, TeKcepy epexenepi, [epekrep 0a3acel, OTIHIMAEP/ TipKey
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AnHoramusa. OngHuM u3 (HaKTOPOB pa3BUTHS B HAy4HO-MCCIIE0BATEIHCKOM
HaHpaBJIeHI/II/IﬂBHHeTCSIaKTI/IBHOCTI)COpr,Z];HPIKOBI/IHpeHOHaBaTeHCﬁBy3OBBy‘IaCTI/II/I
KOHKypcax 'paHToBOro (huHaHCHpOBaHUs. BbICOKast akTHBHOCTB HCCIen0BaTeNel B
9TOM HaNpaBJICHUH MO3BOJIUT PEATH30BATh HOBBIE POEKTHI, YTO, B CBOIO OYEpEeb,
Oyner cmocoOCTBOBaTh NPHUBICUEHHUIO JONONHUTEIBHOTO (UHAHCHUPOBAHUS
YHUBEPCUTETA, IIOJIYYEHUI 3HAYMMBIX PpE3YyJIbTaToB Hccienosanusd. Ilomaua
3asBOK Ha y4aCTHC B KOHKYpCax I'paHTOBOIO (I)I/IHaHCI/IpOBaHI/ISI OCYHICCTBIIACTCA
COINIaCHO OOBSBICHHBIM KOHKypcaM Ha uX mpoBeneHue. COIacHO YCIOBHAM
KOHKYPCHOM JOKyMEHTallid Ha TpaHTOBOe (MHAHCHPOBAHWE, I10JaBacMbIe
3aBKM JOJDKHBI COOTBETCTBOBAaTh psiay TpeOoBaHuid. CraThsi MOCBALIEHA
BOMpocaM pa3paboTku MH()OPMALMOHHOW CHUCTEMBI, KOTOpas NperHa3HadeHa
uid ydera 3adBoK, nomaBaeMbix IIIIC u coTpynHuKamMu By3a JUid ydacTHs B
T'paHTOBOM (1)I/IH3HCI/IpOBaHI/II/I, a TaKXXC IIOMOIIU IIpr O(l)OpMJ'IeHI/II/I 3as1BKH U
MOATOTOBKN KOHKYPCHOW MOKyMEHTAlMH. ABTOPHI IpeUIaraloT OpUTHHAJIbHBIC
MO/IXO/BI TI0 ABTOMATH3aLlMK TIPOIiecca MPOBEPOK 3asBOK C LENBI0 HAXOXKICHHS
ommbok. [lo pesynsraraM NpoBepKH 3asBOK (OPMUPYIOTCS HEOOXOIUMOCTb
WCTIpaBlieHUS OIIMOOK WM DPEKOMEHJAIMW IO HM3MEHEHUIO 3asBKU C LEIbI0
MOBBIILICHHUS €€ YPOBHS B KOHKypce. JlaHHas 3ajaya MMeeT aKTyallbHOCTb, TaK
Kak BJMSET Ha pa3BUTHE HAy4YHOW AESATEILHOCTH yHUBepcurera. Ilpemmnaratorcs
pa3paboTaHHBIC IPOTPAMMHBIE PELICHHS M PE3YNIbTaThl X YCIEIIHONH HHTErPalluy
¢ MH(OPMAIIMOHHOW CHUCTEMOH yrpaBieHHs By3oM. [loMHMO NpOBEpKH 3asBOK,
paspaboTaHHas cHCTEMa TakKe IO03BOJISIET cOOMpaTh CTaTHCTHUECKUE AAaHHBIE O
mpoliecce Moayy 3assBOK B By3blI B IIEJIOM U B OTJEIBHBIX NOAPA3IEICHHSIX.

KioueBsble cinoBa: nHDOpMaLIMOHHAsT cUCTeMa, HHOOPMALIMOHHBIE TEXHOIO-
THH, HAyYHbIE TPOEKTHI, IPaBUjIa MPOBEPKH, 0a3a JAHHBIX, PErHCTPaIHs 3aIBOK

Introduction

The purpose of evaluating the activities of teachers is to stimulate the growth of
qualifications, professionalism, effectiveness of pedagogical and scientific work,
the development of creative initiative of teachers. The evaluation results are the
information of the educational institution and can be used as a basis for determining
the validity of the contract, material and moral encouragement of teachers and the
development of measures to improve the quality of training specialists.

If ateacher’s performance evaluation system contains a small number of obvious
and generally accepted evaluation parameters, regardless of subjective factors, then
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it can be considered optimal if it is relatively simple and understandable for the
teacher’s activity, if it provides an adequate assessment of the teacher’s activity. It is
known that the activity of a teacher covers such types of work as teaching, research,
organizational and educational. Accordingly, the evaluation of the teacher’s work
should be carried out taking into account the quality indicators of each type of
work.

The effectiveness of implementing scientific activity processes determines the
quality of solving such problems as search and provision of access to research
papers. Providing timely information about scientific events and participation
planning ensures the opportunity to publish the research results in high-ranking
publications. The involvement of the teaching and research staff in this direction
allows the opportunity to implement new projects that contribute to attracting
additional funding to the university and obtaining significant scientific results. The
realisation of the scientific interests of the teaching staff through grant funding is
very relevant.

When the teaching staff and researchers are informed about new competitions,
it is necessary to organise business processes and deliver pieces of advice to them
when completing the application. Therefore, it is essential to increase the number
of university applications submitted and ensure their quality content—the solution
to this issue by information technology in the organisation of application processes.
The use of IT will allow users to organize assistance in decision-making.Thus, the
transfer of Kazakh science to new principles of financing, which are associated
with the development of the grant system, requires new forms of information work.

Literature Review

The development process of most software products sooner or later leads to
implementing mechanisms for adding, storing and retrieving information for
subsequent processing. The optimal information retrieval path is one of the critical
problems in computer science. The leading solution to this problem is a variety of
database systems perfectly cope with these tasks at the software level. However, if
in the system’s functionality, there is a need to work directly with the user’s query,
often consisting of several criteria, the processing of the results ultimately falls on
the shoulders of the user (Silva et al., 2021). In such a situation, the problem of
creating a conceptual model of automatic verification of technical documentation
that optimally meets the needs of users becomes particularly relevant.

In their work, the authors (Sonia Bergamaschi, 2016) consider solving the
problem of keyword searching in relational data by transforming keyword queries
into one or more SQL queries to run a relational DBMS. Finding such questions
is challenging because the modelled information can be in different tables and
attributes. It means identifying the schema elements where the data of interest
are stored and discovering how these elements are interrelated. The authors have
divided the problem into three stages: the first considers what the user has in mind
when formulating keyword queries, and the second is how the data represents in the
database schema. Finally, the third stage combines the two processes.
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It noted that ontologically controlled information systems today are one of the
most significant branches of the development of intelligent information systems.
Construction features of their have a close relationship with the development
of the theory and design bases of automatic text checking models, as well as to
develop of theoretical foundations and design methodology, including the formal
approach, fundamental principles and mechanisms, generalised architecture and
system structure, the standard model and design methodology of the subject area
ontology, formal model of knowledge representation, generalised algorithms of
knowledge processing procedures, etc. (Palagin and Petrenko, 2008). It is vital to
create an automatic system for checking technical documentation. In this context,
a comprehensive formulation of specific problems should increase the value of
automated text checking programs and facilitate the search for their solutions.

According to (Panos Constantinides, 2018), cutting-edge research in information
systems, strategic management, and economics has deepened our understanding of
platforms and infrastructures in the digital age over the past few years.

The results of scientific work come in different forms, arise at different stages
of the research process and are determined by various concepts associated with
them. Firstly, these are the stages of research at which they are produced. There
are several stages: from the search for information to the dissemination of results.

In each of them, the researcher conducts activities aimed at achieving the result.
Secondly, the research results themselves come in various forms: from traditional
articles to data sets obtained from experiments or the researcher’s knowledge
underlying hypotheses. They can be divided into content, data and information.
Thirdly, a number of tools are used to obtain results, which can be classified
according to the result provided by them.

Fourth, another level of accessibility can be achieved to the results, consisting
of the degree of openness to the scientific community and integration into
existing systems of organizing research information. The study for the first time
offers an information model of the results of the study, combining the considered
characteristics. This material can be useful for organizing research work, especially
at the level of managers and heads of research groups (Begler, 2017).

As such, a review of the available literature on the topic allows us to conclude
that the transition of Kazakh science to new funding principles associated with
developing the grant system requires new forms of informational work.

Materials and methods

Figure 1 presents an information model which analyses the process of
implementing the scientific activities of researchers (undergraduates, doctoral
students) and university teachers. This model describes the methods of interaction
between the participants and the results of their scientific activity in the university’s
information system.The analysis of the model and the subject area allowed us to
identify the main problem areas related to decision-making and the search for
relevant information:
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— Selection of the supervisor or students, taking into account scientific interests;
— Selection of periodicals for publication of scientific results;

— Selection of scientific events for participation;
— Selection of competitions, grants for research funding (Popova, 2013);

— Search for significant publications on a given topic.
The following vital objects distinguishin the built model:
— Supervisors and researchers - users of the information system;

— Scientific events - conferences, seminars, round tables, etc.;
— Publications in periodicals;
— Publications (periodicals).

The methods of frequency analysis and information technology make it possible
to analyse the links between the scientific interests of the participants, ongoing
research, relevant grant funding competitions and events. According to the analysis
results, recommendations creates to solve the tasks. As the presented model shows,
the leading information objects considered in this article connect through keywords,
which form the object’s profile or the so-called «area of scientific interest».
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Fig. 1. Information model of the scientific activity implementation process

The proposed approach allows for forming a scientific user profile of the
information system. Completeness of profile information depends on the accuracy
of recommendations, therefore — effectiveness of the development of the scientific
activity of the university. When analysing the data, it is necessary to prioritise those
or other scientific interests properly. The solution to this problem has its features
since the formation of the profile uses many sources of information.

Results

The researcher’s Automated Information System (AIS) develops to assist
researchers and research staff in submitting applications for competitions and
projects. This AIS makes it possible to perform the initial processing of applications
and the preparation of data and documents.

Using information technology, namely the development of an automated system
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of verification of documents, will check the frequently occurring errors, which
will improve the quality of applications. It is necessary to develop algorithms for
automating processes, use the experience of practical work in creating decision
support systems and practice their implementation in the education field.

Currently, in Kazakhstan does exist a system via applications for participation
in various competitions held by JSC «National Center of Science and Technology
Evaluation» (JSC «NCSTE»). Applications develop by completing interactive
forms on the website. The most frequently asked questions and answers,
instructions, submission of applications from individuals and legal entities, and
forums are published by the site where the competitive documentation is placed
[https://is.ncste.kz/login].

These application systems allow users to avoid basic mistakes when completing
online forms and check all sections filled with information. There are some
difficulties and inconveniences in filling the project data on the website of JSC
«NCSTE» (Table 1).

Table 1. Disadvantages when filling out the application

Ne | Name of sections
1 | Basic information The list of publications filled in the profile does not
automatically transfer.

The rubric must correspond to the profile

If there is no foreign partner, you cannot put a "-" sign

2 | Calculation of requested Total amount only when clicking on data for years 1, 2, 3
funding Funding for business trips is counted only per person

No export of data to Excel

The plan is not exported

Cannotsave data for each item individually

3 | Research Group -

4 | Required documents for -

participation in the competition

5 | Abstract 1. You need to add a save button for each field separately

Based on existing research analyses, organisation of information systems
training and decision-making assistance and the application process through the
NCSTE AIS — approaches developed to facilitate checking applications process
and identifying the most typical errors in their compilation through information
technology. The main idea of the used approaches is the researcher registers the
application in the AIS by completing a card with the basic information. When
saving the card, the system checks have the main areas filled correctly and, if
necessary, prompts an error message and offers changes or recommendations
to improve the application’s competitiveness. Monitoring the correctness of the
information is conducted with the methods of data integrity control in information
systems. For each case, different verification rules follow the conditions of the
tender documentation.
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Discussion

In the scope of this work, the following information characteristics provide to
determine the verification rules:

— Name. The name of the validation rule.

— The type of rule verification. It could take two values: restriction or
recommendation. If a rule with the restriction type violates, the system will display
a message and will not allow the application to save the card until the user changes
it to execute the verification rule. In another case, the system will display a message
about the recommendation to change the application, and the final decision will
remain with the user.

—  Validation condition. It is set with the SQL language and returns two possible values of boolean

type:
true and false.

—  Description. A detailed description of the test rule.
—  Warning. If the rule violates, a message will display to a user.

—  Contest. Information about the contest rule.

The choice of the SQL language sets the conditions for checking because, as a
DBMS, the ORACLE DATABASE uses. Therefore, SQL queries will be convenient
to check the fields of the application card and access the data of other entities used
as reference information. For example, check participants’ age, scientific degrees,
and positions.

Approximately ten rules have been formed for checking applications. These rules
are collected based on the competitive documentation on grant financing of scientists
on scientific and scientific-technical projects of the Committee of Science of the
Ministry of Education and Science of the Republic of Kazakhstan. Table 2 provides
examples of several screening rules. This table will be supplemented with additional
restrictions and recommendations by the tender documentation in the future.

Table 2. Restrictions and recommendations in accordance with the tender documentation

Contest Name of the Type Description Message
rule
MINISTRY OF | Checking Restriction According to the The employee
EDUCATION overlap by requirements of the is already
AND SCIENCE | executors tender documentation | participating
OF THE within a lot item 5 [5]. an in this lot as a
REPUBLIC OF individual has the right | leader of another
KAZAKHSTAN to participate: project;
as a scientific The employee
supervisor - not more | is already
than 1 (one) project, participating in
and as a team member | another bid for
- not more than 1 (one) | this competition.
project
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as a team member,
not being a scientific
supervisor - not more
than in 1 (one) project
MINISTRY OF | Checking for | Restriction According to the No more than 15
EDUCATION the number of requirements of the terms are listed
AND SCIENCE | keywords tender documents,
OF THE there are not more
REPUBLIC OF than 15 terms
KAZAKHSTAN
MINISTRY OF |IRSTI Recommendation | There are no more No more than 5
EDUCATION (Interstate than 5 codes IRSTI codes are
AND SCIENCE | Rubricator Of given
OF THE Scientific And
REPUBLIC OF | Technical
KAZAKHSTAN |Information)
code
MINISTRY OF | Verification of | Restriction According to the The total
EDUCATION the research requirements of the number of
AND SCIENCE | group of the tender documentation, | members of the
OF THE project for the total number research group
REPUBLIC OF | the number of of members of the of the project,
KAZAKHSTAN | people research team of the | including the
project, including the | project manager
project manager - not | - not more than
more 7 (seven) people
than seven (7) people

e

Fehngeappl |

xakon

Fig. 2. shows the application registration process in the AIS system.
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Fig. 2. Registration of an application in the AIS system
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The first step is selecting the necessary contest. The user only has access to the
current competition, and the second step requires filling fields in the form. The
next step is performing an automatic checking process of information according to
the requirements of the tender documentation. In the fourth step, a message about
needing to change the application if there are violations of restrictions or errors in
the form displays.In this case, information is not to be saved by the system, and
the user proceeds to edit the form to the second step. If there are no errors and
violations, the customer moves to the next step. The following stage is performing
data analysis and offering recommendations for modifying the application to
improve it.The appropriate suggestion is presented to the user when the system
forms the recommendations.

Consequently, the user can proceed to the editing of the request or reject the
offers and save the application in this form. In the sixth step, the data comes into the
AIS database. In the last stage, the user needs to print an application appendix with
a list of performers from the system after sending the application. This document
will have a unique code. This stage is necessary that all changes in the application
made by staff members are recorded in the system and permit directly finding the
application using a unique code.
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Fig. 3. Scheme of the process of preparation of application documents

The proposed method of verification of applications has been implemented
in the subsystem of applications accounting. Figure 3 shows the general scheme
of preparation and reviews of the provision of documents on the application, and
Figure 4 presents an example of work with the application.
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Fig. 4. Example of working with an application
Conclusions

When checking the application card, a violation of the rule with the type of
restriction was detected. According to the check results, the user is informed that
two performers are participating in another application in the same competition,
which is unacceptable based on the terms of the tender documentation. The
proposed method of automatic verification of the card and the data model allows
for further system development to improve the quality of submitted applications.
The developed information system has been implemented and is functioning
successfully. In addition to the initial processing of applications, it also allows
the staff of the scientific department to receive information about the application
process, collect information for internal use and provide it to other organisations,
if necessary. It also planned to create a training system for preparing «highquality»
and «competitive» applications for participation in various competitions. This
system makes it easier for employees to fill out an application and for specialists
to check it.
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Abstract. This article provides an overview of information dissemination
models in social networks. The authors discuss various approaches to modeling
the processes of information dissemination in social networks, including stochastic
models, graph-based models, and models based on user behavior. The article
describes the main components of the models, such as nodes (users) and the links
between them, as well as the characteristics of the disseminated information, such
as its format, content and target audience. Next, the authors discuss examples of
specific models, such as the SIR (Susceptible-Infected-Recovered) model, which
is used to model the spread of infectious diseases, as well as the IC (Independent
Cascade) model, which is used to model the spread of information in social networks.
In conclusion, the authors note that social media dissemination models can be used
for various purposes such as identifying key social media users, predicting trends
in dissemination of information, and improving marketing strategies.
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AHHOTamus. Byn Makamana oNeyMETTIK JKeNUIepJeri aknaparThl TapaTy
YJIrisiepiHe 1oy Kacanajsl. ABTOpIap SJIEYMETTIK XKeJIiepe aknapaTTbl TapaTry
MpOoLeCTEPiH MOIENBACYAIH 9PTYPIl TOCULACPiH, COHBIH ILIHIE CTOXAaCTHUKAJBIK
MOJICNBEP/i, TpadUKaIbIK MOJACIBACPIl JKOHE MaijanaHyllbl MiHE3-KYJIKbIHA
HeTi3JeNTeH MOACIbICPAl TalKplIalapl. Makanana Tydinaep (mainananymsuiap)
JKOHE OJIAP/IbIH aPACHIH IAFbI OalIaHBICTAP CHSIKTHI MOJICIIBJICPIIH HET13r1 Kypamiac
OeutikTepi, cOHMai-aKk OHBIH (OPMaThl, Ma3MyHBI KOHE MaKCaTThl ayJUTOPHUSICHI
CHUSIKTBI TapaTbUIaThIH aKMapaTThIH CHIIATTaMajapbl CHIIATTAIFaH. Opi Kapai,
aBTOpJIAp JKYKOAJBl aypylapAblH TapalyblH MOJENbACY YLIIH KOJAaHBbLIATHIH
SIR (Sesceptible-Infected-Recovered) moneni, conmaii-ak Mozenbaey YUIiH
naiinanansuiateid  IC  (Toyenciz Kackam) yarici CHUSKTBL HaKThl YIATUIEpAiH
MBICAJIAPBIH  TAJIKBUIANIBL. QJIEYMETTIK KeJiliepAe aKmapaTThlH Tapalysl.
KopeIThIHABUIIAH KeTie, aBTOpiap oJCyMETTIK >KeNiiepii Tapary MoAembIepiH
QJIEyMETTiK MEIUaHbIH HETi3rl MaijaiaHylmbuIapblH aHBIKTaY, aKlapaTThl TapaTy
TEHICHIMSIAPBIH O0JDKAY JKOHE MAPKETUHITIK CTpaTerHsIapAbl )KETUIAIPY CUSKTHI
OpTYpJIi MaKcaTTap/ia KoJIaHyFa OOJaThIHbIH aTarn eTei. TyHiH ce3ep: aJIeyMeTTiK
KeJi, ONeyMEeTTIK el MOHHUTOPHUHII, OJIEyMETTiK oj-ayKaT, MaijaiaHyIbl
KaObUIIaybIH Oaranay, OaraapiiaMaiiblK KAMTaMachl3 €Ty KyHheci.

Tyiiin ce3mep: AKmapaTTbl TapaTy MOIEIBAEPI, OJIEYMETTIK JKelijep,
QJIEYMETTIK JKelliH1 Tanjay, naiaananybIHBIH dCepi, BUPYCTHIK MApKETHHT, MiHE3-
KYJIBIK YJITUIEPi, CTATUCTUKAIBIK MOZICIBICD, 9JICYMETTIK ME/1a aHATMTUKACHI
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AnHoTauus. J[aHHas ctaTbg NpeacTaBisieT 0030p MOJeNei pacpocTpaHeHHs
WHPOPMAIIMH B COLMAIBHBIX CETAX. ABTOPHI OOCYKAAIOT Pa3IMUHbIE MOAXOIBI
K MOJCIHMPOBAHMIO TPOLIECCOB paclpocTpaHeHus MH(QOpMAalUU B COLHMAIBHBIX
CeTsIX, BKIIOYasl CTOXaCTUYECKHE MOJCIH, MOJIEIM Ha OCHOBE Ipad)oB U MOJIEIH,
OCHOBaHHBIC Ha MOBEJCHHUHU MOJb30BaTeNie. B crarbe OMMCHIBalOTCS OCHOBHBIE
KOMIIOHEHTHI MOJIEJIeH, TaKue Kak Y3Jbl (IIOJb30BAaTeNN) U CBS3H MEXKAY HUMH,
a TaKKe XapaKTepUCTUKU pacHpocTpaHseMod HHQOpMAlMH, TaKHE Kak ee
¢dopmart, conepkaHue u LeneBas ayrutopus. Jlajgee aBTopbl 00CYKIAIOT MPUMEPHI
KOHKPETHBIX Mojeneii, Takux kak moaeib SIR (Susceptible-Infected-Recovered),
KOTOpasi MCHONB3yeTcsl IJIsi MOAETMPOBAHUS PACPOCTPaHEHHUS HHQPEKIHMOHHBIX
3aboneBanui, a Takxke moznens IC (Independent Cascade), koTopast ucnomnb3yercs
IUIL MOJEITUPOBAHUS PACIPOCTpaHEHUs] MHPOPMAIHM B COLMAIBHBIX CeTsX. B
3aKIIIOUCHHE aBTOPHl OTMEYAIOT, YTO MOJCIH PAacHpOCTpaHEeHUs WHQOpMaIHn
B COLIMAJBHBIX CETAX MOTYT HCIONB30BaThCA U PA3IMYHBIX Lesel, TAKHX Kak
OIlpeJicTieHNEe KIIOYEBBIX IOJIb30BaTee B COLMATBHBIX CETAX, MpelCcKa3aHue
TEHJEHIMH B pacnpocTpaHeHHMH HHPOPMALUHK M YITyUYIICHHS MapKeTHHTOBBIX
CTpaTerui.

KioueBble cjioBa: MoJenu pacnpoCTpaHEHUs WH(POPMAIMH, COLUANbHBIC
CETH, AaHAJIN3 COLUAJIbHBIX CETEH, BIMSHUE M10Ib30BaTEIICH, BUPYCHBIM MAPKETHUHI,
MOBEACHYECKHE MOJIENIN, CTATUCTUYECKHE MOJISIIN, AaHATUTHKA COLIMATBHBIX MEANa

Introduction

In the modern world, social networks are an integral part of our lives. Millions
of people around the world use social networks to communicate, get information,
business contacts and much more. However, in addition to simple communication,
social networks are a huge source of information that can spread with great speed
among users.
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Studying the processes of dissemination of information in social networks is
essential to understand how information is distributed in society, how it affects the
opinions and behavior of people, and how it can be used in various fields such as
marketing, politics, etc (Timofeev et al., 2019: 119; Gribanova, 2018: 66).

To understand the processes of information dissemination in social networks,
various mathematical models have been developed that allow us to analyze the
processes of information transmission in networks. One such model is the SIR
model, which is used to study the spread of infectious diseases, but can also be
applied to analyze the processes of information transmission in social networks.
Another model is the IC model, which describes the process of dissemination of
information in social networks, based on the influence of users on each other.

In this article, we will consider the main models of information dissemination
in social networks, as well as methods for analyzing the processes of information
transmission, such as centrality analysis, clustering and community detection,
which can be used to study and optimize the processes of information dissemination
in social networks.

Research materials and methods

Models of information dissemination in social networks: basic approaches.
There are two main approaches to modeling the dissemination of information in
social networks: network and non-linear models.

1. Network models. This approach is based on graph theory and considers a
social network as a collection of nodes (people or organizations) and connections
between them. Network models can be used to study how information propagates
through these links, how resources are distributed within a network, and which
nodes are central in that network. One of the most common examples of the network
model is the social media influence model, which is used to study how messages
can be distributed across various social media platforms (Newman, 2010).

2. Nonlinear models. This approach is based on the theory of dynamical systems
and is used to study how changes in one node of the network can affect other nodes.
Nonlinear models can be useful for predicting how changes in one node might
affect the entire network. An example of a non-linear model would be the virus
spread model, which is used to study how an infectious disease can spread through
a population (Hethcote, 2000).

Both approaches have their advantages and disadvantages, and they are often
used in combination to gain a more complete understanding of the processes taking
place in social networks.

Network models of information dissemination. Network models are used to
study the dissemination of information in social networks and include various
approaches. Let’s consider three main types of network models.

1. Distributed models. These models are based on the fact that each node in the
network decides whether to propagate information further or not, based on some
decision rule. An example of a distributed model is a linear threshold model, in
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which each node has some threshold level of influence, and only if the number of its
neighbors that have already propagated information exceeds this threshold, it also
begins to propagate information.

The IC (Information Cascade) model is a model that describes the process of
dissemination of information in a group of people. In this model, each person
makes a decision based on their own observations and other people’s previous
actions. Each node has an activation probability, which can be represented as a
number from 0 to 1. When a node becomes active, it can activate its neighbors
with some probability. Propagation occurs in stages: at each stage, all nodes that
were activated in the previous stage are activated, as well as all their neighbors
that were activated in the previous stage with a probability equal to their activation
probability (Bikhchandani et al., 2000:49).

The formulas for the IC model can be written as follows:

Decision Probability:

P=f(>S), (1)

where P is the probability of making a decision, / is the personal information
that the person has, and S is the information that comes from other people.
Personal information:

I=i+aXpj, )

where [ is personal information, i is the initial information that a person has, o is
the coefficient of influence of the initial information, is the sum of decisions made
by other people.

Information that comes from other people:

S = B Y. pk, 3)

where § is information that comes from other people, f is the coefficient of
influence of information coming from other people, is the sum of decisions made
by other people.

Other people’s solution:

pj = fUj,S)), @

where is other people’s decision, is other people’s personal information, is
information that comes to other people.

These formulas can be used to describe the IC process and understand how
people make decisions based on the information they get from other people
(Toropov, 2016).
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The LT model is a more complex model that takes into account the influence
of not only the activation probability of each node, but also the weight of links
between nodes. Each node has a weight, which can be represented as a number
from 0 to 1. When a node becomes active, it can activate its neighbors if the link
weights between the node and its neighbor exceed a certain threshold. Distribution
occurs in stages, similar to the IC model (Goyal et al., 2010: 241).

The IC model is simpler and faster than the LT model, but it does not take
into account the influence of link weights between nodes. The LT model is more
realistic, but may be more time and resource intensive. Both models can be used
to analyze the distribution of information in social networks, marketing campaigns
and other areas.

2. Models of influence. These models consider the process of information
dissemination as a result of interaction between network nodes. In these models,
each node can influence its neighbors by changing their probability of making
decisions about the dissemination of information. An example of an influence
model is the Cascade model, in which each node can influence its neighbors by
changing their decision probability (Gorkovenko, 2019: 55).

3. Models of random walks. In these models, information propagation is treated
as arandom walk through the network. The node that propagates information moves
to a random neighbor node with some probability. An example of a random walk
model is the PageRank model, which is used to rank web pages in search engines
(Algazinov et al., 2010: 241).

Each of these approaches has its advantages and disadvantages, and the choice
of model depends on the purpose of the study. It is important to understand that
network models are used not only to study the distribution of information in social
networks, but also to study other processes that occur in networks, such as the
distribution of resources and interaction between nodes.

Nonlinear models of information dissemination. Nonlinear dissemination models
are used to study the dissemination of information in social networks, marketing
campaigns, political campaigns, and other areas. These models take into account
non-linear relationships between various factors such as the number of people who
see certain information and the number of people who actually respond to it.

One of the most well-known non-linear information dissemination models is the
viral distribution model, also known as the Susceptible-Infected-Recovered (SIR)
model, which describes how information is distributed through social networks. In
this model, each participant has a certain probability of infecting another participant,
and this probability may depend on factors such as the number of connections
between participants and the degree of their interaction.

The virus dissemination model is a mathematical model that describes the
process of information dissemination in a society, as the spread of an infection
in a population. In this model, each person can become infected and transmit
information to other people, who in turn can become «carriers» and continue to
spread (Gorkovenko, 2017: 103).
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The formulas for the viral information dissemination model can be written as
follows:
Basic distribution model:

as
= = —psi
dal

2= — 5
where S is the number of exposed people, / is the number of infected people,
is the infection rate, y is the recovery rate, ¢ is the time.
Dissemination of information taking into account the influence of the
environment:

as
s —BSI —2S
- = BSI—vl, (6)

where A is the coefficient of environmental influence.
Immunization Model:

as

i —BSI — S

i BSI —yI

E=)/I+MS, (7)

where R is the number of people with immunity, x is a coefficient characterizing
the immunization process.
Model taking into account the changing degree of protection of the population:

as _

— = —BSal — 1S

i

g = fBSal —yl

=yl +us, 8)

where a is the coefficient of the degree of protection of the population, which
may change over time.

These formulas can be used to describe the process of viral dissemination of
information in society, and to understand how changes in various parameters can
affect the dissemination of information and the control of this process (Khrapov et
al., 2019: 225).

Another non-linear information dissemination model is the «contagion»
model, which describes how information can be disseminated through marketing
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campaigns or other forms of advertising. In this model, the advertiser can choose a
specific strategy that can have more or less impact on the target audience depending
on their characteristics and preferences.

Non-linear dissemination models can help improve the effectiveness of
marketing campaigns, political campaigns, and other dissemination processes.
However, like any model, they must be carefully tested against real data and used
with care when making decisions based on their results.

Threshold models and competition models are two examples of non-linear
information dissemination models used in econometrics and other fields to describe
non-linear relationships between variables (Avetisyan et al., 2018: 199).

Two of the best-known threshold models are the Sharma-Tamas model and the
Granovetter model.

The Sharma-Tamas model is based on the assumption that each person has a
certain threshold, which determines how many people with a certain opinion must
be in his environment in order for him to accept this opinion. If the number of
people supporting an opinion exceeds a threshold, the person accepts that opinion.
If the number does not reach the threshold, he remains in his opinion. The Sharma-
Tamas model was developed to explain the dynamics of the spread of opinions in
social networks.

Granovetter’s model is based on the idea that people have two types of connections
in their social network: strong and weak. Strong ties are those that connect people
who know each other very well, while weak ties are those that connect people
who don’t know each other very well. Granovetter’s model assumes that people
are more affected by their weak ties than their strong ties. This is because people
with strong ties often have very similar opinions, while people with weak ties can
represent diverse points of view.

Both models — Sharma-Tamas and Granovetter - are useful tools for studying
the dynamics of influence and distribution of opinions in social networks. They
can help in understanding how people form their opinions and make decisions in
the context of a social network, which can have important practical applications in
fields such as marketing, politics, and social psychology (Wiedermann et al., 2020).

Competition models describe relationships between multiple variables that
compete with each other for limited resources.

Two of the more well-known competition models are the Lotka-Volterra model
and the takeover model.

The Lotka-Volterra model is a mathematical model developed to study the
interaction between two species in an ecosystem: predators and prey. The model
assumes that the number of prey and predators changes over time depending on
their interaction. The number of prey increases when the number of predators is
small, and decreases when there are many. Likewise, predators increase when
there are many prey and decrease when there are few. The Lotka-Volterra model
can be used to analyze various ecosystems such as marine and forest ecosystems
(Trubetskov, 2011:66).
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The engulfing model, also known as the Gompertz model or the life cycle model,
is a mathematical model that describes the change in population size over time.
The model takes into account births, deaths and competition for resources. Each
individual in a population has a probability of dying or producing offspring. When
the population reaches its maximum size, it begins to absorb its own individuals,
which leads to a decrease in the population size. This model can be applied to the
analysis of animal and plant populations (Delitsyn, 2015).

Both the Lotka-Volterra and engulfing models are useful tools for studying
interactions between species and competition for resources in ecosystems. They can
help predict population dynamics and understand how changes in one population
can affect another population in an ecosystem.

Results and discussion

Methods for analyzing information transfer processes in networks are necessary
to understand how information propagates in a network and how it is influenced by
various factors, such as node properties, types of connections, and other network
parameters. They help identify important nodes, groups of nodes, and information
paths in the network.

Thus, methods for analyzing the processes of information transfer in networks
can be used to:

- understanding of the structure and properties of information transmission
networks;

- optimization of information transfer processes in networks;

- identification of key nodes that may be vulnerable in case of attacks on the
network;

- identification of groups of nodes that can work together to achieve a specific
goal;

- search for optimal ways of information transfer in the network;

- determining the degree of influence of nodes on the processes of information
transfer in the network.

Let us consider some methods for analyzing the processes of information
transfer, such as the analysis of centrality, clustering and detection of communities
(Tabassum et al., 2018).

Centrality analysis:

Centrality analysis is a method for evaluating the importance of nodes in a
network. There are several measures of centrality, including:

Betweenness centrality:

BC(w) = Y(s,t) € S()4 (s, t|v)/8(s,t) 9)

where is the set of shortest paths between all pairs of nodes passing through
node v; o(s, t) is the number of shortest paths between nodes s and #; and is the
number of shortest paths between nodes s and ¢ that pass through node v.
Closeness centrality:
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CC(w)=1/Yyd(v,u) (10)

where 1is the shortest distance between nodes v and .
Degree centrality:

DCW) =k(@)/(n—1) (11)

where is the number of links linking node v and # is the total number of nodes
in the network.

Clustering:

Clustering is a method of dividing nodes in a network into groups that have
similar properties or structure. There are several clustering methods including:

Method of K-means (K-means):

The K-means algorithm consists of the following steps:

Select K random cluster centers.

Assign each node to the nearest cluster center.

Update cluster centers using the average of all nodes belonging to the given
cluster.

Repeat steps 2-3 until the stop criterion is reached.

Hierarchical clustering method:

The hierarchical clustering method consists of the following steps:

Start with each node in a separate cluster.

Merge nearest clusters until all nodes are merged into one cluster or until the
stop criterion is reached.

The joining criteria can be different, for example, cosine distance or Euclidean
distance between nodes.

Community detection:

Community detection is a method of identifying groups of nodes in a network
that are more closely related to each other than to the rest of the nodes in the
network. There are several methods for community detection, including:

Louvain method:

The Louvain method is an iterative community detection method that optimizes
the modularity that describes the quality of network partitioning into communities.
The algorithm consists of the following steps:

Assign each node to a separate community.

For each node v, consider all possible reassignments of the node to another
community, and calculate the change in modularity for such a reassignment.

Reassign node v to the community that gives the greatest increase in modularity.

Repeat steps 2—3 for each node in the network until the stop criterion is reached.

Method of graph theory of spectral clustering (Spectral clustering):

Spectral clustering is a community detection technique that uses the spectral
decomposition of a graph’s adjacency matrix to extract communities. The algorithm
consists of the following steps:
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Calculate the adjacency matrix of the graph.

Calculate the spectral decomposition of the adjacency matrix.

Select the first k eigenvectors corresponding to the k smallest eigenvalues.

Apply the K-means method to the obtained vectors to partition the graph into k
communities.

These methods of analyzing information transfer processes can be used to
understand the properties of networks, identify important nodes and groups of
nodes, and also optimize information transfer processes in networks.

Application of information dissemination models in social networks. Social
media dissemination models are used to analyze how messages and ideas spread
among network users. These models can be useful for predicting how quickly and
in what way information will spread on social networks, as well as identifying
the most influential users and communities. Below are a few examples of the
application of social media dissemination models.

User power analysis: Information dissemination models can help identify
powerful users in a social network. This can be useful for marketing as these users
can be used to promote products or services.

Community analysis: Information dissemination models can help define user
communities in a social network and evaluate their interaction. This can be helpful
in understanding cultural differences and identifying potential audiences.

Predicting User Behavior: Information dissemination models can help predict
user behavior on a social network. This can be useful for decision making in
marketing and politics.

Trend detection: Information dissemination models can help identify trends in a
social network, such as changing user interests and trends in public opinion.

Create Viral Campaigns: Information dissemination models can help create viral
campaigns that will spread quickly on social media. For example, a company can
create a video that generates strong user interest and then use distribution models to
determine how it will be distributed across the network.

Determining the most effective promotion channels: Information dissemination
models can help determine the most effective channels for promoting products and
services in social networks. For example, a company can use distribution models
to determine which social networks are most popular among its target audience and
then focus their efforts on those channels.

Ad response analysis: Information dissemination models can help analyze
user response to social media ads. For example, a company can use information
dissemination models to determine how many users saw and react to an ad and then
tailor its strategy accordingly.

Negative Information Control: Information dissemination models can be used
to control the dissemination of negative information on social media. They can
help identify users who may be spreading negative messages and prevent those
messages from spreading further.
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Prevention of cyberattacks: Information dissemination models can help prevent
cyberattacks on social networks. For example, they can help identify users who
may be vulnerable to attack and take steps to protect against cyberattacks.

Event Response Analysis: Information dissemination models can be used to
analyze user reactions to social media events. For example, they can help determine
how users react to news, political events, sports events, and so on (Batura, 2012:
13).

Conclusion

The article presents an overview of the main models of information dissemination
that are used to analyze the processes of information dissemination in various social
networks. The article describes various models, including viral spread models, IC
and LT models, competition models, etc.

The article also considers the main applications of information dissemination
models, including predicting user behavior in social networks, marketing and
advertising campaigns, controlling negative information and preventing cyber-
attacks, some methods for analyzing information transmission processes are
considered to understand how information is distributed on the network and how it
is affected. various factors.

The article’s findings highlight that information dissemination models have
great potential in various areas such as social networking, marketing, and security,
and that the use of these models can help improve social media performance and
marketing campaigns. However, it is important to understand that the choice of
model should depend on the specific task and context, as well as on the data on
which the model will be based.

There are several areas for further research in the field of information
dissemination models in social networks:

Development of new information dissemination models that take into account
the complex interactions between users and the characteristics of the social network,
such as the topology and dynamics of connections between users.

Development of more accurate methods for estimating the parameters of
information dissemination models, taking into account the complexity and
heterogeneity of data in social networks.

Development of more efficient algorithms for predicting and controlling user
behavior in social networks based on information dissemination models.

Exploring the interaction between information dissemination models and other
social network models such as social network evolution models and community
formation models.

Applying information dissemination models to analyze a wider range of social
media issues, such as analyzing the impact of social media on public opinion and
decision making.

Development of innovative methods for predicting and controlling user behavior
based on deep learning and natural language analysis.
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Research in these areas can help improve understanding of social media
dissemination processes and apply them to a variety of purposes such as
improving marketing campaigns, preventing cyberattacks, and controlling negative
information.
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Abstract. In linguistics, reference is a comparison of a textual expression with
some non—linguistic object and an event in the real or abstract world. Determining
referential relations in linguistics has been studied for a long time for other
languages, but there are still very few studies for the Kazakh language. Considering
these issues, we set the goal of solving reference relations in the Kazakh language.
The purpose of the studied system here is to solve coreference relations in the
Kazakh language, that is, to cluster personal names related to persons (Type of
person). In other words, the task is to combine all the parts of the name in the text
(that is, the title, first name, last name, patronymic of each person mentioned in the
text). To achieve the goal, we used tomita-parser, keyword dictionary, grammar
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for extracting full name, grammar for extracting vocabulary names, clustering,
pairwise model, feature vector, pairwise weight vector. Algorithm Performance
was evaluated using traditional evaluation metrics, the obtained results compared
to other methods, the Tomita-parser algorithm was 0.87%, and the clustering
algorithm was 0.81%, the results were given in the form of a table.

Keywords: coreference, clustering, Tomita-parser, reference, anaphora
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Annoramus. Tin GuriMiHIe pedepeHnrs — MOTIHIIK OpHEeKTI KaHnai na 0ip
TIJIK eMec 00bEKTIMEH HaKThl HEMece JIEPEeKCi3 MYHUEAeTi OKUFaMeH CaIBICTEIPY.
Hoctypni Ttim OimiMi  pedepeHIMS ce3 TIpKeCTEepiHIH €Ki Heri3Ti KIAchIH
KapacThIpaJIbl: JEKCHKAIBIK TOJBIK (hopManap (arayibl ce3 TipkecTepi koHe T.0.)
JKOHE KbICKapThUIFaH (popmarnap (MbBICANbI, €CIMIIKTEp, CLITEYy eCIMIIri, XKiKTey
ecimziri, e3xik ecimaikrep). Pedepennusaer menryaiyg Migaeti 6enrini 6ip TinaeH
TBHIC HBICAH TYpaJIbl HAKTHI MOTIH/IIK CLIITEMEH1 OChI MOTiH/IeT1 0acKa cinTeMenepMeH
anbIKTay. Tin OimiMiHzeri pedepeHINSIIBIK KaThIHACTHI HIeITy 0acKa TUIIep YIIiH
KOITEeH 3ePTTEIII Kelledi, all Ka3ak TiJi YIIiH o1l KyHre JeiiH 3epTTeylep oTe as.
Bi3 ocwl Macenenepi eckepe OTBIPHIN, Ka3akK TUTIHAETI CLITEMENIK KaThIHACTapIbI
IIeTTy MaKCaThIH KOWBIK. BYHIaFbI 3epTTeNeTiH )KYHEHIH MaKcaThl Ka3ak TUTiHAeT]
KOpeepeHIMSUTBIK KATbIHACTAP/BI IICITy SIFHU TYJIFaJapra KaThICTBI JKATKBI
ecimaepni knactepiey (Tymra typi). backamra aiitkanna, Tarceipma MaTiHAE O0ap
eciMHIH OapJIbIK O6TiKTepiH (IFHH, MOTIHE KOpCeTiIreH opOip aJaMHbIH J1aya3bIMbl,
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aThl, TeTi, SKeCiHiH aThl) OipikTipy Oonbin TaObUIaARl. MakcaTKa XKeTy YIIiH tomita-
parser, KUITTIK CO3/Iep CO3/Iri, TONBIK aTay/bl aTyFa apHaJIFaH IpaMMaTrKa, Ce3JIiK
araynapAbl IIbIFapyFa apHalfaH TIpaMMaTuka, KiacTepliey, XYNTHIK MOJIEb,
MYMKIHZIIK BeKTOpbI(BEKTOp MPU3HAKOB), JKYNTHIK CaIMaK BEKTOPHIH KOJIIaHIBIK.
AnroputmiHiH OHIMAIINIH AocTypii Oaranay METPHUKACBIHBIH —KOMETiMeH
OaranaH/bl, albIHFAH HOTWOKENEp 0acka omicTepMEH CalbICTBHIpFaHIa TOMHUTA —
napcep anroputMi 0.87%, an knacrepiney anroputmi 0.81% Kypansl, HOTHXeTIEp
KecTe TYpiHze OenrijaeH 1.

Tyiiin ce3aep: kopedepenuus, kimacrepiey, TOMHTa-apcep, pedepenius,
aHadopa
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AHHoOTanus. B nuHrBHCTHKE pe)epeHIsI — 3TO CONMOCTABICHUE TEKCTOBOTO
BBIPQKEHHS C KAKUM-TTHOO HESI3BIKOBBIM OOBEKTOM M COOBITHEM B peaqbHOM WIIH
abctpaktHOM Mupe. TpaguLMOHHAas TMHIBUCTHKA pacCMaTpPUBAET J1BA OCHOBHBIX
Kjlacca OINOPHBIX CJIOBOCOYETAHUH: JIGKCHUECKUE TIONHBIE (OpPMBI (MMEHHBIC
CJIOBOCOYETAHMS U T.I.) U COKpallleHHbIE ()OpMBI (HarIpuMep, MECTOMMEHUS ). 3a1ada
paspelieHus] CChUIOK COCTOMT B TOM, YTOOBI MACHTH(HIIMPOBATH KOHKPETHYIO
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TEKCTOBYIO CCBUIKY Ha KOHKPETHYIO HES3BIKOBYIO CYIIHOCTh C JPYTUMH CCHUTKAMH
B oToM Tekcre. Ompenencare pedepeHITnaIbHBIX OTHONICHHA B S3BIKO3HAHWH
JABHO M3YYaeTCsl AJIs IPYTUX SI3BIKOB, HO 110 Ka3aXCKOMY SI3bIKY UCCIICIOBAHUIM e1lie
OYeHb MaJjo. YUUTHIBAS ATH BOIPOCHI, MBI IOCTABHJIH IIE€Jh PEIINTh peepeHTHRIE
OTHOIIEHHUS B Ka3axCKoM s3bIke. Llenbio m3yyaeMoW CHCTEMBI 37IeCh SBISETCS
penreHue kopeepeHTHBIX OTHOIIIEHUH B Ka3aXCKOM SI3BIKE, TO €CTh KITaCTEPHU3aIH
JUYHBIX WMCEH, CBS3aHHBIX ¢ Jmmamu (Twum nwma). Jpyrumu ciioBamu, 3agada
COCTOWT B TOM, YTOOBI COEJIMHUTH B TEKCTE BCE YACTH UMEHU (TO €CTh 3BaHUE, UM,
(haMmIIHI0, OTYECTBO KAXKAOTO JIUIA, YIIOMAHYTOTO B TeKcte). s ITOCTIKEHUs
LIETTH MBI UCIIOJIE30BaI TOMUTA-TIAPCEP, CIIOBAPH KIIFOUEBHIX CIIOB, TPAMMATHUKY JJIs
V3BIICUEHUS TIOJTHOTO UMEHH, TPaMMATHKY JUIS M3BICUCHUS HAa3BaHWUU CIOBapew,
KJIACTepU3alMIO, TTAPHYI0 MOJENb, BEKTOpP MPHU3HAKOB , BEKTOpP IMAapHBIX BECOB.
[Ipou3BOAUTENBHOCTH AITOPUTMA OLIEHUBAJIACH C UCIIOJIB30BAHUEM TPAAULIMOHHBIX
OILIEHOYHBIX METPHK, MOJlydeHHBIE pe3yabrarsl coctapmwiu 0,87% mns anroputma
Tomita-parser u 0,81% a1 aaropuT™Ma KIIacTepu3alliy 10 CPABHEHUIO C IPYTUMU
METOAAMH, PE3yJAbTaThI OBUIH MTPEICTABIECHBI B BUE TaOIHUIIHL.

