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JJIEKTPOSHEPI'ETHKA U JJIEKTPOTEXHOJIOI'UA

MPHTHU 44.29.29

I'.T. Tpodumos', K. B. Kexenenxo’, A. T. Acues’, O. I1. Kupaepa'

' AlIMaTHHCKWii YHHBEPCHTET SHEPTETHKH U CBSI3H, T. AMaThl, Kasaxcran
*[IpuasoBcknii [ocyAapCcTBEHHBINH TEXHHUECKHH YHUBEPCHTET, T. Mapiymois, YKpanHa
3K1,1prr,13c1<1/1171 rOCYJApCTBEHHBIN TEXHUUECKUI yHUBepcuTeT um. M. Pa33akosa,

r. bumkek, KsIprercran

IJIEKTPOOHEPI'ETUKA CTPAH HEHTPAJIBHO-ABUATCKOI'O PETHOHA

Annomayus. Pernon llenTpasbHONW A3WM 0Oorar SHEPreTHYECKHM IOTCHIIMAJIOM, KOTOPBIMA
HepaBHOMEpPHO pacnpeneneH. Kupruzcran n TagKMKUCTaH MMEIOT 3HAUNUTEIbHBIE BOJHBIE PECYPCHI U
OTrpaHHYEHHbBIE 3allachl MHUHEPAJIbHBIX pecypcoB, a Kazaxcran, TypkmeHuctaH u Y30ekucTaH OOrartbl
MUHEpPaJIbHBIMU PECYpPCaMU, HO HCIIBITBIBAIOT MPOOJIEMbI ¢ BOJHBIMU pecypcamu. B CoBerckoe Bpems
Opo  coszmana OOwenuHEHHAsT OJHepreTwdeckas cucrema lleHTpambHOWH A3uM, B KOTOPOWM
OCYIIECTBISIIOCH TUCIIETICPCKOE YIIPABICHUE PESKAMAMH W PEMIATNCh IPOOJIEMBl PAIMOHAILHOTO
WICTIOJTB30BAHMS TOTDIMBHO-?HEPTETUIECKIX M BOJHBIX PECYPCOB PETHOHA.

[Tocne pacmaga CCCP oTHoOmIeHHE B 3JEKTPOPHEPreTHKE HE3aBHUCHUMBIX CTPAaH PETHOHA PE3KO
n3MeHwock. [lepBoHavanbHble NPUHLHUIIEI, 3a710KeHHbIe B co3nanue OOC LA, napymunucs. B ctatee B
PETPOCIIEKTHBE PACCMATPHUBAIOTCS TPOOJIEMBI, CBSI3aHHBIE C COCTOSHHEM DHEPTeTUKH B pPETHOHE
HentpanpHOlt A3uu u (GOpPMHUPOBAHHUEM OOIIETO DIEKTPOIHEPTeTHUECKOro pbhIHKA LleHTpanmbHO-
A3uaTCKOro peruoHa.

Knroueevie cnosa: pernon lleHTpanbHOW A3WH, DHEPreTHYECKUH IOTCHIMAJ, OallaHC
AJIEKTPOIHEPTUH, BOAHO-OHEPTreTHIECKHE TTPOOIEMBI, JIEKTPOIHEPTeTHYECKHUIA PHIHOK.

Peruon LlentpansHoit Azun (LJA) OoraT 3HaUUTENBHBIM 3HEPreTUYECKUM IOTEHIINAIOM,
BKJIIOYAIOIUM B ce0sl yIJI€BOAOPOAHBIE PECYpPChl M THUIPOPECYPCHI. DIEKTPOIHEPreTHKe
OTBOJUTCSL 0c0o0asi pojib B SKOHOMMKE KaXJIOM M3 3TUX CTpaH PErHoHa, TaK KAaK OHA sBISETCA
BaKHEHILEH COCTaBIAIOLIEH MEXIYHAPOIHOIO COTpyAHHYecTBA. OTpacib AJIEKTPO3HEPIETUKU
HE BO BCEX CTPaHax CIOCOOHA MPUHOCUTH BBICOKYIO MPUOBLIb, B HEH MPUMEHSIIOTCS MEXaHU3MbI
rOCyJIapCTBEHHOI'O PETYJIUPOBAHUS LIEH U Tapu(OB.

XOTsl perMoH B ILEJIOM XapaKTEepPHU3yeTcs BBICOKMM YPOBHEM HHEProoOecreyeHHOCTH,
OJIHAKO TI0 YPOBHIO YJEJIbHOIO MOTPEOJCHUS SJIEKTPOIHEPTrMU Ha TYyLIy HACEJIEHHS CTPAHbI
3aaumator ot 43 (Kazaxcran) mo 88 (Ksiprei3cran) mecrta B MHUPOBOM peWTHHTE. ITa
0coOeHHOCTh peruoHa I[A, ecrecTBEHHO, OTpa)kaeTcsi M Ha IOKa3aTeNIAX HSHEPreTHYecKOn
3¢ (HEeKTUBHOCTHU CTPaH pPEeruoHa, KOTOpbIe MPUBEACHBI B TabauLe 1.

W3BecTHO, YTO ypOBEHb 3HEProoOecHneYeHHOCTH CTpaH peruoHa LA pasnuueHn: oaHu
CTpaHbl BIAJCIOT BOJOM, a APyrue - OpraHu4eCKUM TOIUIMBOM.

Ha ocHOBaHMM Kak JaHHBIX HAllMOHAJIbHOM CTaTUCTUKHM, TaK U MEXIYHapOJHbIX
OpraHm3alii Mo MeToauke MeXayHapoaHoro nsHepreTmueckoro areHTcTBa (International
Energy Agency - EIA) Obuio paccuuTaHO yIeinbHOE HMOTPEOJICHHE JJICKTPOIHEPTHU HA JYILY
HaceJIeHUs, KOTOPOE B ONPEICIEHHON CTENIEHN OTPa)XacT YPOBEHb Pa3BUTHsI CTPaHbl. 3aMEUEHO,
YTO BBICOKMH YJEJBbHBIA BEC 3HEPronoTpeOiIeHus Ha Iyuly HaceleHus B 8 Thic. KBT-u/mymry
XapakTepeH Juid  pa3BUTBIX cTpaH Mupa. CpenHuil  oOLmeMHPOBOM  moOKa3arenb
sHepronoTpednenus cocrasnseT 2341 kBt u/nymnry. B pasButsix crpanax Snonun u I'epmanuun
notpebJeHne SHEPruu Ha AyIly HaceJeHus cocraBiser 6 kBr-u/aymy, a B CIIA - 11,4
kBT u/nynry, uto Gonblie, yem y crpaH pernona LIA. A B pa3BuBaromuxcs cTpaHax, Halpumep,
B Munuu, sHepromoTpebiieHHe Ha Jylly HacelleHus cocTaBisger okono 0,7 kBr-u/mymy, B
banrnagem Ttonpko 0,2 kBT-u/nmymry HaceneHus, YTO 3HAUMTEIbHO HUXKeE, 4eM y cTpaH LA
peruoxa.
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Tabmuua 1 — INoka3zarenu sHepreTnyeckoit 3 dexkruBHocTn perrnona LA

ITokazaTenu

Kazaxcran

Kripreizcran

TamxnkucTan

TypkmeHucran

V30ekucran

VY nenbHoe oTpedaeHue

4727,6/43

1374,8/88

2004,5/73

2403,4/68

1648,1/80

9JEKTPOIHEPTUU HA AYITY

HaceJieHus kBT-4 Ha ged.
*k

B 2012 r. /Mecto B Mupe

JymeBoe norpebieHue 2306 752 519 4486

L
9HEPrOHOCHUTENEH ,
kr/uen. 2014 r.

1118

JymeBoe (BasioBoe) 3955 1863 1478 2087 1499

MOTPEOJICHUE MOJIC3HON

*
9JEKTPOdHEpTrun , KBT 9
Ha ven. B 2014 1.

JyuieBoe norpediieHue 667 1307 356 439 272

MOJIE3HOM
AIEKTPOIHEPTUH
HaCCJ'IeHI/IeM*, kBT 1 Ha
yeir. B 2014 1.

[oka3zaTenu sHEPreTHIecKoil 3 (HEeKTHBHOCTH

* 1] [2].

O0benunennas sHeprocucrema llentpanpHoit Asum (OOC I[A) Owbuia co3mana B 70-x
rofgax npomwioro cronerus. OHa oObenUHSIA PHEPrOCUCTEMBI ISATH pecryOiavK ObIBIIEro
Coserckoro Coro3a: foxHoro Kasaxcrama', Kuprusckoit PecryOmmku, TampKuKHCTaHa,
Typkmenucrtana u Y3b6ekucrana. B o Bpems tor Kazaxcrana He ObUI COEAMHEH C MOIHOCTSAMU
[TaBnoapckoro sxHeproysna.

Kapra - Cxema Dnektpuyecknx Cereii 220 kB v Bbiwe LleHTpanbHO-A3MaTCKOro permoHa

: S

5 ; &
&
G

Wnpgus

T
Vidisk7/karta 220-2

Pucynoxk 1 — Kapra — Cxema snexrpudeckux ceteit 220 kB u Boime LA pernona [1]

! CeBepHble perinoHbl Kazaxcrana ObUIH CBSI3aHBI C POCCHICKON SHEPTOCETHIO.

6
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Coznanne OOC IIA ObUIO MOAYMHEHO HJee HauboJee pPalMOHAIBHOTO HCIIOIb30BAHUS
TOTUTMBHO-OHEPTETUYECKUX W BOIHBIX pecypcoB perumoHa llenTpanbHoit Asuu. beuto oOpazoBaHo
LlenTpanbHO-A3MAaTCKOE HHEPTETHUECKOE «KOJIBII0», OOBEAMHAIONIEE BCE AJIEKTPOCTAHIIUU U
SHEPTreTUUYECKHE y3ibl pecnyOnuk. B coBeTckoe BpeMs k Havany 1991 romy ObuUT0 3aBEpIIEHO
dopmupoBanne OOC IIA. Ona Bkitodana 83 ANEKTPOCTAHIMK OOIIEH MOIIHOCTBIO 25 THICSY
MBr.

VYuuTeiBass OOIIHOCTE HMHTEPECOB B BOMPOCAX BEJACHHUA DPEXHMOB HAIlMOHAIBHBIX
sHeprocucteM, Bxomsammx B OOC I[A, ObUIO CO3MaHO CHEIUATIM3UPOBAHHOE TPEINPUATHE —
enuHblil pernoHanbHblii neHTp OJLl «Oneprusi». OnH pacnomaraics B r. TamkeHTe u
noguuHsuicss LleHTpanbHOMY nucneTdyepckoMy yrpasieHuto Eaunoit sHeprocuctembr CCCP.
OILl «3Heprus» oCyIIECTBIAI PYKOBOJACTBO LIeHTpaabHBIMU AUCIETYEPCKUMH YIPABICHUSIMU
(IJTY) Bcex TecHO B3aMMOCBSI3aHHBIX YHEPTOCUCTEM COIO3HBIX PECITYOJHK.

Vopasnenue pexnmamu B OOC I1IA 1o3BOISIO ONTUMHU3UPOBAaTH pPEXKUM  BCEX
pecnyONMKaHCKMX  DHEPrOoCHUCTEM,  COXpaHss  CIaXEHHYI0  HapajulelibHyl0  paboTy
pecIyOIMKaHCKUX YHEPTOCUCTEM, TIPU MUHUMAIBHBIX MOTEPSX AIIEKTPOIHEPTUHU B HHX, A TAKXKe
o0ecreunTh ONTUMAIBHBIN peXuM uppuranuu Bcero perrona. B OOC 1A pemaauck He TOIBKO
ANEKTPUYECKUE MPOOIEMBbI PETYIUPOBAHHUS YaCTOTHl M MOIIHOCTH, HO M TpPU JOJTOCPOYHOM
IUTAHUPOBAaHUM TPUHUMANAch BO BHHMAaHHE CTPYKTypa BCEX TEHEPHUPYIOIIMX HCTOYHUKOB,
Bxomsanmx B ODC, mims IEHTpaTu30BaHHOTO oOecreueHus cTpaH pernoHa torumBoMm. OJIL]
«QHeprus» MmoHumal, yto B peruone LA BogHO-3HepreTHUeckue MpPoOIeMbl U MOTPEOHOCTH
UppUTAIIMN  HEpa3pbhIBHO CBs3aHBl MEXIy COO0OW, TMO3TOMYy Hapsiny ¢ oOecnedyeHHeM
ONTUMAJILHOTO PHEPTeTUYECKOTO PEKUMA TAKKE YUUTHIBAIUCH U TOTPEOHOCTH UPPUTALIUY.

Hamuuue egunoro pernonansHoro nenrpa O/ «2Oueprus» B O9C LA no3Bosiniao BceM
CTpaHaM peruoHa He TOJBbKO HCIIOJIBb30BaTh OCHOBHbIE Bogoxpanunuma ['DC Kupruzum u
TamkukrcraHa B 00IMX MHTEpecax I HYK] UPPUTALUHU, HO U 00ECHEeUnTh peryJupOoBaHHE
KaK TMHKOBBIX HArpy30K, TaK M TEPETOKOB 3JIEKTPOIHEPTUH MEXKAY CTpaHaMH, IOBBICUTH
YCTOMYMBOCTH Pa0OTHI B KAKIOH U3 PECITyOIMKaHCKUX SHEPTOCUCTEM, a TaKKe B 00BETNHEHHOM
sHeprocucteme. Kpome toro, ODC ILIA mo3Boisia HJHEPrOCHUCTEMaM IMATH PECIYOIUK,
COCAMHEHHBIX Mex1ny coboif muausMu 220 u 500 kB uyepe3 cerm Kazaxcrana, pabotarb
napauensHo ¢ E9C Poccun.

[locne pacnaga CCCP oTHOmIEHHMSIT B AJIEKTPOIHEPIETUKE HE3aBUCHUMBIX CTpaH
LenTpanbHO-A3UaTCKOTO peruoHa pe3K0 W3MEHUINCh. [lepBOHavanbHbIE  MPHUHIIUIIG,
3anoxkeHHble B coznanue OOC LA, HapylInianch, B pe3yiabTare 4ero 000CTpuiINCh NpoOIeMbl O
MOKPBITUIO TMHUKOBOW MOIIHOCTH M OKAa3aHUIO YCIYr IO PEryIMpPOBaHUIO MOIIHOCTH.
PernonanbHblii OOMEH 3JEKTPOIHEPrUel MEXAy BHOBb OOPAa30BAHHBIMH, HE3aBUCHUMbBIMU
rocyAapcTBaM 3HAUUTENBHO CHU3WICS. Bce cTpaHbl cTanu MpUHUMATH YCUJIUS O COOCTBEHHOMU
camMo0aaHCUPOBaHHOCTH B c(epe sHepreTuku. BripaOoTKa 3JIEKTPOIHEPTHH CTaja s BCEeX
AIEKTPUUECKUX CTAHLIMKA PETMOHA OCHOBHOM 3ajaueil. IHTepecsl nppuraiuu OTOLIIM Ha BTOPON
IUTaH, TIO3TOMY M3MEHMJICS pexuM paboTel KpymHbX ['DC permoHa: m3-3a MppUTallMOHHOTO
pEeKMMa OHU BBIHY)KJIEHHO IEpELUIM B 3HEpreTndeckuid. BcenencTsue 3Toro 3amacel BOAbl B
ToKTOTYy/IbCKOM BOJIOXPaHUJIUIIIE MCTOIIAINCH, YTO BBI3BIBAJIO €r0 CpadaTbIBaHUE.

Hapymmics npuHIumnsl GyHKIIMOHUPOBAHUS U BEJICHHUE ONTUMATIBHOTO PEKUMa BO BCEX
AJIEKTPOIHEpreTHIecKuX cuctemax rocyaapct L[A. Kuprusckas pecrmyonuka u TamkukucTas,
HECMOTPS Ha 3HAYUTENIbHBIE TUAPOPECYPCHI, UCIBITHIBAIM HEAOCTATOK B JIEKTPOIHEPTUU U, HE
uMes IEPBUYHBIX TOIUTMBHO-3HEPTeTUYECKUX PECYPCOB, HE MOIJIM B 3UMHEE BpeMsI 00eCTIeUUTh
CBOMX MoTpeOuTeneit anekrposHeprueid. HecormacoBanusle cOpochkl BoAbl U3 TOKTOr'YIbCKOTO
BojoxpaHwmina 3umor B 1998, 2000, 2005 romax BeI3bIBAIM pa3pyLICHHE HUPPUTALMOHHBIX
COOPYXKEHMM U 3aTOIUICHHE HACEJIEHHBIX ITyHKTOB BHHU3Y II0 TE4YeHHIO peku HapblH B
V36ekucrane u Kazaxcrane, a B JETHUW TEPHOI MPUBOAMIA K NePHUITUTY MOJTMBHON BOJIBI B
TOM PETHOHE.

bonee 18 ner mocne pacmaga CCCP ODC 1A, HECMOTps HA MHOTOYUCIICHHBIE TTPOOIEMBI
U ycrapeBiiee 00OpylOBaHHME, HYXJIAIOUIEeCs B CEPbE3HOM MOJEPHHU3AIMH, MPOAOIDKAIA
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(YHKIIMOHUPOBATH, oOecrieunBast IapajuIeIbHYI0 paboty HallMOHAJIbHBIX
3JIEKTpOdHepreTudeckux cucteM. Opanako, B 2009 romy eaumHOE SHEPreTUYEcKOe KOJIbIIO,
o0BeuHsAIoIIee He3aBHCcUMBbIe TocyaapcTBa LA, pazBanuiocs.

B tabnune 2 mpuBeaeHb OCHOBHBIE MTOKA3aTENH YJIEKTPOIHEPTEeTUKH CTpaH LleHTpanbHo-
Asmarckoro permona 2015 r. [1]. W3 rabmuuer 2 BuAHO, 4YTO B 0OmEl cucreme
sHeprocHaOxeHust B crpanax [[A Ha temoBbix anekTpoctaniusx (TOC) BeipabaThIBaIOT MOUYTH
B TPH pa3a OoJiblIe 3JEKTPOIHEPTUH, 4yeM Ha ruapodiaekTpoctanimsax (I'DC). [Ipuuem Gompias
nonst TOC npuxoaurtcesa Ha Kazaxcran (87,5%), Y30ekucran (85,9%) u Typkmenucran (99,9%),
a gonst ['9C - na Keipreizeran (83,5%) u Tamxukuctan (92,7%).

Tabmuna 2 — OCHOBHBIE TOKA3aTENH NEKTPOIHEPreTHKU cTpal peruona LA B 2015 r. [1]

OCHOBHBIE ITOKA3aTeIH MIEKTPOIHEPTETHKH CTpaH LleHTpanbHO-A3HaTCKOTO pernoHa
IMokazaTenu Kazaxcran | Keipreiscran | Tamxukuctan [Typkmenuctan | Y30ekucran
- Bcero 25101 4020 5190 4 000 12 722
=2 T2C
S a (opranudeckoe 22 500 956 318 4 000 10 867
g2 TOILIMBO)
E 5 I'2C 2500 3064 4872 - 1855
> S BOC 100 - - - -
CoC 1 - - - -
7 T2C
2 E | (opranuyeckoe 97 020 1930 262 22 534 45450
g,( 5 = TOTIJIUBO)
% E E Iac 9269 11 100 16 900 - 11 830
s L B3C 132 i i i i
= CoC 1 - - - -
3 Bcero 106 422 13 030 17 162 22 534 57 280

EctecTBeHHO, UTO Takoe 3HAUMTENBHOE Pa3INune MEXAy CTpaHaMU PErruoHa B BhIPAOOTKe
anektposHepruu Ha TOC u I'DC, 00yciaoBIeHHOE HEPAaBHOMEPHOCTHIO PACIPEEIICHUsT BOIHBIX
U DHEPreTUYECKUX PECYpPCOB PErHOHA, CO3/AET CEPbE3HYIO BOAHO-DHEPIETUYECKYIO Mpoliemy
st Beex crpa LA pernona. Kpome toro, ycrapesiiee 351eKTpooOOpyIOBaHUE U 3HAYUTEIbHBIN
¢dbuznyeckoll U3HOC €ro, a TaKKe BhICOKAs CTENEHb M3HOCA OCHOBHBIX (DOHIOB SIBISETCS OOIIEi
npoOiieMoit st Becex rocymapctB LA permona. Tak, B Kwipreizckoit PecnyOnmke ypoBEHB
M3HOCA JJIEKTPOCTAHIIUNA COCTaBIsieT B cpeaHeM okosno 60%. OrpaHudeHHble MaTepuaibHbIC
pecypcel  caMUX  CTpaH  JJii  BOCCTAHOBJEHMS  OOBEKTOB M  HMHBECTULIMOHHAS
He0(UHAHCUPOBAHHOCTh CO3/1al0T MPOOJIEMBI BO BCEX HAIMOHAIBHBIX SHEProcCUCTEMaxX CTpaH
peruoHa, cHuxkast 3pQeKTUBHOCTH U MOHMKasl HAJIe)KHOCTh YHEPrOCHAOKEHUSI.

bananc BbipaboTKu M moTpebiieHus anekrTposHepruu (miapn. kBr*u) B LA peruone 3a
2014 ron npueneH B Tabnune 3. M3 TaGaumpsl BUAHO, YTO Calbl0 MEXKAY BBIPAOOTKOW W
noTpelJIeHNeM 3JEKTPOIHEPTHH JUIsl BCEX CTpaH MoJoKuTeNnbHO. OHAaKo, B 3UMHMIA MEpUOJ B
OTIENbHBIX CTPaHaX CYIIECTBYIOT 3HAYUTEIbHBIE CIIO)KHOCTH C OOECHeuYeHHEeM HACeIeHUs
AIIEKTPUYECTBOM.

B 3Tux ycrnoBusix TOJIbKO pErMOHAIBHOE COTPYAHUYECTBO B 00JIACTH AJIEKTPOIHEPTETUKHU B
IlenTpanbHOM A3MM MOXKET CO34aTb OYEBHUAHBIE TEXHUYECKHE, OKOHOMHUUYECKHE U
AKOJIOTUYECKHUE MPEeUMyIecTBa sl Bcex cTtpad. OHo obneryaeT 3 ()EeKTUBHOE MCIIOIH30BAHUE
PETHOHAJIBHBIX PHEPIETUUECKUX PECYPCOB, B YACTHOCTHU T'MJIPOIIEKTPOIHEPTUH, TPOU3BOIUMON
B Tamxukucrtane u KeIiprel3ctane B JIeTHEE BpEMs, U TEIUIOBOM 3JIEKTPOIHEPTUH, TPOU3BOIUMON
B Y30ekucrane u FOxxnom Kazaxcrane.
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Tabnuua 3 — bananc BbIpaOOTKU U OTpeOIICHUS 3IeKTpodHeprun (Miapa. kBr*u) B L{A peruone
3a 2014 rox [3]

Crtpana Bripabotka | [loTpebnenue Canpo Nwmmopt DKCTIopT
Kazaxcran 99,18 90,93 8,25 1,75 2,92
Keiprescran 14,36 11,12 3,24 0,29 0,07
TamKuKncTan 15,89 11,79 4,1 0,03 1,33
TypkmeHucTan 19,18 13,42 5,76 0,6 3,21
VY36ekucran 52,67 47,88 4,79 13,22 1,33

Co3aaHne LMBUIM30BAaHHBIX PHIHOYHBIX OTHOLIEHHMH MEXIy CTpaHaMM perruoHa Ha 0Oase
ANIEKTPOIHEPreTUUECKOro pblHKa Ha mpocrtopax I[[A cMomio Obl HE TOJNBKO YCTPAHUTh
BO3HHKIIINME TPOTUBOPEUMsS, HO U O0ECIEYUTh 3KOHOMMYECKHE BBITOJbl OT peaau3aliu
PBIHOYHBIX OTHOIIEHHUH B 3JIEKTPO3HEPreTUKE PeruoHa Uil Kakaod u3 crpaH. OObeInHEHHBbIH
NIEKTPOIHEPIeTUYECKUN  PBIHOK  [[eHTpanbHO-A3HAaTCKOro pervoHa MO3BOJUT  CTPaHaM
YIAYYIIUTh 3KOHOMHKY, MOBBICUTH OJIarOCOCTOSHUE TPaKAaH U OOECIEUUTh HHEPreTHUECKYIO
6e3onacHOCTh rocygapcTB. OIHAKO CO3/1aHME 3JIEKTPOIHEPreTUYECKOro phIHKA HA MPOCTOPAX
1A pernona g0mKHO 0053aT€IbHO YBA3BIBATHCS C BOJHBIMU MPOOIeMaMH PETHOHA.

OcHOBBI Ul peanu3aluy pPHIHOYHBIX OTHOLIEHUH B  IEKTPOIHEPIETUKE CTpaH
IlenTpanbHO-A3MaTcKoro pernoHa umerorcs. Tak, nposeneHHble B 2017 rogy neperoBopsl Iias
OHEPreTUYECKUX BEIOMCTB CTPAaH NOATBEPAWIA HAMEPEHUS PYKOBOAUTENIECH IIEHTPaIbHO-
a3MaTCKUX CTPaH BOCCTAHOBUTb IEKTPOIHEPreTHUECKylo cuctemy. Cieayer OTMETUTh, 4TO
EBpasuiickuii 3KOHOMHUYECKHU COI03 TakkKe IMpeIycMaTpuBacT TMo3TanHoe (HOpMUPOBaHUE
o0miero 3eKTpodHepreTudeckoro peiHka EADC Ha OCHOBE MapalyIeIbHO Pa0OTAOIINX
AJIEKTpO3HEpreTnyeckux cucteM. B Hactosiee Bpems uineHamu EADC, Hapsay ¢ ApmeHHel,
benapycsio u Poccueit, sBnstorcs Kazaxcran (¢ 1 suBaps 2015 rona) u Kuprusus (c 12 aBrycra
2015 roma). PeanpubiMu mpetennentamu Ha BeryruieHue B EADC sBnsitorcess TapkukucTan u
V30ekucraH, a TypkMeHusi paccMaTpuBaeTCsl B KaueCTBE BEPOSITHOIO KaHIUaTa Ha BCTYIUIEHHE
B co3. dopmupoBaHue OOLIET0 IEKTPOIHEPreTUUYECKOro pbIHKA LleHTpasbHO-A3HaTCKOro
peruoHa, Hapsaay C OJJIEKTpodHepreTuueckuM pbiHKOM EADC, Mo3BOMUT HCMOIB30BATh
MHTETpalMoHHbId moTteHian Coro3a W yCTpaHUTh Oaphepbl BO B3aMMHOH TOpPTrOBIE
ANIEKTPO3HEPTUEN, COAEICTBOBATh CO3JaHUIO PABHBIX YCJIOBHM ISl XO3SHUCTBYIOLUIUX CYOBEKTOB
U YBEJIMYUTH 00BEMBI B3aMMOBBITOJIHBIX TIOCTABOK IEKTPOIHEPTUU U TIOITYCKOB BOJIBI.

B ycnoBusx co3gaHus peIHOUYHBIX OTHOLIEHHUH B 3JIEKTPO3HEPreTUKe cTpanbl LleHTpanbHo-
A3MaTcKOrO pernoHa MOTYT pacCuuThiBaTh Ha mnomomb EADC B ¢opMmupoBaHUH
3aKOHOJATeIbHOW 0a3bl HE3aBHCHMBIX TOCYIAapCTB pPETHOHA, a B 00gacTH 3(PPEKTUBHBIX
PBIHOUHBIX OTHOILIEHUM U Ha MPOBEIEHNE UMU €IMHOM MOJUTHKH, a Takke Ha nomouls EADC B
HapaOOTKe SKOHOMHUYECKHX MEXaHU3MOB, CXeM (DMHAHCHUPOBAaHUS, OPraHU3ALMU YIPABICHUS,
YKpEIUIEHUsI CBS3M C MEXJIYHApOAHBIMU (DUHAHCOBBIMU HHCTUTYTaMH I TOIJAEPKKU H
MPUBJICUCHUS] WHBECTUIIMN IS peayn3anuu JaHHbIX mpoekToB. [Tomomns EADC moxkeT OBITH
OKa3zaHa M B COBEpIICHCTBOBAaHMHU 3aKOHOAATENbHOM 0a3bl cTpaH lleHTpanbHON A3uu B
HanpaBJIeHUN pa3pabOTKM KOHKPETHBIX HOPM M HOPMAaTruBOB MpsMoro aeiictBus. Pazpaborka
MEXaHU3MOB U (OpM  pPBIHOYHOW  TOProBiaM Uit  (GOpMUPOBaHHS  OOBEIMHEHHOTO
ANIEKTPOIHEPIETUYECKOTO PHIHKA - 3TO PEalbHbIM MyTh NIpeojposieHus ansd ctpaH LA permona
UMEIOIIMXCS MPOTHBOPEYHMH U pemlieHuss npolneM 1o OOBEAMHEHHIO YCHIMH B IEsiX
COBMECTHOI'O COTpPYIHHUYECTBA B BOJHO-IHEpreTHueckoil cdepe, BKIIOUAIONIEH OOIIMI PHIHOK
IIEKTPUYECKON SJHEPTMH U MOIIIHOCTH.

Kpowme toro, Kazaxcran u Kuraii npennonarator co3narb oOMmUNA PIHOK 3JIEKTPOIHEPTUH
JUI pealu3aluy JIOJTOCPOYHBIX MPOEKTOB B cepe TOProBiIM 3HEpropecypcamu, a B Oojee
OTJAJIEHHOM MEepCIEeKTHBE BO3MOXHA pealu3alMs IPOEKTOB, IO3BOJISIOIIMX — CO3Jarh
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HHEPrOMOCTHI, a TAK)KE COEIUHUTH cUCcTeMBI cTpaH LlentpanbHoii A3un, Poccun, Kuras, crpan
Kopeiickoro nomnyocrposa, Monronuu u SnoxHuu.

CIIMCOK JIMTEPATYPBI

[1] EES EAEC. Tabnuibl 2HEproeMKOCTH, 31EKTPOEMKOCTH U YPOBHS TEXHOJIOTHUYECKOTO
pasutus // Pexxum moctyna: https://sites.google.com/a/eeseaec.org/eeseaec, CBOOOTHBIN.

[2] MexnaynaponHoe sHeprerudeckoe areHTcTBO. IEA Statistics 2012 // Pexxum goctyna:
http://gtmarket.ru/ratings/electric-power-consumption/info, cCBOOOTHBIA.

[3] Oxonomumueckue mokazarenn g 200  crpan  //  Pexum  goctyna:
https://ru.theglobaleconomy.com, cBOOOAHBIA.

REFERENCES

[1] EES EAEC. Tables of energy intensity, electrical capacity and level of technological
development // Access mode: https://sites.google.com/a/eeseaec.org/eeseaec, free.

[2] International Energy Agency. IEA  Statistics 2012 // Access mode:
http://gtmarket.ru/ratings/electric-power-consumption/info, free.

[3] Economic indicators for over 200 countries // Access mode:
https://ru.theglobaleconomy.com, free.

OPTAJIBIK-A3USI AUMAFBI EJITEPTHIH, DJIEKTP SQHEPTETUKACHI

I'.T. Tpopumos', U. B. Ke:xenenxo’, A. T. Acues’, O. I1. ’Kupaesa'

1 o .
AJMaTBl SHEPreTHKa JKOHE OaiiylaHbIC YHUBEPCUTETI, AJMaThI K., Kazakcran
*TIpua3’oB MEMIIEKETTIK TeXHUKANBIK YHHBEPCHTETi, MapHyIons K., YKpauHa
3. Pa33akoB aTeiHaars! KpIPFbI3 MEMITCKETTIK TEXHUKATIBIK YHUBEPCHTET], Bilikek K., KpIpFbI3cTaH

Anoamna. OptanblK A3usi aiiMarbl OJapAblH apacklHAa OiIpKeKi TapajiMaraH HEpPTeTHKaJbIK
noreHimanra Oail. Kpipreiscran men ToxiKCTaH eneylli Cy pecypcTapblHa He JXOHE MUHEPaJIbl
peCypCTapbIHbIH IICKTEYI Kopiapel 0ap, an Kazakcran, TypikMeHCTaH jkoHe O30€KCTaH MHUHEPAIJIBIK
pecypcrapra Oaii, Oipak Cy pecypcrapbiHa OaliaHbICThl Macenesnepi Oap. Kenec moyipinae Oprtaibik
AzustHBIH BipikKeH SHEpreTHKANbIK KYieci KypbUIAbl, OH/Ia PeXUMIEP/l AUCIIETIEPIIiK OacKapy Kysere
ACBIPBUI/IBI KOHE COJI YaKbITTa aiiMaKThIH OTHIH, YHEPreTHKA KOHE CY PECYpPCTaphlH YTHIMIIBI Maii1aiany
Macetesepl e,

KCPO sigpiparanHad KeWiH, aiiMaKTBIH TOYeJCi3 eNAepiHiH dJIeKTP IHEPreTHKAChl CaaChIHIAFbI
KapbIM-KaTeIHAcTaphl KypT e3repai. OA BDXK xypyFa HerizmeniHreH OacTankpl MPUHIUANTED OY3BUIIBL.
Maxkanana, perpocrnektuBaga OpTanblk Asus alMarbIHAAFbl JHEPIeTHKAIBIK JKaFfaiifa KaThICTBI
Macernenep xoHe OpTaiblk A3usg allMarbIHBIH OPTaK 3JIEKTP SHEPreTHKAJbIK HAapBIFBIH KaJBIITACTHIPY
Mocelenepi Kapasibl.

Kinmmik ce30ep: Optanblk A3us aiiMarbl, SHEPreTHKAJIBIK OJEYeT, JIEKTP SHEPTUSCHIHBIH
0aNaHChl, Cy-YHEPreTUKAIBIK MACEIeNep, JEKTP SHEPTHACHI HAPBIFI.
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ELECTRIC POWER INDUSTRY OF THE COUNTRIES OF CENTRAL ASIA REGION

r.T. TpO(l)I/lMOBl, H. B. Kexenenxo’, A. T. Acues’, O. I1. ’Kupaena'

' Almaty University of Power Engineering and Telecommunications, Almaty, Kazakhstan
*Pryazovskyi State Technical University, Mariupol, Ukraine
*Kyrgyz State Technical University after I. Razzakov, Bishkek, Kyrgyzstan

Abstract. The Central Asian region is rich in energy potential, which is unevenly distributed
between the countries of this region. Kyrgyzstan and Tajikistan have considerable water resources and
very limited stocks of mineral resources, while Kazakhstan, Turkmenistan and Uzbekistan are rich in
mineral resources, but they have problems with water resources. In the Soviet period time the United
Energy System of Central Asia was created, in which the dispatching control of modes was carried out
and at the same time the problems of rational use of the fuel, energy and water resources of the region
were solved.

After the collapse of the USSR the relations in electric power industry of the independent countries
of the region dramatically changed. The initial principles laid down in the establishment of the UES CA
were violated. In the article in a retrospective the problems connected with a condition of electric power
in the region of Central Asia and formation of the common electrical power market of the Central Asian
region are considered.

Key words: Central Asia region, energy potential, electricity balance, water and energy problems,
electricity market.
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TEIVIODHEPI'ETHKA H TEIVIOTEXHOJIOTHA

IRSTI44.31.35

A. B. Dikhanbayev', B. K. Alliyarov', D. N. Mukhitdinov'

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

TO THE FUEL CONSUMPTION COMPUTATIONAL METHOD IN THE REACTOR OF
INVERSION PHASES

Abstract. Using the affine (related) modeling, which foresee, based on test data of pilot plant, the
necessity of correct calculation of conditional sample, is performed recalculation of pilot plant’s test results on
industrial sample. Having defined more precisely in mathematical description of process collection
accountable factors, the list of basic numbers of similarity were obtained, on the basis of which is developed
new technique of calculated estimation of fuel consumption in industrial sample of pilot plant. As a result of
calculations it is shown that in comparison with fuming-furnace processing the liquid slag, on industrial
sample of pilot plant the consumption of natural gas will be in two times lower, and with the increase of
installation output in the range (5-25) t/h the specific consumption of natural gas will reduce in ~ 1, 5 times.

Key words: mathematical description of process, affine (related) modeling, fuming-furnace processing,
liquid slag, natural gas.

1 Introduction

When developing high-temperature processes and equipment based on new technological
ideas, the researcher often has to answer the following question:

- how should the "cold model" data, calculated on the basis of a number of assumptions, be
transferred onto the pilot installation;

- how should the results of complex and labor-intensive pilot tests be transferred onto the
future industrial equipment without excessive risk.

The method of similar physical analogs that requires mathematical description of the studied
processes and its subsequent analyses by using similarity theory methods is used in practice for
determining the basic parameters of the pilot installation, thereby answering the first question.

However, while satisfying the most stringent stipulations of the modeling process, this method
leaves unanswered one or more similarity requirements, such as regarding losses into the
environment, composition of the oxidant, etc. Therefore, a strictly similar implementation of the pilot
installation based upon "cold" model testing is very approximate, albeit necessary.

2 Methodology

To answer the second question, Prof. A.D. Klyutchnikov proposed the method of affine
physical models. According to [1], this method, just as the method of similar models, requires
recalculation of the model's evaluation data for parity of uniform similarity criteria to the sample that
is similar to the given model. But this sample, denoted as provisory, together with the model, belongs
to the affine series related to the forecasted sample and may have uncorrelatable calculated
parameters. Therefore, the affine model method requires calculated correction of the provisory
sample to align its individual parameters with the proposed operating conditions of the sample under
consideration. For example, in a pilot installation with 2 t/hr capacity, at a = 0.8, the ratio of reducing
gases (CO, H) to the reducible elements (Fe;Oa4, ZnO) 1s (y+q)/(f+z)=3.

To comply with similarity condition to the sample, i.e. (y+¢q)/(f+z)=idem, for a 12 ton sample,
the air consumption coefticient must be & =0.7.

3 Algorithm of calculation

Based on the similarity criteria, lets recalculate the actual data from the 2 ton model to the 12
ton provisory sample. After that, we shall calculate a fuel consumption correction for the provisory

12
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sample based on the dissimilarity of coefficient a between this provisory sample and the proposed 12
ton sample. We shall apply the corrected data to evaluate the parameters of the forecasted sample.

