ISSN 1999-9801

AYOC

ObpasoBaH B 1975

AAMQTbI 9HEepPreTmka xxaHe
OAUACQHbBIC YHUBEPCUTETIHIH,

XABAPLLUBICHI
BECTHUK

< \\.0"» AAMATUHCKOrO yHMBepcurerta
- D[S 4 3HepreTuku U CBSI3v




AYO2C

ObpasoBaH B 1975

HAYUYHO-TEXHUYECKMI XXYPHAIJI
«BECTHHUK AJIMATHUHCKOI'O
YHUBEPCUTETA SHEPI'ETHKHU 1 CBA3N»

WNznaérea ¢ urong 2008 roga
YUPEJUTEJIb

HexoMMmepueckoe akIImOHEPHO OOLIECTBO
«AnMaTUHCKUM YHUBepcUTET DHepreTuku u Cea3m»

I'naBHb1i penaktop - Ctosik B.B., 1-p TexH. Hayk

3aM. IaBHOTO peakTopa - 3aBajckuii B.A., nokrop Ph.D
PepakumoHHasi KOJLIerus:

Carunraena C.C., 1-p 5KOH. HayK, KaH7. (pu3.-MaT. HayK, akagemMuk MAWH (Kazaxcran)
I'uta Peanne, noxtop Ph.D, unen-koppecnonaeHT Akanemuu Hayk Jlarsuu (JIarBus)
Mycradpun M.A., n1-p TexH. Hayk (Kazaxcran)

Awnna Mytyne, nokrop PhD (JlarBus)

Hunydap P.A., 1-p Texn. Hayk (Y30ekucTaH)

060308 A.J1., 1-p TexH. Hayk (Kupruscran)

®panuecko Cannopo, rokrop PhD (Utanus)

Opymb6aes P.K., 1-p TexH. Hayk (Kazaxcran)

Mynu B.A., n-p TexH. Hayk (Poccust)

WNnues UK., n-p Texn. Hayk (bonrapus)

lanaiixo Imutpuii, noxrop PhD (®pannus)

[Morexun B.B., kann. rexs. Hayk (Poccus)

XKaysit Anrassel, noktop PhD (Kazaxcran)

Tyman6aeBa K. X., kann. rexH. Hayk (Kazaxcran)

LBetkoB B.1O., 1-p TexH. Hayk (benapycs)

Takas Unamopu, noxrop PhD (SInonwust)

KysnenoB A.A., 1-p TexH. Hayk (Poccust)

Anuno6aes K.A., nokrop PhD (Kazaxcran)

Ka6nymes b.2K., kanz. ucrop. nayk (Kazaxcran)
Maxmytos C.K., kana. ucrop. Hayk (Kazaxcran)

C conepxaHueM )XypHaja MOXKHO O3HAKOMUTH Ha caiiTe http://aues.kz/
[Monmucarhcst Ha KypHAJI MOXKHO B PEIaKIMH JXypHaia U Mo OObeAMHEHHOMY Karanory JlemaprameHra
IIOYTOBOM CBSI3H, ToANCHOM nHaekc — 74108.

Anpec penakmmu: 050013, r. Anmarsl, HAO «AnmaruHckuil YHUBepcuTeT OHEpreTUku U CBsi3um», Yil.
BaiitypcbiHoBa, oM 126/1, opuc A2096

Ten.: +7(727)292-9981. E-mail: Vestnik@aues.kz

Texnuueckuii cekperaps: Tynerenosa O.K.

«Bectauk AYSC», 2018



BECTHUK

AJIMATHHCKOI'O YHUBEPCUTETA
JHEPI'ETUKHU U CBA3HAU

Ne 3 (42) 2018

Hay4Ho-TeXHUYeCKHUH KYPHAJ
Boixoaur 4 pa3a B roa

AJIMATBHI



@ AY D C | AMATUHCKNA YHUBEPCUTET

JHEPTETUKW 1 CBA3N

BpasoeaH B 1975

057

KO/ BY3A

rocyAAPCTBEHHASR JIMUEH3WA HA OEPA3OBATEJTEHYIO AEATESILHOCTE NeO1377445 OT 4.08.2010. CBUAETENBCTBO OF MHCTUTYLIMOHAIBHOM AKKPEOUTALIMMA Ne OO0003

BAKAJIABPUAT

MATUCTPATYPA

5B060200 - NHdopmaTHKa
5B070200 - ABTOMaTM3aLmMsa U yrpassieHue
5B070300 - MHdopMaLMOHHbIE CUCTEMBI

5B070400 - BelaucnutenbHasa TEXHUKA U
nporpammHoe obecneyeHune

5B071600 - NpubopocTpoeHne
5B071700 - TennosHepreTuka
5B071800 - 2nekTpo3HepreT1ka

5B071900 - PaguoTexHuKka, 3n1eKTPOHUKa
N TENEKOMMYHMKaLMK

5B073100 - Be3onacHOCTb XXWU3HUAEATENbHOCTH
W 3alMTa OKpY>XaloLen cpeabl

5B081200 - DHeproobecneyeHune
CeNbCKOro Xo3sMcTBa

5B074600 - KocMuyeckasa TexHMKa
N TEXHOMOTMN

5B100200 - CucteMbl MHPOPMALMOHHOM

6M070200 - ABTOMaTU3aumsl 1 ynpaseneHve
6M071700 - TennoaHepreTuka
6M071800 - SneKkTpo3HepreTuka

6M071900 - PagmMoTexHUKa, 3NeKTPOHUKa
N TeNEKOMMYHUKaLMK

6M070400 - BbluMCNUTENBHAA TEXHMKA U
nporpamMmHoe obecneyeHve

6M070300 - MHpopMaUUOHHBIE CUCTEMBI

6M073100 - be30nacTHOCTb XWU3HeaeaTeNnbHOCTH
1 3alUMTa OKpY>KatoLWen cpeabl

6M071600 - MNMpubopocTpoerHne
AOKTOPAHTYPA

6D071700 - TennosHepreTvka
6D071800 - DneKTpo3HepreTuka

6D071900 - PagnoTexHuka, 3/1eKTPOHMKa
N TENEKOMMYHUKaL MK

b6e3onacHocTu
KOJINEDK

0901000 - 2nekTpoobopyaoBaHue 1302000 - AsTOMaTu3auMs W ynpaBieHUe
SNTEKTPUHECKMX 1304000 - BbluMCAMTENbHAS TEXHMKA U

CTaHLUMI 1 ceTen

0906000 - TennosHepreTuyeckue
YCTAHOBKU TENI0BbIX
3HEpreTUYEeCcKnX CTaHUMm

BOEHHAS KA®E/IPA

nporpamMMHoe obecneyeHue
1305000 - MHdOpMaLNOHHbBIE CUCTEMBI
1306000 - PagnosnekTpoOHWKa U CBA3b

MuHUcTEpCTBO 060poHbI PK BbiAENAET KBOTY CTyAeHTaM AY3C Ans nonyyYeHns cneumanbHOCTU Ha BOEHHOM
Kadbeape, a Takxke npeanaraeT NponTn Kypc «Monogoro 6onuas.

A3bIKN OBYYEHUS

& JUXING

C PYCCKWI

S LT

S=f= AHMINACKWIA

NHOIrOPOAHUM TMPEAOCTABJIAETCA OBLUEXWUTUE

HALLIW KOHTAKTbI:

A .
@ r.Anmatbl, yn.A.BarTypcbiHyabl 126/1 AUES University @aues_university #AYSC

& +7(727) 292 0303
X aues1975@gmail.com

AUES.KZ

#AUES

@ AUES University Aues University #AUPET

#BYAHNAY2C



BECTHUK AJIMATUHCKOI'O
YHUBEPCUTETA DQHEPI'ETUKHU U CBA3U

Becmnuk Anmamunckozo ynueepcumema ynepeemuru u ceazu. Ne3 (42)2018

COJIEPKAHUE

Carunraena C. C.
Bxnan nayku AYOC B NMOBBIIIIEHHE KOHKYPEHTOCITIOCOOHOCTH CTPaHbI

IJIEKTPOSHEPI'ETUKA U DJIEKTPOTEXHOJIOI'UA

Bbaxraes L. A., Aogpemosa C. b, Cagukosa I'. C., bakuposa H. C.
O30HHasg 00pabOTKa )KUAKUX CPEJ] C MPUMEHEHHUEM ITy3bIPpbKOB Ta3a . . . . . . . .

TEIIVIOODHEPI'ETUKA U TEIIVIOTEXHOJIOI'USA

Abildinova S. K., Baydyussenov G. N., Makatov A. K.

Optimization of parameters of multilayer thermal insulation in heat - networks
PAJIMOTEXHUKA U DJIEKTPOHUKA

Kynycoexon E., EnemanoBa A., Aarbin0exoBa Jl.,

CagukoBa I'., baaoaeB I'.

DKCIEpUMEHTAIBHOE UCCIIEA0BAHUE KAUeCTBA Nepeaaun

D1 F:1305 13 0. GO

TyabsTaes b., Cyaran A., Hycu0anueBa A., banoaes I'.

HccnenoBaHne HCKyCCTBEHHOTO 3pEHUSI HA OCHOBE aJIallTUBHOIO (PUIIbTpa IS
BHEJPEHUS B POOOTOTEXHUYECKUE

(637 (o ) Y 15

ABTOMATHUKA

Syabina N. V., Ibrayeva L. K.

The harmonic linearization coefficient

determINaAtioN. . .....oouiiiie ettt

Yepuos b. A., Yepnona H. b.

OMnupudeckas THAPOAMHAMHUKA YIIBTPAa3BYKOBOTO pacxoioMepa
Yepuos b. A., Yepnona H. b.

ABTOMAaTH3aIMd HACTPONKHU TUAPOJIUHAMUKHU YIBTPAa3BYKOBOIO
PACXOIAOMEPA. ...

HHP®OPMAINMOHHBIE TEXHOJIOI'NHU

Daineko Ye. A., Ipalakova M. T., Chinibayeva T. T., Brodyagina M. A.,
Bolatov Zh. Zh.

Development of the generator of tests for virtual physical
laboratory..............ccooeiiinal.



BECTHUK AJIMATUHCKOI'O
YHUBEPCUTETA DQHEPI'ETUKHU U CBA3U

Becmnuk Anmamunckozo ynueepcumema ynepeemuru u ceazu. Ne3 (42)2018

NPOMBIHNIJIEHHAS BE3OITACHOCTD U OKOJIOI'Usl
Begimbetova A. S.
Monitoring of the air condition of the city

NMHHOBAIIMM B BBICIHLIEM OBPA30OBAHHUMN.
OYHIAAMEHTAJIBHBIE HAYKH

Zhakupbekova A. Y.

The development of fuzzy models for the analysis of educational
activities........oooeeeeinnnn....

Hckakos K.

«OmeTiH Oypanma TepOeicTi 3epTTey» 3epTXaHAIBIK KYMBICHIH OpBIHAAY
oJICTEMECT. . ..........

baiidazapos M. b.

3agaya ynpaBJIeHUS JIMHEMHOM CUCTEMBI CO CITy4alHOU

11(0)Y (.40 ; P

Orynbekova D. S.

Spirituality is the basis of the consolidation of Kazakhstan
SOCICLY ..ttt e e e eeeeas

Nurhodzhaeva H., Erzhanova Zh.

The use of new technologies in teaching English for IT
specialties..........coviiiiiiiiiiiii e

Tulembayev A. N., Jumadilova Sh. G., Adilova A. M., Shildibekov Y. Z
Project management at the enterprises of the defense

INAUSETY ..

Jumadilova Sh. G., Atabay B. Zh.

Reforming the pension system in

Kazakhstan. ...

IOBWJIAP
Hcmana Ecmaramoer
ECMAFBAMYIIBL.....cviiiiiiiiiiieiecciitiieeeeeee e e e e e e e e e e e ee e e e e e e e s e e e s snnnnnnnns



Becmnuk Anmamunckozo ynueepcumema ynepeemuru u ceazu. Ne3 (42)2018

Carunrtaena C. C.

PexTop AMaTHHCKOTO YHUBEPCUTETA SHEPTETHKH U CBSI3H, JI-p SKOH. HayK, mpodeccop
BKJUIALI HAYKH AY3C B IOBBIINEHUE KOHKYPEHTOCIIOBHOCTHU CTPAHBI

YcunuBaromuecs: Mpoueccbl MUPOBOW M TOJUTUYECKOH TpaHc(hOpMalMU CTaBAT IEpen
CTpaHaMu U OOIIECTBOM HOBbIE BBI30BHI. HOBbIE TeXHOJIOTMU HU(PPOBU3ALMU, aBTOMATU3ALUUA U
MCKYCCTBEHHOI'O MHTEJIJIEKTA BBIJBUIAIOT HA NEPBBIN IUIAH MOBBILICHHE KauecTBa >KU3HU. B oTBeT
Ha 3TH BbI30BbI AJIMAaTUHCKUN YHUBEPCUTET SHEPTETUKU U CBSA3H, SBJISIOMIMNACS OJTHUM U3 BEIYILIUX
TEXHUUYECKHUX BY30B CTPaHbl, IOCTaBUJI 3a/lady CTaTh IEPEAOBbIM HAayyHBbIM LIEHTpoM B Kazaxcrane
u lleHTpanbHOM A3MH, YTO HAILJIO OTpa)k€HUE B MPUHATON CTpaTeruy pa3BUTHS YHUBEPCHUTETA /10
2020 roga.

Bbicokuil MHTEIEKTyallbHbII MOTEHLMaN, Kpemnkas MaTepHalbHO-TeXHuYeckas 0aza u
TECHBIE CBS3M C TPEANPHUIATHSMHU, OTPACIEBBIMA MHHHUCTEPCTBAMH W TPO(ECcCHOHATBHBIMU
accolMalusMU, TMapTHEPCKUE B3aUMOOTHONICHHUS C  MEXAYHapOAHBIMU  OpraHU3alUSIMU,
npoUIbHBIMU 3apyO€KHBIMU By3aMH U HayYHbIMHM OpPraHU3alUsIMU — BOT KJIIOYEBbIE (aKTOpHI,
KOTOpbIE O3BOJIST PEAIM30BaTh OCTABIICHHYIO MepE]] KOJUIEKTUBOM Y HUBEPCUTETA 3aauy.

AYDC 3a nepuoj cBOEH UCTOPUU CTaJl HE TOJIBKO Ky3HULEH KaJpoB AJIs SHEPTETUUECKON U
TEJIEeKOMMYHUKAIIMOHHON OTpaciel, HO ¥ pecyO0IMKaHCKUM HAayYHO-UCCIIEeI0BATEILCKIM IICHTPOM
10 3TUM HalpaBICHUIM.

B AVY3C paborariotr ocHOBaTeNlr aBTOPUTETHBIX HAYYHBIX IIKOJ W HAIllPaBJICHUN, U CETOHS
Hay4YHbIH KOJUICKTUB YHHMBEPCHUTETA — 3TO 35 JOKTOpOB Hayk, 195 kannumatoB Hayk, 23 TOKTOpa
PhD, 162 maructpoB Hayk.

B AYOC peiictByror 4 unctutyta, 19 xadenp, Lentp R&D, 3 nayunbix nentpa, 10
HAy4YHO-UCCJIEIOBATENLCKUX JabopaTopuid, B TOM 4YHuCI€ 3 — aKKpeIuTOBaHHble © |
MEXTyHApOIHAS.

Hammmu yuyensimMu 3a mocnennue 3 roja peaian3oBaHo okosio 100 HayyHO-TEXHHUYECKHX
MIPOEKTOB, MoyyueHo Oosee 60 mareHToB, onmybnukoBaHo O6omnee 1500 crartelt, B Tom yucie 166 — B
m3nanusix Scopus 1 Web of Science.

O6mas cymma gunancupoBanuss HUOKP no GromkeTHbIM U BHEOIOKETHBIM MPOEKTaM 3a
MOCJIeAHHE 5 JIET cOCcTaBUIa OKOJIO 2 MIIP/. TEHTE.

AKTyaJIbHOCTh Hay4HBIX M3bICKaHMI y4eHbIX AYOC moATBEp)KIAeTCsl BECbMa BBICOKHMU
OLICHKaMH MEXJIyHApOJIHOM 3KCHEPTU3bl OTUYETOB IO TPAHTOBOMY (DPMHAHCHPOBAHUIO U PELICHUSIMU
HannoHanpHBIX HayyHBIX COBETOB 00 0100peHMH npoekToB Ha 2018-2020 r.r. mo TakuM Ba’KHBIM
JUIsL SKOHOMHUKHU CTpaHbl MpUopuTeTaMm, Kak «PaloHaIbHOE MCHOJIb30BaHHWE MPUPOJHBIX, B TOM
Yuciae BOJAHBIX  PECypcoB», «DHEpreTMka M MaluHocTpoeHue», «MHdopManmoHHble,
TEJIEeKOMMYHUKALlMOHHBIE U KOCMHYECKHE TexHojorum», «HamuoHnanpHas 0€30MacHOCTb H
00opoHay, «CucteMbl KnOepOe30MacHOCTH U UH(POPMALIMOHHON O€30TacCHOCTH.

XapakTepHoil 0co0eHHOCThI0O Hayku B AYDC sBisieTCs e€e HalpaBJICHHOCTh Ha pElIeHUe
aKTyaJbHBIX 33/1a4 U MOJIyY€HHE MPAKTUUYECKU 3HAUUMBIX PE3yJIbTaTOB.

K wumcny Hambonee 3HAUMMBIX HAy4YHBIX JOCTHOKEHUH TOCIEAHUX JIET OTHOCATCA
pa3paboTKU MPaKTHUYECKUX acMeKTOB BHeApeHus Smart texHonoruit B EQC Kazaxcrana B memsx
CHI)KEHMSI  TOTE€pb, IMOBBIEHUS  SHEProdQQPEKTUBHOCTH, BOBJEUEHUS B  TIEHEpaIUIO
BO300HOBJISIEMBIX HMCTOYHUKOB SHEPruH, HU(POBHU3ALMU SIEKTPUUECKUX CeTeH, MOJEepHHU3ALMU
sHepreTuyeckoro obopymoBanusi TOC 1 KOTETbHBIX.

BbicOokMil Hay4yHO-MHHOBAllMOHHBII IMOTEHIIMAJ YHMBEPCUTETA IMOATBEPIKIAETCS TEM, UTO
pesynbraThl mpoBoauMbIX HUOKP BocTpeOoBaHbl peanbHBIM CEKTOpoM 3KoHOMUKH KaszaxcraHa.
Tak, n0ns XO0370TOBOpPHBIX TeM B obOmem oObeme ¢(unancupoBanus HUP cocraBmser 82%.
BbICOKYIO0 OIIEHKY 3aKa34MKOB MOJYYMJIM padOThl ydyeHbIX UM HHeHepoB AYIOC mo co3gaHuio
aBTOMATH3UPOBAHHBIX CHCTEM TerlocHaOxeHus ropoaoB Tapa3z u Tanagsikopran, paspaboTke
aBTOMATU3UPOBAaHHBIX ~ CHUCTEM  yIpaBieHus ansi  Atelpayckoro u  IlaBmomapckoro
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HeTenepepabaThIBAIOMINX 3aBOAOB, a Takke i kommnanwu «Kapauaranak-lIlerpomeym». B
HACTOSIIIIM MOMEHT BBINIOJIHAETCSl Tema rpanToBoro ¢uHancupoBanus MOH PK «Pa3pabotka u
UCTIBITAHWE MOOUJIBHOTO T'€OTEXHOJOTHYECKOTr0 MH(POPMALMOHHO-METPOJIOTHYECKOTO KOMIUIEKCa
JUTSI TIOBBILLICHUS TOOBIYH ypaHay.

OcoOprit BekTop pa3Butusi Hayku B AYODC — 9T0 anbrepHaTHBHas sSHepretuka. llo
nporpamme [IL® na 2018-2020 «Co3maHue OCHOB CEPUHHOTO MPOM3BOJCTBA Ka3aXCTAHCKHUX
UCTOYHUKOB  BO30OHOBIIIEMOW  DHEPrMM  MHUPOBOTO  YPOBHS»  BBHINOJNHSCTCS  HAYYHO-
UCCJIEIOBATENILCKUN MPOEKT MO pa3paboTKe KOHCTPYKIMM TPEKEepOB AJIs COJIHEYHBIX Oarapeil u
M3TOTOBIICHHUIO ONBITHOTO oOpasma. JeiicTtByror LlenTp «B0300HOBIsIEeMblE HICTOUHUKN YHEPTUU U
HOBBIE TEXHOJIOTHM B 3HeprocOepekeHum», kadeapa «INeKTpocHAOXKEHHUE U BO300OHOBIISIEMBIE
UCTOYHUKH DHEPruM», CO37aHa HaydHas JabopaTopust «AJBTEPHATUBHBIX M BO300HOBIISEMBIX
VMCTOYHUKOB SHEPTUN.

B AVYDC co3man  moOMHOCTBIO  (DYHKUMOHAJBHBIM  MPOMBINUICHHBIH  MPOTOTHUII
['eorepMmanbHble MOIUTCHEPALIMOHHBIE YCTAHOBKY U MUJIOTHAS] aBTOHOMHASI CUCTEMA KOMILJIEKCHOTO
SHEProcHAOKEeHHsST (TEIUI0, XOJIOJ, DJIEKTPUYECTBO) OTACIBbHO cTosimero 3aaHus. (CreneHb
3aBEpIICHHOCTH pa3paboTKU MO3BOJISET YXKe B ONrbKaliye BpeMs MPUCTYNUTh K OPraHU3aIuN UX
IPOMBIIIIEHHOTO TMPOM3BOACTBA M LIMPOKOMY BHeApeHuto. lIMeroTcs 1Ba yBEIOMJICHHS O
MOJIOKUTENBHBIX Pe3yJIbTaTax KcnepTusbl EBpasuiickoro nateHTHOro Begomcrsa EABII.

B pamkxax peanmuzauuu npoekrta «CTUMYNIMpOBaHME MNPOAYKTHUBHBIX HWHHOBALUI»
yausepcuteT Hapsaay ¢ AO «KEGOC» AO «Amaray Xapeik Komnanusce», AO «ATtslpay-
Kapoik», AO «Muctutyr ABTOMatm3zauuu sHepretuueckux cucrem», AO «KasHUIIMUTOC
OHeprusi» BOLIEIl B KOHCOPLMYM MPOU3BOJCTBEHHOIO CEKTOpa M BBINOJIHSIET NPOEKT IO
«TexHomorn4ecko MOJEpHU3alMU M HMHHOBAallMOHHOMY pAa3BUTHUIO SHEPreTHMUECKON OTpaciu
Kazaxcranay.

Bo3moxHOCTH UI1 MOAEpPHHU3ALMU HSHEPreTHYECKONM OTpaciiid OrpOMHBI. JHEpreTuka
CTAHOBUTCA  BBICOKOTEXHOJIOTMYHOW  OTpACIbIO, KOTJla MHHOBAalMOHHBIE TEXHOJOTUU H
MHTEJJIEKTyaJbHble LU(POBBIE pELIEHUS MO3BOJSAIOT PEIIUTh NPOOJIEMbl 3HEProcOepeKeHus,
MOBBILICHUS HAJIEKHOCTHU AJIEKTPUUECKUX CeTel, MUHUMHU3AllUK YOBITKOB KOMIIaHU, MOHUTOPHHTA
Y KOHTPOJIS Ha 3JIeKTpuueckux ctanuusx Kazaxcrana. [{ns pemenns stux 3agaq AYDC BbINONHSET
JBE paboThI MO UG POBU3AINH NEKTpUUYECcKuX ceTeil mo 3aka3zy komnaHuu AO «KEGOC».

Oco0yr0 3HAYMMOCTh JJIs TOBBIIIEHUST KOHKYpeHTococoOHocT AYIC 1 BBIXOAA €ro Ha
MHUPOBOH ypPOBEHb MMEIOT HCCIIEJOBAHUS 110 HAyYHBIM HAlpaBJICHUSM «IKOHOMHKHU OyIyLIero»,
OXBAaTBHIBAIOUIMM IIOMUMO aJbTEPHATUBHOM SHEPreTHUKH, HCKYCCTBEHHOTO HHTEJUIEKTa, TaKKe
cepbl PIEKTPOHHOM MPOMBIIUIEHHOCTH, KOCMHUUECKUX TEXHOJIOTHH, TexHomoruit M2M, MuTtepHer
Bellel, nHpopmauonHoil 6e3onacHoctu. Tak, Hanpumep, AYIC BbINOIHIET HAYYHBIN IPOEKT IO
rpanToBoMy (uHaHcupoBaHuio Komurera nayku MOH PK B obnactu kubepbe3onmacHocTu
KPUTHYECKH BaKHBIX 00BEKTOB MH(pOpMaTu3anuu mno npuoputety «HaunonanbHast 6e300acHOCTh U
obopona (6e3 rpucda cekperHoctH)». CoBmecTHO ¢ HWHcTUTYyTOM UWHGOPMALMOHHBIX U
BerunciuTenbHbIXx  TexHojorud KH MOH PK - HanuoHanbHBIM — IIEHTPOM  Pa3BUTHS
UHPOPMALIMOHHOM Oe3omacHOCTH B pamkax mporpammbl 1o [II[d BemonHseTcs NPOEKT
«Pa3paboTka mporpaMMHBIX U NPOrpaMMHO-aINAPaTHBIX CPEACTB Uil KpUNTOrpadudecKon
3amuTel UHGOPMAIIMU TIPU €€ Tepefadye M XpaHeHWH B MH(POKOMMYHHUKAIIMOHHBIX CHCTEMax U
CeTsIX 0011ero Ha3HaYeHUS.

B stom roay Ha 6aze AYOC co3maHa MeXAyHapoJHas HCCIEoBaTeNIbCKas J1abopaTopus
«TexHonorun kuOepOE30MaCHOCTUY», HAYYHBIM PYKOBOJIUTENIEM KOTOPOH SBIISETCS 3aBEAYIOLIUI
nabopatopueil mpobiemM KommbloTepHOH ©Oe3omacHoctn  CaHkT-IleTepOyprckoro HMHCTHTYTa
nHpopmaTuku u aBToMatu3aruu Poccuiickoit akagemun Hayk (CIIMMPAH) n.t.H., mpodeccop
Korenko 1.B.

[Tockonbky Hacrosiias Hayka HE HMeEET TpaHHull, TO MEXIyHapOJHOE COTPYIHHUYECTBO
AY3C — HeoOxoauMOe YCIOBUE HAyYHOW JEesITeIbHOCTH YHMBEpcHTETa. B pamMkax 3aK/IIOYeHHBIX
JI0roBOpOB ¢ 0K0J0 100 cTparernyeckumMu By3aMH-IIAPTHEPAMHU MBI MPOBOJAMM MEXIYHAPOIHBIE
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KoH(pepeHIMH U (HOPYMBI, IPUBJICKAEM 3apYOEIKHBIX CIICIIUATUCTOB, PeaTn3yeM HaydHbIE MPOCKTHI,
aKaJeMHUYeCKHe MPOrpaMMbl M aKaIeMUYeCKOM MOOUIIBHOCTb.

HemanoBakHbIM (hakTOpOM, BIMSIIOIIMM Ha KAueCTBO BBIMOJHAEMBIX pPadOT, SBIAETCS
COTPYIHUYECTBO C MEKIYHAPOIHBIMU (DOHIAMH U OpTaHU3ALUSIMHU.

Tak, ydacTue B MEXAYHapOAHBIX MporpamMmax I03BOJIMJIO IPOBECTH MOJEPHHU3ALMIO
nabopatopHoit 6a3el AYDC. Hampumep, o nmpoekty MAPREE AYDOC nonyunn obopynoBanue Ha
cymmy okojio 15600 eBpo, KOTOpO€ HCIIOJIB3YeTCsl B HACTOSIIIEE BPEeMs JJId OKa3aHUs YCIYT IO
SHEProayAUTY MPOMBIIUICHHBIX MPEANPUATHH, aIMUHUCTPATUBHBIX U KUJIBIX 3aHUH.

B pamkax mnpoekToB OpazMyct HANIMMHU MapTHEPAMU IMOCTABIECHO OOOPYJIOBAHHE
nabopatopun «Po601a6» Ha cymmy 40 ThIC €BpO, OTKPHIT VIHHOBAaIIMOHHBIN [IEHTP, OCHAIIICHHBIN 32
CYeT CPEJICTB pOoeKTa 00opynoBaHueM Ha cymmy okoiio 17000 espo.

B Hacrosiiiee Bpemsi Mbl aKTUBHO paboTaeM ¢ 1o pa3paboTke 00pa30BaTEIbHBIX IPOTPAMM B
001acTH BO30OHOBIIIEMOW »HEpPreTuku. B Ommkaimmx miiaHax NMpUOOpEeTeHHE 3a CUeT CPEICTB
npoekta USAID “Future Energy” oGopymoBanuss B 001acTH BO300OHOBIISIEMOW JHEPreTHKH Ha
cymmy 50 000 USD.

Uto0bl OBITH B Kypce MOCIEAHMX ITOCTHKEHHM BEAYIIMX MHUPOBBIX MPOU3BOAUTENECH U
NEPCIEKTUBHBIX Hay4HbIX pa3padoTok AVYOC yyacTByeT B CHEUUAIM3UPOBAHHBIX BBICTaBKaX
KADEX, ITS, ReEnergy Kazakhstan, Power Kazakhstan, IIpombliiieHHass aBTOMAaTH3aIus,
Securika Kazakhstan u mp.

Bonpminx ycrnexoB Ha HaydHOM TOMpUIEe AOOMBAIOTCA M HAIlU CTYACHTBHI, 3aHUMAs
NpU30BbIe MecTa Ha PecmyOiarKaHCKHX KOHKYpPCax Hay4YHO-HCCIIEIOBATEIBCKUX Pa0dOT CTYAEHTOB,
MEXIYHAPOAHBIX U PECIyOIUKAHCKUX MPEIMETHBIX OJMMMIIMAIAX U PA3IMYHBIX KOHKYpCaX, TaKUX
Kak XakaToHbl, MEeUKaTOHBI, 3aIyCKasl CTapTan-MpOCKTHI.

CnemyeT OTMETUTh, YTO BBICOKA CTENEHb BOBICYEHHOCTH OOYYAIOIIMXCS B HAyYHBIX
npoektax. Jlo 30% KOMIEKTUBOB Hay4yHBIX IPOEKTOB COCTABISAIOT CTYAEHTHI, MaruCTpPaHTbl U
JOKTOPaHTBl, U TaKUM 00pa3oM Mbl TOTOBHM IUIESIy YYEHBIX HOBOTO IOKOJEHHS, CIOCOOHBIX
TeHepUpOBaTh HJIeH, pabdoTaTh M BOIUIOUIATh HMX B YCJIOBHUSX CTPEMHUTENIBHO MEHSIOLIeCs
JIEMCTBUTENILHOCTH.

Takum oOpa3oMm, ecTb BCE OCHOBAaHMSI CUYUTaTh, UYTO HAY4YHO-UCCIIEOBATEIbCKas
JEeSTENIbHOCTh YHMBEPCUTETa HampaBlieHa Ha MOBbIMIeHHE 3()()EKTUBHOCTH peaTbHOTO CEKTopa
HSKOHOMUKH, a pe3ynbraTtel HUP ciocoOcTByrOT peanusanuu 3agaun no BxoxzaeHuto Kazaxcrana B
30-ky pas3BuThbiXx cTpaH Mupa. 1 AVYDC, n0CTONHHO MpOAOIKasi CJIAaBHOE IPOLLIOE, YBEPEHHO
CTPOUT CBOE OyyIIee.
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IJIEKTPOOHEPT'ETUKA U DJIEKTPOTEXHOJIOT UA

MPHTU 87.17.81

MI. A. BaXTaEBl, C.b AﬁnpemOBal, I.C. Caz[nKOBal, H. C. BalmpOBa1

1 o
AJMaTHHCKHI YHUBCPCHUTET SOHEPI'CTUKH U CBA3H, F.AJIMaTBI, Kazaxcran

O30HHASA OBPABOTKA KUJIKHUX CPEJl C IPUMEHEHHMEM ITY3bIPBKOB I'A3A

Annomayus. PaccMOTpeHBI MPOLECCHl 030HHOM 00pabOTKH KUAKHX Cpel, YTO O00OCHOBBIBAETCS
pe3yibTaTaMHi M3Y4EHUs MIOBEICHMS Iy3bIPhKOB C O30HOBO3AYLIHOM CMeChI0 B >KUAKOCTH. OIMCaHBI TpU
OCHOBHBIE CTaJUM >KU3HU Ta30BBIX ITy3bIPBKOB: 3apOXIEHHs, pOCTa U OTPhIBA Iy3BIPHKOB rasza OT
noBepxHocTH . [IpencraBieHsl (GopMymnbl, KOTOpBIE MO3BOJSIOT ONPENENUTh 3HAUCHHE KPUTHYECKOTO
panuyca Imy3blpbKa, BpeMs KU3HHU Ia30BOr0 My3bIpbKa HA Ta30IPOHUIIAEMOM MOBEPXHOCTH, a TaKXXe 00beM
My3bIpbKa B MOMEHT OTpbIBa. PaccMOTpeH mpolecc 3KEeKLUHM I'a30BOH CMECH B PacTBOP, BBIICHEHO, UTO
OJIHOBPEMEHHOE HCIOJIb30BaHNE KOPOHOPA3PSAAHOTO O30HATOpa M BOJOBO3IYLIHOTO KEKTOPA IMO3BOJIAET
pearn3oBaTh KOMIUIEKCHYIO TEXHOJOTHMIO «IIOJIydeHHE O030HA-030HHPOBAaHUE pAcTBOPOB», a TaKxKe,
OIIpEeJIEJICHO, YTO MPH Pa3paboTKe MPOTOYHOTO PEaKToOpa 3KEKIHOHHOTO TUIIA pafnuycC My3bIpbKa Iy ABISETCS
ompenemsitoniuM.  [IpuBeaena pacuetHas ¢Gopmysna pacxola O030HOBO3AYHIHOW cmecH dYepes N
MHUKPOOTBEPCTHI B CTEHKE TPyOOIPOBOIa MPOTOYHOTO PEAKTOpPa.

Knwuesvie cnoea: KOpPOHHBIN pa3psA, Iy3bIPbKM Tra3a, MPOU3BOAUTENBFHOCTh 030HATOPA,
030HOBO3YIIHAs CMECh.

O30HHMpOBaHUE ABISETCS YHUBEPCATHHBIM METOJIOM, ITO3BOJIIONIM (P(HEKTUBHO OUYHIIATH
CTOYHBIE BOJIBI OT CaMbIX Pa3HbIX BUJIOB 3arpsi3HEHUH [1].

[lo cpaBHeHMIO € JPYIrMMH OKHCJIMTEISIMH, HAIOpUMEp XJIOPOM, O30H UMEET psij
npeumyuiecTB. biarogapss BBICOKOH OKHUCIMTENBHOM CHOCOOHOCTH, OH MpPHUMEHSETCS Kak JUis
o0e33apaKuBaHus, TaK U AJs NECTPYKLUUU TPYIHO-OKUCISEMBIX OPTaHUYECKUX 3arpsi3HEHUH. DTOT
TUIl 3arpsA3HEHMN IPEICTaBIEH B CTOYHBIX BOJAaX MHOTOYHMCIEHHBIMHM KJIACCaMHM KpaCUTENEH,
MOBEPXHOCTHO-aKTUBHBIX BEIECTB, NMEeCTUIUAOB U Jip. Kpome 3Toro o3zoHupoBanue 3hPpexTUBHO
JUIsL OKHCIIEHHS MHOTMX HEOPraHWYEeCKUX COEOUHEHMM, TaKMX Kak IIMaHWUJbI, XPOMAaTbl U [p.
JononuurenbHbIM 3(QPEKTOM O30HHUPOBAHUS BOJBI SBISETCS €€ 00oralleHue pacTBOPEHHBIM
KHCIIOPOJIOM.

B nponecce 00pabOTKH CTOUHBIX BOJ O30H, [10aBAEMBIIl B KaMepy peakliii B BUJE O30HO-
KHCIJIOPOJHOM MM O30HO-BO3JYIIHOM CMECH, BCTYIAET B CJIOKHBIM MHOTIOCTaJMHHBIN Ipolecc
(U3UKO-XMMHUYECKUX B3aUMOJIEHCTBUIN C BOJOM U COJIEPKALLIMMKCS B HEH 3arpsi3HEHUSIMHU.

IlepBoHauasibHO B3aUMOJEHCTBHE O30HAa C BOAHON cCpefod OOYyCIOBIEHO MpoleccaMu
mubdy3noHHol U TypOyJleHTHOM Maccomepelaud Ha TpaHulle pasjena (a3 «ra3-»KHIKOCTbY,
00pa30BaHHON JBIDKYIIMMUCS Ta30BBIMU ITy3bIpbKamMH. B pesynbTaTe 3TOro OfHa 4acTh MOJIEKYII
raza OKa3bIBaeTcs aJcopOMpPOBAHHON Ha BHEIIHEH TOBEPXHOCTH IMY3BIPHKOB, Jpyras —
PacTBOPEHHOM B BOJIE.

B nmanpHeitimeM AeiCTBHE 0O30HA COMPOBOXKIAETCS XWMHYECKUMH B3aUMOJCHCTBHSIMU C
3arpsI3HEHUSAMH, KOTOPBIE YCIOBHO MOXHO NPEICTABUTH YETHIPbMSI OCHOBHBIMM THIIAMM: IIPSIMOE
OKHCJIEHUE, OKHMCIICHHE PAJIMKaJIaMH, 030HOJN3, O30HOKaTanu3. Karanutudeckoe NEHCTBHE O30HA
(030HOKATaJIN3) 3aKIIOYAETCS] B YCUJICHUU UM OKHCISIONIEH CIOCOOHOCTH KHUCIOPOAA, KOTOPBIHA
MPUCYTCTBYET B O30HUPYEMOM BO3/1yXE.

O0bexkT uccaenoBaHusi. BpIOOp TEXHONOTHMUECKOW CXEMbl O30HMPOBAHUS 3aBUCHUT OT
MHOTUX (haKTOPOB: COCTaBa U KOJIMUYECTBa 00pabaThIBaeMOW CTOYHOM BOABI, A03bI 030HA, CKOPOCTH
B3aMMOJEHCTBHUS 030HA C OKUCISAEMBIMU NpuMecsiMu U Ap. [IpuHuMas BO BHMMAaHHME BBICOKYIO
CTOMMOCTb TIOJYYEHHS] O30HA, €ro TOKCHYHOCTb M I0XApOOIMAaCHOCTb, BAaXKHBIM IIOKa3aTejaeM
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3¢ PEeKTUBHOCTH PaOOTHI YCTAHOBOK O30HUPOBAHUS BOJBI SABISACTCS KOI(PPHUIIMEHT MCIIOIb30BAHUS
o3oHa. [loaToMy mpu pa3paboOTKe TEXHOJOTUU MPUMEHEHHs] O30HA, Hapsily C €ro BBICOKOM
PEAKIIMOHHON CIOCOOHOCTBIO, CIIEAYeT YYUTHIBATH U HEOOXOAMMOCTh MAaKCHMAJIbHO ITOJHOTO
HCIIOJIb30BAaHMS HETIOCPEACTBEHHO B KOHTAKTE CO CTOYHOM BOOM [2].

[Tpon3BOAUTENFHOCTS 030HATOPAa M PAcXOJ] 3JCKTPOIHEPTHMH Ha IOJyYeHHE O30HA B
3HAYUTENIbHON CTENEeHW 3aBUCAT OT BIIATOCOJAEP)KAHUSA TIOCTYMAIOLIEr0 B HEro BO3/AyXa,
TEMIIEPATypPhbl, KOHIEHTPAIMU KHUCIOPOAa, a TakkKe OT ero KOHCTPYKIHH | JaBJICHHS
030HOBO3TYLITHOW CMECH, MOJaBaeMOi B KOHTAKTHYIO Kamepy.

B cBs3u ¢ aTHM, ObUTa TIOCTaBIEHA 33]a4a: OMPEACIIUTh ONTHMAIIbHBIC BAPHAHTHI BBEIOOpA
napaMeTpoB IMY3bIPHKOB Tra3a B HKEKIMOHHOM 30HE MPOTOYHOTO PEaKTopa C LEIbIo
MHTEHCU(UKAIMH ITPOIIECCOB 030HHON 00pabOTKH KUAKOCTH.

Baxxnoe mecto B pelieHHH 3a/ad MO OYHMCTKE 3arpsA3HEHHBIX HEPTHIO CTOYHBIX BOJ
pa3IMYHBIX pe3epByapoB (ambOapHas HeDTh M T. 1.) 3aHUMACT OTJICIICHHE B3BEUICHHBIX B 00BEME
KUJKOCTU YIJIEBOJIOPOAOB C pereHepanueid BOAbl M BO3BpalleHHEeM He(TH Ha JaTbHEHIIYIO
nepepadoTKy.

Crounble HedTecomepkallie BOAbl MPEACTABIAIOT CO00M JUCHEPCHYIO CHCTEMY,
o MuuHsIoNIyocs 3akoHy Ctokca. O0bpraHO 0K0JI0 70% HeTSIHBIX T100YT UMeeT pa3mep MeHee 10
MKM M CKOPOCTh BCIUIBITUS MX cocTaBisieT mopsaka 10 mxMm B cexkyHay. Mcxons U3 cka3aHHOTrO,
OYMCTKAa BOABI OT TAKOIO THUIA IWCIIEPCUN TPEACTABISCT OOJBIION NPAKTHYCCKUN HHTEpEC.
JlaHHBI THUN OYHMCTKM 3aKJII0oYaeTcsi B 3axBaTe To0yn He(dTH my3bIpbKaMU BO3JyXa U B
TPAHCIIOPTHPOBKE X HA TIOBEPXHOCTH BOJIBI.

PaccmoTpuM mporecc 3KEKIMU Ta30BOM CMecH 4Yepe3 TOPHU30HTAIBHYI0 CTEHKY IpHu
TEYCHUH JKUJKOCTH [0 TOPH3OHTATBLHOMY Yy4acTKy TpyObl. C IENbI0 YIPOIICHHS BIHSHHEM
KPUBU3HBI IOBEPXHOCTH B IAHHOM CJy4yae npeHeOperaem.

[Ipu wuccremoBaHMM TpolLecca KEKIMH Tra3a B pacTBOP UYepe3 TOPU3OHTAIBHYIO
ra3onpoHHUIIAEMYIO CTEHKY MOXHO BBIICITUThH TPU OCHOBHBIE CTAJIUH JKU3HH Ta30BbIX My3bIPHKOB: 1)
3apoXkJIeHue, 2) pocT U 3) OTPBIB My3bIpbKa OT MOBEPXHOCTHU (prcyHok 1) [3].

A —3apoxenue; 6 — poct; B — oTpsIB (1 — cTeHka, 2 —ra3, 3 — pacTBop)

Pucynok 1 — Craguu XU3HU IMy3bIpbKa raza Ha TOPU30HTaIbHON
IKEKTUPYIOUIEN TOBEPXHOCTH

Pamuyc otpbiBaromierocs Iy3plpbka B MOMEHT OTpbIBa 3aBHCHUT OT KpaeBOro yria
CMAauMBaHUs U ONPEAENIAETCS COOTHOIIEHUEM CHJI, AEHCTBYIOIIUX HA HETO B IPOLECCE POCTA: CHUIIBI
npunanus Fr, rugpoauHaMudeckoil cuibl Fr, apxuMeoBoi cunbl Fo U TONOTHUTENBHOM CHIIBI
otpsiBa Fj.

[onarass pagmyc OKPYKHOCTH TIPWJIHIIAHUS DPaBHBIM paauycy ITy3bIpbKa (PHUCYHOK 2),
YUYUTBIBas, 4TO AJs MHUKPOITY3bIPDbKOB apXHMEIOBa CHJa Maja IO CPAaBHEHMIO C OCTalbHBIMU
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CHJIaMH, JICHCTBYIONIMMHU Ha MY3bIPEK, W, BBOJAs HomnpaBouHblii kodddumment Kk (k<1), yciosue
paBHOBecCHsI ITy3bIpbKa Ta3a Ha ra30MpOHHUIIAEMOIl TOBEPXHOCTH 3aIUILEM B BUJIE:

2kzRGsin® = ZR°AP, (1)

rae R — paguyc my3sipbka
0 - K03 (HUIUEHT MOBEPXHOCTHOTO HATSKCHHUSI,
O - xpacpoii yron cmaumBanusi, AP. =P, —P — pamgnaneueii nepenan nasnenus B
paccMaTpUBaEMOM CEUEHHUH TPYOBI.

— %

R %
o
PacTtron raz
=¥
R

CTeHKa

R — paguyc okpyXHOCTH IIPUIIMIIAHUS ITY3bIPbKa,
R1 — paaryc KpuBH3HBI Iy3bIpbKa, N — BbICOTA My3bIpbKa

Pucynok 2 — I'a30BbIi Iy3BIpEK MEpe]] OTPHIBOM OT TOPU3OHTATBHOM
IIOBEPXHOCTU

O4eBHIHO, UTO CYIIECTBYET HEKOTOPAs KPUTHUYECKAs BEIMYMHA ITy3bIpbKA, NP KOTOPOMU
My3BIPEK YK€ HE MOXKET YJEePKHUBATHCA Ha MOBEPXHOCTU M MPOUCXOAMUT €ro OTPHIB. 3HAUECHUE
KPHUTHYECKOTO pajiyca Iy3blpbKka Ry, onpenensercs u3 ypasHenus (1):

o .
R = 2k—sin®. (2)
AP,
3HaHWEe pajuyca IMy3bIpbKa Ta3a MO3BOJISET ONMPEISIUTh 00bEM €ro U BpeMsl JKU3HH, YTO B
KOHCYHOM UTOI'C, IIO3BOJIUT PACUUTATh PACXO/] O3OHOBO3,Z[YHIHOI>'I CMCCH B IIPOTOYHOM PCAKTOPC.
COBMECTHOE HCIIOJIb30BaHNE KOPOHOPA3PSAHOTO 030HATOpPA M BOIOBO3YIIHOTO KEKTOPA

TI03BOJISIET PEATN30BaTh KOMIUIEKCHYIO TEXHOJIOTHIO «ITOJy4eHHE 030HA-030HUPOBAHUE PACTBOPOBY
(pucynok 3) [4-5].

| a
| B4 X §
— : L | =
<> ~ ]
v |
Q R\\
Pa l
—— %o
b 4 w
P
- . — N nval

Pucynok 3 — Cxema mpOTOYHOTO peaKTopa IJisi O30HUPOBAHHS PACTBOPOB
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O30HaTOp COCTOMT U3 CTaOWIM3aTOpa HANpsDKEHUs 1, MOBBIIAIONIETo TpaHchopmaropa 2,
BBICOKOBOJIbTHOTO  BBIIPSIMHUTENSE 3, OTPUIATENILHOTO  KOPOHHUPYIOLIEro  3jekTpoia 4,
MOJIOKHUTEIBHOTO 3JIEKTpOJa 5, ra3opa3psaHol Kamepsl 6 ¢ BXOAHBIMU (QHIBTpaMu 7 ¥ THOKUM
COETMHUTEIIbHBIM IITAHTOM 8.

TexHosornueckas cxema rpolecca 030HUPOBaHMs CIEAYIOUIas: N0 AEMCTBUEM CO3JaHHOTIO
B 2KEKTOpE MO OTHOIIEHHUIO K aTMocepHOMY JaBieHuto P, nepemnaja aasieHus AP aTMochepHblii
BO3AYyX dYepe3 cucreMy (uiabTpoB 7 MOAAaeTcss B Ta3opaspsAHYI0 Kamepy KOPOHOPa3psIHOTO
o30Haropa 6.

B pesynbrare KOpOHHOTO pa3psla B razopaspsaHON Kamepe BbIAEISETCS 030H, KOTOPBIH
CMEIIMBAETCs C IMOCTYNHMBIIUM BO3AyxoM. [locrme yero oOoraiieHHBIH O30HOM BO3AYX 4epes3
MHUKpPOOTBEPCTUSI B CTEHKE TPyOONpOBOJAa MOCTYNMaeT B peakTHBHYIO 30HY |V, rie mHTEHCHBHO
[IEPEMEIINBAETCS C BOAOM.

[Ipouecc 2kekuMM B peakTope peanusyerca cieayrommm obpasoM. llon apeiicTBuem
NpWIOKEHHOro paaBieHust P, B kpymmoit TpybGe pammyca R, (pucyHok 4) ocymecTBiseTcs
JBIDKEHUE BOABI (pacTBOpa) IO TPyOOIPOBOAY € pacxonoM i U ckopocThio W, . IIpu nepexone
BOJBI M3 y4acTka TpyOwl ¢ OoipmuMm guamerpoMm | depes3 mepexomnyio 3oHy (xkoHpyszop) Il B
yuyactok |l ¢ MeHbIIMM 1HaMeTpoM NMPOUCXOAUT YCKOPEHUE JBMXKEHUS 0 CKOPOCTH MOTOKa W, U

HaJICHUE JaBJICHUS 10 BEITHYHHBL P,.
Ha yuacrtke IV naBnenne umke armocdeproro (P < P,) u, eciu B crenke TpyObl Ha 3TOM

y4acTKe HMeEeTCs OTBEpCTHE Majoro paauyca [y, TO MOA JeWCTBUEM Iepenaaa AaBlIeHUN
AP, = P, — P ocymecTBiseTcs KeKus (IPOHUKHOBEHHE) 0OOrallleHHOTO 030HOM BO31yXa 4epes
BO31YXOINPOHULIAEMBIH Y4aCTOK TPYObI B dKHJIKOCTb.

Onpenenenne nmapaMeTrpoB MNY3bIPbKOB ra3a B KMAKOCTH. OCHOBHBIM IapaMeTpOM,
ONpEACIAIOIUM KHHETUKY OUYMULIAIOIIMX TETEPOreHHBIX XMMHMUYECKHUX pEaKUMH, sBIAETCA
ra3ocojiepkaHue, XapakTepu3yeMoe pa3MepoM ra30BOro My3blpbka. Pazmep my3bIpbka 3aBHCUT OT
YCIOBUH B3aUMOJEUCTBUS CHJI BSI3KOCTHU M TIOBEPXHOCTHOT'O HATSHKEHUS U MOXKET OBITh OINpesiesieH
MyTeM pelICHHs HETUHEHHOTO Tu(depeHIIaIbHOTO ypaBHEH S BTOPOTO mopsiika [6-7]:

d’r 3(dr) 4uldr 201 _P,—P

dt? 2ldt) prdt pr O<t<T, ®)
rae I =Tr(t) - pammyc myssipska;

t - Bpems;

M - TuHaMu4ecKuil K03 PUIMEHT BA3KOCTH;

£ - IUIOTHOCTB;

O - K03 GUIIUEHT MOBEPXHOCTHOIO HATSHKEHHUS,

P, - maBieHre BHYTpH ITy3bIpbKa (aTMOC(EpHOE TaBICHUE);

P - naBnenue BHYTpH KHUJKOCTHU HA YUACTKE IKEKIUH.

