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JJIEKTPOSHEPI'ETHKA U JJIEKTPOTEXHOJIOI'UA

MPHTU 44.37.01:44.39.01:44.35.01

E. A. Aﬁ}lanMaHOBl

1 o
AJIMaTUHCKUI YHUBEPCUTET SHEPrETUKU U CBSI3H, I'. AnMatsl, KazaxcTan

IKCIIO-2017 - UMITYJIBC K ITPOPLIBY B PA3SBUTHUU BO3OBHOBJISAEMbBIX
NCTOYHUKOB DHEPI'MM B KASAXCTAHE

Annomayun. B Kazaxcrane ¢ 2012 roma ¢ HayaaoM TOATOTOBKH K MEXKIyHAapOJHOW BBICTaBKE
«EXPO-2017» HayaThl aKTUBHBIC ACUCTBHS MO pa3BuTuio BUD Ha rocymapcTtBeHHoM ypoBHe. Ha
01.01.2017 rox B cTpane aeiictBoBanu 50 mpeanpusTuii, ucnoas3yomux BUD cymMMapHO MOIIHOCTEIO
295,7 MBT. B pe3ynbraTte npuHaThiX Mep B 2016 rony JOCTUTHYTO MPOU3BOACTBO 3IEKTpodHeprun BUD
0,928 mupa kB, T. e. 0,98% obmiero oovema npousBoAcTBa. st BHeApeHUs B DKOHOMHKY KazaxcraHa
¢ «EXPO-2017» otoOpansr 105 mepemoBbIX 3apyOeKHBIX TEXHONOTHH. B memsax yiydmeHus
WHBECTUIIMOHHOW TIPHUBJICKATEIBHOCTH cekTopa BUD B 2016 Toxy BHECEHBI M3MCHEHHS W JOIMOJIHCHUS B
3aKOHOJaTeIbCcTBO PecnyOnuku KazaxcTaH 1o JIOTOJTHUTEIBHBIM MepaM MOIepKKku cektopa BUD. B
Ommkaitmue 2-3 roja miaHupyercs GUHAHCUPOBaHHE MPOSKTOB 1Mo BMD 001iedt MONTHOCTBIO TIOpSIIKa
500 MBT.

Knroueevle  cnoea: BO30OHOBISIEMBIE  WCTOYHHWKH  DHEPTUH, COJHEYHAs  DHEPTETHKA,
BeTposHepreTuka, EXPO-2017, uHHOBaLMS, TEXHOJIOTUS, TPOEKT, UHBECTUIUH.

B nactosiiiee BpeMsi B HallMOHAJIBHBIX HEPreTUYECKUX KOMIUIEKCAaX OOJIBIIMHCTBA CTpaH
MHUpPa BBICOKHME YPOBHU Pa3BUTHS BO30OHOBISIEMBIX UCTOYHHKOB 3Hepruu (BUD) cranu onHum

U3 KJIIFOYEBBIX MTOKA3aTeNeH U MPUOPUTETOM JOJITOCPOUHOTO pa3BuTus (Tabmuus 1, 2) [1].

Ta6mmma 1 - 'moGaabHbIe MOITHOCTH COJTHEYHOU U BETPOIHEPTETUKH U €3KETOTHBIE BBOIBI

Tonsr
BUD 2007 2008 | 2009 | 2010 | 2011 2012 2013 2014 2015 2016
® .
g é Conneunast 8 16 23 40 70 99 137 177 228 303
) JHEPreTHKa
Sed p
R
s = Berposnepreruka 94 121 159 198 238 283 319 370 433 487
& Conneunas 25 6,6 8 17 30 29 38 40 51 75
~ OHEPreTHKA
g
@ Berposnepreruka 20 27 38 39 41 45 36 52 64 55

3a 2005-2015 roap! riao6anbHbIE MHBECTULIMU B MCCIIEIOBaHMS U pa3paboTku B chepe BUD
coctapmw mout $3 000 mupa. Ecim B 2005 romy Ha 3TH 11eni OBUTO HAIIPABJICHO TI0 BCEMY MHUPY
$99 mipn, To yxxe B 2015 $380 mups (poct moutH B 4 pasa) [2].

3a necsaTwiieTHe 3HAYMTENIbHO M3MEHWIAch TakKe CTPYKTypa M reorpadusi MHBECTHLMI B
UCCIIeIOBaHUsI U pa3paboTKu 1o pasHbM Buaam BUD. Eciau BioXeHUS B BETPOIHEPIETHKY
OCTaJIUCh MOYTH HEU3MEHHBIMU (TIopsika 40%), TO BKJIAJ B COJHEUHYIO SHEPreTHKY BbIpoc ¢ 22%
1o 56%. Wusectuiuu B BUD B EBporie 3a nocneanue necats jeT cHusmiach ¢ 46% no 17% or
o0riero MupoBoro oobemMa. B 1o ke Bpemst nonst Kurast Beipocna ¢ 11% mo 36%. JIumepcTBo B 9T0i
chepe KHP ynepkuBaer ¢ 2013 roma, mOCTEIIEHHO HapammBas OTPHIB OT OCTAJIBHBIX CTpaH H
peruonoB. B 2015 romy kurtaiickue MHBECTUIIMH B HMCCIICOBaHUs U pa3padorku BUD cocraBuam
$103 mupa (poct Ha 17% x yposHio 2014 1.). B EBpone - $48,8 mipa (camxkenue Ha 21%), B Azuun
(3a wuckmouenneM Wummm u Kwuras) - $47,6 mupn (-2%), B CHIA - 44,1 mopa (+19%).
CymectBeHHbIN pocT 3a 2015 1. Habmoaancs B cTtpaHax bmwkaero Boctoka u Adpuku - poct Ha
58% no $12,5 mipn, a Taxoke Muaus — poct Ha 22% 10 $10,2 mutp.
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Tabnuua 2 - MOUTHOCTH COJTHEUHOW U BETPOIHEPTeTUKU M BBOJIBI MOIITHOCTEH MO CTpaHaM

BUD Crpana Kurait SInonust CILIA Wunns I'epmanus OcranbHbIe
Conneunas I'Br 34,5 8,6 14,8 4,1 1,5 11,5
JHEepreTuKa

Jons % 46 11,5 20 5,5 - 17

Betpoonepreruia I'BT 234 - 8,2 3,6 5 14,8

Jons
% 42,5 0 14,9 6,5 9,1 27

B Kazaxcrane aktuBHbIe elicTBHS 10 pa3Butuio BMD Hauanucs ¢ 2012 roga, uMiyinbcom
K KOTOPBIM CTaJl BBIUIPHIII MpaBa MpoBeeHusl MexayHapogHoi BeicTaBku EXPO-2017 no teme
«Queprusi  Oyaymero». C oatoro Bpemenn BUD monayuywin — 1eneHanpaBIC€HHYIO
TOCYJAapCTBEHHYIO TIOJICPXKKY, OBUT TPHHSIT Pl BAXKHBIX HOPMATHBHO-TIPABOBBIX aKTOB,
HaIpaBIIEHHBIX Ha yBeInueHue aoiau BID B sHepreTHke cTpaHbl:

- VYka3 llpesunenra PecmyOmukm Kazaxcran «O konnenuuu nepexoxa PecmyOnmkn
Kazaxcrtan k «3eneHoir skoHomuke» ot 30 mas 2013 roma Ne 577, cormacHO KOTOpoMmy A0S
MPOU3BOJCTBA DJIEKTPOIHEPTUU 32 CYET BO30OHOBJISIEMBIX HCTOYHHMKOB DSHEPIHHM OJDKHA
coctaBiaTh 10% k 2030 roxy u 50% - x 2050;

- «Ilnman neWcTBUil TO pPAa3BUTHUIO AJTBTEPHATHUBHBIX M BO300OHOBIISIEMBIX HCTOYHUKOB
sHepruu B Kazaxcrane Ha 2013-2020 roasn»;

- cTparernyeckuil tiaH pa3Butus 10 2020 roma, coriacHO KOTOPOMY CTpaHa JIOJDKHA
yBenuuuTh 1010 BUD B o6mem o6beMe mpou3BoACTBa diekTposHepruu 1o 1,5% k 2015 rogy u
oomnee 3% - x 2020;

- patudukanus B HosiOpe 2016 roga [lapukckoro cornaiieHus, Mo KOTOPOMY peciyOinka
00s13yeTCs COKpAaTHTh BBIOPOCHI MapHUKOBBIX Ta3oB Ha 15% mo 2030 roma ot 6a3oBoro 1990
roua;

- «Crparerus «Kazaxctan-2050», rme rmaBol rocymapcTBa IMOCTaBlIeHAa 3ajada 1o
Pa3BUTHUIO alIbTEPHATUBHBIX U BO30OHOBIISIEMBIX BUIOB YHEPTHH, Ha OO KOTOPhIX K 2050 roay
JTIOJDKHO TIPUXOAUTHCSI HE MEHEE TTOJIOBUHBI BCETO COBOKYITHOTO SHEPTOMOTPEOICHUSI.

Bo ucnonnenne HameuyeHHbIX 1eneit B 2014 roay B dKCIUTyaTaluio ObUTH BBEJIEHBI Ooliee
20 o6bekToB 1o BceMy Kazaxcrany. B npunsaTeix ngokymenrtax k 2020 roay miaHHMpOBaJIOCh B
IOxno-Kazaxcranckoii, JKamObuickoi, AnMatuHckod u Bocrtouno-Kazaxcranckoit o0iacTsx
KazaxcTana mocTpouTh W BBECTH B dKCIUTyaTalluio emie okojo 106 00beKTOB BO30OHOBIIsIEMOM
SHEPreTUKHU o01Iel ycTaHoBIeHHON MoIHOCTRI0 3054,55 MBT. Cpenu Hux 34 Berpsiabix (1787
MBT), 41 ruapo (539 MBT), 28 conneunsix (713,5 MBT), 3 Guocranuuu (15,05 MBT) [3].

B pesynbrare peanuzanuu 3alulaHUPOBAHHBIX MPoeKToB B 2016 romgy mpou3BOACTBO
anextposneprun BUD nocturaymno 0,928 mupa kBtu (116% k mmany 2016 roga u 131% x 2015
rojly), 4TO COCTaBMJIO B o0IeM oObeMme mpou3BojacTBa asekrposHeprun 0,98%. B 2016 roay
ObUT0 peanu3oBano 4 mpoekra BUD cymmapuoit momnocthio 50,39 MBT (2 I'DC - 19,49 MBT; 2
BOC - 30,9 MBT) [4]:

- I'DC momnOoCcThIO 2,5 MBT B ¢. Mankent Caiipamckoro paitona FOxxno- Kazaxcranckou
obmnactu - TOO «Akcy-2Heproy;

- I'DC-2 na peke Jlencel moutHocThIo 16,99 MBT - TOO «I'OC Jlencoi-2»;

- BOC momnuocteio 4,5 MBT B 1. Kanmarait Anmatunackoit oomactu - TOO «AHHApY;

- BOC wmommocteio 53,75 MBt B Koppaiickom paiione XamObuickoit obmactu
(mosTtamnueIit BBOA, B 2016 rony - 26,4 MBT) - TOO «Betpo UnBecT».

Ha 01.01.2017 rox B crpane neiictBoBasin 50 mpeanpusatuii, ucnois3yrommx BUD
cymmapHoit MomHocthio 295,7 MBt (I'DC - 139,8; BOC - 98,2; COC - 57,3; GuorazoBas
ycranoBka - 0,35) (pucynok 1) [5].

6
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CYMMAPHAS MOLWHOCTb 50 NPEANPUATURA,
MCNOJNIb3YIOWNX BUI - 295,7 MBT

9B3C - 98,2 MBr 16 C3C - 57,3 MBt
® 2412C-139,8 MBr @ 1 B1o3C - 0,35 MBr

Pucynok 1 - BozooHnoBnsembie ncrounnku sHeprun Kazaxcrana (2017 r.)

Cpeau Hux COC B ropoae Kammaraii moutHocteio 2 MBT, nepBblil mogo0HBINH NPOEKT
IOPOMBIIIJIEHHOTO MaciiTaba, 3amymeHHbii B 2013 romy TOO «Samruk-Green Energy».
Bripabotka anexTposneprun o cocrosinuto Ha 20 uronst 2017 roga cocraBmiia 8 8§14 teic. kBT,
4TO 00€CIeUmIo COKpallleHue BIOPOCOB YIIEKUCIOro raza Ha 4 545 ToHH U coxpaHeHuto 2 909
TOHH yTJIS.

Kanmaraiickasi coimHe4yHasi 3JIEKTPOCTAHLMS TaKKe cTajla MEeCTOM, [ BIIEpBbIE Ha
tepputopuu crpad CHI' Oblna 3amymieHa sHeproakkymynupytomas cucrema (QAC) — Garapes
«EnergyPod», oTHocsmasici K NepBOMY IOKOJEHHIO POCCHICKO-Ka3aXCTaHCKOW KOMIaHWU
«Primus Power».

BaxxHbIM MHCTpyMEHTOM B pa3BUTHM cekTopa BUD sBUIOCH COTpyAHHYECTBO B 00JIACTH
BUD ¢ MexayHaponHbIMH  (UHAHCOBBIMH — MHCTUTyTamH, EBpomelickuMm  OaHKOM
pexoHcTpykiun u pa3sutusi (EBPP), ocymectBisemoe B pamkax PamouHBIX corjamieHuil o
napTHEPCTBE Mexay IMpaBuTenbcTBoM PecnyOnuku  KazaxctaH W MeXAyHapOJHBIMU
(uHaHCOBBIMU OpraHuzanusMu. KazaxcTaH cTajg HOJHOMPaBHBIM 4ieHOM MeXayHapoaHOTo
areHTcTBa 1o Bo3oOHOBIsIeMoit sHeprun IRENA. B nacrosiee Bpemst Kazaxcran corpyaHudaer
¢ IRENA B pamkax J[opoHO# KapThl IO Pa3BUTHIO MUPOBOW BO30OHOBIISIEMON SHEPTETHKH JI0
2030 roma (Remap 2030) u cneuuanuszupoBanHoro otuera IRENA, mnocBsiieHHOro
MEePCIEKTUBAM Pa3BUTHs BO3OOHOBISIEMON dHEpreTukH B LleHTpanbHO#l A3uu, B TOM YHCIIE U B
Kasaxcrane.

B nensx ynydiieHuss MHBECTUIIMOHHOM MpHBJEKaTeIbHOCTH cekTtopa BUD B 2016 rony B
pamkax 3akoHa PecryOonuku Kazaxcran «O BHECEHUM M3MEHEHHA W JIOMOJHEHUI B HEKOTOPHIC
3aKoHOJaTeNbHble akThl PecrmyOmuku Kazaxcran mo BompocaMm mepexona K - «3elIeHOU
sKOHOMHKE» OT 28 ampenst 2016 roga BHECeHBI H3MEHEHUS U JOMONHEHHs B 3akoH PecryOnuku
Kazaxcran «O mnopnepxke BO30OHOBISIEMBIX HMCTOYHHMKOB HHEPrUM», TAe OBLUTH MPUHSTHI
JIOTIOJIHUTENbHBIE MEPHI OAAEPKKHU cekTopa BUD:

- cozmanme pesepBHoro ¢onaa mnpu POI[ B mnensx obecreueHuss (GpUHAHCOBBIX
o0s3arenscTB POL mepen oobexTamu B 3a KyIUIeHHYIO 2JIEKTPOIHEPTHUIO;
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- 3aKJII0YCHHE JOTOBOpA O MOJAKIIOUEHUU OOBEKTOB MO HCHONb30BaHWI0O BUD mexmy
SHEpPronepeaaroel opraHu3aluel W SHEPrornpou3BOAAIIECH OpraHu3alMei, HCIOIb3YOIIUX
BUD B memsix COBEpUICHCTBOBAHUS MEXaHHW3Ma NPHUCOEIUWHEHUS K ceTsiMm EaunHoit
3JIEKTpOdHEepreTudeckoit cucremsl PK;

- ©KETOHBIN TIEPEeCMOTp YPOBHEH paHee YTBEPKIESHHBIX (PUKCUPOBAHHBIX Tapu(doB.

B nemsx peanuzanum 3akona B 2016 romy pa3paboTaHbl W yTBEPKIACHBI 6 TPHUKA30B
MUHHUCTpa 3HepreTuku PK:

1) mpuka3z munuctpa 3HepreTuku PK ot 7 Hosa0ps 2016 roma Ne 478 «O06 yTBepKIeHUH
EJIEBBIX MMOKA3aTeNei pa3BUTHS CEKTOPA BO3OOHOBISIEMBIX HICTOYHHKOB SHEPTHUNY,

2) npuka3z muHuctpa 3HepreTuku PK ot 9 HOos0ps 2016 roma Ne 482 «O06 yTBepKIeHUH
[TpaBun  QopMHUpOBaHUS TEPEUHS OSHEPTrONPOU3BOISIINX OpPTaHHM3AINM, HCIIOIB3YIOMIHX
BO300HOBJISIEMbIE HCTOYHUKU YHEPTHID;

3) mpuka3 muHHCTpa 3HepreTuku Pecnyonuku Kaszaxcran ot 8 mrons 2016 roma Ne 309
«O0 ytBepxaenuu [IpaBuit Kymm-npogaku IEKTPOIHEPTHH OT HETTO-IIOTPEeOUTENei;

4) nmpukas u. 0. MUHUCTpa dHepreTuku Pecryomuku Kazaxcran ot 27 utonsg 2016 roga Ne
345 «O6 yrtBepxkaenun IlpaBun QopmupoBaHusi TUTaHA pa3MEIICHUS OOBEKTOB IO
UCTIOJIb30BAHUIO BO30OHOBIISIEMBIX HCTOYHUKOB SHEPTUNY,;

5) mpuka3 u. 0. MUHUCTpa dHepreTuku Pecry6nmuku Kazaxcran ot 29 urons 2016 roga Ne
361 «OO6 ytBepxaenuu [IpaBus popMUpOBaHUS U UCIIOIB30BAHUS PE3EPBHOTO (DOHIAY;

6) mpuKa3 u. 0. MUHUCTpa dHepreTuku Pecryonmmku Kazaxcran ot 27 uronst 2016 roga Ne
343 «O0 yTBEpXACHUU THUIOBOTO JOTOBOPAa O MOAKIIOYEHUH OOBEKTOB IO HCIIOIH30BAHHIO
BO300HOBJISIEMBIX HICTOYHUKOB SHEPTUH, a TAK)KE MIPABUJI €0 3aKITIOUCHUS.

Hapsny c¢ ostuM, MUHHCTEPCTBOM HayaTro OOCYXJIEHHE C OOILIECTBEHHOCTHIO O
BO3MOKHOCTH BHEAPEHUS MEXaHU3Ma ayKIIMOHOB MpHU JaibHeimem pazputun BUD. JlanHbIi
MEXaHU3M II03BOJIUT BHIOpAaTh M peann3oBaTh Haubonee 3¢dexTuBHBIE MpoekTsl BUD ¢
JYYIIMMH TEXHOJIOTHSIMHU, a Takxke OyJeT crmocoOCTBOBaTh CHM)KEHMIO Harpy3ku or BUD Ha
HSKOHOMUKY CTpPaHBI.

Baxnywo ponp B nmanmpHeiimeM pazButuu BUD B Kaszaxcrane ceirpana mpoBeneHHAs
mexayHapoanas BbictaBka DKCIIO-2017 «3Oueprusi Oyaymiero». OaHa U3 OCHOBHBIX Ilenei
BBICTABKM - pacHpoCTpaHeHue M peanuzanus skcrnoHupoBaBiuxcss Ha DKCIIO mupoBbix
JOCTHKEHHUI B MPOU3BOJICTBE M cOIMabHOM cepe. PaboTa mo sTomy Bompocy mpoBOAUTIACH C
CaMoro HayaJia BBICTAaBKH ¥ MPOJOJDKAETCS HBIHE B OOIIETOCYIapCTBEHHOM MacITaoe.

MunuctepctBom sHepretuku PK nns BHenpenus B »koHOMuKy Kaszaxcrana Obuin
otoOpanbl 105 mepenoBhIX 3apyOeKHBIX TEXHOJIOTHHA TaKWX CTpaH, Kak ABcrpwus, ['epmanws,
Hunepnannel, Poccust, ®unnsauaus u ap., npeacrasieHHbix Ha « EXPO-2017» [6].

B TIlaBnogapckoil 00sacTH NpemIoKEeHO BHEIPHUTH TPU IPOEKTA, MPEICTABICHHBIX Ha
«EXPO-2017»: repMaHCKyI0 U TYPEIKYIO BETPOIHEPT€TUYECKUE YCTAHOBKH, a TaKKe MOIBCKUE
KOTEJIbHBIE, paboTaroNfe Ha OCHOBE OMOTOILTUBA (OTXO0B CEIbXO3MPOU3BOJICTBA).

[IpencraBnsier uHTEepec s (GEpPMEPCKUX XO3AUCTB WHAMMCKUN MPOEKT aBTOHOMHBIX
CBETWJILHUKOB Ha COJIHEUHBIX OaTapesik, XapaKTepPU3YIOIIMICS TPOCTOTOM WCIOJHEHUS W
OTHOCHUTEIILHO HU3KOM 1eHOoM 25 nonnapos 3a kKBTu. bputanckas TeXHOIOTHUS TPOTyapHBIX TUIHT,
KOTOpas npeo0pa3yeTr B ANEKTPUUYECTBO KHHETUUECKYIO IHEPTHIO MEIIEX0/10B, pacCMaTpUBaeTCs
KOMMYHAIIBHBIMH CITY>KO0aMu MaJibix ropoaoB [laBnomapckoii ob6macTu.

B HOxnom Kazaxcrane I'epMaHCKUI HMHCTUTYT COJHEYHBIX CHUCTEM Mpo(HHAHCHPYET
Ka3aXCTAaHCKUN TMPOEKT IO MPOU3BOJCTBY YCTAHOBOK, MPEOOPA3yIOIMIUX SHEPTUIO0 COJHIA B
AIIEKTPOIHEPIHUI0, KOTOpPBIE MOTYT OOECHEeYMTh «3€JIEHOM» OJHepruei oTJajeHHble céna u
depmepckue xo3sHcTBA. HECKONbKO MPOEKTOB MO MOBBIMIEHHUIO 3PPEKTUBHOCTH Ouorasa u
YJIABIIMBAHUIO TIOMYTHBIX TA30B B TOPHO-METALTYPIHUECKON M HE(TSIHOW MPOMBIILICHHOCTH
HaMepeHbI BHeAPUTH Ha 0a3e FOxHo-KazaxcTaHCKOro rocy1apcTBEHHOTO YHHBEPCUTETA.

[IposiBnen wuHTepec kKommnaHuenl «Ka3muMHK» K TMOJBCKOM TE€HEPATOPHOW YCTAaHOBKE
«HorusEnergies», koTopasi B TeueHHue 7 THEH MOXKET ObITh HCTOYHMKOM JJIEKTPOCHAOKEHUS B
TF000M MeCTe; K WHTEJUICEKTyaJIbHBIM CHCTEMaM TETUIOCHAOKEHHUSI, TTO3BOJISIOMINE YMEHBIIUTD
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NOTEpU TeIIa M BOJABI; K YCTAaHOBKE CBETOIUOIHBIX YIUUYHBIX (poHapeit «Q-Ray», xoropsie
CIIOCOOHBI CHU3WUTH MOTpeOsieHue »saekTposHeprud Ha 50% U OJHOBPEMEHHO MOBBICHUTH
ocBelleHHOCTh Ha 30%.

B Kaparanaumackoit o0Omactu HamepeHbl peanu3oBbiBaTh Oonee 30  MpOEKTOB,
IIPEJICTaBICHHBIX Ha BbICTaBKE. [IpOEKT HOBOTO 3HEPreTUYECKUM aBTOHOMHOIO KBaprajna Ha 120
TBIC. JKHTeNer Smart city, pa3paboTaHHbI UIsi TOopona AKTay OJHOW W3 KPYIHEHITHX
WH)XMHUPUHTOBbIX KommnaHui Wrtamum u npexacrasneHHsld Ha «EXPO 2017», nomyuwn
0J100peHHe co CTOpOHBI npaBuTenbcTBa PK 1 nHBECTOPOB.

B OGmmxaiimme 2-3 ronma miaHHpyercss (UHAHCHUpOBaHHME NpoekToB nmo BUD obmieit
MomHOCThIO Topsinika 500 MBt. C EBpomeiickuM OaHKOM PEKOHCTPYKIIMHM W Pa3BUTHS
HOJMKMCAaHO pAaMOYHOE COIJIAIIEHWE O BBUICJICHHHM 3a CYeT CpelacTB | 7106ambHOro
kuMatudeckoro ¢onaa 200 MITH 10/UTapOB Ha CTPOUTEIHCTBO COJTHEYHBIX BETPOBBIX CTAHIUI B
Kaszaxcrane. 3a cueT 3TOro nmpeanoaraercs A0NOJHUTENbHOE MpuBieueHue 480 MIIH 10J171apoB
U3 Ipyrux (UHAHCOBBIX MHCTUTYTOB [7].

Kommnanun «United Green» u TOO «Baikonur Solar» moanucanu MaHAaTHOE MUCHMO C
EBpomneiickum 0aHKOM pPEKOHCTPYKIIMM W  pPa3BUTHA IO CTPOMUTEIBCTBY  COJTHEYHOU
anekTpocTaniuu B Kei3pumopauHckoit o6mactu MomtHocThi0 50 MBT. Kpome sToro, moanucano
coryiaumieHue o GUHaHCUPOBaHUM MPOoeKTa «CTPOUTENHCTBO BETPOBOM 3JIEKTPOCTAHIIUH «AcCTaHa
OKCIIO-2017» momHocThio 100 MBT B AkmomnmHckoit obnactu mexay TOO «LIATOK Green
Energy», bankom pazButus Kazaxcrana u AO «bPK-JIu3unry.

[Toanucano cornameHue O COTPYAHUYECTBE U TMOJAEPKKE IPOEKTa IO PACIINPEHHIO
COJIHEUHOH »snekTtpocTaniuu «Burnoye Solar» Mexay MunnctepctBoM sHepretuku PK,
EBponeiickum 6aHKOM peKOHCTPYKUUH U pa3BuTHA U Kommnanuen «United Green».

Ecnu ynactes XxoTs 6b1 YaCTHUHO peain3oBaTh B MPOU3BOIACTBEHHOM, YHEPIeTUUECKOM U
JPYTUX CEKTOpax SKOHOMMKH 3aIUIaHUPOBAHHbIE MeponpusaTusi, KazaxcraH cMoeT COBEpIINUTH
CEpbE3HBIN TEXHOJIOTUYECKUHN PHIBOK B 0cBoeHMH BUD.

Ha BceMupHOM KOHTpecce MHKEHEPOB U yUEHBIX «DHeprusi OyAayliero: HHHOBAIIMOHHbIE
CIEHapUM W METOAbl HUX peanu3auum», coctossieMcs B pamkax «EXPO-2017», psan
YYaCTHUKOB, B TOM YHCJIE M Ka3aXCTaHCKUE YUYEHbIE, MOJYEPKUBAs BaXKHOCTb MOAJIECPKKU
JMaTbHEUIIETO Pa3BUTHUsSI QJIBTEPHATUBHOW M  BO30OHOBISIEMOW OSHEPTETUKH, OTMETHIIH
HEIeIeCO00Pa3HOCTh  TPEXKAECBPEMEHHOTO U JKOHOMHUYECKH  He  00OCHOBAHHOTO
npotuBonocTtasieHuss BUD TpaauunoHHON sHEpreTHKe, KOTOpasl elle J0JAroe BPeMsl COXPaHUT
BeJylllee MECTO B DHEpreTuyeckom Oanance [8].

Onnako GopmupoBanue ycroitunoro komiuiekca B B Kazaxcrane tpeOyeT BIuBaHuUA
3HAYUTENbHBIX (PUHAHCOBBIX M BHEIPEHUS TEXHOJIIOTMYECKUX CPEJCTB MPHU HEMOCPEICTBEHHOM
YYaCTHH TOCYJIapCTBA M HMHBECTOPOB, 0€3 KOTOPBIX pa3BUTHE BO30OHOBISIEMON SHEPTETHKH
3aTpyaHUTENbHO. HO MposiBisionascs macCUBHOCTh OTEYECTBEHHOT'O CIIPOCca K MHHOBALUSM, 10
CPaBHEHMIO C pPa3BUTBIMHM CTpaHaMM, 3aMEJUISIET pa3BUTHE HWHHOBALIMOHHOIO IIpoliecca B
Kazaxcrane.

B To0 xe Bpems HampaBiisieMas TOCyJIapcTBOM MacCHpOBaHHAasl peaju3alis WHHOBAaLUN
«EXPO-2017» B sHEepreTHKy pecmyOiIrKy MO3BOJISAET HAACITHCS, YTO yAACTCS aKTUBHU3UPOBATH
MHTEpPEC U CHOCOOCTBOBATH POCTY CIpOCa OTEYECTBEHHOIO OM3HEca K BHEJIPEHHMIO HOBILIECTB
BBICTAaBKH M MPUJIATh UMITYJIbC MHHOBALIMOHHOMY pa3BUTHIO SHepreTuku Kazaxcrana.

PasButne BUD nns Kaszaxcrana siBinsieTcss HE BONMPOCOM BbIOOpa, a OJHUM M3 BaXKHBIX
HEOOXOUMBIX YCIOBHIA /U BXOKJIEHUS B PEUTHUHT KOHKYPEHTOCTIOCOOHBIX CTpaH Mupa [9].
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IKCII0-2017 - KASAKCTAH/JIA " KAHI'BIPTBIJIATBIH QHEPI'USI KO3JIEPIH
KOJJAHYbI KYPT JAMBITYFA UMITYJIBC

E. A. A6apaxmanos’

' Anmarter SHEpTeTHKa JKOHE OailylaHbIC YHUBEPCUTETI, ANMaThI K., Kazakcran

Anoamna. Kazakcranma 2012 sxeuiman «EXPO-2017» xanbikapaiblk KepMeciHe IalbIHJIBIK
JKYPri3iuTyieH 0acTam >KaHFBIPTHUIATHIH dHeprus ke3nepin (PKOK) mampiTyma MeMmiekeT meHreiinme
Oencenai opekerTep asK anabl. bysn OarbiTra OipkaTap HOPMATHBTIK-KYKBIKTBIK aKTilep JKOHE
OarmapiaManblk Kykattap Kaopurnauabl. Ic-mapamap 6apeiceiama 01.01.2017 k. emimizae ®anmbl KyaThl
295,7 MBt XOK kommanatein 50 xocimopbramap skyMeic ictemi. Hotmxkeciame 2016 x. )KOK enmipren
anektp sHeprus 0,928 mupa. kBt car kerTi, OWI >KaJbl OHIIPUITeH AEKTp dHeprusichiHbiH 0,98 %
Kypaznbl. Kazakcran sKkoHOMHKachiHa eHaipy yiuiH eTkizinreH «EXPO-2017» kepmecineH 105 anabiHFBI
KaTapibel MIETENIIK TEXHOJIOTHs 1piKTen anbIHABl. Oilapra opTYpil OHMIIpIC callachiHAH KbhI3BIFYIIBLIBIK
TaHBITBUIBIN, EHTI3UTYy KapacThIpbUIb kaThip. 2016 x. JKOK cexTopblH KochIMIAa KoJjgay peTiHze
Kazakcran PecnyOnukachl 3aHHaMachlHA ©3repPTyJIEp MEH TONBIKTHIPYJap eHri3iuiai. Angarsl 2-3 Kplina
kyaTsl 500 MBT JKOK sx00anmapbIH KapKbUIaHIBIPY KOCHIAPIAHBII OTHIP.

Kinmmik ce30ep: »aHFBIPTHIIATHIH SHEPTUS KO3AEPi, KYH DHEPT€TUKACHI, )KEJl SJHEPTeTHKACHI,
EXPO-2017, nHHOBAIIMS, TEXHOJIOTHS, )K00a, MHBECTHIIHSI.

EXPO-2017 - IMPULSE FOR BREAKTHROUGH IN THE DEVELOPMENT OF RENEWABLE
SOURCES OF ENERGY IN KAZAKHSTAN

E. A. Abdrakhmanov'

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

Abstract. In Kazakhstan, since 2012, with the start of preparations for the international exhibition
"EXPO-2017", active measures were taken to develop of renewable sources of energy (RESE) at the state
level. A number of normative legal acts and program documents were adopted in this direction. In the
course of implementing measures as at January 1, 2017, in the country operated 50 enterprises using
renewable energy sources with a total capacity of 295,7 MW. As a result of measures taken in 2016, the
generation of renewable energy amounted to 0,928 billion kWh, i.e. 0.98% of the total production. 105
advanced foreign technologies were selected for introduction into the economy of Kazakhstan from
EXPO-2017. In order to improve the investment attractiveness of the RESE sector in 2016, amendments
and additions were made to the legislation of the Republic of Kazakhstan on additional measures to
support the RESE sector. In the next 2-3 years, it is planned to finance renewable energy projects with a
total capacity of about 500 MW.

Key words: renewable energy sources, solar power engineering, wind power engineering, EXPO-
2017, innovation, technology, project, investments.
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MPHTH 44.31.31.

A. A.Ten6au’, JI. IO. Bonnapuelz.1

1 o
AnMaTHHCKHMN YHUBCPCUTCT DHCPICTHUKU U CBA3U, T. AJ'IMaTBI, Kazaxcran

METOJIAKA U3MEPEHUM JJIsSI UCCJIEJTOBAHUS MHTETPAJIBHBIX
XAPAKTEPUCTHUK B ITIOPUCTBIX CTPYKTYPAX

Annomayus. B OPUCTHIX CUCTEMaX OXJAXKICHUS DJIEMEHTOB TEIUIOPHEPTOYCTAHOBOK MPOTEKAIOT
MPOIECCHl KHUIEHUS JKUIKOCTH, W TPU BBICOKMX TEIJIOBBIX Harpy3kax BO3MOXKHO HACTYIUICHUE
KpPU3UCHOM CHUTyaIllMl C TIEPerpeBOM TEIUIOOOMEHHOH CTeHKH. B paboTre wWcciaemoBaH KpPH3HC
TermroooOMeHa IIpU KUIICHUU BOJABI B CETUATBIX MOPUCTBIX CTPYKTYypax. I/I3yqu1/Ie OTHOCHUTCA K TCIIJIOBBIM
SHEPTreTUYECKUM YCTAaHOBKAM 3JICKTPOCTAHIUNA. DKCIEPUMEHTHI IPOBOIMUINCH HA DIIEKTPUUECKOM CTCHJIC
¥ Ha TOpEJKe PAKeTHOTO THIA, B KOTOPOH OXJIaXJalNCh KamMephl CTOpaHHUS M CBEPX3BYKOBBIC COILIA
Pa3IIMYHBIMHA KAITUJUIAPHO-TIOPUCTBIMHA CTPYKTYpPaMH. HCCHCZ{OB&HH OKCIICPUMECHTAJIBHBIC YCTAHOBKU JJI
ONpEJICTICHUSI WHTETPAIbHBIX  TEIUIOOOMEHHBIX ~ XapaKTEPUCTUK  KANMJUIIPHO-TIOPUCTON  CUCTEMBI
OXJTAKACHUS B 3aBHCHMOCTH OT CXEMBI ITOJIBOAA OXJIAJUTENs, CTEIICHN TPIKATUS CTPYKTYPHI, BBICOTHI
TEIJIOOOMEHHOM  TMOBEPXHOCTH, KOHCTPYKIHUHW TpyOdaToil apTepud W MHUKPOAPTEPHHA IOAaud
OXJIQKIAIOMICH JKUIKOCTH, CIIOCOOOB OPHUEHTAIIMM IOBEPXHOCTH HArpeBa W MaBICHUS B CHCTEME.
[IpuBeneHsl meperpeBIInecss HarpeBaTeNd U (PUTHIM B MOMEHT HACTYIUICHHS KpH3HCa TeIUIonepeadu.
HccnenoBanns mpoOBOAMIHCH BIDIOTH JI0 TIEPEKOTA CTEHKH M KAMMIUIIPHO-TIOPUCTHIX CTPYKTYD.

Knrouegwle cnosa: >KcriepuMEHTAIbHBIE YCTAHOBKH, KPU3HUC TETUIONEPEIady, MOPUCTast CTPYKTYPA,
TEIJIOBBIC AIEKTPUUECKUE CTAHIIUU.

BBenenue. Ycrexu B NPUMEHEHUH KalWJUIIPHO-MOPUCTHIX MaTepUalIOB B TEXHUKE
IpHUBJIEKaJId MHOTHX HccleloBaTeiell u n3ol0peraTeneil co3gaBaTh HA UX OCHOBE Pa3IMYHbIE
ycTpoiicTBa. BHeapenne o00py1oBaHUS ¥ TEXHOJIOTMUYECKUX IIPOLIECCOB B IHEPTEeTUKE JOTIKHO
IPOU3BOJUTHCS, TPEXKIE BCEro, C JKOJOTO-3KOHOMHUYECKHX mo3uiuil. Ilpemmaraemsie
pa3paboTKu KamWUISIPHO-TIOPUCTBIX CHCTEM OYyIyT CIOCOOCTBOBATH MPOBEIEHUIO MPOLIECCOB,
CYILIECTBEHHO YJIy4llIasi U COXPaHss IPUPOJHYIO CPELy.

KanumispHo-mopucThie CUCTEMBI TO3BOJISIOT JOCTHUTHYTh 3KOHOMHUHU TOIUIMBA, CHIPbS,
BO3/lyXa, BOJBI, TEIJIa, MOBBICUTh HAJAECKHOCTh OXJQXKICHUS W B3PHIBOMOXKAPOOE30MaCTHOCTh
paboTbl  000pYy/IOBaHMS, YMEHBIIUTh HHU3KOTEMIIEPATypPHYIO KOPPO3UIO TOBEPXHOCTEH,
COKpATUTh 3arpsi3HeHHe OMOCQephl SIOBUTHIMH Ta3aMH, MBUIBIO, TEIUIOM, YCKOPHTH pPEIICHHE
npoOieM MPOJOBOJBCTBEHHOW TMPOrpaMMbl, MONYYUTh OONBIION SKOHOMHYECKHH U
conuanbHbI () PEKTHI B 00J1aCTH KOJIOTUH U OXPaHbI TPY/IA.

OCHOBHBIMH TIPEUMYIIECTBAMH KaIMMJUIAPHO-TIOPUCTBIX CHUCTEM SIBIISTFOTCSI BBICOKAS
UHTEHCUBHOCTB, OOJIbIIAs TEIJIONEpeaaonas CHoCOOHOCTh, HAIAEKHOCTb, KOMIAKTHOCTb,
MPOCTOTa B U3TOTOBIICHUM M JKCILTyaTallid, OHU YJIYUYIIAIOT PEKUMHBIE U TEXHOJIOTHUYECKUE
MIOKa3aTeNM U UMEIOT HEBBICOKHE KAalTUTAIBHBIE U YKCIUTYaTAal[MOHHBIE PACXO/IbI.

HccnenoBanusi IpOBOAATCA B KalWUIPHO-MOPUCTONH CHUCTEME OXJIAKICHHs, KOTOpas
MOXKET paboTaTh MO MPUHIUIY 3aMKHYTOM HCHApPHUTENbHO-KOHIEHCAIIMOHHOW cxeme 0o
OBITh Pa30OMKHYTOH. M3ywaroTcsi pas3iaudHble YCIOBHSA TEIJIOOOMEHa: Crmocod IMoaBoja
OXJIaJIUTEINSI, CTETIeHb NMPUKATHs KalUJUIAPHO-TIOPUCTON CTPYKTYPHI, CIIOCOOHOCTH MOJMUTKU
CTPYKTYPBI U3 MUKPOAPTEPHUl MO BHICOTE TEIIIOOOMEHHON MOBEPXHOCTH, OPUEHTAIIMSI CTENIEHU
OTHOCUTEJIbHO TPaBUTALMOHHBIX CHWJ, IJIOCKHE, TpyOuaThle M HMCKPHUBJICHHBIE MOBEPXHOCTHU
OXJIKJCHHsI, paboTa CHCTEMBI MO/ JaBJICHWEM BIUIOTH JI0 KPU3UCHBIX SIBICHUN C MEPEKOTOM
CTCHKH.
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1 DxcnepuMeHTAIbHOE HCC/IeI0BAHUE HHTETPAJbHBIX XapaKTePUCTHK

[IpuBeneM psii HKCIIEPUMEHTAIBHBIX YCTAaHOBOK, KOTOPBIE MO3BOJISIOT HCCIEI0BATH
MHTETpaJIbHbIE XapaKTEPUCTUKU TeIUIONepeadu: YJIeNbHbIE TEIUIOBble MOTOKU (, PacCXObl
JKUJKOCTH M Tapa My, My, pacrpeaesieHue TEeMIEpaTypHOTrO MOJsi 1O BBICOTE U JJIMHE
TEIJI000MEHHOMN TTOBEPXHOCTH.

N3yyenne TemnooOMeHa HOCHT MPAKTUYECKUI XapakTep, MpeIHa3HAYeHO ISl CO3/aHuUs
pPa3IUYHBIX  TEIUIOBBIX SHEPrOyCTAaHOBOK: TOPHUCTBIX KOXYXOB i  TpyOONpOBOJIOB,
NapooOXJIaIUTENEH TapOBBIX KOTJIOB, MOPUCTBIX TOKPHITUH U3 IJIOXOTEIUIONPOBOHOTO
Marepuana [ 1], yIoTHeHH B MapOBBIX TYpOWHAX U psiia IPYTUX IHEPrOyCTaHOBOK [2-3].

B pabotax [4] moka3zaHa cxeMa (YHKIIMOHUPOBAHUS TMOPUCTONH CHCTEMBI OXJIQKICHUS,
METOJIMKa U3MEPEHUS TeMIIepaTyphl IOBEPXHOCTH Harpena ter. Mi3MepeHune pacxo10B ®KUAKOCTH
m6>,<, mj, mp, Mgy, Mg, Mys, Mgy U Mapa my. [IpuHATHIE WHACKCH: O - 0ak, CI. - CIUB, K —
KOHJEHCAT, II.B. — IUPKYJSIUOHHAs BOJa, BO3. — Bo3AyX. KoHTpoiupoBaHHe TemIiepaTypbl
KIIAKOCTH 0, t™, ™™, 1™, mapa ty, JIeKTPUIECKON H30ISIHH b, = taug. Takke Kpome 3Toro,
MPEJCTABIICH OXJIAXKIAIONIMN 3JIEMEHT € KalWUIIPHO-MOPUCTON CTPYyKTypoil. OH MO3BOJIAET
U3YYHUTh CXEMBI MOJBOJIA KUIKOCTH U3 TPYOUATHIX apTepHid, BIUSHUE BBHICOTHI TEINIOOOMEHHOMN
MOBEPXHOCTU h, cTeneHb NMpHXKaTHS CTPYKTYpPbl C MOMOIIBIO0 1ephOpUPOBAHHON MIIACTUHBI U
MHTEHCUBHOCTb pa3/lauu OXJaJAUTENII MUKpoapTepusmu [S].

Ha pucynke 1 wu30o0paxkeHa OKCIEpUMEHTAJbHAs YCTaHOBKA C HCKPHUBJICHHOU
MOBEPXHOCTHIO, PA0OTAOIIAS IO/ BEICOKUM JIaBIICHUEM.

1]

s
i

t |A91o11

1 — anmexTpon, 2 — acOecToBas TUIHTa, 3 — acOECTOBas MyIIOHKA, 4 — HUXPOM, 5 — ceTdaras
CTPYKTypa, 6 — TpyOa moBoAa ®KHUAKOCTH, 7 — MapOBOM KaHal, 8§ — maTpyOoK OTBOAA mapa, 9 —
kopmyc, 10 — kpbinika, 11 - mpoknaaxa.

Pucynok 1 - Cxema s3kcniepuMeHTalbHON YCTaHOBKU C UICKPUBIJIEHHOM MMOBEPXHOCTHIO,
paboTatolast ol BBICOKUM JIaBJICHUEM

Ha PUCYHKC 2 T1OKa3aHbl CXEMBI A UCCICAOBAHHA  BJIWAHHA  OpUCHTALUH
TeHHOOTI[aIOH_Ieﬁ TITOBCPXHOCTH.
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oy
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a, 0 — MO/IBOJ JKUJKOCTH OCYIIECTBISIETCS apTepueH,
B, T — «CU(OHHBIN MTOABOJ KUIKOCTHU: 0 — YTOJ MEXITY MTOBEPXHOCTHIO OXJIAKICHUS U CUIION
TpaBHUTAIIUU.

