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TEINVIOODHEPT'ETUKA

MPHTHU 621.438
A. M. Jlocrusipol, JI. P. Ymbimes?, I'. C. Karpanosa'
L AnmaTtunckuil yHMBEpCHTET SHEPreTHKY U CBA3H, I AnMaTsl, Kazaxcran
Kaszaxckuit Hanmonansusiii Uccaenopartensckuil TexHudeckuii Y HUBEPCUTET

M. K.1. Carnaesa

YUCJIEHHOE MOAEJIUPOBAHUE U3O0TEPMHUYECKOI'O TEYEHUSA
BO3YXA TYPBUHHBIMHU NPOPUJIAMU B COMSOL MULTIPHYSICS

Armomamm. B cratbe MNPpUBEACHBI PE3YJIbTAaThl YHUCJICHHOI'O MOJACIIMPOBAHHA H30TCPMUUCCKOIO
oOTekaHusi TypOMHHBIX mpodwmiedl ¢ HakiaakamMu. MoJenupoBaHUE NPOBOIWIOCH B IPOTPAMMHOM
komiuiekce COMSOL Multiphysics, ssisiiomeiicss HarbosIee ONTUMATBHBIM C TOYKH 3PEHHS KauyecTBa U
JIOCTYTTHOCTH.

[MpoBeneHHbI aHanW3 TYpOMHHBIX NpoQuIeH MOKazajl, YTO pa3Mepbl M Yrodl HakIaJKd B
3HAYUTENFHON Mepe BIHsEeT Ha a’pOoJAWHAMUKY W Tpodmin ckopocted. M3MeHeHue cKopocTedl He
MIOKAa3aJl 3aMETHOT'O BIMSAHUS Ha KOHTYPBI CKOPOCTEH, OHAKO B LIEJIOM OBLJIO IIOKa3aHO, YTO YTOJI HOJauH
1 npo¢uib OyneT BAMAET HA MPOLECCH TOPEHHST U COOTBETCBEHHO Ha CTaOWMIM3alMI0 U 00pa3oBaHUE
OKCHJIOB a30Ta.

KiroueBble ci1oBa: TypOuHHbBIE TPOGIIIN, YUCICHHOE MOJCTUPOBAHUE, PELUPKYIJIALUOHHBIC 30HBI,
CKOpPOCTHBIE MPOQUIIH.

BBenenue

OcHoBormosoramomeid ujaeeil cradwin3aluyd IUIAMEHU 3a IJI0X000TEKaeMbIMHU TelaMH
ABJIsIeTCA OOecleYeHne ONTHMAlIbHOTO COOTHOIIEHHUS TOIUIMBO/BO3YX HEMOCPEICTBEHHO 3a
caMuM TenoM. Kak TOKa3zanu JKCIEpUMEHTAlbHBbIE M TeopeTHdyeckue wuccienaoBanus [1-8]
HE00XO0IMMO TIpHEpKUBATCA OalaHca MEXAY XOPOIIO Pa3BUTOM pELUPKYJISALUOHHONW 30HOU U
BPEMEHEM HAXOXKJIEHHUS Ta30B B 30HE BBICOKUX Temmeparyp. C OJIHON CTOpPOHBI XOpOILIO
pa3BUTas 30Ha 0OpPaTHBIX TOKOB (30Ha PELUPKYJISALMH) 0OeCIIeYrBaET BBICOKYIO CTAOMIM3AlINIO
IUIAMEHHU, C JIpyrod CTOPOHBI OHAa  MOBBIIAET BpPEeMs  HAaxXOXIEHHS Tra3oB B
BBICOKOTEMIIEPATYPHOI 30HE KaMephl CrOPaHUsA. DTO B CBOIO OYEpPEb IPUBOJIUT K NOBBILICHUIO
KOHIEHTpalluu OKcuIoB as3ota. C Jpyrol CTOpOHBI, CHM)KEHHUE pa3MEPOB U  «CHIIbD»
PELUPKYJISALUOHHON 30HBI NPUBOAUT K CHIKEHUIO KOHIEHTPAllMM OKCHJOB a30Ta 3a CYeT
HE0XO0ra TOIUIMBA, T.€. CHUKEHUIO 3(P(HEKTUBHOCTH, CHUKEHHUIO THIPABINYECKUX MTOTEPh MEPe]
ra3oBoil TypOMHOM, YTO TOXeE SIBJISETCS JTOBOJBHO aKTyalbHOM NMpoOsieMOl, B BUAY MPSMOTO
BJIIMSIHUS Ha BBIPAOOTKY SHEpruu. AKTyallbHOM 3aaueil sIBisieTcs HaX0XKJIeHue KOMIIPOMHUCHOTO
BapHUaHTa MEXJly THIPaBINYECKUMU MOTEPSIMHU U 00pa30BaHUEM TOKCHUYHBIX BEIIECTB.

[Ipoananu3upoBaB JoCcTaTOYHO OONIBLIOW O00BEM JHUTEpaTypbl, AaBTOPBl CTaTbU
NPEeJCTaBUIM HOBBIM BHJI TE€J COUETAIOIMINI B ceOe MperMyIecTBa MII0X000TeKaeMbIX Tell B BUJIE
YTOJIKOB U XOpOIIO 00TEKaeMbIX B BUe TYpOUHHBIX Ipoduieil. OCHOBHOH ujeeil HOBBIX THIIOB
«KOMOMHHPOBAaHHBIX» TeJ SBISAETCS PETyJIUPyeMOCTb, T.e. BO3MOXKHOCTb TMEpexoaa oT
MOJIHOCTBIO XOPOIIOOOTEKAEMBIX TEJl /10 MIIOXOO00TEKAaEMBbIX 3a CUET HAJMYHS JTOMOJTHUTEIbHBIX
2JIEMEHTOB. B Hamem ciy4ae cilydae IOMOJHUTEIBHBIM JJIEMEHTOB CIYXHUT peryjaupyemas
HaKJIa/1Ka MPUMBIKAIOIasi HEIIOCPEICTBEHHO K BBIMYKIJIOHN (K CIIMHKE) YacTu MpoduIs.

B cratee mpencraBineHbl pe3ydbTaThl MOJETUPOBaHMA TYpPOMHHBIX Mpoduieid c
HaKJIaJKaMH TpU Pa3JIMYHBIX CKOPOCTSAX BO3/yXa, C LENbI0 OMPENENICHUs a’pPOAMHAMUYECKUX
nokasaresei npoduieit Npu HaTMYUHN HAKJIaIKH.
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1. Oﬁume AaHHBbIC O MMpouecce MOACJIMPOBAHUS

Jlist IpOCTOTHI MOJICTMPOBAHUS, B CTaThe MCIOJIB30BAINCH 2 MepHBIe oOmacti. O0nacTb
MOJIeJIMPOBaHUS MPECTABICHUS HA pUCYHKE 1.

I T T T T T T T T T T T T T T I A |
qcm

4,59 BbixogHaa obnacte

Hawnanka
37  TypBuHHbli npodus

o\ z—

h!

_]_.5_: \ F
] BxopgHas obnacte L

T T T T T T T T T
-4 -3 -2 -1 0 1 2 3 4

Pucynok 1 — O6nacte MosienupoBaHus

OO6nacTe MOAETUPOBAHUS COCTOUT U3 TPeX TYPOMHHBIX MpoduiIel ¢ HaKIaAKaMH, BXO0M
nu BI)IXO)IHOI\/'I O6J'IaCT$[MI/I. HCJ’II)IO MOI[CJ'II/IpOBaHI/ISI SABJIACTCA onpeneneHHe KOHTypOB JaBJICHUA U
CKOpOCTEH, a Takke B3aUMOBJIHSHHE NpoduiIel Ha TEUeHHWE B a’dPOJUHAMHUKY BO3IyXa
HEHTPATHHOTO MPOHUIIS.

Certka monenu. Ha pucyHke 2 mpencraBieHa ceTka Moaenupyemoit oonactu. Kommuecto
s1eMeHTOB B 00nactu 21600. BoJbioe KOJIMYECTBO JIEMEHTOB HAXOIUTCS
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Pucynok 2 — Cerka Mozenupyemoii 06aacTu.

Tabmuna 1 — HaganbHble mapaMeTpsl

Ne Cxopoct Havanbnas HavansHoe naBnenue,
b BO3JIyXa, M/c | Ttemmeparypa (Bo3ayxa), K I1a
1 5-20 500 101325

[Ipu MoeTMpoOBaHUH UCIIOIB30BAIACh MOIENb TypOyieHTHOCTH K-€ realizable.
B Bumy TOro, 4TO B CTaThell PacCMaTPUBAIOCH JIUINbL BIAMSHUC MOAAa4Yd TOIUIMBA, MPU
MOJICTTMPOBAHUH CKOPOCTh M 3HAYECHHE PAcXo/ia TOIUIMBA HE N3MEHSUIIUCH.

2. Pe3yabTaThl

CxopoctHble KOHTYpbl. Ha pucynke 3 mnpenctaBieHbl KOHTYPbl CKOpPOCTEH WIpH
pas3IMYHBIX HadyaJIbHBIX CKOPOCTAX BO3ayXa. Kak BUAHO U3 pUCyHKa pacroyiokeHue npoduiei B
3HAUUTENIBHON Mepe BIUSET HAa T€UEHUE BOKPYT Npoduieid. 3aMeTHOE PEeLUPKYIISIIMOHHAsS 30Ha
C MaJbIMU 3HaueHUsIMH ckopocTei. [IpaBblii mpoduis 3a OTCYTCBUEM CONPOTHUBICHUS HUMEET
Oojee MIMPOKYI0 00JIACTh BBICOKMX CKOPOCTEH B y3KOM CE€UeHUHU (MEXIy TpaHHIed o0iacTu
MoJenu M Haknajakoi). Ocoboe BHMMaHUE cieayeT oOpaTHTh Ha OO0JacTh MOHMYKEHHBIX
CKOpoCTei oOpasyrolelics Ha CKpYTJIEHHON 4acTu npoduieii, 3T0 TOBOPUT O TOM, YTO OOJIbIIIAs
4acTh IOTOKA MJIET C BOTHYTOH yacTu npoduis. [Ipu nocnenyromiem ananuse cienryer o0paTuTh
BHUMaHue Ha (opmy npoduns, B Buay Toro, uro yeM Ooisbiie TBC mpoxoaut ¢ BOTHYTOH
qyacTu, TeM MeHbllle TBC y4acTByeT B 30HE pELUPKYJIALMNA. DTO MOXKET IPUBECTU K CHUIKEHUIO
cTaOUIN3allUy TJIAaMEHU U TOBBIILIEHUIO HEJ0XKOTa TOIUIUBA.

e wy

5m/c

10m/c e 20 m/c
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Pucynok 3 — KoHTypsl naBieHuii

KonTtyps! naBiaenuii. Ha pucynke 4 npencraBieHbl KOHTYpPbI JaBJICHUS 32 TYpPOMHHBIMH
npodwiaMu. Kak BUIHO U3 pUCYHKa, Iiepes NPOo(UISIMU C BOTHYTOW 4acTH 00pa3yrOTCsl 30HbI €
OTPULATENIbHBIMY JIaBJICHUSIMH, YTO IPUBOJUT K TOMY, 4TO OcHOBHas yacTh TBC (B ciiyuae He
U30TEPMHUYECKOr0 TEUYEHHUs) NPOXOJUT IO BOTHYTOM YacTH, a MEHbIIas IO BBIIYKJIOH (IO
cnuHKe) cTopoHe npodwmis. [lepen npodmisimMu oOpaszyercs 30Ha ¢ BBICOKMMHU AaBICHUSIMH.

MoOXHO 3aMeTUTh, YTO MPO(UIMN JONATOK HA KPOMKAX COEIMHEHbI U300apamMH JaBJICHHH.
Takoe pacmnonoxxenue npopuield MPUBOIUT K CYKEHHUIO MEXKJIONATOYHOTO MPOCTPAHCTBA, YTO
IPUBOJUT K YCKOPEHHIO IOTOKAa. BHIHO, 4TO Takoil O0JIBLION yroj MeXIy CIUHKON mpoduis u
HAKJIQJIKOM TOBBIIAET THJPABINYECKOE COMNPOTUBJIECHUE OOJACTH, OJHAKO IIOJIOKUTEIBHO

BJIMACT HaA 06p8.30BaHI/IC pCHHpKYHﬂHHOHHOﬁ 30HBI.
cm T T T T T T T T

x10°
1.09
1.03
0.97
0.91
0.85
0.79
ar . 0.73

v 0.52
0.58
0.64

-0.76
-0.82
-0.88
-0.94
-1

-1.06
-1.12
-1.18
-1.24

| | | | | | | |
-4 -3 -2 -1 0 1 2 3 om
Pucynok 4 — KoHTypsl 1aBieHui

3akiaouyeHue

8
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[TpoBeneHHbIl aHanu3 TypOUHHBIX Mpoduieil mokasai, 4To pa3Mepbl U Yroj HaKJIaJKHU B
3HAUUTEBPHON Mepe BIHSCT Ha a’pOJMHAMUKY U Mpomim ckopoctel. 3MeHeHne ckopocte
HE MOKa3aJl 3aMETHOT0 BIIMSHUS Ha KOHTYPBI CKOPOCTEH, OJJHAKO B LIEJIOM OBLIO MOKA3aHO, YTO
yron moxadyn W npodwib OydeT BIUSET HAa TPOIECCHl TOPEHUsS M COOTBETCBEHHO Ha
cTabunu3anuio u o0OpazoBaHue OKCUI0B a3oTa. Ocoboe BHUMaHUE CleAyeT YASIUTh 00JacTH
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AYAHDBIH NU30TEPMUSAJIBIK AFBIHBIH CAHABIK MOJAEJIAEY

A.M. Jloctusipos?, /I.P. Ymbimesn? , I'.C. Karpanosa®

! Anmartel sHepreTrKa sxoHe GallylaHbIC YHUBEPCUTETI
?Kazak ¥YarTeik Texnukanbik 3eprrey Yuusepeuteti (CorbaeB YHUBEPCUTETI)

Annomayus. Makanana xarnceipMaiapsl 0ap TypOHHANBIK MPOQIIBACPIIH N30TEPMUSIIBIK aFyblH
CaH/IBIK MOJICIIICYIIH HOTHXKEJEpI KeNTipiareH. MoJenbey camna jKoHe KOJDKETIMILIIK TYPFBICBIHAH €H
oHTaiie! 60mb Ta0kIaTEIH COMSOL Multiphysics 6arnapiamanbIk KeeHIHAS KYPri3iiii.

TypOuHanbIK TpOQHUIBIAEpPTe KYPTi3iITreH Tannay KOHIKPMaHBIH eieMaepl MeH OYpPHIIIBI eaoyip
nraMazia a3poAMHAMKKa MEH XbUIJaM/IBIK MPOQUIIiHE ocep eTeTiHiH KepceTTi. JKpuImaMIbIKThIH e3repyi
JKBUTAAM/IBIKTEIH KOHTYPBIHA €JIEYNi 9cepiH KepceTiendi, ajaiiia jKammbl anfaHna Oepy OYpBIIBl MeH
nporIIi JKaHy MPOIeCTepiHe XKOHE a30T OKCHATEPIHIH TYpPaKTaHybIHA JKOHE TY31UTyiHe COMKEC acep eTe.

Kinmmik ce3dep. TypOMHANBIK TPOQHIbAEP, CAHIBIK MOJACIILY, PEUUPKYISAIMIIBIK aliMakTap,
JKBULAAMIBIK POduIIbaSpi.

NUMERICAL SIMULATION OF THE ISOTHERMAL FLOW OF AIR
TURBINE SECTIONS IN COMSOL MULTIPHYSICS

A.M. Dostiyarov!, D.R. Umyshev?, G.S. Katranova!

!Almaty University of Power Engineering and Telecommunications
2Kazakh National Research Technical University after K.I. Satpayev (Satbayev
University)

Abstract. The article presents the results of numerical simulation of isothermal flow around turbine
profiles with overlays. The simulation was carried out in the Comsol Multiphysics software package,
which is the most optimal in terms of quality and availability.

The analysis of turbine profiles showed that the size and angle of the lining greatly affects the
aerodynamics and velocity profiles. The change in velocities did not show a noticeable effect on the
velocity contours, but in General it was shown that the feed angle and profile will affect the combustion
processes and, accordingly, the stabilization and formation of nitrogen oxides.

Key words: turbine profiles, numerical simulation, recirculation zones, velocity profiles.
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MPHTH 44.01.77
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MOJIEJIb OPT AHU3ALINU JAHHBIX M TIPOLECCA OBYYEHMS
HEWPOHHOI CETH [TIPM IOCTPOEHUM I'PA®UKOB HATPY3KH HA CYTKHU
BIIEPE]I

Annomauyus. OCHOBOW pabOTHI ONTOBOIO PBHIHKA JJIEKTPUYECKOH OHEPTHUH  SBISETCS
TUTAHUPOBaHUE 00BEMOB KYIUIM-TIPOJIAKU dHEpruu. [ 'padmk Harpy3ku Ha CICAYIOUIMHA JEHb IO3BOJIUT
chopmupoBaTh OajaHc B MEpPETOKAX AICKTPUUYECKOW SHEpruum B sHeprocucreme. B crarbe
paccMaTpUBaeTCsl METOA MPOTHO3MPOBAHMS MOTPEOICHUS JCKTPUUECKONW SHEPrHMH Ha CYTKH BIIEpen C
MOMOIIbI0 HEWpOHHBIX ceTeil. [Ipemmaraercss cnoco® opraHu3alMy HUCXOMHBIX JAHHBIX ATl 00y4eHUs
HEHPOHHOWCETH, OKCIEPUMEHTAIFHO BBIOMPAETCS apXHTEKTypa CETH © MeToJ ee OOydYeHHs.
MopenupoBanue Tpou3BoANTCS B iporpammuoi cpeae MATLABC momomipio anroputma JleBenOepra —
Mapxksapara. OOydeHue NPOBOAWTCS HAa OCHOBE IPEIBAPUTEIbHO HOPMAIM30BAHHBIX MJAaHHBIX O
PETPOCIEKTUBHOW Harpys3kes3a IPOLUIbIE CYTKH M 3a aHAJOTMYHBIMA JIEHb MPOILIOro roja, TeMIEpaType
BO3ayXa, TUIIC OAHA HEOACIIU. HOJIy‘ICHHI)IC PE3YIbTAThI MPOTHO3UPOBAHUA UMECIOT CPCAHIONO OIHI/I6Ky, HEC
npeBbImannyo 2%.

Kniwoueesvie cnoea. HERPOHHBIE CETH, 3JIEKTPOIHEPTETHUECKHE CUCTEMBI, KAYECTBO IEKTPUIECCKOM
SHEPI'uu, MIPOTHO3UPOBAHUE HATPY3KH.

Beenenue

B cymecTByromel cuUCTEME YNpPaBICHUS JHEPreTUYECKOW CHUCTEMOM OIepaTtop CeTH
JIOJI’KEH MOCTOSIHHO MO/AJIEPKUBATh OallaHC MEXAY CIIPOCOM M IPEIOKEHHEM, YTOObI H30eKaTh
npobJeM ¢ HapylIeHHeM HaJeKHOCTU 3JEKTPOCHAOKEHHs U N30€XaTh SKOHOMUYECKUX MOTEPb.
OrnepaTop ceTH MCHOJIB3YET MPOTHO3ZUPOBAHHME IHEPromoTpeOsieHUst 1isi 00ecreueHus Toro,
4TOOBI 3JEKTPOCTAHIIMM MTPOU3BOANIN HY)KHOE KOJMUYECTBO AJIEKTPOIHEPTUU B HYKHOE BpeMs,
YTO MO3BOJIMUT MOCTOSIHHO M HAJIC)KHO yIOBJIETBOPATH MOTPEOHOCTH B AJIEKTpoIHepruu. [1]

Harpy3ka - 310 QpyHaaMeHTanbHas 1 BakHas HHPOPMALUs [Vl KPYTHBIX TPOMBIIUIEHHBIX
OpraHM3alyii, TEHEePUPYIOIIMX U pPACHPENEIUTENbHbIX MPEANPUATUH, OCOOEHHO IpHU
ITAHUPOBAHHUHU MIPOM3BOJICTBA, OBCEJHEBHBIX OMEPAIMsX, SKOHOMUYECKHX pacuerax. [2].

CymectByeT  KiaccuUKanusi NPOrHO3UPOBAHMSI  HArPy3KM C  TOYKM  3PEHUS
IIPOJOJKUTEIBHOCTH BPEMEHH IIJIAaHUPOBAHUSA: 10 1 JHS 171 KpaTKOCPOUYHOTO NIPOTHO3UPOBAHUS
Harpy3ku, ot 1 qHs 10 1 roga st cpeHecCpOYHOro MPOTrHO3UpOBaHus Harpy3ku u 1 + 10 jer
JUIsL TOJITOCPOYHOTO MTPOTHO3UPOBAHUS HArpys3Ku. 3]

Cnpoc ¢dopmupyercsi €xe4yacHO, U HEBO3MO>KHO MTHOBEHHO 3aIllyCTHTh WJIM OCTaHOBUTH
NPOM3BOJICTBO HAa AJIEKTPOCTAHILIMHU; IMO3TOMY IUIAHUPOBAHME BBIPAOOTKU SIIEKTPOIHEPTUU B
OCHOBHOM OCYIIIECTBJISIETCSl €XKETHEBHO. TakuM 00pa3oM, KpPaTKOCPOUHOE MPOTHO3MPOBAHUE
Harpy3Kd UTpaeT PEIarolly 0 POJIb sl YIIPaBICHUS Ha PIHKE dJIEKTPOIHEprHH. [4]

OpnuMm 13 HamOoJee NMEePCHEeKTUBHBIX CIOCOOOB MPOTHO3WPOBAHMSI HArpy3KH SIBIISETCS
IIPUMEHEHNUE HMCKYCCTBEHHBIX HEHPOHHBIX ceTed. Monenb HCKyCCTBEHHONM HEMPOHHOM CceTu
MPEACTAaBISIET CcO00M cucTteMy 00paOoTku uHOpMaNUM, KOTOpask HMMEET OIpeAcICHHbIC
XapaKTepUCTUKN oOIMe ¢ OHONIOrHYecKMMHM HeWpoHHbIMH ceTsMu. [5] Ilomydas BXOnIHYIO
MH(GOPMALIMI0O M COOTBETCTBYIOIIMN €W OTKJIMK,HEHpOHHas ceTh oOydaercsi, ycTaHaBIIUBas
COOTBETCTBYIOIINE MAaTEMATUUYECKUE 3aBUCUMOCTU. [IpenMyinecTBO HEHPOHHBIX CeTel mepen

11



Becmnuk Anmamunckozo ynueepcumema ynepeemuru u ceazu. Ne3 (46)2019

JPYTUMHU METOAAMU MPOTHO3WPOBAHMS BPEMEHHBIX PSAJOB 3aKirodaeTcs B 3 (eKTuBHOM padboTe
C HEMOJIHBIMH JHOO HETOYHBIMH BXOJHBIMH JIAHHBIMH, BBICOKOH pabOTOCIIOCOOHOCTH TNpH
Oonpmmx o0beMax obpabdaTeiBaeMOi HH(POPMAITUH, BEICOKOW TOYHOCTH IMTPOTHO3UPOBAHMSL.

Matepuajbl 1 MeTOAbI

B nanHO#i paboTe B KauecTBe OOBEKTa HCCICAOBAaHUS paccMaTpuBaeTcs 24-X 4acoOBOM
npodpmis Harpy3ku T. IlerpomaBioBcka. MeTomoMm HccienoBaHHs SBISETCS HEHPOCETEBOE
MojienupoBanre. Ha ocHOBE peTpOCIEKTUBHBIX JAaHHBIX MOTPEOJICHHS JIEKTPHUSCKON SHEPTHUH,
TEMIIepaTypbl OKPY’KAIOLIEH Cpellbl U THIIE JTHS HEJeNN MPOrHO3UPYIOTCS TpapUKH HArpy3KHu Ha
CyTKH Briepel. TOYHOCTh MPOTHO3UPOBAHMS B JAHHOM CITydae HaIpsIMyIO 3aBUCHT OT KayecTBa
NPECTAaBICHNUS HWCXOAHBIX JaHHBIX, APXUTEKTypbl M croco0a oOy4yeHHs HEHpPOHHOM CeTH.
Llenbro ncciienoBanmsl SIBJISIETCS pa3paboTKa ajJropuTMa mporecca 3aJaHusi HICXOAHbBIX JaHHBIX U
00y4eHHUs1 HEHPOHHOM ceTH.

Kak u 10001 iporiecc, moTpedIeHHe IIEKTPUYSCKON SJHEPTUU MOXKHO MPEIICTABUTD B BUJIC
MareMaTHueckoil Mmonenu. Ha sHepromorpeOneHune BIHMSET pPa3HOOOpPA3HOE KOJIHMYECTBO
(haKTOpOB, COBOKYITHOCTh KOTOPBIX MOKHO BBIPa3UTh MaTpHiiei u3 K CTPOK, 31eMEHThI KOTOPBIX
SIBIISTIOTCS TTapaMeTpamMu (paKkTOPOB.

ke
te
e
e

=}

2n 1)

N
I
e
I
alite
x X
X X

=

I'me, mox X1 moHuMaeTcs 3Ha4YEHHE SHEPronoTpPeOSeHUs B MPOILIbIE CYyTKH, HOJ X2
3HAYEHUE HHEPromnoTpedseHs] B aHAJOTMUYHBIA J€Hb NPOLUIOro roja, moj X3 — 3HaueHHE
TEMIIEpaTypPbl OKPYIKAIOIIEH Cpefibl, X4 — TUII JHS HEICIIH.

HNmest ob6beM  uMHPOpPMAMM O  COBOKYMHOCTH  (DaKTOpOB,  BIUSIOIMIMX  HA
HHEPronoTpedieHre, NoaydyaeM MaTpUIly AJIEMEHTOB (MapaMeTpoB) HECKOJIBKUX rpymnm: Xi =
(X11, X12,..., X1); X2 =(Xo1, X22,..., Xon); X3 = (X31, X32,..., Xan).

Peanmm3anust 3amauM NMPOTHO3MPOBAHUS AIIEKTPUYECKOW Harpy3ku T. IlerponasimoBcka
OCYIIECTBIISETCS ¢ TOMOIIbI0 TakeTa pacumpenus cpeasi MATLABNeuralNetworkToolbox. B
KayecTBE apXUTEKTYypbl HEUPOHHOI CETH BBIOpPAH MHOTOCIOWHBIM MEPCENTPOH CO CleayroLeit
CTPYKTYpOH: OJMH BXOJHOM CJOH, HATh CKPBITBIX CIIOEB, OJMH BBIXOAHOM cioil (puc. 1).
ApXHUTEKTypa CeTU MOAOUpaIach SMIUPUUYECKH, IJI€ OCHOBHBIM (PAKTOPOM OBLIO ONTHUMAaIbHOE
COOTHOIIIEHUE TOYHOCTH CETH U 3aTPaT TEXHUUECKUX PECYpCOB Ha 0OyueHHe.

Hidden Layer 1 Hidden Layer 2 Hidden Layer 3 Hidden Layer 4 Hidden Layer 5 Output Layer
-t @ ClPe :‘/@/ @ | @ oo
T i n B m u |
10 1 10 10 1 1

Pucynok 1 — Apxurtektypa HeiiponHoi cetH B cpeie MATLAB

OO0ydeHue TIIyOOKOW HEMPOHHOW CETH MPOUCXOAWIIO ¢ TTOMOIIbI0 anroputMa JleBenOepra
— Mapksapara. Anroputm JleBen6epra-MapkBapara Obl1 He3aBHUCHMO pa3paboraH KeHnerom
JleBenOeprom u Jlonansaom Mapksaparom. [6, 7] JlaHHBIH alropuT™M MOXKHO paccMaTpHBATh
KaK JMHEeHHyl0 koMOuHaiuio Mertona [aycca-HploToHa M MeToJa TpaJMEHTHOIO CITyCKa.
YepemoBaHue STHX JIByX METOJOB HA3bIBACTCS CTpaTerueil AeMI(UpOBaHHS W ONpeaessieT
kodpduuuent aemndupoBanus. Ecnu mapamerp 3atyxanus Oonbioil, anroputm JlesenGepra-
MapkBapara peryiampyer mapaMeTpbl Kak B METOJE TPaJMeHTHOro cmycka. Ecnmu mapamerp
nemrdupoBanus Mai, anroputm JleBenOepra-MapkBapaTa 0OHOBIISET TapaMeTPhl Kak B METOJIE
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l'aycca-HproToHa. IlepeyncieHHbIE METOIBl SIBJISIOTCS AITOPUTMAMU  ONTUMM3ALMMU  JJIS
OCHOBHOM 3a/laul HAMMEHBIIUX KBaJpaToB, T. €. OHU MCIOJB3YIOT 3aJa4yd HAWMEHBIIHUX
KBaPaTOB JUIsl MOJTOHKHU JaHHBIX. [§]

AJNTOpPUTM, TPEICTABICHHBIH Ha PUCYHKE 2, MOKAa3bIBaCT MPOIEAYPY BBOJA JAAHHBIX H

00y4eHUs1 HEUPOHHOU CETH HA UX OCHOBE.
MckyccTBeHHas HeipoHHas ceTb

Ve N
> w,m=1l e———
MporHo3

Hopmanusauus

Lyl L
m>5 ‘ BbluncneHve matpuupbl Akobu ‘

MoTpebnexue ZaHHbIX

3Hepruv B
npoLUnbIe CyTKMN

WK=Wk+1

Wi=Wiea-(SJ+)Jcex

‘ Eues Ei<Ei

MoTtpebnenue
3HeprM B 3TOT
[ieHb B
NpOLUTIOM rogy

Pa6ouuit feHb MpuceansaeTcs

3HayeHve [0]

Twvn gHsa
Hedenu

v
MNporHo3
3HepronoTpebneHus

MpuceansaeTcs
3HayeHve [1]

BbixoaHol AeHb

Pucynok 2 — Aaroput™ nporiecca 3a/ilaHusi UCXOAHBIX JaHHBIX U 00y4YeHHsI HeHPOHHOM
ceTn

PabGora anroputMa HayMHAETCS C 3a/JaHUs WCXOTHBIX JAHHBIX, BBOJSATCS HaHHBIE O
MPOTHO3¢ TIOTOJABI B TIPOTHO3HPYEMBIH JIeHb, a TaKKe pPETPOCIEKTUBHBIE JaHHBIC 00
HHEPronoTPeOICHNUH 3a MPOILIbIe CYyTKH U aHAJIOTHYHBIN JeHb MPOIIIOro roja. B cBsa3u ¢ aTum,
JUTSL OCYIIECTBJICHHS TTPOTHO3a HEOOXOAMMO MMETh 0a3y PETPOCIICKTHBHBIX JAHHBIX MHHHUMYM
HAa OJMH KaleHaapHeldi ron. [lpum BBoAe THmMa MAHS HeNeIHM MPOUCXOAUT TPOBEpKa Ha
MPUHAUICKHOCTh JHS K BBIXOJHOMY JIHOO pabodyeMmy JHIO, HY)XKHO 3HAYCHHUE TIOJJICKUT
JanbHeei oopabdoTke.

Janee BBeneHHbIE HMCXOJHBIC JaHHBIE MOJIEKAT HOpManuzanuu B mpeaenax [0,1].
[Tpouieaypa HOpManU3aluy MpeaycMaTprUBaeT MPUBEICHUE PA3INYHBIX TUIIOB JAHHBIX K OJTHOMY
Buay. Takas ¢popMma 3amucu sSBiIsieTcsl HE0OX0IMMOI pu 00yUeHUsI HEHPOHHOMN CEeTH.

Hopmanu3zanus JaHHBIX TPOU3BOIUTCS IO cileayroliei hopmyie:
. Y — Y
Y — mn ) (2)

Ymax - Ymin

I'ne, Y- HopMann30BaHHOE 3HAYEHHE TIEPEMEHHOI,

Y — dakTuueckoe, HeHOpMAIM30BaHHOE 3HAYEHHE NTEPEMEHHO,

Yinin — MUHUMaJIbHOE 3HaU€HUE MIepeMEHHON B 0a3e JaHHBIX,

Yinax — MaKCUMallbHOE 3HAUEHUE TIEPEMEHHOI B 0a3e JaHHBIX.

HopMmanu3oBaHHbIE HaHHBIE MOCTYMAKOT HA BXOJ HEUPOHHOW CETH, IJE MPOUCXOIHT €€
oOyueHue cienyommMm obpazoMm. HavanbHble BecoBble KOA(PGHUIMEHTH W) TE€HEPUPYIOTCS
ClIy4allHBIM 00pa3om, W oreHuBaercs ommuOka cetu Ej. [logbupaercs ciemyrommii BeCOBOH
Kod(PUIMeHT Wy, omeHuBaeTcs oobmas ommoka Ey,,. Eciu Texymas cymmapHas ommoOka
YBEJIMYUBAETCS B pe3yJibTaTe OOHOBIEHUS BecOBOTO kod(dduimenrta, BecoBoil koddduimeHt
cOpackIBaeTcs Ha IpekHee 3HaueHHe U yBenuuuBaeTcs koopduuueHt y B 10 pa3. Ecnu Texymas
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oOmasi omuOKa yMEHBINAETCS B pe3yjibTare OOHOBICHUS, TO COXPAHSETCS HOBBIM BECOBOM
KO3 (QUIMEHT B Ka4eCTBE TEKYIIEro W yMeHbImaeTcs koddduiment u B 10 pas. IIpomexypa
MOBTOPSIETCS, MOKA TeKyIIas o0miasi ommrOKa He CTAaHET MEHbIIE TPeOyeMOoro 3HaAUCHUSI.

Ha mocienHbIM 3Tane HeHpOoHHAs CeTh BbIIACT IMPOTHO3 SHEPronoTPeOICHHUS.

Pe3yabTarsl
[Ipenmnaraemplii anroputM ObUT anmpoOMpPOBaH Ha pPEANbHBIX JaHHBIX B ycioBusix AO
«CeBepo-Kazaxcranckas PacnpenenurensHas DJIeKTpoceTeBast KoMmmanus 1A

POTHO3UPOBAHUA YHEpPronoTpedsieHus r. [lerponaBnoBcka Ha CyTKH BIEPEI.
70

60

o \V//

30

e D KT

20

[TporHos

Duepronorpebiienue, MBr

10

0
1234567 89101112131415161718192021222324

Bpems, gac cyTox

Pucynok 3 — [IporHo3upyemblii 1 pakTU4ecKuii rpaduk s3HepronoTpedIeHus Ha
01.07.2018r.

Ommbka mpu MporHo3upoBaHUM cocTaBuia 1,922%. B obmem ciydae npuMeHeHue
HCKYCCTBEHHBIX HEMPOHHBIX ceTell AaeT omuoKy okoso 2% [9]. [losydyeHHbI ypOBEHb OMINOKU
BXOJUT B YKa3aHHBIA Ipenei, YTO CBUACTEIHCTBYET O BEPHOM BBHIOOpE BXOJHBIX JaHHBIX,
ApXUTEKTYPbI CETU U METOAA 00yUEeHHUS.

BriBoabI

Ha xadecTBO mporHo3a SHEpPronoTpeOICHUS BIMUSIOT JaHHBIE, HCIONb3yeMbIe IS
0o0y4yeHUs: HEHPOHHON CEeTH. DKCHEPUMEHTAIBHBIM ITyTEM YCTAHOBJEHO, YTO HAMOOJIbIIAS
TOYHOCTh MPOTHO3a JOCTUTAETCS MPU HCIONb30BAHUHM JAHHBIX 00 SHEPronoTpeOIeHUH B
MPONUIbIE CYTKH, B AHAJIOTUYHBIN JIEHb B MIPOIILUIOM Oy, JAHHBIX O TEMIEPAType OKPYKarolen
Cpelpl, TUIIE JHS HENIEIIN.

Pe3ynbrarel, moy4eHHBIE B XOJ/I€ MCCIIEIOBAHHUSA, TOBOPAT 00 aJIeKBATHOCTU TMOJTYYEHHOMN
MOJIEJI SHEPromnoTpeOJaeHus, U TPOTHO3HbIE 3HAUEHUS HArpy3Kd Ha CYTKH BIEpe] MOTYT
HCIIOJIH30BATHCS SHEPTOCHAOKAIOIMMHU OpPTraHU3aIUsIMU Ha TTPAKTHKE.
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MODEL OF THE ORGANIZATION OF DATA AND THE PROCESS OF
TEACHING A NEURAL NETWORK WHEN CONSTRUCTING SCHEDULES OF
LOADING FOR THE DAY FORWARD

N. Kalantayevskaya, S. Latypov, K. Koshekov

M. Kozybayev North Kazakhstan state university,
Petropavlovsk, Kazakhstan
natasha0487@mail.ru, *slatypov@mail.ru, *kkoshekov@mail.ru

Abstract. The basis of the wholesale electricity market is the planning of the volume of purchase
and sale of energy. The graph of the load on the next day will allow to form a balance in the flow of
electrical energy in the power system. The article discusses a method for predicting the consumption of
electric energy for the day ahead using neural networks. A method of organizing the initial data for
learning neural is proposed, the network architecture and the method of its learning are experimentally
selected. The simulation is performed in the MATLAB software environment using the Levenberg-
Marquardt algorithm. Training is conducted on the basis of pre-normalized data on retrospective load for
the past day and for the same day of last year, air temperature, type of day of the week. The obtained
prediction results have an average error not exceeding 2%.

Keywords: neural networks, electric power systems, electric networks, quality of electric energy,
load prediction.

) ’KYKTEME I'PA®UKTEPIH BIP TOYJIIK BYPbIH KYPY KE3IH/IE
HEHPOH/BIK KEJIIHI OKBITY ITPOLECI MEH JEPEKTEP/I YIBIMIACTBIPY
MOJIEJII

H.HU. KananTaeBckas, C./. Jlarbinos, K.T. Koimexon

M. Ko3si0aeB ateingarsl Contycrik KazakcTan MEMIIEKETTIK YHUBEPCHUTETI,
[Terponasn k., Kazakctan

Andamna. DIEKTP SHEPTUACHIHBIH KOTEPME cayla HApBIFBIHBIH HETi31 SHEPTUsHBI CaThIN ally-caTy
KeJIeMiH jxocnapniay Oojbin TaObuiaabl. Kemeci KyHi KYKTiH Tpadukacel KyaT >XYHECiHIE SJIeKTp
SHEPTUACHIHBIH aFbIMBbIHJIA TCHIEPIMJII KaJIBINITACTHIPYFa MYMKIHAIK Oepemi. Makanana HEHPOHIIBIK
JKeJTIep apKbUIbI AJIEKTP SHEPTHSICHIH TYTHIHY/IbI ajlibIH-asla 00JDKay of1ici KapacThIpbliaasl. HelipoHast
OKBITYFa apHallFaH OacTanKpl JepeKTepai YHBIMAACTBIPY SiCi YCHIHBUIIBI, JKENMTK apXUTEKTypa KoHE
OHBl OKBITYy OJIICTEMECI OSKCIEPUMEHTANBI TYpAe TaHmalbn ansiHAel. Monenpney MATLAB
Oarmapnamanbslk opracbiHna Levenberg-Marquardt anropuTMiH KojiaHy apKpUIbl OpbIHAAdanbsl. OKBITY
OTKEH KYHHIH JKOHE OTKEH XbUIJIBIH COJI KYHIHIH, aya TeMIepaTypachlHbIH, alNTaHbIH KYHiHIH TYpi
PETPOCHEKTHBTI JKYKTeMe OOMBIHIIA KaJBIIKA KENTIpUIreH AEpeKTep Heri3iHAe Kypriziieldi. AJbIHFaH
00JpKay HOTHXKEJIEPiHIH opTaiia KaTeci 2% -1aH acraiibl.

Kinmmik coe30ep: HEWPOHIBIK KEJIEp, dMEKTP JKYHeC], 3IEKTp Keinepi, JJIEKTP IHEPTUsCHIHBIH
caracsl, )XyKTeMeHi OoirKay.
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PAAUOTEXHUKA U JIEKTPOHUKA
I'PHTU 49.33.29
AK.K. Mengaky10B
AJMaTUHCKUI YHUBEPCHUTET SHEPTETUKU U CBA3M, I'. Anmartsl, Kazaxcran

m m zhas@mail.ru

IKCIIEPUMEHTAJIBHOE UBMEPEHUE YPOBHA MOILIHOCTU CUT'HAJIA B
3ABUCUMOCTH OT PACCTOSHUS BHYTPU NIOMEIIEHAU ITPU IIPIMOM
BUIUMOCTHU U ITPU HAJIMYHUU ITPET'PAABI JUIA YIAYUYIIEHUA TOYHOCTH
MMO3NINOHUPOBAHUA B 3AKPBITHIX IIOMEINEHUAX

Annomayus.OnpeneneHne MeCTOIOJIOKEHUS 00BEKTa B 3aKPHITHIX MOMEIICHUSIX OCYIIECTBISETCS
JIBYMsI METOJIAaMH: TPHAHTYJIALMS W TpUiIaTepauus. MeToa TPHUAHTYJSIIUU BBIOJHACTCS TOCPEICTBOM
U3MEPEHUsI YTJIOB MEXIy TpeMs MasKaMH C M3BECTHBIMH KOOPAWHATAMH M HANpPaBICHHEM JBIDKCHUS
HCKOMOTO 00BbeKkTa. [IpruMeHss MeTox KOMIUIEKCHBIX YMCeN U pellas ypaBHEHHE, HaXOUM KOOPIUHATHI
UCKOMOTOo 00BbekTa. Meron Tpuiarepalddl BBHIIOTHACTCS IOCPEICTBOM H3MEPEHUS  ypOBHEH
MOITHOCTHCUTHANIA OT TPEX MAasKOB C M3BECTHBIMH KOOpIMHATAMH J0 MCKOMOro oObekTa. [lokazaHus
YPOBHEH MOIIHOCTH IpeoOpasyloTcs B MIKATy [UIMHBI, M3MEPSIEMyI0 B METpax M pemas ypaBHEHHE
OINPEAENAIOTCS  KOOPJAMHATHI ~ HMCKOMOro  oObekra.TeopeTHdyeckue  HCCIECIOBAHMS — ONPEACISIOT
KOOpIMHATHI OOBEKTa, HO B MPAKTUYECKUX MPHIOKEHUSIX KOOPIUHATHI OOBEKTAa OMPENENSIOTCS C
ommOKaMu. DTO MPOHMCXOOWT M3-3a HAIMYUS IIYMOB B OKpYyXaromem mpocrpaHcTse.HeoOxoanmo
IPOBECTH SKCIIEPUMEHTAJBHBIC HCCIEIOBAHMSA, ONPEACISIONNE MPAKTHIECKUEe 3HAYCHUS] MOKA3aHMI
YPOBHEH MOIIHOCTH OT MasikoB. [IpuMeHsst 3TH J1aHHBIC,MO)KHO CKOPPEKTHPOBATh TOYHOCTh KOOPAWHAT
HUCKOMOTO O0BEKTa.JKCIHEPUMEHT IMPOBOIUTCA B UYETHIpeX KoHGHrypamusx: a) M3mepeHue ypoBHEH
MOIIHOCTH TPH PACHOIOKEHUN OOBEKTOB HKCIIEPUMEHTA: NepeaaTynka M NPUEMHHKA, TPH MPSIMOI
BuauMocTd; b) M3MepeHne ypoBHEH MOIIMHOCTH TPU PACTIONOKEHHH OOBEKTOB OSKCIICPUMEHTA!
nepenaTyvka M MPHEMHHKA, NPU HE mpsiMoi BuauMocTH. OOBEKT mperpaipl - metan;c) M3mepenue
YPOBHEH MOIIHOCTH HPHU PACIOIOKEHUH 0OBEKTOB HKCIIEPUMEHTA: NepeaTdnka M MPUEeMHHUKA, IPU HE
npsimoii Bupmmoct. OOBEKT mperpajsl - crena;d) M3Mepenne ypoBHel MOLIHOCTH MPU PACIIOIOKEHUH
00BEKTOB IKCIIEPUMEHTA: TIepeaTuiKa U MPUEMHHUKA, TIPU HE MpAMOi BUuaAUMOCTA. OOBEKT mperpaisl —
MEXITaKHOE MPOCTpaHcTBO (4-3, 4-2, 4-1). Pe3ynbTaThl S5KCIIEPUMEHTA MOTYT OBITh UCIIOJIB30BAHbI IS
KOPPEKTHPOBKH TEOPETHYECKUX JTAaHHBIX.

Knrouesvie cnosa: line-of-sight, non-line-of-sight, ananusarop ciekrpa, USB-reneparop.

BBenenne
Heo0Oxonumoe o6opynoBaHue it MPOBEIEHUS SKCIIEPUMEHTA!

a) Amnammsarop cnektpa BAPC.BHemHuii BiI aHAIN3aTOpa CIIEKTPa MPEICTABICH HAa PUCYHKE
1.

Pucynok1 — Ilpumep n3mepenust ypoBHsi MOIIHOCTH curHana yactoTsl 2400 MI' ot USB-
reHeparopa Ha aHanu3arope cnekrpa bAPC
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Buenauii Bua Moy sl aHaIM3aToOpa CIIEKTpa MPEACTaBICH Ha PUCYHKE 2.

Pucynok 2 — Moay:s ananu3aropa criektpa USB-SA124B (100 kI'u-12.4 I'T')

Buenawuii Bu okHa HacTpoek aHanuzaropa cinekrpa BAPC npencrasiien Ha pucyske 3.

PI/IC}’HOK 3 — OcHOBHOE OKHO IIporpaMmel IJid 3aaHUs 4aCTOThI UBMCPCHUS U HACTPOCK

TexHudeckue xapakTepuCTHKH aHanu3atopa cnekrpa bBAPC:auana3zon ywactor 1 I'n-4.4
(12.4) I'T'u; nuaamuueckuii auanaszoH (-151)-(+10) nbm;paspemenue no yacrore (RBW) 0.1 I'u-
250 x['m;rounocts u3Mmepenus ypoBHed 0.25 ab;monoca ywactor 1/Q memoxynsitopa 240 kI
cKopocTh ckanupoBanus 140 MI'1/c;koim4ecTBO KaHAJIOB 5.

b) USB-reneparop.TexHuueckne XapakTepUCTUKU: pabouasi Mmoyoca 4acToT oT 25
I'm-no 6 I'Tu. OxHo 3amanus yacToThl, ocinabnenus u pexxuma USB reneparopa npeacraBieH Ha
pHUCYHKeE 4.

r USB levepatop C.. —

YnpasneHue HacTpoiiicu

YacToTa Ocnatnerme Peskim

1800,00000 = MMu 0,0 5| a6 :
DRLY CoXPEHUTE

Hauano 1800,0 = MM | KoWew 24000 = Mru|Af 0,50 = MM | At 100 = mc

leHepaTop obHapyxeH. Beé xopowo.

Pucynox 4 — OkHO 3aaHus 4acToThl, ociabnenus u pexxuma USB reneparopa

Buemmnwuit Bug USB-renepaTopa mpencTaBiieH Ha pUCyHKE 5.
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Pucynok 5 — Buemnuii Bug USB-reHeparopa 1 ero aHTEHHbI
Onucanue 3KCNIePUMEHTA

1) W3mepeHne ypoBHS MOIIHOCTH CHTHAJIA B 3aBUCUMOCTH OT PACCTOSIHHUS TPHU
npssmoit  Buaumoctu  (line-0f-sight (LOS)) B 3akpeitom mnomemeHnu.CTpyKTypHast cxema
IKCIIEPUMEHTA MIPUBE/ICHA HA PUCYHKE O.

TX RX

Transmitter EENEERENENEEE ‘). Receiver

Im 15m

Pucynox 6 — PacnionoxeHnne 00beKTOB 3KCIIEPUMEHTA [Tl U3MEPEHUS TIPH MPSIMOI
BUJMMOCTH

['enepatop ¢ukcupyercss Ha MeCTe€ C M3BECTHBIMU KOOpJIMHATaMH. 3aJaeTcsi 4acToTa
Bemanus. [IpueMHUK Qukcupyercss Bo3je reHeparopa. 3aTeM NPUEMHHMK OTOABHUIaeTcs OT
reHepatopa Ha 1 merp. Pukcupyercs 3HaUYECHUE MMOKa3aHUsI YPOBHS MOIHOCTHU Ha aHAJIU3aToOpe
CHEKTpa. DKCIEPUMEHT MPOBOJUTCA JI0 TOI'O PACCTOSHUSA, TOKAa YPOBEHb MOILHOCTU HEe OyZer
pazauuuM  OT YpOBHS MOIIHOCTM Iyma.Ha mnpuemMHuke ycraHaBiIMBaeTcss aHTEHHA
COOTBETCTBYIOIIEH JUIMHBL. JlJIMHA aHTEHHBI BBHIOMPAETCS COOTBETCTBYIOLIEH JUIMHE BOJHBI
cunycouabl.llpoBenenne usmepenuit npu yacrorax 1800 MI', 2000 MI', 2200 MI'n u 2400
MTI'n. I'paduk npeacraBieH Ha pUCyHKe 7.