B IepBOM HpI/I6J'II/I)KCHI/II/I paccMOTpuUM JIMHENHOE YpaBHCHHC IICPBOI0 IMOpsAAKA:

4uldr 201 AP
“ 2222 gct<T (4)

prdt pr p

11
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BBonas o0o3HaueHus:

L _ AR -
R (5)
(o)
b=-——
2 (6)
moJrydya€M ypaBHCHUC, aHAJIOTHUYIHOC YPAaBHCHUIO XUMHUYECKONH KUHETUKU:
dr
——ar=>b r(0)=r 7
o , ©=r, 0
PCUICHUC KOTOPOIro UMECT BU/I:
b b
rit)=|r,+— |explat)—— 8
( ) ,CJ (at)-— ®)

Jlo MOMeHTa OTpbIBa AUAMETP Iy3bIpbKa pactet (pucyHok 4) ot d, = 21 (ro — pamuyc
OTBEPCTHS) 10 CBOEr0 MaKCUMajbHOro 3Hauenus, pasaoro d(T) =2r(T):

r(l')=(r0+§jexp(aT)—9 )

a

Ha pucynke 4 mnpuBemeHbl 3aBHCUMOCTH pajJnyca Ta30BOrO ITy3bIpbKa OT BpPEMEHH,
nosnydennsie o opmyie (8) nmpu = 01Ta-c, 0 =0,2 H/M u pasnuusbX 3HaUEHMSX TEpenasa
JIABIICHUS.

3,50E-05

3,00E-05 A
2,50E-05

2,00E-05 /%
1,50E-05 /2///

1,00E-05

Pagwnyc, m

5,00E-06

0,00E+00

Bpewmsi, Mmkc

Pom6 — AP, = 0,6-10517a; tpeyronsauk — AP, = 0,7 10°Ia:
kBajgpat — AP. =0,5 10° Ia
PucyHOK 4 - 3aBUCUMOCTD paguyca ra30Boro Mmy3slpbKa OT BPEMEHH TIPH Pa3IMIHBIX
nepenanax nasienus AP, =P, —P,

12
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TpebyeMasi TpOU3BOIUTEIBHOCTh 030HATOPA 3aBUCHUT OT 3HAYCHUS KPUTHYECKOTO paamyca
y3bIpbKa, KOTOPOE, B CBOIO OYEpElb, OMPEIesieTcs 3HAaUeHUEM pajiiyca OTBepCTHS [.

[MoxcraBnss (2) B (9), HaX0aUM BpeMs KU3HU Ta30BOTO MY3bIPhbKa Ha Ta30MpOHUIIAEMON
MOBEPXHOCTH:

4, |ksin®@-1

T= AP In AP _1 (10)
20
O0mbem my3sIppKa V B MOMEHT OTpBIBA PABEH:
4 3

o .
V =—7x| 2k—sIin® 11
3" 7P (1)

r

ITosToMy pacxon 030HOBO3AYIIHOW cMecu uyepe3 N  MHUKpPOOTBEpCTMH B CTEHKE
TpyOOTIPOBOJa MOKHO MIPECTABUTH B BHUJIE:

8 3 ksin®-1
w = gm(kasm ®)*/In E (12)
20

[Ipy 3agaHHBIX 3HAYEHHSAX PacxXola Y U paauyca MHUKPOOTBEpPCTHHl cooTHomieHue (12)
Ipe/ACTaBIseT CO0Ol TPaHCUIEHAEHTHOE YypaBHEHHE OTHOCHTENBHO Imepenana maasieHuil AP,
peltieHne KOTOpOro MOXKET OBITh HalJJEHO METOJOM HTepanuid. Jpyroii myTe pemeHus ypaBHEHHS
(12) zakirouaercs B nogbope AP;, oOecrieyrBaronero npy 3aaHHOM pauyce MHUKPOOTBEPCTHS T
COBIMajIeHHe paccuuTaHHOro mo Qopmyne (12) m 3agaHHOTO pacxojia 030HOBO3AYIIHOW CMECH.
3HaueHue napamerpa k onpenensercs SKCIepUMEHTAIbHBIM ITyTEM.

BriBoabI

Pa3paboTraH 3KEKIMOHHBIN MPOTOYHBIN PEAKTOP, KOTOPBIH COBMECTHO C KOPOHOPA3PsIHBIM
030HATOPOM MO3BOJISIET IIPOU3BECTH HEMPEPHIBHYIO 030HHYIO 00pabOTKY KUAKOCTH (MUTheBast WA
CTOYHAsl BOJBI) B MpoOIEcCe €e MPOTOKa depe3 TpyOy peakropa. BBuay Toro, 4ro Bce MpoIeccH
B3aUMOJECUCTBUSA O30HOBO3AYIIHOM CMECH IPOTEKAIOT Ha TPAHULE «Ta3-KUIKOCTb» IIY3BIPHKOB
raza ObuIM oOIpezeNeHbl ONTUMAJbHBIE BapHaHThl BbHIOOpA MMAapaMETPOB IY3BIPHKOB rasa.
BBINTOIHEHBI TEOPETUUECKUE BBIKIIAAKH JUIS ONPEAEICHUS KPUTUYECKOTIO paJuyca Iy3bIpbKa, BpeMs
JKU3HM Ta30BOTO Iy3blpbKa Ha Ta30NpPOHMIIAEMOI IMOBEPXHOCTH, a TaKke OO0BEM Iy3bIpbKa B
MOMEHT oTpbiBa. ClleqyeT OTMETHTb, YTO B IEJOM, pacyeTHbIE 3HAYEHMs] PACXOJ0B
030HOBO3YLTHOW CMeCH OJM3KO COOTBETCTBYIOT SKCIIEPUMEHTAILHBIM JTAHHBIM.
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'A3/bIH KOMIPIITKTEPTH KOJIAHBII CYIBIKTHIK 3ATTAPIBI O30HMEH
OHJIEY

III. A. Baxrtaes’, C. B A6apemosa’, I'. C. Caguxosa’, H. C. Baknposa®

1 " )
AJMaTBI SHEPTETHKA JKOHE OaillaHbIC YHUBEPCUTETI, AlMarThl K., Kazakcran

Anoamna. CyUBIKTBIK OPTaHBIH O30HJBIK OHCY MPOIECTEPl KapacCThIPHUIFAH, O CYHBIKTHIKTAFbI
030HAA aya KOCIackl Oap KemipHIKTepAiH OOJNyBIH KapacThIpy HOTIDKEIepiMeH Herizmenemi. a3
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KOITIPITIKTEePiHIH YII HETi3ri CaThICHl CYPETTENTeH: >Ka3bIKTHIKTAFBI Ta3 KOIIPIIKTEPiHIH IMmaima Ooiysl,
JaMybl JkoHe OeniHyi. KemipumnKTiH CaHABIK paJWyChIHBIH MOHIH, Ta3 OTCTiH JKa3bIKTBIKTaFbl Tra3
KOIIPIIIKTEPiHIH 6Mip Cypy YaKbIThIH, COHBIMEH KaTap O0eJliHy Ke3iHAeri KOMipIIKTIH KeJieMiH aHbIKTayFa
MYMKiHIIK OepeTiH dopmynamap Kepceriired. EpitiHmimeri ra3 KOCHACHIHBIH KEKITUS TIPOIIECi
KapacThIPBUIFaH, TOKIIK pa3psaThl 030HATOP MEH CYJIbI aya 3KEKTOPIbI Oip yaKbITTa Malianany «030H]IbI-
030HAAyIIBl EpPITIHAIHI amy» KeIeHII TEeXHOJOTHSICHIH iCKe achlpyFa MYMKIHAIK OepeTiHi TYCIHAipinii,
COHBIMEH Oipre »KEKIMSUIBIK THIITI aFbIHIBIK PEaKTOP/ABI Kacay Ke3iHAEe Iy KOMIpIIiK PagrnycChl aHBIKTAYIIBI
€KeHI aHBIKTANBI. AFBIHABIK PEAKTOPABIH KYOBIPBIHBIH KaObIpFachiHAarbl N MUKPOYHFBI apKbIIbl O30HIBI
aya KOCIACHIHBIH IIBIFBIHBIHBIH €CeNTeY (OPMYIIachl KENTipiireH.

Kinmmix co30ep: ToXAIK pa3psij, Ta3 KOMipIIiKTepi, 030HATOPABIH OHIMAIIIr, 030H/bI aya KOCTIACHL.

OZONE PROCESSING OF LIQUID MEDIUM WITH USING GAS BUBBLES

Sh. A. Bakhtaev!, S. B. Abdreshova®, G. S. Sadikova®, N. S. Bakirova®

! Almaty University of Power Engineering and Telecommunications, Almaty, Kazakhstan

Abstract. The processes of ozone treatment of liquid media are considered, which is justified by the
results of studying the behavior of bubbles with an ozone-air mixture in a liquid. Three main stages of life of
gas bubbles are described: nucleation, growth and detachment of gas bubbles from the surface. Presented are
formulas that allow one to determine the value of the critical bubble radius, the lifetime of a gas bubble on a
gas permeable surface, and the bubble volume at the time of detachment. The process of ejection of a gas
mixture into a solution is considered, it is clarified that the simultaneous use of a corona discharge ozonizer
and a water-air ejector makes it possible to realize a complex technology "o0zone-ozonation of solutions”, and
it is determined that in the development of a flow-through reactor of ejection type, the radius of the bubble r0
is decisive. The design formula for the consumption of the ozone-air mixture through N micro-holes in the
wall of the pipeline of the flow reactor is given.

Key words: corona discharge, gas bubbles, ozonator productivity, ozone-air mixture.
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TENIVIOODHEPT'ETUKA U TEIVIOTEXHOJIOI'UA

IRSTI 44.31.35

S. K. Abildinova®, G. N. Baydyussenov', A. K. Makatov?

!Almaty University of Power Engineering and Telecommunications, Almaty, Kazakhstan
’Karagandy State Technical University, Karaganda, Kazakhstan

OPTIMIZATION OF PARAMETERS OF MULTILAYER THERMAL INSULATION
IN HEAT - NETWORKS

Abstract. The multilayer thermal insulation system TEX MAT "North" provides thermal protection of
heat network pipelines and thermal insulation of various equipment with operating temperature of the
substances contained in them in the range from 20°C to 900°C. The advantage of this model of thermal
insulation over others is the possibility of its application for the ground sections of heating pipes. The design
of the considered multi-layer thermal insulation system made of metallic materials of roll type provides the
minimum total heat loss of the operated pipeline. The paper proposes a method for calculating the thickness
of the cover layer of the thermal insulation system of the heat pipe TEX MAT "North", optimizing the heat
loss by radiation. The optimal calculated thickness of the thermal insulation cover layer for different nominal
diameters of the heat pipe is determined by the Booger's law on light absorption and takes into account the
attenuation of the thermal radiation intensity.

Key words: heating networks, thermal insulation, aluminium foil, heat losses.

The technical potential for increasing the efficiency of the use and transportation of thermal
energy depends not only on the efficiency of the use of thermal energy in buildings and in the
industry but also on the condition of the heating systems themselves.

Heat networks of housing and communal services for Kazakhstan is 63%, about 40% of the
length of the country's heating networks or in the linear calculus of 9.6 thousand km of its length
have 100% wear. Annual losses of the heat energy for the transport of the heat-transfer medium
averages 10.7 million Gcal [1].

Heating network equipment in the republic is characterized by high accidents (an average of
200 technological violations per 100 km) and have high parameters of thermal losses (about 40%).

Sources of output warm energy first of all boiler houses, and also the majority of water and
sewage networks are located in an unsatisfactory situation. The main part of water supply networks
in the regions requires major repairs or their complete replacement.

Statistics shows that the population of the centralized water supply systems in the Republic of
Kazakhstan is inferior to developed countries. In developed countries, the level of provision of the
population with water supply and sanitation is 90-95%.

To solve the issues of modernization (reconstruction and construction) of the infrastructure of
housing and communal services (hereinafter - housing and communal services) and systems of heat-
water supply, and sanitation, it is necessary to develop new approaches to attract investment and
develop the industry.

For the effective implementation of investment programs in the energy sector, it is very
important to address the energy saving issues of heat networks aimed at finding a reliable thermal
insulation structure in combination with protection against external and internal corrosion of the
pipeline.

Thermal insulation construction — is a construction consisting of one or more layers of heat-
insulating material (product), a protective cover layer and fastening elements. The composition of
the thermal insulation structure can include a vapor barrier, safety, and leveling layer [2, 3 ]. The
choice of the optimum thermal insulation material should be made based on several criteria,
depending on the project's requirements for insulation:
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- thermal conductivity under specified operating conditions;

- resistance to loads;

- water vapor permeability ;

- fire hazard class;

- water - repellent properties;

- soundproofing characteristics;

- requirements for the surface of insulation (mechanical protection, protection against
ultraviolet radiation, etc.).

Until recently, for the laying of main and distribution heating networks in non-passage
underground channels, thermal insulation from mineral wool was used. However, operational
experience shows that heat pipelines with such thermal insulation do not provide reliable and
economical transport of heat, especially in places of possible flooding and on exposed sections of
the heating main due to the high absorbency of moisture.

At present, the most widely used thermal insulation pipelines is PUF (polyurethane foam).
However, the heating system pipes have a number of features, not allowing implement them into
operation:

- pipes with PPU isolation and with the SORC (the system of operative remote control) are
laid in the technical networks with a full replacement pipelines from one heat chamber to another;

- to the quality of the project, materials, installation, especially in the sealing of joints, the
highest requirements are imposed (subsequently due to poor quality joints polyurethane foam pipes
covered with a polyethylene sheath, fail after a few years ).

In the conditions of a shortage of funds of urban households, the tactic of repairing the heating
systems requires replacing the PPU with PPM ( foam polymeric mineral ) insulation, which is also
made in the factory, but less demanding for the qualification of local repair services and repair sites.
In the rest, both PPU and PPM insulation is designed for 50 years of operation, the price is
commensurate. In this case, it is necessary to pay attention to the thickness of the thermal
insulation, which must ensure compliance with the latest standards for thermal losses.

For transportation of coolant with temperatures from 20°C to + 950°C in pipelines for
technological purposes, heating networks, as well as flues and equipment inside the premises, mats
made of rock wool TEX MAT "North" of two types TKS-TP 20-300 ( manufactured by Rockwool ,
Russia ) to temperatures of 300°C and TKC-TII 300-900 to 950°C. In the market of Kazakhstan
implementation of thermal insulation systems, TEX MAT «North» is engaged in Asia Energy
Company (AEC), which will improve the technical characteristics of the system [4].Thermal
insulation system TIS TEX MAT "North" refers to the model with multilayer materials and can be
used in the manufacture of flexible multilayer thermal insulating metalized materials of roll type
that provide reflection of infrared radiation, in particular, means providing thermal protection of
pipelines and thermal insulation of the corresponding equipment with operating temperature
contained in them substances ranging from 20° C to 900° C. The advantage of this model thermal
insulation in the fact that it is used for ground sections of the heating main pipes and it successfully
solves the problem of reducing heat losses due to an increase in the thermal insulation properties of
thermal insulation in combination its optimal thermal physical characteristics.

The multilayer thermal insulation is designed in such a way that the heat-insulated layers in a
certain sequence allow creating a reliable barrier of heat transfer from the pipeline to the
environment.

To achieve minimum heat loss, the multilayer flexible thermal insulation material TEX MAT
"North™ is used. It contains at least three layers of a nonwoven material insulation, and at least two
of them are laminated with an aluminum foil by means of an adhesive. And the first layer of
insulation is a foil needle-punched mat made of fiberglass or ceramic fiber with a thickness of 6 to
12 mm and a foil thickness of 35-50 um. The second (next) layer of insulation is a ceramic fiber
with a thickness of 9 to 75 mm. As the final surface layer of the heater, a foamed needle-punched
mat of fiberglass with a thickness of 6 to 25 mm and a foil thickness of 40-55 um was used, and the
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fast-curing adhesive was used as an adhesive. For the convenience of formation, each layer of
insulation is in turn fixed with a tape clamp.

Multi-layer heat insulation includes :

1. Pipe (pipeline section );

2. The first layer of insulation (foil needle-punched mat of fiberglass thickness from 6 to 12
mm);

3. Foil on the surface of the first layer of insulation thickness of 35-50 microns;

4. The second layer of insulation (ceramic fiber thickness from 9 to 75 mm);

5. The third (finishing, surface) layer of insulation foil needle-punched mat from fiberglass
thickness from 6 to 25 mm;

6. Foil on the surface of the finish layer of insulation thickness of 40-55 microns.

Schematically, a heat conductor with multi-layer insulation is shown in Figure 1.

a) cross-sectional view of heat insulation; b) a perspective view of the structure.
1- metallic heat pipe; 2- insulation of the inner layer; 3 - a heater of a middle layer; 4 - a heater of
the last layer; 5 - packing units; 6 - reflector of the last layer; 7 - reflector of the middle layer; 8 —
reflector of the inner layer.

Figure 1 - Multilayer thermal insulation of the heat pipeline

An application of the foil material based on glass fabric or polypropylene nonwoven webs as
reflective insulation finishing layer duel they elastic spine and these materials and differences in the
durability of the second foil is aluminum and furthermore glass fabric layer is also additional heat
insulator.

Thus, the design of the multilayer flexible thermal insulation material in question ultimately
leads to a reduction in the total thermal losses of the pipeline or other heat equipment in operation.

Calculations of heat losses of other heat pipes, conducted by well-known method [4 ] for
insulated heat pipes with TEX MAT "North" confirm good thermal insulation properties of
multilayer thermal insulation.

For above-ground laying in the open air or in diction indoor unit heat losses insulated
conduit, W / m are determined by the formula:

_ (tr=top)
qQ = TSR (1)
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where, t;- the temperature of the heat carrier transported by the heat pipe;
to - the ambient temperature corresponding to the operating conditions of the heat

pipe;
>R - total heat resistance of the heat pipe, mvc
In this case, the total thermal resistance of the heat pipe is calculated by the formula:

Z R = RCT + Rns.l + choﬁ dosbru 1 + RI/I3.2 + choﬁ dosbru 2 + Ru3.3 + choﬁ dosbru 3 + Rn’ (2)

1 d :
where, R, = - In—2= _ the thermal resistance of the wall heat conductor;
21 Acrann Tp.BH
1 d . . . . .
Ry1= p— - [n—<221 _ the thermal resistance of the first layer of insulation (foil
T Acnos us.1 TP.HP.

needle-punched mat of fiberglass );

1 . l dcnos dosnbru 1

- the thermal resistance of the foil layer on the surface

Renon ponpru1 =
b 2T Aamom dcnos sl

of the first layer of insulation;

) 4 ) . .
Rysp = - In—=2122 . the thermal resistance of the second layer of insulation
' 2T Acron uz.2 denon doabru 1
(ceramic fiber);
1 d ; i
R ot pomrn2 = - p—erbomz _ the thermal resistance of the foil layer on the surface
2-TAamom denos uz.2

of the second layer of insulation;

! In—Seeims  _ ihe thermal resistance of the third finishing layer of the

2T Acnon ua.3 dcnos donbru 2

heater ( needle punch mat from fiberglass);

Rn3.3 =

1 . ln dcros dosbru 3

- the thermal resistance of the foil layer on the surface

cnoit dobru 3 27 Aaiom Acnos uz.3

of the third layer of insulation;

1

R, = — the thermal resistance on the surface of the protective (cover) layer. In

T Acpion ponbru 3

this case, it represents the heat transfer coefficient by a surface of the cover layer. a - heat transfer
coefficient on the surface of thermal insulation on-site design the W / (m 2 « ° C) can be determined
as the sum:

a=a.+a,, (3)

where ay - the heat transfer coefficient by convection W / (m 2 ¢ © C), in forced convection
or wind at a speed of more than 1 m / s and a pipe diameter of more than 0.3 m is adopted ay =

W -
6 m2-°C [2]
aj - to the coefficient of heat transfer by radiation from the surface of the cover layer to the

environment
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M )

tnosepxuoctn— teozgyxa

, (4)

C=44 Mch‘* - Is the emissivity;
trosepxuocru — the temperature on the radiating surface of the cover layer is taken as a result of
special measurements.

Calculated values of specific heat losses were compared with the standard values of heat
losses (g;) norms under the same operating conditions [5], i. €. when laying heat pipe. Comparative
analysis showed that the calculated values of specific heat losses do not exceed normative (q;)
norms for the annual duration of operation of heating systems more than 5000 hours. The
calculation was carried out for the reduced diameters of the heat conductor 108, 159; 273; 325 mm
at coolant temperatures 71, 90; 130 ° C. In calculations, the ambient temperature is assumed
taosnyxa= 6.5 ° C.

In the calculations, the initial data presented in Table 1 are used.

Table 1 — Thermal losses

Ne | outher coolant temperature | temperature | thermal calculated | thermal
(conditional) temperature, | between on the | resistance, | thermal losses are
diameter heat | t,.°C layers  of | surface of Z R losses, normalize
Wires, dqp yp, MM insulation, | insulation, q d,

°C Eos°C (wK)/BT | B/ (FL)uop
Br/m

1 108 (100) 71 54 36 5,50 14,09 37,2

2 108 90 56 35 5,50 17,54 45,6

3 159 (150) 90 49 41 4,13 23,34 57,4

4 159 130 66 52 4,12 33,15 78,6

5 273 (250) 90 51 42 2,81 34,34 80,6

6 273 130 70 56 2,81 48,12 110,2

7 325 (300) 71 41 35 2,43 31,95 76,6

8 325 90 57 40 2,42 39,79 92,6

Calculations of the optimum thickness of aluminum foil on the last layer of multi-layer
insulation a heat conductor with TEX MAT «Northy are conducted.

Optimum thickness aluminum foil on the last layer of multi-layer insulation, depending on the
temperature of the heat carrier, minimizes (optimizes) heat losses by radiation.

Heat transfer through the cover layer is due to thermal radiation, mainly infrared rays. The
use of aluminum foil on the last layer of insulation contributes to the reflection of thermal radiation
by almost 95%, since its spectral degree of blackness is € = 0.05. To fully reflect thermal radiation
in the optical spectrum of waves from 0.7 pum to 3 pum, the thickness of the foil should exceed the
depth of penetration of electromagnetic waves, i.e. thickness of the skin layer, which is regulated by
GOST 618-73 “Aluminum foil for technical purposes™ [ 5] in the range of 10-100 um.

The optimum calculated thickness of the cover layer is determined by the application of the
law of Bouguer on the absorption of light, which shows a decrease in the intensity of radiation as it
passes through a solid wall of the cover [6]. In this case, the minimum thickness of the 30 um
coating layer for the proposed model is confirmed by calculations of the radiation intensity before
and after absorption. However, the other part turns into the internal energy of the foil layer. As a
result, the light energy decreases. This process is called absorption of infrared light and is described
by the surface of thermal insulation for different temperature of the working environment and the
diameters of the pipelines.
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When infrared light passes through the cover layer, part of the energy is spent on the
excitation of atoms or molecules of aluminum foil. Some of this energy is returned to radiation in
the form of secondary waves. The lower intensity of infrared radiation is determined by Bouguer's
law :

=1, -e7®!, (5)

where I, - the intensity of the incident radiation on the cover layer;
| - the intensity of light after passing through a layer of matter of thickness. The design
value of the thickness of the coating layer is determined by Bouguer's law:

InGH)

|=—, 6)

where Kk — the absorption coefficient of the material (aluminum) is 0.35 + 0.38;
| — - the intensity of light at the output of the material, is taken as the heat flux
through all layers of insulation, i.e | = q.

(tT_tO)
q=1= (7

= y
Rer+Ryz1+Regoit dosnbru 1+ Ruz.2+Renoit dosbru 2+ Rus3+Renoit dosbru 3 +Rn

lo — the intensity of light at the entrance to the material, is taken as the heat flux through all
layers of insulation except for the last calculated layer i.e. the cover layer lo=q;_,

t'r_to
lo=qu_1 = thte) ®)

Rer+Rysa+Rejoit dosbru 1+Rus 2+ Renoi dosbru 2 +Rys3+Ry

The results of calculating the optimum thickness of the coating layer are shown in Table 2.

Table 2 - Optimum thickness

Ne | external  (conventional) | coolant optimal thickness of the
diameter of the heat | temperature,°C coating layer, mxm
conductor, mm

1 108 (100) 71 48,2

2 108(100) 90 48,2

3 159(150) 90 56,4

4 159(150 130 56,6

5 273(250) 90 56,8

6 273(250) 130 56,9

7 325(300) 71 55,0

8 325(300) 90 53,6

The optimum thickness of the coating layer of the pipeline insulation depends on the thermal
conductivity of the material and the absorption index of the material (polished aluminum foil).
Calculations confirm that the values found for the thickness of the the coating layer on the basis of
the application of Bouguer's law, taking into account the attenuation of the intensity of thermal
radiation, are in the interval regulated by GOST 618-73 [6, 7 ] in the range of 10-100 um.
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Conclusions

1. Isolation is of great importance in the energy sector. High temperatures of the coolant in
the pipeline impose special requirements on the heat-shielding properties of heat-insulating
materials.

2. Thermal insulation system TEX MAT ‘“North” has a low coefficient of thermal
conductivity, is non-combustible, vibration-resistant and can be used in a fairly wide temperature
range. Comparative analysis of specific losses with normalized heat losses under the same
conditions confirm the excellent thermal insulation properties of the system TEX MAT “North”.

3. The proposed technique for the optimal thickness of the finishing coat of the thermal
insulation system TEX MAT “North” can be used to estimate the thickness of the coating layer
during design and installation works.
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KBLTY JKEJTUIEPTHIE KONIKABATTHI )KBLTYJIBIK OKIIAYJIAY IbIH ITAPAMETP.JIEPTH
OHTAIAHJBIPY

C. K. A6uabaunosa’, I'. H. Baiimiocenos’, A. K. Makaros®

' AJIMaThI SHEPreTHKa JKoHe GaiIaHbIC YHUBEPCHTET], AIMAThI K., Kasakcran
2Kaparaqu,1 MEMJICKETTIK TeXHUKAIBIK YHUBepcHuTeTi, Kaparanms! K., KazakcTan

Andamna. TEX MAT «CeBep» KemkadaTThl KBUTYJBIK OKIIaylay XYHeci XKbUIy >KeliJiepiHaeri
KyObIp >xemiciniH jxoHe 20°C Oactan 900°C geifinri TemmepaTypa IWama3oHbl 06ap opTYpil KBUTYIBIK
OKIIAyJaHybl 0ap KypaqaapIblH JKBUIYJIBIK KOPFayblH KaMTaMachl3 eTeli. Byl >KbUTyJbIK OKIIayiaHy
MOJIENiHIH apTHIKIWIBUIBIFEI — OHBIH 9y€ JKbUIYy >KOJBIHBIH KyOBIpIapbliHAa KoimaHbutybl. OpaM Typaeri
METajAbl MaTepHaNaH JKacajblHFAaH KeNKa0aTThl JKbUIYJIBIK OKLIAyJay JKYHECIHIH KYPBUIBIMEI
KOJITAaHBIIATHIH KYOBIp KYHECiHIH JKBUTYIBIK JKOFaTyIbIH a3 mamMachkiH Kamtamacsi3 erefii. TEX MAT Cesep
JKBUTYJIBIK ~ OKIAyJaHy »KYHWECiHIH KaOblH KaOaThIHBIH OHTAMJIbI KAJBIHJBIFBIH €CCNTEY oJiCTeMecCi
YCBIHBUTFaH. byn ofiic coyneneHaipy Ke3iHaeri ®KbUTyIbIK )KOFaIy bl OHTaTaHABIpaabl. JKbUTy KYOBIPHIHBIH
OPTYpIi MIAPTTHl AWAMETpIiepi YIIiH OKIIaylaHy >KYHECiHiH >XaObIH KaOaThIHBIH OHTAWIBl KATBIHBIFBI
JKAPBIKTBIH JKYTBUTYBIH CHIATTalTBIH bByrep 3aHbIMEH €CENTeNTreH >KOHE IKBUIYNBIK COYJeJICHIIPYIiH
KapKbIHIbUTBIFBIHBIH QJICI3ICHYIH €CKEepEe/Ii.

Kinmmik ce30ep: XbUIyNBIK Kelijep, >KBUIYNIBIK OKIIAylay, aTlOMUHHUIII (oibra, KbUTYIBIK
JKOFamysap.

ONTUMUBALAA MAPAMETPOB MHOT'OCJIOMHOM TEILIOBOM U30JISIIAA B
TEIIVIOCETAX

C.K. AGI/I.HLIII/IHOBal, I'. H. Baiizocenos’, A. K. Maxkartos?

L AJIMaTHHCKHI yHUBEPCHTET SHEPIeTHKH 1 CBs3H, T.AMathl, Kazaxcran
’KaparanIHHCKHIT TOCYapCTBEHHBI TeXHIUecKHil yauBepenter, r.Kaparana, Kazaxcran

Annomauus. MHuorocnoiHas TteronsomsimnoHHast cuctemMa TEX MAT «Cesep» oOecneunBaer
TEIUTOBYIO 3allfUTy TPYOOIIPOBOJOB TEIUIOCETH M TEIUIOM3OJSAIMIO Pa3IMdHOTO OOOpYIOBaHUS C
SKCITyaTallMOHHOW TeMIlepaTypoil cojaepikaliuxcs B HUX BemlecTB B auamnazoHe ot 20°C mo 900°C.
[IpenmMytiecTBOM JaHHON MOJENH TETUIOM3OJISAINH TIepe]] IPYTUMH SIBIISIETCS BO3MOKHOCTh €€ MPUMEHEHUS
JUIST  Ha3eMHBIX YYacTKOB TpyO Teriorpacchl. KOHCTpyKmmMs paccMarpuBaeMOd  MHOTOCIOWHOM
TETJION3OJIAIIMOHHON CHUCTEMBI W3 METAUTM3MPOBAHHBIX MATEPHAIIOB PYJIOHHOTO THIIA OOecleurnBaeT
MUHUMAJIbHBIC CyMMapHbBIE TEIUIOBBIE MIOTEPH SKCILIyaTHpyeMoro TpyoOompoBoja. B pabore npemiokeHa
METOJMKA pacyeTa TOJIIUHBI MOKPOBHOTO CJIOSI TEIUIOM30JSIUMOHHON cucTeMbl TermionpoBoga TEX MAT
«CeBep», ONTHMHU3UPYIONMICH MOTEpH TeIula u3ydeHreM. OnTUManbHas pacdeTHas TOJIIMHA TTOKPOBHOTO
CJI0SI TeTUTOM3OJISIINHY VISl Pa3IMYHBIX YCIIOBHBIX TUAMETPOB TEIIOMPOBO/IA OIpeeieHa mo 3akoHy byrepa o
MIOTJIONICHNH CBETA U YUYUTHIBAET OCIIa0IeHNE HHTEHCUBHOCTH TETIJIOBOTO M3TYYCHUSI.

Knroueanle ciosa: TEINOBBIE CETH, TEIIOBAs N30IIALNS, AIIOMUHUEBAs OJIbra, TeIJIOBEIE TOTEPH.
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PAJMOTEXHHUKA U SJIEKTPOHUKA

MPHTHU 47.05.03

E. }KynycﬁeKOBl, A. Enemanora®?, JI. Anrein6exosa’, I'. Cagukosa’, I'. Ban6aes’?

1
I'suibiM Oppacel, T. Anmatsel, Kazaxcran
2 .
AJMaTUHCKUN YHUBEPCUTET SHEPIETUKU U CBA3M, I'. Anmatsl, Kazaxcran

IKCIHEPUMEHTAJIBHOE UCCJIEJOBAHUE KAYECTBA IIEPEJAYHN JTAHHbIX

Annomauusa. B cratbe ucciemyeTcsl KadecTBO CB3M B OECIPOBOAHBIX CETSIX M OLCHKA KauecTBa
CBI3M II0 OCHOBHBIM MapaMeTpaM BHYTPEHHEIO U HapyXHOTO TNPUMEHEHHS C IOJyYCHHBIMHU
IKCIEPUMEHTAJIBHBIMA JaHHBIMU. AHAIW3 BIMSHUS YCJIOBHHM pPaclpOCTPaHEHUs] PAJMOBONH B CETAX
OecIpoBOJHON CBSI3M IMPOBOJWIICS B PpasHBIX THMAaxX cped. [IpoBeeHO CpaBHEHHE pacIpOCTPaHEHUs
pPanuoBOJIH B IIOMEIIEHHM M Ha OTKPBHITOM Bo3Ayxe. Takke ObUIO BBINOJIHEHO BIMSHHE HPENSATCTBUI
PasInYHBIX MaTepHaOB HAa PacIpOCTPAaHEHNE PaluOBOIH. Takke OLIEHUBACTCS BIMSHUE PAa3JIMYHBIX THUIIOB
HpeHHTCTBI/Iﬁ Ha pacrnpeacicHue paauocuryaia. YuuteiBass OTHOCUTEIbHBIN pasMep MOIIHOCTU NPUHATOT'O
CUTHaja, MOXHO CKa3aTb, 4yTOo Hanmuuue runcokaproHa u JICIl mpuMepHO OAMHAaKOBO BIMSET Ha
pacrpeneneHue paguoCurHaia B BOJTHOBOIE, BO3ACHCTBYS Ha METaJUl, IPEISTCTBHE UMUTUPOBAIOCH TOHKUM
aucToM (ONBrH, 3aTyXaHHe CHTHala OTpaxkaeTcs ociallieHHueM CHUrHala BIUIOTh 10 €r0 MCYEe3HOBEHHS,
KOTOpO€ XapaKTepU3yeTcs OTHOCUTENbHOM MomrHocTeio curHana bJl. Kepamuueckoe mnpenstcrBue
OKa3bIBaCT HaMMEHbIIEeE BJIMSHUE HAa MOILMHOCTH NEPelaBaeMOro CUTHAJA, YTO OTpakaercs B rpaduke mo
pasmepy B/I.

Knrwowuesvie cnoea: NpOMBINUICHHBI MHUKPOKOHTPOJLIEP, MHOIOJNydYeBas Iepefada, AaHTCHHA,
OTpa’KeHHE, IPENATCTBHUE, PaIUOCUTHAIL.

BBEJIEHUE

CoBpeMeHHbBIE PaIMOTEXHUYECKUE CPEACTBA MO3BOJIIOT YNPOCTUTH IEpefady JaHHBIX C
MCIIOJIb30BaHUEM HENOPOTMX MUKPONPOILIECCOPOB JII MHOTUX CHUCTEM YIPAaBIEHHUS M KOHTPOJS, B
TOM uuclie U Juid ObITOBBIX Ieneil. Mrak, pabotsl [1-2], U3 KOTOpPBIX M3BECTHO, YTO Iepeaaya
MH(pOpMallUl TPOUCXOAUT B JKU3HM U KWIMIIHO-KOMMYHAJIbHOM Xo03dlicTBe B ceTu ZigBee.
OpnnHako 1S OJTyYEHHs] TOYHBIX OLIEHOK I10 MCCIIEA0BAHUIO PACIPEEIICHUs CUTHANIA B IOMEILIEHUN
HEeoOXOIUMO MPUHMMATh BO BHHMaHUE KOHKPETHBIN IJIaH KOMHaThl. B pabore mpencraBieHbl
pe3yJbTaThl 3KCIEPUMEHTOB [0 MCCIIEJOBAHMIO KAYECTBA CBA3M B IOMEUICHMSX C PA3JIMYHBIMU
MPETSITCTBUSIMH.

Jlnst pemieHust 5TOW 3a7a4 ObUT BBIMOJIHEH SKCHEPUMEHT IO JIAOOPATOPHBIM YCTaHOBKAM
MSP-EXP430F6137R4 (aBa GectipoBomnbix momyisi: MSP - EXP430F6137R4 - 6a3oBas 1urata ¢
mukpokontpoiuiepom MC430F6137 u MSP (MK) - EXP430F5137R4 - peTpaHCHSIIMOHHBIHA
mwiatrex ¢ MK CC430F5137 ¢ uactoroit 433 MI'm). DkcnepuMeHT BBIIOJMHSJICS in  Vitro
(TEXHOJIOTUSI BBIMOJIHEHHS SKCIIEPUMEHTOB, KOTJa OMBITHI MPOBOJAATCS «B NMpOOHpKe»). Moaymnu
(MpueMHUK TMepeaTInK) pactoiokeHbl Ha BeicoTe 1,15 meTpa. CormacHO TE€OpUU TUIAHUPOBAHUS
SKCIepUMEHTOB [3] ¢ KOH(UIEHIUANBHOW BEpOATHOCTHIO B = 99% nans obecriedeHus: TOYHOCTH
W3MEPEHHsST C JOMYyCTUMOM morpemHocTthio € = 0,5% KommuecTBO HEOOXOAMMBIX H3MEPECHHMA
orpenensercs no popmyie:

n>(—2 ) ®

€admissible
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Hns  koHpuaeHumansHOoW BepoatHoctH 0,99 Bo3bMeM 3HaueHue Ko3(dduuumeHra
pacupenenenus CTbroieHTa. MBI MOJYYMM KOJIMYECTBO HEOOXOAMMBIX H3MepeHmid N> = 30.
[TosTOMy B KaXXIOM 3KCIEpUMEHTE JOJDKHO ObITh 1o 30 m3mepenuil. Mcxons W3 MOTydEHHBIX
JAHHBIX ObUIH PaCCYMTAHBI:

- COBOKYITHOCTh 3HaueHuii M [X].

- nucnepcus D [X].

- Cpe/iHee KBaIpaTUUHOE OTKJIOHEHHE G (X).

Mopaynu (IpHeMHUK MepeaTYrK) PacrloiioKeHbl Ha BbIcoTe 1,15 meTpa. DKCnepuMEHTHI
IIPOBOAMJINCH B OJIMHAKOBBIX IKCIIEPUMEHTAIbHBIX YCIOBUSAX:

1. Pacnipenienenrie paarocuryuaia B npeaenax npsMoi BUIUMOCTH.

2. Pacnipesenienre paguocuriana B CBOOOJHOM IMPOCTPAHCTBE.

3. Pacnpenenenue pajnocuriaia B MIOMEIIEHUU CO CTAIMOHAPHBIMU MPENATCTBUSMHU.

4. PacripeneneHue paauocurHaia ¢ pa3HbIMHM TUIIAMU IPENATCTBUM.

IKCIIEPUMEHT _
1. PACTIPEJAEJIEHUE PAIMOCUT'HAJIA B PAMKAX ITPAMOU BUAUMOCTHU

JUisi BBITOJIHEHUS! SKCIIEpUMEHTa ObLIO YCTAHOBJIEHO I0JIOKEHHUE MepelaTunKa, IPUEeMHHUK
nepeMeniaics Mo MnpsMoM JIMHUK, OTXOAs OT mepBoi (pucyHok 1). DxkcnepumenT nosTopsuics 30
pa3 B 1-2 MUHYTHI.

otaen TCS

B ¢ o o o o

il

oTgen AES

OTAEN SNEKTPOHKKKA

I

otgen RT

PI/ICYHOK 1- PacnpeneHeHI/Ie paaruoOBOJIH B KOMHATC

B pesynbrare 00pabOTKM JaHHBIX BHJUM, 4YTO CHUTHaJI MOHOTOHHO oOcjabeBaeT B
COOTBETCTBUHM ¢ Teopueil [7]. DTo 0OycIOBIEHO HE TOJBKO TI'E€OMETPUYECKUMH IapaMeTpaMu
3aHUs, HO M HU3KOW MOUIHOCTHIO NEepeJaTihka W CHJIbHBIM OCJIa0JICHHEM CHUTHala 4epes
npensaTcTBus. Hanuuue B 31aHUM CTEH, IEPEropoiok, MeOenH, JoAel U Ipyrux o0bEKTOB CO3aeT
CIOKHYIO Cpely pacmpocTpaHeHusi paauoBoyiH. OCHOBHBIMU 3 dexTaMu, HAONIOJAEMBIMH TPH
pacnpeneieHuy PaJuoBOJH B KOMHATaX, SBIIIOTCS MHOTOJYY€BOCTb, BBI3BaHHAs MOBTOPHBIMU
OTPAXKCHUAMU PaJJUOBOJIH OT CTCH U APYIrUux O6”I>CKTOB, I[H(i)paKHHGﬁ Ha MHOTOYHMCJIICHHBIX OCTPBIX
KpasiX 00bEKTOB, HAXOASAILINXCS B MOMELIEHUH, U PACCESTHUEM PaJAMOBOIH. ITH 3()(HEKThI CO3/1at0T
CIOXKHYIO HWHTEP(EPEHIIMOHHYIO CTPYKTYPY OJIEKTPOMArHUTHOTO TIOJS, KOTOpas CHJIBHO
U3MEHSETCs IPU MePeMEIICHUH JTI0JIe U APYTruX 0OHEKTOB.

SKCIIEPUMEHT

2. PACIIPEJIEJIEHUE PA/IMOCUT'HAJIA B CBOBOJHOM IMPOCTPAHCTBE

DKCIEpUMEHT MPOBOAMIICS Ha ynuue. 3 pucynka 2 BUIHO, UTO C YBETMYEHUEM PACCTOSTHUS
MEXIy TPUEeMHHKOM W TIepeJaTYuKOM CUTHAN ucdezaeT. [Ipu pacmpocTpaHeHUH paauoCUTHAIa B
CBOOOJHOM TIPOCTPAHCTBE BO3HHKAIOT MPOOJIEMBI, KOTOPHIE CBS3aHBI C BO3JCHCTBHEM Ha CHUTHAI
pa3IMYHBIX MTAPaMeTPOB, TAKUX, KaK JUCTAHIIMOHHOE, MHOTOIy4€BOE paclpeieieHne, OTpaKeHHUE U
Ip. YpOBEHb CHTHaja MpH TpUeMe OyIeT ONpeleNsaThCs HE TOJIBKO YacTOTOW CHTHala
MNOJAIINITHAKA, HO U paccTossHHeM. [loMMMO OYeBHAHOW TEHACHIIMU 3aTyXaHUs CHUTHAJa,
HaOMIOaI0TCA OBICTpPBIE KOJICOAHMsST YPOBHS MOIIHOCTH, KOTOPBIE 3aBUCST OT paccrosHus. llpu
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pacripelielieHU CUTHajda B CBOOOJHOM TPOCTPAHCTBE TMPHHATAs MOIIHOCTb  0OpaTHO
MPOINOPLMOHANIbHA KBaJIpaTy paccTOsSHUS nepenaroiieii antenne. Habmonarorces aBieHNs yracaHus
curHaina. [Ipy HEKOTOpPBIX 3HAYEHUSIX PACCTOSIHUS CUTHAJIa OT AHTEHH OHM MPOXOJAT IO-pa3HOMY,
MOCTYNAaOT B MPOTHBO(A3e K MPUEMHON aHTEHHE, KOTOpas MOXKET YMEHBIIUTh MOIIHOCTh. [Ipu
HEKOTOPBIX JPYrUX 3HAUEHUSAX PACCTOSHHUS Pa3BUBAIOTCS BXOJSIIME CHUTHAJbI, IOBBIIIAIOIINE
YPOBEHb CUTHAJIA.

— DUTDOORS
w— INDOORS

-101

-106 ——
0 10 20 30 40 50 60 70 80 90 100

M

Pucynok 2 - ['paduk 3aBUCMMOCTH MOIITHOCTH CUTHAJIA OT PACCTOSIHUS B MpeeNax MpsMoi
BUJIUMOCTHU

[Ipu pacnpocTpaHeHWM cuUrHajda B TOMEIIEHUWM Ha TYTH BCTPEYAIOTCS Oaphepbl
HCKYCCTBEHHOTO TPOHMCXOXKICHHS, Takue, Kak MeOenab, CTeHbl W pa3iudHble CTeHAbl. [lpu
pacrpocTpaHeHUH BHE KOMHATBhl BCTPEYAIOTCS MPEMSTCTBUS €CTECTBEHHOTO IMPOMCXOXKICHHUS,
Takue, KaK TOpbl, IepeBbs, Ta3oH, achansT. Takum oOpa3om, 000l Ooree WM MEeHee HIUPOKUN
00BEKT MOXKET CO3/1aTh MPENsATCTBHE. B 3aBUCUMOCTH OT pa3zMepoB Oapbepa TOMyCTUMBI HECKOJIBKO
BapHAHTOB: CUTHAJ JIETKO Oy/IeT orudarh MPEensTCTBUS WU 32 HallIGCHHBIM 00beKTOM (hOpMUpYeTCs
TaK Ha3bIBaeMas TEMEHHas 30Ha C OYeHb HU3KMM YPOBHEM CHUTHaja WJIM CUTHAJ OyAeT BoOOIIe
OoTCcyTcTBOBaTh. [10 pe3ynbpTaraMm SKCIIEpUMEHTa BHJHO, YTO paclpeelieHne CUTHajla U3 KOMHATHI
XYK€, UeM B MOMEIIEHUU. DTO OOBSICHAETCS OTPULIATEITLHBIM UITU JECTPYKTUBHBIM MHOTOJTYU4EBBIM
pacmipefieieHueM. YMEHbIIAeTCsl CHJIa CUTHAlla, KOTopasl SBJSETCS YMEHBIICHHEM AaMILTUTYIbI.
Koraa HeckoJIbKO paiuOCUTHAJIOB TOCTYIAIOT B IPUEMHUK OJJHOBPEMEHHO M HE HaXoJsATCs B (haze
C OCHOBHBIM CHTHAJIOM, PE3yJbTaToOM OyIeT CHIDKEHHE ypoBHs curHana. [Ipeamonaraercsi, 4to
(dbeHOMeH BIMSHHS APYTMX CHTHAJIOB CTaJ HAMHOTO MOIIHEe. B moMernieHun mpu pacupeneacHun
pajgMoCUTHAJIa 3aMETeH CIeNUalbHBIA KOI(POUIMEHT YCHICHHS, TO €CTh YBEIUYCHHE CHUIIBI
CUTHAJIa, YBEIMYCHHE aMIUIUTYABI IO CPABHEHHIO C PACIPEICIICHHEM CUTHAJIA U3 TTOMEIICHUS IS
MSP430RF4. D10 Takxke MOJOXKUTEIbHOE WM KOHCTPYKTMBHOE MHOTOIYYEBOE pacIpeiesieHHe
curHana. Korjga HeCKOIbKO pagioOCUTHAIIOB MTOCTYIIAIOT B MPUEMHHUK OJTHOBPEMEHHO W HaXOJISTCS B
¢daze win ¢ MaJabIM MO OTHOIICHHWIO K OCHOBHOMY CHTHANY, Pe3yJlIbTaToOM Oy/IeT YBETUYECHUE CHIIbI
curHana (yBeaudeHue aMIunTyasl). Hebonpmoe pasmmune B pazax ot 0 g0 120 rpaaycoB npuBenet
K YCUJICHUIO YPOBHSI CUTHAJA.

IKCIHHEPUMEHT
3. PACITPEJEJIEHUE PAJIMOCHUT'HAJIA CO CTAITMOHAPHBIMHA
HNPENATCTBUAMU
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B momemenuu, B 30HE CIOXKHOW BUIUMOCTH, YCIOBUS paclpeiesieHus paauoBOiIH Oolee
pazHooOpa3Hel. betonnele creHbl (Mapku M350) Tommuuoit 10-15 cm [4] Mexny oducamu
SIBIISTIFOTCS. CTAllMOHAPHBIMU MPENATCTBUAMU. JKeCTKHE MPEnsITCTBHUS (4aCTh KOHCTPYKITUH 3IAHHS)
TaKXe BIIHMSIOT Ha BO3SMOYKHOCTH PACIPOCTPAHECHUS PaHOCUTHAJIA.

Tabnuna 1 - [lepenaua paguocuraana yepe3 OETOHHBIC CTCHBI

paccTostHuE, M 4 6 10 12 20
M[X] -63,4 -64,1 -75,1 -75,5 -98,2
D[X] 0,0346 0,0085 0,0079 0,0202 0,0042
o(x) 0,186 0,0921 0,088 0,1421 0,0648

M
63 1

-67

-1

-75

-79

-87

21

-95

-99 >
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Pucynok 3 - I'paduk 3aBUCMMOCTH MOIIIHOCTH CUTHAJIA OT PACCTOSIHUS C YUETOM
pensaTcTBUN |

W3 Tabmune! 1 BUAHO, 4TO OcliablieHne CUTHAJIa YBEJIMYMUBAETCS HA PACCTOSIHUE PUEMHUKA
oT nepeaaruyuka. [Ipu aHanmze pe3ynbTaTOB HKCHEPUMEHTAa HEOOXOIMMO YUYHUTHIBATh OTpPaKEHUE
CUTHaJIa Ha CTEHKaX MpH HOPMAJIbHOM MaJIeHUU PaJUOBOJIHBI U «POKYCHPOBKY» BOJIHOBOI'O MOTOKA
3a cueT npenomieHus [5]. Ilpu mageHuu paavoBOIHBI HAa MHTEp(dENC IBYX Cpel ¢ pa3IUuHBIMU
MOKa3aTesIMU MPEIOMIICHHS 4acTh BOJIHBI oTpaxkaeTcsi oopaTHo. KoaddunmenTts! otpaxkenus Si1 u
NPOXOXKICHUS Sp1 ONPENENAIOTCS 10 (hopMyIam:

Sy = (M)' Syy = _Anang , (2)

Nny+n, T (np+ny)?
TJie N4, N, - OKa3aTeau IpesioMIeHUs cpel [6].

[Tpu pacuere MoxHO MpHHATH Ny = 1 (Bo3myx), n, = 1,9 - 2 (cTeHa), 3aTeM OT CTEHBI
otpazutcs okosio 10% curnana. be3 yuera storo addexra, 5T0 MPUBOIUT K MEPEOIICHKE 3HAUCHUS
ocnabnenuss Q mpumepno Ha 0,5 nb. Btopoit dakrop - «hokycupoBka» paaMOBOIHBI H3-3a
NPEJIOMIICHUS] TTPUBOAUT K 3aHIDKEHHIO BEIIMYHHBI TTOTJIONICHUS, 9TO OOBSCHSICTCS Ha PHCYHKE 4.
Cdepuueckas paanoBosHa, npoxojsimas or Touku Op MpU Mepexojie OT CpeAbl C MOKa3aTeneM
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MPEJIOMIICHUS N4 B CPEy C HHIMKATOPOM N, M CHOBA B CPEy C HHAMKATOPOM N, PacIioyiaracTcs Ha
ocu 010,.

O

Hi
Y o

e .