Pucynok 2 - CxeMbl 17151 McClIe0BaHNsl OPUEHTAIMH TEIUIO0TAAI0MIEN TTOBEPXHOCTH

HccnenoBanusi TEmIooOMeHa MPOBOAMINCH 10 BO3HMKHOBEHMSI KpHU3UCAa KHIIEHUS C
IIEPEKOrOM IMOBEPXHOCTH U KAIIUJUIIPHO-TIOPUCTON CTPYKTYPBI.

2 MeToauka u3MepeHr HHTErPAJIbHbIX XaPaKTePUCTHK

ITonBox »nEKTpUYECKONM DHHEPrMM K OCHOBHOMY HAarpeBaTeNl0 OCYIIECTBISAETCS OT
cBapouHoro tpanchopmaropa tuna TCJ[-1000, BBIXOAHOE HAIpsHKEHHE KOTOPOTO COCTaBIISET
cnenyromue (UKCHpoBaHHBIE 3HadeHws: 2,5; 5; 7,5 m 10. DIeKTpu4ecKuil TOK, MHUTAIOIINN
HarpeBaTellb, U3MEPSAETCS IO CXeMe C YHHBEpCaIbHBIM TpaHchopmaropom tuna Y TT-6M2
k11.0,2. Bropuunslii Tok coctasinseT 10 5 A, nepsuunsiii — 100...2000 A. ITanenue HanpsokeHus
Ha HarpeBaTesne u3Mepsercs BosbTMeTpoM Tuma J[523 km. 0,5. HawmOGombinas BO3MOKHOCTH
NOTPEIIHOCTH NIPU U3MepeHuu Toka - + 0,6%, magenue HampspkeHus - + 1%, mouiHocTH - =+
1,6%. Onexrtpuyeckas 5SHEprusi HAa OXpPaAHHBIM HarpeBaTelb NOJAETCS OT PEryysTopa
HanpspkeHus tuna PHO.

[Ipy nM3yyeHMM Hayajla 3aKMIIAHHS XUAKOCTH M KPUTUYECKUX HArpy30K HCIOJIb3YETCS
tpancpopmarop toka Tuna TC-1000, ¢ BBIXOAHBIM HamnpsibkeHHeM xojoctoro xona 71 B. Cuna
Toka peryaupyercs B npugenax 200...1200 A. H3mepeHus TeMneparyp KHAKOCTH U
OKPYKAIOIeH Cpebl MPOM3BOIATCS PTYTHBIME TepmoMmerpamu TJI-4 co mkanoit 0...50°c u
50...1000c U ILIEHOUW JaBJIICHUA O,IOC. TeMnepaTypbl >KUAKOCTH CJIMBA W Mapa H3MEPSIIOTCS
XPOMEITb-KOTEIeBBIME TEPMOIAPAMH, H3rOTOBICHHBIME M3 MPOBONOKK auamerpoM 0,x107 .
JvameTp rojaoBKM crias TEpMOIIAp COCTaBJISIET 0,4x10™ M. DIIEKTPOIbl TEPMONAP U30JIUPYIOTCS
IBYXKAHAGHBIMH COJTOMKaMH guametpoM 1x107 M, koTopsle kpemsitcsi kneeM B®-2 BHyTpH
MHBEKIIMOHHBIX UIJI, UMEIOIINX THAMETP 1,2X10'3 M.

JInsi M3MEpeHHs TEMIepaTyphl CTEHKH 3IeKTpOmbl TepMorap amamerpoM 0,2x107 M
NPUBApUBAIOTCA K HEH OJIEKTPUYECKON Iyrod, oOpasyromencss BO BpeMs pa3psIkd
KOHJEHCATOPOB. JIIsi 9TOr0 HOPMANbHO K TMOBEPXHOCTH CTEHKM TOMIMHOH 2x107M
POM3BOINTCS CBepiIeHue Ha rmyOuny 1,9x107M muamerpom 1,2x107M ¢ TourocTsio + 0,05x10°
M. DneKkTpoasl TepMomnap H30IMpyroTcs ¢GapdopoBoil COIOMKOH IuameTpoM 1,2x10°m u
BBIBOJSITCS 110 MOBEPXHOCTH CTEHKH MEXIy ABYMS CIOSAMH CIIOABI ¢ Tommmuoit 0,05x107M,
IIPUKJIEEHHOM K IMOBEPXHOCTH HarpeBareis. XOJIO0JHbIE KOHIBI TEPMOIIAp TEPMOCTATUPYIOTCS B
TaIOLIEM JIBJIE.

14



Becmnuxk Anmamunckozo ynueepcumema snepeemuxu u ceazu. Ne 1 (40) 2018

DneKTpoAbl TepMoNap COSAUHSIOTCS C ABYMS JBEHAIUATUTOUYECUHBIMHU MEPEKI0YaTEIIMU
[TI1-63 xm. 0,05. Jlns WCKIIOUeHUs] BIMSIHUS HAaBEICHHBIX OMYKAAIOIIUX TOKOB HA MOKAa3aHUs
TEepMOIap YCTaHOBKAa U MPHUOOpPHI 3a3eMIIsIIOTCs. Pacxonpl oxnaxaaromeid U HUPKYJISIHOHHON
JKUJKOCTU  ONPENENSAI0TCS  3JIEeKTPUYECKMMHM poTamerpamu Tuna POJ[ ¢ BTOpUYHBIM
anexkTpoHHbIM Tiprbopom Tuna KCJ/[3 43 ki.1, TapupoBaHHBIM OOBEMHBIM METOJOM. Pacxossl
CIIMBAIOIIEHCS )KUJIKOCTH U KOHJIEHCAaTa (PUKCUPYIOTCS C MOMOIIBI0 MEPHOM €MKOCTH CO IIKAJION
nasienus 0,5x10-3 1, a BpeMs HanosiHeHus1 — cekyHaomepom tumna C-I1-16 ¢ uenoit nenenus 0,1
cekyHna. Hambomnbimass BO3MOXXHAs TOTPENIIHOCTh TPHU OMPENCTECHUH pacxoda KUIKOCTH
poTtameTpamu He mpeBbimaeT + 3%, a 00beMHBIM METOJIOM - + 2%. YciaoBHBINM KO3 HUITHEHT
IPOHMLIAEMOCTH UccienoBaH B [2]. Pazdpoc 3Hauenuii Bennuunbl Ky npu 0000mIeHNN ONBITHBIX
JAHHBIX HE TpeBbIaeT + 16%.

Hepsizka OanmaHca 10 TMOJABEIEHHOMY TOKOM TEIUIy M Ty, OTBEIECHHOMY
HUPKYJISIMUOHHOM M M30BITOYHOM BOJBI ¢ yuetoM Qg , He mnpesbimaer = 12%, a mo
MO/IBEZICHHOMY I1apOM TEIULy B KOHJIEHCATOPE U TEIlTy, OTBEACHHOMY LUPKYISIUOHHOU BOJIOMH, -
+ 11%. PacxoxaeHne MaTepualbHOTO OanaHca MEXKIY PacXoJOM OXJIaXKAAIOIIeH >KUIKOCTH,
pacxoioM CiMBa U KOHAEHcaTa ocTapisieT He 6onbiie + 10%.

3 Pe3yabTarhl KpU3Kca TEILIONEPeIaYd B KANWIJISIPHO-TIOPUCTOM CHCTEME OXJIAKIeHUs

a) COILJIa BBITIOJIHEHBI 0€3 YTOIICHUS
1 creHku: 1, 2, 3, 4 — o skcruryaranuu;
5, 6 — nocne 40 gacoB dKCILTyaTaluu
(paspyteHs! qedIeKTOpHBIC KOJIbIIA U
yBeIU4eHbI ceueHus conen); 1,2,5,6—
0=0,8; 3,4—0=0,6;

4 — kamepbl CropaHus ¢ YKOPOUEHHBIM
4 corioM (obecreynBaia mpoBecHIE
JIETOHAIMOHHOTO PEXXKUMa FOPEHUs).
5 Cucrema OXJIOKIECHUS — BOJISTHAS
(Qupcen= 1x10° Br/M?; 7 = 10m/c )

6 0) corua BBIIOJIHEHBI C YTOJIIEHUEM
creHku: 1-8 —a=10,6...0,65;
pa3pylieHHe MPOU30IIIO B Pe3yJbTaTe
7 MIPOPHIBA T'a30B B BOJSHYIO CUCTEMY
OXJIQXKACHUS TIPU pa3repMeTu3auu
YILUIOTHEHUI; 5 — Kamepa CropaHus ¢
OIUIABJICHHBIM 3aBepuTesieM. Cucrema

OXJIAXKJIECHUS — KallMJUIAPHO-IIOpUCTast
6 2
(qu.ceq: 1x10°B1/™m )

(@]

PucyHok 3 - Pa3pyuieHHbIE KaMepbl CTOPaHUs U CBEPX3BYKOBBIE COILIA FOPEIIKH

BriBoabl

Takum oOpa3oM, pa3paboTaHbl H MCCJIECIOBAHBl AKCICPUMEHTAIBHBIE YCTAaHOBKH
MHTETPAITBHBIX (CPEIHUX) TEIUIOOOMEHHBIX XapaKTEPUCTHUK KaNMMUIIPHO-TIOPHCTOW CHCTEMBI
oxnaxaeHus. IIpuBeneHa cxema (yHKIMOHMPOBAHMSI M METOAMKA H3MEPEHMH, pa3paboTaHO
YCTPOMCTBO OXJaXJAIOUIET0 3JeMEHTa ¢ TpyOdaThbIMM apTepusiMu, nepdopupoBaHHON
OPWKUMHOM TIJIACTUHOW W MHKpoapTepusiMu. MccienoBaHbl pa3inuyHble (aKTOPHI: BBICOTA
TETIO0OMEHHOM MOBEPXHOCTH, IaBJICHUE B CHCTEME OXJIAKICHHS BIUIOTH JI0 MEPEXKOora CTCHKU U
buTHIeH.
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MAJIBI KYPBLIIBIMJIAPJAAFBI UHTETPAJIIBIK CUITATTAMAJIAPBIH OJILIEY
OIICTEMECI

A. A.Ten6au', /1. 10. Bonapues'

1 o .
AJnMaThl SHEpPreTHKA KOHe OaiiflaHbIC YHUBEpCHUTET1, AnMaThl K., Kazakcran

Anoamna. Xputy 5SIeKTp CTAHIFSUIAPBIHBIH SJIEMEHTTEPIHIH KEYEeKTi CalKBIHAATy >XYHeciHae
CYHMBIK KaliHAay YIepicTepi OPBbIH aylafibl KOHE KOFaphl JKbUTY JKardaiJIapblHIA JKbUTY KaOBIPFACHIHBIH
KBI3BIIT KETYIMEH MardapbIC KaFmaibl OOMybl MYMKiH. JKyMbICTa KEYEKTI KYPBUIBIMIAPAAFBl CYIIbI
KaifHaTy OapbICBIHIA JKBUIY ajaMacy OaFlapbIChl 3ePTTENAi. 3epTTEY JJICKTP CTAHIMSUIAPBIHBIH SKBLTY
9JICKTP CTaHIMsJIapbIHA JKaTaabl. JKCICPUMEHTTEP JJCKTPIIIK CTCHIATE JKOHE jKaHy KaMmepaiapbl MEH
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JBIOBICTaH IIAMIATBIH TYPJl KaNMJULIPIBl KEYeKTI KYPBUIBIMJAPMEH CANKBIHJIATBUIFAH 3BIMBIPAaH
TO3aHJATKBILITAPBIHAA KYPri3ingi. MHTerpanaslk cxemanap, CaikblHIAaTy >KYWECiHIH CHUIaTTaMaiapbiH
aliKpIHIAy YIIIH JKBUTy aJMacy OeTi OWIKTITiHIH CYBITKBIIITHI JKBUTY aIMAacTHIPFBINIKA Kapail KeyeKTi
KalUIAPBl 931pJICH Il JKOHE OJap/bl KCIIEPUMEHTTIK OpHATY, KOHCTPYKIMsUIAp MHUKpoapTepuil Oarmap
Oepy KoHE CaJKbIHAATKBIII CYHBIKTBIH, TOCUIICPIH JKOHE KYOBIPJIBI apTePHSICHIHBIH KETErl 3epTTEeili.
Koty OepyniH marmapbIchl OacTajfaH Ke3leri KYWill KeTKeH KBI3JBIPFBINTap MEH OinTesep MbIcal
peTiHAe KenTipiireH. 3epTTeyiep KamwisIp-KeyeKTi KYpbUIBIMIAp MEH CTEHKaJap JKaHBI KETKCHIIE
KYPTi3ii.

Kinmmik co30ep: 5KCTICpUMEHTTIK KOHABIPFBUIAP, XKbUTy OepyIiH JaraapbIChl, KEYEKTI KYpPBUIbIM,
XKBUTY DJIEKTP CTAaHIMSIIAPBL.

THE METHOD OF MEASUREMENTS FOR INVESTIGATION OF INTEGRAL
CHARACTERISTICS IN POROUS STRUCTURES

A. A, Genbachl, D. Yu. Bondartsev'

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

Abstract. In the porous cooling systems of the elements of thermal power plants, fluid boiling
processes occur and, under high thermal conditions, a crisis situation may occur with an overheating of
the heat exchange wall. The paper investigates the crisis of heat exchange during the boiling of water in
mesh porous structures. The study relates to thermal power plants of power plants. The experiments were
carried out on an electric bench and on a rocket type burner, in which combustion chambers and
supersonic nozzles were cooled by various capillary-porous structures. Experimental installations for
definition of integral heat exchange characteristics of the capillary and porous cooling system depending
on the scheme of a supply of the cooler, extent of pressing of structure, height of a heat exchange surface,
a design of a tubular artery and micro arteries of supply of cooling liquid, ways of orientation of a surface
of heating and pressure in system are developed and investigated. The overheated heaters and matches at
the time of offensive of crisis of a heat transfer are given. Studies were carried out until the wall were
burnt and the capillary-porous structures.

Key words: experimental installations, crisis of a heat transfer, porous structure, thermal power
plants.
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TEIVIODHEPI'ETHKA H TEIVIOTEXHOJIOTHA

IRSTI: 0113HR01096

A. A. Shishkin', V. M. Zeyfman', A. A. Shishkin', N. N. Dushkina', I. V. Nikitin'
" LP «KazSRI of Energy named after academician Sh. Ch. Chokin», Almaty, Kazakhstan

CALCULATION OF PARAMETERS AND CREATION OF MODELS OF A NEW
DUST-COIL BURNER

Abstract. The article presents the results of the second phase project "Enhancing the efficiency and
environmental safety of the operation of coal-dust stations in Kazakhstan" carried out in KazSRI of
Energy (the results of first stage are published in [1]). At the second stage, tasks related the preparation
for the study a new pulverized-coal burner under the patent of KazSRIE RK Ne27778. The purpose of this
study was to determine the effect of the main design parameters of the burner prototypes and new burners
on the aerodynamic flow structure at the outlet of the burner nozzle. The article provides a brief
description of the grounds for developing a new solution with calculation of new design elements and the
operating parameters for two versions new burner models. The calculation of the heating the pulverized-
coal particles is given for the regime parameters of each the streams - air mixture and secondary air.

Key words: high-ash coal, burning problems, vortex pulverized-coal burners, a new constructive
solution.

As a result of conducted research works abroad and in our country, the main factors
influencing the technical and economic efficiency of the combustion process and reducing the
formation of nitrogen oxides in the combustion of pulverized-coal fuel are determined. On the
other hand, the increased demands in recent years for the fuel sip of pulverized coal-fired power
plants lead to the search for new solutions. All this became the basis for the development in the
KazSRIE of power of burner equipment that helps to reduce the formation of toxic nitrogen
oxides and increase the efficiency of using high-ash fuel [2].

In the selection of methods to reduce nitrogen oxide (NOx) emissions into the environment
abroad, methods of sanitary cleaning of waste gases based on selective catalytic reduction (SCR)
and non-catalytic (NCR) reduction of nitrogen oxides are increasingly being used. However, at
existing stations, the implementation of these methods requires the availability of sufficient free
areas near the boiler equipment and high investment costs. Therefore, in the first place,
preference is given to technological methods for reducing NOx emissions, aimed at increasing
the efficiency of fuel combustion [3].

Among specialists, top managers, it is almost universally recognized that the place and
mechanism of formation of the main volume of nitrogen oxides in the initial section of the torch
from nitrogen-containing volatile components of fuel and air oxygen are known. It was found
that the decrease in the intensity of NOx formation is primarily due to the reduced oxygen
content in the outlet zone of volatile from fuel particles in the initial section of the flare.
However, this is associated with problems of incomplete fuel burn-up, high-temperature
corrosion and slagging of heat exchange surfaces. Therefore, the optimal solution must be sought
in the achievement of some compromise between these conflicting factors.

As follows from the patent-information research carried out by the authors, in the matter of
reducing the formation of nitrogen oxides by technological means, low-emissivity vortex
pulverized-angle burners occupy a prominent place. Common features of these burner devices
are the "twist" of the flows in the air mixture channel and in the air channels of the burner to
form the necessary aerodynamic structure that determines the optimum conditions for efficient
combustion of pulverized coal. For this reason, the use of vortex pulverized coal burners
continues to be one of the most promising in the search for ways to further improvement of the
combustion process [4]. This predetermined the purpose and scope of the search for the work
performed.
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The aim of the work is to increase the efficiency of burning high-ash Ekibastuz coal, which
has a number of properties that hinder its effective use. At the same time, the efficiency should
be expressed in increasing the stability of ignition of coal particles, increasing the completeness
of their burning out and reducing the formation of nitrogen oxides, as well as in creating
conditions that reduce the thermal impact on the burner and increase its operational reliability.

As is known, the peculiarity of the swirling torch of the vortex burner is the creation in the
near-axis region of the initial section of the flare, the so-called flue gas recirculation zone, which
provides early and stable ignition of pulverized-coal particles with increasing burn-out
completeness. At the same time, this zone provides a reduced concentration of oxygen, which
helps to reduce the formation of fuel oxides of nitrogen in the initial section of the flare. In this
case, for a stable ignition and burning of the vortex pulverized-coal flare, the flue gas
recirculation zone should be located as close as possible to the mouth of the burner. But at the
same time it is necessary to eliminate the possibility of overheating of the outlet sections of the
burner by the radiation heat flux, which is especially intense when burning high-ash coals.
Observance of these mutually exclusive conditions in practice is a complex task. Execution of
only the first of the conditions will result in thermal deformation and corrosion of the outlet
portions of the burner nozzle, and the fulfillment of the second of the conditions will lead to an
unstable and unreliable combustion of the flame. In addition, the approach of the flue gas
recirculation zone to the burner mouth is carried out by increasing the intensity of the flow twist
in the aero-slurry channel using sweepers with a large angle of inclination of the vortex blades to
the axis. And this leads to an increase in their abrasive wear and an increase in the hydraulic
resistance of the air-blast channel [5].

The technical solution underlying the proposed new design of the vortex burner [6] is
aimed simultaneously at reducing the formation of NOx oxides and improving the combustion
efficiency of the high-ash Ekibastuz coal using a dusty method with increased reliability of the
burner unit. In the proposed solution, this is achieved by additional heating of the air mixture
prior to its expiration from the nozzle of the burner. This accelerates the release of volatile from
coal particles, their ignition and burn up in the initial section of the torch. At the same time,
according to the conditions of the temperature regime in the dust preparation system, for
example, on a P-57P boiler, the temperature of the air mixture cannot exceed the specified
standard limit. Therefore, in this solution, additional heating of the air mixture is carried out in
the burner itself. To this end, a part of the secondary air with a temperature of the order of 380-
420°C is introduced into the stream of the air mixture in the burner channel at a temperature of
about 130°C, as shown in Figure 1. Primary air can be partially replaced with high-temperature
recirculation flue gases to control the oxygen concentration in the air mixture conditions for
reducing the formation of nitrogen oxides in the exit zone and the ignition of volatiles. In this
case, the supply of high-temperature secondary air to the channel of the air mixture serves as an
additional stage for heating the coal particles, and on the other hand it ensures the optimization
of the ratio of primary air to secondary air for a more complete burnout of the fuel.
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(a) - for single-flow, (b) - for two flow (secondary air) burner versions.

Figure 1 - Ejection of secondary air into the air mixture duct
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The air mixture with secondary air introduced into it is mixed to uniformly distribute the
temperature and concentration of pulverized coal particles and oxygen at the burner outlet along
the channel section. At the same time, the acceleration of the release of volatiles is achieved
without the need for an excessive approach of the internal recirculation zone to the nozzle of the
burner. This reduces the thermal effect on the burner and the abrasive action on the vortex
blades, as well as the hydraulic resistance of the air mixture channel using a swirler with a
smaller angle of inclination of the blades, which is significant when burning high-ash coal.

For practical implementation of this method, appropriate design solutions for pulverized-
coal burners have been developed, the feature of which is the supply of an air mixture and
secondary air with a variable velocity along the axis of the burner. In this case, the air-slurry is
fed at a rate initially increasing, and then decreasing, and secondary air, on the contrary, with the
speed of initially decreasing, and then increasing with ejecting part of the secondary air into the
air-blast channel. This method is implemented by introducing changes in the constructive
solution of the prototype burner KazSRIE [5].

Figure 2 (a, b) shows the circuit of the new burner in the longitudinal section with a single
burner (Figure 2 (a)) and with twin channels (Figure 2 (b)) for secondary air [6].

(@) (b)

(a) - a single-flow burner (for external secondary air),
(b) - two-flow (for external and internal secondary air).

Figure 2 - Schemes of two versions of the new burner

From the diagrams of the new burners shown in Figure 2, it is seen that the wall separating
the channel of the air mixture with the secondary air channel is exposed to change, including the
confusor-diffuser and diffuser-confuser sections of the channels, as well as the ejection holes
through which, under the influence of the static pressure drop in the air-slurry channel ejects part
of the high-temperature secondary air. As a result, the temperature of the coal particles at the
outlet of the channel is raised, which leads to an acceleration of their heating up to the release of
volatiles, their ignition and burn up within the initial section in conditions of a lack of oxygen.
This, in turn, achieves the necessary conditions for increasing the stability of ignition and
combustion of particles of high-ash Ekibastuz coal, increasing the burnout of fuel particles,
reducing the abrasive wear of burners, thermal deformation and corrosion of the burner outlet
nozzles, and reducing the formation of NOx oxides.

To calculate the creation of a new burner in the metal in a given scale, in addition to the
known data on the prototype burner [1], it is necessary to calculate the design and regime
parameters of the models of the new burner.

As is known, the geometric dimensions of the scanning of the truncated cone are
interrelated by the following relations (Figure 3).
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Figure 3 - The construction of a
truncated cone scan for the confusor-
diffuser sections of the channels of the
new burner model, where: r; and r, are
the radii of the bases of the truncated
cone; H- is its height; Rj= L r/(r;-1);
R,=R;+L;

L= [(Rz-R1)2 n H2]1/2;
¢ =360°(r-r1) /L

Performing calculations using the above relationships (Figure 3), we obtain a sweep of the
cone to construct the confusor - diffuser section of the separation wall of a single-flow version of
the new burner (Figure 2 (a)): R, = 509.5mm, R; = 434.95mm, H = 74.5 mm, L = 106 mm, and
the opening angle of the work piece for the truncated cone is: ¢ = 360°:(r,-r;) / L = 360-(81-
56,5)/106 = 83°.

Figure 4 shows the working versions of the separation wall between the air-blast channels:
with the secondary air (a, b) and with the secondary air (c, d).

—
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a b c d
(a) - for the channel without a jumper; (b) - with a crosspiece.

Figure 4 - Variants of the configuration of sections of the separation wall between the channels
of the air mixture and the secondary air

The first two variants of the sections of the separation wall are made in the form of
truncated cones coaxially connected along the generatrix of small sections: (a) directly, and (b)
through a cylindrical bridge. The second two variants are made in the form of two truncated
cones connected coaxially along generators of large bases of cones: (¢) - directly, a (d) - through
a cylindrical bridge. The scan of the cylindrical bridge is a rectangle, the long side of which is
equal to a circle with a diameter of 138 mm: C = 3.14 - 138 = 433.3 mm, and the scanning height
is a predetermined parameter and is equal to 25 mm.

In accordance with the technical solution for the new burner [6], the increase in the
temperature of the fuel particles in the burner itself is ensured by ejecting some part of the
secondary air into the channel of the air mixture through the through holes distributed along the
perimeter of the separation wall (the walls for the two-flow version of the new burner). Below is
the calculation of the heating of particles of pulverized coal fuel depending on the proportion of
ejected secondary air (external or internal) at given regime parameters (speed and temperature)
of each of the streams - air mixture and secondary air.

Below is the calculation for given sets of design and regime parameters of 5% secondary
air entering the stream of air: at an average speed and temperature of the air mixture of 6 m/s, its
temperature t'= 130°C and secondary air temperature t''= 420°C.
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The primary air flow rate is determined in terms of the average velocity and sectional area
of the annular channel:

V! =0,257:(0,1622 — 0,0892) - 6 =0,01438 - 6 = 0,08628 m’/s,

where 0,162 m and 0.089 m are the outer and inner diameters of the annular channel of the
air mixture. Then the flow rate of the air mixture introduced into the channel:

Va''=0,05-0,08628 = 0,004314 m’/s.

Theoretical amount of air for complete combustion of 1 kg of Ekibastuz coal at an air
temperature in the channel of the air mixture is 130 °C:

SCP+8HP+SR-OP  2.42,5+8-2,8+0,4 -6,6
100-0,23 -7, 100-0,23 - 0,8485

Vo=

= 6,637 m’/ kg,

where 0,8485 is the density air (in kg/m’) at 130 °C. Taking into account the given
coefficient of excess air in the air mixture (o = 0,35), we obtain: V,° = 0,356,637 = 2,323
3
m’/kg.

The consumption of coal dust in this case is:

VL 0,08628
P yvo 2323

G =0,03714 kg/s.

The initial (prior to ejection of secondary air) enthalpy of the air-slurry flow was:

QL= (0,08628 - 0,3157 +0,03714 - 0,3237) - 130 = 5,10388 kcal/s, where 0,3237 kcal /
kg-°C - heat capacity of coal particles at 130 °C.

The consumption of secondary air introduced into the air mixture with a temperature of

420 °C is found using the gas law, first determining the flow at 0 °C, and then - with 420° C:

Vi 0,004314 0,004314 3
= = =0,002923 m’/c;
1+t 1+ 130 1,4759

273,15

b 1
Cre y= 57318

Then the volumetric flow at 420 °C will amount to:

— coefficient of volumetric expansion of air.

VL oc = 0,002923 (1 + - 420) = 0,0029-2,537 = 0,007417 .

273,15

The enthalpy of the secondary air flow introduced into the channel of the air mixture is:
QY=0,007417 - 0,3181- 420 = 0,99092 kcal/s.

The enthalpy of the flow of the air mixture at the exit of the channel (without taking into
account losses to the environment) will be Q,= QL +Q =5,10388 + 0,99092 = 6,0948 kcal/s. The
temperature of the air mixture at the exit from the channel t, is found from the heat balance
equation, assuming complete equalization of air temperature and dust particles before the air
mixture leaves the burner:

Q= [(VL+V) - C2+G,C32] - t,= 6,0948kcalls,
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where Vi, u VI is the consumption of the primary and secondary air, respectively at a
temperature t, (m’/s);
C;a and Cltf - heat capacity of air (kcal/m’-°C) and dust particles at t,, respectively.

By the found air consumption at temperatures 0 °C and t, = 130 °C, we get:

Va0= 0,08628;-0,004-314- _ 0,06209 l’lM3/S and

1+ —273,15-130

Vo' = 0,06209-(1+ —— - t,) = 0,06209+0,0002273 t,m’/s

determine the enthalpy of the flow of the air mixture at the outlet of the channel:

Q.={(0,06209 + 0,0002273- t,) - Cy* + 0,03714 - C5']- t,= 6,0948 kcal/s

Further, having constructed a working graph of the dependence of the enthalpy of the air-
slurry flow at the exit from the temperature t, for several values of t, and the corresponding

values of C;f‘ and Cltf in Table 1 below, we determine for the value Q, = 6.0948 kcal/s the
corresponding it has a temperature value t,.

Table 1- Results of calculating the temperature dependence of the enthalpy of the air mixture

t,, °C Clkeal /M3 - °C Clkeal/kg°C | Qkeal/c Q — Q, keal/c
140 0,311280 0,32668 5,79122 -0,30358
142 0311314 0,327424 5,89875 -0,19605
144 0,311348 0,328168 6,00579 -0,08883
146 0,311362 0,328912 6,11489 -0,02009
148 0311416 0,329656 6,22420 -0,12940

According to the calculated data, we find the flow temperature t,= 145.6 °C, corresponding
to the value of Q,= 6.0948 kcal/s. Consequently, the degree of heating of the fuel particles at the
outlet of the air mixture channel in this case is 145.6-130 = 15.6 °C, and the total air flow at

Vit = 0,06209+0,0002273 £,=0,09518 m?/s.

The theoretical amount of air at a temperature t, = 145.6 °C, for a full combustion of 1 kg.
coal [7] will be:
0 5425+82,8+04-6,6
% 100.0,23-0,79034

= 7,1259 M’/ kg,

where 0,79034 kg/m’ is the specific weight of air at 145,6 °C, and for complete combustion
of the actual amount of fuel contained in the air mixture, it is required:

Ve =7,1259-0,03714 = 0,2647m’/s.

The calculated coefficient of actual excess air will then be equal to:

t
= Vol Q09518 _ 3 3596 = 0,36
Ve, 02647
The calculated average velocity of the air mixture at the outlet from the channel will then

increase to the value:
_0,09518

0,01438

= 6,62 m/s.

a
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In the same way, calculations were carried out for other values of the flow velocity of the
air mixture at the outlet of the nozzle, the temperature of the primary and secondary air, and the
different proportions of the secondary air introduced into the air mixture. The results are shown
in Table 2.

Table 2 - Summary table of calculation results of the efficiency of the calculation

Initial data Calculation results
Prm;ary Temperatures,’C Deg‘ree of Change inthe | Speed of the air
Secondary| air . heating of .
. .. | Primary [Secondary coefficient of |blend at the outlet
air inlet %| velocity . . coal i
air air o~ | €xcess air @-0,35 M/
M/s dust,°C
6 130 420 15,6 0,0960 6,619
120 380 15,6 0,0167 6,549
5 7 130 420 16,9 0,0177 7,658
120 380 13,5 0,0176 7,601
6 130 420 23,5 0,0185 6,832
75 120 380 19,6 0,0258 6,766
’ 7 130 420 23,55 0,0259 7,962
120 380 19,7 0,0260 7,899
6 130 420 30,25 0,0346 7,095
10 120 380 18,9 0,0685 7,028
7 130 420 30,25 0,3480 8,275
120 380 25,6 0,0602 8,198

The design and regime parameters of the new pulverized-coal burner model, which were
calculated on the basis of the calculation, were used to create its working models "in metal" for
carrying out an experimental study of these burners by physical modeling.

Figure 5 shows in general two versions of models of a new burner with a confusor-diffuser
section of the separation wall between the air-slurry channel and the secondary air channel,
corresponding to the technical solutions given in Figure 2 above. The confusor- diffuser sections
of the separation wall are shown next to the corresponding models, and also inside the burner
using a "cutout" in the body of the model.

(b)

(a) - single-flow burner model (by external secondary air),
(b) - double-flow (external and internal secondary air).

Figure 5 - Models of the new burner corresponding to the sketches shown
in Figure 2 (a, b)
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As can be seen from this figure, in a double-flow burner the separation wall between the
air-slurry channels and the internal secondary air has a different "barrel" configuration, both
configurations of the separation walls providing conditions for ejecting secondary air into the
channel in accordance with the proposed technical solution.

Conclusions

Based on the results of the work done, the following conclusions can be drawn:

1. When the air mixture is ejected from 5 to 10% of the secondary air, the temperature of
the air mixture increases within 13-30 © C, which will accelerate the heating of the particles and
the release of volatile components with a more stable ignition and an increase in the burn-out
completeness within the initial section of the flame.

2. Ejection of this quantity of secondary air into the air mixture will increase the air excess
ratio in the aero-slurry channel in the range a = 0.35-0.39. This will make it possible to control
the recirculation of the flue gas (to bring the excess air factor o to the optimum value), which
will additionally increase the temperature of the air mixture and, accordingly, increase the yield
of volatiles and the completeness of their burning out in the initial section of the flare. In
accordance with [3] this will help to reduce the formation of NOx oxides, as well as to increase
the completeness of the burning out of the carbon residue of particles outside the initial section
of the flare.

3. The increase in the initial temperature of the air mixture at the exit from the nozzle
(without unduly approaching the high-temperature zone of internal recirculation) will allow
using a swirler in the air-slurry channel with a smaller angle of inclination of its blades. The
latter will reduce their abrasive wear and hydraulic resistance of the air mixture duct [1].

4. The results of the calculation will also be used when establishing the required regime
parameters in the course of the experimental study.

The work was carried out within the framework of the grant financing project of the
Ministry of Education and Science of the Republic of Kazakhstan, No. 3051 / GF3.
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"KAHA IHAHIBI KOMIPJI )KAHAPFBIHBIH TAPAMETPJEPIH ECENTEY )KOHE
MOJIEJIBJEP KYPY

A. A. Hlmmcm{l, B. M. 3e1“4(1)MaH1, AL A. Hlnuncm{l, H. H. lelmcmlal, H. B. Hukutun'

'Axanemux I11. Y. [llexun atbinmars! "Ka3ak sHepreTHKa FLILIMH-3epTTey HHCTHTYTH" AK, AMaThl K.,
Kazakcran

Anoamna: Maxanaga «KazakcraHmarsl KeMip CTAHIFSUIAPBIH THIMIUTIITT MEH 3KOJOTHSIIBIK
KayiIrci3/Iirin apTThIpy» jK00aChIH JKY3€re achIpybIH €KiHII Ke3eHIHIH HOTIKeNIepi KenTipiireH (Oipinmi
Ke3eHIH HoTmkemnepi xkapwsutanasl [1]). Exinmn ke3zenne KazNIIE KP Ne 27778 nmatenti OoifbIHINA jKaHA
yCaKTaJraH KeMip OTTBIKTHI JaiblHAayFa OaiaHbIcThl Macenenep memiared. Ocbl 3epTTeyliH OacTsl
MaKcaThl ~KbI3ABIPFBIII MPOTOTHUITEPI MEH JKaHa KbI3JABIPFBIUTAPABIH ~ OTTHIK  CalTaMachIHbIH
a3pOJMHAMHKAJIBIK KYPBUIBIMBI 00ubIn TaObL1abl. [IpuBeseH pacyer nmoxorpesa 4acTHll MbUICYTOIBHOTO
TOIUIMBA TIPU 3aJaHHBIX PEKUMHBIX TMapamMeTpax KaKJOro M3 IOTOKOB - ad3pPOCMECH U BTOPHYHOTO
BO3J/IyXa.

Makanazna »aHa KbI3JIbIPFBIIITHIH €Ki MOJICTIHIH HYCKAIAPbIHBIH KOHCTPYKTUBTI 3JIEMEHTTEPIHIH
JKOHE TMapaMeTpIIePiHiH PeKUMICPIHIH KbICKAIlla CUIIATTaMachl KEITIpireH. Ayakocraiapbl MEH eKiHIIIi
aya, SFHU OapJIbIK aFbIHAapAa YCBIHBUIFAH IMapaMeTp PeKUMIACPIHIC MaH KOMipiai OTBIH KOCIAaCHIHBIH
KbI3y ece0l JkacasraH.

Kimmik ce30ep: Xynji k0Fapbl KeMip, jkary mpobiieManapsl, KyHbIHABI KOMIpIi KbI3IBIPFIIITAp,
YKaHa KOHCTPYKTHBTI ILIEIIiM.

26



Becmnuxk Anmamunckozo ynueepcumema snepeemuxu u ceazu. Ne 1 (40) 2018

PACYET ITIAPAMETPOB U CO3JIAHUE MOJIEJENA HOBOM MBLIEYTOJbHOM
I'OPEJIKH

A. A. lInmkun', B. M. 36171(1)M2H1, A. A. Iumkun', H. H. I[ymKnHal, U. B. Hukutun'

1
TOO «Ka3HUU sueprerrku umenu akagemuka L. Y. Yokunay, r. Anmatsl, Kazaxcran

Annomayua. B cTatbe NpUBEIEHBI PE3yIbTATEl BTOPOTO dTamNa peann3annu npoekra «llossimenne
3(p(HEeKTUBHOCTH M 3KOJOTHYECKOH ©0e30MmacHOCTH paboThl MBUICYTONBHBIX cTaHImii KazaxcraHay,
BeimonHsiemoro B KasHUU snepretuku (pe3ynbTathl mepBoro stamna omyonukosansl B [1]). Ha BTropom
JTalne pemaiich 3a1auu, CBI3aHHbIE C MOATOTOBKOM K MCCIIEIOBAaHUIO HOBOH IBIIEYTOJIbHON TOPEIKH 110
natenty KasHUHND PK Ne 27778. 1lenbto JaHHOTO HCCIACAOBAHUS SIBIISTIOCH, B YaCTHOCTH, ONPEICICHUE
BIMSIHUSI OCHOBHBIX KOHCTPYKTHBHBIX I1apaMETPOB TOPEIOK-IIPOTOTHIIOB W HOBBIX TOPENOK Ha
a’POIMHAMHUYECKYIO CTPYKTYPY MOTOKa Ha BBIXOJAE M3 COIUIA TOPENKU. B cTarbe mpHBOAWUTCS KpaTKoe
OIMCaHNe OCHOBAHMM JUIsl pa3pabOTKU HOBOTO PEIICHHS C PACYETOM HOBBIX KOHCTPYKTHUBHBIX JIEMEHTOB
U PeXHMHBIX MapaMeTpoB JABYX BapHaHTOB Mojienell HOBOM ropeiku. [lpuBeneH pacuer moporpena
YaCTHL[ MBUICYTOJBHOTO TOIUIMBA IpPH 33JaHHBIX PEKHMHBIX MapaMeTpax KaXJI0ro U3 IOTOKOB -
a’pOCMECH U BTOPHUYHOTO BO3yXa.

Knwouegvle cnoea: BBHICOKO30JBHBIA YTONb, NMPOOIEMBbI COKUTaHWS, BUXPEBBIE IBUICYTOJIbHBIC
TOpEINIKH, HOBOE KOHCTPYKTUBHOE pEIlICHHE.
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MPHTH 44.31.35

3. K. TembipkanoBa', J. A. Cepuxos'

1 o
AnMaTHHCKHI YHUBCPCUTECT DHCPICTHUKHU U CBA3H, T. AJ'IMaTBI, Kazaxcran

PACUET MAPAMETPOB YXOJSAIINAX I'A30B HA BBIXO/IE 13 TOITIOYHOM
KAMEPDBI KOTJIA BK3-130-100, ATOII-1 C UCIIOJIb3OBAHUEM ANSYS FLUENT

Annomayusa. Duepretnka KaszaxcraHa, Kak W DJHEpreTHMKa IJIIO0OH CTpaHBI, HYyKIaeTca B
YJIyUIIEHUH U MOBBIIEHNH 3G GEKTUBHOCTH MCIOIb30BAHMSI TOIUIMBHBIX PECYPCOB CTPAHBI C BHEAPEHUEM
HOBBIX HHHOBAIIMOHHBIX TEXHOJIOTHH.

B cratee mpezicTaBieHsl pe3yibTaThl YMCIEHHOTO MOJAEIHPOBAHMS TPOLIECCOB TOPEHMS yriei
Kaparanguackoro yrompHOro OacceiiHa. TpexMepHBIf pacyeT UYHCIEHHOTO  MOJEIHPOBAHUSA
npousBoamics Ha mporpammHoM obecrneueHnr ANSYS Fluent. Kpome storo, 0pu10 mpom3BeneHO
MOJIeIMpOoBaHue mpoleccoB ropenust B Tomnke kotiga bK3-130-100 mpu cxxuraHum yris C CyIIKOH
MmetonoM cBepxBbicokux yactoT (CBY) u 6e3 nee. Ilo pesynbratam HcciaelOBaHUST MOXKHO YBHJICTb
Bo3zzeiictBue CBY Ha yrousb: pacnpeziesieHle TeMIeparypbl B 00beMe TOITOYHOM KaMepbl, KOHLIEHTPaLuu
OKCHJIOB a30Ta HA BBIXOJIE U3 TONKHU KOTJIA. J[aH aHAIN3 [TOJIyYEHHBIX JaHHBIX.

Kniouegvie cnosa: ropeHue yris, TONOYHAs KaMepa, CBEPX BBICOKME 4YacCTOTbI, TOKCUYHbIE
BEIIIECTBA.

MCTOL[I)I TPEXMCPHOI'0 YHUCJICHHOIO MOJACIHUPOBAHUS SABJIACTCA YI[O6HI)IM HHCTPYMCHTOM
Ipu U3y4YCHHUU NPOU3BOJCTBCHHLBIX IMPOLCCCOB, KOrAa HET BO3MOXHOCTH HU3MCHSATH MapaMCTPhI
Ha JIelicTByIOIIEM 00bekTe. Takum nmpuMepoM SIBISETCS MOAEINPOBAHUE IIPOLIECCOB FOPEHUs B
TOINKC KOTJIOB IIPU HUCIIOJB30BAHUUN PA3ZJIMYHBIX MCTOAOB IMOBBIIIICHUA 3(1)(1)CKTI/IBHOCTI/I ropCHUA
yIJIA.

COBpeMeHHLIe MCTOAbI YUCJICHHOTO MOACIIMPOBAHUSA TTO3BOJIAIOT YCIICHIHO MOJACIUPOBATH
CIIO)KHBIE TPOLIECCHI TOPEHHs, M, KaK CIIEACTBHE, MPOIecC 0O0pa30BaHMs TOKCHYHBIX BEIIECTB.
MozenupoBaHHe MPOLIECCOB TOPEHUS U TEIUNIOOOMEHa B 00bEME TOMOYHOH KaMepbl TO3BOJISIOT
U3Y4YHTh JIOKAJIBHOE paclpelielieHHe TEMIepaTyp M0 CEYCHUIO C YYETOM THUAPOIMHAMHYECKHX
IPOLIECCOB.

MHOro4ucjaeHHbIMHU AdBTOpaMHu ObLIH CO3/IaHbl TPCXMCPHBIC MOACIIN TOIIOK KOTJIOB [2-5],
KOTOPBIC aKTyaJIbHBI C TOYKH 3PCHHUA SKOJIOI'MH. C sTHx HOSI/IHI/Iﬁ BayKHOM 3a)1aqel71 SIBJISICTCA
U3y4YEeHHE IPOLECCOB OOpa30BaHUSA OKCHIOB a30Ta. OTH MNpoOJIeMbl SBISIOTCA OCOOEHHO
SHAYMMBIMU JJISI KPYIIHBIX METAaIloJrCOB, IAC CYIIECTBYIOT HpO6J’I€MLI C BKOHOFHCﬁ, CBA3aHHBIX
¢ OOJIBIIMM KOJMYECTBOM BBIOPOCOB BpeAHBIX BellecTB (momumo ropoackux TOLI, aBro- u
aBUATPAHCIIOPT SBJISAIOTCS CYIIECTBEHHBIMHU 3arpsI3HUTENSIMU aTMOC(EPHOTO BO3TyXa).

1 MopeanpoBaHue NPOLECCOB rOPEHHUs U TeIVIOOOMeHA B TONOYHON Kamepe

B o0meM ciyuae TpeXMEpHBI pacdeT TOIOYHOIO IPOLECCca C MOMOILBIO IIPOrPaMMHOIO
komriekca ANSYS Fluent ocHOBBIBaeTCS Ha COBMECTHOM UHCIIEHHOM pEIIEHUH ypaBHEHHUH
Hagpe-CtoKca, ypaBHEHUH NepeHOca TEPMOXUMHUYECKONW SHEPIHH, YPaBHEHUH TypOyIeHTHOCTH,
nepeHoca SHEPTruM paaualuei, Habopa ypaBHEHHH MepeHoca TUCKPETHOU (a3bl (4acTHI] yIiis),
ypaBHEHUW TEpPEeHOCA pEearupyroInx KOMIIOHEHT Ta30BOM ¢asbl, ypaBHEHHUN XHUMHYECKOM
KHUHETHKU.

