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AHpaTna

[AviccepTaumanbik XyMbicTa 6apabaH apa apanbikTapia eHaeneTiH coiMapl

KapCbl TapTbiNbIMAAPAbI 6aFbIHbILLTLI PeTTeYAl Y KOHTYPAbIK XyliecieH XT-AK
cxemMachl 60bIHLLA XeTeKTi 31eKTP KO3FaNTKbILLTapbIH Xeke KopeKTeHAipyMeH
CbIM/ay OpPHaFbIHbIH aCMHXPOH/bI SNeKTpXeTeri kepceTinreH. Xyieae Tok
peTTeyilliHiH iLLKi KOHTYPbI, XbI1AAMAbIK PeTTeYiLLiHIH KOHTYPbI XaHe Kepy
peTTeyiLliHiH CbIPTKbI KOHTYPbI 6ap, 6Y/1 6HAENeTIH MaTepyanblH COpPFbILL
6apabaH/aapbl apacklHza CeKyHATbIK Kenemaepain TeHZiriH kamTamachI3 ety
MaKCaTbIHAA XeTeKTi 31eKTP KO3FaNTKpILUTapbIHbIH, XblNAaMAbIFbIHbIH KaXKeTTi
apakaTblHacblH yCTan TypyFa MyMKiHAik 6epesi. COHbIMEH KaTap COHFbl 610KTbIH
3N1eKTpXeTeri XeTekLi 601bIN Tabbinazbl xaHe 6epinreH XXyMbiC XblijaMAbIFbIHA
OPHaKTbIH, LWbIFYbIH KaMTamachl3 eTei. Xylie TeXHONoranbIK ONTUMYMFa
Kentipineai, 6yn kesze Kapcbl TapThiNyAblH 6epinreH geHreinnepiHae cbiMHbIH,
KETEKTi 3NeKTP KO3FanTKbILLTaPbIHbIH C3TTEpi 6apbiHLIA a3, 6y KapChbl TapTbinyaaH
CbIMAAYbILLIKA KbICbIM TayeniniriHe cakec 3n1eKTp sHepruacblH yHeMaeyai
KamTamacol3 etesi.

OpHaKkTbIH 83apa 6aiinaHbICTbl XPOHONOTUANbIK NapaMeTpepiHiH XaHe

OHbIH, 3/1eKTpXeTeriHiH 31eKTpoMexaHKanblk XyrieciHiK MaTeMaTuKanblk,
cMnaTTamach! HerisiHge CbiMAay/blH KYLUTIK napaMeTpaepiH peTTeyin MyMKiH
TacinAepiH Tanaay xysere acblpbiaibl XXKaHe CbIMHbIH, Y3iyiH a3aliTy YLUiH eH,
OHTali/bl HYCKa TaHAaN/bl. DHEPrva WbIFbIHBIH OHTaliNaHALIPY MakcaTbliHAa Typa
aFblHAbI CbIMZay OPHaFbIHbIH PeTTeyi kaHe TiMai backapy enLemiapTTapsl
aHblKkTangbl. CbIMAapAbIH, Y3inyiH a3aiTy MakcaTbiHAA CbIMAAYABIH KYLUTIK
napameTp/epiH TypakTaHAbIPY AS/AIMH apTThIpy YLUiH TapTy gaT4nkTepi
KONAaHbINABI.

Matlab opTacbklHAa nnekTey-co3y opHaFbIHbIH 33ipAeHreH 31eKTpXKeTeriHiH
BUPTyan/bl YArinepiH 3epTrey HaTUXKeCiHAE anbiHFaH oCLMNNOrpamManapbiy
CaHAbIK XaHe cananblk Tanaaybl, YCbiHbIIFaH KOOPAMHaTaNapAblH 6arFbiHbILITHI
peTTey Xylieci TeXHONOTVANbIK MPOoLecc TananTapblHa Calikec KeneTiHiH XacayFa
MYMKiHZiK 6epeai. CbiMaanyAblH XblnAamAbIFbIH KONAAY KaTeci XaHe TapTbinyabliH
KSHe KapCbl TapTbiNy/AblH aybITKYbl €H XOFapFbl PyKcaT eTinreH MaHHeH

acnafaH/AbIKTaH.

AHHOTaUusA

B AVIcCepTaLoHHOM pa6oTe npe/AcTaBneH acuHxpoHHsii snektponprsoa

BOJIOYMIBHOIO CTaHa C UHAVBUAYaNbHLIM MUTaHVEM MPUBOAHbIX
anekTpoaBurateneii no cxeme MY-AZ ¢ TPEXKOHTYPHOI CUCTEMOI MOAUYVNHEHHOTO

perynMpoBaHus a MNPOTVBOHATSXXEHWNIA 06pabaTbiBaeMoi NPOBONOKM {n B

Mexb6apabaHHbIX NpoMexyTkax. CucTemMa UMeeT BHYTPEHHWI KOHTYP peryastopa
TOKa, KOHTYP perynstopa ckopocTy U BHELLHWIA KOHTYp perynstopa HaTﬂ)Keva{ﬂ, 410
no3Bo/AeT NOAAePXMBaTL HEO6XOANMOE COOTHOLLIEHME CKOPOCTel MPUBOAHBIX
3N1eKTpoABUraTeneii c Lenbto obecrneyeHst paBeHCTBa ceKyHAHbIX 06bemMoB
obpabaTbiBaeMOro MaTepuana Mexay BbITsKHbIMU 6apabaHamu.  [pyi 3ToM
3/1eKTPONPUBOA NOCeAHEro 610ka SBNAETCH BeAYLLMM 1 06ecneynBaeT BbIXos
CTaHa Ha 3alaHHyt0 pabouyto ckopocTe. CucTema HacTpanBaeTca Ha
TeXHONornYeckunia onTmmyMﬂ, NpVi KOTOPOM Ha 3aJaHHbIX YPOBHSX
NPOTUBOHATAXEHWSA NPOBO/IOKV MOMEHTbI MPUBOAHBIX 31€KTPOABMraTeNe
MWUHUMa/IbHbI, YTO 06ecneymBaeT SKOHOMUIO 31eKTPOIHEPrUM B COOTBETCTBUM C
3aBVICVIMOCTbl0a AlaBNeHVs Ha BOIOKY OT MPOTVBOHATSKEHWS.

OcyulecTBieH aHann3 BO3MOXHbIX COCO60B pPeryMpoBaHns CU0BbIX

napameTpoB BO/IOYeHNS Ha 6a3e MaTeMaTM4ecKoro on1caHns B3anMocBsn



TEXHONOrMYeCcKMX NapaMeTpOB CTaHa 1 3/1IEKTPOMEXaHNYECKOA CUCTEMbI ero
3/1eKTPONpPYIBOAA U BbIGPaH Hanbonee ONTUMaNbHbIA BapUaHT A1 yMeHbLLEHUS
o6pbisrocTu nposonoku. {EF)] Onpesenerbl KpuTEpUN ONTUMANBHOTO yripaBAEHUS 1
perynuposaris €F) npsMoTOUHOr0 BOIOUMALHOTO CTaHa C LieNbio ONTHMM3aLMIA

3Hepro3aTpaT. /[l NOBbILLIEHWS TOYHOCTY CTabun3aLmmn cUioBbIX napameTpOBa

BOJIOYEHUA C LieNb YyMeHbLUeHNsA 06prBHOCTI/I MPOBOIOKN NCMONb30BaHbl 4aTHUKU

narsxerns @ .

KonmuecTBeHHbI 1 kauecTBeHHbIV aHa N3 OCLWNNOrPaMM, NMOJTyYeHHbIX B
pesynbTaTe NCCNeA0BaHS BUPTYalbHOV MOAEM Pa3paBoTaHHOro 31eKTPONPUBOAA
MpPOKaTHO-BOMIOUNILHOTO CTaHa B cpee Matlab Mo3BosisitOT 3aKKOUNTL TO, UTO
npeANoXeHHas cMcTema NoAUYMHEHHOTO PeryIMpoBaHUs KOOPAVHAT COOTBETCTBYeT
TPe60BaHMAM TEXHONOTMYECKOro NpoLecca. MockonbKy owmnbKa NoAsepxaHs
CKOPOCTY BONIOUEHWS 1 OTK/IOHEHWE HATSKEHWNI 1 MPOTUBOHATSXKEHUI He

rnpesbILLaeT MakCMManbHO A0MYCTUMbIX 3HaYeHui a .
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Annotation

The dissertation paper presents an asynchronous electric drive of a drawing

mill with individual powering of driving electric motors according to the IF-AD
scheme with a three-circuit system of subordinate control of the tension of the wire
being processed in the inter-drum spans. The system has an internal contour of the
current regulator, a contour of the speed regulator and an external contour of the
tension regulator, which makes it possible to maintain the necessary ratio of the
speeds of the drive motors in order to ensure equality of the second volumes of the
processed material between the exhaust drums. In this case, the electric drive of the
last block is the leading one and ensures the output of the mill at a given operating
speed. The system is tuned to the technological optimum, at which, at given levels
of wire anti-tension, the moments of driving electric motors are minimal, which
provides energy savings in accordance with the dependence of pressure on the die
on anti-tension.

The analysis of possible ways to control the power parameters of drawing is

carried out on the basis of a mathematical description of the relationship between
the technological parameters of the mill and the electromechanical system of its
electric drive, and the most optimal option is chosen to reduce the breakage of the
wire. The criteria for optimal control and regulation of a straight-through drawing
mill with the aim of optimizing energy consumption are defined. To improve the
accuracy of the stabilization of the power parameters of dragging in order to reduce
wire breakage, tension sensors are used.

Quantitative and qualitative analysis of the oscillograms obtained as a result

of studying the virtual model of the developed electric drive of the rolling-drawing
mill in Matlab environment allows us to conclude that the proposed system of
subordinate coordinate control meets the requirements of the technological process.
Since the error of maintaining the speed of drawing and the deviation of tension and

counter-tension does not exceed the maximum allowable values.
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Kipicne

CbIMZa XaHe oZaH xacanfaH bylibiMaapablH ecin kene xaTkaH

KaXeTTinikTepiHe 6ainaHbICTbI CbIMAAY OHAIPICIHIH AaMy ypaici XoFapbl
XKbINAaMAbIKTbI cMnaTTamManapbl 6ap cbiMAay OpHakTapblH Urepyre xaHe LblFapyFa
6aFbITTanfFaH, 0Cbl CbIMAAPAbIH, KAPChl TAPTYMEH CbIMAAYbILLIKA AeliH XYMbIC
icTelATiH Ken MapTe Typa afbiHAbI CbiMAay opHakTapbl (TCO) 60onbin Tabbinagbl.
Byn opHakTap, Kapcbl TapTyCbl3 XYMbIC iCTEMTIH CbiMAAy OpHaKTapbIMeH
CanbICTbIPFaHAA, OHIMAINIKTI 44% - Fa apTTbIpyFa biknan eTegi, eHiM 6ipairiHe
\(I'IeCTiK aHeprvm U_JbIFbIHAaprH a3aVITaAbI XaHe LLIbIFaprI'IaTbIH eHiMHiH canacbiH
KakcapTazsl.

Byn opHakTapaa eHiMAINIKTI XOFanTyAblH Heri3ri ¢pakTopbl, CbIMHbIH, XUi

y3inyi 60n1bIn Tabblnazgel, COHbIH ecebiHeH eH KonawcbI3 aybiCynapaa XymbIC
yakbITbIHbIH 40% - Fa Xyblfbl XXOFanaabl. ATapablkTali apexese kapcol TapTymMeH
Kern MapTe CbiMzay OpHaKTapblHAaFbl Y3iAriWTir CbiMzay npoueci
napameTpiepiHiH TypakcbI3AblFbIMEH, Scipece Kapcbl TapTy/AblH LWaMacbiHbIH,
TypaKCbI3AblFbIMeH XaHe AeHreiiiMeH aHblKTanagel. CoHaaii-ak, CbiMAapAbIH, y3inyi
KannblHa KenTipiMenTiH akay/AblH Naiiaa 60yblHa, LUNKI3aTTbIH XOFanyblHa XaHe
6apabaHgapra cbiMgapAbl KaiTa Kyto KesiHge OpHaKTbIH TOKTan KanyblHa akenei.
Cbimaay 6110KTapbl apacbiHAa CbiM 60ibIHLIA KaTTbl 6aiinaHblc KesiHaeri

CbIMZAy TEXHONOTVSICbIHBIH, HETi3ri MiHAETI, CbiMAay/AblH 6epinreH
6aFbITTapbIHAAFbI XXETeKTi 31eKTP KO3FaNTKbILUTaPbIHbIH OYPbILLTBIK
KbINAAMAbIKTaPbIHbIH apa KaTbIHAChIHbIH, KaXeTTi LiamacbiHa 6ainaHbICTbl AeliH
XaHe KelliH CbimAaybllITaH eHAeNeTiH MaTepuanibiH CeKyHATbIK KenemaepiHiH
TeHAiri 6onbIn TabblnatbiHbl 6enrini. by WapTTel cakTay engeneTiH cbimM
KO3FasbICbIHbIH, XXeNiNiK XbligaMAbIKTapbiH TUICTi CUHXPOHAAYAbl KaMTaMachI3

eTe/li,calikeciHLe, 6epinreH oHTailbl AeHreliae CbIMHbIH TapTbinyblH X3He Kapchl



TapTbIybIH TypPaKTaHALIPY/Abl KAMTaMachl3 eTesi.

OcblFaH 6alinaHbICTbl TEXHONOTVAbIK MPOLLECTIH, Ka3ipri 3aMaHfbl

TananTapblHa calikec CbiMAay/AblH 6epinreH 6arbITTapbiHAaFbl KO3FanTKbILLITAPAbIH
Kbl AAMABIFbIHBIH KAXETTI MaHiH ycTan Typybl, TCO an1ekTpxeTeriMeH asTomatTbl
6ackapyablH, XaHa XylienepiH xacay, a3ipney XaHe Kypy kesiHae e3ekTi MiHgeT
60/1bIN TabblNaabl.

Anaiija, Kapcbl TapTbiNy/AblH aBTOMATTbl TypaKTaHAbIPYAbIH OCbIHAAM

KyiienepiH KypblayblHa, OHbIH TYPaKTbI/IbIFbl MeH OHTa/bIbIFL! LUapTTapbiHaH
CbIMAapAbIH KapChbl TapTbINYAbIH TypakTaHAbIPY XYyeciHiH napameTpaepiH
CUHTe3/ey SAICTepiH a3ipaeyMeH, peTTeyLUi KYPbUIFbIHbIH, KYPbIbIMbIH
HerizZieymeH, peTTeneTiH 06beKTIHIH MaTemaTuKablk cunaTTamacbiHa
6aiinaHbICThl, Bipkatap Kypaeni MiHAeTTepai LWelly anabiHaa 60nybl Tvic. Byn
MiHAETTepAi LeLly CbiMAAy XKabAblFbl KYMbICbIHbIH TEXHONOMVANbIK,
epekLUenikTepiH Tepen 3epTTey HerisiHge FaHa MyMKiH 60/1a4bl.

Kasipri yakbITTa TypaKTbl TOKTbIH 3/1€KTp XeTeriMeH CaNbICTbipFaHAa SHeprus
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TUIMAINIri MeH ceHimainiri gsnengenren, 35...100 kBT kyatTap AvianasoHblHAa
aliHbIMasbl TOKTbIH, XWiNIKTIK-peTTeneTiH 31eKTp XeTekTepiH eHepKacinTiK
KONAaHy MeH 3epTTeyziH XeTKinikTi Toxipnbeci 6ap. CoHbiMeH kaTap, TCO-ga
TeXHONOMMUANbIK MPOLLECTiH SHePrus TNiMAiNIri, Tek Kapcbl TapTyMeH CbiMAayMeH
FaHa eMec, COHbIMeH KaTap, MVKPOMPOLIeCCOp/bIK 6ackapyMeH XaHe
XKbINAAMABIKTbI PETTEYAIR KeH Anana3oHbiMeH XT-AK cxemachk! 60iibIHLLIA
KMINIKTIK-peTTeNeTiH 3N1eKTp XeTeriH nanganaHy ecebiHeH Je Ko XeTkisyre
60nazbl. byn XaFaalifa acHXpPOHZbI anekTpxeTeriMeH 6ackapy anroputMaepin
CnHTE3ey, CbiMAapAbl KapCbl TapTyFa aBTOMAaTTbl TypakTaHAbIPY XaHe CbiMAay
npoLeciMeH oHTalinbl 6ackapy Macenenepi epekLle MaHbi3fa e 601ajbl.
)KoFapblaa aiTbiNFaHAapFa Calikec 0Chl ANCCepPTaLMABIK XYMbICTbIH,

MakcaTbl, CbIMHbIH, Y3iNyiH TOMeHAeTy ecebiHeH, OHbIH SHeprus TUiMAiNIri MeH
OHIMAINIriH apTTIpy yLwiH XT-AK cxemachl 60ibliHLa TCO aiiHbIManbl TOKTbIHK
3NeKTpXeTeriMeH aBToMaTTbl 6ackapy XyiieciH a3ipney xaHe 3epTTey 60/bIN
Tabblnagbl.

KoWbinFaH MakcaTka XeTy YLUiH Keneci FblibIMU-3epTTey MiHAeTTepi

KOWbINFaH:

- backapy xyienepiH xoHe TCO anekTpxeTeriHiK KypyablH kasipri

TCiNAEPIH X3He Typa aFblHAbl CbIMAAY TEXHONOMUACLIHbIH, epeKLIenikTepiH
3epTTey;

- CbIMHBbIH, Y3iNyiH a3aiiTy MaKcaTbiHAA eH OHTal/bl HYCKaHbl TaHAay XaHe
3N1eKTPXeTeriHiH OHbIH 31eKTpMeXaHVKablk XyNeciHiH XaHe OpHaKTbIH,
TEXHONOrVsANbIK NapaMeTpaepiHiK e3apa 6ainaHbICbiH MaTeMaTKanblk cunaTray
HerisiHAe cbiMAay/ApblH, KYLUTIK NapameTpaepai peTTeyaiH bIKTMan TacingepiH
Tanzay/bl Xxysere acoIpy;

- SHEPrus LWbIFbIHBIH OHTaNAHABIPY MaKcaTbiHAA Typa aFbiHAb! CbiMAay
OpHaKkTapblMeH peTTey XaHe OHTalNbl 6ackapy enlleMLapTTapblH aHbIKTay;

- OpPHaKTbIH 3/1IEKTPXETEriH/AEe TOMbIK aknapaTtneH CbiMaay/blH KYLITIK
napameTpnepAi petTey xaHe 6akplnay xyneciH navigananyblH OpbIHABINbIFbIH
Tanaay;

- backapy 06beKTiCi peTiHAe Typa aFblH/AbI CbiMAAY OPHaFbIHbIH,
3/1eKTPOMEXaHUNKaNbIK XyMeciHiH MaTemaTnkanblk MOAeNiH a3ipnaey;

- 1:100 AeliiH >aHe oAaH XoFapbl XbinAamaslk 60ibIHLLA peTTey

AVana3oHbIH KaMTaMachl3 eTeTiH, cTaTop Ti3beri 60VibIHLLIA XeTeKTi IneKTp
KO3FaNTKbILLUTaP/AbIH XeKke KopeKTeHAipYiMeH KbICKa TylblKTanFaH poTopMeH
ACVHXPOH/bI-KO3FaNTKpILL @HAIK-UMNY/LCTIK MOAYNALMANLI aBTOHOM/bI KepHey
TepicTerilwi cxemachl 60MbIHLLIA OPHaKTbIH, SHEPrUSANbIK TUIMAI
aBTOMaTTaH/bIpbIIFaH SNeKTPXKeTeriH asipney.

- CbIMAAY/bIH KYLUTIK NapameTpepiH TypakTaHAbIpy XylieciMeH opHak,



3N1eKTPXeTeriHiH MaTemMaTKanblk XXaHe KOMMNbIOTEPNIK MOAeNbiH a3ip/ey, XaHe
CTaTUKanbIK XaHe ANHaMUKaNbIK XyMbIC pexrmaepiHge Matlab kongaH6ans
barjapnamachbiHAa BUPTyanbl MOgenb/e OHbIH XYMbIC KabineTTiniriH Tekcepy
XaHe peTTey canacblH aHbIKTay.

KolibinFaH MiHATTepAI LeLly HaTUXeNepi AnccepTaumsaiblk XyMbICTbIH,
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TeMeHeri yL 6enimiHae kepceTinreH.

O/ebu 3epTTeynep HerisiHae 6ipiHLLI TapayAa CbIMHbIH CbiMAAYAbIH Typa

arblH/bl MPOLECiHIH Tanaybl KeNTipifreH, OHbIH 3aHAbIbIKTapbl MeH
3HepreTuKachl aHblkTanFaH. Typa arblHAbl CbIMAay OpHaKTapbIHbIH KOHCTPYKTUBTIK
epekLuenikTepiHe XaHe 3n1eKTPXeTeKTi KypyAblH 6enrini npuHUMnTepiHe Wwosny
YCbIHbINFaH. backa ykcac MalmHanap angeiHaa TCO apThiKLLbIIbIFLI 6enrineHreH
>KeHe CbiMAayAblH, NPOLIeCiHiH Kasipri TananTapblHa 31eKTpXxeTeKTepiMeH
KONAaHbICTaFbl aBTOMATThI 6ackapy xylienepiHiH calikecciairi kepceTinreH .
Tanpay HaTwxeciHAe, XXT-AK cxemachk! 601ibIHLLA aliHbIManbl TOKTbIH, XWiNiKTiK-
peTTeneTiH 31eKTp XeTeriHAe Co3yLlbl 610KTap apacbiHAa CbiMFa KapCbl TapTbiny
LuamanapblH oHTananabIpybiMeH, TCO aHeprus TUIMAINIriH aHe eHiMAniriH
aliTapbIKTall apTTbipyFa 601aTbIHABIFbI aHbIKTaNFaH. XXyMbICTbIH TEXHONOMANBIK
pexXvMAepiH Tanaay HerisiHze Typa afblHAbl CbiMAAy OpPHaKTapbIHbIH 31eKTp
XeTekTepiHe KolbINaTblH TananTap HakTbinaHFaH. 3epTTeyziH MakcaTTapbl MeH
MiHAETTepi aHbIKTaNFaH.

EKiHLLIi Tapay/a eTeKTiH 3n1eKTpoMexaHKablk XXYNeCiHiH XaHe OpHaKTbIH,
TEXHONOTUANBIK napameTpnepiHiH e3apa 6alinaHbICbIH MatemaTtuKanblk crmnaTray
HerisiHAe CbIMAayAblH KYLUTIK NapameTpaepiH peTTeyAiH MyMKiH TacingepiH Tansay
YCbIHbIFaH XaHe CbIMHbIH, y3iNyiH a3aiiTy MakcaTbiHAa €H OHTalbl Hycka
TaHaanFaH. CoHbiMeH KaTap, Ti TapTbiMAbIK KYLUTEPA] XyMcak TypakTaHAbIpyMeH
KamTamacoI3 etineTiH, Ni angpiHfFbl kepinynepai xeHe Qi Kapcbl TapTbinyAbl

XXyMcak TypakTaHzblpyMeH Xyieci ycbiHbiFaH. CbiMAay 610KTapbiHbIH YKeH
CaHbIMeH OpHaKTap/Aa peTTeyAiH, HeFyp/ibiM XOFapbl ASNAIMNH anyFa MyMKIHAIK
6epeTiH, CbiMAbl TapTyAblH, Tikenei bakbinay AaTumKTepiMeH XabablKTanFaH,
6acKapy XyieciH KonaaHy opbliHAbI eKeHgiri ganenjeHreH. Kapcel TapTbinynapabiy
TypakTaHAbIPYbl 60VbIHLLIA TEXHONOTUANBIK NPOLIECCTIH TananTapblH KaMTamachI3
eTyre MyMKiHAIK 6epeTiH aHe MeHLUIKTi SHeprus LWblFbIHAAPbIH a3aiiTaTbiH ap6ip
KO3FaNTKbILIKA, XWINIKTIH Xeke TypneHaipriwimeH TCO aBToMaTTaHAbIpbIFaH Ken
KO3FaNTKbILUTLI aCUHXPOH/bI 3N1EKTP XeTerimeH 6ackapy Xylieci a3ipaeHreH.
CoHbIMeH KaTap, XeTingipy ywin TCO 3nekTp xeTeriMeH 6afbIHbILTLI peTTey
XKYMECIHIH YL KOHTYP/IbIK Cbi36achl YCbIHbINABI.

YwiHwi Tapayaa, Matlab opTackiHaa BUpTYanabl MoAenb xacanfaH,
maTemaTuKanblk MoAenb HerisiHAe, Kapcbl TapThinbiMAAp AaTunkTepiMeH 6apabaH
apa apanbikTapja eHeneTiH MeTan/bliH Kapcbl TapTbibIM TypakTaHAbIPY
yrecimeH XT-AK cxemackl 60oiibiHLLa TCO 3neKTp XeTeri 3epTTenreH. YakbIT
AviarpaMManapbiHbiH MOAENiHe anblHFaH, 8TKI3INreH caHAbIK XaHe cananbik,
TanjayAa, 93ipNeHreH Xyie TeXHONOrVANbIK NPOLECTIH TananTapbiH
KaHaFaTTaHAbIpabl Aen Xacacyra MyMKiHAik 6epeai. CbiMay Xbl1AaMAbIFbIH
ycTan TypyAarbl kaTe MakcMManzbl pykcaT eTinreH MaHHeH + 5% acnaiigpl, an kepi
TapTbIyAbIH aybITKybl = 15% acnaiigbl. MapameTpaepain peTTey yakbiTbl, Tepbenic
caHblHAA XaHe KaliTa peTTey LamacbiHa XaTaTblH, 8Tnesi npoLectepaiH canachl
XaKCbl Aen caHanybl MyMKiH. OCbiHbIH 6apibiFbl 6ackapy/AblH eKi KOHTYP/IbIK,
XKYMeCiHiH, peTTeriluTepi, XKeTeKLi 610KTbIH KapCbl TAPTYMEH YL KOHTYpP/bI

6ackapy yieciHiH peTTeyiluTepi XKaHe xeTeKLUi 610KTbIH XblAAaMAbIFbIMEH,

"
TEXHONOTUSANbIK MPOLLECC TaparblHaH OPHAK 3M1eTp XeTeriHe TyCyLUi, KO3AbIPFbILL
acepnepAi okLlaynanspl ekeHziriH pactangpi.

1 Bapab6aH 6oWibIHLLa CbIMAAPABI CbIPFLITMAl CbiMAAy OpHAKTaPbIHbIH,



3NeTp XeTeri aBToMaTTaHAbIPY 06beKTiCi peTiHAe. 3epTTeyiH Herisri
MakcaTtTapbl MeH MiHAeTTepi

1.1 bapabaH 60/iblHLLIa CbIMAAPAbI ChIPFLITMA XYMbIC ICTEATIH,

CbIMAAY OpPHaKTapbIHbIH TEXHONOMMSIbIK epeKLuenikTepi

1.1.1 CybIK KyWiiHAe eHzeneTiH 6onaT CbIM Kasipri yakpITTa eki TacinimeH

anblHybl MYMKIH — Y3AiKCi3 KeMAey OpHaKTapbIHAa KeMAeYMeH XaHe ceiMaay
opHakTapblHAa cbiMgayMeH. MeTanzpl KbiCbIMMEH eHAeYAiH eki Typi e, 6ipgeit
TYNKi MaKcaT kesiHze - MeTanjblH KyKapybl MeH y3apybl, OHbIH ¢U3VKanbIK-
MexaHWKanblk KacueTTepiHiK KanbiNTacTbpybl KAFUAATTbI aliblpMaLLbIbIKTapbI,
apTbIKLWbINbIKTAPbl MeH KeMLinikTepiHe ve. 1.1-cypeTte MeTanipl KbiCbIMMeEH
eH/ey NpoLecTepiH CanbICTbIPy YLUIH Xanrnbl CXxema KenTipinreH,
MYHAaFbI:SNBX,SNBbIX - CO3blIFaHFa AeliiH XaHe ojaH KeliH galblHAaMaHbIH,
KMMackl;LNBX, LNBbIX - CO3yFa AeiiHri XaHe oaH KeliHri AaiblHAaMaHbIH Y3bIHAbIFbI;
Pn - nnemgey 6iniktepiHe Hemece ayHakLuanap, cbiMAayblLll KabblpracblHa KplCbIM;
Tn - ceimaay kyLwi [1,2,3,4].

1.1-cypeT - MeTanabl KbiCbIMMEH eHJeY Tacinaepi

SNBbIX KMMaCbIMeH eHAENeTIH METa XyMbIC KypaiblHblH CaHblnayblHa

Kipeai, KbIcbIMMeH eHzeyre yLbipaiiibl XaHe a3 KMMameH Whbirazbl. COHbIMeH
KaTtap, AedpopmaLia npoLeci "cosy" AereH atka ve, napameTpiMeH cunattanazsbl,
6blnait aHbIKTaNbIHaAbI:

p=SnBxSnBbIx=LnBbIXLNBX, (1.1)

MYHZaFbl SNBX, SNBbIX,LNBbIX,LNBX - THiCiHWe gedopmaLms oLuaFbiHa KipeTiH
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K9He OfaH LUblFaTbIH 8HAENETIH MeTanablH KMMachbl MeH Y3blHAbIFbI.

MeTanzbl eRAeYAi Xy3ere acblpy YLUiH TypAi XongapmeH icteyre 6onazbl

(1.1 cyper). BipiHLiAeH, OHbIH aNAbIHFbI YLLIbIH 6aCkIn XaHEe MeTann Kypan apkplbl
oTeTiHAel XaHe eHaeneTiHeln T kyLliMmeH TapTyFa 6onagbl. Byn xargaiga engey
a4ici ceimaay gen atanazbl. XyMbIC Kypanbl CbiMaay KesiHae aliHana anagbl
(ayHakLlanbl CbiMAAybILLTaPp) XKaHe KO3FasblCCbi3 601ybl MYMKIH (MOHOAUTTI
CbIMAAYbILLITaP) eKeHiH aliTa KeTy kepek. EKiHLLiZeH, apTkbl yLLbIHa Koca 6epinreH
Q vTepriw KyLWiH KongaHyFa 6onaabl. byn Xaraaiga eHaey Tacini cbiFbiMaay Aen
aTanagpl. bonat cbiM eHgjpic TaxipnbeciHae 6yn aAic KonAaHbICTbI Tannazgsl.
AKbIPbIHA, YLWIHLLiAEH, 6iNiKTiH XYMbIC KypasbliH aiiHanAbipyFa 6onagabl. Erep
6iniK NeH MeTann apacbiHAaFbl YKeNic KyLWwi MeTanablH KapCbl XUbIHTbIK SpeKkeT
ZAedopmaumsicbiHaH ken 6onca, eHAey npoLeci MymkiH 6onagbl. byn xaraaiiga
oHAeY d4ici keMzey Aen aTanazel. OliTnece, MeTann 6oibIHLLIA 6inikTepAiH 60c
aliHanybl balikanazgpl.

Taxiprbese cbiMaay KesiHAe Herisri Kypan peTiHze eH ken TapanFaH

MOHOINTTI CbIMAAYbILITaP. KOHYCTbIK MOHONWTTI ChIMAAYBILLTBIH, €H, XU
KONAAHbINATBIH NPOPUbAIH 6ONNbIK KMMack! 1.2-cypeTTe KepceTinreH.
JledopmaumsinayLbl Hemece XyMbIC aiMaFbl KOHYCTbIK MilliHAi 601ajbl, OFaH CbiM
6enrini 6ip 6ypbiLLneH Kipeai. XyMbIC aliMarblHbIH anAblHAA TEXHONOTUSBIK,
MaiinaynapmMmeH TONTbIpbIIFaH Maiinay aiMarbl 6ap. lebopMaLumanblk alimak,
CbIPThIHAA LAMHAPAIK NiWiHAI Kanubpney 6engiri 6ap.

CbiMzayblLUTapAblH XeniHyre kapcbl TO3IMAINIMIH apTThIpy YLUiH, OnapAbl

MeTa KepamuKanblk TICIIMEH KaTTbl KOpbITNanapAaH (Bonbdpam xaHe TiTaH
KapbuaTepiHeH, Keile BaHagN, MONNGAEH, TaHTan, BOPAAH XaHe T. 6.) )acainsbl.
CoHgal - ak >KoFapbl TO3yFa Te3imMAiniriMeH epekLleneHeTiH MAKPOAWT,
TEPMOKOPYHA, COHbIMEH KaTap, onapaplH KyHbl Bobdpam KopbiTnanapbiHaH
a4eTTeri cbiMAaybILUTapAaH Kern ece TeMeH KepaMuKasblk KaTTel KOpbITRanapAaH
CbIMAaybILWTapAbl KonAaHazbl. Eapnbug OCbl MaTepuangap xeniHyre KapcCbl XXOfapbl
Te3iMAINIKNeH XaHe KaTTbIbIKNeH KaTap TOMeH TYTKbIP/bIFbIMEH epekLleneHes.
KyMbIC 6apbICbiHAa MyHAAM CbIMAAYbILITBIH, 6y3blnybiH 6014bIPMaY YLLIH, OHbI
angplH ana cosyMeH (TbIFbI3Aay XaHe T. 6.) XeTKiNikTi TYTKbIp XaHe 6epik bonatraH

KacanFaH Kypcamara 6ekitesi. CoHbIMeH KaTap, CbiMAay Ke3iHze CbiMAaybILLTbIH,



caKVHanbl 6aFbITbIHAA CO3bINATLIH KEpHeyep aliTapabIKTai a3asjsl Hemece
Kypcama TapanbiHaH KbiCy KepHeynepiMeH anblHbIn Tactanajbl.

MoHoAnTTI cbimaaybiliTapaa Ceimaay NpoLLeCiHiH kapanaibiM 60bIn
KepiHreHiHe KapamacTaH, MeTanzbl CbiMAAy ap TypAi GakTopnapaslH Ken caHblH
Kacblpazbl, 0n1apAblH Kenwiniri ywiH /i kyHre AeiiH canAblK FaHa eMec, COHbIMeH
KaTap canasblk Tayenginik opHaTbiMaraH. Mpouecc 6apbicbiHa Maitnay [1,2] xaHe
yiikeneTiH 6eTTepAiH canackl, NPodub MNiliHi MeH CbiMAaybIl MaTepvans,
AedopmaLins Aapexkeci MeH XblnAaMAbIFbI, OHAeNeTiH MeTanablH 6epikTiri MmeH
nnacTukanblk kacvetTepi 6ackim acep eTedi. CbIMHbIH CO3blNYbl KebiHece
rMAPOAVHAMUKANLIK YIAKENiC pexnMiHAe XYPri3ineTiHiH aTan eTy KaxeT, OHbIH,
M3Hi eKi anmanbl-canManbl KaTTbl 6aNKUTBIH iLUNeKTepAiH (CbiMAaybILLUTapAbIH)

apacblHZa MainayAblH Xofapbl KbICbIMbl 6ap aiiMak, Ty3inegi, ocbinaiia mManay
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LIapTTapbl XaKcapazpl XaHe yiikenic KoappuLmeHTi asanbl. [VAPoAMHaMMUKaNbIK,
yIKenic pexuMi ceiMgayFa SHEPra LUbIFbIHBIH a3aiiTadbl, CO3bINaTbIH MeTanaaH
Teric 6eTTi anyra biknan eTesj, CbiMAaybILUTbIH XYMbIC apHaCbIHbIH, TO3YbIH KaTThl
asaiitaabl XaHe gedopmaLys AdpexeciH XorFapbliaTyMeH NPOoLEece Xyprisyre
MYMKIHAIK 6epegi.

1.2-cypeTTe AepopmMaLins OLaFblHAa 9peKeT eTeTiH KyLuTep cxeMachl
KepceTinreH, MyHAarbl: 1-cbimaaybii; 2-cbim; N-Cbimaay KyLui; Q- kapcel TapTy; P
- cbiMgayblLLka KbicbiM; dO, d1- cbiMAayFa AeRiHri XXaHe ofaH KeRiHri cbiM
AnameTpi.

1.2 cypeT - Kapcbl TapTyMeH CbiMAay KesiHAe MeTasll MeH CbiMAAybILLIKa

acep eTeTiH KywTep

1.1.2 Kapcbl TapTyMeH CbiMAay/bl CbIM CO3FbILL KyPasbiHbIH, (CbiIMAaybiLLl)
6epiKTiriH apTThIpy YLUIH XaHe CbIpTKbI YIAKenyAi asaiTy yiiH KonaaHbinazs!.
OHbIH MaHi, TapThiNaTblH MeTasFa OHbIH CbiMAAYbILLIKA Kipy XaFblHaH MeTanablH
Kapama-kapcbl Ko3FasblCbiHa 6aFbiTTanFaH Q KyLWiH canajbl XaHe COHAbIKTaH 6y
KYLL KapChl TapThlay, an Keinae apTkpl TapTbiny Aen atanagel. OcblgaH
AaliblHAaMaza ocbTiK 6aFbITTa CbiMAAy apHacklHa KipreHre AeiiiH CO3fFbILL KepHey
naiaa 6onaabl, 6yn apHa KabblpFackiHa METaNN KbICbIMbIHbIH a3atobiH TyFbi3azbl
KSHE OHbIH TYPaKTbI/bIFbIH apTThipazsl.

ChIMaaybIWTLIH gedopMaLus oLaFbiHAaFbl KyLLi MbiHaHAa

apakaTblHacbIMeH aHblkTanaspl

Ni= Pi+ Qi(i= 1,n), (1.2)

MyHAaFbl N - cbiMgay KyLi (@nAblHFbl TapTy);

P - cbiMAaybILLKA KbIChIM;

Q - Kapcbl TapTy (apTKbl TApTy);

i - cbiMAay 6710 bIHbIK HOMIpI.

CbimaaybiLlka KplcbiM P aedpopmMaLms xacayra XaHe CbiMaybIlTa yiikenyiH
KeHyre XymcanaTblH KyLuneH cunaTTanajbl.

Typa afblHAbl TUNTI OpHaKTapAa Kapcbl TapTyMeH CbiMAay/blH

TEXHONOTUANBIK CXemachl 1.3-cypeTTe KepceTinreH, oHAa Cbim 3, 4 cbiMAayblLLTa
CbIFbINazbl kaHe 5 TapTkpIlw 6apabaHMeH co3blnagel. bapabanaap 6ip
TEXHONOTVANLIK KELLeHTe UiNIMCI3 CbiIMMeH balinaHbiCkaH, OHbIH TapkaTy 1 xaHe

opaybILWThl 6 KOCa anFaHja.
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BapabaH MeH Keneci CbIMAAYbILLTbIH apacbiHAAFbI y4acke e TapTblny Kapchbl
TapTbiny Q- apTKbl TaPTbINY LAMaCcbIMEH aHblkTanazpl, an CbiMAaybILL MeH Keneci
6apabaH apacbliHzarbl ydackege "N" -angbliHFbl TapTbiay LUAMaCcbIMEH aHbIKTanagbl.
Kapcbl TapThiny 60MaraH Xaraaiiaa, anabiHebl TapTeiny N = P.9geTTe cbimaay Q
Kapcbl TapTyMeH BGipiHLLI cbiMAdybluTaH 6acka 6ap/iblk CbiMAAybILLTaPAA Xy3ere
acbIpblnagbl, OHAA CbIM TapKaTy KYPbIAFbICbIHaH TapTyChI3 XaHe 6yn Xaraanga Q1
=0, N =P kesiHge Tyceai.

1.3 Cypet - Typa afblHAbI CbIMZAY TEXHONOTMACHI



ApHalibl 6ingekTepae ceiMAay NpoLeciH 6actamac 6ypbiH, eHAeyre apHasFaH
ZalblHAaMaHbIH YLLIbIH OCbl YLLbI CbIMAAYbILLIKA OHAI KipeTiHAel XaHe iiHapa
OHbIH KapaMa-Kapchl XafblHaH LUbIFaTbIHAAM ecenreH XuekTeirai.byn yibiH 63
anfAblHa LbIHXbIPAapFa KSAiMri keHenep kepceTeTiH, apHalibl TapTKbILL
MeXaHV3MMeH anagpl. LLbIHXbIpAbIH 6acka 6eniri cbiMaay 6apabaHblHAa apHalibl
nasgapaa 6apabaHga inmekneH 6ekitinesi. KabblpraHbiH XykapybIMeH Kyblc
npodunbAepAi cbiMAay KesiHAe CbiMAay apHachkl CbiMAAYbILLMEH XaHe Ty3eTyMeH
KanblnTacazpl, 0N XblXbIMabl XSHe epkiH e3AiriHeH OpHaTbINaTLIH peTiHie
6ekiTinyi MyMKiH.

Typa afblHAbI OPHaKTa Ker MapTe CbiMAay/AblH MPOLIECIHIH KaNbINTbl aFbICbiH
KamTamachI3 eTeTiH Herisri wapTTapAblH 6ipi, 01 cbiMAaybILLKa AeliiH  XdHe ojaH
KeniHri MeTanablH, CEKyH/J,Tbm{E KenemzepiHiH TeHgiri  6onbin Tabeinags [1,2,4]
V1-S1=V2:S2=..Vn- q Sn,(1.3)

MyHAaFbl V1 eHe V2 - cbiMgayblLLKa AeliHri XeHe oAaH KeiiHri cbiM
KblNAaMABIFbI;

S1 KaHEeS2- CbiMAAYbILLKA AeNIHT XXdHe 0AaH KeliHri CbIMHbIH KenjeHeH,
KMMaCbIHbIH ayAaHbl;

N - CbIMAAYbILL CaHbI.

COHbIMEH KaTap, TeXHONOMUs/bIK NPOLLECTi TypaKTaHAbIPYAb! KaMTaMachI3

eTy ywiH N cbimaay >aHe Q kapcbl TapTy KYLUi CbIMHbIH, y3iayiHe aKenyi MyMKiH
MaHAepAeH acnay Kaxert. EKiHLWI KafblHaH, TEXHONIOMNANbIK I'IpOL[eCTiH 6¥3b|l‘|ybIH

6ongpipmay yLUiH, Q Kapcel TapTy Kelbip eH a3 MaHHEeH KeM 60/Maybl TUiC, OTKeHi
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6yn bapabaHaaFbl CbiMAAPABIH, iNIHICYIHIH XOFanyblHa XaHe OPHAKTbIH XYMbIC
icTey kabineTiHiH XoFanyblHa akenyi MyMKiH. CbIMHbIH 6apabaHHbIH LeH6epi
60libIHLIA CbIPFYbIH 60nAbIPMaY YLUiH, Diinep dopMynackl 60ibIHLLIA KapCbl
TapTbI/ly €H a3 MaHMeH LIEKTeNIeTiH LapTTbl OPbIHAAY KaXeT:

,(1.4)

MyHaa - 6apabaH/iarbl CbIM OpamAapblHbIH CaHbl;

f- bapabaH 60iibIHLLA CbIM Yiikenic KO3pPULMEHTI.

Ocblnalila, 6ip xarblHaH KapCbl TapTbiay CbIM iIMEKTepPiH TyAblpMay YLUiH

>K9He eKiHLUi XaFblHaH OHbIH y3inyiHe K01 6epmey YLUiH eH a3 MaHMeH LueKTenesj.
Byn wekTeynep 6apabaH 60ibIHLWa CbIMAAPAbI CbIPFLITNAN CbiMAAy OPHaKTapbIHbIH
3/1eKTP XeTeKTepiH backapy XylienepiH Kypyra epekLue Tanantap KosiAbl.

