ISSN 1999 - 9801

[\ K\
N "&\;v;"/‘ q

ORI

AnmMaTbl 3HepreTuUKa >KoHe
OannaHbIC YHUBEPCUTETIHIH

XABAPUWDbICDHI

BECTHMK

AnmMaTUHCKOro yHMBepcureTta
3HepreTuKu N cBA3Mn




HAYYHO-TEXHUYECKHWHA KYPHAJI
«BECTHHUK AJIMATUHCKOI'O YHUBEPCUTETA
JHEPI'ETUKHU U CBA3N»

N3naércsa ¢ nronsa 2008 roxa

YUYPEJIUTEJIb

AJIMAaTUHCKHUI YHHBEPCUTET SHEPreTUKH U cBsa3u (AYIC)

I'naBublii penakrop - CoxonoB C.E., 1-p TexH. HayK.

3am. riiaBHoro peaakropa - Crosk B. B., kanj. TexH. Hayk.
Penakumnonnas kosierus:

Axomnbsan I'. C., kanza. TexH. Hayk (Kazaxcran);

Angpees I'. 1., kana. TexH. Hayk (Kazaxcran);

benses A.H., kaun. Texs. Hayk (Poccus);

bunpatoxeBuu A. B., akanemuxk HAH, n-p xum. Hayk (benapycs);
Kyznskuna B. B., akanemuk PAE, n-p texn. Hayk (Poccus);
Muxaiinosa H. b., n-p ¢ui. nayk (I'epmanus);

[TupmatoB H. b., 1-p TexH. Hayk (Y30eKkucran);

Pamxa6os T. /1., akanemuk HAH, n-p ¢usz.-mar. Hayk (V30ekucran);
CyneiimenoBa K. U., n-p sxkoH. Hayk (BenukoOpurtanus);

Ouxkper T., n-p dwr. nayk (Typrus);

®dumos A. I'., n-p Texn. Hayk (Poccus).

C coxeprxkaHueM XKypHaJla MOKHO 03HAKOMUTKCS Ha BeO-caiite AYDC www.aipet.kz.
[TonnucaTtecs Ha XKypHaJI MOKHO B ITOYTOBBIX OTAEJICHUSAX CBSI3U MO OOBEIMHEHHOMY KaTaJory
JlenmapramenTa nouroBoii cBsi3u. [lognucuoi nnnexc — 74108.

B penakium MOXHO MOJIMUCATHCS HA XKYPHATI U TPUOOpECTH OTAETbHBIE HOMEpa.

Appec pepakuun: 050013, r. Anmarsl, Hexkommepueckoe AO «AJIMaTUHCKUI YHUBEPCUTET
SHEPTETHKU U CBSI3W», yi. baliTypceiHoBa, 126, opuc A 326.

Ten.: 8(727) 2784536, 2925048. daxc: 8(727) 2925057. E-mail: aipet@aipet.kz (¢ momeTkoit
«JlJ1 peakuuu JKypHasay).

OtBercTBeHHbIN cekpeTapy  Canukona I. C.

TexHnueckue perakTopbl Canbspona H. C. (pyc.)
TenbkoxkaeBa K. C. (ka3.)
[Tapxarosa P. M. (anr1.)

Cnano B Habop 22.05.2017 r. [loanucano B neyats 12.06.2017 r. ®opmat A4
Bymara odcernas Ne 80 r/m”  Teuats odeernas. [ew. 1. 12,5
Llena cBoboanas. Tupax 350 sx3. 3apeructpupoBad KomuteTom nHbOpMAIN H apXUBOB
MunucrepcTBa cBsi3u 1 uHpopmanuu PK, perucrpammonnsiiit Ne 11124-K ot 02.09.2010T.

Makxer BBITIOTHEH U oTrieyaTad B Tunorpadun «UI1 Bonkosa»
PaitpimOeka 212/1, od. 104.

«Bectauk AYOC», 2017 1.



BECTHUK

AJIMATUHCKOI'O YHUBEPCUTETA
JHEPI'ETUKHU U CBA3HU

Ne 2 (37) 2017

Hay4yHo-TeXHUYeCKHUH KYPHAJ
Boixonaur 4 pasa B roa

AJIMATHhI



l (Q‘ "))\\ AnmaTuUHCKUU YHnBepcurter 057

‘\\\“/«‘V// OHEPreTUKU U CBA3U  KoaBY3A
~—"

v lfocynapcTBeHHasA NULEH3UA HA 06pasoBaTesibHYI0 AeATenbHoCTb N2 0137445 ot 4.08.2010
CBUAETENbCTBO 06 MHCTUTYLMOHANbHOM aKKpeauTauum N2 000003

BAKAJIABPUAT MAI'MCTPATYPA

5B060200 - IndopmaTuka 6M070200 - ABTOMaTU3aUMA 1 ynpaBreHne
5B070200 - ABTOomMatmnsauuns un yrnpasrneHue 6MO071700 - TennoaHepreTnka
5B070300 - IHgbopMaLMOHHbIE CUCTEMBI 6M071800 - OnekTpoaHepreTuka
5B070400 - BoiuncnurenobHada TexHMKa u 6M071900 - PaguoTtexHuka, anekTpoHuKa
nporpaMmmHoe obecneyeHue N TENEKOMMYHMKaLMN
5B071600 - lNpubopoctpoeHune 6M070400 - BoluncnurenbHast TEXHUKA U
5B071700 - TennoaHepreTuka nporpamMmmMmHoe obecneveHne
5B071800 - OnekTpoaHepreTMka 6M070300 - MHOPMALIMOHHBIE CUCTEMBI
5B071900 - PagnoTtexHuka, anekTpoHuka 6MO073100 - besonacHocTb
N TENEKOMMYHMKaLUn XU3HeaeAaTeNbHOCTU 1 3awmTa
5B073100 - besonacHocTb OKpYy>KatoLLen cpeabl
XN3HNOEATENBHOCTU 1 3aLLuTa 6M071600 - NpubopocTpoeHue

OKpy>KaroLLlen cpeapbl

5B081200 - SHeproobecneyeHmne ﬂOKTOpaHTypa PhD
CENbCKOro X03s1MCcTBa

5B074600 - Kocmnyeckasi TexHMKa 6D071700 - TennosHepreTuka
N TEXHOSMOIMn 6D071800 - OnekTpoaHepreTuka
5B100200 - Cuctembl MHPOPMALMOHHOM 6D071900 - PagnotexHuka, SrneKTpoHuKa
BGesonacHocTn N TENeKOMMYHUKaLun

NOCTYNAA

s AYIC,

avnnom 6akanaBpa AYSC no 0CHOBHOM cneuuanbLHOCTMU.

avnnom 6akanaepa HaumoHanbHoro

Bbl UMeeTe yHMKanbHyto uccnegosaTtenbckoro yHmesepcuteta «MoCKOBCKMIA
BO3MOXHOCTDb 3HepreTM4Yeckuit UHCTUTYT» (HUY «M3IU») no

OAHOBpPEMEeHHOo nony4nTte  aunnoma 3KOHOMMYECKOMN cneunanbHOCTU.

OBYYEHME HA AHITIMACKOM A3BLIKE BOEHHAA KADE[PA

MwuHucTepctBo 060poHbl PK BbigensieT KBOTy
ctyneHtam AY3C ana nonyyeHwus
cneumanbHOCTU Ha BOeHHOM Kadheape, a

CtyneHTam npeanaraetcs oby4YyeHue Ha
aHrMUMNCKOM A3bIKe MO CreayroLuM

GV e Takke npegnaraet nponTu Kypc «Monoaoro
® O1eKTPO3HEPreTUKa; Goviua.

®PaanoTexHuKa, aNeKTPOHMKa U TENEKOMMYHUKaLNK;

e ABTOMATU3aUMS 1 ypaBreHme: Hawu ebinyckHuku ycrnewHo mpyodsmcsi

He mosibko e KazaxcmaHe, HO u 8 cmpaHax
eBhlyncnUTENbHaa TEXHUKA U NPOorpamMmMHoe 6/1UKHE20 U daslbHe20 3apy66)Kbﬂ

obecrneyeHue;
®[1prBopocTpoeHme. Hawwun KoHTaKTbI:
r. AnmaTbl, yn. bautypcsiHoBa, 126,
MMeeTCs CUCTeMa CKUAOK Ten.. 8727 292 07 72,
(3a xopoLuyHo 1 OTIINYHYIO Y4eOy un npu 8727 292 44 71

BHeceHnu 100% npeponnartbl 3a obyvyeHue)

e-mail: aipet@aipet.kz,

MHOI’OpOﬂHMM npeaocTaBiAeTCA ooLexuTue cmpo.alpet@gmall.com

www.aipet.k z



Ne 2 (37)

2017

BECTHUK AJIMATUHCKOI'O
YHUBEPCUTETA DOHEPI'ETUKHU U CBA3U

COIAEPXAHUE
TEIVIOOHEPT'ETHUKA U TEIIVIOTEXHOJIOT'UA

Crosik B. B., Kymbizoaesa C. K., Uoparumosa M. B.
NMuTannoHHOE MOIETMPOBAHUE CUCTEMBI aBTOHOMHOTO
SHEpProcHabXeHNs Ha OCHOBE T€OTEPMaTbHON
MOJTUTEHEPALUOHHON YCTAHOBKH .....eeeeeenivrieeereiiiieeeesnieneeeeennnnns 5

Kymbizoaena C. K., Ixeiimc I1. A. Bb., Crosik B. B.,
Hoparumosa M. B.

CTpyKTypHAasi ONTUMHU3AIHS CHCTEM KOMILIEKCHOTO
9HEProcHAOKECHHSI HA OCHOBE T€OTepMaTbHON
MOJTUTEHEPALUUOHHON YCTAHOBKH .....eeeeeeniiiieeeeeiiiieeeesniineeeeennnnes 17

ABTOMATHUKA, UTHOOPMAIIMOHHBIE TEXHOJIOI'NHU

Xan C.T., Tamuo6aeBa A. E.

Pa3paboTka nmporpamMMBbI OIIEHUBAHUST HEOTIPEACICHHOCTH
M3MEpEHUS TIPH IMMOBEPKE SIIEKTPOMATHUTHBIX

PACKOIOMEPOB «..vveeeeeuiirteeeesiiereeeessaiereeesssnraeeesssnreaeesssnnreeeeesnns 27

Yepuos b. A., Yepnosa H. b.
MaremaTndeckue MOAEIN CKOPOCTHU 3BYKa B )KUAKOCTSX.......... 35

MHHOBALIMA B BBICIHEM OBPA3OBAHUMN,
OYHJIAMEHTAJIBHBIE U COIMAJIBHO-
I'YMAHUTAPHBIE HAYKHU

ApyoBa A. b., Akxururos E. A.,

Tuaenuen M. 11l., beiice6aii I1. b.

O npuONIMKEHHOM METOJIE PELLIECHUS TUHENHBIX

KPAEBBIX 32/1a4 B CIOKHOM OOMACTH ..covvvveeeerreeenirieeeieeeenineeeenes 43

Mazhitova L. H., Salamatina A. M.,

Bedelbayeva G. E.

Scientific methods of teaching physics

at technical UNIVETSItICS.......covveeriieriieeiie et 50

Ma:kutoBa JI. X., Canamaruna A. M.,

bunazapos C. A., Haypsi3oaena I. K.

Ponb negarornyeckux UcciieoBaHUi B MOBBIIEHUT

KauecTBa 00y4YeHUs1 PU3HKE B TEXHUUECKOM YHUBEPCUTETE .......... 57



0 Hypmneucos C. A., Bekcyiranosa A. M.,
N- 2 (37) Kanyzakosa /. T.

2 0 1 7 HccenenoBanue yCTOMYNBOCTH FAMUIIBTOHOBBIX CUCTEM
IIPY HAJIMYUY BHYTPEHHETO PE30HAHCA. .. .eeeeveeniieeniieeiieeenieenes 65

Baiibazapos M. b., Toaeyosa b. K.
3ajaya ynpaBlieHUs] HEJTMHEHHON CUCTEMBI

C JETEPMEHUPOBAHHOM MTOMEXOM. ....eeeeeurrreeereiiiieeereniireeeeenieeees 71
Parkhatova R.
Professional competence development of students.................... 80

Kypmanbaesa T. C.
K Bommpocy 0 ceMaHTHYECKOM pa3BUTHHU

TEPMUHOTIOTHIECKOTO CITOBA «..vvvenveenrennrernreenneenseenseeseesseesseensees 85
Erzhanova Zh.

Reading and listening can help to learn language...................... 91

HAIIIU KOBUJIAPBI

HlaiixuH bepk Myp3axMeTOBHY.........cccccveeemiiieeniieenieeenneens 97
JxymaranueB Bynar CaOUpPOBHY ...........cccoooveiiiiiniieieeen, 98
Jdymno BauecaaB MUXAHTOBHY ............ccccuveeeniieenniieeniieens 99
MyxanoB BaxbIT Kacka®aeBHMY .............cccooceeviiiniiiiniiinnen, 100

BECTHUK AJIMATUHCKOI'O
YHUBEPCUTETA DOHEPI'ETUKHU U CBA3U




TEIVIOOHEPI'ETUHKA U TEIUVIOTEXHOJIOI'HA

MPHTHU: 44.01.77

B. B. Crosik', C. K. KyMbI?.ﬁ?lEBal, M. B. I/It')parnMOBa1

1 .
AJIMATUHCKUN YHUBEPCHUTET YHEPTETUKH U CBA3M, . AnMathl, Kazaxcran

NUMUTAIIMOHHOE MOJAEJINPOBAHUE CUCTEMbI ABTOHOMHOI'O
IHEPTOCHABKEHUSI HA OCHOBE TEOTEPMAJILHOI
INOJIMI'EHEPAIIUOHHOU YCTAHOBKHA

Annomauusn. B nocnennue rojael B Kazaxcrane Bo3pacraeT HHTEpEC K aBTOHOMHON KOMIUIEKCHOM
TeHepaIui SHEePTUu y MOTpeOuTeNnel CeNbCKUX, OTAAJICHHBIX U TPYAHOAOCTYITHBIX paioHOB. OgHUM U3
MIEPCTIEKTUBHBIX TIyTEH IpeIOoCTaBICHUSI COBPEMEHHBIX OJHEPTeTHUECKUX YCIAYr MPEANPUSITHIM U
JKUTEISIM  JICICHTPAIM30BaHHBIX PAHOHOB SIBIISETCS CO3JaHHE JHEPrOIPPEKTUBHBIX U HAJICHKHBIX
JIOKaJbHBIX OHEPreTHYECKHX CHCTEM Ha OCHOBE AaBTOHOMHOM KOMOWHHMPOBAaHHOH TeHepanuu
SHEPrOHOCHUTENEH.

Panee aBropamm paboThl mpeyaragach KOHIEMIHS CHCTEMbl aBTOHOMHOTO KOMIUIEKCHOT'O
SHEProCHA0KEHHsI Ha OCHOBE KOMOMHHMPOBAHHOH T€HepalMy ¢ YaCTUYHBIM 3aMELICHUEM JHEpro3arpar
BO30OHOBIIIEMOIl DJHEpPrueil B KadyecTBE OHHEProd(PPeKTUBHONW aTbTEPHATHUBHI CYIIECTBYIOIMM. B
HACTOAIIeH paboTe TpeiCcTaBiieHa MaTeMaTH4ecKas MOJelb W METOIWKa pacueTa HIHEePreTHIeCKHX
MoKa3aTeJied TeOTePMAIBHOM IMOJIMICHEPAIIMOHHON YCTAHOBKM B YCIOBHSX PEaJbHOW AIKCILTyaTallvu.
Kpome »3toro, paspaboraH crenUaTM3UPOBAHHBIN MPOrPAMMHBIA TPOJYKT KaK HMHCTPYMEHT IS
MIPOEKTHPOBAHUS ABTOHOMHBIX CHCTEM KOMIUIEKCHOTO JHEPTOCHAOKEHHWS Ha OCHOBE TIeOTepMajbHOU
MOJIMTCHEPAIIMOHHON YCTAaHOBKH.

Jlist HaCTPONKY U KATMOPOBKHA MAaTEeMAaTHUYSCKOW MOJICIH MUCIIOIb30BAINCH CBEACHUS W3 HAYYHBIX
WCTOYHUKOB W PE3YNbTAaThl AKCIEPUMEHTAIBHBIX WCCICIOBAaHUM MWJIOTHOH CHCTEMBI, CO3JaHHOU
JTAHHBIMU aBTOPAMH.

Knwouesvie cnosa: aBTOHOMHBIE CHUCTEMBbI KOMIUIEKCHOI'O OJHEProcHaOXeHUs, KoreHepauus,
MOJIUTEHEpalns, TeoTepMalbHAs TOJWICHEpAlOHHAs YCTaHOBKA, ONTHMH3AIMS PEXHUMOB pabOTHI
CHCTEMBI SHEPTOCHA0KCHIIS.

DOHeprocHa0XeHHe OTAAJCHHBIX, TPYAHOAOCTYMHBIX CEIbCKUX TEPPUTOPHUI, a TaKxKe
00BEKTOB, KOTOPHIEC MCTIBITHIBAIOT HEAOCTATOK B SJIEKTPUUECKON M TEIIJIOBOM YHEPTUH, SIBISETCS
aKkTyalabHOM 3ajmayeil mis Kaszaxcrana, pemieHue KOTOPOW MPEeayCMOTPEHO B pslie KIIFOYEBBIX
MPaBUTEIHCTBEHHBIX MPOTPAMM Ha CPEAHECPOUHYIO U IOJATOCPOUHYIO IEPCTIEKTUBHI.

Cepbe3nble TpoOJIeMbl B JHEPrOCHAOKEHWU PErHOHOB HApsSAy C HUCTOLICHHEM
TPAAUIIMOHHBIX PECYpPCOB M OXPaHOM OKpYXalolled Cpeapl, BIMSHUEM Ha TJI00aTbHOE
MOTEMJICHHE U W3MEHEHHE KiIMMara TpeOylT KapAWHAIbHBIX W3MEHEHUH B MPOHU3BOJCTBE,
pacrpeieieHuu | OTpeOJICHUU 3Heprun. BopiieueHre BO30OHOBISIEMBIX HCTOYHUKOB YHEPTHH,
B JIOTIOJIHEHHE K CYIIECTBYIOIIMM SHEProd(P(PeKTUBHBIM TEXHOJOTHUSM, SBISETCS KIIOUEBHIM
dakropom I JgocTKEHUS  d(Q(PEKTHBHOTO W HANEKHOTO  DHEPrOCHAOKEHUS.
KomOunupoBanHas BbIpaOOTKa SHEPTrOHOCUTENEH (xorenepanus, TpUTCHEpaLIUs,
MoJIMTeHepaIus) ¢ BoBledeHrneM BUD sBisercs HamOosiee MEPCHIEKTUBHOM TEXHOJOTHEH IS
JNOCTMDKCHHSI  CTPATETHYECKUX  IIeJIel, TaKuX, KaK »DJHEepreTudyeckas Oe30MmacHOCTh |
3G (HEeKTUBHOCTh C TIOJMOKUTENBHBIM BO3JCHCTBHEM Ha SKOHOMHKY U OJHOBPEMEHHBIM
YMEHBIIIEHNEM IKOJIOTUYECKON yTPO3bl, BEAYIIUX K YCTOWIYMBOMY PA3BUTHIO.

HccnenoBanusi ~ KOMOMHHMPOBAHHBIX ~ CHCTEM  KOMILJIEKCHOTO  JHEProcHaOKeHwus,
OCHOBAHHBIX Ha MPOIECCAX W YCTAaHOBKAaX KOMOWHHUPOBAHHOM T€HEpaIluu, MPOBEIECHHBIX PSIOM
uccieaoBareneid B MocieHee AECATUIIETHE, MOKa3al, YTO TaKHe CUCTEMbl SIBISIOTCS BEChMa
sHeprodh(PpexTUBHBIMA U HaACKHBIMU. CHCTeMBbI KoreHepanuu [4, 5] u TpureHepammu [2, 7]
MO3BOJISIFOT SKOHOMUTH TOIUIMBO M CHHXKATh 3arpsi3HEHUE BO3JyXa M BBHIOPOCHI MAPHUKOBBIX
ra3oB. Ha ocHOBaHWM yKa3aHHBIX XapaKTEPUCTUK MPOTHOZUPYETCS, YTO UCIIOIH30BAHUE CUCTEM
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ABTOHOMHOM KOMOMHHMpPOBAaHHOW TeHepaluy SHepruu OyneT HHTEHCHUBHO pa3BUBATHCA B
OmkaiieM OyayIeM.

B Hacrosimiee Bpemsi OHUM W3 MEPCHEKTUBHBIX HAMPABIEHUN MO COBEPILIEHCTBOBAHHIO
SHEPreTUYECKUX II0Ka3aTeled KOIN€HEpalMOHHBIX YCTAHOBOK M IOBBILIEHHS AKOHOMUYECKOU
3G PEeKTUBHOCTH  SBJIIETCS WX  HMCIOJB30BAaHHE COBMECTHO C  IpeoOpa3oBaTeIsiMu
HU3KOMOTEHIIMAIBHOTO TeIJla, a UMEHHO C TEIIOBbIMU HacocaMu [3]. Takyro cucteMy MOXKHO
Ha3BaTh WHTETPUPOBAHHON CHCTEMOW mMpu dHeproodecrnieueHWu. B CBA3M C 3THUM BO3HUKAET
NPaKTUYECKUH HHTEPEC K MCCIENOBAHUSAM SHEProd((EeKTUBHOCTH TAaKOTO OOBEIUHEHHS MpU
KOMOMHAIIMSIX pa3IMYHBIX BUJIOB SHEpProreHepaTopoB c npeoOpazoBaTeIsiMu
HU3KOTOTEHIIMAIBHOTO TeIyia. TemoBble HAcOChl B COYETAaHHMHM C YCTPOHCTBamMHM cOopa
HU3KOIMOTEHIIMAJIBLHOTO TEIJIa BEPXHUX CJIOEB 3eMJIU (Te0TepMabHOIO Teria) 00agatoT BechMa
BBICOKOI 3HepreTrueckoi 3¢pdexTuBHOCTHIO. [IpoBEIeHHBIE IKCTIEPUMEHTAIBHBIE M YHCIICHHbIE
UCCJIEJIOBAHMSI MTOKA3bIBAIOT, YTO 3TOT MYTh OTKPHIBAET BO3MOKHOCTH KapAMHAIBHO MOBBICUTH
3P PEKTUBHOCTH UCIOIB30BAHMUS TOIUIMBA JJIsl IPOU3BOCTBA TEIJIOBOI dHEprHH [6].

[lenpro maHHOM paOOTHI SBISIETCS pa3pabOTKa U CO3JaHUE MOJHOCTHIO (PYHKIIMOHAIBHOTO
HHEPrOreHEPUPYIOLIETO 00opynoBaHus I E: KOMIIJIEKCHOTO HHEPTrOCHAOKEHUS
JEIeHTPATN30BaHHbIX 00beKTOB. [Ipu 3TOM K co3maBaeMoMy OOOPYIOBaHHIO MPENbSBISIIHCH
CJIEyIOIE€ OCHOBHBIE TPEOOBAHUS:

— UCKITIOYUTH NPSIMOE CKHTaHUE MCKOMAeMOro TOIUIMBA (KHUAKOTO HIIM Ta3000pa3HOro)
JUTSL HY’K]T TeTTOCHAO0KEeHHUS;

— 00ecreYnTh BBICOKYIO HEPreTHYecKylo 3((EeKTHBHOCTh CHCTEM SHEProCHAOKEHUsS B
TE€YEHHE BCEro roja, T. €. B HIIMPOKOM JAHMANa30He W3MEHEHUS COOTHOIIEHUN MOTPEeOHOCTH B
pa3IMYHBIX BUAAX OHEPTUU — DIIEKTPUYECTBA, TEIJA W  XOJOJa, OOYCIIOBIEHHBIX
KIIUMaTHYECKUMHU YCIIOBUSMU;

— o0ecreynTh BOBJICYCHHE JIOCTYITHOTO BO300OHOBIISIEMOTO WCTOYHHMKA DSHEPTHH, HE
[10JIBEP’KEHHOT'0 CYLIECTBEHHOMY BIIMSHUIO KIIMMAaTUYECKUX U MIOTOJHBIX YCIOBUH.

[lo ™MHeHHMIO aBTOpPOB, pelleHHeM 3anadd  3(PQPEKTUBHOTO  HIHEProcHaOKEHUs,
YIIOBJIETBOPSIOLIEH BBIILIECIIEPEUNCIIEHHBIM TpeOOBaHUSM, SIBJIIETCS MIPUMEHEHHE
reoTepMalbHBIX  HoJMureHepanuoHHbix  ycraHoBok  (I'TIIY), Bxkmowarommx B cels
anekTporenepatop Ha 6aze [IBC (ra3oBblil Wiau MU3ENbHBIA) ¢ CHCTEMOW YTUIU3AIMKU TEIjia U
PEBEPCUBHBIE KOMIIPECCOPHBIE TEIJIOBBIE HACOCHI C MPSMBIM MPUBOIOM OT ABurarens. [Ipu stom
B Ka4e€CTBE BO300HOBISIEMOI0 MCTOYHMKA SHEPTUHU HCIOJIb3YETCS] HU3KOMOTEHIMAIBHOE TEIIO0
3eMJId, TOJy4aeMoe OT TPYHTOBBIX TEIIOOOMEHHUKOB.

OueBUHO, YTO TIPU CO3JAAHUHU TAKOTO poja 00OpyAOBaHUS TPEOyEeTCs PEeIIUTh KOMIUIEKC
3a/1a4, CBSI3aHHBIX KaK ¢ pa3paboTKOIl MPOEKTHBIX PEUICHH, TaKk U 00eCIeYeHHEeM ONTHUMAalbHBIX
YCIIOBUH 3KCIUTyaTalluy B PEAJIbHBIX YCIOBUSIX.

KnroueBoil 3amaveld mpu CO3MaHUM W MPUMEHEHHH TakKOro OOOpYAOBaHHUS SBISETCS
BO3MOXXHOCTh TNPOTHO3UPOBAHMS OJHEPreTH4eckoil 3()(EeKTHBHOCTH CHUCTEM aBTOHOMHOTO
SHEProcHa0KEHHsI HA €r0 OCHOBE, B YCIOBHSIX, KOTAa MPO(MUIN SHEPTreTHUECKUX HArpy30K BCEX
BbIpa0aThIBAEMbIX BHJIOB JHEPIMM HMMEIOT BECbMa CYIIECTBEHHYIO HEOJHOPOAHOCTh KaK B
TE€YEHHE CYTOK, TaK U B TEUEHUE ro/ia.

Pemenne 5Toil 3amaum TpeOyeT CO3MaHHs aIeKBAaTHBIX MAaTEMAaTHYECKHX MOJENeH |
COOTBETCTBYIOIIMX CHEUUATU3UPOBAHHBIX MPOrPAMMHBIX TPOAYKTOB U  IOCHEAYIOIINX
YHCIIEHHBIX MCCIIeZIOBaHUN. B cBOIO ouepenp HEOOXOAUMBI SKCIIEPUMEHTANIbHbBIE UCCIIeI0BAaHUS
C HCTOJBb30BAaHUEM peaTbHBIX (PU3NYECKUX MPOTOTHUIIOB B IEISAX HACTPOWKH U KaTUOpPOBKHU
MaTeMaTHYECKUX MOJEIEH.

KommekcHas gunamudueckas uMutanuonnas mogens ACKD - I'TITY

B pabGore mpennmokeHa KOHICTIUS JUHAMHYECKOTO MOJICTUPOBAHHUS  CIIOKHOU
DHEPreTHUECKON CHCTEeMBI, BKIIOUAIONIEH B ce0s TeoTepMalbHYI0 MOJTUTEHEPANUOHHYIO
YCTaHOBKY, UCTOYHUK HHU3KOIOTEHIIMAILHOTO TEIJIa - CUCTEMY TPYHTOBBIX TEIJI00OMEHHUKOB,
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MHUKpPOCETh KOMIUIEKCHOTO SHEProCHA0XEHMs, BKIIOYAIOUIYI0 HAKOMHUTEIN TEIUIOBOH U
AIIEKTPUYECKOM SHEPTUU U MTOTPEOUTEINST YHEPTHH.

B cocTaB KOMIUIEKCHOM MIMUTAIMOHHOW MOJENH BKIIFOUEHBI:

- MOJIEJIb SHEPIeTHUECKUX XapaKTEPUCTUK JIBUTATENS] BHYTPEHHETO CrOpaHusi;

- MOZICJIb DHEPIeTHYECKUX XapaKTEPUCTHK dJeKkTporeHepatopa (3aBucumocTh KIIJ]
ANEKTPUUYECKOTO T€HEpaTOpa OT HATPY3KH);

- MOZICJIb SHEPreTUYECKUX XAPAKTEPUCTUK KOMIIPECCOPHOI'O PEBEPCUBHOIO TEIMJIOBOTO
Hacoca;

- IUHAMUYECKasi MOJEJb DSHEPreTHYECKUX XAPAKTEPHUCTHK CHUCTEMBl I'€O0TepMaJIbHBIX
KOJUIEKTOPOB;

- UMUTAIMOHHAs AMHAMUYECKash MOJENb MOTPEeOUTeNs YHEPruu, B TOM YHCIE U MOJEIb
sHeprobamanca oOOBEKTa OSHEpProcHaOkeHUss (Ha TpuMepe OOBEKTa IKIIUIIHOTO WIN
KOMMYHAJIbHOTO Ha3HAuEHUs).

Ha ocnoBe pa3paboTaHHONW  KOMIUIEKCHOM  HMMHTAlMOHHOM  MOJEIM  CO3AaH
CIIEHUAJIM3UPOBAHHBI  IPOTPAMMHBIM  MPOAYKT, MO3BOJISIOIIMN IPOBOJIUTH YHUCJIEHHBIE
MCCJIEI0BAHMS U PELIaTh CIEAYIOIINE TEOPETUUECKUE U MPAKTUUYECKUE 3a/IauH:

- onpenensaTh dHeprermdyeckue mnokazarenu [TIIY w  cuctemMbl  KOMIUIEKCHOTO
OHEPrOCHAOKEHHUS, TPH 3aJAHHBIX MPOPWIAX DIIEKTPUICCKON, TETUIOBOM W XOJIOJWUIBHOU
Harpys3ok;

- IPOU3BOJUTH BBIOOP ONTHUMAIBLHOM MOIIHOCTH CHUCTEMOOOPA3YIOMIMX JJIEMEHTOB,
BBIOMPATh W HACTpaWBaTh ONTUMAJIbHYIO CTPYKTYpy neictByromein ACKD-I'TIIY B peanpHOM
MaciiTabe BpeMEHH, OTPEENATh ONTUMAIbHBIC PEXUMBI IKCIUTyaTallMl CUCTEMOOOPA3YIOIIHX
AIIEMEHTOB C YYETOM UX B3aUMOJAECHCTBUS MEXIY COOOM.

[TporpaMMHBIi TPOAYKT pa3paboTaH B cpeae Trpaduueckoro MporpaMMHUpPOBAHUS
LabVIEW 2014 1 Ha BBICOKOYPOBHEBOM SI3bIKE TEXHHYECKUX pacueToB Matlab.

MO,Z[CJ'IB OQHCPICTHUUYCCKUX XAPAKTCPHUCTUK ABHUIaTCIIsI BHYTPCHHETO CIr'OpaHusl

Ny
Ny | Npo(t = 90°C)
ona FO
__+ !
ABC Nyyr(t < 500°C)

| MM )

Pucynok 1 — Mogens sHepretTuueckux xapakrepuctuk JIBC

Mopenp ycTaHaBIMBAET B3aUMOCBSI3U MEKY MOIIHOCTBIO HCIIOIb3YEMOT0 TOIUIUBA Nygp,
Mexannueckoil MorHocTeio [IBC — Ny, TEMIIOBBIMH MOIIIHOCTSIMH pyOariku oxjaxaeHus — Npg,
KOTJIa yTunu3aropa — Ngyt U MeXxaHudeckuM KodQduirieHToM nouesznoro aeicteus IABC — ny.

Ha pucynke 2 mnpuBeneHbl COOTBETCTBYIOIIME 3aBUCUMOCTH, XapaktepHble st JIBC,
NpUMEHsIeMble B KaueCTBE TPUBOJIOB AIIEKTporeHeparopoB wmainor wmomHoctu (Perkins,
Caterpillar, Mitsubishi L3E SD u ap.) [1].

Jnst dopmupoBanust MoJenu 3HepreTudeckux xapaktepuctuk JIBC — MexaHW4YecKon
MOIITHOCTH; TeIjia, YTUIU3UpyeMoro ¢ pyoamku oxiaxaenus JIBC; Temna yxomsumx rasos H
3apucumocty KIIJ[ JIBC ot Harpy3ku — mnpeajaraercss ampoKCHMalUs COOTBETCTBYIOIIMX
3aBUCUMOCTEH MOJMHOMHUAIBHBIMU TPEHIaMHU N-0I'0 TOPsI/IKa, B COOTBETCTBHHM ¢ Gopmynoii (1):

Y=Ax*+Bx’ +Cx* + Dx + E (1)

rie A, B, C, D, E nocrostuabie K03()(PUIUEHTBI, KOTOpPBIE 3aBUCAT OT XapaKTEPHCTUK
KOHKPETHOI'O JBHUTIaTelsl, yCTaHABIMBAIOTCA B Ipoliecce KaTMOPOBKM MOJEIM Ha OCHOBAHUU



IKCTIIEPUMEHTAIbHBIX JaHHBIX. Tak, mis asurarens Perkins 403D — 15G aBropamu ycTaHOBIIEHBI
KOA(PHULIHEHTHI, Ipe/ICTaBIeHHbIE B TadIuIe 1.

80 - =—Mexanunueckuii KITJ] IBC

== "Ter1o yXoI4InuX ra3on

=>i==Fe3B03BpaTHbIC TOTePH

=>&=Terwno, yTUIU3UPyeMoe ¢
py6amkm oxnaxaenus JBC

40 60
Harpyska, %

Pucynoxk 2 — DHepreruyeckuii 6amaHc KoreHeparopa Ha 6aze JIBC

Tabmuma 1 — Koaddurnmentsr momumonanbHbIX TpeHa0B Moaenu JIBC

Y A B C D E
Mexanunyeckas moniHocTh [IBC, Ny - - -0,0059 0,8601 1,4231
TernoBast MOIITHOCTb, YTHIIU3HpYEMast
¢ pyoamku oxnaxaeHus JIBC, Npq

- -8E-05 0,0162 -1,1601 | 67,807

TemoBass ~ MOIIHOCTh  YXOJSIIMX i i 0.0008 01269 | 26,829
razoB, Nyt

Mexannueckuii KT JIBC, ny. 4,00E-05 | -0,009 0,797 0,213 -

Mopenb SHePreTHUYEeCKUX XapaKTePUCTUK JIEKTPOreHepaTopa

B ocHoBy monenu nonosxeHa 3aBucuMocTb KIIJ[ OT M3MEHEHHUsI 2IIEKTPUYECKOW Harpy3KH.
BxoaHbIMU mapaMeTpaMu MOJIEIH SIBJISIIOTCS HATPY3KU Ha CUCTEMY 3JIEKTPOCHAOKEHMSL.

SLCTEN Y o

Pucynoxk 3 — Mopenb SHEpreTHUeCKUX XapaKTePUCTUK IIEKTPUUECKOTO TeHepaTopa

[IpounsBeneHHasi reHepaTOPOM JIEKTPHUECKass MOIIIHOCTh omnpenensercs mo ¢popmysne (2):
Ny = @ Nyex "1 = @ * Noonn * Nuex * s (2)

rae Nyex — Mexannueckasi MomHocts [IBC;
Nuex- — Mexanundeckuii KITJI IBC;
1, — KIIJ] anexTporeneparopa;
a — J10JI1 MEXaHUYECKOW MOIIIHOCTH, pacxolyemMasi Ha IPUBO/I 3JIEKTPOreHepaTopa;
N.onn — DHEPTrHUS TOILINBA.



B macrosmieit pabore mpemnaraeTcsi  anmpoKCUMHpOBaTh  3aBUCUMOCTH  KIIJ]
DJIEKTPUYECKOr0 IeHEpaTopa OT HArpy3KH IIOIUHOMHUAIBHBIM TPEHIOM YE€TBEPTOrO MOpSAKa II0

dbopmyne (3):
7, =Rx*+Sx> + Tx* + Vx + W, (3)

rae R, S, T, V, W nocrosiHable KO3hOHUIUEHTHI 11 KOHKPETHOTO AJIEKTPOreHepaTopa,
YCTaHOBJIMBAEMbIC B IMpoIecce KATMOPOBKU Mojaenu. Ha OCHOBaHHH JKCIEPUMEHTATHHBIX
JMAaHHBIX 17151 AnekTpudeckoro reaeparopa STAMFORD mnonydensr koaddummentst R=-961,02,
S=2249,3, T=-1860,1, V=643,82, W=10,583.
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Pucynok 4 — 3aBucumocts KII/] anekTprueckoro AByXomopHOTro reHepaTopa
STAMFORD LL3014F

Crarnueckas u JUHAMHUYCCKad MOACIN OHCPICTHUYCCKUX XAPAKTCPUCTUK CHCTCMbI
IrecOTCPMaAJIbHBIX KOJUJICKTOPOB

Cratnueckass M JUHAMUYECKas MOJIENM CHUCTEMBbI reoTepMalibHBIX KoutekTopoB (I'K)
HEOOXOAUMBI U ONpeeNeHusT (PaKTHUECKOW TEMIIepaTypbl TEIJIOHOCUTENST Ha BBHIXONE W3
CUCTEMBl TI'€OKOJUIEKTOPOB B mpouecce dkcrutyarauuu. Cratudeckue cBoiictBa ['K
XapaKkTepU3yloT CE30HHOE€ HW3MEHEHHe Temmeparypbl. Ilpu nOpoBeAeHMM  UYHCIEHHBIX
SKCIIEPUMEHTOB CJIIEJaHO MPEANOI0KEHUE O TOM, YTO 3Ta TEMIIEpaTypa 3a OTONMUTEIbHBIN
Nepuoj] CHUXKaeTcd OT HayalnbHOM (B pacuetax mnpumensiercs 15 °C) no HekoTopoii
MUHUMAaNIBbHOHU (TpuHATO B pacyeTax 0 °C) mpomnopuuoHanibHO KOJTUYECTBY OTOOPAHHOTO TEIUIa ¢
MOCEAYIOLIEH pereHepaunii 3a TeIUIbIA NepUo ] 10 HayajdbHOW. B COOTBETCTBUM C PUCYHKOM 3
MpE/ICTaBICHA pacyeTHas KpHUBas M3MEHEHUS TEeMIEepaTyphbl TEIIOHOCUTENS B T'€OKOJUIEKTOpPE
Opy OTBOJE TEIUIa B KOJUYECTBE, MPOMOPIHOHAIBHOM TEIJIOBOM Harpy3ke oOOBbeKTa
TEIMIOCHA0KEHUSI.

JluHamuueckue CBOWMCTBA YYUTHIBAIOT HW3MEHEHHUS TeMIepaTypbl TEIUIOHOCUTENS B
KPaTKOCPOYHbIE NEPUOAbl BKJIIOUYEHUN B TEUEHUE CYTOK (MOAYJISLUOHHOE PETyJIUPOBAHUE
IIPOM3BOIUTENIFHOCTH TEIIOBOro Hacoca). Ha pucynke 6 a) m3obpaxeH rpauk H3MEHEHHs
TEMIEPATypbl TEIUIOHOCUTENS] B TEOKOJJIEKTOpE MpH KpPaTKOBPEMEHHOM OTBOJE TeIja U3
cucrembl I'K. Ha pucynke 6 0) mpexacraBieH rpaduk BKIIOYEHHS/OTKIIOUEHHS TEIUIOBBIX
HAacOCOB.



e 16 N\
15
13 S
m
o 12
82 211
=82 10
5535 3
X
558 5
HEE% \
=
% N\
0 : ‘__._
Sy Q
& & 8 5
g $0$Q$9§w 0%\"1&
\_ <> SN

Pucynok 5 — 3aBucumocTh TeMIEpaTyphl TEIUIOHOCUTENS B CUCTEME I'€0TEPMAILHOTO
KOJUIEKTOPA OT MeCs1a OTOIUTEIBLHOIO IIEPHOIa

TemnepaTtypa TennoHoCcTenA
M3 reoKonnekTopa, *C
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Pucynok 6 — I3MeHeHue TemMnepaTypbl TEMJIOHOCUTENS Ha BBIXOJIE U3 CUCTEMbBI F€OTEPMATILHOIO
KOJIJIEKTOPA MPU KPATKOBPEMEHHOM OTBOJIE TEILIOTHI
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IIpy npoBeACHUM YUCIICHHBIX HMCCICNOBAaHUN IUHAMHYECKHAE CBOMCTBA I'€OTEPMAaJIbHOTO
KOJIJIEKTOPA allpOKCUMHUPOBAIIUCH MEepelaTOYHON (yHKIMEH, IPEeICTaBIEHHONH B COOTBETCTBUU C

bopmyroii (4):

W(p) = oo eV, 4)

3navyenus kodpduuumentoB k, T, T ompeneneHsl Mo pe3yibTaTaM SKCIEPUMEHTAIBHBIX
UCCIIIOBAaHUM CHUCTEMBI TPYHTOBBIX U-00pa3HbIX TEMIOOOMEHHUKOB MUJIOTHON YCTaHOBKH IIPU
BXOJIHOM CTYIIEHUaTOM BO3JelcTBUH, paBHOrO 13,3 kBT. Cucrema reorepmMalibHbIX KOJUIEKTOPOB
MOMEIeHa B CKBOKHHBI 001Iel MPpOoTsHKeHHOCThIO 360 M (6 ckBakuH rinyOmHON 60 M Kaxkas).
s marHOM chCTeMLI TOJTydeHbl SMIeprueckue kodhdumments: k=2.837 , T=7.329 x10 *c,
=1.188 X 10 “c.

Mogenb OHEPICTUYCCKUX XAPAKTCPHUCTUK KOMIIPECCOPHOTO PEBECPCUBHOI'O TCIIJIOBOI'O HACOCa

L SN cop

t N

K 3 TH X

B - Ny Nt
LY T >

3nech B — 1011 MEXaHHYECKOW MOIITHOCTH, pacxoayeMast Ha IIPHBOJI KOMIIPECCOPOB
TETIOBBIX HACOCOB.

Pucynok 7 — Moaeinb 3HEpreTU4eCKUX XapaKTePUCTUK PEBEPCUBHOIO TEIIJIOBOIO HACOCA

IIpp  nmocTpoeHMM  MOJAEIM  DHEPreTHYECKUX  XapaKTEPUCTHUK  KOMIIPECCOPHOIO
PEBEPCUBHOI0O TEIJIOBOTO HAcOca MPUMEHEHA METO/IMKA, IpeicTaBIeHHas B padote [12].

O0o00mmass wWMeronuMecss JKCIepUMEHTanbHble gaHHbie [9, 10, 11], B pabote [12]
npeiokeHa Gopmyna (5) i pacyera aedcTBUTENbHBIX 3HaueHuit COP.

COP =exp(a—b-t,)-C, (5)

rae a = 0,08 - t, — 14,54;
b=2-t,-107*—-0.0366; C = 0,41, + 0,678;
ty, tx — abCOMIOTHBIE TEMIIEPATYphI B HcTiapuTene U konaeHcatope THY;
Mem — KIII xOMIpeccopa.

B nmpunsateix ycnosusix (ppeon R134B, daktuueckue temmeparypbl Ha ucnapurene t, u
KOHZeHcaTope t;, TeroBoro Hacoca, KIIJ kommpeccopa Bitzer 4FS F 400Y) paccuntsiBaeTcs
daktryeckoe 3HaueHue COP. TemnepaTypa B KOHAEHCATOPE ONMPEAETSETCS UCXOI U3 IPUHATON
CHCTEMBI TEIUIOCHA0KEHUSI B COOTBETCTBHHM C TEMIIEPATypHBIM TPAPUKOM OTOMHTEIHHOM
Harpy3ku. Temmeparypa TEIUIOHOCUTENS, IOJaBacMasi B HCHApPUTENb U3 TE€OTEPMalbHOIO
KOJJIEKTOPA, 3a/1aeTCsi B COOTBETCTBUU C peE3yJbTaTaMU pPACUETOB JWHAMUYECKOW MOJenu
TEOKOJUIEKTOpA.

Ha pucynke 8 npeacrasnensl 3aBucumoctd COP oT aOcooTHBIX TeMIiepaTyp UCIapuTens
¥ KOHJIEHCATOpa, MOJYyYESHHBIE C UCIIOJIb30BAaHUEM 3aBUCUMOCTH (5).
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Pucynok 8 — 3aBucumoctu COP oT aOcoOTHBIX TeMIEpaTyp
UCTIapUTENsl U KOHJEHCATopa

JlnHamMuueckass UMUTAITMOHHAS MOJIEITh IIOTPEOUTEIST YHEPTUN

B pabore ucnonp3oBaHa NWHAMUYecKas MMHUTALMOHHAs MOJENb, pa3paboTaHHAas HaMu
panHee [8]. Mojenb YyYUTHIBAET BIUSHUS JTYIHCTO-KOHBEKTHBHOTO TEIUIOOOMEHA Ha TETUIOBOM
OanaHC OMEIIeHHUS.

Pesynbratel uccinenoBanunit nunotHoit ['TITY

Jlns kanuOpOBKM KOMIUIEKCHOM WMMHUTamMoHHON wmomenu ['TITY Obu1 mpoBeneH psia
SKCIEPUMEHTOB, B TOM YHCJI€ UCCIIEIOBATUCH dHepreTudeckue xapakrepuctuku JIBC, cuctemsr
TEOKOJUIEKTOPOB.  DKCIEPUMEHThl  OBLIM  MPOBEACHbI HAa  JOEHCTBYIONIEH  MUJIOTHOM
reoTepMaabHOMN MOJIUTEHEPAITMOHHONW YCTAaHOBKE SJIEKTPUUYECKON MOIIHOCThIO 12 KBT.

ITunotnas ['TITY BkmItovaer:

- sHepro6sok (1), B cocraB kotoporo Bxoaut JIBC, snekTpuueckuil TeHepaTop, IBa
OTIMO3UTHO PACHIONIOKEHHBIX (PPEOHOBBIX KOMIIPECCOPa, CUCTEMa TEMI000OMEHHUKOB;

— HWCTOYHUK HU3KOMOTEHIIUAIHLHOTO TEIIa — CHCTEMa I'€OKOJIJIEKTOPOB (2).