Metoauka pacdyé€ra TOIOYHOIO IIPOLIECCa, BKJIIOYAET B ce0sl OMMCAHHUE CJIETYIOIINUX
(u3NYECKUX MTPOLIECCOB!

- TypOyJIEHTHOE TE€UECHHE BSI3KOH pearupyromieil mbuiera3oBoii CMECH Ha OCHOBE PELICHHUs
YIOMSIHYTOU BBIIIECUCTEMBI YPABHEHUIA;

- IBIDKEHUE U CrOpaHMEe YacTHIl YIJIA B 3TOM rasze C y4eToM (PpakIMOHHOI'O COCTaBa,
oOMeHa sHepruei, Maccoil 1 UMIYJIbCOM;

- IEPEHOC TEIUIOBOM SHEPIUU paJualiell, BKIIIoUas N3Iy4YeHUe CaMoro rasa;
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- 00MeH 3Heprueil ¢ 3kpaHaMH TOITOYHOU KaMephl;

- MEXaHU3MbI 00pPa30BaHUs BPEIHBIX BHIOPOCOB.

Ha pucynke 1 mpencraBiena tpexmepHas monenb kotia BK3-160-100. Tomka xotna
COCTOHUT M3: TONOYHBIX IKPAHOB, MBLICYTOJIbHBIX TOPETIOK, BBIXOJHOIO Y4aCTKA.

BbIX0A W3 TOMKK

MblneyronbHbIe ropenku

O6nacTb ropeHua

Pucynok 1 — TpexmepHast Mozienb TornouHoi kamepsl kotia bK3-160-100 (E-160-100)

IIpy MonenupoBaHMM HCIIOJB30BAIOCH JBAa BUAA KaMeHHOro yris KaparanamHckoro
Oacceiina, ucnomab3ytouuxcs Ha AnmaruHckoid TOL[-1. CocraBbl TOIUIMBA NpPEICTaBIECHBI B
tabmuue 1. B mepBoM BapuaHTe B COCTaB TOIUIMBAa BXOAMUT Biara (Boja), BTOPOM BapUaHT
MpeanoaaraeT OYMCTKY TOIUIMBA OT Biaru (cymiky) npu nomoiu CBY-reneparopa.

TomnmMBo B TOM BHJIE, B KAKOM OHO IMOCTyHaeT K MOTpeOUTeNt0, Ha3bIBaeTcs pabouum, a
BEIIECTBO, COCTaBIsfOIIee ero — pabouedl Maccoil. B aieMeHTapHBII XMMHUYECKHI COCTaB
TOILUIMBA BXOZAT roprouue cocrasistomue: yraepon C, somopox H, cepa S. Kpome Ttoro, B
coctaB TomiauMBa BxomAT kuciopog O, asor N, a Takke MHUHEpalbHble IPUMECH,
IpeBpallaroIecs pU CKUTAHUK TOILIMBA B 3001y A.

[Ipenmosioraercs, 4To CyIIKa TOIUIMBA MPUBOANUT K CHHXKEHUIO 00pa30BaHUN Cepbl, 30JIbI U
BJIArU.

[Tpu MoenupoOBaHUY IETAINCH CIEAYIOIINE YIPOILIEHUS:

1. Temneparypa TomnuBa paBHa 600, 4TO COOTBETCTBYET TEMIIEpaType MOAOIPETOro
BO3/lyXa IOCJIE BO31yXOIO0I0TpeBaTENEH.

2. He yuuteiBasach cucreMa IMoJay TOIUIMBA, T. €. HE MOJAEIUPOBAIach KOHCTPYKIHS
TOPEJIKH, YTO SABJISIETCS] BAXKHOUM COCTABIISAOIIEH.

3. He MopenupoBaics AbIMOCOC, T. €. OTCYTCBYeT pa3psDKEHHE Ha BXOJAE B
TOPU30HTAIIBHBIN Ta30X0/ KOTJIA.

4. OcHOBHOM yINOp JAeNajlcsd Ha BIUSHUE XMMHMYECKOIO COCTaBa TOIUIMBA, a HE Ha
KOHCTPYKIIMOHHBIE OCOOCHHOCTH KOTJIA.

Tabmuia 1 — Cpennuii snemenTapHsiii coctaB Kaparanauckoro yris, coriacHo [4]
[TapameTp c? HP o’ NP | S AP wP Cymma, %
Brnaxxusiii 65 5 8 3 2 7 10 100
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Pe3yabTaTsl

Ha pucynke 2 npencraBieHbl TeMIepaTypHble MOJS B TONKe KotTia. M3 pucyHka BUIHO,
YTO NpHU CYyIIKE TOIJIMBA CPEIHSs TeMIlepaTypa B 30HE TOPEHMsI CHUXKAETCs, YTO CHMXKAET
BEpPOSATHOCTH  00Opa3oBaHUS  OKCHAOB  a30Ta. Takke W3  pUCYHKa  BHAHO, YTO
BBICOKOTEMIIEpAaTypHasl 30Ha HAaXOAMTCS B 30HE 3aJHEr0 3KpaHa TONKU KOTJIA, YTO MOXKET
KOCBEHHO MOBJIMATH Ha HAJAECKHOCTh pabOTHI 000pY0BaHUS.

a — TOILTUBO 0e3 CYIIKH, O — TOTUTHBO C CYIITKOM.

Pucynok 2 — TemrniepaTypHble TI0JIS B TOIIKE KOTJIa

Ha pucynke 3 npezicraBiieHa 3aBUCUMOCTb SMUCCUU OKCHJIOB a30Ta HA BBIXOJE U3 TOIKHU
KOTJIa B 3aBHCHUMOCTH OT pacxofa TomuiuBa. Kak BHIHO U3 TpadUKOB, IMHCCHS OKCHUIOB C
cpenHeMm cHmxkaetcs B 1,2-1,5 pasa 3a cueT cymku TorummMBa. PacxoJl TOTUIMBa BapbUPOBAJICS B
muanazone 1 — 10 kr/c. Pacuet Obu1 npoBeaen ucxons uz KIIJ[ kotna 92% u Hu3miel TermioTs
Cropanust TOTuIMBa paBHo 23 MJxK/KT.

3aMeTHO, YTO pa3HHIAa MEXAYy SMHUCCUSIMU BO3pPACTET NPU YBEIUYEHUH pacxoja TOILINBA,
9TO OOBSCHSETCS OKCIOHEHIIMAIBHON 3aBHUCHMOCTBIO O0O0pa3oBaHUs OKCHIOB a30Ta OT
TEMIEPATyPHI.
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NOx, [@15%02], ppm
[ (O8] = i [=)] ~ o0 o
[a=] o (e=] (e o o [a=) o

—
[a=]

5 10

—

Pacxo Tonnmea, Kr/c

e \OX (C CYLIKOW) === NoX (603 CYILKH)

Pucynok 3 — 3aBUCHMMOCTb KOHIICHTPALIMM OKCHJIOB a30Ta OT pacxo/1a TOTUIMBA
Ha pI/ICyHKe 4 HpeI[CTaBJ'IeHa 3aBUCUMOCTDH TeMnepaTprI Ha BBIXOAC U3 TOIIKH KOTJIa, HpI/I
pa3iMuYHBIX pacxoiax ToruBa. Kak BUAHO W3 rpaduKoB, yBEIMYEHHE pacxoja TOIUIHMBA

IPUBOJUT K POCTY TEMIIEpaTyphbl OTXOSAIIMX ra3oB, YTO MOXHO OOBSICHUTH YBEIUYEHHEM

TEIJIOBBIIEIICHUS B TOIIKE.
N3 pucyHka BHJIHO, YTO TEMIEPATypbl PACTYT PABHOMEPHO, YTO IIOJITBEPKAAECT
SKCIIOHEHIIMAJIBHYIO 3aBUCUMOCTb OKCHUJIOB a30Ta OT TEMIIEPATYPBL.

3000
2500
2000

1500

Temneparypa, K

1000

500

1 5 10

Pacxoj, Tonauea, Kr/c

e Nox (C cywiKoit) === Nox (6e3 cywkm)

PI/ICYHOK 4 — 3aBUCHMOCTD TCMIICPATYPhI HA BBIXOAC U3 TOIIKH
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BriBoabI

Hcxons U3 NpOBEJCHHOIO aHAJIN3a MOYKHO CIENATh CIEAYIOIINE BBIBOIBL:

- U3 npeacTaBiaeHHOro aHaiM3a, BUAHO, YTO OCHOBHAS 4acTh OKCHUIOB a30Ta 00pas3yercs B
30HE BBICOKUX TeMpeaTyp B BEPXHEW M HIKHEM paJuallMOHHON 4acTu KOTioB. Mcxoxs us sToro,
MOKHO CKa3aTh, YTO OCHOBHAasl YacThb OKCHUIOB a30Ta 0Opa3yercs B TONKE KOTJIA U OTCYTCTBYET
HEOOXOMMOCTh MOJIETIMPOBAHUS TOJTYypaJMallMOHHBIX M KOHBEKTHUBHBIX YacTeld KOTJIOB IIpH
W3YYCHUH BIIVSIHUSA CYILLIKU TOILUIMBA.

- HeobxomumMo uccnenoBarh BIMSHUE TEXHUYECKUX MapaMeTpOB KOTEJIBHBIX YCTAHOBOK Ha
HpoIiecchl 00pa30BaHuUs OKCHIOB a30Ta.
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ANSYS FLUENT-1i KOJIJAHY APKbBIJIBI A’K90-1, BK3-130-100 KASAHAbIFbIHbBIH KAHY
KAMEPACBIHBIH IIBIFBICBIHAATBI IIBITBIC 'A3IAPABIH HAPAMETPJIEPIH
ECENTEY

9. K. Tembipkanosa', J. A. Cepuxon'

' AlIMatBI SHepreTHKa XaHe GaliIaHbIC yHIBEPCHTET], AIMaThI K., Kasakcram

Anoamna. Ke3 KenreH MEMIICKETTIH DHEPreTHKAChl CHAKTHI Ka3zaKCTaHHBIH DHEPreTHKAChl >KaHa
WHHOBAITMSIUIBIK ~ TEXHOJOTHSUIAP/ABI  €HTI3y apKbUIBI MEMIJIEKETTIH OTBIH pEeCypCTapblH  KOJNJaHyIaFbl
THIMALTIKTIH JKOFapbUTaybl MEH KaKCAPYhIH KKET €TeIi.

Hakrer makanmaga Kaparanibsl kemip OacceiiHiHIH KeMIpJEpiHIH JKaHy MPOLECIHIH CaHIIbIK
MOJACNACYIHIH HOTmwKenepi kenrtipinred. Cauaslik wmonenaeyaiy ymecem ecedi ANSYS  Fluent
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OarmapiaManblK KaMTaMachl3IaHABIPYBIHA KYprizinred. Aca xoraprsl xuinikneH (AXOK) xoHe oHCBI3
KemTipy aaictepiMer keMipai xary ke3ingeri BK3-130-100 ka3zanapIK MENIiHiH ilIiHIE *KaHy MPOLECiHIH
MOJeNbACyl Kypriziiren OonareiH. 3eprrey HoTiKenepi OoitbiHma AXOK kemipre ocepin kepyre
Oonmazpl: KaHy KaMEpachIHBIH KOJIEMIHIEr1 TeMIlepaTypaHblH O6liHyiH, Ka3aHIBIK TICIIiHIH
IIBIFBICBIHAAFE  a30T OKCHITEPIHIH KOHIICHTPAITUSACHIH. AJIBIHFAH MOJIIMETTEpre Tajjay >Kypri3uri
OTKCH.

Kinmmixk co30ep: KoMip/iiH KaHybI, )KaHy KaMepachl, aca )OFaPFbl JKULTIKTEP, YJIbI 3aTTap.

CALCULATION OF PARAMETERS OF LEAVING GASES AT THE OUTPUT OF
FIREBOX OF THE BOILER BCP-130-100, ATHC-1 BOILER WITH USING ANSYS FLUENT

E. K. Temyrkanova', E. A. Serikov'

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

Abstract. Power Engineering of Kazakhstan as well as Power Engineering of any country needs
improvement and increase of efficiency of the use of fuel resources of the country with the introduction of
new innovative technologies. The results of numerical simulation of coal combustion processes of the
Karaganda coal pool are presented in this article. Three-dimensional calculation of numerical simulation
was made on software ANSYS FLUENT. Simulation of combustion processes in the firebox chamber of
caldron BCP-130-100 at incineration of coal with drying by a method of over-high frequencies (OHF)
and without it was conducted. On results of research it is possible to see the impact of OHF on coal:
distribution of temperature in the volume of firebox chamber, concentrations of oxides of nitrogen on an
output from heating of caldron. The analysis of the obtained data is conducted.

Key words: burning of coal, firebox chamber, over-high frequencies, toxic.
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ABTOMATHKA. HHO®OPMAIIHOHHBIE TEXHOJIOI'UH

IRSTI 621.317

S. G. Khan', A. E. Tashibayeval, G. Bukayeva]

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

DEVELOPMENT OF PROGRAM FOR ESTIMATING CORIOLIS FLOWMETERS’
MEASUREMENT UNCERTAINTY

Abstract. The relevance of the scientific work is connected with the necessity to conduct periodic
verification of coriolis flowmeters installed on commercial points providing registration of oil and oil
products in order to control their accuracy and working performance.

Existing methods for verification of coriolis flowmeters include the error calculation (of the error)
of the measuring instruments to be verified. Development of program for estimating of uncertainty
measurements is due to the requirement of the metrological service of the Republic of Kazakhstan,
connected with the inclusion of measuring instruments of uncertainty calculation of their measurement
results in the verification procedure.

The developed program for evaluating the uncertainty measurement of three types of coriolis
flowmeters included in the State Register of Measuring Instruments of the Republic of Kazakhstan, in the
graphical programming environment LabVIEW 2014 is described.

The results of verification of the Optimass 2000 coriolis flowmeter with the MFC 300 converter are
presented, standard uncertainties of type A and type B, the total and extended uncertainties of the error of
the flowmeter under test (check) are calculated, and the uncertainty budget for the measurement is
compiled.

Key words: calculation of measurement uncertainty, verification procedure, Coriolis flowmeter,
LabVIEW 2014.

Commercial units for accounting oil and petroleum products have aim to measure the net
weight of oil, technological and quality parameters of oil, as well as for display (indication) and
recording of measurement results.

The error of accounting oil is an uncertainty that can include any kind of loss: direct losses,
additions, etc. The sign of the error (positive or negative) has no value, because the positive error
for one party (for example, for the supplier) will be negative for the other party (for the
consumer). In any case, there is the possibility of covering losses or acquiring a non-existent
quantity of the product by one or the other party. Quite large quantities of such oil and oil
products existing only on paper, circulate in documents and are basis for mutual settlements are
made on them. From this point of view, the error in measuring the mass of oil, or some fraction
of it, can be equated to direct losses. If the accuracy of measurements is increased, then the
difference between the previous and the achieved error values can be considered as an additional
amount of oil saved and introduced into the national economic turnover.

Following this, increasing the accuracy of measuring the amount of oil is one of the main
tasks at commercial points providing oil and oil products registration. Measurements of the
amount of oil are carried out by high-precision mass coriolis flowmeters. In order to control the
accuracy of the measurement, they are periodically verified (calibration), according to the
accepted procedure [1]. The result of this verification procedure for coriolis flowmeters is the
calculation of the error and the conclusion on the suitability of the measuring instrument for
operation.

However, Kazakhstan's accession to the world community requires the restructuring and
harmonization of the national system of technical regulation, in particular, the transition to
international practice of work in the field of compliance in meanwhile of performance of
operations such as verification and calibration of measuring instruments, in particular, the
transition from the evaluation of error measurement tools to the evaluation of uncertainty
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measurement tools according to the International Guidelines for the estimation of uncertainty
measurement [2].

In this paper, a program is developed to calculate the uncertainty of the result of a coriolis
flowmeter measurement.

The uncertainty of the measurement results is processed according to the algorithm shown
in Figure 1.

1

Determination of the sensitivity
coefficients ci

equation y=f(X1...Xn)

! : !

Calculating the contribution of
uncertainties

’7 The construction of the measurement

2

An estimate of the input

quantities X1...Xn L
- 7
¢ Calculation of the budget of
- 3 uncertainty, coverage factors
| Calculation uncertainty by type (coefficient)
A

I iy :
Calculation of total and
expended uncertainty

- 4

| Calculation uncertainty by type
B

o ¥

Record of

meaanrement reanlt

Figure 1 - General algorithm for estimating the uncertainty

Block 1. The measurement equation expresses the relationship between the output quantity
Y and the input values of X1..Xn. In the obtained values corrections for known systematic
effects are added. These corrections are introduced into the model equation as input quantities
and themselves are sources of uncertainty [3].

In the case of mass flow measurements made by a coriolis flowmeter, the equation of
measurement will be the following way:

M = M + 5zerostab. + 5disc.p + 5disc.l + 5accur. > (1)

where M - the measured value of mass flow (taken as an arithmetic mean);
O 4., - typical measured error in the presence of a discrepancy between the setting

temperature of the zero point and the operating temperature;
o dsep " typical measured error in the presence of a discrepancy between the

pressure of the zero point adjustment and the operating pressure;
§ze1‘ostab - Z€ro pOint Stablllty,

o - accuracy of readings.
accur ..

Block 2. The initial data for calculating the uncertainty of type "A" are the results of mass
flow measurements obtained with the Coriolis flowmeter. The zero stability, the accuracy of the
readings, and the typical measured error in the presence of a discrepancy between the zero point
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setting temperature and the operating temperature, a typical measured error in the presence of a
discrepancy between pressure the zero point adjustment and the operating pressure are the initial
data for calculating the uncertainty of the Coriolis flowmeter measurements of type B.

Block 3. The standard measurement uncertainty of type "A" (u,) is estimated by the
method of statistical processing of the results of multiple measurements.

Block 4. In the "B" type estimation, the values of the standard uncertainty (i) are obtained
from the apriori probability density function, namely, the assumed probability density function,
based on the degree of confidence that the event will occur.

Block 5. The sensitivity coefficients ci show how the estimate of the output variable Y
varies with the estimates of the input quantities X; ... X,. They are found as partial derivatives of
the output quantity for each of the input quantities, estimated at the values of the input quantities.
For the mass flow case under consideration, all the sensitivity coefficients are equal to one.

Block 6. The contribution of the uncertainty of each input variable X to the uncertainty of
the measured quantity Y (the total uncertainty - u.) is defined as the product of the sensitivity
coefficient for the uncertainty of the corresponding input quantity.

Block 7. The uncertainty budget should contain a list of all input values, their estimates,
together including their standard uncertainties of measurements and distribution laws.

Block 8. The total standard uncertainty is calculated by the formula:

ue =Austu, (2)

The extended uncertainty is calculated by the formula:
U=kxu, . 3)

where k-coverage coefficient.

The created program allows to estimate uncertainties of measurements of three types of
Coriolis flowmeters included in the State register of measuring instruments of the Republic of
Kazakhstan [4]: Optimass 2000 with converter MFC 300, Sitrans FC 430, Rotamass of RCCS,
RCCT, RCCF, RCCR. The program for calculating the uncertainty of measurements of Coriolis
flowmeters is created in the graphical programming environment LabVIEW 2014, and contains
the following tabs: "Input of source data", "Uncertainty calculation by type "A", "Uncertainty
calculation by type "B", "Calculation of total and expanded uncertainty", "Budget of
uncertainty".

The calculation of the uncertainty measurements of the Optimass 2000 Coriolis flowmeter
with the MFC 300 converter [5] is considered at the operating temperature of the process
41.8367°C, with the working pressure of the process 13.9923 bar using the created program. The
standard values of the input parameters: diameter of the conditional pass - 100 mm, the impact of
operating pressure fluctuations on the zero point of the primary converter - 0.0002% of the
maximum flow per 1 bar; the influence of operating temperature fluctuations on the zero point of
the primary converter is 0.0004% of the maximum flow rate by 1°C, zero point stability is 7 kg /
h, the accuracy of the readings is 0.1% of the measured flow rate + zero point stability.

On the first tab of the developed "Initial Data" program, the type of flowmeter, the
diameter of its conditional pass, and the operating parameters of the process are selected.

To calculate the uncertainty of type "A", go to tab 2 (Figure 2). When you click "The
Calculate Uncertainty by Type "A" button, the values of the arithmetic mean of the flow, the
standard deviation of observations, and the standard uncertainty of type "A" are calculated.
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Figure 2 - The program tab "Type A uncertainty"

To calculate the uncertainty of type "B", go to tab 3 (Figure 3).

Figure 3 - Tab of the program "Type B uncertainty"

For calculations from the developed database of flowmeter parameters, the values of
maximum flow, zero stability, calibration temperature and calibration pressure are entered,
which are taken from the technical documentation for the selected flowmeter. When you click
"The Calculate Uncertainty by Type "B" button, intermediate values: the accuracy of the
readings, the effect of the operating pressure fluctuations on the zero point of the primary
transducer, the effect of operating temperature fluctuations on the zero point of the primary
converter) and the standard uncertainty value of type "B" are calculated.

The next stage (the next program tab) is the budgeting of uncertainties (Figure 4).

The uncertainty budget is a resulting table containing a list of all input variables X ... Xy,
their estimates, together including the standard uncertainties of the measurements u(Xj)
belonging to them and the laws of their distribution.

The final stage includes the calculation of the total and expanded uncertainties and the
output of the measurement result. The obtained result of measurements of the mass flow of the
Coriolis flowmeter Optimass 2000, obtained with the help of the developed program M = (400+
0.4) t / h, P =0.95, shows that the uncertainty measurement is 0.4 t / h or 0.1% of the measured
flow, which agrees well is complied with the accuracy of the readings of the selected flowmeter:
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0.1% of the measured flow rate + zero point stability, and indicates the adequacy of the accepted
mathematical error model of the coriolis flowmeter.

Figure 4 - The tab of the "Uncertainty budget" program
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KOPHUOJIMC WbIFbIH OJIHIETTIHTEPIHIH
OJILIEY BEJTICI3AII'TH BATAJIAY YIIIH BAFTJAPJIAMA KYPY

C.T.Xan', A. E. Tamn6aesa', I'. Bykaea'

1 o .
Anmartel OHCPICTHUKA JKOHC OaliaHbIC YHHUBCPCUTCTI, Anmatel K., KaSaKCTaH

Anoamna. YXyMBICTBIH ©3€KTIJIT MYHa/Ibl ecelKke ajxy TOpanTapblHa OpHATBUIFAH KOPHOJINC
IIBIFBIH OJIIICTIIITEPIHIH JSJIN MEH THIMJAUITIH 0aKpulay MaKCaThIHJA ©TKI3UIETIH Mep3iMIi TeKcepy
Ka)KeTTUTIriIMeH OallJIaHBICTHI.

Kazipri ke3me KOJMZaHBICTAFBI KOPHOJIMC IIBIFBIH  OJIIETIMTEPIHIH TEKCepy omicTeMenepi
TEKCEepiNeTiH oJIey KypalAapblHBIH KATeNiKTEepiH ecenTeyli KamTuAbl. ©Omnmey Oenrici3airin
OaramalTeIH OarJapiaMaHbl KYPacTHIPYABIH KaKETTUIIr eJIey KYpalJapblHBIH TeKcepy oaicTeMeciHe
oIy HOTMKENIEPIHACTI OCNTICI3MIKTIH ecenTteMeciH Kocy KP MeTpoJIOTHSIIBIK KBI3METTIH TalaObIHA
0aliIaHBICTBI OOJIBIIT OTHIP.

LabVIEW 2014 rpadukansik Oargapiamay opraceinga KP MOX rizinmimine eHrizinren ym Typii
KOPHOJIUC IIBIFBIH OJIIIETIMTEPIHIH 6JIIIIey OeNTici3miria OaraTaiTeIH OaFraapiaMachkl CHITATTaIFaH.

Optimass 2000 KOPHOJIMC WIBIFBIH OJIIETIIIIH CaJBICTBIPBIN TEKCEPY HOTHIKENEpi KeNTipiireH, A
XoHe B THNTI cTaHIApTTHIK OeNrici3AiKTepl XKoHEe TEeKCEPUIeTiH OIILETiIITiH )KUBIHTHIK )KOHE KeHEHUTITeH
Oenrici3miKTepi ecenTemin, oiey Oenrici3iriHiH 0r0KeTi KypacThIPbUIFaH.

Kinmmik ce3dep: eniiey OCNTICI3MITiH eCENTey, TEKCEPY dAICTEMEC], KOPHOIHC IIBIFBIH OJIIIETI,
LabVIEW 2014.

PA3PABOTKA ITIPOTPAMMBI PACUETA HEONPEJIEJEHHOCTH U3MEPEHU
KOPUOJIMCOBBIX PACXOJIOMEPOB

C.T.Xan', A. E. Tamu6aesa', I'. Bykaesa'

! AIMaTHHCKHiT yHHBEPCHTET SHEPTETHKH U CBs3H, T. AlMathl, Kasaxcran

Annomayus. AKTyalbHOCTb paOOThI CBA3aHA C HEOOXOAMMOCTBIO HMPOBEICHUS MEPUOTMUCCKHX
MOBEPOK KOPHOJIMCOBBIX PACXOAOMEPOB, YCTAHOBICHHBIX Ha KOMMEPUECKHX y3JaX ydera HedTH U
HEPTEMPOILYKTOB, C IIEIBI0 KOHTPOJISI KX TOYHOCTH U paboTOCIIOCOOHOCTH.

Cy1ecTByIomye METOAMKH MOBEPKH KOPHOJIHMCOBBIX PAacXOJOMEPOB BKIIOYAIOT B ceds pacuer
HOTIPEIIHOCTH MOBEPSIEMbIX CPEACTB M3MepeHus. Pa3paboTka mporpaMmel pacyeTra HEONPEAEIeHHOCTH
U3MepeHull 00ycIoBIeHA TpeOOBAaHMEM METPOJIOTUUYECKON ciay>kObl PK, CBSI3aHHBIM ¢ BKIIIOUCHHEM B
METOJIMKY ITOBEPKH CPEJICTB U3MEPEHUI pacueTa HEONPEAEIEHHOCTH UX PE3yIbTaTOB U3MEPEHUI.

Onucana pa3paboTaHHash NpPOrpaMMa OLIEHKH HEONPEACICHHOCTH W3MEPEHHUs] TpeX THIIOB
KOPHOJMCOBBIX PAacxoJIOMEpOB, BHECEHHbIX B [OCyIapCTBEHHBIH peecTp CpelICTB H3MEpPEHU
Pecny6nuku Kaszaxcran, B cpene rpaduyeckoro nporpammupoBanus LabVIEW 2014.

[IpuBeneHsl pe3ynbTaThl MOBEPKHM KOPHOJIHCOBOTO pacxomomepa Optimass 2000, paccyuTaHbI
CTaHIAPTHbIC HEONPEIEICHHOCTH 110 TUILy A U TUIly B, cyMMapHas u pacmmpeHHasi HEOIpeAeIeHHOCTH
MOTPEIIHOCTH [TOBEPSIEMOTO PacXoA0Mepa, COCTABIICH OO/KET HEOTPEACICHHOCTH U3MEPEHHS.

Kniouegvle cnoga: pacueT HEONpPENEICHHOCTH H3MEPEHHUs, METOJUKA MOBEPKH, KOPHOJIMCOBBIN
pacxonomep, LabVIEW 2014.
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MPHTH 681.121.89.082.4

b. A. ‘{epHOBl, H. b. tIepHOBa1

1 o
AnMaTHHCKHIN YHUBCPCUTCT DHCPICTUKU U CBA3U, T. AJ'IMaTBI, Kazaxcran

MATEMATHYECKUE MOJEJIN NTAPAMETPOB, U3BMEPSEMbIX
YJbTPA3BYKOBBIM PACXOJOMEPOM

Annomayus. 3HAYCHUE PACXOJAOMEPOB JKUIKOCTH OYCHb Beauko. OHM HEOOXOIUMBI IS
yIOpaBIeHHUsS MPOU3BOJCTBOM BO MHOTHX OTPACHIAX MPOMBIIUIEHHOCTH. be3 HuUX Henb3s 00ecnednTh
ONITUMANBHBIN PEXUM TEXHOJIIOTHIECKHIX MPIIECCOB. DTH MPUOOPHI TPEOYIOTCS TaKKe Il aBTOMATH3AIIUU
IMPOU3BOJCTBA U JOCTUKCHUS IIPU 3TOM €TI0 MaKCHUMaJILHOM BQ)(I)GKTI/IBHOCTI/I.

B cratee paccmaTpuBarOTCS CYIIECTBYIOIIME U TMEPCHEKTUBHBICE MAaTEMAaTHUYECKHE MOJIEIH
YIJIBTPa3ByKOBOI'0 BPEMSUMITYJIBCHOTO pacxomomepa. [lms 0azoBoro ciydass MOIydeHO HECKOJBKO
BapUAHTOB aHAJTUTHYCCKIX MATEMATHUYECCKUX MOJIEICH CKOPOCTH MOTOKA, 00BEMHOTO pacxo/ia, CKOPOCTH
3ByKa B JKUJKOCTH, JOTIOJHUTEIHHON 3aJIep’KKH CHTHANIA U THAPOJUHAMHYECKOTO Kodddurmenra. s
CKOPOCTH TOTOKa M 00BEMHOTO Pacxo/a IMOIYIeHbI MOJENN KaK ¢ MPUMEHEHHeM, TaK U 0e3 IpUMeHEeHHs
CKOPOCTH 3ByKa B JKHJIKOCTH.

[Noka3aHo, 4TO MOAAOIIMM TPYyOONPOBOJAM HMCTOYHHUKOB TEILIa CBOWCTBEHHA TYpOYJCHTHOCTH
TedeHus TerioHocutens. OTMedaercs, 4To pa3pabOTaHHBIE MOJENN VYCIEIHO OIMpPOOOBaHBl MpHU
sKkcryaTamuy pacxogomepa «B3JIET» ma TOLI-2 r. AnMarsL.

Kniouegvle cnoea: ynbTpa3ByKOBOH PacxoIoMEpP, MATEMATHUYECKUE MOJEIH, CKOPOCTHU MOTOKA U
3ByKa, 00BEMHBIN pacxo, JOMOTHUTEIbHAS 3aIePiKKa.

VY AbTpa3ByKOBBIMU Ha3bIBAIOTCSI PACXOJOMEPHI, OCHOBAHHBIE HA MU3MEPEHUU 3aBUCAILIETO
OT pacxoja JKUAKOCTH aKyCTH4ecKOoro »3¢d@exra, BO3HHMKAIOIIEIO MpPU MPOXOXKICHUU
yIIBTPa3BYKOBBIX KOJIEOAHHWH dYepe3 MOTOK >KUAKOCTH. [J1aBHOE pacnmpocTpaHEeHHEe U3 HUX
HOJYYWJIM  BPEMSHMMITYJIBCHBIE PAcXOJOMEPBI, B KOTOPBIX H3MEpPSETCs BpeMs MNPOXOKIACHUSA
yJIbTpa3ByKoBbIX curHasioB (Y3C) 1o mOTOKY M NPOTUB HETO. J[aHHbIE PacXx0JOMEpHI MOTYUYaroT
BcE Oouiblllee MPUMEHEHHE, B TOM YHCIE Ui KOMMEpPYECKOro ydéra, Omarojaps HMIMPOKUM
Jana3oHaM TeMIepaTypbl M JaBJICHUS KOHTPOJIUPYEMOW KHJIKOCTH, OOJIBIIOMY IUAMa30HY
IuamMeTpa TpyOOomnpoBOIOB 10-10" MM, BBICOKOI TOYHOCTH u3MepeHui [3, 4].

Bce coBpeMeHHBIE YIBTPa3BYKOBBIE PACXOJOMEPHI SBISIOTCS MHUKPOIPOLIECCOPHBIMU
npubopaMu, UMEIOLIMMHU CIIOKHBIE aITOPUTMbI (PyHKIIMOHUPOBaHUS. MaremaTudeckre MoJeNn
(MM) ynpTpa3ByKOBBIX pacXOAOMEPOB MPUMEHSIOTCS MOBceMecTHO [1, 3, 4], B ToM yucie npu
WX HACTPOMKE, HaJaJKe U aHAIN3€e MOoTpenrHocTei [6-9].

Llenb nanHOM pabOThI — A€TAILHOE PACCMOTPEHHE CYIIECTBYIOIUX U epCHeKTUBHBIX MM
JUIsL  yIbTPa3BYKOBOTO  pPAacXoJloMepa, NPEACTaBISIOIIUX HMHTEpec i pa3pabOTUYMKOB
KOHTPOJIbHO-U3MEPUTEIBHBIX TPUOOPOB U COOTBETCTBYIOLIETO IKCIUTYaTallMOHHOTO MEPCOHATIA.

BpemsimMITy TbCHBIE  pacXoJOMepbl  BechbMa pa3HooOpasHbl. [loaTomMy orpaHHmYMMCS
0a30BbIM CiIy4aeM, KOT/a mapa 3JIeKTpoaKycTHYeckux mnpeodpazoBateneit (IIDA) ycranoBieHs!
B JMaMEeTpaJIbHOM IIOCKOCTH TpyOompoBoja mo Z-cxeme (0e3 OTpaxeHHsi OT BHYTpPEHHEH
noeepxHoctu TpyOomposoaa). Torma Y3C mnpoxoasT B KOHTPOJUPYEMOW >KMIKOCTH MYTh
JUIMHOHN Lg 1O HEKOTOpPBIM YTJOM 0 K ocu TpyOompoBonaa. O0o3HauuM V5 CKOPOCTh MOTOKA,
ycpenuénnyto no jumHe L (Boons ayya Y3C). E€ nmpoeknus Ha HanpaBneHue Lg Oyaet Vi cosa.
Ecniu Y3C nHanpaBneH B CTOpPOHY JBHXKEHHS IOTOKa, TO BpeMs T; mnpoxoxiaeHus Y3C
paccrosiHus Lg Oyzaet paBHO 11 = Ly /(S + Vs cosa), rae S — ckopocts Y3C (3ByKa, yIbTpa3ByKa)
B HEMOABIKHOM xuakoctu. [Ipu oOpatHoMm HarpaBinenuu Y3C BpeMs T; IPOXOKIEHUS UM TOTO
ke paccTosiHus Lp Oyaet Oombiie u paBHO T = Lg /(S - Vg cosa). [Ipuaanum 3TuM ypaBHEHUSIM
JIpYyrou BUA:

S+ Vgcoso = Lg /14 S - Vgcosa =Ly /T, (1)
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BrruuTast u3 nepsoro ypasaenus (1) Bropoe, mocie npeoOpa3oBaHUil MOKHO MOTYYHUTh:
V]; = L]; (1/’51 - 1/’[2) / 2cosa = LB (’L’z — ’E]) / (2COSOL ’L'1’E2) = LBZ(TQ — T]) / (2L0 T]’L’z), (2)

rne Lg— 6a3a mpubopa, T. €. pacCTOsIHUE MEXY U3Ty4alOIMMH OBepXHOCTAMHU [1DA;
Lo= L cosa —oceBast 6a3a mpubdopa, T. €. IPOeKIus oTpe3Ka Ly Ha 0Ch TPyOOIpoBoIa.

Torma 00bEMHBIN pacxo] MOTOKA KUIKOCTH
F=nD*VKr /4 = nD*Lg* (1 — 1)) Kr /(8Lo T172), (3)

rjae D — BHyTpEeHHUH JUaMeTp [HJIUHAPUICCKOro TPyOOIpoBo/Ia;
Kr = Ve /Vs — rugpoauHamMudeckuid Kod(hQUIMEHT, T. €. TMONPaBOYHBIA MHOXKHUTEb,
YUYUTBIBAIOITUI TIPO(HIIE CKOPOCTEH MOTOKA;
Vc— CKOpOCTh MOTOKA, yCpeAHEHHAS 10 TUIOIIAIN ceYeHHs TpyOopoBoIa.

JIOCTOMHCTBO MOJTyYeHHBIX GOpMYI (2, 3) COCTOUT B TOM, YTO B HUX HE BXOAMUT CKOPOCTb
3ByKa S, KOTOpas MOXET OBITh NepeMeHHOW u/uiu Hew3BecTHOW. OmHako TpeOyeTcs
ompenenenue t; U T,. CknaapBas ypaBHenus (1), mocie mpeoOpa3oBaHUN MOXKHO TOITYYHUTH
dbopMyIy 17151 BBIYUCIIEHUS CKOPOCTH 3BYyKa S:

S=Lg(l/ty+ 1/t1) /2 =L (11 + T0) / 211T2), 4)

dopmynbl (2-4) mpuMedaTeNbHBl TEM, YTO OHHU TMOJYYEHBI 0€3 KaKUX-JIHO0O YIPOIICHUM.
OIIHaKO HUX NPUMCHCHUC OTPAHUYUBACTCA TPYAHOCTHIO USMCPCHHUA T U Tp, 3HAYUTEILHO mpouIec
n3Mmepsiercs nouHoe Bpems 17 u 1, npoxoxaeHus Y 3C 1o u3MepUTEIbHOMY KaHamy:

Ti=v +tm; =1+ t, (5)

rne ty Wty — JONOJHUTENbHbIE CyMMapHble 3aaepkku Y3C BO BTOPHYHOM
npeoOpa3oBaresie pacxonomepa, kabensx cBszu (anuHoro a0 100 M u Oonee), B cTeHKax
TpyOonpoBoa (npu HaknagHex [19A), B 06oux [13A mpu npoxoxaenun Y3C cOOTBETCTBEHHO
10 ¥ IPOTUB MOTOKA KHUJIKOCTH.

U3 (5) nomyuum:
n=Ti-tn; 1w=Tr-inp. (6)

Henocpencreennas noacranoska (6) B (2-4) HenenecooOpa3Ha, Tak KaK BEJIMYUHBI f11 U {2

HE MOTYT OBITh pacCYMTaHbl TOYHO WJIM BOOOIIE Hen3BeCTHbl. OAHAKO MOHATHO, YTO fy U

ONMM3KU APYT K APYTY, T. €. 1 = tpp. [ BBITOJHEHUS PAaBEHCTBA /1 = 4 = 4y HEOOXoauMa

MOJTHASl UEHTHYHOCTh CBOMCTB MpuéMHoO-niepenatomiero Tpakra ¥Y3C B o0oux HampaBlieHusx. B
o011eM xe ciryJae:

Tz—leAT:Tz—l‘ﬂz—T1+l‘[[1:T2—T1—dTQ, (7)

rne dTo= tp - t — pa3HOCTh BpeMEH npoxoxaeHus Y3C npu HENOJABMXKHOM >KHUIKOCTH,
T. €. CMEILIEHUE HYJIS PacXoIoMepa.

Jia nomydeHus paboyux GopMys IO HAXOKACHUIO napamMeTpoB Vg, F, S U ¢ BBIIIOIHUM
cnenytomiee. V3 nmpuBeAEHHBIX B Hauaje cTaTbu (HOpMyNI Ui T; U Tp CIEAYeT, YTO Pa3HOCTh
BpEMEH

At=1,— 1= Lg /(S - Vscosa) - Lg /(S + Vs cosa) = 2L Vi cosa / {S*[1 — (Vg cosa /S)*]}. (8)
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CKOpOCTh 3ByKa S B JKHUIKOCTH OOBIYHO HA HECKOJBKO MOPSIKOB MPEBOCXOJUT CKOPOCTD
Vg e€ mortoka B TpyOompoBoae. Hampumep, HauMeHblIasi CKOPOCTh 3ByKa B BOJAE IpHU
armoceproM jasnenun paBHa 1403 m/c (mpu Temmeparype 0 °C), a MakCUMalibHasE CKOPOCTb
MOTOKa B YIBTPA3BYKOBHIX pacxomomepax «B3JIET» wme mnpesocxoqur 20 wm/c  [4].
Pexomenyemoe xe [4] 3HaueHme yrima o cocraiuser 45°. Orcroma cieayer: (Vs cosa /S)” =
(20-0,707/1403)* = 1,015-10*. Tlosromy MoxHO mnpeHebpeus wieHoM (V5 cosa /S)° B
3HameHatene (8) u cumtaTh, uto AT = 2L5V5 cosa /S°. Torma CKOpOCTb MOTOKA, yCPeAHEHHAS
BI10JIb JTy4da Y3C:

Vs=S’At /(2Lg cosa) = S*At /(2Lo). 9)
[Toacrasnss (9) B hopmyny (3), a1t 00bEMHOTO pacxo/ia MmoTydaem:

F =nD*VsKr /4 = nD*S’KrAt/(8Lo). (10)
B ornmume ot cootHomenuit (2, 3), B monydeHHBIX (dopmynax (9, 10) mcmomszyercs

JIOTIOJTHUTENBHBIN TTapameTp — ckopocTh 3Byka S. Ilpumenss (6, 7), npeobpaszyem (9, 10, 4)
BUILY:

V= ST, - T\ — dTo) / (2Lo); (11)
F=nD*S’Ki(T» - Ty — dT,) /(8Lo); (12)
S=LB[1/(T2-IH2)+ /(T -f);[])]/z. (13)

[Tocne ycraHOBKM M KaaMOPOBKHM HyJsS pPacxoJoMepa B IOCIEIHEM BBIPAKEHUH MOXKHO
NPUHATS {11 = {p = I ¥ 3aIIUCaTh

S=Ls[1/(Ts - tn)+ (T} - t)] / 2. (14)

AnroputwMmsl (4, 13, 14) HeoOX0oaMMBI HE TOJBKO JJI OOIIET0 MHTEPECa, HO M OMHUCHIBAIOT
BO3MOXXHBIE TPHHIMIBI PabOThl CHCTEMBl ABTOMATHYECKOTO H3MEpPEHHUsI CKOPOCTH 3BYyKa
(AHC3) B pacxomomepe [6, 8, 9], mocraBmstomnieit mHGOpMAIHIO B alTOpuUTMBI (9-12).

Tak Ha3bIBaeMasi «IOMOJHUTENIbHAS 33JEP)KKa» £ MOXKET ObITh HaiiieHa B SIBHOM BUJIE
nyTEM peleHus noiayyaemoro u3 (14) npuBea€HHOro KBaJApaTHOTO YPaBHEHHUS:

e - t(T+ Ty - L /S) + Ty Ty - Ly(Ty + T2) /(2S) = 0. (15)
OI[I/IH n3 ABYX KOpHef/'I 3TOTO ypaBHeHI/ISI ABJISICTCA UCKOMBIM 3HAYCHUECM 3az[ep>1<1<1/1:
tn=0,5(T1+ T>- Lg /S) ~{[0,5(T1 + Ts- L /S)]* + Ls(T1 + T2) /(28) - Ty T2} (16)

IIpu BBeneHuum B 3Ty GopMmyidy B pexume padOThl pacxojJoMepa «KaauOpoBKa
JIOTIOJTHUTEIBHON 3aJIep>KKW» OJHOMOMEHTHBIX BedM4MH S, 77 U 7, MOIy4yaeTcs HCKOMOE
3Ha4YEeHHUE fj;, KOTOPOE 3aIIOMHHAETCS B PaCX0OJ0MEPE U UCIOJIb3yeTcs B cucTeMe ypaBHeHui (11,
12, 14) mpu nocnenyromux Tekymwmx Beraucinenusx Vi(Ti, Tz, S), F(Ti, T, S) u S(Ti, T»),
KOTOpBIE PacXxoJOMep MPOU3BOAUT aBTOMatudecku. [Ipu 3TOM mepBoHauanbHOE 3HAYEHHE S B
pEeXHUME «KATHMOPOBKA TOTIOTHUTENBLHOM 3a1epKKI» OepETcsl U3 HACTPOEUHBIX TadbmuIl [6-9].

