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@KAHAPMAI — KABAHJIBIKTAFBI BY KbICBIMbI» KAHAJIbI BOMBIHILA BY
OHJIIPY KA3ZAH/BIFBIHBIH BEPLIIC ®YHKIUSICHI

'M.A. JDKAMAHBAEB, 'E.K. MYCAFAEB

('«AJIMATBI TeXHOTOTHSIBIK ynuBepcurteti» AK, Anmarel, Kazakcran)
E-mail: dzhamanbaev@mail.ru

Maxkanaoa 6y eHOipy Ka3anObizblHOGZbL 0Y KbICbIMbl MEH KA3AHOBIKKA Oepesiemin JHcanapmaii Moauepiniy
apanapvinoazel AHATUMUKATBIK MAYenouliKk (MamemMamuKkanvlk mooens) aiviHzan. Mamemamukanvlk Mooens
«rcanapmail — KazanoblKmazel 0y KbICbIMbL) KAHAIbL OOUbIHWLA MIIHCPUOETIK IHCOIMEH ANbIHZAH CUNAMMAMAZA
cyitene omuipoin anvikmanzau. Toxcpubenix cunammama 03 kezezinoe M.II. Cumoro scone E.Il. Cmepanu macini
apkeLisl 0HOeneodi. by Kazanovizvinoazel 0yoviy o32epy ounamuxacvt Matlab (Simulink) mooenvoey opmaceinoa
Moodenvoenzen. Maxanaoa kenmipinzen Hamudicenep 0y oHOIpyoezi 0y KblCbIMbIH MYPAKMAHObIPY JCYilecin Kypyoa
Konoanvic mabaowt. /lonipex aumcax, asmomammol pemmeyiuimiyy OPHLIKMbUIbIK AUMAZbIH MYPEbl3yod, COJl
CUAKMbl, MEXHOI0ZUATIBIK Rpoueccmepze KoUbLIAmblH Mananmaposbl KAHAZAMMAHOLIPAMbIHOAl pemmeyiuiminy
Oanmay napamempiepiniyy ONMUMAanNObIK MIHOEPIH ecenmeyoe naioananaosl.

Heri3ri ce3mep: 0ackapbLIaThIH 00bEKT, MATEMATUKAJBIK MOJe]b, T3KpUOeTik oTmei
cunarrama, oepiiic pynkuuscel, 1uddepeHuUANABIK TEHALY, ayAaH TICLII.
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HEPEJATOYHASA ®YHKIUS ITAPOBOI'O KOTJIA 110 KAHAJY «IIOJJAYA
TOIIVIMBA — TABJIEHUE ITAPA HA BBIXOJE KOTJIA»

'M.A. JDKAMAHBAEB, 'E.K.MYCABAEB

('AO «AIMATHHCKHIi TeXHOIOTHY eCKHii yHUBepcuTeT», Aimartbl, Kazaxcran)
E-mail: dzhamanbaev@mail.ru

B cmamyve nonyuena ananumuyeckaa 3a6ucumocmov (MAmemMamuiecKas mooeib) Mexcoy oagnienuem
napa na vixode nApOB0O20 KOMAA U MONIUEd, N00asaemozo 6 komei. Mamemamuueckan mooensv onpeoenena
HA OCHO6e XApPAKMEPUCMUK, HOJIYUEHHBbIX IKCHEPUMEHMAIbHO NO KAHALY «MONIUEO - OAGlleHUe napa 6
komae». Oopadbomka IKcnepumenmanvHvlX 0annvix ocyujecmenena memooom M.II. Cumor u E.II. Cmeghanu.
Junamuka uzmenenus oOaeeHus napa 6 nNApoeoOM Komiae moodenupyemcs 6 cpede mooleauposanus Matlab
(Simulink). Ilonyuennas modenv 0Oyoem uUCROIBL306AHA NPU PA3PAOOMKE ABMOMAMUYUECKOU CUCHEMDbl
pezynuposanus npoyecca napoodpaszoeanus. B uwacmnocmu, npu ycmamnoeienu u ooénacmu ycmoiqueoi
pabomel pecynamopa, npu 6vlGOpe ORMUMAIbHLIX 3HAYEHUN RNAPAMEMPO8 HACMPOUKU pezynamopd,
Y00671€mMEOPAIOWUX 3a0AHHbIE NOKA3AMEIU KAYeCmea MexXHO102U4ecKUX RPoueccos.

