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IMocranoBka mpo6Jjemu. Maibke Bci peanbHi 00’ €KTH KEepyBaHHS B XiMiUHIN, XapdoBii, MeTamypriiHii,
HadTOTIepepOOHiil Ta IHIINX TaTy3s X MPOMHCIOBOCTI € 00’ EKTaMH 3 PO3MOIUICHUMH MapameTpaMu. JIuiie y neskux
YACTHHHHX BHUTIAJKaX IIi 00’ €KTH MOXHA 3 IPUHUHIATHOIO MOXHOKOIO 3BECTH IO BiJMOBITHUX 30CEPEHKEHUX 00 EKTIB
[1]. 3 yckmamHeHHAM 00’ €KTIiB i MiJBUILICHHSIM BUMOT A0 TOYHOCTI Ta aJCKBATHOCTI IXHBOIO MOJEIIOBAaHHS TaKe
CIPOIIEHHS CTa€ HEMOXIIUBUM, IOTPEOYIOYH CTBOPEHHS SKICHMX MaTeMaTHYHUX MOJEJICH JJIsl THIIOBUX 00’ €KTIB i3
PO3MOIiIICHUMHU TApaMETPAMH.

AHaJi3 momepemaHix AOCTiMKeHb. AHANITHYHI METONU PO3PaXyHKY MOZENCH 00’ €KTIB i3 PO3MOALICHUMH
napaMeTpamu € TOYHUMH Ta npubnu3Humu [2]. TouHuit po3B’sI30K ICHYE Il HAWIPOCTIIIUX CUCTEM, SIKi OMUCYIOTh
OJIHUM PIiBHSHHAM Y YaCTHHHUX MOXIIHHX MEPIIOTO UM APYroro mopsaky [3, 4]. Po3B’s3ku OTpUMYIOTE METOIaMH
JUKepes, PO3IICIUIIOBaHHS 3MIiHHHX, rmepeTBopeHHsMU Dyp’e, Jlammaca. [Hm Meroam 3BOIATH PO3B'SI3KU 0
CHCTEMH IHTErpaJbHUX piBHAHL TUIy BombTepa, ®pearonbma, BHKOpUCTaHHS (yHKIiH Pimana [5, 6]. Aune
TIONIMPHUTH IIi METOJAM Ha BUPINICHHS 3a/1ad, MOB'3aHUX 13 CUCTEMAaMH aBTOMATHYHOTO KEepyBaHHS, HE 3aBXKIU
BIAETHCSI.

3 ornsAy Ha 1€, HIKYe PO3TIISIaTUMEMO JIUIIE TETUIOBI 00’ €KTH 3 PO3MOIIICHIMH TTapaMeTPaMHt SIK HaWO1IbII
MOIIMPEHI B MPOMMCIOBOCTI, MaTeMaTH4Hy MOJENIb SKHX OyleMO LIyKaTH y BUIJIAAL nepenaTHoi (QYHKII, sk
HaWOUIbI TPUAATHOI JUIS JOCHIIKEHb 3 TOYKM 30pYy aHali3y W CHHTE3y CHCTEM KepyBaHHS 3a JONOMOTOI0
icHyrounx nporpamuux 3aco6is (MathCad, MatLab).

[pu upomy, 1100 3BY3UTH KJIAC JOCTIHKYBAaHMX 00 €KTIB, a TAKOK BPaXOBYIOYH, IO OaraTo 00’ €KTiB XiIMIYHOT,
xapuoBoi, HadTonepepoOHOi, MeTa000pOOHOT Ta IHIIMX Taly3eld MPOMHCIOBOCTI 3 TOYKH 30py MaTreMaTHYHOTO
MOJICTIOBaHHSI SIK 00’ €KTIB 13 PO3MOJIICHUMH TapaMeTpaMH MOKHA PO3TIISIATH SIK LIMITIHAPUYHI TETTIOaKyMYJIFOr0U1
CTiHKH, METOI0 CTATTi BU3HAYEHO PO3POOJICHHS MAaTEMaTHIHOI MOJIEeIIi OCTAaHHBOI Y BUTIIAI TIepeAaTHOl (yHKITIT.

