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HEPEJATHI @YHK}IIT TA HACTOTHI XAPAKTEPUCTHKH
HMJITHAPUYHOI TEINIOAKYMYJIIOIOYOI CTIHKU:
HOBI BAPIAHTHU

Hageoeno nepecamui ¢hynxyii 6 wyacmomui Xapaxmepucmuxy yumsiHOpUYHoi MenaoaKyMynodol cminku K
06’ekma 3 po3nOOLIEHUMY NAPAMEMPAMY 3ANENCHO 8IO MENCOBUX VMO8 HA 308HIULHIN | 6HYMPIUWHIT NOGEPXHSIX.
Ompumani pe3yiemamu MOXCymv 6Ymu gUKOPUCIAaHi O CUHME3)Y CUCHEM KepyEaHHs.

Kniouosei cnoga: nepedamna QyHkyis, 4acmomua Xapaxmepucmuxda, yuriHOpuuHa menoaKymynionya cminka,
MedHo8i yMogU.

© Kyopak A. 1, XKyuenko O. A., 2014

MocranoBka npodaemu. Maitke BCi peanbHi 00 €KTH KEPYBAHHS B XiMIUHIN, Xap4yoBil, MeTamypriituiii, Had-
TONEPEPOOHIH Ta IHIIUX Tay3sAX IMPOMUCIOBOCTI € 00’ €KTaMH 3 PO3MOMAITICHHMH MapaMerpamu. JIume y Aeskux
YACTHHHUX BUMAAKAX Il 00 €KTH MOYKHA 3 MPUHHITHOIO MOXHOKO0 3BECTH J0 BiIOBITHUX 30CEPEIKCHUX 00’ €KTIB
[1]. 3 yckmagHCHHAM 00 €KTIB 1 MABHIICHHAM BHMOT IO TOYHOCTI Ta AJCKBATHOCTI iXHBOTO MOJCTIOBAHHS TaKe
CIPOIICHHS CTA€ HEMOKIIHBHAM, TIOTPCOYIOUH CTBOPCHHA AKICHHX MATCMATHYHUX MOJIC/ICH I THITOBHX 00 €KTIB i3
PO3IOILUICHIMH TTAPAMETPAMH.

AHani3 monepeaHix 0C/TiKeHb. AHATHYHI METOAH PO3PAXYHKY MOJCICH 00 €KTIB 13 POZNOAIICHUMH I1a-
paMeTpaMu € TOYHHMH Ta mpuOm3HEMEA [2]. TouHuit po3B 430K iCHYE I HAUMPOCTIMIHX CHCTEM, SIKi OMHCYIOTH
OJHHMM PIBHAHHAM Y YACTHHHHX IIOXITHUX TEPHIOTO YH APYToro mopsaky [3, 4]. Po3B’s3ku OTpUMYIOTh METOAAMHU
JOKCPEIT, POSIICILIFOBAHHA 3MiHHNX, iepeTBopeHEAMH Dyp’e, Jlamnaca. [Hmi MeToan 3BOIATE PO3B A3KH A0 CHCTC-
MH IHTETPANbHUX PIBHAHB TUIY Boasrepa, ®pearonapma, BukopucTanss Gpyukuii Pimana [5, 6]. Ane mommupury i
METOIW HA BUPIMICHHS 3334, OB SI3aHUX 13 CHCTEMAMH aBTOMATHIHOTO KEPYBAHHS, HE 3aB)KIH BAAETHCS.

3 oIy Ha me, HIDKYE PO3TIIIAATHMEMO JIMIIE TEIJIOBl 00’ €KTH 3 PO3MOJLICHHMHE NAPAMETPAMH SIK HAHO1 b1
TIOMIMPEHI B IPOMUCIIOBOCTI, MATEMATHYHY MOJENTb SKHX OyIEMO HIYKATH y BHIILIAL nepetaTHoi QyHKII, sIK HaH-
OiIbIn MPUAATHOI I AOCTIKEHD 3 TOUKH 30pY aHAMI3Y M CHHTE3y CHCTEM KEPYBaHHS 3a JOTOMOTOIO iCHYIOUHMX
mporpamuux 3aco0iB (MathCad, MatLab).