Path Loss (Office Building) Generator attenuation - (0) dB (LOS)
T T T T

.
© ~Path Loss at 1800 MHz
—¥ —Path Loss at 2000 MHz
— - Path Loss at 2200 MHz ||
—& —Path Loss at 2400 MHz

Path Loss (dBm)

‘__."'\‘\ "t
\
n A \
\\ ‘5'_‘_. — —i \ 8 A N
S = G - - b
e . A
2 A L TR °--®
AN\ e © "
\Y/ . \
v K

Transmitter-Receiver Separation (m)

PucyHok 7 — 3aBUCMMOCTbh YPOBHS MOIITHOCTH CUTHAJIa B 3aBUCUMOCTH OT PACCTOSIHUS TIPU
npsMoit BupumocTH mpu yactorax 1800 MI't, 2000 MI'u, 2200 MI' u 2400 MI'y (oducuHoe
MTOMEITICHUE)
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2) N3mepenue ypoBHS MOIIHOCTH CUTHAJa B 3aBHCHMOCTH OT PACCTOSIHUS TIPH HE
npsiMoii Buaumoctu (non-line-of-sight (NLOS)) B 3akpeiTom momeriennd. Marepuai mperpazbl
—kene30.CTpyKTypHas cxeMa 3KCIepuMeHTa MpUBeIcHa Ha PUCYHKE 8.

Obstruct(METAL)

TX RX
Transmitter |=';;:- . >» Receiver
153m

Pucynok 8 — Pacnonosxenrne o0bEKTOB 3KCIIEpUMEHTA JIJIsl K3MEPEHUS ITPHU HE IPSIMOM
BUMMOCTH. Martepuall nperpajisl - Keae30

I'eneparop ¢Quxcupyercss Ha MecTe C M3BECTHBIMHU KOOpJIMHATaMH. 3aJlaeTcs 4acToTa
Beujanus. [lpueMHUMK Qukcupyercss Bo3jie IeHepaTopa. 3aTeéM IMPUEMHHUK OTOABHUIAETCS OT
reseparopa Ha | merp. Mexy HUMH yCTaHaBIIMBAeTCs mIperpaaa us xkenesa. IIperpana nmeer
OpAMOYToibHYI0 (hopMy. OHa He OKpyXKaeT reHepaTop, a JIMIIb 3aKPbIBACT YaCTh IPOCTPAHCTBA
MEXIy F'eHEepaToOpoM U IpueMHUKOM. (DUKcupyeTcs 3HaYeHUE NTOKAa3aHUs YPOBHS MOIHOCTH Ha
AQHAJIN3aTOPE CIIEKTpA. OKCIIEPUMEHT IMPOBOJUTCSA JO TOIO PpAacCTOSHMs, II0Ka YpPOBEHb
MOIITHOCTH He OyJeT pas3auuuM OT YpPOBHS MOIIHOCTH Imyma. lIperpaga Bo Bce Bpems
JKCHEpUMEHTa (UKCHpPYETCs Ha OJHOM M TOoM >ke Mecte.Ha mpuemHuKe ycTaHaBiIuBaeTcs
AHTEHHAa COOTBETCTBYIOUIEH IMHBI. J[TMHA aHTEHHBI BBIOMPAETCS COOTBETCTBYIOILEH JIMHE
BOJIHBI CUHYCOH/IBL.

a) [IpoBenenue nzmepenuit npu yacrorax 1800 MI', 2000 MI'LL, 2200 MI' u 2400
MTI'n. I'paduk npeacraBieH Ha pucyHke 9.

Path Loss (Office Building) Generator attenuation - (0) dB (NLOS-obstructed by metal)

40 T é T T T T T : L
P ~@ —Path Loss at 1800 MHz
w - —W —Path Loss at 2000 MHz
AR . 4 8 - Path Loss at 2200 MHz
o O - H
L e o, S BT Y A - Path Loss at 2400 MHz
A -~ - \
;,/ N \\ //'\\
~
Wi B\ i N Pl et T
60 ~ 3 ~ H
60 \"Q\\\ // va 3 0 "\\
g Ring o femm =@ VPt ~
=) sy R P tat 9 SNg Ty
~ 2 W N AR - ~a Ne-——" 0‘"""
8 70F - S ” ¥ e " 7
; & e i \\\
S * s N ~
e S~ kT T b Rt
soL OSSR A i ~
~a
\\
b
N
90| "
e

-100 L ! \ L ! L \ ! L
0 1 2 3 4 5 6 7 8 9 10

Transmitter-Receiver Separation (m)

Pucynox 9 — 3aBHCHMOCTB YPOBHSI MOIIIHOCTH CHTHAJIA B 3aBUCHUMOCTH OT PACCTOSHHSI IIPH HE
npsiMoit BupumocTH rpu yactorax 1800 MI'w, 2000 MI't, 2200 MI't u 2400 MI'ny (opucHoe
nomMenieHue). Marepuan nperpajsl — xKene3o
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3) W3mepenne ypoBHS MOIIHOCTH CHUTHAaja B 3aBUCHMOCTH OT PAcCTOSIHUSA TPU HE
npsiMoii Buaumoctu (non-line-of-sight (NLOS)) B 3akpeiTom momeriennd. Marepuai mperpazbl
— creHa.CTpyKTypHas cXxeMa 3KCIIepUMEHTa NpuBeaeHa Ha pucyHke 10.

Obstruct (WALL)

X RX

Transmitter |=::- |.V| | L] L] |3- Receiver
lm 15m

Pucynok10 — PacnionosxeHue 00beKTOB SKCIIEPUMEHTA ISl U3MEPEHUS TIPU HE TPIMOI
BUIMMOCTU. MaTepuai rnperpajsl — CTeHa

'enepaTop ¢Quxcupyercss Ha MecTe C U3BECTHBIMH KOOpAMHATaMM. 3aJaeTcsl 4acToTa
Bemanus. [IpueMHUK Qukcupyercs Bo3jie reHeparopa. 3aTeM NPUEMHHUK OTOJBUIAETCS OT
reseparopa Ha | merp. Mexy HUMH yCTaHaBIMBAETCs Nperpana B BUJE CTEHBI. 1'eHepaTop
HaxXOAWICA B OJHOW KOMHATE, a IPUEMHHUK pacrioyiaracrcs 3a cTeHoW. PuKcHpyercs: 3HaueHue
[IOKa3aHUsl YPOBHS MOULIHOCTH Ha aHAJIM3aTOPE CHEKTpa. DKCIEPUMEHT MPOBOJUTCSA 10 TOrO
paccTosiHUsA, MOKa YPOBEHb MOILIHOCTH HE OyJeT pa3IuduM OT YpPOBHS MOIIHOCTH UIyMa.
I'eneparop BO BCE BpeMs IKCIEPUMEHTA HAXOAUTCS HAa OJHOM M TOM ke Mmecre.Ha npruemnuke
YCTAHABJIMBAETCSl AHTEHHA COOTBETCTBYIOIEH JUiMHBL. JlIMHA aHTEHHBl BBIOMpaeTcs
COOTBETCTBYIOLIECH JJINHE BOJIHBI CHHYCOU/IBI.

a) [IpoBenenue nzmepenuit npu yacrorax 1800 MI'u, 2000 MI', 2200 MI'u u 2400
MTI'n. I'paduk npeacrasieH Ha pucyHke 11.

Path Loss (Office Building) Generator attenuation - (0) dB (NLOS-obstructed by wall)

-30 T T T T T T T T T
Pt 43\ ~@ ~Path Loss at 1800 MHz
27 TR -¥ —Path Loss at 2000 MHz
// \.\_.v —it - Path Loss at 2200 MHz
5 K —A - Path Loss at 2400 MHz
<o --0
_____ 8. \
[ ‘\\\v\ “ (o)
50 - L Wi
~_~ ~
g ~ V\\ O
g 4 \\- \\\ 108
Lo RN S S —
(] \\ S ""‘V-\
g N - o
- N “-a R i
25 o S~
70 e e S N T
g T ~m \\ b 4
*\\ N
~
\\\ \s\_‘\‘
80|~ A-—— N A e ——— e T
| | | | | | |

Transmitter-Receiver Separation (m)

Pucynok 11 — 3aBHCHUMOCTH YPOBHSI MOIIIHOCTH CUTHAJIa B 3aBHCUMOCTH OT PACCTOSIHUS TIPH HE
npsiMoit BuguMocTH ipu yactorax 1800 MI'tr, 2000 MTI'tr, 2200 MI'tt u 2400 MI'11 (oducHoe
nomernieHue). Matepuan nmperpajsl — CTeHa
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4) N3mepenune ypoBHS MOIIHOCTH CUTHAJA B 3aBUCHMOCTH OT PACCTOSHUS TIPHU HE
npsmoit  Bumumoctd  (non-line-of-sight (NLOS)) B  3akpeitom  nomerinenud. Curxain

pacnpocTpaHsieTcss MeXAy 3TaxkaMu.CTpyKTypHasi CXeMa 3KCIEPUMEHTa NIPUBEACHA HAa PUCYHKE
12.

N IAAIAAs 70 5

7

o, I it
AP Wy,

RX Y

Pucynok12 — Pacnono)xeHre 00beKTOB IKCIIEPUMEHTA [T U3MEPEHUS TIPH HE MIPSIMON
BUJIMMOCTH. MaTepuai mperpasl — MeX3TaKHOE POCTpaHcTBo (4-3, 4-2, 4-1)

I'enepaTop QukcupyeTcss Ha MecTe C W3BECTHBIMH KOOpIWHATAMHU. 3a/Ia€TCs 4YacToTa
Bemanus. [IpueMHHUK (QUKCHpyeTcs Bo3ie reHepaTtopa. 3aTeM MPUEMHHK YCTaHaBJIMBAETCA Ha
npyrom staxe. [Iperpagoit B JaHHOM ciiydae CIy>KUT MEKITaXKHOE MPOCTPaHCTBO. DUKCUPYETCs
3HAUYECHHUE IOKA3aHUs YPOBHA MOIIHOCTH Ha aHAJIU3aTOpPE CHEKTpa. DKCIIEPUMEHT MPOBOAMUTCS
JI0 TOTO PACCTOSIHHSI, IOKA YPOBEHDb MOIITHOCTH HE Oy/IeT pa3iMuyuM OT YPOBHS MOIIHOCTH IITyMa.
[IpyeMHHK, pacMONIOKEHHBIM HAa HIKHEM OJTake, OTOABUIaeTCs B MPSMOM H OOpPaTHOM
HANPABIICHUSAX BIOJb JTaKa TOPU30HTAIBHO. DKCIIEPUMEHT MOBTOPSIETCS TEM K€ CIIOCOOOM, C
MOCIEAYIOIUM PACHOJIOKEHUEM MPUEMHHUKA Ha HIDKHUE 3Taxu. MeXsTaxHble MPOCTPAHCTBA:
4-3, 4-2, 4-1.Ha npuemMHHUKE YCTaHABIMBACTCS AHTCHHA COOTBETCTBYIOIICH MIWHBL JluHA
AHTEHHBI BEIOMPAETCS COOTBETCTBYIOIICH UTMHE BOJIHBI CHHYCOU/IBI.

a) [IpoBenenne uzmepennit npu yacrorax 1800 MI'u, 2000 MI'u, 2200 MI' u 2400
MTI'. I3mMepenue ypoBHSI MOIIIHOCTH CUTHaNa Mexay 4 u 3 staxkamu. ['paduk npeacTaBieH Ha
pucyHke 13.

Path Loss (Office Building) Generator attenuation - (0) dB (NLOS-between 4th and 3rd floors)
0 T T T T

:
~@ ~Path Loss at 1800 MHz
IY —¥ —Path Loss at 2000 MHz
— - Path Loss at 2200 MHz ||
~& - Path Loss at 2400 MHz
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Pucynok13 — 3aBUCHUMOCTb YPOBHSI MOIIHOCTH CUTHAJIA B 3aBUCUMOCTH OT PAaCCTOSIHUS IIPU HE
npsiMoit BuguMocTH ipu yactorax 1800 MI't, 2000 MTI'tr, 2200 MI'tt u 2400 MI'11 (opucHoe
nomeneHue). [lokazanus ypoBHsI MOLIHOCTH CUTHAJIA MEKIY 4 U 3 3TakaMu

b) [MpoBenenue uzmepenus npu yactorax 1800 MI', 2000 MI'w, 2200 MI'u u 2400

MI 1. U3mepeHue ypoBHS MOIITHOCTH CHTHaJa MeXy 4 u 2 3Taxkamu. ['paduk mpeacTaBieH Ha
pucyHke 14.

Path Loss (Office Building) Generator attenuation - (0) dB (NLOS-between 4th and 2nd floors)
-55 T T T T T T T T T
{ ~@ ~Path Loss at 1800 MHz
o o. o ¥ -Path Loss at 2000 MHz
AN AR —8 - Path Loss at 2200 MHz
60— &R o \ c ath Loss af H
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Pucynok 14 — 3aBUCHUMOCTb YPOBHSI MOIIIHOCTH CUTHAJIA B 3aBUCUMOCTH OT PAaCCTOSIHUS IIPHU HE
npssMoi BuguMocTH nipu yactorax 1800 MI'tr, 2000 MTI'tr, 2200 MI'ty m 2400 MI'11 (odbucHoe
nomenieHue). [lokazanust ypoBHSI MOIIIHOCTH CUTHAJIa MEXIY 4 U 2 dTaxaMu

C) [Iposenenue n3amepenus npu vyacrorax 1800 MI', 2000 MI'n, 2200 MI'n u 2400

MI'. M3Mepenue ypoBHs MOLTHOCTH cUrHana mexay 4 u 1 staxamu. ['paduk npesncrasieH Ha
pucyske 15.
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Pucynok15 — 3aBUCHUMOCTb YPOBHSI MOIIIHOCTH CUTHAJIA B 3aBUCUMOCTH OT PaCCTOSIHUS IIPHU HE
npsiMoit BUauMocTH ipu yactorax 1800 MI'tr, 2000 MTI'tr, 2200 MI'ty m 2400 MI'11 (odpucuoe
nomeneHue). [lokazanus ypoBHsI MOIIHOCTU CUTHAJIA MEXKAY 4 U 1 aTaxkamu

3AKVIIOYEHUE

ANTOPUTM TPHUJIATEPALIMUBBINIONHACT OIpEACIIeHHe KOOpJAMHAT OOBEKTa Ha OCHOBE
NOJYYeHHUs JIaHHBIX PpAcCTOSIHUSL 0 TPeX MAaskoB C  IOCIEAYHIOIIUM  pelIeHHEeM
ypaBHeHus. TeopeTuueckoe OmpeneeHue KOOpAMHAT OO0BEKTa Ha OCHOBE —alropuTMa
TpUJaTepallud He MPUTOJHO JUIs MPaKTUUYECKUX 3ajad. B mpakThdyeckux 3agadax HY>KHO
YUUTBHIBaTh HE TOJILKO TEOPETHYECKHE JaHHBIC, HO W JaHHBbIE 00 OKpyKaromel cpene. B tom
yyciae JaHHble O IIJJAHUPOBKE 3/4aHUs, KOMHAT, pAacIojoKeHHss MeOenn B KOMHATax,
MEX3TaXXHOE IPOCTPAHCTBO, YKEJIE3HbIE MPErpajbpl U CTEHbL.OTH MOMNPAaBKU ObUIM MOJYYEHBI B
XOJ€  JKCIEPUMEHTAJbHBIX M3MEPEHUN. OKCIEPUMEHTAJIbHBIE W3MEPEHHUS  JI0Ka3alu
OMMOOYHOCTh TEOPETHUYECKUX JAHHBIX B MPAKTUYECKUX MPHUIOKCHHUAX. BBUTH TPOBEACHBI
U3MEpPEHUs JUIsl YeThIpeX BUIOB OOCTAaHOBKH OKPYXKAIOLIEH cpelbl: 30Ha MPSIMOMl BUIMMOCTH,
30Ha HE MpsAMOM BHAMMOCTH, B TOM 4YHCII€ C MperpajamMu B BHJAE CTEHbI, MeTaUla U
MEXITa)KHOTO MPOCTPAHCTBO. DTHU MOMPABKK MOTYT OBITh YUTEHBI IIPU U3MEPEHUSAX CUTHAJIOB C
natunkoB. C HUX OyIyT MOJyYeHBI NaHHBIE 00 YpOBHE MOIIHOCTH curHaia B dBm, manee oHm
OyayT npeoOpa3zoBaHbl B LKAy PACCTOSIHUSI B METpax.
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EXPERIMENTAL INDOOR MEASUREMENT OF SIGNAL POWER LEVEL AS
DEPENDING ON A DISTANCE AT LINE-OF-SIGHT AND NON-LINE-OF SIGHT
CONDITIONS TO IMPROOVE POSITIONING ACCURACY
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K.K. Mennaky.i0B
AJMaTBl PHEPTeTHKA JKOHE OailylaHbIC YHUBEPCUTETI

AHnoamna. OOBEKTIHIH OpHBIH JKa0OBIK KCHICTIKTEPIE aHBIKTAy €Ki OdIiC apKbUIBl JKy3ere
achIpBUIAbl: TPUAHTYJISIN JKOHE TpWiIaTepanvs. [pHaHTyIsAnus odici KOOpAMHATANaphl OENTi YIIn
MasK TIeH 13eTiHIN OTBHIpFaH OOBEKTiIHIH OAaFbIThl apachIHAAFbl OYPBIMITHI OJIIEY apKBUIBI KY3€re
acwIpbuiaabl. KoMmiekcTik caHaap 9IiCiH KOJNJaHy apKbUIbl JKOHE TEHACYII HICHIy apKbUIbl i37eliHim
OTBIpFaH OOBEKTIHIH KOOPAWHATACHIH aHBIKTAWMBI3. Tpuiareparusi oici KoopAuHATAIaphl OENTiTl I
MasKTaH 13/IETiHIN OTHIpFaH OOBEKTire NeiiH KeNeTiH CUTHAIIBIH KyaT OeHTeHJIepiH eIiey apKbUIbl
Kysere acelppiianel. Kyar naeHiinepiHiH KepceTKIIITepi METPMEH OJIIeHETIH Y3bIHIBIKONIIeMiHe
ayBICBIPBLIAJIBI )KOHE TCHICY/II ISy apKbLIbI i3/ICMiHIIl OTPFaH 00CKiHIH KOOPUHATAIAPhI AaHBIKTAJIAIbI.
TeopusutbIK 3epTTeyiiep 00BEKT KOOPANHATACHIH aHBIKTAIbI, OipaK TOKIpHUOETIK KOoChIMITIanapaa 00beKT
KOOpIMHATAChl KaTEIiKIEeH aHbIKTalaasl. byHbeIH ceGe0i KopiuaraH oprajaa IryasiH 0omybl. Maskrapaan
KeJeTiH KyaT JCHTeWIepiHiH ToXIpHOeNiK KOPCeTKIIUTepiH aHBIKTAWTBIH —3KCIIEPHUMEHTAIIBIK
3epTTeyiepai oTkizy Kaxer. OCBI  MMONIMETTEpAi KOJIAaHYy apKbUIBI i37EIiHIN OTHIPFaH OOBEKT
KOOPJMHATACHIHBIH HAKTHUIBIFBIH TY3€yTe 00Iaapl. DKCIIEPUMEHT TOPT TYPIIi KOHPUTYpalusiga e TKi3Ii:
@) SKCIIEPUMEHT OOBEKTINIEPiHiH, SFHU TAPATKBIII TeH KaOBLIIAFBIIITEIH TiKeJIeH OpHaIacybl Ke3iHae KyaT
JeHreiin enmiey; b) sxcrepuMeHT 0ObEKTIICPiHiH, SFHU TapaTKBIII NeH KaObUIIAFBINITHIH TiKeIeH eMec
OpHaIacysl Ke3iHIeKyar jaeHreiin enmrey. Kenepri o0bekTici - MeTtai; C) S9KCIEpUMEHT 00bEKTIIEpIHiH,
SIFHU TapaTKBIIII IeH KaOBUIIAFBIIITHIH TIKEJICH eMec OpHaJIacybl Ke3iHjae Kyar JeHredin enmey. Kenepri
o0BekTici - Kabwipra; d) SKCTIepUMEHT OOBEKTIIEPiHiH, SFHU TApaTKBIII MeH KaOBLIJAFBIIITEIH TiKelei
eMec OpHaJlacyhl Ke3iHze KyaT JeHreiin emmey. Kexepri oobekTici — Kabat apamiblk KeHicTik (4-3, 4-2, 4-
1).OKCcnepuMEeHT HOTHKENIEPi TEOPHUSIIBIK MAJIIMETTEPAl TY3€yTe KOJIIaHbUTybIHA O0IaIbl.

Tyuinoi cozoep: line-of-sight, non-line-of-sight, ciextp ananusaropsr, USB-reneparop.

TYPA KOPIHY KE3IHJIE )KOHE 'KABBIK YI-)KAWJIAPIA NO3ULIUSIIIAY
JOJIIITTH 5)KAKCAPTY YIIIH KEJEPTI BOJFAH KE3JIE YI-KAM IIITHAETT
KAIIBIKTBIKKA BAILJIAHBICTBI CUTHAJI KYATBIHBIH JEHTERIH
SKCHEPUMEHTTIK OJILIEY

Zh.K. Mendakulov
Almaty university of Power Engineering and Telecommunications

Abstract. Indoor searching of position of object realizes by two methods: triangulation and
trilateration. Triangulation method is implemented by measuring angles between three beacons, with
known coordinates and direction of object. By using complex numbers method and solving equation,
unknown coordinates of object could be found. Trilateration method is implemented by measuring signal
power strengthfrom three beacons with known coordinates to object with unknown coordinates. Reading
of power levels is converted to distance scale (in meters). By solving equation unknown coordinates of
object could be found. Unknown coordinates could be found theoretically, but in practical situations
coordinates of object are found with errors. It takes place because of presence of noise in environment. It
is necessary to carry out experimental research to receive practical readings of power levels from
beacons. It is possible to correct coordinates of searching object, that was taken theoretically by using
these data. Experiment carried out in four configurations: a) measurement of power level when
transmitter and receiver located line-of-sight; b) measurement of power level when transmitter and
receiver located non-line-of-sight. Obstacle object - metal; c) measurement of power level when
transmitter and receiver located non-line-of-sight. Obstacle object - wall; d) measurement of power level
when transmitter and receiver located non-line-of-sight. Obstacle object — material between floors (4th-
3rd, 4th-2nd, 4th-1st).

Keywords: line-of-sight, non-line-of-sight, spectrum analyzer, USB-generator.
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I'PHTU 49.33.29
AK.K. Menagaky0B
ANMaTUHCKUN YHUBEPCUTET SHEPTETUKU U CBSI3U, T. AnmaTel, Kazaxcran

m m zhas@mail.ru

AHAJIN3 YYBCTBUTEJIBHOCTHU AJI'OPUTMA TPUAHI'YJIAIIUMU K OIIMBKAM
B ISMEPEHHUH YI'JIOB 1151 3AJAY ONPEAEJEHUS MECTOIOJIOKEHUSI
BHYTPHU IOMEHIEHUU

Annomayua. Jlid co3gaHus NPOTPaMMHBIX TNPWIOKEHHH IO ONPEACICHHUIO MECTOIOJIOXKEHUS
00BEKTa B 3aKPBITHIX IOMEINEHHUSIX IPUMEHSIOTCS [Ba METOJA: METOJ TPHUAHTYJSILIUM U METOX
TpunaTepauuu. [lepen TeM Kak co3aaTh IporpaMmy HYXHO YYHTHIBaTh UyBCTBUTEIHHOCTh METONOB K
ommnbkaM. B wyacTHOCTH, B JaHHOH cTaThe NPOAHAIM3UPOBAHA YYBCTBUTEIHHOCTH aJITrOPUTMAa
TPUAHTYJSIIMM K OIIMOKaM B UW3MEpEeHHHM YIIoB. B craTbe NpUBEAEHBl JHCTHHIH aJIrOpUTMa
TPUAHTYISIUUA M alIrOpUTMa ISl UCCIECNOBAaHUS YyBCTBUTEIBHOCTH TPHAHTYISMH K OMIMOKaM B
u3MepeHnH yriaoB. Taxke B TabiuIle MPUBEACHBI MOTPEIIHOCTH B ONPENEICHNH KOOPAUHAT 00bEKTa IPU
JIOITyCKe, YTO OJUH W3 JAaTYUKOB M3MEpPSeT ¢ OMMOKAaMH, a OCTaJbHbIC BA JATUMKA M3MEPSIOT TOYHO.
3areM, MPOMOAEITUPOBAH AITOPUTM TPHAHTYJSALUMN MPH YCIOBHH, YTO TPH AATUMKA H3MEPSIOT YIJIBI C
ommnOkaMu. B KOHIIE cTaTbU TMOABITOKEHBI PE3YNbTaThl MOICITUPOBAHUS W CHACIAaHBI BBIBOJBL. JTH
BBIBOJIBI JTOJDKHBI YYUTBIBATHCS IPH JaJdbHEHUINEM MPOEKTUPOBAHWM INPOTPAMMHBIX HPHIIOKEHUHN I10
ONpEACICHUIO KOOPAUHAT B 3aKPBITBIX IOMEIICHHAX.

Knrwouesbie cnoga: TpuaHTymsIIys, OMIMOKA MO3UIMOHUPOBAHHUS, YyBCTBUTEIHLHOCTb.

BBenenue

B MMPUIIOKCHUAX OIIPEACICHUA MCCTOIIOJIOKCHUA BHYTPHU HOMCH_IGHI/II‘/‘I MOJXHO IIPUMCHUTDH
MCTOJbI TPUAHTYJIALIUN U TPHUJIATCPaAlIUU.

MGTOI[ TPUAHTYJIALIUA BBIIIOJHACTCA IMOCPECACTBOM U3MCPCHUA YTJIIOB MCKAY MasKaMu, C
HN3BCCTHBIMHW KOOpPpAWHATAMH W HAIPABJICHUEM JIBUKCHUA oObekTa. Pemennem ypaBHeHI/II\/JI
MOKHO OIIPpECACIUTh KOOPANHATHI HCKOMOT'O 00BEKTa OTHOCHTEIHFHO MasKOB.

MGTOI[ Tpuiaarepalluu OCHOBAaH Ha U3MCPCHUH paCCTOSIHI/Iﬁ A0 MasjdKOB C HU3BCCTHBIMH
KoopAuHaTaMu o0 o0bekTa. Pemenuem ypaBHeHI/Iﬁ MOKHO OIIPEACTINUTE KOOPAUHATEI KCKOMOT'O
00BEKTa OTHOCHTEIHHO MasKOB.

B HaCTOHIJ_Ieﬁ CTAaTbC IIPOAHATIU3UPOBAHA YYBCTBHUTCJIBHOCTH MCTOJAa TPUAHTYJIALUU K
omuOKaMm B HU3MEPCHHUHU YIJIOB 10 MadKOB C U3BECCTHBIMU KOOPpAHWHATAMMU.

Hwxe npuBeieH IMCTUHT IPOrpaMMbl TPUAHTYJIALUY Ha si3bIke MatLab.
JIMCTUHT IPOTrpaMMbl TPUAHTYJISILINN.

function [Xr, Yr] = ToTal(x1, y1, x2, y2, x3, y3, phil, phi2, phi3)
%ostepl
x1l=x1-x2;
yll=yl-y2;
x3l=x3-X2;
y3l=y3-y2;
%ostep2
T12=cot((phi2-phil)*pi/180);
T23=cot((phi3-phi2)*pi/180);
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T31=(1-T12*T23)/(T12+T23);
%ostep3

x121=x11+T12*yl1l;
y121=y1l-T12*x1l;
x231=x3I-T23*yal;
y23I=y31+T23*x3l;
x311=(x3l1+x11)+T31*(y3l-y1l);
y31l=(y3l+y1l)-T31*(x3l-x1l);

%ostep4
k31I=x11*x3l+y1l*y3I+T31*(x11*y3I-x3I*y1l);
%ostepS
D=(x12I-x231)*(y23I-y31l)-(y12l-y231)*(x23l-x31l);
%ostep6

Xr=x2+((k31I*(y121-y23l))/D)
Yr=y2+((k311*(x231-x121))/D)

BXO[[HI)IMI/I AAaHHBIMU IJIA IPOTPpaMMBI ABJIAIOTCA KOOPAUHATHEI TPEX MASAKOB U YTJIbI MCXKIY
OTHMU TPEMA MasAKaMU 1 HAIIPABJICHHUEM JIBUXXCHHUA HCKOMOI'O 00BeKTA.

HpOMOI[eJ'H/IpyeM YYBCTBUTCIIbHOCThL AJITOPHUTMA TPUAHTYJSIUHA K OIIOKaM IIpu
HN3MCPCHUU YTJIOB.

MopaenupoBanue

3amaya anropuTMa TPHUAHTYJIALUA B ONPENCICHUM MECTOMOJOKEHUS O0beKTa II0
WU3MEPEHHSIM YTJIOB OT TPEX MaskoB. TOYHOCTH MO3UIIMOHUPOBAHUS YXYAIIACTCA U3-32 HAIMYUS
omunOoK B u3MepeHuu yrioB. [Ipomonenupyem BIvsHUE HAJIWYUS OUIMOOK B U3MEPEHHUH YIJIOB
Ha TOYHOCTh MO3ULIMOHUPOBaHUA. B mpumMepe B3ST 4acTHBIN Cllydail, KOr/ia NepBbIi yroia paBeH
270 rpamycoB, BTOpOil yroa paBeH 45 rpaaycoB, Tpetuil yon paBeH 180 rpamycoB. B mepBom
npumepe yron B 270 rpaaycoB OTKJIOHSETCS 0 OmUOKA B 5 rpaacoB. Bo BTroom mpumepe
BTOPOM yroia B 45 TpalyoB OTKIIOHSETCS 70 OMIMOKHU B 5 TpagaycoB. B TpeTbem mpumepe yroi B
180 rpayacoB OTKIIOHSIETCS /10 OIIUOKHU B 5 TpaaycoB. [Ipu usmepeHnn KOOpAMHAT B METPAX 3TO
MIPUBOAMT J10 OMIMOKH B 13 CAaHTHMETPOB.

a) ToTal(x1, y1, x2, y2, x3, y3, phil, 45, 180)

I'pamycst 266 | 267 | 268 | 269 |270 |271 |272 |273 |274 |275

phil

Xr - -2.03 | -2.02 | -2.01 | -2 -1.99 | -1.98 | -1.98 | -1.97 | -1.96
2.04

Yr 0.11]/0.08 |0.05 |0.03 |0.00 |-0.03|-0.05]-0.08|-0.10 |-0.13

b) ToTal(x1, y1, X2, y2, X3, y3, 270, phi2, 180)

Ipamycs | 41 42 43 44 45 46 47 48 49 50
phi2

Xr -2.07 | -2.05 | -2.03 |-2.02 | -2.00 |-1.98 |-196 |-195 |-1.93 | -1.91
Yr -0.07 | -0.05 | -0.04 | -0.02 | 0.00 |0.02 |003 |005 |0.07 |0.08
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C) ToTal(x1, y1, x2, y2, x3, y3, 270, 45, phi3)
I'panycer | 176 177 178 179 180 181 182 183 184 185
phi3
Xr -1.90 |-192 |-195 |-197 |-2.00 |-2.03 |-2.05 |-2.08 |-2.11 |-2.13
Yr -0.03 |-0.02 |[-0.02 |-0.01 |0.00 |0.01 [0.02 |0.03 [0.04 |0.05
d) ToTal(x1, y1, X2, y2, x3, y3, phil+(q), phi2+(2*q), phi3+(3*q))
I'pamgycer | 266 267 268 269 270 271 272 273 274 275
phil+1
Ipamycer | 41 42 43 44 45 46 47 48 49 50
phi2+2.5
I'pagycer | 176 177 178 179 180 181 182 183 184 185
phi3+3
Xr -2.00 | -2.04 |-2.07 |-211 |-215 |-219 |-223 |-2.28 | -2.33 | -2.38
Yr 000 |004 |00O7 |011 |045 |019 |0.23 |0.28 |0.33 |0.38

OTH JNaHHBIE IOJIyYEHBI MOCPEICTBOM BBEIEHHUS LMKIOB B NPOTrpamMMy TPHUAHTYJIALUU.
Huxe npuBeneH nucTuHr nporpaMMel Ha si3bike MatLab.

.HI/ICTI/IHFHpOFpaMMH aHaJIn3a YyYBCTBUTCIIbHOCTHU TPUAHTYJISILIUA K oIIMOKaM B HU3MCPCHUHA

YTJIOB.

script
clear

clc

format bank
%ostepl

n=10;
k=1;

z=zeros(2,n)

for phil=266:1:265+n
[Xr, Yr]=ToTal(0, 0, -4, 2, -2, -2, phil,45,180);
z(k:(k+1))=[Xr, YTr];
k=k+2;

end

%ostep2

h=zeros(2,10)

for s=1:2:19
h(s)=(((z(9)-2(s))"2)+((z(10)-z(s+1))*2))"0.5;

end

%ostep3

n=10;
k=1;

v=zeros(2,n)

for phi2=41:1:40+n
[Xr, Yr]=ToTal(0, 0, -4, 2, -2, -2, 270, phi2,180);
v(k:(k+1))=[Xr, Yr];
k=k+2;
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end
%ostep4
I=zeros(2,10)
for s=1:2:19
1(s)=(((v(9)-v(s))*2)+((v(10)-v(s+1))"2))"0.5;
end
%ostep5
n=10;
k=1;
m=zeros(2,n)
for phi3=176:1:175+n
[Xr, Yr]=ToTal(0, 0, -4, 2, -2, -2, 270,45,phi3);
m(k:(k+1))=[Xr, Yr];
k=k+2;
end
%ostep6
b=zeros(2,10)
for s=1:2:19
b(s)=(((m(9)-m(s))"2)+((m(10)-m(s+1))"2))"0.5;
end
%ostep7
n=10;
k=1;
g=zeros(2, n)
phil=266;
phi2=41;
phi3=176;
for q=0:1:9
[Xr, Yr]=ToTal(0, 0, -4, 2, -2, -2, phil+(q), phi2+(2*q), phi3+(3*q));
g(k:(k+1))=[Xr, Yr];
k=k+2;
end
%ostep8
j=zeros(2,10)
for s=1:2:19
J'(S()j=(((9(9)-9(S))"2)+((9(10)-9(S+1))"2))"0-5;
en

Pa3paGoTrka mnporpaMMHOIO NPWJIOKEHHSA /IS ONpedeJeHHs KOOPAMHAT B
MO/I3eMHBIX COOPY:KEHUSIX

[IporpaMMHOE TpHUIIOKEHHE Ul OINPEAEICHUS KOOpPAWHAT OO0BeKTa B TOA3EMHBIX
COOPYXEHHSIX HAa OCHOBE aJITOPUTMa TPUAHTYJIALINH.

Pazpaborano mporpammHOe MPWIOKEHHE Ha s3bIKe MporpammupoBanus C++ B cpene
pazpabotku Visual Studio 2010. IIporpamMmmMHOE NPHUIOKEHHE OCHOBBIBACTCS HaA aJITOPUTME
TPUAHTYJISIINH.

JIucTunr xoxa IMporpaMmbl IPUBEACH HUIKC.

Jluctunr. Indoor positioning.
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private: System::Void buttonl_Click(System::Object® sender, System::EventArgs” e)

{

double x1;
double y1;

double x2;
double y2;

double x3;
double y3;

double phil;
double phi2;
double phi3;

x1=System::Convert::ToDouble(textBox1->Text);
y1=System::Convert::ToDouble(textBox2->Text);

x2=System::Convert::ToDouble(textBox3->Text);
y2=System::Convert::ToDouble(textBox4->Text);

x3=System::Convert::ToDouble(textBox5->Text);
y3=System::Convert::ToDouble(textBox6->Text);

phil=System::Convert::ToDouble(textBox7->Text);
phi2=System::Convert::ToDouble(textBox8->Text);
phi3=System::Convert::ToDouble(textBox9->Text);

double pi =3.14159265358979323846264;
// pacdeT MO (DHUITUPOBAHHBIX KOOPIUHAT MasKOB

double x11=x1-x2;
double yll=yl-y2;
double x31=x3-x2;
double y3I=y3-y2;

// TPUTOHOMCTPUYICCKUEC PACUCTDI

double T12=(cos((phi2-phil)*(pi/180)))/(sin((phi2-phil)*(pi/180)));
double T23=(cos((phi3-phi2)*(pi/180)))/(sin((phi3-phi2)*(pi/180)));
double T31=(1-(T12*T23))/(T12+T23);

// pacueT MOIU(UIIMPOBAHHBIX KOOPIAMHAT LIEHTPOB OKPYKHOCTEMN

double x121=x11+T12*y1l;
double y12l=y1l-T12*x1l,
double x231=x3I-T23*ya3l;
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double y23I=y31+T23*x3l;

double x311=(x31+x11)+T31*(y3l-y1l);

double y311=(y3I+y1l)-T31*((x3l-x1l));

// pacueT ko3P pureHTa

double k311=x11*x3l+y1l*y3I+T31*(x1I*y3l-x3I*y1l);

// pacuet D

double D=(x12I-x23I)*(y23I-y31l)-(y12l-y231)*(x23l-x31l);

// pacyeT KOOpAMHAT UCKOMOTO OOBEKTa

double xR=x2+(((k311*(y12l-y23l)))/D);
double yR=y2+(((k311*(x231-x12l)))/D);

// BBIBOJT KOOPJIMHAT HCKOMOT'0 0OBbEKTa Ha IKpaH

label1->Text=xR.ToString();
label2->Text=yR.ToString();

// BBIBOZI Tpa(huueCKUX 0OBEKTOB

Graphics” g= pictureBox1->CreateGraphics();
Brush” brush = gcnew SolidBrush(Color::Black);
g->Clear(SystemColors::Control);

// TpadYECKUA BBIBOJ MAsSKOB

g->FillRectangle(brush, 500-x1-10, y1-10, 20, 20);
g->FillRectangle(brush, 500-x2-10, y2-10, 20, 20);
g->FillRectangle(brush, 500-x3-10, y3-10, 20, 20);

// rpadYECKUA BBIBOJI KOOPIMHAT HCKOMOT'O 0OBEKTa

g->FillRectangle(System::Drawing::Brushes::Red, 500-xR-10, yR-10, 20, 20);

// pa3pucoBKa MoJIs

g->DrawLine(Pens::Green, 0, 100, 500, 100);
g->DrawLine(Pens::Green, 0, 200, 500, 200);
g->DrawLine(Pens::Green, 0, 300, 500, 300);
g->DrawLine(Pens::Green, 0, 400, 500, 400);
g->DrawLine(Pens::Green, 100, 0, 100, 550);
g->DrawLine(Pens::Green, 200, 0, 200, 500);
g->DrawLine(Pens::Green, 300, 0, 300, 500);
g->DrawLine(Pens::Green, 400, 0, 400, 500);
g->DrawLine(Pens::Red, 0, 0, 0, 500);

g->DrawLine(Pens::Red, 0, 0, 500, 0);
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g->DrawLine(Pens::Red, 499, 0, 499, 499);
g->DrawLine(Pens::Red, 0, 499, 499, 499);

}

Ha rpajguueckom untepdeiice moap30Barens pacnojaraloTcs ciaeayoni 0ObeKThI:

1) Kapra 3akpbITOro momerieHus: KBaapaTHOH (GOPMBI C pa3MepaMHu 10 TOPU30HTAIH
u 1o nuaro”anu. Pazmepst nomenienus: 500x500;

2) [Tons mist BBEICHHUSI KOOPAMHAT MAsIKOB;

3) [lons mia BBeNEHHs NAaHHBIX C JATYUKOB YIJIOB MEXIY TpeMs MasKaMu M
HAIpaBJICHUEM JIBH)KCHUSI HCKOMOTO 00BEKTa, IPUHSATHIM 110 YMOJIYaHHUIO OT FOTa Ha CEBEp;

4) [Tone st BEIBOJA KOOPAMHAT HCKOMOTO OOBEKTA.

Bremnuii Bua rpadudeckoro nHTEpdEiica moap30BaTelNs 0 BBEACHUS JaHHBIX KOOPIUHAT
MasikOB IIPUBEJICH Ha PUCYHKE 1.

X

00 - L1

0100 B2:

B3:
0:200

phit:
phi2:
phi3:

0:300

0:400 xR:
yR:

oK

500:500 400:500 300:500 200:500 100:500 0:500

Pucynox 1 — I'paduueckuii uHTepdeiic nonab3oBaTens NPUIOKEHUS AJI ONpeAeseHUs
KOOpJIMHAT 00BEKTA B MOJI3EMHBIX COOPYKEHHUSAX 10 BBEJCHHUS KOOPAUHAT MasKOB

Buemnuit Bux rpaduueckoro wuHTepdeica MOIb30BaTeNs TOCIE BBEACHUS JIaHHBIX
KOOPJIMHAT MAsIKOB MTPUBEAECH Ha PUCYHKE 2.
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Pucynok 2 — I'paduueckuit uHTepdeiic monapb3oBaTens MPUIOKEHUS AJIs ONpeAeTeHUs
KOOpJMHAT 00BEKTAa B MTOJI3EMHBIX COOPYKEHUSX ITOCIIC BBEICHUSI KOOPAMHAT MasKOB

3AKVIIOYEHUE

B naHHOM cTaThe NpUBEAEH AIMOPUTM TPUAHTYIALMHU. VCronp3yss 3TOT alropuTm
TPUAHTYJISALUU TIPOMOJICIIMPOBAaHA YYBCTBUTEIFHOCTh K OMIMOKAM B M3MEPEHUHU YIJTIOB MEKIY
MasikaMHM U HaIlpaBJIeHHMEM JIBMXKEHHMS UCKOMOTO oObekTa. B mpumepe B3sT 4acTHBIN ciydaid,
Kor/a mepBbIid yroi paBeH 270 rpaaycoB, BTOpOi yroy paBeH 45 rpagaycoB, TPETUH yoOJl paBeH
180 rpaxycoB. B nepBom npumepe yron B 270 rpagycoB OTKJIOHSETCS A0 OMIMOKHU B 5 IpaJICoB.
Bo BTOoOM mpumepe BTOpoi yron B 45 rpalyoB OTKJIOHSIETCSI O OWIMOKM B 5 rpaaycos. B
TpeTbeM npumepe yroi B 180 rpaycoB oTkIIOHsETCS 10 omMOKU B 5 rpagycos. [Ipu usmepenun
KOOpJMHAT B METpax A3TO NpUBOAMUT 10 omuOku B 13 cantumeTpoB. COOTBETCTBEHHO MpHU
IIPOEKTUPBHU CHCTEM NO3UIMOHUPOBAHUS BHYTPU IOMELICHUM HYKHO YYHUTHIBAaTh TOYHOCTH
JTATYMKOB M3MEPEHUs YTIIOB.

B crathe mpuBeneH MCXOIHBIA KOJA TMPOrpaMMbl Ha s3bIKe MporpamupoBanus C++1o
OIIPEEIIEHUIO MECTOIIOJIOKEHH. JTa IPOrpaMMa UCIOJIb3yeT aITOPUTM TPUAHTYJISLUH.
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YW-KAH IINTHAETT OPBIH/IbI AHBIKTAY MIHJIETTEPI YIIIH
BYPBIIITAP/JAbBI OJIIIEYIEI'TI KATEJIKTEPT'E TPUAHI'YJIALIUA
AJITOPUTMIHIH CE3IMTAJIABIFBIH TAJIJJAY

K. K. MenngakysioB
AJMaThl SHEpreTHKA KoHEe OaillaHbIC yHUBEPCUTETI, T. Anmatsel, Kazaxctan

Anoamna. KaObIK KEHICTIKTep/le OOBEKTIHIH OpHBIH aHBIKTAYy MaKCaThIHIA OaFraapiiaMaibIK
KOCBIMITIANIAPIBI KYPY VIIH €Ki o/ic KOJJaHBUIAABI: TPUAHTYISIIHSA SICI MEH TpWiIaTepamus SIici.
BarnapnmaMansl jxkacay aiiblHAA 9IICTEPIiH KATCIIKTEPre CE3IMTAABIFBIH TeKcepy Kaxer. bepinren
Makajaja TPUAHTYJANUS aJITOPUTMIHIH OYPBIITAPABI OJIIey Ke3iHAerl Ce3IMTaIbIFbl TaJKbLUIaHFaH.
Makanaga TpPHAHTYJSAUS  ITOPUTMIHIH  JIMCTUHTI JKOHE  OYpBINTApAbl  eNmey  Ke3iHAeri
TPUAHTYJISIIUSHBIH KAaTeIIKTepre Ce3iMTAIIBIFBIH 3epTTEYTre apHAIFaH alfOPUTM JIMCTHHTI KENTipiuIreH.
CoHTBIMEH KaTap, KecTele NaTYMKTEepAiH Oipeyi KaTeNKTepMEH, ajl KaJiFaH €Ki JaT4MK KaTeNiKTepci3
OIIIEHTIH Ke3Aeri OOBEKTiHIH KOOpAMHATANAPBIH aHBIKTay KaremikTepi kentipinredn. ComaH KeHliH
TPUAHTYJISIIUS  QITOPUTMI OOWBIHIIA YII JAaTYMK KATENKTEpMEH OJIIEeHTIH Ke3[eri TaObUTFaH
KaTeIKTepKENTIpiareH. MakajdaHblH COHBIHIA MOJCIBIACYHOTIDKENECP  KOPBITBIHABUIAHIBL.  OChI
KOPBITBIHABUIAP KAaObIK KEHICTIKTEpJle KOOpAMHATANAPAbI aHBIKTay OOMBIHIIA Oar;apiaMalibIK
KOCBIMITIANIAP.IBI KYPY KE31H/IE CKepilyl KaxerT.

Tyiiinoi ce30ep: TPUAHTYISINS, OPBIHIBI aHBIKTAY KATEIIri, Ce31MTaJIbIK.

ANALYSIS OF TRIANGULATION ALGORITHM SENSITIVITY TO ERRORS IN
ANGLE MEASUREMENT FOR INDOOR LOCATION PROBLEMS

Zh. K. Mendakulov
Almaty university of power engineering and telecommunications

Annotation. Two methods are used to create software applications for determining the location of
an object in enclosed spaces: the triangulation method and the trilateration method. Before you create a
program, you need to consider the sensitivity of methods to errors. In particular, this article analyzes the
sensitivity of the triangulation algorithm to errors in the measurement of angles. The article lists the
triangulation algorithm and the algorithm for investigating the sensitivity of triangulation to errors in the
measurement of angles. Also, in the table there are values of errors in determining the coordinates of the
object with the assumption that one of the sensors measures with errors, and the other two sensors
measure accurately. Then, a triangulation algorithm is simulated making assumption that three sensors
measure angles with errors. At the end of the article the results of modeling are summarized and
conclusions are made. These conclusions should be taken into account in the further design of software
applications to determine the coordinates in enclosed spaces.

Keywords: triangulation, positioning error, sensitivity.
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KOMIIBIOTEPHASA OBPABOTKA IKISOBPA}KEHI/II?'I KAK METOJ U3YYEHUA
IBOJIIOIUHA ITOJIEM CEPEBPUCTbBIX OBJIAKOB

Annomauus. PaccMaTpuBaeTcsi BO3MOXKHOCTh IOJYYSHHS JOCTOBEPHBIX JaHHBIX O XapakTepe
MHOTOJICTHEH BOJIOIMH TOJIeH Me30CEepHBIX cepeOpPHUCTHIX 00JaKOB CEBEPHOTO M F0XKHOTO MOTyIIApUi
3emin myTéM TIIyOOKOW 00paOOTKM pe3yJbTaTOB JUCTAHIIMOHHOIO 30HAMPOBaHUS Me30chepsl,
MOJTyYEHHBIX TIPY BBITIOTHEHUH cIyTHUKOBON Muccuu AlM. O60CHOBBIBaeTCSI HEOOXOAUMOCTD Pa3BUTHUS
COBPEMEHHOTO MPOrPaMMHOI0 KOMIUIEKCA JUIsi MPOM3BOJCTBA TITyOOKOW KOMIBIOTEPHOH 00pabOTKH
UMEIONIMXCsl u3o0paxkeHuit. OOCykIaroTcsi TpeOOBaHMsI K BHOBb pa3padaThIBAEMOMY MPOrPaMMHOMY
MPOAYKTY ¥ OKUJIAEMBIC OT €r0 MPUMEHECHHUS PE3yIbTATHI.

Knrouesvie cnosa: mesochepa, obnaka, TUCTAHIMOHHOE 30HTUPOBAHUE, POTPAMMHBIA KOMILIEKC,
CTaTUCTHKA.