KniwueBsie ciioBa: kopedepeHius, KiiacTepusalus, TOMATa-apcep,aHadopa

Kipicne

CeiineyniH TYTacTBIFBI MEH OMIpLICHAIri coil CyOBeKTiiepai KalTa ecke
TycipyMeH Tikenedl OaiinmanwicTel. COHABIKTAH, colyey OaphIchIHma 0i3 dKCTpa-
JUHTBUCTUKANBIK IIBIHABIKTBIH Oenrisi Oip 0oObeKTinepiH ecke Tycipyldi Xui
Ke3lecTipeMis, onap pedepeHTt nmen aramajapl, al KalWTanay mporeci pedepeHus
JIeTI aTajaibl.

Juckypcta peQepeHUUsUIBIK KaThIHACTApAbl OpHATYy MOTIHAI aBTOMATTHI
TalgayaelH ©H ©3€KTi, OipaKk MOAeNbIeyre KUBIH MoceNeNepiHiH Oipi OOoJbI
TaObUIAAbl. AWTBUIBIMHBIH MarbIHACHI JKOHE OEpiireH alTBhUIBIM MaFbIHACBIHBIH
KOJDKETIMIITIK ~ JopeXkeci CeHNeymiHiH KaHOal CUITeMeNiK  Kypalgapisl
naianaHaTelHbIHA OalIaHBICTBl ©3repyl MyMKiH. On JKajJkpl eciM, eciMIiK
Hemece OasHIaybIl 3aT eciM 0oiybl MyMKiH. Erep Oip cinreHinreH epHek OypbiH
KOJIJITAaHBUIFAH eKiHIIICiHe ClITeMe jkacaca, OHJa OJIapIbIH apachiHaa aHadopabIK
KaTbiHac (aHadopa) OpHATBUIAABI, OPHEKTEPHiH COHFBICH aHaop, ajl OHBIH
QJIIBIHAFBICH — AHTELEJCHT JCH aTaJajbl.

CoHFBI KXbULIAPEI peepeHINSIIBIK KAaTbIHACTAP/IBI IICHTY OT€ KBI3BIKTBI )KOHE
HOTWXEJI 3epTTeyNepAiH TakKeIpblObl Oojnael. bBynm 3eprreynepae TyiFanapra
KATBICTHI JKAJIKBI €CIMIIEPl KiIacTepieyai 3epTTeimis. JKanker ecimaep Teri, arhl,
OKECiHiH aThl JKOHE JIaKall arTaH TYPybl MYMKiH. Byl kiaccupuKanusHbl TONBIK
Ka3aKIla aJKbl €CIMHIH CTaHIApT KYPhUIBIMBbIHA CYHEHE OTHIPHII MaliAaIaH bIK.

Ataynel HBICAHIApABl IIBIFAPY YWIH 013 TaOWFW TuAeri MoTiHIEpAEH
KYPBUIBIMIBIK JIEpPEeKTEep/li IIbIFapyFa apHaJFaH epKiH KoipkeTiMmIi Kypan Tomita
Parser (Bodrova, 2016) konganamsiz. Tannaymsr GLR anroputmine Heriznenrexn
(Lavie et al., 1993: 123) »oHe KOHTEKCTI €pKiH I'paMMaTHKaIapIbIH (popManTu3MbIH
KOJIIaHAIbI.
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Taburu Tinmeri pedepeHIMIBIK KaTBIHACTHI IIenty maceneci 60 xpuimapaaH
Oacram 3epTTelin Kelleai, MyH/a aFbUIIIbIH, HeMic, apad, KbITai, opbIiCc koHE T.0.
KeINTereH TUAepe 3ePTTENII.

CoHFBI KBUIAAPAAFBl 3€PTTEY JKYMBICTAphIHA Tal/ay >KacalThIH OOJCaK.
(Juntao et al., 2022: 4873) »yMBICBIHAA KONTUIII KOPIYCTHl NaiganaHa OTHIPBIIT
“aHadop aHTeneneHT  )KYObIH TaOy/IbIH anropuT™MiH Kypasl. KoprycTsr naiinanany
OappICBEIHIA Op TYPJi TLIAEp YIIH OuTiM 0a3achlH KYPBIN, JKYITHIK MOZCIACD
KOMETIMEH YMIiTKepIep/Ii TaOy/Ibl XKY3ere achIpbl.

Kerm Tingi KOpITyCTHIK TOCIIMEH KeJeci JKYMBIC JKacalIbl MYHNIA YeX, OpBIC,
MOJISIK, HEMIC, WCIIAaH JKOHE KarallaH TUIIepiHaeri pedpeHnusHbl Taldyna TepeH
OKBITY AJITOPUTMIH KOJIJTAH/IBI.

OcwiHpaii (Zhumabay et al., 2022: 27) kem Tinai xy#ene Ka3ak OpbIC JKOHE
aFBUIIIBIH TUTACPIHAET pe(peHIUSHBI HISTTYTiH KYHECiH KYPIbl, MYH]1a KHOPUKTIH
omicin (Kibrik et al., 2013: 118) Heri3re ana OTHIPHII, aHTIEACHT ITeH aHAGOPABIH
pedepeHTsI 00Ty KaFIalibIH ecernTey (OpMYITaChiH YCHIH/IBL.

Kazax Timinme jkacamraH Tarbiga Oip KYMBICTHI aTrayra Oonajabl, MYHJA
MAIIMHAJBIK OKBITY 9JIiH KOJIAHBIN €CiMAIK aHa(OPACHIH MIEHTY TCLTI YCHIHIIBI
HOTIDKE aifTapibIKTail skakchkl 6onabl. (Kanman T.6., 2022: 27009).

(Liyan et al., 2020: 8527) xxone (Yuval et al., 2021: 14) sxymbIicTapbl OOHBIHIIIA
JKYITTHIK MOZEIII KITaCTEPIIiK 9liICTEpMEH OipirTipy ®oHE EKOA Ay IbI Tai JaTaHbII
pedpEeHIUSAIBIK KaTBIHACTBI MIemTi. MyHIa KJIacTepiiK 9MiC oTe THIMAl XKoHE
Iy XbUIIaMIBIFBl MEH KaparalbIMIbLUIBIFBI 0achiM, peepeHTTi )KynTap Jarsl
BIKTHMAJl aHTEIIeJICHTTI Taly/Ia epeKIIe polib aTKapa Ibl, COHBIMEH Karap OyJI ollicke
Oacka Mojenepi KOCy apKbUIbI OMICTIH COHFBI ajlaThlH HOTHIKECIH apTThIpyFa
OOJIATBIHABIFBIH JAJIEIE ]

Bi3sre ocel OarbITTa 3€pTTEYTE HET13T1 TYPTKI OONFaH Macese OyJT Ka3ak Tiji YIIiH
OyHaii 3epTTeyIepAiH KOKTBIFEI 0i3re YIKeH MOTHBAILUS Oepyne, Oy )KYMBICTHIH
Tarbl Oip apTHIKIIBUIBIFEI OYH/A 013 JKYITHIK MOJENII KIacTepiey dJiciMeH Oipre
KOJIJTAHBLTYBIMBI3.

Artaynbl HBICAaHAAPIBI MIBIFApy MaKcaThl 0acTalKbl MOTIHHEH epeKIIeNiKTepi
0ap eckepTyyep XHUHAFbIH axy Oomnbln TaObuTafpl. OCkl MaKcaTka JKeTy YIIiH 0i3
Tomita TangaymeIchIHa €Ki TpaMMaTHKaHBI Ka3/IbIK. BipiHImici ajabH ana eHIey
CaTBICHIHA KOJIaHBLIA/Ibl, OHBIH KOMETIMEH 013 CO3/1iK eMeC aTaylap/IbI IIBIFAPHIIL,
oNlapMeH yaKbITIIA CO3MIKTEP I TONThIPaMbI3. EXiHIII rpaMMaTiKa KypacThIPbUTFaH
CO3IIKTep/Ii MmaiijanaHa OTBIPHIN, aray OeJikTepiH OipikTipim, coiikec Oenrinmepmi
mbIFapaapl. Exi rpaMMarnka 1a TOKTary Ce3ep/i, TeorpadusuibiK HbICaHIap MEH
yiBIMIapra apHallFaH JeCKPUITOPIIAP/bI, TAKBIPBIITAPABI )KOHE T.0. CHITATTaWTHIH
KOJIJIaH JKacallFaH KilT CO3MIK CO3MIKTEpIi maliganaHaabl. ATayinbl HbICAHIAPIbI
HIBIFapy MOJIeNi 1-cypeTTe KepceTiireH.
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Cyp. 1. Araynel HpIcaHmapabl MbFapy Mozaeti. GRM-rpammaruka, VOC-KinT cesnep co3mikTepi
(Figu. 1. Named object extraction model. GRM-grammar, VOC-keyword dictionaries)

3eprTey aaicTepi

Koiiburran MiHIETTEpAl IIENly YIIiH arayiabl HbICAaHAAp[bl IIBIFApPY SJicTepi,
KJIacTepIiey, KT CO3Aep CO3MIKTEePi )KOHE YKYNTHIK MOJEIbAl KOJIAaHBLIJIbL.

Co30ix amaynapovl wivl2apy2a apHAlean spammamuxa. By ke3eHHIH Heri3ri
npoOieMachl-)KeKe TyJIFajapra KaThICThl aTaynapisl 0acka HbICaHIAp TypiepiHe
(MbIcanbl, OpBIHAAp HEMece YHBIMIAp) KaThICThI araynapaaH Oexmy. Ocbl Makcar
yirin 6i3 Oenrinmi Oip HBICAH TYpiHE ATy BIKTUMAJJIBIFBI JKOFapbhl KOHTEKCTTI
CUIIATTANTBIH epexeNep kacaiMbi3. Mpicaibl, reorpadusuiblK HbICAHAAP MEH
yibIMIapFa apHaFaH IeCKpUITOPIapAbl KAMTHTBIH TYHIH/I CO3MIIKTEpAET1 co3/1ep.

y i L [ &
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Cyp. 2. KIATTIK ce3aep CO3IIK Yiurici
(Fig. 2. dictionary of keywords)

Tonvix amayowr anyza apuanrzan epammamuxa: Herisri araymapslH CO3MIITiH
»KacaraHHaH KeiiH oJapIbIH Kypamaac OeiKTepiHeH jKacajFaH TOJIBIK aTayaapIbl
mbirapyra Oomamel: ATel (Ater), ®amunus (Teri), OkeciniH arbl, CoHpmaii-ak,
0i3 kemecineit renmepnik (Gender), Mekenxkaii (Address) xone Jleckpumrop
(Descriptor) CHAKTBI KOCBIMIIIA aTPUOYTTAP/BI allaMbI3.
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Mexenxaii (Address) arpuOyTHIHBIH MOHI aTayJaapAblH CO3/ITiHEH Ke3 KelreH
ce3lli Kabbu1ai anajpl (2-CypeT KIITTIK Ce37ep CO3/IK YITici).

Heckpunrop (Descriptor) — Oy Oenrini Oip amamFa KaTbICTBl CBHIHBIITHI
CUIATTANTBIH arayiibl TON (MBICAJbl, KOCiOI HeMece TYBICTHIK OailIaHBICThI
MopTehe).

Gender arpuOyThI YIII MOHHIH Ke3 KeNTeHiH KaObL1aail anaapsl: “male”, “female”,
”dual”.

Gender GipHelie KOJIMEH aHbIKTalaabl. bipiHiIigeH, erep Ko xketiMmi Oorca,
013 ce3mik akmaparThl KoyigaHambl3. ComaH KeHiH CHHTAKCHCTIK OalIaHBICTBHI
€TICTIKTEeP/IiH, ChIH €CIMACPIiH TPaMMaTHKAIBIK TYpiHe OalIaHBICTEl aHBIKTAIABI.

Tonvix amayovl wwleapy Yuin epamMmamuKaiblk Homuice:

Meican: “MoNeKyIspibIK OHONOTHS KoHE OMOXWMHS MHCTUTYTHIHBIH FAaJIBIMBI
[bakpITKaH OIKaHYIIBI| TEHOMJIBI PEIAKIUsIIay KoMeTiMeH | THNTI KaHT Ana0eTiH
emJieyre apHaiaraH Oipereid skacylrajgap/bl oiamn TanTsl.”

StrictName

{

Firstname = BakbIT:kad

Lastname = OmxaHyibl

Patronymic = None

Gender = male

Address = None

Descriptor = FasiM

}

Benrinepi 6ap eckeprynep: {“bakpimkan”, “Omxanyisr’, “None”, “male”,
“None”, “raapim”

Kracmepney

Op6ip D xyxkaret M = {ml, ..mn} n araynsl HbICAaHAAp XXHUBIHBI PETiH/EC
YCBIHBUICHIH. bapneik ataynsl Heicangap MP = {(i, j) | 1 <1 <j < N} Oipsinraii
KYITapbIHBIH KUBIHTBHIFBIH KYPaiabl, MYHJIa 9p aTayibl HBICAHAAP 63 WHIEKCIMEeH
Gepinren. Op6ip MP araynap xyObIHBIH 03 canMarbl F(i,j)eMP Gonazbl, o1 score
(1, j) QYHKUMACHIHBIH HOTHKECi OONbIN TaOBLIambl, O €Ki arayiabl HbICAHHBIH
KaHIIAJIBIKTH pe(epeHThl eKEHIH KopceTei:

N one if Disjoint(i,j)

. . — 1
score(i, j) {GTf(i,j), otherwise o

mysnarsl (3, ]) — araymap yuris MyMKiHIiK BeKTOPBI, O aTayTapIbIH BEKTOPIBIK
casnmarsl, Disjoint QyHKUIUSCH €Ki ecKepTIenep apachlHAa oNapAblH Oip HeICAHFa
KaTBICTHI OOJTYbIHA KEAEPTi 00JIaThIH KAWIIBUIBIKTAP/ILIH Oap->KOFbIH KOPCETE/I.

KopedepeHnusiplk KaThIHACTHI WIENTy MIHAETIH KOK YIIiH, 6i3 n X n
JIOTUKAJBIK YIIOYPHIIITH MaTpuliaHbl C KIIacTepliey HOTUKECI IeTl CAaHAHMBI3, erep
kopedepeHThl Oorca, oHz1a Ci)j=1, kepi xxarnaiina Ore TeH.

C xnacteplieHyi TPaH3WTHBTI IIEKTEyJIepre KoJaay KepCEeTUIETiH jXarmanaa
FaHa skapamabl Oonazbl: (C;; =1AC;j=1)= (Cy) =1V1<i<j<k<n
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C[i]- i-eckepTyre >kaTaTblH KJIACTEP.

JKynmeix  modens. KopedepeHUMSIIBIK MOAETBIIH eKIHII Typi €Kik
KJIacCU(UKATOp O0IBIT TaObLIa b1, M 1es - eki eCKepTIIeHIH HEeT13T1 BIKTUMAIIIBIFbIH
TabareiH Kimaccupukaropasl maiteiaaay. (Loic et al., 2022: 88) Ox ceiinemperi
opOip eki ce3lmi CaNbICTBIpanabl >KOHE ONapAbIH OaillaHBICy BIKTUMAIIBIFBIH
taraiipiaanael (Gorka et al., 2019: 35). Unean xarmaii Tepic Meicangap 0O-re
JKaKbIH, a1 OH MbICAJap 1-re )KaKbIH BIKTHMAJIIBIK aTajbl.

JKynTeIK Momenai KolnnaHynarsl HeTi3ri MaKcar:

a) Eckeprynepmin op0ip >kyObl yIIiH oiapaplH Oip Herisri pedepeHIUsIIbIK
Ti30eKTe eKeHiH aHBIKTay.

b) Conrel Herisri pedepeHUMANABIK Ti30EKTepAl Kypy VIIIH KIKTEIreH
KYITAp/bI ay.

(Auliarachman et al., 2019) pedepeHIUIIBIK Ti30EKTe €CKEepPTy >KYNTapblH
LIBIFPY JK9HE Ti30eKTep i KIKTey 9icTepi Keneci KyYMbICTaH Kepyre 6onaapi(Shany
etal., 2019: 4179)

bi3 eckeprhenep/iH calMarbiH ay YIIiH JOTHCTHKANBIK KIaCcCH()UKATOPMEH
aTalFaH >KYNTBHIK MOJIENIH OKBITTHIK. MoOJIenb €Ki eckepTymiH Oip Kiacrepre
KaTaThIHBIH OoKai b, Kope(hepeHTTIK BIKTUMANIBIK CTaHIAPTTHI JIOTHCTHKAIBIK
(hopMymaHbl KaOBLTIANTBI:

Py(i,j) = (1 + e 0" 7GD)1 )

Mynparer (i, j) m; MeH m; " YLLiH aTayiap BEKTOpbI, all 6 canMak BEKTOPbI

0 canmak BekTOpbl Taly VIIiH, — KAaTTBIFy JKUBIHBIHJAFBI OapibIK
€CKepTIeNIePIiH KHUBIHBI JIeTl ecenTeimis, T (j) — j almblHIaFrel eCKepTHenepIiy
WHACKCTIK XHUBIHBI OOJICHIH, OCBUIAHIIA, HeTi3ri pedepeHnmanapl xoHe F(j) —
pedepennmanael emec. T (j) skoHe F(j) *KuUbIHAApBl eCKepTIECi JKaTaThiH 9p0ip
D kyxars! ymiH KypsurraH. T(j) KUBIHBIHIAFBl BIKTHMAIIBI YMITKEpJIEp CaHBI
F(j) *KubIHBIHIAFBI BIKTHMAJIBI YMITKEpJIEp CaHBIHAH KON €KEeHIITiH eCeNnTeUTiH
calIMaK BEKTOPHI Kesteci popMyrta apKbUIbI €CenTemne/i.

L) =— ZmeM(ZteT(m) log(pe(t,m)) + DiteT(m)

log(1 — pg(t,m))) + min [|6]|, 3)

Mymxinoix sexkmopul (Bexmop npusznaxog). MYMKIH]TIK BEKTOPBI €Ki €CKEPTICHIH
OpTYPIIi MYMKIHJIIK MOHIEPiHIH apackIHAAFbl COUKECTIKTEP i KepceTei.

First name, Last name >xoHe Patronymic Oenrinepinie COUKECTIKTIH 5 HYCKACHI
Oap:

1. Strict Match (karay colikecTik)-benrinig MoHIEpi Oipaci.

2. Incomplete Match (Tonsik emec colikecTik) — benrinin MoHzepi ic xKy3iHae
Oipaeii.
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TonmblK eMec CoHKeCTiKTI TeKcepy YIIiH 0i3 Oenrimepmeri eki >konl KepiHici
apachIHIarbl JICBEHITEWH KAIIBIKTHIFBIH ecenTeiMi3. JIeBeHIITeH KalIbIKThIFbI-
0ip ce3mi eKiHIIICiHe aifHaIApIpMac OYPBIH KaKeT OONaThIH Oip opilnTeH TYpaThiH
TYpACHIIpYAEpIiH (KipiCTipy, aybICTHIPY, )KOI0) €H a3 CaHbIH Ta0yFa apHaIlFaH KO
KOpPCEeTKIiIIi.

TombIK eMeC COMKECTIKTI TEKCEepy KATBITTKA KENTipy KaTesrepi MeH TeXHOIOT HSLTBIK
Karenep TY3eTuUIreH Oipaeil araymapnel Taly yiniH Kaxer. Erep JleBeHmTeHHIH
apaKaIIBIKTBIFBl Ka3aK TUTIHZAETI 3aT €CIMHIH asKTalybIHBIH 3 MaKCHMyMbIHAH
acmaca, 013 >xonapabl Oip - OipiHe JKaKbIH e CaHAHMBI3.

Erep 6ip »xon ekinmriciHig Oemiri 6onca Firstname Match Genricinig MoHi
Incomplete Match teq 6onaapl. Meican : ‘AnHa Mapus’ xoHe ‘AHHa’.

3) First Letter Match (0ipinmn opin OOMBIHIIA COWKECTIK)- erep Oenriiepaiy
KeM JiereHie OipeyiHiH MoHi Oip opinke NeiiiH KpIcKapThiica jkoHe Oyt opin Oacka
MOHHIH OipiHII opIiMeH calikec kence, oHaa Firstname Match = First Letter Match
OoJaabl.

4) None Field- Erep epicrepmin kem nereHne Oipeyi “ None
KaObpUIIaca

5) Erromatch -benrinepain MoHAEpi MyJieM e3relie.

Petimune mooeni. PeWTHHT Momemi >KYNTHIK KOHE MAaHBI3IBI MOJENbIEP
apachIHJAFbl apaliblK KajgaMm OoybIn caHamaiasl. OChl MOAENBbAlI KONJIaHFaH Ke3Je
YMiTKepiH OipHele ecKepTylepiH Tekcepyre Oonaabl, OChUTAalIa OapIbIK
YMITKepIep apachlHIaFbl BIKTUMAIIBIFBI €H KOFAPFBICH TaHAaJa b,

Gender xone Address Oenrinepinge Tek 3 colikecTik omiwsicel O6ap: Match,
Erromatch »xone None Field. Gender sxone Address Genrinepi mekTeym co3nepiin
MarbIHAJIAPBIH KaObLIIal anabl.

Descriptor Oenrici eckepTynepueH op0Oip Koiua TeK AECKPUIITOPABIH OOIyBIH
KepceTesi.

JKynmuix canmar. YKorapbina cunaTTaaraHai, KYKaTTarsl 0apiIblK eCKepTyIIep
KeINTereH Oiperei )Kynrap/Ibl Kypaiibl )KoHE OJIap IbIH SPKAHCHICHIHBIH 63 CaJIMaFbl
0ap, Oy eckepTynepiH Oip KiacTep/ie KaHIIAIBIKTEI KaKbIH OONYBIH KOpCeTel,
SIFHU Kope(depeHTHI 00Ty BIKTUMAIIBIFHI.

13

MOH/IEpiH

Kecre 1-ATayimel xxynTapra apHaIFaH MYMKiHAIKTED

Incomplete Match
First Letter Match
None Field
Erromatch

id Sign Meaning Example

1 Firstname match Strict Match “Anap” “Anap”
Incomplete Match “Anap” “Amnapa”
First Letter Match “Anap” “A”
None Field “Anap” “None”
Erromatch “Anap” “JKanar”

2 Lastname match Strict Match “Omaposa” “Omapora”

“OmapoBy” “OmapoBa”
“Omaposa” “O”
“OmapoBa” “None”
“OmapoBa” “EprxaHOB’

s
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3 Patr_match Strict Match “Cepixynsr” “Cepikyiisr”
Incomplete Match “Cepixynsl” “CepikyiibiH”
First Letter Match “Cepixyisl” “C”
None Field “Cepixynsr” “None”
Erromatch “Cepixynsr” “Epxanynsr”
4 Gender_match Match ”male” "male”
None Field ”male” ”None”
Erromatch ”male” ”female”
5 Addr_match Match “XaHBIM” “XaHBIM”
None Field “xaHbpIM” “None”
Erromatch “xaHbIM” “MbIp3a”
6 Descr_presence Both true “true” “true”
First is true “true” “false”
Second is true “true” “true”
Both false “false” “false”

Erep eckeprnenep coiikec KemMece *KoHE HaKThl KOpe(epeHIUUIBIK KaThIHAC
0onmaca, KYNOTHIK canmMak (QyHKIUCH “None” MoHIH KalTapa amanbl, oHUTIece

(YHKIHS ecKepTyJep KYITaphl YIIiH OJIIeHTeH MYMKIHAIKTepAiH KOCHIHIBICHIH
KalTapasbl.

None, if Disijoint(i,j) = true

scor(i, j) ={ 0Tf(i,j), otherwise

Disjoint GpyHKITUSACHI KeJeci KOpiHiCKe ue:
(true if Firstnamemaicn[mismatcn) = true

or Lastname,q¢chmismatch]) = true
Disjoint(i,j) = or Gendermaichimismatch] = true
or8Tf(i,j) <0

k false otherwise

Hormxecinze 613 kenecineil »KUBIHTBIKTHI anambI3:p = {score(i, j)|(i,j) € MP

Knacmepney aneopummi: Knactepney >Xyn cajiMakTapasl KOJJaHY JKOHE
TPaH3UTTUIIK IIEKTEy apKbUIbI Ky3ere acaibl. KopdepeHIWsHBI mienty Y
KIACTEepJICYNiH KeH TapaliFfaH Tocimi-best-first kiacteprmey KoNZaHBUIAIBI
(Juntao et al., 2020: 11). OpOip eckepTy YIIiH aJTOPUTM BIKTUMAJIBIFBI JKOFApPhI
Kope(hepeHIUSHBI TaHIAN/IBL.

Byn tocinmin kemmrimiri Oy anroputM cyOBEKT NeHTeHiHAe eMec, MKYITHIK
NeHreiiie IenrM jxacayra apHalfaH. SIFHM KUITTIK ce3lep MeH aTpuOyTTap
HeT131H/1e KYIITHIK MOJIENbre Heri3aemne.

By maceneni 6omapipmay yiria 013 KinactepiepAi OipikTipyaiH oCbl Ke3eHiHIe
MOH JIeHTeHiH eHTi3eMi3, KYNTacKaH calMak (YHKIUSICHl €Ki KIIACTepHiH Ke3-
KeJreH eCKepTyJIepiHiH keM jereHne OipeyiH KaObUIIaMalTHIHBIH TEKCepeMis.
Krnactepnepni OipikTipy mporeci arrioMepiiH KOMETriMeH JKy3ere achIpbUIajbl:
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op eCKepTy 63iHiH jkeke Oip AIEeMEHTTIK KIlacTepiHae OacTanaasl, conaH KeWiH op
KaJama eKi kimactep OipikTipinesni.

Bipinmrinen, 0i3 OapibIK >KYITapAbl ONAPAbIH KYNTHIK canMak (pyHKIUSICHIHA
CYyiieHe OTBIpBIN CyphINTaiiMbI3. By oHall memimumep KaObuigayra jKOHE KOJ
KETIM/Ii aKrapaT CaHbIH KeOeUTyre MyMKIHIIK Oepert.

Exinmigen cypeinranrad Ti3iM OoiibiHma Wtepanms skacalimMpI3. Op >Kyil
YIIiH 013 aneMeHTTepi 0ap KiacTepiepi OipiKTipy Typalibl MMM KaObUIIaiMBbI3.
IlenriM eki KITAaCTHIH Ke3-KeJNTeH €Ki eCKepTyl apachlHIarbl KaHIIBUIBIKTApIBIH
OomybIHa OaiIaHBICTBI. ANTOPUTM | KilacTepliey MmpoleaypanapbiH CUITATTAHIbI.

anMerge(C[i], Clil) them Merge(C[i], C[il}

Cyp. 3. Knacrepney aliropurMsl
(Fig. 3. Clustering algorithm)

IKCHEPUMEHT KIHE HITHKeJIep

Oxy Toxipube nepekrepine Tengrinews.kz- TeH j>KaHaJIBIKTap TONTaMaChIH
KOJJIaHABIK. JKalmbel KOJMJAaHBUIFAH MOTIHICP op TYpJi TakeipbinTapaarsl 300
re JKYBIK MOTiH alJbIHABL, OHBIH 122-1 oKy >kuHarsl (development set) perinae
Oepinren, an 132-1 ceiHaK xuHaK (test set) sxoHe Oarayay YIIiH malijaJiaHbLUIa bl
(2-xecre)

Kecre -2: XKarTeIrynap MeH ChIHAaK KHHAKTapbl OOMBIHIIA CTATHCTHKA

Kyxarrap development set test set
Documents 145 165
Mentions 173 201
Entities 162 182
Average # mentions 7.04 12.5
Average # entities 6.07 5.03

AJITOPUTMIEPIIH HOTHXKEIEPl IOCTYpil Oarajgay METPHUKACBIHBIH KOMETIMEH
Oaramanel: JJanaik (Precision), Recall (TonbIkThIK) skoHe U F-measure (F-emmemi).
TemeHae OyJ1 KOPCETKIIITEPIH ecenTey GOopMyIIachl:

. . TP

Precision = ——— (4)

(TP+FP)

TP
Recall = ———— 5
(TP+FN)

__ 2xRecallxPrecision
1= — (6)

(Recall+Rrecision)
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Bapnbik HoTxesep F-emiemi OOUBIHIIIA CYPBITITATIFAH.

TomuTa-mapcep KOMETiMeH KeKe aTayiapAbl ally YIIH KipiKTipiireH anropuTM
ycoiHaAB1. O MOTIH/ET 1K1 CO3IIKTeH aTaynap/sl Ta0a Ibl, COJJaH KeHiH T, CaHbI
JKOHE KaFaiibl OOWBIHINA KapaMa-KaHIIBUIBIKCHI3 OalIaHbIC aTTapbiH OipiKTipei.
Bi3 TomuT-nIapcepiH HOTWKENEPiH HET13Ti JeHTel peTiH/e KOMAaH bIK,.

ChIHaK >KWHAFBI OOMBIHINA CANBICTHIPY HOTHKETepi 3-KecTe/e KeNTipiireH.

Kecte-3 CriHak >kuHaFb! OOUBIHIIIA CATIBICTHIPY HOTHIKENEPI

Precision Recall
violet 0.8750 0.8690 0.8850
crimson 0.8640 0.8430 0.8345
black 0.8775 0.8685 0.3615
pink 0.8634 0.8473 0.8422
aquamarine 0.7625 0.7385 0.7485
grey 0.8201 0.8289 0.8109
Bizaig meTox 0.8809 0.8726 0.8786

Knacmepney xeseniniy Homusicenepi

3epTTey KYMBICHIMBI3/IBIH SKiHILI TPETi o1ap CiiTeMe XKacalThlH HbICAHAAFbI
cinremenepni Oipikripyre apHanapl. EkiHII Tpekke Tek 3 KOMaHIAaHbI allbIK.

ChIHaK KUBIHTBIFBIHIAFI CANIBICTHIPY HOTIDKEJIEPi 4-KeCcTene KOpCeTIreH.

Kecte 4-. CpIHaK KUBIHTBIFBIHAAFB] KIACTEPIIEY HOTHXKEIEPi

Precision Recall
violet 0.9050 0.8802 0.8850
crimson 0.8940 0.8630 0.8945
black 0.8209 0.8103 0.203
Bisnin MeTox 0.8193 0.8245 0.8159

KopTbiHabl

OcBI ’KYMBICTHIH asChIH/A Ka3aK TUTIHJIETT MaTiHAep OoibIHIIa KopedepeHIus-
JIBIK KaTHIHACTHI MICTITY/IiH TOCIIi CUITaTTaJFaH.

KopedepeHnusnplk KaThIHACTHI MIENly €Ki Ke3eHHEH TYPHABL: eCKepTyaepii
a;y >koHe onapabl kiactepney. Eckeprynep Tomura -mapcep YIIiH jkKa3bUTFaH
rpaMMaThKa apKbUIBl allbIHIBL. AJTOPUTM YIIiH CyOBeKTiiep JeHreiinme
OTETIH JKOHE JKYNTHIK OENTiIepiH calMak BEKTOPJIAPBIH TMaiaiaHa OTBIPHIIL,
arIoMepaTyBTi KiIacTepiiey TaHIaIbl.

Toxipube kepceTkeH Iel, 613 CaTbICTBIPMAaIIbl HOTHKEIEP albIK, o1 Tomura —
napcepAblH KipiCTipiITeH anropuTMIEPiHiH 0a3aibIK JSHTeHiHeH KOFaphbl OOJIBI.
Bomamaxra 6i3 arajgraH 3KCTpaKIUs CATBICBIHAAFHI TONIKTI KaKCapTy, KaJIbITKa
KeJITipy KaTellepiH TY3eTy JKOHE MYMKIHIIKTep >KUBIHTHIFBIH KAKCApTy apKbLIbI
HOTIDKENEP/Il AKaKCAPTYIbI JKOCTIapiian OTBIPMBI3.
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Abstract. This study is devoted to the creation of a geodatabase of the Almaty
region for the unification and collection of spatial information. The purpose of the
work is to study the methods, data and tools used in determining the architecture
and structure of the spatial database. To achieve the objectives, the characteristics
of open data were considered, as well as the functionality of software designed for
analysis and modeling in a GIS environment. The information in the geodatabase
was structured and compared based on the principle of similarity and hierarchical
subordination. The analysis of geospatial information was performed in the
software of ArcGIS 10.6 and QGIS 3.22. Data analysis and modeling took place
moving from the local scale to the country level. MODIS satellite images were
used at the country and regional level, multispectral raster data from Landsat 8
for visual investigation of the Almaty region and Sentinel 2A/2B images for
analysis at the level of districts and administrative units. Spatial analysis and GIS
processing processes are performed at each level of the study. The geodatabase is
divided into spatial data classes. These include the administrative division class,
hydrographic class, digital terrain model class, agricultural data class and raster
data. Administrative-territorial information is based on the division of the Almaty
region into districts and cities of regional significance. Man-made objects, including
roads, railways and settlements, were imported from the Open Street map (OSM)
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server, which are generally accessible to the GIS community. Hydrographic objects
were analyzed and processed using remote sensing data and digital terrain models.
The agricultural class is divided into a layer of agricultural land and soil cover
data. Complex climate information consists of raster files and vector multilinear
shapefiles. A digital relief model and modifications of this model, in the form of
data on the slope steepness and exposure, were created during the processing of
SRTM radar topographic images. As a result of the research, a geodatabase of
the Almaty region was created with a volume of more than 50 GB of RAM and
consisting of classes of spatial, raster and statistical data. Each geospatial object
has its own attribute information or pixel values for raster files. The information
obtained will be the basis for further research related to the irrigated agricultural
lands of the territory.

Key words: GIS technologies, geodatabases, remote sensing, spatial data
classes

© K.T. Kpiproi30aii’, E.X. Kakumkanos, 2023
On-Dapadu areiHgarel Kazak ¥ITTHIK yHUBepcuTeTi, AnMatsl, Kazakcran.
E-mail: kyrgyzbay.kudaibergen@gmail.com

TI'AK TEXHOJIOTUAJIAPBI HET'I3IHAE AJIMATBI OBJIBICBIHBIH
I'EOJEPEKTEP BA3ACBIH KY¥PY

Kpipro3oaii K. T. — Jlokropant. Kaprorpadus xoHe reomHpopmarnka kadenpacsl. [eorpadus
KOHE TaOWFaTThl MaijanaHy ¢axynsreTi. On-Dapabu areiHmarsl Kasak YNTTHIK YHHUBEpPCHTETI.
050040. Anmarsl, Kazakcras.

E-mail: kyrgyzbay.kudaibergen@gmail.com, https://orcid.org/0000-0002-4279-6436;

Kaxumxanos E.X. — PhD. Kaprorpadus xoHe reonHpopmarnka kadenpacel. [eorpadus sxone
TaOuFraTThl Naliganany ¢axynsreTi. On-Dapadu arsiHaarsl Kazak ¥urTeik yHuBepcuteTi. 050040.
Anmarsl, KazakcTaH.

E-mail: erkinkakimzhanov@gmail.com, https://orcid.org/0000-0001-6454-681X.

AnHoTanus. bepinren 3epTTey KYMBICHI KEHICTIKTIK aKIaparThl Oipi3aeHipy
KOHE cakTay YIIiH AJIMaThl OOJIBICHIHBIH IeoiepeKTep 0a3achblH KYpyFa apHaJIFaH.
JKyMBICTBIH MaKCaTBI-KeHICTIKTIK ~MONIIMETTep 0a3achlHBIH apXHUTEKTypachl
MEH KYpBUIBIMBIH aHBIKTayda KOJAAHBIIATBIH OIICTEPHi, HEPEKTepAl KoHE
Kypaimapabl 3eprrey. TancslpManapiblH TOJBIK OpBIHAANYBIHA KOJ JKETKi3y
YIUiH amblK JepeKTepliH cumarramanapsl, coHaai-ak [AX opraceiama Tangay
MEH MOJETbJAEYre apHajFaH OargapiaMaliblK >KacaKTaMaHBIH (yHKIMOHAJIIBIFBI
KapacThelpbuLIbl. [ eonepexTep 0a3ackIHAAFbI aKNapaT YKCACTHIK XKOHE HePapXUSIIBIK
OarblHy TNPHUHLUII  HETi3iHAE€ KYPBUIBIMOAJIFaH J>KOHE  CaJbICTBIPBUIFaH.
leokenicrikTik akmapartsl Tangay ArcGIS 10.6 xone QGIS 3.22 6armapnamMabIk
KacakTamallapblHaa XKyprizuimi. Jlepekrepi Tanmay jkoHE MOJAETBACY KEePruTiKTi
MacmTaOTaH MeMJICKET IeHIeiliHe IeHiHT1 apalIbIKTa )Ky3€eTre achIpbUIIbl. MeMIeKeT
YKoHe 00ITbIC TeHrerinaeri akmaparTsl Tanaay MODIS FapeIITHIK CypeTTepi apKbLThl
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3epTTeNl, COHBIMEH KaTap AJMaThl OONBICBIH BU3yasabl 3epTTey yiuiH Landsat 8
MYJBTUCIICKTPIIl PAcTPIBIK JIEPEeKTepl koHE aydaHaap MEH OKIMIIIIIK OipiikTep
JeHredinae Tanmay kyprisy vy Sentinel 2A/2B cyperrepi nainanaHbUIIBL
3epTTeyAiH op JCHTeHiHIEe KEHICTIKTIK Taunay >KoHEe Te0aKNapaTThIK OHJEY
nporecTepi OpeIHAANABL. 3epTTey OaphICBIHAA reoepeKTep 0a3achlH KEHICTIKTIK
JepeKTep KiacTapblHa Oeiy Ky3ere achlpbUIIbl. bepiiareH >KiKTey KYMBICHI
OKIMIIITIK-ayMaKThIK  OOIiHY, TUAPOTpadUsUIbIK, TUGPIBIK peiabed MO,
aybUILIAPYaIIbUIBIK ACPEKTEP KIacTapbl MEH PacTPJbIK AEPEKTepAl KaMThIIBI.
OKIMIITIK-ayMaKThIK aKrapar AJMaThl OONBICHIH aymaHAapra >KOHE OONBICTHIK
MaHbI3bl Oap Kanajapra Oeiyre HerizaelareH. AHTPOIOTCHIIK HBICAHAADP, COHBIH
inriHge JKomaap, TeMipxkonaap skoHe el Mexernep ['AXK opraceiHa KomkeTiMai
Open street map (OSM) cepsepinen ummoptrainsl. [ naporpadusuibik 00beKTiIEp
XKepai KaIbIKTHIKTaH 3epAeney JepeKTepi MeH CaHAbIK penbed MoeniH KoanaHy
apKbUIBl TaJIAHBIN, OHICHAl. AyBUILIAPYaIIbUIBIK KJIAachl aybUIIIapyallbLIbIK
JKepiepi MEH TOIBIPAK >KaMBUIFBICHI Typasibl MOJIMETTep KaOaThlHA JKIKTEIIIi.
Kemenai KIMMaTTHIK akmapaT pacTpiblK (aiisn xoHe BEKTOPIBIK H30CHI3bIKTapAaH
Typazsl. XKep OenepiHiH Kooey KoHe SKCIO3UIIHS TyPabl MOJIIMETTEePiH KAMTHTHIH
XKEpIiH CaHIBIK MOZEeN MeH OHbIH Moau¢ukanusiapsl SRTM paanonokanusibiK
TomorpadusUIbIK ~ CypeTTepiH OHJIEY HETi3iHAE KypacThIpbUIFaH. 3epTrey
HOTIDKECIHIIE KOMITBIOTEp JKafablHAarbl kenemi 50 I'b-TaH actam KeHICTIKTIK,
pacTpiblK JKOHE CTAaTUCTHKAJBIK JEPEKTep KiacTapblHAH TYPaTbiH AJMaThl
OOJBICBIHBIH TeozepekTep 0a3zachl KypbULAbl. OpOip TEOKeHICTIKTIK OOBEKTIHIH
©31H/IiK aTpUOYTTHIK aKNapaThl HEMece pacTpIbIK (aiigap YIIiH MUKCeTh MoHAEP1
KaMTBUTFaH. AJIBIHFaH aKnapar ayMaKThIH CyapMalbl €riCTiK jKepliepiH KeHiHTi
3epTTeynepiHie Heri3 Oonambl.

Tyiiin ce3mep: ['AXK TexHOnorwmsmapel, reofepekrep 0azachkl, Kepii
KAIIBIKTBIKTAH 3epeliey, KeHICTIKTIK JepeKTep KJIacTaphl.
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AHHoTanus. [lanHOE MCCleoBaHUE MOCBSIICHO CO3AaHUI0 0a3bl Te0NaHHbBIX
AnMaTtvHCKOM oOnacté 11 yHHUUUIUpoBaHUS M cOopa NPOCTPaHCTBEHHOU
uHpopmaru. llenpio paboOTHl SBISETCS MCCIECAOBAHWE METOIOB, AAHHBIX U
WHCTPYMEHTOB, HCIIOJNIB3YIOIIMXCS TPH ONPEACICHUN apXUTEKTYPhl H CTPYKTYPHI
0a3pl NPOCTPAHCTBEHHBIX MAaHHBIX. [l JOCTHKEHHS MOCTABICHHBIX 3alady
OBUTM PAcCMOTPEHBI XapaKTEPUCTHKH OTKPBITHIX AAHHBIX, a TaKXKe (QYHKIMOHAI
MPOrpaMMHBIX 0OecredeHnH, MpeaHa3HAuYCHHbIX AJIsl aHAIM3a U MOJEIUPOBAHHUS
B I'MC-cpene. Nndopmanns B 0a3e reomaHHBIX Oblla CTPYKTypHpOBaHA U
COIOCTaBJICHa HAa OCHOBE IPUHIIMIIA CXOACTBA U HEPAPXUUECKOHM COMTOYNHEHHOCTH.
AHanmu3 TeonpOCTPAaHTCBEHHOM HMH(OpMAaNMK BBIIONHSUICS B HPOTrPaMMHBIX
obecneuenmsx ArcGIS 10.6 u QGIS 3.22. Aranu3 U MoOJeNMpOBaHUE NAaHHBIX
MPOMCXOOMIN TIEPEXoAsl OT JIOKAJIBHOrO MaciuTaba a0 ypoBHsS CTpaHbl. boumn
UCTIONIB30BaHbl KocMuueckue cHUMKH MODIS na ypoBHe crpanel u oOnacTw,
MYJNBTHCIIEKTpaNbHBIE pacTpoBele AaHHble Landsat 8 gns  Bu3yambHOTO
rccienoBaHusl AIIMaTHHCKOM 001acT 1 cHUMKH Sentinel 2A/2B aist mpoBeneHus
aHajM3a Ha YpPOBHE pallOHOB W aJIMHUHHUCTPAaTHBHBIX eOuHMI. Ha kaxgom
YPOBHE HCCIICIOBAHUS BBIMOJIHAIOTCS MPOLECCHl MPOCTPAaHCBEHHOIO aHaIM3a U
I'MC-o6paboTku. basa reomaHHBIX paszfeneHa Ha KJIACCHI MPOCTPAHCTBEHHBIX
naHHelX. K HHM OTHOCATCS KJIacC aaMHHUCTPATUBHO-TEPPUTOPUATBHOTO
JeneHus, TuaporpaduuecKkuil kimace, kiacc Iu@poBoi MomenHu penbeda, Kiace
CENIbCKOXO3HCTBEHHBIX NAHHBIX W PAacTpOBBIC JaHHBIE. AJMHHUCTPATUBHO-
TeppUTOpHaIbHas HH(POPMAIUsl OCHOBaHA Ha pa3/ieleHUur AJIMaTHHCKON o0nacTu
Ha palloHBl ¥ TopoAa OONACTHOTO 3HA4YeHHs. AHTPONOTEHHBIC OOBEKTHI, B TOM
4HciIe JOPOTH, JKEJIE3HBIE JAOPOTM M HACENICHHBIE ITyHKTHI WMIOPTHPOBAHBI C
cepBepa Open street map (OSM), KoTophle SBISIOTCS OOIICAOCTYHHBIMH IS
I'MC-cooOmectBa. ['maporpaduueckne 0OBEKTH aHATM3UPOBAHBI M 00pabOTaHBI
C NPUMEHEHHEM [aHHBIX AMCTAaHIMOHHOTO 30HIUPOBAaHUS 3eMIHM U LUPPOBOI
Mozenu penbeda. CelnbCKOXO3IUCTBEHHBIH Kilace MOApa3AeisieTcsl Ha CIon
CeNIbCKOXO3HCTBEHHBIX YTOAWN M JaHHBIX O MOYBEHHOM MOKpoBe. KomruiekcHo-
KIMMaTH4YecKass WHGOPMAaLMsl COCTOMT W3 PACTPOBBIX (DAaiJIoOB M BEKTOPHBIX
MONWIIMHEHHBIX mein-¢painos. lludposas monens penpeda m mMomauduranuu
JaHHOW MOIENU B BUAE JAHHBIX O KPYTHU3HE CKJIOHA W SKCHO3UIUM CO3IaHBI B
nporecce 00paboTKU pafapHbIX Tonorpapudeckux cHUMKOB SRTM. B pesynsrare
HCCIeIoBaHusl co3faHa 0a3za TEoZaHHBIX AJIMAaTHMHCKOH o0jacTH ¢ 0o0beMoM
6onee 50 I'b omepaTHBHO MaMATH U COCTOSIIHIA U3 KIACCOB MPOCTPAHCTBEHHBIX,
PacTPOBBIX U CTATUCTUYECKUX JAHHBIX. B Ka)K10M reonpoCcTpaHCTBEHHOM OOBEKTE
uMeeTcsi cCOOCTBeHHast aTpuOyTHBHAs HH(pOpMALKs W MUKCENbHBIC 3HAYSHUS IS
pactpoBsIx (aitnos. [lomyuennas nHpopmarust OyneT OCHOBON Ul JalbHEHIINX
WCCIICIOBAHUM, CBSI3aHHBIX C OPOIIAEMBIMH CEJIbCKOXO3SHCTBEHHBIMU YTOAbSIMU
TEPPUTOPHH.

Kumrouenbie cioBa: ['MIC-texHomoruu, 6a3el reogansbix (BI1), aucranmuonnoe
30HIMPOBAaHUE 3eMJIH, KIacChl IPOCTPAHCTBEHHBIX TAaHHBIX
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Introduction

GIS is a tool for storing, analyzing, and displaying spatial information. Many
aspects of life, including social, economic, geographical, computer science,
information systems, education, healthcare are closely interrelated with GIS
technologies. A special place in the planning of territorial units is occupied by the
analysis and modeling of spatial data.

The technology of the geodatabase can be a potentially more effective solution
to the ongoing problem of efficient storage and retrieval of spatial data. The
geodatabase allows you to integrate various sources of information, and also
supports management, storage and analysis. The geodatabase supports spatial and
non-spatial data: vector, raster and attribute data, as well as time data and time
series (Nur et al., 2018).

