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Anomaui}l: P032J1}mym0 cxemy cucmemu asmomamuiyiozo KepyeanHs 3 OBOKAHANLHUM HEeYIMmKUM KonmpoJjiepom npu
pezyno8anHi MmexHoI02IUHUX NAPAMEmpie 8 YM08AX HeCMAayiOHAPHOCMI OUHAMIYHUX XAPAKMePpUCmuK o0’ €Kma KepyeaHHs.
Axmyanvhicmb 0aH020 OOCNIONHCEHHA NONAAE Y BUKOPUCHAHHI OilbUl CKAAOHUX CMPYKMYP Kepy8aHHs, KOau HeoOXiOHO
000UmMUCs MAUX BIOXUTIEHb NOKAZHUKIE AKOCMI KEPYB8AHHs 34 YMO8 3MIHU RApaMempis MOOell KepyeaHnHs. 3acmocy8anHs cxem
3 npeouxmopamu i aneopummamu aoanmayii obmedxcene Ha 00’€Kma MenyioeHepeemuKu, 30KpemMa NpSMOMOYHUX
xomnoazpezamax. Ak 600CKOHANEHHS ICHYIOUUX CUCMEM PO3N0ECIO0NCEHUM nioxodom € peanizayis I1l/[-ancopummy
PecyIoBanHs 34 00NOMO20I0 HeHimK020 pe2yisimopd, d NOMIimM 3d PAaxyHoK niobopy Qyrkyit nanexchocmi i nodyoosu 6asu
npasun 8i06y8acmvcs 800CKOHANCHHS al2opummy pezymiosants. Ha eiominy 6i0 onucanoi cxemu, 6 0OCHO8I noOy008u
0BOKAHAILHO20 HeuimKo2o Koumponepa aedxcumv He IIl/[-3axkon, a 3uamHs [ 00C8I0 onepamopa Npu pecynioeaHHi
MEXHON02IUH020 NAPAMempa 6 PYYHOMY pedcumi. Busnaueni dianazonu exionux i euxionux sminnux fuzzy-xouwmponepa. Ha
OCHOGI eKcnepmHux 3HAHb [ ananizy Oill onepamopa YKIaoeHo 0Oasy npagun 0as 610Kie Heuimkoi nociku. Buxowmano
Mamemamuyre MOOeNO8AHH CNpoeKkmoganoi cucmemu. IIposedeno nopieHAHHA OOHOKOHMYPHOI cucmemu Npu He3MIHHUX
HAIAWMYBAHHAX pe2yiamopa i OB0KAHAIbHO20 He4imKo20 KOHMpOoJepa O pi3HUX pedcumie pobomu 00 ’'ckma, uo
BUBHAYAIOMbCA 3MIHHUM HasanmadiceHHAM enepeodnoky TEC. Po3paxo8aHo NOKA3HUKU AKOCMI (DYHKYIOHY8AHHA 000X
cucmem. 3acmocy8anHs OB0KAHANLHO2O HeYImK020 KOHmpoiepa 3abe3neyye Cmanicme NOKA3ZHUKIE AKOCMI (QYHKYIOHYBAHHS
cucmemu asmomamudnoco pecyiro6aHHA. Hpu ubomy 3a6e3neltyembc;z p06acmHicmb cucmemu asmomamuinoco pecyitO6aHHsA
3a CMIUKICMIO 8 YMOBAX NAPAMEeMmpPpUudHoi HeCmayioHapHocmi 00Cai0H#Cy8aH020 00 €kma.

Abstract: We studied an automatic control system with two-channel fuzzy controller under conditions of non-stationarity of
parameters of the control object’s model. The relevance of present research is in the application of more complex control
structures to achieve small deviations in quality control parameters under conditions of change in the parameters of control
model. The application of circuits with predictors and adaptation algorithms is limited to the object of thermal power
engineering. A common approach is implementing the PID control algorithm using a fuzzy controller. Then by selecting the
membership functions and building the rule base the control algorithm is improved. In contrast to the described scheme the
basis of building a two-channel fuzzy controller is not the PID law but the knowledge and experience of the operator in control
the technological parameter in manual mode. The ranges of input and output variables of the fuzzy controller are defined.
Based on expert knowledge and analysis of the actions of the operator a rule base for both blocks of fuzzy logic is formed.
Mathematical modeling of the designed system was performed. We compared a single-circuit system at constant settings of the
controller and the system with two-channel fuzzy controller for different states of an object that are determined by variable
parameters of its model. Parameters of operation quality of both systems were calculated. Application of two-channel fuzzy
controller warrants the constancy of the automation control system operation quality. Also in this case ensures the robustness
of the automatic control system for stability in terms of parametric nonstationarity of the plant.

KuarouoBi cjioBa: HeuiTKa JI0TiKa, HECTAI[IOHAPHICTb, 3a11ac CTIMKOCTI, CUCTeMa KepyBaHHs, POOaCTHICTb.
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Beryn

Ha cyugacHOMy erami pO3BUTKY €HEpreTHKH YKpaiHH € akTyalbHHM MOJepHi3alis eHeprobmokie amirounx TEC, mo
MPAIfOIOTh B MAHEBPOBHX PEKMMAX, 3 METOIO MiJIBUILICHHS X e()EKTUBHOCTI Ta HAMIHHOCTI (DYHKI[IOHYBaHHS, BBEJCHHS OLIbII
TOYHOTO PETYJIIOBaHHA HABAaHTAXXCHHS EHEProOJIOKIB IS TOKPALICHHS SKOCTI EJIeKTPOSHEeprii Ta CTIMKOCTI 3araiabHOI
SHEPrOCUCTEMH.

O0’ektn perymoBanus TEC y Oinpliocti BHNAgKiB 3MIHIOIOTH CBOI MapaMeTpu SK y Mexax o0 (nmpu 3MiHi
HaBaHTAXKCHHS €HEepProOJIOKY), Tak 1 mmij dYac TpuBanoi ekcruryaramii ((pi3MyHMil 3HOC, TeXHIYHA MOZEPHI3aIlisl TOIIO).
HecranioHapHiCTh JTUHAMIYHMX XapaKTEPUCTUK JOCHTh 4YacTO 3yCTPIYaeTbCsi B 00’€KTaX TEIJIOCHEPTreTUKH, M0
BHUKOPHUCTOBYIOTH CIaJIEHHsSI OpraHiqHoro namusa. OcoOJMBO 1€ BiT4yTHO IIpY 3MiHI BHIYy nayvBa. BU3HaueHHsS MEX Takoi
HECTaI[lOHapHOCT] ISl MpaLforoyoro oOiajHaHHs, B 0araTbox BUIIJKax, CTa€ Maibke He3uilicHeHHHM. Lle 3ymoBieHo, 1mo-
Tiepire, 0OMEKeHICTIO TPOBECHHS Ha TAKOMY OOJIaJIHaHHI eKCIIEpUMEHTAIbHUX J0CIiDKeHb. [1o-pyre, Mae Miciie HETIOBHOTa
MaTEMaTHYHOTO OMNHKCY, 110 3yMOBJICHA JIIHEAPHU3ALIE€I0 Ta AIPOKCUMALIIEI0 XapAKTEPUCTUK HOTo eneMeHTiB. Bei mi ynHHUKH
CIPUUYMHSIOTh CYTTEBI PO30DKHOCTI MIXK pe3yJbTaTaMH MOJETIOBAHHS ITOBEIIHKM CHHTE30BAaHMX aBTOMAaTHYHHX CHCTEM
perymoBanas (ACP) Ta peampHIMH €KCIIEPHMMEHTAIFHUMH JaHAMH, OTPHUMaHUMH TiI 9Yac ITyCKO-HaJaakd. PesympraTom
HEe3aJ0BUIHLHOI SKOCTI (PYHKIIOHYBAaHHS CTAaHIAPTHHUX PETYISATOPIB € MpaKTHKa, Koiu oreparopu TEC BUMYIIIEHI mepexoauTu
Ha PYyYHHH PEXUM KepyBaHHS, IM00 YHUKHYTH BENMKHX AWHAMIYHMX BHKUAIB 1 TPUBAINX HU3bKOYACTOTHHUX KOJIUBAHB
TEXHOJIOTIYHUX MapaMeTPiB KOTJI0arperaTis.

OmnucaHuil BIUIMB YMHHUKIB, SKi CHPHYHMHSIOTH IapaMeTPUYHy HECTalliOHAPHICTh, POOHUTH AaKTyalbHUM BHKOPHUCTAHHS
OLIbII CyYyaCHMX 1 CKIIQJIHUX alTOPUTMIB KepyBaHHs. BOHH MOBHMHHI 3a0e3redyBaTd Maii BIAXHJICHHS MMOKA3HUKIB SKOCTI
KEpyBaHHS 32 YMOB 3MiHHM JMHAMIYHHUX XapaKTEPUCTUK 00 ’€KTy HaBITh B JIOCTAaTHHO BEIHMKHX MeXaX. SIK pillleHHs aaHOl
3a/1avi PO3MISIA€THCS PETrYIIATOp, MOOYIOBAaHUI Ha OCHOBI HEUITKOI JIOTiKK. ba3a mpaBuil HEUiTKOTO KOHTPOJIEPa YKIAAAEThCS,
BUXOJSYH 13 TOMEPEHBOTO JTOCBIMY KEpyBaHHS OMEPAaTOPOM ILTBOBUM 00’ekToM. Lle mo3BoJIsie BpaxyBaTH BCi OCOOIMBOCTI
00’€eKxTa KepyBaHHS (BpaXxOBYIOUH ITapaMEeTPUYHy HECTaIliOHAPHICTh) MPH BUPOOJICHHI KEPYIOYOTO BILIUBY.

IcHyro4i MeTOAM KepyBaHHS CKJIAAHUMM iHepUiHHMMHU 00’ €KTaMU 3 TPAHCHOPTHUM 3aIli3HEHHAM

MI/I-perynarop BiIHOCHTHCS 10 HAWOUIBII MOMIMPEHOTo THMYy peryistopiB. [Ipubmusno 90-95% perymsropis [1], mo
3HaXOAAThCSA B NAHWH Yac B eKCILTyarauii, BUKOpucToBywTh [1I/l-anroput™. IIprunHamu Takoi BHCOKOI IOMYJISAPHOCTI €
MPOCTOTa MOOYIOBH i IPOMHUCIOBOTO BUKOPHCTAHHS, SCHICTh ()YHKIIOHYBaHHS, MPUIATHICTh UIA BUPIMICHHS OLIBIIOCTI
npaktiuHux 3aBpaHb. Cepen I1IJ[-perynsropiB 64% npumagae Ha OXHOKOHTYpHI perymaropu i 36% — Ha 0araTOKOHTYpHI
cucremu [2].

Jlist mpocTHX BUMAKIB, KOJM BUMOTH JI0 SIKOCTI (DYHKI[IOHYBaHHSI HEBHCOKI, MOJIEJIb a/IeKBaTHA, CUTYaIlisl 31 30ypeHHsIMHU
siCHa — NpoOJIEM 3 HAJIAIITYBAHHSIM CHCTEM He BHHHUKae. Taki yMoBU poOoTH ckianaroTb 20-25% Juis cucTeM peryJitoBaHHS B
npomuciaoBocti. BignosigHo Onu3pko 70% ACP abo mpamiorore He eheKTHBHO, ab0 JX B3araji HE 3aJ0BOJIbHSIOTH
rocraBieHuM BuMmoram [3]. HacripaBai npoGiiema Mae KOMIUIEKCHUIT XapakTep 1 y Hel HeMae MpPOCTOro PillIeHHs.

st xepyBaHHs 1HEpUIHHUME 00’ €KTaMH 3 BEJIMKHM TPAaHCIIOPTHUM 3alli3HEHHSM BUKOPHUCTOBYIOTh CIIENiaibHi CTPYKTYPH
[I/-perynaropiB, 0 MarOTh B CBOEMY CKJIaai OJOKM AJsl mepenOadeHHs! MOBEIIHKM 00 €KTa depe3 4Yac 3ari3HeHHS —
npenukropu (Bin amrm. prediction — mporHosysanms). HaiiGinem Bimoma cxema Takoro Tmy — mpemukTop Cwmita. Moro
PEKOMEHIYIOTh 3aCTOCOBYBATH MPH CIiBBITHOILICHHI BEMYMHY 3aIli3HIOBAHHS 10 MOCTiiHOI Yacy 00'ekty 0,2...0,5 [2]. [IpoTe
peryasitop, 6azoBanuii Ha Qopmi npenukropa Cwmita ayke YyTIMBUHA O Bapialliil 3HaueHHs 3ami3HroBaHHs. KpiMm Toro, BiH
TapHO BUKOHYE CTEXKEHHS 33 YCTABKOIO, aJie IOTaHO BIAIIPALEOBYE [0 KaHAIY 30BHIIIHBOTO 30ypEHHSL.

[Hma mogudikamis cXxeMu ¢ BUKOPUCTAHHIM MOJIENTI 00’ €KTa — PEryIsTop 3 BHYTPIIIHBOI MO0 00’ ekTa abo IMC (Bix
aury. Internal Model Control). BaxxinBoro 0coOIMBICTIO PETYIISATOPA 3 BHYTPIIIIHBOK MOJIEIIIIO € MOXKIIMBICTD HAJTAIITYBaHHS
poOacTHOCTI He3aIeXHO BiJ BUOOPY IHIINX MapaMeTpiB peryisrTopa. s mporo Bubuparots Bianosinauii Gpinetp F abo cramy
¢inpTpa A. Perynsarop 3 BHYTPIIIHROIO MOJEIUTIO MOXeE JaTH AyXKE XOPOIIy peakililo Ha 3MiHy yCTaBKH, IIPOTE peakilis Ha
30BHIMIHI 30ypeHHS MOXe OyTH 3aHaJTO CIIOBLIbHEHOO [2].

[TepeBaroro BuIle 3raflaHMX CXeM € Kpalle BiINpaloBaHHS HEPEXiJHOrO MPOLECy 3a KaHalIOM 3aBJIaHHSI-BHUXiJ. TUM He
MEHIII, 3aCTOCYBaHHs MaTeMaTUYHOI Mojeni 00’ekTy Mae i cBoi cnabki micus. [lo-nepie, ineansHa podora cucremu Oyze B
TOMY BUIJKY, SKIIO MOJENb MOBHICTIO CIIBIANAE 3 pealibHUM 00’ekToM. Ha mpakTuii mporenypa TOYHOI imeHTudikamii
CTHKA€ETHCS 13 3HAYHOIO CKJIAJIHICTIO aHAIITUYHOTO BHBOJY MOJICII 33 JOIOMOTOK TU(EPEHIIIHNX PIBHSIHB 3 OJTHOTO OOKY, 1 3
HETOYHICTIO arnpoKCUMallii npy 3/1iiCHEHHI aKTUBHOTO €KCIIEPUMEHTY — 3 1HILIOTO.

Kpim Toro, yepes HasBHICTh HECTAI[IOHAPHOCTI 1 HENMHIHHOCTI AMHAMIYHAX XapaKTEPUCTHK TEINIOCHEPTeTUYHUX 00’ €KTIB
BHKOPHCTaHHS CXEM 3 BHYTPIIIHBOIO MOJICIUTIO BUMAarae 3acTOCYBaHHs aITOPUTMIB a/IalTallii, 110 3HAYHO YCKIIAJHIOE CUCTEMY
KEepyBaHHS B LILIIOMY.

OcTaHHIM 9acoM 3’SIBIUTHCS IiKaBi PIMICHHS 3 IPOEKTYBAHHSA POOACTHUX CHCTEM Ha OCHOBI 3BUYHHX 1 HAOUHUX YaCTOTHHX
XapaKTEPUCTHK, a TAKOK Ha OCHOBI PETyIATOpA i3 BHYTPIITHBOI0 MOIEILITIO.
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Meron numHamiunoi Kopekuii [3, 5] momsirae B 3CyBi aMIuliTyaHO-(a30BOi XapaKTEPUCTUKM CHCTEMH B HaWOUIbII
BUIMBOMY Jiala3oHi 4acToT. 30UTBIICHHS 3alacy CTIMKOCTI 1 OpMyBaHHS MOTPIOHOTO KEPYHOUOTO BIUIMBY JOCITAETHCS
BUKOPUCTaHHSM 2-X KaHaJBHOI cTPyKTYpH. [Ipy 1boMy, OCHOBHUIA KaHaJl BiIIOBiga€ 3a IBHAKOAIIO 1 6azyeTbes Ha [11-3akoHi,
a KaHaJI KOpeKlii, 110 JIi€ 3 MeBHOK 3aTPUMKOK, KOMIICHCY€E HAJUIMIIKOBHI CUTHAJ KepYIOUoro BIUIMBY Ha KiHIEBiM AUIAHII
nepexigHoro mpormecy, 3abe3neuyroun cTiiikicte ACP. Takwil kmac peryasTopiB MOXKHa BiJHECTH JO E€KBIBaJICHTHO-
aIaNITUBHUX PETYIATOPIB 3MIHHOT CTPYKTYPH.

IHma mMetonuka Ga3yeThcsi HA BUKOPHCTAHHI PEryJisiTopa 3 BHYTPIIIHBOIO MOAEIUIO. ['0JIOBHA mepeBara Iojsrae y Tomy,
IO CTIHKICTh 3aMKHYTOI CUCTEMH JJOCSTAEThCS 32 paXyHOK BHOOpY crilikoro IMC perymnsitopa. 3anada CHHTE3Y 3BOJUTHCS 10
PO3paxyHKy OJIHOTO TapameTpa, SIKMH Ha3UBAaTUCS MIpPOIO SKOCTI i MO CyTi € mapamerpoM (iIbTpy BHUCOKHX YacTOT. 3a
JIOTIOMOTO0 YHCENIbHOTO MOJISJIIOBAHHS MOJYKHAa OTPMMAaTH OJIHO3HAYHI 3aJIeKHOCTI MDK MIpOI0 SIKOCTI 1 OCHOBHUMH
MOKA3HUKAMU SKOCTI QYHKI[IOHyBaHHS cucTeMH [5].

Boke TpW OEecATHIITTS aKTUBHO IMPOBOAATHCS JOCIIDKEHHs IIOJO 3aCTOCYBAaHHsS HEUITKOI JIOTIKM B 3ajadax KepyBaHHs
TEXHOJIOTIYHUMH TporiecaMu. HediTke KepyBaHHS BUKOPHCTOBY€EThCS IIPU HEJOCTATHIX 3HAHHAX Ipo 00’ ekt kepyBaHHs (OK),
aJie TP HasIBHOCTI JIOCBiy KepyBaHHS HUM. Take KepyBaHHS JOLIbHE B HETIHIHHUX a00 CKIIaJHUX CHCTEMaXx, ieHTH]IKaIisa
SIKMX 3aHAATO TpyAoMicTka [6]. s 3acTocyBaHHSI HOBITHIX CKJIQJIHMX METOJIB KEpyBaHHS 3a3BHYail He BHCTayae iHpopmarii
PO TEXHOJIOTIYHUH TIpoIiec 1 HaMifHIX MaTeMAaTHIHUX MOZETIEH, 1o Horo onucyroTh [7]. LluM i mosicHroeTsCs TOH (hakT, 1o
JesIKi CKITaIHI MTPOIIECH YCITIITHO YIIPABISIOTECS BPYUHY TOCBiMUeHHMH oriepaTopamu [8].

Heuitka norika B I1I/I-perynsaTopax BUKOPHUCTOBYETHCS MEPEBAKHO ABOMA MUIIXaMU: IS MOOYIOBH CAMOTO PEryisITopa i
JUIst oprauizatii miacrporoBanss koedirientis [11]] -perymnsitopa.

OnHa 13 HaOLIBII PO3MOBCIODKEHUX CTPyKTyp Hewitkoro ITI/I-perymstopa mokasana Ha puc. 1. Ha Bxinm perynsitopa
MOCTyMae CUTHA HEY3rO/KEHOCTI € i moXimHa curHamy Heysromkenocti de/dt. OOuBI BeNWYMHH CHOYATKY IMiAJAI0THCS
omnepanii ¢asudikanii, MOTIM OTPUMAaHI HEWITKI 3MIHHI BHUKOPHCTOBYIOTHCS B OJIOI[I HEYITKOTO BUBOAY JUII OTPUMAaHHS
BUXIJTHOTO CHTHAJTY, SIKAH MicJIsl BAKOHAHHS ornepaitii Aedasudikaiiii mogaeThess Ha BUXIJ] PEryJIATOpa K CUTHAI KepyBaHHS U.

B ymoBax mapamerpuunoi HecranioHapHocti OK ocoOnuBo mikaBuil apyruil Bapiat (puc. 2), B SKOMY HEUITKHA
peryssTop 1o CyTi BUCTYyTaE K 050k ananrauii koedinientis ocnoBHoro [11/[-perynsropa.

BigcyTHICTh GIOKY HEUITKOI JIOTiKH B OCHOBHOMY KaHali PETYJIIOBaHHS JIO3BOJISIE B KOXXHUH OKPEMO B3SITHH MOMEHT 4acy
pO3MIIAAaTH CUCTEMY KepyBaHHs SIK JIiHIMHY, a BiJTak, 3aCTOCOBYBAaTH NOOpe BiJOMI METOAM aHaNi3y 1 CHHTE3y JiHIHHHX
CHCTEM, HAIIPHUKIIAJ YacTOTHI XapaktepucTtuku [9]. Tem He MeHI, peamnizamis 010Ky amanranii ams [11/]-perymsaTtopa BUKIHKae
MPOOIIEMH, OCKITBKY BiH TIOBUHEH MaTH TPH OJIOKM HEUITKOI JOTIKH Y BIAIIOBIAHOCTI 3 TphoMa mapamerpamu [11/I-perynsaropa,
KpiM TOTO JaHa CTPYKTypa HE BHpILIye MmpoOlieMy Oe3yAapHOro Iepexoly MiK HaJallTyBaHHSIMH DPEryjIiaTopa, IO MOXHA
crioctepiratu B po6ori [8].