BBenenue

OnHMM W3 aKTyaJbHBIX HANpaBICHWH B M3YYCHUU BepxHel arMmocdepsl 3emiu, B TOM
yuclie BJIMSHUS Ha TMpOTEKaloule B HEMl mporecchl KOCMO(DU3MYEeCKHX W Teo(HU3MUecKux
(bakTOpOoB, ABJISIOTCS UCCIEJOBAHMS T'€HE3MCa U HBOJIIOLMHU MOJIeH Me30CHEPHBIX CepeOPUCTBIX
obmakoB (MCO). Onu B omnpezaenstomeil creneHd Oa3upyrOTCs Ha UHTEpHpeTaluu
HaOJIOIaTENbHBIX JTAaHHBIX, TOJTYYEHHBIX KaK HAa3eMHBIMH, TaK U KOCMHUYECKUMH CPEIICTBAMH.
JlBa »THMX moaxonaa, uMmes crneuuduyeckue 3ajadyM, YCHEUIHO JAONOJHSIOT Apyr apyra. B
HacTosimiee Bpemsi, Onarojaps paboTe crnenuanusupoBaHHoro cmytHuka AlIM [1], Hakomien
3HAYUTEIbHBIN 00bEM MH(pOpMAIMM O pacnpeneneHuu riaodanbHeix nojeir MCO ceBepHOro u
IO)KHOTO TIONyIapuii 3a cooTBercTByrommue ce3o0Hbl 2007-2019 romoB. Orta umHbopmanus
HaXOAUTCSI B CBOOOJAHOM JOCTYIlE, M TNpEABAPUTEIbHBIA aHAIU3 Pe3yJbTaToOB €€ 00paboTKU
IoKa3aJl, YTO CYIIECTBYET HACTOATENbHAs HEOOXOJUMOCTh pPa3pabOTKU COBPEMEHHOIO
IPOrpaMMHOT0 KOMILJIEKCa JUIsl ONEpaTUBHOM IIyOOKOW OOpaOOTKM HMMEIOLIUXCS MacCHUBOB
TaHHBIX [2]. B YacTHOCTH, paccMOTpeHBI OOIIME TPEHIbl CE30HHOW SBONIONHUH MOJeH
Me3ocepHort obnmadyHoCTH ceBepHOro mosymiapus Ha uHTepBasie 2007-2012 romos, a Takxke
oOHapy’keHa JIONTOTHAas acUMMETpHs Mpouecca (GopMUpoOBaHHUS cepeOpHUCTBIX OO0JIAKOB B
yMepeHHbIX Immportax. [locienHee OOCTOATENBCTBO HACTOJIBKO BaXHO, UYTO HYXKJIaeTcs B
YTOUHEHUHM KaK MyTEM pacIIMPEeHUsT BPEMEHHOTO MHTEpBajia, TaK MU 3a CYET MOJCPHHU3ALUH
porpaMMbl 00pabOTKH JTaHHBIX.

Metoasbl

HccnenoBanust B 03HaAYEHHOM HaIpaBlIeHUH 0a3upPyIOTCS Ha JIETaJbHOM aHAIU3€ KapTUH
pacnipezeneHusi 00JauyHbIX IMOJIEH, CIPOEHUPOBAHHBIX HA 3€MHYIO MOBEPXHOCTh (PUCYHOK 1).
OHM co3aHbl Ha OCHOBE 00paOOTKM MJaHHBIX O COJEpXKAaHMU a’po30iisi B Mezochepe,
MOJTy4aeMbIX IPU KaKJIOM IMpOJETe CIIyTHUKA HaJ 3a/JlaHHbIM pernoHoM. OOIee KOIMYecTBO
OpOUTANBHBIX MPOJIETOB, POPMHUPYIOIIUX KApPTUHY 3a Kax/ble CyTKH, coctaisier 15. [Ipu sTom
B BBICOKMX IIMPOTax OTAENbHbIE IIOJIOCHl, COCTaBJISIOUIME KapTUHY, MOTYT YaCTUYHO
nepekpbIBaThCsl. TakuM CIIOCOOOM CTPOSITCS €KECYTOUHBIE M300paKeHUs MPHUIIOISIPHOTO IMOJIS
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cepedpucTbix obmakoB [1]. [IpuHrMas BO BHUMaHHE JUIMTENBHOCTH ce30Ha mosiBienus MCO —
ok0J10 90 CYyTOK, MOXHO PAacCUMTHIBATh Ha MOJIyYeHHE HAYYHO 3HAYMMbBIX BBIBOJIOB O Pa3BUTUU
Me30chepHOl OO0JaYHOCTH B PEXKHUME IICEBJAOPEATBLHOTO BPEMEHH. 3aMETHUM, 4YTO TOJs
Me30chepHbIX 00JaKOB CEBEPHOTO0 U IONKHOTO MOJYIIAPH HE MEepeKphIBAIOTCS BO BPEMEHHU.
[lepBble TUTUYHO MPOSIBISIOTCS B MIOHE-MIONE M JIMIIb OTYACTH B aBrycTe. BTOphIE €XEroaHo
dbopmupyroTcs B nekadbpe-despaie.

Pucynoxk 1 - M300paskeHust mpUIIOJISIpHBIX 00JacTell ¥ rI00anbHOTO MOJIs CepedpUCThIX

Me30ChEepHBIX 00JIAKOB: a) CEBEPHOTO U 0) FOKHOTO MOIyIapuid 3eMITd TI0 JaHHBIM CITyTHUKA
AlIM [1]

@opMHUpOBaHUE  JIOCTOBEPHBIX BBIBOJOB O BPEMEHHOM M  MPOCTPAHCTBEHHOU
U3MEHYMBOCTU XapakrtepucTuk noned MCO HEBO3MOXKHO 0e3 NMPUMEHEHHUS MPOrPaMMHOIO
KOMILJIEKCa, CIOCOOHOro 00paboTaTh OOJIBIION MAaccHB HCXOJHOW MH(OpMAIMM B pexXHUMax,
o0OecreunBarOMX MaKCHUMaJIbHbIM HayyHO-HccienoBaTenbekuil ag¢exr. [loctaHoBke pabOTHI
10 CO3/IaHUI0 TAKOI'0 KOMIUIEKCA U MOCBSIIAETCS Hallla CTAaThs.

OnpenenéHHyo poib B W3YYEHUH TJIOOATBHBIX XapaKTEPHCTHUK TIOJIEH cepeOpHCThIX
00J1aKoOB ChIrpasia mporpamma, onucansas B paborax B.H. Kproukona, J[.A. Kynabaesoii, A.A.
Cononosuuka [2]. OrpaHnyeHust €€ TPUMEHUMOCTH ONPEIENSIIOTCS KaK «PYyYHBIM» PEKUMOM
UCTOJIb30BaHUs, TaK W HEIOCTaTOYHBIM KOJMYECTBOM HCCIENOBaTEeIbCKUX (yHKIMHA. B
YaCTHOCTH, TpPH W3YYCHHH JOJTOTHBIX Bapualid TUIOMAAA Me30C(hEepHO 00IavYHOCTH
IPEIYCMOTPEH JIUILb OJIUH PEKUM Pa3JieeHus MOJAPHOM 00nauHOoCTH Ha cekTopsl. [Iporpamma
HE MMEET BCTPOEHHBIX PEKHMMOB pacHIMpeHHOW 0o0pabOTKU pe3yibTaToB pacu€roB. IIpu 3Tom
HoJy4aeMble ¢ €€ MOMOILBIO BBIBOBI HE 001aJal0T JOIDKHOM OOLIHOCTBIO.

BONBIIMHCTBO  CTAaHAAPTHBIX TPOTPAMMHBIX MPOAYKTOB TPOBOAST MPEICTaBICHHE
n300pakeHHi B BUJAE MaTPUYHOrO BbIBOJAa HMH(popMmanuu 0e3 nocieayromeid ux oO0paboTKu
nanee. JlaHHBIMH TIpOrpaMMaMH MTPOBOJIUTCS CKAHUPOBAaHUE M300paKCHUS JJIST TIPEACTABICHUS
€ro B MaMsATH KOMIIbIOTEpa WM BBI30B rOTOBOTO rpaduyeckoro (aiina. B nHauane paboTs! daiin
OOBIYHO HE CO3MaeTcs (MMeeTcs TaKkKe M MPHUHIUNHAIbHAS BO3MOXHOCTh CO3/IaHUS HOBOTO
u300paxkenus "c Hynq"), a OTKpbIBaeTCs (MOCie CKAaHUPOBAHUS WJIM TI0CJIE UMIIOPTUPOBAHUS U3
JIPYTUX IPOrpamm).

Hame mnpeanoxeHue BKIIOYAaeT MPOJYMaHHBIM MepedeHb 3ajiay, KOTOpbIE IpHU3BaHa
pemarp pa3pabarbiBacMas WHGOpPMAIMOHHAS CHUCTEMa, MAaKCHMaJbHO oOserdasi paboTy
uccnenonarens. KakoB mpUHIUN ACUCTBUS M TNEpEUYeHb pellaeMbIX 33134 NEepCHeKTHBHOIO
MPOrpaMMHOTO KOMILIeKca it udpoBoil o0pabOTKM H300pakeHUN moJield CcepeOpUCThIX
o0mnakoB? Ilo HalleMy MHEHHUIO OH OTIpENeNsIeTCs CIeAYIOINUM Ha0OpOM KPUTEpHEB U (DyHKIIMMA:
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— IIporpaMMHBIi KOMIUIEKC JOJDKEH, MO 3aJaHHBIM II0JIb30BATENIEM IapaMmerpawm,
oOpatuTthes K 0a3e JaHHBIX [Tl BRIOOPKU TPeOyeMOol TOCIIeI0BATEIIbHOCTH H300paKEHUH.

— Kaxnoe obpabaTtsiBaeMoe n300pakeHne TpaHC(HOPMHUPYETCS B MACCUB COBOKYITHOCTH
MUKCEJIeH, MPU 3TOM JIF000MY U3 HUX MPUCBAUBAIOTCS KOOPAMHATHI U MapaMeTp SIPKOCTH.

— IIporpamma nomxHa OTIMYATh IMUKCENH, COOTBETCTBYIOIIME OOJAYHOMY IIOJIO OT
«(OHOBBIX» MHUKCETEH, MPU 3TOM KPUTEPUH PA3IUYMsl MOTYT BapbHpPOBATHCS MO  3aJaHUIO
MOJIb30BaTEIl.

— IIporpamma nomkHa NMPOU3BOAUTH MOACUYET Kak OOIIEr0o 4Hclia MUKCeNIed KapTUHBI,
TaK U KOJHMYECTBA INHKCEJIEH, CBA3AHHBIX C OOJAYHOCTHIO, MPUUYEM STH HPOLETYPHI JOJDKHBI
OBITH JIOCTYIIHBI B MPUJIOKEHUH HE TOJIBKO OOIIel KapTUHBI 00JAYHOTO MOJIsl, HO ¥ B 3aJJaHHBIX
KOOPJAMHATHBIM CIIOCOOOM €€ 2JIeMEeHTaX — CEKTOpax, Kpyrax, CerMeHTax.

— llonoxxeHue aHAIM3UPYEMBIX JJIEMEHTOB HM300paXEHUS JOJDKHO OBITH JIOCTYITHO
BapbUPOBAHUIO MOJIb30BATEIEM IPOTPAMMBI, HAIPUMEP, CEKTOPHI TOJIKHBI OBITH BapbHPyEMbl
[0 HIMPHHE, a WX TPAHUIIBl O J0NToTaM (MOCIeIHEe HUCKIIOUYUTENBHO BAXHO MPU W3yUEHUH
JONTOTHBIX Bapuanuid pazsutus noieit MCO).

—  PesynbTarhl moacy€TOB UKcIa MUKCENEH JOIKHBI UMETh BO3MOXHOCTh TaOIMYHOTO U
rpaduueckoro mpeacTaBiIeHUs BO BPEMEHH AJIs 3aJaHHOTO MOJIb30BaTeJIeM UHTEPBAIA.

— IIporpamma nomkHa oOecreyuBaTh BO3MOXKHOCTH — OINEPATHBHOM  KOPPEKLUU
pe3yJIbTaToOB, HANPUMEp, NMPH HAJHMYUM MPOOEIOB B JAAHHBIX, IyTEM HHTEPIIOTUPOBAHHS WIIH
WHBIX 3BPUCTUYECKUX MOIXO0B (PUCYHOK 2).

2012-2013

Pucynoxk 2 - [Ipumep rpaduka ce3oHHOro XoAa miomaau odnaynoro nomust, MCO 1oxHOTO
nosrymapus B ce3oH 2012-2013 roga, Hy>KIaIOLUIUIICS B YTOUHEHUN HUHTEPIIOIUpPOBaHuEM [3]

— TI'padukm mnm Tabnuupl AOMKHBI OBITH AOCTYIHBI JUIS CTaTUCTUYECKOTO aHalM3a
(crmaxuBaHUE, COTMOCTABICHUE CE30HOB, ANMPOKCUMALMU U PACUYET CTATUCTUYECKU 3HAYUMBIX
OTKJIOHEHMH OT CpeIHero, TOWCK KBa3WUIIEPHOJOB, OINpPEICICHHEe JKCTPEMYMOB H T.IL.)
(pucyHOK 3).
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Pucynok 3 - Annpokcumanus rpagMKoB C€30HHOM W3MEeHYMBOCTH Iutowaau nojeit MCO c
IENIBI0 TTOUCKA KBA3UIIEPUOANIECKUX COCTABIISIONINX, TPEOYIOMNX JaTbHEHUIIETO YTOUHEHHS
pu oOpaboTke [2]

— Ilporpamma J0iKHa MO3BOJUTH TOYHO (PMKCHPOBATh MUHHMMAJbHBIE IIHPOTHI, Ha
KOTOPBIX YBEPEHHO OOHAPYKUBAETCS MPUCYTCTBHE TOJICH CEPeOPUCTHIX 00IAKOB.

[TonesHolt ¢pyHKIMEH TPOrPaMMHOI0 KOMILJIEKCA JI0JIKHA CTaTh BO3MOKHOCTh IOCTPOCHUS
SAPKOCTHBIX «pa3pe30B» BJIOJIb OTAEIbHBIX OpOUTANBHBIX Nosioc u3o0paxxennidt MCO. Hanuuue
PE3KOro craja sipKOCTH SIBHO YKa3bIBaJIO Obl Ha HETOJIHOTY CITyTHUKOBBIX JaHHBIX (PUCYHOK 4).
Bompoc 0 €€ BaMSHMM Ha W3yYEHUE UHTErpabHbIX Xapakrepuctuk nosner MCO wu
HEOOXOMMOCTH COMNOCTABJICHUSI UX C JIAHHBIMM HA3eMHBIX HAOJIIOACHUN IUCKYTUPOBAJICA B

pane pabor [4].

Pucynok 4 - [Ipumep pe3skoii «oOpbiBrcTocTH» 1ot MCO Ha H300pakeHHH, MOTYYEHHOM I10
nauuaeiM AIM [1]

Pe3yabTarsl

[IpenBaputensHas 00pabOTKa KapTHH OOJAYHOTO IMOJII CEBEPHOTO M HEJABHO HAvaThIN
aHanu3 u3o0paxkeHnidt MCO 0)XKHOTO MOJyIIApUil MOKa3ajlid, 4TO Mpe/jlaraeMblid MOAXOM K
mzydeHnto  MCO  o6nagaeT  BBICOKMM  HayYHO-HCCIIEOBATENBCKUM  NOTEHIIUAIIOM,
oTpenesieMbIM HOBH3HOM HJIEH, HCIIOIb3yEeMbIX TIPH HHTEPIIPETAIIUNH ITOJTyJaeMbIX PEe3yIbTaTOB.
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[Inanupyemass NOCTaHOBKa 3a7aydl aOCONIOTHO HE IyOnMpyeT HCCIeOBaHUs, MPOBOIUMBIC
komangoi AIM. B yacTtHOCTH, aBTOPCKUM JOCTHKEHHEM OCTA€Tcs OOHapy»KEeHUE JOJINOTHOU
ACHMMETPUU B pacIipe/ieIieHuH Mojeld Me30cepHor 007auHOCTH YMEPEHHBIX IIUPOT CEBEPHOTO
nonyuapus. Pedb uuer, mpexie Bcero, o BbIABIEHHMH oOnacteil ¢ HauOosee 3¢G(GEeKTUBHBIM
¢dopmupoBannem MCO yMepeHHBIX IIHUPOT, HAampUMeEp, Hal PEerHoHoM Ypan — 3amajnHas
Cubupp. OnHako pelieHue BOIpoca 00 YTOYHEHUM MPHUPOJbl 3TOH aCUMMETPUU U TIOMCKE
¢u3nUeckux MpUYMH €€ BO3HUKHOBEHUS YMHPACTCS B OTCYTCTBHE NMPOTPAMMHOIO KOMILIEKCA,
HO3BOJISIIOIIETO HMCCIIE0BATEN0 OINEPAaTUBHO BapbHPOBATH METOAMKY aHalu3a CTPYKTYpPbI
obmaynoro nousisi. Tem Goree, 6e3 TaKOro KOMIUIEKCa HE OOOWTHUCH MPHU M3YYCHHH JIOJTOTHOM
acumMeTpuu nosneid MCO 10XKHOro nosymapus 1 pelieH|uH BOpoca O BO3MOXKHOM BpallleHUH
00JIa4HOrO MOJIS B LEJIOM.

B ToMm e kitoue npecieayercs peleHre BOIpoca 0 HATMYUU TPEHI0B WU OCLWIIISLUN B
Pa3sBUTHU TIIOOATBHBIX TMOJIEH Me30c(epHOi 00IaYHOCTH ABYX MONYIIApUHA U CPaBHEHUH HUX
XapaKTEPUCTHUK.

BeiBOABI

Ponp  opmann3oBaHHOrO oOmMMCaHUS, KaK HAYaIbHOTO M O0S3aTENBPHOrO JTama B
[0CJIEI0BATEIbHOCTU IPOLEYD, IPU PELISHUN 33/1a4 aHalIKW3a U Paclo3HaBaHUS U300pakeHUi
Ype3BhIYAHO BaXKHA U COCTOMT B 00ECIICUEHUH a/IEKBATHOT'O OIMMCAHUS CYIIECTBEHHBIX CBOMCTB
KJIACCOB M300pa)K€HHUH, IO3BOJIAIOLIMX JaTh KOHCTPYKTUBHYIO OCHOBY [UIl IOCTPOEHMS
3 PEKTUBHBIX BBIYMCIUTENBHBIX Tporenyp. OIHaKo MOJAETH, IPUMEHSEMbIE Ha MPAKTHKE IS
HETPUBUAJIBHBIX KJIACCOB M300paKEHUHM, KaK NpPaBUIIO, SIBJIAIOTCA CIMLIKOM YIPOLICHHBIMH,
OOJIBIIMHCTBO M3 HUX HOCUT JIOKAJIBHBIN XapaKTep M MPEACTABISACT PACCMOTPEHHE OTACIHHBIX
aCIeKTOB MpPOOJIEMBbI, 3a4acTyl0 OPUEHTHPOBAHHBIX Ha peEIIEHHWE KOHKPETHBIX MPHUKIAIHBIX
3agau. CrpemieHue oOecneuuTbh aJeKBaTHOE (POPMaIM30BaHHOE OMNMCAHUE pPealbHbIX
n300pakeHmid ¢ OOJBIION TOYHOCTHIO OOYCIIOBHIIO aKTYaJIbHOCTh Pa3paOOTKH MaTeMaTHYEeCKOH
MOJIENIN ONMMCaHUS M300paKEHUH Ha OCHOBE HHTErPAlbHBIX HWHBApPHUAHTOB SHEPreTHYECKOIo
CTIEKTpa, CBA3aHHBIX, KAK 0Ka3aJI0Ch, CO CTATHCTUKAMHU IEPETaioB IPKOCTH.

BBuny cnenndukn 3agau, KoTopble IpU3BaH peliaTh NPOrpaMMHBIN KOMIUIEKC, OH JIOJIKEH
UMETh pa3BUTHI MaTemMaTHuecKui ammapaT. B 3Tol cBsi3u JOrMyHO paszpaboTaTh €ro B
nporpammuoii  cpere  MathCAD, ornauuaromieiics HaaudueM  OOJBIIOTO  KOJHYECTBA
CTHEeHATBHBIX MaTEMATHIECKUX MOJYJIEH, TIO3BOIISIONINX MMPOBOIUTH HHTETPATBHYIO 00paboTKy
MaTpul] OOJIBIIOrO pa3Mepa U, KpoMe TOT0, MPOBOAUTH OOJBILIOE YHCIIO ONEpaluid, CBI3aHHBIX
CO CTaTUCTHUYECKOI 00pabOTKON MPOMEKYTOUHBIX PE3YJIbTATOB.
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KYMICTI BYJTTAPABIH OPICTEPIHIH 3BOJTIOLIUACBIH KECKIH/I
KOMIIBIOTEPJIIK OHAEY APKbLJIbI 3BEPTTEY

Anémun JI.B., CosiooBHUK A.A., lembsiHeHKO0 A.B.
M. Ko3si6aeB ateiaaarsl Conrycrik Kazakctan MeMiekeTTik Y HUBEPCUTETI,
[Terponasn, Kazakcran
dmitriy_alyoshin@bk.ru, aasolodovnik@mail.ru, demianenkoav@mail.ru

Andamna. AIM MHCCHSCBIMEH YIIKAaH CEpikTiH Me3ocdepaHbl 30HTTAY apKBUIBI ajibIHFaH
MOJIIMETTEPiH KOJIaHy apKbUIb JKepaiH CONTYCTIK %oHE OHTYCTIK JKapThIIapiapblHAaFbl Me30C(hepalbiK
KYMICTI OYJITTapIIbIH epicTepiHiH KOIDKBIIIBIK SBOJIONUSACHIHBIH TaOUFAThl TYpajibl CEHIMII JepeKTepIi
ary MYMKIHJIIT1 KapacThIpbUTFaH. MyHBIH 09pi KOJTaHBICTAFbl KECKIHIEPl TEPeH KOMITBIOTEPIIIK OHJIEYTE
apHaJFaH 3aMaHayd OarjapiaMaliblK jKacakTama KYHeCiH a3ipiiey KaKeTTUIriH kepceredi. Kanaman
93ipiieHreH OaFjapiaMaliblk ©HIMIe KOMBLIATHIH Talantapibl OHE OHbI KOJJAAHYAAaH KyTUIETIH
HOTHXEIeP/i TATKbUIANIBI.

Tyitinoi co3oep: me3ocdepa, KYMICTi, KAUIBIKTBIK 30HATAY, TPOTPAMMAIIBIK KOMIUIEKC, CTATUCTHKA,
KalTalaHyabIKTHI 13/IeY.

COMPUTER PROCESSING OF IMAGES AS A METHOD OF STUDYING THE
EVOLUTION OF THE FIELDS OF NOCTILUCENT CLOUDS

Alyoshin D.V., Solodovnik A.A., Demianenko A.V.
M.Kozybayev North Kazakhstan State University,
Petropavlovsk, Kazakhstan
dmitriy_alyoshin@bk.ru, aasolodovnik@mail.ru, demianenkoav@mail.ru

Abstract. The possibility of obtaining reliable data on the nature of the long-term evolution of the
fields of mesospheric noctilucent clouds of the northern and southern hemispheres of the Earth by deep
processing of the results of remote sensing of the mesosphere obtained during the AIM satellite mission is
considered. All this justifies the need to develop a modern software for the production of deep computer
processing of available images. Discusses the requirements for the newly developed software product and
the expected results from its application.

Keywords: mesospheric, clouds, remote sensing, software application, statistics.
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THE COMPARATIVE ANALYSIS OF METHODS OF COLLACATION FOR LOW-
RESOURCE LANGUAGES

Annotation. In the present work, there is a comparative analysis made of the classical approach of
collocations' extraction from text, based on pointwise mutual information, with an alternative approach
that came from the field of associative learning, namely the Rescorla-Wagner model. The motivation of
the paper is following the quality of collocation extraction is as good as the size of the source corpus is
significant; in fact, such problems exist in many low resource languages (e.g., Kazakh) or narrow topics
corpora (e.g., BioMed). Conducted numerical experiments based on two corpora, with the help of the first
one (Corpus of Contemporary American English, COCA) a golden standard of idioms was created; the
second low-resources corpus (Brown) was used for the generation of test collocations' set. We will show
that naive discriminant learning has a better performance than traditional models.

Keywords: naive discriminant learning, pointwise mutual information, natural language processing,
collocation extraction, low-resource languages.

Introduction

Large volumes of textual information generated in the global information environment
motivate the development of new algorithms and methods for structuring texts; specific trends
have appeared in this direction [1]. Naturally, textual information over time undergoes a
transformation associated with the cultural and social context. The latter, in turn, uses words in
the discourse of texts as a sign system for conveying meaning. Words are the smallest unit
capable of conveying a message, but on the other hand during the course of the evolution of a
language, words can be grouped into independent semantic units, and in this phenomenon,
interestingly, the meaning of each word does not correspond to the meaning of the whole group,

the so-called idiomatic phrases (e.g. "Case in the hat", "discipline is lame", "blood from the
nose"). In computer linguistics, there are various types of stable phrases [2], for example, as:

- terminological combinations (hardware-software complex, information systems);

- common language combinations (characteristic qualities, following logic, generally accepted
norms);

- proper names (Nikola Tesla, Thomas Edison);
- introductory design (with the following);

- combinations characterizing the theme of the text (character traits, knowledge acquisition,
teaching methods);

- free combinations (you know, | think);
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- combinations with unrecognized official words (with the help of the following);
- combinations with unrecognized occasional elements (the beginning of Yin-Yang).

The task of automatically separating one subclass from another is demanded in a scientific
and technical environment. More strictly stable phrases are understood as collocations and have
the following definition: "lexical and phraseological conditionality of a word combination in
speech as the realization of their polysemy" [3]. The degree of conditionality of such
compatibility can be determined automatically using statistical methods - the so-called measures
of associativity [4]. By comparing the associations of words and collocations, the relationship
between grammar and language use is examined. Since the power of the word, associations
correlate with the mental semantic structure, and one of the basic models that implement the
associative learning principle is the Rescorla-Wagner (RW) model, it seems natural to use
associative learning methods to isolate stable phrases [5].

The model Robert Rescorla and Allen Wagner is a classic naively discriminative training
and was published in 1972. The basic idea of the model is based on a statistical approach
evaluating the mathematical expectations of the joint co-occurrence of words, to reflect the
representative relationship between the words used. Properties such as strengthening and
weakening of the conditional stimulus (CS) establish an associative connection between the
conditional stimulus and the unconditioned stimulus (US) [6].

Recently, to distinguish collocations, the PMI pointwise information measure [7] has gained
popularity, which assesses the independence of the joint appearance of a couple of words,
overestimates the importance of rare phrases, and makes it possible to single out phrases without
a priori knowledge of the language.

In this paper, we consider only the following measures for comparative analysis, namely,
Pointwise Mutual Information, the Rescorla-Wagner model, which will be used to identify
collocations.

Mutual Information

Mutual information is a measure of the quantity of information contained in some
observable random variable about another one. It is the increasing in determinacy of one random
variable due to the knowledge of the other.

B p(x,y)
N =), yz TR

1)

For the two random variables X and Y there is a measure of an association called Pointwise
mutual information (PMI). In detail, PMI is the difference between the probability of their co-
occurrence given their joint distribution and the probability of their co-occurrence given the
marginal distributions of X and Y (assuming independence of the random variables).
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p(x,y) 2

pmixy) = 10g o)

In the above formula, x and y are random variables that are words/bigrams/ n-grams, p(x), p(y)
are a priori probabilities of the occurrence of the token x and y, respectively, in the training set
(ratio of the number of occurrences to the total number words in the corpus), p(x,y) - the
probability of the term x to meet together / next to the term y. It is noteworthy that mutual
information (1) yields the expected value over all possible random states. Furthermore, the value
domain of PMI resides in negative and positive space.

Naive Discriminative Learning (NDL)

There are significant contributions to NLP have made by associative learning (AL). AL has
been used in order to boost or improve upon several NLP tasks, namely word space models
(Pantel and Lin, 2002), Part-of-speech-tagging (Rani et. al., 2014), and others.

The model of Rescorla-Wagner appertains to NDL, that is the subcategory of AL. By
default, the following terms of NDL are correct: 1) A cue is an information that gives a hint on
an unknown information. The unknown information is called outcome. Examples for cues in a
text corpus are bigrams, trigrams or preceding words for the word or meaning of the word
(Unconditioned stimuli, US); 2) The outcome is the result of an event. Examples are words, the
meaning of the word, or lexemes (Conditioned stimuli, CS); 3) An event connects cues with
outcomes. In any event one or more unordered cues are present and one or more outcomes are
present; 4) The weights represent the learned experience / association between all cues and
outcomes of interest. Usually, some meta data is stored alongside the learned weights [8].

The model is trained in the prediction of an unconditional event, provided that the
conditioned event has occurred, which is expressed in the form of the so-called association force
V. After each test, the new value of V will be equal to the old value of V plus the change in
value:

AV () = a()Bfn+ DA -2 Vi(2)
3)
Vxn+1 — AVxn+1 + Vxn

where o represents the relative significance of CS, or roughly speaking, it is attention-
mechanism. It is a number that can vary between 0 and 1, where 0 indicates that CS does not
attract any attention, and 1 indicates that it attracts maximum attention. Visibility can be
manipulated, for example, by making the stimulus more or less intense, or by forcing it to change
quickly.
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B represents the learning rate parameter, this parameter can vary from 0 to 1. The closer the
beta to 1.0, the higher the conditioning level. Finally, A represents the maximum associative
value that can be due to CS under test conditions.

Datasets

The Corpus of Contemporary American English (COCA) is the only large, genre-balanced
corpus of American English. COCA is probably the most widely-used corpus of English, and it
is related to many other corpora. The corpus contains more than 560 million words of text (20
million words each year 1990-2017) and it is equally divided among spoken, fiction, popular
magazines, newspapers, and academic texts. On the basis of the corpus there are collocates
dataset, that consists of the following:

1) 1D - identification for the lemma, which corresponds to cue;
2) lemma— the canonical form of a word entry in COCA;
3) lemPoS — the part of speech of a word entry in COCA;
4) coll —the collocate-word of a word entry in COCA,;
5) collPoS — the part of speech of the collocate-word in COCA;
6) MI — mutual information;
7) Freq — the frequency of the pair of a word entry and its collocate-word.
The second corpus is broad used Brown corpus, which consists of 500 samples and has part-of-

speech-tagging layer. The common intersection of bigram collocation with golden standard
equals to 163, that assumes statistical representation of comparative analysis.

Measure of similarity

In the conducted numerical experiments in order to compare various methods we decided
to use the Spearman rank correlation coefficient. The coefficient, rS, may be obtained by
subjecting the ranks, instead of the raw measurements. In other words, for two random vectors
one substitutes original values of vectors’ components with their rank and after that assess
correlation.

The rS calculated from a sample of data is an estimate of pS, the Spearman rank correlation
coefficient that would be obtained from the entire population of data from which that sample
came; pS is sometimes called “Spearman’s rho”.
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Table 1 - Numerical Experiments

cue outcome COCA’s pmi | Brown Brown RW
pmi
0 | uncharged particle 11.03 12.598 7.726345597362995e-173
1 | bicameral legislature 10.81 13.632 2.8423637006553322e-173
2 | anglican clergyman 10.4 13.071 5.6847274013106644e-173
3 | unanimous consent 9.11 12.761 2.8423637006553322¢-173

cue and outcome - words bigram

COCA’s pmi - pointwise mutual information by COCA

Brown pmi - pointwise mutual information from Brown corpus
Brown rw - Brown corpus Rescorla-Wagner activation

Table 2 — Correlation table

coca’s pmi brown pmi brown RW

coca’ pmi 1 0.62 0.78

COCA’s pmi - pointwise mutual information by COCA
Brown pmi - pointwise mutual information from Brown corpus

brown rw - Brown corpus Rescorla-Wagner activation
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To calculate the Spearman correlation, we calculated pointwise mutual information and
Rescorla-Wagner activation(rw) from Brown corpus. Then each was sorted in descending order
and the result was compared. As you can see in the correlation table, rw and COCA’s have a
greater correlation compared to Brown pmi and COCA’s pmi. This tells us that rw produces
better results than standard methods.

CONCLUSION

In this paper, we gave a detailed analysis of the two association measures used in practice
- statistical methods for identifying word compatibility in the text, examined the main problems
encountered in identifying collocations, and tried to solve them when testing the Rescorla-
Wagnera model and the PMI measures for searching for collocations in texts. This indicates that
a combination of several measures is necessary to effectively identify different types of
collocations in the text. However, the main thing is that solving the problems of detecting
collocations can significantly increase the efficiency of searching for meaningful combinations.

REFERENCES

[1] MDxakceuisikoBaA.b., TTakA.A. JleHecKUbIHIAPIAFbIY IEMETIOHTalIaH IBIPY 9 1ICTEPIHEIIONY,
// BectaukKBTY. —Anmate:BecthnukKbTY, 2017. — T.15. -Ne2. — C.65-78.

[2] AxmanoBa O.C. CrnoBapb JUHTBUCTHYECKHX TepMHUHOB. — MockBa: CoBerckas
sHuMKIoOneaus, 1966. — 607 c.

[3] XoxmoBa M.B. Huccepranus: MccienoBanue JTE€KCHMKO- CEMAHTHYECKOM COYETAEMOCTHU B
PYCCKOM SI3bIKE C IOMOIIbIO CTAaTUCTUYECKUX METOAOB (Ha Oa3e KOpmycoB TeKCTOB). CaHKT-
[TerepOypr, 2010. — 218 c.

[4] Mikolov T., Grave E., Bojanowski P., Puhrsch Ch., Joulin A. Advances in Pre-Training
Distributed Word Representations arXiv:1712.09405v1 [cs.CL] 26 Dec 2017.

[5] 3anecckas B.B., HporpaMMa BBISABJICHUA B TCKCTC ABYYICHHBIX CTATHUCTUYCCKU 3HAYMMBIX
OCMBICJICHHBIX KOJ'IJ'IOKaI_II/Iﬁ (Ha MaTepHraJiCc pyCcCKoro HBBIKa) // Texaonoruu I/IH(i)OpMaI_II/IOHHOl"O
oOmiecTBa B HaykKu, oOpa3oBaHMM M KyJbTypbl: COOpHMK HayuHbIX ctatel. Tpyael XVII
BCEPOCCUICKON 00BbeIMHEHHON KOoH(epeHIMU «VHTEpHET U COBPEMEHHOE OOILECTBO». —
CII6:Yuuepcurer U'TMO, 2014. - C.283-289.

[6] Luzardo A ., Alonso E ., Mondragon E. A Rescorla-Wagner Drift-Diffusion Model of
Conditioning and Timing // PL0oS Computational Biology. -2017. -Nel3(11). doi:
10.1371/journal.pchbi.1005796.

[7] Mikolov T., Chen K., Corrado G., Dean J. Efficient Estimation of Word Representations in
Vector Space. -2013. arXiv:1301.3781v3 [cs.CL].

[8] McCann B., Bradbury J., Xiong C., Socher R. Learned in Translation: Contextualized Word
Vectors. — 2018. arXiv:1708.00107v2 [cs.CL].

46



Becmnuk Anmamunckozo ynueepcumema ynepeemuru u ceazu. Ne3 (46)2019

CPABHUTEJILHBIA AHAJIN3 METOJOB KOJJTAKAITAU 1151
MAJIOPECYPCHBIX A3bIKOB

A. Mak!, XK.Paxumbekyuani®, 3. Ereméepapiena’
HNHcTuTyT MHGOPMAITMOHHBIX M BRIYUCIUTEIBHBIX TeXHOJoTH, AnMaTel, 050010, Kazaxcran,
aa.pak83@gmail.com; rzhanik@gmail.com; egem.zm@mail.ru

Annomayus. B nHacrosmeld pabote MpoBOANTCS CPaBHUTENBHBIN aHAIN3 KIACCHYECKOTO MOIX0/a
W3BJICUCHUS KOJUIOKAIMA W3 TEKCTa, OCHOBAHHOTO HAa TOYCYHOM B3aWMMHOW HWHGPOPMAIMH, C
aNbTEPHATUBHBIM TOAXO0JO0M, MPHIISIIIAM U3 00JacTH acCOUUATUBHOIO OOYYEHUs, 2 IMEHHO MOETBIO
Peckopna-Barnepa. MoTuBamust cTaTbu 3akilo4aeTcs B TOM, YTO Ka4eCTBO H3BJICUEHMS KOJIIOKALUU
CTOJIb K€ XOPOIII0, KaK M pa3Mep MCXOJHOTO KOPIyca; Ha caMOM JIeJie TaKue MPOOIEMBI CYIIECTBYIOT BO
MHOTHX $I3bIKaxX C HHU3KHM pecypcoM (HampuMep, Ka3aXCKUi) WM Y3KHX TeMaTHUYECKHX KOpITycax
(manpumep, buomen). [IpoBeneHp! YnCIEHHBIE SKCIIEPUMEHTHI HA OCHOBE JBYX KOPITYCOB, C ITOMOIIIBIO
nepsoro (CorpusofContemporaryAmericanEnglish, COCA) 0bL1 co3/1aH 30J10TOM CTaHIAPT UIMOM, a IS
reHepaluy TeCTOBOro Habopa KOJUIOKALMI MCHOJB30BaJICs BTOPOi HU3KOpecypcHbIi kopryc (Brown).
MsI mokaxkeMm, 9TO HaWMBHOE NWCKPUMHHAHTHOE OOYYEHHE WIMEET JIYUIIYH) MPOU3BOJUTEIHHOCTH, YeM
TpagUuLIMOHHBIE MOJCIIH.

Kntouegvle cnosa: HauBHOE NHCKPUMHHAHTHOE OOy4YeHHE, TOYEYHAs B3aWMHas HH(OpMAIH,
00paboTKa €CTeCTBEHHOTO S3bIKa, BBIACIICHIE KOJUTOKAIIHA, HU3KOPECYPCHBIE S3BIKU.

A3PECYPCTBIK TUIZAEP YIIIH KOJJAKALIUSA 9AICTEPIH
CAJIBICTBIPMAUJIBI TAJLIAY

A. Mak?, K. Paxumobeky.ani’, 3. Erem6epaniena’
AKDNapatThIK JKOHE e€CerTeyill TeXHONIorusiap uHCTUTyTh, AnMatel, 050010, Kazakcran,
aa.pak83@gmail.com; rzhanik@gmail.com; egem.zm@mail.ru

Anoamna. EnOexte OCBI accONMAaTHUBTIK OKY CcalachblHaH, artan aiitkanna Peckopna-Baraep
MOJIENIIHEH, JXKETKeH Oanamalbl Tociiaepi O0ap e3apa apHayibl aknapaTTapra HeETi3JeNTeH MOTiHHEH
KOJUIOKALMSIap alyJblH KIACCHKAIBIK JASCTYPJl TOCUIAEpIHE CaJbICTBIpMAllbl aHAJIU3 >KacajlbIHaJlbl.
MakanaHblH MOTHBAIMSICHI: KOJUIOKAIIUSHBI allyJblH canachkl KOPIYCTHIH OacTanKbl MOJIIEPiHAe KaKChl
HOTIDKE Oepei; ic-Ky3iH/eri oHai mpodiemManap Ka3ak Tili CUSKTHI a3 PECYPCTHI KOITEreH TUTIEpTe Tap
TaKBIPBINTHIK KOPIYC KepiHiciHmeri (Mbicaybl, bruomesn) cUsSKTBI Tap TAKbIPBINTHIK KOPITyCTaphlHA TOH.
Exi kopryc HeriziHIe CaHIBIK SKCHEpUMEHTTep Kyprizingi. Bipinmi kopmyc kemerimen: «Corpus of
Contemporary American English, COCA» unuoManapslK alThlH CTaHAAPTHI TY3U11, a1 KOJUTOKALUSUIBIK
TECTUTIK KMHAFBIH TONTACTHIPY YIIIH €KiHII TOMEH pecypcThl Kopiyc (Brown) nmainanansuiipl. 3eprrey
HOTIDKEJIepi J9CTYpIli MOJEIJIepre KaparaHjaa KapanaiblM JUCKPUMUHAHTTBIK OKYZABIH OHIMIIUIIr
JKOFaphl €KeHiH KOPCETTIK.

Kinmmix co3dep: kapanailbiM JTUCKPUMHUHAHTTHI OKY, apHAYJIbl ©3apa aKmapar, TaOUFH Tel Tl
OH/JIeY, KOJUIOKALUSIIAp bl €peKIIeNey, TOMEH PeCypCThl Tiaep.
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I'PHTU 28.23.29
A.C. Akanosa’, H.H. Ocnanosa?, E.B.Kyxapenko®

1CeBepo-Kazaxcranckuii rocyapcTBenHsli ynuBepcuteT umenn M.Kosbi6aesa
?[TaBnomapcKuii rocyIapcTBeHHbIH yHIBepcuTeT nMeru C. TopaiirspoBa
3Cesepo-KazaxcraHckuii TocyiapcTBeHHEIH yHUBepcuTeT nMeHn M.Ko3bi6aesa
akerkegansaj@mail.ru, nazira_n@mail.ru, genylapteva@mail.ru

PEAJIM3ALUA AJITOPUTMA ITOPTEPA JIUIAA CJIOB KA3AXCKOI'O A3bIKA

Annomayus. BaxXHbIM 3B€HOM 1I€TIH aBTOMaTHYECKOH 00paOOTKH TEKCTa HA ECTECTBEHHOM SI3BIKE
ABJISIETCS. TEXHOJIOTUSI HAXO0XKIEHHUSI OCHOBBI CJIOBA (CTEMMMHT'), POJACTBEHHBIN €l MO LENsIM aJrOpUTM -
JeMMaTH3aluys, MO3BOJSIOLIMKA ONpPEAEINTh, YTO HEKOTOpas ILelb CIOBO(OPM COCTaBISET OTHO
«CIIOBOM3MEHHUTENbHOE THE3/10» (MMeeT O/IHYy JieMMy). B cTraThe paccMaTpuBaeTcsl HaXOXAEHUE OCHOBBI
CJIOBA, TO €CTh CTEMMUHIA U ONMCHIBACTCS aITOPUTM CTEMMHHIa NpeaiokeHHslii Maptunom [loprepom.
OpuruHanpHasi BepcHs cTemMMmepa Oblla peann3oBaHa M IpeJHa3HayeHa AJisl aHIJIMHCKOTO SA3bIKa, U
Hanucana Ha s3eike BCPL, 3aTeM OH peanu3oBai cTeMMep IS MHIOCBPOIEHUCKUX S3BIKOB U PYCCKOTO
a3blKa. B JaHHON cTaThe paccCMOTPEHBI HCIOJIB30BaHME aIroOpuTMa CTEMMHHra s peanu3aluu
cTeMMepa, (GYHKLIUS KOTOPOH SIBJISETCS ONpEACICHHE OCHOB CJIOBA Ka3aXCKOro S3bIKa, HA SI3bIKE
nporpaMMupoBanus Python. ABTOpPBIMCTIONB3YIOT KOPPENSAIMOHHBIA METOJ JJIsl pacuyeTa 3aBHCHMOCTH
BXOJHBIX JaHHBIX M BBIXOJHBIX IAaHHBIX 0a3bl OCHOB CJOB. B pe3yibraTe MOMydeHHBIH KOI(QHUIMEHT
KOpPpPEJSILMK TI0KAa3ajl, YTO BXOAHBIC JaHHbIC U BBIXOJHbIE JAaHHbIE UMEIOT IOJOKUTEIbHYIO JTHHEHHYIO
3aBHCUMOCTb, YTO HANPSAMYIO CBSI3aHHO C MOJTYYEHHBIM KOJMYECTBOM OCHOB CJIOB B KOHEYHOM BBIXOZIC.
[Tony4yeHHOE KOJIMYECTBO CIIOB B 6a3e OCHOB CIIOB Ha Ka3aXCKOM SI3BIKE COOTBETCBYET KOJMYECTBY CIIOB
JICHCTBYIOIUX CJIOBApEH Ka3aXCKOro SI3bIKA.

Knroueenie cnosa: anmroput™ [lopTepa, cuHTaKcHYeckwii aHan3, 00paboTKa TecTa.

BBeaenue

B Bex mudpoBH3anMuM MHTEHCHBHOTO Pa3BUTHS HH()OPMAIIMOHHBIX TEXHOJIOTHH BO BCEX
cdepax JEATETbHOCTH YelIOBeKa, 0co00€ MECTO 3aHHMMAaeT aBTOMAaTH3alUs O0O0pabOTKM TEKCTa
JUTSL OTJENTBHBIX SI3BIKOB, B HAIIIEM CITydae — 3TO Ka3aXCKUH S3BIK.

B vacTHOCTH,HCCIIeIOBaHUS B JaHHOW OOJIACTH OXBATHIBAIOT LIMPOKHUH JHANa30H S3bIKOB.
DT0 MOXHO YBUJIETh B PEAIN3alUU MTPOrPaMM-TIEPEBOTYMKOB C OJTHOTO SI3bIKA HA JAPYTOU SI3BIK,
Harpumepe Google, STHnekc U qpyrux mporpamMM-InepeBOAYHKOB.

Havano uccnenoBanuii B o0nactu aBTOMaTU3alMKd OOpabOTKH TEKCTa BIIEPBBIE OBLIO
3aTpoHYTO B oTyere YyueHbXx JlxopmxrayHckoro yHuepcuteta (CHIA), rne mnepuoa
uccienoBanus oxsarbiBaeT 1952-1963 roawr [1], B pe3ysibraTe Obuia pa3paboTaHa cucTeMa
MAaIlMHHOTO TepeBOojia C AHIVIMHCKOro Ha Typelkuil, cucrema cocrosia u3 700 crodopm
AHTJIMIICKOTO M COOTBETCBEHHO TYPEIKOTO SI3BIKOB.

B teuenne 1990 — 2014 romoB ObuT MPOBEJEH psijl UCCICOAOBAHUI YUEHBIMH B O0JIACTH
MAIIMHHOTO TIEPEeBOJ]a M CHHTAKCMYECKOTO aHAN3a TIOPKCUX S3BIKOB [2], KAMMYACKHUX S3BIKOB
[3]. Psanx uccrnenoBaHuit MpOBOAMIICS Ka3aXCTAHCKUMH YYEHBIMH IO CPaBHUTEIBHOMY aHAIH3Y
Ka3axCKOTO SI3bIKa, MO0 HMHTEIUICKTYaIbHOMY MOP(OJOTHUECKOMY aHAN3y M CEMaHTHUYECKOU
cetu [4]. O npoBeneHNH HCCIIEOBaHUS B 00J]aCTH JEKCUKO-MOP(OIOTrHYECKOTO aHAIN3a CJIOB
Ka3axCKOTO S3bIKa MOXXHO YBUAETh B paboTax YdYeHbIX MHCTHTyTa WHPOPMAIMOHHBIX W
BBIYHCIUTENBHBIX TexHONMOrnH Komurera Hayku MOH PK [5].

B Hacrosimieii MOMEHT OuY€Hb MHOrO pa3paboTaHHBIX OUOIMOTEK, NPOrPaAMMHBIX
o0ecrieyeHU ¥ PEaJM30BaHO MHOXKECTBO aJTOPUTMOB /ISl peaju3allii aBTOMAaTH3alUU
00pabOTKH TEKCTa Ha Ka3aXCKOM SI3BIKE, 9TO M CHCTEMBl aHTHIUIATAaTa, CHCTEMbl MAIIMHHOTO
nepeBoJia (MepeBOYMKHU PyCCKO-Ka3aXCKUe, aHTTI0-Ka3aXCKUE U JAPYTHUE).
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AHaM3  WCCJICIOBaHUS I[OKA3bIBACT, YTOCEMAHTHUYSCKHUH aHAIU3  CJIOBOGOPM  C
npuMeHeHneM anroputMa [loTTepa JUIs Ka3axXxCKOro s3blka HE IOJHOCTBIO peajr30BaH U
HpI/IMeHeH, nu Tpe6yeT JOITOJIHUTCIIBHBIX I/ICCJ'IGIIOBaHI/Iﬁ 1 TIOITOJIHCHUA Haquoﬁ KOITNJIKHN
ABTOMATHU3UPOBAHHOM CHUCTEMBI aHAJIM3a TEMATHYECKOI'O0 TEKCTa Ha Ka3aXCKOM sI3bIKE, B BHJIC
CUCTEMBI, IIPOBEPSIONICH MMCEMEHHYIO pad0Ty 00YJaroIIerocs 1Mo AUCIUTUTHHAM.

TakuM 00pa3oM, TMPOBEICHHBIC MCCICAOBAHUS HAYYHBIX TPYJOB IIOKAa3bIBAIOT O
HEJOCTATOYHOCTH HCCIIEAOBAaHUS B 00JacTH aBTOMATU3aluu OOpabOTKM TEKCTa Ha Ka3aXCKOM
s3bIKEe ¢ TpuMeHeHueM anroputMa Ilorrepa. IToydenne 0a3pl OCHOB CJI0Ba Ka3aXCKOI'O sI3bIKa
ot 100 000 no 120 000 ocHOB ¢ momomibto creMMepa [loprepa noaTBepx aneT €€ COOTBETCTBUE
0a3e CIIOB, HCITOJIB30BAHHBIX B CIIOBAPSIX Ka3aXCKOIO sI3bIKA.

Peanuzanus creMmmMmepa.

Jns peanuzanu cTeMMepa HUCIOJIb3yeTcs anroputMm cremmunra (cremmep I[loprepa).
ANropuT™M HE UCHOJb3yeT 0a3bl OCHOB CJIOB, a JIMIb, IPUMEHSS M1OCIEA0BATEIBHO Pl IPABUI,
OTCEKaeT OKOHYAaHUS M CY(P(UKCHI, OCHOBBIBasCh Ha OCOOCHHOCTH S3bIKa, B CBSI3U C YEM
paboTtaet 6bicTpoO (snowballstem.org).

Wnes cremmepa [lopTepa 3akirodaeTcst B TOM, YTO CYIIECTBYET OrpaHHUYEHHOE KOJMYECTBO
dopmo- 1 croBooOpazyrouux cypUKCOB, 1 CTEMMUHT CJIOBA MPOUCXOAUT 0€3 UCIOJIb30BaHUS
KaKux-TM00 0a3 OCHOB: TOJBKO MHOXECTBO CYIIECTBYIOMINX CYy(h(PHUKCOB (IIpu 3TOM CIIOKHBIE
cocTaBHble cy(h(UKCH pa30UBaIOTCS Ha IPOCTHIE) M BPYUYHYIO 33JaHHbIE IIPABUJIA.