Pucynok 4 - CyxeHue paguoBOIHbI IPU MPOXOKACHUN YEPE3 CTEHY

[Tycts mpuemuuk pacronaraercs B Touke O,. Eciu creHbl He OyAeT, TO paguyc KOHyca, ¢
yriiom ot BepmuHbl B Touke O1 Ha paccrosauu (Hy + t + Hy), Oyner R;. [Ipun Hanuuum cTeHKH 1Mo
paauycy konyca 0ynet Ry. Takum o6pa3om, B IepBOM HPHOJIUKCHUHU, SHEPTUs ITepeaaTInKa B 3TOM
KOHyCE B IIEpBOM CJlydae paclpeieisieTcss Mo KBaJapaTy, a BO BTOpOM - Ha KBajapare. Torma
OTHOCHUTEIIFHOE YCHIICHHE CUTHAJIA B MPUEMHUKE (TP OTCYTCTBHH IOTJIONICHUS B CTCHKE) OyIeT

2
M _ Ri _ (H1+t+H2)-tga _ Hi+H,+t (3)
- Ry T HytgatttgB+Hytga | Hi+Hp+ttgB/tga

sina n,
sinf ny

ITo ocu 010, (o = 0) ycunenue

__HitHp+t (@)
H1+H2+t/n2

YcuneHnue BCIEACTBUE MpeIOMJIECHUs OydeT Kak MOXKHO OoJblle, ecld HPUEeMHHK U
nepenaTyuk npusogaTcs B yroa (Hy = va Hy = 0) (3 ab). Ilpu yBenuuenun paccTosiHusl NpUeMHUKA
U TepeslaTunKa 10 CTeHBI ATOT 3((HeKT OBICTPO YMEHBIIACTCS.

[IpuH1Mast BO BHUMaHuE paccCMOTpeHHBIE (DaKTOPbI, pe3yIbTaThl H3MEPEHUN MOrIomeHus Q
B MOJIOKEHUAX 1-5 cocraBunu:

1.Q"0,7+ 1 nb (curyanus 1 u 2).

2. beronnas crena Tommmuoi 10 cm Q "12,1 £ 1 ab (curyauus 1 u 3, L = 6 m).

3.Q"0,4 £ 1 nb (curyarus 3 u 4).

4. beronnas crena TonmmHaol 10 cm ot Q "22,7 £ 1 ab (curyarus 3 u 5, L = 10 m).

Takum 06pa3om, B X0JIe IKCIIEPUMEHTOB YCTAHOBJICHO, YTO €CIU NMPUEMHUK W MEepeIaTINK
YCTaHOBJICHBl HAa PACCTOSIHMHM HECKOJIKMX CAHTUMETPOB OT CTEHBI (C pa3HBIX CTOPOH), OETOHHAs
CTeHa MPUHOCUT MEHBIIE BCero ociadneHus - okojo 0,7 ab ¢ yuerom mpenomiienus. OcnabiieHne
CUTHAJIA 3aBUCUT OT YBEJIMUEHUSI PACCTOSIHUS IPUEMHHKA JI0 nepeaaTunka [8].

BbIBO/IbI
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[To pe3ynbrataM HpOBEJEHHBIX 3KCIIEPUMEHTOB Oblja MOITY4Y€HA 3aBUCHUMOCTH MOIIHOCTHU
MPUHUMAEMOI0 CHUTHAJla OT PACCTOSHUS MEXIy HPUEMHHKOM W BHYTPEHHHM MPOCTPAHCTBOM
nepejaTyvka TMOMEIICHUs] B YCIOBHUSAX mpsiMoil BuaumocTu. Ha paccrosuuum 10 M 3amedeHo
CHWKEHHE MOIIHOCTH curHaia Ha 4,2 nbwm, na 20 metpos 3,2 n1bm, na 30 m 4,3 nbwm, Ha 60 MeTpoB
okojio 3 n1bm. B pesynbraTte sKCHepuMeHTa BBISICHIIIOCH, YTO Oyaroaapsi 0eCripoBOHOM mepenade
TEKCTOBBIX MU YHUCIOBBIX JaHHbIX Mexay MSP430RF4 TI panuocurHan npoxoauT Jydlle B
MOMEILEHUH, YeM BHE KOMHATHI.

BoisicHunocs, 4TO 3aTyxaHHe CHTHajda YBEIUYHMBACTCS Ha PACCTOSHUE IPUEMHHUKA OT
nepenaruuka. [lpu nepemade wmHbopmamuu Mexay MSP430RF4 GeTtoHHbIE CTEHBI OKa3bIBAIOT
3HAYUTENIbHOE BIMSHUE, TaK KaK B cutyanuu 1 u 2 ocnabnenue curnana coctasiuser 0,7 nbm mpu
oCJIa0JICHUU paJuoCUTHANIA, a B mojiokeHusX 3 u 4 - 0,4 nbMm. Ha mMakcuMallbHOM pacCTOSIHUH,
pEeKOMEH/I0BaHHOM (UpPMOiA, mpousBoauTenb - 100 MeTpoB, paguocurHai pe3ko ociaden Ha-98
nbM, TO €CTh Ha 3TOM PACCTOSIHHH Iepejaada TEKCTOBOTO Wi mu(poBoro makera wHpopmammuu
HEBO3MOXKHA.

Kpome »Toro, oneHMBasioCh BIMSHHE PA3JIMYHBIX TUIIOB MPEMSATCTBUM Ha pacmpeneiieHue
pajgvocUrHaiga. YUWTHIBasE OTHOCUTENBHBIM pa3Mep MOIIHOCTH MPHUHATOIO CHTHAajda, MOXKHO
CKa3zaTb, uyTo Hanuuue rurncokaproHa u JCII nmpuMepHO OAMHAKOBO BIIMAET Ha pacHpe/esieHue
pajMocUTHajga B BOJHOBOJIE, BO3ACHMCTBYS Ha METalll, MPENSATCTBHE HMHTHUPOBAIOCH TOHKHUM
aucToM (GOINbrH, 3aTyXaHHWE CHUTHajJa MpU NPOXOXKACHUU Yepe3 MPENmsITCTBUS U OTpakKeHHe
MPOUCXOAUT C OCiabJiEeHHEeM CUTHaJIa BIUIOTH JO €r0 HMCUE3HOBEHHS, KOTOPOE XapaKTepU3yeTcs
OTHOCHUTEJIBHOM MOIIHOCThIO curHana bJl. Kepammueckoe mpensTCTBHE OKa3bIBa€T HAaWMEHbIIIEE
BIIMSIHME HA MOITHOCTh MEPEaBaeMOro CUTHaia, YTO oTpaxkaercs B rpaduxe mo pazmepy b/I.

Pexomenpanuu: wuccienoBanne MUKpoKoHTpoiuiepa MSP 430 ... mokaszano, 4TO OHHU
PEKOMEHIYIOTCS ISl TIepeiadyl TeKCTOBOM U u(poBoil nHopManuy Ha paccTosSsHUU He Oomee 90
METPOB B TMOMEIIEHHUSAX, KOTOpble MOTYT OBITh XapakTepHbIMU. Hampumep, cucremamu
aBTOMaTU3aluu «YMHBIA JIOM», CUCTEMbl aBTOMAaTH3alUU KAJTUIIHO-KOMMYHAJIbHOTO XO0341iCTBA
WJIM aBTOMATU3UPOBAHHBIX CUCTEM YIPaBJICHUS 3/IaHUSMHU.
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JEPEKTEPII TAPATYAbIH CAITACBIH TOKIPUBEJIIK 3EPTTEY
E. Kynycoexon', A. Enemanosa™’, JI. AnteinGexosa’, I'. Caaukosa’, I'. Bantaes’?

1
Fruteim Opnacer, Anmatsl K., Kazakcran
2 N )
AJIMaTBI SHEPreTHKA JKOHE OaliaHbIC YHUBEPCUTETI, ANMaThI K., Kazakcran

Andamna. Maxanaga CbIMCBHI3 JKEIUIEPAIH JXKOHE TaKipuOene anblHFaH JIepeKTepl IITe >KoHe
CBIPTTA KOJJIAaHYABIH OaiJlaHbIC carmackl HETi3ri mapameTpiiep OOMbIHINA CHIHU TYPFbIIA 3epTTeNai. baitnanbic
JKEJIJIepIHIeT] PaJAnOTONKBIHAAPIBIH TapaTybIHBIH dCepi opTYpii opTajga TalgaHabl. PajnoToNKbIHIapIbIH
TapalyblHa ~ OejiMele  KOHE  alllblK  ayaja  CaJbICThIpMalibl  Tajmay  kyprisingi.  CoHpjaii-ak
PalMOTONKBIHAAPBIH TapalyblHa KeAepri >KacalThliH Typii MaTepuanjap tekcepinai. COHBIMEH Karap,
PaJMOCHTHAIIABIH TapalyblHa ocep eTeTiH Kenmeprijep ne Oarananapl. KaObulganraH CUTHal KyaThIHBIH
CaJIBICTBIPMANIBl MOJIIEPIH ecKepe OTHIphIN, rurncokapToH MeH JICII meramn apKbUIbl TOJNKBIHKOJIIAFbI
paluoCUTHAIIBIH TapaidyblHa Oip Jopekesie ocep €TeTiHiH aTal KeTyre Oosazpl, Keaepri (olbraHblH jKyKa
naparpl apKbUIbl MMHTAIMSUIAHABI, ©TETIH CUTHAJIBI QJICIPETIN KOWBLTybIHA JeiiH amapansl, on /b
CHTHAJIBIHBIH KyaThIMEH CHITaTTaIbIHA/IbI. KepaMuKambIK Kelepri TapaTbuIaThlH CUTHAJIBIH KyaThIHa a3 acep
eteni, on1 b/l menmepi rpaduringe kepceTiireH.

Kinmmix ce30ep. oHEPKACINTIK MUKPOKOHTPOJUIEP, KOTCIYJENiK TapaliblM, aHTeHHA, NIaFbUIBICY,
KeJeprijiep, paIuocUrHauaap.

EXPERIMENTAL STUDY OF THE QUALITY OF DATA TRANSMISSION

Y. Junusbekov', A. Yelemanova'?, L. Altynbekova®, G. Sadikova®, G. Balbayev?

'Gylym Ordasy, Almaty, Kazakhstan
2Almaty University of Power Engineering and Telecommunications, Almaty, Kazakhstan

Abstract. The paper explores the quality of communication in wireless networks and the
assessment of the quality of communication for the main parameters of indoor and outdoor use. The analysis
of the influence of the surrounding radio waves of wireless communication networks was carried out on
different types of medium. The propagation of radio waves in the room and in the open air was compared. In
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addition, there is some measurements of signal power passing through different obstacles. Also assesses the
impact of different types of obstacles on the distribution of the radio signal. The ceramic obstacle has the
least effect on the power of the transmitted signal, which is reflected in the graph according to the size of the
database.

Key words: industrial microcontroller, multi-beam transmission, antenna, reflection, obstacles,
radiosignals.
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MPHTH 59.01.85

b. Ty.]IbTaeBl, A. CynTaﬂl, A. HycnﬁanneBaz, I'. ban6aes™?

1
I'sutbim Oppnacel, r.Anmartsel, Kazaxcran
2 .
AJIMaTUHCKUN YHUBEPCUTET SHEPIETHKU U CBA3M, T.AnMathl, Kazaxcran

NCCIEJOBAHUE UCKYCCTBEHHOI'O 3PEHHSA HA OCHOBE AJJAIITUBHOT'O
OUJIBTPA JJIs1 BHEAPEHUSA B POBOTOTEXHUYECKHUE CUCTEMbI

Annomayua. AJanTuBHBIA QUIBTP - 3TO YCTPOHCTBO OLIEHKH, KOTOPOE MOAEIHPYET B3aHMMOCBSI3b
MEXIY ABYMsI CUTHAIaMHU B UTEPATUBHOM PEKUME B PeaIbHOM BPEMEHHU. ANANTUBHbIE (DUIBTPHI TO3BOJISIIOT
CUMTBIBATh U 00padaThIBATh CUTHAN, IPUCTIOCA0NNBATHCS WIIH alallTHPOBATHCA K CYIIECTBYIOLINM yCIOBUSIM
¢byHKUMOHUpOBaHUs. BakHeimedl (QyHKUMEH  BBIMOMHIEMOW aJanTUBHBIM  (QUIBTPOM, SBIISETCS
MOJEIIUPOBAHNE CUCTEMBI.

UccnenoBanne B 00jacTH NPUMEHEHHMS HEMPOHHBIX ceTeid B POOOTOTEXHUKE, & B YAaCTHOCTHU
M3yYEHHUE OTJIeNa TOJIOBHOI'O MO3ra-MO3XeuKa, KOTOpPhIM OTBeYaeT 3a KOOPAWHAILMIO JIBIKEHHH, TaKkKe 3a
BO3MOXXHOCTb 00€CIIEUMBATh PABHOBECHE TEJIA U PETYIALUIO MBILIEYHOTO TOHYca. M03Xe4OK - 3TO 00J1acTh
MO3ra, CHJBHO CBSI3aHHAs C QJalTHBHBIM KOHTPOJEM M MHCKYCHBIM JBM)KEeHHEM. Ero BaKHOCTb
noguepkuBaercst TeM (akrtoM, 4to oH comepxkHuT 10 80% Bcex HEHPOHOB B HEIOBEYECKOM MO3re. JTH
KJIETKH paclOJOXKEeHbl OYEeHb PAaBHOMEPHO B JIUCKPETHBIX MO3KEUYKOBBIX MHKPOCXEMax, KOTOpbIE
MOBTOPSIFOTCSL 4€pe3 KOpy MO3KeukKa. OTO TOBOPUT O TOM, 4YTO CYIIECTBYET OAUH «MO3KEUKOBBIH
AITOPUTM», PEATN30BaHHBIA B YHPABICHUH MHOXKECTBOM Pa3iIMUYHBIX 3a/1ad, I'Zle KOHTPOJIbHAS (YHKLUS
KaXIOW OTHENbHOW 00JacTH MO3KEUKa 3aBHCHUT KaK OT JTOTO BHYTPEHHETO AITOPUTMa, TaKk H OT
APXUTEKTYpPHl, B KOTOPYIO OH BCTPOEH.

Kniouesvie crrosa: Mo3xedoK, aaanTUBHBIN GUILTP, BecTHOY10-0KyIsipHbIi pediekc (VOR).

[ToHnMaHmMe anropuTMa MO3KEYKa SBISAETCS (YHIAMEHTAIBHBIM IIAaroM K ITOHHUMAaHHUIO
OMOJIOTNYECKUX BBIYMCICHUH, YYaCTBYIOLUIMX B CEHCOMOTOPHOM KOHTpOJIE.

Mogens amanTUBHOTO (HIBTPa MHUKPOCXEMBI MO3KEUKA TPUMEHSIETCS ISl PeIIeHUs
npobiaeM OHMOJIOTHYECKOT0 MOTOPHOTO YHPABIEHMsI, TAKUX KaK BECTHOYIIO-OKYJSpHBIA peduiekc
(VOR).

JlaHHBI ~ aganTUBHBIA  (QUIBTP TOCTPOEH HAa OCHOBE METOJa MHUHHMAJIbHOMN
CpEeIHEKBAIpaTUYHOM OMMOKH U HAa OCHOBE aJallITUBHOM CUCTEMBI C 3TaJOHHON MoJenbio (ACOM).

Ha ocHOBe naHHBIX MOeneil afanTUBHOIO YIPaBIEHHUs CUCTEMON ObUH chOpMyTUpOBaHbI
JIBE AIbTEPHATUBHBIC apXUTEKTYPHl Ui TpexMepHOW cradmmm3anun ycrtaHoBku VOR s
JanpHeimei nHTerpauuu B poOOTU3UPOBAHHBIE CUCTEMBI.

Mopens amanTuBHOTO (GMIBTPa MHTEPIPETHPYET aHATUTHYECKHE PYHKIIUN MOKeuKa. Jlis
peanu3alMM JAaHHOTO 3aMblciia HUCHOJB3YIOTCA —aJanTHBHBIM  (uiabTpa ¢ MHHHUMAIbHOU
CPEIHEKBAIPAaTUIHON OIIMOKOM M C 3TaJJOHHOW MOJICIIBIO.

XapaktepucTuku mMojenu 6azoBoil cucreMbl VOR Obuti BBIOpaHBI CEAYIOUIMM 00pa3oM
[1]:

P — nunamuueckas MoJelb TEpPBOrO MOPSAJKA TIJIA30/IBUTATENbHON YCTAaHOBKH C
nepenaTouyHoi pynkuuen P(s) Mexay CKOpocThIO BpaleHus ria3a X(t) 1 komaHaon asurarens u(t)
B KauyecTBe npeodpazoBanus Jlamnaca B ypaBHeHuu 1:

ks

P(s) Z%,

1)

rae Tp = 0.2S- mocTosiHHAs BPEMEHH;
k=1 - ko3 durpeHT ycuneHus.
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B - MOACIb MO3IT'OBOI'O CTBOJIA, KOTOprﬁ MOZICIIMPYCTCA Kak I/IHTCI‘paHLHBII\/'I MMPOTCKTOP
NIEPBOTO TOPSJIKA, TAK)KE YHCTHIA KOA(PQPHUIIMEHT YCHIICHHs TOCTOSHHOTO TOoKa. Ilepemarounas
GbyHKIMS MOoJeNu cTBoJIa Mo3ra B(s) mpencraBieHa kak mpeodpazoBanue Jlamnnaca B ypaBHeHUH 2:

G.
B(s) = Gqg + 71 )

s+1/Ti'

rae Gg-=1 Ko pUIUeHT ycuaeHus npsMoro KaHaa,
Gi=1 /T-:5 - KOO GUIHMEHT YCHJICHHS] KOCBEHHOTO ITyTH,
l

T;=0,5s - mocTrosiHHAsE BpEMECHH.
JlapHEHIIMe CUMYJISIUNA BBITOIHSUINCH C Pa3IMYHbIMU Bepcusimu mapametpoBGq, Gi, T;
T,. Cnenyer OTMETHTh, YTO TOYHbIE 3HAYCHMS HA JAHHOM J3Tall€ HE BAaXKHbI, HO MOCTOSHHBIE
BpPEMEHH JIOJDKHBI ObITh B uanazone 100 mc.
Mo3roBo¥ CTBOJI 00CCIIEYNBACT KOHTPOJIb, KOTOPBIN YIydIlIaeT MO3XKEUOK, PETyJIUPYs OTBET
yepe3 Bec ¢uibTpa. MaeanbHas KOMICHCAIMS YCTAaHOBKA MOXET OBITh JOCTHTHYTA CAMHM

MO3TOBBIM CTBOJIOM, Korna T;= o, 1, Gi=1, a Gi:1 /T ;
p

C — MO3K€E4O0K;

r(t) - ckopocTh royIoBbI (3KeIaemMast CKOpOCTh IJ1a3a);
u(t) - KoMaH/IbI JBHKCHUS;

e(t) - cerncopnas ommbKa (ceTyarka);

z(t) - mo3xeukoBast 00pabOTKA yIPABIIAIOIIETO BXO/Ia,
X(t) - dhakTHUecKas CKOPOCTH IJ1a3.

Ha pucynke 1 mokazaHa apxXuTeKTypa, KOTopas MpeICTaBisieT cO0Oi JIMHEeapHU30BaHHYIO
Mozenb ropu3oHTanbHOM VOR. B 3TOM citydae, MO3:K€4OK MOJydyaeT KOMUU KOMAaH]Ibl ABUTATEIIs
u(t), KaKk BXOJIHbIE M BBIXOJIHBIE J10OaBIEHHBIE K OMOpHOMY curHany r(t). OcHoBHas 3amaya VOR
COCTOHMT B TOM, 4YTOOBI NMpeoOpa3oBaTh BECTUOYISIPHBIN CUTHAJ, KOTOPBIH OTHOCUTCS K CKOPOCTH
rOJIOBbI, KOMaHJIaM JIBUTATels U IJ1a30/IBUTaTeIbHOM YCTAHOBKE, KOTOPBIE CBSI3aHBI C CKOPOCTBIO
riasa.

¢ e(t) |
z(t) oy CeTuarka'!
Mo3:KeuKOBBIH !
BBIX0T |
5 i
r(t > » » >
Cko ( gch M B u(t) P x(1)
fon?mm Komanaa darkTAYeCcKAS
1 JABMKeHAS CKOpOCTh
raa3 11a3

Pucynoxk 1 - OcHoBHas MoJienb BecTHOY0-0Ky sipHOTO peduiekca (VOR)

Brixonom siBisieTcst komaHga naBurateis u(t), a BXOJ TMPEACTABISIET COOOM COeauHEHHe
BECTUOYISIPHOM cucTeMbI 1(t) U BBIXOJ MO3KeUKa Z(t), KOTOPBIN IPUBEICH B YpPaBHEHUH 3:

z(t) = Yiowip(t — i AT), 3)
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rae Bxon u(t) - amanTuBHBIA (QuIbTp Mo3xkeuka C, KOTOphId ObUT pa3duT Ha yuciao L-
coctaBisttomux pi(t),...,pn(t) ¢ 3anepxkamu mexay Humu AT. AT=0,02s (Bcero 2 ¢),
Wi - BeC KOMITIOHEHTa D; [2].

Mo3roBoii cTBos 00ecrieynBaeT KOHTPOJIb, KOTOPBIH YIIydIIaeT MO3KEUOK, PEryJIupysl OTBET
yepe3 Bec ¢uibTpa. MaeanbHas KOMIEHCAlMsl YCTAaHOBKM MOKET OBITh JOCTUTHYTA CaMUM
MO3TOBBIM CTBOJIOM.

Mosskeuok peanm3yercs kKak aganTuBHbIA GuiabTp FIR (koHEUHBIN UMITYIbCHBIN OTKIHK) C,
C BBIXOZIOM Z(t).

[IpaBuiio peryianpoBKH Beca:

a) aJanTUBHBIA (QHUIBTP MEHSET CBOM BECa B COOTBETCTBHHM C KOPPEISAIUEH MEXIy
BXOJIHBIMH KOMIIOHEHTaMHU U 00y4YalOU[MMHI CUTHAJIaMHU, & UMEHHO:

- B TIOJIOXKUTEIIbHOM KOPPEJISALIMH, YMEHBIIUTD BEC;

- C OTpULIATENILHOM KOppemsiuel, yBeIuueHUEM Beca.

0) oOydeHre TpeKpamaeTcs, Korja HeT HUKAKOW KOPPEeJSIUN MEXKIy KOMIOHCHTHBIMH U
00y4aroIMMy CUTHATaMH.

JI1st yMEeHbIIEHUSI BOCIIPUHUMAEMOT'0 BU3YaIbHOTO MPOCKAIb3bIBAHUS C BXOa HE0OXO0AMMO
U3MEHUTh BeCc aaantuBHOro ¢wuibrpa. Omubka e(t) sBIsSETCS NPAMBIM  PE3yIbTaTOM
MIPOU3BOUTEIIEHOCTH aJanTUBHOTO (GUiIbTpa (YpaBHEHUE 4):

e() =(P =B 1+ 0C)-x(t). (4)
Kax BuHO U3 ypaBHEHHS 4, OMMOKa yMEHbITACTCA 10 HYJIs, KOTJa:
C=B1-pP.

JlanHast Tonosiorusi 00y4eHus BIIOCIEICTBUU HE HYK/Ia€TCsl B IEPEBOJIE CEHCOPHOW OIIMOKU
B omuOKy KoMmauzbl. [To 3Toil mpuunHe oxxuaaercs, 4To HaOIHOAaeMOe BU3yalbHOE CKOJIbKEHHE
CO3/acT MOAXOMALINI 00yyarouil curHan Juist agantanuu uibTtpa. [lpaBuio 1uist peryiupoBKu
BECOB I10KAa3aHO B YPAaBHEHUH 5:

dw; = —B(p;(t) - u(t)), (5)

rae Sw;- 3To U3MEHEHHE j-TOr0 Beca Wj;
f-koHCTaHTa KO3 dunreHTa oOydeHHs. 3HaYeHHE ITOTO MapaMeTpa HaCTpauBaeTCs
JU1s1 ObICTpOTO O0yUeHus 0e3 HeCTaOMIIBHOCTH;
1i(t) - 3HaYeHHE MPOCKAIB3bIBAHNS CETYATKH B MOMEHT BPEMEHH t;
p;j(t) - 3HayeHue j-ro GuIbTPa B MOMEHT BpeMeHH t [3].

MopenpHast apXUTEKTypa CUCTEMBI ObliIa 3alpOorpaMMHPOBaHa ¢ UCTOIb30BaHWeM Matlab u
Simulink. briok nokaszan Ha pucynke 2. Koxbr Matlab ncnone3yrorest st 3amycka Simulink [4].
DKCIIepUMEHTHI, IPUBEIACHHBIC HUXKE, OBLIH CIIENIaHbl IS MPOCTOW YCTaHOBKM MEPBOTO MOPSAKA,
4TOOBI JOKa3aTh MOJE3HOCTh AJITOPUTMA.
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Delay
esTOL usTOL xsTOL
Emor signal Moator command
g u
» ' P PlantBlock
SimBlock_ControllesTDL Plant Model
. w
hedvel > #  wsTOL
From Fitier weights
Workspace Level2 MATLAB
S-Function
—p  ysTOL
Desired velocity

Pucynoxk 2 - binok-cxema B Simulink

[Tpon3BOAUTENFHOCTS CUCTEMBI C OIPAaHMYCHHBIM HANa30HOM BXOJHOTO CHTHajla Oeyoro
IIyMa, TO €CTh CKOPOCThH TOJIOBBI, BbI3BaJla CKAYOK CETYATKHU C HU3KOW YacCTOTOM, YTO OXKUAACTCS
U3-3a CYIIECTBYIOIIEro KOHTpOJUIepa cTBoja Mo3ra B (pucyHok 3).

a) Pre-training b} Post-training
T T T T T T T -
—— head welocity — head elocity
— eye welocity eye velocity
1 retinal slip 1 — retinal slip

B2
o

05 1 | \

ol ! i |y
ol :I il I!I'|P| I'lrl :.|: ) I.l Fil:im il

| |
i 1

T R

velocity ([deg/s)

velocity (deg/s)

1 1 i L i
50 100 150 200 250 300 a 50 100 150 200 250 300

fime (s) time (s)

Pucynoxk 3 - Omnbka /10 1 nocie o0yyeHus

CornacHo 3TUM rpapukaM MOXXHO KOHCTAaTUPOBaTh, YTO OH HE MOXKET IMOJAJIEPKUBAThH
AKCIIEHTPUYHBIN B3Il BpeMeHHO# X0/ yCTaHOBKM M CTBOJIA MO3Ta HEMOCPEICTBEHHO BIIMSIOT Ha
TO, KaK OBICTPO MOJIOXKEHHE IJ1a3 BO3BPAILAETCS K IEPBOHAYAILHOMY 3HAUECHHIO.

Bxon 1 3TOM  cuUCTeMBl  TpEACTaBisieT COOOM  CHUTHAT  CKOPOCTH  TOJIOBHI,
CMOJICIMPOBaHHBIA Kak Oenoil IIyM, OrpaHMYEHHBIM Moyiocod, Kak M pasbiie. OOyueHue
HaunHaercs uepe3 30 cekyHa. [y TecTUpOBaHMS TOTO, KaK 3HAYCHHE CKOPOCTH OOyUYEHHsI BIMSIET
Ha MPOU3BOJUTENILHOCTD, KaXKIbI pa3, KOrJAa OAUH M TOT € HAabOp CUTHAJIOB HCIIOJIb3YETCS KaK
BX0J r. PasHHMIA MeXIy NpOCKalb3bIBAHMEM CETYaTKH Ipel-TPEHHUPOBOYHBIX U  IOCT-
TPEHUPOBOYHBIX HIKCIEPUMEHTOB JaeT JIydllee MOHWMaHUE TOro, KaK aJalTUBHBIM KOMIIOHEHT
CHIDKAET MOTPEUIHOCTh (pucyHok 4) [5].
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Pucynok 4 -CnBur ceT4aTku A0 | Mocje TPEHUPOBKH (00ydyeHune Haganoch yepe3 30 cexyHn)

Heob6xonumo oGecrneunth, uyTOOBI 00ydeHHE OBUIO JOCTATOYHO MEAJICHHBIM, YTOOBI
CIPaBUTHCS CO CIETYIOLUTUMHE MTPOOIEMaMH:
a) BO3MYLICHUS YCTAaHOBKH;
0) 3aCpIKKH;
B) U3MEHEHUS IMHAMHUKH YCTAaHOBKH.
CHe}IYIOHII/Iﬁ OKCIICPUMCHT BBIITOJIHACTCA JJIA TOM K€ CHCTEMBI C Pa3IMUHBIMHU 3HAYCHUAMU
CKOpOCTH 00y4eHust (pUCYHOK 58, 5b).

DISPLACEMENT TRACKING

_ DISPLACEMENT TRACKING
d
. 1 - - T T
g ., —— desired
% = —— actual
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=
tima(s) 2
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— 5 i i i ! i L i i L L
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g0 ————— timeqs)
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¥ = 041 W
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' [] 50 100 150 200 250 300 &5 2n 215 2 285 20
timais) time(s)

Pucynox 5a - [Ipon3BouTeTILHOCTE CUCTEMBI TIPU CKOpocTH 00yuenus =0,001
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DISPLACEMENT TRACKING
- DISPLACEMENT TRACKING
g 1
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Pucynoxk 5b — [Tpon3BoauTEIEHOCTH CUCTEMBI TIPH CKOpocTH 00ydeHust $=0.01

On nauunancs ¢ f=0,001 u kaxaplil pa3 yBeIUYUBaICs, HEKOTOPBIE U3 SKCIIEPUMEHTAIBHBIX
pe3yabTaToOB IpeAcTaBieHbl Hiwke. ['paduku (pucynku 6, 7, 8, 9) ¢ 1€BOil CTOPOHBI MOKA3BIBAIOT
MIPOU3BOUTENILHOCTDh Ha BCIO IPOAOKUTEIHLHOCTh AKCIIEPUMEHTA, a Ha IIPAaBOM CTOPOHE MOKa3aHbI
KpaTKUMU CHUMKaMU OJTHUX U T€X K€ CIO)KETOB JJISl ICHOCTH.

DISPLACEMENT TRACKING
=5 : : : : DISPLACEMENT TRACKING
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e
=
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Pucynox 7 - [Ipon3BOAMTENIEHOCTh CUCTEMBI IPHUCKOPOCTH 00yuyeHus b=1
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x0T DISPLACEMENT TRACKING
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Pucynok 8 - [Ipon3BoAUTEIEHOCTE CUCTEMBI IIPU CKOPOCTH 00y4eHust b=10

I'padux Ha pucyHke 8 ObLT MOCTPOCH AJISl aHAJIM3a TOTO, KaK CKOPOCTh 00y4eHus () BiuseT
Ha omnOKy. DaKkTUYECKH, €CII CKOPOCTh OOyYEHHS M3MEHSETCS, BPEeMs MOJCIHPOBAHHS TaKKe
JOJKHO OBITH M3MEHEHO.

[TpuunHON 3TOrO SBISETCA TO, YTO CHCTEME TPeOyeTCs COOTBETCTBYIOIEE BpEMs JUIS
NpUMEHEHHs 3Toro oOydeHus. OIHAKO B DKCIIEPUMEHTE BBIIIC BPEMsl MOJCIMPOBAHHS OBLIO
OJIMHAKOBBIM JIJISl Pa3HBIX CKopocTel o0ydeHus. CormnacHo rpaduky, Ha pucyHke 9, 0COOCHHO IS
sTOoro Habopa BBOJa, ommOka MeHbine, korga P=1. Ilpum p>>1 cucrema CcTaHOBUTCA
HeycToWunBOii [6].

0,08

e 0,04

B

£ 002

® oo I I l t
0

0,001 UUDS 0,01 0,05 01
Learning rate (ji)

Pucynok 9 -Cpennee 3nauenue omu6ku CKO B OTHOIIEHUH CKOPOCTH 00ydeHUs
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Pucynoxk 10 - CpeanexBanpaTtnysas ommoka 3a nociegaue 10 cekyHa Ui pa3HbIX HOMEPOB
¢buIBTPOB

Ha pucynke 10 nokasano, kak CKO-omuOka Mexay xenaeMoil u (pakTHIeckoit CKOPOCThIO
riaza B TeueHue nocienHux 10 cekyHa s pa3smudHOro KonmyectBa (uibTpoB. Kak BuaHO Ha
rpaguxke, omunbka CKO ymeHbIIaeTcsi ¢ yBEeIMUYEHHEM KOJMYECTBa (DPUIBTPOB; €CIIU KOJIMYECTBO
(GMIBTPOB TOCTaTOYHO, OMMOKa OyeT O1M3Ka K HYITIO.

B stom skcniepumente nocie 150 cexyH/ n3ydaeTcs ajanTanys K U3MEHEHUIO apaMeTpoB
YCTAaHOBKH, peanu3zyemas IyTeM H3MeHeHus koddduumenra ycunenus. [Ipon3BoAMTENBHOCTH
CHCTEMBI ITOKa3aHa Ha pucyHke 11.

Macmrad pucynka 11, mokazaHHblii Ha pucyHkax 12, 13, 14, HayHercs, Koraa NmpupoCT
pacTeHus! U3MEHUTCS U 3aKOHUUTCSI 00yueHHe COOTBETCTBEHHO.

DISFPLACEMENT TRACKING
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PI/IcyHOK 11 - HpOI/I3BOIII/ITCJ'ILHOCTB CHCTEMBI C TUHAMHYSCKOMN YCTaHOBKOﬁ
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DISPLACEMENT TRACKING: a)Start of the leaming
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Pucynok 12 - Havano ob6ydenus

HSPLACEMENT TRACKING: biChanges gain of plant
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Pucynoxk 13 - Msmenenne CKO na 150 ¢

DISPLACEMENT TRACKING: c)End of the learming
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E — - actual
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Pucynok 14 - Konen o0yuenus

Jliia oGecniedenus 6osee oOLIEIPUMEHUMOTO PELIEHUs! allTOPUTM JOJDKEH ObITh pacIIupeH,
4yTOOBI PaCIIMPUTh JMANa30H KOHKPETHBIX 3ajjad YNpPaBICHHUS W ObITh MOIXOMSIIUM Ui psija
YCTAaHOBOK C JIFOOBIM TIOPSIIKOM. YUTOOBI pEmUTh 3Ty MPOOIEMY, HCHOIB3YeTCS KOHIICTIIIUS
a/IalITUBHOTO YIIPABIEHHS STaIOHHOM Mozienbio (ACOM).
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Ha pucynke 15 mnokazana apxutekrypa ropusoHTanbHoii VOR ¢ wucmons3oBaHHEM
koHuenuu ACOM, rae M - atanoHHass MOJEIb.

¢ e(t)y !
z(t) Y CeTuaTKA!
Mo3:xeuKkoBbIii :
BBIX0] |
5 5
I t »> > » >
Cko ( zcn, M B u(t) P x(t)
}on[:)Bbx Komanaa dakTHIeCcKAH
i ABH:KeHHS CKOPOCTD
raa3 r1a3
M

Pucynoxk 15 - Cxema aganiTUBHON CHCTEMBI C 3TaIOHHOUN Mojenbio (ACOM)

Pone ACOM 3akioyaercsi B TOM, 4TOObI ONPEAEIUTh 3aKOH YIIpaBJIeHUs] 0OpaTHOM CBA3bIO,
KOTOPBI M3MEHSET IMHAMUKY 3aBOJCKOW M ATAJIOHHOM MOJEIIHN, OIMCHIBAET )KEJIaeMble CBOMCTBA
BBOJIa/BBIBOJIA 3AMKHYTOW YCTAHOBKH [7].

Anroput™M  MoO3edka  JOJDKEH ~ ObIThb  paciiMpeH,  4YToObl ~ KOHTPOJIMPOBATH
[J1a30/IBUTATEIbHYIO0 YCTaHOBKY P (ypaBHeHue 6):

n". s+b;
p- i ©
M ista;

rae n=m.

Ecnmu n>m, Torma oOpaTHbI KOMIEHcaTop OyAeT HMeTh HeHaJuIexallylo (QyHKIUIO
nepenayu K=P™, BBIXOZ KOTOpPOro TPYIHO pEaIn30BaTh, WU OTO NPUBOAUT K UIYMHOHU
BBICOKOYACTOTHOM NPOM3BOJUTEIBHOCTH M HECTaOWJIBHOCTH B IMpaBuie o0O0ydeHus. YToObl
yOeaHUTHCS, 9TO HYKHBIH KOHTPOJIJIEP XOPOIIO padoTaeT, NCXOAHask BerauciuTenbHas moaens VOR
pacumpsieTcsl ¢ IMOMOULIbI0 ATAJOHHOW Mozaenu M. DranoHHas Mozaenb M ompenenser noBeacHHE
yrnpasisiemoit Mmoienu. Mogenb auanazoHa M onpenensieTcs B HEMIPEPHIBHOM BpeMEeHH (ypaBHEHUE
7), KaK:

(")

rae 7=0.1S - mocTosHHAsS BPEMEHH,
N-M - MOPSAJIOK ITAJIOHHON MOJIENH, KOTOPBII Ha CaMOM JeJIe SIBISETCS PasHULIEH MEXKIY
YHCIIOM MOJI0coB U HynssMU. C 3Tol 0a30BOI Mozenbio Tpedyercst onpenenutb Koutposiep K=P
'M (ypasuenue 8):

n .
H]-=15+a]

K= N2, (s+by)(Ts+1)n—m’

(8)

Omnwupasicb Ha TPUHIUN PAaOOTHl JAaHHBIX Mojened (Gopmupyercs JABe albTEpPHATHBHbBIC
apXUTEKTYphl YIpaBiIeHUs IJi1 TpeXMEepHOM craOmimzanuu yctaHoBkM VOR misg agantupyemoit
MOTOPHOM 33J]au¥l CO MHOTUMH CTENICHSIMU CBOOO/IBI.
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Ha Pucynke 16 mokasanbl JBe albT€pHATUBHBIC MOJEIH Ui TPEXMEPHOH cTabmimM3anuu
yctaHoBkud VOR, rje:

Xhor — TOPU3OHTAJIbHAS YTJIOBAsI CKOPOCTh;

Xver — BpalllaTeJibHas yIJIOBasi CKOPOCTb;

Xtor — BEPTHKAJIbHAS YTII0Basi CKOPOCTb.

CornacHo PucyHky 3 MOKHO BUIETh CXOACTBO ¢ OCHOBHBIM VOR.

B npunnune, apxutekrypa VOR momnosHsiercst misi ucronb3oBanus tpexmepHon (3DOF)
YCTaHOBKH. B KaduecTBe BXOIHBIX MMEPEMEHHBIX OYAYT HCIIOJIB30BAHBI TPU COCTABJISIOIINE YTIIOBOM
CKOPOCTH Xnor, Xver, Xtor (TOPU30HTANIbHBIE, BpalllaTeIbHbIe, BEPTUKAIILHBIE).

CurHayibl TPOU3BOAST JBHUTATEIbHBIE KOMAHABI JJI IIECTH TJa30JBHTATEIBHBIX MBbIIIII,
npoxoas 4depe3 Mo3roBoil ctBon B u mozxkeuok C, yToOBl cTaOMIM3MPOBATH BpallaTeabHOE
[10JIO’KEHHUE TJ1a3 B IPOCTPAHCTBE.

ApXuTeKTypa OOpaTHOM CBsI3M C oOImMOKaMu TmpejacTaBieHa Ha Pucynke 16(a), Tam
MO3KEUOK ITOJIy9aeT TPH BECTHOYISIPHBIX BXOJHBIX CHTHAJIA M TOCBUIAET IIECTh JBUTATCIBHBIX
koMmau. L[Bera ucnomnb3yercs Uit IPUBJICUEHUS BHUMAHUS K «IIPOCTPAHCTBY ABMKCHUID.

PexyppenTtHas apxurekrypa npesacrabicHa Ha Pucynke 16(b), TaMm MO3:Ke4yOK, B KauecTBE
BXOJIOB, IIPUHUMAET IIECTh KOMAaH]l JBHUTaTeNs U OTHPABISAET MOMPABKU K TPEM BECTUOYISPHBIM
curaanam. B aTom ciydae 1BeTa HCrosb3yercs 1t (POKYCHPOBKH K «IIPOCTPAHCTBY 3a/1a49.

(a) (b) eeeerereeeeeeai B e

ans -
C hor
F € Yer
. I
Cor [
11
Eigr
Cior [
Nhor Xhor v ' Hhor ;
—T—O = >0
X r MR Yoor Ah
ver yer : Lyer :
. B S5 :
X 50 . H
tor Xiar G} (0] Niar :-—@

@urypa 16 — ApXuTeKTypa A TpeXMepHOi ctabmnn3anuu yctanoBku VOR
a) oOpaTHas cBs3b, b) pexyppeHTHas

Jak/ouenue

Anamu3z  ommOku  CKO  mocne  oOyueHus — MoOKasaldl  YJAOBJICTBOPUTEIHHYIO
IPOU3BOIUTENBHOCTb. 3aTeM Oblja BBINOJHEHA IPOU3BOAMTEIBHOCTh CHCTEMBI C pa3HBIMHU
ckopocTsiMu o0ydeHus. CrenmaH BBIBOX, YTO 0ojiee BBICOKHME CKOPOCTH OOYYEHHUS TPUBOIAT K
menblieit ommbke CKO. Opnako Oojee BbICOKME YpoBHM o00ydeHus (B>>1) npuBogsat k
HECTaOMIILHOCTH, CIIEIOBATEIHHO, K IMOJIHOW ITOTEpPe OTCIICKUBaHUs. VcciiejoBaHNe OTCIICKIUBAHNUS
Ha JMHAMUYECKOM MOJEeNu MOKa3bIBaeT, UYTO aJalNTHBHBIN KOHTPOJUIEP CIIOCOOEH OTCIIEKUBATH,
Jake KOTJla WM3MEHEHHs IMPOMCXOAST B MOJETH YCTaHOBKH. ODTO HCCIEJOBaHHE aJalTHBHOTO
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KOHTPOJISI MO3K€4Ka, KOTOPOE JIOTIOJIHSAETCS 3TAJOHHONW MOJENbIO, JTaeT MOTEHIUAIbHOE O0Ilee
pelieHue s poOOTU3UPOBAHHOTO KOHTPOJISL.

AnantuBHas MoJeNb (QUIbTpaA ABISETCS OMOIOTHYECKU IMPAaBIOMOAOOHOM, MOCKOIbKY OHA
UMEEeT aHaJOTMYHYI0 OCHOBHYIO CTPYKTYPY IUIS KOpPbl MO3KEUKa W MPUHLHUI PabOTHI XOPOIIO
MOJIXOAUT JUTSI OCHOBHBIX (DYHKIMI Mo3keuka. KoHLenus yrnpaBieHus: JeKOppessIUen sBIseTcs
BO3MO’KHBIM MEXaHU3MOM YIPABJICHHUS MO3KEUKOBBIM JIBUTATEIIEM.

Bo3MOXHO aganTupoBaTh aJTOPUTM AJANTHBHOIO YIPABIEHHUS MO3KEUKAa B BCTPOCHHYIO
aApXUTEKTYpy YIpaBJICHUs HJs AalTUBHOIO YIPABIEHUS POOOTU3MPOBAHHBIMU CHUCTEMaMH C
UCTOJIB30BAHUEM MHOTOJUCIUIUIMHAPHOTO IOJIXO/a, KOTOPBIM BKIIOYaeT B ce0Sl TEOPHIO
yIpaBieHUs, HEWPOHAyKy, JJIGKTPOHHKY, MEXAaTPOHHUKY, pOOOTOTEXHUKY, pa3pabOTKy
POTPaAMMHOTO 00eCIIeUeHHs U BCTPOCHHBIE BEIYUCIICHUSL.
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POBOTOTEXHHUKAJBIK )KYWEJIEPTE EHI'I3Y YIITH BEMIM/IEJTEH CY3T'THIH
HEI'I3AEMECIHJAE /KACAH/IbI KO3KAPACTBI 3EPTTEY

B. Tyasrtaes’, A. Cyaran’, A. Hycu6anunesa’, I'. Baa6aes™’

YFeueim Opmnacel, AnMarts! K., Kazakcran
2 AJIMATBI SHEPTETHKA 5KOHE GaiiIaHbIC yHHBepcuTeTi, AnmMartsl K., Kazakcran

Anoamna. betiiMaenren cy3ri — Oy 6aranay KYPbUIFBICH, KaliTalaMalbl PSXKUMIHIC HAKThI yaKbITTa
€Ki CHTHAJIABIH ©3apa OalIaHBICBIH MOJENbACHAI. AJANTHBTI CY3TUIep CHUTHAl OKBIN, OHAEYyTe,
KOJITAHBICTaFbl JKYMBIC JKaFJaiiapeiHa Oelimzaenyre Hemece OeiiMAeHyre MYMKIHAIK Oepeni. AJanTuBTI
CY3T'1 apKbUIbI OPBIHAJIATHIH €H MaHbI31bl (PYHKIIHS KYHEHI MOJICIbICY OOJIBIN TaObIIa b,

HetipopoboTTap camaceIHAaFEl 3epTTEYIIEp, )KOHE, COHBIMEH KaTap, KO3FaIbICTapAbl YHIeCIMAUTITIHE
JKayanTsl 0ac MHUABIH OeMIHAETi MHIIBIKTHI 3€pTTEYy, COHIAl-ak, MEHEHI Tele-TCHIIKTE JKOHE OYJIIIBIK
eTTIH TOHYCBIHA MYMKIHIIK Oepefi. MUIIBIK - OYJI MUABIH aiiMarbl OOJBIN TaOBLIAABI, OJ AJalTHBTI
OakpUTayMEH JoHe Iedep KO3FaTyMEH THIFBI3 OaHIaHBICTRI. AJTAMHBIH MHUBIHIAFBI OapiIbIK HEHPOHIAPIBIH
80% -Ha geitin Oap eKeHIIrT OHBIH MaHBI3IBUIBIFBEIHA €pEeKIe Ha3zap ayaapanbl. By KiaeTkazap MHIIBIKTHIK
MHUKpocxemaiapaa OipKeJKi opHaiiacajbl, 0jap MHUIIBIKTHIH KBIPTHICH apKbUTbI KaiiTananaapl. by kenteren
TarceIpManapael 0ackapyaa iCKe achIpblUIraH Oip «MHIIBIKTHIK aJITOPUTM» Oap €KeHIH KopCceTedl, MUIBIH
opOip Keke alWMarblHBIH Oackapy (YHKIHSCHI OCHl IIIKI adrOPUTMIE JKSOHE OFBIH CHIIPIITeH
aApPXUTEKTypachiHa OalIaHbICTHI.

Kinmmik ce30ep. MuIIBIK, OCHiIMIIENTEH CY3Ti, BecTHOYn0-ke31ik peduiekci (VOR).

STUDY OF ARTIFICIAL VISION ON THE BASIS OF THE ADAPTIVE FILTER FOR
IMPLEMENTATION IN ROBOTIC SYSTEMS

B. Tultayev', A. Sultan, A. Nussibaliyeva®, G. Balbayev'?

'Gylym Ordasy, Almaty, Kazakhstan
2Almaty University of Power Engineering and Telecommunications, Almaty, Kazakhstan

Abstract. An adaptive filter is a device of evaluation that simulates the relationship between two
signals in the iterative mode in real time. Adaptive filters allow you to read and process the signal, adapt to
existing operating conditions. The most important function performed by the adaptive filter is the simulation
of the system.

A study on the application of neural networks in robotics, and in particular the study of the
cerebellum-cerebellum, which is responsible for the coordination of movements, also for the ability to
balance the body and regulate muscle tone. The cerebellum is a region of the brain strongly associated with
adaptive control and skilful motion. Its importance is emphasized by the fact that it contains up to 80% of all
neurons in the human brain. These cells are located very evenly in discrete cerebellar microcircuits, which
are repeated through the cerebellar cortex.

Key words: cerebellum, Vestibulo-Ocular Reflex model, Adaptive filter model.
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THE HARMONIC LINEARIZATION COEFFICIENT DETERMINATION

Abstract. Modern main pipelines are a complex system with distributed parameters. As a rule, the
presence of complex terrain entails additional difficulties in the modeling and study of such systems. The
effects of nonlinear dependence in the liquid transportation system in the case of changes in the track profile
and the presence of air accumulation require additional researches. The formulas used in the literature do not
allow to estimate the values of the harmonic linearization coefficient for the forced oscillations domain of
small amplitude. The article considers the problems of determining the coefficient of harmonic linearization.
Calculation formulas are proposed for obtaining the required dependence taking into account the nonlinearity
arising from asymmetric oscillations of the input value - the average velocity of the liquid, and the change in
the angle of the characteristic inclination. As a result of the transformation, the dependence of the harmonic
linearization coefficient for small vibration amplitudes is determined, which will allow to study various
modes of self-oscillations in the future.

Key words: nonlinear dependence, the harmonic linearization coefficient, the forced oscillations
amplitude.

Almost all real systems are more or less nonlinear. In the presence of air inclusions, the
liquid transported through the main pipeline can be considered as a two-phase flow. The article [1]
presents the characteristics of the friction forces dependence on the oil transportation speed when
changing the route profile, where there are nonlinear sections.

The presence of a nonlinear characteristics requires the study of its effect on the properties
of the liquid transportation system when changing the route profile and the presence of gas-air
accumulations. The graphs of dependence of Pgic(v) given in [1] shows that the system has a
nonlinearity of Z,,, which corresponds to the characteristic of the unit with saturation and
displacement x° = v°, where \° is the value characterizing the velocity mode in the pipeline [3].
Moreover, the parameters of nonlinearity depend on the air amount [2]. We take as a nonlinearity
dependence Pyic(v), close to the typical (Figure 1).
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Figure 1 - Non-linear dependence of pressure losses on friction Pgc from the average fluid velocity
v

In the case of asymmetric oscillations for the nonlinearity characteristics [1] at a=A, and
following the condition a>b+|x°| we have [2]:

0 0 0 0)?
0. K . b—x . b+x" b-x b—x
g(a,x”) =—|arcsin +arcsin + 1- +
T a a a a

2
b+ x° [b+x0]
+ 1- ,

1)

where a is an amplitude of periodic oscillations.

Since the formula (1) does not allow us to calculate the harmonic linearization coefficient
for a small amplitude a>b-|x°| oscillation domain, to obtain the required dependence we use the
nonlinear characteristic F(4v) for asymmetric oscillations of the input value Av, which is shown at
Figure 2. The shown in the figure inclination angle k, of the characteristic may vary.

For this type nonlinearities the harmonic linearization coefficient value q(a) will be the
following:

o2
q(a,x°)=k—k2—_kl (b—x0 1_(b—x j +
T

a
0 b+ x° ’ . b—x° . b+ x°
+(b+x 1- 2 A, | arcsin 2 + arcsin 2 ,

We should substitute a=A,, xX’=v° and k in (2). However, according to the formula (2 the
values of g(a) can be calculated also only if a > b+[xY).

)

To investigate the model in the domain of small values of forced oscillations amplitude,
which is typical for a real object, we obtain an expression for q(A,,v°) for small amplitude values in
accordance with Figure 2.
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Figure 2 — The calculation of the harmonic linearization coefficient

In accordance with the values of the function F (VO + A, sin l//) shown in Figure 2b we
calculate q(A6 ,VO) values. According to the figure we have:
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2

q(Ag,VO):;‘g IF(VO + Agsim//)sinwdw -
0

72
{ZJ‘kl v+ Agsmz//>sm|//dz// +2Ik1b3|nwdw+

41

75
+ZIk2[aS|nw (b v)]smz//dz// ZIklv —asmz//)smy/dt//+

2

f fasiny —v° ki L 2Pcosy
+2J‘k1 asiny —v sdel//:TAe —2kv-cosy |, + 3)

2

S 7% S |
+ 2k;a S0 _ZSInZV/O —2k1bcosv/ - + 2k, A, v —Zsm2yx v | T
% w2 w2 w2
( o) 0 v 1.