The waste slag processing unit is comprised of three main elements: inverted phase reactor,
short rotary furnace, and high-temperature air heater. The reactor's effluent gases are used for
preheating the waste slag and the blast air. The central element of the installation is the reactor that
operates on a new technological principle - the phase inversion layer.

To build the "cold" reactor model, an evaluation methodology was developed for zinc
reduction from slag in a phase inversion layer based on principles presented in [2]. Using this
methodology and the test results of the gas-liquid reactor model we derived the following calculation
path for reactor parameters of the pilot installation.

3.1 Data for calculation

Similarity criteria Wo/W,,=12-25; 1c/G=0,09-0,19, velocity of the gases in the nozzle
array - W, temperature of the molten layer - 7, temperature of the gases at the entry into the
nozzle array and in the phase inversion layer - ¢, #,,, oxidant consumption coefficient - a, initial
and final concentration of zinc in slag - C7", C7", number of nozzles - n. and nozzle diameter d..
in the nozzle array. Here, W,, - normalized gas velocity within the phase inversion layer,
1.=mp-W, - kinetic momentum of the gas at the entry into the nozzles, m, - mass flow rate of the
gas at the entry into the nozzles, Gp=Mp-g - weight of the molten layer, Mp -mass of the bath
layer, g - acceleration of gravity.

3.2 Natural gas consumption in the reactor

3600, -n, -0,785-d’ |
(A+av’)p
B C

here v} - specific consumption of air for complete combustion of the natural gas;

B

P - temperature coefficient of gas expansion before the nozzle array (in the
combustion chamber).

3.3 Relative expansion of phase inversion layer is calculated by using the experimentally
derived [3] formula that is valid within the variability range of Wo/W,,,=6-75, 1c/Gp=0,015-0,35.
H/hy=9, 65(IC/GB)0’26( Wc/W,w)'o’]g, where H-height of the expanded molten layer. The height of
the "undisturbed" molten layer hy=Mp /pp-F,,, Where pp - melt density.

The normalized phase inversion area

B(D+z)ﬂnp ’ [1]

F =
np 3600-W

where f,, - temperature coefficient of gas expansion inside the phase inversion layer;
(D+z) -total specific volume of gases developed inside the layer.
3.4 Gas content of the layer ¢=1-ho/H

3.5 Time for complete mixing of the melt, 7., after introduction of a single
concentration disturbance into the molten layer can be calculated by using the formula derived in

[4] a valid within the ranges of

Wo/Wop=12-25, 10/G=0,09-0,19:
Hy=T10p §/Wc=0,07(1/G) " (We/ W),

here Ho - homochromy criterion.

13
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3.6 Equivalent diameter of a molten particle within the layer, da, can be
calculated by using the equation derived in [5]:

Wd, wd |
00207 2

14 14
r

0,21

r

1+0,02C"

here, the equation coefficients have the following values:
c=Cat, a=gp, v’ Re,,, >300 n=0,5; B=
_(E ', A=gp,/v;p, for Re,, >300 n=0,5; B=121.

The approximate velocity of an individual particle movement can be calculated by using
formula [6]:
Re v
Re = Ar/(18+0,65Ar), W :%

6um 6um
2

where pr, vrare the density and kinematic viscosity of the gas.

3.7 Number of collisions between particles with concentration C” >C”" that are
K

entering the layer and particles in the layer, having a concentration of C* <C j”, until

reaching the desired equilibrium concentration of C If" in the layer [2]:

n=1443X, Q)
0=1-3385-4" X% +34x 7, (3)
A= 4DZn0 ’ Tnep (4)

1,443 - d3

CZn _ CZne
X=ln-t K _ %)

C2(1-0)

here, 8- average, dimensionless concentration of ZnO through the volume of the particle;
Dz,0 - coefficient of zinc oxide molecular diffusion toward the surface of the
particle.
Simultaneous solution of equations (3), (4), and (5) yields € and then n.

3.8 Zinc sublimation time from the melt:
Zn Zn
- Tnep (CH B CK ) .
603 n- C:’ 1-6)
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3.9 Reactor productivity in terms of slag:

3600- M
P =— <
w T

3.10 Based on the calculated data, we can determine the geometric parameters of the
pilot installation

However, comparative data show that the results of experiments on the pilot installation
(the sample) differ in productivity in terms of slag by more than 30% from the calculated values
that were based on the gas/liquid model testing data. As indicated above, this is promoted by a
number of unaccounted requirements of model similarity to the sample, such as high
concentration of zinc ferrite ZnFe20,4 and magnetite Fe;04 that are fed into the reactor from the
rotary furnace (RF) as a result of slag overoxidation caused by air leakage into the RF or by
worsening of the reducing atmosphere in the reactor due to oxygen carried in with the slag
charging process, etc.

After broadening and refining the totality of considered factors in the mathematical
description of processes that occur in reactor of the pilot installation and having performed the
appropriate conversions of the simultaneous equations and the boundary conditions, we obtain
the list of main similarity criteria for the thermal operation of phase inversion reactor (PIR).

4 Data of calculation
When the thermal operation of pilot installation PIR (the model) is similar to the
production sample PIR, they will show the following similarity criteria.

4.1 Geometric similarity
H/ho=idem, D,s/dg,x=idem. (6)
4.2. Aero- and hydrodynamic similarity
W/ Wp=idem, Wc=idem,
Tuep g/ We=idem. (7)
4.3 Similarity in specific productivity

pu . q"oa ° VCH(D
B * (D + Z) * Cozt()z

=idem - 3)

4.4 Thermal load similarity

q -F
o¢ oc =idem - )
B . (D + Z) . Coetoe

4.5 Technological process similarity

(y+q)/(z+ f)=idem
AC AC q q (10)

Z =idem, C—’zidem, =idem, = idem,

oeloe oeloe

91O ni
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here, D,, d,,.x — diameters of the cyclonic section and the gas outlet port of the reactor;
P - specific productivity of PIR;
Gnox - productively used heat energy in reactor;
VM? _ volume occupied by phase inversion layer;
C,., 1o -specific heat and temperature of exhaust gases;
qoc - average heat density across the PIR lining;
Foc - PIR hot surface;
¥, q, , z - number of moles of CO, H,, Fe;04, and ZnO taking part in reduction, per
mole of natural gas;
ACy; ACz— part of FesO4 and ZnO reduced during the process;
Cy, C;, - initial concentration of Fe;O4 and ZnO in granulated slag;
q-no - average specific endothermic effect of Fe;O4 and ZnO reduction;
qn: - specific heat of slag melting;
cu - specific heat of molten slag;
tu, tp - slag feed and molten slag temperatures;
t., - slag melting temperature.

Based on the evaluated similarity conditions between the model and the sample, we can
calculate the sample parameters in the following sequence.

5 Results of calculation
5.1 Having set an arbitrary value "B" for natural gas consumption in the process, we can
determine the composition of exhaust gases by using formula [7]:

(K -1)x’ +[K(B.+C, —2E, —z—4f)+2E, +z+4f]x—B.(2E, —

-B.+z+4f)=0,
: P,AC, -22,4
z:P“'ACZ 22’4,f= wty , y=B. —x
81-B 232-B
w=2E, —B.~x-z-4f, ¢=C, —w, D=A, +B.+C,, (10)

zi-—%  co=—2_ g =_14

" D+z’ D+z’ 2:D+z
here, K - equilibrium constant of CO, + H, <> CO + H,0O, reaction;
x, w - number of moles of CO, and H,O, respectively, per 1 mole of natural gas;
A, ,B.,C, respective number of moles of nitrogen, carbon, and hydrogen that took

part in the process, per 1 mole of natural gas, CO, H,, Zn! - absolute shares of these
components in the exhaust gas.

5.2 The unknown natural gas consumption for the "sample" can be determined by using the
formula derived from the reactor's thermal balance equation

— Pm [tp - tm ) + qm + q?ur) - (ACZ + AC/ )cwtm ] + FOC : qOC .
O +av/ct,—(D+2z)c,t,+CO-q.,+H,q, +Z, -q,]

6 66

Lets ldentlfy_ CW (ZP - tul) + qu'l + qauo - (Acz + AC/ )Czutzu] = aa

Q; +CZU: “C, L, _(DJ’_Z)[Caztoa +C0'QCU +H2‘]11z +7Zn" 'qzn] =6,

then B:Plll'a"'FOC'qOC’ (12)
6
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The empirical expression for the reactor's hot surface [7]:

Foc =125-H |F,, +15-F,, (13)
Transforming equation [1]:
(D+Z)ﬁ"”=c, F =B.c’ (14)
3600 W

np

Solving equations (12), (13), and (14) simultaneously, we derive the equation for fuel
consumption:

(6—15-c-qo- - W, ) B—(12,5-c" - qocW, " H - B —aP,, = O (15)

By varying values of Hj in (15), we find a series of values for B;. By substituting B in (14),
we determine F,,i. Properly derived value of fuel consumption must satisfy the condition —

(HeF oy )=V, i@ yor - L) — ”’)fp : (16)
(PV )MO ejib

We now compare the derived value of B; with the previously set value of "B". If Bi#B, we
repeat the calculation to derive this equality.

Table 1 shows the application of pilot installation test data results to the production sample
by using affine modeling method. A "rich" waste slag from Ust-kamenogorsk lead-smelting
operation was used in the experiments.

The table data refer to a reactor with lined cyclonic section and direct natural gas
combustion (without a combustion chamber).

Main similarity criteria found during testing:

a) H'hyp=3,27; D,s/dgu=1,6.
b) Wo/Wpy=17,55; We=550 m/s; 1o/G,=0,1277.

/
PV "G 0

. VCI/I(D P// . q . VCI/I(D
= Vv Tnon =
¢) BD+2)e,1,

, , =0,666,
B(D+z)C ¢,

where P = 6050 kg/m’hr for E =85%;
P =9500 kg/m’-hr E = 65% for extracting zinc from the melt.

_docFoc _ _¢ 36 4 140 kW /m?
d) B(D"’Z)coetoe

0 T, " &/ W.=0,3656.

gy fu =900°C, 1, =1350"C, £, =1450°C.
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Table 1 - Forecasted characteristics of reactor of inversion phase

1 |Reactor’s productivity in terms of slag 5,0 12.0 25.0
. 3 E=65% 560 1062 1800
2 | Natural gas consumption, nm” /hr
E=85% 851 1600 2680
. . 3 E=65% 112 89 72
3 | Reactor’s specific fuel consumption, nm” /tZn
E=85% 170 133 107
4 |Reactor’s hot face, m* 23 40.5 67.7

According to [7], when processing liquefied slag with E=65-75% at the Shymkent slag-
sublimation plant, the specific consumption of natural gas was 200 -230 nm>/tZn.

Conclusions

1. Compared to the fuming furnace at Shymkent plant that processed liquefied slag, the
specific consumption of natural gas will be cut in half.

2. As the productivity of the unit will increase in the 5-25 ton/hr range, the specific
consumption of natural gas will decrease by a factor of 1.5.
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HHBEPCUSAJIBIK ®A3A PEAKTOPBIHIAYBI OTBIH HIbIFbIHBIH ECEIITEY TOCLJII
TYPAJIBI

A. B. uxan6aes’, b. K. Anmusipos’, 1. H. Myxuraunos'

' AlMaTBhI SHepreTHKa KoHe OailiaHbIC YHHBEpCHTETi, AlMaThl K., Kazakcran

Anoamna. AduHaik (TYBICTBIK) MOJENBICY OJIiCIMEH, MWIOTTHIK KOHJBIPFBIIAFbl aJIbIHFaH
HOTIDKEJIEPre CYWEHE OTBIPBIN, IIAPTTHI YITiHI THSHAKTAN €CENTey apKbUIbI MUIOTTHIK KOHBIPFBIHBIH
KOPCETKIITepl OHIIPICTIK YITT KOHIBIPFBICBIHA KeImipimmi. Ilpouecin capanrtanraH MaTeMaTHKAIIBIK
OeifHeneyiHeTi AepeKTeNnreH (pakTopiap KUBIHTHIFBIH €CKepe OTBIPHIT, HETI3T1 CaHIBIK YKCACTHIK Ti3iMi
AJBIHBIIN, COHBIH HETi3iHAE THIOTTHIK KOHIBIPFBIHBIH OHAIPICTIK YATICIHIH OTBHIH IIBIFBIHBIH €CETIeH
OarayaiiThIH jkKaHa dflicTeMe YKacallbIH bl boJKaHFaH YIITiie KOXK/Ibl KallTa OHJCY e KYMCAIATHIH OThIH
HIBIFBIHBI CYHBIK KOXKJIbI KalTa OHJIEHTIH OHIIPICTIK (DbIOMHMHI-IICIITEH CaJIBICThIPFaHIa 2 €ce KeM, aj
KOHJIBIPFBI OHIMALTITIHIH (5-25) T/caF apalbiFblHAAaFbl TAOWFW Ta3/IblH THECLIl IIBIFBIHBI ~ 1,5ecere
KBICKAPa/Ibl.

Kinmmix ce30ep: abunmi (TybICTBIK) MOJENBJCY, MPOIECTIH MAaTEMATHUKAIBIK CHIIATTAMACHI,
(BIOMUHT-TICI, TAOUFH I'a3, CYHBIK HIIAK.

KMETOAY PACUHETA PACXOJA TOIIVIMBA B PEAKTOPE UHBEPCUU ®A3

A. B. luxan6aes’, b. K. Ajumsipos', 1. H. Myxutannos'

' AIIMaTHHCKHIT YHHBEPCUTET SHEPreTHKM U CBA3M, T. AnMatsl, Kasaxcran

Annomauyus. Meton adduHHOTO (POJCTBEHHOI0) MOJCIMPOBAHUS IMO3BOJISICT TMPOU3BECTH
TepecyeT pe3yNbTaTOB HCITBITAHUN MAIOTHON YCTAHOBKM HAa MPOMBIIIUICHHBIA 00pa3el myTeM pacueTHON
KOPPEKTUPOBKH YCIIOBHOTO 00paslia Ha OCHOBE JaHHBIX MCIBITAHUH MIJIOTHOW YCTaHOBKH. B pesynbrare
MOJTyYEHHBIX 3HAYEHWH OCHOBHBIX YHCEINl MOJ00Ms pa3paboTaHa HOBas METOJWKA PacYeTHOW OLEHKH
pacxojia TOIUIMBA B MPOMBIIIICHHOM 00pasile NMWJIOTHOW YCTaHOBKM. PacderTsl mMokazaiu, 4TO TIO
CpaBHEHHIO ¢ (DBIOMUHT-TICUBIO, TepepaldaThIBAIOIICH JKWAKHHA NUIAK Ha TPOMBIIUICHHOM 00pas3ie
MUJIOTHOW YCTaHOBKH, PAacxXxoJ TPUPOJHOTO ra3za OyJer B JiBa pa3a HHXKE, a C POCTOM
MIPOU3BOAUTEIHLHOCTH YCTAHOBKH B WMHTepBaie (5-25) T/4 yaenbHBIA pacxojl MPUPOIHOTO Taza Oyner
cokpamiarbes B ~ 1,5 pasa.

Knrouesvle cnoea: wmeron adduHHOTO (POJACTBEHHOTO) MOJCITUPOBAHMS, MAaTEMAaTHYECKOE
OIMCaHue Tpolecca, PhIOMUHT-TICYb, KHUJKUH [UIAK, IPHPOTHBIH Ta3.
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ABTOMATHKA

MPHTU 681.121.89.082.4

b. A. I{epHonl, H. b. ‘IepHOBal

1 o
AnMaTUHCKUMN YHUBCPCUTCT SOHCPICTUKU U CBA3HU, T. AJ'IMaTBI, Kazaxcran

I'mIPOINHAMUYECKHUE ITAPAMETPBI YJIBTPA3ZBYKOBOI'O PACXOJIOMEPA

Annomayua. Y IbTpa3ByKOBBIE PACXOIOMEPHI MOIYUHITH 3aCIYKEHHOE PACIIPOCTPAHEHHUE, TaK KaKk
MOTYT yCTaHABIMBAThCS HA TPYyOONpPOBOAAX MPAKTHUYECKH JI000ro auamerpa. Pacxon, ompenensemslii ¢
MTOMOIIBIO JTAHHBIX MPHOOPOB, PACCUUTHIBACTCS C HCIIOJIB30BAaHUEM THAPOJIUHAMHYECKOTO MHOMKHTES.
PaccmarprBaeMblii MHOXKHTENb YYUTHIBACT MPOQHIL CKOPOCTEH MOTOKAa M TEM CaMbIM ONpEAeiseT
METOJUYECKYIO IOTPEUTHOCTh YJIBTPa3ByKOBOI'O PacXoJoMepa.

B craree paccuntaHsl TOAPOOHBIE TAOMMLBI Ui HECKOJIBKUX MaTeMaTHYECKHX MOJeNel
3aBMCHMOCTH THAPOJMHAMHUYECKUX MapaMETPOB YIbTPAa3BYKOBOI'O pacxojoMepa oT uucia PeifHonbica.
[Ipennoxenra w©  oOOCHOBaHa  KOMIIAKTHAs  KyCOYHO-TMHEWHAs  amMpOKCHUMAIMs  HW3BECTHBIX
TPAaHCUEHJCHTHBIX MaTreMmartnueckux wmogjeneil Kpurna, buprepa u  Kusunuca-PemerHukoBa ¢
npuMeHeHneM Kod(dummenToB mepemaun mo uyuciay Pelinonpaca. IlomydeHsl 4YuCIIOBBIE 3HAYEHUS
JTAHHBIX PEITHOIBICOBBIX KOA((UIIMEHTOB NIepeiadn B IIMPOKOM rana3oHe 4yrcia PeifHonbaca.

[Ipoananu3upoBanbl pa3paboTaHHBIE TAONMHWIBI ¥ BBISABICHBI TEXHOJOTHYECKHE OCOOCHHOCTH
HCCJIEOBAHHBIX MaTEMATHYECKMX MOJENeH THIPOAMHAMUYECKUX IapaMeTpoOB  YJIbTPa3BYKOBOTO
pacxozmomepa.

Kniouegvle cnosea: ynbTpa3ByKOBOW pPAacXoJoMep, THAPOJUHAMHUYECKHN MHOXKHUTEIb, YHCIIO
Pentnomnsca.

VY IbTpa3BYKOBbIE PACXOJAOMEPHI MOIYYarOT BCE OOJbIIEe 3aCIyKEHHOE PaclpoCTpaHEHHUE.
WX oTinuuTenbHOM OCOOEHHOCTBIO SIBISIETCSI TO, YTO OHU MOTYT YCTaHaBJIMBAaTbCA Ha
TpyOomnpoBojax jo0oro auamerpa, HauuHast ¢ 10 mm u 1o 10 m. Pacxon, onpeaensemslii ¢
MOMOIUIBIO YIBTPAa3BYKOBOTO PACX0OJOMEpa, PAaCCUUTHIBACTCS C MPUMEHEHHEM IOMPaBOYHOIO
(KOpPEKTUPYIOIIET0) THAPOAMHAMUYECKOTO MHOXUTENSI M = Vi / Vg, ydauThIBarowero npoduib
CKOPOCTEH M MPEACTaBISAIOUIET0 CO0O0M OTHOILIEHHE CKOPOCTHU MOTOKAa Ve, ycpenHEHHOHM 1Mo
IUIOLIAIA CEYCHUS TPYOONpPOBOJA, K CKOPOCTH MOTOKA Vg, ycpeqHEHHOU mo 0a3ze pacxomomepa
BJIOJIb JTy4a YJIbTPA3BYKOBOI'O CUTHaja [6, &].

Jlia onpeneneHuss 00bEMHOIO pacxoja KUAKOCTU Tpedyercs usMepeHnue ckopoctu Ve, a
MIOKA3aHUs yJIbTPa3BYKOBBIX PacXoJOMEpOB 3aBUCAT OT ckopocTH V. IlosTomy MHOXuTEns M
onpezaenser HauOosiee CYLIECTBEHHYIO COCTABJISIOIIYI0 IOTPELIHOCTH  YJIbTPa3BYKOBOTO
pacxogomepa — METOIMYECKYIO MOTPEITHOCTS [2].

Lenp maHHON pPabOTBHI — pacCMOTPETh M MPOAHAIU3UPOBATH MaTeMaTHUYECKHUE MOJAETH
THJIPOAMHAMUYECKOTO MHOXHTENS M, a Takke MNpencTaBuTh HHpOpManuioo o6 M B BuIe,
o0ecTeYnBarOIUM BO3MOKHOCTb HACTPOUKH THPOINHAMHUKH PacX0I0OMEPOB.

Jng  XapakTepuCTUKU  JIBUKYIIEWCS  KUJAKOCTH  MCIOJb3YyeTCsl  Psil  TOHSTUI
THIPOMEXaHUKU. B ycrmoBuUsiX, KOI/ia CHJIBbI BSI3KOTO TPEHHUsS MOYTH HE BIMSIOT Ha JBM)KEHHE
KHUJKOCTH, HCIOJIB3YeTCS MOJEIb WICAIbHOM XHUAKOCTH. B mpOTUBHOM cilydae roBOpSAT O
BSI3KOM KUAKOCTH. JIBHXKeHUE BS3KOHM JKUJIKOCTH, MPU KOTOPOM €€ OTIENbHBIE CIOU CKOIB3SAT
OTHOCUTENIBHO JIpyr Jpyra, HE IepeMelINBasCh, Ha3bIBA€TCs JIAMUHAPHBIM. JIBH)KeHMe,
COMPOBOYXKAAIOIIEECs TMepeMelIuBaHueM CclIoéB U o0Opa3oBaHMEM BHUXpeH, Ha3bIBaeTCs
TypOyJeHTHBIM [8].

[ToBenenue ABHMKYIIEHCS JKUIKOCTHM 3aBUCUT OT OTHOCHUTENBHOM POJIM JTHUHAMHUYECKOTO
COINPOTHUBIICHUS (MHEPLMH) U BA3KOTO TPEHMs U XapakTepusyeTcs unciom PeiiHonbiaca Re. Oto
gucino, kak u uncna @pyna F, Ctpyxans Sh u Maxa M, sBisercs 6e3pa3MepHbIM YHCIOM 3aKOHA
THUIPOMEXAHUYECKOIr0 Mojo0ust TeueHui. [Ipu TeueHun >KUIKOCTH B JJIMHHBIX TpyOax 4HCIIO
PeitHonpca onpenensieTcs cieayronmm oopazom [4, 8]:
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Re=DVc /v, (1)

rae D — BHYTpeHHI AuaMeTp IIIUHIPUYECKOTo TPyOOonpoBoIa;
V — KUHEMaTHU4eCKasi BI3KOCTb KUKOCTH.

Ham6onee N3BCCTHBIMU ABJIAIOTCA TpI/I MaTeMaTUYCCKUEC MOACIIN FI/II[pOI[I/IHaMI/I‘-IeCKOI‘O
MHoxutenst M. Mogaens Kpurtiia umeer sug [1]:

Mi(Re)=1/(1 +0,19 Re’ ) =(1+0,19 Re’*") . )
Mopens buprepa umeer Buna [1, 3, 4, 7, 8]:
Mg(Re) = 1/ [1+0,011(6,25 + 431Re " **")*] = [1+0,011(6,25 + 431Re "Y1 1. (3)
Monens Kusnnuca-Pemernukosa umeet Bun [3, 4, 7, 8]:
Micp(Re)=1/(1,119 — 0,011-1gRe) = (1,119 — 0,011-1gRe) ~". (4)

Bugno, uto wmHOXuTens M sBnsercs (yHKIUEH TOJIBKO M3MEHSIONIErocsl 4YHcia
Pefinonbaca. M3 dopmyn (2—4) Taxxke cienyer, 4Tto Oojiee MPOCTOW BUA MMEET TOKa3aTelb,
obpatHblii  (oGpaTHO mpomoprmoHanbHB) M: J = M ~'. BygeM ero HasbBaTh
TUAPOJUHAMUYECKUM JEIUTENEeM. DTOT TOKa3aTellb MPUMEHsETCS B UCCIeAoBaHUSAX [3] U B
cripaBouHOM juteparype [4]. s ykazaHHBIX MOJAENIECH 3auIiem:

JIk(Re)=1+0,19 Re™™';  Jx(Re) = 1+0,011(6,25 + 431 Re " **7)"~; (5)
Jxp(Re)=1,119 — 0,011 IgRe. (6)

J171s HeBO3MYIIIEHHBIX OCECHMMETPUYHBIX Mpoduiiel MoToka B TpyOax Kpyrioro Ce4eHus
MHOkUTENb M nexurt B ipeaenax 0,9 <M <1 [7].

B npombIlIeHHBIX YCIOBUAX auamna3oH Re oueHb BeNMUK. ITO MOKHO OOBSICHUTH XOTS Obl
TE€M, YTO AJI WAEaIbHOW >KMJIKOCTHM KUHEMaTuuyeckas BsA3KocTb v — 0, a u3 ¢opmyns (1)
cnenyet, yTo npu 3ToM Re — co. [TosTomy Ha rpaduxax M(Re) u J(Re) uenecoodpazno no ocu
abcmmcc oTkianeBath IgRe minm Re B morapudmudeckom maciraoe.

[TpuBenéunbie Gopmynsl (2-6) comepkaTr UppallMOHAIBHBIE W TPAHCIICHICHTHBIC YHCITIA,
MIOSTOMY IT0 HUM TPYJHO aHAJUTHYECKU ONPEICTUTh XapaKTep COOTBETCTBYIONIEH 3aBHCHMOCTH.
W Bcé xe BbIpaxkeHue (4) mociue npeodpazoBaHUN MOXKHO IPUBECTH K BUIY

Mip(Re)= (1,119 —0,011-1gRe) ' =-(0,011-1gRe —1,119) "' =-90,91(IgRe —101,73) !, (7)

U3 KoToporo cueayer, uro rpadpuxk Mip(lgRe) mnpeacraBaser coboii ¢dparmeHt
MOJIO)KUTEIBHOW BETBM HMHBEPTUPOBAHHON OOpaTHO MPONOPLUOHAIBHON  3aBUCUMOCTH,
CMeLEHHOH BIpaBo mo ocu aprymenta IgRe na Benmnuuny 101,73, Takum o6pazom, rpadux M.
p(IgRe) sBnsercs pparmentom runepOonsl [S]. A u3 Beipaxkenus (6) cnemayer, 4to rpaduk k.
p(IgRe) mpencrasnser coboil TMHEHHYIO 3aBUCUMOCTb C OTPHULATENBHBIM KOA((OUIMEHTOM —
0,011.

®opmyna (2) mosyyeHa Ha OCHOBE JIOrapu(MHUUECKOro 3aKOHA pacrlpeeeHNus CKOPOCTen
[1, 3], HO Oe3 moKa3aTenbCTBA OKOHYATEIHHOTO MaTeMaTH4eCKOTO BhipakeHus. Dopmyna (3)
Obula Takke IMoJydyeHa B MPEANONOKEHHH, 4YTO pACIpeieieHue CKOpPOCTeH HMeeT
norapupmuueckuii 3akoH. [Ipu aTom Oblma nmpuMeHnena npubamxkénnas dpopmyna Huxkypanze U.
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H. X =0,0032 + 0,221 Re "~ 0237 115t K09 pHULMEHTA COMPOTUBIEHHUS U IPOM3BEAEHBI HEKOTOPBIE
p p P

yrnpotieHus [1].
Tabnuna 1 - 'maponuHaMudecKkue MHOXKHUTEIU U ISTUTEIHN YIBTPAa3BYKOBOTO pacXxoaoMepa

Re Mognens Kpurna Mopens buprepa Monens Kusnnnca-PemernukoBa

My Ax M s Micp Ax-p
1 0,8403 1,1900 0,8130 1,2300 0,8936 1,1191
10 0,8689 1,1500 0,8503 1,1761 0,9025 1,1080
100 0,8930 1,1199 0,8809 1,1352 0,9116 1,0969
1000 0,9131 1,0952 0,9054 1,1045 0,9208 1,0860
2000 0,9184 1,0888 0,9118 1,0968 0,9236 1,0827
3000 0,9214 1,0853 0,9152 1,0926 0,9253 1,0807
4000 0,9234 1,0829 0,9176 1,0898 0,9265 1,0793
5000 0,9250 1,0811 0,9194 1,0877 0,9274 1,0783
6000 0,9263 1,0896 0,9208 1,0860 0,9281 1,0775
7000 0,9273 1,0784 0,9220 1,0846 0,9288 1,0767
8000 0,9282 1,0773 0,9230 1,0834 0,9293 1,0761
9000 0,9290 1,0764 0,9239 1,0824 0,9298 1,0755
10° 0,9297 1,0756 0,9247 1,0814 0,9302 1,0750
2:10" 0,9341 1,0706 0,9295 1,0758 0,9331 1,0717
3-10° 0,9365 1,0678 0,9322 1,0727 0,9348 1,0697
410" 0,9382 1,0658 0,9340 1,0706 0,9360 1,0684
5-10° 0,9395 1,0644 0,9354 1,0691 0,9369 1,0673
6-10° 0,9405 1,0632 0,9365 1,0678 0,9377 1,0664
7-10° 0,9414 1,0623 0,9374 1,0668 0,9383 1,0658
810" 0,9421 1,0614 0,9381 1,0659 0,9389 1,0651
9-10° 0,9428 1,0607 0,9388 1,0652 0,9394 1,0645
10° 0,9433 1,0601 0,9394 1,0645 0,9398 1,0640
2:10° 0,9469 1,0561 0,9431 1,0604 0,9428 1,0607
3-10° 0,9489 1,0538 0,9450 1,0582 0,9445 1,0588
4-10° 0,9503 1,0523 0,9464 1,0566 0,9457 1,0574
510° 0,9513 1,0512 0,9474 1,0555 0,9467 1,0563
6:10° 0,9522 1,0502 0,9482 1,0546 0,9475 1,0554
7-10° 0,9529 1,0495 0,9489 1,0539 0,9481 1,0547
8:10° 0,9535 1,0488 0,9494 1,0533 0,9487 1,0541
9-10° 0,9540 1,0482 0,9499 1,0527 0,9492 1,0535
10° 0,9544 1,0477 0,9503 1,0523 0,9497 1,0530
2:10° 0,9574 1,0445 0,9530 1,0493 0,9527 1,0496
3-10° 0,9590 1,0428 0,9545 1,0477 0,9544 1,0478
4-10° 0,9601 1,0415 0,9554 1,0467 0,9557 1,0464
5-10° 0,9610 1,0406 0,9561 1,0459 0,9567 1,0453
6-10° 0,9616 1,0399 0,9567 1,0452 0,9575 1,0444
7-10° 0,9622 1,0393 0,9572 1,0447 0,9581 1,0437
8-10° 0,9627 1,0388 0,9576 1,0443 0,9587 1,0431
9-10° 0,9631 1,0383 0,9579 1,0439 0,9592 1,0425
10 0,9635 1,0379 0,9582 1,0436 0,9597 1,0420
2:107 0,9658 1,0354 0,9601 1,0416 0,9628 1,0386
3-10’ 0,9672 1,0340 0,9611 1,0405 0,9646 1,0367
4107 0,9681 1,0330 0,9618 1,0397 0,9658 1,0354
5-10 0,9687 1,0323 0,9623 1,0392 0,9668 1,0343
6-10’ 0,9693 1,0317 0,9627 1,0388 0,9676 1,0334
7-10’ 0,9697 1,0312 0,9630 1,0384 0,9683 1,0327
8-10’ 0,9701 1,0308 0,9633 1,0381 0,9689 1,0321
9-10’ 0,9705 1,0304 0,9635 1,0379 0,9695 1,0315
10° 0,9708 1,0301 0,9637 1,0377 0,9699 1,0310
10° 0,9766 1,0239 0,9673 1,0338 0,9804 1,0200
10" 0,9814 1,0190 0,9697 1,0312 0,9911 1,0090
10" 0,9851 1,0151 0,9711 1,0298 1,0020 0,9980
10" 0,9881 1,0120 0,9720 1,0288 1,0132 0,9870
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@opmyna (6) momydeHa [3] IUIAHUMETPUYECKUM  HMHTETPHUPOBAHUEM  JIECSTH
SKCIIEPUMEHTAIBHBIX KPUBBIX pACHpENesIeHUs] CKOpocTed, nmonydeHHblx Hukypamze W. WU., u
npezcTaBisieT COOOH IMHEHHYIO anmpoKCUMAINIO paccuuTaHHbIX 3HaueHuid /J(1gRe).

B tabmuue 1 mpeacraBieHbl pe3ynbTarhl pacyéTa TUAPOJMHAMUYECKHX MHOXHUTEICH U
nenuteneit mo ¢opmynam (2-6) B auamazone Re or 1 mo 10", IIpn 10° < Re < 10% uro
COOTBETCTBYET IPOMBIIIJICHHBIM YCIOBUSIM, pPAacy€Thl MpoOBelIeHBl Oosiee JeTanbHO. 3a
npejesiaMy 3TOTO Mo/i/IMarna3ona yucio PeitHobca MeHsIeTCs ¢ MHTEPBAJIOM B OJIHY JICKaLy.

Ananmu3 tabmumel 1 mokaseiBaeT, uto 3aBucuMocTH My(IgRe), Mg(lgRe), My.p(IgRe),
SIBJITFOTCSI MOHOTOHHO Bo3pactatorumu (a /x(IgRe) u Js(lgRe) — MOHOTOHHO yOBIBaIOIIUMU) C
poctoMm IgRe rmaakumm HemMHEHHOCTAMH, 3aBUCUMOCTh ke /i p(IgRe) — nuneiina.

Hamomanm, 4T0, Kak OBUIO MOKAa3aHO BHIINIE, HEMUHEHHBIE MOJeNu (2-6), HECMOTPS Ha HX
CIOXKHBIA MaTeMaTUYeCKUd BUJA, SBISIOTCA BecbhbMa npuOmmkEHHbIMU. [losTomMy mux
[[EJIeCO00Pa3HO AMMPOKCUMHUPOBATh KYCOUHO-TUHEHHBIMA MaTEMaTHYECKHUMH MOJEISIMH ISt
yrpoiieHus pacuérto. Jis storo mmamazon 0 < IgRe < 12 pazgenum Ha 12 moaauana3oHOB ¢
OJIMHAKOBOM IIMPUHON B OAHY JAeKaay. BHYTpH Kaxaoro mnojauanazoHa MOXKET MPUMEHSITHCS
JUHeWHas uHTepnoysiuua. B pesynapTate 3TOoro rpaduk KakJI0i yKa3aHHOH BbIIIE 3aBUCMOCTH
OyneT mpuOIMKEH JIMHEHHOM JIOMaHOW WV, WHAYE TOBOPS, TMHEHHBIM CIUTAWHOM, POXO/ISIIAM
uepe3 13 y3moBbix Touek npu Re =Rey=10",rnen=0, 1,2, ...12.

TakuM 00pa3oM, KYyCOYHO-JIMHEWHBIE MAaTeMaTUYCCKUE MOJETH THUIPOIMHAMHYSCKUX
MHOXHUTENeH My, Mgu My p OyIyT ©UMETh BU/I;

M(Re) = My(Rey) + Krm(Re) AlgRe; Krm(Re) = AM(Re)/(nexana Re), (8)

rae My(Rey) — y310oBoe 3Ha4eHUE THAPOJIMHAMHYECKOTO MHOXKUTENS, B3ATOE U3 TaOIMIIbI
1, Gnmmkaiiniee K TeKylleMy 3HaueHHIo uncia PeliHonbca;
AlgRe — oTk0HEHUE TeKyILero 3HadeHus 1gRe ot 6mmxkaiimero yzmnosoro IgRey;
Krm(Re) —  peliHONBACOBBI  KOX(POHUIMEHT Tepeaadyd THIPOAMHAMHYECKOTO
MHOXHTEIS JAJI1 TOro JIEKaJHOro mojauana3oHa Re, B KOTOpPOM HaXOAMUTCS TEKyIlee 3HAYEHUE
yucita Peiinonnca;
AM(Re) — cootBercTBYyIOlIeE MCKOMOMY KRy MpHpalIeHHE THIPOJMHAMHYECKOTO
MHOXUTeNS py yBenuueHuu Re B 10 pas, a IgRe — Ha oqny nekany;
Krm(Re) AlgRe — monpaBka rugpoAMHAMHUECKOTO MHOXKUTENA 1o yuciy Re.
KycouHo-nuHeliHblE MaTEMAaTUYECKUE MOJAENHN THAPOAMHAMHUYECKUX aenurteneu [k, /s u
Hx.p OyAyT UMETh BH]I, aHAIOTUYHBIH (§):

A(Re) = Ay(Rey) + Kr(Re) AlgRe; Krn(Re) = A/[(Re)/(nexana Re), 9

rae /[y(Rey) — y31noBoe 3HaueHHEe TMIPOJMHAMUYECKOTO JENUTENA, B3ATOE U3 TabauIbl 1,
Ommkaiiiee K TeKyIeMy 3HaueHuto uncia Pelinonbca;

Krj(Re) — peitHoAb1COBBIN KO GUIMEHT Nepeadyn THAPOIMHAMUYECKOTO JASTUTENs
JUIsL TOTO JEKagHOro mnojauamna3oHa Re, B KOTOpOM HaxoJIUTCS TEKyIlee 3HAYeHHE 4YHucIia
Peitnonpaca;

AJl(Re) — cootrBercTBYyIOLIEE HUCKOMOMY KRy MNpHUpAIIeHUE TUAPOJIUHAMUYECKOTIO
nenutens npu yBenudenuu Re B 10 pas, a IgRe — Ha oqny nekany;

Krp(Re) AlgRe — nonpaska ruipoJMHAMUYECKOr0 IeIUTEN 110 yuciay Re.

s oOpa3oBaHHBIX JEKaJHBIX MOJAMAana3oHOB Re Obun paccuuTaHbl KO3()(OUIIUEHTHI
nepenaun Krm(Re) u Krj(Re), xotopble i KpaTKOCTH OBUIM Ha3BaHbl PEHHOJIBJCOBBIMH.
Pe3ynbTaThl pacueToB MpeaCTaBICHBI B TAOIUIE 2.