IlocTanoBka 3agaui

MeTor IOCTIKCHHS € OTPUMaHHS aJrOpUTMY pPOOOTH CHCTEMH aBTOMATH3allil, 10 HEYYTAMBHHA 10 HEBH3HAYCHOCTI
rnapameTpiB 00’ €KTy, BPaxOBY€ HasBHICTb 3aIli3HEHHS y 4aci 10 KaHaJlaX KepyBaHHs 1 30ypeHHs Ta rapaHrye MpH LbOMY
3aJlaHy SIKICTb PEryJIOBaHHS Y MEPEXiJHUX PEKUMaX POOOTH.

baza

npagun

Y

+ > MpuianHAaT-
r e ® . fled U y
a3n- TA NOriY- edasn-
- de o > o »| O6'ekt >
= dt »| dikauia HOro dikauia
pilleHHA

Puc. 1 — CTpykTypa He4iTKOro KOHTpoJepa

Jis mocsTHEHHS MOCTaBICHOI METH HEO0O0XiTHO BUPIIINTH HACTYIIHI 3a/1a4i:

— BU3HAUMTH [iama30HN BXiAHMUX 1 BUXITHUX JIHTBICTHYHUX 3MIHHMX HEYITKOTO KOHTpPOJIEpa B YMOBaxX MapaMeTPUYHOI
HecranionapHocti OK;

— Ha OCHOBI €KCIIEPTHUX 3HaHb 1po nuHamiky OK po3poOuTn 6a3y mpaBuil HEUITKOTO KOHTPOJIEPa;

— IIPOBECTHU MOPIBHIbHUIT aHami3 podoTu cuctemu 3 [11/l-perynsaTopom i cUCTeMH 3 HEYITKMM KOHTPOJIEPOM, BU3HAYHUTH
MTOKAa3HUKH SIKOCTI CHCTEM KepPYBaHHSI.
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Puc. 2 - IIII-peryasTop 3 anantyouum fuzzy-npucrTpoem

CuHTe3 TBOKAHAJBHOT0 HEYiTKOT0 KOHTPOJepa

Cxema KepyBaHHs 3 JABOKaHalNbHUM fUzzy-koHTponepoMm 300pakeHa Ha puc. 3. B paHiii cxemi sk BXiAHI 3MiHHI
JIBOKaHATBHOTO fuzzy-KOHTpOJIEpa PO3TISIIAIOTHCS CHTHAN HEY3TOJDKCHOCTI € 1 MOXiJHAa CUTHATY HEY3TO/UKEHOCTI 32 4acoM
de/dt. BimnoBigHO A5t KOKHOTO 3 OJIOKIB HEWITKOI JIOTIKH HEOOXiIHO BU3HAYMTH Jiara30H 3MiH BXiTHHUX 3MIiHHUX 1 pO30UTH
KOKCH 3 J1ara3oHiB Ha JIHTBICTUYHI TEPMHU.

JBokananbuuii fuzzy-

KOHTpOJIED
gg oo TTT T T T T T
dt - :: : F1 i ¢ U
r e g | OG6’eKT y
e i 1| BM
+ ) N R \ e |  KepyBaHHA >
L
y ! F2 !

Puc. 3 — Cxema KepyBaHHS 3 ABOKAHAJTBHIM KOHTPOJEPOM

I — 3aBianHs (YCTaBKa), Y — BUXi/IHA BEJIMYHHA, U — CHTHAI KepyBaHHs, f — MOCTiIOBHICTS IMITyJIBCIB KEpyBaHHsI, € — CUTHA
Heysromkenocti, de/dt — moxinaHa curHany Hey3romKeHocTi 3a yacom, BM — BukoHaBuUMil MexaHi3M

Posrnsinemo 6ok hopmyBanHs iMnysnbciB F1. Bin Mae qBa BXimHHX mapameTpa i OMHHH BHXITHHH.

s BxigHOTO mMapamerpy € 3amanuii mianmason Big -10 °C go +10 °C. Taki Mexi 3yMOBJICHI BUMOTaMH 10 TOYHOCTI
MiATPUMaHHS TeMIepaTypu neperpiroi mapu [10].

s BxigHoro mapamerpy de/dt 3amanuii miamason Bix -0,15 °C/c mo +0,15 °C/c. Mexi MIBUAKOCTI 3MiHH CUTHATY TOMUJIKA
BH3HAYAIOTHCSl TUHAMIYHMMHU BIIACTUBOCTSMH 00 €KTy KEpyBaHHS Ta BEeJIM4YHOIO 30ypeHb. [laHWii Aianma3oH OTpHUMaHWK Ha
OCHOBI Moiei, po3p0o0ieHoi B po6oTi [4] npu 3MiHI MONOKEHHS OpraHy kepyBaHHs Ha 10%.

Buxiganm mapamerpom Onoky F1 e tpuBamicth iMmynbciB. Jliama3oH 3MiHH IBOTO MapaMeTpy 3aJa€ThCs Ha OCHOBI
eKCIIEpPTHHUX 3HAHb 1 JOCBiAy eKCIUTyaTarlii KOHKpETHOro o0’eKkTa KepyBaHHsA. Hampukian, SKIIO MakcHMallbHAa TPHBATICTh
IMIyJIbCY 3 IOCBiMy eKCIUTyaTallii mpu pyYHOMY PEXHMi KepyBaHHS HE TEPEBHUINY€E 2 CEKYH, TO Aialla30H 3MiHH BUXITHOTO
rmapaMeTpa MOKHA BH3HAYHTH BiXl - 2 ¢ 10 2 ¢. Bix’eMHi 3HaYeHHA BUXITHOTO MapamMeTpa CBiI4aTh MPO Te, IO iMITyJIbCH
KepyBaHHs MOBUHHI OyTH Bii’€MHOI TOJIIPHOCTI, 11100 BUKOHABYHMH MEXaHI3M PyXaBCsl B IPOTHIICKHOMY HAMPSAMKY.

Jlist BXigHOTO mapamerpa € BU3HAYEHO CiM JIHTBICTUYHHMX TEPMIB 3 HACTYIHUMH Jiana3oHamu: HeratuBHa Beianka (HNE),
neratuBHa cepents (MNE), nerarusaa mana (LNE), nynboBa (ZE), nonataa mana (LPE), nomartna cepennst (MPE), nogatna
Benuka (HPE).

VY BiAMOBIAHOCTI 70 BU3Ha4YeHOTro Aiana3ony [-10°C; +10°C] ui tepmu y Burisiai GyHKIH HaIeXHOCTI HABEICHO Ha puc. 4
a.

AHAJOTIYHAM YMHOM BH3HAYEHO 11’SITh JIHBICTUYHUX TEPMIB IS BXiqHOTO Tlapametpy de/dt: nerarusna Benuka (HNDE),
ueraruBHa cepenns (MNDE), nynsoBa (ZDE), nonatua cepennst (MPDE), nerarusha Benmuka (HPDE).

V BimnosimHocTi 1o Bu3HaveHoro miamasony [-0,15°C/c; 0,15°C/c] i Tepmu y BUTIISAI QYHKITH HaJEKHOCTI HABEIEHO Ha
puc. 4 6.
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An(E) A w(de/dt)
1 HNE MNE LNE ZE LPE MPE HPE HNDE MNDE ZDE MPDE HPDE
1
e de/dt
- -
-10 -6 -3 0 3 6 10 -0,15 -0,09 -0,05 0 0,05 0,09 0,15
a 0

Puc. 4 — ®ynkuii Hae:KHOCTI BXiTHUX CUTHAJIIB: @ — CHTHAJY IOMUWJIKH €, 0 — INBHIKOCTI 3MiHH CUTHAJIY €

Bbnok F1 € 610xoM (opMyBaHHS IMITyJIbCIB, TOMY BHXIJTHMM NapaMeTpoOM € TPUBAIICTH IMITyJIbCy, IO BUMIPIOETHCS B
CeKyH/1ax.

Buxinnuii curnan 6inoky F1 mosnauaetses sik fi. J{ns BuxigHoro mapamerpa f; BH3HAYeHO I’SITh JIHTBICTUYHHX TEPMIB 3
HACTYIIHUMH JiarmazoHaMu: cepenupoi Tpusaiocti Ha 3akputts (MNI), mamoi tpusamocti Ha 3akpurts (LNI), 30mHa
ueuyTuBocTi (Z1), Masoi TpuBanocti Ha Bimkputts (LPI), cepennsoi Tpusanocti Ha Biakpurts (MPI).

VY BiAMOBIAHOCTI 10 BH3HAYEHOTO Jiana3ony [-2 C; +2 C] mi TepMH y BUTIISAI QYHKIIH HAJEKHOCTI HaBEIEHO Ha pHC. 5.

A 1(timp)
. MNI LNI V4 LPI MPI
timp
>
-2 -1 0 1 2

Puc. 5 — ®@yukuii Hasne:xxHOCTI BUXiTHOTO curHATY 00Ky F1

Ha ocHOBI JIHIBICTHYHUX TEPMIB BCIX mapamerpiB i iX (yHKUIH HaJeXKHOCTI CKiIaaeHO 0a3y mpaBHi OJIOKY HEYITKOT
noriku. baza mpaBui yis 61oky F1 nogana Hibkde y BUMIIAAl Tadaui 1.

Ta6auus 1 — baza npaBua 610Ky HeuiTkol Joriku F1

e | HNE MNE LNE ZE LPE MP HPE
de/dt
HNDE MNI MNI MNI VA| VA| LNI VA|
MNDE MNI MNI LNI VA| VA| VA| VA|
ZDE LNI LNI VA| VA| VA| LPI LPI
MPDE VA| VA| VA| VA| LPI MPI MPI
HPDE VA| LPI VA| VA| MPI MPI MPI

Brok popmyBanns may3 F2 mae imeHTHYHI BXifHI CHHTaM, 10 i OJ0K (opMyBaHHS iMITynbCiB F1 — curHaNM MOMUIIKH € i
MOXiZHy Bim curHany mommika de/dt. Jliamazonu curnaimiB Tex imentiyni — Bix -10 °C mo +10 °C mas e i Bix -0,15 °C/c a0
+0,15 °C/c nns de/dt. Bixnosinwo, siHreictiyni Tepmu curhaiis € i de/dt € inenTnaaumu, mo i s 61oky F1.

Buxinaum mapamerpom 610Ky F2 € TpuBamicth may3. Buxiguumit curaan 6imoky F2 mosHaudaetsest sik fp. J[st BuximeOTO
napamertpa f, BU3Ha4YeHO I’SITh TIHTBICTUYHHUX TEPMIB 3 HACTYIIHUMHU [iamasoHamu: ayxe mana naysa (VLP), mana nmaysa (LP),
cepenns naysa (MP), Benmka maysa (HP), nysxe Benuka maysa (VHP).

VY BiAMOBiAHOCTI 10 BU3HAUeHOro fiana3ony [15 ¢; 30 ¢] ui Tepmu y BUTIIAL GYHKLIH HACKHOCTI HABEICHO Ha pUC. 6.
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A 1(tpause)
e MP HP  VHP
thause
0 >
15 18.75 22.5 26.25 30

Puc. 6 — ®@yHkuii Haje:KHOCTI BUXiZHOTO cUTHAJY 6JioKy F2
Baza mpasun i 6itoxy F2 monana Huk4e y BUDIS TA0UI 2.

Ta6auus 2 — baza npaBuJj 6J10Ky HeuiTKoi Joriku F2

e| HNE | MNE | LNE | ZE | LPE | MP | HPE
de/dt

HNDE VLP | VLP LP | VHP | VHP | VHP | HP
MNDE LP MP MP | VHP | VHP | VHP | HP
ZDE MP HP | VHP | VHP | VHP | HP MP
MPDE HP | VHP | VHP | VHP | MP MP LP
HPDE HP | VHP | VHP | VHP | LP | VLP | VLP

Mopeni0BaHHSI CHCTEMH 3 IBOKAHAJIBHUM HeYiTKHM KOHTPOJIepoM

st mo0yI0BH HEYITKOTO aJanTyl04uoro MpUCTPOI0 BUKOPHUCTOBYBaBCs makeT «Fuzzy logic toolbox» MATLAB. Basosum
AIITOPUTMOM HEYITKOT JIOTIKM BUKOPUCTOBYBABCS ajrOpUTM «mamdani».

Moiens 3aMKHEHOI CHCTEMH KepYBaHHS i3 JBOKAHAIBHUM HEYITKHM KOHTposiepoM y cepenoBuiui Simulink npeacrasnena
Ha puc. 7.

SIK 00’€KT KepyBaHHS PO3IIIIHYTO CHCTEMY PETYJIIOBaHHS TEMIIEPATYpH IapH 32 BEPXHBOIO pafiamiiiHoro yactuHoo (BPY)
npsmoToyHoro komioarperary TIIII-210A. ®yHkmis mepemadi mMbOTO KOHTYPY OIUCYETHCS ANEpPIOJUIHOI0 JIAHKOK 2-TO
MOPSAKY 3 3armi3HeHHsM [4]:

K -0
e X

JluHaMmiuHi XapaKTepHUCTHKH 00’ €KTa KepYBaHHS 3aJIeKHO Bijl HABAHTAKEHHsI eHeproOIoKy HaBemeHi B Tabuuii 3 [4].

Tadanusa 3 — JuHaMivHi XapaKTepUCTHKH 00’ €KTAa KepyBaHHA

HapaHTaxeHHs
k Tl T2 T
eHepro6ioxy, MBT
225 3.1 90 45 25
275 1.9 84 42 20
300 1.6 80 40 17
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Puc. 7 - Mogenb 3aMKHEHOI CHCTEeMH KePYBaHHS 3 IBOKAHAJbHUM HEYiTKHM KOHTPOJIEPOM

Scopel

BpaxoByroun crienngiky OK (IpsMOTOUHHIA KOTET), OCHOBHUM KaHAJIOM KepyBaHHS, KU pPO3IIISAAETHCS B AaHii poOoTi,
MIPUHHATO KaHAT «30ypeHHA-BuXimy. Lle moB’sa3aH0 3 THM, IO MiJ Yac eKCIUIyaTaliiHOTO MUKy KaHaJl «3aBIaHHI-BHXIT», SK
npaBwiIo 3aaisiHuK nuine npu BuBeneHHi OK Ha 3amanuii pexxum pobotu. Bech iHImmi yac BinOyBaeThesi pobOTa MO KaHaITy

«30ypEeHHSI—BUXia».

CxeMa 3 TBOKaHaJIbHUM HEYiTKUM KOHTPOJIEpPOM TOpiBHIOBaacs 3 KiacuuHuM [11/[-perynsitopoM napanenbHOi CTPYKTYPH.

[Napamerpu HanamryBanHs HacTynHi: K;=0.4, T;=40, T4=20.

10

0 5, 200 400 60000

—
0 ~

Ty o  —————————— - — - —— -
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Fuzzy - 1IIJ1 ——uFuzzy -----ulll]]

Puc. 8 — Ilepexinni npouecu npu 100% HaBaHTaKeHHi

10
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Puc. 9 — Ilepexinni mpouecu npu 90% HaBaHTa:KeHHi
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Puc. 10 — Iepexinni npouecu npu 70% HaBaHTa:KeHHi

kol

Tadauus 4 — Iloka3HUKM SIKOCTi pOOOTH cHCTeM /ISl Pi3HMX HABAHTAKEHHSX eHeprod/IoKy

70% HaBaHTaXKEHHS 90% nHaBaHTaXKEHHS 100% naBaHTa)KEHHS
TTokasHuku SKOCTI

I a Fuzzy T Fuzzy T a Fuzzy
MakcuManbHuit AuHaMISHui 8,86 8,25 9,95 9,5 13,63 14,53
3akug, °C
CryIiHb 3aTyXaHHs 1 1 1 1 0,67 1
Yac peryoBaHHS, C 400 450 700 480 980 520
[MepeperyntoBanus, % 0 0 35 0 55 0

11
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AmHani3 3/1iHCHIOBAaBCSI NUISIXOM IIOPIBHSHHS INEPEXiHUX XapaKTepHCTHK y LUIBOBHX CHCTEMax KEpyBaHHS B YMOBax
mapaMeTpuvHoi HecrtarioHapHOCTi. [lapaMeTprudHa HECTAaliOHAPHICTH MOJCTIOBANIACS 3MIHOIO JAWHAMIYHUX XapaKTEPHUCTHK
00’€eKTa KepyBaHHS BiJIIIOBiTHO IO HABAHTAKCHHS CHEPTOOIIOKY.

IIpn 100% nHaBaHTaXeHHI 00’€KTy KepyBaHHA cucTeMH KepyBaHHS 3 IIIJI-perymaropom i IBOKaHaJIbHMM HEYITKHM
KOHTPOJICPOM 32 KaHAJIOM «30ypeHHS-BHX1/I» NAI0Th MPUOIN3HO OJHAKOBY SKICTh (QYHKIIIOHYBaHHS.

[pu 36imbmieHni auHamiku 00’€kTy KepyBaHHs (30inbIneHHI Koedimienta mepenadi K ta 36impmieHHi cramux gacy T i
TPaHCIOPTHOTO 3ami3HEHHs 7) CTabiIbHICTH mepebiry mporecy B KIACHYHIA CHCTEMI Moripuryerhesi. Yac perysroBaHHS
30ubIIyeThess Ha 75%, 3°sBisieThest mepeperymoBaHHs 35%. baza mpaBuil  [BOKaHANBHOTO HEYITKOTO KOHTpOJepa
CIPOEKTOBaHa TaKUM YMHOM, III0 Ha MOYATKOBIM CTAJIl MepexiJHOTo Mpoliecy BinOyBaeTbes ""GopcoBaHmil" KepyroUuuii BILIHUB,
a Ha 3aBeplUAIbHIA cTaiil MepexiJIHOro IpOoleCy 3MIiHM BUKOHABUOI'O MeXaHi3My NpPaKTHYHO 3BOIATHCS 10 Hyis. Lle
MIPU3BOJUTE JI0 3MEHIICHHS! KONMBAILHUX XapakTepucTrk. [lopiBasno 3 [11J]-perymnstopom, yac peryntoBaHHs 30UIBIINBCS HE
CYTTEBO — NPUOIU3HO Ha 6%.

Kputnunmii craH o00’e€kTa KepyBaHHS JIOCSTAETHCS IIPU JIOJAaTKOBOMY 301IBLICHHI Yacy YHCTOTO TPAHCIOPTHOTO
3ari3HeHHs 1 30UIbIIeHH] Koe(illieHTy mifcuieHHs. B mpoMy BUNaaKy mHepexifHuil mpouec B KIACHYHIM OJHOKOHTYPHIH
cucremi kepysanHs 3 III/I-perymstopom mae manmii cryminp 3atyxaHas — 0,67. Perymarop 3 ABOKaHaIbHUM HEYITKHM
KOHTPOJICPOM CIIPABIIIEThCA 3 ITaHWM IOTiPIICHHSM, MepeximHi mporecH 30epiraroTh amepioguyHuii xapaktep (CTYIiHB
3aTyXxaHHs CTaHOBHUTH 1). Hac perymroBaHHS 30UTBIIMBCS MOPIBHSIHO 13 HOMIHaJIBHUM pexuMoM Ha 15,5%, B Toi wac sk B
cucremi 3 I I-perynstopom — Ha 145%.

BucHoBkn

1. 3anponoHoBaHO cxeMy 3 JBOKaHAJbHUM HEYITKUMH KOHTPOJEPOM s pOPMYBaHHS IMIYJIbCHOT'O KEPyBaHHs 00’ €KTOM
B YMOBaX HECTalliOHAPHOCTI HOr0 IMHAMIYHUX XapaKTEPUCTHK.

2. [pyHTYIOUNCh Ha 3HAHHSAX TIPU JAMHAMIKY 00’ €KTy KEPyBaHHsS i MOKIMBI 3MiHM MapaMeTpiB Horo mozeni, pospobiena
0a3a mpaBuJI AJIs1 OJIOKIB JIOTIYHOTO BUBOJY JIBOKaHAIILHOTO HEYITKOTro KoHTpojepa. [ys ¢opmyBaHHS TpHUBaIOCTI IMITYJIBCIB
KepyBaHHA 1 I1ay3 MiX iMITyJIbcaMi BUKOPHCTOBYBAJIHUCS ABa okpeMi fuzzy-6moku.

3. IlopiBHsIbHME  aHaMi3 T1OKa3aB, 110 OAHOKOHTypHa ACP i3 JBOKaHaJbHMM HEYITKUM KOHTPOJIEPOM Kpalle
MIPUCTOCOBaHA 10 poOOTH 3 00’€KTOM KepyBaHHs, SKOMY BJIacTHBA IapaMmeTpuyiHa HecTarioHapHicTb. [Ipn 30inbmieHii
IUHaMINi 00’€KTa KepyBaHHS ABOKAHAIGHUIN HEWITKUH KOHTPOJICp MIBHIIIE AOJae 30ypeHHS B CHCTEMI KepyBaHHSA, IPsAMi
TTOKA3HUKH SKOCTi iCTOTHO KpaIli, HiX y cucteMmi 3 knacuaauM [1IJ]-perymsaropom.

4. 3anponoHOBaHHW CrOCi0 KepyBaHHS 3a JOMOMOTOK JBOKAHAJIBHOTO HEWITKOrO KOHTpoJepa mepenbadyae HENiHIHHY
3MiHy aMIDTITYAX KePYIOUNX BIUIMBIB 3aJIe)KHO BiJl BETMUMHH HEY3TOKEHOCTI 1 Xapakrepy ii 3MiHu. Lle 3MeHIIye KoIuBaIbHy
3IATHICTH CHCTEMH Ta J03BOJISIE YTPUMYBATH ii CTIKOIO mpu Habarato OiMBIN KPUTHUYHUX CTaHaX 00’€KTa, HIX B CHCTEMax 3
I -perynaropom.
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Anomauyia: Bukopucmanua Cy4acHux mexuiuHux 3acobigé me Gupiuiyloms npodiemy CKIAOHOCMI pPO36 SI3AHHA CUCHeM
HeNiHIUHUX, a [HOOi | HecmayioHapHux Ou@epeHyianrbHUX pPIGHAHbL Y YACUHHUX NOXIOHUX, AKI ONUCYIOMb MEXHOLO02IUHI
00’exmu 3 posnoodinenumu napamempamu. OOun 3 eapianmis eupiuieHHs yiei npodiemu € noby008a HaA OCHOBI NOYAMKOBUX
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Modenell Oinb NPOCMUX MoOOeiell I3 3HAYHO MEHWUM YACOM PO3PAXYHKY Npu 3a0e3neyeHHi epeKkmugHo2o Gi0MEOPeHHs mux
sracmugocmell NOYAMKOBUX Mooenell, K OOCTIOHUK 88AHCAE 20I0BHUMU OISl CUHME3Y eqeKMUBHOI cucmeMu Kepy8aHHsL.

s niosuwents egheKmusHOCMi MexHOI02IUHUX NPOYECi8 NPOMUCTIOBUX BUPOOHUYME OOYLILHO 8NPOBAIHCYBAMU CUCTHEMU
Kepy8aHHsL 3 NPOSHO3YBALHOIO MOOELIIO.