+ 2k,(b—v cosy|,, +2kvcosy |, + 2k A, o —Zsm21,//0 +
+ 2k, A, sz—zsmzw w2 | T2k cosy|,,

Substituting the integration limits and the angles values

b=\° _b+VO
z//lzarcsmT, w, =arcsin A

we obtain finally:

C](AS,VO)z k1+k2 k1 ( )\/ £—X+Agarcsm£—) (4)

2 7,

Then at k,=0 and a>b-v° according to figure 2 we have:

q(Ag,vo)zﬁ ( 1—£—f+ Agar05|n£—) (5)

2 ﬂAg
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The graph of dependence g(a) is shown at Figure 3.
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Here: by the x-axes - amplitude a/b; by the y-axes - the nonlinearity coefficient g.

Figure 3 - The dependence of the harmonic linearization coefficient g of the relative amplitude
a/b

The graph of dependence F(x°, a) is shown at the Figure 4.
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Figure 4 - Dependence of the constant component F on the amplitude a and the input constant
component x°

Thus, the obtained dependence of the harmonic linearization coefficient g(a) for small
oscillation amplitudes will allow to explore various oscillation modes.
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I'APMOHHUKAUJIBIK CBI3BIKTAHABIPY KO®®ULHUEHTIH AHBIKTAY

H. B. Csiouna’, JI. K. U6paeBa’

1 N )
AJMaTBI SHEPTETHKA JKOHE OallTaHbIC YHUBEPCUTETI, AMaTHl K., Kazakcran

Anodamna. Kazipri 3aMaHfbl MarucTpajibasl KYObIpiap TapaTbUlFaH mapaMeTpili KypAesi xyiie.
OJieTTe, OChIHAM KYHeaepi MOJCIbICY JKOHE 3epTTey OaphIChIHAA XKEPAiH Kypaeii penbedi KoChIMIIa
KHUBIHIBIKTapAbIH ce6ebi Oonbin Tabbuiansl. MyHal TackiManay xyiecinae Tpacca npouii e3reprene
JKOHE Ta3-aya KUBIHTBIKTaphl Naiga OoFana OeChI3BIKTHI TOYEIAUTIKTEP KOCBIMIIIA 3€PTTEYNIEp i Tajal
ereni. Kenripiiaren gopmysianap Kili aMImIMTYAJIbIK aMajIChl3 TepOeticTep aiMarbIH/1a TapMOHUKAIIBIK
CBI3BIKTaHJIBIPY KO PHUIMEHTIHIH MOHIH Oaraayra MYMKiHJIK Oepmeiini. Makanaaa rapMOHUKAIIBIK
CBI3BIKTaHBIPY KO (PHULINEHTIH aHbIKTay CYpaKTapbl KapacThlpbiiaasl. KipicTeri mama — CyHBIKTBIK
OPTaHBIH OPTa JKBUIJAMIBIFBI )KOHE CHIIATTAMAHBIH HilTy OYpPBIIIEI CHMMETPHSIIBIK eMec TepOenreH e naiaa
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0071aThIH OCHCHI3BIKTHIKTHI €CEIIKE aIaThIH TOYSAUIIKTI aHBIKTayFa apHaJlFaH ecentey GhopMyJianapsl
ycoHbUIAAEL. TypiaeHaipynep opslHAay HOTHKECIHAE KeIeIeKTe aBTOTepOeITiCTEPAiH 9pTYPIIl peKUMAEPiH
3epTTeyre MYMKiH OepeTiH aMIUIMTyAaJapAbIH Killll ITaMachlHAa TAPMOHHUKAJIBIK CHI3BIKTAHABIPY
KO2(h(PUITMEHT] aHBIKTAIFaH.

Kinmmik coe30ep: OEHCHI3BIKTHI TOYSIIITIK, TAPMOHUKAIBIK ChI3BIKTAHABIPY KO3 OUIIMEHTI, epiKCi3
TepOeric aMIUTUTYIaCHI.

OINPEJEJEHHUE KOY®PPUIIUEHTA TAPMOHUYECKOM JUHEAPU3 AN

H. B. Csi6una’, JI. K. U6paesa’

L AJIMaTHHCKHI yHHBEPCHTET SHEPIeTHKH 1 CBs3H, T.AMathl, Kazaxcran

Annomayus. CoBpeMeHHbBIE MATUCTPATBHBIE TPYOOIIPOBOIBI MPEACTABIISIOT COO0 CIIOKHYIO
CHCTEMY C paclpeAeleHHBIMH mapaMeTpamu. Kak mpaBuino, Hau4due CI0XKHOTO pelbeda MECTHOCTH BICUET
3a co00¥1 MOSBJICHUE TONOIHUTEIBHBIX TPYAHOCTEH ITPH MOJICITMPOBAHUU U UCCIICIOBAHUM TAKUX CUCTEM.
BrnusitHue HeJTMHEWHOM 3aBUCUMOCTH B CUCTEME TPAHCIIOPTHPOBKH JKUIKOCTH TIPU U3MEHEHUH MTPOMUIISL
TpacChl M HATMYUH BO3YITHBIX CKOIICHHN TPeOYeT MPOBEICHNUS JOTIOTHUTEIHHBIX NCCIICIOBAHAN.
[IpuBenenHbIe B muTepaType GOPMYIHI HE IO3BOJIIOT TPOU3BECTH OIEHKY 3HAUYSHHH KOApDHUIINEeHTa
rapMOHHMYECKOM JIMHEeapU3aliu JJis 001aCTH BBIHYXK/ICHHBIX KOJeOaHuil Majol aMIuTUTy bl B crathe
paccMaTpUBarOTCs BOIIPOCHI ONpeaeeHust Ko uIrenTa rapMOHNYecKoi TnHeapr3annu. [Ipeanararorces
pacdeTHbIe GOPMYIBI AT TOTYUISHHS TPeOyeMoil 3aBUCHMOCTH C y4ETOM HEIMHEHHOCTH, BOZHUKAIOIIEH
MIPH HECUMMETPHUYHBIX KOJICOAHUSX BXOJAHOHN BEJIUYMHBI - YCPEIHEHHONW CKOPOCTHU KHIKOM Cpeibl, U
M3MEHEHHS yIila HaKJIOHA XapaKTepUCTUKH. B pe3ynbrare npeoOpa3oBaHuii ONpeieieHa 3aBUCUMOCTh
Koa(pGUIMEeHTa TADMOHUYECKOH JINHEAPU3aIHN ISl MAIIbIX aMILTUTY KoJeOaHuil, KoTopast TIO3BOJIHT B
OyJyIieM BBITIOJHUTH UCCIICOBAHUS PA3IMYHBIX PEKUMOB aBTOKOJICOaHUH.

Knroueswie cnosa: Henvnelinas 3aBUCHUMOCTD, KO3(1)(1)HLIH€HT rapMOHPI‘ICCKOﬁ JIMHCapu3aluu,
AMIIIMTY A BIHYKACHHBIX KOJIeOaHMIA.
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lIA.]'IMaTI/IHCKI/II\/'I YHUBCPCUTCT SHCPTCTUKU U CBA3HU, T'. AJ'IMaTLI, Kazaxcran

OMIIMPUYECKASA 'NAPOJANHAMUKA YJIBTPA3ZBYKOBOI'O PACXO1OMEPA

Annomayus. BpeMsauMITyJIbCHBIE YJIBTPa3BYKOBBIE PAacxXOJOMEpbl IOJNydaroT BCE Oobluee
npuMeHeHue Onarojapsi OOJBIIUM JAMana3oHaM JAuamMeTpa TpyOONpoBOJa, TEMIEparypbl W JaBICHUS
KOHTPOJIMPYEMOH KHUIKOCTH, BO3MOXKHOCTH H3MEPEHHs Pacxola HEdICKTPONPOBOIHBIX M 3arpsi3HEHHBIX
cpel, OTCYTCTBUIO MOTEPH NABJICHUSA, BBICOKOM TOYHOCTH H3MEPEHHUH, Majloil MHEpUHOHHOCTU. Pacxofn,
omnpeseNsieMblid C IOMOIIbIO  YJIBTPa3BYKOBOI'O pPAaCXOJOMEpa, pacCUUTHIBAaeTCd C MPUMEHEHHEM
THIPOAVHAMHYECKOTO NENUTENS, YIUTHIBAIOLIET0 NPO(QUIb CKOPOCTEH MOTOKA KUIKOCTH B TPyOOIIpPOBOIE.
JlaHHBI TIOKa3aTeNb OIpeAeisIeT METOIUUECKYIO IIOIPEIIHOCTh PACX0A0MEpa.

B crarpe Ha 6a3e monenn Kusmimca-PemeTHrkoBa peuiokeHa SMITUpHYecKast KyCOUYHO-THHEHHAs
MaTeMaTU4eCKasd MOACIIb THAPOAUHAMUNYCCKOr0 ACIUTEIIA MOBBIIICHHON TOYHOCTH B IHUPOKOM AHAIa30HE
uyucna PeliHonbaca. BBeneHsl TOHATHS —aMIUIMTYTHO-perHONbACOBON (APX) wu morapudmmdeckoi
aMIUTUTYTHO-peiHoNbacoBOM (JIAPX) XapakTepuCTHK M'MAPOJUHAMUYECKUX MOKa3aTeneil yabTpa3ByKOBOTO
pacxozmomepa.

B cratee Taxke paccumransl APX u JIAPX mpemnokeHHOW MOAENTH THUIPOIUHAMUYECKOTO
JIEIATEINSI YIbTPA3BYKOBOTO pacxomomepa. [lomyueHsl yncnoBble 3HaYEHHUS PEHHOIBICOBOTO KOA(hdUITNeHTa
nepenaun APX u naknona JIAPX pacxomomepa.

Kntouesvle cnoea: ynpTpa3ByKOBOH pPacxoJoMep, THAPOIAWHAMUYECKHN [ENUTENb, aMIUIHTYIHO-
peitHOIbICOBAs XapaKTePUCTHKA.

[IpuHnIKn AeHCTBHUS YIBTPa3BYKOBBIX pacxoJOMEPOB OCHOBAaH Ha H3MEPEHHMH 3aBUCSILETO OT
00BEMHOrO pacxola aKycTU4ecKoro 3¢QeKTa, BO3HHKAIOIIET0 MPH MPOXOXKACHUH YJIbTPa3BYKOBBIX
CUTHAJIOB Yepe3 IOTOK JKUAKOCTU. [JlaBHOE pacmnpocTpaHeHHE M3 HHUX TMONYyYWIH BPEMSUMITYJIbCHBIE
pacxoJoMephl, B KOTOPBIX H3MeEpseTCS BpPEMsI NMPOXOXKICHHS YIbTPAa3BYKOBBIX CHTHAJIOB II0 IHOTOKY H
npotuB Hero. JlaHble — pacxogoMepsl NHONy4aroT BcE Ooiblliee NpUMEHEHHE Oiaromaps OOJbIIOMY
JMATIa30Hy quaMeTpa Tpy6ornpoBoaoB 10-10° MM 1 BEIIIE, IIMPOKMM HAMTA30HAM TEMIIEPATYPHI U JABICHAS
KOHTPOJINPYEMOH >KHJIKOCTH, BO3MOXXHOCTH M3MEPEHHS pPacxoja HEIIEKTPOIIPOBOAHBIX M 3arpsA3HEHHBIX
Cpell, OTCYTCTBHIO TIOTEPH AABIEHUS, MaJIOW MHEPIIMOHHOCTH, BBICOKOW TOYHOCTH M3MepeHui [1].

K HenmocraTkam BpeMSUMITYJIBCHBIX PAacXOJIOMEPOB OTHOCIT HEOOXOOMMOCTh 3HAYUTEIBbHBIX JJIMH
NPSIMOJMHEHHBIX YYaCTKOB TPYOOIPOBOJOB JUisi (OPMHPOBAHMSL U OOECIEUYEHHs] OCECHMMETPHYHOTO
npoduiasi CKOpPOCTeH TIOTOKa, O0S3aTelNbHOCTh KOHTPOJI OTJIOKEHHH B HW3MEPUTENBHOM  YYacTKe
TpyOOIpPOBO/Ia, a TAKKE CIOXKHOCTH U BEICOKAsi CTOMMOCTH prOopoB [1].

Pacxon, omnpepensemblii ¢ OMOIIBIO  YJIBTPa3ByKOBOI'O PAaCXOJOMEpa, pPacCUUTHIBAETCA C
MPUMEHEHUEM MOIIPABOYHOI0 (KOPPEKTHPYIOIETO) THIPOAMHAMHYECKOTO MHOKUTENS (Koadduimenra) M =
Vc /| Vg, yuuTbiBaronero npouiib CKOPOCTEH MOTOKA JKHIKOCTH B TPYyOOIPOBOJAE W TPEACTABIISIOIIETO
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€000l OTHOIICHHE CKOPOCTH MOTOKA V¢, YCPEAHEHHON MO IUTOMIAAM CEYCHHs TPYOOIpoOBOaa, K CKOPOCTH
notoka Vg, ycpenHéHHo# 1o 6a3ze pacxomoMepa (BIOJb Jyda yabTpa3ByKoBoro curnana) [4, 7, 8].

Takum 00pa3oMm, TMOKa3aHHS YJIbTPAa3BYKOBBIX pPACXOJIOMEPOB 3aBHCAT OT ckopoctu Vy. Jlis
ompezeNcHs ke 00bEMHOTO pacxojia KUIKOCTU TpedyeTcst u3amepeHue ckopoctu V. [loaromy Hamuuwme
MHOXHTENT M  00yClnaBIMBaeT CYIIECTBCHHYIO COCTABJISIONIYI0 MOTPEITHOCTH  YJIBTPa3BYKOBOTO
pacxomomMepa — METOUIECKYIO TIOTPerHoCTs [ 1, §].

B TexHnmyeckoir mutepatype [2, 3, 8] m3-3a CBOEW MPOCTOTHI HAXOMUT TaKXKe IPHUMEHEHUE
nokasatelnb, oOpaTHbIi (06paTHO mpomopuuoHanbHE) M: J = M~ '. B paGote [8] ero mpemioxeHo
Ha3bplBaTh TUAPOJUHAMUYECKUM JjenuteneM. M MHOxuTenp M W jgenurtens J{ peaqu3yloTcs B
VIBTPA3ByKOBOM PpAacXOJIOMepe ammapaTHo, Qusndecku. [103TOMy MHOXHUTENb W JCTHTENb CIEeIyeT
paccMaTpuBaTh M Kak OJHOMMEHHBIE YCTPOICTBA, MMEIOIIUE XapaKTEPUCTHKH CBOUX IeperaTOYHBIX
cBoiictB. K TakuMm XapakTepUCTHKaM TIPEXKJEC BCEro OTHOCHTCS AaMIUIMTYJTHO-PEHHONbICOBAsS
xapakTepuctuka //(Re), rpaduk KoTopoi H300pakaeTCs B MPSAMOYTOIBHOM CHCTEME KOOPANHAT.

Haubonee n3BecTHBIME SBISIOTCS TP MaTeMaTHIECKHE MOAETH THUAPOANHAMUIECKOTO ASTUTENS [2,
3, 6-8]. Monmenu Kputma u Buprepa mojydeHsl Ha OCHOBE JOTapUPMHUUYECKOTO 3aKOHA pACIIpeIeIeHUsI
ckopocreir. Ho rorapmbmudeckmii 3aKOH SBISIETCS JIMINb TIPEATONOXKHTEIbHBIM, a TMOTOMY |
MpHOIKEHHBIM  ONTMCAHUEM JIEUCTBUTENFHBIX KPUBBIX pacrhpeneleHus ckopocteil. [lostomy Oombrroit
MPaKTHYECKUI HHTEepeC MPeACTaBIIET SMIMPHUEcKas Mojiens Kuunuca-PemeTHrukoBa [2, 3, 6-8]:

Ixp(Re) =1,119 - 0,011-IgRe, (D)

rae Re - 6e3pazmepHoe uncio PeitHombaca B 3aK0HE THAPOMEXaHHMYECKOTo o100 TeueHui [7, 8.

Q®opmyna (1) momyuena B pabore [2] TUIAHUMETPUYECKHM HMHTETPUPOBAHHEM  JIECSTH
JKCIEPUMEHTAJIBHBIX KPUBBIX paclpesiesieHus: cKopocTel, noiaydeHHbix Hukypansze U. W., u npeacrasuser
co0OH, K COXaJCHHUIO, JHLIb JIMHEHHYIO allpPOKCUMALUIO SKCIEPUMEHTAIBHONW 3aBHCUMOCTH M3 JECATH
paccuutanubix 3HaueHuit  /[(IgRe). ITostromy mopens Kunnuca-PemieTHukoBa, Kak mnokazaHo B [8],
HEepabOTOCTIOCOOHA B HU3KOPEHHOIBICOBON 00IaCTH.

ens manHOM pabOTHI — MPUMEHSS pacCYUTaHHBIC B [2] 3HAYCHUS THAPOJIUHAMUYECKOTO JEITUTEIS
/Jl(IgRe), moctpouts 6osiee KaYeCTBEHHYIO HEJTMHEHHYIO SMITMPUYECKYIO THIPOIMHAMUKY YIIbTPa3BYKOBOTO
pacxojaomepa.

B crarbe [2] Ha ¢urype 2 B mpsSMOYTOJIbHON CHCTEME KOOPIMHAT AECATHIO KPECTUKaMH ITOKa3aHbI
paccuntannbie 3Hauenusi J[(IgRe) u mpoBerena mpsiMasi JIMHHS pErpeccHd, HE B MOJHOW Mepe
cootBeTcTBytomas gopmyie (1). A momyuenue camoir popmynsl (1), B opurunane [2] umeromed Bugx M =
1,12 - 0,011-IgRe, B ctatbe HE MPUBOJHUTCSL.

Paccunrannbie B [2] 3HaueHus ruapoauHamudeckoro aenutens //(IgRe) B mpeoOpasoBaHHOM Bujie
NPEJICTABJICHBI B JIGBOI YacTh TaOJUIBI 1, B KOTOPOH YMCIIO Y3JIOB PaBHO YHCIY KPECTHKOB Ha Qurype 2.
3aBHCHMOCTD /J(lgRe), wHaue TrOBOps, AaMIUTUTYIHO-pEHHONbBACOBas xapaktepuctuka (APX)
THUIPOAMHAMHYECKOTO JIEJUTENs] JOJDKHa HMEThb MOHOTOHHO YyObiBaromuii Bupj [8]. Opnako sTo#
3aKOHOMEPHOCTH HE€ MOTYMHSAIOTCA Y316l 3 U 5. IloaTOMy KOOpAWHATHI OJM3KO PACTONIOKEHHBIX APYT K
JIpyry y310B 2 1 3 ObUIM YCpeAHEHBI U TEM caMbIM 00pa3oBaH y3en 11. AHaJIOrHYHO MOCTYIWIN C y37aMu 4
U 5 1 Ha uX MecTe ObLT 0Opa3oBaH y3en 12.
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B kaxaoM mpoMexyTKe MeXIy COCeTHHMH Yy3JaMH NPHUMEHHM JIMHEHHYIO WHTEpPIIOJISIHIO.
Bcenencreue storo rpaduk dynkuun //(IgRe) Oyner npubImKeH JTMHEHHOW JIOMaHOM WJIM, UHAa4Ye TOBOPA,
JMHEHHBIM CIUTafHOM, MTPOXOIAIINM Yepe3 § y3JI0BBIX TOUEK.

UroObl  oxBaTuTh  OOJNBIIMH  Juama3oH Re, mnpuMeHMM  JUHEWHYH)  DKCTPAIOJSIIUI0
AKCMIEPUMEHTABHBIX TaHHBIX B CTOPOHY MEHBIIHX M Oompmux Re. B pesynsrare 3T0TO OBLTH 00pa3zoBaHBI
y3ibl 13 u 14, KoTOpBIE COOTBETCTBYIOT 3HadeHWsAM MHOxuTedst M = 0,9 u M = 1,0. Tem campim 11s
HEBO3MYIIEHHBIX OCECHMMETPHYHBIX Mpoduieii MmoToka B Tpydax KPYIJIOTO CEUeHHUS ObLT OXBaveH
pekomenayembiii [6, 8] nuamazon 0,9 < M < 1. IlpaBee y3na 14 xapakrepuctuka /J[(IgRe) mpeacrasnsier
c000#1 TOPU3OHTATBHYIO ACUMITOTY, K KOTOPOUM MPUOIMKAIOTCS pealibHbIC 3HAYCHHS /[ C POCTOM YHUCIIA
Peitnonpxca.

Takum o0pazom, TUHEWHBIN crutaifH mpoineT yepe3 10 y3moBwix Touek. [Ipu aTom y3mer 1, 11 u 13
HaXOZATCA Ha OHON TpsMoit. Ha omgHo#M npsaMoit Haxoxsites u y3ist 9, 10, 14.

Otpe3ok ciutaifHa cnpaBa OT y3i1a 14, Kak y)ke TOBOPHJIOCH, mapaiuiesieH ocu adbcuucce. Mcmonb3yst
paboty [8], KyCOUHO-TMHEHHYI0 MAaTEeMaTHYECKYI0 MOZENb T'HIPOAWHAMUYECKOTO IEIUTEIsT MOXKHO
NPEJICTaBUTh B BUJIC

JI(Re) = y(Re,) + Kny(Re) AlgRe;  Kns(Re) = AZIy(Re) /AlgRe,, 2)

rue ﬂy(Rey) — y3noBoe 3HaueHHe APX THIpOIMHAMUYECKOrO JEIUTEINIs, B3ATOC M3 TaOuuIbl 1,
Onmmxaifiee K TEKyIieMy 3Ha4eHuo uncia PeliHombca;

Krj(Re) — peitHOnbACOBEIN KO QUIMEHT Nepeaadd I'HApOJHHAMUYECKOTO ACIU-TEIS B TOM
MEXYy3JI0BOM mojauana3zone |gRe, B koTopoM HaxoauTcs Tekyiiee 3HaueHue IgRe;

Ally(Re) — Mexy3noBoe NpHpalieHHe THAPOAMHAMHYECKOTO JECIUTEINs, COOTBETCTBYIOIIEE
HCKOMOMY KRry,
I

AlgRe, — mexxy3noBoe npupamenue IgRe, coorBercTByromee uckomomy Ky
AlgRe — oTknoHeHne Tekymero 3HadeHns IgRe ot Gmkaiimero y3mosoro IgRey;

Krj(Re) AlgRe — nonpaBka ruapoAMHaAMUYECKOT0 JIeUTeNst o Yucity PeitHonbaca.

Tabmuua 1 — [IpeoOpa3oBaHHast SKCIIEPUMEHTATIbHAS aMILTUTY THO-PEHHOIbICOBAs XapaKTepUCTHUKA
TUAPOJIMHAMHYECKOTO JIEIUTEINS

Ne y3ma Uy IgRe, Re, Ly, 1B Ly, MB
1 1,0859 3,6 3981 0,7158 71,58
2 1,0776 3.8 6310 0,6492 64,92
3 1,0791 4,0 10000 0,6612 66,12
4 1,0711 4,24 17378 0,5966 59,66
5 1,0736 4,4 25119 0,6169 61,69
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6 1,0702 4,64 43652 0,5893 58,93
7 1,0629 5,31 204174 0,5298 52,98
8 1,0609 5,6 398107 0,5135 51,35
9 1,0553 6,18 1513560 0,4675 46,75
10 1,050 6,44 2754230 0,4238 42,38
11 1,0784 3,9 7943 0,6556 65,56
12 1,0724 4,32 20893 0,6071 60,71
13 1,1123 2,5 316 0,9244 92,44
14/ - 1,000 89/>809 7,9410% > 7,94-10° 0 0

Tabmuma 2 — Pacuér pefiHonbacoBoro koddduimenta nepeaaun u Hakinona JIAPX runpoaguHammaeckoro

JICTTUTEIIS
[Moxu- HIupuna A Ky, Alpy/ | ALp/
amasoH | MOAJMAnaso- 10°%/ AlgRe,, | AlgRe,

V3ibI IToanunamnason IgRe, na IgRe,, mex ANy, ek ALy,

Re, 3 nb/nex | mb/mex
10 nb
13-1 316-3981 2,5-3,6 1,1 -26,4 -240 | -0,2086 | -0,1896 | -18,96
1-11 3981-7943 3,6-3,9 0,3 -75 -250 | -0,0602 | -0,2007 | -20,07
11-12 7943-20893 3,9-4,32 0,42 -6,0 -143 | -0,0485 | -0,1155 | -11,55
12-6 20893-43652 4,32-4,64 0,32 -2,2 -6,9 -0,0178 | -0,0556 - 5,56
6-7 43652-204174 4,64-5,31 0,67 -95 -14,2 | -0,0595 | -0,0888 - 8,88
7-8 204174-398107 5,31-5,6 0,29 -2,0 -6,9 -0,0163 | -0,0562 - 5,62
8-9 398107-1513560 5,6-6,18 0,58 -5,6 -9,7 -0,0460 | -0,0793 | -7,93
9-10 | 1513560-2754230 | 6,18-6,44 0,26 -53 -204 | -0,0437 | -0,1681 | -16,81
10-14 | 2754230-7,94-10° 6,44-8,9 2,46 -50,0 -203 | -0,4238 | -0,1723 | -17,23
13-14 316-7,94-10° 2,5-8,9 6,4 -112,3 | -17,55 | -0,9244 | -0,1444 | -14,44
13-11 316-7943 2,5-3,9 14 -339 | -2421 | -0,2688 | -0,1920 | -19,20
11-9 7943-1513560 3,9-6,18 2,28 -231 -10,1 | -0,1881 | -0,0825 - 8,25
9-14 1513560-7,94-10° 6,18-8,9 2,72 -55,3 -20,3 | -0,4675 | -0,1719 | -17,19
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s oOpa3oBaHHBIX MEXKY3JIOBBIX MMoaaMana3oHoB IgRe Owumm paccumTansl K03 (QHUITHEHTHI
nepenaun Kry(Re), koTopsie B [8] ObuM Ha3BaHBI PEHHOIBICOBEIMH. Pe3ybTaThl pac4eToB Mpe/ICTaBICHBI B
JICBOW YacTH TaOIHIIbI 2.

U3zBecTHO, YTO MpUMEHEHHE JIOTapU(PMUUECKIX €IUHHML, 1K, MacIITa00B MO3BOJSET N300pa3UTh
IIPOLIECCHl U 3aKOHOMEPHOCTH MPHU IPAKTUUECKH HEOTPAHWYEHHOM IHANla30HE M3MEHEHUS MHTEPECYIOLICH
HAac BEJIMYMHBI, NpUUEM Kak Maible, Tak U Oonplive e€ 3HadeHus OyAyT MPencTaBICHBI AOCTATOYHO
HarysinHO [5]. B cuny storo B APX u nmpumensiercs norapugmupoBanue Re. Ho norapudpmupoanne MoxeT
OBITH NIPUMEHEHO W K BEIMYMHaM /[ u M, n3MeHsIomMMcA B HEOONBIIOM IMala3oHe BO3JIE €IUHUYHOIO
3HAYECHMUS.

Beipasum Bemuuuny /[ B nenmbenax (nb): Ly = 20 1g 4 [5, 9]. Toraa norapudmudeckas APX
(JIAPX) 6yzet umets Buz Ly(Re)= 20 1g Z/(Re). B neit 06e koopnunatsl Re u /[ norapupmupyrorcs. B APX
e norapudmupyercst Tonbko Re, mosromy APX siBisieTcs momynorapuMIUIecKou.

B npaBoii wactu Tabmuipl 1 mpuBeaCHBI 3HAUCHUS Lﬂy B 1b u B Oonee menkux enuuunax mMb. B
MpaBoOd e YacTH TaOnwmbl 2 IS ONEHWBAHHUS MEXy3lI0BOTo W obmero Hakimona JIAPX paccumrana
BemuunHa A Ly, / AlgRey B n1b/nex u mb/nex.

W3-3a Manoctn nuama3oHa BEJWYMHBI /[ BO3JE€ E€OUHUYHOTO 3HAadyeHUs e jorapudMupoBaHue
SBJISIETCS] IPAKTUYECKH JTUHEHHON oneparueil. [loatomy xapakrep uamenenuit APX u JIAPX onunakoB npu
W3MEHEHNH uncina PeiiHonbaca.

Hnst morapupMUUYECKHX XapaKTEPUCTUK TUAPOAMHAMHUKH YIbTPa3BYKOBOTO PACXoJ0Mepa MOXKHO
MOJIYYHTb MOJIE3HOE COOTHOLIEHUE, CBsI3bIBarOLEE apameTpbl M u /7.

La(Re) = 20 Ig/7(Re) = 20 IgM "(Re) = - 20 IgM(Re) = - Ly(Re). (3)

Breimie  Obima  paccMOTpeHa MHOTOY3JIOBasl KYCOYHO-TMHEWHas MaremaTtwdeckas Moxaeinb APX
TUJPOJIMHAMUYECKOTO JEIUTENST YJIbTPa3BYKOBOTO pacxojiomepa. E€ cpenHepeiiHONbACOBBINM y4acTOK
Mexay y3namu 11 u 9 npejpcraBiseT coOON MPaKTUUESCKU MPAMOIUHEHHBIN 0Tpe30K. [103TOMy MOXKET OBITh
pexoMeH0oBaHa W Ooyiee mTpocTas TPEXy3NoBas KyCOYHO-THHEWHas MareMmarudeckas Moxaenb APX
pacxosoMepa, KOTopasi COACPKUT MPSIMOIMHEHHBIC HAKJIOHHBIC YYaCTKH B HU3KOPEHHOIBACOBOU (y31bI 13-
11), cpemuepeiinonbacoBoii (y31b6l 11-9) u BEICOKOpeiHONBACOBON (y31mbl 9-14) obmacTsax, a Takxke
TOPU3OHTANBHBIN (TUIOCKUI) y4JacTOK A «UAeajJbHON JKHUAKOCTW» mpasee y3na 14. CooTBeTCTByIOLINE
pacy€Thl MPEICTaBIECHBI B HIDKHEH YacTH TaOIHIIBI 2.

W3 Tabnuibl 2 BUAHO, YTO PEHHOJBACOBBIA KO3(G(GUIMEHT B Pa3pabOTaHHOW HEITMHEHHOW MOICIH
TUIPOAVMHAMUYECKOTO JEIUTENS U3MEHSETCA B IHUANA30HE — (6,9-25,0)-10'3/;[6K. B monenu xe Kusuimca-
PemmerHukoBa oH ObII MOCTOSHHBIM M paBHbIM — 0,011 /1ek.

Haknon JIAPX B paspaboranHO# Mojaenu MeHsiercss B aumanasone — (5,62-20,07) mb/nek, a mis
moaenu Kusunmca-PemretaukoBa oH 0bu1 mocTosHHBIM U paBHBIM - 20 191,011 = - 0,095 nb/anex = - 9,5
mb/nek.

[lokaxxem mpumeHeHHE pa3paboTaHHBIX TaOnwm 1 W 2 Ansd momy4yeHHs, HampuMep, yNPOIEHHON
nuHeapu3zoBaHHO APX ruzpoamnamuueckoro aenurtens. Pemnenue npuBenéM B IBYX BapHaHTax: C
OTpHLIATENIFHON M MOJOKUTEIFHON MOMpaBKaMu 1o uuchy PeliHonbiaca. B nognnanasone 316 < Re < 7943
APX OyneT uMeTh BUI:
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JI(Re) = 1,1123 - 0,02421-(IgRe — 2,5) = 1,0784 + 0,02421-(3.9 - IgRe). (4)

B mogmnanazone 7943 < Re < 1513560 APX Oyzner nmeTs BHI:

JI(Re) = 1,0784 - 0,0101-(IgRe — 3,9) = 1,0553 + 0,0101(6,18 - IgRe). (5)

B nommamasone 1513560 < Re < 7,94:10° APX Gyer uMers BU:

/JI(Re) = 1,0553 - 0,0203-(IgRe — 6,18) = 1 + 0,0203+(8,9 - IgRe). (6)

Ipu Re > 7,94-10% ruapoansamudeckuii nemurens /J(Re) = 1.

BriBoabI

1. I ruapoAMHAMUYECKOro AEIHUTENs YIbTPa3BYKOBOTO PAacXOJOMEpa >KUAKOCTH pa3paboTaHa
SMIUpUYEcKas KyCOUHO-TMHEHHas MaTeMaTHuecKas MOJAEIb MOBBIIEHHON TouHocTH pu Re > 316. Taxxke
NPEIJIOKEH e€ YIPOLICHHBIA BapHaHT.

2. PaccumraHpl aMIUTUTYIHO-peHHONBACOBas xapaktepuctuka (APX) wu norapudmmdeckas
aMIUTUTYIHO-peliHOIbAcoBas XxapakTepuctuka (JIAPX) nannoro nenutens. [lomydeHsl YucioBbIe 3HAUECHUS
peiiHoNBIcoBBIX K03 duimenToB nepenaun APX u naknonos JIAPX.
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YJABTPAJABIGBICTHI IBIFbIH OJIIEYIHITIH OMIIMPUKAJIBIK TMAPOINHAMMUKACHI

B. A. YUepnos', H. Bb. Uepnosa'

L AnmaTer SHEPTeTHKa JKOHEe OailIaHbIC YHUBEPCUTETI, AnMartsl K., Kazakcran

Andamna. YaxKpIT-UMITYJIbCTI  yIBTPAABIOBICTH IIBIFBIH  OJIIEYIIITED KYOBIPABIH JTHAMETPI,
OaKbUIaHATBIH CYHBIKTBIKTBIH TEMIIEpPAaTypachl MEH KbICBIMBIHBIH KEH IHAalla3OHIaphl, 3JEKTP OTKi30eUTiH
JKOHE JIaCTaHFaH oOpTajapla IUBIFBIH ONIIey MYMKIHIIKTEpi, KbICBIM >KOFAIyBIHBIH OOJMaybl, OIIICyIiH
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KOFapbl JQNJIr, a3 WHEPUUSUIBUIBIFBIHA OalIaHBICTBI KEH TapasbiC ailyAa. YIbTPaAbIOBICTHI IIBIFBIH
OJIIIIeyilll KOMETiMEH aHBIKTANAThIH INBIFBIH THAPOJMHAMHKAIBIK OOJTIIITI KOJAaHYMEH aHBIKTalalbl, O
KYOBbIp JKemiciHaeri CYMBIKTBIK AaFbIHBIHBIH OaFbITBIH ecKepefi. byl KepceTKill MIBIFBIH eNIeyillTiH
omicTEeMENIiK KaTewiriH aHbIKTaHabI.

Makanaga PeliHonbac CaHBIHBIH KEH JHMANa30HBIHAA >KOFaphbl IOIIKTI THIPOIMHAMHKAIBIK
Oenrimrin KuBnmuc-PemeTHHKOB Mofeni HeETi3iHAC SMIMPUKAIBIK OOJIKTi-CHI3BIKTEl MaTEeMaTHKAJIBIK
MOJIENli YCBIHBUIFAH. YIbTPAAbIOBICTHl IUBIFBIH  OJMICYIIITIH THUAPOJUHAMUKAIBIK KOPCETKIIITEPiHiH
amumatyna-peitHonsac  (APC) men norapubmaixk  ammmurtyna-peiiHonsac  (JIAPC)  cunarramanapst
TYCIHIKTEpi SHTi311Ii.

Maxkanana ymbTpagblOBICTHl IIBIFBIH ONINEYIMTIH YCHHBUFAH MOJEINIHIH THIPOJUHAMHKAIBIK
oenriwinig APC nen JIAPC ecentenren. APC nen mbirsin enmeyimTiH JIAPC kenbeyiniH pedHONBACTIK
K02 PUITMECHTIHIH CAaHIBIK MOHIEP1 aJTBIH/IEL.

Kinmmix ce30ep: ymbTpaablObICTBI IIBIFBIH OJIIEYIll, TUAPOJMHAMHUKAIBIK OO, aMILTUTYAa-
pEeHHOINBIIC cCUIaTTaMAachl.

EMPIRICAL HYDRODYNAMICS OF ULTRASONIC FLOW METER

B. A. Chernov!, N. B. Chernova®

'Almaty University of Power Engineering and Telecommunication, Almaty, Kazakhstan

Abstract. Cycle repeat ultrasonic flow meters are becoming more widespread due to the large ranges
of pipeline diameters, temperature and pressure of the controlled liquid, the possibility of flow measurement
in non-conductive and contaminated media, the absence of pressure loss, high measurement accuracy, and
low inertia. The flow rate determined by ultrasonic flow meter is calculated using a hydrodynamic divider
that takes into account the velocity profile n the pipeline. This divider determines the methodological error of
ultrasonic flow meter.

In the article, based on the Kivilis-Reshetnikov model, an empirical piecewise linear mathematical
model of a hydrodynamic divider of high accuracy over a wide range of the Reynolds number is proposed.
The concepts of amplitude-reynolds (ARC) and logarithmic amplitude-reynolds (LARC) characteristics of
the hydrodynamic parameters of an ultrasonic flow meter are introduced.

Also, in the article ARC and LARC of the proposed model of a hydrodynamic divider in ultrasonic
flow meter are calculated. Numerical values of the Reynolds transmission coefficients of ARC and the
LARC tilt of the flow meter are obtained.

Key words: ultrasonic flow meter, hydrodynamic divider, amplitude-reynolds characteristics.
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lIA.]'IMaTI/IHCKI/II\/'I YHUBCPCUTCT SHCPTCTUKU U CBA3HU, T'. AJ'IMaTLI, Kazaxcran

ABTOMATH3ALINSI HACTPOMKHU T'MAPOJUHAMHUKH YJIbTPA3ZBYKOBOI'O
PACXOJIOMEPA

Annomayus. IlpuOopsl M1 M3MEPEHUS pacxoia KUIKOCTEH MpHoOpeTaroT BcE O0IbIIee 3HAUCHUE.
be3 HuX Henb3st 00eCHeYUTh ONTUMAIBHBIA PEXKUM TEXHOJIOTHYECKHUX IMPOLECCOB BO MHOTHX OTPACIAX
HNPOMBIIIIEHHOCTH. DTH TNpHOOpPHI TPEeOYIOTCS Ul aBTOMAaTH3allMd NPOW3BOJACTBA W SKOHOMHH
OHEPICTUYCCKUX U BOJAHBIX PECYPCOB. y.]'[pra?;ByKOBI)IMI/I Ha3bIBAKOTCA PACXOAOMEPLI, B KOTOPLIX
u3MepsieTcs akycTiuaeckuit 3pPexT, 3aBucAIii OT 00bEMHOTO pacxo/ia JKUIKOCTH B TPyOOTIPOBO/IE.

Pacxon, onpeaenseMsplii ¢ MOMOIIBIO YIBTPa3ByKOBOI'O PacX0J0Mepa, PACCUUTHIBACTCS C MTOMOIIBIO
TUAPOIMHAMIYECKAX TapamMeTpoB. OZHMM W3 HHUX SBISETCS THIPOAMHAMUYECKHH IEeNUTeNb, KOTOPBIA
3aBHCHUT OT HECKOJIBLKUX IMMEPEMECHHBIX TEXHOJOTHYCCKUX BEJIUYHH.

B cratbe paccMOTpeHBI BOIMPOCHI aBTOMATH3AIMHM HACTPOWKH THAPOJUHAMHYECKOTO JIETUTEIS
YIBTPa3BYKOBOTO PacX0A0OMepa KUIKOCTH C METOJUYECCKOM TOUKH 3PEHUS U C TOUKH 3PEHUS MPAKTHIECKON
peanmzanuu. 7T aBTOMATHYECKOW KOPPEKIMH BBIXOIHOTO CHTHANA YIBTPA3BYKOBOTO pacxoioMepa
MIPEJI0KEHO BBIYUCIUTEIEHOE YCTPOMCTBO, COCTOSAIIEE U3 MO/l KHHEMAaTHIeCKON B3KOCTH YKUIKOCTH U
gyuciia PeliHombAca, a Takke MOJENHM THUIAPOJAUHAMHUYCCKOTO JEJIUTENS. PaccMOTpeHbl 0COOESHHOCTH
BEIYMCITMTEIHHOTO YCTPOKCTBA IS YIIBTPa3BYKOBOTO pacXoA0Mepa BOJIBI.

Knrwowuesvie cnoga: ynbTpa3ByKOBOH pacxoioMep, MMIPOANHAMUYECKUN JEIUTEIlb, aBTOMAaTHUECKAs]
HACTpOMKA.

[IpousBoacTBeHHBIE TMPHOOPHI JJIsI M3MEPEHUs] pacxoja KHUIKOCTeH MproOperaroT Bc€ Oolbliee
3HAaYCHUE C Pa3BUTHEM MPOMBIIIIEHHOCTH. Pacxomomeprsl HEOOXOAMMBI NMPEXAE BCErO Ul YHPABICHUS
NPOM3BOJCTBOM. be3 HMX HEBO3MOXHO OOECIIEUHThH ONTHMAJIBHBIA PEKUM TEXHOJIIOTHYECKUX MPOIECCOB B
JHEPreTUKE, METAJUTYPTUH, B XUMUYECKOW, HEQTSHOW M MHOTHX JIPYTUX OTPACIAX MPOMBIIUICHHOCTH. DTH
npuOOpbI TpeOYIOTCS 1Sl aBTOMATU3AMH IIPOMU3BOICTBA U SKOHOMHMHU SHEPIeTUYECKUX M BOJHBIX PECYPCOB

2.

VYIbpTpa3ByKOBBIMH  Ha3bIBAIOTCSl PAacXOJOMEpHI, OCHOBAHHBIE HA HM3MEPEHUM 3aBHCAILIETO OT
00BEMHOTO pacxolla aKycTH4eckoro 3QQeKTa, BO3ZHHKAIOIIETO MpPH TPOXOXKJICHHU YIbTPa3BYKOBBIX
KoJIeOaHui Yepe3 KOHTPOJIMPYEMBIN MTOTOK JKUAKOCTH B TPyOOIIpOBOIE.

Pacxon, onpenensieMblil ¢ MOMOIIBIO YIBTPa3BYKOBOIO PacX0J0Mepa, PACCUUTHIBAETCS C MTOMOIIBIO
TUAPOJIMHAMUYECKUX TapaMEeTPOB, YUUTHIBAIONINX MPOMUIL CKOPOCTEH MOTOKA KUAKOCTH B TPYOOIPOBOJIE.
OnHUM W3 TakuX MapaMeTpoB SBIAETCS THAPOJAWHAMHYECKHA MHOXuTeTsb M = Ve [ Vg, KoTopsIid
MIPEJICTaBISIET COOOH OTHOIIEHWE CKOPOCTH MOTOKA V¢, YCPEAHEHHOM 10 TUIOIIAAM CEYCeHUs TPyOOIpoBoaa,
K CKOpocTH TIoToka Vg, ycpenHEéHHOH 1o 6a3e pacxomomepa [2, 4, 6-9]. ['mnponnHaMuydecKkuii 1eauTeNns /[ =
M " sBrsiercs mokasarerem, 00paTHO MPOMOPITMOHATEHEIM THAPOANHAMUICCKOMY MHOXKHTEIO [7, 9].
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K HUA YJbT BYKOBOTI" X0a0M BUCAT OT CK TH B- TOM K Tb C
Ilokaza a3 OBOI'0 pacxoaoMeEpa 3aBHC OT CKOpPOC V;. Ilosro CKOpOC V
Tpe6y101uaﬂc51 AT OoIpeACICHUSA 00BEMHOT0 pacxoaa KUAKOCTHU, BBIYUCIIACTCA I10 OJIHOH U3 CICOYIOIINX

bopmyi:
VC:MVE; VC:VE/,ZZ- (1)

Jia BBIMHCICHUS MHOXUTENs M TPOWU3BOAMTENH YIBTPa3ByKOBBIX PAacXOJIOMEpPOB BBIOMPAIOT U
NPUMEHSIOT OJHY W3 HECKOJIBKUX TMOIYyIMIHUpHUYEcKuX ¢(opMyn. B kadecTBe NEpeMEHHBIX B JaHHBIX
¢dopmynax nOpuUCYTCTBYIOT uuciio PeitHompaca (Re), BA3KOCTb KOHTPOIMPYEMOH >KHIKOCTH, IUAMETP
TpyOOIIPOBO/Ia M IIEPOXOBATOCTH €r0 BHYTPEHHUX CTEHOK. lIpm 3Tom 3HaueHme M nmOO BBIYHCISETCS
BPYYHYIO M 3aHOCUTCS B NpUOOp, JMOO BBIYHMCISIETCS B CAMOM NpUOOpE C HUCMOJIb30BAaHHWEM 3HAYCHUH
BBEIEHHBIX mapameTpoB [5]. Hampumep, B ymbTpa3ByKoBhIX pacxomomepax «B3JIET» muoxutens M
BBIYUCIISIETCST HA OCHOBAaHMM BBEJEHHBIX 3HAUEHHWH NIEPOXOBATOCTH CTEHOK TPYOOINpPOBOJA, BS3KOCTH
KOHTPOJINPYEMOH KHUJIKOCTH, BHYTPEHHETO JHaMeTpa TpyOOIpoBoia U U3MEPEHHON CKOPOCTH MOTOKA [4].

Hens nanHoi paboThl — pa3paboTKa anrOpuTMOB aBTOMATH3WPOBAHHOTO M aBTOMAaTHUYECKOTO
OmpelesieHNsl W HACTPOMKHM THAPOJMHAMUYECKHMX IapaMeTpoB YJIBTPa3BYKOBOIO pacxojomepa. ITo
MO3BOJIUT MOBBICUTH TOYHOCTH WU3MEPEHUs pacxola MNpPH H3MEHSIOLIMXCS CBOMCTBAX M XapaKTEPHUCTHKAX
KOHTPOJIMPYEMOI'0 IMOTOKa KHUIAKOCTH. HpI/I OTOM 3asBJICHHBIC aJTI'OPUTMBbL 6YZ[YT CTPOUTHCA Ha OCHOBC
BTOpoit opmynsl (1), TOCKONBKY MOAENTH THUAPOAWHAMUYECKOTO JenuTens /[ mpome Mojenen
THIPOANHAMUYECKOTO MHOXwHTENs M [7, 8].

B kadyectBe MaremMaTHuecKuMX MoJeei /{ MOTYT HCIOJIb30BaTbCi H3BECTHBIE TPAHCLIEHACHTHBIC
ypaBHenus Kputna, buprepa u Kusunuca-Pemernukosa [2, 7-9], a Takke HX MOJEKagHO (OTHOCHUTEIHHO
ymcna PeliHonbca) TMHEeapru30BaHHbIE Pa3HOBUAHOCTH [7]. MiMeeTcst TakyKe YHCTO SMITMPHUYECKast KyCOUHO-
JIMHENHas: MOAENb TUAPOIUHAMUYECKOro aenurtens [9]:

J(Re) = Iy(Rey) + Kry(Re) AlgRe, 2

rae Jvy(Re,) — y310BOE 3HAUYCHHE  AMILTHTYIHO-PEHHOJIBACOBON  XapaKTePUCTUKU
THPOJINHAMUYECKOTO JeUTENs, ONrpKaiiiee K TeKylieMy 3HaUeHHUIo yicia PeliHonbca;

Krn(Re) — peiiHOMBbACOBBI KOX(DGHIMEHT Tepenadn JeluTelisi B TOM MEXKYy3JIOBOM
HojIrana3oHe BenunHbl [gRe, B KOTOpoM HaxoauTcs e€ TeKyliee 3HaYeHHE;

AlgRe — otknonenue 3HaueHus IgRe ot 6mmkaiimero y3inoBoro 3HadeHus IgRe,;
Krj(Re) AlgRe — nonpaBka ruapoANHaAMUYECKOTO JISITUTeNst 0 Yucity PeitHonbaca.

YopoméHHbIi  4-X KyCOYHBIH BapHaHT J3TOM SBMIHpHYECKas MOJEIM COOTBETCTBEHHO C
OTpPHULIATENIFHOM M TOJOXUTENBHOM NONpaBKaMu MO yuciay PeliHonbaca mpencraBisier coOoil cuctemy
ypaBHEHHH, MOTy4eHHBIX B [9]:

J7=1,1123 - 0,02421-(IgRe — 2,5) = 1,0784 + 0,02421-(3,9 - IgRe) npu 316 < Re < 7943; (3)
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J7=1,0784 - 0,0101-(IgRe — 3,9) = 1,0553 + 0,0101-(6,18 - IgRe) mpn 7943 < Re < 1514-10%; (4)

J7 = 1,0553 - 0,0203-(IgRe — 6,18) = 1 + 0,0203(8,9 - IgRe) pu 1514-10*°< Re < 7,94-10% (5)

JI=1 1pu Re > 7,94-10°. (6)

Jis  BelumcneHuss uuciaa PeifHombpaca, SBISIOIIErOCs Oe3pa3MEepHBIM YHUCIOM B 3aKOHE
TUAPOIMHAMHYECKOTO IMOI00US TEYSHUH, MOTYT HCIIONIb30BaThCs cleaytonue hopmyisr [7, 8]:

Re = DV¢ / W(T, P); w(T, P)=n(T, P) Ip(T, P), @)

rae D — BHyTpeHHHMI JruaMeTp HUIMHIPHYSCKOTO TPYOOIIPOBOIa;
V U p — KHHEMAaTU4YCCKasd BA3KOCTb U INIOTHOCTD JKUAKOCTH,
1 - ZMHaMHYecKas BI3KOCTb WM KO(GPHULUUEHT BA3KOTO TPEHUS KUAKOCTH;
T u P — temnepaTypa U JaBJICHUE KUIAKOCTH.

B dopmynax (7) yaursiBaeTcs TO 00CTOATEIBCTBO, UTO TaKue (PU3NUCCKHUE MTapaMEeTpPhl, KaK BA3KOCTh
U IJIOTHOCTh XKHUJKOCTH MOTYT, B OOIIEM ciydvae, 3aBHCETh OT e€ TeMrepaTyphl U jaaBieHus. Hanpumep, B
pabote [8] oTMeuaeTcs CUIIbHAs 3aBHUCHMOCTH BSI3KOCTH JIIOOOW KHJIKOCTH, B TOM YHUCIIC W BOJIbI, OT €&
TEMIIEPATYPHI.

