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Anomauin. Pozenanymo 3a0auy MOOeNOBAHHA CUCHEMU ABMOMAMUYHO20 pPe2ytO8aHH s
memnepamypu y 30Hi 6UNAY MyHeIbHOI neui K aKmyaibHy npooaemy nioguueHHs eeKxmusHoCmi
ABMOMAMU308AHUX CUCTEM YNPABILIHHA MEXHON02IYHUMU npoyecamu. Busznaueno nepedamouny
@yHKyito 06’ekma 3 Ypaxy8aHHAM 3ANI3HIOBAHHA MA PO3PAXO8AHO ONMUMANbHI HALAUMYBAHHS
II]]-pecynsamopa. Ilposedeno awnaniz nepexionoeo npoyecy, 3a pe3yIbMamamu K020
niOMEepONHCeHO CMIUKICMb cucmemu ma 8i0N0GIOHICMb NOKA3HUKIE AKOCMI pe2ylt08anHs 3a0aHUM
BUMO2AM.

Knwuosi cnosa: cucmemu agmomamuyHo2o pecynio8anHs, MYHeIbHA Nid, MOOen08aAHHS,
11l]]-pezynamop.

Abstract. The problem of modeling the automatic temperature control system in the firing
zone of a tunnel kiln is considered as a topical problem of increasing the efficiency of automated
process control systems. The transfer function of the object is determined taking into account the
delay and the optimal settings of the PID controller are calculated. The transient process is
analyzed, the results of which confirm the stability of the system and the compliance of the control
quality indicators with the specified requirements.

Key words: automatic control systems, tunnel kiln, simulation, PID controller.

[Tinpumenns edextuBHOCTI ACYTII € ogauM 13 (QyHIaMeHTaIbHUX 3aBIAaHb
Teopii ynpasninHsa. Ha maHuii MOMEHT MHUTaHHSA PO3POOKH CHCTEMH aBTOMATHYHOTO
pETYJIIOBaHHS TeMIIepaTypH y 30HI BHUIATy TYHEIbHOI IMe4i BHBYEHO HEIOCTATHHO,
TOMYy II€ € aKTyaJhbHOIO Ta IEPCIEeKTHBHOIO 3amaucto. Takok Ie € aKTyalbHOIO
npoOjieMor0 y 0aratboX raiy3sX MOPOMHCIOBOCTI JUISI ONTHMI3AIi MPOIECiB,

T1IBUIIIEHHS MPOYKTUBHOCTI, IKOCT1 Ta O€3MEeKH, MiHIMI3aIlii BUTpaT.
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MonenroBanHsi cucteMu aBromaruuHoro perymoBaHHs (CAP) mporo mporecy
JI03BOJISIE€ ONITUMI3YBaTH TEXHOJIOTIYHI TapaMeTpH, 3MEHIIUTH €HEPrOCIIOKUBAHHS Ta
MiABUIIMTA €()EeKTUBHICTh BUPOOHMIITBA. BakianBe 3HAUEHHA y I[bOMY HampsMi
BiZlirpa€ BJOCKOHAJICHHS PETYJNIOBAaHHS IIJITXOM BH3HAYEHHS ONTHMAaJbHHUX
HaAJIAIITYBaHb PETYIATOPA.

MeToro 1BOTO JOCHIIKEHHS OyJ0 MOJETIOBaHHS CHCTEMH ABTOMAaTHYHOTO
perymoBanHs (CAP) Ttemnepatypu y 30HI BUNalTy TyHENIbHOI medi. PerynpoBanuii
00’eKkT siBNsiE cOOOIO0 TyHENbHY 4. PerynboBaHOI0 BENTWYMHOKO (BHXITHOKO) €
TEeMIIepaTypa y 30H1 BUNIATy Tiedi. PerymoBaHHs TeMIlepaTypu BiI0yBaeThCs MUISIXOM
3MiHHM BUTPaTH ra3y, 10 MMOJAETHCS y 30HY BHUIMAIY.

B naniit po6oTti po3po6iena CAP temmneparypu y 30Hi BUNady TyHEIbHOI medyi
Ma€ CTPYKTYPY, KA peaizye MPHUHIINI yIPaBIiHHS 32 BiIXxwieHHsM. J[aHa cuctema €
3aMKHYTO10. {7 po3risiHyToro o0'ekta moOynoBaHa AWHAMIYHA XapaKTEpUCTUKA
(kpuBa posroHy). Bukonana o0o0poOka KpWUBOi PpPO3rOHYy 3a JOMOMOTOIO
rpad0aHaTITHYHOTO METOAY (METOJ JOTHUYHOI). AHaNI3 JUHAMIYHHMX BJIACTHBOCTEH
MOKa3aB, 110 IMHAMIYHI JaHi (4ac 3ali3HIOBaHHS Ta MOCTIHA Yacy) IIJIKOM JOCTaTHI
JUISl CHCTEM aBTOMATUYHOIO peryiroBaHHsA. OTpyuMaHi JaH1 PO CTATUYHI 1 TUHAMIYH1
BJIACTHBOCTI amapaTypH J03BOJISIOTH BIATBOPUTH MpPaBHIBHUN BUOIp, PO3PaXyHOK 1
MPOEKTYBaHHS CUCTEMH aBTOMAaTHYHOI'O PETyJtoBaHHs. B pe3ynbrati MOAentoBaHHS
oTpuMmaHl audepeHIliagbHe pIBHAHHSI Ta TnepegaToyHa (QyHKIsS 00'ekta, 3
ypaxyBaHHSIM 3aIli3HIOBAHHS, pO3paxoBaHi onTuMaibHi HacTpoiiku [11/[-perynstopa,
npu skux Oyne 3abe3reueHa CTIWKICTh MEPexiTHOTO Ipolecy, 3 MiHIMaJIbHUM
3HaYEHHSIM JUHAMIYHOTO BIAXWICHHS Ta 4dYacoM perymioBanHs mpu 20 %
nepeperymoBanHi: Ky =1.3; T; =5 (c), Tp = 1.5. [lobynoBano mepexiiHui mpoIiec
Ta OI[IHEHa MOro sIKICTh: AWMHAMIUHE BIAXWICHHS Yy, = 0,057, nepeperyntoBaHHs
1T = 20 %, yac peryiaroBaHHd, t, = 69 (c).