Buxnan ocHoBHOoro marepiany. OgHoBuMipHe nudepeHIliiiHe piBHIHHS TEIJIONPOBIMHOCTI B IWIIHIPWYHIN
crcTeMi KoopArHAT Mae Burisia [1—4, 7]
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3 ypaxyBauusaMm Bupasy (3) po3s’ 130k qudepeHmiansHoro pisasaHs (1) OyaeMo HIyKaThH y BHIIISI

;1=C1|0(r\/g)+CZKO(r\/;E]. @

Jlnst Bu3HaveHHs cranux iHTerpyBanHs C; i C, moTpiOHO, 3a3BHYail, 3a1aTH MEXOBI yMOBH. JlIOMOBUMOCS TTO-
3HAYaTH MEKOBi yMOBH Ha BHYTpilHiif moBepxHi muninapa Ny, (3HagernHs 1, 2, 35K0ro BilNOBiNaTHMYTh MEXOBUM
yMOBaM IIEpIIOro, APYroro Ta TPEThOro pojy), Ha 30BHilIHIK moBepxHi — Ng, (i3 BixnoBigHuM 3mictom). Iuninap
BBKAEMO B 3arajlbHOMY BUMAJIKY MOPOKHUCTUM i3 BHYTPINITHIM pasiiycoM lg i 30BHIIIHIM — 1.

Pesynbrat po3B’ si3aHHS MOCTABICHOT 33124l MTOBHICTIO 3aJIC)KUTh BiJl KOMOIHAI[IT MEKOBHUX YMOB Ha 30BHIIIHIHN 1
BHYTpILIHIiT NOBepXHAX ItiHApa. eski BapianTu npoananizosano B mpati [9]. Po3risaemo iHmi.

Bapianm 1. Ngy = 3,Ng, = 1.V 1poMy BUIaIKy MEXOBi yMOBH UL piBHAHHA (4):
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TEIIOBIIa4i BiJl BHYTPINTHHOTO CEPEAOBHUIIA /IO MOBEPXHI IMITIHIPA
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JIst po3paxyHKy YaCTOTHUX XapaKTEPUCTHK Ha 0asi mepeaaTHUX (pyHKINHA CIIix B3STH 10 yBaru:
Io(xf) =berx +]j bek ,

\/_I ( \/_) berx+j beix ,

Ko(x\/_) =kerx+ j keix,

le(xf):—(kerx+J keix).

Oyuxuii ber) i beik) (Bessel real, Bessel imagine), k@r{ kei(x) (Kelvin real, Kelvin imaginehasusarors
¢yukuismu Tomcona (Kenssina). Li gpynkuii TaGynsosano [8, 10]. Koan x < 1,1X MOKHa OOYUCIIUTH TaK:
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Jnst peamizanii HpOro aliroput™my Cilif MaTé mignporpamu mis obumcienHs ¢ynkuid ber), beik), ker),
kei(x), a B 3aranmbHOMY Bunagky —i ber'§), bei'), ker'), kei'(x).

3a HEOOXIMHOCTI i MiANPOrpaMu KOPHUCTYBad MOXKE HAIMCATH CaAMOCTIHHOM. MOXHa TaKOK CKOPHCTATHCS
TaONMMUAMH BiAmoBiguux (yHKIiH, chopMyBaBmKM Ha iX 0a3i iHTepHONALiMHI CTPyKTypu (mOdiHOMHM, KyOGiuHi
CIuIaiiHu un B-cruiaiinm). Ajle HaWOUIBII HOIIIBHUM BUIJISAIA€ YHCEIbHE iHTErpyBaHHs qudepeHIialbHIUX PiBHIAHD
(1) i3 BigMOBiTHMMH MEXOBHMH yMOBaMH 3a OJMHMYHOIO CTYIIHYACTOrO BXiJHOTO CHTHAJy Ta HYJIBOBHX
MOYAaTKOBUX yMOBax. TakuM 4MHOM MOKHa Oyjo O copMyBaTH MacHB OpPJMHAT TEPEXiTHOT XapaKTEPUCTHKH.
[InsxoM gucenbHOTO AUQEPEHITiIOBaHHS 16l MacHB MOKHa Oysio O mepepaxyBaTH B MacHB OpAWHAT iMITYyJbCHOT
XapaKTEPUCTHUKH, @ OCTaHHIH — y JIHCHO- Ta YSBHO-4aCTOTHI XapaKTEpUCTUKHU. Takuil aJirOpUTM pO3IIISHYTO Y
nparti [10].