AnroputM coctouT W3 mATH ImaroB. Ha kaxaom miare otcekaercst (oOpMo- WIH
cioBooOpasyonmii cypdukec u ocraBimiascs yacTb NMPOBEPSETCS HA COOTBETCTBHE IPaBUIIAM
(Hampumep, AJI1 PYCCKHUX CJIOB OCHOBa JOJDKHA COZAEp)KaThb HE MeHee OJIHOM riacHoi). Ecnu
IOJIyYEHHOE CJIOBO Y/IOBJIETBOPSET IPaBUiIaM, IPOUCXOAUT Nepexo Ha cieayromuid mar. Eciu
HET — aJITOPUTM BBIOUpaeT Apyroi cy(uke s OTCEUCHHUS.

Cremmep [lopTepa He HCTIONB3YET HUKAKUX CIOBapei U 0a3 OCHOB, UTO SIBJISETCS TUTFOCOM
JUIs OBICTPOJICMCTBUS M CHEKTpa MPUMEHEHUS (OH HEIJIOXO CIPABIISETCS ¢ HECYIECTBYIOLUIMMHU
CJIOBaMH) ¥ OJJHOBPEMEHHO MUHYCOM C TOYKH 3PEHHS TOUHOCTH BBIACICHHUS CTEMMBI. AJITOPUTM
4acTo oOpe3aeT coBO OoJiblIe HEOOXOJUMOr0, UTO 3aTPYAHAET CHHTE3 HOPMaJIbHON (HhOpMBI 1O
MIOJTyYaroIIeicst CTeMMe: KpOBaTh -> KpoBa (TIPH 3TOM pealibHO HEeM3MEHseMast 4acTh § ClIoBa —
KpOBaT, HO cTeMMep oOpe3aeT HauOoiee MJIUHHYI0O MopdeMy) M He chpaBisercs ¢
BBINAIAOIIMMHU TJTACHBIMU B KOPHE: KOIIEK -> KOIIEK, KOITKaMH ->KOIIIK.

B namewm ciiyuyae Mbl NpuBOIUM Bce Cy(QUKCH M OKOHYAHUS Ka3aXCKOTO S3bIKa JUIs
OTCEYEHUS B UMEIOIINXCS CJIOBaX:

_re_all = re.compile(

1" (LIasbIK|IeITIK | JaFaH| JereH|TaraH|TereH|aras|nereH|"
1" naiibIH|neliH|TalibIH|TeliH|KeHT|xaHa"
r'"Haap|Haep|aiki|Tiki|HiKi|aTbIH|eTiH|ATHIH[ITIH|"
r''reni|kasbl|kerif[faisl|mamalmeme|”
r""MbIH|MiH|OBbIH|O1H|ITBIH|M1H|MBI3|Mi13|0b13|013|1bI3| Mi3|ChIH|CiH|"
1" chI3|Ci3|HBI3[HI3|AaH|1eH|TaH|TeH|HaH|HeH|H aa o ie| AbIH| aiH|ThIH|"
r"'TIH|HBIH|HIH|1ap|aep|Tap|Tep|nap|nep|oeH|nen|meH|cTan|"
1" naif|neit|Taii|Tei| IbIK | MiK|ThIK| TiK|TbIK ik |mas3]"
1" FBILL| M1 KBTI | K11 | [ €K [IIaK I bUT |11 [H i [Hin bl gan| e
r'"'ran|ren|nan|nen|xac|aec|rac|rec|nac|iaec|rap|rep|kap|kep|abip|"
1" 1ip|ThIp|Tip|FbI3|ri3|KbI3|Ki3|FaH|TeH |[KaH|keH| "
r'"y1sl|y1ui|naii|nei|ceiH| cin| 0aK | Oek | mak | mek|Mak | MeK [MbIH | 1H|HbIK| HiK|
r'cei|ci|galae|Ta|Te|Fa|re|kalke[HalHe|"
1" 71i|TH1|Ti|HBI|Hi| 1b1|0a|Oe|ma|me|Ma|me| "
"' 7e1|1i|FBI|T1|KBI[K1|ay|ey|nalne|aplep)|”
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r"pin|in|malme|orijusi|calce|"
r"ifpri)$" )
W3 mpuBeneHoro mpumepa B tabnuie 1 Mbl Habmromaem mporiecce ynaneHus addgukcos
CTEMMEPOM MMEIOIIUXCS B 0a3e CIIOB.

Tabnuna 1 — Pesynprat yaanenus adpdukcos

HMcxoauerit TEKCT 1 mouck 2 MOUCK
IIponect+tep [Ipouec [Iponec
Jexpex+rep+uin Hexpek-+tep JHexpek
CoHMIa+IbIK+TEI CoHIa+IbIK Coumia
Cama+ibIK Cama-+ibIK Cama
CyHr+u+TtiH CyHr+u CyHr

B xone ucnosib3oBaHusi creMmepaMbl B3 5856055¢10B ¢ 3eKTpOHHBIX TEeKCTOB. [lo
CTeMMepy OBUIH MPOBENCHBI 6 MPOKPYTOK, B Pe3ysbTaTe KOTOPHIX0a3za CIOB YMEHBIIAIACh B
cnenyromem nopsiake: 4 256010, 3 006000, 1 540100, 890456, 489004, 280465, 135120 cnos.
Kpowme toro, k murycam cremmepa [loprepa OTHOCUTCS TO, 9TO NMPU PabOTE CTEMMEp OCTaBISET
MEPBYI0 COTJIACHYIO TIOCJ€ BTOPOM TIJacHOM, YTO MOXET MPUBECTH K HENpaBUIbLHOU
cioBodopMe, U 3TO OBLIO OBl HEM30€XKHO, MMOATOMY TIOCTIe KaKIONW padoThl cTeMMepa 0asza ClIoB
MPOBEPSIIACh BPYUHYIO, TPOBOAMIACH BU3YyajbHasl IPOBEPKA CJIOBAps U BBHISBICHHE OMIMOOYHO
HAlMCaHHBIX (TIOJYYEHHBIX) CJIOB, a TaKXE€ WCIPABICHHWE M JOIMOJHEHHE IPOIYIICHHBIX
CJIOB,YTO CBSI3aHHO C IPAMMATHYECKUMHU OCOOEHHOCTSMHM arrIFOTHHATUBHBIX S3bIKOB. B mTore
paboTel creMMmepa monydmin 6a3zy u3 135120 cnos/ocHOB citoBa. M3 mOydeHHBIX JaHHBIX MBI
UMeeM JBa MacCHBa JaHHBIX, MEpEMEHHBbIE KOTOPHIX 3aBUCHUMBI JAPYr OT Apyra. Bropoit
MOJIYYEHHBIM pe3ysbTaT 3aBUCUT OT IEPBOrO, TPETHM — OT BTOpPOro M Tak nanee. Pacuer
KOX(PUIIMEHTa KOPPENSILMM MEXIy HaONI0JaeMbIMU BEIMYMHAMHU T[OKa3al CIEAYIOLIU
pesymbrar 0 <0.99< 1, 49to yKa3bIBaeT MOJIOKUTEIBHYIO JIMHEHHYIO 3aBUCHMOCTH HAITUX
naHHbIX. OT KOJIMYECTBA BXOAHBIX TAHHBIX 3aBUCUT PE3YyJIbTaT BHIXOJHBIX IAHHBIX (PUCYHOK 1).

BxoaHbe
AaHHblE 5856055 4256010|3006000|1540100( 830456 | 439004 | 280465 | 135120
BbiX0OHbIE
LaHHBIE 4256010 3006000 (1540 100| 890456 | 489004 | 280465 | 135120 | 112350

0,9916516
HOPPEM(B13:113;B14:114)

Pucynox 1 - Pacuer xoppemsiunn B8 MSEXCEL

Takum 00pa3oM, OT KaKIbIX BXOJHBIX JIAHHBIX 3aBUCST BBIXOJHBIC JAHHBIC, MOCIETHSIS
upa BEpOSATHOCTHO MPUOIMKEHA K KOTUYECTBY CIIOB TOJIKOBOTO CJIOBApSI.

[Tocne mnosyyeHusi caoBaps KIOYEBBIX CIOB MPOUCXOIMUT IMOCIEAOBATEIbHBIA MOUCK
CJIOBAapHBIX MOHATUU B TEKCTE€ WM MOJCYET KOJMYECTBA MX NOBTOpeHui. M mocnenHuMm marom
MPOU3BOJUTCS OTOOp TIOJYYCHHBIX TOHSITHH B CIHCOK KIIIOYEBBIX CJIOB TEKCTa. 3aTeM
CTAaTHCTUYECKUMHU METOJaMH OIpeIeIIseTCs PEIeBAHTHOCTh OTOOPaHHBIX KaHIHUIATOB.

Pe3yabTarsl

Otan ucnonk30BaHug ctemMepa [loprepa ans co3maHus ciaoBapsi Ka3axCKOTO s3bIKa IO
MOWCKY KJIIOYEBBIX CJIOB BKJIIOYAET TOJATOTOBKY 0a3bl OCHOB CJIOB Ha Ka3aXCKOM SI3BIKE B
o0yuyeHun HeiipoHHol cetu. [lanHas 6a3a OyJeT HMCMOIB30BATHCS IS Pa3pabOTKH CHCTEMBI
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CEMAHTHYECKOTO aHajdu3a TEKCTa, IS JUCTAHIIMOHHOW TPOBEPKU 3JICKTPOHHBIX TEKCTOBBIX
pabot oOyuarommxcs. Cremmepom [loprepa Obliu mpoBeneHBI 8 mpoleayp o0paboTku Oa3bl
CJIOB ¢ HayaIbHBIM KoJu4ecTBOM B 5 856 055 cioB, B pe3ynbTaTe Kol o0paboTku 6a3a CioB
yMeHbIanack B cienyromem nopsake: 4 256 010, 3 006 000, 1 540 100, 890 456, 489 004, 280
465, 135 120.

CraTHCTUYECKHI METOJI pacyeTa KOppelsuy MOKa3a, YTO BXOIHbIC JaHHbIC (KOJIUYECTBO
BBOJMMBIX CJIOB/OCHOB CIIOBa) W BBIXOJHBIC JaHHBIC (KOJIWYECTBO TOTYYEMBIX CIIOB/OCHOB
CJIOBA) MMEIOT JIMHEHHYIO 3aBUCHUMOCTH JIPYr OT JApYra, 4YTO JOKa3bIBAaeT C KOA(PHUIIMEHTOM
koppemsiuuu 0,99.

B moarBepikieHMe HalIel TUMOTE3bI MOCUUTAEM BEPOSTHOCTH COOTBETCTBHS KOJUYECTBA
CJIOB MOJYYSHHOTO CIIOBapsS M KOJMYECTBA CIIOB CJIIOBApeil Ka3axCKOTOo s3bika. Eciii cpaBHUTE ¢
KOJINYeCTBOM CJI0B «TOJIKOBOTO clioBapsi ka3zaxckoro sizbikay - 106 000 cioB, TO Haim ciioBapb
SIBIIIETCS O0JIee MOAXOIAIINM K 0a3e CIIOB Ka3aXCKOTO SI3bIKA.

3akiaro4eHue

Cremmep [loprepa peann3oBaH Ha BBIACIEHUU OCHOBBI clioBa M ad(PUKCOB cilOBa, 3TO
OJTHA M3 3a]1a4, YaCTO BO3HHKAIOIAs B Tporiecce 00pabOTKH TEKCTA.

B pesynbTare padotsl ctemmepa [loprepa ObL1 moydeH cioBapb ocHOB ciioB u3 135 120
OCHOB cJIOB. J[J1s1 HayaabHOUM 0a3bl CIOB C MHTEPHETA OBUIM CKayaHbl M 00pabOTaHbI TEKCTHI HA
Ka3aXxCKOM $3bIKe, 0a3a CJIOB KOTOPhIX cocTtaBmiias 856 055 cios.

Takum o0pasom, mociie paboTel ctemmepa monydwm 6a3y B 135 120 ocHOB ciioB, 4TO
ABIIETCS JOCTAaTOYHBIM JUIS JATHEWINEro HCIONb30BaHUs ee B pabore ans oOydeHus
HEHPOHHOOH CETH 10 pa3pabOTKe CEMaHTHYECKOTO aHAIN3aTOpa TEKCTa.

B mnactosmee Bpemsi cremmep Iloprepa MoOXKeT oOmpeAensiTh OCHOBBI CIIOB IO
npeiokeHHbIM  apdukcam.Pazpabotka cremmepa  [loprepa HammcaHo Ha  A3BIKE
nporpammupoBanus Python.
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KA3SAK TIUIIHAEI'T CO3JEPI'E IIOPTEP AJITOPUTUTMIH KOJIJAHY
A.C. Akanosal, H. H. Ocnanosa?, E. B.Kyxapenko®

1C.Ceiidynnun atemaarsl KasakcTan arpoTeXHUKAIbIK YHUBEPCHTETI, AcTaHa,
Kazakcran
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AHnoamna. TaOburu TiIAC MOTIHZII aBTOMATTHI OHJACY Ti30€TiHIH MaHBI3Ibl O6Jiri CO3/iH HeTi3iH
13718y TeXHOJIOTHSCHI (CTEMMUHT) OONBIN TaObUIAABI, MaKcaThl OOMBIHIIA CTEMMHUHITIEH TEKTeC Oip «ce3
©3TePTKII Ys»-Hbl KYPalTHIH ce3 (popMachIHBIH KaHAal fa Oip Ti30eriH aHpIKTayFa MYMKIHIIK OepeTiH
JKaKbIH aJTOPUTM (JIeMMaTH3aLus).

Makanazna ce3liH Heri3iH Taly, sFHH CTEMMHUHT *oHe Maptun [lopTepniH yChIHFaH CTEMMHHT
anroputMi cumartasFad. CTeMMepiH TYMHYCKACHl arbUIMBIH Tl VIIH apHalFaH XOHE XKY3ere
acweIpbUIFaH OonaThiH, xoHe ae BCPL tinminme xaspurrad. ComaH KeiiH ol cTeMMepi YH/I €ypOIaibIK
TiNZIEp XKOHE OPBIC TN YHIIH Ky3ere achipFaH. Ochl YCHIHBUIBIN OTHIPFaH Makaiaja CTeMMEpi JKy3ere
achIpy YIIiH CTEMMHHT aJITOPUTMIH KOJIJIaHy KapacThIpbUIFaH, sikHi Python mporpammaray TimiHae Ka3ak
TiJIHIH CO3/epiHiH HeTi31H aHBIKTAY YCHIHBLIAIbI.

ABTOpIap ce3aep Heri3AepiHiH 0a3achIHBIH Kipic MOJNIMETTepi MEH WIBIFBIC MONTIMETTEPiHiH
TOYEJCI3AITIH eCenTey YIUIH KOPPESAIMUIBIK 9JICTI KojjaHraH. HoTHKeciHIE alblHFaH KOPPEIISLUs
KOA(PGUITUEHTI KipiC MONIMETTep MEH IIBIFBIC MOJIMETTEpi OH CBI3BIKTHIK TOYENIUTIKKE Me OONFaHBIH
KOPCETTI, SIFHU COHFBI IIBIFBICTA AJIBIHFAH CO3JICPIiH HETi3ICPiHIH CaHbIHA Tikesel OaitmanbicThl. Kazak
TUTIHACT] CO3ACPAIH HETI3epiHiH 0a3aChIHIaFrbl ajbIHFaH CO3JICp CaHbl Ka3aK TUTIHIH Ka3ipri ke3jaeri oap
CO3MIKTEPIHACTI CO3/IEP CAHBIMEH COMKEC KeIIIi.

Kinmmik ce3dep: IlopTep anroputmi, CAHTaKCKAIBIK TaJIay, MOTIH/AL OHICY

IMPLEMENTATION OF THE ALGORITHM OF THE PORTER FOR THE
WORDS OF THE KAZAKH LANGUAGE

A.S. Akanova!, N.N. Ospanov?, E.V. Kukharenko®.
!Kazakh agrotechnical university, Astana, Kazakhstan
2Pavlodar State University named after S.Toraigyrov

3N.Kozybayev North Kazakhstan State University
akerkegansaj@mail.ru, nazira_n@mail.ru, genylapteva@mail.ru

Annotation. An important link in the chain of automatic processing of text in natural language is
the technology of finding the basis of the word (stemming), a related algorithm (lemmatization), which
allows determining that a certain chain of word forms is one "word-nest" (has one lemma). The article
considers finding the basis of the word, that is, stemming, and describes the algorithm of stemming
proposed by Martin Porter. The original version of the stemmer was implemented and intended for the
English language, and written in the BCPL language, then it implemented the stemmer for Indo-European
languages and Russian. This article discusses the use of a stemming algorithm to implement a stemmer,
whose function is to determine the basis of the Kazakh language, in the Python programming language.
The author uses the correlation method to calculate the dependence of the input data and the output data
of the word base. As a result, the obtained correlation factor showed that the input data and output data
have a positive linear relationship, which is directly related to the obtained number of word bases in the
final output. The obtained number of words in the basis of the words in the Kazakh language corresponds
to the number of words in the existing dictionaries of the Kazakh language.

Keywords: Porter algorithm, syntacticanalysis, word processing
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MPHTU 50.11
E.A. 3yeBa, A.1O. IIbipkoBa

Kazaxckuit HanmonaneHeiii YHUBEepcuTeT UM. anb-DPapadu, r. Anmatsel, Kazaxcran

HUCCJEIOBAHHUE PABOTHI USB-YCTPOMCTB, HCHIOJIB3YIOIINX DUCKY
SCRIPT

Annomayusn. Ataxu BadUSB B o0macTyi KOMITBIOTEPHOH ©O€30MaCHOCTH SBJISAIOT CO0O0# Kiacce
3aja4y, UMeoUMX ys3BUMOCTH B USB-KoHTposuepax, KOTOpbIE MO3BOJISIOT 3aXBaTUTh KOHTPONb HaJ
ycTpoiictBamu, uMmeromumMu USB-mopt. Uem Ooibllie MMeeTCsl ONMUCAHWN aTak, TEM TIIyOXKe aHallu3
JecTBHi 1 0a3a 3HaHWH aJrOPUTMOB ITOBEICHUS KOMITBIOTEPHBIX CHCTEM B 3THX CIIydasx, OHHMaHHE
COOTBETCTBYIOIIMX TIPOILIECCOB, a, 3HAUUT, OoJblle 0a3a 3HAHUH CIEIHATHCTOB, KaK 3TO MOXHO
NPEJOTBPATUTh M TOBIHITH IOJOXKUTEIBHBIM 00pa3oM Ha CTaOMJIBHOCTh M 0€30MacHOCTH PabOTHI
CHCTEM.

UToOBl TOIYYHUTH IOCTYI K <OKEJIe3y» II0Nb30BaTeIII-)KePTBEI, HeoOXxoammo co3mate USB-
ycTpoicTBo [1] 1 MoaudUIMPOBATE €ro «IIPOMIMBKY» TaKUM 00pa3oM, YTOOBI CHCTEMa MOJIb30BaTeIs-
JKEPTBHI Paclio3Halla YCTPOMCTBO KaK 4acTb cBoel cuctemsl. [Ipu 3apaxennn gepes USB-mopr cucrema-
KEepPTBa MHUIMHPYET CO3JaHUE OTISIFHOTO KaHalla epeadn JaHHBIX, MACKUPYSICh MOJ] 9aCTh CUCTEMBL.
Ilonp3ysCh ATUM KAHAJIOM CBS3HM, 3JOYMBIIUICHHUK YIIPABISAET 3apa)KEHHOM CUCTEMOW HMYEro He
MIOJJO3PEBAOIIETO MOJB30BATENSl M 3aCTaBIsieT BBHIMOJMHITH €€ BCE CBOM JcHCTBUs. llpu co3maHum
«mpormuBkr» mogodHoro USB-yctpoiicTBa wncmonb3yeTcs s3bpIK IporpammupoBanus Ducky Script,
KOTODPBI TO3BOJISIET JefaTh OOpamieHus K CHCTEMHBIM (YHKIMSAM W MEHSTh MapaMeTphl STHX
oOparieHuii, TakuM 00pa3oM, YTOOBI HE BBI3BATh MOJO3PEHUE Y OMEPAIMOHHONW CHCTEMbI aHOMAIILHBIMHU
BKJTIOYCHUSIMU B KOJI BBHITIOJTHEHUSI CHCTEMBI.

Knroueswie crosa: BadUSB, DuckyScript, HID-ycmpoiicmeo, moougpurxayus USB-ycmpoiicms.

[Tepeuncnsist kubepyrpossl, KoTopble mnpencTasisitorcss Jlaboparopun Kacnepckoro
caMbIMHU 3HaAuWTeIbHBIMU, Oonee 50% 3aHuMaroT Bupychl, mmuoHckoe [IO u papyrue
BPENOHOCHBIE NIporpaMMbl [2]. OCHOBHOM LENBI0O HAlleW CTAaTbU SBISETCA MCCIEAOBAHUE
CIIcHapreB BO3MOXKHOCTe# arak depe3 USB-ycrpoiicTBo, MomudumupoBaHHOE € MOMOIIBLIO
DuckyScript. B cratbe 3atpoHyThI Bompocs! padotsl B HID-ycTpoiictBaMu 1 cXeMbl paboThI pH
noakroueHur USB-ycTpoicTB, KOTOpPBIE MOTYT OBITH HOCUTEIISIMH BPETOHOCHOTO KOJIA.

B ceppe3HbIX opranuszanusax yacto ObIBaroT oTkiItoueHb! BHeHIHUE nmopThl (USB, Ethernet u
Ip.), HO uMeroT Mecto OoTKphIThie mopThl Asit HID (Human Interface Device) yerpolicTs, Tak kak
UCITOJIBb3YIOTCSl BHEIIHHE MaHMITYJIATOPH! (KJIaBUATypa W MbllIb), CTAaHAAPTHBIM HHTepdeiicom
NOJKJItoueHus: KoTopelx ceiiuac sBiusercs USB; HID wucnone3yercs mnis  onucaHus
anmnapaTHbIX yCTPOWCTB, KOTOpBIE  IO3BOJIIOT  IIOJB30BATENI0  B3aUMOJEHCTBOBATh €
KOMIIBIOTEPOM ~ WJIM  MOOWJIBHBIM yCTpOMCTBOM. Jljii TpOBENEHUS SKCIEPUMEHTOB  Mbl
mouduiupoannlUSB-ycrpoiictBo, coznas BadUSB. IMponece co3nanus BadUSB-ycrpoiicTa
HaMu omucaH B [1].

Ha pucynke 1 B obiiem Buje npenacTtaBieHa cxema ot noaxmouenust USB-ycerpoiicTsa 110
MOJly4E€HUs1 BBIBOJIAa OINMCAaHUS JECKPUIITOPOB YCTPOWCTBAa IIar 3a IIaroM B MOMEHT
NOJKII0UeHUs MoaAu(uImpoBaHHOro ycTpoiictBa k USB-nopTy Kommbrotepa. 3Ty HHGOpMAaLUIO
WCITOJIB3YET KOMIIBIOTEp TMPHU TMOAKIIOYEHUH HOBOTO HemsBecTHOoro USB-yctpoiicTBa, 4TOOBI
BBIOMpATh CXeMy JAEHCTBHI Ui JajbHeHIe paboThl ¢ 3TUM YCTPOMCTBOM.

Uto0sl cMOAMGUIIMPOBAHHOE YCTPOHUCTBO 0€3 MpoOJeM BOCIPOU3BOIUIIO CIIEHAPHH
oOpalieHnss K CUCTEMHBIM (DYHKITUSM U 3aITyCKallCh HEOOXOIUMBIE CKETYU C YCTaHOBJIEHHBIMU
CLEHApUsAMHU JeHCTBHM, HEOOXOJUMO JaTh IMOHSATh CHCTEME, YTO 3TO YCTPONCTBO BXOJIUT B
CIIHCOK «JIOBEPEHHBIX» YCTPOMCTB, a 3HAUYUT HEKOTOpbIE «3aBOJACKHE» aeckpuntopbl USB-
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YCTPOHCTBA 3aMEHSIOTCA Ha T€, KOTOpbIe OyAyT CUCTEME JlaBaTh 3HaTh, YTO JAHHOE YCTPOHCTBO
€CTh «JJOBEpEHHOEY.

MoudunupoBanHas TPOIIMBKA CO3AaETCs ¢ MOMOIIBI0 KoMaHab! si3bika Ducky Script [3]
(cozmaroTcsi Tak Ha3bIBaEMble CKETUYM). DTU CKETUM JIOJDKHBI 3aCTaBIIATH KOMIIBIOTEP-KEPTBY
nenaTh T€ JACWCTBUS, KOTOpbIe OyAyT MpoNucaHbl Ha (em-naMsaTd yCTpOMCTBa, MpUYEM
BBIMOJHATBCS 3TO Oyner ©e3 mnpsMOoro ydactusi (3HaHUS) IIOJB30BATeNsd, CUIAIIMM 32
KOMITBIOTEPOM-KEPTBOM.

B mpommBke mperycMOTpeHO HECKOIBKO PEKUMOB pabOThI (PUCYHOK 2):

® [IPSIMOM TOCTYN YIIpaBJICHUS KJIABUIIIAMH MBIIIN U KJIaBUIIAMU KJIAaBUATYPHI;

®3arpy3Ka U BBIIIOJIHEHUE 3arPy>KEHHBIX B IaMSTh paHee Mporpamm;

e popMaTupoBaHuEe 3arpyXeHHbIX TporpamMm B mamatun USB-nakommrens (aBapuiiHBIN
ciyyai);

® peXKUM (PUITBTPAIIMH JAHHBIX;

e pexxuM oOHOBIeHus npomBkyu USB-ycTpoiicTsa;

® PE)KUM KOH(UTYpALUH TapaMeTPOB YCTPOKUCTBA.

[lpu >TOM HpPEeAyCMOTPEHBI BBI30OBBI B pa3HbIX OINEpPAIMOHHBIX cucTeMax: Windows,
Macintosh u Linux (pucysok 3).

.. Hemme
v

EBcrarme USE-

AISE- v CTPOECTED )
Ma

y L LT . MR E G B R d RSk E g E Sk ESEE e E & - =
- COpemeTesEne - CmMpede TARWTICA S08 aIFNEIEITIHbEE =
DECEPHOTOROE : - c M FEOSOMEMMMELS  COCITMIS TS -
VCTpOHCTEa - - - LISB-iycrTpoiicTTLET -
'|:II1'_|_:I-E,,.':_'I;E"IEHI{-E : I DSB-yompoiicrmnen onpedeaarormes -
! DECEDHOITODOE - - e ghaliae c CDecRDUrTROopaa -
© Eosdwrypamms -, - Rl e e T Byt T e Rl -
J DOpegssTasEnne O ' ITemas AR OTRS I -
SECEDHIOITODE * - CecHDuUrTTODee STIDECE LRI -
HETepdaiica - - permpodicrrees I =R amoeos =

Pucynok 1 — Cxema nosiy4eHus: A€CKpUNTOPOB MpH nojakiaodennn USB-ycTpoiicTBa
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File System Info Calculated in Bytes
Total: 2949250 Free: 2936198 Used: 13052

Live Pavload Mode - Input Mode - Duckuino Mode

Choose Payload - Upload Pavload

List Exfiltrated Data - Format File Svstem

Configure ESPloit

Upgrade ESPloit Firmware
Pucynok 2 — ®yukiun uatepdeiica BadUSB-ycrpoiictsa

Mouse | Up Left Click | ArrowKeys | Up Tab
Left Click | | Right Left Enter | | Right Alt+Tab
Down Right Click Down Shift+Tab

PrintLine:

Send Text+Enter

Function Keys: | F1 || F2 || F3 || F4 || F& || F6 || F7 || F& || F9 || F10 || F11 || F12
Misc Keys: | ESC || HOME || END || INSERT || DEL || BACKSPACE || SPACE BAR || PAGE UP || PAGE DOWN
Win: | GUI-Key || GUI+r || crnd+EnterKey || osk+EnterKey || Al+F4 || Ctri+Al#Del || Cirl+Shift+Esc

Mac: | Right of Left Shift Key, z | | Left of Right Shift Key, /

Linux: | Alt+F2, Application Finder || gnome-terminal+EnterKey || CTRL+c || CTRL+x

Pucynok 3 — [lanens ynpaBineHuss KOMaH/IaMU B pa3HbIX ONEPallMOHHBIX CUCTEMAax

CozniaB Takoe yCTpOHCTBO, BO3MOXKHBI HECKOJIBKO CIIEHAPUEB €0 HCIOIb30BaHUS:

Cuenapuit 1. YcrpoiicTBO ¢ MOIUGUIIMPOBAHHOW NPOIIMBKOI MOMKET BbIAATh ce0s 3a
KJIaBUaTypy W HauyaThb OTAaBaTb KOMaHJbl OT HMEHHU I0JIb30BaTeNsl, IOJ KOTOPHIM OBLI
BBITIOJIHEH BXOJ B ONEPALMOHHYIO CUCTEMY, IOJIy4as MOJIHBIM JOCTYIl KO BCEM BO3MOKHOCTSIM
OTIEPAIIMOHHON CHUCTEMBI. B nanpHeiIeM OT WMEHH ToJib3oBaTessl [4] MOXKET, Hampumep,
3arpy3uThCsl M 3allyCTUTBCS  BPEJAOHOCHOE IpOrpaMMHOe obecredeHue, OTIPaBHUTh
HeoOxouMble (haiapl aBTOpPY MOAM(UIMPOBAHHOIO YCTPOMCTBA WJIM 3allyCTUTHCS KOMaHJIa
yAaJIeHUs JAHHBIX C JUCKOB. B CBOIO ouepenp 3apakeHHas MalllMHa I0Jb30BATElIs SBIIAETCS
NOTEHLIMAJIbHBIM HCTOYHHUKOM ONACHOCTH NE€peJayd BHUPYCHOTO oOOecHeueHus Jajblie 10
Lenouke B ceTH. Hanmpumep, pacCMOTpPUM JIOKQJIBHYIO CETh, COCTOSAIIYI0O M3 N KOMIIBIOTEPOB.
Kaxaplii KOMIBIOTEp MOXET HAXOAUTHCS B OJHOM M3 JIBYX COCTOSIHHM - HE3apa)KEHHBIN WU
3apakeHHbIH. CeTb MOXHO TpEACTaBUTH B BuAe rpada, y3idaMd KOTOPOTO SBISIOTCS
KOMIIBIOTEPHI, a AyraMH - KaHaJbl CBA3M MEXIy HUMH, M0 KOTOPHIM MOTYT PacHpOCTpPaHATHCS
BUpYChl. Bec cBsi3M Wwij O3HauaeT BEPOSATHOCTH IEPEXOAA BHpyca MO KaHAy CBSI3U MEXAY
KOMIIBIOTEpPaMH 1 U j 3a eAuHMIlY BpeMeHU. CyliecTByeT MO/IeNb Ha OCHOBE Lienu MapkoBa Jiist
Bceil cetn. O0IIee COCTOSHUE CeTH B MOMEHT BPEMEHH t SIBISIETCS COBOKYIHOCTBIO COCTOSIHUN
BceX y370B ceTu. OHO MOXKET OBbITh ONMHUCAaHO BEKTOPOM U3 N 3JeMeHTOB, rie 3HaueHue k-ro
DJIEMEHTa COOTBETCTBYET cocTosiHuio k-ro y3na: I (infected), ecim oH 3apaxen, u S (suspected),
eciu He 3apakeH. [I0CKOJIbKY COCTOSIHME CETH B CIEIYIOIIMI MOMEHT BPEMEHU 3aBUCHUT TOJIBKO
OT TEKYLIETO COCTOSHUS CETU U HE 3aBUCUT OT IIPEIBIYIIHNX, IPOLIECC PACTIPOCTPAHEHHS BUpYyCa
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B CETH MOXHO MpeACTaBUTb B BuAe Lenu MapkoBa [5]. IlepexogHble BEPOSTHOCTH
BBIUUCIISIIOTCS IO (hopMmyIie:
Pij = P[ft=¢ | f*1 =51 (1)

Cuenapuii 2. YCTpoHCTBO ¢ MOAM(PUIIMPOBAHHOW MPOIIMBKOW MOXKET IPOU3BOIUTH
DNS-cniyd¢unr, ocymectsisist nogmerny DNS-anpecoB u nepenanpanisist TpaduK MOJIb30BATENS
yepes CBOM cepBep, MOTEHIMAIBHO MOJIyYUB BO3MOKHOCTh COBEpIIaTh ataky tThuna MITM;

Cuenapuii 3. YcTpoHCTBO ¢ MOAM(PHUIMPOBAHHOW TPOUIMBKOW MOXKET OIpPEIeTUTh
MOMEHT BKJIIFOUEHHSI KOMITbIOTepa B MOMEHT 3arpy3ku BIOS nate xomanny Ha cpabarbiBaHHe
CKeT4a-BUpyca JI0 3arpy3KHu ONepaliMOHHON CUCTEMBIL;

Cuenapuii 4. YCTpOHCTBO ¢ MOAM(PHUIIMPOBAHHOW IPOIIUBKONH MOXET HCIIOJIb30BaTh
BO3MOXHOCTh 3apakeHusi yoboro mnonkimouénHoro USB-ycrpoiictBa. Ilpuyem yctpoicTBO
MO’KET IPOU3BOJUTH BBIXOJ 3a IMpeleibl OKPYXKEeHHs (pealbHOTO, BUPTYaJbHOTO), HAIpPUMED,
OCYILIECTBJISAS IEPEXOJ] OT KJIIMEHTCKOM /10 XOCTOBOM ONEPALlMOHHON CUCTEMBI.

3akjaueHue

Momudunmupoanusie USB-ycrpoiictBa, kotopeie cramu Hocuteasimu BadUSB, namo
OIpeseNATh Ha dTale NoJayd MUTAaHUs K HUM, Ja0bl HE 1aBaThb BO3MOKHOCTH CaMOCTOSITEIbHO
pacro3HaBaThCs OIEPAMOHHON CHUCTEMOH, TaK Kak 3TO MOXXET INPUBECTH K HEBEPHOMY
OII03HABaHHIO CUCTEMON U HENPABUIIbHBIM JabHEUIINM JAEHCTBUAM, KOTOPbIE MOT'YT 3aCTaBUTh
IIPOU3BOJUTH CUCTEMY C MOMOLIBIO 3alIPOrpaMMHUPOBAHHOIO IIa0JI0Ha AEMCTBUM C NMOMOIIbIO
DuckyScript. CrenapreB pa3BUTHs IPU 3TOM MHOXECTBO U Bce pasHoIUiaHoBbie [6]. [ToaTomy
YHHBEPCAIBHOTO «JICKapCTBA» HE CYIIECTBYET OT JAHHOTO poJa BUAA aTak. AHTUBUPYCH HE
MOTYT IOJIy4UTh JOCTYN K 3amylieHHOH Ha ycrpoiictBe USB mnpommuske. OOHapyxeHHe 1O
MOBEJICHUECKUM I1a0JIOHaM 3aTPyIHEHO, [TOCKOJIbKY MOBEACHNUE HH(UIIMPOBAHHOTO YCTPOICTBA
MOYET BBITJISIIETh TaK, KaK €cli OBl MOJIB30BATENb MPOCTO MOAKIIOYAT HOBOE YCTPOHCTBO HIIN
UCIIOJIb30BaJ ITPOCTO KJIABUATYPY WU MBIIIb.

OnacHocts yrpo3sl BadUSB BbicOka, MOTOMY YTO BCE OCHOBHBIE YMIIBI KOHTPOJUIEPOB
USB-ycTpoiicTB He 0051aal0T HUKAaKOW COOCTBEHHOW 3aIIUTON OT MX MEpernporpaMMHUpPOBaHUS.
AHTHBHpYCaM OYEHb TSDKEIO OOpOThCS C TAaKUM THUIIOM aTakK, MOTOMY YTO HEBO3MOXKHO
¢mibTpoBath USB-Tpaduk, aHanmu3upoBaTh W JeNaTh OTIWYUSA, BEIb YCTPOHCTBO MOXKET
CaMOCTOSITENIFHO TO/IaBaTh TaKWe K€ KOMaH/Ibl KaK OMEePalMOHHAs CHCTEMA.
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INVESTIGATION OF USB DEVICES USING DUCKY
SCRIPT

E. A. Zueva, A. Yu. Pyrkova
Kazakh national University. al-Farabi, Almaty, Kazakhstan

Abstract. Bad USB attacks in the field of computer security are a class of tasks that have
vulnerabilities in USB controllers that allow you to take control of devices that have a USB port. The
more descriptions of attacks there are, the deeper the analysis of actions and the knowledge base of the
algorithms of behavior of computer systems in these cases, the understanding of the relevant processes,
and, therefore, the greater the knowledge base of specialists on how this can be prevented and positively
affect the stability and security of the systems.

In order to gain access to the hardware of the victim user, it is necessary to create a USB device [1] and
modify its firmware so that the victim user system recognizes the device as part of its system. When
infected through a USB port, the victim system initiates the creation of a separate data transfer channel,
disguising itself as part of the system. Using this communication channel, an attacker manages the
infected system of an unsuspecting user and forces him to perform all his actions. When creating the
“firmware” for such a USB device, the Ducky Script programming language is used, which allows you to
make calls to system functions and change the parameters of these calls in such a way as not to cause
suspicion on the operating system of abnormal inclusions in the system’s execution code.

Keywords: Bad DUCK, Ducky Script, HID-device, modification of USB-devices.

DUCKY KOJIJAHATBIH USB KYPBLIT'BIJIAPBIHBIH ’K¥YMBICBIH 3EPTTEY
SCRIPT

E. A. 3yeBa, A. IO. IIsipkoBa
On-dapabu aThIHIAFBI KA3aK YJITTHIK YHUBEPCUTETI, AJMaThl K., Kazakcran

Anoamna. Komnprorepain kayincisairi camaceragarsl Bad USB mabysuimaper — 6yn USB mopTst
Oap KypwUIFBUIapAbl Oackapyra MyMKiHAiK OeperiH USB KoHTposutepnepiHieri ocalabIKTapsl Oap
tarceipManapkiacel. [1laOypurmapasly cunarTamanapsl HEFypibIM Kenm Oosica, Oyl skarmaiinmapaa ic-
OpeKeTTep/i TepeH Talay OHE KOMITBIOTEPIIiK JKyHelep anropuTMiepiHiH OimiM 0a3ackl, THICTI
NpOIIeCTepAl TYCIHY KOHE COWKeCiHIe, OHBIH alJblH allyFa JoHE >KYHEHIH TYpaKThUIBIFBIMEH
Kayilci3/irine »arbIMIIbI 9cep €TEeTiH MaMaHAapAblH OuriM 0a3achkl COFYPIIBIM Ken OoJagel.
Kobipnenyri naianaHymIbHBIH almapaTThIK KypaiblHa Ko skeTKizy ymrin USB kypaibiH jxacan, OHBIH
OaFmapriamanblK KacaKTaMachlH 3apJial MIeKKeH KOJJAHYIIbl KyHeci KYpBUIFBIHBI ©3iHiH JKYHECiHiH
Oeutiri periHie TaHUTBIHAAN eTilm e3repTy Kepek. USB mopThl apKbUIbI )KYKTBIPFaH Ke3/1e 3apian eKKeH
JKyHe KyHeHiH Oeiri peTiHae KepiHil, AepeKTepli TapaTyAblH XKeKe apHachlH Kypyapl Oactaiapl. Ockl
OaillaHbIC apHACHIH MalaTaHbII, MIa0yBUIIAYIIBl CEHIMCI3 MaiiaaHyIIbIHBIH BUPYC KYKKaH JKYHeciH
OackapaJipl )KoHE OHBI OapibIK OpeKeTTepiH opbiHaayra MaxOyp eremi. OcbiHnait USB KypbUIFbICHIHA
«MHKpOOaFapiaMaHbl» JKacay Ke3iHIe XYHEeHIH aTKapy KOIbIHA 9METTEH THIC KOCBUIBICTApFa KYIIK
TyFbpI30ay VIIIH XYHeniK (yHKUMsUIapFa KOHBIpAy INANTyFa JKOHE OChl KOHBIpAyJIapAblH MapaMeTpiiepiH
e3repryre MyMkiHaik 6eperia Ducky Script 6armapnamainay Timi KOJgaHBIIaIE.

Kinmmik ce30ep: Bad DUCK, Ducky Script, HID-kypsuirbl, USB-KypbUIFbLIapIbI TYPICHIIPY.
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MODERNIZATION OF UNMANNED AERIAL VEHICLE FOR MONITORING NEAR SPACE

Annotation. The article presents the historical aspect of the use of aviation for monitoring various
phenomena and processes occurring in the upper atmosphere and near space. The reason for the choice of
unmanned vehicles was justified and the requirements for them are given. The analysis of the forces
acting on the aircraft is shown. The results of mathematical modeling and variation of the physical
parameters of the movement of the plane are given.

Keywords: unmanned aerial vehicle, space, solid works, forces, simulation.

Introduction

Many tropospheric factors interfere with the study of phenomena in the upper atmosphere
of the Earth, monitoring of near and far space. Therefore, in the 70s - 80s of the twentieth
century in the Soviet Union and the United States were created and successfully used aircraft
systems based on military transport aircraft (such as “Galaxy” and “AN-30") to solve a wide
range of observational tasks [1]. The complexes monitored events regardless of weather
conditions, since were above tropospheric clouds. However, the high cost of operating such
systems was one of the reasons for the termination of these programs, although their continuation
remains promising.

But as shown by numerous studies, dense clouds are no higher than 4000 m from the
surface of the earth. If observations are made from this height, this will allow to obtain better
quality material without Influence from weather conditions.

Assignments to the device were also formulated - it should remove observational objects,
including noctilucent clouds using a dome camera, and also have an additional battery and
heating of the instrument compartment to maintain the required temperature.

Based on the above, we opted for the base model on the unmanned aerial vehicle (UAV)
GEOSCAN 201 (see picture 1), which was developed in the city of St. Petersburg. It has the
maximum altitude in 4200 meters and allows you to fly for 2-3 hours, as well as a fairly large
useful mass, which gives more opportunities for upgrading this device.

58


mailto:vasya2030@mail.ru
mailto:aasolodovnik@mail.ru
mailto:cavinkin7@mail.ru

Becmnuk Anmamunckozo ynueepcumema ynepeemuru u ceazu. Ne3 (46)2019

Picture 1 — The unmanned aerial survey system Geoscan 201.

Materials and methods

Before modifying the aircraft, we must figure out what forces act on the aircraft in flight
and during landing, as well as how they change, in order to choose the best glider type for
modernization to meet our requirements.

Our first task is to describe the forces that are applied on the Aircraft during its flight. We
can use the Free Body Diagram (FBD).

FBD in Flight

We decided to make the description during the horizontal flight mode. It is continuous
process with constant speed (about 20 m/s). Graph is not in a scale and just for better
representativeness.

Free-body Diagram (FBD) of the Plane showed on the picture 2.

Picture 2 — The Forces applied to the Aircraft in Flight
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First force is the weight (W on the scheme) that is directed down. Second is the tractive
force (F on the scheme) of the engines. It is pushing forward the plane, so the direction is to the
right. Then, the drag force of fuselage ( Fy, on the scheme) that is always applied in the opposite
direction of the movement, so it is directed to the left on scheme. The last, but not least is the
Total Aerodynamic Force (F,,. ). It could be divided onto two components: Lift force (F._ on

the scheme) that is opposite in direction to weight, and the Drag force of Wings ( F,,, he scheme)
that is also opposite in direction to the movement of plane [2].

Our plane is moving with constant velocity and by the 1% Newton’s law we can say that the
vector sum of all applied forces is zero. So, we can make the equation:

Fop +W +F + F,e =0

Here total aerodynamics force on the wings:

FTAF =Fpw t FL

Where F,,, - Drag force on the wings and F,_ - lift force.

F,r - Drag force on the fuselage

F - tractive force

W - weight of the Plane

Now we can divide it onto the two components, where their resultants are also zero.

Ox: —Fpp+F—-F, =0

Oy: F, -W=0 @

This is the basic equations, which describe the aircraft stability in flight.
We need to consider, how this force will change after modernization.
Change in weight and drag force of the UAV between the original and modified.

Weight - the force with which the body acts on the support (or suspension, or other type of
attachment), preventing fall, arising in the field of gravity.

For aircraft with fuel engine it depends on change in masses during flight and landing
which is related on fuel consumption. Consequently, the weight changes by the amount of fuel
mass.

In course of time, the amount of fuel diminishes and it’s mass decreases too, that is why
general mass of airplane changes and what influences on the value of weight.
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However, in our case the UAV Geoscan 201 has an electric engine. That means that the
change in mass will depend only on the parts, which we can install during the modification
process. As targets, we choose for our device the following: an electro-optical amplifier for
tracking spy satellites, as well as a dome camera for observing objects near the horizon, for
example, Noctilucent Clouds.

The mass of the first MPN-8KM device without a recording camera is about 0.6 kg, the
dome camera is about 1.5 kg. The useful mass that a UAV can take on board is about 1.5 Kkg.
Accordingly, the excess weight will affect the flight characteristics of the aircraft, in particular,
the duration of the flight. Using the equation (2) below

* M4, +M
W04 *100% :mML*g*loo% — —0rig T T 10004 )

Orig Morig ~ 9 Moyig
where mass of original UAV is morig = 8.5 kg, and mass of devices mpey = 1.6 kg
After completing the calculations, we get that the mass has increased to 25%.
Next we look at this in the simulation.

Drag forces:

Drag force is the force that impedes the movement of bodies in liquids and gases [3]:
1 .
FDPZEPU CoA, 3

where

Fop — is the drag force,

p — is the density of the fluid

v — is the speed of the object relative to the fluid,

A —is the cross sectional area, and

Cp —is the drag coefficient — a dimensionless number.

There are two different drag forces acting on the plane during landing and flight.

Drag force acting on the wings:

This force depends on four indicators according the equation : velocity of the plane, air
viscosity, shape and surface area of the wings

We are changing the configuration of the aircraft, which may entail the appearance of an
additional torque that needs to be compensated by changing the angle of inclination of the
flapperons.
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Drag force acting on the fuselage:

Since the modification does not change the flight height, the viscosity of the medium, and,
consequently, the coefficient does not change. Accordingly, the resistance force will depend only
on the speed and cross-sectional area. Since we need to install a dome camera, we will increase
the area of the fuselage. Thus, depending on the configuration of the instruments, we will have a
different effect on the aircraft in flight.

Simulation in SolidWorks FlowSimulation

We know that despite changing the useful mass, the UAV remains moving with the
constant speed. Using equation (1), we see that this is possible only if the lift force increases. As
a hypothesis, we assume that it is necessary to increase the speed of the aircraft and the angle of
attack. The standard speed of the UAV is 20 m / s, and the angle of attack is 6°. We can see this
model on the picture 3. Thus, we will vary the ship’s speed from 20 to 25 m / s. And the angle of
attack is from 6° to 10°.

For the calculation, we will take the following environmental parameters according to the
standard atmosphere model:

Medium Type: Air

Flight altitude - 4,000 m

Atmospheric pressure at a given altitude of 61300 Pa
Temperature: 262.8 K

Center of mass speed: 20 m /s

Angle of attack: a = 6°

Picture 3 — The model of UAV in SolidWorks.
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The results of varying the speed of UAV, the drag and lift forces are given in Table 1. The

angle of attack remained constant.

Table 1 — Dependence the drag and lift forces of the speed of UAV.

Speed, m/s Lift force, N Changing of Lift | Drag force, N | Changing of Drag
force, % force,%

20 83,39 100,00 5,72 100,00

21 92,07 110,42 6,23 108,91

22 99,32 119,11 6,86 119,83

23 109,98 131,90 7,49 130,90

24 120,18 144,13 8,10 141,48

25 130,17 156,11 8,77 153,17

As can be seen from the table, with increasing speed, the lifting force also increases. It
reaches the required increase (+ 25%) after 23 m / s. Also increases approximately drag.

The results of varying the angle of attack, the drag and lift forces are given in Table 2. The

speed of UAV remained constant.

Table 2 — Dependence the drag and lift forces of the angle of attack.

angle of attack, | Lift force, N Changing of Lift | Drag force, N Changing of Drag
0 force, % force,%

6 83,39 100,00 572 100,00

7 94,62 113,47 5,76 100,63

8 101,69 121,95 4,47 78,08

9 111,67 133,92 3,91 68,27

10 116,86 140,15 3,84 67,15

As can be seen from the table, with increasing angle of attack, the lifting force also
increases. It reaches the required increase (+ 25%) after 23 m / s. Simultaneously the drag force
decreases. But with increasing angle of attack increases the moment of force, which wants to
increase the pitch and turn the aircraft. Thus, mathematical modeling confirmed our assumption.

Conclusions

As a result of the research, we were convinced that during modernization, the most
significant factors for us will remain the resistance forces acting on the aircraft. However, in
light of the high cost of servicing a full-size aircraft, the use of a small unmanned vehicle (UAV)
with an electric motor will have high cost-effective. Moreover, as was shown above,
tropospheric clouds ends at altitudes up to 4000 m, which is achievable for this apparatuses.

Analysis of the distribution of forces acting on the aircraft showed that these forces vary
significantly depending on the speed and height, therefore it is recommended to use UAV as a
basic model with a low speed.