Pesynbrar MmoaentoBanns CAP temmepaTypu y 30HI BUNIATy TYHEIbHOI Medl Ta
aHaJli3 OTPUMAHOTO TEPEXiHOTO IMpOIeCy TOKa3aB, IO PO3paxOBaHi HACTPONKHU
[MI-perynaropa 3abe3neuytoTs cTiiikicte CAP, Ta 3a10BOJIbHAIOTH BUMOTaM [0

SKOCT1 peryJItOBaHHS.
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Anomauyia. Busnauenns weuoxocmi cxo0y (ONYCKAHHsA) ~CUnyuux —mamepiaunie y
HaKONUYYBAIbHUX EMHOCMAX, OYHKepax i neuax waxmuo2o muny € OOHICI0 3 KIOY08UX 3a0ay
CYUYACHUX CUCmeM KepYB8aHHS MAmMepianbHUMU NOMOKAMU 8 Memanypeii, XiMiUHIilU nPOMUCTIO80CHII,
eHepeemuyi ma Oyoisenvhil indycmpii. Hepisnomipuicme pyxy mamepiany, ymeopenHsl 30H 3ACHO0
ma Kauanizayii NOmMoKy 3yMOGII0I0Mb 3HAYHI NOXUOKU OYIHIOBAHHS (PaKMUYHUX 3aNAcCie CUpOBUHL,
WO YCKIAOHIOE ONepamueHe YNpasiiHHsa 6UPOOHUYUMU NPOYECAMU.

Ocobausoi akmyanvHocmi ysa 3a0aua HAOY8Ae O/l neweu WaAxmHo2o muny, oe weuoKicmo
ONYCKaHHsA mamepiany 6e3nocepeoHbo GNIUBAE HA MENNOBUll pexcum, nepebic Qizuxko-xiMiuHux
npoyecis i AKicmo KiHyeso2o npodykmy. Biocymuicms docmosipnoi inghopmayii npo ounamixy pyxy
CUNYYUX Mamepianie 0OMedxHCye MONCIUBOCMI peanizayii 3aMKHEHUX CUCTeM a8mOMAmMu308aH020
KepyBaHHsl 3anacamu ma umpamamu.

YV cyuacnux ymoeax eghexmusne poze’szamns yici 3a0aui nompebye NOEOHAHHI Memooie
HeNpsmMo20 8UMIPIOBAHHS, MAMEMAMUYHO20 MA YUCETbHO20 MOOEN0BAHHS Ul Al2OPUMMIe 0OpooKu
danux y peanvHomy uaci. Peanizayis makux nioxodie cmeoproe nepedymosu 0js Ni08UUeHHS
mouHocmi 001Ky mamepianie, cmaoinizayii MmexHoI02IuHUX npoyecie i nooyoosu eghexmueHux
A6MOMAMUYHUX CUCEM KEPYBAHHA MAMEPIATbHUMU NOTMOKAMU.

Knwwuosi cnosa: cunyui mamepianu, weuoKicmo cxo0y (ONYCKAHHA), HAKONUYYGAIbHI
EMHOCMI, WAXMHI neui, MamepiaibHi NOMOKU, ABMOMAMU308AHI CUCTNEMU KepyB8aHHs, OOIK
sanacie, DEM-mooeni, padionokayitini pisHemipu, adanmueHi cucmemu

Abstract. Determining the descent (discharge) velocity of bulk materials in storage vessels,
bunkers, and shaft-type furnaces is one of the key challenges of modern material flow control
systems in metallurgy, the chemical industry, energy production, and construction. Non-uniform
material movement, the formation of stagnant zones, and flow channeling lead to significant errors
in estimating actual material inventories, thereby complicating operational process control.

This problem is particularly critical for shaft-type furnaces, where the material descent
velocity directly affects the thermal regime, the course of physicochemical processes, and the
quality of the final product. The lack of reliable information on the dynamics of bulk material
motion limits the implementation of closed-loop automated systems for inventory and flow-rate
control.

Under modern industrial conditions, effective solution of this problem requires the integration
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