- Oak akkymynsTop — (3) ¢ cucteMamMu aBTOMATUYECKOW CTaOMIM3AIMH TeMIlepaTyphbl
TCIIOHOCHUTEIICH

— CXeMy KOMMYTAllMU 3JEKTPUYECKON Harpy3Ku, KOHTPOJIA KOJHMYECTBA M KauecTBa
IIPOU3BOJUMOM JIEKTPOIHEPIUH;

— HHQOPMAIIMOHHO-BBIYUCIUTENBHYIO YIIPABISIONIYIO CUCTEMY.
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Pucynoxk 9 — [IunoTHast monMreHepaioHHasi yCTaHOBKa

B Ttabnume 2 mpuBeAeHBI PE3yNbTAaThl IKCIIEPUMEHTAIBHBIX HCCIEIOBAHUI MHIOTHOU

I'TIY

Tabnuua 2 — Pe3ynbTaThl 3KCIIEpUMEHTAIBHBIX HccieqoBanuil nunotHoi I'TITY

= = = 2 o) = : = z = 2 3
<
5 |3 2 s | x| § | B 2 s | Sgn| 288 |28%
< 2 & S = = 5 5M 5 E5 5 = o
= 3 = g 5 = ~ E 8 E 8 = 8 = 5
= S 5 g g g = B = S E 2 = a8 E 3 E
5 22| 3 s 5 2 = & e =2E| =8¢ |m8ZE
s |88 2| 5| 8| 2| £ | = = | 228 | 225 |EcFe
S |82 2| 8| 2| £ | E| 5| 5 |Ege| £8% |[£8&°
B > =l & | & | 8| 2 g | B2 | 825 |22%
s = o o 8 Q) > = > E R R g
= o | & ° 2 2 2B
% kBT % kBT % KBt % kBT kr/gac | kr/kBt*4 | xr/kBr*u | xr/kBr*u
25% 3 19,6 9,7 63,38 | 12,7 | 82,99 | 153 1,27 0,424 0,131 0,1001
50% 6 2593 | 13,3 | 57,49 | 19,3 | 83,42 | 23,14 1,92 0,32 0,1444 0,0995
67% 7,5 | 2694 | 15,79 | 56,73 | 23,29 | 83,67 | 27,84 2,31 0,308 0,146 0,0992
75% 9 27,87 | 18,15 | 56,2 | 27,15 | 84,07 | 32,29 2,68 0,297 0,147 0,0986
87% | 10,5 | 27,49 | 21,7 | 56,81 | 322 84,3 38,2 3,17 0,302 0,146 0,0983
100% 12 | 26,07 | 23,65 | 57,77 | 35,65 | 83,84 | 40,95 3,82 0,32 0,16 0,1071

JlaHHBIE, TIOJYYCHHBIE B PE3YJIbTaTe OSKCIIEPUMEHTOB, JICTJIM B OCHOBY OIIPEICIICHUS
KaJIMOPOBOYHBIX KOY(PPUIIMEHTOB AUHAMUYECKON nMuTarimonHon moaenu ' TITY.
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BriBoabl

[Tpobrnema »HEpProcHaOXKEHUS JCICHTPATU30BAHHBIX OOBEKTOB IMPOJIOKAET OCTaBATHCSA
aKTyaJIbHOUW. 3HAUMUTENIbHBIE KOJIMYECTBA MCKOIMAEMOT0 TOIUIMBA PACXOAYIOTCS C HEJOIMYCTUMO
HU3KOH 3 (HEKTUBHOCTBIO, YPE3MEPHO 3arpsi3Hsis OKpyxkaromryio cpeny. C Apyroid CTOPOHHBI,
BO3pACTalOT TPeOOBaHMS KOHEUYHBIX MOTPEOUTENeH PHEPruM K HOMEHKJIAType, KOJIUYECTBY U
KauecTBY dHEpPreTuuecKux ycnyr. U3BecTHO, YTO OTCTaBaHUE TEXHOJIOTHI YHEProCHAOKEHHUS OT
o0IIIero YpOBHSI Pa3BUTHS TEXHUKA W TEXHOJIOTUH COMPOBOXKIACTCS PSIOM HETaTUBHBIX
MOCNEACTBUIM, B YHCIE KOTOPBHIX MOXXHO OTMETHTh OTCTaBaHHE B PAa3BUTUU PErHOHOB,
MPETSITCTBHSI BO BHEAPEHUU COBPEMEHHBIX TEXHOJOTHH B CEIBCKOM XO3SIICTBE M MECTHOM
MIPOMBIIIJIEHHOCTH, BHYTPEHHSISI MUTPAallMel HACeJIeHUs U T. 1.

Oco0eHHO OCTpO O3TH SIBIICHUS TPOSBISIOTCS B CTpPaHaX C XOJOJHBIM H PE3KO-
KOHTHHEHTAJIbHBIM KJIMMAaTOM, TJe )KU3HEeIeATeIbHOCTh HE BO3MOKHA 0€3 3HAUUTENbHBIX 3aTpaT
SHEPTUU HA CUCTEMBI TETUIOCHAOKEHHUSI.

B AYDC Ha mpoTsSKEHHHM TMOCIEIHUX JIET MPOBOASATCA HAYYHO-HCCIEAOBATEIbCKUE M
OTIBITHO-KOHCTPYKTOPCKHE pPAa0OOTHI, HAIMpaBJICHHBIE Ha CO3JIaHUE W COBEPIICHCTBOBAHUE
SHEProreHePUPYIOIIEro 000PYA0BaHNUS HOBOTO MOKOJIEHHS CBEPXMAJION M MaJlOM MOIIIHOCTH JJIst
pelieHus 3a/1a4 KOMIIJIEKCHOTO SHEPrOCHA0KEHUS JCIICHTPAIM30BaHHBIX TOTPEOUTENCH.

OpnHoM U3 KITIOYEBBIX 3a/1a4 IPU CO3/IaHUU TAKOTro pojia 000pyAOBaHUS SBISETCS HAIUYHNE
MMUTAIMOHHBIX MOJIeNIEH, MO3BOJISIONINX MPOBOAUTH YHUCICHHBIC MCCIIEIOBAHUS CO3]aBAEMOT0O
000py/IOBaHUsl C JIOCTATOYHOM TOYHOCTHIO B YCIIOBUSIX CYILIECTBEHHOW CYTOYHON M CE30HHOM
HEOJTHOPOJHOCTH MOTPEOJICHUST BCEX BUJIOB TCHEPUPYEMON YHEPTHH.

B nacrosmeii pabote nmpeaioxKeHbl METOIMKA MOJCIUPOBAHUS M MOJIENHU CTaTUYECKUX U
JTUHAMUYECKHX XapaKTEPUCTUK OCHOBHBIX CHCTEMOOOPA3yIOUIUX SJEMEHTOB aBTOHOMHOM
CUCTeMbl KOMIUIEKCHOTO 3HeprocHabkeHuss Ha 0a3e TeoTepMajbHOW IMOJIUIeHepalnOHHON
YCTaHOBKH.

Pe3ynbTarhl naHHBIX MCCIEAOBAHUNA OYAYT TIOJOKEHBI B OCHOBY IIPH CO3JIaHUU
KOMIUICKCHOW JIMHAMUYECKOW MMHTAIMOHHONW MOJIETN aBTOHOMHBIX CHCTEM JHEPrOCHAOKCHHUS
HOBOT'O THUIIA.

PaGora BbImonmHeHa B paMkax IpoekTa rpantoBoro ¢unancupoBanuss MOH PK, nomep
Tembl 4818/T'D4 (00117Q/1).
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FEOTEPMAJIIbI NOJIMI'EHEPALIMAJIBIK KOH/IBIPY bI
HEI'I3BIHAE JEPBEC DOHEPTUAMEH KABJBIKTAY )KYUECIH
NUMUTALOUAJBIK YATI'IVIEY

B. B. Crosik', C. K. Kymb136aesa', M. B. U6parumosa’

1 o .
Anmarsl OHCPIreTUKA KOHC OalimaHbIC YHUBCPCUTCTI, Anmarsl K., Ka3aKCTaH

Anoamna. Conrbl XbiUimapsl KazaKkCTaHHBIH aybUIIBIK, [MAIFAiIaFel KOHE KAThIHAYbl KWBIH
ayJaH TYTHIHYIIBUIAPBIHBIH SHEPTHAHBI JAepOec KeHIeHAl TeHepalysiayFa KbI3bIFYIIBUIBIKTAPbl apTyaa.
OpranpIKTaHABIPEUIMaraH ayaH TYPFBIHIAPEl MEH KOCITOPBIHIaphIHA 3aMaHAYH SHEPTETHKAIBIK KBI3MET
KOPCETY/IiH MaHbI3/Ibl JKOJIAPBIHBIH 0ipi — SHEPTHUs TaChIMalayIbLIap/pl AepOec KypaMma reHepanusiay
HET131H/Ie SHEPrOTHIM/II XKOHE CEHIMJI1 KEPrUTIKTI SHEPreTHKAIIBIK JKYHeJep Kypy OOJIbII TaObLIa b,

BypbiH, JKyMBIC aBTOpiapbl Ka3ipri TaHJA KOJJAAHBICTAFBIIAPIBIH DHEPTOTHIMII Oamamachl
PETiH/E KaHFBIPTHUIATHIH SHEPT U KO3/ICPiH illliHapa aybICTHIPAThIH KypaMa reHepanus Herizinae aepoec
KEeIIeH Il PHEPTUsMEH KaMTaMachl3 €Ty KYHWECiHIH TYKbIPhIMIAMAaChlH YChIHFaH 00maThiH. OCHI KYMBICTa
HaKThl TaianaHy >KarfalblHIAa TE€OTePMANJIbl TTOJUTCHEPAIUSUIBIK KOHABIPFBIHBIH JHEPTreTHKAIBIK
KOPCETKIIITEePIiH €CenTeyAiH MAaTeMAaTUKAJIBIK MOJICNI JKOHE 9JIICTEMECI YChIHBUIFaH JKOHE Ie0TepMallibl
MTOJIMTeHEPAIMSUTBIK KOH/ABIPFBI HETI3IHIE KeIIeH[i dHeprus YHeMICYIiH AepOec KykenepiH kodanay
KYpaJibl PETiHJIC MaMaHIaH bIPbUIFaH OarIapiiaMaliblK OHIM 931pJICHTEH.

MaremaTuKkanblK MOJIETIB/Il OanTay MeH KalduOpliey YIIiH OCHl aBTOPJIApbIMEH KacaliFaH KYHeH1
CBIHAKTHIK 3epTTEYJIEp HOTIDKEIEepl MEH 971e01 KypaiapIblH MATIMETTepi Al JaaHbUIIbL.

Kinmmix ce30ep: xeuieHai SHEprusMeH KaOJABIKTaylIblH JiepOec Kylieci, KoreHepauus,
MIOJIMTeHEpaIHs, TeOTePMAIIbl ITOJIMTCHEPANUSIBIK KOHJIBIPFBI, SHEPIHsIMEH JKaOJBIKTAy IKYHECIHIH
JI3aliHbIH OHTANUJIaHBIPY.

SIMULATION MODELLING
OF AUTONOMOUS ENERGY SUPPLY SYSTEM BASED ON GEOTHERMAL
POLYGENERATION INSTALLATION

V. V. Stoyak', S. K. Kumyzbayeva', M. V. Ibragimova'

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

Abstract. In recent years, interest in autonomous integrated generation of energy among consumers
in rural, remote and hard-to-reach areas has increased in Kazakhstan. One of the promising ways of
providing modern energy services to enterprises and residents of decentralized areas is the creation of
energy efficient and reliable local energy systems based on an autonomous combined generation of
energy carriers.

Earlier, the authors proposed the concept of an autonomous integrated power supply system based
on a geothermal polygeneration plant with partial replacement of energy costs with renewable energy, as
an energy-efficient alternative to existing ones.

In this paper, we propose a mathematical model and a methodology for calculating the energy
parameters of a geothermal polygeneration plant under real operation conditions, and a specialized
software product was developed as a tool for designing autonomous integrated power supply systems
based on it.

To adjust and calibrate the mathematical model, information from scientific sources and the results
of pilot studies of the pilot system, created by these authors, were used.

Key words: autonomous combined power supply system, cogeneration, polygeneration, ground
source polygeneration plant, operation modes optimization of the power supply system.
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MPHTU: 44.01.77

C. K. Kymbi36aeBa', II. A. B. Jlkeiimc?, B. B. Crosik', M. B. H6parnmosa’

' AnvaruHcKuit YHUBEPCUTET SHEPIEeTUKHU U CBS3HU, I'. Anmartsl, Kazaxcran
2YHI/IBepCI/ITeT Cayrremnrona, r. CayrremnrtoH, BenmukoOputanus

CTPYKTYPHASA OIITUMU3ALIIUA CUCTEM KOMIIVIEKCHOI'O
IHEPTOCHABKEHHS HA OCHOBE TEOTEPMAJILHON
IHNOJIM'EHEPAIIUOHHOU YCTAHOBKHA

Annomayus. llpeuiokeHbl  KOHLENUUH SHEProreHepupyoomero o0OpYAOBaHHS  HOBOTO
MOKOJICHNUS W AaBTOHOMHAsl CHCTeMa KOMIUIEKCHOTO OJHeprocHaO)KeHHs, o0iajaromme BBICOKOU
SHEPTreTHUECKON IPPEKTHBHOCTHIO MPU OJHOBPEMEHHOM TPOM3BOJCTBE, B €JIWHOM TEXHOJOTHYECKOM
mporecce dIEKTPOIHEPTHHU, TEIUIOBOW SHEPTUU IJISl TEIJIOCHAOKEHUS W/WITN TEXHOJIOTUYECKUX HYXKI H
XO0JIO/Ia ITIsl CUCTEM KOHIMLIMOHUPOBAHUS U XJIaJ0CHA0KEHHS.

Bricokast ~ sHepretmueckas — 3()(QEKTHBHOCTH  JOCTUTHYTa  Omarojaps  OOBEIUHEHHIO
TePMOJMHAMHYECKUX IMKJIOB TOPIIHEBOTO JBUTATENS BHYTPEHHETO CTOpaHUS W  CHCTEMBI
reoTepMabHBIX KOMIIPECCOPHBIX TEIUIOBBIX HAcOCOB. BoBieueHWe B TeHEpalyio HSHEPrUH
HU3KOITOTEHIIMAIBHOTO TEIUIa BEPXHUX CJIOEB 3€MHOW KOPBI TIO3BOJSET KapAMHAIHHO CHHU3UTH PacXol
MEPBUYHOTO  OPTaHMYECKOTO TOIDIMBA IIyTEM €ro  YacTHYHOTO  3aMEIIEHHS  BCEMOTOTHBIM
BO300HOBJISIEMBIM UCTOUHUKOM SHEPTHH.

Pazpaborana crnenumanbHas METOMKA ONTHMHU3AIMK BBIOOPA CHCTEMOOOPa3yIOUINX JJIEMEHTOB U
pacdera pe3ynbTHpYIOMmEH 3Heprod(pPeKTHBHOCTH Ml KOHKPETHOW CTPYKTYpPhl JHEPreTHYECKHX
HArpy30K M KJIMMaTHYECKUX YCIIOBHM.

AKTyanbHOCTb PE3yJIbTaTOB PadOThl OOYCIIOBIIEHA KPUTHYECKOW Ba)KHOCTBHIO MPEIOCTABICHUS
COBpPEMEHHBIX JHEPTeTHUECKUX YCIYT, KaK (paKkTopa YCTOWYMBOTO pa3BUTHs permoHoB Kazaxcrana, mms
3HAYUTEIHLHON YaCTH HACEJICHHUs, TPOKUBAIOIIECH B JICIIEHTPATU30BaHHBIX paliOHaX.

Knwouesvie cnoea: aBTOHOMHBIE CHCTEMbl KOMIUIEKCHOTO SHEPrOCHaOKEHHMs, KOTEeHepalus,
MOJIMTeHEpaNys, TeoTepMalbHas TMOJUTeHEPAlMOHHAs YCTAaHOBKA, ONTHUMH3AIMs TU3aifHA CHCTEMBI
SHEPTOCHAOKCHHUS.

Pe3ynbrarom naHHOM pabOThl SBISETCS OINpPENEICHUE BIMSHUSA KIUMaTa U CTPYKTYpPBI
HHEPreTUYECKUX HArpy3ok Ha BBIOOP CHCTEMOOOpa3yIOIUX 3JIE€MEHTOB aBTOHOMHOM CHCTEMBI
KOMIUIeKCHOro sHeprocHaOkeHus (ACKD), mnocrpoeHHOl Ha OCHOBE reoTepMallbHON
nonureHepanuonnoit ycranosku (I'TILY).

N3BectHO, uTo KinMar KazaxcraHa pe3ko KOHTUHEHTAJIbHBIN, U JKUTEIN CTAIKUBAIOTCS C
HKCTPEMaJIbHBIMU KIMMAaTUYECKUMHU YCIOBUSIMM KaK 3UMOM, Tak U jeToM. CpeqHss TemnepaTypa
B siHBape Ha ceBepe — MuHyc 18°C, Ha rore — munyc 3°C. MuHuManbpHas Temneparypa 3UMMOoi Ha
ceBepe — MuHYycC 50 °C u — 35 °C nHa rore. Cpeansis remneparypa urosd 19°C Ha cesepe un 29°C Ha
rore. MakcumalnbHasi TeMIiepaTypa MpU3eMHOT0 BO3ayxa B mrojie Ha ceBepe — 41°C, a Ha 1ore —
47°C. Cyrounsle nepenaasl TemmnepaTtyp moryt gocturars 20-30°C.

TennocHaOxeHne B JELEHTPAIN30BAHHBIX pailoHaX, Kak MPaBUIIO, OCYILECTBISETCS 3a
CUeT MHIUBUAYAJIbHBIX OTONUTEIBHBIX MEYel M MEIKUX KOTEJIbHBIX Ha TBEPJIOM WM KHUJIKOM
TOIUIMBE. OHepreTHueckas >(PQEKTUBHOCTb TaKUX CHUCTeM OOblYHO He mnpeBbimaer 50%
(Koadppunment nepsuunoii snepruu KII9 < 0,5).

bonee 180 ThIC. XO3SMCTB HE MOIKIIOYEHBI K DIIEKTPUYECKUM ceTsaM. B cenbckoi
MECTHOCTH TIPOKMBAET OKOJO & MIIH. HaceJeHHs, a MNOTpeOJIeHHuEe »3IEKTPOIHEPrHuU He
npesbimmaer  2.5% [6, 4, 9]. Cnemyer ormerutb, utro KIID 1eHTpann3oBaHHOTO
3JIEKTPOCHAOKEHHUS OTJAJICHHBIX PalOHOB 00BIYHO He TpeBbimaet 0,25-0,27.

Takoe cocrossHue SHEProcHaOXKEHHs SBISETCS CIEPKUBAIOIIKUM (AKTOPOM pa3BUTHUSA
PETHOHOB M CIOCOOCTBYET HETaTUBHBIM TEHICHIIMAM BHYTPEHHEH MUTPAIIUH HACETICHHS.

HccnenoBanust cUCTEM KOMIUIEKCHOTO SHEPrOCHA0KEHMs, OCHOBAaHHBIX Ha Ipoleccax U
YCTAHOBKAaX KOTEHEpAllMl, TPUTEHEepallMi M TIOJIMTCHEPALUH, TPOBEACHHBIX pa3HBIMU
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HCCIIeIOBATENISIMU B TIOCJIeAHEee AecsaTuiieTne [5, 7], mokaszaau, 4To TaKHME CUCTEMBI SBIISIOTCS
BecbMa AHEProdGPEeKTUBHBIMH U TIO3BOJISIOT O0OECIICUNTh KAdeCTBEHHOE U  HAACKHOE
3HepFOCHa6)KeHI/Ie KaK XUJIbIX BHaHI/If/’I, TaK U TCXHOJIOTHYCCKUX O6’beKTOB, 3KOHOMUTH TOILJIIMBO
W CHMKATh 3arpsi3HEHUE BO3/yXa.

Texuuueckas crpykrypa ['TITY

Ha pucynke 1 mpencraBmena Ttexnudeckas ctpykrypa ['TIIY, Bxmrowaromas B ceOs
nBUratens BHyTpeHHero cropanus ([ABC), nu3enbHbI WM ra30MOPIIHEBOM; TEIIOOOMEHHUK
BOJla/BOofa CHUCTEMBI OXJaxaeHus pyOamku npsurarens (TO); xoren-yrunusatop (raz/Bojaa)
Terula BBIXJIONHBIX ra3zoB (KVY); mapokoMnpecCHOHHBIN TEMIOBOM HAcOC ¢ HENOCPEACTBEHHBIM
(TrexctporHbM) MexaHudeckuM mpuBogoM oT JIBC (TH-1) mnst cuctembl TermiocHaOXeHUS U
peBepcupyembiii  TeroBoid  Hacoc  (TH-2) ams  cuctembl  TerUIOCHAOXKEHUS /WK
XO0JIOAOCHAOKEHHUS;, dJIeKTpoMarHuTHeie My(pTel (OM-1, DM-2); konaencarop (K); ucnapurens
(N); »snekrpuueckuit reneparop (OI); cucrema xomonmocHabxkenus (CXC); cucrema
termocHaOxkennst  (CTC); cucrema anmektpocHabxkenus (COC); reokomnekrop (I'K);
Hu3konoreHuanbHoe terio (HIIT) [8].

,—[_"_}a CXC t<0°C

U

VWV
3IM-1
[}_ﬂ—— @’ TH-2 (pesepcupyemstii)
}a cTC A

KY K (@)

t<500°C
Y }B CTC t<60°C

ronnvso——= /1BC 3r

BO3AYX T | = E\JF }a c3c

ro [YEE) A
= &

\ / - TH-1
s CTC U
t<90°C
oS TTATITA777
0Zy=1 | b
a+f+y=1

a, B, y — monmm Mmexanndeckoi momrHocty JIBC Ha mpou3BOACTBO AJIEKTPOIHEPTHH, IPUBOJT
KoMIpeccopa TernoBoro Hacoca TH-1 (mpousBoacTBo Temna), Hacoca TH-2 (mpon3BoacTBO
X0JIOZIa ¥/WJIH TeTlIa), COOTBETCTBEHHO.

Pucynox 1 — Texaudeckas CTpyKTypa reoTepMaibHOM MOJUTEHEPAIIMOHHON YCTAHOBKHU

B 3umHuii nmepuox o0a TEIUIOBBIX HAcoca Y4YacTBYIOT B IOKPBITHM OTOMMTEIbHOM
Harpy3ku, a B jetHuil — TH-2 renepupyer Xonox s cucTeMbl KOHIuULIMOHUpoBaHus, TH-1
OTKJIFOYEH.

TennoBast sHeprusi, oOpasyromasics npu padore [IBC, oTBoautcs oT pyOamku
OXJIAXKJEHUS U C MOMOIIBIO KOTJIa yTHUJIM3aTOpa BBIXJIONHBIX ra3oB (Tuma ras-soga). OTBojx
TeIu1a OXJIaX/1aro1eH )KUJIKOCTH OCYILECTBIISIETCS C TOMOIIBIO BOJO-BOSHOTO TEIJIO0OMEHHUKA
(TO).
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DNEKTPOIHEPrusi C IIHUH JJIEKTPUYECKOTO TIeHeparopa IMOJaeTCsi B  MHKPOCEThH
HEPTOCHAOKCHHUSI.

O600menHas texaudeckas crpykrypa ACKO — I'TITY

Cucrema koMmrIuiekcHOro sHeprocHaOkenus Ha Oaze ['TITY (ACKD- I'TIIY) Bkmrouaer
MOJIUTEHEPAITMOHHYI0 YCTAaHOBKY, UCTOYHUK HU3KOMIOTEHIIMATIHHOTO TEIUIA - CUCTEMY TPYHTOBBIX
TEIUIO0OOMEHHHUKOB, MUKPOCETh KOMIUIEKCHOTO SHEprocHaOxeHus (B TOM 4YHCIE HAKOIMUTEIH
TEIUIOBOM, SJIEKTPUIECKON SHEPTHH U XO0JIO/Ia) U TIOTPEOUTENs SHEPTHH (PUCYHOK 2).

MMI'IDPT — 3KCNOpPT CBA3b BO
BHELWHKe ceTn

MNotpebutenn
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| |
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} Y B, Ii L !
! |
! {1 I Npc 1
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I . I T
| i ) i Nyc = }
I X >+ T > p I
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| N, T ! } ]! I
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| i e B e by B STCTRIOE |
| I | |
| I
! K | i }
| | ! P |
e e . e [
[JononHutenbHble
reHepupyloLLme yCTaHOBKN <t
(8 TOM uMC/Ie Ha OCHOBE BTopuyHble aHepreTuyeckue

BM3) pecypcbl

TA — rtemoBoil akkymynsarop; B — Bempsamurens; AK — akkymynstop anekrpudeckuii; M —
UHBEPTOP; Nyon; — MOIIHOCTh TOIUIMBA (PHEpreTHMYeCKUi SKBUBaIEHT), [Bt]; Ny —
MeXaHUYecKass MOIHOCTh [BUTaTells BHYTpEHHEro cropanus, [Bt]; N — Oe3Bo3BpaTHbIE
norepu, [BT]; Nien; — TEII0Bas MOIIHOCTb, YTUIM3Upyemas ¢ pyoOawku oxnaxaeHus [IBC u
KOTJa YTHIM3aTOpa BEIXJIOMHEIX Ta3oB, [Br]; Ni”— TemnoBas MOIIHOCTh HAa BBIXOJE U3

TEIIOBOr0 aKKyMylIsaTopa, [Br-u]; N, — TerIosas MOIIHOCTB, oTiyckaemas B BKO, [Br-u]; Nt

— TEIUIOBasi MOIIIHOCTh, BhIpabaThiBaeMast TEIJIOBBIM HacocoM, otiyckaemas B HKO, [Bt]; Ny —
TEIJIOBasi MOIIHOCTh, BhIpabaThiBaeMasi PEBEPCHBHBIM TEIUIOBBIM HACOCOM, OTITyCKaeMmas B
CUCTEMY KOHIUIMOHUpOBaHUs, [BT]; Nypr — TemioBas MOIIHOCTh HHU3KOMOTEHIIMAIBLHOTO
uctouHuka, [Br]; Np. — MOIIHOCTh MOCTOSIHHOTO TOKa, MepenaBaeMas norpedurento, [Bt]; Ny
— MOII[HOCTh MEPEMEHHOT0 TOKa, MepeiaBaeMas morpedurento [Br].

Pucynok 2 - O606mennas texuuueckas crpykrypa ACKD - I'TITY

[Toctpoenue pacumpenHoro rpaduxa Poccanaepa u rpadguka OTHOCUTEIBHBIX MOITHOCTEH
Y DHEPTun

[Ipy TPOEKTUPOBAHMM CHCTEM IEHTPAIU30BAHHOTO TEIUIOCHAOXKEHHMSI W  BBIOOpE
ONTUMAJIBHOTO cocTaBa obOopynoBanus TOL[ mOpuHATO TpUMEHATH TpaduK CTOSHHS
Temriepatypbl Bo3ayxa (rpadux Poccanmepa) [2]. B Hacrosmiein pabore mpesiaraercs
MOJIUGUIMPOBATE 3TOT MHCTPYMEHT JAJS MPAKTHUECKOTO0 NPUMEHEHMs NPHU IMPOSKTUPOBAHUU
CHUCTEM KOMILJIEKCHOTO dHeprocHadxenus Ha ocHose [ ' TITY.
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Bo-nepBbix, rpaduk cTosSHUS TeMrepatyp Bo3[yxa B OTONHUTEIbHbIN epUO]] IPEI0KEHO
JOTOJHUTh  TIpaduKoM Juid  Tepuoja KOHAWLMOHMpOBaHMWS. PacimupeHHblii  rpadux
IPOJODKUTEIBLHOCTU CTOSTHUSI TEMIEpATyp NMpeacTaBieH Ha pucyHke 4. [lanee, pacmMpeHHbIN
rpadpux Poccangepa cieqyer NOJOXKUTH B OCHOBY IOCTPOCHMSI TIpaduka OTHOCUTEIHHON
MOIITHOCTH M SHEPIrUH, YUUTHIBAIOIIMHN crienn(UKy KOMOMHUPOBAHHOTO MPOM3BOJCTBA TEIUIA,
X0JI0JIa M DJEKTPUYECTBA B TIeOTEPMaJIbHOM MOJUTE€HEpPAllMOHHOW ycTaHoBKe. [lpu 3TOoM
pacueTHas TerIoBasi MOLTHOCTb CUCTEMBI (o IPUHUMAETCS PaBHOU €MHUIIE.

Jns ynobcTBa NPakTHUYECKOTO NPUMEHEHHS OTHOCUTENbHBIE SHEPrUM U MOIIHOCTH,
COOTBETCTBYIOIIME OTBOJY TEIJIOBOM ASHEPIrUH, MPU MPOU3BOACTBE xosona TH-2 nepeHeceHsl B
BEPXHIOIO 4acTh rpaduka (crpasa).

JaBHCHMOCTE
TETLI0E O

IIponomsmTensHO
CTB TETLIOE O
uarpyze 1 L BC
IUIA.pasHBIX
Hapy#HHBIX
TeMIIepaTyp

Harpyzxs Ha
otormmenue u [ BC
OT HapyHHOH
TEMITEPATYPEI

40 30 /20 10 O -10 -20 -30 3000 4000 5000 6000 7000 8000

Hac
3aEMCHMOCTE HArpy3KH Ha

KOHAMLHOHHPOEAHHE 0T
HapVKHOI TeMIISpPaTVPEL

[IponomsMTenEHOCTE HATPYIEM Ha
KOHOMLIMOHHPOEAHIE O PasHEIX
HApPYKHEIX TEMIIEPATYD

-0,6

Pucynok 4 — I'pacduk npo1omKUTENbHOCTH CE30HHOM TEIIOBOM HArpy3KH, OTOTIICHUS U
KOHJIMIIMOHUPOBAHUS HA TIPUMEPE T'. AJIMaThI

['paduk OTHOCUTENBHOM MOIIHOCTH W OSHEPrUM [O3BOJSET MPOBOAUTH AHAIN3
spdextuBHOCTH npuMeHeHust ACKD-I'TITY mis paznuyHbIX KIMMaTUYECKHX 30H U Mpoduiei
TOJIOBBIX HArpy30K II0 BCEM BHJAM T'€HEPUPYEMOM HHEPIHUH, BKIKOYAs TEXHOJOTHYECKOE
notpeliIeHne TerIa, X0JI0/1a U AJIEKTPOIHEPT UH.

VcXonHBIMMA JaHHBIMH JUISL TIOCTPOCHHSI KPUBBIX OTHOCHTEIBHBIX MOIIHOCTEH U
OTpeNieIeHUs] OTHOCUTENbHBIX dSHeprui, reHepupyembix ['TITY, sBnsercs ronoBoil rpaduk
CTOSIHMSI TEMIIEpaTyp OTONMMUTEIHHOrO Mepuojaa (KpuBasi a-g, COOTBETCTBYIOLIAS OTOMUTEIbHON
Harpyske), CpeIHeroJjoBas Harpy3Ka CHUCTEeMbl ropsiuero BojocHaOxenus nuHus (d-b), rpaduk
CTOSIHMSI TeMIIepaTyp IMepuojia KOHAMIMOHUPOBaHUS (KpHUBas j-€) U CPEJAHEroJloBasi Harpyska
CHCTEMBI AJIEKTPOCHAOKEHUS (JIUHUS P-p’).
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Pucynok 5 — I'paduk oTHOCHTENbHON MotHOCTH U 3Heprun [ TITY

Ha npumepe ceuenuns I-1 mokasana MeTorka ONpeAceHUuss OTHOCUTEIBHBIX MOIIHOCTEM,
TeHEPUPYEMBIX CUCTEMOOOPA3yIOIIUMHU JIEMEHTaMU (OpINHATHI KPUBBIX MOIIIHOCTH).
IIpu sToM AN;_, — MOIIHOCTb, FeHEpUpyeMasi TEILIOBLIMU HACOCAMH, ONpeeNseTcs Mo
dopmyne (1):
AN,_, = BNy, - COP, (1)

rne COP — koaddunment mpeoOpazoBanus (Coefficient of performance) TemmoBsix
HAaCOCOB,
AN,_, — mouHocTh, yruiusupyemas ¢ JIBC oT mpuBoja KOMIPECCOpa TEMIoBOro
Hacoca, onpenensiercs no popmysne (2):

mz—zl- =p- m ) KyT’ )

e Ky, — koapumment yrunmsanuu tema JIBC (o6bruo B mpenenax 1.3-1.7, [8]);

AN,_s — MOUIIHOCTh, YTWJIM3MpyEMass U IIOJIE3HO MHCIOJb3yeMas B CHUCTEME
TEIIOCHAOKEHHs OT MIPOU3BOJICTBA DIEKTPOIHEPTUH, oripeaenseTcs no ¢opmyne (3):

BN,_s = a Ny Ky, (3)

rae ANg_, —momuocts CXC, xononmonpousBogurensHocTs TH-2, ompenensercs 1o

dbopmyne (4):
ANs_; =y Ny ¢ )

i € — XOJOAWIbHBIN KO3 PUIIMEHT.

ANg_g— TennoBas MoOIIHOCTb, yrwiausupyemas c¢ JBC or npuBoga kommpeccopa
TEIUIOBOIO HAcoca IpPHU IMPOU3BOACTBE XOJOAA A KOHIULMOHMPOBAHHUSA, OIPEACISACTCA IO

dbopmye (5):
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m5—6 =v: m ) KyT~ (5)

ANg_g —TeruioBasi MONIHOCTh, T€HEpUpyeMasi KOHIEHCATOPOM TEIIOBOTO Hacoca MpH
MIPOMU3BOICTBE X0J10/1a, ompeaesiemMas 1mo ¢popmyse (6):

AN;_g =y - Ny - COP. (6)
AN, _c — ternoBas momuocts CTC, koTopas onpezensiercs no popmyie (7):
AN;_5 =Ny ' (B COP + a " Ky,) (7
Bce momuoctu (]Vl) B (hopmynax 1-7 mpuBeeHBI B OTHOCUTEIBHBIX €IMHUIIAX.

KpuBble MomHOCTH Ha rpaduke OrpaHMYMBAIOT  IUIOINAAM, COOTBETCTBYIOILNE
OTHOCHTEJIbHOM SHEPTUH, TEHEPUPYEMOI CHCTEMOOOPA3YIOIIMMHU dJIEMEHTAMH B TEYEHHUE TO/1a.

Qrgc =Fi1(odbco) — oTHOCHUTEIBHAS TEIIIOBAs YHEPTHUS HA TOpsiuee BOJOCHAOXKEHUE, B TOM
qrcie

Qir=F’1(od’b’co) — oTHocuTenbHas TeIUIOBas HHEpPrus, BbIpadaTbiBacMas B
KOMOWHHPOBAHHOM ITHKJIE (KOTEHEepaIus).
Qu1-2=F2(a’aghi’f’fe’a’) — oTHocuTenbHas SHEpPrus Ha KOHJEHCATOpPaX TEIUIOBBIX

Hacocop TH-1, TH-2, B tom uucne Qrhf_, =F;°" (a’aghbf’fe’a’) — mosne3no ucnomn3zyemast

TEeIJI0Bast YHEprus TeroBeix HacocoB TH-1, TH-2.

Qu=Fs(d’a’e’fm’b’d’) — oTHOcuTenpHas TeruIOBas Heprus, yrwimsupyemas ot [IBC,
COOTBETCTBYIOIIAsl JIONOJHUTENIBHON MexaHnuyeckoi sHepruu Ha npusog TH-1 u TH-2, B Tom
JHCITe MoJIe3HO ucnonbdyemas Q" =F3'°" (d’a’e’fbb’d’).

Q5 =F; (opp’co) — OTHOCUTENbHAs »JJEKTpPUYECKass »JHEprusi, BbIpabaTbiBacMasi B
KOMOMHHPOBAHHOM IIHKJIE.

Qp =F,(’hfm’)+F3;(fm’bf) —  oTHOcHTenbHas  W30BITOYHAS  TEIUIOBAs  DHEPIUsS
renepupyemass TH-2 (F,) u JIBC na npuson TH-2 (Fi), He BocTpeOOBaHA, HO MOXKET OBIThH
2 3/ 9
WCITOJIB30BaHAa ISl pereHePaIK Te0TEPMAIBHOTO KOJIJIEKTOPa B HEOTOMUTEIBHBIA ITEPHUOI.

Qx = F, (0ejo) — oTHOCHUTEIbHAS SHEPTHUS X0JI0/1a HA KOHTUIITUOHUPOBAHHE.

Qs = F5 (oemo) — oTHOCUTENbHAS TeIJIoBast Heprus, reHepupyemas /IBC na npusog TH-
2, B pe)KUMe KOHAUIIMOHUPOBAHUS.

Q¢ = Fy (0oeio) — oTHOCUTENbHAs TEIUIOBas SHeprusi Ha KoHaeHcatope TH-2 B pexume
KOHIUITMOHUPOBAHHUS.

Omnpenenenue sHepretrudeckoit agpdpexruBHoct ACKO-TITITY

CyMMapHO€ KOJIMYECTBO TE€HEpPUPYEMOW M IIOJIE3HO HCIOJIb3YyeMOM HHEpruu (TeIlo,
XOJIOJI, DJIEKTPUYECTBO) B OTHOCUTENIBHBIX €AMHULIAX !

1 = Qur + Q12 + Qu®" + O . 8)

Kaxnass M3 COCTaBIAIOMIMX CYMMBI XapaKTepu3yeTcs COOCTBEHHBIM KO3(h(UIIMEHTOM
nepsuuHoil auepruu (KIID).

Pesynstupyrommii KIIOpr cucreMbl mpou3BOACTBa BCEX BUIOB JHEPIrUU 3a TOJOBOM
HEPUO/] OIIPEIEIIAETCS U3 3aBUCUMOCTH:
Q_]\l}lojl

QTHl_Z ' UM ’ COPT + M) 10JT ' r]T + _Qn)im ! UM ! COPX’

g
KII3np = Zaor “ Mher + “gnor (9)

M) 10J1
QT.X.3
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rae gﬁﬂz A — gons oHepruu (TEIUIOBOM W DIEKTPUYECKHIi), TeHepupyemas B

T.X.3

KOMOWHHUPOBAHHOM IIHKIIE;

QHOJI_ o o
-2 = B — 10J1 MOJIE3HOM TEIJIOBOW ODHEPrHU TeHepUpyeMas TeIUIOBBIMH

T.X.3

HacocaMu;
QI\I}IOJI
—o = C — nons nonesHoi TemioBoi sHepruu, reHepupymoit /IBC ot renepanun

T.X.3

MEXaHUYECKOW SHEPTryuu Ha MpUBOJ TeIoBbiX HacocoB TH-1 u TH-2;

Q . . .
—2- = D —10511 reHepanuu X002 B 00IIel MOJIE3HOM TeHeEpUPYEMOI SHEPTHU.

T.X.3

Pesynprupyrommit KII9 cuctemsr:
KHSHF:AHKF+BT]MCOPT+CT]T+DT]MCOP)(, (10)

rae: Nxr — KITJ] mpou3BoicTBa TEMIIOBOM 1 3JEKTPUUYECKON SHEPTHH B KOMOMHHUPOBAHHOM
LUKJIE;
Nu — Mexannueckuid KI1J{ ABC;
1t — KIIJ] mpou3BoACTBa TEIIOBOM SHEPTHH B KOMOMHUPOBAHHOM ITHUKJIC.

Pesynerarel u muckyccusi. B manHOW paboTe Ui CpaBHUTENBHBIX PAcueTOB IMPHHATO
YCJIOBHOE 3/1aHue miomaaso 150 M’ C yIEJIbHON XapaKTEPUCTUKOMN pacxoa TEIJIOBOW YHEPTUHU
Ha OTOIJIeHWe | BeHTwIsAnuioo 3aanuii 0.343 BT/(M3 °C), YTO COOTBETCTBYET Kjaccy
SHeprodpPekTUBHOCTU 3/1aHuil b cormacHo crpoutenbHbIM HOpMaMm M IpaBuiam Kaszaxcrana
CH PK 2.04-04-2011 [3]. IlotpeGneHue SIEKTPUYECKOW SHEPrum ObUIO HPHUHITO IS
obecrieyeHns: «kKOM(OPTHOrO MPOKUBAHUS», YTO COOTBETCTBYET ypoBHIO 90 kBT uac Ha ogHOrO
YyeloBeKa B Mecsl. B ycllOBHOM 3/1aHuM NpOXHMBAIOT 5 4enoBek, pacxoxa sHepruu Ha ['BC
npuHAT U3 pacuéta 230 kBT yac Ha yenoBeKa B MECHLL.

['omoBeIe 3aTpaThl SHEPTHMM HAa KOMIUIEKCHOE SHEProCHA0KEHHWE KOHKPETHOTO YKHIIOTO
00BEKTa ONPENENAIOTCS U3 3aBUCUMOCTH :

Qro,q = Q’lr‘[.?(g'n'qp) (11)

IJIE N — YKCIIO0 XKUTENIEH, g, - PACUETHAs TEIUIOBAs HAarpy3Ka OObEKTa.
ITpu 3TOM ro/10BOM pacxol NEPBUYHOTO TOIINBA COCTABUT:

— _ Qroa 12
Brog = Ko F [kr], (12)

KBT4
e Qp, [K—] — HU3IIAs TEIUIOTBOPHAsL CHOCOOHOCTh TOILUIMBA. [IJI yCIIOBHOTO TOIINBA!
r

y.T. __ Qro,a 13
Bios = KBy 6.14 [kry.T.]. (13)

Pacuer npencrasien B Tabnune 1.

Tabnuma 1 — PacueTHble maHHBIE

Topon qp A B C D KIBpr | Qreh | Bl kT
IIIpIMKEeHT 1,44 0,352 0,307 | 0,115 | 0,226 | 1,046 4200 3551,5
AaMaTsl 1,89 0,376 | 0,316 | 0,0971 | 0,212 | 1,061 4216 4439,78
ITerponaBioBck 2,04 0,327 0,491 | 0,164 | 0,018 | 1,176 3292,8 | 3520,19
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Koapdumuenter A, B, C, D n Benuuunsl qp, QM onpenenArOTCs KIMMATHYECKUMHU

ycinoBusiMu B paiioHe npumeHeHuss ACKO-T'TITY, HopmamMu mnotpeOiaeHUsl dHEProHOCUTENEN
KUTEIIIMU U TEINIOTEXHUYECKMMHM XapaKTEPUCTUKAMU 3JaHHM.

BriBoabl

OngHYM M3 NEpCHeKTHBHBIX IIyTEW pEIIEHUs 3a7add IPEJOCTaBICHHUS COBPEMEHHBIX
HHEPTEeTUYECKUX YCIYr MOTPEOUTENSIM U SKUTENSIM JICHEHTPAIM30BAaHHBIX PAWOHOB SBIISAETCS
co3nanue SHeprod((HEeKTUBHBIX M HAIECKHBIX JIOKATBHBIX SHEPreTUYECKHX CHCTEM Ha OCHOBE
KOMOMHHMPOBAHHOW I'eHEpali SHEPrOHOCUTENIEH.

B pabore mnpemiokeHbl KOHLEMIUH HSHEPrOreHEpUpYIOIIEro O00OpYAOBaHUS HOBOIO
MOKOJIEHUsI M CHCTEM KOMIUIEKCHOIO 3HEProCHa0KeHHsI Ha €ro OCHOBE C I0Ka3aTeslsMu
9HEProd(PPeKTUBHOCTHU, CYIIECTBEHHO MPEBBIIIAIONIUMHE CYLIECTBYIOIINE.

OTnuuuTeNbHOM ~ OCOOEHHOCTBIO  NPEIJIOKEHHBIX  CHUCTEM  SIBJIAETCS  HAJIW4ME
ONpEIENICHHBIX B3aUMOCBSI3€H MEXIy KOJIMYECTBAMM M IapaMeTpamMH T'€HEpUPYEMBIX
SHEProHOCUTENeH, YTO OrpaHUYMBAET BO3MOXKHOCTb NMPUMEHEHHsS OOIIENPUHATHIX METOJOB U
CPEICTB PacYETOB U IPOEKTUPOBAHHUS.

g ycTpaHeHusi 3TOro HPEMSTCTBHs MNPEJIOKEHAa METOIMKA pacuyeTa MOIIHOCTEH U
PHEPTUH OCHOBaHAa Ha TpaduKax -HHEPrOMOTPeONCHUsI M CBOWCTBAX TE€HEPUPYIOIIETO
obopynoBanus. B pabore rpaduk momrHocty u dHEeprun [TITY sBisieTrcs WHCTPYMEHTOM IS
ontuMmuzanmu gu3aiiHa ACKD, BbIOOpa »sHEproreHepupyroulero o0OpylOBaHHS U OLEHKU
HHEProd(PpPeKTUBHOCTU CUCTEMBI B PaMKax r0JJOBOT0 IIMKJIA HAPY30K.

BaxHbIM pe3ynbTaToM pabOThl SIBISETCS MOATBEPXKIAECHUE MPEIIOJIOKEHHUS O TOM, 4YTO
BKJIIOUEHUE B COCTaB JIOKAJIbHON 3HEPrOCUCTEMBI I'€OKOJUIEKTOPOB CYHIECTBEHHO IOHMKAET
BIMSIHUE HEOAHOPOJHOCTH TEIJIOBBIX HArpy3oK (KiIMMaTHueckoro (akropa) Ha OOIIyrO
9HEeprod(HPEeKTUBHOCTH CUCTEMBI.

PaboTa BbINOJIHEHA B paMKax npoekra rpantoBoro ¢uHancupoBanuss MOH PK, nomep
teMbl 4818/I'D4 (00117Q/1).
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IFEOTEPMAJIABI HOJTUT'EHEPALUAJIBIK KOHABIPYBIJIAP HEI'BIHJAE KEHIEH/I
SHEPI'MSIMEH KAB/JIBIKTAY ) KYUEJIEPIH K¥PBIJIBIM/IBIK OHTAUJIAHABIPY

C. K. Kymbi36aesa', I1. A. B. :keiimc’, B. B. Ctosik', M. B. U6parumoBa’

1 . .
AJMaThl BHEpPreTHKa J)KoHE OaiylaHbIC YHUBEPCUTETI, AJMaTh! K., Kazakcran
2 .
CaytremnToH yHuBepcuteTi, CayTreMnToH K., ¥JIbIOpUTaHUS

Anodamna. Maxajana CybIKIICH Ka0/bIKTay MEH KOHIUIUSIIAY JKyHelepl YIIIH TEXHOJIOTHUSIBIK
KOKETTUIIKTEP MEH JKbUIYMEH a0 bIKTay YIIIH 3JICKTP SHEPrUACHIHBIH, )KbUTY SHEPTUSACHIHBIH O1pJIeCKeH
TEXHOJIOTHSUTBIK YIEPiCiH O1p yaKbITTa OHIIpY OapbIChIHIA KOFAphl SHEPTETHKAIBIK THIMILTIKKE He KaHa
OYBIHJIBI SHEPrusl TYPJICHIIPTIII JKaOABIK TEH KeMIeH/I SHEPTUsSHBI >KaOIBIKTayJbIH aBTOHOMUSIIBI
JKYHECiHIH TYXKBIPhIMIaMalapbl YChIHBLIIBI.

liiTeH JKkaHATBIH TMOPIICHBMIK KO3FAITKBIII TIEH KOMIIPECCOPIIBIK JKBUTY  COPFBUIAPJIBIH
TCOTePMAIIIBIK JKYHENEepiHiH TEePMOIWHAMHUKAIBIK [HKJIICPIH OIPIKTIPYOIH apKachlHAa JKOFAPHI
DHEPTETUKAIIBIK THIMIIITIKKE KO JKeTKi3UIl. JKep KeIpTHICHIHBIH JKOFaphl Ka0aTTapbIHBIH TOMCH 9JICyeTTi
KBITY PHEPTHSIIAPBIH TYPICHIIPY 0acTanKbl OPraHUKAIBIK OTHIHHBIH IIBIFBIHBIH aya PAibIH TadFaManiThIH
KaJMbIHa KENTIPUIETIH OSHEprusi Ke3iMeH IilliHapa aJMacThIpy >KOJBIMEH TyOerein TeMeHAeTyre
MYMKIiHJiK Oepei.
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DHepPreTUKANBIK KYKTEME MEH KJIIMMATTBIK JKaFailiap bl HAaKThl KYPBUTBIMBI YIIIIH XKYHe TY3eTiH
JNIEMEHTTEP/l KOHE HOTIKEN SHEPrOTUIMALIIKTI TaHJayAbl OHTAMIaHIABIPYABIH apHaibl omicTeMeci
JKacalbl.

JKympic HoTmKenepiHiH e3ekTimiri KaszakctaH aiiMakTapblHBIH TYPaKThl JaMyIibl (hakTopbl
pETIHIeri OpTaTBIKTAHIBIPBUIMAFaH ayJaH TYPFBIHIAPBIHBIH eaoyip Oeirine 3aMaHayd SHEPTETHKAIIBIK
KBI3METTEP YCHIHYABIH MaHbBI3AbUIBIFBIMEH TYCIHII pisIe/i.

Kinmmik ce30ep: KeleH]I SHEPTUSMEH JKaOJBIKTayblH aBTOHOMMSUIBI JKYHeci, KOreHeparus,
MOJIMTCHEPALIUs, TCOTEPMAJJIbl TOJUTCHEPALUSIBIK KOHJBIPFBI, JHEPIUSIMEH IKAOJBIKTAy KYHECIHIH
JIU3aliHbIH OHTANUJIAHBIPY.

STRUCTURAL OPTIMIZATION OF INTEGRATED ENERGY SUPPLY SYSTEMS BASED ON
GEOTHERMAL POLYGENERATION INSTALLATION

S. K. Kumyzbayeva', P. A. B. James’, V. V. Stoyak', M. V. Ibragimova'

' Almaty University of Power Engineering and Telecommunications, Almaty, Kazakhstan
*Southampton University, Southampton, UK

Abstract. The concepts of power generating equipment of new generation are proposed —
geothermal polygeneration plant and an autonomous integrated power supply system that have high
energy efficiency while producing electricity, heat energy for heat supply and / or technological needs
and cold for air conditioning and cooling supply in a single technological process.

High energy efficiency is achieved due to the combination of thermodynamic cycles of a
reciprocating internal combustion engine and a system of geothermal compressor heat pumps. The
involvement of low-potential heat of the Earth's crust upper layers in the generation of energy can
drastically reduce the consumption of primary organic fuel, by partially replacing it with an all-weather
renewable energy source.

A special method for choice optimizing of the system-forming elements and calculating the
resulting energy efficiency for a specific structure of energy loads and climatic conditions is developed.

The relevance of the work results specified by the critical importance of providing modern energy
services to a significant part of the population living in decentralized areas as a factor of sustainable
development of the Kazakhstan regions.

Key words: autonomous systems of complex power supply, combined power supply cogeneration,
polygeneration, geothermal polygeneration plant, design optimization of the power supply system.