[Tokaxem npumenenue Tabnui 1 u 2 1u1st moydeHus TMHeapu30BaHHbIX Mojeneit Kpurua,
buprepa u Kusunuca-Pewernukoa. Hanpumep, B noaauanasone 10° < Re < 10" pmanmsre
MOJIEJIA B COOTBETCTBUU ¢ hopmynamu (8, 9) OyayT uMeTh BHUI:
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Mi(Re)=0,9131 +0,0166 (IgRe —3)=0,9131 + 0,0166 lg(10” Re); (10)
JTe(Re) = 1,0952 - 0,0196 (IgRe — 3) = 1,0952 - 0,0196 1g(10” Re); (11)
Mi(Re) = 0,9054 + 0,0193 (IgRe — 3) = 0,9054 + 0,0193 1g(10 Re); (12)
JTs(Re) = 1,1045 - 0,0231 (IgRe — 3) = 1,1045 - 0,0231 1g(10” Re); (13)
Micp(Re) = 0,9208 + 0,0094 (IgRe — 3) = 0,9208 + 0,0094 1g(10 Re); (14)
TTep(Re) = 1,0860 - 0,011 (IgRe — 3) = 1,0860 - 0,011 1g(10> Re). (15)

o -1
Tabnuua 2 — PeliHonbacoBsie koadduenTsl Kpv v Ky, A€Kaga  JUIsl THIPOAMHAMUYECKUX
MHOKHUTEJIEN U JIEIUTENEH YIbTPa3ByKOBOT'O pacxojioMepa

Ilognuama3zoHbl Mogaens Kputna Mopens buprepa Monens KuBunuca-
Penreruukosa

Re IgRe Kam Ky Kru Ky Kaum Ky
1-10 0-1 0,0286 - 0,0400 0,0373 -0,0539 0,0089 -0,011
10-100 1-2 0,0241 -0,0301 0,0306 - 0,0409 0,0091 -0,011
100-10° 2-3 0,0201 -0,0247 0,0245 -0,0307 0,0092 -0,011
10°-10" 3-4 0,0166 -0,0196 0,0193 -0,0231 0,0094 -0,011
10%-10° 4-5 0,0136 -0,0155 0,0147 -0,0169 0,0096 -0,011
10°-10° 5-6 0,0111 -0,0124 0,0109 -0,0122 0,0099 -0,011
10°-107 6-7 0,0091 -0,0098 0,0079 -0,0087 0,0100 -0,011
10°-10° 7-8 0,0073 -0,0078 0,0055 -0,0059 0,0102 -0,011
10°-10° 8-9 0,0058 -0,0062 0,0036 -0,0039 0,0105 -0,011
10°-10" 9-10 | 0,0048 - 0,0049 0,0023 -0,0026 0,0107 -0,011
10"-10" 10-11 | 0,0037 -0,0039 0,0014 -0,0014 0,0109 -0,011
10"-10"” | 11-12 | 0,0030 -0,0031 0,0009 -0,0010 0,0112 -0,011

Cunraercs [7], yto mogenu buprepa u Kusunnca-PemernukoBa cnpaseniusel ipu Re or
510° 10 5-10°. Oxmako B Tabmuuax | ¥ 2 THAPOAMHAMHUYECKHE MOICIN PACCUNTAHBI KaK TPH
MEHBIIMX, TaK M TMpu Oompmmx Re s Toro, 4YToObl BBIICHUTH TNPUMEHEHHE U
paboTtocrnocoOHOCTh 3TUX Mozened u  Moxaenu Kpuria B HHU3KOPEHHONIBICOBOM U
BBICOKOPEIHOIBICOBOI 00J1aCTX.

Amnanu3 Tabmun 1 1 2 mokaseiBaeT, 4To Mojenb buprepa npu Re > 10® Hacermaercst. Jlaxe
pu Re = co Muoxkutens Mg = 0,973236 u He qOCTHUraeT MOJIOKEHHOTO 3HaUeHus: Mg = 1. D10
03HAYAET, YTO JAHHAS MOJCb HE MOXKET IPUMEHSThCs pu Re > 10,

W3 BelpakeHuil (2-4) MOXHO MNOJY4YUTHb (OPMYJIbI, IO3BOJSIOUIME TPU H3BECTHOM
3HaA4YEeHUH MHOXKUTENA M onpenenuts coorBecTByroniee emy Re. s monenn Kpurna:

Re(My) =[0,19 My / (1 - Mio)]™. (16)

Jlonst mozenu Buprepa: Re(My < 0,9732) = {0,052151[(Mg ' — 1)* - 7,5625-10° %] "1+ (17)

Jlnst mozenu Kusminca-Pemernunkosa: Re(Myc.p) = 10 (10173 ~90.91cp) (18)

N3 ¢opmyn (16) u (18) cimemyer, 4yTO yIOMHUHABIIEECS BbIIIE IPAHUYHOE 3HAYCHHE
muoxkuTens M = | momyuaaercst mpu Re(My =1) = oo u ipu Re(Mip=1)=10""*"* = 6,58-10".

N3 dopmyn (16-18) Takke ciaemayer, 4TO YIOMHHABIIEECS BBHINIE BTOPOE TPAHUYHOE
3HaueHue MHoxurens M = 0,9 nonywaercs B mopensx Kpurtua, buprepa m Kusnmimca-
PemernukoBa coorBercTBeHHO mipu Re(Myi = 0,9) =214, Re(M5=0,9) = 564 u Re(Myxp=0,9) =
5,2. Cronp mamoe mocieanee yucio Re = 5,2, He TunuuHoe isi TypOYJIEHTHOTO TEUYEHUS,
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roBOpUT O TOM, 4YTO Mojnenb KuBuiuca-PemerHukoBa HE MOXET NPUMEHSATHCA B
HU3KOPEHHOJIBICOBOM 00IaCTH.

Amnanus tabaui 1 1 2 Takke NoKa3bIBaeT, YToO MPU 10*<Re < 10" Bce TPH UCCIIEIOBAHHBIC
Mojenu OJU3KHU IPyT Apyry. A npu 10° < Re < 10" mozenu buprepa n Kusunnca-PemerniukoBa
IPAKTUYECKH COBIAAAIOT.

CoBpeMeHHbIE METO/Ibl YUCIEHHOTO MOJICTUPOBAHUS U BBIYUCIUTEIHHON TUAPOAUHAMUKH
(CFD) mno3BoyiIOT pemaTh € JOCTATOYHOM TOYHOCThIO MHOTHME MPAKTHYECKUE 3aJadyH, HO
BBIJICTIUTH IMaria30Hbl MPUMEHUMOCTH TOW MJIM MHOM MaTeMaTH4ecKoi MOAeNu TypOyIeHTHOCTH
JUISE  KOPPEKTHOTO OmHCaHWsT Tpo(Uis CKOPOCTEH U JAPYyruX MapaMeTpoB TIOTOKAa B
METPOJIOTHUECKUX IIeJIAX JOCTaTOYHO mpoOnemMatnyHo. O KOPPEKTHOCTH pEe3yJibTaToOB
MOJICIMPOBAHUSI MOXKHO CYAMTH TOJIBKO IIOCJIE€ HX COMOCTaBIICEHUSI C HKCIIEPUMEHTAIbHBIMU
naHHbIMU. K Takomy 3aKIFOYEHUIO TPHIIIH aBTOPHI padoTHI [7], B KOTOPOW OBLIO MPOBEACHO
TECTUPOBAaHUE HaMboIee MIMPOKO MPUMEHSIEMBIX MOJeleld TypOYJIeHTHOCTH Ui pacuera
TUAPOIMHAMUYECKOTO MHOXHUTENS yIbTPa3BYKOBOro pacxomomepa. I[Ipum sTom B KaudecTBe
00pa3LoBBIX MOJIENECH NPUMEHSJIMCh PAacCMOTPEHHbIE 37ech Monaenu buprepa m Kusunmca-
PemmerHukoBa, MOCKOIbKY OHU OCHOBAaHBI HAa DKCIEPUMEHTAIBHBIX JaHHBIX W, CIEJI0BATENbHO,
HauooJsee HaJEKHBI.

BriBoabI

1. PaccumTanbl moApOOHBIE TAONUIBI JUII HECKOJBKMX MAaTEMAaTUYECKHX MOJeNei
3aBUCHUMOCTH THIPOJUHAMMUYECKHUX II1apaMETPOB YJIBTPa3BYKOBOTO pacxoJoMepa OT 4YHuCIIa
Pelinonbca.

2. llpemnoxkeHa U 000CHOBaHAa KOMIIAKTHas KyCOYHO-JIMHEWHas anmpoKCHMaIHs
MareMarnyeckux mozened Kpurtna, buprepa m Kusmnmca-PemernukoBa ¢ npuMeHEHUEM
ko3 duureHToB nepenaun no uuciay PeiHonbaca. IlomaydeHbl yucioBble 3HAYEHMS JAHHBIX
PEIHOTBACOBBIX K03 HIIMEHTOB ITepeadn B quanasone | < Re < 102,

3. Amnamu3 pa3pabOTaHHbIX TaOJMIl BBIABMJI  TEXHOJIOTMYECKHE OCOOEHHOCTH
WCCJIEIOBAHHBIX MAaTEMAaTHYECKUX MOJEIEN THAPOAMHAMUYECKUX TAPaMETPOB YIbTPAa3BYKOBOIO
pacxoznomepa.
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YJIbTPAABIGBICTHI IBIFBIH OJIIEYIHITIH THUAPOANHAMUKAJIBIK
HHAPAMETPJIEPI

B. A. Yepnos', H. B. Uepnosa'

1 o .
Anmatel OHCPIre€THUKA )KOHE OaliaHbIC YHUBEPCUTETI, Anmartel K., KaSaKCTaH

Anoamna. Y nbTpaabIObICTBI NIBIFBIH OIICYIIITEp KeH Tapany/a. Ke3 keiareH auamerpiaeri KyObip
JKEIICIHJIe OpHATHIIA alyhbl OJIAPJABIH alpHIKIIA ePEeKIIeTiri OONBIT Ta0bIaAbl. Y IIbTPAIbIOBICTHI IIBIFBIH
OJIIIICYIIIl KOMETIMEH aHBIKTAJAThIH IIBIFBIH  aFbIH  JKbUIJAMJIBIFBIHBIH ~ OarbIThIH  €CKEPETiH
TUIPOIMHAMHKAIIBIK KOOCHTKIIITI KOJJIaHYMEH ecenrteieli. byl KeOeHTKill yiIbTpaablObICThI IIBIFBIH
OIIIEYIITIH 9IICTEMEIIK KATeJTiH aHBIKTAHbl, OJ IIBIFBIH OJIICY KATENITiHIH €H eNeyil KypaylIbIChl
OOJIBII TaObUIAEI.

Makanana OipHellle MaTeMaTHKajblK MOJEIb YIIiH YIbTPaAbIOBICTHl IIBIFBIH OJIICYIITePIiH
TUIPOIMHAMHKAIIBIK TTapamMeTpiepidi PelHOIbAC caHbIHA TOYENIUTITIHIH TOJBIK KECTeJIepi eCenTereH.
Petinonpac canbl OofibiHIIA Oepy kodhdunmentrepin xommanymen Kputn, buprep men Kusnmmc-
PeleTHUKOBTBIH O€JIril TPAaHCUEHACHTTI MATeMaTUKAJIBIK MOJICIBICPIHIH BIKIIAM OOKTI-ChI3bIKThI
amnMpPOKCUMAIUACH! YCHIHBUIIBI JKOHE HEeri3/el . PEHHONB/IC CAaHBIHBIH KEH TUaa30HbIHIa PEHHONB/ICTIK
6epy KorhGUITMEHTTEPiIHIH CAaHABIK MOH/IEP] aJbIHIBL.

KypacTeIpbiiFaH  KecTelep capanTaigbl JKOHE YIbTPAAbIOBICTBl HIBIFBIH  OJIICYIIITEPAiH
TUJIPOJIMHAMUKAJIBIK TIApaMETPIICPIHIH 3EPTTEIINCH MaTEeMaTHKAJIBIK MOJCIBICPIHIH TEXHOJOTHSUIBIK
epEeKIIeTiKTepi aHBIKTAJIJIBI.

Kinmmik co30ep: ynbTpaablObICThI HIBIFBIH OJIIICYIII, THIPOAMHAMUKAJIBIK KOOCUTKIII, PeitHOMbIC
CaHBL.
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HYDRODYNAMIC PARAMETERS OF ULTRASONIC FLOW METER

B. A. Chernov', N. B. Chernova'

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

Abstract. Ultrasonic flow meters are becoming more common. Their feature is the ability to install
on pipelines of almost any diameter. The flow rate determined by ultrasonic flow meter is calculated
using a hydrodynamic multiplier that takes into account the velocity profile, thus this multiplier
determines the methodological error of ultrasonic flow meter, which is the most significant component of
the flow measurement error.

The detailed tables for several mathematical models of the dependence of the hydrodynamic
parameters of ultrasonic flow meter on the Reynolds number are calculated in the article. A compact
piecewise linear approximation of the transcendental mathematical models such as Kritz, Birger, and
Kivilis-Reshetnikov with the use of the Reynolds number transmission coefficients is proposed and
substantiated. Numerical values of these transmission coefficients are obtained over a wide range of the
Reynolds number.

The developed tables are analyzed and the technological features of the researched mathematical
models of the hydrodynamic parameters of ultrasonic flow meter are determined.

Key words: ultrasonic flow meter, hydrodynamic multiplier, Reynolds number.
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MPHTH 50.43.15

b. K. I(ycalszB1

1 .
AJIMATUHCKUN YHUBEPCUTET SHEPTETUKU U CBSI3H, T. AMaThl, Kazaxcran

AJANITUBHAS HAEHTU®UKALIUA TIAPAMETPOB U BHEIHHEI'O
BO3MYIHIEHUSA OBBEKTA ABTOMATHYECKOI'O YIIPABJIEHUA

Annomayus. B aBTOMaTHKE CYMIECTBYIOT OOBEKTHI ympamieHus (OY) c HeompeaelecHHBIMH,
W3MEHSIIOIUMHUCS B IIpoliecce padoThl MapaMeTpamMu. B memsix coxpaHeHHs >KENaeMbIX AMHAMHYECKHX
cBoiicTB cuctema yrpasienus (CY) nomkHa HACHTUPUIUPOBATH TaKMEe apamMeTphbl U MOACTPauBaThCS K
ux u3MeHeHussM. Kpome Toro, MoxeT BO3HUKHYTb 3a/laua BOCCTAaHOBJIEHUs KoopAuHAT cocTosiHud OY. B
ITHX CIy4asx NpUMEHSIoTcs Habmomaromme ycrpoiictBa (HY) wuaeHTtndwmkanmum, amganTUBHBIE K
W3MEHEHUSIM TMapaMeTpoB W KoopauHaT coctosiHus OY. B craree M3BecTHas mpoleaypa CHHTE3a
agantuBHoro HY mns maenTudukaumy mapameTpoB U KoopauHAT coctosiHus OY paccmarpuBaeTcs C
y4eTOM HACHTU(PHUKAIUN CKASIPHOTO BO3MYIIAIOMIETO BO3JecTBHA, JeiicTBytomero Ha OV.
[Tonyuennoe HY o0ecneunBaeT acHMMOTOTHYECKYIO YCTOMYMBOCTH MPOLECCOB HACHTH()HUKALUH
napameTpoB M BHemHero BozmyuieHusi OY. B kadecTBe mpumepa MCMoNb30BaHus mpeiaraemoro HY
paccMaTpUBArOTCS MPOLECCHl COBMECTHON MACHTU(PUKALMY MOMEHTA HHEPLUH (T1apaMeTpa) U BHELIHErO
MOMEHTa (BO3MYILIEHHMSI) HArpy3Ku [UIi MOJEIHM IEKTPOIpuBOAa. JloKa3bplBaeTCs acHUMITOTHYECKAs
YCTOWYHMBOCTD MPOLECCOB MACHTH()HKALMKN TapamMeTpa W BO3MYLICHUS. Pe3ynbraThl HACHTUPHUKALINN U
UX HCHOJIb30BAaHHUE Ul afalTallid YIpaBiIeHUs OOBEKTOM I10Ka3bIBAIOTCS Ha rpadukax NEpPEeXOAHBIX
npouecco. IlomydeHHble pe3yabTaThl HACHTH(UKAIUE OOECICUYMBAIOT ATANTHBHYIO CTaOMIN3annIo
JKeJlaeMBIX JuHamMudeckux cBoicTB CVY.

Knwuesvie cnoea: anantauums, uieHTU(QUKALHUS, OOBEKT YIpaBICHHs, CHUCTEMa YIPaBJICHUS,
HaOIroaroIIee yCTpOrUCTBO.

Cnoxuple nuHaMuyeckue o0ObekTbl ympaieHus (OY) (nerarenbHble —amnmaparsl,
MaHMITYJIAUOHHBIE pOOOTHI M JAp.) B Ipolecce paboThl XapaKTEepU3yIOTCs HEONpPEeICHHbIMHU,
M3MEHSIOMMMUCS napameTpamu (kodddunmenramu muddepeHnranbHbpXx ypaBaenui) [1: 14; 2:
124]. Jlns ynpaBiaeHHs TakMMU OOBEKTaMM HEOOXOJMMO OCYILECTBUTh WJECHTU(UKALUIO
(ompenenenue, OICHMBAHME) WX IMApaMETPOB M aJanTalyio (MPUCTOCOOTICHUE) CHUCTEMBbI
ynpasieHus (CY) k uaMeHeHusiM napametpos. ClieoBaTenbHO, UASHTU(DUKALUS T0JKHA ObITH
aJanTUBHOM K M3MEeHeHMsIM napamerpoB. B [3: 151; 4: 246] npuBoanTcs u3BecTHas Mpolenypa
CHHTE3a aJanTHBHOro HalOmogaromero ycrpoiictea (HY) wmaentudukanuu napamerpoB u
KOOpAMHAT COCTOSIHUS JIMHEHHOro 00beKTa n-ro nopsaaka. Otinuue Hauield paboTsl B TOM, UYTO B
9TOM  Mozenu oObekTra OyneM JOMOJHMUTENBbHO YUUTBHIBaTh HEM3BECTHOE CKAJSIPHOE
BO3MyIIaoLee Bo3eiicTBue f.

ITycte OV wumeer: 1) U3BECTHYIO JIMHEHHYIO CTPYKTYpY —TO MOpAAKA, B KOTOPOH X =
[x1, X2, o, Xp]T - BEKTOp KOOPAMHAT COCTOSIHMS; 2) HM3BECTHbIE CKAlspHbIE BXOMHOM U M
BBIXOJHOW Y, curHamel, mpuueMm y; = [1,0,...,0]X = x; ; 3) HeusBecTHble mapamerpsl; 4)
HEM3BECTHOE CKAJSIPHOE BHEIIHEe BO3MyIeHue f; 5) HeusBecTHbI (n — 1)-MepHbBI BEKTOp
KOOPIMHAT COCTOSHUA X = [X,X3,...,X,]7 . PaccmarpuBaemprii OY OygeM ONHCHIBATH
CJIEYIOIUM BBIPAKEHUEM:

_ Bys" 1+Bys"2+..+B,_;
=T A roAA, 4T f (1

rae st = dt/dtt (i =0,n) - ornepanus auddepeHInpoBaHus;

A; (i=1,n), B; (i = 0,n — 1) — Hen3BecTHBIE KO3hdHIMEHTH! (Tapamerpsl) OVY.
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Jns unentudukanuu napametpoB A;, B; nepenarounas gynkuus OY (1) mpuBoautcs K
Bunay [3, 4]:

1
S+/1n

> (2)

1
s+1, T Tdn s+An

bi+by ———+-+by

y1 S+);2 '

u s—a;—ay

rae A; < 0 (i = 2,...,n) - ONHOKpATHBIE IEHCTBUTEIBHbBIC OTPHUIIATEIBHbIE YHCIIA;
by =By, a; = (A, + -+ 1A,) —Aq; by, a; (i =2,...,n) cBs3aHbl ¢ mapamerpamu A;,
B; u A; 60o71ee CI0XKHBIMU 3aBUCUMOCTSIMHU.

Teneps OY (1) ¢ yuetom BbIpakeHus (2) OyaeM XapakTepu30BaTh CIEAYIOIIHMHU
YPaBHEHUSIMUA OTHOCHTENILHO TIEPEMEHHBIX cocTostaus X; (I = 1,n):

X1 a; 1 1 ... 1] by 1
xf‘=la;2 A e b:2u+?f,
aén an Xn b'n 0
V1= X1, 3)

rae A — numaroHambHas Matpuia pasmepoMm (n— 1) X (n— 1), sjgeMeHTaMH KOTOPOI
ciyxar uncna —A; (i = 2, ...,n):

A — 0 _/13 0 0 R
0 0 0 .. —44

[a;,ay, ...,a,]" = d, [by, by, ..., by ]T = b - mapameTpuyeckie BEKTOPHI C HEH3BECTHBIMH
JJIEMEHTaMU.

Tak kak KOOpJIMHATa X; U3MEPSIETCA U paBHA Y1, TO B COOTBETCTBUU C [5: 123] 3anuiem
ypaBHeHus (3) o0bekTa B creayromnieit popme:

il _[» r7] Yi1 |, »
);C,]—[a f J_C,,]+bu+df, (&)

rmer’ =[1,1,..,1];d = [1,0, ...,0]".

OCYI_I_ICCTBI/IM cuHTe3 amantuBHoro HY mis I/IIIGHTI/I(I)I/IKaI_[I/II/I HCU3BCCTHBIX IIapaMCTPOB

(911EMEHTOB BEKTOPOB d ¥ b), BHENIHETO BO3MYLIEHHS [ U KOOPAMHAT COCTOSHUS (JIEMEHTOB
BekTopa X ) OV.
Ha ocnoBanuu (1), (2) ypaBaenus OY MoxeM NPeJCTaBUTh B CIEAYIOIIEM BHJIE:

1
S+An

_ 1
- S+/11

1
i [b1u+f+(b2m+-~-+bn

)u + (a'1 +ay— .. +a, S;ﬂ) yl], (5)

S+)Lz

rea; =a; +1;.
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[To BeIpaxenuto (5) crpoutcs HY wupeHTHdUKANMKM HEW3BECTHBIX BEIUYHMH a;, b;, f
(i = 1,n). 3amensis a;, b;, f ux ouenkamu 4d;, b;, f, mepenuiem Boipaxkenue (5) B CIeAYyIOIIEM
BUJIE:

- 1 g 2T T~ N ~ 5 PO
= [Dyw + f + bWy + -+ + bWy + @1yy + a2y + -+ + GnZy, (6)
- R 1
rae w; = —u, Z; = —— Yy, — IpOMeKyTOouHble iepeMeHHsle HY
S+ s+4;

V1 - OIICHKA BEJIMYUHBI Y4, TOTy4aeMas Ha Beixojae HY.

B coorBerctBuM ¢ [3-5] omenku @; u b; MOMy4aroTCS Ha BBIXOIE HMHTEIPATOPOB C
kodpdurimeHTaMu  ycuieHusl ¥; U §; , BXOIHBIMH CHTHAJIAMH KOTOPBIX SIBIISIETCS Pa3HOCTH
nu3MepenHoro y; B OY u oneHeHHoro y; B HY curHaioB, yMHOXXKEHHasl Ha COOTBETCTBYIOIINE
curHansl W; u Z;. OLEHKY BeIWYMHBEI [ Takke OyaeM ToJiydaTh Ha BBIXOJE MHTErparopa ¢
KOA((QUIIMEHTOM YCUJICHHS (¢, BXOJHBIM CHTHAJIOM KOTOPOTO SIBIISIETCS Pa3HOCTh CUTHAJIOB Y; U
¥, . [lepeMeHHbIC W; U Z; TAaKXKE HCIIOJIB3YIOTCS ISl OICHKU HEM3BECTHBIX KOOPIUHAT COCTOSIHHS
oV:

X; = &iéi + Biwi . (l = Z,Tl). (7)

R AR R R ARl

a; = —Y1y1y1, b1 =—61uy,, fi = —ay,,
a; = ~ViZiy1, bi = =6;w;y;, (i =2,..,n), (8)
raew = (u,vT/ ' ) ,Z = (yl,Z' ) ;W uZ —(n—1) - MepHble BEKTOPBI TIPOMEKYTOUHBIX
T

nepEMEHHBIX W, Wy, ..., 4]

V1 = y1 — Y1 — pPa3HOCTh MEXIy U3MEPEHHBIM M OIEHEHHBIM 3HAUEHHSIMH BBIXOHOTO
CUTHAJIA;

¥i>0,8,>0, a>0 (i =1,n) - kod)HUIHEHTH YCHIEHUS HHTETPATOPOB.
Beenem o0o3HadyeHMS:
3 ~ A ~ An T o 5T
X = [xl, Ay25 + byW,, ..., 0;2; + biwi] = [yl,x ] )
Uccnenyem ycroituuBocts HY mnpsimbim metogom JlsmynoBa [5: 125]. IlpencraBum

ypaBHenue OV (4) B Takoii ke ¢popme, kak u ypaBuenue HY (8):
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W' =AW +ru,

Pl = @ B+ [+ 4]

W= (u, W’T)T. 9)

Y4uThiBasi, 4TO (§ - 2) =0, (W\ —W') = 0, BeluteM ypauenue (9) u3 (8):

. = anT., ~ 3, -aL L, A
Y=g+ @ —a)y, + (@ —a) z +(b1—b1)u+(b —b) w+(f=f). (@10

[Ipumem B kauecTBe (GyHKIUHU JISmyHOBa CIEAYIONIYIO MOJOKUTEIHHO-OMPEIEIICHHYIO
KBaJIpaTUYHYIO QOopMYy:

1 . 1 1,4 1 1 /4 2 1 1,72 2
V=29t 48 @ a)? +5 8k 5 (- b))+ E (P - f)

[TpousBoaHas ot V B cuty ypaBHenus HY (8) u ypaBHenust ommoOku (10) umeeT Takoi ke
pe3ynbTaT, Kak u B [5]:

1

. . 1. P’ ~ = 1,4 A 5
V=39 + X (@ —a)a + Z?=15—i(bi —b)b, + X~ (f = f)f = M3t

D70 yKa3blBaeT HAa TO, YTO OLEHeHHble B HY Bemuummsl d;, b;, f acHMITOTHYECKH
cxomsaTcs K 3HaueHmsMm a; , b;, f (i =1,n) OY. CKOpPOCTb CXOZMMOCTH 3aBHCHT OT
KOd(PUITMEHTOB HMHTErpaTopoB y; , 6; W « . Ilpym 5TOM Ha OCHOBaHWUM THIIOTE3bI
KBa3MCTAIIMOHAPHOCTH [2] mpenrnosaraercs, 4To BO BpeMs MEpeXoJHbIX mpoieccoB B HY
BenMuuHbl a;, by, f (i = 1,m) OV He U3MEHSIOTCS.

Paccmorpum mnpumenenue HY, omnuceiBaemoro ypaBHeHusMH (5)-(8), s OLIEHKH
HEW3BECTHBIX BEJIMYMH MOMEHTA WHEPIIMU W BHEIIHETO MOMEHTA HArpy3Kd 3JIEKTPOIPHBOJIA.
YpaBHEHHE MOMEHTOB Ha Bally dJiekTpornpuBoaa (OY) mocTosTHHOTO ToKa uMeeT Buj [6]:

Jsw, =M, — M, (11)

S
rne =] (ﬁ, & ) - MOMEHT MHEPIH HArpy3Ku MPHUBOJIA, U3MEHSIOIINICS B 3aBUCUMOCTH OT
-

BEKTOpa ( 00OOIIEHHBIX KOOPJUHAT U BeKTOpa ¢ MapaMeTpoB MaHUIYIALHOHHOrO podora (MP)
U TepeMeniaeMoro uM rpysa (reoMeTpuuecKue, Macca-uHEPIIHOHHBIC MMapaMeTpsl U T. 1I.), T. €.
BEJIMYMHA | IIPeICTaBIseT COOON HEM3BECTHBIN apaMeTp 00bEKTa;

M=M (ﬁ, c_'f, é’ ) - U3MEHAIOLMKCS  BHEIIHUHA MOMEHT Harpy3ku IpUBOJA,
00YCJIOBIICHHBI B3aWMOBIIMSIHHEM JBUKEHUH IO CTETEHSIM MOABMKHOCTH MP, MOMeHTaMu OT
CHUJI TSDKECTH 3BeHbeB MP, rpy3a u T. 1. - ABIsieTCS BHEIIHUM BO3MYILIEHUEM AJisi 00BEKTa;

M, = kni, - MOMEHT jBurareis, B KOTOPOM K,, - TOCTOSHHas, a i, - TOK SKOps
JBUTATEJIS, SIBISIETCS BXOJIHBIM CUTHAJIOM JIJISl OOBEKTa,

W, - YIJ10Basi CKOPOCTh Bajla JABUTATENIs, ABISETCS BHIXOIHBIM CUTHAJIOM JIJIsl 00BEKTA;

s = d/dt — oneparop nuddepeHIHPOBAHUS.

BxonHoii i; 1 BEIXOAHOH w, curHanel OY (11) uzmepsroTcs COOTBETCTBEHHO CIETYIOMIUM
BBIPAXKEHUSIM:

knTiﬂ: yl = kncwua (12)

rae Ky, Ky - K0o9bQUIUEHTH Iepeaad JaT4YUuKoOB TOKa SIKOPA M YIVIOBOH CKOpOCTH Baja
JBUTaTEJIs;
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Y1 - U3MEPEHHOE 3HAYCHUE YITIOBOM CKOPOCTH Wy Bajla JBUTATEJIA.

[Ipencrasum ypaBHenue OV (11) B cnenyromeM Bue:
1 )
Wy =]—S(kml,[—M). (13)

Ha ocHOBaHMU M3MEPEHHBIX BXOIHOIO K, .[; U BBIXOAZHOIO CHrHanoB k.w, OV (13) u
COTJIACHO M3JI0KEHHBIM BHIIIE OCHOBHBIM MOJIOKEHUSAM MOCTpoeHus HY HeoOXoauMo OLEHUTH
HEM3BECTHBIC BEJMUMHBI Tapamerpa 1/] u BHemrHero Bo3myienuss M paccmarpuBaemoro OV,

Tak kak ypaBHeHue OY wumeer l-il mopsiaok, paccMoTpuM ypaBHeHue mis HY 1-ro
nopska, nojydenHoe 1o ypasnenuio (6) mpu a; = 0 (i = 1,n), b; = 0 (i = 2,n):

~ 1 ~ -
Y1 m[bﬂl +f+ /113’1]- (14)

3neck OHeHKH b; M f (QOPMHUPYIOTCS Ha BBIXOJE COOTBETCTBYIOIIUX HHTETPATOPOB
COTJIACHO BBIPAKEHHSIM (8) 1O crieayromuM popmynam:

51 = —51u371>f1 = —ay; wiu 31 = _Slsuyl, f1 = %371, (15)

rae 1/s - oneparop HHTErPUPOBAHUSL.

CrpyxrypHas cxema HY st o0bexra 1-ro mopsizika nokasana Ha pucyHke 1.

Cormacuo ypasuermsam OV (11)-(13) B Boipaxenmsix (14), (15) mpumem: b, = 1/f;
f=-M;u=i,;y, = Kyew, s 91 = k@, . 3mech [, M - oneHkn MoMmeHTa WHepLUUH | U
BHEIIHEr0 MOMEHTa M Harpys3ku NpHBOJA; (), - OLEHKA YIJIOBOH CKOPOCTU wy; J; - OLIEHKA
U3MEPEHHOI0 3HAYEeHUs y; YIJOBOW CKOPOCTH w, Bana jaBurarens. C yueToM yKa3aHHBIX
yYpaBHEHHI MPUBOJIA M BBEICHHBIX 0003HAYECHUH TIpeo0pa3yeM CTPYKTYPHYIO CXeMY Ha PUCYHKE
1 kK BUy, TIOKa3aHHOMY Ha PUCYHKE 2.

—»—ub-‘ OOBEKT yIPaBIeHHA 1-T0 TOPAIKA Fvﬁb

Pucynok 1 - CtpykrypHas cxema HY nns o6bexra 1-ro mopsiaka
Anroput™m padotsl HY 17151 35eKkTpornprBo/ia HOCTOSTHHOTO TOKa UMEET BUJ [6]:
da,/dt = (1/))(M, — M) + L1k (w, — @),
d(1/])/dt = &, (My— M)k, (w, — @),
dM/dt = —ak,(w, — @) (16)
C HaYaJIbHBIMU YCJIOBHSIMU
@,(0) =0, J7H(0) =Jg', M(0) =0,
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rie ]Cp — CpeJHee 3HAaYEHUE U3 BO3MOXKHOTO Mara3oHa U3MEHEHUN |.

Pucynok 2 - CtpykrypHasa cxema HY s sanexkrponpuBoia

PaccMoTpuM  yeToitunBocTh afantuBHoro HY uaeHTHduKanuu nepeMeHHBIX [~1 u M.
Beenem obo3navenus e = w, — o, ,v = (1/]) — (1/]) Uy =M — M u npuMeM BO BHUMAaHUE,
410 SW,; = W, = dw,/dt = (1/]) (M,_.[ — M), Tor/a aaroput™ paborsl HY B koopauHaTax e, v u
U MOKET OBITH ONUCAH YPABHCHHUSIMH:

de/dt = (1/N(My— M) — (1/))(M, — M) — A1 k,ce,
dv/dt = —6,(M, — M)k e,
du/dt = ak,e. (17)

[Ipu sTom npumeM HauanbHele ycnosus: e(0) =0, v(0) =J71 —]C_p1 , u(0)=0, u Ha
OCHOBaHUHU THIIOTE3bl KBA3MCTAMOHAPHOCTU OyleM CYHTaTh, YTO HA BPEMEHHOM HWHTEpBale,
COOTBETCTBYIOIEM TepexoHoMy nporeccy B HY | Benuuunsl /=1 u M He u3MeHsIOTCS.

JlokaxeM, 4YTO TOJOXEHHE paBHOBECHS CHUCTEeMbl ypaBHeHUH (17) acuMnToTHYECKH
ycroiumBo, T. €. lim;,,e =0, lim;,,v =0, lim;,u = 0. PaccMOTpUM MOJOKHUTEITHHO-
onpeneneHuyo ¢pyHkuuio JIsmyHoBa Buma:

1 1 1
V==-e?+ vZ+ 2
2 281 ke 2akﬂc1‘u i

3/1ech /| = const — Tak Kak COOTBETCTBYET MHTEPBATy KBa3UCTALMOHAPHOCTH.
YuuteiBas, 4To
p=M— 1 = (M, 1) - (i, - 1),

3aMUIIeM TOJIHYI0 TIPOM3BOAHYI0 (GYyHKIHMH I/ 110 BpeMEHH Ha OCHOBAaHWHU CHCTEMBI YpaBHEHUU

(17):
dv/dt = —A ke

[Tokaxxem, uto v = 0, u = 0 ipu e = 0. Jlns aTOro paccMoTpuM cuctemy ypaBHeHu (17)
npu e = 0:

0=@1/NM—M)—(1/])(M,— M), dv/dt =0, du/dt=0.
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PaBeHCTBO HYIIIO MEPBOrO BHIPA’KEHHs 03HAyaet, uto 1/] = 1/f u M = M, nostomy mpu
e = 0 0YeBHIHO TOXIECTBEHHOE PaBEHCTBO HYyIO mmapameTpoB v = (1/]) — (1 /] ) up=M-—
M . CnenoparensHo, ¢ynkmus dV/dt sBoseTcs oNpeaeNeHHO-OTPUIATENBHON U HpH
nocrpoennu HY cornacho BeipaxenusM (16) onenku 1/f u M acHMITOTHYECKH TIPHOIIKAIOTCS
K BennyrHaM 1/] MOMeHTa WHEPIIMK U BHEIIHEr0o MOMeHTa M Harpy3ku npuBoja. CXOauMOCThb
mpolecca OIeHKU 3aBUCUT OT Kod(dduimeHToB A, §; U &, KOTOPbIE TPAKTHYECKUA BCET/IA MOTYT
ObITh BBIOpaHBl M3 yCIOBHA mNpoTekaHuss B HY mporeccoB OIeHKH ObICTpee OCHOBHOTO
nepexoaHoro nponecca B CY npusoaa.

Jns monenupoBanus paborsl HY npu waeHTHQUKAnMM pa3HBIX 3HAYEHUH MOMEHTa
MHEpLUMHU | U BHEIIHEr0 MOMeHTa M Harpys3kH, 3aaHHbIX B Mojaenu npusoja (11), u nonyuenus
rpaduKoB TepexoAHbIX mnpoueccoB B HY, moka3aHHbIX Ha pHCyHKax 3 u 4, HE0OXOAMMO
MoCTpouTh ananTuBHyo CY snekTponpuBoaom [6].

JlononHuM ypaBHeHus: oobekta (11) cremyrommmu BeIpaKeHUSIMUA 711 (DOPMUPOBAHHS
YIPaBIISIONIEr0 CUTHAJIA:

Uy = Ry + kg, u = kyyuy, (18)
I7ie Uy U R; — HanpspKeHUe U CONPOTUBIIEHUE SKOPHOW OOMOTKH JABUTaTes;

k,, - koaddunuerT npotuBo-3/1C nBuraTens;
U U Ky, — BXOJHOE HATIPSOKEHUE M KOO(QPUIMEHT YCUIICHUS YCHIIUTENS MOIIHOCTH.

26,00 4
24,00 4 \_
22,00 —
20,00 j~_
18,00
16,00
14,00
12,00
10,00
8,00
6,00
4,00
2,00
0,00 } } } } |
0,00 0,50 1,00 1,50 2,00 2,50

w

LN

OueHka J, kr*m2

1 — onenka Bemumnbl J =7 krm” npu M =10 Hwm; 2 — onenka Bemmumnbl J =10 krm” ipu M =40 Hu;
3 — onenka BenuunHe! | =20 krm” ipu M =70 Hw; 4 — ] =25 krm” npu M =100 Hwm.

