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Anomayia. Cmamms npucesyena pos3poOieHHI0 a0anmueHol cucmemu KepyeaHHs UPOOHUYMEOM eHmomopaza OpaxkoH
(Habrobracon hebetor), sxuii e nepcnexkmuenum eycenuunum napasumoioom y 6Gionociuniti  60poms6i 30 WKIOHUKAMU
CIIbCLKO2OCNOO0APCHKUX KYAbIMYP.

Memoro Oocniodceny € nioguueHHs e exmueHOCmi BUPOOHUYMEA eHMOMOpAzié ULIAXOM pPO3POOIEHH Ccucmemu
KepY6aHHsl 13 GUKOPUCMAHHAM [HMELeKMYAIbHO20 aneopummy oopodKu iHgopmayii, 30kpema, eiopuoHoi HellpoHHOI mepedici
npAMOcO NOWUPERHA CUCHAT) .

Memoou docniddcenv — cumyayitine Kepy8auHs, eKCNePUMEHMAanbHi OOCTIONCEHHS 8 PENCUMI PealbHO20 4acy, HeuimKull
BUCHOBOK, YUcelbHe iHmezpyeaHHﬂ.

Pospobneno adanmusny 2iOpuoHy iHmMeNeKMyanvbHy Cucmemy Kepy8aHHS MeMnepamypor nogimps 0Ookcy 0as
nabopamopnozo supobnuymea miunoeoi soeniexu (Ephestia kuehniella), xomaxu-xaszaina enmomogaea oparon.

Ilposedeno Oocniddicenns cucmemu 6 pPedCUMi PeanvbHo20 Yacy 13 GUKOPUCMAHHAM CMPYKMYPHOI Mooeni 6
Simulink/MATLAB, ANFIS — peoaxmopa, OPC Toolbox MATLAB, OPC-cepsepa OWEN.RS485 i Fuzzy Logic Toolbox
MATLAB.

3anpononosana adanmusHna cucmema KepySawHs GUPOOHUYMEOM eHMOMOpazie 00360J58€: NIOGUWUMU eDEeKMUBHICMb
BUPOOHUYMEA 30 PAXYHOK AGMOMAMU3AYIL CKIAOHO20 SUPODOHUY020 NPOYECY, 3MEHULYIOUU NPU YbOMY GNIUE CYO €KMUBHO20
Gaxkmopy, niosuwumu moyHiCme NIOMPUMAHHA MeMnepamypu nogimps 60Kcy 014 BUPOULYBAHHSA eHMOMOKYIbMYD 8 YMO8AX
30ypens.

Abstract. The article is devoted to the development of an adaptive production management system for the entomophage
Habrobracon hebetor, which is a promising caterpillar parasitoid in biological control of crop pests.

The aim of the research is to increase the efficiency of the production of entomophages by developing a control system
using an intelligent information processing algorithm, in particular, a hybrid neural network direct signal propagation.

Research methods — situational management, experimental studies in real time, fuzzy inference, numerical integration.

Developed an adaptive hybrid intelligent control system for air temperature of the box for laboratory cultivation of
Ephestia kuehniella, the insect host entomophage Habrobracon hebetor.

The system has been studied in real time using a structural model in Simulink/ MATLAB, OPC-server OWEN.RS485,
ANFIS-editor, OPC Toolbox and Fuzzy Logic Toolbox MATLAB.

The proposed adaptive entomophage production management system allows to increase production efficiency due to of
automating a complex production process, while reducing the influence of the subjective factor; improve the accuracy of
maintaining the temperature of the air box for growing entomocultures in conditions of disturbances.

KurouoBi ciioBa: BUpoOHUITBO eHTOMO(AriB, aJanTHBHA CHCTEMa KEPYBaHHS, PEKUM PEaIbHOTO Yacy, riOpuiHa Mepeka,
e()CKTHBHICTb.

Key words: entomophage production, adaptive control system, real time mode, hybrid network, efficiency.