[Tpu upomy, OO 3BY3HUTH KJIAC AOCHIIKYBAHHX 00 €KTIB, a TAKOK BPAXOBYIOUH, IO 0arato 00’ €KTiB XiMiTHOI,
Xap4oBoi, HaromepepoOHOi, METATOOOPOOHOI Ta IHIMHUX Taay3cH MPOMHCIOBOCTI 3 TOUKH 30PY MATCMATHYHOTO
MOJICTIFOBAHHSI SIK 00 €KTIB 13 PO3MOAIICHHMH MapaMeTPaMy MOXKHA PO3TILIIATH K OUIIHAPHUYHI TEIIOAKY MY JIFOIO-
4i CTIHKH, METOI0 CTATTi BU3HAYCHO PO3POOICHHI MATCMATHYIHOT MOICTI OCTAHHBOI Y BHTIIIAL MEPeaaTHOL (DY HKITI.
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Buxaanx ocnoBHoro marepiaiay. OnHoBuMipHE AuepeHIiHHE PiBHIHHS TEIUIONPOBIIHOCTI B IMTIHAPHIHIHA
CHCTCMI KOOPIUHAT Ma€ BUTAx [1—4, 7]
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3 ypaxyBaHHAM BHPaA3y (3) po3B’A30K AR(CPCHINANEHOTO piBHAHHA (1) OyACMO IMYKATH V BHTIAIL
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Jns BusHaueHHs cranmx iHTterpyBanuia C; i C; MOTPIOHO, 3a3BHYAN, 330aTH MEKOBI YMOBH. JIoMOBHMOCS TIO-
3HAYATH MCKOBi YMOBH Ha BHYTPIINHIM MOBEPXHI WHTIHAPA N, (3HAYCHHS 1, 2, 3 AKOTO BiANOBIIATHMYTh MCKOBHM
YMOBaM IIEPIIOTO, APYTOrO TA TPETHOTO POAY), HA 30BHIMIHIH MOBEPXHI — N, (i3 BixHOBiTHMM 3MicTOM). Lmminap
BB)KAEMO B 3aTajJbHOMY BHNAAKY MOPOXKHUCTUM 13 BHYTPILIHIM PAIiyCOM 7 1 30BHIIIHIM — 7.

PesyapraT po3B’13aHHA MOCTABICHOI 3a0a4i MOBHICTIO 3AJICKHUTH BiJ KOMOIHAIIT MEKOBHX YMOB HA 30BHILTHIH
1 BHYTPIIIHIH MOBEPXHAX IIUTiHAPA. JleqKi BapiaHTH MpoaHami30BaHO B mpani [9]. Posrmsaemo iHmm.
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b () =7 1y ) 5 o rpsin 2

kei' (x) = — lxe & TO(—x)cos(%—%j—&)(—x)sin(%—%ﬂ,
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Jna peamizanii bOTO aNTOPHTMY CJiJ MATH MiamporpaMu Il oOuncieHHS (QyHKOiH ber(x), bei(x), ker(x),
kei(x), a B 3aranpHOMY BHOAZKY — i ber'(x), bei'(x), ker'(x), kei'(x).

3a HEOOXiTHOCTI Wi MAMPOTpaMH KOPHCTYBAY MOYKEC HAMHCATH CAMOCTIHHOW. MOJKHA TAaKOX CKOPHCTATHCS
TaOIMIIME BIAMOBITHUX (PyHKOiH, chopMmysaBmm Ha iX 0a3l iHTEpHOIANIHHI CTPYKTYpH (IOJIHOME, KyOiuHi
crutaitau ym B-crmaitam). Ane HalOInbIn JOMITHHAM BHTJIIAE YHUCEIbHE IHTETPYBAHHS AH()EPEHIATBHUX PIBHIHB
(1) i3 BiZMOBIAHAMH MCKOBHMH YMOBAMH 34 OJHHHIHOTO CTYIMIHYACTOTO BXiTHOTO CHTHANY Ta HYJIHOBHX IOYATKO-
BHX yMOBax. Takum umHOM MO>kHA Oyi0 O copMyBaTm MacwB OPIMHAT IEPEXigHOI Xapakrepuctuku. lIlmaxom
YHCEIbHOTO AU()EPCHIIIOBAHHS IICH MAcHB MOKHA OyJ10 O mepepaxyBaTH B MACHB OPIMHAT IMITyJIbCHOI XapaKTepH-
CTHKH, & OCTAHHIN — y IHCHO- Ta YABHO-YACTOTHI XaPAKTCPUCTHKH. TaKui anITOPHTM PO3TIIAHYTO v mpart [10].