Pucynox 3 - [lepexomnpie mporecchl HACHTH(GUKAITTE MOMEHTa HHEPIIUH
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110,00
100,00 P
90,00 -
80,00 /
70,00 /
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4000 4
30,00 ’,4"
20,00

10,00 4’1// 1

0,00 - . . . . |

0,00 0,50 1,00 1,50 2,00 2,50

oueHka M, H*m

1 — ontenka Bemmmunabl M =10 Hm mipu | =7 KFM2; 2 — ouenka BemmuuHsl M =40 Hm mpu | =10 Ker;
3 — onenka Besuunnel M =70 Hm npu J =20 krm’; 4 — M =100 Hm nipu J =10 kv’

Pucynok 4 - [lepexoanblie nmporiecchl HIeHTU(UKALUA MOMEHTA HAarpy3KU

Teneps ypaBHeHHs 00bekTa (11) ¢ yueTom BeipaykeHuii (18) MOKHO NTPEACTaBUTh B BUJIE:
Ji, + kmko R w, = kkaMR,I_lu - M, (19)

A€ U - YOPaBJISAIOLIMKA CUTHAJI, a BEJIWYMHBI /| WU M SBISAIOTCS HEU3BECTHBIMU M
MEPEMEHHBIMHU.
YTpaBJsrOmnl CUTHAT PUBOIA CHOPMUPYEM B CIICTYIOIIEM BH/IE:

u= u(go,wa,f,]ﬁ) = (kl(go* — Q) — kzwﬂ)f+ kyw, + kM, (20)

rae / = J~1, M - ouenxu Benuuus J u M, nonydennsie B HY 1o ypasnenusm (16);
@" 1 @ - TpedyeMoe 1 AeHCTBUTEIHLHOE YIIIOBHIE MTOJIOKEHHS Bajla IPUBO/IA;
ki, ks, ks n k, - n3BecTHBIE TOCTOSIHHBIE KOA(D(DUITUCHTHI.

[pu MoxemupoBanuu pabotsl npusoga (19) xosdduimentsr k; (i = 1,4) anropurma
ynpapierns (20) Obulm  mOmOOpaHBl Tak, uToObl mpu J =const=J, u M =0 B CVY
o0ecrieunBalICsl JKeJlaeMblii MepexoaHblii mpouecc (kpuBag 3 Ha pucyHke 3). OpHako ¢
yBEJIMYEHUEM 3HAUCHUI MOMEHTa MHepLHH J U BHelHero MmomeHTa M Harpysku B CY 6e3 HY
IPOMCXOTUT YXYALIEHHE XapaKTePUCTUK MepexoHbIX (pyHKuui h(t) — kpusble 1, 2 Ha puCyHKe
3. B CY ¢ HY npu 3tux pasHbIX 3HaueHUsIX / U M XapaKTepUCTUKU MEPEXOAHBIX (YHKIMNA He
WU3MEHSIOTCS, T. €. He3aBUCUMO OT m3MeHeHud Harpysku B CY ¢ HY Bcerma mmeer mecto
JKEJIaeMbIil NIEpEeXOHBIN IMpoluecc — KpuBasg 3 Ha pucyHke 3. M3 kpuBbIX Ha pucyHKax 3, 4
BUJHO, YTO IMPOLECC OIIEHKM MOMEHTOB HMHEPUMU /| IMPOUCXOAUT ObICTpee MEepexoTHOro
npoiiecca B 0CHOBHOM KOHType CVY, yTo He06X0uMo AJist ycToHuuBOM paboThl CY mpuBOIOM.
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h(t)

1—CY 6e3 HY npu J =7 krm” u M =10 Hwm; 2 — 10 e npu J =25 krm® u M =100 Hw;
3 —CVY ¢ HY npu 3Tux ke 3Hau€HUSIX Harpy3Ku.

Pucynoxk 3 - I'paduku nepexonnsix GpyHkiuii h(t)

BrIBOaBI

[Ipennaraemass mpouenypa CHHTE3a aJalTUBHOTO HAOJIOJNAIOLIETO YCTPOWCTBA IS
UACHTU(UKALMYA ApaMEeTPOB U BHEIIHET0 BO3MYILAIOLIETO BO3ACHCTBUS 00bEKTa YIPABICHMUS,
MIO3BOJISIIOIIAsl  TAaKKE€  BOCCTAHABIMBATH €M0  HEU3BECTHBIE KOOPJAMHATBI  COCTOSIHUSA,
o0ecreynBaeT aCUMITOTHUYECKYIO YCTOWYMBOCTh MPOIECCOB UAECHTU(HUKAIMU. PaccMoTpeHHbIe
MIPOLIECCHl COBMECTHOM MIEHTU(UKALIMY MOMEHTA UHEPLUHU (MapaMeTpa) U BHEIIHETO MOMEHTA
(BO3MYyILIEHUs) HAarpy3Kd Al MOJENH 3JIEKTPONPUBOJAA Takke 00J1aJal0T aCUMITOTHYECKON
ycToiunBocThiO. [loydyeHHble pe3ynapTaThl HACHTU(UKALMM, IOKa3aHHblE Ha rpadukax
NEePEXOAHBIX MPOIIECCOB, 00ECIEUNBAIOT aJalITUBHYIO CTA0MIN3AINIO KETAaeMbIX JUHAMUYECKUX
CBOMCTB CHUCTEMBI YIIPABIICHUS dJIEKTPOIPHUBOIOM.
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ABTOMATTbI BACKAPY HbICAHBIHbIH ITAPAMETPJIEPIH
7KIOHE CBIPTKbI OCEPIH BEUIM/I TYPJAE AHBIKTAY

b. K. K;wap“u;mosl
' AlIMaTBhI SHepreTHKa XKoHe OailaHbIC YHHBEpCHTETi, AnMaTh K., KasakcTan

Anoamna. ABTOMaTHKana OENTici3 KYMBIC icTey OaphICBIHIA ©3Tepil TYpaThIH MmapameTpiepi 6ap
Oackapy seicarnapsl (bH) 6omaner. Kananran nrHaMHUKaIIBIK KAaCHETTEPiH CaKTay MaKCcaThIMEH OacKapy
xyie (BXK) mynmaii mapamerprepni coWKecTeHAIpY (aHBIKTal aiy) >KOHE OJIapAbIH e3repysepiHe
oeiiimainyi kepek. ConbiMeH KaTap BH-HBIH Kyl KOOpIMHATTapbhlH aHBIKTAY Ja KaKeT OO0yl MYMKiH.
Mynnaii  karmaimapna  BH-HBIH mapamerpriepiHiH JKoHE KYH KOOPIWHATTAPBIHBIH — ©3repyiHe
OeifimuineHeTiH colikecteHaipy Oaxputay Kypoutrbmiapbl (BK) xonmmavpumagel. Maxkamama Oackapy
HBICAHBIHBIH ~TapaMeTpiiepiH JKoHE KyH KOOpAMHATTAphIH COWKecTeHIipeTiH Oeilimai Oakbuiay
KYPBUIFBICBIH KYpYAbIH Oenrini mpouenypackl BH-Fa opekeT eTeTiH CKalsIpiIbIK aybITKYy OCEpiH
ColikecTeHIipyMeH TONBIKTRIphIIanbl. AnbiaFaH BK BH mapamerpmepin »xoHe CHIPTKBI acepiH
COMKeCTeHIIpy YIAEpiCTepiHIH aCHMITOTHKAIBIK OPHBIKTBUIBIFBIH KaMTaMachl3 eTei. ¥ChIHbUIaThiH BK
naijanaHy[bplH MbICalibl PETiHAE SJCKTp JKeTeri MOJENiHIH JKYKTEeMECiHIH HWHEpHHs MOMEHTIH
(mapameTpiH) XK9HE OHBIH CHIPTKBI MOMEHTIH (ayBITKy oCepiH) Je COMKeCTeHIIpeTiH yaepictep Oipre
KapacTelpburFaH. [lapamerp MeH ayBITKyIObl COMKECTEHIIPETIH YIEpICTEpiHIH aCHUMTOTHKAIIBIK
OPHBIKTBUIBIFBI  JonenaeHeni. ColkecTeHIIpyAiH HOTHXKEIEpl JKOHE oJapAbl HbicaH OacKapyblH
OefimMuiney YIIiH maianaHysl oTIesni yaepictep rpaduKTepiHae KopceTireH. ABIHFAH COUKeCTEHAIPY
HoTwKenepi b)K-HBIH KanmaHFaH [OWHAMUKANBIK KACHETTEpiHIH OeHiMIi TypAe TYpaKTaHAbIPYBIH
KaMTaMachbI3 eTel.

Kinmmix ce3dep: OeliiMjiney, colikecTeHipy, Oackapy HBICaHbI, Oackapy xyieci, OakpLIiay
KYPBUIFBICHL.

ADAPTIVE IDENTIFICATION OF PARAMETERS AND AN
EXTERNAL ACTION OF THE OBJECT OF AUTOMATIC CONTROL

B. K. Kussainov'
' Almaty University of Power Engineering and Telecommunications, Almaty, Kazakhstan

Abstract. In automatics there are objects of control (OC) with the uncertain, changing in the
process of work parameters. For maintaining desirable dynamic properties the control system (CS) has to
identify such parameters and adapt to their changes. Also there can be a problem of definition of
coordinates of a condition of OC. In these cases the observing devices (OD) of identification, adaptive to
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changes of parameters and coordinates of a condition of OC are used. In the article the known procedure
of synthesis of adaptive OD for identification of parameters and coordinates of a condition of OC is
considered taking into account the identification of the scalar external action operating on OC. Received
OD provides asymptotic stability of processes of identification of parameters and external action of OC.
As an example of use of the offered OD processes of joint identification of the moment of inertia
(parameter) and the external moment (external action) of loading for electric drive model are considered.
Asymptotic stability of processes of identification of parameter and external action is proved. Results of
identification and their use for adaptation of control of an object are shown on graphs of transition
processes. The received results of identification provide adaptive stabilization of desirable dynamic
properties of CS.
Key words: adaptation, identification, object of control, control system, observing device.
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HHO®OPMAIIHOHHBIE TEXHOJIOI'HH

IRSTI 29.31.26

S. T. Baipakbayeva', I. E. Suleimenov'

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

DEVELOPMENT OF A TECHNIQUE FOR CALCULATING THE
CHARACTERISTICS OF LIGHTGUIDING ELEMENTS BASED
ON FOURIER OPTICS

Abstract. In the article a technique for calculating the characteristics of lightguiding elements with
an additional light-scattering coating is presented. The field of application of such optical elements are
information input systems (in particular, keyboards) with optical coding. The proposed technique is based
on the use of generalized Fourier optics, in which optical radiation transformations are described in terms
of the spectrum of spatial frequencies. The convenience of using Fourier-optics methods for solving the
posed problem is determined by the fact that they make it possible to operate, including with incoherent
radiation. Specific design formulas for a planar light guide with a light-scattering coating applied are
obtained. The Fourier-optics apparatus allows to develop a rather simple technique for calculating the
characteristics of optical elements intended for use in keypads with optical coding, including those with a
modified surface.

Key words: light scattering, lightguide elements, Fourier optics, stationary phase method, spectrum
of spatial frequencies.

The principle of operation of a keyboard with optical coding based on the use of an optical
contact between a lightguide element and a radiation receiver was proposed in [1, 2, 5, 6, 7], in
which, in particular, a solar photoelectric panel can be used. In the latter case, the keyboards of
the type considered correspond to the concepts of small “green” energy [2, 6].

The design of the lightguiding elements used can be different, including, it is far from
necessary to use elements that are optical fibers in the classical sense of the term, since the
optical signal is transmitted only to a relatively small length (of the order of 10 cm). In
particular, hollow tubes made of transparent polymeric material with a light-scattering coating
applied on them are acceptable as light-guide elements. For this case, the existing calculation
methods are not optimal. It seems advisable to develop a calculation methodology specifically
designed for such cases, that is the purpose of this paper.

Let us start the simplest for the theoretical description from of the case when a flat optical
fiber with a light-scattering coating applied over it. It is assumed that the LED is optically
connected to the light guide, located at the same distance from its flat surfaces.

In terms of Fourier optics [4, 8], it is convenient to model the LED by a point source of
light with a nonuniform radiation pattern, writing its spectrum of spatial frequencies in the
following form

A(a,ﬁ) = AO(a',B) eXp(ik[axo + :ByO +Jl—a?- 3220]), (1)

where (x, yo, Zo) are the coordinates of the given point source;
(a, P) are the direction cosines of the wave vector, i. e.

nk = nk(a, B, +/1—a® = 7). k ==, )

function Ay (a, B) describes the spectrum of the spatial frequencies of the model source, provided
that it is placed at the origin. The sign + in the above formulas corresponds to the fact that a unit
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vector defining the direction of propagation of a plane monochromatic wave runs through a
sphere of unit radius in the space of wave vectors, n is the refractive index.

The spectrum of spatial frequencies is associated with the distribution of the field of
monochromatic radiation created by it on an infinite plane through the Fourier transform

A(a, )~ [, exp(—inklax + By]) U(x,y)dxdy, 3)

where the integration is formally carried out over the entire infinite plane (X, y).
The inverse Fourier transform of (3)

UGt )~ [ 5y explink[ax + By]) A(a, B)dadp, )

shows that from the physical point of view the field of monochromatic radiation is described
through a superposition of plane monochromatic waves that differ from each other in the spatial
orientation of the wave vector.

There is, however, a nuance [8]. When performing the Fourier transform in accordance
with the record (4), the integration is carried out over formally infinite limits, while the values of
the direction cosines are finite. Correct [8, 9] is a transformation written in the following form

U@~ [, A(€) exp(inké7) d, (5)

where the integration is over a sphere of unit radius in the space of wave vectors.

For the convenience of the theoretical description, the problem can also be symmetrized by
considering the infinite planes and the light source symmetric with respect to the Ozy plane in
accordance with Figure 1.

Figure 1 — Symmetrization of the task; color is allocated area corresponding to the real
lightguide

Representation (5) also explains the meaning of formula (1), to prove it is sufficient to
rewrite it in the invariant form

A(g) = Ao(g?) exp(inkggr_o’). (6)

To describe LEDs with a relatively smoothly changing radiation pattern, the function A 0
(£ 7) can be considered slowly varying in the sense of using the stationary phase method, the
nature of its use explained below.
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To find the field of a monochromatic wave produced by a monochromatic radiation with a
spectrum of spatial frequencies (6), at an arbitrary point in space, following [8, 9], the stationary
phase method can be applied to the integral (5) [3]. By assumption, the product of a slowly
varying (A_0 (£ 7)) and rapidly oscillating functions is under the integral sign.

The stationary phase method is used for approximate calculation of integrals of the form

S = [, ACx,y) exp(ikf (x,y)) dxdy, (7

containing a large parameter k — oo. With respect to the problem under consideration, this
parameter can indeed be considered large, since all the characteristic geometric dimensions
(including the spatial scale of the variations in the light intensity generated by the LED)
significantly exceed the wavelength of the optical band.

The calculation of the approximate value of an integral of the form (7) is realized [3]
according to the following scheme. The point of the stationary phase (x_0, y_0) is determined
from the conditions

of _ af _
7 0Y) =0, 5°(x,y) =0. (®)

It is assumed that the integral (7) is approximately equal to the expression
Sy = A(xo,¥o) exp(ikf (xo,¥0)) Q, 9)
where
1,
Q = [, exp (k[ furx® + 2fioxy + f2y?]) dxdy, (10)

where the coefficients f ;; are determined through the second derivatives of the function
under the exponential sign at the point of the stationary phase

_ o s _or
fll - 9x2 (xoy § f12 - f21 - f22 - dy? (11)

0) dxy

(x0¥0) , (XOYO).

Physically, the application of the stationary phase method answers the following
considerations. In a neighborhood of the point of the stationary phase, the oscillations of a
function containing a large parameter cease to be fast, since the first term in the expansion of the
function under the exponent sign vanishes. At other points, rapidly oscillating oscillations cancel
each other, so only the neighbourhood of the stationary phase contributes to the integral under
consideration, which allows us to restrict ourselves to the expansion of the function under the
exponent in the Taylor series up to quadratic terms.

The integral (10) is calculated explicitly [3], we have the formula

2mio

S1= k_\/zA(XO:YO) exp(ikf (x0,0)), (12)
where
1L,LA>0,2>0
c=<{-1,A>02<0 (13)

-i,A<0
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A, T are the determinant and the trace of the matrix of the second partial derivatives,
respectively.

To calculate the integral (5), which allows us to find the value of the field at an arbitrary
point of space from the spectrum of spatial frequencies, we transform it into an explicit form
using the stationary phase method, choosing the origin at the point of location of the light source

Ulx,y, z)~ f: Ao(a, B)D(a, B) exp(ink[ax + By +1—a?— ﬁzz]), (14)

1 . . . : :
where D(a, B) = Neeroarcie Jacobian formed during the transition from integration over a

spherical surface in the space of directing vectors to integration along the plane.

The coordinates of the point of the stationary phase are determined from the solution of the
system of equations that are formed by differentiating the function on the right-hand side of
expression (14) under the exponent sign with respect to the variables (a, ).

a

X = imz, (15)
_ B
Y=t =t (16)

Equations (15) and (16) can be solved by squaring them and adding them term by term.
We have

2+ﬁ2
X2+y2 =1—(XT+ﬁ2)ZZ° (17)
from
2
1—((12+32):m. (18)
Substituting (18) into equations (15) and (16), we have
X
aS = ima (19)
_ y
b=t mne (20)
Expressions for the second partial derivatives of the function under consideration have the
form
— 1 a? _ = z(1-p?)
f11 — +Z< '—1—0(2—[22 + m3> - +m35 (21)
T B
fiz=fa = +Z«/%—B23, (22)
— 1 B? _ = z(1-a?)
f22 = +Z< ﬁ—az—ﬁ'z + m3> = +m3 (23)
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From

(1 a?)(1-p?)-a?p? _ z2
M—aZ— 32 T (1-a?2-p2)?’

(24)

On the basis of relation (12), formula (13) can be rewritten in the form

D SIS
U(x,y,z)~A(as, Bs) (a B exp(lnk[asx + By £J1—a? — B? Z]) (25)
where the expressions for the coordinates of points in the stationary phase are given by

expressions (19) and (20). Using formula (24) and the expression for the Jacobian, relation (25)
can be rewritten in the form

UGy, 2)~d (g, i) e “h N exp(ink[asx + By +/1— aZ — p2z]). (26)

Further, it follows from (18) that

J1—(aZ+p2) = \/ﬁ (27)

Using formulas (19) and (20), we finally obtain
U Ao (£,%) = exp(+ik 28
(x,¥,2)~Ag (;,;);exp(_l nr), (28)

where we use the notation r = ./x? + y? + z2.

Passing from the complex amplitudes of the field distribution to the light intensity, we

have
1 x 1 x
oy~ Al (5.7) = 50 (3.2) (29)

On the one hand, formula (29) expresses a well-known and obvious result. The distribution
of the intensity of light produced by a source close to a point source can be characterized through
a directional diagram directly related to the fraction of the energy emitted in the differential
element of the solid angle, respectively, the intensity of light moving along a particular beam
emanating from a point source decreases inversely proportional to the square distance.

The result (29) is important from a different point of view. Namely, it correctly proves that
the spectrum of the spatial radiation frequencies of a light-emitting diode with a smoothly
changing radiation pattern can be obtained directly on the basis of the radiation pattern. In this
case, such a spectrum can be described in terms of an actual function, defining it as

AO(alﬁ)NV Q(aiﬁ): (30)

where the function Q (a, B) describes the directional pattern of the LED in the standard
way.

Knowing the spectrum of the spatial frequencies of the radiator, it is easy to solve the
problem posed.

For clarity, we will use the description in terms of planar Fourier optics [4]. In the plane of
the Oxy source, Figure 1 two branches of the spectrum of spatial frequencies A 0 * + (a, B) and
A 0 " - (0, B) are created, corresponding to two possible general directions of radiation
propagation along the Oz axis. Consider the behavior of an individual component of the branch
of the spectrum A_0 " + (a, P).
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A plane wave originating from the Oxy plane reaches the plane (1), Figure 1, in terms of
planar Fourier optics, this is described through the acquisition of a phase advance in accordance
with the record in which the plus sign should be chosen, and a half the distance between the
boundaries of the flat fiber, Figure 1.

Ao1(a, B) = Af(a, B) exp(inkay/1 — a? — B2). (31)

At the media interface, the plane wave partially comes out of the plane waveguide,
partially reflected. In the event that an additional coating is not applied to the fiber surface, the
transmission and reflection coefficients can be determined directly from the Fresnel formulas. In
the general case, for a reflected wave, we can write

AS-(a, B) = Ry (a, AT (—a, =) exp(—inkay/1 — a? — f2), (32)

where the function R 1,2 (o, B) describes the dependence of the reflection coefficient of
the face (1) or (2) on the angle of incidence.

The minus signs appear in this formula, since the reflected wave propagates in the opposite
direction and refers to another branch of the spectrum. Repeating the procedure for the face (2),
we can write an expression for the radiation spectrum formed as a result of a single reflection
from each of the optical fiber faces in the Oxy

A-ll-((l, ﬁ) = R((Z, ﬁ) Ag(ar ﬂ) exp(ink(4a)\, 1- aZ - 32)7 (33)
where R(a,B) = R, (a, B)R,(a, B).

By proceeding further by induction, one can obtain expressions for the spectra of spatial
frequencies formed upon reflection from both faces on the mth passage

A (e, B) = R™(a, B) A (a, B) exp(ink(4ma)y/1 — a® — B2). (34)

The cumulative spectrum of the spatial frequencies of the radiation produced by the
positive branch of the original spectrum on the Oxy plane is formally given by the formula

A%, B) = Tioeo R™ (@, B) A§ (@, B) exp(ink (4ma)y/T— aZ — 7). (35)

It can also be seen that the spectrum of radiation generated on each successive pass is a
spectrum different from the original phase factor

(a, B) = exp(ink(4ma){/1 — a2 — B2), (36)

and the amplitude factor R™(a, B).

The phase shift described by formula (36) acquires a spectrum of a source that has the
same characteristics as the original, provided that it is shifted by a distance (-4ma) along the Oz
axis. In other words, the aggregate spectrum (35) is the spectrum formed by a set of point
sources, each of which is shifted relative to the original by a distance (-4ma) along the Oz axis
with a radiation pattern differing from the original multiplier R™(«, 8).

For clarity, this result can be rewritten in the invariant form

A+(§) =¥% 0 Rm(f) A0+(§) exp (ink(4mgd’)). (37)
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Summation of expression (35) using the formula for geometric progression leads, as is
known in Airy's formula, describing multipath interference in a Fabry-Perot interferometer.
However, this technique can be used only insofar as the radiation is coherent. In the case under
consideration, the radiation is not coherent (that is why it was said above that the formula (35) is
a formal result), therefore, it is not the amplitudes, but the intensities of effectively arising
reflected sources, that should be summed. We have

() = Sinog R (220 ) L, (2=m2), (38)

|F—4ama)/ |#—4mal? ma)|

where Qo(§) = [4012(£).

The result (38) allows a transparent physical interpretation: reflection from two mirrors
generates an infinite sequence of reflected sources. However, it should be emphasized that
formula (38) receives justification, including from the point of view of wave optics, for which
the Fourier-optics method was applied.

Expression (38) is obtained for the positive branch of the spectrum of spatial frequencies.
The contribution to the intensity distribution created by the negative branch can be obtained in a
similar way.

Conclusion

Thus the Fourier-optics apparatus makes it possible to develop a rather simple technique
for calculating the characteristics of optical elements intended for use in keypads with optical
coding, including those with a modified surface. It is significant that this technique also allows
generalization to the description of elements with more complex geometry, because the
generalized Fourier optics was originally developed as a means of describing the interaction of
optical radiation with optical elements of complex shape.
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®YPBE-OIITUKA HEI'IBIHAEI'T ZKAPBIKZKOJIABIK SJIEMEHTTEPITH
CUITATTAMAJIAPBIH ECENITEY 9JICTEPI

C. T. Baiinak6aesa', H. J. Cy:ieiivenos'

1 o .
Anmartel OHCPICTUKA JKOHC OalinaHbIC YHUBCPCUTCTI, Anmarsl K., KaBaKCTaH

AHnoamna. Makanaja >KapbIKTapaTKBIIITICH KaNTaFaH KapbIKKOJ SJIEMEHTTEPIHIH CUTIATTaMaChIH
€CeNTEHTIH JKaHa OJICTeME YChIHbUIFaH. MyHJAl ONTHUKAJBIK JIEMEHT TYpJepl ONTHKAJIBIK KOITAY
HET13IH/er1 aKmapaT €Hri3y JKyHeciHiH aiMarbiHJa KoJJaHbLIalbl. JKapbIKKONIBIK 3JIEMEHTTEPIIH
CUIaTTaMalapblH ecenTey oJicTepi anmbutanFaH @Dypbe-ONTHKAHBl KEHICTIKTIK JKHUTK CHEKTpi
TEPMHHIHJIC CHUNATTAUTBIH ONTHKAIBIK COyJeJeHy TpaHcopmanmsiiay alMarbiHIa HEri3eyre
OarbiTTanFaH. Dypbe-onTUKa OMICTEPiHIH KOWBLUIFAH IIAPTTAPBIHBIH KOJAWIBIFEI KOTEPEHTTI eMec
coyJenep/i 3epTTey Ke3iHae KoygaHyFa OOJIaThIHIBIFBI epeKieneHe . KaphlKTapaTKpIIIIeH KalTalFaH
TUTAHAPITBI JKAPBIKKOJIFA apHAIIFaH HAKTHI ecernremMelep Gpopmyranapsl Tabburad. Makaiaaa KepceTiireH
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armapaT ONTHKAJBIK JJIEMEHTTEPIAIH CUIIATTAMAChIH €CENTEY/I1H KapanaibiM 9/IiCIH )KETLIAIpyre oKeeIl,
SIFHU OTNTHKAJIBIK KOJTAY HEri3iHAer] epHeTaKTaaap MeH MOAU(UKAIMsIIaHFaH OeTTepre apHaiFaH.

Kinmmix ce30ep.: XapbIKIIAIly, JXapbIKKOIJBIK 3JieMeHT, Dypbe-onTuka, craioHapibl (asza
omici, KEHICTIKTIK YKUUTIKTEP CITEKTPI.

PABPABOTKA METOJAUKHU PACUETA XAPAKTEPUCTUK CBETOBO/HbBIX
SJIEMEHTOB JJIs1 HA OCHOBE ®YPBLE-OIITUKHN

C. T. Baiinax6aesa', . J. Cyxeiivenon'

1 o
AnmatuHCKuH YHUBEPCUTCT SOHEPTCTUKU U CBA3HU, I'. AJ'IMaTLI, Kazaxcran

Annomayusa. B cratbe 1aHa HOBas METOAMKA pacdyeTa XapaKTEePUCTHK CBETOBOJHBIX 3JIEMEHTOB,
001aJaroIMX JONOJIHUTEIBHBIM CBETOPACCEUBAIOIINM MTOKPhITHEM. O0IaCThI0 MPUMEHEHHS TAKOTO poJa
ONTHUYECKUX 3JIEMEHTOB SIBJISIIOTCS CHUCTEMBI BBOAA HMH(OPMALUU C ONTHYECKOH KOAMPOBKOH. Pacuer
XapaKTEPUCTUK CBETOBOJAHBIX 3JIEMEHTOB OCHOBBIBA€TCS Ha MCIIOJIb30BaHUM 00001IeHHOH Dypbe-
ONTUKH, B paMKax KOTOPOH TpaHchOpMalMU ONTHYECKOTO M3IYUYCHHUS] OIMUCHIBAIOTCA B TEPMHHAX
CHEKTpa MPOCTPAHCTBEHHBIX YaCTOT. Y JOOCTBO MPUMEHEHHsI BBILIEC YIOMSHYTBHIX METOJIOB JJISl PELICHUS
MOCTABJICHHOM 3ajjauM OIpeneisieTcs TeM, YTO OHHM I03BOJISIIOT ONEPHpPOBAaTh C HEKOTEPEHTHBIM
nznydeHueM. [lomyueHbl KOHKPETHbIE pacyeTHbe POpMYJIbl AJIS MIIAHAPHOTO CBETOBOJIA C HAHECEHHBIM
CBETOPACCEMBAIOLINM IOKPBITHEM. AINIapaT, IPEACTaBICHHbII B CTaThe, 1aCT BO3MOXKHOCTb pa3padboTaTh
JIOCTAaTOYHO MPOCTYIO METOAMKY pacueTa XapakTePUCTUK ONTHYECKHUX 3JIEMEHTOB, IPEIHA3HAYCHHBIX VIS
HCIIOJIb30BaHMS B KJIIABUATYPax ¢ ONTHYECKON KOAUPOBKOH ¢ MOAM(DULIMPOBAHHON TOBEPXHOCTBHIO.

Knwowuesvie cnoea: cBeropaccesiHuE, CBETOBOAHbBIC 3J€MEHTbI, @Dypbe-ONTHKA, METOX
CTallMOHAPHOM (ha3bl, CIIEKTP MPOCTPAHCTBEHHBIX YACTOT.
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TEJIEKOMMYHHUKAILIUHU H CBA3b

MPHTH 49.33.29

9. M. .JIe1um1c1<zm1

1 .
AJIMATUHCKUN YHUBEPCUTET YHEPTETUKU U CBsI3H, T. AnmaTtsl, Kazaxcran

PETPOCHEKTABHBIN AHAJIN3 ®PAKTHUYECKOI'O YNCJIA 3A5IBOK HA
YCIHYI'M TEJJEKOMMYHUKALIUU

Annomayusn. YcrientHas AesITeIbHOCTh TEICKOMMYHHUKAITHOHHBIX KOMITAHUN BO MHOTOM 3aBHCHUT
OT OOBEKTHBHOH OIIGHKH CIIpOCAa HAa NPEJOCTaBisieMble YCAyru. B cTarbe mNpemyokeH NOaXoid K
ITPOTHO3MPOBAHUIO YHUCJIA 3aSBOK OT AO0OHEHTOB Ha IOJKIIIOUECHHE K COBPEMCHHBIM BHJAM CBSI3U
BBOJIMMBIX B JKCIDIyaTalldio CTPOCHHH. l37m0)keHa ITOCIenoBaTeIbHOCT ONPENEICHUS IPOrHO3a O
(haKTUYECKOM 4YHCIIC 3aIBOK Ha YCIYTd C UCIOJb30BAHUEM CTATHCTUYECKOW MH(OpMAIUU, COOpaHHOU B
TeUeHHUE TIOyTOpa JIeT padoThl KOMIaHUH. [IpOTrHO3 paccCUMTHIBAICS HAa OCHOBE ITOCTPOCHHUS MOJIEICH
JIMHEMHOM W HeJIMHEeNHON perpeccuu. llepuon ynpexaeHus NporHo3a COCTABWII YEThIPE Mecsua.
PaccunthiBasiach TOUeUHAs U MHTEPBAJbHAS OICHKU MPOTHO3a. J[1s KakIoro Bujua yciayr pa3padoTaHbl
MOJICNIH, OO0ECTICUNBAIOIINEC HAWMOOJBINYI0O TOYHOCTH TIPOTHO3MPOBAaHWA. B KkauecTBe HHCTpyMEHTA
npoBeaeHus uccienoBanus Beiopan naket nporpamm STATISTICA. Pe3ynbTaThl MOAEIHPOBAHKS MOTYT
OBITH TTOJIC3HBI pu yIpaBICHUN JIESATCTLHOCTHIO KOMITaHHH, MIPEIOCTABIISIOIIIX
TENIEKOMMYHUKAIIMOHHBIE YCIIYTH.

Knioueevle cnoea: ycmyru TEIEKOMMYHUKAIMM, MPOTHO3UPOBAHUE, BPEMEHHBIC — PSIbL,
MOJIETTMPOBaHNE, CTATUCTHYECKAss HHPOPMAITHSL.

KnroueBbIM  37IEMEHTOM  CHCTEMBI  CTPATETHMYECKOTO  YIIPABICHUS JIEITCIHHOCTBIO
KOMIIAHMM, NPEIOCTABISAIONIMX YCIYTH, SBISETCS aHald3 W IPOTHO3UPOBAHHME CIIpoca.
[Iporao3upoBaHue AacT BO3MOKHOCTh YCTAHOBUTH OOBEM YCIIYT, KOTOpbIE Moryia OBl OKa3aTh
OopraHu3alus, UCXOs U3 COOCTBEHHBIX BO3MOXKHOCTEHN M Mpeinoaraemoro crpoca [1].

TeaekOMMYHUKAIMOHHBIC KOMIIAHUHU, OKa3bIBAIOIIHME YCIYTH IO IMOIKIIOYCHUIO BHOBb
BBOJMMBIX B DKCIUTYaTaIlHIO YKUJIBIX CTPOCHUH K COBPEMEHHBIM BHJIAM CBSI3H, OTHOCSAT BOIIPOCHI
aHaJIM3a W TPOTHO3MPOBAHMS KOJIMYECTBA MPEIOCTABISIEMBIX YCIYr K YHCITY Ba)KHEHUITUX
3JIEMEHTOB CBOEH JEATEIHLHOCTH.

[Ipy mporHO3UPOBAHUU CIPOCa HA YCIYTH TEIEKOMMYHHUKAIMM MOXKET OBITh NMPUMEHEH
METOJlT PETPOCNEKTUBHOTO aHalM3a 4YHcla (PAKTUYECKH  IMOCTYNMUBIIUX  3asBOK  Ha
MPEAOCTABICHUE YCIYr 3a OMNPENCICHHBIM MEepHUOJ BPEMEHH M ONpelelIiCHHEe OCHOBHBIX
TEHJICHIIUH, MO3BOJISIOIUX OIICHUTh MX KOJMYECTBO B IEPCIEKTHBE. METoIHKa ONpeaeIeHHs
OKHJIAEMOT0 CIIpOCa BKJIIOYAET TAaKWE JTambl, KaKk (HOPMYIHpPOBKA LIETU MPOTHO3ZHUPOBAHUS;
ompeereHre Mepruojia MPOrHO3UPOBAHHUS; pa3paboTKa METOANKN OTPEIEICHUsI TPOrHO3a; cOop
HEOOXOIUMBIX JaHHBIX; BEIYHUCIICHHE MPOTHO3a; KOPPEKTUPOBKA MIPOTHO3A.

WNudopmaiiusg o yucie MmoCTYMUBIIUX 3asSBOK MO3BOJSIET CHOPMUPOBATH BPEMEHHOU PA/I,
COCTOSIIIIMNA M3 TIOCIEI0BATEIIbHOCTH JTaHHBIX, PABHOMEPHO paCIpEACIICHHBIX BO BpeMeHHU. B
OCHOBE TPOTHO3WPOBAHUS YHWCIA 3asBOK HA TOAKIIOYCHHUE JISKHUT TUIMOTE3a, YTO 3HAYEHUE
UCCIIeTyeMOTo MoKa3zarens B OyayIieM 3aBUCUT UCKITIOYUTENHFHO OT €r0 MPOIIJIBIX YPOBHEH, BCe
ocTajbHbIC (PAKTOPHI BIUSHUS HE YIUTHIBAIOTCS.

Ha ocHoBe aHann3a BpeMEHHOTO psiJia BBISIBISIETCS OCHOBHASI TEHICHIIMS pa3BUTUS (TPEHN)
Y TIPOU3BOIUTCS SKCTPATIOIAIUS PSJIa, TO3BOJSIONIAS OMPEIETUTh HCKOMBIM MMPOTHO3.

Jlis  OLIGHKH TOYHOCTHM TMPOTHO3a HCIOJNB3YIOT METOJ CpaBHEHHsI Pe3yJIbTaTOB
MIPOTHO3MPOBAHUS C M3BECTHBIMUA (PAKTUICCKUMU 3HAUYCHUSMHU. OTKIOHCHUE MPOTHO3UPYEMBIX
3HaUeHUH OT (PAaKTHUECKUX TO3BOJISET BBIUMCIHTH OMHMOKY MporHosupoBanus. Eciu ommOka
MPOTHO3a BBIXOJUT 3a Tpeesibl TpeOyeMoil TOYHOCTH, TO OCYIIECTBISETCS KOPPEKTHPOBKA
MPOTHO3a, COCTOSAIIAs B OIEHKE JOCTOBEPHOCTH WCXOAHBIX JIaHHBIX, IOAOOpE Jpyroi
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anreOpandyeckoi (yHKIMU ONMUCAHUS OCHOBHOW TEHICHIMU PA3BUTHUS WM XKe IPYroro MeTonaa
IIPOrHO3UPOBAHU, U IIPOrHO3 IIEPECMATPUBACTCSL.

B Hacrosimiell crarbe mokazaHa BO3MOXKHOCTb INPUMEHEHMs IMPEAJaraéMoll METOIUKU
IIPOTHO3MPOBAHUSl ~ 4YHMcla  3agBOK  HA  IPENOCTaBIEHHWE  yCIyr B OJHOM U3
TEJICKOMMYHUKAIMOHHBIX KOMIIAHUH T. AJIMaThI.

I'maBHast 3ajjaya KOMIIAHUU 3aKJII0OYaeTCsl B 00ecreueHMH abOHEHTOB BCEM KOMIUIEKCOM
COBPEMEHHBIX YCIYI TEJIEKOMMYHMKAIIUH, B COCTAaB KOTOPOTO BXOIAT YCIHyrd TenedoHHH,
nepelay JaHHBIX, TEIEBUICHMS, BBICOKOCKOPOCTHOrO nocrtyna B Murteprer. Ilomumo storo,
KOMITAaHUEHN OCYILECTBIISETCS ONEPaTOPCKask AESATEIBHOCTh MO OKA3aHUIO YCIYT CBA3H, BEAYTCS
CTPOUTENILHO-MOHTAXHBIE U IPOEKTHBIE paOOTHI B 00JIACTH TEIEKOMMYHHKAIIUH.

Anpobarusi METOJMKHU MTPOTHO3UPOBAHMS TIPOBOJMIIACH HA 0a3e cOOpPAHHON CTAaTUCTUKH O
YHUCIIe 3asBOK 10 KaXKJI0MY BUlY YCIYT [2].

[Tokaxkem, kakuM 00pa3oM pemraercs mpodiemMa MPOrHO3WPOBAHMS Ha MpPUMEpPE YCIYTH
MOJIKIIIOYEHUSI a0OHEHTOB K MHTepakTuBHOMY TeneBuieHuto ID TV. INoxkmowas sty ycuyry,
abOHEHT noJtyyaeT ocTyn K 60 CyTHUKOBBIM U 3(UPHBIM KaHajgaM LHHU(POBOTo TENEBUAECHUS C
¢opmarom Bbicokoro pazpemenus HDTV u  Moxer ucnonb30BaTh HMHTEPAKTUBHBIE
Bo3MOxHOCTH [P-TeneBunenus. K npumepy, nosBiasieTcss BO3MOKHOCTh IPOCMOTpPa (pUIIbMA WK
nepeaayu yxe mnocie 3(pupHOro nokasa, 3akasza (puibMa U3 BUACOTEKH 110 XKeJlaHUio aboHeHTa. B
HACTOSAILMI MOMEHT 3Ta yClIyra UMEET BECbMa BBICOKUI CIIPOC CPEIH HACEIICHHUS.