Memoio Oanoi pobomu € po3pobrenns memoody napamempuunoi idenmugikayii cnpougenoi mamemamuyHoi mooeni
00’ckmig 3 po3NOOdineHUMU naApamempamu 8 yYMo8ax ii BUKOPUCMAHHA SK NPOSHO3VBANbHOI 6 cucmemi KepyeaHHs
MEexXHON02IYHUMU npoyecamu.

Abstract: The using of modern technical means does not solve the problem of the complexity of solving systems of
nonlinear, and sometimes non-stationary differential equations in partial derivatives, which describe technological objects
with distributed parameters. One of the solutions to this problem is the construction on the basis of initial models of simpler
models with significantly less time to calculate when ensuring the effective reproduction of those properties of initial models,
which the researcher considers the main to synthesize an effective control system.

In order to increase the efficiency of industrial processes, it is expedient to introduce control systems with a predictive
model.

The purpose of this work is to develop a method of parametric identification of a simplified mathematical model of objects
with distributed parameters in conditions of its use as a predictive in the control system of technological processes.

KiarouoBi ciaoBa: MaremMaTwdHa MOJENb, PO3MOINICHI IapaMeTpd, iAeHTHQIKAIlis, TEXHOJIOTIYHHN TIpoIiec,
IPOTHO3YyBaJbHA MOJEIb.

Keywords: mathematical model, distributed parameters, identification, technological processes, predictive model.

Beryn

OnHuM 3 e(eKTHBHUX JDKEepes MiJBHIICHHS €()EeKTHBHOCTI TEXHOJOTIYHHMX IPOLECiB MPOMHUCIOBOIO BUPOOHHMITBA €
BIPOBA/PKEHHSI CYYaCHUX KOMIT FOTEPHUX CHUCTEM KepyBaHHS, B OCHOBI POOOTH SIKMX JIe)KaThb MaTeMaTW4HI MOJEINi JaHHX
HPOLIECIB.

3 TOUKHM 30py 3a7ad aBTOMaTHYHOTO KEPYBaHHS TEXHOJIOTIUHI MpolecH y Oyab-sKOMYy IPOMHCIOBOMY BHPOOHUITBI, SIK
MIpaBWIIO, € 00’€KTaMM 3 PO3NOAUICHUMH MapaMeTpamMH, MaTeMaTHYHHH ONHC SKUX SIBJIsiE cOOOI0 CHCTeMy HENiHIMHUX, Y
JEeSKUX BHIIAJKaX HECTAIllOHApHUX JH(EepeHlialbHUX PIBHAHD y 4YacTHHHUX Noxigaux [1-4]. Po3spaxyHok Takux
MaTeMaTHYHAX MOJeNell HaBiTh CYYaCHHMH 3ac00aMH OOYMCITIOBATBHOI TEXHIKM BHMAarae TPHUBAIOTO 4acy (iHOII JECATKH
TOJIMH), 1[0 CYTTEBO OOMEXKYE iX 3aCTOCYBaHHA Y CHCTEMaX KepyBaHHS peajbHOro yacy. Buxin 3 takoi curyaii — moOymoBa Ha
OCHOBI OYATKOBHX MOJIEIIeH OLTBII MPOCTHX MOAEINEH i3 3HAYHO MEHIIMM YacOM PO3paxyHKY IpH 3a0e3nedeHHi epeKTHBHOTO
BIATBOPEHHS THX BJIACTHBOCTEH MMOYATKOBHX MOJEINEH, SKi JOCTIJHUK BBA)Ka€ TOJOBHUMH IS CHHTE3Y €(DEKTUBHOI CUCTEMHU
KepyBaHHSI.

[TixBuIEHHST SKOCTI caMOi CUCTEMH KepyBaHHS € OKPEMOK HayKOBO-TEXHI4YHOW 3ajmaueto. [ 11 po3B’s3aHHs OCTaHHI
POKH 4acTO BUKOPHUCTOBYIOTHCS IPOTHO3YBAIbHI MaTeMaTuuHi Moeni [5-7].

IMocranoBka 3axayi

CyuyacHi KOMIT'IOTEpPHI CHCTEMH KEpyBaHHS, SIK MpaBUiIO, OyIYIOTbCS Ha OCHOBI MaTeMaTHYHHX MOJIENIEH KepOBaHHUX
npoueciB. OHaK HaBITH Il HAWOUIBII MPOCTHX BHIMAAKIB 00’€KTH 3 posnofinennmu mnapamerpamu (OPII) ommcyroTbes
TOYHMMH MaTeMaTHYHUMH MOJICJISIMH JJOCTaTHHO CKIIATHOTO BHY. [Ipy IbOMY THUIIOBHM HaCJIiIKOM MOJIEIIIOBAHHS ITOBEIIHKH
OPII mudepeHmiadbHUMH PIBHAHHSIMH y YacTHHHUX MOXITHUX € TPAaHCHEHJISHTHHH XapakTep 3aJeXHOCTI BiIITOBIIHHX
mepeJaTHUX (PYHKIIH BiJ] KOMIUIEKCHOI 3MIHHOT a00 Omuc ITi€]l 3aJIeKHOCTI Yy BUIIAI HEeCKiHYeHHHUX psaiB [1, 3, 8] HaBiTh
BiTHOCHO 30CEpPEIKCHNX BXiTHUX JisHb, IO CYTTEBO YCKIIAAHIOE X aHAJi3 Ta BUKOPUCTAHHS IIPU CHHTE31 CHCTEM KepyBaHHS.

Y OimpIn CKIAmHUX BUNANKaX, HAIPUKIAL, IUIS IIPOCTOPOBO OaraTOBUMIPHHX 00 €KTIB 31 CKIATHOI (YOPMOIO TpaHMIII
o0acTi 3MiHH POCTOPOBUX KOOpPAWHAT ab0 mpr HEOoOXiTHOCTI BpaXOBYBAaTH CYTTEBI HENiHINHHI e()eKTH, SK MPaBUIIO, B3araii
HE BIA€ThCA OTPHMATH aHATITHYHUHN PO3B’SI30K PiBHAHB 00’ekTa [3].

3a3HaueHi 00CTABMHU MPHUBENH 0 MIMPOKOTO MOIITHUPEHHS Ha MPAKTHII HAOMMKEHUX Moenel 00'eKTiB 3 pO3MOIiIICHUMH
mapaMeTpaMy CIPOIIEHOTO BUAY, IO OMUCYIOTh iX MOBEAIHKY 3 TOTPiOHOI0 TOYHICTIO.

OnHuM 13 cy4yacHMX (OpMalli30BaHUX IIJXOIIB J0 CHHTE3y CHUCTEM YIPaBIiHHS, 10 0a3yIOTbCS Ha MaTeMaTHYHHX
MEeTOoJ[aX ONTHMI3allil, € Teopish YIPaBIiHHSA THHAMIYHUMH 00'€KTaMHU 3 BUKOPHCTAHHSM MPOTHO3YBalbHUX Mojenei - Model
Predictive Control (MPC).

Le#t minxin moyaB po3BuBaTtHcs Ha moyarky 60-x pokiB XX CTOJITTS Uit YNPaBIiHHS NMPOLECAMM 1 yCTaTKyBaHHSIM B
HaTOXIMIYHOMY Ta EHEPreTUYHOMY CEKTOpi, Uil SIKMX 3acCTOCYBaHHS TpaJWLIMHMX METOAIB CHHTEe3y OyJio BKpal
Hee()eKTUBHUM Y 3B'I3Ky 3 BUHATKOBOIO CKJIA/IHICTIO iX MaTeMaTn4yHuX Mozeineid. OctanHiM yacoM cdepa 3actocyBanus MPC
3HAYHO PO3LIMPHIIACS, OXOILUIIOI0OYHM HE TUIBKN TEXHOJIOTIUHI IPOLECH PI3HHUX Taily3el MPOMHUCIIOBOCTI, a i €eKOHOMIUHI 3a/1adi
TIPY YIpaBIiHHI BUPOOHUIITBOM [9] , Ut yIpaBimiHHs 3anacam i moptdeneM minHuX nanepis [10] Ta inH.

OcHoBHOO niepeBaroro MPC-minxomy, 10 BU3HAYa€ HOTO YCITIIIHE BUKOPUCTAHHS Y TIPAKTHIII TOOYAOBH Ta eKCILTyaTarlii
CHCTEM YIPAaBIiHHA, € BiIHOCHA MPOCTOTa 0a30BOi cXeMH (POPMYBaHHS 3BOPOTHOTO 3B'A3KY, IO TOEIHYETHCS 3 BUCOKHMU
aJanTUBHAMH BIACTHBOCTSIMH. OCTaHHS OOCTaBMHA J03BOJISIE KePyBaTH OAaraTOBUMIpHUMH 1 0araTto3B's3HHMHU 00'€KTamu 3i
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CKJIQJIHOIO CTPYKTYpOIO, ONTHMI3yBaTH IPOLECH B PEXHUMI pealbHOTO Yacy y paMKax oOMe)KeHb Ha KepyBaslbHI 1 KepoBaHi
3MiHHI, BpaXOBYBaTH HEBH3HAYCHOCTI 00'€KTIB KEpyBaHHSI.

BukopucTaHHs NpPOTrHO3YBaJbHOI MOJeNi y cUCTeMi KepyBaHHS nepenbadae i1 CTPYKTYpHY Ta IapaMeTpHYHY
inerTudikamnito. [Ipu moOymoBi cucTeMu KepyBaHHA 00’ €KTIB 3 PO3MOAUICHHMHU MapaMeTpaMu CTPYKTypa MpOTHO3YBalIbHOT
Mozeni (paKTUIHO BH3HAYAETHCS HA €Talli CIPOLICHHS IOYaTKOBOI CKJIaIHOI MOJIEITI.

TakuM 9WHOM, METOIO NTAHOI CTAaTTi € PO3pOOJICHHS METOAy MapamMeTpuuHoi imeHTH(ikamii crporieHoi MareMaTHYHOI
Mozeni 00’€KTiB 3 PO3MONUICHUMH IapaMeTpaMH B yMOBaX ii BUKOPHUCTAHHS SK NPOTHO3YBAIBHOI B CHCTEMi KepyBaHHS
TEXHOJIOTIYHUMHU MPOIECAMHU.

MeTton po3aisienHst 3MiHHUX Dyp’e

VY nmaHwuii yac po3po0JICHO MUTHIA psi crioco0iB MOOYIOBH HAOIMKSHUX MOJENIeH 00'€KTIB 3 PO3MOAUICHUMH MapaMeTpamMu
[11-18]. Bci BoHE MOXYTh OyTH YMOBHO MOJIiJICH] Ha JIBi OCHOBHI TPYITH 10 "MPEAMETY anpoKcuMariii”.

[epmia rpyna xapakTepu3yeTbesi Pi3HUMH CIHOCOOAMH CIIPOIIEHOTO MPEACTABICHHS CaMUX BHUXIIHUX IH(epeHIianbHuX
piBHSIHB 00'€KTa, IMOJAIbIIE PO3B’SI3aHHA SKUX BIIOMHMH METOAAaMH JIO3BOJISIE OTPHMATH 33J0BUIBHI 110 TOYHOCTI B NMEBHUX
KOHKPETHUX yMOBax omnucy BiactuBoctet OPII y mopiBHSHO MpOCTOMY BUTIISIL.

Metomn npyroi rpymm 0a3yloThCS Ha HAOMIDKEHOMY IMONAHHI TOYHUX DIIICHb PIBHSAHD y YaCTHHHHUX MOXiTHUX, IO
MonenroroTh oBeaiHKy OPII. ¥V neskux Bumagkax METOIU 000X TPYII IPU3BOAATH 10 a0CONIOTHO iIEHTUYHUX PEe3yIbTaTiB.

3BHuuaitHo, MOXIIMBE "MBOETAIHE" MOCIITOBHE 3aCTOCYBaHHs 10 oxHOTO i Toro ) OPII pi3HHX MeTOMiB anpoKcuMarlii, mo
JI03BOJISIFOTh, HANPUKIIA, CIOYATKy MEPEUTH O CIPOIICHOTO0, IO JOMYCKaE TOYHE aHAJITUYHE PIIICHHS, PIBHSIHHS 00'€KTa,
JUISL SIKOTO TOTIM 3HAlTH JApoOOBO-palioOHaNbHE HAOMMKEHHS HOro mepenaTHol (yHKIIi, 110 BHU3HAYA€E IMiJCYMKOBHN
HaOJIM)KEHUN ONKMC BUXIIHOI Mozesi 00'ekTa.

OnHuM 3 HaliOLIbII e()eKTUBHUX METOJIB MTO0Y10BHU cripoieHoi MmaremaTinyHol mozeni OPII € meton po3aineHHs 3MiHHHX
(meton @yp’e) [4, 19, 20], uo nependayvae npeacTaBiaeHHss QYHKIIT JEKUTBKOX 3MIHHUX (Yacy i IPOCTOPOBHUX KOOPAMHAT) Y
(hopMi HECKIHYEHHOTO psi/ly, KOKHHUI YJICH SIKOTO SIBJISIE CO000 JJOOYTOK J1BOX (DYHKIIH OJ{HI€T 3MIHHOT — yacy Ta IpOCTOPOBOT
KOOpJIUHATH

TE)=Y a0, W

i=1
ne anmpiopi Heimomi ¢ymkumii & (tf)ta ¢@(&)marote Oyrm BuOpani TakuMm dYuHOM, MO0 KepoBaHA 3MiHHA
T(&,t) 3ag0BONBHSIA TPAHUYHIM YMOBaM 3a7adi.

Ha mpaxrumi psin (1) oOMexyroTs N wieHaMu

TED =Y an @) @

i1
1 ToAl 3a1aua anpoKcUMallii 3BOJUTHCA [0 BU3HAUCHHS HEBLIOMUX (QyHKIIH &, (t) ta @ (£) i3 ymoBH MiHiMi3aIii meBHOTO
dyHKIiOHATa TOXMOKK ampoKCHMaLii Ta JocipkenHEo 36ixkHocTi T (£,t) 10 T(£,t) mpu N — oo

Jana 3aaua po3risianacs y npausx 6aratbox aBTopis, 30kpema [4, 13, 16, 21, 22]. OxHak iCHy[O4Yi METO/1 HE TIOBHICTIO
3aI0BOJIBHAIOTE JOCTIIHUKIB 3 PI3HUX NPUYUH: Yy 3B’S3Ky 3 OOYMCIIOBAIFHUMHU TPYAHOIIAMH SK TaKUMH, HE 3aBXKAU
BUKOHYIOTHCS YMOBH 301KHOCTI OOUHCITIOBATIBHUAX MPOIEAYP, CKIAJIHO OIL[IHUTH MOXUOKY alpOKCHMAIIIT TOIIIO.

V po6ori [8] 3minni T (£, t) 3anponoHoBaHO BUpaXkaTH y BUIVISII psily OPTOHOPMOBAaHMX GasucHuX Bektopis (BB) ¢; (&)
KOOpJAWHATH £, KOKHA 3 IKHX TIOMHOKEHa Ha (QyHKIIi0 yacy a;(t) (koedimientn Oyp’e):

a(k) = col {a (t)}", .

T (k)= col {T (4 ’tk)}:\il’

~ N
g=col{g (&)}, 1™ C=(@ @ ... o).
I3 ypaxyBaHHsIM 11OTO PiBHSHHSA (2) MOXKHA 3aITUCATH TaK:
T(k) = ®a(k).

AJITOpUTMH pO3paxyHKy ¢; (&) Ta a,;(t) maBemeniy [8].

Meton cucreMHoi inenTudikaunii

VY cucremHil igeHTH}IKAI], KOMX 00’€KT JOCTIIKEHHS MPEACTABISIETCS Y BUIIIII «YOPHOTO ANINKA», ICHYe Oararto
METOIB 3HAXOPKCHHs iX JAMHAMIYHUX Mojened [23]. 3rimHo WX METOMIB 3aJa€ThCs CTPYKTypa MOICII, MICJIsS YOTro
NPOBOJUTHCS OIiHKA MapaMeTpiB MOJENi 3a PAAOM BXiIHMX naHHx{G(k)}:;Ol Ta BHXIiTHHUX IlaHI/IX{é(k)}L(;Ol Jlnst 06’exra

THUITy «YOPHUH SIIMK» BUKOPUCTOBYETHCS MO Y IIPOCTOPI CTaHIB
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X(k +1) = Ax(k) + B,u(k) 3)
a(k) =Cyx(k). (4)
V mux piBusunax X(K) € R™ e Bexropom crany, u(k) e R™ — Bextop Bximmux mannx, a(k)eR" — Bextop. Y maHOMY
BHIIAJKy BEKTOp CTaHy HE BimoOpakae peanbHi BENMYMHH, a BUKOPHCTOBYETHCS Misl omucy muHamikk a(k) mopsimok n,
BH3HAYAETHCS JIOCIITHUKOM.
AnropuTt™u ifeHTH}IKALT TIpU3HAYEH] I BU3HAYEHHS HeBigomux mapamerpiB A e R™™  BeR™MW  CeR™™ y
mozeii (3), (4).

IIpu cuHTE3l cHCTEMH KepyBaHHS 3 IMPOTHO3YBAIBHOK Mojeuno moxeib (3), (4) Moxe OyTH BHKOpHCTaHA JUIs

NPOTHO3YBaHHS 3aJI€KHOCTI MK BXiJJHUMH/BUXITHUMH TaHUMH Ta HEBIJOMHX IapaMeTpiB Mol Ha s-My Kpoui Brepen. s
k+s-1
i=1

BOro Ha KOXKHOMY K-My Kpoui opMyeThesi psii MPOrHO30BaHMX 3HaueHb {a(i)} Ta PO3PaXOBYETHCS 3AICIKHICTD MIXK

BXOJaMu i Buxojgamu 3 K -ro mo K +S—1 MoMeHT vacy:

3 (k) = Ogx(k) + Tou (k) ®
e
uf T (k) = col {u(k),u(k +1),...,u(k +s-1)}
ag (k) = col {a(k),a(k +1),...,a(k +s-1)}
— 0 0 ]
C.B, 0 S
r-| s, ce . - (6)
|C.A™?B, C,A°B, ... C.B, |
c,
C,A
0, =| C,A? 0
_CaAS_l_
opus 2 n, .

VY piBusuHi (5) HeBigomumu 3anumiaotbes Og, Ts Ta x(k) . 3 Meroo iX BH3HAYCHHs IepenuineMo piBHAHHS (5) s
momenTiB yacy k =0,1,..., K —1:

Y osk-1=O0sXgk1+TUgs k1 (8)
aoy a@ - aK-s)

Y ok é('l) 5(52) aK —5 +1) ©)
as-1) a(s) --- aK-1

Xoka =[X(O0) x@) ... x(K-1)] (10)

EnemenTu nux Marpunp € Bitomumu. ITonidoHo noY  «_; BU3HauaeTbes 1 MaTpuisa U ¢« , sKa Tex Bitoma. Buxonsuu 3

LOT0, ATOPUTM 3HAXOJPKCHHS HEBIZIOMHX CKIIAIA€ThCS 3 TAKUX KPOKIB.
1. 3HaxomkeHHs O, st IbOTO TTOMHO>KHMO PIBHSHHS 8) Ha MaTPHIIIO

T T -1
Foska = Ik = U gsk1UopskaV oska) Ygsk > Axa BusHadaeTbes 3 ymoBuUg ¢« 1Fo s =0.
Toni pisnsinns (8) nabysae Burnsny Yo 1Fos k1= OsXok_1Fos Kk 1, 3B10KH 3HaX01MMO HeBigomy Os.
2. Busnauenns A ta C; i3 O, Bukopucroytouu (7).
3. IlincraHoBka {u(k)}:f:1 Ta {é(k)}:::l y piBasianst (3), (4) mpuk =0,1,..., K s Busnavenns x (k) ta By,

SAxmo mnapamerpu wmoxeni A, EB,C;  Bimomi, To piBHsHHA (3), (4) MOXHAa BHKOPHUCTOBYBATH JJIsI PO3PAXyHKY i
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MPOTHO3YBAaHHS 3MiH y uaci Koedirienris @yp’e, a, 3HAUNTD, i BeKTOpa 3MiHHHX porecy T (K) HACTYITHHM YHHOM:
T(k) = dja(k) = ,C, x(k) (11)
C
>

3 ypaxyBanH:M (3), (4) Ta (11) 3aransHa MaremMaTH4Ha MOJEJIb HaOyBa€e BUIVISLY:
X(k +1) = Ax(k) + B,u(k)

a(k) = C,x(k)
T(K) = Crx(K)

BucHoBku

st migBuiieHHs: eeKTUBHOCTI TEXHOJIOTIYHHUX MPOIIECIB MPOMHUCIOBUX BUPOOHHUITB JOLUIBHO BIIPOBAKYBATH CUCTEMHU
KEpyBaHHS 3 MPOTHO3YBaJIBHOIO MOAEILIIO.

B pamkax 1poro 3aBmaHHs ISl 00°€KTIiB 3 PO3MOAUICHUMH MapaMeTpaMH MOTPiOHO po3B’s3aTv [BI 3a1adi: MOOyAyBaTH
CIpOIIEHY MaTeMaTW4Hy MoJelb 00’€KTa 3 PO3MOAUICHMMH MapaMeTpamH, SKa y MoJaibsiioMy OyJe BHKOpUCTaHa SIK
IIPOTHO3YBaJIbHA MOJIEIIb, Ta PO3POONTH ePEeKTUBHUI METO/ apaMeTPUYHOI 1IeHTUdIKaNii 1aHoT MoJIeT.

CaMe mi THWTaHHS PO3MIIAHYTI y AaHI cTaTTi. SIK METOA CIPOIICHHS CKJIATHOI MaTeMaTWYHOI Mojaeni 00’€KTiB 3
PO3NOAUICHAMH TapaMeTpaMy BHKOPHCTOBYETBCS METOZA pO3AuIeHHs 3MiHHHX (Metox Dyp’e). Hamanmi crmpomieHa Mozmens
TIPEACTABIAETBCS Yy BHIJBINI MaTeMaTHYHOI MOJENI Yy TPOCTOPi CTaHIiB. 3allpOIIOHOBAaHWI aNTOPHUTM IapaMeTpUIHOI
imeHTudiKaii 1TaHoi MOeT.