TepMoauHaMuUecKue M Terio(QU3NYecKue CBOWCTBA KHUIKOCTEH Hanbojee MOJHO W3YYEeHBI IS
BoJbl. M31anbl cnennanbHble TOAPOOHBIE TabauLbl, HapuMep, [1] g ucronp3oBaHus Npu pa3paboTKe U
MIOBEPKE CPEACTB H3MEPEHMH, NpEeAHA3HAUYEHHBIX [UII KOMMEPUYECKOro ydéra OOBEMHOTO M MacCOBOTO
pacxoja, o0béMa M Macchl, TEIUIOBOW MOIIHOCTH U TEIIOBOM 3HEPTHH IMPH OTIyCKE, TPAHCIOPTUPOBKE U
notpebyieHNH Tero()UKaMOHHOM, MUTHEBOM M TEXHWYECKOW BOJBI, a TaKkKe JIOOBIX mpeoOpazoBarteneit
00BEMHOTO U MACCOBOTO PAacXo/ia BOJbI, B TOM YHCIIE H 00Pa3IIOBbIX.

B Tabmunax [1] comepxarcst 3aBucumoctu p(7, P) u (7, P), HeoOX01uMbIe B JAHHOM Cilydae st
BBIUMCJICHUS KHHEMAaTUYECKOW BS3KOCTH BOJIBI MO BTOpou ¢opmyine (7). Ciaemyer OTMETHTb, YTO HET
HEOOXOTUMOCTH OCHAINATh PAcXOoJOMep YCTPOWCTBOM MO BbruucieHuto miotHoctd p(7, P), Tak Kak 3TO
YCTPOMCTBO C U3MEPHUTEISIMH TEMIIEPATyPhI U JIaBJICHUS YK€ UMEIOTCS B COOTBETCTBYIOIIEM TEILIOCUETUNKE
WJIM TEIUIOBBIYUCIIUTEIIE y3J1a Yu€Ta /i nepecyéra 00bEMHOI0 pacxoja B MaCCOBBIH pacxo/.

Amnanus pa6otsi [1] mokassiBaet, yro mpu temieparype 10 200 °C u abcosmorHoM aasiennu 10 100
2 . . o
KIc/cM” BS3KOCTh BOJIBI TIPAKTHUYECKH HE 3aBUCHT OT e€ nasneHus. [loaroMy pacuér umcna PeitHonbaca s
pacxoJOoMepoB BOJBI MOXKET POU3BOAMTCS U O OoJiee mpocToil hopmyie:

Re = DVc / W(7). (8)
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Heobxonnmas mHoOpMamust 0 KMHEMAaTHYECKOH BS3KOCTH BOAbI V(7) U1 ONpENeseHHs 4YHcia
Peiinonbaca mo ¢popmyne (8) cogepkutest B MHCTpyKumH [3]. B mpeoOpa3oBaHHOM U1 HACTPOWKH BHJE 3Ta

I/IH(l)OpMaHI/ISI mpeacTaBjiCHa B Ta6J'II/IIle 1. EILI/IHI/IH& HU3MCPCHUA KHUHEMATHYCCKON BSI3KOCTU — CAHTHUCTOKC:

¢Cr = cm?/c. JlaHHas BI3KOCTD MOKET GBITh OIPEIEIICHA TAKKE 110 IMIIHPHIECKOI thopmye:

v(T) = 0,0175(1 + 0,01587) "2, cm?/c.

Tabmuma 1 - KunemaTtrdaeckasi BI3KOCTh BOJIBI IPH €€ pa3INIHBIX TEMITepaTypax

T, v, T, v, T, v, T, v, T, v, T, v, T,

2 CMZ/C 2 2 2 2
°C | eMYc | °C °Cl eM/c |[°C| emTc | °C | emTc | °C | emc | °C

2
cMm/c

0 | 1,7905 | 24 | 0,9143 | 48 | 0,5730 | 72 | 0,4030 | 96 | 0,3064 | 120 | 0,2465 | 144

0,2070

1 |1,7307 | 25| 0,8938 | 49 | 0,5636 | 73 | 0,3979 | 97 | 0,3033 | 121 | 0,2445 | 145

0,2056

2 | 16738 | 26 | 0,8741 | 50 | 0,5544 | 74 | 0,3929 | 98 | 0,3003 | 122 | 0,2425 | 146

0,2043

3 11,6198 | 27 | 0,8551 | 51 | 0,5455 | 75 | 0,3880 | 99 | 0,2973 | 123 | 0,2406 | 147

0,2030

4 11,5684 | 28 | 0,8367 | 52 | 0,5368 | 76 | 0,3832 | 100 | 0,2944 | 124 | 0,2387 | 148

0,2017

5 | 1,519 | 29 | 0,8190 | 53 | 0,5284 | 77 | 0,3785 | 101 | 0,2916 | 125 | 0,2369 | 149

0,2005

6 |14731 )30 0,8019 | 54| 0,5201 | 78 | 0,3740 | 102 | 0,2888 | 126 | 0,2351 | 150

0,1992

7 |1,4289 | 31| 0,7854 | 55| 0,5121 | 79 | 0,3695 | 103 | 0,2861 | 127 | 0,2333 | 151

0,1980

8 | 1,3867 | 32 | 0,7694 | 56 | 0,5043 | 80 | 0,3651 | 104 | 0,2834 | 128 | 0,2315 | 152

0,1968

9 |1,3464 | 33 | 0,7540 | 57 | 0,4967 | 81 | 0,3608 | 105 | 0,2807 | 129 | 0,2298 | 153

0,1956

10 | 1,3080 | 34 | 0,7391 | 58 | 0,4893 | 82 | 0,3566 | 106 | 0,2781 | 130 | 0,2281 | 154

0,1945

11 | 1,2713 | 35| 0,7247 | 59 | 0,4821 | 83 | 0,3525 | 107 | 0,2756 | 131 | 0,2264 | 155

0,1933

12 | 1,2363 | 36 | 0,7107 | 60 | 0,4751 | 84 | 0,3485 | 108 | 0,2731 | 132 | 0,2248 | 156

0,1922

13 | 1,2028 | 37 | 0,6972 | 61 | 0,4683 | 85 | 0,3446 | 109 | 0,2707 | 133 | 0,2232 | 157

0,1911

14 |1 1,1708 | 38 | 0,6841 | 62 | 0,4616 | 86 | 0,3407 | 110 | 0,2683 | 134 | 0,2216 | 158

0,1900

15 | 1,1401 | 39 | 0,6714 | 63 | 0,4551 | 87 | 0,3370 | 111 | 0,2659 | 135 | 0,2200 | 159

0,1889

16 | 1,1107 | 40 | 0,6591 | 64 | 0,4487 | 88 | 0,3333 | 112 | 0,2636 | 136 | 0,2185 | 160

0,1878

17 | 1,0825 | 41 | 0,6472 | 65 | 0,4425 | 89 | 0,3297 | 113 | 0,2613 | 137 | 0,2169 | 161

0,1868

18 | 1,0555 | 42 | 0,6356 | 66 | 0,4365 | 90 | 0,3261 | 114 | 0,2591 | 138 | 0,2155 | 162

0,1858

19 | 1,0295 | 43 | 0,6244 | 67 | 0,4305 | 91 | 0,3227 | 115 | 0,2569 | 139 | 0,2140 | 163

0,1847
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20 | 1,0040 | 44 | 0,6135 | 68 | 0,4248 | 92 | 0,3193 | 116 | 0,2547 | 140 | 0,2125 | 164 | 0,1837

21 | 0,9807 | 45 | 0,6030 | 69 | 0,4191 | 93 | 0,3159 | 117 | 0,2526 | 141 | 0,2111 | 165 | 0,1828

22 | 0,9577 | 46 | 0,5927 | 70 | 0,4137 | 94 | 0,3127 | 118 | 0,2505 | 142 | 0,2097 | 166 | 0,1818

23 | 0,9356 | 47 | 0,5827 | 71 | 0,4083 | 95 | 0,3095 | 119 | 0,2485 | 143 | 0,2083 | 167 | 0,1808

Ilpu temmeparype Boabl g0 65 °C mnpumenenne ¢Gopmynsl (9) maér pesynbTarhl, OIU3KHE K
3HaueHUsIM TaOmunpl 1. JlaHHas Tabnuma MOATBEP)KAA€T OTMEUYEHHYIO BBIIIE CHJIBHYIO 3aBHCHMOCTD
BSI3KOCTH BOJIBI OT €€ TeMrepaTypsl. Tak, mpu moBbiieHrd Temieparypsl ot 0 no 25 °C kuHeMaTHdecKas
BSI3KOCTh BOJIbI YMEHBIIIACTCS BJIBOC, & MIPH MOBBIIICHUN TeMIepaTypbl 10 167 °C kuHeMaTH4IecKas BSI3KOCTh
BO/IbI yMeHbIaercs B 10 pas.

Takum 00pa3oM, THIPOJUHAMUYCCKUI TOKa3aTesb /[ IS yAbTPa3BYKOBOTO PACX0JA0MEPA HKHUIAKOCTH
MOJKHO TOJIyYUTh Ha BBIXOZAE CHENMAIBHOIO BBIYMCIUTENBHOIO yCTPOHCTBA. JTO YCTPOWCTBO COCTOWT W3
MOCIIEA0BATENIEHO COEAMHEHHBIX MOJIENH KHHEMAaTHYECKON BA3KOCTH KUAKOCTH, MOJENN drcia PeitHonbaca
U MOJACIIN THAPOANHAMHUYCCKOIO ACIUTECIIA. Ha BXOAbl MOACIIU BA3KOCTH IMOCTYMNAIOT BBLIXOJHBIC CHUIHAJIBLI
U3MEpUTENICH TeMnepaTypbl U JaBieHUs KUAKocTH. Ha gomonHutensHbIl BXoA MoAenu uncia PeiiHonpaca
3aBOJIUTCS CUTHaJl OOpaTHOW CBS3M IO CKOPOCTH TMOTOKa V¢ ¢ BBIXOAA pacxomoMepa. Mojenu uucia
PeiiHonpaca 1 KHUHEMATHYECKOHW BS3KOCTH YKHIKOCTH ()YHKIIMOHUPYIOT B COOTBETCTBHH C YpaBHEHHUAMU (7).
Mopens penutens /[ (QyHKIMOHHPYET B COOTBETCTBHH C YpaBHEHUSMHU (2-6) WM ypaBHEHHSIMH,
Ha3BaHHBIMM B Hayajie JaHHOM craThu. [Iponecc HacTpOMKM 3aBEpIIAETCS aBTOMATHYECKOW KOPpEeKUHEn
BBIXO/IHOTO CHTHAJIA pacX0J0Mepa C MCIIOIb30BaHuEM BTOPOH Gopmydsl (1).

B wactHOM citydae — it pacxogoMepa BOJbI - MOJENTU KHHEMAaTHUECKOH BS3KOCTH BOJIBI U YHCIIA
Peiinonbaca pyHKIMOHUPYIOT B COOTBETCTBHH ¢ PopMyInoi (8), a Taxke Tadbmuren 1 wmu Gpopmynoit (9).

BriBoabI

1. P ACCMOTPCHBI  BOIIPOCBI ~ ABTOMATHU3allUH HaCTpOﬁKH TUAPOANHAMHUYCCKOTO  JCIUTCIIA
YJIBTPA3BYKOBOI'O pacxoaoMepa KHUJIKOCTHU KakK C MeTOHquCKOﬁ TOYKHU 3pCHHUA, TaK U C TOYKHU 3PCHUA UX
HpaKTH‘IeCKOﬁ pcajm3anuu.

2. Jlis aBTOMAaTHYECKOW KOPPEKIIMH BBIXOJHOTO CHUTHANIA YIHTPAa3BYKOBOTO pacxojoMepa U, TEM
CaMbIM, TIOBBHIIIEHUS TOYHOCTH W3MEPEHHS pacxola IMpeIJIoKEHO HEeNpephlBHO JEHCTBYIOIIEE
BBIYHCIIUTEILHOE YCTPOMCTBO, COCTOSIIEE M3 MOJENeH KHMHEMAaTHYECKOH BSI3KOCTH JKHIKOCTH W YHCIA
Peiinonbaca, a Takke MOJENM THIPOAMHAMUYECKOTO JENUTENsA. PaccMOTpeHBl OCOOEHHOCTH TaKOTro
BBIYHCIIUTEIHLHOTO YCTPOUCTBA JUTSI YIBTPa3BYKOBOTO PACX0I0MeEpPa BOBI.
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YJIbBTPAJBIBBICTHI IbIFbIH OJIHEYIINTIH I'NAPOJUHAMUKACBHIH
BAIITAYAbI ABTOMATTAHIBIPY

B. A. YUepnos', H. B. Uepnosa'
1 o .
AJIMaThI 3HEpreTHKA JKoHe OalilaHbIC YHUBEPCUTETI, ANMarthi K., Kazakcran

Anoamna. CyHBIKTBIKTBIH IIBIFBIH OJIIIEY KYpaNIapbl KeH Tapaibic amynaa. Omapchl3 ©HEPKOCIITIH
KOIl cajlaylapblHa TEXHOJIOTHUSIIBIK MPOIECCTEPIiH OHTAMIBI PEXIMIH KaMTaMachl3 eTyre OoiMaipl. By
acmanTap OHMIPICTI JKOHE JSHEprusi MeH Cy Ke3lepiH aBTOMATTaHABIpY YVINH KaxkeT. KyOwIpmarsb
CYMBIKTBIKTBIH KOJIEMJ K IIBIFBIHBIHA TOYENJIi aKyCTHKAIBIK A(PQPEKT OJIICHETIH WIBIFBIH OIIeYilTep
YIBTPAABIOBICTHI JICTI aTaNaIbl.

YbpTpaAbIObICTEl  IIBIFBIH  OJIICYINIIMEH  aHBIKTAJATBIH  INBIFBIH  THIPOIMHAMUKAJIBIK
napaMeTpIep/IiH KoMeriMeH aHbIKTanaabl. OnapaplH Oipi- THAPOAMHAMUKAIBIK OOMTII, OJT TEXHOJIOTHSITBIK
nraManap/ sy OipHelle aifHbIManbUIapbIHA TOYEIII.

Makanana, THAPOAMHAMUKAIBIK OOMNTIIITIH 9MICTEMENK Ke3Kapac XoHE IMPaKTHKAIBIK Ke3Kapac
JKarblHaH, YJIbTPAABIOBICTEI IIBIFBIH OJIICYIlIiH OanTayabl aBTOMATTaHABIPY CYPaKTapbl KapaCThIPBLIIbL.
VY IIbTpanbIObICTEl  MIBIFBIH  ©IICYINITIH IIBIFBIH CHTHAJIBIH ABTOMATTBI TY3€Ty VINiH, CYHBIKTHIKTBIH
KMHEMaTHKAIIBIK TYTKBIPIBIFBIHBIH MOAeNIepi MeH PeiiHOmbIC caHbl, COHBIMEH Oipre THMAPOAMHAMUKAIIBIK
OeINTiITiH MOJIENIepiHEH TYPATBIH €CeNTey KOHABIPFBICH! YCHIHBUIIBI.

Kinmmix ce30ep: ynbTpalblObICThI INBIFBIH OJIICYIIl, THIPOAMHAMUKAJIBIK O6JITill, aBTOMATThI
Oamnray.

AUTOMATION OF HYDRODYNAMIC ADJUSTMENT OF ULTRASONIC FLOW METER

B. A. Chernov', N. B. Chernova'
' Almaty University of Power Engineering and Telecommunication, Almaty, Kazakhstan

Abstract. Devices for liquid flow measurement are becoming more common. Without them, it is
impossible to provide optimal operational conditions in many industries. These devices are required to
introduce automation into manufacturing and save energy and water resources. The name of ultrasonic flow
meters is due to the fact that controlling flow is carried out by measuring the acoustic effect, which depends
on the volumetric flow rate of the liquid in the pipeline.

The flow rate determined by ultrasonic flow meter is calculated using hydrodynamic parameters.
One of them is a hydrodynamic divider, which depends on several process variables.

In the article questions of automation of hydrodynamic divider adjustment of ultrasonic flow meter
from a theoretical perspective and from the practical realization point of view are considered. For automatic
correction of the output signal of ultrasonic flow meter, the computing device composed of models of the
kinematic coefficient of viscosity and the Reynolds number, as well as the model of the hydrodynamic
divider, is proposed. Features of the computing device for ultrasonic flow-meter of water are considered.

Key words: ultrasonic flow meter, hydrodynamic divider, automatic adjustment.
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Ye. A. Dainekol’z, M.T. Ipalakoval, T.T. Chinibayeval,
M. A. Brodyagina', Zh. Zh. Bolatov*

!International University of Information Technologies, Almaty, Kazakhstan
?Institute of Applied Sciences and Information Technologies, Almaty, Kazakhstan

DEVELOPMENT OF THE GENERATOR OF TESTS FOR VIRTUAL PHYSICAL LABORATORY

Abstract. Testing is a type of verification and control of knowledge, which has become widespread in
recent decades. Currently, it is distributed in secondary and higher educational institutions. In this article, the
main mechanisms for the functioning of the test generator in the virtual laboratory developed by the authors
for studying physics in higher educational institutions are examined. The generator is designed to create a
large number of jobs in accordance with user-defined rules, which include the required number of tasks for
each type of virtual laboratory work, as well as the complexity of tasks, regulated by the level of nesting
functions. In the course of its work, the generator generates a test file of the GIFT format, which is a plain
text file. It is shown that the test generator developed and implemented in the virtual physical laboratory is an
effective way of testing knowledge.

Key words: Virtual laboratory, test generator, serialization of objects, atwood machine.

Introduction

In present time such concepts as distance learning and open universities are increasingly being used in
education [1]. However, due to the nature of the subject area, the teaching of the natural sciences with the
use of new technological approaches is still relatively lagging behind. The reason for this discrepancy is that
such sciences often require the performance of laboratory work to acquire specific skills and practical
experience. And this, in turn, means the availability of special equipment. One of the ways out of this
situation is the development of specially-oriented software packages for conducting laboratory works in the
on-line or desktop applications mode [2, 3]. Such programs allow you to study the processes more clearly
and in detail. In addition, special skills are not required when working with hazardous equipment or
materials [4]. However, when working with electronic programs, a knowledge validation tool is needed. It
can be tests, tasks for independent decision, control questions, etc.

Today testing is one of the most effective, fast and popular ways to test knowledge in any field. The
simplicity of the procedure, saving time, quick feedback makes it very convenient when used in electronic
programs for distance education. This article is devoted to the development of a test generator for performing
knowledge verification in the computer program "Virtual Physical Laboratory".

Virtual Physical Laboratory

A software application of the virtual physical laboratory was developed at the International IT
University (Almaty, Kazakhstan) on the Department of Computer Engineering and Telecommunication [5].
The developed application is a virtual software environment in which the possibility of investigating the
behaviors of object models, their collections and derivatives, specified with a certain degree of detail relative
to real objects, within the framework of studying physics, is organized. The application allows you to
conduct laboratory experiments on physics in a virtual environment. Figure 1 shows the main window of the
virtual physical laboratory. After choosing one or another virtual physical experiment, the user has the
opportunity to directly download the experiment, read the theory, or take the test. When you load a specific
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experience in the application window, a workspace is created where the experiment is visualized. Also, the
user has the opportunity to enter the initial physical parameters of the experiment.

G5 Physic Virtual Laboratory - X

VIRTUAL LABORATORY ATWOOD MACHINE

Description

ATWOOD MACHINE Acquisition of skills of research of the kinematic equations
of rectilinear uniform and uniformly accelerated movement
and main equation of a material point and progress of a
firm body.

Extra

Figure 1 - The main window of the virtual physical laboratory

Quality assurance system for educated material - test generator

One of the features of the virtual physical laboratory is the availability of a quality control system for
the educated material, namely the test generator.

The test generator is a quality control system for the educated material, which is embedded in the
virtual physical laboratory application. This system consists of separate modules of test questions for each of
the available virtual laboratory works.

Each virtual laboratory work includes a separate module for testing the passed material. When the
application starts, the main window opens (Figure 1), which contains a list of virtual labs. For each
laboratory work, a corresponding module of test questions is implemented. On the main panel there is a
button labeled "Test", which starts the test for the selected laboratory work.

After selecting the testing process, a separate window is launched in the application (Figure 2). After
starting the test ("Start Test"), a list of questions with answer variants is displayed in the window. After the
student answers all the questions, you can get an immediate result by clicking on the "Check Results" button.
An example of testing test questions is shown in Figure 3. At the bottom of the window, a table appears that
indicates the correct and incorrect answers of the student, and the average score for the test is calculated.
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5 PhysicVirtuallabs Tester = o x
[PhysicVirtualLabs] Testing "AtwoodMachine" laboratory
#1
Every action or force upon an object must have an equal and
O A Measurable
O B. Complete
O C. Opposite
O D. Correct
O E. None ofthese

reaction

#2

Aballis thrown upward. While the ball is in free fall, does its acceleration
O A Increases

O B Decreases

O C. Increases and then decreases

O D. Decreases and thenincreases

Figure 2 - Example of launching a test window

85 PhysicVirtualLabs Tester

= a X
[PhysicVirtualLabs] Testing "AtwoodMachine" laboratory
O B.39N i
O co
® D.-59N
O E.-39N

5, | v

Figure 3 - Example of output of test results

For the correct operation of the test module, you must provide the data in the correct format. This test

module for the application is implemented in the C # programming language. The working classes of the test
generator are described in the class UML diagram (Figure 4). The PhysicVirtualLabs

/PhysicVirtualLabs. Tester/ Program.cs class implements the RunTestConverter () method. This method starts
converting questions into a .doc file and converts it to GIFT format.
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MainConverter

- testFilesToBeConvert : Dictionary<String,String>
- EXTENSION : String
- PATH_TO_TESTS_FOLDER : String

+ AddTestsToBeConverted(): void

+ ConvertFromGIFTToBaseé4() : void

+ MainConverter()

+ GetQuestionaryOfLaboratory() : Questionnaire

‘ 1

l serialization
importer ; ‘
| |
!
GIFTConverter Serialization
- MAIN_GIFT_fileName : String
- SUP_TAG_REPLACMENT : String
+ ConvertFromGIFTToQuestionnaire() : void + SerializeToFileTest{) : void
+ ReplaceSomeGIFTTags() : String + DeserializeFromFileTest() : void
+ SaveAsStringToFile() : void
+ ReadAsStringFromFile{) : void

Figure 4 - UML class diagram of the test module

Each question in the test file must be of the same GIFT format. This format assumes the existence of a
text with a description of the question, and then the answer options. Variants of answers are enclosed in curly
braces {}. The correct answer is marked with the sign "=", the wrong one - "~".

Below is the template for the test question.
:: Question title :: Question text

{

=% accuracy of answer% Correct answer

}

An example of a test file is as follows:

/I Start of the question: MultChoQuestion

Force is that agent which produces or tends to produce the q
~Speed in the body

=Acceleration in the body

~Constant velocity in the body

~Constant angular velocity in the body

~None of them is right
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/I Start of the question: MultChoQuestion
A force of 3N acts perpendicularly to a force of 4N. Their resultant has magnitude of {

~IN

Testing of Test Generator

As a result of testing the test generator, the following errors were identified and corrected:

- object serialization;

- converting questions into GIFT format;

- saving objects to a file.

To test the correctness of the test generator Unit tests were used. Also, the correct display of
test questions and the correctness of the calculation of the final score for the test were tested.

Unit tests provide an opportunity to check if the program works as intended. Tests can be run
multiple times, with each change in the code part of the program. Successful execution of tests
shows that the changes did not affect the operation of the whole module. If the test fails, it allows
you to discover what changes in the code affected the operation of the system and attracting to its
failure, as well as easy to find the error and correct it.

A distinctive feature of unit tests is modularity. In this case, not the system as a whole, but
only its small parts, was tested. This is the main difference Unit tests from system tests, when the
whole system or subsystem is subjected to testing, and from integration tests that test the interaction
between modules. Applies to our code, Unit tests test classes, as well as individual methods within
these classes.

Tect He npongeH TecT npoiigen

Tecr npoitgex

Figure 5 - UML activity diagram of the testing process

Figure 5 shows the UML activity diagram, which describes the components of the testing process.
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Conclusion

During the study of physics there were difficulties with testing the knowledge of students in a limited
time. It was suggested to automate the process of testing knowledge using test generators.

The developed module of the test generator was successfully integrated with the virtual physical
laboratory application software.

The work was done under the funding of the Ministry of Education and Science of the Republic of
Kazakhstan (No. AP05135692).
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BUPTYAJIAbI ®PU3UKAJIBIK 3EPTXAHAFA TECT 'EHEPATOPBIH ’ KACAKTAY

E. A. ﬂaﬁﬂekol’z, M. T. I/Inanalconal, T.T. lIl/llelﬁaeBal, M. A. Bponﬂmnal, K. XK. Boaaros’

1 .
XanmpIKapallbIK aKImapaTTHIK TEXHOJIOTHSIIAp YHUBEPCUTETI, ANMarthl K., Kazakcran

2

Konnan6anb! FEUTEIMAAD KOHE aKMAPATTHIK TEXHOJOTHSIIAD HHCTUTYTHI, AJMaTHI K., Kazakcran

Andamna. Tectiney - OV COHFBI OHXBULIBIKTA KSHIHEH TapayFaH OiiMIi OakpliIay jkoHe OaKbLIay
TYpi Oonbin TabbuTaABl. Kazipri yakeITTa 0J1 OpTa )K9HE XKOFaphl OKY OpbIHAApbIHAA KEHIHEH KOJIaHbLIaIbI.
Ocbl MakanaJia )orapbl OKy OpbIHJapbIHAa (U3UKA ITOHIH OKBIT YHPETY MaKcaThIH/Ia aBTOPIapMEH
’KacaJFaH BUPTYalJIbl 36PTXaHa/ia TECT TeHePATOPBIHBIH JKYMBIC ICTEYIHIH HETi3r1 MeXaHU3MJIEPiH
KapacThIpbuIaabl. ['eHepaTop BUPTYaN bl 3ePTXaHAIBIK XKYMBICTBIH 9pOip TYpiHE KaKETTi TarcblpMaap
CaHbIH, COHaN-aK ys cany QyHKUMSIAphl IEHreHiMEH peTTeNeTiH TalChlpMaapIblH KYPASIJIriH
KaMTUTHIH KOJIIaHYIIIBI epexerIepiHe colikec KONTereH XKYMBIC OPBIHIAPBIH KypyFa apHaiFaH. [ eneparop
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*yMbIc Oapbichinaa GIFT dhopMaTeiHIaFbl TECT (QaiiIblH Kacalabl, 07 KOIIMIT MOTIHIIK (haiin 00k
TabbuIaAbl. BupTyanasl GuU3HKaIbIK Ja00paTopusiia 931pIeHTeH KOHE SHI131IreH TECT TeHepaTophl OlmiMai
TECTUICYIiH THIMJII 9/1ici OOJIBIN TaOBLIATHIHBIH KOPCETTI.

Kinmmik ce3dep: BupTryanupl 3epTxaHa, TeCT TeHEPaToOpbl, 00BEKT CEepHATN3aLMACHI, aTBY/]
MAaIlIUHACHI.

PA3PABOTKA TEHEPATOPA TECTOB JIJ11 BAPTY AJIBHOM ®U3NYECKOM
JJABOPATOPUHA

E. A. I[aﬁHeKol’Z, M. T. I/Inanalconal, T.T. ‘Inﬂnﬁaenal, M. A. Epogmmﬂal, K. XK. Boaros®

"MexTyHapoaHbIH YHUBEPCHTET HH(OPMALIMOHHBIX TEXHOIOT A, T.AMaThl, Kasaxcran
2I/IHCTI/ITyT MIPUKIIATHBIX HAyK ¥ HH()OPMAIMOHHBIX TEXHOJIOTHH, T.AntMaThl, Kazaxcran

Annomayus. TecTUpOBaHUE - BUJ IPOBEPKU U KOHTPOJIA 3HAHUI, KOTOPBINA NOTYy4USI ILHPOKOE
pacrnpocTpaHeHHe B TIOCIeIHUE JecATHIeTHs. B HacTodIee BpeMsl OH paclpoCTpaHeH B CPEAHUX U BBICILIUX
0011e00pa3oBaTeIbHbBIX YUPESKIACHUSIX.

B naHHO# cTaThe paccMaTpHBalOTCS OCHOBHBIE MEXaHU3Mbl ()YHKIIHOHUPOBAaHUS TeHEPaTopa TeCTOB,
pa3paboTaHHBIC aBTOPAaMH BUPTYaIbHOU 1a00paTOpUH, IPH U3yUeHUH (PU3UKHU B BBICIINX YUeOHBIX
3aBe/IeHHsIX. | eHepaTop mpeaHasHaueH sl CO3JaHusl OOJBIIOTO KOJIMYECTBA 3aIaHNi B COOTBETCTBHU C
3aJJaHHBIMU TI0JIb30BaTENeM MpaBmiam. [IpaBuiia co3aaroTcest KCXOAS U3 THITOBBIX 33/1a4H BUPTYalIbHOM
(u3nYecKoii TabopaTOPHOH pabOThI JIS OLICHKH YCBOCHUS PO IEHHOrO MaTepuana. B mporecce paboThI
reHepatop gopmupyert ¢aiin tecta hopmara GIFT, koTopsrii mpeacTaBiseT co00i OOBIYHBINA TEKCTOBBIIH
¢aiin. [Tokazano, yTo pa3pabOTaHHBIN U BHEAPEHHBIH B BUPTYaIbHYIO (PH3NYECKYIO J1Ta00OPaTOPHIO
TeHEepaTop TECTOB sIBIsieTCS 3PPEKTUBHBIM CIIOCOOOM MTPOBEPKU 3HAHUH.

Knwoueswie cnosa: BupTyanbHas 1abopaTopus, FTEeHEPaTOp TECTOB, CEPHATHN3ALUSI OOBEKTOB, MAIIMHA
aTByAA.
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IMPOMBIIIVIEHHASA BE3OITACHOCTbD U 9KOJIOT'UA

IRSTI 502.175:629(574-25)

A. S. Begimbetova®

LAlmaty University of Power Engineering and Telecommunications, Almaty, Kazakhstan
MONITORING OF THE AIR CONDITION OF THE CITY ALMATY

Abstract. The increase in the number of pollutant emissions from industrialization and urbanization
leads to serious environmental problems, such as: acid precipitation, ozone depletion, climate change. In this
regard, it is necessary to determine and constantly monitor the level of atmospheric pollution in and outside
the zone of direct action of industrial sources to identify the trend of its further changes.

To assess the state of the air basin of cities and megacities in connection with its pollution by
emissions from motor vehicles and industrial enterprises, a reliable system of observations is needed.
Monitoring the state of atmospheric air includes not only monitoring the concentrations of harmful
impurities, but also provides the opportunity to predict the development of the environmental situation under
certain meteorological conditions, taking into account the sources of emissions, terrain. The importance of
monitoring is to obtain the necessary information to develop engineering methods for protecting the
environment. Observation posts provide continuous registration of pollutant content. Among the most
polluted areas are zones of the largest maximum single and average daily concentrations created by
emissions from industrial enterprises, as well as roads with intensive traffic.

Key words: standard index (SI), air pool, the index of atmosphere pollution (IAP), the maximum
permissible concentration (MPC).

Taking into account the requirements of the Resolution of the Government of the Republic
of Kazakhstan on 13 April, 2011, Ne 848 "On the approval of the target indicators for the transition
to sustainable development”, the determination of air pollution as a specific environmental
component is particularly important and reflects the overall environmental situation of a particular
region [1].

An incomplete information database, outdated tools and methods for monitoring the
composition and quality of atmospheric air, the reduction of state and departmental observation
points for air pollution, the lack of automated observing systems and mobile monitoring facilities in
the period since 1990 to 2004 led to the degradation of the observing system for pollution of
atmospheric air in the city of Almaty.

For a large urbanized city Almaty, with a population of more than 1 million people and
located in an area of high seismicity and mudflow danger, it is impossible to carry out coordinated
economic and environmental policies without reliable and timely information on the state of the
natural environment. Therefore, every year the existing monitoring system of the environment of
the city Almaty is being improved. The monitoring of the ecological condition of the air basin in
Almaty is carried out by two organizations: RSE "Kazhydromet" - at ten stationary and five high-
altitude monitoring posts, the State Sanitary and Epidemiological Supervision Administration of
Almaty - at various points of sampling in the residential area and along motorways [2, 3]. At
present, despite the absence of large industrial enterprises, according to the results of 2017, Almaty city
is ahead of many industrial centers of the republic, such as Balkhash, Zhezkazgan, Karaganda, Ridder,
Pavlodar, Temirtau, Ust-Kamenogorsk, Ekibastuz.

The state of air pollution is assessed by the results of analysis and processing of air samples
taken at stationary observation posts [3]. The main quality criteria are the values of maximum
permissible concentrations (MPC) of pollutants in the air of populated areas (Table 1) [3]. The
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quality of atmospheric air is assessed in accordance with the existing standards in the Republic of
Kazakhstan [4].

Table 1 - Values of maximum permissible concentrations of harmful substances in the air of
settlements for the Republic of Kazakhstan [3]

Name of impurities Values of MPC, mg/m® Hazard Class
maximum one-time daily average
(MPC,) (MPCy).
Suspended substances 0,5 0,15 3
Carbonic oxide 50 3,0 4
Nitrogen dioxide 0,085 0,04 2
Ammonia 0,2 0,04 4
Sulphur dioxide 0,5 0,05 3
Phenol 0,01 0,003 2
Formaldehyde 0,035 0,003 2
Nitric oxide 0,4 0,06 3
Benzapyrene 5 15 1
Lead 0,001 0,0003 1

The degree of atmospheric air pollution is estimated by comparing impurity concentration
with MPC (in mg/m®, mcg/m3). To assess the level of air pollution for the month, three air quality
indicators are used:

- standard index (SI) - the largest measured in the city maximum single concentration of any
pollutant, divided by MPC;

- the highest repeatability; (HR),%, excess of MPC by any pollutant in the air of the city;

- the index of atmosphere pollution (IAP) is the indicator of atmospheric pollution. For its
calculation, the average values of the concentrations of various pollutants divided by the MPC and
reduced to the harmfulness of sulfur dioxide.

If IAP, Sl and HR fall into different grades, then the degree of atmospheric pollution is
estimated by IAP [3] .

In accordance with [4], the level of air pollution, depending on the value of IAP is
determined as follows:

- low when IAP <5;

- elevated when IAP =5+7;

- high when IAP =7+14;

- very high when IAP >14.

According to [4], the criteria for estimating air pollution by IAP are given in Table 2.

Table 2 - Criteria for assessing atmospheric air pollution by IAP

IAP Ecological situation
Relatively Tense Critical Crisis Catastrophic
satisfactory
1 substance 1 1-4 4-8 8-16 >16
2-4 substances 1-4 4-8 8-16 16-32 >32

Almaty refers to the cities of Kazakhstan with a systematically perennial high level of
atmospheric air pollution.

Quality control of atmospheric air in the city Almaty is carried out at 5 stationary stations
(monitoring post for pollution) and 6 high-altitude posts located in various administrative districts
of the city.

To analyze the changes in the IAP of Almaty city with the growth of the car fleet, the
extrapolation method was used, which allows to reduce the initial statistical series to the
approximating function and to extend the function beyond its definition area, in which the extended
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function belongs to a given class. A graph of the function Y (index of atmospheric pollution index)
was plotted against factor X (number of cars). The resulting curve is shown in Figure 1.

13 -

11 4

IAP

10 -

9 - y =0,1667x* - 2,3333x3 + 11,583x? - 22,917x + 24,5

2 =1

8

554000 620000 655000 702980 774560
number of vehicles

Figure 1 - Curve of IAP changes in Almaty city from the number of cars

In 2017, according to the fixed observation network, the level of atmospheric air pollution
was estimated as increased, 1A Pis equal to 6. SI = 4 (elevated level) by PM2,5 suspended matter
(near the post Ne 30), HR = 37% (high level) nitrogen dioxide (near the post Ne 12). The level of air
pollution compared with 2016 fell from "high" to "elevated". Average concentrations of suspended
particles (dust) were 1.1 MPCy, sulfur dioxide - 1.1 MPCy, nitrogen dioxide - 1.8 MPCy,
formaldehyde - 1.2 MPCgy, heavy metals and other pollutants did not exceed the MPC. The
maximum single concentrations of suspended particles (dust) were 1.4 MPC, PM-2.5 weighted
particles - 4.4 MPCp,, PM-10 suspended solids - 3.5 MPC,, sulfur dioxide - 3.5 MPC,, carbon
monoxide - 4.1 MPC, nitrogen dioxide - 2.5 MPC,, nitrogen oxide - 1.8 MPC, phenol - 1.4
MPC,, the remaining pollutants did not exceed the MPC [3].

Table 3 presents data on the names of impurities determined at each observation post.
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Table 3 - Location of observation posts and detectable impurities [3]

Post Tlmlng of Conductlpg of Address of the post I_Detect_aple
number selection observations impurities
4 times a mgnual sampling Amangeldy street, corner of
! day (discrete Satpayev street
methods)
12 Raiymbek avenue, corner of | suspended matters,
Nauryzbai batyr street sulfur dioxide,
16 Ainabulak-3 microdistrict carbonic oxide,
3 times a mgnual sampling | Aksay-3 microdistrict, | nitrogen  dioxide,
25 day (discrete Marechek street, corner of B. | phenol,
methods) Momyshuly street formaldehyde
26 Tastak-1 microdistrict, Tole bi
street, 249, State Institution
"City Children's Polyclinic Ne 8
suspended particles
PM10, sulfur
27 Meteorological station Medeu, | dioxide, carbonic
(ground) Gornaya street, 548 oxide, dioxide
nitrogen oxide
nitrogen
28 . . Aerological station  (Airport
(ground) | €very 20 |in CONtINUOUS | area) Akhmetov street, 50
minutes mode :
Department of Internal Affairs .
29 f Turksib district, R. Sorge sulfur dioxide,
(ground) or ur o 9€ | carbonic oxide,
Street, 14 dioxi .
ioxide  nitrogen
30 "Shanyrak" microdistrict, | 0xide nitrogen
(ground) school Ne 26, Zhankozha batyr
street, 202
Al-Farabi avenue, corner of
31 Navoi street, Orbita
(ground) microdistrict (territory of the
Dendropark of JSC "Zelenstroy"
1 "Institute of Mining
(high-rise) Engineering” named after D. A.
Kunaev, Abay Avenue, 191
Kazakh National  University sulfur dioxide,
2 every 20 |in continuous ngm_ed after Al-Farabi, carbonic oxide,
(high-rise) | minutes | mode Timiryazev street, 74 dioxide  nitrogen
JSC KazGASA, Ryskulbekoy | OXide nitrogen
) 3_ street, 28
(high-rise)
4 Akimat of Alatau district,
(high-rise) Shanyrak-2 microdistrict,
Zhankozha batyr street, 26
5 KazNTU named after
(high-rise) K.Satpayev, K. Satpayev street,

22
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Spent gases containing carbon oxides, nitrogen, hydrocarbons, solid particles and lead
compounds accumulate in the surface layer of the atmosphere. The unfavorable ecological state of
the urban system affects the health of the living local population. According to the level of primary
morbidity of respiratory organs of Almaty city, it ranks first ranked among the regions of the
republic [2, 6]. Diseases of the respiratory system in 2013 per 100 thousand people occupied the
leading place in Almaty. Among respiratory diseases, pneumonia was 1.7% (1.9%); bronchitis
chronic, emphysema - 4,4% (4,9%); bronchial asthma - 0.6% (0.7%) [6]. According to the Almaty
Health Department, 17 illness classes (Table 4) since 2012 to 2015 showed a positive dynamics in
the incidence of respiratory diseases, and since 2016 the incidence rate has begun to decline. This
pattern can be explained by a decrease in the background of atmospheric air pollution since 2016
onwards.

Table 4 - Data on the incidence of the population in 2012-2018

Ne | Class The total incidence for 2012-2018 per 100 thousand of the population
2012 2013 2014 2015 2016 2017 2018

1 | Neoplasms 2516,4 2430,9 2290,0 1953,6 1939,3 2346,1 2877,1

2 | Diseases of the | 3772,1 3385,4 3530,0 3518,3 3268,5 3197,5 2757,5
blood

3 | Endocrine 5248,5 5368,8 5390,0 5048,6 4833,0 5109,2 6329,8
diseases

4 | Diseases of the | 9220,7 7977,9 7550,0 7756,1 7740,1 7129,5 7354,7
nervous system

5 | Diseases of the | 43213,1 | 44048,1 | 48060,0 | 48335,7 |41476,1 |33611,2 | 36700,8
respiratory
system

6 | Diseases of the | 3861,8 3745,6 3470,0 3129,0 2873,6 2679,4 3599,4
skin

7 | Diseases of the | 13961,1 | 13623,7 | 13780,0 | 12330,7 | 11552,2 | 11302,7 | 124122
digestive system

8 | Narcological 5187,5 4976,0 4420,0 3108,2 2332,4 2288,8 1308,6
disorders

According to literature sources [5, 7], statistical observations of the degree of air pollution in
highways and mainland territories include simultaneous measurements of the composition of
atmospheric air. The observation cycle for the day should consist of three intervals of 2-3 hours of
continuous surveys: morning rush hours (7-10 a.m.); peak timepiece (11 a.m.-14 p.m.); evening
rush hours (16-19 p.m. ). The results of observations, after treatment, give a number of average
hourly concentrations. According to the data of the Hydrometeorological Center of Almaty, the
average hourly concentrations of harmful impurities during a different time of a day at observation
post Ne 12, located at the intersection of the streets, the values given in Table 5.

Table 5 - Average annual concentrations of harmful substances according to the data of the
stationary observation post Ne 12

Name of impurity/ time | Average annual concentrations, mg m°

of measurement 7°-10% a.m. 11%-14% a.m. 16”-19% p.m.
Suspended substances 0,406 0,414 0,439
Carbonic oxide 4,858 4,155 4,881
Dioxide nitrogen 0,111 0,096 0,121

Sulfur dioxide 0,013 0,020 0,020
Formaldehyde 0,015 0,017 0,018

The maximum morning concentrations, as a rule, are recorded at about 9 am, and can reach
values of 0,5-0,7 MPC,,. Reducing air pollution in the daytime helps reduce the number of
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machines, warming the atmosphere and increasing vertical turbulent exchange under the influence
of increased wind speed and instability of the surface layer [8]. Late in the evening and early in the
morning, the concentration decreases due to a reduction in emissions of impurities by transport and
industry. An exception to this pattern is the daily course of carbon monoxide in the winter period,
when the concentrations do not decrease during the day. As in the city of Almaty, motor transport
accounts for the majority of pollutant emissions, their concentration is 3-6 times lower at night than
in the day, with two maxima at 7-11 a.m. and 16-19 p.m. during the day. The share of carbon
monoxide in the total mass of emissions of motor vehicles is 80-90%, in turn, about 80% of global
emissions of carbon monoxide are in motor transport [5, 6].

Conclusions

Analysis of the current state and organization of control of atmospheric air pollution in
Almaty has shown that it monitors the ecological state of the air basin in ten stationary and five
high-altitude surveillance stations at various points of sampling in the residential area and along the
highways of Almaty. The main pollutants, according to the results of long-term observations of
Kazhydromet, are: dust (suspended particles), sulfur dioxide, carbon monoxide, oxide and nitrogen
dioxide, phenol, formaldehyde. The increased level of air pollution in the city is due to unreasoned
urban development and a large number of road transport. The city of Almaty has extremely weak
resources for self-cleaning the atmosphere. Optimal aeration of the mountain breeze is observed
only in the upper, southern part of the city. Particularly significant air pollution is observed in the
cold season, when emissions of stationary and mobile sources are the highest.

An analysis of the IAP change showed that, despite effective environmental measures taken
to improve the quality of atmospheric air in Almaty, a high index of atmospheric pollution is
maintained against the backdrop of a constant increase in the number of mobile sources.
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AJIMATBI KAJTACBIHBIH AYA BACCEMHI )KAFJANBIHBIH MOHUTOPHHTT

A. C. BerumberoBa’

1 o .
AJMaTBI SHEPreTHKa JXoHe OaiiylaHbIC YHUBEPCUTETI, AlMaThI K., Kazakcran

Andamna. ngyctpuanuzauns MeH ypOaHU3alMAHBIH HOTIKECIHAE KOpLIaraH OpTara TacTaJaTblH
JacTaymibl 3aTTapAblH KYpT KeOeri MbIHajall anamaT SKOJOTHSUIBIK TpoOiieManapisl TYIBIPBIT OTHIP:
KBIIIKBUIBIK TYHOANAp/bIH TYHYBI; O30H KaOaTHIHBIH OY3bUTYBI; KIMMATTHIH ©3repyi. COHIBIKTAaH Ja
oNapZbIH apbl Kapail e3repy TEHACHIMACHIH aHBIKTAYy YIIIH OHIIpiC Ke3JepiHiH aliMak Ta >KoHe aliMaKTaH
TBIC )KEpJIepre TiKeJel acep eTyiH ayaHbIH JlacTaHy ACHreliHe Kapail aHbIKTall )KOHE OHBI YHEMi Oakpuiaya
ycray KaxeT. ABTOKOJIKTep MEH OHIpiC OpbIHIapbIHAH NIBIFAPBUIATHIH 3USHABI KAJBIKTAPMEH JacTaHATHIH
KaJjajap MEH MEroIoJIMCTEePliH aya OaccelHAepiHiH KaFJaiibiH Oaranay yiIiH OakKbUIayAblH HaKTHI XKykeci
KaxeT. ATMochepanblk aya >KarJadblHBIH MOHUTOPHMHIT 3HAHABI KaJIABIK KOHLEHTPAaLWSUIAPbIHBIH
nraManapblH O0akpuIall KaHa KOWMai, COHBIMEH KaTap JKEpriuliKTi kep penbedTepiHiH KalablK Ke3AepiH
€CKepe OTBIPBII, OeJiriii Oip METEOPOJIOTHSIIBIK YKaFaiiapaa SKOJIOTUsIIBIK JKaFIaiIbIH JaMYbIH OOJDKayFa
MYMKIiHIIK Oepeli. MOHMTOPHHI MaHBI3ABUIBIFBI KOPIIAFaH OPTaHBl KOPFayAblH WHXEHEPIiK oaicTepiH
JaiblHIay YIOiH KaKeTTi aKnapaTTbl aJyMeH TYKbIpbIManazipl. bakpuiay OexeTTepi jgacTaymibl 3aTTapablH
KYpaMbIH Y3IIKCi3 TIpKeyal KamTamachi3 eremi. JKorapbl JeHreije JacTaHraH aylaHgap KaTapbiHa
OHJIPICTIK KOCIMOPHIHAAP KaJIABIKTAPBIHBIH KOHLEHTPAUMSACBIHBIH ~ TOYJIKTIK JKOHE oOpTama JAeHreii
HEFYPJIBIM MaKCHUMaJbJbl aiiMaKTap, COHAaN-aK >KOFaphl KeJIIK KO3FaJIbIChIHA € KOJIJIap >KaTalbl.

Kinmmix ce30ep: crannapTThl MHJEKC, aya OacceiiHi, aTMocdepa JTacTaHYbIHBIH UHJIEKC €H IIEeKTI
KOHIICHTpAIIHS.

MOHHUTOPHUHI' COCTOSIHUS BO3YIITHOI'O BACCEMHA TOPOJIA AJIMATBHI

A. C. BerumberoBa’
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1 .
AJMaTHHCKWN YHUBEPCHUTET SHEPTreTHKH U CBS3H, I'. AnMaThl, Kazaxcran

AHHOmauus. YBENWUYEHUE KOJIMYECTBA BBHIOPOCOB 3arpsi3HSIONIMX BEHICCTB B  PE3yJbTaTe
WHAYCTpUAIH3AIMA U YpOaHU3alUu TMPUBOJUT K CEPhE3HBIM DKOJOTUYCCKMM MpPOOJieMaM: BBINAJCHHC
KHCJIOTHBIX OCaJKOB, pa3pyIlieHHe O30HOBOTO CIIOS, N3MEHEHWEe KiuMmara. B cBs3u ¢ 3TUM HEoOXOAMMO
OTIPECIATh U MOCTOSHHO KOHTPOJIUPOBATh YPOBEHB 3arps3HEHUs aTMOC(hEphl KaKk B 30HE, TaK U BHE 30HBI
HEIMOCPEICTBEHHOTO JIEHCTBUS MPOMBIIUICHHBIX UCTOYHUKOB JIJIS1 BBISIBICHUS TEHICHIIMU €r0 JalbHEHIINX
W3MCHECHHIA.

J71st OTIEHKH COCTOSHUS BO3IYIIHOTO OacceifHa TOPOAOB M METAIIOJMCOB B CBS3H C €T0 3arpsi3HEHHEM
BEIOpOCAMU OT aBTOTPAHCIOPTA M TMPOMBIIICHHBIX MPESANPHUITHNA HYyKHA JOCTOBEpHAs CHCTEMa
HaOMOqeHNt. MOHUTOPHHT COCTOSHHUSL aTMoc(epHOro BO3AyXa BKIIOYAET HE TOJBKO HAOIMIOJeHHE 3a
BEITMIMHAMH KOHIICHTpAITMH BpPEIHBIX IPHMECEH, HO W JaeT BO3MOXKHOCTH IPOTHO3HPOBATH DPAa3BHTHE
SKOJIOTUYECKON CUTYyallud MpH OMNPEICICHHBIX METEOPOJIOTHYECKUX YCIOBUSX C YYETOM HMCTOYHUKOB
BEIOPOCOB, peibeha MECTHOCTH. Ba)XHOCTh MOHUTOPHHTA 3aKJIFOYAeTCS B IOJNyYEHUH HEO0O0XO0IuMOn
wHGOpPMAIMHN /ISl BEIPAOOTKH WHKEHEPHBIX METOJOB 3alTUTHl OKpYykaromied cpensl. [loctel HaOrOMeHMI
00eCIevYnBalOT HEMPEPHIBHYIO PETUCTPAIUIO COJIEpKaHMs 3arps3Hstonmx BemlectB. K uuciny Haunbolee
33I‘p5[3H€HHI)IX paﬁOHOB OTHOCATCSA 30HBI HaI/I6OJIBHII/IX MaKCHUMAJIbBHBIX pa30131>1x nu CpeILHCCYTO‘-IHI)IX
KOHIICHTpPAIIHii, CO3/]aBaeMble BEIOPOCAMHU MPOMBINUICHHBIX MPEATIPUATHIN, a TAK)Ke TOPOTH C HHTEHCUBHBIM
JIBIKEHUEM TPaHCIIOPTA.

Knrouesvle cnosa: craHmapTHBIM MHJCKC, BO3AYIIHBIN 0acceliH, WHACKC 3arps3HEeHUs atMocdepsl,
MIPEIebHO- Oy CTHMAsT KOHIICHTPAIIHSL.
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NHHOBALIMU B BBICIIEM OBPA30BAHUMN.
OYHIAMEHTAJIBHBIE HAYKH

IRSTI 681.51:681.7.068

A. Y. Zhakupbekova®
LAl-Farabi Kazakh National University, Almaty, Kazakhstan

THE DEVELOPMENT OF FUZZY MODELS FOR THE ANALYSIS OF EDUCATIONAL
ACTIVITIES

Abstract. The article presents a model of fuzzy quality management of higher education as the main
factor of competitiveness for further integration into the model of intellectual control system of educational
activities. The presented work deals with modeling and monitoring the quality of higher educational system
using fuzzy techniques. Design of controllers using conventional methods for that kind of systems is not easy
due to absence of a systematic theory behind it. In such cases, an approach based on the use of fuzzy logic
for identifying the risks of deterioration of teaching quality and administration based on the input and output
data have been shown to be attractive. The data obtained as a result of monitoring are presented to the
administration of the educational institution for strategic and operational decision-making.