For a large amount of spatial and geographical information, a centralized
repository is needed, where a convenient and unified environment is created in the
form of a geodatabase. Vector objects (geographical objects with vector geometry)
are versatile and are frequently used geographical data types, well suited for
representing objects with discrete boundaries. A spatial object is an object that stores
its geographical representation, usually represented as a point, line, or polygon, as
one of the properties (fields) in a row.

A lot of research has been done using GIS and a geodatabase for different
purposes. Works of Nur et al and Zhao Ming devoted to research in the field of
natural risks using GIS for spatial planning (Nur et al., 2018; Zhao et al., 2017).
Vulnerability to natural risk was assessed in a study by Rahman et al. (Rahman et
al., 2015).

The use of GIS and geodata in agriculture, including in determining suitable
crops for a number of characteristics, was considered in the Senanayake's study
(Senanayake et al., 2017). The creation of a geodatabase based on the ArcGIS
program for storing soil data when monitoring water bodies in the United States is
considered in the work Luzio et al. (Luzio et al., 2017)

The main purpose of this article is to create a geodatabase of the Almaty region
using remote sensing and GIS. To achieve this goal, remote sensing data and vector
shapefiles were selected and processed. Research methods and tools have been
selected.

Materials and methods

Almaty region (current Almaty and Zhetysu regions, formed on June 8 , 2022)
is located in the southeastern part of Kazakhstan, between 42° 20’ and 47° 12’
north latitude, 73° 47’ and 82° 34’ east longitude. The area of Almaty region is
223,911 km?. It is divided into 17 districts and 3 cities of regional significance on
an administrative-territorial basis (Kyrgyzbay et al., 2022).

The initial stages of creating a geodata database include the definition of the
relevant data and the goal of unification. For the Almaty region, the data selected
classes of administrative-territorial, hydrographic, agricultural, climatic geospatial
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information, as well as a digital relief model and its subsequent modifications. The
purpose of the unification of spatial information is the subsequent use of ordered
data for the zoning of the territory according to the hydromodule feature, for the
implementation of which complex and reliable spatial objects of agricultural
direction are required.

Open access vector files. Vector formats of spatial data form the basis of the
geodatabase of the Almaty region. Open data is imported from the site https://
download.geofabrik.de/, which uses Open Street Map (OSM) data. This Web
service provides an opportunity to download free shape files of settlements, roads,
railways and the administrative-territorial division of the country at different levels.

Remote sensing data. The creation of digital terrain models, the determination
of the last contours of polygonal water bodies (lakes and reservoirs) and rivers
and the extraction of complex climatic information are carried out on the basis of
remote sensing data or combined methods.

Digital terrain models and their modifications (exposure and elevation steepness)
are created based on SRTM (Shuttle Radar Topography Mission) images. The images
are publicly available on the USGS Earth Explorer website (https://earthexplorer.
usgs.gov/). The difference in absolute heights in pixels provides the possibility of
spatial determination of river terraces, subsequently automatic vectorization of
rivers.

The USGS Earth Explorer Data Portal is a universal resource for obtaining
geospatial datasets from extensive collections. Users can navigate using an
interactive map or text search to obtain Landsat satellite images, radar data, UAS
data, digital line graphs, digital terrain model data, aerial photographs, Sentinel
satellite data, some commercial satellite images, including IKONOS and OrbView3,
vegetation data, digital cartographic data from the National Map and many more
other data sets. Users can search for the exact location using an interactive map or
enter specific coordinates to view the available data types.

Since the contours of lakes and reservoirs are variable and seasonal, the use
of the last recorded water level is relevant in the study. In this case, it is advisable
to use Sentinel-2A/2B multispectral satellite images to determine the contours
of water bodies (https://www.sentinel-hub.com/) with high spatial resolution (10
m). The Data Hub service product catalogs provide seamless access to the full
set of searchable data using graphical user interfaces, as well as the OData and
OpenSearch APIs. Data available for asynchronous access is marked as “offline».
An attempt to download these “offline” products will result in their extraction.
After their extraction, the requested products will be available for download at the
original URL.

Complex climatic data (average precipitation and air temperature indicators) are
obtained from the website https://www.worldclim.org/. Where the combined raster
files of climatic indicators are located.

Statistical data. Agro-climatic indicators (sum of active temperatures,
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Selyaninov hydrothermal coefficient, coefficient of cooling) of Almaty region are
calculated on the basis of daily climatic data of The POWER Project (https://power.
larc.nasa.gov/). The resulting tabular data in CSV format is imported into the GIS
environment for further analysis and processing (Kyrgyzbay et al., 2022).

Processing tools in the software of ArcGIS, QGIS. The processing of the elements
of the geodata database is carried out using the ArcToolbox (ArcGIS) and Analysis
tools (QGIS) groups.

Figure 1 shows the geoprocessing and analysis tools used. With the help of
these tools, raster remote sensing data, vector files and statistical information were
processed.

ArcGIS. The study used the version of ArcGIS 10.6, which has the following
groups of tools and add-ons that were directly involved in creating the geoddatabase
of the Almaty region:

1) Analysis tools (Extract, Overlay, Proximity);

2) Cartography tools (Generalization);

3) Connversion tools (Excel, From KML, From Raster, To Raster);

4) Data Management tools (Feautures, File Geodatabase, Generalization, Raster,
Topology);

5) Spatial Analyst Tools (Hydrology, Interpolation, Map Algebra, Math, Surface,
Zonal);

The Analysis tools group was used for processing vector layers. The process of
cutting vector layers according to a certain extent or geometric shape was performed
on the basis of Clip. The Overlay group of tools was used in the analysis of internal
cutting (Erase), determination of spatial identity (Identity), Spatial Join (Spatial
Join), spatial difference (Intersect).

The Cartography tools group is used to change the geometric characteristics of
layers. Smooth line and smooth polygon are used to smooth vector layers, simplify
line and simplify polygon are designed to simplify vector layers.

The tools of the Hydrology group are used to simulate the flow of water over the
surface. The Fill tool fills in the local depressions in the surface raster to remove
all small errors and inaccuracies inherent in the data. A local sink is a cell with an
uncertain flow direction; there are no cells around it with a height lower than that of
this cell. The point of the mouth is the boundary cell with the lowest height for the
catchment area of the local depression.

Conversion tools are used to override file formats: excel to convert from tables
to Microsoft excel format, From KML to convert to shape file. Spatial definition of
vector files from a raster layer was applied using Raster to Point, Raster to Polyline,
Raster to Polygon. Similar options converting to raster format are used in the tools
Point to Raster, Polygon to Raster, Polyline to Raster.

In the Data Management Tools group, there are the following tools that are
used to create components of the Almaty region geodata database: Feautures, File
Geodatabase, Generalization, Raster, Topology. The geometric characteristics
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were changed using the tools Feauture to Line, Feauture to Line, Feauture to
Polygon. Interaction with the geodata database and its components is performed
on the basis of File Geodatabase (Compact, Recover File Geodatabase). A group of
Generalization tools are used to apply the simplification tools and is divided into
Dissolve, Eliminate, Eliminate polygon Part. Raster processing is performed using
a set of Raster Dataset (Mosaic, Mosaic to New Raster), Raster processing (Clip).

Checking vector layers for compliance with topological rules is performed on
the basis of Topology (Add Rule To Topology, Create Topology).

Changing the type and obtaining new spatial information is performed in the
Spatial Analyst tools group. The Hydrology tools are designed to analyze water
bodies, including Basin and Watershed determines river catchment basins, the Fill
tool fills empty cells in the raster, Flow accumulation is designed to analyze the
accumulation of data on river basins, Flow distance and Flow Length are designed
to calculate the length of the line of river terraces. The input data for all tools and
groups are raster files of digital terrain data.

The definition of raster surfaces based on point data is implemented using the
Interpolation tools (IDW and Kriging). The Map Algebra (Raster Calculator) tool
is used to analyze raster files using mathematical formulas. Math is intended for
the application of mathematical constants, formulas and equations for geospatial
objects.
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Fig. 1. Analysis and geospatial processing tools used in this study

SRTM data analysis and identification of geomorphological patterns are used
in the Surface group of tools (Aspect, Contour, Hillshade, Slope). Aspect is used
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to determine extended geomorphological forms, relative to the cardinal directions.
The Contour tool draws horizontals based on pixel information of absolute height.
Hillshade modifies the raster by defining the relief wash. Terrain slope data is
calculated using the Slope tool.

The Zonal (Zonal fill) tool works with vector data to create a grid for analysis.

QGIS. Detection and processing of vector and raster data was also performed
using GIS software with open source QGIS 3.22 (Figure-1). When creating the
geodata database of the Almaty region in QGIS, the following groups of tools were
used: Raster analysis (Round Raster, Zonal Statistics), Vector analysis (Nearest
Neighbor Analysis, Overlay Analyse, Sum of length, Distance to nearest line/point,
Table unique values), Vector selection tools (Choose by attribute, Choose by location,
Choose with expression, Extract by attribute, Extract by location, Extract with
expression), Spatial operation tools (Extract/ delete by extend, Join, Intersection,
Line intersection, Drop by point), Vector objects creation tools (Generate points,
Pixels to Polygon, Pixels to Point, Create cells, Points to contour), Attribute table
tools (Field calculator, Rename field, Save Field, Delete Field), Interpolation
(IDW Interpolation, TIN Interpolation, Line Density, Heat Map), Morphometrical
analyse (Hypsometrical curve, Index intersection, Slope, Hillshade, Color relief,
Exposition), Processing geometry of vector objects (Agrregate, Buffer, Extract
points, Join by values, Rotate, Simplify), General vector object tools (SQL request,
Find Projection), Raster (Mosaic generation, Fill pixels).

Raster tools are aimed at processing and analyzing the raster. Round Raster is
used to round the pixel values of the raster, Zonal statistics is used to change the
raster layer using mathematical formulas and levels.

The analysis of vector data was performed on the basis of the tools Nearest
Neighbor Analysis, Overlay Analysis, Sum of length, Distance to nearest line/
point, Table unique values. Nearest Neighbor Analysis performs a distance analysis
in which the distance to the selected object is determined. Overlay Analysis is used
to overlay vector data for data unification. Sum of length calculates the sum of all
lengths of polylines. Distance to nearest line/point determines the nearest point or
lines relative to the object under study. Work with attribute data is performed on the
basis of Table unique values.

Vector data selection is performed based on Vector selection tools. The tools
Choose by attribute, Choose by location, Choose with expression are used to select
vector objects according to functional characteristics. Extract by attribute, Extract
by location, Extract with expression are used for extraction by special characteristics
of vector objects. Vector data analysis is performed using the Spatial operation
tools tool. Deletion or extraction by the selected extent is performed on the basis
of Extract/ delete by extend. Join, Intersection, Line intersection are based on the
union of polygonal, point and linear objects, Drop by point is designed to split the
line by the selected point.

The main purpose of using and interacting with the two main GIS programs is
to compare the results and average the resulting output.
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Data analysis using GIS and remote sensing methods. The methods of geospatial
analysis in this study are shown in Figure 2.
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Fig. 2. Processing and analysis of geospatial data to create a geodatabase of the Almaty region
by value and scale coverage

The main task of creating a geodatabase of the Almaty region is based on GIS
analysis methods at different scales of coverage of the territory. In this study and
in future works, the authors selected an object of irrigated agricultural land on
the territory of the Almaty region. For this reason, the thematic component of the
database is focused on a comprehensive survey of agricultural land.

Data analysis using GIS methods consists of 3 components: analysis of land
resources, assessment of the condition of agricultural land and the quality of
irrigated land.

The main task of creating a geodata database of the Almaty region is based on
GIS analysis methods at different scales of coverage of the territory. In this study
and in future works, the authors selected an object of irrigated agricultural land on
the territory of the Almaty region. For this reason, the thematic component of the
database is focused on a comprehensive survey of agricultural land.

Data analysis using GIS methods consists of 3 components: analysis of land
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resources, assessment of the condition of agricultural land and the quality of
irrigated land.

Land use optimization is a complex group of tools and methods for the rational
use of land and resources. Optimization is divided into levels and methods. The
methods include the cartographic method, the aerospace and remote sensing
method, as well as GIS technology methods. Optimization levels cover from
districts to country.

The cartographic research method determines its own scale limits for each
optimization level (Kazakhstan from 1: 5,000,000, Almaty region 1: 1,000,000, for
districts 1: 200,000) and the level of data generalization.

Aerospace and remote sensing methods include sets of raster files from open
satellite data such as MODIS, Landsat 7/8/9 Sentinel 2A/2B. MODIS is processed
to cover the entire area of the Almaty region with low spatial resolutions to
determine contours and field conditions on a small scale. The Landsat data has a
30-meter resolution, thereby allowing the analysis to be carried out on an average
scale. At the district level (scale 1:200,000 and larger), Sentinel 2A/2B data were
used to accurately determine the contours of agricultural fields.

GIS technology methods include such processing methods as spatial analysis
(for all levels), simplex method (district level), economic and mathematical
analysis (region level) and multi-dimensional weight analysis (for the territory of
the country). After conducting a comprehensive analysis, the most optimal result is
selected, taking into account the purpose and specifics of the study.

Results

The created ArcGIS geodatabase is a set of geographical datasets of various
types stored in a shared folder of a file system or a multi-user relational database
management system (What is a geodatabase?, 2022.).

Figure 3 shows the parameters (a), structure and hierarchy (b), as well as the
assignment of the coordinate system (c) for the geodata of the Almaty region. The
structure of the layers forming the database consists of separate classes of spatial
objects and raster files.

a) b) c)
Fig. 3. Parameters (a), structure (b) and assignment of projection (c) to the geodata database of
Almaty region
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When combining the spatial data of the Almaty region, the ESRI file database
type with the gdb file extension was selected. The file geodatabase of the Almaty
region is an extensive information structure where the main sets of object classes
and spatial data classes are stored. This type of geodata database has a number of
characteristics suitable for the requirements of this study, namely the volume of the
database over 1 TB, as well as opening and processing using the ArcGIS program.

The geodatabase contains three main data sets — class of spatial objects, tables
and raster sets. The database optimizes the process of managing spatio-temporal
data, organizes, systematizes, and stores a wide range of different data. When
creating a new feature class, several properties of the feature class were set that
define its structure. The creation of a suitable feature class for the data model
depended on the properties of the feature class: name, type, geometry properties,
coordinate system, configuration keywords, fields, and field properties (Feature
class basics, 2022).

When creating a new feature class, several properties of the feature class were
set that define its structure. The creation of a suitable feature class for the data model
depended on the properties of the feature class: name, type, geometry properties,
coordinate system, configuration keywords, fields, and field properties

Figure 4 illustrates the structure of the geodatabase by thematic division. This
differentiation was carried out in order to combine similar physical-geographical,
administrative-territorial and agricultural characteristics of vector layers and raster
images.

The pesidatabase of the Abmaty region consists of the Tollewing lavoers and
groaps of spatial objecrs:
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Fig. 4. Division of spatial data into groups on a thematic basis

Physical and geographical geodata are divided into the following groups:
environmental objects (glaciers, swamps, salt marshes, sands); hydrography (lakes
and reservoirs, rivers, catchment basins); digital elevation model and topography
(DEM, slope, exposure, relief washing); climatic geodata (complex climatic
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information); space images (multispectral channels and their combinations).
Geodata of administrative-territorial division consists of groups of administrative
divisions (districts and cities of regional subordination), settlements; anthropogenic
objects (roads and railways). Agricultural geodata consists of contours of irrigated
agricultural lands and types, as well as the mechanical composition of soils.

Figure 5 shows the spatial data classes of the Almaty region. There are
administrative-territorial division classes, hydrographic class, DEM data,
agricultural class and integrated climate information. Each class is defined and has
its own thematic layers in the geodatabase.

Creation and processing of a class of administrative-territorial division and
anthropogenic objects. Administrative-territorial and anthropogenic data include
the polygonal layer of the Almaty region, the layer of districts and administrative
units, data on the division into rural districts, settlements, roads and railways.

The administrative-territorial division layer of the region consists of 17 districts
(Aksu, Alakol, Balkhash, Enbekshikazakh, Eskeldi, Zhambyl, Ili, Karatal, Karasay,
Kege, Kerbulak, Koksu, Panfilov, Rayymbek, Sarkan, Talgar, Uygur) and 2 cities of
regional subordination (the cities of Taldykorgan and Tekeli) (Kyrgyzbay et.al, 2022).

Geospatial processing of the layer was carried out in the ArcMap environment
using OSM data (open street map - https://www.openstreetmap.org/). Entering
information about the names of administrative units and geometric parameters was
carried out in the attribute table using the editor and calculate geometry functions.
The geometric parameters included data on the area (area_sqkm) and perimeter
(peri_km) of the districts.

Vector layers of roads, railways and settlements were obtained from OSM data.
The OSM database consists of streets, local data, and building polygons. Getting
access to OSM data in GIS format is integrated into QGIS. This guide shows the
process of searching, downloading and using OSM data in QGIS.
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Fig. 5. Components of the geodatabase of the Almaty region
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Creating and processing a class of hydrographic data. The class of hydrographic
objects consists of lakes, reservoirs, rivers and catchment basins. The spatial layer
of lakes and reservoirs was extracted from multispectral satellite images using
mathematical formulas, and also identified using medium-scale topographic maps
(1: 200 000).

Polygonal water bodies were determined using the NDWI index. Calculates the
normalized water index (NDWI) from a multi-channel raster object and returns a
raster object with index values. The Normalized Difference Water Index (NDVI)
method is an index for determining and monitoring changes in the content of
surface waters. NDWI (1) is calculated using the near infrared (NIR) and green
(Green) channel:

NDWI = (NIR - SWIR) / (NIR + SWIR) (1)

The rivers were digitized and identified using satellite images and topographical
maps. For vectorization of rivers, DEMS in the form of SRTM images with a spatial
resolution of 30 m were used. Data processing took place in the environment of the
Spatial Analyst Tools — Hydrology (Fill, Flow Direction, Flow accumulation),
Conditional (Con) and Conversion Tools (From Raster- Raster to Polyline).

Processing and analysis of remote sensing data. SRTM raster images were
obtained in several stages: 1) registration of a new or existing user into the USGS
system by filling in a login and password; 2) selection of the area of interest (in
our case, it is the territory of Almaty region); 3) selection of the period and cloud
coverage in Search criteria; 4) selection of the type of product in Data sets — Digital
Elevation — SRTM — SRTM 1 Arc-Second Global; 5). Next, it was necessary to
choose the appropriate raster coatings for the Almaty region

Mosaic creation from raster height data was performed in the ArcGIS-ArcMap
environment using the Mosaic to New Raster tool. This tool has combined several
raster data sets into a new raster data set. The input data has the same number
of channels and bit depth. The mosaic tool has more options available when
combining raster datasets into an existing raster. When storing a set of raster data
in a JPEG file, a JPEG 2000 file or a geodata database, the compression type and
compression quality were specified in the environment parameters (Mosaic To New
Raster, 2022).

Creating a digital terrain model, slope steepness data and exposure. The digital
relief model (DEM) contains information about the height of only the true relief,
excluding vegetation, buildings and other anthropogenic objects. A digital terrain
model (DEM) is necessary to obtain the most detailed information about the terrain
on any territory.

The digital model of the Almaty region was created on the basis of 30-meter
resolution images downloaded and processed in the SRTM GIS environment. The
raster surface of the region under study is pixel information with data on the absolute
height. The surface is modeled using raster data sets. (Zhang and Gao, 2020).
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After processing the DEM, data on slope and slope exposure were obtained. For
each cell, the Slope tool calculates the maximum degree of change in the z value
between a particular cell and its neighboring cells. In fact, the maximum degree of
change in height values per unit distance between a cell and eight adjacent cells
determines the steepest descent downhill from the cell. Conceptually, the Slope tool
selects a plane for z-values from a neighborhood of 3x3 cells around the processed
or central cell.

The slope value of the plane data is calculated using the averaged maximum
technique. The direction of the flat faces is the exposure of the processed cell. The
lower the slope value, the flatter the earth’s surface is; the higher the slope value,
the steeper the slopes are located on the surface (Slope, 2022).

The exposure of the slopes was determined using the Aspect tool. This tool
extracts the slope exposure from the raster surface. The exposure determines the
direction of the slope of the maximum rate of change of values from each cell to its
neighboring cells. This characteristic of the relief can be considered as the direction
of the slope. The values of the output raster represent the compass directions of the
exposure. It is measured clockwise in degrees from 0 (north) to 360 (north again),
passing a full circle. Flat areas that do not have a downward direction are given a
value of -1 (Lesson: Terrain Analysis, 2022).

Processing of complex climate information. Complex climate information
includes data on the average annual amount of precipitation, average annual air
temperature and wind speed. Compilation and analysis of complex climate maps
of the studied region were carried out on the basis of climate information obtained
from the website www.worldclim.org in the format of raster files.

Processing of climatic raster data was carried out in the software ArcMap
(ArcGIS) and QGIS, using a GIS tool. Raster Calculator is designed to perform
an algebraic expression of a single line using multiple tools and operators using a
simple tool interface. In this study, the tool was used to determine the arithmetic
mean of monthly climatic indicators (Raster Calculator, 2022).

Processing of agricultural data. The agricultural class of the Almaty region
is divided into a layer of agricultural land and data on the characteristics of the
soil cover. The vector layer of land shows attribute information and contours of
irrigated arable land. The contours of the fields were digitized manually based on
Sentinel 2A/2B with a 10-meter spatial resolution.

The soil cover layer includes data on the types and mechanical composition of
soils. Data on soil characteristics were used from the FAO website (https://www.
fao.org/soils-portal/data-hub/soil-maps-and-databases/en /).

Topology check. The Error Inspector allows to view errors in a table that shows
which rules were violated, in which classes of objects errors occurred, shows the
geometry of errors, the IDs of objects that created errors, as well as errors marked
as exceptions. It is possible to sort errors by any fields in the table so that you can
work with all errors of a certain type. You can also choose to display only errors
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of a certain type in the table, or only errors in the visible extent of the map, or only
errors marked as exceptions.

In addition to the ability to view and sort errors, the Error Inspector allows
you to select errors, navigate and approach selected errors, as well as apply error
corrections for their various types.

The ArcMap application allows to check the topology for a piece of data during
an editing session. This check can take a long time, especially for large and complex
datasets or with a large number of topology rules.

As a result of the above steps and data processing, a geodatabase of the Almaty
region was created with 5 spatial classes and 8 raster files.

Discussion

The result of the creation of the geodatabase of the Almaty region can be
interpreted as a basis for spatial planning of the territory for various purposes. In
this study, for optimal use of spatial data, it was decided to divide the data into parts
corresponding to the administrative units of the region (Figure-6).

Each administrative unit was assigned data on thematic coverage. The data is a
hierarchical subordination and nesting of layers.
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Fig. 6. Hierarchical division of a set of object classes and spatial data classes of the Almaty region
on the basis of administrative division

20 administrative units are divided into relief, climatic information, agricultural
fields, soils, administrative division, hydrographic data, raster files, tabular data and
technical documentation. Each spatial class has its own subclass:

151



NE WS of the National Academy of Sciences of the Republic of Kazakhstan

- The relief is divided horizontally (main and auxiliary), data on peaks, slope
steepness (smooth, gentle, steep);

- Climate data is divided into isogietes, isotherms and meteorological data
(climate metadata);

- The agricultural class has contours of fields and grounds;

- Hydrographic information is divided into lakes, reservoirs, rivers and catchment
basins of rivers;

- Raster information has a wide range of data. These include DEM, slope,
exposure, average annual air temperature, average annual precipitation, composition
of multispectral data;

- Tabular data consists of statistical information;

- Technical documentation includes information about projection data, geometry
of layers, etc.

Conclusion

This article presents a study on the creation of a geodata database of the Almaty
region. Raster and open vector data were used during the study. Data processing
and analysis were carried out in the ArcGIS and QGIS software.

As a result of the research, a geodata database of the Almaty region was
created consisting of 5 classes of spatial data and raster files. Each class is divided
according to the thematic component and the scope of information. The structure of
the geodata database is unified and has one geographical projection.

The model proposed in the article can be supplemented and modified using
other data, methods and programs. Our future research plans include a more
comprehensive analysis of the relationship of thematic data in relation to the zoning
of agricultural irrigated lands, as well as the biological characteristics of individual
crops.
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Abstract. 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 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. The article provides a practical example of a real case of

illegal transactions in the bitcoin network, associated with fraudulent user actions.
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
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was formed for further use in creating a model that will evaluate bitcoin transactions
for suspicion. After the formation of the dataset, models were created and trained
to identify suspicious transactions in the bitcoin network based on several machine
learning algorithms, such as random forest, k-nearest neighbors, decision tree. The
article also provides comparisons of the results of machine learning algorithms, and
in addition, chosen the best algorithm that showed the highest accuracy.

Keywords: Cryptocurrency, blockchain, bitcoin, suspicious transactions,
features
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BITCOIN JKEJIICTHAETT KYIIKTI TPAH3AKLIVSIJIA PIIBI
AHBIKTAY

Anparna. byn makanmama Kasipri kesferi €H TaHbIMaJl KpPUITOBAJIOTAHBIH
O0ipi buTkomH Typanmsl MoniMeTrTep aWTbulaAbl. bUTKOMH MeH OnokuelH
TEXHOJOTHUSUIAPBIHBIH JKYMBIC TNPHHLIUNOTEP] KapacThIPBUIAABI, OHBIH iIIiHAE
Bitcoin-HiH apTRIKIIBUIBIKTaPBl MEH KEMIILTIKTepi KopceTinreH. JKyMBICTBIH HET13T1
OarpITBl KPUNTOBAIIOTANIAPbEI, aTam aWTKaHOa OWTKOWHII 3aHCHI3 MaKcarTapia
naiganaHynsl TajgayFa OaFbITTalFaH. BUTKOWH JKeNiCiHIeTi KYMIKTI apeKeTTepIi
aHBIKTAY YLIiH OeNTiNiep >KUHAFBIH aHBIKTayFa epeKIle Ha3ap ayaapbuirad. Makanana
naiaanaHyIbIHBIH alasKThIK OPEKeTTEPIMEH OaiyIaHBICThI OUTKOWH JKENiCIHICTI
3aHCBHI3 TpaH3aKIMSAJIAPAbIH HAKThl JKaFJalbIHBIH TPAKTHKAJIBIK MbICAIIBI
KeNTipired. 3epTTey >KYMBICHI OapbIChIHA KONTEreH FHUIBIMU JKapHsJIaHbIMIAp
MEH Makajajgap Kapajabl >KOHE TaJIaHAbl JKOHE OChI 3€pTTEyIepAEH KyHIKTi
HeMece KYMOH/I TpaH3akuusuiap ymriH Bitcoin TpaH3akumsceiH Oaranay KesiHze
Herisri atpubytrap Oonbln TaObUIATHIH Oenrinep aHbIKTanAbl. Ocbl Oenrijepain
HETi31HJe, KYAIKTI ONTKOMH TpaH3aKIHsIapAbl OaraJaiThIH MOJENBAl KYpyaa ogaH
opi maiinanany yurisa 100 000-ra *ybIK TpaH3akIHACckl 0ap 15 arpubyTTaH TypaThiH
Kipic JepeKTep KWHAFbI (J1arecer) xacanapl. JlepexTep »UHAFBl KaIbINTaCKaHHAH
KeWiH Ke3MeHCoK opMaH, k-eH JKaKbIH KepIIiyiep, MENIiM aFailbl CUIKTHI OipHEeIIe
MAaIIMHAJBIK OKBITY alTOPUTMJEpiHE HETi3feNnTreH OWTKOWH JKeNCiHAeri KYIiKTi
TPaH3aKUMSIIAP/Ibl aHBIKTAY YIIIH MOJENBACP Kacajlbl )KoHE OKBITHUIAL. COHBI-
MEH Karap, MakajaJa MAalldHAJBIK OKBITYy alJTOPUTMIEPIHIH CaJbICTHIPMAaIbI
TaJaybIHBIH HOTHXKEJEpi, COHJai-aK JKOraphl JONIIKTI KaMTaMachl3 ETCTiH
QITOPUTM TaHJIAJIFaH.

Tyiiin ce3nep: Kpunroamrora, ONOKUIEitH, ONTKOWH, KYIIKTI TpaH3aKIIHIap,
oenrintep
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O METOJE UAEHTU®UKAIIUU NIOJO3PUTEJIbHBIX TPAH3AKIIUIA
B BUTKOUH CETH

AnHoTauusi. CTarbsi NOCBSLICHA AaKTyaJlbHOMY HAMpaBiICHUIO HAyYHBIX
WCCIEeNIOBaHUN — aHanu3y OWTKOWH TpaH3akiuil. B Hel paccmarpuBaroTcs
MIPUHIIUIIBI U XapaKTep padoThl ONTKOWHA M OJIOKICHH-TEXHOIOT U, IePEUHCIISIOTCS
MpEerMyIlecTBa U HENOCTaTku OuTKonHa. B paboTe BHUMaHHME aKIEHTUPYETCS
Ha aHaJIM3€ UCIOIH30BAHUS KPHUIITOBAIIOT, @ UMEHHO OMTKOMHA B HE3aKOHHBIX U
npectynHbix Iemssx. Ocoboe BHUMaHHE yAeNseTcsl UACHTU(DUKANUU MON00PKU
MIPU3HAKOB JIJISl OTPENCICHUS MOIO3PUTENBHOMN EATEIBHOCTH B CETH OUTKOMHA.
B crarbe mpuBOAMTCS TPAKTUYECKHI IMPUMEp PEaNbHOTO Keiica HEe3aKOHHBIX
TpaH3aKUMiA B OWTKOWH CETH, CBSA3aHHBIH C MOIICHHUYECKUMH JICHCTBHUIMU
none3oBarens. B xone wccnemoBarenbckoi paboThl ObUIM MPOBENEHBI 0030p |
aHAJIM3 MHOXKECTBA HAyYHBIX IyOJIMKAIMA W CTaTbH, a W3 OTHUX HCCIENOBaHUIN
ObUTH BBISBIICHBI MPU3HAKH, KOTOPHIC SBIISIOTCS KIFOUEBBIMH aTpUOyTamMH IpH
OIICHKEe BUTKOWH TpaH3aKIMK HA MPEIMET MOJ03PUTENBHBIX MM COMHUTEIBHBIX
orepanumii. Ha ocHOBe 3TuX Mpu3HAKOB ObUI CHOPMHUPOBAH BXOAHOHM JaTaceT 3
15 arpubytoB u okono 100 000 TpaH3aKIMAX A AATBHEHIIEro UCIOIb30BAHHS
B CO3JIaHWH MOJIEJIH, KOTOpasi Oy/IeT OlleHUBaTh OMTKOWH TPaH3aKIUHM Ha TpEeaAMET
nopo3putenbHOCcTH. locne hopMupoBanus maracera ObUIM CO3MAaHBI U OOYYEHBI
MOJIENU IS WACHTU(UKAIMH TIOM03PUTEIBHBIX Olepanuii B OUTKOWH CETH Ha
OCHOBE HECKOIIbKHX aJITOPUTMOB MAIIMHHOTO OOYYEHUs, TAKWE KaK CIy4YaiHbBIH
nec, Merox k-Ommkaimmx cocezei, aepeBo pemieHuit. Kpome 3toro, B crarse
MIPUBEJIEHBl PE3yJAbTaThl CPAaBHUTEINHHOTO aHajK3a alTOPUTMOB MAIIUHHOTO
o0ydeHHs, a TaKKe BRIOPAaH alTOPUTM, 00SCIICUHMBAIOIINN BRICOKYHO TOYHOCTb.

KaroueBble ciioBa: ONOKYEHH, KPHUIITOBANIOTA, OWTKOWH, ITOIO3PHUTEIHHBIE
TpaH3aKIWH, XapaKTEPUCTUKU OJOKYeiTHA

Beenenue

B mHacrosmiee BpeMs pa3BHTHE COBPEMEHHBIX TEXHOJOIMHA NpPUBEIN K
MOSIBIICHUIO LM(POBBIX BAJIIOT, OJHON W3 KOTOPBIX SIBISIETCS KPHUIITOBAJIOTA.
KpunroBamora — nu¢poBast miaarexHas CHCTEMa, B KOTOPOH HE y4YacTBYIOT
TpaJIMIIMOHHEIE PMHAHCOBBIC MHCTUTYTHI Takue kak Oanku (https://www.kaspersky.
ru). CyuiecTByIOT MHOTO BUZIOB KPUIITOBAJIIOT, CAMBIA M3BECTHBIN U3 HUX OUTKOUH.
butkoitH — mepBast B Mupe ycIelIHas KpUITOBAIIOTA, KOTOpasi MOSBHIACh Ha
ceT B 2009 romy (Nakamoto u T.x1., 2022). BuTkonH — 3TO JIeNIeHTpaIn30BaHHAs
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cHCTeMa, KoTopasi pyHKIMOHHPYET Ha 6a3e MpOrpaMMHOTO MTPOTOKOJIA M OCHOBAaHA
Ha KOHIICHIIMH MIPSIMOT0 0OMEHa MEX/Ty y4aCTHUKAMHU.

butkonH co3maBancs Kak IM(poBas IUIATEXHAss CHCTEMa C OTKPBITBIM
MCXOJHBIM KOJOM. [T1aBHasi IEHHOCTB 3TOM CHUCTEMBI B TOM, YTO B HEH BIIEPBBIC
YAAJIOCh CO3/1aTh CaMOIOCTAaTOYHY0, HAJISKHYIO U JICLICHTPATH30BaHHYIO CHCTEMY
nuist mepesonos (https://forklog.com).

BuTKOWHBI MaTreMaTW4ecKd TeHepUPYIOTCS IIyTeM BBINOJIHEHUS Habopa
CIIO)KHBIX 33/1a4 C XEIIeM YHCJIa C MCIOJIB30BAaHUEM IPOIEAYpHl, H3BECTHONW Kak
«moosraa» (https://www.kaspersky.ru). Jltomu, koTopble «100BIBalOT» OUTKOMHBI
HasbIBaloTCs «MaiiHepamuy. MaifHepsl 00paldaThIBarOT )KypHAJI U TIOATBEPIKIALOT,
YTO TPaH3aKIUH SBIAIOTCS 3aKOHHBIMHU. Tekylee cpeHee BpeMs, HeOOXOIHMOe
JUTSl IPOBEPKH TPaH3aKIMK bUTKOMHA, COCTABISIET OKOJIO IECTH MUHYT. [IprMepHO
MOJIOBHHA BCEX TPAaH3aKIMH MOATBEPIKAACTCS 33 3TO WIM MEHbIIEe KOJIMYECTBO
BpemenH (https://phemex.com).

Bce TpaH3akuuu B ceTH OMTKOMHA 3alIMCBHIBAIOTCSI B PACIpEICICHHBIA peecTp
JTaHHBIX — OJOKYeWH. BIoKYeiiH — 3TO PEeBONIOLMOHHAS TEXHOJOTHUS, KOTOpas
MpeAcTaBUIIa HOBbIEC KOHICTIIIUH Oe3011acCHOr0 00MeHa JaHHBIMH. JTa COBPEMEHHAs
TEXHOJIOTHSI COCTOMT M3 IIETIOYKH OJIOKOB, KOTOPAsi MO3BOJISICT HAJICIKHO XPAHUTh
BCE COBEpIICHHBIC TPAH3AKIMU C HMCHOJB30BAaHHEM OOLIMX M pacrpeleseHHBIX
cereit (Canax u 1.1., 2019).

TpaH3akuuu OMTKOMH — 3TO IMPOLECC MEPeBOJa KPHITOBAIIOTEI OT OIHOTO
KOIIEJIbKa JIPYTOMY KOIIENbKY C HCHOJIB30BaHHEM TEXHOJIOTHU OJIOKYEHH.
Tpanzakuust npencrasiser coOOH CBSI3aHHYIO C APYT-IPYyroM LEHOYKYy OJIOKOB
C JMaHHBIMH 000 BCEX NEpEeMENICHUsSX OWTKOMHaX Mexmy korrenbkamu (https://
finswin.com).

brok — HenpepsIBHO 3amuchiBaeMble (aiibl B CeTH BUTKOWH, KOTOpBIE
conepykar MHGHOPMAIIHIO O COBEPIICHHBIX TPaH3aKIHX.

B kak1oM 13 OJI0KOB COAEPIKUTCS Takast HHHOpMAIHS:

Hcropust mpoBeICHHBIX paHee OTePaLlHii;

WNndopmanus o copepmaemoii Tpanzakuun (https://www.researchgate.net).

Kaxpaplii OOK MMeeT OJMHAKOBYIO CTPYKTYpYy KakK IOKa3aHO Ha PHCYHKE
1, OH COCTOMT W3 3aroJOBKa, COICPXKAIIETO0 COOCTBEHHBIH XEII-KOA W Xell
MPEIIISCTBYIONIET0, a TAKKE MepeyHs TPAaH3aKIUi, CpeIr KOTOPBIX MepBas — C
yKa3aHHeM Harpajbl MaiiHepa.
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Puc. 1 — Ctpykrypa 610Ka

Tpanzakuus HauuMHaeTcs Mociie e€ COo3JaHHsA B KOIIEJNbKE W TOANHCAHUEM
MOJIB30BATENsI HA OCHOBE 3aKPBITOTO KJIf04a ¢ HU(poBoi moamuckio. [IpuBarHbii
KJTFOY WJTH 3aKPBITHIH KITF0Y — 3TO KpUIITOrpaduyeckas 3aiuieHHAas YacTh JaHHBIX
¢ (yHKIUEH, aHAJIOTUYHON MapOJI0 B YYETHOW 3alMCH 3JCKTPOHHOW MouThl. B
BuTKOMH-TpaH3aKIMIX KPOME 3aKPBITOTO KITF0Ya TAKKE UCTIONb3YHOTCS Ty OITMYHBIN
Kitto4. [TyOmuYHbIH KITHOY MJTH OTKPBITHIH KITFOY — 3TO 3aiin(poBaHHbIC pparMeHThI
JAaHHBIX, KOTOpbIE IEHCTBYIOT aHAJIOTHYHO aapecaM 31eKTpoHHOH noutsl (https://
www.bitcoin.com). YuacTHUKM BUTKOMH ceTH UCTONB3YIOT MyOJIMYHBIE KITIOYN
IS OTIPAaBKH M TONYYEHHUS KPUNTOBAIIOT. AJpec BUTKOMH-KOIIEIbKa 3TO
X3IIMPOBAHHAS BepcUsi MyONM4yHOro Kioua. Kornma OWTKOMHBI OTMPaBIISAETCS
JPyroMy TMOJB30BaTeNt0, IEPEBOA COACPKUT MHMOPMALIUIO O MYOIMYHOM KITIOUE
OTIPaBUTENS U MYOIMYHOM KITIOUE MOTyYaTeis.

B cymHocTH, OUTKOUH TpaH3aKIKMs COCTOUT U3 TPEX Y4acTei:

Bxonnsie nanubie

CyMMa TpaH3aKI1H

BrixonHrle naHHbBIE

Bxonnble naHHbIe OTHOCATCS K MH(pOpMaLuK o OalaHce aapeca OTIIPaBHTEIS
J10 TEKYLLIEN BBIOIHAEMON TPaH3aKLIHil.

Korna monk3oBarenb OTIPABIISET OMUH OUTKOMH, CHCTEMA JIOJDKHA YOCIAUTHCS,
YTO y HEr0 €CTh OJMH TOJHBIN OMTKOMH, KOTOPBI OH MOXET OTIPABUTH JIPYTOMY
nojp30Bareno. Eciu Bece mpeapiayiye TpaH3akIuy Ha aipec MoIb30BaTeist ObuIn
HCXONAIIMMHU TIEPEBOAAMH, U OH HHUKOIJA HE MONydall HUKAKUX CPEACTB, OH HE
MOKET HUYETO OTHPaBHUTh. TakuM 00pa30M, BXOJHBIC JAHHBIC TaPAHTUPYIOT, YTO
MepeBol MPOUCXOJNT C ajpeca, Tae HeoOXommMmas cymMma jajs nepeBoga. Korma
TpaH3akuusi OyneT mobOaBieHa B OJOK, CyMMa B KOIIENbKE OTIPAaBHUTENS OyIeT
00HOBJICHA.
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Bropas wacte, cymMma TpaH3aKIWH. JTO OTHOCHTCS K CyMMe, KOTOPYIO
OTHPABUTEIh XOUET MEPEBECTH TOTYUATEIIO.

Tpetuii KIIOUEBOW KOMIIOHEHT, BBIXOMHBIC [aHHbBIC, BKIIOYAIOT B CceOs
HHPOPMAIIMIO O PpACTPENEICHHM CYMMBI TEpEBOAa Ha aapec MoNydares.
JlocTynHas cyMMa B KOIIIENbKE MOJydYaTessi OOHOBNISACTCS, W 3Ta OOHOBIICHHAS
uHpOpMAIHs TO3Ke OyJIeT HMCIONb30BaThCS B Ka4eCTBE BXOJHBIX JAHHBIX IS
OyAyIIei TpaH3aKINK ¢ UCTIONb30BaHueM 3Toro aapeca (Condos u T.1., 2016).

BrokueiiH TeXHONMOTrni 001aJaroT CIEAYOIUMHA 0COOCHHOCTIMU:

B OnokueiiHe XpaHATCSA TONBKO 3aMUCH O COOBITHUSIX — TPAH3aKIUSAX, TO
€CTh MeTaJlaHHble, a He caMmH AaHHble. CHauana BCe 3alHCH BAIUIUPYIOTCS Ha
MOJTHHHOCTDh M TMOJTBEPKAAIOTCS TPU TOMOIIHM KPUMNTOrpaduH, TOJIBKO MOCHE
ATOTO MOAAOT B ONIOKUEHH. 3amucu XpaHATCs B OJOKaX, KOTOPBIE HETUISTIOTCS APYT
3a Jpyra, Kak 3BeHbs OJIHOM LEMOYKH, a He B TAOJMYHOM BHJIC, KaK KIACCHYCCKHE
0a3bl JaHHBIX. [Ipy 5TOM KXl CIEAYIONUI OJOK BKJIFOYACT 3alU(ppPOBAHHBIC
JaHHbIe O TpeabiaynieM. WHpopMaiuio XpaHsiieecs B ONOKYCHH, HEIb3s
MOIM(UITUPOBATH, MEHATh, OOHOBJIATh WM YIANATh, HE HAPYIIUB IEIOCTHOCTh
Bcelt ienoukw (https://www.seeneco.com).

Y OuTKOWHA HU3KHE TPaH3aKIMOHHBIE H3JIEPKKH, YTO BOCIPOU3BENEH BO
MHOTHX €ro BCTPOCHHBIX (yHKIUsaX. Kak yxke ObUIO CKa3aHO, OWUTKOWMH —
JICIICHTPAN30BaHHAS TUIATEXHAs CHCTEMa, KOTOpasi MO3BOJIAET MOJb30BATENISIM
MPOU3BOAUTE Pa3HbIe OTEpalUu ¢ OUTKOHHAMH APYT ¢ IpyroM 0e3 MOCpeAHUKA
WA KOHTPOJIMPYIOIIErO OpraHa, HampuMep, B ciiydae ¢ (pUaTHBIMU JEeHbraMu —
310 OaHku. OTCYTCTBHE MOCPETHUKA MEXIY IMOKYIaTeleM W MPOAABIIOM JieiaeT
IIaTexku Ooyee NeNeBbIMU, a 00padaThiBaHHE TpaH3aKIuU Ooliee OBICTPBHIM II0
CpaBHEHUIO ¢ (puaTHBHIMU JeHbramu. OIHAKO BCE 3TH OCOOSCHHOCTH KPHUIITOBAIIOT,
B YACTHOCTH OWTKOMHA TaK)Ke MPHUBICKAIOT PAa3HOTO poja HEeTO0OPOCOBECTHBIX
MoJIb30BaTesel, KOTOPhIC HCIOMB3YIOT CETh JJIsl Pa3sHOTO pojAa MPeCTYMHOU
JeSITENbHOCTH, HAmNpUMeEp, MO OTMBIBAHUIO JICHeT WIH (UHAHCHPOBAHUIO
SKCTPEMH3MA WM TEPpOpU3Ma U oOecreyriia UM MPEUMYIIeCcTBa Mepes] 3aKOHOM
(Jlapun, 2018).

CaMbIM TIIaBHBIM W Ba)XXHBIM ITOJXOJIOM B TPATUIMOHHBIX CHOCO0aX IIO
00pb0e C OTMBIBAHHWEM JICHET WIIM PA3HOTO poJa HE3aKOHHBIMH (HHAHCOBBIMHU
OTICPAIUSIMU SIBIISICTCS KOHTPOJIb M HAOIIONCHHUE PEryiaTopa 3a MOCPETHUKAMH,
TO €CTh 32 (PMHAHCOBBIMU OPTaHU3AIUSIMHU (OaHKAMH), KOTOPBIC SBISIOTCS MOCTOM
MEXJY YYaCTHUKaMHU (UHAHCOBOWM Omepalrfii, 1 UMEIOT MPaBO MOHHUTOPHUTH U
MPOBEPATH COMHUTEILHBIC TPAH3AKI[MH, & B CIIyYae Yero OTMCHATh TPAH3aKIMH U
3aMOPaXXUBATh ICHBIH JUTS TIIATEIILHOTO U3yUCHHS YYACTHUKOB CACTKH U UX LEIU
(https://www.seeneco.com).

IMockonbky B BHUTKOMH CETH OTCYTCTBYIOT TaKOTO pOAa MOCPESTHHUKH, TO
TPaTUIIMOHHAS CTpaTersi OOphOBI C OTMBIBAHHUEM JICHET WM C HE3aKOHHBIMU
neHpramu moutu He pabdoraer (Jlapun, 2018). Kak Oputo yke ckazaHO HECMOTpPS
Ha TO, YTO KaXKJIasl TPaH3aKIUs XPAHUTCS B OTKPBITOM JTOCTYNE U MOXET OBbITh
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MPOCJIeKEHa, HE CYIIECTBYET NMPSIMOM CCBUIKM Ha KOHKPETHOTO 4YeJOBeKa WIIH
OpTaHU3alHIo, COBEPIINBIIYIO TPAH3AKIHUIO.