BucnoBkn. OnepxaHo mepenaTHi QYHKINI W 4aCTOTHI XapaKTEPUCTHKH 00 €KTIB 13 PO3MOIIICHIMH TTApaMeT-
paMu, SKi 3 TOYKH 30pyY MAaTEMAaTHIHOTO MOJCTIOBAHHS PO3TILIIAIOTH AK IMIIHAPHYHI TEIUIOAKY MYJIFOIOUL CTIHKH.
TepenarHi (yHKILIT € TPAHCUCHACHTHIMHE. [XHE 6e3M0CEPEAHE BUKOPUCTARHSA IUT1 BUPIIICHHS 3a71a4 aHAMi3y H CHH-
TE3y CHCTCM KCPYBAaHHS HE € TpHBiambHHM. L[ 0OCTaBmHA OOYMOBIIIOE HANPAMH MOAATBLIIAX JOCTiTKEeHb. [lep-
vl OB SI3aHUH 13 PO3POOICHHIM METOIB OE3MOCEPEIHHOTO BHKOPUCTAHH IIEPEAATHUX (DYHKIIH HETPUBIATbHOL
CTPYKTYPH JJII aHAMI3y Ta CHHTE3Y CHCTEM KepyBaHHI. [lpyrmii — mepeadadae BUKOPHCTAHHS BITOMHX METOIB
aHawi3y W CHHTE3y CHCTEM KEPYBAHHS, aJe TOAI mepeaaTHi (ZDYHKINI CIIia II0JaBaTH y BUTILIAL APOOOBO-pALiOHATb-
HHUX, 0 00YMOBIIOE IOTPEOY ¥ PO3POOICHHI BIAMOBITHIX MECTOMIB AaNPOKCHMALI] Ta aHAMIRY 1X ¢()CKTHBHOCTI.
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Kubrak A. I, Zhuchenko O. A.

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

Almost all real objects control in chemical, food, metallurgical, oil and other industries, in fact in the entire field of
human activity are objects with distributed parameters.

From mathematical modeling point of view a lot of plants in different industries can be considered as cylindrical
heat storage walls with distributed parameters. Selected research path based on the following considerations: con-
sider only heat objects with distributed parameters as the most common in the industry;, Mathematical model ob-
Jects with distributed parameters obtained in the form of the transfer function as the most suitable for further re-
search in terms of analysis and synthesis of control systems using existing software. The aim of this study was to
receive transfer functions and frequency responses as mathematical models of above mentioned plants. To solve this
problem the main equation of heat conductivity was put in basis. In addition three kinds of boundary conditions on
external and internal wall surfaces were taken into account. Different combinations of boundary conditions on ex-
ternal and internal wall surfaces result in different kinds of transfer functions and frequency responses. These func-
tions are transcendental and perhaps must be simplified for practical using. It was proposed few nontrivial ways in
order fo calculate frequency responses of cylindrical heat storage walls. To implement this calculation it is neces-
sary to have available a subroutine for computing certain functions. If necessary, these routines can create their
own with the above formulas. You can also use the tables of the functions, forming the basis of their structure inter-
polation (polynomial, cubic splines or B-splines). But most appropriate looks above numerical integration of differ-
ential equations with appropriate boundary conditions on single stepped input signal with zero initial conditions.
Obtained results can be used for researching of plants, which can be considered as cylindrical heat storage walls
with distributed parameters, and for control system synthesis.

Keywords: transfer function, frequency response, cylindrical heat storage wall, boundary conditions.
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OHNTUMAJIBHE KEPYBAHHS PEKUIMOM 1Y CKY ABTOKJIABA
Y BUPOBHUIITBI ABOTHOI KHCJIOTH

3anponoHosaHo aneopumMm ONMUMANLHOSO KEPYSAHHA PENCUMOM NYCKY A8MOKIA8Y 3 GUKOPUCHIAHHAM HeNIHIlHOT
MameMamuyHol Mooeni, Memooy umpaqhia i epadieHmHoi npoyeoypu.
Krouogi cnoea: gupobruymeo asomuol KUCIOmuy, agmoxias, ONMuMaibHe KepygaHH:L.

© Jlanmiesa JI. P, [llmpma A. B., 2014.