[Momampmii mocHiIKeHHS MaOTh OyTH Ha TpaBieHI Ha IOCTIMHKEHHS e(EeKTHBHOCTI 3aCTOCYBAaHHS 3allpONOHOBAHUX
MOJIENIel Ta aNTOPUTMIB JJISl pO3B’SI3aHHS MPAKTUIHUX 33a]ad KepyBaHHA 00’ €KTiB 3 PO3IIOIIIICHAM ITapaMeTpaMHu.
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Almomauuﬂ:B cmamove npe()cmaefleﬁbz pe3yiomanivl UCCICO0BAHUSL BNIUAHUS yeeauuenust MOuWHoOCmu ucnojlb3yemozo
AHCAMOIST MAUMEPHBIX CUCHAILHBIX KOHCMPYKYUN NPU NOCMOSHHOU ONUMENbHOCIU KOOO8bIX KOHCMPYKYUN HA CKOPOCMb
nepeoauu ungopmayuu 6 yugposvix cucmemax ceazu. (OQOOCHOBAHA YeNeCOOOPAZHOCMb  YEEIUYEHUS MOUHOCU
Ucnoabzyemoco ancamons maL?Meprlx CUCHAJIbHbIX KOHcmpyKuuﬁ, nymem UsMeHeHust 4ucia qu)OpMal/[uOHHblx Ompe3Koe6 6
KOOOBbIX KOHCIMPYKYUAX 8 CUCeMAaX nepeoayu uHgopmayuu, Ucnoib3yromux yu@dposyro ceasv. Ilposeden ananus memooos
nepeoauu urgopmayuu 6 Yupposol ceA3U NpuU UCNOTb308AHUU NOUYUOHHO20 CHOCODA KOOUPOBAHUS C U30BIMOYHbIMU
kooamu. ObocHo8aHa HeyenecooOPAZHOCHb UCNOAb308AHUS NOSUYUOHHO20 KOOUPOBAHUs Npu nepedave OOIbUUX 00beMO8
ungopmayuu. Ilpeocmasnen Mmemoo KOOUPOBAHUA CUSHANA HA OCHO8e MAUMEPHLIX CUSHANBHLIX KOHCMPYKYUL C
UCNOJIb308AHUEM OMOEIbHbIX BPEMEHHbIX OMPE3K08 CucHald, He MeHee HAUKBUCINOB020 unmepeaia OJIs1 KANCOOU CUSHATIbHOU
KOHCMPYKYUU. OueHMGCZIOMC}Z B6pEeMEHHble napamempbol KOOOBbIX CII08 maﬁmepyblx CUCHAJIbHbIX Koncmpym;uﬁ: OHmponust u
uH¢0pMal¢u0HHa}l eMKOCMb HAUKEUCMO8020 JleMeHmd npu KO00080OM YHJ1OmMHeHuu Kauaud. Hpedcma(menbl pe3yibmanmivl
uccre008anust 6b100pa IPEHEKMUBHOU ONUHBL KOOOBO20 CILOBA 8 MemOooe KOOUPOSAHUSL CUSHANA C UCNONb308AHUEM MAUMEPHBIX
CUCHATILHBIX KOHCMPYKYULL OIS YBeIUYeHUsl CKOPOCMU nepeoayu uHgopmayuu 8 yugposwvix cucmemax cessu. Ilpueedenvl
pesyibmanivl UCCAeO0B8AHUSL  GIIUAHUSA napamvempoe maﬁM@prlx CUCHAJIbHbIX KOHcmpyKum? Ha CKopocCmb nepedaltu
qu)opmauuu, Komopbsle nokasauiu 3qb(j)e1<muenocmb UCHONB306AHUSL MEmood Kodupoeaﬂwz CucHajlla C UCnoJjlib3oeaHuem
maﬁmeprzx CUCHAJIbHbIX KOHCI’I’![J)/KL;MZZ no CpasHeruro ¢ Memooom NO3UYUOHHO2O Kodupogaﬂu}z ¢ U30bIMOYHBIMU KOOAMU 30
cuem yeeiuderus qu)OpMaquHHOIZ EeMKOCMU HALIKBUCTOBO20 dJleMeHmA.

Annotation: The article presents the results of the study of the effect of increasing the power of the used ensemble of timer
signal constructions with a constant duration of code structures on the speed of information transfer in digital communication
systems. The expediency of increasing the power of the used ensemble of timer signal constructions is justified by changing the
number of information segments in code structures in information transfer systems using digital communication. The analysis
of methods of information transfer in digital communication using the positional coding method with redundant codes has
been carried out. The inexpediency of using positional coding in the transfer of large amounts of information is substantiated.
A method of coding a signal based on timer signal constructions using separate time intervals of the signal, not less than the
Nyquist interval for each signal structure is presented. The time parameters of the code words of the timer signal constructions
are estimated: entropy and information capacity of the Nyquist element during the channel code compression. The article
presents the results of the study on the choice of the effective length of a code word in a signal coding method using timer
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signal structures to increase the speed of information transfer in digital communication systems. The results of the study of the
influence of the parameters of the timer signal structures on the information transfer rate are shown, which showed the
efficiency of using the signal coding method using timer signal structures compared to the positional coding method with
redundant codes due to an increase in the information capacity of the Nyquist element.

KiroueBble cjioBa: MeTonsl mepenayn MHGOPMAIUH, uI/I(I)pOBaﬂ CBsI3b, IMO3UIIMOHHBIE KOIbI, KOJIOBOE CJIOBO, KOJOBBIC
KOHCTPYKLMH, TalIMEPHbIE CUTHAJIbHbIE KOHCTPYKIMH, HAHKBUCTOBBIM 3J1EMEHT, HAIKBUCTOBBIM HHTEPBAJL.

Keywords: methods of information transfer, digital communication, position codes, code word, code constructions, timer
signal constructions, Nyquist element, Nyquist interval.

1. UudopmanuonHbie mnapaMeTpbl NO3UIIMOHHBIX KOJ0B
1) Meronsl nepepaun uHpOpManuu B uudpoBoil cBsa3u [1] obecneywBaloT mnepenady COOOLIEHWH OT AMCKPETHBIX
HCTOYHHKOB, HMEIOIINX CYETHOE (KOHEYHOE) YHCIIO COCTOSHUM Ny

Ny =EPZ0dia’ (i20+igd = 1)
rae d; - 3HaYCHHUEe paspsaHbIX KO3(D(GHULIHEHTOB, KOTOPbIE HE MPEBBIIAIOT 3HAYCHNUS;
- YUCIIO Pa3NIMYHbIX 3HAYCHUH MH()OPMALIMOHHOTO NapaMeTpa B KaHalle.
3aMeTHM, 4TO B PEJIbHOW IBOMYHOM CHCTEME C IIO3ULIMOHHBIM KOJUPOBAHHEM & = 2.
MakcuMalibHOE YHCII0 Pa3MEUYECHHBIX KOMOWHAIMIA IPU COOIIOCHUH YCIIOBHH JUtst &; U & paBHO [3].
N, =a"
i€ N — YUCJIO 3JIEMEHTOB B KOJIOBOM CJIOBE.

2) KonnuectBo nHdpopmanuy B MO3UIMOHHBIX KOJIOBEIX cioBax (H) ompexnensercs unciom nHGpOpMaMOHHBIX 3JIEMEHTOB
B HuX. Ecnu xox npoctoii [3], T.e. ucnonbs3yroTces Bce My KOTOBBIX CIOB, TO

H =log,N,, = log;a"™ = nlog, a 1)
W3 Beipaxkenus (1) cmemyer, 9uto ecnu @>2, TO IPU MO3UIIMOHHOM KOIMPOBAHUHU B KAXKIOM AJIEMEHTE COICPIKUTCS Oojiee
onHoro Ourta wuHpopManuu. CyIIECTBYIOUIME CHCTEMbI CBS3M HCIOJB3YIOT H30BITOYHBIE KOJbI, B KOTOPBIX Ka)Ias
KOMOMHAIHSI COIEPIKUT M 3JIEMEHTOB HH()OPMAIMOHHBIX U I DJIEMEHTOB IOMOJHUTEIbHBIX (M30BITOUHBIX) [2].
n=m+rvr
Hamnpumep, B KoJie ¢ 4eTHBIM YHCIOM €IMHUI] HHPOPMAIMOHHBIMH SIBIISIOTCS TONBKO (n-1) 3IIeMEHTOB, a B 9-311eMEHTHOM
Kojie XOMMUHra COJEPKUTCS 5 MHOOPMALMOHHBIX 3JIEMEHTOB M 4 MpPOBEpPOUYHBIX [3], clienoBaTeNbHO, IHTPOMUS KaXKIOTO

5
Ko/10BOro cioBa H=>5, a uH(opMaIoHHasi eMKOCTh OJTHOTO 3yieMeHTa J H=—9=0,5555...

3) Cremyer 3aMeTHTh, YTO KaXIO€ KOZOBOE CJIOBO IIPM MO3HMIMOHHOM KOJMPOBAHMM IIepeHacTcss B KaHal
KO3 PUIMEHTAMH X ;, [UIATEIIFHOCTh CUTHAJIA KYKAO0TO U3 KOTOPHIX PaBHA AITUTEIBHOCTH diieMeHTa Haiiksrcra [4].
1

tD:E

rae: F- monoca crekrpa curxana.

B 3akimroueHu# 3TOTO paszena OeHHM BO3MOXKHOCTH Iepeqadd 2-X CHMBOJIBHBIX aHCaMOJIeH TeKCTa PYCCKOTO S3bIKa MPH
MTO3UIIMOHHOM KOAWPOBaHUH. Tak Uit mepenadyn 32 CHMBOJIOB PYCCKOTO SI3bIKa HE0OXoaumo coriacHo (1) 5 anemMeHToB Kona
(log:32 =3), a nna mepenaunm JBYX CHMBONBHBIX aHcambneid, (N, = 32 x 32 = 1024) neobxommmo log,1024 = 10
9JIEMEHTOB B KOJIOBOM CJIOBE (aHAJOTHYHO, JUIS Tepeadn 3-X CHMBOJIBHBIX aHCAMOJICH JJIMHA KOJIOBBIX CIIOB OYIeT, paBHOU
3log, 32 =15 sneMeHTOB).

TakuMm 00pa3oM MOXKHO CHeNlaTh BBIBOJ, YTO TNPH Iepenavye OJHUM KOIOBBIM clIoBOM HH(opmaiuu 0-Z CHMBOJIOB
PYCCKOTO sI3bIKa, CYIICCTBYET JIMHCHHAS 3aBHCHMOCTh KOJIMYECTBA 3JICMEHTOB B TPYMIIOBOW KOMOWHAIMM OT KPaTHOCTH Z,
CUMBOJIHBIX aHCaMOJIEeH.

4) CnetyeT 3aMeTUTh, 4TO NPH PasIHYHBIX METOJaX, obecrneunBamux popmuposanue (32€) pasanuHbIX KOMOMHALMIA
o0l1ee YHCIIO AIIEMEHTOB N B KOJIOBOM CJIOBE PaBHO

ny = Zlog, 32

Hanpuwmep, peanusanueit 6ynyt Ny = 23 u Ny = 27, Jlna dpopmupopanus 1024 KOTOBBIX CIOB MOKHO BOCHOJIB30BAThCA
OJTHMM KOJIOBBIM CJIOBOM C YKCJIOM 3JIeMEeHTOB My = 10, wiau 1ByMs KOJOBBIMH CIIOBAMH IO 5 3JIEMEHTOB 1y = 1y = I, WIK
JBYMs KOJIOBBIMH CJIOBaMHM Hpu %y = 2ZHn; = 8§ C NOAMHOKECTBAMHM 4ucen peanmsamuit Ny; = 2 Npe = 28, 4o
obecneuut obuee uucao peanusamuil (4*256=1024). Mpu ny = 3un, = 7 noamuoxectsa Oymyr 2% = 8; 27=128;
(ng=3+7=10) c Tem xe uucioM peanusauuii (8*128=1024).

K HemocTaTkaM O3UITMOHHOTO KOIUPOBAHUS CIICIYET OTHECTH:

1. Paccrosaue MEXKAYy COCCAHUMH MOMCHTAMU MOAYJISIMHU KpPAaTHO MJIMTCIIBHOCTHU HalKBHCTOBOI'O 9JIEMEHTA, 4YTO
OTPaHUYMBACT MOIHOCTh P€aIM3yE€MOIr0 MHOXKECTBA HA UHTEPBAJIC N 3JICMCHTOB,
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2. DIeMeHTHOCTh KOJOBOTO CIIOBA N OMPEAENSETCS YUCIOM PA3IMYHbIX COCTOSIHHI KOAUpyeMoro uctounnka Ny [4]

n =E%log, Ny

rae E*- cumBon “menoro Gospmiero umcna log; Ny, u3 [1] u [2] cnenyer, 94to MakcHMManbHOe Yuciao N IIpH JIBOMYHBIX
CHTHAIaX He IIpeBhluaetT 2.

5) B xoppexTupyromux (M30BITOUYHBIX) KOAAaX TPAHUIHOE YHCIIO JIOMOTHUTEIBHBIX ' DJIEMEHTOB OIPEEISIeTCs MIPEAEIOM
Bapmamosa - ['mms6epTa [1]

MM =37 2 Fiem2 gl g
rze dy- TpedyeMoe KOJ0BOE PacCTOsTHHUE.
B Tabnurie 1 npuBeeHbI 3HAUEHUS YUCET N30BITOUHBIX 3JieMeHTOB I, ipu ™ € 1 = 13 npud; = 3uwd, = 3

Ta6anua 1 — Uncsio npoBepoYHBIX 21eMeHTOB NpH d € const

dy/m 1 2 3 4 5 6 12 13 14 15
3 2 3 3 3 - 4 5 5 5 5
5 4 7 8 8 9 9 14 15 15 15

Kak crnenyer u3 tabnuupl 1 npu KOIOBOM paccTossHUM € = 3H M =1 HHTEpBAIOB peann3aiuii, YUCI0 U30BITOUHBIX

9JIEMEHTOB NPH ITO3HIIMOHHOM KOAWPOBAHMH OOJBIIOrO YKCIa HHGOpPMAIMU 3HAYUTEINEHO BO3PACTALT, YTO ACNACT TAKOW KOJ
Hed(PPEKTHUBHBIM.

2. TaliMepHbIe CUTHAJIbHbIC KOHCTPYKIIHHA

B oTinune oT mO3HIMOHHOTO crioco®a KOAMPOBaHHMS, KOTra HH(OpMaIHs O epelaBaeMOM paspsie ONpPEeAesIieTCs BUIOM
CHTHaJa Ha EIMHMYHOM (HaWKBHCTOBOM) HHTEpBaje, B TaiiMepHbIX cUrHambHBIX KOHCTpyKuusax (TCK) wundopmanms
“3ayokeHa” B MPOJOJDKHTEIBHOCTSX (IIMHAX) | OTHCIBHBIX BPEMEHHBIX OTPE3KOB CHTHANA T,; HAa WHTEpBAJC KaXIOil
CHTHAJIbHOW KOHCTPYKUUH Ip;. C IIeNbI0 yMEHBIICHUS MEKCHMBOJIBHBIX HCKKCHUH MPOJOJDKUTENBHOCTh KaXKIOro M3
OTPE3KOB CHTHAJA B CHTHAIbHOW KOHCTPYKIIUHN HE MEHEe HaHKBUCTOBOTO HHTEpBaia [2].

Ty =ty +zd )
roe i € 0 = 2z, — nenblie yucha.

. Ip
BpeMeHHO# 0Tpe30K MOKa3bIBAET YacTh SAUHUYIHOTO AJIEMEHTa ty = A= ~ U ONpeJIelsieTcs napaMeTpaMi IoMeX B KaHaie

M JIOMYCTUMOM BEPOSTHOCTBIO JIOKHOTO MTPHEMa CUTHAIBHOW KOHCTPYKIWH (5 € 24, ..., 5p).

[epBoe cnaraemoe BbipakeHust (2) obecrieunBaeT YCTAHOBJICHHUE MIEPEXOTHOTO Mpoliecca Ha BIXOJIE KaHala MpH repeaade
BCEX | OTPE3KOB KaKI0¥ CHTHAIBHON KOHCTPYKIIMH, a BTopoe (z4) HeceT nH(OpPMAIIHIO 0 KOJOBOM CIIOBE.

ApTopamu TaliMepHBIX cHUrHanoB [5], ompeneneHa MomHocTh (umcio peanmsauun TCK (Ny)) Ha wuHTepBame m

HalKBUCTOBBIX JIEMEHTOB:
= i
N,=C ®)

me—i[5—1)

ITocne pa3noxeHus BeipaxkeHus (3) momyyaem:
_ (ms —i(s — 1))

o i! (ms — is)!

B tabnuie 2 npuBeaeHb MOITHOCTH (Nr-') TCKmpus=7ammed+=8gmiel=7

W3 tabmunel 2 ciemyeT clienarh BBIBOA, YTO YHCIO PealM3alUii CHTHAJIBHBIX KOHCTPYKLMH YBEJIMYMBACTCS Kak IPH
yBEJIMYCHNH HHTEpBaia peaan3amuii M mpu i=CONSt, Tak W HPH YBEIWYCHHH OTACIBHBIX BPEMEHHBIX | WHTEPBAIOB IPU
m=const.

st BeiOOpa 3¢ (EeKTUBHOM [UIMHBI KOJOBOTO CJOBa MpoBenéM aHaiu3 m3MeHeHus sHTpornuu (H) m mHbOpManuoHHON
€MKOCTH HalikBucToBOro snementa ({z) [3].
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Ta6auua 2 — Momnoctu N, TaliMepHBIX CHIHAJILHBIX KOHCTPYKIMi
i m=4 m=5 m=6 m=7 m=8
1 22 29 36 43 50
2 120 253 435 666 946
3 120 680 1330 2925 5456
4 1 330 3060 12650 35960
5 - 1 792 11628 65780
6 - - 1 1716 38760
7 - - - 1 23450
8 - - - - 1
p¥ 263 1293 5654 29629 131643

Ipu atom, yuutsiBas pabotsl [2], [3] ompenennm 3Ha4YeHHs BEPOSTHOCTH IMOSBICHUS OTHENbHBIX coObITHIl F;, a depes
3HAYEHMS TOCIIeIHEro oleHuM H i [,

log, N

i°'p

— i H=log; Ny Iy=—""
1nirﬂ )

B tabiuiie 3 npuBeneHbI 3HAYCHHS HHPOPMAIIMOHHO eMKOCTH HAHKBHCTOBOTO dneMenTa it ME4 + 10 nmpu S€ 2+10 mpu
i=4.

m

Tabauna 3 — UndopmaninoHHasi eMKOCTh HAIKBHCTOBOIO JIEMEHTA

s\m 4 5 6 7 8 9 10
2 0 0,781378 1,021547 1,102035 1,118911 1,10747 1,082972
3 0 1,025857 1,285708 1,354543 1,353715 1,324484 1,283664
4 0 1,225857 1,491881 1,547103 1,530285 1,486146 1,432158
5 0 1,395456 1,661204 1,702908 1,671914 1,615078 1,550109
6 0 1,542849 1,804954 1,833806 1,790197 1,722343 1,647975
7 0 1,673264 1,929886 1,946693 1,891763 1,814194 1,731615
8 0 1,790257 2,04038 2,045939 1,980763 1,894511 1,804647
9 0 1,89636 2,13944 2,134494 2,059969 1,965873 1,869462
10 0 1,923445 2,229218 2,214442 2,131325 2,030079 1,927725

W3 tabnuiet 3 cienyer:

1) ¢ yBenmueHnneM M mpu S=CONSt nH(OpMATMOHHAS €MKOCTh HAaKBUCTOBOTORJIEMEHTA YBEIUUMUBACTCS JIO My (TIOCIE

Mz — YMCHBLIACTCS), C YBEIMYCHHEM S IPH M=CONSt 1 i=const yBenuuuBaeTcs.

B Ttabnuie 4 npusenensl 3HaueHus [z npu 3HaueHusx ME 4 = 10 u usmensemom uucie MHOOPMAIMOHHBIX OTPE3KOB

iel+=bs=7
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Tabauna 4 — UudopManinoHHasi eMKOCTh HAIKBHCTOBOIO JIeMEHTA

i\m 4 5 6 7 8 9 10

1 1,114 0,971 0,86 0,775 0,705 0,648 0,6

2 1,726 1,596 1,46 1,339 1,235 1,146 1,069
3 1,727 1,882 1,831 1,733 1,633 1,533 1,443
4 0 1,673 1,929 1,946 1,891 1,814 1,731
5 - 0 1,604 1,929 2 1,984 1,932
6 - - 0 1,534 1,905 2,019 2,035

AHanu3 JaHHBIX TaOJIUIIEI 4 TIOKAa3bIBACT:
1) Ipu kaxa0M 3Ha4YeHHH i ¢ pocToM M, I;; BHAYAJIe YBETUYIUBACTCS, TOCIE JOCTHKCHUS s — YMCHBIACTCS:
My (= 1) = 4 (1,727)
My (0 = 2) =5 (1,882)
My i=3) =6 (1,929)
Mz (f=4) =7 (1.946)
M i =5) =8 (2,00
My (F = 6) =10 (2,033)
2) [na yBenmdeHuss WHPOPMANMOHHON EMKOCTH HAWKBHCTOBOTO JIIEMEHTa MOXKHO CYMMHPOBATH WH(POPMAIMOHHEIC
€MKOCTH ITpU m=const c Pa3IMIHbIM YHUCIIOM I/IH(i)OpMaI_II/IOHHLIX OTPE3KOB.

3akaruenue

WccnenoBanus BIMSHUS TapaMeTPOB TaHMEpPHBIX CHTHAJIBHBIX KOHCTPYKIHMHA Ha CKOpPOCTh Mepemadn HH(opMaimm
mokKasajo, 410 HU3MCHAA YUCIIO I/IH(bOpMaHI/IOHHI)IX 0Tpe31<013 | B KOIOBBIX CJIOBax TaﬁMepHLIX KOI0B HpI/I IIOCTOSIHHOM
3HAYCHUW MHTEPBaJia peaiu3aiuii M =CONSt MOKHO YBEIMYMBATH CKOPOCTH Mepeaaud HHGHOPMAIIHH.
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Anomauin: Poszensinymo cmpiukogi mpancnopmepu y ckiadi 6aHmMadxicHoi cucmemu oanxkapa. Busnaueno npuuunu 6iomoe
BAHMANCHO20 00AOHAHHs | IX no3anianoozo pemonmy. Hasedeno exoHOMiuHI CKIAO08I MEXHIYHO20 BUKOPUCHAHHS
Mpancnopmepig i GUs6LEeHi CYyHacHi npoodiemu 8 ix ekcnayamayii ma 06¢ye08y8aHHI.