26



ABTOMATHKA, HHO®OPMAIIUOHHBIE TEXHOJIOI'HHU

MPHTH 621.317

C.T. XaHI, A. E. Tammo6aeBa'

1 o
AJMaTHHCKHUI YHUBEPCUTET SHEPIETUKH U CBs3H, I'. Anmatsl, Kazaxcran

PABPABOTKA NPOI'PAMMBI OHEHUBAHUWSA HEOIIPEJAEJIEHHOCTH
N3MEPEHUA ITPU ITIOBEPKE 3JIEKTPOMAI'HUTHBIX PACXOJAOMEPOB

Annomayusn. B craTtbe mpencTaBieHAa MOJENIb MPOTPAMMHO-TEXHUYECKOTO KOMIUIEKCA JUIs
MOBEPKH DJIGKTPOMAarHUTHBIX pacxogomMepoB (OMP) mo wmecTty WX OKCIUTyaTanmuyd Ha 3aKadyHBIX
CKBaXXMHAX T€OTEXHOJIOTMYECKOro MOJIsI IMOA3EMHOrO BBIIIEIAYMBAHUS YypaHa, ONHUCaHa MpoLeaypa
OIICHUBAHUS HEONPEICICHHOCTH n3Mepenus DMP, pazpaboTana mporpaMMa OICHKH HEONPEAEICHHOCTH
m3mepennst OMP B cpene rpaduueckoro nmporpammupoBanus NI LABVIEW2014.

OnucaHbl  pe3ynbTaTbl IOBEPKU  3JICKTPOMATHUTHOTO  pacxoJoMepa, IPOBEJECHHON Ha
nmaboparopuom crerne (moxenu MIITK), paccunTtansl cTraHgapTHBIE HEOINPEASIEHHOCTH TO THIY A u
Tuny B, cymMMmapHas W paciiMpeHHas HEONpPENEJCHHOCTU IMOIPEUIHOCTH MOBEPSEMOI0 pacxoaoMepa,
COCTaBJICH OOKET HEOIpeIelIeHHOCTH n3Meperns OMP.

Kniouegvle cnoga: OLEHUBaHHE  HEOIPEJICIEHHOCTH  HU3MEPEHHs,  3JIEKTPOMarHUTHBIN
pacxogomep, porpaMmMHoO-TexHuueckuit komriekc, LABVIEW2014.

[Ipy moa3eMHOM  BBIILIEIAUYMBAHUK  ypaHa  MCIOJNb3yeTCs  OOJBIIOE  YHCIO
3JIEKTPOMArHUTHBIX PACXO0J0MEPOB BHIIIEIAYMBAIOIINX PACTBOPOB, MOJABAEMbIX Ha 3aKauyHbIE
CKB&)KMHBI T€OTEXHOJIOTHYECcKOro mojsi. CyliecTByomas METOIMKa METPOJIOTUYECKON TTOBEPKHU
IpelroyiiaraeT CHSITHE pPAacXoJOMEpOB C MecTa HX YCTAaHOBKHM, TpPAaHCIOPTHPOBKY B
COOTBETCTBYIOIIHE Ja00OPATOPUN METPOJIOTHUYECKUX CITYXKO MIIM METPOJIOTHYECKUe 1adopaTopuu
Ha NpeAnpUsITUN U UX MOBEPKY Ha NMPOJMBHOM ycraHoBke. Ilocne arrecranuu pacxoaoMepsl
YCTaHABIMBAIOTCS 0OpAaTHO HAa MECTO 3KCIuTyaTtauuu. [Ipu TakoMm moaxojie K METPOJIOTHYECKOM
MOBEPKE JATYMKOB PAcXoia MOBBIIAIOTCS U3JCPIKKU UX IKCIUTyaTaIlUU.

C npyroii cTOpoHBbI, Takasi MpoLeAypa MOBEPKH MPEIO0JIaraeT pacyeT METPOIOIrHYECKUX
XapaKTEPUCTUK (MOTPEUTHOCTEH M3MEpPEHHs) U OLEHMBAHHE TOAHOCTU CPEJCTBA M3MEPEHHS K
SKCIUTyaTalluy, Toraa kak ¢ 1995 roma B MEXIyHapOIHYIO METPOJIOTMUYECKYIO MPaKTUKY
BBEJICHBI PEKOMEH/IAIIUU 10 OIEHUBAHUIO HEOIPEIEICHHOCTH U3MEPEHHUs KaK MpU KaIHuOpOBKe,
TaK W TMPU MOBEpPKe cpeAacTB mu3Mepenus. Crenyer oTMeTuTh, uTo B Kaszaxcrane mpu moBepke
DOMP npakTH4eCKH OTCYTCTBYET OLICHMBaHHE HEOMPEICICHHOCTH U3MEPEHUSI.

B pabGore omucana paspaboTanHas HaMu MeToAuKa moBepkn OMP mo wmecty
JKCIUTyaTallid C TOMOIIBI0 MOOMJIBHOTO MporpaMmMHO-TexHHYeckoro komruiekca (MIITK),
BKJIIOYAIONIETO B CeOsl ATAJOHHBIN (KOPUOJIMCOBBIN) pacXoqoMep, peryaupyemblii KiamaH U
nporpammupyemsiii kKoutpoisiep (PLC). Oxnoit u3 3amau npu pazpadbotrke MIITK siBnsiercs
pazpaboTka HOPOrpaMMHOrO  OOECHeueHUs  METPOJIOTMYECKOH  MOBEPKH C  OLICHKOM
HEOMPEIEJICHHOCTH U3MEPEHUS TIOBEPSEMOI0 Pacxo10Mepa.

Lenpro cTaThu ABISIETCSl ONMUCAHUE pa3pabOTaHHOW aBTOpPaMH MPOTPaAMMBbI OIEHHUBAHHS
HEOMpPeeIEHHOCTH U3MEPEHUS IIPU MOBEPKE 3JIEKTPOMArHUTHBIX PACcX0/I0MEPOB.

JlanHas mnpoueaypa IMOBEPKH IPEANojaraeT, 4To BCE pPAcXOJOMEpbl IMOBEPSIOTCS C
noMoueio nosepoyHoi ycranosku MIITK He onHOBpemeHHO, a o ouepennoctu. Ha pucynke 1
npencTaBieH (parMeHT (QYHKIMOHAIBHON CXeMbl y3Jla paclpeiesieHus BBILIEIadylBaIOIIEeTo
pacTBopa C YCTaHOBJICHHBIM JOTIOJHUTEIbHBIM oOopynoBanueM MIITK (oTmedeHbl KpacHBIM
useroM). Hampumep, npu mnoBepke BweIOpaHHOTO pacxomomepa (Alll) Bce ocTanbHBIE
pacxomomepnl (A112, A131, A132) Ha y3ie pacupenesieHUs BbIIIEIAYMBAIONIEIO pacTBoOpa
paboTalT B ILITAaTHOM pPEXHUME, UYTO OOECIEeUMBACTCS COOTBETCTBYIOIIMMH IOJIOKEHUSIMU
xianaHoB K1-K31. IloBepka 371€KTpOMarHUTHBIX PacXoJIOMEPOB OCYIIECTBISAETCA C IIOMOLIBIO
ATaJIOHHOT0 KopuoiucoBoro pacxomomepa (FY156F1a) Boiie kjiaccoM TOYHOCTH. MeToauka
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MMOBEPKM OCHOBBIBAECTCSI HA METOJIE€ CIMYEHUS I[IOKa3aHUM HSTAJIOHHOTO M IOBEPSIEMOTO
pacxonomepoB. Perymupyemsriii kinanan (PB) stanonnoro npu6opa u PLC, Bxogsmme B coctas
MIITK, mo3BoiST aBTOMAaTHU3UPOBATH IMPOIECC IMOBEPKH MPUOOpa MO BCEMY AHMAMA30HY
U3MEPEHHUS IIOBEPSIEMOTO pacxo1oMepa.

.

HeBAOMMTOHME HAONIHOE CH. BOEIHX0N k310 Kzl
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Pucynok 1 - ®yHKuHOHANIbHAS CXEMa y3Jia paclpeiesICHUs BbIIIEIaYMBAIOIIETO
pactBopa ¢ MIITK

Mertoa n3mMepeHnsi OCHOBAaH Ha MHOTOKPATHBIX H3MEPEHUSX PACX0/ia JIEKPOMAarHUTHBIM
U JTAJIOHHBIM KOPHMOJHCOBBIM PAacXOJOMEPaMH, a TakKKe OIEHWBAHHH HEOIPEACIICHHOCTH
MOTPEITHOCTH 3JIEKTPOMArHUTHOTO pacxooMepa.

OneHka HEONPEAENEHHOCTH U3MEPEHH O0BEMHOTO pacxojia JIIEKTPOMArHUTHBIM
pPacxoIOMEPOM HAaYMHAETCS C COCTABJICHUS MOJIEIBHOTO YPABHEHUSI.

MareMarnyeckass MOJIeJb IOTPEHTHOCTH 3JIEKTPOMArHUTHOTO pacxojoMepa B 3TOM
ciydae OyJeT BBITJIAICTh CISAYIOIMNUM 00pa3oMm:

A= V3M_ (VKOp+ Apa3p. + Anpeoﬁptu’ + Amoun.u&wep. + Acmaﬁ + At + Ap) ? (1)

rae ]/ - cpepHee apuMETHYECKOE 3Ha4YCHHE OOBEMHOTO Pacxoja, M3MEPEHHOro

QJICKTPOMAIrHUTHBIM pacxoaoMEpoOM;

V’mp- cpenHee apu(pMETHUYECKOE 3HAYEHHE OOBEMHOIO pacxoja, W3MEPEHHOTO

KOPHOJIHMCOBBIM PACXOIOMEPOM;
Apoun.uzmep - TOUHOCTD H3MEPEHHUI PACX0/1a KOPUOJIMCOBOIO PACX010MEPa;
A a6 nyas - CTAOUIBHOCTD HyJIsl KOPHOJIMCOBOTO PACX0I0Mepa;
Apas'p
Aypeogp - TOTPEIIHOCTH MPEOOPa30BATENsE KOPHOIHCOBOTO PACXOI0MEPa;
A¢ - TIOrpemHoOCTs OT BIUSHUA KojeOaHuii pabouel TeMIeparypbl Ha HYJIEBYIO
TOYKY TIEPBHYHOTO MpeoOpa3oBaTelisi KOPHOIMCOBOTO PacX0A0Mepa;
Ap - IOrpenIHoCTS OT BIMSAHUS KOJeGaHuil paboyero JaBIeHHs Ha HyJIEBYIO TOUKY
MEPBUYHOTO MPEeOOpa30BaTENsI KOPUOIUCOBOTO PacxoJaoMepa.

- HOI'PCHIHOCTD IMOCICAHETO pa3psaaa KOPHUOJIUCOBOI'O pacxXoJoMeEpa,
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@opMmyabl 115 pacuera BbILIENPUBEIEHHBIX MOTpeIIHOCTE npuBeneHsl B [3]. Cnenyer

OTMETHTh, YTO MAaTEMATHIECKHE OXHAAHHS MOMPABOK Ayounusueps Mo Nps Acmacnyans Dpasps

Aypeosp PABHBI HYITIO.

B 1993 r. B IlIBeiinapun oObeAMHEHHON pabodeld IpymIol SKCIEepTOB, Ha3HAYCHHBIX
MexayHapoaHeiMu opranuzamusamu MBMB, MOK, NCO, M®KX, HIOIIAK, HIOITAIT u
MO3M, 06110 cocTaBneHO «PyKOBOJICTBO 1O BBIPAXKEHUIO HEONPEIEIEHHOCTH u3MepeHus » [1],
KOTOpO€ YCTAaHABJIMBAET OOIIME MpaBWiIa OLEHHBAHUSA U IPEICTaBICHHUS HEONPEIEICHHOCTH
M3MEPEHUs] IPUMEHHUTENIBHO K IIMPOKOMY CHEKTPY U3MEPEHUH.

CormacHo naHHOMY PykoBOACTBY, 00paOOTKY HEOMpENeIeHHOCTH PEe3yIbTaTOB JIFOOBIX

M3MEpEeHui B 001IEM CiTydae MPOU3BOIAT 110 aJITOPUTMY, U300pakeHHOMY Ha pucyHke 2 [4].

1.CocTaBneHWe ypaBHEHMA mamepeHnid ¥ = (X, X5, X))

W
2.0ueHKa BXOAHBLIX BefWMWMH, BHECeHWE TMOoMNpPaBoK Ha H3BECTHble
cucTemaTuuecke 3derTsl B pe3yneTaThl MX M3MEPEeHWA X4, Xo ... X,y
W
4.0npegeneHMe CTaHOapTHBIX
b "
4 HEONPEAENEeHHOCTEN BXOAHEIX BENMYMH
3.BolMMCNEHME OUEHKW Pe3ybTaTa wi(X ), u(X) ou(X,,)
2| wamepenuit ¥ = flxnx,xm)
N W
4-a.No Tmny A 4-b.MNo Tvny B
¢ y
5.0npegeneHue KoIGPUUKMEHTOB 6.BuiumcneHwe BRNana
YYBCTEMTENRBHOCTH o= e | HeonpegeneHHoOCTH Ha?ﬂﬂ,ﬂﬁ EKGﬂ,HDﬁ
ar i=12m BEMMYMHbI B HEONPEAeNeHHOCTh
i M3MEPAEMOIE BEAWYMHEI
c;iulX;), i=1,2m
, WO ',
7.CoctapneHue BogHeTa HeonpeaeneHHoOCTeN -
N
9.BpluMCNeHue CyMmMapHOo#R 8.0npegeneHye NONapHOKM KOBapHaLUMK
cTaHaapTHoOl HeonpegenenHoctn € BxoaHbIx seanauH u(x;, x;)
MIMEDASMON BEAMYMHBI U
11.BelMMCARHME paclWUMpeHHOH 10.3a0aHuWe ypoOBHA JOBEDWA pH
HEONpeaeneHHocTH usmepaemoin € BElMMCAEeHWe KoadduumenHTa oxeaTa ky,
BenMHMHB U(Y)
b
= 12.3anKce NONHOTD PE3YNLTATaA MZMEDPEHKHIA

Pucynoxk 2 - O0uuii anropuT™ OLEHUBAHUS HEOTIPEICIIEHHOCTH U3MEPEHHS
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B cootBeTcTBHU ¢ OOLIMM aIrOpuTMOM (PUCYHOK 2) COCTaBJIEH aJrOPUTM OLECHHBAHUS
HEOIPEJEIEHHOCTH HM3MEPEHUsl DJIEKTPOMArHUTHOIO pacxojoMepa [5], COrIacHO KOTOpOMY
MOJIEJIbHOMY ypaBHEHHMIO (1) COOTBETCTBYET ClI€AyIOllee BBIPAXKEHUE [UIsI CyMMapHOM
CTaH/IapTHON HEOIPEIEICHHOCTH:

ue =AUl (V) +ud (V). )

rome U A(Vkop) - CTaHJapTHas HEOMpPEIEIECHHOCTh OOBEMHOr0 pacxoia IO THIY A,

U3MEPEHHOT0 KOPUOJIMCOBBIM PacXoAOMepOM, 00YCIIOBIEHA UCTOYHUKAMU HEONPEAeIEHHOCTH,
MMEIOLMMHU CIIyYalHbIA XapaKTep;

uB(VKop) - CyMMapHasi CTaHJapTHas HEOMPEIEeIIEHHOCTh OOBEMHOIO pacxoja Iio

tuny B.

CrangapTHasi HEOIPENEICHHOCTh OOBEMHOTO pacxola MO TUIY A, HU3MEPEHHOIO
KOPHOJHMCOBBIM PAacXx0J0MEPOM, pPacCUUTHIBaeTCA MO (GopMyle CpelIHEro KBaJIpaTHYeCKOTo
OTKJIOHEHUS pe3yJabTaTOB HAOIIOICHHI 00BEMHOTO pacxo/a.

CymmapHas cTanaapTHasi HEOIPEEICHHOCTh 10 THITY B:

2 2 2 2

ub(VW):WOpx L(A_pagp) xcf+cix M(Anpeofip.) + jx M(%H) +ox M(Acmaé) +ox u(At) +ox M(A‘D) ’ (3)
VKO[) Vk"op Vk"op onp onp Qlcop

4 5 - 6 -

rae Q - cpenHee apu(METHYECKOe 3HAYEHHE MAacCOBOTO DAcXoja, U3MEpPEHHOTO
Kop

KOPHOJIMCOBBIM PACX0I0MEPOM;
C; ... Cs- k03 PHUIIHEHTHI TYYBCTBUTEITHHOCTH.
Koaddunments uyBctButenbHoctd C; ... C¢ paBHBI €AMHUIIE, TAK KaK MPOU3BOIUINCH
psIMbIEe U3MEPEHHSI 00bEMHOTO pacxo/ia.
B  mnpeamonokeHMH ~ paBHOMEPHOrO  3aKOHA  paclpeielieHHss  PacCUMTBHIBACTCS
HEOIPEICIICHHOCTh TOYHOCTH TTOKA3aHUN KOPHOIMCOBOTO pacXxooMepa:

u(A,..) = % , MO/ 4)

HeomnpeneneHHOCTh TOTPEIHOCTH MPE0Opa3oBaTes:

_ Anpoo6pa303 .

u(AnpeotSpasos) B \/g ? M3/‘-I, (5)

HeOHpeHeHeHHOCTB CcTaOMILHOCTH HYHCBOﬁ TOYKHU MAaCCOBOI'0 pacxoaomepa:

u( Amaﬂym) = % , Kr/d. (6)

HCOHpeHeHCHHOCTL MOrpCIIHOCTHU MOCIICAHCTO pa3psaaa:

U ) = A\/%Sp'

, M/ (7)

HeonpeneneHHOCT, TOTPENIHOCTH OT BIMSHUSA KOJeOaHWil pabodero maBJICHUs] Ha
HYJIEBYIO TOYKY MEPBUYHOTO MPeoOpa3oBaTessi KOPUOJIHUCOBOTO pacxooMepa:

u(Ap) = % , Kr/q . (8)

HeormpeneneHHOCTh MOTPENTHOCTH OT BJIMSHHUS KoJieOaHuil paboueil TemmepaTrypbl Ha
HYJIEBYIO TOUYKY IEPBUYHOTO TPe0oOpa3oBaTelisi KOPUOIUCOBOTO PacXoIoMepa:

u(A) = \% , Kr/d. )

30



Ilocne BblYMCIIEHMS CYMMapHOM  CTaHJAPTHOM  HEONPEIEICHHOCTH  U3MEPEHMUS
00BEMHOI0 Pacxo/ia BEIYUCIISIETCS paCIIMPEHHAs HEONPEAETIEHHOCTh U3MEPEHUS:

U = k*uc(Viop), (10)

rae k — koo dunment oxeara, paBHbIi 2,0 Ipu J0BepUTEILHOM BeposTHOCTH P=0,95.

[lonmupiii pe3ynbTaT HM3MEpPEeHHs BKJIOYaeT B ceOS OIEHKY BBIXOJHOW BEJIWYMHBI —
00BEMHOI0 pacxosia, M TPUIMCAHHOE €M 3HAYeHUE PpACIIMPEHHOM HEONpeNeIeHHOCTH C
YKa3aHHUEM YpOBHS JOBEpUSL:

V=V, +U, P=095. (11)

CornacHo anropuTmy (pUCYHOK 2) pa3paboTaHa mporpamma pacuera HeompeaeTIeHHOCTH
M3MEpEHUs] TIOBEPSEMBIX pPACXOJIOMEPOB B cpele rpaduueckoro mnporpammupoBanus NI
LabVIEW 2014, koTopasi COIEpKUT cieayromie BKiIaaku: «VcXoaHbIe TaHHBIC TTOBEPSIEMOTO
pacxoziomepan, «McxogHple  naHHBIE KOPHOJIUCOBOTO  pacxo/ioMepay, «Pacuer
HeolpezeneHHocTn 1o Tuny A», «Pacuer HeompeaeneHHoct 1o Ttuny By, «bromxer
HEONPEIENEHHOCTN Y, «Pe3yapTaT mOBEPKM».

BxoanbiMu naHHBIMU JUIsT paOOTHI IPOTrPaMMBI pacueTa HEONPEAEIEHHOCTH U3MEPEHMUSI
MOBEPSIEMBIX pacxojoMepoB B cpeae mporpammupoBanus NI LabVIEW sBnsroTcss muameTpsl
YCIIOBHOTO MpPOXO0Ja JUIsi KOPHOJMCOBOIO M AJIEKTPOMArHUTHOIO PAacXOJOMepa, pPe3yJbTaThl
U3MEPEHUII MacCOBOr0 pacxoAa KOPHOJIUCOBBIM PacXxOJOMEpPOM, pe3yJabTaTbl H3MEpPEHUi
00BEMHOTO pacxoa KOPHOJIHMCOBBIM PACXOJOMEPOM, pEe3YJIbTaThl H3MEPEHHH OOBEMHOTO
pacxoia MOBEPSIEMBIM SJEKTPOMAarHUTHBIM PacXoJOMEpOM, 3HadeHHe pabouell TemmepaTypsl
Cpelpl, a TaK)Ke JIaHHbIE M3 TEXHMUYECKOH TOKYMEHTAllMM Ha KOPHUOJIMCOBBIM pacxomomep [2],
KOTOpbIE MCHOJIB3YIOTCS JJIsi pacyera MOTPEIIHOCTEd M HEONPEICIICHHOCTH HW3MEpPEHUs
o0BeMHOr0 pacxona o gopmymnam (2-9).

BbIXOHBIMU JTaHHBIMHU SIBJISIFOTCSL TOTPEIIHOCTh 3JEKTPOMArHUTHOIO pacxojoMepa
HEOIpeeIEHHOCTh N3MEPEHNI 00bEMHOT0 pacxo/ia.

Ha mnepBoif Bkiagke paspaboraHHOU mporpammbl «VCXOqHBIE JaHHBIE MOBEPIEMOTO
pacxooMepa» BBIOMPAETCSl THIT TIOBEPSIEMOTO PAacXoIoMepa, TUaMETp €ro YCIOBHOTO MPOXo/a,
a Takke BBOJATCS 12 3HaueHH OOBEMHOTO pacxoia, HW3MEPEHHOTO TIOBEPSIEeMbIM
Pacxoa0MepoM.

Ha BTOpoii Bkmagke paspaboraHHOil mporpammbl «VcxoaHble AaHHBIE 00pPa3IOBOTO
pacxoaoMepa» BblOMpaeTcs TUIT 00pa3LoBOro pacxoaoMepa, JUaMeTp €ro yCIOBHOTO IPoXo/a, a
Tak)Ke BBOAATCA 12 3HaYEHUI MaccOBOTO pacxoja, U3MEPEHHOT0 00Pa3IOBBIM PACXOJOMEPOM.

Ha Bknaake «PacueT HeonpeneeHHOCTH 10 TUITY A» BBIBOJSATCS Pe3yJIbTaThl U3MEPEHUN
00BEMHOTO pacxoja ATAJIOHHBIM PACXOJAOMEPOM U PE3yNbTaThl CTATUCTUYECKOW 00pabOTKH
MOJTYYEHHOW BBIOOPKH: pacyeThl CpeaHero apudMETUYECKOro 3HA4YeHWH HaOIIOACHHM,
CTaHJAPTHOTO OTKJIOHEHHsI HAOMIOJCHNUI U CTaHIapPTHOW HEONPEeIEHHOCTH 110 TUITY A.

Bxmagka «Pacder HeonpeIeneHHOCTH N0 TUIly B» colepkut: nTaHHbIE U3 TEXHUYECKOU
JOKYMEHTAllM¥, IPOMEXYTOUHbIE JaHHBIE JUIs pacueTa HEONPENEJIEHHOCTH Mo Tumy B,
W3MEpeHHble  3HAueHus  JUIsl  pacyeTra,  pacCUMTaHHblE  3HAYEHUs  CTaHJApTHBIX
HEOIPEIEIEHHOCTEN COCTABIAIOIIUX MTOTPEIIHOCTEN U HEOTIPEAEIEHHOCTD 10 TUIly B.

bromker HeompeneneHHOCTH (PUCYHOK 3) TIPEACTABISIET COOOW pPE3yJIbTUPYIONIYIO
TaOJMILy, COAEPXKAIIYI0 CIHCOK BCEX BXOTHBIX IIEPEMEHHBIX, HMX OIIGHOK BMeECTE ¢
MPUHAICKAIUMI UM CTaHJAPTHBIMH HEOIPENEICHHOCTIMU H3MEPEHU M 3aKOHaMHM HX
pacnpenenenus. Ha naHHOM BKIaAKe IPUBEAECHBI pAcUETHBIE 3HAUYEHUS CYMMapHON U
paciIipeHHON HeOoNpeAeIeHHOCTH U3MEPEHNSI 00bEMHOTO pacxoa.

Ha mnocnenneilt Bkianke «Pe3yiapTaT MOBEPKH» OTOOpaKaeTcsl pe3ysbTaT IOBEPKU
3JEKTPOMArHUTHOI'O PacXo0Mepa.
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Pucynok 3 — UnTepdeiic «bromxer HeonpeaeaeHHOCTH TOBEPSIEMOT0 pacxo1oMepay

PaGora mporpamMMsl Oblla TPOTECTHPOBaHAa HAa OCHOBE AIKCIIEPUMEHTAIBHBIX JIaHHBIX,
MOJY4YEHHbIX Ha 1abopaTopHOM cTeHe «lceiaenoBanue pacxo10MepoB U CUCTUYMKOB KUAKOCTHY
kadenpsl «HkeHepHast KHOEPHETUKAY.

[lo pesynapraTaM MPOBEICHHOH  MOBEPKH  3JCKTPOMATHHTHOTO  PacXxoJ0Mepa,
MPOBEICHHOM Ha 1abopaTopHoM ctenae (Mmoaenu MIITK), A = 0,393 n/4.

Pesynbsrar moBepku pacxogomepa: ¥ =316,133 £ 0,393 = 316,1 £ 0,4 /9.
OtHocuTenbHas mnorpemHocTh pacxoaomepa = 0,12%, yto HaxoguTcs B mpenenax
JIOTTyCKaeMOT0 3HaYEHHUS KJ1acca TOYHOCTH PacxoioMepa.

3akjaouyenue

1. IlpenynokeHa Mojellb MOOMIJIBHOTO IPOrPaMMHO-TEXHHYECKOTO KOMILIEKca ISt
MOBEPKH AJIEKTPOMArHUTHBIX PAacX0JJOMEPOB M0 MECTY, MO3BOJISAIONIAs 3HAUUTEIIbHO YMEHBUIUTh
9KCIUTYaTallMOHHBIE PACXObI Ha TIPOBEICHUH ITOBEPKH.

2. CocraBieH OI0JKET HEONpPeIeIeHHOCTH U3MEPEHHUS NP TOBEPKE AJIEKTPOMAarHUTHBIX
pacxomoMepoB, KOTOPBIN CIYXKHT OCHOBOM [UIi CO3JaHMA IPOTPAMMHOTO CpEACTBA IS
aBTOMATH3allMM OLIEHUBAHMS HEOIPEeIEHHOCTH U3MEPEHUs IpH MoBepke (kanubposke) DMP.

3. Pazpaborana mporpaMma OIICHWBaHHS HEONPEICICHHOCTH M3MEPEHHUS IPH ITOBEpKe
(xanmbposke) DMP B cpene rpaduueckoro nmporpammuposanus NI LabVIEW2014.
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SJIEKTPMATI'HUTTIK HIBIFBIH OJIIIEYIIITEP TEKCEPYIH/JE
OJILIEY BEJTICI3AII'TH BATAJIAY BATIAPJIAMACBIH K¥PY

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

1 . .
AJIMaThl 3HEpreTHKA JKoHE OalIaHbIC YHUBEPCUTETI, AJIMaThI K., Kazakcran

Andamna. Makanaja ypaHHbIH JKe€p acThl CUITiICY Ke3iH/E TeOTeXHHMKAaJIbIK OPICTIH EHTi3UIreH
YHFBIMaNapbiHa OepiieTiH maiMatalThiH epiTIHAUICPIiH WBIFBIH OIIICYIIITEPiH )KYMBIC OPHBI OOHBIHIIA
CAIIBICTBIPBINT TEKCEpy YIIIH KYpacTHIPbUIFaH OaraapiaMa-TeXHHUKAJIBIK KEeIICHHIH MOJENl YCHIHBIIFaH,
AJIEKTPMATrHUATTIK MIBIFBIH OJIIETIMITIH oey Oenrici3irin Oaranay TopTioi cunarranrad, NI LabVIEW
2014 Oarpmapnamanay OpTAachlHIAA AJIEKTPMArHUTTIK IIBIFBIH OJIIICYIIITEPiH emeyiH Oenrici3airia
Oaramay OarapiamMachl KypacThIPBUIFaH.

MoOunpai OarmapiamMa-TeXHUKAIBIK KEIIeHHIH MOJAENi OOJBIT eCenTeNeTiH 3epTXaHalIbIK
CTEHITTE OTKI3UITCH AEKTPMArHUTTIK IIBIFBIH OJIIICTIIITIH TEKCEpy HOTHKENEpl KenTipiiarex, A xone B
Typsiepi OOWBIHINA CTaHIAPTTHI OJIIEY OCNTici3aiKTepi, KEHEWTUINeH JIKOHE IKHUBIHTBHIK OJIIey
OenNTici3MiKTepl eCenTeNreH, IIBIFBIH OJIIETITIH OJIIey OeNnTiCi3AiKTiH OI0HKeTi KypacThIPhUIFaH.

Kinmmix co30ep: enmey Oenrici3mirin  Oaranay, SJEKTPMAarHUTTIK IIBIFBIH  ©JIIIIETIII,
Oarnapnama-TexHukanbik kenien, LABVIEW2014.

DEVELOPMENT OF THE PROGRAM OF UNCERTAINTY ESTIMATION MEASUREMENT
AT THE CHECK OF ELECTROMAGNETIC FLOWMETERS

S. G. Khan', A. E. Tashibaeva'

'Almaty University of Power Engineering and Telecommunications, Almaty, Kazakhstan
Abstract. The article proposes a model of the software and hardware complex for verification of

electromagnetic flowmeters at the pumping wells of the geotechnological field of underground uranium
leaching. The procedure for estimating the uncertainty of electromagnetic flowmeter measurement has
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been described, a program for evaluation measurement uncertainty of electromagnetic flowmeter in NI
LabVIEW 2014 programming environment has been developed.

The results of verification of an electromagnetic flowmeter conducted on a laboratory bench
(which is a model of mobile hardware and software complex) have been presented, standard uncertainties
of type A and type B, total and expanded uncertainties of flowmeter error have been calculated, and
uncertainty budget of electromagnetic flowmeter measurement has been compiled.

Key words: estimation of measurement uncertainty, electromagnetic flowmeter, software and
hardware complex, LABVIEW2014.
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MPHTH 681.121.89.082.4

B. A. Yepuos', H. b. YepHosa'

1 .
ATMaTUHCKUI YHUBEPCUTET DHEPTETUKH U CBA3M, I'. AnMaTsl, Kasaxcran

MATEMATHUYECKHUE MOJEJIN CKOPOCTHU 3BYKA B KUJAKOCTAX

Annomayusa. Jlaércs moHsTne Maremarndeckoil monenu (MM), mpuHATOE B WH)KEHEPHOH
npakTuke. OTMeuaeTcs, 4TO B MaTeMaTHMYECKOM MOJIEIMPOBAHUM OCHOBHOE BHUMAaHHE YJENseTcs
cBoiicTBaM MM u mpeabsiBIIEMbIM K Hell TpeOoBaHUsAM, a Takxke kiaccudukaiuu MM. B ocHoBe
TUIM3aLUU U KiIaccupurkanna MM nexaT ux pa3iudHble OCOOCHHOCTH U PU3HAKH.

B nacrosiee Bpems mMeeTcs pazHooOpasHash MHPOPMALMsl O CKOPOCTH 3BYyKa B KHIKOCTSIX,
MOJTydeHHasi ¢ TIOMOIIbI0 MaTEeMaTHYECKOT0 MOJISIUPOBAaHMUS B pa3paboTku MM, KOTOpbie HEOOXOTUMBI
B HAYYHBIX HCCIEIOBAHHUAX, B 3BYKOBOW W YJBTPA3BYKOBOW JIOKAIIMM W IMATHOCTHKE, TPW HallaaKe
YIBTPa3BYKOBBIX PACXOJIOMEPOB.

[Iyrém comocTaBieHUs] U3BECTHBIX MPU3HAKOB KiIacCH(PHUKAIUK M OCOOCHHOCTEH KOHKPETHBIX
MM ckopocTH 3ByKa B IKHAKOCTSX TOKa3bIBaeTcs, 4Tto Bce MM sBISIOTCS (PYHKIMOHATBHBIMA
HETPEPHIBHBIMU MOJICJIIMH MaKpOYPOBHSI M 0053aTEIbHO YYUTHIBAIOT 3aBUCHMOCTh CKOPOCTH 3BYKa OT
TeMIepaTypsl xKuakocTu. Paccmorpennsie MM npu M3MEHEHHH MX NapaMeTpoB B IIMPOKOM JIHana3oHe
SIBJSTIOTCST HeMWMHEHHBIMA. 1o ocTanpHBIM Npu3HAKaM Kiaccubukamuum MM CKOpoCTH 3ByKa HMEIOT
paznuuns U ocoOeHHOCTH. [IpemmoxkeHsl AOMOTHUTENbHBIE MpU3HaKkK Kiaccupukammun MM ckopoctu
3BYKa B MOPCKOH M JUCTUIUTMPOBAHHON BOJIE.

Kntouegvle cnoea: cxopocTh 3ByKa, JKHUAKOCTh, AWCTHJUIMPOBAHHAasT W MOpCKas BOJA,
MaTeMaTHYecKast MOJIeITb, KllacCU(pUKAIHS.

[TonsiTne maremarudeckoit moaenu (MM), kak U psa APYTHX MOHITHI, UCTIOJIBb3yEeMbIX B
MaTEeMaTUYeCKOM MOJEIMPOBAHUM, HE UMEET CTPOroro (opmMaibHOro ompeneneHus. Tem He
MEHEE B ITO IOHATHE BKJIAABIBAIOT BIIOJIHE KOHKPETHOE COACPXKAHHE, C KOTOPBIM CBA3aHO
IIPUMEHEHHE MATeMAaTUKH B MHXEHEPHOH InpakTuke. boiee Toro, Takue, HanmpuMep, HaydHbIE
JUCHMIUIMHBI, KaK MeXaHuKa, (U3MKa, TEpMOJMHAMMKA, HIIEKTPOTEXHUKA SBIAIOTCS, 10
CYUIECTBY, YIOPSJOUYEHHbBIM MHOXeCTBOM MM, nocTpoeHHEe KOTOPBIX COIMPOBOXKIAETCS
TEOPETUYECKMM OOOCHOBAHMEM  aJ€KBATHOTO OTPAXKEHMS HSTUMH MOJECISMHU  CBOMCTB
paccMaTpuBaeMBbIX IIPOLECCOB U SIBJICHUM [5].

Paznuunble ocoOeHHOCTM W mnpu3Haku MM JexaT B OCHOBE HUX THIH3ALUU U
knaccupukanuu. Cpeaw TakuxX TPU3HAKOB BBIACTSIOT XapakKTep OTOOpa)kaeMbIX CBOWCTB
texHuueckoro oobekra (TO), crenenp X AeTanu3anuy, CocoObl MOTYYEHUs U MPEICTABICHUS
MM [5]. Tlpu srom moxg TO NOHMMAIOT KOHKPETHOE TEXHUYECKOE YCTPOMCTBO, CUCTEMY
YCTPOWCTB, MPOIIECC, SBICHUE, OTACIBHYIO CUTYalMIO B KAKON-JIMOO CUCTEME HJIM YCTPOUCTBE.

B Hacrosmee Bpemsi umeercss pazHooOpaszHas HMH(oOpManus O CKOPOCTH 3ByKa B
KUIKOCTSX, TMOJydeHHAas C MOMOIIBI0 MAaTEMaTHYECKOTO0 MOJCIMPOBAaHUS W pazpaboTku MM.
Jannas wuHdopManus HeoOXOAMMa IPH MCCIEIOBAaHUM (PU3MUYECKHX CBOMCTB BELIECTB U
AKyCTHYECKUX METOJOB HEpa3pylIalIero KOHTpoJisi [4, 8], B 3BYKOBOW W YIbTPa3BYKOBOMH
JIOKAalluM, B YJIbTPa3BYKOBOW JAMArHOCTHKE, Il HAJAaJKHU YIbTPa3BYKOBBIX pacxoJOMEPOB
xuakoctu [8, 10].

Lenp naHHOM pabOTBl COCTOMT B MPOBEAECHUM THUIM3ALUM M KJIACCH(PHUKAIMU
CYLIECTBYIOIIMX U pa3padaTbiBaeMbiX MM cKkOpoCTH 3ByKa B kHIKOCTAX. [Ipu 3TOM, B mepByio
ouepesib, OyaAyT NIPUMEHEHBI U3BECTHBIE OCOOCHHOCTH, MPU3HAKU U HepapXusl PYHKIMOHAIbHBIX,
TeopeTudyeckux M smnupuueckux MM. Taxxke OyAayT TMpeasioKeHbI U  PacCMOTPEHBI
cneunpuyeckue npuzHaku MM ckopocTH 3ByKa B KHJIKOH cpere.

OnauH U3 CyIIEeCTBEHHBIX MPU3HAKOB KJIacCU(UKALIUU CBA3aH ¢ 0ToOpakeHueM B MM Ttex
wii uHbIX ocoOeHHocrer TO. Ecim MM  oTpakaeT yCTpOWCTBO U CBA3M MEXIY
COCTaBJISIOUIMMHU €T0 3JIEMEHTaMM, TO €€ Ha3bIBAIOT CTPYKTYpHOU. O4EBUIHO, YTO 3TOT PU3HAK
11 MM ckopocTu 3Byka HENPUMEHUM, KaK HEIIPUMEHUMBI TOIIOJIOTUYECKHE U T€OMETPUUECKHE

35



npusHaku. Ecmum ke MM orpaxkaer mnpoucxoxsiume B TO ¢dusmueckue, XuMHUYECKHE,
Ouosnoruueckue, THGOPMAIIMOHHBIE WU JIPYTHe MPOLECCHl, TO €€ OTHOCAT K (YHKIIMOHATIbHBIM
MM [5]. TToaromy MM ckopocTu 3ByKa SIBISIOTCS (PYHKIIMOHAIBHBIMU.

OyHkoHanbHbie MM  COCTOST M3 COOTHOIICHHH, CBS3BIBAIOIIMX MEXAY COOOH
¢da3oBble TNEepeMeHHBIE, TO €CThb BHYTPEHHHE, BHEUIHME U BBIXOAHbIE mapameTpsl TO.
OyHKIUOHUPOBaHUE CI0XKHBIX TO HETPYJHO ONHUCATh JIMIIL MPU MOMOIIU COBOKYITHOCTH €r0
peakuuii Ha HEKOTOpbIE M3BECTHBIE WJIM 33JaHHbIE BXOIHBIE BO3JEHCTBUS (curHaibl). Takyro
Pa3HOBUAHOCTh (DYHKIMOHATBHBIX MM OTHOCST K THUILy YEPHOTO SIIIMKA U OOBIYHO HA3BIBAIOT
MMUTAIMOHHOM MOJENbI0, UMEsl B BHIY, YTO OHA JIMIIb MMUTUPYET BHEIIHUE IPOSBICHUS
¢yuknuonupoanusi TO, He packppiBasi U HE OMNKCHIBas CYIIECTBA MPOTEKAIOIIUX B HEM
nporeccoB. Umutanmonnsie MM HaxoAT MKMPOKOE MPUMEHEHHE B TEXHUUECKOW KHOEpHETHKeE.

AHanu3 CymecTBYIOUIMX MyOIMKalUi O CKOPOCTH 3BYKa B JKUIKOCTSAX MOKa3bIBAET, UYTO
3HAYUTEIbHAs MX YacTh IOCBSIIEHA MMEHHO MMHUTanMOHHBIM MM. Tak, B moHorpaduu [4]
MPUBOJIUTCS ypaBHEHHUE, OMHCHIBAIOIIEE 3aBHCUMOCTh CKOPOCTH 3ByKa B BoJe S (M/c) oT eé
temneparypsl T (°C) B BHIE HOJMHOMA LIECTOM CTENEHH C MOCTOSHHBIMU KOd()(HIUMEHTAMHU,
UMEIOUIMMH COOTBETCTBYIOIIME Pa3MEPHOCTU. DTO ypaBHEHHUE MOJIy4YeHO MyTEM 00pabOTKH
pe3ysibTaToB  HU3MEPEHUN  METOAOM  HAaMMEHbIIMX  KBaJApaToB U  INPUMEHUMO  AJIs
JMCTHIUIMPOBAHHOM BobI B uHTEpBaie Temueparyp 0-100 °C npu armocdeprHom napiaenun Par:

S(T) = 1402,385 + 504,15(7/100) — 590,038(77/100)*+ 375,384(7/100)* — 227,601(7/100)* —
- 102,635(7/100)° — 23,925(7/100)°. (1)

[TogoOHBIM 00pa30M MOJTYYEHO W BhIpaKEHUE ISl CKOPOCTH 3BYKa B BoJie o3epa baiikan
C HU3KOM CONEHOCTHIO Ha TiyouHe H, M, npuBenéunoe B [10]:

S (T, H) = 1402,39 + 4,997 — 0,0057*+ 0,0539H. )
[IpuHnun 4€pHOro AIMMKA HMCIOJIb30BaH MPHU IOJIYYEHUU HECKOJIBKHX AMIIMPUYECKUX
dbopMyn Ans BBIUKCICHHUS CKOPOCTU 3BYKa B MOpckoil Boze. [[nst cOopa okeaHorpaduueckux
JTAHHBIX TYTEM MAIIUHHOW OO0pabOTKM Tuapoiorndeckod wuHpopManuu Oblia MOTydYeHa
dopmyna Bunbcona [11], cipaBeanuBas mpu TeMiepaType MOPCKoi Boasl ot - 4 1o + 30 °C,
nasnenuu (ruapoctaruueckom) P ot 0,1 mo 100 MIla u conénoctu C ot 0 10 37 %eo:
S(T, P, C) = 1449,14 + St+ Sp+ Sc+ Stpe; Sc=1,39799(C — 35) + 1,69202-107(C — 35)%;
St=4,5721T—4,4532-107T* —2,6045-10*T> + 7,9885-10°T*;
Sp=1,63432P + 1,06768-10°P* + 3,73403-10°P> — 3,6332-10°P*;
Stpc = (C —35)(-1,1244-107%T+ 7,7711-10"T*+ 7,85344-10*P — 1,3458-10°P> +
+3,2203-107PT+ 1,6101-10°T2P) + P(-1,8974-10° T + 7,6287-10° T + 4,6176-107T") +
+P*(-2,6301-10°T+1,9302-107T%) + P3(- 2,0831-1077). (3)
bonee npocras hopmyna Byna nmeer Bun:

S(T, C, H) = 1450 + 4,206T — 0,0366T>+ 1,137(C — 35) + 0,0175H. (4

JIJ1sl HaBUranuy Ipy Temieparype Mopckoil Bogsl ot 0 10 20 °C u rinybune MeHee 8 KM
npumensiercs popmyna Jlepos:
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S(T, C, H) = 1492,9 +3(T — 10) — 0,006(T - 10)* — 0,004(T— 18)*+ 1,2(C — 35) —
-0,01(T - 18)(C — 35) + H/61. (5)
B runporpadun s mansix riayous npumensiercs ¢popmyna lems-I'pocco:
S(T, C, H) = 1448,6 + 4,618 T — 0,05237*+ 23-10° 7> + 1,25(C — 35) — 0,011(C — 35)T +
+27-10°(C-35)T*-2-107(C-35)*"1 + 0,5777 - 0,0072T?) + 0,0875H. (6)

B cnpaBounuke [6] yka3biBaeTcsi ckopocTh 3ByKa S(7k) st 12 HauMeHOBaHUN YMCTBIX
KUJKOCTEH U Macen rpu Temneparype T, 6muskoii k 20 °C. OTMedaeTcsi, 4To CKOPOCTh 3ByKa B
JKUJIKOCTSX, 32 UCKIIOUEHUEM BOJIbl, YMEHBIIAETCS C MOBBIIICHUEM TEMIIEPATyPhl U MPUBOIUTCS
dbopmyna s e€ moacuéra:

S(T) = S(Tx) + Ki(T - Tx), (7)

rne Kr — tepMokod(ppUIMEeHT CKOpPOCTH 3ByKa, JUIsl aHWJIMHA, AIleTOHA, TIUIEpUHA,
pTYTH, OEH301a, KEPOCHHA, BOJbl, METUIIOBOTO M 3THJIOBOIO CIIUPTA PABHBIM COOTBETCTBEHHO -
4,6;-5,5;-1,8; - 0,46; - 5,2; - 2,2; 2,5; -3,3; -3,6 M/(c'K).

ITo hopme npencraBienus nmuTaunoHHas MM sBiseTcs NpUMEPOM AITOPUTMUYECKOMH
MM, nocKkoJIbKY CBSI3b B HEM MeXAy BXOAHBIMH M BbIXOAHBbIMU Mapamerpamu TO ynaércs
OIIMCATh B BUJE AJTOPUTMA, IIPUTOIHOTO JUIs peanus3anuu B Buae OBM-nporpamMmsl.

Ecnu cBsa3p Mexay mapamerpamu TO MOXXHO BBIpa3uUTh B aHAJUTHYECKOW (opme, TO
ropopsAT 00 aHanmutrueckux MM [5]. B mocnennee Bpemsi aHamutudeckue MM cTtam mmpoko
MPUMEHSTHCS TIPH pacuére TaOIUIl CKOPOCTH 3BYKa B TUCTHIUIMpOBaHHOU Boze [1]. Jleno B ToM,
YTO NIEPEXO]] IPOMBIIUIEHHOCTH BCEX CTPaH Ha BBIIIOJIHEHNE TEXHUYECKUX PACUETOB C IOMOILBIO
OBM 00yciioBuI HEOOXOAUMOCTH MPEACTABICHUS TAHHBIX O TEIIO(QHU3UIECKUX CBOWCTBAX BOIBI
B yIOOHOM s 3TuX 1eneil Buge. Hanbonee npuemieMbIM pelieHHeM 3TOM 3a/J1a4yM SBUJIOCHh
CO3/1aHHE CHUCTeMbl creunanbHbix ypaBHeHH [APWS-IF [1], B KoTOpbhIX A onucaHus
TEIUNIOPU3NYECKUX CBOMCTB C HEOOXOJUMOH s TEXHHYECKOro pacuéTa TOYHOCTBIO
WCTIOJNB3YIOTCS THUITHI (DYHKIIMOHAIBHBIX 3aBUCHMOCTEH M HE3aBHCHUMBIE TIEPEMEHHBIC, YI00HbIE
JUIS PELLIEHUs TAaKOTO poJia 3ajau.

Pa3pabotka, aTTecranus u peryyispHblii IEPECMOTP 3TUX YPaBHEHUM, MpeJHA3HAYECH HbIX
JUId TIPUMEHEHUS B IPOMBIIUIEHHOCTH, HIPOBOAATCA MeEXAyHapOOHOW accolManued 1o
cBoiictBaM Bojabl M BoasHoro mapa (MACBII), wieHamMu KOTOpOHl SBISIOTCA BCE
IPOMBIIIICHHbIE CTpaHbl. JlaHHBIE O TEIIO(U3NYECKUX CBONCTBAaX BOJABI M BOASHOIO Iapa,
Bbruncisiemble 1o npuHiITeiM MACBII ypaBHeHUsIM, SBISIOTCA, [0 CYLIECTBY, MEXAYHAPOIHBIM
IIPOMBIIIJIEHHBIM CTaHJAPTOM, KOTOPBIM JOKEH HNPUMEHATHCS BO BCEX BHAAX TEXHUYECKHUX
pacuéToB, BKJIIOYAsi KOHTPAKTHBIE.

Mexnynapoanas cucrema ypaBHeHuit IAPWS-IF97 1997 r. BBenena B neicTtBue ais
MIPOMBIIIIEHHBIX pacy€ToB ¢ sHBaps 1999 r. OHa coOOEpKUT MATH OCHOBHBIX M TPYIIY
JIOTIOJTHUTENBbHBIX ypaBHEeHUH. OCHOBHbIE ypaBHeHHs OazupyloTcsi Ha (yHIaMEHTAIbHBIX
ypaBHEHUSX I yaenbHoW 3Heprun ['mb0ca u 'enpmromnsiia. Takas cinokHas aHaTIATAYECKAst
MM 715t mostydenust TabauI B obnactu nmapamerpos 1o temieparypsl 1000 °C u nasnenus 100
MIla wuccnenyercs nyTéM MNPOBEACHUS BBIUMCIMTEIBLHOTO HKCHEPUMEHTa C pa3pabOTKOI
alropuT™Ma, KOTOphIii peanusyercs B Bujae IBM-nporpammsel. Takum oOpa3om, moaens IAPWS-
[F97 Bximrouaer B ce0st MpU3HAKU aHATUTUYECKON U anroputMuyeckoit MM.