AKTYyaJIbHicTh. B TemepinHiit gac BUpoOHUIITBO €HTOMO]AriB rapaHTOBAHOI SKOCTI € OJTHIEIO 31 CKIAJI0BUX BUPOOHHUIITBA
OpraHiqyHoOl TMPOAYKIi I 30UTBIICHHS TOMyJsmii KOPHUCHUX KOMax y OIiOJOTIYHOMY KOHTPOJIO  IIKiTHHKIB
CUIBCHKOTOCIIOZAPCEKUX POCIHUH. [Ipy 1bOMY Take BHPOOHHITBO SBJsIE COOOIO CKJIaJHY OIOTEXHOJOTIYHY CHUCTEMY 4epe3
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HASBHICTH BEJHMKOi KITBKOCTI B3a€MO3B’S3aHUX MiX COOOIO MiJcHCTeM (MiATOTOBKH ITOKUBHOTO CEPEAOBHINA, BUPOITYBAHHS
KOMaxHu-Xa3siHa, OIIHKH SKOCTI €HTOMOJIOTIYHOI MPOAYKIi Ta iH.), MiThOBI (YHKINi SKUX HE CIIBIAJAIOTH 3 IUIHOBOIO
(yHKIi€I0 3arajioM BHPOOHHIITBA; 3HAYHMX CyMapHHX BHUTpAT €JEKTPOSHeprii Ha 3a0e3ledeHHs ONTHMaJbHHUX HapaMeTpiB
MIKpOKIIIMATy B 30HI BHpPOIIYBaHHA KOMaX; (YHKIIOHYBaHHS B yMOBaX HEBU3HAYEHOCTI O0Ii0JOTiYHOTO 00’€KTy, sKa
TIPOSIBIISIETHCS y HOTO Pi3HIM MOBEMIHIII 32 Ji€I0 CYKYITHOCTI (DaKTOpiB BIUIHBY, Ta BIUIMB 30BHIMIHIX 30ypeHb (pi3ke 3MiHEHHS
TEeMIlepaTypy Ta BiJHOCHOI BOJIOTOCTI HABKOJIMIIHBOIO CEPEIOBHUINA, MPUIMHEHHS EJIEKTPONOCTaYaHHs, YacTKOBa BTpara
npares3laTHoCTi o0NajHaHHS, HOro  3HOIIYBAaHHs, NEPEMINIyBaHHS MOBITPS OOKCY IJIsi PO3BEICHHS EHTOMOKYJIBTYP 3
TMOBITPSIM 30BHIIIHBOTO PUMIIIICHHS).

Ha sikicTh eHTOMOJOTIYHOI HPOAYKIII CYTTE€BO BIUIMBAE TemIieparypa MHOBITpsi. Tak, NpW HiJBUILEHHI TeMIEpaTypu
TIOBITPsI B 30HI ICHYBaHHs KOMaX CIIOCTEPEKY€EThCS iX TeperpiBaHHs Ta CKOPOUYCHHS CIIO’KUBAHHS KOPMIB, 110 IIPU3BOAUTH JI0
PI3KOro CKOpOUCeHHS ImIoar04ocTi [1].

[igBumuTy eheKTUBHICTh BUPOOHHUIITBA €HTOMO(DAriB MOYKIIMBO 32 PaXyHOK BUKOPHCTAHHS 1HTEICKTYAIbHUX aJTOPUTMIB
00po6xu iHpopmaii. {1 1bOro HeoOXiTHO BAOCKOHAINTH ICHYIOUY CHCTEMY KEepyBaHHS i3 TBOMO3UIIHHUM PETyIATOPOM [2]
NIIIXOM BUKOPUCTAHHS PEryNIATOPIB Ha OCHOBI HEUiTKOI JIOTIKH, MOPHIHOI HEHPOHHOT MEpexki Ta CUTYallifHOTO YIIPaBIIiHHS.