Kpome »3Toro, coBepiuieHune TpaH3aKUMi B OMTKOWHAX 3HAYUTEIBHO JIET4e
u Trb4e, 4eM TpPaAULUOHHBIC CPEICTBA, HCIOIb3yeMble sl HE3aKOHHOU
JesITeNbHOCTH, @ UMEHHO TPaH3aKuus (UaTHBIX JeHET. byMaskHbIe KyITIOpbl HECYT
¢ co0oii puznyecKoe orpaHUYCHUE B BUJIE BECa M pa3Mepa, 8 MIJUTHOHbBI OUTKOMHOB
MOTYT XpaHHUThCS Ha cTaHgapTHOM USB-ycTpolcTBE M MOXKHO OTHPABUTD JIFOOOMY
MOJIB30BATENIO0 B MUPE B TEUEHUE OUeHb KOpOTKoro BpemeHH (Chuen u 1.1., 2015).
Taroke nmarexxeit butkoiftH MOXKHO pa30HMBaTh Ha OoJiee MENKHE TPaH3aKIUH, YTO
o4eHb oberdaer ooxox mep perynuposanus (Ajello, 2015).

MarepuaJi 1 METOABI HCCIe0BAHMSA

MHorue Joau CYUTAIOT, YTO BUTKOMH rapaHTHUpyeT MOMHYI0 aHOHHMHOCTD,
HO Ha MpPaKTUKE 3TO HE TaK, TaK KakK SIBISIETCS IICEBIOAHOHMMHOW CETHIO.
Hcropus Bcex TpaH3akUMM OWTKOMHOB IOCTYNHBI IJISi MyOIMYHOTO MPOCMOTpa
ONoKJeitHe, MOTOMY YTO OJIOKYEHH — 3TO MyONMYHBIA peecTp WH(pOpMAIUU
(https://phemex.com). Hcnone3ys onmaiiH-oO03peBarenn buTkomHa, Takue Kak
mwiargopma blockchain.com, mr000#i >kemaromuii MOXET MPOCMATPHUBATH BCIO
HCTOPHIO TPAH3AKLUH JIF000TO KOILIENbKa, a TAK)KE OTCIICKUBATH ATH TPAH3AKIKHU U
aHanmusupoBath. Ho, 1o cyTu, gaxke uMest ZOCTYN K MOJTHON UCTOPUH TPAaH3aKLUU
KOLIEJIbKa 3TO HUYETO HE PACCKa3bIBACT O JIMYHOCTH MOJIb30BaTEs.

st Toro, yToObl MPOAEMOHCTPUPOBATE ATO HA MPAKTUYECKOM IpuMepe ObLI
BBIOpaH cirydail, mpousomienwmii B ceHTss0pe 2018 roma, korga xakepsl MOTYYHIN
HECaHKIIMOHUPOBAHHBIN TOCTYTI K TOpsTUEeMy KOIIENbKy Oupsku Zaif u ykpanu 5966
BTC (https://incrypted.com). [lyist ananu3a 6b11 BeIOpaH nHCTpyMeHT Crystal.

Bce Bxomsamme anmpeca mpuHamnexanu Zaif. Kak mokasaHo Ha pHCyHKe
2, TOXWILICHHbIE CpeAcTBa B OMTKOMHAX Xakep OTHPaBWJI Ha ajpec:
FmwHh6pgkf4meCMoqo8fHH3GNRF 57 1f9w.

T 1] O bew rem

Puc.2 - TlepeBon cpencTs ¢ KomenbkoB Zaif Ha ajpec xakepa
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Kak Bugno ©a pucynke 3, agpec 1FmwHh6pgkfAmeCMoqo 8fHH3
GNRF5719w comepkut 9 HCXOAAINX TPaH3aKIKH, TAKMM 00pa30M, OTCIICKUBAHNE
MPUMEHSIIOCH AJISI KaXKI0W U3 HUX.

Puc. 3 — Ucxopsmue Tpanzakuuii o agpecy 1FmwHh6pgkf4AmeCMoqo8fHH3GNRF5719w

Kak mokazaHo Ha pucyHke 4, MHOTHE OWTKOMHBI OBUTM pa3liesieHbl Ha
OTHOCUTENbHO HeOombme cyMMbl (0.5 u 1 OUTKOMH) M OTHpaBiCHBI B TCYCHUU
O4YeHb KOPOTKOI'O BpPEMEHH KaK BUIHO Ha PHCYHKe 5, Ha Jpyrue ajpecarsl, y

KOTOPBIX HET HCTOPHUI U He OBbIJIO OONbIIe HUKAaKUX aKTUBHOCTEH 3a mociennue 4
rojia, YT0 TOBOPHUT O TOM, YTO 3TO KOLIEIbKU-OTHOIHEBKH.

= i'\-; i '_;':i.-.. =

Puc. 4 - Pa3buennst GUTKOMHOB Ha HEOONBIINE CyMMBI
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Puc. 5 - Komenbku-oqHoaHeBku. Bpems u nara TpaHzakuui.

[IpoBenst MHOKECTBO OTIEpalHii, OITMCAHHBIC BhIIIE, ObUIN 00OHAPYKEHBI OOJIbIIIE
5 THICSY KOIIENHKOB Kyna ObLIM TMepeBeleHbl YacTh YKpaJeHHbIX cpencTB. Ilo
WUTOTaM HCCIIeIOBaHUs ObLIO OTPENENICHO, YTO YaCcTh MOXUIEHHBIX CPEICTB OblIa
OTIpaBJIeHAa Ha BBIBOJ Uepe3 KPUITOBAIIOTHYIO OUpKy Binance, apyras yacte —
pa3duTa Ha MeJNKHEe CyMMBbI U paclpelielieHa Ha MHOTOUYKCIICHHBIC ajipeca uepes
UTPOBBIE CEpPBHCHI, MUKcephl U apyrue kpuntodupxku (https://forklog.com). Kak
OBUTO BUIHO HA 3TOM IpPHUMEpE, ITOMY CIIydal0 XapaKTepHbI MHOTHE TMPU3HAKH,
KOTOPBIE SIBJISIOTCS KIFOUEBBIMHU aTpUOyTaMH TIPU OIIEHKE OMTKOWH TPaH3aKIIWHU Ha
MPEAMET MOI03PUTETHHOCTH.

Hoenmughuxayus noobopxu npusHakoe 0asi onpedereHusi nooo3puUmenrbHoU
onepayuu.

DTOT pazzen cConepKUT MOAO00PKY MPU3HAKOB MOI03PUTEIBHON AESTEILHOCTH
B c(epe KpPUIITOBATIOTH, & UMEHHO B CETH OUTKOMHA I BO3MOYKHBIX ITOTIBITOK
VKJIOHHTBCS OT pa3zoOiaueHus MPaBOOXPAHUTEIBHBIME OpraHamu. B Xxoxe
HCCIIeIOBAaTENCKOM paboThl, B paMKax KOTOPOH MpOBEICHHI 0030p M aHaIu3
HayYHBIX TyOIHUKAIHIA U CTaThH, 0030p JTUTEPATYPhI U U3 UCCIIEOBAHUI OTKPBITHIX
WCTOYHHMKOB OBUTH BBISBICHBI WM ONpENeNICHbl CIEAYIOmne Npu3HaKu ((akTsl,
KEHCBI), KOTOpBIE SBISIIOTCS KIIIOYEBBIMU aTpuOyTamMu (IIOMOTAIOT) MPH OLIEHKE
BuTKOMH TpaH3aKIUK Ha TPEMET ITOI03PUTETHHBIX I COMHUTEIBHBIX OTIepaInii:

Omnepauuii mepeBoia Wik 0OMEHa KPUIITOBATIOTHI, KaK ¥ aHAJIOTUYHO B CITy4ae
¢ ¢uaTHBIMU IEHBraMH, IyTeM pa30oueHs Ha HeOObITUEe CYMMBI THOO HA CYMMBI,
HE TPEBBINIAIONINE MOPOTOBBIX 3HAUEHH, YCTAHOBJIEHHBIX ISl 00s3aTeIbHON
pEerUCTpalyy ONepauuii UM Ui epeaad cooOIeH. A eciu ToBOpUTh Oosee
MoApOOHO, TO pa3OueHHe OOJIBIIOr0 KOJIMYECTBO OWUTKOMHOB HA MHOXECTBO
HEOOJBIIOE KOJTMYECTBO OWUTKOMHOB M IEpeBOJ] OUTKOMHOB Ha MOCICAYIOLIHE
azpecatsl. Pa3ieneHnue cBsS3aHO C TEM, YTO CYIIECTBYIOT Pa3HOTO poja MPaBHi OT

162



ISSN 1991-346X 1.2023

MeXIIpaBUTETLCTBEHHON KOMHCCHU TI0 (puHAHCOBOMY MOHHTOPUHTY (DATD),
HarpuMep, ofHa u3 Hux HaseiBaeTcs «Travel Ruley. Travel Rule, Taxoke n3BectHoe
kak Pexomenpanus 16 ®ATO, HanpaBieHO Ha NPEKPALLEHUE OTMBIBAaHUS JCHET 3a
CUET CBEICHUS K MUHUMYMY aHOHUMHOCTH KPYITHBIX TPAaH3aKLHH B KPUIITOBAIIOTE.
[IpaBuno myTemecTBU yXe HaBHO NPUMEHSETCS K (UaTHBIM TPaH3aKLHIM,
u B 2018 rogy ®ATD 3asBUna, YTO CTpPaHBl JOJKHBI TAKXKE MPUMEHSTH 3TO
MPaBUIO K KPUNTOBAJIIOTHRIM KOMIAHUSAM U 00s13athk [IpoBaiineps! ycayr B chepe
BUpPTyanbHbIX akTUBOB (I1YBA) nmonmy4ars, XxpaHUTh 1 OOMEHUBATHCS HHPOpMaLen
00 OTIPaBUTEINISAX U MONyYaTeNsIX KPUITOBAIIOTHBIX NepeBooB ¢ apyrumu [IYBA
u Boie 1000 mommapos CIHIA (https://www.coindesk.com). Kpome 3toro, mHOTHE
KPUNTOOMPKH TIO3BOJISIIOT IOJNB30BAaTENIIM CHUMAaTh 10 1 OWUTKOMHOB, TO €CTh
HEeOOMbIINE CYMMBI ICHET, 0€3 MPOXOKICHUS CTPOTOTO KOHTPOJISL.

MHoxecTBO omepaund pa3OueHHs OOJBIIOr0 KOJIMYECTBO OWTKOWHOB Ha
JECSTKA M COTHH TPAaH3aKIUH, COBEPIIAIOTCS MTyTEM HCIOIb30BAHUS KOILIEIBKOB,
Yy KOTOpPBIX 3a4acTyl0 HET HHMKAaKHX HMCTOPHH, TO €CTb, OWTKOMH KOIIECJIBKU
OTKPBIBIINECS HEJABHO WM YK€ CUMTAIOIINECS CIALIMMU, APYTUMH CIIOBaMH, HX
MOXXHO Ha3bIBaTh KOIIEIbKAMHU-OIHOAHEBKAMH WJIM TPAH3UTHBIMH KOLIECIbKaMH.
Ecnu He Bce, TO OONBIIMHCTBO OMTKOMH KOLIETBKOB TAKOTO THIIA, UCTIOJIB3YIOTCS
Bcero 2 pasa. IlepBriif pa3 i momydeHus: OMTKOMHOB (JI€HET), BTOPOH pa3 1uis
OTHpaBJICHHUs TONYYCHHBIX OWTKOMHOB (ZIeHer) Ha Opyrod komenek. I[locme
MPOBECHNUS TAaKUX ONEpalud OUTKOMH KOILIETBKH MEPECTAIOT HCIIOIb30BaThCA.
Tak Kak y OJJHOTO MOJIb30BaTENs MOXKET OBITh MHOXECTBO OMTKOWH-KOLIEIBKOB;

IlepeBon OMTKOMHOB (JEHET) MPOUCXOAUT B MOXKAPHOM TOPSAIKE MO Pa3HBIM
KOLIETIbKaM M B OYE€Hb KOPOTKHE CPOKH, Hampumep, B npegenax 30 MuayT win 1
qaca;

[lomy4yeHHass cyMmMa M OTIpaBiCHHAasT CyMMa IUTIOC KOMHCCHSI SIBIISIETCS
oAMHaKoBOW cymMMoH. IloToMy 4TO, MI0AM MPOBOAALINE TAaKUE TPAH3aKIMH 3HAIOT,
9yro Oonbie HEe OyOyT HCIONB30BaTh 3TH KOIIENBKH, MO3TOMY HEPEBOAAT BCIO
cyMMy (OWTKOHH);

Paznenennpie OMTKOWHBI MTOCIIE KOPOTKOW LIEMIOYKH TPAH3aKLIUU IPUMEPHO (5—6
TPaH3aKLUMHN) OUTKOWHBI COOMPAIOTCS 3aHOBO B OIHOM KOILICJIBKE;

Obmen OuTkOoMHa Ha ApPYTHE BHIBl KPUITOBAIIOT, C JIOMOJHHUTEIBHBIMHU
pacxogamMy Ha KOMHCCHIO 32 TPaH3aKLIUHU, HO C COKPBITHEM CJIENa;

BHecenne OuTkoMHA B KPUIITOOHPIKY,  3aT€M HEMEIIEHHBIH BBIBOA ¢ OHpKH Oe3
MPOBECHUS TOMOJHUTENIBHBIX ONEPaLfid, KaK IMTOKYIIKY 4ero-Iu0o MM IepeBona
Ha IPyroi KOIIEJIeK.

Bce BrlenepeuncneHHble NPU3HAKK ObUTH BBISIBICHHBIE B X0JI€ aHAIN3a Oosee
JECSTKOB MPAKTUUYECKUX NMPHUMEPOB, B3ATHIX W3 HAyYHBIX MyONMKAlMHd U CTaTeH.
Cpasy xodeTrcsi OTMETUTh, HAIWYHE OJHOTO M3 NMPH3HAKOB HE JaeT OCHOBAHUE
CUUTATh TPAH3AKIMIO KaK HE3aKOHHYIO WJIM MpeCcTymnHylo. YacTo momo3peHue Ha
BO3MOJKHYIO NIPECTYIIHYIO JIESTEIBHOCTD BBI3BIBACT MMEHHO HAJMYNE HECKOJIBKUX
MPU3HAKOB B TPAH3aKIHIX, HE UMEIOLIEH JIOTHIHOT0 000CHOBAHHUS C TOUKH 3PEHHUS
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MOBeNleHNs] OOBIYHOTO TIOJB30BaTeNsd. Hamuume NPU3HAKOB MOMHKHO CITYKUTh
TOJYKOM K MPOBEJCHHIO JTATBHEUIIIETO MOHUTOPUHTA U JIETAIBHOTO aHAJIH3a.

Dopmupoganue u onucanue damacema. CIeNyOIUA 3Tall TOCIE HICHTHU-
(UKaIMM OCHOBHBIX IPU3HAKOB MOMO3PUTEIBHBIX TPAH3aKUIUN )i OUTKOMHOB,
pabora ¢ JaHHBIMH: TIOMCK W COOp ITaHHBIX, aHAIW3 M 00paboTKa COOpPaHHBIX
JaHHBIX, (POPMHUPOBAHNE BXOTHBIX MPU3HAKOB JaTaceTa s 00ydYeHUs] MOIEIIH.

B pamkax wuccnenoBarenbckol pabOThI, OBLI CO3[aH JaraceT CoAepKamluil
OKOJIO 5 TBICSY HE3aKOHHBIX TPaH3aKIMW MyTEM W3yYEHUS M3BECTHBIX CIIy4acs,
CBSI3aHHBIX C Kpakeil ONTKOWHOB, OTMBIBAHHEM OUTKOMHOB U T. 1. OMH U3 TPUMEPOB
OB OTHCAH B MPEABITYIIEM IIPAUMEPE, 3TO Kpaka OMTKOWHOB, IMPOW3OIICIIIHNA B
cenTs0ope 2018 roma, Korma Xakephbl MOMYYIIIH HECAHKITHOHUPOBAHHBIA JOCTYIT K
ropsiaeMy KomenbKy oupkn Zaif m ykpamm 5966 outkomnoB (https://incrypted.
com). Kpome 3TOro, ¢ LEnpi0 yBENWYCHHS KOJIMYECTBA TPAH3AKIMA B HaOope
JaHHBIX OBLT HCCIIEIOBAaH N3BECTHBIM HA0OP JaHHBIX B chepe OUTKONH TpaH3aKIUH
«EllipticDataSety», kpynHe#muii B Mupe Ha0Op MaHHBIX C IMOMEYCHHBIMHU
TpanzakuusaMu. HabGop mamsbix Bkmiowaer 200 000 Tpan3akmmii Ha OOIIyIO
CyMMy 6 MWIIHApAOB AOJUIApOB. DTOT HAOOp MAaHHBIX OBUT CO3MaH C IIEIBIO,
9TOOBI COOOIIECTBa MOTJIA HCIIONB30BaTh COOPAaHHBIC IaHHBIC IS BBISBICHUS
¢uHaHCOBBIX MpecTymieHni B kpunrosaitorax (https://www.kaggle.com).

OIIMNTHYECKU HAa0Op JaHHBIX COIMOCTABJISCT OWTKOHH-TPAH3aKIUH C
peaNbHBIMU OOBEKTaMH, MPHHAJICKAIIUMU K 3aKOHHBIM KaTCTOpPHSIM (OHpXKH,
MTOCTABIIMKH KOIIETHFKOB, MaHEPHI, 3aKOHHBIE YCIYTH U T.[1.), @ HE C HE3aKOHHBIMU
(MmomenHndecTBo, BpemoHocHoe I[IO, TeppopucTHYecKHE — OpTaHHM3AINH,
MIPOrPaMMBI-BEIMOTaTENH!, CXeMbI [ [OHITN U T.11. ), a TAK)KE HEU3BECTHBIX, TPOLIEHTHOE
cooTHomIeHue: 2% OBLIN MOMEUEHEI KaK He3akoHHbIE, 21% Kak 3akoHHEIE, a 77%
KaK HEU3BECTHBIC.

Beuto crmenaHo BakHOE HaAOIOIEHHE O TOM, 4To Habop maHHbIx Elliptic
SIBIISIETCST HecOamaHcupoBaHHBIM (4545 «He3akoHHBIX» W 42019 «3aKOHHBIXY
Tpan3akuui). [losTomy cremyromeit 3agaueil ObLIO, HE TONBKO HAWTH 3HAYCHHE
JUTS. BBITIICTICPEYMCICHHBIX 3JIEMEHTOB TPAH3aKIUH, HO U MOIBITKA OINpPE/eICHUs
TpaH3aKUMH KaK 3aKOHHOW WJIM HE3aKOHHOM /1JI1 HEU3BECTHBIX TPAH3aKIUH.

Ja  docmudwcenuss nocmagnenHoti yenu Ovll  HalWCaH —mapcep Ui
ABTOMAaTHYECKOTO cOOpa MaHHBIX Ha SI3bIKE MporpammupoBanms «Python» mis
200 ThICSY OWTKOWH TpaH3aKIuil myTeM oOpameHust k mmargopmam Crystal,
n Blockchain, Jlaracer coctosim u3 207472 Tpan3zakiuii, u3 xotopeix 107949
ObUIH TIOMEUEHBI KaK HeompeaencHHble, 32938 moMeueHbl KaK MOI03PHUTEIbHBIC
TpaH3akIui, a 66585 moMedeHbl Kak 4YMCThIE TpaH3akiuil. beuio pemeHo B
Habope JaHHBIX, KOTOPBII OyleT MCIoNb30BaH B O0y4YEeHUH MOJENH, yOparh Bce
HEW3BECTHBIC TPAH3AKIIHM, ITOCIIC ATOTO B JaraceTe oCTauCh 99523 TpaH3aKiiuii.
N3 Hux 32938 noMedyeHbl Kak NOAO3pUTEIbHBIE, a 66585 MOMEUEeHBI KaK YUCTHIE.

B Tabnume 1 MoxHO yBHIETh 15 KIIFOYEBBIX MPHU3HAKOB JUIS MOCIEIYIOIIETO
WCIIOJBh30BAHUSA B ajropuTMax Uil OOy4YeHHS MOJENH, KOTopas OICHHBAET

TpaH3aKIIUU Ha MPEAMET NOJO03PUTCIIBHOCTH.
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HasBanwue atpubyra | Tum nannbsix | Onucanue
TRANSACTION STRING VHHUKaNBHBIH —~ WACHTH(QHUKATOpP, HUCIONB3YyeMBIH  JUIs
HASHTU(QHKAINHI KOHKPETHOH TpaH3aKIHN
BLOCK_HASH STRING Xom1 6r1oKa
BLOCK_HEIGHT INTEGER Beicora Grnoka
CONFIRMATIONS |INTEGER IloaTBepkneHNs TpaH3aKUMUU B CETH
COUNT IN INTEGER OO111ee KOINYECTBO MOIYYCHHBIX TPaH3AKIMI
COUNT OUT INTEGER OO11ee KOJIMYECTBO OTIIPABICHHBIX TPAH3aKIUIT
FIAT RATE FLOAT Jenbru B USD Ha MOMEHT TpaH3aKIUi
INPUTS STRING Anpeca, ornpasusuiie BTC
OUTPUTS STRING Anpeca, nomyuusime BTC
POOL TIME TIMESTAMP | Bpems nonTBep)xaeHus TpaH3aKIUH
TOTAL IN NUMERIC O6mee konmuecTBo oTnpanieHHbIX BCT
TOTAL OUT NUMERIC Obmee konmuecTBO noaydeHHsx BTC
SIZE INTEGER OO01mmit pazmep 3ToH TpaH3aKIUH
WEIGHT INTEGER Bec sroii Tpanzakuuu
RISK SCORE BOOLEAN OreHKa TpaH3aKUKH Ha PEIMET OI03PUTENbHOCTH
Pesyabrar

[Toce monroToBKM maracera, CIEMYIOIMIMM 3TAllOM CTajo OO0ydeHHE MOIEIH.
Jmnst oOyueHust Mozenu OBUIO KCTIONE30BAaHO HECKOIBKO alTOPUTMOB MAIIMHHOTO
00yueHMs, TaKMX KaK CIIydalHbIH JIeC, JEPEBbS PEIICHUM, JOTHCTHYCCKAS
perpeccusi. PazneneHne Ha oOydaromipe W TECTOBbIE 0O0Opa3llbl OCHOBAaHO Ha
cootHomernu 80% x 20%. B pesynsrare s oOydeHns OBUIO HCIIONB30BaHO 79
618 ciryqaifHBIX 2JIEMEHTOB, a s Tecta — 19905.

B pucynke 5 Ob11BEIOpaH aNTOpUTM CiTyqaiiHbIi e c. CTy9aifHbIi JIEC TOKa3bIBAET
O4YeHb XOPOIIUH pe3ynbTar. To4HOCTh OKOMIO 84 MPOIIEHTOB. A B pUCYHKE 6 AepEBbS
pELIEHUH TOKA3bIBaE€T XOPOILINK pe3ysIbTaT, HO HE KaK CiydailHbli jiec. ToyHOCTH
Mofienr cocTaBuil 79%, 9TO SABIAETCS XOPOIIUM PE3yAbTaTOM.
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Anroput™ K-Onmmkalinnx coceiel MoKa3hIBaeT HAUXYAIIUN Pe3ysbTaT Cpenu
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Ta6n1/1ua 2. Pe3yJ'H)TaTI>I U CPAaBHEHUEC KIIIOYEBBIX METPHK.

Ne Name Accuracy Precision Recall Fl-score
1 DecisionTree 0.789249 0.681771 0.691323 0.686514
2 KNN 0.713618 0.595658 0.442302 0.507651
3 RandomForest 0.844966 0.833677 0.669027 0.742332

Kak BugHo Ha pucyHke 8 u B Tabmuie 2, anroput™ «RandomForest»
WMeeT JIydllne MOKazaTeldH [0 BCEM METPHKaM MO CPaBHEHHIO C OCTaJbHBIMU
QITOPUTMAaMH MalIMHHOTO O0y4yeHHs, Kpome MeTpuku «Recally, roe mydme
nokaszarenu y anroputma «DecisionTree». TlosTromy Mmonenb oOy4yeHHass Ha
ITOPUTME CITy4aiHOTO Jieca ObUT BRIOpaH AJIs NANbHEHIEero UCTIONb30BaHusl.

Oocy:xnenue

Ha ocHOBe BBISBIEGHHBIX NPU3HAKOB OBUT CO3AaH JaraceT coAep Kalui
OKOJIO 5 TBICSY HE3aKOHHBIX TPaH3aKIUH MyTeM H3Yy4eHHs] U3BECTHBIX CIIydacs,
CBSI3aHHBIX C KpaXkeil ONTKOHHOB, OTMBIBAHHEM OMTKOWHOB H T.1I., YTOOBI HU30€KAaTh
HecOaTaHCUPOBAHHOCTH JataceTa. A Takxke uccienoBan Habop gaHHbIX «Elliptic
DataSet». ITytem oObenuHeHus 2-x HaOOpOB AaHHBIX ObUI C(OPMUPOBAH OAMH
OCHOBHOI mataceT. Kpome sToro, Obl1 HamucaH mapcep IUIsi aBTOMaTHYeCKOTo
cOopa IaHHBIX Ha s3bIKe TporpammupoBaHus «Pythony» ans 200 Teicsy OUTKOWH
TpaH3akuui myrem oOpanienus K miargpopmam Crystal u Blockchain. Co3nanbt u
00y4eHbI 3 MOAEH A UACHTU(DUKALNH TPaH3aKIMH HATIPEIMET IOA03PUTEILHOCTH
C UCIIONIb30BaHUEM 3-X pa3HbIX aJTOPUTMOB MamMHHOTO oOyueHus. Kaxnas w3
MoJieel o0yJanach npuMepHo Ha mouTH 100 Thicsyax JqaHHBIX ¢ 15 mapamerpamu.
B wurore Obuta BeIOpaHa MOJETL C CaMOW BBICOKOW TOYHOCTBIO, KOTOpas ObuIa
MIOCTPOCHA HAa OCHOBE CIYYalHOTO Jieca U MoKa3ana TOYHOCTh B 84%, 4To sBIIsETCA
XOpOILIMM pe3ylbTaToM. B manmpHeleM 3TOT Moxenb OyfeT emie ymydluarbes U
oOyuaTbcsi Ha Oojiee 0OBEMHBIX JaTraceTax. byayT uccrnenoBaTbcs HOBBIE CIydaw,
CBSI3aHHBIE C MOUICHHMYECKUMH M HE3aKOHHBIMH JCHCTBHUSMH MOJIb30BaTENEH,
BBISIBIISITHCSL PaHEe HEM3BECTHBIE IPU3HAKH TTOI03PUTEIBHBIX TPaH3aKLUii, a 00beM
naracera Oy/leT YBeJTUUUBaThCSI.

3akaouenune

B pamkax mnpoBeseHHOH paOOTBl OBUTM PAacCMOTPEHBl MPUHLUUMIBI U
XapaKTEPUCTUKHU PabOTHI OJIOKUEHH TEXHOJIOTUI 1 OUTKOWHA, KAK OHU TOSBIISICTCS,
KaKiMH 0COOCHHOCTAMH 00JIa/Ial0T, & TAKIKE KaK OHU MCIIOIB3YIOTCS B IPECTYITHBIX
W HE3aKOHHBIX wnensax. Kpome 3Toro, ObUIM MpOaHATU3UPOBAHBI MHOXKECTBA
JUTEPaTypbl M HAYYHBIX CTAaThH, BBISBICHBI W ONpENesICHbl MPU3HAKU ((aKTsl,
KEHCBI), KOTOpBIE IOMOTAIOT NpW OICHKEe BHUTKOWH TpaH3akuuMM Ha MpeaMeT
MOAO3PHUTENBHBIX UM COMHHUTENBHBIX ONepanuii. beul mpuBeaeH mpakTuyecKui
npUMep aHalu3a HEe3aKOHHBIX TpPaH3aKUUH, CO3JaHa MOJelb Ais OuHapHOU
KJ1acCU(pUKALUU HEJIeTalbHbIX U JIETANbHBIX TPaH3aKLIUH.
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Abstract. The COVID-19 pandemic has made adjustments in all spheres of
human activity. The spheres which were not adapted to work in a remote format,
namely secondary education organisations, were the hardest hit when almost all
schools switched to emergency distance learning (EDL). The consequences of mass
EDI highlight the need to analyse the experiences of mainstream schools in order
to ensure favourable conditions for the future transition to emergency formats of
learning. The purpose of the study was to identify the arguable factors that had the
greatest impact on learning in Kazakhstani schools during the COVID-19 pandemic,
based on big data analysis. Statistical analysis procedures such as Pearson Chi-
square test and combinatorial tables were applied to test working hypotheses.
The survey data was processed and the model was constructed using IBM SPSS

170


mailto:makhazhan.ut@gmail.com
mailto:amukhiyadin@gmail.com
https://orcid.org/0000-0001-5576-7733
mailto:makhazhan.ut@gmail.com
https://orcid.org/0000-0002-5528-8000
mailto:mg.mukasheva@gmail.com
https://orcid.org/0000-0002-8611-8303
mailto:ayagoz198302@mail.ru
https://orcid.org/0000-0003-3987-0938

ISSN 1991-346X 1.2023

Statistics, version 23. This test was conducted between the questions determining
the degree of learning activity of schoolchildren and the factors of influence of
EDL on the learning process. The study used data from a survey conducted by
the National Academy of Education named after 1. Altynsarin in 2020 with the
participation of 48,182 schoolchildren in the Republic of Kazakhstan.

Keywords: big data, Covid-19 data, big data processing, experimental data,
emergency distance learning, contingency table, data analysis

© A.Y. Myxusiaun", ¥.T. MaxaxkanoBa'", M.Y. MykaiueBaZ,
A.A. MyxanoBa', 2023
JLH. T'ymuneB ateinaarel Eypasust yiTTeIK yHHBepcuTeTi, ActaHa, KaszakcTaH;
’bl. AJThIHCAPHH aThIHIAFBI VITTHIK OiliM akameMusichl, Actana, KazakcraH.
E-mail: makhazhan.ut@gmail.com

AKITAPATTBIK TEXHOJIOTUSIJIAP TOTEHIIE KAFJAUJIA
KAIIBIKTAH OKBITYJIA ODKCHIEPUMEHTTBIK JEPEKTEPII
TAJIAY K¥PAJIbI PETIHJE

Myxusiand Aiinyp ¥JabIKNaHKbI3BI — JIOKTOpaHT. AKIapaTTHIK Kylenep kadeapackl, AKapaTThiK
texHojorusmap ¢axynsreti. JLH. I'ymmnesa areramarer EYY. 010000. CarmaeBa k-ci, 2, AcTaHa,
Kazakcran.

E-mail: amukhiyadin@gmail.com, https://orcid.org/0000-0001-5576-7733;

Maxa:kanoBa Yiaxan TanubeprenoBHna — PhD. AxmaparTsIk kyifenep kadenpacsl. AKIMapaTThiK
texHojorusmap ¢axynsreti. JLH. I'ymmnesa areramarer EYY. 010000. Carmaea k-ci, 2, AcTaHa,
Kazakcran.

E-mail: makhazhan.ut@gmail.com, https://orcid.org/0000-0002-5528-8000;

MyxkameBa Manapryiab Ymup3akoBHa — JloneHT. bl. AnTeiHCapuH aTbIHOAFBl YATTHIK OLTiM
akagemusicel. 010000. MoHrimik e JaHFsUibl, 8, Actana, KasakcraH.

E-mail: mg.mukasheva@gmail.com, https://orcid.org/0000-0002-8611-8303;

MyxanoBa Asro3 AcanfexoBHa — PhD. Akmaparteik >kyienep kadenpacbl. AKMapaTTHIK
texHoiorusmap ¢axynsreti. JLH. I'ymunesa areramarer EYY. CarmaeBa k-ci, 2. 010000. ActaHa,
Kazakcran.

E-mail: ayagoz198302@mail.ru, https://orcid.org/0000-0003-3987-0938.

Annoramusa. COVID-19 nanneMusicel agam eMipiHiH OapiblK acHeKTiIepiH
e3repTTi. bapiblk MekTenTep TOTEHIIE >Karaaiiapia KallbIKTHIKTaH OKBITYFa
(T2’KKO) kermkeH ke3ne, €H KUBIH alMaKTap pEeTiHIE KANIBIKTaH XYMEIC icTeyre
OeliiMaenMereH, aran adWTKaHaa opra OimiM Oepy yibsiMmapbl Oomnnbl. JKarmait
AIIEKTPOHIBIK OKBITYABIH CallJapblH KO KeJCHIeKTe TOTEHIe JKaFaaiiiars
OimiM Oepy QopmarTapblHa KOIIKeH Ke3Jle KONaWibl jKaFmaaiiapapl KaMTaMmachl3
€Ty YIIIH Xalmbl OiTiM OepeTiH MEKTENTepHAiH TIKIpHOeCiH Tanfay KaKeTTiriH
KepceTemi. 3epTTeymiH Makcarbl — VIKeH JepeKTepli Taiiay HeriziHmue
COVID-19 mnangemwusiceiHa OaitmaHbICTHl Ka3aKcTaHABIK Mekrentepae TXKKO
Ke3iH/Ie OKBITYFa HEFYPIIBIM €Iy ocep €TKEH IoNeni (QakTopiapAbl aHBIKTAY.
Kywmpic runoresanapeiH Tekcepy ymriH I[lupcoHHBIH Xwu-KBaapar TecTi >KoHE
OIpIKTIpUITEH KecTelep CHSIKTHl CTATUCTHKAIBIK Tainay Mpoleaypaliapbl
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KonmanbUIabl. CayanHaMa aepekTepi eHaeni kone moaens IBM SPSS Statistics
OarnapiaaMachiHbIH 23-HYCKachl apKbUIbI KYPacTRIPbULIBL. byl TecT crynenTTepaiy
OKy OeJceHIuTIriHIH nopexeciH xkoHe oky mnpomecine TXKKO-H acep ererin
(bakTOpIapIEl aHBIKTAWTBHIH CYpaKTap apachlHAa JKYprizingi. 3eprrey OapbIchiHIA
bl. AnteiHCapuH aThiHIAFEl ¥ITTHIK OiniM akamemusicsl 2020 xbutel Kazakcran
PecrryOnmkacer MekrenTepineH 48 182 OKYIIBIHBIH KATBICYBIMEH JKYPTi3reH
cayaJHaMa JepeKTepi nmaiaaiaHblIIbL.

Tyiiin ce3nep: ynken aepexrep, Covid-19 nepekrepi, yikeH qepeKTepli oHIeY,
SKCIIEPUMEHTTIK JAEPEKTep, TOTEHILE XaFAaia KalIbIKTBIKTaH OKBITY, KYTIIEreH
XKaFainap KecTecli, AepeKTepai Tannay
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Annoramus. Ilangemuss COVID-19 BHecna KOpPpeKTHBBI BO Bce cCdepsl
KU3HENCATEIPHOCTH dejoBeka. (ClokHee Bcero Mpunuiock cdepam, He
MPHUCIIOCOOIEHHBIM K paboTe B ymalieHHOM ¢opmare, a UMEHHO OpPTraHWU3alusM
CpeIHero o0pa3oBaHMsI, KOT/Ia MPAKTUIECKH BCE IIKOJBI MIEPEUTd Ha SKCTPEHHOE
mucrannmonHoe obydenue (OJ10). Ycrpanenme mocnenctBus maccoBoro IO
MOKa3bIBaeT Ha HEOOXOJUMOCTh aHAIM3a OMbITa O00IIe00pPa30BATENBHBIX MIKOI
B IENsIX oOecredeHrs ONarompusATHBIX YCIOBHH B OyayIeMm, IMpH Iepexone
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OKCTpeHHBIM ¢opmaraM oOydeHus. Llenap wuccrienoBaHusT — oIpeneneHue
apryMEHTHPOBAHHBIX (aKTOPOB, KOTOpPHIE OKa3alW HawOoJee 3HAYNUTEIBHOE
BIHMSHHE HAa OOyYeHHE B Ka3aXCTaHCKUX IIkoiax Bo Bpems OO0 B cBsi3u ¢
nagaemueit COVID-19 Ha ocHOBe aHanmm3a OOJNBINMX JaHHBIX. [l MpoBepKu
pabounx TUMoTe3 OBUIM MPUMEHEHBI TAKUE CTATUCTHYECKHE MPOLICAYPHl aHAIH3A,
Kak TecT Xu-kBafapar [lupcona n komOnHarmonHbIe Ta0muIel. OOpaboTKa JAHHBIX
oTpoca ¥ MOCTPOCHUE MOJIENH OBLITO TPOU3BEACHO C MOMOIIBI0 porpaMMel IBM
SPSS Statistics, Bepcust 23. laHHBIA TecT OB MPOBEIEH MEXIY BONPOCAMH,
OTIPENEISIFOIMMH CTENIeHh YU4eOHOH aKTUBHOCTH YYaIuXcsl U (PaKTOPOB BIUSHUS
310 na yueOHBII Tporiecc. B wmccienoBaHMU MCHONB30BAaHEI JaHHBIE OIpPOCa,
npoBezieHHOT0 HammonanbHOU akagemueld oOpa3oBaHus uMm. M. AnTeiHCapuHa B
2020 romy ¢ yuactueMm 48 182 oOyuaromuxcs mkon Pecryonukn Kazaxcran.

KaroueBsbie caoBa: Gonbinme mannbie, Covid-19 data, oOpaboTka OombImx
NaHHBIX, YKCIIEPUMEHTANIFHBIC JaHHBIE, SKCTPEHHOE IUCTAHIIMOHHOE OOydeHHe,
Ta0IIuIa CONPSHKEHHOCTH, aHAIN3 TaHHBIX

BBenenue
Mo manmeiM FOHECKO, MaccoBblil mepexon Ha JUCTAHIIMOHHOE OOydeHue
YUpEeXKIEHUI cucTeM 00pa30BaHUS — INKOI M YHUBEPCHUTETOB — HAOIIOMANICS

Ha ¢one Benbimkd Covid-19 B 192 crpanax u 3arponyn 91,4% 3aunciieHHBIX
yuamuxcsi (UNESCO, 2020). Hanublii mepexon ObIT BBIHYXIECHHOH Mepoii,
MPU3BaHHON CBECTH K MUHHUMYMY BEPOSITHOCTB 3apakeHHs Cpey penoaaBaresien
W yJaumxcs. B 5Toi cBs31 MIKoIaM MPHUIIIIOCh HOIHOCTHIO BBECTH AUCTAHIMOHHBIN
(bopMaT BMECTO TPAIULIMOHHOTO OOYUEHHSL.

HenonrorosneHHOCTH KON B psiZie CTpaH, B ToM yucie B KazaxcTane Kk Takomy
¢dbopMaTy, OTCYTCTBUE OIBITA JUCTAHIMOHHOTO OOYYEHHS B IIKOJIAX BBI3BAJIO
MHOTO NpoOJieM Kak Cped y4uTeNeH, Tak M Cpeld IIKOINbHUKOB. OCHOBHBIMU
MOXHO 0003HAYHUTD CIEAYIOMINE — PE3KOE CHIKEHUE YPOBHS YOBIETBOPECHHOCTH
KJIaccoM, CHIKEHUE 3(P(EKTUBHOCTH 3aHATHI, YMEHBIICHHE KOHLEHTpAIUU
BHUMAaHUS, MOSBJICHUE Je3aJalTalul K OHJIaWH-O0O0yYeHMIO, OTCYTCTBHE CBS3U
MEXIY YYalluMCS U yYUTEIsIMU. J[OTIONHUTENbHBIMA HEraTUBHBIMU (pakTopamu
OHJIaH-00y4YeHHsI MOXKHO Ha3BaTb OTCYTCTBHE SIBHOTO (PHU3UUECKOTO MecTa
00y4eHHs 1 HEBO3MOXKHOCTh THOKOTO PEryIupoBanus BpeMeHu. JlanHble hakTopbl
norpeboBany OOJbIIEH CaMOCTOSTEIBHOCTH B 00yueHun mkonsHuKoB (Cho et al.,
2021).

COop AaHHBIX IPOBOAMIICS 110 3aBEPLICHUH TPETHEH YETBEPTH, KOTa 00ydeHne
nposoamwiock B D10 ¢opmare B 2020 romy.

HccnenoBanue mpeamnonaraer:

HI. bnaronpusiTHbIE YCIOBHUS KU3HH TOJIOKHUTENBHO BIUSIOT HA YUAIUXCS TIPH
310;

H2. Ommynas ycneBaeMoCTh MOJIOKUTEIBHO BIUSET HA y4eOHYI0 aKTUBHOCTb
yuamuxcs npu 0;
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H3. YnosnerBoputensHoe (HPU3NKO-3MOLMOHAIBHOE COCTOSIHUE TIONIOKUTEIBHO
BJIMSACT Ha 00yueHHe yqauuxcs B ycnoBusix I/0;

H4. Texanueckas 00ecrie4eHHOCTh yYaluXCsl OKa3bIBa€T BIMSHUE HA YI00CTBO
obyuenust npu JO;

H5. Bo3MOXHOCTh OOIIEHHSI CO CBEPCTHHKAMH SIBIISIETCSI OAHUM U3 CaMBIX
Ba)XHBIX (PaKTOPOB BOSHUKHOBEHUS HHTepeca K yueOHoi aesrensHocTH pu 0.

O630p numepamyp. Cutyausa ¢ COVID-19 mokaszana mupy, 4TOo BO BpeMs
MaHIEMHUH OTHIM 13 CaMbIX 0€3011aCHBIX U IOCTYTIHBIX CPEACTB 00eCIIeYeH U JKU3HU
YeJIOBEKa SIBIAIOTCS HUQPPOBBIE TEXHONOTHU. [10CKOIBKY TEXHOIOTUU CTaHOBSITCS
KHU3HEHHO BaYKHBIMHU 151 yCTOWYMBOTO COLIMATBHOTO U SKOHOMHYECKOTO Pa3BUTHS,
MPaBUTENbCTBA, OTPAC/IEBbIE OPraHU3alUU U HPEANPUATHS MEPEOCMBICTUBAIOT
cBou crparerur U nonxoabl k WT-omeparmusim, UT-Oe3omacHoCTH, ynaneHHOR
pabore u koMMyHuKausaM. OOpa3oBaHKe 1 HayKa KaK )KHU3HEHHO BaXKHbBIE OTPACIIN
JM1000r0 TOCYIapCcTBa TaKKe INePeCTParBaOTCs B HOBBIX HEOXKUAAHHBIX YCIOBHUSX.
MaccoBoe qUCTaHIIMOHHOE 00y4eHHE TO-TPEKHEMY OCTAaeTCsl OJHUM U3 Hanboee
MPUEMIIEMBIX CIIOCOOO0B oA KaHMsl PYHKIIMOHUPOBAHHS CUCTEMBI 00pa30BaHUs
B CUTYallH, BBI3BAHHOM MMaHAEMHUEH.

JucraHunoHHOEe OOydYeHHEe — 3TO CTparerus OOydYeHHs, HCIOJIb3YIOIas
WHTepHeT Kak CpeACTBO CHHXPOHHOTO WIIM ACHHXPOHHOTO B3aUMOJICHCTBUS MEKIY
Y4acTHHKaMH Tpolecca o0yuyeHHs M JoCTaBKM yueOHbIX MatepuaioB (Negash et
al., 2008).

OT1OT BUA 0Opa30BaHUS MOXHO ONpENeNuTh Kak «(opMmaibHOe 0O0ydeHue
Ha 0a3e y4yeOHOro 3aBeieHMs, e ydeOHas rpymnmna reorpaduiecku pasieneHa,
a UWHTEPAKTUBHBIC TEJIEKOMMYHHKALMOHHBIE CHUCTEMBI HCIOJIB3YIOTCS IS
COCAMHEHMs CTYOEHTOB, DPECypcoB M mpenonamarenein» (Simonson et al,
2019). Ene ogHOl 0COOEHHOCTHIO AUCTAHLMOHHOTO OOY4YEeHHUs SBISETCS TO, YTO
CTYAEHTHI TAK)KE MOT'YT OBITh pa3/ieJIeHbI [0 BPEMEHH, B YaCTHOCTH, KX IbIi U3 HUX
MOXET 3aHMUMAThCsl B yIOOHOM /st ce0st TeMIle, B COOTBETCTBUH C rpaduKoM. JTa
0COOEHHOCTb HA3bIBAETCSI ACHHXPOHHBIM JWUCTaHUUOHHBIM OOydeHueMm, a
MPOTHBOIIOIOKHOE (OTHOBPEMEHHOE 00yUeHHE) — CHHXPOHHBIM AUCTAaHIUOHHBIM
obyuenneMm (Kaplan et al., 2016). B nepuon nanmeMun OOJBIIMHCTBO YY€OHBIX
3aBEJCHUI 10 BCEMY MHUPY OKa3aJiCh HE TOTOBBI K AUCTAHLIMOHHOMY OOYYEHHIO.
Co3manre  MHOTOQYHKIMOHANBHOH  mH(pOBOW  MIaTGOpMbl,  ajanTanus
METOIOJOTHH O0y4YeHHsI M Y4YeOHBIX MaTepHalioB, a TaKKe MOATOTOBKA CaMHUX
yauTenei u yyammuxcs K uudppoBomMy o0ydeHHI0 TpeOOBaIl BpEMEHU U PECYPCOB,
KOTOPBIX y MHOTHX IpocTo He Obu10. [1o 3T0# npuunHe Gopmar AUCTaHIMOHHOTO
00yueHMsI, Ha KOTOPBI BO BpeMs MaHAEMHUH IIEPELUIN IOYTH BCe 00pa30BaTeIbHbIE
YUPEKACHUS TONY4YHJI Ha3BaHUE «IKCTPEHHOE MAUCTaHLUUOHHOE OO0ydeHHEe»,
n3BectHoe nof abopeBuatypoii (ERT — Emergency Remote Teaching) (Toquero,
2020).

UccnenoBanust B 001acTH AMCTAHLIMOHHOTO OOpa3oBaHMS IOKA3bIBAIOT, YTO
CyIIECTBYET psia (HaKTOPOB, OKAa3bIBAIOLINX 3HAUNTEIbHOE BIMSIHUE HAa U(PPOBOE
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obOyuenne. Hanpumep, mccnenoBanust L.Y. Muilenberg u D.L. Berge BwisiBHIN
cienyromue GakTopsl, BIUSIOMKE HA PE3yAbTaThl 00yUeHUS IPH AUCTAHLIUOHHOM
oOyuennu (Muilenberg et al., 2005):

1) anMUHHCTpATHBHBIC BONPOCHI;

2) conuaabHOE B3aUMOJICHCTBHE;

3) akageMHYeCcKHe HaBbIKH;

4) TeXHUYECKHE HaBBIKY;

5) MOTHBaLMSl yYaIIUXCs;

6) BpeMst 00ydeHUS U TTOJIePIKKa yIeObl;

7) cTouMOCTh U JOCTYIHOCTh VIHTEepHEeTA;

8) TexHmuecKkre MpoOIEMBI.