B aboHeHTCKOM OT/eNe KOMIAHUN aKKyMYJIHUPYETCsi HH(POPMAIHS O YHCIE TTOCTYIHBIINX
3asiBOK OT aboHEeHTOB Ha mojkitodeHre K ID TV 3a kaxapiii Mmecsi. llenmpio wmccnemoBanus
SBJIICTCS pacueT OKUAAaeMOro yucia 3asiBOK Ha 1-3 mpeacrosimx Mecsia padoThl KOMIAHUHU,
KOTOPBII 1aCT BO3MOKHOCTD 3a01aroBpEMEHHO MOATOTOBUTH HEOOXOMMBIE TIPOU3BOICTBEHHBIC
pecypcesl.

Jlns aHanu3a ObLIM B3ATHI JaHHBIE O (DAKTUYECKOM YHCIIE 3asBOK IO MECSIAM B TEUEHHE
1oJIyropa Jier. J[BeHaauaTh 3HAYEHWH, MOJY4YEHHBIX B TEYEHHE I0Ja, MCIOJIb30BAIUCH IS
MIOCTPOEHMSI MOJIENIe MPOTHO3UPOBAHUS, a OCTAJIbHBIE IIECThb - JUISI CPaBHEHMs PE3yJIbTaTOB
IOPOTHO3UPOBaHUA € (AKTUYECKUMHU 3HAUEHUSAMHM. AHAIW3 JUHAMUKUA HUCCIIEAyeMOro
BPEMEHHOI'O psifia, MIPUBEJEHHOIO Ha PUCYHKE |, NMO3BOJIMI BBIIBUTH TEHACHIMIO POCTA 4HCIIa
3as1BOK K KOHILYy HCCIIEyEeMOro Iepruoa.

Line Plot of Y
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Ha ocHoBaHuM (akTHUECKUX IAHHBIX O YHCJE 3asBOK IOCTPOEHBI CIEIYIOLINE MOJACIH
perpeccuu [3, 4]:
1) Monens TnHENHON perpeccun BUaa

Y, =1092+7,44-1,

r7ie t — TOPSIKOBBIA HOMEP MecsIIa,

Y, — KOJIM4YEeCTBO 3asBOK B t-OM MecsIIE.
2) Mopenbs HEIMHEWHOW perpeccuu B BUAE MOJTMHOMUAIBHON (yHKIUH (mapadomnsl II-ro
TOPSIIKA)
Y =27+0,56-t—0,53-1".
3) Mozenbs HEMMHEWHOW perpeccuy B BUE JIOTapuPpMHUIecKOr HyHKIIHU

Y, =6,99+72,36-10g10-1.

4) Mojens HEMUHEWHOM PerpeccHy B BUE SKCIIOHEHIINATFHON (QYHKINU

Y, =23,04- ™.

I'paduk MCXOAHOTO BPEMEHHOTO PsAJa U MOCTPOCHHBIC MOJICNIN PETPECCHU TPHBECHBI Ha
pUCYHKaX 2-6.

Line Plot of Y
Spreadsheetd sta 2v=12cC
Y =10,9242+7 4476%X
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Pucynok 2 — Mojienb TuHENHON perpeccun 4ucia 3asBoK Ha nojxkiaoueHue k ID TV
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Line Plot of ¥
Spreadshests.sta 2v*12c
Y = 27+0,5579*x+0,53*x"2
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Pucynok 3 — Mopenb HETMHEMHON perpeccuu 4uciia 3asBoK Ha noakitoueHue k ID TV B Bune
napa6o:sl [I-ro mopsiaka

Line Plot of Y
Spreadsheets. sta 2v*12c
Y = 6,9888+72 3629*1l0g10(x)
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Pucynok 4 — Mogenb HETMHEHHON pErpeccuu yucia 3asiBok Ha nojakiatodenue k [ID TV B Buae
norapupmMuUecKoi GpyHKIUH
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Line Plot of Y
Spreadsheet5._sta 2v*12c
Y = 23,0441%exp(0,1259%x)
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Pucynok 5 — Mogenb HENMMHENHON perpeccuu yucia 3asiBok Ha nojakiatoueHue k [ID TV B Buae
SKCIIOHEHIMATBbHON (PYHKINU

Cratuctuyeckas 3HAYMMOCTh pa3pabOTaHHBIX MOJENed M HX [apamMeTpoB OblLia
MOTBEP:K/IEHA HAa OCHOBE HcIosb3oBaHus F-kpurepust @umiepa u t-cratTuctiuku CThIOJIEHTa, YTO
O3HAYaeT, YTO MOJEIU MOTYT OBITh HCIOJB30BAHBI JUIS MPOTOHO3UPOBAHUS M TMPHUHITHS
YIIPABJICHYECKUX PELICHUM.

[Io momydyeHHBIM MoOJeNsAM OBLT paccuMTaH TOYEHHBIH M HWHTEpBaIbHBIN (¢ 95%
JIOBEPUTEIILHON BEPOSATHOCTHIO) MPOTHO3 YMCJA 3a8BOK HA IMOJKIIOUEHUE K MHTEPAKTUBHOMY
TEJIEBUJICHUIO Ha SIHBApb-UIOHb clieayromiero roja [S]. [IporHo3Hbie OLIEHKHM Ha Mail U UIOHb
MOKa3aJIi CYIIECTBEHHOE OKJIIOHEHHE OT MMEIOIMUXCS (PaKTHUECKUX 3HAYEHUH, T0ITOMY ObLTH
UCKIIIOYEHBbl M3 JanbHedmero aHamuza. [lo dakty B sHBape noctymuino 102 3asBku Ha
noakmtoueHne k ID TV, mporHo3 mo moxaenu nuHEHOW perpeccun coctaBmwi 108, 1o
MOJIMHOMHANILHON Mojenu - 124, mo norapudmuueckoit - 87 U mo sKkcrmoHeHIHanbHOU -105
3asIBOK.

Jlyymnii TpOrHO3 HA OJWH IIAr BIEpEed IO BBIOOPOUHBIM JaHHBIM OBLI TOJYYEeH C
MCIIOJIb30BAHUEM MOJIEIM HEJTUHEHHON perpeccuu B BUJE SKCIOHEHIMAIBbHON (yHKIMH. OlieHKa
TOYHOCTH TIPOrHO3a OblIa BBIOJHEHA B pPE3YylbTaTe COINOCTABICHHUS CcpenHell OomuoKu
AIpPOKCUMAIINH, PACCYUTAHHOM ISl BCEX PACCMOTPEHHBIX MOJEJIEH IIPU MTPOTHO3UPOBAHUN Ha 4
mara (Mecsaua) Breped. MUHMMaidbHAs BeJIWYMHA OLIMOKM NpPOTHO3a ObUIa JOCTUTHYTA HpU
WCIIONB30BaHUHM MOJIENN JIMHEWHOU perpeccun (2,7%). [Ipu mporHo3upoBaHWHM MO MOJCIHA B
BUJI€ SKCTIOHEHIMANBbHOM (QyHKIMK ommOKa coctaBuia 6,6%, M0 OCTaIbHBIM MOJIEISAM CPEIHSS
ommnoOKa anpokcuManuu npesbicuia 20%.

AHaOru4HbIM 00pa3oM ObUIM MOCTPOEHBI MOJIENIM U PACCYMTAH MPOTHO3 YHCia 3asBOK Ha
MIPEIOCTABIIEHUE PsJia APYTUX TEIEKOMMYHUKALIMOHHBIX YCIIYT.
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3aK/I0ueHue

BbimonHeHHBI  PEeTPOCHEKTUBHBIM ~ aHamu3  (AKTUYECKOTO  YMClia  3aiBOK  Ha
MPEAOCTABICHUE KOMMAHUEH pPa3Ju4HbIX BHJIOB TEIEKOMMYHMKAMOHHBIX YCIYr JAall
BO3MOXXHOCTb PaccuMTaTh IPOrHO3ZHBIE OLIEHKHM CIPOCa Ha YCIyrd B IPEICTOSLINE MECSIBI HA
OCHOBE BBIOOpA JyUIlell perpecCHOHHONW Mozenu. JJis yCIyru «IoAKIIYeHUEe K TeneOoHHON
ceTr» HamOoJee TOYHBIA MPOTHO3 OBLI TOMYy4YeH NPH HCIONH30BAHUHM MOJEIH JIMHEHHOU
perpeccum, Uil yCIyTH «HOJAKIIYEHUE K ceTH VHTepHeT» - MO HETUHEHHON perpeccun B
Buje sorapudmuyeckoit QyHKIUH, AT YCIYTH «IIEPEKIIOYCHHE CYIIECTBYIOIUX a0OHEHTOB
mupokonojocHoro goctynma ADSL nHa TtexHomoruto GPON» nydmme pesynbTarsl ObUIH
MOJTyYeHbI C MCIONB30BAaHMEM MOJIENM B BHJE Mapaboyibl BTOPOTO MOpPsAKA, I YCIYTH
«noakmouenue k ID TVy Hannyumel okazanach MOJI€Ib JIMHEHHON PErpeccu.

Perynsipubiii pacyeT MpOrHO3HBIX OLIEHOK MO MpeIaraéMbIM MOJENSIM, MPOU3BOIUMBII
ONEPATUBHO Y HEMPEPHIBHO MPHU MOCTYIUIEHUHU CBEXHMX JAHHBIX O YHMCIIE MOCTYMAKOIINX 3asBOK,
MO3BOJIUT TEJIIEKOMMYHHMKAI[MOHHOM KOMIIAaHWM TOBBICUTH YPOBEHb YIPABIEHUS CBOEH
JEeSATEIbHOCTBIO, YIYUIINTh KA4eCTBO MPEAOCTABIISIEMBIX YCIIYT.
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TEJIEKOMMYHUKAIUA KbI3BMETTEPI OTIHIMJIEPIHIH HAKTbI CAHBIHA
PETPOCIHHEKTHUBTI TAJIJIAY

9. M. Jlemuuckas'

' AJMaTBI SHepreTHKa sKoHe GailaHbIc yHHBEpCHTETI, AMathl K., Kasakcran

Anoamna. TeneKOMMYHHUKAITUSUTBIK KOMITAHFSUIAPABIH TaOBICTHI KBI3METI KoOiHece KOPCETUICTIH
KBI3METKE CYPAHBICTHI OOBEKTHBTI Oaramayra OailaHBICTBHI. byn Makanmaga TaiiganaHyFa €HTI3UICTiH
KYpbUIbICTap aOOHEHTTEpiHEH 3aMaHayu OallaHbIC TypJepiHe KOCBUIyFa OTIHIMAEP CaHBbIH Kazipri
3aMaHFBl O0JDKay TOCUTl YCHIHBUFAH. KoMmaHWSHBIH Oip *KapbIM JKbII JKYMBICH Ke31HAC XKUHAKTaJIFaH
KbI3METKE OTIHIMEPIiH HAaKThl CAHbl TYPajbl CTATUCTHKAJIBIK AKIIApaTThI MaiiianaHa OThIPHII, OOJKAM/IbI
aHbIKTay Oipi3ainiri OasnaanraH. BoskaM CBI3BIKTBIK JKOHE CBHI3BIKTBIK €MEC perpeccus YirilepiHaeri
KYpBUIBIMAAP HETi3iHJe kacanibl. bommkaMapl eckepTy Ke3eHi TepT aiiibl Kypaabl. bommkaMHbIH HYKTEN
KOHE WHTEpBaJIbl Oaranaybl ecenteli. KpI3METTiH op TYypl YIIiH OOJKay/bIH OapbhIHIa HAKTHUIBIFBIH
KaMTaMmachl3 eTeTiH yirinep o3ipienai. 3eprreyni kyprisy Kkypansl petinne STATISTICA
Oarmapiamanap HakeTi TaHJaibl. YJTiJey HOTHXKeIepl TeNeKOMMYHUKAMSIIBIK KbI3METTEp YCHIHATHIH
KOMIaHMIap KBI3METIH 0acKapy Ke3iH/e mai1ansl 00Tyl MYMKiH.

Kinmmik ce30ep: TeleKOMMYHHKAITUS KBI3METTEpi, OODKay, yaKpITIIa Karapiap, MOICTBLACY,
CTaTUCTHUKAJIBIK aKnapar.

RETROSPECTIVE ANALYSIS OF ACTUAL NUMBER OF REQUESTS ON SERVICES OF
TELECOMMUNICATIONS

E. Lechshinskaya'

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

Abstract. Successful activity of telecommunication companies in a great deal depends on the
objective estimation of demand on the given services. This article presents a modern way of predicting
the number of applications for connection to modern types of communication from existing subscribers.
The sequence of predictive definitions using the statistical information about the actual number of
applications for the accumulated service during the one and a half years of the company is outlined. The
forecast was based on the structures in the linear and nonlinear regression models. Estimated warning
period was four months. The point and interval estimates of the forecast are calculated. Designs that
provide maximum predictability for each type of service have been developed. The STATISTICA
package has been selected as a tool for research. Modeling results can be useful in managing
telecommunication services.

Key words: services of telecommunications, forecasting, time series, modeling, statistical
information.
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HHHOBAILIUHU B BBICLLIEM OBPA3OBAHHMU.

MPHTU 14.35.07

3. A. Cepukos', M. M. ApuminnoB'

1 .
ATMaTUHCKUI YHUBEPCUTET SHEPTETUKH U CBsI3H, I'. AnMaTsl, Kazaxcran

HOBBI ITOJYPOBEHBb IMOCJECPEIHEI'O NPO®PECCHUOHAJIBHOI'O
OBPA3OBAHMS: IPUKJIATHOU BAKAJIABPUAT

Annomayua. B cratbe paccMaTpHBarOTCs OCOOCHHOCTH TNPHUKIIAJHOrO OakalaBprata — HOBOTO
YPOBHS OCJIECPETHET0 00pa30BaHNUs, €0 Ha3HAYEHUE 1 B3aUMOACHCTBHE C JPYTUMH 00pa30BaTeIbHBIMU
YPOBHSMH NPO(HECCHOHATIBHOTO 00pa30BaHMsL.

[IpuknanHoii 6akanaBpuar Npu3BaH 0OBEINHUTE B ce0E JOCTOMHCTBA CpeHEH MPpoQecCHOHaAIBHON
W BBICIICH IIKOJBI, MEPEHUMAas TOJBKO Haubojee BakKHbIE (OPMBI TEOPETUUECKOM M NPaKTHYECKOH
nmoarotoBKr. OCHOBHOI 11eNbI0 MPUKIIaIHOTO OakagaBpraTa sSBJISETCS MOArOTOBKA KBATH(DUIIMPOBAHHBIX
pabounx KaapoB, OOJAJAIOMMX OONBIINM OOBEMOM TEOPETHYECKHX 3HAaHWH, YeM BBITYCKHUKU
Kouemkel. B ornmume oT GakanaBpoOB BBITYCKHUKM TNPHUKIAJHOTO OakalaBpHaTa SBISIOTCS Y3KUMHU
CHEMAIMUCTaMH 110 KOHKPETHOM CrennaibHOCTH (mpodeccun) s onpeaeneHHoN chepsl e TeTbHOCTH.
[To ypoBHIO (hyHIaMeHTaIBbHON (aKaJeMHYeCKO) MOJITOTOBKH M 0XBATy 00JIacTeil 3HAHUH OHM yCTYIAIOT
OakayaBpaM M MOTYT XapaKTepHU30BaThCS KaK CHELUAIUCTBI C HAYaJbHBIM BBICIIUM 00pa3zoBaHUEM (IO
TEPMUHOJIOTUN 3alaJHBIX CHUCTEM OOpa30BaHUS: MIIAALIME CHEHUAINCTBI C aKaIeMHUYECKOM CTEeNeHbIO
«accorar»).

Knwouesvie cnosa: ypoBHU Npo(decCHOHATBHOM MHOATOTOBKH CHEIHMAINUCTOB, KJIACCHYECKHH U
NpUKIagHONW OakalaBpuaT, axKaJeMHUuYecKas CTENeHb accoluara, oOpa3oBaTeNbHBIE MPOrPaMMBI
Pa3IMYHBIX YPOBHEH MPOoeCcCHOHATEHOTO 00pa30BaHMS.

K cucreme npodeccuonansuoro obpazoBanus Kazaxcrtana OTHOCSTCS MOCIEIOBATEIBHO
peanu3yemblie 00pa3oBaTeIbHbIC YPOBHHU:

1) Texanueckoe u npodeccruonansHoe oopazosanue (TullO);

2) nmocnecpenuee oopazoanue (I1CO);

3) Beiciiee oOpazoBanue (BO);

4) nmocneBy3oBckoe oopazoanue (ITBO).

Y4eOHble mporpamMmbl MPOPECCHOHATHHOIO 00pa30BaHUs HAMpaBJICHbl HA MOATOTOBKY
CHEIHATUCTOB TEXHUYECKOT0, OOCTYXHBAIOUIETO U YIPaBIEHYECKOTO TpyAa B OTpacisux
SKOHOMUKH, TOCIIEIOBATEIHLHOE MOBBIIIEHHE MPO(ECCHOHATBFHOTO M 00IIe00pa30BaATETHLHOTO
YPOBHS JINYHOCTH.

Ha mepBoM ypoBHE BeneTcs MOATOTOBKA KBaJM(UIMPOBAHHBIX PabOYMX MO OCHOBHBIM
HalpaBJIeHUsSM  TPO(PECCHOHATBHONW  JNEITENIBHOCTH, TO  €CTh MO0  NPOQECcCHsIM.
[IponomKUTENBHOCTE O0y4YeHUsT B OpraHU3alMsIX TEXHUYECKOro H Npo(ecCHOHaTBLHOTO
o0pa3oBaHMsI COCTABISET OT ABYX (Ha 0a3e o0IIero cpeaHero oOpa3oBaHus) 10 YEeThIpeX JeT (Ha
0a3e OCHOBHOT'O CpEIHEr0 00pa3oBaHus).

Ha ypoBHe mocnecpenHero o0pa3oBaHMs B KOJJIEAXKaX BEIETCS  MOJrOTOBKA
HETIOCPEICTBEHHBIX OPTraHMU3aTOPOB M PYKOBOJUTENECH MEPBUYHBIX 3BEHHEB HA MPOU3BOJICTBE,
MTOMOIIIHUKOB CIIEIIMAIUCTOB BhICIIEH KBanmupukanuu. [loAroroBka crnenuaavcToB CpPeIHEro
3BEHa B KOJUIEKAaX BEAETCS CTPOIO MO CIEHUATbHOCTSM.

B cucremax TullO u IICO B COOTBETCTBMHM ¢ OOJBIIUM MHOT000pa3ueM
MIPOM3BOJICTBEHHBIX JIOJDKHOCTEH CHEIMAIMCTOB W BBITOTHSEMBIX UMH (DYHKIMHA peau3yeTcst
00JIBIIIOE KOJIMYECTBO 00pa30BaTENbHBIX MPOrpaMM, IMCIUIITUHBI TPOTPAMM B OCHOBHOM HOCSIT
npaktuueckuii xapakrep. IIpuuem 50% BpemeHH 00pa3oBaTeNbHOrO MpoOIEcca OTBOAUTCS Ha
MPOM3BOJCTBEHHOE OOyYeHHEe B paMKaX M3Y4YaeMbIX CHCIUANBHBIX JUCHUIUIMH ¢ Ha
MIPOM3BOJICTBEHHYIO MIPAKTUKY HETIOCPEACTBEHHO Yy 3aKa3uMKa KajapoB. B pe3ynbrare o0yueHus
oOy4aronuiics mpuoOpeTaeT KBaTM(PHUKAILIUIO TI0 ONpeaesIieHHON Tpodeccu.
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Ha ypoBHSX BBICIIETO M IOCIEBY30BCKOTO 00pa3oBaHusi BelneTcs NpodeccroHaIbHAas
MOJrOTOBKA CHELMATUCTOB C BBICIIMM OOpa30BaHMEM C MPHUCYXKICHUEM aKaJeMUYECKUX
cTeneHeil «OakanmaBp» (B OakanaBpuare), «Maructp» (B Marucrparype) u «aokropa PhD» (B
JIOKTOPAHTYPE).

K ocobeHHOCTSIM ypOBHEW BBICIIErO M TOCIEBY30BCKOTO OOpa3OBaHMsS CIEAYET OTHECTH
TO, YTO HX OOpa3oBaTelbHBIE MPOrpaMMBbl IPEAYCMATPUBAIOT HAYUYHYIO U TEOPETHUYECKYIO
MOJTOTOBKY B BEIOpaHHOM HampaBieHUU. [I0AroToBKa K MpaKTHYECKOH NeATeNTbHOCTH TPU 3TOM
OTCYTCTBYET, TaK KaK MPEeIoJiaraeTcs, YT0 OCHOBHBIE HABBIKU BBIMTYCKHUK OY/IET MOIy4aTh yxKe
Ha pabore. Ha paHHOM ypoBHE TOJArOTOBKA HE IMpelycMaTpUBaeT €€ TMPHUBSI3KH K
ONpeeNIEHHOMY 3aKa3uMKy WJIM TEXHOJOTHYECKOMY MpOU3BOJACTBY. Jlns paboTel Ha
KOHKPETHOM pabodyeM MecTe U B ONpPEJeNeHHON JIOMKHOCTH BBIMTYCKHHMK KIACCHUYECKOTO
OaxanaBpuaTa JI0JDKEH MPONTH JOMOIHUTEIbHOE 00yUeHUE U CTaXXKUPOBKY.

Takum oOpa3oM, 00pa3zoBaTeIbHbIE MPOrPAMMBI ITOCIECPETHETO U BBICIIETO 00pa30BaHUS
(a cmegoBaTeabHO, KOMIIETEHIIUU BBITYCKHUKOB 3THX YPOBHEH) CYIIECTBEHHO OTIUYAIOTCS APYT
OT Jpyra B paMKax OJHOI'O HalpaBjeHUs (CIEeLUaIbHOCTH).

C nenpro cOmmxeHUs: 3THX oOpazoBarenbHBIX ypoBHeH B 2018 romy B Kaszaxcrane Obu1
BBEJICH JIOTIOJHHUTENBHBIA TOJAYpPOBEHb IOCIECPENHEro o0pa3oBaHUs — MPUKIAIHOU
OakanaBpuar.

1 Ha3zHa4yeHue MPUKJIAIHOIO DaKkajaBpuaTa

[TpuknangHoit OakanaBpuaT MpPHU3BAH YCTPAHUTh COLMAIBHBIA  pa3pblB, KOTOPBIH
o0pa3oBayicss MEXIy BOCTPEOOBAHHOCTHIO pabouux Mpodeccrii U MOBBIIEHHBIM COIUATBHBIM
CTaTycOM BBIITYCKHHKOB BBICIIMX Y4Y€OHBIX yupexaeHuil. OCHOBHON LENbI0 MPHUKIATHOIO
OakanmaBpuaTa SBISETCS IMOJIrOTOBKA KBAJU(PHIMPOBAHHBIX PabOYMX KaapoB (CIEHUAIHCTOB-
IOPaKTUKOB), MMEIOLUIMX HadaJlbHOE BhICHIEe OOpa3zoBaHHE. OTO NPHUOIMKAET YPOBEHb
nocjecpeHero o0pa3oBaHusl K YPOBHIO BBICILIETO, XOTs MPUKIAAHON OakanaBpuaT U OCTaeTcs
IOTyPOBHEM IOCIIECPEIHETr0 00pa30BaHusl.

CeronHsi npodeccuu CTajld ropaszio CIOXKHEe U TPeOYIOT 3HAUUTENbHO 00Jiee BBICOKOTO
ypOBHs KBanudukaiuu. Ecnu paHblie OT CHENUATUCTOB CpEIHEro 3BeHa TpeOOBaINCh
UCKJTIOUUTENIFHO TEXHWYECKHE HAaBBIKM, TO TeHeph JUIi HHUX HEOO0XOJAWMO HaJWuue |
3HAYUTEIbHON TeopeTndeckoil 0a3bl. COBPEMEHHBIM CIEMUATUCT JOJKEH YMETh YIpaBIATh
BBICOKOTEXHOJIOTUYHBIM 000py/I0BaHNEM, pa30UpaThCsl B YEPTEkKaX, yMETh YATATh HHCTPYKIIUU
Ha MHOCTPAHHBIX f3bIKaX W paboTaTh ¢ WH(POPMALMOHHBIMH cucTeMaMu. dakTuyecku, 3TO
JOJDKEH OBITh KBATU(HUIIMPOBAHHBIA CIEIMATNCT CO 3HAHUSMH HWH)XEHEpA W HaBBIKAMH
pabouero.

Komnemxu He nar0T BO3MOXKHOCTM 00€CHEYHUTh MOJrOTOBKY CIELMAIUCTOB TAaKOTO
00I1IeHayYHOTr0 U OOIIETeOPEeTUYECKOrO YPOBHSI KaK BY3bl, @ BBIITYCKHHKH BY30B HE 00JaJatoT
NPaKTHIECKUMHU HaBBIKAMH M 3HAaHUEM PeabHBIX IPOM3BOJICTBEHHBIX POIIECCOB.

[Ipuknagnoit OakanaBpuaT mNpU3BaH OOBEAMHUTH B ce0e JIOCTOMHCTBA CpeaHei
npoecCHOHAaNbHOM W BBICIIEH IIKOJbI, IEpEeHHMas TOJbKO Haubosiee BaxHbIE (OPMBI
TEOPETUYECKOM U NPAKTUYECKOH NOAroToBKUM. B 3TOM ciiyuae BmecTte ¢ 0OOIIeHAay4yHOH
MOJIFOTOBKOM, XapaKTEpHOM MJIsi CUCTEMbI BhICIIEro oOpa3oBaHus, o0ydaroniuiicss mpuoOperaer
HE00XO/IMMbIe 3HAHUSA M NPAKTUYECKUE HABBIKH, KOTOPbIE TPeOYIOTCS Uil Hayayia paboThl 10
CIIENUATLHOCTH 0€3 HEeOOXOAMMOCTH TMPOBEIEHUS KaKOTO-TUOO TOMOJHUTEIHLHOTO OO0Y4YeHUS
WIN CTaKUPOBOK.

Takum oOpa3om, mpukiagHol OakanaBpuaT — Gopma OOydeHHs, OPHCHTHUPOBAHHAS Ha
IPaKTUYECKYI0 MPO(EeCCHOHANBHYIO MOJArOTOBKY KaJpoB (MacTepoB, padOYMX U CIELUAINCTOB)
C HaYaJIbHBIM BBICITM 00pa3oBaHHEM. DTO JODKHO 00ECTIeUYnTh HOBBI Ka4eCTBEHHBIH YPOBEHB
JIeHCTBYIOINIETO NMPO(hecCHOHANBHOr0 00pa30BaHusl.

Peanuzanus naHHOro HampablieHHs OOECIEYMBAETCS COOTBETCTBYIOILIUM COJEpKaHUEM
00pa30BaTEeNbHBIX IPOTPAMM.
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2 OoOpa3oBaTesibHAasi MPOrpamMMa NMPUKJIAAHOT0 0aKajaBpuara

OO6muit o0bemM 00pa3oBaTEIbHONW MPOrpaMMbl MPUKIATHOrO OakajgaBpuara ¢ ydyeToM 3-
JeTHEro cpoka oOyueHust cocraBiusger npumepHo 5000 uacoB. M3 sToro BpeMeHu Ha
TeopeTudeckoe oOyueHue Bblaensiercs He MeHee 3500 yacoB. Ha mpakTuueckyro MOArOTOBKY
npuxogures 23% ot obmero oobsema nporpaMMsl (B OakanaBprare 00beM MPAKTUK COCTABIISET
5,5%). Ecmm e ydecTb, 4TO Ha MOCJIECPEAHEM YPOBHE K IPAKTUYECKOHW IOArOTOBKE
TPAAULIMOHHO OTHOCAT JaOOPAaTOPHO-TPAKTHUECKUE 3aHITHS TI0 CHCLIUCIHUIUINHAM U
JTUTUIOMHOE MTPOSKTUPOBAHKE C UTOTOBOM aTTecTalluel, To 3TOT 00beM Bozpactaet A0 40%.

B ornuume oT 00pa3zoBaTeNbHBIX MOPOrpaMM KOJJIEMKEH MporpaMma MPHKIAIHOTO
OakanaBpuata (Tabnuia 1) BKItOYaeT B ceOsl TUCIMIUIMHBI 00s3aTEIBHOTO KOMITOHEHTA ITUKIIOB
obmeobpaszoBarenbubix (OO/) m 6a3oBeix (BJl) aucrumianH Kiaccuueckoro OakajaBpuarta,
KOTOpbIE GOPMHUPYIOT (DYHIIAMEHTAIBHOCTh M aKaJIEMHYHOCTh TIOJITOTOBKU BBITYCKHUKOB. DTO B
OTIpEeICTICHHONW CTENEeHH COMMKaeT MPOrpamMMbl MOCIECPETHETO M BBICHIETO 00pa30BaTEIbHBIX
YPOBHEW U 00€CIIeYnBaeT X MPEEMCTBEHHOCTb.

Tabnuna 1 — [IpumepHsbIil yueOHBIH M1aH NPUKIAAHOTO OaKalaBpuaTa

O6beM B yacax
NoNo HaumenoBanve UKIOB U TUCIUATIIMH (Bcero/B T.4.
/T MPOU3BOACTBEHHOE
o0ydeHue)
1 [{uxn o6meo6pazoBaTenbHbIX guciuumH (OO/]) 495
1.1 | OGsi3aTeNnbHbII KOMIIOHEHT 405
CopeMeHnHas ucropust Kazaxcrana 135
dunocodus 135
NHpopmalinoHHO-KOMMYHHUKAIIMOHHBIE TEXHOJIOTHH 135
1.2 | KomnoHneHT no Be1OOpy (1-2 AMCHUIIIINHBI) 90
2 [{ukn 6a3oBbix qucruiuivH (bJ) 1890
2.1 | O6s3aTenbHBI KOMITOHEHT 855
[TpodeccuonanbHbIN Ka3axCKuid (PYCCKHiN) sI3bIK 90
[IpodeccrnonanbHO-OpUEHTHPOBAHHBIN HHOCTPAHHBIN A3BIK 90
Maremartuka 270
duszuka 180
Xumust 90
Teopernueckrie OCHOBBI CIIEIUATIBHOCTH 135
2.2 | KomnoneHT no BeiOopy (6-10 nucnumning) 1035
3 CrenuanbHble MOYIU ™ 1260/420
3.1 | Kanuduxanus pabotHuka, padouero (3-4 TuCHUIUINHBL) 540/180
3.2 | KBaninduxanus crnennanicTa NOBbIIIEHHOTO YPOBHS 495/165
kBanuukauu (3-4 TUCUUTITNHBI)
3.3 | Kpanmudukanus cnenuaniucTa cpeHero 3pexna (2-3 225/75
JACIUTLTHBI )
HToro Teopernyeckoro o0y4eHust He MeHee 3645
4 JlonosiHUTENbHBIE BUABI O0yUEHUS 900
B tom uncne npodeccronaibHas MpakTHKa 720
5 Hrtorosas arrecranus 415
5.1 | JlunyioMHOE NpOeKTUpOBaHUE 205
5.2 | TlpomexyTouHas U UTOrOBasl aTTeCcTaIus 210
BCET'O 4960/435
B 1. 4. npakTHyueckas nmoAroToBka (mpopeccuoHagbHas IPaKTHKa U 1155
IIPOU3BOJICTBEHHOE O0yUEHUE)

* MOZIYJTH OCBAaMBAIOTCS MTOCIICIOBATEIIBHO.
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B mporpamme mpukiamHoro OakanaBpuara, Kak H B IPOrpaMMax KJIaCCHYECKOTO
OakanmaBpuarta, Bce oOOIIeHaydHble AUCHUIUIMHBI o00beauHeHsl B mukiasl: OO/ u BJl. Takoe
MOCTPOCHUE TIPOTPAMMBI TTO3BOJISIET CTYJACHTAM MPHUKJIAIHOTO OakalaBpraTa OCBOUTH TaKOW ke
00beM 00s3aTenbHON (DyHIaMEHTAIBHOU (OOIIEHAYYHON M 00IIEeTeOPETHYECKOM) MOATOTOBKH,
YTO U B KJIACCHYECKOM OakaniaBpuare. TeopeTndeckas MOArOTOBKA YCHIIMBACTCS TUCITUTUTHHAMU
U3 KOMITOHEHTEHI 110 BBIOOPY.

OtaenpHBIM OJIOKOM B IpOTrpamMMe MPHUKJIAJHOTO OakajdaBpHUaTa BBIACICHBI JUCIUILTAHBI
npo(ecCHOHANBHON  ClelManu3aii  00y4aeMbIX — CIeNHajbHble MOAYIH TEXHHYECKOTO
oOydeHUssT — TOBTOpAOIINE TpodecCHOHATbHBIE MOIYIW TPOrpaMM  MOCIECPETHETO
00pa3zoBaHMs, peaTu3yeMbIX B KOJUTeKax (Tadiuia 2).

Tabmuma 2 — IlpumepHBId MepeueHb NUCHMIUIMH CHCIHATBHBIX MOIYJEH IO CIEeIHAIBHOCTH
«Temmosneprerrkay (M3 00pa3oBaTENHLHOM MPOTPAMMBI KOJIEKA)

O6beMm
NeNe HaumenoBanve TUCUUIIINH (Bcero/B T.u.
n/n MIPOM3BO/ICTB.
o0yJeHue)
3 CrernuanbHble MOTYIH* 1260/435
3.1 | Keamudukanus «090601 2 — MammmHUCT-00XOTIUK 110 KOTSIHBHOMY 540
000opyIoBaHUION **
OO6cmyKuBaHWE OCHOBHOTO M BCIIOMOTaTEIbHOTO KOTEJIbHOTO 225/60
o0opyIoBaHUs
BrinosiHeHNe peMOHTHBIX pa0OT U BBISIBJICHUE CTENIEHU U3HOCA U 180/60
HEUCIPABHOCTEH, IPUHATHE MEP 110 UX YCTPAHEHUIO
MoHTax, HalaJKa ¥ KOHTPOJIb pexkruMa paboThl KOTEIbHOTO 135/60
o0opyIoBaHUs
3.2 | Keamudpuxanus «090602 2 — MammmHUCT-00X0TIUK 110 TYPOMHHOMY 495
000PYIOBaHUIOY
OO0cmyXuBaHNE OCHOBHOTO M BCIIOMOTATEILHOTO TYPOMHHOTO 180/60
o0opyIoBaHUs
BrisiBnenue HencripaBHOCTeN 000py10BaHUS M aBapUHHBIX 180/60
CUTYyallU, MPUHSITHE MEP 110 UX YCTPAHECHHUIO
MoHTaX U Haja/Ika TypOMHHOTO 000PYAOBaHUS 135/45
3.3 | Kpamudukanus «090603 3 — TeXHHUK-TETUIOIHEPTETHUK 225
Pexxum paboThl TEMI09HEPreTHYeCKOro 000py10BaHus B 135/60
COOTBETCTBHH C 3aJIaHHBIM I'paUKOM HArpy3Ku
TexHonorust peMOHTa, YCTPaHEHUs HENOJIaJ0K B paboTe 90/30
TEIJI0PHEPTeTHYECKOro 000py10BaHuUs

* kB UKAIINA OCBAaUBAIOTCS ITOCIICIOBATEIHHO;
** comepikaHne MOIYJIEH OIpeaesIeTcs MpUCcBanBaeMol KBamnuKaIuei.

OTH cnenyain3alu, M0 aHAJIOTUHU C KOJUIeKaMU, UMEIOT y3KOHAIIPABJIEHHBIN XapaKkTep
JUIST KOHKPETHON CHEIUalIbHOCTH, OMpPEIeIeHHOro pabodero mecra M KOHKPETHOH cdepbl
JeATEIbHOCTH. JIUCIMIUIMHBI CIeNUaIn3aluid HOCAT MPAaKTUUECKUN XapaKTep ¢ HE3HAYUTEIbHOU
JoJiel TeopeTudeckoro marepuana. YacTb o6beMa IUCHUIUIMH CHEelHaTu3aluid BbIACICHA IS
MPOU3BOJICTBEHHOTO OOYYEHHUs M Ha MPAKTUYECKHE 3aHATHs W jabopaTopHbie paboTel. B
pe3yabpTaTe CTYACHT IMOIy4YaeT YETKYI0 KBATHM(PUKAIMIO, XapaKTePHYIO ISl CUCTEMBI CPEIHETO
CIEeNUaIbLHOTO (TIOCIECPEHET0) 00pa30BaHUS.