KualoueBble cjioBa: 00beKT yNpaBjeHUsl, MaTeMaTH4decKas MoAedb, IKCIEePHUMEHTAIbHAA
nepexoHasi XapaKkTEePUCTHKA, MeTO] MJomiageii, mepegarounas (pyHkuus, tuddepeHunaibHoe
yYpaBHeHHe.

STEAM BOILER TRANSFER FUNCTION THROUGH FUEL SUPPLY - STEAM
PRESSURE AT BOILER OUTLET

'M.A. DJAMANBAYEV, 'E.K. MUSABAEV

(‘«Almaty Technological University» JSC, Almaty, Kazakhstan)
E-mail: dzhamanbaev@mail.ru

The article provides an analytical relationship (mathematical model) between the steam pressure at the
exit of the steam boiler and the fuel supplied to the boiler. The mathematical model was determined on the basis
of the characteristics obtained experimentally through the channel '"fuel - steam pressure in the boiler'. The
experimental data were processed by the method of M.P. Simo and E.P. Stephanie. The dynamics of the change
in steam pressure in a steam boiler is simulated in the Matlab (Simulink) simulation environment. The resulting
model will be used to develop an automatic control system for the vaporization process. In particular, when
establishing the region of stable operation of the regulator, when choosing the optimal values of the tuning
parameters of the regulator that satisfy the given quality indicators of technological processes.

Key words: control object, mathematical model, experimental transient response, area
method, transfer function, differential equation.

Kipicne TEPIHIH MEXaHUKAJIBIK 3aKbIMIaHyaapbl [1], sKo-

Kazipri 3amaHfbl SHepreTuka Heri3iH ipi JIOTHSUIBIK TYPFBIZIA - aTMocdepara KeTeTiH OThIH-
XKBUTY 3JIeKTp craHmmsuiapsl (JK30), eHmipicTik HBIH OJKaHy eHiMIepiHaeri (TyTiH Tra3aapbl)
JKBUIBITY Ka3aHJBIKTapbl, OHIIPiCTEpIl KbLTY- SKOJNOTHSUIBIK, KayINTi 3aTTap KOHIIEHTPAIUSCHIH
MeH kabJpIKTay JXy#enepi, op TypJi Makcat- TeMeHieTy mpodneManapsl [2]. OchlHmai ONKbI-
Tarbl TOHA3BITKBIII KOHIBIPFBLUIAP, KENTIPy KOH- JIBIKTap/ibl MEIITIHILE a3aiTy OapbIChIHAA SACTTE
JBIPFBUTApBL KoHE T.0. Kypaiapl. Comapasiy aBTOMATTaHbBIIPy Maceneci keTepiieni [3].
IINHAE Ka3aHIBIK KOHJIBIPFBICHI JKBUTY CTaH- Onerre Oy KasaHABIFBIHAA OTETIH IIPO-
IUSICBIHBIH HETi3rl OYyBIHAApBIHBIH Oipi OO 1eccTepAl aBTOMATThI PETTey YIIiH OacKapbl-
TaOBUIAJIBI, OHBIH CEHIM/II J)KOHE THUIMII KYMBICHI TaThIH 00beKTiep IiH (Oy Ka3aHbl) MaTeMaTHKA-
TYTacTail J>KbUIY-DHEPTeTHKAIBIK SKYyHenepIiH JMBUIK ~ MOJenbjaepi Oenrimi  OOmybl  Kaxer.
THIMOUIINH  aWKBIHAAHABI Jecene  Oomajbl. [IpakTHKaIbIK TYpPFbIIa OOBEKTUICPAIH MaTe-
Kbty Ka3aHIBIKTaphIH MaiganaHy OapbIChIHIA MaTHKaJIBIK MOJCIbACPIH alyablH OipaeH Oip
oznerTe Oipa3 Macesenep TybIHAAWIbl. MbIcaFa, JKOJIBI — TOXKPHUOCIIK JKOJIMEH allbIHFaH CKIIiH
MEXaHUKaIbIK TYPFbIIA — Ka3aHABIK 3JIeMCEHT- KHCBIFBIH OHJCY. OHICYIiH ofeTTe TYpidi To-
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cinaepi 0ap, JereHiMeH IAJIJIIri KOFaphbl TACLI-
nig 0ipi — ML.II. Cumoro xone E.I1. Credanu
tocimi. Keline Oy Tocinmi «aymaHmap ToCLmi»
nenre aTaiinsl [4,5].