BucnoBkn. OpnepxaHo mnepenaTHi (YHKIII H YacTOTHI XapaKTEepHCTHKH OO0 €KTIB 13 PO3MOAIIEHMMH
rapameTpamH, sSKi 3 TOYKH 30py MareMaTHYHOI'O MOJICJIIOBAHHS PO3MIISAAIOTH SIK IIMIIHAPUYHI TETIOaKyMYJIIO0Ul
crinku. [lepenati GyHkuii € TpancuenaenTHuMu. IXHe Ge3mocepeIHe BUKOPUCTAHHS [T BUPILICHHS 3a/1a4 aHaTi3y
W CHHTE3y CHUCTEM KepyBaHHS He € TpuBialbHUM. Ll oOcTaBuHAa 00YMOBIIOE HAIIPSIMHU MOAATBINHX AOCTiIUKEHbD.
Ilepmmii OB’ sI3aHUE i3  PO3POOJICHHAM METOJIB  OE3MOCePEeTHHOT0 BUKOPUCTAHHS TepeJaTHUX (QYHKINH
HETPHUBIANBHOI CTPYKTYPU AJsl aHaji3y Ta CHHTE3y CHUCTeM KepyBaHHs. [Ipyruii — nependavae BHKOPHUCTaHHS
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BIIOMMX METOJIB aHalli3y ¥ CHHTE3y CHCTEM KEpyBaHHS, aje TOJi mepeiaTHi QyHKII Cix momaBaTd y BUTIIII
JIpOOOBO-paIiOHATEHUX, 110 00YMOBITIOE TOTPEOY y po3poOJICHHI BiAMOBIMIHUX METOIIB alipOKCUMAIlii Ta aHami3y iX
e(hEeKTUBHOCTI.
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Kubrak A. |., Zhuchenko O. A.

TRANSFER FUNCTIONS AND FREQUENCY RESPONSES
OF CYLINDRICAL HEAT STORAGE WALL: NEW VERSIONS

Almost all real objects control in chemical, foadetallurgical, oil and other industries, in fact the entire field of
human activity are objects with distributed paraenst

From mathematical modeling point of view a lot tdrps in different industries can be consideredcgkndrical
heat storage walls with distributed parameters.eBi&ld research path based on the following conatdsrs:
consider only heat objects with distributed paragnetas the most common in the industry; Mathemlatizadel
objects with distributed parameters obtained in tbem of the transfer function as the most suitdiolefurther
research in terms of analysis and synthesis ofrobsystems using existing software. The aim af $hidy was to
receive transfer functions and frequency respoasasathematical models of above mentioned plantsolve this
problem the main equation of heat conductivity ywasin basis. In addition three kinds of boundaonditions on
external and internal wall surfaces were taken iatcount. Different combinations of boundary coiodi on
external and internal wall surfaces result in diffet kinds of transfer functions and frequency ceses. These
functions are transcendental and perhaps must tpldied for practical using. It was proposed fewntrivial
ways in order to calculate frequency responsesytidrical heat storage wallsTo implement this calculation it is
necessary to have available a subroutine for computertain functions. If necessary, these routioas create
their own with the above formulas. You can alsothsetables of the functions, forming the basithefr structure
interpolation (polynomial, cubic splines or B-sms). But most appropriate looks above numericagration of
differential equations with appropriate boundarynditions on single stepped input signal with zendtial
conditions.

Obtained results can be used for researching oftslawhich can be considered as cylindrical heatagie walls
with distributed parameters, and for control systgmthesis.

Keywords: transfer function, frequency response, cylindricaht storage wall, boundary conditions.
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