TakuMm 06pazoM, BO BpeMsi 00yUeHHUs 10 MporpaMme MpUKIaJHOro OakaiaBpuaTa CTYICHT
u3ydaeT Te ke oOs3arenpHble AUCHUIUIMHBL 1uKiIoB OOl m BJl, uto m B KjIaccmyeckom
OakanmaBpuaTe, TO €CThb MOdy4daeT (yHAaMEHTAIbHYIO TOATOTOBKY. lIpodeccronanvhas ke
4acTh MPOrpaMMBI (CIieUaibHbIE MOIYJIH) 00Jiee OPUEHTUPOBAHA HA MPAKTUKY (Tabiuia 3).
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Tabmuma 3 — CpaBHeHnue oOpazoBaTenbHBIX Tporpamm kinaccuueckoro (KBb) m mpuxmamnoro
(ITb) 6axanaBpuaToB

Ne OO61mast Tpy10eMKOCTb, YaChl
/i (BCero/B T. 4. MPOU3BO/I.
HaumeHnoBaHue HUKIIOB U JUCLUIUINH 06yueHme)
Kb I1b
1 [{uxn o6meo6pazoBaTenbHbIX guciuumH (OO/]) 1260 495
1.1 | OOGs3aTeNnbHBI KOMIIOHEHT 945 405
1.2 | KommnoHeHT o BeIOOpY 315 90
2 Huxn 6azoBeix guctuming (b)) 2970 1890
2.1 | Obs3aTeNnbHBII KOMIIOHEHT 900 855
2.2 | KoMnoHeHT 1o BEIOOPY 2070 1035
3 | Huxu npodunupyronux aucuumiul (Kb) u 1575 1260/435
cnenuanbHbix Moaynei (I1b)
3.1 | Obs3aTeNnbHbII KOMIIOHEHT 225 -
3.2 | KomnoHeHT 1o BEIOOPY 1350 1260/435
Htoro Teopernyeckoro o0y4eHus HE MEHee 3645/435
5805
4 | Ilpaktuka 330 720
5 | Urorosas arrecrauus 315 415
Wtoro Ha 00s3aTeIbHOE 00YUEHHE 6450 4780
6 | [pyrue Buasl pabot (hu3BOCIUTAHNUE) 240 180
BCET'O 6690 4960
B T. 4. npakTHyeckas NOAroTOBKa 330 1155
(mpodeccroHanbHasi MpaKTUKA U TPOU3BOJCTBEHHOE
oOydeHue)

N3 tabnuiel 3 BUIHO, YTO MOJIHBIN 00beM aucuuriud uukioB OO/ u BJl B npuknagnom
OakaylaBpuaTe CyIIeCTBEHHO MEHBIIE COOTBETCTBYIOIINX 00BEMOB JUCIUILIAH B KIACCHYECKOM
OakamaBpuate (Ha 1845 wacoB wmm 43,6%). Takas 3HauuTeNnbHas pa3HUIA ITO3BOJSET
YTBEPXKJIaTh, YTO B MPHUKIATHOM OakalaBpuare CTYJIEHT IMojydaeT Oosiee HU3KHUHA YpPOBEHBb
aKaJIeMUYECKOU MOATOTOBKH.

B pesynbrare ocBoeHus o0O0pa30BaTEIBHON MPOTrPaMMBbl  BBIMYCKHUK TPHKJIATHOTO
OakajmaBpuaTa TIPEACTABISIET COOOM CIeNMalucTa ¢ HadalbHBIM (HETOJHBIM) BBICIIUM
00pa3oBaHKMEM 10 Y3KOMY HAINPABIICHUIO C TPAKTUYECKUMH HAaBBIKAMHU B OIPEICIICHHON 00J1acTH
(B CMJy MOATOTOBKH MO KOHKPETHOW CIENHUAILHOCTH JUIsi KOHKPETHOTO pabodyero Mecra u
OTIPE/ICIICHHOTO HAIIPABJICHHS IEITEIILHOCTH ).

3 Kpaiundpukauum W CTeNeHH, NPHCBAaMBaeMble Ha Pa3jIMYHbIX YPOBHAX
npodeccuoHaJIbLHOr0 00pa30BaAHUSA

B mpodeccuonanbHO  OpuMEHTHPOBAaHHOW cucTteMe oOpasoBanust Kazaxcrana B
3aBHCHMOCTH OT COZACpXaHHs 00pa30BaTENIbHBIX MPOTrPAMM BBIMTYCKHUKAM Pa3IUYHbBIX YPOBHEH
MIPUCBANBAIOTCS KBaTU(PUKALIUN U aKaJIeMUYECKUE CTETICHU.

I. YpoBeHb TeXHHMYeCKOr0 U MPO(ecCHOHATIBLHOI0 00pa30BaHUA

[To 3aBepuiennn oOpazoBaTenbHbIX mporpamMm TullO BBITyCKHUKAM TPUCBAUBAIOTCS
npodeccuoHanbHble KBATU(DUKAIIH:

— KBaJM(HUIIMPOBAHHOTO pabOTHHKA, paboydero (paspsa),

— CIeUUalKCcTa IOBBIIIEHHOIO YpPOBHS IpodeccrnoHalbHON KBanupukanuu (Kiacca,
KaTeropum) 1o KOHKPETHOM crennaibHOCTH,

— MJIQJIIUX CIEHUATNCTOB CPEIHETO 3BEHa.

59



Becmnuxk Aamamunckozo ynugepcumema snepeemuxu u ceasu. Ne 2 (41) 2018

II. YposeHns nmociecpeanero 00pa3oBaHusi

B HOBOIl cTpykType oOpaszoBanusi Kazaxcrana (pucyHok 1) mociecpenHuii ypoBEHBb
00pa3zoBaHMs pealn3yeTcsl Kak B TPAJAUIIMOHHON CUCTEME KOJUIeKEN U BBICIIMX Koemkeit (1-
BIif MTOYPOBEHB), TAaK U B HOBOW CHCTEME MPUKIATHBIX OaKalaBpUaTOB, KOTOPbIE PEaTU3yIOT
0oJiee BEICOKUI YPOBEHD MOCIECPEIHEr0 00pa3oBaHus (2-0i MOAYPOBEHB).

B kazaxcranckoii cucteme 00pa3oBaHHUS ~cuUcTeMe OOCYKITAIOTCS  pa3jiHyHbIe
(GOpMyITUPOBKU HAMMEHOBAHUS BRIMTYCKHUKA MMPUKIIAHOTO OaKaiaBpuaTa:

— TIpUKJIAJTHON Oakasasp,

— KBaTH(UIMPOBAHHBIN CHEIIHAIUCT C BBICIIUM 00pa3oBaHUEM,

— pabouwuii ¢ BeIcIIMM 00pa30BaHUEM,

— Y3KHi CIICIUAIHCT C MPAKTUYECKUMHU HaBBIKAMH B OMIPEJICIICHHON 001acTH,

— CHELHAIHUCT CPEIHEro 3BEHA.

C yderom aHanu3a o00pa30BaTENbHBIX MPOrPAMM KIACCHYECKOTO M IPUKIIAJIHOTO
OakanaBpuaToB (pa3gen 2) MOXKHO KOHCTaTHUpPOBaTh, 4YTO BBIMYCKHUK MPUKIATHOTO
OakanaBpuaTa sIBISICTCS:

— Y3KHUM CIIEUAJINCTOM CPEIHEr0 3BeHa M0 KOHKPETHOH crienuanbHOCTH (Tipodeccrn) 1is
KOHKPETHOTro pabodero MecTa U Onpe/esIeHHOM cephl e TeNbHOCTH;

— CIIELUAIICTOM C HEMOJHBIM (HAYadbHBIM) BBICIIUM OOpa30BaHHEM TIO Y3KOMY
HAIPAaBIIEHUIO.

[TockonmbKky peuyb HAET O BBICHIEM OOpa30BaHWU, TO BBIMYCKHUKY MPHKIATHOTO
OakanaBpuaTa, MOJY4YMBIIEMY (yHIAMEHTAIbHYIO (TEOPETHUYECKYI0) MOJTrOTOBKY, MYCTh U B
HECKOJIbKO ~ YCEUEHHOM BHJIE, MOXET TPUCYKIAThCS aKaJeMHueckas CTeneHb. B
3aMmaIHOEBPONIEHCKUX cUcTeMax oOpa3oBaHMs B TpuKIagHoM OakanaBpuate (a B CIIA B 2-
TOJUYHBIX KOJIJIE/DKAX) BEAETCS TOJArOTOBKA MIQAIINX CHEIUAINCTOB C aKaJIeMHYECKOU
CTEMEHbI0 «accouuar» (KaHauaaTa B OakanaBpbl). CuMTaeTcsi, UTO accOIMaT SABIAETCS Y3KUM
CHEIHUAICTOM C MPAKTUYECKUMHU HaBBIKAMU B oOlpeneieHHOW oOmactu. Ha 3amage auruiom
accoruanTa GopMaIbHO CUUTAETCS JOKYMEHTOM O 3aKOHYEHHOM BhICIIIEM 00pa30BaHUH.

C yyeroM BBIIIECKa3aHHOTO, TpEJIaraeTcs BBECTM B Ka3aXCTaHCKYIO CHCTEMY
npoeCCHOHATBFHOTO 00pa30BaHUsl aKaJIeMUYECKYIO0 CTENEeHb «accoruar». B 3ToMm ciydae Ha
ypoBHe [1CO npucBanBaroTcs KBaaupuKaluy U CTETICHU:

— KBaTH(HKAIMUS CHCIHATUCTA CPEAHETO 3BeHA (MIIAIIMKA CIICIUATNCT, TEXHUK, MacTep
Y MITAIIINHA UHKEHED);

— aKaJieMUYecKas CTENeHb acconuara (B MpUKIagHOM OakaiaBpHare).

II1. YpoBensb BbicHIero 00pa3oBaHusi

[To 3aBepuieHMHM 00pa30BATEIBHBIX MPOTPAMM BBICIIETO OOpa30BAaHUS BBITYCKHUKAM
IIPUCBAaUBAeTCs akaJeMuyeckas cTeneHb OakanaBpa. bakamaBp SBiIseTCs CHELUATUCTOM C
0o0LIMM (M MOJIHBIM) BBICIIUM 00Opa30BaHUEM I10 IIMPOKOMY HaIIPaBJICHHUIO.

[TpucBoeHne npodeccnoHaNbHBIX KBATU(HUKAIMKA HA JaHHOM YpPOBHE B COOTBETCTBHE C
3akonom PK «O06 o0pa3oBanum» HE MNpPeayCMOTPEHO, TaK Kak OakalaBpbl HE 001amaroT
MPAaKTUYECKMMHU HaBbIKaMH padoThl. OJJHAKO TaHHOE PElICHHE CIeAyeT NMPU3HATh HEIOTUYHBIM.
Boree TmaTenmpHBIA aHaTM3 MOKAa3bIBa€T, YTO HA JAHHOM YpPOBHE ITOMHMO TIPUCYKICHUS
aKaJIeMUYECKOll CcTeNeHN BO3MOXKHO TAaK)Ke MPUCBOEHUE KBATU(UKAIIMH CHIEIIUATHNCTA.

OCHOBHBIMH BHJIaMH TIPO(ECCHOHATBHON MEATETHPHOCTH CIEIHAINCTOB C BBICIIUM
00pa30BaHUEM [0 TEXHUYECKUM CIIELUAIBHOCTSM SIBISIETCS:

NIPOCKTHAS;
POM3BOJICTBEHHO-TEXHOJIOTUYECKAs;
OpraHU3aIMOHHO-YITPaBIICHUECKAS;
AHATUTUYECKAas;

— HAay4HO-HCCIIe0BATEIbCKASI.
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JlomKkopHOE BOCIIUTAaHNE U 00y4YeHHE
(oHayanmpHOE 0Opa30BaHUE)

bl

I~
MErTmE<mO
HAQpTwow
*Z RO 8o

I crymens cpeHero oopazoBaHus
(HayampHOE 00pa30BaHME)
¢ 1-4 xnaccel

O | 0| I | D

JokTopantypa (3 roga)
20 25

21 [To mpodwro PhD 26

Pucynok 1 — CtpykTypa cucreMbl o0pazoBanus Pecryonuku Kasaxcran

BoinyckHuk OakanaBpuaTa, BBIIOJHUBLIMM M 3alIUTHBIIMKA BBIIYCKHYIO padoTy,
MpUOOpeTaeT HABBIKM MPOSKTUPOBAHMS U €My MOXET OBbITh MPHCBOCHA KBaTU(pUKALUN
HMHXEHepa-MpOoeKTUPOBIIUKA. JlaHHYI0 KBaIU(UKAIMIO MOXET NMpUcBauBaTh [ ocymapcTBeHHas
9K3aMEHAIIMOHHAs! KOMUCCHS, B COCTaB KOTOPOW, MOMHUMO MPO(eccopCcKo-MpenoaaBaTeIbCKOro
COCTaBa, BXOJAT IMIPEACTABUTENM 3aKa3uuKoB KajapoB. [lo ocrampHbIM BuIaM U chepam
JESATEIbHOCTH COOTBETCTBYIOIIME KBaIU(PUKAIMU (M UX KaTeropuu) MOTYT MpHCBauBaTh
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CHEIMATM3UPOBAHHBIE KOMHCCHUU  3aKa3uMKOB KaJpOB TMPU HaIWYUK Yy OakalaBpoB
MIPAKTUYECKOTO OMbITa padOTHl HE MeHee 2-4 JIeT.

Taxum 00pa3oM, Ha ypOBHE BBICHIETO 00Pa30BaHUs BHIITYCKHUKAM IMPUCBAUBAIOTCS:

— aKaJleMUYecKasi CTEeTeHb «0aKanaBpy;

— KBaIM(UKAIMA  CHelMaIucTa  (CTapuiero  CHenMajgncra 10  T'YMaHUTapHBIM
CHELMAIBHOCTSIM, HHKEHEPA-IIPOEKTUPOBIINKA — [10 TEXHUYECKUM).

IV. YpoBeHnb nocijieBy30BCKOro o0pa3oBaHus

Ha nmnocneBy30BKOM  ypOoBHE  BBITYCKHHMKAM  MarucTpaTrypbl W JIOKTOPaHTYpPHI
MIPUCBAUBAIOTCS aKaIEMHUUECKUE CTETICHU:

— MAarucTp CHelualbHOCTH;

— MAarucTp Hayk;

— noktop PhD.

4 B3anMojeiicTBHe Pa3JIMYHBIX YPOBHel Npo¢ecCHOHATBHOT0 00pa30oBaHus

Kaxnplii ypoBeHb Mpo(hecCHOHATBFHOTO 00pa30BaHUs 3aHMMAET OIPEICIICHHYI0 HUIIY B
BOIpPOCE MOATOTOBKU KaJpoOB JJIsl SKOHOMHUKHU CTpaHbl. B3aumozeilicTBue pa3inuyHbIX ypOBHEH
poheCCHOHATFHOTO 00pa30BaHMSI MEX/Ty COOON BBITJISIIUT CIEIYIOIIUM 00pa3oM.

1. TullO + IICO (komtemx).

OOyueHne Ha ypOBHE MOCIECPETHEr0 00pa30BaHUSI MOXKET IMPOBOAUTHCS TI0 COKPAIIEHHON
IporpaMMe IO MHAMBUYyaJIbHOMY Y4eOHOMY IUIaHY C Yy4€TOM Iepe3adera 4acTH JAMCLUIUINH
MPOTpaMMBbI HUKHETO YPOBHSI.

2. TullO + I1CO (xomnemx) + Briciiee oopazoBaHue.

[TocTynarensHOE ABM)KEHUE OT HUYKHETO YPOBHS K BBICIIEMY.

Ha ypoBHe BbIcmiero oOpa3oBaHUSI BBIYCKHUK KOJJIEIXa MOXET o00ydaThCsl IO
COKpAIIlEeHHOH MPOorpaMMe ¢ yUeTOM Tepe3adeTa YacTH AUCHUIUINH TTOCIECPEIHET0 00pa30BaHus

3. TullO + Briciiee oOpa3oBanue + [locneBy3oBckoe oOpa3zoBaHue.

[ToctynarensHOE ABMKEHUE OT HUYKHETO YPOBHS K BBICIIIEMY.

BhimyckHUKN TpOQUIBHON MarucTpaTypsl nepe/] NOoCTYIUIEHUEM B JOKTOPAHTYPY AOJKHBI
Ha TUIATHOH OCHOBE OCBOWTPH JIOTIOJIHUTEIBHYIO IMPOTPaMMy, COCTABJICHHYIO W3 IHCUIUIUINH
pa3HUIBI 00pa30BaTeIbHBIX IPOrpaMM NPOPHILHONW U HAYYHO-IIe1arOrMYeCcKol MarucTparyp.

4. OcHoBHoe cpenHee oopazoBanue + [ICO (komiemxk).

[Iporpamma kosteaka AOJKHA BKJIKOYATh YaCTh MPOTpaMMBbl CTaplIeil CTyNEeHU cpeaHel
IITKOJIBI.

5. O0mee cpennee oOpa3oBanue + Boicmee o6pasoBanue + IlocieBy3oBckoe
oOpasoBaHmUe.

[ToctynartenbHoE ABMKEHUE OT HUYKHETO YPOBHS K BBICIIEMY.

BrImycKkHUKN TIPOQHIBHON MarucTpaTyphbl epe;| MOCTYIUIEHUEM B JOKTOPAHTYPY AOJDKHBI
OCBOMTH  JIOTIOJIHUTENBHYIO  MPOrpamMMy, COCTAaBICHHYIO U3  JUCHMIUIMH  Pa3HHIIbI
00pa3oBaTeNbHBIX MPOrpaMM MPOGUITBHON U HAYIHO-TIEJarOTHIECKO MarucTparyp.

6. O6mee cpennee oopazoBanue + [1CO (mpuknaaHoi OakamaBpuar).

Jlis oOyueHus: Ha MOCJIEBY30BCKOM YpOBHE (B MarucTparype) BBITYCKHUK MPHUKIIATHOTO
OakanaBpuaTa JJOJDKEH OCBOUTH JBYXT'OJUUYHYIO JIOMOJHHUTEIBHYIO MPOTrPaMMy B KJIACCHYECKOM
OakajaBpuaTe C IEJIbI0 TTOJIYYCHHS aKaJIeMUUECKOU CTeTeHn «bakanaBp» (Tadnuma 4).
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Tabmuua 4 — JlomomHutenbHas mporpamMma OakajaBpuaTa JJsl BBITYCKHHKOB IPHKIAJHOTO

OakanaBpuaTa
NoNo HanmenoBanue MUKIOB U TUCLUILINH O0BeM
/1 (B yacax)
1 [{ux o6meo6pazoBaTenbHbIX AuciuumH (OO/]) 360
1.1 | Obs3aTenbHBIN KOMIIOHEHT 180
1.2 | KommoHeHT 1o BBIOOpY™ 180
2 [ukn 6a3oBbix nquciurumH (b]1) 945
2.1 | OGs3aTenbHbIH KOMIOHEHT 405
2.2 | KoMIioHeHT 1o BBIOODY 540
3 [ukn npopumupyrommx gucrumind (I1]1) 765
3.1 | O6s3aTenbHBIN KOMIIOHEHT 225
3.2 | KoMIoHEeHT 1o BEIOOpPY 540
4 Mopynu cnenuan3anuii™ 810
Hroro TeopeTndeckoro o0ydueHus HE MEHee
2880
5 JlonomHUTEIBbHBIE BUIABI 00YUCHUS 150
5.1 | O0s3aTeNnbHBIN KOMIIOHEHT 150
[Tpon3BoacTBEHHAs MPAKTHKA (TI0 BUAAM) 150
6 Urorosas arrecrarus 315
6.1 | Hammcanue u 3anuTa BBITYCKHOM paOOTHI™* 210
6.2 | I'ocynapcTBenHbIi(€e) sk3aMeH(bl) MO CHEHATbHOCTH (Ha 1 ['D)*** 105
BCET'O 3345
* —  colep)KaHUE CIEUUATU3UPOBAHHBIX MOAyNed ¢GopMmHupyloTcs U3 5-6  IHCUUIUUH

CHELNAIN3ALUHA U OTHOCSTCS. K KOMIIOHEHTE TI0 BBIOODY.

** — ISl TyMaHUTapHBIX CIICIMaIbHOCTEH HAlMCaHWE W 3allMTa BBITYCKHOW PaOOTHI 3aMEHSETCSI
Ha roCyJapCTBEHHbIE 3K3aMEHBI 110 CIEeIIHaTIbHOCTH.

*%% _ O WTOraM roCyJapCTBEHHBIX 3K3aMEHOB BBIITYCKHUKY IPHUCBAMBACTCS aKaJleMHUecKas
CTereHb OakajaBp, a IO MTOraM 3alllUThl BBIIYCKHOH pal0oThl — KBaIU(HUKALMI HHXEHepa-
NPOCKTHPOBIIMKA MO TEXHUYECKHM CHEIUAIBLHOCTSIM (CHENMATUCTa C BBICIIUM 00pa3oBaHUEM — IO
TYMaHHUTapHBIM CIIELUAIBLHOCTSM).

C yderoM IUCHMIUIMH, W3YYEHHBIX 10 MpOTrpamMMe MPHKIATHOTO OakanaBpuaTta, 00bemM
HEKOTOPBIX JAUCUMIUIMH LukiIa b/l monmomHuTenbHOM mporpamMmbl MOXET OBITh HECKOJIBKO
MEHbIIIe, YeM B KJacCHMYeCcKOM OakaiaBpuaTe (Ka3aXCKUM, PYCCKUH M HMHOCTPAHHBINH SI3BIKH,
JIEKTPOTEXHUKA U Jp.). B oOTHOmeEHMH 00BEMOB AUCHUIUIMH MOIyJeH creunuanu3anui
HEOOXOUMO MOAXOAUTH 0oJjiee BHUMATENbHO, TaK KaK IMPUMEPHO OJHMU U TE€ XK€ CHEIHalIbHbIE
JTUCLUIUIMHBL Ha Pa3HbIX YPOBHSAX YMUTAIOTCS MO-pa3HOMY: B INPHUKIAJHOM OakajaBpuaTe — C
TOYKH 3PEHHUs MPAKTHUECKON paboThl (MOHTaX, MCIBITAHMS, HKCILUTyaTalysl), B KJIACCUYECKOM
OakanaBpuaTe — C aKaJeMHUYECKOM TOUKU 3peHus (TEOpeTUYeCKHe OCHOBBI, IPUHIUI JeHCTBUS,
peryinupoBaHle W aBTOMaTu3auus). B cBs3M ¢ 3TUM CHELJIMCHUIUIMHBI JTOTOJIHUTEIbHON
[IPOrpaMMBbl TOJKHBI HAIIOJIHATh paHEe U3YYEHHBIE TUCHUILIMHBI TEOPETUYECKUM CONCPKAHUEM.

5 O0masi xapakTepUCTHKA NPUKJIAAHOI0 aKkajaBpuara

[IpoBeneHHBbIN aHATU3 ASHCTBYIOLIEH CUCTEMBI TPO(EeCCHOHATEHOT0 00pa3oBaHus 1 0030p
Pa3IUYHBIX JUTEPATYPHBIX UCTOUHUKOB MO3BOJIAET CPOPMYIUPOBATH OCHOBHBIE MOJIOKEHUS TIO
NpUKIaAHOMY OakaiaBpuary.

1. IlpuxmanHoit OakamaBpuaT SIBISETCS TOMYPOBHEM TMOCIECPEIHETO OO0pa3oBaHUsA U
OCYILIECTBIIsIETCST Ha 0a3e OOIIero CpeaHero W TEXHHUYECKOro U MpoeCCHOHATHLHOIO
o0OpazoBaHwUs.
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2. llpuknagHoit OakamaBpuar — 3T0 (opma oOOydeHHs, OpPUEHTHPOBAaHHAs Ha
MIPAKTUYECKYIO MPO(eCcCHOHAIbHYIO MOATOTOBKY KBAIU(DUIIMPOBAHHBIX KaJPOB 10 KOHKPETHOMN
CTELUANBHOCTHU H JUIS OTIPENIeIEHHON Chephl eI TeTbHOCTH.

3. Lenpto mnpukiagHoro OakajgaBpuaTa SBJISETCS TOATOTOBKAa paboOdMX KaJpoB C
HAYyaJbHBIM BBICIIUM OOpa30BaHHUEM, KOTOpPbIE OOY4YEHbI KOHKPETHBIM MPOU3BOJCTBEHHBIM
mporeccaM M MOTYT cpa3y MPUCTYNUTh K HCIIOJHEHUIO0 00si3aHHOCTEH 0e3 JTOMOJHUTENbHOTO
00y4YeHUS U CTaKHPOBKH.

4. TIpoaomKUTeIbHOCTh O0yUeHus — He Oosee 3 JeT.

5. IloaroroBka CHENUATUMCTOB B MpHUKJIaJAHOM OakajmaBpuare MPOBOAMTCA IO
o0pa3zoBaTeNbHBIM INpPOrpaMMaM, B KOTOPBIX 00s3arenbHbIl kKommoHeHT 1ukioB OO/l u BJ]
COCTOUT U3 00s13aTEIBHBIX JAUCIHUILINH COOTBETCTBYIOUIMX LIUKIOB 00pa30BaTEIbHBIX MPOTrPaMM
KJIACCUUYECKOTO (aKaJIeMHUYECKOT0) OaKkamaBpuara.

6. O0sA3aTenbHBIM  YCIOBUEM peau3allii 00pa30oBaTEIbHBIX MPOTpaMM IMPHUKIATHOTO
OakanmaBpuaTa SBISETCS HAJIMYME KOHKPETHOro paboTojareis, TOTOBOTO Y4YacTBOBAaTh B
MOATOTOBKE CIEIUAINCTA.

7. llpu pa3paboTke mnpodeccuoOHANIBHON YacTH 00pa30oBaTeNbHON MPOrpaMMBbl IS
KOHKPETHOTO 00yYaroIerocs 10JKHBI YYUTHIBATHCS TIOXKETAHHUS 3aKa34unKa KaJapoB.

8. IlpakTHueckas MOATOTOBKa OOy4arolMXcs BKJIOYaeT B cebs mpodeccuoHalbHbIE
MIPAKTUKU U MPOU3BOACTBEHHOE O0yUeHHUE B paMKaX CHEIUAIbHBIX AUCHMILIUH. OOmumii 0obeM
[IPaKTUYECKON OJrOTOBKU COCTABISET MPUMEPHO 25% 00pa30BaTEIbHOMN IPOrPaMMBI.

9. B mpomecce o0ydeHUsT 00y4aronIMcs TPUKIIATHOTO OakajiaBpuaTa MOCIeI0BATEILHO
MpUCBauBalOTCSA: paboune KBaIUPHUKAMK TIO OTAEIbHBIM MpodeccusaM; KBamupukanus
MOBBIIIEHHOTO YPOBHS; KBaJTH(DHUKAINU CIICIUAINCTa CPEAHETO 3BeHA (MIIAIIINK CIICIUAIIUCT,
MJIAAIINA UHKEHED).

10. Tlo okoH4YaHUU OOY4eHHMs BBIMIYCKHHUKAM MPUKIAAHOrO OakamaBpHara MPUCYKAAECTCS
aKaJieMHuecKas CTEeIeHb accoluara.

11. Accomuar 1o ypoBHIO OOIIEHAYyYHOH (aKaJeMHUYECKON) MOATOTOBKU U 0oJiee Y3KOMY
HaNpaBJICHUIO YCTyHaeT O6akajaBpy ¢ OOIUM (IIOJHBIM) BBICIIMM O0pa30BaHUEM IO IIUPOKOMY
HaNpaBJICHUIO, U €ro MOXHO XapaKTepu30oBaTh KaK CHENMaIMCTa C HayaJbHBIM BBICIIUM
o0pa3zoBaHHUEM.

12. Jns mpomosbkeHusi yueObl Ha OoJjiee BBICOKOM YpPOBHE (B Maructparype) accoruar
JOJDKEH TMpOWTH  oOyueHHe B  KJIACCHYECKOM  OakajaBpuare IO  JIOTOJIHUTEIbHON
o0pa3oBaTeNbHONW  MpOrpamMMme, COCTaBJICHHOW W3  JWCHUIUIMH  Pa3HHIBI  MPOTPaMM
KIIAaCCUYECKOTO M MPHUKJIATHOTO OaKaTaBpHaToB.

13. Tlo wToraM OCBOEHHMsS JONOJHUTENBHOM MpOrpaMMbl accoLUaTy MOMKET ObITh
NPUCYKACHA aKaJeMUYecKas CTeNeHb «OakanaBp» W MPUCBOCHA KBaTM(HKAIMs CHEIHaINCTa
(MHKEHEPA-TIPOSKTUPOBIIIHNKA).
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OPTA BLIIMHEH KEMIHI'T KQCIITIK BLIIM BEPY KYHMECIHIH "KAHA JEHTEWI:
KOJIJIAHBAJIbI BAKAJTABPUAT

9. A. Cepikos', M. M. Apmnannos'

' AlMaThI SHepreTHKa XKoHe GaillaHbIC YHUBEpCHTETi, AMathl K., KazakcTan

Anoanma. Maxanaga opra OumiMHEH Kedinri OimiM Oepy JKy#eciHiH jkaHa JeHTreHiHJeri
epeKLIeNiKTep, OHBIH MaKcaThl KoHEe Oacka KocinTik OimiM Oepy KyHeciHiH JeHreiyiepiMeH e3apa
OailyIaHbIChl KapacThIPbLIA/IBI.

Konman6aner 6akanaBp 1opeeci TeK eH MaHBI3Ibl TEOPHUSIIBIK J)KOHE TOKIPUOEIiK OKBITY TYpJIepiH
KOJIJIaHa OTBIPHIT, OpTa KICIOM JKoHE KOFapbl OUTIMHIH aWpbIKIIA KAKChl €PEeKIIeNKTepiH OipikTipyre
OarbrTTanaael. KonmanOanel OakanaBp JopexeciHiH 0acThl MakcaThl KOJUIC/DK TYJICKTEpIHE KaparaHja
onnme Kahma OUTIKTI, TEOpWSUTBIK OimiMi JKOFapbl MaMaHJapAsl Aaspiay. bakamaBpiapra KaparaHna
KoJaHOamsl OakamaBp TYJIEKTepi HAKTHI Oip MaMaHIBIKTHIH, Oenriii Oip KpI3MET TOHIPETiHIH CalalbK
MaMaHbl 00MbIN TaOblIaabl. TepeH (aKaAeMUsIIbIK) JalbIHABIK JKaFbIHAH YKOHE OLTiM KaFblHaH OJIapAbIH
JeHreii OakanaBpiapaan Oip caTel TOMEH OOMajbl J)KOHE ojlap OacTayblll >KOFaphl OiniMi Oap MamaHaap
Oombin ecenreneni (6ateic OLTiM Oepy Kyieci TePMHUHOJOTHSACH OOMBIHIIA: «aCCOIHATY) aKaJIeMHISUTBIK
Jlopexeci Oap kil MamaH).

Kinmmix co30ep: mMaMaHnapipl KociOM Jaspiay AEHrennepi, KIacCHUKaIBIK KOHE KOJIaHOabI
OakamaBpHmaT, accoIMaT aKaIeMHSUIBIK Jopekeci, kocibm OuriM Oepy >KYHeciHIH opTypii AcHredine
OarpITTaNIFAH O1ITIM Oepy OarmapiiaMaapebl.

NEW SUB-LEVEL OF POST-SECONDARY VOCATIONAL EDUCATION:
THE APPLIED BACCALAUREATE

E. A. Serikov', M. M. Arshidinov'

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

Abstract. The article deals with the peculiarities of applied baccalaureate — a new level of post-
secondary education, its purpose and interaction with other educational levels of professional education.
Applied baccalaureate aims at combining the advantages of secondary vocational and higher education,
adopting only the most important forms of theoretical and practical training. The main purpose of the
applied bachelor degree is the training of skilled workers with more theoretical knowledge than College
graduates. Unlike bachelors, graduates of applied baccalaureate are considered to be profiled specialists in
a particular specialty (profession) of a certain field of activity. According to the level of fundamental
(academic) training and areas of knowledge, they are inferior to bachelors and can be characterized as
specialists with primary higher education (in terms of Western education systems: Junior specialists with
an academic degree "associate").

Key words: levels of professional training of specialists, classical and applied baccalaureate,
academic degree of Association, educational programs of various levels of professional education.
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MPHTH 27.29.15

E. A. Aksxurutos', A. B. Apyosa', II. B. Beiice6aii', M. III. Tuienues'

'Kasaxckuit arpotexanueckuii yaupepcutet umenn C. Celidymuna, r. Acrana, Kazaxcran

OB OJTHOM METO/IE PEHIEHHS HEOJJHOPOTHOI'O JIMHEMHOT' O
JNOPEPEHIIUAJIBHOI'O YPABHEHMUSA BTOPOI'O ITOPAJIKA
C INIOCTOAHHBIMHU KOO PUIIMEHTAMMA

Annomayusn. Jluueiinpie nuddepeHIMaIbHbIE YPaBHEHUS BTOPOTO MOPSJIKA C TOCTOSSHHBIMH
KO3 UITUEHTaMH ABISIOTCS OJHMM W3 BAXKHBIX OOBEKTOB WCCIEOBAHUS TEOPUH OOBIKHOBEHHBIX
mudepeHMaTBHBIX ypaBHEHUH. B paboTe mpemnmararoTcss IyTH MOCTpoeHUs audhepeHITHaTbHBIX
YpaBHEHUI BTOPOrO MOPSJKA C IMOCTOSHHBIMU KO3(PQUIIMEHTAMU, OTIMYAIOIIUECS OT KJIaCCHYSCKOU
MCETOAUKHU MOCTPOCHUA ITUX pemeHHﬁ. OTanu4ynre COCTOUT B TOM, YTO B HHUX HC HMCIIOJIB3YCTCA IMOHATUC
KOMIUICKCHOTO 4YHCJa, NPUMEHSEMOr0 B TPAJAUIMOHHOM H3JIOXKEHHU B Cllydae OTPHIATEILHOIO
JUCKPUMHHAHTA XapaKTePUCTHYCCKUX ypaBHeHHU jauddepeHuaibHoro ypaBHeHus. B ciydae
OJIHOPOJIHOTO YpaBHEHUSI CYTh MPEJIaraeMoro MeTo/[a 3aKJIF0UAETCs B UCIIOJIb30BAHUU TPU MTOCTPOCHUHU
JIMHEHHO HE3aBUCHUMBIX YACTHBIX PELUCHUM JIMHEMHOIO ypaBHEHMsI BTOPOro nopsaka Merona bepryimy,
MPUMEHSIEMOTO JIJIsl PEIICHHS JIMHEHHOTO YPAaBHEHUSI TIEPBOTO TOPSIIKA.

Kntouesvle cnosa: nuddepeHnmanbHoe ypaBHEHHE, HeoaHOponHoe auddepeHimanbHoe
ypaBHEHUE, XapaKTEPUCTUICCKOE YPAaBHEHHE, YaCTHOC PEIICHUE YPAaBHEHUS.

Cornacio I'OCO u TumnoBsIM TporpamMmaM HEKOTOPBIX CHEHHUATIBHOCTEN COJEpkKaHUE
MaTEeMaTHYECKUX TUCIUILIMH HE MPEeIyCMaTPUBAET U3ydeHHEe KOMIUIEKCHBIX YHCET U TeM Ooliee
KOMIUIEKCHO3HAUHBbIX (GyHKIUH. [loaToMy mnpu H3M0KEHHMM TEMBl O TOCTPOSHHH OOIIEro
pelieHus OJHOPOJHOTO M YACTHOTO pEIIEHUsS HEOJHOPOJHOTO JIMHEHHBIX YpaBHEHUH C
MOCTOSIHHBIMHU KO3(DPUIIMEHTaMU B CIIydasx, KOTJla XapaKTepUCTHUECKOe ypaBHEHUE HE HMeEeT
NEUCTBUTENFHBIX KOpPHEH WJIM TIpaBas 4YacTh YpaBHEHHUS 3a/laHa B BHUJIE TPOU3BEIACHUS
AKCMIOHEHIIMATBFHOW (PYHKIIMU U JTUHEHMHONW KOMOWHAIMKM KOCHMHYCa M CHUHYCA, BUIbI YaCTHBIX
pelieHnii BeIatoTes 6e3 000CHOBaHUS, KaK M3BECTHBIN (akT [1-2].

B paborax [3-4] Obuia mpuBeneHa OJHA METOAMKA HM3JIOKEHHUS TEMbI, HE Mpuoeras K
MOHSATHIO KOMIUIEKCHOro uwmcina. l[lpennmaraemasi pabota SBISE€TCS MPOJOJDKEHUEM OIHOM
METOJMKH Ui TOCTPOCHUS PEIICHUS HEOJHOPOIHOTO JuHEHOro AuddepeHnnaIbLHOro
YPaBHEHHUS C TIOCTOSTHHBIMU KOA((OUIIMESHTAMH B CITydae ICHCTBUTEIBHBIX KOPHEH.

HaxoxaeHnne JUHEHHO He3aBHCHMbIX peme}mifl OTHOPOJAHOI'0O ypaBHCHUSI BTOpPOIo

NMOPAIKA C MOCTOAHHBIMH KO3 PULIHEHTAMH
PaccmoTpum nuHeiiHOe HeotHOpoHOE AU depeHInanbHOe ypaBHEHHE BTOPOrO OPsiIKa

V'+py'+qy=f(x), (1)

C MOCTOSIHHBIMU JIEUCTBUTENBHBIMU KO3PPUIIEHTaMU P U ¢ -

Oob11ee penieHre JIMHEHHOT0 HEOAHOPOJHOTO YPaBHEHUSI C TOCTOSHHBIMU KO3 PUIIEHTaMU
UMEET BUJL:

y=y+y, (2)
rae ) - o0liee pereHrne COOTBETCTBYIOIIETO OJHOPOIHOTO YPAaBHEHUS;

Y - "acTHOE pelieHrne HeOJHOPOAHOTO ypaBHeHHs (1).
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y'+py'+qy=0, 3)

UroObl HaiiTm oOmiee pemenue ypaBHeHus (1), cHadana Haiinem oOiiee pemieHue
ypaBHeHus (3). 151 3TOro cocTaBUM XapaKTEPUCTHYECKOE YpaBHEHHE

k> +pk+q=0 4)

. P
¥ Hal{JIeM KOPHH ypaBHEHHS ki, =— 5 ++D,

2

p
D=——¢g
riue 4 q

Torma obmiee pemenue aanHOro auddepeHnnanbHOr0 ypaBHEHHS BTOPOTO TOPSIIKA C

INOCTOAHHBIMHA KOS(b(i)I/IHI/IeHTaMI/I HaxoauTcCA CICAYHOIIUM O6p3.30MZ
2

A) Ecmm D=p7—q>0, k, #k,, To b2 —e*

x kyx o
", Y, =e€? - yacTHBlC IHHEHHO

HCE3aBUCHUMBIC PCHICHUA, a o6mee pEeIICHUEC UMECT BUI
= k k
y=Ce"+C,e™".

2

b) Ecin D=p7—6]=0, k, =k, :_§,TO Y, =e

HC3aBUCUMBIC PCUICHUS, a O6HIGG PEIICHHUEC UMCCT BU

kyx ke x

’ y2 =Xe - YaCTHBIC JIMHCHUHO

y=(C, +C,x)e"".

2 2 2
B) Eciu D:%—q<0, k1,2 :—giwl%—q :—gil’ ’q_%:aiiﬂ,

2
p p . .
3nechr & = _E» ﬂ =44~ , 10 )V Zeaxcosﬁx, Y, = e™ smﬂx - YaCTHBIC JIMHEUHO

4

HC3aBUCHUMBbIC PCHICHUSA, a 06mee PCLHICHUEC UMCCT BHU
y=e""(Ccosfx+C,sin fx).