Taxoxe B uccnenoBanusax K. Becker, C. Newton u S. Sawang Obl10 OTMEUYEHO,
YTO Ha BHEAPEHUE BIIEKTPOHHOIO OOyYEHMS OKa3bIBAIOT BIIMSIHHE CIECOYIOLIHNE
¢axrops (Becker et al., 2013):

1) mpupozaa 3MeKTPOHHOTO 00yUYeHHUS KaK IMOIX0Aa;

2) HCTIONB30BAaHUE TEXHOJIOTHIA;

3) HaJM4YMe BpEeMEHH;

4) BO3MOXHBIC MEPEPHIBBI MPH HCIOIB30BAHUM BICKTPOHHOTO OO0y4YeHHs
(Hasani et al., 2020).

HUccnenoBanus takux y4ensix, kak J.E. Yoo u S. Babie mokazann B3auMOCBsI3b
MEXIY YIOBJICTBOPEHHOCTBIO OOy4YE€HHMEM M aKTHBHOCTBIO B3aUMOJEHCTBHUS
MEXIY YyUuTesneM U yueHUKoM. OTueThl ucciieoBaTesel MOKa3bIBalOT Pe3ybTaThl,
KOTOpbIE MOATBEPKAAIOT, YTO YAOBIECTBOPEHHOCTH 00YUEHHUEM HANPSIMYIO 3aBUCUT
OT KOJJMYECTBA B3aUMOJICHCTBHS MeX Iy yuuteneMm u yaeHukoM (Yoo, 2020; Babie
etal., 2016).

Kpome Toro, Takue acmekThl, Kak TEXHHYECKHE IPOOJIEMbI, OTCYTCTBHE
CTPYKTYpPBI, TypOYJIEHTHOCTh B MOTOKE 3aHITHUH, NMPOOJIEMBI C MPOSCHEHHEM
COMHEHHH, a TaKKe OTCYTCTBHE MHTEpECa M MOTHUBAIMU K MOCEIICHUIO 3aHITUI
MOTYEPKHYITH HU3KYI0 MOTHBAIIHIO OHNaiH-onxona. W. He n J. Xiao nucrons3oBanu
KOJIMYECTBEHHBIC U KAYeCTBEHHBIC JTAaHHBIC ONMPOCa KUTAHCKUX YHHBEPCUTETOB U
MpoaHaNu3upoBaiu HekoTopsie GakTopsl (He et al., 2020), 00b19HO UCTIONB3yEMbIS
B aKaJeMHUYECKHX HCCIENOBaHUAX Ui u3Mepenus sgdexrusHoctd 10 ¢ Toukn
3peHHsl KaKk CTYICHTOB, Tak W mpenofasateneil. Mcxoms u3 pesymbrartos, W. He
u J. Xiao OTMEYaloT, 4YTO OCHOBHBIMH IpoOJieMaMy, ¢ KOTOPBIMH CTaJKHBaJIHCh
YYEHHUKH, OBbUIN: YUMTEJIs, KOTOPhIE HE 3HAKOMBI WJIM HE YMEIOT o0pamarbcs c
OHJIAWH-MHCTPYMEHTaMHU OOyUEHHs, JIETKO OTBIEKAIOTCS Ha JOMAlIHeM 00ydeHUH
IOPYTHUMH YJICHAMH CEMbH, a TAKXKe EepEerpy>KeHHOCTh WIIN OTKJIIOYEHHE CETH.

MOXHO TOHATH, YTO MPOOJIEMBl W3MEHEHHUS! 00pa3oBaTeIbHOM METONOJIOTHU
MHOTOUYHCIICHHB M mnobOanbHel. Kaxnas mpobieMa MOXET TPEACTaBiIsATh
co00i HECKOJBKO (PaKTOPOB, KOTOPBIE MOTYT HEraTHMBHO TOBIHUATH Ha MEPEXO.]
y4aIuxcsl; HampuMep, npobjieMa HU(pPOBOTO HEPABEHCTBA NOKHA YUYHUTHIBATDH
nUGpOBBIC HABBIKM y4alllMXCsl, Ka9ecTBO A0CTyna B MHTepHET M ucmonas3yemMoe
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obopynosanue (Williamson et al., 2020), cpenn npounx daxrtopos. S. Manca u
M. Delfino u3MepsroT aganTaiui UTATBIHCKAX MIKOIFHUKOB K B3aMMOJIEHCTBHIO
MEX]Ty TPEeMCTBEHHOCTHIO M H3MEHEHUSIMH B IIKOJILHOW MIPAaKTHUKE MPETIOaBaHuUs
1 oOy4eHus, BeI3BaHHBIMU maHaemuei (Manca et al., 2021). OHu ucnoab30BaIn
JIAaHHBIE CHCTEMBI YTPABIICHUS IKOJIOW W aHKETHI, IPUMEHSEMbIC K yUYaIlIHuMCS,
YUHTEISIM M POAUTENsSM. VIHTepecHbIl pe3ylnbrar, IONyYeHHBIH B 3TOM
WCCIIEZIOBaHUY, 3aKJIFOYAETCSI B TOM, YTO yYCTOMUYWBBIA paHee CyIIeCTBOBABIIUN
ypoBeHb IU(POBOI KOMIIETEHTHOCTH U COTPYIHUYECTBO B IIKOJIILHOM COOOIIIECTBE
ObutH HamOoJee BaXKHBIMH (aKTOpaMH HJs HETPaBMAaTHYHOTO Iepexona K
JTUCTAaHIIMOHHOMY OOY4eHHUIO.

MarepuaJjibl 4 METOAbI

Coop Oannvix. JlaHHBIE OMPOCA PACCMATPHUBAIUCH B 4-X KOHTEKCTAaX.

KonTtekcTHbIi 010K,

ConepxarenbHbIN OJI0K;

OproHOMHUUYECKHUH OJIOK;

TexHuueckas MoAIEPIKKa;

ITcuxosMOLMOHAJIBHEII OJIOK.

[TockonbKy XapaKTepUCTHKH YIaCTHHUKOB OIPOCA HEOAHOPOIHEI, C YIAITUMHUCS
pa3HOTO BO3PAcCTa, COIMAIBHBIX KIACCOB M MONACPKKH CEMbH, MHOTHE (DaKTOPBI
MOTYT TIOBJHATh HAa TPUHSATHE HOBOTO THMA OOpa30BaHUs, B HaIleM Clydae
SKCTPEHHOTO JUCTAHIIMOHHOTO 00y4eHus. CUUTaeTCsl, YTO HATMYUE MOIXOSIIeH
JOMalTHeH cpenbl OOy4YeHHS C XOPOIIMMH TEXHOJOTHYECKUMHU PECYPCaMH,
() POBEIMY HABBIKAMH, MECTOM Y4eObI SBISAIOTCS BXXHBIMHU (DAKTOpaMU, KOTOPBIS
MOJIOKUTENHFHO BIHUAIOT Ha oTHomeHne Kk DJ|O u, cremoBareabHO, 00ecIeunBaoT
JMYYNIyIO0 aJanTaluid W Tporpecc B JTUCTAHIUOHHOM oOyudeHnn. C ydeToMm
M3JIOKEHHOTO Oblla ChOpMHpPOBaHA CXeMa NpeAronaraeMpix (akTopoB s
onpexneneHus runores. (Pucynok 1).

- - rpFa
s 5 _ s, Mo |-|---.:.-:-.--|
PRASCUTT L T

[ SRS

A e W
P
. 4
a e e
i - 1 S

= T
Ty T LS

- S——— *H

P p—

sar = r i e e [

e R i i i [ -
- Erim g e e e

Puc. 1. Monens npenmonaraeMbIx (pakTopoB, BIUSIONMX Ha ydamuxcs npu OJJ0
(Fig. 1. Model of assumed factors influencing students in EDL)

B onpoce npunsum yuactre 48182 o0ydaroniuxcs 001meo0pa3oBaTeIbHBIX KO
16 obGnacreli 1 rOpoAOB PeCyOIMKAHCKOTO 3HAYCHUs, U3 HUX 23348 yuammxcs B
ropojackux mkoj, 23584 cenbckux mikon 1 MKII (Tabnuma 1)
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Tabmuma 1. IIpoduas yyacTHUKOB ompoca

Yacrora (n) TIpornent (%)

Craryc LKOIbI n %
TOPOJCKHE 23 348 48,79
CEJIbCKUE 23 584 49,29
MKIII 1248 1,92

Craryc yyeHuka n %
HaYaJbHBIE KJIACCHI 11437 23,55
CpeHUE KJIacChl 27 705 57,97
CTapIIUe KJIACChl 9 040 18,48

SI3bIK 00ydeHHs n %
Ka3axCKUH 26 020 54,36
pycckuii 21098 43,97
y30eKckuit 1062 1,67

OnpocCHBIN IUCT COCTOUT U3 32 3aKPHITHIX BOIIPOCOB. Bompock! crpynmupoBaHbl
Ha 5 OmokxoB. Kaxplii 070K OTBEUaeT 3a OCBEIICHUE ONPENEICHHOIO acIeKTa.
CrpykTypa onpocHHUKa npeacTaBieHa B Tadmure 2.

Tabnuua 2. TemaTnueckuii aHaIu3 CTPYKTYPbI ONIPOCHUKA

Tema Tlogrema Tuns! oTBETOB
KoHTekcTHbIH 010K Cratyc WKOJIbI ropoackue, cesnbekue, MK
Craryc y4eHuKa HayaJlbHBIE KJIACCHI, CPETHIE KITaCChl, CTapIIne
KJIACCHI
S13bIK 00yueHuUs Ka3axXxCKHUi, pycckuil, y30ekckuit
Perunon npoxuBanust Acrana, Anmarsl, [IIsIMKeHT # T.71.
HocrtynHoCcTh OTcyTcTBHE IUIaHIIETa, HOYyTOyKa, paboueit
YCTpPOICTB 30HBI
Conep:xatenbHslii 010k | Dopmat Hcnonb3oBaHue BUICOCBS3H, TEICYPOKOB
JIUCTAHIIMOHHOTO yuutenem. CaMoCTOsSTeNbHbIE pabOThI
o0y4eHHs YYalIUXCs 110 MaTepuaiam, 1o 3aJaHusIM C
UCIOJIb30BaHUEM PA3TIMUHBIX PECYPCOB
Venexu, HaBbIKH, OICHKY 110 TpeMeTaM, HaBbIKH BIIaJICHUS
neiicteust mpu JJO KOMIIBIOTEPOM JIJISI ITOATOTOBKH K YPOKaM,

(hopma BBITIOJTHEHHS TOMAIIHUX paboT

[Tmrocer 1O WHuTepecHble ypOKH, HHTEPAKTUBHOCTb,
CaMOCTOSITENIbHOCTh, OTBETCTBEHHOCTb,
WHJMBUIYalbHOCTb, TPaTa MEHbIIIE BPEMEHU
VYueOHast aktHBHOCTh | [IpuanHbI 1 pakTOphI

OproHomuueckuii 610k | Ynoberso 1O Bpewmsi, mpoBeneHHOE 32 KOMIIBIOTEPOM,
BBITIOTHEHUE 331aHUHT
dusnueckas BrinonHenue pa3MUHKH, Harpy3ka Ha
aKTUBHOCTh (usnyecKoe 310pOBhe
TexHuueckas Hamyuane UaTeprnera | Cnabble ctopoHs! MHTEpHET-cHrHANA

HOIICPIKKa Hcnonb3osanue o0pa- | [amkersl, yaebuuku, TB ypoku, oHmain

30BaTENIbHBIX PECYPCOB | OOIIEHHE C YUUTENEM
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KauectBo mu¢posoro | Mcnons3oBanue pa3anuHbIX MOAYIEH U
KOHTEHTa MEPONPHATHH JUISl BOBICUEHHUS CTYAECHTOB
TIpucyrctBue Yuurens | O6ecneunuTh CBOCBPEMEHHYIO 00paTHYIO
CBsI3b, BUPTYaJIbHbIC Pa0OUYHE Yackl

IIcuxosmonmonanpHbIi | Pogurenbckue 3a00TBI ITomomp IIPpU BBITIOJIHCHUU YPOKOB, HpO6J'I€MI>I

010K C OAKITIOYCHHEM, OCBOCHIE HOBOTO MaTepHaa
Hopwms! u Tpaguuun JeduuuT conuanbHOi akTHBHOCTH B ILIKOJIE,
CCOPBI C WIEHAMU CEMbU
ajanTamnys CroxxHOCTBHOCTH ananTaruu Kk JIO

Hannple ompoca mpencraBisgeT co0oil Oonbinyto 0a3zy HaHHBIX, KOTOPBIH
conepxut 48182 3amuceit ¢ 32 monsMu.

Jnst aHajmM3a SKCIIEPUMEHTANIBHBIX JaHHBIX, B YaCTHOCTH, 0a3bl JAHHBIX U3
48182 3anuceit ObLIN UCIIOIB30BaHbl METOABI OIIMCATENbHOM CTATUCTUKH, TAOIUIIBI
COIPSDKEHHOCTH JJ1s1 00pabOTKK OONBIIUX JaHHBIX.

CoOpaHHbIe JTaHHBIC OBUTH TPOAHATM3WPOBAHBI C KCIIOIH30BAHUEM OIIHMCA-
TEJIHHON CTATHCTUKH M JIOTHUECKOTO aHAN3a C UCIIOJIb30BAHUEM CTaTHUCTHIECKOTO
makera Jis couuaibHbIX Hayk (SPSS) M MHOXXECTBEHHOTO perpeccCHOHHOIO
aHaym3a. 3aTeM JaHHbIE ObLTH TPEACTaBIICHBI B BIIE TAOIHII U IHarpamMmM.

MeTtoabt

JIJis IpOBEpKH JTaHHBIX PabOYMX THIOTE3 ObUIM NIPUMEHEHBI TAKUE CTATUCTH-
YecKkue MpOoIeAyphl aHanmn3a, Kak TecT Xu-kBaipar [lupcoHa u Bu3yammzamus
KOMOMHAIMOHHBIX Ta0mur. OOpaboTKa MaHHBIX OMpPOCa W MOCTPOCHUE MOJICIU
Oyaer mpowm3BeneHO ¢ momolnbio nporpammbl IBM SPSS Statistics (Statistical
Package for the Social Sciences), Bepcust 23.

CBsi3b MEXJy IBYMS TIEPEMEHHBIMH, OTHOCSIUMHCS K HOMUHAIBHOW WU
MOPSIAKOBOM LIKaJIe, IPOBEPSETCS ¢ MOMOIIBI0 TecTa Xu-KkBaapar Ilupcona, npu
KOTOPOM TIPOBEPSIETCS, €CTh JIM 3HAYMMOE pa3indue MeXAy HaOIonaeMbIMU
U OKHUJACMBIMU 4acToTamu. [Ipu MpOBEACHUMM TecTa XU-KBaApaTr HpPOBEPSETCS
B3aMMHAas HE3aBHCUMOCTh JIByX IIEPEMEHHBIX TaOJHUIbl COMPSHKEHHOCTH U
Onaromapsi 9TOMy KOCBEHHO BBISICHACTCS 3aBUCHMOCTh 00enX nepeMeHHbIX. HyneBas
TUIOTE3a YTBEPKAACT, UTO JIBE MEPEMECHHBIC CUUTAIOTCS B3aUMHO HE3aBUCUMBIMU,
ecJIM HaOIrolaeMble YacTOThI B siUEHKax COBMANAIOT C OKHJACMBIMU YacTOTAMHU.
Ecnmu xe HaOmromaemple W OXKHJaeMble YacTOTHI CTAaTUCTHYECKH Pa3lIUYaroTCs,
TO HyJeBas THIIOTE3a OTKJIOHSETCS W NMPUHUMAETCs ajJbTepHATHBHAs TUIOTE3a,
KOTOpasi yTBEPIKIAET, UTO JIBE TIEPEMEHHBIE SIBIITIOTCS B3aNMO3aBUCUMBIMH.

JaHHBI TecT OBUT TPOBEACH MEXIy BOMPOCAMH O CTEIICHW W3MEHEHUS
AKTUBHOCTU YYCHHUKOB U TeXHWYeCKol obecneuenHocteio (HI), cremensio
ycmeBaemoctd (H2), u ¢usnuko-smormonansaoro cocrosaus (H3). Eme Ovim
MPOTECTUPOBAHBI BONPOCH MEXAy yAoOCcTBOM oOydeHus mo cpeactam IO
U CceMeHHbIX oTHomeHusx ywamuxcs (H4), a Taxke OeUIHUT COIHMATbHBIX
OTHOIIICHUH | JKeJITaHHEM TPOJODKUTH o0yueHue auctanmuonno (HS). Bee TecTrr
MOKA3aJIM CTATUCTHYECKHA 3HAYUMBIN PE3yJIbTaT, YTO CBUACTEIHCTBYET O HATUYUU
B3aMIMOCBSI3H MEX/Ty BOIIPOCOM O MOJIh3¢ aKaAEeMHUYECKOH MOOMIIBHOCTH | IPYTUMU
Bonpocamu anketa (Tabnuma-3).
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Tabmumna 3. Pesynsrars Tecta Xu-kBajpar [Iupcona

Kpurepuu Xu-kBagpar

AcuMnToTHYECKast
3HaueHHe | CT.CB. | 3HAUUMOCTH (2-CTOPOHHSS)
Xu-kBazpar [TupcoHa 20931,690° 9 ,000"
OTHOIICHHUS TPABONIOA00US 4760,651 9 ,000"

H1 | KonxmyecTBO qOMyCTHMBIX HAOMIOIECHHIA 48182

a. ns gucna staeek 0 (0,0%) npeamnonaraercs 3HaueHue, MeHbIIe 5. MUHUMaIbHOE
npezanongaraemMoe yucio pasao 18,80.

Xu-kBagpat [Tupcona 28007,3252 12 ,000"
OTHOIIECHHUS TIPaBIONIOA00US 9245,908 12 ,000
H2 | KoanyecTBO OMyCTHUMBIX HAOMIOACHHIHA 48182

a. ns gucna siaeek 0 (0,0%) npeamnomnaraercs 3HaueHUE, MeHbIIe 5. MUHUMaIbHOE
MpeAnogaraeMoe Yucio pasHo 19,54.

Xu-kBagpat [Iupcona 27214,597* 9 ,000"
OTHOWIEHNUS IPaBIONIOAO0US 11979,669 9 ,000"
H3 | KonudecTBo H0OMyCTHMBIX HaOIrOACHUI 48182

a. ng gucna siaeek 0 (0,0%) npeamnosnaraercst 3HaueHue, MeHble 5. MUHUMaIbHOE
NpernoaraeéMoe Yucio papHo 23,95.

Xu-kBagpar [lupcona 25665,250a 12 ,000"
OTHOWEHNUS IPaBAONIOA00NS 9054,589 12 ,000"
H4 | KonndecTBo NOMyCTHMBIX HAaOIIOEHUIT 48182

a. Jlns yncna stueex 0 (0,0%) npeanonaraercs 3Ha4eHue, MeHbIIe 5. MUHUMaIbHOE
NIpeArnoaraeMoe Yucio paBHo 26,82.

Xwu-kBagpar [lupcona 29857,969° 12 ,000"
OTHOLIEHHUS TPaBAONIOA00US 10833,497 12 ,000"
H5 | KomndecTBo NOIMyCTHMBIX HaOIIOACHUI 48182

a. ns gucna staeek 0 (0,0%) npeamnornaraercs 3HaueHUE, MEHbIIE 5. MUHUMAaIbHOE
MpeJogaraeMoe Yucio paBHo 43,25,

* . CTaTHCTHKA XH-KBaIpaT 3HaunMa Ha yposHe ,001.

PesyabTarhl

ITokazarenem TecHOTHI cBsizu V Kpamepa siBisieTcsl HarisiiHas HHTEpIpeTanus
CBSI3M MEXKIy IEpEeMEHHBIME B BHIE KodddumuenTa, aexamero B npeaenax ot 0
10 | ¥ mprHUMAIOIIETo HylleBOe 3HAYCHHE ISl HEKOPPEIMPOBAHHBIX IEPEMEHHBIX
Y eIMHUYHOE 3HAYCHHE IS CTPOTO CBA3AHHBIX IEPEMEHHBIX.

Bce 3HaueHumss Mep CONPSHKEHHOCTH I[TOKAa3ald CTAaTUCTHYECKH 3HAYMMBII
pe3yabTar C ypOBHEM BO3MOXHOW OMmMMUOKW mepBoro poxa paHoi 0,001. U3
COTIPSDKEHHBIX TaONUI, MPHUBEICHHBIX HM)XE, MOKHO CJENaTh BBIBOI, YTO IS
YYEHHUKOB, KOTOPBIE MPOSBHIN HaWOONBIITYI0 aKTUBHOCTbD, TIIABHBIMH MTPHYNHAMH
SIBIISTFIOTCSL pakTopel Hanmwuus pabdouedd 30HBI moma (Tabmwmma 4) u oTaUdHAS
ycrneBaeMocTs ydamuxcs (Tabmmima 5), a Takxke yno0ocTBa 00ydeHUS B TOMAITHUAX
ycaopusx (Tabmwma 6).

N3 manueix B Tabmuiax 7 u 8 MOKHO 3aMETHTh, YTO Ha YYAIIAXCS 3HATUTESIIEHO
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BJIMSAIOT COLMAJbHbIE (BHYTPEHHHE W BHEIIHHE) (aKTOphl, a Takke AeUIHT
XKHBOTO OOILICHHS OTPHUIATEILHO MOTHUBHPYET YYallUXcs Ha HCIOJIb30BaHHE

JUCTaHIIMOHHOTO 00yUYeHUs B OyIyIiem.

Ta6muua 4. KomOunannonHas tabnuna. Hamuaue pabodeit 30HbI 1oMa
* VyeOHas akTHBHOCTB nipu DJIO

VYuebHas aktuBHOCTH ipu /1O
H1. bnaronpusiTHble yCIIOBUS KU3HU HE3Ha4Yu-
MOJIOKUTEBHO BIHSIOT HA YYAIIUXCS MIPH 0e3 3aMETHOE TEJIbHOE
9/10; U3Me- | yBEIMYCHUE | yBEIIMYEHHUE
HeHu# | akTMBHOCTH | aktuBHOCTH | Beero
Hamuuue KomnuectBo 627 27 68 53 775
paboueit % obmiero utora | 1,3% 0,1% 0,1% 0,1% 1,6%
3OHBI I0MA | prvero KomnuectBo 467 7765 16607 16337| 41176
% obmero utora | 1,0% | 16,1% 34,5% 33,9%| 85,5%
umero, o | KonmmuectBo 47 1254 1265 1969 4535
ouepenu | % obrmero urora
¢ Oparom/ 0,1% 2,6% 2,6% 4,1%| 9,4%
cecTpoit
e umero | KonmmuectBo 28 477 499 692 1696
% obmiero utora | 0,1% 1,0% 1,0% 1,4% 3,5%
Bcero KommuectBo 1169 9523 18439 19051 | 48182
% obmiero utora | 2.4% | 19,8% 38,3% 39,5% | 100,0%

* VyeOHast akTHBHOCTB ipu DJIO

Ta6muma 5. KomOunanmonHas tadnuna. Kakossl Obiti Bamm ycrmexu 10 JUCTaHIIMOHHOTO
o0yueHust?

Y4eOHast akTHBHOCTH 1ipu DJ10
H2. Omnynas ycneBaeMocTh HE3Ha4YU-
MOJIOKUTEIIBHO BIIMSACT HA YUEOHYIO 6e3 3aMEeTHOE TENBHOE
aKTHBHOCTD ydamuxcs npu OJ10; u3Me- | yBEeIHUYCHHUE | yBETHMUYCHUE
HEHHMI | aKTMBHOCTH | akTuBHOCTH | Beero
KaxoBsr KommuaectBo 686 22 48 50 806
ObLIH % obmiero urora| 1,4% | 0,0% 0,1% 0,1% 1,7%
Bamm OTJINYHO KonunuectBo 216 3641 11556 6545] 21958
yemexu o % obmiero utora| 0,4% | 7,6% 24,0% 13,6% | 45,6%
AICTAR" | onemmanno | KomuuecTro 96| 2620 1511 3803 | 8030
HIOHHOTO % obero utora | 02%| 5.4% 3,1% 7,9%| 16,7%
o0Oy4eHus?

yaosieTBo- | KommuectBo 67 1085 1388 3201 5741
putenasHO | % obmiero urora | 0,1% 2,3% 2,9% 6,6% | 11,9%
XOPOIIO KommuectBo 103 2155 3936 5453 11647
% obmrero urora| 0,2% | 4,5% 8,2% 11,3%| 24,2%
Bcero KonnuectBo 1168 9523 18439 19052 48182
% o6miero utora| 2,4% | 19,8% 38,3% 39,5% [ 100,0%
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* YyebHas aktuBHOCTH nipu D10

Tabnuua 6. KomGuHanmonHas tabnuna. Yno06cTBo 00y4eHHs B JOMAIIHKAX YCIOBUsIX mpu D10

H3. YnosnerBoputensaoe Gu3nKo-

YueOnas aktuBHOCTH Iipu DJ10

SMOIHOHAIBHOE COCTOSIHUE HE3HAYH-
MOJIOKUTETIHHO BIMSAET HA 00ydeHne oe3 3aMETHOE TEIbHOE
yuanmxcsi B ycnosusix OJ10; u3Me- | yBenMUeHHE | yBenuueHue
HeHMH | akrtuBHOCTH | aktmBHOCTH | Bcero
Yno6cTBO KonnuectBo 687 78 77 146 988
o0yuenus % oobmero utora | 1,4% | 0,2% 0,2% 0,3% 2,1%
B yno6no | Komuuectso 315 3276 15417 12343 31351
AOMAIITHAX % o6wero urora | 0,7% | 6,8% 32,0% 25.6%| 65,1%
YCHOBUAX {6 ouenm | KomauecTso 99| 3266 2139 4859] 10363
i IO | vro6m0 %% obimero wrora | 0.2% | 6,8% 4,4% 10,1%]  21,5%
HE KonmuectBo 67 2903 806 1704 5480
yIOOHO | % o6mero urora | 0,1% | 6,0% 1,7% 3,5% 11,4%
Bcero KonuuectBo 1168 9523 18439 19052 48182
% o6mrero urora | 2,4% | 19,8% 38,3% 39,5% | 100,0%
Tabnuna 7. KomOunanmonHast Tabnuia. Yactora ccop B ceMbe M3-3a TaPKETOB
* V100CTBO Ha OHJIAHH-YPOKaX B JIOMAIIHUX YCIOBHSAX
H4. Texuudeckas o6ecriedeHHOCT, | YAOOCTBO OOyHYeHHs B IOMANIHUX yCITOBHSIX
YYaluxcsl OKa3bIBacT BIUSIHUE HA npu 9J10
ynobctBo 00yuenus npu DJ10; HE OYCHb
yEoOHO yEoOHO He yIoOHO Bcero

Yacrora KonmuectBo 756 368 103 81 1308
ccop B % obmrero urora | 1,6% 0,8% 0,2% 0,2% 2,7%
CeMBE  [Bcerma | KomuuecTBo 12 570 383 682 1647
u3-3a % obmiero utora | 0,0% 1,2% 0,8% 1,4% 3,4%
TAIDKETOB Tyacto | Komnuectro 12 899 876 834 2621
% o6mero urora | 0,0% 1,9% 1,8% 1,7% 5,4%
Huorma | KonmuuecTBo 57 5211 3085 1447 9800
% obmero urora | 0,1%| 10,8% 6,4% 3,0% 20,3%
Huxorna | KoomnyectBo 151 24302 5916 2436 32805
% obmero urora | 0,3%| 50,4% 12,3% 5,1% 68,1%
Bcero KonnuectBo 988 31350 10363 5480 48181
% obmiero utora | 2,1%| 65,1% 21,5% 11,4% 100,0%

* XKenanwue ucnosnb3osars J1O B Oymymem?

Tabnuna 8. KomOunanuonHast tabnuia. ConuansHO-KOMMYHUKATUBHBIC (hakTopsl ipu DJI0

HS. Bo3moxHOCTB 001IeHUS CO
CBEPCTHUKAMHU SBJIACTCS OAHUM U3 CaMbIX
BaXHBIX (PAKTOPOB BO3HUKHOBEHHS MHTEpeca
K yueOHoH nestenpHoCcTd npH I/10.

YKenanue ncnonszosars 1O B OyaymieMm
B 00pa30BaTEeNIbHbIX HENSX

3aTPyAHSIOCH
OTBETHUTH

na HET

Bcero

ConuaibHO-
KOMMYHH-
KaTUBHEIE
(axTopsl
npu 10

KomanuectBo

1070

48

99 193

1410
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0,

HEI0CTATOK % 00111eT0 2.2% 0.1%| 02%]| 0.4% 2.9%

00111EHHS C uTora

APYy3bAMU KonnuectBo 166 3482 5667 | 11941 21256
0,
% obmero 0,3% 72%| 11,8%| 24,8% | 44,1%
HTOTa

HEIOCTAaTOK KoauuectBo 99 1007 | 1608| 5579 8293

OYHOT'O % o01ero

KOHTAaKTa ¢ nTora 0,2% 2,1%| 3,3%| 11,6% 17,2%

yUYHTENIEM

HENO0CTaTOK KonnyectBo 59 1039 859 5284 7241
0,

TPAUILHONHAI | % obtero 0,1% 22%| 1.8%] 11,0%| 15,0%

YPOKOB urora

MOJTHOCTBIO KommuectBo 84 1444 4896 3558 9982
0,

yerpausact 1% obmero 0,2% 3,0%| 102%| 7.4%| 20,7%
HTOTa

Bcero KoanuectBo 1478 7020 13129 26555 48182

0,
7 obmero 3,1% 14,6% | 27.2% | 55,1%| 100,0%
HTOTa

Tabnuua 8. KomObunannonHas tabnuma. ConnanabHO-KOMMYHHKAaTUBHbIE (akTopsl pu D10
* Xenanue ucnosnp3oBars J1O B Oynyniem?

H5. Bo3MOXXHOCTE 001IeHHs CO XKenanne ucnonezosars J10 B Oynymem
CBEPCTHHUKAMU SIBJISIETCSL OJTHAM U3 CaMbIX B 00pa30BaTeNIbHbBIX HENSX
BaXXHBIX (DAKTOPOB BO3HUKHOBEHUsI HHTEPECA
K yueOHoU nestenpHOCTH ipH D/10. 3aTpyAHSIOCH
OTBETUTH Ia HET Bcero
Comnmanb- KomunuectBo 1070 48 99 193 1410
0-KO - 9
Ho-KOMMY 7 obmero 2,2% 0,1%| 02%| 04%| 2,9%
HUKATHBHBIE uToTra
(axropst HEI0CTaTOK KomnuectBo 166 3482 5667 11941 21256
upu D110 00LICHHS ¢ 9
o 7 obmero 0,3% 72%| 11,8% | 24.8%| 44,1%
JAPYy3bsIMU urTora
HEJIOCTaTOK KomuuectBo 99 1007 | 1608| 5579 8293
OYHOTO % ob11ero
KOHTAKTa C HTOTa 0,2% 2,1%| 3,3%]| 11,6% 17,2%
yUHTENIEM
HENOCTAaTOK KomnyectBo 59 1039 859 5284 7241
0,
TPAILHONHAIX | % obiero 0,1% 22%| 1.8%| 11,0%| 15,0%
YPOKOB urora
MOJTHOCTBIO KommuectBo 84 1444 4896 3558 9982
CTpauBaeT D
yerp % obmero 0,2% 3,0%| 102%| 7.4%| 20,7%
urora
Bcero KonuuectBo 1478 7020 13129 26555 48182
0,
7 obmero 3,1% 14,6% | 27,2% | 55,1%| 100,0%
HTOTa

Hucxyccus. PacripesieneHrne BOIPOCOB MO OJIOKaM TIO3BOJIHIIO CIPYIIUPOBATH
KIIFOYEBBIC BBIBOABI MCCIICAOBAHUSA, OPUCHTUPYIACH HAa OTBCTHI, IMPEACTABJICHHBIC
00yJaromuMucs.
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Jns momydeHHsl pealbHBIX AaHHBIX, MOJHOCTBIO OTPAXKAIOMIMX CHUTYaIUIo,
OBLTH TTPOaHAIM3UPOBAHKI PE3YNBTATHI B pa3pe3e KaxK0ro OJI0Ka.

A) Koumexcmuwiii 610K

HccnenoBannemM oxBaueHBI OOydYaroIIuecs HavdallbHOW, CpeAHEeW W crapiieit
mKobl. Haumbonblnyto M0N0 yYacTHHKOB COCTAaBWIIM OOYyYaroIIuecs CpemaHein
rkoutsl (58%).

HauGonee BakHBIM (pakTOpoM B KOHTEKCTHOM OJIOKE SIBISIIOCH CO3/IaHUE
ycioBust st o0yderns. COOTBETCTBYIONINE YCIOBUS ISl OHJIAH-00yUYeHHsI ToMa
CO3/IaHbl y 3HAYUTENBHON NTONMU pecnoHAeHTOB (87%). MeTomoM compsKeHHBIX
TaOIMUI] MOXXHO TOHATH, YTO YCIOBUS B JOMAIHUX YCJIOBUSX TPAKTHUECKH
PaBHO3HAYHBI TOKA3aTENH CENbCKUX U TOPOACKUX IIKOJIBHUKOB.

ITpu sToMm 1 677 mKONBHUKA HE UMEIOT OTAEIBHOTO pabovyero MecTa 0Ma, U3
HUX 58% SBISAIOTCS CENIbCKUMU IIKOJIBHUKaMU, 3TU JaHHbIE OTpakeHbl B PucyHke 2.
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Puc. 2. Tons 00y4aronmxcs, UMEIOIINX BO3MOKHOCTD TUCTAHIIMOHHOTO 00y4YeHHUs IoMa 1
TIPOXHBAOIINX B Pa3HBIX MECTHOCTAX
(Fig. 2. Percentage of students with distance learning at home and living in different areas)

B) Cooeporcamenvuwiii 1ok

Bomnpocsl coneprkarenbHOTo 0J10Ka HalleIeHBI Ha ONIPeeNICHUE TaKUX (PaKTOPOB,
KaK aJanTHPOBaHHOCTh METOIOB 00y4eHus ¢ yuerom JJ]0.

Harnsaaocts o0ydeHust

Jns  TOBBIIIEHUS KayecTBa AMCTAHIMOHHOTO OOydYeHHs HEOOXOIUMO
WCTIOJIB30BAaTh METOABI M CIIOCOOBI, NpUBOASALINE K 3(P(HEKTHBHOMY OCBOCHHUIO
ydqeOHOro marepuana. B 3Toil cBs3M ObUIO BaKHO ONPEACIHTH HCIOJIB3yEMBIC
METOIUKH JUCTAHIIMOHHOTO MPENoiaBaHus U 00yUICHUSI.

Pesynbrarel aHKeTHpOBaHMS IIOKa3alHd, YTO H3YUYCHHE HOBOTO Yy4eOHOTO
Marepurana 1o Mpe3eHTalusIM, OIIOPHBIM KapTOUKaM, IPEJOCTaBICHHBIM YUUTEIEM
B 3JICKTPOHHOM JHEBHHKE WJIY 10 TIOYTE (MECCEHDKEPY ), HAnOoIIee MPUEMIIEMO IS
39,9% pecnonaenToB. JaHHbIH (akTOp OKa3pIBaeT BAMSIHME KaK HA OPTaHU3aIHIO
y4eOHOro npouecca, Tak 1 Ha yJarierocs.

IIpn onnaiiH-00yuyeHMH dalle BCEro oOyJaroIlMecs OCBaMBAaIOT MaTepuall
CaMOCTOSITENIbHO. Pe3ynpraTsl aHKETHMPOBAaHHMSA MOKA3aldd HHU3KHHA MPOLEHT II0
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JIaHHOMY TOKa3aTento — Bcero 14,5% pecrnoHAEHTOB  BBINOJNHSIOT 33JaHUS
yunuTens Ha oOpa3oBaTeNbHBIX TOpTajaxX caMmMocTosTenbHO. llpn wu3yueHnm
JTAHHOTO (paKTa MOXKHO TOBOPUTH KaK O HEBBICOKOM ypPOBHE BJIaJICHUS I1€JaroroB
U(POBEIME pecypcaMy, TaK ¥ HE3HAYUTEILHOW MOTHBAIIMHA B CAMOCTOSTEILHOM
M3yYeHUU MaTepraia 00yJarornMHCH.

Bcero 23% oOyvaromuxcs caMOCTOSITENIbHO OTPadaThIBAIOT 3aJaHUsl yUUTeIen
MIPH TIOMOIIH TEYaTHBIX M3MaHuH (YU4eOHUKH, SHIUKIIONEIUH, KHUTH, TETPaad U
np.). OnmHako ykazaHHas (oopMa OCBOCHHWS HOBOTO MarepHalia He COOTBETCTBYET
TpeOOBaHUSIM METOMUKH OOy4YeHHs C HCIIONB30BAaHWEM JUCTAHIIMOHHBIX
TEXHOJIOTUH O0y4EHUSI.

TepputopuanbHasi NPUHAIEKHOCT TAKXKE BBISIBUIIA PA3HULLY B UICIIOJIB30BaHUU
TEXHUYECKUX CpeACTB. Tak, ompoc moka3al, YTo OKa3aTellb CENbCKUX IIKOIbHUKOB,
00y4yaBIIMXCS TOCPEICTBOM BHICOCBS3M W TEJICYPOKOB, BHIIIE B CPaBHEHUHU
¢ ropoxackumu (ropox — 7,7%, cemo — 13,9%). [oponckue MIKONBHUKH TpU
00y4YeHNH UCTIONB30BaJIM MPEUMYIIECTBEHHO YUeOHBIH MaTepral, rmepenaBacMbIi
y4HTENIeM Yepe3 AIIEKTPOHHBIA JHEBHHUK HIIH 110 MecceHkepaM (Pucynok 3).
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Puc. 3. JIons TeXHIYECKHX CPEACTB, KOTOPHIE UCTIONB30BAINCH [Tl OOyUSHHS B TOMAITHUX
YCIIOBHSIX B TEPPUTOPHATILHOM pa3pes3e

(Fig. 3. Share of technology used for home learning by region)

YcreBaeMoCTh IIKOJFHUKOB 3aBUCHT OT MHOXKECTBa Pa3iIMYHBIX (DaKTOPOB, K
KOTOPBIM MOXKHO OTHECTH M ICHUXO-3MOIIMOHATBHOE COCTOSIHUE W JINYHOCTHBIC
ocobeHHOCTH pebeHka. Hampumep, MeEITUTEIBHOCTh, PACCESIHHOCTh, OOS3HB
HEBEPHO OTBEYAaTh HA BOIMPOCHI, KPUTHKA YYCHUKA Mepe]] OTHOKIACCHHUKAMU
yuuTeneM. BiusHue 5Tux (akTopoB valie BCEro HeceT HeraTUBHBIN XapakTep.

ITpu oTtBeTe Ha Bompoc «YTO HpPABUTCSA BaM B JMCTAHIIMOHHOM OOYYCHUU?)
PECIOHMICHTBI TAaKXKe YKasaid, 4YTO JMCTAHIIMOHHOE OO0yuYeHHE TO3BOJSET
WCIIONB30BaTh JIPYTHE pecypchl, Kpome ydeOHHKoB (15,5%), mpemocramiser
Ooupie caMmocTosATeNbHOCTH U ¢BoOO B (10,7%). Pucynok 4.

184



ISSN 1991-346X 1.2023

It ipamnTon Bow 0 opo Tainose o olysaiam?

=
3

@
¥

|| II.-. II |I II .I | II lIl..
. - . RN it M NS L. B NE
e 1npna [

B aivieme At Duver atrgrcna B U0 e sl s Pt m | L il i o R e v g e e e
[E-CEELTY S Pot O P T e e

LR A SR R T R
B il o e Dy S ST TR | PR e B T I Eite DTl Tl T e wa—
T M R e T B S e A e e B T 48 L e

i il AL gy e e i e W mah E

Puc. 4. ®axTopsl, onpenensomye NperuMyuiecTBO AUCTAHIUOHHOTO 00yYeH S
(Fig. 4. Factors that determine the advantage of distance learning)

BbesycnoBHO, akTHBHOE TIpMMEHEHHE ITU(PPOBBIX TEXHOIOTUH B MPETIOIaBaHUN
CHOCOOCTBYET YCHJIGHHIO BOBJICUEHHs IIKOJIEHUKOB B y4eOHBIM mporecc. [lo
Pucynky 4 MOXXHO yBHIETh, UTO MOKA3aTellb BOBICUCHHOCTH BHIIIE Y CEIBCKHUX
IIIKOJIBHUKOB, YeM Y TOPOACKHX.

C) Opeonomuueckuii 610k

Eme omanM (akTopoM, OKa3bIBarOIINM HETAaTHBHOE BIMSHHE HA IIKOJHHUKOB
MIpH IMCTAaHIIMOHHOM (hopMare oOydeHHs, OKa3aJloCh OTCYTCTBHE COIMAIBLHOTO
obmenusa. Cpema, B KOTOPO POpMUPYETCS THIHOCTD, IPHOOPETAs TAKHUE BAXKHBIC
HaBBIKM KaK CIyIIaHWEe W CIBIIIaHWe, KOMaHAHas paboTa, JIMAEpCTBO, OYEHBb
BaxHa. Ha ¢opmmpoBaHre 3THX HAaBBIKOB MOTYT BIHATH Cilenyromue (aKkTopsl
— HHU3KWH YPOBEHb CaMOCTOATEIHHOCTH M COOPAHHOCTH IMKOJIHHHUKA, HEYMEHHE
COCPEIOTOUNTHCS, MAHUTTYISIANA POAUTENHCKIM BHAUMAHUEM W M3JIUIIHSS OTeKa
Y KOHTPOJISA C UX CTOPOHBIL.

PesynbraTs! MccienoBaHus MOKa3aiH, YTO CEIHCKHE W TOPOJCKUE IIKOIHHUKU
TIPOBOIMIIA 32 KOMITBIOTEPOM He Oojiee 3-X dacoB B JeHb. OmHAKO TOKa3aTelb
00ydJeHHUsI ¢ WCTOIH30BAaHUEM KOMITHIOTEPHOM TEXHHKH Oosiee 4-X 9acoB, BHIIIC
Y TOPOACKUX HIKONBHUKOB. OCHOBaHWMEM ISl Takoro (hakropa SBMIIOCH TO, YTO
IIKOJIBHUKHA OONBITNX M MaJbIX TOPOIOB OBLTH BBIHYXICHBI COONIOATH JKECTKUAN
peXHUM KapaHTHHA.

Omnpoc mokasait, 4To MoaBiIsromIee OOIBITHHCTBO MIKOJIEHUKOB HE NCTIBITBIBATIN
0COOBIX TPYIHOCTEH B MEPHOA JUCTAHIIMOHHOTO 00ydeHus. Huskoe kauecTBo uimn
OTCYTCTBHE CTAa0MIbHOTO MIHTEpHETa 0Ka3aI0Cch Hanboee CIOKHOM CUTyaITiei, ¢
KOTOPOW CTOJIKHYJIHCH PECTIOHACHTHI. TPYTHOCTH C OCBOSHHEM HOBOTO, CIIOKHOTO
Marepuana ykasanu 12% pecrnoHIeHTOB.

Ha Bompoc «Ymo Bam mewaem obyuamvca OucmanyuoHHo?» OTHOCHTEIHHO
OONBITUHCTBOM OBLIO OTMEYEHO, UTO TPYAHOCTEH HEe BO3HUKAIIO, 8 IPUMEPHO TaKOe
K€ KOJTMIECTBO YJAI[UXCSl OTMETHIIN HA3KOE KauecTBO MIHTepHEeT-COeTMHEeHHH
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a) Huskoe xagecTBo mim orcyTcTBre crabuiabHoro Murepuera — 21,8%

b) OtcyTrcTBHE WMAM HEIOCTaTOYHOE KadecTBO KOMIBIOTEPHOM TEXHHUKH
(HOyTOYK, Kamepa U T.A.) —3%

¢) 3HauMTENbHOE YBEJIMYCHHE YUEOHOW Harpy3kd AJsl CaMOCTOSTENBHOTO
n3ydeHus — 6%

d) TpynHocTu c OCBOEHHEM HOBOTO, CIOKHOTO Marepuaia — 7,6%

e) OTcyTcTBHE YAAICHHOTO A0CTYNa K yueOHBIM pecypcaM — 0,32%

f) OpraHuzanyoHHBIE CIOXKHOCTH, OTCYTCTBHE TOYHOM M CBOEBPEMEHHOM
napopmayn — 0,47%.

g) IIpoBenenne npoMexyTOUHON U UTOroBoi arrectaunu — 0,04%

h) OtcytctBue cBs3u ¢ yuurensimu — 0,02%

1) TpynHocTeii He BO3HHKIIO -25,4%

[Ipu oTBeTE HA NAaHHBIH BOIPOC PECHOHACHTaM NMPEJOCTABISIACH BOSMOKHOCTh
BBIOMPATh HECKOJIBKO OTBETOB OHOBPEMEHHO. OTBETHI PECTIOHICHTOB CIOKUINChH
CJIEIYIONUM 00pa30oM: HanOOIbIIast OISl OTBETOB Y KOMITJIEKTa OTBETOB a), ¢) u d)
- a) Huzkoe kauecTBO miu orcyTcTBUE cTabunbHoro MHTEpHETa, ¢) 3HAaUNTEIBHOE
yBeNUYeHHE YIeOHOH Harpy3Ku I caMoCTosTeNnbHoro n3yuenns, d) Tpyanoctu ¢
OCBOCHHMEM HOBOT'0, CIIOKHOTO Marepuania.

D) UncmpymenmanvHo-mexnono2uieckuil O1ox

[o3uuus cpeau uccnenoBareneil U SKCIEPTOB K UCIOIb30BAHUIO TEXHUIECKOTO
000pYIOBaHMS U TaJKETOB HeopHO3HauHa. OAHU MCCIIEAOBATENIN CUUTAIOT, YTO
4acToe M JOJIT0e MCIIOIb30BaHHE CMAPT(HOHOB MOXKET OBITH KPUTHYECKH OMACHBIM
IUISL 310pOBbs (MAJEHBKUH 9KpaH, 3JIEKTPOMAarHUTHOE M3NydeHue u np.). Apyrue
9KCTIEPTHI AKLIEHTHPYIOT BHUMAHHE HA TOM, YTO T'a/DKEThl 3HAYUTEIBHO YCTYHAIOT
KOMIIBIOTEPaM U HOYTOYKaM (3a4acTylo yCTapeBIINe, OTpaHNUCHHbBIC BOBMOXXHOCTH
OBICTPOTO TTOVCKa WH(GOPMAIIMH U JIP.).