ITo cnocoOy momyuenuss MM nenatr Ha TeopeTHdyeckue M sMmnupudeckue. Ilepsbie
MOJIy4aroT B pe3yJsibTaTe u3ydeHus cBoicTtB TO u mpoTekarolmumx B HEM IMPOLIECCOB, @ BTOPHIE
SBIISIIOTCSI UTOrOM 00paOOTKM pe3yabTaToOB HAOMIOACHUS BHELIIHUX MPOSBICHUIN 3TUX CBOWCTB U
npoueccoB. Ilpu mnocrpoenun Tteoperndueckux MM  cTpeMsTCsS HUCHOIb30BaTh HM3BECTHBIE
¢dbyHIaMeHTalbHBIE 3aKOHBI cOXpaHeHus. Kpome Toro, MpHUBIEKAIOT ONpEAesIoIue
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COOTHOILIEHUS, B POJU KOTOPBIX MOTYT BBICTYHaTh ()EHOMEHOJOrHMYecKHe 3aKoHbl. [loaromy
onucanHas Bbie Moaeiab IAPWS-IF97 conepxut Takxke npusHaku Teopetndeckoin MM.

K Teopernueckum MM CcKOpOCTH 3ByKa B KUJIKOCTSAX MOXKHO OTHECTH U OIPEACIISIOIINE
COOTHOUIIEHUSI B YACTHBIX IPOU3BOJHBIX, MCIOJB3YIOIIHECS NPHU pacuyéTax U H3MEPEHUSX B
TepMoauHaMUKe [4]:

S = [(OPIOp)]"” = [ -v*(OP/ov)]™ = (W/B)™s Bs= (1) (Qu/OP),  (8)

rae p, P, v, s, ps — COOTBETCTBEHHO IUIOTHOCTb, JaBJcHHE (aOCOITIOTHOE), yIETbHBII
00BEM, OCTOSTHHASL SHTPOMHS U aaquadaTudecKkas CKUMaeMOCTh KUIKOCTH.

Jlnist pacdyera CKOPOCTH 3BYKa B OJTHOPOJHBIX YKHIKOCTSIX TMPUMEHSFOTCS TaKkKe POpMYIIbI
13 MeXaHuku [6, 7]:

S=(dP/dp)™*;  S=@Bp) " S=Kp)=@py ™ K=1n, )

rae K vy — MoJysib BCECTOPOHHETO CXaThs U KO3(POUIIMEHT COKUMAEMOCTH KHJIKOCTH.

OauH u3 cnoco0oB mocTpoeHust smnupuyeckux MM 3akmrodaercs B IPOBEICHUU
SKCHEPUMEHTAJIbHBIX HCCIENOBaHMM C u3MepeHueM (a3oBbix mnepeMeHHbIx TO u B
HoCeayoneM 0000IeHHH Pe3yIbTaTOB ATHX M3MEPEHHH B aITOPUTMUYECKON (Qopme wim B
BUJIC AaHAIUTUYECKUX 3aBUcUMoOcTed. [loaTomy smnupuueckas MM mno ¢gopme npencraBieHus
MOXXET COJAEpKaTh MPHU3HAKK QJITOPUTMUUYECKOW W aHaTuTHYeckoil MM. 3HauuTenbHBIM
BKJIQJIOM B IIOCTpOEHHE »SMOMpuueckux MM cKopocTM 3ByKa B BOJE  SBISIOTCS
JKCIIEpUMEHTabHBIe wucchenoBanus [3]. Ha ©6aze atoii pabGorhl Obuia mocTpoeHa [§]
SMIMpHUYECKas JByXMapamMeTpuueckass KycOouHO-TuHelHas MM ckopocTH 3Byka B BOJE B
IMIMPOKHX JTMara30Hax Temreparypsl 7' U naBieHus (a0COM0THOTO) P B BHIE:

S(T, P):Sy'l'KT(Ty, Py)AT+KP(Ty, Py)AP, (10)

rze Sy — 3HaueHHe CKOPOCTH 3ByKa B y3ie unrepnoisuuu (7y, Py);
AT, AP — OTKJIIOHEHHUs TeKyIIUX 3HaueHud 7' u P ot 3Hauenuit Ty u Py;
Ki(Ty, Py), Kp(Ty, Py) — HenuHeiHble TepMOKOdpduumeHT u OapoxoddhduimeHt
CKOPOCTH 3BYKa, sBistomuecs GpyHkuusamu Ty u Py.
A ma 0Oaze [8] Obum pazpaboranbl [9] moapoOHas HacTpoewHas TaOJIHIA IS
YIBTPa3BYKOBBIX pacxoaoMepoB 1 MM ckopocTH 3ByKa B Boje nipu temneparype 100-150 °C u
n30bITouHoM aasiaenuu Py 0,4-1,9 Mlla:

S(T, Py) = S(T, Py = 0,4) + Kp(T)APy; APy =Py -04. (11)

B cratee [10] mnpennmoxkena u oOOCHOBaHA B OOIIEM BHUIE HSMIUpPHUUYECKas
nuHeapu3oBaHHass MM cKOpOCTH 3BYKa B JKHJIKOCTHU CJIIO)KHOTO COCTaBa B BUJIE YPABHCHHUS:

S(T, P, O, N, I) = Sy + KtAT + KpAP + KoAQ + KxAN + KiAL (12)

rae Sy — 3HaueHue ckopoctu 3ByKa B meHtpe (7o, Py, Qo, No, Ip) 0061acTH M3MEHEHHS
napamerpoB 7, P, TexHonoruueckoro mnapamerpa I, koHueHTpauuid Q mnepBoil u N BTOpOH
puMecen;
AT, AP, AQ, AN, Al — COOTBETCTBYIONIME OTKJOHEHHS OJTHX IapaMeTpPOB OT
s3HaueHnuit Ty, Py, Qo, No, lp.
Kq, KN, Ki— k03¢ unneHTs! nepeaun CKOpoCTH 3ByKa 1o napamerpam O, Nu [,
OMOUpuYeckuMu sBJSIIOTCS U MM, npuBenéHHble Bbille B BUAE ypaBHeHui (1-7). A
BoIpaxxeHus (1-7, 10-12) sBnsitoTcs 0AHOBPEMEHHO U UMUTALMOHHBIMU MM.
OnHoil U3 xapakTepHbIX ocoOeHHOCTel (yHKIMOHATEHOW MM sBIsSeTCS HATUYME WM
OTCYTCTBUE CpeAu €€ MmapaMeTpoB CIydyallHbIX BeaW4uH. [Ipy Hamuuumm Takux BenmuuuH MM
Ha3bIBAIOT CTOXACTHUYECKOM, a IPU OTCYTCTBUH — JETEPMUHUPOBAHHOM.
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Hanexko He Bce mapamerpbl peanbHbix TO, ams KoTOpwIX paspabareiBaorcs MM
CKOPOCTH 3BYKa, MOXHO XapaKTEpHU30BaTh BIIOJHE OINpPEACIEHHBIMUA 3HaueHUsMH. llosTomy
takue MM, cTporo roBops, cieayeT OTHECTH K cToXacTudeckuM. OHAKO U3-3a TPYIHOCTH WIN
HEIEeJIeCO00Pa3sHOCTH  OMpENENIeHUsT M HCIOJNb30BaHUS  BEPOATHOCTHBIX — XapaKTEPUCTHK
CIIy9aliHbIX BEJIMYMH OKOHYaTellbHbIe ypaBHeHHs MM cKopocTH 3ByKa OOBIYHO cOepxkKaT
JNETEPMUHUPOBAHHBIC BETNYNHBI.

Cy1iecTBeHHBIM TIpU3HAKOM Kinaccudukanmu MM sBIisieTcs: UX BO3MOXKHOCTH OIEHUBATh
n3MeHenue mapametpoB TO Bo BpeMenu. B onucannbix Bbiie MM CckOpocTHM 3ByKa HeE
YUHUTBIBACTCSI U3MEHEHHE BO BpeMeHu napameTpoB TO, He oTpa)kaeTcsi BIUSHUE UHEPLIUOHHBIX
corictB TO. [loaToMy OHUM ABISAIOTCS cTaTMdecKUMU. OJHAKO €clyu MX NpuMeHaTh s TO,
U3MEHEHHE I1apaMETPOB KOTOPOTO IPOUCXOJUT CTOJIb MEJIEHHO, YTO B pPaccMaTpUBacMbIi
(hUKCUPOBAHHBIM MOMEHT BPEMEHHU 3TUM U3MEHEHHEM MOXHO TpeHeOpeus, To MM TO criemyet
CUMTATh KBA3UCTATUYECKOM.

Cranponapupie MM  omnwmceiBatoT TO, B KOTOpPBIX NPOTEKAIOT YCTAaHOBHUBIIUECS
MPOIIECChl, B KOTOPBIX MHTEPECYIOIINE HAC BBIXOJHBIE MapaMeTphl MOCTOSHHBI BO BPEMEHHU.
Ecin e wuHTepecyrommue Hac BbIXOAHBbIE napameTpbl TO HW3MEHSIOTCS MEIJIEHHO U B
paccMarpuBaeMblii (PUKCUPOBAHHBI MOMEHT BPEMEHHU TaKMM U3MEHEHUEM MOXKHO MpeHeOpedb,
TO TOBOPAT O KBasucrauumoHapHoi MM. M3 ckazaHHOro cieayer, 4yTO B 3aBUCHMOCTH OT
XapakTepa M JMana3oHa u3MeHeHus BeixoaHoro S u Bxoausix T, P, C, H, O, N, I napameTpos,
MM cKOpoCTH 3ByKa MOXKHO CUMTATh CTAlMOHAPHBIMU UJIM KBa3HCTALIMOHAPHBIMHU.

BaxusiM cBoiicTBoM MM siBnisiercst €€ nuueiHocTh. B nuneiinoir MM mapamerpsr TO
CBsI3aHBI JINHEWHBIMU COOTHOIIEHUAMH 1 MM o06namaer cBolicTBoM cymnepno3uiiuu. Ecoin MM
HEe 00JIaJlaeT dTHMM CBOWCTBOM, TO €€ Ha3bIBAIOT HEIMHEWHOU. J[JI1 KOMMYECTBEHHOTO aHam3a
nuHeHbIX MM pa3paboTaHO MHOTO MaTeMaTUYECKUX METOAOB B PA3JIMYHBIX TEXHUYECKHX
JUCLMIUIMHAX, TOI/Ia KaK BO3MOXKHOCTH aHaju3a HeIuHEHHbIX MM cBsi3aHBl B OCHOBHOM C
METOJAMH BBLIYHCIUTEILHON MareMaTHkd. YUToObl It ucciemoBanust HeauHernon MM TO
MOKHO OBUIO HCIOJIBb30BaTh AHAIUTUYECKHUE METOJbl, €€ HaJ0 JMHEapu30BaTh, TO €CTh
HEJMHEWHbIE COOTHOIICHUS Mex 1y nmapameTpaMu TO 3aMeHUTh NPUOTUKEHHBIMU JTNHEHHBIMU.

AHanu3 mnyOnMKalMii O CKOPOCTH 3BYKAa B JKUAKOCTSX TaKXKe IOKa3bIBAET, YTO
paccmarpuBaeMble B HUX MM Ipu U3MEHEHUH UX MapaMeTPOB B LIMPOKOM JIHAMNA30HE SIBIISIOTCS
HenuHelHbMH. K Takum MM otHOcsTes cooTHomenus (1-6, 10, 11). K nuneapuzoanasiv MM
oTHOocATcs cooTtHomeHuss (7, 12). HeoOxoaummo OTMETHTh, YTO B NpUBEAEHHBIX MM
HauOOJIbIIYI0 HETMHEHHOCTh MPOSBISET TEMIEpAaTypHas 3aBUCUMOCTb Wi cocTasistomas S(7)
CKOPOCTH 3BYKa B JUCTUJUIMPOBAHHOM M MOPCKOHM BOJE. A 3aBUCUMOCTH CKOPOCTH 3BYyKa S OT
nasnenust P, riryounsl H u conénoctu C BIoOJIHE MOTYT OBITH JHHEapHu30BaHbL. [loaTomy mpu
M3MEHEHUU TeMIIepaTypbl B HEOOJBIIIOM JIMANa30He U MPH e€ MOCTOSAHCTBE cooTHOIIeHus (1-
6, 10, 11) MoxxHO TIpeoOpa3zoBaTh B JIMHEWHBIE WU JIMHEAPU30BAHHBIE.

B otnuuue ot [1], TaGnuiibl mHTEpecHOM paboThI [2], yTOUHSIONIEH 1 BhIMIEAIIEH B3aMeH
I'CCCJ 117-88, cocraBieHbl Ha OCHOBE YypaBHEHHs, TOJYYEHHOTO B pe3yJbTare
CTaTUCTUYECKOW 00pabOTKM MaccuBa MUMEIOLIUXCS B JIMTEPATypE IKCIIEPUMEHTAIBHBIX JaHHBIX.
OCHOBY 3TOro MaccuBa COCTaBISIIOT 3HAUEHMsI CKOPOCTH 3BYKa, M3MEPEHHbIE C MOMOILBIO
pabouero sTanoHa HyneBoro paspsaa YBT-90-A-96. JlaHHbIN 3TaJOH BOCIIPOU3BOIUT €IUHUIIBI
CKOPOCTH 3ByKa B JUCTHILIMPOBAHHOM Bojie B auanasone Temreparypsl 0-40 °C 1 n30bITOUHOTO
nasieHust 0-60 MIla. Kak BUIHO M3 3TOro KpaTkoro OomucaHusi, B pabore [2] moiydyeHa u
HCClIeIOBaHa UMUTAIIMOHHAs 3MIIMpUYECKasi cTaTuueckas HenuHelHas MM 3aBucumoctu S(7,
P) B 3aaBnennsix quanasonax 0-100 °C u 0,101325-100 MI1a.

Kaxnapiit mapamerp TO MoxeT ObITh JBYX THUIIOB — HENPEPHIBHO H3MEHSIOIIMMCS B
HEKOTOPOM MPOMEKYTKE CBOUX 3HAUEHMM WJIM MPUHUMAIOUIUM TOJIBKO JUCKPETHBIE 3HAYCHUSI.
Bce npencraBnennsie Boiie MM CKOpPOCTH 3BYKa SIBIISIFOTCS HETIPEPHIBHBIMH.

Cpenu ¢yHKIMOHATHHBIX MM uepapXxuueckue YpoBHU OTPAXKAIOT CTENEHB JIeTAIU3AINH
omucaHus mporeccos, mporekatronmx B TO, ero 61okax wim snemMeHTax. C 3TOH TOYKH 3pEHUS
BBIIEISIOT [5] TpUM OCHOBHBIX YpPOBHS: MHMKpPO-, MAakpo- U MeTaypoBeHb. MM MHKpOypOBHS

39



OIIMCBIBAIOT IIPOLECCHI B CUCTEMAX C paclpeAcsIEHHBIMU apaMerpaMu, a MM MakpoypoBHs — B
cUCTEeMax C COCPEJOTOUYEHHBIMH NapaMeTpamu. B nepBbix n3 HUX (pa30Bble MEPEMEHHBIE MOTYT
3aBUCETh KaK OT BPEMEHH, TaK M OT MPOCTPAHCTBEHHBIX KOOPAMHAT, @ BO BTOPBIX — TOJIBKO OT
BpeMeHHu. [Ipu Oonbmiom uucie (ha30BbIX MEPEMEHHBIX TPYJHO BBIIEIUTH CYIIECTBEHHbBIE
xapaktepucTukd TO M ocoOeHHOCTH ero noBeneHus. B sToMm ciiydae mytéM oObeIMHEHHS U
YKPYIIHEHUSI 3JE€MEHTOB CIIOKHBIX TO yMeHbIIAIOT 4MCIO (Pa30BBIX IEPEMEHHBIX 3a CYET
UCKJIIOYEHHS] U3 PACCMOTPEHMsS] BHYTPEHHMX [apaMETPOB JIEMEHTOB, OTPaHMYMBASACH JIMIIb
ONMCAHUEM B3aHMHBIX CBS3€H MEXIY YKPYNHEHHBIMH DJIEMEHTAMH. TakoW MOIX0J XapaKTepeH
it MM MeraypoBHs, KOTOPBIM OTHOCAT K BBICHIEMY YPOBHIO Hepapxuu. MM Mukpo- u
MaKpOYPOBHSI OTHOCAT COOTBETCTBEHHO K HU3IIEMY U CPEJHEMY YPOBHSM.

MM cKOpoCTH 3ByKa CO3JAIOTCS JJIsl OnpeieneHust (pU3MYecKoro CBOWMCTBA >KUIKOCTH
KaK 4YacTHIIbl BEIeCTBAa B HEOOJBIIOM, JOKAJIbHOM O0BEME C OJHOPOAHBIMM CBOMCTBAMHU H,
cJeI0BaTeNnbHO, OlMHakoBeiMU Mapamerpamu S, T, P, C, H, O, N, I. icxoas u3 ckazannoro, MM
CKOPOCTH 3BYKa OTHOCATCSA K MOJEISAM MAaKpOYpPOBHsS, U K HHMM HEIPHUMEHUMBI IOHATHUSA
OJIHOMEpHAsi U MHOTOMEpHasl.

YeMm Oosibllle 4MCIIO MAapaMeTPOB, YUUTHIBAEMBIX B UMHTALMOHHOW MM, Tem Bblle e
(YHKIMOHATIBHBIE BO3MOXKHOCTH, TOYHOCTh M AITOPUTMUYECKAs CIOXHOCTb. lloaTomMy 3TO
YHCIIO SIBJII€TCS TOBOJBHO BayKHOW XapaKTEPUCTHKOMN, IO KOTOPOM MOTYT KiIacCu(UIUPOBaThCS
uMuTalMoHHble MM ckopocTH 3ByKa B KHAKOCTAX. OpHOnmapaMeTpHUuecKHUMHU B OCHOBHOM
ABISIIOTCSL T€ WMHUTaUMOHHble MM, B KOTOpPBIX packpblBaeTcs Haubosee 3HauuMas
temneparypHas 3aBucuMoctb S(7). K Hum otHOcsATes Monenu tuna (1, 7).

JIByxnapaMeTpu4ecKMMH B OCHOBHOM SIBIIIIOTCA T€ MMHTanuMoHHele MM, rae
packpsiBatotcs 3aBucumoctu S(7, P), S(7, H) ckopocTH 3ByKa OT TeMIEpaTyphl U AaBieHUs (WK
rIyOuHBI) JKUAKOCTH. JIByXmapaMmeTpudeckKMMH SBISIIOTCS Bce MM ckopocTu 3Byka JUid
JUCTWIIIMPOBaHHON BOoJbI (2, 10, 11), Tak Kak CKOPOCTb 3ByKa B HEW 3aBUCHUT TOJBKO OT €€ JBYX
napameTpoB: TeMneparypsl U gasieHus [4, 10].

TpéxnapamerpuueckuMu B OCHOBHOM siBIIsitOTCSE MM i1t Mopckoil Boasl (3-6), Tak Kak
CKOpPOCTb 3BYKa B HEH 3aBHCUT TOJBKO OT €€ TpEX MmapaMeTpoB: TEMIIEpaTyphl, AaBiIeHUs (WU
r1younbl) U conéHoctu. [Ipumepom mmutanmoHHoit MM ckopocTu 3Byka C emé€ OOoJIbIIUM
YHCIIOM MapaMeTpoB sBJsieTcst ypaBHeHue (12) 11 ®UIKOCTH CII0KHOTO COCTaBa.

B ortnnunu ot MOpckoii BoJbl, BoJa HOpMaibHasl (JieaspupoBaHHasi, AUCTUIIIMPOBAHHAS )
IPUMEHSETCS B IPOMBIIUIEHHBIX SHEPTETUYECKUX YCTAHOBKaX ¢ Temmeparypoii 1o 1000 °C [1].
B cBa3u ¢ atum paspaboranbl pazHooOpa3zHble MM CKOpOCTH 3ByKa B BOJE JJISl Pa3iIMYHBIX
quana3oHoB €€ TteMmmeparypbl I° m naeineHus P. I'paHMIlaMM 3TUX [IMana3oHOB 3a4acTyro
sIsiroTest Temmneparypa kunenus 100 °C u armocheproe nasienue Par= 0,101325 MITa.

ITo oxBaThiBaeMoil obnactu napamerpoB 7 u P cymectByromue MM CKOpPOCTH 3ByKa B
HOPMAaJILHOM BOJE MOKHO IIOAPa3AeanTh Ha cieayromue Buabl: 1) 7< 100 °C, P = Par [4, 6]; 2)
T>100 °C, P> Par[9]; 3) T< 100 °C, P > Par [2]; 4) B IUIMPOKKX TIpeJEIax TEMIEPATYPhl U
JABJICHUs, BKJIOUYAIOIIUX TEMIIEpaTypy KumneHus u atMmocdepHoe mamienue [3, 7, 9]. MM
CKOPOCTH 3ByKa B MOPCKOH BOJ€ M B BOJE IIPECHBIX BOJOEMOB MOYKHO YCIOBHO OTHECTH K
TpeThEMY BUJTY, Tak Kak Juist HUX —4 < T<30°Cu Pyr <P <100 MITa [11].

BriBoabl

1. Bce paccmoTrpennbie MM mnpenctaBisioT co0oil (yHKIMOHAJIbHBIE HEMpEpPhIBHbIE
CTaTMYECKUE MOJEIN MAaKpOypOBHS M YUYUTBIBAIOT 3aBHCHUMOCTb CKOPOCTHM 3ByKa OT
TEMIEPATypbl KUAKOCTU. JlaHHbIE MOJEIM MpPU H3MEHEHWH HX MapaMeTpoB B ILIHPOKOM
JMana3oHe  ABISAIOTCS  HeNMHEWHbIMU. [lo  OCTajbHBIM — NpHU3HAKaM  KJIacCU(pUKAIUH
MaTeMaTHYECKHEe MOJIENH CKOPOCTH 3BYKA MIPOSBIISIIOT Pa3IuyKsl U OCOOEHHOCTH.

2. Haubosee pa3BUTBIMHM U CIOXKHBIMH SABISIOTCSI MM CKOpOCTH 3ByKa B MOPCKOH U
JUCTUIMPOBaHHOM Boze. IIpeaioxkeHsl 1OMOIHUTENIbHBIE IPU3HAKU UX KIACCUPUKALIH.
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CYMNBIKTBIKTAPIAFBI IBIBBIC JKBLIIAMIBIF BIHBIH MATEMATHKAJIBIK
MOJEJBIEPI

b. A. YUepnos', H. B. Yepnosa'

' AlMaTBhI SHepreTHKa KoHe OailaHbIC YHHBEPCHTET, AnMaThl K., KazakcTan

Anoamna. VwxeHepnik ToxipuOene KaObligaHFaH MaTeMaTHKAIBIK Mojens (MM) TyciHiri
kenTipineni. Marematukaiblk Mozebaeyne MM Herisri KacueTTepi MeH OFaH KOMBUIATBHIH TallalTapra,
conpiMeH Oipre MM kmaccudukanusceiHa KOHUT OemiHeTiHi aiTteurFan. MM  TunTeHmipy MeH
KJIaCCU(UKAIVSIIAY HET131HIe opTYPIi epeKIIeikTepi MEH Oenrijepi xKatoIp.

Kazipri yakpITTa MaTeMaTHKaJIBIK MOZeTbaey MeH MM KypacTblpy KOMEriMeH allbIHFaH
CYHMBIKTBIKTapAaFsl JIBIOBIC JKBUITAMIBIFEl Typaibl OpTYpJli akmapar Oap. bepinreH akmapar FeUIBIMH
3epTTeyjepAe, IbIOBICTHIK JKOHE YIbTPAAbIOBICTHIK JIOKAIMS MEH AMArHOCTUKAAA, YIbTPaIbIOBICTHI
IIBIFBIH OJIIIEYINTEPiH OanTay/a KoJAaHbUIA b

CyHBIKTBIKTapaFrel  JIBIOBIC  JKBUIJAMABIFBIHBIH ~ HakTBl MM  kmaccudukanus  MeH
epEeKIIeTIKTEPiHIH TaHbIMAI OENTLIepiH CaJbICTBIPY apKbUIbl Oapiblk MM MakpoAeHreHmiH Y3miKci3
(yHKIMOHANABl MOJENi KOpCEeTUTiN, CYWBIKTBIK TEeMIepaTypacblHa AbIOBIC  KbUIJAM/IBIFBIHBIH
TOYENAUINTiH MIHACTTI eKkeHmiri eckepinenmi. KapacteippiiFan MM keH JIuamna3oHBIHAA OHBIH
mapaMeTpiiepi e3repreH Ke3ae OeMChI3BIKTHI 00BN TadbIansl. Kinaccndukanusmayasiy 0acka Oenrinepi
OolBIHIIA JBIOBIC KBULAAMIBIFBIHBIH TYPJi epekuiernikTepi 0ap. TeHi3 OeH JUCTHUIICHICH cyna IbIOBIC
KBUIIAMIBIFBIHBIH MM Kiaccu(uKausIChIHBIH KOCBIMIIA MapaMeTpIiepi YChIHBIIIBL.

Kinmmixk ce30ep: npIObIC JKBUIIAMIIBIFBL, CYWBIKTHIK, TUCTHIACHICH JKOHE TEHI3 CYBI,
MaTeMaTHKAaJIbIK MOJEIb, KIaCCUPHUKALINS.

THE MATHEMATICAL MODELS OF ACOUSTIC SPEED IN LIQUIDS

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

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

Abstract. The concept of mathematical model (MM), adopted in engineering practice, is given. It
is noted that in mathematical simulation an attention is paid to the fundamental properties of MMs and to
the requirements for them, as well as to the classification of MMs. In turn, the typification and
classification of MMs are based on their various features and attributes.

Currently, there is a lot of various information about acoustic speed in liquids, obtained by
mathematical simulation and development of MM. This information is necessary at performance of some
works: scientific researches, sonic and ultrasonic location and diagnostics, adjustment of ultrasonic flow-
meters.

By comparing of known characteristics of classification and features of specific MM of acoustic
speed in liquids, it is shown that all MMs are functional continuous models of the macro level and that
they necessarily take into account the dependence of acoustic speed on the temperature of liquid. The
considered MMs with a change in their parameters over a wide range are nonlinear. When considering
other characteristics of the classification, MMs of acoustic speed have differences and special features.
Additional characteristics of MMs classification of acoustic speed in marine and distilled water are
proposed.

Key words: acoustic speed, liquid, marine and distilled water, mathematical model, classification.
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HHHOBAILIUU B BBICHIIEM OBPA3OBAHHUH,
OYH/IAMEHTA/IBHBIE H
COHHUHA/IBHO- YMAHUTAPHBIE HAYKH

MPHTH 27.41.19

A.B. Apyosa', E. A. Akururos', M. III. Turenues', IT. B. Beiice6aii'

'Kazaxcxkuii arporexumueckuii yausepcuter umenn C. Ceiiymuna, . Acrana, Kazaxcran

O NPUBJUKXEHHOM METOJE PEINEHW JUHEWHBIX
KPAEBbBIX 3AJAY B CJIOKHOHM OBJACTH

Annomayus.  J{ns  npuOMIDKEHHOTO — peIleHMs  3ajad  MaTeMaTH4YeCKOro  aHajM3a,
muddepeHInanbHBIX M MHTETPANBHBIX YPAaBHEHWH, TPAHUYHBIX 3a/a4 MaTeMaTHYeCKOW (U3HKH
HNPUMEHSIOTCSI YUCIICHHBIE METO/bl. BakKHBIM HampaBlIeHHEM IPEACTABISIFOTCS MCCIEIOBAHMS PEIIeHUH
KPaeBbIX 3a/la4 B CIIOXKHBIX PACUYETHBIX 00JIaCcTsX. ECTECTBEHHBIN MOIXOJ K PEIICHHUIO TOr0 BOIpOCca
JaeT WCIOJIb30BaHME WAeH (QYyHKIHOHAIBHOrO aHanusza. B pabore paccMaTpuBaeTcsi NMpHOIMKEHHOE
pelIeHre JIMHEHHBIX KpPaeBbIX 33Ja4 BTOPOTO TOpsAAKA C IEPEeMEHHBIMH Kod(h(HUIHeHTaMH B
HECTaHIAPTHBIX o0nacTsx. HaiimeHo ycioBue, yiydimaromee CKOPOCTh CXOAWMOCTH MOJYYEHHOTO
NPUOTMKEHHOTO PELICHUS] K TOYHOMY PEIICHUI0 MCXOAHOW 3ajaun. VCrosb3ys TeopeMbl BIOKEHHS U
TEOpeMBI O TPOAOIDKEHHH [5], pemieHne KpaeBbIX 33/1a4 CBOAWTCS K MHUHUMM3AIMU (QyHKOHOHama. B
HECTaHIAPTHBIX O0JIACTSAX HPHU NPHOIKEHHOM DEIICHWH KpPAaeBbIX 3a/1ad Y4acTO HCIOJIB3YETCS METOJ
¢ukTHBHBIX obOnacteil. B pabore mcmonp3oBaHbl pe3ynbTarthl padotThl [3]. [lpemnokeHHas meTonuka
pelIeHusl  CIOCOOCTBYET — JaiibHEHIIEMy pa3BUTHUIO TMPHUMEHEHHsS BAapHAIIMOHHBIX METOJIOB K
BBIYHCIIUTEIBHON MareMaTnke. Pa3paboTaHHBIE alNrOpUTMBI MOTYT OBITH NPHUMEHEHBI JUII MHOTHX
NPUKIJIAJHBIX 33714, HApUMep, Uil YUCICHHON peain3aliiy YPaBHCHUH a’pOruIpOJMHAMUKH, ra30BOM
JMHAMHUKH, 337124 TEOPUH YIPYTOCTH H JIP.

Kntoueswie cnosa: xpaesas 3a1a4a, GyHKIHOHAN, BApUAIMOHHBIA METOT, JIMHEHHOCTS.

PaccmoTpuM HempephIBHYIO MOENb Ha mpocTeiien 3anade. [lycte £ - orpaHudeHHas
001acTh C TIIAAKON TpaHuLeit 0.
PaccmoTtpum 3amauy
Lu=-Au+u+qg(x)u= f(x) (1)

u‘m:O.

31ech ¢(x) - noctaTouHo riankas pyHkus, 0L - rpaHuIa 00J1acTu £,

rie Q < R’, x = (x;,x3). [IpemnonoxumM, 9To JaHHAS 337243 OJHO3HAYHO Pa3pelnMa B
L>(Q). Onepatop, cooTBeTcTBYIONIMI 3a1a4e (1), 0603Haunm uepes L.
2
ITycte Q - HEKOTOpast 00JIACTh TUTIA KBaJpaTa WM Kpyra u3 R°, comepxamas £, rie
3amada

Au=-Autu=v 2)
C HEKOTOPBIMH KpPaeBbIMU YCIOBHUSMH pa3pelinma, mpu 3ToM (yHKuus ['puHa BBITUCHIBAETCA

SIBHBIM 00pa3oM.
Pemenue 3anaun (1) Oyaem uckaTh B BUAC

U=4v.
Toraa Bmecro (1) Oynem umersb
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v+ g)Av-f=0
AW =0. 0

[Tponomxum g(x) u f (x) Ha O epUOANIECKUMHU (PYHKITUSIMU:
v+q(x)A'1v=Mv .

u nepenuiieM (1') cnexyrommm odbpa3zom:

Mv—f=0,80,
AW =0. 3)

Beenem ¢yHkiponan

J(v)= ||;((Mv —f)”2 + HAilv‘zdS,

LxeQ
0,xc0/Q

Ha pemenun (3) ¢dynkumonan oOpamiaercs B HOJb. [IpeoOpasyem KpHBOJWHEWHBIN
WHTETpat:

rie ds - aneMenT nosepxHoctH 02, ¥ (Xx) = {

j ‘A_l"‘z ds = f(f G(x,mv(n)d 77] G(x, y)v(»)dy)ds(x) =
o

o) 0 0

= [ [1[ GCem(Gx, s Wv(p)dydn = (M v,v)
0

0 0
G(x,y) - ¢yakumus I'puna 3amaun (3) ¢ NEpPUOAMYECKMMH KpPAeBBIMH YCIOBHUSMHU,

oneparop M, - UHTErpaJIbHbIN, HEOTPULIATEIBHBIN U CAMOCOIIPSIKEHHBIN OIIepaTop.
Teneps (yHKIIMOHAT J(V) MOXKHO 3amKcaTh B BUJIE:

2
J(v) = H}((Mv — f)H L,(0) + <M1v, v>LZ(Q). 4)
Cuuras, 4TO v 3aBUCHUT OT mapamerpa f, npomuddeperuupyem J o .

Jt(v):2.<M*Z(Mv—f),vt>L2(Q) +2<M1v,v>,

Bo3pmem v u3 ypaBHEHUS:

v, ==2AM * 2 (My = f)+M,v]. (5)
V‘ =0— Yo
Torna nmeem
J,0) =@ =—4|M * y(Mv— )+ M. (6)
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Jlist Toro, 4TOOBI OLICHUTH J(V) U V, MBI Oy/IeM OIICHUBATh CHU3Y V;.
[lycThb g siBiIsIETCS pEelIeHUEM 3a1a4u

Mg=Mv-f, B Q
A_lg‘ =0 (7)

Y pELLIEHNE 3TON 3a/]aull CYILIECTBYET.
JleiicTBUTEIBHO, 0003HaUNM A g =u. Torna nony4yum ypaBHEHUE

-Au +u + g(x)u=-Mv —f,

u|59=0.

VpaBHEHHE HMEET pEIIEHUE U, KOTOPOE IOMYCKAET IPOAODKEHHE |u € D(A), nna

KOTOpPOTO

”Au” < C”MV N f”Lz(Q)' (8)

L2(0)

DTO XOpOIIo M3BECTHBIN (akT Iis 3amaun J{upuxie, kotopslid mpuBeneH B [2]. OTcrona
JUISL @ BBITEKAET OllEHKa

”g”Lz(Q) = C”MV B f”L 2(Q)° (9)
YMHO)UM (5) CKalsipHO HA g:
(v,.g) ==2(M * y(Mv— f)+Mv,g) ==2((M * y(Mv— [),Mg)—2(M,v,g).

B cuny rpaHuyHOro ycuoBus A']g=0 Ha O0Q unen 2(Mv,g)=- 2(vM;g) (1. k. M; -
CaMOCOTIPSDKEHHBIN OrepaTop) oOpaiaercss B HOJIb, a TIEPBBIA WIEH BO3MOXKHO BBIUYHCIUTH B
cuiy ypaBHenust (7). Toraa ¢ yuerom (8) u, ucronb3ys HepaBeHCTBO Koy, momy4ynm

Ay mv—f) =2(v,.g)
(vt.g) <Vl o0, < vz =10

[Tosromy
|x@v— 1 <cly, | (10)

YMHOkMM (7) CKaJISpHO HA V!

(V" 72) = =2(M * 2 (Mv — £),v) = 2(M v,v) = =2 = 2{ x(Mv— [), f.

I/IHTerI/Ipy}I HEPaBEHCTBO IO ¢ 1, UCII0Jb3YsI HEPABEHCTBO KOIJ_II/I, MOJIy4YuM:

(M /2@ +2[ Jv)de = 2] (e(Mv = £), fdt+ (] /1 2)(0) <
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<[y = 1) dey | £ Ve + (M 7 2)00).

W3 nocnennero HepaBeHncTsa u u3 (9) ciemyer, 4ro
) t
M 72+ 2] J@)dt =< eVt +e,. (11)
0

U3 (11) BeITEkaer, 4To

J(v) <

1
m,tZO. (12)

JeiictButensHo, ecnu (12) He BBIMOIHEHO, TO I droboro N = 1, 2, 3... Haiimercs ty
TaKOE, 4TO

J)(ty) < N;,tl\, — 0,

iy +1

Taxk kak J mo t MOHOTOHHO He Bo3pacTtaert, To u3 (11) cnenyer
ty 1 ty
ety +Cy > j JO)@)dt> N — j di=Nt,.
0 VIv 0

DTO HEpaBEeHCTBO MPOTHBOPEUMBO, Tak Kak NN, /¢, — o Ilostomy (12) nokaszaHo.

N3 (12) nns pemienus u ucxoaHowu 3aaaun (1) umeem:
® ® ? () ()2 NP
H— Au'” +q(x)u —fH 12(0) + ”u (x)‘ ds(x)<c,(Nt+1)", (13)
o0

()

snech u’=A"v(t), te v(t) peuenne (5). U3 (13) caenyer:

—Au—u")+q(x)w—-u")=g" (14)
(u—u")oQ=r".

0 40

Pemenue (1) u g YIIOBIIETBOPSIFOT HEPABEHCTBY

g 20 + [ s < e, (e +1)7.
oQ

s perienus u-u”

2
Hu —u(t)H W' o00) S cu‘g(t)“]Lz(Q) T 1/ 'H”(t) ds(x). (15)
o0

3agauu (14) cnpaBeanBa OleHKa
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[locneanee HepaBEHCTBO ClENyeT U3 TOYHBIX TEOPEM JUIsl TPAHUUYHBIX AIITUITHUYECKUX
3anad ([2]).
[TosTomy (15) u onieHka aJis gm w Y MPUBOJIUT HAC K HEPABEHCTBY

1
1/2 SC * 16
Ve SO T (16)

Taxum 0Opa3oM, IMeET MECTO ClIeAyIolIasi Teopema.
Teopema. Ilycts 3amaua (1) omHo3HauHO paspemnma B HpocTpaHcTBe [o(€2) u
BBINOJIHSIETCA TeOpeMa O MPOJOKEHUM DPELIEHUH C COXpaHEHHWEeM KJacca IJIaJKOCTH, TOraa

()

ot —

t -1
byHKIISA u =4 V,V(t) npu t—oo cxomurcs K pereHHr0 3axadd (1) W BBIIOIHSETCS
OIICHKa!

1

\/;+1’

2
Hu —u(’)H w2 <c,

rae V() - pemenne ypaBHeHus:
v, ==2[M* y(Mv—f)+Mp].

3ameuyanue. Ecom BMecro 3amaum Jlupuxiie (1) mpemsio)keHHBIM METOIOM Oyaem
CTPOUTH NMPUOIMKEHHOE perieHue 3a1aun Heiimana

-Aut q(x)u=f1x)

8u|

rae — | 0= 0- npoussomnas no HanpasneHuo HopMaiau. Toraa Mel JOCTHIHEM Golee

XOpOILIeH OLIEHKH, 8 UMEHHO BMecTO (16) mosmyunm

|

1
Hu—u NI S
T Ve +1

DTO CBSI3aHO C HCMOJb30BAHHBIMU TOYHBIMH TEOpEMaMH Ui SJUIMITUYECKUX 3a/ad,
KOTOpBIE B IaHHOM citydae BMecTo (16) maroT oneHky

*ds(x) |

2
Q)
W, ) S € Hg

o

i
b oQ
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KYPJEJI AMMAKTA CBI3BIKTBI IIEKAPAJIBIK
ECEIITI ’KYBIKTAII IHEIITY 9 AICI

9. b. Apyosa', E. 9. Airitos', M. III. Tinenues', I1. b. Beiiceaii'

1 . .
C. Ceticdynnua aTeiHIaFb Ka3ak arpoTeXHUKAIBIK YHUBEPCUTETI, AcTaHa K., Kazakcran

Anoamna. MateMaTUKaJIBIK TaIayablH, TU(GGEpEeHITHANBIK )KOHE HHTEIPANJIBIK eCelTeYIepIiH,
MaTeMaTHKaJbIK (PU3MKaHBIH MIEKapalblK €CEeNTEPiH JKYBIKTAINl LICNIy YIIiH CaHJBIK ecenTey daicTepi
KoJmanbeaapl. Kypraeni oOnmpIcTapiarbl MIEKapaiblK €CeNTep/iH MIeNIMiH 3epTTey MaHBI3IBI OarbIT
0obIT TaOBUTANEL. bysT ecenTiy meniMiH TadyIbIH HaKTHI KOl (PYHKIIMOHAIABIK TAAAYABIH SIiCTepiH
nai1agany OOJIBIN TaObLIa b,

byn makamama craHmapTThl eMec ailMakTa eKiHII PEeTTi alHBIMAaiIbl KOA(PQMHUIMEHTTI CBHI3BIKTHI
[IeKapalblK €CelITiH KYBIK MIHIiMi KapacThIpbUIaabl. bepiireH ecentiH *KybIK MISMiMiHIH Typa HIenrimre
JKUHAKTAIy JKbUIIAMJIBIFbIH JKaKcapTaThiH MIapT TaObu1bl. [llekapablK ecenTepai eHri3y KOHE IIeImiMI
KAIFaCTBIPy TeOpeMalapblH NaijganaHbl (yHKIMOHAT MUHHMYyMFa Kenripieni. CraHmapTThl emec
aiiMakTa IMIeKapaliblK €CeNTiH JKYBIK MICNIIMiH JKalFaH OOJBICTapAa Taly JKWi KapacThIpbuIaibl. bym
JKYMBICTA [3] JKYMBICTBIH KOPBITBIHBUIAPHI MMaljaJIlaHbIIFaH. ¥ ChIHBUIBII OTBIPFAH €CEITI INEMy 9JIici
ecenTey MaTeMaTHKachlH/Ia jKaHa BapHaIMsUIBIK O/IiCTI Maiaaiany bl opi Kapal ®KeTiipyre MyMKiHIiK
xkacaipl.  JKeTimipinreH ajdropuTM  KONTereH KOJJAaHOAbl  ecenTepil  IIemIyJe, MBbICabl
a’pOTrHIPOIMHAMUKAHBIH, Ta3/IbIK JIMHAMHUKAHBIH, CEPHIMIUIIK TEOPHUSICHIHBIH KOHE T. 0. ecenrtepiH
HICIY I KOJIAHBLIAIbI.

Kinmmixk co30ep: miekapaibik ecerl, QyHKIIMOHA, BAPUAIMSIIBIK OJIIC, ChI3BIKTHI €Cell.
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APPROXIMATE METHODS FOR SOLVING LINEAR BOUNDARY VALUE
PROBLEMS IN NONSTANDARD DOMAIN

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

'S. Seifullin Kazakh AgroTechnical University, Astana, Kazakhstan

Abstract. Numerical methods for the approximate solution of problems of mathematical analysis,
differential and integral equations, boundary problems of mathematical physics are used. An important
area is the study of solutions of boundary value problems in complex computational domains. A natural
approach to solving this problem is the use of ideas of functional analysis. In the article an approximate
solution of linear boundary value problems of second order with variable coefficients in nonstandard
region is considered. A condition which improves the rate of convergence approximate solution to the
exact solution of the original problem is obtained. Boundary value problem is reduced to minimization of
the functional by using the embedding theorem and the theorem on the continuation of the solution. In
non-standard domains an approximate solution of boundary value problems is solved by the method of
fictitious domains. The results of work [3] are used in the article. The proposed methodology of solution
contributes to the further development of the application of variational methods to computational
mathematics. The developed algorithms can be applied for many applied problems, for example, for
numerical realization of the equations of aero hydrodynamics, gas dynamics, problems of the theory of
elasticity, etc.

Key words. boundary value problem, functional, variational method, linearity.
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SCIENTIFIC METHODS OF TEACHING PHYSICS
AT TECHNICAL UNIVERSITIES

Abstract. The article deals with the scientific and methodological foundations of students' training
on the example of the physics course. The technology of teaching discipline is presented in order to
improve the quality of training. The training system is based on the professionalization of education in the
context of strengthening the independent work of the students. It is known that in modern engineering
education there is a contradiction between the existing high level of development of physical science and
the use of its achievements in the educational process at higher technical school. In this regard, scientific
and methodological bases of teaching this discipline were developed by Department of Physics in
AUPET in order to improve the quality of training students while relying on the system of models both at
the level of the future specialist activity and at the level of physics as a fundamental science.

Key words: quality improvement, activity model, training model, learning info environment.

One of the foundations of professional training of specialists majoring in the field of
power engineering and telecommunications is physics, which ensures the formation of concepts
about the modern world’s natural scientific picture. It is a fundamental basis for studying general
engineering and special disciplines, as well as developing modern techniques and new
technologies. However, in modern engineering education there is a contradiction between the
existing high level of development of physical science and the use of its achievements in the
educational process at higher technical school.

In this regard, scientific and methodological bases of teaching this discipline were
developed by Department of Physics in AUPET in order to improve the quality of training
students while relying on the system of models both at the level of activity of the future specialist
and at the level of physics as a fundamental science. In the first case, we can expect the
professionalization of education, while in the other - to give the student a holistic view of the
modern world’s natural scientific picture. In the future, this will enable the students to find
individual ways of acquiring knowledge by themselves, to move by educational steps. At this
approach, the development of students’ individual abilities through the process of education and
self-education is the most important and fundamental part of their teaching.

The model of activities was developed and described in our research works in sufficient
details [1]. In this case, we rely on it to identify training goals and objectives of the discipline
and it has allowed us to determine the content and structure of training, as well as to identify
types of education and organizational and methodological support for the educational process.
Therefore, the use of information technology in teaching physics is a necessary condition for
providing interactivity, computer visualization, modelling of studied processes and phenomena,
i.e. for creating a certain info - environment for students’ immersion not only in the process of
knowledge of the physical world, but also for professionalizing the engineering education [2].

The general scheme of training specialists at the level of the discipline is represented in
Figure 1, which reflects the relations between the main components of the training info
environment, which includes the purposes and objectives of education, methodological complex
of the discipline used by both teachers and students through the syllabus (permanently
represented on the department's website), also methods, means and forms of education, as well as
monitored results over time.

The analysis of links and content of training components in their interaction showed the
weakest points in the process of training specialists in new conditions of increasing the volume
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and strengthening the role of students’ independent work. The main thing is that it is not
sufficiently developed electronic and informational model of teaching, which is capable to
adequately reflect the content of training within a specific discipline.

Model of Bachelor students’ activities

\ 4

Purposes and objectives of education

)

a0 A >
i e
§ Educational and methodological <
2 complex of the discipline (EMCD) - o Results of
G w2
°© =4 education
g 2
e 3
s v "g
< (S
~ Methods, forms and means of the
A organization of educational Y
process

Figure 1 - The teaching model at the level of the discipline

This model should contain a text and a hypertext, a structured learning material, a system
of control tests for self-examination, teaching guides and instructions. An array of information
organized in such a model allows the student to navigate quite easily in the training material, to
find quickly the required course material. However, the realization of such a model under the
existing education conditions requires a high level of material and technical base. Therefore, the
work is being carried out to improve the educational process in the context of the methodological
framework of the teaching model mentioned above at the level of the discipline at up-to-date
directions. In this regard, we consider only some aspects of improving the model of training
students in physics in current conditions of bachelor degree course on the basis of research work
carried out at the department of physics [3].

Let us first speak about theoretical training. The students’ survey showed that almost
none of them (less than 2%) study the material of previous lectures and especially that for
students’ individual work, they do not use additional literature to study, consolidate and deepen
the knowledge gained in previous lectures and in the process of self-study. To activate the
cognitive process at lectures and stimulate students’ independent work a promising method
seemed to be the conversation and supervision during tutorials using small test items. The best
possibility is to formulate tasks using computer technology.

A special place among the guidelines for self-studying is taken by the educational
materials containing detailed assignments, questions for self-learning and self-examination on
the topic.

Here are some examples of materials for students’ independent work:
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The topic: The first law of thermodynamics and its application to isoprocesses.

Heat capacities of an ideal gas.

The objective: To explore the first law of thermodynamics.

1.1 Assignment:

1.1.1 The first law of thermodynamics.

1.1.2 Application of the first law of thermodynamics to isoprocesses of an ideal gas.

1.1.3 The classical theory of heat capacities of an ideal gas.

1.2 Control questions:

1.2.1 What are the ways for changing the internal energy of a thermodynamic system?

1.2.2 What are the conditions under which the process takes place in the gas
adiabatically?

1.2.3 What is heat capacity of body?

1.2.4 How are specific and molar heat capacities related in an ideal gas?

1.2.5 What does the molar heat capacity of gas depend on?

Graduates of engineering areas should be able to carry out properly physical
measurements and perform calculations in the future. This is the aim of laboratory classes, the
number of which has doubled recently. But they are carried out with a smaller number of
students than that at lectures and practical classes. A unique opportunity appears for organization
of a joint close practice-oriented work of teachers and students. The education becomes a student
—centered activity. The laboratory course and an independent research (under the supervision of
leading teachers) within the physical laboratory are the most productive forms of mastering the
ways of students' independent work in practice. Strengthening the given component of
educational process is achieved in this case by the use of laboratory facilities, united by a
common theme of physical theories and problems. This is especially important in connection
with introduction of elective courses in physics for most of the specialties at the University.