1.1.3 MeTangpl KbICbIMMEH 8H/eY Ke3iH/e anblHaTbiH OHIMHIH MexaHuKanblk

XaHe pur3mKanblk KacueTTepiHiH e3repyi (KanbinTacybl) Manbi3abl 60/bIN
Tabblnazgpl, 0NapablH Herisrinepi cepnimainik, nkemainix, 6epikTinik, Cokkpl
TYTKbBIPAbIFbI, KaTTbIbIK XaHe Te3imMainik 60bIN Tabbinagbl.

MeTanzelH cepnimainiriH, 6epikTiriH )xaHe naacTvkanblk kacneTtepiH

aHbIKTay YLUIH eHrenek Hemece Xasblk popmajasbl YArinep cratukanblk cosblnyra
cbiHanagbl. CbiHaypl y3iny MallVHanapblHAA XYprisinesi, HaTVXeciHAe co3blay
AmarpammackiH anagel (1.4 cyper). Ocbl AnarpaMmaHbiH abeupmcca oci 6oibiHLLa
Aedopmaums WaMackl opHanackaH (CanbiCTbipMankl y3apTyAblH A=SnNBX-SNBbIXSNBbLIX),
an opAvHarta oci 6oliblHLIa - yArire Koca 6epinreH ynec kepHeyiHiH wamacs!
OpHanackaH.

1.4-cypeTTe kepceTinreHeit cosbiny gnarpammacs! bipkatap cunattbl

HykTenepre ne. OnapAbiH GipiHLLici- KoopAvHaTanapmeH Tene-TeHAiK Lueri (o nu;
Anu). KepHey KocbIMLLACh! Ke3iHAe O MLN Kem Hemece TeH MaHMeH JaliblHAaMaHbIH,
y3apybl OFaH NPOMOPLVOHaNAbl TYPAE e3repei.

CypeT 1.4 - MeTangbl KbICbIMMEH 6H/geY Ke3iHAeri co3bly AnarpamMmmachl

CoHbIMeH kaTtap MeTanablH Aepopmaumsachl Tek cepniHAi cvnatta 6onagel, an

KYKTEMeHiH apekeTi ToKTaTblNFaH Ke3ze MeTann 6actankbl MilliH kabblngaizbl.
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MeTanzbiH ceprimMai y3apybiHbIH LAaMackl, MbIHaHAAV TypAe MPONOPLVOHANAbINbIK,



3aHblHa calikec Tabblybl MyMKiH:

Anu=onug, (1.5)

MyHAaFbl E- yari MaTepranbiHbIH KanbinTbl cepriMAinik MoAyi.

Erep Zie MeTanFa KoCbI/IFaH KepHey, O ML, LuamacbiHaH acbIn KeTce, OHAa 0N
nnacTvkanslk Typae AepopmaumsinaHa bactaligbl. EKiHLWI cunaTTbl HykTec
cepniMAINIKTIH LIapTTbl LWeri Aen aTanatbliH 60bIN Tabblnagbl. Ocbl HyKTeHIH,
KoopaunHaTTapsl (0 0,05; A0,05). LLIbIH MaHiHAe 6 0,05 - 6yn kanablk AedpopmaLins,
6ipiHLWi peT 0,05% AeHrelire XeTeTiH LapTTbl KEpHey.

YLWiHLLI HYKTe akKbILUTbIKTbIH O 0,2 LIapTThl LWekTepiMeH cunaTTanagsl -

Kanaplk aepopmanys 0,2 % KypanTbiH KepHeyMeH. DAeTTe, MeTanaapsas!
KbICbIMMEH BH/ey TeOpUACbIHAA A3 OCbl KepHey AedopMaLmAHbIH LWbIHAlbI
Keaeprici yLiH KabblnaaHagsl.

Erep ynrini ceiHay KesiHge koca bepinreH KepHey ynFaliTyapl anFactbipca,

OHAa O CblHaNaTbIH YATiHIH 6y3blnybl 60NaThIH TEPTIHLLI CUNaTTLI HyKTere (O B; AB)
eTyi MyMkiH. COHbIMeH KaTap, koca 6epineTiH kepHeyiH LLamacsl y3inyre
yakpITLla KeZepri Hemece 6epikTinik Lweri gen atanazbl.

CbIpTKbl KYLUTEPZAiH 9CepiHeH, By3blIMali, OHbIH XaHa MiLliH MeH eLeMiH
Kabblnaay KabineTiH aHbIKTaNTbIH NAACTUKaNbIK, METaNAbIH KacveTTepi
aXblpaTbUlFaHHaH KeniH Yﬂl’iHiH CasibICTblpMalnbl Tapbl/lybIMeH XaHe
CanbICTbIPMarbl y3apybIMeH cunattanazbl. MeTann HeFypibiM naacTukanblk 6onca,
COFYP/IbIM CanbICTbIPMarbl Y3apy MeH TapbliyAblH YIKeH MIHIHe XeTei.
OnblpblIMankl MaTepuangapaa 6y MaHAep Henre XakblH.

1.1.4 Xannbl xafgaiifa cosy npoLeciHe co3blnaTblH MeTanAblH MexaHKanbIK,
XaHe pusmKanblk kacveTTepi, AepopmaLms Aspexeci, CbiMAay apHaCbIHbIR, MiLiHi,
CbiMAQYbILL MaTepuansl, yikeneTiH 6eTTepgiH canacel, AedopMaLms XblngamapliFbl,
Kapcbl TapTy AeHrelii acep eTegi [1,2,3,4].

Co3y eHAipiCiHiH AaMy YpAicCi XOoFapbl XblNAamMAbIKTbl cUnaTTamanapbl 6ap

CbIM CO3aTbIH MalUVHaNapblH Urepyre xaHe LblFapyFa 6aFbiTTanFaH. Xbingam
CbIMAAY/bIH Herisri acepi - 6y/1 CbIM CO3Y MALLNHACLIHbIH OHIMAINITIH apTThIpY.
CoOHbIMeH KaTap, CbiMAaybll SHEPTUACBIHBIH YNeC WbIFblHbI a3as/jbl. CbIMAayAbIH
KOFapbl XblNAamabIKTapbl 601aT ChIMHbIH GpU3MKa-MexaHVKanblk KacveTTepiHe oK
acep etegi[1,7,8].

Anaiija,CoHbIMEH KaTap, eKi Heri3ri MaceneHi LWeLly KaxeT: MeTangbln

KebiHecec MexaHUKanblK XaHe Gpur3mMKanblk KacneTTepiHiK HallapaaybiHa blknan
eTeTiH CbIM MeH CbiMAayblLL TemMnepaTypackiHbIH TOMeHZeYi, CoHAal-aK
CbIMAAY/bIH XOFapbl XblNAaMAbIFbl Ke3iHAe pyKcaT eTiireH HopManapgaH acatbiH
LIy MeH Zipin geHreniHin TemeHgeyi [1,8,9].

1.5 cypeTTe CbIM CO3aTblH MaLUMHAChIHbIH CbIMAAY XbINAaMAbIFbIHAH HaKTbI

OHIMAINIriHiK cananel Tayenginiri kentipinrex [10].
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CypeT 1.5 - CbIM €cO3aTbIH MalUMHACbIHbIH, CbIMAAY XblNAAMAbIFbIHAH HAKTbI
OHIMANIriHIH cananbl Tayenainiri

1.5 cypeTTe KepceTinreHaew, cbiMAay Xbl1AaMAbIFbI 9P6Ip CbiM CO3aTbIH
MalUVHachl YLLiH eH XoFapbl eHiMAiniri 6ap.

XKblngam cbimaay CbiM CO3aThlH MalLMHaNapFa XorFapbl Tanantap Koszbl:

1) CoiMgpl Tikenei eHrisy (aliHangslpma KypblifbinapcsIs).

2) CbiM opamaapblHbIH TypakThl CaHbl 6ap TEMeH xaHe xeHin 6apabaHaap.

3) Kepuinec 6apabaHaap apacblHAafbl XbiNAaMAbIKTbI aBTOMATThI TYPAE XyKa
peTTey.

4) Xai icke kocy.

5) ABTOMATTbl XblJAaM TOKTaTy.

6) XXymbIcTaFbl Kayincisaik [10,11].

COHfFbI XbINAaPAbIH ToXIp6eci kepceTkeHel, CbIMHbIH CbiMAay
KbliAaMAbIFbIH O4aH epi aApTTbIPY, Y/IKEH XblNAaMAbIKTapAa CbiIMHbIH CbIMAAy

NpoLeciHiH nrepiMeyimMmeH XoHe KonAaHbIMAaFbl CbiM CO3aTbIH MalUHaNapblHbIH,



KypblibiMbiMeH LwekTenreH [10,11,12,13,14,15].

CoHABIKTaH XOFapbl XbINAaMABIKTbI CbiMAAY/AblH NPOLIeC XakcapTbliFaH
KYPbIbIMABI CbIM CO3aTbIH MalLMHaNapbIH XacayAbl Tanan eteji. bya katelHacTa
MaHbI3/bl OPbIHABI KOFapbl XbINAAMABIKTbI ChIMAAYABIH Aepik 6apabIK
TanantapblH KaHaraTTaHAbIPaTbIH KAapChbl TAPTyMeH cbiMaay anagel [5,6,7,8,15,16].
Bipak, konga 6ap Kapcbl TapTyMeH CbIM CO3aTbIH MalUVHaNapblHbIH eKi Herisri
KemLuiniri 6ap:

1) CbIM MeH cbiMAayAbIH (6ip CbIMAAYbILUTaH LUbIFATbIH CbIM Keneci
CbiMAaybILLIKa AeliH CankplHAayFa yarepmeisi) Tnimai cankbiHAaTY XyReciHin,
KaXeTTiniri.

2) CbIM €O3aTblH MaLUVHaNapbIHbIH 6apsblK XyMbIC peXUMAepiHAe ChiMAbl
CO3yMeH CeHiMAj XaHe TiIMAI aBTOMaTTbI peTTey XyieciHin (APX) 6o1maybi.
CbIMHbIH co3blnybiMeH APX xacay kaHaal Aa 6ip wapaga, cbimaay KesiHge
CbIMHbIH, OHTalNbl TapTbINYbIH KAMTaMackl3 eTe OTbIpbIN XaHe bapabaHaa
opamaapAblH CaHbIH TypaKTaHAbIPYFa MyMKiHAIK 6epe oTbIpbIM, CankbIHAATY
MaceneciH e weLuesi.

Kapcbl TapTyMeH CblM CO3aTblH MalUMHanapblHbIH KYLLTIK napameTpaepiHiH,

APX-re Heri3ri TananTtap, Kapcel TapTyAbl ycTan Typy 60bin Tabblnagel. Cbim
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CO3aTblH MaLUMHACkIHbIH 8HIMAINI TYPaKTbl XblAAamAblKNeH CbiMAay XoHe icke
KOCY, Mali Kyto npoLieciHAe CbIMHbIH y3inyi ecebiHeH eayip Aspexese ToMeHen .
1.1-KecTesie TOMEH KeMipTekTi 6oNnaTTaH CbiM 6HAIPY Ke3iHAe CbIM co3aTblH
MaLLVHACbIHBIK 60C TYpbIN Kanynapasl Tanjay KentipinreH.

Kecte 1.1- CbIM CO3aTbIH MaLUMHACbIHbIH 60C TYpbIN KanynapablH Tanjaybl

Boc Typbin kany cebenTepi boc TypbIn kanynapabiH,

YNeCTIK yaKbITbl

Co36a cbiMga BYHTTapAbl

ZiaHekepney

8.6%

LLlapFblnapAbl aybICTbIPY XaHe

opamaapAbl any

26.1%

CbIMAaybILThI aybICThIpY 2.9%

Y3ikTepai xoto 38.9%

Co3sba cbiMgapabl TyTeneHaipy 6.1%

backanapbl 16.4%

1.1-KecTesieH KepiHin TypranAal, Kocankel onepauyisnapMeH aliHanbicaTbiH
YaKbITTbl YHeMAeYyAiH eneyni pesepeTepi 6ap. CoHbIMeH kaTtap, CbiMAay OpHaFbIHbIH,
TeXHUKanblk nanaanaHy kosppuumeHTi 45% LeriHae 6onazbl.

CbiMzay KesiHAe y3iny cebenTepiHe Tonblk Tanaay xacay W. J1. NepavHa meH

M. 3. EpmaHoka MoHorpadusiceiHAa xasblinFaH. [1]. CbIMHbIH y3inyi HerisiHeH
MeTann KypblibIMblHAAFbI akayMeH, YIKEH Kanablk KepHeynepgaiH 601ybIMeH xaHe
CbIMAAYAbIH AYPbIC emec pexxunMimeH yarganacbinFaH [1,18]. [13,17,18]
KYMbICTapbIHAAFbl KeNTipinreH apTypAi CbiM CO3y MaLLMHaNaPbIHbIH XXYMbIC
pexumMaepiH 3epTTey, 6apnbik y3inynepain 20%-4aH actambl S1eKTP XeTeriHi
KiH3CIHEH, SFHM CbiMAAy PEeXUMIHIH, AypbIiC 60/MaybIHa 6alinaHbICTbl 60aTbIHbIH
KepceTeai.

Y3inynepgiH yakeH naibi3bl CbiM CO3y MaLLVHACLIHbIH AVHaMUKanbIK,
pexviMaepiHe 6ainaHblcTbl. CbiM CO3y MaLLMHAChIH icke Kocy kesiHae FO cbimaay
KyLLi Fmax/FO opHbIKKaH pexumMre KaparaHaa apAalibiM Ker, xaHe fe Fmax icke Kocy
pexuMiHzeri cbiMzay KyLLIHIH 6enrineHreH pexvmaeri cbimaay KyLliHe KaTblHachl
KblNAaMABIKTbIH YIFatoblHa Kapalt b6ipiHLLi 6apabaHHaH COHFbICbIHA AeliiH ecesi
[17,18].

1.2 bapabaH 60/blIHLLIA CbIMAAPAbI CbIPFbITMAl XaHe XUHaKTamai

CbiMAAy OpHaKTapblHbIH, 371EKTP XeTeriHiH KypblabiMbl MeH XyiienepiHin



epekLueniktepi

1.2.1 BHepkacinTiH 6ipkatap cananapbliHaa (MeTannyprusnbik, TOKbIMa,
XUMUSANbIK, LeN/oN03a-karas XaHe T.6.) Tacnanbl MaTepuaniapAel eHAipyre
apHanFaH y3iKcis-arblHAbl MallVHanap-arperaTTap (karFas mata xaHe T. 6.) 6ap.
MyHZzal MalLVHa-arperaTTapFa y34ikci3 nnemzey xaHe cbiMgay opHakTapbl

TOKbIMa MallMHanapbl, CUHTETMKaNbIK KabblpLUak, LblFapaTbiH MallMHanap XaHe T.

19

6.>aTazbl. Y34iKCi3 aFblHAbI MalLMHanap-arperaTTap, a4eTTe, MaTepuansbiH,
TEXHONOTUANBIK (MeXaHVKabIK, TEPMUSbIK, XUMUSBIK) ©HAeNyi 60naTbIH
bipkaTtap cekuuanapaaH (bnokrapgaH) Typagbl.

Y3iKci3-aFblHZAbI MalLHa-arperaTTapably epekiueniri 6ipHeLue cekuysnap
apKpblnbl eHAeNeTIH MaTepuanbiH 6ip Me3ringe eTyi xaHe onapAblH OCbl MaTepuan
apKbl/bl ©3apa 6alinaHbicbl 60/1bIN Tabblnagel, OHbl GipiHLLI XakplHAaFaHAA
canmakchI3 cepnimai Tacna peTiHze kapacTbipy kaxeT. COHAbIKTaH MallviHanapAblH
6ip TypiH 3epTTey HaTVXKenepi ken xarAalija eTe Konalibl XaHe ocbl TUnTeri
MalUVHanapgslH 6acka Typaepi yLWwiH Ae Konaiinbil.

Y34iKCi3 aFblHABI MaLUVHa-arperaTTapAbliH MblcanapbiHbiH 6ipi CbiM 6HAIPY

YLUIH KeMnpeTTik CbiMAay OpHaKTapbl 60/bIN Tabblnagbl. CbiMAay OpHaKTapbl d4eTTe
annel 6enrinepi 6olibiHWa bipkaTap TonTapra 6eniHesi: TapTblNaThblH CbIM
AnameTpi 6olibIHWA, CbiMAdy eceniri 6olibIHLWa, 6apabaHHbIH AvameTpi 60MbIHLLAE,
SKYMbIC MPUHLMNI 6olbIHLA (bapabaHaarbl CbIMAbI ChIPFbITRAN XIHE CblPFbIThIM),
TapTKbIW 6apabaHaapAblH TVMi 6obIHWA (kanFbi3 Hemece KocapiaHFaH),
6apabaHHaH bapabaHra 6epy NpUHLMNI 60MbIHLIA (KOFapblAaH, 6aFbITTayLUbl
ayHakLuanap apkplibl Hemece 6apabaHHaH bapabaHfa Tikeneii), CbiMFa Koca
6epinreH xykTeme 60iibIHLLIA (Kapama-kapcbl TapTyMeH xaHe oHcbI3) [3,4,10,11].
OnapablH 6ap/blFbl 9PTYpAi TONTapFa 6eniHyiHe kapaMacTaH, CbiMAAy KyLUiH
XacalTblH TapTKbllW 6apabaHHbIH MblHaAall Herisri TopanTapbliHaH, 31eKTp
KO3FaNTKbILLbIHAH apKbi/ibl aiiHany 6epineTiH peaykTOPMeH, OFaH 31eKTp XeTeriHeH
KSHe aBTOMaTThl peTTey XyleciHeH Typajsl.

TexHOoNorVANbIK NPOLECTiH epekLenikTepiHe 6alinaHbICTbl 6ip peTTi kaHe

Ken peTTi CbiM CO3y MallvHanapbl KonAaHbinazsl. Ken peTTi cbim cosy
MallnHanapblHAa 6ip yakbITTa caHbl 2-AeH 15-ke geliH aybITKUTBIH BipHeLle
CbIMZaybILL apKbl/ibl CO3biNazabl. bip peTTi cbiM co3y MaluVHanapblHaH onap Tvimai
KOFapbl eHimAiniriMeH epekLuieneHesi. Ken peTTi cbiM Co3y MallHanapbiHaa
SKYMbIC MPUHLMNI 60bIHLIA TapTKbIL 6apabaH 6oiblHLIA CbiMAAPAbI CbIPFbITaThbIH
XX@He CbIPFbITNalTLIH MalVHanapra 6eniHesi.

ChIpFaHaMaiTblH MalUMHaNapAa XblNAaMAbIKTbI PETTeY XaHe CeKyH/,
KenemaepiHiH TypaKTbIbIFbIH Tanan eTeTiH cakTanbiM apanblk 6apabaHaapaars
(AyKeH yariciHaeri) cbIM KOpbIH ©3repTy Hemece 6apabaHaap/AblH aliHany XuiniriH
(inmekTi XaHe Typa arblH/bl) 83repTy XOJIbIMEH XYy3ere acbipbliajbl.
MaiaanaHyaa en oHai xaHe AykeH TUNTi MallVHaHbIH aBTOMaTTaHAbIpbINFaH
3NeKTp XeTeri Xok,. bipak onapaplH 6ipkatap MaHpI3Abl keMLuinikTepi 6ap - eH
6acTbICbl, iNMeKTi X3aHe Typa aFaTblH MalLVHaNapMeH CabICTbipFaHAa eHIMAINIri
TeMeH, 6nokTaH 610KTapFa aybiCkaH Kesge cbiMaapsbl bypay, byn o3 keseriHae
LbIFapbliaTbiH OHIMHIH TOMEH canacbiHa, XKOHFa,0/1 MalUHaHbIH OHIMAINIMH
aiTapnbikTali TOMEHAETETIH CbIMAAPAbIH XOFapbl y3inyiHe anbin kenedi. CoHbIMeH
KaTap, CbIMAAy KapChl TapTyCbl3 Xyprisinesi, 6yn cbiM eHAipiciHe SHeprusHbIH,
cblbarasbl LWbIFbICIH apTThipagel [2,4,19].

Kapcbl TapTymMeH Ken peTTi CbiM CO3Yy MalluMHanapbl XKoFapbl eHiMAiniriMeH,
amMbebanThiFbiMeH epekLueneHesi. E. B. ManbMos neH M. K. TypbsiHOBaHbIH,

3epTTeyiHAe Kapchbl TapTyMeH MalunHanapablH eHiMainiri 44% - Fa xofapsl, 6onat
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cbiMAapAbl CbIMAay KesiHAeri CbIMAapablH TO3IMAINIr 2 ece Ko, SHepPrus LUbIFbIHbI
as, TexHUKanblk naiganany Ko3apdULIMEHTI Kapcbl TAPTYChI3 XYMbIC iCTEATIH

MallnHanapra kaparaHaa 14-20% - fa ken ekeHi aHbIKTanbl.



AAMX3 eHgipiciHaeri AMM-3-4/550, BMT-4/550, BMM- 6-7/550, BMT-6-

7/350, BMT - 5/750 >aHe T.6. CbiM CO3y MaLUMHaNapbl Kapcbl TapTyMeH ap TypAi
Mapkanbl 60naT CbiMAapAbl Ken peTTi co3y yLiH apHanFaH. byn MallvHanapAblH,
canaTtTamanapel 1.2-kectege KenTipinreH.

Kecte 1.2 - BapabaH 60/bIHLIA CbIMAbI XMHaKTaMali XoHe CbIpFbITYCbI3 KapChbl
TapTyMeH CbiM CO3Yy MalUVHanapblHbIH crnaTTamach!

CunaTtamanapsl ©nwemainik MatuvHa Typi

BMT-6-7/350 BMT-5/350 BIMM-3-4/550 BMT-3-4/550 BIM-6-7/550

BnokTap caHbl WT6 5336

Cbimgay eceniri Wt 6-7 5 3-4 3-4 6-7

bapabaHaapablH

AnameTpi

MM 240,350 750 550;375 550,425 550

[JaiiblHaaMaHbIH

6epikTiriHiH weri

Kkr/ Mm2 100-140 30-60 60-140 30-60 40-140

CbIMHbIH 6acTankp!

AnameTtpi

MM4-214777

CbIMHBIH, COHFbI

AnameTpi

MM 1,9-0,8 8-3,6 4,7-3,1 5,0-3,4 3,4-2

CbiMaay

XKbl1AAMAbIFbI

M/ ¢ 8-20 1,6-4 5-12,5 3,45-8,2 8-20

XKeTek KyaTbl KBT 450 300 240 240 160

TeMeH keMipTeKTi, opTalla KemipTeKTi, Kofapbl KeMipTekTi 6onaTraH

XacanFaH Xyka CbIMZbl CbiMaay kesiHae «KpaToc», «IploHa» LueTengik
dvipManapbiMeH LblFapblNaThiH,CbIPFYMeH Ken PeTTi CbiM CO3y MaluvHanaph!
KongaHbinazbl [19]. CbipFyMeH Ken peTTi CbiM CO3Yy MaluvHanapbl XbilyblH eTe
KyaTTbl BYpy XaFsaliblHAA Cyliblk Maiinayaa KyMbIC iCTelgi XaHe e3iHiH
NopTaTUBTININIMEH, XOFapbl CbIMAAY XblAAMAbIFbIHA KO XETKi3y MyMKiHZiriMeH
epekiueneHesi. bapabaHaap MeH CbiMAapAbIH XblNAAMAbIFBIH KeNicy CbiMAapAbl
6apabaH 6olibIHLIA CbIPFbITY ecebiHeH kamTamacki3 eTinegi [4,19]. Coimaay
LwamameH 30% cbiMAay KyLUiH KypaiTbiH KapCbl TapTyMeH Xyprisineai.

Anainga, cbipFyMeH CbIM CO3Yy MallMHanapblHbIH XeTicneyLwiniri ceimaay
6apabaHAapbIHbIH ICTEH Te3 LUbIFybIHa XdHE CbIM TeMnepaTypachiHbIH KOCbIMLLA
apTyblHa 9KeneTiH, CbIM MeH 6apabaHHbIH yaTblnybl 601bIN Tabblnazbl.

[leMek, eH nepcnekTUBanbl KapCbl TAPTYMEH XYMbIC iCTEATIH, CbIPFYCbI3 Ko
peTTi cbiMaay MallvHanapbl 601bIN Tabbinagel. byn MalwvHanap 6acka CbiM CO3FbILL
MalUVHanap anabiHAa 6ipkatap apTbIKLWbIAbIKTapbl 6ap: XKOFapbl Xbl1AaMAbIKTbI
CbiMAay MYMKIHZiri, 6y onapAblH XOFapbl 8HIMAINIMH KaMTamachI3 eTesj, )oFapbl
MexaHWKanblk cmnaTtamanapbl 6ap eHiMA anyra MyMKiHAIK 6epeTiH cbimabl
6ypayAblH 601Maybl, OCbl MaLLMHaNapAa kapcbl TapTyMeH CbiM CbiMAAy MYMKIHAIr
OHiM 6ipAiriHe SHePrvs LWbIFbIHBIH a3aiiTyFa, CbIMAAPABIH XaHe 6apabaHHbIH,

6epiKTiriH apTTbIpyFa biknan eTei, 6yn onapAblH 8HIMANITIH Ae apTTbipaabl

21

[5,6,7,14,16].

1.2.2 1.6 cypeTTe CbIMZay OpPHaFbIHbIH KM PeTTi TEXHONOTUANbIK XKenici
KenTipinreH, MyHzafbl: 1-TapkaTty KypPbUIFbIChI; 2 - CbiM; 3 - CbIMAAYbILL; 4 -

CbiMAay (TapTKpILL) 610rbIHbIH 6apabaHbl; 5-peTTeril inMeri (koMneHcaumsnbIk,
ayHakLuanap); 6 - peZykTop; 7 - XeTek 31eKTpKO3FanTkblLLbl; 8-opay annapatbl. 1.7
CypeTTe Typa afblHAbl CbiMAAy OpHaFbiHbIH (TCO) TEXHONOMVANBIK XKenici
KenTipinreH, MyHAarbl: 1-KMHaKTaymMeH cbiMAay 610rbIHbIH 6apabaHbl (TapkaTy

KYPBINFbICHI); 2 = CbIM; 3 - CbIMAAYbILL; 4 - Typa aFbiHAbI CbIMAAY 6110TbIHbIH,



6apabaHbl; 5, 8 - pesykTopnap; 6 - KeTeK 31eKTp KO3FanTKpllbl; 7-opay
annapatbiHbiK 6apabaHbl; 9 - TapkaTkbellw; 10-CbiM opambl. OCbl TUNTI OpHaKTapaa
JalblHAaMaHbl TapkaTkaH XarFjaiga 6ipiHLi 610K peTiHAe KypblibiMbl 60bIHLLA
AYKeH TypiHAeri opHakka ykcac 610K kongaHblnaasl (cypet 1.7, 6). Keneci

6nokTap 6ip-6ipiHe ykcac, onapAblH KuHemaTukanblk cynbanapsbl 1.8 cyperre
KenTipinreH, MyHAaFbl:a - Tik OpHanackaH KO3FanTKbILLIMeH TicTi 6engikcis;6 -
KenzeHeH opHanackaH KosfanTkblLuneH TicTi 6engikneH [10].

1.6 cyper - Y34iKCi3 n-eceNieHreH iNIMeKTi CbIMAay OpHaFbIHbIH TEXHONOMMANbIK,

xenici

INMeKTi XaHe Typa aFblHAbl CbIMAAY OPHAaKTapbl - Y/ CbIM XUHaKTaAMalk

apanblk 6apabaHaapAbIH XblNAaMAbIFbIH aBTOMATTbl PETTeYMEH XYMbIC iCTEeITIH
Ken MapTe CbiMgay arperattapbl. [iMekTi opHakTapaa cbim 6apabaHHaH 6apabarra
apHaiibl KOMNeHcaLmsanbIK ayHakLlanap apkbiibl 6epinesi. 9p 6apabaHFa opHakThl
TONTLIPY Ke3iHAe 10 opaMHaH apTbIK emMec opanagbl XaHe XyMbIC NpoLieciHge 6yn
CbIM CaHbl e3repiccis kanagel. KaHaal ga 6ip cbiM  TO3FaH HemMece 6acka {m KO3AbIpY
acepi Maipa 6onrFaH XarAanaa XeTekTi INeKTp KO3FanTKbILLTapbIHbIH aliHany
Xuiniri opHaK'rbn-‘{E Ke3 KenreH {m XepiHAe MeTanzblH CeKYHATbIK KeNeMiHin,

TYpPaKTbIbIFbIH KAMTaMachI3 eTeTiHAel peTTerill-iIMeKTep apkpblibl ©3repesi.
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1.7 cyper - Y34iKci3 n-ecefieHreH Typa aFblHAbI CbiMAAY OPHaFbIHbIH,
TEXHONOTUSINbIK, XKenici

1.8 cyperT - InmeKTi aHe Typa afaTbiH CbIMAay OpHaKTapbl 6/10KTapbiHbIH,
KMHemaTuKachbl

Typa afblHAbI CbIMAAY OpHaKTapblHAA CbIM Tikenen 6apabaHHaH KemiHri
CbIMAaybILLKA apasblk MaibiCyCbl3 KOMMeHCcaUVAbIK ayHaKLanap apkbiibl
6epineai. MyHaaii opHakTap inmekTepMeH canbiCTbipraHaa bipkaTap
TEXHONOMANbIK apThIKLLbIIbIKTAPFa Ve, aTan aifiTkaHAa: CbiMAay/blH XOFapsbl
XbINAaMABIFbIMEH, KYPbIbIMHbIH, KapanaibIMAbbIFbIMEH, CbIMHbIH aiTapabikTai
a3 uiny caHbIMeH, KbI3MeT KepCeTy biHFal/IbINbIFbIMEH, MPOLLECTiH XOFapbl M.9.K.
BypbIHFbl BYKiNOAaKTbIK MeTannyprvsblk MallHa xacay fbiibIMy-3epTTey
VNHCTUTYTbIHAA (BHUMETMALL) xyprisinreH 3eptreynep HerisiHae anekTp
KO3FaNTKbILUTaPbIHbIH 33KipaepiH 6acTankbl reHepaTop - KO3FanTKbILw (I-K) xyiteci
60oliblHLLa KopeKTeHAIpyMeH Ti3bekTeli KoCblnFaH Typa aFblH/Abl CbiMAay OpHaFbl
(TCO) xo0banaHapl, an KeRiHHeH TUPUCTOPAbLI TYPAEHAIPrilUTeH MeTU3

oHepkacibiHAe 6onaT cbIMAapAbl OHAIPY Ke3iHAe KeHiHeH KonAaHy TabblnFaH.
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BypbiHFel KeHec Oaarbl aymarbiHAa Typa afbiHAbl ChiMAay OpHaKTapblH KYPYAbIH
YAIKeH Taxipubeci AmaThl ayblp MaLLIMHA Xacay 3ayblTbiHa Aa Tvecini (byriH
Anmarsbl K. KasakctaH Pecrnybankachit).

Byn opHakTap ipi MamaHAaHAbIpbUIFaH eHAIpicTep XaFjalbliHAa ©3iH

60n1aLLaFbl 30p XOFapbl OHIMA CO3y XabAblFbl peTiHAe KepceTTi.

DNeKTp KO3FaNnTKpILLTapblHbIH 39KipaepiH Ti3bekTel KocymMeH Kken peTTi
CbIMZ@y/ibl Typa aFaTblH OPHaKTbIH TypakThl TOrbIHLIH 3nekTpxxeTeri, o1 1.9 cypeTTe
KepceTinreH anekTpAik AndpdepeHuman cxemachl 60ibIHLLA 3neKTpXeTeri gen
atanagel.

1.9 cypeT - dnekTp AnddepeHLman cxemachl 60libIHLLIA Typa aFaTbiH CbiMaay
OpHaFbIHbIH 3/1eKTPXeTeri

OpHak, n 6i1oKTapAaH xacanFaH, onapAblH apkaicbichl THiCiHLLEe B

CbIMAAybILLbIH, b TapTKpIW 6apabaHbIH, P pesyKTopbIH, TYpakThl TOK [, 31ekTp
KO3FaNnTKbILLbIH, TB TUpUCTOPAbIK peTTerilwiHe KocbinFaH OB/ ko3abIpy
opamblHaH Typazel . NeKTPKO3FaNnTKbILUTapAbIH 39Kip LbIHXbIPAaPb! Xanmb!
TUPUCTOPALI TYpAeHAipriluTeH TT-AaH KopekTeHreH. Kepi 6aiinaHbIC LbIHXbIPbIHA
3/ 3. K. K gaTuuri XaHe T/, TOK AaTuuri KocblFaH. XXyMbIC XbllAaMAbIFbIHA AeliiH

OpHaKTbIH CbiHa KapkbiHbl KZ, KapKbIHABIIbIK AATUATIMEH KaMTamachI3 eTinesi.



SnekTpxeTeriMeH 6ackapy Xyieci peTTeysiH CbIpTKbl KOHTYPbIMEH 3.4.C

XHE TOKTbIH, iLLKi KOHTYpbI 6ap KOOpAVIHaTTapAbIm6anIHbIUJTbI petTey npuHUMni
6oliblHLIa {m opblHAanagp! . byn anekTpxeTekTiH 6acTbl epekLueniri, bapabaHaap
apacbiHAaFbl MexaHUKanblk 6ainaHbic 601y KesiHge cbiMAay NPOLIeCiH 3iH-e3i

peTTeyAi KamMTamachI3 eTy 60/bIn Tabblnagel. MyHAal MexaHUKanblk 6alinaHbicneH
cbiMAay OpHaFblHAa, 6ip Me3ringe bipHelue cbiMaaybILUTapAa eHAeNeTiH CbiM

60/1bIN Tabbinagel. CbiMAay NPOLec TUICTi XeTeKTi KO3FanTKbILITapAblH KO3y

aFbIHbIHbIH ©3repyiH keH LwekTepAe benrineyre 6onaTbiH apTkbl TapTynap 6onfaH

Kesze xyprisineai [17].

CbimMAay XbinAaMAbIFbIH peTTey TizbeKkTel KocbiFaH 3aKipre kenTipineTiH

KepHeyAi e3repTyMeH Xy3ere acblpblnadbl. KentipinreH kepHeyai e3repTkeH kesje
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cvnaTTamanapAblH napannens biFbICybl XXaHe KapChbl TapTblly OpbIH anagsl, 63
M3HiH caKTaiapl.

XKyKTeme MOMeHTIHIH e3repyi kesiHze XblnAaMAbIK apakaTblHACkIH caKTaii
OTbIPbIM, CANKECIHLLE KapChbl TapTyAa e3repei. Mbicanbl, CbIMAAPABIH TO3Ybl
Hemece eH/AeNeTiH CbIMAAPAbIH MeXaHVKabIK KaCUeTTepiHiH spTekTiniri
cangapblHaH CbIMAQy XaFaalinapbl e3repreH xarAainaa Kapcel TapTynapra TmicTi
e3repic 6onagbl, 6y 63 Keserinje Ko3FanTKbILUTapAblH 3aKipnepiHAeri kepHeyai
KaiiTa benyre skeneai. KosranTkbllUTapAblH KblCKbILUTapbIHAAFLI KepHeYAi kaliTa
6eny aiHany XblnAaMAbIFbl KbICYAblH XaHa peXnMiHe calikec opHaTblnaTblHAAlM
6aFbITTa q Xypeai. KosrantkpllUTapAblH aiHany *blﬂAaMAblFbl,a cbIMAaybIWTapAa

KbICYAAH KeliiH CbIMAAPABIH,  CO3blNYbIHA COIKEC aBTOMATTbI Typ,qeq OpHaTbINYbIHbIH,

apKacblHAa, OPHaKThbI 6acKapy{E cxeMacbIMeH XeTKinikTi nkemai 6onagel. On
CbIMAAPAbIH 3P TYP/i 6aFbITTapbIMeH CbiMAAY/bl Xy3ere acbipyra MyMKIHAIK
6epegi. Toxipnbeae ocbiHAaM Xylienepai konaaHy apkbiibl CbiMAay XKblAaMAbIFbIH
20 m/c peliiH XaHe oaH Aa ken KeTepe angbl.

Ocblnalilla, Kapcbl TapTy TapTKbILL 6apabaHAap apacbiHAaFbl CUHXPOHAAY
6alinaHbICbIHbIH Pe/iH aTkapazbl XaHe apTypAi aybITKynap KesiHae cbiMzay
NPOLIECIHIH TYPaKTbINbIFbIH KaMTaMachi3 eTeAi.Kapcbl TapTy WamMacbiH peTrey
KO3FaNTKbILUTbIH MarHUT aFbiHbIH ©3repTy XO0/bIMeH MYMKIH XaHe KO3fay arbiHbl
a3, AFHV KapCbl TapTbiy 3N1€KTP KO3FaNTKbIWbIHbIH CbiMAAy XYpici 60MbIHWa
KeRiHri apTblK 31€KTPOMArHUTTIK MOMEHTTI C3TTeH nalifia 6onaTbiH KO3FaNTKbILL
60nbIN Tabbinagel [17,18].

Anaiija,ockl OpHaKTapAa XyprisinreH sepTreynep anekTp AndpepeHuman

cxemachl 60MbIHLLA 31eKTp XeTeriHAeri ©3iH-e3i peTTey cTaTUKanbIk pexvmae
KapCbl TapTyAbl TypakTaHALIPY kaTeniri £50% feitiH XeTyi MyMKiH ekeHiH

KepceTegi [17,18]. InHamuKanbIk XyMbIC pexXumMiHae (icke Kocy, TokTaTy Hemece
6acka XblngaMablIKKa ayblCy) KapCbl TapTblay TYMKiAIKT XOFanybl MyMKiH, He
OHAeNeTiH MeTaNAblH aFbIMABIILIK LUEeriHeH ackin KeTyi MyMKiH, 6y ce3ci3
aBapuIsbIK PEXVMIE XHe, €H akbIPbIHAA, CbIMHbIH Y3iyiHe anbin Keneai.
AliTbINFaH cebenTep 60MbIHLLA KaXeTTi TeXHONOrMSbIK PeXMM ycTanybl

MYMKiH emMec aHe kapcbl TapTynap T TapTbIMAbIK KyLUiHeH 40-50% gerreliiHae
OpHaTbINYbI TUIC, ONapAbl TaHAAY CbIMAAYLUbIHBLIH, TXipUbeciHe 6ainaHbICTbI .

1.10 cypeTTe eHepkacinTik Xafaalinapaa anblHFaH skcnepuMeHTanbl JepekTepseH

anblHFaH T=f(Q) rpadwri kenTipinren.
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1.10 cypeT - OpHaKTbIH XyMbIC pexumgepiHge T=f(Q) rpaduri

I'paduiKTeH GepinreH Kapcbl TapTy KepCeTiNreH LwekTepje TypaTbiHb!
KepiHeai. Anaiiaa, 10-30%-AaH acaTblH Kapcbl TapTbibIMAAP Ke3iHAe OpHaK,
pexumi T-AaH 6apnblk 6noKTapFa aybITkynapaelH 6epinyimeH cunatranagsl. j
610KTa MO MOMEHTIHIH 6cyi, j+m XaHe j-m 610KTapbIHAa 6cyiH TyAblpasbl.
EH Halap xargaiinapga, kipic acepnepiHeH Kapcbl TapTbinyAbiH aybITKybl eH,

>OFapbl 60NaTbIH, LeTKi 610KTapsl 6ap. MyHAa Kapcbl TapTblIbIMAAPABIH



NaKTbIpbIMAAPbI TapThibIC KyLUiHeH 90-100% xeTyi MymKiH. [18] kepceTinreHzei,
TapTbIMABIK KyLTiH 70-80% Ke3iHAe y3iny bIKTUManAblFbl yKeH 6onajbl.
1.3-kecTee aybITKYNbIK dCepiepAeH Kapcbl TapTblibIMAAPAbIH OCyi
60MbIHLLIA SKCMEPUMEHTTIK AepekTep KenTipinreH.

1.3-kecTe - AybITKyNbIK 9CepaepAeH Kapchl TapTynapAblH ecyi

Bnoktap

60bIHLWA

aybITKynap

Kapcbl TapTyablH ecyi, H

1 6n0k 2 610k 3 610K 4 610K

1-wi 2740 1620 870 350

2-wwi -500 870 500 350

3-wwi -1400 -960 1620 750

4-111i -1380 -1120 -870 370

)KoFapblfa aHblKTanFaHAal, TeXHONOrMANbIK NPOLIECTi TeK TypakTaHAbIpbIn
KaHa Kolimali, XaHe Ae CHXPOHAAY CITIHIH peniHAe spekeT eTe/i. 3epTTey
HaTVKenepi Typa aFblHAbI CbiMAay opHakTapbiHAa (TCO) e3giriHeH
CYHXPOHAAYMeH 3N1eKTPXKEeTeKTiH, KoNAaHbINY LeKTePiH aHbIKTaiThiH kapcbl

TapTbINYAbIH MyHAAM KOC PO/biH pacTainabl, COHAbIKTaH 6epikTiri yKeH CbIMMeH

26

>KdHe calikec cbiMAay reomeTpusicbiMeH [4,10,17,18] canbicTbipManbl Typae LafbiH
KbICY Ke3iHze XyMbIC icTelt anaTbiH. COHbIMeH kaTap 3 XaHe oAaH Aa Ken aybicynap
CaHbl 6ap y/IkeH ecenik OpHaKTap YLUiH He XXOFapbl BONbTTHI Ke34epai He MaHbI3abl
KeMmLUinik 60/bIN TabblnaTbliH apHalibl OpblHAANATbIH KO3FaNTKbILUTaPAbl NakganaHy
Kaxer.

KyLUTiK XapTblnaii eTKisrilTi TeXHUKaHbI 4ambITy 8HAIPICTi ogaH api
KapKbIHAAHABIPY XaFAaliblHAa SKOHOMUKANbIK XaHE TeXHUKa/bIK HeFyP/bIM
OpbIHABI 60/1bIN TabbinaTbiH cxemanap 6olibiHLLIAa aBTOMaTTaHAbIPbIIFaH 31eKTP
KeTeKTepiH a3ipsiey XaHe KonjaHy YLUiH NepcrnekTBanap awThbl. ATan aiTkaHaa,
6yn TCO xeTeKTi 3NeKTp KO3FanTKbILUTapbIHbIH Napanenb XaHe Xeke KOpekTeHy
Ke3siHAe Ken KO3FanTKbILTbI 371eKTP XeTeriHe kaTbicTbl (1.11 cypeT).

1.11 cypeT - neKkTp KO3FanTKbILUTaPAbIH Xeke (6) kaHe napannens (a)

KopekTeHy kesiHaeri TCO snekTpxeTeri

1.11, axaHe 1.11, 6 cypeTTepiHje KepceTinreH cxemanap 60MblHLLIA
3NeKTpXeTeKTepi yLUiH, COHAal-ak, cxemanap cMakTbl (1.9 cypeT) anekTpxeTeKTiH,
XXdHE TeXHONOTVANbIK NPOLIECTiH e3apa balinaHbICbiH kepceTeTiH TeHaeynep a4in
60nbIN Tabbinagsl. CoHbIMEH KaTap, CbiM apKblabl CbiMAay 610KTapbiHbIH,
KblNAamZblFbl 60MbIHLLA KaTTbl balinaHbIC 601FaH Ke3je OpHaKTbIH XeTeKTi 31eKTp
KO3FaNTKbILUTaPbIH KOCY CXeMackiHa KapamacTaH, kapCbl TapTy MOMeHTTIH AMQ
ecyi ceimgay MoMeHTiHiH AMO - AMj ecyimeH TeH. byn [18,19] aa anbiHFaH
KOpbITbIHAbIFa Calikec. Ocblnarilla, CbiMAay CITIHIH e3repyiHe XylieHiH peakumacsl
TCO anekTpxeTeriHiH KapacTblpblFaH CxemManapblHa yKcac.