B mpexnux paborax [6-9] mis OLEHKHM CKOPOCTH 3BYKa MPUMEHSUIOCH OOJiee MPOCTOE
npuOIMKEHHOE BBIpaXKEHUE:

St=2Lg /(T1+T2—21[[), (17)
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13 KOTOPOTO CIEAYIOT TakxKe Oosiee mpocThie B cpaBHeHHH ¢ (16) COOTHOIICHUS:
tﬂ=0,5(T1+T2)-LB /ST; m~ 0,5(T1+T2)-L]3 /S. (18)

Ucnonwzys (5), popmyny (17) moxkno mpeobpazoBath Kk Bumy St = 2Lg /(T + T2). D10
ypaBHEHHE MOKA3bIBAET, YTO ST SBISETCS CPETHUM 3HAUEHHEM CKOPOCTH 3BYKa B KHJIKOCTHU 3a
BpeMs npoxoxaeHus Y3C B o0oux HampaBieHUsX oTpeska Lg. [Ipu HemoaBMKHOM KUIKOCTH T
=1, 1 popmybl (4) u (17) marOT OTMHAKOBBIE PE3YIBTATHI.

Menee rpomoszakoe, ueM (16), cooTHOLIEHNE Ul ONPENEIECHUS £ MOYKHO MOJIYYUTh U B
HEsSBHOM BHjIe, Harpumep, u3 (14):

ZHZO,S(Tl‘F Tz)—S'(Tz-tﬂ)'(Tl -tﬂ) /Lg. (19)

Jia peanusauuu anroput™a (19) ¢ oOpaTHBIMU CBSI3IMHU IO BEIMYUHE f MOTpedyeTcs
apudMeTHIeCcKuil OJI0K C TpeMs MEPEMHOXKHUTEISIMH U C BXOJaMHU [yt curHaioB 711, T, S.

@®opmynsr (11, 12) mnomoraroT TOHITh MNPUHIUIN ACHUCTBUS BPEMSHUMITYIHCHBIX
VIBTPa3BYKOBBIX pacxojomepoB. M3 3tux Qopmyn ciemayeT, 9YTO OJHUM U3 OCHOBHBIX
apaMeTpoB, KOTOPBIA UCHOIB3YETCS MPU U3MEPEHUU CKOPOCTH MOTOKAa U 00BEMHOIO pacxoja,
ABJISIETCSI CKOPOCTh 3BYKa S B HEMOJBMKHON KOHTPOJUPYEMOW JKHUIKOCTU. ITa CKOPOCTb
3aBUCUT OT XMMHUYECKOTO COCTaBa JKUJKOCTH, €€ TEeMIEpaTypbl M AAaBICHUS U U3MEHSAETCS B
GosbiroM auanasone [6, 9]. Tak, npu temmneparype 25 °C cKOpPOCTh 3ByKa B aBTOMOOHIILHOM
Macjie ¥ B TIHMIEpPHHE paBHa cooTBeTcTBeHHO 870 M 1904 m/c. B pacxomomepax «B3JIET» c
nomonibto cuctemsl AVC3 ocyuiecTBisieTcs U3MEPEHUE CKOPOCTU 3BYKa B KOHTPOJIMPYEMOM
’KHUJIKOCTU HEMOCPEACTBEHHO B KaXKIOM HM3MEPHUTENILHOM IMKJE, I03TOMY OHHU MOTYT padoTaTh
Ha JIFOOO0N aKyCTHUECKH MPO3payHOU KUAKOCTU. Paboyas dacTtoTa 30HIMPYIOMIETO CUTHAJA
pacxogomepa paBHa 1 MI'm.

[Tpoduns (3mropa) cKOpOCTe MOTOKA OKa3bIBAE€T CYLIECTBEHHOE BIIMSHUE Ha TOKAa3aHUS
YJIBTPa3BYKOBBIX PACX0JIOMEPOB M UX MOTpenrHoCTh. ¥ 3C pearupyer Ha yCPeIHEHHYIO 10 JUTHHE
Ly cxopocths Vg, KoTOpas Bcernga Oomble CKOpocTH Ve, YCPEeAHEHHOM MO TUIOHIAAN CEYSHHS
tpybonpoBoga [3]. Torma Ve = Kr Vg, TAe yNOMUHABIIMICS paHEe THUIAPOIMHAMHYCCKUN
kodduiment Kr < 1. OueBuaHO, 4TO 3HaUeHUEe KT 3aBUCUT OT GyHKIUU V(7), mpeacTaBisomen
c000i1 3aBUCUMOCTh CKOPOCTH YACTHI] )KUIKOCTH OT X PACCTOSIHHS 7' IO OCU TPyOOTIPOBO/IA.

Jns xapakTepUCTHUKHA  JBWXKYILUEHCA  KMIKOCTH  HMCHOJB3YETCS  Psii  TOHSTHM
TUAPOMEXaHUKH. B yCloBMsIX, KOTJa CHJIBI BSI3KOTO TPEHMsI TIOUTH HE BJIMSIOT Ha JIBIJKCHHE
JKUJKOCTH, HCIOJIB3YETCS MOJENb HACATbHOM JKUIKOCTU. B NpOTMBHOM cilyyae TrOBOpAT O
BSI3KOM JKMAKOCTHU. JIBMYKEHHE BSI3KOM KUIAKOCTH, MPU KOTOPOM €€ OTIEIBHBIE CIOH CKOJIB3AT
OTHOCHUTENIHO JIpyr JApyra, HE MEepeMEelINBasCh, HA3bIBAETCS JIAMUHAPHBIM WM CIOHCTBIM.
OcoOeHHOCTBIO  JITAMMHAPHOTO  TEUEHHUS  SBIAETCS €ro  peryjsipHocTb.  JIBukeHue,
COTMPOBOXKAAIOIIEECS MHTEHCUBHBIM TMEPEMEIINBAHUEM CIOEB, MyNbCAllUsIMU U OOpa3oBaHUEM
BUXpEH, Ha3bIBaCTCS TypOYyJICHTHBIM. BBICTpBIC W HEperyJIIpHbIe U3MEHEHHUS MOTOKA KUIKOCTH
npu TypOyJIEHTHOM T€YSHHH MPOUCXOIAT HE U3-32 U3MEHEHUH AEMCTBYIONIUX CUJT HJIM BHEITHUX
BO3JICUCTBHI, a BCJIEICTBHE HEYCTOWYMBOCTH JIAMHUHAPHOTO TEUEHUS TMPHU ONPeaeIEHHBIX
ycnoBusx [1, 5].

CBoiicTBa KHUJKOCTU XapaKTEPU3YIOTCS €€ IJIOTHOCTHIO, BSI3KOCTHIO M CKUMAEMOCTBIO.
BmecTo cxuMaeMOCTH MOKET HCIOJIb30BaThCA CKOPOCTh 3ByKa B KUAKOCTU. l[loBeneHue
JBIDKYIICHCS JKUJIKOCTA 3aBUCUT OT OTHOCHTEIBHOW POJU JUHAMHYECKOTO COMPOTHUBIICHUS
(MHepIMH) U BSI3KOTO TPEHUS M XapakTepusyeTcs yucioMm PeiiHonbiaca Re. Dto uuncnio, a Takxke
gucna @pynma F, Crpyxanst Sh m Maxa M sBnstorcss Oe3pa3MEpHBIMH YHUCIIAMH 3aKOHA
TUAPOMEXAHUYECKOTO MOT00US TEUSHHIA.

[Ipu TeyeHWM S>KUAKOCTH B JJIMHHBIX TpyOax uucino PeitHonmbaca omnpenensercs
cnenyromum obpasom [1, 5]:
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Re=DpVc/m=DVc v, (20)

rje p — IWIOTHOCTh XUIKOCTH;
N =p V- IMHAMUYecKas BA3KOCTh WIH KOA((ULIHUEHT BI3KOTO TPEHUS KUIKOCTH;
V — KHHEMaTU4eCKasl BSI3KOCTb KUJKOCTH.
[Ipu ocecummeTprUIHOM TYypOYJICHTHOM JBHMYKEHUHU KUIKOCTH U3BECTHBI ypaBHEHUs [3]:

V(r) = Vu(1- ¥/ R™, Kr(n) =2n/2n +1), (21)

rae V, — MakcuMajbHas CKOPOCTh MIOTOKA B IIEHTPE TPYOHI;
R — BHyTpeHHHUH paauyc TpyOOIpoBO/Ia;
n — ToKa3aTelb, 3aBUCAIINN OT O6e3pa3MepHoro uncia PeitHonbaca Re.

Ipu uncnax Re, pasueix 4-10%; 2,3-10% 1,1-10% 1,1-10% 3,2-10°, mMeeM coOTBETCTBEHHO
3HaueHus n, paBaeie 6,0; 6,6; 7,0; 8,8; 10,0. Takum obpazom, npu yBenuueHuu Re ot 4-10° no
3,2-106 koadurment Kr Bo3pactaet ot 0,9231 o 0,9524.

Kpome Ttoro, umerorcsi ¢opmyinbl [3], MO3BOJISIONINE HAMPsAMYIO ompeaensite Kr 06e3
UCTIOJIb30BaHUS TIOKA3ATEIS 71:

Kr(Re) = 1/[1+0,011(6,25 + 431Re **#")*]; Kr(Re)=1/(1,119-0,011IgRe).  (22)

[lepBas W3 HUX MONy4YeHAa HA OCHOBE JIOrApU(PMHUECKOro 3aKOHA pacHpeeseHHs
ckopocteil V(r), BTOpas — SKCIEPUMEHTANbHO. 3HaueHUs K, pacCUUTaHHbIE 110 BTOPOM
dbopmye (22), 61U3KH K 3HAUCHUSIM, TTOJTydaeMbIM 10 BTOpo# dopmyre (21).

[Tpr naMUHApHOM TEUEHHH JKUAKOCTH MO TpyOe Kpyrjoro cedyeHus npoduib CKOPOCTEi
ABIISIETCA OCECUMMETPUYHBIM Mapa0bOIMYeCKUM U paclpesielieHue CKOpOCTeH JKUAKOCTH IO
ceueHHIo TpyOsl BeIpakaeTcs popmynoii [1, 3, 5]:

V(r) = Vu(1- ¥/ R, (23)
IUTst KoTopoit BeimonHsaercs Ve = 0,5V,,; Vs=2V, /3; Kr=10,75.

ITpy ManbIX CKOpOCTSAX IIOTOKA, MOKAa 4YMCIO Re CylecTBEHHO MEHbIIE KPUTHYECKOTO
3HaueHnsa Re.p, TedeHue 000N xkuakoctd Oyner namuHapHbIM. Ilpu noctmkenun Reyg,
JaMUHApHOE TEYEHUE CMEHseTcs TypOyleHTHbIM. 3HaueHus Re, An8 noroka B
WINHIPUYECKUX TPyOax CyIIECTBEHHO 3aBUCAT OT COCTOSHUSI BHYTPEHHEH MOBEPXHOCTH TPYO
(B TOM uncie e€ HIepOXOBAaTOCTH) U YCIOBHM BTEKaHHs U MOTYT JIeXaTb B MHTEpBaje 1200-10"
[1]. g rmankux Tpy® Reg, = 2300. C moMompo CrieliianbHbIX TEXHUYECKUX PENICHUH ynaércs
JOOUTBCS 3aTSATMBaHUS JJAMMHAPHOTO pexxuma 10 Re, = 25000 [5].

[Tpodune ckopocTH IpU yCTaHOBUBIIEMCS TypOyJIEHTHOM T€YEHUH IOTOKA OTJINYAETCS OT
napaboIUYecKoro NpoQuis JJaMUHAPHOTO TeueHHs 0ojiee OBICTPHIM BO3PACTAaHUEM CKOPOCTH Y
CTEHOK (B NOrpaHUYHOM CJIO€), MEHbIIEW KPUBU3HON B oceBoil yactu. M3 ompexpenstomuiero
cooTHomieHus (20) cremyeT, YTO JIaMUHApPHBIA PEXUM XapaKTepeH JUIsl ABMXKEHHs BS3KOU
KHUJIKOCTH C MaJlbIMH CKOPOCTSIMH B TpyOax Majoro amameTpa. TypOyJeHTHBIH K€ pPexHM
XapakTepeH AJs ABMKEHHs >KUIKOCTH C MaJlod BSI3KOCTBIO B TpyOax OOJBIIOrO Juamerpa c
OOJIBIIION CKOPOCTHIO, TO €CTh C OOJIBIIIMM PACXOJIOM.

Heo6xonumo cka3aTh, 4TO BSI3KOCTH JHO0OHM JKMAKOCTH OYEHb CHIIBHO 3aBHCUT OT €€
temreparypbl [1]. Hanpumep, BSI3KOCTh BOJABI NMPHU HOBBIIIEHUH TeMmIeparypbl o 0 go 25 °C
YMEHBIIAETCS BJBOE, a NPH MOBbILIEHHH TeMreparypsl 10 168 °C - ymensinaercs B 10 pas [4].
3aBHCUMOCTH BSI3KOCTH BOJIBI OT €€ TeMIiepaTypsl U naBieHus nana B tadbmumax ['CCCJ [2].

N3 ckazaHHOTO CIIEyeT, YTO B MOAAIONIUX TPyOONPOBOJaX HCTOUHUKOB TEIIa 00ECIEUUTh
JAMHUHAPHOCTh TEUEHUS TEIUIOHOCHUTENS O4€Hb TPYyHO. [loToMy 4TO 3TH TpyOOIPOBOABI UMEIOT
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nuametp A0 1000 MM u BblIlIIe, 10 HUM JBUYKETCS HU3KOBS3KAas ropsiyasi BOJAa ¢ TEMIIEpaTypou 110
150 °C u pacxozom 1o 10000 m/u.

OTMmeTHM, 9YTO HEyCTONYMBOCTh JTAMHHAPHBIX TCUCHUN U BOSHUKHOBEHHUE TYPOYICHTHOCTH
— OYEHb CII0KHBIE BOMIPOCHI, €IIE NaNEKUE OT OKOHYATEIBLHOIO peieHus [S].

VisTpa3sByKoBble pacxomoMepsl, Hampumep «B3JIET» pa6oTaloT ¢ MHHMMATbHOIM
MOTPEIIHOCTBI0O TP OCECHMMETPUYHOM TNOTOKE >KuAKOCTU [4]. Hammuwme ruapaBanyeckux
CONPOTUBIICHUN (KOJEHA, TPOMHUKH, 3allOpHAsl apMarypa U T. J.) NPUBOAUT K HCKaKEHHUIO
npoduias ckopocTei MOTOka. BoccTaHOBIEHHME OCECMMMETPUYHOIO XapakTepa IOTOKa
MPOUCXOAUT HA HEKOTOPOM PACCTOSIHUM (TI0 XOJy IBUXKEHUS >KHJIKOCTH) OT THJIPABIUYECKOTO
conpotuBneHus. [loaTomy st oOecriedeHHs OCECHMMETPHUYHOTO Mpoduis CKOpocTe B
IUIOCKOCTH yCcTaHOBKH [IDA, pasmelnieHue MNOCIEAHNX Ha TPyOONMpOBOAE MOKHO OBITh
BBITMIOJTHEHO TaKUM 00pa3oM, 4ToObI JUIMHA TPyOONMpoBOJa MO MECTa U3MEPEHUs M MOCIe HEro
COOTBETCTBOBAJIa 3HAYCHUSM, OOCCIICUMBAIONIUM 33/IaHHYI0 TOYHOCTh M3MepeHwil. Ha 3Ttmx
MNPSIMOJIMHEMHBIX YYacTKaX JIOJKHBI OTCYTCTBOBAThH JIHOOBIE JOTOIHUTEIbHBIE THIPABIMYECKUE
COTPOTHBIICHUS: KIIAMIAHBI, 3aJIBKKH, KOH(DY30pbl ¥ AU Py30psl, THIL3EI AT TEPMOMETPOB U
TEPMOJIATYUKOB, OTBOJIbI IS MAHOMETPOB U Jip. Tak, B [4] nprBeAeHbBl MUHUMAJIbHbBIC 3HAYEHUS
JUTMHBI TIPSIMOJIMHEHHBIX YUACTKOB TPYOOMIpPOBO/Ia MMPU TUIIOBOM MOHTAXE JJIsI PA3TUYHBIX CXEM
ycTaHOBKH [IDA 1 BUJIOB MECTHBIX THIPABIMYECKUX COMTPOTUBIICHUI, a TAKKE MTPU JOITYCTUMBIX
OTKJIOHEHHSIX OT TUIIOBOTO MOHTAaKa.

[IpuBeném mpuMepbl pacuy€ToB C HCIOJB30BAHMEM IMOJYYEHHBIX MaTeMaTHYECKHUX
moneneil. Mcxomnyro uHGOPMAIUI0 BO3BMEM M3 TPOTOKONA JAOMyCKa K OKCILTyaTaluu
pacxomomepa ropsdeit Boasl «B3JIET» Ha momaromem Tpy6omposoge TDII-2 T. AnmMarthL
Temmeparypa Boasl 136,3 °C; usbbiTouHoe masnenue 1,126 MIla; o0béMHbINA pacxox = 2290
M>/a (mynecanun); Ve~ 0,9 M/c (mynbscarnun); Ly = 1448 mm; Lo= 1049,8 mm; D =997,3 mm; S =
1494,2 wm/c; Bpems pazHoctu 1 - T = 0,82 Mkc; Bpems nmoxycymmsl 0,5(7) + 72) = 973,9 Mkc;
KHHeMaTndeckas Bs3kocTh v = (0,2185 cCr.

BrimomHuM BCIIOMOTAaTeNbHBIE BBIYHCICHUS U U3 BpPEeMEH PA3HOCTH W MOIYCYMMBI
MoJyduM HeoOXoammble sl ganbHedmero 7, = 974,31 mxe u T = 973,49 wmkc. Torna,
MOJICTaBJIsIsl COOTBETCTBYIOIIME NPUBEIEHHBIC BHIIIE HCXOIHBIE YHCIOBBIE AaHHbIE B (16),
BpluuCIuM f; = 4,76 mxc. U3 (14) cnenyer, 4To CKOpOCTh 3ByKa B HEMOJBMXKHOH Boje S =
1494,11 m/c 1 mpakTUYECKH COBIAJAET C UCXOAHBIM 3HaUeHueM 1494,2 m/c.

3 (18) npubmmkéHHOE 3HAYEHHE IONOJTHHTENBHON 3ajepkknm fy ~ 973,9-10° —
1,448/1494,2 = 4,82 MKc, 4TO HE3HAUUTENBHO OTIMYaeTcs oT 4,76 mkc. CKopocTh 3Byka u3 (14)
npy npuOIMKEHHOM 3HaueHnH ¢ ~ 4,82 mkc paBHa 1493,43 m/c, 4TO Takke TOBOJIBHO OJIM3KO K
UCXOAHOMY 3HAYEHHUIO.

N3 (9) momydaercs, 4TO CKOpPOCTb IMOTOKa, ycpeaH€HHas Bhoiab ayda Y3C, umeer
3HAYCHUE:

V= S*At /(2Lo) = (1494,2)*0,82-10° /(2-1,0498) = 0,872 m/c.
O06weémusIii pacxon u3 (3) nmpu Kr = 1:
F=nD*VgKr /4 =1 (0,9973)%0,872 / 4 = 0,681 M’/c = 2452.2 M'/u.

be3 peranbHOro yuéra BIMSHUS MPSIMOJIMHEHHBIX Y4acTKOB TpyOorpoBoaa npu Kr = 1 u3
(20) umeem:

Re = DV /v =0,9973-0,872 /(0,2185-10°°) = 398-10".
Cronp Oonblioe yucino PeiiHoNbACa MOATBEPKIAET PaHEE CKa3aHHOE O TYpPOYJIEHTHOCTH

TCIINIOHOCHUTECIIA B ITOJAOIINUX pr6onp030)1ax MCTOYHHUKOB TCILJIA.
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BrIBOBI

1. lmg yasTpa3ByKOBOIO pacxojioMepa ¢ ycTaHOBKOM [I9A B nuameTpanbHON MIOCKOCTH
TpyOOmpoBo/ia MO Z-CXeMe TMOJIyYeHbl AHAIUTUYECKHE MATEMaTUYECKHE MOJIETH CKOPOCTH
MOTOKA, 00BEMHOTO pacxojia, CKOPOCTH 3ByKa B KOHTPOJIUPYEMOM KHUIKOCTH, JOMOJHUTEITHHON
3anep:xkk Y3C u TUAPOAMHAMUYECKOTO KO3 PUIIHeHTa.

2. Jlng CKOpPOCTH TOTOKa M OOBEMHOTO pacxoja >KUIKOCTH IMOJYYEHBI MOJEIH KaK C
IpPUMEHEHHEM, TaKk U 0e3 MPUMEHEHHs] CKOPOCTH 3BYKa B KOHTPOJIUPYEMOH KUAKOCTH. Mozenu
HOHOHHHTCHLHOﬁ 3aACPKKHU IMOJIYUCHBI B SIBHOM W HCABHOM BHUJC, a TAKIKC B HpI/I6J'II/I)KéHHOM
BapUaHTe.

3. TlokazaHo, YTo moOJarOMIMM TPyOONPOBOAAM HCTOYHUKOB TEIUIA CBOWCTBEHHO
TypOyJEHTHOE TeUEeHUE TeTNIOHOCUTEIIS.

4. TlomyuyeHHble MaTeMaTHYECKHE MOJEIH YCIHEIIHO ONMpOoOOBaHBI MPH JOMYyCKE B
SKCTTyaTamuio pacxogomepa «B3JIET» na nogaromeM tpybonposoae TAII-2 . AnmaTsl.
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YJIbTPAABIBBICTHI HIBIFbIH OJIIIEYIIINTEPIMEH OJIIIEHETIH TAPAMETPJIEPIIH
MATEMATUKAJIBIK MOAEJIbAEPI

B. A. Yepnos', H. b. Yepuosa'

' AlMaTBI SHepreTHKa XKoHe GaiiNaHbIC YHHBEpCHTETI, AMaTHI K., Kazakcran

Anoamna. AxycTukaiblK 3()(EKTTIH CYWBIKTHIK MIBIFBIHBIHA TOYCIIUTITIH OJIIIeyTre Heri3aenreH
UIBIFBIH  OJIIEYINITEpP  YJIBTPAABIObICTEI jen  aTanajubl. CYHWBIKTBIK aFbIHBI MEH OFaH  Kapchl
YIBTPaIbIOBICTHI CUTHANIAP/IBIH OTY YaKbITHI ©JIICHETIH YaKbIT-UMITYJIbCTI acrantap KeH tapaiibl. Ochl
HIBIFBIH ©JIIEYIIITEP] KBI3MET eTYAIH KYpAesi aaropurMaepi 6ap MUKpONPOLECCOPIbl acranTtap OOJbIT
TaObLIAJIBL.

Makanaga OakpUiay-eJjIlIey — anmaparypachlH  KYpacThIPYIIbLIAP MEH  OKCIUTyaTalHsIIbIK
KBI3METKEPJIEPTe KBI3BIFYIIBUIBIK TYABIPATHIH YaKBIT-UMITYJILCTI IIBIFBIH OJIIEYIINTIH Ka3ipri JKoHE
KEeJIENICKTI MaTeMaTHKAJIBIK MOJICTIbJICPi KAPACThIPBLIFaH.

Herisri okarmail  yIIiH aFblH OKbULAAMIBIFBI, KOJEM/IK IIBIFbIH, CYHBIKTHIKTAFBl JIBIOBIC
JKBUIIAM/IBIFBI, CUTHAJJIBI KOCBIMIIIA YCTAay MEH THIPOJAMHAMUKAIBIK KOI(D(PHUIIMEHTTIH aHATUTHKAIIBIK
MOJICNIBJICPIHIH OIpHEIIe HYCKAChl allbIHJbl. AFBIH JKbULIAMJIBIFBI MEH KOJEMJIIK IIbIFbIH YIIiH
CYMBIKTBIKTAFBI JBIOBIC JKbUIIAM/IBIFBIH KOJIJTAHY MEH KOJIIaHOaFraH JKaF1ai1arel MOJICIIbICP] abIHIbI.

Keuty  kesmepiHiH — JKETKI3ymIi  KYOBIP)KOJNIAPBIHAA  SKBUIYTACHIMAIAFBINT  aFBIHBIHBIH
TypOyJIeHTTiNiri ToH ekeHniri xkepceTinren. Kypactsipeimran monensaep «B3JIET» mewsH enmeyimin
naiananyaa coTTi ChIHAJIJIBL.

Kinmmik co30ep: ynbTpaiblObICTBI IIBIFBIH OJIIICYIlll, MAaTEeMaTUKAIBIK MOJIENbJEP, aFbIH MCH
JIBIOBIC KBUTIAMIBIKTAPbI, KOJIEMIIK IIBIFBIP, KOCBIMIIIA YCTaY.

MATHEMATICAL MODELS OF PARAMETERS MEASURED BY ULTRASONIC
FLOW-METER

B. A. Chernovl, N. B. Chernova'

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

Abstract. Flow-meters based on the measurement of the flow-dependent liquid acoustic effect are
called ultrasonic. The most common of them are pulse-time flow-meters, in which the propagation time of
ultrasonic signals along the flow of liquid and against it is measured. These flow-meters are
microprocessor devices with complex operation algorithms.

In the article, the existing and prospective mathematical models of pulse-time flow-meter, which
are of interest to developers of instrumentation and operational personnel, are considered in detail.

For the base case, several variants of analytical models of flow rate, volume rate, acoustic speed in
liquid, additional signal delay and hydrodynamic coefficient are obtained. For the flow and volume rates,
models with or without the application of acoustic speed are obtained.

It is shown that the delivery pipeline of heat sources is characterized by flow turbulence of the
heating agent. It is noted that the developed models have been successfully tested during the operation of
the “VZLET” flow-meter at HEP-2 in Almaty.

Key words: ultrasonic flow-meter, mathematical models, flow rate and acoustic speed, volume rate,
additional delay.
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MPHTMU 49.27.31

T. B. Foay6eBa', A. A. Acblixan', I'. M. Omiposa', JI. IT. JKapsuikacein', 7K. M. Omiposa'

1 o
AnMaTHHCKHI YHUBCPCUTCT DHCPICTUKU U CBA3U, T. AJ'IMaTBI, Kazaxcran

NPUMEHEHUE HHTEJUIEKTYAJIbHOM CUCTEMBI OITOBEIIIEHUS HA
CTPOUTEJIBHBIX OBBEKTAX

Annomayusa. B cratbe ommcana pa3pabotka l[oT pemenus mis OopbOBI C  OCHOBHBIMH
MCTOYHMKAMH OITACHOCTH Ha pabounx 0OBEKTaxX ¢ y4eToM MOKpPHITHS mosiHoro cteka Internet of Things,
BKJIIOYasi (pU3MYECKHE CEHCOPBHl M OOJIAYHOE BBIYHMCICHHE. PaccMOTpeHa HMMEIOIIascsi CTaTHCTHKA W3
€BPOMNEHCKUX HCTOYHWKOB. [IpemiokeH OmBITHBIA CTEHA: OMHOIIATHBIM KommbioTep Raspberry Pi3 -
OCHOBHOM 3JIeMeHT Jisi 00paboTKu U coopa nanubix; Bluetooth Low Energy (BLE) iBeacon — masiuku ¢
HU3KAM DSHEpPromnoTpebieHrueM, BBIOpAaHHbIE JJIsI OOHAPYXKEHUS MPEIMETOB; TOTOYHBIM  SI3BIK
nporpammupoBanuss Node-RED mns mocTpoeHHss OCHOBHOW apXHUTEKTYphl CHCTEMBI. [IpoBenmeHb
UCTIBITaHUsSI OOHAapyKeHHMsI MasdkoB iBeacon ocHoBHBIM ycTpoiictBoM (Raspberry Pi3) ma mpemmer
CKOPOCTH OTIOBEIIEHUSI O HACTYMAlOIIeM CTOJKHOBEHHWH B 3aBUCHUMOCTH OT CXEMBl B3aUMOJCHCTBUS U
paccTosiHus, POBEIEH MOIPOOHBIN aHAINU3 MOTYUYCHHBIX PE3YIbTaTOB.

Kniouesvie cnosa: Internet of Things, Raspberry Pi3, iBeacon, Bluetooth Low Energy (BLE), IBM
Bluemix, Node-RED, 6e30macHOCTE.

B Hacrosiee BpeMsi TOCy1apCTBOM YACISETCS OOJBIIOE BHUMAHUE MPOOJIeMe CHUKCHHUS
MIPOU3BOJCTBEHHOTO TpaBMaTu3Ma. COrIacHO CTaTHUCTHKE MUHUCTEPCTBA TPYJa U COIUAIBHOMN
3amuThl PecnyOnuku Kazaxcran 3a mepsblii kBapTan 2017 roga OT HECUACTHBIX CIy4yaeB Ha
MPOU3BOACTBE MocTpaaano Ha 14,7% MeHblie, yeM 3a aHanoruyHelil nepuon 2016 roga - 342
yenoBeka. Ynucemo cMepTeIbHBIX NCXO0/I0B CHU3WIOCH 3a 1011 Ha 8,5%, 110 43 4enoBex.

B MHoronetHeil AMHaMHMKE TpaBMaTH3M Ha MPOU3BOJCTBE YIAETCSI MUHUMH3HUPOBATH C
2012 roma. B 2013 uucno moctpagaBmnx cHU3MWIOCh HAa 9,4%, B nanbHeimem, B 2014, - enie Ha
1,7%, B 2015 - cpasy Ha 10,5%.

MarepuanbHble  TIOCIEACTBUS  HECYACTHBIX  CIy4aeB, CBS3aHHBIX C  TPYJOBOH
JesTeNbHOCTRIO, pociu 10 2015 rona. B 2015 roay Obln oTMeueH crman mo cpaBHeHuto ¢ 2014
rojioM cpaszy Ha 25,6%.

3HAYUTENbHOE BIUSHUE HA CHUKEHHE KOJIMYECTBA HECUACTHBIX CIy4aeB Ha MPOU3BOJICTBE
OKa3aJI0 BHEJPCHUE HOBBIX TEXHOJIOTHA. KpoMme yiydIIeHnus TeXHOJIOTHH MPOW3BOJICTBA, OBLIN
BHEJIPEHBI HOBBIE CpeICTBA oOecredeHus 0€30MacHOCTH TPyAa.

[Tockonbky OIHMM H3 HaWOOJEe PUCKOBBIX MPOU3BOACTB CUHUTAETCS CTPOUTEIHCTBO
BBICOTHBIX OOBEKTOB, CHIKEHHE YpPOBHS OMNACHBIX CHUTyallMd TMPH CTPOUTEIHCTBE SIBISETCS
NPUOPUTETHOW 3ajadell uis KOMIaHWH. B pesynbrare 3TOro SBISETCS IEJIeco00pa3HOi
pa3paboTKka MHTEIUIEKTYalbHOM CHUCTEMBI OMOBEIIEHUH M COTPYJHUKOB CTPOUTEIbHBIX
Kamrmanawmii [1].

Peanuzamus crucTeMbl OMOBEIIEHUS MOKET OCYIIECTBISATHCS ABYMSI CIIOCOOaMHU:

a) C MCIIOJF30BAaHUEM TPUIIOKEHUS TSl CMapT(HOHOB;

0) myTeM pa3pabOTKU TECTOBOTO CTEHA C UCIIOJIb30BAHUEM BCTPOECHHOM CHCTEMBI.

Xota cMapTHOHBI CTAJIM YAaCThIO CErOAHALIHEr0 00pa3a XKHU3HH, pa3paboTKa MPHUIOKEHHS
JUISL UCTIOJIb30BAaHUSl Ha CTPOUTENIbHBIX IUIOIIAAKaX MOTpe0yeT B3auMOAECHCTBUS C YEIOBEKOM.
OToT (hakT cmenan MEpBBIA BapHAHT MEHEE >KeIaTelbHBIM, MOCKOIBKY H3-3a «UEIOBEYECKOTO
dakTopa» pabouyuii MOXKET 3a0BITh BKJIIOYUTH NPUIIOKEHHE, KOTJla OH HadyHeT paboTaTh.
Pa3paboTka aBTOMaTHYECKOW CHUCTEMBI JACT BO3MOXHOCTh PEIIUTh MPOOJIEMBI C OMaCHBIMU
CUTYaLUsIMU.

Cucrtema ONoBeLICHHS J10JKHA ObITh BBIIIOJHEHA TAKUM 00pa3oM, YTOOBI UMETh yIOOHBIN
untepderic. CremoBaTenbHO, BO3MOXKHO pa3MEIEHHWE YCTPOWCTBA Ha 3al[UTHOM JKHJIETE.
CucreMHas cxeMa CUCTEMBI ONIOBEIICHMS [I0Ka3aHa HA PUCYHKeE 1.
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[Tnanupyetcs, 4To Bce yCTpoiicTBa OyAyT pa3MeleHsl 100 Ha 3aaHell cTopoHe, JIMbo B
30H€ pemMHs Oe30macHOCTH, 4YTOOBI caenaTh ee Oojee komdpopTtHOU. CHcTema ocHaleHa
MEPEHOCHBIM aKKyMyJSITOpHBIM  OnokoM Lumsing 13400mAh. B [2] roBoputcs, d4TO
MakcuMaibHas ToTpebnsiemas MomiHocTh Raspberry Pi3 cocraBmser 1,34 ammep. Takum
o0pa3oM, B TEOPUH BO3MOXKHO yTpaBieHHe cucteMol B TedeHue 10 yacoB. batapero MoxHO
3apsiKaTh HOYBIO Yepe3 TIIaBHbIN pazbeM win uepe3 nopT USB 3.0.

BLE iBeacon MoeT U31y4aTh CUTHAJI, KOTOPBIH MOKET OBITh OOHAPYKEH YCTPOHUCTBOM C
nomuepxkoi BLE, koropeim siBnsiercss Raspberry Pi3 B mamem cimydae. OnHOW W3 NMPUYHH,
nouemy Raspberry pi3 Obl1 BBIOpaH AJI 3TOTO MPOEKTA, SBISETCA TOT (aKT, YTO HA JTAHHOM
MUKpOKOMITbIOTEpe ecTh BLE, KOTOpBIii MOXKET OBITH 3alporpaMMHUpOBaH Il OOHApPYKEHUS
MasgKoB iBeacon u uTeHUs UX UHPOPMAIUH.

iBeacons MoryTt paGotarh B peXKMME BELIAaHUS, IJI€ OHU OTIPABISAIOT OMpECICHHbIE
JaHHbBIE:

1) Apple npedukc;

2) yHuBepcalbHbIN yHUKaNBHBIN HaeHTudukarop (UUID);

3) major;

4) minor.

CrnenyeT Takke OTMETUTh, UTO MeXIy iBeacon m ApyruMu ycTpoilcCTBaMHU HET CBSI3U, TO
ectb Ham Raspberry Pi 3 Moxer Toibko uyMTaTh MyOJMKyeMble MasykOM JIaHHBIE. XOTs
€IMHCTBEHHBIN crmocod B3ammojelictBus ¢ iBeacon - Hactpouts UUID, Major, Minor ¢
COOTBETCTBYIOIIUM MTPOTPAMMHBIM 00ECTICUCHUEM.
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PucyHnok 1 — Apxurektypa cuCTEMBI OIIOBELIECHUS

[Tone3noe cpoiicTBo mapameTpoB Major m Minor 3aKkiIr04aeTcsi B TOM, YTO pa3pabOTUHK
MOJKET Ha3HAYHUTh ONPEEIICHHOE YMCIIO JJIs OTPEICIICHHOTO THITA OTTACHOCTH, TO3TOMY CHCTEMA
MOJKET pa3jinyaTh W OTHPABIATH OMpEeNIeHHbIE TUIIBI MpeaynpexaeHnil paboTHKaM. B aTom
NpoeKTe Ui TPYNIUPOBKH H OOO3HAUEHUS OMACHOCTH Ha3Haudatorcs Major 11 s
TPAHCIIOPTHOTO CPEACTBA, 123 myist 00BEKTOB, 22 171l OTIACHBIX KPaeB.
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OOHapyXeHHE MasIKOB.

Jns  oOHapy)XeHUs TIAKETOB JAaHHBIX, KOTOpBIE OTIPABISET MasuOK, aBTOPaMH
pazpaboTaHa KJIHMEHTCKas mporpamma Ha Oa3e Raspberry Pi3 ¢ wucnonp3oBaHueMm si3bIka
nporpammupoBanusi Node.JS.

1 var bleacon = require(’'bleacon');
2 wvar mgtt = require('mgtt");

3 var url = "mqtt://127.8.8.1:1883";
L var clientld = "d:b827ebeTeTesd"

5 var ¢lient = matt.connect{url,

68

7 "elientId": clientld,

8 "username"”: "rpi3",

8 "password": "rpi3",

1@ "keepalive™: 38

1 M

Pucynok 2 — Ilepemennsie Beaconscan

C xomanpoi client.on ('connect', function() {} ); 3amyckaercs mqtt-coeTuHEeHHE.
Tenepsb cieayromas 4acTh Koja OOHAPYKUBACT MAsIKU U OTIHPABJISIET JaHHBIC KaK 0OBEKT
JSON c Temoii «scany (client.publish('scan', JSON.stringify(bleacon), function() {} ):

26 bleacon.on('discover', function(bleacon) {

27 console.log(JSON.stringify(bleacon));
28 client.publish('scan', JSON.stringify(bleacon), function() {});
29  });

30  bleacon.startScanning();

Pucynok 3 — OGHapykeHHe JaHHBIX, Oy OJIMKOBAHHBIX MasdYKOM

3aTeM OTIpaBlieHHbIE TTAKETHI IETEKTUPYIOTCS Ha JIOKAJIbHOM KineHTe Raspberry Pi3.

— pi@raspbermypi: ~ EI D EI

Pucynoxk 4 — O6HapyKeHHbIE TAKEThI JaHHBIX Ha JIOKaJIbHOM KineHTe Raspberry Pi3,
OTIIpaBJICHHbIE MAsTUKAMH

Pacuér quctaHuuu Mexay MasukoM U pabounM.
Jnst co3maHus MeXaHU3Ma IO OMOBEIICHUI0 PaboYMX O BO3MOXKHOM CTOJIKHOBEHUU

HEOOXOJUMO paccuuTaTh ITUCTAHIIMIO MeXAy Masukom u Raspberry Pi3. Jlnsg »storo
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ucnonb3ytorcst ganueie mo RSSI (Received Signal Strength Indicator), oTnpaBieHHbIE MasIKOM.
Ces13p Mexxy auctaniueit 1 RSSI MoxeT ObITh onucana MmaTeMaTudeckoi dhopmysoit Hke [3]:

RSS1= —(10xn X log,,(d)— A), (1)
rae RSS! — ypoBeHb IPUHMMAEMOI'O CUTHaja B dBm,

d — oTHOCHTENbHOE PAacCCTOSIHUE MEXKIY IPUEMHHUKOM H NEepPeIaTYUKOM,

N — [O0Ka3aTellb pacpOCTPAHEHNs CUTHANA,

A — onopHast MOIIHOCTb IpuHATOroO curHaia B dBm (measured power).

U3 (1) BO3MOXKHO paccYUTaTh JUCTAHIIHIO d-:

ad= 10 ‘_["xﬂ.i (2)

[TapameTp n mnoka3bplBaeT, Kak YPOBEHb NPHUHMMAEMOIO CHUTHAja YMEHBIIAETCS MpHU
YBEIIMYCHUHU PACCTOSIHUSI MEXKIY MepeIaTyukoM U mpueMHuKoM. OKpysKaromiasi cpefia sSBIsIeTCs
OCHOBHBIM (DaKTOpOM ISl 3HAUEHHsI ATOT0 Kod(pHUIMeHTa (TONMHA CTEeHKH, €€ MaTepuai u T.
n.). bomee TOro, 3TOT KOA(POUIMEHT MOXKET OBITH OINpPENEeNIeH TOJIBKO SMIUpPHYECKH [4].
Omnpenenutb 3Ha4eHHE N MO YMOJIYAHUIO JOBOJBHO CIIOKHO JUIS Pa3HbIX Cpei, MOITOMY OHO
JIOJIKHO OBITh OIPENIETICHO B 3aBUCUMOCTH OT MECTOIOJIOKEHUS padoThl ycTpoicTBa. B obmem
cilydae, n H3MeHseTcss Mexnay 2 (cBoOoaHbIM mpocTpaHcTBoM) u 4.7 [4]. Temeps, korna
MaTeMaTudeckass (opmyna s BBIYUCICHHS pPAcCTOSHHS HaWJIeHa, IaHHbBIE, KOTOpBIE
OTIIPABISIOTCS B JIOKalbHYI0 nporpaMMmy Node-RED, Moryt oO6pabaTeiBaThcsi TaM, U Ha OCHOBE
pPacueTHOIO pacCTOSTHUSI CO3/1AETCsl CUCTEMA OIOBEILEHHUS.

[TporpammupoBanue cuctemsl onosenienus B Node-RED.

Node-RED — s3Ik moToyHoro mnporpammupoBanusi Ha ocHoBe Node.JS. IlepBsiM nenom
HY)KHO 100aBUTH y3en Mqtt, KOTOpbIi OyIeT MpUHUMATh JaHHBIE, OTIPABICHHBIE JOKAJIHHBIM
KJIMEHTOM IO JAETEKTUPOBAHUIO JAaHHBIX OT MasykoB. Jasee maHnHbie KOHBEpTUPYIOTCA B JSON
O0BEKTBHl M pa3eNAoTcs Mo Major ansi ompeeneHHss TUMa OMacHOCTH. MaTeMmaTudeckue
BBIUMCIICHHSI BBIOJIHAIOTCS B Function y3max 1uist onpeneneHus TucTaHuu 10 Masuka. OHako,
curHaibsl RSSI npuHuMaroTes ¢ mymMmom, o3TOMY JUIsl YPaBHUBAHUS €r0 3HaYeHUs HEOOXOIMMO
BBIOpaTh cpeanee apupmernueckoe 10 3nauenuit RSSI. Temeps, korga mojgydeHO 3HAYCHUE
JUCTAaHIIMHA O MasYKOB, BO3MOYKHO OIPEEINTD, KAKHE PACCTOSHUSA SABISAIOTCS OIMIACHBIMU, KaKUe
JIOIYCTUMBIMU. TpPaJIMIIMOHHO YPOBEHB OMACHOCTU B I[BETOBOM pa3/IeICHUH UMEET CIIEAYIOIINE
0003HauEHUS:

—KpacHbI — onacHeli (1-5,5 M);

—KENThIN — nomycTuMbii (6-10 m);

—3eJIeHbI — Oe3onacHbIi (11 u manee).

[locnenHuM 1maroM B CO3/IaHUM CHUCTEMBI TPEAYNPEXKACHUS O CTOJIKHOBEHHUSX C
ucnonbs3oBanueM LED sBnsiercst mo6aBnenue Bxonubix y3moB rpi GPIO B Hamem motoke Node-
RED (Pucynok 5). ¥3as1 Truck Accuracy Detector, Object Accuracy Detector, Edge Accuracy
Detector otnpasnsitor coobmenue «1» B y3mel GPIO rpi. [Ins 3aBepuieHus CHUCTEMBI
OTIOBEICHHS] HEOOXOAUMO A00aBUTH TPUTTEPHBIE Y3IbI, YTOOBI CBETOAMObI MUTanu. KpacHbIit
CBETOAMON UMEeT Oojiee MIUTEIbHBIM TMEepHUoj] MUTaHUsS, KOTOpbIN cocTaBisieT 750 mc, 4to
YBEJIMYUBAET BEPOATHOCTh HAOIIOACHUS B Cllydae OMacHOCTH. J[pyrue aBa CBETOAMOJA UMEIOT
0oJsiee KOPOTKHUE MEPUOJIbI MUTAHUSI.

TectrupoBaHuEe CUCTEMBI.