CuryaniiiHe ynpaBiliHHS — HafOLIbII NMEPCIEKTHBHUII METOJ pO3B’s3aHHS 3aBJaHb i3 KepyBaHHS (YHKIIOHAJIbHUMH
CTaHAMH TEXHIYHOI CHCTEMHM B peaJbHOMY MaciuTabl yacy, 1o Jae 3Mory (opmyBaTH pillleHHS Ha OCHOBI ITOPIBHSHHS
MOTOYHOI CHUTyamii i3 3aJaHMM HaOOpOM MOJKIMBUX KEPYIOUMX BIUIMBIB 3TiHO 13 CHUTYyaIli€lo, IO CKJajacs Ha MOTOYHHUIT
MoOMeHT [3].

AHagi3 ocTaHHIX JocaimkeHb Ta myOJikanii. Ha chorogHi mepcrneKTUBHEM OISl pO3POOKH IHTEICKTYaIbHUX CHCTEM
KEepyBaHHS BHUPOOHMYMMH NpOLECaMH € BHKOPUCTAHHS CTpATErii yNpaBJIiHHA Ha OCHOBI IHTEPAaKTHBHOI'O CEpPEIOBHINA
SimulinkMATLAB i rtexuosorii OPC-komynikamiii [4, 5, 6] depe3 MOXKIMBICT 3a0e3MEUYCHHsI 3B’SI3KYy CHCTEMH
aBTOMATH3aIlii BUPOOHUIOTO IMPOIIECY 3 BipTyaJbHOIO MOICIUTIO JJIS MTPOBEACHHS MPOIIECIB YIPABIIHHSI B PEKUMI PeasbHOTO
qacy.

MeTta ocaizkeHHsI — MiIBHIIEHHS €(DEKTHBHOCTI BUPOOHMIITBA EHTOMO(]AriB IUITXOM PO3POOJICHHS CUCTEMH KepyBaHHS
i3 BUKOpDHCTaHHSIM IHTEJIEKTYAJILHOTO alropuTMy oOpoOku iH(opmanii, 30kpema, riopuaHoi HEHPOHHOT Mepexi MpPSIMOro
TIOLIMPEHHST CUTHAITY.

Marepiann i meroau mociimkenHs. O0’€KTOM JOCIHIDKEHHsS € MPOLEC BUPOIILYBaHHS T'YCCHHIb MJIHHOBOI BOTHIBKH
(Ephestia kuehniella) y BupoOuuursi entomodara Gpakon (Habrobracon hebetor). Meromu nocnmimkens — curyariiite
KepyBaHHS, EKCIEPHUMEHTAIbHI MOCHIIPKEHHS B PEXHUMI PEaTbHOTO dacy, HEUITKHH BHCHOBOK, YHCENBHE IHTETPYBaHHS.
Merouka noOyI0BH aIaliTUBHOT CUCTEMH KePYBaHHS MIiCTHTh: (popMyBaHHs BUOIPKH [UIsi HABYAHHS MEPEXKi 3a pe3y/bTaTaMu
EKCIIEPUMEHTAIILHUX JIOCHI/PKEHb CUCTEMH KepYBaHHSI TEMIIEPATypOIO MOBITPsi OOKCY Ha OCHOBI JIBONO3HUIIMHOTO perysitopa
[2] i3 BpaxyBaHHSIM 30ypeHb (TeMIepaTypy HaBKOJIMIIHLOTO CEPEIOBUIA 1 IIPUMIIICHHS, 1110 MEXYE 3 OOKCOM), IO CKIAIHCh
Ha MOTOYHUI MOMEHT vacy; i1 3aBanTaxkeHHs: B ANFIS - penakrop MATLAB, sikuii peaiizye cucreMy HE4iTKOIO BUCHOBKY
CyreHo y BHUIIISAI M'STHIIAPOBOT HEHPOHHOI MepesKi MPSIMOTO MOLIMPEHHs curHaiy [7]; 3aBaaHHs (QyHKLIH TPUHAIEKHOCTI
BXI/IHUX Ta BUXITHUX T€PM-MHOXHH; BU3HAUEHHS CTPYKTYpH TiOpuaHOi Mepexi; il HaBYaHHS; BU3HAYCHHS ITOMIJIKH MEpEexi
BiJI KIJIBKOCTI IIMKJIiB HABYAHHS; TECTYBAaHHS MEPEXKi; MEPeTIIi]] aBTOMATHIHO c(hOPMOBAHUX TPABMI; PO3POOKY CTPYKTYPHOI
mozeni B Simulink/MATLAB; Bcranosnennst 38°s3xky OPC Toolbox, OPC-cepsepa OWEN.RS485 i Fuzzy Logic Toolbox
MATLAB; BumpoOyBaHHA aJanTHBHOI TiOPUAHOI IHTEICKTYAIbHOI CHCTEMH KEpyBaHHA B PEXKHMIi PEalbHOTO 4acy; OIHKY
pe3yabpTaTiB BUIPOOYBAHb.