Abstract: Belt conveyors are considered in the composition of the cargo lifting

system of bulk carrier. The reasons for the failure of the cargo equipment and their unscheduled repair are determined.
Economic constituents of technical use of transporters are presented and modern problems in their exploitation and
maintenance are revealed.

KurouoBi ciioBa: 6ankep, CyTHOBHIA CTPIYKOBHI KOHBEED, CTPIUKa, POIIUK, €KCILTyaTallis, PEMOHT, 00CIyTOByBaHHS.

Keywords: bulk carrier, ship conveyor belt, belt, roller, operation, repair, service.

1. Beryn

CyuacHuii OankepHuid (JIOT Mae B CBOEMY CKIaai 3HAYHY YACTUHY CaMOPO3BAHTAKHHUX CYJeH 3 CTPIYKOBHMH
TpaHCcropTepaMu Oe3rnepepBHOro Tuiy. BaHTaxkHa cucTema Takoro Oaikepy, sIK MPaBUIIo, BKIIOYAE Ba 200 TPU CTPIYKOBUX
KOHBEEPH, SKI ITiJ TPIOMaMH, 3ABOEHHUN BEPTUKAIBHOTO THITY KOHBEEP-ITIAHOMHHMK 1 CTPIIY - MOMIEPCUHHUI CTPIYKOBHI KOHBEEP
JUIsl poOOTH 3 Oeperom.

2. AHaJqi3 JiTepaTypHUX JKepesi i MOCTAHOBKA MUTAHHS

PoGora B OpCTKii KOHKYpEHTHi# O0pOTHOI 32 BAHTA)KOMIOTOKU BHCYBAE MEPEA CYJAaMH bOTO THITY 3aBJaHHSI CKOPOUEHHS
Yacy CTOSIHKH I1ii 00poOKkoro. OHUM 3 BapiaHTIB BUPILIEHHs NPOOJIEMH € 301IbIICHHS POJIYKTUBHOCTI BAHTaKHOT CUCTEMHU
[1].

[IponyKTHUBHICTE KOHBEEpa 3aJ€KHUTh BiJl LIBUAKOCTI PyXy CTPIUYKM 1 KUIBKOCTI BaHTaXy Ha Hiil. 30UIbIICHHS
MPOIYKTHBHOCTI MOXKJIMBO, B IIEPIIy Yepry, 3a paxXyHOK 301JIbLICHHS MIBUIKOCTI TPAHCIOPTYBaHHSA BaHTaXy Ha crpiumi. [Ipn
FOMY TPaHWYHA BEJIMYHHA IIBUAKOCTI Oy1e 0OMex)eHa MOTYKHICTIO JBUTYHA.

3 iHmoro OOKy, B eKcIulyaTauii i oOCIyroByBaHHI CyJHOBHX KOHBEEPIB 3aKJIaJeHI Taki KpUTepii SK eKcCILTyartariifHa
HAIHHICTh, OBTOBIYHICTh I PEMOHTONPHIATHICTh. J[OBrOBIYHICTH CYJHOBOTO CTPIYKOBOTO TPAHCIOPTEpa 3a0e3MeUyeThCs
OOTPYHTOBaHUM BHOOPOM HOTO MPOJYKTUBHOCTI 1 3BOJUTHCS JI0 MPABUIILHOTO BUOOPY IIBUIIKOCTI TPAHCIIOPTYBAHHS 1 IO
repepizy BaHTQKHOTO MOTOKY. 3pOCii MIBUAKOCTI PyXy CTPIYKH B)KE CTBOPIOIOTH CKJIQJHONI Yy 3a0e3ledeHHi HaaiiHOoCTI i
JIOBIOBIYHOCT] BaHTa)KHOTO 0OnanHaHHS. CTaloTh MPOOJIEMAaTHYHUMH 30UTBIIEHHS. HOTO TEPMIiHIB CIYKOHM 1 MIKPEMOHTHHUX
mepiofiB ekcrutyartamii [2, 3].

3. Merta i 3aga4i gociigzxeHHs

AHalNi3 TEeXHIYHUX PHU3HKIB 1 HMOBIPHICTH BIIMOB CyTHOBHX CTPIYKOBMX KOHBEEPIB BHACIIIOK BHICBHKIAICHOTO
JI03BOJISIIOTH BHIUIMTH JBI OCHOBHI IPYIIH IIPHYXH MO3aIIAHOBOT'O iX PEMOHTY.

Jlo meproi ciig BigHECTH 3arOpsIHHS CTPIYKOBOTO KOHBEEPA Bil:

- TepTs CTpiuKu 00 HATsHKHUNA OapabaH KOHBEEpa;

- HarpiBaHHs MTOBEPXHI EIIEKTPOABUTYHA;

- TePTS CTPIUKH 00 3aKJIHHEHHUI POJIHK;

- TEpTs B By3Jax.

Jpyra rpyna npu4uH - 1ie BUMYLIeHa 3yIIMHKa CTPIYKOBOTO KOHBEEPA B PE3yNIbTATI:

- 00puBY CTpiuKH;
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- CXOZy CTpiuKuy;

- BIIMOBH JJBUTYHA;

- IEPEeBAaHTaKEHHS CTPIYKOBOTO KOHBEEPA,;

- 3aKJIMHIOBAHHS HATSHKHOTO OapabaHa;

- 3aKJIMHIOBAHHS CTPiYKH.

Takum 4rHOM, 3pOCHi MBHIAKOCTI OOPOOKH CYJEH, TaK caMo SIK 1 BEJTMKI BAaHTaKOIIOTOKH 1 PO3IMIMPEHAa HOMEHKIIATypa

MacoBOr0 BaHTaXYy, LIO IIEPEBO3SATh, CTBOPIOIOTH KPUTHYHI YMOBH €KCIUIyaTamii BaHTa)XHOTO OOJagHAHHS IAHOTO THILY
CYZIeH.

4. OCHOBHI IYHKTH J0CJiIKEeHHS

HaiiGinpmoro mommupeHHs Ha cylnax OTpHMalla CXeMa pOJHMKOBOIO KOHBEEpa 3 MNPOTYMOBAHOIO CTPIYKOIO, IO
BiJJPI3HAETHCS MMPOCTOTOI0 KOHCTPYKIii. 3a KOHCTPYKII€I0 MPOTrYMOBAHOI CTPIYKH, OMIOPHUX XOJOBUX IPUCTPOIB i mepenadi
TSATOBOTO 3YCHIIISL, 1€ € THII CTPIYKOBUX KOHBEEPIB, Y SKUX CTpiUKa HECE BAaHTaXK 1 OJTHOYACHO € TATJIOBUM EIEMEHTOM.

Sed

1 - xapxkac; 2 - poboda oBepxHs; 3 - HepoOoUa MOBEPXHS
Puc.1 — CtpykTypa TpaHCHIOPTEPHOI CTPIYKH

Kapxkac, sk mpaBuiio, BUKOHYIOTh 3 KOMOIHOBaHHX BOJIOKOH 3 METAJIEBUMH KOPJAMH, TakK SIK BiJl IIbOTO 3aJICKHUTh MIIIHICTh
CTpiukn Ha po3puB. PobOouya mnoBepxHs - KOMOIHOBaHa, 3 MNPOryMOBAaHOI TKaHMHHM, 3 HaHECEHHIM npodiumo s
MIepEIKO/PKAHHS KOB3aHH: BaHTaxy. HepoOoua moBepxHs Tako»X BUKOHYETBCS 3 KayuyKy, aje 3a3Buyail 0e3 npodiiro, Tak sk
CBOEIO CTOPOHOIO 3BEPHEHA JI0 MPUBOIHOTO OapabaHny.

Crpiuka npH pyci poOUTH KOJWBAHHS Y BEPTUKAJIbHINA 1 TOPU3OHTAJIBHIHN TUIONIMHAX, [0 BUKIMKAE PO3CHUIIAHHS BaHTAXY,
TTOLIKO/PKEHHST KpaiB CTPIYKM 1 JOAATKOBI BUTpaTH eHeprii. KomuBaHHS B BEepTHKAIBHIN IUIOMIMHI 3HIKYIOTh 3MEHIIEHHIM
BiJICTaHI MIXK OIIOpPaMH, & B TOPU3OHTAJIbHIHN /IS IEHTPYBaHHS CTPIUKHM CTaBISAThH uepe3 S ... 6 3BUYAiHUX OIOp OJHY OIOpY 3
POJMKaMH, 3JaTHUMHU BIAXWIISITUCS IO XOAY CTPiYKH Ha KyT 2 ... 3 °. Ilpm BuruHi crpiuku Ha 6apabaHi BHyTpilIHI mapu ii
CTHCKAIOTHCS, a 30BHIMIHI MiJJIAIOTHCS PO3TATYBaHHIO. MiX IIapamMy BUHHUKAIOTh JOTHYHI HanpyxkeHHS. BoHu Tum Oinbire,
YUM MeHIIe JiaMeTp OapabaHa. MakcUMalbHMH HATAT CTpidKa Mae Ha INpPUBOJHOMY OapabaHi, TOMy A 3MEHIICHHS
HaIpy>KeHb BUTHHY JiaMeTp OapabaHy poOnaTs HAHOUTBIINM.

TepMiH exciiTyaTamii CyJTHOBOT KOHBEEPHOI CTPIYKH 0araTo B 4OMY 3aJICKHUTh Bif:

- TOBIIWHHU I'YMOBHX ILIapiB;

- KUTBKOCTI TKAHHHHHUX MTPOKJIAI0K;

- 3araJIbHOT BUCOTH CTPIUKH;

- TPaHCIIOPTHUX XaPaKTEPUCTHK BaHTAXKY.

TpaHcnopTHI XapaKTepUCTUKK BCi€l HOMEHKJIATYPH HACHITHUX 1 HABAJIOYHHMX BAHTAXIB JJO3BOJISIIOTH BUIUIMTH HACTYITHI 1X
(hi3MKO-MEXaHiyHI BJIACTHMBOCTI 1 3arajbHi 3aKOHOMIPHOCTi, IO BIUIMBAIOTh HAa PEXKUM eKCIUTyartalii i MepioJUuYHICTh
00CIIyroBYBaHHS CTpiuKH, a came [4]:

- 00'emna maca B Mexax Y =0,6 ... 3,0 /™3

- KyT IPUPOTHOTO yKOCy B mrrademi p = 35 ... 459,

- Koe(ilieHT 30BHIMIHBOr0 TepTs ab0 KoedilieHT TepTs 00 OMOPHI MOBEPXHI, PU SKOMY BaHTaX IIOUYMHAE KOB3ATH I10 Ha-
xioHiB wiomuui f=0,5 ... 1;

- (paxuilinuii (rpaHyJOMeTpUYHHMi) ckian Matepiany: mwioBi O = 0,05 mm, mopomkonoxioni 6 = 0,05..0,1 mm,
api6rosepuucti 6 = 0,1...0,5 MM, cepennbosepuucti O = 0,5...1 MM, rpy6osepuucti 6 = 1...5 MM, api6Ho kyckosi O = 5...10
MM, cepennbo KyckoBi O = 10...160 mu;

- BOJIOTICTb CHITy40ro BaHTaxy Y =2 ... 20%.
[Tnoma nomnepevyHoOro nepepizy BaHTaxy Ha CTPIULi 1 11 3aMIOBHEHHS 3aJIE)KUTh SIK BiJl MIMPUHHU CaMol CTPIYKH, Tak 1 Bil
00'eMHOI IIIILHOCTI BAaHTaXY 1 AMHAMIYHOTO KyTa MPUPOIHOTO YKOCY, & TAKOXK KyTa HAXUITy POJIMKIB 1 KyTa HAXHUIY KOHBEEpA.
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@dpaxuiiHUH CKIIag BaHTaXYy, TaK caMmo sK 1 30LIbIIeHHs KoedilieHTa Teptsi, 0e3rocepeIHbO BIUIMBAE HAa TEPMIH EKCILTyaTarii
CTpIYKH: UM Ounpine Qpakiii BaHTaXy, THM MIBHIIIE iiie 3HOC CTpiuku. [IprpoaHa BOJIOTICTH CHITyYOrO BAaHTAXY, pa3oM 3
MIIBUIIEHOI0 BOJOTICTIO TYHEIBHOTO MPOCTOPY NMPH BHUKOPUCTAaHHI 3a00pPTHOI BOMW U MPOMHBAHHS CTPIYKH, CTBOPIOIOTH
JIOJJATKOBE HaBaHTA)KCHHS Ha CTPIUKY 1 POIMKOBI OMOPH IMPH MEPEMIIIeHH] 3epHICTOTO i KYCKOBOTO BaHTAXYy, (PpaKIii KX
IIPH [[bOMY YKPYIHIOIOTHCSL.

5. ExoHOMiYHi CKJI2I0Bi TeXHIYHOI0 BUKOPHCTAHHS €JIeMEHTIB BAHTAKHOI CHCTEMHU

B oOcayroByBaHHI CyZHOBHX KOHBEEPIB CIiI BHAUINTH ABI OCHOBHI CKJIQJOBi: OOCIYyrOBYBaHHS CTPIYKHM Ha BCHOMY
npoTs3i 1 0OCIYroBYBaHHSI YMCICHHHMX HANpPSIMHUX 1 MATPUMYIOYMX POJIMKIB B CKJIaJli TPAHCIIOPTEPHOI MiBICKM KOXKHOTO
KOHBEEpa.

Haii6inpi 10poruM 1 IIBHIKO 3HOIIYIOTHCS €JIEMEHTOM CTPIYKOBMX KOHBEEpIB € CTpiuKa, BapTiCTh SKOI 3a3BHyail
CTaHOBUTH (65 ... 75)% BapTOCTI BCHOTO KOHBEEPA, a TEPMIH CITy:KOM PiKo mepeBuIiye 1,5 poky, B pe3ybTaTi 4oro iCTOTHO
3HHXKYETHCS PCHTA0CIbHICTH KOHBEEPHOTO TPAHCIIOPTEPA.

[lepequacHuii BUXiT 3 Taxy CyTHOBOI KOHBEEPHOI CTPIYKH OOYMOBIICHUH ii OIYHHMH 3CyBaMU, IO BHKIUKAE 3HOC OOPTiB
CTPIYKH, MEPEIOMaMHU MO3J0BKHBOr0 NPOQiII0 Ha POIMKOBUX ONOpax i abpa3sMBHHM BIUIMBOM IEPEMIIyBAaHOTO BAHTAXKYy.
AOpa3uBHa JIis TPOSIBIISIETHCS] TUM CHJIBHIIIIE, UMM BHIIE MIBUAKICTh PYXY CTPIUKH.

[IpakTHYHO TICNIA KOXXHOI HEepeBaHTaXyBaIBHOI Omepariii TyHEeIbHI MOTOPHUCTH 3MYIIEHI MPOBOIUTH PEMOHT OKPEMHX
IUITHOK CTPIUKH. 3 OTIISAY Ha BENHKY 11 MPOTSHKHICTB, IS MPOLIEAYPa TPYIOMICTKa i TOBrOCTPOKOBA.

3acrocyBaHHA 3a0OpPTHOI BOAM Ui 3aMHBAHHS CTPIYKH BiJ] 3aJWIIKIB BAaHTaXXy CTBOPIOE IIBUIICHY BOJIOTICTh B
TYHEJIBHOMY IPOCTOPI, BaXKKi YMOBH TIpalli s TYHEJIbHMX MOTOPHCTIB, & TAKOXK IOTIPIIYE YMOBH €KCIUTyaTallii POJIMKIB B
CKJIaJli POJIMKOBUX OMOpP KOHBeepa. PoJukw, a X KUIbKICTh OOUMCIIOETHCSI COTHSIMH, MPU 1HTEHCUBHIN €KCIUTyaTallii CTpiuKu
BiJJUyBalOTh BEJIUKI JMHAMIYHI HABaHT&XKEHHS, 1 B yMOBax Mi/IBUIIEHOT BOJOTrOCTI CXHJIBbHI O IHTEHCHUBHOI KOpO3ii, IO
BUMarae iHTEHCHBHOTO PEXHMY iX 3MamlyBaHHs. Y TaKUX CYJHOBHX YMOBax €KCIUTyaTamii JOIIBHO Oysio O 3acTocyBaHHS
(yTepoBaHX ad0 POJIMKIB, SIKi BKPUTI T'YMOIO, ajie IPH LIbOMY HE3pIBHSIHHO 3pOCTE €KOHOMIYHa CKJIaJI0Ba.

6. BucHoBKH

Takum 4ynHOM, OaraTto(akTOpPHHI aHai3 eKCIUTyartalil CTPIYKOBHUX TPAaHCIOPTEPIB B JKOPCTKHUX CYIHOBHX YMOBax
JI03BOJISIE BUIUTUTH JIBa OCHOBHI aKTyaJibHi 3aBJaHHs, 110 BIUIMBAIOTh HA e()EKTHBHICTh iX TEXHIYHOTO BUKOPUCTAHHS:

- 30epeXeHHs] TPAHCIIOPTEPHOI CTPIYKM KOHBEEpA INPU MEPEBAHTAKCHHI HOMEHKJIATYPHUX BaHTaXIB NPOTATOM YCHOTO
MepioAy eKCILTyaTallii;

- 30UIBIIEHHS MIXXPEMOHTHOTO TIEPI0Oy POIUKOBUX OTIOP.
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Anomauin: 3menwienHs eumpam YCix 6udié NAIUE MOJCE 3HAYHO NONINUIUMU eKONO2IYHY CUmyayilo 3a pPaxyHoK
3MEHULeHHSL BUKUQAY 8 amMOocepy 3a0pYOHIOIOYUX [ MOKCUYHUX NPOOYKMIE 320PSHHS NAIUGA [ SMEHULCHHS CHONCUBAHHSL KUCHIO
3 nosimps. Lle, 8 c60l0 uepey, NOBUHHO 3MEHUUMU EKOHOMIYHI empamu, NO8'SI3aHi 3 NPUPOOOOXOPOHHUMU 3AX00AMU,
0bymoereHUMU pobomolo mpancnopmy i enepeemuyHux 00'ekmis. Came momy po3pobka 3acodis, wjo 00380J110Mb OilbLU
eeKmusHO BUKOPUCTNOBYBAMU 8Y2NeB00HEBE NAIUBO 8 CYOHOBUX eHePeMUYHUX YCMAHOBKAX, HA MOPCOKOMY MPAHCNOPMI, €
CUCTNEMOYMBOPIOIOYUUM (DAKMOPOM 1020 PO3GUMIKY.

Y mou orce uac, 3acmocysanns ichyrouux npucmpois 8uAsUI0 iX HEOOCMAMHIO CMIUKICIb 00 6NIUSY HEKOHMPOLbOBAHUX
Odecmabinizyouux (hakmopis, wo 2eHepyromvcsa KOMNAKMHO PO3SMAULOBAHUMU 00 EKMAMU CYOHOBOT eHepeemU4HOI YCMAHOBKU.
Jna nowyky wiiaxi@ NoNinueHHs Xapakmepucmux npucmpoie moougbikayii eracmugocmeti  ma CmMpyKmypu naaus
NPOAHANI308AH] KOHCNPYKYII HAUROWUPEHIUUX KOHCIMPYKYIU.

B ymosax, wo cknamucs, OOYINbHOWO CMAala po3poOKA HOB020 CXEMOMEXHIYH020 piuienHs moougikamopa.  [lis
PO38 S3Y6AHHS NOCMABIEHOI 3a0a4i 3anpPoNnoHO8aHA cxema MOOUDIKamopa narueHUX CyMiulie.

11io eénnusom MUcCKy, o cmeoproemvcs naiu6HUM HACOCOM BUCOKO20 MUCK), NAJUBO HAOX00UmMb 00 Kopnycy poznuiioeada
ma nompanyisi€ y 6xio Kauauie ocoonusoeo peibeqh)y ma 00 He360POMHO20 KIANany. Y Kananax, 3a605Ku CKIAOHOMY npo@iio,
Wo Xapakmepuzyemuvcs 8apiamueHOl) 2eo0Mempiclo No KPOKy, npo@ino ma 2iubuHi, 6i00ysaomscs npoyec 0ecmpykyii
GHYMPIUHLOI CIPYKMYPU RAUBA, WO PYXAEMbCL 3 CYO38YKOBOI0 WEUOKICMIO. Y nanusi, wjo nompanisi€ Kpizb He360pOMmHIl
Kaanau 0o 00’emy 8mysiku, 8i00y8aemuvcsi MIKpOEIeKmpo2iopagiiunutl yoap.

3a paxynox 6azamouucenrbHux 2iOpagniuHUX yoapie, WO SUHUKAIOMb NPU NPOCYEAHHI  NAIUEA KPi3b KAHAMU, WO
Xapaxmepu3zylomuCs 3HAUHOIO KilbKICMIO NOGOPOMIB, ma waubu cenepylomscs oegekm cmpykmypu naauenoi cymiwii. Ilicas
MIKpOenekmpoiopasniuHo2o yoapy ma npoxoodiceHHs Kauanie U conen Jlasana 6iobysacmuvcsa npoyec 2eHepayii Oegexmis
CMPYKMYpU 8axcKo2o nanusa. [Jepexmu, wo uHUKArOMb, AG1AI0Mb COO0K po3pus y Oesnepep8Hoi opienmayii, mobmo
po3pug y noni oupekmopa n(r)?. 3a60aKu maxum po3spusam Ymeoproomscs Kpanii JHIUHUM PO3MIPOM AKULL He nepedilbulye
20 mxm npu 6uxodi 3 conna ¢opcynku. Posnunroeanna nanusa 3 maxum JIHIUHUM PO3MIPOM 003601A€ Ompumamu Oinbuly
NOBEPXHIO 320PAHHA MA NOTINUUMU AKICTb pOOOY020 nNpoyecy .

Abstract: Reducing the cost of all types of fuels can greatly improve the environmental situation by reducing the emission
of polluting and toxic combustion products into the atmosphere and reducing the consumption of oxygen from the air. This, in
turn, should reduce the economic losses associated with environmental measures imposed by the work of transport and energy
facilities. That is why the development of tools that allow more efficient use of hydrocarbon fuels in marine power plants, on
sea transport, is a system-forming factor for its development.

At the same time, the use of existing devices revealed their insufficient resistance to the uncontrolled destabilizing factors
generated by the compactly located objects of the ship's power plant. In order to find ways to improve the characteristics of the
devices for the modification of properties and structure of fuels, the designs of the most common designs are analyzed.

In the prevailing conditions, it was expedient to develop a new circuit design modifier solution. For the solving of the task,
a scheme of the modifier of fuel mixtures is proposed.