Independent research work can be performed at each of the complexes.

A laboratory course on wave optics can be a good example. The students study the
phenomena of interference, diffraction, polarization and dispersion of light. This complex
includes a Michelson interferometer PHYWE (a German company), by means of which one can
determine the laser wavelength; a goniometer can define the emission spectrum of a discharge
lamp by means of the reflective diffraction lattice, or the parameters of the diffraction grating.
Also, using the goniometer the refractive index of a glass prism can be determined. Topics for
students’ research work in the mentioned complex are: "Investigation of the dispersion
phenomenon using goniometer”, "Investigation of dependence of the media refractive index of
temperature and pressure using a Michelson interferometer".

If we talk about practical classes, the survey and conversation with students showed that
more than 80% of students use educational and methodical literature while getting ready for such
classes, but there are always students who use information directly from the Internet just before
or during the lesson; this leads to the confusion for students, since the information cannot be
used methodologically by students because of different signs and writing equations in scientific
form, unsuitable in our educational process.

A practical class in physics is aimed at developing the skills of application of theoretical
knowledge to solve practical problems. Didactic objectives of a practical class are to deepen and
consolidate knowledge, to teach students to use it as well as to form the competences, aimed at
covering the gap between the results of teaching and modern practice standards.

It should be noted that both standard problem books listed in the syllabus and the
methodological guidelines developed at the Department and contained level assignments are
used for the organization of students’ self-study. These assignments are accompanied with
methodological recommendations for their implementation and requirements for describing
calculations.

Learning outcomes are measured in several ways: the assimilation of theoretical material
and practical skills to work in the laboratories, the ability to use knowledge in solving questions
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of theoretical and practical problems. So, the midterm control tasks conducted during a semester
allow us to analyze the quality of successful training in quantitative terms, as well as to
determine the number of those physical theories and regulations, which have caused the greatest
difficulties and then to return to the revision of these themes during tutorials. In general, the
existing multi-stage and multi-level method of control and consolidation of knowledge has both
its advantages and disadvantages.

Purposes and objectives of the
laboratory course

\4 A

Basic (main )
( ) Elective course

course l

Research work under

Laborato.ry work Complex the teacher’s guidance
according to

laborat k
EMCD schedule aboratory wor

A A

Results and reports

Figure 2 - Organization of the laboratory course

The main problem of measuring students' competences on the subject is associated with
the reliability and validity of instruments. The main aspect of their content is the use of tests for
organization of control in the framework of the theory and methods of control, in accordance
with the principles of scientific organization. The main problem of test technologies is the
quality of assignments. It should be noted that making high-quality assignments is a difficult
process that requires to be expertized by several teachers. However, as it is shown by our
investigations, the main difficulty when applying test methods may be partially removed by
using the combined type of assignments. Such assignments are made up for midterm topical
control and laboratory course. One can use multiple choice tests, assignments of an open form,
as well as assignments to establish conformities and others.

Examples of tasks are the following:

1. The body is thrown at an angle to the horizon. Which of the mechanical quantities is
conserved when the body moves? Air resistance is neglected.

2. What is the meaning of the value of W in the formula n = nyexp(— %) for the

distribution of molecules in a potential field?

3. How is the interaction between electric charges happening?

4. The charge of 2-10™ C is on the conducting sphere with a diameter of 6 cm. What is
the field intensity in p. M inside the sphere, if it is at a distance of 2 cm from its center?
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5. A flat air capacitor is connected to a DC power source. How will the intensity of the
electric field between its plates change if the capacitor is submerged in a liquid dielectric with
permittivitye? (Compare the intensities of the electric field in the capacitor before (Ey) and after
(E) submerging into the dielectric).

6. What is mutual induction; what does the EMF of mutual induction depend on?

7. The differential equation of forced oscillations in the electrical circuit is given by

g +0,3 ¢ +4n’q = 2cos6mt. What is the frequency o of oscillations induced in the circuit?

8. The AC circuit includes a resistor in series, a capacitor and an inductor. The amplitude
of the voltage fluctuations across the resistor is 3 V, the capacitor 5 V, the inductor 1 V. What is
the amplitude of voltage fluctuations at the terminals of the circuit?

Note: to solve the problem it is necessary to construct a vector diagram of voltages.

The results of control tests are sure to be discussed with all students during the
consultations with a detailed analysis of errors and defects. In general, all the work at the level of
knowledge control is aimed at monitoring the process of assimilation of the material at each unit
of the curriculum and its subsequent correction, which is the main condition for the ultimate task
- improving the quality of teaching physics.

Theme and purposes of a lesson

l |

Contents of the tasks Methods as ways of
»| relating to the integrated organizing educational |
and complex tasks activities:
professionally traditional, problematic,
designed heuristic and others

l

Discussion of the results and monitoring students’
competences

Figure 3 - The content and structure of a practical class

It should also be noted our monitoring system during tutorials includes an active dialogue
between a student and a teacher. According to our observations, the degree of understanding and
mastering the material is established only in the dialogue (between the student and the teacher),
which is more necessary for the student than for the teacher. The student in this case, learns to
"pronounce" the material, to prove and maintain his position. Interactivity is no replaceable basis
for further professional competence. Therefore, in the system of tutorials on physics we have
introduced such forms of work as discussion and seminar.

However, the need of quality control for training with the use of objective indicators that
have an integrating character should be especially stressed. A rating system of students'
knowledge is accepted at our university. It is an assessment based on the developed modular
training system. This system is a set of points obtained in all types of students’ activities.
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According to the results of such assessment the student is given an access rating to the exam and
then the examination mark.

We have only spoken about possible directions of perfection of students’ training in
physics in terms of increasing the role of independent work and professionalization of education
at Technical Universities. The presented research results show that on the basis of systematic
educational research it is possible to set and solve problems of improving teaching, which, in its
turn, leads to the growth of professional skills of teachers themselves and, as a consequence, to
improve the quality of training students.

REFERENCES

[1] Mazhitova L. H., Kalykpayeva R. S. The model of specialist's activity as the basis for
organization of professionally directed training of students in higher education colleges //
Materials of the international scientific-practical conference. - APS RK, 2014. -. P. 171-176. (in
russ.).

[2] Mazhitova L. H., Nauryzbayeva G. K. Learning environment as a basis for realization
of natural science training for bachelors. - Bulletin of the Academy of Pedagogical Sciences of
Kazakhstan. - Ne2. — 2013. - P. 19-24. (in russ.).

[3] Mazhitova L. H., Salamatina A.M. Informational and methodological support of SIW
at the course of physics in AIPET. Problems of teaching natural science disciplines in schools
and universities in Kazakhstan, the CIS and Germany. Intern. scientific - practical conference. -
Almaty: KazNPU, 2004. - P. 296-299. (in russ.).

CIIMCOK JIMTEPATYPbI

[1] Maxwurosa JI. X., KansiknaeBa P. C. Mojesnb 1esTeIbHOCTH CleIMaancTa Kak OCHOBA
opraHu3aiuy npodeccuoHalbHO HANPaBIEHHOTO 00YyYeHHUs CTY/IEHTOB BO BTy3e // Matepuaisl
MexayHap. HayuHo-IpakT. KoH}. — Anmatel: AITH PK, 2014. — C. 171-176.

[2] MaxwuTona JI. X., Haypsiz6aesa I'. K. Mudocpena oOydenus kak OCHOBa peain3aluu
€CTECTBEHHOHAYyYHOW MNOJrOTOBKM OakanaBpoB // BecTHMkK AxageMuu Negarornyeckux Hayk
Kazaxcrana. — Anmarer: AITH PK. - Ne 2. - 2013. — C. 19-24.

[3] Maxwurona JI. X., Canamatuna A. M. MHdopmarimoHHO-MeToAMYECKOE 0becrieueHue
CPC mno «kypcy ¢usuku B AUDC // MexayHap. Hay4yHO-mpakT. KoH(]. «IIpobiaembr
IIpenojaBaHusl €CTECTBEHHOHAYYHbBIX IUCUMIUIMH B mKosax M By3ax Kazaxcrana, CHI' u
I'epmanumny. - Anmatsl: KasHITY, 2004. - C. 296-299.

TEXHUKAJIBIK YHUBEPCUTETTE ®U3UKAHBbI OKbITYAbIH F'blJIBIMUA-
OJAICTEMEJIIK HETT3JIEPI

JI. X. MaxuroBa', A. M. CanaMaTnHal, I. E. Benean6aepa’

1 v .
AJMaTBl SHEPreTHKA JKOHE OaillaHbIc yHUBEPCUTETI, AJIMaThI K., Kasakcran
’K. W. Cor6aes atbiaiarst Kasak YIITTEIK TEXHHKAJIBIK 3epTTEy YHUBEPCUTETI, AIMaThI K., Kasakcran

Andamna. Makanana cTyJeHTTepAl (pU3HMKa KypChblHa OKBITYABIH FRIIBIMU-9AICTEMENIK Herizaepi
KapacThelpbuiaibl. Jlasipiay camachlH apTThIpy MakcaTbhiHAA TIOHJI OKBITY TEXHOJOTHSICHI KENTipireH.
OKpITy KYHECIHJE CTYACHTTEPJIH ©3J[IK JKYMBICHIH apTThIpy HeriziHue OuriM Oepyai KociOWieHmIipy
KapacTeipbuirad. Kazipri nxxeHepiik OiniM OepyJie (GU3UKa FHUIBIMBIHBIH KOFAphl JaMy JIEHTeHl jKoHe
OHBIH JKETICTIKTEPiH J>KOFaphl TEXHMKAIBIK MEKTENTiH OuriM Oepy YypaAiciHAe KojjaHyJa Kapama-
KaWIIBUIBIKTAPIBIH OaiiKaIaThIHBI OSNTii.

Ocpbiran opait ADxkbY ¢usnka kadenpacblHa CTYyISHTTEpAl Aaspiiay CamachlH JKakcapTy
MakcaTblHa OoJramak MaMaHHBIH 1C-OpeKeTi NEHTCeHiHAe KOoHE ipreii FhUIBIM — (PU3MKa JEHreHiHmae
MOJIETIB/IEp JKYWeCiHe CYHeHE OTBIPBIN, aTajfaH TMOHAI OKBITYJIBIH FBUIBIMH-SICTEMENIK HeTi3aepi
JabIHOAIIFaH.

Kinmmik ce3dep: camacblH apTThIPy, 1C-OPEKET MOJEJi, OKBITY MOJEJi, OKBITY/bIH aKmapar
OpTacHI.
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HAYYHO-METOJUYECKHE OCHOBBI OBYYEHUSA ®USUKE
B TEXHUYECKOM YHUBEPCUTETE

J. X. Mamnronal, A. M. CanaMaTnHal, I'. E. Beneanbaena’

' AJIMaTHHCKII YHUBEPCUTET SHEPIeTHKHU U CBSI3H, T. AnMartsl, Kazaxcran
’KasHUTY um. K. W. Carnaesa, r. Anmatsl, Kazaxcran

Aunnomauus. B craTthe pacCMOTPEHBI HAYYHO-METOAMUYSCKHAE OCHOBBI OOYYCHHS CTYACHTOB Ha
npumepe Kypca ¢usuku. [IpencraBneHa TEXHONOTHS OOYYEHHs JUCIUIUIMHE B LENSAX YIIyUIICHHS
KadecTBa moaroToBku. CrucrtemMa oOydeHUsT OCHOBaHA Ha MPodecCHOHaTN3anA 00pa30BaHMUs B YCIOBHIX
YCHIJICHUSI CaMOCTOSITeTIbHOH pPalbOThl CTYACHTOB. VI3BECTHO, YTO B COBPEMEHHOM WHXCHEPHOM
o0pa3oBaHMHM HAONIOMAETCS TPOTHBOPEUHE MEXKIy CYIICCTBYIOIIMM BBICOKUM YPOBHEM pa3BUTHUS
(m3udecKkol HAyKM W WCIIOJB30BAaHHEM €€ JOCTIDKEHHWH B 00pa30BaTEIIBHOM IIPOIECCE BBHICIICH
TEXHUYECKOH IITKOIIBI.

B stoii cBsi3u kadenpoit puszuku AYIC pazpaboTaHbl HAYYHO-METOAMUECKAE OCHOBBI 00yUeHUS
JTAHHOW AWCUWIUIMHE B TENSIX YIy4IIeHWs KadecTBa IMOATOTOBKM CTYIACHTOB C OMOPOW Ha CHUCTEMY
MoOj/ieTiell KaK Ha YpOBHE JAEATEIHHOCTH OyAyIIero Creruanncra, TaKk W Ha YpPOBHE (H3UKK Kak
(hyHIIaMEHTAILHOW HAYKH.

Kntrouesnle cnosa: moBbIIEHNE KaueCTBA, MOJIEIb JIEATEIIbHOCTH, MOJIETs 00ydeHus1, nHpocpena
0o0yJcHMS.
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MPHTH 14.35.02

JI. X. MaxutoBa', A. M. Canamaruna', C. A. Buna3zapos', I'. K. Haypsi36aeBa'

1 .
ANMaTUHCKUN YHUBEPCUTET SHEPIeTUKHU U CBA3M, I'. Anmatsl, Kazaxcran

POJIb IEJATOTMYECKHNX UCCJEJOBAHUMI B TOBBIIIEHUU KAUYECTBA
OBYYEHUA PUBUKE B TEXHUYECKOM YHUBEPCUTETE

Annomayus. B craTtbe moka3aHo, YTO MOJATOTOBKA CHEIMATIUCTA JUISI MHKEHEPHO-TEXHUUYECKOM
cdepsl Tpyaa, GOpMHUPOBAHUE €O JTMYHOCTHBIX KaYECTB MOTYT OBITH OCYIIECTBIICHBI MYTEM MPHIAHHSI
y4eOHO-BOCIIUTATEIBHOMY IPOLIECCY M COAEPKAHUIO OOYy4EHHs B BbICIIEM Y4YeOHOM 3aBEICHUU
po(hecCHOHaIbHONH OPHUEHTUPOBAHHOCTH. B TakoM ciydae MOKeT COpPMHpPOBATHCS CHCTEMa KadecTB
OyayLIero crenuaIrcTa Ipy YCJIOBUM HAJIMYUS YyCTOWYMBBIX MOTUBOB YUCHHS, MOTUBALIMOHHON C(Ephl B
LEJIOM, OT KOTOPBIX 3aBHCHUT JIMYHAS [IO3HABATEJIbHAS aKTHBHOCTH CTYIICHTOB, B y4eOHOM mpolecce U
yCHemHoCcTh B Oyaymiei mpodecCHOHANbHON JeATeNnbHOCTH. llpeacTaBieHsl pe3ynbTaThl Hay4dHO-
WCCIIEIOBATEIBCKOW  paboThl, MPOBOAWMON  Kadenpoil TEeXHHYECKOM (HU3UKH  AJIMATHHCKOTO
YHUBEPCUTETA SHEPTCTUKN U CBA3U, IO COBCPUHICHCTBOBAHUIO MOATOTOBKU CTYACHTOB HAa MPUMEPE KypcCa
¢u3uku. [lokasaHbl OCHOBHbIE HANPABICHUS M PE3YJIbTaThl HCCIIEAOBATEIbCKOM paboTel. Onmcana
cucTeMa MoOJeJIeH, OCHOBaHHas Ha IpodeccHOHANM3aluu O0pa3oBaHMA M YCWICHHS POJIH
CaMOCTOSATEIILHOMN pa6OTI>I CTYACHTOB, IOJYYCHBI HOBBLIC TCXHOJIOI'MH 06yquI/151 U pE3ybTaTbl HX
BHE/IPEHHUs B YUE€OHBIH Mpo1iecc.

Knioueevie  cnoga:  MH(MOPMALMOHHO-AEATENBHOCTHOE  OOyueHHE,  NPOQecCHOHANbHAs
TOTOBHOCTb, CAMOOIIPEENICHNE, KOMIIETEHIINS, OaKaIaBp.

N3menenne tpeboBaHM K MpopecCHOHANbHON MOArOTOBKE MPUBEIN K BO3ZHUKHOBEHUIO
psna 3agad mpu OOYYEHHWH CTYACHTOB TEXHHYECKOTO YHUBEPCHUTETa Ha YPOBHE IUCIMILIMH
€CTECTBEHHO-HAYYHOTO IIUKJIA, KOTOpbIe 00yCIOBICHBI CIEYIOIUME (pakTopamMu:

- W3MEHEHHME TpeOOBaHMM K KayecTBY TIOATOTOBKH CIICIHAIUCTOB TEXHHUYECKOTO
npodus;

- U3MEHEeHHUe 1ieNiell, yueOHBIX MIIAaHOB U POrpamm;

- HEoOXOAMMOCTb BHEJIPEHUs HOBBIX TEXHOJOIMH OOy4eHHs, OpPHEHTHUPOBAHHBIX Ha
YCHJIEHUE POJIA CAMOCTOSTENIBHOM NEATEIbHOCTU CTYACHTOB.

B nonnmManum npoGieMbl kauecTBa 00pa3oBaTEeNIbHBIX TEXHOJIOTUH (KauecTBa 0OydeHus)
BBIJICJISIFOTCS. TP TJIABHBIX AacCMEeKTa: KavyecTBO YCIOBHH (MH(pOpMaIMOHHO-00pa3oBaTeIbHas
cpena), mporecc (y4eOHOro, HCCIIEIOBATEIbCKOTO, YIPABIEHYECKOr0), a TakKe pe3yJbTar
(IMYHOCTHBIE KayecTBa 00y4yaeMbIX, IMO3HABATEIbHAsI aKTUBHOCTb M MOTHBALUs, MTOATOTOBKA B
YCIIOBUSIX MHOTOSI3BIUMS).

[lepexon Ha HOBbIE TEXHOJOIMM OOyYEHHsS B  YCIOBUSAX YCHUJIEHUS  POJIH
CaMOCTOSITEJIbHOM yueOHOH paboThl CTYJEHTOB BBIIBUrAeT NEpe]] MeJarornkoi BBICIICH HIKOJIbI
HEOOXOIUMOCTh  Pa3pabOTKHM  HAaydyHO-METOAMYECKUX OCHOB  OO0ydeHMs  (Qu3uKe 10
BBIIIICYKA3aHHBIM HAIPaBJICHUSIM.

[Tpobnema moucka cnoco0OB U METO/OB, PEATU3YIOIUX HAYYHO-METOANYECKHE OCHOBBI
00y4eHHs CTYIEHTOB, HE MOJIyYH1a JOJDKHOTO OTPAKEHHS B MEAArOTMUECKUX HCCIETOBAHUAX U
ABJIAETCS aKTyaJIbHOM.

Teopernueckass ¥ MpakTUYecKas 3HAYMMOCTb HCCIIEIOBaHMUS OOYCIOBUIM BHIOOP TEMBI
«HayuHo-MeTon4yeckre OCHOBbI OOy4deHMs (HU3MKE B TEXHHYECKOM yHUBepcurere». OOBEeKT
UCCIIEIOBAHM: TpollecC OOY4YeHHs] CTYACHTOB IO €CTECTBEHHOHAYYHBIM JMCLHMILIMHAM B
TEXHUYECKOM yHuBepcutere. [Ipenmer wuccienoBaHus: HayYHO-METOJUYECKHE OCHOBBI
oOyueHHusi CTYJEHTOB TEXHMYECKOI'O YHHUBEPCUTETa B COBPEMEHHBIX ycioBusx. lLlens
HCCIIEIOBaHMS: TEOopeTHueckoe 00OCHOBaHME, pa3padoTKa W BHEJIPEHHE HOBBIX TEXHOJOTUI
oOy4eHwus.

ME1 cBsI3BIBaEM peIIeHHE MPOOJIeMbI TOBBIIMICHHS KaueCTBa 00yUEHHUS KaK C pa3paboTKOM
TEXHOJOTUIl  OOy4eHMsl, OpPHUEHTUPOBAHHBIX HA  NPO(ECCHOHATU3ALMUIO  MOATOTOBKU
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(mpodeccroHabHO —HampaBlieHHOe oOydeHue (u3uke, HHTErpanms Kypca C JIpyruMHU
JUCLUIUIMHAMM), TaK U Ha pa3BUTHE IPOTrpaMM aKaJeMHUYeCKOil MOOMIIBHOCTU M PEaln3alHio
00pa3oBaTeNbHbIX MPOrPaMM B YCIOBUSAX MHOTOS3bIUMA (Ka3aXxCKUM, PYCCKUM, aHTIIUNCcKuil). B
JTAHHOM CIlyyae Mbl MOKEM B LIEJISIX HarJsSAHOCTH MPEICTaBUTh OCHOBHbIE HampasieHus HUP
Kadeapsl Ha cienyromeit cxeme 1.

Hanpasnenuss HUP kadenps! pusuku

®opMUPOBAHHUE KAYECTB HNuTterpanms PasButne nporpamm
JUYHOCTH OYIYIIETO JTVCIUIUTMH KaK OCHOBA 00pa3oBarenbHON
CHeLIMaIuCTa B pa3paboTku MOOWJIBHOCTHU B YCJIIOBHSIX
npoecCuOHATBLHO JJIEKTUBHBIX KYypCOB TPEXBA3BIUMS (Ka3aXCKUM,
HaNPaBJIEHHOM 00Yy4YeHUN busuku PYCCKHUA, aHTJIMICKUI)

(I)I/I?;\Il/I/Ke \L \L

Buenpenue B yueOHBII mporiecce

Cxema 1 - OCHOBHBIE HalpaBJICHUA COBCPHICHCTBOBAHUA O6y‘~IeHI/I${ (1)I/ISI/IK6

AHanu3 nuTepaTyphl M HAIIM UCCIEIOBAaHUS B MEPBOM HAMpaBICHHH MOKa3ad, YTO B
COOTBETCTBUM C OCHOBHBIMH KOHIENTYAIbHBIMA TIOJIOKEHUSIMUA y4eOHO-BOCTTUTATEIHHBIN
npolecc B By3e JODKEH ObITh HalleneH Ha Oyaymiylo npodecCHOHANbHYIO IesTeNbHOCTD
CTYIEHTa, a 3TO 3HAYWUT, YTO COJEpXKaHUE U CTPYKTypa OOpa30BaHMs, BCE KOMIIOHEHTHI
MEeAaroru4eckoro mporecca JOJKHBI ObITh OPUEHTHPOBAHBI HAa CO3/IaHUE MPEJICTaBICHUN O
BIIOJIHE  ONpeACICHHOW Oyaymed mpodeccuoHanbHOM — AesTenbHOCTH.  (ClegoBaTeNbHO,
MOJTOTOBKA CHENMATUCTa A HHKEHEePHO-TEXHUYEeCKOW cdepbl Tpyna, (HOpMHpOBaHHE €ro
JUYHOCTHBIX KaY€CTB MOTYT OBITh OCYIIECTBIICHBI MyTEM MPHUIAHUS YI€OHO-BOCIUTATEILHOMY
MIPOLIECCY U COJEpKaHUI0 00yUeHus B By3e MpodeccnoHaTbHON OPHEHTUPOBAHHOCTH.

BwmecTte ¢ Tem pe3ynbTaThl HAlIMX UCCIIEIOBAHUM TTOKA3bIBAIOT, YTO B OCHOBE MOTHBAIIMHI
MOCTYIIJIEHUST MOJIOZIC)KM B TEXHUYECKUU BY3, OCOOCHHO Ha MAaJONPECTHKHBIE Mpodeccuu,
JeKaT He MPOQeCcCHOHATbHBIE UHTEPECHI, 4 IPYTrUe MOTUBBI, KOTOPHIE CBUACTEILCTBYIOT HE 00
OCO3HAaHHOM MpPO(ecCHOHATILHOM CaMOONPEEICHUH, a CKOpee COIMAJIbHOM ONpE/esICHUN.
CrnenoBarenbHO, Tporeccy GopMUpPOBAHUS JTUYHOCTHBIX KAYECTB YYalleHCs MOJIOACKHU Kak IO
MOCTYIIJICHUS, TaK U BO BpeMs y4eObl B By3€ JIOJDKHO OBIThH Y/I€JIEHO 3HAYUTEIFHOC BHUMAHUE.

N3BecTHO, dYTO BY30BCKHI TporiecC MTpo(hecCHOHANBbHOW TOATOTOBKM HMHXKEHEpa
BKJIFOYACT S5 TIMKJIOB JUCHMIUIMH: COIIMAIBHO-TIOJIUTHYECKUH; 001eo0pa3oBaTenbHbIN;
OOIICH)KEHEPHBIN;  MUCIHUIUIMHBI ~ CHCNHMATbHOCTH W CHOCUUANbHBIE  JAUCIMILIUHBI,
YCTaHOBJICHHBIC COBETOM BY3a; (aKyJbTaTHBHBIC IHUCIMIUIMHBL. Bce OHM, HECMOTps Ha HX
cnierieuueckre 0COOEHHOCTH, JOKHBI CITYKUTh TPO(HECCHOHATLHOM MOATOTOBKE CIICIIUATHCTA,
oOecrnieunBaroIIel He TOJIbKO BBICOKUN YPOBEHb KOMIIETEHTHOCTH (IpodeccuoHallbHbIe 3HAHUS,
YMEHHMsSI ¥ HaBBIKH), HO U ()OPMHUPOBAHUE CUCTEMBI MPOPECCUOHANBHON JESITETLHOCTH, BETyIIEH
K O00pa30oBaHUIO Yy CTYJAEHTOB JIMYHOCTHBIX XapaKTEPUCTUK, B YHUCJIO KOTOPHIX BXOJUT
npodeccuoHaTbHO-3HAYNMBIE KauecTBa, TOTOBHOCTH K npodeccnoHaTbHOMY
caMOONpeeNeHno, TpodecCHOHaIbHO OPUEHTHPOBaHHBIE KOMIIETEHIIMU OakanaBpa. Bces sta
CUCTEMa Ka4eCTB MOXET C(HOPMUPOBATHCS TOIHKO MPU YCIOBUU HATHYUS YCTOWYUBBIX MOTHBOB
yU€HHUs, MOTHUBAIIMOHHOW cdepbl B IEIOM, OT KOTOPBIX 3aBUCUT JIMYHAs TO3HaBaTelbHas
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aKTUBHOCTH CTYJIEHTOB B Y4eOHOM Hpoliecce M YCHEIIHOCTh B Oyaymied mpodeccuoHaIbHON
JesiteabHOCTH [ 1].

PaccmotpuM mpumep pa3zpa®oTaHHOW HaMH KPHUTEPHAIbHO-YPOBHEBOW CTPYKTYPHI
MOTHBAIlMM CTYJIEHTOB U ONpEJeNIeHUs YypOBHEH c(HOPMHUPOBAHHOCTH TMOJOKUTEIBHON
MOTHUBALIUU K O0OYyUEHHUIO.

AHanM3 TICHXOJIOrO-NelarorHYeckoi JIUTepaTypbl MO3BOJMI HaMm pa3paboTarh H
OTIPEJICNIUTh TIOHATHE «MOTHBAIMM» KaK OYEHb CIOKHOTO OOpa30BaHUS M MPEACTABIISIONIETO
co00Ol JTMHAMUYECKYIO CHCTEMY, KOTOpas CIOCOOCTBYIOT BBIOOPY W TIPUHSATHIO pEIICHUI
CTy/IeHTa B YCJOBHSAX TpeanosnaraeMoil Hamu uHpochepsl oOyueHus. [lyis BBISBICHUS U
U3MEpEHUs] M3MEHEHM, MPOMCXOMAAIIUX B MOTHUBALMOHHON cdepe oOydammxcsi, BO3HHUKAET
HEOOXO/JMMOCTh B BBIABICHHM KPUTEPUEB M TIOKa3aTeleld YpOBHEHW pa3BUTHS MOTHBALUU
CTYZICHTOB B BY3€.

IMon xputepusMH TOHUMAETCS BEIYLIUH MPH3HAK M3Yy4aeMOro OOBEKTa, SBICHMS,
mpolecca, Ha OCHOBaHMHM KOTOPOTO IMPOBOIUTCS OIICHKA, OMpPEEeNIeHHe I KiacCHu(HUKAIUSI
gyero-nmubo [2]. BelaeneHHble KpUTEpUH OTPaKatoT aOCTPAKTHBIM YpOBEHb OMHMCAaHUS OOBEKTa
M3MEpEHUs] — MOTHUBALIMIO CTYACHTOB K M3Y4YEHHUIO (U3HKE, B TO K€ BpEeMsl U3MEpEHHE HAlleJIeHO
Ha TIOJIyYEHHsI OTBETOB, KOTOpBIE OyIyT HOCHUTh KOHKPETHBIM xapaktep. [lokazatemp — 3TO
KOJIMYECTBEHHAs! WM KauyeCTBEHHAs XapaKTePUCTHKA BBIOPAHHOTO KPUTEPUS H3Yy4aeMOro
oObekTa [3].

C y4€ToM BBIIIEU3IIOKEHHOTO, ONpeAeNeHbl KPUTEPUH M TOKa3aTelu MOJOKUTEIbHON
MOTHBAIIMH CTYACHTOB K 00y4YeHHIO (PU3MKE, a TAK)KE HAa UX OCHOBE BBISBICHBI TPU YPOBHS €TO
c(hOpPMHUPOBAHHOCTHU: BBICOKUM, CPETHUHN, HU3KHIA.

Ha ocHOBe BBIENEHHBIX KPUTEPHEB OBUIM OIpPENeNeHbl CIEAYIOUIHe KadyeCTBEHHBIE
ypOBHU CHOPMUPOBAHHOCTH MOTUBAIIUU CTYACHTOB:

- 0amn «0-3» - HU3KUi ypOBEHb;

- 6ann «4-8» - cpeqHuil YpOBEHb;

- 6ai «9-10» - BBICOKUI YPOBEHb.

Takum o00pa3oM, BbIFCNIEHHAs KPUTEPHAIbHO-YPOBHEBAas CTPYKTypa pa3BUTHUA
MIOJIOKUTEITLHONH MOTHBAIIMH CTYACHTOB K M3YYEHUIO (PU3MKE MO3BOJIAET OICHUTh U U3MEPUTH
MPOUCXOJSIINE W3MEHEHHsS B MOTHBAllMOHHOW cdepe CTYIACHTOB B By3€ M Ha HMX OCHOBE
pa3paboTaTh B JAaJbHEUIIEM METOAUKY (POPMUPOBAHUS MOJIOKUTEIFHON MOTHBALIUU CTYCHTOB
K 00Y4EHHUIO.

B psane crarell, onyONMKOBaHHBIX MpenojaBaTessMM Hamed Kadeapsl, ObUIH
MPEJICTaBJICHBl MOAOOHBIE KPUTEPUAIBHO-YPOBHEBBIE CTPYKTYPHI JIPYTUX 3HAYUMBIX KAuecTB:
TFOTOBHOCTb K MPO(PECCUOHAIBHOMY CaMOOIIPEAEIEHUIO0, TPO(EeCCHOHATBHO 3HAUNMBbIE KaUeCTBA,
npodeccuoHanbHas HampaBIEHHOCTh OYAYIIUX CIEMUANIUCTOB [3].

B craresx mponuisix €T HaMu OTpa)kKeHa METOJIOJIOTHSI U TEXHOJIOTHs pa3paboTKH psiia
Mojenell Mpo(ecCUOHATBHONW JIeATENBHOCTH CIELUAIUCTOB B 00JAaCTH TEIJIOIHEPreTHKH,
PaAMOTEXHUKH U Jp. YKa3aHHbIE MOJEIHU MOCIYKUJIN ONPENEICHUIO LIeJiel U 3a1a4 00yUeHHs Ha
YPOBHE IUCHMIUIMHBI (Ha mnpuMmepe GHU3UKH), Y4eOHO-METOAMYECKOrO0 KOMIUIEKCa M €ro
OpraHMU3allMOHHO-METOINYECKOr0 obecreueHus (cxema 2).

Hamu npezncraBieHbl OCHOBHBIE DPE3yNbTaThl BHEAPEHUS pPa3paOOTaHHOM MoJenu Ha
YpPOBHE TEXHOJOTUM (HOPMUPOBAHUSA MPO(ECCUOHATBLHBIX MHTEPECOB, MPOPECCHOHATBHON
HaNpaBICHHOCTH, HH)XEHEPHO-TEXHUYECKOTO MBILIUIEHUS, IPOJOIDKEHA pa3paboTka METOAMK IO
(OpMHPOBAHHUIO TOTOBHOCTH K MpPO(ecCHOHATLHOMY CaMOOIPEIEICHUI0, MpodheccnoHalIbHO
3HAYMMBbIX KadyecTB, NMPO(ECCHOHATBHO OPHEHTUPOBAHHBIM KOMIIETCHLHUSAM TOJ0KHUTEIbHOM
MOTHBAIH M TIO3HABATEIILHOW aKTUBHOCTH (DOPMUPOBAHHS TIEPEUUCIICHHBIX KA4eCTB OyayIIero
CIELUAINCTA.

[logroroBka crenuaiucTa B COBPEMEHHBIX YCIOBUSX TpeOyeT pacliupeHHus W
yrayOnenusi 6a30BbIX 3HAHUUN MO OCHOBHBIM BHJIaM M 00BEeKTaM OyayIieil mpodeccuoHaaIbHON
NESTeNIbHOCTH. OJTO CBSI3aHO C TeM, 4TO MHpodeccHoHaIbHOEe 00pa3oBaHUE JOJHKHO
COOTBETCTBOBATh YPOBHIO Pa3BUTHS HAYKH, TEXHUKU, TEXHOJOTHH M KYJIbTYpbl, TEHACHIUSIM
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YCWJICHHS] B3aUMOCBSI3M HAayK, UX MHTETrpaluu C MPOU3BOACTBEHHBIMHU IPOLIECCAMH, OTBEYATh
HOBBIM COLIMAJILHBIM TPeOOBaHUSAM, MPEAbIBIAEMbIM K MOJArOTOBKE crnenuanucrta. Otciona
BBITEKACT HEOOXOAMMOCTh JAILHEUIIETO COBEPIICHCTBOBAHUS COJACPKAHMS OOpa3oBaHUS B
TEXHUUYECKOM yHHBepcuTeTe. B 3Tol cBs3u mpolieme MEeXIUCHUIUIMHAPHOW MHTETPAlUU MpU
MOJITOTOBKE MPOPECCHOHATBHBIX CHEIUAIMCTOB MOCBSIICHO UCCIEIOBAHUE, KOTOPOE TTO3BOJISET
UJeH 1eIeco00pa3HOro HHTErPUPOBaHUS Kypca GU3MKH U CTIEUUaIbHBIX JUCIUILIUH. DTO Aajo
BO3MOXXHOCTh pa3padoTaTh © BHEAPUTH CHUCTEMY PEKOMEHJIAIMH, HaMpaBJICHHBIX Ha
UCIOJIb30BaHNE YKa3aHHBIX BBIIIE HIel B 00pa30oBaTeIbHOM IMpOIIecCe.

Monens oesITeIbHOCTH

v

Llenn u 3amaun 00ydeHUS PUBUKE |- - - - - - - |

YMK/ —

Mertonpl, hopMbI U
CpecTBa O0yUYCHHS

JlesTenbHOCTD
MPEToIaBaHMs

L

JleaTenbHOCTh
Y4eHUs

Pe3ynbTarsl 00yueHus

Cxewma 2 - B3anMOCBSI3b KOMIIOHEHTOB MOJCJIH ITIOAT'OTOBKH

Ha cxeme 3 mpezacraBieHa cxema pa3BUTHs IPOM3BOJICTBA B OOJIACTH TEIJIOIHEPTETUKH,
IPOCIIMPOBAHNE KOTOPBIX HA CUCTEMY WHKEHEPHOTO 00pa30BaHMS JJAJI0 BOZMOKHOCTh TIOJTYYHUTh
MO/JIENIM TOATOTOBKU Y€pe3 MHTETrPALUIO CHELIUCIUIUIMH C COJIepKaHUEM M3y4aeMoro Kypca u
pa3zpaboTaTh MHTETPHPOBAHHBIA Kypc 0OydeHHs (pu3uKe, BKIIOUYAIONINN Kypc oOmmiei (usuku
(pusuka) u 31eKTUBHBIN Kypc (MoseKynsgpHas Gu3MKa U TEPMOJUHAMUKA).

MeToauka IpakTUYECKOTO UCIIOJIb30BAHUS MHTETPUPOBAHHOTO Kypca Halllla OTpaXKeHHe
B COJIEpKaHUM OOyYeHHUs M BHEIpPEHa B JIEKIMOHHBIM Kypc, Ha 3aHATHS J1aOOpaTOPHOTrO
npaktukyma, CPCII n HaydHO-TIpakTHYeCKHEe KOH(EPEHIIMH CTYIEHTOB.

B nanpHeiimem npeacTaBisieTcss BO3MOKHBIM OCYILECTBIAThH WHTETPALUIO JUCHUIUIMH Ha
npuMepe GU3MKH ¢ TAKUMU IpeIMeTaMH, Kak MaTeMaTrKa, OCHOBbI MEXaHUKHU U JIp.

Tperbe nampasnenne HWP kadenpbl cBsi3aHO € COBEpIIEHCTBOBAHUEM METOAMKH
npenoAaBaHusl TUCUUIUIMH HA aHTJIMICKOM s3bIKE U €€ y4eOHO-METOAMYECKOro 00eceueHusl.

Hayunblii moaxox K pelmeHHIO 3TUX 3a1ad TpeOyeT OOCTOSTENbHOr0 H3Yy4YEeHUs
HCXOJIHOTO COCTOSIHUSI CHCTEMBI M BBISBIEHUS ee mpobieM. B sToit cBa3u Ha kadeape ObuIo
IPOBE/ICHO aHKETHPOBAHUE CTYJIEHTOB MEPBOr0 Kypca, 0OYJaIOUIMXCsl Ha aHTJIMICKOM SI3bIKE U
u3zydaomux Qusuky. CTyaeHTaM ObLJIO MPENIoKEHO 3aloIHUTh pa3paOOTaHHYI0 HaAMH aHKETY,
KOTOpasi COAECPKUT HECKOJIBKO BOIPOCOB M ITYHKTOB, IO3BOJIIOIIUX CTYJEHTaM U3JI0KUTh CBOU
TPYAHOCTHU IPU U3yYEHUU (PU3UKU HA AaHTIIMICKOM SI3bIKE U BBICKA3aTh CBOU IIOXKEJIAHMS.
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Hanpasnenus pa3BUTHs IPOU3BOJCTBA B 001aCTH

[TpoenmpoBaHue Ha CHCTEMY WHXEHEPHOTO 00pa30BaHUs

4

Monenu moAroTOBKM Ha yPOBHE By3a

WHTerparus CremIucIiuIUIie C COAepKaHHEeM 00 yICHHUS
(hms3uke (Ha npuMepe CIIEUAIILHOCTH 1)

b J b

Mexanmnka MonekynspHas DiekTpoMar- Konebanus, AToMHas n
BOJTHBI
¢buzuka u HeTH3M ) saaepHas pu3uKa
TEPMOAMHAMHUKA KBaHTOBAs1 U 3JIEMEHTAPHBIE
busuka YaCTHUIIbI

! ! ! !

WHTerpupoBaHHbIil Kypc 00ydeHus Pu3nKe

ba3zossiit kypc ONEeKTUBHBIN
«Dusukan Kype

Cxewma 3 - BzanMocBs3b HaHpaBJ’IeHI/Iﬁ Pa3BUTHA IIPOU3BOJACTBA B obnactu TCIINIOOHCPICTUKHU

Bcero B rpynmne 23 cTyzneHTa, U3 HUX 3all0JHUJIN aHKETy 22.

[To BompocaM aHKETHI OBLIU OMPEAEICHBI THIBI IIIKOJ, B KOTOPHIX 00yYaIlCh CTYICHTHI
70 TIOCTYIJICHUS B YHHUBEPCHUTET: cpelHss obmieoOpaszoBatenbHas mkona (COILL), kazaxcko-
typeuxuit muneit (KTJI), Hazapbaes unremiekryanbHas mkona (HUI), cnenuanu3upoBaHHbIN
muneit nus omapéuubix nereit (CJI), PecnmyOnukanckas (u3nko-mareMaTHdeckasl IIKOJa
(POMIN) u mxona-rumuazus (11-T).

Kak cnemgyer u3 pesynabtatoB aHker, 50% CTyIEHTOB IpyNMbl B HIKOJIE OOydYalWch Ha
aHTTIUICKOM si3bIke; 36% - Ha Ka3axckoM U 14% - Ha pycckoMm.

YpoBeHb CBOEH IIKOJIBHOW MOATOTOBKHU MO (PM3MKE KaK BBICOKHI OLIEHWIH 4 CTyAeHTa
(18%), octanbhbie (82%) yka3aiu — 1OCTaTOUHBIH.

OOyueHne Ha aHTTTUHCKOM SI3bIKE B YHUBEPCUTETE KaK COOCTBEHHOE pelieHue ykazamnu 17
ctynentoB (77%), coBet poauteneit — 4 (18%) u oiMH CTyIEHT yKa3all COBET Opara.

[To Bompocy O TPYOHOCTAX B M3y4YeHHH (DU3MKU HA AHTIUHCKOM SI3BIKE IOJABIISIONICE
O00npIMHCTBO - 16 cTynenToB (73%) yKa3aiu aHTJIMICKHAE TEPMHHBI (HETIOHSTHBIC, CIIOKHBIC,
TpyAHbIE, HE3HAKOMbBIC, HOBBIE, OTIMYAIOTCA OT IIKOJBHBIX); KpPOME TOro, ObUIM Ha3BaHbBI
pelieHue 3aaay, ciabas Teoperuyeckas 0a3a (IIpu TOM, YTO B MpeAbLAyIIeld rpade CTyIEHT
yKa3zaJdl ypOBEHb CBOEH INKOJHHOW TOATOTOBKM MO (PH3UKE KaK JJAOCTATOYHBIA!), BbICIIAS
MaremaTuka. Tonbko 1 CTyIeHT Hamucal, 4YTO HE UCHBITHIBAET HUKAKUX TPYAHOCTEH, eme 1 —
HE3HAYUTENIbHbIC TPYIHOCTH. B OIHOI aHKeTe OBLIO HAMKCAHO MO MOBOAY TPYAHOCTEH, YTO
CHauaja CTy/EeHT U3ydaeT MaTepuai Ha Ka3aXCKOM/PYCCKOM SI3bIKax, a TOTOM — Ha aHTJIMHCKOM.

CryzaeHThI BbICKA3aJIH CIIEIYIOUIUE TTOKETaHUS:
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- «CTapaThCsl OOBSICHUTH TEOPUIO HA TIOHATHOM UM SI3BIKEY;

- «OOBSCHATH, KAK MOKHO MPOILEY;

- YBEJIMYUTH KOJIMYECTBO YUCOHMKOB M METOAMUECKUX YKA3aHHUI HAa aHTIIUHCKOM SI3BIKE;

- «yJensTh OOJIbIIIe BpEMEHHU Ha PEelIeHHE 3a/1auy;

- «KJIFOUEBBIE CII0BA MPEJICTABIIATH HA 3-X SI3bIKAX).

Tonpko B ofHON aHKeTe OBLIO BBICKA3aHO TOYKEJIAaHHE, YTOOBI «BECh YPOK IPOXOIHII
YUCTO HA aHIJIMICKOM M MCIOJIb30BaTh BUEOMATEPUAIIBI.

[TonoBuna u3 ankerupyembix (11 crymentoB, 50%) ykaszaiu, 4TO «OKETAaHUN HET»,
«HUKAKHX MMOKEIIaHUIN».

Kakwue BbIBOJIBI ClieIyeT U3 3TOro aHayim3a’?

Bo-niepBbIX, 3TO KOHCTATALMs CIIOKUBILIETOCS TPEXbSI3bIUMS B 3TOU IPYIIIIE.

B cnoBape nunrBuctruecknx tepmuHoB T. B. XKepeOumo ykazaHo, 94TO «TpeXbsA3bIUUE —
3TO (PYHKIIMOHUPOBAHUE TPEX S3BIKOB B Ipe/eiaX TePPUTOPUATHLHONW OOIHOCTU: TOCYAApPCTBA,
peruoHa, ropoja, mocenka, rje KakIblii U3 S3BIKOB KOPpEIHpYyeTcs ¢ onpeaeneHHou chepoit
obmenus. 2. BnajeHue WHIMBUAOM TpeMs SI3bIKAMH B TIpEleIax €ro KOMMYHHKATHBHBIX
Bo3MoxkHOCTEH» [4]. Ilo wmuHenuto b. XacaHynbl, TpexbsA3blUME — «IONEPEMEHHOE
UCIIOJIb30BAHUE TPEX S3BIKOB B T€TEPOTEHHOM COIIMYME MPEACTABUTEISIMU OJTHOTO ATHOCA» [5].
K mocnennemy ompeneneHnio MOXKHO cAefaTh HEOONbIIYIO MOMPaBKy OTHOCHUTENBHO TOTO, YTO
ATHOC HE 0053aTeNBbHO JOJDKeH ObITh oauH. Ha Tepputopun Pecrydnuku Kazaxcran cioxwics
MOJIM3THUYECKUI COCTaB HACEJIEHUS M 3TO MOXHO OTHECTHM K 3THMYECKOMY COCTaBYy Hallel
CTYJI€HYECKOU I'PYIIIIHI.

CryzaeHTsl B KaueCTBE TPYAHOCTEM yKa3ajiu HA CJIOKHOCTH B MIOHUMAHUM TEPMHHOB. JTO
03HAYaeT, YTO MOJB3YsACh PA3IMYHBIMU YYEOHBIMU MaTepHalaMH, B TOM YHCII€ KOHCIEKTaM
JeKUUH, ydyeOHMKaMu U Yy4eOHBIMH TMOCOOMSIMH, CTaThbsIMH U3 HWHTEPHETAa, CTYICHTHI
BCTPEYAIOTCA C OTIMYAIOIIMMUCS B 3HAYUTEIBHOM CTENEHH JPYyr OT JApyra TEPMHUHAMH.
Hanpumep, B pycCKuUX UCTOYHHMKAX BCIIOMoOraTelbHas (hru3nueckas BenuunHa, 0003HaqaeMas Kak

BeKTOp D, Ha3biBaeTcsi JMOO B3JIEKTPUUECKUM CMEILEHUEM, JHOO0 BEKTOPOM 3JIEKTPUUECKOMN
UHAYKIUH U TAKKX IPUMEPOB MHOXKECTBO.

Cremyronuii BEIBO TOABOJUT HAC K HEOOXOAUMOCTH Pa3padOTOK y4eOHBIX MaTepHAIIOB
B [TIOMOIIIb CTYJCHTaM I10 OCBOCHHUIO «TEPMHHOBY» - TO €CThb OCHOBHBIX MOHATHUI, ONpeesieHUH 1
(bOpMyIHUPOBOK, OTHOCALINXCS K KQXK/I0MY U3 pa3/ieloB yueOHOW TUCUUIUIMHBI; B HAIIEM Clydae
— nuctuminH «®Pusuka 1» u «duzuka 2».

B nanpHeiimieM HaM TOpPEACTOUT peanu3alnus IUlaHa TakuM o00pa3oMm, 4YTOObI B
METOAMYECKOM  IMOCOOMHM  (OPMYJIHMPOBKM TEPMHMHOB HA TpeX SA3bIKaX IOJHOCTBIO
COOTBETCTBOBAJIM JIPYT APYTy MO CMBICIOBOIN Harpy3ke. Kpome 3toro, momaraem, HeoOXoaum
KOMMEHTapuil OTHOCUTENbHO MPUMEHEHHs Pa3IMYHBIMU aBTOPAMM HECKOJIBKO OTJIMYAIOLIUXCS
TEPMHHOB.

Takum o00pazom, B TedyeHHE NEPBOrO MOJIYTOAMs OTIACIBHBIMU IPENoAaBaTeNIIMU
kadenpsl (GU3MKU MpojesaHa ONpeJesIeHHas Hay4yHO-HCCIeloBaTeNlbeckasi padoTa U MOJyUYeHbI
CIIEYIOINE PE3YIbTaThI:

- pa3pa0oTaHbl KpPUTEpUAIBbHO-YPOBHEBasl CTPYKTypa U Mmojaenb (opmuposanus [TIOK
OakanaBpa;

- chopMmynupoBaHbl mnenaroruueckue yciaosus (opmupoBanus II3K OGakamaBpa B
nporiecce 00yueHus GU3nKe;

- 00OCHOBaHa KpUTEpUAJIbHO-ypPOBHEBAs CTPYKTypa MOTHBAllUU CTYJIEHTOB U
ofpeieNieHbl YPOBHU C(OPMHUPOBAHHOCTH MOJIOKHUTEIBHON MOTUBALIMHU K O0YUEHUIO;

- o0ocHOBaHa HEOOXOIUMOCTH (DOPMHUPOBAHUS MTO3HABATEIILHOW aKTUBHOCTH CTYJICHTOB
npu o0y4eHuu (PU3HKe;

- pa3paboTaHa MeTOJIMKa 0TOOpa coaepKaHus 0a30BOTO M JIEKTHBHOTO KypCcOB (PU3UKHU
Ha MpUMepe CnenuaabHOCTH «Ternopu3uka;
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- BBISBJICHa MOTHMBALUSl CTYJCHTOB K OOy4eHHIO (M3MKE Ha aHIJHMICKOM S3bIKE Ha
OCHOBE aHajlu3a pPe3yJbTaTOB AHKETUPOBAHMS, OIPEACIICHbl HANpPAaBICHUS JaJbHEUIIEro
COBEPILICHCTBOBAHMS METOJUKU 00y4EHUSI.