Pesynbrarel umccnenoBaHUs IOKa3ajd, YTO B PEXHME IUCTAHIMOHHOTO
oOyueHust Oonee 80% IIKOJIBHUKOB HMCIOJIB30BaINM cMapTdoHbl. Ilokazarens
y4eOHBIX IeHCTBUI MOCPENCTBOM HOYTOyKa M HACTOJNBHOTO KOMIIBIOTEpa ObLI
MUHHMMAaNbHBIM, Bcero 1,2% ot o0mero yncia onpoiieHHbIX. JJaHHbIH moka3arensb
oTpaxkaeT (MHAHCOBOE COCTOSHUE CEMbH IKOIbHUKA.

E) Ilcuxosmoyuonanvuwlii 610K

[IcMX03MOLMOHANBHBI KOHTEKCT OTBETOB YYAaCTHHKOB IMCTAaHIMOHHOTO
OOydeHMsI SIBIISETCSI OAHWUM M3 KIIIOUEBBIX MPOBEICHHOTO HccienoBaHus. Jloms
PECIIOHIICHTOB, HE HCIBITABIINX 3aTPyAHEHHS BO BpeMsl TUCTAHIIMOHHOTO
o0yueHus1, npeBanupyeT (57,8% OTBETHI «JIETKO» U «OYEHD JIETKOY).

BaxHocTp coumanbHOW CpeApl IUIsl IIKOJBHHKOB IOATBEPXKOACTCS HX
orBeramu. OTBeT Ha Bompoc «Yero Oonbine Bcero He xBaraeT Bam B yciioBHAX
JUCTAaHIIMOHHOTO OOy4eHUsI?» MoKa3ai, 4to Oonee 46% pECHOHAEHTOB YKa3aiH,
YTO HYXXJIQJINCh B OOILECHNUH ¢ ApY3bsiMH. KOMMyHHKaINiA C yYUTEISIMUA HE XBaTajIo
17,4% mxonbHUKOB — PHCyHOK 5.
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Puc. 5. ConnanbHbIN acleKT JUCTaHIIMOHHOTO 00yYeHHUs
(Fig.5. Social aspect of distance learning)

BHe 3aBUCHMOCTH OT TEPPUTOPHATIBHON IPUHAJICKHOCTH OOJIBIIMHCTBO
OIPOIICHHBIX CYMTAIOT, YTO UM HE XBaraeT oOuIieHHs C Apy3bsimu (Pesynbrarsi
MOHHMTOPHHTA O TUCTAHIMOHHOMY OOYYCHHUIO B CpeiHeM 00pa3oBaHuH. | 4acTb.
O6yyaromecs. HAO um. bl. Anteincapuna, . Hyp-Cynran, 2020.).

3akaouenmne

AHanu3 HMCTOYHHMKOB, TIOCBSIICHHBIX TMPHUMEHEHHIO HMH(POPMAIUOHHBIX
TEXHOJIOTHH B COI[MOJIOTMYECKUX MCCIICIOBAHUSIX, MO3BOJISICT C/ICNATh BBIBO, YTO
Jutsi cOOpa JaHHBIX B IPOIIECCE H3YUSHHUS COIIMAIN3AIINY IHYHOCTH 11e7IeCO00pa3HO
UCIIOJIb30BaTh OHJIalH-ompoc. KpoMe TOro, CymiecTByOT pa3jindHbie BeO-
cepBucH (Harpumep, Survey Monkey), KOTOpbIe MPEIOCTABISAIOT 00JIee MOIIHBIC
BO3MOKHOCTH, HO SIBJISIFOTCSI IUIATHBIMH. J[1s1 0OpaOOTKH MOJTYYEHHBIX JaHHBIX
B TPaKTHKE COIMOJOIMYECKUX HCCICAOBAHUI HCIONB3YIOT CTaTUCTHYCCKHE
nakeThl (Statgraphics, Statistica, S-plus, SPSS, Systat u ap.), B cocTaBe KOTOPBIX
pear30BaHbl Pa3IMYHbIC METOIbl CTATUCTUYECKOTO aHalu3a, IO3BOJISIOIINES
BBITIOJIHATD CTPYKTYPUPOBAHKE U KITACCH(DUKALIUIO HHPOPMAIINH, BEISIBISITH CBSI3U
MEK/1y TIpH3HAKaMH, IPOBEPSATH CTATUCTUYECKUE TUIOTE3bI U T.1. Kpome Toro, st
00pabOTKH JIaHHBIX HECHCTEMAaTHYEeCKUX HCCICIOBAHUI C OOJIBIIUM pa3MepoM
ayIUTOPHH PECIIOHICHTOB B HEKOTOPHIX CIIydasX ILEIecOo00pa3HO HCIIOIb30BaTh
anekTponnsie Tabmuupl (Google Sheets, MS Excel u np.), MOCKOIBKY OHHU
coziepkar 0a30BbIE MHCTPYMEHTBI CTaTUCTHYECKOTO aHainW3a, HO HEe TpeOyroT
3HAHUS CMICIUATBHOTO MPOrPAMMHOTO 00ECIICUCHHS.

Hanuure B3anMOCBSI3M MEXK/Iy BOIIPOCAMH O CTCTICHH M3MECHEHHSI aKTHBHOCTH
YYCHUKOB B YCJIOBHSX JIMCTAHIMOHHOTO OOY4YCHUs M NPUYUHAMH OITOM
AKTUBHOCTH, MOXKHO OIICHHUTH C MOMOIIBIO PAacYeTOB MEphl COMPSDKCHHOCTH V
Kpamepa u tectupoBanust Xu-kBaapar [IupcoHa, KOTOpBIE SBISIOTCS aHAJIOTaMU
ko3 duieHTa Koppensuuy, pa3paboTaHHbIC IS HOMUHAJIBHBIX TEPEMEHHBIX,
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U MMEIOT YHUCIIOBOE 3HAa4YeHHE. TecTHpoBaHME TaKMX METOJOB, OOJbILE BCETO
MNOAXOOUT Ui OOpaOOTKM COLMAJbHBIX JAaHHBIX, COOPAaHHBIX MO pe3yJabTraraM
orpoca.

[IpoBenenHoe wHcciieOBaHUE IOKa3aJI0 Haludue (AKTOPOB, BIMSIONINX B
OpraHU3alry y4eOHOro poliecca B IIKOJIax BO BPeMsI SKCTPEHHOT0 AINCTAHLIUOHHOTO
oOyueHus. K Tomy jxe OBbUIM BBISIBICHBI NPHYUHBI, KOTOPHIE MMEIOT OOJIBIIOE
BJIMSHUE Ha TIOBeieHue yyamuxcs Bo Bpemsi 9J10. K caMbIM BasKHBIM 13 HUX MOYKHO
OTMETUTH (DAaKTOPbl OOECHEYCHHOCTH YYAIIMXCS TEXHHYECKUMH CPEACTBAMH M
YCIIOBHSIMH B IOMAIIHEH cpenie. A Takke O0JbIOe BIMSIHAE OKa3bIBAET OTCYTCTBHE
COLIMANBHOM Cpenpl W JKMBOTO OOIIEHHS CO CBEPCTHHKAMHM Ha MOTHBALMIO K
00y4EHHIO [0 CPEACTBAM JUCTAHIMOHHBIX TEXHOJIOTHHU B OyoyIIEM.

BrusiBnenne Takux (akTopoB MO3BONUT C(HOPMHPOBATH METOAMKH OOydYCHHMS,
HalleJICHHBIC Ha TIOBBILIICHHWE KadyecTBa y4eOHOTro mpolecca Jake B YCIOBHSIX
SKCTPEHHOTO AUCTAaHLIMOHHOTO (popmara 00yUeHHS.

Tem He MeHee, paboTa HMEET OrpaHUYECHHE, CBA3aHHOE C TEM, YTO
B paMKax HMCCIIECAOBAHMS METOABl TECTHPOBAINCH (IIyCTh M C IPOBEICHHEM
CTaTUCTUYECKOH OLIEHKH BIUSHHUSA JUCTAHIMOHHOTO OOYyYeHHUs Ha ydalluxcs
1o BceM (akTopam) TONBKO HA OAHOM SMIIMPUIECKOM IIpUMeEpeE, U HET OCHOBAaHUIN
YTBEP)KIATh, YTO METOJBI KIIOBEAYT ce0s» TaK e Ha APYTHX JaHHBIX.
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Abstract. Today, it is possible to use machine learning to develop automated
methods that make it simple to gather negative comments on social networks.
The situation is getting worse nowadays due to the overwhelmingly unfavorable
comments on online content. We are compiling a database of vulgar remarks made
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on Kazakh social networks and news outlets. By examining the complaints received
from numerous social networks, we discovered that the publication of disparaging,
or insulting, comments in online content is growing daily. The outcomes of our
research, which used machine learning techniques, will aid in not only analyzing
the origins of abusive phrases posted on social media but also in categorizing
different forms of offensive remarks and gaining access to automated data sources.
Measurement of the accuracy of vocabulary addition by using different indicators.
We are creating a dataset of Internet users in Kazakhstan, who use social networks
and media to share their opinions. The description of the proposed research work
describes the collection of data to the classification and identification of sets of
words with destructive content.

Keywords: online content, artificial intelligence, obscene language, parsing, NLP
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AHHoTanus. ByriHae aieyMeTTik JKemiep/ie KarbIMChI3 TIKIpIepi KUHAYIbI
XKEHUIIETeTiH aBTOMATTaHIBIPBUIFAH ONICTepAl o3ipiey VINiH MallMHAIbIK
OKBITY/IBI KOJIJIaHyFa Oonajel. Ka3ipri yakeITTa sKeijieri Ma3MYHJIaFbl KaFbIMChI3
MIKIpIEPIiH calgapblHAH OJICYMETTIK JKeIl  KOJNJAHYMIBUIAPABIH  IICHXO-
SMOLMOHAJABIK JKariaiibl KUbIHAAI Oapa >KaTKaHbIH IICUXOJIOITap alThI Ha0bLI
Karyzaa. Kaszak Tinai oneyMeTTiK jkesijep MeH aknapaT KypanJapblHia jKa3bUIFaH
JepeKi ce3nepAiH 0a3achlH KHUHAI, OHbI KjaccTap OOMBIHINIA TOMNTAI >KATBIPMBI3.
Kemnteren omeyMeTTik >kemijiepAeH Kelill TYCKEH apbl3-IIaFbIMAApIbl 3epaeiei
Kene, Oi3 JKeNmifieri KOHTEHTTE KEMCITETIH HeMece KOPJAWThIH MiKipJaepaiH
XKapHsUlaHybl KYH CadbIH apThIl OTHIPFAHBIH AHBIKTAJBIK. MalIMHAIBIK OKBITY
OMICTEpiH TaimamaHraH 3epTTCYIMI3MiH HOTIDKEIEPI OJNIEYMETTIK JKENiiepae
XKapuslaHFaH OanaraT ceslepHiH IIbIFy TEriH TajjayFa FaHa eMec, COHIan-ak
KOPJIaWTBIH MIKipAEpAiH OpTYPIi TYpJIepiH caHaTTayFa )KoHEe aBTOMATTaHIbIPbUIFaH
JepeKTep Ko3JepiHe KO KETKi3yre KoMeKTece i. OpTypiii KOPCETKIITep apKbUIbI
CO3MIIK TOJBIKTBIPY IAIIIriH eiiey. bi3 aneymertik kemiiepmed BAK apkbuibt
o3 mikipiepiMeHn OemiceriH KazakcraHmarsl HWHTEpHET IaimagaHyIIbUIapaaH
KeJIiIl TYCKEeH MiKIpAepAEH AEPEKTEP XKUHAFbIH KYPyAaMbl3. ¥ CHIHBUIFAH 3€PTTEY
KYMBICBIHBIH CHIIaTTaMachl JIECTPYKTHBTI Ma3MYHAArbl CO3ACPAIH TONTaMAaChIH
KIKTeyTe, aHbIKTayFa *KoHE AePEKTep )KUHAYAbl CUIIaTTal bl

Tyiiin ce3mep: oOHIAHH KOHTEHT, jKacaHIbl HMHTEJUIEKT, Oelomen cesnep,
TapCUHT, TAOUFHU TN
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AnHoTanusa. CerogHs MOXHO HWCIIONB30BaTh MAIIMHHOE OOy4YeHHe I
pa3pabOTKH aBTOMATH3WPOBAHHBIX METOAOB, YIPOIIAIOIIUX COOp HETaTHBHBIX
KOMMCHTApUEB B COHHAJIBHBIX  CETAX. B HaCTOAICEC BpEMsA CHUTyalus
YXyOIIaeTcsl W3-3a KpaHe HeONaronpusaTHBIX KOMMEHTAapHeB K OHJIAH-
KOHTEHTY. MBI (opmupyeM 0a3y IONUIBIX BBICKA3BIBAHWH B Ka3aXCTaHCKHUX
COIIMAJIBHBIX CETAX MU HOBOCTHBIX Aar€HTCTBAX. I/ISY‘H/IB )KaHO6I)I, IMOJTYYCHHBIC
U3 MHOT'OYHCIICHHBIX COIUAJIBHBIX CeTeﬁ, MBI 06Hapy>1<mm, YTO KOJIUYCCTBO
MyOMKAIAi  TPEeHEeOPESKUTETBHBIX WIH  OCKOPOUTEIHHBIX KOMMEHTAPHECB B
OHJIAH-KOHTCHTE pacTeT C KaXAbIM JTHCM. PCSYHBTaTBI Hamero MCCJIcaoBaHM,
B KOTOPOM HCIIOJB30BaJIMCh METOALI MAIIMHHOTO 06yquI/151, TIIOMOTYT HE€ TOJIBKO
MPOaHAN3UPOBATh TPOUCXOKICHHE OCKOPOWUTENBHBIX (hpa3, pa3MEmIeHHBIX B
COILIMAJTBHBIX CETAX, HO U KIIAaCCU(UITPOBATH pa3TMIHbIEe (POPMBI OCKOPOUTETBEHBIX
3aMEUaHuU U IMOJIY4YUTh OOCTYIl K aBTOMaTU3WPOBAHHBIM HMCTOYHHKAM JaHHBIX.
W3mepeHne TOYHOCTH MOIOJHEHUS CIOBApPHOTO 3amaca C IOMOIIBIO pa3IMYHbIX
mokaszareneil. Mbl cozmaem Habop momp3oBateneii Murepnera B Kasaxcrawme,
KOTOPBIE HCIIONB3YIOT commaibHble ceth u CMI, d9T0o0BI MOAETUTHCS CBOUM
MHeHueM. OmnucaHue Ipe/ularaéMoil HCCIIe0BaTeIbCKOM paboThl ONUCHIBAET
C60p JaHHBIX IJIA K.]'IaCCI/I(bI/IKaHI/II/I 1 BBIABJICHUA Ha60pOB CJIOB JECTPYKTUBHOT'O
COZIEpKaHHUA.

KuroueBble ¢j10Ba: OHIIAWH-KOHTEHT, HCKYCTBEHHBIN MHTEIIEKT, HELICH3YpHAas
JIEKCHKa, mapcuHr, NLP.

Introduction

The volume of information in different text formats is growing exponentially and
out of control asa result of Internet development. You can interact with a variety of
online audiences and operate anonymously with unlimited Internet access, which
entails 24-hour access. Violence and offensive words are still significant today
because they put people’s mental and emotional well-being in danger.

Along with its positive aspects, technological advancement necessitates
consideration of its drawbacks and effects, which means that it encourages more
destructive behavior users. In this instance, destructive data is hurting the online
content user by posting offensive comments (Huang et al., 2019).
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The vast amount of information on today’s networks necessitates the protection
of people’s interests and rights. Even on a worldwide scale, we can observe the
effects of it, as evidenced, for instance, by international disagreements and conflicts
involving online information (Salloum et al., 2020).

For instance, the state of Kazakhstan has 15.47 million people, or 81.9% of the
total population, as of 2021, according to statistics on the percentage of countries
around the world that utilize the Internet. You cannot protect yourself against
«attacks» on the Internet since emails, mobile phones, and numerous personal
social networking sites can arrive at any moment. Information on the Internet is
accessible twenty-four hours a day, seven days a week. People, even teenagers,
mentally impacted by it.

Additionally, it is possible to access the Internet anonymously, thus you might
not be able to identify the source of the «attack.» According to psychologists,
psychological illnesses are more likely to result from the conclusion of an emotional
«assault» than physical violence.

Materials and methods. Research analysis and problem statement

It is suggested that a variant of the formal model of this process’ implementation
inside the framework of the engineering method, in which a linguistic object
(phenomenon) can be replicated using a computer (Mohan et al., 2021).

To examine what showed, felt, feeling mood in texts, we should collect database.
Unfortunately, when it comes to non-normative vocabulary in a particular language,
it might be challenging to discover texts that are appropriate for this purpose. Our
recommendation is for you to develop your own corpus of non-normative Kazakh
terminology.

The corpus divided into two schemes: open social network sites without any non-
normative vocabulary messages and text entries with non-normative vocabulary.
Syntax analysis technology uses to collect data.

The first parsing strategy devised by the API developer states that in order to use
this technique, a connection must first be made, which entails obtaining a token and
gaining access to the connection. The token c directly obtained in the program’s
developer part, and used to access the database, may provide any kind of data
conversion services. Following the requisite database’s «cleaning,» the information
saved and made available for machine learning (Mussiraliyeva et al., 2021).

On the second point, the connection made differently here; you can build a
database and your own user interface to access web pages. In other words, we
gather «emotional» data from social networks and internet content sites. Although
this procedure is laborious at first, once you finished gathering data, you might
realize that the logic of operation unified (Singh et al., 2020) and (Canhoto et al.,
2020).
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Figure 1- Data collection

Eight classes of verbal markers identified that clearly indicate the presence of
electronic bullying:

The taboo and obscene language (one-component, two-component, three-
component and multi-component) - is used as a means of pronounced verbal
aggression with the aim of socially discrediting the victim, manipulating,
emphasizing one’s own superiority.

The word that related to the intimate life of a person — often used by hooligans in
order to hurt the feelings of the victim, humiliate and insult her. In many languages,
the names of genitals and types of sexual acts are taboo vocabulary and often used
to express a high degree of aggression in the addressee.

The words related to concepts related to sexual orientation and sexism — often,
in order to achieve the above goals, victims are attributed and / or emphasize their
non-traditional sexual orientation, for example, gay, lesbian, pedophile / sexist,
trans, etc., and the addressee is not is necessarily a representative of a sexual
minority;

The words expressing a wish for evil and death - the use of such lexical units is
due to the strong personal dislike of the buller and even hatred of the victim. The
use of lexical items such as committing suicide, dying in hell, cutting one’s wrists,
stopping breathing, etc. shows that the buller wants to emphasize his superiority
over the victim, to prove his greatness;

The words expressing humiliation and insult to a person — most often
used when electronic harassment occurs according to the «several bullies - one
victim» scheme. Lexical items brash, dumb, dirty, ignorant, stupid, etc. aimed at
undermining the self-esteem and self-respect of the victim through their constant
criticism and downplaying of their abilities. Thus, Buller seeks to demonstrate his
power over him or her;

The words that name concepts related to nationality and racism, such as black-
faced, hack, Uzbek, racist, sociopath, etc. — allow the aggressor to cause the victim
not only moral, but also social harm;

Animal names are insulting terms that are used. By equating the attributes of
the victim with those of animals, such as cows, donkeys, pigs, mongrel sheep, and

196



ISSN 1991-346X 1.2023

worms, bullies are able to diminish the victim’s place in society and boost their own
self-esteem.

The word which call people with physical and mental disabilities - the
main purpose of using this vocabulary is to humiliate honor, reduce its social
attractiveness, destroy it as a person. Buller often uses expressions to indicate the
victim’s limited mental capacity when the victim is smarter than him or her, and
Buller wants to prove otherwise (Yuan et al., 2021).

In terms of Al, automation, communication platforms, bots, and smart computers
can combine with big data to improve a variety of technologies used in homes and
offices, from security data analytics to investment analysis tools.

Artificial intelligence performs in-depth analysis of large amounts of data using
neural networks with many hidden layers. Deep learning models require large
amounts of data, as this is the basis of artificial intelligence. Therefore, the more
data, the more accurate the model (Miihlhoff et al., 2020).

In the process of collecting data from social networks with Kazakh-speaking
customers on online content, it was decided to create 2 types of parsing: API-based
parsing and creating your own «web browser» using keywords. Each type has its
advantages and disadvantages.

An application programming interface (API) is a collection of classes,
procedures, and functions in the form of an interface for creating new software
applications through which one program can interact with another program. This
allows developers to extend the functionality of their products and connect them
with software.
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Figure 2 - Data Collection Method Using Two Different Parsers
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A parser that utilizes the API readily accessible by the developers themselves
makes up the first branch of the schema. You must first establish a connection in
order to begin using these methods. In this instance, a token obtained to accomplish
this. In the section for app developers, you can directly obtain the token, which you
can then use to gain access to the services. The service offers the option to convert
the data in any format for ease of usage after obtaining the data. The required data
then cleansed and put through the primary processing stage. Following that, this
information kept and can be used to train and test models (Neupane et al., 2020).

The connection built slightly differently in the second branch because the parser
created entirely from scratch. You must gain access to the browser in order to
perform this imitation of web page browsing behavior. Since browsers not give
third-party programs and websites access to their APIs, the de-tailed description
that follows explains how this parser fragment made. Although this procedure is
quite laborious, once we have finished and extracted the required data, we can once
more begin primary processing, at which point the logic of work crosses with the
logic of using the API.

The initial parser do not cause any issues because it adheres to particular
algorithms, and because of an established system, the API operates flawlessly and
consistently provides accurate information. An E-token supplied to each user when
connecting to the API utilized, for instance, while using the Vk API for Vkontatkte.

Then the Instagram parser underwent the similar treatment. To do this, lists
of communities (accounts) with a sizable subscriber base compiled; personal
and entertainment accounts disregarded because they were unnecessary. Then,
Instagram-specific methods substituted using the same reasoning as for the Vk APIL.
Vkontakte and Instagram are both social networks, however their working theories
are very different from one another. Actualy, one thing hasn’t changed: we still
need to obtain a token before we can begin using the given methods.

The app needs to be whitelisted in order to use a specially configured Instagram
URL scheme. For this, modify the Info. plist file of the app by adding instagram:/
to the LSApplicationQueriesSchemes key.

After adding the schema to your whitelist, you can use it with the following
parameters to carry out specific activities within the Instagram app.

However this is only the first step; since we can not upload the data we need right
away, we must first clear the data we received and then choose the pertinent data
that contains the text we need from it (in our case, keywords for cyberbullying).
After that, you may save this processed data and use it with our models’ training
and testing procedures (Kumar et al., 2020).

The Instagram API exactly the same across all of them, even though the methods
may alter slightly in appearance.

Getting a token -> getting access to services ->Using methods and getting
relevant data -> Clearing them of unnecessary data.

The drawback of such a parser is that you have to create your own filter to
extract the required data after the data received and even after preprocessing.
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This architecture has the benefit of requiring less time and money to construct a
system of this kind uploading data does not require us to develop our own functions.

The second kind of parser entirely created by a person. To put it another way,
the scripts were customized for the architecture of a given web resource (Sarker et
al., 2020).

The servers will kick us out if they «understand» that this is code, rather than a
person, in this situation, when the token’s function is to mimic human behavior. The
user-agent used to establish the initial connection with the browser. User agent is a
character string that enables servers and network nodes to recognize the requesting
user agent’s application, operating system, vendor, and version gives us the option
to connect to the server, eradicating the potential.

Listing 1:

Import redgucsts

user id = [ 2345

url = "hitp: wwow Kinopoisk ma'usen™ed voleslist'ord date/ page 2 #list’ To
(user id) #

headers = { "User-Agenl’: "Maosilla'5.00( Macintosh; Intel Mac O5% X 1009;
red 500 Geeke/2010010) Firelox/45.0' )

r = requests.getiurl, headers = headers)

A script that extracts all of the headers from this page provided by the code
block above. The data we require is stored in the html structure, so we will need to
put in a little effort next. As a result, once we have identified the blocks in which
our records are stored, we can cycle through each article or record and choose a
particular block, then extract the relevant data from there. For instance:
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The information we require in this block is found in blocks with «h2,» which is
found inside the «first level» block.

Once we get the required information, we may instantly filter it to remove any
records that are not pertinent to our inquiry. The data then simply written into our
files or given to the training algorithms.

Listing 2:

f = opend"demofile2. =%, "a") # opening the fle for editing
fowrite] “---") # writing data
felose ) # close the fle

After we have the necessary data, we may immediately filter it to get rid of
any records that are not relevant to our inquiry. The information was then either
submitted to the training algorithms or just written into our files.

Result and discussion

Data Preprocessing and Filtering which we obtained a dataset of social media
texts using the built parsers scarping comments from youtube which chowed on
Fig.3 . We therefore have unstructured data that is irrelevant. We now faced with the
issue. Using uncleaned data prevents you from using it properly. We want pertinent
data, together with a sufficient number of training and testing sets. All of this aids
in obtaining the most precise findings.

Depending on the objective, you can use one or a combination of several data
cleaning or data preparation approaches. It depends on your preferences and the
task’s requirements.
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Figure 3- Youtube scarper comments (interface)

Avoiding duplicates
The probability of parsing the same text high because we are using multiple
sources of data. For instance, we have posts from the news website https://
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tengrinews.kz, Instagram, and VK. So, occasionally we must delete. In this instance,
we made VK a privileged source because all of the data on https://tengrinews.kz/
semantically reviewed before posting and may change for a variety of reasons.

Although we have not encountered those circumstances yet, we must keep an
eye out for their emergence and set up functionality to remove copies.

Avoid typos

Typos are grammatical errors made by people most frequently, and they can
happen everywhere. Grammar errors corrected using a variety of calculations and
techniques. Since models address distinct features in unexpected ways, mistakes
are simple to remedy. Spelling and case are very important for strings.

For example, although having the same spelling, «ka3zak» and «ka3zak» are
distinct words. This kind of mistakes will need to check for and properly fixed.

Data Filtering

Not all of the information we gathered used, because we analyze all the news
posts’ data. This indicates that the parser we created covers all the information,
even news about the coronavirus, which has no bearing on our issue. Therefore,
it is not a problem. We just created a code that determines whether certain terms,
such as «piggy,» «I hate you,» «fatty,» «nigga,» and others, are present in each cell.
Additionally, we created a bag of hateful words in Kazakh, which we simply added
to the filtering mechanism. Following that, we have a suitable data collection of our
own for identifying and preventing possible bullying (Jain et al., 2020).
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Figure 4- hate speech comments in Kazakh language
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We have created a database that consists of Kazakh obscene speeches Fig. 4.
The database consists of three columns, one of them is the number of sentences
which have hate speech comments and attributes that are divided into classes if «1»
means there is obscene speech in the sentence if «0» is neutral words.

Conclusion

Summarizing the above, finding negative reviews show as the job of information
technology. Two solutions describes in solving the given problem: a person does it
with his own hands or turns to an automated system. Machine learning considered
as a system that is constantly growing and gaining new momentum in science.
Intimidation - the types of intimidation and the signs of their detection presented
in this research paper. In addition, it shows that an automated system needed in the
search of destructive databases. We present a set of methods used for this purpose.
You can see the search paths and their differences from each other.

We have noticed that the collected database used to identify online content using
natural language processing and machine learning methods, and to determine the
type of a string of offensive words. In addition, it observed that it is possible to
create a model for identifying offensive words in online content, and it discussed
that it takes as the main issue of our future scientific research.
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Abstract. The relevance of the topic in me in particular, if we take one of the
information flows, whether it is a human factor action or a specific object, it is
true that special machine learning language processing and automatic output of
information significantly optimize human life. With the help of neural networks
and their chest radiography is one of the most accessible radiological studies for
screening and diagnosis of many lung diseases a special deep learning language is
to study the flow of information about him and the same object in real time using
neural networks. The article describes the terminology of the problem of X-ray
recognition using deep learning algorithms, examines the relevance of the problem,
and analyzes the current state of the problem in the field of X-ray recognition.
The aspects of the problem being solved, identified during the analysis, in the
form of solved problems, approaches, methods, information technologies used,
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tools and software solutions to the problem are noted. The paper is devoted to the
description of a modified method of fuzzy clustering of halftone images, which at
each iteration performs a dynamic transformation of the source data based on a
singular decomposition with automatic selection of the most significant columns
of the matrix of left singular vectors. The results of experimental studies were
obtained by processing X-ray images. As a result of testing a neural network model,
in the output layer of which a sigmoidal activation function was used to activate
neurons, and an algorithm was used as an optimization method, the best values
of accuracy and completeness were obtained: accuracy — 94.2 During testing, the
neural network showed an accuracy of pneumonia recognition equal to 94,27%.

Keywords: mathematical methods, deep learning, neural networks, pattern
recognition, medical image processing, artificial intelligence
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AnHoTanmusa. MeH/eri JKYMBICTBIH ©3€KTUIIrT aram aWTKaHja, akmapar
aFbIHBIHBIH OipiH aymaTblH OoJIcak, ol ajaM (aKTOPBIHBIH dpeKeTi HeMece Oenriii
0ip 0OBEKTI OOJICHIH, apHAIBI TEPEH OKBITYABI YUPEHY TiJIiH OHJIEY XKoHE aKnapaTThl
ABTOMATTBI TYpJC IIBIFAPY aJaM OMipiH aWTapibIKTail OHTAWIaHIBIPATHIHBI Pac.
HeltpoHbIK xKeminepIiH )KoHe OlapIbIH KeY/e KybICHIHBIH PEHTTCHOTPa(HIChIHBIH
KOMETIMEH KOITEereH OKIE aypylapblH CKPHUHUHITIK JXOHE IUATHOCTHKAIIAyFa
apHaJFaH eH KOJDKETIMJII PauOJOTHSUIIBIK 3epTTeyNIepaiH Oipi Oombim TaObLIAIBI,
HEHPOH/IBIK KENIep/i MakanaHa OThIPBII, OJ1 KOHE COJI OOBEKT Typasibl HAKTHI
YaKpIT PEeXKHUMIHIC aKmapar aFblHBIH 3epPTTEY YVIINIH apHalbl TEPEH OKBITY Tilli

205


mailto:gulzira1981@mail.ru
https://orcid.org/0000-0002-1088-4239
http://orcid.org/0000-0002-4953-0737
https://orcid.org/0000-0002-9535-2636

NE WS of the National Academy of Sciences of the Republic of Kazakhstan

Oonpin TaObuTaAbl. Makanaga TepeH OKBITY alTOPUTMIIEPiH MaiaiaHa OTBIPHIIL,
PEHTTEH/TIK TaHY MOCEIIECiHIH TEpPMHUHOJIOTHSICHI CUTIATTaIFaH, MOCEJICHIH ©3€KTiJIIT1
KapacTBIPBUIFaH oHE PEHTICH/IIK TaHy CaJachIHIaFbl MOCENEHIH Ka3ipri Kar aiibl
Tanganrad. Tannay OapbIChIHAA INENIUICTIH MOCENEHIH acleKTiIepi, MIenIirexH
Macenenep, Tocuiaep, omicTep, KONAAHBUIATBHIH aKMapaTThIK TEXHOIOTHSIAp,
MpoONeMaHbl MIeITyAiH Kypajaaapsl MEeH OarmapiiaMalblK IIenrMaepi TypiHzae
KepcerinreH. Maxkana op0Oip uTepanmsiza CONl JKaK CHHTYISPIBIK BEKTOpIap
MaTpPUIIACHIHBIH €H MAaHBI3Ibl OaraHIapblH aBTOMATTBHI TYpAE TaHIAY apKbLIbI
CUHTYJISPJIBIK JEKOMITO3UINS HeETi3iHAe OacTanKkbl JepeKTepi TUHAMHKAIBIK
TYPACHIIPYAl JKY3ere achIpaTblH KapThUIail TOHABI KECKIHIEpIi aHBIK eMec
KJacTepieyaiH MoauhuKaUsIaHFaH 9iCiH CUIIaTTayFa apHaJFaH. DKCIIEPUMEHTTIK
3epTTEYIEepAiH HOTIKENepl PEHTIeHIIK KeCKIHIEpAi ©OHAEY apKbLIbl AllbIHIIBL.
HefiponapIk el MOJENiH ChIHAY HOTIDKECIHIE HEWpPOHIApAbl OENCeHIipy YIIiH
curMa Topizai OenceHnmipy (QyHKIHMSICH KONJAHBUIFAH IIBIFBIC KaOaThIHAA JKOHE
OHTaWIaHBIPY SICI PETIH/IE ANTOPUTM KOJNJAHBUIFaH, TAJJIIK ITeH €CKe TYCIpyIiH
€H KaKChl MOHJIEPI AJBIHIBL: AIAIK — 94.2. TecTijey HOTHKECIHIe HEHPOHIIBIK
JKelli THeBMOHUSHBI TaHy AonairiH 94,27%-ra TeH KepCceTTi.

Tyiiin ce3mep: MaTeMaTHUKANBIK OMiCTEP, TEPEH OKBITY, OKBITY, HEUPOHIBIK
JKellijiep, YITiHl TaHy, MeAUIIHHAIBIK KECKIHIEP/Ii OHIEY, dKaCaH [bl MHTEIICKT
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AHHOTanusl. AKTyaJbHOCTb TEMBI B YACTHOCTH, €CIM B3STh OAWH U3
WHPOPMALIMOHHBIX TOTOKOB, Oyab-TO AEHUCTBHE 4YeJOBeUecKoro (akropa win
KOHKPETHBIH 0OBEKT, TO BEPHO, YTO CIICLHATIBHOE MAIIMHHOE O0Y4YEHHE SA3BIKOBOH
00pabOTKH M aBTOMAaTHUECKUH BBIBOJ MH(POPMAIMK 3HAYUTEIBHO ONTUMH3HPYIOT
XHU3Hb uesnoBeka. C TOMOMIBI0 HEHPOHHBIX CeTel M HMX peHTreHorpaduu
OPTaHOB IPYAHOM KJIETKHM — OTHOTO U3 CaMBIX AOCTYMHBIX PEHTICHOJIOTUYECKHX
WCCIICIOBAaHUM IS CKPUHHMHTA W AMAarHOCTHKH MHOTHX 3a00JIeBaHUN JETKUX —
CHeLUAJIbHBIHN A3bIK TTy0O0KOr0 00y4YeHHs O3BOJISIET U3y4aTh IOTOKH HH)OpMaLuu
0 HEM U OJHOM M TOM k€ OOBEKTE B PEKHME PEaJbHOTO BPEMEHHU C MOMOIIBIO
HEHpPOHHBIX ceTell. B craTbe onmcana TepMHHONIOTHSA MPOOIEMBl PACHO3HABAHMUS
PEHTI€HOBCKHUX CHHMKOB C HCIIOJB30BAaHHEM alTOPUTMOB ITyOOKOTO OOydeHWUs,
paccMoTpeHa aKTyalbHOCTh IPOOJIeMBI, a TaKKe MPOaHATH3UPOBAHO COBPEMEHHOE
cocTosiHMEe NpoOIeMBbl B 0O0JACTM PpAacIO3HABaHUS PEHTICHOBCKUX CHHMKOB.
OTMedaroTcsl acmekThl pelaeMoi MpoOeMbl, BBISIBICHHBIE B XOIE aHAJHM3a, B
BUJE PELIaeMBIX 3ajad, MOAXOJO0B, METOAOB, MUCIOJIB3YEMBIX WH(POPMALIMOHHBIX
TEXHOJOTWH, HMHCTPYMEHTOB M NPOTrPaMMHBIX pelieHuil mpobiembl. Crarbs
MOCBALICHA ONUCAHWI0O MOJU(PHLIMPOBAHHOTO METOJA HEUYETKOH KiacTeph3aluu
MOJTYTOHOBBIX M300pa’keHHi, KOTOPBIA Ha KaXIOW MTEpaldl BBIIOIHSIET
OUHAMHYECKOE IMpeoOpa3oBaHHE HMCXOAHBIX IAHHBIX Ha OCHOBE CHHIYJSPHON
JEKOMITO3MLIMU C aBTOMAaTHYECKUM BBIJEICHHEM HanOojee 3HaYMMBIX CTOJIOIIOB
MaTpHLbl JIEBBIX CHHTYISIPDHBIX BEKTOPOB. Pe3ynmpraTsl SKCIIEpHMEHTATIbHBIX
WCCIIeIOBaHUM OB MOMYYEHBI MyTeM 00pa0OTKH PEHTIC€HOBCKUX M300pakeHHH.
B pesynbrare TecTupoBaHUs MOIENH HEHPOHHOM CETH, B BBIXOJHOM CJIO€ KOTOPOH
IUIsl aKTUBALMM HEWPOHOB HCIONb30BAJIaCh CHTMOHMAANbHAS (DYHKIUS aKTHBALMH,
a B KaueCTBE METOAA ONTHMHU3ALMH — aJTOPUTM, ObUIM MOIYyYEHBl HAMITyYIINne
3HAYEHUsI TOYHOCTH M TOJTHOTBI: TOYHOCTH — 94,2. TecTHpOBaHUS HEHPOCETh
MOKa3ajia TOYHOCTh PAaCIO3HABAHNS THEBMOHUY, paBHYIO 94,27%.

Ki1roueBble ci10Ba: MaTeMaTHYECKUE METOABI, IITyOOKOe 00y4eHue, HEHpOHHBIE
CeTH, paclio3HaBaHHE 00pa3zoB, 00pabOTKa MEIUUIMHCKUX H300pa’keHHH, UCKYC-
CTBEHHBIH MHTEIUICKT

Kipicnoe

Kazipri yakpiTTa HEHpPOHIBIK JKENilep apKbUIbl METUIIMHANBIK JIepeKTepIi
Tanmay oficTepi OapraH callblH TaHbIManm Ooma Oactanmel. Knaccudukarms,
CETMCHTTEY, AaHBIKTAy, AHOMAIWSUIAPIbI 137€y JKOHE T.0. CHSAKTBI KECKiHIl
TaJayAbIH OPTYPIIi MOCENENICPiH MIEITyTe apHAIFaH KOHBOJIOIUOHIBI HEHPOHIBIK
JKellijepre HeTi3eNTeH JIiCTep acipece ©3eKTi 0OJBIT TaObUTabl. MeaUIINHAIBIK
JIMArHOCTHKA TYPFBICBIHAH KYPACT KYPhUTBIMIAPbI aHBIKTAY JKOHE CUTIATTAY YIIIiH
ANTOPUTMIEPIH KAKETTUIriHIH OOIMaybl XoHE TaMalla >KaNIbuiay KaOileTTi
KECKiH/Ii Tanay YIIiH HEeHPOHIBIK el 9MIICTePiH BIHFAMIIBI XKOHE THIM/IL €TeIi.

JlerenmeH, Ka3ipri KOHBYJIbCHSIIBIK HEHPOHIBIK JKENINIEepAiH HETi3iHae KaTKaH
KeCKiHIep/leH MYMKIHMIKTepAi Tikeled Kypy NPHHIUII MyHAald HEHpOHIBIK
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JKeJTiIep/Ii MOIeTh OKBITBIIATHIH KECKiH YATICiHIH canachkl MeH OipKeNKiTiriHe eTe
tanamn ereni. OcbuTaina, Ka3ipri yakpITTa ©3€KTi MiHAET - OKBITY/A 13, BATH A 1a
Jla KOJIaHBUIATHIH HEWPOHBIK Kelli MOAENHIH KipiciHe €HEeTiH KeCKiHAepIiH
camachlH Tanaay. MeTUIIMHANBIK XKa0IbIKThIH ePEKIIETIKTEpi MEH OanTayiapbiHbIH
KeH ayKbpIMbIHAa OaiJIaHBICTBI KipiC KeCKiHAepiHIH camachlH Oakpuiay Maceleci
OpPTYPITi KECKIHAEP YIIiH 63€KTi OOIBIT TaOBLIA BI, MBICAITBI, MATHUTTI-PE30HAHCTHI
OeliHeney, KOMIBIOTEPIIK JKOHE peHTreHorpadus YIIiH.

MenunuHanblk  TUQPIBIK  KECKIHIEpAl OHJCY COHFBl  OHXKBUIABIKTapaa
3epTTEeyINIepaiH HazapbiHma Oomabl. KemnTereH »KYMBICTAp OCHI calajarbl
MaTeMaTHKAIIBIK OJiCTep MEH OarmapiiaMallblK KaMmTaMachl3 eTymi o3ipieyre/
naiijanaHyra, COHIal-aK TEXHUKANBIK Kypaljaapabl a3ipieyre (KeTinmipyre)
apHajFaH. 3epTTeyNIIepAiH PEeHTTeHAIK MEAWIMHANBIK KECKIiHACpAI OHICYIiH
3aMaHayy KypaJiapblHa KbI3bIFY ITBUTBIFBI 931 PJICHICH MATHO CTHKAJIBIK Ky HenepaiH
camackl MEH CEHIMJUIITiHE KOWBUIATHIH TaNanTap/blH apTyblHa OaiaHBICTHI.
PenTrenorpadusHbIH agamM MeIUIIMHACHIHAAFBI HETI3T1 KOMAaHYIApBIHBIH Oipi —
KeyJie KybICBIHBIH CYPETTEPiH any xoHe Tanay. by sxkarmaiiaa myHaait Ocitnenepi
TanAaynblH HETi3rl MiHIETTepi oleTTe allbiHFaH MOPQOIOTHIBIK TY3iTicTepi
OKIIaynay (CerMeHTaIusuIay) jKOHEe OJNapibl MaTONIOTHUSHBIH OENTuli KiacTapblHa
KATKBI3y OOINBIN TaObIIambl. PacTpnblk kapThutaii peHKTI OelHenepmi Taimay
HOTIDKENepi OOMBIHINA YITiHI TaHy MACeJeNIepiH MIenry YIIiH 0acTanKel KeCKiHI
MaFbIHAITBIK Ma3MYHBI OOHBIHIIIA ePEKIIETICHETIH OomKTepre (CerMeHTTepre) 0oy
MaceneciH menry KaxkeT. KeckiHaepsi omaH opi Tanjay jKoHE JKIKTEY THiMIIUTITI
CETMEHTTEY carnachiHa OalIaHbICTHI.

KoBun-19 wHOEKnusChIH epre Ke3eHIe aHBIKTAy KUBIHIBIFBI OHBIH
CHMITTOM/IAPBIHBIH ITHEBMOHUSIAH TYbIHIaFaH HH()EKINUAMEH KaTThl YKCACTBIFbIHA
OaitnanpicThl. OchbiFaH OalmaHBICTHI BUpyC OyKin omemre Te3 Tapanabl. Ocbl
ceOenTi oKme aypylapblH JMATHOCTHKANAY TEK MEIUIMHA KhI3METKEePIIEPiHiH
FaHa eMec, OYKiJ TUTaHeTaMBI3bIH TYPFBIHIAPBIHBIH ©3€KTI MiHJETiHEe allHAJIbL.
By macenenepiy ©3€KTiNIr MEH MPAKTHUKANBIK ACTEKTICI TEK KOPOHABUPYCTHIK
IH/ICTTICH FaHa eMeC, COHBIMEH KaTap ayara 3WSHIBI 3aTTap/blH IIbIFApbLTybIHA
0aKplIaybl HaIlap OHEPKOCINTIH ©cyiMeH OallaHbICThI, OYJI ©KIe OOBIPHI,
ITHEBMOHUS, TYOEpKyNe3 >KoHe T.0. CHAKTHI aypyinapFa OCHiMIUTITiH apTThIPaIbL.
CoHIBIKTaH JEHCAYIBIKKA aybIp 3USIH KeNnTipMec OYpHIH aypyiapAblH aliblH ary
HeMece aHBIKTay YIIiH OKIIeHIH JKaFIaliblH YHEMI OaKblIay KasKeT.

CoHppIKTaH, Ka3ipri Ke3meri 0acThl Mocele — KbUIIAM aHBIKTAy; JKOHE
Oy JeHCaysbIK cakTay Kyieci MalMeHTTep Typalbl JACPEKTEP/iH TaCKbIHBIHA
TOJBl OONFAaHMABIKTAH MAaHBI3IBIpAK Oonma Tycyde. ABTOMATTaHBIPBUIFAH
KOMITHIOTEPICHIIPUITEH TPONECTIH KaKEeTTUNri OapraH calblH alKbIHIATY/A.
OcChIHBI ecKkepe OTBHIPHIN, OCHl MaKcaTTa TEPeH OKBITYAbl IalallaHbIIl,
PaIMOMHKPOCKOIUSUIIBIK OCHHENeyIiH MyMKIHAIKTEPiH Mai/JaiaHy YChIHBUIAIbI.

TepeH OKbITY aHBIKTay HEMeCe JKIKTEy YIIiH KaKeTTI KOpiHicTep/li aBTOMATTHI
TYp/Ae amry YIIiH 0acTamkpl JepeKTepre HETI3NCIreH OKBITYIbl Tajam eTefi.
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MenunuHalbIK KeCKiHIep KOHTEKCTiHJE ON KipiCTe KeCKIHAEPIiH MHKCEIbIiK
MoHIepiH (IIBIFAPBUIFaH HEMECE TaHJallFaH MYMKIHIIKTEPIiH OpHBIHA) TiKeien
naijanaHanbl, OCHUIANINA, AYPHIC €MEC CETMEHTTEYIeH HeMece MYMKIiHJIKTi
KeliHHEeH IIBIFapy/laH TybIHIaFaH KOJMEH KaTelep KoiblIaIbl. KOHBOTIOIMOHIBI
HelpouabIK xeninep (CNN) TepeH OKBITYIBIH €H TaHBIMall YITUIepiHiH 0ipi OombII
tabbimanel. CNN-geri cepminic 2012 xbumer ImageNet 6ocexenectiriMer 00IbI,
OHJIa HBICAH/IbI TAHYAAFbI KAaTellep JeHTeli eKi ecere Aepilik TOMEeHIEI.

XKacaHIpl WHTEIDIEKT anroOpuTMAEpi Keyle KYBICHIHBIH pPEHTreHOrpaduschl
HETi3iH/Ie aNbIHFaH KIMHUKAJBIK XKOHE PaTUOJOTISUILIK (QYHKIUSUIADMEH KaTap,
PEHTTEH/TIK Xa0bIK TIEH KOMEKKE KOJI JKETIM/I1 Ke3 KEeJITeH ellfie ’KY3eTe aChIPhLTYBI
MYMKiH. AyKbIMABI aHBIKTay OarmapnamanapbiH xyprizyne Kosun-19 tuimmi
JTMArHOCTHKACHIH/IA YIIKEH KOMEK 00Iabl et KYTUTy/Ie.