ITpu ibomMy BUOIp KEPYIOYOTO BILUTUBY 3BOJUTHCS JIO TAKOT'O YIIPABIIHHSA, 10 3a0€3MMeUNTh BUKOHAHHS IMUJILOBOI (YHKITT —
MIHIMI3aIiI0 MOXUOKKM DEryJIOBaHHS TEMIIEpaTypd MOBITps OOKCy i PO3BEJCHHS KOMax 3a MOJYJIBHHM IHTETPalbHUM
KPHUTEPiEM.

Pe3yabraTn pociaixkeHHs: Ta iX o6rosopeHHsi. Po3po0ieHo ajantuBHy TiOpUIHY CHCTEMY KEpyBaHHS BHPOOHHITBOM
eHroModara OpakoH, 30KpeMa, KepyBaHHS TEMIIEPATYypOIO TOBITPsI OOKCY Ul BUPOIYBaHHS MJIMHOBOT BOTHIBKH. /7151 IbOTO
3a pe3yJibTaTaMH EKCIEePUMEHTAIBHHUX JIOCHTIDKEHb (puc. 1) cucTeMM KepyBaHHS TEMIIepaTyporo MOBITpsi OOKCy Ha OCHOBI
nBorosuiiiinoro peryisropa TPM202 OBEH npu ycrasui peryisitopa 25,5 © C ta 30ui #oro meuymmsocti + 0,5 ° C 3a
TeMIEPaTypu HaBKOMUIIHLOro cepenosuma 10 ° C i soBHimmboro npumimenns 19,6 © C chopmosano BuGipky (puc. 2, a) s
HaBYaHHs TiOpUIHOT Mepexi, siky 3aBanTaxxeHo B ANFIS - penakrop MATLAB (puc. 2, 6). [Tomuska HaBuanust 3a 100 enox
cknana 0,000096203 (puc. 2, B).
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Puc. 1 — Pe3yabTaTu po60oTH CHCTEMHU KePYBaHHS TeMIIEPATYPOIO NOBITPs1 00KCY HA OCHOBI

MO3ULII{HOTrO peryasaTopa
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Puc. 2 — HaBuaubHa Buéipka (a), ANFIS - pexakrop MATLAB (6) Ta pe3yibTaTi HaBYaHHS
BUOipku s 100 enox (B)

l'opunHa Mepexa, CTPYKTYpY SIKOi HaBeJCHO Ha pHUC. 3, 3reHepOBaHa y BUIIAAL I’ SITHUIIAPOBOI HEHPOHHOI Mepexi

IpSIMOTO MOMIMpPeHHs curHaty. CepeiHs MOMUIKA TECTYBaHHs HaBUabHOI BUOipkH (puc. 4) cxiana 0,000096203.
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Puc. 3 — 3renepoBana riopuana mepesxka Puc. 4 — Pe3yabraTn TecTyBaHHS BUOIPKH