Anaiiaa, eTeKkTi DNeKTp KO3FanTKbILUTapbIHbIH Napaniesnb KoCbliFaH
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opHakTapblHza 6ackapy 31eKTPOMarHUTTi TypakThbl yakbITreH Ko34bIpy
OpamMacblHbIH apHacbiHAA FaHa MyMKIH 60NFaHAbIKTaH, aiTapabikTai
VNHEPLIANBIKTbI XacaTbIH 3NEKTP XEeTEriHiH TeMeH Te3apekeTTiri 6ap.
HaTwxeciHae i dXorFapbl XUWiNiKTi aybITKyNapAbl Aep KesiHAe okLiayaay MyMKiH
eMeC XaHe COM apKblNibl CbIMZbI Y3yre XeTeKLUi anjblHFbl Kapchbl TapTynap Q xaHe
Kepi TapTbinynap N 6onabipmay MyMKiH eMec .

Kocy/blH napannenb cxeMacbIMeH CanbICTbIpybl 60MbIHLWA

KO3FanTKbILLUTAPAbIH Xeke KOPeKTeHAIPYAIH apThIKLLbIbIFLl, 6ackapy XyleciHiH
CbIPTKbI Kepi 6aiinaHbIC YLLiH MKeMAi KyPblibiMbl 6ap XaHe KbiCka TyiblKTanFaH
POTOPMEH aCUHXPOHAbI KO3FaNTKbILL CTaTOPbIHbIH, WbIHXbIPbI 60MbIHWa

6ackapblnatblH ayblCrnanbl TOKTbIH 31eKTp xeTeriHae XT-AK 6a3ackiHia Hemece



TT-K cxemachbl 60iibIHLLA TypakThl TOKTbIH 31eKTP XeTeriHzAe 39Kipaep WbIHXbIpbI
60olibIHLLIA KO3FanTkplLLITapAbl backapy ecebiHeH 31eKTp XeTeriHiH XorFapbl
XKblNZam apekeTiHge 60/bIn Tabbinagsl [20,21].

1.12 cypetTe XT-AK cxemachl 60libIHLA Ka3ipri 3aMaHFbl iNMeKTi CbiMgay
OpHaFbIHbIH 3NEKTPXKETEriHIH CxeMachl KenTipinreH. MeTanablH CeKyHATbIK,
KeNeMiH XaHe XeTeKTi KO3FanTKbILUTaPAbIH CHXPOHAAY XblNAaMAbIFbIH
6aKblNaNTbIH 3N1eMeHT peTiHje NHeBMOoXeTeri 6ap ayHakLwa nanaanaHbinazbl.
AyHaklLa bepinreH xargaligaH ayblTkblFaH Kes/e oCbl ayHaKLUaHbIH TeTiriHe
OpHaTbIIFaH XaKblHAAY AaTUuri XWinik TYpAeHAIPrilWiHiH KipyiHe acep eTeTiH
CUrHaN KanbinTacTbipazbl. 9cep anAblHFbl 6apabaHHbIH KO3FaNTKbILL XbU1AAMAbIFbI
OpHaKTbIH 6aKblfaHaTbIH OPHbIHAA MeTanAblH CEKYHATLIK KeneMiH Ty3eTeTiHael
XaHe KannblHa KenTipeTiHAen peTiHae Xy3ere acbipbinagbl. 15...25 M/c ceivaay
XKbINAaMAbIFbl Ke3iHAe ayHaKLwaHbIH Xypici 50 MM acnaings.

1.12 cypeT - Ko3FanTKbILLTapAbl Xeke KOPeKTEHAIPYMEH 31eKTp KeTeriHiH,
ipineHaipinreH GyHKLMOHaNAbIK CXeMachl

Anmartbl ayblp MalLMHa Xacay 3ayblTbiMeH (AAMX3), 6ackapyabliH,
6ipi3seHAipinreH TopanTapblH XaHe TUPUCTOPbI TYPAEHAIPriLITepAi konAaHa
OTbIPbIM, CbIMAAY OPHAKTapPbIHbIH TUMTIK 3N1eKTpXeTeri Kypbi/bIM, HAIpicke
eHrisinai. CoHbIMeH kaTap, 6enrini KopekTeHy cxemanapbl KongaHboinagsl: BC-3/4-

550, BC-6/7-550, BM3IM-4-350/450, BM3[M1-6-350 opHakTapaa Ti36ekTi Hemece
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3N1eKTP KO3FaNTKbILUTaPbIHbIK 39KipaepiH 6ip annbl KOpekTeHAipy kesiHe
napannens 6ipikTipy xaHe ap6ip 31eKTp KO3FanTKbILWThbl BILI-3/4-550
opHakTapblHza 63 KopekTeHAipy Ke3iHe xeke (610KTbl) kocy. MyHaal xeTeri 6ap
opHakTap 2009 xbinbl "Benopel, metanayprus komérHatel" ("Koch" dupmacsl)
AAK >xaHe "Ypankopa" ("MeTn3 eHAIpICiHiH TeopUsCbl MeH TeXHONOrsACh!"
dupmacel, Open k.) XAK xaraalibinaa, 2012 Xbibl "Opan npeTusvoHas!
KopbITnanap 3aybiTel">KAK ("Koch","MarioFrigerio","TeamMecanica"

durpmanapebl), ©ckemeH, LLIbIMKeHT XaHe bankall 3aybITTapbl(AAMaTbl K.,
KazakctaH Pecny6avikacel, AAMX3) xaraaiibiHaa nalijananyra 6epingi.
basHaanfFaHHbIH HerisiHae, KonaaHblctarbl TCO Ken KO3FanTKbILWThI

371eKTpXeTeri XeTeKTi 3/1eKTp KO3FaaTKpILLTapblH aBTOMaTTbl peTTey XylieciHci3
CO3y/bIH, KYLUTIK NapameTpaepiMeH, aTan aiTkaHaa kepyre Kapcel pettey
CXemacblHa KapamMacTtaH, TeXHOJIOMNsHbIH Kasipri 3aMaHfbl TasianTapblH
KaHaFaTTaHAbIpMaliAbl Aen aiiTyFa 6onagbl. BipiHLLIAEH, CbIMHbBIR XOFapsbl
Y3inyiHeH coiMaany XblnAamMAbIFbIH apTThIpy MYMKIH eMec, eMekK, OPHaKThbIH,
OHIMZAINIriH fe. EKIHWIAEH, 31eKTP 3HePruschIHbIH, TUICTI yHeMaeyiH any.
1.2.3bipkatap xblngap 6oiibl 6isge Ae, WweTene Ae CbiMAAYAbIH KYLUTIK
napameTpnepiH aBToMaTTbl TypakTaHAbIpY XyienepiH kypy 60vibiHLLIA XaHe
onap/bl OHTalinaHAbIpy TeXHONOTUSNbIK NPOLLECTIH 3amMaHayv TanantapbiH
KaHarFaTTaHAbIPaTbIH XYMbICTap Xyprisinyse. bipiHLi ke3ekTe 6y Xyiienep Kapcol
TapTynapAblH Tanan eTineTiH OHTalibl LuamanapblH aBTOMaTTbl 6anTay/bl XaHe
6epinreH AeHreiigeH 10% - JaH acTam LekTepze eH a3 aybITkynap kesiHze onapab!
TypakTaHABIPYAbl KaMTaMachi3 eTyi Tuic. byn e3 KeseriHae cbiMaay XbiNgaMabIFbIH
apTThIPYFa,CaNnkplHAATY XaFAaliblH XaKcapTyFa XaHe co3y KypasblHblH,
6epiKTiriH,04aH XacanatblH MeTN3 6yiNbIMAAPbIHbIH WbiFapbiNaTbiH OHIMIHIH,
canacblH apTTbipyFa MyMKiHAIK 6epeai [11,12,13,14].

TCO 6ackapy xyieciH Kypy eki 6afbITTa Xyprisineai: ceimgay npoueciHze

KYLUTiK NapameTpaepAi Tikenei esley JaTUnKTepiH (TONbIK aknapaTTbl Xylenep)
naiaanaHa oTbIpbIn XaHe KyLUTiK napameTpaepai xaHama 6akpinay xonbimeH
(TONbIK eMec aknapaTtT xyiienep). Teopusblk TYpFblAaH, TONbIK aknapaTneH
6ackapy xyienepi 6acka xyienepmeH canbicTbipraHAa 6ipkatap
APTbIKLWbI/IbIKTapFa ne. Ol'lapAbIH 6a3aCbal.a 3NEeKTPOHAbI aBTOMaTVKa KypanaapbiH
KeHiHeH naitganaHa oTblpbin, CbiMAay OPHaKTapblHbIH aBTOMATTaHAbIPbIIFaH

3NeKTPXeTEriH Kypy canacbiHAa XyMbICTap Xyprisinyse. Mbicanbi, Hi-



DrawMachineryltd ¢pupmacel. KomnstoTepnik xylienepain kemeriveH
CYHXPOHAAY/bI KaMTaMachi3 eTeTiH CbIMAAy OPHaFbIHbIH aBTOMaTThl peTTey
yreciH kypAbl. Davis-Standart prpmackl M1KponpoLeccopbl 6ap CbiMabl OHAIPY
xeninepiHae 6akblnay xylieciH kongaHazbl. Anainaa, Tonblk aknapatsl 6ap TCO
6ackapy yienepiH eHgipicke eHrisy spekeTTepi CbIMAay/AblH KyLITIK
napamMeTpepiHiH XoFapbl CeHIMAI AaTUMKTEPiHIH XOKTbIFbIHAH CITCI3 asiKTangpl.
OcbIHbIH CanaapbiHaH CbiMAayAblH KYLUTIK NapaMeTpiepiH xaHama baranay
TaCiNAepiH i34ecTipy XaHe ToNbIK eMec aknapatbl 6ap Xyenepgi asipney
KaXeTTiniri TyblHAAAbI.

Tonblk emec aknapaTbl 6ap 6ackapy xyienepi, MeTansapabl oHzey xaHe
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CbIMAAy Xab/blFbiH aBTOMaTTaH/AbIPY CanacbliHAaFbl XeTeKLi KaCinopbiHAapAa,
coHgal-ak FbinbiMu xaHe XXOO-aa a3ipneHei [14]. O3ipneHreH peTttey
XyiienepiHin, Heri3ri MakcaTbl CbiMAAyAbIH KYLUTIK NapameTpaepiH TypakTaHabIpy
60/1bIMN Tabblnagbl.

Xannbl xaraaiiga, Kasipri yakbiTTa anektpxxeteriveH asipnenreH TCO

6ackapy yilenepiH LapTThl TYpAe YLU TonkKa 6enyre 6onazbl.

BipiHLLi TOMNKa cekyHA KenemzaepiHiH TypaKTbIbIFbIH CakTay XaFgainapbiHaH
KO3FaNTKbILUTapAbIH aliHany XWiniriH peTTey xyiienepi xatagbl. Mbicansbl, [22]
XKYMbICTa iIMeK OPHaKTbIH XbINAaMAbIFbIH PETTEY XYieci cunattanfaH. [nmekTiH,
KaFAaiibl KO3/bIpy OpaMachkiHbIH TOrbIMEH aHbIKTanaTbIH TUICTIi 610K
KO3FaNTKbILLbIHbIH aliHaNy XWIiNiriHiH e3repyiMeH peTTenesi xaHe ap6ip 610k
XblnAamaplFbl 601bIHLLIA Kepi baiinaHbicka ve. Keiibip xyMmblicTapaa 6apablk,
inMeKTepAiH xaFAaliblH ecenke any yLUiH KenynekTiNik nanganaHaTbiH XaHe con
apKbl/bl iNMeKTIH 6epinreH xaraalifan apTblk aybITKybIH a3aiTaTblH, iNMeKTi
OpHaKTbIH 610KTapbIHbIH XblNAaMAbIKTapbIHbIK Ker 6ainaHbICTel peTTeyi xyiiec
YCbIHbINFAH.

CbIMaay OpHaFbIHbIH XbINAaMABIKTbI aBTOMATThl PETTeY XyienepiHiy
KapacTbIpblIFaH Heri3ri kemwwiniktepi 60nbIn Tabblnagbl:

- CbIMAAy NPoLieCiHiH TeXHONOrMsAbIK NapaMeTpaepiH peTTeyAiH 6onmaybl,

6yN KapCbl TapTyFa CbiMAAY apThIKLUbIAbIKTAPbIH NaiganaHyra MyMKIHAIK
6epmeligi, eiTKeHi OHbIH, LUaMackl iIMeKTi peTTerill TeTik cepinneciHiH KilukeHe
>KHe TypaKTbl cepnimainiriveH FaHa aHblKTanazbl. INMekTi cbiMAay OpHaFbl
610KTapbIHbIH XbINAAMABIFBIH PETTeY iNMeKTIH (KblnaamabikTel) 6acka 6i1okTapaa
KarAalblH XaHe onapablH 6ackapy acepiH eckepMecTeH Xyprisinegi;

- 3N1eKTP MexXaHWKanbIK XyieHin cepnimai 6ainaHbiCTapbiH XaHe

CbIMAAPAbIH, CepPriMAINiriH ecenke anyabiH 6onmaybl.

EKiHLLi TOnKa cbiMAay npoLeci Typanbl aknapaTt 6epeTiH AaT4MKTepi XOoK

Typa araTblH CbiMAay OpHaKTapblHbIH cypbinTapbl APX >aTagel. COHAbIKTaH 6y
MalU1Hanap HerisiHeH co3fbill 610KTapAarbl COTTEPAI peTTey XylienepimeH
XabablkTanFaH [22,23]. bByn opHakTapAa 6apAblk KO3FanTkpllLTapAblH 39Kipi
Ti3beKTel KOCbINFaH, COHbIH CaNnjapbiHaH KO3FanTKbILLTapAbIH 31eKTP KOo3FanaTblH
KyLWiHiH (3KK) comackl TypakTbl. XbligaMabIKTapAblH apakaTbiHackl MeH
KO3FaNTKbILUTapAbIH COTTEPiHiH Lamanapbl KO3y aFblHbIMeH 6epinei. Ceimaay
6apabaHgapbIHbIH BipiHAe XYKTeMeHi 83repTy KesiHAe oCbl KO3FanTkplTarbl KK
LamMacbl e3repegi, COT cbiMAay KYLUiHiH, ecy 6enriciHe 6ainaHbICTbl a3asabl Hemece
apTagpl, 6yN TUiCiHLLIE 6N0KTbIH XKbINAAMABIFbIH XHE COAaH KeliiH Bykin
MalUVHaHbI aybICTbIpazpl. [23] XKyMbicTa cbiMgay 6apabaHaapbiHAa TapTbIMAbIK,
Kywtepai TypakTaHAbIpy KapacTbipbliabl. MallnHaHbl CbiIMMeH Xazbl
610KTapbIMeH TONTLIPY Ke3iHAe CbiMAay OPHaFbIHbIH XYMbIChl Ke3iHze caTTepi
TypakTaHAbIpyFa apHanFaH KOHABIPFbI 60/bIN TabblnaTbiH KO3FanTKpILTapAaFrs!
CoTTep ecTe kanagsl.

CoTTepgi peTTey Xyiienepi MblHajai Herisri kemLUinikTepre ne:

- KapChl TaPTbINbIMAAPAbIH LaMackl 43N peTTeNMeliji XaHe CbiMZbl Y3y

60/1aTbIH KeH LLIEKTEPAE aybITKYbl MYMKiH;
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- peTTey KesiHAe COTTepAiH AUHaMuKanblk Kypamaac beniktepi eckepinmerigi,
COHbIH CanfapblHaH eTneni pexvMaepAe Kapcbl TapTblny WamManapblHbiH MaHAEPI
pyKcarT eTifireH MaHAepAeH acblin TyCyi MyMKiH.

Byn kemLinikTep, cOHAaN-aK bypbIH cunatTansaH Tikenen arbiHAbI

OopHaKTapAblH 63iH-63i peTTey XylienepiHe ToH.

AybITKy 60bIHWa N cbiMAAy KYLLi HeMece CbIMHbIH, KapChl TapThlNybIH
TypakTanablpy Q Xy3ere acblpblnaTbiH peTTey XyieciHiH yLWiHLWi To6bl epekiue
Hazap ayAapyfa TypapblK. by xynenepaiH xymbliC anroputmi cbiMaay NpoLeciHin,
KYLUTIK NapaMeTpepiHiH e3apa baiinaHbicbl TeRAeynepiHe HerisgenreH. bipiHLi
XaFfaiaa kapcbl TapTynap apbip cbiMAAybILUTLIH an/blHAa OpHAaTbINFaH apHalibl
JAATUUKTEPMEH 6/ILLeHesi XaHe 6epinreH MaHAepMeH canbICTbipblnaibl. CanbicTbipy
HaTUXeCi KO3/bIpy Opamackl apHackl apKbiibl Hemece 33Kip WbIHXbIPbI 60oibIHLWA
KO3FaNTKbILLKA Cep eTeTiH 6acKapy{m XyheciHe 6epineai. EKiHLUI XxaFgana {m
AATYMKTEPMeEH CbIMAAY KYLLIH HeMece MeTanAblH CbiMAAYbILLKA KapCbl TapThINYybIH
KSHe KpbIChbIMbIH enLeligi. Byn XyieHiH HerisiHge aybITKy 60libIHLWA CbiMAay
KYLLIH peTTey NpUHLMMI XaTbIp.

OzebureTTe, COHAal-ak, CbiMaay KyLLiH TypaKTaHZAbIPY XyNeciH Kypy apekeTi,

Typa afFblHAbI CbiMZay OpHaFbIH beliimaenve backapy Typansl aknapat 6ap [24,25].
Bipak, >xoFapblAa KepceTinreH kemLuiniktepre 6ainaHbICTbl MyHAAN XXyiienep Ken
OHEepKaCINTIK KoNAAHY TarkaH oK.

[AnHamurKanslk 6aFgapnamanay saiciMeH Typa aFblHAb! CbIMAAy OpPHaFbIHAA

KapCbl TapTblay TypaKTaHAbIPYABIH OHTalbI XYyeciH Kypy Typansl Macene
KyMbICTa Kapangbl [26]. InHamukanbik 6argapnamanay TeHAeyiH LeLLy XaHe
JIANYHOBTbIH, GYHKLMACHIH Taby HITUXECIHAE PeTTey 3aHbl aHbIKTanAbl XaHe
Kapcbl TapTblNy TypakTaHAbIPYAbIH OHTal/bl XYNeciHiH cxemachbiH KepceTTi.
Kapcbl TapTy Typanbl aknapar any yLiH CbiMAayblLLKa KbICbIM AaTuuri
KoNnAaHblNazbl. Anaiiaa, CoHFbl yakbITka AeliH 6ypblH 6enrineHreH, xeTKinikTi
ceHiMAi AaTunKTepAiH 6oaMaybl, CbIMAAY KYLUIH XaHama baranay TacinaepiH
i3pectipyai Tanan eteai. Tonblk emec aknapatbl 6ap MyHaal xylienepaid
KeMLUinikTepiHe canmak ko3dduLMeHTTepiH AypbIC TaHAAY KypAeniniriH
XaTkbizyFa 6onazbl, 6yn cbiMAay OpHaKTapblHAA OHTaNbl KapChbl TapThINYAbI
opHaTyFa MyMKiHAik 6epmeiigj, an 6yn e3 keseriHie eHiM bipniriHe sHeprus
LUbIFbIHBIHBLIH, apTyblHa akenegi. byaaH 6acka, CbIMAapAbIH ceprimai
6alinaHbICTapblH, acipece cepniMAi KacMeTTepiH ecenke anyAblH 60Maybl, OHbI
CbiMAQy Ke3iHge KMHemaTukanblk 6epy MeH cbimMaa aliTapabikTali AMHaMUKanblk,
KyKTeMenepAiH TyblHAaYbIHa anbin Kenesi, 6yn co3y xabAbiFbIHbIH CEHIMAINIT MeH
eHiMAINiriH TemeHaeTesi. bapnbik kapanFaH xylienepre TaH kepceTinreH
KeMLLINIKTEPMEH KaTap Tayesci3 KO3yAblH TyPaKTbl TOrbIHbIH 3N1eKTpXKeTeriH
6ackapy MyMKiHAir TosblK Kenemae nainganaHblimMaliTeiHbl, atan aliTkanaa,
CbIMZjay OPHaFbIHbIH KAXETTi CTaTUKaNbIK KaHE ANHAMUKaNbIK cunaTTamanapbiH
KanbINTacTbIpy MakcaTbiHAA KO3FaNTKEILUTLIH MAarHUTTIK epiciH 6ackapyablH,
KOCbIMLLA MYMKIHZIri 3epTTenMeinTiH pakTici Ae opblH anagbl. COHbIMeH KaTap,

SPTYPAI CeKUMANApAbIH 3NeKTPKO3FaNTKpILUTaPbIHbIH KOPEKTeHY Ke3i apKbi/bl
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MalUnHanapAblH TypAi cekumsanapblHbIH ©3apa 6aiinanbICbl ecernke anbiH6alAbl
CoHbIMeH KaTap, KOpeKTeHZipy cxemacbiHa 6aiinaHbICTbl 9PTYPAI cekLvanapabiH,
3/1eKTPKO3FANTKbILUTAPbIHbIH KOPEKTeHY Ke3i apKblbl MalLHanapabiH Typai
ceKLsnapbiHbIH 63apa 6ainaHbickl ecenke anbiHb6aljsl.

OcblnaliLua, KyWTik XapTblnai eTKisrilUTiK TeXHUKaHbIH AaMyblHa

6aiinaHbICTbl Kasipri yakbITTa SHeprusiiblK TUiMATI OPHaKTbIH aCUHXPOHZAB!
KMINiKTiK-peTTeneTiH anekTpxxeTeriHiH XT-AK cxemachl 60oiiblHLIa NakaanaHy
MYMKiHZiri naiiaa 6ongpl, on peTTeyaiH KeH aykbiMblHaH 6acka, MyHZAal xorapbl

KepceTKiLuTepre ve: n.9.K. CeHimMainik xaHe TesapekeTTik [20]. Byn xaraansa



Kapchbl TapTynapAbl TypakTaHAbIPY XyAeciH KongaHy opblHAbI, OHbIH aNropUTMi
CbIMZay NPOLECiHiH KYLITIK NapameTpaepiHiH e3apa baiinaHbicbl TeHAeynepiHae
canblHybl TVic. COHbIMeH KaTap, Kapcbl TapTynapAblH 6epinreH XsHe HakTbl
MaHZepi apacbIHAaFbI CanblCTbIpy curHanbl XT-AK cxemacsl 60libIHLLA
anekTpxeTekTiH ABX-Fa 6epineai [21].

1.3Kapcel TapTyMeH cbiMAayAblH SHeprus TMimainiriH Tangay

CbimMzay Teopuisicbl 60iibIHLLIA KeH TapanFaH agebuetre [1-7]

AedpopMaLMaHbIH SHEPrva KYLUTIK XarFAalinapbl CbiMgay KepHeyiHe sapTypai
dakTopnapAbIH acep eTy 3aH/AbINbIKTapbiH cunaTTay HerisiHae KapacTbipblaajbl.
JedopmaLms olarbiHAAFbI KYLUTEPAIH Tene-TeHAir kapacTbipblnagsl. Anaiiaa,
KenTipinreH naibiMaaynap ctaTukanblk pexvMAepAe CbiMAay NPOLLECiHiH, KyLUTiK
napameTp/epiH aHblKTay KesiHAe NHXeHepAiK ecenTeysep YLUiH XeTKiniKTi
APnAiKTI Bepce fe, bipak 3HeprusHbI cakTay 3aHbIMeH apkaluaH 6apabap
Ty3eTinmenaj, CoHAbIKTaH onapzel NpoLecc AUHaMVKacbiH Tanjay KesiHge
nalifanaHyra MyMKiHAIK 6epMeligi xaHe HakTblnaybl Tanan etesi.

CbimMAay Npoueci KyaTTapbiHbiH TEHrepiMi 3HeprusHbl cakTay 3aHblHbIH
Heri3iHAe aHblKTanybl MyMKiH XaHe MblHaAal TypAe XasblaFaH

NT- NQ= N® + Nya + Nm + Nag + Ngp, (1.6)

MyHAaFbl NT- CbIMHbIH, a/1AbIHFbI LLETi apKbl/bl KyLUNeH co3bliaTbiH T
Aedopmaums ollaFbiHa 6epineTiH KyaT;

NQ - cbIMHBIH apTKpl LLETi apKbibl Kapchl TapTymMmeH Q Aedopmauys

oLlaFblHa bepineTiH kyar;

N® - meTangbiH NiLiHIHIH (CO3bLIbIMbIHA) ©3repyiHe XymcanaTbiH KyaT;

Ny - cbiMaaybILTaFbl CbIMAAPAbIH cepniMAi AepopmaLmackiHa XyMcanaTbiH
Kyar,

Nm - cbiMAaybILLNeH eRAeneTiH MeTanAblH Tylicneni 6eTiHAe CbIPFbITYAbIH
yiiKenic KyLLiHiH KyaTbl (OHbIH, KOHYCTbIK, X3He kKanuépney 6eniktepi

AFHN, );

Nag - cbiMAaybiLl apHachbiHbIH GopMackiHa 6aiinaHbICTbl, KOCbIMLLA

AepopmaLsnap (Kblaxynap) kacayFa XymcanaTblH KyaT;
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NAPp - KyaTTblH 6acka Typaepi (6HAeNETIH CbIMHbIH, KMHETMKaNbIK,

SHeprusiCbiHbIH e3repyiHe xaHe T. 6.).

KocbiMLa gedpopmaums NAZA KyaTeIMeH oAaH api narbiMaaynap KesiHae

KyaTTblH 6acka TypnepiMeH NAp onapAblH eneycis WamacblHa kapali enemenesi.
CbIMZay NpoLeCiHiH SHepreTrKacbiHa Co3blNaTbiH MaTepuanibliH pUsmnKanbik-
MexaHVIKanblK KacueTTepiHeH, OHbIH AedpopmaLns aspexeciHeH, 6eTTiH canackl MeH
KypaniblH reoMeTpusicbiHaH 6acka AedopmaLys oLaFbIHbIH anjplHAa CbiMFa
CanblHaTbIH TapTbly KYLUiHIH Lamackl eneyni acep eteai [5,6,7]. 1.13 cypette
CbIMAAy NPOLECIHIH 3HepreTnkanbIk AvarpaMmManapbl KeNTipinreH, MyHAaFbl: a -
Kapcbl TapTyCbI3; 6 - KaPCbl TAPTbLY KOChIMLLIAChIMEH;B - CbIHV MaHre TeH, Kapchbl
TapTymeH.

1.13 cypeT - cbiMAay NpoLEeCiHiH 3HepreTuKasnblk AvarpaMmManapsi:

Jledopmaums olarbiHa CbiMAay KyLLiMeH XeTKi3iNeTiH KyaT, Kapcbl TapTbiay
60maraH ke3ge (1.13 cypeT, a) oLlakka ToNbIFbIMEH CanblHaZbl, OHAA MiLLiHHIH,
e3repyiH Xacal oTbIpbIn XaHe XblNy TypiHAe 6eniHesi. MiliH e3repyiHin KyaTbl
eHAeNeTiH CbIMAAPABIH KacveTTepiHe, OHbIH 6acTankbl XaHe COHFbI enLLeMaepiHe
>KSHE CO3bINY XblNAamAblFbiHa 6aiNaHbICTbI XaHe CbIPTKbI KyLUTepre, atan
aliTkaHAa, kapcbl TapTblibIMFa 6alinaHbICTbl eMec.

Backa kyaTTap - yikenic kyLi, cepriMai AedopmaLys Kapcbl TapTbiaybIHa
6aiinaHbIcTbl. Ocbinarilla, cepnimai aedpopmanms KyLwiHiH kyaTel gedopmauys
OLUaFbIHaH LUbIFapbLybl MyMKiH. LLbIHbIHAA A3, apTKbl TapTblay KesiHAe eHAeneTiH
cbIM cepriMAi AedopmaLmsnaHFaH Kylige owakka Kipeai. Kapcbl TapTbiibiM KyLUi
KeTKINiKTi 6onca, byn KyaT ollakka AeliiHri apanbikTa CbIM TONbIFbIMEH bepinyi

MYMKiH. YKenic KyLL KyaTbl apTKbl TapTblabIMFa 6alinaHbICTbl ©3repegi. Erep



COHFbICHI OHAENETIH MeTanblH, naacTukanblk AepopMaLachl YLLIiH XeTKiNiKTi
LaMara XeTce, OHZa Killi AnameTpAi CbiM CbiMAayblllbiHa Kipegi. CoHbIMeH KaTap,
Tyiicneni 6eTiHiH ayAaHbl a3as/pl XaHe calikeciHLLe yiiKkenic KyLUiHiH KyaTbl

asasgpl. byn xargaija Kapcbl TapTyFa KOCbIMLLIAChI CbIMAAY KYLUIHIH a3atobliHa Aa
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aKenyi MymkiH (1.13,B cyper).

Anaiia, erep kapcbl TapTy/AblH KyaTbl apTkbl KapCbl TapTYCbI3 CbiMAay

KesiHje cbiMAaybILLKa MeTan KbiCbIMbIHbIH KyaTblHa TeH amazaH ackin KeTce,
OH/A OHBbIH 6CYi CbiMAAY KYLUIHIH KyaTblHa TO/bIFbIMEH KOCbINATbIH 60N1ajbl.

1.14 cypeTTe cbiMAay NpoLecciHzeri KyaTTap apacbliHAaFbl Toyenginikrep
KepceTinreH [6,7].

1.14 Cypert - Coimgay npoLleciHAeri KyaT apacblHAafbl Tayenginikrep
KapacTbIpbiibin oTbipFaH xaraainaa Naj kaHe NAp KyaTTapbiMeH

eckepinvengi. Typa 1 ceiMaaybil 60MaraH aHe kaHaal Aa 6ip aedpopmauys
(cepnimai >kaHe nnacTkanblk) 6oaMaraH kesge CbiM CbiIMAAY KYLUiHIH e3repyiH
cmnaTTaigel. HykTe ( ;) CbiM y3inyiHiH KyLLiHe calikec Keneai, SFHn

.(1.7)

1 KUCbIFbI CEPIMAi XaHe nnacTykanblk AepopmaLsnapAbl eckepe oTbipbirn
canblHFaH.

CbIMAay I'IpOLLeCiHiHI 3HepreTrkanblK gnarpaMmmMmacbiHbiH XXOfapblja

KenTipinreH TangayblHa calikec, CbiMAay KyLUiHiH Tayenainiri
annpoKcMaLuyvsnaHFaH KycblkneH 2 6epinreH. byn KUCbIKTbIH LU TOH HyKTeci 6ap.
BipiHwwici - (0; NtQ=0) koopAnHaTTapbl 6ap - Kapchl TapTbIYChI3 CbiMAAy NPOLIeCiH
cumnatTaingpl. ExiHwici - (Ntkp; NQKp) koopanHaTTapel 6ap - cbiMAaybiLuTa
nnacTukanblk AepopmMaLins Xy3ere acbipbliaThlH Lekapanblk HykTe 60bIn
Tabblnagpl, an oAaH KeniH ok,

backalua aiiTkaHAa, 6y HYKTeHiH OH xafbliHAa MeTann gedopmaLmsce
TONbIFbIMEH OLLAKTaH ThiC cunaTtka ne. OHbIH KOOpAMHATTapbl MblHaHAaM 60bIN
aHbIKTaNybl MyMKiH

;(1.8)
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.(1.9)

Kapcbl TapTy MeH cbiMAAQy KyLUTEPAEH KyaTTbl Xibepy kesiHze

(1.10)

cepnimai aedpopmaLsaHbIH, XaHe NilliH e3repTy KyaTTapbl COMachIHbIH, WamacbiHa
epekLUe/IeHeTIHIH aTan eTKeH XeH

(1.11)

XSHe Zle 1aN oCbl XaFaali 1.14 cypeTTe kepceTinreH.

CbIMAAY KYLUiHIH KMCbIK YLLIHLLI CNaTThl HYKTeCH y3iNiMHiH KyLUiHe caiikec
Kenegi. OHbIH KOOPAVHATTapbl MblHaHAal TypAe aHblKTanazpl

L(1.12)

Kucbik 3 Kapcbl TapTbiy WaMacbiHa 6alinaHbICTbl CbiMAAYbILL KblCbIMbIH
cinaTTalijbl XaHe KyaTTap/ablH Tene-TeH/ik LiapTTapblHa Calikec cablHFaH kaHe
/le ON MblHaHZAa Typ/e xasbliFaH

,(1.13)

COHpali-ak MeTanAblH 4epopMaLACkIHbIH CbiMAAYbILITaH ThIC 6ipKesKi aybiCybiH
ecerke asia OTbIpbIn CajblHFaH.

CbiMZay npoLieciHe Kapcbl TapTblly acepiHiH keneci pakTopnapslH atan

oTyre 6onajbl:

- Kapcbl TapTbinyablH KyaTblH 6ipa3 CbiH MaHre eitiH apTTbipa OTbIpbIr,

YIAKeNiC WhblIFbIHbIHbIH XOFanyblHa 6aiNaHbICTbl CbiMAAYbILL KbIChIMbIHbIH

Henre ieiiH TemeHzeyi OpbiH anazpl. byn ce3ci3 cbimaaybiLuneH Cbim
AViaMeTpAepiHiH apacbiHAaFbl eH XaKCbl KeNiCyMeH CbiMAaybILLTaFbl KaTTbl
KbICKbILL KepHeynep/iH a3atobl canjapbiHaH Co3y/AblH TeMnepaTypasbik-

XKbINAAMAbIK pexXvMiHAe Ae, cbiMaapaay KypanaapblHbiH 6epikTiriHe e oH acep



eteai.

- KpuTukanblk MaHHEH acnaliTbiH LWamara Kapcbl TapTbllybl KONAaHFaHAQ,
CbIMAAY KYLUiHIH KyaTbl a3asjpl, 6yn Kapcbl TapTbiay KyaTblH Naiigans
nalizanany XarAanblHAa M. 3. K. CbiMAAy NPOLECiHiH XOoFapblnayblHa aken

COKTbIPYbI MyMKiH. COHbIMeH KaTap, 6y Ty yLUiH GipeH-capaH KbICyAbl apTTbIpyFa
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XHe KMbIH AedpopmaLmsanaHaTbiH 6onaT MapkanapbiH eHAeyre MyMKiHaik 6epeai.
- Kepi TapTbiny KyaTbl ©3iHiH CbIHW MHIHEH XOFapbl 60/FaH ke3ge,

COHFbICIHbBIH, ©CYi M. 3. K. MpoLieciHe acep eTnenTiH, 6ipak eHAeNeTiH CbIMHbIH,
y3ilyiHe anbin KeneTiH CbiMAay KYLUiHIH MpOMopLMOHanbl yiFalobiHa aKenesi.
Jemek, Kapcbl TapTyMeH CbiMAAy KesiHAe SHepruaHbl yHemaey anbiHaabi[5]

>KaHe byn xaFjalija WwapT cakTanybl Tic

1<pn<PPnPPN-PON, (1.14)

MyHZaFbl Ppn - Kapcbl TapTyMeH CbiMAAybILLKa KipreHre geiHri y3iny kywi;

PON - Kapchl TapThINYChI3 CbiMAAY Ke3iHAeri CbiMAaybILLKA KbIChIM;

Hn - cosy;

N - CbIMZIAy OPHaFbIHbIH eceniri.

CoHbIMeH, Typa afbiH/bI CbiMAay OpHaKTapblHAa Kapcbl TapTynapasl KonaaHy

9p CbiMA@YbILLITa CO3Y/bIH ©3repy LeKTepi un TeHCi3aikke xayan 6epeTiH 6apiblk,
Karaaiinapa sHeprusiHbl YHemaeyMeH cyiiemengeHegi (1.14), xaHe 6yn yHemaey
OpHaKTbIH eceniri XXorapbl 60FaH caliblH XaHe KapCbl TapTbi/ly Wamachl Kern
60/1FaH CaiiblH XoFapbl 601ajbl.

SEM-ge 6akplnay yarici peTiHae 08kn 6onaTTaH xacanFaH cbiMgapspl CO3y
KesiHae BC6-7/550 6 eceneHreH co3y OpHaFblHbIH KYLUTIK NapaMeTpaepi ecentengi.
Bacrankpl gepekTep 1.4-kecTe/e KeNTipinreH, MyHAarbl 1-6 - CbIMAaybILL XaHe
6apabaHgapablH Hemipnepi, 0 - bacTankbl co36a cbiM.

1.4 kecTe - 3epTTeneTiH 6aFbITTbIH CbiMAAy NapameTpaepi

Mapametpnepi0 123456

CbIM AnameTpi, MM,

BepikTik weri,os, MMa,

Cosy,

Kapcel TapTbinycbi3 CeiMAaybILLKa

KbICbIM,

, KH,

CbimMaay XbIngamabifbl, M/C.
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400

43
480
1,45
5,05
27
37
520
1,67
29
44
31
600
1,28
27

57



TancbipMaHsbl LueLly KesiHAe, CanblCTbipy MyMKiHAir 6oy yLUiH, coHAa-ak,
MaKCVMyM TanTbl, SFHW CbiMAayFa XymcanaTtbliH W KyaTbl eH XoFapbl 601aTbIH
Kesze, TapTy KyLUiHiH MaHi Ti. TancelpMaHbl LueLLly HaTvKenepi 1.5-kectege
KentipinreH. CanbiCTbIpy YLWiH kecTere 08kn 6onaTTaH xacanfaH CbiM CO3y
npoueciHAe eHaipicTik xaraalinapaa enweHreH BC6-7/550 opHaFbIHbIH KYLUTIK
napameTpaepi opHanacTbipbliFaH (TaH HyckanapAblH, 6ipi).

1.5 kecte - KyaTTbl NapameTpiepain bIkTiMan Hyckanaps!

Mapametp 123456 W, kBT;
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Toxipubenik aepektep

Ti, kH 2,05 1,75 2,65 2,75 2,05 1,35

Qi, kH 3,002,94 1,52 1,35 0,34 --- 97

Makcnmymra ecentey HaTukenepi

Ti,kH1,039353,6283.2

Qi, kHO 00 00 0 149

MuHUMYMFa ecenTey HaTMXenepi

Ti, kH 1,00 1,75 1,77 1,48 1,00 2,19

Qi, kH4,05 3,50 2,80 2,10 1,62 - 72

Bakplnay MbicanblHbIH anbiHFaH LWeLliMAepi CbiMAay NPOLeCiHiH, KYLUTIK

pexvMiH TaHAay KesiHAe KyaT pe3epBiHiH 60/1yblH KepceTTi: eHAipicTik
XarFaaiinapja ceiMgayFa kymcanaTblH kyaT, 19 kBT-ka (24% - Fa) oHTalinblAaH
Kebipek. CbiMaayAblH TypaKTbl XaFjaiinapbl XaHe KOHCTPYKTUBTIK
napamMeTpnepaiH TYPakTbIIbIFbl Ke3iHAe KyaT TepbeniciHii 6apnblk AvanasoHsl 70
KBT-Ka xeTegi, 6yn cbiMAay NpoLeciH oHTalNbl XYpridy KesiHAe MyMKiH 601aTbIH
€H a3 KyaT MaHiHiH 87,5% - HaH acabl. SNeKTPXXeTeKTiH cxemacbiMeH
aHbIKTaNaTbIH LLeKTeYAi MaTeMaTVKanblk MOZE/bre eHriy ocbl LiaMaHbl Gipama
TemeHAeTesl. TYTbIHbINATLIH KyaTTbiH eH a3 bIKTVIMan MaHHEH YKeH aybITkynapsbl,
CbIMAAy NPOLIeCiH aBTOMaTThl backapy KesiHae FaHa 604blpMaybl MyMKiH.

1.6 kectepe BIML, 3-4/550 opHarbiHAa bp. OP6, 5-0,4 Mapkanbl kona

CbiMAapAbl 8HAIPY Ke3iHje cbimaay napameTpnepi kenTipinreH. Ocbl opHaKTapaa
©OHepKaCinTik XarjalinapAa akcneprMeHTanabl 3eptreynep (1.7-kecte), 6yn Liex
apanblk apanblkTapAa cbiMAapAblH TapTblnyblHbIH 63repyi kesiHae, OpHaKTbIH
6apabaH apanblk apanblkTapblHAa CbIMHbIH KapChbl TAPTbINYbIH 83repTKeH kesae
YHeMZeNreH 3neKTp 3HepPrusacbiHbiH kenemi 1,2-18 % wweriHge aybITKAbl eKeHiH,
SEM-ge xyprisinreH 3epTTeynepre calikec KeneTiHiH KkepceTesi.

1.6 kecte - BIL, 3-4/550 opHafFbiHAa CbiMAay NnapameTpi

MapameTpi CbiMAaybilITap MeH bapabaHaapabiH,

HeMipnepi

01234



0B, H/MM

n,06/MUH...
58
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47
53
1,53
5300
107,3
42
74
1,25
3780
107,3
36
2
1,36
4530
1460
33
%9
1,19
2970

174,0
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1.7 kecte - BML|, 3-4/550 opHafblHAA KyaTTblH TeMeHAeYi

JKyMbIC LIapTTapsbl

BapabaHgarbl xaHe 6ap/blk OpHak 60libIHLLA

KyatTap

KyaTTblH TemeHaeyi

%

NNN

Q3=Q4=027,618914,761,2-

Q3=0,1P03; Q4 =

0,1P04

26,118815,660,51,2

Q3=0,5P03; Q4 =

0,5P04

20,616,119,6 56,385

Q3=P03; Q4=P0413,716,9 24,555,1 11,0

Q3=2P03;Q4=P040,06 27,2 24,551,8 18,0

Backa TvnTi opHaKTapAa eHepKaCinTik xargainapaa XyprisinreH keinbip
3epTTeynep kepceTkeHAern, KoNAaHbICTaFbl NanaanaHy 6aFbiTTapblHAa 601aTThiH,
SPTYPAi MapkanapblHaH CbIMAAPAbI CO3Y Ke3iH/Ae 31eKTp SHePrusichbiH YyHemzey 30-
%-Fa AeitiH XeTyi MyMKiH.

Byn cbiMaayAblH aAeTTeri Tacini kesiHae 6apnblk Aepopmaupsinap cepnimai

XaHe Kanaplk Aen navibimaayFa 6onazbl (OHaNaTbIFaH), CO3blNaThblH MaTepranFa
Tikeneli cbiMAayblLL apkblabl xabapnaHaabl AereHiMeH TyciHAipineai. Kapcbl
TapTbIlyMeH CO3y Ke3iHAe kapama-Kapchl 6afbITTasfFaH eki co3yLubl KyLUTIH

TapTbI1aTbIH MaTepPUanbliHbIH KOCbIMLLACKI apKacbiHAA, OHAA CbIMAAYbILL



apHacbIHbIH KabblpranapbIMeH XaHackaHra AeliiH cepnimai gepopmaupanap nanaa
60nazbl. Q kapchl TapThiny Kywi MeH N cbiMaayAbiH TapTKbILW Kywi 6enrini 6ip apa
KaTbIHaCkl Ke3iHAe CbIMAAy apHacbiHa Kipep anAblHAa, TapTblnaTbliH MeTanablH
KepHeyi aFbIMAbINbIK LUeriHe XakblHAalAbl. COHABIKTaH, CbIMAAy apHacbIHAaFbI
MeTaniblH nnacTukanblk (Kanablk) AepopmMaLiMsachiH Xy3ere acblpy YLUiH, CbiMaay
KyPanblHbIH, Ca/bICTbIPMasbl TYPAE a3 KOCbIMLLA KbICbIMbIH FaHa KOCY KaxeT.
[llemek, Kapcbl TapTyMeH CbiMZay Ke3iHAe, CbIM CbIMAAyAbIH 94eTTeri TaciniHe
KapaFaHAa Co3blNaTbiH MeTasl XaFblHaH a3 KblCbIMAbI CbiHanAbI.CbiMAAYbILLITHIH,
KabblpranapblHa KbICbIM a3aiiFaH Kesge cbiMAayAblH CbIpTKp! yiikenici asaszbl.
XKyprisinreH Tangay HaTuxeciHae:

1. CbIMFa Kapchbl TapTblny KyaTbIHbIH ©3repyiHiH pyKcaT eTinreH LwekTepi

>K3He OHbIH cepniMAi XaHe naacTrkanblk Aepopmaumsnapssl eckepe oTbIpbIn
CbIMAAY KYLLIHIH KyaTblHa 9cep eTy LleKTepi aHbIKTaibl.