B cuiy Ttoro, uro cBs3p mexay Raspberry Pi3 u iBeacon masukamu peannzoBaHa ¢
nomompio  BLE, HeoOXoaumo  OLEHUTH  BIUSHHE HMHTEpHEpPEHIMH H  TOYHOCTH
MOKa3aHU/BBIYUCICHHN.
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PucyHok 5 — ApXUTeKTypa CHCTEMBI OMOBEIICHUS O MOTEHIIMAIBHBIX CTOJIKHOBEHHUSX
¢ 00bEKTaMU

TecTupoBaHUe CHCTEMBI MPOXOAWIO B TMOMEIIECHUH, MOJTHOM JIOAeH, a Takke ¢ Wifi
TOYKaMU TSl TPUOIMKEHUS YCIIOBUM K «CITOXHBIMY» (Pucynku 6, 7). [IpoBeieHbI SKCTIEpUMEHTHI
Ha paccTosiHUAX B 1, 5, 10 MeTpoB, a Takke 110 TPEM CXEMaM:

a) TpU Masiuka TPHOIMXKAIOTCS K cucTteMe 1o otaenbHocTH. [Ipm stom masqox Edge
PAacCIIONIOKEH PAOM C MassuKOM, CUMYJIHpPYeMbIM depe3 cmapTdoH (cmapTtdonsl [Phone umeror
porpaMmmMHoOe o0ecredeHue, CuMyJupyroriee GyHKIMOHUPOBaHHUE Tele(oHa, Kak MasiK);

0) ABa MasuKa OT/EIBHO MPHUOIMKAIOTCS K CUCTEME;

B) CMCTEMa MPUOJIMIKACTCS K MasTaKaM.

ibeacon ibeacon ibeacon ibeacon
\1 m im \1 m %‘I
\ / \
RPi3 RPia
Pucynok 6 — YcranoBka a Pucynox 7 — YcranoBka 0

B mocneanem sxcriepuMeHTe aBTOPBI BMECTE C CUCTEMOM MTPUOIMIKAIUCH K 2 MasIKaM:
a) oObruHbIN Masidaok Jaalee iBeacon;
0) Mas4oK, cuMyaupoBaHHbIN pu oMoy 10S T10.
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DOxcnepuMenT 3aHsu1 okoso 10 cexynn (Tabmumer 1-3).

B xonme skcmepuMeHTa cucrteMa BbIYHMcIWiIa auctaHnuio s Edge beacon 7 pas, mus
Object beacon 13 pa3.

Tabmuua 1 — Pe3ynbTaThl 3KCIIepUMEHTOB s ycTaHOBOK la u 16 (1 metp)

Ycranoska 1:1 metp

¢ 10S cuMyJIMpPOBaHHBIM MasKOM

6¢3 10S cUMYJIMPOBAHHOTO Masika

Tun Tun Komn-Bo Cpennee Cranpaptaoe | Komn-Bo Cpennee CranpmaptHOe
Masika M3MepeHuit M3MEpeH | 3HaYCHUE OTKJIOHCHHE | M3MEpeHH | 3HauYeHHe OTKJIOHEHHUE
nn
Edge RSSI, dBm 1629 -69.26 3.94 2023 -61.89 8.12
Cpenuuit 163 -69.28 2.507 202 -61.9 3.121
RSSI, dBm
Jucranmms, M 163 2.413 0.3153 202 1.634 0.298
Object RSSI, dBm 3240 -67.56 3.954 n/a n/a n/a
Cpennuit 324 -67.56 1.288 n/a n/a n/a
RSSI, dBm
Jucranisi, M 324 1.764 0.1234 n/a n/a n/a
RSSI, dBm 1659 -73.13 8.226 1876 -69.81 11.04
Truck Cpennuit 166 -73.13 2.671 187 -69.8 3.352
RSSI, dBm
Hucranmus, M 166 2.967 0.3951 187 2.498 0.4491

Tabmmia 2 — Pe3ynbpTaTel 9KCIIEPUMEHTOB ISl YCTAaHOBOK 2a 1 20 (5 MeTpoB)

YcraHoBka 2:5 MeTpoB ¢ i0S cuMynHpOBaHHBIM MasIKOM 6e3 10S cuMyITMpOBaHHOTO MasKa
Tun Tun Kon-Bo Cpennee Crannaptroe | Kon-Bo Cpennee CrangapTHoe
MasiKa n3MepeHnit U3MEpEH | 3HaueHHe OTKJIOHEHUE | U3MEpEHuil | 3HaueHHE OTKJIOHEHUE
ni
Edge RSSI, dBm 1348 -75.55 8.156 1537 -76.03 6.909
Cpennuit 134 -75.56 2.934 153 -76.01 2.469
RSSI, dBm
JucTranmmys, M 134 3.713 0.5798 153 4.898 0.5112
Object RSSI, dBm 3530 -70.55 5.13 n/a n/a n/a
Cpennuit 353 -70.55 2.08 n/a n/a n/a
RSSI, dBm
Jucranmms, M 353 2.197 0.2719 n/a n/a n/a
RSSI, dBm 1219 -81.11 6.387 1462 -81.95 6.583
Truck Cpennuit 121 -81.1 23 146 -81.95 2.276
RSSI, dBm
Jucranmmys, M 121 5.086 0.6855 146 5.337 0.698

Tabnuna 3 — Pe3yabTaThl 3KCIEpUMEHTOB ISl ycTaHOBOK 3a 1 36 (10 meTpoB)

Ycranoska 3:10 meTpoB ¢ i0S cumynMpoBaHHBIM MasKOM 6e3 i0S cuMyaMpOBaHHOTO MasiKa
Tun Tun Komn-Bo Cpennee Crannaptaoe | Komn-Bo Cpennee CranpmaptHOe
Maska U3MepeHHi U3MepeH | 3HAuCHHUE OTKJIOHEHHE | U3MEPEHUIl | 3HaueHHue OTKJIOHCHHUE
uit
Edge RSSI, dBm 1056 -80.63 6.639 1730 -82.02 6.929
Cpenuuii 105 -80.66 2.657 173 -82.03 3.022
RSSI, dBm
Jucrannus, M 105 6.971 0.7491 173 8.898 0.9393
Object RSSI, dBm 2808 -77.14 5.03 n/a n/a n/a
Cpenuuit 280 -77.14 2.403 n/a n/a n/a
RSSI, dBm
JlucraHmmst, M 280 8.019 0.4578 n/a n/a n/a
RSSI, dBm 1164 -77.52 8.85 1778 -78.06 7.699
Truck Cpenuuii 116 -77.48 3.365 177 -78.06 3.278
RSSI, dBm
Jucranmms, M 116 7.161 0.7174 177 7.809 0.8447
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AHanu3 pe3yabTaToB.

O6parute BHUMaHue, uro Jaalee iBOO1-N iBeacon mastuku ycrtanoBiensl kak Edge u
Truck mastuku, a Object Beacon — cumynupoBanue ¢ momoiisto i0S T10. M3 tabnuner 1 BUaHO,
YTO CKOpPOCTh Nepeaun MaKkeToB MouTH B 3 pasa Bblie 11 Object MassukoB. [lyig ypaBHUBaHUS
3rHaueHuit RSSI B3sTO cpennee apudmernueckoe 3Hadenne 10 BIOOpok m3Mepenuii. Kak BUaHO,
3HayeHuss RSSI m RSSI cpegnee moutu He WM3MEHWIHCh, HO CTaHIAPTHOE OTKJIOHEHUE
YMEHBUIMIIOCH O0JIbIIe, YeM B 2 pa3a B HEKOTOPBIX CIydasX.

Hecmotpss Ha TO, 4TO W3HAyYalIbHOE pPACCTOSIHHME COCTaBIIsLIO 1 MeTp, cpeaHue
paccuuTaHHble AUCTAHIMU Ui Masika Edge cocraBmsitor 2,413 M co cTaHIapTHBIM OTKJIOHEHUEM
0,3153 M, st Object masika 1,764 m co cranmapTHbiM oTkioHeHHeM 0,1234 M, mist masika Truck
2,967 m co crangaptHbiM oTKIIOHEeHHEM 0,3951 M. DTo O3HA4aeT, 4TO CUCTEMa IMOJCUYUTHIBAJIA
JTUCTAHIIMIO C JIOMYCKOM B 2 M, TorjAa Kak (pakTudeckoe paccrtossHue coctaBisiiio 1 m. Boree
BBICOKAsi CKOPOCTH IEpejaun MaKeTOB JaHHBIX OT MasuKOB, IMO-BUJUMOMY, JaeT 0ojiee TOUHbIE
pE3yNbTaTHI.

Jns ycranoBku 0, 6e3 10S-cumynupoBanHoro Object masika, cuCTeMa pacCUUTHIBANIA
paccrosituue mis masika Edge 6omnee touno (1,634 M ¢ otkimonenuem 0,298 wm), Torma kak ais
masika Truck pacuersl octaBanuch Oosee WM MeHee OAMHAKOBBIMHU (2,468 M ¢ OTKIIOHEHHE
0,4491 m). Kpome Toro, komuuectBo usmepenuii RSSI taxxe yBennuumnock Ha 20%, koraa Obu1
oTkio4eH 10S-cumynupoBaHHbIi Masik (¢ 1629 no 2023).

B mocnenHem skcniepuMeHTe OCYIIECTBISIIOCh MpUOmkeHne k MaskaM Edge u Object co
CpeIHel CKOPOCThIO X0Ab0BI 1,56 M/c. DKCnepuMeHT MpUMEpHO 3aHan 6 cekyHi. PaccrosHue
ObUT0 paccumTaHo st Maska Object B 1Ba paza OvicTpee (7 u 13 usmepennii). CaenoBaTesbHO,
pa3pabaTbiBaemMas cHcTeMa Jydllle OIOBEIIEHAa O paccTosHuM. J[ns pearmpoBaHusi Ha
MOTEHITHATBHYIO OIMACHOCTh YeJIOBEKY TpeOyeTcst okoyio 3-4 cekyHa. Takum oOpa3om, cuctema
oTBe4YaeT TpeOOBaHMSAM JUIS OIOBELICHHs, TaK Kak JaHHBIE O pPACCTOSHUU OOHOBISIOTCS
IPUMEPHO KaxkJble 1,5 CeKyH/IbI B 3aBUCUMOCTH OT CKOPOCTH BEIIAHUS.

Jpyroii MOMEHT, KOTOpBIM cleAyeT TMOMYEPKHYTh B  OTHOUICHHH CHCTEMBI
NpeayTpexaeHus, pealn30BaHHON Ha iBeacon, 3akirouaeTcs B TOM, YTO CKOPOCTh BEIIAHUS
OyIeT 3aMeTHO BIHUATH HA CHUCTEMY, TOCKOJbKYy Oubmmoreka Bleacon st oOHapykeHUs
MasuKOB MOKET OTHPABIIATH TaHHBIE TOIBKO Kak 00beKThl JSON oauH 3a IpyruM, B pe3yiIbTaTe
Yero Masiyku ¢ 0oJiee BHICOKOW CKOPOCTHIO BEIIAHHSI MOTYT UMETh OOJBIIYIO0 BEPOSITHOCTH OBITh
oOHapy)eHHbIMH OuOIMoTeKoil. CienoBaTenbHO, 3TO MOBIMIET Ha KOJUYECTBO M3MEPEHUU U
yCpeqHEeHHe 3HaUCHU .

Yro xe KacaeTcsi moTpebieHus sHepruu, no ymonuanuio Masku iBOO1-N jaalee (Tun
6arapen CR2023) ormpasnsator 1 cooOuieHne B CEKyHIy, U MPOU3BOAUTENb YTBEPKAAET, YTO
OaTtapesl C TakOM CKOpPOCTBIO BEIIaHHUS JOJDKHA padorarth okojio 12 mecsieB. OmHako st
BbruncieHust cpeaHero RSSI or 10 BeIOOpOK B CEKyHOy HOBasi CKOpPOCTh BEIIaHHS Oblia
ycraHoBiieHa Kak 10 cooOmeHwnid B CeKyHIy. DTO 3HAYUTEILHO COKPATHIO CPOK CITy>KOBI
Oarapen, a Masku mepectanu padboTaTh B TeueHue 25 aHeil. Takum o0pa3oM, yBelWYEHHE
CKOPOCTH BEIIAHHS MPHUBOJUT K YBEJIMUYEHHUIO dHepromorpediienus Ha 93%, 4To HE SBISICTCS
XOPOIIUM Pe3yJIbTaTOM AJIsi CTPOUTENHbHON KOMITAaHUU.

3akjauyeHue

B Xxome mnpoBeAEeHHBIX SKCIEPUMEHTOB ObUIO BBIBIEHO, YTO cHcTeMe Tpelyercs
NPOBOJUTH OIIEHKY pacCTOSHHUA Kaxnable 2-3 cexyHnbl. B3se 1,56 m/c B kadecTBe cpenHeit
CKOpPOCTH XO/IbOBI, JJaHHAsl CUCTEMa OIOBEIIEHUS MOAXOIUT Ul OOHApy)KEHHUS ONAcCHBIX 30H
(kpaeB Kpblll) M OOBEKTOB, TOrJa Kak i OBICTPO JBHXKYIIHUXCS OOBEKTOB MOKET
notpeboBaTkcs 6osiee ObICTPOEe OOHOBIEHHE PACCTOSIHUSA. DTO OJTHO3HAYHO TPeOyeT yBeTUUEHUs
CKOpOCTH Bellanus Maska. Cienyer oOpaTUTh BHUMaHME, YTO YBEJIMYEHHE CKOPOCTH BELIaHUS
MOXET YMEHBIIUTh BEPOSITHOCTb OOHApYXEHUs IPYTHX MasKoB ¢ Oojiee HM3KOW 4acTOTOM
BellaHus. B kauecTBe BO3MOMKHOTO pelieHHs pa3pabOTUMKH MPEeAaraloT Ha3HAYUTh MAasiKU C
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0oJiee BHICOKOH CKOPOCTBIO BEIIAHUS JUIs ABHKYLIUXCS OOBEKTOB (aBTOMOOMIIH, Tpy30BUKH). C
JIpYyroi CTOPOHBI, YTOObI yCPEIHUTHh 3HAYEHHE aBTOPHI MCIOIB30BaIM cpeaHee 3HadeHue 10
BbIOOpok RSSI. D10 Takxke yBenuuuBaer Bpems BeluncieHus cpenHero RSSI. Mcnonbs3oBanue
npyroro tumna (uibTtpanuu (Harmpumep, ¢uiabTpanus KaaMaHna) MOXKET pemuTh 3Ty TIpooiemy.
Kpowme Toro, jaalee iBOO1-N siBnsieTcst emIeBbIM ¥ HU3KOKAUYECTBEHHBIM BUJIOM Masika, TaK Kak
CUCTeMa He IMoJIy4aeT M3MEPEeHHs Ha pPACCTOSHUSAX JAanbpiie 12 MeTpoB, uTO SIBISETCS
amnmapaTHbIM oOrpaHuueHueM. [Ipyroil mpousBoauTens ¢ 0ojee BBICOKMM KadyeCTBOM TaKKe
MOJKET YJIYUYIIUTh OOHApYy’>KEHHE MAasiKOB, IMOCKOJIbKY HX IMepeAaTyuKk MOKET BellaTrh ¢ Oolee
BBICOKOM MOIIHOCTBIO.

[Ipennaraemasi aBTOpaMHM TEXHOJIOTHSI OMOBEIIEHUS O MPUOIMKEHWH K OIMAacHOM 30HE
MOXET OBITh HCIHOJb30BaHA Ha JIOOOM NPOM3BOJACTBE [JIi CHIKCHHUS PUCKA TOIYyYEHUS
MIPOU3BOJICTBEHHBIX TPABM.
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SUATKEPJIK )KYHEHIH KYPBLIIBIC OBBEKTLJIEPIHJE ECKEPTIEJEPJI KOJJIAHY

T. B. Tony6eBa', A. A. Acblixan', I'. M. Omiposa', /1. I1. Kapeuikacein', 7K. M. Omiposa'

' AnMaTBI SHEpreTHKa JKoHe GaiinaHbic YHHBEpCHTeTi, ATMarts! K., Kasakcran

Anoamna. Maxanana Internet of Things TONBIK >KUHAFBIH, COHBIH IHIiHAC (YU3UKAIBIK
JMATUYUKTEPI JKOHE OYITTHI €cenTeyliep[i KaMTHUTHIH J>KYMBIC CaWTTapbIHAAFbl KayilTepIliH Heri3ri
Ke3nepiMeH kypecy ymria loT menrimin o3ipiey curarraiaabl. Eypomanbik akmapat Ke3aepiHeH aablHFaH
CTaTUCTHKA KapacThIPbUIFaH. MoliMeTTep/l OHICY KOoHE >KMHAyFa apHalFaH HEri3ri sJieMeHT - Oip
naHenpAik Raspberry Pi3 kommbroTepi; HbIcaHIbl TaOyFa OaFbITTaFaH, TOMEH JHEPTUsl TYTHIHATHIH
Bluetooth Low Energy (BLE) iBeacon; xyiieHiH HETi3ri apXUTeKTypachiH KypyFa apHainraH Node-RED
OarapiaManay/iblH aFbIHABIK TiJI CHUSKTBI TOXKIPUOCHIK CTCHATEp YChbiHbUIFAH. CyJIOaHbIH OpEeKeTi MEH
apaKallbIKTHIFBIHA OalJIaHBICTBI OOJIATBIH COKTBHIFBICYJBIH OacTaiaybl Typasibl Xabapiay >KbUITaMJIbIFbI
HbIcaHbiHA iBeacon Herisri KypbutrbichiHaH (Raspberry Pi3) maskTapabl amy ChIHaKTaphl KENTipiire,
aJIBIHFaH HOTIDKEJIEPTe TOJBIK TaJIay JKYPTi3iIreH.
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IMPLEMENTATION OF A SMART ALERT SYSTEM ON CONSTRUCTION SITES

T. V. Golubeva', A. A. Asylkhan', G. M. Amirova', D. P. Zharylkassyn', Zh. M. Amirova'

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

Abstract. The article describes the development of the IoT solution for combating main danger
sources at work sites, taking into account the coverage of IoT full stack, including physical sensors and
cloud computing. The available statistics from European sources is considered. The experimental booth is
offered: single-board computer Raspberry Pi3 - basic element for data processing and collection;
Bluetooth Low Energy (BLE) iBeacon - low energy consumption beacons selected for object detection;
threaded programming language Node-RED, used to build the basic system architecture. The tests of
iBeacon beacons detection by the main device (Raspberry Pi3) to define the speed of notification of the
coming collision depending on the interaction and distance scheme were conducted. Detailed analysis of
the results obtained was conducted.

Key words: Internet of Things, Raspberry Pi3, iBeacon, Bluetooth Low Energy (BLE), IBM
Bluemix, Node-RED, safety.
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HHHOBAILIUHU B BBICLLIEM OBPA3OBAHHMU.
OYH/TAMEHTA/IBHBIE HAYKH

MPHTU 78.21.14

HU. C. Acanos'

1 . o
Axanemus [lorpannunoii cy»x661 Komutera HarmoHanpHOU Oe30macHOCTH PecyOnuku
Kazaxcran, Anmarsel, Kazaxcran

PASBUTHUE TEXHUYECKOI'O MbIIIJIEHUA
Y OBYYAEMbBIX BOEHHbBIX YYEBHbBIX 3ABEJIEHUUN

Annomayus. B craTbe OCBEIEH OJMH U3 aKTyaJlbHBIX BOIIPOCOB MOATOTOBKH O(PHULEPCKUX KaJIpOB
B COBpPEMEHHBIX ycsoBHAX. [lokazaHa CyIIHOCTE 1 0COOCHHOCTH, YCIIOBUSL U CpeacTBa (POPMHUPOBAHUS U
AKTHBM3allUM TEXHUYECKOrO MbIIUICHUS. PacKkpblTa KOMIIOHEHTHOCTb TEXHUYECKOTO MBIIUICHHUS,
000CHOBaHa 11e71ecO00Pa3HOCTh 3aa9HOTO MOAX0/a K Pa3BUTHIO TEXHHMYECKOTO MBIIIICHHUS y OyAyIIHuX
O(QUIIEpOB TIOCPENICTBOM pEIUICHHS CITy’)KeOHO-TeXHHYECKHX 3ajgad. PaccMoTpeHa THIONOTHA U
IPUBEACHBI IPUMEPHI TAKUX 3aa4 B CIyKEOHOI 1 O0€BOI IESATEIBHOCTH BOCHHOCITY KAILETO.

IIpennoxeHHble MaTepualbl IMO3BOJISIOT BHECTU OIPEICIICHHBIH BKJIaJ B TEOPUIO Pa3BUTHUSA
TEXHUYECKOT'O MBIIIJICHUS! 1 MOTYT UCIIOJIb30BaHbI B CUCTEME BOSHHO-ITPO(ECCHOHAIBHOTO 00pa3oBaHus,
a TaKKe B MPOIECCE TOBBIMIEHUS KBAMH(HUKAUK TPENOJaBaTeIbCKOTO COCTaBa TEXHHYECKHX BY30B.
Kpome Toro, oHM UTrparoT BaXXHYIO poiib B (POPMHUPOBAHNHN y 00y4aeMBbIX HaBBIKOB TBOPYECKOTO MOAX0]1a
TIPH TTOVMICKE BBIXOA U3 MTPOOIEMHBIX CUTYAIMi HECTaHIAPTHOTO XapaKTepa.

Knrwouesvie cnoea: TEXHUYECKOE MBIIUICHUE, TBOPYECTBO, CIYXeOHO-TEXHHYECKas 3ajauya,
KypCaHTbI, BOGHHOE Y4eOHOE 3aBeeHHUE.

B ycrioBusix BEICOKOHM CTENEHU TEXHUYECKON ocHaleHHocTu Boopyskennsix Cuit opuiepy
MPUXOJIUTCS TMOCTOSIHHO PelIaTh MPaKTUYEeCKHe 3aJaul, CBsI3aHHBIC C MPUMEHEHHEM B CIIyk0e
CIOKHOW M pa3HOOOpa3HOW TEXHUKH, €€ OOCIy)KMBaHUEM, XpaHEHUEM, cOepekeHueM u
PEMOHTOM. DTOMY acleKTy MNpoQecCHOHANbHON NeATeIbHOCTH oO(uilepa COOTBETCTBYET
CBOEOOpa3HBIN XapaKTep MBIIUICHHUS — MBICIUTEIbHBIC OMepalu, HalpaBiIeHHbIE HA pelleHue
INPAKTHYECKHX 33/1a4 CIY>KeOHO-TEXHUYECKOTO COJIEP)KaHUs, a UMEHHO Pa3BUTHS TEXHUYECKOTO
MBIIIICHUS.

TexHnyeckoe MBIIIJIEHHE — ICUXUYECKUH MPOLECC OMOCPEACTBOBAHHOTO U 0000IEHHOTO
OTPaXEHMUS TEXHUYECKOM JAESITEeNbHOCTH, Oyarojgaps KOTOpPOMY  UEJIOBEK  OTpakaeT
CYILIECTBEHHBIE IMPU3HAKU U CBSI3U TEXHUYECKUX OOBEKTOB M CHUCTEM (CPaBHUTEIBHO JIETKO
MOCTUTAET CTPYKTYPY, TJABHBIA NPUHIMUN JEUCTBUS UM (YHKIMH TEXHUYECKUX YCTPOWCTB U
TEXHOJIOTHYECKHUX TPOIECCOB, HAXO/sl B HUX HEMONAIKU U d3PPEKTUBHO ycTpaHss ux). Takxke Ha
OCHOBE  KOHCTPYKTOPCKO-TEXHOJIOTMUECKMX  3HAHWUW, yMEHUH U  HABBIKOB  MOJXKET
paIMOHATH3UPOBATEH CTapbhle WM H300pEeTaTh HOBBIE TEXHUYECKHUE OOBEKTHI U TEXHOJIOTHUECKHE
MeTojbI [1].

TexHuyeckoe MBILIUICHUE SIBISETCS OJHUM M3 BUAOB MPAKTUYECKOTo HHTesiekTa. OHO
pa3zBuBaercs, (opMmHupyeTcs U TMpOSABIAETCS B IPOLIECCEe pELIeHUs TJIaBHBIM 00pa3oM
TeXHUYECKUX 3amad (mpooOsem). TexHuueckoe MbIIIIeHHE OBIBA€T NPEUMYIIECTBEHHO
IPOAYKTHUBHBIM, COBEPIIAETCS IPU MOMOLIM BCEX TE€X K€ MBICIUTENbHBIX ONepaluil (aHaaus,
abcTparupoBaHue, 00OOIIEHUE, CUHTE3, KOHKPETU3alUs U 1p.), KOTOpble NPUCYIIH U APYTUM
BUJIaM MBIIUIEHUS [2].

Oco0eHHOCTH MHOTHX TEXHHYECKUX 3aJad, OOBEKTOB, ONEPUPOBAHUE ClenU(PUIECKUMH,
TEXHUYECKUMH M TEXHOJIOTMYECKUMM MOHATHSAMHU MPUAAIOT TEXHUYECKOMY MBIIIJICHUIO
CBOEOOpa3HbIN XapakTep, 00yCIOBIMBAs MPEUMYIIIECTBEHHOE PAa3BUTHE OIPEICICHHBIX KauecTB
yma. TexHuueckoe MBIIUIEHHE HE MPOTUBOCTOMT JPYTUM BHIAM HHTEJUIEKTYyalbHOU
nesTenbHOCTH  o¢uiepa. OHO JMOMOJHSET HX, SBJSSICH HEOOXOAMMON COCTAaBHOM YacThbIO
MBILUIEHUS. OQuIEepa B 3MO0XY HAay4YHO-TEXHHYECKOro Iporpecca U IiIyOOKHX KaueCTBEHHBIX
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npeoOpa3oBaHuil B TaKTUKE BeACHHUS coBpeMeHHoro 0os. [loaToMy, Oe3ycloBHO, pa3BHUTHE
TEXHUYECKOTO MBILIUICHUS SBISETCS OJHOM M3 CaMbIX aKTyalbHBIX 3a/ad NpodeccCHOHaIbHON
MOJITOTOBKU OPUIIEPCKHUX KATPOB.

UccnenoBanusamu T. B. KyzapsBueBa ycTaHOBIEHO, YTO TEXHUYECKOE MBIIIJIEHUE
TPEXKOMIIOHEHTHO [0 CBOEH BHYTPEHHEN IICHUXOJOTHMYECKOM CTpyKType. TeopeTuueckue
(moHsTHITHBIC), 00pa3HbIe (HATJSAAHBIC) U MPAKTHYECKUE (ICHCTBEHHBIE) €r0 KOMIIOHEHTHI HE
TOJIbKO TECHO B3aMMOCBSI3aHbI, HO U MTOCTOSIHHO B3aUMOJIEUCTBYIOT. KaKIbIil U3 HUX BBICTYHaeT
B POJIM PAaBHONPABHOTO YjieHa TPUEIUHCTBA.

Teopus

Texnuueckoe
MBbIIILJIEHHE

HarmsamHocTs

CyIHOCTh TEXHUYECKOTO MBIIIICHHSI OTPEIETISieT €ro OCOOEHHOCTH.

Opna u3 ocoO0eHHOCTEN — TECHOE €UHCTBO TEOPETUUECKUX U MPAKTHUECKUX KOMIIOHEHTOB
NeSITETIbHOCTH, HENPEPhIBHOE COUYETAHHE W B3aWMOJICHCTBHE MBICIUTENBHBIX M MPAKTHYECKUX
nevictBuii. Kakmoe TexHUYECKOe (TEOPETHYECKOE) peIIeHHE NpPOBEpsETCs NpakTUKOW. BHe
IPUEMOB OMNEPUPOBAHUS TEXHHUUECKUMH TOHSATHAMU WU JEHCTBUAMU TEXHUYECKas MBICIb, B
MpUHLINIE, HEBO3MOXKHA. Kpureprem KaueCcTBEHHOTO PEIlIeHHUsl CIIyKeOHO-TEeXHHMUECKHUX 3aday
SBIISIETCS TOJIBKO MPAaKTUYECKast TPOBEpKa.

Hpyrast 0coOOEHHOCTh TEXHUYECKOTO MBIIUIEHUSI COCTOUT B TECHOM B3aHMOOTHOIICHUU U
B3aUMOJICHCTBUM TEXHUYECKHX MOHATUH W 0Opa3HBIX KOMIIOHEHTOB AeATelnbHOCTH. OOpa3HbIi
KOMIIOHEHT — 3TO MPOCTPAHCTBEHHOE MpPEJICTaBICHHE OOBEKTOB HJIM IMPOLIECCOB, HA KOTOPOE
HaIIPaBJICHO IIPaKTUYECKOe AelicTBue. be3 B3auMOneUCTBUS IOHATUN U NPEICTABICHUN PEIIUTh
MHOTHE CIIyEOHO-TEeXHHUYECKHE 3aJayd HEBO3MOXKHO. [loaToMy BaKHYIO pOJb HIparoT
YEepPTEKH, CXEMBbI, TpadUKu U Jp.

Tperbss 0cOOEHHOCTh TEXHHMYECKOTO MBIIIJICHHS 3aKII0YaeTCsl B TECHOW B3aMMOCBSI3U U
B3aUMOJICHCTBUM OOpa3HBIX M MPAKTUYECKHX KOMIIOHEHTOB NESTEIBHOCTH, B HEpPa3pHIBHOM
COUETAaHUM HAIJISIHOTO TPEACTABIEHUSI ACUCTBUS U €ro MPaKTHYECKOTro ocyllecTBieHus. B
X0JIe JeSITeIbHOCTH TOCTOSHHO CO00pa3yroTcs C TEOpPeTHYECKH (MBICIEHHO) CO3aHHOM
CyOBEKTUBHON MOJIENBIO (AJITOPUTMOM, 00pa30oM, CXEMOU U T. I1.) ACUCTBUH, 00ECIIEUNBAIOIINX
pelIeHne CIIy>kKeOHO-TEXHMYECKON 3a1auu.

Creuunguyeckass 0COOEHHOCTh TEXHHYECKOTO MBIIIJICHUSI — €ro omnepatuBHOCTh. OHa
HPOSIBIIIETCS. B TOM, YTO TpeOyeTcs PEUIMTh Ty WM HUHYIO CIIy:KeOHO-TEXHMYECKYIO 3aj7auy B
orpaHuueHHoe Bpems. Takoe TpeOOBaHUE TMPEABABIAETCS, B YACTHOCTH, MpPH MOJyYESHUU
CHUTHAJIOB O COCTOSIHUHM PA3IMYHBIX TEXHUYECKHX YCTPOMCTB, 00BEKTOB M T. 1. OnepaTuBHOCTD
TEXHUYECKOTO MBIIUICHHS MPOSIBISIETCS, KPOME TOTO, U B yMEHUU 3P(HEKTUBHO MPUMEHSTH CBOU
3HaHUS B HY>)KHBIi MOMEHT U B PA3JTUYHBIX YCIOBUSIX.

AHanu3 coiepxaHHUs BO3HHMKAIOMIMX B TMPOGECCHOHATIBHONU JAeSITeIbHOCTH oduiiepa
CIIy’)KeOHO-TEXHMYECKHX 3a7ay TOKa3bIBAeT, YTO OHHU OOJbIIEH YacCThbIO HOCAT MPOOIEMHBIN
xapaktep. Tonbko TOT oduiep CMOXET ONEepaTUBHO OCMBICIUTH BO3HHUKIIYIO B pe3yibTare
BO3/ICUCTBUS TeX WIM HHBIX (DPAKTOPOB MPOOJIEMHYIO CUTYAIMIO, BBISIBUTH B HEW CIy»)eOHO-
TEXHUUYECKYIO 3a]1auy, HAalTH U MPaKTHYECKH peann30BaTh MMyTH €€ PelleHus, KOTOPbIA 00Iaaaer
Pa3BUTHIM TEXHUYECKUM MBbIIUIEHHEM. Bce 3To TpeOyeT Takoi MocTaHOBKH 00yuYeHHs OyayIux
odwuiepoB, 4ToObI OHO (HOPMUPOBAIO U PA3BUBAIO Y HUX TBOPUECKOE TEXHUYECKOE MBIIIICHHE.
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JlanHoe TpeOOBaHUE OTHOCHUTCS, MPEXKAE BCEro, K OOYYCHHIO KYypCAaHTOB IO CIEUUATHHBIM
TEXHUYECKUM IpeIMeTaM, HallpuMep, CBA3H.

[Ipouecc TBOpUuecTBa YpE3BBIYAKHO CI0KEH. B Ka)J0M OTIEIBHOM ClIy4yae OH IIPOTEKAET
CTPOTO HWHAMBHUAyalbHO. 3ajJaya MpenojaBaTessi COCTOMUT B TOM, YTOOBI MaKCHMAalIbHO
AKTUBHU3MPOBATH U PA3BUTH TBOPUECKUE CITIOCOOHOCTH KYPCAHTOB, BOCIIUTATh Y HUX MPUBBIUKY K
TBOpuecTBY. [[nsi 3TOrOo ciemyer kak MOXKHO 4allle CTaBUTh Mepel OyaymuMu oduiepaMu
CUTYallMOHHBIE  3aJaud, COJCpKAHUE KOTOPhIX TpeOyeT TBOPUECKOro TOAXOoda K
npodecCuOHaTBbHOM NeSTEIbHOCTH.

Peanu3zanusi JaHHOTO TPUHIMIIA B MPAKTUKE IMOATOTOBKH KYPCAHTOB MO TEXHUYECKUM
JUCIHUIUIMHAM B 3HAYUTENIbHOM Mepe JOCTUTaeTcs C TIOMOIIbI0 CHUCTEMBI CIENHAIbHO
pa3paboTaHHBIX TBOPYECKHUX CIYKEOHO-TEXHUYECKUX 3aaad. UTOObI COOTBETCTBOBATH CBOEMY
npeIHa3HaYeHHI0, OHU JIOJKHBI YAOBIETBOPSATH CIIEAYIOIIUM OCHOBHBIM YCJIOBUSM:

- IPOOIEMHOCTb;

- mpopeccroHaIbHOE COiepKaHHE,

- MaKCHMaJIbHOE MPUOIMKEHHE K CIy)KEOHO-TEXHHMUYECKUM CUTyalusM (UX dJIEMEHTaM),
BO3HUKAIOIIIUM B J€SITEILHOCTH OQuIiepa.

TBopueckue CIyKeOHO-TEXHMYECKHME 3aJaud MOKHO pa3[eNuTh Ha JIBa THUIMA:
KOJJMYECTBEHHBIC (PacUeTHBIC) U KaueCTBEHHBIE (331aUH-BOTIPOCHI).

Kak u3BecTHO, KONMYECTBEHHBIE 33aJja4d BOOOIE CBSI3aHBI C HCIIOJIB30BaHHEM (POpPMYII,
MaTeMaTHYEeCKUMH pacueTaMH, OIpEJIeJIeHHEeM 3HAYeHUs HMCKOMOW BEJIMYMHBI ©U T. II
TBOpUeCcKHE KOJUYECTBEHHBIC 33aJa4d — 3TO, B OCHOBHOM, 3a/1aud, B YCIOBHSIX KOTOPBIX
OTCYTCTBYET YaCTh HEOOXOAMMBIX JJI MX pPEUICHHs] MCXOTHBIX MaHHBIX. [Ipu pemieHun Takux
3a/1a4 KypCaHTHl OMpPENENSIOT, KaKue JOMOJHUTENbHbIC TaHHbIE UM HYXKHBI, TJ€ UX MOXHO
HaWTH, TTOJIB3YIOTCSA CIPAaBOYHOM JUTEepatypoil u 1. A. [IpuBenem npumep peaibHON TBOPUYECKOM
KOJIMYECTBEHHOW  CIY)KEOHO-TEXHUYECKOW 3a/ladd, KOTOpas MOXKET BO3HUKHYTh TMEpel
HAYaJIbHUKOM MOTPaHUYHOMN 3aCTaBBI.

3a0aua. Paccuumamv no moxy u nomepe HANPANCEHUS CeMb NEPeMEeHHO20 MOKa,
AUMAOWYI0 HA NOCPAHUYHOU 3ACAse 0C8eMUMEeNbHYI0 YCMAHOBKY CKIa0ad 20piode-CMA30YHbIX
Mamepuanoe ¢ NYHKMOM 3anpaeku. Ycmanoska cocmoum u3 08yX NApauilebHo COEOUHEHHbIX
ceemuibHukos mownocmoio 200 Bamm  kaocovui. Ilumarwowas cemv 6vbinojiHeHa Nno
08YXNPOBOOHOLL cucmeme (haza nuoc HOb) RPOBOOOM C AIOMUHUEBLIMU HCULAMU U PE3UHOBOU
uzonayuel, NPoNoNHCeHHbIM 6 cmalvHou mpybe. [lomeps uanpsdceHus 6 JNUHUU He OOJIHCHA
npeegviuams 2,5%. /{nuna nunuu 150 m.

Kak BumHO, coaepkaHHWe 3amadd TpeOyeT MPUMEHEHUS pPACUETHBIX (BopMys, yMeHHS
OLICHUTh OOCTaHOBKY, HAJIWYHUSl CIPABOYHON IUTEpaTyphbl, MPHUHATHS pEIIEHHE O BBIOOpE
CEYEHUH MPOBOJA B 3aBUCUMOCTH OT PE3yJbTATOB PACUYETOB IO TOKY HArpy3ku WU TOTepe
HANpsOKEHUS B JIMHUW, COCTABJICHUS CXEMbI MHTamoIeld cetd. HeoOxommmo Takxke peliaTh
BOIIPOCHI PYKOBOJCTBA MPOKJIAJAKONW JTUHUM M BBOJA €€ B OIKCIUTyaTaluio, KOTOpas W JacT
OKOHYATENIbHYIO OIIEHKY KaueCTBY PEIICHUS 3a/1auH.

KoHewHO ke, TpUBEICHHBIM MPHUMEP HEIb3sl CYUTATh XapAaKTEPHBIM W TUITHYHBIM IS
NESITEIbHOCTH BOMCK B COBPEMEHHBIX YCJIOBHSIX. B TOke BpeMs NpaKTHKa IMOKa3bIBAaET, YTO
TaKWe WU TOJ00HBIC CITy)KeOHO-TEXHHYECKUE 33JIa4ll BO3ZHUKAIOT JOBOJBHO yacTo. U odurnep
JOJKEeH OBITh TOTOB pelIaTh UX.

[Iporecc pemieHnst KOTMYECTBEHHBIX 3a7a4 MOKHO Pa3OUTh HA PsI/I TAMOB: 3aMUCh TEKCTA
3a/layM;, BBIMHCKA 3aJaHHBIX BEIUYMH M YHCIOBBIX 3HAYCHHM, a TakkKe BEIMYUH, KOTOpHIC
TpeOyeTcsi HalTH,; NPUBEACHUE YMCIOBBIX BeIWYMH K enuHod cucrteme eaunui (CH);
BBIMIOJTHEHHE CXEMBl MIM 4YepTeka K 3a]ade; OCMBICIIEHHE €€ COJIep)KaHUs; TOUCKU
HEJIOCTAIONINX HWCXOJHBIX JAHHBIX; MBICJICHHOE COCTaBJIEHUE OOIIEro IUlaHa perieHus;
COOCTBEHHO, pellIeHUe 3a7aul C COOTBETCTBYIOIIEH 3aIUCHIO.

WcknmounTenbHO  BaXHBIM ~ SIBJISIETCS  DTAll  OCMBICTMBAHMSI  COJCPXKAHUS  3a7adyM.
[TonpoOHOe, BceCTOpOHHEE PAcCMOTpPEHHUE MPEACTABIECHHBIX B 3a/lade OOBEKTOB M SBICHUH, a
TaK)K€ 3aKOHOMEPHOCTEH, KOTOPBIE XapaKTEPU3YIOT UX KOJUYECTBEHHO — 3TO OCHOBHOE, Ha YTO
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JOJDKHO oOparmmathesi ocoboe BHUMaHHE. OT TOro, HACKOJIBKO TNIyOOKO KYpPCaHT OCMBICIHT
COJIepKaHNE 3a/1a4H, 3aBUCHT TPABUIIBHOCTH OMPEICIICHHs HEOCTAIONINX HCXOTHBIX JaHHBIX U
BO MHOT'OM DPEIICHUS 33]]aui B LIEJIOM.

OmnBIT MepeloBBIX TpenoaBaresieii CBUACTEeIbCTBYET, YTO TJIABHOE B PEIICHUM 3aJa4 —
HE MaTeMaTHYECKUE BBIUMCIICHUS C LENbI0 MOIYYEeHUSI YUCIOBOIO OTBETA, XOTS U 3TO BAXKHO.
['maBHOE — MBICIIEHHOE COCTaBIICHHE TUIaHA PEIICHUS 3a/1a49M, TO €CTh €€ CMBICIOBOE pEIlIeHHE.
LlenecooOpa3HO y4YUTh KYpCaHTOB B XOJ€ pEIICHHsS 3aJaud MBICIUTh HEe KOHKPETHBIMU
YHCIIOBBIMH BEJIMYMHAMH, a pPeliaTh €e B 00meM BUie, 0e3 BBIYHCICHUH, TO €CTh COCTABISThH
QITOPUTM PELICHUSI.

K xadecTBEHHBIM 3a7jauaM OTHOCSTCSI TAKUE 3aJ[auu, ISl PEIICHUS KOTOPBIX HE TpeOyeTcs
HUKaKuX BbIYUCIEHUNA. KypcaHThl MONB3YIOTCS M3YYEHHBIMU 3aKOHAMHU U 3aKOHOMEPHOCTSIMH,
COOTHOIIICHUSIMH, TIPaBWIAMU U T. T., TIPUMEHSIOT WX MPH aHAJIW3€ TPOIECCOB U SBICHUH, C
KOTOPBIX HJET pedb B 3ajaye. BOJIBIIMHCTBO TBOPUECKUX 3a/7a4 SBISIOTCS KauyeCTBEHHBIMU. B
XOJ€ 3aHATHH 10 TEXHWYECKUM JHCIUIUIMHAM MOXHO pPEKOMEHIOBATh HCIIOJIB30BaTh
CJIEYIOIINE OCHOBHBIE TUITBI TBOPUYECKUX KAUECTBEHHBIX 3a/1a4.

1. 3amaun Ha BBHIOOP JIEMEHTOB CXEM, MaTEPHAIIOB, CTIOCOOOB COOPKHU CXEM, Y3JIOB H T. II.
B 3aBHCHMOCTU OT YCJOBUH SKCIUTyaTallud UM TEXHUYECKUX TpeboBaHmii. Perienue »Tux 3amay
TpeOyeT BOCCTAHOBJIICHHS B IaMSTH M3YyYEHHOTO MaTepHala, BBIICICHUS OCHOBHBIX CBOWCTB,
XapaKTepUCTHK, TTapaMeTPOB 3JIEMEHTOB, BHIOOpa Hanboee MOAXOSAINX U3 HUX U JaHHBIX
YCIIOBHIA, aHAJIM3a BO3MOKHBIX PE3yJIbTaTOB.

2. 3amaun HA CpaBHEHUE U OLEHKY 3()pPEKTUBHOCTH MPUMEHEHUSI MPUOOPOB, IEMEHTOB
cXeM, CcrocoOOB BBHITIOIHEHUS padoT U T. I. B Xole pemieHust 3TUX 3a7a4 KypCaHThI JOJDKHBI
NPOaHAIM3UPOBATh JOCTOMHCTBA M HEAOCTATKH CPAaBHMBAEMBIX OOBEKTOB, BBIACIUTH Hanboiee
CYIIIECTBEHHBIC UX CBOWCTBA, CACNaTh ONPE/ICICHHBIC BEIBOIBI 1 00OCHOBATH HX.

3. 3ajaum Ha ompeesieHUe 3aBUCUMOCTeH. Pelenne Takux 3aqad pa3BUBaeT y KypCaHTOB
AQHATUTHYECKUI TMOAX0J] K OLEHKE NMPUYHHHO-CIICCTBCHHBIX CBSI3€H MEXKIy OOBEKTaMH U UX
CBOICTBaMH, MpoLecCaMu, TEXHUUYECKHUMH TPeOOBAHUSMHU.

4. 3ajaun Ha OOBACHEHHUE PA3IUYHBIX MPOIECCOB M siBNeHUM. [Ipu pemeHnn mogoOHBIX
3aJa4 MPOUCXOJUT TEPEHOC 3HAHWM, MOJYYEHHBIX KypCaHTaMH B Kypce NUCUUIUIMH CpeIHen
MIKOJIBI, JUISI TIIyOOKOTO TIOHMMAHUS U OOBSICHEHHS (U3NYECKOW CYIIHOCTH TIPOLECCOB M
SIBIICHHUU, TIPOUCXOSIINX B TEXHUUECKUX YCTPOHUCTBAX.

5. 3agaum Ha [IOCTpaWBaHWE NPHHIUIMHUAIBHBIX CXeM. OTH 3aJaud, KaK M BCE 3a/a4d
rpaduueckoro xapaxkrtepa, KOTOpble TPeOYIOT OT KypPCaHTOB YMEHHUS «MBICIHTh TpadUyecKn,
MOBBIIAIOT UX TPAPHUUECKYIO KYIBTYpY.