B uactHocti, A) Ecu p#0,9 =0, 10 u3 ypaBuenus (3) momyuum )"+ py' =0, ero

2 —
XApPAKTCPUCTUYCCKOC YPAaBHCHME HMCECT BHJ k +pk=0, Torga ) =1, VY, =€ e

JacTHBIE TUHEHHO HE3aBUCHUMBIE peuicHusd, a 0611[66 PEIICHHUEC UMCCT BU
y=C +Ce"",

2

b) Ecmu p:O,q:a)2>0, TO U3 ypaBHeHus (3) moiydyum y”+a) y=0, ero

2, 2 .
XapakTepucTudeckue ypasaenue umeer sug k- +@ k=0, torna y, =coswx, y,=sinwx -
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YaCTHbIC JIMHEWHO HE3aBUCHUMBIC peuicHusd, a o61uee peuicHuce HUMECT BH ]I
y=Coswx+C,sinwx.

2

B) Ecmm p=0,q=—a)2<0, T0 3 ypaBHeHus (3) momyumm y"—w“y=0, ero

2 2 —
XapaKTepUCTHYeCKue ypaBHenne Kk —o k=0, torma y, =e ™, y,=e” -  wgacTHbIE
JNUHEHO He3aBUCHMBbIE PElleHHs, a 00lee peleHe UMeeT BH]L

y=Ce ™ +C,e”".
Jlaniee mepexoauM K MOCTPOEHHIO YaCTHOTO PEMIEHHS HEOIHOPOIHOTO YPABHEHHUSL.

Haxox/1eHne 9acTHOTO PellleHnsi HEOHOPOAHOTo ypasuenus V" + py' +qy = P (x).

Paccmotpum HeogHOpoiHOE MU depeHIanbHOe ypaBHEHHE BUIA

V'+py/+qy=P(x), (5)

TIe

P(x)=a,x"+ax"" +a,x" +..+a,,x" +a, x+a, (6)

- MHOTOWJIEH /1-T'O TIOPSIIKA C 33JaHHBIMU KO3 PUIIHCHTaMHU.

YacTHoe perieHre ) WIIEM B BUJIS

7= () ™)

rac m - HCU3BCCTHOC 4UCIIO, a

u, (x) = AX" + Ax"™ + Ax"7 4.+

()

4 3 2
+A4 X +A X +A4 X +A x+A4,

- MHOTOWIEH 7-TO MOPSIKA C HEU3BECTHBIMHU KO3 HUIIMEHTaMHU.
Haiinem npousBoansie )
~ -1
Y=mx""u (x)+x"u (x)

Y'=m(m—=1)x""u (x)+2-mx""u (x)+x" u"(x)
Y TIOJICTaBJISIsL B ypaBHEHME (5) MOTy4yuM

m(m—x""u,(x)+2-mx""u (x)+x"u(x)+

+ p[m x " u, (x)+x"u (x)]+ gx"u (x)=P(x)

m(m—1)x mfz-un (x)+mx "H[Zu; (xX)+p-u, (x)]+

+x ") () + p e (%) + -1, ()] = P, (x). ©)

PaccMmoTpuM pasiauyHbIe CiyYau:
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A)Ecmn g #0,1.e. k; #20, k, 20, To B 3TOM ciydae, 4T06BI BBHINOIHSAIOCH YpaBHEHHUE (8)

m =0, Torma u3 ypaBHeHus (8) momyuum
u, (x)+ pu, (x)+q-u,(x)=P,(x). (10)
Janee Haiinem U, (x),u. (x)

u' (x)=ndx"" +(n—-DAX"7 +(n—2)A,x"" +..+
+4A4, ,x°+34, X" +24 _x+A4
u'(x)=n(n-1)4x""> +(n-1)(n-2)4x"> +(n-2)(n-3)4,x"" +..+
+4-34 X" +3-24_x+2-14
U, TMIOJICTaBIIsAA B ypaBHEHUE (9), Mony4nm

q-Ax"+(q-A +p-n-4)x"" +[q-A2 +p-(n—1)-A1 +n(n—1)-AO]x”_2 +

+ [q A + p-(n —2)- 4, -I-(n —1)(n —2)-1611])("73 +...

+(g A, ,+3p-A,  +43-4 W +(q- A, +2p- A, ,+3-2- 4, Jx+

(g-A +p-A_ +2-1-4 ,)=a,x" +ax"" +a,x" > +..+a,,x" +a,_x+a,.

n—1

[IpupaBHuBass K03((UIMEHTH NPU OJUHAKOBBIX CTEMEHSAX MEPEeMEHHOW X, MOJyYHM
CJICAYIOUIYIO CHCTEMY

X' q-4,=a,
xn—1: (]‘A1+p'n'Ao:a1
X" q-A2+p-(n—1)-Al+n(n—l)-A0:a2

X7 g A+ p-(n=2)-4,+(n-1)n-2) 4 =a,

X q'An72 +3p'Anf3 +4'3'An74 = an72
X q'An—l +2p.An—2 +3'2.An—3 :an—l
‘xo: q.An+p.An—l+2'1'An—2:an

Peras cucremy, Haiiiem 3Hauenus koddpuuuenros 4y, 4, 4,,..., 4, |, A4,.

n—1°“"n
OTOT METO/1 Ha3bIBAETCSI METOJ0OM HEOIPEAETEHHBIX KOPPUIIMEHTOB.
Uraxk, mpu q # 0 yactHoe pemenne ypaBHenus (5) Oymet

Y=AX"+Ax"" + Ax" .+ A X+ A x+ A, (11)

b) Ecou ¢4 = 0,r. e. k=0 wmu k,=0, To B 9TOM ciydae, uTOGBI BBHINONHSANOCH

ypaBuenue (8) m=1, roraa u3 ypasaenus (8) nosyuum
204, () + p1a, () +x- ] () + p o, (0)] = B, (x)
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HIJIN

X1, (%) + (2 +xp) 1w, (x) + p-u, (x) = B, (x). (12)

Jlanee, UCTIONB3YS BBIIEHU3IIOKEHHBIM METOJT HEOTIPEIeIEHHBIX KOY(PPUIIUEHTOB, HAXOIUM

AO:AlaAza'"’ Aw—vAw

Urax, npu q = 0 yactHoe pemerue ypaBaenus (5) Oyaet

F=x{dx" + Ax" 4 A" A+ A x4 A)
NN
Y= Ax"" + AX" +AX"T 4+ A X+ A X+ Ax. (13)

Wnorna neussectHbie Kodbduuuentsl 4y, 4, A4, ,..., A, |, A, MoxHO Halith Yy, moxcrasss

B ypaBHeHUe (5) 1 He ucnosb3ys ypasaenue (11).
Pe3toMupysi BBIIEHU3IIOKEHHOE, MPUXOIUM K CICIYIOMICH CXeMe HaXOXKIEHUS YaCTHOTO
pelIeH s HEOTHOPOHOTO YpaBHEHUs (9), T. €. Ui ypaBHEHHS

Y'+py+qy=ax"+ax"" +a,x"" +..+a,_,x"+a,_x+a,

9#0 | F=Ax" + A" A AX T+ A X+ A, X+ A

9=0 | F=Ax" + Ax" + AX"" +.+ A X+ A4 X +Ax

Ipumep. Haiitn o6wiee pemenne ypasuenus V' —2)" =12x° —8.
PeleHne: XapakTepucTHueckoe ypaBHenne umeer Bua k°—2k=0, a ero pemenue
k,=0,k,=2, mo ycnosuio 3amaun ¢ =0, Torna obmiee perieHHe OIHOPOJHOTO YPABHEHUS

— 2 ~
y=C, +C,e”", auactnoe pemenne y OyaeM UCKAThb B BUJIE

Y =x(Ax> + Bx + D) = Ax” + Bx” + Dx.

~

TMoxacrasnas nponssogusle ' =3Ax> +2Bx+D, 7" =6Ax+2B B ypasuenne,
HOIYYHM

6Ax —2B—6Ax* —4Bx—2D =12x* —8.

[To merony HeonpeneaeHHbIX KO3 PUIMEHTOB NOTYIUM

x*: —64=12 A=-2
x: 64—4B=0 B=-3 Y=-2x-3x"+x
x°: —2B-2D=-8 D=1

Hrak,

y=y+y=C, +C,e** —2x> —3Bx’ +x.
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B wactHoCTH, ecin Pn(x) =d,, TOrJa 4YacTHOE pelIeHue )7 JUI ypaBHEHHUS
y"+ py' +qy =a, 6yner umers Bu

~ 4, ~  aX
y=—, upu q#0, y=—, npu ¢q=0.
q 4

Haxozk1eHHe YaCTHOT0 PelIeHnsI HeoHOPOHOI0 ypaBHeHusi V' + py' +qy = a, -e™

PaccmoTpum HeomHOponHOEe AuddepeHnraaIpHOe YpaBHEHHE BUAA
y'+py'+qy=a,-e”, (14)

rae d,,d — 3aJaHHbIC YUCa.

YacTtHoe penieHue ) UIIEM B BUJIE

F=doxme”, (15)

rac m, A - HEeN3BECTHBIC ITIOCTOSHHBIC.

Haiinem npousBoansie )V

ax

y'= A(mx’"_1 +ax" ) e
y'= A[m(m —1)x" 72+ 2amx™" + a’x" ] e™
H, IOJICTaBIIsAsA B ypaBHeHue (14), momydum
A[m(m — l)xm_2 +2amx™ " + a*x" + p(mx’"_1 +ax™ )+ gx" ]e“x =a,e

nin

Alm(m =11 +m(2a+ p)" ™ +(@” + pa+ )] =a,. (16)

PaccmoTpuM paznuuHble ciiyyau:
A) Ecim @ He sBiseTcs KOpPHEM XapaKTepUCTHUYECKOro ypaBHeHus (4), T. e.

k #a, k, #a,a’ + pa+q#0, To B 5TOM ciryuae, 4TOOBI BHINOIHSIOCH ypaBHerue (14) m =0, u3
ypaBHeHus (14) nomyuum

a
Ala® + pa+q)= A=—FT"—
(Cl pa Q) a, uimm a2 v pa+q

CrnenoBarenbHO, YacTHOE pelleHue ypaBHeHus (14) Oynet uMeTh BUI

y=—F——¢", (17)
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b) Eciu @ sBisieTcss mpoCThIM KOPHEM XapaKTEPHCTHYECKOTO ypaBHeHUs (4), T. €.
ki=a, k,#a, a’+pa+q=0,2a+p#0, 1o B 5TOM Ciydae, 4TOGb BBINONHAIOCH
ypasHenue (14) m =1, u3 ypasuenus (14) nonydnm
o)

A(2a+p)=a0 WITH A=m.

B stom ciyuae wactHoe pemienue ypaBHeHnus (14) Oynet umeTs BT

a
~ 0
y= xe® (18)
2a+p
B) Eciu @ sBnseTcs NMPOCTHIM KOPHEM XapaKTEPUCTHYECKOro ypaBHeHms (4), T. e.
2
ki=a, k,=a,a +pa+q=0,2a+p=0, 1o B dTOM cCiy4ae, 4TOOBI BBIIOIHAIOCH

ypaBuenue (14) m =2, u3 ypasuenus (14) monyuum

a
24=a, wm A=
2
Torna yactHoe pemenue ypasHenus (14) 6yner
~ Ay 2 4
=_—Xe . 19
Y= (19)

PGSIOMI/IPYSI BBIIIICUBJIOKCHHOC, IIPUXOJUM K cnez[yfomeﬁ CXEMEC HaXOXIACHHA YaCTHOI'O
ax

peleHns HeoqHOpOgHOTO ypaBHeHus (14), T. e. s ypasuenus V' + py' +qy=a, -e

~ a, o
ki#a, k,#a y=—F——"¢€
a’+pa+gq
-~ a
ki=a, k,#a y=—"L—xe"
2a+p
~ a
k=k,=a y=-"Lx%"
2

PaccmoTpum cnenyromye npumepsl.

1. Haiftu o6mmee pemenne ypasrenus )’ +7) —8y =4e™.

PeleHne: XapakTepucTHUecKoe ypaBHeHue nmeer Bug k- +7k—8=0, a ero pemenue
k =1k, =-8, no ycnoeuro zamaum a,=4,a=2,k #a,k,#a,1. e. a He sABNAETCA KOpPHEM
XapakTepUCTHUYECKOTO ypaBHeHUs (4). Torma oOmuM pemeHueM OTHOPOTHOTO YpaBHEHUS

V' +7y' -8y =0 susercs y=Ce" +C, e, a uactubv pemennem Gyer

~ a,

V= e™ =0,4¢""

a’+ pa+q

Ortcrona ob11ee perieHre TaHHOT0 HEOJHOPOAHOTO YPaBHEHUS UMEET BH/T
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y=y+y=Ce" +C, e +0,4e™.

2. Haittu obmiee pemenue ypasnenus y' —3)' —4y=4e™".

PeweHne: xapakTepucTHUecKoe ypaBHeHue umeer Bun k° —3k—4=0, a ero pewenue
k==1,k,=4, no ycnomio szamaum a,=4,a=-1Lk =a,k,#a, 1. e. a aBngerca npocteiM
KOpHEM XapakTepucTtudeckoro ypaBHeHus (4). Torma oOmuM pemieHueM OJHOPOJIHOTO

- - 4
ypasuenus )" —3y'—4y =0 gpnserca y=Cie ™ +C, e, a uacTHoe peleHue UMEET BUJ

%

y=—>—xe" =-0,8xe ",
2a+p

Ortcroza of1ee pelieHne JaHHOTO HEOAHOPOAHOTO YPABHEHHUSL:

y=y+7=Ce™* +C,e* —08xe™ =(C, —08x)e™ +C, e*".

y 2
3. Haiiti obmee peruenne ypasuenus V' —4) +4y =6e™".
2
Pemenne: xapakTepuctudeckoe ypaBHenne umeer sun k —4k+4=0, a ero pemenue

kl = k2 =2, 1o YCIIOBUIO 3adauu =6,a=2, k1 =k2 =d, T. €. a SABIACTCI KPaTHBIM KOPHEM
XapaKTepUCTHIecKkoro ypaBHeHus (4). Torma oOmMM pemieHHEM OJHOPOIHOTO YypaBHEHUS

= 2
V'—4y' +4y=0 spnsierca y = (C1x +C, )e ¥, a 4aCTHOE PEelICHHUE UMEET BH/L
- a
Y =-2x’e™ =3x"e™"

Otcrona nony4yum oodliee peleHne JaHHOr0 HEOAHOPOJHOTO YPaBHEHHUS
y=5+7=(Cx+C,)e* +3x%e* = (3x2 +Cx+ Cz)ezx.

Haxoxaenne YaCTHOI'0 penenust HEOTHOPOTHOTO yYPaBHEHHS

V'+py'+qy="P,(x)-e”,

PaCCMOTpI/IM HCOI[HOpO,Z[Hoe ypaBHCHI/Ie BU1a
V'+py' +qy=P(x)-e", (20)

n n-1 n=2 2
rme P (xX)=apx" +ax" +a,x""+..+a,,x" +a, ,x+a, - maorounen n-ro mopsaka
C 3a71aHHBIMU KO3 punenTamu, d — IIOCTOSHHOE 3aJaHHOE YHCIIO.
YacTHOE  pelIeHue y WIEM B BHJE y=x" u,x)-e", e
= -2 2
u (x)=A4x"+4x" +A4x""+..+A x+A4 x+A - wMHOrowIeH n-ro TOpAAKA C
HEM3BECTHBIMU KO3()PUIMEHTAMH, /11 - HEU3BECTHOE MOCTOSHHOE YHCIIO.

Haiinem npoussogueie Y
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¥ =mx"" u, (x) e +x"u) (x) +au, (x)le”,
5" =m(m—1x"" -u, (x) e +2mx" " [u! (x) +a-u, (x) ™ +

x™ - [u;'(x) +2a-u (x)+ a’ u,(x) ] e™
U, Io/ICTaBIIsIs B ypaBHeHUE (20), momydum

[m(m - 1)x’"72 u, (x)+ 2mx™! (u; (X)+a-u, (x))+

m

x" '(u:l'(x)+2a-u; (x)+a”-u,(x) -)+ p(mx oy (x)+

e () + () g -, ()l = B, (o)

m(m - l)x’”_2 u, (x)+ mx™! [2u;, (x)+ (2a + p)un (x)]+
-l () + 2a+ plul () + (@ + pa+g)u, v ]=P ) @D

PaccmoTtpuM pasznnuHble cirydan:
A) Ecim @ He sdBiseTcs KOPHEM XapaKTEpUCTUYECKOoro ypaBHeHus (4), T. e.

k1 *d, k2 * a,02 +pa+q# 0, To B 3TOM citydae, yToObI BBITIOJIHSIOCH yYpaBHeHHe (21) m = 0, n3
ypaBHeHus (21) nonyuum

u(x)+ (2a + p)- u (x)+ (a2 + pa+ q)- u,(x)=~P (x). (22)
CrnenoBatenbHO, YacTHOE pellieHue ypaBHeHus (21) Oyner
~ ax n n-1 n-2 2 ax

y=u, e = (on +AX"T AT A A T+ A x+ An)e . (23)

b) Ecniu d sBnseTcss mpoCThIM KOPHEM XapaKTePUCTHUECKOTO ypaBHeHHs (4), T. e.

ki=a, k,#a,a’+pa+q=0,2a+p+0, 10 B 5ToM ciydae, 4TOOBI BBIIONHAIOCH

ypasrenue (21) m=1, u3 ypasnenus (21) momayaum
2u; (x)+(2a+ p)-u, () + x[u; (x) + (2a+ p)-u), ()| = B, (x). (24)
CrnenoBatenbHO, 4aCTHOE peleHue ypaBHeHus (21) Oynet

ax _
xX-u, et =

y=
. 25
= (on”“ +AX +AX"T A A X+ A X+ Anx)e‘“ 22)

B) Ecniu @ sBnsercss mMpocThIM KOPHEM XapaKTePUCTUYECKOTro ypaBHeHUs (4), T. e.
2
ki=a, ky=a,a +pa+q=0,2a+p=0, 10 B >TOM cnydae, 4TOOBI BBINOJIHSIIOCH
ypaBHenue (21) m =2, u3 ypasuenus (21) monyuum

u, (x)+4x-u (x)+x"-u(x)=P/(x). (26)
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CrnenoBarenbHO, YacTHOE pelieHre ypaBHenus (14) Oynet uMeTh BUI

~ 2
y=x"u, e’ =

. 27
= (on’”z +AXT A" A XA X+ A X )e“x #7)

Jlanee, UCTIONB3Ys BBIIEHU3IIOKEHHBIM METOJT HEOTIPEAeIEeHHBIX KO3 DHUIIMEHTOB, HAXOAUM

Ay AL Ay A A

n—1°>“"n

PGBIOMI/IPYH BBINICHU3JIOKCHHOC, MPUXOAWM K CXEMC HAXOXICHHUA YaCTHOI'O PCUICHUA

HEOJHOpOAHOTO ypaBHenus (20), T. e. mna ypasHenus ' +py'+qy=P (x)-e”, rtme

n-2

_ n n-1 2
P (x)=ax" +ax"" +a,x"" +..+a,,x +a, x+a,

k #a, y=u,-e" =

kza | _ (on” FAX" + AXT A, )+ A, 3+ 4, )eax
klza, y:x.un.e‘”‘:

k, #a = (on”” +AX" AT+ A A A X+ Anx)eax
k=k,= | y=x"u "=

=a - ( AX"+ A+ AX + o+ A x4 P+ A X )eax
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TYPAKTBI KOD®OUIUEHTTI ChI3LIKTBIK JU®®EPEHIMAJIIBIK TEHIEYJIEPIIH
JKOHE OJIAPJBIH KYMEJEPTHIH IIEMIIMIEPTH KYPY

E. 9. Akxiritos', 9. B. Apyosa', II. B. Beiice6aii', M. III. Tizenues'

'C. Cetiyinun ateiHarel Kazak arpoTexHUKaNIbIK YHUBEpPCUTETI, AcTaHa K., Ka3akcran

Anoamna. ExiHimi peTti TypakThl KO3(PQGHUIMEHTTI ChI3BIKTHI IU(GGEPEHIHAIIBIK TCHACYIED
KapanaiibiM audQepeHIanablK TSHACYIep TCOPHUICHIHBIH 3¢PTTEy HBICAHBI 00JIBIT Ta0bLIaabl. JKyMbIcTa
SKIHII PeTTI TYPaKThl KO3()PUIMeHTTi AudQepeHranablK TCHACYICPIiH KOHE OJNapAblH JKyHeIepiHiH
MENNMACPIH  JOCTYPJIK — OMICTEMENEH  CPeKINeNICHETIH JKOJIMEH Kypy  VCbIHbUTamel.  Omap
mupepeHINANIBIK — TEHIACYJIEp HeMece TeHIACYJNep OKYHWeCiHAeri  CcUmaTTaManiblK — TEeHACYIiH
JMIMCKPUMHAHTBI Tepic OOJFaH JKarJalbIHJA KOJJIAHBUIATBIH JOCTYPIIK €CENTeNyIepaeri KOMIDIEKC CaH
VFBIMBIHBIH ~ KOJIZIAaHOAYBIMEH epeKIneiHeal. Y ChbIHBUIFAH OICTIH MarblHAChI OOMBIHINIA OIPTEKTI
TeHIeyJIep JKaFJaibIH A, eKIHIII PETTi ChI3BIKTBHIK TCHACYJIEPiH ChI3BIKTBIK TAYeICi3 AepOec menrmaepin
KypyZa OipiHIII peTTi CHI3BIKTHIK TEHJEYJIepHi wiemyae KezaeceTiH bepHymin omiciHiH KeMeriMeH
SHTI31TyiHAe, COHAa-aK aJblHFAaH alTOPUTM OIpPTeKTI TEHIEyJep XYHWECIHIH MIeNNMiH Kypynaa naa
KOJIJTAaHBLIA/IbI.

Kinmmix ce3dep: nuddepeHmmanaplk TeHACY, auddepeHImranapK TeHASyIep Kyieci,
CUTIaTTaMaJIBIK TeHICYIIEP, TCHACYIIH AepOec IIeiMi, KOMITIECKC CaH.

A METHOD FOR SOLVING NONHOMOGENEOQOUS LINEAR DIFFERENTIAL
EQUATIONS OF THE SECOND ORDER WITH CONSTANT COEFFICIENTS

E. A. Akzhigitov', A. B. Aruova', P. B. Beysebay', M. Sh. Tilepiev'

'S. Seifullin Kazakh AgroTechnical University, Astana, Kazakhstan

Abstract. The paper is devoted to the questions of solution of the second order linear differential
equations with constant coefficients. The work offers ways of constructing the second order differential
equations with constant coefficients, which differ from the classical method for constructing these
solutions. The difference is that they do not use the definition of a complex number in the traditional
methods in the case of a negative discriminant of the characteristic equations of a differential equation. In
the case of the homogeneous equation are proposed method is to use in the construction of linearly
independent particular solutions of the second order linear equation Bernoulli method used to solve the
linear equation of the first order, obtained by this algorithm is applied in the construction of solutions of
homogeneous equations.

Key words: differential equation, nonhomogeneous differential equation, characteristic equation,
particular solution.
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MPHTHU 14.35.07

JI. X. Ma)KHTOBaI, P. H. Cbi3abIKoBa’

' AnvaruscKuit YHHUBEPCUTET SHEPTETUKHU U CBA3H, I'. Anmatsl, Kazaxcran
INPE3EHTAIIMU B OBYYEHUU ®U3UKE B TEXHUYECKOM YHUBEPCUTETE

Annomayua. B crathe [aHBl pe3yNbTaThl HMCHOJB30BaHUS pa3paboTaHHBIX Ha Kadexape
TexHudeckoil Gu3ukn AYDC JEHMOHHBIX TPE3CHTALUI B LENAX COBEPIICHCTBOBAHUS IOJIrOTOBKH
CTYJICHTOB, yKa3aHbl OCHOBHBIC MOJIOKEHHSI METOIUKH M IIPUMEPBI pa3paboTKu TakuXx Jiekiuid. Onucana
CTPYKTYpa JIEKIIMi, TPe/ICTaBICHHAs HA OCHOBE COBPEMEHHBIX AMAAKTHUECKHX 3aJad, IMOJy4eHa HOBas
METOJIMKA IMOCTPOCHHS JICKLIUI U Pe3yJIbTaThl UX BHEAPEHHS B yueOHBIN npouecc. JJaHHBIN JTeKIIMOHHBIN
KypC C UCIIOJIb30BaHUEM IIPE3eHTAIM pa3paboTaH Ha TPEX s3bIKax (Ka3aXxCKOM, PYCCKOM M aHTJIMICKOM)
B koHTekcte [Tocmanms [IpesnmeHta o mepexone Ha TPEXBA3BIYME W SKBHUBAJICTEH IO COACPKAHUIO U
Meromuke —ocymectsiaenus. CopmepkaHume, 1€MW 3aMa4d  JIGKIWH ~ OpPHEHTHUPOBAaHBI  HA
npodeccuoHanu3anuio  o0ydeHHs, MNPHONMKEHHE y4yeOHOro Marepuana K  MPAKTUIECKOMY
UCTIONIB30BAHMIO €ro B OyIyIuei nesTenbHOCTH OakanaBpa. IIpemraraemMas HAMH TEXHOJIOTHS OOydCHHS
¢u3uKe Ha JIEKIMAX B TEXHHYECKOM YHHBEPCHTETE MO3BOJSET YIyYIINTh KAadecTBO IOATOTOBKH,
Onaromaps Ormope Ha COBPEMEHHBIC CPEJICTBA MPEIOCTABICHU yueOHOro MaTepuana. PackpbIThl HOBbIC
BO3MOKHOCTH YCTAQHOBIJICHHS MHTEPAKTUBHOTO JMAJIOTa W OOpAaTHYIO CBsI3b C ayAWTOPUCH, a TaKke
OIIPE/ICIEHO Pa3BHTHE HHTEIUICKTYaJbHOTO IOTEHIHANa CTYAEHTOB MO (HOPMHPOBAHUIO PAa3ITHIHBIX
CTHJIEH MBIIIIEHUSI, HEOOXOMMBIX OyTyIIMM BBIITyCKHUKAM B X MPAKTHIECKON JIESTEIEHOCTH.

Kniouesvie cnosa: MynbTUMEIUIHBIC MTPE3CHTAIINH, JICKIMU, YISOHBI MaTepHall, TUIaKTHYCCKHEe
3aj1a4n, y4eOHbIH mporecc, mpodeccuoHanu3anus 00ydeHusl.

ObecrieyeHre BBICOKOTO KayecTBa MOJATOTOBKM  CHEIHATUCTOB B  TEXHUYECKOM
YHUBEPCUTETE HEBO3MOXXHO 0€3 cO3JaHusl ONTHUMAJIbHOIO HCIOJIb30BAaHUS HOBBIX HAay4dHO-
00OCHOBAaHHBIX TEXHOJOTHI OOYYEHHS, OPUEHTHPOBAHHBIX HA Pa3BUTHE HHTEIEKTYalbHOTO
MOTEHIMAaJa CTYIEHTOB, HAa ()OPMHUPOBAHHE TBOPUYECKHUX CIIOCOOHOCTEH MPHOOpETaTh 3HAHUS B
HOBOM uHpopManmoHHOM obmectBe [1]. Takue TexHONMOrMM MAOKHBI CHOCOOCTBOBATH
COMIKEHWIO ¥ B3aMMOJCHCTBHIO TIpenojaBareield W CTYJACHTOB Ha HOBOM YpoBHe. B
JNEHCTBUTENLHOCTH, B Y4eOHOM TMpollecce TEXHUYECKUX YHHMBEPCUTETOB OOydeHue (u3HUKe B
OoubIIel CTENEHN OCHOBAHO HA TPAJAMIIMOHHBIX METOAAX OPTaHM3aLUHU y4eOHOU IeATeIbHOCTH.
Hamumo mnpotuBopeurie Mexay HEOOXOIUMOCTbIO BHEAPEHHUS COBPEMEHHBIX TEXHOJIOTUN
Oo0y4eHHs ¥ HEIOCTaTOYHBIM YPOBHEM HMEIOIIUXCS MeToAuK oOydenus. CremoBaTenbHO,
CylIeCTBYeT mpobiaemMa 000CHOBaHHS U BHEAPEHUS HOBBIX MOAXOJOB K JIEKIIMOHHBIM 3aHATHUSM,
YTO yCYT'yOJsieTcs eIle W TeM, YTO MX YMCIIO 3HAYUTEIHHO YMEHBIIMIOCH B CBS3H C YCUJICHHEM
POJIM CaMOCTOATENIbHOM paboThl cTyAeHToB [2]. Llenu u 3amauM JIGKIMOHHOTO Kypca B TaKuX
YCJIOBUSIX MPETEPIEBAIOT OIIPEACIICHHBIE N3MEHEHMUS.

C o9TOM TOYKM 3pEHUs MPEACTABISAIOTCS HWHTEPECHBIMM U 3HAYUMBIMHU  JUIS
COBEpIICHCTBOBAaHUS Yy4YeOHOro Tmpolecca T€ METOAbl HH(GOPMALUOHHO-AESITENbHOCTHOTO
00y4eHHs U COOTBETCTBYIOIIME UM JIUAAKTUYECKHE MaTepHalibl, KOTOphIe CO3/1aHbl Ha Kadeape
Texuudeckon ¢usukun AYDC B pe3ynpTaTe HAIIMX HCCIEAOBAHUM: AJIEKTPOHHBIC JICKIIUU W
MyJIbTUMEANIHBIE TIPE3CHTAINN, BUPTYAIbHBIN T1a00paTOPHBIM MpaKTUKyM. B naHHOW cTaThe
OCTaHOBUMCS Ha OCOOEHHOCTSAX Pa3paOOTKH M HUCIIOJIb30BAHUS MYJIbTUMEIUINHBIX MPE3eHTALUI
K JIEKLMOHHOMY H3JI0)KEHHIO MaTepHralla B HOBBIX YCIIOBHUSIX.

Ecnu tpanuumonHasi By30BcKasl JIEKLUS SIBJISETCS OpraHU3alMOHHON (OpMON U METOJIOM
o0y4eHHs, TO JIeKIHIO C HCIOJb30BaHUEM MYJIbTHUMEAMMHON Mpe3eHTAlud MOXKHO
paccMaTpuBaTh U Kak OpraHU3alMoOHHYI0 (OpMY, U KaK METOJ O0y4YeHUs, U KaK JUAAKTHUECKUN
MaTepHal-UCTOYHUK Y4eOHOH nHpOopMaluu. DISKTPOHHAS MPE3CHTALUS JEKIIMUA OTJINYAETCS OT
TPaJUIIMOHHOM, TaK KaK B3aMMOJIECHCTBUE CTYIAEHTOB M TMpPENoJaBaTesieil OMocpeoBaHO
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CPEICTBAMHU D3JIEKTPOHHON KOMMYHHUKAllMd C HCIIOJIb30BAHMEM Ha 3aHSATUU KOMIIBIOTEPHBIX
TEXHOJIOTHI U (OopMHPYET TOTOBHOCTh CTYJEHTA K Oyaylen *U3HU B HOBOM HH(pochepe.

Opranuzanus W yOpaBleHHE Y4YeOHOM JEATEIbHOCTBIO CTYJEHTa OCYIECTBISIETCS
npernojaBaresieM Oyiarojapss OcCOObIM TpeOOBaHUSM K BHEIIHEW (dYepe3 TMpe3eHTaluu) u
BHYTpEHHEH (pelleHne IUAAKTHYECKUX 3aJlad) CTpyKType usjaraemoi jexkuuu. [1] Buemnss
CTPYKTypa JIEKIIUM IPEANOoNaracT Hajaudue rioccapus (B CBSI3U C MEpeXooM OOydeHus Ha
MHOT0SI3bIUHE), BBEJIEHUS, OCHOBHOI'O TEKCTa C THIIEPCCHUIKAMU, 3aKI04YeHUs. Bee 310 10/KHO
OBITH OTPA’KEHO B MYJIbTUMEINNHOM NIPEACTABIECHUH, T. €. B IPE3EHTALIUH.

BBenenue 00s3aTelIbHO B KPATKOM BHJIE COJEPKUT LI, 3a7a4H, IPOOIeMbl U BKIIOYACT
CTPYKTYpPHO-JIOTUYECKYIO CXEMY M3JIaraéMoro Marepuaia, IO3BOJSIOLIYI0 HAIVISHO MOKa3aTh
YacTHBIE BOIPOCHI B MX CBSI3U M B3aMMOOTHOIICHHUSX, yKa3aTh OOLIYIO I€Jb JIEKIIUU, POJb U
MECTO JIaHHOM TeMbl B 0OLIeH cTpykType Kypca. B kadecTBe mnpumepa TakoW CXEMBI,
oTpeeNsollel HapaBIeHUe U COIep KaHNe JIEKIIHOHHBIX TPEe3eHTALNN, MOKHO MIPUBECTH TEMY
«TemnnoBoe uznyyenue. [ unoresa u popmyna [lnanka» (pucyHok 1).

TemnoBoe
—
H3IydCHHE, Teoperu. KBanToBas Paspurne
ero o0BsIcCHEHHE FHIOTE3a 1 Haeu
CBOMCTBaA 1 3aKOHOB KBAHTOBAHUS
3aKOHOMED- TEILIOBOTIO bopryna
HOCTH [Lnanka
W3JTYyYEHUS
N
v / \L
Knaccuueckas dortospdexr Oddext Jp. oxc-
busuka Komnrona nep. GakTel

Pucynok 1 - Jlornueckast CTpyKTypa JEKIIMH
«TennoBoe uznydenue. I'unoresa u gpopmyna [Inanka»

['maBHas ujes JaHHOU JIEKITUH MPEJCTaBUTh KBAHTOBYIO rumnore3y u ¢hopmyny [Tnanka kak
pa3pelieHne BO3HUKIIETO MPOTUBOPEUUST MEXKAY IKCIEPUMEHTAIIBHBIMU pe3yJibTaTaMU 3aKOHOB
TEIJIOBOTO M3JIYYCHHS U UX TCOPETHUYECKOTO OOBSICHEHUS C TO3UIUH KIACCUYECKOW (PU3MKH.
B03MOXXHOCT TIpOCMATpUBAaHMS CIIAWIOB B TNPSAMOM M OOpPAaTHOM HaIpaBJICHUU IO3BOJISET
HCIIOJIB30BaTh METOJ MPOOJIEMHOr0 MOCTPOCHUS JICKIIMM U HEOJTHOKPATHO pedIIeKCupoBaTh K
MIPOMICHHOMY MaTepHally, YTO HEBO3MOXXHO cJieJlaTh B OOBIYHOW Jekimu. [Ipu HBIHEIIHEM
BPEMEHHOM OTpPE3KEe, OTBEIEHHOM JUIsl JIEKIIMW, Takas Iojaya Marepuana C HMCHOJIb30BAHUEM
Mpe3eHTAIMK CTAHOBUTCA KpailiHe akTyaiabHOU. [IpencraBieHHas cxema He TOJIBKO CITIOCOOCTBYET
CHCTEMaTH3allii OCBaMBAaEMOTO Yy4yeOHOTO MaTepualia, HO U 3aCTaBJSIET CTYACHTOB OBITh
COCPEOTOYCHHBIMHM MPU O3HAKOMJIEHHH W YCBOCHUMU MaTepualia Ha OCHOBE MYJIbTHUMEIUNHBIX
MPE3CHTANNM, BKIIOYAIOIIMX TEKCTOBBIE MaTepHasbl, (OTO, PHUCYHKH, BHIEO(PArMEHTHI,
aHUMAIINIO, CIIANJI-II0Y, 3ByKOBoe odopmiierne. Kpome Toro, cxema mo3BOJISIET OCYIIECTBISATh
JEKIMI0 HE Kak Habop BHUICO, a KaK B3aMMOCBS3aHHYIO IIEMIOYKY ydeOHOTO MaTepuaa,
00BEAMHEHHOTO €aWHON Iesiblo. OCHOBHOE OTJIWYME TaKOW JICKIIMM COCTOMT B TOM, YTO OHa
OpPUEHTHpPOBAaHA Ha pEHICHUE TaKXkKe IUIAKTUYECKHX 3aJlady, a MMEHHO: 1) BBOJA 3HaHWUS,
dbopMUpOBaHHE OPHEHTUPOBOYHOW OCHOBBI JUIS TOCJIEIYIOIIETO0 YCBOSHHUS CTyISHTaMH
y4eOHOro Marepuana; 2) HarJIJHOE INPEJICTaBICeHHEe O BCEX CYIIECTBEHHBIX CBOWCTBax
W3y4aeMoOro SBJICHUS, HaJIMYME KAUYECTBEHHBIX W KOJIWYECTBEHHBIX €ro XapakTEepUCTHK U
3aBUCUMOCTEH MEXKIy HHMH, 3) COIIOCTaBJICHHWE BBIBOJOB TEOPUU C HaOII0IaeMoun
JIEHCTBUTEIILHOCTBIO M MIPAKTHKOM, (POPMYIHPOBKA OOIIMX BHIBOJOB [2].

[TocnenoBarenpbHOE pENICHUE TUAAKTUYECKHX 3a7ad, OOYCIOBIMBAIOIIMX BHYTPEHHIOIO
CTPYKTYpPY JIEKIIMW, OCYIIECTBIISIETCS HAa OCHOBE HECKOJBKHUX JIUJIAKTUYECKHUX MPUHIIUIIOB
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(cucteMHOCTH, HTHPOPMATUBHOCTH, HATJISAHOCTH, JIOCTYIIHOCTH), KOTOPHIE MBI pACCMaTpUBAEM B
CPaBHEHHUU C TIOJIO)KEHUSMU COBPEMEHHOM JUIAKTUKU Kak CHOCOOOB  JIOCTHKEHUS
MEJarorTHYecKuxX IMele C y4eToM 3aKOHOMepHocTel yueOHo nesrenpHocTH. CoOmropeHue
MIPUHIIMIIA CUCTEMHOCTU TPEOYEeT €CTECTBEHHO CHUCTEMHOIO M3JIOKEHHsI y4eOHOTro Marepuana
qcpes MYHBTHMGHHﬁHBIG nmpe3ceHTauu B COOTBCTCTBHUHU C I/Iepapxneﬁ ueneﬁ, B3aNMOCBA3aHHOCTHU
U B3aUMOOOYCIIOBIEHHOCTH BCEX €ro 3aeMeHToB. HeoOxonuM TiiaTenbHbIN MOa00p MaTepualia
JUIS TIpe3eHTaIui, 00ecreYnBaroNIMX MOHUMAaHHE M YCBOCHHE paccMaTpHUBAaEMOro BOIIPOCa
CTYJCHTAMHU.