2. KyaT 6anaHcbIHbIH, a/sblHFaH epHeri CbiMAay NpoLeciHiH THiMAiniriH

apTThIpy TACINAEPIH aHbIKTayFa, COHAAl-ak Typa aFblHAbl CbIMAAY OpHaKTapbiH
OHTalNbl backapy entemgepiH KanbinTacTbipyra MyMKiHAIK 6epeai.

1.4 Typa afblHAbI CbiMAAY OPHAKTapbIHbIK XaHFLIPTY Macenenepi xaHe

onap/blH 3N1€KTP XeTeKTepiHe TeXHONOrVANbIK TananTapbiH HaKTbiay

TycTi XaHe kapa MeTanjapAaH XacanfaH cbiM eHiMi 60/1bIN TabblnaTbIH

CbiMAay eHAIpiCiH aBTOMaTTaHAbIPY AeHreliH apTTbIpy, XXoFapbl eHIMAl SHeprus
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TUIMA] XabAbIKTap MeH XaHa TeXHONOrUANapAbl 93ipaeyai XaHe eHrisyai
Xeaenzetyre MyMKiHAIK 6epeai[11,12,13,14,16,20,21, 23,24,25].CoHbIMeH KaTap,
CbIMAAY OHAIPICIHIK AaMy YPAICi KoFapbl XbiNAaMABIKTbI cMiaTTaManapbl 6ap cosy
CTaHAapbIH Yrepyre XsHe WblFapyra xsHe TCO MalvHanbIK yakpITbIHbIH
CanbICTbIpMankl canmarbiH apTThipyFa barFbiTTanFaH.byn opHakTap Kapcel TapTychi3
KYMbIC ICTEMTIH CbIMAAy OpHaKTapbIMeH CanbICTbipFaHzia eHbeK eHIMAINIriH 44% -
fa apTTbIpyFa biknan eTepJ JK9He 0JZlaH >XKacanaTblH MeTu3 6¥VIbIMAaprHbIH,
LblFapblnaThlH OHIMAEPIHIH canackiH XorFapblnaTtazbl.

9cipece, CbIMAAy XYMbICbIHbIH, 3HEPrUsIbIK TUIMAINIM OHbIH 31eKTp

KeTeriHiH KyLTiK 6eniriH Kypy npuHUMniMeH ge, ABX cisKTbl TEXHONOTUANBIK,
yAepicneH Ae, an eHimginiri ek ABXX-MeH KamTamachI3 eTineTiHiH atan eTy KaxeT.
COHfbl yakpITKa AeiiiH Typa aFbiHAbI CbIMAay OPHaFbIHbIH

ABTOMATTaHAbIPbI/IFAH 3ﬂeKTp)KeTel'i ACUHXPOHAbI KO3Fa/ITKbILLNEH
MWKPOMPOLLeccopiblk 6ackapbliaTbiH XUiniKTeri SHeprusiblK THimMai
TYPNeHAIpriluTepain 601MaybIHaH TYpaKTbl TOKTbIH KbIMBAT XaHe ceHimAi emec
KO3FaNTKbILUTapbIHbIH 6a3acbiHAA FaHa canbiHAbl. CoHbIMeH kaTtap, TT-K cxemachbl
60MbIHLLA TPUCTOPAbI TYPAeHAIPriLli 6ap TypaKTbl TOKTbIH 31eKTpXeTeri
MbIHaZait keMLuinikTepre ve:

- 39Kip TOrbIHbIH, ©CY KapKbIHbIHbIH LLEeKTesyi, aBTOMaTTbl peTTey XyheciHiH
KbINAaMABIFbIHBIH TOMEH/eYiHe aKeNeTiH 3N1eKTPXETEeKTIH NHepLMAChIHbIH XOofFaphbl
coTi;

- XKOFapbl Macca-aykbIM KepceTkilTep;

- KbI3MeT kepceTyaeri eHbek CblbIMAbIbIFbI;

- KO3FaNTKbILLTa KONNEKTOPABIH XIHe KOMMYTaLMA NPOLeCiHiH 60onybiHa
6aiinaHbICTbl HaLlap ceHiMAiniK.

Kasipri yakpiTTa sHeprusa Tuimainiri meH ceHimainiri gzanengerrex, 35...100

KBT KyaTTap AvanasoHblHAA KblCKa TyliblKTanFaH poTopbl 6ap aCHXPOHAbI
KO3FaNTKbILL - XWIiNiKTi TypaeHagipri (KT-AK) cxemackl 60iblHLLIA 31eKTp
KeTeKTepiH 3epTTey XaHe OHePKCINTIK KoNAaHYAbIH XeTKinikTi Taxipnbeci 6ap
[20].

Backapy o6bekTinepi peTiHae CbiMAbl OHAIpYre apHasifFaH opHakTap Keneci eH
MaHbI3/bl 6enrinepmeH cunatranagbl:

1. TyliiH 6ackapy npoLecTepiHiH cTaTukackl MeH AWHaMKacbiHa eneyni acep

eTeTiH 06BEKTIHIH Kypaeni kenbainaHblCTbl KypblibIMbIMEH;



2. OHTalinbl KyLLI NapameTpAepiH XaHe CbiMAay/AblH OHTal bl 6afFbITTapbiH
KaMTaMachl3 eTymMeH;

3. 9K icke Kocy KesiHAe CbiMAAy KYLUiHIH apTybIMeH;

4. CtaTukaga Aa, AMHamuKaja Aa (CbiMAaybiLUTap/blH TO3ybl) eneyni
aybITKy/bIK 9CepnepaiH 60nybIMeH AaliblHAaMaHbIH y3blHAbIFbI 60MbIHILA
dU3MKanblk-MexaH1Kanblk KaceTTepiHiH e3repyi XaHe TapkaTy XaHe opay
KYPbINFbICHI TapanbiHaH Kenin TyCeTiH aybITkynapbIMeH.

5. Apbl Kapaii TapTybIMeH CbiMAApAbIH 60caHCbIFaHAaPbI XaHe
caHplnaynapabiH, CbiMAay XabAblFbIHbIH KMHEMAaTMKa bl WbIHXbIPAAPbIHbIH

3/1eMeHTTepiHiH XaHe CbiM cepriMAinirimeH.
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CbimMZay NPOLECiHiR LWekTeyLwi pakTopbl 8HAENETIH ChbIMHbIH anAblHFbl

YLUbIHbIH, 6epikTiri 6onbin Tabbinagbl. Ocbinaiilla, erep gedopMaLms olarbiHAa
nalifa 60naThiH KLU KyaTblH €Hcepy YLUiH (NiLuiH e3repyre, cepninAi
AedopmaLmsFa, yikenic KyLuTepiHe XaHe T. 6.) CbiMAa KepHey, eHJeneTiH matepvan
6epiKTiriHiH yIKeH LeriH KypaiTblH CbiMAay KYLUIHIH LaMackl Tanan eTince, oHAa
NPOLLecc OHbIH, Y3inyiHeH MyMKiH 60Maiiabl.

CoHAbIKTaH KONAaHbICTaFbl aBTOMAaTTbI peTTeY Xyiienepi cbiMgay

OpHaKTapbIHbIH Tek 6enrineHreH pexumMaepae XeTkinikTi TypakTbl XyMbICbIH
KamTamachIi3 eTeji. lcke Kocy pexvmzaepi opHakTapablH CeHiMANiri MeH
OHIMZAINIriH ToMeHAEeTeTiH, aliTap/bIKTal ANHAMUKaNbIK XXyKTeMenepMeH XaHe
CbIM y3iniciMeH cunattanagbl. OHbIH cebenTepi cbiMAay OpHaKTapblHa acep eTeTiH
SpTYPAi aybITKyNapAbIH 601ybl 60/1bIN Tabbinaabl: opay XaHe TapkaTy
KYPBINFLIChIHBIH KYMbIChIHA 6aliNaHbICThl TEXHONOMVANBIK aybITKy Scepi,
3neKTpMexaHuKanblk Xyiiege cepnimai 6aiinaHbicTapablH, KHeMaTUKanbIK,
KaTenikTepaiH, peayKTopAarkl caHblnaynapAblH 601ybIMeH TybIHAANTLIH aybITKy.
OcblFaH 6alinaHbICTbl Typa aFaTblH CbiMAAY OPHAaK XyMbICbiHa SpTypAi
KO3/bIPFbILL 3CepNepaiH acepiH Tanaay, TypakTbl XaHe OHTalNbl pexumae Cbim
CO3y/bl KYPri3y YLUiIH TEXHONOTUANBIK NPOLLEeCTi backapy XyienepiHiy
aKnapaTTbibIFbIH apTThIpy MYMKIHAIMH 6aFanay epekiue Kbi3bIFyLUbINbIK
TyAblpazabl.

©3 Ke3eriHAe,CbIMAayAbIH TYPaKThINbIFbIH KAMTaMachI3 eTy KMbIH MiHAeT

60/bIN Tabblnagel, cebebi cbiMaay nNpoLeciHiH KyLL NapameTpaepiHiH opHak,
3N1eKTPXeTEriHiH KenTereH 3N1eKTpoMexaHuKasblk napameTpaepiHeH Kypaeni
TayenAiniriHe 6ainaHbICTbl, By OPHAK, XXYMbIC PeXUMAEPIH TaHAAY MeH peTTeyze
CbIMAayLLbI-OMepaTop XyMbICbiH KubiHAATaAbl. COHABIKTaH CbIMHBIH KapChbl
TapTbiNybIH TypakTaHAbIPy 60VibIHLLIA MACeNeHi WeLly CbiMAayLLbl-OrnepaTop MeH
TEXHONOIThIH MHTYNLIMACLIHA eMEC, 3N1eKTP XeTeriH aBToMaTTbl backapyablH ThiMa
XyiieciHe cyieHyi Tuic. OcblFaH 6alinaHbICTbl CbIMFa KapCbl TapTby aBTOMATTbI
TypakTaHAbIPY Xyieci 6ap xaHa opHakKTap/bl XeTiNAIpY XaHe Kypy MiHAeTi e3eKTi
60/bIN Tabblnagbl. Anainga, MyHaal xyiienepai kypy angpliHaa petreneTiH
06bekTiHIH MaTeMaTVKablK cunaTTaMacbiMeH, peTTeyLli KypbIIFbIHbIH
KYPbINbIMbIH Heri3eyMeH, CbIMAapAbIH OHbIH TYPaKTbIIbIFbl MEH OHTaNNbINbIFbI
LuapTTapblHaH Kepinyai TypakTanAblpy XXylieciHin napaMmeTpaepiH cnHTesgey
agicTepiH asipneymeH 6aiinaHbIcThl Gipkatap MiHAETTepAi LUeLLy Kepek.

CbIMziay TEXHONOTUANBIK MPOLECIHIH FbINbIMU Heri3AenreH matemaTkanblk,
yArinepiHin XaHe opHaKTapAblH aBTOMaTTaHAbIPbIIFaH Ken 6alinaHbICkaH Ken
KO3FaNTKbILIThI 31EKTP XeTeriHiH XaHe onapael 6ackapyabl anroputMusauysnay
Heri3gepiHiH 60Maybl, CbIMAAY XabAblFbIHBIH TUMTEPIH TaHAAYFa, CbiMAay
NpoLeciHiH KyLUTIK napameTpaepiH ycTan Typy pexuMAepi MeH AN4iriH oHTalabl
6ackapy anropuTMAepiH Tabyra XoaHe ic Xy3iHae icke acbipyFa, aBTOMaTThl
6ackapyablH HeFypbiM Konaibl XylienepiH xaHe cbiMAayAblH OHTal bl
6aFbITTapblH TaH/ayFa, ONapAblH aHaUTVIKaNbIK ecenTepiH Xyprisyre, onapAbl
KONAaHYAbIH HEFYP/IbIM OPbIHAbI CananapbliH OpHaTYFa MyMKiHAIK 6epmei. Kasipri

yakbITKa AeliH OpHaKTapAblH XaHe 0NapAblH aBTOMAaTTaHAbIPbUIFAH 3N1eKTp
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KETeriHiH apTypAi TUNTepPI XacasFaHbiH, 0NapablH AaMybl Heri3iHeH Cbimaay
napameTp/epiH XaHama KepceTeTiH 3/1eKTPXeTeKTiH XekenereH napameTpiepi
TypaKTaHAbIPY XOJbIMEH XYPin 6TKEHAIrH 431 ockl GpakTiMeH TyciHAipyre
60onagpl. COHbIMEH KaTap, Kasipri yakbITTa cbiMAay/AblH KYLUTIK napameTpaepiH
Tikenel eNLenTiH JaTUMKTep KONAaHbINFaH Ke3je, aHaMa bakblnayMeH xyiienepai
Hemece ToNbIK aknapaTbl 6ap Xynenepai KonaaHy Typanbl MamaHAapAbIH Nikipi
Tapaliabl [22,23].

Tylicneni AaT4MKTEPiHiH XXOKTbIFbIHAH KbI3MeT kepceTyze XeTKinikTi

KOFapbl CEHIMAINIK NeH KapanarbiMAbINbIKKa Ve XaHama bakplnay xaHe KyLTiK
napameTpepai peTTey xyenepi xyienepain, xeTkinikcia
aknapaTTan/blpblaybiMeH 6ainaHbICTbl peTTeyAiH 6enrini 6ip kateniri 6onazbl.
SneMeHTTep/iH a3 CaHbIMeH XaHe KYLUTIK napameTpaepain, Tyiicneni
AaTUNKTEPIHIH XXOKTbIFbIMEH XYMbIC iCTeli OTbIpbIN, TOPT 610KTaH acnanTbiH
opHaKTapga cbiMAay NPOLeciH kaHaraTTaHap/bIK PETTEATIH, pyKcaT eTinrexH
MaHAepAeH ackin TyceTiH Ni MaHAepiHiH naiiaa 6ony biIkTManabiFbl, a3 [23]. ¥kcac
Xyenep unemgey eHe Karas xacay eHgipiciHze a3ipneHesi, 6yn Typanbl
KOFapblaa aTbiFaH.

Tonblk aknapatbl 6ap xylienep TapTbiiy easyip ken 60FaH kesae peTTeyain
KaXeTTi canacblH kamTamachI3 eTegi. Anaiiaa, Konacbi3 Xarannapaa ceiMaayablH
KYLUTIK napameTpepiH Tikeneii enLuey yLiH AaTUNKTEPAi KonAaHy (koFapbl
Temnepatypa MeH Aipingey, CbIM MeH AaTUUKTIH Tylicne aiiMaFrblH MainaymeH
6iTey) aneKTp xeTeri XyleciHiH ceHiMAiNIriH TemeHAeTyre anbin Keneji, opHakka
KbI3MeT KepceTy XaHe Maiinay npouesypanapbiH KypaeneHaipesi. lereHmen,
CbiMAay XaHe nneMzey eHzipici yLUiH beimgenreH CoOHFbl a3ipnemenepain
AATYMKTEpIH NaiganaHyaa Tonblk aknapart yeciH KonaaHy MafblHackl 6ap.
HerypnibimM KONainbl xargaiinapaa sxeHe AepopmMaLyis olwarbiHaH 0AaH api 6onaTbiH
Kapcbl TapTbI/bIC AATUUKTEPIH NaligananHrFaH xakcbl. lemek, ceimaay
OpHaKTapblHAa CbiMAAy Xbl1AaMAbIFbIH apTThIPY apKplibl @HIMAINIKTI apTThIpy
YLUiH TONbIK aknapaTneH KyLITiK napameTpnepAi peTrey xsHe bakblinay XyneciH
KONZAaHy OpbIHAbLI 60/1ybl MYMKiH.

MyHbIH 6apnbiFbl TCO 6enrineHreH xaHe eTneni Xymblc pexuMaepiHie

CbIM CO3bI/ybIH TyPaKTaHABIPYAbIH(CbIMAAYAbIH KYLUTIK NapameTpepiHiH) ThricTi
SKoHe Thimai ABX-HbIH XOK eKeHziriH kepceTegi, 6yn ayblcnabl TOKTbIH,
SHeprusnblk TNIMAI 3NeKTPXeTeriHIH AaMyblH TeXelifi XaHe 0Cbl SNeKTPXKETEKTIH,
peTTey XaHe aBTOMaTThl 6akplnay XyleciH XeTiNAipy MakcaTblHAa TEXHONOMUSNbIK,
TananTapZpl HaKTblAay KaKeTTiAIriH TyAblpagsl.

CbiMzay OpHaKTapblHbIH aBTOMAaTTaHAbIPbUIFAH 31eKTP XeTekTepiHe

KOWVbINATLIH TananTap TEXHONOrUs/bIK NpoLiecTepMeH aHblkTanaabl [27]. CoHbIMeH
KaTap, aBTOMaTTaH/AbIPbIFaH 31eKTP XeTeri Kenecigen XXyMblC pexunumaepiH
KamTamachbi3 eTyi TWIC: OPHaKTbI TOATLIPY; TONTbIPbIIFAH OPHAKThI ThIHbILITHIK,
KYMIHEH >KYMbIC XblNAaMAbIFbIHA AeliiH q Tapaty; 6enrineHreH XbligamAbIKTa
KYMbIC iCTey;eTSMeH XKblNAamzpblKTa JoHeKepaeHreH XIinTepai cbimaay; OpHaKTbl

TeXey; OPHaKTbl aBapnAbIK TOKTATY.
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TexXHONOrMANbIK NPOLLECTiH, BipiHLLI X3He Heri3ri Tanabbl OpHaKTbIH ap6ip
yyackeciHAe eRAeNeTiH CbIMHbIH CeKYHATbIK KeneMiHiK TYpaKTbibIFbl 60/bIN
Tabbinagpl. On yWiH onapAbi XblNAamAbFbIHbIH, 431 apakaTbiHaCkIH KaMTaMachI3
eTy yLiH 1:50 XaHe ofaH xofapbl cbiMaay 6apabaHAapblHbIH 31eKTp
KO3FaNTKbILUTAPbIHBIH XbIIAAMAbIFLIH PETTEYAIH KeH AnanasoHbl 601ybl KaxeT. by
AvianasoH 1:100 geliiH XaHe oaH Aa ken HakTbl XT-AK cxemacbl 6olibiHWa
aliHbIManbl TOK 371eKTPXKeTeriH kamTamachI3 eTe anagbi[20,21].

AnHaMUKanbIk KYMbIC PEXMMI OLLakapanblk TapTbinyAbl cakTali OTbIpbir,

ThIHbILUTbIK XaFAaliblHa AeiiH eKniHHIH (TexenyaiH) 6ipkaneinTsl 601ybIH



KaMTamacbi3 eTyi Tuic. DiiTnece, Taxipnbe kepceTkeHael, XYNKbIHyNapAbIH naiaa
601ybl Aa, OLIaKapanblk TapTyNapAblH XOoFanybl Aa aBapUAbIK pexrmiepre anbin
Kenegi.

Kapcbl TapTy WamacblH peTTeyeri kaTe + 15% -aaH acnaybl Tvic. Kapcbl

TapTbly peTTey AManasoHbl CbiMAay 6aFbITbIHA, OPHAKTa OHAENETIH CbIM
cypblnTamacblHa balinaHbICTbl XaHe, 94eTTe, 1:10 Kypaingpl.

Ocblnaiilla, Xofapblga 6asHAaNFaHHbIH HerisiHAe Kasipri 3amaHFbl ceimaay
OpPHAaKTapblHbIH aBTOMATTaHAbIPbIIFAH 3/1EKTP )KETeKTepiHe MblHaAaIﬁ HakKTblaHFaH
Tanantap Koiblnazbl:

- KaTeMeH CTaTUKabIK XaHe AVHaMMKanbIK XYMbIC pexnmaepiHae + 5%-aaH
acnanTbIH XbINAAMABIKTbI peTTeyAi kamTamachI3 eTy;

- 1:100 wweriHae XbinAamAbIKTbl PeTTey AnanasoHsbl;

- OPHAaKTbIH TapTbiNy 610KTapbIHbIH 31€KTP xeTeKTepiH{E 6ipnecin >aHe 6enek
6ackapy;

ﬂ Malinay xoHe UTeprill XyMbIC PeXUMIH KaMTamachI3 eTy;

- iCKe KOCY XaHe Texkeny KesiHje TypakTbl YAeyAi kamTamachi3 eTy;

- Xenire aHeprusiHbl pekynepauvsanali oTbipbIn, XyMbIC, LYFbI XaHe

aBapusANbIK Texey pexnMepiH KamTamachi3 eTy.

-+ 15 % acnaiTblH KaTeMeH Kapcn:n{a TapTbily LaMacblH peTTeyAi kamTamachIi3
ey. €l

CoHbIMeH KaTap, KapacTbipbIbIN OTbIPFaH OpHaKTapAbIH,

aBTOMATTaH/bIPbIIFAH 3NEKTP XeTeKTepiH xobanay kesiHge {E CbIM 6HAIpY KesiHge
AedopmaLyis olarbiHAA e yiikenyai a3aiTy yLIiH, 94eTTe, KypFak TeXHONOTUANbIK
Maiinay KongaHbinaTbiHbIH eckepy kaxeT. OCbIHbIH canapbiHaH ayaaa meTann,
CabblH YHTaFbIHbIH, 9KTaC 6e/LeKTePIH XaHe T.6. KypalTbiH LUaHHbIH Ken MenLuepi
6ap. DNeKTp KO3FaNTKbILUTaPbIHbIH, TYPAEHAIPriLUTePAiH XaHe KOMMYTaLVANbIK
annapaTtypaHblH TOK ©TKi3riLL 6eniKTepiHAe OCbl LUaHHbIH LUerYi, OHbIH,

yaKbITbIHaH BYPbIH iCTEH LWbIFybIHa 9kenyi MyMKiH. COHAbIKTaH KapacTbIpbl/bin
OTbIPFaH 3N1eKTP XeTekTepje KO3FanTKbIWThbl KOPFaFaH TypAe naliganaHy Kaxer,
an 6apnbik annapaTypaHbl LWaH eTki36enTiH WwkapTap MeH 6ackapy

KYPbIIFbINAPbIHAA OPHANACTLIPY KaxeT.
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1.5 3epTTeyiH MiHAETTepi, 66/1iMi MeH MakcaTTapbl 60MbIHLLA

KOpbITbIHABINAP

CbIMaay TeXHONOTUSAChIHA, TYPa aFblHAbI CbIMAAY OPHaKTapbIHbIH,

KYPbINbIMbIHA, COHAAVI-aK 3N1eKTp XeTekTepiH 6ackapyablH 6enrini xynenepiHiy
XKYMbIC MPUHLMATEPIHE XYPri3inreH Tanaay onapasiH canansl 6aranaybiH
KYprisyre, KeMLUiNikTepi MeH apTbiKLLUbIAbIKTapblH 661iM KepceTyre xaHe Herisri
KOPBITbIHABINAPAbI KaNbINTacTbipyFa MyMKIHAIK 6epegi.

BapabaH 60VibIHLLIA CbIMHbIH CbIPFYbIHCHI3 Ken MapTe TCO 6apbiHLLa
NporpeccuBTi KOHCTPYKLMS 60bIN Tabblnazel, cebebi cbiMAapAblH Maiibicy XaHe
6ypany 6osmaybiHaH cbiMAy XblnaamAblFbIH (100 M/c AeliiH)yNFaTy YLIH yaKeH
pe3epBTepi 6ap, OHbIH CbIMAAYbILITaH CbIMAAYbILLKA 6Ty KapananbiMAblbiFbl,
6apabaH/a CbIMHbIH XVIHaKTanybl 601MaraH kesze TeHrepinmereH MaccajaH as,
aHaFyp/bIM CeHiIMZI X3He KapanaiblM MexaHuKanblk 6eniri 6ap
60nFaHAblkTaH.COHbIMEH KaTap, CbIMAAPAbI KapChbl TAPTbINYMEH CbiMAAY BHIM
6ipniriHe 3Heprus LWbIFbIHBIH TOMEHAETYre, CbIMAAYbILLITLIH 6epiKTiriH apTThipyFa
MYMKiHZiK 6epeai, 6yn coHgan-aK eHiMAINiIKTI apTTeipazbl. Ocbl OpHakTapAa
CbIMAAPAbI MalibICTbIpy MeH 6ypay/bliH 60Maybl XakCbl MeXaHVKanbIk,
cvnaTTamanapbl 6ap cbiM anyFa MyMKiHAiK 6epeai xaHe onap/bl MaTepuaniapAbi,
Ke3 Ke/IreH cypbIinTapblH CbiMAayFa XXapam/bl eTep,i.

TCO >xoFapbl XblNAaMAbIKTbI CbiIMAAYFa Kapcbl TapTbiny CbiMaay
apThIKWbINbIKTaPbIMEH XaHe XapamAblIbIFbIMEH KaTap OPHaKTbIH CTaTUKanbIK,
CoHAali-ak, eTnesni XymbIC peXunuMaepiHAe CbIMHbIH, XKOFapbl y3inyi 6onagbl.

SKCMepUMeHT KepceTKeHAEN, Kapcbl TapTblay X0 6epinMeiTiH WwamanapFa Kon



KETKi3y MYMKiH, By KyLUTIK NapameTpaepain TMicTi 6akblnaybl MeH peTTeyiHin
6OI'IMaybIHaH, OPHAaK XYMbICbIHbIH, 63Kblﬂabel3AblFblH KyanaHAblpabl, 0ON1apAblH
MaHbI3bl KYLUTI japexe/e OpHaKTbIH XYMbIC NPoLeciHAe Ae, OHbl TONTLIpY
pexuMiHAe Ae CbIMAayLWbIHbIH TylciriHe 6alinanHbICTbl. CbIMHbIH, XOFapbl y3inyi
HITWXKeCIHAE CbIMAAY XbINAAMABIFbI MEH OPHAKTbIH OHIMAINIMIH apTThipy MYMKiH
eMec, CoHAal-aK CbiMAayAaH Kapcbl TapTbiyAaH 3NeKTP SHeprusachIH TUICTi
yHeMAeyAi any MyMKiH emec.

ABX-HbI KypyAbIH 6enrini npuHUMNTepi MeH naiganaHy Taxipuéeci

HerisiHae TCO anekTpxxeTeri 6ap ABX eHAIpicTi ogaH api KapKblHAAHALIPY
XaFaalblHAA Ka3ipri 3amMaHfbl TanantapFa calikec Kenmelij, eMTkeHi opHaTbinFaH
SKHe eTrneni XyMbIC pexrMAepiHAe CbiMAapAblH TYPaKTbl TapTbiAybIH KAMTaMachI3
eTnengi.

Typa arblHAbI CbIMAAY OPHaFbIHAA 3N1€KTP XeTeriHe KoliblnaTbiH

TeXHONOrMANbIK TananTap HakTbiNaHAbl XaHe TCO-Aa TeXHONOrVANbIK NPOLIECTiH
SHeprusabik TMIMAINIT OHbIH OHTaNNbI MAHZAEPI Ke3iHAe Kapchl TapTbiny
CbIMZayMeH /e, CoRJali-ak MUKponpoLeccopblk 6ackapblinateiH XT-AK cxemachl
60VibIHLLIA aCUHXPOHZABI XMINIKTIK-peTTeneTiH 3n1eKTp XeTeriH nanganaHy
MYMKIHZAIrIMEH e KON XeTKisineai aen 6enrineHreH.

CbIMHbIH KapChl TapTbINy KyaTblH ©3repTyAiH pyKcaT eTinreH wekTepi XxaHe

OHbIH, CbIMAAY KYLLIIHIH KyaTblHa 9Cep eTy LeKTepi aHblKTan4bl,an kyat
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6anaHCbIHbIH ablHFaH KepceTKiluTepi CbiMAay NPOLECiHiK TUIMAINIriH apTThIpy
TCINAEPIH aHbIKTayFa, COHAAN-aK Typa afFbiH/AbI CbIMAAY OPHaKTapblH OHTal/bI
6ackapy enLuemzepiH KanbinTacTbipyFa MyMKIHZAiK 6epesi.

TCO aBTOMaTTaHAbIPbIIFAH 3N1EKTPXETEriH XaHFbIPTY Ke3iHe Keneci Herisri
MiHAETTepAi LeLLy KaxeT:

- OPHaKTbIH, XXdHe OHbIH, 31eKTPXeTeriHiH 3n1eKTpMexaH1KabIK XyneciHiH
TEXHONOTVANLIK NapameTpaepiHiH e3apa baiinaHbiCbiH MaTemaTukanblk cunaTray
HerisiHAe CbIMAay/AblH KYLUTIK NapameTp/epiH peTTeyain MyMKiH TacCinaepiH
Tanjay/bl Xy3ere acblpy XaHe CbIMHbIH, Y3i/yiH a3aliiTy MakcaTbiHAa eH OHTalbI
HYCKaHbl TaHAay;

- 3Heprus WbIFbIHbIH OHTaliNaHABIPY MakcaTbiHAA Typa aFblHAbI CbiMAay
OpHaKTapbIH OHTaliNbl 6ackapy kaHe peTTey eilleMAepiH aHbIKTay;

- OPHaKTbIH 3N1EeKTPXEeTeriHAe TO/bIK aKknapaTrneH CbiMAayAblH KYLUTIK
napameTpnepiH 6akblnay >xeHe peTTey XyheciH nariganaHysblH OPbIHAbINbIFbIHA
Tanjay xacay;

- Typa afblHAbI CbIMZAy OPHaFbIH backapy 06bekTici peTiHge MaTeMaTuKanblk,
cvnatTamacelH a3ipney;

- 1:100 AeliiH aHe oAaH XoFapbl XbinAamaplk 60MbIHLLA peTTey

AManasoHbIH KAMTaMachl3 eTeTiH, CTaTop LbIHXbIPbl 6OVbIHLLIA XeTeKTi 3n1eKTp
KO3FaNTKbILUTAPbIH XeKe KopeKTeHAipyMeH Kblcka TyiiblkTanFaH poTopbl 6ap
ACMHXPOHAbI KO3FaNTKbILL @HAIK-VMNYNbCTIK MOAYNALMSACH 6ap KepHeyaiH
aBTOHOM/bl IHBEPTOPbI CXeMachl 6OMbIHLLIA OPHAKTbIH SHEPrUANbIK TUIMA]
aBTOMaTTaH/bIPbIIFaH 3NeKTPXXeTeriH asipney.

- CbIMA@Y/bIH KYLUTIK napameTpaepiH TypakTaHAbIpy Xyiieci 6ap opHaKTbIH,
3NeKTPXeTeriHiH MaTemMaTVKanbIK YAriCiH 93ipNey XaHe cTaTUKanblk XaHe
AVHaMVIKanbik XyMbIC pexiumaepinge Matlab KongaH6ansl 6argapnamaceiHza
BUPTYansabl YriZie OHbIH XYMbIC KabineTTiniriH Tekcepy XaHe peTTey canacbiH
aHblKTay.

2 Typa afblH/bl CbIMAAy OPHaFbIHbIH KOM KO3FaNTKbILLITLI 3/1€KTP

KeTeriH XaHFbIpTy

2.1 Kapcbl TapTyMeH opHakTap/a CbiMAay/AblH KYLITIK NapameTpaepiH
TypaKTaHAbIPY/AbIH bIKTVMaN pexviMaepiH Tanaay

Kapcbl TapTyMeH cbiMaay npoLeci bipHelle peT cbiMaayabl Typa afblHAbI

aHe iNMeKTi opHaKTap4a kongaHblnagbl. 2.1-cypeTTe yLu ece CbIMAAY OPHaFbIH,



CbIMAAY/bIH KYLUTIK NapameTpepiHiH cynbackl kenTipinrex.
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2.1 cyper - 3-eceni TCO cbiMAayAbIH KYLITIK NapaMeTp/iepiHiH cxemach!
MpoLecTiy KyLITiK NapameTpaepi MblHaHAa apakaTbliHacbiMeH aHblKTanazab!
(2.1)

MyHaarbl, T - cbiMaay 6apabaHbiHaa TapTy KyLui;

P - ceiMAaybILLIKa KbIChIM;

Q - Kapcbl TapTbIbIM;

N - angpblHFbl CO3bINY;

N - cbiMAAay 6107 bIHbIH, HEMIPI.

TapaTy KypblnFbiCbiHaH keliiH QO Lamackl eTe a3, COH/ABIKTaH 0AaH api OHbI
eckepmeyre 6onagpil.

(2.1) apa KaTblHac NapameTpepiHiH apKaCbIChbl CbiMAay NPOLIeCiHiH,

6apbIcbiHa eneyni acep eTegj, an peTTeneTiH peTiHAe KaHAal ga 6ip napameTpai
TaHAAy CYPaKTbIH, KyPbIIbIMABIK XaHEe TeXHONOTUANbIK XKaFblH aHblKTanabl. P
CbIMAAYbILLbIHbIH, KbICbIMbI CbIMAaYbILUTaFbl MeTanAblH AeGopMaLmack npoLeciveH
6alinaHbICTbl XaHe KenTereH pakTopnapaaH (temnepatypa, 6epikTiri, snametpi
>KoHe CbIM 6eTiHiH canacbl, CbIM XaHe T. 6. apHaCbIHbIH, XaFaiibl) KypAeni Kbi3MeT
60nbIN Tabbinagbl. KentipinreH cebentepsin canjapbiHaH P cbiMaaybiLl
KbICbIMbIHbBIH KapChbl TapTbiNyAaH Hemece Kes KenreH 6acka napameTpaeH

Tayenainiri cunatramanapabib TyKbIMbIMEH aHbIKTanags (2.2 cyper).
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2.2 cypeT - P tayenginiri, N= f(Q) TypakTaHAbIPY pexuMiHaeri kapcbl

TapTbl/IbIM XXaHe CbiMAaYbILLKa KbICbIM

2.2-cypette P=1(Q) (1, 3, 5 KMCbIKTaP) TRYENAINIKTIH yAri crnaTbl

KenTipinreH, MyHaarbl PON kapcbl TapTyCbi3 CbIMAAYbILLKA KbICbIM LWamackl. by
xepae N=f(Q) (2, 4, 6 kmcbIKTap) Kapcbl TaPThIbIMHAH CbIMAAY KYLLiHIH
TayenAiniri (anaplHFbl TapTbinbiM) kenTipineai. N = f(Q) Tayenginiri P = f(Q)
apakaTblHacbl (2.1) ToyenginiriHeH anblHybl MyMKiH

LLTprxTanraH aliMak, xorFapblAa atasFaH pakTopiapFa 6aiinaHbICTbl
cvnaTTamanapgblH ayblTKynapbliHa caiikec keneai. LUalubipaTy aiiMaFblHAa XyMbIC
HYKTeCiH Taby cTaTUCTUKaNbIK CMNaTKa ve. 3epTTeynep opTallanaHFaH KyCblkka
KaTbICTbl MapamMeTpaepAiR Wallbipaybl +40% AeliHri WekTepae TypFaHbIH
kepceTTi. CoHbIMeH KaTap, P=f(Q) TayenginiriHeH kepiHin TypraHgaii,6yn POn
LamacbliHaH 30-50% - Fa Kapcbl TapTblFaHAA CbIMAAYbILLIKA KbIChIM aliTap/bIKTaii
aszasjbl, cebebi cbiMAaybILLTaFbl CbIMHbIH AepopMaLins XaFAalinapbl Xakcapasb!
>K9He COM apKblibl OPHAKTbIH OHTaNNbl SHEPreTNKasbIk XYMbIC PeXUMI
KamTamachbi3 etinegi [6].

bapabaHgarbl TapTy KyLUi 6ipHelle napameTpaepain KypAeni GyHKLMSACH

60/1ybl MYMKIH XaHe KoNAaHbINaTbIH XeTeKTiH TypiHe 6aiinaHbIcTbl. Kapcb!
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TapTyMeH CbiMAay OpHakTapblHAA TYPaKThbl XaHe aliHbIMasbl TOK SneKTpxkeTeri
KonaaHbinagesl. COHbIMEH KaTtap, S1eKTp XeTeriHiH TypiHe kapamacTaH TapTy KyLui
MblHaZalh epHeKTePMEH aHblKTanazbl

(2.2)

MyHAaFbl, MAB - CbiMAQy Ke3iHAe 3N1eKTP KO3FanTKbILbIHbIH 4AMUTBIH COTi
(ceimaay caTi);

Mxx - KO3FanTKbILL BiniriHe KenTipinreH xxeTekTiH 60C XYPIiCiHiH caTi;

j = KO3FaNTKbILTbIH MHEPLMS CaTi;

- KO3FaNTKbILLTbIH 6YPbILITHIK XblIAAMABIFbI;

R- 6apabaH paaunycel;

i - peayKTOpAbIH 6epinic caHbl.

CbIMAayAbIH TEXHONOTUSANbIK NPOLeciHe aybITKybl eki napameTp 60iibIHLLA

TyCeAi: CbiM apKbibl CbiMAAy 6apbiCbiHAA Ad, OFaH KApChl Ae Tapanybl MyMKiH



CbIMAAYbILLIKa XaHe TapTy KyLUiHe KblcbiM. COHbIMEH KaTap, Kapcbl TapTbibIM
TapTkbiLl 6apabaHjap apacklHAaFbl CUHXPOHAAY 6alinaHbICbIHbIH PeNiH aTkapaas!
>KoHe cbiMAapabl 6apabaH 60libIHLLA CbIPFLITYAbI KOCNaraHAa, CbiMAay NPoLeciHiH
TYPaKTbI/IbIFbIH KaMTamackIi3 etegi [17, 18].

PeTTey pexuMiH Tangay xsHe TaHAay KesiHAe MaHbI3/bl/biFbl KeM emMec

napameTp 60nbin N (anAblHFbI TApTbINbIM) CbiMAAY KyLLi 60/1bIM Tabblnazbl, on
CoHJal-aK apa kaTblHaCblHaH aHblkTanazel (2.1).

CbIMHbIH, y3inyi, 94eTTe, OHbIH LUamazaH TbIC YIFatobl Ke3iHAe anfblHfbl

Kepiny alimarbiHAa OpbIH anagsl . 2.2 cypette N = f(Q) (2, 4, 6 KUCbIKTap)
TayenAiniriHiH yari cunatel kenTipinreH. Ocbinaiila, kapchl TapTy 6ip XaFblHaH
Siinep (1.4) popmynacbiHa calikec bapabaH 60MbIHLLA CbIMHbBIH, CbIPFYbIH
60/1AbIPMaTEIH QMIn eH a3 MaHIMeH XaHe eKiHLUi XaFblHaH CbIMHbIH, 6epiKTiriHiH
LueKTepiMeH aHblKTanaTbiH Qmax MakcMasjbl MaHIMEH LLIEKTE/ITeH.

2.2 cypeTTe KepceTinreH Tayenginikke calikec, erep oHblH MaHi a"

HyKTeciHAe 6onFaH XaFaiiaa, CbiMAaybILUTbIH KbICbIMbIH PeTTeY YLUIH KonAaHyFa
60nazbl, AFHX P'n eciM anaabl. byn ceiMaaybiluTa MeTan xancsipMacs! naiaa
60/1FaH Ke3/ie HeMece OHbIH KaTTbI/bIFbl 83repreH Kesze 60/1ybl MyMKiH.
CbiMAaybILLKa KbICbIMZApI KaTTbl TYpakTaHAbIPY Ke3iHze an/blHFbl TapTbiibiM
ecimaepaeri epHeKTeH aHbIkTanaspl

(2.3)

Pn kaTTbl TypakTaHAbIPY KesiHgeri Qn-1 ecimi 2.2 cypeT 60iibIHLLIa

aHblkTanazbl. CoHbIMeH, TypakTaH/AbIpYAbl XYy3€ere acbipy YLiH «a"» HyKTeciHe
Kanmay yuiH Qn-1 efliemiHe kapcbl TapThlNbIMAbl aPTThIPY KaXeT XaHe con
apkbiabl 1 cnatTamagaH 3 cvnattaMara a - a' KeciHaici 6olibIHLLIA 8Ty KaxeT.

CoHbIMeH bipre, a - a' yuackeciHge P= f(Q) cunaTtamanapbl KypT
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e3repeTiHAIKTeH, Qn-1 aHe NN KypbINFbICbIHLIH OHAA 6cipinyi xon 6epinMenTiH
Lamara ne 60Nybl X3He CbIMAbl Y3yAeH peTTeyaiH 0Cbl TaCINIHIH MyMKIHAIMH
KbICKAPTYbl MYMKIH.

CbimMAaybILLKa KbICbIM XyMcak TypakTaHAbIpFaHAa (2.2 cypeTTeri 6 HykTeci)
anJbIHFbI KepiNy YLUiH LWapT opbIHAaNYbl TUIC

(2.4)

Byn xaraalisa pettey MyMKIHAIMH keHelnTyre 6onagel, ce6ebi N'n xaHe Q'n-1
ociMi CbIMAayblLUKa KbICbIMABI KaTaH TypakKTaHAbIpyAaH a3 6OI'IFaHAbIKTaH.
ANgbIHFbI TApTbIILIMHBIH €H a3 eciMi, erep Kapcbl kepinyain ecyiH

TeMeHzeTy ecebiHeH CbiMAaybILIKa KbICbIMHbBIH ©CYiH apTTbIpca, anblHybl MYMKIH.
LUekTi Xaraal kKapchbl TapThINbIMHBIH, KaTaH TypakTaHyblHa akeneai (2.2 cypette
«a"» HykTeci). CogaH KeiiH anAblHFbl TapTbIIbIMHbIH 6Cyi TeH 6onaab!

(2.5)

CbiMAaybILLKa KbICbIM TypakKTaFaH Kesje Ae, Kapcbl TapTbllyAbl TYpaKTaraH
Kesze e anfblHFbl TapThiIbIMHBIH ©CYyi OPbIH anazbl. Anainaa, kKapcbl TapTbiibiM
KaTaH TypakTaHAblpyAa angelHsbl kepiny N'n eH a3 ecimre ne 6onagel, 6ipak P'n
CbIMAAYbILLIKA KbICbIMHbIH, €H XOFapbl 6cy Lamachl a - a'" KeCiHAiCiHe TeH,.
BypbiH alTbinFaHAal, N angblHfbl TapTblbiM aliMaFblHAAFbl CbIMHbIH, Y3iyi
bIKTUIMaN/bIFbl KOFaPbl, OHAA KyLL Ker, an CbIMHbIH AnameTpi a3. COHAbIKTaH OCbl
TypaKTaHAbIPY PeXMMIH KapacTbIpy epekLue TeXHUKanblk MyAAeninikTi 6ingipeai

(2.3 cyper).
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2.3 cypeT - AnabiHFbl TapThinbiv N=f(Q) TypakTaHabIpy pexumiHgeri P
Tayenainiri

Bactanpl xafgaliga 1 cmnatTaMmagarbl «a» XyMblc HykTeci (Pn, Qn-1
KOOPAMHATTapbl) XaHe 3 cunatTamazarbl OFaH CaMKeC KeneTiH «6» HykTec
angplHFbl KepyaiH 6acTtankpl WamMacbiH aHblkTaiabl Nn = Pn + Qn-1. Mbicansl,
CbIMAAYbILLKA KbICIM apTThl en ecenTeitik, MpeanonoxXum, U4To AaBneHns Ha

BOJIOKY YBENUNOC, AeMeK, 1 cunaTTamaiarbl «a» XyMbiC HyKTeCi 2 cunaTtamara



(«a'» HYKTeci) XblIXbITbINaAbI, an cakeciHwe Nn Nn eciM ana oTbIpbir, 3
cvnaTTamazarsl «6» HyKTeciHeH 4 cunattamazarsl «6'» HyKTeciHe
KbIKbITbINAAbI.

