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TENJO®I3UYHA MOJEJb INIPOLIECY NPEC-EKCTPY3II
OJINHUX KYJbTYP

Anomayis. Y cTarTi MpeACTaBICHO PE3YILTATH aHATI3y TEIUIO(I3MIHOT MOJIETI 1T ITU30HHOTO TIPeC-eKCTPyAepa
MAaCIISHUCTHX KYIbTYp, BU3HAUCHI Kepyrodi 30ypeHHs aAalTUBHOI CUCTEMH YIPABIIHHS AJIS JOCATHEHHS LM arpe-
raToM MaKCUMaJbHO MOYKIIMBOTO 3HAYEHHS KITBKOCTI KOPHCHOTO MPOAYKTY — POCIMHHOI OJIii, TATOTOBIEHO TEO-
PETHYHY OCHOBY JUISl pO3POOKHU aIropuTMy (DYHKIIIOHYBAHHS CHCTEMH YIPABIiHHS 3radaHiM arperaroM, HaMmiueHi
MIEPCTIEKTUBH TTOJAIBIINX JTOCHIPKEHb.

Knrouosi crosa: mpec-eKcTpyaep, MacISHACTI KyABTYpH, Tero(hi3nyHa MOJIeNb, aIaNTHBHA CUCTEMa YIPaBIiH-
HS, Kepytodi 30ypeHHs, pOCIMHHA OJIis, ONTUMI3allisd, 0araTo30HHUI arperar, aNropuTM KepyBaHH:], MaTeMaTHYHe
MOJIEITIOBAHHS.

Ilocmanoska npoonemu. Ilpec-ekcTpyaepu OMWHUX KyJIBTYp, TPU3HAYEHI TS BIKUMAHHS OJT€B-
MICHOT CHPOBHUHHU ¥ OTpUMaHHS KOPUCHOTO MPOIYKTY Y BUIJISI POCIMHHUX OJIiH, € SICKpaBUMHU Npe-
CTaBHUKaMU arperariB KJlacy 0araTo30HHHUX MPOX1AHUX YCTaHOBOK [1-3]. BBeneHHs B eKcIuTyaTallio
MOA10HNX 00’ €KTIB J1a€ 3MOTY AO0CSTaTH MEBHUX €KOHOMIYHHUX PE3yibTaTiB, YOMY CIIpHUsi€ HOBA MPO-
MHUCJIOBA NoiTUKa Ykpainu. [lonanbiie BIOCKOHAJIEHHS TaKUX CTPATET1yHO BaXKJIMBUX 00’ €KTIB, 5K
MIpeC-eKCTPYAEPH OJIMHUX KYJIBTYpP, MOXKE CHPUATH MOKPALIEHHIO TXHIX TEXHIYHUX 1 TEXHOJIOTTYHUX
XapaKTEPUCTHUK. 30KpeMa, OTPUMAHHSI MAaKCUMaJIbHO MOYKJIMBOT KUTBKOCTI POCIIMHHOI 011 Ha BUXO/I
€ TIPIOPUTETHUM TEXHIKO-€KOHOMIYHUM 3aBIaHHIM JJI 3a3HaYCHUX arperartis [4].

3a cy4acHUX yMOB HalOUIbII paI[iOHAILHUM HUIIXOM MOILIYKY ONTUMI3alliMHUX PIIIEHb € aHali3
MojIeNIel MOCTIKyBaHUX 00’ €KTiB. ABTOpaMu Oyiio MPOBEACHO NETaTbHUNM aHai3 Termio(izudHol
MOJIEJII 1T’ AITU30HHOTO MPeC-eKCTPyAepa OMNHUX KyIbTyp [5—7], a Tako’k MOJIeIi HOTo criocTepirada
[5] 1 BcTaHOBIEHO, IO BIOCKOHAJEHHS arperaTry MOXKJIMBE IIJISXOM 3aCTOCYBaHHS HOBOI, OUIBII
JIOCKOHAJIO1 CUCTEMU KEepyBaHHS.