Key words: fuzzy mathematical model, indicators, fuzzy rules, aggregation, artificial intelligence,
prediction, membership functions.

Difficulties in the development of higher education are partly explained not only by the results of
internal indicators, but also by the effects of external influences of the labor market. Another problem of
professional training is the lack of an effective system for monitoring its quality and effectiveness. The main
difficulty of monitoring the quality of educational services is the weak formalization of many assessments of
the quality of educational activities and the lack of standard monitoring procedures (which evaluate a
standard set of license and accreditation indicators) for the comprehensive assessment. Analysis of the work
on the study of factors affecting the quality of university activities is an area of the use of the theory of fuzzy
sets and fuzzy logic with the possibility of the transition from the classical probability models and expert
assessments to fuzzy-multiple descriptions.

The fuzzy logic provides a means of converting a linguistic control strategy based on expert
knowledge into an automatic control strategy. The ability of fuzzy logic to handle imprecise and inconsistent
real-world problems has made it suitable for a wide variety of applications.

To achieve the goal, the following tasks were set:

— ldentify factors that affect the competitiveness of the educational institution;
— Develop a fuzzy model of quality management of educational services;
— Implement the developed model on a concrete example;

— Evaluate the results and prospects of further research.

Construction of fuzzy model: Description of input and output variables

When constructing a model for assessing the quality of the university work, it is advisable to classify
the input variables and, based on it, construct an output tree that defines a system of nested smaller
knowledge statements. Thus, the presence of mathematical means of reflecting the fuzziness of the initial
information allows us to construct a model adequate to reality, in which a fine-tuning of the fuzzy model is
carried out by training it on the basis of experimental data. The final evaluation of the model, showing the
quality of the department is indicated by the letter - R (results). Re [0.100]. The greater the value of this
criterion, the higher the leading positions of the university in the market of educational services.

The main indicators of learning activities that affect competitiveness, and the change of which is
described with the help of clear mathematical functions, are quantitative indicators. Denote them by X1,
...Xn, then the final evaluation of the university model will represent a functional mapping of the form:
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X = {X3,X,, ... Xy} = R € [0,100]

For a sufficiently large number of factors, it is convenient to represent them in the form of a
hierarchical tree (Figure 1). Elements of a tree are interpreted as follows:
— The root of the tree - the competitiveness of the educational institution (R);
— Terminal vertices - partial influencing factors (X;, i=1..9);
— Nonterminal peaks - enlarged influencing factors - (Y3, Y5, Y3, R);

University as an object of
research

é; OJCHCRCICICO

Figure 1 — A hierarchical representation of university activities

As an algorithm for fuzzy logic inference, the Mamdani algorithm [2] is used. At the first
stage, the base of rules of fuzzy inference systems is formed (Table 2). A set of rules was generated
based on possible combinations of fuzzy statements in the premises and conclusions of the rules,
according to which the maximum number of rules in the database is determined by the following
ratio: N = Ny, * Ny, = ...” Ny, N,,, where Ny - Ny, - ..- Ny - N,, —number of membership
functions for specifying input and output variables [3]. Since the initially formed rules base is
redundant - with the same assumptions and different conclusions, the set of rules was optimized on
the basis of expert information, resulting in the formation of a base of 27 rules. Expert fuzzy
knowledge bases are given in Table 3. Elements of antecedents of fuzzy rules are related by the

logical operation AND, the weight coefficients of each of the rules are equal to 1.

Table 1 — Description of indicators

Symbol Description of indicators

Y, Educational-methodicalwork

X, Active educational programs in English

X, Active joint educational programs or dual diploma programs

)& Position of the specialty in the QS ranking by areas (directions) of preparation

X, Proportion of employed graduates

X5 Specialties of VOUD, the average score for which is more than 60% of the
maximum points

X The level of the teaching staff

X, Increase (in%) of the number of students compared to the previous year (1%
above the threshold level of 5%)

Xg Average assessment of teachers through the questionnaires of students
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Y, Research work

X, The number of articles published in English-language scientific journals of
KazNU together with authors from the far abroad with the Index of Hirsch at least
3 in the Scopus database

X1i0 The number of articles published in English in the series of the Bulletin of KazNU
named after al-Farabi

X11 The number of articles published in scientific journals, recommended by KKSON
and the journal "Aikap"

X12 Number of security documents received

Xi3 The volume of research funding from industry, business and other development
institutions (household contracts), min.tg

X14 The volume of grant, program-targeted financing of scientific research, min. tg

Xis The number of articles (students, undergraduates and doctoral students) published
in the journals indexed in Scopus

X16 Number of created student start-up companies

Y3 Social and educational work

X17 Organization of educational events in the framework of innovative projects
(Ainaladynrlandir, Greenkampus, 100 kitap, Cult of a healthy body, etc.)

Xis The volume of student scholarships established by graduates and university
partners, min.tg

X1 Number of students-winners of creative competitions, sports competitions

X50 Number of image publications about the achievements of KazNU

Based on the study and analysis of materials of domestic and foreign scientists [4, 5, 6, 7] on
the development of assessments of the quality of educational services authors made the following
conclusions regarding the methodological principles that are necessary take into account when
developing a rating:

— The principle of systemic nature, which requires both the interconnection of indicators in
the model, so that this connection makes sense.

— The principle of complexity, which means that the model should display various aspects of
the educational activity of the institution.

— The principle of normative model. Its application in the model is based on the fact that
growth rates of indicators characterizing various aspects of educational the activities of the
institution are in a certain relationship with each other. Wherein it should be noted that the objective
of the normative model is to achieve the state of the educational institution, which for it is the most
optimal.

Table 2 — Translation from a quantitative index to a fuzzy parameters

Fuzzy parameters

Indicators low middle high

X, | Active educational programs in | Absent 1<x<3 More than x>3
English

X, | Active joint educational Absent 1<x<3 More than x>3
programs or dual diploma
programs

X3 | Position of the specialty in the | More than 10<x<50 Less than x< 10%
QS ranking by areas x>50
(directions) of preparation
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X4 | Proportion of employed Less than 50<x<75% | More than x>
graduates x<50 75%
Xs | Specialties of VOUD, the Less than 30<x<60% | More than x>60

average score for which is more | x<30
than 60% of the maximum

points
Xes | The level of the teaching staff Less than 75<x<90% | More than x>90
X<75
X7 | Increase (in%) of the number of | Less than 10<x<15% | More than x>15
students compared to the x<10%
previous year (1% above the
threshold level of 5%)
Xg | Average assessment of teachers | Less than 2<x<4 More than x>4

through the questionnaires of X<2
students (score)

Developed by the authors in this study, the methodology of analyzing and evaluating the
quality of educational services, these principles implements, taking into account various aspects
(options) of educational activities, such as the quality of teaching, the quality of students' learning
and profitability, and the social-educational work of educational activities.
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Quality of teaching

RB,

Profitability RB3

SEW

RB,

Quality of students’
learning RB,

Figurel — A new method of indicators’ classification
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Based on suggested new method of classification of university indicators (Figure 2) , we can
make a fuzzy rule for the integrated value of R in the Table 3.

Table 3 — Expert fuzzy knowledge bases for the integrated result R

No RB1 RB2 RB3 RB4 R

1 Low Low Low Low Low
2 Low Low Middle Low Low
3 Low Low High Low Low
4 Low Middle Low Low Low
5 Low High Low Middle High
6 Low Middle Middle Low Low
7 Low Middle High Middle Middle
8 Low High Middle High Low
9 Low High High High Low
10 Middle Low Low High Low
11 Middle Low Middle Middle Middle
12 Middle Low High Middle Middle
13 Middle Middle Low Low Middle
14 Middle Middle Middle Middle Middle
15 Middle Middle High Middle Middle
16 Middle High Low Low Middle
17 Middle High Middle High High
18 Middle High High High High
19 High Low Low Low Low
20 High Low Middle Low Low
21 High Low High Low Low
22 High Middle Low Middle Middle
23 High Middle Middle Middle Middle
24 High Middle High High High
25 High High Low Low Middle
26 High High Middle High High
27 High High High High High

Expertise determines the priority of the above blocks of indicators, based on the interests of
the evaluating entity.
Based on the preferences of the interested party, ranking of the scores on the blocks of
indicators is made, that is
RB;>RB,>RB3>RB,,

where RB;— Quality assessment for one of the above four blocks of indicators;
> — the preference of the previous block of the indicator before the next one.

Table 4 — Weights of each blocks of indicators

Ne Indicator Block weight p;
1 Quality of students’ learning 0,5

2 Quiality of teaching 0,3

3 Profitability 0,15

4 Social and educational work 0,05
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For the analyzed university, the value of its rating will be determined by the formula:
R =y *RBy + Uy * RB; + 13 * RB3 + U3 * RB3,

where R — university rating;
u—weight index (Table 4);
RB;—quality assessment by groups of indicators.

Table 5 - Classification of ratings of educational institutions:

State Value of rating

High 85<R<100
Middle 65<R<85

Low 0<R<65

The membership functions for input variables were constructed using the method of statistical
processing of expert information, and for the output variable-based on the paired comparisons
method [4]. The following piecewise triangular and trapezoidal membership functions were used in
the construction, which are depicted in Fig. 3.

1 HA3KAA CpeaHui BEICORMA 1 HU3KAA CPeaHAR BEICOKAR
N, ><‘\ 05 ‘y\
o ;— 0 ;‘
20 30 40 50 60 7O B8O 90 100 0 5 10 15 20 25 30

HU3KOS BeICOHOE
HW3KER  CPE4HAR BHICOKER cpeanes

1 1,00
o o N Py i ;
o s 10 15 20 a5 30 0 5 10 15 20 25 30 35 40 45 50

Figure 2 — Membership functions of linguistic variables

With the help of aggregation, the degrees of truth of the conditions of each of the rules of fuzzy
products were determined, and paired fuzzy logical operations (min-conjunction and max-disjunction) were
used. Those rules, the degree of the truth of the conditions of which is different from zero, are considered
active and are used for further calculations.

Activation of subcontracts in fuzzy rules of products is carried out by the method of min-activation,
accumulation of fuzzy sets, defuzzification of output variables by the method of the center of gravity.

Model of fuzzy quality management of educational services
is built on the basis of expert knowledge; therefore, it is necessary to train the model on experimental data to
ensure reliable results, and to assess the adequacy of the model constructed. To learn the fuzzy model, 100
pairs of experimental data "inputs-output™” were used. The parameters of the term membership functions were
adjusted in such a way that the root-mean-square error was minimal [5].

The center of gravity (CoG, COG, Cent of Gravity) or centroid area is calculated by the
formula:

Max
_[x - 1 (X)dx
y =

j 2(X)dx

Min

where y - the result of defuzzification;
X - the variable corresponding to the output linguistic variable W;
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IU(X) - the fuzzy set belonging to the output variable w after the accumulation step;
Min and Max - the left and right points of the interval of the carrier of the fuzzy set of the considered
output variable w.
In defuzzification by the center of gravity method, the usual (not fuzzy) value of the output variable
is equal to the abscissa of the center of gravity of the area bounded by the curve of the membership function
of the corresponding output variable.

Results

The developed model allows predicting the quality of educational services and helps to determine
drawbacks of existing situations in the university activities. As the result, application of this model provides
the high level of the quality in educational services and a leading position with the high competition.

The prospect of further research is the development of a fuzzy model using the Matlab environment,
as well as increasing the level of complexity of the model with the addition of such factors as the quality of
information technology, the quality of patents, textbooks and the quality of educational programs and the
further integration of university management into the model.
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JKOFAPBI OKY OPHBIHBIH CAITACBIH TAJIJAVTBIH ®A33U MOJIEJIH KYPACTBIPY

A. E. Kakyn6exosa’

1 .
On — @apabu aterHAarel Kazak YITTEIK YHUBEPCUTETI, ATIMATH K., Kazakcran
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Anoamna. bepinren Makanana HHTEIUIEKTYAIIBIK OKY YPAICiH 6acKapy MoIeliHe HHTeTpaIusiay
JKOHE OJJaH dpi NaiJanaHy MaKkcaThIH/Ia )KOFaphl OKY OPHBIHBIH O1J1iM Oepy camachlH TajlJaiThIH HAKThl eMec
¢a33u Mozeni KypacTeIpbiirad. Pa33u MoieNi )KOFapbl OKy OPHBIHBIH 0acekere KaOieTTiNiriH apTThIPYAbIH
Heri3ri (hakTopiapasiH Oipi peTiHAe YCHIHBUIFaH. bys peTTe skoFapbl OKy OpHBIHBIH CalachlH OaKpLIay
JKYHECIHIH MOJIeTTi e HaKThl eMec oicKe cyieHeni. KapacThIpbUIaThIH KYHEHI CHIIATTAWTHIH Kipic )KOHE
HIBIFBIC TIApaMeTpJIep JKOHIHAE MaFIyMaTThIH TOJNBIKTAil 00JIMaybIiHa OaliIaHBICTBI, JKOFaphl OKY OPHBIHBIH
JKYMBICBIH MOJZIeTIbJIeY KYpAesi ecentepaiy Oipi Oounbin cananaisl. byHnaii xarnaliaa OKbITY canachlHBIH
HaIlIapiiay BIKTUMAIIBIFBIH aHBIKTAY KOHE OacKapy YIIiH HAKTHI eMec (a33u MOJEINiH KOJIJaHy €CenTiH
nrenriMi 60Iysl OpeIHABL. MoJienbal OaKplIay HOTHXKECIHAE AJIBIHFaH AEPEKTEP CTPATETHSUIBIK )KOHE JKeIe
nrenriMaep Kabbuiaay YIIiH )KOFapbl OKY OPHBIHBIH OaCIIbIIBIFBIHA YCHIHBIIA B

Kinmmik coe30ep: HaKTHI eMec da33u MOJIENi, KOpCeTKImTep, (a33n epexenepi, arperanusiay,
JKacaH/Ibl HHTEJUICKT, )KOpaMaJiay, MyIIeTiK (yHKIUSICHI.

PA3PABOTKA HEUETKOM MOJEJH 11 AHAJIN3A OBPA3OBATEJIBHOM
JAEATEJBHOCTHU

A. E. Kakyn6exopa'
'Kasaxcknii HarmonansHeli yHuBepcHTeT HM. Anb-Papalu, r.Anmatel, Kasaxcran

Annomayus. B cratee pazpaboTaHa MOJEIb HEUETKOTO YIIPABICHUS KAUECTBOM BBICILIETO
00pa3oBaHHs KaK OCHOBHOTO ()aKTOpa KOHKYPEHTOCHOCOOHOCTH /ISl JATbHEHIIIETO UCTIONB30BAHUS 1
MHTErpaly B MOJENb MHTEIUICKTYAJIILHOTO YIIPaBJICHUs y4eOHOH AesrenbHocTho. [Ipr 3ToM
CMOJIETTUPOBaHHAs CHCTEMa MOHUTOPHHI'A Ka4eCTBa BBICIIET0 00pa30BaHMs AaHa C UCIIOIb30BAHUEM
HEYeTKHX MeTo/10B. [locTpoeHne Moien yHUBEPCUTETCKOM I€ATEIbHOCTBIO SIBIISIETCS] OJHUM U3 CIOXKHBIX
3aJa4 U3-3a OTCYTCTBHUS MOJHBIX 3HAHUI O BXOJIHBIX M BBIXO/JHBIX MapaMeTpax. B Takux cioyyasx mojaxof,
OCHOBaHHBII Ha HCIIOJIB30BaHUM HEUETKOM JIOTUKH JJIs ONIPEAETICHHS PUCKOB yXyIIIEHHUS KauecTBa
0o0y4yeHus: 1 aAMUHUCTPUPOBAHUSI, SIBISCTCS aJCKBATHBIM U 11e1eco00pa3HbIM. JlaHHbIE, TIOTy4YeHHbIE B
pe3yibTaTe MOHUTOPHHTA, OyIyT MPeNCTaBIeHBl PYKOBOJICTBY YU€OHOTO 3aBEJICHUS TSI IPUHSATHS
CTPAaTErMYECKUX U ONEPATUBHBIX PELICHHN.

Knrwouesvie cnosa: HeueTkas MaTeMaTHYeCKast MOJIEIb, [TOKa3aTenn, 0a3bl HEUETKUX MPaBHI,
arperupoBaHne, UCKYCCTBEHHBIH HHTEIUICKT, QYHKIHS TPUHAIEKHOCTH.
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MFETAP 14.35.09

7K. Uckakon®

L Anmater PHEPreTHKA JKoHe OaillaHbIC YHUBEpCUTETI, AMaThI K., Kazakcran

«OHIETIH BYPAJIMA TEPBEJIICTI 3BEPTTEY» 3EPTXAHAJIBIK ’KYMbBICBIH
OPBIHJAY 9JAICTEMECI

Andamna. bepinreH Makamaga OKy 3epTXaHachl >KarmailblHaa emieTiH Oypaima TtepOemicTi
TOXipHOeInik 3epTTey OOWBIHINA 3ePTXAHANBIK KYMBIC dicTeMeci a3ipieH . byn yuIiH ofgeTTe OKTHIH YIIy
KBUIIAMIBIFBIH MMITyJIbC MOMEHTIHIH, MEXaHHKaJbIK SHEPrUSHBIH CakKTaly 3aHAapblHa >KOHE MEHILIKTI
TepOenic 3aHABUTBIKTAPbIHA HETI3/eNITeH TOKIPUOENiK aHbIKTay YIIiH MaiJaiaHblIaThiH OypanMa MasTHUK
KoJIZaHplIanpl. bypasiMa MasTHHK TOpM3OHTalb JKa3bIKTHIKTa TepOesMelsi KO3FajbIC jKacal amaThlH TIK
Kepired 0oJIaT ChIMFa UIIHTeH IIBLIOBIKTaH Typassl. LIIBIOBIKTEIH YIITAPEIHAA TiK OYPHINITH TapauIeIIATICT
MINIHII eKi JeHe OSKITIAreH jKoHe Jie IIBIOBIKTAa Oip/ed eki IWIMHAD KYK OpHAjIacKaH, OJIapibl KO3Fai
OTBIPBINT MASITHUKTIH WHEPIHMS MOMEHTIH ©3repTyre >KOHE TaHJalfaH OpbIHFa OekiTyre Oonanel. Omury
mapaMeTpliepiHiH: omy Ko3(pQHUIUEeHTIHIH, JIOTapuPMIIiK OIry IeKPEeMEHTIHIH, pelaKcalus yaKbITBIHBIH,
peliakcalys yakKbIThIHIAFbl TEPOEIIC CAHBIHBIH KOHE JI¢ MEXaHUKAJBIK XYWCHIH CarachblHBbIH MasSTHUKTIH
WHEPLHUS MOMEHTIHCH TOYCNJUTIKTEepl 3epTreneai. Toxipube HOTIKENEpiH eHICYyJe a3 KBajpaTTap oici
KOJNMaHbIanbl. ToXipuOenmik 3epTTeylep HOTWKENepl TEOPUSUTBIK —TOYENAUTIKTEPAIH aKUKATTHIFBIH
nmonenpaerini. KommanpuiraH omicTeMe YHHBEpPCHUTETTEpIle OypanMa TepOemicTi ToxipuOenik 3epTTeHTIH
JAbIH KOHJIBIPFBI OOJIMaraH Ke31e GU3UKAIBIK MPAKTUKYM YIIiH YCHIHBUIAIBL.

Kinmmik ce30ep. 3epTXaHANBIK TPAaKTUKyM, OypaiMa MasTHUK, OIIy CHIaTTaMaiapbl, WHEPIIHS
MOMEHTI

OuM3MKAIBIK MPAaKTUKYM 3aMaHayH OKY »XKaOJbIKTapblHA CYHEHIN (U3UKAHBI TOHKIPUOETIK
OKBITY TEXHOJOIMsChl OOJbII TaObulafbl. 3epTXaHAIbIK MPAKTUKYMHBIH MAaKCaThl —carajbl
YHUBEPCUTETTIK 1presi JalbIHABIFBI )KOHE OUTIMJII MpaKTUKaaa KOJIJaHy Jarabliapbl 0ap O0acekere
KaOuIeTTi Kajapnapisl TopOueney Oosbln TaObuIa[bl. 3epTXaHalbIK MPAKTUKYM  CTYIEHTTIH
MHTEJJIEKTIH JaMbITyFa, OKY IIOHIHE KbI3bIFYIIBUIBIFBIH apTThIpyFa, Kacay eNTUIINH urepyre
OarpiTTanFad. [lopMeHi OKBITY 1Bl KAMTAMachl3 €T€ OTBHIPBII 3ePTXAHAIIBIK MPAKTUKYM OKY YaKbIThI
JKETICIIETeH JKaFJaiiap/ia canajisl O11iM Oepy MOCcesIeCiH Iee/l.

H. H. EsrpadoBanbiy xone B. JI. Karawuein [1], M. H. Kop3ynusiH [2] ¢u3HKaIbIK
npaktukymaapeiaaa, P. H. CeiagsikoBanbiH sxoHe A. WM. KeHkeOeKOBaHBIH dJIICTEMENIK
HYCKAyJbIKTapblHAa [3] JKOHE KONTereH 3epTXaHajblK MPAKTUKyMIapAa epKiH MEXaHHKaIbIK
TepOeicTep Il OKBII 3epTTEY JKIHE €PKIH TYCY YAEYIH aHbIKTay (PU3MKaIbIK TOHKEPUIMEI MasTHUK
keMerimeH beccenb oniciMeH icke acbipbuiaabl. A. M. AkuMoBThIH, A. H. bapanoBTbsIH koHe A. M.
Canenkuiinig MakanacbiHna [4] oky gu3MKanblK MasTHHK KOMETIMEH aybIpJbIK KYILIIHIH YICYiHIH
[IaMachblH OJIIIeY JAQJAITIH apTThIPY KOJJApbl TalKbUlaHa/Abl. AHBIKTAy KaTeNiKTepiH Oaranay
dbopMynanapsl agbIHAIbI.

OKy 3epTxaHachl JKarJailblHAAa €pKiH TYCy YJE€YyiH aHbIKTay MQJAIriH apTThIpy dIicTeMeci
yeeibianpl. P, H.  CepapikoBanbiH — koHe A. WM.  KemxkeOeKkoBaHBIH  9iCTEMEIIK
HYCKayJIBIKTapbIHAA [3] epKiH TepOernic MaTeMaTHKAIBIK MassTHUK MOJIENI MBICAJIBIH/IA OKBITBHLIAIB,
3epTXaHaIBIK KOHJBIPFBIIa OYJT MOJIETIBII 1CKEe achIpy Maiairi 6aramanaasl. Hotmxkecinae, 6epinreH
JONAIKIEeH TepOenic MeproAbl TYPaKThl OOJBIN KalaThlH aMIUIMTY/Jallap JWANa30Hbl aHbIKTala/bl,
TepOeIic MepuoIbiHA OITYIIH dcepl 3epTTenel, TaKipubdene tepOemic mepuoasrl KBaJpaThl MEH
UTIHY Y3BIHJBIFBl  apachlHAAFbl TOYENIUNKTIH AypbIcThIFbl Tekcepineni. M. H. Kop3yHHbIH
NpaKkTHKYMbIHIA [2] cepimmeni MasTHHKTIH epKiH TepOerici ToxipuOemik 3epTTese/i, cepinmneHin
KaTaHJAbIK KO3 QUIMEeHTi, TepOenic TNepHoibl, TYTKBIP OpTaJarbl MAasATHHUKTIH YyHKelic
kodddurmenti Ttabputanel. E. H. AcramoBteiH, 3. H. borueBansiH, FO. Il. KoukuuHIH >XoHE
Oackanapasiy [5], P. H. Hukynunsuiz sxone H. B. ['penioBanbiH [6] mpakTuKyMaapbiHaa (GU3UKAIIBIK
MasTHUKTIH OIIETIH TepOemiciHiH cunarramaiapsl anbikTanaasl. A. H. KaueBckuiinin MmakanaceiHaa
[7] dusukanbik MasTHUKTIH eIIeTiH TepOeNiCiHIH CHIaTTaMajiapbiHA KOCHIMIIA MEXaHUKAJIBIK
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KYHEeHIH 1MKi yHKenici, MaTepuaiIblH CUMaTTaManapbl — AeMidepiey KaOuIeTTiIirt MeH BIFBICY
MOJ1yJIi aHBIKTAJIa]Ibl.

MasTHUKTEp TeK epKiH MEXaHUKaJbIK TepOemicTepai ToKIpUOeNiK 3epTTeyiep YIIiH FaHa
KOJIJIaHblJIMal, MasTHUKTIH WHEPLHS MOMEHTIH aHbIKTay »oHe lllteliHep TeopemachlH TeKcepy
YILIiH JIe KoJaaHbuiaas [8].

U. A. Asenapuycteiy xoHe b. JI. AdaHacbeBTiH 3epTXaHaNIbIK MpakTHKyMbiHAa [9], A. M.
Canamaruaanbiy, M. 1. KapceibaeteiH xoHe T. C. balinak0aeBTBIH 9icTeMeNiK
HyckaynsIkTapeiaaa [10] skoHe kemTereH Oacka NMpakTHKyMaapaa OypaiMa MasTHHK HETi3iHeH
OKTBIH YIIy >KbUIIAMIBIFBIH AHBIKTAYy YIIiH, KATTHl JCHEJCPIiH WHEPUUSIIBIK CHIIaTTaMalIapbiH
3epTTey YIIH KOJIIaHbUIca, 013 OHBI OIly IMapaMeTpiiepiHiH: oy KodhPUIueHTiHIH, JorapumMIiK
eIy IEKPEMEHTIHIH, peJlaKcallus YaKbITHIHBIH, PEeJaKCaIis YaKbITBIHIAFbI TEPOEITiC CAaHBIHBIH KOHE
Jle MEXaHUKAJIBIK )KYHEHIH CarachbIHBIH MasTHUKTIH MHEPIMS MOMEHTIHEH TOYEIIUIIKTEPIH 3epTTey
YILIiH, aKBIPBIH/IA MaTEPUAIIBIH CEPIIMALIIK KACHETTEPiH aHBIKTAY YIIiH KOJIaHAMBI3.

Enpi Toxipubenik KOHABIPFBIHBIH CUTIATTAMACKIH KOHE TEPOETICTIH oIy CUIlaTTaMajlapblHbIH
OypanMma MasTHUKTIH WHEPUUS MOMEHTIHE TOCIAUTIKTEPIH TIKIPUOETIK 3epTTey oIiCTeMeCiH
kentiperik. [Tomsik enmipiciHiH “FRM-09 Oypanma masTHuUTi” TIK TapThUIFaH OoJjlaT chiMaa (2)
utiHreH BIObIKTaH (1) Typansl >KoHE TOPH3OHTANb JKa3bIKTHIKTAa TeOeIMelNi KO3FalbIC Kacayra
kabimerTi. [IIbIOBIK yIITapBhIHA TIK OYPBIIITHI MAapaJUICICIUIIS ] MIIIH/I €Ki JeHe OSKITUINeH JKOHE
Jie BIOBIKTA, OHBIH OOHBIMEH OPBIH AyBICTBIPYFa KOHE KajlaFaH OpbIHFa OeKiTyre OoJjaThiH eKi
6ipaeit numHap kYK (3) opHanackas (cyper 1).

MasTHUK >KOFapFbl JKaFblHaH OyHip OerTiHae OYpHIITHIK ImKana (4) camblHFaH MeJIIp
WIMHJIPIIIK KaKIMaKIeH kaObutraH. bakpiiay xoHe eiey sxyieci (OTONEKTPIIK JaTIUKTEH JKOHE
OFaH >KaJFaHFaH AJIEKTPOHABIK CEKYHIOMEpIEH OHE TepOelic caHaFbllITaH Typaabl. berinme
CETb (5), CBPOC (6), CTOII (7) tyiimemieni axbipaTKbimTap, (8) cekyHaoMepiHiH xoHe (9)
TepOeITic CaHaFBIIBIHBIH KOPCETYNIEPiHIH WHAMKATOpIaphl opHaimackaH. Toxipube amasiama (10)
Tipek OypaHbl KeMeriMeH KOHIBIPFBIHBI TiK OpHANacThIpaMbl3, Kepy raiikacein (11) GocaTsim
MasiTHUKTI OYPBIIITHIK HIKATAHBIH HOJIIK O6eJiriHe Kapchl OpHaJIacThIpaMbl3 Jla raifkaHbl KaTalThIn
OCHI JKkaFaiina MasTHUKTI (12) OypanmameH OexiTemis.

Humuuap xykrepai (3) MasTHUKTIH TOPU3OHTANIb ©CI OOWBIMEH >KBUDKBITBHIN OipiHe OipiH
OapbIHIIA >KaKbIHAaTaMbI3. Acmanthl kemire Kocamblid3. CBPOC tyiimemiecin 6achin, MasTHUKTI
OyppiThHIK MmKanaHblH A,=20 GeniriHe TeH OypbIlIKa OypamMbl3, COHAH KEWIH MasTHUKTI €pKiHe

KibepeMi3 KoHe N =10, 20, 30, 40, 50 TomBIK TepOeniciHig t yaKbITBIH jXKOHE OJlapFa COWKeCTi
A(N) tepbenic aMmmmuTynanapsIHBIH MOH/EPIH AHBIKTAHMBI3. OpOip TUKIPHOEH] YII peTTeH KeM

. . .. . t
eMec KalTajaiiMbl3 )KoHE OJIapbIH HOTHIKEJIEPIHIH OpTalla MOHAEPIH ajlaMbl3. | = N (dbopMynacel

OoifpiHma T TepOenmic TEpHONIBIH ecenTelMi3 JkoHe OapiblK eJmeyiaep YIIiH Tepoeric
IIEPUOIBIHBIH ic Ky3iHae Gipaeit exenirin 6aiikaiiMbrs, corabikTan oHbIH N =30 Tep6ernic canbina
coilkec MOHIH ajca Ja JKETKUIIKTI eKEHJIrHe Ke3 MXeTKizemi3. OpOip TepOenic CaHbl YIIIH

i [IAMAChIH €CENTelMi3 XKoHe | Kecrere eHrizemis. In A
A(N) A(N)

TOYeNIUTIriHIH rpadUrid TYpFbI3amMbI3 (CypeT 2).
Typre3bUTFaH  Ty3yJde €Ki HYKTeHI anambl3, O =1J@ ¢opmynacel OOWbIHIIA OIIyAiH

A =1 coiikec N, ni Ne=l dopmynacel GolibIHIIa

A(N) 5

- wiEN - Hen

JorapuGMIiK JeKpeMeHTIH koHe In

aHBIKTAaMBI3.
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Cyper 1 - FRM-09 GypasimManbl MasiTHUT1

Kecre 1 - Toxipubenik MamiMerTep

HIpIOBIKTAFBI Tepbemic Tepbemic canbl N t,C
WINHAP KYKTEPAIH | aMIUTUTYAAChI
OpHAIACybl 0 10 20 30 40 50
Bapeixma A(N) 20| 14 10 8 6 4
KAKBIHAATHUTFaH
| A, 0 | 0,3567 | 0,6931 | 0,9163 | 1,2040 | 1,6094 | 100,80
n
A(N)
Bapsiaimna A(N) 20| 15 11 9 7 5
KaIIbIKTaThUIFaH
0 |0,2877 | 0,5978 | 0,7985 | 1,0500 | 1,3863
in| A 169,20
A(N)
. 1 ¢ . . 1
Mynan opi [ :F =? dbopmynacel OoitbiHIIA o1y Kod(PPUIIUEHTIH, T =— (OPMYJIach

. T o .
OoiibIHIIIA peirakCcanuAa yaKbIThIH KOHC aKbIpbIHJA Q = g =7 Ne (I)OpMy.]'IaCBI OoiibIHIIA MAasITHUKTIH

camajbUIbIFbIH  ecenTeiimi3. Toxipube HOTHXKeNepiH 6OHJEYAe €H Killl KBajpaTTap oJiCiH

A
A(N)

naiiananraH ere bIHFaWubl. byn  ymriH: In( ]= y, N=Xx Oenrineynepinge Y =Kkx
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D XY, .

Toyenaimrin Kaosurgaimerd. Conma & =K = % ’KQHE Kateliri o5 =0, & —
DX "
i=1
IHaMaIIapI[I)IH KaTeHiKTCpiH MBIHA GpHCKTCp 60121;1}11113 aHI)IKTayF a 6OJ'IaI[I)I:
1 1 o) 1 o Erxi 6 Soii
Oy, _ya‘s’aﬁ_?G5+FGT’O-f_EGT+?G‘S’O—Q_EG‘S' HOl MIBIOBIK OHBIMEH

HAJTUHAPIIK KYKTEPAl OJApIbIH €H IIETKI OpPBIHAApbIHA JIEHIH BIFBICTBIPBINT TIXKIPUOCHIH >KOHE
eIIIICYIePiH aJBIHFBI Ke3CHIEPIH KalTalaliMbI3.

n Ay

A
A(N)
1,64

1,41
1,2-
1,0-
0,8
0,6
0.4

0,2
0

02 10 20 30 40 50 N

Cyper 2 - In [ A’(ARI )) -min N - nen Toyenninirinin rpaduri

Ecenrey HoTnxenepi:

n

51 _ k1 _ i:i _ 0'0+1000,3567+20-(;J, 6931.+30~20,916253+4(2)~1, 2040+50-1,6094 —0,0316:
ZX_Z 10° +20° +30° +40° +50
i=1
T = L _10081_ 3.36c;N,, = I S 32, = 4 00316 0,0094c™; 7, = 1_ 1 =
N 30 o6, 0,0316 T, 3,36 B, 0,0094
=106¢;Q, =7z N, =3,14-32=100.
2 %Y,
S =k ~ 0-0+10-0,2877+20-0,5978+30-0,7895+40-1,0500+50-1,3863 )
2 — Ry = = 2 2 2 2 2 =0,0273;
ZX‘Z 10 +20° +30° +40° +50
i=1
T, = L, 169198 5,64c;N,, = o1 37,8, = % 00273 0,0048¢c™;7, = 11 _
N 3 5, 0,0273 T, 564 B, 0,0048

=208¢;Q, =7N,, =3,14-37 =116.
Onmey HoTHXKeETepiH 1 KecTere, ecenrtey HOTHKENEPIH 2 KeCTere TOATHIPaMbI3.
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Kecrte 2 - MasTHUKTIH e1eTiH TepOeiCiHIH CUITaTTaMaiaphl

IIBIOBIKTAFBI T,c N, 5) B, ct 7,C Q
UTHH]
KYKTEPIiH
OpHaIaCysI

bapsinmia 3,36 32 0,0316 0,0094 106 100
KaKbIHIATbUIFaH

bapsinmia 5,64 37 0,0273 0,0048 208 116
KallbIKTaTbUIFaH

A(N
MasTHUKTIH | MHepIHs MOMEHTIHIH ecyi O eulydiH JorapuMIiKk IEKPEeMEHTIHIH Hemece [ eury

.. . .. r r .
KOA(pUIMEHTIHIH KeMyiHe OKeNeTIHJIrH, SFHH O :ﬁT Hemece [ =77 MYHJIAFbI I — Keaepri
K03 PHUIMEHTI, TOyeTAUTIKTEPiHIH aKUKATTHIFBIH Kepcereni. EcenTey HOTIKeNepi T perakcanus

YaKBITBIHBIH, T YaKbITHI ilIiHAeT1 Ne TepOelnic caHbIHBIH MEXaHUKAJBIK JKYiHeHIH Q canaiblibIFbIHbIH

TypFeI3bUTFaH In[ jHIaMaCLIHI:IH N tepOemic caHbIHA TOYENAUIITIHIH €Ki Tpadwuri

MasTHUKTIH | WHEpUus MOMEHTIHE Typa MpONMOPIMOHAN eKEHMIriH Kkepcereni. JKoHe e
32 (4r* . :
= gfl Tt S? || bopmynacel OoibIHIIA MAasTHUK CBHIMBIHBIH BIFBICY MOMYINIH €CenTeyre
T

Oousazpl. by xepye d — CBIMHBIH IMaMETPi.

JKacanraH FEUIBIMH-9IICTEMEITIK KYMBIC HET131HE KelleCl KOPBITHIHBIHBI JKacayFa 00aIbl.

Makanaga OKy 3epTXaHachl j>KarJailblHIa OUIeTiH TepOemicTi TOHKIpUOeTiK 3epTrey YIIiH
BIHFaJIaHFaH TOXKIPUOEIIK KOHIBIPFbI YChIHBIIA bl OAETTe OKTHIH YTy XKbIIIAMIbIFbIH aHBIKTAayFa
apHanFaH OypanMa MasTHHUKTE 3€PTXaHAJIbIK dYMBICTBI XKYPIi3yiH SIICTEMEC] jKacalblHIbl. Oury
napaMeTpiiepiHiH: emy Ko3()(UIMEHTIHIH, JIOrapuMmIik eIy JeKPeMEHTIHIH, perakcauus
YaKBITBIHBIH, peJIaKCaIisl YaKbITHIHAAFBl TepOeTiC CAHBIHBIH KOHE JI€é MEXaHWKAJBIK JKYHEeHIH
CalachlHbIH MAsATHUKTIH MHEPLUHS MOMEHTIHEH TOYeNJIUNKTepl TOXIpUOETiK 3epTTesnl.
Hormxenepni enaey a3 kBajgparrap 9/1iciMeH (DYHKUIHSHBI anlpoCUMaLUsIay apKblUIbl KYPri3iijl.
Toxipube HOTIKENEpIH TEOPHUSIIBIK 3aHIBUIBIKTAPMEH CaJIBICTBIPY OJapJblH aKUKATTHIFbIH
kepcerel. ToxipuOenik KOHABIPFBI )KOHE 3epTXaHANIBIK )KYMBICTBIH 9/1ICTEMECI YHUBEPCUTETTEPIE
(bu3MKaNbIK MPaKTUKYM YIIiH eIleTiH Oypanma TepOenicTepiiH cUnarTaMaiapblHbIH MasTHUKTIH
MHEPLHS MOMEHTIHE TOYEJAUIIriH 3epTTEeYAIH KapanaiblM *oHE TUIM/I TICUIl PETIH/IE YCHIHBLITYbI
MYMKIH.
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METO/IUKA BBIIIOJTHEHUSA JABOPATOPHOM PABOTHI «M3YUEHME 3ATYXAIOHIET O
KPYTUJIBHEI'O KOJIEBAHUS»

K. Uckakos®

' AIMATHHCKHIT YHHBEPCUTET SHEPIeTHKHN | CBSI3H, T. AnMartsl, Kazaxcran
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Annomayus. B cratbe mpenmnaraercs paspaboTaHHas METOAWKA JIabOpaTOpHON paboOTH IO
JKCIICPUMCHTAIBHOMY HW3YUYCHHIO 3aTYXaWINEro KPYTWIBHOTO KoyieOaHWs B YYEeOHBIX J1a0OpaTOPHBIX
ycnoBusix. [loka3aHO UCHOIB30BAHUE KPYTHJILHOTO MAsTHHUKA, KOTOPBIA OOBIYHO MPUMEHSETCS IS
IKCTIEPUMEHTAIILHOTO OMpEACTICHUSI CKOPOCTH TMojeTa Myinu. KpyTHIbHBIA MasTHUK IMPeJCTaBisieT coOOM
CTep)KEHb C OJWHAKOBBIMH IMIIMHIPUICCKHMH H MPSIMOYTOJEHBIMH Tpy3aMH, TOJBEIICHHBIH Ha
BEPTHKAJILHO HATSHYTOW CTaJbHOW TPOBOJOKE U CIOCOOHBIN COBEpIIATh KOJeOATEIbHOE IBUKCHHE B
TOPU30HTATBHOW  IUIOCKOCTA. MOMEHT MHEpPIMM MasTHUKA MOXKHO M3MCHSITH IEpPeMEICHUEM
MUIHHIPHYECKUX TPY30B BJIOJb CTEPXKHS M 3aKpEIUICHHEM HMX B BBIOpAHHOM moJiokeHuH. Mccienyrores
3aBHCHMOCTH TapaMETPOB 3aTyXaHUs: KOA((UIIUEHT 3aTyXaHusl, JIOTAPUPMHUUSCKUN TEKPEMEHT 3aTyXaHHUS,
BpeMsl pellaKcallii, YUCI0 KOJIeOaHMid 3a BpeMs pellaKkCallii U JTOOPOTHOCTh MEXAaHUYECKOH CHUCTEMBI OT
MOMEHTAa WHepIMH MasTHuKa. [Ipu 00pabOTKe 3KCIEPUMEHTANBHBIX PE3yIbTATOB MPUMEHSIICS METO
HaMMEHBIINX KBaJpPaTOB. Pe3ynbTaThl SKCIEPUMEHTANBHBIX HCCICIOBAHUN JIOKA3bIBAIOT JOCTOBEPHOCTD
TEOPETHUYCCKUX 3aBUCUMOCTeH. JlaHHas MeTomuka MOXKET OBITh PEKOMEHJOBaHAa IS (U3UYCCKUX
NPaKTUKyMOB B YHHUBEPCHUTETaX MPU OTCYTCTBHU TOTOBOW YCTAHOBKH MO SKCHEPUMEHTAILHOMY HU3YUEHHIO
3aTyXarIIUX KPYTHIBHBIX KOJICOaHHH.

Knrwouesvie cnosa. nabopaTOpHbBI NPAaKTUKYM, KPYTHIIbHBIH MAasTHHK, XapaKTEPUCTHKH 3aTyXaHUs,
MOMCHT UHCPLIUH.

METHODOLOGY OF EXECUTION OF LABORATORY WORK "STUDY OF DAMPED
TORSION OSCILLATION™

Zh. Iskakov!

'Almaty University of Power Engineering and Telecommunications, Almaty, Kazakhstan

Abstract. In this article, a technique for laboratory work on the experimental study of a damped
torsional oscillation in training laboratory conditions has been developed. For this, a torsional pendulum was
used, which is usually used to experimental determine the speed of a bullet. The torsional pendulum is a rod
with identical cylindrical and rectangular loads suspended on a vertically stretched steel wire and capable of
oscillating in the horizontal plane. The moment of inertia of the pendulum can be changed by moving the
cylindrical loads along the rod and fixing them in the selected position. Dependences of attenuation
parameters: the attenuation coefficient, the logarithmic damping decrement, the relaxation time, the number
of oscillations during the relaxation time, and the quality factor of the mechanical system from the moment
of inertia of the pendulum are investigated. When processing the experimental results, the least squares
method was used. The results of experimental studies prove the reliability of theoretical dependences. The
technique used can be recommended for physical workshops in universities in the absence of a ready
installation for experimental study of damped torsional vibrations.

Key word: laboratory practicum, torsion pendulum, damping characteristics, inertia moment.
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MPHTU 27.37.17

M. b. Baﬁﬁa3ap031

1 .
ATIMaTUHCKUI YHUBEPCUTET SHEPIETUKU U CBsI3H, I.Anmatsl, Kazaxcran

3AJIAYA YIIPABJIEHUS JIUHEWMHOM CUCTEMBI CO CJIYYANHON
IMIOMEXOM

Annomauus. lenpro nanHoi paboTHI ABISETCS MOTYISHNE HEOOXOIMMBIX U IOCTATOYHBIX YCIOBHU B
3a7a4e [pPOrpaMMHOrO YIpaBiICHUS CO CIy4allHOW momexod. Pemaercs 3amaya mOporpaMMHOIO
ONTHMAJBHOTO YIPABIEHUs, MEPEBOAAIIAS JTUHEMHYI0 CHCTEMY M3 33/JlaHHOTO HA4aJbHOI'O COCTOSIHHS B
KOHEYHOE COCTOSIHHE M HWMEIOIas MpH STOM HAaWMEHBUIYI0 HHTEHCHBHOCTH (HOPMY) YHPaBIISIEMBIX
nporeccoB. OneHKa KadecTBa IIpolecca YNPaBlICHHUS [AeTci KOHKPETHBIM KpuTepueM B (dopme
MAaTEMATUYCCKOI'O OXKHAAaHUA B 3aBHCHMOCTH OT BLIGOpa HMHTCHCUBHOCTU YIPABIACMBIX ITPOLECCOB. IIJISI
HaXO0XJIEHUS ONTHMAJbHOIO YIPABJICHHsS pelaeTcsl ABOWCTBEHHAsl 3ajada, OIpeiessionias BEKTOPHYIO
CIIydailHyI0 BEJIMYMHY M JOCTaBISIOLIas MHUHUMYM DECYpPCOB yNpaBieHHA. OJTa BEKTOpPHAs ClydaiHas
BEJIMYMHA ONPEAEIAETCS epeceyeHneM 00IacTel TOCTIKUMOCTH M MHOKECTBOM YIPaBIIIEMON CUCTEMBI C
YUYCTOM HHTCHCUBHOCTH YIIPABJICHUSA M COOTBCTCTBYCT ONTUMAaIbHOM mporpaMme yIpaBJICHUSA, KOTOpas
ABJsieTCs pereHneM 3anaqd. [loxydens! Gopmyssl BEIMUCICHUS ONTUMAIBHOTO IPOrPAMMHOIO YIPABICHUS
€O CIly4aiiHOH OMEXOi.

Kntouegvle cnoea: mporpaMMHOE OINTUMAlIbHOE YIpaBieHHE, CiydailHas IOMeXa, WHTEHCHBHOCTb
YIIpaBJIEHHUSL.

PaCCMOTpI/IM O6T>6KT, ABUXKCHHUC KOTOPOI'O OIMHUCBIBACTCA ,HI/I(I)(bCpCHLII/IaJ'ILHBIM YpaBHCHHEM.

X = A(t)x+B(u(t) +C(t)o(t), Xt.]=x,, 1)

rIe X - N - MEpHOi BEKTOP;
UM L - CKaJsIphI,
A(t) — marpuna ¢pynakuums: B(t) u C(t) — m — MepHbIe BEKTOpBI, KOMIIOHEHThI KOTOPBIX
€CTb HeTpepbIBHbIE (QyHKLMU BpeMeHH [ 1: 248].

[Tomexa v dopmupyercs cruenyomuM obpa3zom. [Ipeamonoxkum, 4TO C MOMEHTOM Tq-

CBsI3aHA HEKOTOpas CiydaiiHas BelIWYuHA &, Takas, YTO OHa MOXKET MPUHUMATH JIF000€ 3HAUYCHUE U3
otpeska [0, 1]. OTpesox [t., 9] pa3OuT Ha 1Be 4acTu TOYKOH T,. [IycTsh t,=T;

. ¥ } >

t. = (41 Tz 9 t

Pucynok 1- ®UKCUPOBaHHBIA OTPE30K BPEMEHN YIIPABIISIEMOU CHCTEMBI

[Toxa He HacTynuia 7;, kakuM Oyxaer 3HaueHue &€ [0,1], Mbl He 3HaeM. OHO CTaHOBUTCS
M3BECTHBIM TOJHKO B MOMEHT BpeMeHH T4. Jlamee &; pacnpenenena paBHoMepHO B mpenenax [0,1],
T. €.

Pla <é, < pB)=pf—a BuacthHoct, . P(=0< & < f=1)=1.

C MOMeHTaM T, CBsi3aHa Cily4aiiHas BeauuuHa &,, KOTOpas TAKKe pacipe/ielieHa paBHOMEPHO
BHyTpH oTpeska [0,1], 1. e. P(a < &, < B)=f — a. Jlo HacTyIUIeHUS] MOMEHTA BPEMEHHU T, KaKOe
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ciayuutcsi 3HadueHwe ¢,, He 3HaeM. OHO OyneT H3BECTHO TOJBKO B MOMEHT BPEMEHU T.
[Tpenmonoxkum, 49to &; ,&,- SBISIFOTCS CTOXACTHYECKUW HE3aBHUCHMBIMH. Torjga BEpOSITHOCTH
MIOSIBJICHUE COOBITHSI OTIPEICIISICTCS

P{[al <& Sﬂl]m[az <&, Sﬂz]}: P(al <& Sﬂl)*
*P(az <é, Sﬁz):(ﬂl _alXﬂZ —0(2).

Otu cobbiThs &4 1 &, ONpeaeaioT 3JeMeHTapHbIe COOBITHS W (&7, &,).

¢
Q
[RE— —-.l
: i)
Qe >
0 & &

Pucynok 2 - MHO>ecTBa 3JIeMEHTapHBIX COOBITHI

Kaxnoe sieMeHTapHOE COOBITHE OTOXKICCTBISICTCS TOYKOH B CIMHUYHOM KBaapare |
npezcrabisier MHOXecTBO Q={w}. BeposTHOCTh cOOBITHS A, YTO TOYKAa () IONAaNa BO BHYTPH
¢uryps! Q, paBHa miomanke 3ol ¢puryper P(A) = S(Q). Ilyctp Ha nonyuHrepBaie t,=7; < t < T,
nomMexa v — ecTb (PyHKIHS OT JBYX apryMeHTOB (t,&;), KOTOpas MOJy4aeTcs B MOMEHT T;. JTa
byukuusa v[t, €], 71 <t <71y, 0< & <1 usBecTHa Mo yCiOBUAM 3a7aud. Ha monywHTEpBaje
T, <t<d nomMexa v - ecTh byHKIHS oT Tpex apryMEHTOB
U:{U(tl,fl,fz), 7, St< G, 51,52}6[0, 1] — W3BECTHA MO YycioBHsAM 3adadd. [Ipu sToM, Kakum
CIly4uTCsl 3HaueHWe ¢&,,3apaHee HE 3HAeM, a Y3HaeM TOJbKO B MOMEHT T,. Hampumep,
Gyuxuus v (t, w) MOKeT ObITh 3371aHa B BUIC

_ U(t"fl):é:lyfl <t<r,
U(t, )_ U(t,§1,§2)2§1+§2,’[2 <t< S

I'padux 310it hyHKIIMM N300paXkeH Ha 3 PUCYHKE.

§2 U[t' 61' 52]
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Pucynok 3 - I'paduk GpyHKIIMU paBHOMEPHO paclpeeIeHHOW CITydaiiHON BETUIMHBI

YnpasneHue Bo3AeUCTBUAM 1 POPMHUPYETCSI aHAJIOTUYHO TIOMEXE v, T. €.

B ut, &) r, <t<r,
u(t’w)_{u(t,él,fz), 7, <t<g

Takue GyHKIIMN Ha3bIBAIOTCS HE YIPEXKIAIOIUMU OTHOCUTENBHO &1, &,.
AHaJOrM4YHO OIpeesseTcs He ynpexaaomue GQyHKIuu npu k>2.

Ecnu 3amana Gynakuust v (t, w) u BeiOpano ympasienue w(t, w), TO peanu3yercs ABUKCHHUE
00bekTa Kak penieHue aAuddepeHnaaTbHOTO YpaBHEHUS

x(t, @) = Alt)X(t, @)+ b(t u(t, @)+ ctho(t, ) 1)
t, <t<9 x(t.,w)=x.