3epmmey mamepuanoapsl men adicmepi

3epTTeneTiH 00beKT peTiHae Oy eHmipy

Ka3aHIbIFbl KAPACTHIPHLIAIBL.

MakajlaHblH HEri3ri MakcaTbl, Oy KbI-
CBIMBI MEH Ka3aHJBIKKa OepesieTiH kaHapMaii
MOJIIICPIHIH  apajapblHIarbl  TIXKPHUOETIK
TOYCNIUIIKTI ©HIEY apKbUIbl, «KaHapMail —
Ka3aHIBIKTaFbl 0y KbICHIMBIY» KaHaJIbl OOWBIH-

ma Oy Ka3aHABIFBIHBIH MaTeMaTUKa-JIbIK MO-
JebiH alKBIHAAY.

3epTTey Tocili — THKPUOETIK EKITH KH-
ceirblH MLIT. Cumoto sxone E.I1. Credanu tacimi
apKBLIBI OHICY

Hoamuoicenep cane 01apovl maikvliay

OObeKkTiHIH MaTeMaTHKaJIbIK MOJEIIH
OOBEKTIHIH KIPICTIK ’KOHE IIBIFBICTHIK IIamMalia-
PBIHBIH apallapblHIaFbl TXKPUOECTIK KOJIMEH
aJlbIHFaH CHUIIaTTaMara CYHEHE OTBIPBIN aHBIK-
tayra Oonajpl. OChIHIAM TOHKPHUOCTIK CHUIIATTA-
MaHbIH Oipi [6] eHOekTe kenrtipinren (1 kecre).

1-kecre. ToxxpuOernik MamiMeTTep/iH opTa MoHAEpi. W, % - PeTTeylli OpraHHbIH alIbUTy TOPEKECi, Pc — KbICBIM
(0OBEKTIHIH IIBIFBICTHIK IIAMachl), © — MIBIFBICTHIK ITaMaHbBIH ©JIIIEMCI3 TYPAETi aybITKYbI

u, % 10 10 10 10 10 10 10 10 10 10 10
Pe, 0ap 0| 029 | 0,68 | 0,96 1,17 1,3 1,4 | 143 1,48 1,5 1,56
t, MUH 0 2 4 6 8 10 12 14 16 18 20
p 0 | 0,18 | 0,436 | 0,616 | 0,75 | 0,834 | 0,9 | 0,917 | 0,95 | 0,96 1,0
o = —+fe
p.(o)
Kecrenik ManimeTTepre cyleHirn, eKiiH KUCHIFBIH TYprbI3ambI3 (1 cyper)
1.8 12 _
0] o
g Peoap ias 15 56 1 0o 0917 095 036
0.8
0,6
0.4
0.2
. MUH 0 I. MUH
20 25 20 25
a 0
1 cyper. a -To)KpUOENiK eKITiH KUCBIFBI, O - CATBICTBIPMAIIBI OIpIIIKTET] €KITiH KHCHIFBI
[MomuuaoMaap ko3(hPUIIMEHTTEPIHIH OH MOHJe- i-l
piH KaHaraTTaHABIpaTBHIHIAH Oepimic QyHK- a,=F,+b, + Z b,F,_;
LUSCHIHBIH MAKeTI Keeci Typ/e ajaMbl3 J=1 2)

bs+1

a,s’ +a;s+1

W,(s)= M

Bepinic  (pyHKIMSICHIHBIH — aJbIMbIHIAFBI
JKoHe OeMIHIEr NOIMHOMAAPABIH Ko3(hdu-
LUEHTTEP1 *KaJIIbl XKaraaiaa Kejaeci TeHaeyep

JKYHeciHeH TaObLIaabl [7]

Biznin xarmaiina Oy TeHaeysep skykeci

MBIHaraH TC€H

a,=F +b,
a,=F, +bF,
0=F,+bF,

3)
AN UMHTErpajablK aymaHigap F; Keneci

(dhomynanaH aHbIKTaMA b [7]

® _ON- (_py: i3 F . (=0)
F=F[(-0) o) 9 +y 1‘-’;1(_1 .) do
) (-D - S R
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biznin karmadima Oenrici3 ko3¢ ¢uIim-
SHTTEp CaHbl YIIKE TEeH, coi cebenTi ecernre-