N KaTTbl TypakTaHAbIPY KesiHae, Qn-1 kapchl kepyai asaiita oTbipbin, Tn-1
aHe Tn TapTKbILL KyLUTepiHiH 63repyiMeH LIapTThl OpblHAAY KaxeT

(2.6)

SiFHW, 1, 2 cunaTTamanapaaH 4 cunatrama «6'- 6"» keciHgici 6oibiHWa N
angplHFbl TapTblibiM Qn-1 asalitymen, 3, 4 cnaTTaManapra aybicy kesiHge (2.6)
epHeriHe caiikec Nn (6- 6" yyackeci) 6acTankbl MaHIHe KaliTbIM Kesle oTbIpbir,
asaagbl. CoHbIMeH KaTap, Pn cbiMaayblLblHA KbICbIM ©Cyi, 01 Qn apKblibl CbiMAay
6apbicbiHAa 6epinegi, an Tn-1 ofaH Kapcbl TapTbiMAbIK, KYLUTIH 63repyi apkbibl.

ANABIHFbI TAPTBIIBIMHbIH, XXYMCak, TypakTaHAbIPYbl Ke3iHAe
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(2.7)

P'n KypbINFbIChbIHbIH, CbIMAAYbILLKA KbICbIMHbIH ©Cyi 3 cMnaTTaMasarbl anjbliHFbl
XaFfaltra kaparaHaa («C» HykTeci) a3, gemek, anabiHFbl kepme N «6' - ¢'»
KeciHaici 6obliHLWa N'n Lamara a3as oTbIpbIn, 83iHiH 6acTankel MaHiHIH «6"»
HyKTeciHe KaliTbin opanMaiigbl, ce6ebi Q'n-1Qn-1 kapcbl TapTbiaybl. LLekTi
XaFaanaa, kbiCbIMHbIH CbIMAaybILLKa ©CyiH a3aiiTy MakcaTbiHAa Kapcbl
TapTbNyAblH ©CYiH a3aliTbIn, Kapcbl TapTbiNyAbl KaTaH TYpPaKTaHAbIPYMeH peTTeyre
6onagbl.

Q'n-1 ecyi anablHFbl Tn-1 6apabaHblHbIK TapTy KYLLiHIH LLamMacblH e3repTe
OTbIpbIMN, anyFa 6onaTbiHABIKTaH, OHAA CbiMAAy XYPY 6apblCbiHAA KeRiHri
610KTapFa aybITKynapablH 6epiny cvnaTbl epHeriMeH aHblkTanazbl

(2.8)

Erep anekTpxeTekTi 6blnali opblHAaFaHAa

(29

OHAa keneci 6nokTap 6olibiHWa aybITkynapabl 6epy 6onmaniasl. backa xargainaa,
aFHK T = const kesiHae

(2.10)

aybITKy TO/bIFbIMEH Keneci 6iokTapra 6epinegi. COHAbIKTaH TapTKbILL KypbIafbl
cunaTTaMacbiHbIH KaTTbIbIFbIHA 6alinaHbICThl keneci 610kTap 6olibiHWwa 6enrini
6ip aybITKy LLamackl 6epinesi Hemece 6epinmeiisi. lemek, anekTpKeTekTiH,
aybITKYbIH OKLLIay/ay YLiH LWapTTbl OPbIHAAY KaXeT

(2.11)

m 610KTapbl YLWiH (1) TeHAeynep xylieciH WweLy Q kapcbl TapTyaaH 6acka
TapTy KyLUi MeH CbiMAAYbILLIKa KbICbIM apacbiHAaFbl Keneci apakatbiHacTbl 6epesi
.(212)

(2.12) apa kaTblHaCbIHaH KyLUTEPAI TypakTaHAbIPY apKblabl CbIMAAYAbIH

KYLUTIK napameTpaepiH peTTey MyMKiHAiri 6onybl THiC.

T = const ke3iHAe TapTbIMABIK KyLUTEPZAi KaTTbl TypakTaHAbIPY Ke3iHae n -

ZleH M -re ieiiHri 6nokTapFa apHanFaH kebenTinaiaeri anjblHFbl TapTbiabiM
©pHeKTeH aHblKTanazbl

(2.13)

50

Byn xaraaiiga ceiMaaybIWThl +APN KbICbIMbIHbIH XXOFapblaaybl OPbIH anatbiH

610K yLiH DQN-1 = 0 Kapcbl TapTblIbIMHbIH BCYi XaHe OHbIH Keneci MaHzAepi
apTaTbiH 60naAbl. COHbIMEH KaTap, M Xanmbl CaHblHaH Ke3-kenreH n 6)10KTap yLuiH
MblIHa TEHAIK

(2.14)

opbIHAANMAaca, OHAA opHak, (-jd/dt) Tepic yaeyai ana oTbIpbIn XaHe y/FaitraH
KYKTeMeHi XeHy yuwin MaB T = const ynFaiita anmaiiTelH kyiiae 6onfFaH kesge,
LeKTey pexuMmiHzAe XyMmbIc icTen +APn kesiHje TokTaiapl. XXaHe KepiciHLue, keneci

Kapcbl TapTbibIMAAP -APN CbIMAAYbILLKA KbICbIMHbIH a3atobl Ke3iHAEe a3asnsbl XaHe



opHak +jd/dt oH yaeyai ana oTblipbin (2.1) epHeKKe calikec (2.12) xaHe (2.14)
Tene-TeHAriH KannblHa KenTipreHre AeliH XbinAamabIKTbl yaFanTazsl.

TapTy KYLUTEPIHIH XyMcak TypakTaHAbIpYbl KesiHze

(2.15)

Byn xaraali cbiMgayblLLKa HemMece an/blHFbl TapTbibIMAAPFa KbICbIMHbIH

KyMcaK TypakTaHyblHa yKcac.

JedopmaLys oLlarbiHa Tikeneli acep eTeTiH peTTeyiluTepsain TeXHUKanbIk,

icke acbIpblnybl 6enrini, Mbicansl, 6yn Kpicy bypaHaanapblHbliH KOMeriMeH nnektey
OpHaKTapblHAa opbliHAanazAel, bipak cbiMAay KyLUiH TeMeHAeTyre MyMKiHAiK
6epeTiH yNbTpaabIbbIC apkpblbl CbiMAdy acnabbliHa (CbiMAayblLLKa) Tikenei acep
eTeTiH 3epTTeynep 6ap 6onca Aa, 6enrini KMbIHAbIKTapAbl Kypaliabl. Anaiiaa,
KONAaHbICTaFbl aBTOMATThl peTTey Xylienepi TapTKbILL OpraH cbimaay npoLeciH
peTTeyLwi peTiHAe NaiijanaHy apkpelabl KypacTbipblnabl, AFHN XeTeKTi 31eKTp
KO3FaNTKbILUTaPbIHLIK T TapTKpILL KyLuTepiHe acep eTeAi. COHbIMeH KaTap, kapcbl
TapTbibIMAAPAbIH, Wamack! KbICbIM/bI CbiMAAYbILLIKa P, COHAaN-aK, CbIMHbIH,
y3inyiHe skenmeyi Tmic N anablHFbl Kepiny WamManapbl aybICTbipa OTbIPbIN e3repei
[17,28].

CoHZbIKTaH, XYPri3ireH TanzayaH eH Ken apTbiKLbINbIK TapTbiMAbIK,

KYLUTePZi XXymcaK TypakTaHAbIPY PeXUMIHe, SFHU XeTeKTi 3neKTp
KO3FaNTKbILLTaPbl apKblibl OPHAKTLIH TapThIMABIK KYLUTEPiHe acep eTKeH XeH. byn
Kapchbl TapTyNapApl Xymcak, TypakTaHAbIpyAbl, COHAAN-aK anablHFbl TapTynapab!
Xy3ere acblpyra MyMKiHAIK 6epegi.

Xorapblaa kenTipinren Tayenginikrep P,N= f(Q) kepceTinreHzei, Qn Kapcol
TapThibIMAAP Ke3iHAe OpHaKTbIH 3p6ip xeke 610rbiHAa Pn cbiMaapbiHa KbickbiM, POn
LwamacbiHaH 30-50% - Fa 6ap/blk CbiMAaybILLTapAa CbiIMAapAbIH AedopMaLms
KaFAaiinapbl XxakKcapaTbiHAbIKTaH, aiTapabikTal asangpl (2.2 cypeT). HatuxkeciHae,
CbIMAAPABIH «PeayKLVAbIK» KaCueTTepiHiH ecebiHeH anabiHFbl TapThiIbIMAAPALIH
KOChIHABI MaHI ZNN, Aemek, XTh TapTy KyLi Qn ecy WwamackiHa Kapaii Cbi3bIKTbIK,
TeMeHAen i, AFHy 6apabaHaapAbiH TapTbIMAbIK KYLUTEPiHiH eH a3 coMackl OpbIH

anagpl (2.4 cyper).
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Kepi TapTbinyablH ogaH api yiratobl P,N=f(Q) Tayenginirinin ancipeyiHe

aKkenesi xaHe POn wamacbiHaH 50% apTbik Qn KesiHge Pn cbiMAaybliLlbiHa KbICbIM
aliTapnblkTain asasgpl. HatvxeciHae N ceimaay kyLi, Aemek ZNn, xaHe XTn Q
eciMiHe NponopuvoHan aptaTbiH 60naabl. COHAbIKTaH, Q oaH api ecyi CbIMHbIH,
KOFapsbl y3inyiHe akenesj, 6yn opHaKTbIH ©HIMAINITH FaHa eMec, COHbIMeH KaTap
OHbIH 3HEepPrus TUIMAINIMIH Ae TemeHzeTeaj.

XKyMbIC icTen TypFaH OpHak, yLUiH ZQn Kapcbl TapTblibiM COMacbiHaH XTn
6apabaHaapAblH TapTy KyLUTEpPIHIH cOMMa TayenainiriH, ZQn ecy wamachbl
60libIHLLA CbI3bIKTbIK TOMEHAEMTIH 2TN, an cofaH KeliH Cbi3bIKTbIK apTaTbiH 2Tn =
f(ZQn) KMcbIK MHTepnpeTauysinayra 6onagel (2.4 cyper).

2.4 cypet -2Tn =f(ZQn) Tayenginik rpaduri

«A» HyKTeCiHAe ZTh MUHMMYMbIHBIH, 60/1ybl 9p6ip MapLUpyT ywiH QOMT

Kapcbl KepinyiHiH OHTaliNbl MaHI 6ap, OHAA 3N1eKTP XeniciHeH opHakneH
TYTbIHBINATLIH KyaT eH a3, af AemMek, CbIMAAybILLIKa KbICbIM eH a3, CbIMHbIH,
KbI3AbIpy TemnepaTypachkl, KypanibiH TO3ybl XaHe backa ga napameTpnep 6ap.
CaikeciHwe, QOMT wamacklH XTn eH TeMeHri MaHiHe CalikecC aHbIKTal

OTbIPbIM, OPHAKMEeH TYTbIHbINATbIH KyaT 6oibIHWa CbIMAay pe)KVIMiHiH KVU_ITiK
napameTpnepiH OHTanaHAbIpyFa 6onazbl.

KenTtipinreH TyxbipbiMAamaHbl, Mbicansl, 6ip 6anama 610k peTiHae 6yiip
TO6bIH KapacTbipa OTbIPbIMN, Ke3 KeNreH opHak XuiniriHae Tapatyra 6onagsl. A
HyKTeciHAe TapTy KyLLi COMacbiHbIH MUHUMYMbIHbLIH 60/1ybl KO MapTe CbiMAay
OpHaFbIH OHTali/bl 6ackapy MiHAETIH XacayFa MyMKiHAIK 6epegi. Ken mapTe
CbIMAay OpHaFblH TUiMAI backapy kputepui ZTn—min Hemece OHbl 3N1eKTp

KO3FaNTKpILLbIHbIK 6iniriHe KenTipreHHeH KeliiH ZMgs—min kputepui 60nybl



Kepek [28].

SNeKTP KO3FaNTKbILLTAPbIHbIH 3/1EKTPOMArHUTTIK MOMEHTTEPIH e/iLley
JAaTunKTepAi opHaTyAbl Tanan eTneigj, cebebi caTTep Typasbl aknapaTt oHaw
e/LeHeTIH 3N1eKTp LaManapbiH eH/eY apKbi/ibl anblHYbl MyMKiH.

2.2 Typa afblHjbl CbiMAAy OPHAKTapbIHbIH 31€KTP XeTeriMeH oHTannbI
backapy >XaHe peTTey enLlemaepi

CbIMAay MpoLeciH OHTaliNbl 6ackapy XaHe peTTey esilemMAepiH Aypbic
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TaHAay peTTey xaHe aBTOMaTTbl 6ackapy XyeciH a3ipsey yLiH KaxeT. byn
6enimae TaHAay 3KOHOMMKaNbIK TUIMAINIK KepceTkiluTepiHe 6ainaHbICTbI
OPHaKTbIH, TEXHVKaNbIK CUNaTTamManapblH aHbIKTayFa HerisAenreH: eHimainiri MeH
naiganany LWblfbiCTapbiHa.

CbiMAay OpHaKTapblHbIH KYMbIC PeXVMAEPIH OHTaliNaHAbIpY KesiHze

Tybereiini ei TypAi TancbipMa LUeLineAi: Cbimaay NPOLECiHIH TEXHONOTUSNBIK,
PeXUMiH OHTalNaHAbLIPY XSHe OpHakneH aBToMaTThl 6ackapy/bl OHTalNaHAbIPY.
BipiHLLi MiHAET eH a3 3Heprus LWbiFbIHAaPb! Ke3iHAe eH XXoFapbl HIMAINIKTI
KamTamachl3 eTeTiH Co3y/blH OHTalNbl KYLUTIK NapameTpaepiH Tabyabl bingipesi.
EKiHLLiCi - cbiMAayAblH 6epinreH TeXHONOTNANbIK PEXUMIH eH Xakcbl ycTan TypyFa
calikec kenesi kaHe OHbl Ty3eTy KaxeT 60/FaH XarAaiiaa, on WbiH MaHiHAe
OHTaliNaHABIPYAbIH Herisri entwemi 60/1bIN TabblnaThbiH GipiHLLI OpbIHFa 6aFbiHaAbI
[16,18,26,29,30].

BipiHLUi MiHAETTI LueLLy YLUIiH OHTalNbINbIK eNLLeMiH TaHAAY KaxeT, on

peTiHAe apTypAi TeXHVKaNbIK-3KOHOMMKaNbIK KepceTKiluTep KabblngaHybl MyMKiH.
OnapAblH apacbiHAa keH TapanfaHAapbl eHIMAINIK NeH ynecTik sHeprus
LWbIFbIHAAPbI.

CbIMA@y OpHaKTapblHbIH, XeTekTepiH 6ackapy canacbiHbIH eLeMi

CbIMAAYAbIH 6epinreH TEXHONOTUABIK PEXMMIH eH Xakcbl ycTan Typy 60/bIn
Tabbinagel. COHbIMEH KaTap, Typa aFblH/bl CbIMAAY OPHaFbIHbIH,
aBTOMATTaHAbIPbINFAH 3N1EKTP XeTeri XyneciHiK TeXHONOorUANbIK NpoLecTi
OHTali/bl 6ackapyra KabineTTi KypblnbiMbl 6071ybl TUIC. By XaFaalifa eH xoFapbl
oHIMZAINIK, eH a3 nailaanaHy WbiFbIHAAPbI CUAKTLI SKOHOMUKANbIK TUIMAINIK
KepCeTKiLUTePiH Ae OHTalbl Aen TyCiHy Kepek.

BepinreH TexHoNOrMUANbIK PEXMM Ke3iHAeri OpHaKTbIH eHimAiir

CbIMAayAblH TaHAanFaH XblAamM/blfbiHa XXaHe er—w,eneTiH CbiMAapabiH y3inyiHe
6aiinaHbICTbl. DNeKTPXEeTeK XyiheciMeH aHblKTanaTblH NalriganaHy LWbiFbIHAAPbL! eH
anAbIMeH OpHaKTbIH TYTbIHATbIH SHEpPrus MesLlepiHe 6aiinaHbICThbl.

CbimMAay NpOLeciHiK OpHaTbiNFaH KesiHgeri 6apabaH apanblk apanbikTarb
KyaTTap/plH Tene-TeHAiri XafFaiblHa 6ainaHbICTbl CbiMAaPAbIH y3iny cebenTtepiH
KapacTblpaiblk,

(2.16)

MyHZAaFbl NTn- CbIMHbIH, an/blHFbl LWeTi apKbiabl T KyLINeH co3blnaTtslH
AedopmaLms oLlaFbiHa 6epineTiH KyaT;

NPN- cbiMAaybILLKa KbICbIM KyaTbl;

NQn- CbIMHbIH, apTKbl YLLbl apKblibl AepopMaLivs OlaFbiHa TapTbinaTbiH

KapCbl TapTbibIM KyaTbl;

MCn- cTaTvKanblK CbiMAay CaTi;

w6 - 6apabaHHbIH aHany XblnAaMabIFb;

NQnN+1 - CbIMHBIH anAblHFbI YLLIbl apKbiibl AedpopMaLvs OlaFbiHa

KYPrisineTiH Kapcbl TapTbibIM KyaTbl;

N- CbIMAAY 610TbIHbIH, PETTIK HEMIpI.
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(2.16) TeHaeyai Tanjay KesiHAe oLlak apanblk apanbikTa Kapcbl TapTbily

KOK Aen aTambi3, aFH1 NQ=0. On ke3ge cbiMaay KyLi NPn cbiMAaybiLLbIHA KbICbIM
KyaTblHa TeH 60M1azbl, KaHE CbIMAAYbILLTbIH, LUbIFLICLIHAAFbI CbIM KMMaChl eH a3

60nFaHAbIKTaH, OAaH KeliiH y3iny bIKTUManablfbl en yakeH 6onagel. Erep



CbIMAaybILLKa MeTan/blH KbiCbIMbl €N1€eYCi3 a3 (MeTan/blH aFbIMAbINbIK LeriHe
KakblH Q MaHi KesiHAeri xanrFacycbi3 AedopmaLys xaraalibl) 60/ca, OHAA CbiMAay
KyLLi MeH Kapcbl TapTbl/bIM TeHeCTipinesi xaHe y3iny bIKTManablFbl COHAAl-aK
CbIMAay/AaH KewiHri eH yakeH 6onazel. bapnbik kanFaH xaraannapaa ceimaay
KYLUiHIH KyaTbl CbIMAAYbILLKA KapCbl TapTy KYLLi MeH KbICbIM KyaTTapblHbIH,
XKUBIHTbIFbIHA TeH XaHe CbIM Y3iNyiHiH naiiga 60y bIKTUManablFbl 6apblHLIa
KOFapbl aiiMakKa canblHFaH.

2.5 cypeTTe 6acTtankbl yLi 6apabaH apasblk eTynep yLiH BC-6-7/550

opHarblHAa 08 KM 6onattaH cbiMapl cbimaay kesinge N, P =f(Q) Tayenginiktepi
KenTipinreH.

2.5 cypeT - 1, 2 x@He 3 eTynepge BC-6-7/550 opHarbiHAa 08 KIN 6onattaH

cbiMzpl cbimaay kesiHae N, P =f(Q) Tayenginiri

2.5 cypeTTeH KepiHin TypraHgaii, BC-6-7/550 opHarbiHAa 08 KM 6onattaH

CbiMAbl CbiMAay KesiHae Qn-1 Kapcbl TapTbiabiM Qkp1,QKp2 xaHe QKP3 CbiHW MaHAepre
AeiiiH Nn KyLWiHiH AeHreiti ackin Tycneld, Nn ceiMaayablH (aNAbIHFbI TapThIIbIM)
KyLi 30%-Fa AeliiH aybicybl MyMKiH. Anaiiaa, 6epinreH QKP-gaH Q ogaH api
Y/IFatobl, CbiMAaybILLKa P KbICbIMbIHBIH TOMeHAeyiHe kapamacTaH, Nn ceiMzay
KYLWiHiH, TUICTi ecyiHe aKenyi MyMKiH.

2.6-cypeTTe annpokcnuMaumananFan Typae Nn, Pn, Tn =f(Qn-1) Tayengainiri
KepceTinreH, on apbip Xymblcapasnblk apanbikTarbl Keitbip MaH yiiH QKPN-1 HakTbl
€O3bl/1y 6aFbIThl YLLIH €H a3 MaHi 6ap, Nn, Pn xaHe Tn on y3inyai asaiity ecebiHeH

OPHaKTbIH 8HIMAINIr 6olibIHLLIa OHTalbl backapy enLueMiHe xaTkbi3yFa 6onazbl.
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2.6 cypeT - AnnpokcumaupmsinanraH Typge Nn, Pn, Tn =f(Qn-1) Tayenginiri
Jlemek, CbIMHbIH y3inyiH asaliTy ecebiHeH TCO erimainiri 6olibIHLa

OHTaliNbl backapy enLiemMi 6epinreH MapLUpyT YLUiH CbIMAAY KYLUiHIH eH a3
comachlH Kabblnaay kepek

(2.17)

OFfaH apbip cbiMzay KYLLIH XKeke a3aiiTy apkblibl FaHa MyMKiH 6onajbl.
MaiaanaHy WeIFLICTapbl, €H anabiMeH, CbiMAayAblH 6epinreH Xbingamaplrbl
Ke3siHAe OpHaKMeH TyTbIHbINATbIH KyaTka 6aiiNaHbICTbl, XaHe eKiHLLigeH,
CbIMAAYbILITLIH TO3IMAINIriHE, CbiMAay KypablHbIH Kbi3MeT Mep3iMi 6ainaHbICTbl.
Melicanbl, CbiM COHFbl 6apabaHFa aybITKy opanajpl XaHe Kipic kapCbl TapTbibIMbl
XKOK, COHAQ (2.16)

(2.18)

Hemece

(2.19)

CaiikeciHLe, 6apnblk 6apabaHaapAarsl TapTbIMABIK KYLLTIH coMackl
CbiMAayblLUTafbl KbICbIMHbIH COMacblHa TeH.

Ocblinatilia, Nakaanany WelFbiHAAPb 60bIHLLA OHTalbl 6ackapy entuemi
peTiHAe CbiMAapFa apHaFaH KbICbiM COMaCchIHbIH MAHVMYMbIH iCke ackbipyabl
ecenTeyre 6onagbl

(2.20)

COHAalt-ak Tek kaHa Pn cbiMaayblLblHa apHaiFaH ap6ip KbICbiMAbI Keke a3aiTy

KObIMEH MYMKiH 60M1aTbIH KON XeTKi3y. COHbIMEH KaTap CbIMAAPAbIH KbI3AbIpY
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TemnepaTypachl, CbIMAAY KypasblHblH TO3ybl kaHe Nn xaHe Qkpn-1 ke3siHge Tn-HblH,
asatobl ecebiHeH 3N1eKTp XeniciHeH CTaHMeH TYTbIHbINATLIH KyaT eH a3 6onaabi(2.4
CypeT xaHe 2.6 cyperT).

SHeprusiHbl cakTay 3aHblHa Calikec KapCbl TapTyMeH CbiMAay npoLieciHe

KaTbICThI, €Ki KPUTEPWIA e Kepyre Kapcbl 6ip MaHAe opbiHAanazb! [6]. 2.7 cypette n
-apanblKTaFbl KapChl TapThIAbIM LaMaHbIH e3repyiHe 6alinaHbICTbl ChiMaay
OpHaFbIMeH TYTbIHbINATLIH KyaTTblH aCUMMNTOTUKa/bIK CUMATTaMackl KeNTipinreH.

2.7 cypeT - Ko3FanTKblUTapAblH aCMMTOTUKANbIK, KAChIK KyaTTapbl



SneKTp XeTekTepiHAe Ae, OPHAKTLIH KMHeMaTVKanblk 6epinictepiHie ae
KOFaNTynap/bl enemey Kesinae CTaTukanblk XyYMbIC PeXUMiHe apHanFaH
cvnaTTamanap >acanfFaH. n -Lui 6apabaH Ko3ranTKblLLbl TYTbIHATbLIH KyaT

(2.21)

peTiHAe aHbIKTanybl MyMKIH XaHe alikblH K8piHreH MUHUMYMbI 6ap HblCaHbI
6onaabl [7].

N -KO3FaNTKbILLTBIH KyaT HblCaHbl aBCLMCC OCiHE KaTbICTbl eHjci 45° - re TeH,
0..QKp Kapcbl TapTblly MaHAEPIHIH ANana3oHbIHAAFbl OHbIH Ke3 KenreH n-Lui
apanblfblHAAFbI KapChl TAPThITY LaMackiHa 6alinaHbICTbl 6ap/blk OPHAKTbIH,
TYTbIHATbIH XVbIHTBIK KyaTbl TOMEHZEY XblNAaMAbIFbl KapChbl TapThIIbIM ChIMAAY
XKbINAAMABIFbIHAH ackin TyCei, coAaH KelliH 0Cbl apanblkTa CbIM y3inreHre geitiH
e3repicci3 Kanagbl.

Ocblnaiilla, KenTipinreH enwemaep xaHe TYPFbiCbiHaH OHTalibI

60/1bIM, 6ap/blk apanbIKTapAa CblHV MIHTe TeH KapCbl TapTbIMAIPMEH XYMbIC icTey
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pexumi Tabblnaabl. Anaiiga, TonkblIHHaH AepopMaLsHbIK TOMbIK LLbIFY
LeKkapacklHAA XyMbIC iCTey XaFaainapbl eTe TYPaKcbi3 XaHe 3jeTTe CbIMAaPAbIH
y3inyiHe akenei. LLbIH MaHiHAe, 6y peXunMae cbiMAaFbl ynec KyLUiHiH a3gaFaH
AMHAMVIKaNbIK aybITKyapbl HEMece MeTas/blH CO3bly AvarpaMmmackliHa caikec
OHbIH MeXaHVKanblk KacveTTepiHiH e3repyi oHbIH y3inyiHe skenesi. CoHbIMeH
KaTap, byn pexvmze AaibiHAanaTelH CbIM reOMeTPUSCbIHbIH, A34ir 6oMbIHLIA
TananTbl OPbIHAAY MYMKiH emec.

CalikeciHLLUe, TEXHONOTUANbIK KOPAbI @HbIKTANTBIH XXaHe asnFaLlkbl eKi

e/LLemMre LWeKTey KOSTbIH YLWiHLLi eLweM kaxeT. OHbl MblHaHAAM Typae yCbiHyFa
6onaapl

(2.22)

Kypamaactap Kapcbl TapTbibIMFa 9cep eTeTiH Wamanap aybiTkybIHbIH
6apblHLLA bIKTUMaN MIHAEPIH bingipesi:

- OHZEeNeTiH MeTaNAblH aFbIMABIIbIK LLEriHiH e3repyi

(2.23)

- CbIMAAY KYLLIH e/LUey XaHe ycTan Typy ANAIrHAEri XMbIHTBIK KaTenep

(Kapchl TapTbINbIM, METaNAbIH CbIMAAYBILLIKA KblChIMbI)

(2.24)

Hemece

- CbIMAAPABIH KipiC KMMaCbIHbIH aybITKybIMEH, COHAA-aK, CbIMAAYbILLTbIH,
6apblHLLa MYMKiH 601aTbIH TO3ybIMeH 6aiinaHbICTbl AedopMaLms OLLaFbIHAAFbI
COPFbILLTLIH aybITKy1apbl

(2.25)

YWiHWi enwemHiH ic xysiHge wamacsl §3=0,6...0,7 aeHreliiHae 6epinyi

MYMKiH. COHbIMEH KaTtap, eHiMAiNiK 60lbIHLLA OHTalNbI 6ackapy KpuTepuitiHe -
(y3inycis celMaay), CoHaal - ak NaiAanaHy WbiFbicTapbl 601bIHLLIA OHTalbI
6ackapy KpuTepuitiHe KON xeTkisineai.

XKorapblga aTan eTkeHAel, OpHaKTbIH XyMbIC NpoLieciHae 6epinreH QKP -aaH
KapCbl TAPTbIILIM LLAMAaCbIHbIH aybITKYbl, CbIMAAYbILLIKA KbICbIMHbIH, Pri
TemeHzeyiHe kapaMacTaH, cbiMAay KyLiHiH Nn TuicTi ecyiHe akenyi MymKiH. XXaHa
JeHreinge KyLUTepAiH Tene-TeHAiriH KannbiHa KenTipy YLUiH TUiCiHLIe ocbl
eTKenaeri TapTbiMAbIK KyLLi e3repyi TWic, anaiaa 6yn peTTe cekyHATbIK,

Kenemzaepain Terairi 6ysbinagpl. TeHAIKTI cakTay YLUiH Cbi3bIKTbIK CbIMAAY
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XbINAaMAbIFbI KMUMaHbIH e3repyiHe kapali kepi kapali e3repyi kaxeT, sFHu vn = vn-1
(Sn-1/Sn). byn Kapcel TapTbiAbIM MIHIH KanmnbiHa KenTipei.

CaiikeciHLUe, CeKyH/ KenemaepiHin Terairi by3binraH kesge XyiteHi

OHTaiiNbl peTTey KPUTEPWIAi KapCbl TAPTbINYABIH 6eNriNeHreH MaHHEH aybITKybIHbIH,
MUHVUMYMBbIHa KO XeTKi3y 60N1bIn Tabbinazbl.

O6bekTine Kapchbl TapTynapabl Tikeneli enlley KMblH 60nFaHAbIKTaH, Tn TapTy



KYLi KapCbl TapTbIIbIMHbIH ©3repyiHe NPonopL1oHanabl e3repesi, oHAa OHbI
Kapchbl TapTbibIMABI 6akblnaliTblH LWamMa gen ecenTeyre 60nagbl. COHAbIKTaH
KapChbl TapThIbIMMEH Typa afblH/bl OPHakTapAa CbiMAayAblH peTTey pexvumaepiH
TanaayAaH, OHTaliNbl PeTTey e/LIeMiH Xy3ere acbipy YLUiH, TapTKbILL OpPraHHbIH,
cbiMAay NpoLeciHiK peTTeyLUi peTiHAe NaijanaHa oTblpbIM, TAPTKbILL KYLUTIH,
XXyMcak TypakTaHAbIPY PexXuMiH kongaHyra 6onaabl, sFHV TapTy KyliHe acepi T.
HaTtvxeciHae keneciaeli KOpbITbIHALI XacayFa 6onazbl:

- OHTaiNbl backapy KpuTepuiii apbip copfbill 6apabaHblHbIH TapTy KYLUiHIH,
(TYTbIHBINATBIH KyaTTbliH) MAHVIMYMbIHA KO/ XeTKi3y 60/1biN Tabblnagsl;

- OHTalinbl peTTey KpUTepUiii - bepinreH MaHAEPAEH Kapcbl TapTy

LIaMacbIHbIH aybITKy MUHUMYMbIHA KO XeTKi3y;

- MPOLLeCC TYPaKTbIbIFbIHbIH, 6/1LeMi, SKOHOMVIKabIK OHTaliNbl MOHHEH

Kapcbl TapTbinyAblH 6epinreH aerreliiH 30...40 %-Fa TeMeHAEeTY 60/1bIN Tabblnajbl.

- OHTaliNbl peTTey KPUTepUitiH icke ackbIpy YLUIH XeTeKTi KO3FanTKbILLTapAblH,

HIATTIK MOMEHTIHIH GaiifiaHbiCCbi3 A4a
KYLL NapameTpnepiHiH 6alinaHbIC 4aTUMKTepiH NalijanaHa oTbipbin, TapTy KyLUiH
XXyMcak TypakTaHzbIpy pexuMiH KonaaHyra 6onazel.

2.3 Typa afbiHAbI CbiMAay OPHaKTapbIHbIH 31EKTP XeTeKTepiH peTTey

>KaHe backapy >ylienepiH KypyAblH Heri3ri npuHuMnTepiH Tanaay

CbiMaay MalLMHanapblHbIH, KYPbIIbIMABIK X3HE TeXHONOrUANbIK,

epekLUeNiKTepiH Tanjay eH nepcnekT!Babl CbiMAdy MallviHanapbl Typa aFbiHAbI
opHakTap 60bIN Tabbl1aTbIHbI Typasbl KOPbITbIHAbI XacayFa MyMKIHAIK 6epai.
BypbiHFbl KeHec OgaFbl ayMarbiHAA Typa aFblHAbl CbiMAay OpHaKTapbliH KypyAblH
YAIKeH Taxipubeci AnmaThl ayblp MalLVHa xacay 3aybITblHa Tvecini (byriH AnmaTbl
K. KasakcTtaH Pecniybnvkacel AAMX3) [4,13,19].

Byn opHakTap, 6acTankplaa XoFapbl keMipTekTi 601aTThbl CbiMAay YLUIH,

acipece 2 MM-AleH XOFapbl AVameTpiep YLUiH XacansaH, CoHAali-ak kepHeyni Temip
6eTOHHaH XacanfaH CbIM, OMTKeHi MyHAal CbIM XVHaKTanFaH opHakTapAa cbiMAaal
anmaiiabl, 6apabaHHaH 6apabaHfa CbIMHbIH KapanaibiM Tikenel aFaTblH 6aFbITbl
apKacblHAa Kes KenreH MaTepuanjapAbl Xblnaam CbiMgayFa XXapamzbl.
TexHuKanblk NanaanaHy koapULMEHTIH XaHe 0Cbl CbiMAay OpHaKTapbiHbIH,
OHIMAINIriH TOeMeHAeTeTiH Heriri akTopnap MblHanap 60bin Tabblnajbl:CbiMHbIK
>KOFapbl y3inyi, eHAeneTiH MaTepuangbl 6epy aHe 6epymeH, CbiMAapab!

aybICTbIPYMEH, OPHaKTbI TONTLIPY Ke3iHAe CbiMAAyAblH 6epinreH MapLLpyTbiHAA

CbIMAapAbl CbiMAayFa Kapcbl 6anTtay/bl 6antayMeH 6aiinaHbiCTbl AalbIHAbIK,
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onepauusnapbiHa YKeH yakplT WbIFbIHAAPbI XaHe y3inyaeH KeliiHri keneci kalita
Ty3eTy. COHABIKTaH, CbIMAAY XblNAAMABIFbIH apTThIPy ecebiHeH eHIMAINIKTI
apTTbIPY MIHAETIH TEXHONOTVIS/IbIK MPOLLECTIH, Y34iKCi3AiriH KaMTaMachI3 eTeTiH ic-
Luapanap KeLleHiHAe LeLly KaXeT, SiTnece XblNjamAbIKTbl apTTeipy ecebiHeH
OHIMAINIKTI apTThIpy TUiMAINIri a3.

CbIMHBIH, y3iny XWuiniri ceimaay 6apabaHaapbl apacbiHAaFbl CbIMFa Kapchbl

TapTbIy LamanapblHbiH AeHreiiMeH XaHe TypaKTblIbIFbIMEH XaHe CbiMAay
npoLeciHae KyLU napameTpnepiHiH e3repyiMeH aHbIKTanazbl, on 6asty esrepeTiH
KSHE OPHAKTbIH 3NeKTpMexaHVKanblk XyeciHe TypaKTbl XyMbIC iCTEATIH CbiMaay
acnabblHbIH TO3ybl CanjapblHaH, COHbIH HITUXXeCIHAE KapChbl TapTblibIM
CbIMAAybILITapAaFbl KbICbIM LamManapbl aiTapabikTaii esrepyi MyMKiH.

Kapcbl TapTbi/IbIM LLAaMaCbIH TYPaKTaHABIPY XOHIHAeri TeXHONOTUANbIK
TananTap/el OpblHAay OpHaKTap/Absl asTOMaTThl peTTey XyheciMeH xapakTaHablpy
KesiHze Xy3ere acblpblybl MyMKiH, OHbl TEXHUKabIK iCKe acbipy Typasbl aknapat
6onFaH Ke3ze MyMKiH. Byn aknapart eki TacinmeH Tikenei entuey apkblibl Hemece
XaHama baranay apkblibl anbliHybl MyMKiH.

CoHgbIKTaH apaaiibiM TUICT HITUXe 6epMENTIH KONAaHbICTaFbl Xyhenepai

O/iaH api XeTinAipy MakcaTblHAa CbiMAAYAbIH KYLLTIK NapameTpaepiH Tikenen

e/iLey AaTUMKTEPIH NaijanaHa oTblpbIM, COHAal-ak KapCbl TapTbiibIM LLaMackiH



kaHama 6aranaii oTbIpbIn, Xyilenepge peTTey canacbiHa TanAay Xyprisy kepek.
Bacrankpl TCO xorfapblga atan eTinreHaeit, AAMX3 eHAipiciHiH

KO3FanTKbILL 39KipNepiHiH Ti36eKTi KOCbinybIMeH TypaKTbl TOK 3n1eKTpXeTeri
6014bl, 0N 60NaT CbIMAAPAB! BHAIPY Ke3iHAe MeTu3 eHepkacibiHAe KeHiHeH
KonAaHy TanTbl. byn cxeMaHbIH 6acTbl epekLueniri 6apabanaap apacbiHAaFbI CbiM
60olibIHLLIA MexaHWKanblk 6alinaHbic 6onFaH kesae cbiMAay NPOLLeCiH e3iH-e3i
peTTeyAi KaMTaMachI3 eTy 60/bIN Tabblinazbl (31eKTpAik AnddpepeHLman cxemacst).
2.8 cypeTTe n cbiMaay 610KTapbiHaH TypaTbiH,0Chl 3N1EKTP XeTeriHiH
bYHKLMOHaNAbIK cyn6ackl kKepceTinreH, MyHAaFbl 1 - CbIM; 2 - CbIMAQYbILL; 3 —

cbiMgay 6apabaHbl; 4 - 6epinic caHbl 6ap peaykTop a; [ - 6ypbILLTbIK,

XblNAaMZblFbl 6ap XeTekTi 31eKTp Ko3FanTkbiluTapbl w; OB - anekTp
KO3FaNTKbILUTapAbIH KO3AbIpy Opamanapsl; P —m CbIMA@YbILLIKA KbICbIM; Q - KapChbl
TapTbibIM (@pTKp! TapTbiabIM); QO - AalibiHAaMaHbl opay MeH 6ipiHLLi 6apabaH
apacbliHaa TapTy; N - cbimgay KyLi (anAblHFbl TapTbiibim); T - TapTy Kywwi; Un -

3N1eKTP KO3FanTKpbILITapbIHAAFLI KEpHeY.
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2.8 cypeT - ©3iH-e3i peTTey Xylieci 6ap Tikenen aFaTblH OPHAKTbIH,

KypbIbIMABIK Cyn6ackl

Ocbl TCO-Aa cbiMAapabl CbIMAAy TUICTi XeTeKTi KO3FaNTKbILTapAblH KO3y
aFbIHbIHbIH ©3repyiH KOt MyMKiH 601aTbIH, KeH LieKTepAe CbiMAaybILLKa AeRiHTi
6apabapapanblk apanbikTapAa CbIMAapAbIH apTKbl TapTbiaybl (KAPChbl TapTbIIbIM)
60NIFaH Ke3ze Xyprisineai.

SnekTp AnddeperLman cxemacsl 6oibiHLLa TCO 3neKTpXKeTeri XyYMbICbIHbIH,
apThIKWbIbIKTapbl MEH KeMLUiNikTepi 6ipiHLLI 6eiHreH AnccepTauysga TONbIK
Kapangpl. Anaiiga, kasipri yakblTta MeTU3 eHgipiciHAeri CbIMHbIH ecin Kene xaTkaH
KaXeTTiniKTepiHe XaHe Ka3ipri 3amMaHfbl 31eKTP XeTeriHiH TeXHMKabIK,
MYMKiHZiKTepiHe 6aliNaHbICTbl 31eKTP XeTeriHiH 0Cbl CxemMachl CbiMAapAbIH y3inyi
canfapblHaH cbIMAAY XbIAaMABIFbIH apTThIpy ecebiHeH OpHaKTbIH 8HIMAINIMH
apTTbIpyFa MyMKIHAIK 6epmeiigi.

BC-6-7/550 opHakTapblHAa 60naTTaH XacanFaH cbiMaapabl CbiMAay kesiHze

TCO - Aaa XyprisinreH sKCrnepuMeHTTIK 3epTTey/ep 63iH-63i peTTenTiH XylieHi icke
acbIpFaH Xaraaliga TinTi cTaTuKanblk pexviMae ge Kapcbl TapTblbIMAbI ycTan
TypyAaFbl kaTenik £50 %-Fa xeTeTiHiH KepceTeai (2.9 cypeT) [17,18].

2.9 cypeT - dnekTp AnddepeHumanibl cxema bolibiHLwa BC-6-7/550

OpHarbIHbIH 31eKTp xeTeriHge Q3 = f(t) ocumnnorpammach!

Kapcbl TapTbiNbIM AUHAMUKANBIK PEXUMAE TOMbIK XOFaNybl MyMKIH Hemece
oH/eNeTiH MeTan/blH aFbIMAbINbIK LUeriHeH ackln KeTyi MyMKiH, 6y ce3ci3
aBapyIs/bIK PEeXVMIe XaHe, Caibin KenreHzae, SHAENETIH CbiMAbI y3yre akenesi.
Y3inriwTik ocbl TUNTI opHakTapaa 0,44-0,5 weriHae 60naTbiH OHIMAINIKTI XaHe
TexHVKanblk NaiganaHy koadduumeHTiH asaritagbl [17, 18,28].

BepinreH cebenTep 60iibIHLLIA CbIMHbIH Y3iy CaHbIH X3He eTneni

npoLecTepAin yakbITblH e43yip KbiCkapTyFa 60n1ajbl, erep e3iH-e3i pettey
KYeciHiH OpHbIHa apHaiibl JaTUMKTepPAi KosAaHCaK, OPHaKTbIH 31eKTp xeTeriH
aBTOMATTbl peTTey XyeciH ycbiHyFa 6onazbl [12,13,14,23,24].

ABTOMATThbI peTTey XyieciH Kypy YLUiH Lwamanap AaT4mKTepi KaxeT: 39Kip

Torbl I59i XXaHe TypaKThl TOK KO3FaNTKbILWbIHbIH Pi KO3y afFblHbl Hemece MaBi
371eKTPOMAarHUTTIK MOMEHTI; XbiAamAablK wixaHe Ni cbimgay Kywi. Ni wamanapbiH
e/LLey YLUiH apHalibl gaTumkTep KaxeT. Ni ceiMaay KyLUiH OHalinaTy MakcaTbliHAa
ap6ip 6enek anbiHFaH 6apabaH apanblk apanbikta Qi CbIMHbIH KapChbl TapThIbIM

Lamachbl xaHe Pi CbIMAAybILLUbIHA KbICbIM apKbl/ibl aHbIKTaFaH XXeH.