6. 3a1aun Ha COCTaBIIEHUE MPHUHIUIIUAIBHBIX CXEM HM3YYaeMBIX AJIIEMEHTOB TEXHUYECKUX
cpenct. Takue 3aa4y pa3BUBAIOT Y KypCAaHTOB a0CTPAKTHOE TEXHUYECKOE MBIIUICHUE, YMEHHE
riIyOOKO pa3duparbcs B MPHUHIUIE JICHCTBUS W YCTPOMCTBE M3ydaeMoro oOBbEKTa, MBICJICHHO
NPECTaBIATh ce0e B3aMMOCBS3aHHBIE €0 3BEHbS W OT NPOCTPAHCTBEHHBIX MPEICTABICHHNA
MEPEXOJIUTh K IJIOCKOCTHOMY, CXeMaTHUeCKoMy Hu300paxeHuo. PereHne momoOHBIX 3amad
MO3BOJISIET TPEIOIABATEINI0 JT00UBAThCS OoJiee TIyOOKOTO yCBOEHHSI KypCaHTaMH H3y4aeMOro
MaTepuasa U pa3BUBATh Y HUX DJIEMEHTHl a0CTPAKTHOTO TEXHUUECKOTO MBIIIICHHUS.

7. 3amaun Ha BHECEHHUE 3aJ[aHHBIX U3MEHEHHH B YK€ MMEIOIIYIOCS KOHCTPYKIIHIO, CXEMY.
Pemrast 3aauu ¢ a1eMeHTaMu KOHCTPYUPOBAHUS, KYPCaHThI, MPEXK/IE BCETO, TIYOOKO H3y4aroT Te
YCTPOWCTBA, B KOTOPBIE MPEUIaraloTCs BHECTH KOHCTPYKTHBHBIE M3MEHEHUS, MPUCTYMAIOT K
pa3dopy CYIIHOCTH YCIOBHH, KOTOPHIM JIOJKHA yIOBJIETBOPATH KOHCTPYKIIUS TIOCIIC BHECCHHUS
U3MEHEHUH, MOOWMIIN3YsS WMEIOIIMECs 3HAHWs, HABBIKM M YMEHHWs, OOOCHOBBIBAIOT IMPHUHSTOE
pemieHue. Bee 3T0 CTUMYITHPYET TBOPUYECKOE TEXHHUYECKOE MBIIUICHUE KYPCAHTOB, 3aKPEIUISET U
pacmmpseT uxX 3HaHUS U MPAKTHUECKUE HABBIKH.

8. 3agaunM Ha BOCHOJHEHHE HEIOCTAIOUIET0 3BE€HAa B KOHCTPYKIMH, CXeMe. DTO TaKXKe
3aJa4d C DJIEMEHTaMU KOHCTPYHMPOBaHUS, HO yxe Oojee ciokHble. Pemas maHHbIe 3amaqw,
JOJKHBI TIPENJIOKUTh HeAocTaroiiee 3BeHO. [Ipu pemeHuH NOMO0OHBIX 3a/ad MPOUCXOAUT
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NepeHOC MMEIOUINXCSl 3HaHWHM, HABBIKOB M YMEHHUI B HOBYIO CHUTYallMIO, KOHKPETHU3ALUSI UX C
y4ETOM yCJIOBHS 3aa4H.

[TpuBeneHHbIE TUIBI TBOPYECKHX 3aJjad HE HCUEPIIBIBAIOT BCEX BO3MOXHBIX U MOTYT
paccMaTpuBaThCi KaK OPHEHTHPOBOUYHBIC. B COBOKYNMHOCTH 33/a4M JIOJDKHBI IIPEJCTABIATH
OTIpPENICICHHYI0 CHUCTEMY, COOTBETCTBYIOUIYIO METOAMKE, H30paHHOW mperojaBaTeneM, U
OTBEYAIOIIYIO IEJISIM IOJArOTOBKM KYPCAaHTOB MO TEXHHYECKMM IUCHUILIMHAM. OCHOBHBIM
TUIAKTUYECKUM TpeOOBaHMEM K CHUCTEME 3ajJlau SIBJISETCS MOCTENEHHOE YCIOKHEHHE CBSI3Ei
MEX1y BEIMYMHAMH M MOHSATHAMH, XapaKTePH3YIOIIUMH OOBEKTHI, MPOLECCHl M SBICHUS,
KOTOpBbIE MPEICTABICHBI B 33/1a4aX.

Cucrema 3a7a4 JI0JDKHA BKIIFOYATh ONTHMAIBHOE YHCIO PENPOAYKTUBHBIX M TBOPUYECKHX,
KOJINYECTBEHHBIX M KAaYECTBEHHBIX 33/a4, KOTOpble oOecreymsid Obl JOCTaTOYHBIH YpPOBEHb
pasBUTUS TBOPYECKOTO MBINUICHHA y Oyaymux odumnepoB. OpHako, ONTHMalbHOE
KOJINYECTBEHHOE COOTHOILIEHUE PA3IMYHBIX 33/1a4 B CHCTEME OOy4YeHHMs MOKa HE YCTaHOBIJICHO.
D10 00ycnaBIMBaeT HEOOXOAMMOCTh IPOBENCHHS KOMIUIEKCHBIX — AKCIIEPHMEHTATbHBIX
UCCIIEIOBaHM, HAIIPABJICHHBIX HA BBISBJICHHUE M HAYYHOE 0OOCHOBAHUE TAHHOT'O COOTHOILICHHUS.

Pemenne 3amay 1o TeMe WJIM OTAEIBHOMY BOIIPOCY KaKOW-THOO TEXHUUYECKOU
JTUCLUUIUIMHBL  1€JIeCO00pa3HO  HAuWHATh € KA4eCTBEHHBIX 3ajgad, 3aTeM  BKIIOYATh
KOJIMYECTBEHHBIE, B YCIOBHSIX KOTOPBIX COJEp)KaTCs BCE MCXOJAHBIC JaHHBIE. B manpHeimem
pPEKOMEHAyeTCsT TOCTENIEHHO NEepeXOoANUTh K 3agadaMm, sl pEIIeHUs] KOTOPBIX TpedyeTcs
BCIIOMHUTH M TIPUMEHHUTH W3yUCHHBIH paHee Marepuall, POU3BECTH MPeoOpa3oBaHUE JAaHHBIX,
HAWTH HEIOCTAIOIINE BEJIMYMHBI B CIIPABOYHUKAX, TAOIULAX U T. 1.

[lemarormueckuii OMBIT CBUAETENBCTBYET, YTO IPHU PEIICHNH TBOPUYECKUX 33]a4 KypCaHTHI
HPOSIBIIAIOT MaKCUMAaJbHYIO CaMOCTOSITEIIbHOCTh MBIIUICHHS, PAa3BHBAIOT y ce0sl CIIOCOOHOCTH
OIIEpUPOBATH 3HAHUSMH B JOBOJBHO CIOXKHBIX CITY)KEOHO-TEXHHUYECKHX CUTYalHsAX, GOPMUPYIOT
HaBBIKM M YMEHHUSI TBOPYECKH MBICIMTh — aHAJIM3HPOBATH, CHHTE3UPOBATh, 00001IaTh, /€1aTh
BBIBOJIBI, OIIGHKH, BBIOMpaTh HAWIyYIIMHA JUIs JAHHBIX YCJIOBHH BapHaHT NPUHUMAThH
CaMOCTOsITeNIbHBIE pelleHus. Bmecte ¢ Tem, pa3BUTHE TEXHUYECKOTO MBIIUIEHUS KYpCAHTOB HE
MOXET OBITh OrpaHMYEHO TOJBKO PEUICHHEM TBOPYECKHUX KOJIMYECTBEHHBIX M Ka4eCTBEHHBIX
CITy’)KeOHO-TeXHUYECKHX 3a1a4. bonbloe 3HaueHHue UMeeT TakkKe HMCIOIb30BAHNE TEXHUUYECKUX
CpeAcTB OOydYeHHus: M, TpPEeXIe BCEro, TpeHaxkepoB. OHHM IMO3BOJISIOT CO3/1aTh CHUTYyallud
Pa3IMYHON CIIO)KHOCTU IO JHUAarHOCTUKE M YCTPAHEHHIO HEHMCIIPABHOCTEH B TEXHMUYECKUX
YCTPONCTBAX.

CuTyanuu IMarHOCTUYECKOrO XapakTepa €CTh He UYTO MHOE, KaK MPOOJIeMHbIE CUTYalUH.
Crnemyer Takke OTMETHTh, YTO TOWUCK M YCTpAaHEHHWE HEUCIPABHOCTEH IO CBOEH CIIOKHOCTHU
NPUOIIKAIOTCS K BBICIIEMY YPOBHIO NMPOOJIEMHOCTH B OOYYEHHH: TTOJyYUB MCXOJHBIC JAHHBIC,
KypcaHT caM (opMyIupyer 3amady W pemiaeT ee, MapajulelbHO MPOBEPSsS IMPaBHIBHOCTH
pemenns. OHAKO 3TOT YPOBEHb MPOOJEMHOCTH HE JOJUKEH MpPEensTCTBOBATh JOCTYIHOCTH
NOJOOHBIX CUTYAIi JUIs KypcaHTOB. OTCI0/1a BRITEKAIOT OCHOBHBIC AHIAKTHYECKUE TPEOOBAHMUS
K CHUTYyalUsIM JIMAarHOCTHMYECKOTO XapakTepa — JOCTYIHOCTh W IOCTENEHHOE BO3pacTaHHE
crenieH TpynHoctd. C [enpl0 OKa3aHWs TOMOIIM KypcaHTaM B BbIOOpe HaumbOoee
paLMOHATIBHBIX MyTEH M CPEeICTB HAXOXKACHUS MOBPEKIACHUN Ha MEpBBIX MOpax HEOOXOIUMO
UCTIONIb30BaTh METOAWYECKHe peKoMeHmanuu. Hapsimy ¢ onmcanueM paboOTBl CXEMBI U
Ha3HAYCHUS KaXIOTO €€ DIEMEHTa, OHH IOJDKHBI COJAEep)KaTh aJITOPHTM IIOHMCKa, TaOJIHILy
HEHCIIPAaBHOCTEW M BOBMOKHBIX MIPUYMH X TTOSBICHUS, a TAKXKE MyTeH JTNKBUIAIINN.

[Tpr >TOM OCHOBHOE BHUMAaHHE JOJDKHO YAENATHCS MPUHLUIAM IMOMCKA MOBPEXKICHUI.
Jleno B TOM, YTO MOWCK JAJIEKO HE KaKIOW HEMCIPaBHOCTH MOAACTCS aNropuT™Mu3anuu. Kpome
TOT0, 00y4YEeHHE TPUHIIUIIAM ITOUCKA TOMOTAaeT KypCaHTaM CaMOCTOSATEILHO OPHEHTHPOBATHCS B
COBEPIIEHHO HOBBIX YCJIOBUSAX. KypcaHTBI [OKHBI YMETh CaMH BBISBIATH TPUYHHHO-
CIIC/ICTBEHHBIC CBS3M B XOZE TOHMCKa, a HE MOJIydYaTh UX B TOTOBOM BHJE. TOJNBKO TOr/a 3TH
CBSI3U CTAHOBSTCS OOBEKTOM TITyOOKOTO OCO3HAHUS U CAMOCTOSITEIILHBIX JCHCTBHUM, a 3HAUHT, U
6osee > PeKTUBHO pa3BUBAIOT TEXHUUYECKOE MBIIIIEHHE OYIyIIMX O(UIIEPOB.
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Pa3BuUTHIO TEXHUYECKOrO MBIIIICHUSI KYpCaHTOB AaKTHUBHO CHOCO6CTByeT HU3YUYCHUC
TEXHUYECKOH NOKyMeHTanuu. Pedp uuer 00 m3ydeHHH (OpMYISIpPOB U MACIOPTOB 3JIEKTPO- H
palIMOTeXHUYECKHX MPHOOPOB W  ammaparypbl, HHCTPYKUMH 1O HX OKCIUIyaTaluw,
o0cmy>XuBaHUIO U T. 1. YTOOBI 3Ta padboTa ObuTa O0JIee IeNeHanpaBIeHHONW, HEOOX0IUMO J1aBaTh
KypcaHTaM 3aJlaHHus C KOHKPETHO IIOCTaBJIEHHbIMM Bompocamu. OTBETbl Ha HHMX KYypCaHTBI
HAXOJAT MPHU M3YYCHUH COOTBETCTBYIOMIETO IOKYMEHTA. DTO MOBBIIIAET AKTUBHOCTH KYPCAaHTOB
U JIaeT TPEToAaBaTet0 BOZMOXHOCTh OCYIIECTBISITE KOHTPOIIb 332 X PaObOTOM.

bnaronpusitbie ycnoBust uisi (OPMHUPOBAHHUS W PA3BUTUS TEXHHUYECKOTO MBIIUICHHSI
Oyaymux OQUIEPOB CO3MAIOTCS TOCPEACTBOM HX pabOThl B BOCHHO-HAYYHBIX KpYyKKaxX MpU
kadeapax. 37ech MOXXHO OTMETHUTh Takwe (OpMbI, Kak HamucaHue pedeparoB, ydactue B
KPYIJIBIX CTOJIaX, HAYYHBIX CEMUHAapaxX M KOH(PEPEeHIHIX U, OCOOEHHO, y4aCTHE B TEXHUYECKOM
000py10BaHNM YUEOHBIX KaOMHETOB Kadep.

BriBOA

BrimiensnoxkeHHoe B CTaTbe CBUJETENBCTBYET O TOM, YTO CO3/JaHHUE YCIOBUM IS
(bopMHpOBaHUS U PA3BUTHUS TEXHUYECKOTO MBIIUICHUS y OyAyIInuX O(UIIEPOB — 3TO CIOKHBIN U
TpynoeMkuii mporecc. OH TpeOyeT COCpPeNOTOYCHHsI 3HAYMTENIbHBIX YCHUJIUH CO CTOPOHBI
poeccopcKo-IperoaaBaTeIbCKOT0 COCTaBa, HAYYHOTO TIOHUMAHUSI M YE€TKOTO MPECTaBICHUS
UMU CYIIIHOCTH M OCOOCHHOCTEH TEXHUYECKOrO MBIIUIEHUS, CrieuUKA ero (OopMUpPOBaHUS U
Ppa3BUTHA B BOCHHBIX y‘-IGGHBIX 3aBCACHUAX.
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OCKEPH OKY OPBIHJIAPBIH/IA BIJIIM AJTYIHIBLIAPJBIH TEXHUKAJBIK OMJIAY
KABLJIETIH JAMBITY

M. C. Acanos'

'Kasakcran PecryGmukacsl ¥ITTHIK Kayincismik komureri [llexapa Kbi3MeTi AKaJeMHUSICHI,
Anmarsl K., Kazakcran

Anoanma. . Makana TEXHUKAIBIK Oiay KaOiJIeTiH KaJIBIITACTBIPY KOHE OCIICEHIETY IIapTTaphl
MEH KypajJapblH, MarblHACHl MEH €PEKIIETIriH KopceTe OTBIPHIN, Ka3ipri Tanaa oQUIEpIIiK Kaapiapbl

62



Becmnuxk Anmamunckozo ynueepcumema snepeemuxu u ceazu. Ne 1 (40) 2018

JaspiiayaplH MaHBI3ABI MOCENeNepiHiH OipiH KapacThIpaasl. TeXHUKANBIK Oiay KaOuIeTiHiH OUTIKTUTITIH
JIaMBITy JKaH-)KaKThl aiiTbuFaH. KpI3METTIK-TeXHUKAJBIK TalchlpMajiapra OarbITTaIFaH ecenTepal ey
apKbUIBI OOMamaK oQuIepIepaiH TEXHUKAIBIK OiIay KaOileTiH JaMbITya eCenTiK TocuIaep i KoIaaHy
KaXXETTUIIr J9NeNIeHTeH. ATalFaH TanchlpMaliap MEH €CENTEepAiH THUIOJIOTHSCHl KapacThIPhUIBII, OCHI
TarchlpManapblH 9CKEPH KbI3METTET1 MbICaJIapbl KEATipiJIreH.

KenTipinren maTepuangap TeXHUKAIBIK OWjay KaOUIETTLUTITIH JaMBITYFa ©3 YIECIH KOCHII, dCKEepH-
KocinTik OimiM Oepy KyHeciHae KOMIaHBUTYyBI THiC, ce0eOl oCKepr MaMaHIBI Jaspiay/ia Heri3ri aKIeHT
OHBIH KociOm miedepiirine xacanaabl. COHBIMEH KaTap, KENTIpUITeH MaTepuaiiap TeXHUKAJBIK KOFAPFbI
OimiM Oepy MekeMesepiHlie OKBITYIIBUIBIK KYpaMHBIH KoCIOM ACHIeHiH JKeTunaipy yaAepicinae, Oimim
IyIIBUIAPABIH  CTAHIAPTTBI €Mec MNpoOJeMasblK JKaFdaiigapiaH INbIFYy SKOJAApbIH  i3Aeyne,
TBOPUYECTBOJIBIK 137ICHIC KOJIIaHy KAOUICTTUITIH KB TACTRIPYAa KOIAAHBLIYHI THIC.

Kinmmik co30ep: TeXHUKaJBIK OWnay KaOieTi, TBOPYECTBO, KbI3METTIK-TEXHUKAIBIK TaIlChIpMa,
KypCaHTTap, 9CKEPH OKY OPHBL.

THE DEVELOPMENT OF TECHNICAL THINKING AT STUDENTS OF MILITARY
EDUCATIONAL INSTITUTIONS

L. S. Assanov’

'Border Service Academy of the National Security Committee of the Republic of Kazakhstan,
Almaty, Kazakhstan

Abstrakt. The article describes one of the actual problems of officer personnel training in modern
conditions showing the essence and peculiarities, conditions and means of formation and activation of
technical thinking. The components of technical thinking are revealed. The practicability of task approach
to the development of technical thinking at future officers by means of solving oriented to this service and
technical tasks is justified. The typology is considered and the examples of such tasks in service and
combat activity of the military man are brought.

The offered materials bring a definite contribution to the theory of critical thinking development
and may be used in the system of military and professional education while training military specialist the
main accent is made on his professionalism. The stated may also be used in the process of professional
development of teacher staff of technical educational institutions, formation at learners the skills of
creative approach by searching way from problem situations of non-standard character.

Key words: technical thinking, creativity, service and technical task, cadets, military educational
institution.
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IRSTI 14.35.07

L. H. Mazhitoval, A. M. Salamatina'

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

THE CONCEPT OF PROFESSIONALIZATION OF TEACHING
PHYSICS AT TECHNICAL UNIVERSITY

Abstract. The article deals with the problem of improving the quality of teaching, the solution of
which the authors associate with the professionalization of training (professionally directed training in
physics, practice-oriented), and with the development of educational programs in trilingualism conditions.
In connection with this, the concept of professionalization of training to improve the quality of students'
training has been developed. It presents a system model of interrelated ways of understanding the
pedagogical phenomena of the learning process for the successful professionalization of engineering
education. Development of the concept allowed to create a system for the interaction of theory and
methodology of training, realizing the professionalization of training through the applied orientation of
training in the formation of professionally-oriented competences. Particular attention is paid to the
discipline "Physics", which is the theoretical and practical basis for the training of future specialists in the
field of engineering labour.

The obtained results of the research can be used in modern conditions for further improvement of
the scientific and methodological foundations of teaching physics at a technical university.

Key words: practical-oriented training, the concept of professionalization of teaching, information
and educational environment, goals and objectives of training.

At present, technical universities have a set of difficulties in improving the teaching of
natural science disciplines, where physics has one of the leading roles in the professionalization
of engineering education. This is due to a number of contradictions:

- between the high level of development of physical theories and the lack of practical
implementation of them in engineering education in the context of the future professional
activities of graduates of technical universities;

- between the existing system of physical education in technical universities and the
insufficiently developed pedagogical model of the professionalization of learning physics in the
context of integrating the Kazakhstani education system into the European educational space;

- between the need for professionalization of the content and structure of physical
education of future bachelors in a technical university and the lack of methods for organizing
effective pedagogical conditions for improving the effectiveness of the educational process.

This article presents the concept of professionalization of learning physics as a guiding
idea for systemically highlighting the problems of improving the quality of training for technical
university students on the basis of professionally oriented training that is based on the model of
bachelor's activity in the engineering sphere of work. In this case, this concept can be presented
as a system model of interrelated ways of understanding and interpreting the pedagogical
phenomena of the educational process for the successful professionalization of engineering
education. Moreover, this model as a system should reflect the structure and content of the
concept of improving vocational training at the level of discipline and can be as an educational
invariant in conditions of multilingualism (Kazakh, Russian, English), dictated by the activation
of international cooperation, Kazakhstan's accession to the WTO and the formation of the
international labour market.

Thus the development of the concept allows us to create a system for the interaction of
theory and teaching methods, carrying out professionalization through the applied orientation of
instruction, with the focus on the formation of professionally-oriented competence in physics.

The methodological block of the concept proceeds from the goals and objectives of the
training and is developed on the basis of the person-oriented, competence-based and system-
activity approaches and the principles of consistency, integrity and professional orientation.
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Taking into account the social order for the formation of the future bachelor's personality
and based on the bachelor's activities model in the sphere of energy and communications, a
structural model (Figure 1) of the concept of the professionalization of teaching physics was
constructed. It takes into account the following criteria and professionalization indicators:

- motives for choosing a profession and professional values;

- knowledge of the content of future professional activities;

- independence and creativity in solving theoretical and practical problems.

Social order for the Scientific- The model of the
formation personality > methodological |4 bachelor's activity in
of the future bachelor substantiation sphere of energy and

bachelor's degree concent telecommunications
Goals and
objectives for
professionalization
The Substantial Educational plans,

v

aspect of training programs, EMCD D

l The system of forms,
Management aspect methods and

of training professionally —
directed training

l l

Motivational aspect
of training

\ 4

> Techniques for the
formation of professionally-
oriented competences and
professionally important
qualities of the future
bachelor's personality

<]

Training result ¢
for physics

Figure 1 - Structural model of the professionalizing concept of teaching physics at the
Technical University

The development of the presented conceptual model of the teaching physics
professionalization makes it possible to take into account the requirements for the quality of
training specialists in the sphere of engineering work, changing the objectives of training,
curricula and programs, the introduction of new teaching technologies aimed at strengthening the
role of independent activities of students. As can be seen from the diagram (Figure 1) in our
case, we take into account both the quality of the learning conditions (information and
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educational environment), the process (educational, research, management), and the result of the
teaching professionalization (personal qualities, cognitive activity and motivation, conditions of
multilingualism).

At the same time, this professionalization of training through professionally directed
training was associated with the development of a model for the future bachelor's career, since
professionally important qualities, forming activity and the object of future activity must be
interrelated in a certain way [1]. The realization of such a model through the technology of
training at the level of discipline is based on the connection between the main components of the
training information environment [2], which includes the goals and objectives of the educating,
the teaching and methodological complex of the discipline, used by both the teacher and students
through the syllabus (it is constantly presented on the department's website), as well as methods,
means and forms of learning and the monitored result of training in dynamics.

In connection with the fact that the introduction of the concept of the professionalization of
the physics course developed by us in the conditions of technical university requires considerable
expenditures and time, we will consider only some aspects of the education professionalization
in the context of the formation of professionally oriented computations in the physics course.

Let's first consider the theoretical training of students. The survey showed that students do
not spend almost any time studying the material of the previous lecture and especially the self-
studying work of students (SWS), do not use additional literature to consolidate the knowledge
obtained during the lectures and in the process of independent work. To activate cognitive
activity at the lecture and stimulate independent work, the optimal direction was conversation
and consultations at the SWS under supervision (SWSS) classes using small test tasks focused
on the practical use of the acquired knowledge. The most successful was the formulation of tasks
using computer technology.

A special place among the methodological guidelines for the independent mastering of the
educational material is occupied by materials for SWS, which include detailed content of
practice-oriented assignments, questions for self-studing and self-control on the topic under
study.

Here are some examples of materials on SWS compiled for the future electric power
industry:

Theme 8: Condensers. Capacity of flat, spherical and cylindrical capacitors.

Objective: to study the concept of capacitor electric capacitance; the configuration of the
field of charged capacitors of various geometric shapes; to familiarize with the use of capacitors
in the electric power industry.

8.1 Assignment:

8.1.1 The concept of the capacitor's electrical capacitance (write down the definition).

8.1.2. Consider electrostatic fields between the plates of flat, spherical and cylindrical
capacitors; find using the Gauss theorem their strengths E(r) and express the potential difference
(w4 — @,) between the plates through the charge g of the plates.

8.1.3 Derive the formulas for the capacitances of flat, spherical and cylindrical capacitors.

8.1.4. Give examples of the use of capacitors in the electric power industry and of other
engineering and industry branches.

Control questions:

8.2.1 What types of capacitors do you know (paper, polymer, electrolytic)? Where are they
used?

8.2.2 What is the capacitor's electrical capacitance and what does it depend on?

8.2.3 What form do the electrostatic field lines have in the case of a charged capacitor: a)
planar, b) spherical, c) cylindrical?

8.2.4 What form do equipotential fields have in the case of: a) flat, b) spherical and c)
cylindrical charged capacitor?

8.2.5 What role do capacitors play in reducing cascading accidents in electric power
systems?
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The objectives of practical training in the physics course, for example, for the future
electric power industry, are to build the students' skills and abilities to solve generalized typical
problems of discipline (theoretical and experimental-practical training tasks) from various parts
of physics as the basis for the ability to solve future professional tasks in the spheres of electric
power industry and find individual ways of self-education in the future; to promote the
development of students' creative thinking, the skills of independent cognitive activity.
Practically-oriented training of students in the course of practical training is only effective when
it is based on developing the skills of applying theoretical knowledge to solving practical
problems. Only in this case will the didactic goals of the practical lesson be achieved: to deepen
and consolidate knowledge, to teach them to apply; form competencies aimed at bridging the gap
between learning outcomes and modern practice requirements. The content and structure of the
practical lesson are discussed in detail in our articles ([1] and the reports of the research group).

It should be noted that for the organization of self-preparation, both the standard problem
books specified in the syllabuses and the methodological instructions developed at the
department with the content of the level tasks are used, as well as with methodological
instructions for their implementation and requirements for the formulation of decisions.

At the same time, we give examples of new practice-oriented quality problems that we
have developed:

1. How should wind wires on the coil (solenoid), so that its inductance L would be very
small?

2. A metal rod fixed at one end can freely oscillate in the absence of a magnetic field, but
in a magnetic field its oscillations rapidly decay. Why? Where does this phenomenon find its
application?

3. Aluminum objects, as a rule, are not attracted to the magnet. If the aluminum disk
(which can rotate) is located under the horseshoe magnet and promotes the magnet, the disc will
also start to rotate. Why? Which way will the disk rotate? (The speedometer of the car works on
this principle).

4. What property of elastic waves and how did geophysicists help to make a conclusion
about the existence of the liquid core of the Earth?

It is known that graduates of engineering directions should be able to work with modern
measuring devices; be able to process the data obtained during the measurement; understand
graphs and be able to correctly represent the information obtained in the course of measurements
on graphs and diagrams. This is precisely the purpose of laboratory studies that facilitate the
organization of a close practice-oriented activity of teachers and students. Laboratory practice
and the implementation of independent research (under the leading teachers of the department)
within the physical laboratory are the most productive forms of mastering students in ways of
independent work in practice. Strengthening of this component of the educational process is
achieved in our case by using laboratory complexes, united by a single theme of physical
theories and problems. This is especially true in connection with the introduction of elective
courses in physics for most specialties. At present, each such complex is also oriented to
independent research work related to the applied orientation of training in the orientation of
competences related to the forthcoming professional activity. As an example, we can give the
laboratory complex for electricity, where students get practical skills in self-assembly of the
simplest schemes and their research in accordance with the non-standard task set before them. In
this case, we achieve the formation of students not only practical skills of engineering work, but
also enable them to disclose their ability to solve problems in conditions of partial or complete
uncertainty.

In accordance with the main provisions of the professionalization of training bachelors in
the engineering and technical sphere of work, the process of forming their personal qualities,
carried out by giving the teaching and upbringing process and the content of vocational training
at the university, is given a special place.
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At the same time, the results of our research have shown that motivation for young people
to enter a technical college, especially in the not very prestigious professions, is not professional
interests, but other motives that do not indicate a conscious professional self-determination, but
rather a social definition. Therefore, the professionalization of the educational process should
include the formation of personal qualities, including professional-significant qualities, readiness
for professional self-determination, professionally oriented competencies of the bachelor [3]. All
this system of qualities can be formed only if there are stable motives of the teaching,
motivational sphere in general, on which the personal cognitive activity of students depends, in
the educational process and success in the future professional activity.

In this regard, teachers of the department developed a criterial-level structure of student
motivation and determined the levels of the formation of positive motivation for learning.

It is known that criteria are understood as the leading sign of the studied object,
phenomenon, process, on the basis of which an assessment, definition or classification of
something is conducted. The selected criteria reflect the abstract level of the description of the
measurement object - the motivation of students to study physics, while the measurement is
aimed at obtaining answers that will be specific in nature. The indicator is a quantitative or
qualitative characteristic of the selected criterion of the studied object.

Taking into account the above, criteria and indicators of students' positive motivation for
teaching physics were determined, and also on its basis three levels of its formation were
identified:

- score "0-3" - low level of formation of the considered criterion;

- score "4-8" - the average level;

- score "9-10" - high level;

Thus, the allocated criterial-level structure of the development of positive motivation of
students to study physics makes it possible to evaluate and measure the current changes in the
motivational sphere of students in the university and, on their basis, to develop the very method
of forming positive motivation for students to learn.

We focused only on possible areas for improving the preparation of students in physics in
the context of increasing the role of independent work in the context of the professionalization of
education at technical university. From the results of the research it became clear that on the
basis of systematic pedagogical research, it is possible to set and solve tasks to improve the
teaching, which in turn leads to an increase in the professional skills of the teachers themselves
and, as a result, to the improvement of the quality of training of trainees. The content and
methodological basis of the concept is an invariant in learning in conditions of multilingualism
and is a common vector in the direction of improving the quality of training and its applied
orientation. At the same time, the teaching of physics in 3 languages introduces corrections in the
teaching in English. There are additional difficulties from the analysis of the established
multilingualism in teaching groups with the English language.

Conclusions

The concept is presented as a system model of interrelated methods of interpretation of the
pedagogical phenomena of the educational process for the successful professionalization of the
natural science training of future bachelors at a technical university.

The ways of optimization of students' training in the context of the practice-oriented
learning activity of students in trilingualism are presented.

The research in this direction will be continued, since it does not exhaust all the directions
for the professionalization of the physics course teaching at the technical university.
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TEXHUKAJIBIK YHUBEPCUTETTE ®U3UKAHBbI OKbITY1bI
KOCIBMJIEHAIPY KOHUENIIUACHI

JI. X. Ma)RI/ITOBal, A. M. Canamaruna’

' Anmarter SHEpTeTHKa JKOHEe OailylaHbIC YHUBEpCUTETI, ANMarthl K., Kazakcran

AHnoamna. Maxanana aBTOpJIap MIENIIMI KOCIOWICHAIpY NalbIHIBIFBIMEH OalTaHBICTHIPHUTFAH
(bmsmkanel Toxipubere OarmapiaHFaH, KociOM OarbITTa OKBITY) JKOHE YII Tinme OimiMm  Oepy
OarmapiamainapblH JaMbITYMEH OalIaHBICTBI OKBITY CalachlH KOTEpy MOceeciH KapacThIpbLIazbl.
OcbifaH OaiyIaHBICTBl CTYISHTTEPII JaibIHAAy CamachlH apTTHIPY MAaKCaThIHIA OKBITYABI KaciOm
JIEHTeiIe JaMBITy KOHIICTIIHSICH! 93ipieHmi. MmkeHepmik OutiM O6epyai TaOBICTHI TypHe KoCiOWICHIIpY
YILIiH OKBITY YPZICiHIH IeJaroruKaiblK KYObUTBICTAPBIH TYCIHY 9[IICTEPiHIH 63apa OaiIaHbICKaH KYHEeTiK
MoJeni ycbHbUAbL. KoHnenuusuapasl a3ipiiey KociOu-OaraapiaHFaH KY3BIPETTUTIKTI KaJbIITAaCTBIPYIa,
OKBITYIBIH KOJITaHOABI OaFBITTEUTBIFBI aPKBUTBI OKBITYIBI KOCIOMIICHIIPY/II KY3€Te achIpaThlH TEOPHUsIIap
MEH JalbIHJay OJICTEepIHIH ©3apa opeKeTTecyi OoWbIHIIA KyHe KypyFa MyMKiHmik Oepai. Bomammak
MaMaHAap/Abl HHKEHEPIIiK eHOeKKe YHPeTyIiH TCOPHUSUIIbIK jKOHE MPaKTHKAJIBIK HEeTi31 00BN TaObUIATHIH,
«®Duzukay moHIHE alpBIKIIa KOHLUT OeTiHe 1.

3epTTeyIeH aNbIHFaH HOTIKEIEep TeXHUKAJIBIK YHUBEPCUTETTEepAe (pU3NKaHbI OKBITYABIH 3aMaHay!
TaJllanTapblHa cail FRUIBIMU-9ICTEMENIK HETi3[epAi apbl Kapail KeTiaipyre KbI3MeT eTeTiH AiHIeK OOJIbII
TaOBLIAIBI.

Kinmmik ce30ep: MambIKTaHyFa OarbITTadFaH OKBITY, OKBITYIBI KOCIOWICHIIPY KOHIICTIIIHCHI,
aKIapaTThI-O1JIIM OPTAaChl, OKBITYBIH MaKcaTTapbl MCH eCenTepi.
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KOHIENIUA IPO®PECCUOHAJ/IN3ALINA OBYYEHHUA ®PU3UKE
B TEXHUYECKOM YHUBEPCUTETE

JI. X. MamnTOBal, A. M. CanamaruHa'

' AJIMaTHHCKHI YHHBEPCUTET SHEPreTHKH 1 CBSI3H, T. AnMatsl, Kasaxcran

Annomayus. B crarbe paccMmarpuBaeTca mpoOsieMa MOBBIMICHUS KauyecTBa OOYUCHUS, PELICHUE
KOTOPOH aBTOPBI CBA3BIBAIOT C Ipod)ecCHOHaNN3aue NOAroTOBKH (IPo(heCCHOHAIbHO HaIpaBIEHHOE
oOydeHue ¢u3MKe, MPAKTUKO-OPUEHTUPOBAHHOE), a TAK)KE C Pa3BUTHEM OOpa30BaTENbHBIX MPOTpamMM B
YCIIOBUSX TPEXbsA3bIUus. B CBs3M ¢ 3TUM pa3paboTaHa KOHLIENIHS Mpo¢ecCHOHANN3AIUN 00ydeHHs 110
YIy4IIEHUIO KadecTBa IIOATOTOBKM CTYIEHTOB. B Hell mpexncraBieHa CHCTEMHasi MOJEIb
B3aMMOCBSI3aHHBIX MEXAY CO00# criocoOOB OCMBICIICHHUS TEJarOTHUECKUX SIBICHUH yueOHOTOo mporecca
[0 YCHEUHON mpodeccHOHaTH3alul HHXEHEPHOro oOpa3oBaHus. Pa3paboTka KOHIENLIUH MO3BOJIHIIA
co3JaTb CUCTEMYy IO B3aUMOJEHCTBHUIO TEOPHUH M  METOOUKH IOATOTOBKH, OCYILIECTBIIS
MpoQeCCHOHATN3AINI0 O0YUCHHUS Uepe3 MPUKIATHYI0 HaIlpaBICHHOCTh OO0ydeHHS 10 (HOPMHPOBAHHUIO
npoQecCHOHATLHO-OPHEHTHPOBAaHHBIX KomreTeHnuid. Ocoboe BHMMaHWE oOpaliaeTcs Ha JAUCHUILIHHY
«®Pu3uka», KOTOpas SBISETCA TEOPETHYECKOH W MNPAaKTUYECKOM OCHOBOM MOATOTOBKH OyIyIInX
CIIELIMAJIUCTOB B 00JIACTH HH)XXEHEPHOI'O TPyJa.

[Mony4eHHble pe3yIbTaThl HCCICAOBAHHS MOTYT OBITh HCIIOJIb30BaHbI B COBPEMEHHBIX YCIIOBHIX
JUIsl JalbHEHIIEr0 COBEPILICHCTBOBAHUS HAYYHO-METOAMYECKUX OCHOB 00yUeHHs (PHU3UKE B TEXHHYECKOM
YHHUBEPCUTETE.

Knrwouesvie cnosa: TNpakTHKO-OPUEHTUPOBAHHOE OOyuYeHHE, KOHLENIHMS MpOoecCHOHANN3AINH
o0yueHus1, UHHOPMaLMOHHO-00pa3oBaTesIbHas cpea, Heau U 3a1a4d 00yUYeHuUsI.
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IRSTI 87.24.25

D. S. Orynbekova', G. D. Sharakpayeva'

' Almaty University of Power Engineering and Telecommunications, Almaty, Kazakhstan
CATEGORY "LIFESTYLE" AS AN INSTRUMENT OF SOCIAL ANALYSIS

Abstract. The category "lifestyle" entered to scientific circulation recently, namely, in the second
half of the 20th century. It allowed from the standpoint of social and humanitarian knowledge to approach
the analysis of public consciousness and behavior of a person living in a society, focusing on
characteristics that accumulate a special kind of universality. The way of life is formed under the
influence of many factors that determine its national-specific characteristics and universal features. In its
formation an important role is played by socio-psychological characteristics, mentality, identification,
traditions, customs and culture. Thus the way of life, this complex integral formation, which reflects the
generalized, typed behavior of people, formed under the influence of objective conditions and subjective
aspirations.

Key words: lifestyle, society, culture, consciousness, man, analysis, quality of life.

During the period of the existence and development of a particular type of society, a
gradual formation, then the establishment of its specific, special features take place. These
features have a significant impact on the economic, political, cultural and other forms of people's
livelihoods. The change in the social conditions of the existence of the human individual entails
a change in the ways in which social life is organized, that is, the lifestyle. The notion of a
"lifestyle" has entered the scientific revolution not today. As an instrument of social analysis, it
became relevant and important in the 70-80s of the 20th century [1]. However, this concept, like
other concepts that are close to it in terms of content: "life mode", "mode of production", "social
life" quite often, are found in the writings of representatives of the philosophy of Marxism, in
particular, in the works of Karl Marx and Friedrich Engels . In the late 50s, within the framework
of the American economic science, the most interesting term "quality of life" was introduced into
scientific circulation. In terms of it, it is similar to the category "lifestyle". It is quite natural that
in the process of studying the basic spheres of life of human society, it must be borne in mind
that the lifestyle can not be reduced to one, even to the main sphere of human existence, labor. It
is represented by a combination of different indicators, a special way of their organization and
interaction. The lifestyle is shaped not only by social, economic, political and other conditions,
but also by the specific features of culture, ethnic and national characteristics of the people, as
well as socio-psychological characteristics such as: identification, mentality, traditions, customs,
rituals etc. The lifestyle is a rather complex social education, and therefore its philosophical
sociological and economic research is rather difficult. It absorbs to a certain extent the
characteristics that are studied by related narrowly specialized sociological theories, such as the
sociology of labor and culture, ethnic sociology, the sociology of the city and village, everyday
life, and so on.

The accumulated empirical and theoretical experience of studying the lifestyle allows us to
single out several directions in its study:

1. The lifestyle is studied as a standard of living. In this case, attention is paid to the
economic grounds of a lifestyle and on this basis conclusions are made about its maturity and
compliance with world standards. The standard of living determines the standard of life, the
basis of which is the amount of material and spiritual goods consumed, as well as the conditions
of human life. In the scientific philosophical and sociological literature, the concept of "quality
of life" mentioned above is used. For the first time, American economist J. Galbraith introduced
it into scientific circulation, and the emergence of this term was due to the fact, such categories

n.n

as "level of living", "standard of living" focus mainly on the quantitative characteristics of the
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life activity of society. The concept of "lifestyle" is too general and requires its own special
analysis.

2. The lifestyle is considered through the individual style of human life from the point of
view of its social and psychological characteristics, that is, through the prism of ideas about
personal well-being, happiness, success and comfort. Classification of life styles from the
standpoint of self-regulation makes it possible to single out several models of human behavior
that focus on his ideas about the meaning of life, based on attitudes toward hedonism, asceticism,
pragmatism, contemplation and conformism.

3. The lifestyle is treated as a set of different types of activity in certain spheres of social
reality. Interest in the way of life of human individuals is conditioned by the necessity of
scientific analysis, within the framework of which not only the final results of people's activities
are manifested, but also the processes of their real life activity in real conditions of existence.
The category "lifestyle" is widely used to study social reality by representatives of various
disciplines, such as: sociology, economics, philosophy, social psychology, and cultural studies
[2].

The subject matter of these sciences is connected with the study of the social, economic
and cultural life of people. The emergence and formation of many definitions of the category
"lifestyle" occurs in the 60s of the XX century in the framework of social philosophy. The basis
for the scientific discussions on this issue was the following problematic questions: (a) How do
the positive or negative consequences of scientific and technological progress in the capitalist
and, at that time, socialist countries affect the way of life of people and determine its quality? (b)
What spheres of the vital activity of the human individual should be included in the concept of
"lifestyle"? The generalized understanding of the problems of the lifestyle, worked out by
modern philosophers, consists in the following: lifestyle is seen as a form of individual and
group life activity of people, which is typical for historically concrete social relations. It, this
form, manifests itself in their communication, behavior, thinking and influences spheres such as
work, social and political activity, life and leisure. However, to date, despite the wide sense
content and great cognitive capabilities of this category, it is practically not used. The reason for
this state of affairs, apparently, consists not only in the shortcomings of the very concept of
lifestyle, but in the specifics of its application in the Soviet era. According to many researchers,
"the study of the problem of lifestyle was started and developed for a long time under the sign of
ideological struggle."

In the Soviet period, the "lifestyle" mainly acted as an operational concept used to compare
the analysis of two opposing social systems - socialist and capitalist. "Lifestyle" as a
methodological concept is introduced into the scientific revolution of Soviet sociology in the
status of an alternative means to the term "quality of life", proposed by Western sociology in the
late 50s of the XX century. For the first time this concept appeared in the famous work of J.
Galbraith "Society of Abundance", which subsequently led to the popularization of this concept
and the rejection of categories like "standard of living" and "level of living." As a rule, the
content of "quality of life" is understood as a highly effective method of assessing the social
well-being of the population. The quality of life is a complex phenomenon of public life, each of
its structural elements reflects the economic, social, legal, ideological and political relations that
are formed in a particular society. The study of quality of life problems began in the mid-1960s,
when a transition to the post-industrial stage of social development began to take place in the
highly developed countries of the West.

Originating in the United States in the mid-1960s, the category of "quality of life" as a
cumulative characteristic of human existence, immediately became the subject of scientific
disputes between representatives of Western and Soviet science. B.Gross and G.Kleite have
suggested that the allocation, based on social indicators, of individual models of the quality of
life, will allow us to consider individual behavioral practices of the individual within the
framework of a system of social indicators. Such representatives of science as E. Sheldon, W.
Moore, G. Freeman insisted on the separation of the system of social indicators from the
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influence of social processes on them, arguing that the social reality is too complex to be
represented in certain models consisting of aggregates of social indicators and can help to fully
and accurately weigh the consequences of decisions: the ideas of the above-mentioned
researchers make it possible to impose the concept of "quality of life" by an independent
methodological apparatus and highlight its importance against the background of such categories
as "standard of living" and "level of living." In the scientific literature, the notion of "quality of
life" has become widely used in the last decade of the 20th century, and usually implies real
opportunities for a person in a given society, certain benefits, life perspectives and their
subjective evaluation by the person himself. The most comprehensive list of quality of life
components used in international comparisons and national assessments of developed countries
includes the following blocks: public incomes, poverty and inequality, unemployment and labor
utilization, dynamics of demographic processes, education and training, health, food and
nutrition, housing conditions , infrastructure, communication, resources and quality of the natural
environment, culture, social ties, family values, political and social stability and security,
political activism and civil institutions.