JICTIH WMHTErpajplK ayAaHIap CaHbl Ja YIIKe

HUHTErpaiiabl ajiny MYMKIH €MEC, COHABIKTAH HH-
TEerpajabl JXYBIKTAIl KOCBIHJABIMCH aJIMAaCThbI-

pazbl 1a, Keneci Type jKa3a bl

TeH OONybI KaKer. [IpakTuxaneik TYprbiaa (4)

F = At{i [1-c(ian]-0.5]1 —0(0)]}

i=0

F, = FleO{i [1-o@ian]i-03iAr)]-0.5]1- 0(0)]}

i=0

F, = Ff’AH{Zn: 1 —G(iAt)][l —20(iAt) +%92(iAt)} -0.51 —5(0)]}

i=0

S))
MyH1a At — yaKbIT HHTepBabI (At=2 mun), 0(iAt) — canbiCThIpMabl YaKbIT
iAt
Ay = AL
9(l l) E (6)
Ecenmey resenoepi:
2-kecreze Fi aynanbin ecenTeyre apHaifaH MAJIIMETTEP KEATIPUIreH.
2-kecte. F| aynanbia ecenteyre apHairan MaJliMETTED
t 0 2 4 6 8 10 12 14 16 18 20 >
p 0] 0,29 0,68 0,96 | 1,17 1,3 1,4] 1,43 | 1,48 | 1,5 | 1,56
o (iAt) 0 |0,186 | 0,436 | 0,616 | 0,75 | 0,834 | 0,9 | 0,917 | 0,95 | 0,96 | 1,0
l-o(iAr) |1 3,451
0,814 | 0,564 | 0,384 | 0,25 | 0,166 | 0,1 | 0,083 | 0,05 ] 0,04 | O
2 Kecremeri MamiMerti  maiganaHa eCernTer TabaMBbI3: F, =59; Kanran

OTBIPBII, (5) dopMynanaH F; ayJaHHBIH MOHIH ayJaHJap/bl ecenrey YIIiH 3 KecTeHi KyaMbI3

3 kecre. F, ’xaHe F; aylaHIapblH €CenTey YIIiH KaKeTi MaJIIMeTTep

I-o(A) | 1| o814 | 0564 | 0384 | 025 | 0,166 | 0,1 | 008 | 005 | 004 | 0
O(iAr) 034 | 0677 | 1,017 | 1356 | 1,695 | 2,034 | 2,373 | 2,712 | 3.051 | 3.39

0
O°(iAt) | 0| 0,116 | 0,458 | 1,034 | 1,839 | 2,873 | 4,137 | 5,631 | 7,355 | 9,300 | 11,5
1-03iAt) | 1] 0,66 | 0,323 | -0,02 | -0,36 | -0,69 | -1,03 | -1,37 | -1,71 | -2,05 | -2,39

Ecenrtey HaTmxenepi ToMeHIe
F,= 7,35; Fs;= -3,48;
Aynangapapiy  MaHaepin  (3)

Bepinic ko3ddunmenti ky [6] eHOekTe

KENTIpiNreH: €CeNTeNreH, ecenTey HOTKeci OolbIHIIA kj=

TEHJIEY 1,6 TeH. bepinic k03 UIMEHTIH ecenke aja
KyieciHe KOWBIN, MOMMHOMAAP KO03((UIMEHT- OTBIPBIN, Oy KasaHIBIFBIHBIH (OKaHApPMai-Oy

TepiH aHBIKTalMBI3. EcenTey HoTHKeNepi: KBICBIMBI» KaHaIIbl OOMbIHIIA Oepimic QyHKIUS-

b=0,473; a;=6,37; a,=10,12; CBIH ObLITaMIIa JKa3aMbI3
bs+1 0,765 +1,6
W,\p)=k : = - ’
0(p) “a,s? +as+1 10,125 +6,37s+1 7

Byn xarnaiina Oy Ka3aHIBIFBI TYPaKThl KO3(PQHUIMEHTTI eKiHII PETTi CHI3BIKTHI auddepeHman
TEHJCYMEH OpHEKTEeIe/I
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2
10,12%+6,37%+ p.(1)= 0,76%“,6”@) (8)