Under the influence of pressure created by the fuel pump of high pressure, fuel enters the body of the sprayer and enters
the entrance of the channels of a special relief and to an irreversible valve. In the channels, due to the complex profile,
characterized by variational geometry along the step, profile and depth, there is a process of destruction of the internal
structure of the fuel moving at a sub-sound velocity. In the fuel that enters through the non-return valve to the volume of the
sleeve, a microelectrohydraulic blow occurs.
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Due to the numerous hydraulic shocks that arise when the fuel is propelled through channels characterized by a significant
number of turns, and the washer generates a defect in the structure of the fuel mixture. After the microelectrohydraulic blow
and passage of Laval's canals and nozzles, the process of generating defects in the structure of heavy fuel is taking place. The
emerging defects represent a gap in the continuous orientation, that is, the gap in the director's field n (r) 2. Due to such
discontinuities, droplets of linear size do not exceed 20 microns when exiting the nozzle nozzle. Sawing fuel with such a linear
size allows you to get a larger combustion surface and improve the quality of the workflow.

KurouoBi ciioBa: moaudikaTtop, maanBo, TiAPaBIIYHINA yIap

Key words: modifier, fuel, hydraulic impact

1. Beryn

Crorogni mpoOiiemMa eHeproe()eKTUBHOCTI Ta €HEpPro30epekeHHs PpO3IINAEThC K HAHBAJIIIMBIIIUKA  acrekT
MIPOCKTYBaHHsI, CTBOPEHHSI 1 BUKOPHCTaHHS MOPCHKUX 1 PIYKOBHUX cyJeH. Lle 00yMOBieHO sIK 301IbLICHHIM KUIBKOCTI CYZiB B
CBITOBOMY CYyJIHOIUIaBCTBI, TaK 1 3pOCTAHHSAM HOTYXXKHOCTI CYAHOBHX CHEPreTHYHHMX YCTaHOBOK. B cuiy BenmuesHoi
MIPOTSHKHOCTI MOPCHKHMX KOMYHIKAIliii CBITOBa €KOHOMiKa HE MOXE YCITIIHO PO3BUBATHCS 0€3 BHUIIEPEIKAIOUOTO PO3BUTKY
TPAHCIIOPTHOI CUCTEMH, SIKa € OJTHIM 3 OCHOBHHUX CIIO’KMBAUiB KOIAJIMH IMaJIMBHUX PECYPCIB 1, IEpII 3a Bce, HAPTH.

3MEHIIIeHHS BUTPAT YCiX BU/IB MAJUB MOXKE 3HAYHO TOIIMIIATH €KOJOTIYHY CHTYAIlII0 32 PaXyHOK 3MCHIICHHS BUKHUIY B
aTMocdepy 3a0pyIHIOIOYHNX I TOKCHYHUX MPOMYKTIB 3TOPSIHHS ITajFBa i 3MCHIICHHS CIIOKMBAaHHS KHCHIO 3 moBiTps. Lle, B
CBOIO Yepry, IOBUHHO 3MEHIINTH €KOHOMIYHI BTPaTH, MOB'sI3aHi 3 IPHPOIOOXOPOHHUMH 3aX0daMU, 00yMOBICHUMH POOOTOIO
TPAHCIIOPTY 1 EHEPrEeTUYHUX 00'EKTIB.

Came ToMy po3poOka 3aco0iB, 10 J03BOJIAIOTH OUTBII €()EKTUBHO BUKOPUCTOBYBATH BYTJICBOJHEBE MAMBO B CYJIHOBUX
SHEPreTHYHHIX yCTaHOBKAaX, HA MOPCHKOMY TPAaHCIIOPTi, € CHCTEMOYTBOPIOIOUUM (haKTOPOM HOT'O PO3BHUTKY.

Jnst 3MiHM BIIACTMBOCTEH NaJMBHUX CYMIIIIB 3aCTOCOBYETHCS IIMPOKUI CIIEKTP MPUCTPOIB HAa OCHOBI Pi3HOMAaHITHUX
(I3UYHKUX MPUHIMIIB POOOTH, SIKi CEpiiiHO BUPOOJISAIOTHCS IPOMHUCIIOBICTIO.

2. AHani3 JiTepaTypHuX J:KepeJs i NOCTAHOBKA MUTAHHA

VY Toif e Yac, 3aCTOCYBaHHS iCHYIOUHMX IPUCTPOIB BHUSIBWIO 1X HEJZOCTaTHIO CTIHKICTH JO BIUIMBY HEKOHTPOJIbOBAHUX
JecTabunizyrounx (akTopis, M0 FEHEPYIOTHCS KOMIIAKTHO PO3TAalllOBAHUMH 00’ €KTaMU Cy/THOBOI €HEpreTH4YHOI ycTaHOBKH |1,
2, 3].

Jns momyKy NUIAXiB TONIMNIICHHS XapakTepPHCTHK NPHCTPoiB Moandikamii BIacTHBOCTEW  Ta CTPYKTYpH TAJINB
MpoaHalli30BaHi KOHCTPYKIIIi HAMITOITUPEHI WX KOHCTPYKIil [3, 4, 5].

Bimomuii 1 €30enekTpuyHEiA  MOAW(IKATOp, SKHH CKIANAEThCA 3 KOPHyCy-¢ikcaTopa, ABOX HAIiBIMIIHAPUIHAX
IT’€30€IeKTPHYHIX CHJIOBHX €JIEMEHTIB, 10 HAKJIAAAIOTHCSA 30BHI HA TPYOOIPOBiM, JiHIN JKUBJICHHS Ta I’ €30€IEKTPHIHOTO
Moxyistopa [4] (puc. 1).

Puc. 1 - IT" e30enexTpuunnii Momudikarop: 1 — nanuBHUi TpyOOIIPOBi; 2 — HAMIBUMITIHAPHYHI I’ €30€IEKTPUYHI CHIIOBI
eJIeMeHTH; 3 — KopIryc-¢ikcarop; 4 — JiHIT )KUBJICHHS; 5 - 1T’ €30€NEKTPUYHUN MOIYJISITOP; 6 — OJIOK KHUBJICHHS.

Henomniku mpuctpoto, siki 00yMOBIIEHI BUKOPHCTaHHSM IT €30MaTepiaiBb:
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HASBHICTH €JIEMEHTIB, BUKOHAHUX 3 MaTepialliB 3 Koe(illieHTAMH TEIIOBOTO MOIIUPEHHS, IO BiAPI3HIIOTHCS OJUH Bil
OJTHOTO;

HEMO>KJIMBICTh 3aCTOCYBaHHs IIPU TeMIlepaTypax nanusa nonas 120°C;

HEMOXITUBICTh HAOMIKEHHS TIPICTPOIO JI0 MiCIls BIPUCKY MANKWBA Y POOOYNH IIITIHID;

T ABHIICHA TTOXKEKOHEOES3NETHICTh IPUCTPOTO.

Y MeHmIiit Mipi eKkcIuTyaTamiifHi Ta KOHCTPYKTHBHI (paKTOpH BIUTUBAIOTH HA XapaKTEPUCTHKU IPHUCTPOIO, IO MICTUTh
KOPITyC PO3MIIIOBAYa, MaifdN MepeMiHHOTO AiaMeTpy, KaHAIU penbedy 0COOITUBOrO MPodiito Ha KOPITyCi pO3NMMIIOBada Ta
30BHIMIHbOMY Oo1i mraii6 [5] (puc. 2).

n

‘e'/“/
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/ p aae\ S\
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V)

Puc. 2 — Monudikarop CTpyKTypH BaXKKOro najuBa: 1 — KOpIyc po3NuiIioBaya; 2 — maiou; 3 — kaHanu penbedy ocodnmBoro
poQ L0 Ha KOPIYCi pO3MIIIFOBAYa 30BHINTHHOMY 0OIIi a0 Ta; 4 — mepeMiHHUI MPOXiTHUHA JiaMeTp Iaid; 5 — BXi KaHATIB
0co0MBOrO TIPOdiIO.

Henomnixu mpuctporo, ki 00yMOBJICHI BUKOPUCTAHHSAM a0 IEpEMIHHOTO TiaMeTpy:
IIBUJIKE KOKCYBaHHS a0 BAXKKUMH (QpaKLisiMHU [aTHBa;

BTpara NPUCTPOEM CBOIX BIACTUBOCTEH ACCTPYKILIl MATMBHUX CyMIIel Mics KOKCYBaHHS;
HEOOXiTHICTh PETENIFHOTO Ta YaCTOTO OYHUIIECHHS IIPHCTPOIO;

HEOOXiTHICTh MPEI3iifHOTO CKIIaJaHHs IMPUCTPOIO MICIs perJaMeHTHHX poOiT.

3. MeTa i 3aga4i qocJaigkeHHs

B ymoBax, 110 ckianucs, AOIILHOI CTajga po3po0Ka HOBOIO CXEMOTEXHIYHOrO pimeHHs Moaudikaropa. Ilepenbadanocs,
1110 KOHCTPYKTUBHE BUKOHAHHS IOBUHHE 3a0€3I1EUUTH IIPUCTPOIO:

BIZICYTHICTb MOPYLICHHS LUTICHOCTI TAJIMBHOTO TPYOOIPOBOY,

BIZICYTHICTh TpEIM3IMHUX perjaMeHTHHX poOiT;30epekeHICTh TeMIepaTypHOTo [iarna3oHy Ta CTYIEHI JAeCTpyKLil
CTPYKTYpH HAJTUBA BiIOMHX THUIIB MOAH(]IKATOPIB.

J1st po3B’ 13yBaHHS OCTABJIEHOI 33/1a4i 3aIPOIIOHOBAHA CXeMa MOoAN(piKaTopa MAINBHUX CYMIIIIB.

CyTb 3alpONOHOBAHOTO CXEMOTEXHIYHOTO PIiIIEHHS HOSICHIOETHCS KPECIeHHIM (puc. 3).

4. OCHOBHI MyHKTH A0CJTiAKEeHHS

MonudikaTop, mo cKiIamgaeTbcsa 3 KaHaliB 3, AKi copMOBaHI Ha BHYTPIIIHROMY OOIll OTBOpPY AJIS HajBa KOPIYCY
posmmmoBaua 1 y Burisimi penbedy ocobmuBoro mnpodiio, Ta BTYIKH 2 3 BEpXHbOIO 4 Ta HMKHBOIO 7 KPHUILKAMH,
BMOHTOBaHUX y OTBIp JJIsl MAJMBAa PO3MHJIIOBAYA, SIKI TAKOXK MAalOTh HA 30BHINIHBOMY OOI[ KaHalU 3 y BHIVISIL penbedy
ocobumBoro npodinaro. Y BepxHill KpHIIIi 3MOHTOBaHHI HE3BOPOTHIM KiamaH 5 3 NpyXHHOW 6. A y HWXKHIA KpuIi
BUKOHaHO 12 oTBOpiB y Qopmi coma JlaBans. [o koprnycy mMoaudikaTopa HiIKIIOYEHUI BHXIN BiJl €JIEKTPUYHOI CXEMH
CTBOPEHHSI MIKPOEJIEKTPOTIAPABIIIYHOTO YIapy, sika CKIaIaeThesl 3 3apsiagHoro onopy 9 , Tpanchopmaropa 10, Bunpsimisiua 11,
KOHJIeHcaTropa 12, mpoMixkKy, yTBoprotouoro ickpy 13, enekrtpona 3 i3omsuiero 14. EnexTpon BBEAEHO 10 BHYTPIIIHBOTO
IIPOCTOPY BTYJIKH BiJ BXOAY €IEKTPOCXEMH.
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Puc. 3 — Monudikarop cTpyKTypH BaKKOro najiiBa: 1 — KOpITyC pO3MWIIIOBaya; 2 — BTYJIKa; 3 — KaHAIHM pelibedy 0COOIUBOTrO
npodiIto Ha KOPITyCi pO3NUIIIOBayYa Ta 30BHIMIHBOMY OOl 11aii0; 4 — BEpXHs KPUILKa; 5 — HE3BOPOTHUH KIlaraH; 6 — pyKUHa;
7 — HIDKHS KpulIKa; 8 — coruto JlaBans; 9 — 3apsinauii onip; 10 — tpancdopmarop; 11 — Bunpsamirsay; 12 — konxencatop; 13 —
MIPOMIXOK, YTBOPIOIOUHHI iCKpy; 14 — eeKTpos 3 i30JIsLi€r0.

Enementn momudikatopa mns 30epekeHHS HEOOXITHHX poOOYMX 3a30piB BHUKOHYIOTHCS O€3IOCepeIHBO Ha METalsaX
MaTUBHAX (OPCYHOK 0O€3 TOPYIICHHS MIITHOCTI 1 HITICHOCTI €NEeMEHTIB MAaJWBHOI CHUCTEMH, IO (YHKIIOHYIOTH IIif
T IBUIIEHIM THCKOM TATUBHOI CYMITIIi.

ITin BIJIMBOM THCKY, IO CTBOPIOETHCS MAIMBHIM HACOCOM BHUCOKOTO THCKY, ITAJIMBO HAJXOIHUTH JI0 KOPITYCY PO3MIIIIOBAaYa
Ta TOTPAIUIAE Y BXil KaHAJiB OCOOIMBOTO penbedy Ta 0 HE3BOPOTHOTO KJIamaHy. Y KaHalax, 3aBISKHA CKIATHOMY Ipodio,
0 XapaKTepU3yETHCS BapiaTUBHOIO TEOMETPIEI0 MO KPOKy, Mpodimo Ta TIMOMHI, BimOYyBalOTBCS MPOLEC AECTPYKIIT
BHYTPIIIHBOI CTPYKTYpH NaJIMBa, IO PYXa€ThCsl 3 CyO3BYKOBOK MIBHJKICTIO. Y MaJMBI, 110 IOTpAIUIS€ Kpi3b HE3BOPOTHIM
KJIalaH 10 00’ €My BTYJIKH, BiJOYBA€THCS MIKPOCICKTPOTIAPABIIYHIIA yaap.

[Ticnst MIKpOENEKTPOTiIPaBIIYHOTO yAapy Ta MPOXOJDKEHHs KaHaiB i comen JlaBays BiOyBaeThCsl MPOIEC AUCKIMHALIT
(renepanii nedeKTiB CTPYKTYypH) BaXXKKOTO MajMBa. Y HACIHJOK IHOTO IMpoliecy (GOPMYIOThCS Kparuli 3 JiHIHHUM po3MipoM
SAKUH He repebinpirye 20 MKM NpH BUXOJi 3 coruta GopcyHKH. [Ipy po3numioBaHHI BaXKKUX MAJIWBHUX CYyMIlIiB 3 JIHIHHUM
PO3MipoOM Kparuti, sIKHi He epeoibirye 20 MKM, J0CATaeThesl X OLIBII OBHE Ta SIKICHE 3rOPSHHS Y LWJIIHAP] JU3eIs.

Jnist 3aiiicHeHHST BUHAXO/4y 3aCTOCOBaHO KOMOIHAMII0 KaHAIIB penbedy 0coOIMBOro mMpodilo Ha KOPIyCl po3MuioBaya i
30BHIIIHbOMY Oormi Habopy BTyJKH, comen JlaBanms y HIDKHIM KpHWINII, a TaKoX EJNEKTPUYHOI CXEMH ISl CTBOPEHHS
MIKPOEJIEKTPOTiIPaBIiYHOTO YAapy.

[Tix BISIMBOM THCKY, IO CTBOPIOETHCS ITAIMBHAM HACOCOM BHCOKOTO THCKY, ITAJIMBO HAAXOAUTH JI0 KOPITyCY PO3IMIIOBAaYa
Ta MOTPAIUIIE Y BXiJl KaHATIB OCOOIHUBOTO penbedy Ta 10 HE3BOPOTHOTO KJIanaHy. Y KaHallaX, 3aBISKHA CKIAJHOMY Ipodiio,
10 XapaKTepPHU3YEThCS BapiaTHBHOIO TI'€OMETPIEI0 MO KPOKY, Mpodimo Ta TIMOHMHI, BiIOYBAHOTHCS MPOIEC ACCTPYKIT
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BHYTPILIHBOI CTPYKTYpH IAJIMBa, 10 PYXAETHCS 3 CYO3BYKOBOIO IIBWKICTIO. Y ITaluWBi, 10 HOTpAIUIs€ Kpi3h HE3BOPOTHIH
KJIaTaH 10 00’ €My BTYJIKH, BiTOYBAETHCS MIKPOCIEKTPOTiqpaBIiuHUIi yaap.

3a paxyHOK OaraTOYHMCENbHUX TiIpaBIiYHMUX yIapiB, IO BUHUKAIOTh NPH NPOCYBaHHI IMaiWBa Kpi3b KaHAIH, IO
XapaKTepU3YIOThCA 3HAYHOIO KiTBKICTIO TOBOPOTIB, Ta MAON TreHePYIOTHCS Ne(eKT CTPYKTYPH IMaTHBHOT CYMIIIIi.

[Ticast MIKpOENEeKTPOTiAPABIIYHOTO yaapy Ta MPOXOKEHHs KaHamiB i comen JlaBams BimOyBaeTbes MpoIeC AUCKIMHALIT
(Tenepariii 1edeKTiB CTPYKTYypH) BaXKKOTO MATABA.

Jebextn, M0 BUHUKAIOTH, SIBJISIOTH CO00I0 PO3pUB y Oe3repepBHOI opieHTallii, ToOTO po3puB y moii mupekropa N(r)? [6].
3aBIsIKM TaKUM PO3pHBAaM YTBOPIOIOTHCS Kparuli JIHIHUM po3MipoM skuii He nepeOinbirye 20 MKM MpH BHXOAI 3 COILIA
¢dopcynku. Po3nmitoBaHHs NanuBa 3 TakUM JIHHIMHEM PO3MIPOM JIO3BOJISIE OTPUMATH OUIbIIY MOBEPXHIO 3rOpSHHS Ta
TOJIIIIUTH AKICTH pOOOYOr0 MPOIIECy.

3anpornoHOBaHE CXEMOTEXHIYHE PIllleHHS BiJPI3HAETBCS THUM, L0 BTYJIKA Ha BEPXHbOMY KiHIII Ma€ KpUIIKY, y SIKi
BMOHTOBAHO HE3BOPOTHIH KianaH, Ha HIKHbOMY KiHI BTYJIKM KpHIIKa Mae nepdopauito y Burisiai conen Jlasanst, a cama
BTYJIKA 3aJIy4eHa JI0 €IEeKTPUYHOI CXeMH CTBOPEHHS €JIEeKTPOTiApaBiiuHoro yaapy [7].

5. BucHoBKH

Takum 9HOM, B PO3pOOICHOMY MIPHUCTPOIO KOMOIHAIIIS eEKTPOMEXaHITHIX eJIEMEHTIB 3a0e3Meuye:

OimbII e(eKTUBHY TeHEepaIito 1e(heKTiB CTPYKTYpH MaTUBHOI CYMIIIIi;

KOMIICHCAIIII0 BIUTUBY JecTabiizyrounx (hakropiB Ha pobounii kaHa MoaudikaTopy;

HaOnvkeHHs MoAU(DIKATOPY 10 MICIsS BIPUCKY MajMBa y pOOOYMI LUITIHID;

MIBUILEHHST SIKOCTI (YHKI[IOBaHHS 32 pPaXyHOK BHKOPUCTAaHHS MaTepiaigiB 3 OJM3bKMM KOE(DII[IEHTOM TEIIOBOTO
HOIIUPEHHS.

3acTocyBaHHsI 3alPOIIOHOBAHOI MOZEJI MPUCTPOIO, KPIiM TOTO, JO3BOJIUTH IMiABUIIMTH Oe3reKy i e(eKTHBHICTh PI3HUX
THUIIIB TEXHOJIOTIYHKX MPOIIECIB Y CyTHOBOI EHEPreTUYHOI YCTaHOBII 1 CY/IHI B LIIJIOMY.
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Anomauin: Y cmammi po3eisiHymo aKkmyaibHiCme i HeOOXIOHICMb 3ACMOCY8AHHSL CUCEM, WO 00360/II0Mb YMULIZYEamu
Menno NaponosimpsaHUX cymiuiell sIK eHepeemuyHux 6i0xo0ig. Poszenanymo pisui eapianmu ymunizayii Ha npuxiadi 2a308ux
Komie, K 0dcepena eiuKoi KilbKOCmi eHepeemuyHux 8i0Xo0i8 y eueasiol OuMosux 2asis, eudireHi ix medoniku. /[na Oinbu
2nubokoi ymunizayii menna naponoGimpsAHUX Cymiuiell 3anponoHO8AHO MONCIUBICING 3ACHOCY8AHHA MENI08020 HACOCd, d
makKooa#c yOOCKOHa]lEHH}l cucmemu aemomamudHoco KepyeaHHs npoyecom ymuﬂis'auii' menia OUMOBUX 243i6 3 Menio8um
Hacocom y CKAaodi, 051 NOOAIbULO20 NIOBUWEHHs eHepeemuuHoi egpexmusHocmi. Ilpeocmasiena napamempusosana cxema
MexHON02iuH020 npoyecy ymunizayii menna oumosux eazie. Hasedeni pesynomamu excnepumenmis, no 00CaiO#CeHHI0 npoyecy
VMUzayii 6 asmoMamuyHoOMy pexcumi Ha @izuuni modeni, pospobreniii asmopamu. Ilposedeno ananiz pesynbmamis.
Buxonana cmpyxmypna ioenmuixayis npoyecy ymunizayii menia OuMoBux 2azieé sk 00 €kmy KepyeamHsl, 6UOLIEHI OCHOBHI
Kananu KepyeanHs, nepexpecti 36 SI3Ku Midic HUMU, ma Haubinbu 6naueosi 30ypenns. CKiadeno napamempuuiny cxemy npoyecy
5K 00’exmy kepyeanns. IIposedeno napamempuyuny i0eHmu@ikayito OCHOBHUX KAHANIE KEPYSAHHS, NepexpecHux 368 s3Kié ma
KOHMPOIbOBAHUX 30YPeHb 8 X0OI AKOI OMPUMAHT MAMEMAMUYHI MOO@IL OCHOBHUX KAHALIE NEPEeMEOPEHHS KOOPOUHAMHUX O1ll.