Byn cuenapuiine TepeH OKbITY aHOMaUsIapbl aHBIKTAY skoHE HaKThl KoBua-19
BHUPYCHIHBIH ~KOJNTaHOANaphIMEH OalllaHBICTBI OONYBI MYMKIH —©3TepTUIreH
OKIEe TMapeHXNUMACHIHBIH HETI3r1 epeKIIeNiKTepiH IIBIFapy VIIH IKbUIIaM,
ABTOMATTaH/IBIPBUIFAH KOHE THIMJII CTPATETUSIAPABI YCHIHABL.

PenTrenorpadus — Oyt aypynbl aIblH ana JUarHoCTUKANIayIblH, OHBIH iIIiH/e
aypyablH aFbIMBIH OaKbUIAyIbIH €H KaparaibIM JKOHE XaJIbIKKa KOJDKETIMII 9JIiCi.
[emrim kaOpuIAay Ke3iHIE KECKIHIEpIeTi KeCKiHAepHAi aHBIKTay NpoIeciHue
MEINIIMHA MaMaHIaphl KONTereH Maceselepre Tam 0oabl:

— TOJIBIK €MeC JKOHE JYPHIC eMec 0acTaIKhbl aKnapar;

— aTpuOyTTap/ABIH YJIKSH ©3repMEJILIIri )KoHe TaHayAblH IAFBIH OJIIIeMi.

JKyMBIC TakKbIpBIOBIHBIH ©3EKTLTIrT 3epPTTENEeTiH KYOBUIBICTBIH alTapibIKTail
TapaybIMeH OalTaHBICTHI )KOHE KapaCThIPBIIATHIH CaJlalaFbl )KYMBICTBI KaKCAPTY
OOMBIHIIIA YCHIHBICTAP J3ipiiey KKETTUTITIH/IE )KAaThIP.

3eprTey 00BEKTiCI — OKIIe MaTOJIOTHACHL.

3epTTey TaKbIpHIOBI CaHaTTapFa OOJIHIeH PEHTIEH Coyeci: cay, THEBMOHUSIMEH
aybIpaThiH HayKacTap xoHe KoBun-19 6ap Haykacrap.

[Nangemus ke3iHme AepeKTepAiH YIIKEH KeyeMiH (okmeHiH peHTreH xone KT)
OHJIEY, COHJIal-aK OYJI MepeKTep/li caraibl )KOHE KBIIIaM JKIKTey Mocelleci oTKip
Ooner. By moceneHi menry yiriH TepeH OKBITY 9/1icTepi KomaaHbuaas!. HeipoHIbIK
Kelliep YJIKeH KeleMIeri JepekTep OOMbIHINA OKBITHUIAIBI KoHE KeHiHIpeK KaHa
yKcac JepekTep OOobIHINA 63 00mKaMIaphIH JKacaiIbl, Oy Aapirepiepre namipex
MarHo3 KOIOAbl ‘keHimaereni. DyHKIMOHAIIB JAUAarHOCTUKAJIBIK OeHHemepi
TaHy Ka3ipri yakbITTa Ke3eK KYTTIpMEHTIH MiHAET OONBIN TaObLIalbl, OUTKEH] O
MaHAeMUsI MEH OHBIH CaJJIapbIMEH TiKenel OaiaHbICTHI.

3epTTey MaTepHaJsIbl MeH dicTepi

Byn 3eprreymin makcarel MoOwibli riardopMana HEWPOHABIK SKENiepi
naianaHa OTHIPBII, HAKTHI YAKbIT peXXUMIHIIE 00BEKTIIEP/Ii aHBIKTAY KOHE KIKTEY
OO0JBIT TaOBIIAIbI, OHBIH IMIiHAEC MEAUIIMHA CallaChIHIA, MYHJIA PEHTIEH coylenepi
apHalbl TepeH OKBITYIBIH apKachlHAA Keyle aypyJapbIHBIH HOTHKEIEepiH THIMIL
JeHreiie 3epTTe .
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MakcaTka JKeTy YIIiH KeJleci MiHAeTTep KONBLIIbL:

— PCHTIEHIK KEeCKIHIepAl aBTOMATThl TYpJAC CHIATTAy YIIH HEHPOHIBIK
JKeIiep/i naiaanaHa OThIPHII, aKIMapaTThIK MyMKIHIIKTEpl aHBIKTAY;

PEHTTEH/TIK KeCKiHAEP/iH TaHAaJFaH d/IiCTEPiH €HT13y )KOHE ChIHAY.

DOrooporpadUsUIBIK CypeTTep/ie OKIEHIH PTYPIi MaTONOTHSIIAPBIH (MBICATIBI,
TyOepKynes3) i3/iey YIIiH CypeTTe OKIIeHIH ©3iH OKIIaylayJasl yiipeHy kepek. by
MAaHbI3/Ibl, OUTKEHI OONaIIaKTa aypyiap/ sl TAaHY YIIiH TePSH OKBITY alITOPUTMIIEPI
KOJJIaHbLIaTRIH Oonaabl. Erep 0613 JKeHimAepAl TaHIamail, OKBITY YIIiH TYTac
KeCKIHIep/li KOJMaHAThIH 0oJcaK, OHAa 013 aNrOpUTMlI EHTri3yre KOCHIMINA
JepekTepai Oepy KaymiH TyIbIpaMbi3, ONap/IbIH apachiHa KIacCU(PHUKATOP OKBITY
YIIiH MyMKiHgikrepai i3geini. COHBIMEH KaTap, OKIEHIH OeliHyl OKBITyFa
KQXKETTI anmaparThlK PeCypCTapIblH KOJEMiH JKOHE KATThIFyFa KETETiH YaKbITThI
azafTaspl. OpUHE, IIaFBIH JKATTHIFy YITICIHIE OKIeHI KOJIMEH TaHJay OHau.
JerenmeHn, 0i3 KecKiHAEPAIH YJIKEH YJTiCIMEH JKYMBIC iCTETeHJle, KOMITBIOTEp i
TaHy aJITOPUTM/JICPIH Mai1aTaHybIMbI3 KEpEK.

KonaaHblnareiH 9/1ic KapanaibiM alTOPUTMIe HET13/Ie/ITeH capanTaMalibiK Kyie
(emOip TepeH OKBITY alTOPUTMICPIH KOIAaHOa).

OHBIH cUIaTTaMachIH KeJeci JoWeKTi KaJaMIap/Isl OpbIH/IAY apKbUIBI OpHATYFa
OoJIaanl:

— TYCTiH KOMETIMEH OKIe KOHTYPBIH epekiieney. byl Ke3eHIe ICHEHIH
KOHTYpJaphI Aa OeneKTenei;

— KECKIHHIH JKONJgapbl MeH OaFaHJapbIHBIH TajJaHFaH TUCTOrpaMMaliapbl
OoifbIHINIA ICHEHIH MeKapachlH KECY;

— KaxeT eMmec OeIKTep/i ASNIPEeK KO VIIH TUCTOTpamMMallapibl KaiTa
Tasnay.

a3y ke3iHJie KeCKiHHIH KaJFaH TaHJalFaH OeliKkTepi TIKTepTOYpHIIIKa aifHa-
napl. OKITe OChI Ke3/ie FaHa 00caThuIa b Aet Oomkana s (Maypbs xkoHe T.0.,2017).

By anroputM KemnTereH KeCKiHIEp/AE JKAKChl KYMBIC icTelmi. JlereHMmeH,
ON KeiOip KecKiHJep YIIiH MBICANbI, TAIMEeHT YIIiH XHi (QI00pOrpadusLIbIK
mpoleaypanapra OalIaHBICTBI COyNeNeHyAl a3aiiTy ymiH ¢rooporpadusIibK
anmaparThlH KyaThl a3aiffaH Ke3le MAyphic JKymbic ictemeiimi. CoHpaii-ak,
TIKTOPTOYPHITITHI MIllliH opi Kapail Tanaay VIIH JKETKLTIKCI3 - TIKTepTOypHIIIKa
TEK OKIe FaHa €MeC, COHBIMCH Karap aJaMHBIH THIHBIC ally OpraHIapbIHBIH
AHATOMUSIIBIK MMiIIiHIHE OalTaHBICTHI TIKTOPTOYPHIIIKA OKIIENeH OacKka Kol opraH
KipMmeiti.

ApHaiiBl pPaJIONIOTHSUTBIK 3EpPTTEY OMiCTepi MaKcaThlHa Kapadh Oip TumoTi
TOTITapFa BIHFAMIIBI TYpAE OmiHe !

1. XacaHap! KOHTpaAcCT omicTepi (Tikenel KoHe KaHaMa KOHTPACT).

2. AJPBIHFaH KECKiHHIH OJIIEMiH peTTey oJicTepi (Tenepaauorpadus >KoHE
PEHTTEH/TIK KeCKiH/l TIKeJIeH YIKEeHTy).

3. KenicTikTik 3epTTey oficTepi (CHI3BIKTHIK KOHE KOMITBIOTEPIIiK TOMOTpadus,
MaHOpaMaJTbIK ToMOrpadusi, TAaHOPAMAITBIK 30HOTpadus).
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4. KosranpIcTapapl Tipkey oicTepi.

Kacanner kKOHTpacT ofictepi

Konimri peHTreHmiK 3epTTey/Ie peHTTEH CoyIeNIepiH coll HeMece 0acka mopexene
CiHipeTiH opraHnap/IsIH OeiHECIH ary OHaif; MyH/ai opranaapaa TaOuFru KOHTPacT
Oap. Meicanbl, onerTeri peHTreHorpadusiMEH J>KaKChl aHBIKTAJIFaH CYHEKTep.
Jlerenmen, omerTeri peHTreHorpadus pEHTTeH CoylelepiH JKYTy KaOimeri
mamamMeH Oipeit Myrnenep MeH TIiHACPAIH SPTYpPIi KeCKiHIepiH Oepe amMaiiib.
Ocpuraiima, XYpeKTiH KOHTYpJIapbl Keylle KybICHIHBIH IIONy CypeTiHAe KepiHemi,
Oipak OHBIH KaHFa TOJIBI KaMepaJlapblH a)XKbIPaTy MYMKIH eMec, OMTKeHI KaH MEH
KYPEK OYIIIIBIKETI pEHTTEH coymeNepin Oipael kemikripeni. by qeHeHiH 0apIibIk
KYMCaK TiHIIK KYpBUIBIMAApPBIHA KATBICTBL. PEHTreH coynenepiH KeliKTipy
KaOineri Oipaei TiHaep Il aKbIpaTy YIIiH )KacaHabl KOHTPACT KOJAAHBLIA b, 3aTTap
ar3ara eHTi3UIe/l KyMcak TiHJepre KaparaH/Ia PEeHTTeH CoylelepiH Kol Hemece
a3 cigipyre KaOinmeTTi, Oy 3epTTeleTiH OpraHiapiblH KaKeTTI KOHTPACTHIHA
KOJI JKEeTKi3yre MyMKiHIiK Oepeni. YKacanmbl koHTpacTTapaslH 2 ToObI Oap: Typa
’KOHE JKaHaMa Kapama-Kapchl Koto aaictepi. Tikenaelh KOHTPAacT KOHTPACTTHI 3aTThI
TiKeJel 3epTTeJeTiH OpraHHbIH KybIChIHAa HEMece OHBI KOpIIIaFraH KybICKa, TIHAepre
eHTi3yre HerizuenreH. MpIcaibl, acKa3aH-1IIeK JKOJIApBIHBIH MYIIENEpiH, KaH
TaMBIPJIAPBIH, JKATBIP/BI, Cillekeil Oe3fepiH, (PUCTYISPIBIK KOMAAPABI kKOHE T.O.
3eprTey omicrepi. JKanama KOHTpacT KelOip opraHIapiblH KaHHaH KOHTPACTTHI
3aTThI TAaHJIAN ajy, OHbI KOHIIEHTpAIUsIIAY JKOHE JKO0 KalileTiHe HeTi3eNnTeH. Oy
OJMapbIH (PU3NOIOTHSIIBIK KYIUSACHIMEH. MbIcanisl — 0OaysIp, ©T KaObl, OyHpek.
Benrini Oip yakpITTaH KeiiH MYHJail 3aTTapibl €HTI3reHHEH KeHiH HayKacThIH
PEHTTEHTIK 3epTTEYi OT )KOJAAPBIH, 6T KAOBIH, OYHPEKTiH KybIC )KYHECiH, Hecemarap
MEH KYBIKTBI aKbIpaTa anajpl. JKacaHIpl KOHTPACT 9iCTEpi METUIIMHAHBIH PTYPIi
calanmapblHIa PEHTTeHIIK 3epTTey OMICTEPiHIH MYMKIHMIKTEepiH aiTapibIKTait
keHenTTi (KuMm xkone 1.0., 2016).

HoaTuaxenep men mikipranac

OHepTalbbIC KeCKiH/I MUQPIBIK OHIEY SAiCTepiHe KATBICTHI XKOHE PEHTTEH/IIK
KECKIH/I WHTEIUIEKTyallbl KIKTey JKYHeNepiHJAe KOJJAaHBUTYBl MYMKIH.
TexHUKaNbIK HOTIKE TpadUKaidbIK aKmaparTbl Tajnayla KbI3BIFYIIBUTBIK
alfMaKTapbIH TaHY JSJJIITiH apTTEIpy OONBIT TaObIIaabl. byl HoTIKeTe OOBEKTIHIH
ONTHKAJBIK THIFBI3IBIKTAPBIHBIH MAaTPUIACHl TYpPIiHAETT HUQPIBIK PEHTICHIIK
KECKIiH/II KaJIBIITACTHIPYbI, KECKIHHIH TepeH KadaTTapblH alylbl KaMTamachl3
€TEeTiH MOJIIIPIIiK MacKaiapbl apKbUTI PEHTTeHIIK KECKIHAEPAI aBTOMATTHI TYp/e
KJIACCU(UKAIMS OMiCi apKbUIBI KON XKeTki3inemi. bacrankel 1mudpiblk KecKiHIi
opOip kabar yuriH Oipereil ®eprulikTi Cy3riiepMeH eHAEY apKbUIbl, TEXHOJIOTHS
TipKeNTiciH OipikTipy (KOCANKBI YITINEY) VIIiH TepeH KadaTTapIarsl KeCKiHACPAiH
OJIIEMIH a3aiTy, TOJNBIK KOCBUIFAaH HEHPOHIBIK OKeli YINiH aKIapaTThIK
MYMKIHIIKTep KEHICTITiH KalbInTacTelpy. JIMCKpeTTeNnreH TepeH Kabarrap
’KOHE TOJNBIK KOCBUIFAaH HEHPOHIBIK JKETIHIH KOMETiMEH allbIHFaH aKMapaTThIK
MYMKIiHAIKTepIiH BEKTOPBIHBIH KIKTENIYi.
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Minger OOBEKTiHIH ONTHKAIBIK THIFBI3ABIKTAPBIHBIH MAaTPHUIIACKl TYPiHAET1
CaHJBIK PEHTTCHIIIK KECKiHIII KaJBITACTHIPYIbl KaMTaMachl3 €TETIH PEHTTEHJIIK
KECKIHJIEp/li aBTOMATThl TYpHAE KIaCCU(pUKAIMIAYIbIH OCNrin omiciHAe KO
)keTkizireni. KabarrapaslH KecKiHi (TepeHmIK eojmeMi) OacTamksl ITH(PITBIK
KeckiHai opOip Kabar ymiiH Oipereil >KeprulikTi Cy3riuiepMeH OHJIEY apKbUIBI,
cofaH KeiiH OipikTipy (KOCalKpl YNTiIey) TEXHOJOTHACHIH TMaiifajJaHa OTBIPHIIL,
TepeH KalaTTapaarbl KECKiH ONIIEMIiH a3aiTy, TONBIK OKBITY YIIiH aKmapaTThIK
MYMKIHIIKTEep KEHICTIriH KaJablnTacTelpy. TepeH KadarTapabl CKaHepiiey apKbLIbl
KOCBUIFaH HEHPOHIBIK XKelTi, OepinreH MOphOIOTHSIIBIK TY31TiICTEPMEH PEHTTEHIIK
KECKIHJEP/IiH MbICAIIAPbIH TailajiaHa OTBIPHII, TOJBIK KOCBUIFAH HEHPOHJIBIK
KeJiHI OKBITY; KipiC ITUGPIBIK KECKiHI MOJIIPIiK MaCKaChIMEH TOJBIKTHIPBLIAIBI,
KEPriTiKTi cy3riiep Oipaed omeparopiiap peTiHIE JKy3ere achlpbuIabl, (QUIBTP
MaCKaCBhIHBIH MacIITaObIH MHICKCTEY apKbUIbI TEPEH KadaTTap/ bl KaIbINTACTEIPY.
Byn xarnmaiina OipiKTipy TEXHOJIOTHACHI YIII ©JIIIEM/II TEH30PJIapAbl KAIBITITACTHIPY
apKbUTBL, op0Oip TepeH Kabar yIIiH eKiieH, TepeH KabaTTapasl exi quddepeHnuanip
OTIepaTopMeH OHJAEY AapKBUIBI JKy3ere achIpbLIalbl, ONAPIABIH JIIEMEHTTEPiHIH
caHbl TEPEeH KaOaTThIH MacIITaObIMEH aHBIKTajdaabl. EKUIK IIBIFBICTAp MEH
mekTi OenceHnmipy QyHKIusICH Oap, Oyl perre opOip INKajma YII eIIeMIi
MeEranuKCeIbICPMEH CHIIATTANa Ibl, OJapIblH CaHbl COMKEC TEPEHIIIK KaOaThIHBIH
MacIITa0Thl MACKACHIMEH aHBIKTAJIAJIbI.

MenunuHaIBIK THarHOCTUKAIBIK TEPMHUH PETIHAE aBTOMATTHI Talgay Oenriii
Oip >xarjaiiapia aBTOMATTHI XKIKTEYII HeMece YJTiHI TaHynel Ourmipeni. Cyper
Oenrini Oip TONKA HeMece ChIHBIIKA KaTafbl, MbICAJIBI, HOPMa HEMECe MaTOJIOTHSI.
MaremaTHiKaiblK MOHI OOHMBIHINA JKIKTEYy SJIEMEHTTEpl KEeCKIHICPiH KIacTaphl
HEMeCe TONTaphl AapKbUIBl YCHIHBUIFAH OCBIHAAW IKUBIHTBHIKTAFbl KECKIHICP
JKUBIHBIH KOPCETyl Kepek Oenrim 0ip GYHKITUSHBI Ta0ymbl OUTIipe .

ABTOMATTHI KIKTey Mpoleci KebiHece YII Ke3eH e oTeIi:

Bipinmri ke3eH anplH ana eHaeyni KaMTHIbI, OYJT KapacThIPhUTATHIH KECKIHIEPIi
aHBIKTaMaJIbIK HEMECe HOpMallaHFaH KeCKiHaepre OapbiHma a3aiiTy. KeOinece
MEIMIIMHAIBIK CYypPeTTep e OYI1 SPTYPIIi BIFBICYIIAP, )KAPBIKTHIK 63TepicTepi, COHAAMN-
aK KOHTPAcT TEeH T€OMETPHSUIBIK TYPICHOIpyJIepaeri e3repicrep (MacmTaOTHIH
©3repyi, OChTIH aybITKYHI).

ExiHmmi ke3eH MYMKIHIIKTEpAi TaHIayMeH OaillaHBICTHI, OHBIH KOMETiMeH
OHJICJITCH KECKIH OOJBIN Ta0bUIAThIH (DYHKIMS HAKThl CAHIAPMEH KOITaJFaH
€H MaHbBI3Ibl Oenrinepmid emsyip OemiriH Oeiinm KepceTeTiH (QyHKIMOHAIIBIK
TYpJACHAIpYre YIObIpaiael. MYyMKIHIIKTEpAl TaHAay KEeCKiHHIH KONTereH
MaTeMaTHKAIIbIK TYPICHIIPYJIECPIHSH TYPaIbl.

YrriHmi ke3eH — OeNTiIepIiH KIKTeNyi. AJIBIHFB OPEKETTEPIIH HOTHKECIHIE
aJIBIHFaH KOHE TaHIAJIFaH MYMKIHIKTEp/l CHIIATTAWThIH HAKTHI CaHNApP JKUBIHBI
KOMITBIOTED JKaJbIHJA CaKTalFaH aHBIKTAMAIBIK CaHJApPMEH CaJbICTBIPBLIAIBL.
OchbIHal CaNBICTBIPY HOTHKECIHAE JCKTPOH/IBIK KOMITBIOTEP KECKIHEP I KIKTSH
anajpl, SFHUA ONapAbl OCNTiT TYpIEpiH Ke3 KEINTCHIHE JKaTKbI3albl, MBICAJIBI,
KAJIBIIITHI HEMECE TaTOIOTHsL.
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JlereHMeH, aBTOMATTHI XKIKTEY/IiH €Ki IeTKi KaJaMbIH OPbIHAAY/IbI KHBIHAATAThIH
OipHerre *xarmainap 6ap, MBICAJBL:

1) xanmaii ma Oip aF3aHbBIH KEKe epeKIIeNiKTepiHe OalIaHbICTHl CTAaHAAPTTHI
HOPMaHBIH 0OJIMaykI;

2) oOHBIH (¢opMalapblHBIH alyaH TYPJIUIITiHE KapaMmacTaH, WaToJOTHs
CTaH/IaPTHIHBIH KaJIBINTACYBIHBIH HIBIHIBIKKA COMKEC KeIMeyi.

CoHppIKTaH Ka3ipri yakelTTa JuddepeHuuanapl JUarHOCTHKaga TONbIK
ABTOMATTHI )KIKT€y MYMKIiH eMec. AliTa KeTy KepekK, CypeTTi OaranaynblH OacTarkbl
KE3€HIH aJMacThlpa OTBIPBIN, TEK HOPMA/MaTOJIOTHs MPUHIMII OOWBIHIIA aJJIbIH
ana ipiktey Xyprizityli MyMmkid. OcblFaH KapamacTaH, Oyl KajaM Kammai
TUCITAHCEPITiK TeKcepylsiep Ke3iHae eTe maijanbl Oonanpl. KeckiHi aBTOMATTHI
TYpJe XKIKTey MOCeINeCiH IIenTy YIIiH 1-11i cypeTte OepilireH OKBITY aJrOpUTMIiHIH
ONoK-cxeManapel, 2-IIi CypeTTe KOPCETUITeH KeCKIHASPIiH KIACCHU(UKAIHMICHI

o3ipIeH i,

Cyper Tagay
(Jpeg, PNG)
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Kiraccdukaropisl OKbITY MBIHAJIApAAH TYPAJIbL:

— KJIaCCU(HUKATOP/IBI OKBITY YIIiH CYpEeTTEPMEH MAITIMETTEp KOPBIH KYKTEY;
— KECKiH TYpiH TeKcepy;

— SURF oniciMeH epeKIIeniKTi any;

— k- opramapsl oxici OOHBIHIIA KITACTEPIIEY;

— KJIaCTepJIEPACH CO3MIIK KYpY.

CypeTtTtepi )XyKTer
cany (Jpeg, PNG)
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Keckinni Tany MbIHATapAaH TYPaIbL:

— CYpeTTi KYKTEY;

— KECKiH TYpiH TeKcepy;

— SURF ¢yHKumsiaapsd Tanaay;

— CO3/IKTi CaJBICTHIPY;

— KECKiHHIH KJIAaCCU(HKAIHSICHI.

TepeH OKBITY aNrOPUTMIEPIH jkacay OWOMEIUIIMHAJBIK TaIChIpMaapabl
aBTOMATTaH/BIPYy callachlHAa KeH MYMKIHAiIKTep Oepeni. bromenummHambK
KECKIHJep/li KOMITBIOTEPIIiK ©HJEeY KeCKiHAI TaljayAblH IONIITiH apTThIPajbl,
memiM KaObUIAaynarsel afgaM (aKTOPHIHBIH PONIH TOMEHIETENl, TeparmusHbIH
TUIMJIUTITIH Oaranayra MYMKIHIIK Oepemi >KOHE JKalmbl ajFaHAa agamaaplblH
eMip CYpY CalachlH )aKcapTasl. buoMenuuHaNbIK 3epTTeynep (pyHKIMOHAIIBIK
JUArHOCTHKA/IA aJIbIHFAH 3aHIBUTBIKTApIbI TaJ/1ay JKOHE TaHy callachlHa OeICeH T
JTAMBIIT KEJIET.

Byn okyMbpIcTa FBUIBIMH JKapUsJIaHBIMAAD HETi3iHAe (QyHKIIMOHAIIBIK
JTUArHOCTHKAHBIH 3aHIBUIBIK TaHYBIHBIH Ka3ipri KOJNaHBICTAFbl OJICTEPiHIH
KOJIJTAHBLTYBIHA TAJJIAY JKaCaJJIb.

Penmeenocpagusanviy manoanzan a0icmepin eHeizy Jcane anpooayusiiay

KomrbroTeprik kepy — KOMIIBIOTEpIIEp MEH KYHenepre caHIbIK KeCKiHACPACH,
KeCKiH/Iep/IeH oHe 0acKa KepHEKi KipiCTep/IeH MaFbIHAJIBI aKIIapaTThl aTyFa )KoHe
COJI aKIapar HeTi3iHe opeKeTTep KacayFa HeMece YChIHBICTap kKacayFa MyMKIHIIK
OepeTiH »KacaH]Ibl MHTEIICKT Caachl.

KomrmsroTeprikkepy kenTereH qepekrep i Kaxererei. OnalbpManbuIbIKTapabl
TayHbIIl, aKbIPHIH/IA KECKIHACPAl TAHUTHIHIIIA JepEeKTep/Il KaliTa-KaiTa Talaaiibl.

Convolutional Neural Network (CNN), connaii-ak ConvNet periame Oenrii,
apXUTEeKTypackl TepeH xoHe FC kabartapsl 6ap 6acka xelijgepMeH callbICTRIpFaH/a
TaHFKAWBII JKaNIblIay MYMKIHAIKTepl Oap »xacaHnbl HeHpoHABIK xem (ANN)
TYpi.

Kopona Bupycei-KoBua-19 cay amamuaapapIH THIHBIC ally KYHECIH KYKTBIPaIbl
KOHE Keylle PEHTTeHI KOPOHABHPYCTHI AaHBIKTAY[ABIH €H MaHbBI3Ibl OciiHeney
omicrepiniH Oipi Oombim TabbuTagbl. Keyme KyBICBIHBIH PEHTIEHIIK epeKTepiH
JKUHAY apKBUIBI cay MAIlMeHTTEp MEH ITHEBMOHMSICHI Oap HaykactapasiH (Kopona)
PEHTTEH/IIK COyIeNepiH JKIKTey VIIH TepeH OKBITY MOJeIi d3ipJIeHel KoHe Oy
MOJIENIb KACAHIIbl WHTEJJIEKT KOCHIMIIACHIHA KOPOHA BUPYCBHIH aHBIKTAYy YIIiH
KbU1IaMbipak Oonazasl (Jlumonr xone T.6., 2015).

Heni cay xone KoBun-19 >XyKTBIpFaH HayKacTapAblH Keyle KyBICHIHBIH
PEHTTEHIIK CypeTTepiHIH >XUHAFbI, )KYKTBIPFaH HAyKACTAPHbIH aThI-)KOHI XKoHE
3-mi cypeT epeKIIeNiKTepi CypeTTe KenTipiireH. OKmne KybICHIHBIH PEHTICHIIK
Oetinenepi Kaggle.com onmemmik aepekkopiaaH aiblHFaH. TaHOamap MEH KecKiH
TaHOanapsl csv QainbiHaa cakranral apHaiibl ChestXrayCorona Metadata 6ombim
TaOBUIAIEI.
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3-cyper. Kaggle nepekkopbIHIaFb! Key/e AepeKTepi

iE

4-111i CypeTTE KOPCETIUITEHICH, OCBI 3ePTTEYIIH )KYMBIC OapbICHI KECKIHACPIIH €Ki
KJIACHIH KAMTUTHIH 0ACTAaIKBI IEPEKTEP KUBIHBIH KUHAYIaH OacTana bl Oip CHIHBII
pactanran KoBun-19 xarmalmapblHBIH KY€ KYBICBIHBIH PEHTTEHOTpadHUsIChIHA
JKaTaIbl, al CypeTTepaiH OacKa Kiachl KaparmabiM ajaMIapra KaTeICTEL: BUPYC 0ap
HeMece aypy. 3epTTEyHiH Kejeci Ke3eHIHIe MYIIST MEIHUIIMHA KhI3METKEpPIepi
JEPEKTEp MACCHUBIH TAJIJIAM, Calachl MEH IMarHOCTUKAJIBIK ITapaMeTpIiepi OOUBIHIIIA
aHBIK €MEC PEHTTEeHOTpaMMaTapAbIH OOJIITiH albI TacTaasl. OchUTaiina, albIHFaH
JEPEKTEP/Ii ATy OTe Ta3a O0JIIbI, OUTKEH1 opOip PEHTTEH COyIIeCi XKaKCHI carmaia jKoHe
I0JTy Ke31HIe MaHBI3Abl THArHOCTHKABIK TTapaMeTpiepe aHbIK OO0l Y ITiHII
KaJaMmia JIepeKTep KUBIHTHIFGI OJIIIEM/Il YIFAUTY YIIIiH CTAaHAAPTTHI MaciTadbTay
OIICTEpIMEH TOJBIKTHIPBUIIEI. AJIBIHFAH JIEPEKTEP KUHAFBI KeJleci KaJaM/ia YIriHi
yiipeTy YIIiH maiganaHeUiabl. JKaTTeiFymaH KeiliH Momenb aypy aHBIKTalFaH
Ke3mae eHIMIUTIKKe Tekcepimmi. ¥ copiHburraH CNN MozenmiH cbiHay OacTamKhl
JEPEKTEP KUBIHBIHAAFEI CHIHAK JACPEKTEp JKMHAFBIH, COHIal-aK TOyeJICi3 TeKcepy
JEpPEKTep )KMHAFBIH NTaiiJaIaHy apKbUTHI Kacanabl. JKaTThIFy JKUBIHBIHIAFBI, CHIHAK
JKUBTHBIHAFBI, BaTUAAINS KUHAFBIHIAFB PEHTICH K KeCKIHACPIIH JKaJIbl CaHbI
YKOHE eKi 00JKaMIBIK CBIHBIITaFbI PEHTT€HAIK KECKiHAEPiH Yieci OyYphIH al ThIIIFaH
kaggle nepexrep »KMHAFbIHAH aJIbIHFAH IEPEKTEP KUBIHTHIFHI JePEKTEPiHe Kipei.
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4-cyper. TepeH OKbITy/1a OpbIH/IANIATEIH IPOLIECTEP

TepeH oKBITYIa €Ki TYpJIi 9iC KOTIAHBIIIHL:

— CNN;

— MobileNetV2.

CNN - KOHBONIOITMOHIBIK HEHPOHMABIK >keiinep Hemece ConvNets gem Te
OenTiT KeCKIHAEp CHSAKTBHI TOP TOPi3Ai TOMOJOTHACH Oap AepeKTepAi eHAcyTe
MaMaHaHBIPbUTFaH HEHPOHIBIK XKeliJiep Kiackl. JKaTThIFy Ke3iHae Ol XKy3/1ereH
HeMece MBIHJIaFaH JKachIPbIH KadaTTap/ibl naijanana anajsl.

¥Ycomburrad CNN Momeni 38 xabaTTaH Typajbl, OHBIH 6-BI KOHBOJIOIIHOHIBI
(Conv2D), 6 makcuMaIbl KOHBYIBCHS Ka0aThl, 6 Tycipy Kabarbl, 8 OelceHIipy
(hyHKIHSACH KabaThl, 8 TomTaMasbIK KaJbIIKa KeNTipy Kadarsl, 1 Tericrey KadaTh
JKoHe 3 TONBIK KochutraH Kabar; CNN MomeniHiH Kipic KeckiHiHiH mimiHi (150,
150, 3), sran 150-men 150-re neitiari RGB keckinnepi. bapmeik Con2D xabarrapsr
3x3 saapochIH makgananmbl, oipak opoip exi Con2D kabaTeIHaH KeHiH Cy3Ti emeMi
aprampl. Con2D 1-mi skoHe 2-mmi KabarTapsl KipicTe OKBITY YImiH 64 Cy3riHi
nmavimananapl, anm Con2D-tix 3-mmi skoHe 4-m1i kabatTapsl 128 cy3riui, S-11i jkKoHE
6-me1 Kabatrapbl 256 cysrini maimanaaapl. OpoOip Con2D kabarbiHaH KeliH
OipikTipy emmemi 2X2 OOJIaTBIH MaKCHUMAIIIBI OipiKTipy KadaThl MaiiaanaHbUIIb,
oci = 1, OoiaTeIH TAKeTTI KAJBIKA KeNTipy KadaTwl maigamaneuinbl. bemceHmipy
nerreii ReLU ¢yHKOEACEIMEH XoHE Tycipy KabaTeiMeH Oipre maigaaHbUIIEL.
20% oxyxapl TacTam KeTy AeHreiMeH kKommaHsiianel. Corrbl Con2D kaOaThIHBIH
256 MBIFPIC HEWPOHBIHBIH INBIFHICHI MAaKCHMANbl KHHAKTAY, MAKSTTI KaJbIIKa
KeNTipy, OCJICeHIipy KoHE Tycipy KabareiMeH jkairacansl. COHFBI apajlacTBIPy
KOHE KOHBOMIONHMS Kabarhl 3D MaTpUIachiH IIBIFAPATHIHABIKTAH, MaTPHUIIaHBI
TETICTEY YIIiH OJapasl 3 THIFBI3 KabaTTa €HTI31IETIH BEKTOpFa TYPJICHIIPY VIIiH
TericTey Kadatel maimanansliael (TuBapu sxone T.0., 2015).
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Byn 3eprrey exinmik sxikrey ymiH CNN maiinamanazael; Oyl exinik ankac
sutponusi (BCE) sxoranty (yHKUMSCHIH maimainaHynblH cebebi. Eximik kikrey
JepeKTep/Ii €Ki KOPCEeTIITeH CHIHBINTHIH OipiHe KIKTEY YIIIiH TeK Oip MIBIFBIC TYHiHIH
KaxeT ereTinAikTeH, BCE xoranty QpyHKIUACH KaFJaiibIHIa MIBIFBIC MOHI Sigma
Oencenaipy GyHKUMsIChIHA Oepineni. Sigma OenceHaipy QyHKUNSCHIHBIH IIBIFBICHI
0-men 1-re meitin aysITKUABL. On G0MKaMIb! KJIACC TIEH HAKTHI CHIHBII apaChIHAaFbl
KareHi Tabanbl. OKBITY MOJIENiHIH JKOFAIYBIH a3aiTy VIIH aTpUOYTTHIH CaJIMaFrbl
MEH OKY KbIIIaM/IBIFBIH ©3TePTKEH «AJaM» ONITUMU3ATOPBI KOIJaHBUIIBL. Moiens
napaMeTpiHiH MoHepi 1-11i KecTene KopCceTireH.

1-xecte
Monens mapameTpi

[Tapamerp ‘ Mon

Enrizy emmemi (150, 150, 3)
AHBIKTay YIIIiH CY3TiJICH OTKI3iHi3 64, 128, 256
Maxkcumangs! OipikTipy 2x2

TornTamMaHbI KaJbIKa KeNTipy Ocp = -1

Bencennipy GpyHKuusIIapht ReLU, curma Topizni
Jenykuus neHreii 20 %

Snpo enmemi 3x3

Jayipnep 50
OHTalIaHABIPYIIBI Anam

YKoranty QyHKUIUSICHI eKUIIK_KPOCEHTPOITHS

Bacranke! sxcniepumentrep ke3inge CNN mozenbie OipkaTap KOHBYIbCHSUIBIK
KabarTapabl — HaijanaHy — TYPFBICBIHAH — OpTYpial  KOH(puryparusiapMeH
naiaanaHpUIibl.  Monesb/ie KOHBYJIBCHUSHBIH KaHIIA Ka0aThl KOJIJaHBUIFaHbI
Typajbl IICHIM KaJaMJbIK TOCT apKbUIbl KaObuiaaHel. bipinmiigeH, CNN Tek
Oip KOHBOJIIOIMOH/BI Ka0aTThIH KOMETIMEH ChIHAKTaH OTTI JKOHE HOTHIXKEIEp
tanaanael. Coman keitin CNN eki KabarTa KYpbUIIbl )KOHE HOTHXKEJED TallJaH Ibl
JKOHE T.0. MOJIEIIb YChIHFAH HOTIDKENEP JI9J1 )KOHE THIM/Ii OOJIFaHINA TACLI )KAJIFACThI.
Hotmxkenepi o07ieH MyMKIH €KEHJIITI JIQJICICHICH COHFbI MOJIC/Ib KOHBYJIbCUSTHBIH
anTel KabaTbIHAH TYPABI.

MobileNetV2 — oprypii naiiganany karJaiaapsl YIIiH pecypc MeKTeynepine
ColiKeC KeJeTiH IMapaMeTpiIeHTeH, KIilliripiM, Kiipici TOMEH, KyaTThUIbIFBI TOMEH
Mozenbaep. Onapasl 0acka KeH ayKbIMABI KiacCH(DUKAIMS, aHBIKTAy, KipicTipy
JKOHE CErMEHTTEY YJTiIepi CUSKTHI xKacayra 00Jabl.

MobileNetV2 apxurexTypachl CTaHAAPTThl KOHBYJIbCHSIAPFA KaparaHja
afTapibIKTal a3 OHJICY KyaThIH KaXKET €T€TiH TEPECH AUBEPTEHTTI KOHBOJIOLUAIAPIbI
nainanananel. KenrereH opHaTbUIFaH JKeNiJiepre KaparaHaa alTapibIKTai jKeHi
xoHe THiMAipek OonranbiMeH, MobileNetV2 VGG16 xone GoogleNet cusikThl
0acka arbIMJIarbl YATUIEp CHAKTHI o7, MobileNetV2 makerTi KaiblKa KeaTipy
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(GbyHKUMACH xoHe op KabarraH keifiH ReLU Oencenmipy ¢yskmusacer 6ap 53
KOHBOJFOIIMS KaOaThIH maiaananaasl (Bai xkone 1.0., 2015).

bi3 5-m1i cyperTe KepceTiireH aiKbIH Keyae PeHTIeHIIK CypeTiH Kepe alaMbl3.
By keckiH xanmbl cyp IUKajgara TYpiaeHIipinai. Herisri cay keyme KybICBIHBIH
HayKacTaH aibIpMallbUIBIFEl - PEHTICH Ccoynenepi JAeHeneH JKoHe JalbIH
IIBIFBIC KECKIHHIH aKIIbUT alMakTapbiHaH eTeni. by kail ke30eH Oalikay KUBIH
OonraHapIKTaH, 013 Oyl KecKiHAi HUQPIBIK MaTpuLara aiHaIIeIpaMbl3. Opoip
nukcenb 0 MeH 255 apacbiHIarsl CAaHMEH KOpCeTien.

5-cyper. Keyne KybICBIHBIH aHBIK OeliHeci

Canpgplk TYpHe, 0i3 6-IIBI CypeTTe KOpCeTLIreH THCTOrpaMMa TYPIH Kepe
anmaMbI3. [McrorpaMMa CypeTiHEeH Kepill OTBIPFaHBIMBI3Aid, THCTOTPAMMAaHBIH )
oci OOWMBIMEH peTTeNreH cannapaan xarbl keckingae 20 000-HaH acTaM MHUKCENb
0ap ekeHiH KepeMi3. AJl x 0Ci MUKCENb MOHAEPIHIH caHJapbIMeH KepceTineai. by
TUCTOTPaMMaHBI Taiilaana OTHIPHIN, 013 Key/le KYBICBIHBIH Ta3a, emoip aypyMeH
aybIpMaraHbIH O-1IIbI CypeTTe KOPCETUITEHIH TEKCEepE allaMbI3.
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6-cyper. Ta3a keyae KybICHIHBIH THCTOTPAMMAITBIK KECKiH1
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Kemeci 7-mi cyperre mNHEBMOHHMSIMEH 3aKbIMAAJIFAaH Keylde KyBICBIHBIH
peHTTreHOTpadUsIIBIK KECKiHI KOPCETUITeH. ATIBIHFBI aNTOPUTM OOUBIHIIA 13 OHBI
UUQPIBIK MapHLara alHaJIABIPHIN, Oip MKOJIABI MAacCHUBKE alHaIABIpAMbI3. 7-IIi
CypeTTe KepceTKill Oenrinep KeyeHiH Kail alMarbiHa 9cep eTeTiHIH KepceTei.

7-cypet. Aypy aHBIKTaJIFaH Key/ie KybIChl MYIIeNIepiHiH peHTIeHOTrpadHsChl

8- cypeTTi mUQPIBIK MacCUBKE alHabIpa OTBIPHIN, 013 OHBI AJJIBIHFBI
QITOPUTM apKbUIBI TUTOTPaMMa KeCKiHiHe aifHaImpIpaMbl3. [ ucTorpaMmaia kepin
OTBIpFaHbIMBI3JIAl aK MUKCEIACPAiH canbl 50-1eH 250-re JAeiiH JKUi Ke31eCeTiHIH
kepemi3. Byn peHTren coynenepiHiH Oip JeHeneH oTneyiHe OaiIaHBICTBI.
AHBIKTaJIFaH aKIIbUI JaKTap aypyablH ONriiepl peTiHae CUITaTTalaIbl.

L]

8-cyper. 3aKpIMIaHFaH Key/ie KybICBIHBIH THCTOTPAMMACH
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Android TensorFlow Lite KypbeUTFBICBIH TepeH YiipeHy. HplcaHABl aHBIKTay
ymin TensorFlow Lite kitamxanaceiH maiimanmany TensorFlow Lite moOwnmismi
KYpBUIFbLIapra apHanraH skeHin TensorFlow memimi OombIn TaObUIAABL.

TensorFlow Lite >xakcwIpak, ce0e0i:

— TensorFlow Lite KypbUIFBIHBI3IA TOMEH KiIPiCIIEH TEPEH OKBITYIBI iCKE
KOocyFa MYMKiHJIIK Oepeni. COHIBIKTaH OJI )KBUIIaM.

— TensorFlow Lite 1rarein exinik esmeMai anaasl. COHIbIKTaH OyJ1 MOOHIIBII
KYPBUIFBLIAP YIIiH JKaKCHI.

— TensorFlow Lite comsimen karap Android Neural Networks API apkpiisr
anmaparThIK JKeACIACTYII KOJI A b,

TensorFlow Lite TemeH kimipicke KON JKETKi3y YIIIH KONTEreH omicTepii
naganaHaabl, MbICAJIBI:

— MoOwibi KoChIMIIIaNap YIiH SAPOHEI OHTAMIAHABIPY.

— AnneH ana OipiKTipiIreH OenceHmipymep.

— Kimripek >koHe KbUIIAMBIpAK VITUIEpAl alyFa MYMKiHAIK OepeTiH
KBaHTTaJIFaH sapoap (OeKiTiIIreH HYKTEJIiK MaTeMaTHKa).

TensorFlow Lite konman6acein Android konganOaceiHIa Kanai mangaiaHyfra
OoJIaabl.

TensorFlow Lite xonmman6aceH naigananyaslH €H MaHbI3IbI )KOHE KUBIH 06JIiri
- naiieiHaay ke3inae aperreri TensorFlow (.tflite) yaricinen epexiieneHeTin yiaridi
naiianany.

Mopnenbai TensorFlow Lite xemerimen icke kocy yuniH TensorFlow Lite
KaObUIHalTHIH YATiHI madnanansiHb3 (tflite). Typnernipymi tamam eremi. Ocbl
JKEPACH HYCKAy/Iap/abl OPbIHIaHbI3.

Enpmi cizme ynri (tflite) >xone Oenri dainer 6ap. Mopenbai KYKTEy >KOHE
TensorFlow Lite kiTamxaHachIHBIH KeMeTiMEH HOTIKEHI Oompkay ymriH Android
KOJIJITaHOACKIH/IA OCBI YJIT1HI JKOHE JKaIChipMa (aiiaphiH NaiaanaHybl 0acTayra
OoJIaabl.

TensorFlow Lite — eHrizinred »oHe MOOWIBII KYpPbUIFBUIAPFA apHaJFaH
TensorFlow OarmaprmamachlHBIH XEHUT HYCKachl. JKakTaylblH OChl HYCKACBIMEH
OKBITBUIFAH YJTUIEp PECypCcTapabl a3 TYThIHAABI JKOHE a3 OPbIH Ka)XeT ETell.
Ocputaiiia, TYNKUTIKTI aHBIKTAy a3 yakKbITTH ajafabl. by eHiMAinikke OajiKpiMa
ANIIBIHIAFEI ONICEHAIPY KOHE SAPONBIK KBAHTTAY CHSKTHI 9MICTEP apKbUIBI KOJ
JKeTKI31ai. EHri3uUIreH skaHa TeXHUKaJIapaH 0acka.

TFLite xypbutbiMbl coHbiMeH Karap FlatBuffers ambixk Oacramker Tammay
KiTallxaHaChblHA HETI3JAENTeH JkaHa yiari (ain miniMiH - aHbIKTalael. by
TensorFlow mnpoTtokonel mnaiiganaHaTelH mimimre ykcac Oydep, Oipak OHBI
OTKIi3iN ki0epy apKbUIBI AEpEKTepre >KbUIIAMBIPAK JKoHE THIMIIPEK KOJ KETKi3y
YIIIH KaKCapThUIFaH Taijay/nekoMmmnpeccus kKagambl Oap. ConwiHga, TFLite
OpBIHJAY VaKBITBIH KBICKApTy YIIIH Ke3 KeJreH KaKeTci3 jkaj Oenymi Hemece
MHUIMAIIM3AlUAHBl  OOJIBIPMANTBIH  KaHa MalJalaHyIIbl  ayJapMaIllbIChIH
naiinanananel. (TensorFlow nd d, 1-6erte kentipinren) TFLite naliganany ymix
TensorFlow MoOWIB I KYPBUTFBICH TaliJaIaHATHIH YIITiHI KaliTa OKBITYIBIH KaXKETi
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KOK, OUTKEHI Mailamanybl Tek arbiMaarsl yariai TOCO nmemn aranaTblH Kypaabl
naiganaHell TYpIeHIipyi kepek, coHsiHaa TensorFlow Lite anerge. FlatBuffer
(hatiel. .