[Tpu sToM Ha oTpe3ke t, = 71 < t < T, peanusyercs IBWKeHue X[t, &, ], a Ha MOJTyUHTEpBale
T, <t <V peanmmsyercs nBuwxkeHue X [t,&;,&,]. g oneHKM KadecTBa TpoIecca YIpaBIICHUS
3a/1aeMcCsl HEKOTOPBIM KpuTepueM kauectsa [3:372].

7 =Mx(@ o) | + um f|u(t,w)|2dt , )

rae M - MaTeMaTH4ecKoe OKUIAHUE BRIPAKEHUH B CKOOKAX.

3anayva. [Ipu 3a1aHHON PUKCHPOBAHHON PYHKIIMH

u(t,a))z{

U[t,fl], 7, <t<r,
oft,&,&,) 7,<t<9

uo[t,fl], 7, <t<r,,

. 4TOOBI BBIIOIHAIOCH
u [t’§1’§2]1 7, <t<d

TpeGyeTcs BHIOpPATh ynpasienne U’ [,] =u° (t, a)) = {

ycnosue y° = min (M {X(S, o) })1/2 +u M f|u(t,a))|2dt : (3)

t.
riae Gyukumii u (t, @) u v (I, ®) — u3smeprMble GYHKIMH 110 apryMmeHTam t, @ .

Oyuxuus u(t, w) = u(t, &, &, )HaspBaercs usmepumoii mo t u w(éy,€,), ecnu s mo6oro
Ypcioa «C» MHOKECTBO 3HaueHui, (t,&;,&,) ynomnerBopsrommx HepaseHctBo (t,€&,¢,) <c,
ABJIAeTCA M3MepuMbIM. Hanpumep, eciu v (t, w) — nsmepumas QyHKIHS, TO IS JFOOOT0 YKCIIa «C»
mHOXecTBO A, = {w: v (t,w) < c} 6yner usmepumbiM, T. e. momydaem coObitne A ={w },

KOTOPOE COCTOHT B TOM, 4TO IpH Bcex @ € A, umeeM v (w) <C, apu @ ¢ A, umeem v (@) >C.

CobbiTHE AC MIPEACTABISIET COO0M HEKOTOPOE MHOKECTBO TOUEK €AMHUYHOTO KBaIpaTa.
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G 4 e .

I

I

|

1~ I

P (2 Acl
oz I <

Pucynox 4 - I3Mepumbie MHOKECTBA CITYIalHBIX COOBITHI AC

Tak kak cnyyaiiHble BeldMuYWHBI &1,¢, HE3aBHUCUMBI M W3 HHUX Kaxjaas paclpeaeicHa
paBHOMEpPHO B Mpenenax orpeska [0,1], To MaTeMaTndeckoe 0’KUJaHUE BBIYUCIIAETCS 10 hopmynam

XA R W [ EXHER RN @
M{J Iu[t,fl,ézlzdt}z [[[lult.&.&] dtdgde,. (5)

IMapa mporpamm {(.), v (.)} A HCXOTHOTO COCTOSIHUS X [t,] = X, MOPOXKIAET ABHIKEHHUE

x[t.&] t=r<t<z,

x(¢)=Xt o)t <t<9, @eQ} rre x(t,0)= {X[t,gi,fz], 7, <t<$,

Kak pernenne auddepenmmansaoro ypasuerus (1). TIpi pasmHunbix © OYIyT MOMyHaThes
pa3IMYHbIC peaar3anuy IBIKeHHs X (+) U pa3Hble 3HaueHus X [J, o] = x [I, &y, &)

Cornacuo popmyie Komu umeem [4: 465].
(3, 0)= X (4t )x, + jl X(9,7) (b(r )u(z, )+ c(z)o(z, w))dz

Bamaya. Jnst cucremsr (1) mpu HadansHOM yeinoBuu X[t,] = X, npu GQUKCHPOBAHHOI
nporpamme v (-) Tpebyercs Haiiti u°(-), obecrieunBaromas BHINOIHEHUE PABEHCTBA

- . 2 |2 r 2 0 2 r 0 2
y = mlnu(,)(M {x(&,a)) })1 + 1M ﬂu(ta)) dty = (M {x €2 a))‘ D + 1M ”u (ta)j dt+.(6)
t, t,
PaCCMOTpI/IM JOIIOJTHUTCIIBbHBIC IBUKCHUC O6’I)eKTa

Z, =M {u(t’w)z}’ Zn+l[t*]=0' (7)

1/2

Torna Z..09]= ,uf M {u(t, w]z} dt. 8)

ITokazaTens kauecTBa YIIpaBJICHHUU ITPUMET BU
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y° = (|v| {x(g, o) })“2 +Z,.4[9]. 9)

O6nactp goctmwxkumoctd G st cuctem (1), (7) mocTpouM Temeph B IMPOCTPAHCTBE
{Z} ,pneMeHTaMM KOTOPOTO SBISIOTCA Napbl Z={y, Zn+1}, TA€ Zn+1 — guCI0, y={X(0), ©€Q}= {x(®),
, Xn(®)} — N-MepHas BeKTOpHAas ciydyalHas BennurHa. Toraa obmacte G popMHUpyeTCs ClIeayOmuM
o6pasom. 3adurcupyeM kakyro-unOyas mporpammy 4 O )= {u Vte), t<t<9, weQ. Toraa
MOJIy4YMM HEKOTOPO€ MHOKECTBO 3HaueHHil X(U,®m). DTO MHOXKECTBO COCTaBISECT CIYyYalHYIO
BEIIMYUHY Y (1)(19). [TepebpaB Bce BO3MOKHBIE MPOTPAMMBI 4 () TIOJTydaeM MHOXKECTBO 3JIEMEHTOB
y(9) U MHOKECTBO 3HAUYCHUH Zn+1(¥). DTH MHOXKECTBA M COCTABISACT 00JaCTh JOCTHXUMOCTH G.
[3:317]

B 3aBucumocTu nokazaresns (9) BeioepeM HOpMYy dsieMeHTa y (J) B BUIE

12
Iy() = Mg, (10
C yuerom (10) mokazatens kauectBa (9) mpuMeT BUJ
7" =[y(@)+Z,.l9]. (11)

Janee o6o3naueH yepe3 K, —MHOXKECTBO TOUEK {Y, Zy,41 } YIOBIECTBOPSIOUINX YCIOBHUIO
K, :|y(9)+ Z,..[9]<C.

OnpenenuM 3HA4YEHHE C=C,, AJS KOTOpPBIX oOsacTh noctwkumoctu G u mHOxkecTBO K,
kacaetcs B Touke (y°(9), z2, ;(9)). DToii Touke COOTBETCTBYET MpOrpaMma

u()={ult,w) t <t<9, weQ}

(Y[9], Zn 441 [9]}
G

W°10), Zp 1 [91}

0 Co Zn i1

Pucynok 5 - Ilepeceuenne obnactu goctmxumocti G u MEHOXkecTBoM K, yrpaBnsieMoit
CUCTEMBI

JInst Hax 0K IeHHs TOH IporpaMMbl 44 () epexouM K JIBOMCTBEHHOM 3a1aue [3: 376].

Beenem Benmuuny S= {l (*), Sp+1)}, Snaai=1, | ()= {l(0), ®eQ}, rne | (w) - BekTOopHas
ClydaifHas BelMMYWHA, W3Mepumas QyHkuus or weQ M uMeromas OJWHAKOBBIE PAa3MEPHOCTH C
y(9). Janee HYXHO ONpEAEIUTH CKaISpHOE MpousBeneHue BekTopoB (1) m y(9) = x(9,) mo

dbopmyre
(1CX(9:)) =M< (@) x(4 @) >}.
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ITo OMpPCACIICHUIO MATCMATHYCCKOI'O0 OKHUIAaHHA, 9TO CKAJIAPHOC IMPOU3BCACHUC IMPUMCT BHU/L

(1O - x®,)) = M) - %3, @) = [ [, (@), x(3, w) - d&;d&y, tae x(9,w)  —  permenne
cucrems! (1) onpexernsercs o Gopmye (5), 103TOMy

O Sy

Jl.<l X(9,t,)-x, > d&d&, +”< JL%X 3,7)b(z)-u(z, @)+ c(z)9(z, w)] > d&,d&,

O e

[<U@X (L% 52d2 =< Ml(0) X@L) >=<m XG> (12

rae m, = M{l(®)}, a Bo Bropom ciaraeMoM mepecTaBisieM Oneparii HHTErPHPOBAHUS 10 T 1
no &;,&, u c yaetom w(&y, &), cnepoparensho, [(w) = 1[&; & ] nonyunm

I(w-x(s,*))=<m*x(n9,t*)x*>+T<m(§1)X( )(r)urrslolélolr»]’i <m(&,&,)-

3

O e
O e

(‘9 T) (T)U[T & éz]dé:ldéz > +_[ §1 ‘9 T)C( 51 dgldf"'

;—»'.—'qo

[[<m(&.&)
X(8,7)e(e)lr, &, &, ] dgdg, de>,

rme mlg )= [1[6,&He =MUE,. &)/ &) mlg, & ]=16.& )= M5, &)/ 4,6, ).19)

- YCIIOBHBIC MaTeMaTH4YecKue oxuaanus [5: 686].

Beruncinum Z,, 441 (9) ¢ yuyeroM yrnpapiasiommx Bo3aeucTBun w [t &, ],

71 St <71y u ult, &y, &) 1, < t <Y onpenensiercs BEIpaKeHUEM

zn+1[9]=ujM{uz(r,w)}dr=uTJuz[rl,é]deadr+ujjju2[r,§l,§2]d§1dézdr. (14)

72

u'[1,&] } T1St<1
KOTOpask MHUHHMHU3UPYET

1Y) =
Hanee wmem mnporpammy () { [ T, St <V’

/u’l T, fli EZ]
Bemuuuny (13) u (14) npu ¢puxcuposansoM T U &; u &, CHauana Haiinem pynxiuio ! (1,&;),1; <
t,< 15,0 <& <1, MUHUMU3HPYIONIYIO BEIUYUHY

7,1

Ij[m 51 ‘9 7) (T)U(T fl)"'ﬂu 7 51 bé:ldf

MHHHUMYM 3TOTO HHTETpaia JOCTUTaeTCsl B MOJBIHTErpaIbHOM BhIpakeHnu [2:160], T. e

m(égl )X (‘9’ T)b(T)ul (72 , ‘fl)"' ,U(UI (T’ & ))2 = min u(z.&) [< m(é:l )X (‘9’ T)b(r)u(r, 951) > ? [T’ 52] >]
(15)

Pemenue »>Toii 3a1a4 UMEET BU
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u'(r, a)——iﬁm(m X (8, 2(r)> (16)

Hanee mHaxomum yskmmio  #lt1,&;,&],7, <t <9,0<¢& <1, MUHUMU3HPYIOLIYIO
BEIIMYUHY

[lem(c.&) X(@.0 (e &, 8+ milr &6 Badgde. @)

X

O e
o'—.l—\

—

JIns MUHAMyMa WHTerpana J0oCTaTodHo HaiTu Bemmuuny «'(t,&;,&,), Tpu KoTopoil B
kaxaoi touke {7,&;,&,} mocthraeTcs MUHEMYM TIOABIHTEIPAJIBHOIO BBIpaKEHHsS. PelieHue 3Toit
3a/1a4d UMEET BU/T

u'lz, 51,52]——7<m[51,52] X(9,7)b(z)>. (18)

Haiinennyto mporpammy (16) u (18) moacraBisieMm B dopmy (13), mosydumM HEKOTOPYIO
BEITUYUHY

AI0) =<, X (3,3, > +[M, (&) X(9,2b(e)> )+ < &)X (8, (el & ] for +

n

Au

N {—i«< M &) X80 (e)>)F + mlan &, ] X (8, el £ ]}df. (19)

Janee periaem 3a1auy Ha MakcuMyM Boipakenud (19) mpu yenosun  |[I()]| < 1, 1. e.

maxyeys ¢ (10) = e(°()), (20)

e [l O = MDY = ([ &)l deydg,) < 1.

OTO M ecTh 3ajJa4ya Ha YCJOBHBIM skcTpemyM. Pemras 3anmauy (19) u (20) BapuanmoHHOTO
0 0 .0 0
ucunciennsi, HaxomguMm  Qyakumuio  [°[&;,&].  Hamee maxommm  m°,m°[&;],m°[&y, &,
cootserctBytomue [°[&;,&,]. Toacrasnas ux B dopmyne (16)-(20), HaXOmMM ONTHMAIBLHYIO
nporpaMmy u'°OU oNTHMaTbHOE 3HAUEHHE Y° = <p(l0(-)). Takum oOpa3oM omucaHa mporenypa
TIOCTPOEHHS yrpaBiIenus u'®) co cydaiHol TOMexXoil.
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yIOpaBJIEHUH CO CilIy4dailHOW TMOMeXoll i JMHEeWHOH cucreMbl M (GOpPMYJbl BBIYHCIECHUS
ONTUMAJIBHOTO IPOrpaMMHOroO ympasieHusd. OmnucaHa Ipolenypa MOCTPOCHHE YIPABIECHUU CO
CIIy4aitHON TOMEXOil.
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CBI3BIKTHI BIPTEKTI )KYWEJEI'T KE3JIEMCOK KEJEPTLIEPII BACKAPY ECEBI
M. B. Baii6asapos’

1 " )
ATNMaThI SHEPTETHKA JKOHE OaillaHbIC YHUBEPCUTETI, AIMaTHI K., Kazakctan

AHoamna. byn O>KYMBICTBIH MakcaTbl OEpuIreH YaKbIT apaibIFbIHIA Ke3[AeHCOK Kemeprimi
OarmapiaMainblk Oackapy eCeOiHIH CBhI3BIKTBHI XKYHeIep YIIH THIMAI MICIIIMIHIH KaKETTI JKOHE KETKUTIKTI
HIapTTapbiH amy OoJbIN TalObiIaael: MyHIa KO3FaIMalbl KyieHi Oepinren OacTankbl KYHiHEH COHFBI KYHiHe
eH a3 HopMaMmeH (UIBIFBIH KOpPBIMEH) THiMai Oackapy eceOiHiH OarmapmaMacel >keTinmipeni. backapy
MIPOIIECiHIH KYHIBUIBIFBIH Oaranay OarmapiaMaiiblk OacKapy HOPMACHIHBIH TaHJATyblHa OaiaHBICTHI
MaTeMaTHKaJbIK KYTIM TYpiHIE HakKThl Oenrinepmen Oepineni. backapy IIBIFBIHBIH THIMII (MHUHUMYM)
Oackapy YIIIiH KOCAJIKbl ecell ImbIFapbutaasl. EcenTiH menriMi 06ackapy »KYHeCiHiH aHBIKTaly OOJIBICHI MEH
Oackapyra >KYMCQJIaTbIH IIBIFBIH KOJEMIH aHBIKTAWTBHIH BEKTOPJBIK Ke3/1eHCOK miaMaHbl Taly >KOHE O
nraMaHblH MoOHI THiMai Oackapy OarnmapiaMachkiHa colikec Oonanel. Kesneiicok keneprini skyienepi
OackapyabIH THIMIII OaFapraMachlH eCEeNTEHTIH (GopMyianap KOPBITBUIBII IIBIFAPbUIIBL.

Kinmmik ce3dep: OarmapnamMalblk THIMII 0acKapy, KapKbIHIBLUIBIKTEI OacKapy, Ke3AeHCcOoK Keaepri.

CONTROL OF A LINEAR SYSTEM WITH RANDOM INTERFERENCE

M. B. Baibazarov*

'Almaty University of Power Engineering and Telecommunications, Almaty, Kazakhstan

Abstract. The purpose of this paper is getting necessary and sufficient conditions in the task of
software control with random interference. The optimal software control task is solved, which transfers a
linear system from a given initial state to a final state, having the least intensity (norm) of controlled
processes. Evaluation of the quality of the control process is given by a specific criterion in the form of a
mathematical expectation, depending on the choice of the intensity of the controlled processes. The task of
software optimal control is solved, which transfers systems from the given initial state to the final state, with
the least expenditure of the controlled processes. To find the optimal control, a dual task is solved that
determines the vector random variable that delivers the minimum control resources. This vector random
variable is defined as the intersection of reachability areas and the set of a controllable system taking into
account the intensity of control and it corresponds to the optimal control software that is the solution of the
task. Formulas for calculating optimal software control with random interference are obtained.

Key words: programmable optimal control, intensity of control, accidental interference.
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SPIRITUALITY IS THE BASIS OF THE CONSOLIDATION OF KAZAKHSTAN
SOCIETY

Abstract. The article is devoted to the actual problem of spiritual foundations of Kazakh people, to
its ideological points embodied in centuries-old culture and traditions. Particular emphasis is placed on the
categories of being, the foundation of which are moral perfection and creative development of a personality.

The article shows the specific features of Kazakh mentality that are expressed in the ideal need of a
person in the knowledge of his destiny and in the possibility of building harmonious and personal
relationships with the surrounding world, based on the principles of good, love, beauty and creativity. In this
regard, the author believes that the current socio-political and cultural-spiritual situation in the Republic of
Kazakhstan requires a radical revision of the category of spirituality in the system of moral and ethical
guidelines. Along with this, it is emphasized that in the era of informatization, education is the priority,
which allows to optimally combine sociocultural structurally-substantial transformation with Kazakh
traditions and novations.

All of the above is the basis of the ideology and of the attitude of the younger generation, which is
the guarantor in the consolidation of our society.

Key words: spirituality, people, spiritual values, improvement, upbringing, education, self-worth.

The question of spirituality is multifaceted. Man has been trying for centuries to comprehend
spiritual values and bring it into his consciousness. The development of man himself follows the path of
social formation and spiritual perfection.

The person is affected by the environment, people's relations. A person has to live in a society, and
therefore social integration is an extremely important factor in his life. Each of us needs a certain ability to
adapt to society, otherwise the individual is doomed to a permanent inability to get along with others,
isolation, misanthropy and loneliness.

Individual development of each person begins with his gradual entry, inclusion in the world around
him. But the essence of a person is his spiritual interests. They are also formed in the process of interaction
with each other in a certain space and time, in joint activity ideals, value orientations, and criteria are
developed.

In scientific research, various criteria are proposed for determining the level of maturity of the
individual and spirituality. B. Bratus distinguishes four levels of development in the personality structure:
egocentric, group-centered, humanistic and spiritual [1]. Of course, all these levels are present and are
combined in varying degrees in each person, in some moments, one or the other may alternately prevail.

Spirituality is the inner core of man. At the same time, this striving for inner perfection, the
knowledge of oneself, the meaning and purpose of one's life, is a kind of nurturing humanity.

High spirituality is understood as the relation of man to the world through Truth, Good, Beauty and
Mercy. The higher the spiritual potential of a person is, the stronger the natural defense of the human body as
a whole. People with a low level of spiritual development do not have full protection, helping to overcome
the lower needs, actions and emotions. And here the task of self-improving is preferable not so much on the
physical as on the spiritual level.

Thus, spirituality is seen as an ideal human need to know the essence of its purpose, as an
opportunity to build its relationships with the surrounding world on the principles of goodness, love, beauty
and creativity. For the development of spirituality, the favorable conditions are necessary as much as the
organization of appropriate spiritual education.

The modern socio-political and cultural-spiritual situation requires a radical revision of the
understanding of spirituality and its place in the system of value orientations of the individual and society.
Rapidly developing IT-technologies penetrating all spheres of life of a modern human make itto become
more mobile and receptive to phenomena of reality. The increased need for mastering new information
forces the individual to address the rapid filling of information gaps by means of constant self-education.
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"A fully functioning person" [1], according to K. Rogers, is aware of his feelings, needs, is open to
all sources of knowledge, is able to choose from the possible behaviors that corresponds to his nature, has
responsibility. He is open to change and ready for personal growth, self-development. He argued that people
are able to direct and control themselves and regulate their behavior.

But it is precisely the centuries-old culture and national traditions, deep spiritual values: the worship
of the native land, the reverence for family ties, the customs of the people, honest labor, charity and
compassion for others, help in trouble, are not subject to change.

The main components of the Kazakh national spirituality are represented in the work. It embodies
the traditions of the richest steppe culture, which was based on the love of its people, its culture, family,
women, on the recognition of the human right to happiness and justice, to sympathy for the destitute.

Life is arranged very rationally, the native of Juinek’sJugneki believed, in his book The Gift of
Truths, which is dedicated to moral and ethical principles. The need for a social order in which a person
exists, and for this, he argues, the aspiration to knowledge, knowledge is important. Cognition opens the way
to the comprehension of the highest values of the universe, on which happiness is possible, which is the
natural aspiration of every intelligent being. The protection of members of the community and clan is the
primary duty of the person, and the success of Islam in Kazakhstan was explained by the fact that the new
religion categorically insists on filial respect for parents, the elderly, the sick and the newborn. But it is
known that before the beginning of the twentieth century, in some countries, the relation to the elderly as a
burden of the family remained, and the elder grandson or son carried them to the top of the mountain. The
role of moral imperatives, which insisted Jugneki, is great. The center of his philosophical views shifts
towards moral problems. Morality is a single perfect behavior, the "Gift of Truths" says, and a moral person
is obliged to fulfill the commands of the soul in accordance with his awareness of these values. The
hierarchy of values, their rank and power flow naturally from proximity to nature. The peak in this hierarchy
is scientific activity and artistic creativity.

The man for Jugneki was initially free, and his problems consisted in achieving moral perfection. All
the basic moral ideas are the common property of all, and cannot be divided into individual cultures, which
speaks of the unity of morality. Differences between peoples on the issue of morality testifies to how much
they have succeeded on the path of ascent to the same goal. A person bears moral responsibility for his
actions, therefore it is necessary to be kind and not to violate the harmony of life. The thinker wrote about
the self-worth of human life, which is higher than all dogmas and attitudes. At the same time, the purity of
the conscious motives of an act often does not lead to moral perfection, therefore it is necessary to know the
spiritual foundations of the universe and society, which increases the role of knowledge, enlightenment and
science in human life.

Following al-Farabi, Jugneki reproduces the understanding of ethical virtues - generosity, prudence,
wisdom, discretion. Harmonious development of man is possible only through the development of human
culture. On this path of cultivation a person should be accompanied with the improvement of public life.
Education of people in the spirit of humanity and justice requires the presence of these virtues in society.
Education is the great mystery of the perfection of human nature. On the basis of upbringing and education,
it is possible to get rid of all the evils that surround a person, from his vices.

In the work of Jugneki there are provisions on the need for social justice, which means the
improvement of the social system and state, ideally providing each individual with spiritual and material
conditions for his development.

The continuer of A. Jugneki's ideas was S. Bakirgani, whose books "Hakim Ata" and "The End of
the World" show an aesthetic and religious orientation, proceeding from a special religious giftedness. Vital
observation and creative receptivity, a subtle understanding of beauty allowed him to comprehend and
realize the processes of the formation of spirituality that are constantly going on in the Steppe [2].

The ideological platform of biys’ deserves special attention - the right on the basis of morality. "The
enviable vitality of Kazakh law in its original, ancient form in spite of all the changes and revolutions that
have swept through the steppe space of Kazakhstan is due to the fact that in its basis and the structure itself,
in its normative system lay the people and free, natural freedom of man, that is, moral ideals and principles
that are consonant with the eternal aspirations of man and mankind. This was one of the fundamental reasons
why the Kazakh law proved to be stronger than the swords of usurpers and their regime" [3].

In the content of modern education, in the structure of its value imperatives, along with the tasks of
mastering the culture accumulated by society, the formation of a value attitude to the natural and social
environment, a special place belongs to changing the creative potential of man, developing his abilities to
transform the existing reality.
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Education is a technology for building the future of Kazakhstan. The education system today must
activate the socio-cultural, intellectual and moral potential of the individual.

Thus, education becomes the main tool for familiarizing a person with spiritual culture and forming
his spirituality. There are also empirical studies confirming this. In them, spirituality is interpreted as self-
development, by which is meant the ability to evaluate and act in accordance with one's own values, and also
to influence the surrounding world and people in it. The authors establish the correlation between the level of
education and the concept of spirituality; for us, their conclusion is important here that regardless of the level
of education, knowledge about spirituality is formed in people in the school and university. The conclusion
itself is not particularly original, but it is precisely because of the widespread idea of the connection between
the educational process and spirituality that the work devoted to measuring the level of spirituality of
students and schoolchildren and the definition of pedagogical means aimed at raising this level are
multiplying. Let us note that the interpretation of spirituality as creativity is also connected with this topic.

In our country, the tasks of modernizing public consciousness are also the prerogative of the
education system, especially pedagogical education. Abu Nasir al-Farabi stressed: "The main enemy of
mankind is knowledge given without education", i.e. the knowledge formed by a person without education
will bring him more harm than good.

Spiritual regulation in the Kazakh society plays an important role. The key positions in this are the
moral relations and moral consciousness, which are closely interrelated. Moral relations are the main
principle of moral consciousness.

Modern Kazakhstan is a state that develops as a multi-ethnic and multi-confessional society with the
leading role of the Kazakh ethnos and its culture, language, traditions. Kazakhstan has accumulated a huge
social, cultural, political experience of fruitful cooperation, interaction, exchange of spiritual values of all
ethnic groups. The historical memory of the people contains its unique experience of interethnic relations.
Tolerance, compassion, love for one's neighbor, humanism and tolerance remain a priority in inter-ethnic
relations.

It can be said with a great certainty that Kazakhstan has its own model of relations between the state
and religious organizations based on the principles of partnership, mutual respect and non-interference in
each other's internal affairs, if they are based on the country's Constitution and do not violate the laws.

It is Kazakhstan that owns the initiative to create a union of various religions and confessions, which
should become a powerful factor of spiritual harmony. The policy of the Republic of Kazakhstan in the field
of inter-ethnic and inter-confessional relations is a positive example for many multinational states.

These policies are based on spiritual and cultural factors, and they are reflected in the content of the
national idea of Kazakhstan, without which it is impossible to achieve serious results in politics, economics,
education or other spheres of society.

The growth of national self-awareness, the revival of culture gave rise to a tremendous interest in
spiritual sources and the development of the people.
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PYXAHUAT — KASAKCTAH/JIbIK KOFAMHBIH BIPIKTIPYAIH HET'131
JI. C. OpbinGexosa’

' AJIMaTBI SHEPreTHKA JKoHe OailTaHbIC YHHBEpCHTETI, AnMaTh! K., KasakcTan

Andamna. Makana e3eKTi MoceJiere — Ka3akK XaJKbIHbIH pPyXaHH HeETi3iHe, OHBIH FachIpiap OOMbI
KaJbINTaCKAaH MOJCHHMETI MEH CallT-IoCTYpiHE HETI3AeireH IYHHETaHBIMABIK OaFaapiapblHa apHAJFaH.
JKeke TysraHBIH amaMTeplIiUiK KACHETTEPIH KETUIAIPY MEH HIBIFapMalIbUIBIK JaMYBIHBIH ipreTachl OOJbITT
TaOBUIATBIH Ka3aK XalKbIHBIH OOJIMBIC KaTeropuschl TajjairaH. Ka3zak MeHTaluTeTiHIH MeHipiMAaiiK,
CYHICIICHIIIUTIK, CYJIYJIBIK TIEH IIBIFApMAIIbUIBIK KaFUAaTTapblHA HETI3/IENTreH KOpIIaFaH dJISMMEH YHIeciMIi
KapbIM-KaThIHAC JKacayJaFbl JXeKe MYMKIHIIKTepi MEH ©3 TaFapIpblHa OaCIIBUIBIK €TYAETi ©3iHIIK
epekmenikTepi aWkpiHmamanel. OcwiraH OaimaneicThl, aBTOp Kazakctanm PecmyOnmkacelHAarsl Kasipri
QIIEyMETTIK-CasICH, MOJICHH KOHE PyXaHH JKarJaiabl MOPAIBIBIK JKOHE STHKAIBIK Oaraap xyiHeci HeriziHae
pyXaHH caHATTap TYPFBICHIHAH TYOETelIi KaiiTa KapacThIpy KaKeT JIeTl CAaHAMIBI.

Kazaker mocTyprep XoHE IKaHAMIBULABIKTAPIABI SIEYMETTIK-MOAEHH KYPBUIBIMIBIK-Ma3MYHIIBIK
e3repicTepMeH YHIlecTipyre OHTaisIbl MyMKIHIIK Oepin OiniM Oepy KYHECiHiH aknapaTTaHAbIpy OoYipiHIe
0achIMIBIKKA 1€ OOJIBIN OTHIPFaHIBIFbI AUTHLUIAIBI.

Korappima aWThUTFaHAAPABIH OapibIFbl  Oi3/iH KOFAMBIMBI3IBI HBIFAUTYIBIH KemiJli OO
Ta0BLIATHIH KaC YPIAKThIH 9JICMTaHYIaFbl IYHUCTaHBIM/IBIK KO3KapacTapbIHbIH HETi31 00JIbIN Ta0bLIabI.

Kinmmik ce3dep: pyxaHWIBIK, PyXaHW KYHIBUIBIKTap, ajgaM, >KeTUIIipy, TopOue, OiumiM, ©3iH-e3i
Oaranay.

JAYXOBHOCTbD - OCHOBA KOHCOJIMJAIIMU KASAXCTAHCKOI'O OBIHIECTBA
1. C. Opbindexona’

' AIMATHHCKHIT yHHBEPCUTET YHEPIeTHKH | CBsI3H, T AnMaThl, Kasaxcran

Annomayusn. CTaThs MOCBSIIEHA aKTyaJIbHON MpoOIeMe - TyXOBHBIM OCHOBaM Ka3aXCKOT0 Hapoja,
€e MHPOBO33PEHYECKUM OpPHUEHTHpPaM, BOIUIONICHHBIM B MHOTOBEKOBOH KynbType M Tpaaunusx. Ocobo
MOTUCPKUBAIOTCST KATETOPUH OBITHS, (YHIAAMEHTOM KOTOPOTO SIBIISICTCS HPABCTBEHHOE COBEPIICHCTBOBAHUE
U TBOPYECKOE pPa3BUTHE JIMYHOCTH. [loKa3aHbl crieluduueckre OCOOCHHOCTH Ka3axCKOW MEHTaJbHOCTH,
BbIpaXaromuecs B HI[eaJIbHOﬁ HOTpeGHOCTI/I YCJIOBEKA B MMO3HAHUM CBOCTO IMpCIHa3HAYCHUA U B
BO3MOKHOCTH BBICTpaWBaHUA IAPMOHUYHO-JIMYHOCTHBIX OTHOIIIEHUM C OKpYyXaromuM MUPOM, OCHOBAHHBIX
Ha TPUHIMIAX 700pa, JIOOBH, KPAacoThl U TBOpYECTBA. B CBA3M C 3TUM aBTOP CUMTAET, YTO COBPEMEHHAs
COLIMANILHO-TIOJINTHYECKAsT W KyIbTYpHO-AyXoBHast cutyanms B PK TpeOyer kopeHHOro mnepecMmoTpa
KaTCeropun JyXOBHOCTU B CUCTEMC MOPAJIbHO-3TUUYCCKUX OPUCHTHUPOB. Hap;u[y C OTUM IMOJYECPKHUBACTCA, YTO
B 9MoXxy HH(GOpPMATHU3AIUK TPUOPUTETHBIM SBISETCS O00pa30BaHHE, KOTOPOE TO3BOJIAET ONTUMAIBLHO
COYETaTh COIMOKYILTYPHBIE CTPYKTYPHO-COJICPKATENBHBIC TPAHCPOPMAIUH ¢ Ka3aXCKUMH TPATUIMIMU U
HOBaIlUsSIMMU.

Bce BrIlIecka3aHHOE SBISIETCS OCHOBOW MHUPOBO33PEHHUS M MHPOOIIYIIEHUS MOJIOJOTO MOKOJICHUS,
SIBIISFOIIETOCS TAPAHTOM B KOHCOJMIAIIUYU HAIIIETO OOIIECTRA.

Knrwouesvie cnosa: yXxOBHOCTH, IyXOBHBIE IIEHHOCTH, YEIIOBEK, COBEPIICHCTBOBAHUE, BOCIIUTAHHE,
obOpa3zoBaHue, caMOOIICHKA.
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THE USE OF NEW TECHNOLOGIES IN TEACHING ENGLISH FOR IT SPECIALTIES

Abstract. The article deals with the general theoretical issues of experimental English language
teaching of students of information technology specialties on the basis of a set of electronic teaching AIDS;
the system of educational situations is presented; examples of the development of these situations by students
are given; structural and statistical analysis of errors is performed; effectiveness of usage of project methods
in teaching English students of IT specialties is demonstrated. The forms, methods and means of teaching
professionally-oriented English are allocated. The article proves that in the modern world the knowledge of a
foreign language is vital for anyone who wants to succeed in their field, therefore, the transition to the
information society requires the full many-sided development of personality, including his or her
communicative abilities.

In conclusion, the theoretical problems of the topic and the results of the study are summarized; the
conclusion is made about the prospects of the proposed methodology for designing a system of professional
communicative training of students of information technology specialties; possible areas of theoretical and
practical application of the obtained facts are identified; the prospects for further research are determined.

Key words: English, process of teaching, information technologies, and communicative
abilities.

As the process of transition to an information society has been intensified, with the
widespread introduction of new information technologies and computer telecommunications
facilities, it became necessary to develop other forms and methods of teaching foreign languages.

Due to their complexity and multidimensionality, linguistic research is now increasingly
being implemented on the basis of complex interdisciplinary approaches and is also analyzed from
the standpoint of teaching methodology, new information technologies, the national and cultural
specifics of speech behavior, and so on.

The relevance of this study is determined by the need to develop modern approaches to the
teaching of foreign languages in accordance with the requirements of the new State educational
standards in the field of language proficiency, which, as the main goal, form the overall
communicative and professional communicative competence of information technology specialists.

In the domestic method of teaching foreign languages, the system of training future specialists
for professional communication in a foreign language is not sufficiently developed. Attempts to
eliminate this gap were made by a number of authors of specialized textbooks and teaching aids in
foreign languages for people working with a computer. However, up to now, in our opinion, no
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consistent practical solution has been found that makes it possible to implement an effective system
for the formation of a general communicative and professional communicative competence of a
specialist.

The relevance of the study is also related to the increased interest in the phenomenon of
professional culture and the attendant problems of linguistic - for a person in the conditions of a
growing multicultural society, due to large-scale migration processes [1].

The main problem is to develop a model for teaching professional communication in English,
taking into account both the specifics of vocational training of students of information technology
specialties, and the level of communicative competence formed in them in the general cultural and
professional spheres; to develop criteria for selection and system organization of language material,
which include means of providing professional communication to a specialist both with colleagues
and his interaction with the technical means of information, computing and telecommunication
systems; to build a model of a multilevel system of teaching English to students of information
technology specialties, ensuring the formation of the required level of the general communicative
and professional communicative competence of an IT specialist; to create an effective system of
work with educational material, including a cycle of projects consisting of tasks, exercises and a
system of monitoring the level of communicative skills and abilities of students.

The subject of the study is the system of teaching the English language specialty in the field
of information technology.

The subject of the research is computer technologies and design methodology for teaching
English of an IT specialist.

The methodological basis of the study was the theoretical provisions of modern linguists,
methodologists and psychologists on the communicative system-activity approach to teaching
foreign languages; project methodology; theory of discourse, which allows to analyze the role of the
language personality in the conditions of professional activity. The main research methods: the
method of using computer technologies, the global INTERNET network; method of projects;
methods of network planning and project management; method of direct observation and analytical
description of linguistic material; statistical method; contextual analysis; testing.

The theoretical significance of the work lies in the fact that it proposes a system for creating
and modifying an adaptive set of electronic teaching aids in English for students of information
technology specialties within the framework of individual and collective projects. The model of the
organization of the educational process in the form of the educational and professional discourse of
an information technology specialist as the first phase of the formation of the professional discourse
of an information technology specialist is proposed.

The results of the study can be taken into account in lexicographic practice when compiling
dictionaries of modern English.

Materials for observation were program texts; technical documentation; periodicals and
monographs on information technology, finance, business, management and law; educational and
methodical manuals; websites of state, commercial, educational and other organizations;
terminological dictionaries and special studies, educational process.
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Effective increase of the level of professional communicative competence of future specialists
in information technologies can be provided due to application of the project methodology in the
educational process.

The project methodology for teaching English to students of information technology
specialties is realized within the framework of individual and collective projects using computer
technologies. The main mechanism for the transfer of educational information, providing the
formation of the necessary skills and skills in the field of professional communication, is the
educational and professional discourse of an information technology specialist.

Objectivity and reliability of the findings are primarily ensured by the volume of the material
analyzed, the use of a comprehensive methodology for its study, the use of the latest achievements
in linguistics, methods and related disciplines, and the involvement of experimental research data.

The structure of the study is determined by the main objectives and tasks of the work. The
structure of a professionally-oriented set of electronic teaching aids includes educational and
methodological aids for conducting classroom classes; educational and methodological manuals for
independent studies; means of control and self-control of students' level of preparation; general
vocabulary; explanatory dictionary of special terms on information technology and computer
technology; supporting teaching materials; means of navigation on the complex; lists of addresses
of Internet domains containing used or recommended materials; 10 auxiliary software tools -
electronic translators, etc. [2].

Elements of the project methodology allow the use of a set of electronic teaching aids both in
classroom and extracurricular activities. At the same time, it is possible to provide an individual
approach by taking into account the technical base and the level of computer training of each
student.

Modern society feels the need for enterprising, competent people who have a whole complex
of intellectual, creative and communicative skills. They should be oriented in the information space,
be able to work with the text, analyze information, and make conclusions (intellectual skills).
Creative skills assume the ability to generate ideas, draw knowledge from other areas, find a variety
of solutions to the problem and at the same time accurately predict the consequences of a decision.
And, finally, the communicative competence of a modern specialist is related to the ability to lead a
discussion, listen and hear the interlocutor, to argue his point of view, concisely and expressively
express thoughts, to possess high speech culture. For this, it must be built within the framework of a
single methodological system. One of the elements of this system is the State Educational Standard
(SES).

According to the State Standard, first introduced into the educational system of Russia in
1994, the most general requirements for the content of education in each area and each specialty are
established. The standards fix those compulsory knowledge, skills and abilities that a graduate of a
university must possess in order to obtain the appropriate qualification.

SES is designed to ensure the preservation of the unity of the educational space, the
possibility of continuing education, academic mobility, and rational expenditure of financial and
material resources. Standards should correspond to the needs of the individual and the state, the
possibilities for their implementation and to have an instrumental and technological organization
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based on fairly strictly defined standards. Only in this case they will create conditions for the
development of the economy, promote scientific and technical progress.

SES, as an essentially new category in the domestic and world educational practice and social
policy category, can be considered as a way of maintaining educational diversity, method of
forecasting the national educational product; mechanism of paradigmatic re-equipment of education
within the national educational culture, the factor of democratization of educational policy. From
the foregoing it is clear that this new is in the formation of the global goal of education, which has
never before been carried out in the higher professional school [3].

The general goal of education is the formation of professional and personal qualities of a
graduate of a university, diagnosed as the final result of the work of the institution. On the basis of
the globally formed goal of education, various pedagogical technologies for its achievement are
developed, which, in turn, can become derivatives of this educational standard or second-order
standards. Since pedagogical technology includes detailed education content, didactic processes,
organizational forms and means of education, then, accordingly, educational standards can be
introduced for all these components of pedagogical technology.

It should be emphasized that the curriculum and textbooks on subjects can become the
embodiment of the standard of content and quality of teaching - all these are successive
(hierarchical) steps of more detailed disclosure of the educational standard in the system:

"curriculum - program - textbook", "standard - methodology", if they are built according the scheme
above.

The main task of the State University of Higher Education is the diagnosis of the qualities of
pedagogical technologies, i.e. standardization of the level of professional and personal qualities of a
graduate of an educational institution. Basic principles of computer didactics: a new technological
base for teaching a foreign language to future IT specialists dialectically leads to the need to
supplement traditional didactic methods with a number of new, specific principles.

Speaking about the specific elements of computer, we note that, in our opinion, the most
promising ones are: the use of a visual representation of the course in the form of a certain building,
a labyrinth; combination of static and dynamic components; application, along with general profiles,
illustrations of a technical nature; inclusion in the assignment of real elements of practical
programming; a combination of a certain scenario for the presentation of educational material and
the interactivity of this product; the introduction into the frame structure of virtual characters
(agents, figures, authors), animating the atmosphere of communication with the product.

At the same time, it is possible to use such computer didactics as: simultaneous viewing of
several objects or fragments of educational material - supporting and secondary windows; the
possibility of manipulating objects - changing their geometric and other parameters; rapid transition
to the "arrays" of educational material; display of roles (values) of "fragments™ of educational
material in the general structure of the course; the ability to control the presentation of educational
material - a step-by-step output of information, the presentation of basic and hidden elements, etc.;
the use of dynamic "fragments"; changing the time characteristics of the represented "fragments" or
objects; manipulation of graphic objects for more visual representation; multilevel representation of
the studied entities; audiovisual effects; Inclusion of images of animate and inanimate nature; the
change in the space-time scales of objects and processes.
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To consolidate the knowledge obtained, it is possible to use the following techniques of
computer didactics: the comparison of "fragments” of educational material; presentation of
"fragments" of materials to be studied at a later date; return to the previously studied "fragments";
interpretation of formal expressions; reflection in the presentation of the educational material of the
logical links of its "fragments™ and the provision of navigation; demonstration of human activities,
mechanism actions, program work, etc.; showing examples of problem solving; joint and individual
performance of tasks with elements of self-control; the provision of the opportunity to work with
models and real objects from the sphere of professional activity.

Control of the educational process allows providing such methods of computer didactics, as:
the use of the rating system; information on the ranking of other students - an implicit kind of
competition; control in competitive mode; hidden control over the implementation of the curriculum
and tasks; providing comfortable conditions for the recurrence of the material; online consultations.

The selection of language material was carried out taking into account the goals of the
developed system and on the basis of this system approach. In the system of linguistic material, we
consider it possible to identify two subsystems - profile-independent and profile oriented. The
profile-independent subsystem includes such sections as phonetics, grammar (morphology, syntax),
and vocabulary. The profile-oriented subsystem includes, among other things, special vocabulary
(vocational and machine-oriented), a special grammar for IT specialists, a set of special texts, an
exercise system and a system of model situations.

For improving phonetic skills the special presentation in which letters of the English alphabet,
their alternation and a transcription should be presented and used. In a process of sounding letters
and transcriptions, audio materials should be used [4].

The lexical subsystem of the ESMP complex consists of two blocks. The first one corresponds
to the direction "General English™. The necessary volume of linguistic material was formed
according to traditional schemes.

The second block - a special vocabulary - is divided into two "subsets". The first one includes:
terms of professional communication of an IT specialist with colleagues and the list of terms. The
terms of professional communication are divided into four classes: including - terms of specialty
used to communicate with colleagues by profession, reading special literature and terms that ensure
the formation of the necessary level of communicative competence of an IT specialist in related
fields - economics, finance, business, management and law.

For each subject area, a dictionary has been developed. Within the framework of individual
projects, a set of presentations designed to master a given set of terms was developed.

The largest amount of lexical material is occupied by special terms of the subject area of the
profession. The peculiarity of this lexical material is the allocation in it of two subclasses - "set" of
terms of the professional language of IT specialists and the vocabulary. The first class includes the
means of verbal communication of professionals. The second class includes the vocabulary of the
graphic interfaces of general and special software systems, the instructions of the operating system's
command processor, and the commands of high-level algorithmic programming languages.
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One of the real growth areas over the next few years will be in the area of distributed learning
and training. This is particularly relevant in contexts where the cost of a few computers and a good
Internet connection are far lower than the more traditional approach of transporting participants and
tutors to a location for face-to-face training. In the training area, have already been using this system
for some years to reach its teachers throughout the country, and with a considerable success.

We would also expect to see a change in the way people learn languages, and the way they
continue with their professional development or lifelong learning as time constraints put more strain
on their everyday lives. This can already be seen on a small scale in many language centers around
the world, with students no longer attending timetabled classes for a certain number of hours per
week, but preferring to undertake a lot of the repetitive work in self-access mode, and meeting
colleagues and a tutor for tutorial-based sessions on an ad hoc basis. These so-called hybrid courses
are not only a reaction to the market and to the frantic pace of life of many people, but they also
exist to cater for a changing clientele, a more ‘wired’ community - the Net generation.

Online learning will probably also mutate into a hybrid form of how it is currently delivered.
At the moment organizations tend to use a VLE to deliver online learning, but these services can
often be sterile in terms of providing the kind of communication opportunities we usually consider
vital to the language learning process. It is highly likely that the more static material which can be
offered in a VLE will be complemented by some of the social sites, and better synchronous tools
such as a peer-to-peer voice chat via Skype or similar software. This integration of services will
allow for a more rounded user experience, and significantly improve the uptake in the area of
language learning and teaching online.

It will also probably be the case that these will be combined with software that more actively
encourages the development of communities of practice further enhance the social constructivist
nature of the learning taking place there.

Conclusion

The use of technology in the classroom does not replace using traditional materials such as a
black/whiteboard or a course book — rather, technology tools are used to complement and enhance
regular classroom work. The teacher can produce additional electronic materials to review course
book material on the topic, too. This dislike or fear of computers is often expressed by teachers who
have had negative experience with technology in the past. The best way to address the situation is to
make teachers aware that they already have certain technical skills — they probably know how to use
a tape recorder in the classroom, for example, and often already use technology in their personal
lives, such as an MP3 player, the Internet or email. In other words, rather than dismissing very real
fears, these need to be acknowledged and addressed. The technophobic teacher needs to be
encouraged to get started by implementing simple, undemanding technology with learners. Using a
ready-made web quest from the Internet, for example, is a good way to start. Teachers also need to
realize that technology does and will break down occasionally, and that it’s always good to have a
backup plan that doesn’t require the use of technology. Also, providing good training in the use of
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technology in the classroom through face-to-face workshops or online courses is key to encouraging
the long-term acceptance and use of technology by technophobic teachers.
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IT MAMAH/IBIFBIHBIH CTYIEHTTEPIHE AFBLUIIIBIH TIITH OKBITY BAPBICHIH/IbI
KAHA TEXHOTHSLJIAPIBI KOJJIAHY

X. A. Hypxomxkaepa', 7K. Epxanopa’

' AMaThI SHEPreTHKA )KOHE OalIaHbIC YHUBEPCUTETI, AJMaThI K., KazakcTan

Anodamna. Makanania 3JIeKTPOHBIK OKY-9iCTEMEITIK Kypaliiap Heri3iH e aknapaTThIK-
TEXHOJIOTHSUTHIK MAMaHIBIKTAp CTYJEHTTEPIH TOKIPUOENi aFbUTIIBIH TUTIH OKBITY IBIH JKAJITbI TEOPUSITBIK
MaoceJieniepi )KoHe OKY JKarIaiapbIHbIH KyHeci KapacThIpbliaabl. ATanfaH )KarFIaiIbl CTYACHTTEpre
MEHTrepTy 0apbIChIHIA KOJIIAHBUIATHIH MbICAJIap 93ipjeMeci KeNTipiIreH; KyphlIbIMABIK JKoOHE
CTaTUCTHKAJIBIK KaTeJep/Ii Taliay OPbIHIAIJIbL, XKOOAJBIK o/IiICTEMECIHIH aKMapaTThIK-TEXHOIOTHSITBIK
MaMaHJBIKTap CTyIEHTTEPiHe aFbUIIIBIH TITIH OKBITYAA KOJAaHy THIMIIIr kepceTinreH. Kociou-
OaFmapiiaHFaH aFbUIIIBIH TUTIH OKBITY (hopMaliapbl, 91icTepi KoHe Kypayaapsl OenrinenreH. Makanania
Ka3ipri 3amMan/ia IeT TUTiH OUTy Ke3 KellT'eH, 03 callaChlH/a TaObICKA JKETKICl KEJIeTiH afaMFfa, MaHbI3bLIbIFbI
JOJIENICHE], SIFHU aKIMapaTThIK KOFaMFa KeIly TOJIBIK )KEeKe TYJIFa JaMybIH Tajall €Tel, OHBIH iIIiH/E,
KOMMYHHUKATHUBTIK KaOIJICTTEPiH IaMBITY.

KOopBITBIHIBICHIHIA KAPACTHIPBLIBI OTHIPFaH TAKBIPBITHIH TEOPHSUTBIK Mocesenepl TyHiHenei;
OTKI3UITeH 3ePTTeY HOTHKENIEPl KOPHITHLIAIbI; YCHIHBUIFAH aKIapaTThIK-TEXHOJIOTHUSUIBIK MAMaH IBIKTAP
CTYACHTTEPiHIH KociOM KOMMYHUKATHBTIK JalbIHIBIK KYHeCiH jko0anay 91iCHaMachIHBIH OOJamarsl Typajibl
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KOPBITBIHBI Kacallabl, OHAIPUITeH (GaKTIIEPIiH TEOPHUSIIBIK JKOHE MPAKTUKAIBIK KOJITaHY BIKTHMAT
cananapel OeNriIeHel; KSHiHT1 3epTTeyIep liH Keeleri aHbIKTala b,

Kinmmik ce30ep: arbUIIIBIH TiJi, OKY YKaFJaiiapbl, aKIIapaTTHIK TEXHOJIOTHSIIAP, KOMMYHHKATHBTIK
MKEMILTIK.

NPUMEHEHUE HOBBIX TEXHOJIOTWA B OBYYEHUU AHTJIMHCKOMY S3BIKY
CTYJAEHTOB IT CHIEIIUAJIBHOCTEM

X. A. Hypxo;mcaesal, K. Ep:kanoBa’
! ATMaTUHCKUN YHUBEPCUTET SHEPIETUKU U CBSI3U, . AnmaThel, Kazaxcran

Annomayusa. B cratbe pacCMOTPEHBI 00IETEOPETHYECKUE BOIIPOCHI OITBITHOTO 00Y4EHHS
AHTJIMICKOMY SI3BIKY CTY/ICHTOB HH()OPMAMOHHO-TEXHOJIIOTHYECKUX CIICIIMAIBHOCTEH Ha Oa3e KOMIUIeKca
9NEKTPOHHBIX Y4eOHO-METOJMUECKUX Tocoouil. [IpencraBiena cuctemMa yd4eOHBIX CUTYallni, IPUBEACHBI
HpUMEpbI pa3pabOTKH JaHHBIX CUTYallUi CTYICHTaMH, BBIITOJIHEH CTPYKTYPHBIA M CTATHCTHYECKUI aHAJIH3
omnOoK. YKka3zaHbl POPMBL, METOJIBI U CPENICTBA 00yUYEeHHUS MPO(HECCHOHATLHO-OPUEHTUPOBAHHOMY
aHTJIMKACKOMY s3bIKY. [loguepkHyTO, 4TO B COBPEMEHHOM MHpPE 3HAHHE HHOCTPAHHOTO SI3bIKA KHU3HEHHO
HE0OX0IMMO JUIs TeX, KTO 3aHHTepecoBaH B mpodeccronansHoM pocte. [ToaTromy nmepexon k
WHQOPMAIMOHHOMY O0IIECTBY 00YCTIOBJICH Pa3BUTHEM MHOTOTPaHHOW JIMYHOCTH, HA/ICJICHHON B TOM YHCIIE
¥ KOMMYHUKATHBHBIMH CIIOCOOHOCTSIMH.