3 cyperre Matlab(Simulink) Moaenbaey OpTachIHBIH CTaHAAPTTHI OJOTBIH Transfer Function

KOJIJIaHy apKbUIBI OTIICNI CHITaTTaMa TYPFBI3bUTFaH [8].

uScope
File Tools View Simulation Help

@-| 48

2-la-|E-|F&-

Sample based T=25.000

3 cyper. «2Kanapmaii-0y KpICBIM» KaHaJIbl OOMBIHINA TYPFBI3bUIFAH SKITIH KHCHIFBI

3 cyperTeH OalKaWTHIHBIMBI3, aJIbIHFaH
MaTEeMaTHKAJIBIK MOJEIb THKPHUOCTIK KOJIMEH

aJIbIHFaH CHUIIaTTaMaHbl aICKBATTHI CUMIATTANTHL
Kopvimuinoot

1. By Ka3aHIBIFBIHBIH «OKaHapMaii-0y Kbi-
CBIMBI» KaHaJIbl OOMBIHIIA aJbIHFAaH TXKPHU-
Oemik JepeKkTeplli maijganaHa OThIphIN, Oy Ka-
3aHJIBIFBIHBIH MATEMATHUKAJIBIK MOJIENIbl ailKbIH-
nanael. By KasaHIBIFBI €KIHIINI PETTI ChI3BIKTHI
mrddepeHman TeHIeyiMeH cunaTTanapl.

2. By Ka3aHIBIFbIHBIH OTIEI CUIIATTaMAaChl
Matlab(Simulink) Moznenbaey OpTACHIHBIH CTaH-
JapTThl ONOreiH Transfer Function KonuaHy apKpl-
JIBl TYPFBI3BULIBL. MOJEIbCY HOTWKECI MaTema-
TUKAJIBIK MOJICJIB]IIH Oy Ka3aHIbEbIH/A OTETIH IpO-
LIECCTI aJICKBATTHI CHITATTANTHIHBIH KOPCETTI.

3. Makanaapl KeNTipiireH HOTHXKEIep
Oonamakra Oy eHAIPY MPOIECCTEPiH aBTOMAT-
TaHIBIPY/Ja KOJIAaHbIC Ta0a Ibl
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INVESTIGATION OF THE DEPENDENCE OF THE INTERNAL DISRUPTIVE
PRESSURE IN A FIRE HOSE ON GEOMETRIC DENSITIES ON THE WARP AND THE
WEFT OF ITS WOVEN REINFORCING FRAME

'R T.KALDYBAYEV, 'A.E.ARIPBAYEVA, 'R.SH. MIRZAMURATOVA, *S.G.STEPANOV,
’A.B.BEKZAT

(M. Auezov South Kazakhstan State University, Shymkent, Kazakhstan,
Ivanovo State Polytechnic University, Ivanovo, Russia,
3Kazakh University of Technology and Business, Nur-Sultan, Kazakhstan)
E-mail: rashid_cotton@mail.ru, 1982@mail.ru,step-sg@mail.ru ,
a-aristocratka@mail.ru

In this article, based on the obtained formula for calculating the strength of a pressure fire hose(PFN)
under the action of internal hydraulic pressure, the dependence of the disruptive pressure in alatex pressure fire
hose, designed for an operating pressure of 1.6 H, on such parameters as geometric densities on the warp and
the weft, is studied. As a result of the studies, the pattern of decreasing the disruptive pressure of a fire hose with
an increase in the geometric densities on the warp and the weft of a reinforcing frame of a pressure fire hose
was experimentally established. When designing new fire hoses, it is important to take into account the
significant dependence of the disruptive pressure on the geometric densities on the warp and the weft of a
reinforcing frame. Recommendations are given on choosing the optimal parameters for a woven reinforcing
frame of latex pressure fire hoses with a diameter of 77 mm.

Key words: pressure fire hose, woven reinforcing frame, disruptive internal hydraulic
pressure, geometrical densities on the warp and the weft.

OPT 'KEHIHJIETT IIIKI Y3LTY KbICBIMBIHBIH TEOMETPUSLIBIK
TBIFBI3JABIKTAPJIAH HEI'T3 BOMBIHIIA TOYEJILIITTH 3EPTTEY KOHE OHbBIH
MATA APMATYPAJIAYIIBI KAHKACBIHBIH APKAY JKIBI
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