OHIMIUTIK HOTHXETIEPiH KePCeTy YILIiH [IaTacThIPy MaTPULACH] A 1alaHbUIIbL.
Marpwuna keneci aneMeHTTepAeH TYPaIbl:

— msiHaie! oH (TP): COVID-19 nypsic xKiKTenTeH jkaFaaiiapbiHa KaTaIbl;

— xaurrad oH (FP): cay nem kare xikrenrer COVID-19 xarnaitnapsra Oinaipeni;

— mrHalE! Tepic (TN): cay nem qyphIc )KIKTENTeH YATUIepre *KaTabl;

— xkanraH Tepic (FN): kare nem xikrenreH COVID-19 xarnaitnapsra Oimmipeni.

Marpwuna aneMeHTTepi YATi IoJIIriH, HeTi3IUIriH, ecke TycipyiH, F1 ymaisiH,
Tepic OoImKay MOHIEPIH XKoHe epeKIIeNirin emmeiini. (1) TeHaeyae Joniik — Typeic
anbikTanran COVID-19 >xarnmaiinapslHeiH OapibIK YITLIEpIEri cay KaFqainapra
KATBIHACHL.

TP+TN

Accuracy = ————— (1)
TP+TN+FP+FN

(2) Tenmeymeri nmommik Hemece oH Oomxamablk MoH (PPV) COVID-19
petinze xikrenreH OapnsiK yurinepaeH ansiaFaH COVID-19 nypeic aHBIKTanFaH
JKaFIalIapbIHbIH KaThIHACKI OOJBII TaObIIAIbI.

TP
TP+FP 2)

Precision =

(3) Terneyne ce3iMTANIBIK HEMecCe ecke Tycipy mypeic anbikTanran COVID-19
XKaraainapeiHelH aypeic adbikTaiarad COVID-19 xone mypeic emec KiKTeNnTreH
COVID-19 xarnaitnapbeiHbiH, srHE Oapiblk O0actankel COVID-19 ynrinepinig
KOCBIHIBICBIHBIH, KATBIHACKI OOJIBII TaObIIaIbl.

Recall = —
=T ¥ FN 3)

(4) F1 renumeyinme Oamnm nMonmik MeH ecke TYCIpyai HaiianaHaThlH MOJACIbH
JIIITIHIH JKaJIIIbl OJIIeM] OOJIBII TaObUIabL.

Precision * Recall 4)

F1-S =2
core (Precision + Recall

(5) Tennmeyne tepic Oomkamablk MoH (NPV) cay »xarmaitnapiblH KaTbIHACHI
OOITBIIT TaOBLIA Bl Cay T JKIKTENTeH OapibIK YIriIepeH AyphIC aHBIKTAIFaH
TN
NPV = —TN TFN (5)
(6) rerneyne crerudukaus COVID-19 perine qypbic aHBIKTAIFaH cay KOHE
KaTe KIKTEJTeH cay KarJaiaap/blH KaThIHACKI OOJIBIN TAaOBUIAJBI, SFHU. OapIIbIK
Oacrankel cay yJATUIEp/IiH KOCBIHIBICBIHAH JIYPIC aHBIKTAIIFAH cay JKaFaaniap.
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. TN
Specifity = TNTFP (6)

CoHbIHOAa CTaTUCTHKAJBIK MAaHBI3IBUIBIK  CBHIHAFBl  KOPBITBIHABLIAPIBIH
HETI3/IIr1 MeH CeHIMiNITiH Oaranay yurin Wilcoxon CHMBONIBIK I9pexkKe CHIHAFBI
(exi ’aKTbl) apKbIIbl OPbIHAANAAbI. BYJl ChIHAKTa CTATUCTUKAIBIK MaHBI3BUTBIKTHI
Oaranay yIIiH p MOHI aHBIKTaJa/Ibl.

CNN chiHak HyckachlHBIH 30 uTepauuscsl, 9-mbl cypeTTeri mporecci eH Kol
nerenne 95,65 % TaOBICTBUIBIKKA HE.

R

Valsrlmiae &7 sy

9-cypet. KoHBOMIOIMOH 161 HEHPOHIBIK JKEITiHI OKBITY HpOLeciHAe rpaduKTi xazy

Yiiperinren yarini cerHay yurid 400 cp30a YCBIHBUIIBL, a1 WILTIOCTpaLUsIaHFaH
YiITiieH eTkeHHeH KeiiH 1 0-11b1 cypeTTe KopCeTiNreH mapibl rpaduKTe CaabICTRIPY
xyprizinai. Kepin oTeipranbIHbI3AaM, cypeTTep skuHarsiHAare1 400 cypetTin 377-HiH
keyzneciTasa, 0yi194,2% kypaiiapl. [lo3uTHBTI TEKITIE Ie OpHATTACKAH MOHICP/Ti €CKEPE
OTBIPHIT, aypyAbIH TYPiH aHBIKTAWTHIH KECKIHAEP CaHbI JKOHE MalbI3/IbIK OJIIIIEM.

10-cypet. Mozeinbi cbiHay HOTHXKENIEPIHIH CaIbICTHIPMAIbl Ipaduri
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o oceianait HoTvkeHi 11-mmi cyperteH kepyre 6onanel. MobileNetV2 xkerrici,
tectiney ke3inne ansiarad 400 xeckinHiH 377-ci Tasa, ajd KaiaraH 23 cyper aypy
Keyzenep Aen aHbIKTaJJIbl.
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L 3

11-cyper. MobileNetV2 xernicin Tekcepy HOTHKeCI

Exi omicti Kommany OapbIchiHAa ekeyi ae aypynasl aHbikrayga 100% mommix
Oepirr, >KOFaphl TOJAIK KepceTTi. Exi oicTi Komana OTRIPHIT, CYT O6€31H TeKcepyTe
apHaJIFaH MOOWJIBAI KoChIMINIA a3ipieri (12-cypeT).

e R T T Lo

i

12-cypet. Keyne KybICHIH TeKcepyTe apHaJIFaH TOMOJIOTHSIIBIK MOOMIIBII KOChIMILIA

Deep Learning Android TensorFlow Lite

Heicannpt anbikray ymin TensorFlow Lite kiranxanacelH maijganaHy
TensorFlow Lite moOunbai KypbuiFbUIapra apHainFad sxeHin TensorFlow memimi
OOJIBIN TAOBUIAEI.
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TensorFlow Lite sxakceIpak, cebeOi:

— TensorFlow Lite KypbUIFBIHBI3NA TOMEH KiJipicIleH TepeH OKBITYIBI iCKe
KOocyFa MYMKiHJIK Oepeni. COHIBIKTaH OJI )KBUIIaM.

— TensorFlow Lite mrareiH exinik emmem/i anaasl. COHIBIKTaH Oy MOOWIIBT
KYPBUTFBIIAP YIIIiH JKaKCHI.

— TensorFlow Lite consiMen karap Android Neural Networks API apxpiist
amImaparThIK JKeACACTYI KOIJai Ib.

TensorFlow Lite TemeH kimipicke KON >KETKi3y YIIIH KOINTEreH oIicTepii
naiigagaHagnl, MbICAJIBL:

— MoOubi KoChIMIIaNap YIIiH SAPOHEI OHTAMIAHABIPY.

Annpie ana OipikTipinreH OenceHmipynep.

— Ksanrranran sgpomap (OEKITUITeH HYKTENl MaTeMaTHKa), olap Killipek
YKOHE KBUITaMBIpaK YITUIEP/ alyFa MYMKIHIIIK Oepeti.

TensorFlow Lite konman6aceiH Android KommanOackiHIa Kanaid maiganaHyFra
OoJaabl.

TensorFlow Lite konganOackiH naiananyIsIH €H MaHbI3IbI XKoOHE KUBIH Oeiri
- maiteraay kesinge onerreri TensorFlow (.tflite) ynriciHeH epekieneHeTiH yuriHi
naiganaHy.

TensorFlow Lite kemerimen ynrini icke kocy ymiH TensorFlow Lite (.tflite)
TYPJICHAIPYAl KaKeT eTeTiH YAriHi maiganaHbiHb3. OChl KepaeH HYCKaylapabl
OpBIHJAHBI3.

Enpi cizme yunri (.tflite) sxone Oenri Qaiinbel Oap. YJTiHI KYKTEN aimy >KOHE
TensorFlow Lite kiTamxaHachIHBIH KeMeTiMEH HOTHXeHi Ooypkay ymiH Android
KOJIJTaHOACKIH/IA OCHI YIITiHI JKOHE JKallChIpMa (aiiigaphlH MaiaanaHynsl Oactayra
OoJIaabl.

Keckin epekmienikTepid amyabplH TEOPHUSUIBIK acleKTiIepi MEH MaTeMaTHKAIIbIK
omictepi KapacThIpeuiaabl. TepeH OKBITY 9IiCTEPiH CAlBICTHIPY JKYPTi3iimi jKoHE
Oi3/iH TarnchIpMaMbI3fa €H KOJAWIBICH TaHAANAbl, Oi3MiH Jkarmaima Oyi ofic
TipeK BEKTOPIBIK TepeH OOINBIN IMIBIKTH. Kilaccu(uKanusiiaybIHbBIH KYMBICHI
OarajaH/bl.

CypeTke MOp(]OIOTUAIIBIK OTIEpaIHSIIAP Bl KOJIJAHY aPKBUTB pEHTTeHOTpaMMaia
OKIICHI aHBIKTAy aJTOPUTMI JKaCaJIbL.

Hakrter mocenme OolibiHIIA ampoOamust KYPri3inmi, Oy omicTi KOJMaHyIbIH
THIMJII €KeHIH >XOHE MEIUIIFHA KBI3METKEpJIEPiHiH >KYMBICHIH JKeIeIIeTeTiHIH
KepceTTi. Opi KapalFbl 3epTTeyiep KO KETKi3UITeH HOTHXEHI JKaKcapTyFa, SFHU
KECKiH/II €Ki KJTacka Oey[iH MoNIITiH apTThIpyFa OaFbITTANaThIH OONabl: HOpMa
»KOHE I1aTOJIOTHS.

AJIBIHFaH HOTWXKENEPJeH KYMBICTa KOJIAHBUIATHIH MOJIMETTEpIi OHICY
omictepi eKme aypyJaapblH JAMAarHOCTUKAajady  TallCHIPMACBhIHBIH  JISJIITIH
aliTapipIKTall KakcapTa alaTblHBIH Kepyre Oonaabl. AWTa KeTy Kepek, Taijaay
VIIH TailalaHpuIaTeiH HEWPOHIBIK JKeJiiep OHMOMENUIIMHANBIK KEeCKIiHAEp/i
KIKTEY TalChIPMAcChl YIIIiH €H ©3€KTi KOHE OHTAMIaHABIPBUFaH, all KapamnaibiM
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KOHE ECKIpreH apXWTeKTypa >KaFIalbIHIa KYMBICTa KOJNJIAHBUIATHIH OIICTEP
caraHbl alTapiIbIKTal alTapiIbpIKTall apTThIpyFa MYMKIHAIK Oepeni. [lerenmeH, ocbl
HEHPOH/IBIK JKEIiJiep MBICABIHIA J1a, AJJIBIH ajla OHJIeY KaJaMIapbIHBIH aJTbIHFaH
HOTIDKENIEPTe OCEPiH XKOHE YIKEH JEepEeKTepAiH opOip HaKThl KMHAFbIHA JKEKe
KO3KapacThIH MaHBI3IBUIBIFEIH KOPyTe 00JIaIbl.

ANBIHFaH HOTIDKeNepre cyieHe OTBIpbIN, ycbiHbUIFaH Tocinai COVID-19
aHBIKTAy YIIiH Keyle KYBICHIHBIH pPEeHTreHOTpaUsAChIH JKIKTEy YIIiH MEIUIHHA
caachIHJIaFbl KOMEKII dJiCTep/iH Oipi peTiH/e Naiananyra O0Naasl JeT anTyFa
Oomanel. TepeH OKBITYIBI IOpIrep/iH KYKTEMECiH a3ailTy, iMKi KYpbUIBIMIAPIbI
aHBIKTAy JKOHE aypylap/Abl epTe Ke3eHIe AMAarHOCTUKajay JKoHE eMAey YIIiH
aNIBIH ana Oaraiay Ipolleci peTiHae mainananyra 6omanasl. TOMEHTi THIHBIC airy
YKOJIJTAPBIHBIH Ke3-KeJT'eH aypybl epTe Ke3eH I aHBIKTAJICa, OHBI aybIp 3apAanTapChi3
HeMece OfIaH dpi TIHAECPAiH 3aKbIMIAHYBIHCHI3 eMJIeyTe OOoIabl.

KopbIThIHABI

Bomamax 3eprreynepae eHcepyre OonaTelH OipHemne TIeKkTeynep Oap.
Atanm aliTkaHIa, TEpPEHIpEeK Tannay YIIiH HanueHTtTep, ocipece Komua-19-men
aybpIpaThIHIAp Typanbl KeOipek AepekTep KaxkeT. bomamak 3eprreynep yuriiH
KBI3BIKTBI 9JIiC TTHEBMOHHS OENTiJiepiHe KaparaHlla >KEHII CHMIITOMIAphl Oap
HayKacTap/bl aXbIpaTyFa OarbITTajJFaH, OyJI CHMIITOMIAp PEHTTEHIIIK Coylenepe
JIoIT KepiHOeyi HeMece MyJIie KopiHOeyi MyMKiH.

Byran xoca, Oyy omictepai icik jkoHe Karepni icik, T.0. CHAKTBI 0Oacka
MEIMIIMHAIBIK ~MOCeJeNepli IIeNry YIIiH, COHJai-ak JKakplH OoJamakra
SHEPreTHKa, aybll IIAPYallbUTBIFBl KOHE KOJIK CHSKTHI KOMITBIOTEPIIK KOPYIiH
Oacka cayjanapblH memy yiiH KonaaHyra 601agsl.COVID-19 6ap HaykacTapabl
epTe JUarHOCTHUKAaJAy aypyAblH OacKalapFa TaparyblH OOIIbIpMay YITiH MaHBI3/IbL.
Byn makanaga COVID-19 (BupyCTBIK MTHEBMOHHS) MAIMEHTTEPIH OaKTEPUSIIBIK
ITHEBMOHHUSI MEH cay NalMeHTTEPACH aXbIpary YIIiH TPaHCPEPTTIK OKBITYIbI
KongaHa oTeIpeill, CN HerisiHzeri TepeH OKBITY 9iCi YChIHBUIFaH. TpaHcdepTTik
OKBITYZIBI 3epTTey YIIiH anisiH ana naieramganradn 20 CNN Mofeni KonIaHbUIIbl
YKoHe alIbIH ana AaieiHaanradn CNN ynrinepinif non 6anraybsrd 94,27% nonikineH
COTTI aHBIKTayFa 0O0Na/IbI IeTeH KOPHITHIH/IBIFA KENTi.
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IMPROVING THE VISUAL QUALITY OF DIGITAL IMAGES AFTER
JPEG2000 COMPRESSION
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Abstract. Among various image formats, the most commonly used image
compression format is JPEG2000[201]. In the process, JPEG2000 compression can
create quite noticeable blur and ringing artifacts. In practice, in some applications it
is required to decode the bit stream to a level that provides the desired quality. Thus,
an algorithm is proposed for improving the visual quality of digital images after
JPEG2000 compression. The purpose of this work is to evaluate the results of the
proposed algorithm, which is able to improve the quality of the image encoded using
the JPEG2000 encoder. In this experiment, three public binary implementations
of JasPer, OpenJPEG, and SPIHT were selected for decompression of JPEG2000,
each containing its own encoder and decoder. The performance of the method
under study is evaluated using experimental results that compare the objective
indicators of the reconstructed digital images. For objective measurement, PSNR-
peak signal-to-noise ratio is used. PSNR is the ratio between the maximum possible
signal power and the power of the changing noise that affects its image fidelity. It is
mainly used to measure the accuracy of recovering codes after image compression.
Generally, a higher PSNR indicates that the reconstruction is of higher quality.

The developed algorithm for improving the quality of images is integrated into
the Autolmage program. An analysis of the application of the proposed algorithm
in the problem of improving the quality of compressed images showed the best
PSNR results for the entire TID2013 database. The results of the PSNR evaluation
are not inferior to the specialized programs JasPer and OpenJPEG and showed a
clear improvement in visual quality.
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JPEG2000 KbICYBIHAH KEWIH IIA®PIIK BEHHEJIEP/IIH,
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Annotamus. Uudprneik OeiHenep mimiMAepiHiH iOIiHAE €H KWl
KonnaHeareH Keicy mimnimi  JPEG2000[201]. JPEG2000 xpicy OapbickiHIA
aliTapibIKTail OYJIBIHFBIPJIBIK TI€H TYMaHABIK apTedakTinepi maiina Oonaisl.
Toxipubene, keitbip KonmanOamapna OWUTTIK aFbIHIBI KAXKETTI cama JeHTeiiHe
neitin gexonray taman etinemi. Ocbl opaiimga, JPEG2000 xpicyblHaH KeWiH
CaHHIBIK OeitHenepiy BH3YyaJJIbl  CalachlH JKaKCcapTy YIIiH aJTOPUTM
yceiHbUIaAbl.  bynm kymeicteiH MakcaTel JPEG2000 kemeriMeH KojATalFaH
U PITBIK OeHHEHIH camachblH JKaKcapTyFa YCBHIHBUIFAaH  alTOPUTMHIH
HOTWXenepiH Oaramay Oonbin  TaObutaabl. byn skcnepumentre JPEG2000
KbICYbIHaH KeHiH LudpibK OciiHeHi KaiiTa KaunblHa KelTipyre apHanraH JasPer,
OpenJ]PEG xone SPIHT Oarmapmamanapel Tagnanael. OnapiablH IporpaMmma
KOATaphl KOJDKETIMJII OHE OpKAWCHICHIHIA ©3i1HIH KOJTaphl MEH JeKozepi Oap.
3epTTeneTiH 9MiCTiH OHIMIUIIrT PEeKOHCTPYKUUSJIAHFAaH IUQPPIbIK OelHenepain
OOBEKTUBTI  KOPCETKIIITEPiH  CaJBICTBIPATBIH  JKCIIEPUMEHTTIK HOTIDKENIEP
apkpUIbl Oaranmananel. OOBekTHBTI Oaramay ymiH PSNR- curHan/myneiH ey
JKOFaphl KaThlHACHl KosjmaHbUianbl. PSNR — makcumanapl MyMKiH OoOJaThIH
CUTHaJ KyaThl MEH OHBIH HUMPIBIK OeifHe AQNAiriHe ocep eTeTiH e3repMeni Iry
KYIIl apacelHAarbl KaThiHac. On HeriziHeH nupiblK OeiHeHI KbICynaH KeWiH
KOATap/Abl KANIbIHA KENTIpyAiH TOJIITiH eIley YUIH KOJJaHbUIAABl. OJETTe,
xorapbl MoHre ne Oomran PSNR kaiiTa KanmbiHa KenTipymiH HOTHXKECI KOFaphl
cananbel ekeHiH kepcereni. L{udpneik  OeiiHenmepaiH camachlH — KakcapTyra
Herizzmenren anroputMm Autolmage OarnmapiamaceiHa OipikTipinreH. Autolmage
Oarmapmamacel keMeriMmen JPEG2000 kpicyblHaH KeiiH IUQPIBIK OcitHenep iy
camachlH JKaKcapTy Ke3iHIe Xakchl HoTwmxkenep anbiHabl. TID2013 Oeiinenep
KopblHIarel LUQpublKk OeifHenep ymiH eH kakcel PSNR — nHoTmxenepin
kepcerti. PSNR Oaranmay HoTwkenepi MamaHmaHzaelppuiFan JasPer xoHe
OpenJPEG OarpmapnaManapblHaH KeM TYCIEAl JKOHE BH3yalAbl  CallaHbIH
JKaKCapFaHbIH alKbIH KOPCETTI.

Tyitin ce3nep: OeitneHi kpicy, JPEG2000, Geitne canmacel, PSNR, JasPer,

OpenJPEG, SPIHT
229



NE WS of the National Academy of Sciences of the Republic of Kazakhstan

© 3.2.9abxaposa, 2023
EBpasuiickuii HarimoHanbHbIi yHuBepcuTeT umenu JI.H. I'ymunesa,
Acrana, Kazaxcras.
E-mail: Doctorphd_eldarova@mail.ru.

YIAYYIIEHUE BU3YAJIBHOI'O KAYECTBA HIU®POBbIX
N30BPAKEHUI ITOCJIE CXKATHUE JPEG2000

dabaapoBa J.9. — PhD nokropant, dakynsrer UHdpopmannonssix texHonoruii. EHY nm. JLH.
I'ymunesa. 010000. Acrana. Kazaxcran.
E-mail: Doctorphd _eldarova@mail.ru. ORCID: 0009-0009-4425-1112;

Annortamus. Cpeau pa3nu4HbIX (OPMATOB H300pakeHHH Hamboliee YacTo
UCTIONB3YyeMbIM (opMaToM cxkaTus n3oOpaxkenui sBisiercs JPEG2000[201]. B
mporecce cxarre JPEG2000 mMoxeT co3maBaTh JOBOJILHO 3aMETHBIE apTedaKThl
pasmbITHs W 3BOHAa. Ha mnpakThke, B HEKOTOPBIX HPUIOKEHUSIX TpeOyercs
JIeKOAUPOBaTh OWTOBBII MOTOK 10 YpPOBHs, OOECIEUMBAIOIIEIO JKeJaeMoe
KagecTBO. TakuM  oOpazoM, TIpeAJOKEH  alrOpuTM A YIydllIeHHe
BU3yallbHOTO KadecTBa HU(MPOBBIX u300pakeHuit mocie cxarus JPEG2000.
Lenr pmanHOW  paboOTBI COCTOMT B TOM, YTOOBI OILEHUTH PE3yJIbTATHI
IPEIVIOKEHHOTO  ajrOpUTMa, KOTOPBIH  CHOCOOEH  YJIy4YIIMTh  KadecTBa
M300pakeHHs 3aKOIMPOBAHHOTO C wucmonb3oBaHneM koxepa JPEG2000. Ha
JAHHOM JKCIIEPUMEHTE IJIs BocTaHOBJieHHs mocie cxarus JPEG2000 Obutu
BBIOpaHBl TpH peanu3anud ¢ OOMIEJOCTYNHBIM JABOMYHBIM (aitnmom JasPer,
OpenJPEG u SPIHT, kaxnas u3 KOTOPBIX COJAEPKUT COOCTBEHHBIM KOAUPOBIINK
n gnexoxep. OreHWBaeTcs TNPOU3BOIUTEIBFHOCTh HCCIEIyEeMOTO METOna C
MOMOILIBI  JKCIIEPUMEHTAJBHBIX  Pe3yJbTaTOB,  KOTOpPbIE  CPaBHHUBAET
OOBEKTUBHBIC [I0KA3aTeNd BOCCTAHOBICHHOTO HHM(MPOBBIX H300paxeHui. s
00BEKTUBHOI0 3MepeHue ncnonb3yercss PSNR-MKoBoe OTHOIIEHHE CUTHAIL/TITY M.
PSNR— 3T0 oTHOIIEHHE MEXK Ty MAKCHMAJILHO BO3MOXKHOM MOIITHOCTBIO CUTHATA U
MOIIHOCTBIO M3MEHSIOMIEr0Cs IITyMa, BIUSIONIET0 Ha TOYHOCTh €ro U300pakeHusl.
OH B OCHOBHOM HCIIOJIB3Y€TCS JUISI M3MEPEHHsI TOYHOCTH BOCCTAHOBJICHHUS KOJIOB
mocrne cxarus m3odpaxennid. Kak npaBuio, 6onee Beicokuit PSNR mokassiBaer,
YTO PEKOHCTPYKUHMS HMMeeT Oojee BBICOKOE KauecTBO. PaspaOoTaHHBIH
QITOPUTM AN YJAYYIIEHHs  KadecTBa  M300paXCHUH WHTErPHUPOBAHBI B
nporpamMmy Autolmage. AHann3 NpUMEHEHHs NPEAIOKEHHOrO0 alropuTMa B
3a/1ave yIydIIeHHs Ka4eCTBa CKAThIX N300pakKeHNH MOKa3al Jy4IIne pe3yabTaThl
PSNR mo Bceit 6aze TID2013. Pesympratsl omenkn PSNR He ycrymaer
cneuuanuupoBanHbiM nporpammaM JasPer u OpenJPEG u mnokazanu siBHOe
yly4llleHHe BU3yaJbHOTO KayecTBa.

KuoueBbie ciioBa: cxxatue nzoopaxennii, JPEG2000, kauecTBo n300pa-
xenust, PSNR, JasPer, OpenJPEG, SPIHT
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nporeccopoB Hudpposas 00padoTKa H300paKeHUH cTana MHUPOKO HCIIOIb30BAThCS
Uil TakUX TOPWIOKEHWH, KakK KiIacCU(UKAIMsA, U3BICUCHUE IPHU3HAKOB,
MHOTOMAcCIITaOHBIH aHaJ W3 CUTHAJIOB M pacro3HaBaHue oOpas3oB (Rahman M. et
al. 2021). Kpome Toro, MHOTHE TIPUIOKEHHUS TPEOYIOT Iepenadn n300pakeHuil mo
CeTsIM CBSI3H, YTO BKJIIOYAET B ceOs 3aXBaT, XpaHEHHE, CXKaTUe, MPEABAPUTEIBHYIO
U mocnenymromyo o0padorky. KauecTBo n3o0paxkeHus] M3MEHSIETCS M3-33 3THX
MIPOIIECCOB, IJIs 4eTo TpeOyeTcs onleHka kadecTBa n3oopaxerns (IQA). Metoxs QA
MOTYT OBITh KaK CyOBEKTHBHBIMHU, TaK U 00bEKTUBHBIMH. CyOBEKTUBHBIC METOIBI
OCHOBaHBI Ha cpemHeM Oaiie MHeHus yenoeka (MOS) u aBistrorcss Hanbosee
TOYHBIMH, HO OYEHb CJIOXKHBIMH M TpyloeMKuMH. [losTomy pexomenmyercs
00BEKTHBHBIE METOBI, Koppenupytomue ¢ MOS oneHKamu.

Cpenu paznnuubXx (GopmaroB m300pakeHHH HauOoJee YacTo MCIOIb3YEeMbIM
¢dopmarom cxxarus uzoopaxenuit seisiercs JPEG2000 (Skodras A et al.2001). Ha
MPaKTHKe, B HEKOTOPBIX MPHIOKEHUSIX TpeOyeTcs JeKOAUPOBaTh OUTOBBIA MOTOK
710 YpOBHS, 00€CTIEUMBAIOIIETO JKEIaeMOoe KauecTBO. TakuM 00pa3oM, MpemioxKeH
QITOPUTM JJIsl yIydlIeHHEe BU3YaJbHOTO KadecTBa LHU(POBBIX H300paKeHUI
nocite cxkarust JPEG2000. Lens qanHo#t pabOTBI COCTOUT B TOM, YTOOBI OIICHUTH
Pe3yNbTaThl MPEAIOKEHHOTO ANrOPUTMa, KOTOPBIH COCOOCH YIIy4IIUTh KauyecTBa
n300paXeHUs 3aKOAUPOBAHHOTO ¢ Mcnonb30BaHreM kozaepa JPEG2000.

JPEG2000 mpexncraBiser co0oil CTaHZapT CXaTHs H300paKeHUH Ha
ocHoBe DWT- nuckperHoro BeliBieT-ipeoOpa3oBaHus, CO3AAHHBI KOMHUTETOM
OObenrHEeHHOH TpyMIBl AKCIEpPTOB MO (oTorpaduu ¢ HaMEpEeHHEM 3aMEHUTh
crangapt JPEG na ocHoBe DCT- muckpeTHOro KOCHHYCHOTO MpeoOpa3oBaHUsl.
JPEG2000 nMeeT XOpOLIyH0 NMPOU3BOIUTENBHOCTh CXKaTHS MO CPABHEHHIO CO
crangaproM JPEG. IlpenmymectBa cxxarust no cpaBHeHuio ¢ JPEG o0wsicustoTCst
ucnonszoBanueM DWT u Oosee CIOXHON CXeMBbl SHTPONUHHOTO KOAWPOBAHMS.
Brok-cxema JPEG2000 moka3ana na puc.1 (Ma L. et al. 2012; Lee Y. P. et al., 2012

(a)

HCXO0AHOE |

n300paxenue
IIpexBapurenbHas _ Tpsmoe IIpsamoe
- 5 > KOMIOHEHTHOE — DWT
odpaboTka
npeodpa3oBaHue

cixKaroe

n300paxKeHue
Koguposanue Koguposanue KBanToBanue
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(b)

CiKartoe

n3o00pakeHu
| JexoaupoBaHue > JlekoaupoBanue I JlekBanToBanue
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BoccranoBiieHHbI
n3o0pa:keHue R
Tocr P KOMIIOHEHTHOE OdpatHoe
4— « 4_
0bpaboTka npeoGpa3zoBanue DWT

Puc.1 Bnok-cxema JPEG2000 (a) mponienypa konupoBanus 1 (0) mpoueaypa JeKOOUPOBAHHS.

Ha puc.l mnokazana Omok-cxema amroputma JPEG2000. B mpomemype
koqupoBanus (puc.l(a)) wWcxomHoe W300paKCeHHE CHadaia IpelBapUTEIhHO
oOpabarbiBaeTcs IyTeM IpeoOpa3oBaHMs NPSMOIO KOMIIOHEHTa, a 3areM
BBINOJTHEHUSI NIPAMOro LU(POBOTro BeWBiIET-NpeoOpa3oBaHus. PesynbTupyromue
k03¢ GUIKeHTHl IU(POBOrO  BEUBIET-NIPeOOpPa3OBaHMU 3aTe€M KBAHTYIOTCS.
[ocnenyromiee KoAXPOBaHKUE MOXKHO PACCMATPUBATh KaK ABYyXYPOBHEBBIH ITpo1iecc,
KaKk II0Ka3aHO Ha pHc.la, neTamu KOTOPOTo MOSICHAIOTCS HIDKE. YIpaBieHHE
CKOPOCTBIO PpEryaupyeT INpOoLEecC KOAWPOBAaHMS HA JTanax KBaHTOBAaHUS U
KOAMPOBaHMA C LEJIBIO JOCTHXEHHUsS LeneBoro Outpeiita. Ilpm kogupoBanun
ypoBHS | KOZOBBIE OJIOKHM KOZMPYIOTCS HE3aBHCHMO C IOMOIIBIO KOAWPOBAHHUS
OUTOBOM IMJIOCKOCTH C TpeMs Ipoxoxamu koguposaHus. KogupoBanue ypoBHA 2
CILy’KUT JJIs1 TAKETUPOBAHUS CBOJHON MH(OpMAanMU KOOOBBIX ONOKOB. BUTOBBII
MOTOK Ka)K0T0 KOIOBOTO OJOKa YCEKaeTcsd ONTUMAJIbHBIM 00pa3oM, 4TOOBI
CBECTH K MHMHUMYMY HCK)KEHHMS M OTPAaHWYUTh OUTpEHT. 1loCKONBKY KarkIblit
0JI0K KOAMPYETCsl NOIHOCTHIO HE3aBUCHMO, YCEUEHUE OLICHUBAET TOJIBKO pasMep
3aKOAMPOBAHHBIX JAHHBIX M 3HAUYCHHS MCKAKCHUS B KOHLIE IIPOXOJa KOAUPOBAHHUS.
Ilocne cxarust Bcex BBIOOPOK MOAIMANIA30HOB INPH KOAWPOBAaHWU YPOBHS 1
MPUMEHSIETCS aJITOPUTM HCKaXEHUSI CKOPOCTH KOJUPOBAHUSI YPOBHS 2.

B mpounenype nexomupoBaHUs OHTOBBIH IIOTOK PEBEPCUPYETCS IIyTEM
JEKOJUPOBAaHMS U IEKBAaHTOBAHMUSI, 32 KOTOPBIM ClielyeT oOpaTHoe Ipeodpa3oBaHue
IUIL BOCCTAHOBJEHHUS u300paxeHus. OCHOBHBIE BBIYUCIUTEIbHBIE OIOKH B
nexonepe JPEG 2000 moxazansl Ha (puc.l(b)). OyHKIIMOHAT KaKJOTO MOIYIIA,
(13 % 01117178

AHanmu3aTop 3arojioBKa W300paKCHUS: aHAJIM3UPYeT MH(OPMALIMIO 3ar0jOBKa
IUIS1 U3BJICUEHHS IapaMETPOB, HCIOIB3YEMBIX BO BPEMs KOOUPOBAHMSL.

Jexonep ypoBHS 2: IEKOIUPYET HHPOPMALIHIO 3ar0JI0BKa, CBSI3aHHYIO CO BCEMU
KOZOBBIMH OJIOKAMH Ha OIPEAEIICHHOM YPOBHE Pa3peILCHHUS.

Hexonep ypoBHA 1: HONydYaeT SHTPONMHHO-KOIMPOBAHHBIC IaHHBIC [UIS
KOZOBBIX 0510k0B. OH PEKOHCTPYUPYET KOZOBBbIE OJOKM Ka)KAOTO IHMOAJHANa3oHa
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Ha OCHOBE CXKaTbIX JaHHBIX W WH(POPMALMH 3aroj0BKa, KOTOPYIO OH MOJIY4aeT OT
Jexojiepa ypoBHs 2.

JlekBaHTH3aTOp: OOpaIiaeT NpPOLECC KBAHTOBAHMSA, BBINOJHICMBIH BO
BpeMs KOAWPOBaHUA. DTa ONepalusi MOXKET ObITh 0e3 MOTepb WU C MOTEPSMH B
3aBHCHUMOCTH OT pa3Mepa I1ara KBaHTOBaHUSL.

ObparHoe  BeliBieT-IpeoOpa3oBaHue: BOCCO3MACT HM300pakeHHE Ipoc-
TPAHCTBEHHOW 00JIACTU C yYETOM IpPEACTaBICHUN OAHaNa30Ha BEUBIETA.

Ob6parHoe mpeoOpa3oBaHWe KOMIIOHEHTOB: BBINOJHAET JI0ObIe HEOOXOIUMBIE
npeoOpa3zoBaHusi, HapUMeEp, MpeoOpa3oBaHue LIBETOBOro npocrpancTea RGB.

Xota JPEG 2000 obGecrieunBaer Oojyiee BBHICOKOE Kaue€CTBO MO CPABHEHHIO C
JPEG, Tak Kak ycTpaHseT HEeKOTOpble apTedakThl cxkarusi, BosHukatomue B JPEG
rpu OoJiee BRICOKHX KOA((HUIIUEHTAX COKATHsI, TAKHE KaK apTedaKThl OJIOKUPOBKH.
Tem ue menee, JPEG 2000 moxeT co3maBarh JAOBOJIBHO 3aMETHBIE apTe(akThl
PasMbITHA U 3BOHA. MHOTHE HCCIIEA0BATENIN PACCMATPUBAIIN CKAaTHE N300paskeHUH
KaK MpOLleCC MCKAKEHHs M MpeAjaraind pasHble ajJrOPUTMbI BOCCTAHOBJICHUS
ucxonHbIx n3o0paxenuit [Zhang T. et al.2018; Eldarova E.et al.2021).

Martepuajibl 1 OCHOBHBIE METOIbI

CymecTByer  Heckoibko Oubmmorek aekonepoB (xomexkoB) JPEG2000,
takne kak Kakadu, OpenJPEG2, JasPer3, JJ20004, FFMPEGS5 u npyrue
koMMmepueckue koneku: Aware, LuraTech, LeadTools u J2K Codec.

Ha pannoMm skcmepumeHTe [isi BocTaHoBieHuUs mocie cxarue JPEG2000
ObUTH BBIOpaHbI TPH peanu3aliu ¢ OOLIeJOCTYHBIM IBOUYHBIM (aiinom JasPer,
OpenJPEG u SPIHT, xaxxast u3 KOTOPBIX COIAEPKHUT COOCTBEHHBIN KOAUPOBIIUK U
nexonep. SPIHT (Set Partitioning in Hierarchical Trees) (Lee Y. P. et al. 2012) — 3t0
METOJl CKaTHsI N300pakeHHH Ha OCHOBe BeiiBneToB. [IporpaMmHoe obecneueHue
SPIHT nanucano Ha s3pike nporpammupoBaHuss C++. Ero ucxXomHelil Kox He
SBIISIETCSL OOILEAOCTYIHBIM, HO CKOMITMJIMPOBAHHbBIE JBOUYHBIE (hailyibl HAXOIATCS
Ha http://www.cipr.rpi.edu/research/SPIHT/. JasPer = mpencraBmser  coGoit
peanuzanuio kozxeka JPEG-2000. [IporpamMmmuoe obecneuenue JasPer Hanucano Ha
s3bIKe TporpammupoBanus C v ero ABOMYHbBIE (ailiibl JoCTyNeH 1o azapecy http://
www.ece.uvic.ca/ mdadams/jasper/. OpenJPEG — 310 xomex JPEG 2000 c
OTKPBITBIM MCXOJHBIM KOJIOM, HanucaHHbIi Ha s3bike C. OH Obl1 pazpaboraH ams
npoasuxeHus: ucnonb3oBanus JPEG 2000, cranpmapra cxaTusi HENOJBUMKHBIX
n3zo0paxenuii or OObenuHEeHHON Tpynnbl 3kcneptoB no ¢ortorpaduu (JPEG).
C wmas 2015 roga ono odunmansHo npusHano ISO/IEC u ITU-T B kauyectBe
sTanoHHoro nporpamMmmHoro obecneuenust JPEG 2000. [logpoGHoe omucanue u
InBoMYHBIE (paiinbl JocTynHO Ha BeO-caiitax http://www.openjpeg.org/. A Takxke
MBI HCIIONB30BANIM pa3paboTaHHYI0 HaMK mporpaMMy Autolmage s ynydmeHue
BU3YyaJbHOIO KauyecTBa CKaTblX u300pakeHuid. IIporpammuoe obecneueHue
Autolmage npenHa3zHa4eHO AJIS YIyYIIEHHs BU3YalbHOTO KayecTBAa PacTPOBBIX
W LBETHBIX HU(QPOBBIX M300paKeHUH. DKCIIEpUMEHTAJIbHbBIC PE3yJbTaThl OBbLIH
MOJTy4YeHbI Ha TECTOBBIX N300pakeHus1X u3 6a3el TID2013.
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PesyabTaThei M 00Cyxk1€eHTE

OneHuBaeTcsi MPOU3BOAUTEIBHOCTh HCCIEIYEMOrO0 MeETOAa C  TOMOIIBIO
OKCHEPUMEHTANIBHBIX ~ Pe3yJbTaTOB, KOTOphIE  CpPaBHUBAeT OOBEKTHBHBIC
MOKA3aTeJId BOCCTAHOBJICHHOTO IM(PPOBBIX H300pakeHuil. J[st 00bEKTHBHOTO
n3Mepenue ucrnonbdyercs PSNR. [Tukosoe otHomenune curnan/mrym (PSNR) —
3TO OTHOLICHHE MEXIy MAaKCHMAaJIbHO BO3MOXKHOW MOIIHOCTBIO CHUTHANa U
MOITHOCTBIO U3MEHSIFOIIETOCS IIIyMa, BIUSIONIET0 Ha TOYHOCTD €r0 N300pasKeHHUSI.
OH B OCHOBHOM HCIIOJIB3YETCS UISI W3MEPEHHS TOYHOCTH BOCCTAHOBJICHUS
KOJIOB TIOCJIe cxKaThs n300paxkenuii. Kak nmpasuio, 6onee Beicokuit PSNR
MTOKa3bIBAET, YTO PEKOHCTPYKIIUS HMEET OoJiee BHICOKOE Ka4eCTBO

Puc.2. IIpumep cxaThIx N300paXkeHUH ¢ pa3HBIM YpoBHEM Kod(duimenTa cxxarue u3 6a3bl

TID2013

JasPer

CpenlPEG
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Autolmage
Pucynoxk 3- ITomydyennsle pesynsrarsl pu peanusanuu JasPer, OpenJPEG, SPIHT u Autolmage

Ha wu3o0pakeHusix Puc.2 moka3aHo HCXOAHOE M CXKaTble H300paxeHHE C
pasiauuHOM ypoBHeM cxkatus. Ha Puc.3 mokazaHsl mosydeHHbIE pe3yabTaThl MpH
peanuzanuu JasPer, OpenJPEG, SPIHT unporpammuoro obecrniedenust Autolmage n
cootBeTrcTByoIUe 3HaueHni PSNR kaxoro n3o6pakenuii 3anvcansl B Tadmue 1.

Ta6numna 1. PSNR 3Ha4eHue 17151 OMHOTO YIy4IIeHHOTO n300paxenus u3 6a3et TID2013

YpoBeHb JasPer OpenJPEG SPIHT Autolmage
cxarusg Q.
Q, 36.760 36.762 36.751 37.750
Q, 36.774 36.771 36.763 36.768
Q. 36.751 36.752 36.701 36.751
Q, 36.682 36.680 35.682 36.678
Q. 36.601 36.604 35.001 36.608

Jltst  WccnmenoBaHWS — WCIIONB30BAHO 25 HWCXOMHBIX — M300paKCHUH W3
obmenoctynnoit  6azer  TID2013. Kaxkmoe wucxomHoe wu3o0paxeHue ObLIO
WCKa)XCHO 5 pa3HBIMH YPOBHSIMH CXKaTHA W KaXX[0€ HMCKaXEHHOE H300pakeHHe
ObuI0 0OpaboraHo 4 BuaaMu peanu3anud. TakuM o0pa3oB paccmoTpeno 500
n3o6paxxkenunit. Cpenrnee PSNR 3nauenune muis yimydmeHHOT0 n300paskeHus n3 6a3nl
TID2013 mpencrapnens B Tabmute 2.

235




NE WS of the National Academy of Sciences of the Republic of Kazakhstan

Tabnuna 2. Cpennee PSNR 3nauenue ai1s ynydmeHHOro n3oopaxenus u3 6asel TID2013

YpoBeHb JasPer OpenJPEG SPIHT Autolmage
cxarust O,
Q, 37.871 37.873 37.861 38.861
Q, 37.885 37.882 37.874 37.879
Q, 37.862 37.863 37.811 37.861
Q, 37.793 37.791 36.793 37.789
Q 37.710 37.715 36.110 37.709

B Tabnumax 3 moka3aHa cpeiHee BpeMs peau3allii MporpaMMbl Ha
mporieccope Intel® Core 17 ¢ TakroBoii yactotoit 3.2 [T,

Tabmuma 3. Bpems peanu3annu mporpaMMBbl

Bpewms peanuszauuu

SPIHT JasPer OpenJPEG Autolmage
0,060 0,141 0,140 0,5
3akaouenue

C touku 3peHus 3HaueHudd PSNR, cpennue nokasarenu JasPer u OpenJPEG
ObUIM CTaTUCTHYECKH 3HaYMMbIMH 10 cpaBHenuto ¢ SPIHT. Bonee nHuzkoe
KaueCTBO  BBIXOJHOTO u300paxkeHuss crtamo odeBuanbiM  SPIHT, rne
MpHUBOIMIO K 3aMeTHO maaeHusM PSNR. XoTs, BpeMsi BBITOIHEHUST IPOTPaMMBI
Autolmage 3HauuTENbHO BBIIE JOPYrUX, pe3ynbTarel ouneHku PSNR He
ycTynaeT crHendaiusupoBaHHbIM mnporpammaMm JasPer u  OpenJPEG n
MOKa3alnu SBHOE YIydllleHHe BHU3yaJbHOro KadecTBa. Kak Tmoka3aHo B
MOCNIeTHEH CTPOKE PHUCYHKA 3 MOXET TeHepUpOBaTh 0OJiee YETKHUE BBIXOIHBIC
n300paKeHnsT C  pealucTUYHBIMH  jgeTansMu.  Autolmage  mosBossier
PEKOHCTPYHPOBAaTh HM300paKEHHUS Pa3IMYHOTO KadyecTBa M OYEHb HPOCT MpHU
WCTIONIb30BaHUY, TaK KaKk He TPeOyeT CIOKHOH HACTPOMKH M JOMOJHHUTEIbHON
oubnmorexu no cpasueHuto JasPer, OpenJPEG u SPIHT.

IIpennoxken  anroput™M  uId  YIy4YIIEHWs ~ BU3YalbHOTO  KadecTBa
uudpoBbix u3o0paxenudt mocine  coxarusa  JPEG2000.  PaspaGortannbie
QITOPUTMBI 7Sl YAyYLICHHS KadecTBa HW300paXCHWH HWHTErPHUPOBAaHBI B
mporpammy Autolmage. AHann3 npUMEHEHHs NPEIJIOKEHHOrO ajropurMa B
3ajaye yJIy4dleHWs KadecTBa C)KaThIX H300paKEHUM IOKazal JIydiine
pe3ynbraTel PSNR 1o Beeii 6aze TID2013. PSNR ucnonbs3yetcs nisi u3MepeHHs
TOYHOCTH BOCCTAHOBIICHHS KOJOB IIOCIIE CxKaTHi H300pakeHnid. Kak mpasuiio,
Oosiee Bbicokuit PSNR mokasbiBaeT, 4TO PEKOHCTPYKIHS HMEET OoJiee BBICOKOE
KagecTBO. TecTupoBaHME  BpeMEHHM  pabOTbl  ITOPUTMOB  YJIyYIIEHHS
KayecTBa IOKAa3blBa€T, 4YTO BBIYMCIMTENbHAS CIOXXHOCTh Pa3paboTaHHOIO
QITOpUTMa TPH  POCTE  pas3peuieHus  H300paKeHHs  yBEIMYMBAETCS
CYIIIECTBEHHO, MO3TOMY
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WCTIONIb30BaHME €To 1eNIeCO00pa3HO B TEX MPHIOKEHUSAX, T BU3yaTbHOE
KayecTBO 00pabaThiBaeMBbIX N300paKEHNH SIBISICTCS BAXKHOW 3a1a4ei.

PazpaboTranHble adroOpuTMBI YIIyYlIEHHs BU3YIBHOT'O KadecTBa N300pakeHUH
HMHTETpUPOBaHbI B Iporpammy Autolmage, Ha KOTOPYIO MOJIYy4E€HO CBHIETEIBCTBO
0 TOCYIApCTBEHHOW perucrpauuu mporpamMmel 1yt O9BM (mpaBa Ne30080 ot
8.11.2022 rona).

Pazpaborannbie anropuTMbl M MporpaMMHOE oOecriedeHre OBIIH YCIEHIHO
NPUMEHEHBl, O YeM CBUACTENbCTBYIOT akThl BHeApeHus TOO  «Timal
Consulting Group», HII «BigForest», HAO  «Atblpayckuii  yHHUBEpCHUTET
nM. X . JlocMyxame1oBay.
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