MocranoBka mpodaemn. Y BEPOOHHITBI KOHICHTPOBAHOI a30THOI KHCIOTH 3 OKCHIIB a30Ty BHPI3HSIOTH TPH
cragii. CiovyaTky HITPO3HI Ta3H MPOXOIITH MEPIIMIL €TAIl OKUCHECHHS Ta BiAOiLmoBaHHI. OTpUMaHy c1ab0 KOHICHT-
POBAHY KHCIIOTY CHOPAMOBYIOTh y 3MmimyBad. Ha 1mpomy erami MakcmMmamsHA KoHOCHTpauwis HNO; craHOBHTH
40...55 %. Ha apyromy erami a30THY KHCJIOTY CIPSAMOBYIOTH B aBTOKJIAB I JOCATHCHHS KOHICHTpAMii 98...99 %.
3aKIFOYHUH, TPETiH eTan — OUMIICHHS KUCIOTH Bi PO3YHHCHUX B HiHl OKCHIIB a30Ty.

Ha apyromMy erami KOHICHTPYBAaHHA BiAOYBAaeThCH ABOCTAAiliHA peakuis. Ha mepmmiit cramii oxcun azotry NO; i
kucnora HNOj;, SKi HAZX0 Th B aBTOKIIAB Y 3aJaHOMY CIiBBITHOIICHHI, YTBOPIOIOTH HITPOJIEYM:

NO, + HNO; = HNO; + NO,.

Ha apyriit cranii kxpi3b HITPOISYM INJ THCKOM ITPOIYCKAFOTh YHCTHI KHCEHb. HiTpoleym pearye 3 KHWCHEM,

VTBOPIOIOYH KOHIICHTPOBAHY a30THY KHCJIOTY 3 POZYHHCHUMH OKCHIAMH a30Ty:
N204 + 0,502 + H2O = 2HNO3

Mera cTarTi — po3poOUTH ONTHMAIBHY CHCTEMY KEPYBAHHS PEKUMOM ITCKY aBTOKJIABA.

Marematuaaa Moaesas, IBrakocti omucanux cragid [1]: dei/de = fkl(T)cf i deydt = kl(T)ci — ko(TD)cy, B
SKUX KOHCTAHTH k1 1 k, 3amexkarp Big temmeparypu [ 3a piBHsHHSIM Appeniyca: k(1) = Aiexp(-EvRiT),
k(1) = Ayexp(—E/R>T); Ry, R, — Ta30Bi cTami; £, F> — CHEprii akTHBAIIII.

LinboBa (hyHKIs mocTaBneHol 3aqay4i / = 1/2t§ — min 3a 00MeXeHb c(f) = ¢,”(ty) i Ty <T <7, ne t; — kinme-
BHH MOMCHT 4acy; 77, 7, — MiHIMATbHE H MAKCHMAJIBHC 3HAUCHHS TCMIICPATYPH, 32 AKO1 BiAOYBAEThCA PCAKIIIA.

3amgaua Mae CeHe, SKIIO0 CHEPTis aKTHBAMIi peakii yTBOPSHHS HITPOJICYMY € MEHIIOI0, aHDK CHEPTLs aKTHBALi]
peaxIiii YTBOPCHHSA KOHICHTPOBAHOI A30THOT KUCIIOTH.

3actocoBano Meron (yHkuii mrpadis 3a rpami€HTHOTO CIOCOOY MOIIYKY €KCTpPEeMyMy B ()YHKI[IOHAIBHOMY
MPOCTOPi A7 OOUNMCICHHA KCPYBAHHA H TPAEKTOPIl MIA MECPSBCACHHS HEMiHINHOI cuctemu 31 ctaHy ¢1(0) = cqo,
¢x(0) = ¢ y cTaH ¢(tf) = ¢,”(f;) IPOTATOM MiHIMaIbHOTO 4acy. LIfo 3aady BHPIIIYIOTH fK 33734y MiHIMATbHOI
(yHKIII{ BApTOCTI

=172 Snfext) — e2™(t))+ 1/2£; — min.
Mo>kHa BpaxyBaTH OOMEKCHHS Ha Jif0 KEPYBAHHS, BBIBINM (DYHKIIFO mTpady

t
1=172 Snfex(ty — et + V2 £+ 1/2 [ (T, ~ TV H(gy) + (T - Ty 'H(go)dt,
e H — pyuxmis Xesicatina, ¢y =1, -7>0,¢,=7—-17;>0.

Tomi H = 1/2(T, - TV*H(qy) + 1/2(T' = Ty H(ga) + |-k (1)c3] + halka(Des + ka(Dcs), 7€ M(2), M) — MEOKHE-
ku Jlarpamxa.
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