Annotation: The article considers the urgency and necessity of using systems that allow to utilize the heat of steam-air
mixtures as energy wastes. Different variants of utilization on the example of gas boilers as sources of a large amount of
energy waste in the form of flue gases are considered, their drawbacks are highlighted. For a more profound utilization of the
steam-air mixtures heat, the possibility of using a heat pump, as well as improving the system of automatic control of the
process of utilization of the flue gases heat with a heat pump in the composition, is proposed for further increase of energy
efficiency. A parametrized scheme of the process of flue gas heat recovery is presented. The results of experiments, on the
study of the utilization process in the automatic mode on the physical model, developed by the authors are presented. The
analysis of results is carried out. The structural identification of the process of utilization of heat of flue gases as a control
object is carried out, the main control channels, cross-links between them, and the most influential perturbations are
allocated. A structural scheme of the process is created as an control object. The parametric identification of the main control
channels, cross-links and controlled disturbances was carried out, during which mathematical models of the main channels for
transformation of coordinate actions were obtained.

Kiro4oBi ciaoBa: JOCHi/DKEHHS, TEIUIOBMA HAcoc, YTHIJI3amis TeIla, CTaTW4HI XapaKTEPUCTHKH, JWHAMIYHI
XapaKTCPUCTHUKHU

Beryn
[MocriliHe 3pocTaHHS IiH HA EHEPrOHOCIi Bce OUIBIN 3arocTproe MHUTAaHHS eHepro3depekeHHs. B yMoBax KOHKypeHIii
ATIPUEMCTBA 3MYIIIEHI ONTUMI3yBaTH COOIBapTICTh MPOIYKIIi], SIKa BKJIIOYAE 1 BATPATH €HEpTii Ha 11 BUITYCK.
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OnHUM 3 3aX0/1iB, IO J03BOJISIE€ 3HU3UTH €HEPreTHYHI BUTPATH HA BEIEHHS TEXHOJIOTIYHOTO IPOIECY, € BIOCKOHAJICHHS
aNTOpPUTMIB KepyBaHHsA. Lle 0COONMBO aKkTyaJbHO y BHUNAAKY, KOJHM TEXHOJOIIYHHI TPOIEC BENeThCS B ACKUIBKOX
TEXHOJIOTIYHUX arperaTax, Ha (pyHKI[IOHyBaHHS KOXKHOTO 3 SIKUX HAaKJIAJCHI crierudidai oOMeKeHHs, a HalOLIpm eeKkTuBHI
PEeXKHUMHU X pOOOTH BCTYNAIOTh Y MPOTHPIYYS 3 UM OOMEKCHHIMH.

1.  Oruasia JiTepaTypHHUX JKepeT

VY [1, 2] 6yno po3risHyTO TEIUIOBMI MOTEHIIa] MapONOBITPSIHUX CyMimIeH, sKi ySBIAIOTE cOO0OI0 €HepreTHdHi BiIXoau
TEXHOJIOTIYHUX TMPOIIECIB Ta aKTyalbHICTh 3aCTOCYBaHHS CHUCTEM YTHUI3aIll iX Teruia. lle m03BoOJsE€ 3MEHIIUTH SHEPreTHYHI
BUTPAaTH Ha BEACHHSI TEXHOJOTIYHOIO IPOIECY Ta 3HU3UTH COOIBAPTICTH TOTOBOI mpoaykili. Ilomasbplie miaBUIIEHHS
€HepreTU4HOi e()eKTUBHOCTI TEXHOJIOTIYHOIO TPOLECY MOKIMBE 32 PaxyHOK CTBOPEHHs IHHOBALIMHMX CHUCTEM YTHIIi3awil
tera [1T1C, a Takox 3a paXyHOK pO3pOOKH HOBHX aJITOPUTMIB KEPyBaHHS.

3HauHy KiJIbKICTh €HEPreTHYHUX BiAXOIB YTBOPIOE TEILUIOTEHEpyroue oOJjagHaHHsS Ha 0a3i ra3oBUX KOTIIB. AHaii3
OCHOBHHX €HEPreTHYHHX BTPAT IPH POOOTI ra3o0BOro KoTiia NpoBoauBcs y [3, 4]. Hai6inbi cyTTeBUMH € BTpaTH 3 TUMOBHMH
ra3amu, sSiKi MOXYTh ckiagatu 1o 15% [3].

PizHOMaHITHI cucTeMHM yTHIii3amii Teryia AMMOBUX Ta3iB, HMOIMIMPEHI y IPOMHCIOBOCTI, PO3MISHYTO Ta IOCIHIKECHO Y
GaraTbox JpKepenax, 3okpema y [4, 5, 6, 8]. 3a3Buuaii BOHM MOJATAIOTh Y BCTAHOBJEHHI HA JAMOXOJI KOTJIA CIEI[ialbHUX
TEIUIOOOMIHHUKIB, 5Ki 3a0e3MedyroTh OXOJOPKEHHS IMMOBHX Ta3iB Ta HArpiB TEIDIOHOCIT 3 HU3BKHM TeMIepaTypHUM
moteHmianoM. Y [9, 10] mpoBoaUTECS OIS PI3HUX KOHCTPYKIIiH KOHTAKTHUX Ta OE3KOHTAKTHUX YTHIII3aTOPIB TEIUIA TUMOBHX
rasiB, sIKi BUKOPUCTOBYIOTBCS HA Ta30BUX KOTENbHAX. 11 OTpUMaHHS MaKCHMAaJbHO MOXKIMBOI KUIBKOCTI TEIUIOBOI €Hepril
HEOoOXiZTHO OXOJIOJUTH JMMOBI a3y CYTTEBO HIKYE TOYKU KOHJIEHCALlil BOASHOTO Mapy, o BXOAUTH 10 ix ckiaangy. Came mpu
KOHJIEHCAIlll BOASHUX IapiB BHILIAETHCS HaHOLIbIIA KiIBKICTh TEmIoBoi eHeprii [7]. Touka pocu IUMOBHMX TrasiB, TOOTO
MOYaTOK KOHJCHCAIlIl BOJSHOTO Mapy, B 3aJIEKHOCTI BiJl CIIBBITHOIICHHS ra3/MOBITPsI, MOXKE 3MIHIOBATUCH B Iiama3oHi Big 40
a0 58 C [7, 11]. I'nubuna yTwiizamii Temja JMMOBHMX rasiB Oyje 3ajieKaTH Bijl TOTO, HACKIIBKM BOHH IE€PEOXOJIOMKEH]
BITHOCHO TOYkH pocu. [Tpu nepeoxosompkeni Ha koxHi 10 C 6yne yrunizopano npubnmusuo 30% eneprii napu B IITIC.

s Beix npx 3aco0iB icHye 3aranbHa IpoOiiemMa — JUIsi MaKCUMAJIBHOT yTHITI3alil Teruia moTpiOHO MaTH HAaBaHTaXKEHHS Y
BUTJISIII CHIOKHBAyYa TEIJIOBOI €Heprii 3 HU3bKUM TeMneparypHuM norteHuianoM (Big 10 go 30 °C). B mesikux TeXHONOTiYHUX
Ipoliecax Take HaBaHTaXeHHs icHye. Hanpukian, npu poboTi mapoBoro KOTia 3 MOCTIHHOIO BUTPATOIO Mapu Ta HEOOXITHICTIO
TTiKUBJICHHS. BOJIOIO MOXITMBA yTHii3amis Terwa JI' 3a paxyHOK mimirpiBy skuBistdoi Bogu. [Ipu poOoTi KOTIIAa Ha CHCTEMY
rapsgoro BOJOINOCTAYaHHS MOXIIMBA YTHIII3AIls 3a paxyHOK MOINEPEeIHbOTO MiMIrpiBy BOAW. YTHIII3alis TaKOXX MOXKIIMBA 32
PaxXyHOK MiTIrpiBy 3BOPOTHOTO TEIDIOHOCIS TMPH POOOTI KOTIA Y HU3BKOTEMITEPATyPHI CUCTEMI ONaJICHHS, HAIIPUKIIA]] «TeIia
mioray. B iHmMX BHUIMagkax, KOJM HU3BKOTEMIIEpaTypHE HaBaHTAXXCHHS HE IOCTYITHE, peali3yBaTH INIMOOKY YTHIII3aIlifo
TEIUIOBY €HEPTil0 IWMOBHX Ta3iB MpoOieMaTHdHO. 3asBieHI BUPOOHMKAMH BHUCOKI NOKAa3HWKH CHEPreTHYHOI e(peKTHBHOCTI
PO3MOBCIO/PKEHUX OCTAaHHIM YacOM Ta30BHX KOTJIIB 3 BOYJOBaHOK CEKIIEI0 KOHJICHCAIll (KOHICHCALIHHUX KOTJIB) TAKOXK
MATBEPKYIOTHCS TUTBKH MPU pOOOTI HAa HU3BKOTEMITEpaTypHE HABaHTAXKECHHS [IPU TeMIieparypax 3BopoTHoi Boau 20-35 °C.

VY [3, 7] npoBOaUIKCE AOCIIIKEHHS PEXKUMIB pOOOTH CUCTEMH ONaJICHHS 0araTonoBEpXOBOr0 OYIUHKY, siKa SIBIISIE COOOI0
TUTIOBE TEIJIOBE HABAHTAXXCHHS Ul CHUCTEMM yTHIJi3auii Tera. JlociipkeHHs MoKasanu, o TeMIeparypa TEIUIOHOCIS B
3BOPOTHOMY TPYOOIPOBOJIi CUCTEMH OMNAJIEHHS, sIKa MO CYTi € TeMIIepaTypolo BOJIM Ha BXOAi KoHaeHcaropa TH, y mpomoBx
OTIaJTIOBAIILHOTO CE30HY 3MIHIOETHCS B 3aJIEKHOCTI BIJl TEMIIEpaTypy HaBKOJIMIIHBOTO CEPEIOBHINA B IMUPOKOMY Jiara3oHi
(8Bix 30 no 50 °C). Tomy omHUM 3 MOMJIMBHX pillleHb MOOYAOBH CHCTeMH IiuOokoi yrmmizamii Teruta [AI' € 3acrocyBaHHS
TermtoBoro Hacocy [7, 12]. Lle mo3Boisie 3HM3nTH Temneparypy oxoiomkenHs [II1C i migHATH TeMIiepaTypHHH MOTEHIial
OTPHMAaHOI TEIUIOBOT €HEPrii, 10 CYTTEBO 30UIbIIYE KUIBKICTh BapiaHTIB MOSKIJIMBOTO il 32CTOCYBaHHS Ta J03BOJISIE IiIBUIIUTH
e(eKTUBHICTh CHCTEeMH yTHIIi3allii B Iiomy. [Ipn 3HIKEHHI TeMIlepaTypy OXOJOIKEHHs AUMOBHX Tra3iB, TIMOWHA YTHII3aIlil
TEIUIOBO1 €HepTii pocTe, OJHAK MPHU BOMY i 3pOCTAIOTh ITUTOMI BUTPATH €HEPTii Ha pOoOOTY TEIUIOBOTO HACOCY 1 3HMKYETHCS
eHepreTHyHa e(eKTUBHICTH CHCTEMH YTHJII3aIlii B misloMmy. B pobotax [4, 5, 6] Gyiu mipoBeneHi JOCTiKEHHS TI0 BU3HAYCHHIO
ONTHMAIBHUX TEMIIEpaTyp OXOJIO/KCHHS TUMOBHX Tra3iB B 3aJIE)KHOCTI BiJl TeMIepaTypu iX TOUKH pocH. B 3amexxHocTi Bif
CKJIaIy ra3y Ta CIIiBBiIHOIICHHS Ta3-TIOBITPSA Ha BXOJI KOTJa TOYKAa POCH MOXKE 3MIHIOBAaTHCh B Hiama3oHi Bix 48 mo 58 °C.
[Ipu upoMy onTuUMainbHa, 3 OTJISAY Ha MiHIMaNbHI MATOMI €HEPreTHYHI BTPATH, TEMIIEpATypa OXOJIOKCHHS OHMOBHUX ra3iB
(JI') 3mintoeThes BiamoBimuo Bim 30 mo 35 °C. Jlns 3abe3neueHHs TaKUX PEXHMMIB, HABITh NMPU 3aCTOCYBaHHI KOHTaKTHOTO
TEIUIOYTUITI3aTOPa, TEMIIEpaTypa BOAM Ha HOT0 BXO/i TIOBHHHA MIATPUMYBATHCH B Aiana3oHi Big 20 no 25 °C BignoBiaHO.

s mocmimkends npoueciB yrumizamii Tema [IIIC 3 BUKOpPHCTaHHSIM TEIUIOBHX HACOCIB aBTOpaMH OYJI0 CTBOPEHO
¢Gi3nMyHy MOJENb TEIUIOBOK MOTYXHICTIO 10 8 KBT, sika ckiamaetbes 3 reneparopa [IIIC 3 3agaHuMu mapameTpamu
(TemMIiepaTyporo, BOJIOTICTIO Ta BUTpaTaMK), yTHIIi3aTopa Teria Ha 0a3l KOHTAaKTHOTO TEIJIOOOMIHHUKA Ta TEIJIOBOTO HACOCY.
di3nyHa MO/IENIb OCHAIIIEHa MIKPOIIPOIIECOPHOIO CUCTEMOIO 300py JaHMX Ta ympasiiHHs. eranbHnil onmc ¢izndnoi Moaemni
npusegeHo y [13].

[ixBuiieHHs eHepreTn4HOi eEeKTUBHOCTI Ta HaMIHHOCTI cucTeMH rmoOoKoi yrumizanii JII° 3 BUKOpHCTaHHSIM TEIJIOBOTO
HAcocy MOXIIMBE 32 PaXyHOK PO3POOKM Ta BIPOBA/KCHHS BIOCKOHAJICHUX aITOPUTMIB KepyBaHHs. Lleil eram motpeOye
BEJIMKOi KUTBKOCTI TMOTEpeqHiX MOCHiKeHb. [3 3acTtocyBaHHAM (i3mdHOiI Mozemni OyJo IPOBENCHO psA EKCHEPHMEHTIB 3
nmocmimkerHs mporecy ytwrizamii terura I[IIIC sx o6’ekty kepyBanHa (OK). ®ismyHa MOZENs MO3BOISE TPOBOIUTH
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eKCIIEPUMEHTH y aBTOMAaTUYHOMY DPEXHMi, 10 CYTTEBO CKOPOYYE Yac Ha IPOBEAEHHS AOciikeHb. Came 3aBASKH 1IbOMY
OTpPHMaHI KBa3iCTaTHYHI Ta AWHAMIYHI XapaKTEPUCTHKH 10 Pi3HUM KaHajaM, aHali3 SKUX TO3BOJISIE PO3POOUTH KOHIEHINIO
o0y IOBH €HETProe)eKTHBHOI CHCTEMH aBTOMATHYHOTO yIpaBiiHHA. Di3MdHa MOZIETH J03BOJISE MPOBOAUTH BUIPOOYBaHHS
pO3poOICHNX aNTOPUTMIB KepYBaHHS B KBa3ipealbHUX yMOBaxX poOOTH.

2.  ExcnepuMeHTaJbHI I0CTiZKeHHS
[TapameTpurzoBana cxema mporecy ruookoi yTmrizamnii Terna ' 3 BUKOPUCTaHHSAM TEIUIOBOTO HACOCY IIPEACTaBICHA Ha

pUCYHKY 1.

Ta.my. T
Ga.my
Tde.my. 2 4
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T —
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2:‘3;. m}l- 1 Ta.rmp. 2 Hasoe ONANEHHA Ta.nod
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BOAM (KOHABHCE x = —
™ S~ Teh w2 3 BOASAROBAY
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TEMNNO&WIA HACOC R ¥

Puc. 1 — IlapameTpu3oBana cxema npouecy riaudokoi yrumizamii tensa JII' 3 BHKOPHCTAHHAM TEMJI0BOr0 HACOCY

[epenik 3MiHHMX IapaMeTPH30BAHOI TEXHOJIOTIYHOI CXEMM Ta OTpUMaHi B pe3yNbTaTi aHajli3y JITEepaTypHUX IDKepel
OYiKyBaHi Jliara3oHy iX 3MiH IepepaxoBaHi HUKYE.
T sr.1y.1 — TEMIEpaTYpa JUMOBHUX Ia3iB Ha BXOJi y KOHIEHCATOP JUMOBHX Ta3iB, Tyrqoy1 € [100...150°C];

T sr.1y.2 — TEMIIEpaTYpa JUMOBHUX Ia3iB Ha BUXOAI TEINIOYTHNI3aTOPa, Trrry . [20...40°C]J;
G .1y — BUTPATU IUMOBHX ra3iB, G,y € [50...100 m/rox];

P 5. — THCK QpeoHy Ha Buxoui BUIapHuKa, Py, € [2...6 aT™];

P x — THCK GpeoHy y koHaeHcaropi, Py, € [10...20 at™];

G¢ .« — BUTpaTH hpeony;

Tg.s.1 — Temneparypa ¢peoHy Ha Bxoai BunapHuka, Ty, € [0...15°C];
T2 — TeMneparypa ¢ppeoHy Ha BUXOAI BUIapHUKa, Ty, € [0...15°C];
Tg.«1 — Temneparypa $peoHy Ha Bxoai koHneHcatopa, Ty € [30...50°C];
Ty.2 — TeMmieparypa hpeoHy Ha BUXOAi KoHaeHcaTopa, Ty.» € [30...50°C];
T¢n1 — TEMIIEpaTypa (peoHy Ha BXOi IEPEOXOJIOKYBAYA;

T¢n2 — TEMIIEPaTYpa (DPEOHY HA BUXOJi NEPEOXONO/KYBAYA;
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Ty — TEMIIEpaTypa BOAU Ha BXOJI y BUNAPHUK, T4, € [30...50°C];

T, 2 — TEMIOeparypa BOJU Ha BUXO/i 3 BunapHuka, T,,, € [10...30°C];

G, — BUTPATH BOJHM KPi3k BUMAPHUK, G, , € [5...15 m*/rox];

T, — TeMIepaTypa BOAU Ha BXO/i B KoHaeHcarop, T,,; € [20...50°C];

T, 2 — TeMIlepaTypa BOAX Ha BUXOAi KoHAeHcaropa, Ty, € [20...50°C];

G,.x — BUTpATH BOIH Kpi3b KoHAeHcaTop, G, € [5...15 M3/F0Il];

T,..1— TEMIIepaTypa BOJH Ha BXO/II IIEPEOX0JI0/KYBaya,

T,.0 — TEMIepaTypa BOAM Ha BUXOJl MEPEOXOJIOKYBaYa;

GB.11 — BUTpaTH BOIH KPi3h MEPEOXOIOHKYBAY;

Nk— 000poTH KOMITpecopa;

N — TOJIOXKEHHS PO3IIMPIOBAILHOTO BEHTHUIIS 13 KPOKOBUM JIBUT'YHOM.
ExcniepuMeHTanpHI  TOCTiKEHHS Tporecy TaumOokoi yrmmizamii Terura muMmoBux Tazie (YTAI) 3 BHKOpPHCTaHHIM

TEIJIOBOTO HAcOCy Ha 6a3i po3po0OiieHoT (i3nuHii MO TPOBOUIKNCH Y TPH STAIIH:
1. nmocmimkeHHS KOHTaKTHOTO TerutoyTuiizaropa ak OK;

2. JocnmipKeHHs TemnoBoro Hacocy sik OK;
3. nocmimkenns cucremu mmodokoi YT/ B ninomy sik OK.

2.1. TocaigkeHHsI KOHTAKTHOTO TelLioyTHiizaTopa sik OK

B poborax [6, 8, 9] moka3aHo, 1110, B 3aJIE)KHOCTI BiJ] TapaMeTpiB TEIUIOBOTO HAacocy Ta KOe(illieHTy Ha/UIMIIKY MOBITpS,
HaAMOUIBII BUTiHA 3 €HEPreTMYHOI TOYKH 30pY IMIMOWHA YTHIIi3alii Teruia TUMOBHX I'a3iB JOCSTae€ThCs MPH X OXOJIOPKEHHI
1o remneparypu 30-35 C. Omxe perysoBaHHS L€l TEMIIEPATypH € aKTyaJIbHOIO 331a4elo.

TeMneparypHuii peXnM IMMOBHX Ta3iB Ha BHXOAI yTWiizatopa 7o0e.my.2 MOXIHBO HiITPpUMYyBaTth abo 3a pPaxyHOK
LJIECTIPSIMOBAHOI 3MiHH BUTPAT OXOJIO/PKYIOHOI BOJH Yepe3 Hboro Ge.my, abo 3a paXyHOK 3MiHH TEMIIEpPAaTypH BOJIH Ha BXOJI
B TemoyTwiizarop 76.my.l. TexHiuHa pearnizaris 000X 3aco0iB He € CKIanHO. Bubip MiXk HIMH TIOBHHEH IPYHTYBAaTHCh Ha
JOLITBHOCTI 3 TOUKH 30py SIKOCTI KEpyBaHHS Ta €HEPreTUYHOI ePeKTUBHOCTI YCTAaHOBKH B ITiToMy. J[ist iboro Oyiw mpoBeaeHi
eKCIIepUMEHTANBHI TOCTIKEHHS 1 OTpUMaHi CTaTHYHI 3aJiekHOCTI Temmeparypu I Ha BUxomi TermoyTmiizaTopa 10e.my.2 Ta
Horo TeroBoi MOTYKHOCTI BiJ BUTpAT TEIUIOHOCIS udepe3 TemioyTwiizarop Ge.my, Ta Bim Horo temmeparypu 16.my.l.
OTpHMaHi 3aJIeKHOCTI 1OKa3aHi Ha pUCYHKax 2-5.
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Puc. 2 — Crarnuni xapakrepuctuku TY npu 3MiHi BHTPAT 0X0J101KYI040i BOAU

Ha pucynkax 2a ta 26 HaBe/eHi 3aJIe)KHOCTI TeIIoBOi nmotykHocTi TY ta remneparypu I Ha Buxoni TY Tar.ty.2,
BIJIMOBIIHO Bijl BUTpAT Boau kpi3b TY mpu crannx temneparypax Boau Ha Bxoni TY(1 —20 °C, 2 - 25 °C).

Ha pucynky 3a HaBeZieHO CiMEHCTBO CTaTHYHUX XapaKTEPHCTUK N0 KaHamy « TemnepaTypa Boau Ha BXomi TY —
TeMIIepaTypa IUMOBHX ra3iB Ha Buxoai TY» npu cranux Butparax Boau kpisb 1Y (1 — 150 n/rox, 2 — 180 n/rox, 3 —230
J/TON).