In the early stages of the formation of human civilization, society is regarded as a single,
holistic organism with an internal, functional division, in which the "upper", "middle" and
"lower" layers were the largest constituent parts. The first general theoretical and methodological
foundations for studying the social structure of estates and their way of life were laid down in the
works of ancient philosophers: Plato, Aristotle and Euripides. In the work "The State", the
ancient Greek philosopher Plato expounded his understanding of society. In his opinion, the state
is divided into two states. One of them is poor, and the other is rich, and they all live together
and in enmity to each other, they are haunted by fear and insecurity. According to Plato, all
citizens enter into one of three classes: the rulers are philosophers who, based on the
contemplation of ideas, govern the entire state; warriors, whose main goal is to protect the state
from internal and external enemies, this class also includes officials; workers (farmers, artisans,
doctors, actors) who support the state financially, delivering vital resources to it. Plato's assertion
that society is of a class nature gave K. Popper grounds to call Plato "the first political ideologist
to think in terms of classes." The philosopher Plato showed a highly stratified society in which
the characteristic features of the ruling class are the equality of opportunities (chances), the
complete elimination of private property and the concentration on general well-being. It should
be emphasized that the basic principle of the class division of society according to Plato is the
functional principle. Aristotle in his work "Politics" distinguishes three class elements of the
state structure: 1) a very rich class; 2) very poor class; 3) the middle class is the basis for the
stable and sustainable development of every society. Its members are most inclined to follow the
principle of economic rationalism. The rich and the poor create a fertile ground for the
development of crime and fraud in society. The best society, according to Aristotle, is formed
from the middle class, and the state, where this class is more numerous and stronger than.
"Upper" and "lower" classes combined, is in equilibrium and, therefore, is easier to manage.
Aristotle identified three main features of the middle class. In his opinion, he makes a living by
his labor, but is not poor; performs in society a stabilizing function and avoids the extremes
peculiar to the poor and the rich due to their upbringing; is interested in the development of the
state, including the economic one. Euripides offers his vision of a social system, from the
standpoint of which "there are three classes of citizens: the first - idle rich, eager for even more
enrichment; second - poor poor, full of envy and hatred of the rich, easy prey for demagogues.
And between the two extremes are those who make the state safe and comply with the laws. In
the writings of ancient Greek thinkers there is no description of a clear "structure of the middle
class. Belonging to him in many respects was determined by the success of activity in the most
diverse areas of public life. Thus owning a slave-owning economy, obtaining a certain income,
could guarantee promotion in the state apparatus or in the military field. This served as the basis
for enrolling in the middle class. Of an interest in the Renaissance are the ideas of the Italian
thinker N. Machiavelli. Among the most significant of his works is the work "The Emperor", in
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which he outlined the concept of the leader. According to this concept, a strong personality must
be the leader, capable of resisting "fortune", accidental circumstances, opposing his energy and
insight. N. Machiavelli believed that tension between the elite and the people is a constant
feature of society and it explains the fear of each other. He sharply condemned the policy of the
feudal aristocracy, which led to constant strife, which prevented the formation of a single state,
but at the same time he feared "black mob", easily involved in adventures. His sympathies were
on the side of the middle and upper strata of the trade and craft population of Italian cities. The
English materialist philosopher T. Hobbes emphasized the equality of all people, and it must take
the place of inequality in both power and privilege. He pointed out that people are striving to
achieve power, and with it, and the privileges that they are greedy and insatiable in their desires
for living blessings. The state T. Hobbes regards as the result of a social contract between
people. The problem of human rights found its worthy reflection in the work of John Locke. To
inalienable human rights, according to John Locke, belong three fundamental rights: to life, to
liberty and property. The legal equality of individuals is a necessary condition for the existence
and development of the state.
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«OMIP CAJITBI» ¥FbIMbI QJIEYMETTIK CAPAIITAY/IbIH K¥PAJIbI PETIHAE

1. C. OpbinGexosa', I'. JI. Illapaknaesa’

! AJIMaThI SHEpreTHKa jKoHe GailTaHbIC yHHBEPCHTETI, AIMaTHI K., Kasakcran

Andamna. «OMip canTb» YFBIMBI FBUIBIMH aiiHaNbIMFa XX FAChIPABIH €KiHINI JKapTHICBIHAA SHII.
Ochl y¥BIM KOFaM/JIBIK CaHa MEH aJlaM MiHe3-KYJIKbIHA KaybIMJACTBIK €pEeKIle TYPIHIH KOpiHici peTiH/e
Ha3apJlarbl CUMIATTaMachlHA IIOFBIPIAH/BIPHIN, JKYHeT TYPFBIIaH capanTaMa jkacayra MyMKIHAIK Oep/ii.
OMIUPHUKAIBIK KOHE TEOPUSUIBIK TOKipuOere Tannay »acail OTBIPBIN, 3epTTEYIiH HEri3ri OarbITTapbIH
aHBIKTayFa MYMKIHIIK TyAbl. XaJIbIK MapyallbUIBIFBIHBIH OPTYPIl CaJlaChIHIAA TYCIHIKTI ceOenTepMeH
TaOBICTBI XOHE TYPAKThl JAMUTBIH OPTa TaNThIK KYPbUIBIMBIH KAJIbIITACTHIPATHIH Ka3ipri 3aMaHFbl eMip
canThl aifpeikima aranaasl. COHBIMEH Oipre, eMmip caiThl — OyJI TeK KaHa eMIp/iH camachl, YATiCi jKoHe
KaJIbl FaHa eMec, aJaMHBIH eMip cypyre, OOCTaHABIKKA jKOHE MEHILIK Meci 0oyFa KYKbIH ©3iHIIe icKe
aChIpy MYMKIHIIT] €KSH/IIT] alThITAIBI.

Kinmmik ce30ep: eMip caiThl, eMip camachl, KOFaM, iC-OpeKeT, ajgaMm, €HOEeK, eMip Cypy YJrici,
MOJICHHET.
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KATEI'OPUS «OBPA3 )KU3HU» KAK HHCTPYMEHT COLIMAJIBHOI'O AHAJIM3A

JI. C. Opbinbexosa', I'. /. Illapaknaesa’'

1 o
AnMaTHHCKHUI YHUBCPCUTCT DHCPTCTUKU U CBA3HU, F.AJ'IMaTBI, Kazaxcran

Annomayus. Kareropus «o0pa3 »KU3HI» BOILIA B HAYYHBIH 000pOT BO BTOpOii mojoBuHe 20 Beka.
OnHa mo3BoNHiIa MOAONUTH K aHaIU3y OOIIECTBEHHOTO CO3HAHWS W TOBEJCHHS YEIOBEKa C CHCTEMHBIX
MTO3UIINH, COCPEIOTOYNB BHIMAaHNE Ha XapaKTEPUCTHKAX, OJUIETBOPSIONINX OCOOBIN BHJI BCEOOITHOCTH.
Jlan aHanmu3 SMIUPUYECKOTO M TEOPETUYECKOI'0 OIBITA, KOTOPHIH MO3BOJIWI BBIACIUTH OCHOBHBIC
HampaBiieHHsT HuccienoBaHus. lloguepkuBaeTcs, YTO COBPEMEHHBIH 00pa3 JKHU3HH CTPYKTypHUpPYyeET
CPEeTHHMI Kjacc, KOTOPBHIA YCIIENIeH W CTa0WJIeH IO TMOHSITHBIM NPUYMHAM B Pa3IMYHBIX 00JacTAX
nesitenbHOCTH. [Ipu 3TOM NoguepKuBaeTcs, 4To 00pa3 )KU3HU — TO HE TOJBKO KauyecTBO, CTHIIb M YKIIaJl
YKM3HH, HO M CBO€OOpa3Hasi peaju3anys NpaB yesloBeKa Ha KU3Hb, CBOOOAY U COOCTBEHHOCTD.

Knrouesvle cnosa: o0Opa3 XU3HW, KAa4eCTBO JKWU3HHU, OOIIECTBO, ICSITEIHHOCTh, UYEIOBEK, TPV,
CTHITb J)KA3HH, KyJIbTypa.
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MPHTH 378.147=003

B. C. Kossios!

' AnvatiHCKHit YHUBEPCUTET SHEPTETUKH U CBA3M, I'. AnmaTsl, Kazaxcran
TPEXBA3ZBIYUE B BBICIIEM YYEBHOM 3ABEJIEHUN

Annomayus. B ctatbe paccCMaTpUBAIOTCS MYTHU PELICHUS BBEICHUS TPEXBSI3BIUMS B TEXHUUYECKOM
By3e. [Ipu BeICTpamBaHWMM y4eOHOTO Mpoiiecca HEOOXOAMMO YYWUTBHIBATH CHUTYAIHIO, CIOKUBIIYIOCS B
oOpa3oBarenpbHOM  TpocTpaHcTBe  Kaszaxcrama.  Peanmsamust — TpexbsA3pluus — IpeJmoiaraet
OPHUCHTUPOBAHHOCTL Ha COLHAJIBHBIC, IICHUXOJOI'MYCCKUEC, JIMHTBOMCTOAMYCCKHUC W JPYIrue HpO6JIeMBI,
Kacarolrecss U3MEHEHHUsS] CTaTyca W3y4YaeMbIX S3bIKOB, MOBBIIICHUS MOTHBAIllMW, BHEJPEHUS AKTUBHBIX
MeTo/10B 00yueHwus. [Ipu aTom 00ydeHne MHOCTPaHHBIM S3BIKaM NMPHUOOpPETaeT HOBOE 3BYYaHUE B CBSI3U C
WHTEpHAIIMOHATN3alel o0pa3oBaHus, OOYCIOBICHHOTO IIUPOKHM HCIOJb30BAaHNEM WHTECHCUBHBIX
“H(OPMAITMOHHBIX TEXHOJOTHI BO MHOTHX Cepax YeJIOBEUSCKOH I TEIIbHOCTH.

ABTOp CUWTAeT, YTO ISl TOCTHIKCHHUS MAaKCUMAIIbHOTO Pe3yJbTaTa 10 M3YYEHHIO WHOCTPAHHOTO
sI3IKa HEOOXOMMMO OOBEIUHUTH MEATCIHLHOCTHYI0O MeTOomukKy M. A. JIaBBIIOBOH W TEXHOJIOTHH
KOMMYHHUKaTHUBHOTO THMna. [IpeumyiiecTBo mpeajaraeMoid MeTOAUKH 3aKIII0YaeTCA B TOM, YTO OBJIAJCHHE
SI3BIKOBBIM COJIEP)KaHMEM OPraHWYHO COYETAeTCs CO CIoco0aMu CBOOOJHOTO BBIOOpA OIpENelIeHHBIX
(dopMm B peum, McXons W3 CMBICIa coobmaemoro, a (opMHpoBaHHE KOMMYHHKATHBHBIX YMEHHH H
HABBIKOB ITPOXOJIUT HA CO3HATEIIHHO-YTIPABISIEMOM YPOBHE.

Knrouesvle cnoea: tpexbpszblune, (HOPMUPOBAHUE S3IKOBON KOMIICTEHIUH, JESTEILHOCTHAS
METOJTNKA.

Beenenne Tpexbsaselums B KasaxcTtane BO  MHONOM M3MEHWJIO CUTyalUl0 B
00pa30BaTEeIbHOM TPOCTPAHCTBE, BO3HMKIA HEOOXOJAMMOCTh PACCTaBUTh AKLEHTHI, BBISBHUTH
IPUOPUTETHI B CTPATETMUECKOM JTMHUM 0Opa3oBaHus. BraneHnue Tpemst si3bIKaMH — Ka3aXCKHUM,
PYCCKHUM, aHIVIMACKUM — CTAHOBUTCSI paBHO3HAYHBIM, UMEET OJINHAKOBBIN BEC B XapaKTEPUCTUKE
MOJIOJIOTO CHELUAINCTA, OJYUYUBILEr0 AUIIOM 00 OKOHYaHHUHU BBICHIETO YUYEOHOTO 3aBEICHMSL.

B cBeTe mnocraBiIeHHBIX NPABUTEIBCTBOM 3aJad CTAHOBATCS SICHBIMU IPHUOPHUTETHBIE
HalpaBJIEHUs] B JOCTHKEHUM MOCTABJIECHHBIX Iieneil. M3ydyeHne ka3axCKoro u pycckoro si3plKOB
HE BCTPETUT 3HAYUTENIbHBIX 3aTPYJHEHU, TaK KaK UMEETCS IUUPOKUNA KPYT HOCUTENIEH TaHHBIX
A3bIKOB. BMecTe ¢ TeM moTpeOyeTcs pa3paboTka M BHEIPEHHWE MHTEHCHBHBIX COBPEMEHHBIX
METOAMK 00y4eHUS Ka3aXCKOMY U PyCCKOMY SI3bIKaM.

Mmuccuss  AJIMAaTUHCKOTO — YHUBEPCUTETa OSHEPreTMKM M CBSI3M —  IOJTrOTOBKA
BBICOKOKBAIM()UITUPOBAHHBIX CIIEHUAIMUCTOB B OOJIACTH HHEPreTUKU M TEIEKOMMYHUKAIUH,
OTBEYAIOIUX MOTPEOHOCTSAM OTEYECTBEHHOI'O U MHPOBOI'O PHIHKOB MHTEIJIEKTYaJIBHOTO TPYyJa.
Ceifuac K coenuaincTaM MpPEIbSBISIOT HOBBIE TpeOoBaHusi kak B KazaxcraHe, Tak u
3arpaHutieii. 3BecTHO, YTO MpHU yCTPOMCTBE HA paboTy Ha 3apyOekHyI0 pupMy cobecemoBaHne
OyZeT IMpoXOIUTh HAa AHTJIMHCKOM SI3bIKE, CBOOOIHOE BJaJIeHHE KOTOPHIM paclieHUBAeTCs Kak
«3HAK KauecTBa», COOTBETCTBHUE IPETEH/ICHTA BEICOKUM CTAHAAPTAM.

OpHako B Hamied cTpaHe HaOMIONACTCS HECKOJIBKO MHOE IOJIOKEHHE el B OTHOILCHHUH
aHIIMHCKOro s3blka. HeoOXoauMo NpennpuHATh MEphl, MO3BOJISIOIIUE AHIIMHCKOMY S3BIKY
3aHATh JOCTOMHOE paBHONPABHOE MECTO B IPOrpaMMeE JOCTHMIKEHMsI ITOCTABJIEHHBIX
roCyJIJapCTBOM 3aJau 10 BHEIPEHUIO TPEXbA3bIUHS.

Msbl cuutaem, uTo B 00II€00pa30BaTENbHON IIKOJE HEO0O0XO0AUMO C(HOPMHUPOBATH Y
YUYEHHKOB OTHOLIEHHE K aHTJIMHCKOMY SI3bIKY KaK K OJHOMY U3 MPOQWINPYIOIIMX HPEAMETOB.
OO0meoOpa3oBarTebHas IIKOJIA HE BIIOJIHE CIPABISETCS CO CBOMMH 33JadyaMH 1O OOYyYEHHUIO
MHOCTPAHHBIM sI3bIKaM. BbIsSBI€HNE HCXOIHOTO YPOBHS 3HAHUM CTYIEHTOB ITOKa3bIBAET, UYTO JIBE
TPETH MOCTYNUBLIMX JOJDKHBI HayaTh OOy4YeHHE C YpOBHS beginners, TO €CThb HAYMHAIOIIUX
oOyueHne. Bo MHOroM BHMHA JIEKHMT HE Ha yY€HHMKaX, a Ha YUYUTEISAX, KOTOPHIC 3aMEHSIOT
MHOCTPAaHHBIN «IPOPHUIUPYIOIUMH JUucHUIUIMHaMU» 1o caade EHT. OTcyTcTBHE akTHBHBIX
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3aHSATUN MHOCTPAHHBIM SI3bIKOM MPUBOJUT K TOMY, YTO YUYEHUK TEpsieT 3HAHUS, HAKOIUJICHHBIC B
mpoiiecce 00yUeHus.

B cBor0 odepenr mpernomaBaTteay YHUBEPCUTETA JOJKHBI yOSTUTHh CTYJACHTOB B TOM, YTO
3HaHWE WHOCTPAHHOTO S3bIKa — JTO HEOThEeMJIeMash 4YepTa CIEelUUalucTa — BBITYCKHUKA
yHuBepcurera. CBOOOIHOE BIaJICHHE NHOCTPAHHBIM SI3BIKOM HEOOXOIMMO JIJISl CAaYU YK3aMEHOB
U TIOCTYIUIEHUSI B MAarucTpatypy U JAOKTOPAHTYPY, 1aeT BO3MOKHOCTh BbI€XaTh B 3apyOexHbIN
YHMBEPCUTET 1O O0s3aTeNbHONW JJIsi YHUBEPCUTETOB aKaJeMHUYecKkoil MoOuiabHOCTH. B
COOTBETCTBUU C MpaBUJIAMH KaXKIbIH TOKTOPAHT JOHKEH MMETh KOHCYJbTaHTA U3 3arpaHuIlbl,
nevyarath CTaTbd B 3apyOekKHBIX OKypHajgax ¢ HUMMOAKT-PakTOpoM, Y4acTBOBATh B
MEXIyHApOAHBIX KOH(EPEHIMIX U BBICTYNaTh C JOKJIaJaMu. 3HaHHE HHOCTPAHHOTO SI3bIKa J1aeT
MOJIOJIOMY CIEIUAIHUCTY TOCTYI K TMOMYYEHHUIO ¥ MOHUMAaHHWI0 HAYYHOW WH(POpPMAIUU B BHIE
cTaTeH, JIEKIWH, KHUT, MHTEPHET-COOOIIEHNH, OTKPhIBAET BO3MOXHOCTH OMNMYyOJHWKOBAaTh CBOM
MaTepuai B 3apyOeKHBIX U3JIaHUSX.

OOyueHre MHOCTPAHHBIM SI3bIKaM MPUOOPETaeT HOBOE 3ByYaHUE B CBSI3U C MEPEXOAOM K
OTKPBITOMY  WHGOPMAIMOHHOMY  OOINECTBY,  HMHTEpHAIMOHAIHM3AIMe  00pa3oBaHUs,
0OyCIJIOBJIEHHOTO IIHUPOKUM HCIIOJIb30BAHHEM HWH(GOPMAIMOHHBIX TEXHOJOTHMM BO MHOTHX
chepax demoBEUECKOW JAeATeTbHOCTH. Bce 3TO BBIBBATO HEOOXOAMMOCTH OOMEHHBATHCS
COOOIIEHUSIMH B TEICKOMMYHHUKAIIMOHHBIX CETAX, pabortarh ¢ uHOpMaIui, KoTopas
MpeACTaBlIeHa HA MHOCTPAHHOM SI3bIKE.

[Ipouecc 0OydeHHs HHOCTPAHHOMY $I3bIKY HEBO3MOXKHO CBECTH JIMIIb K (DOPMUPOBAHUIO
pedeBOil M JTMHTBUCTUYECKOW KOMIIETEHIIMH CTYJIEHTOB. B COBpPEMEHHBIX YCIOBHUSIX OOydeHUE
MHOCTPAaHHOMY SI3bIKY JOJDKHO 0O€creyrBaTh BXOXKICHHE B UYXKYIO KyJIbTypy U TNPAKTUKY
NESTEIIbHOCTH C HCIOJIb30BAaHMEM HH(DOPMAIMOHHBIX TEXHOJIOTHHA. 3/1eCh pean3yloTcs
nejarornyeckasi, ICHUXOJIOTMYecKas, oOydaromas, HH()OpMalMOHHAs, OpraHu3alloOHHAs U
conuanbHas (QYHKIUH s3blka. BoT mouemy mnpodeccHoHaIbHOE BIIAJEHUE SI3BIKOM CTajo
HEOOXOIUMBIM yCJIOBUEM (POPMUPOBAHUS CHEIIUANCTA BBICOKOTO YPOBHSI.

Jobutbcsi 3hdekTUBHOTO BBEACHHS TPEXb3bIUMs B MPAKTHUKY TNPENOAaBaHUS B
TEXHUYECKOM BY3€ U B YACTHOCTH OBJIaJIEHHE B COBEPIICHCTBE MHOCTPAHHBIM SI3BIKOM BO3MOYKHO
TOJIBKO TPU TBOPYECKOM MOJXOJ€ K JOCTHUKEHHIO IMOCTABICHHBIX 3a7a4, BHIOOPE ONTHUMAbHBIX
METOAMK OOYy4YeHHUS] WHOCTPAHHBIM SI3bIKAM, M, BO3MOXXHO, UX KOppeKTUpOBKe. COBEPIICHHO
OUEBHUJHO, YTO HHU OJHA M3 METOAUK TMPErnofaBaHUs WHOCTPAHHBIX SI3BIKOB HE MOKET
MPETeH0BATh HA POJIb YHUBEPCAIHLHOW W BBHIOOP METOJOB OOYUYCHHS WHOCTPAHHBIM SI3BIKAM
JOJKEH HOCUTh KOMILJIEKCHBIM XapakTep C COONIOJACHHEM pa3yMHBIX MPOIMOPLHUN, a Takke
opueHTauu Ha 3((HEKTUBHOCTH TIOJTYYEHHBIX PE3yJIbTaTOB.

OTmeTHM, 4TO MOSIBIICHHE B METOJMKE MpernojaBaHus (pyHIaMEHTAIbHBIX MCCIEIOBAHHMA
JIeJaeT €€ CHUCTEMOM, M 9TO SIBJISETCS HamOoJiee BaXXHBIM JIs MPAKTUYECKOTO MPUMEHEHHUS.
Sapom comepxkaHusi METOAMKH SIBISIFOTCS] YETHIPE B3aUMOCBSI3aHHBIX pa3jiena:

1) KOMMYHHUKATUBHAsI KOMIIETEHITHUS;

2) oBiaJieHuEe KOMMYHUKAaTUBHOM KOMIIETEHITUEH;

3) TexHosI0TUSI 00YyUYEeHMS,;

4) ycnoBusi yueOHOTO Tpoliecca.

CyIIHOCTh TIOHATHS «KOMMYHHUKATHBHASI KOMITETEHITUS» MOXKHO PACKPHITH O0Jiee TIIyOoKo,
MPECTaBUB MHBEHTAph BCEX COCTABJISAIONIMX €€ €AMHHII M CIPYNIHpPOBAaB HMX CIEAYIOIIUM
obpazoMm: 1) cdepsl KOMMYHUKATUBHOM JAESITEIBHOCTH, TEMbl M WX HWHTEIUIEKTyalbHas
3HAUYUMOCTh 171 oOydaembix [1, 4]; menu); 4) TakTHKa KOMMYHHUKAIMd B CHTyalUsX MpU
BBITIOJIHEHUH TPOTPAMMBbl TIOBEJEHUS; 5) THUIMBI TEKCTOB (IUCKYPCOB) M TMPABWIBHOCTH HX
MOCTPOCHUS; 6) S3BIKOBbIE MUHHUMYMBI: CHHTAKCHUECKHM, JEKCUYECKHi, Mopdororuueckuii u
(hoHETHYECKHUT.

[{enpro 00yueHUS] HHOCTPAHHOMY SI3BIKY M CPEJICTBOM 3TOTO OOYUYEHUS SBISIETCS PEUEBOE
obmenue. [IpuHIUTT KOJIEKTUBHOW JESITEIBHOCTH JOJKEH HWMETh NPEANOYTEeHUE Tepen
NPUHLKIIAMUA WHAMBHAyalu3auuu oOydeHus. MHauBHIyanbHBIN Mpoliecc yCBOCHUS 3HAHUN
mpoTeKaeT Oojiee YCIENIHO B paMKax IpynmnoBoro ooydenus. [Ipu Takom moaxoje perrarorei
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dopmoii  yueOHOI pabOTHl CTAaHOBUTCA KOJUICKTHBHAs TIO3HABaTeNlbHAs JIEATEIBHOCTb,
HalpaBJieHHAas Ha pelieHue oO0IIel MO3HaBaTEeIbHOW 3a7aud, B PE3yJbTaTe Yero MOSBIAETCS
«rpymnmnoBoil  3pdeKT», UHAMBHAyaIbHBIE CIOCOOHOCTH U  BO3MOXKHOCTH  00y4YaeMBIX
npuyMHOKatOTCs. OCOOGHHOCTBIO BCEH COBOKYMHOCTH (OPM U METOJOB COBPEMEHHOTO
BY30BCKOTO OOyuY€HHs SIBJISETCS MOJEIHUPOBAHHME C MOMOIIb 3HAKOBBIX CPEICTB (sI3bIKa HAYK)
coliepkanus Oyayuiei mpodecCUOHaTbHON e TEIbHOCTH, Ha KaHBY KOTOPOM KakK Obl HATOXKEHBI
IpoIecchl O3HAaHUS oOydaronxcs. TeM caMbIM B BY30BCKOH ayJIUTOPHUU 33/a€TCSI KOHTEKCT
9TON JESITeTBbHOCTH, OCYIIECTBIISIETCS! OPUEHTAIIMSI HA HAIOJHEHHUE JICATEIbHBIM CO/IepKaHuEeM
KBaTM(UKAIIMOHHBIX  XapaKTEPUCTUK CHENHMATUCTOB. Takum 00pa3oMm, OCYIIECTBISAETCS
UHTeTpanysi oO0y4YeHHs, HaykKu C Oyaymieid mpodecCHOHATBLHOW NesSTENIbHOCThIO CTYICHTOB.
[Tepexon Ha momoOHOEe oOydeHHE OOYCIIOBICH TEHICHIMSIMH, KOTOpPbIE OOO3HAYMIIUCH B
MPAaKTHKE BY30BCKOM pabOThI, MEXaHU3MaMHU U YCIOBUSIMH TBOPYECKOTO PA3BUTHS JTUYHOCTH B
nporecce 00y4deHusl, ASSITENbHOCTHBIM MOAX0A0M K 00yueHuto. OCHOBHOU equHHIeH paboTh
3/1eCh CTAHOBUTCS HE €AMHHIIA WHPOpPMAIUHU, a CHTyallMd B €€ MPEAMETHON U COLMaIbHOU
OTIpeIeNIEHHOCTH. JlesiTenbHOCTD 00y4aeMbIX npuodperaeT YepThI CIIOKHOM
KBa3UMPO(ECCUOHATLHONW JESTENIBHOCTH, B KOTOPOH MPOSBISIOTCS OCOOCHHOCTH y4eOHOU u
Oynymieit mpodecCHOHaTbHON ACSITENEHOCTH.

[TpuHIMIHATPHO 3HAYEHHWE MPHOOPETaeT TEXHOJIOTHS KOMMYHHUKATHBHOTO — THIIA,
oObemMHEeHHAss C JAesaTenbHOCTHOM Metomukod M. A. JlaBeimoBoit [2, 6]. Ee ocHOBHOe
MPEUMYIIECTBO, 1O CPAaBHEHUIO BO BCEMH H3BECTHBIMHU TEXHOJIOTUSMH KOMMYHUKATHBHOTO
THUIA, 3aKII0YAIOTCS B TOM, YTO SI3BIKOBOE COJIEpKaHHE OOydeHHsI, KOTOPOE SIBIISIETCS TIOJTHBIM,
CHCTEMHBIM U 0000IIIEHHBIM, COYETAETCS CO CITOCO0aMu ero CBOOOAHOTO BRIOOpA B peUH, UCXOIS
u3 cmbicia coobmaemoro. Kpome Toro, mo orpaboTaHHOW Mojenu oOecreurnBaeTcs
CO3HATENILHOE W YMPAaBIsIEMOE OBJAJCHUE ITHM SI3BIKOBBIM COJIepKaHueM U (OPMUPOBAHUE
YMEHUW W HABBIKOB. YUeHHE CTaHOBUTCS Oojee 3((PEeKTHBHBIM, a aKTUBHOCTH OO0yYaeMbBIX —
CO3HATENbHOM, TBOPYECKHM CaMOCTOSITENbHOW M JAESITeNTbHOCTHO MOTHBUpPOBaHHOW. B xome
0o0ydYeHHUsl SI3BIKOBBIM CpEICTBAM M CIIOCO0AM WX WCIIONB30BaHUS B PEYM HMEET MECTO
OJTHOBPEMEHHO BOCTIUTAHUE U Pa3BUTHE 00yIaeMOro.

SA3pIk — 9TO cpencTtBo oOmeHUs. SI3BIK — 3TO 3HAKOBas CHUCTEMa. 3BYKOBOM 3HAK
(GYHKIMOHUPYET KaK TPUEIWHCTBO JIEKCUKU, MOP(OIOTHU U CHUHTaKcuca B rpaduke M 3BYKE.
S3bIK Kak cucTeMa 00CTyKUBaeT Peub, B KOTOPOU MBI JIOJDKHBI YIUTHIBATH CMBICT COOOIIAEMOTO
U 3HAY€HUE SI3BIKOBBIX eIUHUI]. CMBICI SBJISETCS MCXOJHOW TOYKOM Ui Si3bIKa Kak CpelCTBa
oOmienusi. BMecte ¢ TeM cMBICIOBOE co/iep kaHKe BCerna obyiekaeTcs B onpeaeNeHHyo hopmy,
KOTOpasi JIOJDKHa COOTBETCTBOBATh CHUTyalMu oOOIIeHus. Poib peanbHON WM yCIOBHOU
CUTyalllu OOLIEHUS TPYAHO MEPEOLEHUTh, TaK KaK Ha COAepKaHHe PEeyeBOro akTa, Ha MOJEIb
MOCTPOCHHUS TPEIJIOKEHHUS,, Ha €ro HHTOHAI[MOHHOE O(GOpMJIEHHE BO MHOTOM OKa3bIBaeT
BIUSHUE WMEHHO CHTyalusl oOmeHus. B KOMMYHHUKATHUBHO-OPUEHTHPOBAHHOW METOIUKE
CUTYaIllU CIIOCOOCTBYIOT BOZHUKHOBEHHUIO PEUCBBIX HAMEPCHHI U COBEPIIICHHSI PEYCBBIX AKTOB C
Y4eTOM MMapaMeTPOB, MPUCYIIUX KAXKION CUTYyalNH:

1) roBopsimnii;

2) nmapTHep Mo OOLIEHHIO;

3) BpeMsl BbICKa3bIBaHMUS,

4) MecTO BBICKA3bIBAHNUS;

5) KOTHUTUBHOE COJICp)KAHNE BHICKA3bIBAHNUS,

6) (hOHOJIOTO-CHHTAKCUYECKHNE OCOOCHHOCTH BBICKA3bIBAaHUS;

7) IPeaNnOChUIKH, U3 KOTOPBIX UCXOTUT TOBOPSAIINM, (HampuMep, MpeAnoiaracT 3HaHUs U
yM MapTHEpa, ero COOCTBEHHBIE 3HAHUS, yUET paHee CKa3aHHOTO0);

8) peueBoe HaMepeHre TOBOPSIIETO.

DTH mapaMeTpsl 00pa3yroT MOJIENb PEYCBOM CUTYaAIIUH.

Coznanue ecTeCTBEHHOM CUTyalluu OOIICHHS B ayJJUTOPUH YHHUBEPCUTETA MPH O00yUEeHUU
YCTHOM HMHOS3BIYHON peyM SBIISETCS caMOW BaXHOW MPENOCHUIKOW TOro, 4TO OOIEHUE Ha
WHOCTPAHHOM SI3BIKE CTaHET MJIs CTyJAeHTa HeoOxomumocThio [3, 35]. Ornwume curtyanui
oOIeHus] B ayJIUTOPUU OT CUTyaluid OOIIEHHS, BO3HUKAIOIIUX B TIOBCETHEBHOM KHU3HHU,
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3aKJTFOYACTCS B PA3IMYHOMN IIeJIeBOM Harpy3ke. B yueOHOH 00cTaHOBKE OOIIEHNE TaKKe TOJIKHO
CTaTh OCHOBHOM 11€JIbIO, TOTJa KaK BTOpas 1eJIb — 00yueHHe JOKHA UCKYCHO KaMy (hIupoBaTbes
npenojaBateneM. Ecimu cTyaeHT 3a0yaer O BTOpOM Lenu, TO ecTb OOyueHuH, u Oyaer
IpecieoBaTh TOJBKO IEPBYIO L€Jdb, TO €CTh LEJb OOIIEHHS, TO OCHOBHAas TPYJHOCTh B
00yueHNH MHOCTPaHHOMY A3bIKy Oyzer pemeHa. CTygeHT OyJeT AymaTh HE O TOM, KaK cKa3atb,
a 0 TOM, YTO CKa3aTb — O COJEP>KAHMU BBICKa3bIBaHUSA. MHOIME TPYOHOCTH M YCIOBHOCTU
00yuYeHHs HHOSA3BIYHOM peun MPOCTO MEPECTAIOT CYIIECTBOBATH. «SI3bIKOBOI Oapbep» Mcue3aeT.

[lepBslii mar HaBCTpeUuy CTYJIEHTY B 3TOM JOJDKEH CAeNaTh caM MpernoiaBareib, 001Iasch
CO CTYACHTaMH TOJBbKO Ha WHOCTPAHHOM S3bIKE, — 3TO U €CTh OCHOBHAs CHUTYyalUsl OOLIEHMS.
Jlaxxe mpu HEyAayHOM OIIbITEe OOIIEHUSI HA MHOCTPAHHOM SI3BIKE CO CTYJIEHTOM IpernojaBareib
JIOJIKEH MOXBAJIUTh CTYJICHTA, 3aKJIaJbIBasi TAKMM 00pa30M OCHOBY YBEPEHHOCTH B MX CHJIAX.

[ToGy>xaeHne npenogaBareneM CTYACHTa K BbICKA3bIBAaHUIO, IO HAIIEMy MHEHMIO, UTPaeT
HEOLIEHUMYIO POJIb €IIE U TIOTOMY, UTO OHO aKTUBU3HUPYET YMCTBEHHYIO JEATENBHOCTD CTYCHTA,
MO3BOJISIET €My OOBEKTHBHO OIICHUTh CBOM 3HAHUS, YCTAHOBHTH, YTO MMEHHO OH HE 3HAET, a
camoe IJIaBHOE, MOOYIUTh €ro K MOMCKY HOBBIX 3HAaHHMM, HEOOXOIUMBIX Ul HPOAOJIKEHHUS
JMajiora «Ipenojasarenb - CTyAeHT». Kpome aroro, mpemnogaBaTellb AOKEH CTPEMUTBHCS K
CO3JIaHUIO €CTECTBEHHBIX CHUTYaIlMi OOILEHUS W MEXIy CTYJICHTaMH, OH JIOJDKEH MOOLIPATH
00OMEH MHEHHUSIMU Ha 3aHSATHSIX MHOCTPAHHOTO si3bIKa. Jlake caMylo CIOKHYIO MBICIb CTYJIEHT
MOJKET BBIPA3UTh MPH MOMOIIU YK€ MU3BECTHOM JEKCUKH. B 3TOM jierko yoenuTh CTyJI€HTOB Ha
IIPOCTOM NPUMEPE, KOT 1A C TIOMOIIBIO OIPaHUYEHHOTI'O KOJIMUYECTBA CJIIOB MO>KHO IIPOAYLIUPOBATH
OTPOMHOE KOJIMYECTBO BBICKA3bIBAHMN Ha MHOCTpaHHOM s3bike [4, 18]. YmpaBinsemas peub
MOXeT OBITh JOBEJEHa 10 TpeOyeMoro CTaHAapTa, YTO MO3BOJSET CO3AAaTh ATAJOHHBIE
OPUEHTHUPHI AJIs CTYAeHTOB. Ha moAroToBUTENbHON cTaauu pa3padaThiBalOTCs peueBble MOJIENH,
UMEIOIME TPAaBUIBHOE T'PaMMAaTUYECKOE W WHTOHAIMOHHOE odopmieHue. Mojenb T0JKHA
UMETh MHOXXECTBO MOJU(PHKALMHA, KOTOpble TaKXe MHOIOKPaTHO OTpabaThIBAalOTCS U
MOBTOPSIIOTCS. Ha TMpelBapUTENbHOM JTarne. Mojenu CHa0XaloTCcsl MEepeYyHeM PpeIulvK,
HaIpaBJICHHBIX HA MPOJIOJDKEHUE TUANIOTa, OOy IeHHEe COOeCceTHIKA K BBICKA3bIBAHUIO, OTBETY,
JIEUCTBUIO, aJIEKBATHOMY peueBoMy moBeaeHuto [5, 17]. [IpeacrasisieT nHTEpEC B CBSI3U C ITUM
BBICKa3bIBAHUE M3BECTHOro JMHIrBUCTAa [lampmepa, koTopeli numer ciepyromee: «Peuesas
KOMIIETEHIIUSI — HCKYCCTBO, B KOTOPOM HEBO3MOXHO IPAKTUKOBATHCA CAMOCTOSITEIBHO C
MOMOIIbI0 MarHUTO(OHA, EMY HaJ|0 00y4aTh CHEUAIBHO U TOJIBKO B ayAUTOpUn» [6, 22].

OneIT npenoaaBaHuss MHOCTPAHHOTO sA3bIKA CBHIETENBCTBYET O TOM, YTO OBJIAJICHHE
pEUBI0 NPOUCXOIUT HEpPaBHOMEPHO. MMeeT MecTO KadyeCTBEHHBIM «CKa4dOK», B pE3ysbTare
KOTOpPOT'O CTYJEHTBI, HE YMEBIIME BbIpa)kaTb CBOM MBICIM WJIM IOHUMATh Uy’KHE, «BHE3AITHO»
npuoOpetanu 3TH yMeHHs. BHawanme CTyAeHThl CHOCOOHBI TOJBKO BOCIPUHUMATh 3BYYaHHE
BBICKa3bIBaHUS C HEKOTOPBIM €r0 TOHUMAaHHUEM, KOTOPOE MPUXOJUT CO CIIOCOOHOCTHIO WICHEHHUS
BBICKa3bIBAaHUS HA OTIEJIbHBIE OJIOKU. 3aTeM 10 MOEISM MOBTOPSEMBIX OJIOKOB CTYAEHT YUUTCS
CTPOUTH CaMOCTOSITENIbHBIE, HO HJAECHTUYHbIE MO (QopMme peueBble OJOKH, B KOTOpPbIE OHHU
3aKJIa/IbIBAIOT YK€ CBOE COJEp’KaHHEe, BBIPAKAIOT COOCTBEHHBIE MBICIM. JTO M €CTh, Ha Halll
B3IJIS/l, KAYECTBEHHBIN CKAaudOK, IIOCJIE€ YEro M HA4YMHACTCA pPAa3BUTHE TOBOPEHMs KakK BHJIA
pedeBoii gesrenbHOCTH. [Tog00HBIE SIBICHHUS HAOIIONAIOTCS U MIPH OBJAICHUH JAPYTHMH BUIAMHU
pEUEBOM IEATEIbHOCTH, HAIPUMEDP BOCIPUATHEM MHOSI3BIYHOM PEUX Ha CIIyX.

Taxum 006pa3oM, Ipy pelIeHuH NpooJIeMbl BBEJICHUS TPEXbA3bIUMs B BhICIIEe 00pa30BaHUE
cienyer OoJbllle BHUMAHUS YIENATh HMHOCTPAHHBIM SI3bIKAM, KOTOpBIE H3-3a OTCYTCTBHUS
€CTECTBEHHOM SI3bIKOBOW CpelIbl HAXOJATCS B HE3aBUAHOM mnosoxeHuu. OBiaaeHue
MHOCTPAHHBIM SI3BIKOM IIPEATIONATAET MPEXK/E BCETO €r0 U3YyYEHHE B KaUECTBE MPUOPUTETHOTO.
DTO 3HAYUT, YTO CIEAYEeT HEYKIOHHO MOBBIATh MOTHBALIMIO CTYJEHTOB KaK OCHOBY OOYy4YeHHUs
MHOCTPaHHBIM  f3bIKaM, BBOJUTh B TIIpollecC OOYy4YEHMs] JEATEIbHOCTHYIO METOJIUKY
npenojaBaHusl Kak 0a3y IO OBJaJ€HUs WHOCTPAHHBIM $3BIKOM, (OPMHUPOBATH pEUYEBbIE
KOMIIETEHIIMM KaK MyTh K yCHexy. YKa3aHHble ()aKTOpbl MO3BOJIAT OCYLIECTBIIATH M3y4YeHHE
A3bIKa HA CO3HATEJIbHO-YIPABIsIEMOM YPOBHE, a TOBOPEHHE HA MHOCTPAHHOM $SI3bIKE CTaHET JJIs
CTYZEHTOB NIPAKTHYECKOW HEOOXOIUMOCTBIO.
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KOFAPBI OKY OPBIHAAPBIHJIATBI YLITIJIIJITK

B. C. Ko3zoB'

! AnMaTBI SHepreTHKa JKoHe OaifaHbIc YHHBEPCHTETI, AIMAaTh! K., Kasakcran

AHoamna. Maxanana TEXHUKAIBIK XOFapbl OKY OPHBIHIAPBIHAA YII TUIMIK XKYHEHI CeHTI3yAiH
JKoJmapel  KapacTelpburFaH. OKy  ypIiciH  KypacTelpy OapeickiHma KazakcTanHbIH OimiM  Oepy
KCHICTITIHET1 KaJbIITaCKaH >Karaailiapabsl ecKepy Kepek. YII TUMIKTI €HTi30ec OYpBIH OKBITHLIIATHIH
TIIEPMIH KOFaMjla alaThlH OpHBbIHA OalIaHBICTHI, OKBITYJbIH KAPKBIHIBI OICTEMEJIEepiH CHri3yTre
KaTBICTHI QJIEYMETTIK, IICUXOJIOTHSIIBIK, JIMHIBO-9/IICTEMEITIK XKoHe 0acKa Ja Macernenep/ i OacIIbUTbIKKa
ajia OTBIPBII icKe achlpy Kepek. COHbIMEH KOca IIeT TUIAEPIH OKBITY, OUTIM Oepy TiH XalbIKapasblK CUIIAT
ayblHa OallJIaHBICTHI, aKMAPATTHIK TEXHOJIOTHSUIAP/IBIH KOFAMHBIH OapiiblK cajlaiapblH JKayJan aryblHa
0aifIaHpICTBI, ©3TepiCTepre YIIBIPayhl MYMKIH.

ABTOpABIH OWBIHINA IIET TIIAEPIH OKBITY OapBICHIHAA KOFAphI JKETICTIKTepre keTy yirH M. A.
J1aBBITOBTBIH 1C-OpPEKETTIK diCTeMECIMEH, KOMMYHUKATUBTI TEXHOJOTUSIFAa OarbITTaIFaH d1C-ToCiIaep/Ii
OipikTipy KaxkeT. ¥ ChIHBUIFaH TEXHOJOTHSIHBIH apThIKIIBUIBIFBI OOJIBII, TIIK KOPABIH OenTiiai Memmepi
MEH aKmapaT Ma3MYHBIHA Kapai, TUIIiK opMarapasl apairacTbipa OTHIPHIT KOJAAHYbBI OOJIBIT TaObLTA b
AranfaH TOCUIII OpPBIHABI KOJJIaHA aliFaH jKafjaiij]a KOMMYHHMKATHBTIK JaF[bplIap CaHalbl TYpPJe
OacKapbUIaThIH JICHICHUre )KETeIi.

Kinmmik ce3dep: yI TUTIUTIK, TUIAIK KY3ipETTIKTI KaJbIITACTHIPY, i1C-OpPEKETTIK YpIIic.
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TRI-LANGUAGE STUDY AT THE HIGHER EDUCATIONAL ESTABLISHMENT

V. S. Kozlov'

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

Abstract. The article deals with the problem of tri-language study introduction into higher
education process. It is necessary to take into consideration the situation established in educational space
of Kazakhstan arranging the educational process. Foreign languages training acquires a new tune due to
internationalization of education stipulated by broad usage of intensive information technologies in many
spheres of human activity. Tri-language study introduction implies to take aim at solving social,
psychological, lingvo-methodological and other problems connected with the status of the languages
studied, raising motivation, and active methods of training introduction.

The author considers that to achieve maximum results in tri-language introduction it is necessary to
unite Davydova’s activity methodology and technologies of communicative type. The advantages of
offered methodology is that language content of training is combined with the ways of speech patterns
free choice owing to the meaning of information.