Ananiz ocmannix oocnioxcens. Y [5] Oyno BupimeHo 3aaady 30UIIICHHS KITHKOCTI POCIUHHOI
oJIii y Tpec-eKCTpyAepax IUISXOM BHUKOPUCTAHHS aJalTHBHOI CHUCTeMU KepyBaHHs. Kepyrounmu
BIJIUBAMH B LIl CUCTEMI BUCTyIAJIM TEMIIEpaTypu 30H HarpiBy. Henonikom BHOOpY Takux KepyBaHb
€ THepLIfHICTh BUXOAY MMOKa3HUKIB TEMIEpaTyp Ha 3aJjaHi piBHi, 1110 00MEXKYBaJiO CIIEKTP BUKOPHC-
TaHHS arperariB y BUpoOHHUNTBI [8—12]. OckiIbKU MOCTIHHI Yacy TeMIiepaTyp 30H HarpiBy B arpera-
Tax BU3HAUYAIOTHCS JAECATKAMU XBHWJIMH, 0a30BUN I’ SITU30HHUN MPEC-EKCTPYAEp 3 MPOAYKTUBHICTIO
800 xr BUXIAHOI CHPOBHHU 3a 3MIHY 3 pPeaji30BaHOIO aJalITUBHOI0 CHCTEMOIO KE€PYBaHHSI 3MaTHUM

© B. B. [inyp, A. B. binokins, O. B. B’ronux, I. I. Jlamuserns, 2025

32 ISSN 2220-8674



P Hayxoswuii Bicauk TIIATY Bumyck 15. Tom 2
e(eKTUBHO MpAaLIOBaTH JIUIIE 3 BEIMKUMHU NApTIIMU CUPOBHHU. Y pa3l MepepoOKH Malux maprii
(naBanmpHUIbKA CXEMa) B1JI0YBAETHCS MOPYIIEHHS HEPIBHOCTI:

< tg,

ne: t; — 4ac pyxy 0 E€KCTpEeMyMy, ¢z — 4Yac cTabumi3amii eKCTpeMyMy, IO HPU3BOAUTH A0
e(exTy MocTIHHOro MOIIYKYy €KCTPEMYMY, HEBUXOJY Ha €KCTPEMYM 3a HEOOX1THUI MPOMIXKOK
yacy, poOOTH B HEONTUMAIbHUX TEMIEpaTypHUX Jlana3zoHax 1, K HacliJ0K, BTPAT BUXIJHOIO
KOPUCHOTO TPOIYKTY.

Mema cmammi. Y 1ii cTaTTi aBTOpamMu 3po0aeHo crpoly 3HAWTH 1HINI KEepyIodl BIJIUBHU, BUKO-
PHUCTaHHS SKUX JaCTh MOKJIMBICTh YCYHYTH (200 3MEHIINTH ) BUIIIE3a3HAYEH] HEIO0IIKU POOOTH Mpec-
eKCTpyaepa ONHHUX KYJIbTYD.

Ocnosna yacmuna. AHani3 Temno(i3NIHOT MOJEN1 1’ ITU30HHOIO IIPEC-EKCTPyAepa OMIMHUX
KYJIbTYp, BUSHAUEHHS KEPYIOUUX BIIUBIB CUCTEMHU KEPYBAHHS JJIsl JOCATHEHHSI arperaroM Mak-
CHUMAaJIbHO MOXJIMBOTO 3HAUE€HHS KUIBKOCTI KOPUCHOTO MPOAYKTY (POCIMHHOI 0J1ii), MiArOTOBKA
OOTPYHTYBaHHSI 111 pO3pOOKHU aNropuTMy (QYHKIIOHYBaHHS CHUCTEMU KEpYyBaHHSI J1OCHIIIXKYyBa-
HOIO arperary.