Changing the weight of the aircraft can be compensated by changing the lift, for example,
by increasing the speed to 23 m/s.
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Andamna. Maxananga KOraprel aTMocdepana >KOHE >KaKblH KEHICTIKTE OpBIH ajaThlH TYpii
KYOBUTBICTAp MEH IMpOLeCTepAi MOHHUTOPHHT JKYPri3y VIINH aBHAIMSHBI TaimanaHyIblH TapuXd
acmekTiiepi OepinreH. ¥IIKBIIICHI3 YIIATBHIH alNapaTablH TaHAayablH ceOeOl oHe oJjlapFa KOHBLIATHIH
Tajmantap KepceTinrenoo. [lmamepre ocep ereTiH KyIITep[iH aHaTW3bl OepinreH. AmNmapaTThIH
KO3FaJIBICBIHBIH MaTeMAaTHKAaJBIK MOAEIBACYiHIH jXKoHE (PM3UKAIBIK MapaMeTpiepiH e3repTy HOTIKeIepi
KEJTIPUITeH.

Tyiinoi co30ep: YIIKBIIICHI3 YINATHIH alapaT, Fapblll, KYIUTEP, MOACIBIELY.

MOAEPHU3AIINA BECITMJIOTHOT'O JIETATEJIBHOI'O AIIITAPATA JIJIA
MOHHUTOPHUHI' A BJINKHET'O KOCMOCA

Kprouxkos B.H., CononoBauk A.A., Caunkun B.B.

Ceepo-Kazaxcranckuii ['ocynapctsennsiii Y HuBepcuteT uMm. M. Ko3eibaeBa, [lerpomnaBioBck,
Kazaxcran

vasya2030@mail.ru, aasolodovnik@mail.ru, cavinkin7@mail.ru.

Annomayus. B cTathe NPHUBEICH UCTOPHUYECKUI acTIeKT MPUMEHEHHS aBUAIIUH JIUISI MOHUTOPUHTA
Pa3NMYHBIX SBICHUN M TPOLECCOB, TMPOUCXOAAIIMX B BEpXHeH aTMmochepe M OIMIKHEM KOCMOCe.
O0ocHOBaHa TIpUYMHA BHIOOpAa UMEHHO OECHUIOTHBIX amlapaToB W TPHBEJCHHI TPEOOBAHHS K HHM.
[lokazan aHanu3 cwi, JAEHUCTBYIOIIMX Ha TulaHep. [IpwBeNeHBI pe3yNbTaThl MaTEeMAaTHYECKOTO
MOJICIIMPOBAHUS U BapbUPOBaHHS (PU3HUYECKUX TTAPAMETPOB JBIKCHUS amlapaTa.

Kniwouesvie cnoea: Bectmnorubiii JleratensHbiii  Ammapar, Kocmoc, SoidWorks, cusr,
MOJICIIMPOBAHUE.
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MONITORING OF VERTICAL DISPLACEMENT USING THE TECHNOLOGY
OF RADAR INTERFEROMETRY ON THE EXAMPLE OF THE STRUCTURES
"TRANSPORT TOWER" AND "BAITEREK"

Abstract. The key issues of processing and interpretation of data from radar satellite interferometry,
obtained as a result of multi-pass imaging of the same terrain is discussed in the article.. It is proposed to
use the method of interferometry of stable reflectors (PS from the English Persistent Scatterer) with which
you can get an average density of points of about 6000 per square kilometer, which makes it possible to
trace the spatial and temporal changes of each point and almost every building and structure in cities.
Mathematical modeling of vertical displacements based on satellite data allows you to calculate the
values of earth surface displacements in the studied areas using GIS. For this purpose, various methods of
geostatistical analysis are used, based on interpolation, extrapolation, approximation of data, and various
methods of cartographic imaging, which are based on data classification. The complex method of radar
interferometry and mathematical modeling of vertical displacements were used to assess and identify the
dynamics of displacements of buildings in Nur-Sultan. The method was tested on the Cosmo-SkyMed
satellite satellite radar data covering the territories of Nur-Sultan for the period from 2011 to 2014. To test
the method considered, the objects of the Transport Tower and Baiterek buildings in Nur-Sultan were
selected.

Keywords: in Sardata, InSAr, Deformation of building and structures, mathematical modeling,
kriging, COSMO-SkyMed-1-4.

Introduction

Earth remote sensing methods using satellite radar interferometry (an interferometry
method using synthetic aperture radar (SAR)) are in great demand in determining the
displacement of buildings and structures.As is known, according to the results of radar studies of
a certain area, made with the same settings and geometry of the survey, it is possible to estimate
the displacement of the Earth’s surface. Various buildings and structures are no exception. The
SAR interferometry method makes it possible to register displacements of natural and artificial
objects in any chosen region with a resolution of up to a millimeter. Radar images of the city of
Nur-Sultan and its environs made by the COSMO-SkyMed-1-4 satellite in the period from
06/18/2011 to 04/23/2014 made the basis of this work for remote sensing with subsequent
interferometric processing. Interferometric processing of satellite images was carried out to
identify the displacements and deformations of structures in the PSP-IfSAR software
systems.There are permanent reflectors of the radar signal in the center of Nur-Sultan, defined by
the terrain during a series of interferometric processing of radar images.647 702points were
identified per 10x10squarekilometers.

Initial data and research methods

The baseline data for processing were images from the COSMO-SkyMed-1-4 radar
satellite constellation (e-GEOS, Italy). The pictures were taken in Himage shooting mode
(spatial resolution of 3 meters, scene size 40x40 km, HH polarization). A coverage map of the
territory of Nur-Sultan and a 10x10 km section. For processing by the PSP-IfSAR method, a site
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of the territory of Nur-Sultan was selected with dimensions of 10x10 km. 559,093 points -
permanent radar diffusers, i.e. average 5,590 points per square kilometer For each point, the
calculated displacement values in millimeters as of each shooting date. Additionally, the
calculated average annual displacement rate in millimeters per year, as well as the height in
meters above the WGS-84 ellipsoid.

To investigate the deformations of buildings in this study objects buildings "Transport
Tower" and "Baiterek” of Nur-Sultanwere selected. The test facilities were commissioned in
2002. Administrative and technological complex "Transport Tower" has 32 floors, while the
level of the top of the spire reaches 155 m height; building "Baiterek™ height is 97 meters, with
the "ball" crowning the design - 105 meters, the "ball's" diameter is 22 meters. The buildings
already have many stable reflectors of radar signal (Figure 1) (the angle between the wall and the
ground, between the wall and the roof, angles of balconies, window sills, porches, roof booths,
etc.). Installation of special signal reflectors on buildings is not required.

For the processing and calculation of data the programmes were developed on language
C++ application development environment. One of the most commonly used operation for
processing the data point is interpolation operation. Interpolation is a method of finding the value
of intermediate values by having a discrete set of known values, can be conducted on the basis of
regular and irregular grid. The GIS surface obtained in the interpolation process, most often used
for modeling and simulation. The GIS environment using the most popular interpolation methods
such as kriging (kriging), Spline with Barriers, inverse distance weight (IDW), a natural
neighbor (natural neighbor).

®otornp 74 71972004).21" B BbicoTa Haa ypoBHeM MOpA: 347/M  0630p C/BLICOTHI S78ju > g 4 .)u"'
Figure 1 - Sustainable reflectors of radar signal detected on buildings "Baiterek™ and "Transport Tower" of
Nur-Sultan city with background from Google Earth

The result of the interpolation of point data on a regular network is a set of information
containing parameter values for each network node. Later, when using the results for modeling, a
parameter matrix is created, in which the missing region is marked as inactive. The presentation
of the results in the form of maps makes it possible to visually assess the quality of the
interpolation, therefore, it is required to correctly select the step and limits for changing the
weight characteristics of the displayed isolines, smoothing coefficient, etc.

A large number of tasks associated with the processing of unevenly distributed in the data
space. In particular, this concerns geographic information systems, since in these systems it is
possible to make measurements only at certain points. The solution for such problems is the use
of various interpolation methods.

In this paper was used - ordinary kriging, based on statistical models that include
autocorrelation analysis (statistical relationships between measured points). This optimizes the
interpolation process method based on the statistical nature of the surface. Kriging determines
the weight of the surrounding measured points to calculate the value in the unmeasured cell.
Points that are located closer to the estimated cell, have a greater impact. Normaly kriging takes
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into account not only the distance from the interpolated point, but by the distance between the
points so that the weight closer to each other points decreases. Kriging advantage is that it
provides not only the interpolated values, but also estimates values error. In normal kriging
procedure the weights depends on the variogram model, the distance from the estimated point
and the spatial distribution of the points of measurements around the estimated point.

All models of the [1,2,3] kriging family somehow come down to a linear regression
estimate:

V*(x) = m(x) = Xiy wi(x) [V(x;) — m(x;)](4.1)

wherew;(x) — Beca, is the weights assigned to the given V(x;), which in turn are
implementations of the spatial variable V. The values of m(x)andm(x;)are the mathematical
expectations (average) of the spatial variablesV*(x)uV(x;). The amount of data n, used for
estimation, as well as their weight characteristic, may vary depending on the estimation point x.

We can assume that the model of the behavior of spatial data is constructed in the form of
an unknown random function V, which is a function of random variables {V*(x), V(x;),
.., V(x,)}. In this case, the values of V(x;),...,V(x,)are given in the form of the source data
and represent the only implementation of random variables at the corresponding points in space,
and the valueV*(x)is unknown.

The random function V (x) is usually decomposed into two components - the deterministic
trend m (x) and the random residual R (x):

V(x) = R(x) + m(x)(4.2)

The residual component R(x) is modeled as a stationary random function with zero
expectationmpg (x) and covariance Cg(h):

mg(x) = E{R(x)} = 0(4.3)
Cov{R(x), R(x + )} = E{R(X)R(x + h)} = Cr(h)(4.4)

The mathematical expectation of the spatial variable Vat the point x, will thus be equal to
the trend value:

E{V(x)} = m(x)(4.5)

The first condition that all kriging models satisfy is that the estimate (1) is not biased at
point x (the average value of the estimation error is zero):

R*(x) =V*(x)-V(x) (4.6)
E{R*(x)} = 0 (4.7)
Recall that here V*(x) — is an estimate of the value of V(x), which is unknown.

The following condition, which is used to obtain the kriging equations, is a condition for
initiating error variation, which gives a “best” statistical estimate:

oR?(x) = E{(R"(x) — mg(x))*} (4.8)
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The input data are tables that contain coordinates of reflectors and speed of the
displacement for 2011-2014. To calculate the displacement velocity of structures "Baiterek” and
"Transport Tower" the 136 and 941 points of resistant reflectors were selected. Negative values
correspond to lowerings, positive to liftings. For each selected object was built [4,5] a three-
dimensional grid, which describes the body of the building. On constructed grid were imposed
reflectors points. Output, presented in the form of three-dimensional objects with real values of
displacement in millimeters.

The results of this work have been identified strain of buildings and their environments for
the "Transport Tower" and "Baiterek". Figure 2 shows the displacement rate (mm/year) for the
period 2011-2014.

Transport Tower Baiterek

Figure 2 - Average speed of displacement for building «Transport Tower» and «Baiterek»

For structures "Baiterek™ and "Transport Tower", we got the velocities of displacement of
permanent (stable) reflectors radar signal, and put them on a three-dimensional model
construction, compared photographs that revealed subsidence zonesReflectors are colored
according to the magnitude of displacement from yellow to red - raising, green - stable areas blue
- increased sedimentation (from 3 mm to -2.5 mm per year, where from 1.5 mm to 3 mm -
raising, from -0.5 mm to 1.5 mm - stable areas, from -0.5 mm to -2.5 mm - increased
sedimentation). In the north-eastern part around "Baiterek” there is a strong uplift, since it is
connected with the entrance of the building.
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Figure 3 - The speed of displacement of the structure "Baiterek” mm/year over 2011-2014 in spring-summer
periods. Yellow - raising, green - stable areas, blue - increased sedimentation (from 15 mm to -15 mm per year,
where from 11 mm to 7 mm - raising from 7 mm to 5 mm - stable areas, from -5 mm to -15 mm - increasing
sedimentation).

Also revealed annual and seasonal values for buildings "Baiterek™ and "Transport Tower",
images for each year and seasonal values are compared.

Figure 3 shows the position of reflectors in the spring and summer, the displacement of
corresponding areas of the building are colored according to displacement magnitude.
Comparison of images for each year and images for summer and spring season shows that the
building "Baiterek™ and its surrounding areas are rises, this can be explained by thermal
expansion of metal structures forming the "Baiterek™.

250720131 07,04 2014r.
Figure 4 - The speed of displacement of structures "Transport Tower" mm / year over 2011-2014 if spring
and summer periods. From yellow to red - raising, blue - stable areas, from green to blue - increased sedimentation
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(from 10 mm to 5 mm per year where from 10 mm to 6 mm - lifting from 6 mm to 0 mm - stable areas, from 0 mm
to 5 mm - increasing sedimentation)

The same analyze was applied for "Transport Tower", were considered images for each
year and for summer-spring season (Figure 4).
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Figure 5 - The speed of displacement of the structure "Baiterek™ mm/year over 2011-2013, autumn periods.
From yellow to red - raising, blue - stable areas, from green to blue - increased sedimentation (from 11 mm to 7 mm
- lifting from 7 mm to -7 mm - stable areas, from -7 mm to -15 mm - increasing sedimentation)

Images for each year and for the autumn-winter were analyzed (Figure 5, 6). Nur-Sultan
city is located in the area with a sharply continental climate, for this reason, in the autumn period
there is subsidence in the building and surrounding areas, the phenomenon is linked to the
influence of natural processes and natural phenomena. Construction and its surroundings
abnormally subside, this is explained by sedimentary phenomena and compression of metal
constructions in the winter.
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Figure 6 - The speed of displacement of the structure "Transport Tower" mm/year over 2011-2014 in autumn
periods. yellow to red - increasing lift, blue color - stable areas blue - sedimentation (from 10 mm to 6 mm - raising,
from 5 mm to -2 mm - stable areas, from -2 mm -5 mm - increasing sedimentation). Autumn period considered
drawdown in the building and surrounding area, the autumn period
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Figure 7 - The speed of displacement of the structure "Baiterek™ mm/year over 2011-2013 in winter periods.
From yellow to red - raising, blue - stable areas, from green to blue - increased sedimentation (from 10 mm to 7 mm
- lifting from 7 mm to -5 mm - stable areas, from -9 mm to -15 mm - increasing sedimentation)

Figure 7 illustrates the phenomenon: in winter, accompanied by heavy snowfall and rain,
the metallic structure contracts and issues an abnormal subsidence of the building and the
surrounding area.

In winter, there is a drawdown of some specific areas and raising the other separate parts of
the building and the surrounding area (Figure 8). These phenomena related to precipitation - rain
and snow, giving such [6,7] anomalies.
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Figure 8 - The speed of displacement of the structure "Transport Tower" mm/year over 2011-2014 in winter
periods. Yellow - raising, green - stable areas, blue - increased sedimentation (from 10 mm to 6 mm - raising from 6
mm to -2 mm - stable areas, from -2 mm to -5 mm - increasing sedimentation).

Conclusions

of high-precision processing and analysis of satellite radar images using a high-resolution
interferometry method using synthetic aperture radars (SAR) for the city Nur-Sultan. are carried
out. According to obtained data three-dimensional models of buildings "Transport Tower" and
"Baiterek"with annual and seasonal displacements were displayed. During construction and after
its completion sedimentary processes are taken place. Subsidence process should keep smoothly
and ceasegradually. In the case of uneven subsidence different deformations could occur,
including tilt of the building. Structures higher than 15 m may be deformed due to wind or
uneven sun heating of the walls. Controlling these processes is very important in the operation of
buildings. Especially monitoring of deformation processes such facilities is requires It is better to
detect deformation at an early stage, when its removal would be least costly. This direction in the
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field of remote sensing data processing allows to solve the problem of timely monitoring of
displacements and deformations of the earth's surface and constructions in order to prevent
emergency situations using techniques of interferometric processing series of satellite radar
images. The proposed methods of analysis and interpretation appear to be sufficiently
reasonable.
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MOHUTOPHHTI BEPTUKAJIBHBIX NEPEMEIEHUN C
NCHOJb30BAHUEM TEXHOJIOTUH PAIUOJIOKAIIMOHHOM
UHTEP®EPOMETPUHU HA IPUMEPE COOPYKEHUH "TPAHCIIOPTHASI
BALIHS" " BAUTEPEK"

K. Ixantaen!, A. budoccunon' 2 3, C. Hypakbinos' %, Coigbik H.

1CJUIIT "UHeTuTyT noHocdeps!", Aamarbl
2 Ka3zaxckuil HalMOHAJIbHBIA YHUBEPCUTET UM. Ab-Dapadbu, AnMaTsl
Kazaxckuil HamoHaNbHBIM TeXHUUECKUN yHUBepcuTeT UM. CarbaeBa, AMaThl

Annomayusa. B pabote paccMOTpeHBI KIIOUYEBBIE BOIPOCH 00PaOOTKH W MHTEPHPETAINH JaHHBIX
pajmapHOW CITyTHHUKOBOW HHTEP(PEPOMETPHH, TOJYYCHHBIX BpE3yJbTaT€ MHOTOMPOXOAHONH CBHEMKH
OJTHOTO M TOrO € ydacTka MecTHOCTH. llpeanaraercsi mcmosibp30BaHME METOIAa HHTEpHEPOMETPUHU
ycToiumBbIX oTpaxkarenein (PSor anri. Persistent Scatterer), ¢ mMOMOIIBIO KOTOPOTO MOXKHO TTOJYYHTh
CPEIIHIO0 TUIOTHOCTH To4eK okosio 6000 Ha KBaJpaTHBINA KHUIOMETP, YTO JAET BO3MOXHOCTH MPOCIEINTh
MIPOCTPAHCTBEHHO-BPEMEHHBIE H3MEHEHUS KaXJ0H TOYKM M MPaKTUYECKH KaXJIOro 3/JaHus U
COOpPYKEHHS Ha TEPPUTOPHU ropo10B. MareMaTH4eckoro MOAEINpPOBaHUs BEPTUKAIBHBIX CMEIIECHUI Ha
OCHOBE CITyTHHKOBBIX JAaHHBIX TO3BOJISIET PACCUUTHIBATH 3HAUEHHUS CMENIEHUI 3eMHON MOBEPXHOCTH Ha
UCCIIeyeMbIX TeppuTopusax ¢ ucrnonb3oBanneM [MC. Jlnsg 3Toro MCHONB3YIOTCS pazUYHbIE METOIBI
Tre0CTaTUCTUYECKOTO  aHalIM3a, B OCHOBE KOTOPOTO JIEKUT MHTEPHOALHNSA, OKCTPANOJIALUSL
anmnpoKCUMAIIHS JIAHHBIX U Pa3IM4HbIe CIIOCOOBI KapTorpaguueckoro n300paxeHus, KOTOpble OCHOBAHEI
Ha Kinaccuukanuy JaHHbIX. KOMIUIEKCHBIN METOJ| palapHOi WHTEPPEPOMETPUH U MATEMATHYECKOTrO
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MOJIEIIUPOBAHNS BEPTUKAIBHBIX CMEIICHUH OBUIM MCIOJIB30BAHBI U1l OLIEHKH M BBISBICHHS AMHAMHKH
CMeIIeHn# 3nanuii-coopyxenuit B r.Hyp-Cynran. Meton onpo6oBaH Ha pafapHBIX JaHHBIX COCITyTHHKA
Cosmo-SkyMed, mokpeiBatonux tepputoputo . Hyp-Cynran, 3a mepuox ¢ 2011 mo 2014 r. Jlus
anpoOali paccMOTPEHHOTO MeToAa ObUTH BBIOpaHBl OOBEKTHl cTpoeHuil «Tpancmopt Taysp» u
«baittepex» r. Hyp-Cynran.

Kntouesvle cnoea: panapHple JaHHBIC, panapHas uHTepdepoMeTpus, AeQopManuyd 3IaHU-
COOpY)XKEHHI, MaTeMaTHuecKoe MoaeupoBanue, kpuruar, COSMO-SkyMed-1-4.

"KOJIIK MYHAPACHI" )KOHE "BOUTEPEK" FUMAPATTAPBI MBICAJIBIH]IA
PAANOJOKAIOUAJIBIK UHTEPOEPOMETPUS TEXHOJIOI'USACBIH ITAUJAJIAHA
OTBIPBIII, BEPTUKAJIIBI OPBIH AYBICTBIPY MOHUTOPHUHI'T"

7K. Kanraenl, A. budoceinorl 2 3, C. Hypaksinosl 2, Ceigbikos H.

1CJUIIT "Uonocdepa nHCTUTYTHI", ATMATHI
2 On-Dapabu ateiHgarel Kazak ¥IJITTHIK YHHUBEPCUTET, ATTMATHI
K.N.CarGaeB aTbiHAaFbl Ka3aK YITTHIK TEXHUKAJIBIK YHUBEPCUTETI,

Anoamna. byn Makanaga paguoNOKalMAIbIK CIIyTHUKTI HHTephEpOMETpUsiAaH IepeKTepal eHaey
JKOHE MHTEpIpEeTalusUIayJblH Herisri Mocenenepl TankpUiaHasl. Kama ayMmarblHIArel FuMmapat-
KYPBUIBICTap/bIH JIWHAMHKACBIHBIH aYBITKYBIH Oarajiay >KoHE aHbIKTay YIIiH (AFBUIIIBIH TineHae PS
Persistent Scatterer) MaTeMaTHKaNbIK YITiIEY KOMETIMEH TIK aybITKy [IaFbUIBICTHIPFBIMITAPIBIH
UHTEPPEPOMETPHSIIBIK JEPEKTEep OMICIH MaiiianaHybl YCHIHBUIAABL. Op MIapIIbl KWJIOMETPre IamMaMeH
6000 HYKTe opTama THIFBI3ABIFBIH alyFa MYMKIHIIK O€peTiH, op HYKTEHIH KEHICTIKTiK >KOHE YaKbITIIa
e3repicTepiH, COHAAl-aK Kamagarbl op FUMapaT MEH KYPBUIBIC HBICAaHAApbIH  KajJarajanm OTBIpyFa
MYMKiHAIK Oeperin TypakTel peduekropiap (PS Perspective Scatterer) wmaTepdepomerpust omiciH
naijanany ychiHbUIAbl. CIYTHUKTIK JCPEKTEP HETi3iHAE TIK BIFBICYJIBIH MATEMAaTUKAJIBIK MOJCIBICYI
I'AX keMeriMeH 3epTTeNreH ayMaKTaparhl kep OSTiHIET KBUDKYABIH MOHAEPIH ecenTeyre MYMKiHIIK
Oepeni. Ocbl MakcaT YIIIH WHTEPHONSILMSFA, OSKCTPANOJSILMAFA, IEPeKTepHi JKaKblHAATyFa JKOHE
JIEPEeKTepAl JKIKTeyre Heri3elreH Kaprorpadusiblk OCWHEeNeyAiH opTYpil ojicTepiHe Heri3ienreH
TeOCTaTUCTUKAIBIK TaNJayAblH OpTYpi ojicTepi maimananeiiansl. Hyp-Cynranaarsl FUMapaTTapbiH
KBUDKY TMHAMHUKACHIH Oaraliay »KoHe aHbIKTay YIIiH pajap HHTep(epOMEeTPUsSCHIHBIH KYPHEIi d/1ici )KoHe
TIK KOHBIC aynapylbl MaTeMaTHKAIbIK MOJENbIey KoImaHepuimel. bym omic, 2011-2014 >xpurmap
apaneirbiiga  Hyp-Cyntan — KanachlHBIH —~— ayMarblH ~ KaMTUTBIH — Cosmo-SkyMed — cryTHHKTIK
panuoNOKaIMSITBIK, JIepekTepinae Tekcepinai. Kapacteippurran oficti ceiHay ymiH Hyp-Cynrangarst
«Tpancnopt Tayepey xoHe «baliTepek» FUMapaTTapbl TaHIAIIbL.

Tyiiin ce30ep. panapibl AEpeKTep, panapibl HHTEp(epoMeTpHs, FUMapaTTap-KYpbUIBICTApAbIH
e opMaIisIChl, MaTeMaTHKAIBIK Mozeaey, kpuruur, COSMO-SkyMed-1-4.
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ABTOMATHU3AIIUA U YIIPABJIEHUE

MPHTH 3.1.1
E.B. Kyxapenko, A.B. llanopesa, T.B. I[IaTkoBa, A.M. AjlitbimoBa, O.JI. Konnosa
CeBepo-Kazaxcranckuii rocyiapcTBeHHBIN yHUBepcuTeT, [lerponasnoscek, Kazaxcran

annvolkova@mail.ru, ok 10 ok@mail.ru

MPEJIMPOEKTHBIA AHAJIN3 ABTOMATHU3AIIAA B OBPA3OBATEJBHBIX CHCTEMAX

Annomayun. B  jgaHHOWM cTaThe pacCMOTPEHbI  BOMPOCHI  MPEANPOSKTHOIO  aHaln3a
WH(POPMAITMOHHBIX CHCTEM aBTOMAaTH3alluu y4eOHOro mporuecca. [IpuBeIeHbl MPUMEPhI MPOrPaMMHBIX
cpell, IPUMEHSIONIMXCS B TIpoliecce 00pa3oBaHKs HAYMHASOTIOIIKOIBHBIX yupekaeHuit 1o BY3a. Taxxke
B CTaThe PACCMOTPEHBI BOIIPOCH OIIEHKHU 3(PPEKTUBHOCTH BHEAPEHISI HOBBIX CHCTEM WIIH IOPAOOTKHU yiKe
uMeromuxcs. [IpuBesen mpumep MOIETUpPOBAaHUS NAHHBIX IS aHATW3a Ha MPUMEpPE NHUCTAHIIMOHHOU
¢dopmbl  oOyuenus. IlpuBenena ¢opmyna pacuera 3PQPEKTUBHOCTH BHEAPCHUS WM aJarTall|uu
aBTOMATHU3UPOBAHHBIX HHPOPMAIIMOHHBIX CHCTEM B OPTaHHU3AIIHIO.

Kntouegvle cnosa: aBTOMaTH3alWs, BHEApPEHHE W pa3pabOTKa MPOTPAMMHOTO OOECIIeUeHHS,
yuapexaeHue 00pa3oBaHHsL.

Beenenue

OpueHTauus cucteMbl 00pa3oBaHMA Ha JEATENBHOCTHYIO OCHOBY U pa3BUTHE
npoeCCHOHATPHO-OPUEHTUPOBAHHBIX ~ KOMIETEHUWH  CTaBUT  TEpel  YYPSKICHUSIMU
oOpazoBanus: BY3amu, mkonamu, JOY HOByw 3ajgauyy — HalTH HOBYIO METOOJOIHIO,
MO3BOJISIONIYI0 HE TOJBKO MPUBHUTH OOyYaeMbIM IPOYHBIE TEOPETHYECKHE 3HAHHS, HO W
o0ecrneynTh caMy CUCTEMY aJIeKBaTHOM, pa00TOCTIOCOOHON M MPUTOJJHON aBTOMAaTU3WPOBAHHOM
cucteMoi st ooMmeHa wHdOpMalMen U yrpaBieHus OuszHec-Tpoluieccamu. B cratbe OyayT
paccMOTpeHbl IUIIOCBI M MHHYCHl aJanTallud YK€ CYIIECTBYIOIIUX aBTOMAaTH3MPOBAHHBIX
uHpopmannoHuslx cucreM (AMC) oTHocUTENbHO pa3pabOTKHM COOCTBEHHBIX HPOrPaMMHBIX
pewennii. B ciyuae pa3pabotku HoBoro I1O HemaloBa)KHOMY MOMEHTY SIBJISI€TCSl HOJHAs
ajanTauus K HyXAaMm opraHuzauud. Ilockonbky oOpa3zoBaTenbHas [eSTEIbHOCTh BechbMa
nporpeccuBHa M TpeOyeT ONEepaTHMBHOIO aHaliM3a CUTyallMM HEOoO0XOIMMO MpU3HATh, YTO
KJIACCUYECKHE CHCTEMbl OpraHM3allii y4eOHOIro Ipoliecca MOTYT HE CIpPaBISIThCS C TaKOH
3agaueii. KoMOMHHMpOBaHHE HECKOJbKUX CHUCTEM TMPUBOJIUT K MpodiieMe KOPPEKTHOCTU
0TOOpakaeMbIX JaHHBIX M UX HEMPOTHBOPEYMBOCTH.

MaTepI/IaJlbl H ME€TObI
COBpeMeHHaH O6p330BaTCJ'ILHa$I cpcaa I/I306I/IJ'IyCT ClicuaJIn3unpOBaHHBIMHA I/IH(I)OpMaI_[I/IOHHLIMI/I

CHUCTEMaMH, KOTOPBIE HCIIOJIB3YIOTCS, HAUYWHAsl OT IIKOJIBHOIO BO3pacTa A0 YHUBEPCUTETOB.
MHorue #3 HHMX HMEIOT CXOXHE€ (YHKIMM — aHajlu3 TOTOBHOCTH K IIKOJE WU
c(OpMUPOBAHHOCTH ONPEACTIEHHBIX KOMIIETEHI[MI, OlIEHKa YPOBHS OCBOCHUSI AUCLUIIIIMHBI MU
MICUXOJIOTHYECKUE TECThl M TeCThbl IpodeccuoHambHOW mpurogHoctu. [lpuBesem npumepsl
HEKOTOPBIX U3 HUX.

s oowrxonvroeo eo3pacma ([OY):. «llemarorndeckuii MOHUTOPHHTY», «KoOMIUIEKCHBII
JTUATHOCTHYCCKHA WHCTPYMEHTAPUH JIOMIKOJbHUKA», «MOHHUTOPUHT OCBOCHHS PEOCHKOM
MIPOTPaMMBbI IJIAHUPYEMBIX PE3yIbTaTOB O0yUEHHUsI U TOTOBHOCTH K IIIKOJIE» U T.1.
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s wxonvHoeo  eo3pacma: HMC  monutopunra I[IO  pa3nuyHbiM  JAUCIUIUIMHAM,
«IIcuxonornyecknii MOHUTOPUHT YPOBHS Pa3BUTHs Y4eOHBIX ACWCTBUI 00yYarOIIUXCS IIKOJIBDY
U T.J.

s BY306 - 310 cucrembl nuctanunonnoro odyudenus: CtpansiCHI™ - «Moodle», «Platonusy;
HanbsHee 3apyoexne - «kEdmodo», «GoogleClassrooms, «OnLineTestPad».

B cBs3u ¢ TeM, yTOo B cucremMe 00pa30BaHUS MHOI'O MJIEHTUYHBIX IIPOrpaMM, TO BO3HUKAET
BOMPOC AaKTYaJIbHOCTH pa3pabOTKM HOBOTO MporpamMMHOro obecreuenus. Ilpu Hamuumm
aJalTUBHBIX [IPOrPaMM, KOTOPbIE MO3BOJISIOT BKIKOYATh HOBBIE MOJYJIHU U IOJICTPAUBATHCS MOJ
TpeOoBaHUSI 00pa3oOBaTENbHON Cpeabl, IAe OyAyT HCIOJIB30BaThCA, BO3HHKAET BOIPOC
opabOTKH TOTO, 4TO UMeeTcs. PaccMOTpUM ajanTHBHbBIE BO3MOXKHOCTH B Tabmuie 1.

Tabmuna 1 — AgantuBHbie Bo3MoxxHocTH MC, mpuMeHseMbIX B 00pa30BaHUA

nC 10y NC cpenneit mkobl NC BY3a

Buenpenue pasnnuHbIX | Buenpenue HoBbIX | Hactpoiika IC non tpeGoBaHus u
TECTOB  C(OPMHPOBAHHOCTH | MOZIYJIEH HUC 1o | yueOnbiii muian BY3a, BHeapenue
HaBBIKOB, KOMIIETEHIIHH, | pa3pabaThiBaeMbIM IPOKTOPUHIa U JPYTUX CPEICTB U
NICUXOJIOTMUECKON JUCLUILINHAM B | BO3MOXHOCTEMN OTCJIC)KUBAHUS
TOTOBHOCTH JIOIIKOJILHUKOB K | CpeAHEH IIKoIIe JIeMCcTBUH CTy/IeHTa B CUCTEME
00y4YEeHUIO

JlopaboTka aJIrOpUTMOB U BHEAPEHHUE HOBBIX MOJIEIICH

N3menenue 0001049KH 1o TpeOOBaHUS 3aKa34uHMKa

s pemenust Bompoca pa3pabotku uian gopabotku I1O mpoaHanusupyeMm MOJOKUTEIbHBIE U
HEraTHUBHbBIE ACMIEKTHI U, UCXOMS U3 3TOr0, COCTABUM TaONIHUILy 2:

Ta6n1/1ua 2 — IlonoXuUTeNnbHBIC U HETaTUBHBIC ACIICKTHI

(H)IlonoxuTenbHbIe aCEKThI (-) HeratuBHee acrieKThl
1.9xoHOMUS MaTepuaIbHBIX PECYPCOB. 1.He Bcerma sKOHOMHYECKH M
2. Menee 3aTpaTHa MO BPEMEHHU, 4eM pa3paldoTka | M0  BPEMEHH  OMpaBlaHa,
Hosoro [10. OCOOEHHO €CIM CYILIECTBYET
o 3. Moxer ObITh TpoBeleHa Oe3 mpuBiedeHus | aHanornyHoe [1O,  Gonee
E CTOPOHHHX OPTaHU3AIIHA. JIEIIIEBOE T10 TIEHE.
; 4. He TpeOyet pa3paOOTKu HOBBIX 0a3 JaHHBIX. 2. He Bcerma BO3MOXHO
S KadecTBeHHO aopaborats I10,
& ocobenno, eciau 6azosoe I10
N HeaJanTHBHO.
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1. Ilo3Bomser co3math yHukanpbHoe IIO, | 1. Croumocts HoBOro IIO
OTBEYAOIIEE TpeOOBaHUAM KOHKPETHOH | 3a4acTyl0 Ha TOPSJIOK BBHIIIE,
OpraHu3aIui, yeM nopaboTka u
2. COOTBETCTBYET COBPEMEHHOMY pa3BUT.MIO | CONPOBOXKICHUE yKe
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Jlns pemieHust BOIpoca O BHEAPEHUH, pa3paboTKe MM J10pabOTKe HEOOXOANMO OIIEHHUTH
3pPeKTUBHOCTh 3THX neiicTBuil. Ecnm mporpammel, Hampumep, Takue kak «Moodley wimm
«Platonus», ucnomp3yrorcss HeckoidbkuMH BY3amu, uMeOmMMU HEKPUTHUYHBIE pa3ivuus B
TpeOOBaHUAX y4eOHOro Ipolecca, TO MOKHO CO3JaTh IPYMIbBI MO UX JOPaOOTKE I PeLICHUS
KOHKpPETHBIX 3a/1a4, Toke Kacaercs mkoi u JJOY. Bonpoc «pa3pabaTbiBaTh WM J0padaThIBaTh»
JIOCTaTOYHO YacTO BO3HMKA€T B OPraHM3alUsAX U BBI3BIBAET CIIOPBI CPEAM YIPABIEHYECKOIO
IepcoHala M NporpaMMucToB. Kaknas M3 CTOPOH HMMEET CBOIO TOUYKY 3PEHHUSIOTHOCHUTEIBHO
pPeCypCOB M BO3MO>KHOCTEN OPraHU3aLUH.

PaccMoTpuM Ha mnpumepe OpraHu3alud y4eOHOH JEesATeIbHOCTH IpU JUCTAHLMOHHON
TEXHOJIOTUU OOydyeHHs, KaKk Hauboiee CIO0XKHOM IS pealu3alddl UM KOHTPOJISI B CHUCTEME
oOpa3oBaHus. BepHo oprann3oBaHHast IUCTAHLIMOHHAS TEXHOJOTHs O0OYYEeHUsI HAKIaIbIBAeT PAJ
O0COOEHHOCTEI: BO-TIEPBBIX, OTCYTCTBUE TPYMNIbl KaK TaKOBOM HE MO3BOJISIET MPEBPATUTH
IpoIecC YNpaBJIEHUS] MPOEKTOM CO CTOPOHBI CTYJIEHTOB B (hOpMaibHO-OPraHU30BAHHBIN; BO-
BTOPBIX, OTCYTCTBUE OTPaHMUYEHUIN BO BPEMEHU, MEHEE KECTKOE, HEXKEJIU MPU OUHOM O0yUEHUH,
JIOJDKHO TIO3BOJIATH 00CYXJaTh Ooyiee MpOAyMaHHble M OIpaBJaHHblE pemieHus. VMeHHO
OCOOEHHOCTH JMCTAHIMOHHON TEXHOJIOTUH OOy4eHHsS MOTYT OBbIThb HCIOJIb30BaHbl BO 0OJaro
camMoro nmpouecca OOyuYeHHs, NpPEJOCTaBlisAs OIpeJeeHHble IPEUMYIIecTBa, a TakkKe
BO3MOXXKHOCTH PEOpPraHU30BaTh MPOILIECC HAayuyeHUs TaKuM oOpa3oM, YTOOBI MCIOJIB30BaTh BCE
HE/IOCTAaTKU JAUCTAaHIIMOHHOM TEXHOJIOTUH B MOJIb3Y 00y4aeMoro.

C kubepHeTHMYECKMX MO3ULMI B3auMOJEicTBHE oO0yyaeMoro M OOydvarouiero npu
JUCTAaHIIMOHHOM OOYYE€HHUU MOJKET CYIIECTBEHHO OTJIMYAThCS IO OIBITY OT PealbHOCTH OYHOIO
oOyueHHss B  CHIY  ACHHXPOHHOCTH.  DJIEMEHT-NeJaror  MOJYJUPYET  BBIXOJHOM
UH(POPMALIMOHHBIN MoJlaBaeMblii Ha BXOJA 3JEMEHTa-o0y4aeMoro, ¢ Y4eToM
COOCTBEHHBIX 3HAHUH M MJIaHa MpoBeJeHUs 3aHATus. OOydaeMblil, TaK WM UHAYE BOCIIPUHUMAs

(mpeobpa3yst) BXOAHON CHUTHAJ, MOJYJTUPYET BBIXOJHOW MH(POPMALMOHHBIA CUTHAJI, TIOBEACHUE

CUTHAJ,

KOTOPOTO CIYXHUT JUIsl MArHOCTUKH (MACHTU(UKALIMK) TapaMeTPOB KaK CUCTEMBI B LIEJIOM, TaK
U OTAENBHBIX 3JIeMEHTOB (menaror, ody4daembliil). OAuH W3 BaKHEHIIMX TMOKa3areyeil B Takoi
MH(OPMALIMOHHON CHCTEME — HAJIMYMe YCTOMUMBOCTH Pa3BUTHS Ipollecca BO BpEMEHH (IIOKa He
chopmMyIupoBaHHON CTporo). B JaHHOM KOHTEKCTE YCTOMYHBOCTh — oOsi3aTenpHas

XapaKTEPUCTUKA TUPAKUPYEMOCTH OOYHAFOIITNX MPOTIIEAY].

B mpocreiimem ciaydae oOy4daeMmblil MpEICTABISET WHEPLHUOHHOE 3BEHO C IEpPeIaTOvYHOMN
dynkmueit O(p)=k1/(Top>+T1p+1). XapakTepHCTHKH-KOHCTAHTHL: KOYQ(HUIMEHT ycuaernus Ki u
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BpeMEHHbIE mapameTpel 11,To, oTpaxkaromme TeMn U 3(P(GEKTUBHOCTh B3aUMOJICHCTBUA
o0yuyaeMoro c¢ mnocrymawoomei k Hemy uHpopmauueil. Ilepemarounas ¢yHKuus nenarora
[1(p)=k2(T2p+1)/(T3p+1). KomOMHUpPOBaHHOE 3BEHO OTpPaKaeT BO3MOXKHOCTh IPOTHO3MPOBAHHUSI
[elaroroM  pasBUTHA — mporecca OOydeHHss B 4YacTH  NPEAyrajblBaHUS  BXOJHOTO
uHpopmanonHoro motoka. [Ipu T2=0 mnoBeneHHME aHATOTMYHO TIOBEACHHUIO MOJEIH
oOydaemoro. MHble BepcHM TPAaKTOBKM MOBEACHHS Iearora moTpeOyioT OT MOJAEIH CBOWCTB
MHTETPUPYIOIIETo 3BEHA.

[IporpamMmmHoe 00ydeHHe OTOOpa)kaeTcsl MOCIe0BATEIbHBIM COSJAMHEHUEM 3BEHBEB IEJaror-
oOyuaembiil. «[legaror» — TpaHcnsaTOp, mpouecc OOy4deHHsI COXpaHSET YCTOWYMBOCTh, IMOKa
YCTOWYHMBBI UCXOHBIC 3BEHbS LIETH Te1aror-y4yeHuK.

Wrorosas  mepematouHas  (GyHKOWS,  HM300pakaromias  3aMKHYTYIO  CHCTEMY -
W(p)=Kika(T2p+1)/(ToTap3+(To+ T1T3)p>+(T1+Ta+kikaT2)p+(kika+1)). VY cTOHYMBOCTD B
KITacCHYeCKoM cMbicie obecrieuena ycinoBueM 0<A1=TiTo+T1Ts?+ TaT12+KiKa(T1T2Ta+To(T2-
T3)).

Eciu T2<Ts3, To BIOOpOM To, T1 1 K1 MOXHO 100MTHCS oTpHIaTeibHOCTH A1. HBIMU cli0BamH,
JIOCTAaTOYHO HEKOPPEKTHOM HAaCTPOWKM MapaMeTpoOB MOJEIH y4uTels, U MoAOOpOM IapaMeTpoB
MO/JIEJIM YYEHHKA MOKHO Pa3pyIlIUTh YCTOHYUBOCTh 3aMKHYTOH cucTeMbl 00ydeHus. B curyanuun
«HEOIBITHOT0» Iearora, HeCoCOOHOI0 UCIOIB30BATh Ul IPOrHO3a TEMIT U3MEHEHUS CUTHaJla
Ha Bxoxe - [2=0 - cucrema mnpeBpamaercs B HHEPUUOHHYIO. JlocTaToyHO O60IBLIOrO
ko3 purmenta ycuaenus Kiko (3aBbliieHHBI 00beM HMHOOpMALUKM) WM Manoro 11 (HH3KOE
nemMnupoBaHue peakuud o0ydyaeMoro) M YCTOMYHMBOCTb, B TPAJULUOHHOM Ui CHCTEM
YIOpaBIEHUSI CMBICIIE, 3aBEAOMO OyJeT MoTepsiHa. YCIoBUSA [2>T310CTaTOYHbI JUIsl TapaHTHH
YCTOMYMBOCTH JAHHOM CHCTEMBbI MpH JIIOOBIX @apaMeTpax Y4YeHUKa U MPOU3BOJIHHOM
K03 uLIMeHTe yCUIeH s y Ne1arora.

B wmopmenu oOywaromierocss ¢ «pemneTUTOpOM» TEAaror HaxXOAUTCS B LEMH OTPHUIATEIHHOU
o0paTHOU CBs3U M, HaOMIO/asA 3a WHGOPMAIIMOHHBIM «BBIXOJOM)» YYE€HHKA, BIUSET Ha 00BeM
uHbOpMallUM Ha «BXOAE». OJTa CXeMa HICOJOTUYECKH COOTBETCTBYET TUCTAHIIMOHHOMY
mpoleccy, TIe WHUIMATHBAa K HAyYEHUIO MCXOOUT OT yueHuka. l[lepematounas ¢yHKIus
W(p)=K1(Tsp+1)/(ToTap3+(To+T1T3)p?+(T1+Ta+kikaT2)p+(kiko+1)) Takoii mMomenn ¢ mo3uuuu
YCTOWYMBOCTH HE OTIUYAETCS OT yxke paccMoTpeHHoW. Ho xoadduiment ycuneHus conepxxur
TOJBKO TmapameTp Ki yYeHHWKa, W BO3MOXHOCTH «IaBICHHS» IIeJarora CyIieCTBEHHO
OTrpaHHYEHBl, TpH 3TOM T2=0 He ImpeBpallaeT CUCTEMY B HHEPIIMOHHYIO.

B kayecTBe anbTepHATHBBI MOXXKHO PacCMOTPETh OOAaBICHUE JKECTKOM OOpaTHOW CBSI3U
HEMOCPEICTBEHHO MOJYJII0 yYCHHWKa BO BTOPOM BEPCHH MOJETIH, YTO (DAKTHYECKH O3HAYACT
HOBbI KO3 durment ko:=kotl wu HOByw Bepcuito mapamerpa T2:=(To*koxTz)/(ka = 1).
Peanuzanus oTpuuateabHOW CBA3M BO3MOYXKHA BBEACHHEM (YHKIUN CAaMOKOHTPOJS Y4YEHHKA
(BOTpOCHI B KOHIIE pa3jielia, JIOKAJIbHBIH TECT HA YCBOCHHE) U KaK Pe3yJIbTaT - POCT BHIMMOM
TpeOOBaTEIBHOCTH THIOTOPA, BOBMOXKHO YCYT'YOJICHHUE HENPUTOMHOMN JUIS HEKOTOPHIX YYCHUKOB
teHaeHuun 12<T3. [lpm peanuszanuu MONOKUTENBHOW CBS3M €CTh INAHCHI JJIsI HEOOIBIIMX
3Ha4YeHH K2, 9Ta CBSA3b MpHCYIIA aTalTHBHBIM TECTaM.
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«/lucraHimonHasi MOJIENb) TPEBpallaeT MHOTUX IIEaroroB B «HEOIBITHBIX» (COTJIACyeTcsl C
OTCYTCTBHUEM JOJDKHOTO OINBITA MPUMEHEHHsS TUCTAaHIIMOHHOW TEXHOJOIMH B CpPAaBHEHHH C
«OYHOI»), 4TO HajlaraeT Ha 0Opa30BaTENbHYIO cpely 005S3aHHOCTh BHEIPUTH HEKYIO CHUCTEMY
JUIE KOMIIGHCAIlMM TaKOBOW HEONMBITHOCTH. Kpome TOro, BHEApEHHE aBTOMATU3UPOBAHHBIX
cucTeM B JI0O00OM MecTe 00pa3oBaTeNbHOrO MpOIecca, ABTOMATHYECKH YBEIMYHMBACT PHCK
HOJIYYUTh HA OTAEIBHBIX 3Tamax oOydeHHs MOTCHLIMAIBHO HEYCTOWYMBYIO Iapy IapaMeTpOB
T2<T3. Takum o00pa3om, BOIPOCHI BHEAPEHUS JIOOBIX AaBTOMAaTH3MPOBAaHHBIX CHCTEM B
00pa3oBaTEeNbHYI0 CpPEeay IOJDKHBI OBITh OOOCHOBAaHBI M JOJDKHBI OBITH NPETyCMOTPEHBI BCE
PHCKH U BapUAaTHUBHOCTH 3P (PeKTa OT BHEIPEHUSI.

Pe3yabTarsl U 00Cy:KIeHHE

Opna w3 Haubojee BaXHBIX MPOOJIEM, C KOTOPOW CTAJIKUBAIOTCS 3aKa3YMKH WIH
pa3paboTYMKU HMH(OPMAIIMOHHBIX CHUCTEM — 3TO OLIEHKAa 3((EKTUBHOCTH BHEAPEHUS TaKUX
CHCTEM, TIOCKOJIbBKY JOCTaTOYHO CIIO)KHO YETKO BBIACIUTH Cdepy MACATEIBHOCTH U
orBerctBeHHOCTH WT. He Bcerna sIBHO MOXXHO MpOCHEIUTh L1€db BHEIPEHUS OIpPEAeIEHHOIO
IPOrPaMMHOI0 TPOJAYKTa, BIMSHHUE, OKAa3bIBAEMOE Ha JIEATENbHOCTh NPEIUPUSITHS U €ro
9KOHOMHYECKUE MOKa3aTeNd, YeTKO MPOCIEIUTh BPEMEHHbIE PaMKH, KOIJla 3TO BIUSHHE OyJeT
Haubosee sBHO MmpociexuBaThecs. Kak cieacTBue, OleHKAa 3KOHOMHYECKOM OTIaud MOKET
BBI3BaTh 3aTPYAHECHUS.

Wtak, Bcs AEITENbHOCTh OOPAa30BATEIBHOIO YUYPEKICHHS paccMaTpUBaeTCs Kak
MHOXECTBO BHYTPEHHUX IporeccoB. [IpoueccoMm ke OyaeM Ha3blBaThb HEKOTOPYHO pPadoTy,
BBITNOJHAEMYIO B ONPEICIICHHBIN NPOMEXYTOK BPEMEHM, B OIPEICICHHOM MECTE, MMEIOIILYIO
HayaJlo W KOHEI M XapaKTepu3yeMyl0 BXOJIHBIMH U BBIXOJAHBIMU IapaMmerpaMu. A
[OCJIEI0BATENbHOCTh TAaKUX B3aUMOCBS3aHHBIX IIPOLECCOB, MPUBOAALIAS K IOJYYEHHUIO
KOHEYHOU MPOJYKIMU T.€. OKA3aHUIO 00pa3oBaTeIbHON YCIIyTH, KOTOpas CO3/1aeT HEKOTOPYIO
n00aBIeHHYI0 cTOMMOCTh. JlesrenbHocTs OY B 1enom OyleM paccMaTpUBaTh KaK KOHEUHYIO
COBOKYIMHOCTb MPOIIECCOB, JJIsi KOTOPHIX M3BECTHA €€ COBOKYyMHas NpuoObuib. [Ipum 3TOM
OTMEYaeM, YTO  CYLIECTBEHHBIM  JTallOM  IPOLECCOB  SBISETCA  dTal  MPUHATUSA
IPEIIPUHUMATEIBCKOTO PEIICHUS, BIMSIOIINNA Ha DKOHOMUYECKUH pE3yJbTaT, Ha30BEM JTOT
3Tal «aKTOM peuieHus». VIMEHHO aKThl pelleHUs B YCJIOBUSAX HEONPEIeNEHHOCTH pe3yJibTaTa,
BJIMSIET HA KOHEYHYIO MPUOBUIb NPEANPHUATHS, C YIETOM BO3MOXKHBIX MOTEPh OT HEIOCTATOYHO
KauyeCTBEHHOW OpraHU3alliy BHYTPEHHUX IpolieccoB npeanpustus. Toraa sagpdexruBHocTs (E)
MOKeT ObITh mpejcTaBineHa Kak: E = U X A X (B +¢)/S. I'me U — onepatop aenexa Mexmy
y4aCTHUKAaM{ MPUHUMAIOIIKMMU pelieHus; A — oneparop Jenexa MeXIy aKTaMM pelleHus; B -
3HaYeHWE MNPHUObUIM TpPEeNnpuaATusi; & — TMOTepH, CBA3aHHBIE C HEONTHMAJIbHOCTHIO
OpPraHU3alMOHHON CTPYKTYpPHl NPEANpPHUATHSA; S - 3HAaUeHUE MPSAMBIX M KOCBEHHBIX 3aTpaT Ha
AHAIUTUYECKYIO CUCTEMY.