60
Ni WwWamacsl CbiMAAYbILLKA KbICbIMMEH, KapCbl TapTyMeH XaHe Ti TapTy
KYLLiMeH Keneci kaTbIHacTapMeH 6aiinaHbICTbl

(2.26)



Ti Luamacbl KO3FaNTKbILL 6iNiriHe caTNeH, pesykTopAbiH 6epinic caHbIMeH,

cbiMAay 6apabaHblHbIH R pagnycsIMeH xaHe Texeny KesiHge Tepic Lwamacsl 6ap
>KaHe eKriH ke3iHAe OH Luamackl 6ap OpHaKTbIH 6Treni pexmumaepiHaeri ceimaay
610KTapbIHbIH XeTeriHiH Ji UHEPLUMACBIHBIK KOCbIMLLA COTIMEH aHblKTanazbl, 6y
63 Ke3eriHAe CbIMHbIH, y3iny bIKTUManAblfbiH apTThipagsl.

CoHgpikTaH TCO-ga Pi cbiMzayblILL KbICbIMbIHbIH, KyLLi MeH Qi -re Kapcbl
TapTbINyAbl KOHTAKTI/I AATYMKTEPMEH aHbIKTaraH eH. 2.10 cypeTTe cbimaaybill
YCTayLLbIChIHbIH KacceTacblHa canbliHaTbIH, Pi CbIMAAYbILLKA KblCbIM AATYUri
KepceTinreH, a, MyHAarbl 1 - enley NnacTUHackl; 2 - MembpaHa; 3 - cbiMaaybill; 4
- KacceTa. Qi Kapcbl TapTbI/IbIM AATUMKTEPIH  OpHaTy cynbackl 2.10 cypeTTe{E
KepceTinreH, 6, MyHAarbl 1 - Aatuunri 6ap KYLLIE e/ilLey ayHakLwachl 2 - CbiIMAay
6apabaHebl; 3 - cbiMAAybIL yCTayLUbl; 4 - CbIMAAyLIbIMEH KacceTa.

2.10 cypert - Typa arblHAbI OpHaKTa P >KsHe Q AaTunKTepiH OpHaTy cxemach!
KplCbIM AaTHMKTEPIH Naiiganany KesiHae cbiMaay KyLLi MblHa epHeKkneH
aHbIKTanazb!

(2.27)

an Kapcbl TapTbIbIMABI 6/1LLeY Ke3iHAe - XYAeHiH eKiHLi TeHAeyi 60ibIHLa

(2.26).

(2.26) xaHe (2.27) TeHAey 60MbIHLLA KypblnFaH peTTey Xyiheci ToNbIK

aknapar xyiieci 60/bIN Tabblnagbl XaHe PeTTeyAiH KaxeTTi canacbiH KaMTamMachi3
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eTesi [14]. PeTTey Xyiteci 6ap opHak, ywiH ANi cbiMAay KyLUiHiH aybITKy LaMachl
OpHaK, >XyMbICbIHbIH 6apblK pexvMAepiHAe pyKcaT eTinreH MaHAepAeH acnaiijp
KIHE Ki XYeCiHiH KOHTYpPbIH KyLLeTy Ko3pdULMeHTi ker 6osFaH caiblH,
CTaTUKanNbIK XaHe AUHaMVIKaNbIK KaTenikTep CoFypabIM a3 6onajel. ©3iH-e3i peTtey
yreci 6ap opHakTapAa CbiMAay KYLUiHiH aybITKy LiamMackl kapcbl TapTblabiM
CbIMAAy WaMacbiHa 6ainaHbICThbl CbiMAAYbILLKA KbICbIMHbIH 83repy WamMacbiHa,
JalblHAamara Xibepy, Mainay, cbiMAaybiLL canacbiHa XaHe T. 6. CUSKTbI
TopTinTepre ne. CoHAbIKTaH, 610KTapAbIH 6ipiHAe Ae CbIMAAYbILLTbI KbIChbIMHbIH,
e3repyi CbIM KYLLIHIH, pyKCaT eTiireH MaHHEeH eneyni aybITKybIH TyAblpybl MyMKiH
SKaHe Kern XaFAaliAa CbIMHbIH, y3inyiHe akenyi MyMKiH.

CbiMzay OpHafFblHAa KO3FanTKplLLTapAblH aiHany XUiNiriH enLuey yiiH

OpHaK KO3FanTKpblLUTapPbIHbIH 6ipiHe OpHaTbINFaH AaTUUKTI (TaxoreHepaTopsel)
naiganaHy XeTkinikTi, ce6ebi Ko3ranTKplLLTapAbIH XblNAAMAbIFbI MblHAaHAAM apa
KaTblHaCbIMeH 6alinaHbICTbI

(2.28)

MyHaafbl, ki- M 6n0rbIHAa CbIMAbI TapTy pk; i>].

OpHaKTbIH COHFbl 610TbIHAA TaxoreHepaTopAbl OpHaTy KesiHje ofaH CurHan
TVICTi KO3pPULMEHTTEPMEH peTTeyaiH 6ap/blk KOHTYpbIHa 6epinei.

[14] TepT peTTik TCO peTTey XylieciHiH 6apablk KOHTypiapbl 6ipaei

KypbINbIMbI 6ap xaHe M3i kebeiTkil 6a0rbIHaH Typazbl, MyHAa Mi
KO3FaNTKbILLbIHbIH BiniriHAEr COTTIH LaMackl XaHe TapTy KyLwi Ti aHbIKTanazsbl;
Qi-1 Kapcbl TapTbiNy Wamanapel, Ni ceimaay kywi, NOi kaHe Ni
TaraliblHWaManapblHbIH apacblHAaFbl aiibipMaLLbIbIK aHbIKTanaTbiH TOPT CymmaTop
2 ; NOi wamacbIHbIH MaHiHiH 3agaTunri 3i; Ai KyaT KyLLenTKiLLiHiH XaHe pNi
LaMacblH aHbIKTanTbiH Andpdeperumangsl 3seHi Pi. Qi Kapcbl TapTblbiMAb! e/LLey
KesiHze peTTey Xyiieci bypbiHFbiAali kanaael, Tek Ni lamanapblH eLiey cxemachl
e3repei. PeTTey 33KipAik WbIHXbIpNaAb! Ti3bekTen Xanray kesiHae TypakTbl
TOKTbIH 3N1€KTP XeTeriHAe KO3FanTKbILUTapAbIH KO3y TOTbIHbIH ©3repyimMeH Xy3ere
acbipbinagbl. Taxipubese xyieHiH Te3 spekeT eTyiH apTTbIpy YLUiH 31eKTp
KO3FaNTKbILUTAPbIHbIH Xeke KopekTeHZAipyi 6ap 31eKTp xeTeriHAe 39Kip Torbl
60MbIHLLIA PeTTeyAi KONAaHFaH KeH.

CoHpait-ak, Ni arbimaarsl MaHzepi NOi TypakTbl LiaMmacsiMeH

aybICTbIPbINATbIH, an peTTeneTiH Wama TypakTaHybl kaHe

TeH 6onybl THiC kaHaMa 6akpblsiayMeH XaHe KyLl napameTp/iepiH peTTeymeH



TONbIK emMec aknapat 6ap xyiienep 6enrini [14,28]

NOi xaHe QOi MaHZepi cbiM 6epiKTiri LapTTapbiHaH XaHe CbiMAay
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pexviMaepiHeH TaHAanaabl, atan aTkaHAa byn Xargansa TapTbIMAbIK KyLLTepai
KyMCaK TypaKTaHAbIPY PeXUMi KONAaHbInazbl.

(2.26) xaHe (2.29) TeHAeynepi 6olibIHLLIA KypblIFaH TONbIK eMec aknapatbl

6ap peTTey xylieci 6ap cbiMAay OpHaFblHAA peTTeneTiH WaManap MblHagal
MaHZAEPAI Kabblnganab!

(2.30)

MyHAaFbl ATi =Ti - TO i - TapTbIMAbIK KYLUTIH 6epinreH KyLuTeH aybITKybl; Ti =

Mi/R = MaBI/R; - anekTp Ko3FanTkplLl GiniriHe caT.

(2.30) TeHAeyAeH KepiHin TypFaHaaii, Qi xaHe Ni wamanapsbl Bi
TaFalblHLLaManapblHbIH XaHe Pi K03AbIpFbiLL scepnepiHiH, GyHKUMsAapbl 60abIN
Tabblnazgbl xaHe 6enrini 6ip LekTepae apTypNi MaHAEPA Kabbinaalt anagsl. Bi
LamManapblHblH MaHIH TaHAal OTbIPbIM, CbIMAAY KYLUi Pi KO3AbIpFbILL CepiH
e3repTkeH Ke3ze pyKcaT eTinreH LekTepAeH LWbIKnakTbiHAA eTin, OpHaKTbIH,
KYMBICbIH Y3iMliCCi3 KamTamachI3 eTyre 601azbl.

Tonblk emec aknapatbl 6ap peTTey Xyieci TapTy KyLiH TypakTaHAbIPYAbIH
6ipZelt KOHTypRapblHaH Typagbl. KOHTypFa KO3FanTkpllw 6iniriHiH{ MOMeHTIH
aHblkTay 610161, 3i 3aaaT4yuri, 6ackapy curHanbiHbiH AMi xaHe 6ackapy
CUrHaNbIHbIH LaMacklH aHbIKTay YLUiH eKi cyMmaTop, 6ackapy CUrHablH KyLleiTy
K9HE OHbl XeTeKTi 31eKTP KO3FaNTKbILLTaPbIHbIH Xeke KOpeKTeHAIpyiMeH TypaKTbl
TOKTbIH, 3N1€KTP XeTeriHiH KO3FanTKplILbIHbIK 33KipAiK Ti3beriHe 6epy yLwiH PixaHe
Al KyLLeATKiLi KocbinFaH [13]. Opbip KO3FanTKpILLKa XeKe XMinik
TypAeHAipriluTepi 6ap acCHXPOHABI 3N1KTP XeTeriHae 6ackapy CUrHasbl Xuinik
TYpNeHAiprilliH 6ackapy TisberiHe 6epinegi.

JunHamuvKanblk KypaMaayblLLTbl ecerke any Tosblk aknapaTtrneH 6ackapy
KyeciHAeri CUsiKTbI Ky3ere acbipbiiazbl.

(2.30) TeHAeynepAeH KepiHin TypraHAaii, ocbl peTTey xylieci 6ap

opHaKTapAa CbIMAAy KYLUi MeH KapCbl TapTbi/bIM KYLL Lamanapbl ke3 kenreH
MaHAepAi kabbinaaii anazbl. MyHaa NixaHe Qi comanapbiHbIH aliblpMallbibiFbl
FaHa LWekTenreH

(2.31)

MYHZaFbl Ke3iHAe coMMa
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6yN OpHaKTbIH 3N1eKTPOMeXaHVKablK XyheciHae 60naTbiH NPOLeCTePAH,
du3MKanbIK MaHiHe Kelibip 6enricisgik eHrizeai xaHe Ni>xaHe Qi 6ip MaHA
aHblKTay YLiH TeHAeynepAi xasy LapTTapblH KanbinTacTbipy/Abl KibiHAaTaAbI,
ocbiFaH barnaHbicTbl Ni cbiMaay KYLLiHIH XekenereH MaHAepi LUeKTi LuaManapFra
KeTyi MyMKiH. COHABIKTaH, 31eKTPOMarH1UTTi MOMEHTTIH 6alinaHbICCbI3
AATYMKTEpIH (TapTy KYLUIH) NailaanaHa oTbipbin, apbip 6enek anbiHFaH 6apabaH
apanblk apanblkTaFbl KapCbl TapThIIbIM WAMAaCkIH XaHama 6aranay Kelibip

KaTtenikke ne 6onagbl. CoHbIMeH katap, Qi xaHe Piwamanapsl e3apaﬂ Toyengi

6onraHAbIKTaH (2.30) xaHe Pi {E yAFatobIMeH Qi MaHiH a3aiTbin, KoCbIMLLA
yAFaiiTabl, 6yn Qi WamacbkiHbIH 0AaH Aa YKeH a3atobiHa akenegi. CaiikeciHLue,
6y XylieAe cbiM 6obIHLLIA OH Kepi 6alinaHbiC 6ap, 01 COHAaN-ak TEXHONOTVSbIK,
npoLjecke KonanceI3 acep eTyi MyMKiH.

KepceTinreH kemiliniktepre kapamacTaH, 3/1IeMeHTTep CaHbl a3 XaHe Kyl
napameTp/epiHiH KOHTaKTiNiK AaTUMKTepi 60MaraH Keszae To/blk eMec aknapaTbl
6ap xyie Ni MaHAePiHiH Naiiaa 60y bIKTUManAbIFbl TOPT 6e/iKTeH acnaiiTbiH
6n0oKTap caHbIMeH OpHaKTapAa CbiMAay NPOLIeCiH KaHaFaTTaHapbIK peTTeii.
CoHbIMeH KaTap, XYyieHiH ceHiMainiri apTazbl, COHAal-aK OpHaKTapFa KbiamMeT
KepCeTy XaHe Mail Kyto npoLieAypanapbl XeRingeTinesi. SnekTp xeTeriH

6ackapyablH 0CbIHAA XYyenepiHiH 6ipiHiH GyHKLUMOHaNAbIK cy1backl KOCbIMLLA



6aKblnayMeH aHe CbIMAAYAbIH KYLUTIK NapameTpnepiH petteyMeH 3 ece TCO-HbIH
3N1eKTp xeTeriH 6ackapy 2.11-cypeTTe KenTipinreH.

2.11 cypet - TCO-aa KyLUTiK NapaMeTpaepAi TypakTaHAbIpY XYAeciHiH,
bYHKLMOHaNABIK Cxemachbl

OpHaKTbIH 31eKTpXKeTeri Ti3beKTeNreH XaHe napannens Hemece Tayencis

XKETEKTi 3NeKTP KO3FanTKplILTapbiHbIH KOCbINYbIMEH OpbIHAANYbI MYMKIH.
CoHbIMEH KaTap, 371eKTpXeTekTi 6ackapy XylieciH Kypy KaFngackl e3repiccis

Kanagabl. KosranTtkblwTapaslH, M Ko3ablpy opamanapbl OB 6ackapbinaTtblH kepHey
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Ke3gepiHeH kyaT YH anazbl. KywTik napameTpaepai TypakTaHabIpy yiieci
3N1eKTPOMAarHWTTIK MOMEHTTIH 6eAiHYiHiH 1 610rbIHaH, CbiMAaybILLIKa 6epinreH
SKHE XKYMbIC KbICbIMbIHBIH, 2 XaHe 3 Xajbl 6/10KTapblHaH, MOMEHTTePAiH,
aFbIMAarbl XoHe 6epinreH MaHAepiH CanbICTbIpyAbiH 4 610rbiHaH, Tanllbikka
KbICbIMAbI ©3repTyAiH, 5 6/10rbIHaH, CbiMAAYbILLKA KbICbIM OPHaTY/AbIH 6 610rbIHaH,
7 WwekTiK 3neMeHTTep/eH, 8 6noktay TopabblHaH XaHe 9 canbICTbIpy 610rbIHaH
Typazsl.

TypakTaHabIpy XyieciHae cbimaaybilka KbiCbiMAbl 6akbinay Topabel 6ap,
SKYMBIC iCTey MPUHLMMNIHAE CbIMAAYbILL KbICbIMbIHbIH, OHbIH, XXYMbIC 6eTiHiH,
AMaMeTpiHeH Tayenainiri canblHFaH, SFHN Xyiie Bypama KblCbIMbIHbIH 63repyiH
6enrineyre MyMKiHAik 6epesi xkaHe OHbIH aybITKybl PyKCaT eTireHHeH XoFapbl
60/1FaH Ke3/e LIeKTi 31eMeHT LbIFybIHaH CUrHaN OPHaKTbIH OZaH Spi XyMbIC
icTeyiHe ThilibIM canagpl XaHe CbiMAAYbILLTaPAbI aybICTbIPY KAKETTINir Typanb!
curHan 6epegi.

CbiMAaybiLL KbICbIMbIHbBIH, LaMackl anAblHFbl 6/10KTbIH KapCbl TapThiabIM
LIaMachlH anrebpanbik KOCy XONbIMeH XaHe XUbIHTbIKTay 610kTapbiHAa 9 Keneci
610KTapAbl Kepyre Kapchl TapTKbILW KYLUTIH LUaMacklH anrebparnbik KOCy XONbIMeH
aHblKTanaabl 9. 4-Li 610KTaFbl XyMbIC PEXUMIHAE KO3/AbIPY TOTbIH PeTTeY YLliH
YH peTTeneTiH Ke3iHiH KipyiHe curHan 6epeTiH arbiMAaFbl XaHe bepinreH catrepai
canbICTbIpy Xyprisineai . Ocbinalilwa, 6epinreH WwWama Ko3FanTkblLLbIHbIH,
3N1eKTPOMarHUTTIK MOMEHTIHIH TYPaKTbI/IbIFbl CakTanajbl, SFHU TapTbIMAbIK
KYLUTEPAi TypaKTaHAbIPY PeXUMIi Xy3ere acbipbliazbl.

MoMeHT peTTeriluTepi KyLLenTy KoapduLmeHTTepiMeH aHbIKTanaTbiH
cTaTVKanblK KaTeniri 6ap 6epinreH MaHAepAiH MaHIH KonAaigel. Xannsl, 6yn
KapCbl TapThlbIMHbLIH ©3repyiHe akeneai. Kapcbl TapTynapabiH e3repy LekTepiH
LUeKTey YLUIH OpPHaKTbIH eKniH KapKblHbIH LekTey KaxeT. Ocblnalilla, opbiHAaNFaH
ecenTeynep Kapchl TapTynapAbiH aybITKyNapblH KaMTamachI3 eTy yLUiH eKniH
KapKpblIHbI 6epinreH MaHiHeH 10-15% weriHge 1 aliH/ c2 acnaybl TUIC eKeHAriH
KepceTegi. OgaH api kapaii, OpHaKTbIH XyMbICbl Ke3iHzAe, 9pbip CbiM 610rbIHAAFbI
COTTiIH peTTeyilli, COHFblAaH 6acka, oCbl 6N0KTaFbl CbIMAAPAbIH CbIMAAY NMPOLIECiH
KaMTaMachl3 eTy yLUiH TapTbIMAbIK KYLUTIH LaMacblH XeTKINIKCi3 ycTan Typagbl
>K9He TapTbIMAbIK KYLUTePAi XXyMcak TypaKTaHAbIPY PexXuMiHAe XyMbIcC icTeiai,
ocbinaiia cbiMAapAbIH CO3bly LaMachkiH 6akblnayAbl y3ere acbipagbl. COHbIMeH
KaTap, XeTeKTi IN1eKTP KO3FaNTKbILUTaPbIHbIH XeKe KopekTeHyi 6ap cxemaaa
KYMeHiH XblAaM apeKkeTi TopTinKe XofFapbl eKeHiH aTan eTy KaxeT, eTKeHi
6ackapy acepi 39kip TizberiHe YH apkbinbl 6epinyi MyMKiH.

Anaiiga, 6n1oKTap caHbl Kemn opHakTa y3iny bIKTUManablfbl ainTapabikTan

apTajbl aHe 6yn 6ackapy Xyiieci cbiMaay NPoLeciH kKamTamachi3 eTe anmaiigbl.
Byn xaraaiiga Ni ceiMaay KyLUiH TypakTaHAbIPYAbl KAMTaMachl3 eTeTiH TONbIK,
aknapaTbl 6ap XyeHi KongaHy opbiHAbl, 6ipak, 6y xyienep cbiMaay eHAIpPIiCiHiH,
3KCTPeMangpl XarAalinapbliHaa KYMbIC icTeyre KabineTTi Kyl napameTpaepiHiy
KapanalibiM xXaHe ceHiMAi AaTUNKTEPIHIH 60MaybIHaH apAaiibiM TViMAT emec.
Meicansl, AepopMaLys ollafbiHa Tikenei xakblH xepae, XXoFapbl

TemnepaTypa MeH AipifAiH XoFapbl AeHrelii acep eTeTiH aiiMakTa, COHbIMEH kaTap

65

CbIMAAYbILL NMeH AaTYNKTIH apacblHAaFbl 6aliinaHbIC 6eTiH Malinay apkbibl



KaFbINaTbliH CbiMAapFa KbiCbIMAbI bakblnaiTblH AaTUnKTepAi opHaTy P LuamackiH
6akplnayablH ocbl TaCiNIH KypAeneHaipeai (2.10, a cypeT). KypbinbIMAbIK,
naibiMaaynap 6olibiHLa gedopMaLus oLwaFbiHaH ThIC KyLU e/Lley
ayHakLanapblHbIH KOMeriMeH AaTuvKTepMeH Tikenei enlleyzi kongaHa oTbipbin, Q
aBTOMATTbl PeTTeyiH Xypridy eH oHall 6onbIn Kenegi(2.10, 6 cypeT). CoHbIMeH
KaTap, KyaT enLueriL ayHakLlanap, onapAblH aiHany XblnaamablFbiHa 6ainaHbICTbl
OpHaKTbIH NaiiganaHy ceHimAiNiriH TemeHzeTei, CbIMAapAblH KOCbIMLIA
MalibiCyblH TyAbIpaabl, 6yn Typa afy KaFmaacelH by3aasl XaHe y3iny
bIKTUMaNpIFbIH apTThipazel. COFaH KapamacTaH, OCbl TeXHUKabIK KUbIHAbIKTapFa
KapamacTaH, XofFapblAa aTafnFaH KeMLinikTepain kenwiniriHeH aibipbinatelH
HeFyp/bIM XeTingipinreH KypblabIMAapasl NaiganaHa oTbipbir, 6alinaHbIC
JaTYMKTepiMeH Xyenepi konaaHy nepcnekTuBTi.

Ocblinalila, KyLTiK napaMeTpnepai Tikeneli enleyMeH TeXHUKanbIk,
KMbIHABIKTapFa kapamacTaH, To/blk aknapaTneH 6ackapy xyieci 6acka
XylienepmeH canbiCTbipFaHaa bipkatap apThiKLbIIbIKTapFa Ve, 8UTKeHI CbiMaay
KSHe KapCbl TapTynap KyLUTEPiH, acipece cbiMAay 6/10KTapblHbIH CaHbl Ken
opHakTapaa TypakTaHAbIpyAbl kaMTaMacki3 eTegi. OnapabiH 6a3acbiHaa
MUVKPOMPOLLECCOpPbIK TeXHVKaHbl KeHiHeH KoijaHa OTbIpbIn, 6aFaapnamManbik xaHe
aAanTueTi 6ackapblnaTbiH OPHaKTapAbIH 3N1eKTPXeTeriH Kypy canacblHja
>KYMbICTap Xyprisinyae.

Tonblk emec aknapaThbl 6ap xaHe 31eMeHTTepiH a3 CaHbl Ke3iHze KyLUTiK
napameTpepAi xaHaMma barananTbiH Xylienep, TOpTTeH acnanTbliH 610KTap caHbl
6ap opHaKTa cbiMAay NPOLIeCiH kaHaFaTTaHap/bIK PeTTei i, MyHAa pykcaT eTinreH
MaHAEp/EeH acaTblH TapTbinynap MaHAEPIHIH Nalija 601y bIKTUMaNnabIFsl, as.
Anaiijia caH/blk ecenTey TeXHUKaChIHbIH Kasipri 3amMaHfbl Kypanjaps!
KO3FaNTKbILITaPAbIH XblNAaMAbIFbIHBIH KaXeTTi apakaTbiHackbiH 6apbIHLLIa A3/
caKTal anaTblH OCbl XyenepaiH KonAaHblly ascbiH KeHenTyre MyMKiHAiK 6epesi
[31].

2.4 Kapcbl TapThinbIMAapAbl Tikenen enwweinTin XT-AK cxemachl

60libIHLWa TCO XaHFbIPTbIFAH 3HEPrUs YHEMAENTIH I1eKTp XeTeri

Typa afFblHAbI CbiMAAy OpHaFblHbIH 610KTapbiHbIH 31eKTP XeTeriHe

TEXHONOIVA XaFblHaH KOWbINaTbIH TananTapabl OpblHAAY Kasipri yakpiTTa Keneci
TUNTEri 31eKTp XeTeKTepiH kaMmTamachi3 eTe anagpl [11,19,20,21,22]:

1. "TupuncTopbl TYPAEHAIPriLl - KosFanTkpelw" (TT-K) xylieci 6oiibIHLa
OpbIHAANFaH TYPaKTbl TOKTbIH, PETTE/IETIH 3NeKTP XeTeri.

2. TypakTbl TOK TyWiHi 6ap XT xyiieci 60libIHLLA aCUHXPOHABI peTTeneTiH

3N1eKTP XeTeri (eHAIK-VMNYNbCTIK MOAYNAUMACH 6ap aBTOHOM/bI MHBEPTOP) -
Kblcka TylblKTaNFaH poOTopbl 6ap aCVHXPOH/ALI KO3FanTKbILL, cxeMackl (KT-AK).
CoHFbl yakbITKa AeiiH Typa aFblH/bl CbiMAay OPHaKTapblHbIH 31eKTP

XeTekTepi Xyieci TypakTbl TOK KO3FaNTKbILUTapbl HEri3iHAe FaHa canblHApl.

Anaiiga, ocbl AnccepTaumnsHbIH BipiHLLI 6eniMiHae kepceTinreH XT XuiniriHiH
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TYPAeHAIpriluTepiHiH Naiiaa 601ybIHa XaHe TypaKTbl TOKTbIH, 31eKTP XeTeKTepiHiH,
eneyni kemwiniktepiHe 6aiinaHbicTbl TT-J, cxemachl 60MbIHLLIA SN1EKTP XeTeKTepiH
KYPY 9pAalibiM aKTanFaH emec. ATanfaH KemLUinikTep KoNneKkTopAbIH 60ybIHa
6aliNaHbICTbl KaHE KOMMYTaLMsA NpoLecTepiHe CalikeC aCUHXPOHZAb! - Kblcka
TyMbIKTanFaH KO3FanTKbILL HeriiHAe 3neKTpXeTeK XyeciH Kypy KesiHae anbin
TacTanybl MyMKiH.

Kasipri yakbiTta 35...100 KBT KyaTTap AgnanasoHbiHza XT-AK xyeci

60MbIHLLIA 3N1eKTP XeTeKTepiH OHepKaCiNTIK KoNAaHYAbIH XeTKiNikTi Taxipubec
6ap. 2.1-kecTezie ap TypAi eHAIPYLLI rpManapablH OCbIHAAN 3NeKTp xXeTekTepi
KyWeciHiH HapbIKTbIK 6aFackl kenTipinreH [12].

2.1 kecte - 35...100 KBT KyaTTap AvianasoHblHAaFbI SNEKTPXeTeK XynenepiHiH,
HapbIKTbIK KyHbI

OHZAIpYLLI dneKkTpxeTekK XyheciHiH KyHbl,



MbIH. Tr./KBT

KT-AK TT-4

Siemens 18 24

ABB 23 31

Control Techniques 21,5 28,5

Omron 21,5 -

Hyundai 23,5 -

Mitsubishi Electric 17 -

LG 18-

Opralla HapbIKTbIK kepceTkiw 20,5 28

2.1-KkecTeHiH AepekTepiH Tanaay XT-AK xyiienepi ywiH 6ara/kBT ynec

KepceTkiwwi TT-/] ywiH kaparaHza 1,36 ece a3 ekeHgjriH kepceTteai. Ocbinaiilia,
3KOHOMMKaNbIK MakcaTTblblK TYpFbiCbiHaH XXT-AK xyiieci gaycbI3
apThIKWbINbIKKA Ve,

CoHABIKTaH ayblCnanbl TOKTbIH Ka3ipri 3aMaHFbl 371€KTP XeTeriHiH TaH ypaici
©HepKaCINTiH ap TypAi cananapblHAa aCVHXPOHZABI KO3FanTkbiLLTapabl (AK)
KeHiHeH KonaaHy 60/bIn Tabblnagbl. byn KO3FanTKbILLTap TEXHVKaNbIK XaFbiHaH
KapanaribIM xaHe nanganaHysa ceHimaj, Xorapbl XblnAamMAbIK NeH TemnepaTypa
KesiHAe XyMbIC icTelt anajpl, Canmarbl as, kenemi MeH KyHbl 6ap. Mbicanbl, TCO-
Aa onap/bl Tikenei eniey kesiHAe, aBTOMaTTaHAbIPbIIFaH aCUHXPOH/bI 3N1eKTP
xeTeriHge XT-AK cynbanapblH KonAaHy YNecTik SHeprus LWbIFbIHAAPbIH a3aliTyFa
XXHe KYLUTIK napameTpaepai TypakTaHAblpy 60iibiHLLIa TEXHONOrNAbIK MPOLIECTiH,
TananTapblH KaMTamachl3 eTyre MyMKiHAIK 6epei.

CoHbIMeH KkaTap, XXT-AK 31eKTp xeTeriHiH, Xylieci 6enrini kemwinikrepre

ve. byn xepze KopekTeHAIpYLLIi XeniHiH KepHeyiH eki peT TypaeHaipy Xy3ere
acblpblnajbl, 0N SNEeKTPXeTeK >KVI7IeCiH n.a.K. >XXannbl TeMeHAeTeAi. CoHbIMeH KaTap,
10 I'L TOMEH XWinikTep KesiHAe LUbIFY KepHeYiH caTblbl peTTey OpblH anasbl.
)KoFapblaa aiTbinFaHAapAbl eckepe OTbIpbIM, Typa afaTbiH CbiMaay

OpHaFbIHbIH 6/10KTapbIHbIH aBTOMAaTTaHAbIPbINFAH 3N1eKTpXeTeri peTiHe 6apblk,
610KTapAbIH KO3FaNnTKbILUTapbl YLUIH MHBEPTOP XaHe Xannbl Ty3eTkili 6ap XT-
AK xylieciH KabblnaaraH KeH.

Opbip KO3FaNTKpILLIKa Xeke XWinik TypneHAipriliTepi 6ap opHaKTbiH ken
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KO3FaNTKILTbI aCUHXPOHZbI INEKTP XeTeriHiH GyHKLUMOHanAbIK cynbackl 2.12-
CypeTTe KenTipinreH.

2.12 cypeT - OpHaKTbIH XaHFbIPTbIFaH KON KO3FaNnTKbILLTbl aCUHXPOHAbI

371eKTP XeTeriHiH pyHKLMOHaNAbIK cxemach!

Xyiie peTTeysiH KaXeTTi canacklH kamMTamachl3 eTeAi XaHe ToNblk aknapat
XyWieci 60bIN Tabblnajbl, OUTKEHI gaTUMKTepi 6ap: Kapcbl TapTbibIM - KA,
TOKTbIH AaTuuri - T/, XaHe XbingaMablKTbiK gatunri - XA, AK1-AKS- xxeTekTi
aCVUHXPOHAbI 31EKTP KO3FaNTKbILUTapbl. COHFbI 6/10KThIH 3NeKTpXeTeri
XKbINAaMAbIKTbI peTTey xyieci XXAPX 6ap, kanFaHaapb! - Kapcbl TapTbIAbIMHbBIH,
aBTOMaTThl peTTey xyienepi KAPX. LUbIH MaHiHAe, 6y Xyiie XeTeKTi 3nekTp
KO3FaNTKbILUTaPbIHbIH XeKe KopeKTeHAipyi 6ap TypakTbl TOKTbIH 31EKTP XeTeriH
peTTeyre yKcac XaHe CO/l KOMMOHEHTTepeH TypaTbiH KaFnia 60/bIHLLA KypblnFaH.
N -eceneHreH Typa arblHAbl OPHAKTbI XYMbICTbIH OHTalbI pexuMiHe 6anTtay
anropuTMi KaneinTacaTblH 6ackapy acepi TeXHONOrMSANbIK MPoLecTe TybIHAANTLIH
aybITKynap TapanaTbiH LLamMa MeH 6afbiTka 6ainaHbICTbl He KeliHri He anablHfbI
KO3FaNTKbILIKA 6aFbITTanFaHbl Typanbl 60/kamMHaH kypbinagbl. CbiMaay npoleciHe
aybITKy eKki napameTp 6olibiHLa TyceTiHi 6enrini: ceimaaybilLka XaHe TapTy
KYLUiHe KpbICbIM, COHAA-aK, TapaTy XaHe opay KypbliFblnapbl TaparbiHaH CbiM
apKblNbl CbiMAay 6apbICbiHAA Aa, OFaH Kapchbl Ae TapaTbinybl MyMKiH.

BipiHLWi 6eniMae XyprisinreH Tanaay, eH Hallap xaraainapaa kapcbl

TapTblNyNapAblH H XoFapbl aybITKybl 6ap COHFbI (COHFbI) 610KTap 6ap eKeHiH



KepceTTi. by/1 xepze TapTKbILL KYLUTIH 1aKTbipbiMbl 90-100% XeTyi MyMKiH XaHe
[17,18] kepceTinreHzein, TapTkbiLL KYLUTIH 70-80% Ke3iHge y3iny bIKTUManAblFbl
YNIKeH, COHABIKTaH backapy bolibiHLLIa 6a3anblk (keTekLli) peTiHge TaxoreHepaTop
OpHaTbIIFaH OPHAKTbIH COHFbI 6710Tbl TaHAaN anblHAbl. TaxoreHepaTopjaH cMrHan

CbIMAAyAbIH 6epinreH 6arbITTapbiHAaFbl KETeKTi 31eKTPp KO3FanTKpITaphbl
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KblNAAMABIFbIHBIH, TUICTI apa KaTblHACbIH KaMTamachI3 eTeTiH ko3dpduLmeHTTepi
6ap XbINAamMAbIKTbI peTTeyiH 6ap/blk KOHTypnapbiHa 6epinei.

CaiikeciHLLe COHFbI BNOKTLIH 3neKTpXeTeri eTeKLUi 60/1bIN Tabblnagsl XaHe
XbINAAMABIKTbl aBTOMATThI peTTey Xyiteci XAPX 601a OTbIpbIM, OPHaKTbIK
6epinreH XbiNaamablkka WbIFYbIH KaMTamachl3 eTesi. KanraH 61okTapabid
3NeKTpXeTeri xeTekLi 60na oTbIpbIN, KYLUTIK NapameTpnepai KAPX xyiecimeH
Tikenel peTTeyi kaMTaMachl3 eTezi, 0N TapTbiMAbIK KyLUTEPZAi Xymcak,
TypakTaHABIPYAbl kaMTamacki3 eTesi. COHbIMeH kaTap, 6ackapy xyiienepi
OHTaliNbl pexumMre 6antay kesiHAe OpHaKTbl aliHanbin eTy cbiMAay 6apbicbiHAa
610K HeMIPiHiH keMy 6aFbITbIHAA XYpPIn XaTbIp, 6y ke3ekTi 6710KkTbI 6anTay
KesiHze 610KTapabIH BypbIH XeHAeNreH TobbiHa eH a3 acep eTyre MyMKiHZAiK
6epegi.

¥CbIHbIIFaH XYVieHiH apekeT NPUHLMMIH kapacTbipaiibik. XXbingamablk 6epy
6I'IOKTap|:IHaH CbIMAapAblH CO3bly XXaHe CbiMAay 6arbITbIHa CaliKec TapTbly
LIaManapbl keseH-keseHMeH 6epinesi. Xbingamablkka Tancbipma ai xok. CopaH
KelliH 6apAblk apanbikTapaa kapcbl TapTbiny LiaManapbiHa TanceipManap
OpHaTbIFaH Ke3/4e, OPHAaKTbIH eKNiHiHe curHan {E 6epinesi xsHe OpHaK XyMbIC
XblNAaMZAbIFbIHA q LWiblFazbl. bepinreH WamagaH Kapcbl TapThi/bIC aybITKbIFaH Ke3ze,
MbICabl, OHbIH Ke3 kenreH 6apabaHapanblk apanbikTapAa yiFaiiFaH kesze, kapchbl
TapTbIIbIC AATUMTIHEH CUTHaN HBEPTUPEHYMEH a3asspl, OCblinalilla Kapcbl
TapTbIIbIC PeTTerilliHiH KipiciHAeri crHanAapapiH alblpbIMbIH YAFaNTazbl.
CaiikeciHLUe, KapCbl TapTbiIbIM PETTEeYILTIH LWbIFybIHAA CUTHAN YIFasabl, AeMek,
XKblNAamabIkKa TancbipMa (Kblngamablk peTTeyilliHii - Kipic curHans), Tok (TOK{E
peTTeyilliHiH Kipic curHanbl) eree KT kipiciHgeri XuinikTi Tancelpy cMrHanbl
6ipTiHaen ynraszpl. CalikeciHLe, 83 aliHany XblnAamAablFbIH TabUFV Typae
apTTbipaTbiH AK XeTeKTi KO3FanTKbILbIHbIH CITi apTagel, cebebi gedopmaLms
KyaTbl @3repmMeligi, OHza Kapchbl TapTbiNy Lamackl asanzbl. Ocbinaiila, ocbl
6apabaH apanblk apanbiKTarbl KapCbl TapTbTy Wamackl e3iHiH 6epinreH mMaHiHe
opanags!.

ByaaH 6ypbIH AnccepTauysnblk Kymbicta TCO-aa TeXHONOMUANBIK,

MPOLLECTiH 3HEProTUIMAINITT OHbIH OHTalbl MaHAEPI Ke3iHAe KapChl TapTbibIM
CbIMAayMeH FaHa emec, CoHbIMeH kaTap XT-AK cxemach! 60liblIHLLA 3Heprus
YHemAeyLwi aCUHXPOHALI XWiNik-peTTeNneTiH 31eKTp XeTeriH nanaanaHy
MYMKIHZAIrIMEH zie KON XeTkisineTiHi ganengeHai.CoHbIMeH KaTtap, 3Heprus
YHEMZENTiIH 3n1eKTp XeTeri ecebiHeH CbIM 8HAIPY Ke3iHAe SHeprus LWblFblHbIH
asaliTy MiHgeTi acipece e3ekTi 60/1bIN Tabbinazabl, cebebi 3neKTp SHePrUACHIHbIK
Herisri TyThIHYLLbIChl 3N1eKTP XeTeri 60/1bIN TabblNazbl,0HbIH yAeC canmarbl
cbiMAay eHZipiciHae epekLue yakKeH.

CoHAabIKTaH NaiaanaHy WeiFbIHAAPbI GIPiHLLI ke3eKkTe OpHaK TyTbIHaTbIH
3Heprus caHblHa 6alinaHbICTbl 6onajbl, an NanganaHy LWelFbIHAAPbI 60MbIHLLA
OHTaiinbl 6ackapy KpUTepuiii CbiMAaybILLIKA KbICbIMHbIH €H a3 COMacklHa KO
XeTKi3yai ecenteyre 6onagpl (2.20). byn xaraainiaa, opHakTa TYThbIHbINATbIH

KMBIHTbIK KyaT MblHa @pHeriMeH aHblKTanazbl
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(2.32)

MyHAaFbl Pi0 - Kapcbl TapTyChbi3 i CbIMAAYbILIKA KbICbIM;
Ppi-1- cbiMaaybILLITaH KeliH CbIM y3inyiHiH KyLetoi i -1;
MYH/AAFbI Hi- CbiMAQYbILUTaH KeNiH CbIMAbI TapTy i;

Vi- cbimgaybILLTa ChiMAbl ChIMAAY XbUTAaMAbIFbI i;



N - CbIMZay OPHaFbIHbIH eceniri;

(2.32) TeHAeyAeH KepiHin TypFaHAail, Kapcbl TapTbibIM ken 6oaFaH calibliH,
CbIMAAYbILLKA KbICbIMHbIH, aFbIMAaFbl MaHi COFYP/IbIM a3, 31eKTP SHepPrusiCbiHbIH,
LUbIFbIHBI COFYP/ILIM a3 60/1a/bl, SFHU XakLUajarbl ©PHEKTIH OH MaHi ke3iHze kapchbl
TapTyMeH CbIMAAyFa XXyMcanaTblH KyaT KapCbl TapTyCbI3 CbiMAayFa XymcanaTbiH
KyaTTaH a3 6onazbl. Jemek, kapcbl TapTyMeH CbiMAAy Ke3iHAe SHeprusiHbl yHemzaey
anblHazbl, XaHe 6y YHem/ey OpHaKTbIH eceniri KoFapbl kaHe Kapchbl
TapTbiNbIMAAPAbIH LWamachk! ken 6ofaH caliblH COFyp/bIM ken 6onabl. COHbIMeH
KaTap, CbIMAAYbILLKA KbICbIMHbIH a3atobl CbIMAAY KYPasnblHbIH KbI3MET eTy Mep3iMiH
YIFaiiTyFa biknan eTei.

MaTemaTuKanblk ecen Kot KesiHAe OHTal/bIbIK e/LleMi peTiHe eHiM

6ipniriHe apHasFaH sHepreTUKanblK, WbIFbIHAAPAbI a3alATy YMTbIIbICLIHA
6aiinaHbICTbl eH TOMEHTi AeHrelire AeiiH asaliTbinybl kaxeT W cbiMaay KyaTbiH
TaHAaAblk. CoHbIMeH KaTap, MakcaTTbl aTkapblM MblHaHAal Typre ve

(2.33)

OpHaKTbIH 6apblk 610KTapbiHAa Qi -re Kapcbl TapTbiay KyLUi Xylie TypiHae
ecerke eHrisingi

;(2.34)

MYH/aFbI .

LLlekTey xyieciH cbimaay ke3iHAe Kyl napameTpaepiHiH LWekTi bikTiuman
M3HZepiHiH HerisiHae cangbl. TapTbiMZplK, KyLUTEPAIH XOFapFbl LLeri peTiHge m

KOp KO3GPULMEHTIH eckepe OTbIPbIM, CbIM Y3iNyiHiH KYLUiH Naigananzbl, an THAX
TeMeHri Wweri napameTpaik GakTop TypiHae bepinreH:

.(2.35)

Kapcbl TapTbinbIMHbIH, X0fFapfbl Lweri (Qi)max MblHagai popmyna 6oiibiHLa
ecenTengi

,(2.36)
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Ni cbiMgay KyLUi y3iniMHiR KyLUetoi 6oVibIHLLIA aHbIKTaFaH LLekTi MaHMeH
aybICTbIPbIIAbI:

.(2.37)

Kapcbl TapTbitybiH ToeMeHri weri (Qi)min Ken XinTiH XyripTne xaHe Karbin
Tycipywi 6enikTepiHaeri kyLuTep apacblHAa, diinepaid 6enrini apakatslHackl
60MbIHLLIA aHbIKTaNAb! ©

2.38)

MYHZAAFbI - 6apabaHiarbl CbIM OpamAapblHbIH CaHbl;

f- yikenic koapduLmeHTi.

HakTbl ecenTtey KesiHAe HO/bre TeH KapChl TapTbIbIM KYLUTIH TOMEHT i WeriH
Kabblngay MyMkiH 60nabl. Ocbinaiiiua, MakcaTTbl GyHKLMOHaN (2.33) XaHe LuekTey
Xywieci (2.35) xaHe (2.37) cbi3bIKTbIK GyHKUMANap TypiHAe 6epinreH. ORTalinbl
napameTpnepAi Cbi3bIKTbK baraapnamanay sgictepimeH Tabyra 6onazbl. XXannbl
Xaraaiiaa MiHAeT Kenecigel TyXblpbiMganazbl.

(2.37) xaHe (2.38) wapTTapblH KaHaraTTaHAbIpaThiH Ti TapTbIMAbIK KYLUTIH,
KenTereH MaHAepiHeH ocbiHAalM T1,T2, ..., Tn WamManapblH Taby Kepek,byn ke3ze
W cbimMaay XMbIHTbIK KyaTbl €H a3 MaHre ve 6onagpl (2.33). (2.34) xyite 60iblHLLIa
(2.37) wapTThl cakTaraH ke3ge Ti onT KyLUTepiHe calikec keneTiH Qi kapchl
TapTbi/IbIM KYLUTEPAI aHbIKTay KaXeT.