Crporuii, 000CHOBaHHBI OTOOp JEKIIMOHHOTO MaTepuana i OCHOBHOIO TEKCTa H
Mpe3eHTAlMi 0 OCBEIIEHUIO HArJISAHBIX JO0Ka3aTeNbHBIX MPUMEPOB TEMBbI JIEKIIUH MO3BOJISIET
BBHITIOJTHUTH OCHOBHOE TpeOOBaHUE K JICKITUH - COSIMHEHNE HAyYHOTro U yueOHoro Havana. Takas
JIEKLMS B CUCTEME METOJIOB U JIMIAKTUYECKUX CPEJCTB 0OOyUeHHUs B By3e HalleJieHa Ha TO, YTOObI
obecnieunTh AO0CTATOYHO JP(HEKTUBHYIO TIO3HABATEIBHYIO JIEATEIHHOCTh CTYACHTOB Kak
Oyayumx crnenuanuctoB. CrnocoOoM peanu3aliil MPHUHIKIA TAKOTO COEJUHEHHS B JIEKIUU
SIBIIIETCS. YMEHHE JIGKTOpa MpHU pa3paboTKe KOMIBIOTEPHBIX MPE3CHTAIMi 00paTHTh BHIMAHHE
HAa HUX CTYICHTOB C TMOMOIIBIO BOMPOCOB (PUTOPHUYECKHX, KOHTPOJIBHBIX, 3aHUMATEIbHBIX,
IBPUCTHUYECKUX ). ITO JTa€T BO3MOXKHOCTh CTY/ICHTaM BBICKA3aTh COOCTBEHHYIO TOUKY 3pEHUS, T.
€. BCTYNUTh BO B3aUMOJICHCTBUE, AaKTUBHUPOBATH Yy4eOHYIO JeATenbHOCTh. [lpu 3TOM
WCIOJIb30BAaHNE TPE3CHTAlMi 00eCIeuYnBaeT CTYACHTOB Ooyiee TIOMHOW, JIOCTOBEPHOM
nHpopmanren 0 GU3NYECKUX SIBICHUIX U MPOIECcCcax, MO3BOJISET B OOJBIIIEH CTENEHU TOBBICUTH
POJib HArJIIAHOCTH W YAOBJICTBOPUTH HHTEPCC U MNPCACTABIICHUC O COBpCMCHHOfI KapTUHEC
(bu3MYecKOro MuUpa, SKOHOMUT Y4eOHOE BpeMsl, YTO OCOOEHHO aKTYyalbHO MPH OOIBIIOM 00beMe
paccMaTpuBaeMbIX BOIPOCOB U COKPAIEHUH YIeOHOM JIEKIIMOHHON HATrpy3KH.

[Ipumenenne MyJIbTUMEIUWHBIX MPE3CHTAMH B OOy4yeHUH 00JaJaeT OoIpeaeIeHHBIMU
JOCTOMHCTBAMH: JIOIYCKAeT WCIIOIh30BAHUE I[BETHOW TpaduKu, aHUMAIM, 3BYKOBOTO
COTMPOBOXACHUS M MX MOCTOSHHOTO OOHOBJICHMS, MTO3BOJSET KOMUPOBATh U MEPEHOCUTH YacTU
JICKIUK  JIA OUTHPOBAHUSA MW HU3YYCHUA MaTcpHralia 6ﬂar0)1apﬂ MHOXCCTBY THIICPCCBUIOK,
YCTaHABIUBACT CBS3b C JOMOJHUTEIBHON JHUTEPATypol B SJIEKTPOHHBIX OMOTMOTEKaX W Ha
caiirax [3].

B mnamem cnywyae wucmons3oBaHa mporpamma MS PowerPoint, koropas mo3Bonimia
O00BETMHAUTD pazIHYHbIe IMU(POBBIE PECYPCHl B €IMHBIN WHTETpUPOBaHHBIA psn. [Ipuvenenue
TEKCTOBBIX M TpadUUECKUX PEAAKTOPOB, HHCTPYMEHTOB JJs CO3JaHUs JAUarpaMM U
WLUTIOCTPAIMiA, 3BYKOBOTO COIPOBOXKICHHSA, BHICO(PpPArMEHTOB TIO3BOJIMIO HaM CO37aTh
Mpe3eHTallNH, MIPUIaB €My CTaTyC MHAWBHIYAJILHOTO CPEACTBA OOYUYEHHS C COXPAaHEHHUEM BCEX
ANOAKTUYCCKUX ITPUHLUIIOB U 3aJia4d ICJaroruKu.

Bmecte ¢ TeM BO3HUKIM U OMNpeAeNieHHbIe TPYAHOCTH TpHU pa3paboTKe AIIEKTPOHHBIX
MpPEe3EHTAIMIA: TMOCTOSIHHAs TiepepaboTka ydeOHOro Kypca IS €ro KOMITBIOTePU3AINN;
MOCTPOCHHE CaMOTO Yy4eOHOro Tmpoiecca ¢ MPUMEHEHHEM KOMIBIOTEPHON TEXHOJIOTHH;
pacripenenieHue yaeOHOTO MaTepraia 1Mo CTeIeH! ero MPeCTaBICHHS C HCIOTb30BaHHEM TaKHX
npe3eHTamii. B 3Tol CBsA3M HaMu pa3pabOTaHO HAYYHO-METOJUYECKOe OOEeCredeHue IIo
MPUMEHCHUTIO My.]'IBTPIMG)IHfIHI:IX HpGSeHTaHI/Iﬁ Ha OCHOBE H3JI0XXCHHBIX BBIIIIC ueﬂeﬁ )51
TUIAKTHYECKUX TPUHIIUIIOB B YCIOBUSX TpEXbs3blumsa. Kpome Toro, ObUIM HCHOIB30BaHBI
M3BECTHBIE (POPMBI OTOOpa COJEpIKAHMS JICKIIUU, METOJIBI U CPEJCTBA OpTraHU3alMH y4eOHOTO
mporecca, a Takke padoTa ¢ TEKCTOM, AWCKYcCHs MO (OPMHUPOBAHHIO MPE3ECHTAIIMOHHON
KOMITETEHTHOCTH  CaMHX  CTYACHTOB,  MEIMAKYJIbTYphl  Oyaymiero  mnpodeccroHaa.
OTnuuuTenbHas CTOPOHA JAaHHOTO WCCIIENOBaHUS 3aKIo4yaeTcs B paboTe co CTyACHTaMu
OJIHOBPEMEHHO Ha TPEX sI3BIKAX, B TPOIECCe KOTOPOH MPOUCXOANT (hOPMHUpPOBAHHIE HHTEPECA KaK
K COJICp)KaHUIO MaTepHala, Tak U K MePeBOTYECKOM IeATEHPHOCTH CAMHUX CTYACHTOB.

Takum 00pa3zom, 4YTOOBI JIEKIMS C HUCIHOJIb30BAaHUEM MYJIbTUMEIUWHBIX IPE3eHTAIHMI
BBITIOJIHAJIa CBOU (byHKLII/II/I Mo OCYHICCTBJICHHUIO B3aHMO,Z[eI>'ICTBHSI HpenonaBaTeneﬁ " CTYyJICHTOB
KaKk MeToja OOy4YeHUss M HCTOYHHMKA HOBEHIIeH WH(OpManmu O COBPEMEHHOW (PU3MUECKOU
KapTUHE MHUPA, HEOOXOIUMO PeaTn30BaTh CISAYIONINE YPOBHU €€ pa3padOoTKH:
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1) TeopeTrueckuii - HaMuKe o0Iel Moaenn 00yueHus, pa3padoTka 1eneil 00yueHus;

2) TEXHOJIOTMYECKUH - ONpEeAEICHHE M PACHpEeAEICHHUE COAEPKaHMs JIEKLUU C Y4eTOM
UCTIOJIb30BaHUSI KOMIIBIOTEPHON TEXHOJOTHH, CTPYKTYPHI JIEKIIMH, BBISIBIEHHE CIIOCOOOB
yIpaBJIeHUs y4eOHOM eATeIbHOCTBIO;

3) nenaroruveckuii 1 cCOOCTBEHHO MPOrpaMMHBIH - ucronb3oBanue MS PowerPoint [1, 4].

BriBoa

PesynbraThl BHeApeHMs yKa3aHHBIX NMpE3eHTAUUH B Y4eOHBIH IMpoIecc Ha JIEKIHIX IO
¢u3nKe B TEXHUYECKOM YHHUBEPCHUTETE YKA3bIBAIOT HA MYTH MOBBIIICHUS KauecTBa MOJArOTOBKH,
Onmarojapss ONOpEe Ha COBPEMEHHBIE CpEICTBAa INPEJOCTABICHHS ydeOHOro Marepuana,
PacKpbIBalOT HOBBIE BOZMOKHOCTH YCTAaHOBJICHUSI MHTEPAKTUBHOI'O AMANIOra U 0OpaTHYIO CBS3b C
ayJIUTOpUeEH, a TaKXKe pa3BUTHE MHTEIIEKTYAIBHOTO MOTEHIMANIA CTYACHTOB 110 ()OPMHUPOBAHUIO
pa3IMYHBIX CTHJIEH MBIIUICHUS, HEOOXOAMMBIX OYIyIIUM BBIYCKHUKAM B MPAaKTUYECKOU
JeSITENIbHOCTH.
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TEXHUKAJIBIK YHUBEPCUTETTE ®U3UKAHBI OKBITY IA
HNPE3EHTALHUAJAPAbI KOJJAHY

J. X, MemnTOBa', P. H. Coi3apikoBa’

1 o .
AJMaTBl SHEPreTHKA JKOHE OalilaHbIC YHUBEPCUTETI, AIMaThI K., Kazakcran
Andamna. Maxanaga CTyIeHTTEpAiH NalbIHIBIK JEHrediH >xorapnaTy MakcarbiHza ADxBY

TEXHHUKAJIBIK (pr3urKa KadeapachlHia 931pJICHICH AIPICTIK MPe3CHTAIUUIAPIbIH HOTHKEIEPl YChIHBUIFaH,
oicTeMeNepAiH HEeri3ri epexerniepi MeH OChIHAAN JalibIHAAIFaH JOPICTEpIiH MbIcanaphl KENTipiireH.
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3aMaHayu JAMJAKTHKAIBIK MOcelieliep HEeri3iHJe o3ipJeHIeH JIOPICTEPAiH KYPBUIBIMBI CHTIATTAIIbI
JKOHE J9pICTep KYPY/BIH JKaHA dIICTEMECI MEH oJiap/ibl OKY YPJIICIHIC KY3ere achIpy/bIH HOTHXKEIIEpI
QJIBIH]IBI.

¥ CBIHBUIBIN OTHIPBUIFAH YII TilJeTi (Ka3ak, OpbIC YKOHE arbUIIIBIH TIJIEPIHAC), MPE3CHTAUHBI
KOJIIAHBUIBIT KacabIHFaH Iopic Kypchl IIpesmmenTtiMizmid JKonmayslH JKy3ere achlpy MaKcaThIHIa
VIOTUIAI JKOHE Ma3MYHBI MEH ofici OOWBIHIIA SKBHUBAJNEHTTI. JIopicTiH Ma3MyHBI, MakKcaTTapbl MEH
MIiH/AETTEP] OKBITYbIH KOCIIKOMIBIFBIHA, OKBITY MaTepHaiapbl OaKalaBpblH KeJeIeKTer1 KbI3MEeTIH/e
MPAaKTUKAIBIK KOJJIAHYFa KaKbIHAATyFa OarbITTajraH. TeXHHUKANbIK YHUBEPCUTETIHIEC JOPIC OKYy YIIiH
YCBIHBUIBIN OTHIPBUFaH (PU3MKaHBI OKBITY IBIH TEXHOJOTHSICHI OKY MaTepHUaIapbiH YCHIHYIBIH 3aMaHayn
KypaigapblHa CYHMEHIN, MHTEPaKTUBTI AHUAIOTTHl KaJBINTACTHIPYABIH >KaHA MYMKIHIIKTEPiH alllblll,
ayAMTOpUsIMEH Kepi OaillaHblc jkacay apKbUIbl OoNallak TYyJEKTepAiH opTypil OWiay CTHIIH
KaJBIITACTHIPYIa CTYACHTTEPIIH 3USATKEPIIK OJEYETiH JaMbITy apKbLIbl OKBITY CAalachlH apTThIpyFa
MYMKIiHJIIK Oepexi.

Kinmmix co30ep: MyJIbTUMENUSUIBIK TNpE3eHTAMsIIAp, JOpIiCTep, OKy MaTephalaapsbl,
MUIAKTAKAIBIK MOCeTIeNep, OKY YpIici, TPeHUHTTEP Il KOCIOMIeHipy .

PRESENTATIONS IN TEACHING PHYSICS AT A TECHNICAL UNIVERSITY
L. H. Mazhitova', R. N. Syzdykova'
' Almaty University of Power Engineering and Telecommunications, Almaty, Kazakhstan

Abstract. The article deals with the results of using lecture presentations developed at the
Department of Technical Physics of AULP to improve students training. The main provisions of the
methodology and examples of the development of such lectures are presented. The structure of lectures
developed on the basis of modern didactic tasks is described and a new method for constructing lectures
and the results of their implementation in the educational process is obtained. This lecture course using
presentations was developed in three languages (Kazakh, Russian and English) in the context of the
President's Message on the transition to trilingualism and is equivalent in content and methodology of
implementation. The content, goals and objectives of the lectures are focused on the professionalization
of teaching, the approximation of educational material to the practical use of it in the future activity of the
bachelor. The presented technology of teaching physics to lectures at the technical university allows
improving the quality of the training by relying on modern means of providing educational material,
revealing new opportunities for establishing an interactive dialogue and feedback to the audience, and
developing the intellectual potential of students in shaping the different styles of thinking needed by
future graduates in practical activities in the future.

Key words: multimedia presentations, lectures, educational material, didactic tasks, educational
process, professionalization of training.
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Zh. Erzhanova'

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

IT IN LANGUAGE TEACHING

Abstract. The article deals with the role and place of IT in language teaching in a technical
university. In the article the peculiarities and didactic functions of IT affecting the formation of practical
skills of students in technical specialties were discussed. It was emphasized that technology of teaching is
subjected to its content. The forms, methods and means of study affecting the purposeful educational
work of a teacher and a student were underlined. This helps to improve students’ knowledge, to form and
activate their cognitive skills and to broaden their professional experience. Special attention was paid to
the technology of project activity, which is the basis of the methodology of teaching a professionally-
oriented language in a technical university. Besides, the experimental training on the approbation of the
developed methodology was described, the results of the study were presented, general conclusions were
formulated, and prospects for further study of the problem were outlined.

Key words: foreign language, information technologies, professionally-oriented, technical
university, technical specialties.

Insufficient usage of IT during the process of teaching a foreign language in non-linguistic
universities is the main theme of this article. As practice shows, teachers experience a number of
difficulties caused by objective factors, among which is that students rarely use a computer as a
means of working with information and, accordingly, teachers don’t use information
technologies in the process of teaching a foreign language in technical universities. Most
students use the global Internet network either to obtain authentic materials for abstracts, term
papers and diploma papers, or to communicate in chat. The lack of a system in the use of
information technology in the process of teaching a foreign language in a technical university
leads to the fact that students do not sufficiently master such practical skills as working with
electronic sources of information for professional purposes. At the same time, an analysis of the
requirements for the minimum of knowledge of a foreign language, as defined by the State
standards of higher professional education for technical universities and, in particular, in the
areas of training graduates in the field of engineering (‘Design and technical support of machine-
building production’, ‘Engineering protection of the environment’, etc.) showed that the teachers
were not able to form necessary skills for future specialists to solve problems related to their
professional activities. According to the standards, such skills include collection, analysis,
processing and systematization of scientific and technical information on the direction of
professional activity using modern information [1].

The basis of formation of these skills is ‘simple pragmatic texts and texts on the wide and
narrow profile of the specialty’. Annotations, abstracts, reports, private letters, business letters,
biographies are provided as speech products.

Familiarization with the sample program of the discipline ‘Teaching foreign languages (in
universities of non-linguistic specialties)’ made it possible to identify the fact that a foreign
language is recognized as an obligatory component of the professional training of a modern
specialist of any profile. In addition, the program indicates that the university course of teaching
a foreign language is communicative and professionally-oriented. As for interpersonal
communication, the Sample Program reads: ‘When teaching oral and written forms of
communication, the standard is the modern literary and spoken language, that is, the language
used by educated speakers in formal and informal communication situations’. The program
provides training in reading texts of various genres of scientific and reference literature, while
the basic skill is ‘the ability to work with literature’.
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An approximate program in foreign languages for universities of non-linguistic specialties
determines the final requirements for the mastery of a foreign language with a standard volume
of the audience load (170 hours): ‘the availability of linguistic and communicative competence
sufficient for further educational activities, for studying foreign experience in a particular
(major) field of science and technology, as well as for conducting business contacts at the
elementary level’.

Thus, the analysis of the Sample Program also showed a discrepancy between the
requirements for the level of students’ knowledge of a foreign language and the content of the
teaching presented in the textbooks.

At the same time, the processes of modernization of higher professional technical
education also affect such a disciplinary area as a foreign language. First of all, this is connected
with the new goals and tasks of the Russian language policy pursued in the context of the
language policy of the Council of Europe. The preamble of the Recommendations of the
Committee of Ministers of the Council of Europe states: Europe’s rich linguistic and cultural
heritage is a valuable common resource that must be protected and developed. Education is
designed to overcome the situation when linguistic diversity of languages should become an
instrument of mutual enrichment and understanding.

Only by improving the study of modern languages, it is possible to promote
communication and mutual communication of Europeans speaking different languages,
increasing freedom of movement of population, development of mutual understanding and
cooperation, overcoming prejudices and discrimination.

Participating countries, developing and approving national programs in the field of
language learning, can coordinate their policies and actions at the European level [2].

Consequently, as the main political tasks in the field of foreign languages, tasks aimed at
preparing children, youth and adults for life and work in a democratic society Conference of
Ministers of Education of 33 European countries, including those from Russia, which took place
on September 19, 2003 in Berlin, confirmed the relevance of modern language policy and
adopted a number of decisions aimed at preparing higher education institutions, primarily
technical universities, to implement this policy. Technical universities require the training of
specialists who know a foreign language and are capable of professional communication. This is
facilitated by a large labor market - the existence of joint ventures and the fact that about 17
million Russians work in private firms, many of which have reached the international level.

The foregoing calls specialists for a rethinking of the content of standards and exemplary
programs for teaching a foreign language in a technical university. Consequently, it becomes
obvious that today there are a number of contradictions: between the modern content of language
policy and its inadequate reflection in normative documents intended for technical universities;
between the labor market demand in specialists-graduates of technical universities that can
communicate in a foreign language and use information technologies in their practical activities
and the unavailability of technical universities to train such specialists; between personal and
professionally oriented expectations of students to master a foreign language as a means of
intercultural communication (including using Internet) and the lack of appropriate pedagogical
conditions adequate to these needs. Thus, there are all grounds to consider the problem of
choosing the most effective method of professionally-oriented teaching a foreign language
relevant and requiring special study.

The problem of professionally-oriented instruction in a foreign language and the use of
information technologies in a technical university is the subject of numerous scientific studies of
native and foreign scientists.

Despite the variety of scientific researches to the issues of vocational training of a foreign
language and the use of new information technologies in the process of teaching a foreign
language, the problem of choosing the most effective methods of professionally-oriented
teaching of a foreign language in a technical university remains poorly researched.
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Thus, the relevance of the problem and its weak practical solvability in relation to the
technical university became the basis for addressing the research topic: ‘Information
technologies for professionally-oriented foreign language teaching for students of technical
specialties’.

The purpose of the study is to develop a methodology for using information technologies
for professionally-oriented teaching of a foreign language in a technical college.

The problem of the study is to find a solution to the contradiction between the specifics of
the subject, the person-oriented pedagogical technologies of teaching a foreign language and
traditional methods used in real practice, which do not take into account the specifics of the
future professional activity of students.

The object of the study is the process of professionally-oriented instruction in a foreign
language.

The subject of the study is the methodology of using information technologies in
professionally-oriented teaching of a foreign language in a technical college.

Research hypothesis: the effectiveness of professionally-oriented instruction in a foreign
language in a technical university using information technology can be achieved provided that:
the analysis of positive and negative phenomena in the organization of teaching a foreign
language in a technical university was conducted. On this basis ways of improving the quality of
educational process were explored; professionally-oriented skills of students, formed by means
of information technologies were revealed.

The methodology of professionally-oriented foreign language teaching for students of a
technical university is developed taking into account the didactic properties and functions of
information technologies used in the educational process; the use of information technology in
the process of professionally-oriented teaching of a foreign language for students of technical
specialties is based on the method of project activity.

For scientific confirmation of the correctness of the proposed hypothesis, the following
tasks were to be solved.

It was necessary to analyze the positive and negative phenomena in the organization of
teaching a foreign language in a technical university and identify ways to improve the quality of
teaching and learning a foreign language; consider the didactic properties and functions of
information technologies as a means of personally-oriented learning of a foreign language.

To identify the professionally-oriented skills of students formed with the use of
information technology.

Determine the features of the new pedagogical technologies in the context of the
technology of modern language education in a non-linguistic institution.

To reveal the essence of the concept, the role and place of technology of project activity in
the system of professionally-oriented teaching of students to a foreign language; to develop a
methodology for using information technologies in the communicative practice of teaching
students a foreign language and conduct its testing.

To solve the tasks and test the hypothesis, the following methods of scientific research
were used. To study and analysis of psychological, pedagogical, methodological, linguistic,
technical literature;

Analysis of the regularity and legal and regulatory framework for teaching foreign
languages in non-linguistic universities; concepts, programs, educational and methodological kits
and recommendations of authors-developers of textbooks on the use of information technologies
in universities; questioning, interviewing students and teachers; experiential training in
approbation of the methodology of using information technologies in a technical university.

The theoretical significance of the research is that it has developed a methodology for
professionally-oriented teaching of foreign languages for students of technical specialties using
information technologies [3].

Practical significance of the research is for introduction of the developed methodology into
the practice of professionally-oriented teaching of a foreign language in a technical college.
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The following provisions are made for protection: the quality of mastering students with
practical skills to use a foreign language as a means of professional communication is ensured by
introducing modern information technologies in the educational process that are adequate to the
professionally-oriented content of teaching a foreign language in a technical university; didactic
properties and functions of information technologies allow interactive, activity-oriented and
personal-oriented nature of tasks and exercises aimed at the formation of professionally-oriented
skills and abilities of students, among which are the skills to work with information,
independently solve problems, analyze and apply foreign experience in the professional field, the
ability to think critically, creativity and self-realization; the technology of project activity, which
is the basis of the methodology of professionally-oriented foreign language teaching for students
of technical specialties, corresponds to their personal and professional expectations and
contributes to the formation of professionally significant personal qualities of the future
specialist of the technical profile.

The teaching of foreign languages in a technical university acquires a new sound in
connection with the transition to an open information society, the internationalization of
education with the extensive use of information technologies in many spheres of human activity.
This is largely due to the forms and methods of practical activity that are being applied today,
which are a consequence of the introduction of modern computer technology and the means of
transferring information to various spheres of human activity in order to increase its
effectiveness. These methods, based on the extensive use of the basic capabilities of computer
technology for the processing, storage, transmission and presentation of information, are
integrated into the concept of new information technology. Computerization of the sphere of
communications, informatization of professional activity, education, and science caused the need
to exchange messages in telecommunication networks, work with information that is presented
in a foreign language. Taking this into account, the process of the teaching a foreign language
cannot be reduced only to the formation of the speech and linguistic competence of students of
technical universities, in modern conditions, foreign language instruction should ensure entry
into foreign culture and informative practice of activities. This can be achieved with the help of
information technologies, which first, ensure the dynamism and mobility of information
exchange; secondly, information technologies make it possible to realize a person-oriented
approach in teaching. Modern society requires from future specialists, in addition to profound
professional knowledge and skills to apply this knowledge in their practical activities, also such
knowledge, mastering of which is carried out in conditions of foreign communication with the
use of various sources of information, which is unthinkable without resorting to the global
Internet network.

The term ‘technology’ was applied in education relatively recently and first appeared in
Western Europe, but today it is almost universally accepted. Teaching technology is considered
as a systematic method of creating, applying and defining the whole process of teaching and
learning, taking into account technical and human resources and their interaction, which aims to
optimize the forms of education.

Systematic. Technology must have all the attributes of the system, the logic of the process,
the interconnection of all its parts, integrity.

Controllability. It presupposes the possibility of diagnostic goal-setting, planning,
designing the learning process, phased diagnostics, variation by means and methods with the aim
of correcting the results.

Efficiency. Modern educational technologies exist in competitive conditions and must be
effective in terms of results and cost-effective, guaranteeing the achievement of a certain
standard of training.

Reproducibility. It implies the possibility of using (repeating, reproducing) pedagogical
technology in other similar educational institutions, other subjects.

Educational effect. Educational technology should be morally justified, contribute to the
humanistic and creative development of the student.
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The technology of the project activity is based on the project method. Conscious
perception and active use of this method in the practice of professionally-oriented teaching of a
foreign language in a technical university requires the study of the initial base, goals, structure
and content, as well as analysis of the results obtained in the course of communicative-cognitive
(research) activities of students on its basis.

The word ‘project’ comes from the Latin and is used in modern language in the sense of
‘plan’, ‘develop’. Using pedagogical terminology, a project is understood as the totality of
certain actions, documents, preliminary texts; a plan for creating a real object, a different kind of
theoretical product. The educational project is a joint educational-cognitive activity, creative task
or a game, having a common goal. The project method is a developed technology for the use of
an educational project. Coordinated methods, methods of activity, are aimed at achieving a
common result for solving a problem that is significant for the project participants.

Fundamentally important, according to scientists, is that the design method should fit into
the overall concept of the discipline or its sections.

‘Project method’ assumes the fact that in the center of the learning process is an active
independent activity of the student, aimed at creating a specific product, as a result of solving a
particular problem, taken from real life.

The solution of the problem involves the use of a variety of methods, teaching aids and the
necessary integrated knowledge and skills: application of knowledge from various fields of
science, technological and creative fields [4].

According to the data of many researchers students should possess certain intellectual
skills: work with information, highlight the main idea, search for necessary information in
foreign language, analyze, make conclusions, have creative skills and knowledge of different
areas, be able to develop an idea , suggest solutions to the problem, predict the consequences of a
decision and have communicative skills: the ability to discuss, listen and hear the interlocutor,
express their point of view, take part in arguments, the ability to find a compromise with the
interlocutor and laconically state their thoughts.

Conclusion

The technology of learning is subordinated to its content. This is the way (or methods) of
implementing the content of teaching, including the forms, methods and means of teaching, with
the help of which the purposeful educational activity of the teacher and student is carried out,
resulting in knowledge, skills, development of cognitive abilities and mastery of professional
experience and skill. In effective educational technologies, appropriate, optimal steps, steps to
achieve specific and common goals of education in their hierarchy and continuity are recorded.
Different technologies of professionally-oriented learning a foreign language, as studies and
educational practice show, affect the student’s attitude to the subject in different ways and master
the communicative competencies in the course of classes.
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TEXHUKAJIBIK )KOO-JA LIET TIJIIH KOCIBU-BAFBITTAJIFAH OKBITY IA OTETIH
AKHHAPATTBIK TEXHOJIOT'USAJIAPABIH OPHbBI MEH POJII

7K. Ep:xxanosa’

' AnMaThI SHEpreTHKa XKoHe OaillaHbIC yHUBEpCHUTETI, ATMaTHI K., Kazakcran

Andamna. Maxanaga wWeT TiAAI KociOW OaFpITTanfaH OKBITY YACpICIHIAETI aKmapaTThIK
TEXHOJIOTHSIIAD KapacThIPbUIFaH. TeXHUKaJIbIK MaMaHIBIK CTYACHTTEPIiHIH TNPAKTUKAIBIK HKEMIUTIK
YKacalryblHa 9cepi, OJapAblH epeKIeNiri ;KoHe AUJAKTUKAIBIK KbI3MeTi 3epTTenei. OKBITY TeXHOIOTHSCHI
OKy OapbICHIHBIH Ma3MYHBbIHA TOYENAUIIriHE epeKiie KOHiT ayaapbiiagbl. OKBITYIIBI MEH CTYJICHTTIH
MaKcaTKa OaFbITTalfaH OKBITY KbI3METIHE ocep eTETiH OKBITY ¢opmainap, omicTep KoHE Kypaiaap
OenrisieHreH. byn cTyneHTTepaiH OUTIMIH TONBIKTBIPYFA, UKEMAUTIK TeH JAaFAbUIapAbl KalTbINTaCThIPYFa,
TaHBIMJBIK KaOlleTTepAl KeJeNJeTyre KoHe KociOM TokipuOe MeH ImeOepiikTi KeHeWTyre MYMKIHIIK
Oepeni. TeXHUKAIBIK kKOO-a MIET TUIAl KOCiOM OarbITTaFAH OKBITY HETI3IHAC MKOOAIBIK OpPEKETIHIH
TEXHOJIOTHSICBIHA €peKIIe Haszap ayaapbuiaabl. bynan 0acka KypacTBIPBUIFAH OICTEMEHIH HOTIDKE
anmpoOanuACkl KENTIPiNTeH, JKalMbl KOPBITBIHIAB TYKBIPHIMIAIFAH, MACEJCHI 3epTTeYAiH KeJeleri
OastHIanFaH.

Kinmmik ce30ep: 1IeT Tiji, aKIapaTTHIK TEXHOJIOTHS, KOCION-O0aFBITTAIFaH, TEXHUKABIK KOFAPHI
oKy opHbI (JKOO), TeXHUKAIBIK MaMaH/IbIKTap.

HCHOJIb30BAHUE HHO®OPMAIMOHHBIX TEXHOJIOT U ITIPY OBYUYEHUU
NHOCTPAHHOMY S3BbIKY

K. Epxxanosa’

' AMMaTHHCKUN YHUBEPCUTET SHEPTeTHKH U CBA3H, T. Anmatel, Kasaxcran

Annomauyus. B cratbe paccMmarpuBaioTcsi HMH(GOPMALMOHHBIE TEXHOJIOTMM B  IIpolecce
npogecCHOHAIBHO-OPUEHTUPOBAHHOTO 00yUeHHsI HHOCTPAaHHOMY s13bIKy. Mccnenyercs ux crnenuduka u
TUaKTHUecKue (QyHKIMM, BIMSONIME Ha (OPMUPOBAHHME NPAKTUYECKUX YMEHHH CTYJICHTOB
TEXHUYECKUX crennaibHocTei. [loquepkuBaeTcs, 4To TEXHOJIOTHA O0y4YeHHs MOTYMHEHA COAEP KaHUIO
yuebHOro mpouecca. Beigenensl ¢Gopmbl, MeTOObl W CpeAcTBa OOy4YeHHs, KOTOpPbIE BIMSIOT Ha
[eJICHANPABICHHYIO YUYeOHYIO JeSITeNbHOCTh MpPEernojaBareis W CTyJeHTa. DTO IMO3BOJSIET YIIIyOUTh
3HaHUsI CTYJICHTOB, C(POPMUPOBATH YMEHUS Y HABBIKH, aKTHBU3UPOBATh [T03HABATEILHBIE CIIOCOOHOCTH U
pacmpuTh npodeccuoHanbHbIN OonbIT U MacTepcTBO. Ocoboe BHMMaHKE 0OpalaeTcsi Ha TEXHOJIOTHIO
MIPOCKTHON  JNEATENBHOCTH, B  OCHOBY KOTOPOH  IOJOXKEHa METOIMKa  MpodecCHOHAIBHO-
OPUCHTUPOBAHHOT'O OOYYCHUSI MHOCTPAHHOMY SI3BIKY B TEXHHYECKOM By3e. Kpome STOro, mpuBeICHBI
pe3ynbTaThl MO anpodaunu pazpadOTaHHOM METOAMKH, COPMYTHUPOBAaHBI OOIINE BBIBOIBI, H3JI0KEHBI
HEePCHEKTUBBI JabHEHIIEro U3y4eHHs! TPOOIIeMBbI.

Knrouesvie cnosa: MHOCTpaHHBIA S3bIK, MH()OPMAIMOHHBIE TEXHOJIOTHH, TpodeccrHoHambHO-
OpPUEHTHPOBAHHBIN, TEXHUYECKHUH BY3, TEXHUUYECKHE CIIEIINaIbHOCTH.
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"Pucynok 1 - Hazeanawme (o pucynkom)". PrcyHkn BeIOMHSIOTCS B pesxknme Paint (Painbrush). I'padwmkwm, quarpamMmer,
rucTorpammsl - B pexxume Microsoft Excel, ¢ paspemennem He menee 300 dpi. Maremaruueckue, pu3nyecKue U Ipyrue
o0o3HauyeHust U GopMysbl HAOMPAIOTCs B pexkuMe peraktopa dopmyn Microsoft Equation, HakioHHBIM mpupTOM 1
pacrnonararorcs 1o LeHTpy. Homepa ¢popmyit mpocTaBisitoTcst y IpaBoro Kpast CTPaHULIbI B KPYIIIBIX CKOOKaX.

4. OO6umii 00beM PYKOITUCH, BKIFOYAs aHHOTAIIMH, CITUCOK JINTEPaTyphbl, PUCYHKH M TaONMIIBI, COCTABISET HE
Oonee 8 cTpaHwiII.

5. Crarbst IOAMKCHIBACTCS B 00513aTEIILHOM HOPSIIKE BCEMH aBTOPAaMHU B HIPKHEM TIPABOM YIITy KaXI0H CTpaHHIIbI
TEKCTa, TaM JKe CTaBUTCs ara. B ciryyae nepepaboTku cTaTby TEXHUUECKUM PEIAKTOPOM JaTOM OCTYILUICHUSI CUMTACTCS
Jiata MoTy4eHust pefiakieil OKoH4YaTeIbHOTO BapuaHTa.

6. Ha otmensHOM nucTe ciiemyeT npuBecTH cBeaeHus 00 aBropax: @.1.0. moiMHOCTEIO, TOYTOBBIN aapec, e-mail,
MecTO paboThl, JOKHOCTD, CITY)KEOHBIH 1 JIOMAIITHAHN Tele(OHBI.

7. K crarbe 00s13aTeIbHO MPUIIAraroTCst PEHEH3MN 2-X HE3aBUCHMBIX YUEHBIX (BHEIIHSS U BHYTPEHHSS ), KOTOpHIE
HE BXOJISIT B COCTaB PSAAKIIMOHHOMN KOJUIETHH JKypHaIa v BeIyT UCCIICI0BaHMS B 00NIACTSIX, OJIM3KUX C TEMATHKOH CTAThH.

8. Jlymst xaxKIoil cTaThy 3amoiHseTCsl SKCIEPTHOE 3aKIIFOYCHUE O BOSMOKHOCTH OITyONMKOBAHUS, YTBEPKICHHOE
ripopexropoM o HP.

9. Ha ocHOBaHMM 3KCIEPTHBIX 3aKJIIOUYEHUH PEIKOIUIeTHs MPUHHMAET pelleHHe: o MyONuKal|y Marepraia B
NPEACTABICHHOM BHE; O HEOOXOAUMOCTH I0PaOOTKH; 00 OTKJIOHCHHUH.

10. Pyxorich, HaripaBjieHHasl aBTOpaM Ha 10paOoTKY, JOJKHA ObITh BO3BpalllcHa B UCIIPABICHHOM BUJIE B CPOK HE
6omnee 10 pabounx aueit. [To ncredennn 3TOro Cpoka OHa pacCMaTpUBAETCs Kak BHOBB MocTymnuBiias. K nepepaboran-
HOH PyKOIIMCH HEOOXOIMMO TPHUIIOKUTH IMCHMO OT aBTOPOB, ONKCHIBAIOLIEE C/ICaHHbIC UCIPABICHHS U CONleprKallee
OTBETHI HA BCE 3aMEYAHNSI PELICH3ECHTOB.

11. Pykomnuch, NOMy4YHBIIAsk OTPULIATEIbHBIE OLICHKH IIPU PELICH3MPOBAHNH, OTKJIOHAETCS, KAaK HE COOTBETCTBYIO-
asi YpOBHIO MyOiMKanumii. Pykorucu aBropaM He BO3BpaiaroTcs. Pemakimsi BIpaBe HE BCTYIATh B IEPEIUCKY C
ABTOPOM OTHOCHTEJILHO NMPUYUH (OCHOBaHMIA) OTKa3a B IyONMKALMU CTaThu. Penakuus ocrapiser 3a coOol mpaso, B
HEOOXOIMMBIX CITy4asiX, IPOBOAUTH COKPAILEHHS U PEAAKTOPCKYIO MpaBKy crareil. Ilocie myOnukayy aBTop MOXKET
MOJTY4YHTh KOIHIO cTathi B (hopmare PDFE. Penakis coOmonaeT penakiiMOHHYH0 3THKY U HE pacKpbIBacT Oe3 coracus
aBTOpa MpOoLeCcC PadOTHI HaJl CTAThEH B M3AATENILCTBE (HE 00CYKAAET C KeM-JIMOO0 TOCTOMHCTBA WIIM HEOCTATKH PadoThI,
3aMeyaHMs 1 HCTIPABIICHUSI B HUX, HE 3HAKOMUT C BHYTPEHHUMH PELICH3HSAMI ).

Pexeusumul 0na onnampl:

Hexommepueckoe akioHepHOoe 00IIECTBO « ATIMATUHCKUN YHUBEPCHTET SHEPTCTUKU H CBI3M»
050013, . Amvarsr, yit. baiitypesmaynsl, gom 126/1

MUK KZ608560000000005121 B AO «bank LlearpKpeaut», . AnMars
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