@dopmyna mpexacraBisger coOoOi JIpoOb, UYMUCIMTENb KOTOPOH MoKa3biBaeT 3¢ddekt
BHEJPEHUS AaHAJUTHYECKONM HWH(OPMALMOHHONW CHUCTEMBI, a 3HaMeHaTelb — 3aTpaThl,
COIPSIKEHHBIE C ATUM.

BoiBoabI

B nanHHOI cTaThe aBTOPBHI MONBITAIUCH MPOAHAIM3HPOBATH HauboJiee MOIYJSpPHBbIE CTaTHUeCKHe (He
TpeOyromue aOOHEHTCKOW TIaThl 3a JOpadOTKy W KOPPEKIHIO) TpoAyKTel Ha pbiHKE [10  mms
oOpa3oBaTelbHBIX Y4YeOHBIX 3aBEJCHUN BceX cCTyneHedl oOpasoBanus. IlpeanpoexTHBIM aHamu3 H
MOHMMAaHUE YETKUX TPeOOBaHMA W BO3MOXKHOCTEH MalbHEWIIEro pa3BUTHS HH(DOPMAIIMOHHOTO
MPOCTPAHCTBA OPraHU3alXK 00pa30BaHUsI BO MHOTO MOXKET OBIThH M0JIE3eH KaK CO CTOPOHBI (PMHAHCOBBIX
3arpat npu BHeapeHun 110 B o0pazoBaTenbHyI0 cpelly, TAK U YMEHBIINT KOJIMYECTBO 3aTPAaYCHHBIX Ha €€
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YCTaHOBKY U Pa3BE€PThHIBAHUEC YEIIOBCKO-4aCOB. Hcxomst 13 maHHOTO aHAIM3a MOXKHO CHIENIaTh CJICAYIOIIne
BBIBO/JIBI:

1. Jnsa amantamun AVC opranmzanun o0pa3oBaTeIbHOTO MTPOCTPAHCTBA IIeliecoo0pa3Hell NCIOb30BaTh
CHUCTEMBI OTKPBITOTO Koja. D(P(PEKTHBHOCTH BHEIPEHUS CHIILHO BO3pAcTaeT, MOCKOJIbKY 3aTpaThl Ha
JI0paboTKy S CHIIBHO YMEHBINAIOTCS B CIydae HAIWMYHS TPOTrpaMMKCTa BHYTPH OpTaHU3AIHH,
MOHUMAIOIIETO TPeOOBaHHMS K HM3MCHCHHMIO TPOAYKTa M OIEPATHBHO PEarupyroniero Ha HM3MEHEHUE
TpeOOBaHMIA.

2. OnTUMansHO NOJOOPaHHBIC IPOTPAMMHBIE MPOYKTH aBTOMAaTH3AIlMKH YY4eOHOTO Mpoliecca U aHauu3a
JMAHHBIX BO MHOTOM oOiserdaT paboTy MporpaMMucTa 1O 00paboTKe, aHanmu3y, KOHCONWAALUU U
MPEIOCTABIICHUIO aKTYAIBHBIX JIAHHBIX.

3. llpumeHenne KHOEPHETHYECKMX IOAXOMOB K aHAIW3y JaHHBIX TI03BOJISIET HMETh YETKOe
NpEICTAaBICHUE O CTPYKTYpE JAaHHBIX, OHAKO TPeOYeT BBHICOKOTO YPOBHSI MaTEMAaTHYEeCKOW MOATOTOBKU
KaK TIPOTPaMMHUCTA, TaK ¥ aHATHTUIECKON TPYTIIBI, TIOCKOJIBKY cama IIOCTAaHOBKA MPOOJIEMBI IS aHaIn3a
MOJKET OBITh HE TPUBHUAIBHOM.
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PRE-DESIGN ANALYSIS OF AUTOMATION IN EDUCATIONAL SYSTEMS
Kukharenko E.V., Shaporeva A.V., Pyatkova TV, V. Aytymova A.M., Kopnova O.L.
North Kazakhstan State University, Petropavlovsk, Kazakhstan
annvolkova@mail.ru

Annotation. This article deals with issues of pre-project analysis of information systems for the
automation of the educational process. Examples of software environments used in the educational
process from pre-school institutions to universities are given. The article also addresses the issues of
evaluating the effectiveness of introducing new systems or refining existing ones. An example of data
modeling for analysis is given on the example of distance learning. The formula for calculating the
effectiveness of the implementation or adaptation of automated information systems in the organization is
given.

Keywords: automation, implementation and development of software, educational institution.
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Annomayus. byn Makanaaa oKy yJAepiciH aBTOMATTaHJBIPY VIIiH aKMapaTThIK XKyHenep/l ajbH-
ana capanTay mocesenepi KapacThipbuiaabl. OKy yIepiCiHIe MEKTenKe JEHiHr MeKeMesepaeH KOoFaphbl
OKYy OpBIHJApbIHA JICHIH KOJIJAaHBUIATHIH OarjapiiaMa opTajiapbl MbIcajiapbl kentipuiren. CoHjaii-ax,
Makasaja JXxaHa >KyHeleplli eHTi3yliH HeMece KOJJAaHBICTAaFbl HOPMATHBTEPAlI OHICYIiH THIMILIITiH
Oaranay Macenenepi KapacTelpbulaabl. Tanaay YUIiH AepeKTepli MOACIbIACYAIH YArici KalbIKTaH OKBITY
yiricinae OepireH. ¥HbIMa aBTOMATTaHIBIPBIIFAH aKIMapaTThIK KYHenepi eHrizy Hemece OeitiMaey i
TUIMALIIrIH ecenteyiH popMyachl KENTipireH.

Tyitinoi co30ep. aBTOMATTaHIABIPY, OaFaapiiaMalblK KaMTaMachl3 €Tyl €HIri3y JKOHE JIaMBITY, OKY
OPHBI.
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MPHTH 3.3.2

E.B. Kyxapenko, A.B. lllanopesa, T.B. [IaTtkoBa, O.JI. KonnoBa
Cesepo-Kazaxcranckuii rocyiapcTBeHHbIN YHUBEpcUTET, [leTponasioscek, Kazaxcran
annvolkova@mail.ru, ok 10 ok@mail.ru

MPUMEHEHUE TEXHOJIOT'MH BIG DATA JJ51 ABTOMATH3AIIAU
CUCTEMBbI YIIPABJIEHUA BY30M

Annomauus.B naHHON CTaThe MpeACTaBIEHBI KOHIIETITHI MCHONIB30BaHMS TexHonormi Big Data
JUIsL aHaJIM3a AAaHHBIX By3a. IlocTpoeHHass MoJienb MPUHATHS PEIIEHUH aBTOMAaTU3MPOBAHHON CHUCTEMBI
ynpasieHust (ACY) By30M MOXeT ObITh HHTEPECHA KaK JUIsl yUCHBIX, 3aHUMAIOIINXCS UCCIICTOBAHUSIMHE B
001acTH CUCTEM YIIpaBICHHUS, TaK U MHXKEHEpaM aHAJUTHKaM paboTaromux ¢ TexHosorusivu Big Data.
[anHast MozieTh OpUEHTHPOBaHA Ha CTPYKTYPUPOBaHHbIE TaHHBIE, TEHEpHUpYEMble BHYTPH BY3a.

Knwouesvie cnosa:monenvpoBaHue, aBTOMAaTH3UPOBAHHAs CUCTEMA YIPABICHUS, NPUHITHE
pemenuit Big Data.

BBeaenue

VYipaBieHue By30M — CIOXHBIA, COaJaHCHUPOBAHHBIA IMPOLECC, CUHXPOHHO WIYLIUH B
pa3IMYHBIX HANPABICHUSIX, TAKUX KaK y4eOHas, a/IMUHUCTPATUBHAs, HaydHasl, BOCIIUTATEIbHAS
U XO3SICTBEHHAs JEATENBbHOCTh. [laHHbIe, 00pa3yromuecs: B pe3ysbTaTe TaKOH JesITeIbHOCTH,
MHOTOTPaHHBI M 00pa3yIOT eauHOe MH(OPMAIIMOHHOE MPOCTPAHCTBO By3a, COCTOAIICEC KaK U3
CTPYKTYPUPOBAHHBIX, TaK U HE CTPYKTYPHUPOBAHHBIX JTAHHBIX, KOTOPHIE B CBOIO OYEpPEab MOTYT
JIaTh O00MbIION 00beM MH(OPMALMK TSI IPUHSATHS CTPATETMUECKUX M OMEPATUBHBIX PEIICHUN.
OagnuM W3 Ha3HAUEHUN AaBTOMATHM3MPOBAHHBIX cucTeM ympaieHus (ACY) By3a MoOXeT
paccMaTpuBaThCS MOJTYYEHHE MPOTHO3HBIX JAHHBIX Ha OCHOBE MMEIOIIMXCS XPaHWIUI TaHHBIX
(cTpyKTYpHpOBaHHOW MH(GOPMAIIMK) U UX 00pabOTKH C IENbI0 OpraHu3alud 000CHOBAaHUS TIPH
NPUHSATHH YIIPABICHYECKUX PEIICHHH.

PaccMoTpuM yHHMBEpCHTET € MO3UIMU 00pa30BaTEIbHOIO COOOILIECTBA, CIOCOOHOTO
TeHepUpOBaTh JaHHbIE BHYTpU ceOsl, a TakKe BbIIAaBaTh IyJl JAHHBIX BO BHELIHIOI Cpeay
€XeJITHEBHO. 3a OJMH YUeOHBIN I'oJ] CTYJIEHTHI MPOBOJAT B YHUBEpcHUTeTe 0Kosio 1260 yacos, 310
oyt 53 1HA. 3a 3TO BpeMsl OHHM COBEPILAIOT Maccy JAEHCTBHUI U FeHEpUpPYIOT OrPOMHBIN 00beM
MOBE/IEHYECKUX JIaHHBIX, KOTOPhIE BO3MOXKHO 00pabaThIBaTh ¢ MoMollbio TexHojoruit Big Data.
TexHukH M MeTOAbl aHailu3a, npumeHumble kK Big Data mo McKinsey [1]: «Data Mining;
Kpayzacopcunr; Cmemienne W WHTerpauust AaHHBIX; MamuHHoe oOy4eHue; VcKyccTBEHHBIE
HelipoHHble cetd; Pacno3naBanue oOpas3o; IlporHo3nas ananutuka; VMuTanuoHHOE
MozenupoBanue; llpoctpancTBeHHbli aHanu3; CratucTudeckuil aHanus3; Busyamuzanus
AHAIUTUYECKUX JaHHBIX).

MarepuaJibl 1 METOAbI
B pamxax ACY By3a misd8 aHaiu3a JaHHBIX MOKHO, NPUMEHSISI COBPEMEHHBIE

nH(pOpMallMOHHbIE TEXHOJNOrMM aHanu3a Big Data, ¢ Touku 3peHHs] MPOTHO3HOM aHAJIWTUKH,

MalIMHHOTO OOYyYeHHS W HCKYCCTBEHHOTO MHTEJUIEKTa, ONTHMHU3UPOBATh OpraHU3alUI0

yuebHoro mpouecca. VM3HaganbHO HEOO0XOIMMO KiacCU(pUUIMPOBATH BHJBI WHGOpPMAIMU IS
81


mailto:ok_10_ok@mail.ru

Becmnuk Anmamunckozo ynueepcumema ynepeemuru u ceazu. Ne3 (46)2019

UCCIICIOBaHMs B JIAOOPATOPUU JAHHBIX W ONPEACIUTh UCTOYHHKH M MOTOKH mH(popmaruu. Ha
pUCyHKe 1 mpencTaBieHa quarpaMmma Npu4MHbI clieAcTBUs VcukaBbl, KOTOpas ONKMChbIBask BUbI U
30HBI BO3HUKHOBEHUS HH(OPMAIIHH.

Crouku 3peHust UCCIENOBAaHUS MOBEICHHS CTYJCHTOB, MOTYT OBITh HHTEPECHBI JaHHBIE O
POXKIEHUM U IIKOJIE, KOTOPYI 3aKOHYMJI CTYJEHT, Ha KaKyl CIELHMAJIbHOCTh OH IMOCTYIWI U
KaKO€ MECTO IIPaKTHUKH OH BbIOpaJ, Kakas TeMa BBIIYCKHON paboThl eMy nHTepecHa. Mcxons us
9THX JIaHHBIX, MOYKHO IIPOTHO3MPOBATh MECTO €0 TPYIOYCTPOMUCTBA.

MHavkaTMBHBbIE NOKa3aTenu ‘

YyebHas geAaTenbHOCTb ‘ ‘ [aHHble o cTyAaeHTax ‘

YyebHble nnaHb! »
YMKQ
Pacnucanue 3aHATWiA

AyaMTOpHBbIN hoHA
Kon-Bo naGopatopui

not

OpraHu3auus npakTuku

MecTo B peiiTHrax JinuHble fAaHHbIe YuacTye B 061ECTBEHHBIX MEPON PUTUSIX

UMupimBan pesTensHoCTb NaHHble o (popme onnars! YyacTvie B HayUHbIX MEPONPUSATMsIX

YcneBaemocTb Mecto npoxoxaeHne NpakTuKn

Tema BbINyCKHO paGoTb!

Kon-Bo 06pasoBaTtenbHbIX IpaHTOB
CneyuanbHOCTb

NCTBMUe C 3apy IMM By3amu

Hayuuo-uocne,qoaa'renbcxwe rpaHTbI YyeBHbIN nnaH

MoceweHne 3aHATUIA

[laHHble 0 TpyAoycTponCTBe
YyacTue B CNOPTUBHBIX MEPOMPUATUAX

» ACY By3a

JnuHble geHHbIe HayuyHas akTMBHOCTb

CraTbu KKCOH

Cratbu Scopus, WoS

OpraHu3auus MeponpusATui

3aceneHve B obwexutne [laHHble 06 06pa3oBaHuM “4—— O6beM BocnuTaTensHoON paboTbl

YuacTu B KoH(epeHuuax KypuposaHue cTynenTos Avcumnnub! YyebGHas Harpy3ka

paHTbI Ha HayYHbIe Pa3paboTKM MomoLyb coumansHo HyxAaLWUMCs YMKLQ “4—— KauecrBo npenopaBaHus

WHdopmaumoHHble cepBuCHI HayuHble cTaxupoBku > HepenbHas 3aHeATOCTL

B. VicTBMe C 3apy6 By3amu
HayuHble CTaXkupoBkm

‘ Hay4yHas gesitenbHOCTb ‘ ‘ BocnurarenbHas AeﬂTeanOCTb‘ ‘ﬂaHHble ofnc

Pucynok 1 — Bunstl undopmanuu s obpabotku ACY

Jpyrum HarpaBlieHHEM HCCIEIOBAaHHUS JTAHHBIX O CTYACHTE MOXKET OBITh HCCIICIOBaHHUE
JUCIIUIUINH, KOTOPbIE CTYAEHT BBIOpaN JUIsl U3YUYEHMs], CIIEHUAIbHOCTh, KOJIMYECTBO MPOIYCKOB
M YCIIEBa€MOCTb JUIsl TIOHMMaHUS YPOBHsSI 3aMHTEPECOBAHHOCTH CTYACHTOB M, Kak
CJIEZICTBHE,KauecTBa NpenojaBaHus, dS((EeKTUBHOCT, yuyeOHOro IUIaHa, JaJbHeiIero
BOCTpeOOBaHUsI €ro Ha pblHKE TpyJa. CleICTBHEM TaKoro HCCIEIOBaHMUS MOXET ObITh TaKxkKe
(dopMHpoBaHHE BHEIIHET0 HMUIXKA By3a B pa3pe3e IMOATOTOBKM KOHKYPEHTHBIX KaJpoB,
KOTOPBIN UIpaeT HE MAJOBAKHYIO poJib B (POPMHUPOBAHUH OOILIEr0 UMUKA By3a.

HemanoBaxHyto posib B (OpMHPOBaHUM HMHUIXKA By3a M €ro 3¢p¢GeKTUBHONW pabOThI
aBisiercd  ero  npodeccopcko-npenonaBarensckuit  coctaB  (IIIIC).  [lesrenabHOCTb
npenojaBaTesnieii MHOTOTpaHHa: 3TO U TMPOBEACHUE JIEKIMOHHBIX M MPAKTHUYECKUX 3aHSITHUM,
MOJMOTOBKA Yy4eOHO-METOAMYECKUX MaTepuanoB no aucuuruinHaMm (YMKJ), u nposenenue
BOCIHUTATEIbHBIX MEPONPUATUN CO CTYAEHTaMU BY3a, MOATOTOBKA OyAyIIMX CHEIHAIUCTOB K
MPOXOXKACHUIO MPAKTUKH, KYPUPOBAHUE MPOXOXKIECHUS MPAKTUKH U JIPYTHMX MEPOIPHUSATHI BO
BHEIIHEW cpele By3a, MOATOTOBKA CTYJIEHTOB K JaJbHEMIIEH MPaKTUYECKOH NeATEIbHOCTH
10CJIe OKOHYAHUS UMH By3a, KypUPOBaHHUE HANMCAHUS BBITYCKHON KBaJTH(PHUKAIIMOHHON pabOTHI
Y HanucaHWs HAay4yHBIX cTared. OTH JaHHbIE TaKXE MOTYT OIOCPEAOBAHHO XPAaHUTHCS B
Pa3IMYHBIX KOPIOPATHBHBIX HH(POPMALMOHHBIX CHCTEMAaxX M MOTyT OBITh 00paboTaHbl ¢
UCIIOJIb30BaHMEM TEXHOJOTMI aHaiM3a JaHHbIX. Hampumep, mnpoaHanu3upoBaB OLEHKY
npenojaBarens B aHkere «lIpemopaBarenp ria3aMu CTYJEHTOB», Oallibl, KOTOPbHIE CTYAEHTHI
MOJTy4YaroT MO IUCUUIUIMHAM IpernojaBaTesis, KOJIUYECTBO CTY/IEHTOB, 3alMCABILNXCS HA TUILIOM
K 3TOMY IpenojaBaTeso, KaueCTBO TUIIIOMHBIX padoT (110 OLIEHKAaM Ha 3allUTe), MOXKHO CYyAUTh
00 ypoBHe KBaTU(HUKAIMM IPENojaBaTelisi, €ro OTHOUIEHWH K pabore. JlanbpHelne
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UCCIIEOBaHUA MOTYT IIOKa3aTh €ro J0JI0 B obuiee (opmupoBaHue uMumka Bysa. Mcexons us
ATUX JaHHBIX, MOXXHO TOBOPUTH OO0 YIPABICHUYECKHX PEUICHUSAX MPOJABMKCHUS JaHHOTO
IPeroIaBaTess Mo KapbepHOU JIECTHUIIE UM HATIPABJICHUS €r0 Ha MepeKBATU(UKALIHUIO.

VYyeOHast AEATENbHOCTh By3a TaKXKe SBSIETCS HEMAJIOBAXHBIM  HAIpaBICHUEM
UCCIICIOBAaHM, TOCKOJIBbKY CBOECBPEMEHHBIH aHaimn3 3()(EeKTHBHOCTH Y4YeOHBIX IUIAHOB,
aKTYaJbHOCTH IJUCLHUIUIMH, HAJUYUS TOJHOICHHBIX Y4eOHO-METOJMYECKUX MOCOOUN CHIIBHO
BIMSET Ha KadyecTBO ydeOHOro Imporecca B LEelIOM. B ciyyae Hamuuus HeakTyalbHbIX
JUCHMIUIMH B Y4eOHBIX IUIaHAX CIELUAIbHOCTEH MOXKET CHUJIBHO IOCTPaJaTh KadyecTBO
HOJArOTOBKM CIELUAIUCTOB. A € y4eTOM OY€Hb OBICTPOrO H3MEHEHHs B TEXHOJOTHIX
JUCLUIUIMHBI HEO0X0IMMO OYEHb 4acTO OOHOBIIAThH U, KaK CIEICTBUE, YUCOHBIH IUIAaH B LIEJIOM.
TexHonOrMM aHainM3a AAHHBIX MOTYT IIOMOYb PYKOBOIMUTENSIM CTPYKTYPHBIX IOApa3IEICHUN
OTCJICKMBATh HEAKTyaJIbHbIC JUCLUILIMHBI 10 Pa3IU4YHbIM IIapaMeTpaM, HallpuMep, 4acTOTe UX
BbIOOpA CTYJEHTaMM, IOCEUIA€MOCTH CTYAEHTOB, UTOTOBBIX OLIEHOK CTYyAEHTOB. [IpuHumas
peeHusi 0 U3MEHEHUH y4eOHbIX 1aHoB wid YMK]/I, pyKoBOACTBYSICh JaHHBIMU OTIEPATHBHOM
AQHWIWTUKHM, MOXHO MCKJIIOUYUTh BEPOSTHOCTh OMIMOKM WM TNPUHSATHS PELIEHUS Ha OCHOBE
VUHTYUTUBHBIX ITPEIIIOJIOKEHNN.

Pe3yJII>TaTI)I Hu oﬁcyswle}me
HpOBOI[H aHaJlIn3 NACATCIIBHOCTU By3a C MLCJIbIO MOACIUPOBAHUA aBTOMaTI/I3I/IpOBaHHOI7I

CUCTEMBbl YIPABJICHUS aBTOPHI MPHUILIM K BBIBOAY, UYTO IL€1ecoo0pa3HO BOCHOIB30BATHCS
OPUHLMIAMU (DYHKIIMOHUPOBAHUS OUOJIOTMYECKUX CHCTEM, HEKOTOpBbIE M3 KOTOPBIX MOXKHO
chopmynupoBaTh  CIEAYIOIIUM  O0pa3oM: HAaWMEHBIIETO  JCUCTBHUS, HAUNPOCTEUIIEH
koHcTpykuuu (H. Pamesckuii), oOpaTHOW cBsizu (mpuHUMN (GyHKIUOHaiIbHOW cucteMbl I1.K.
AHnoxuHa), HauMmeHbiero B3aumonaeicteus (U.M. I'enbdana, M.JI. Lletnun), nepapxudeckoit
opranuzaiun (H.M. Amocos, H.A. bepuureiin, I'. Yonrep, V.P. Dmbn), anekBarnoctu (V.P.
Ouidu, FO.I'. AHTOMOHOB U J1p.),BEPOSITHOCTHOTO IPOTHO3UPOBAHUS MPU MOCTPOCHUM JEHCTBUIA
(H.A. bepnmreiin),or00opa HyXHbIX creneHeil cBoOonasl (H.A. BbepHuiteitn),Heo0xoqumMocTu
paspyuienus aerepmuHusMma. (FO.I'. AHTOMOHOB W 1p., HeoOxomumoro pasHooOpasus (VY.P.
Duibu), aerepmuHUCcTCKOro mnpencrasiaenus (FO. Kosenemkuit u  ap.),JOTMOTHUTEIHFHOCTH
(mecoBmectumoctr) (H. bop, JI.A. 3ane), monoronnoctu [4,6].

OcHOBBIBasiCh Ha yKa3aHHBIX MPHUHIMIAX U CTPOSI HAa HUX KOHIEMIHIO (HOPMUPOBAHUS
ACY By3a, MOXHO BBIJICIUTh CJEAYIOIIME CBONCTBA TAaKOBOM CHCTEMBI: YHHKaJIbHOCTH,
OTCYTCTBHE ONTUMAJILHOCTH, TMHAMUYHOCTb, HETIOJIHOTA OMTUCAHUsI, OPTaHU3AIIMOHHAS CUCTEMA.

KonnentyanpbHO Takas cucTeMa JOJDKHA OOCTY>KHMBaTh YAaCTHYHO CTPYKTYypHUPOBAHHBIE
3aJa4M, pe3yJIbTaThl KOTOPBIX TPYJHO CIPOTHO3UPOBATH 3apaHee W HWMEThb MOIIHBIN
AHAIMTHYECKUM anmapar ¢ HECKOJIbKUMH MOJIETISIMHA, COYETaTh TPAAUIIMOHHBIE METOABI JOCTYIa
u 00pabOTKM KOMIBIOTEPHBIX JaHHBIX C BO3MOXXHOCTSMH MaTEMaTUYECKUX MOJCIeH |
METOJJaMH pEIIEHUs 3a/lad Ha WX OCHOBE, OCHAIICHHE CJOKHBIMHU HHCTPYMEHTAJIbHBIMU
CpeICTBAMU MOJICIIUPOBAHMS W aHalM3a, JEMOHCTPUPOBATh THMOKOCTh M BBICOKHH YpPOBEHB
aJalITUPYEMOCTH K U3MEHEHUIO YCIIOBUM.
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HerpanuiimoHHOCT, 00BEKTa yIpaBlIeHUs OO0YCIaBIMBACT HEOOXOAMMOCTh pa3paboOTKu
ACY, mnpeaBapuTeNnbHO TPOU3BEAs AaHAIM3 CXEMBbl YIpaBlIeHUS Y4YeOHbIM IUIAHOM, B

B O

VuebHblil miaH o
Y=rx, U W)

COOTBETCTBUH C PUCYHKOM 2 [4].

Y Yy

A

ul u u

CucTeMa yIpaBIeHnsa
U=a(X ¥)

t- .

BY3

YyvYY

A AT

A

Pucynok 2 - Cxema ynpaBieHuss mporeccoM (OPMUPOBAHUS WHAMBHUIYAIbHON
TPACKTOPUHU OOYUCHHS

Ha yd4eOHbIii miaH BO3ACHCTBYIOT (N+r) BXOJIOB, NMPUYEM 3HAYEHHs BXOIOB Xi MOXHO
JIOCTOBEPHO OIICHUTh B JIFOOOH MOMEHT BpPEMEHM, a I BXOJOB WTakas BO3MOXHOCTb
OTCYTCTBYeT. Y4eOHBIH IJJaH HWMEEeT M  BBIXOJOB — JIUCHUIUIAH, (OPMHUPYIOIINX
KBATM(UKAIIMOHHYIO XapaKTePUCTUKY. MEXIy IMCUUILUIMHAMH CYIIECTBYET B3aHMOCBS3b, TO
ectb Y=f(X,W). HeoOxoaumo mpu 100bIX BXOAHBIX 3Ha4eHUAX X ¥ W HOCPEICTBOM CHCTEMBI
yrpaBjieHusi JTOOWUTHCS 3aJaHHBIX 3HAYCHUH Y, COOTBETCTBYIOUIMX KBaIH()HUKAIMOHHBIM
TpeOOBaHUSAM.

[TocraBnenHas 3agaya pemiaeTcs €  I[OMOIIBK  YIOPABIAKOIIMX — BO3JCUCTBHIU,
dbopmupyromux uHGOPMAIMOHHBIM MOTOK U, Bimstonuii Ha BekTop Y TakuM oOpa3oM, 4TO
MOXHO yTBEpXaaTh cyliecTBoBanue 3aBucumoctu Y=F(X, U, W). BY3, paccmatpuBaeMblii B
JAHHOM CJIy4yae Kak OOBEKT CHCTEMBbI, IPUHUMAIOIINN pelleHue, MPU HAIWMYUH HHPOPMAIH O
TEKYIIMX 3HAYeHHUsX X, MOCPEACTBOM Mpoliecca o0yueHus, GopMUpYyeT BBIXOAHON BeKTOp Y.
DTO 03HAYaeT, YTO CHUCTEMa YIpABJICHHs peaau3yeT HeKoTopyro 3aBucHMOcTbU=®(X)Y), c
MTOMOIIHIO0 KOTOPOU OTBHICKMBAET HEOOXOMMOE YIPABJISIONICE BO3ICHCTBUE HA YICOHBIN TIIaH.

Bnusnne BY3a Ha cucremy ymnpaBlieHHS ONHMCAaHO KOPPEKTUPYIOIIUM BEKTOpOM Z,
BIMSIONIAM Ha CHCTEMY YIPAaBICHUS YYEOHBIM IUIAaHOM MOCPEACTBOM HMH()OPMAIMOHHBIX
OTOKOB [4].

BXO,Z[HOI\/'I HH(I)OpMElI.[PIGfI CHUCTCMBI SABIIAKOTCA JaHHBIC, HCO6XO,Z[I/IMLIC JJI
(I)yHKL[I/IOHI/IpOBaHI/IH KJ'IaCCI/I(I)I/IKaTOpOB. K takum JaHHBIM OTHOCATCA. BBOAMMBIC OJAaHHBIC O
npenoaaBaTeyiax, CriICHUaJIbHOCTH, CIICHUAIU3al[uN Ka)K)IOfI CIICuaJIbHOCTH, HUKIIBI JUCIHHUIIIINH,
JUCHUIINIMHBI, OaHHBIE O CTYACHTAX, TPAaHCKPUITBI CTYACHTOB, MOAYJIU AOUCHUILIMH H
MPUHAJIC)KHOCTD KAXXJI0Ir0o MOAYJIA K HCKOTOpOfI JAUCHUIINIMHE, DKCIICPTHBIC OLICHKH.

BrayTpucucreMHble TMOTOKM HWHGOPMAIMU  CKJIAJBIBAIOTCSI W3 TOTOKOB JIaHHBIX,
SBJISTIOIITUXCSL  PE3YJbTaTOM (PYHKIIMOHUPOBAHUS TIOJICUCTEM W HEOOXOIUMBIX JJIsi PaOOTHI
JpyTHUX  TOJCUCTEM.  YMpaBJ€HHUE  MpoleccaMdM B  aBTOMAaTHU3UPOBAHHOM  CHUCTEME
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OCYHICCTBJIACTCA Ha OCHOBC MozeaeHu CUTYalUOHHOI'O YIIPAaBJICHUSA, B COOTBETCTBUH C PUCYHKOM

3.

mapaMeTphl TeKyIIei
crryam X

A 4

Amnanmrzarop
Jcc

.

Knaccuduxatop

3{-=S§-=2

'

KoppemsTop
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-
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F 3

DKCTpaoasTop
Y

A 4

Y
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Oa Crok JCC

Y

T'eHepaTop HOBOI'O TAKTA fi+]

Pucynoxk 3 - Cxema ynpasieHMsI IPOLlECCaMU B aBTOMATU3UPOBAHHON CUCTEME

AHanuszatop, HCHOJB3YyS MOJAENb JUCKPETHOW CHTYallMOHHOM CETH, ONpeaeiseT
HEOOXOAMMOCTh  BBIPAOOTKHM  YIPABJISIONIETO BO3JICHCTBUS, KIACCU(PUKATOp ONpeAeiseT
napaMeTpbl TEKYIIErO COCTOSIHHUS CHCTEMbl M OTHOCUT CHTYallMI0 K HEKOTOpOMY KJaccy;
KOPPENSATOp TIOCPEACTBOM  OOpaIieHHss K OKCTPAIONATOpPY, OIEPHPYIONIEMY MOJEINBIO
B3aUMOJICHCTBUSL DJIEMCHTOB CHUCTEMbl YNPABICHUS BY30M C IO  JKCTPAIOJISIIUK
TOCJICAICTBUI TPHHATHS OJHOTO W3 aIbTCPHATUBHBIX pPEIICHUH U 3aJarolieMy BEKTOp
NPOTHO3HBIX PE3YJIbTATOB (PYHKIMOHUPOBAHMS Y, M MPUMEHSS MOJCIH BpeMEHH W (YHKIUH
peanu3anuu, 3ajaeT TpeOdyeMoe YIpaBisiollee BO3JCHCTBHE, IIOCIE YEro ONTUMH3ATOp
UCIIONIB3YeT MOJIENIb ONTHMHU3AIMHU 110 KPUTEPHIO pecypca BPEMEHH, TeHEPUPYETCsl HOBBIH TaKT
paboOTHl CHCTEMBI, U (POPMUPYIOTCS HOBBIE MapaMeTpbl TeKymied curyanuu. [Ipu orcyTcTBHU
HEOOXOAMMOCTH  YNPABJSIFOIIETO BO3JEHCTBUS OOBEKT YNpaBIEHHS TOMaJaeT B  CTOK
nuckpetHoit cutyarronnoit cetu (JICC) [4].

ACY, O6pa6aTBIBa$I INOTOKH OAHHBIX, HAKAIIIIMBACT WX, YTO IIO3BOJIACT BBIABIIATH OIIMOKHU
B pa60Te CUCTCMBI U KOPPCKTHUPOBATH YITPABIIAIOIICC BO3ACHUCTBHE.
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BriBoabI

[IpencraBieHHblii B crarbe noaxoa kK MopaenupoBaHutro ACY ¢ BHeIpeHHWEM B Hee
TexHojoruil Big Data mo3BoiuT HEMOCPECTBEHHO PYKOBOAUTEIIO By3a UMETh MOJIHYIO KaPTHHY
JAHHBIX «B KapMmaHe», IMOCKOJIbKY KOHCOJIMJAMPOBAHHBIE TaKUM OO0pa3oM JaHHBIE IO3BOJIAT
(GbopMUPOBATH HOBBIC CTPYKTYPHBIE €IMHUIIBI MH(OPMAIINY, HE HApyIIas IIEJIOCTHOCTh JTaHHBIX U
TEM CaMBbIM ITO3BOJISIT BUJACTh IPUUMHHO-CIICICTBEHHBIC CBSI3U U MH()OPMAIMOHHBIC TOTOKH, YTO
B CBOIO O4Y€pe/b MO3BOJIMT NMPUHUMATh KAaK OINEPATUBHBIC, TAK M CTPATETHMYECKHE DEIICHUS,
OCHOBaHHBIC Ha JIAHHBIX.Y PYKOBOIUTEICH CTPYKTYPHBIX IOAPA3ACICHUN TOSBUTCSA
BO3MOKHOCTh B PEKHME PEATBHOTO BPEMEHH IOJTy4YaTh JaHHBbIC 00 M3MEHEHHUSAX HA UX Y4acTKe
paboTHl M IPUHUMATh OnepaTuBHBIC perieHuss. CTOYKU 3peHHUs MpenoaaBaTesiei, BO3MOXHOCTb
MPEACKA3aTeIbHOM  aHAJIMTUKK TI03BOJISIET COBEPIICHCTBOBATh METOJUKY MperofaBaHUs
JTUCILUILINH, Ja€T BO3MOXKHOCTh OMEPaTUBHO PEearupoBaTh HA U3MEHEHHS CTYJIEHUYECKOW Cpebl
Y BHOCHTB OTICPATUBHBIC KOPPEKTUPOBKHU B YUEOHBIH MpoIiecc.

CrnenctBueM Takoro mojxoja OyJeT NOBBILIEHHE KadecTBa MOJArOTOBKU CIIELUAIHNCTOB,
MOBBIIIIEHUE YPOBHSI By3a BO BHEIIHEH cpene, 2QpQeKTHBHOE yINpaBlieHHE H, KaK CJICICTBHE,
NOBBILICHHE UMUPKA By3a. TakuM oOpa3oM € TOYKHM 3PEHMs yNPaBICHHUS BY30M NPUMEHEHHUE
texHomoruii  Big  Data  mpemmaraer  peKOMEHAATENbHBIE ~ METOAWKH  TOBBIMICHHS
KOHKYPEHTOCIIOCOOHOCTH By3a B II€JIOM, ITOJATOTOBKHM BOCTPEOOBAHHBIX CIICHUAINCTOB, B
YaCTHOCTH, C BO3MOYKHOCTBIO IPOTHO3UPOBAHUS UX JAJIbHEUIIEH YCIIEIIHOCTH.

CIIUCOK JIMTEPATYPbI

[1] bepkana Anuca, «Uro Takoe Big data: coOpanu Bcé camoe BakKHOE O OOJIBIIMX JTAHHBIX,»
Rusbase, 16 05 2017. [B Uurepnere]. Available: https://rb.ru/howto/chto-takoe-big-data/.
[data ob6pamenus: 19 05 2019].

[2] TonoBuisina M., «ABTOMaTU3alMs CTPATETHYECKUX 33/a4 IUIAHUPOBAHUS U YIPABICHUS,»
2019. Available: https://www.intuit.ru/studies/courses/3735/977/lecture/14675?page=>5.
[[ata obpamenus: 19 05 2019].

[3] KouneB A., «CucTembl CTpaTernyeckoro ympaBieHHs Ui OW3Heca: CEerofHs U 3aBTpa,»
blog.iteam.ru, 13 07 2010. Available: https://blog.iteam.ru/sistemy-strategicheskogo-
upravleniya-dlya-biznesa-segodnya-i-zavtra/. [[lata oopamenus: 01 05 2019].

[4] JlanTeBa E.B. Pa3paboTka aBTOMaTU3MPOBAHHON CHUCTEMBI MOJIEPKKH MPUHSATHS PELICHUS
npu GOpMHUPOBAHUM WHAMBHAYAIbHON TpaeKTopuu oOyuyeHus. ABropedepaTr Ha COMCKaHUE
YUCHOH CTENEeHW KaHIuaaTa TeXHUYecKuX Hayk. http://e-lib.kazntu.kz/science/c3[/lara
obpammenus: 01.06.2019]

[S] Mycae A.A, «AJNTOpUTMBI AHAIUTUYECKOTO YIPABIECHUS IPOU3BOJICTBEHHBIMU
mporeccamu,» ABToMatu3anus B npomMeiuieHHocTH, 2004, Nel,, pp. c. 30-35.

[6] HosuxoBa JI.A. KuGepneruka: Haurlarop. HWcropus KuOEpHETHKH, COBPEMEHHOE
cocrosiHue, nepcnekTussl pazsutusd. —M.: JIEHAH/I, 2016. —160c.

86


http://e-lib.kazntu.kz/science/c3

Becmnuk Anmamunckozo ynueepcumema ynepeemuru u ceazu. Ne3 (46)2019

[7] Haknmua H. B., Opemko B. W., bu3Hec ananwtuka: OT JaHHBIX K 3HaHUAM: YdeOHOE
noco6wue. 2 e uzn., CII6.: [Tutep, 2013, p. 704.

[8] IIpoTacos. C., «Uro Takoe Big Data?» 31 04 2015. Available: https://postnauka.ru/fag/46974.
[[TataoOpamienus: 19 05 2019].

LIST OF REFERENCES

[1] Berkana Alisa, «Chto takoye Big data: sobrali vso samoye vazhnoye o bol'shikh
dannykh,» Rusbase, 16 05 2017. [V Internete]. Available: https://rb.ru/howto/chto-takoe-big-
data/. [Data obrashcheniya: 19 05 2019].

[2] Golovitsyna M., «Avtomatizatsiya strategicheskikh zadach planirovaniya i
upravleniya,» 2019. Available:
https://www.intuit.ru/studies/courses/3735/977/lecture/14675?page=5. [Data obrashcheniya: 19
05 2019].

[3] Kochnev A., «Sistemy strategicheskogo upravleniya dlya biznesa: segodnya i zavtra,»
blog.iteam.ru, 13 07 2010. Available: https://blog.iteam.ru/sistemy-strategicheskogo-
upravleniya-dlya-biznesa-segodnya-i-zavtra/. [Data obrashcheniya: 01 05 2019].

[4] Lapteva Ye.V. Razrabotka avtomatizirovannoy sistemy podderzhki prinyatiya
resheniya pri formirovanii individual'noy trayektorii obucheniya. Avtoreferat na soiskaniye
uchenoy stepeni kandidata tekhnicheskikh nauk. http://e-lib.kazntu.kz/science/c3 [Data
obrashcheniya: 01.06.2019]

[5] Musayev A.A, «Algoritmy analiticheskogo upravleniya proizvodstvennymi
protsessami,» Avtomatizatsiya v promyshlennosti, 2004, Nel,, pp. s. 30-35.

[6] Novikova D.A. Kibernetika: Naviglator. Istoriya kibernetiki, sovremennoye
sostoyaniye, perspektivy razvitiya. -M.: LENAND, 2016. —160s.

[7] Paklin N. B., Oreshkov V. I., Biznes analitika: ot dannykh k znaniyam: Uchebnoye
posobiye. 2 e izd., SPb.: Piter, 2013, p. 704.

[8] Protasov. S., «Chto takoye Big Data?» 31 04 2015. Available:
https://postnauka.ru/fag/46974. [Data obrashcheniya: 19 05 2019].

87



Becmnuk Anmamunckozo ynueepcumema ynepeemuru u ceazu. Ne3 (46)2019

APPLICATION OF BIG DATA TECHNOLOGIES FOR AUTOMATION OF THE
UNIVERSITY MANAGEMENT SYSTEM

Kukharenko E.V., Shaporeva A.V., Pyatkova TV, Kopnova O.L.
North Kazakhstan State University, Petropavlovsk, Kazakhstan
annvolkova@mail.ru

Annotation. This article presents the concepts of using Big Data technologies for analyzing
university data. The constructed decision-making model of an automated control system (ACS) by a
higher education institution may be of interest both to scientists involved in research in the field of control
systems, and to engineers and analysts working with Big Data technologies. This model is focused on
structured data generated within the university.

Keywords: simulation, automated control system, Big Data decision making.

YHUBEPCUTETTI BACKAPY ) KYHECIH ABTOMATTAHJIBIPYFA
APHAJIT'AH YJIKEH JEPEKTEP TEXHOJIOT UAJIAPBIH KOJLIAHY

Kykapenko E.B., [llanopeBa A.B., IIsTtkosa T.B., Konnosa O.JI.
Contycrik Kazakcran memiekeTTik yHuBepcureri, [lerponasn k., Kasakcran
annvolkova@mail.ru
Annomauus. byn Makanmaga yHUBEPCHUTET JAEpeKTepiH Tanmay yimrH BigData TexHONTOTHACHIH
KOJIJIaHy TypaJibl TYCiHiKTep OepinreH. JKorapsl OKy OpHBIHBIH aBTOMATTaH/IBIPbUIFAH 0acKapy *KyHeciHIH
(ACS) memrim kabbiiay yarici 6ackapy KyienepiH 3epTTeyMeH aiHajbIcaThiH FaibiMiapra, BigData
TEXHOJIOTHSICBIMEH JKYMBIC ICTEHTIH MHKEHEepJIep MEH CapallibulapFa KbI3BIFYIIBUIBIK TYIBIPYBl MYMKIH.

Byt Moien yHHBEpCUTETTE JKacalFaH KYPBUIBIMIBIK IepeKTepre OarbITTalFaH.
Tyitinoi co30ep: Moenbiey, aBTOMATTaHIBIPBUIFaH Oackapy kyheci, BigData memrimi.
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MATEMATUKA
MPHTU 27.39.15
A. XK. Anuesal, A.O. BaiiapbicTanos?

EBpaswuiickuit HanmonansHeIi yHuBepcuteT uM. JI.H.I'ymunesa, Hyp-Cynran, Kazaxcran
la.aina70@mail.ru, 2oskar_62@mail.ru

OB OJIHOM MEPEONPEJEJIEHHOM BECOBOM HEPABEHCTBE THUIIA XAPJIH
B JU®PEPEHIMAJIBHOI ®OPME

Annomayusa. Knaccuieckoe 0JJHOMEPHOE UHTErpaabHOE HEPABEHCTBO Xapu, HECMOTPsI Ha
OJTHOMEPHOCTH, IMEEeT MHOTOYHCIICHHBIE TIPHIIOKEHHS BO MHOTHX pa3jenax MaTreMaTuku. Haunnas ¢
1930-X To/10B cTaJIn HHTEHCHBHO UCCIIEIOBATHCS BECOBBIC BapHaHTHl HEPABEHCTBA XapaAH, OAHAKO
NepBbIC YCIIEXH, B CMBICIIE KPUTEPHUil BBITOIHEHUS, OblH Tionydensl B 1969-1970 roapl. B HacTosmee
BpeM:sI OTHOMEPHOE BECOBOE HEPABEHCTBO Xap/Iu,lT0YTH IIPH BCEX 3HAUCHHH MAapaMeTpPOB, TOCTATOYHO
XOpOIIo uccienoBano. Hapsay ¢ mHTErpaqbsHBIM HEPABEHCTBOM HE MEHEE BaKHOE MECTO 3aHUMAET
nmud dhepeHnranbHOe BECOBOE HEPABEHCTBO XapaH. 3/1ECh IMEIOTCS PA3INIHBIE MPOOIEMEI,
0COOCHHOBIEPEONPEEICHHOMCIYYae, T.€. KOT/1a 3a/laHHble IPAaHUYHBIE YCIOBUS OOJIBINE MOPsIIKa
I QepeHInpoBanusl. 31ech UCCIEAyeTCs OJHA TaKasl 3a]jaua v JJIsl Hee TOJTyYeH MOJTHBII OTBET.

Knroueswie cnoea: npocTpaHcTBO (GYHKIMH, HOPMA IIPOCTPAHCTBA, BECOBOE HEPABEHCTBO,
rpaHMYHOE 3HaYCHUE (PYHKIIMH, TOKAJIHHO a0CONIOTHO HEeTIpepbIBHAS (DYHKIIHS.

IMycts | =(0,0), U—HenpepslBHAS W HEOTPHUIATEIbHAS, a IMOJOXHUTEIbHbIC (GYHKIUU V, I
JOCTaTOYHO pa3 HENpephBHO auddepeHnupyemple Ha uaTepBane | u mig moboro a > 0 pynkiuu

, 1
v r™* == wunterpupyemsl Ha unrepsaie (0,a), tme 1< p’ <.
r

dy(t)

dy(t) dy(t)
dt '

u Dy(t)=r(t) it

Mycrs D’y(t) = % r(t)

IMycts T 20,1<p<oo,l; =(T,0) uw W’ (r)=W_ (r;l;) npocrpanctso pymkmmu f : 1. — R
JIOKaJILHO aOCOIIOTHO HEMpepPBIBHBIX Ha |, BMecTe ¢ pyHkumeid D' f u 115 KOTOpBIX KOHEUHA HOpMa

[l =D €], +[D: ] +]f(T) (1)

’ P
rae ||g|| v = [Iv(t)|g(t)| P dt] - HOpMa BecoBoro npocrpancrea L (1)=L, .
T

Tlonoxum

LR'W?2,(r)={f eW?2,(r): f(T) =0, D} f (T) = D} f (e0) = O}

PaCCMOTpI/IM HCPABCHCTBO

©

J’ u(t)|f(t)|pdtsCTTv(t)|Dff(t)|pdt, f e LRWZ,(r). (2)

Hepagsenctso (2) mpu r =1 umeer Bujg
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0 0

j u()| f (" dt=<c, j v @) dt, e LRWZ, (1), 3)

T T

HepasenctBo Bua (3) mMeeT caMOCTOSATEIIPHOE 3HAYCHUE W PACCMATPUBAIOCH BO MHOTHX paboTax
(cwm., manpumep [1], [2], [3] v npuBecHHBIE TaM CCBIIKH).

Boinosinenue HepaBeHcTBa (2)

B pabore [2] HEpaBEeHCTBO (3) paccMOTPEHO MPHU Pa3IMYHBIX COOTHOUIEHHSAX T'PAHUYHBIX

snayenuit pynxuuu f: f(0), f'(0), (), f'(0). Kak Bugno u3 LR'WP%V(F) MBI Oy/IeM HCCIIeI0BaTh

HEPAaBEHCTBO (2) TONBKO TpH cneayrommx rpanndnbix sHadennsx f (T)=D! f (T)=0, D} f (x) =0
dynkmwm  f eW? (r).

CHavana TpUBEeNEM HW3BECTHbIC YTBEpXKICHHA, HEOOXOAWMBIE HaM IIpH JI0KAa3aTelbCTBE
BEITIOJTHEHHS HEPABEHCTBA (2).

[Tycts 0<a<b<oou g — HeoTpuLaTeabHas OopeneBckas Mepa Ha uatepBaie (a,b).

U3 pesynpTaTtoB pabotsl [4], [cTp.42-45] cnenyeT

Teopema A. Ilycts 1< p <oo. Torma

(i) HepaBeHCTBO
1

jﬁf(t)dt} du(x) SC“v(t)fp(t)dth, f>0 (4)

a a a

1

a<r<b

(6 3
BLINIOJHEHO, TOIJA W TOJNLKO TOrHa, Korja A+=Sup[,u([r,b))]p[ I vlp(t)dt] <0, TpU ITOM
a

1 1
A" <C<pP®(p)” A", tie C — Hamnyumas IOCTOSHHAs B (4).