[TosryueHHBIE B COBPEMEHHBIX YCIOBUAX PE3yJIbTaThl UCCIEOBAHMS MOCTYXaT 0a30i ass
JaTbHEUIIEro COBEPILIEHCTBOBAHUS HAyYHO-METOJAMYECKHX OCHOB O0O0ydeHus: (Qusmnke B
TEXHUYECKOM YHUBEPCUTETE.
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TEXHUKAJIBIK YHUBEPCUTETTE ®U3UKAHBI OKbITY CAITACBIH KOTEPY JAEI'T
HNEJAT'OT'UKAJIBIK 3EPTTEYJIEPAIH POJII

JL. X. Maxutosa', A. M. Canamaruna', C. A. Bunasapos', I'. K. Haypni36aena’

1 o .
AnMatsl OHCPICTUKA JKOHC OalimaHbIC YHUBCPCUTCTI, Anmarsl K., Ka3aKCTaH

Anoamna. Maxanaga >KOFapbl OKY OpPBIHAApbIHAA HHXCHEP-TEXHHUKAJIBIK CGHOSK OpTachiHa
MaMaH bl JalbIH/Iay, OHBIH KEKE KAaCHETTCPIHIH KaJbIITACYbl, OKY-TOpOHE YPHAICIHE YKOHE OKBITYIIbIH
Ma3MyHBIHA KoCiOM OaFbITTay/bl €HTI3y apKbUIbI JKYPTi3iIeTiHIIr aiTeurran. MyHmail karmaiiia oKy
YpIICiHIEe CTYJNCHTTepAiH OEJCEeH/l KOHE TaHBIMJIBIK KEKe KAaCHEeTTepi, COHAal-ak oJlapJblH Ooaliax
KociOu ic-opekeTTepi Toyenii 0oJaThlH OKY YPAICIH JaMBITy, YAkl JKITEPJICHIIPY OPTACBIHBIH 00y
LIapThl OpBIHAANFaHAa OoJjamiaKk MaMaHHBIH KacHeTTepl >KYHWECiHIH KaJIbITacThlpy MYMKIiHAIrL Oap
EKEHJIITI KeTipiireH.

Makanasa AJiMaThl DHEPreTHKa »OHE OailiJlaHbIC YHHUBEPCHUTETIHIH TEXHHUKAJbIK (U3MKa
KaeapachbIHbIH CTYACHTTEP1 NAlbIHABIFBIH JKETUIAIpyAe (r3nKa MoHI OOMBIHIIA KYPri3reH FbUIBIMU
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3epTTEY JKYMBICTAPBIHBIH HOTIDKEIEpl OeplireH. 3epTTey IKYMBICHIHBIH HETi3ri OarbITTapbl MEH
HOTIDKEJIepl KeNTipiireH. Bimimai KociOMIeHAIpy CTYACHTTEPIIH ©31HIIK >KYMBICTAPBIHBIH POJIHIH
KYIIEIOl HEeTi3iHAeri MOJENbAep JKYHECi CHMATTANbIN, OKBITYIBIH JKaHA TEXHOJOTHSIAPhI AJIbIHFaH,
OJIapJibl OKY YPIIICIHE €HII3y HOTHKEIEePi YChIHBLIFaH.

Kinmmik ce30ep: aknapatThI-iC-OpEKETTI OKBITY, KOCciOM TaWBIHIBIK, ©31H-031 aHBIKTAY, KY3BIP,
Oakamasp.

THE ROLE OF PEDAGOGICAL STUDIES IN IMPROVING THE QUALITY OF TRAINING
PHYSICS IN THE TECHNICAL UNIVERSITY

L. H. Mazhitova', A. M. Salamatina', C. A. Binazarov', G. K. N auryzbayeva'

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

Abstract. The article shows that the training of a specialist for the engineering and technical
sphere of work, the formation of his personal qualities can be carried out by making the teaching and
educational process and syllabus in a higher educational institution mostly of professional orientation. In
this case, a system of qualities of the future specialist can be formed, provided that there are stable
motives for learning, motivational conditions in general. This defines personal cognitive activity of
students in the educational process and success in their future professional activity. The results of
research work carried out by the Department of Technical Physics of the Almaty University of Power
Engineering and Communications are presented. It is aimed at improving the students training in the
physics course as an example. The main directions and results of research work are presented. The system
of models based on professionalization of education and the role strengthening of students’ independent
work is described. New teaching technologies and the results of their implementation to the educational
process are obtained

Key words: information and activity-training, professionalization of education, self-
determination, professional competences, bachelor.
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MPHTH 517.911

C. A. Hypnencos!, A. M. Bekcyaranosa', JI. T. ’Kany3akopa'

' AnMaTHHCKHI yHUBEPCHUTET SHEPreTHKH 1 CBs3H, T. AnMatsl, Kazaxcran

UCCJIEJJOBAHUE YCTOMYUBOCTH TAMUJIbTOHOBBLIX CUCTEM
TP HAJIMYUU BHYTPEHHEI'O PESOHAHCA

Annomauus. ViccnenoBanue [aMWIBTOHOBBIX CHCTEM IIHUPOKO TMPUMEHsETCSs B (DHU3HKE,
ACTPOHOMUM, XMMHUWUU W JaKe Ouojoruu. Teopwst yCTOMYMBOCTH IBIKEHHS HUMEET 0CO000 BaKHOE
3HaueHue Ui TeXxHukH. Kopalib, caMojeT, pakeTa IMPH JBHKCHHHM JOJDKHBI YCTOWYMBO COXPAHSThH
3aIaHHBIN PEKUM PaOOTHI.

Nzydenne ['aMUIbTOHOBBIX CHCTEM TIPEICTABIISIET COOO0 NajbHellee pazBurue ujaeu JlsmyHosa
U B TIOCJICIHEE BPEeMsl MIPHUBJICKACT BHUMAaHUE MHOIMX MaTeMaTHKOB 3a pyOexoM. Ciydyail «BHYTPEHHETO
pe30HaHCa» B 3TUX padoTax €Ile HE yYUTHIBAJCS. ABTOPHI CTaThbU PAacCMATPUBAIOT 3TOT Cliydad MHpu
HAIMYUM YHCTO MHHMBIX KOPHEH COMPOBOXIAIONIETO YpPaBHEHWS, a TaKKe Cllydall BHYTPEHHETO
pe30HaHCa HEYETHOrO TOpsiika i | aMUIBTOHOBBIX CHUCTeM. M3y4eHBl BOMPOCH YCTOMYUBOCTHU
PEILICHUH ATOH CUCTEMBI, BBISCHEHA CTPYKTYpa PE30HAHCHBIX YICHOB M OCOOCHHOCTh ATUX BBIPAKCHUU U
VX BIHMSHHE Ha yCTOMYMBOCTH pelIeHWH. BBeneHa crenuanbHas MaTpuIila, aHAIN3 KOTOPOH ITO3BOJISIET
M3BIEKaTh MHPOPMAHUIO 00 YCTOWYMBOCTH, PACCMOTPEH CIy4dail HEYyCTOMYMBBHIX HBIKeHUH. [lpum
M3YYeHWU pE30HAaHCAa HEUeTHOro mopsjaka (YHKIUK [aMWIbTOHA MOXHO TIPEJCTaBUTh B BHJIC
KBaJIpaTHYCCKOUN (DOPMBI.

Knrouesvle cnosa. yCTOWUMBOCTH IBM)KCHUS B CYIIIECTBEHHO OCOOCHHOM CITydyae, «OTAacHBIe» U
«0e301acHbIe» TPaHUIIBI 00JIACTH YCTOWYMBOCTH, | aMHIIbTOHOBA CUCTEMA, PE30HAHC.

PaccmorpuM I'aMUIIBTOHOBYIO CUCTEMY YPaBHEHUM:

dxs _ 0HRxY)

dt  dys .
% _ aH(X,y) (S - 1:2; ey n)r (1)
dt 0xg

rae ¢ynknuto 'amunsrona H(x,y) 3anaaum B Bujie

H(x,y) = H, (x,y) + H3 (x,y) + - ()

31eCh X = (Xq,X3 , - ,Xp ) UY = (Y1, - ,Yn ) — N- MepHbIe BekTOpbl, Hy (X,y) — 0mHOpOAHBII
MHOrO4JIeH creneHu K.

Bonpoc 00 ycroituMBOoCTH paccMaTpuBaeTcs Ui ciaydas, Korja KopHu Fidg # 0
XapaKTEePUCTUUECKOTO YpaBHEHMs IEpBOro MNpHUOIMKEHUs cucreMbl (1) 4McTO MHUMBIE H
pa3iuuYHBle, TOrJIa MOKHO CYHMTaTh, 4ro KBaipaTuuHas ¢opma H,(X,y) B pasencrse (2)
3aIlUCBIBACTCS B BUJIE

Hy(x,y) = = 284 A (x2 +y2) 3

EctecTBeHHO cumMTaTh, YTO CPEIU YUCENl Ay UMEIOTCS YHCIAa Pa3HBIX 3HAKOB (MHAuYe HYJICBBIC
penieHue cuctemsl (1) ycToiuuBo).

Cuctema (1) uccnenoBanach Ha YCTOMYMBOCTH PSIOM aBTOPOB KaK MPH HAJTMYUHU, TaK U
IIPY OTCYTCTBUU BHYTPEHHETO pe3oHaHca [1].
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B pabote [2] nonyueHsl KpUTEPUU HEYCTPOMUMBOCTH JJIsl HEKOTOPBIX TUIIOB PE30HAHCA.
Psan o0mux pe3ynbTaToB 110 UCCIEI0BAHUIO CUCTEMBI (1) Mpu HaIM4YMKM BHYTPEHHOI'O PE30HAHCA

nosy4yeH B pabore [3].

31ech Mbl ITOKaXEM, YTO pe3yJIbTaThl, MOJTYyYECHHbIE B [3] AJIsI IPOU3BOJIBHON CHCTEMBI,

HOPUMCHUMBI U UL UCCIICAOBAHU I'aMuIbTOHOBOI CHCTEMBI.

PaccmoTtpum cuctemy (1) B mpensiokeHuu, 4To ['aMUIbTOHUAH UMEET BU/T;

1
HZ(XJY) = E Zg:l}\s (Xg + YSZ) + H(m)(xl' Y1, s Xp, Yn) + -

rae H™ (x,y) — hopMsI m-ro mopsijxka;
m - TIOPSIIOK PE30HAHCA;
m - HEYETHOE.

[Tpenmnonoxum, 4To MEPEMEHHbBIE X, Vs 3aHYMEPOBAHbI TAKUM 00pa3oM, YTO

}\1,)\2, ...,)\h > O ,a}\h+1,}\h+2, ""}\1’1 < O (}\h+1 * O)

BBenem KoMIIJIEKCHEIC INEPEMCHHBIC

Zs+Zg _ Zs—
2 Ys =

Xg = (s=12,..,n).

Torna cuctema (1), yauTbiBasi paBeHCTBO (4), IEpPEHAET B CUCTEMY

dz . 0H
o = g
S —
dz, . o (s=12,..,n),
dt 0z

KoTopas siBisiercs ['amuibToHOBOM ¢ ["'aMunbToHHaHOM

2iH = Dis=1iAs Z5Zs + Ziﬁ(m)(zlil’ B Zn’zn) to

HpI/I CACJIAHHBIX BBIIIC OTPAHUYCHHUAX IMOKAXEM, UTO C ITIOMOIIIBIO 3aMCHEI

zs = Ug + (ps(m_l) (Ul,Ul,...,Un,Un)

Zg = Us + (T)s(m_l) (Ul,Ul,...,Un,Un):

“4)

)

(6)

(7

®)

rie @™ Y (U, ...,U,) — dopmsl m-1- To mopsiaka, cucremy (6) MOKHO IPHBECTH K

BULY:

dUs . O(H3+H5)

— = 2 —— U
dt 00, +Us
dUs .. 0(H3+Hp) | = '
at 2i aUs Us

rac
= |mp|

H=H,+H, =iY" A, UUs + o U;™ ..U,

mq

+ o, Uy
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a Ug- ananuTuyeckas QyHKIHMS cTeneHd m otHocutensHo Ug, Ug. MiHaue roBops, MOKaKeM, 4To

CYIIECTBYIOT IpeoOpa3oBanus (§), KOTOpble MPUBOAAT cucTeMy (6) B CHCTEMY, OCTAIOIIYIOCS

KaHOHMYECKOU B m-1-M npubmmkeHnu, u ['amunbToHMaH, KOTOpHIA nMmeeT Buj (10).
JleficTBUTENIBHO, NCIIONB3Ys ypaBHeHus (6), (8), (9) mwis onpenenenust popmsl @™~ u

P ™ Yonyunm creayromme ypaBHEHHS:

Uj

o™ g mD) ) oM,
— — il m-D 4 2j 1
( 50, sPs 3

] S

aHm

0, " — g m1) _ . — (m-1) | .00
(6—U]U] a0 U = 1}\S(ps + Zla—US , (11)

rae H," u3Bectnas gpopma m-ro nopsaxa. Ilycrs
—1
- k; )
s M =3 a ke [T, U9 (12)

K
[Toncrasnss psan (12) B (11), ans onpenenenust KoapUIMEHTOB as( 19 momyunm

as™ + [T, (k — ) A — Ag]as™ = M, (13)
© ) . 0H," .0H,

rae o™ u Mg — kospdunuentsr popm 21 5 u 2i G COOTBETCTBEHHO (*) -
S S

371ech ¥ HIKe 3ameHsieT BepxHuil nnjekc (Kg Ig) nmpu unene

kg — I

(U0, LU,

[IpoBO/Ist BBHIKIAAKU U PACCYXKIEHHS, AHAIOTHYHBIE U3JIOKEHHBIM B [5], JIETKO yOEAUTHCS, YTO
as n a,) Beera MOKHO ONpeeINTh CIEIYIOIMM 06Pa3oM:

ag™ = RO (14)
E—j“:l(k D, PR Y= 1(1( 1)7\ — A #0

n
(M. api Z(kj —1)A -2 =0
=1

as(*) = n
0 mpm ) (k= 1) A= X 0.

3Ha4YUT, MBI MOXKEM IpU TIOMOIIM TpeoOpa3oBaHus (8) YHHUYTOKUTH BCE UWICHBI, KpoMe
PE30HAHCHBIX, B ypaBHEeHUH (6).

W3 m31m0XKeHHOT0 BBINIE BUIHO, YTO MpeobpazoBanue (8) MOXKHO MOI00paTh Tak, YTO B
cucreme (6) COBOKYIHOCTb WICHOB M-1-ro mopsiika OyaeT onpeaensiThCsi COOTHOLICHUEM:
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)

~-

0Us 09U |, s
OHfn _ 0fm (15)
0Us — 9Us |,

[Toatomy u3 paBencTs (14) u (15) cnenyer, uro

HS) = Amppes = UM - U™ + oq U L U

n

Taxum oOpazom, B m-1-M npuOaMkeHMH HEOOXOIMMO UCCIIEI0BATh HA YCTOHYUBOCTh CUCTEMY

Ws i 20

dt a0,

AU _ 0" (16)
dt laUS

rae H'=H*,+H" ;. Cucrema (16) MOXeT GBITh 3alMCaHa TAKMM 00Pa3oM:

du my e
dts = —iAUs + @ym U . U™ Ol L,
dl_J . Iy 5_1 71 Mn
= = AT + agmgUy™ L USST LU O LU mpus < h, (17)
dUs . mq mp7Mp4g  7yMs—1 yymp
T = ~IAUs + dimgUp™ — Ut O L UL Oy
T = iU + @mgUy L O U LU LU, s > h

3anuiem o, B BUAE a; = a; + ib;. Cnenys pabote [4], paccMoTpum MaTpuily A, KOTOpas B
HalleM CIy4ae HMeeT

b;mpuS<h
— [oagmyq..01Mp _ 1
A= (B1m1---31mn)’ B= {_bl npuS > h
0YEeBHU/HO, YTO PaHT MaTpPHULbl A paBeH 1
Ypasuenue (17) B nepeMeHHbIX Tj ¥ 0; nMeeT BUJL
d(d) T m
s/ __ mj
"> = 2P,(6) Hri
d(e) Ps (9) |m'|
a0 = Ze=alms| == I 17, (18)
rae Pg(0) = oy mg cos 8+3;mgsin 6, Vg = Tgels
0 =m;0; + my0, + -+ m,0,, U=t5e 1%

Teopema 1. Ecniu a; wiu b; OTIUYHBI OT HYJs, TO HyleBoe pemieHue cucteMbl (18)
HeycTOWunMBO. OTMETHM, 4YTO €CIIM HOJIOKHUTh N=2, m; +m, = m = 3, TO IpaBas 4YacTb
paBenctBa (10) nmpumer Buj
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iA; Uy Up +i2,U,0, + o U U2 + o U UL ™2, (19)

A. TI. MapkeeBbIM [2] u3y4eH pe3oHaHC 3-To nopsaka B Buae Ay — 2A, = 0. ABTOp, MOJIB3ysCh
HECKOJIbKUMHU  [OCJIEJIOBATEIbHBIMU  NPEeoOpa3oBaHUSIMU, MPUXOAUT K  CHUCTEME C
lNamunproHnanom B Buae (19) (rme Hamo MOJIOXKUTHP My = 1, m, = 2), MOCe Yero moJjydaer
KpPUTEPUI O HEYCTOMYMBOCTH € MOMOIIBIO TeopeMbl HeTaena.

W3 yka3aHHOrO BBIIIE BUJHO, YTO 3TOT pPE3ybTaT IIOJy4aeTCs KaK YacTHBIM Ciaydan
TeopeMsl 1.

[Ipu m3yuenun pe3onanca 3-ro mopsiaka ¢yHKIHI0 ['aMHUIBTOHA MOKHO B34Th B BHJIE
H=H>+H3+... . B aToM ciiydae MOXHO yTBEp)KIaTh, YTO HAJIM4YHUE B JIFOOOW [ aMUILTOHOBOM
cCHCTEeME MPOM3BOJIBHOIO PE30HAHCA 3-r0 MOpsAJKa BieYeT 3a cOo00i HEYCTOMUMBOCTH ITOU
CHUCTEMBI, YTO COOTBETCTBYET pe3yJibTaTaM padoThI [3].
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IIIKI PE3OHAHC KE3IHJEI'T TAMUAJIbTOHBIK KYWUEJEPIIH
OPHBIKTBLJIBIFBIH 3EPTTEY

C. A Hypneucos', A. M. Bexcyaranosa', JI. T. ’Kany3zakosa'

! AIMaThI SHEPreTUKA XKOHE OallIaHbIC YHUBEPCUTETI, AMaThl K., Kasakcran
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Anodamna. [aMUIBTOHIBIK JKyHenepai 3epTrey (U3MKa, aCTPOHOMHS, XHMHS KOHE TIMTI
OMOoJIOTHS caNachliH/Ia KeHIHEH KOJaHbUiabl. KO3FaIbICThIH OPHBIKTHLIBIK TEOPHUSCH TEXHUKA YIIIH aca
MmaHbI3abl. KeMe, yimak, pakera o3 KO3raibIlCTapblHIa OEpiIreH )KYMBIC PEKUMIH TYPAKThI CaKTaybl THIC.

'aMuibTOHABIK JKyienepai 3eprrey JIsAmyHOB maesuapblH OJaH opi AaMBITY JAereHl Oimmipeni
JKOHE COHFBI YaKbITTa KONTereH Peceil oHe ImieTen MaTeMaTHKTEpiHiH HazapblH ayaapyaa. «lmiki
PE30HAHCY KaFaaibl OYJ1 JKYMBICTap/ia oJli eCKepijIMEereH. ABTOPIApbIH Makalackl OepilireH TeHJIeyre
coiikec Ta3za jkopaman TyOipnepiHiH Oap Oomy »armaliblHa apHajFaH. byn xymbicTa ['aMHIBTOHABIK
JKYHesep YIIH TaK peTTi ilKi pe30HaHC JKaFJaibl KapacThIPbUIFAH KOHE OChl JKYWEHIH MIeNIiMiHiH
OPHBIKTBUIBIFBI TYpallbl CypakTap 3epTTelli, Pe30HAHCTHIK MYIIEIEPiHiH KYPBUIBIMBI aHBIKTAJIbI, OCHI
OPHEKTEP/IIH ePEKIIEIT] dKOHE OJIAp/IbIH IIEIIIMISP/IiH OPHBIKTHUIBIFBIHA 9CEPl 3ePTTEIN I, OPHBIKTHLUIBIK
TypaJibl aKmapar OepeTiH apHaibl MaTpULia SHIi3i1i, OPHBIKTHl €MeC KO3FajlbIcTap Typallbl >Karaainap
KapacThIPBUIJIBI.

Tak mopexeni pe3oHaHCTH 3epTreyae | amminbToH (QYHKIMSCHIH IIApIIbl TypHarTa jaa ajiyFa
Oonasel. AsnbiaFaH HOTIOKENep MapkeeB A. [1. HOTIKeNepiHiH *KeKe jKaraaiibl 00BN TaObUIA/IBL.

Kinmmik ce3dep: epexie >KarJaiiiarbl KO3FaJIbIC OPHBIKTBUIBIFBI, OPHBIKTHUIBIK aliMarbIHBIH
«KAyINTi» KOHE «Kayilci3» 1meKapaiapbl, [ aMUIbTOHIBIK JKYHe, pe30HaHC.

STABILITY INVESTIGATION OF HAMILTONIAN SYSTEMS WITH THE PRESENCE OF
INTERNAL RESONANCE

S. A. Nurpeisov!, A. M. Beksultanova' , D. T. Zhanuzakova!

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

Abstract. The study of Hamiltonian systems is widely used in physics, astronomy, chemistry, and
even biology. Especially important is the theory of motion stability for technology. A ship, an airplane, a
missile, while moving, must steadily maintain the prescribed mode of operation.

The study of Hamiltonian systems is a further development of Lyapunov's idea and has recently
attracted the attention of many mathematicians in Russia and abroad. The case of «internal resonance» in
these works has not yet been taken into account. The article is devoted to this case in the presence of
purely imaginary roots of the accompanying equation. In this article the internal resonance case of odd
order for Hamiltonian systems is considered and stability solutions of this system are studied, the
structure of resonant terms is clarified, peculiarity of these expressions and their effect on the solutions
stability is studied as well. A special matrix, the analysis of which, makes it possible to extract stability
information is introduced. When studying odd order resonance, the Hamiltonian function can also be
taken as a quadratic form. The obtained results contain, as a special case of the A. P. Markeev result.

Key words: Motions stability in the case of significant features, «dangerous» and «safe» stability
boundaries, Hamiltonian system, resonance.
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MPHTU 27.37. 17

M. B. Baiiéazapos', b. K. Toaeyosa'

' AnMaTHHCKUI yHUBEPCUTET SHEPreTHKH 1 CBs3H, T. AnMatsl, Kazaxcran

3AJTAYA YIIPABJIEHUS HEJTUHEMHOM CUCTEMBI
C JETEPMEHHUPOBAHHOM MOMEXOM

Annomayua. llenvio naHHOW pabOTHI SABIAETCS pa3paboTKa HEOOXOAMMBIX M JTOCTATOYHBIX
YCJIOBHMM ONTHMAJBHOCTH B 3a/ay€ MPOTrPaMMHOIO YIIPABJICHUS C JIETEPMUHUPOBAHHON IMOMEXOH IS
HEeJIMHEWHOW cucTeMbl. Pemraercs 3agada MporpaMMHOrO ONTHMAJIbHOTO YIIPABIEHUS, MEPEBOJSIIEIO
CHCTEMbl W3 3aJIaHHOI'0 HAYaJbHOIO COCTOSIHMSI B KOHEYHOE COCTOSIHUE, HMEIOLIEr0 IpH 3TOM
HavVMEHbIIYI0 HOpMY. IIpUMEHEHBl METOJbl KOPPEKLHMH I10 KOHEYHOMY KpPA€BOMY YCIOBHIO U IIO
napamerpy. OnTumanbHOE ynpaBieHUE, HalIeHHOEe clocOOOM KOPPEKIMHU MO MapaMeTpy, OKa3bIBaeTCs
JydIlle, YeM CIoco0 KOPPEKIMHU 10 KOHEYHOMY KPacBOMY YCJIOBHUIO, TaK KaK Ha KaXKI0M LIare KOPPeKIun
O MapaMeTpy MOKHO BbIOPaTh ONTUMAILHOE YIPABJICHHUE 10 MOIXOISIIEMY MOKA3aTeN0 KayecTRa.

C momoIIpi0 3TUX METOJOB 3a/aya HEeMTWHEHHON CHCTeMBbI MPUBOJIWTCS K 3aj]laue YIpaBICHUSI
JUHEMHON cucTteMbl. ONTHMaIbHOE YIPAaBIEHHE CTPOMUTCA KaK CXOJSALIMECS MOCIEA0BATEIBHOCTH
YIpaBJICHUH, UCXOMISIINE KaX/IbIH pa3 U3 CUCTEMBbI TMHEHHOTO NMpuoOmkeHus. [lomydeHbl HeoOX0MbIe
U JO0CTAaTOYHBIE YCJIOBHMS ONTUMAJIBHOCTH JUIsI KOHKPETHOM 3aaud M IIOCTPOECHO OINTHMAJIbHOE
YIpaBIeHNE Ul HETUHEHHONW CUCTEMBI.

Knwuesvie  cnosa:  puddepeHumanbHoe — ypaBHEHHME, — IPOTpaMMHOE  YIIpaBJIeHHE,
JIETEPMUHUPOBAHHAS [IOMEXA, ONITUMAJIBHOE YIIPABIICHUE.

PaCCMOTpI/IM O6’beKT, ABUIKCHUC KOTOPOI'0 OIIMCBIBACTCA BCKTOPHBIM HEJIUHEHUHBIM
muddepeHaIbHBIM YpaBHEHUEM

x=f(t,xuv), t.<t<¥9, x[t]=x.()

IJie X — n-MepHasi BeKTOP-()yHKIIHMSI BDEMEHU;
f — u3BecTHas HenMHelHAA QYHKIMSA OT CBOMX apIyMEHTOB;

U — r-MEPHBIM BEKTOP YIIPABJICHHUS;
U—S-MEPHBIN BEKTOP ITIOMEXHU.

3aoaua. Tpebyercs BbIOpaTh yrpasieHue u[t] Tak, uroObl mepeBectu cuctemy (1) us
3aJaHHOr0 HAYaJbHOIO COCTOSHMA X[t,] = X, B 3aJaHHOE KOHEYHOE cocTosHue X[t*] = x, u
MMEIOIIETO HAMMEHBIIYI0 MHTCHCUBHOCTD YIIPABJICHHUS.

[Ipeanonoxxum, 4To CyIIecTBYET pemnienue cucreMsl (1) [3].

Pemenue 3agaum uiemM METOIOM KOPPEKUHM IO KOHEYHOMY KpaeBomy ycioBuio. [lo
3TOMY METOMy, CHayaja BEIGepeM MpOM3BOJIBHYIO gomyctumyio dynkmmio u'[-] = {u[t], t, <
t <9}, xoropas SsBISETCS OIPaHUYEHHON H3MEpUMON (yHKIHMENH Bpemenu. Torma mpu
3aJ]aHHOM Ha4yaJbHOM YCJIOBHH X [t,] = X, ToNyunTCcs HEKOTOpOe JBMKeHNe X [t], t, <t <
cuctemsl (1), kak penieHre cucTemMbl TudPepeHInaIBPHOTO YPaBHEHUS

x = f(t,x" [t [t v[t]), t.<t<9, x[t.]=nx..

B MOMeHT t =1 93TO JBIKEHHE NPHXOIUT B HEKOTOpoe cocTosHue X [v]. DTo
coctosiHme X [U] # x*, a ypaBHenue U [-] He TO, KOTOpPOE PeIIaeT IIOCTABIEHHYIO 3a/1auy.

[TosToMy coemuHAsS TOYKM X [U] M x*, TomydaeM OTpe3oK. Pa3o0beM MOIydeHHBIH
orpe3ok Ha Kycoukn Toukamu x (0%, xW* x @ 00 pre x (O = x°[v], ..., x0* = x*,
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Pucynok 1

Benomozamenshas 3adaya. Honobpars k yuxuus u [t] + AV u[t] wm u’[t] + 0 D[t],
rae wD[t] waiitn Tak, uro6s gBwxenne xV[t] mpumto B cocrosume xV[v] = xM*, a
yhpapjieHue OyIeM UCKaTh CIEAYIOIUM 00pa3oM:

nemxerne xV[t], t, <t <9, YIOBJIETBOPSET YPABHEHHIO

xD[e] = f(r,xP[e], u®[e]o]e]), . <t<9,
rae x V[t], uP[t] - HensBectHbIC ByHKIIH.

X, %° [9] = x0r

Pucynoxk 2

Jlutst Toro, 4TOGBI HX OmpeaenuTh, coctaBuM pasrocts AV x[t] = xWV[t] — x°[¢t]
u npomubdepeHurpyem o0e YacTh ypaBHEHHS 1o [ C

y4eTOM  HPEABLIYIINX
nuddepeHInaIbHbIX YpaBHEHUH]:

(A(l)x[t])/z £ (6, xO[e], u®[e], v[t]) — £(¢, xO[t], u@[e], v[t]), t. <t <9,

Pasnoxum  dynxmmo  f(t, xP[t], u®[t],v[t]) mo dopmyne Teitnopa, BeITETAS
nuHeNHyro yacTh 1o Ax uno Au [5]:

£ (6, xO[e], u®[t], v[t]) =

= £(t,x@[¢], u@[e], v[e]) + Z [a_xk] Ay [€]
k=1

t, x©O[e], u®[e]

+ z [a - Ay [t] + R(¢, Ax[t], Ault)),
Yl x@p, w1

rae nocienanee cuaraemoe R(t, Ax, Au) dnen Gosee BHICOKOIO MOPSAKA MaJIOCTH 110 AX
u no Au, yem mupembytyiMe ciaraeMbie. Ilocie TOICTAHOBKHM H3BECTHBIX (DYHKIMHA

xO[t],u®[t] B pasnoxenue, HOIYIHM «H» - MEPHbIE BEKTOPBL, KOMIIOHEHTHI KOTOPBIX
W3BECTHBIC (PYHKIIUH.

Vuureas AuP[t] = w®P[t] u BBogs o6osmauenme AWy = y@),

HEJIMHEWHOE
muddepeHImaIbHOe ypaBHEHUE MOKHO MTPEICTABUTh B BUJIE

O = AO D)y D 4+ BODwD[e] + R(t,yV[t], 0 V[£]) )
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npu HauansHOM yenosun y V[t ] = 0.
IpeneGperas moka mocneanum cimaraembiM R(t,y[t], 0 V[t]) B mpasoit wactn
ypaBHEHHsI, pPACCMOTPHM JIHHeiHOe AU epeHInanbHOe ypaBHEHHE

7 = A0 @©)y® + BOw®[t], t.<t<v, yOlt]=0. 3)

Jnst 9TOM cucTeMbl pelIMM 3aJady: HaWTH YIpPaBJICHUE w®O¢], MepeBOIsIIECE
nuHeiinyio cucremy B cocrosiaue y D [v] = xW° — x (0,
Jlnst pemienus 3Toi 3agaun BeinmuchkiBaeM Gopmyiry Kommu ayis Mmomenrta t = 0:

y O] = YO @, L)yle] + [ Y O, DBV @e® @dr, @

roe y[t.] =0, YD, 1) - byH1aMeHTalbHass MaTpHIla PEHICHUH OJHOPOIHOTO
ypasrerns y D = AWy W[¢] [4].

B seipakernn y P v] = xD° — x(©° = ¢ _ yzpecrnprii Bexrop. M3Bectro u3 [3], 4ro
dopmyiy st yipasierns w V0[] HaxomsaT u3 paBencTsa (4)

wD0[7] = BO(D)YD (0, 1)(FD) " ¢, (5)

e FU = ftﬁ YD, 1) BO@)BD (2)YD (v, 7)dx.

Urax, samum ympasienne uP[r] = u@[r]+ w®O[c], ¢, <t <Y, rae wP[r]
ompexaeneHo Gopmynoi (5).

Takum oOpa3zoM, cAenaid TEpBYIO KOPPEKIUIO YIIpaBICHUS u©[7]. Haiizenroe
yIpasienne npuBomuT o0bexT B coctosamie x[v] = x(V*, Oxnaxo ynpasnenne w®° maiineno
JUIs JIMHEWHOW CHUCTEMBI, TpeHeOperas cliaraeMbIM R(t,y(l), w(l)), MOATOMY JIBUKEHHUE,
noposxaernoe yrpasiernem uD[7], IpUBOINT B HEKOTOPOE COCTOSHHE xfl)* # x(M*, MoxHo

1
JIOKa3aTh, 4TO TOUKA xf A GyIeT ZoCTaTouHo 6m3Ko K Touke x (V* (puc. 2).
Torna Ha xaxmoM [-om miare, { =1,2,---,k —1 OyayT moiydarscst JTHUHEHHbBIE CHCTEMBI

s yD[t] ¢ nckompim yrpasnennem o [t]. B urore Haiizercs ynpapieHue

u® 7] = u*k V7] + 0®[1],
OpUBOsAlIee OOBEKT M3 MCXOMHOro cocrosHus Xx[t,] =x, B cocrosHue x[9] = xfk)*,
OTJIMYAIONIEECs OT TPEOYEMOIo COCTOSHMS X* Ha MaJIyl0 BEJIMYHHY, €CIIM pa3OHMEHHE OTpe3Ka
[x(o)*,x*] BHIOpATh JOCTATOYHO MaibiM. Haiinemnoe Takum obpasom ympasienne u'[r]
MOYHO IPUHATH 32 HCKOMOE yripasienue ul[t], pemaroiiee HCXOAHYIO 3a1a4y.

)

3ajiaun yIpaBjieHus METOAOM KOPPEKIIUH T10 IIapaMeTpy.
Hapsiny ¢ Henmueiinoi cucremoii X = f(t, x,u,v), t, < t <9, x[t,] = x,

paccMOTPUM CUCTEMBI
x©® = f(g)(t,x(e),u,v), t, <t <9,

e x©—p - MEpPHBIN BEKTOP;
0 < ¢ £ 1 — napamerp (4ucio);
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f (8)(t,x(£),u,v) = h(t,x(g),u, v, s) — Hekoropas BbIOpanHas ¢yHkius. Ee
BBIOEpEM Tak, 4TOOBI Tpu € = 1 BbIMONHSIOCH paBeHcTBO h(t,x,u,v,1) = f(t,x,u,v), a npu
¢ = 0 mosryymmnace cucrema,

x© = h(t,x(o),u, v, 0), t,. <t<9,

JUISL KOTOPOM yMeeM pelarh CIEAYIONIYIO 3a1a4y:

Haiitu ynpasnenne u°[-] = {u(o) [t], t. <t <9}, nepeBomsmee cuctemy
x© = h(t,x(o),u, v,0) u3 coctosnus x[t,] = x, B cocrosuue x[9] = x§. Nanee orpesox [0,1]
pa3OuBaeM TOYKAMM &g &1, £;,..., £ Ha YacTU IPOM3BOJBHBIM 0O0pa30M TaK, YTOOBI OTPE3KH
OBbLIM JIOCTaTOYHO MAJIBIMH. 3Has pelleHue IpHu &, = 0, HAXOAUM PEIIEHUE 3a/1a4u € = &, T. €.
HaxoauMm (yHkiuio ul[z], nepeBoasAmIyI0 cuCTeMy M3 HAYaIbHOIO COCTOSHMS X, B COCTOSHHE
x[v] = x°. Tem caMbIM JienaeM nepByro Koppekimio yrpasnenus u’[-] mo mapamerpy &. Jlansmre
OT pelleHus 3a/1aUi € = & NEPEXOAUM K PEIICHUIO 3a1a4u IIpH € = & U T. A. Torjaa npu € =
gx =1 maifmennyo dynxmmo uk[-] = {u®[7], t, <t <9} moxmo cunrare pemenuem
HUCXOJHOM 3a/1a4H.

OTH MOCJIEIOBATEILHOCTH PELICHUS MNPOWJUIIOCTPUPYEM HaA MpPUMEpPEe Il JTUHEUHOU
CHCTEMBI.

[Tycte ¢hynkus h(t, x, u, v, €) OyAeT B CHCHHUATLHOM BHIE:

h(t,x,u,v,€) = (1 —&)(Ax + Bu + Cv) + €f (t, x, u, v),

rae A, B, C u3BecTHbie MaTpUIIBI.
Ilpu € = 1 nomyuum cuctemy X = f(t,x,u,v), a npu € = 0 umeem muddepeHunanTbHOS
ypaBHCHHUE
x©@ = Ax© + Bu + Cv.

OHO sBiIs€TCS JIMHEWHOM CUCTEMOW C JETEPMHHMPOBAHHOW moMexou v. [lns aToit
CHCTEMBI M3BECTHO, KaK PeIlaTh 3ajauy o BeIOope yrpasinenus u’[t], nepesoasiiero o0bekT U3
cocrosiaus x°[t,] = x, B cocrosnue x°[9] = x* [1] (pucynox 3).

X, 4

Pucynoxk 3

BO3BM€M E = 51 n peIHI/IM Ty XKE 3a,uaqy JUIA O6’BeKTa, JOBUXKCHUC KOTOpOFO OIINCBIBACTCA
ypaBHEHUEM x(&) = h(t,x(gl),u,v[t],sl),

e h(t,x(gl),u,v[t],sl) =(1- 81)(Ax(£1)[t] + BuW[t] + Cv[t]) +
elf(t, x (&) u(l),v[t]).

Baenem 0003HaueHU:

yOle] = x@[e] = 2 O[e] = h(t, x@0,u®[e],vle], &) — h(t, x@, u@[¢],v[¢], 0)
¢ rparmansivu yeosusvu y D [t,] = 0,y W[9] = 0 (pucynok 4).
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Pucynok 4
VYupasnenue uD[r)t, <t <9 mise = £, UILEM B BHJIE
uD[7] = u@[r] + wP[¢], t, < T <9,

riae w P [T] — uckoMoe ypasieHie, KOTOPOe HAXOIMM IyTeM Pa3JIoKEHHs IPABOI 4acTH

ypaBHeHUsa B pan Teisiopa, Bbiaenss JuHEHHble yacTh 1o Ax,Au u Ae. Torma mnomydum
ypaBHEHUE BUJA

oh

FO = Ay D 4 BO (D[] + ]
de t,x© uO)[t],e=0

AD () + R(A¢, Au, Ax),

rae R(Aeg, Au, Ax) — GyHKIMS wieHbI 60jIee BLICOKOTO MOpsiaKa MaiocT 1mo Ax, Au u Ag,
AD(e) = ¢, — &,.

[Ipenebperass B ypaBHEHHMH 4YieHaMH BbIciiero mopsjaka manoctu R(Ag, Au, Ax),
HaxouM ympasierne o V°[t], mepeBomsiiiee cucremy u3 Hagampaoro cocrosirus yV[t,] = 0
8 cocrosirne YV [9] = 0. Takum oGpasom, Haiinernoe yrpasierne uV[t] = u@[r] + wP[1]
NPUBOJUT JBMIKCHUE M3 COCTOSHU: x(gl)[t*] B COCTOSHHUE x(‘gl)* # x*, Tak Kak IIpu pelIeHUun
3amaun npeHeOperaem wieHamMu R(Aeg, Au,Ax). Ecnau nuHeiHas 4yacTh CHCTEMbI 00JamgaeT
XOPOIIMM CBOMCTBOM YHPAaBISIEMOCTH, TO OIIMOKA KOHEYHBIX COCTOSHHMA |x(£1)* —-x*
0 € BEJIMYMHOMN BBICILIETO MOPSIKA MAJIOCTH.

Jlanee nemaem BTOPYIO KOPPEKIHIO YIIPABICHHS IO MapaMeTpy € = &, U T. 1. B aTom
ciydae Haiinennoe peurerne u’O[r], cooTBercTBYyIOMmEE 3HAYCHNMIO € = &, = 1, GyIeM CUHTaTh
pEeLIEHHEM UCXOAHOM 3a/1auHu.

Croco0 KOppeKIuu MO MapaMeTpy OKa3bIBaeTCs Jydlle, YeM CIIOCO0 KOPPEKLUU IO
KOHEUHOMY KpacBoMy yciosmio. Pemenme u(9[r], maiinenmoe mo crocoby Koppekiuy,
MOJIy4aeTcsi OJIM3KUM K ONTHUMAIILHOMY O TOMY WJIM MHOMY TMOKAa3aTelr0 KayecTBa Y, €Clid Ha

KavkoM 1mare Koppekiun o &9 Bpibpars ynpasienne w P [t], onrumanbHOE MO MOAXOAIIIEMY
MIOKa3aTeto.

3aoaua. Haiiti ontumainbHOE yIIpaBieHUeE U[t], IepeBosIIee CUCTEMY

Oyner

561 = xz,
X, = —x1 + x3 + 0,3x;2 — 0,3x; x5 + 0,5x32, (6)
X3 =u+0,1xu

u3 HayaiapHoro cocrosaus x(0) = (0,1; 0; 0) B cocrostaue x(21) = (0; 0; 0) 1 uMeroIEro Ipu
3TOM HAaUMEHBIIYI0 BO3MOXKHYIO HOPMY

ylul = max |u(7)]. (7

ost<2Tm

Pemenne. CHavyana HalJieM pelieHus 1Jisi CHCTEMbl IEPBOTO MPHOIMKEHHS:
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X’l = Xy,
562 = —x1 + x3, (8)
X'3 = Uu.

W3 cucrtemsl (8) Haitgem u(l)(t), umeroriee Hopmy (7) W mepeBosIIee 3Ty CHCTEMY U3
navanpHoro cocrosaus x(0) = (0,1;0;0) B komeunoe cocrosuue x(2m) = (0;0;0).
Cdopmymnuposannas 3agada umeet perenne u® (7)npu mo6oM HauansHoM 3HadeHmn x(0), Tak
Kak cuctema (6) BronHe yrpasisiema. [[ist Toro, 4To0s1 cuctema (6) ObUTa BIOJTHE yIpaBIsieMON

0 0 1
Ha otpeske [0; 27|, HeoOXOQMMO | 0CTAaTOYHO, 9T00BI BeKTOpEl b = 0|, Ab = |1 JA%Db = [O]
1 0 0
OBLIM TMHEHHO He3aBHCUMBI UK padr Matpuns K = (b, Ab, A%b) 6bin paseH 1 = 3.
CocraBum ¢pyHIamMmeHTaNbHyIO cuctemy perennit S(t, T):
5= 5,5, =-5,5 =u, 9)

COTPSKEHHYIO JaHHOU (0oHOpoaHOI) cucteme (1) (mpu u = 0), KoTOpas UMeeT BUJ

cos(T — 1) sin(T—17) O
S(t,T)=|| —sin(T — 1) cos(T—1) O (10)
1—cos(T—1) —sin(T—1) 1

u paccmotpuM Bektop pyukuuu h(t) = b(1)S(t,T) - k
B mannom ciyuae h(t) = k(1 — cos(T — 1)) + k, sin(T — 1) + k3. (11)
Kak u3BecTHO 13 [2], onTuMansHoe yrnpasinerne u'® (7) onpegensercs BEIpakeHHEM:

u©®(7) = %Sgnh(o)(r), (12)

rae h© (1) — sxcrpemanbHast HyHKIHS

p° — paccrosuue ot touxn h'® (1) = 0.
B nauHOM npumepe skctpemanbaas Gyrkuus h(® (7) Haxomures U3 ycnosus
v(©® = m}?X(k1C1 + kycy + ksc3) > 0 npu

T
f |ki[1—cos(T —1)] +sin(T—1)+k,+ksldt=1
0

0 * * * 0 — 1
U gocturaercst Ha BekTopax k° = {k7, k3, k3 }, mpu atom v° = o

Tormga cornacHo dopmyre (12) onTumanbHOE YIpaBICHUE PABHO
uD (1) = vOsgn(k: cos(t) + kisin(r) + k3), (13)

rne ki, k;, k3 — TOCTOSIHHBIE 4YKClia, KOTOPBIE ONPEICISIOTCS B 3aBHCUMOCTH OT
HaYaIbHBIX YCIIOBHI cucTeMbl. Eciu HayampHOe ycioBue cucrtemsl x(0) = (0,1;0; 0), To ki =
0,1/4, k3 =0, ki = 0 u cnegosarensHo, uucno v° = 0,1/4 = 0,25. [ToacTapnss B Gopmyiy
(13) momygaem

u®(7) = ngn(cosr). (14)
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Onpenenum aemkenns x D (t) cucremsr (8) 3 mepsoro npubmmkenns npu u(t).
I[Tpou3Besi HEOOXOUMBIC BHIYMCICHUS, TIOTYUHM:

0,1cost — 0,025sint +0,025¢, 0 <t < Z, )
2P (t) = { 0,05cost — 0,025sint — 0,025t +0,0784, Z <t < 37”
| —0,025sint +0,025t - 0,15708, 2 < ¢ < 2.
—0,025cost — 0,1sint + 0,025, 0 <t <7,
xV(6) = { —0,05sint — 0,025c0st — 0,025, Z<t <>, ) (15)
| —0,025¢c0st — 0,05sint + 0,025, 2 < t < 2.
0,025¢, 0 <t <Z,
xV(6) = { 007854 —0,025¢, T<t <X,
|0.15708 +0,025¢, - <t < 2.

J

Hns pemenus cuctembl (6) BTOpPOro HpUONIMKEHHS pPa3iokUM IIPaByl0 4YacTh B
CTENIEHHOH PAJ 110 X OTHOCUTEIbHO HayallbHBIX TaHHBIX X(0) 1o ¢popmyie

y@ (1) = fOTX[t, 7] z®P (1) dr, (16)
rae z@ (1) = 0,3x,2 — 0,3x,x, 4 0,05x,2%;

X[t, 7] — dynnamenTanbHas MaTpHila peHICHUN OJHOPOIHOTO YPABHEHHUSI CHCTEMBI
(6). Beraucinss mo hopmyiie (16), momydum:

y @ (2m) = —0,00128, y?(2m) = 0,00075, yZ(21) = 0,00049.

Haitnem ynpasnenue u@ (), KOTOpO€ MMEET HaWUMEHBIIIYI0O BO3MOXHYIO HopMmy (7) u
nepeBoaut cucreMy (8) u3 HawanbsHoro cocrosuus x(0) = (0,1;0; 0) B KOHEYHOE COCTOSHHUE
x(2m) = — y@(2m) = {0,00128; —0,00075; 0,00049}.

Pemenne umeer Bu:

u®@(t) = 0,024565gn(0,07776 sint + 10,18093cost —0,05(83)).

Takum o0pasoM, omucaHa NpOLEAypa IOCTPOEHUs yrpaieHus u(t), MepeBOAAIETO
cucremy (6) B HyxHoe coctosiaue x(21m) = (0;0; 0).
B o0meMm cinyyae Ha Kak[JOM Ilare BBOJS HOBYIO CHCTEMY JIMHEHHOTO NMPHUOIMKEHHUS,

MOYHO TMOCTPOUTH TocaenoBartenbrocts yrpasnennii u(t), koTopas GymeT CXOmUTHCS K
ONTHUMAJIBHOMY YIIPaBICHUIO U(t) U1l HETMHEHHOW CUCTEMBL.