BxigHoro 3minHOIO (iNputl) Mepeki € NOMHUIKA PEryJOBaHHS TEMIIEPATYPH CHUCTEMOIO KEepPYBaHHS Ha OCHOBI
JBonosutiiiiHoro perymsitopa TPM 202 OBEH, Buxianoro (0Output) — ycraBka temreparypu perysstopa. Jis BXigHoT 3MiHHOT
nianazonoMm [-0.7 0.7] Ttepm-muokuHamu € inlmfl, inlmf2, inlmf3 3 TpukyTHUMH (YHKIISIMM TPUHAIEKHOCTI TEPMIB —
inimfl:trimf [-1.234; -0.273; 0.207], inlmf2:trimf [-1.236; -0.01671; 1.229] ta inlmf3:trimf [-0.1476; 0.2999; 1.236]. s
BUXIMHOI 3MiHHOI miamazonom [25.3 25.7] tepm-mHOxuHamu € outlmfl:constant [25.06], outlmf2:constant [25.6],
outlmf3:constant [25.78]. 3HaueHHs] TepM-MHOXUH BUXI1JAHOT 3MIHHOI BH3HAYaIMCh IIUIIXOM HaBYaHHS MEPEXi 3a TIOpHIHUM
MeTo/IoM (KOMOIHAIlisl TPafieHTHOTO CIYCKY Y BHIVISII QITOPUTMY 3BOPOTHOIO TOIIUPEHHS MOMMJIKH 1 METOy HaWMEHIINX
kBajparis [7]). Eranamu Heuitkoro BucHOBKY 3a Cyreno €: And method — prod (peasizaitist JIoriuHOT KOH'FOHKIIIT 38 METOIOM
anrebpaiunoro mo0yTky), Or method — probor (peamizariss soriunoi AW3'TOHKINI 3a METOAOM anrebpaiuHoi Ccymw),
Defuzzification (MeTon nedassidikarii) — wtaver (MeTOJ] 3BaKEHOIO CEPEAHBOTO).

ABTOMAaTHYHO 3TeHEePOBaHi MPOAYKIiHHI MpaBwiia 0a3u 3HAHb CUCTEMH HEYiTKOTO BUCHOBKY MAalOTh BHTIIAL (pHC. 5).

I11: sxmo inputl e «inlmfly», To output € «outlmfly; I12: sxmo inputl € «inlmf2y», To output € «outlmf2y; I13: skmio
inputl € «inImf3y, To output € «outlmf3».
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) Rule Editor: U5

File Edit ‘iew Cptions

1.1 (imput? iz inlmfl) then (outpot iz out1mi1) (1)
2.1t finputt is inlmi2) then (output is ot mi2) (1)
3. 1f (input? is in1mf3) then (output is aut1mf3) (1)

Puc. 5 — Burasa 6a3u 3HaHb riopuaHoi Mmepe:ki

VYV Simulink/ MATLAB po3po6iieHo CTPYKTYpHY MOICTb aJalTHBHOI TiOPHIHOI CHCTEMH KEpyBaHHS BHPOOHHIITBOM

enromodaris (puc. 6). Ha puc. 7 HaBeneHO OJIOK 3aBJaHHS yCTaBKH TEMIIEpPaTypu JUisi BUMipHHKa-peryisitopa TPM202
OBEH.
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Step time:
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Puc. 6 — CTpykTypHa Moje/b aanTUBHOI ri0pUIHOI cucTeMH Puc. 7 — Hacrpoiika 6Jioky Step moaeni

Jlnss  3a0e3leyeHHs YIPaBIiHHA —TEMIIEPATypoO0 TIOBITPA OOKCY B PEKHMi peajbHOr0 dYacy dYepes3 3B S30K
Simulink/MATLAB 3 OPC-cepsepom OWEN.RS485 B mozens pomano 6moku OPC Configuration, OPC Read u OPC Write.

Ha puc. 8, puc. 9 HaBeieHO OJIOK HaJAINTYBaHHS MapaMeTpiB KOHTPOJIIO B peanbHOMY 4aci i3 BuzHadenHsiM OPC-cepsepa
OWEN.RS485 sik OPC kiieHTa.

A= ) OPC Client Manager (Hod2)

Configure pseudo real-time contral options, OPC clients to use in the |
model, and behsvior in responss to OPC errors and events. — PG cliert manager

— OPC Configuration

Only one of these blocks can be active in a Simulink model. Additional Define and CanigurE OPC clients for use throughou‘t the model.
OPC Configurstion blocks are disabled.