B 3axirouenue 00001IeHb! Pe3y/IbTaThl IPOBEICHHOTO UCCIICAOBAHUS, CJICNIaH BBIBO O
MIEPCIIEKTUBHOCTH TIPEIOKEHHOW METOIOJIOTHH MPOSKTHUPOBAHUS CUCTEMBI MPO(eCcCHOHATHLHO
KOMMYHHKATHBHOM IMOJATOTOBKU CTYACHTOB MH()OPMAIIMOHHO-TEXHOJOTHUECKHUX CIICIUATBHOCTEH,
HaMe4eHbI BO3MOXKHBIE 00JIACTH TEOPETHUECKOTO U IPAKTHIECKOTO MTPUMEHEHUS ITOYIeHHBIX (aKTOB,
oTIpeieNieHbl IEPCIEKTUBBI JATFHEHIITNX UCCIIEeIOBAHNN.

Knrouesuvie cnosa: anrnmiickuii SA3BIK, y‘IC6HLI€ CUTyaluu, I/IH(I)OpMaLU(IOHHBIe TCXHOJIOI'u,
KOMMYHUKAaTHUBHBIC YMCHUA.
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PROJECT MANAGEMENT AT THE ENTERPRISES OF THE DEFENSE
INDUSTRY

Abstract. This article is devoted to study of features of enterprises of defense industry in Kazakhstan
and to identification of opportunities for introduction of project management methodologies in
implementation of projects in this sector of economy. The work reveals the goals and essence of project
management, analyzes the results of studies on the effectiveness of the project approach in management. The
current state of the country's defense industry, the dynamics of its development, investigated and
substantiated the need for the introduction of tools and methods of project management in the planning and
implementation of current and planned projects in this area. The paper identifies and lists the features of
project management at defense enterprises with recommendations that should be taken into account when
developing a model for the introduction of project management methodologies into defense enterprises. The
advantages of implementing relevant and effective methods and tools of project management are described.

Key words: defense industry, project management, enterprises of defense and airspace industry,
introduction methodology, defense projects.

Introduction

For the successful implementation of projects, it is necessary to implement the methodology
of project management and, accordingly, to study the possibilities for such implementation. In this
regard, this article is devoted to the study of the features of the enterprises of the defense industry of
Kazakhstan and to identify opportunities for the introduction of project management methodologies
in the implementation of their projects.

Objectives and essence of project management. There are substantiated findings about
PMMs' role as a success factors in projects. So, Joslin and Muller in their study [1] look at the
relationship between the use of a project management methodology (PMM) and project success,
and the impact of project governance context on this relationship. Based on a cross-sectional,
world-wide, online survey of 254 responses they could conclude that the application of a PMM
account for 22.3% of the variation in project success, and PMMs that are considered sufficiently
comprehensive to manage the project lead to higher levels of project success than PMMs that need
to be supplemented for use by the project manager. As they state, project governance acts as a
quasi-moderator in this relationship.

Project management is aimed at achieving business advantages of the company, in the
shortest possible time. The presence of a strong project team of their highly qualified specialists in
this field contributes to the company's continuous development, which will make it possible to
remain competitive in the market. Project management allows you to create more user-friendly
processes that will increase productivity and achieve greater customer satisfaction. The opportunity
to view options for making managerial decisions allows the head of the company to apply effective
approaches to management.

Characteristics of defense industry enterprises. The defense industry is not a separate type
of industry or industry, which has its own structural subdivision. In this connection, the analysis of
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the defense industry is, in principle, carried out on the analysis of the machine-building industry,
since enterprises of this industry may be involved in the production of defense products.

The defense industry is a set of scientific research, testing institutions, organizations and
manufacturing enterprises that carry out the development, testing, production and utilization of
weapons, military and special equipment and other property for the armed forces of the state.

In 2017, the volume of production of the defense industry grew by 14% to 80 billion tenge
against the level of 2016, and exports increased 2 times to 16 billion tenge [2].

Currently, major defense projects are planned at enterprises of the defense industry, which
include the Petropavlovsk Heavy Machinery Plant, the Kirov Machine-Building Plant, which
produces radio-electronic products, related to the modernization of equipment and the release of
new products. And this means that the right agenda for the management of investment projects is on
the agenda.

In addition, work is underway to develop the country's defense-industrial complex, which will
allow domestic enterprises to master the production of modern military and dual-use products, will
provide the opportunity to conclude long-term contracts, plan production and carry out
technological upgrading [3].

Projects are being implemented for joint ventures, such as Kazakhstan AselSan Engineering,
which produces collimator sights, thermal imagers, a wide range of radio-electronic products (with
the Turkish side); "Kazakhstan Paramount Engineering” for the production of three directions of
armored combat wheeled vehicles; "Eurocopter Kazakhstan Engineering” for assembling
Eurocopter helicopters of EU class 145, in the category of civil production, as well as sanitary
aviation; and many others.

The main priorities in the production of weapons and military equipment will be: the means of
radio-technical air defense troops; high-precision weapons; weapons for the naval forces; means of
communication and automated control systems; hardware-software means of cybersecurity;
unmanned aerial vehicles, etc. All these projects are expensive and require a systematic and well-
founded approach to their management.

In the Ministry of Defense and Aerospace Industry in 2017, work was begun to implement the
project office. However, there is as yet no guidance on the management of neither military and
dual-use projects, nor the developed model for the introduction and integration of the project
management system into enterprises of the military-industrial complex.

Features of the enterprises of the defense industry in the development of the
methodology for implementing project management. On the basis of a study of major
government information technology projects by the Department of Defense of the UK Warren A.
M. [4] names twelve factors as the key factors of success for defense industry projects, such as
spending more time on project initiation, expending resource on preparation rather than rushing into
development, potentially a cultural problem within Ministry of Defense procurement.

There was an apparent lack of top-level engagement with this project initially, in terms of
recognizing it as strategic and allocating the necessary resources.

The need to build relationships, communication and trust between contractor and supplier is
overridden by the commercial realities of a contractual situation along with the apparent lack of
awareness of the need to manage the contract beyond the delivery of requirements and the lack of
competence to undertake that management.

For our country are also valid observation that major government projects often end in costly
failure, raising questions about whether critical success factors (CSFs) are understood, applied and,
if so, whether they have any impact.

The study of context reveals two overarching issues for government: the need for increased
governance and to learn lessons.

The overarching conclusion is that the impact of CSFs is variable: ignoring them will have an
adverse effect on performance, whilst applying them will strengthen the resilience of the project
management but cannot guarantee success [4].
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In work [5], the authors, having studied the experience of project managers in defense
industry enterprises, identified three pillars on which their successful actions for responding to risks
are: the reacting and functioning structure at the organizational level; good interpersonal relations at
the group level and competent people at the individual level.

The Greatest Challenge for Project Management. In these industries, many components
are made and delivered by external suppliers and assembled at a central factory. The complexity of
these projects generates high coordination costs across many development and production sites and
suppliers, who are usually in several different locations.

Tools and methods of project management are applicable in various sectors of the economy,
including in the defense industry. The choice of the optimal approach to project management in the
defense industry requires preliminary identification of the distinctive features of each type and type
of project in this industry. Classification of projects allows you to optimize tools and methods for
managing a particular project and improve its implementation efficiency.

The specificity of the defense industry implies that project management should provide
methods and tools for the implementation of projects, among which the key ones are:

— Cost control: overview of budget and actual costs. When working under pressure,
managers require at-a-glance insight into projects, cost levels and the estimated cost at completion
(EAC). Users should be able to see easily a graphical representation of cost trends over time and of
increases in budgeted costs during long projects.

— Monitoring of delivery dates and cash flow planning. Supplier information should be
managed and monitored in an integrated system. However, access to the system should be
organized well. For instance those responsible for program and project management need insight
into delivery dates while those working on materials logistics need deadlines from the project
system for optimized material management. Obviously, scheduling data and material requisitions
should be synchronized.

— Program management: top-down planning. Managers should be able to communicate top-
down targets at the program level by mirroring milestones and other key information to the sub-
project level. This do not eliminate bottom-up planning, since project participants should be able to
report current plan data from their sub-projects to program management for further control.

— Planning the use of production resources. All users should have an access to monitor
resource planning and it should be visualized.

— Early identification of trend trends and prices. Identifying schedule and cost trends at an
early stage is vital. This is the only way schedules can be corrected in good time. There are several
popular methods of doing this including: 1) Milestone Trend Analysis (MTA), which helps users
monitor important milestones from the sub-projects of the program and see how they are
progressing over time. This enables managers to intervene in good time to avoid bottlenecks. 2)
Earned Value Analysis (EVA), which is used to assess the progress of projects. The current
schedule and cost situation is described by key figures including budgeted cost of work performed
and cost performance index.

The introduction of relevant and effective methods and tools will give advantages, among
which one can distinguish:

- project scheduling, controlling, collaboration and document management are integrated;

- eliminated double data entry, providing better quality of data for project managers,
controllers and management and a better basis for decision-making;

- synchronization of all entries during top-down planning in the operative sub-projects with
target milestones and important key data; and, vice versa;

- important milestones in the operative sub-projects can be transferred back to the program
level for the next plan;

- view of current and future workloads, availability and resource demand for individual
projects;
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- ability to monitor the available capacity and capacity utilization of facilities, departments
and project teams;

- trends can be derived from delays, providing an early indication of the potential risk to the
project end date.

Conclusions

The production of goods in aerospace and defense companies is very material-intensive and
cost-intensive. Cost controlling can be a particular challenge in the long-term and large scale
projects typical of these industries. Companies need to keep a close eye on all delivery dates and the
cost development over time. The right materials components in the right place at the right time —
that is the challenge for the integration between scheduling and logistics.
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KOPFAHBIC OHEPKOCIBIHIH KOCIIIOPBIHIAPBIHIAT bI JKOBAJIAPIbI BACKAPY

A. H. TyneMﬁaesl, 11 A I I[)KyMaIII/I.J'IOBaZ, A. M. Aamiosa’, E. K. lInabanGexon’

L«Kaszaxcran UHXUHUPUH» Y ITTHIK KoMnanusace» AK, Acrana k., Kazakcran
ZXaJ'II:IKapaIIBIK aKMapaTTHIK TEXHOJIOTHSUIAP YHUBEPCUTETI, AIMaTHI K., Kazakctan
3Ka3a1< XaITbIKapaJIblK KaTbIHACTAP KOHE JIeM TUIIepl YHUBEPCUTeTi, AnMarts K., Kazakcran
4Xam)n<apam,n< aKIapaTThIK TCXHOJIOTHSUIAD YHUBEPCUTETI, AJIMaThI K., Kazakcran

Anoamna. byn maxkara KazakcraHmarbl KOpFaHBIC ©HEPKACIOl KOCIOPBIHIAPBIHBIH €pEKIIeIiKTepiH
3epTTEyIre KOHE SKOHOMHKAHBIH OChI CEKTOPBIHIAFBI KOOalapabpl iCKE achipyja >koOamapsl Oackapy
omicHaMamapblH €HTi3y MYMKIHIIKTepiH aHbIKTayFa apHainFaH. JKyMbicTa jk00aHBl OacKapyIblH MaKCaTTaphl
MEH MaHBI3bI alblIalbl, OacKapynarsl )KOOATBIK TACUINIH THIMAUIITIHE apHAJIFaH 3epTTeyNiep HOTWKEIepiH
tannaiael. byman Oacka, eniH KOpFaHBIC ©HEPKACIOIHIH Ka3ipri KaFaaibl, OHBI JAMBITY JHHAMUKACHI OCHI
callaiarbl arbIMJIAFbl KOHE >KOCTapilaHFaH jkKoOanaplbl JKOocmapiiay MEH JKy3ere achlpyla KoOajapabl
Oackapy KypalJapblH >KOHE OMICTEpiH €HTI3y KaKeTTUIriH 3epTTedi koHe aonenmeni. Kopaa KopraHbIC
KOCITOpBIHIAPBIHAA Ko0amapapl 0ackapy oMiCTEpiH EHTi3yre apHallFaH MOJENh o3ipiiey Ke3iHIe Ha3apra
ANBIHYBl THIC YCHIHBICTAphl Oap KOPFAaHBIC KOCIMOPBIHAApPBIHAA XK0oOamapabl OacKapyablH epeKIIeTiKTepiH
aHBIKTAWIBI XoHE TiziMueimi. bynan Oacka, Makaiana >k00aHbl OacKapyAblH THICTI OHE THIMII 9IIICTEPIH
YKOHE KYpaJIIapblH SHT13y1iH apTHIKIIBUIBIKTAPHI CUIIATTAIFaH.

Kinmmik co30ep. KopFaHbIC canacel, >koOamapipl Oackapy, KOPFaHBIC JKOHE a’dPOFAPBIIITHIK
KOCIOPBIHIIAD, CHT13Y 9/licTeMeNepi, KOpFaHbIC k00anapshl.

MPOEKTHBIA MEHE/KMEHT HA ITPEANPUATHAX OBOPOHHOM
INPOMBIIIVIEHHOCTHA

A. H. Tyaem6aes’, I1I. T IlmyMaJ_'m.HOBaz, A. M. Amutosa’®, E. %K. nabanGexos’

'AO «HarmonansHas kommanns «Ka3axcTaH HEKMHAPHHTY, T.Actana, Kazaxcran

“Mex/TyHapO/IHbIH YHUBEPCHTET NHMOPMAIIMOHHBIX TEXHOJIOT U, I.AMaThl, Kazaxcran
$Ka3axCKuii YHHBEPCHTET MEXK/[yHAPOIHBIX OTHOMICHHH 1 MUPOBBIX 3bIKOB, I AnMartsl, Kasaxcran

*MexTyHApOIHEIH YHHBEPCHTET HHMOPMAIHOHHEIX TEXHOIOTHH, T.AMathl, Kazaxcran

Annomayus. JlaHHas cTaThs TOCBAIIEHA HW3YyYEHUIO OCOOCHHOCTEH NPEANPHUSATHI OOOPOHHOM
npomelnuieHHOocTH KazaxcraHa M BBISBIEHHIO BO3MOXKHOCTEW ISl BHEAPEHHS METOAOJIOTHH MPOEKTHOTO
yIpaBlIeHHUs B peajii3alii NPOEKTOB B IaHHOM OTPAciIv SKOHOMUKHU. B paboTe pacKphIThI LieNU U CYIIHOCTh
IPOEKTHOTO YIPAaBJICHUS, IPOAHAIN3UPOBAHbI PE3YJIBTAThl UCCIIEIOBAHUH, MOCBSIIEHHBIX 3((EKTUBHOCTH
IIPOEKTHOI0 IOAXO0Aa B YympasieHuu. Kpome TOro, McciieioBaHO COBPEMEHHOE COCTOSHUE OOOPOHHOM
MPOMBIIIIIGHHOCTH CTPaHBI, IMHAMHKA €€ Pa3BHUTHS, BBISIBICHA W 00OCHOBaHA MOTPEOHOCTh BO BHEIPEHUH
MHCTPYMEHTOB U METOJIOB ITPOEKTHOT'O YIPABJIECHHUS B MPOLECCH IUIAHUPOBAHUS U PEATH3ALUHN TEKYLINX H
TUTAHUPYEMBIX TIPOEKTOB JaHHOW cdepbl. B paboTe BBISBIECHBI U MepeYHCIeHb 0COOEHHOCTH MPOEKTHOTO
ynpasienuss Ha npeanpusatuax OIIK ¢ pexoMeHmanusMu, KOTOpBIE CleAyeT NPUHATH BO BHUMAaHHE MpPH
pa3paboTKe MOJeNr BHEIPEHUSI METOJI0IOTUI MPOEKTHOTO YIPaBIeHUs B AesiTeldbHoCTh npeanpusatuii OITK.
Hanee B paboTe omucaHbl NPEUMYIIECTBA OT BHEAPEHUS PENEBAHTHBIX M 3(PQEKTHBHBIX METOJOB M
WHCTPYMEHTOB MPOEKTHOTO YIIPABICHHUSL.

Knrwouesvie cnoea. 000poHHAs NPOMBILIUIEHHOCTD, YIPABICHUE IPOSKTaMH, IPEATPUATHS 0O0POHEI
Y a9POKOCMUYECKOM MPOMBIIIUIEHHOCTH, METOJJOJIOI MU BHEAPEHUsI, 00OPOHHBIE TPOCKTHI.
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REFORMING THE PENSION SYSTEM IN KAZAKHSTAN

Abstract. The paper investigates the pension system in Kazakhstan. Authors make retrospective
analysis of the system since 1998. The paper describes a powerful mechanism of three-stage protection the
state has created and which was devoted to preserve pension savings. They characterize main stages of
pension provision development in the country, highlight positive and negative aspects of the pension reform.
As the result of study performed on the basis of the Law of the Republic of Kazakhstan “On pension
provision in the Republic of Kazakhstan” there are made some conclusions. Further, the paper provides
results of the analysis of the pension funds dynamics.Then it identifies the main problems of the system and
makes a prediction about prospects of the development of the pension system of Kazakhstan. The paper
concludes the larger and stronger the funds, the more inflow of funds they will provide to the domestic
economy.

Key words: pension system, pension fund, pension reform, development of pension system,
problems of pension provision.

Introduction. Kazakhstan was the first among the CIS countries to begin reforming the old
solidary pension system for citizens with the transition to a funded system. The Law "On Pensions
in the Republic of Kazakhstan", adopted on June 20, 1997, initiated the construction of a funded
pension system in the country.

Initially, the reform was conceived and implemented to lift the budget burden and create a
more equitable pension system. Pension savings allow the implementation of projects; realize a lot
of investment projects. But, despite the significant and positive results of reforming the
accumulative pension system, many of its problems remain unresolved. This is discussed in more
detail in this paper.

The first section of the paper discloses the concept of the accumulative pension system, the
next one describes its positive and negative aspects of the pension system. The third section
discusses some articles of the Law "On Pensions in the Republic of Kazakhstan." The forth section
analyzes of the activity of pension funds. Conclusion summarizes all of the findings of the
research.

Methodology and data. Data on pension assets are retrieved from the data of the Single
Accumulative Pension Fund of the Republic of Kazakhstan and from the bulletins and publications
of the Agency for Statistics of the RK. Data are taken for the period since 2012 to 2018.

Research results obtained and conclusions are made based on the study of theoretical papers
about pension system of Kazakhstan and its evolution. Research methods used are structural
analysis, trend analysis, and regression analysis. Statistical tools are used for the analysis of the
pension system.

Results and discussions. The concept of the funded pension system R. K. It's been 20
years since the pension reform in Kazakhstan. Since gaining independence by Kazakhstan, the
pension system functioned according to the principle inherited from the Soviet Union: pensions
were paid to the population from current budget revenues. But, as is known, in the first years of
independent management Kazakhstan faced a budget deficit, which became a huge hindrance for
the continued existence of a solidarity pension system in its pure form. The problem of pension
provision became more acute and acute. This prompted the state to reform the pension system,
which began in 1997 [1]. The main stages of pension provision development in the Republic of
Kazakhstan are shown in Figure 1.
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The infrastructure and legal framework of the pension market has been created. The pension
services market is characterized by stable development, both in terms of growth in the volume
of pension assets, as well as in the number of market participants and in the structure of
investment portfolios.

1998-2001 +Pension Funds: State Accumulating Pension Fund, 1 corporate and 12 open non-government

funded pension funds

certain amounts of accumulated funds, which significantly reduces the costs of servicing
depositors.
«Pension Funds: 16 Non-State Pension Funds, 2 corporate (Kazakhmys and Philip Morris
2002-2005 Kazakhstan). A group of system-forming pension funds - NPF "GNPF", NPF "Halyk Bank o

*Work has been intensified to attract depositors already served in any pension fund, having
f
Kazakhstan" and NPF "UlarUmit" was formed.

*There is a process of restructuring the pension market by merging weak pension funds with
more competitive ones. An automatic system for transferring savings from one fund to
another was introduced, and an "auto transfer" was carried out through the State Center for
the Payment of Pensions.

2006-2009 «Pension Funds: 14 Non-State Pension Funds, the Kazakhmys corporate fund.

portfolios, allowing depositors, if they have a desire, to choose the type of investment strateg
of the accumulative pension fund.
«Pension Funds: 11 Non-State Pension Funds - open, NPF Kazakhmys was renamed into

* The problem of shortage of liquid financial instruments on the market. Transition to multi-
y
2009-2012 Industrial Kazakhstan

the change of its name to The Single accumulative Pension Fund. It has started to work. On
September 24, the National Bank of the Republic of Kazakhstan approved the schedule for
the acceptance and transfer by pension accumulation pension funds of pension assets and
liabilities under pension provision agreements to a single accumulative pension fund.

+In 2013, on August 22, the SAPF was re-registered with the justice bodies in connection with
*Pension Funds: The Single Accumulative Pension Fund has become a full member of FIAP.

«The Law on Pensions of the RK in 2018 presupposes state financial assistance in the amount
of 15,274 KZT.

2015-2018

+In February 2016 a new website of the Single Accumulative Pension Fund was launched. ]

Figure 1 - Stages of development of the pension market in Kazakhstan in the period from
1998-2018

The decision to reform the pension sector, adopted by the government a few years ago, was of

historic importance for the whole country. Kazakhstan was the first among the CIS countries to
begin transforming the old solidary pension system of a citizen with a planned transition to a funded
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pension system. This reform was conceived and implemented to lift the budget burden and create a
more equitable pension system. Also, its main goals were defined: preservation and multiplying of
pension savings of depositors. In terms of preserving pension savings, the state has created a
powerful mechanism of three-stage protection through:

1) establishment of strict supervision of the funded pension system with the help of state
institutions - the Committee for the Regulation of Accumulative Pension Funds of the Ministry of
Labor and Social Protection of Population of the Republic of Kazakhstan, the authorized body for
regulating the securities market in the person of the National Bank R.K. and the State Center for the
payment of pensions;

2) clear legislative division of functions and establishment of a system of mutual control
between the three main groups of participants in the new pension system - accumulative pension
funds, pension asset management companies and custodian banks;

3) legislative establishment of prudential standards and strict definition of the list of financial
instruments for investing pension assets.

The main part of the pension system is the funds, and in 2013 there were 15 of them, one of
which is state (State Accumulative Pension Fund), two are corporate (Kazakhmys and Philip Morris
Kazakhstan) and 12 are open non-governmental funds (NPFs). This means that the funds worked in
a competitive environment [2].

The essence of the accumulative pension system is the preservation and multiplication of the
depositors’ funds, i.e. investment in real production. The mechanism of its functioning consists in
the following: employers monthly transfer in the form of compulsory pension contributions 10% of
wages, including all types of wages, various bonuses, surcharges, allowances. Due to this source,
pension accumulations of depositors of accumulative pension funds are formed. Investors or their
employers can contribute voluntary pension contributions in addition to mandatory pension
contributions, the amount of which is not limited; they are deposited at a time or repeatedly,
regularly or irregularly, in cash or listed.

Pension contributions are sent to the State Accumulative Pension Fund or a non-state funded
pension fund at the choice of the depositor who, on the basis of the pension agreement, opens an
individual pension account and a personal number - the social individual code [3].

January 23, 2013 at an expanded meeting of the Government of the Republic of Kazakhstan,
President N. Nazarbayev issued a decree "On the establishment of a single funded pension fund in
Kazakhstan." [3] According to the head of state, such consolidation of private funds managed by the
National Bank should promote more effective application and safe preservation of savings of
Kazakhstanis.

The Single Accumulative Pension Fund (SAPF) of the Republic of Kazakhstan carries out its
activities in accordance with the Fund’s Charter and the Corporate Development Strategy of the
Fund for 2017-2021 and is the sole administrator and operator of all financial and information flows
funded pension system of the Republic of Kazakhstan.

The main purpose of the Fund is to provide organizational assistance to depositors,
information of pension savings through improving the quality of services, reliable accounting of
pension assets, as well as improving the culture of planning pension savings.

The pension system of Kazakhstan includes the following structures: accumulative pension
fund; organizations that carry out investment management of pension assets; banks-custodians;
Agency for Regulation and Supervision of Financial Market and Financial Organizations; tax
authorities; association of foundations and other organizations necessary to ensure the normal
functioning of this system.

The main parameters of the pension reform in Kazakhstan are: the same requirements for
retirement for all; age for retirement is set: for men - 63 years, for women - 58 years; in the
accumulative pension fund for each employee an individual accumulative pension account is
opened, where his mandatory pension contributions are taken into account, as well as investment
income. In accordance with Art. 11 of the Law of the Republic of Kazakhstan "On pension
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provision in the Republic of Kazakhstan", the retirement age for women is increased every year for
6 months for 10 years until 2027 [4].

Positive and negative aspects of the pension reform of the Republic of Kazakhstan. The
pension reform has reached certain results since 2013. The pension system of the Republic of
Kazakhstan, its transformation has a positive impact on the financial and economic sector of the
economy today. In the financial market, a new institutional investor has emerged whose resources
have already exceeded the equity capital of second-tier banks, and in the not-too-distant future, the
assets of pension funds will be quite comparable with the assets of the banking sector.

One of the main advantages of this reform is that the budgetary burden has noticeably
improved, since now every worker himself takes care of his future pension. Second, the size of the
pension of contributors of funded funds began to depend on the size of its pension savings, i.e. from
how he worked and how much he earned. And under the old system, everything from the heroes of
labor and ending with those who worked through the sleeves, eventually received about the same
pension. The next aspect - there used to be a time when the country was sorely lacking in money.
Large institutional investors who can invest in long-term projects were established. And all money
is invested in securities. They do not lie dead, but develop the economy and bring investment
income to the depositor.

Pension accumulation made it possible to create many new projects, state programs,
implement brilliant projects. All the money in the pension accumulation goes to the development of
the country, to the growth of production, and this is always connected with the employment of the
population. They also help to reduce the growth of unemployment, as workers are needed when the
main production expands, and additional ones appear.

Another important fact is that due to pension savings, the dependence of Kazakhstan’s
economy on foreign investment has significantly decreased. All these advantages are the result of
implementing one of the strategic tasks that were put before accumulative pension funds.

But there are also some negative aspects of pension reforms. For example, now no financial
obligation of the fund itself is indicated in any pension agreement, therefore the depositor does not
know what amount of pension or interest it will receive on retirement, except that the amount of
pension depends on the amount of accumulated sums, and that in writing. In addition, the annual
minimum increase in funds is not guaranteed. The biggest problem is the incomplete receipt of
pension contributions. They should be made at the source of income. Naturally, contributions by
employers are withheld, but are transferred to pension funds by some of them not immediately and
not always.

Law of the Republic of Kazakhstan “On pension provision in the Republic of
Kazakhstan”. Pension provision in the Republic of Kazakhstan is regulated by the Law of the
Republic of Kazakhstan "On Pensions in the Republic of Kazakhstan" (with amendments and
additions as of 01.01.2018). In accordance with the new funded pension system, the pension
account consists of contributions made by the employer (equal to a minimum of 10 % of earnings),
and the received investment income [4].

Longer term of work - in this case, money will be invested for a longer period and will earn
more interest. Additional voluntary contributions are made, while the taxable income is reduced
(provided that the voluntary contributions for the month do not exceed 10 times the monthly
calculated index). In addition, the investment income received on contributions will also not be
taxed.

The employer lists more than the required minimum, that is, more than 10% of the salary.
These contributions are deducted when calculating the tax for the employer, provided that for a
month they do not exceed 20 times the monthly calculated figure.

According to the law, the depositor has the right to choose a single accumulative pension fund
and a voluntary accumulative pension fund for payment of voluntary pension contributions, to
receive information on the state of pension savings, to make voluntary pension contributions in
favor of third parties, to appeal against the actions of the accumulation fund in court. Article 25
together with this, the depositor must pay mandatory pension contributions, mandatory pension
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contributions payable to a single accumulative pension fund, are established in the amount of 10
percent of the monthly income accepted for the calculation of mandatory pension contributions, also
only to one of the accumulative pension funds, to notify the accumulative pension funds of all
changes affecting the fulfillment of the obligations of the fund.

The recipient, in turn, has the right to receive pension payments from accumulation funds
upon reaching the retirement age and in other cases provided for in the Law, transfer his pension
savings from one accumulative pension fund to another not more than twice in a calendar year,
bequeath his savings, and also has the right to withdraw them when leaving for permanent residence
outside Kazakhstan.

The source of financing of pension payments of these categories, in the final analysis, a single
one - means of the republican and local budgets. The system will be optimized taking into account
the practical results of the reform. That is, its legislative base will be improved, technologies are
honed and worked out to automatism, the quality of services will reach world standards.

Analysis of the activity of pension funds of the Republic of Kazakhstan. The most
important feature of the pension reform carried out by Kazakhstan was the transition from a
distribution pension system to a funded one, based on individual pension savings of the insured
themselves. This pension institution was defined as the main element of the pension system of the
republic. As insurers, the legislator defined accumulative pension funds. With a view to increasing
state guarantees for pension provision in the Republic of Kazakhstan, a law has been adopted that
provides for the introduction of a state basic pension to all citizens of Kazakhstan upon reaching
their retirement age, which fundamentally changes the initial support option solely to the institution
of funded pensions.

On June 21, 2013, the new version of the Law of the Republic of Kazakhstan "On Pensions of
the Republic of Kazakhstan" was adopted. In accordance with the pension legislation, the only
shareholder of the Fund is the Government of the Republic of Kazakhstan. Storage and accounting
of pension assets of the SAPF are carried out by the National Bank of the Republic of Kazakhstan.
Investment management of pension assets of the SAPF is also entrusted to the National Bank of the
Republic of Kazakhstan. In addition, the Law stipulates the establishment of the SAPF Pension
Assets Management Board. The membership of the Council is approved by the President of the
Republic of Kazakhstan. In the Republic of Kazakhstan, the classification of types of pensions is
less ramified than in some CIS countries. According to Kazakhstan legislation, a pension is
understood as a set of pension payments from an authorized organization, single accumulative
pension fund, and voluntary accumulative pension fund.

The most important parameters characterizing the pension system are indicators of pension
assets. In the Republic of Kazakhstan for the period from 2012 to 2018 pension assets increased
from 624.638 billion KZT to 7774.820 billion KZT or by 1245% (Figure 2) [5].
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Figure 2 - Pension assets in Kazakhstan in 2012-2018
Let us consider dynamics of pension assets and their factors as number of people employed in
small and medium business, the average monthly wage per capita, GDP per capita in recent years.
Table 1 - Dynamics of pension assets and their factors in 2012-2018
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. Number of GDP per GDP
Pension Average salary i
employees . capita growth per
Ne | Year b.“‘?SSeEZT in small and h Per Cadp:iaz.r (billion capita
(billion ) medium business (thousan ) KZT) (percent)

1| 2012 624.638 2 383 337 100.9 32467.1 5%
2 | 2013 1 276.006 2 576 902 109.1 342275 6%
3| 2014 4 517.823 2 810 962 121.1 39623.7 4.30%
4 | 2015 5828.234 3183844 126.2 40884.1 1.20%
5| 2016 6 685.264 3166 792 142.9 44354.0 1.00%
6 | 2017 6 680.140 3118442 140.3 49740.6 2.50%
7 | 2018 7774.820 3144700 150.3 78934.4 3.80%

Note: developed by authors based on [5-7].

We made a regression model for the pension assets (Equation 1). During the analysis, it was
determined that the pension assets depend on various parameters, including the number of people
employed in small and medium business (x;), the average monthly wage per capita (x2), GDP per
capita (Xs).

Y =-75.16906911+ 0.001653307x, + 37.90633721x, + 0.104858917x, (1)
Normalized R =0.95, S.E.=2116.13.

If consider the accumulative model of pension provision, then we should not forget its huge
investment resource. The mechanisms of social protection become catalysts or accumulators of
investment activity of economic entities.

Market relations form a completely different psychology of accumulation of savings, which
finds its expression in indirect parameters of the growth of the share of pension savings in GDP.
This creates special incentives for the development and improvement of the investment market and
the stock market as a tool for their formation and growth. As a result, the national pension system
becomes not just a component of social economic development, but also its active part, and the
financial resources of the pension system and the level of development of pensions are key
macroeconomic indicators.

The increase in the GDP of the Republic of Kazakhstan on average from 2012 to 2018. is 45
747 billion KZT, and this indicator shows a strong correlation, which is 96.07%.

In addition, the choice of the national model of pensions and its effective functioning are
always conditioned by the fundamental components of the life-support of the society, where the
pension is regarded as part of the aggregate income of the population. Therefore, it is important to
estimate the average salary per capita for pension provision as a share in the total income of the
population, formed as a result of redistribution processes.

As evidenced by the statistics of the RK, the average monthly wage per capita of the country
until 2016 increased, then had a small decline in 2017 and again increased in 2018.

The dynamics of the number of registered and active subjects of Small and Medium
Enterprises from 2012 to 2015 has maintained a positive trend of growth. Thus, since 2015, the
Small and Medium Enterprises sector continues to expand against the backdrop of the recovery of
the economy as a whole.

Thus, the analysis allows drawing a number of important conclusions about the nature and
results of organizational, economic and legislative transformation of the pension system in the
Republic of Kazakhstan.

Undoubted achievement of the adaptation stage of the pension reform was the establishment
of both a legislative and organizational and economic link between the amount of pensions and
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pension contributions, which contributed to an increase in the financial stability and solvency of the
system through the implementation of a funded component and the creation of incentives for the
allocation of pension insurance premiums over a longer period life time of the employee.

It can be stated that for all its advantages, the accumulative pension system has a number of
characteristics that manifest itself in certain negative social and economic consequences. First of all,
it concerns the direct dependence of the accumulative component of the mixed model on the
macroeconomic parameters of the country's development, when the manifestations of economic
instability, expressed in high inflation rates, falling GDP growth rates, decreasing employment and
wages, destabilizing investment growth factors, declaring state guarantees, economic and social
risks for its functioning.

In addition, the funded component requires a much longer period of adaptation, covering at
least 20 years, during which the insured workers will be able to generate pension savings sufficient
to secure their pensions. In other words, mandatory parameters for the successful functioning of the
funded component are such parameters as the adequacy of the tariff of insurance premiums directed
to the accumulative part of pensions, the low level of financial and other risks of accumulation and
investment of pension savings.

Conclusions

Pension assets play a significant role in any country, and in Kazakhstan, they play not only a
socio-economic role, but also a political role. The assets of pension funds are of great investment
importance for the economic development of the country. They are an important component of
domestic investment resources.

For successful reform of the pension system, it is necessary to develop and create a stable
economic and regulatory environment in the country, an organizational pooling of the available
intellectual potential for working on draft regulatory and legal acts on improving the accumulative
pension system, supporting macroeconomic indicators to ensure currency stability, low
unemployment and, of course, monitoring of influencing factors, such as the average monthly wage
per capita, employment in small and medium enterprises and GDP per capita.

Thus, we can conclude the larger and stronger the funds, the more inflow of funds they will
provide to the domestic economy.

REFERENCES

[1] Zhantayeva A. A. Pension system of Kazakhstan // International Journal of Experimental
Education. — M.: SRC «Academy of Natural Sciences», 2012. - Ne 6. - P. 135-137. (in Russ.).

[2] Ashimova Zh. R., Abitov Zh. Z., Abitova D. Z. Development of the pension system in the
Republic of Kazakhstan // Bulletin of the Kazakh Academy of Transport and Communications n.a.
M. Tynyshpaev — Almaty: KazATC, 2017. - Ne 3 (102). - P. 154-167. (in Russ.).

[3] Retirement: amount of pension, retirement age and changes in pension legislation. Latest
change: 26.06.2018. // Access mode: http://egov.kz/cms/ru/articles/pensionnaya_sistema, free. (in
Russ.).

[4] Law of the Republic of Kazakhstan of June 21, 2013 No. 105-V "On pension provision in
the Republic of Kazakhstan" (with amendments and additions dated 01.07.2018). // Access mode:
https://online.zakon.kz/document/?doc_id=31408637#pos= 381;-69, free. (in Russ.).

[5] Pension assets indicators in 2012-2018 I Access mode:
https://www.enpf.kz/en/pokaz/pokazateli-po-pensionnym-aktivam/tekushie-pokazateli.php, free.

[6] Main socio-economic indicators of the Republic of Kazakhstan. // Access mode:
https://www.stat.gov.kz/ru/, free. (in Russ.).

[7] Wages for 2012-1018 for enlarged groups of classes // Access mode:
https://www.stat.gov.kz/ru/, free. (in Russ.).

130



Becmnuk Anmamunckozo ynueepcumema ynepeemuru u ceazu. Ne3 (42)2018

CIIMCOK JIMTEPATYPbI

[1] KantacBa A. A. Ilencuonnas cuctema Kaszaxcrana // MexIyHapOAHbBIH KypHAT
JKCTIepUMEHTAIbHOTO oOpa3oBanus. — M.: HULL «Akanemust EctectBoznanmsi», 2012, - Ne 6. - C.
135-137.

[2] Amumosa XK. P., A6uro XK. 3., AburoBa /. 3. Pa3BuTHe MEHCHOHHOH CHCTEMBI B
Pecniyonuke Kaszaxcran // BectHuk Kazaxckoil akageMuu TpaHCIIOpTa U KOMMYHUKAIMid M. M.
Teiapimaesa. — Anmarel: KasATK, 2017. - Ne 3 (102). - C. 154-167.

[3] Beixox Ha meHcHO: pa3Mep MEHCHH, ICHCUOHHBIM BO3pAacT U M3MCHEHHUS B TICHCHOHHOM
3aKOHO/IATEILCTBE. ITocnennee U3MEHEHUE: 26.06.2018. / Pexum JIOCTYyTIA:
http://egov.kz/cms/ru/articles/pensionnaya_sistema, cBoOOIHBIIA.

[4] 3akon Pecnybmukm Kaszaxcran ot 21 umions 2013 roma Ne 105-V «O mneHCHOHHOM
obecnieuennu B PecnyOnmke Kazaxcran» (¢ M3MEHEHHMSIMH ¥ JIOMOJHEHUSMHU IO COCTOSHUIO Ha
01.07.2018r.). /I Pexxum moctyma: https://online.zakon.kz/document/?doc_id=31408637 #pos=381;-
69, cBOOOIHBIIA.

[5] [Ilokazarenu mieHCHMOHHBIX akTuBOoB B 2012-2018 rr. // Pexum poctyma:
https://www.enpf.kz/en/pokaz/pokazateli-po-pensionnym-aktivam/tekushie-pokazateli.php,
CBOOOJIHBIN. (aHTJL.).

[6] OcHoBHBIE coruanbHO-3KOHOMHYECKHE ToKa3zatenn Pecnyonuku Kazaxcran. // Pexum
nocryma: https://www.stat.gov.kz/ru/, cBo6oaHBIiA.

[7] Bapabothas mmata 3a 2012-1018 romsl Mo yKpymHEHHBIM TrpymnnamM 3aHstuil. // Pexum
nocryma: https://www.stat.gov.kz/ru/, cBo6oaHBIiA.

KA3AKCTAHJIAFBI 3EMHETAKBI ’KYHECIH PE@OPMAJIAY

IIL. T. Ji:xymaguaosa®, B. %K. Ara6aii’

1 .
XaspIKapalblK aKIapaTThIK TEXHOJIOTHSIIAp YHUBEPCUTET1, AnMartsl K., Kasakctan
2 AJIMATBI SHEPreTHKa XKoHe GaiiaHbIc yHHBepCcHTeTi, AnMartl K., Kasakcran

Anodamna. byn makana KazakcTaHjgarbl 3eiHeTaKbl )yWeciH 3epTreiimi. ABTopiap xyheHiy 1998
KbUTAaH OacTam Kasipri KyHre JeHiHTi peTpOCIEeKTHBTI TalJayblH jkacaiapl. Makanaga MeMIIeKeT KYpFraH
JKOHE 3CHHETAKbl >KMHAKTAPBIH CaKTayFa apHAIFaH YII CaThUIbl KOPFAHBICTBIH KYIITI MEXaHU3Mi
cunarrainrad. Ojap enjieri 3eHHEeTaKbIMEH KaMChI3IaHAbIPY bl JaMbITYIBIH HETI3r1 Ke3eHAepiHe cunarraMa
Oepir, 3eliHeTaKbl pe)OpPMAaChIHBIH OH JKOHE Tepic acnekTuiepin OenrinereH. «Kasakcran PecnyOiinkachidma
3eMHETaKbIMEH KaMChI3IAHIBIPY Typaibl»y Kasakctan PecnyOnmukachiHbIH 3aHBIH Taljay apKbUibl Kehoip
TYKBIDBIMJIAD JKacalifaH. Makanajga 3eHWHeTaKbl KOpJapbIHBIH JUHAMHKACBIH Tajjay HOTHXKEIepi
kentipineni. ComaH KeliH o KyWeHIH Herisri mpoOieMaiapblH alKbIHIANFaH joHe KazakcTaHHBIH
3eMHEeTaKbl JKYWECIH JaMbITy Oojamarsl KapacThIpbUFaH. Makaiaaa Kopyiap HEFYPJIbIM YJIKEH JKOHE KYIITI
0oJca, COFYpIIBIM OTaH]IBIK 3KOHOMUKAFa KYWBUIATHIH Kapa)kaTTap bIH KOIT TYCETiHAIr Typabl KOPBITHIHIbI
»KacaJiraH.

Kinmmix ce30ep: 3eiiHeTakpl >XyHeci, 3€iHETaKpl KOpbI, 3€iHETaKbpl XyHeciH pedopmanay,
3eHeTaKbl )KYHECiH JaMBITY, 3eTHETaKbIMEH KaMCHI3JIaH IBIPY Maceesepi.

PE®OPMHUPOBAHUE MEHCUOHHOMN CUCTEMBI B KASAXCTAHE

IIL I. :xymaguiosa’, B. %K. Atabaii’

1 o o
MC)K,E[YHapOI[HLII/I YHUBCPCUTCT I/IH(bOpMaLII/IOHHBIX TCXHOJIOTHUHU, T .AJ'IMaTBI, Kazaxcran
AnMaTHHCKUN YHUBCPCUTCT SQHEPTCTUKHU U CBA3HU, F.AJ'IMaTLI, Kazaxcran

Annomayusa. B cratbe wuccinenyercss mHeHCHMOHHas cucrema B Kaszaxcrane. ABTOpPBI JENaiOT
PETPOCTIEKTUBHBIM aHaU3 CUCTEMBI, 3a mepuoi, HauuHas ¢ 1998 roga. B cTarbe omuchIBaeTCs MOIIHBIM
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MEXaHU3M TPEXCTYNEHYaTON 3aIlUThI, CO3IaHHONW IrOCYIapCTBOM, U KOTOpasi OblIa IMOCBAIIEHa COXPAaHEHHIO
MICHCUOHHBIX HaKoIuleHnd. OHM XapaKTepU3ylOT OCHOBHBIC 3Tallbl Pa3BUTHS MEHCHOHHOTO OOECICUEHUS B
CTpaHe, BBIBISIIOT TO3UTHBHBIE W HETaTUBHBIE AacCHEeKTHl TEHCHOHHOM pedopmbl. B pesynbrate
uccienoBanns 3akoHa PecnyOommkm Kazaxcran «O mencnoHHOM obecrieuennu B PecnyOmmke Kaszaxcram»
aBTOpaMH CJIeNIaHBl HEKOTOPBIE BHIBOAKL. Jlanee B CTaThe JaHbI pe3yNIbTaThl aHAIN3a THMHAMHUKH TIEHCHOHHBIX
¢oHa0B. 3aTeM BBISABIEHBI OCHOBHBIE MPOOJEMBI CHUCTEMBI M MPEACTABICH MPOTHO3 OTHOCHTEIHHO
MEPCIEKTHB Pa3BUTUSl TMEHCHMOHHOM cucTembl Kaszaxcrana. B crtartbe memaeTcs BBIBOA O TOM, YTO 4eM
KpynHee W cuibHee (DOHIBI, TeM OOJIbIE NMPHUTOK CPEICTB, KOTOPHIE MOXKHO BIHMBaTh B OTCUECTBEHHYIO
9KOHOMHKY.

Knioueevie cnoea: mneHCUOHHas cHCTeMa, NEHCUOHHBIM (OHJ, NMEHCUOHHas pedopma, pa3BUTHE
NEHCHOHHOW CHCTEMBI, IPOOJIEMBI IEHCHOHHOTO 00eCTIeYEeHHS.

132



Becmnuk Anmamunckozo ynueepcumema ynepeemuru u ceazu. Ne3 (42)2018

IOBNJIAP

NCMANJT ECMATAMBET ECMATI'3AMYJIbI

(x 70-71€THIO CO THA POXKIEHUS)

HNcmann E. E. ponuncsa B 14 aBrycra 1948 rona B cene bepnuk
CeBepo-Kazaxcranckoit  ob6mactu.  OxoHumsl  (akyabTeT
ABTOMaTHKM W  BBIYMCIUTENbHON TexHuku Kazaxckoro
nonurexuuueckoro uueruryra (1971). Kanauaar rexunyeckux
Hayk  (1982), ngouent  (1983),  4IeH-KOPPECHOHJIECHT
MesxnyrapoaHo# akagemun nHdopmaruzamuu (1997).

E. Ucmann saBisieTcss U3BECTHBIM YYCHBIM U
CHEIHAJINCTOM B 00JIACTH TEOPETUYECKUX U METO0JIOTHYECKUX
npo6ieM nHpopMaTU3aLnK, CO3aHNs aBTOMATU3UPOBAHHBIX
MH(OPMALIMOHHBIX CUCTEM, KOPIIOPATUBHBIX CETEH,
MH(POPMALIMOHHOM 6€30M1aCHOCTH, MOJCIUPOBAHMS U IPUHATHS
pELICHUH B YCIOBUAX HEONPEAEIEHHOCTH, TEXHUYECKOTO
peryaupoBaHus B cepe KOCMUYECKOH e TeTbHOCTH.

B 1971 o 1996 r.r., pabotas B chepe BrIcIIETO
00pa3oBaHusi, MPOIIET TPYIOBOM IMyTh OT aCCHCTEHTA JI0 3aBEAYIOMIEro Kadeapoil, 3aMecTHTEs
JICKaHa, 3aMECTUTEIIS IPOPEKTOpa-TUPEKTOPa YYCOHO-HAYIHOTO KOMITJIEKCa y4eOHO-HAyYHOTO
KOMILJIEKCA M BHEC 3HAYUTEIIBHBIN BKJIA]] B MOJATOTOBKY HH)KEHEPHBIX U DKOHOMHUYECKHX KaJIPOB.

C 1996 no 2006 ron Bune-npe3usieHT, npe3uaeHT AO «HpopmaTika u
BBIUUCIIUTENbHAs TEXHUKa» MUHHICTEpCTBA HAYyKU — Akajemun Hayk Pecybnuku Kazaxcran,
[JIaBHBIN HaY4YHBIN COTPYIHUK, 3aBenyromuil tabopatopueit B PI'TI «Ilentp acrpodusnyeckux
uccienoBaHuii» Munucrepcta oopazoBanus v Hayku Pecryomuku Kazaxcran, 2006-2008 rost
— mupekTtop nenapramenTa AO «Hammonansnas kommnanus «Kaszkocmocy, 2008-2010 roer —
Bune-npe3neHT AO «HannoHanbHbIM HEHTP KOCMUYECKUX UCCIIE0BAaHUI U TEXHOJIOTHI», C
2010 roga 3amecturens aupekropa MHCTHTYTa KOCMHUYECKOM TEXHUKHU U TexHoJoruil. Baec
Oob1I0M BKJIA/ B peanu3anuio PecyOaukaHCcKol 11ef1eBoi HayYHO-TEXHUUYECKON POrpaMMBl
(PLIHTTII) «Mudopmatuszanus HapoaHoro xo3siictsa PecniyOnuku Kasaxcran» kak ouH u3
PYKOBOAMTEIEN T'OJIOBHOM OpraHU3alliy 10 IPOrpaMMe.

OH npuHKUMa HEMOCPEACTBEHHOE U AKTUBHOE YJacTHe B pa3pabOTKe psijia HOpPMAaTHBHBIX
MPaBOBBIX U HAYYHO-METOIMUECKUX IOKYMEHTOB: 3akoHa Pecrryonmiku Kazaxcran "O0
uHpopmaruzaimn'", Konuenmm GopMupoBaHus U pa3BUTHS €MHOTO MH(POPMAIMOHHOTO
npoctpanctBa Pecriyommku Kazaxcran, Konrenmu rocyiapcTBeHHO# MOTUTHKH B cepe
uH(popMaTH3aImy, [ ocyrapcTBEHHOM porpaMMbl (GOPMUPOBAHUS M Pa3BUTHS €IUHOTO
uHpopmarroHHoro npoctpancTBa Pecrryonuku Kazaxcran", ['ocynapcTBeHHON MporpaMMBbl
«Pa3Butne xocMuyeckoit nesitensHocTH B Pecniyonuke Kazaxcran Ha 2005-2007 rogsi»,
MIPOEKTA TOCYIapCTBEHHON MTporpaMMebl «Pa3BUTHEe KOCMHYECKOM JIeATeTbHOCTH B PecmyOnuke
Kazaxcran Ha 2008-2020 roasn».

Nwmeer Gonee 140 HayuyHbIX paboT, B TOM uucie 2 y4eOHBIX mocobusi, 1 mMoHorpaguwuio,
TEPMHHOJIOTHYECKHUI ciioBapb, Oosiee 10 cTarell B aBTOPUTETHBIX 3apyOeKHBIX U OTE€YECTBEHHBIX
HAYYHBIX )KypHAJIaX U U3aHUSX.
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[InonoTBOpHas TpyaoBas aesaTenbHOCTh E. McManna oTMedeHa psaoM Harpaja: HarpyIHbIM
3HaKOM MuHuctepcTsa Boiciiero oopasoBanus CCCP «3a oTnuuHble ycrexuy, HarpyaAHbIM 3HaKOM
MunucrepcTBa 00pa3oBaHus M HayKd «3a 3aciiyrd B pa3BUTHM Hayku PecnyOmuku Kazaxcrany,
HarpyAHbIM NaMATHBIM 3HaKoM HanmonambHOrO KocMuueckoro areHTcTBa PecriyOnuku Kazaxcran
B yecTh S0-nerust monera FO. A. Tarapuna, [loyernsiMu rpamoramu MunBy3a Kazaxckoit CCP,
MunucrepcrBa Hayku — Akanemun Hayk Pecny6muku Kaszaxcran, HarmoHnanbHOTO KOCMHUYECKOTO
areHTcTBa Pecriyosmmku Kazaxcras.

Yeaxncaemwvuii Ecnazamoem Ecmazzamynor!

Kenaem Bam kpenkozo 300poeva, cuacmoa Baw u Baweii cemve!
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