(ii) HepaBeHCTBO
1
b

jUf(t)dtJ du(x) sCUv(t)f”'(t)dthl, f>0 (5

X a

1

a<r<b

b -
1 ) p
BHIIOJIHEHO, TOTAa M TOJABKO Torma, korma A~ =sup [/1((a, r])]B (I viP (t)dt] <00, TIPH  DTOM
r

1 1
A <C<p®(p)” A, rae C —Haunyumas noctosHHas B (5).

IIycte

A = as<uE)bU.u(z)dz]p Jy‘vl‘p' (t)U r‘l(x)dxjpldt ,

a t

A, =as<u<pb ju(z)(irl(x)dx]pdz pU‘v“’(t)dt 7.

a z y

T |+

Crnenytoliee yTBepKICHUE CIEAYET U3 PE3yJIbTaTOB paboThl [5].
Teopema B. [Iycth 1< p <. Torna HepaBeHCTBO
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[ j u(z)[j' f(t)jrl(x)dxdtJ dz} sC“v(t)f P(t)dt]p, f >0 (6)

a a

BBINOJIHEHO, TOT/IA M TOIBKO TOrna, koraa max{A, , A,} <o, IIpu 3TOM
1 1

max{A,, A,}<C <8p” (p)" max{A, A}, (7)

rae C — Hawnydmas noctosaHas B (6).

Beenem 0003HaueHus
oT y y P Pt
A,(p.T,c)= sup u(z)dz[j VP (1) .[r-l(x)de dt
T<y<oT Y T 4
y y P o1 p-L
A,(p.T,0)= sup Ju(z)“rl(x)dx dz[Jv“"(t)dt ,
T<y<oT v 4 Y
y o1 P (o Pl
A,(p.T,0)= sup ju(z)[jrl(x)dx dz“vlp'(t)dt ,
T<y<oT T : Y

A,.(pT,0)= Tvl‘p'(t)(oJIr‘l(x)dx pIdt 7 Tu(z)dz,

p-1

AZ‘Z(p,T,o)zsup]iu(z)dz Jvlp'(t)[ .rl(x)de dt

y>oT o
or o1

y>oT bt
oT y

A,,(p.T, o) =sup I u(z)( Z.r‘l(x)dx] dzﬁvl""(t)dt] ,

A(p.T,0)=max{A,(p.T,0), A, (p.T,0), A, (p.T,0), A, (p.T,0), A, (p.T,0)},
A(p,T,o)=max{A,(p,T,0),A,.(p.T,0),A,,(p.T,0),A,(p.T,0o)}

Teopema 1. [lycte T >0,1< p <oo. Torma HepaBeHCTBO (2) BBINOIHEHO, TOTJa M TOJBKO TOT/A,
xkorma A(p,T, o) <oou IpH 3TOM UMEET MECTO OIECHKH

%A(p,T,aﬁcT <2-8° p(p))" - A(p.T.0), (8)

C, <2:3"'p(p)"" - A(p.T.0), (9)
rae C, —Hawny4mias mocrossHHas B (2).
Hoxa3zarenscTtBo Teopems! 1. [lycts dynkims p, (-) TakoBa, 4TO

S 0

J'vl-p'(t)dtz _[vl-p'(t)dt, T<s<w. (10)
T Pt (s)

P JIOKAJIBbHO a0COIIFOTHO HCIIPCPbIBHAA, HCBO3pacTaromiad U

OueBuaHO, YTO (QYHKIHA
tlir}”l+ P (t) = oo, !l_rDO p; (t)=T. IlodTOoMy cCymecTByeT eIMHCTBEHHass To4ka o, € (T,) Takas, 4YTO

oT ©
or = p;(o;)u J v (t)dt = jvl"" (t)dt. luddepentmpys o6e yactu (10), umeem

T oT
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VP (8) =V P () (8) =V (p(9)))er (5)) (A1)
nouty st Beex S e (T, ).

B pa6orax [2], [3] HaiineHBI KpUTEPUH BBITOJTHCHIS HEPaBEHCTBA (2) IpH I =1, HO TIpH OIIEHKE
HAWIY4IIeH MOCTOsHHOW B (2) HE yKa3aHbl 3HAYCHUS KOHCTAHTOB SKBHUBAJICHTHOCTH. MBI, HUCIOIB3YS
MeTOABI PaOOTHI [2], BEIYHCIAEM BCE KOHCTAHTHI SKBUBAJICHTHOCTH.

Hoctarounocts. Ilycth A(p,T,0) <oo. ITlokaxkem BbIMONHEHHEe HepaBeHcTBa (2). Tak Kak

f(T)=D;f(T)=D; f(0)=0mm feLRW/ (r,T), 1o unrerpupys D f(t)=g(t), t>=T, nmeem

D! f(x)= I g(t)dtmm D} f(x)= —j g(t)dt mms Bcex Xx>Tu I g(t)dt=0. Jlanee mupencTaBieHue
T X T

D! f(x)= J. g(t)dtucnoneszyem npu T < x< o, u D' f(X) = —J. g(t)dt opu x > o, . Torga
T X

pdz+ Tu(z)

oT

Iu(z)|f(z)|pdz=Tu(z)

T

jg(t)j r(x)dxdt

Tg(t)Trl(x)dxdt—
: S (12)
- jg(t)jr‘l(x)dxdt— I g(t)dtj r‘%x)dx‘ dz=F +F,

Onennm F, !
F, <3 Tu(z)Jg(t)Jrl(x)dxdt dz+Iu(z)Ig(t)Ir1(x)dxdt dz+

oT T p t oT oT oT (13)
+Ju(z)( I rl(x)dx} gt)dt dz|=3"(F,, + F,, + F,,).

Jnsa ouenku F, ucnomsdyem teopemy B, a mms omenku F,,, F,,u F,, wucnomssyem

COOTBETCTBEHHO HepaBeHCTBO | enbiepa, yacTs | u yacts 11 Teopemsr A.
Torpa momxyyum

0

Iu(z)|f(z)|pdzs2-8p p(p')"1-A(p,T,a)Tv(t)|Df(t)|pdt, f eW? (r,T), (14)

a Taroke ucnob3ys Benuuuny A(p,T, o) NOIydyuM OICHKY

0

ju(z)|f(z)|”dzs 2.3 p(p)Pt- A(p,T,a)'Tv(t)|Df(t)|pdt, f eW?, (r,T).(15)

Tak kak LR'W;V (r,T) CWp%v(r,T) , T0 u3 (14), (15) cnemyet, 4T0 HEpaBEHCTBO (2) BBIMOIHEHO C
oreHko# (9),
C, <2-8°p(p)" " Ap,T,0) (16)
JUIs Hawy e mocrosiaaoi C; B (2).
Heob6xoaumocts. IlycTh HepaBeHCTBO (2) BINONHEHO ¢ Hamny4iiel nocrossauoi C; > 0. ITycth

K, (T,oy)={f e (T,00) AL, (T,00): 20, f %0},
K, (o7 ,0)={f eL,(7,0) "L, (c7,20): f <0, f =0},
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Hokaxem, uro kaxzaomy f, €K/ (T,o;)naiinercs f, eK| (o;,0), obparno s
f, eK,, (o, ) Haitnercs f, e K], (T,o;)Taxue, 9TO ISt f@)=f(@t),te(,o;) u

f(t)=f,(t),t € (o, ,0) BHIIOIHIETCS] COOTHOIICHHUE J f(t)dt=0 u
T

]iv(t)| f) dt=2 Iv(t)| f, ()" dt =2.Tv(t)| f,(0 dt.  (17)

Jns f, e K/ (T, o) monoxum f,(X) =—fl(p1(x))%, X e (o;,0).
pe

Torna f, < 0u npoussens 3ameny p  (X)=t, umeem

i e V) “’(p(t))
i £, (x)dx= i L0 0Dy o —j L%y P Odt=

(18)

:_I £.(t) %{O(t(;»w (t)|dt=—j f,(t)dt.

3mech B MOCHEAHEM paBeHCTBe wucnoib3oBamu (11). M3 (18) cnenmyer J.fz(x)dx<oon

oT

oT o ©
I f, (t)dt + J. f, (t)dt :J. f (t)dt = 0. Onsatk, ¢ HoMomIbIo 3aMeHbl p (X) =t u cootnomenus (11), umeem
T T

(o ()t )

f, () vtyd =—w v
Jir. vt o 00)

oT

_ _[ L0 VO ffz(;))bo (O]dt = I|f )] v(t)dt.

v(x=—[[,0]" % _p(’(’t())” V(p®)p' (M)dt =

Ortkyna cienyer (17).
VTP (%)
v (p ()

O6patro, must f, € K[ (or,0) momaras f, (x) = —f, (0™ (X) , aHAJIOTHYHBIM 00pa3oM

oT o o1 ® ©
Oy M J £, (x)dx - I I, ()jdt = J' £, (x)dx + I f,(t)dt = j f (t)dt = 0 1 cootrormene (17).
T oT T oT

T

CosokynHocts  Qynkmuu f(x)= f,(t)onpu te(T,o;)u f(x)=f,t)npu te(o,,©), rue

0 oT 00
f,eK ,(T,o;), f,eK  (0;,0)u 11 KOTOPBIX BBINOJIHAETCS J.f(t)dtz J- f, (x)dx + j f,(t)dt=0u
T T

coornomenue (17), o603naunm uepes K, (T,o0).
Ouesunno, uro K, (T,0)c Ep’V(T,oo). Tak xak min  geK, (T,©) g(t)=g,(t)npu te(T,o.)u
g(t)=g,(t)pu te (o, ,»),rae 9, K (T,0:),9, €K, (0r,%), T0 moxcrapnss g e K., (T,)B (12)

1 2
u ¢ yuyeroM, uto ycnosue f e LR'W (r,T) skBuBanenTHO ycioBuio

D*f=ge EpVV(T,oo):{g € LpVV(I',oo),J.g(t)dt=0},

IoJIy4yumM
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Tu(z)[i gl(t)j rl(x)dxdtJ " dz+ TU(Z)LT gl(t)T r(x)dxdt + j|92 ()| j r(x)dxdt +
oo TN T (19)

+I|gz(t)|dtfr‘1(x)de dz < ch'v(t)|g(t)|pdt, geK,,(T,x).

Tak kak, Bce cnmaraemble B JeBoil wactu (19) HeorpunarenbHble, To ¢ ydeToM (17), BBINOJHEHBI
HEpaBEHCTBA

oT

J.u(z)[j gl(t)j‘rl(x)dxdtJ dz<2C, Tv(t)|g1(t)|pdt, 9, €K, (T,0:),

T

J'u(z)dz[Igl(t)fr-l(x)dxdtj <2C, jv(t)|gl(t)|pdt, g, €K/, (T, 00),

oT

©

oT oT

Ju(z){j|gz(t)|J‘r‘l(x)dxdt} dz<2C, Iv(t)|gz(t)|pdt, 9, €K, (o),
]Eu(z){j.rl(x)de []i|gz(t)|dtj dz<2C, ]iv(t)|gz(t)|pdt, 9, €K, (o7, ).

oT o1

W3 nepBoro HepaBeHCTBAa HA OCHOBaHUM T€OpeMbl B, co BTOPOro HepaBeHCTBa B CHITy HEpaBEHCTBA
I'enpaepa, a ¢ TpeThEro U YETBEPTOrO HEPABEHCTB HA OCHOBAHUU TEOPEMBI A MOTy4yaeM HUKHIOIO OLIEHKY

noctostHHoN C; 1 00beINHSIS 3TH OLIEHKH U ¢ yueToM (17), B uTore mosydaeM OIeHKY
1
EA(p,T,O') SCT y

koTopast BMecte ¢ (16) maer (10). Teopema 1 nmoka3zaHna.
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KOIl LIAPTTBI BIP JUPPEPEHINAJIABIK TYPAEI'I XAPAW TUIITEC TEHCI3AIK
TYPAJIBI
A. XK. Anuesal, A. O. BaiiapbicTanos?

JLH.I'ymunes areianarst Eypasus yintTeiK yHUBepcuTeTi, Hyp-Cynran, Kazakcran
la.aina70@mail.ru, 2oskar_62@mail.ru

Andamna. Knaccukanblk Oip emmemai XapAd HHTETpaiAbIK TEHCI3MAITiHIH Oip enmeMauTirine
KapaMacTaH, MaTeMAaTHUKaHbIH KemTereH OemiMiepiHne opTypiai KoimaHbicTapel Oap. 1930 xeuiman
Oacram Xapau TEHCI3AITiHIH CalMaKThl HYCKajaphl KapKbIHABI 3epTTeie OacTambl, OipaK —aiFamikbl
JKETICTIKTepi, SFHU opblHAany kpurepuidnepi 1969-1970 sxpuimapsl anbiHgsl. Kaszipri yakeitra Oip
emmeMIi Xapau CalMakThl TEHCI3[IT MapaMeTpliepliH OapiblK MOHAEPIHAE MEpPIiK KETKUTIKTI TypJe
JKAKCHl 3epTTEIreH. XapAu HHTETPaIblK TEHCI3MIriMeH Katap Xapau audepeHIHaIIbK CaIMaKThl
TEHCI3/ITI JIe MaHbI3[bl OPBIH alajbl. bys skepie, ocipece Keml HIapTThl JKaraaija, sSIFHU OepijareH
meKapajblK mapTrap aquddepeHnuangay peTiHeH YIKeH OoFaH Ke3/ie, SpTypili Macesenep TYbIHAanIbI.
By Makanana ockiHmai Oip ecerr 3epTTeieli )KOHE OJ1 YIIIH TOJIBIK JKayarll alblHaJIbl.

Tyiiinodi ce3zdep: byHKIMANAP KEHICTIri, KEHICTIK HOPMAChl, CaJIMaKThl TEHCI3NIK, (YHKIUSIHBIH
IIeKapajblK MOHi, JIOKAIIBJIi a0COOTTI Y3iJicci3 PyHKIHUA.

ABOUT ONE OVERDETERMINED WEIGHT INEQUALITY OF HARDY TYPE
IN DIFFERENTIAL FORM
A. Adiyeval, A. Baiarystanov?

L.Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan
a.aina70@mail.ru, 2oskar_62@mail.rut

Abstract. The classical one-dimensional integral Hardy's inequality, despite its one-dimensionality,
has numerous applications in many branches of mathematics. Beginning in the 1930s, weighted versions
of Hardy's inequality began to be intensively studied, but the first successes, in the sense of fulfillment
criteria, were obtained in the years 1969-1970. At present, the one-dimensional weight Hardy inequality,
for almost all values of the parameters has been rather well studied. Along with integral inequality,
Hardy's differential weight inequality occupies an equally important place. There are various problems,
especially in the overdetermined case, i.e. when the specified boundary conditions are greater than the
order of differentiation. Here one such problem is investigated and a complete answer is received for it.

Keywords: function space, space norm, weight inequality, boundary value of a function, locally
absolutely continuous function.
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MHHOBALIMH B BBICILIEM OBPA30BAHUMN.
OYHIAMEHTAJIBHBIE HAYKH

MPHTMU 378

I'. T. AnrkambexoBa’, I'. K. Haypbi36aeBa?

L AnmaTel DHepreruka xoHe baitnansic YHuBepcureri, Anmarel, Kazakcran
29J1-<Dapa61/1 aTeiHaarel Kazak ¥ 11Tk YHUBEpcuTeTi, AnMatel, Kazakcran

KOO CTYJAEHTTEPIHIH TEXHUKAJIBIK K¥3bIPETTEPIH JAMbDITY

Annomayusa. Maxkanasa 3epTTENiN OTBHIPFaH TaKBIPHII OOMBIHINA OTAHABIK JKOHE IIETENIIK
oneOueTTepre mIONY JKacajaabl, OKy VAEpiCiHAe >KOrapbl OKy OpHBI CTYACHTTEpiHiH, Ooarmax
MaMaHJap/AblH TEXHUKAIBIK KY3bIPETTEPiH KAIBINTACTHIPYIbIH KAKETTIIIrT aThUIBIN, JAMBITY >KOJIaphl
KenTipijeni. 3aMaHayd TYPFBIIaH ajFaHaa JKOFapbl OUTIKTI MaMaH TYJIFACchl 9JICYMETTIK-3KOHOMHKAIIBIK
JIAMYJIBIH HETI3T TYJIFalapblHBIH Oipi peTiHae KoFamMra OOBEKTHBTI TYpJe BIKHAJ €TeTIHMAIr eCKepiiIl,
onappIH OoyamiakTa €3 KociOM KBI3BMETTEPIH COTTI aTKapybl YIIIH TEXHHKAJbIK KY3BIPETiHIH Ka3ipri
JICHTeHiH JTaMBITY JKOJIIapbl KO3IEIe/ 1.

Tyiiin ce30ep: Ky3bIpeT, TEXHUKANBIK KY3bIPET, MAMaH

byriari TaHga olIeyMETTIK-3KOHOMHUKAIBIK MOCEJICNIep/Ii IIeNry eMiMI3IH FhUIbIMU-
TEXHUKAJIBIK JIeyeTl ACHI€HIMEH aHbIKTala/Ibl, OHbIH 0AacThl KYH/BIIBIFBI HHXEHEPJIIK, FHUIBIMU
KOHE TEXHHKAJIBIK MamMaH Oousbin TaObuiaabl. Kazipri 3amMaHfbl jKOFapbl OUTIKTI MHXKEHEPHiH
TYJIFAChl QJIEYMETTIK-DKOHOMUKAJBIK JaMyblH HETI3r1 TYIFalapblHBIH Oipi peTiHAe Koramra
alTapIIbIKTal BIKITAJ €TeIl.

Ky3bIpeT — TyJIfaHbIH KYMBICBIH TaOBbICTHI asKTaybl YIIIH KaXKETTi ICKEPIIK KOHE KeKe
KacHeTTep/Ii, O11iM MEH JarapuIap/abl Koca alFanaarsl Oipkarap (axropnap. backamra aiftkanna,
OJIapIbIH >KYMBICTAPBIHBIH TUIMIUTITIHIH KOPCETKIIITEPI.

TexHUKaNbIK Ky3bIpeT 0acHIbUIBIK KY3bIPETTEPAl CUIIaTTAY/ 1A 9/IETTET1IeH, )KEeKe KacCueTTep
MeH Kabijerrepre emec, apHailbl OimiMaep MeH Jafiblaapra ocep ererdl. JKekenereH oHe
KONTETeH >Karnaiyiap/la TEXHUKAJIBIK KY3BIpEeTTepAl Oaranay TYpili KHBIHABIKTap TYFBI3aJIbL,
JIeTeHMEH OyJI MOCEeJIeHIH ©3€KTUIIr KyH caHall apTa TYCY/e JKOHE KY3bIPeT MOJAEIH JaibIHIay
TaKbIPBIOBI YIIKEH MaHbI3Fa ne. Ky3bIpeT yarici - TYIFaHbIH J)KYMBICTBIH TOJIBIK aHBIKTaMaChIHA
HET13/Ie/ITeH TalaNTapbIHbIH XKYieci. ©3 Ke3eriHae Ky3bIpeT TYKbIpbIMAaMachl TYpJli CUIIaTKa e,
OyJ1 aBTOpJIAap KY3bIPETTIH aHbIKTaMaJapblH 9pTYp:l HaibiMAaan, Oip-OipiH TOJBIKTBIPA OTHIPHII
OepyMeH OallTaHbICTHI.

«Ky3bIpeTTiiK» TEPMHHI aJJaMHBIH YCTaHBIMBIH OaranayFa HEMece OJ1 ©3 KbI3METIH )Ky3ere
achIpaThIH KOCiOM KbI3METKE KOJaiibl 60sTybIHA OailTaHBICTBI MakJalaHbLIa bl

Ken xargaiina Ky3bIpeT »*oHE KY3bIPETTUIIK TYXXBIPhIMIAMAChl «KICIOMIIIK» YFBIMBIHBIH
OpHBIHA JKWI TMalJaNaHbUIafbl, SFHU Oy TYIFaHbIH HEMece MaMaHHBIH Oenrin  Oip
TEXHOJIOTHSUIap, OUTIMAEp JKOHE MarapUIapra ue OOMybl JKOHE OJIapIbl TOKIPpUOEde COTTI
naiinanany. CoHpaaii-aK, «KY3bIPETTUIIK» YFBIMBI ()YHKIIMOHATABIK OKIICTTIKTEP/iH, KYKBIKTap
MEH MiHJeTTepAiH OipKarapbiH Oenriiey KakeT OoJiFaH Ke3/1€ KOJIaHBUIAIbI, OYJ MaMaHHBIH
(KpI3METKEep/IiH) Oenrisii O6ip KOCINTIK TanchlpManap/abl menryre KaOiaeTTiliri.

«Ky3bIpeTTiUTK» YFBIMBI JIATBIH TUIIHIH «competencia» Ce3iHeH IIbIKKAH, SFHU ajaMm
aTKapaThlH JKYMBIC asIChIH, OKUICTTIrIH, MIHAETTepl OpbIHAayaa OuTiMi MeH TXKipuOeciHiH
ayKBIMIBLUTBIFBIH OlIaipedi [1].
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OHIUKIONEAUSIIBIK CO3MIKKE «KY3BIPET» YFBIMBI Oenrisi Oip canama TaObICTBI KociOu
KbI3MET VIIIH aJaMHBIH JalbIHIBIFBIH aHBIKTAWTBIH OUIIM, JaFdbl, >KEKe KacuerTep,
NPaKTUKAJIBIK TOKIpHOe peTinnae Tycinaipineni [2].

N.A. 3uMHSSHBIH OHMBIHINA, KY3BIPETTUTIK - OV aJaMHBIH THICTI KY3BIPETKE W€ OOJIYHI,
COHBIH iIIIHJIE OFaH JIETeH JKEKe KO3Kapachl KOHE KbI3MET CyOBEKTicCl, Oy «CTYIEHTTIH MIeIIiM
HIBIFApy oJici OIpiHII Ke3KapacTa alKbIH aHBIKTAJIMaFaH IMOHAPAIBIK HAKTHl TaIlChIpMallapabl
HIeNTy YUIIH KOTHUTUBTI JaFabplIapAbl MaijanaHy KaOineTi», macenenep Tek Oip MOHHIH FaHa
meHOepiHae eMmec, opTypial OuriM Oepy cananapblHaa Kajeimracaabl [3]. Onemaik Oimim Oepy
TOXKIpUOECIHAC «KY3BIPETTUIIK» OPTANBIK, HEri3ri, 0acThl YFbIM OOJBINT TaObUIAIBI, OUTKEHI
aJlaMHBIH KY3BIPETTUIIr OUTIMHIH 3HUATKEPJIIK KOHE TMPAKTHKAJIBIK KypaMblH OIpiKTIipei;
KY3BIPETTUIIK TY)KbIPhIMJIAMAChIHa OUTIMHIH Ma3MYHBIH TYCIHAIPY HICOJOTHICH] «HITHXKEICH»
KaJIBIITAcaAbl; OJ MOJCHHET IEeH KbI3METTIH KEH cajajJlapblHaH OIpTEeKTI HEMeCe ThIFbI3
OailIaHBICTHI O171iM MEH TOXipHOEHI KAMTH/IBI.

FO.I. Taryp 3 xymbichiHAa [4] KY3BIPETTUIIKTI ObUIaiIIa  TY>KBIPBIMIANIBI:
«Ky3bIpeTTislik - OYJI CTyIEHTTIH KOCiOM JKOHE QNEYMETTIK cajlajia )KEeMICTi HIBIFapMallbUIbIK
(eniMzi) TaObICKa >KETy VIIIH ©3[epiHiH oneyeTiH (OumiMi, AaFablaapbl, ToxipuOeci, Keke
KacueTTepi xoHe T.0.) Ky3ere acblpyFa YMTBUIBICHI XKOHE KaOlIeTi.

Ocpinaiiima, agaM OoMBIHAAFBI OLTIM KYMBICTBI THIMJI OpPBIHAAY YIIiH JaFabuiap MEH
KaOileTTep/iH KOMETIMEeH iCKe achIphUIYBl THIC, all TEXHHMKAJBbIK HeMmece apHaibl (Kociom)
OumiMIep - KbI3METKEpJIEpAiH ©3 MIHAETTepiH TUIMJI OpbIHAAYBI YIIIH KaKETTI Jarabliap MEH
Kaoinerrep.

TexHUKaNBIK KY3bIpEeTTepJi MAaMbITY JACHIedi, MOCENeHIH KypIeNUIiriHe 3>KOHE OChI
MOCEJICHI OWJaFbIIall IIenryre KaxeTTi OuTiM KelieMiHe OaityiaHbicThl Oosanbl. COHIBIKTaH,
KapamnaiibiM KociOu TecTiiey (EMTHXaH TEeCTiHE YKcac) TEXHHUKAJBIK KY3BIPETTUIIKTI JaMBITY
JEHreliH aHbIKTay/a TUIMCI3/iey OOJIbIN KaTaThlH ce0ebi, oFaH KemTereH (hakTopiapAblH dcep
eTYiHJIe, HEeTi3T1 (haKTopIapIbIH Oipi - TEXHUKAIBIK KaO1IeTTEp IiH JCHICH1.

KOO crynentrepiHiH OOHBIHAAFBl TEXHUKAIBIK KaOlaeTTepai KaJbINTACThIpy OoJalak
TEXHHMKAJIBIK MaMaHJap/bl Jaspliayaa KeTeKIIl OpbIHIapAbIH Oipi 00BN TaObUIAABI XKoHE Oy
onapiablH Oomjamak KbI3METI JKaOABIKTapMeH, TEXHUKANBIK KypalgapMeH, op Typdl
TEXHOJIOTHSUIADMEH JKOHE FBUIBIMH-TEXHUKAIBIK TPOTPECKe Heri3eireHiHe OaiIaHbICTHI.
TexHUKaNBIK KaOUIeTTepiH >XKy3ere achlpy OapbIChIHIA, OJNAp/bIH ©31H-631 JaMBITYbl XOHE
3UATKEPIIIK Olepanusiap/ibl KOJIJJaHa OTBHIPBIN, KJCIOM oOWjay Kypajbl PETIHJE TEXHUKAJIbIK
oiiay bl KJIBINTACTHIPY OPbIH aiajbl. TexHuKanblK KaOu1eTTiH OipHelle aciekTiiepi 6ap:

- JKaNMbIFa O1pJiel acTeKT - TEXHUKAJIBIK KbI3METTIH 9pTYpJIi TypJiepiHe KaOlieT;

- TOMNTHIK aCMEKT - KEKeJIeTeH TOITHIK IIapanapra OarbITTaIFaH;

- IIaFbIH aCTEKT — MOJIIIEPIIl Typ/ie OarbITTaIFaH.
TexHukanpIK KaOiIeTTEP/IiH CUMATTaMachl OOJIBIN TOMEH IETIep Ta0bLIaIbl:

a) OakpUIay - YHUBIMIIBULABIKTBI, MAaKCATTHUIBIKTBI, Ma3MYHIBIIBIKTHI KOHE OENICEHIUTIKTI
CUNIATTAWTHIH KaObUTIAyJbIH epekine ¢gopmachkl. TexHUKanbIK KabileTTepre KaTbICThl Oailkay
TEXHUKAJIBIK HBICAHIAP/IbIH JKOHE TEXHUKAIIBIK KBI3METTIH ©31HIK KaObIIIaybIH/Ia KOPIHE ],

0) KEHICTIKTIK oijay KaOijeTi TEeXHUKAJBIK KhI3METKE MIBIFAPMAIIBUIBIK CHUIAT Oeperi.
KenicTikTik oitnay - rpaduKaibK O€JICCHIUTIKTIH 11K KOPIHICi;

0) Jepekci3 oiijay JIOTMKalbIK OalaHbICTApJblH YKCACTBIFBIH, O€ifHenl oiiaysl,
JIOTUKAJIBIK OMIapAbl allKbIH TYCIHY apKbLIbl KOPIHEIl;

B) MaHyaJlJbl ENTUTIK TEXHUKAaJBIK KaOILIETTepAiH CUMATTaMachl PETiHAE TEXHUKAIBIK
nre0epIrikTe, KypalgapMeH, acrhanTapMeH, MEXaHW3MIEPMEH JKbUIIaM JKOHE HAKTHI JKYMBIC
aTKapraHja OalKamaibl;

I) TEeXHUKaJbIK KaOuleTTepaiH OacTbl cHMarraMachl - TEXHHUKaJbIK OMlay OOJIbII
TaOBLIAAbI, O TEXHHUKAIBIK MOCeNenepai THIMAI TYCiHyJIe JKOHE UIBIFapMaIlbUIBIKTa,
IIBIFAPMAaIIBUIBIKKA JIETEH Ko3KapacTa KopiHic Ta0abl.
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TexHUKAIBIK KY3BIPETTEp TaOBICTBl OpPEKET €Ty YVIIH KaKeTTi OuUliM KeJemi »KoHe
npakTuKaga (Jaraputapbel) OUTIMAL KOJITJaHy MYMKIHJIr OOWBbIHIIA €Ki OaFbpITTa TajIaHaJbl:
OipiHIIIEH, MaMaHHbIH MIHAETTEpI MeH (QYHKIUSUIAPBIH AaHBIKTAWTBIH  KOJIJAHBICTAFbI
HOPMATHBTIK KY)KaTTapJpl 3€pPTTEY, KIiHII JKaFbIHAH - MaMaHJIapAblH OUTIMICPIH aHBIKTAHTHIH
Kykartap (0acIIbUIBIK KaFuaanap, KOMIaHUsS CTaHIapTTaphl )KoHE T.0.).

CoHbIMEH KaTap, TEXHUKAJIbIK KY3bIPETTEp CHUIIATTaMachl >Kajllbl KY3bIPETTEp YJriCIHEH
OeJiek KacalMaiabl, ®UTKEHI KY3bIpeTTep OOWBIHIIA OKBITY TEK TIXKIpuOe MEH Iarablaapiabl
JKY3€ere achlpy JKarJalblHJIa FaHa MYMKIH oHE e3apa 0ailIaHBICTBI KEKE KACUETTEP KUBIHTBIFbI
peringe aHbiKTanmangsl [3]. CoiikeciHine, AaMylIblH Op CaTBICBIHAA TEXHUKAJIBIK KY3BIPETTEp
MOJICITIH jKacay aJrOpUTMI 63 epeKIIelirine ue. MyH1a KbI3METTIK TaJIJIay KYPri3y €H MaHbI3Ibl
00bIN TaOBUTAJBI, OUTKEHI OapiIbIK KEWIHT1 HOTHIKENEp OHBIH JAQJAIriHEe OaiJaHbICTBI OOJIBII
keneni. JKymbIc opHbIHIa Oakpliay, KyXKaTTaplibl, TalcblpMagapsl Tajaaay >KoHE T.0. CHAKTHI
omicTepAiH YiIeciMi KOJITaHbUIA b

binimzai rana emec, onap/ibl maiijjaany MYMKIHZITIH e Oaranay YIIiH OChl Makcar YIIiH
MaMaHHBIH KbI3METIH MOJIENIZICYTe apHAIFaH apHAWbl KATTHIFyJIapAbl MaiJanaHy Kaxer:

- MaMaHHBIH OUTIMIH Oaranay YIIiH KOCINTIK cayalHaMa HeMece KociOu TeCT Kyprizy;

- Oesnriti Gip Kypaeni IeHreiaeri Kacion TancelpManapabl memry KaoiieTTuririn oaranayra
MYMKIHJIK OepeTiH apHailbl )KaTTBIFyJIap XkKacay;

- KOc10M TaKbIPBINITAP/Ibl TATKbUIAYFa OaiiIaHBICTHI O€JICEeH 1 XKATThIFyJIap.

Ocpinaiiia, Oonamak MaMaHHBIH OUTIM KelleMiH OarajailMbl3; apHalbl >KaTTBIFYJIbIH
KOMETIMEH MaMaHHBIH JaFAbUIapbl MEH KaOineTTepin, an OelceH/l KaTThIFyJapAblH KeMeTriMeH
013 OL71iM MEH JaFIbUIap bl Oarayiaii ajJaMbl3.

Kyssiperrinikrepi Oaramay TYpiii >KaTTBIFyJapna, COHBIH inmHIe Oipaei KaTTeIFyjapaa
OpbIH aNaThIH/ABIKTaH, TEXHHUKAJIBIK KY3bIPETTEpPMEH KaTap MO3MLHUSIBIK Ky3bIpETTepai e
Oaranayra 0ojaabl. MbIcalbl, KociOM Marabpuiap OOWBIHINA apHAWbl KATTHIFY KE31HIE aKbLI-OU
KaOineTTepiHiH aeHreiii Oencen i KaTThIFyJa, KOMMYHUKATHBTIK KY3bIpeTTepAe OaranaHa/bl.

Ocpinaiiia, Ky3sIpeTTep/i KemeH i 6aranaid OThIphIN, OoNaliak MaMaHHBIH KbI3METIHJIET1
TaOBICTBI 10N Oorpkayra Oosanbl. MpicanFa, erep MaMaHHBIH OiUlay JarJabUIapbl KETKUTIKCI3
Oosca (Ky3bIpeTTep, KyHenl oinay, oiiayablH MKEMALIri), oHAa oi Tek Oenrimi Oip Typaeri
MIHJETTEpAl FaHa Iiele anaThlH Oonanel. MyHaaiina maman Genruni Oip anroput™ OoiibIHIIA
KaTaH oOpeKeT €TeTiH KaJbINThl MOceNeNepliH MIeHIMIH a3 MeJllepAe FaHa IMIbIFapajbl.
Kypneniniri xorapel AeHreiaeri Mocenesiepil IIelly YIIiH ofaH Oenrunl Oip onmictep MeH
JaFAbUIap/bl YHpEeTy KaKeTTirl apTa TYCeAdl, MapTTap/isl AepOec aHbIKTayAbl, CTAaHIapTThl eMec
HIemiMaepal 134ey/l Tanan eTeTiH KypAelsl TalJaMallblK TarcblpMalapbl OpblHAayJa Typdl
KUBIHJBIKTAP TYBIH/aybl MYMKIiH.

benrini Oip canagarbl TEXHUKAJIBIK KY3BIPETTEPAl JAaMbITYJa OFaH HAaKThl OLTIM OepyMeH
Katap OipKaTap oJicTeMelnep YChIHBUTYBI THIC, OUTKEHI aKbUI-0 KaOileTTepiHiH TOMEH JeHTei1
OHBbl OCBI OLTIMALI ToXIpuOere eHrizyre MyMKIHAIK Oepmeiini. Kepiciniie, xorapsl oinay
Kabineti Oap, Oipak KakeTTi OuliMre Me emec ajaM OKy OapbIChIHIA KaXeTTi Jarabuiap MeH
KaOimerTepre we OOJNBIN KATaabl, OCHIHAAW TYJIFAaHBl OKBITYFa, TEXHUKAIBIK KY3BIPETTEpPIi
JAMBITY JIEHT€iiH KeTepyre KyIll )KyMcay Kepek.

CoHpaii-ak, TiKelel apajacyra OailIaHBICTHI ic-Iapayiapja OalaHbIC KYpaTapbIHBIH
HIEKTEYJ KUBIHTBIFBI Oap, Oipak TEXHMKAJBIK KY3BIPETTi IaMBITYIbIH >KOFapbl KapKbIHBI Oap
aZaM ©31HIH KOMMYHHUKATHBTIK KY3BIPETTEpPIH MAaKCaTThl TYPJAE IaMbITy AapKbUIBI TaObICTHI
6omagel. CoHbIMeH Oipre, TEXHMKAJBIK Ky3bIpeTTepai Oaramay KaxeTTi OuTiMIep MeH
JaFapUIaparkl KEMITUTIKTEP/Il aHBIKTayFa JKOHE HaKThl OKBITY OarmapiamMaliapbiH, JKEKe JaMy
KocmapiapblH KypyFa MyMKiHAIK Oepeni [5].

Ocpinaiiia, Ky3bIpeTTEp YITICI JKOHE TEXHHUKAIBIK Ky3blpeTTepai Oaramay JKeke
KO3KapacThl THIMJIIPEK iCKe achIpyFa MYMKIHJIIK Oepei:

- JK€Ke KYMBICTBI JKOcTapiay/ bl TUIMI1 KYPrizy;
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- MaMaHJapra KaJIpJIblK KOp KaJIBIITACTHIPY;

- Ooamak MaMaHIap bl OKBITY JKOHE aMBITY OarapiiaMaliapblH d3ipiiey;

- JKEKe J]aMy >KocriapJiapbiH 93ipIiey;

- (yHKIIMOHAIIBIK MIHJIETTEP ©3TepreH Ke3/1e KaHa KbI3METTIH TaObICThI O0IYbIH O0IIKaYy.

Coiikecinie, cepTHUKATTay Ic-MIapajiapbl MIEHOEPIHAE MaMaHIApIbIH TEXHUKAIBIK
KY3BIpETTEpiH OapbIHINIA OHTaWbl Oaramay oyiapra >KYHWenl Typle aca THIMAUIIKIEH XYMBIC
xKacayra MYMKIHIIK Oepe/ti.
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PA3BUTHUE TEXHUYECKNX KOMIIETEHIIUM CTYJIEHTOB BY3A
I'. T. Anpxkambexonal, I'. K. Haypbi36aeBa?

L AnmaTunCKuit yHHBEpCHTET SHEpPreTHKH U cBs3H, Anmatsl, Kazaxcran
?Kasaxckuit HanmoHnanbHeli yHEBEpCHTET UM. anb-Dapabu, Anvarsl, Kasaxcran

Annomauusn. B craTbe naetcs 0030p OTEUESCTBECHHOW M 3apyOeKHOM JTUTEPATyPHI 10 U3y4acMOMY
BOMPOCY, HEOOXOMUMOCTh (GOPMUPOBAHHS TEXHUYCCKUX KOMIETCHIMHA y OyAylNUX CHEIHATHUCTOB,
CTYJACHTOB  BBICIIMX Yy4YeOHbIX 3aBeneHuid. [IlpuHUMas Bo BHHMaHue TOT  (akT, dTO
BBICOKOKBaJ'II/I(i)I/IHI/IpOBaHHaH JIMYHOCTh B COBPEMCHHOM MHPE OKa3bIBACT 00BEKTUBHOE BIMSHHUE Ha
00IIIeCTBO, HA CETOAHSAIIHUI JeHh HEOOXOMUMO OYIYIIMM CIEIHATHCTAM TMOBBINIATh CBOW HBIHEIIHUI
YPOBEHb KOMIIETEHIIMM B Y4eOHOM mpolecce, 4ToObl JOOUThCS ycliexa B CBOeH MpodeccroHaTbHOU
NIEATETLHOCTH B Oy IyIIIEM.

Knrouesvie cnosa: KOMIETSHITUS, TEXHUUECKAs! KOMIICTEHIINS, CIICI[HAIIHCT.

DEVELOPMENT OF TECHNICAL COMPETENCE OF UNIVERSITY STUDENTS

G. T Aldjambekova?, G. K. Nauryzbayeva?

LAlmaty University of Power Engineering and Telecommunications, Almaty, Kazakhstan.
2Al-Farabi Kazakh National University, Almaty, Kazakhstan.

Annotation.The article provides an overview of domestic and foreign literature on the subject
under study, the need for the formation of technical competencies among future specialists, students of
higher educational institutions. Taking into account the fact that a highly qualified person in the modern
world has an objective impact on society, today it is necessary for future specialists to increase their
current level of competence in the educational process in order to succeed in their professional activities
in the future.

Key words: competence, technical competence, specialist
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MPHTMH 05.21.39:
H. I1. Canapxomxkaesn’, A. K. Mykamesa?, I'. K. bai6aes®

!Kazaxcko-Typenkuit Mexynapoansiii YuusepcureT uM. X. A. Scasu,
r. Typkecran, Kazaxcras.
’CaTmaes yHUBEpCHUTET, T. Anmatsl, Kazaxcran
S AlMaTHHCKHIl YHHBEPCHTET SHEPTeTUKH 1 CB3H, T. AnMartel, Kasaxcran

IMPOI'HO3UPOBAHHUE PACIIPOCTPAHEHHOCTHU JUABETA B PECITYBJIMKE
KA3AXCTAH HA OCHOBE METOIOB PETPECCHUOHHOI'O AHAJIU3A

Annomayus. B NTaHHOM WCCIIEIOBaHUM OBUIM TPOBEACHBI 3KCIICPUMEHTAJIBHBIC HCCIICIOBAHMSI
METOJ/IOB PETPECCHOHHOTO aHajau3a JJisl MPOTHO3UPOBAHUS caxapHOro nuadera y manueHToB Ha 2019 rox
B PecrryOnmke Kazaxcran. PaccMoTpeHs! TMHEHHBIC, TOMHHOMHUAIFHBIE U SKCTIOHEHIIHATbHBIE PETPECCHH;
nocie 4yero ObuiM moctpoeHsl rpaduku. Ilo 3TuM pe3ynbTaTaM BHAHO, YTO POCT Pa3BUTUS OOJBHBIX
caxapHbIM Ha0eToM He OyJleT YMEHbBIIAThCS. DTO elle 0JHO MOATBEPKICHNE TOTO, YTO UCCIIECIOBATENSM
HEOOXOIUMO TIPUMEHSATh HOBBIE COBpPEMEHHble WH(GOpPMALMOHHBIE TEXHOJOTUH, OCHOBaHHbIE Ha
MAaIIMHHOM O0YYE€HUH M HCKYCCTBEHHOM HHTEIUIEKTE, ISt O0PHOBI C POCTOM 3TOU OOJIE3HH.

Knroueesnie cnosa: perpecCHOHHBIN aHAJH3, CaXapHBIA T1abeT, CTATUCTHKA, IPOTHO3UPOBAHUE.

1 Beenenue

CoruacHo UCCIJIEIOBAHMSIM, OIyOJIMKOBAHHBIM Bcemupnoii OpraHusanuen
3/IpaBOOXpPaHEHUs, paCIPOCTPAHEHHOCTh caxapHoro auadera (CJl) ObICTphIMU TEMIIaMU pacTeT B
CTpaHax €O CpPEeJHUMM M HU3KMM YypoBHeM Jjoxona [l]. I'moGanpHblii oTyeT mo auabery
yTBEpKAAaeT, 4YTO JaHHOE 3a0ojeBaHME SBISIETCd OIJHUM U3 YEeThIpEX MPUOPUTETHHIX
HEMH(EKIMOHHBIX 3a00JIeBaHUM, TOCIEACTBUS M OCJIOXHEHHS KOTOPOTrO MPUBOAAT K
CYLIECTBEHHbIM JKOHOMUYECKUM 3aTpaTraM Kak Juid JIIoAed, TaKk M i1 CHCTEMBbI
3/lpaBoOXpaHeHus J1t000i cTpaHbl B neiaoM [2]. Ha ceromHsmHui J1eHb, MEXAyHApOJIHbIE U
roCy/apCTBEHHbIE OpraHU3allMU MPEIOCTABIIAIOT IOCTOBEPHYIO CTATUCTUYECKYIO MH(POPMAIUIO
U OLIEHKY paclpOCTPaHEHHOCTH 3a00jeBaHus o Mupy. [Iponarania Takux BeIOMCTB B 001aCTH
Npo(UIAKTUKNA HaMpaBisieTCsl JJis MOBBIIIEHNUS OCBEJOMJIEHHOCTH HACEJIEHUS B MPOABHXKEHUU
KOHKPETHBIX MOJIeJIell MEIUIIMHCKOM MOMOIIM U pecypcoB Juist 60pbOBI Jroseit ¢ Oone3Hbio [3].
ABTOpSHI [4] onyOnaMKOBaIM OTYET OO0 MCCIIEOBAaHUM, 1€ MPOUCXOJUT U3YUYEHHUE B3aUMOCBSI3U
MEXIY MEIULUHCKOW IPaMOTHOCTBIO, OCO3HAHUEM OCJIOKHEHUH U JMa0eTUYeCKHMM KOHTpOJIEM
Cpelu MalUEeHTOB, OOJIbHBIX caxapHbIM auabeToM 2 Tuna. PaHHee AMarHOCTUPOBaHUE
caxapHOro AuabeTa M ero CBOEBPEMEHHOE JeUeHHE TOBBIMAIOT HIAHCHl AllUeHTa He 3alyCTUTh
3a0o0sieBaHME J10 TOCTeAHEN cTaguu. B cBsI3M ¢ 3TUM Ipeasaraercs B YCIOBHSX NEPBUYHON
MEAMKO-CAHUTAPHON IOMOIIY PEKOMEHA0BAaTh HACEJIEHUI0 MMETh JIOCTYI JJs MPOXO0XKIECHUS
oOcreoBaHUsI HA aHalW3 YPOBHS TJIOKO3BI B KpoBHU[2].TakoW 3KCIIEPUMEHT MPOBEIH
uccienoBarena [5] ¢ 1enplo BBIBICHUS YPOBHS MH(POPMHMPOBAHHOCTH M 3HaHUM o nuabere
BTOPOTO THUIMA U €ro OCIOKHEHUSX CpeAH CTYJEHTOB BBICHIMX Y4YEOHBIX 3aBEICHHI.
AHaJIOTUYHBIN SKCIIEpUMEHT [6] ObLT MPOBEIEH Cpei B3POCIOro rOpoICKOro HaceneHus: Muaun
0 BBISIBJICHUIO ()aKTOPOB, BIMSIOIINX HAa OCBEAOMIICHHOCTh, BKJIIOYasi HaJTM4ue auadera.

AHanu3upys CIOKUBLIYIOCS CUTYalHI0, MOKHO C YBEPEHHOCTBIO NPEATIONIOKUTH, YTO HE
MH(OPMHUPOBAHHUE HACETICHHS O CKPBITHIX yrpo3ax 3TOro 3a0o0jeBaHusl HECET OOBIION Bpesd AJs
3I0pOBbsl M HAHOCUT MarepuanbHblii Bpea. Kak ormermnm uccrnemoBatenu [7], oOyueHue
MAlMEHTOB OOJIE3HNW U MPUHATHE Ha ce0s OTBETCTBEHHOCTH 3a MOBCEIHEBHBIM KOHTPOJIb HAJ
CUTyallel SBJISIOTCS KIIOYOM K ycrexy B BeI3zopoBieHuu. Curyanus B Kazaxcrane Toxe
HeyTelnTeNlbHa, ToJbKo Mo naHHbIM BO3 [8] pacnpoctpanenHocts CLl y My>KYMH MPUXOAUTCS
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Ha ypoBHe 11,3%, a y >xenmuH Ha ypoBHe 11,7% c o0miei unciieHHOCThIO HaceneHus: 17 MIIH.
yenoBek. Kak yTBepkaaroT meaunuuckue crnenuanuctsl [9], k 2030 roay B Kazaxcrane uucio
OOJIBHBIX AMA0ETOM YBEIHUUTCS 10 MAJUTMOHA, YTO SBIISICTCS OOJBIION MPOOIEeMOid s CTPaHBI,
U 3TO TJIaBHas MPUYMHA aKTUBHBIX HCCIIENOBaHUI B 3TOM oOnactu. Jlyig yiydiieHUs] CUTyaluu
60pb0BI ¢ AMAabEeTOM HCCIeI0BaTeM Havyaidl oOpamaTh BHUMAaHWE Ha HMCIIOJIB30BAaHHE METOOB
MIPOTHO3UPOBAaHUSA B MEJULMHE, TAK KaK MPOrHO3UPOBAHUE JEMOHCTPUPYET CEPbE3HOCTh
3a00JI€eBaHNs U HYXXHOCTU IPUHATUS KapAWHAIbHBIX MEp IO €ro HepacrnpoctpaHeHuto. Kax
yTBepkaaroT aBTophbl [10], mccnmemoBanuss u3 91 crpaH OBUIM HMCIOJIB30BAaHBI I pacuera
pacrpoCTpaHEHHOCTH JualdeTa IO BO3pacTy M IOJIy, YTOOBI ONpPENEeTUTh HALUMOHAIbHBIC
MOKa3aTeJIM paclpocTpaHeHHOCTH arabdera Bo Beex 216 crpanax Ha 2010 u 2030 rossl.

Bo3MoxkHOCTP TpUMEHEHHsT WH(POPMALMOHHBIX cHCTeM B auarHoctupoBanuu CJI
JIEMOHCTPHUPYETCS B JaHHBIX HccaeaoBaHusax [11-14], rme ObuM paccMOTPEHBI BO3MOMKHOCTH
IPUMEHEHHUS TEXHOJIOIMH OOJIBIINX JaHHBIX B KAUECTBE UHCTPYMEHTAPUSI.

IIpocno3uposanue 6 meouyutre

[IporHo3upoBaHMe MOKHO MOJYYUTh HpPU IIOJICTAHOBKE B PErPECCUOHHOE ypaBHEHHUE
nepeMeHHbIX. OnpefenuB  JI0BEPUTEIbHBIE  MHTEPBAJIBI, MOXHO I[PUMEHUTb HUX B
nporo3upoBaHu. [lInpoko npuMeHseTcs perpecCUOHHBIN aHalu3, KOTOPBIH SBJISETCS BaXKHBIM
CTaTUCTUYECKUM METOAOM JUIsl aHajiu3a MEOUUUMHCKUX JaHHbIX. (OCHOBHOW  LENbIO
CTaTUCTUYECKOM OLICHKM MEIMLMHCKUX JaHHBIX SIBJISIETCS OMMCAHUE OTHOIICHUH MEXIY IBYMS
nepeMeHHbIMU [ 15].