BriBoxa

HOHy‘IeHBI H€O6XO,Z[I/IMI>Ie U JO0CTATOYHBIC YCJIOBUSA OITHUMAJIBHOCTH B

3a1aye
[IPOrPAMMHOI0 YIPaBJIEHUS C JECTEPMUHUPOBAHHOW IIOMEXOM I HEJIMHEMHOM CHCTEMBI WU

COCTaBJICHBI IIOCIEN0BAaTEIbHOCTH YIPABICHUA, ANIPOKCUMUPYIOIIUE MCKOMOE ONTHUMAlIbHOE
YIIPaBJICHUE JJI HEJIUHEHHON CUCTEMBI.
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BIPTEKTI EMEC )KYHWEIEI'T Y3LIICTI KEJEPTUIEPJI BACKAPY ECEIITEPI

M. b. Baii6azapos!, B. ’K.Toseyopa'

' AIMaThI SHEPreTUKa XKOHE OalIaHbIC YHUBEPCUTETI, AMaThl K., Kazakcran

Andamna. Byn XKyMBICTBIH MakcaTbl — OepuIreH YyakKplT apajblFbIHAa Y3UTICTI Keaepriii
OarmapinamanblK Oackapy eceOiHIH CBhI3BIKTBI e€Mec KYyHesep YIIiH THIMAI IIEeIIiMHIH KaXeTTi >KoHe
JKETKUTIKTI MIapTTapblH aixy OOJbI TaObuIabl. AKBIPJIbI KHUEKTI HIAPTTAPhl KOHE HapaMETPJIiK PeTTey
omicTepi OoiibIHIIIA 6acKapy eceOIHIH THIMAUTITT aifKbIHIaTaIbl.

JKympicTa KO3FanMaibl JKYHeHi OepiireH OacTankpl KYWiHEH COHFBI KYHiHE €H a3 HOopMaMeH
THIMII Oackapy eceOiHiH OarmapiiaMachl KapacThIPbLUIAIbI.

AKBIPIIBI JKHMEKTI MIAPTHI JKOHE MapaMeTpilik perTey (KOppeKIusuiay) 9icTepl KOJIAaHBUIIBI.
[Tapamerpiik Koppeknmsiiay oAiciMeH OacKapy akbIpJIbl JKHUEKTI IIapThIMEH KOPpeKIHsIay ofiiciHe
KaparaHJa THIMJIUTITT KepCeTiareH, oUTKeHi opOip KajaMIaFbl MapaMeTpIiK peTTey THIMII 0acKapybiH
canaJiblKk HOpMa KepCeTKIIIiHEe Opai TaHaa1a ibl.

Komnnaneran omictep OipTekTi emec KyienepiiH Oackapy ecenTepiH CBhI3BIKTHI KYHeIepIiH
Oackapy ecebiHe KenTipemi. OpOip JKYHEHIH CBI3BIKTBI KYBIKTaybl apKbUIbl Oackapy Ti30ekTepi
JKUHAKTAJIATBIH THIMJII 0acKapy KYpbLiIaJibl.

Biprekti emec kyiheHi THIMAI Oackapy eceOiHIH Ka)KeTTi JKOHE JKETKUTKTI IapTTapbl HAaKThl
MBICAJITapMEH KOPCETIITeH.

Kinmmik ce3dep: nuddepeHumanipk TeHaey, oOaraapiamMalbiK 0ackapy, y3UTcTi Keaepri, THiMI
Oackapy.

NONLINEAR SYSTEM CONTROL PROBLEM WITH DETERMINISTIC INTERFERENCE

M. B. Baibazarov', B. Zh. Toleuova'

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

Abstract. The purpose of this paper is to develop necessary and sufficient conditions for
optimality in the problem of programmed control with deterministic interference for a nonlinear system.
The problem of programmed optimal control, transferring systems from the given initial to the finite state
and having the least norm, is being solved. Correction methods based on the finite boundary condition
and on the parameter are applied. The optimal control, found by the parameter correction method turns
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out to be better than the correction method based on the finite boundary condition, since at each stage of
parameter correction, the optimal control by appropriate correction quality index can be chosen.

Using these methods, the problem of a nonlinear system is reduced to the control problem of a
linear system. Optimal control is constructed as convergent control sequences originating each time from
the linear approximation system. Necessary and sufficient conditions of optimality for a particular
problem are obtained. Optimal control for a non-linear system is constructed.

Key words: differential equation, program control, deterministic interference, optimal control.

79



MPHTU 378.016:802.0:004
R. Parkhatova'
' Almaty University of Power Engineering and Telecommunications, Almaty, Kazakhstan

PROFESSIONAL COMPETENCE DEVELOPMENT OF STUDENTS

Abstract. The article deals with the formation of the creative personality of a specialist capable of
self-development, self-education and innovative activity, which is today the main task of higher
education. The author draws attention to the need to reorient the student from a passive knowledge
consumer to the active creator who can formulate the problem, analyze the ways of solving it, find the
optimal result and prove its relevance. One of the conditions for solving this problem is to strengthen the
role of independent work of students as one of the main factors in the development of the ability to learn,
to think independently. In addition, it is necessary to work on the formation of a sustainable motivation,
which ultimately contributes to the further effective professional activity.

Key words: self-development, self-education, creative abilities, independent work.

To start with, it is necessary to define quite clearly what independent work of students is.
In general, this is any activity related to the education of the future professional's thinking. Any
kind of occupation that creates conditions for origin of independent thought, cognitive activity of
a student is closely connected with the independent work. In a broad sense, independent work
should be understood as the totality of all independent activities of students both in the classroom
and outside it, in contact with the teacher and in his absence.

So, organization of educational process in the university should be built in such a way as
to develop the ability to learn, to shape the student's ability to self-development, creative
application of the acquired knowledge, and the ways of adapting to professional activities in the
modern world.

Active students’ independent work is possible only if there is a serious and steady
motivation. The strongest motivating factor is preparation for further effective professional
activity.

Let’s consider the internal factors that contribute to the activation of independent work.
Among them are the following:

1. Work relevance. If student knows that the results of his work will be used in a lecture
course, a methodical manual, in a laboratory workshop or in preparation of a publication or
otherwise, then the attitude toward the assignment significantly changes for the better and the
quality of the performed work increases. At the same time, it is important to psyche up a student
that his work is very important.

2. Participation of students in creative activity. It can be participation in scientific
research, experimental design or methodical work conducted at a particular department.

3. An important motivational factor is intensive pedagogy. It involves the introduction of
active methods into the educational process, especially game training, which is based on
innovative and organizational-activity games. In such games, there is a transition from one-sided
private knowledge to multilateral knowledge about the object, its modeling with the
identification of leading contradictions, and not just acquisition of the decision-making skill. The
first step in this approach is business or situational forms of employment, including use of
computers.

4. Participation in Olympiads in academic disciplines, competitions of research or applied
works, etc.

5. Use of motivating factors of knowledge control (cumulative assessments, rating, tests,
non - standard examination procedures). These factors under certain conditions can cause
aspiration to competitiveness, which is a strong motivational factor of student’s self-
improvement.
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6. Encouraging students to succeed in their studies and creative activities (scholarships,
bonuses, incentive points) and sanctions for poor schooling. For example, for work that was
submitted ahead of schedule, you can put an increased rating, and otherwise reduce it.

7. Another motivation factor in intensive academic work and, first of all, independent
work is the personality of the teacher. A teacher can be an example for a student as a
professional, as a creative person. The teacher can and should help the student to reveal his
creative potential, determine the prospects for his internal growth.

Transition to information society, which is characterized by redistribution of emphases
from educational activity to self-educational, is the reason of self-study role increase in modern
conditions.

The main thing in organization of independent work of students in the university is not to
optimize its individual types of work, but to create conditions for high activity, independence
and responsibility of students in the classroom and outside it in the course of all types of
educational activities.

There are two main possible directions of constructing the learning process on the basis
of independent work of students. The first is an increase of independent work role in the course
of classroom activities. Implementation of this way requires teachers to develop methods and
forms of organizing classroom activities that provide a high level of students’ independence and
improve the training quality.

The second is to increase the students’ activity in all areas of independent work in
extracurricular time. The increase in students’ activity at extracurricular time is associated with a
number of difficulties. First of all, it is ill-preparedness of majority of students and teachers
professionally and psychologically as well. In addition, the existing information support of the
educational process is not sufficient for the effective organization of independent work.

The main task of organizing students' independent work (SIW) is to create psychological
and didactic conditions for the development of intellectual initiative and thinking in classes of
any form. The main principle of SIW organization should become transition of individual work
as formal fulfillment of certain tasks with the passive role of a student to cognitive activity with
one's own opinion formation when solving the set of problems and tasks. The SIW purpose is to
teach the student to make sense and independently work first with educational material, then
with scientific information, lay the foundations of self-organization and self-education so as to
cultivate the ability to further continuously improve their qualifications.

The crucial role in the SIW organization belongs to the teacher who has to work not with
the student «in general» but with the specific personality, with his/her strong and weak sides,
individual abilities and bents. The teacher's task is to see and develop the best qualities of the
student as future qualified professional.

When studying any discipline, the organization of the SIW should represent the unity of
three interrelated forms:

1. Extracurricular independent work.

2. In-class independent work, which is carried out under the direct supervision of the
teacher.

3. Creative work, including research work.

Types of extracurricular independent work are diverse:

- writing abstracts essays and other works on the given topics. It is desirable to give the
right for the student to choose a topic and even a supervisor of the work;

- doing homework tasks as solution of problems; translation and retelling of texts;
selection and study of literary sources; development and scheming; fulfillment of graphic works;
making calculations, etc.;

- accomplishing of individual tasks aimed at developing students' independence and
initiative. Individual task can be received by each student and part of the students group;

- executing of course projects and works;

- participating in scientific and theoretical conferences, reviews, Olympiads, etc.

In order to develop a positive attitude of students towards extracurricular independent
work, it is necessary to clarify the goals of the work at each stage, to monitor the students'
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understanding of these goals, gradually forming in them the ability to independently set the task
and choose a goal.

In-class independent work can be realized during practical classes, seminars, laboratory
work and during lectures.

When reading the lecture course directly in the audience, it is necessary to control the
mastering of the material by the main mass of students by conducting rapid surveys on specific
topics, test knowledge control, student interviews in the form of the game «What? Where?
When?», etc.

In practical and seminar classes, different types of SIW make the learning process more
interesting and raise the activity of a significant part of the students in the group.

In practical classes in language learning it is advisable to build practical exercises in the
following way:

1. Introductory stage (a teacher poses objectives of the class work).

2. A quick survey of the previous material (vocabulary quizzes, conversation questions).

3. Study of word-building, pronunciation of a new topical vocabulary.

5. Practical use of lexical and grammatical forms (doing grammar exercises, reading
texts, discussing questions).

To conduct classes it is necessary to have a large bank of tasks and tasks for independent
decision, and these tasks can be differentiated according to the degree of complexity.

When conducting seminars and practical classes, students can carry out SIW individually
and in small groups (creative teams), each of which develops its own project (task). The
completed project (e.g. preparing presentation of the given topic, using pictures, facts and
questions to the audience) is then reviewed by the rest of the group and discussion is held,
making presentation increases the role of the SIW and strengthens the desire for its high-quality
implementation. This system of organizing practical classes allows you to introduce research
elements into tasks, simplify or complicate assignments.

In scientific literature several pedagogical approaches are identified in the study of self-
education.

1. in the framework of lifelong learning, as a component binder;

2. as a part of education, ensuring its continuity throughout a person's life;

3. as one of the most dynamic forms of professional development and training;

4. as a category in sociological studies;

5. as an integral part of self-education, self-improvement, self-development in the context
of educational and social psychology.

Besides, one should distinguish between such concepts as «independent work», «self-
learning» and «self study». Education is the process of forming the man himself by means of
knowledge [1; 21]. The basic paradox of education is that it always appears as a self-education
process. «Education» should be distinguished from learning, the purpose of which is to endow a
person with useful skills for their own development.

Self-education as the notion of activity in the pedagogical literature has various
definitions: on the one hand, self-education is «the purposeful systematic cognitive activity
operated by the personality, aimed at education improvement» [1; 33], it is an extended
continuation of the general and professional education thanks to which knowledge is enlarged
and gaps in spiritual development of the person are filled in. On the other hand, self-education is
considered as «the type of free activity of the personality (social group) which is characterized
by its free choice and directed on satisfaction of needs for socialization, self-realization, increase
of cultural, educational, professional and scientific levels, receiving satisfaction and pleasure.
Self-education is, rather free and, at the same time, the most difficult type of educational activity
as it is connected with procedures of a self-reflection, self-assessment, self-identification and
development of skills independently to find actual knowledge and, to transform them to practical
activities» [3; 143].

Taking into consideration a variety of definitions of self-education, it is possible to
distinguish its some essential features, such as: independent search of additional information,
acquisition of knowledge, development continuation.
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Self-education is determined by the following characteristics:

1. Self-education takes place only on the basis of deep perspective internal motives.

2. Self-education is a process of knowledge expansion and self-improvement based on
self-checking, initiative mastering of knowledge.

3. Self-education is carried out without outside detailed management, it is individual
cognitive activity, additional to the main occupation.

Self-education like any other kind of activity has the following components:
motivational; task-based (indicative); procedural; organizational; energetic; estimational.

In the course of self-education the motivational side of it is clearly seen. Self-
consciousness and planning are the main incentive motives of self-education. The task-based
component is directly connected with it. For self-education its procedural part is especially
significant. Ability of the student to carry out independent cognitive activity defines its
functioning. Process of knowledge self-organization is of less value: choice of working methods,
time planning, self-checking.

Self-checking helps to define quality of learning achievements, problem points, definition
of the following educational tasks, gives to the future engineer a chance to build the following
cycle of self-education more consciously. The energetic component including both a strong-
willed and emotional aspects of activity is also important in self-educational activity. It means
that self-education is always carried out at the high level of informative, strong-will and
emotional activities.

For self-education active informative requirements and interests, effective internal
motivation of the personality to self satisfaction are necessary. For this purpose the personality
should have considerable strong-willed efforts, high degree of self consciousness and self
organization.

In the process of self-study a man is both a subject and an object of the activities that
determine the structural components of the activity. Self-study components include: own goal-
setting; internal demand for self-learning, self-organization of cognitive activity.

The main stimulate motive for self-learning is a change in students' attitude to themselves
and to their activities, «awareness of the ability to go beyond the specified tasks, creatively
transform themselves» [2; 76]. The self study source is the students’ desire to do active cognitive
work. Evaluation of the results is accompanied by formation of new meaningful motives and
ends with setting up new goals.

The principal difference of individual work from self study is that individual work is
mainly encouraged and controlled from the outside, while the self-study is directed by internal
motives that go beyond training tasks. In some situations, when solving certain problems
individual activity and self-study can be so closely interconnected that they are very difficult to
disconnect.

We tried to consider the self study as a deliberate, systematic, self - controlled cognitive
activity of students that can be developed under two fundamental conditions: the necessity in
self-education and its accomplishment in a certain situation. Successful training requires a
certain level of cognitive activity and independence in self-education. The basic skills of selt-
education are the following:

- ability to predict further development of the situation that allows taking up decisions,
visualize the entire following-up activity;

- ability to plan, taking into account the time factor, variety of options and use of different
approaches in decision-making;

- ability to organize that ensures planned actions;

- ability to estimate, control and regulate, that helps critically evaluate their potential in
solving independent tasks.

An important point in self-study is to have a strong habit of systematic intellectual work,
which is developed progressively.

Thus, the relationship of cognitive activity and self-education is evident: self study is one
of the highest forms of demonstration of cognitive activity necessary for the development of
professional competence of University students.
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PA3BUTHUE NPO®ECCUOHAJIBHON KOMIIETEHIIUUA CTYJIEHTOB

P. [lapxaToBa'

' AlIMATHHCKHMIT YHUBEPCHUTET SHEPreTHKH U CBs3H, I'. Anmartsl, Kasaxcran

Annomauyus. B craTthe paccMaTpuBaeTCs BOMPOC (OPMHUPOBAHHS TBOPUYECKOH IJMYHOCTH
CHELHAINCTa, CIIOCOOHOTO K CaMOpPa3BUTHIO, caMOOOPa30BaHUIO M MHHOBAIL[MOHHOHN NESTEILHOCTH, YTO
Ha CETrO/IHAIIHMN [IeHb SIBISCTCS TJIABHOW 3ajavedl BBICIIEro o0pa3oBaHHA. ABTOp axkICHTHPYET
BHUMaHUE Ha HEOOXOIMMOCTh TMEPEOPUEHTHUPOBATH CTYICHTAa OT ITACCUBHOTO TOTPEOUTEINs 3HAHWHA K
AKTUBHOMY CO3HWJATEI0, yMermeMy (GopMymupoBars mpoOieMy, aHAIH3UPOBATh MyTH €€ PelIeHHUs,
HaXOJWUTh ONTUMAJIbHBIN Pe3yibTaT U JOKa3bIBaTh €€ MPaBUILHOCTh. OAHUM U3 YCIOBUI pelieHus 3Toi
3a/laud SIBISETCS YCHUJICHHE POJIM CaMOCTOATENhHON paboThl CTYACHTOB KaK OJHOTO M3 OCHOBHBIX
(hakTOpOB pa3BUTHS YMEHHS YUUTHCS, CAMOCTOATEIHHO MBICIUTH. Kpome Toro, ciemyer paboTaTh Haa
(opMUPOBaHUEM YCTOMYMBOW MOTHBAIIMM, CIOCOOCTBYIOIICH B KOHEYHOM HTOrEe JajbHEHIICH
3¢ (hekTUBHOM MpodeccnoHaIbHON JAeATETBHOCTH.

Knrouesvle cnosa: camopasButre, CaMOBOCITUTaHHE, CAaMOOOYYEHHE, TBOPUECKHE CITIOCOOHOCTH,
camocTrosTenpHas paboTa.

CTYAEHTTEPAIH KOCIBU K¥3bIPJIBLIbIF BIHBIH JAMY bl
P. [lapxaToBa'
' AIMaTEI SHEpreTHKA KOHE GailIaHbIC YHUBEPCHTETI, ATIMaTHI K., Kazakcran

Andamna. Maxanana Kasipri TaHaa >KOFaprbl OuTiM OepyaiH 6acThl MiHAETI OONBIN TaOBUIATHIH
MaMaH/Ibl 63 OETiHIIEe NaMbITy, O31H/IK OUTIM alyFa >KOHE JKaHaIlaJTaHbIPhUIFAaH KhI3METTIK KaOileTTi
NIBIFAPMAIIIBUTBIK TYPFBIIAH KANBINTACTBIPY MACENeCi KapacThIPbUIFaH. ABTOpP CTYACHTTI BIPBIKCHI3
naljanaHyiibl PeTiHae eMmec, OeJICeHAl TaHyIIbl PeTiHAE OarbITTaFbIChl KeJei, OChbl apKbUIbI OiIiM
aJIyIIbl MOCEJICHI TallZial TaJKbUIAYJbl KOHE OHBI IICIIyJi YHPEHeIl, COHIal-aK OHTAMIbl HOTHIKEHI
IIBIFAPBIN, OHBIH JYPBICTHIFBIH JTOJICNJCYre YMThUIaAbl. Bysl MoceneHi Imemyaeri mapTTapasiH Oipi -
CTYJCHTTEP/II O©3IHJIK XKYMbICKA YHPETY, ©3/IIMHEH OKBIN OHIaHy bl 1aMbiTy OosiMak. COHBIMEH Kartap,
BIHTAJIAH/BIPY/Ibl KAJBIITACTBIPY OoJamaKTa TIKipuOeni MamaH OOJBIIT KbI3MET aTKapyFa CeNTiriH
THUT13€TIHI CO3CI3.

Kinmmik co30ep: e3iHAiK AaMy, e3iH-e31 TopOueney, e3AiriHeH OimiM aly, MIbIFapMallbUIbIK
KaOiJIeT, 031H/IIK )KYMBIC.
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K BOITPOCY O CEMAHTHYECKOM PA3ZBUTHUH
TEPMHUHOJIOI'MYECKOI'O CJIOBA

Annomauus. B cratbe paccMaTpuBaroTCsl OOLIME TEHIEHLMU Pa3BUTHS TEPMHUHA U
TEPMUHOCUCTEMBI, OOYCIIOBJICHHBIE COCTOSHHUEM S3bIKa HAyKH W TeXHUKH. Ocoboe MecTo OTBOIUTCSA
BOIPOCAM COBPEMEHHOTO TEPMHHOBEICHHMS, CBA3aHHBIM C (OPMHPOBAHHEM M pPa3BUTHEM HAyYHOUH
TepMuHoIoruu. OnpenessioTcss OTIMYUTENIbHbIE IPU3HAKU CIIOBO-TEPMUHA, IPOSBIIIOIIUECS U
peanu3ylolyecss B CTPOro omnpeneneHHoi cucreme. [IpuBoxmsaTcss mpumepsl CIOB CEMaHTHYECKOTO
0o0pa3oBaHMs, TPEACTAIOMMX B TepMHHOcHCTeMax. CeMaHTHYecKash CTPYKTypa CJOBa ONHUCHIBAETCS
HIMPOKO M3BECTHBIM B SI3bIKO3HAHUHM CEMaHTHYECKHM TPEYTrOJbHHKOM, B KOTOPOM BBIJICIISIOTCS] IPEAMET
n noustue. Kpome 3toro, paccmMarpuBaroTCsi JUHTBUCTUYECKHUE XapAaKTEPUCTHKU TEPMHHA, KOTODPbIE
OXBaTBIBAIOT NPUHIMIIHAIBHO pa3IWYalonIfecs MEXIy COOOH aHaTUTHYeCKUH W CHHTETHYECKHUI
CHocoOBl BBIpaKEHHsI TIOHSITUH SI3bIKOBBIMU CpelicTBaMU. JlenaeTcst BBIBOA O TOM, YTO MPHU3HAK €IMHCTBA
03HAYAIOILETO U 03HAYaeMOT0 MO3BOJISIET CYMTATh S3bIKOBBIM 3HAKOM JIOOYIO (OPMAbHO BBIPAKCHHYIO
SIMHUILY, UMCIOLIYIO SI3bIKOBOE (JIEKCHUECKOE MM IPaMMATHIECKOE) 3HAUCHHUE.

Knwouesvie cnoea: TepMUH, CEMaHTHYECKash CTPYKTypa, OOIIEYNOTPeOUTEIbHBIC CIIOBA,
TEPMUHOBEICHUE, CEMUOTHKA, IMHTBUCTHKA.

[Tpobnema TepMHHA U TEPMHHOJIOTUYECKON CUCTEMBI sI3bIKa BCeraa ObUla U MPOJIOJKAET
OCTaBaThCsl OJIHOM M3 CaMbIX aKTyaJIbHBIX BOIPOCOB HE TOJIBKO B HAYKE O SI3bIKE, HO U B CUCTEME
IYMaHUTApHOTO 3HaHUsA. SI3bIKOBasi NEATENBHOCTh YeNlOBEeKa SIBISETCS NPSMBIM IOKa3aTeneM
MOCTOSTHHOTO Pa3BUTHUS HAYKH U TEXHUKHU. JTO 0OCTOATEIBCTBO BO MHOTOM OOBSICHSIETCSl 00IIIeH
TEH/ECHIMEeNH pa3BUTHs HAyKHM KaK TAaKOBOW M JIMHIBUCTHUKU B TOM 4YHCIE, KOTOpas OTpa)xaer
COBpPEMEHHBIE TIpOIecChl BO Bcex cdepax sxum3HU. OOIIEM3BECTHO, YTO HApsAAy C TaKUMHU
nporeccaMy, Kak IioOaiau3anus, KOMIbIOTEpU3alisi, BECTEPHU3ALUS B COBPEMEHHOM MHUpE
MIPOSIBIIIETCS U MPOLIECC TEPMUHOIOIMUECKOT0 B3phIBa.

Ha mnpoTsikeHuu JUIMTENbHOTO BPEMEHU JIMHIBUCTHI DPAa0OTAlOT HaJ H3Yy4YEHUEM
TepMUHOB. HeoAHOKpaTHO MNpeANpUHUMAINCH TONBITKM TO3HAHUS MX TEOPETUYECKOU
CYUIHOCTH, K COXAJIEHUIO, HE TIPUBE/IINE K OJJHOZHAYHOMY OTBETY.

OO0ue TeHAEHIMH Pa3BUTHUS TEPMHHA U TEPMUHOCHUCTEMbI OOYCIIOBIIEHBI COCTOSHUEM
CaMoro si3blKa KaK TaKOBOT'O, B HAIIEM CITy4yae — sI3bIKa HAYKU M TEXHUKU. TE€PMHHBI, SBISSACH
COCTaBHOM YACTBIO SI3bIKa JIIOOOM HayKu, NMPUBOJAT K M3MEHEHHIO HAYYHBIX B3TJISIIOB M K
CO3/IaHHI0 HOBBIX TEPMUHOB, METOAOB UX H3ydeHHs. [Ipu aHanm3e CerofHsIIHEr0 COCTOSHUS
TEPMUHA MOXHO PAaCCMOTPETh €ro OOJIBIIYI0 CEMaHTHYECKYI0 THOKOCTh M CIIOCOOHOCTb
MOSIBJICHUSI HOBBIX TEPMUHOB Ha 0a3e y>Ke UMEIOIINXCS.

TepMmuH siBIsieTCs OOBEKTOM M3YYEHHUS MHOTHUX HAyK, TaK KaK KakJas U3 HUX HUMEIOT
CBOIO 00JacTh HCCIENOBaHMS U COOTBETCTBEHHO CBOK TEPMHUHOJIOTHIO. M3 3TOro MOXKHO
3aKIIIOYHUTh, YTO Y KaXKJOW OTPACIIM €CTh CBOE MOHMMAaHHUE OHTOJOTHHU (IIPUpOJa) TEPMHUHA, YTO
HE TIO3BOJISIET MPEUIOKUTh €IuHble MOHATHUA TepMHHA. C MO3UIUHU JIMHIBUCTHKH SI3bIKOBOE
oIpeJieJIeHUe TePMUHA J1aeTcs Kak (peHOMEH s3bIKa.

CwmpbiciioBble U (hOpMabHBIE XapaKTEPUCTUKU TE€PMUHA CTalIM U3ydaTh B cepefuHe XX
Beka. [lepBeIM cTanm uccienoBaTh 00NAaCTh TEPMHMHOJIOTMU OIMH U3 BBIJAIOIIUXCS JesTerei
Hayku Poccuiickoil (¢enepanuu, A0KTOp QuIOIOrHYecKUX Hayk, mpodeccop Paiimynn
I'enpuxoBuu I[Tnorposckuii [5]. OH cumrtan, uyTo pa3paboTKa TEOPHUH TEPMHUHA HYXKHA, TOTOMY
YTO CIEUUAINCTBl PAa3HbIX c(ep HAyKM M TEXHUKH HYXIAIOTCS B TEOPETHYECKOW MOMOIIU
S3BIKOBE/IOB, B UX KOHKPETHOW TEPMUHOIOTHYECKON padoTe.
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BonpmmHcTBO yueHbix Takux, kak M. B. Apnonba, P. A. bynaros, B. I1. Jlanunenko, B.
A. 3Berunues, H. 3. Korenosa, H. II. Ky3pkun, C. . Kopmynos, K. A. JleBkoBckas, B. M.
Jleitunk, A. 1. Moucees, H. K. Cyxos, JI. 1. CkBopuioB onpenenuiu pa3Hble HaIpaBICHUs B
W3YYEHUN TEPMHUHOJIOTHH.

TepMuHoornueckass pabora Kak ocoOas  IEJCHANpaBICHHAs  4YeloBeuecKas
JIEATEIBbHOCTh MOPOXKIAET CBOIO TEPMUHOJIOTHIO. PAaCCMOTpHUM KIIFOYEBBIE MOHATHSI «TEPMUH» U
«TEPMUHOJIOTHUS.

Tepmun (OT 7aT. CIOBO terminus — rpaHuUIIa, MPEE) — CJIOBO WU CIIOBOCOUYETAHUE WIIH
COKpaIlleHHE, BBbIpAXKAIOIlee CHelHalbHOEe (HAYyYHOE, TEeXHMYECKOe, MEIUIMHCKOE U T. TI.)
noHsiThe. TePMUHBI TOCPEICTBOM KOHKPETHONW TEPMHUHOJIOTHYECKON CHUCTEMbI (TEPMUHOJIOTHN)
MOTYT BXOJWUTH B OOIIyI0 JEKCHUYEeCKylo cuctemy. Ecimu B o0mem s3bike (BHE JaHHOU
TEPMHHOJOTHH) CJIOBO MOXET OBbITh MHOTO3HA4YHBIM, TO, TOMajgasi B ONPEIEICHHYIO
TEPMHHOJIOTHIO, OHO MPHOOpPETaeT OAHO3HAYHOCTh. OTIMYUTENBHBIMU MPU3HAKAMH TEPMHUHA
INPUHITO CYUTATh TaKWe CBOMCTBA, Kak: |) HalIMYuMe TOYHOTO HAYYHOTO OIpeNeeHHs, T. €.
HayyHas JAepUHMLIMS; 2) CHCTEMHas OpraHu3aluss TEPMUHOJIOTMYECKOro mois; 3)
OJIHO3HAYHOCTH (OTCYTCTBHE TMOJUCEMHH) B IMpe/eiaX COOTBETCTBYIOMIEH TEPMUHOIOTHMYECKOM
OTpaciu, OTpaXawlie Ty WIM HHYI0 cdepy HaydyHOro 3HaHHS, MNPOQPECCHOHATBHON
JESTENIbHOCTH CHEIUabHOM chephl KU3HH U caMOM JeMCTBUTENbHOCTH; 4) CTUIMCTUYECKAs
HEMapKUPOBAHHOCTh; 5) OTCYTCTBHE OILIEHOYHO-IKCIPECCUBHBIX M TOJOOHBIX CMBICIOBBIX U
YKaHPOBO-CTUIIMCTUYECKNX KOHHOTAIIUH.

MHorue TepMHHBI WHOT/IA HE OTPAaHMYMBAIOTCA HMX MCIOJIB30BAHMEM JIUIIb B OJIHOMN
oTpacnu 3HaHUs. Takue ciaoBa-TEPMHUHBI IPUHATO HA3bIBATh MEKOTPACIEBBIMH TEPMHUHAMH, HX
CTaTyC CXOX CO CJIOBaMM OMOHHMMAaMmH, IO3TOMY HEKOTOpbIE JMHTBUCTHI HUX HAa3BIBAIOT
MEXOTPACIEBBIMU OMOHUMAMHM, HAIIPUMEDP, CIIOBO «CHUCTEMa» KaK TEPMHH HCIIOJIb3YETCS B pAJie
oTpaciiell 3HaHUsI Kak TYMaHUTApHOTO, TaK U €CTECTBEHHOHAYYHOTO IHUKJIA; TEPMUH «CBS3b)» B
JUHTBUCTUKE - CHUHTaKCHMYeCKas CBs3b, B OOIECTBEHHO-TNIOJIUTUYECKUX AUCIUIIMHAX -
00111eCTBEHHAs] CBSI3b, IMOJUTHYECKAas CBSI3b, B TEXHUYECKOW cepe - 2JIeKTpuueckas CBS3b.
[Ipumepsl TEPMUHOB CEMAHTHUYECKOTO 0O0pa3oBaHUs, TMPEACTAIONIMX TMepel HaMHu B
TEPMUHOCUCTEMAX, MOTYT OBITh KaK pe3yJbTaTOM CEMAaHTHYECKOTO 0Opa30BaHUs MPEIbIIYIINX
ATAlOB pPAa3BUTUS TEPMUHOJIOTUH, TaK M CJIEACTBUEM KHUBBIX TMPOIECCOB 0Opa3oBaHUS B
COBPEMEHHOM pYCCKOM $I3bIKE, T. €. (PaKTOM CHHXPOHHOTO O0Opa3oBaHHs. YKa3aHHbBIC
OTJIMYUTEIbHBIE TPU3HAKH CIIOBO-TEPMHHA MPOSIBISIIOTCA M PEANU3YIOTCS B CTPOrO
OTIPE/ICIIEHHONW CUCTeMe. DTO 3HAYHT, YTO CJIOBO KaK TEPMHH BBIIOIHICT CBOKO (DYHKIIHIO JIUIITH
B TEKCTaX M CHUTYyalMsIX OMpeIeleHHON chepbl HAYyYHOTO 3HAHUS, OMpEAeNEHHOW HaydHOU
JUCHUILIMHBL. B Ipyrux ciydasx, KOrja 3TO CIOBO HCIIOJB3YETCS HE B CBOEH OCHOBHOM
TEPMHUHOJIOTHYECKONH (PYHKIIMH, MPOUCXOIUT TaK HA3bIBAEMBIN MPOLIECC NETEPMUHOIOTU3AIINH,
T. €. HCII0JIb30BAHUE CJIOBA B OOIIEYNOTPEOUTETLHOM 3HAUECHUH.

[Ipoueccel qeTepMuHOIOTU3AIMH (TIEPEXO0I TEPMUHA B OOIIEYTOTPEOUTENHHYIO JIEKCUKY)
U TEepMHUHOJOTH3AIMU (Tepexo]; OOmeynoTpeOUTEeILHOTO CJIOBA B TEPMHUH, HAIpUMEp
«OKOHYAHHE)) CBUJIETEIBCTBYET 0 B3aMMOBJIUSIHUN TEPMUHOJIOTUYECKOM u
HETEPMUHOJIOTHYECKON JIeKCUKU. COBMECTHO ¢ TEPMHUHOJIOTH3AIMEH, B OCHOBE, KOTOPOU JICKUT
Metadopa, K crocobaM co3/aHus TEPMUHOB OTHOCHTCS PETEPMHHOJIOTH3AIUS — IMEPEHOC
rOTOBOIO TEPMHHA W3 OJHOW JUCHMIUIMHBI B JIPYTYI0O C TIOMHBIM WJIM YaCTHYHBIM
nepeocMmeicieHreM,  cp.  «audpdepeHnuan»  (maremarudeckui) —  auddepeHnman
(nmuHTBHCTHYECKUI). TepMUHBI MOTYT 3aMMCTBOBAThCS W3 JIPYroro si3blka (CIOJa K€ MOXKHO
OTHECTU KaJIbKUPOBAHWE), a TAKXKE CO3AABATHCS U3 MOPPEMHOT0O MepedyHsi COOCTBEHHOTO SI3bIKa
WJTU U3 UHTEPHAIIMOHAIBHBIX DJIEMEHTOB.

TepMuHBI SBIAIOTCS OOBEKTOM CAMOCTOSITETBHOW JTUHTBUCTUYECKON MUCIUIUIMHBI —
TepMUHOBEEHNE. TepMUHBI Pa3IMYHBIX OTPACICd 3HAHWS HAIUIM OTPAKEHUS B CHEIHATBHBIX
TEPMUHOJIOTUYECKUX CIIOBAPSIX.

TepMuHBI CyHIECTBYIOT HE IIPOCTO B S3BIKE, 4 B COCTABE OINPEACIICHHOW TEPMHUHOJIOTHUU.
['maBHOU enuHUIEH TEpPMUHOIOTHM (HAUMEHbBIIEH €€ COCTAaBHOW YacThl0), KaK MBI YyKe
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TOBOPUJIH, SIBJISIETCS clI0BO. [103TOMY KOHUENIKS CI0Ba-TEPMUHA 3aHUMAET B TEPMUHOBEICHUN
BAJKHEWIIEEe MECTO.

CamMo TmMOHSATHE TEPMHUHOJOTHM, HECMOTPsS HAa €ro I[IUPOKOE HCIONIb30BaHUE B
JUHTBUCTUYECKOM JHTEpaType, Kak M3BECTHO, HE IMOJYYHMJIO OJIHO3HAYHOIO, OOIIECTIPUHSITOrO
orpeeneHusi, 6oyee TOro, OANH U TOT K€ aBTOP HEPENKO JaeT HECKOIbKO Ne(DUHUIINN TEPMUHA,
tepmuHosioruu. Tak, Hanpumep, B. I1. Jlanunenko naer 7 onpenenenuit [2], a B. M. Jleituuk —
19 onpenenenuti [3; 7].

3HAYUT, TEPMUHOJIOTUS — 3TO COBOKYIMHOCTh TEPMHUHOB JaHHOM OTpaciu MPOU3BOJCTBA,
NeATeNbHOCTH, 3HaHMs, oOpasyromas OcOOBIH CEeKTOp JIEKCHUKH, Haumboiee IOCTYIHBIN
CO3HATEILHOMY PETYJIMPOBAHUIO U YIOPAJOUEHUIO. TepMUHOIOTHS YUUTHIBAET KaK COOCTBEHHO
SI3BIKOBBIE OCOOCHHOCTH TEPMHUHA-CIIOBA (COOCTBEHHO JTMHTBHCTUYECKYI0 HOPMATHUBHOCTD, T. €.
MPaBUILHOCTh OOpa30BaHUS M TPABWIBHOCTH YIOTPEOJEHUS TEPMHHOB), TaK W CIECIHPUKY
TEPMUHOB KaK 3HAaKOB CIEUHUAIbHBIX TMOHATUNA  (COIEpKATeNbHYI0 M  JIOTUYECKYIO
HOPMAaTUBHOCTb).

Korma crnoBo cTaHOBHTCS TEPMHUHOM, TO €ro 3HAuU€HUE CIEUHATU3UPYETCs U
orpaHuyuBaeTcs. B 3aBHCHUMOCTH OT TOW WJIM MHOM TEPMHMHOJOTHMH, KyJda MOMNaJaeT JaHHOe
CIIOBO, 00pa3yeTcsi HOBOE 3HAUCHHE M OTCIOJ]a MHBIE COUETAHUS C OKPYKAIOIIMMHU CJIOBAaMHU
(ompeneneHusIMH, TOTOTHEHUSIMH, CKa3yeMbIMH), T. €. B S3bIKO3HAHUH CYIIECTBYET pazIUUHbIE
MIOJIXO/IBI K OTIPEJIEIEHUIO OHTOJIOTHH cjioBa. [Ipexxae Bcero, mpeacTaBieH cyryoo GpopManbHbIi,
(dboHeTHYECKUH TOIX0/], KOTa CJIOBO PacCMaTPUBAECTCS KakK eQUHHIIA, O0JedyeHHas! B 3BYKOBYIO
00o10uky. Bo3aMoskeH cyrybo rpammaTiueckuil (MOphOIOTUYECKUH, CHHTAKCHUECKUN) TIOIXO/T
K YCTaQHOBJICHHIO MPHUpOAbI ciioBa. OYeHb YacTO HCIONB3YeTCs M JIEKCUKO-CEMaHTHUYECKUN
MOJIXO/ K ONpEAENICHUIO CJIOBa Kak €IMHHUIE S3bIKa. B s3bIke peun (pyHKIMOHUPYIOT CIIOBa-
TEPMHHBI U CIIOBa-HE TEPMUHBI WIIM O0ILIEYNIOTPeOUTENbHbIE 00UXOIHBIE clloBa. B cBsi3u ¢ aTUM
A. A. PedopmaTckuii 04eHb BEpPHO 3aMETHII: «A Bellb JMHTBHCTUYCCKHU 3TO Iieliasi mpodiieMa —
00MXO0/IHOE CIIOBO U TEPMHUH ...» [6: 53].

C0BO Kak enuHHIA s3bIKa 00JIaJaeT HE TOJBKO (HOpMaIbHOW 000JI0UKOM, HO U UMEET
IUTaH COJEPIKAaHMSI, MIPEACTABIISIONINI cOO0M CMBICIOBOE €IMHCTBO (CEMAaHTUYECKYIO CTOPOHY).
DTO eAUHCTBO (T. €. CIIOBO) SIBJSIETCSI BOCITPOU3BOAMMBIM B PEUU €AUHUIIBI, T. €. OHO CYIIIECTBYET
B SI3bIKE KaK IaHHOCTb.

PaccmoTtpum psn ciioB: AepeBo, JUCTbs, MALIMHKA, SHEPTUs, UHTETrpalysl, HHIACKCAIHS. . ..
Bce T crnoBa MOXHO paccMaTpuBaTh Kak TEPMHUHBI M KaK HETEPMHHBI B 3aBHCHMOCTH OT
KOHTEKCTa U COJIEp’KaHus, KOTOPOE BKJIAJbIBAETCS B KaXJ0€ M3 HUX. Tak, CIOBO «IEpEBO» B
TEPMHUHOJIOTHYECKOM 3HAUEHUU YIOTpeOisieTcss B Ouomorud [uisi OOO3HAUYECHUS BHUAA
pPacTUTENILHOTO MHpPa, B OOLIEYNOTPEOMTENFHOM K€ 3HAUYEHHMH OHO HCIOJB3YeTCs Kak
HOMHMHATHUBHAs €IMHUIIA B PA3rOBOPHON pedu: OH CPyOMI 3TO OrPOMHOE JAEpeBO (CpaBHU B
OMOJIOTMU: JEpeBO KaK BHUJ PACTHTEIBHOTO MHpa OTIMYACTCI OT KYCTapHHUKA pSAOM
OMOJIOTMYECKNX OCOOCHHOCTEW B cTpoeHuu). OTIMYaeTcss 3TO CIOBO U B (DYHKIIMOHAIBHBIX
CTWJIIX: K OCEHU JIMCThS, CTOSAILIME Ha OIMYyIIKE Jieca, CTaJd OCHINAaTbcd U JEPEeBO Kak
OMOIOTYeCcKOe SIBJICHUE COCTOUT U3 KOPHS, CTBOJIA, BETKH U JIUCTHEB. .. W T. 1.

Jlrobas nexcuyeckasi eAMHUIIA UMEET 3HaueHHe. MI3BeCTHO, UTO CIOBO KaK €IUHUIIA S3bIKa
— sBIEHHUE MHOTOCTOpPOHHEE H HMEeT MpHU3HAKU (PU3MOJIOTUYECKHE, aKyCTHYECKHeE,
NICUXHUYECKUe, couraibable. CI0BO OKa3bIBA€TCA COBOKYIHOCTBIO PA3IMUHBIX IO CBOEH MpUpo/e
«paboT» YENIOBEUECKOro OpraHu3Ma, HEOOXOIMMBIX 7S BBISICHEHHS W  OCYIIECTBICHUS
Pa3JIMYHBIX COCTOSIHUM U ICMCTBHI YEIOBEYECKOTO CO3HAHMSI.

CemaHTHUeCKasi CTPYKTypa CJOBa OINMCHIBAETCS IIMPOKO H3BECTHBIM B S3BIKO3HAHUU
CEMAHTUYECKUM TPEYTOJIbHUKOM, B KOTOPOM BBIIEISIOTCS TpeaMer (Wiu JACHOTaT WIIH
pedepeHT), a TakKe MOHATHE (UK IECUTHAT): CIIOBO 0003HAYAET MPEAMET U BhIpa)kaeT MOHSTHE.

B mpormecce pemeHns HOMUHATUBHOM MapaguTrMbl y YYCHBIX BO3HHMKAIOT Pa3IMYHBIC
MHEHHSI, COIJIACHO KOTOPBIM, CJOBO COINOCTABJISIETCS HE TOJIBKO C MPEeIMETOM, HO U C
HEKOTOPBIM MOHSATHEM, COOTHECEHHBIM C JaHHBIM IMpeIMeTOM. MeHTalbHas WHTEHIUS ObIBaeT
pa3HOMl ¥ MOXKET CBSI3bIBATHCSI KAaK C TOYHBIMH, TaK U C aOCTpakTHBIMH OOBEKTaMU
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JEUCTBUTENBHOCTU. Takoe CeMHMOTHMYECKOE€ MHEHHE HAlI0 CBO€ KOHKPETHOE IMPETBOPEHHE B
CEMaHTHUYECKOM TPEYTroJIbHUKE WiIH TpeyroiabHuke dpere (pucyHok 1) [8].

CJIOBO

oboiHauaeT BRIpAKAST

OTPpawaeTCH

HPEIMET IIOHATHE

Pucynok 1

YroObl OKa3aTbCs «BKIIOUEHHBIMH» B CEMaHTHUYECKYIO CHUCTEMY f3blIKa, M IMpEeaMeT, U
noHstue (oOmiee TMpeAcCTaBICHUE) JODKHBI OBITh HAa3BaHHBIMH, T. €. UM JOJDKHO
COOTBETCTBOBATH CJIOBO — MMs (MJIM cIOBOCOYETaHHEe — uMs). B mpoiecce oOmieHus yenoBek
IIOCTOSIHHO HAaXOJAWUTCS B TaK Ha3bIBAEMbIX 3HAKOBBIX CUTYalUSX. Y CIOBUMCSI CUMTATh 3HAKOM
110001 MaTepuaNbHbIi HOCUTENb COLMATbHON HH(OpMAIUH.

S3pIKOBEn, paccMaTpuBasl JIMHTBUCTUYECKHE XApAaKTEPUCTUKM TEPMHHA, CTapaercs
OXBaTUTh NMPUHLUUIHAIBHO pa3UYyaroIluecs: MeXIy coOOW aHAIUTUYECKUH M CUHTETUYECKUH
CIOCOOBI BBIPAKEHUS MOHATUI S3BIKOBBIMHM CpeAcTBaMU. OCHOBBIBAACH Ha PA3NIUUUM MEXKIY
THUMHU CIIOCOOaMHU, MPEICTABIAETCS BO3MOXKHBIM HAaUTH OCHOBHBIE JIMHIBUCTUYECKUE KPUTEPUU
UJICHTU(QUKAIIMA TEPMHHOB KaK OCOOBIX SI3BIKOBBIX EIWHUI], TMPUMEHSIEMBIX JUIsI BBIPAKCHUS
CHeLHAIbHbIX MOHATHH.

PaccmoTpuM ofmH U3 CIOCOOOB — aHATTUTHYECKUA. AHATTUTUYECKUM MBI Ha3bIBAEM TaKOU
croco0 BBIPAXEHUs MOHATHH, IPU KOTOPOM OTJENbHbIE KOMIIOHEHThI 3HAKOBOT'O BBIPAKECHMS,
NEePEJAIOUIer0 IMOHSITHE, COOTHOCATCS C OTACJIbHBIMU €ro INpHU3HaKaMu (BUIOBBIMU WIIU
pPOZOBBIMM). 3HAYEHUWE TaKOr0 3HAKOBOI'O BBIPAKEHHUS MPEACTAaBIsAET COOOW MpOCTYIO
COBOKYITHOCTh ~ 3HQUEHUM KOMIIOHEHTOB, OTHOULIEHMSI MEXAY KOTOPBIMU  OTpa)aroT
B3aMMOJICIICTBUE MEXIYy HNpPHU3HAKAMU COOTBETCTBYIOIIMX IOHATHUH, KOTOpbIE Ha3bIBAIOTCSA
OTJICIbHBIMU KOMIIOHEHTAMH 3HAaKOBOT'O BBIPAYKEHUS. 3HAKOBOE BBIPAKEHHUE <AIEKTPUUYECKUN
JIBUTaTeNb» (M €ro CHMHOHUM 3JIEKTPOJIBUTATENb) HAJCICH aHAJIUTHYECKUM XapaKTepoM, 4To
MOJITBEPIKJIAETCs €r0 3HAaUE€HHEM, JaHHBIM B «MexXIyHapOIHOM 3JIEKTPOTEXHUUYECKOM CIIOBApe»:
«QJEKTpUYECKasi MalllMHA, IpeJHa3HAaYeHHas Ul NpeoOpa3oBaHUs JIEKTPUUECKONW SHEPruu B
MexaHnuueckyio» [4: 43]. TlockonbKy CJIOBO «JIBUTaTeIb» SBISETCS MHOTO3HAYHBIM, TO 3a
npefenamMu TOAbBA3bIKA AJIEKTPOTEXHUKH OHO HMEET 3HAaueHHe «MallMHa, MpeBpallaroias
KaKoW-HUOYyAb BHJ OSHEPrUM B MeXaHMYecKylo pabory». ComocraBisii 3TO 3HAu€HUE C
COYETAHUSIMH <QJIEKTPHUUECKUI ABUTaTEIb)» U «TEIJIOBOI ABUraTelby, Mbl BUIUM, UTO B IIEPBOM
CIIy4ae OHO SIBJIIETCS ABUTATENEM, IPEOOPA3YIOIIUM IEKTPUUECKYIO SHEPTHIO B MEXAHUYECKYIO
SHEPIUI0, a BO BTOPOM Cllyyae — JBHrareieM, HIpeoOpa3yloluM TEeIUIOBYIO HHEPIHIo,
BBIJICJIIEMYIO IIPH CTOPAHUU TOIUIMBA, B MEXaHUYECKYIO paboTy [4].

TakuM o0pa3om, CpaBHUTENbHBIN aHAIN3 CEMAHTUYECKON CTPYKTYpPhI JaHHBIX COYETaHUMN
Mokaszajl, 4YTO Y HHUX OJMHAKOBasg CTPYKTYpPHO-CEMaHTHYecKas MOJeNlb, a B COYETaHWUU
«QIEKTPUYECKUI JABUTATENbY» MpHIaraTebHOe 0003HAYaeT BUJ SHEPIUH, a CYIIECTBUTEIbHOE -
mampHy. CM. aTOMHBIM JBUTaTeNb, TEMJIOBOH IBUTATENb W T. M., IJI€ KaXIbli KOMIOHEHT
SBIIETCS aHAIMTUYECKUM U UMEET CBOE CaMOCTOSITEIbHOE 3HAaUCHHUE.