Amnaniz TermnodizuyHoT MOMEII Mpec-eKCTpyaepa OMIWHUX KyIbTyp. Sk 0a30By Mojenb mpec-
excTpyaepa odupaemo [4]:

_aP 49l
' MC, MCl
T2 = ]”1 _|_£_|_£l2
MC, MC,]
T,=T,exp| - ags; n q9/ , (1)
BMC, )] MC,|
=T+ gP 40l
B,MC, MC,l
T,=T,exp| — L/ +qul5
B,MC, | MC/

ne T, T,, T, — TemmnepaTypa CUpOBUMHHU B 30HAaX HarpiBaHHs, 13, Ts — TeMIieparypa CHUPOBHHH
B 3€€PHUX 30HAX;

Ci,..., Cs—TycTHHA CHPOBUHH Yy BIATIOBIIHUX 30HAX;

P — notyxHicTh HarpiBaya;

Q — NOTYXHICTh BHYTPIIIHHOTO TETNIOBUAICHHS;

0L — KOE(IIIEHT TEIJIOBOTO OOMIHY;

M — maca cUpOBHHH, 110 TPOXOJUTH YEPE3 EKCTPYAEP;

g — KoeDIIeHT 3B’ SI3KY;

S3, S5 — myIo1a 3eEpHUX 30H, Yepe3 sIKi BUBOJUTHCS POCIIMHHA OIS

l1, I, |, — NOBXWHA 30H HArpiBaHHS;

l5, [s — MOBXWHA 3€€PHUX 30H;

B1, B2 — KITBKICTH MacH, 110 IEPEXOIUTH A0 HACTYITHOI 30HH.

PiBusiHHs (1) MOXKHA TIOAATH Yy BUIVISAL:
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T, =4 +B,
T,=T+A4,+B,
A3
T,=T,exp| — |+ 0B,
By . (2
T,=T,+A4,+B,
AS
Ty =T,exp| —— |+0,B;
B,
Koediuientn A4y, A4, ..., As, Bi, By, ..., Bs y piBHsHHI 2 1HTeTrpalbHO Bi1I00pakaroTh BIACTUBOCTI

CUPOBUHU (BMICT OJ]ii, BOJIOTICTh, 3aCMIU€HICTh, JUCTIEPCHICTh, COPT, TUM — HACIHHS COHSIIHHKY,
coi, pinaky, 6aBOBHUKY TOIIIO), IHAUBITyalbHi 0COOIMBOCTI 00N JHAHHS, YMOBH eKCIUTyarTallii. 3MiHu
3a3HaYEHUX BHUIIE MMAPAMETPIB MPU3BOAATH IO 3MiHU KOE(IIIEHTIB A,, B,;.

Hanpuxunan, 3011bpI1€HHS BOIOTOCTI CHPOBUHU MPU3BOAMTH J0 3MEHIIEHHS TePTS, a OTXKeE, 10 3HU-
KEHHSI TTOTY>KHOCTI BHYTPIIITHHOTO TETUIOBUALIEHHS (J, 110, 31 CBOTO OOKY, 3MiHIOE Koe(illieHTH B,
1T. 1. Y 3aralbHOMY BUIIA/IKy 3MiHa Oy/ib-sIKOTO (hi13MYHOr0 napamerpa (AuB. puc. 1.2), po3missHyToro
B po3Aii 1, MpU3BOIUTH 1O 3MiHU KOEQILIEHTIB A,, B,.

3 Moneni 2 MOXIMBO BHU3HAUUTH MOJEIb CIOCTepirada, sika BifoOpaxae (YHKIIOHAIbHY
3aJIeKHICTb:

h :f(TZ, TS, TS; Q1> Q29 Ai, Bia (3)
7€ 1| — KUTBKICTh KOPUCHOTO MTPOIYKTY.
Mopnenb crioctepirada 3 3 piBHSAHHS 2 MOKHA OTPUMATH y BHIVISIIL:

A
n= 1- jl 5 “4)
T,+-*+B,
1
Ts - QzBs
ne [3; BUBHAYAEThCS SIK:
A
B1 = ; ®)
In 2
T; - Q1B3

AT O

T

Puc. 1. [padiune 300paxkenns 3anexxuocti N = f(Q;, O,) 3a pi3HUX 3HaYCHb A;, B; OTpUMaHKX
3a pesyapTaTaMu MozentoBanHs Ha [TK
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MozentoBaHHS MPOLIECIB y Mpec-eKCTpyAepax oJiiHUX KylnbTyp. Ha pucyHKy HaBeeHO MpHKIal
rpadgiyHIX 300pakeHb, 10 JEMOHCTPYIOTh 3aleKHICTh M| = f((;, O,) 3a pI3HUX 3HaYeHb A;, B;, OTpH-
MaHHX 32 pe3yJpTaramu MojentoBanHs Ha [1K.