B nanHOl cTaThe MPUMEHSIIOT HOBYIO METOJOJIOTMYECKYIO OCHOBY, I'JI€ OIPEIEIIECHbI JBE
MOJICJId, OCHOBaHHbIE Ha JIMHEMHOW perpeccuy, TaK KakK pacTylnMe pacxoAbl Ha
3IpaBOOXpaHEHHE MOTHUBHUPYIOT TIOMCK TyTedl moBblmeHust 3¢dexruBHOCTH yxoma [16].
Pe3ynbratel cienyromero ucciaeaoBaHuss [17] 1eMOHCTpUPYIOT METOIbl PErpecCruu, KOTOpPbIE
COOTBETCTBYIOT JUIS aHallM3a 3aTpar Ha 3/IpaBOOXpaHEHHE, MOCe Yero JaHHbIE METOAbI OBbLIU
IPUMEHEHbl B OKCHEPUMEHTAIbHBIX YCIOBHUAX IPU JICUEHUU CEPJCUYHO-COCYAUCTHIX
3a00/IeBaHUl W B YCIOBUSAX HAONMIOJEHUS JieueHUs OONbHBIX JuabeToM. bbuin mokaszaHbl
paznuuMs MEXIy METOJaMM, JAloLIMMHU pa3Hble pe3ylbTaThl B 3aBUCUMOCTH OT CTEIEHU
COOTBETCTBUSI MEXJYy OCHOBHBIMU JIONYIIEHUSAMH KaXJIOTO METOJa U KOHKPETHBIMHU
XapaKTepUCTHKaMU MpoOJIeMbl 3ApaBOOXpaHEHUsA. ['MOKOCTh perpeccuu JenaeT ee O0COOEHHO
IIPUMEHUMOM B ONPEIEIICHHBIX YCIOBHSX, KOTJa APYrMe CTaTUCTUUECKUE METO/Abl HEaIEKBATHO
pemaoT. Perpeccust siBisieTcss MOUIHBIM U IIUPOKO HCIOJIB3YEMBIM CTATUCTUYECKHUM METOJIOM,
KOTOpBIM JTAET MCCIEAO0BATENSIM BO3MOYKHOCTH KOJMYECTBEHHO OIPENEIATh MAaTEMATHUUYECKUE
OTHOLICHMS JUIsl LIeJiell onmucaHusi, MPOBEPKHU TUIOTE3 WM MporHo3uposBanus [18]. B manHolt
pabote [19] Opima paccMoTpeHa mpobiemMa MPOrHO3UPOBAHMS 3aTpaT B 3/APAaBOOXPAHEHUU C
UCIIOJIb30BaHUEM JIByXKOMIIOHEHTHOH MOJIETM C PEIKON peryispusanueid. AKTyalbHOCTh
aHajM3a 3aTpaT Ha 3/IpaBOOXpaHEHHE B cieayrolleil paboTe Mo3BojiMiIa U3YYUTh PA3IUuus B
3aTpaTaXx Y MOJENSAX MCIOJb30BaHUS PECYpCOB Ui  PA3IUYHBIX JIeMOrpapuuecKux
KOH(UTYpaIHii B MOCIETHUHN TO/1 )KU3HU NAIIEHTOB C KOJIOPEKTaIbHBIM pakoMm [20].

CraTucTHYeCKUIl aHAIHN3

Ha cerogusmauii 7eHh MOXKHO YBHJIETh BBICOKWM WHTEPEC HA CTATUCTUYECKHE MOJICIIH,
KOTOpBIE HCMOJB3YIOTCS BO MHOTHX HCCIEIOBAHUSX B O0JACTH SKOHOMHUKHA M TOJUTHKH
3npaBooxpaneHus [21]. B pe3ynbrare HemocpeACTBEHHOTO B3aUMOJICHCTBHUS CO CIICIIUATMCTAMU,
paboTtaromMu B 9TOM cdepe y HuccienoBaTeNield, MOBBIMIACTCS pPe3yJdbTaT Ha IMOJyYeHHUE
JIOCTOBepHOW MH(popManuu. Takas BO3MOKHOCTh ObLTa MPEIOCTaBICHA aBTOPAaMHU ATOM CTaThU
[22]. brnarogapss COBMECTHOMY HHTEpECY K MPOTHO3UPOBAHUIO U MPUMEHEHHIO HEOOXOIMMBIX
Mep IJIsl BIUSHUS Ha CHHXKEHHE POCTa 3a00JIEBAEMOCTH, MOXKHO TOJTYYHUTh ONMTHMHUCTHYECKUE
pe3yNbTaThl AJS MPUHATHS PEIIMTENbHBIX Mep. B JaHHOM HccrnenoBaHUU OBLTH MPUMEHEHBI
cratuctuyeckue nanHble OompHBIX CJ[ ¢ 2004 toma mo 2018rom mo PK. bmaromaps
MPEIOCTaBIEHHOM CTAaTUCTHYECKON NH(POPMAIIUU TOSIBIIIACH BO3MOKHOCTh CENaTh IPOTHO3 Ha
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2019 rox, o xkonuuectBe AuabetukoB B PecnyOnuke Kazaxcran. Jlanueie peectpa 60sbHBIX C/]
Obutn  mpenocrasiaensl  OOmecTBeHHBIM (PoHIoM «KazaxcTaHCckoe OOIIECTBO MO H3YYCHHIO
muabera» [22] r. Anmarel. Llenpro uccienoBaHusi aBTOpaMU SIBIISICTCS BBISBICHHE Hambouiee
TOYHOT'O AKCIIEPUMEHTaIbHOTO MeTo 1a nnporHo3upoBanust CJ[ B PK.

Ta6mmma — 1. Jlanasie peructpa 6ompHBIX CJl 3a mocnenuaue 15 jer.

N2 |Region 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

1|Akmola 6062 6272 6600 14283 7696 8318 9261 10068 10858 11570 13004 13919 14572 15058 15736
2| Aktobe 3743 4046 4534 4926 2363 6229 6868 7443 8100 9011 9811 11503 12431 13164 13862
3| Almary 9196 8079 041 10238 10943 12547 14361 15967 18064 20610 23852 25781 26607 28431 30121
4| Atyrau 1930 2066 2254 2412 2687 3040 3379 3897 4474 5154 6587 7256 7656 8308 8674,
5|West-Kazakhstan 2567 26350 2771 2996 3327 3677 4004 4601 o158 3751 7154 7306 8127 8306 9518
6|Jambyl 6684 5848 7533 8170 8397 7832] 8309 9343 9878 10800 13089 14448 15618 16674 17458
7|Karaganda 12718 13333 14259 15103 16322 17293 18820 20133 22020 23198 26426 27577 28367 26837 30622
8|Kostanav 9055 9343 10114 10653 10970 11274 11960 12655 13216 14287 17821 19179 20407 21853 22568
9|Kyzvlorda 2151 1399 1680 2974 3401 3600 4087 4545 2023 2562 7166 7931 8964 9825 10560
10[Mangistau 1561 1671 1923 2268 2502 2931 3232 3473 3983 4928 6812 8451 8533 10444 7013
11|South Kazakhstan 13172 14997 16611 18025 20178 21567 23394 25172 27466 28822 32699 30294 33448 35225 37883
12|Pavlodar 7151 7375 7873 8773 9427 9799 10824 11657| 12560 13385 14581 13650 16196 17880 18965
13|North-Kazakhstan 6413 6486 6960 7739 8319 8792 9603 10432 11286 12575 14270 14908 15399 16055 16681
14| West-Kazakhstan 14966 14968 15788 17840 19120 19879 21251 22650 23551 25328 27867 29203 31613 32947 33845
15| Astana city 3370 4026 4549 4830 4931 3761 6903 7238 8222 9859 11086 11986 12851 14001 15220
16[Almaty city 13616 15004 15543 16487 17553 19473 19429 21108 23776 23362 29228 23037 32382 34604 37720
17|The Republic of Kazakhstan| 114355| 117563 128039 147717| 151336 162012| 175685 190682 207935 226202 261453 272629| 203171 310114 326449

JKCNEePUMEHTAIbHbIE METObI

[Ipu HanmuyMu TUHEHHON 3aBUCMMOCTH MEXIY ABYMS IEPEMEHHBIMU MOKHO NMPUMEHHTH
METOJIbl PErpEeCCHOHHOTO aHalu3a [JIs TMOCTPOSHHUS MPOTHOCTHYECKHX Mojenei. B srtom
UCCIICIOBAaHUH OBUIA IPUMEHEHBI TPU MOJIENIA PErPECCHOHHOTO aHAIH3a.

1. Haubonee pacrpocTpaHeHHBIN METOJ — 3TO IPUMEHEHHUE JINHEHHOW perpeccuu:

y=a+bx,
I/Ie MCIONB3YeTCs JUIsl TMPOTHO3UPOBAHMS OT X JO y. YPaBHEHHSI PErpecCHU HMENIH TaKoe
MAaTeMaTU4YECKOE BBIPAXKEHUE B CIIy4ae JUHEUHOM pErpecCuu:
y = 15915x + 78368, rneR? = 0,9804.

Jlns kaxxaoro 3HaYeHUs X ypaBHEHUE J1aeT Hawlydllee Mpeicka3yeMoe 3HaueHue Y, a Bce
3HaueHus Y 00pa3yloT JIMHHUIO PErpeccHu, KOTOpasl paBHIETCS JTUHUM COOTBETCTBHS PETPECCHUU
[23].B pe3ynbrare mpUMEHEHHS CTATUCTUYECKUX JAHHBIX, OMHMCAHHBIX B Tabmuie — 1, MBI
MOJIyYWJIM TNPOTHO3UpyeMble naHHble Ha 2019 roxg mo kaxaoMy peruoHy ctpasbl. llocie
MOJIydeHUsI JTHX JaHHBIX OBUI TOCTPO€H Tpaduk, T KPUTEPUH JTOCTOBEPHOCTU
anmpokcumanuy, T.e. R? 6b11 Boime 0,9.

Tabnuna 2. Bo3MoxkHoe konuuecTBO manueHToB 3a 2019 TO4 C HCIOIB30BAaHHEM METOOB
JIMHEHUHOM pPErpeccum.

M2 Region 2019
1| Alkmola 16110
2| Aktobe 14107
3| Almaty 31222
4| Atraun g882
5| West-Fazakhstan 29446
6|Tambwl 17172
7| K araganda 31500
& |F.ostanawv 22444
9| Evzvlorda 10453

10| Mangistau 9399
11| Seouth Kazakhstan 39085
12| Pavledar 18612
13 |Worth-KEazakhstan 17554
14| West-Kazakhstan 34932
15| Astana city 15254
16| Almaty city 363837
17|The Republic of Kazakhstan 333010
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[To nanubiM uHEHHON perpeccun kK 2019 roay moxet 6b1Th 333010 mammeHToB.
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Pucynoxk 1 — I'pacduk nuHeiHON perpeccuu U pe3ynbTaThl mporuno3uposanus Ha 2019 r.

2. TIporHo3 ¢ KCIOJIb30BaHUEM TTOTHHOMHUAIBHOTO PErPECCHOHHOTO aHAIH3a:
y =axz + bx, + cx +d,
[JICypaBHEHHE  DPErpeccHd  HMMEJIO TaKoe€ MAaTeMaTH4YeCKOe  BBIpAXEHHE B  Cllydae
MOJIMHOMUAJIBHOM perpeccuu [24, 25]:
y = —38,378x3 + 1487,6x, + 780,81x + 113349, rue R? = 0,9964

Tabmuma 3. BosmoxHoe koamdecTBO mnamueHToB 3a 2019 rom ¢  WCIOJB30BAHMEM METOIOB
MOJIMHOMUAJIBHOU pErpeccuu.

Ne¢ |Region 2018
1|Almola 16187
2|Aktobe 15189
3| Almary 30867
4| Atyran 9419
5|West-Kazakhstan 10225
6| Tambyl 19725
7|Karaganda 31569
8|Kostanay 25198
9|Kyzylorda 11852

10| Mangistau 10609
11|South Kazakhstan 33367
12|Pavlodar 20445
13|North-Kazakhstan 17137
14| West-Kazakhstan 35993
15| Astana citv 16240
16| Almaty city 40552
17|The Republic of Kazakhstan| 350074

ITo taHHBIM MTOJIMHOMHMAJIBHOM PErPECCUH 3TO YUCIIO MOXKET cocTaBiATh 350074 nmanueHTa.
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Pucynoxk 2 — I'paduk nomHOMHUAIBHOM perpeccuu U pe3yibTaThl MporHo3upoanus Ha 2019 r.

3. TIporHo3 ¢ UCMoNIb30BaHHEM HKCIIOHECHIINATBHOHOTO PErPECCHOHHOTO aHAN3a:
y = a'm* = a*(e"M)* = g*e*In(M) = g*eb* rne b = In(m),
€ PpPaBHEHUSA DPErPECCMM MMEIM TAaKO€ MaTeMaTU4YeCKOE€ BBIPAKEHUE B Clydae
AKCITOHEHIIMaIbHOMperpeccuu [26]:
y = 102666e%°79%% rne R? = 0,995.

Taomuua 4. Bo3MoxHoe KoimuecTBO mauueHToB 3a 2019 rox ¢ MCIIONB30BAHUEM METOIOB
9KCIIOHCHIIMAILHON PErPECCHH.

N2 |Region 2015
1|Akmola 17956,62
2| Aktobe 16150,32
3| Almary 36074,25
A[Atyrau 10580
5|West-Kazakhstan 10817
6| Tambvl 18472
7|Karaganda 33915
3|Kostanav 23805
9|Kyzylorda 13304

10| Mangistau 11624
11|South Kazakhstan 42957
12|Pavlodar 20082
13| North-Kazakhstan 19236
14| West-Kazakhstan 37296
15| Astana citv 17976
16[ Almaty city 39702
17|The Republic of Kazakhstan| 369945,3

Haxkomnerr, 1o 3KCIIOHEHTE TO YHCIIO cOocTaBiasaeT 369945 manueHToB.
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Pucynok 3 — I'paduk SKCIOHEHIIMAILHON PErpeccuy U pe3yIbTaThl IporHo3upoBanus Ha 2019 r.
IIpou3BeneHHbIE TpU BUJA YPAaBHEHUM PETPECCUM HMEIW BBICOKHW KpHUTEpUU
JIOCTOBEPHOCTH anmpokcumanuu. llonmrmHomuansHas perpeccuss NpOAEMOHCTPUPOBAJIA CaMbII
BBICOKMH  KodpduuueHT xaerepmuHanmu. Cremayer OTMETUTh, YTO NOJMHOMHAIBHBIN
9KCIIEPUMEHT I0Ka3al 0oJiee BHICOKYIO TOUHOCTb.

BeIiBOABI

[Tocme o00OpaOOTKM TMOJIYYCHHBIX CTATHCTUYCCKUX JAHHBIX UM TOCJIE TPOBEICHHUS
3KCHEPUMEHTAIBHBIX UCCIEAOBAaHUN MOKHO MPUWUTH K BBIBOAY, YTO pacnpocTpaneHHocTh CJ[ B
PK pacret. B ouepennoii pa3 OblIu yOSKICHBI, UTO JJIsl BRIIOJTHEHUS TPOTHOCTHYECKHX 33/1a4 B
MEIIUIIMHE TIPUMEHEHUE PErpeCCMOHHOIO aHajk3a II0Ka3blBAa€T BBICOKUM  KpPUTEpHUl
JIOCTOBEPHOCTHU. Takke UCX0sl U3 MOTYUYECHHBIX PE3YJIbTaTOB, MOKHO C/IEJIATh 3aKJIIOYEHUE, YTO
BaXHBIM BEKTOpOM B mpeaoTBpamieHun CJ sBiusercs paHHee AMATHOCTUPOBAHHE OONE3HH U
MPOBEICHUE MPODHUIAKTHIECKUX MEP MO MOBBIIIIEHUIO OCBEIOMJICHHOCTH PUCKA U OCJIOKHEHHUSX
nuabera y HaceneHus. JlaHHoe MccieoBaHUe B 3TOH 00IacTH OyIeT UMeTh MPOAOJIKEHHUE, a
TOYHEE W3yUYEeHUE BO3MOXKHOCTEH pPa3paOOTKH M BHEAPEHHUS HOBEHIIMX HH(POPMAIIMOHHBIX
TEXHOJIOTHII B paHHee auarHoctupoBaHue u jiedeHuss CJI, Tak kak gaHHas paboTa SIBIAETCS
YacThIO MPOEKTA M0 AUATHOCTUKE U UCCIEIOBaHMIO IUabeTa ¢ MOMOIIbIo TexHomoruu BigData.
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KA3AKCTAH PECIIYBJIMKACBIHIA KASAKCTAHIAYbBI IMABETTEP I
AJIIBIH AJIY IBIH PEI'PECCUSHDBI TAJIJAY 9AICTEMEJIEPIHIH HEI'I3JAEI'T
BAT'AJIAYDI

H. I1. Canapxomkaen!, A. K. MykameBaz, I'. K. Ban6aes?

'Koxa Axmer Scayu atbinarsl XaabIKapalublK Ka3aK-TYPiK yHUBEPCUTETI,
TypkicraH K., Kazakcran
2Cor6acB yHHBepCHTETI, AIMAaTHI K., Kazakcran
$ AIMaThI SHEpreTHKa 5KoHe GailaHblc yHUBepCHTETI, AMaThI K., KazakcTan

Anoamna. byn xymeicta 2019 xpurra Kaszakcran PecrmyOnmkaceiHAa MAUEHTTEPIIH KaHT
IrabeTiH OoipKay YIIH perpecCHsIIbIK TalAay 9IICTepiH SKCIEPUMEHTTIK 3epTTey KYpri3iiai. ChI3BIKTHI,
MOJIMHOMIBIK, JKOHE SKCIIOHEHIMANIbl perpeccusiap KapacThIpbUIabl; COAaH KeliH rpaduka canblHIBL.
Ocel HOTHKeNepleH KaHT Auaberi Oap HayKacTapAblH AaMyBIHBIH TeMeHneyl Oalikammaiinbl. byn
aypylblH 6CYIMEH KYypecy YIIiH 3epTTeyIIUIepre MallliHa *acay MEH jKacaHIbl MHTEIUICKT HeTi3iHJe
JKaHa 3aMaHayH aKNapaTThIK TEXHOJOTHSIAPAbl KOJIJJaHy KaKEeT eKeHi Tarbl Oip pacTay.

Kinmmik ce3dep. perpecCHOHHBIN aHallU3, CaxapHbI IuabeT, CTaTHCTHKA, MPOTHO3UPOBAHHE,
aHaiM3 1aHHbX, Scikit-learn, Python.

PREDICTION OF THE PREVALENCE OF DIABETES IN THE REPUBLIC OF
KAZAKHSTAN ON THE BASIS OF THE METHODS OF REGRESSION ANALYSIS

N. P. Saparkhojayev !, A. K. Mukasheva?,G. K. Balbayev®

!Khoja Akhmet Yassawi International Kazakh-Turkish University,
Turkestan, Kazakhstan
2Satbayev University, Almaty, Kazakhstan
3Almaty University of Power Engineering and Telecommunications, Almaty, Kazakhstan

Abstract.In this study, experimental studies of regression analysis methods were conducted to
predict diabetes in patients for 2019 in the Republic of Kazakhstan. Linear, polynomial and exponential
regressions are considered; after which the graphics were built. From these results it can be seen that the
growth of development of patients with diabetes mellitus will not decrease. This is another confirmation
that researchers need to apply new modern information technologies based on machine learning and
artificial intelligence to combat the growth of this disease.

Key words: regression analysis, diabetes mellitus, statistics, forecasting, data analysis,
scikit-learn, Python.

107


https://4analytics.ru/trendi/3-sposoba-rascheta-polinoma-v-excel.html
https://excel2.ru/articles/mnk-eksponencialnaya-zavisimost-v-ms-excel

Becmnuk Anmamunckozo ynueepcumema ynepeemuru u ceazu. Ne3 (46)2019

MPHTU 21.11.04
. C. Opbinbexona, I'. /1. lllapaknaeBa
AJIMaTHHCKHN YHUBEPCUTET SHEPTCTUKHU CBsA3U, AnMathl, Kazaxcran
JIHU-CASICU SKCTPEMU3M 9JIEYMETTIK MOCEJIE PETIHAE

Andamna. bepinreH MakanaHbIH Tajnay IOHI AIHH-CASCH DKCTPEMH3MII SJIEYMETTIK Macene
peTiHzme KapacTelpy. Makanaja JiHH-CasCH dKCTPEMHU3MHIH MOHI MeH TaOWFaThl 3epTTeNe i, OHbIH Maiiia
0OMyBI JKoHE aMy KapKBIHBIHBIH TapUXH JKOHE dJIeyMeTTIiK cebemnrepi, 3aMaHayu >kahannany, OipbIHFait
aKMapaTThIK KEHICTiK ICH MHHOBALMSUIIBIK TEXHOJIOTHSIIAD JKaFIalbIHAAFbl KYPEC 9IiCTepi MEH alAbIH aly
ic-KUMbLIAApb! TajnaHaael. COHBIMEH, KEOSHWIIUIIK HeMece oJeyMETTIK—KOHOMHUKANBIK JKaFJaiIbIH
TOMEH JCHTEHl arpecCusHbl TYABIPHIN KaHa KOWMal, TeppOpW3M YIIiH HEri3 jKacaiipl, aTanm alTKaHaa
QNIeyMEeTTIK ~ Kapama-KaWlmplUiblkTap. MyHga 3amaHayd KaszakcraH — KoFaMbIHIOAFrbl — JiHH-CAsCH
9KCTPEMHU3MHIH AaMy KapKbIHbIHA alpBIKIIA Ha3ap ayJapbliibl.

Tyiiin ce30ep: KoraMm, CEHIM, JiH, pyXaHHAT, IKCTPEMH3M, cascaT

JiHu dKCTpeMH3M MEH Teppopu3M KepiHICTepiHiH Xui Oaikamysl jkahaHmany noyipiHmeri
3aMaHayHl KOFamJlaFbl aca KayinTi Oeranbicka aitHanabl, cede6i on bateic men LIBIFBICTEIH MyAenepine,
YKl afaM3aTThIH OMIPIiK TipeKTepiHe 3aKbIM KeNTipe OTHIPHIN, OHBIH KOFaMIaFbl THIHBIITHIKTHI,
YKAWITBIIBIK TT€H TYPAKTBUIBIKTHI Oy3aIbl.

JecTpykTuBTi, OYNIKIITIK OacTayiapel «IKCTPEeMH3M» CO3iHIH TYH TaMbIPBIHAA JKaThIp, O
(dpaHily3 TUIIHEH ayJapraHja «IIETKi», «IICKTEH ThIC» JIETCH MarbiHa Oepemi. FeiibiMu aiiHambIMFa
«dKcTpeMu3M» TepMUHIH XX FaceIpAblH OackiHaa ¢panny3 3aHrepi M. Jlepoil eHri3ami, ol YFBIMHBIH
HeTi3ri aiippIKmia Oenrici periHae Oenrimi Oip cascu wueannap MEH ONapAblH IIBIHAWBI eMipiae icke
acyblHa JiereH aOCOJIIOTTIK CEHIMII aTajbl. ODKCTPEMHU3M TYCIHIN KEH JKOHE Tap MarbIHACKHIHJIA
KoJImaHpIaapl. Tap MarblHaga «3KCTPEMHU3M» TYCIHITT aZlaMHBIH HEMece ajamjaap TOOBIHBIH cascaT MeH
UACOJIOTHSIIAFbl PeakMsIIbIK Ko3KapacTapAbl YCTaHyblH Oinapipeni. KeH MarbIHACBIHOA «3IKCTPEMHU3M)
KOFaMHBIH OpTYpJIi cajlajlapblHJaFbl, OHBIH IIIIHJAC JIHW CaHa JCHIeHiHAerl aJaMHBIH JCCTPYKTHBTI,
OYMIKIIUTIK ic-KMMBUTIAphl. 3aMaHayd MiHTaHY, 3aH JKOHE CasCh oleOHeTTeplie «IiHU IKCTPEMHU3MIE»
OpTYpJi aHbIKTaManap Oepisin xkyp. 21 FacwpiblH OacbiHa 013 OYJI TYCIHIKKE KAaTBICTBI 9Jli Jie OpPTaK
mikipre Keje ajiMmail OTBIpMbI3, Oyl 3aMaHayd KOFaMHBIH OPTYpJl calanapblHIAFbl 3KCTPEMHUCTIK
KepiHicTepre OalaHBICTHI SJEYMETTIK MaceJeNiep/li Taljay MEH Iellyli KUbIHAaTyna. byn tepmunre
Oipmonzi aHbikTaMa Oepy kaxert. [Tutep T. Koynman men Aunpea baprommm «AddressingExtremism [1]
eHOETIH/Ie «IKCTPEMI3MY TYCIHITiHIH aHbIKTaMachIHA KATBICTHI TaCIJIeMeNepre 1oy TalAaybiH )Kacabl.
Bysl TyBIHIBIHBIH aBTOpJAphl JKCTPEMHU3M KYpJAEi oJIeyMEeTTiK KYOBUIBIC >KOHE OHBIH KYpPJIENiTiK
JICHTeiiH aHBbIKTay MEH TYCIHY Jie YJIKeH Oip Macene ekeHiHe Oaca Hazap aydapraH. By TYKbIpbIMMeEH
Kemicnecke OonmMaiabl. Anadiga 0i3 SKCTpPEMH3M CHAKTBI KYpHAedi JKOHE IECTPYKTHUBTI SJIEYMETTIK
KYOBUTBICTBIH 0ap eKeHiH (akT kKy3iHJe KOpceTyliH 031 3aMaHayH dJeMJeri Oyl Kyp/aei TyMaHUTapIIbIK
MOCEJIeHI MIeUTy >KOJIBIHAAFbl aca MaHbI3Abl KagaM jaen caHaiMbl3. LlIbIHaiibl oneyMmerTTik TaxipuoOe
aJaMHBIH HeMece agamjaap TOOBIHBIH, TINTI Oip wuaes meHOepiHe OipikkeH OipHele TOonTapiblH
YKYMBICBIHA IKCTPEMUCTIK KOHE PeaKIUsIbIK ael Oara OepyiH ©31 KUbIH eKeHiH pacTtan oTelp. Cay caHa
MEH MOpaJIbABIK HOpMaJlap TYPFBICBIHAH alfaHfa, KaHaal na Oip KYMOHII iC-KUMBUIIBI JKaNIbIFa OpTaK
’KOHE TYCIHIKTI OpEKETKe JKaTKbI3y OpKAlllaH KHUBIH JKOHE CYOBEKTHBTI CHIIATKA We. XalbIK JIaHAJBIFbI
aliTkangaii, Oipeyre kakkaH Hapce, e3rere 3UsSHbIH THT13e/1i.

O3iMi3aiH  TangaybIMbI3ga 013 JECTPYKTHBTI 3JEMEHTTEPre HEri3AeNIreH KYKbIK Oy3yIIbLIBIK
CUTIATTaFbl OapibIK iC-opeKeTTepre KaThICTBl AKCTPEMH3M TYCIHITIH KOJJAaHyFa OoONaabl, all OHBIH
JKEKeJIereH KOPIHICTEpiHiH OipiHe MIHW SKCTPEMHU3M JKAaTaThIHBIH OACIIbUIBIKKA aaabIK. JliHH 3KCTpEeMHU3M
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TYCiHITiHE FBUTBIMHA KayBIMIACTBIK OKUIEpl opTYpii aHbIKTama Oepeni. «liHH 3KCTpeMU3M» TEPMHHIH
anFamkepUIapApie,  Oipi Oonbim 1883  xeuimbiH 16 mambipeiana  «Cenrt-Ilonm  HadimInoyr» raseri
(Munnecotra) «Oraiio cplpa KaWHATYImIBDIaphD» >Ka30achlHAA KOJNJAHABI, MYHIA  aJKOTOJb
OHJIIPYIIIEPreKUiPKEHIIITI )KoHE XPUCTHAH KaruJaTTapblHAH aybITKBIIBI JEeT alblll TamnKaH »KEePriTiKTi
JiH OKiIAepiHiH MO3UIHSICHIHA KapChl 0ac KOTEPreH Chlpa KalHATYIIBUIAPABIH KUHAIBICH CHITATTaJa bl
bipuemre xpi imiage Tepmua Oactankeima AKI myOiaummcTrkackiHIa K€H KeJleMIeri KyObUTBICTapAbl
cUmaTTay YIIH KHi KOJJaHbLIaIbl OacTajpl: JIHM PUTOPUKA IICHOCPIHAETI CAyJBIKThI KOJIAHTHIH
JKUBIHIAp MEH MiHW HeTi3leri e3iHe e31 KO caily >KaraaimapbiHa JeifiH. 20 FachIpAbIH aJFaIiKbl
KBUIIAPBIHA AiHU SKCTPEMH3M CasCH CUIAThl 6ap KyObUIBICTapabl 1a KaMTH OacTtansl. Kasipri yakeitta
JiHH DKCTPEMHU3MHIH MOHIH TYCiHyre KaThICThI KeJleciiel cunarramanapra Oaca KeHia OeseTiH OipHeme
TociumeMenepaiH 0ap eKeHiH aifta KeTyre 0ojambl: Kyl KOJIJaHy, KOJIAHBICTAFbl PEXKUMII KYHpeTyTe
OaFpITTaNFaH KYKBIK OyY3YIIBUIBIK opeKeTTepre 0apy, TO3IMCI3[iKTI HacWxarTay >KoHE COHJai
YCTaHBIMIAPABI CasiCH eMipJie iCKe achlpy TaxipuOeci, MOHIIK aHTHAEMOKPATH3M, AHTHUILTIOPAIU3M,
aJlaMHBIH epKIHAIKTepl MEH KYKBIKTapbIH XKOKKa IIBIFapy, OYJI OaThIC KOFaMIBIK CaHACBIHIAFbI 0achIM
KOHIICTIIUSHBIH Oip KepiHici. BYpBIHFBI MOCTKEHECTIK KEHICTIK asChIHJA FHUIBIMA TYMaHHMTApPJbIK OH
oxinmepi 21 FaceIpAbIH €H ©3€KTi TYCiHIKTepiHiH OipiHiH MOHI MEH MarblHAChIHA allyaH Typii
aHpikTamanap Oepin keneni. Ocputaiima, mbicansl, E.H. IlnyxuaukoB «3amanayu Peceiinmeri ninu
SKCTPEMH3M TYCIHIT )KOHE OHBIH KepiHiCTepi» MakanmachlHAa: «JliHIeri SKCTpeM3HuM et Kell JKaFaaiaa
JIeHEe HeMece MCUXOJIOTHSIIBIK KbICHIMIBI KOJIAHAThIH, ©31HIH HEri3ri MocTyJaTTapblHaH KOFaM Ha3apblH
Oackara Oypy MakcaThIHAAa ©31HIIK JiHM JIYHHETaHbIMIAp JKYHeciH Oacka CeHiMmjeriiepre TaHyFa
OarpITTaNFaH JiH OKIUINEepiHIH KYII KONJaHy OpeKeTTepiHeH KOpiHiC TabaThiH, IiHApaNbIK >KOHE
KOH(ECCHUSITBIK KaThlHACTAP IIIHACT] paguKalbl Mapanapbl KaKTayIlbUIapAbIH iC-OpEKEeTTEpiH aTaFaH
oypeicy, - aeini [2]. A.A. HypymnaeB «JliHu-cascu skcTpeMusm» eHOETiHAe TYCIHAIpIN OTKEeHICH,
«/JliHn-casich KCTPEeMU3M — MEMIIEKET KYPBUIBIMBIH KYIIIEH ©3repTyre >KoHe OWIIKTI KYIIeH OachIm
alyra, MEMJICKETTIH ereMeHJiri MeH TEePPUTOPHSIIBIK TYTACTHIFBIH Oy3yFa, 3aHCBI3 KYPBUIBIMIAP
KaJIBIITACTBIPYFa, JIHM HEMECEe YITTHIK apa3/IblK ME€H KaKThIFBICTHI TYAbIpYFa OaFbITTalFaH JiHU HEri3zeri
HEMece JiH aThIH JKaMbLIFaH 1C-dpPEKeTTep». ABTOD/IBIH CHOSKTEPIH/IE aTaJMBIII TYCIHIKKE 0aca KOHLI
OeiHeal, cascu calajia TYBIHIANTBIH JKOHE «JIiH CaJlaCBhIHJIAFhl ©3TepiCTepre» KoHE «KYpIeNdi casch
caJIIapFay ajbll KeJETiH KaKTBHIFbICTAP/IbIH JKaFbIM cajiapbl cumarTainFad [3]. [liHu sKcTpeMu3M YJKeH
QJIEyMETTIK TONTAap/Abl ©3IHIIK JJeyMeTTIK MapruHalJiapra alHaJIBIpaTblH KOFaM JIaMYBIHJIArbl aca
KOJIAWChI3, aFapbICTHI JKaFJaiiap OpbIH ajfaH Ke3iHJe ©3iHiH JaMblFaH (opMachIiHaa KepiHic Tadaipl.
JiHu sKcTpeMH3MIli KaJBINTACTRIPY YIIIH aTaiFaH OOBEKTHBTI (hakTopiapiaH Oeyek, JOCTYpii MiHII
9KCTPEMHUCTIK TYPJICHIPY, NiHU SKCTPEMHUCTIK YHBIMAAP KYPY OOHBIHIIA Kap)KbUIAHABIPHIIATEIH apHARHI,
cyOBeKTUBTI (akTopiap na Kaxer. [liHu Teppopr3MHIH KYIICIOiHIH casicu ceOenTepi Typaibl Ol Ko3Fai
OTBIPHIT, 0i3 OMIIKIICH TUAJIOTTHIH YKOKTHIFBI )KOHE KOINTEreH CAasCH KapCBhUIBIK aKIHsJIapbIHA THIABIM
CaJTyJIblH CallAapblHAH KAapChUIBIK paJrKalbl cunarta epOil, KYKbIKTBIK MIEHOEpIEH LIBIFBII KETETiHIH
Jle afiphIKIIa aTam eTKiMi3 kemneni. bi3miH mikipimisiie, KoraMasl Oere apyFa jkKoHe 0acKa ceHiMeri
ajlaMFa JICTeH OINTICH UIIKTI KalbINTACTBIPyFa OarbITTANIFaH iC-OpPEKETTEp KOIl Xaraalaa KyHIbUIBIKTap,
Karujganap, Huaeanaap, MiHe3-KYWIbIK HOpMaiapbl, MOACHHM JSCTYPJep KaKTHIFbICHIHAH, >KEKe MIiHU
TOXiprOe MEH WHAMBUATIH ©3 KOJbIH TaOyFa TallBIHBICKl KE3iHJAErl PalMOHAIN3M CcajlapblHaH
TyBIHAQWIBI. ByJ1 alaMHBIH ajijiblHa ayblp TaHaay KOsIbl: OeHiMIeNly HeMece Kapchl TYpy. AJl, IYPhIC
TaHzay »Kacay MYHJIa TYJIFaHbIH JYHHUETAHBIMABIK JaWbIHABIFbIHA OalyIaHBICTBI. Pagukanaplk miHu
yibIMIIapFa, JiHA 3KCTPEMHUCTEpre Kapchl Typa OUTy AYHHETaHBIMIIBIK, a3aMaTThIK MMO3UIUSIMEH TiKeJIeH
yitacein Katblp. CoHbiMeH Oipre Oyil KyOBUIBICTBI KOFaMIBIK OMIpAIH OpTYPJi TYCTapbIHAAFbI
JAFIapBICTBIK YpAICTEp Jie YUIBIKTBIPBIT OTBIP, OCHUIAHINA HAPBIKTHIH OYJIiHYyiHE alblll KeJeTiH
KaWIIbUIBIKTAP OPIIII, cascaTKa apajacabl, XalbIKThIH 0achiM OOJIriHIH CasCH aybITKYbIH KYLICHTEI,
aKbIp COHBIHJIA KacTapIbIH SKCTPEMHUCTIK iC-9pEKeTTEpiHE YIIacabl.
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[TybmumucTrkana skoHe FRUIBIMH 9Ie0NeTTe CasiCH SKCTPEMHU3MHIH OCYiH KeJIeHITIKIIeH, SIeyMETTIK
COTCI3/IKIICH KOHE aliMaKTBhIK, STHOCTBIK HEMECEe JIIHU TONTapJAbIH TOMEH MOJCHM JICHTCHIMEH TiKeleh
0allaHBICTRIPY OpEeKeTTepl KeH TapaiFaH. bipak omeymeTTik (akTopiapIslH ocepi onaeKaiia KUbIH.
Tapuxu Mblcayiiap TYWBIK, TOKBIpAy KOFaMAapbiHIa, MbIcaibl, OHTycTik Adpuka OyIIMeHIepiHe
HeMece MeKcHKaia SKOHOMUKAJIBIK JKOHE QJICYMETTIK JIaMyJIbIH 6T¢ TOMEH JICHTCHIICpiHC OpHAaCKaH
Malis YHIICTEpiH/IE CasCH IKCTPEMHU3M CHSAKTHI SIITeHE KOPiHOCH I, COHBIMEH KaTap TEPPOPHU3MHIH HUCi e
cesimmeiini. byn kyObuteicTap TpaHchopMalus SKOJBIHA TYCKEH Kofamjapnaa Oalfikamaasl >KoHE
MOJICHUETTIH AOCTYPJI KOHE KaHa CUNATTAPBIHBIH MOHEPNI YHJICCIMAUIITIMEH, TYPMBIC JKaFaailbl MEH
MOpPTEOCCiHIH TOJBIK 63repMEyIMEH CUITATTANIAThIH COI[MYMHBIH MaprHHAIIbI Ka0aTTapblH/Ia )KOHE STHO—
QIIEYMETTIK OEJrici, 9JIeyMETTIK KOHTPACT KOFaMIaphbl OOWBIHINA XaIBIKThIH alKbIH MOJISIPU3aIUsICHIMECH
CUTIATTAJIATHIH Ka3ipri KoFamaapAa MIOFBIpIIaHFaHBIH Kepyre 00oJabl.

Pecetine 1999 »xputel xypri3iiareH 3eprreynep OapbIChIHAA "ITHUKAIBIK TONTAPIBIH QIEYMETTIK
TeHCI3MiT1 *oHe Pecelineri maTerpanus macenenepi" xodacel OoipramIa (>kerekmrici JI. M. JIpoGmxkea)
"Ci3 yIIiH TEHIIK HEMecCe TCHCI3/IK Ce3iMi YIIiH HE MaHBI3Jbl, HE MaHBI3Ibl eMeC?» — JIEreH Cypakka:
80% »xoHe ofaH na Keml TaTapiap, OAIIKYpT, SKyT KOHE OopbicTap "eTe MaHbI3Ab" Hemece '"MaHBI3MbI
"(hakTopyapapIH KaTapblHIa "op XalLIKTBIH Kaaip-KacueTiHe TeH Kypmer" nen araisl [4]. "Temenri
Tanka" KaThICThl aJamIapAblH apacblHAa Oyl jkayam OepreH agamaapAblH YJeci ofaH Ja oll-ayKaTbl
JKOFapel Oonnbl. JlaMbeiFaH ennmepne KOFamIlbl TYPaKTaHABIPY YIIH "opTa TanmThl' YIFAWTyFa YMTBUTY
KE3JICHCOK eMeC YKoHE TEHCI3IIKTI TOMEHJICTETiH apHalibl Oarjapiamainap OWIacThIpbUIyAa, Oipak Oy
opIaibIM MYMKIH eMec.

JKeke neHreiie STHUKAIBIK arpecCUSHBIH ©Cyl TYPIHAErl STHUKAIBIK JKOHE IiHM 3KCTPEMHU3MHIH
ANFBIIIAPTTAPEl, OacKamapAblH alblHAA Ma3achI3[bIK II€H KOPKBIHBIII OJIEYMETTIK MOpTeOeHIH
e3repyiHeH TyblHAaiabl. KenTeren aneyMeTTik 3epTTeynepMer KceHo(oOus MeH arpecCUBTIUTIKTIH ocyi,
O31HIH JJICYMETTIK KaFJIalblH TOMEHJICTKCH, XYMBICHIHAH aWbIPbUIFAH aJaMIapiblH CAHACBIHJA, SIFHH
XaJIBIKTBIH UMMOOWIIB/I TONTApBIHAA OalKalapl. OJeyMETTIK CTpaTh(UKanus MEH TEHCI3IKTIH ecyi,
KIIITIpIM TONTBHIH KOJIBIHAA OaWIBIKTBIH IIOFBIPJIAHYBI, CKIHINI KaFbIHAH, KOFAMHBIH KOMIIJITiHIH
apachlHa KEJCHITIKTIH 6Cyl «CBIPTTaH KEITeHIEPre» 30pJIbIK-30MOBUIBIK TEH OJICYMETTIK Hapa3bUIbIK
Ce3iMiH TyABIpaabl. DKCTPEMH3M/II 3epPTTEYII MaMaHaap 3KCTPEeMU3MHIH Naiaa 60y cebentepi peTiHe
QJIeyMETTIK-OPKOHOMHKAIBIK JaFaapeicTapabl kepceteni. Keibip AiHTaHymbuiap MeH cascaTKepiepliH
MIiKipiHIIe HCIaMIBIK SKCTPEMU3MHIH TapallybIHBIH Oip/ieH-0ip ce6ebi, 0N XambIKTBIH QJIEyMETTIK JKOHE
MOJICHM JICHTCHiHIH TOMEH/IEYl, KeHOIp aIeyMeTTIK-aeMOorpausuIbIK TONTAPABIH QJIEYMETTIK TYPFbIIaH
JIYPBIC KOPFalIMaybl, JKYMBICCBI3JIBIK CeOCNTepiH anFa TapTaisl [5].

OchiHaal karmainapaa XajabIKThIH 9JICYMETTIK QJI-ayKaThl Halllapjaijibl, XaJbIKThIH Oenriia Oip
JIiHTe 3WSHIBl IIBIHIBIKTEI ©Teyre XOHe OHBIMEH Oip-OipiMeH TaTynacyra jkon amragsl. COHBIMEH,
KEJICHIIITIK HeMece JIeyMETTIK—KOHOMMKAIIBIK KaFIaiIbIH TOMEH JCHIell arpecCUsHbI TYABIPhII KaHa
KOHMail, TeppOpU3M YIIIiH HETi3 yKacaibl, aTal aiTKaHa dJIeyMEeTTIK KOHTpacT. JleeKkTHBTIK acepre aca
VIIBIparaH jKacTap apachlHIAa OJICYMETTIK, CasCH, JKOHOMHUKAIBIK >KoHE Oacka Jna (akTopiap/IbiH
BIKIAJIILIMEH PaJMKajIbl Ke3KapacTtap MEH HaHbIMAAp OHai Kaibinracaabl. Ochbliaiilna »ac asaMmarrap
JKacTappl ©3/IepiHiH maiackiHa OEICeH I KOJIJaHATBIH SKCTPEMUCTIK JKOHE TEPPOPHUCTIK YHBIMIAPIBIH
KaTapbiHa Kocbuiabl. COHFBI KbLIIAPHI )KacTap ©3/CPiHiH KbI3METIHE KaThICaThIH OipKaTap SKCTPEMHUCTIK
KO3FaJBICTAPABIH KapKBIHABI naMybl Oonapl. CapammbsuiapaplH Oarajgaybl OOWMBIHINA, SKCTPEMHUCTIK
CUIIAaTTaFbl YUBIMAAPIBIH KaThICyIIbUIapbIiHbH opTama 80% -b1 30 »xactaH ackaH agamjap OOJbII
tabblIaabl [6]. CoHbIMEH Oipre, Oy KyObUIBIC KOFAMIBIK OMIPIiH TYpJl acHEeKTUICPIHIET1 JaFaaphic
yAepicTepiMeH TepeHIeH Tycim, HapbIKThl KPUMUHANJIAHABIPYFa, cascaTka eHyiHe, XaJBIKTBIH
KONIIUIITHIH CasCh aybITKyblH apTTBIPyFa OKEeJINl COFaThIH Kapama-KaHIIbUIBIKTapAbl HallapiaThill,
HOTIDKECIHE JKacTapIblH 3KCTPEMHUCTIK OCJICEHIUIIrIHE acep eTeai. OJIeMIIK TaIKIpHOe KOpCeTKeHEeH,
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JKac YprHakKka >KeTKUTIKCI3 KOHINT OexiHenl ’kKoHEe OHBI KOFaMbl TYPaKCHI3MAHABIpYAa KYMITI (akTopra
aliHanpipanbl. EnmgiH Kasipri 3aMaHFBl  QJICYMETTIK JIaMYBIHBIH CpEKIICNIKTepi COHAal-aK JiHH,
STHHUKAIIBIK, CAsICH XKoHe 0acKa Ja oJIeyMeTTIK MaHBI3BI Oap JKepiepre eneyii aIeyMeTTiK-CaHUTaPIIbIK
KEJICIEeYIIIIK, CEHIMCI3/IIK JKOHE JKHi KaCTHIKIIBUIBIK CHSIKTBI KaCipeTiH (haKTOpP bl Kbl TaCThIP L. by
(akTOpaBIH KayinTi KepiHici KacTa, OTOACBUIBIK, 3THUKAJIBIK JKOHE OIOPOKpaTHSIIBIK HEri3ze, ocipece
WITTHIK, JiHU, OHIPIIK HETi3/le KJIaH KaThIHACTAPhIH CaKTay HeMece ocipy OO TaObUIa b

Bbyn conpaii-ak apOip yiire oHail €HETiH KOMITBIOTEPITIK TeXHOJIOTHSUIIAPIBIH €HyiIMEeH OaiIaHbICTHI.
OKCTPEMUCTIK KO3KapacTapAblH TapalyblHBIH aKHapaTThIK (DaKTOPBI apTHIT Kelemdi, Oyi KacTap
apacelHa DKCTPEeMM3MHIH TapalyblHBIH >kKaHa (opMmanapblHbIH Maiiga OoiybliHAa cepmiH Oepeni.
Teppopu3MHiH AeHTell MEH JKaFbIMCHI3 Calapiapbl COHFBI JKBUIAPHI XKacaFaH JJAHKECTIK (paKTiIepIiH
CaHBIMEH, COHJai-aK eNTipiireH anamaapibiH caHbiH kepcereni. AKII MemiekeTTik gemapTaMeHTiHIH
MariMmaeyinme, Oyrinri kyHi anemae 320-man 620-ra meliin TeppopucTik dakTinep sxkacanasl [7].

JiHu SKCTpeMHM3MHIH caijapbl TyTac eNJCPIiH pyXaHH, MOPAJIbIbIK KaJIbIHA KelyiMeH Oipre
HSKOHOMHUKAJIBIK-JIEYMETTIK JaFJapbIcTapAbl eHcepy MacenenepiH TtepeHmere Tyceni. Kepcerinrexn
KayinTep ascbiana Kasakcran PecryOnukackl ayMarblHAa JIHM 3KCTPEMHU3MMEH KYpecy — MaHbBI3IIbI,
MIHJCTTI *oHE KakeTTi MaceneHiH Oipi. CebOeOi kasak »kepingae 130-gaH actam YIT NEH AMacropa
exinmepi Typanel. ConsiMeH KaTtap 18 xoH(eccusHsH 3088-HaH acTaM TipKenreH MiHU OipiIecTiKTepi o3
KBI3METTEPIH JKYprizyjae. By yirapalibik jkoHe JiHApajblK TaTYJIBIKThI CAaKTay — MEMJICKETTIH €H OacThl
MIHIETI.
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PEJUTMAO3HO-MMOJUTUYECKHI YKCTPEMU3M KAK COIII/IAJIBHLIﬁ BOITPOC
. C. Opsbiabexosa, /. I'. llapanaesa
AJMaTUHCKHIM YHUBEPCUTET SHEPTETUKH CBs3H, Anmatsl, Kasaxcran

Annomayun. IlpenmeroM aHanM3a [JaHHOM CTAaTbU SABIIAETCS PEIUTHO3HO-MOIUTHUYECKUI
IKCTPEMHM3M Kak couuaipHass mpobnema. Hccienyercs — CyIIHOCTh M IPUPOAA PEIMTHO3HO —
IMMOJIMTUYCCKOI'O0 3KCTpEMH3MA, M3Yy4YArOTCA HCTOPHUYCCKHUE M COLMAJTIbHBIC IPHUYMHBI €TI0 IIOABJICHHUA H
MUHAMHKA Pa3BHUTHSA, CIIOCOOBI OOpHOBI M MpoduiIaKTHUEeCKHe MEHCTBUS B YCIOBHSX COBPEMEHHON
rio0anu3anuy, eIMHOr0 MH()OPMAILMOHHOIO MPOCTPAHCTBA M WHHOBALMOHHBIX TeXHOIOTWH. B crathe
ocoboe BHUMaHUE YJEJNCHO IUHAMHUKE pPAa3BUTUSl PEITUTHO3HO-TIONIMTHYECKOTO OKCTpEMH3Ma B
COBPEMEHHOM Ka3aXCTaHCKOM OOIIeCTBe.

Knwouesvie cnosa. od1iecTBo, Bepa, pesUrusi, IyXOBHOCTb, 3KCTPEMU3M, ITOJIUTHKA.

RELIGIOUS AND POLITICAL EXTREMISM AS A SOCIAL ISSUE
D. S. Orynbekova, D. G. Sharapova
Almaty University of Power Engineering and Telecommunications, Almaty, Kazakhstan

Abstract. The subject of the analysis of this article is religious-political extremism, as a social
problem. The essence and nature of religious — political extremism is investigated , the historical and
social causes of its emergence and the dynamics of development, methods of struggle and preventive
actions in the context of modern globalization, a single information space and innovative technologies are
studied. The article focuses on the dynamics of the development of religious and political extremism in
modern Kazakhstan society.

Key words: society, faith, religion, spirituality, extremism, politics.
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