Clients are configured using Configure OPC Clients...

MOTE: &ny changes in this dislog are applied immedistely.

[ configure OPC Clierts. ]
— Error cantral — ORC Clients
ftems not available on server: | - "
jError | IocalhostiOWVEN RS485 [Timeout = 10, Connected)
Readfinrite errors: !Wam vl )
Server unavailable: {Error vl
Pseudo real-time violation: !Warn vl
— P=eudn realtime simulation w
Enable pzeudo real-time simulstion
Speedup: |1 times . .
o . ’ Add... ] ’ Delete ] ’ Bt ] Connect | |Disconnect
Output ports

|:| Show pzeudo realtime latency port |

[ ok ] [concel | [ Hew | cppl

Puc. 8 — Biiok HaJamITyBaHHS MapaMeTPiB KOHTPOJIIO

Puc. 9 — Ilpouec BU3HAYEHHS cepBepa
B peajbHOMY 4aci i3 BcranosiennaM kiientis OPC OWEN.RS485 sik OPC kJiienra
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bnok OPC Read mozeni (puc. 10) peanizye 3untyBanHs iH(GOpMALIii PO MOTOYHE 3HAYCHHS TEMIIEPATYPH MOBITPsI OOKCY;

o610k OPC Write (puc. 11) — 3ammc iHdopmanii mpo ycTaBKy TemrepaTrypu BuMipHuKa-peryiastopa TPM202 OBEH y
Bkazanuii Ter cepsepy OWEN.RS485.

- Block Properties: OPC Read

} Block Properties: OPC Write

— OPC Read block
Read data from an GPC server. Reads can be synchronous (from — BFE B
the cache or device) or asynchronous (from the device) Wirite data to an OPC server. Writes can be synchronous or
The output ports are vectors the same size as the number of items asynohronous.
specified in the block. Walue is output as o vector of the specified
data type. The optional Guality port is a UINT16 vectar. The ou must specify as many tems as the width of the input port
optional Timestamp port is a double vector. Each elemert of the input wector is written to the corresponding
tem on the server.
[ import from workspace ]
[ REIEEES [ Impart from Viorkspace .. ]
Client: localhostiOWWER RE4ES ~|
— Parameter
Conf OPC Clients ... .
[ onfigurs ierts ] Cliert: localhostIOWWEN RS485 "l
tem IDs
ComIITRMZ02w2 0240501t acdr=06)01 woP1 P -~ - .
o 20240 o D = ___ [ Configure OPC Clients. .. ]
tem D=
~ Com3MRM202v2_024(Shit adr=96)11LvoP1/=P -~
Move L flove dowen | [ Addtems... | [ Delete |
Read mode: | Synchronous resche) ~] 25
Sample time: 0.5 |
Mowve up Mowve dowen [Add ftems. . ] [ Delete ]
“dalue port data typesl double "l
= lit rt
[ Show cuaiity po wirite mode: | Synchronous ~|
[ Showes timestamp port as:
e D e Sample time: [0 |
Serial dste numier
[ =1 ] [ cancet | [ n=lp 1 Ay [ Ok ] [ canea | [ Help ] Apply

Puc. 10 — Hacrpoiika 6;a0xy OPC Read Puc. 11 — Hacrpoiika 6a0xy OPC Write

[Minxmouenns kmienta MATLAB 1o cepsepa OWEN.RS485 Bigbysanocs 3a gomomororo OPC Toolbox MATLAB. Ha
puc. 12 HaBeneno Burisiy migkiroueHas kiieata MATLAB 1o cepsepa OWEN.RS485, puc. 13 — mparrorouoro cepsepa.