PaccmarpuBaeMble  CIIOBOCOYETAHUSI BBIPAXKACT TMOHATHS AHAIUTHYECKH, OTJCIBHO
Ha3bIBasl €r0 BUJIOBOM (PJIECKTPUUCCKUI) M POJIOBOM (IBUTATENH) IpU3HaKK. [Ipu 3TOM TepMHUHBI
pa3NUYHBIM 00pPa30M COOTHOCSTCS CO 3HAUEHHEM MOTHBHPYIOIIETO CJIOBA: MOTYT pacIIUpPSATh
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€ro CEeMaHTUYECKYIO CTPYKTYPY WM OTAEISATHCS OT HEro, pacHIeIUIssACh Uik 00pa30BaHUsI HOBBIX
CEMaHTUYECKUX CTPYKTYP.

[IpemyiaraemMoe TOHSATHE TEPMUHA KaK OTIEIBHOTO S3BIKOBOTO 3HAaKa CBS3aHO C
YTOYHEHHEM CaMOTr0 TIOHATHS S3BIKOBOTO 3HaKa, KOTOPBIM paccMaTpuBaeTcss HaMH Kak
CEMaHTUYECKHU 11eJIOCTHAs s3bIKOBasi equHuia. [Ipu3Hak eMHCTBA 03HAYAIOIIEr0 U 03HAYaeMOro
MO3BOJISIET CYMTATH S3BIKOBBIM 3HAKOM JIO0YI0 (DOpMalIbHO BBIPAXKEHHYIO €AMHHUILY, HUMEIOIIYIO
SI3bIKOBOE (JIEKCHUECKOE MJIM IPAMMaTHYECKOE) 3HAaUCHHE.
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TEPMUH KOoHE OHBIH KAJIIIbI KOJIJIAHBIUIATBIH JIEKCUKAJAH
AVBIPMAIIBLIBIFBI

T. C. Kypman6aesa'

' AlIMathI SHEpreTHKA KoHe GailaHbIC yHUBEPCHTET], AMAaThI K., Kasakcran

Anoamna. Y CHIHBUIBIN OTHIpFAaH MakKajlaja FHUIBIM JKOHE TEXHHKA TUTIHE HETI3EITeH TePMUH
JKOHE TEPMHUH KYHECiHIH KaJlbl KaruJauapbl KapacThIpbUIFaH. Makaiaga Til MEH MOJCHHUETTIH e3apa
0ailIaHBICBIHAAFHI FHITBIMU-TEXHUKAJIBIK TEPMHHOIOTHSHBIH KYPBUTYBI TYPaJbl Macesenep 63eKTi O0JIbIn
TYPFaHJBIFBl KapacThIpblIFad. HakTel Oip >kyliene jKy3ere achlpbUIaThIH TEPMHUH CO3IIH a’KbIPAaThUIATHIH
Oenriiepi aHBIKTaNFaH. AJJIBIMBI3IAa TEPMHUH KYHECIHAE KE3JCCETiH CO3ICP/AiH CEMaHTHKAIIBIK
JKacaJyblHbIH MbIcanAapbl KenrtipinreH. Ce3lepaiH CeMaHTHUKAIBIK KYPBUIBIMBI Tl OiTiMiHIAE KEHiHEH
TapaJfaH CEeMaHTUKAIBIK YIIOYphImmeH cunarranrad. Connaii-ak MyHJ]a ce3 — 3aT JKOHE YFbIM PETiHJIe
OenrineHreH. TepMUHHIH JMHTBUCTHKAJIBIK CHIIATTAMAchl, aHAJTUTUKAJIBIK KOHE CHHTETHKAJIBIK TICIIMEH
e3apa aXpIpaThlUIaThbIH Oenrijep KapacToipbUraH. CesiH TiAiK (JIEKCHKANbIK JKOHE IPaMMAaTHKAaJIbIK)
OenriciHiH OipIiTiMEeH KOPCETINTeH KoHe KOPCETIJIETIH CO3/IiH OeNTiiepiHe TYKbIPhIM KacallbIHFaH.

Kinmmik ce30ep: TepMuH, CEMaHTHKAIBIK KYpPBUIBIM, JKaIIbl KOJAAHBUIATBHIH CO3IEp,
TEPMUHTaHY, CEMUOTHKA, TMHI BUCTHKA.

TERM AND ITS DIFFERENCES FROM GENERAL-USED LEXIS

T. S. Kurmanbayeva'

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

Abstract. The article considers general trends of the development in the term and terminology
system, conditioned by the state of the science and technology language. A special place in the article is
occupied with the issues of modern terminology related to the formation and development of scientific
terminology in Russian and Kazakh languages. Distinctive features of the word-term are identified,
manifesting and realizing by a strictly defined system. Examples of the terms of semantic formation that
appear before us in term systems are given. Semantic structure of a word is described by a semantic
triangle, widely known in linguistics, in which an object is pointed out, as well as a concept: a word
denotes an object and expresses a concept. Linguistic characteristics of the term, that cover fundamentally
different analytical and synthetic ways of expressing concepts by language means are also considered.
The conclusion is made that the sign of unity of the signifier and the signified allows considering any
formally expressed unit having a linguistic (lexical or grammatical) meaning as a linguistic sign.

Key words: term, semantic structure, common words, interpretation of the concept, semiotics,
linguistics.
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MPHTH 378.016:802.0:004

Zh. Erzhanova'

'Almaty University of Power Engineering and Telecommunications, Almaty, Kazakhstan
READING AND LISTENING CAN HELP TO LEARN LANGUAGE

Abstract. Every English learner would like to speak fluently. And some have to. In most cases
people need to speak English fluently for business, professional, and personal success. Unfortunately,
fluent speaking is often the most frustrating goal for English learners, especially those who live where
English isn’t spoken. Happily, there’s a good way to improve your speaking — a way that takes time, but
that’s too enjoyable to be called work or study.

Across the centuries people have studied how foreign languages are learnt. Many experts now
believe that one way we learn a foreign language is by exposure to it, i.e. by hearing and/or reading it all
around us and without studying it. They say we then pick it up automatically, i.e. learn it without
realizing. This is the main way that children learn their first language.

Experts also say that to learn a foreign language, particularly as adults, exposure to language is
not enough. We also need to focus our attention on the form of the foreign language, i.e. on how it is
pronounced or written, on how its grammar is formed and used, and on the form and meaning of
vocabulary. They say we need to use language to interact and communicate, too.

Key words: learning, reading, listening, reading level, comprehension, motivation.

One of the effective ways to improve your English is to spend time with native English
speakers. If you could sit and listen to them, you’d find what you are looking for: new
vocabulary, when to use one word rather than another, how to pronounce words you’re still
having trouble with, when to use formal or informal language. You’d hear how they use their
voices to emphasize important ideas. And how their voices change when they’re angry, excited,
or in love. In short, you’d pick up almost everything you need to speak better English. But if
there aren’t any native English speakers near you or, if there are, it’s impossible to spend time
with them. What should we do? The truth is, you can spend time with native speakers any time
you want. And it’s much easier than you think. Here’s how: audio books. If you want to speak
better English, you should spend as much time as you could listen to English audio books. As
Dr. Frank Smith writes that ... reading (and listening) is a particularly powerful kind of
experience, because it engages us — our mind or our brain — in a fully focused manner. When a
book grabs us, we leave the everyday world around us and enter the world of the book. We are
caught up in it. And when that book is an audio book that includes people speaking English —
and, for a bonus, a narrator describing what’s going on in the book — there you are in the
company of a group of English-speakers. And all you have to do is sit back, enjoy the story, and
allow your brain to absorb the English speaking ability you’re looking for. Reading books can be
a great way to pick up new vocabulary, see grammar in action and develop your understanding
of a language. The key to success is choosing the right book for you.

For beginners, it would be better to start with something short and simple. Avoid the
classics for now - they often use archaic (very old!) English words and can involve complex
themes. Children's books are a great place to start. You could read something that interests you.
Look at the blurb (the short summary of the book, found on the back cover) and see if it looks
like something that you would enjoy. Think about the genres that you enjoy in your own
language and find an equivalent in English. This way, you're more likely to enjoy reading, rather
than see it as a chore [1].

Reading in French, like reading in any language, requires quite a few tools. Of course you
need to have basic French comprehension, but even if you’ve been taking classes and practicing
different grammar exercises, you’re likely not reading at native level yet. One of the best places
to start when you’re learning to read in English and in French is with children’s books.
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Children’s books use simple sentence structures and vocabulary, so you’ll be able to follow the
books easily.

When you’re reading in English and in French, and in any other foreign language
especially when you’re just starting out, you have to read smart to succeed. It’s not enough to
just read the words on the page. Take notes, jotting down vocabulary words you don’t
understand. Try to get to the root of different sentence structures that might be unfamiliar to you.
Children’s books may be written for young audiences, but forms like the simple past, which
you’re likely not used to seeing, are still common.

Above all, don’t get frustrated with your relatively low level of reading at this point. The
important thing is to really understand what you’re reading, even if the level is for much younger
readers. After all, it’s not your first language! Really embrace the simple stories now; once
you’ve gotten the hang of children’s books, you’ll be ready to move on to more advanced
reading.

Once you’ve mastered counting to ten and meeting animals on the farm with children’s
books, it’s time to move on to more interesting things. One of the best ways to learn new foreign
words and get familiar with new foreign sentence structures is by reading books you already
know in translation. For this exercise, don’t pick the most advanced novels you’ve ever read. Try
to choose a series that you liked as a teen or young adult: «Harry Potter», «Gossip Girly,
«Twilight»... no one’s judging your taste, here! A series is a good place to start, as the
translation will adhere to certain style models, and with each book you read, understanding will
become easier.

The other good thing about reading something that you already know—or own—is that
you can always compare the translation to the original. When you’re not sure of the exact
meaning of a phrase, compare it with the original and see if that clears up any confusion. With
this step of learning to read in a foreign language, it isn’t as necessary to understand every single
word, however. Try reading for comprehension first and reading again to look for new
vocabulary words. Much of learning with this sort of reading will happen subconsciously!

Be sure to choose books that are easy to understand. If popular adult fiction is too
difficult, try young adult. If young adult fiction is too difficult, try children’s. There are many
interesting young adult and children’s books. If you want help finding easier books, read Finding
books for intermediate readers.

There’s no benefit to listening to something you have trouble understanding. When you
choose a book to read or listen to, it should be easy enough that you can get involved in the story
— and forget that it’s in English.

Consider listening to books in English that you’ve read and enjoyed in your own
language. The first reading, in your language, will help you understand the English version.
Another way to take advantage of what you already know is to choose books about a subject
you’re already familiar with.

Consider reading and listening at the same time. If you do, be sure that you get an
unabridged, or complete, audio book. Some audio books have been abridged, or shortened.
Abridged books are fine for listening, but they won’t work for reading and listening at the same
time because some parts have been left out [2].

Being able to read a novel in another language and understand it is a huge achievement.
You’ll feel accomplished the moment you read that final page, close the book, and reflect on the
experience. You might find yourself at the last page faster than you thought — once you begin
reading these books, you won’t be able to put them down.

Reading is an exercise in language learning. Reading English novels will help improve
your vocabulary, general understanding and in some cases it may even give you more knowledge
into different countries and their cultures. You also get to move at your own pace. While
listening to podcasts and radio, you have to keep up with whoever is speaking. Sure, watching
movies to learn English can be a lot of fun, but doesn’t it get tiring to have to read subtitles or
pause and rewind? While reading a book, you can read as slowly or as quickly as you desire. If
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you didn’t understand something, simply look at the paragraph again! Reading opens the mind.
Reading educates. It opens you up to new experiences and perspectives. What better way is there
to understand someone’s way of thinking? You may learn new information about language,
culture, society, and history that you never knew before. Reading is fun! It is, overall, an
enjoyable and relaxing way to learn English without any stress whatsoever. People get frustrated
when they choose books that go above their reading levels. By choosing your first English books
wisely, you should have a very positive experience. Check out some of the following well-
known novels. If you’ve got a basic level of understanding and comprehension, these novels
aren’t going to be a problem. Set yourself a reading challenge. How many of these books can
your read?

«The more you read, the more you’ll know. The more you know the more places you’ll
go». — Dr. Seuss. As any English-speaking child can tell you, there is no denying Dr. Seuss. If
you love to read, but you’re a little afraid of reading a full-on novel in English, don’t worry.
With every book you read, the more you’ll improve. To get started, there are some excellent
novels written in English that are not too difficult to understand. Anyway, it’s good to set
yourself a language challenge now and again. How else are you going to improve in English?
Moreover never forget that reading is rewarding.

The power of reading and listening makes the important point that most of our fluency
comes from what we read and hear, not from what we study. And second, using popular fiction
to improve your English describes the special benefits of reading popular fiction, the bestselling
books that everyone seems to be reading and enjoying.

In using popular fiction to improve your English, you’d better use bestseller lists to find
good books. Once you find one, or if you’d like to listen to a book you’re already familiar with
or you’ve already read you can use online books. But you should remember that reading a book
you really like is much more profitable and such reading adds your knowledge because the plot
makes you forget of time, makes you remember the words you met rarely to understand the
following development of events in a book you read and to know what will happen with your
favorite characters. Even the phrases these characters use can leave longer in our memory. Of
course, while you’re reading it’s not a bad idea to make notes and lists of the new words you
met. If a novel you’re reading is not short you will need several days or even months to finish it
and if you start your reading with revision of the words from the list, you will not only remember
the plot of the story, but this makes you remember the words better. If a reader has rich
imagination it will also help him or her in learning any foreign language.

While students read a novel, they imagine the characters, setting, and action taking place.
This lesson allows students to use their imaginations in the form of a storyboard. Students first
read a book that has a complementary film adaptation. They then learn about adaptation by
writing short paragraphs and adapting them for film using storyboards. Once they have evaluated
the adaptations, the students will create their visions of the books and compare them to the film.

Students often find the visual nature of film more accessible than works in print. When
film and literature are used together in the classroom, students can transfer techniques from
active viewing (which often comes more naturally) to their experience with reading literature.
This transfer can enhance their skills as active readers and enable them to respond to a variety of
media with more depth.

What can film and video add to the learning experience?

Language teachers have been using films in their classes for decades, and there are a
number of reasons why film is an excellent teaching and learning tool.

Learning from films is motivating and enjoyable.

Motivation is one of the most important factors in determining successful second-
language acquisition. Films and TV shows are an integral part of students’ lives so it makes
perfect sense to bring them into the language classroom. Film, as a motivator, also makes the
language learning process more entertaining and enjoyable.
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Film provides authentic and varied language. Another benefit of using film is that it
provides a source of authentic and varied language. Film provides students with examples of
English used in ‘real’ situations outside the classroom, particularly interactive language — the
language of real-life conversation. Film exposes students to natural expressions and the natural
flow of speech. If they are not living in an English-speaking environment, perhaps only film and
television can provide learners with this real-life language input. Film gives a visual context. The
«visuality» of film makes it an invaluable language teaching tool, enabling learners to
understand more by interpreting the language in a full visual context. Film assists the learners’
comprehension by enabling them to listen to language exchanges and see such visual supports as
facial expressions and gestures simultaneously. These visual clues support the verbal message
and provide a focus of attention. Variety and flexibility, these factors are also rather important.
Film can bring variety and flexibility to the language classroom by extending the range of
teaching techniques and resources, helping students to develop all four communicative skills. For
example, a whole film or sequence can be used to practice listening and reading, and as a model
for speaking and writing. Film can also act as a springboard for follow-up tasks such as
discussions, debates on social issues, role plays, reconstructing a dialogue or summarizing. It is
also possible to bring further variety to the language learning classroom by screening different
types of film: feature-length films, short sequences of films, short films, and adverts.

Given the benefits of using film in the language learning classroom, it is not surprising
that many teachers are keen to use film with their students, and an increasing number of them are
successfully integrating film into the language-learning syllabus. Until quite recently it was
difficult to find pedagogically sound film material to help students improve their language
through watching film, and teachers had to spend many hours creating their own materials.
However, with the advent of the internet there is now a wealth of online resources for both
language teachers and their students. With so many resources, it’s sometimes difficult for
teachers to see the wood for the trees.

If teacher wants to show whole films, either in one sitting or over a number of sessions,
it’s necessary to do quite a lot of work on linguistic, cultural and cinematographic features of the
film prior to actually watching the film. Not so long ago, teachers had to spend many hours
creating their own film guides, but nowadays there are several sites where teachers can find free,
high-quality film guides to use in the language classroom.

Creating moving images has never been easier thanks to the digital revolution, the
proliferation of mobile devices, the increased ease of capturing and editing video, and the
emergence of video distribution sites such as YouTube. This has led to an explosion in the
production of short films and their availability. However, due to the sheer quantity of short films,
it’s often very difficult for teachers to find high-quality short films they can use with their
students. Here are my three favorite places for finding creative and innovative short films [3].

In adapting a print text or theater production to film, directors may vary in terms of the
degree and nature of how they use the original content of the text or play. They can stick quite
close to the original text to create a highly literal reproduction of the text, or they can create a
totally different version of the original text.

In a loose adaptation, a director may only use the original situation, story idea, or
characters to create a film that bears little resemblance to the original text. He cites the examples
of Kurosawa’s Ran - based on «King Lear» - and «Throne of Blood» - based on «MacBeth» -
that use only the bare bones of the original story to create his own versions set in an entirely
different cultural context. Ran (translated as chaos) takes the story of Lear’s tragedy, and places
it in the midst of 16th century Japan, a time of political instability when feudal war lords battled
for control of territory. When the Lear character, Hidetora, decides he wishes to retire, he
attempts to divide his land between his three sons. The heirs in this case must be male, as
Japanese culture forbids female succession. The scheming of Goneril, Regan, and Edmund is
personified by the Lady Kaede, who manipulates the two older brothers out of revenge for her
father’s death at Hidetora’s hands. The other female character, Lady Sue, represents the
innocent, silent suffering of a model wife. Even more compelling than the changes in
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characterization, is Kurosawa’s visual style. The visuals suggest Noh theater- a quiet, highly
stylized Japanese dramatic dance form. Kurosawa utilizes a static camera, vibrant color
iconology, as well as silence itself to suggest a meditation on the death and destruction that
ensues.

Similarly, the film «Clueless» was based on the storyline and comic, ironic wit of Jane
Austen’s Emma, but it set in a contemporary world with quite different characters. The main
character, Cher, employs contemporary language, but maintains Austen’s parody of
dating/romantic rituals, as well as class differences.

Faithful adaptations attempt to recapture the original text as closely as possible they try to
give us a careful translation of the original into film form that retains the characters, storylines,
and most events. For example, «Tom Jones» (1963), «<Emmay (1996), «Henry V» (1989), and
«Much Ado About Nothing» (1993) are relatively faithful to their original material. In studying
examples of these faithful adaptations, student could examine how the director adopted specific
scenes, dialogue, or characters into a visual form.

Faithful adaptations may have difficulty when they attempt to adapt literary texts that rely
on complex, highly metaphoric language or thematic material often are more difficult to
successfully adopt to the screen in a literal manner, given the challenge of reproducing in a
visual form the meaning of a text’s language. For example, the film adaptation of «The Great
Gatsby», which contains a lot of rich metaphoric language, was considered to be marginal by
critics because it attempted to literally reproduce the original language.

Literal adaptations are typically older video versions of play productions, with limited use
of cinematic techniques, as was the case with the BBC for television versions of Shakespeare
and «Emmay (1972).

Nowadays, experts generally agree that we do not learn a foreign language best through
learning grammar and translating (the grammar-translation method). Nor do we learn by
constantly practicing until we form habits or just by communicating (the communicative
approach). We learn by picking up language, interacting and communicating and focusing on
form. But the research still continues, and we do not yet fully understand how foreign languages
are learnt [4].

Conclusion

To acquire language learners should hear and read a wide variety of language at the right
level for them. They need exposure to language both inside and outside the classroom.

Learners need time to acquire language. They may need a silent period before they can
produce new language and we cannot expect them to learn things immediately. Learning
language is a gradual process.

Learners need to use language in the classroom to interact with classmates or the teacher.
This gives them the opportunity to focus on forms of language they have read or listened to in
texts or used in tasks. The teacher can help them to notice certain points about language, think
about their use and practice them.

But we need to remember that some learners may like to learn and/or are used to learning
in particular way. Teachers always need to match their teaching to the characteristics and needs
of the learner.
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HIET TIJIIH OKBITY BAPBICBIHIA TYCIHAIPME CO3AIKTI KOJIAAHY

K. Epxanosa’

' AJIMaThl SHEPreTHKA XKOHE OailylaHbIC YHUBEPCHUTETI, AnMaThl K., Kazakcran

Anoamna. bepinreH Makajana IIeT TUTIH YHpeHy YIIiH Oip TUIOIK ToXipuOe MeH Til
TaChIMaJIIAyIIBIHBI KOJ/IaHy a3/bIK €TETIHIIIT] KoHe Jie ayIruo KiTanTapasl THIHAAY YJIKeH KeTiCTIKTepre
OKeNEeTIHAIr >KalblHAa HAaKThl aWTHUIBIN OTKEeH. BacThICHI, ayJquo KiTanTapabl AEHrelre OaillaHbICTHI
JYPBIC TAHJAI, TiJl TaChIMAIIAYIIBIMEH JbIOBICTANIFaH, Ma3MYHbI JKaFbIHAH ©TE KBI3BIKTHI KiTarTapibl
TaHAay YcbiHbUIanel. CoHAal-ak, aFbUIIIBIH TUTIHIAETT (QuiubMziepre ne 0acThl Ha3ap ayaapbil, (UIbM
KOpYy apKbUIbl YJIKEH JKETICTIKKE jKeTyre OONaTBIHIBIFBI Ja HAKThUIAHBIN aWThUIFaH. Ke3 KenreH oky
MIPOIECIHIH THIMJIUIITI aTajbI OTIl, TYPAKThl TOKIPUOCHIH PO TaIKbLIAH/IbI.

Kinmmix co30ep: MeHTepy, OKbUIBIM, TIHAAIBIM, OKBUIBIM JICHI'€Hi, TYCIHY, bIHTAJIAHY MAaKCAThI.

IOPEKTUBHOCTDb UTEHUSA U AYIUPOBAHUSA B U3YUEHUU SA3BIKA

K. Ep:xxanoBa’

! ATMaTUHCKUI YHUBEPCUTET SHEPIEeTUKH U CBsI3U, T. AnmaTtsl, Kazaxcran

Annomayus. B craTbe oKa3aHo, YTO Ul U3yUEHUSI MHOCTPAHHOTO S3bIKA HEJOCTATOYHO TOIBKO
OIHOW S3BIKOBOM MPAKTUKM C HOCHTEJISIMH s3bIKa. Bredamyisiommue pe3yibTaTbl MPUHOCHUT
NPOCIYIIMBaHUE AayJAWOKHHT, KOTOpble CJeIyeT MOoAOUpaTh IO YPOBHIO IOATOTOBICHHOCTH
oOyyaromuxcsi, T. €. afganTupoBaHHble. JlatoTcs peKOMEHIAMH JAJsl MPaBUIBHOTO NoAOOpa KHUT, OHU
JOJDKHBI OBITH MHTEPECHBIMH IO COJEPXKAHMIO U 03BYYEHHBIMHM HOCHUTENISIMH s13bIKa. boJbilioe BHUMaHNE
yaensercss NpocMoTpy Y4eOHbIX (UIbMOB Ha aHriauiickom s3pike. IloguepkuBaercs, uTo UIst
93¢ EKTUBHOTO OBJIAJICHUS MHOCTPAHHBIM SI36IKOM HEOOXOMMa PEryJsipHas IpaKTHKa.

Knrwouesvie cnosa: nzyyeHne, YTeHue, NPOCIyIINBAHUE, YPOBEHD YTEHUsI, HOHUMAaHHUE, CTUMYJI.
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HALIIH FOBUJTAPBI

IMAVXWH BEPK MYP3AXMETOBNY
(k 75-1€THIO CO IHSI POXKICHMS)

bepk Myp3axmeroBuu [llaiixun poawics 23 HIOHS
1942 ropa B ropoae Kycranait KazCCP. B 1966 rony
OKOHUYMJI (PaKyJIbTE€T PaJAUOAICKTPOHUKU JICHHMHIpaJCKOTOo
NOJINTEXHUYECKOoro uHcruryra uM. M. M. Kanunumna no
crienuanbHOCTU «Du3nueckas EeKTpoHuKa». 110 okoHuaHuu
UMHCTUTYTa OblT HanpasiieH B UucTutyT sinepuoit ¢puszuku AH
Ka3CCP, rage mpoien myTh OT CTaxepa-HCCleaoBaTels 10
MHC.

B 1969 rony b. M lllaiixun — acnupaHT (Qu3HKO-
TexHudeckoro wHCTUTYTa M. A. ®. Modpde AH CCCP B
Jlenunrpane, 3aHUMAJICSI UCCIEAOBAaHUEM POCTa KPUCTAILIIOB
Ha aTroMapHoM ypoBHe. B 1976 rogy B 3TOM k€ MHCTUTYTE
3ammTII auccepTaiuio no crnenuanbHocT 01.04.01. — « OkcnepumenTanbHas Gu3nkay,
MIOJTYYWJT YICHYIO CTETIEHb KaHauaTa Pu3nko-MaTeMaTuieckux Hayk. [1o Bo3BpameHun
B USI® AH Ka3zCCP npomomkut ucciae1oBanus B 00JIaCTH paiualiiOHHON (DU3UKH.

Hayuno-nenarornueckas nesrenbHocts b. M. [lalixuna qiutcs 6osee 35-Tu JeT:
¢ 1978 mo 1990 roasr pabortan Ha ¢puzudeckoM dakynbTere Kasl'yY um. C. M. Kuposa, a
¢ 1990 roga u mo nacrosimee Bpemsi — B AYIC na kadenpax I[19, OKT, KT u MMulIO.

bepk Myp3zaxmeropuu [llalixun umeer Oonee 40 HaydHBIX W y4eOHO-
MeTonuyeckux nyonukanuid. Ocoboe BHHUMaHHE aBTOp yJEJsSeT MOATOTOBKE Y4eOHO-
METOAMYECKUX MATEPHUAIIOB JUIsl CTYJEHTOB, OOYYAIOIIUXCSl HA TOCY/IapCTBEHHOM SI3BIKE.
b. M. IllaiixuHa ObUT B COCTaBE aBTOPCKOTO KOJUIEKTHBA, KOTOPBIN BBIMTYCTHII Ka3aXCKO-
PYCCKUM U PYCCKO-Ka3aXCKUW  TEPMUHOJOTMYECKHM  CIOBaph  «DJEKTPOHUKA,
paaroTeXHUKa W CBsI3b». bepk Myp3axmeToBHY SBISETCS aBTOPOM pslia Y4eOHBIX
ocoOmi, TakuX, Kak «DIEKTPOHUKAa MEeH (OTOHMKA Heriznepi», « Mukpomnporeccopiap
aBTOMATThl Oackapy Kyihenepinue», «PammoaBTomarukay, «IJIEKTPOHUKA KOHE
AHAJIOTTHIK KYPBUIFBUIAP/IBIH CXEMOTEXHUKACHI.

B mnacrosmee Bpems noueHt kadenpst KT bepk Mypzaxmerosuu [laiixun
MIPOBOJUT JICKITMOHHBIE U JIPYTUe BHUIBI 3aHATHA 1o aucturimuHam «HbopmanronHas
6e3omacHOCTh M 3amuTa uHbopmanuu», «OCHOBBI MH(GOPMAIMOHHON 0€30MacHOCTHY,
OCYIIECTBIISIET PYKOBOJACTBO TO JAWIUVIOMHOMY MPOEKTUPOBAHHIO OakajdaBpoOB U
MarucTpaHToOB, JI0OUBAsIChH KaueCTBEHHOMN MOATOTOBKH CIELUATIUCTOB.
[IpyHUMNIUAIBHOCTD, TBOPYECKUH IOMCK B HAYYHO-IIEIAarOrM4ecKoil JesTeIbHOCTH,
IpyKeltoOHOe OTHOIIEHWE M BHHMMAaHME K KOJUJIeraM CHHUCKAJId €My YBaKEeHUE
OKPYKAIOIIUX.

I'nybokoyeascaemurit bepxk Mypzaxmemosuu!
Ilo30pasnsaem Bac c wouneem! [Ipumume nawiu uckpennue noxcenanus KpenKoz2o
300p06ba u HOBbIX meopueckux ycnexog! Ilycmo ne nokuoarom Bac padocmo,
onazononyuue u onmumusm!
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JKYMAT AJIMEB BYJIAT CABUPOBUY
(k 75-1€THIO CO THS POKICHMS)

bynar CabupoBuu JxymaraiueB —  KaHAUAAT
TEXHUYECKHX HayK, JoueHT Kkadeapsl «MHxeHepHas
KUOepHEeTHKa» AJMATUHCKOTO YHHUBEPCUTETA DHEPIeTHKU U
cBs3u. boraredimmii  ombiT  paborel  gomenta b, C.
JIxymaranmueBa  Ha  IPOU3BOJCTBE, CBA3aHHOM  C
aBTOMaTH3alMell W yIpaBieHHEM OOBEKTOB B Pa3IUYHbIX
OTpacisix MHPOMBIIUIEHHOCTH, CTall OECHEHHBIM KamUTaloM
JUISI CTY/IEHTOB.

bynatr Ca6upouu pomuncs 1 utons 1942 roma. Ero
IpaKkTU4YecKasl JEATEIbHOCTh Hayajaach IOCJIE OKOHYaHUS B
1967 rogy Ka3zaxckoro mMoOJIMTEXHUYECKOTO HHCTUTYTA
CHEIUANTBHOCTH «ABTOMATHKa M TelleMexaHHKa». B pasHbie roabl padoTal MacTepoM,
MHXEHEPOM U CTapUIMM HH)KEHepoM Tpecta «Cpena3dDHeproMoHTax»; HadalbHUKOM
nexa SBanckoit TOLl B TamxukucTaHe; BeAyUIUM HHXKEHEPOM, 3aB. CEKTOPOM, 3aB.
ornenom pazpabotkn ACYTII MunucrepctBa mpubopoctpoeruss CCCP; Bemymum
Hay4HbIM COTPYAHUKOM HaydHO-uccieaonatenbckoi yactu KasHUTY um. K. Carnaesa;
JTUPEKTOPOM HAYYHO-ITPOU3BOJICTBEHHOMN upmbl «KomIuiekc-YMUTY.

C 2008 roma paboTtaer B AJIMaTUHCKOM MHCTUTYTE SHEPTreTUKHU U CBSI3U JIOLEHTOM
Ha kadenpe «UmxeHepHas kuOepHernka». bymar CaOupoBuUY mpenojaeT Takue
TUCHUIUIMHBI, Kak «TexHuyeckue cpelncTBa M3MepeHui», «ABToMaTH3alus OOBEKTOB
yOpaBJieHUs», «ABTOMATHU3alM TEXHOJOTHMUECKUX IPOILIECCOB W MPOU3BOACTB» U Jp.,
rje KpallHe Ba)KHbl MPAKTUYECKHWE 3HAHMSI TEXHOJIOTMU M OMNBIT aBTOMAaTHU3alUu. 3a
necsTUieTus paboThl 1O BHEAPEHUIO W OKCIUTyaTallMd CHUCTEM YIpaBJCHUS Ha
npousBojictBe bynar CabupoBud npuoOpesl OrpOMHBIN ONBIT U aBTOpUTET. OJHUM U3
BAXKHBIX [TOKA3aTeNeil ero Tpy/Ja SBJISIIOTCS BHICOKUE OLIEHKHU, BHICTABICHHBIE B PEUTHHIE
«[IpenonaBarens ria3zamMu CTYACHTOBY.

[Tomumo mpenogaBaTenbcKOM — AesTenbHOCTH, JoueHT bymar  CabupoBuu
JxymaranueB Obl1 KW ocraercs HaydyHbIM pykoBoguteremM OHIMP. CBoum HayuHoO-
MPAKTUYECKUM 0ara)xom OH MIEAPO ACIUTCSA ¢ MOJOJIBIMH KOJIJIETaMH, BEAET KPYKOK JJIs
CTYJEHTOB CHEIHaJIbHOCTH «ABTOMATHU3allMsl W YOPABICHUE» U 3aHUMAETCS C HUMHU
HAy4YHO-HUCCIIEA0BATEIBCKON pabOTOM.

I'nybokoyeascaemwrit Bynam Caoupoeuu!
Ilpumume camvie uckpennue nozopasnenusn ¢ Bawmum 75-nemuem! 7Kenaem kpenkozo
300p06bs, 6Goopocmu oyxa, 110068uU U 3a00muvl OIUKUX, U, KOHEUHO MHCe, HOBbIX
meopuecKkux uoeil u Hay4Hvlx mpyooa!
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JYJI110 BAYECJAB MUXANJIOBUY
(k 70-s1€THIO CO THS POKIECHUS)

Bsauecnap  Muxainosuu  Jlyimsno  poausics B
Vxropone VYxkpaumnckon CCP 26 wurons 1947 rona.
CpenHioro HIKoJly 3aKOHYMI B AniMa-ArTe.

B 1965 roay yumics Ha MEXaHHMKO-MaTEMAaTUYECKOM
¢bakynpTere Kazaxckoro rocyaapCcTBEHHOTO YHUBEPCHUTETA
M OKOHYMJI €ro IO chenuasbHoCTH «MaremaTtuk u
IIpenoaBaTelb MaTeMAaTUKW». TpydoByIO AeATEIbHOCTL B.
M. Hdynsno Hayan B cpenHed mkone Ne 36, rae pabortan
3aBy4YEM.

C 1975 roma BsuecnaB MuxaiinmoBud padoTaer
npernojaBaTenieM Ha Kadenape BbICHIEH MaTeMaTUKH, T
3aHMMAeTCSd MPAKTUYECKOM TMeAarorukol B  o0jacTu
MMUTALMOHHOTO MOJICIMPOBAHUS Tpoliecca O0OydeHusl.
Haydnbie Tpynbl TOCBSAIIEHBI METOJWYECKUM U METOIOJOTUYECKAM TpoldiieMam,
nuddepeHIanuy 1 UHTETpaIluy MeJarornyecknX TUCHUIUIMH, a TakKKe MEKHAyYHBIM
3HAHUSIM.

B 1987 rony BAK CCCP npucynun B. M. Jlynano yuéHyro cTeneHb KaHauaara
[IEJarOTMYeCKUX HayK, a B BIIOCICACTBUM — Y4YE€HOE 3BaHME JIOLEHTA. Bsuecias
Muxaiinosuy sasisiercss akupuoHepoM HAO «AnMaTHHCKHMI YHUBEPCUTET DHEPIrEeTUKH U
CBSA3UY.

B mnacrosimee Bpemsi BsuecmaB MuxainoBuu [[yn3no - MOYETHBIM BETEpaH
kadenpsl «MaremaTnyeckoe MOJCIUPOBAHUE U TIPOrPAMMHOE 00ECIICUeHUE», POBOIUT
ydeOHBIE 3aHATHS MO KypCcy BBICIIEH MaTEMaTHKU, AKTUBHO 3aHUMAETCS Y4eOHO-
METOANYECKON paboToit Kadeapsl.

I'nyooxoyeascaemvtit Bauecnae Muxaiinioeuu!
Om eceii Oywiu nozopaenaem Bac c wouneem! 7Kenaem Bam kpenkozo 300poews,
MEopUEeCKUX yCnexoe 6 nedazoZuiecKkoll u HayuyHou oeamenvnocmu. Ocmasaiimecs
MAKUM JHce HCU3HEI0OUBLIM, IHEPZUYHBIM U ROZUMUEHbIM!
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MYXAHOB BAXBIT KACKABAEBUY
(K 65-J1€eTHIO CO THS POKIEHUSA)

M3BeCTHOMY  Ka3aXCTaHCKOMY  CIELHUAINCTy B
o0nacTu aBTOMATH3alMU, YYEHOMY M MeHarory kageapsl
«Umxenepnas  kubepueruka»  baxpiry  KackabaeBuuy
MyxanoBy 15 mas 2017 roga ucnosHuiocs 65 ner.

Ero aBropurer B o0mactu aBTOMATH3alUMU U

yIpaBIICHUS TEXHOJIOTMYECKUMU npoiieccaMu U
MPOU3BOJCTBAMM MO  JOCTOMHCTBY  OLIEHEH. baxsIT
KackabaeBnu — WieH-KOppPECMOHAEHT MexayHapoaHOH

akagemun uHbopmatuzanuu, Jsaypeat Ilpemun Cosera
Munuctpos Kazaxckoit CCP.

[IproOpeTeHHbIN ONMBIT HAYYHOM U OPraHU3aTOPCKOMN
JNEATEIbHOCTH ~ CTal  OCHOBOW Uil  BOIUIOLLEHHUSA
TEOPETHUECKUX 3HAHUM B MPAKTUKY YHPABICHHUS TEXHOJOTHYECKMMU OOBEKTaMHU B
Pa3IMYHBIX OTPACISAX MPOMBIIIIEHHOCTH. Ero pa3paboTku BHEAPEHBI Ha TAKMX KPYIMHBIX
IIPOMBIIUIEHHBIX HPEINPUATHAX Ka3zaxcrana, KaK «KeszkazranlletMeT»,
«O3eaMyHnaiil a3y, «Ka3zTpancOunn», «KazAromIIpom» u MHOTHX ApYyrux.

B 2014-2015 romax baxeir KackabaeBnmu Bo3rnmaBisul kadenpy «UuxeHepHas
KuOepHeTHKa» AJIMAaTUHCKOTO YHUBEPCHUTETA 3HEPreTUKH U cBsi3u. Ceilluac TpyauTcs B
JOJDKHOCTH  JIoleHTa Kadeapbl, COCPEeIOTOYMB CBOM YCHJIMS Ha [eJaroru4yeckoi,
HAayYHOM M MNPAKTUYECKOM JeATeNbHOCTU. [log HaydHBIM PYKOBOJICTBOM KaHAMIATa
texHnyeckux Hayk b. K. MyxaHoBa paboTaeT 1menas rpynmna CHeLHUaTUCTOB, OCHOBY
KOTOpPOHl COCTaBIISIIOT €ro MOJoJble YYeHUKHM — Joktopa PhD, nokropantsl u
MarucTpaHThl. DTO MO3BOJISIET TOBOPUTH O IIEJIOM HAyYHO-MH)KEHEPHOM IIKoJe B cdepe
aBTOMATH3allMM U YIPABIEHUS TEXHOJIOTMUYECKUX OOBEKTOB, CO3/aHHOW baxbiToMm
KackabaeBuuem.

Eme onHMM CTpaTerMmuyecKMM HANpaBICHUEM €ro ACSATEIbHOCTH CTajl HAay4dHO-
TEXHUYECKUM J)KypHal «BeCTHUK aBTOMaTU3alun», I1€ Ha IPOTSHKEHUN YKE LIEJIOro psla
JeT ydeHbld u npakTuk baxeir KackabaeBud MyxaHOB SIBJISIETCS TJIaBHBIM PEIAKTOPOM.

I'nyooxoyeasicaemutit baxeim Kackaoaesuu!
Om ¢ceii Oywiu noszopaenaem Bac c roouneiinoit oamoit! Mol yoescoenot, umo Bol ewye
MHO20€e coenlaeme 6 HayKe U 6ONJI0OMUmMe 6ce C60U uoeu @ papadomxku, NPoeKmsl u
cucmemovl agmomamusayuu!
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TpebdoBaHusi Kk 0()opMJIEHUIO CTATEH

1. Crarbss nmomkHa ObITH o¢opmieHa B crporom cootBerctBuM ¢ ['OCT 7.5-98 <« KypHanbl, cOOpHHKH,
nHpOPMaMOHHBIE U3MaHusA. V3naTensckoe opopMiIeHHe TyOINKyEeMbIX MaTEPHAIOB».

2. Marepuaisl IpeJoCTaBIAOTCS B edaTHOM (1 3k3.) u anekTpoHHOM Buje, peaakrop Word A4 ¢ moisiMu - BepxHee
1 HIDKHee — 2 cM, JieBoe — 3 cM, ipaBoe — 1,5 cm, mpudT Times New Roman, kerns12, nHTepBan oquHApHBIHA.

ITocsienoBaTeIbLHOCTD 3J1€MEHTOB M3/1aTeJIbCKOro 0opMJIeHUsI MATEPHAJIOB CJIeyI0IAs:

—  xog MPHTU (MexrocynapcTBeHHBIH pyOpHKaTop HAyYHO-TEXHUYECKOH MH(DOPMAIINH) CTABUTCSA B BEPXHEM JIEBOM
yIJIy IepBOH CTpaHUIIbI;

— WHAOWATBl W (aMWINM aBTOPOB OOBIYHBIM JKMPHBIM IIPH(TOM, 3aTeM Ha CIEIyIOImeld CTpoYKe — Ha3BaHUE
opranu3anuu(uii), B KOTOPOH BEIIIOJHEHA PadboTa, TOPOI, CTpaHa;

—  3arjaBHe MyOJIMKyeMOTo MaTepuaia (IPONMCHBIMH OYKBaMH, MOy KUPHBIN, KeTib 12, ab3a1] HeHTpHUPOBaHHEIH);

— ansotanus (100-150 cnoB, mpuBogUTCS HA SI3bIKE TEKCTa Iy OIMKyeMoro Matepuaia, kersib Nell);

— KiroueBsle ciioBa 1o Tematuke (IpuMepHO 6 OAMHOYHBIE CITOBa WK 3-4 clioBocodeTaHnH, kerimb Nell);

—  TeKCT cTathy (Keriab Nel2).;

— CIIMCOK JIUTEPATVYPBI (8 coorBerctBru ¢ ['OCT 7.1-2003 «bubnumorpadudeckas 3anuck. budmnorpaduaeckoe
onmcanue. OOmue TpeGOBaHWS M TpaBHia COCTaBleHMs» (He Oosee 12 HaMMEHOBaHWIT), CCHUIKM pa3MELIaloTCs 10 Mepe
YIIOMHHAHUS B TEKCTE;

— cnucok nutepatypbl Ha anriuickoM sizbike (REFERENCES) nns apyrux BA3 JTAHHBIX momHOCTBIO OTIENbHBIM
OJIOKOM, TIOBTOPSISI CITHICOK JINTEPATYpPhl K PYCCKOSI3BIYHON YacTH, HE3aBUCHMO OT TOTO, NMEIOTCSI MJIM HeT B HEM MHOCTPaHHbIE
ncroynuk. B REFERENCES He ncnons3yroTest pa3aeiauTenabHble 3HaKU («//» 1 «—»). Ha3BaHMe NCTOYHMKA MUIIETCS KYPCHBOM,
CIIeZIOM JKUPHBIM IIPU(TOM — TOA M3JaHMs, 3aTeM HOMEp M3JaHWs W HOMEpa CTPAaHWI] M BBIXOIHbBIE JaHHbIE (BCE OTIENseTcs
3ansTol). B KoHIle B ckoOKax yKa3aTh SI3bIK CTAThU,

— pestome (100-150 crnoB) Ha ABYX SI3bIKaX, OTJIMYAOLIMXCA OT si3blka craThu. [locepeanHe cTpaHMLbl numercs: 1)
Ha3BaHUE CTaThU; 2) aBTOPHI; 3) Ha3BaHUE OpraHU3AlMH; C KPacHOW CTPOKM — AHHOTauwusl, nocie — KitoueBbie ciioBa (Kerib
Nell).

3. PucyHku u rpaduKH IOJDKHBI pacloyiaraThCs MO TEKCTYy, IOCIe CChUIKM Ha HUX, 0e3 COKpalleHHs: HampHhMep:
"Pucynok 1 - Hasanme (mox pucyHkoMm)". PucyHKHM BBITONMHSIOTCS B pexkume Paint (Painbrush). I'paduku, muarpamMmer,
rEcTOrpaMMEI - B pexkxnme Microsoft Excel, ¢ paspemennem He menee 300 dpi. MaTtemaTnueckue, pu3nyeckue U Apyrue
obOo3HaueHNs W (GopMyisl HabmparoTcs B pexume pemakropa dopmyn (Microsoft Equation), HakIOHHBIM pH(GTOM
pacnonaratorcs 1o 1ueHTpy. Homepa gpopmyn nmpocraBisitoTest y IpaBoro Kpasi CTpaHUIbl B KPYTJIbIX CKOOKaX.

4. OOuwmii 00beM pyKOITHCH, BKIIIOYAsi aHHOTALINH, PE3IOME 1 C YU€TOM PHCYHKOB 1 Tabaui He Oosiee 5-8 cTpaHuiL.

5. Cratbs, B 00s3aTelNbHOM MOpSAAKE, MOJMHMCHIBAETCS BCEMM aBTOpaMu (He Ooyiee yeThIpeX aBTOPOB) B HUKHEM
MIPAaBOM YTUIy Ha KQ)KIOH CTpaHWIE TeKCTa, CTaBUTCs AaTa. B ciyuae mepepaOoTKM cTaThby TEXHUUECKHM PeJaKTOPOM KypHasa
JTATOM TOCTYIUIEHHMS CUMTAeTCsl JaTa TOMyYeHHS peAaKifeil OKOHYATeNbHOrOo BapHaHTa. B oJHOM HOMepe J>XypHaia
JIoIycKaeTcs myonukanus He Oosee 2 craTeid OAHOTO aBTOpa.

6. Ha otnenbHOM JHCTe clenyeT npuBecTr cBefeHus o0 apropax: @.M.0. modHOCThI0, TOYTOBKIN anpec, e-mail, Mmecto
paboTHI, TOIDKHOCTH, CITy>KEOHBIN 1 TOMAIIHHUNA TelIe(OHBI.

7. K crarbe 00s3aTesIbHO MPUIAraroOTCsl PELEH3MH 2-X HE3aBUCHMBIX YUEHBIX (BHEIIHSSA M BHYTPEHH:S), KOTOpbIE HE
BXOJIAT B COCTaB PEAAaKLMOHHOM KOJUIETUH XKypHaJla M BeIyT UCCIIeI0BaHMs B 00JIacTsIX, OJIM3KMX C TEMAaTHKOM CTaThH.

8. Jlna Kaxmoil cTaTby 3amOJHSIETCS JKCIEePTHOE 3aKJIIOYeHHE O BO3MOXHOCTHM OIyOJMKOBAaHUS, YTBEpPKIEHHOE
npopekropom o HP.

9. Ha oOcCHOBaHMHM OKCHEPTHBIX 3aKIIOYEHHH pEeNKONJIeTus NPHHMMAeT pelleHrne: O IyONuKaluu MaTepuaia B
MIPE/ICTaBICHHOM BH/E; O HEOOXOANMOCTH 10pabOTKH; 00 OTKIOHEHHH.

10. Pyxkonuce, HampaBieHHas aBTOpaM Ha J0pabOTKy, IOJKHA OBITH BO3BpAIlCHA B WMCIPABICHHOM BHIE B CPOK HE
6onee 10 pabounx aneil. [lo ncreyeHnn 3TOro cpoka OHa paccMaTpUBaeTCsl Kak BHOBb nmocTynusiias. K nepepabotanHoM
PYKOINCH HEOOXOANMO MPHUIOKNTH MHCEMO OT aBTOPOB, ONMCHIBAOLIEE CJETaHHbIE NCTIPABICHUS U COZEPIKAIIee OTBETHI
Ha BCE 3aMEYaHUs PELIeH3EHTOB.

11. Pykonmce, MoMyuuBIIas OTPUIATENbHBIE OLEHKN IPU PELEH3MPOBAHMH, OTKIOHIETCS KaK HE COOTBETCTBYIOIIAS
ypoBHIO IyOnukanuil. Pykonucu aBTOpaM He Bo3BpamlaroTcs. Penakuus BIpaBe He BCTyNaTh B MEpPENHUCKYy C aBTOPOM
OTHOCHTENBHO NMPUYHH (OCHOBaHMI) OTKa3a B MyOJMKaIMK cTaTbu. Penakums octaBiseT 3a coOoi MpaBo, B HEOOXOIMMBIX
cilyyasix TPOBOJMTH COKPALICHUsI M PENaKTOPCKyIo MpaBKy crateld. Ilociie myOiaukamuu aBTOp MOXKET MOJIyYUTh KOIHUIO
craten B ¢opmare PDF. Penakims coOmromaeT pelakiMOHHYIO THKY M HE PacKphIBaeT 0e3 COryiacHsi aBTopa IPOIecC
paboThl Haja CTaThell B M3JaTENbCTBE (HE 00CYXKIaeT ¢ KeM-THOO JOCTOMHCTBA WM HENOCTATKH PadOTHI, 3aMe4YaHus W
WCTIPABIICHUS B HUX, HE 3HAKOMHT C BHYTPEHHUMH PELEH3UAMH).

Pekeuzumot 012 onnamoi:

HexomMepueckoe aKIIMOHEPHOE O0IIECTBO «AJTMATUHCKUI YHUBEPCUTET SHEPTETUKU U CBSI3H»
050013, r.Anmarel, yn.baiitypceiHosa, 126
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