Ocbl MiHZeTTI WweLlly Ke3iHae BC6-7/550 opHafbiHAa CbiMAay/AblIH HaKTbl

6aFbITbl YLUIH Ti TapThIMABIK, KYLUTIH 6ap/iblk bIKTUMan MaHAepiHeH SEM-ae ap6ip
cbiMAay 610rbl yLiH W KyaTbl eH a3 60/1FaH KesZe cbiMAayFa skymcanatsiH Ti ont
aHe Qi onT oHTalNbl Lamanapsl Tabblngel.CoHbIMeH kaTtap, 08kn 60naTTaH CbiM
CbIMAay KesiHze eHAIPICTIK XarFAalinapAa eneHren HaTukenepMeH
CanbICTbIpFaHAa 6akblnay MblCanbliHbIH anblHFaH LUeLliMAepi (TOH HyckanapAbiH

6ipi) CbiMAay NPOLIECIHIH KYLUTIK PeXUMIH TaHAay KesiHge 24% KyaT pe3epBiHiH,



60nybIH KepceTTi. CbiMAayAblH TYPaKThbl XaFaalinapbl XaHe KypblabiMAbIK
napameTpnepAiH TYPakThIbiFbl Ke3iHAe KyaT TepbeniciHiH AnanasoHbl CbiMaay
NpoLeciH OHTaNNbI XYPriy KesiHge MyMKiH 601aTbIH eH a3 KyaT MaHiHiH 87,5% -
HaH acagbl (1.5-kecTe). DNeKTPXKETeKTiH CXeMacbiMeH aHbIKTanaTbiH WekTeyai
MaTemaTukanblk MOjeNbre eHrisy ocbl LamaHbl bipliaMa TemeHeTeai.
CoHablkTaH TCO XaHFbIPTY Ke3iHze CbiMAay 6aFbITbIHbIH 6acTankpel 6anTay
napameTp/iepi ofaH eHrisinreH ceimaay 6afbiTbl Typasbl AepekTep HerisiHae
6arfapnamanaHFaH 6akblnayLblHbIH MUKPOMPOLIECCOPbIHAA ecenTenyi Tuic.
MapameTpnep 6apblk 610KTapAarbl Kapcbl TapTbiIbIMAAP OCbI 6aFbIT YLLIH
OHTaliNbl 60NYbI YLWIH TaHAaNAAbI.

Ocblnalilua, aBTOMaTThl 6ackapy Xyieci ceiMaay NPOLeciHiH KyLUTiK
napameTpaepiH backapy ¢yHKUMsSAapbiH OPbIHAANTLIH BackapyLubl

6aFfapnamanayLubl 6akpinayLbiHbiH 6a3ackiHAA Kypblybl TUIC; CbIMAAY MPOLIECIHIH,
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canacblH 6akblnay (CbIMAaybILLTapAbIH aFbIMAAFbI AVaMeTpAepiH,CbiM
TemnepaTypackiH, CbIMAAY XbINAaMAbIFbIH XaHe T. 6.); SneKTpXXeTek XyenepiH
AviarHocTukanay; TeXHONornAnbIK XabAblKTbIH KyiH AnarHocTukanay xaHe
LexTblk KBAX cypaybl 60libIHLIA KaxeTTi aknapat 6epy [32].

OCbl XXyMbICTa YCbIHbINATLIH CbIMAAY OPHaFbl XaHFLIPTY MPUHLMNI OHbIH,
eceniriHe 6alinaHbICTbl eMec. XXaHFbIpTy 06bekTici peTiHae BC-5/550 AAMX3 6ec
610KTbIH OPHaFbIH KapacTbipyra 6onagel (kasip eHaipic AAMX3 AK, AnmaTs K.,
KasakcTaH Pecny6ankachl). Byn opHaKTbIH TeXHUKanblk cunattamanapsl 2.2-
Kecrtee KenTipinreH.

ByaaH 6ypbIH ocbl OpHaKTa KyaTbl 55kBT 60onaTbiH MH-111 TypakKTbl TOKTbIH,
3N1eKTP KO3FaNTKbIWTapbl NaiaananHbingpl, an aiHeiManbl TOKTbIH 31€KTP XeTeriHe
KeLLyMeH KyaTbl 55kBT 6onateliH ABBM2A250M Kbicka TyibIKTanFaH potopbl 6ap
ACVHXPOH/BI KO3FaNTKbILITaP YCbIHbIAYbl MYMKiH. KO3FanTKeILTapAbIH KyaTbliHa
calikec ABB ACS550-1-124A-4 xninik TypaeHAIpriLi YCbIHbIAYbl MYMKiH.

2.2 kecre - BC-5/550 AAMX3 cbiMzay OpHaFbIHbIH TEXHVIKANbIK CrnattaManapbl
bapabaHaapAblH AviameTpaepi

Taza xaHe apanbik 550 Mm.

Catblibl 550 MM.

bapabaHaapgplH caHbl 5 AaHa

Cbimgay xwiniri 5

CbIM aviameTpi

CbiMzayFa AeliiH 8MM

CbiMaayaaH KewtiH 2,09 Mm

Matepuan 6epikTiriHiH Lweri

CbimgayFa geliiH 0,3-1,4 kH/mMm2

CbimaayaaH ke 1,4-2 kH/mMm2

KMbIHTBIK KbiCy 92-65%

LbIFyaaFbl cbiMgay Xbelngamablebl 900-1200M/MUH

CybITY YLLIH eH Ken cy LWbiFbIHbI 1,2M3/caF

OpHaKTbIH 371eKTP KO3FaNnTKpILITapbl

55kBT

KosranTkelluTap caHbl 5 gaHa

AliHany xwuiniri 550-1500 aitH/MUH

OpHakTbIH canmarbl (31eKTp

KO3FaNnTKbILLTaPChI3) 7,2 T

2.5 benim 6olibiHLWa TyRiHAEP, KOPbLITBIHABINAP XJHe YCbIHbIMAAP
AnccepTaumsanblk XyMbICTbIR OCbl 6eiMiHAe XyprisinreH 3epTTeynep TCO
aBTOMATTaHAbIPbINFaH 3N1EeKTPXETEriH XaHFbLIPTY 60MbIHLLA YChIHbICTapAb! 33ipey
YLUiH Heri3ri KOpbITbIHABINAP MeH TYiHAEPAT TYXXbIpbIMAAYFa MyMKIHAIK 6epei,

onap kenecigeH Typajpl:
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1. CoimaayzbiH KYLITIK NapaMeTpiepiH peTtey pexumaepid tangay TCO
OHTalinbl 6ackapy MeH peTTey KpUTepuitnepiH HeFypabIM KaHaFaTTaHAbIpaTbIH
TapTbIMAbIK KyLITEPAi XyMcak TypakTaHAbIpy pexyMiHe apThikWbiiblk 6epy kepek
eKeHiH KepceTTi:

- OHTaNNbI Backapy KpuTepuiti ap6ip copy 6apabaHblHbIH TapTy KYLLiHIH
(TYTbIHBINATBIH KyaTTbliH) MAHVIMYMbIHa KO/ XeTKi3y 60/1biN Tabblnagsl;

- OHTalnNbl peTTey KpUTEepUiii - Kapcbl TapTy LLaMacbiH 6epinreH MaHAepAeH
aybITKy/AblH MUHUMYMbIHa KO XeTKi3y;

- MPOLLeCC TYPaKThINbIFbIHbIH 8/1LeMi kapchl TapTbinyAblH 6epinreH AeHreiiH
3KOHOMWMKabIK OHTalNbl MaHHeH 30...40 %-Fa TeMeHZeTy 60/bIN Tabbinaabl.

- OHTaliNbl peTTey KPUTEPUIAIH iCke acblpy YLUiH TO/bIK aknapaTbl XaHe

Kapchbl TapTyAblH 6aiinaHbic aaTuuri 6ap XyrieHi konaaHy Kaxert, an peTteyiui
peTiHAe TapTKbILL OpraHZpl NanganaHy KaxeT, SFHW, peTTeneTiH TypaeHAipriw
apKblNbl 9p6ip cbiMaay 610rbIHbIH Ti TapTy KyLiHe acep eTy.

2. 3ne|<Tp xeTeriH na|7|,qanaHy WbIFbIHAAPBI €H anjbiMeH OpHaKneH
TYTbIHbINATbIH S3HEPrisa caHbliHa 6alinaHbICTbl 60FaHAbIKTaH, byn Tikenei
nalizanany WbiFbiHAAPbI 60libIHLIA OHTal/bI 6ackapy eslemivMeH 6alinaHbICTbI,
oHAa XT-AK cxemacbl 60VibIHLLA SHEPrUa YHEMAENTIH aCUHXPOHAbI XMINIKTIK-
peTTeneTiH 31eKTp XeTeriH NalriganaHy KaxeT, 0/ CbiIMAApAbl AaiibliHAAYFa YNecTik
3Heprus WhIFbIHAAPbIH a3aiiTyra MyMKIHAIK 6epeai.

3. Kapcbl TapTyNapAblH aybITKybl €H XOFapbl XepZe, eH Hallap xaraalinapaa
OpHaKTbIH LLIETKi (COHFbI) 610KTapbl 6ONFaHABIKTaH, COHFbI 6/10KTbIH 3N1eKTpXeTeri
aBTOMATThI peTTey Xyieci 6ap XAPX opHaTbINFaH XblNgamAblkka OPHAKTbIH
LUbIFYbIH KaMTaMachI3 eTeTiH XeTeKLUi opblHAaNAbl. KanFaH 610KTapAbIH,
3neKTpXeTeri xeTekLi 601a OTbIPbIM, TapThIMABIK KYLUTEPAi XyMcak,
TypakTaHAbIpy KesiHze ap6ip 6n1okTa KAPX xyiieciMeH kapcbl TapTbiibIMMeH
Tikeneli peTTeyAi kamtamacoi3 etesi. CoHbIMeH kaTap, XAPX xaHe KAPX
XylienepiH oHTaliNbl pexumMre TeHLey 6710k HOMIPIHIH kemy 6aFbITbIHAa Xy3ere
acbIpbiNybl TUIC, AFHK CbiMAay Bapbickl 60bIHLIA Kepi 6aFbITTa, byl KesekTi
angplHFbl 6GN0KTbI TEHLLeY Ke3iHAe 6/10KTapAblH BypbIH KONAaHbINFaH TObbIHA
6apblHLLa a3 acep eTyre MyMKiHAIK 6epesi.

4. TCO aBTOMAaTTaH/ABIPbIIFAH 3N1EKTP XETeriHiH, Xyeci

6arapnamanaHatbiH 6akbinayLubiHbIH (BB) 6a3ackiHja Kypbinagbl, OHAA CbiMady
6aFbIThl Typasbl €Hri3iNreH gepekTep HerisiHze Kyl napameTpaepiHiH 6actankbl
Kyiire kenTipy MaHAepi BB MukponpoLeccopeiHaa ecenTeneai xaHe 6apnblk
610KTapAarbl Kepyre kapcbl TapTynap 0Cbl 6aFbIT YLUIH OHTaN bl 6onaTbiH AeHrelige
opHaTtbinagel. CoHbiMeH katap, bb cbiMzay npoLeciHiH KywTik napameTpaepiH
6ackapy GyHKLUMANapbIH OpbIHAANABI; CbiMAAy NPOLeCiHiK canackiH 6akplnay
(CbIMAaybILLTbIH aFbIMAaFbl AMaMeTPiH, CbiM TeMnepaTypachlH, CbiMAay
XKbINAAMABIFBIH XaHe T.6.); 31eKTpXeTek XyihenepiH gnarHoctukanayasl;
TEXHONOrMANbIK XabAbIKTbIH KYAiH AnarHocTukanay sxaHe LexTblk KBAX cypaybl
60MbIHLLA KaXKeTTi aknapat 6epy.

5. Ocbl KYMbICTa YCbIHbIIFaH Typa afblHAbl CbIMAAy OpHaKTapbIH XXaHFbIPTY

NPUHLMNI 0napAblH XuiniriHe 6ainaHbICTbl eMec, an Mbican peTiHae BC-
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5/550AAMX3 6ec 6engik opHaFblH kapacTbipyFa 60nazbl (kasip eHaipic AAMX3
AK, Anmarsl k., KasakctaH Pecriybnukacei). COHbIMEH katap, aliHbIManbl TOKTbIH,
371eKTp XeTeriHe ayblcaTblH KyaTbl 55kBT MH-111 TypakTbl TOK 3n1eKTp
KO3FanTKbILLTapPbl KyaTbl 55kBT ABBM2AA250M Kpicka TylibikTanFaH poTopbl 6ap
ACNHXPOHABI KO3FaNTKbILUTapfFa aybICTbIPbINybl MVMKiH. KO3Fal‘ITKbILUTapAbIH‘
KyaTblHa caiikec, coHaali-ak bb-gaH 6ackapbinaTtbiH ABB ACS550-1-124A-4

KUINiK TYpAeHAIPrilli YCbIHbINYbI MYMKIH.

6. Xorapblga aiiTbinFaHaapra caikec BC-5/550 AAMX3 Typa afbiHAbI

CbIMAAY OpPHafblHbIH 6asacbiHaa KaHFbIPTbIIFAH aBTOMATTaHAbIPbI/IFAH 3N1eKTp



KETEriHiH cTaTUKasbIK XaHe AVHaMUKanblk cMnaTTaManapbiH 3epTTey yLliH
MatLab 6araapnamansik KelleHiHiH opTacbiHAa KOMMboTepAik Moaenbse XAPX
aHe KAPX aBTOMaTTbI peTTeriluTepAiH bepinic pyHKUMSNapLIH Tansay MeH
CUHTE3ZEYAi Ky3ere acbipFaH XeH.

3 CbIMAayAblH KYLITIK NapameTpaepiH petteriwutepmer TCO

KaHFBIPTBINIFAH 3N1EKTP XeTeriH 3epTTey

3.1 OpHaKTbIH Ken KO3FanTKplLLTbl 31eKTPXeTeriHiH MaTeMaTuKanbIk

MoZeni xaHe peTTeyiluTepai KyLleiTy ko3dpduLmeHTTepiH ecenTey aictemeci
OpHaKTbIH 3n1eKTpXeTeriH 6ackapy XyleciHiH MiHAETI cTaTukanblk aHe
ANHAMVIKaNbIK XYMbIC peXUMAePIHAE CbIM CbIMAAYAbIH KYLITIK NapameTpaepiH
TypakTaHAbIpy 60/1bIn Tabbinagel. On yLUiH cbiMaay bapabanaapAblH 6ypbILLThIK,
KbINAAMABIFbIHBIH, KaXeTTi apakaTblHACbIH KAMTaMachi3 eTeTiH To/blk aknapaTbl
6ap aneKTpXXeTeKTi aBTOMaTTbl 6ackapy Xyieci KongaHbinabl. byn Xaraansa cbim
60libIHLLIA KapCbl TaPTbUIbIM X3He KaTTbl balinaHbIC 60FaH XaFjanaa
3neKTpXeTeKTi 6ackapy Xyeci TEXHONOrMANbLIK MPOLECTIH Heri3ri TananTtapbiH
opbIHAalAbI

V1:51=V2:52 =...Vn-Sn,(3.1)

AFHN,CbIMAAYbILLKA AeMiH XaHe KeliiH, MeTanablH CeKyHATbIK KenemzepiHin
TeHAiriH KamTamachI3 eTegi.

Opbip KO3FaNTKBILLIKA XeKe XMinik TypaeHAiprilutepi 6ap acHXPOHZb! Ker
KO3FaNTKbILLTbI aCVHXPOHZABI SNEKTP XeTeriH XaHFbIPTY YLUiH YCbIHbINATbIH

dYHKLMOHaNAbIK cxema 3.1-cypeTTe KepceTinreH.
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3.1 cypeT - XXaHFbIpThiFaH aCUHXPOH/bI 3NEeKTP XeTeriHiH N - eceneHreH

TCO dyHKLMOHaNAbIK cxemachl

CbIM, OpPHaKTbIH 9p6ip bapabaH apanblk apanbiFbiHAa Tikenelt 6apabaHHaH
KeniHri cbiMAayblLLKa apHalibl KOMNeHcaLMAnblkK ayHakLanap apkplibl Malibicnan
6epineai. AyHakwanap Qi Kapcbl TapTbiiy KyWiH K/ kapcbl TapTbiny AaTyunriHe
6epeg, by OHbIH LWamackiH apbip bapabaH apanblk apanbikTa 6akblnayabl Xy3ere
acblpyra MyMKiHAiK 6epesi.

Byn TvinTi opHakTapza AalibiHAamaHbl (Co36a CbiMAbl) Opamaa TapkaTy
KYPbINFbICbIHaH Tikenel BipiHLWi cbiMaay 6apabaHblHa KocapaaHFaH CbiMAaybiLL
apkblnbl 6epinesi. laiibiH cbiMAbl Opay 6ypbILLTbIK XbL1AaMAbIFbl COHFbI Ta3a
6N0KThIH, XblNAaMAbIFbIMEH KaTaH KenicinreH opay annapatbiMeH (OA) xy3ere
acblpbinagsl.

KAPX xaHe KAPX 6ackapy xy/ienepiHiH KasFaH 3neMeHTTepiHiH,

TaFraliblHAanybl T/6 2.4 ekiHWi 6eniMiHje 6ypbiH cunaTTanFaH.

Copy b6apabaHzapbIHbIH 31eKTpXeTeri eki KOOpAMHATTLIH bepinreH

JAdNAiriMeH peTTey i kKaMTaMachI3 eTyi TUIC: CbiMAAY XbINAaM/bIFbl XIHe KapCbl
TapTbiNbIM Wamanapsl. byn Tanantapgpl icke acblpy 610KTapAbIH 3NeKTP XeTekTepi
apacblHAa MiHAeTTepai 6eny WapTbiMeH FaHa{E MYMKiH 6onagpl.

XKeTekwwi 6n0KTb|H{B 3N1eKTPXeTeri XbINAamMabIKTbl aBTOMaTThl PeTTey Xyiieci
601ybl X3He bepinreH Xblngamablkka OpHaKTbIH LWbIFYbIH KaMTaMackI3 eTyi Tuic.
Kapcbl TapTblibIM peTTey Xyheci TOKTbIH, iLLKi KOHTYPbl MEH CbIPTKbI Kepity
KOHTYpbI 6ap eKi KOHTYp/IbI A, YL KOHTYP/IbI 4@ - TOKTbIH, iLLKi KOHTYpbI MeH
KblNAamablFbl 6ap opblHAaNYbl MyMKiH [22,33,34,35].

DNeKTPXETEKTIH KypblibiMAbIK cynback! XT- AK cynbackl 60ibIHLLA

XblAAMABIK 601bIHLLA Kepi 6alinaHbiC apKblibl 3.2-CypeTTe KopceTinreH.
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3.2 cypeT - XT-AK cxemach! 60libIHLLIA XblNgamzaplk 601bIHLLA Kepi

6aiinaHblcbl 6ap KYPbIIbIMAbIK 3NeKTpXeTeri

XKeTekLwi 610KTbIH XAPX 6ackapy Xyneci iLLki TOK peTTey KOHTYpbI XaHe
XbIAAMAbIKTbI PETTEYAIH ChIPTKbI KOHTYPbI 6ap eKi KOHTYP/Ibl 6aFbIHbILLTLI PETTeY
Xyiieci 6onbin Tabbinagel (3.3 cypeT).

Tok peTTeriwiHze HTerpansayLibl 3n1eMeHT 6ap 6onFaH/AbIKTaH, OpHaTbIIFaH



pexumae U3T HaTUXeNiK curHanbl TOK peTTeriliHiH KipiciHae Henre TeH 60nybl
Tuic. COHbIMEH KaTap, TOK peTTeyilliHiH WhIFybIHAQ, SFHN XT 6ackapyLubl
KipiciHAe anAblHFbl ©TNeni npoLecTe peTTeyilluTiH MHTerpansay apekeTi ecebiHeH
XUHakTanFaH Uyn curHanel 6ap. Uyn wamackl MbiHagal, XT weiFybiHaa AK
CTaTOP/bIK OPaMbIHAAFbI LLIbIFLIC KePHeYIHIH TUICTi XWiNiriH KamTamachI3 eTegi, on
6epinreH cbiMaay 6aFbIThl YLLIH XeTekLi Taza 610KTbIH, KaXeTTi XblNAaMAbIFbIH
aHbIKTaNAp.

3.3 cypeT - TCO xeTeKLUi Taza 610rbIHbIH KO3FaNTKbILLTbIH XKAPX

Bepinic pyHKLMsNapbIHa calikec Xblnaamablk 60iibIHLLIA Kepi 6alinaHblckl 6ap
XT - AKe XKYMeCiHiK AUHaMVKacbiH MaTeMaTyKanblK cunatray, 6onFaH

Ke3ze, MblHaHAAM Typae Xasblnagbl

(3.2)

3.3

,(3.4)

MyHZaFbl - AK MeXaHUKanblk cMnaTTaMachiHbIH KaTTbl/bIK MOAY i

O

T3- AK poTopbl XaHe cTaTop Ti36eKTepiHiH 3KBUBaNEHTT 31eKTPOMAarHUTTIK
TYPaKTbl yakpITbl, O/ MblHaFaH TeH; ;

- HOMUHanapl kopekTeHy xwuiniri f1Hom = 50 'y kesiHae AK
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3N1eKTPOMArHUTTI epiciHiH BYPbILITLIK XblNAaMAbIFbI ;

TM - aneKTpoMexaHunKanblK TYPaKTbl yakbITbl;

KMY- KT 6epinic koapduLmeHTi;

TNY - XT 6ackapy Ti36eriHiK TypakTbl yakbITbl;

PC - napameTpnepi TPC TypakTbl yakbITbl Xx3aHe KPC 6epinic koappuumeHTi
60/1bIMN TabblnaTbiH Xbl1AaMAbIK PeTTeriLLi.

(3.2), (3.3) >xaHe (3.4) TeHAeyNepAi Xa3yAblH bIHFANbIIbIFEI MAKCATbIHAR,
aliHbIManbInapAelH 6cy cMMBonbI (A) nanaanaHelIMaraHbliH aTan eTkeH xeH. byaaH
6acka, keneci WapT eHrisingi: . ConabiktaH XP xoaHe Xb 6epinic
DYHKLMANAPbIHBIH, TYbIHABICbIHLIH HITVXeCi KepCeTinreH xaraainaa,
AnddepeHumanabik TeHAey 6onbin Tabbinagsl (3.4). byaaH api, -

XKT - AK >xyreciHiH peTTeyilliH 6ackapy 3aHpl, 01 aHbIKTalAbl: - KO3FaNTKbILL
XKblNAamablFbiH, M - KO3FanTKbILW CITIH XaHe - AK 31eKTpoMarHnTTik
OPICiHiH BYPbILLTBIK XbINAAMABIFbIH.

(3.2), (3.3) xaHe (3.4) XT - AK xylieciHiH XblnAamablFbl 60ibIHLLA Kepi
6aiinaHblc KO3hPULIMEHTIH aHbIKTay 6OVbIHLLIA ecenTi LeLly YLUiH Keneci Typae
YCbIHaMbI3:

,(3.5)

,(36)

,(3.7)

MYHAAFbI, =, ;,,

(3.5), (3.6) xaHe (3.7) TeHAeyi Xbingamaplk, 60MblHLLA Kepi 6alinaHblckl 6ap
XT - AK MaTemaTukanslk yarici 60nbin Tabblnagsl.

Co3bly yyackeciHAeri Y3bIHAbIFbI CbIMAAPAbIH dpeKkeTi keneci
AnddepeHUmanssl TeHAeyMeH XasyFa 6onagabl

(3.8)

MYH/aFbl, - CbiMAAybILL aNAblHAaFbl KAPChbl TaPTbIIbIM;

- KO3FaNTKpILW BiniriHiK aiiHany xuiniri;

- TapTy 6apabaHbiHbIH pagnychl;

- peAyKTOpAbIH 6epinic kaTbIHaCkI;

- aybICbIMAA CbIMAbI TAPTY;

- cepnimainik Moayni;
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- CbIMHbIH y4acKeciHAe CbIM KpMachl;

- KapCbl TapTy yYacKeciHAeri CbIMHbIH Y3bIH/AbIFbI.

KypblnbIMAbIK cynba HerisiHge Xbingamaplk 60libiHLIA Kepi 6alinaHbIcbl 6ap
>KT-AK,{E XyeciHiH AnddepeHumangsl Teraeynepi, XT - Tny =0 yakbITbIHbIH,
TYPaKTbICbl, OPHAKTbIH 9p6ip 6/10rbI YLUIH Keneci TypAe Xasbliazbl:

(3.9

MYH/aFbI, - KO3FaNTKbILL MOMEHTIHIH ecyi;

- KapCbl TapThILIMHBIH, 6cyi;

- Xbl1AaMAbIFbIH peTTeriTiH (OKP) WhIFybIHAA KepHeYAiH ecyi;

- BepinreH Xbingamaplk YLLiH KepHeyAiH ecyi;

- AK MexaHuKanblk cmnaTTaMacklHblH Cbi3bIKTaHFaH KaTTblbIK MOAYI;

- 371eKTPOMEXaHVIKanblK TYPaKTbl yakbIThl;

T3- 5KBMBANEHTTI 31€KTPOMArHUTTIK TypakThl yaKbiTbl;

- TypaKThl yakbIT M - XblngamablK peTTeriLi;

- 6epinic KoappuumeHTi M - Xbingamaslk peTTeritui;

- Xblngamaplk 6orblHLLA Kepi 6alinaHbiC KO3GPULMEHT.

BipiHLLi TeHAYAe OPHAKThIH eKiHLLI 610kl YLLIH, SFHU XaHe YLUiH XaHe (i
= 1) KesiHAe apuPMeTUKanblk SpekeT 6enrici anabiHaa «-», an anjplHaa

«t». KesiHAe anablHAa 6ipiHLLI TeHaeye «-» benrici.

YakbIT GYHKLMACHI 60/1bIN TabblnaTbiHAbIKTaH, XT - AK XyiAeciHin
MaTtemaTuKanblk MOAENiH KYpPY bIHFalNbINbIFLl TYPFLICbIHAH, OChI XYAeHiH

KipiciHae 6epinic  pyHKUVsICHI 6ap I/IHepLI,I/IHI'IbIKe BybIHAbI eHri3emis:

Byn xarpaiiaa {E Typa afblH/bl OPHaK ANHAMUKaCkIHbIH MaTeMaTuKablk
Mogeni, AnddepeHumansslk TeHAeyNepain KYPAENi eMec TypaeHAipynepiHeH KeiiH

(3.9) xaHe (3.8) TeHAeYAi eckepe OTbIPbIM, MblHaHAAM Typae 60nazpl:
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(3.10)

rae

XKblngamablk peTTeriliHiH Tepi kepi 6aiinaHbIC KO3PPULMEHTIH aHbIKTay
6olibiHIWa AnddepeHUmanablk TeHgeynep i (3.10) welly 6aFgapnamacs! 3.4-

cypeTTe KenTipinreH.
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3.4 cypert - Xbinaamablk peTTeriliHii Ko3gpPULIMEHTIH aHblKTayFa apHanfFaH
bargapnama

AybITKY/bIK 9PeKeTTepsi eckepe OTbIPbIM, 31eKTP MexaHVKanblk xyiie

peTiHAe Tikenen aFaTblH OPHAKTbIH AMHAMUKaNbIK KacueTTepiHe XyprisinreH
Tangay Tepbenictepai, Tapany 6afbiTbl Texr—lonormnbm{ﬂ npotecc 6apbicbiMeH
calikec KeneTiHiH q KOPCETTi, COHABIKTaH XYPri3yLUi peTiHAe COHFbI COPY 610TbIHbIH,
anekTpxKeTeri TaHAanAbl. COHAA KanFaH 610KTapAblH 3N1eKTPKO3FanTKbILLTapbI
XeTekLui 60/1bIN Tabblnaabl XXaHe ojaH KeliHri 6apabaH apanblk apanbikTapaa
Kapchbl TapTbiIbIMAAPABIH TyliCneni AaTunkTepi opHaTbINFaH, OpHaKThl 6ackapy
yreciHiH KAPX peTTerilutepiHiH 43nAiriH apTThipaThlH Kapcbl TapTblibIMAAPAL!
petTeinai.

MyHaal TapanyAblH KeMLUiNiri KykTemeHiH e3repyi TypiHaeri 6apnbik

aybITKynap (reoMeTpusiibik enemMaepain TYpakCbi3AbliFbIMeH, AaiibiHAaMaHbIH
dr3KkomMexaHUKanblk kacreTTepiMeH, TapaTKbILLTbIH LbIFbICbIHAAFbI CbIMAAPAbIH,

TapTbiNy TepbenicTepiMeH 6alinaHbICTbl) 6ap/iblk OpHaK 60bIHLLA GipiHLLI 610KTaH



COHfFbI bN10KTapFa geitiH eTeg.

COHABIKTaH KO3FaNTKpILL 3N1€KTP KO3FaNTKpILLUTapb! XblNAaMAbIFbIHbIH
KaXXeTTi apa KaTblHacbIH Konaay YLiH XXAPX peTTeyilliHiH XblngamablFbl
60MbIHLLIA Kepi baiinaHblC KO3GGULIMEHTTEPIHIH LiamMacbiH aHbIkTay 60libIHLIA
YCbIHbIIFaH dAiCTeMe 6Te yaKTbl/bl KaHe 63eKTi.

Backapy o6bekTici peTiHge MaTeMaTuKanblk MoAesb HerisiHAe 93ipaeHreH

TCO n -ecenik aneKkTpXeTeriHiH KypblIbIMABIK Cy16ackl 3.5-CypeTTe KenTipinreH.
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3.5 cypeT - Backapy obbekTici peTiHAe N - ecenik Typa afblHAbI CbiMAay
OpHaFbIHbIH KelleHAi MaTeMaTuKablk MOAeNiHIH KypblibiMAbIK Cyn6ackl

XKT-AK xyiieciHiH MaTemaTvKanblk cunattamackl TT-/] cxemanapbl

6olibIHLLa 3neKTp xeTeri 6ap 6enrini TCO xylienepiH cunaTTayFa ykcac [25,26,36].
Mogenb MATLAB 7.1 matemaTukanslk naketi Simulink Busyangbi

6araapnamanay nakeTi ywiH 6araapnamarnsik MOAyNb TYPiHAE Xy3ere acblpbliFaH
[37,38,39].

Mogenb TCO cbiMzay 610KTapbIHbIH 3N1eKTp XeTeKTepiHiH bipneckeH

KYMbICbIH TanjayFa XaHe onap/blH e3apa acep eTy JapexeciH baranayra
MYMKIHAIK 6epegi.

3.2 TCO anekTp eTeriH 6ackapy XyneciHiH peTTeyiluTepiHiK

KYPbINbIMABIK Cyn6anapbl MeH CUHTe3i
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TyXbIpbIMAanFaH HakTblNaHFaH TeXHONOMMANbIK TananTapFa caiikec Typa

aFblH/bl CbIMAAy OpHaFbIHbIH COPY 6apabaHaapbiHbIH 31eKTpxeTeri eki
KOOPAVHATTbIH BepinreH AsangiriveH peTTeyAi kamTamacsi3 eTyi Tuic: cbiMaay
XbINAAMAbIFbI MEH KapChbl TapTbiNy KYLUIHIH LiamackiMeH. byn TananTapAbl icke
acbipy Tek 610KTap/AbIH 31€KTP XeTekTepi apacbiHAa MiHAeTTepAl 6eny WapTbiMeH
FaHaq MYMKiH 60naZbl, onapabl 6ip XeTekLuire 661y XaHe KaiFaH xeTekLwinep. byn
XaFaalisa xeTekLi 610KTbIH anekTpxeTeri XAPX XbingaMaplFbiH aBTOMATThI
peTTey xylieci 6onazbl, 0N 6enrineHreH CbiMAay XblnAamablFbiHa OPHAKTbIH
LUbIFYbIH X3He copy 6apabaHaapbl apacbiHAaFbl XblnAamAblkTapabiH TUICTi apa
KaTbIHaCbIH yCTan TypyAbl kaMTaMachi3 eTeAi. XXeTekLui 610KTapAbIH 3neKTpxeTeri
KAPX xylieciHe ne, on kapcbl TapTbiabIM 6ainaHbIC AaTUnri 6akbinaiTbiH Kapcbl
TapThbi/bIM LaMackIH Tikenei petteyi kamTamachi3 etesi. CoHbIMeH kaTap, XXAPX
xaHe KAPX anekTp xeTeriH 6ackapy xyiienepi 6arbiHbILLUTL KOOPAUHATTaPAbI
peTTey NPUHLUMMI BoMbIHLIA CafbIHFaH.

COHfbl XKeTeKLLi copy 610rbIHbIH, 371eKTp XeTeriHiH XXAPX peTTeyilli TOKTbI
peTTeyAiH, iLLKi KOHTYPbIHA XaHe XbINAAMABIKTbI PETTeYAIH ChIPTKbI KOHTYPbIHA 1e.
CoHfbl copy 610TbIHbIH 3n1ekTpxeTeri XAPX peTTerilliHiH KypblibiMAbIK cynbach
3.6 cypeTTe KenTipinreH.

3.6 cyperT - XeTeKLi COHFbl COpY BN10TbIHbIK 31eKTp xeTeri XKAPX

peTTeriliHiH KypblnbiMapblk cyn6ack

Kapcbl TapTbINbIM peTTeY Xyeci TOKTbIH, iLLKi KOHTYPbI XaHe CbIPTKbI

Kepiny KOHTYpbl 6ap eki KOHTYp/bI Aa, LU KOHTYP/bI Ad, TOKTbIH, iLLKi KOHTYpbI {m
MeH XbINAAMABIKTbIH, LUK KOHTYPbI 6ap{m OpbIHAANYbl MYMKiH.

EKi KOHTYpPAbIK XYiieAe peTTey 06BeKTiCi TOK KOHTYPbIHbIH

OHTaiNaHAbIpbINFaH KOHTYPbl 60/1bIN Tabbinaabl XaHe 2.4-TapMakTa

KepceTinreraei, 2.3 kectese kenTipinreH 6epinic yHKLMANAPbIHBIH, 6ipi
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cMnaTTanatbiH 6ybIHAAP.

(3.11)

Kapcbl TapTbl/ibiM KOHTYPABI, MblCasbl, MOAY/bAIK ONTUMYMFa TEHLLIEY YLLIiH
Kepy peTTeriLuiHiK 6epinic pyHKLMACHI 6onybl THiC [36]:

(3.12)

Byn 6epinic GyHKUMACBIHBIH, KypAeniniriHe 6aiinaHblCTbl MOAYbAIK



ONTUMYMFa KapCbl TapTblbIM PETTeYAiH eKi KOHTYP/bIK XylieciH 6banTay eTe
KVbIHAY.

TuiMai MaHAEPAEH eNeyci3 aybITKyFa XaHe TapTblly peTTerilliH
NponopLMoHanabl-nHTerpansbl xacayra 601aTblH XaFAaliga, OHAA INeKTpxeTeK
XKYMECiHIH OPHBIKTBINbIFBIH KaMTamachi3 eTy YLUiH TapTblbiM/Abl PETTeY KOHTYPbI
6apblHLLIa TEMeH Xblngam spekeT eTyi 6ap 6apablk KyiiH TapTbinyAbiH
KBa3MCTaLMOHapbIK aybITKyNapbiH TeiTiH 6onagpl.

COHABIKTaH YL KOHTYP/IbIK PeTTeYiLLTiH CXeMachl eKi KOHTYP/IbIKKa

KapafraHAa oHali. 3.7 cypeTTe TOK peTTeyAiH, iLLKi KOHTYPbI, XblIAaMABIKTbI peTTey
KOHTYpbI dHe KapCbl TapTbibIMAbl PeTTeYAiH CbIPTKbl KOHTYPbI 6ap YL KOHTYpP/bI
KAPX kepceTinreH.

3.7 cyperT - XeTekLui copy 610rbiHbIH 31ekTp XeTeri KAPX peTTeriLinin,
KYPbINbIMABIK CXemMachl

DNeKTPXEeTEKTiH eKi XyleciHaeri (KyprisyLui Ae, KeTeKLUi 4e) TOKTbl peTTey

KOHTYPbIH TEHLLIEYA MOAYbAIK (TEXHMKANBIK) ONTUMYMFa XYPri3y KaxeT.
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JKeTeKLui 6NOKTbIH 31eKTPXETEr YLUIH XblNAaMAbIK KOHTYPbIH TEeHLLIeYy

Ke3iHge 6ackapy Xylieci yL KOHTYpsbl 60/1bIN TabblNaThIHAbIFbIH XaHE MyHAa
KbINAAMABIK KOHTYPbI iLLKi eKeHiH eckepy KaxeT. XblnaaMAbIKTbIH KaliTa

peTTenyiH 6onaslipMay MakcaTblHAA (aneproavikanblk eTreni MpoLecTi KamMTamachI3
€Ty) MOZyNbAiK ONTUMYMFa, AFHW BackapyLubl 9cep 60WbiHWa 6ipiHLLI peTTi
acTaTU3MMeH XaHe aybITKy/blK SCepre KaTbICThl CTaTI/IKaIlbIKe 6anTayabl KonjakfFaH
KOH.

)KeTeKLLliq 610 bIHbIH 3NeKTPXeTeri YLiH XblNAamAblK KOHTYPbI ChIPTKbI

60nbIMN Tabblnazbl. Kasipri yakelTTa MOAYNbAIK XX9HE CUMMETPUSIbIK ONTUMYMFa -
ChIPTKbI XblNAaMZABIK KOHTYPbIHbBIH, €Ki Xanrbl KabblngaHFaH napameTpaepi
KonAaHbINaabl. Toxiprbee TeXHUKanbIK icke acblpyablH kapanalibiMAbINbIFbIHA
6aiinaHbICTbl MOAYNbAIK ONTUMYMFa TeHLLeY KeHiHeH KonAaHbinaabl. langikke
Tanarn TeXHOMOrVSIChbl TapanbliHaH XblNAaMAbIKTbI CaKTay KOFapbl eMec
6onFaHAbIKTaH, (pykcaT eTinreH katenik 5% xeTesi), OHAQ, dXYKTEMEHIH,

aybITKYNbIK dCepiHe KaTbICThbl OCbIHAAN XONMeH 6anTanFaH Xyite a3 Aangikke ve
60/1FaHbIHA KapaMacTaH, KOHTYP/bl MOAY/Ib/iK ONTUMYMFa TeHLLIEY AypbiC 60/1bIM
Tabblnagsl.

BaFbIHbILITLI KOOPAVHATTAPALI PeTTey XylienepiH ecenTeyain xannsi

aAicTemeciHe calikec, KapChbl TapTbINbIMAbI PETTETILUTIH 6TKi3y GYHKLMACLIH
CUHTe3AeY YLUIH OHbIH peTTey 06BeKTICIHIH 6TKi3y QYHKLMACIH aHblKTay KaxeT.
Anaiiga, Typa afblHAbI CbIMAAY OPHaFbl KypAeni ken 6alinaHbickaH
3NeKTpoMexaHVKanblK Xyiie 60/1bIn Tabblnagel, OHbIH XekenereH byblHAapbI (copy
610KTapbl) ©3apa eHAeNeTiH MeTan apkblibl 6ainaHbICTbl 60/bIM Tabblnabl.
MyHZza 06beKTiHIH 6epinic GYHKUMSCHIH any KMUbIH MiHAET 60/bIN Tabblnazsb!.
COHABIKTaH Kapcbl TapTbibIM PeTTeyiLlTiH 6epinic GyHKLUMACLIH CMHTE3aey
norapudmaik aMnAnTyaanblk-KMinikTik cunatramanap sagicimeH Hemece Matlab 7.1
MaTteMaTukanblk nakeTiHiK Simulink Bu3yanabl 6arAapnamanay opracbiHaa
3epTTeyMeH OHbIH BUPTYanAbl MOAENIH KyPYMeH Xy3ere acbipFaH XeH.
DNeKTPXeTeKTiH HaKThl XyeciH 6anTaraH kesge HakTbl 06beKTIHIK

KUINIKTIK cMnaTTaMackiH aHbIKTay/AblH X3He KapChl TapTblIbIMAbl PeTTey KOHTYPbIH
[9N KeNTipYAiH TeXHWKanbIK MyMKIHAIr apKallaH 6ap ekeHiH atan eTKeH XeH.
TexHoNorvsNbIK TananTapra calikec Kapcue TapTyAbl peTTeyaeri cTaTukanblk,
kate 15% {E Fa XeTyi MyMKiH 60/1FaH/AbIKTaH, OHAA KapChl TapTyAbl peTTeyin
CbIPTKb! KOHTYPbIH TEHLLEYAT MOAYNbAIK (TEXHMKANbIK) ONTYMYyMFa XXy3ere acslpy
opbIHABI Aen 6osxayFa 6onagsl.

MogenbaeysiH HerisiHe ocbl XaHe anjpblHFbl 6enivaepae a3ipneHreH
SNeKTPXeTeKTEPAIH KYPbIIbIMABIK Cy6anapbl xaHe onap/blH e3apa 6aiinaHblictapsb!
CafblHFaH, an Kapcbl TapTbibIM PeTTeriLUiHiK 6epinic pyHKUMACBIH CUHTE3AeY

Macenenepi Matlab 7.1 opTackiHAa MOAenbai 3epTTey HaTUXenepi 6olbIHLIa



TeMeH/e KapacTbipbinazbl.
3.8 cypeTTe n 610KTapAaH TypaTbiH 3N1eKTpOMexaHnKanblk Xyiie peTiHge
Typa afaTblH CbIMAAY OPHaFbIHbIH MOAENIHIH ipineHAIpinreH KypblibIMAbIK Cyn6ack

KepceTiNreH.
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3.8 cypeT - XAPX xaHe KAPX peTtteriwuTepi 6ap n - eceneHreH TCO MoAeniHiH,
ipineHgipinreH KypbiabIMAbIK CXemachl

3epTTey Takblpblbbl 6ipiHLLI CbiMAay 6apabaHbiHaH 6acTan xaHe oAaH api
KanfFaH cbiMaaybiliTap angbiHaa XXAPX xeHe KAPX petreriwtepi 6ap TCO
MozeniHe Kapcbl TapTynapAblH CTaTUKanblk XaHe AMHaMUKablk cunaTTaManaphbl
60/1bIM Tabbingbl. COHbIMEH KaTap, 6epinreH XaHe aybITKY/bIK 9Cepnepain,
CbI3bIKTbIK ©3repicTepi ToH acep 60/bl.

3.9-cypeTTe Kapchl TapTbiNbIMAbI TypaKTaHAbIPY 60bIHLLA XYAeHiH KAPX
peTTeyiluTepiHiH XXyMbIC yArici kepceTinreH. 3-i 6apabaHHbIH,
KO3FaNTKbIWbIHAAFLI t1=1C yaKblT Me3eTiHAe XbiNAaMAblK NeH CaTi yaFaikTbingbl,
6YN YLIiHLI X3dHe TepTiHLI CbiMaay 610KTapbl apackiHAaFbl KapChl TapThINyAbIH,
2,55 kH (-3B)- gaH 1,7 kH (- 2B) - fa AeliiH a3atoblHa anbin kenegi. byn xargaiiaa,
aybITKyNblK 9cep 6epinreH 6apabaH apanblk apanblkka apHanFaH, peTTeyiluTin
AMHaMVIKanblK KaTeci MakcuManbpl aHe 9,1% - Fa xeTeai. KanraH 6apabaH
apanblk apanblkTapAa kapcbl TapTbinyAblH aybiTkybl 3%-AaH acnaiigsl. Moaenbzey
Ke3siHje canbICTbIpMabl MaHAEPI 8HAeNEeTiH MeTa//blH NPONOPLMOHan LeriHeH

aCaTblH KapChl TapTb1bIM LLIAMasiapbl CanblHFAHABIKTAH, OHAA KapChl TapTbl/ibiM
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yIFaiiFaH Kesze anfblHFbl 6apabaHHbIH KO3FanTKbILLbIHAAFbI XYKTEME a3assbl, an
KelliHHeH-yIFasbl.