Ha puc. 14, puc. 15, puc. 16 mpeactaBieHo BiAMOBiIHO 3anexHOCTI yctaBku TPM 202 Bixg moXMOKH peryioBaHHS 3a
HEYiTKUM BHCHOBKOM, B PEXKHMMi PEaTbHOTO Yacy Ta BUIJIA pOOOTH CHCTEMH HEUiTKOTO BUCHOBKY B pealbHOMY Yaci.
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Ha puc. 17 HaBeneHo pesyibTaT poOOTH aganTHBHOI TiOpPUIHOT CHCTEMH B peajlbHOMY 4Yaci 3a TeMIepaTypH
HaBKoMLIHLOro cepenosuia 10 © C i remneparypu 30BHiLIHbOroO npuMimenns 19,6 © C (BipryansHuii ocuuiaorpad Scope 4 y
CTPYKTYpHIH Mozeni Ha puc. 6 BimoOpaxkae 3MIHIOBaHHS TEMIIEPATypH IMOBITPsI OOKCY (6°) ta ycraku perynsropa (0) TPM
202 B peaTpbHOMY Haci).
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Puc. 17 — Pe3yabTaT po00TH aJaNTHBHOI riOpHIHOI CHCTEeMH B pealbHOMY

Kpurepiem sikocTi yripasiiaHs o0paHo [8]:
15 :
| = —tﬂe(t)\dt — min. 1)

to—t, ¢

me t, , t¢ — BiINOBiNHO Yac MOYATKy Ta 3aKiHYCHHS iHTEpBAly OLIHIOBAHHS IIPOLECY YNpaBIiHHA, ¢; e(t) — moxuOka
3MIHIOBaHHS TEMIIEPATYPH TIOBITPst 6OKCY 3a 00paHuii intepsai ouinoBanus, °C.

[NopiBHIOIOUM pOOOTY amanTHBHOI cucTeMHu (puc. 17) Ta cucTeMHM Ha OCHOBI MO3HMIiHHOTO peryisropa (puc. 1) 3a
kputepiem (1) BU3HAYEHO, IO aJaNTHBHA CHUCTeMa € OUThII e(eKTHBHOK: 3a iHTepBasoM omiHtoBaHHA 2040 c i3
BHKOPHCTAHHSIM METOJY YHCEIIHOTO IHTErpyBaHHS 3HAUCHHS IHTEIPAIbHOTO KPUTEPII0 CHCTEMH 3 MO3ULIHHAM PEryssiTopoM
ctanoButs 0,65 °C, agantuBHoi cuctemu — 0,52 °C.

Takum umMHOM, ajganTHBHA TiOpHUAHA cHCTEeMa KepyBaHHS BHPOOHHUITBOM eHToMo(ariB Ha 20 % mokpamiye SKicTh
YIIPABIIHHS CUCTEMOIO 3 IMTO3ULIITHAM PETYITIOBAHHAM 38 MOJYJIEHUM iHTETpaTbHUM KPUTEPIEM.

BuCHOBKH i mepcneKkTHBH J0CTiIKeHb. 3alPOIOHOBAaHA A/IalITUBHA CHCTEMa KEpyBaHHs BUPOOHUITBOM E€HTOMOQariB
JI03BOJISIE TTiIBUIIUTH:

— e(eKTUBHICTh BUPOOHMITBA 32 PAXyHOK aBTOMAaTH3allil CKJIAJHOIO BHPOOHHYOIrO MPOLECY, 3MEHIIYIOUH TPH LOMY
BIUTUB Cy0’€KTUBHOTO (haKTOPY;

— TOYHICTh MIATPUMAHHS TEMIIEpaTypH MOBITPS OOKCY AJIsi BUPOILYBaHHS €HTOMOKYIBTYP B yMoBax 30ypeHb: Ha 37,5%
3MEHIIIeHa aMIUTITy/Ia KOJIMBaHb TEMIIEPATypH BiTHOCHO YCTaBKH MPH YIPABIIiHHI HA OCHOBI aIalITUBHOI T1OPHUIHOT CHCTEMH.
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Anomauia. IIpoyec eucmorosanns micmosux 3a20Mo6oK CKIA0AEMbCA 3 6a2ambvox QizuKo-mexaniuHux ma OioXiMiuHux
npoyecia, wo YCKIAOHIOE YNPABNIHHA Ma OMPUMAHHA ONMUMANbHUX NOKA3HUKIE AKOCMI HA 6UX00i 20M08020 NPOOVKIMY.
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