OTtpumaHi 300pa)K€HHsI BKa3ylOTh Ha IX TOTOXHICTh 300pa’K€HHSIM, HaBeJAEHUM Yy [6], mo aae
3MOT'y 3aCTOCOBYBaTH aHAJIOTIYHUMN anapar (aJanTHUBHY CUCTEMY KEepYBaHHS) JUIsl JOCSTHEHHS MaK-
CUMAJIBHOTO 00CSTY KOPHCHOTO MPOIYKTY IPEC-eKCTPYIEepaMH OJIIMHUX KYJIBTYP.

Bucnoexu. IlpoBeneHi TOCTIKEHHS TPOAEMOHCTPYBAIH, 110 32 JOIOMOTOI0 MiA00PY KepyHUuX
BIKBIB ), (J, MOXHA TOCATTH MaKCMMaJbHOTO 3HAUEHHS 1| a PI3HUX 3HAYCHb A;, B;. BapitoBanHs
0, O, Ha IPaKTHIIl AOCATAETHCS [IIXOM 3BY>KE€HHS a00 PO3IINPEHHS BUX1THUX OTBOPIB 3€EPHUX 30H
3a JIOTIOMOTOI0 BIJAMOBIAHOTO NMpuBoay. IIpu 11boMy cTanocTi yacy Takoro peryiroBaHHs OynyTh Ha
TOPSIIOK MEHIIIMMH, HIJK Y CUCTEMI, OTHCaHii y [6].

Tlepcnexmusu nodanvuiux docnioxcens. Ha miactasi pe3yabTaTiB MPOBEACHUX JI0CTIHKEHb MOXK-
JuBa po3poOKa alropuTMy (PyHKIIOHYBAHHS aJalTHBHOI CUCTEMHU KEpyBaHHS Ipec-€KCTpyIepaMu
oNiiHUX KyneTyp. Lleit anroputm 3naTHUil 3a0€3M€YUTH JOCSITHEHHS MaKCUMaJIbHOTO BUXOAY POC-
JMHHOI OJIii 3 JIOCHIJKYBAHOIO arperatry 3ajie)kKHO BiJl MOTOYHHUX MapaMeTpiB CHUPOBHMHU W yMOB
HaBKOJIMIIHBOTO CEPEOBUILA.
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THERMOPHYSICAL MODEL OF THE PRESS-EXTRUSION PROCESS OF OIL CROPS

Summary

Oilseed press extruders, designed to squeeze oil-containing raw materials and obtain a useful product in the form
of vegetable oils, are prominent representatives of the class of multi-zone continuous-flow units. Obtaining the
maximum possible amount of vegetable oil at the output is a priority technical and economic task for these units.

The article presents the results of the analysis of recent studies on solving the problem of increasing the amount
of vegetable oil in press extruders. The disadvantages of using an adaptive control system are indicated. The results
of the analysis of the thermophysical model of a five-zone press extruder for oilseed crops are presented, and the control
perturbations of the adaptive control system are determined to achieve the maximum possible amount of useful
product — vegetable oil — by this unit. A graphical representation of the dependence of the amount of useful product
on the power of internal heat release is presented at different values of coefficients reflecting the properties of the raw
material (oil content, humidity, contamination, dispersion, variety, type (sunflower seeds, soybeans, rapeseed, cotton,
etc.), individual characteristics of the equipment and operating conditions. The conducted studies have shown that by
selecting the control influences, it is possible to achieve the maximum value at different values. Variation in practice
is achieved by narrowing or widening the outlet openings of the seer zones using an appropriate drive. A theoretical
basis for the development of an algorithm for the functioning of the control system of the mentioned unit is prepared,
and prospects for further research are outlined.

Keywords: press extruder, oil crops, thermophysical model, adaptive control system, control disturbances,
vegetable oil, optimization, multi-zone unit, control algorithm, mathematical modeling.
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