3.9 cypeT - Mogenbae KAPX peTrerilutepiHiH XyMbIC yArici

3.10-cypeTTe bec eceni opHak, MblcasblHAA XYMbICKa Xibepy npoLectepiH
MoZenbjey HaTVdKeNnepi KenTipinreH, COHbIMeH KaTap TeK Heri3ri peTteneTiH
LamanapgplH KOOpAvHaTTapbl KepCeTireH: CoHFbl 6apabaH Ko3ranTKbILLbIHbIH
aliHany XblnAaMAbIFbl, KapChbl TAPTLIILIM Lamanapbl xaHe onapablH KaTenikrepi.
Kblngamablkka TancbipMa curHanbl t1=2 ¢ ¢ yakpIT caTiHAe 6epinesi, oFaH AeliiH
6apnblK Kapcbl TapTynapAblH Wamanapsbl 2,55 kH TeH 6epinreH MaHaepai
KabblngaraH.t2 - t1= 5¢ yakpIT iLLiHAEe OpHAK XYMbIC XblAAaMAbIFbIHA feiiH
alipanagpl. TEXHONOTUSANbIK COPFLILUTAP KMHEMATVKaNbIKka TeH 6oNFaHAbIKTaH,
ANHaMVIKaNbIK C3T XaHe,calikeciHLLe, 6apblK KO3FanTKpllLUTapAarbl XykTeme
6ipAelt 6onasbl. bapablk Kapcbl TapThNbIMAAPAbIH KaNbINTacy cunaTel Tep6enmenni.
Epikci3 Tepbenictepgin eLuyi 2...3¢ iliHAe opbiHAaNaAbl. AMIINTYAACk!

6enrineHreH MaHHeH 4 %-AaH acnalijbl.
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3.10 cypeT - bec ece TCO MbicanblHAa icke KOCy npoLeciHAe Mojenberi
peTTeyilTepiH XyMbIC HITVKeNepi

Mogenbgey HaTukenepi ycbiHbLIFaH XAPX sxaHe KAPX xyiienepiHin,
peTTeyiLuTepiHiH XyMbIC KabineTTiniriH pactaiigbl. Cbimaay XblnaamabiFsiH 0,3 M /
C apTblk eMec yCTay KaTeci XaHe HaKTbllanFaH TeXHONOMVS/bIK TananTapFa caiikec
KeneTiH eH XOoFapFbl PyKcaT eTiireH MaHHeH acnalijpl. bap/blk Xymbic
pexvmMAepiHae Kapchl TapTbinbIM KONAAY KaTeci MakcMangbl pykcaT eTinreHHeH a3
>KHe cTaTUKanblk pexunm yuliH - 0,1 KH XXsHe AvHaMUKanbIK XYMbIC PEXUMI YLLIiH
- 0,23 kH kypaiiabl. ©Tneni npoLecTepAiH canacel KaHaFaTTaHap/bIK 60/bIN
Tabblnagpl.

Ocblnatila, Mogenbaey HaTvxxenepi TCO anekTp xeTeriH 6ackapy

xyreciHin KAPX xxaHe XXAPX a3ipneHreH petreyiluTepiHiH KypbibIMAbIK,
Cbi36anapblH TaHAay AYPbICTbIFbIH pacTaifbl.

3.3 Matlab 6araapnamananfraH optaga BC-3/4-5508 OpHaFbIHbIH,

XaHFbIPTbIIFaH 3NeKTPXeTeriH 3epTTey HaTVKenepi



CbiMZay NMPOLECiHiK KanbINTbl pexvMi 6epinreH AeHreiae Kapcbl TapTbinyasl

TYPaKTaHAbIPyZbl KAMTaMachl3 eTeTiH CbiM KO3fanbICbIHbIH Xeninik XblngamblfFbiH
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CUHXPOHAayFa 6alinaHbICTbl, 6yn 3epTTeyAiH Herisri MakcaTbl 60/1bIn Tabblnagbl.
CoHbIMeH kaTap, opHak 6710kTapbl  apacbiHAaFbl ©3apa GaﬁnaHblcﬂ eH/IeNeTiH  CbIM
apKbinbl mvseree acblpblNaThlH WapT OpbIHAANYbI TUIC.

O3ipneHreH backapy xyiieciH 3epTTeyai BC-5/550 AAMX3 6a3sacbiHaa

Xyprisyre 6onatbiH eaj, anaiiga, ceiMaay 610KTapbiHbIH Ken caHbl BUPTyanjsl
Mogenb/i e, aBTOMaTTaHAbIPbIIFaH 3N1eKTPXeTeKTiH ken 6alinaHbICKaH XyieciH
3epTTey NpoLieciH Ae akTanmaii kypaeneHaipesi. CoHgplktaH TCO XaHfFbIpTbiaFaH
3neKTp xeTeriH 3epTTey BC-3/4-550 opHaFbIHbIH 6a3ackiHAa Xyprisingi (3.9
cypeT), on1 ic Xy3iHae BC-5/550 AAMXX3 opHafFbiHbIH asFaLlkbl yil CbiMaay
610KTapbIMeH YCbIHbiFaH. COHbIMeH KaTap, anblHFaH HaTuxenep TCO
KaHFbIPTBINFAH 3NeKTP XeTeriHiK THIMAINITIH aHblKTayFa MyMKiHAiK 6epesi.

3.11 cypet - BC-3/4-550 AAMX3 6a3acbiHga yL petTik TCO

KaHFbIPTBINIFAH 371€KTp xeTeri

SneKTp XeTeriHiH KywwTik 6eniri (cbimaay 6apabaHsbl, peaykTop,

ACUHXPOHABI KO3FanTkpiLL) XT-AK cbi3bacbkl 60MbIHLLA OpbIHAANFAH.
JKaHFbIPTbIFAH CbiMAay OpHaFbIHbIH 31ekTp xeTeri ACS550-1-124A-4 xwminik
TYPAEHAIPriluTepiHEH KOPeKTeHEeTIH, KyaTbl 55kBT ABBM2A250 M kpicka
TylbIKTanFaH poTopbl 6ap XeTeKTi aCMHXPOHAbI 3N1eKTP KO3FaNnTKbILTapbiH
Kypawizbl.

OpHaKTbIH 31eKTp xeTeriH 6ackapy xyiieci KAPX kapcbl TapTbiabiM
petTeriwTepai xaHe XXAPX Xbinaamaplk peTTeriutepsi kamtubl. CoHbIMeH
KaTap, backapy xyieci TonblK aknapart xyieci 6onbin Tabblnagsl, ce6ebi
AaTunkTepi 6ap: KapCbITapTbIAbIMHbBIH - K, TOKTbIH, - T/ KaHe XbINAaMAbIKTbIH, -

X/ PepykTop-R xaHe opay annapatbiHaH - OA 6acka, cxeMaHbIH KasiFaH
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KOMMOHEHTTepiHiH 6enrinepi MeH TaralibiHAaNYbl GYPbIH CUMNaTTaNFaH XaHe 2,12;
3,1; 3,5; 3,8 cypeTTepae KenTipinreH.

KAPX peTTeyLuiciHae opHaKTbIH apbip 6apabaH apablk apasbifblHAaFbI

KapChbl TapThIbIM WaMachkl, CbiM 6apabaHHaH keneci cbiMAaybillka Malibicrnai
apHalibl KOMNeHcaumanayLUbl ayHakwanap apkblibl Kenin TyckeH kesge xoHe K/-He
Qi Kapcbl TAPTLINLIMHBIH KYLUIH 6epeTiH 6aiinaHbICTbl AaTUMKTEPMEH eLLeHei
eKeHiH aliTa keTy Kepek. 15...25 M/C CbIMAAY XblngamAblFbl KesiHze ayHaKLLaHbIH
Kypici 50 MM acnaiiabl.

OpHbIKTLINLIKTLI 6aFanay-6ackapyabl (PeTTeyAi) y3ere acbipyabiH

NPUHLMNTIK KabineTiH 6aFanay, COHAbIKTaH OPHbLIKTLINLIKTLI 6aFranayMeH XaHe
6apnblk XyeHi 3epTTeyai 6actaiigbl. bisgin xaraaiiga TCO anekTp xeTeriHae
CbIMAay/AblH KYLITIK NapameTpaepiH TypakTaHAbIpy Xyiieci 3epTTenesi.
TypaKTbINbIK TYCiHiri, Ke3 KenreH AVHaMUKanbik Xyne cUsKTbI, CbIpTKb!

acepai TokTaTKaHHaH KeliiHri OHblH 9pekeTiHe 6alinaHblcTbl. COHbIMEH KaTap, Xyiie
TYPaKkThl, erep CbipTKbl 9CepAi TOKTaTkaHHaH KeiiH on Keibip yakbIT eTKeHHeH
KeliH acep eTy bacTanFaHfa feiiH 6o1FaH Tene-TeHaikke Hemece MIX6yYpi
KO3FaNblC XaFAaliblHa KarTbIN Kence. DTNece, TYPaKTblIblK-OHbIH 6Tneni
NpoLeCTePiHiH eLy KacueTi.

EcenTey TeXHVKaCbIHbIH 3amMaHayu KypanaapbiH KongaHy Anddeperumansbik,
TenAeynepAi Tikenel LWeLLyMeH XaHe eTreni npouecTepai KypyMeH 6aiinaHbicTbl
KUbIHABIKTapAbl Xosaabl [37,38,39].

MogenbgiH HeriziHe TCO anekTpoMexXaHuKablK XaHe KyLUTIK

napameTpepiHin e3apa 6aiinaHblcbl HerisiHae asipneHreH XAPX xaHe KAPX
peTTeyiluTepiHiH KypbIbIMAbIK Cynbanapbl MeH napameTpnepi (3.2, 3.3, 3.6, 3.7-
cypeTTep), 3NeKTpMexaHuKanblk Xylie peTiHae OpHaKTbiH MOJenbAepiHiH
ipinenHgipinren KypblnbiMAbIK cynbanapel (3.5, 3.8-cypeTTep), conaaii-ak BC-3/4-

550 Typa afrblHAbl CbiMAAy OPHaFbIHbIH NapameTpsiepi anblHFaH.



¥CbIHbINFaH 6aFjapiama 60MbIHLWa AVCCePTALMANBIK KYMbICTbIH eKiHLLi
6enimiHae ecentenreH XXAPX xoaHe KAPX peTTeyiluTepiHiH XaHe 3neKTpXeTeKTi
6ackapy XyieciH KywweliTy koadpduLmeHTTepiHiK NapameTpaepi A KOCbIMLLIACbIHAA
KenTipinreH.

BC - 34 -550 Typa afbliHAa CbiMAay OPHaFbIHbIH KYPbUIbIMABIK XaHe
TeXHONOorvAbIK NapameTpaepi b KockiMLIackiHAa 6epinreH.

TCO XaHFbIPTbIFAH 3NeKTP XeTeriHiH mogeni MATLAB 7.1

MaTeMaTuKanblk nakeTi SIMULINK Bu3yanabl 6aFgapnamanay nakeTiHe apHanFaH
6aFapnamanbik MoAynbaep TypiHje icke acbipbinFaH.

3.12 cypeTte MATLAB 7.1 MaTemaTukanblk nakeTiHiH Simulink opTacbiHaa
BC-3/4-550 cbiMaay OpHaFblHbIH BUPTYanAbl MOAENIHIH TObIK KYPbLIbIMABIK,

cynbackl KenTipinreH.

89

B
npTy
ang,
bl
Moge
nbje

anbl

opa
KT
ick
Koy

C]

OHbI

CbIM
Aay
6apa
6ag

ap

XYM
bIC

Xbln

abl
bIH

Lblf

npy

eci

HOTU

xene

Her3
ri
3ep
Tene
TiH

napa



MeTp

<y

pe

3/

55

op
Ha

bl

bl

aH
bl
pT
bl
nF
aH
an

eKk

e

90

NepAiH yakpiTla AnarpaMmmanapbl TypiHAe KenTipinreH.

3.13 cypeTTe TapTKbILL 6apabanAapAblH XeTekTi KO3FanTKbIUTapbliHbIH

XKYMBIC XKbINAAMABIFbIHA LWbIFYbIHbIH yakbITLIa AnarpaMManapbl kepceTinreH, an
3.14 cypeTTe onapfa calikec KeneTiH caTTep KepceTinreH. 3.15-cypeTTe yakbITka
Kapchbl TapThbiy LLaManapbiHbIH ©3repyi kepceTinreH. YakplTlwa AnarpammanapaaH
KepiHin TypraHaaii, BC-3/4-550 cbiMAay OpHaFbl t=4C yLLIiH XYMbIC
XblNAamAbIFbIHA AeliiH aliganajbl.

Mogenbgey TeXHONOTVSNbIK COPFbILLITAPABIH KMHEMaTVKaNbIK TeHAiri
XaFaiblHAa Xyprisingi xeHe BC-3/4-550 opHarbl xobanaHzbl. byn xaraaiija
6apblk KeTeKTi INeKTP KO3FaNTKbILUTaPbIHbIH XblNAAMAbIFbI CTATVKaAa Aa, €KMiH
npoveciHae ge 6ipaeit 6onybl THic, 6yn KenTipinreH ocymanorpammanapaaH
KepiHegi (3.13 cyper).

3.13 cypeT - OpHaKTbl icke KOCy Ke3iHAeri TapTKpILL 6apabaHAapAblH XeTekTi



3/1eKTP KO3FaNTKbILUTaPbl Xbl1AAMAbIFbIHbIH yakbITLLa Anarpammanapsbl
OpHaKTblH eKniHi ke3iHAeri AMHaMUKaNbIK CTTEP XIHe OPHaKTbIH 6epinreH
XKbINAAMABIKKA LWbIFYbl Ke3iHAEr XeTekTi SN1eKTp KO3FanTKblTapbiHbIH,
cTaTuKanblk caTTepi 6ip-6ipiHe TeH emec (3.14 cypeT). Byn TeHci3aik ceimaay
KYLWiHAE KapCbl TapThiy aCepiHeH TyblHAaFaH, 0N CbIMAAYbILLKA KbICbIM
LaMacblHa, COHAa-ak kapcbl TapThinbiMFa acep eTesi. CoHbIMeH KaTtap,
ocuymnnorpammagan P=f(Q) TayenginiriHe caiikec, 6yn Tayenainik ekiHLi XxaHe
YLiHLWI cbiMaay 610KTapblHAa aHblk KepiHreH, byn ocbl 610KTapaaFbl XeTekTi
3NeKTP KO3FanTKbILLTaPbIHbIH CATTEPIH asaiiTyFa anbin Kenegi. byaaH 6acka,
6ipiHLLIi 6/10KTaFbl KapChl TAPTLITY SAETTE HOMre XaKblH, COHABIKTaH OHbIH 31eKTp

KO3FanTKpILLbIHbIH, CATI MakCUManabl 60/bIN keneai.
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3.14 cypeT - OpHaKTbl YAeTKeHze TapTKbIlW bapabaHaapAbiH XeTekTi SnekTp
KO3FanTKbILUTapbl MOMEHTTEPIHIH yaKbITLLa AvarpaMmmanapsl

Kapcbl TapTbINbIMHBIH, aybITKybl GipiHLLI, eKiHLLI XaHe YLIiHLWi 6apabaHaap
apacblHAaFbl 6epinreH MaHaepre katbICTbl - AQ1, AQ2 <5% Kypaiiabl XxaHe
CbIMAApAbIH cepniHAiniri ecebiHeH Tepbenmeni cunatka ve, kemiH t = 2...3¢
arFbIMbIHZa ewwegi. (3.15 cypeT).

3.15 cypeT - OpHaKTbIH, XXYMbIC XblNAaMAbIFbIHA LLUbIFYbI Ke3iHAeri Kapchbl
TapTbIbIMAAPALI ©3repTy/iH yakbITlWa AnarpaMmanaps!

Q2 =0,37kH, an T2= 1,05kH, srHn Q2 = 35% T2 6epinreH MaH YLUIH aybITKy

acepiH 6epy KkesiHge KAPX peTTeyLliciMeH Kapcel TapTynapAsl petteyi
KapacTblpaliblk (3.16 cypeT). OpHaKTbIH 2-LUi 610rbIHbIH 31eKTpXeTeri KipiciHe t1 =
1cyakbIT Ke3iHae AT2 TapTKbILL KYLUiHIH ©3repyiHe oH 6enriMeH aybITKy 6epinegi,
an t2 = 3c. yakpIT KesiHzAe Tepic 6enriMeH aybITky 6epinreH. CoHbIMeH KaTap,

Kanmnbl XoFapbl aybITKybl AQ2 = 5-12% Kypaiigel, 6yN OHblH MyMKiH 601aTbIH
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MaHZepiHeH acnaiiabl AQ2 = 15%.CoHbiMeH kaTap, AQ2 e3repyi 2...3c iwiHae
6epinreH MaHre Kalita KenymeH xaHe KelliH eLLy apKblibl Tepbenmeni cunaTka ve.
XKyWieHin peTTeyiluTepi TanceipManapAel Aa, aybITKynapAel Aa XeTingipesi kaHe
6epinreH AsnikneH peTTey NpoLeciH kamTamachl3 eTeg.

3.6 cypeT - Kapcbl TapTbibIMAbl peTTey XaFjalibiHa apHanfaH Mojenbaepre
anblHFaH yakbiTLLa AviarpamMmmanap

ANbIHFaH yakbIT AnarpaMmanapbiHa XYPriinreH caHzblk XaHe cananbik,

Tangay 0,32 M/c WeriHge cbiMA@y XbiNAaMAbIFbIH TypakTaHAbIPY KaTeciH
KepceTeaj, byn eH XOoFapFbl pyKcaT eTiNreH MOHHeH acnai/bl XoHe TeXHONOTAHbBIH,
HaKTblaHFaH TananTapbiHa calikec kenegi. CTaTukanblK, COHAAN-aK AMHAMVKanbIK,
XKYMbIC pexXvMAepiHae kapcbl TapTynapabl TypakTaHAbIPY KaTeci eH XoFapbl pykcaT
eTinreH LWamazaH a3 xaHe ctaTuka ywiH 0,1 kH XaHe onapAblH abcontoTTiK
MaHZAepi Q1=5kH,Q2=2,5kH 6onFaH Ke3ae AnHamuKa yLiH 0,23 KH kypaiigpl, 6yn
5%-AaH acnaiTbiH yakplTTbl Kypaiabl.

Oceinaiiwa, Matlab 6argapnamanaqraH opTacklHza BUPTyanabl MoAeNbAe
anblHFaH 3epTTey HaTuxenepi TCO anekTpxeTeriHAeri cbiMaay/ablH KyLITIK
napameTpnepiH TypakTaHapbIpy xyieci XXT-AK cxemachl 60iibIHLIA CbiMAAYAbIH
TEXHONOrMANLIK MPOLECiHiH HaKTblNaHFaH TananTapbiH KaHaFaTTaHAbIPab!.
CoHbIMeH KaTap, Herisri TexHonoruanbIk napameTpaepaiH XXAPX meH KAPX
peTTeyiLLTepi AYPbIC ecenTenreH, 8iTKeHi eTNeNi NpoLecTepain canackl kaiTta
peTTey LWamacblHa, aybITKynap MeH napameTpniepi peTTey yakbITbiHbIH CaHblHa
Heri3lenreH eTe Xakchbl Aen caHanybl MyMKiH.

3.4 Benim 6olibIHLIA KOPbITbIHALINAP
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1. AHbIKTaNIFaH TeXHONIOTVANbIK TananTtapFa caiikec asipneHreH TCO
MaTeMaTuKanblk MoAeniHiH 6asacbiHAa copy bapabaHAapbIHbIH 3n1eKTpXeTeri

6epinreH AanikneH eki KOOPANHATTbIH PETTENYiH KaMTamachI3 eTyi TUiC ekeHi



aHbIKTaNApl: CbIMAAY XbINAaMAbIFbl MeH KapChl TapTbiay KyLiHiH Wamacsl. byn
TananTap/bl icke acblpy Tek  610KTapAbIH 3N1eKTp XeTekTepi apacbiHAa MiHAETTepPA
6eny WwapTeiMeH FaHa{E MYMKiH 601346l - OnapAbl 6ip XeTekLui XaHe KanFaH
xeTekLire 6eny.

2. TCO anekTpKeTeriH 6ackapy XylieciHiH KypambiHa eHrisinreH XXAPX

MeH KAPX/, Xblnaamaslk peTTerilutepi MeH Kapchl TapThlbIMAapbIHbIH
KYPbIbIMAbIK Cxemanapbl a3ipaeHai. XAPX xaHe KAPX petTeriwTepi
6aFbIHbILITLI KOOPAVHATTaPAbI PETTeY NPUHLMNI 60ibIHLLIA canbiHFaH. byn
XKaFjaija xeTekLi 610KTbIH 3nekTpxxeTeri XAPX XblngaMAblFbiH peTTeyLuic
60Na OTbIPbIM, OPHAKTbLIH 6epinreH XbinaamabIkKka WbIFYbIH XoHe TapTKbILL
6apabaHaap apacblHAaFbl OHAENETIH MeTanjblH CEKYHATLIK KeneMAepiHiH TeHAiriH
cakTay MaKcaTblHja CopFbill 6apabaHjap apacblHAaFbl XblNAaMAbIKTbIH KaxeTTi
apakaTblHaCbIH ycTan Typyabl kaMTamachl3 eTesi. XXeTekLui 610KTapabIH
anekTpxeTeri KAPX petTeriutepi 60na oTbIpbIn, keneci bapabaHra AeiiiH apbip
apanbikTa CbiMAaybILLKa AeliH CbiMFa KapChl TapTbITybIHbIH, LUAMackIH Tikenei
peTTey MeH TypakTaHAbIPY/bl Xy3ere acblpapl.

3. TCO aBTOMaTTaHAbIpbIAFaH 31eKTp xeTeri yiwiH XAPX xaHe KAPX
peTTeyiLuTepiHiH KyLelTy KO3GpPULMEHTTEPIH XaHe napameTpaepiH SEM ecentey
sgicTemeci MeH 6aFfapnamachl YCbIHbINABI.

4. XAPX petTeyiLui xxaHe KAPX yLU kKoHTypAbl peTTeyili 6ap TCO
aBTOMaTTaHAbIPbIIFAH 31eKTP XeTeriHiH BUpTyanabl Mogeni a3ipneHai. KAPX
mogeni Matlab matemaTukansik keweHiHiH Simulink nakeTiHiH 6argapnamansik,
MoZyNbAepi HerisiHAe X1HaKTanFaH XeHe TOK NeH Xbl1AaMAbIKTbl peTTeyAiH, iLuki
KOHTYp/iapbIMeH XaHe KapCbl TapTbI/IbIMHbIH CbIPTKbI PeTTey KOHTYpbiMeH
YCbIHbINFaH. XXAPX MoaeniHAe iLKi TOK  peTTey KOHTYPbI XaHe CbIpTKbI {E
KbINAaMABIKTEl PeTTeY KOHTYPbI e 6ap.

5, e BupTyanabl Mozienbe anbiHFaH HaTVKeNepAiH CaHAbIK XaHe canasblk
Tangaybl 0,32 M/c WweriHge cbiMAay XblNAaMAblFbIH TypakTaHAbIPY KaTeciH
KepceTesi, 6y 6apbiHLLA pyKcaT eTinreH MaHAepAeH acnaiiabl. OpHaKTbiH
CTaTUKaNbIK Aa X3He ANHAMVIKaNbIK XyMbIC PeXUMIHAEPIHAE Ae KapCbl
TapTbINLIMAAPABIH TYPaKTaHABIPYAbIH KaTeci eH XofFapbl pyKcaT eTineTiH lwamagaH
a3 (AQ = 15%) xaHe 6epinreH ceiMaay 6arbiTTapbiHAa 5% - 12%-aH apTbik emec.
CoHbimeH KaTap, XXAPX xaHe KAPX peTTeriluTepi Aypbic ecenTenreH, enTkeHi
KalTa peTTey LWaMacblHaH TypaTbiH ©TMeni NpoLecTepiH canacsl, Tepbenictep MeH
napameTpnepai peTTey yakblTbl Xakcbl A€M caHanybl MymMkiH. Ocblnaiiwa, Matlab
opTacbIHAaFbl BUPTyanibl MOAeNbAiH 3epTTey HaTvxenepi XXT-AK cxemachl
6olibIHLWa XaHFbIpTbiaFaH TCO aneKkTpxeTeriHiH cbiMAay KyLUTIK napaMeTpaepiH
TypaKTaHABIPYAbBIH 93ipNeHreH Xyiieci cbiMaayAblH TeXHONOTUSNbIK MPOLeCiHiH,
HaKTbl/1aHFaH TafanTapblH KaHafaTTaHAbIpabl.

KopbITbIHABI
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CbimMaay TeXHONOTUACLIH TanAay HaTVKeCiHAe CbiMAay OpHaKTapbIHbIH,

3NeKTP XeTeKTePiH, KYPbIIbIMAAPLIH, KYPY XIHe XyMbIC icTey NpUHLunTepiHe
TCO HerypabIM NepcrnekTusankl 60/bIN TabblnaTelHbl aHbIKTanAkl. byn opHakTapaa
3Heprusa KyLWTiK NapameTpaepai oHTalinaHAbIpy XaHe XoFapbl XbinAamabikTap
ecebiHeH eHIMAINIKTI apTTbIpy XObIMEeH CbiIMAAY NMPOLECiHiH SHeprus TUIMAINIriH
apTThIPYABIH eneyni MyMKiHari 6ap.

TCO anekTp XeTekTepiH 6ackapy >yienepiH KypyAblH 6enrini

NPUHLMNTEPIHE oY TEXHONOMNANLIK NPOoLIecTi 6ackapy/blH TeMeH canackiH
KOPCeTTi, 8MTKeHi OpHaTbINFaH XaHe eTrneni XXyMbIC pexumiepiHie CbiMAapAblH
KapChbl TapTbUTybIHbIH TYPAKThIIbIFbI KAMTaMacki3 eTimMeni, benrineHreH xaHe
oTneni XyMmbIC peXUMAEpiHAE Ae, OHbIH XOFapbl y3inyiHe akeneai. OcbiFaH
6alinaHbICTbl 6ackapy xyienepiHe xoeHe TCO anekTpxeTeriH Kypy kaFujaTTapbiHa
KOMbINATLIH TananTap HakTblNaHAbl. Herisri TexHonorvanblk TanantapAein 6ipi +

15 %-TeH acnaiiTblH Kapcbl TapTblibiM 60MbIHLA AQ KaTenikneH cbiMAayAblH,



KYLUTIK NapaMeTpepiH XaHe XblNAaMAbIFbIH TYPaKTaHABIPY PeXUMIH KonAaHy
KaXeTTiniri 60/1bIN Tabblnazbl ekeHAiri 6enrinensj.

CbIMzayAbIH KYLITIK NapameTpaepiH peTTey pexvmaepiH Tanaay xeHe TCO
3N1eKTPXKeTeriH OHTalNbl 6ackapy XaHe peTTey e/llemAepiH a3ipiey ocbl
enwemaepai HeFyp/bIM KaHaraTTaHAbIPaTbIH TapThIMAbIK KYLUTEPZi Xymcak,
TypaKTaHAbIPY pexnMiHe apThiKLWbIbIK 6epy kepek ekeHiH kepceTTi. COHbIMeH
KaTap, OHTalNbl backapy MeH peTTey eJiLleMAepiH icke acbIpy XXaHe peTTeyaiH
6apblHLLa A21A4irH any yLiH Kapcbl TapTynapabl Tikeneli enweiiTiH 6aiinaHbic
ZAaTunkTepi 6ap Tonblk aknapatbiMeH KAPX xyieci kongaHbingbl.

Op 6apabaH apanblk apablkTa CbiIMAAY XblNAaMAbIFbl MEH KapCbl

TapThiNbIMALI PeTTeYy AdNAiri 6olbIHLIA Kapama - Kalilubl TananTtapabl Xy3sere
acblpy 610KTapAblH 3N1eKTp XeTekTepi apacbiHAa MiHAeTTepi 6oy, onapasl 6ip
XKETeKLUi XaHe KanFaH xeTekLlinep apanbikTapFa 6eny ycbiHbIAbL XblnAamMAbIKTbI
peTTeyAiH ASNAir 60MbIHLLA TananTbl KAMTaMachl3 eTeTiH xeTeKLUi 6710k peTiHae
KypambliHza XXAPX xyiieci 6ap CoOHFbl bapabaHHbIH 31eKTpXeTeriH nanganaHy
OpbIHABI eKeHgiri ganengeHreH. XAPX opHakTbIH 6epinreH Xbingamablkka
LUbIFYbIH KaMTamachi3 eTeji XaHe TapTkbill 6apabaHjap apackiHaFbl eHAeneTiH
MeTan/blH CeKyHATbIK KenemaepiHiH TeHAIrH cakTay MaKcaTblHAa 6apAblk,
TapTkbiLl 6apabaHzap XblNgaMaplFbIHbIH KaKEeTTi apakaTblHaCbiH KONAanabl.
KanraH 610KTapablH 3N1eKTpXeTeri xeTekLi 601a OTbIpbIn, TapTbIMAbIK KyLITepA
KyMcak TypakTaHAbIpy KesiHge apbip 6nokTa KAPX xyliecimeH Kapcbl
TapTbINbIMAbI Tikeneli peTTeyAi xy3ere acoipagpel. CoHbIMeH kaTtap, XXAPX xaHe
KAPX >xyiienepiH oHTalinbl pexunmre TeHLuey 610K HeMIPIHIH keMy 6aFbITbiHAA
opbIHAANYbI TWIC, FHN CbiMAAy 6apbICbiHAA Kepi 6aFbITTa, By Ke3eKTi angblHFbl
610Kl TEHLLeY KesiHze 610KTapAblH BypbIH KONAaHbINFaH TO6bIHA 6apbIHLLa a3
acep eTyre MyMKiHAIK 6epeai.

OcblFaH 6alinaHblcTbl XT-AK cxemackl 60oiibiHWwa TCO

aBTOMaTTaH/bIPbINFaH XWiNiK-peTTeNneTiH 31ekTp xeTeri yiwiH XAPX xaHe KAPX

peTTeyiluTepiHiH KyLWeliTy KO3pPULMeHTTEPIH XaHe NnapameTpaepiH 9BM ecentey
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ajicTemeci MeH 6arFaapaaMachl YCbIHbIAAbI.

TCO aBTOMaTTaHABIPbINFAH 3NeKTPXeTeri XyiieciH baraapnamanaHaTbiH
6akblnayLblHbiH (BB) HerisiHAe Kypy YCbIHbIFaH, OHAa CbiMAay 6aFbIThl Typabl
eHrisinreH AepekTep HerisiHAe Kyl napaMmeTpepiHin 6acTtankbl Kylire kentipy
MaHzAepi BB MuKponpoLeccopbiHAa ecenTenei xaHe 6apnblk 610KTapAarbl Kapchl
TapTblbIMFa 6epinreH 6aFbIT YLLiIH OHTalNbI 6oNaTbIHAAN AeHreige opHaTbINaAb.
CoHbIMeH KaTap, bb cbimaay npoueciHiH KyLWTik napameTpaepiH 6ackapy
byHKLMANAPLIH OpbIHAAN/ABI; CbIMAAY NPOLIECIHIH canackiH 6aksinay
(CbIMAAYbILTBIH aFbIMAAFbl AaMeTpAaepi, CbiM TemnepaTypachl, Cbimaay
XKbINAAMAbIFLI XaHe T. 6.); aN1eKTpXeTeK XylienepiH gvarHocTukanay;
TEXHONOTUSANBIK XabAbIKTbIK KYAIH AvarHocTrkanay xosHe Lextblk KBAX cypaybl
6olibIHLLIa KaXeTTi aknapaTTel 6epy.

Ocbl XyMbICTa YebiHbIAFaH TCO XaHfFbIPTY MPUHLMAI CbiMAay eceniriHe
6alinaHbICTbl eMec XaHe Mbican peTiHae BC-5/550 xaHe BC-3/4-550 opHakTapb!
Kapanabl (AAMX3 AK, AnmaThl k., KasakctaH Pecnybnvkackl). CoHbIMeH kaTtap,
aybICranbl TOKTbIH 3/1€KTP XeTeriHe KewyMeH KyaTbl 55kBT MH-111 TypakTbl
TOKTbIH, 3/1€KTP KO3FaNTKbILUTapbl KyaTbl 55KBT ABBM2AA250M Kbicka
TyMbIKTanFaH poTopbl 6ap aCUHXPOHAbI KO3FaNTKbILUTapFa aybICTbIPbIABL.
KosranTkeilUTapAblH KyaTbiHa caiikec, coHaali-ak bb-aaH 6ackapymeH ABB
ACS550-1-124A-4 xinik TYpAeHAIpriLi yCbIHbIAYbI MYMKiH.

BupTyangbl Mogenb/e anbiHFaH HaTUXeNePAiH CaH/bIK XaHe cananbik

Tangaybl 0,32 M/C WeriHae cbiMAay XblNAaMAbIFbIH TYPaKTaHAbIPY KaTeciH
KepceTesj, 6yn 6apblHLLa pyKcaT eTinreH MaHAepAeH acnaliabl. OpHaKTbIH
CTaTUKaNbIK Aa XaHe ANHaMVIKaNbIK XyMbIC PeXUMiHAepiHAe Ae Kapcbl

TapTbINLIMAAPABIH TYPaKTaHABIPYAbIH KaTeci eH XoFapbl pyKcaT eTiNeTiH LwamagaH



a3 (AQ = 15%) xaHe 6epinreH ceiMaay barbiTTapbiHAa 5% - 12%-aH apTbik emec.
CoHbIMeH kaTap, XXAPX xaHe KAPX peTTeriluTepi AypbIC ecentenreH, OnTkeHi
KaliTa peTTey LlaMacblHaH TypaTbiH ©Treni npoLecTepsiH canackl, Tepbenictep MeH
napameTpnepai peTTey yakbiTbl XakCbl A€M caHanybl MymMkiH. Ocbinaiiwa, Matlab
opTacbIHAaFbl BUPTYan/bl MOAeNbAiH 3epTTey HaTvkenepi XT-AK cxemacsl
60/bIHLLIA XaHFbIpThIFaH TCO 3neKTpXeTeriHiH CbiMAay KyLTIK napaMeTpaepiH
TypaKTaHAbIPYAbIH 93ipNeHreH xylieci CbiMAayablH TEXHONOMNANbIK NPOLIECiHiH
HaKTblNaHFaH TananTapblH KaHaFaTTaHAbIpa/bl.

SHeprusa TacbIFbILLITapFa XaHe aTan aiiTkaHza, 31eKTp 3HepruscbiHa 6araHblH,
ocyiMeH 3Heprus yHemzaey npobnemachl epekLue e3ekTifikke ne 6onaTbiHbIH atan
oTy KaxeT. byn ywiH KP-aa sHeprus yHemAey xaHe sHeprus TMimMainiriH apTTeipy
Typanbl 3aH Kabbinganzabl (Kas. Eremen 26 kaHtap 2012). S1eKkTp SHeprusicbiH
YHemzey acipece CbimAay eHZAIPICi CUAKTbI SHEPruaHbl KaXeT eTeTiH canaja

CbIM/ay OpHaKTapbIHbIH, 3N1eKTP XeTeKTepiH 6ackapyablH aHarypbIM XeTingipinreH
OHTaWiNkl XylienepiH NaiaanaHy kesiHAe 3NeKTp 3HepPruacbiHa XymcanaTbiH
LWbIFbIHAAPAbI aTapablKTal KblckapTyFa MyMKiHAIK 6epei, 6ya 0Cbl XyMbICTbI
acipece e3ekTi eTeai.

SNeKTp XeTeriH nanaanaHy WblFbIHAAPbI €H anabiMeH opHakKneH

TYTbIHbINATbIH SHEPrusa caHbliHa 6alinaHbICTbl 60FaHAbIKTaH, byn Tikenei

9%

nalifanany WbiFbiHAAPbI 60VibIHLLIA OHTalbI 6ackapy eslemivMeH 6alinaHbICTbI,
oHAa XT-AK cxemachl 60libIHLIA IHEPrUs YHEMAENTIH aCUHXPOHABI XUiNiKTiK-
peTTeneTiH 31eKTp XeTeriH NalrianaHy KaxeT, 0N CbiIMAAPAbI AaiblHAAYFa YNecTik
SHeprus WhIFbIHAAPbIH a3aiTyra MyMKIHAIK 6epei.

HatmxeciHge TCO cbimaayablH TEXHONOTUAbIK MPOLIECIHIH,

sHeproTuimginiri P=f(Q) TayenainiriHe calikec eHAeneTiH MeTanja kapcbl
TapTbINbIMAbI KYPY ecebiHeH Ae, XKT-AK cxemachl 60VibIHLLIA aCUHXPOHZAbI
KUINIKTIK-peTTeNEeTiH 3NeKTP XeTeriH naiganany MyMKiHAINIMeH Je XeTyi MyMKiH.
©3 Ke3eriHAe eHIMAINIKTI apTTbIpy Tek CbiMAay NPOLIECIHIH, XblNAaMAbIFbIH
apTTbIPY XaHe CbIMHbIR, Y3iNyiH a3aiiTy apkblibl FaHa MyMKiH 6onagbl, yFaH Kyl
napameTpnepiH TypakTaHAbIpyAblH TUIMAI XyiienepiH a3ipnemein Kon xeTkisyre
6onmarigbl.

COHZBIKTaH, SHEPrva TMIMAINIT MeH eHIMAINIKTIH OHTalNbI yinecimainiriHe

KOJ1 XETKi3y OCbl ANCCePTaLMANBIK XYMbICTa YCbIHbIFaH TCO

aBTOMaTTaHAbIPbIIFaH 3N1eKTPXXEeTeriH XaHFbIPTy KesiHAe eH Ken KanaHAbl.
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A KocbIMLuachl

CbIMaay OpHaFbIHbIH 3N1EKTP XeTeriH 6ackapy xyreciHiH XAPX xaHe KAPX
peTTeriuTepiHiH NapameTpaepi

MapameTpgiH atanybl benrici ©nwem

6ipniri

EcenTik Tayenginiri MaHi

12344

Tok 6oWiblHLLIa Kepi

6aiinaHbIC



Ko3dpdULMeHTI

Kot B/A

Kot=10l98max

0,004

XKblngamgblk 60libIHLLA

Kepi 6alinaHbic

Ko3pPULMeHTI

Koc Bc

Koc=10wdBmax

0,19102

TapTy 60iibIHLIa Kepi
6aiinaHbIC

Ko3pduLmeHTi

Ko B/H

KoH=10Tmax

0,0004

Kapcbl TapTbinbIM

60MbIHLLIA Kepi 6aiinaHblc
Ko3pduLmeHTi

Kon B/H

Kon=10Qmax

0,001177

KpviTukansik 6ypbiL
60MbIHLLIA Kepi baiinaHblc
KoapdULMeHTi

Koy B/rpag.

Koy=10ymax

100

Tok peTTeriLliHiH,

6epinic yHKLMACHI

WPmM(p) - (Tm-p+1)-R32-Tnu-Knu-KoT-p 0,0457-p+10,06
386-p

Keingamablk,

peTTeriLiHiH 6epinic
dyHKLMACHI

wPC(p) - (1+8-
Tnu-p)-KoT-2:m-K132-Tnu2-Koc
-3-wrjos+max-p
KoTt:(JdB+)max)4-Tny-Koc-wr-m
K132

0,04-p+10,0231

6p

1,73

TapTy peTTeriwiHiH

6epinic pyHKLMACHI

WPH(p) - Koc8-Tny-KoH-K-p 10,3-p
Kapcbl TapTbinbiM
peTTeriLiHiH 6epinic
dyHKLMACHI

wPn(p) - Koc8-Tnu-Kon-K-p 10,9-p
KpviTnkansik 6ypbiL
peTTeriwiHiH 6epinic
dyHKUMACHI

Wpky(p) Koc8-Tnu-Kon-K-p 10,05-p

TapTyfa TancbipMaHsb!



ecenTey TOPabbIHbIH,
Ko3pPpuLmeHTTepi

K1

K1=RB2u2-Koc2

0,1818

K2
K2=2-RB22hn2BbIX-H2-Koc2+(1-c0sa022)
0,02026

K3 K3=Re1Koc10,2618

K4 K4=2-Re12hn1sbix-Koc1 3,769
Kbingamablikka

TancbipMaHbl ecenTey
TOpabbIHbIH,

KoadpduLmeHTTEpI

K1 K1=RB2p2-Koc2 0,1818

K2
K2=2-RB22hn2BbIx-p2-Koc2:1-cosa022
0,02026

K3 K3=RB1Koc1 0,2618

K4

K4=2-Re12hn1sbix-Koc1 3,767
K5

K5=RB2KoC2 0,2618
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K6

K6=2-RB22hn2BbIX-p2-Koc2:(1-cosa022) 0,02917
K7

K7=RB3u3-Koc30,1818

8

K4=2-Re32hn3Bbix-Koc3 3,767

b Kocbimwwachk!

BC - 34 -550 opHaFblHbIH, KypbIIbIMAbIK X2HEe TeXHONOrs/bIK NapameTpaepi
MapameTpain atanysl benrici ©nwem 6ipniri
Coprbill 6apabaHsl

123

CopfbllW ko3pduLmeHTi P -1,321,32 1,23
CbImMAaybILITLIR YiiKenic

KoapdULMeHTi

f-0,10,10,05

CbIMAAYbILLITLIH XapTblbypbIlWbl @ rpaj. 4 4 4
CbIMAQYbILLTbIH KanuépneyLui

6eniriHiH y3bIHAbIFLI [kan M 0,002 0,002 0,002
MponopunoHangbl weri onu, kr/m2 4,02:108 4,32:108 4,71-108
Ynri MaTepuanbiHbIH cepriMAinik

mMoayni (FKOHra moayni)

E kr/mM22:1011 21011 2:1011
[JlaibiHaaMaHbIH kMMackl M2 2,83:10-5 - -
JaiibiHaaMaHbIH Aepopmanims

Keaeprici

00 kr/m2 1,25:109 - -

TapTkplll 6apabaH xaHe

CbIMAAYbILL apacbiHAAFbI CbiM

Y3bIHAbIFbI

LTi, LQi,m 0,50,50,5

i -Li 6apabaHaarbl 6ipiHLLi opam



paawycsl

4m0,2750,275 0,275

i -Li bapabaHaaFbl COHFbI OpaM
paawycsl

M 0,272 0,272 0,272

BapabaH peAyKTopbIHbIH 6epinic
CaHbl

Jpedj - 6,654 5,041 4,098

OpHak, anekTpxeTeriHiH napameTpaepi
KninikTi TypReHaipriuTin,
KyLLenTy koadpduumeHT

KT -22

XKninik TypaeHAipriwinin,
TypaKTbl yakbiTbl

T 0,005

CraTop Ti36eriHiH 3KB1BaNeHTTI
Kezeprici

RsOM 0,1

PoTop Ti36eriHiH 3KBMBaneHTTi
yaKbIT TYpaKThIChbl

T3¢0,0727

PoTop Ti36eriHiH 3KBMBaneHTTi
Kezeprici

RE Om 21,46

Cratop Ti36eriHiH yakbIT
TYPaKTbIChI

Tec0,8

KO3FanTKblLlL NMeH MexaHU3MHiH,
MHepLYIsi MOMEHTI

Jag+mex kr/m2 5,03
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