Key words: tri-language study, of language competence, introduction of activity methodology.
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HAIIIH WBUJIAIPBI

KO3HUH UT'OPb IMUTPUEBUY
(x 80-eTHrO CO THS POXKICHHMS)

Kosun Urops JIMuTpueBud -  JOKTOp  (U3UKO-
MaTEeMaTHYECKUX HayK, npocdeccop Kadenpsl
«Tenexommynukanuonnele cucremb» AYIC. Kosun W. [l
ponuics 2 ssuBapst 1938 roga B r. Anma-Are. [locie okoHuaHus
cpenHelr mkomel B 1956 romy mocTynmun Ha  (PHU3HKO-
maTematnueckuid  (axkynprer Kazaxckoro memarorudeckoro
uHcTutyTa (KasllN) um. AGas, kotopsiit 3akoH4mit B 1961 roay
no cnenuansHocTu «[IpemogaBatens (QU3MKM W OCHOB
IPOMBIIIIEHHOTO Ipou3BoACTBa». Bo Bpemst yu€onr B KazlIN
3aHMMAJICSi ~ HAYYHBIMU  HUCCJIEIOBaHUSIMH B OOyacTsax
pamuoGU3MKN M CHEKTPAIBHOTO aHAJIM3a MHUKPOIJIEMEHTOB BOJ
3aunuiickoro Anartay. B sTom ke rogy mociie OKOHYaHHS By3a
noctynui Ha paboty B Cextop nonocgepst AH KazCCP.

B 1962-1964 romax cnyxun B psanax CoBeTckoil ApMHM, Yy4acTBOBaJl B MCIBITAHUSIX
pPaauOJIOKAIIMOHHON CTaHIMU JaeuuMmerpoBoro auanaszoHa I[1-90 «[lamupy». Tlo oxoHuaHumn
ci1y>k0bI BepHyJIcs Ha padoTy B Cextop nonochepst AH Kaz.CCP.

B 1965 romy mnpunHsn ywactue B pa3paboTKaXx U HCHBITAaHUSX HEHTPOHHOTO
CyIEpPMOHHTODA.

B 1965-1967 romax ygactBoBai B padore 11 CoBeTckoil AHTapKTUIECKOM IKCTICIUIIMN Ha
craHuuu «BocTok», pacnonoxeHHoil Ha FOxHOM reomarautTHOM noitoce. [1o Bo3BpanieHuu u3
SKCTIEeTUIH OBUT NIEpeBeIEH Ha TOJHKHOCTD YUEHOTO CeKpeTapsl.

B 1975 romy 3amuTui KaHIUJATCKYHO IuUccepTaiuio B IHCTUTYyTe 3€eMHOIO MarHeTu3Mma,
HoHOC(eps! M pacpocTpaHeHHsI paluoBOJIH I'. MockBa.

B 1976 rony npusnsin ydactue B skcriepumenTtax no nporpamme IIMAC «Coro3-Anomony,
a B 1976-77 rogax - B 21-0if COBETCKOW aHTAPKTUYECKOW IKCIEIULIUN HA CTAaHIUU « MUPHBII,
/1€ IPOBET MOHTAX U 3aIyCK HEHTPOHHOTO MOHHUTOPA.

B 1992 romy 3ammruin JAOKTOpCKylO aucceprauuio Ha TeMy «KomiuiekcHas
paauodu3nueckas JIUArHOCTHMKAa M IMPOTHO3MPOBAHHWE HOHOCHEPHBIX U paJualluOHHBIX
BO3MYIICHUN,  BBI3BAHHBIX  COJHEUHbIMH  Bcmblmkamu» B Caskt-IlerepOyprckom
rocynusepcurere 1o cnenuanbHoct 01.04.03 - «Pagnodusukay.

C 2001 rony Ko3un U. /1. BepHyJCS K HENOCPECTBEHHOM M€JarOTHYECKOMN e TEIbHOCTH,
npenogasan B KazI'V um. ane-®apabdu, B Ka3ATK um. M. Teiabiumnaesa. B AY3C Kosun U. 1.
IpenoAaeT no HacTosee BpeMsi. OT3bIBbI Ha IIPENOAABaTENbCKYIO JEATEIBHOCTh BBICOKHE.

Kozun Uropes [mutpueBnu HarpaxaeH mepansmu «M3obperarens CCCP» u «Berepan
TpyAa», UM oIyOaukoBaHo Oosee 250 HaydHbIX CTaTed M JOKJIAZOB, B TOM uucie 2
MoHorpadun, 16 yuedonsix mocoodmit. Kozun U. J[. momyunn 6onee 40 maTeHTOB M CBUIIETEILCTB
Ha U300peTeHusI.

Kosun U. JI. 6611 HayYHBIM PYKOBOJUTENIEM 7 COMCKATENCH YUYeHOW CTeNeHW KaHAuaaTa
(u3nKo-MaTeMaTHYEeCKUX HayK. JluccepTanuy yCnemHo 3aiuuieHsl.

B Hacrosmee Bpems Kosun M. JI. ycnmemHO coBMeNIaeT NMEJarornyecKyr0 W Hay4dHYIO
neATeNbHOCTh. OCHOBHBIMU  JHUCHMIUIMHAMM — TPENOJaBaHUsl  SIBISIIOTCA — DJIEKTPOHHUKA,
paarOTEXHUKA, TeJIEKOMMYHHUKALIUY, PaJUOHABUTallUs U PAIHOIOKAIIHSL.

Yeaowcaemwviit Heopo /Imumpuesuu!
Ilo30pasnaem c wouneem! JKenaem Bam donzux nem 300poevs u o6aazonoyuus, padocmHsix
U cuacmauevlx OHell, ONMUMUCHUYHO20 HACMPOEHUA U 600pocmu Oyuiu!

82



Becmnux Anmamunckozo ynueepcumema snepeemuxu u ceazu. Ne 1 (40) 2018

HYPI'OKUH BOJIAT HCKAKOBHUY
(x 75-neTuro co THS POXKICHHS)

Hyproxun bonatr WckakoBuu, ronm poxaeHus 21
¢despans 1943 roma, B 1968 rony okonumn Tomckwuii
rOCyapCTBEHHBII ~ YHHBEPCUTET IO  CHEIUAIBbHOCTH
«Pamnodpusukay (pusuk-paarnodiekTporuk). C 1968 roma
no 1977 ron, a 3atem ¢ okta0ps 1989 roxa no despans 1994
roga paboran B MactutyTe nonocdepsr Axkanemun Hayk PK
B JIOJDKHOCTH HAYYHOTO COTPYIHHUKA, MCCIETYs MPOOJIEeMBbI
pacnpocTpaHeHHsI SJIEKTPOMATHUTHBIX BOJH B CIOXHBIX
ia3MeHHbIx cpenax. C centsOps 1977 roma mo OkTs0pb
1989 rona 3aHuMarCs NpenogaBaTeIbCKON AESITEIbHOCTh Ha
3aBojie-BTy3e Inpu KaparanguHCKOM MeTaJllypru4eckom
KoMOuHaTe (3aB. kadenpoil), a 3arem B KaparanauHckom
rocynuBepcutere (momeHt kadeapsl pamuopusukn). C
deBpasist 1994 roma mo deBpanp 1999 roma pabortan B
HNucTutyTe pammosnekTpoHukun HamumoHanabHOTro HEHTpa MO PaguodIeKTpoHUKe U cBsizu PK
(3am. mmpektopa mo Hayke), AO «Kasunpopmrenekom» (3xcmept), MUIl «HayuHo-
texunueckuid 1eHtp Capsol-lllaran» (nupextop), AO3T «Hypcar» (Bemymmii skcnept), AO
«Kazaxrenekom» (mpencraBurens T. Acrana). C deBpans 1999 roma mo 2001 rox padortan
HayaJIbHUKOM YIIPABICHHS KOHTPOJIS U CBA3M MUHMCTEpCTBa TpaHCcopTa U kKomMyHHKanuii PK.
[Ipuauman yuyactue B co3naHuu nepsoro Bapuanrta 3akoHa PK «O casu». Hyproxun b. U.
CTOSIT y HMCTOKOB BHeApeHusi B PK mepBbIX MOKOJIEHWI COTOBOM CBSI3M, pellas BOMPOCHI
KOHBEPCUM PaJMOYaCTOTHOTO CHEKTpa M OOECIEeUYeHHs ONepaTopoB CBSA3U HEOOXOAWMBIMU
paZMoOYacCTOTHBIMH  pECypcaMM, CO3JaBal TOCYAApCTBEHHYIO CHCTEMY  CepTU(UKAINH
PaaAMOAIIEKTPOHHBIX CPEJICTB MOOWIBHON (COTOBOI) CBSI3M M CaM Y4acTBOBaJl B IpoLEAypax
cepTudUKaIMK MPOU3BOJCTBa 0a30BbIX cTaHIMi kommnaHuu «Epukccon». C 2001 roma mo
ceHtsa6pp 2014 roma pabortan TexHuueckuMm skcreprom B AO «Kcemn», obecneunBas
TEXHUYECKYIO0 OKCIEPTH3y U MOIJEPKKY KOoMMepuyecKkoro pa3Butusi B KaszaxcraHe HOBBIX
MoKoyieHn# cotoBoi cBs13u GSM-900, UMTS/CDMA, LTE.

C 2014 ropa u no HacTosiiee Bpems paboTaeT B AJIMaTHHCKOM YHUBEPCUTETE SHEPIreTUKH
U CBS3M, BO3IJIABIISICT OPTaHM30BAaHHBIM MM Yy4eOHO-MCCleoBaTeNbCKU LeHTp « HTepHeT
Bemeid 1 M2M»y. Mcnonb3ys cBoit OoraThlii HAyYHBIA U MPOU3BOICTBEHHBIN onbIT, Hyproxun b.
W. pa3pabortan u BHeOpui B y4eOHBIN NIpolecc HOBBIE Kypchbl MO AaKTyaJbHBIM BOIIPOCAM
texHosoruii [0T/M2M u msaToro mokojieHus MoOmiIbHOM (coToBoi) cBsizu IMT 2020 (5G).
BosrnaBnsemble MM MHHULMATUBHBIE Hay4yHbIe MCCIEJOBAaHUS HAINpaBJICHbl Ha peElIeHHE
BOIMPOCOB Hcnosib3oBaHusi TexHosoruit [0T/M2M u 5G nmns nmdpoBH3aniud BEPTUKATBHBIX
pBIHKOB 5KOHOMUKHN KazaxcraHa.

Hmeer ydeHylo cTeneHb KaHAWAaTa (QHU3MKO-MATeMaTHYECKUX HAyK, yUEHOE 3BaHHE
JIOLEHTA 10 crenuanbHocTH «Pagnodusnkay, yieH peakoiuieruu xxypHana « MHpopmannoHHble
U TeJIeKOMMYHHUKaIMOHHbIE TexHosorum» (Kazaxcran). Hyproxun b. M. B TeueHne MHOTHX JeT
SIBJIIETCS MTHOCTPAHHBIM WIEHOM (akaaeMukoM) Poccuiickoil AkaieMuu €eCTECTBEHHBIX HAyK IO
OTJIEJIEHUI0 MH(OPMalMOHHO-TeIeKOMMYHHUKaMOoHHbIX TexHosnorud (UTT PAEH), aktuBHO
paboTtaeT B TexHHYEeCKOM Komurere M2M EBpomeickoro HMHCTHTYyTa CTaHIApTU3ALUH
anektpocBsizu  (ETSI). HWmeer Oomnee 40 HayyHbIX MyOJUKalMii 1O HANpaBlICHHUSIM
pacnpocTpaHEeHUsl PajiMOBOJIH U COBPEMEHHBIM CHUCTEMaM MOOWIBHOM CBA3M, B TOM uucie 4
KHUTH B COABTOPCTBE.

B smom cnaenwiii 10ouneit mvt om éceit Oyuiu no3opaensiem
bonama Hckaxoeuua c 75-nemuem!
Kenaem kpenkozo 300po6ws, ycnexoe é HayKe U nedazozu4ecKkoil oeamenvHocmu!
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BUCEKEH AFAPBIC BAJITEPENYJIBI
(70 KBIIABIK MEPEUTONBIHA)

buceken Arapbic banrepeiiynbl 1948 xblibl 8
Haypbei3na bareic Kaszakcran oOmwichiHbIH [IIbIHFBIpIAY
aynanel Tikcail aywiibiHOa nyHuere kenmi. 1954 -1965
KBUIJIAP apalIbIFBIHIA OpTa MEKTenTe OiumiM aniel. 1963
KBUTBI O0TOAchl AJMaThl OONBICHIHBIH Tanrap KajgacblHa
kemrin kemin, 1964 xeutel Tanmrap kamaceiHmarbl Nel
aBT00a3achlHa ABTOKOIIIK MEXaHWUTi OOJBIN KYMBICKA
KaOBbUIIaHIbI.

1966 KBLJIBI Kazak aybUILIAPyaIIbUIBIK
uHCTUTYTHIHBIH ~ (KazCXU) «MammHanapasl keHIey
KOHE YHBIMAACTBIPY TEXHUKAChD» (haKyJIbTETiHE OKyFa
tycim, 1971 KbIIBI  Y3[IK  JUIUIOMMEH  OITipir,
«MarmmmHanapael KeHAey» KadeapacbiHa KalAbIPbUIBIIL,
ACCHCTEHT KbI3METIH/IE )KYMbICKA KaOblUIAaHAIbI.

1974 xpuiman  Oactanm 1978  xpuira  neifin CapaToB  aybll  IIapyallbUIbIFBIH
MEXaHUKAJIAHABIPY *OHE 3JIEKTPJICHIIPY MHCTUTYThIHJA OKYBIH >KaJFacThIPBIN aclHUpaHTypaaa
OKpIFaH, 1978 >puUIbl Hayphl3 alblHIA KaHIUAATTBIK Jaucceprauus Koprazabl. 1980 Kbliabl
«MammHa >xacay» KadeIpachlHBIH JOIEHTI FhUIBIMH aTarbl Oepiimi. 1986-1988 xbuimapsl
MammHa TpakTopiblK FhuibiMu-3epTTey MHCTUTYTHIHAA Kaszak Oesimineci IUPEKTOPHIHBIH
OopbIHOAcapbl KBI3METIHIIE, COHBIMEH KaTap TPaKTOPJapAblH CEHIMIUTI 3epTXaHaChIHBIH
MEHTrepyIici OOJIBIN KbI3MET aTKAPIbL.

1988 xbutel Kazak aypummapyambuiblk vHCTHTYThIHA (Ka3sCXW) kaiTeim  opansim,
«MamuHa jxacay» KadeapacblHbIH MEHI€pYIIiCi, JOLEHTI 0okl koHe «MallnHa jkacay *KoHe
XKOHJIEYy eHIpicl» Kadeapa MEHIrepyIIiciHiH opbhiHOAcapbl OOJBIT XyMbIC icTemi. 1991 Kpuibl
uHcTuTyTTa OlpiHmi «OKenaeymn» FbulbIMM OHIIPICTIK KOMEPAaTUBTI alIThl, KEHiHHEH Ol
«banrepeir xome K» JKIIC-ri OoyibIl  ©3repTiAi, OHBIH HETi3IHAC AKOHOMHUKAIIBIK
KeJTiCIMIIApTTap JKacalblll, €Ki KaHIUAATTBHIK XOHE Oip JOKTOPJBIK JUCCEPTALUs KOPFaJIbl.
Kazipri Tanma «DneKTpMeH >KaOAbIKTay JKOHE OHEPIHSHBIH >KAHFBIPTBUIATHIH KO3Aepi»
Ka(eapachIHbIH JOLEHTI OOJBIN JKYMBIC iCTen XYp. bakpITThl oTOachl, ymr Oama MeH TepT
HEMEPEHIH KaHallbIp Tiperi.

Arapeic banrepeityibl ©3iHIH YCTa3AbIK €HOEK KONbIHAA 47 >KbUT KbI3MET €Till Kelei.
O3iHiH OacTaMachIMEH, TIXKIPUOEMEH FBUIBIMABI YINTACTHIpA OTBHIPHIN, TYHFBIII PET KaHA
OaFpITTapbl AlIbII, OHBI ICKE achbIpy/la KONTereH FhIIBIMU 13/1eHicTep kacaraH. OFaH Jonen exi
KaHAUTATTBIK XOHE OIip TOKTOPJIBIK JKYMBIC Ooubim TaObutafsl. COHBIMEH Karap MallnHa
KYPacTbIpy *oHE >KOHJIey OHJIpici OarbIThIHIA OpacaH 30p >KYMBIC acall, HapbIKKA MIbIHANBI
OHIMJI IIbIFApFaH HaFrbI3 OUTIKTI MaMaH wmeci 0oJbIn TaObUIanbl. Arapsic banrepeiysr OyriHri
KYHIre JIefiH FhUIBIMU €HOEK JKOJIbIHIA ThIHOAM >KyMbIC jkacam xyp. On opinrecTepi apachlHAa
YIIKeH aObIpoiiFa ue, aj CTYJACHTTep YIIiH YT ycTa3 OOJBIT TaObLIa k.

Kypmemmi Azapwic banzepeitynot!

Mepeiimoitbibi30en wivli JHCypeKmen KymmuolKmaumot3!
Jleninizze caynvlk, y3aK 2ymolp, dyj1eminizee 0aaHObl 6aKvim mineiumis!
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BYI'YBAEB CYJIEMMEH ABY AJINYJIbI
(70 KBIIABIK MEPEUTONBIHA)

Bbyry6aes Cyneiimen AOnyanuyiasl 1948 sxpuiel 29
aKmanga AmnMmatel oO0dbIckl TanFap KajacklHIA JYHHETE
KEJITeH.

1963-1967 xbingap apaibiFbiHIa AJIMAThl KYPBUIBIC
komtemkiaae (AKT) «DnekTp craHmusiiapbl jKOHE IKENiiep
MEH JXYHemep» MaMaHbIFbl OOMBIHIIA OUTIM aJbITl, OHBI Y3/IIK
asKTaIbl.

1967 xpuiel  JKe3ka3raH  MOHTaXIBIK — Oackapy
KeHCeCciHIe mactep Oombin  Kymbic icterm, 1967-1969
Kbl1apel KeHec apMusichl KaTapblHAa a3aMaTThIK OOPBILIBIH
oTe/l.

1970-1975 >xbuimapel apaneikrapbiiaa B. WM. Jlenun
aTeiHAarbl Ka3ak MmoiMTeXHUKAIBIK HHCTUTYTHIHA OKYyFa TYCII
«OHEPKICII KOCIMOPBIHAAPHIH JIEKTPMEH JKa0IbIKTAY» MaMaH/IBIFBIH Y3/IIK OITIpIIT IITBIKTHI.

1973 xpinman 1975 xeimra aeifin AMaThl KaJTachbIHBIH XalbIK JEIMyTaTTapbl KEHECIHIH
JemyTaThl OOJBIN caiymaHabl. 1975 Kbutbl ANMaThl YHEPTreTUKAIBIK WHCTUTYThIHA «OHEPKICII
KOCIMOPBIHAAPBIH DJIEKTPMEH KaMmTaMachl3 €Ty» OeNiMiHIH AacCHUCTeHTI OOJIBIN KYMBICKA
KaObUITaH k.

1978-1981 xpuiaap apanbirbiHaa Mockey 3HEPreTuKa MHCTUTYTHIHBIH aclIMpaHTypachiHAa
oKbIN, 1981 >KbLIABIH JKEeNTOKCAaHbIHAA TeXHUKA FRUTBIMAAPBIHBIH KaHIUIAThI TOPEKECIH KOpFaIl
mwbIKTEL. 1991 xbutel BAK fonieHTi 1opekecin aibl.

1982 sxpimman 1985 xputra geiiin  DnekTpiHepreTuka (GakyJIbTETIHIH JIEKaHBIHBIH
opbiHOacapbl, 1985-1987 xbuinapbl DneKTpIHepreTuka (akyJIbTeTIHIH AeKaHbl koHe 1987
xbuTIaH 1991 xputra JeifiH 2JIeKTpOMEXaHUKAIBIK (DaKyIbTETIHIH JeKaH KhI3METEePiH aTKap/bl.
2008 KBUTBI «OHAIPICTIK  KOCIMOPBIHAAPABI  JIIEKTPMEH KaOJpIKTay» KadeapachbIHbIH
poheCCophl aTaFbIH aJJIbl.

byry6aes C. A. 2014 xbutel Ka3akcran PecmyOnukachlHbIH €HOEK CIHIPreH SHEepreTuri
aTarblH ueneHal. 40-TaH aca FUIBIMU €HOCKTEP1 JKapUsJIaHFaH.

ConpiMen katap, CyneliMeH AOIyanmuyiibl >KacTapAblH MaTPHOTTHIK TopOUEciHE KoHE
MaMaHJap/bl AaspiayFa epeKiie Ha3zap ayaapajibl. Y HUBEPCUTETTE JKOHE OpINTECTepl apachlHa
YJIKEH KYPMETKE U >KOHE KONTETeH jKac OKITYIIbUIApFa YT OOJBIT KeNeTl.

Kypmemmi Cyneiimen Aodyanuynt!
Kyupik yakpimmotyy yukoip kanamot Ciz0i Ma2olHaibl 2yMolPbIHbI30bIH,
ouik oip oeneci — 70 ncacka anvin scemmi. Ciz ocbl Keme0iKKe molH dcizep,
HCAPKBIH KOHIIMeH Kein omulpcot3. Bi3 ci30i wibin scypecimizoen Kyana omuipvin, 0CcolHay
Mmepekeni mepeiimoil KyHinizoen Kymmuotkmaimui3! Cizze 0eHcaynvl2blHbl3 Kyii-Kyanniol,
2YMBIPBIHBI3 Y3A2bIHAH CYUIHOIPIn, KOpep KYyaHbluiblHbl3 MOIAbIHAH 00NChIH 0en mineiumis!
Mepeiiiniz ycmem, Kadip-Kacueminiz 30p 60.1cvin!
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ABJAPAXMAHOB EPKEII ABAPAXMAHYJIbI
(60 >KBIIABIK MEPEUTONBIHA)

AbnpaxmanoB Epkemr AGnpaxmaHyiibl, AJMaThl
DHEPreTHKAa  JKOHEe  OaiiJJaHBIC  YHHBEPCHUTETIHIH
MH(PPOKYPHUTBIMBIH  JaMBITY OOHMBIHIIIA TPOPEKTOPHI,
YOTTBIK ~ WHKEHEPIiH  aKaJeMHSCHIHBIH  MyIIe-
KOPPECIOHTEHTI, TEXHUKA FbUIBIMIAPBIHBIH JOKTOPBI.
1958 xbUIbl aKnaH albIHBIH 13 KyIAbI3bIHAA AJMaThI
oOnbicbiHBIH 28  TlaH(uioBIIBIIAD  aTBIHIAFBI
ayJaHbIHbIH Koranbl aybulbiHAa AyHUere keireH. 1975
KbUTbl Asre3 kamackl Cemeil oOmbickl Ne 244 kazak
opra MekTeOiH, 1980 >kpUIbI AJMaThl >HEpPreTHKa
UHCTUTYTHIH (ADW) «OHepkacin  KociMOpbIHAAPHIH
KOHE KaJaJapbl JIEKTPMEH KaOIbIKTay» MaMaHIIbIFbI
OOMBIHIIIA Y3/1iK OITIpreH.

EnOex xomb ADU-n1a 1982 xbUTbl HHXKCHEP/ICH
OacTar, FBUIBIMU-3€PTTEY >KYMBICTAPBIHBIH OapIibIK
caThUTapbIHAH 3€pTXaHa MEHTEPYIIIiCl KOHE FBUIBIMHU-3ePTTEY CEKTOPBIHBIH OacCIIbIChIHA JCHIH
(1982-2003 »xbunmapsl); YCTa3AbIK KbI3METTE — aFa OKBITYLIbIIAaH mpodeccopra aeiiin (2004-2017
KBULAAPbI); [IAPYallbUIbIK KOHE TOPOUEINIK-aIeyMETTIK KbI3METTe KailTa jKaHapTy KOHE >KOHHEY
CEKTOPBIHBIH MEHrepylliCiHeH AJIMaThl SHEpreTHKa >KoHe Oaianbic MHCTUTYTHI (ADKBU)
OH/TIPICTIK-TEXHUKAJIBIK ’KYMbICTaphl skoHiHer1 popekTopsl (2003-2012 xbutaapbl) )koHe AJIMaTh
JHEpreTHKa >koHe Oainanbic yHHMBepcHTeTi (ADKBY) TopOuemnmik KoHE QJIeyMETTIK >KYMBICTAphI
KeHiHzeri npopektopsiHa neiin (2012-2017 xpuimapsl) eTkeH Toxkipubeni Tyira. 2017 KbpUiIbH
Ka3aH aiibiHaH O6actan ADKBY nHppaKypbUIBIMBIH TaMBITY KOHIH/IET] IPOPEKTOPHI.

AbapaxmanoB E. A. 1982-2003 >xpurgapbl FRUIBIMH-3€PTTEY JKYMBICTAPBIMEH alHAJIBICHIIL,
JKOFaphl TeMIepaTrypajibl OKCHUATTIK OTKATO3IMAI MaTepHalAapAblH JKaHa ANEKTPAOFAIIBIK,
TEXHOJIOTHSICBI MEH KOHABIpFeUIapbiH Kazakctanma sxone TMJI enpepinnme (Peceli, Vkpauna,
V306exkicran, Kpiprb13 PecryOnukachl) faiiblHaay MEH OHIIpICKe €HIIpy/e KONTEreH KeTiCTIKTepre
xeTTi. FeutbiMu-3epTTey HoTHoKeNnepi 70-Tel FhUIBIMU JKOHE FhUIBIMHU-TIEIarOrMKAIBIK JKYMBICTapaa
yKapusilaraH (HeriziHeH keke), onapabiH 4 anbic meT enaepae (Kamonus, Utamus, Kpitait), COHbIH
image KCPO-wbiH 4 aBropmeik kyomiri, KP 1 marenti, KP 1 anmeiH ama mareHTHI
E.A.A6npaxmanoBThiH eHOekTepi Kaszakcranma, jKakblH JKOHE allbIC IIET eNJep/e JIe TaHbIMal,
OipHeme per XaJbIKapajblK >KOHE PECHyOIMKaIBIK KOH(EepeHIMsuap MEH CHMIO3UyMaapaa
TaKkptanFaH. Kazipri  yakpITTa 3JEKTPTEXHOJIOTHSUIBIK — YAEpiCTep MEH  KOHABIPFbUIaphI
canaceiHfarel TMJI eniepinieri *eTeKI MaManaap KaTapblHa.

2006-2017 xbImmapsl ©HIIPICTIK )KOHE TEXHUKAIBIK, TOPOUEITIK JKOHE dJIEYMETTIK KYMBICTAP
JKOHIHJIETI TMPOPEKTOPHl  KBbI3METIHAEC OHBIH OacmibuibiFbIMEH ADxbBY-HIH MarepuanibIk-
TEeXHUKAJIBIK 0a3achblH JaMbITyFa €JIeyli YyiIec KOChULIbL. TopOuemniKk *kKoHe oNeyMETTIK >KYMBICTap
KOHIHZET1 MpopeKTopsl Kbi3MmeTiHAe (2012-2017xkbungapsl) TOpOUeENiK, MOAEHH- OyKapasbIK *KoHe
CIOPTTHIK iC-IIapanap AEHreii enoyip KeTepiil, CTYAEHTTIK KOCINOoAaK KOMUTETI MEH CTYJEHTTIK
KOCIIOJJaK KOMUTETI MEH CTYAEHTTIK OeJIceH/IlIep TOOBIHBIH KYMbICHI JKaHIaH IbIPBLI/IBL.

Kasipri yaxpirta E. A. AOapaxmMaHOB OacCIIBUIBIK KYMBICTAPBIH FHUIBIMH-3EPTTEY IKOHE
YCTa3/IbIK IC-OPEKETTEpPMEH KaTap arkKapyJa. OJIEKTPTEPMUSIIBIK —Calajgarbl  3epTTeyJIepl
JKAJIIFACTBIPYMEH Karap, Kasipri Ke3eHIEri eJeysl HSHEpreThka Macenesnepi OONbIn TaObLIaThiH
SHEPrUsSHBl YHEMJIEY JKOHE JKAHFBIPTBUIATBIH DSHEPIus Ke3/epiH TMaiaiaaHy CypaKTapbIMeH
alfHaIBICAabL.

«Hyp Otan» XJIII, Anmartbr kanacbiHblH okiMi, KP BEFM anreiceiabiH nerepi, Kazakcran
PecrryGnukachiHbIH YITTHIK MH)KEHEPIIIK aKaIeMUSICBIHBIH skoHe Ka3akcTaH jKorapbl OKYy OpbIHAApEI
KaybIMJACTBIFbIHBIH A. BalTypChIHOB aThIHIaFbl MEAAJIbAAPbIMEH MaparnaTTaFaH.

Kypmemmi, Epxkewt A6opaxmanynot!
Ci30i 60 r1coln0bIK MepeKenizoeH KymmulKmaii Omulpoin, 30p OeHCAayblK,
OmMoOACHUIBIK, 0AKbIM CIOMMIIK, KYAHbIWL HCIHE KANCOHIMAC Kaupam mineiumiz!
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KOIIECBAEBA AKIIOJIITAH AYEJBEKOBHA
(x 60-eTHIO CO THS POKICHHS)

Konec6aeBoit Akmonmnan AyenbekoBHe, npodeccopy kadeapsr
«INEKTPOHHUKA U POOOTOTEXHUKA», KAHIUIATy TEXHUYECKUX HayK, 11
auBaps 2017 roga ucnosnnunock 60 ner.

KomecbaeBa A. A. oxoHumna c¢ otiauuuemM B 1981 romy
MOCKOBCKMH  DHEPre€TUYECKUMH  HMHCTUTYT [0  CHELHUAIbHOCTH
«ONEeKTPONPHUBOJL U ABTOMATU3ALMsI IPOMBIIIJIEHHBIX YCTAaHOBOK». B
1988 romy ycmemHO M JIOCPOYHO 3alUTHIA KaHAWJATCKYHO
auccepranuio B MOCKOBCKOM JHEPreTHYEeCKOM HHCTUTYTe. Ha
kadpenpe «WmxkenepHas kubOepHernka» KomecbaeBa A. A.
npopabotana ¢ ¢espans 1987 roga mo oktsa6ps 2013 roma, mposBUB
IIPY ATOM BBICOKHE IPOPECCHOHATILHBIE U YETIOBEUECKHE KauecTBa.

Hayuno-nemarornyecknii ctaxk cocrabisger Oosnee 40 mer u
TOJBKO B 0J1HOM By3e — AYODC. Crnucok Hay4YHbIX TpyZ0B BKitouyaeT Oonee 100 HaumeHOBaHUA,
B TOM 4HCIIe 2 y4eOHBIX mocobwms, Oonee 20 Meroaudeckux pa3paboTok u 19 myOnumkammid,
BXOSIIUX B 06a3y JaHHBIX HHAEKCUPYEMBIX u3aHuil Scopus u Tomson Reiter.

[Tpunsis kadenapy 1 HOsOps 2013 roma, KomecbaeBa A. A. 3a Tpu Mecsiia HE TOJBKO
yCHemHo Impouuta komuccuro mno akkpeaurauun MOH PK, HO mu ycmena mnposectu
MOJICpHH3AIIMI0  J1abopaTOpHOTO 00OpyAOBaHHS M KauecTBeHHO wu3MeHuTh PYII mo
cneuuanbHocTu «IIprbopocTpoeHney», a Takke CyIIECTBEHHO MOBJIHsIA Ha OTHOLICHHUE YJICHOB
kadeapsl K ydaeOHOMY TIpoIieccy.

B 2016 romy oTkppula MarucTpatypy no crneuuanbHoctd  6MO071600 -
«IIpubopoctpoerue»: 14 cTyaeHTOB NPOPUIBLHOTO HampaBleHWss U | CTyJAEHT HAy4YHO-
HelarorMyeckoro HampasiieHus (IU1aTHOoe o0yueHHe) — JIydlnii nokasarens mo AYIC.

B 2015 rony KonecbaeBa A. A. oTkpblia Ha Kadeape Kypchl MOBBIIIEHNUS KBaTU(UKALUN
[0 IPOTrpaMMHUPYEMBIM JIOTHYECKUM KOHTposuiepaMm ¢upMmbl «Siemens Simatic S7» ¢ mnpaBom
BbIJIauy cepTU(UKaTa OT KOMIAHUH «Siemensy.

C cenrs16ps 2016 non pykosoactBom KomecbaeBoit A. A. Ha kadenpe OTKpbITa IIKOJIA
pobotorexankun DAU key to be clever mis yuammxcs 8-11 ximaccoB r. Anmartel, B pabote
KOTOpOl  3ajeiicTBOBaHBl  TaJaHTIMBBIE CTYJACHTbI W  MAarduCTPaHThl  CHELHATbHOCTU
«IIpubopocrpoeHuey.

Crnenyer OTMETUTh TaKMe€ JIMYHOCTHO-JENIOBBIE KauecTBa AKIIONNAH Ayel0eKOBHBI, Kak
TMCIUTUTMHUPOBAHHOCTb, HCIIOHUTEIBHOCTD, T00POKENATeIbHOCTh, CKPOMHOCTB, TPYIOJIFO0HE
U CUCTEMHBIH MMOJIX0/ K PEIICHHIO TOCTABICHHBIX 3a/1a4.

Boicokuii npodeccruoHanbHbIl ypoBeHb, OoublION cTax padotel B AYDC, sHeprus u
9HTY3Ma3M, BBICOKMH Hay4yHbI MNOTEHIMAJ, NPO(EeCCHOHANbHBI COBPEMEHHBIH B3IV Ha
poOsIemMBbl aBToMaTu3auu no3posin KomecbaeBoit A. A. 1ocTryb OOJBIINX YCIIEXOB B CBOCH
NeSITeIbHOCTH M TOJb30BATHCSA 3aCIy’KEHHBIM aBTOPUTETOM COTPYIHUKOB YHHBEPCHUTETA.
OTtpagHO, YTO PEUTHUHI MO YHMBEPCUTETY HEM3MEHHO BBICOKMW — BCErJa B IEPBOM JECATKE
cpenu mpogeccopos.

KomecbaeBa A. A. wuMeer OnaromapHOCTH, HarpakIeHa IIOYETHOH TIpPaMOTOM
MunucrepctBa suepretuku Pecny6nuku Kazaxcran.

Yeaxncaeman Axwmonnan Ayenoexoena!
Om eceii dymu nozopaenaem Bac co smamenamenvnoit oamoii!
300poevsa Bam, donzonemus, HACLIUWEeHHO20 AKMUBHOU HCU3HBIO U MEOPUYECKOI IHepzueit!
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TpedoBanust kK 0OPMIIECHHIO CTATHH

1. Crarest momkHa OBITH odopmieHa B crporom cootBerctBd ¢ ['OCT 7.5-98 «Kypnaibl, cOOpHHKH,
nH(OpMaIMOHHbIC n3anus. M3narenbckoe opopmiieHue MyOTMKyeMbIX MaTepPUAIIOBY.

2. Marepuaiibl peIoCTaBISIFOTCS B TIedaTtHoM (1 9K3.) ¥ 37IeKTPOHHOM BHJIE, B pefiaktope Word A4: moss - BepxHee
W HIDKHEE — 2 cM, JIeBoe — 3 ¢M, ripaBoe — 1,5 e, mpud T Times New Roman, keriis 1 2, iHTEpBa OMMHAPHBIH.

IlociaenoBaTeIbHOCTD 3JIEMEHTOB U31ATEIbCKOIO O(l)OpMJ'[eHI/Iﬂ MaTepuajJaoB CJIeayromas:

- ko MPHTHU (MexrocynapCTBeHHBII pyOpHKaTOp HAaydYHO-TEXHUUECKOH WH(OpPMAIMN) CTaBUTCSA B BEPXHEM
JIEBOM YIIIy IIEPBOM CTPAHULIBI;

— TiepBas CTPOYKA, TI0 LICHTPY - HHULHAIIBI ¥ (JaMUIIU aBTOPOB (He Oosiee 4 aBTOPOB, KUPHBIHA IPUPT, Kerib 12);

— BTOpasi CTPOUKA, 110 LIEHTPY — HAa3BaHWe OpraHu3auu(1ii), B KOTOPO BRINOJIHEHA paboTa, ropox, cTpaHa (mpudt
OOBIYHBIN, KeTTh 12);

— TpeThs CTPOUKa, IO IEHTPY - 3arvlaBUe CTaThH (IIyOIMKyeMOoro Marepualia) (pOnHCcHbIe OyKBBI, TIONYKUPHBII
mpudT, Kerb 12);

— Anroranus (100-150 ci1oB, TPUBOAXTCS HA S3BIKE TEKCTA IMTYOIMKYEMOT0 MaTepraa, Kerib 11);

— KimroueBpie cioBa (ipuMepHO 6 OMMHOYHBIX CJIOB WITH 3-4 CJIOBOCOYETaHMs, Kerib 11);

— TEKCT cTaThby (OOBIYHBINA IPUPT, KerTb 12);

- CITMCOK JIMTEPATYPbI (B coorBerctBum ¢ 'OCT 7.1-2003 «bubnuorpaduueckas 3amuck. bubnuorpaduyec-
koe orrcanue. O01re TpeOOBaHUS 1 TIPaBHIIa COCTaBJIeHIsD (He Ooree 12 HanMeHOBaHMIA);

— cmmcok Jymteparypsl Ha aHmmiickoM s3bike (REFERENCES) mis mpyrmx BA3 JIAHHBIX momHOCTBIO
OT/IENTbHBIM OJIOKOM, ITOBTOPSISL CITUCOK JIUTEPATYPhI K PyCCKOS3BIYHOM YacTH, HE3aBUCUMO OT TOTO, IMEIOTCS WM HET B
HEM MHOCTPAHHbIC HCTOYHHUKU. B KOHIIe B CKOOKaX yKa3aTh SI3bIK CTAThH;

— HeoOXOOMMO Halu4yMe MOJHOIO IMPUCTATEHHOIO CHMCKA JIMTEPaTypbl B JIATUHCKOM TPAHCKPUILMU (€CiIH
[UTHPYEMBI MCTOYHHK HE WMEET OPUTHHAJIBHOTO Ha3BaHHS Ha aHIIIMHCKOM, TO PEKOMEHIYeTCS MCIONIb30BaHHUE
TPaHCIHUTEPALMHI BMECTO TIEPEBOIA).

— Annorarms (100-150 cros, Ha IBYX sI3bIKAX, OTIIMYAIOIIMXCS OT s13bIKa cTaThh). [locepeniae cTpaHuIlbl THIIETCS:
1) Ha3BaHMeE CTaThH; 2) aBTOPHI; 3) HA3BaHKE OPTaHN3AIMH; C KPACHOM CTPOKH — AHHOTaIWs, iociie — KitroueBbie ciioBa
(xemb 11).

3. Pucynku u rpaMKy JOIKHBI paclioyiararbCs 0 TEKCTY, IOCNIE CChUIKM Ha HUX, 0€3 COKPAIICHUsS: HalpUMeED:
"Pucynok 1 - Hazeanawme (o pucynkom)". PrcyHkn BEITOMHSIOTCS B pesxknme Paint (Painbrush). I'padwukwm, quarpamMmer,
rucTOrpamMmsl - B pexkume Microsoft Excel, ¢ paspemennem He menee 300 dpi. Maremaruueckue, pu3nyecKue u Ipyrue
o0o3HaueHust U GopMysbl HAOMPAIOTCsl B pexkuMme peraktopa ¢opmyn Microsoft Equation, HakioHHBIM mpupTOM 1
pacrnonararorcs 1o LeHTpy. Homepa popmyit mpocTaBisitoTcst y IpaBoro Kpast CTpaHULbI B KPYIIIBIX CKOOKaX.

4. OO6umii 00beM PYKOITUCH, BKIFOYAs aHHOTAIIMH, CITUCOK JINTEPAaTyphbl, PUCYHKH M TaONMWIIBI, COCTABISET HE
Oonee 8 cTpaHwIl.

5. Crarbst TOANKCHIBACTCS B 00513aTEIILHOM HOPSIIKE BCEMH aBTOPAaMHU B HIPKHEM MIPABOM YIITy KaXI0H CTpaHHIIbI
TEKCTa, TaM JKe CTaBUTCs ara. B ciryyae nepepaboTku cTaTby TEXHUUECKUM PEIAKTOPOM JaTOM MOCTYILUICHUSI CUMTACTCS
Jiata MoTy4eHus! peiakieil OKOH4YaTeIbHOTO BapuaHTa.

6. Ha otmensHOM JMCTE ciemyeT mpuBecTH cBeaeHus 00 aBropax: @.1.0. moiMHOCTEIO, TOYTOBBIN aapec, e-mail,
MecTO paboThl, JOKHOCTD, CITY)KEOHBIH 1 JIOMAIITHHHN Tele(OHBI.

7. K crarbe 00s13aTeIbHO MPUIIAraroTCst PEHEH3UN 2-X HE3aBUCUMBIX YUEHBIX (BHEIIHSS U BHYTPEHHSS ), KOTOpHIE
HE BXOJISIT B COCTaB PSAAKIIMOHHOMN KOJUICTHH >KypHaIa v BeIyT UCCIICI0BaHMS B 00NIACTSIX, OJIM3KUX C TEMATHKOM CTAThH.

8. Jlyst kaxKIoil cTaThy 3aroHsETCsl SKCIEPTHOE 3aKIIFOYCHHUE O BOSMOKHOCTH OITyOIMKOBAHUS, YTBEPKICHHOE
ripopexkropoM o HP.

9. Ha ocHOBaHMM 3KCIEPTHBIX 3aKJIIOUYEHUH PEIKOIUIeTHs MPUHHMAET pelleHHe: O MyONuKaly Mareprania B
NPEACTABICHHOM BHE; O HEOOXOAUMOCTH I0PaOOTKH; 00 OTKJIOHCHHUH.

10. Pyxorich, HaripaBjieHHasi aBTOpaM Ha 10pa0oTKY, ZOJKHA ObITh BO3BpallcHa B UCIIPABICHHOM BHJIE B CPOK HE
6omnee 10 pabounx aueit. [To ncreyennn 3TOro Cpoka OHa pacCMaTpHBAeTCs Kak BHOBB MocTymnuBIias. K nepepaboran-
HOH PyKOIIMCH HEOOXOIMMO TPHIIOKUTH IMCHMO OT aBTOPOB, ONKCHIBAIOLIEE C/ICaHHbIC UCIPABICHHS M CONleprKallee
OTBETHI HA BCE 3aMEYAHNS PELICH3ECHTOB.

11. Pykomuch, HOMy4YHBIIAsk OTPULIATEIbHBIE OLICHKH IIPU PELICH3MPOBAHNH, OTKJIOHAETCS, KAaK HE COOTBETCTBYIO-
Iasi YpOBHIO ITyOMKanuii. Pykorucu aBropaM He BO3BpamaroTcs. Pemakius BIpaBe HE BCTYIATh B IEPEIUCKY C
ABTOPOM OTHOCHTEJILHO NMPUYMH (OCHOBaHMIA) OTKa3a B IyONMKALMU CTaThu. Penakuus ocrapiser 3a coOol mpaso, B
HEOOXOIMMBIX CITy4asiX, IPOBOAUTH COKPAILECHHS U PENAKTOPCKYIO MpaBKy crareil. Ilocie myGnmkamu aBTop MOXKET
MOJTY4YHTh KOIHIO cTathi B (hopmare PDFE. Penakius coOmonaeT penakiiMOHHYH0 3THKY U HE pacKpbIBacT Oe3 coracus
aBTOpa MpOoLEeCC PadOTHI HaJl CTAThEH B M3AATENLCTBE (HE 00CYKAAET C KeM-JIMOO0 TOCTOMHCTBA WIIM HEJOCTATKH PaboThI,
3aMeyaHMs 1 UCTIPABIICHUSI B HUX, HE 3HAKOMUT C BHYTPEHHUMH PELICH3HSAMI ).

Pexeuzumpi ona onamol:

Hexommepueckoe akImoHepHOE 00IIECTBO «AJIMATHHCKHN YHUBEPCUTET SHEPTETUKH U CBS3IDY
050013, r. Anmarsl, yi1. balitypceiHoBa, 126

MUK KZ608560000000005121 B AO «bank LlearpKpeaut», . AnMars

BUK KCIBKZKX

BMH 030 640 003 269

KBE 17, KHIT 851
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