Ha pucynky 36 HaBezeHi 3aI€KHOCTI TEIIOBOI MOTYXHOCTI TY Bix TeMmepaTypa Boau Ha Bxoi TY mpu cTanmx BUTpaTax
Boam kpi3e TY (1 — 230 w/rom, 2 — 180 n/rox, 3 — 150 n/roxm).
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a) 0)
Puc. 3 — Cratuuni xapakrepuctuku TY npu 3MiHi TeMniepaTypu 0Xo0J10/KyH040i BOAH

3 eHepreTHYHOI TOYKH 30py OLIBII BHUTIHO MiATPUMYBATH MaKCHMAJIbHO MOXIIMBY TEMIIEpaTypy OXOJO/KYIUoi BOAH,
TOMY CTa0lmi3amilo peXuMy YTHII3alii, TOOTO MATPUMKY cTanoi TemrepaTypu Ha Buxoii TY IOINBHO 3MiMCHIOBATH 3a
paxyHOK 3MiHH TeMIIepaTypH BoJu Ha Bxoai TY mpwu cramux BuTparax Boau. KpiMm Toro, 3 pe3ysbTaTiB eKCIIEPUMEHTIB BHIHO,
0 CTATHYHI XapaKTepUCTUKH KaHanmy «Burpatn Bomu y TY — temmneparypa IuMoBHX Ta3iB Ha BHXoAi TY» MaroTh OuIbIIy
HeNiHIHHICTD Ta JIOCHTh HEBEMUKHI poOoumii miama3oH BUTpaT Kpi3b 1Y (mpu 30inbmenHi ButpaT Bume 180 mi/ron Termosa
MOTYXXHICTh TY MaiiKe HE 3MIHIOETHCS).

Buxonsan 3 110T0, Ha pUC. 4 IpecTaBlIeHa TapaMeTPUYHA CXeMa TeIIOYTHIIi3aTopa K 00’ €KTa KepyBaHHS.
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Puc. 4 — ITapameTpuyHa cxemMa TenjoyTuiizaropa sk OK

Perynib0BaHOI0 3MIHHOIO TIPOLIECY € TeMIepaTypa TMMOBHX ra3iB Ha Buxoai TY (702.my.2), a Kepyro4uM BILTUBOM —
TemriepaTtypa Boau Ha Bxoni TY (Ts.my.1). Bei iHn napaMeTpH, siki MOKYTh BIUIMBAaTH Ha TEMIIEpaTypy AMMOBHUX ra3iB Ha
Buxoni TV, Taki sik remneparypa (70z.my. 1), Butpatu (Goe.my) i Touka pocu (Roe.my. ) numoBuXx ra3iB Ha Bxoai TVY, Ta
BUTPATH 0X0JOMKY0401 Boau kpizb TY (Gg.my), MOKHO BIZJHECTHU 10 HEKOHTPOJIbOBAHUX 30ypEeHb. 3 OISy XapaKTEPUCTHK
HaBEJICHUX Ha pHUC. |, TOLiIbHI BUTPATH OXOJIOKYI0UO0i BOM Kpi3b TY craHOBIATH Oim3bko 230 n/rox., Tomy kpuBa Ne3 Ha
puc. 3 i Oyae CTaTUYHOIO XapaKTEPUCTUKOI KaHATY KepyBaHHA «T6.my.1- Toe.my.2»

2.2. locainxeHHst TemjioBoro Hacocy sk OK
Ha puc. 5 naBeneno napamerpuuny cxemy TH sk OK.

36


http://www.atbp.onaft.edu.ua/

m ABTomaru3ariis TexHosoriunux i 6i3uec-mporecie Volume 11, Issue 1 /2019 m
http://www.atbp.onaft.edu.ua/

Tee 1 Tak1
Nicr .| Pghe2
— -y - - - - - - - "'._"""'_?"—." Pwet —= — Tﬂfﬂ
oo | ToheZ — -
LN i -

MK . 4| Tee. 2
N Y - I 1
MNHN Ta.nz2
e T ———

Puc. 5 — ITapamerpuuna cxema TH sik OK

Awmaiiz sitepatypuux mkepen [8, 9, 17] mokasye, mo st 3a0e3nedends HopManbHoi poboti TH B crcteMi yrpaBimiHHs
HUM TIOBUHHI OYTH MIPUCYTHI MiHIMyM 2 KOHTYpH KepyBaHHS:

1. KoHTyp KepyBaHHS TeMIIEpaTyporo IeperpiBy mapiB xojogoareHTy Ha Buxofi BumapHuka (Tmnd) Bim 3abesmeuye, 3
oHOTO OOKY, BIICYTHICTh B CKJIaJi XOJIOJ0areHTy Ha BXOZi B KOMIpecop KparmenabHoi (asu, a 3 iHImoro 60Ky - MAKCHMAJIbHO
MOJKJIUBE 3aBaHTaKCHHS BHIIApHUKA. [Ipy nbOMy BeJIMUMHA IEPErpiBy BHPAXOBYETHCA SIK PI3HUIII MK TEMIIEpaTyporo MapiB
xononoareHTy Ha Buxoji BunapHuka (T¢.B.2) Ta KiHIEBOIO TEeMIIEpaTyporO KHITiHHS XosojoareHty (7x.¢h.6.), BUpaxyBaHOIO
1O pIBHIO THCKY NHapiB XoyiogoareHTy Ha Buxoji Bunapuuka (P¢.B). KepyrounM BmiIMBOM 3a 3BHYall € CTYIiHb BIAKPHTTS
eJIeKTpOHHOTO po3muproBaigbHoro BeHTHs (EPB). B Bumanky 3acrocyBanns EPB 3 KpoKOBHM e€NEKTPOIPHUBOIOM KEPYIOUOIO
Jieto Oyne KUIbKICTh KPOKIB TOBOPOTY KpokoBoro asuryHa (N«i) BiqHocHo 3akputoro ctany EPB.

2. Kontyp xepyBanHs nponyktuBHicTIo TH. PerynboBaHOIO KOOPIMHATOIO KOHTYPY € TeMIepaTypa OXOJIOJDKYIUO0i BOAN
Ha BUxoji BunapHuka (76.6.2). Kepyrounm BILIMBOM KOHTYpY € YacToTa obepranns kommpecopa (NK).

OcHOBHMMH 30YPIOIOYMMH 3MIHHHMH JUTS OUX KOHTYPIB PEryJIOBaHH: € TeMIlepaTypy BOJM Ha BXOAi BunapHuka (7s.6.1)
Ta KoHzaeHcatopa (76.x.1).

Jlns TABUIEHHS] €HepreTHYHOT €pEKTUBHOCTI TETUIOBOTO HACOCY A0 HOTO CKIagy BKIIOYAIOTh MEPEOXOTIOMKYBaU, SIKHHA
MaKCHMaJIbHO MOJIIMBO 3HIDKY€E TeMIeparypy pimkoro ¢peony mepen EPB (7¢h.n.2 (muB. puc. 5)). IlepeoxomomxeHHs
3IIHCHIOETHCS TEII00OMIHHIKOM-TIEPEOX0JIOKYBAadeM 3a PaxXyHOK HOIMEPEIHBOTO IIIrpiBy MUTHOI BOIH, sIKa IOCTYMA€E IO
CHCTEMH Taps4oro BOAONOCTA4YaHHS. PerynboBaHOIO 3MIHHOIO KOHTYPY € TeMIepaTypa BOIM Ha BHUXOJI IEPEOXOJIOKyBada
(T6.n.2), 110 MATPUMYETHCS HA PIiBHI TeMIIEPaTypH BOMH, SKa HAIXOAUTh 10 KoHaeHcaropa (76.x.1). A KepyroUuM BIUTHBOM €
Burpatd Bomu (Ge.n) Kpi3b MEPEOXOJOMKYBad, IO 3aMAOTHCS 33 PaxyHOK 3MIiHM 4YacTOTH  OOEpTaHHS HAcoCy
nepeoxoiiopxyBaua (Nz).

[Tpn nocmijpkeHHI peXHMIB poOOTH TEIJIOBOIO HAcocy OyJiM OTpHMaHi CiMeicTBa KBa3iCTaTHYHHMX Ta JUHAMIYHHX
XapaKTEepUCTHUK TeIIoBOro Hacoca sik oO'ekra kepyBaHHi (OK) mo OCHOBHMX KaHajax KepyBaHHsS Ta KOHTPOJIBbOBaHUX
30ypeHb.

Ha puc 6a mpexacraBieHi ciMeiicTBa cTaTHUHHX 3anexHocTeid nmo kaHanmy «[lomoxenns EPB (Nxz) — Tuck Ha BHXOmi
BunapHuka (Pg.6) npu pisaux vacrorax obepranus kommnpecopa NK (1 — Nk =40 o6/cek, 2 — Nk =45 o6/cek, 2 — Nk =50
006/cex, 4 — Nk = 55 o6/cex, 5 — Nk =60 06/cek), a Ha prc 60 — IpH Pi3HUX TeMIeparypax BOIU Ha BXOl KOHAEHCATOPA
Te.x.1(1 - Te.x.1 =40 °C, 2 — Te.x.1 =35 °C, 3 — Te.x.1 =30 °C).

Ha puc. 6B npesacTaBieHi CTaTHYHI 3aJISKHOCTI 10 KaHATy «TeMIiepaTypa Boau Ha BXoAi KoHneHcaTopa TB.k.1 — Tuck Ha
BUXO/i BumapHuka Pd.B» mpu pizaux nonoxenusx EPB Nk (1 — Nkz =500 kpokis, 2 — Nk =450 kpokis, 3 — Nxz =400
KpOKiB, 4 — Nk =350 KpOKiB).

OTpuMaHi 3aJIe)KHOCTI JEMOHCTPYIOTh CYTTEBUH BILTUB PEXXUMY POOOTH KOHAEHCATOpa (TeMIlepaTypy BOIU Ha HOTO BXOi
Te.x.1) Ta pexxumy podboTu komrpecopa (dacrora obepranHs Nk) Ha THCK XOJIOJ0areHTy Ha BUXoJl BunapHuka Pg.s. lle
CBIUUTH PO HASBHICTh 3HAYHOTO MEPEXPECHOrO 3B'I3KYy M0 KaHany Niki — Pgh.6¢ 1 cuibHOrO 30ypeHHs mo kaHany 76.x.1 —
Pgh.6, Ta icHyt04y oTpeOy KOMIIEHCYBATH 1Ii BIUTUBH 32 paXyHOK BJOCKOHAJICHHS aJITOPUTMIB KEpYyBaHHSI.
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Puc. 6 — Cratuuni xapakrepuctuku TH npu 3mini nonoxennst EPB Nk (a, 6) Ta TeMnepaTypu Boau Ha BXO[i
KoHAeHcaTopa Te.x.1(B)

Ha puc 7a nmpezacraBieHo CiMEHCTBO CTaTUYHUX 3alexHOCTe! o KaHainy «llonoxenns EPB Nkz — temmeparypa Bogu Ha
BUXOJIl BUIIapHUKA TB.B.2» MpH pisHUX dacrorax obepranus kommpecopa Nk (1 — Nk =45 o6/cex, 2 — Nk =50 06/cek, 3 — Nk
=55 o6/cek, 2 — Nk =60 o6/cex) mpu Te.x.1 = 35 °C ta Ts.B.1 = 20 °C. 3ane:KHOCTI MarOTh JiHIHHUA XapakTep, a BILUTUB
4acTOTH 00epTaHHsI KOMITpecopa — HeJIHIHHHH.
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Puc. 7 — Crarnuni xapakrepuctuku TH mo kanany «Nkia — Ts.B.2» (a),
Ta peakuisa OK Ha ctyninyacty 3miny Nk (0).

Puc. 76 nemonctpye peakuito OK Ha cryninuacty 3miny nonoxernHs EPB (Nxu) 3 400 o 500 kpokiB. Ha pucynky: 1 —
nonoxxenHs EPB Nkz, 2 — temnepatypa Boau Ha BHXOIi BHHAapHUKa 76.6.2, 3 — TeMmepaTypa XOJIOJOArcHTY Ha BHXOII
punapauka 1¢.6.2, 4 — TemmepaTypa XOJOJOAreHTy Ha BXOAiI BUmMapHuWKa 7¢.6.1, 5 — Temmeparypa meperpiBy mapiB
XOJIOJI0ATeHTY Ha BUXOJIi BUMApPHUKA Trngh, 6 — THCK X0JI00areHTy Ha BUXOi BUMIApHUKA Pg.q.

Ha puc. 8a npencraBneno otpumane ciMmeiictBo crarnaaux xapakrepuctuk TH sk OK mo kanamy «Yactora oOepTaHHA
kommpecopa (Nx) — Temmeparypa Boau Ha Buxofi Bunapuuka (76.6.2)» MpH Pi3HUX TEMIIEpaTypax BOJU Ha BXOJi BUMAPHHUKA
Te.6.1 (1 — Te.6.1=35°C, 2 — T6.6.1=30°C, 3 — T6.6.1=25°C, 4 — T6.6.1=20°C, 5 — T6.6.1=15°C), Ta cranux BUTpaTax BOIH
yepe3 BunapHuk (Ge.6 = 250 n/rop) i cTaiiil TeMneparypi neperpiBy napiB XoJozoareHty Ha Buxoai Bunapuuka (7ng = 5°C).
[IpeacrapiieHi 3aJIe)KHOCTI CBIIYATh PO CYTTEBUI BIUIMB TEMIIEPATYPH BOJM HA BXOJi B BUIIAPHUK Ha PEXUM HOr0 poOOTH.
[Ipu 3HWKEHH] TeMIepaTypH BOJAM Ha BXOJIi BUIIAPHUKA 3HHKYETHCS MPOAYKTUBHICTH TEIUIOBOTO HACOCY Ta, BIAMOBIIHO, HOTO
CHEProc(PCKTUBHICTb.

Ha puc. 86 npeacTaBieHo ciMEHCTBO CTAaTUYHHUX XapaKTEPUCTHK MO KaHay «Uactora obepranus kommpecopa (Nk) — THCK
Ha Buxozi Bunapuuka (Pd.s)» npu pizanx nonoxxennsx EPB (1 — Nxz =450 kp., 2 - Nxz =400 kp., Nxz = 350 kp.), npu cramii
TeMIepaTypi Boau Ha BxoJi konaeHcaropa (76.x.1 = 30 °C) Ta cTaiux BUTpaTax Boau Kpizk BunapHuk (GB.B =250 n/ron).

Ha puc. 88 npencrasiena peakuist OK Ha 3MiHy yactoTn obepranHs kommpecopa 3 40 06/cex no 60 o6/cex. Ha pucynky: 1
— yacTtoTta obepTaHHS KOMIIpecopa, 2 — TeMIepaTypa BOAM Ha BHXOJI BHUIApHHUKA, 3 — TeMIeparypa (peoHy Ha BUXO.I
BUTIApHUKA, 4 — Temreparypa (peoHy Ha BXOJi BHIIAPHHKA, 5 — TemmepaTypa KuUMiHHA (peoHy, 6 — meperpiB ¢ppeoHy Ha
BUXOJIi BUIIAPHUKA.
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Puc. 8 — Cratuuni xapakrepuctuku OK npu 3miHi yacToTn o6eprannsi komnpecopa (a, 0)
Ta peakuia OK Ha cryninuacry 3miny Nk (B)

2.3. Jocainsxenns cucremMu yruiaizanii tema I B nistomy, sk OK
CrpykrypHa cxema cucrtemu Y T/II 3 3actocyBanusam TH B ninomy sik OK npezacrasnena na puc. 9.
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Puc. 9 — Crpykrypna cxema cucremu Y TAI ax OK

IIpu nocmimkenni cucremu ytwrizanii temna IIIIC B minmomy mo kxanamy «Yacrora obepranns kommpecopa Nk —
temrniepatypa [ Ha Buxoni TY Toe.my.2» Boja 3 BUXOJly BHIIApHHKA MOAaBaNach 0E3I0CEpeHBO JI0 TEIUIOYTHII3aTopa, a 3
Horo BUXoMy 3HOB 10 BUMapHuKa. [Ipu mpoMy crabimizamisi TeMnepaTypu BOJAH Bke He BinOyBaiack. KepyrounM BIUMBOM
Oyna yactora obepTaHHs Kommpecopa. JocmimKeHHs MPOBOAWINCEH MIPU CTANIH TeMIepaTypi MeperpiBy mapiB X0JIOA0arcHTy
Ha BHXOJi BHUTapHUKa (IpU IMpamoroUiil cucteMi crabimizamii piBHS meperpiBy, T = 5 °C) Ta mpu cranmx Temrmeparypi,
BOJIOTOBMICTY Ta BHTparax IMMOBHX rasiB. OTpuMaHa B pe3yJbTaTi SKCIEPUMEHTY CTaTHYHA XapaKTepPUCTHKA IO KaHaTy
«Yacrora obepranns kommpecopa Nk — Temnepatypa I’ Ha Buxoni TY Toz.my.2» npencrasnena Ha puc. 10a. Ii Burmsn
CBIIUUTH PO Te, W0 MPU CTANIH TeMIlepaTypi IMeperpiBy XOJIOIO0ATeHTy Ha BHXOJI BHIIApHHUKA (TIPAIFOIOYOMY KOHTYPi
peryoBaHHS TEperpiBy) 3ajeKHICTh TEMIIEPaTypu TUMOBHX Ta3iB Ha BUXOAI 3 TEIUIOYTHIII3aTopa BiJ 4acTOTH OOEpTaHHS
KOMITpecopa Mae Malike JIHIHHUN XapakTep.
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Puc. 10 — CratnyHa (a) Ta nuHamivni (0) xapakrepucruku cucremu YT/ mo kanaay «Nk — Tar.ty.2»

Ha puc 106 npencrasnena peaxuist cuctemn YT/AD sk OK no kanaiam TeMmmnepaTrypy OXOJIOJDKYIOUOi BOAM Ha BHXOJI
Bunapauka TH 7s.6.2 To6T0 BXinHoi Bomu TY Te.my.l (rpadix 3) ta remneparypu AI" Ha Buxoxi TY Toe.my.2 (rpadik 2) Ha
CTYIIHYACTY 3MiHY 9acTOTH 00epTaHHs KoMipecopa Nk 3 45 mo 60 06/c (rpadik 1).

3. Iapamerpuuna inenTudikanis Moaeneil kaHaliB NepeTBOPeHHs] KOOPAWHATHUX Aiii mpouecy rimookoi YTAI' sk

OK

Buxonsan 3 ¢i3ndHOI CyTi TEIUIOBUX MPOIIECiB, M0 MpoTikaoTh B OK, BigoMo, 1m0 BiIHOCHO Yy MOBHIH Mipi MaTeMaTH9HO
1Ii TIPoIIeCH MOXKYTh OYTH ONHMCaHI HENIHIHHIMA JUQepeHIIHHUME PIBHIHHAMHA. AJle TaKOXK BiZJOMO, III0 HOMIHAJIEHUH PEXUM
¢ynkuionyBanns OK mo’si3aHuil 3 MOPIBHSHO BY3bKHM Jlialla30HOM 3MiH PETryJIbOBaHUX KOOPAMHAT. A B TaKOMY Jiana3oHi
NpOLIECH MOXKYTh OyTH ONMCaHI JiHIHHUME AU epeHIiHHIME PIBHSAHHIMH, TOOTO MPUITYCTUMOIO € JiHeapu3aiisi mojerni OK.

PesynbraTi eKCHEPUMEHTIB MiATBEP/UKYIOTh, IO OCHOBHI kaHamu cucremMu YTJI[T sk o00’ekra KepyBaHHS, SIKHIA
BIJJTHOCHTBCS IO KJIaCy TEIUIOBMX OO’ €KTIB, MalOTh BJIACTUBICTH CAMOBHPIBHIOBAHHS], TOMY IX MaTeMaTW4HI MOJEN MOXYTb
OyTH omucaHi nepeaTHUMH (GYHKIISIMU TIEPLIOTO Ta JPYToro MOPsIKY HACTYITHOTO BUTIISLY:

.a TP .@ TP
Wy(p) =22 wy(p) =
TO p+ 1 (To p+ 1)

OTpHuMaHi eKCriepuMEHTANIBHI JaHi JT03BOJIMIIM MPOBECTH iJeHTH(]IKALII0 MOJIeNIeH KaHaJliB MepEeTBOPEHHSI KOOPANHATHUX
niit OK. Jlnst mapamerpuyHoi ineHTudikamnii moaeneiit OK 3i craTHYHIMH BIACTUBOCTSMH OyJia BHKOPHCTaHAa METOJIUKA «IBOX
3araibHUX TOYOK» [14]. PesynbraTu ineHTH}IKAIIT 32 Ii€F0 METOIMKOIO 10 KaHajaM kepyrounx BromBiB OK mpezncrasieHi B
Tabmumi 1. B Tabmumi 2 mpencraBieHi pe3ynbTaTH imeHTH(IKALII MepeXpecHnX BIUIMBIB 3 KaHANy Ha KaHan. B Tabmumi 3
MIPEIICTaBIICH] Pe3yIbTaTH iMeHTH(DIKAIlIT KaHANIIB KOHTPOIbOBAHHUX 30YPEHB.

Ta6uuusa 1 — Moaeni kaHaJIiB Kepyl04uX BIUIMBIB

Kanan Iepumii nopsaok Hpyruii nopsinox
N — Py 0,0455.¢ %" 0,0455-¢737°
K B ( ):’7 W (p): yuaso-e
j 1813p+1 T (138p+1y
NKn - T(i).B.Z — 0’08 . e*ZSP _ 0,08 . e—23,5p
Wo ):— Wo(p)ziz
10p+1 (6,88p+1)
Nie= T2 W, (p)= —0412- e (p)= 2012 e ™™
0 16,5p+1 0 - (12106p+1)2
Ne=Taa |y (p)o2007Le ™% [ ) 0077675
0 58,75p+1 0 P)= (36,88p+l)2
Ni—Toz [y (o 20R8e ™ [ ) 0077
’ 256p+1 ST (192.3p+1)
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Tadauusa 2 — Mopeni kaHatiB mepexpecHUX 3BsI3KiB

—0,08-7"
WolP)=—gp 1

Kanan IMepunii mopsaok Hpyruii nopsaok
NK - PQ).B —0,034'670'22p —0,034 e—0,0lp
Wo(p)=—oe o | Wolp)=—" -
0,375p +1 (0,275p +1)
Nm - TB.B.2

~0,08-e7%¢"
W.(p)=—22"°
o(p) (5.8p+1y

Taoauusa 3. MopeJii kaHaJIiB KOHTPOJIbLOBAHUX 30ypeHb

Kanan Iepumii nopsaok Hpyruii nopsinox
Tos1 — Tesa 1.e7102p 1.e7"P
W, (p)= ——— W.(p)=——%
o(P) 18.1p+1 o(P) (14.2p +1)
TB.K.] - Pd).B ( ): 0,16 'e_lz'SP ( ): 0,16 . 676'2’)
° 25.1p+1 ° (15.3p +1)

[pencrasneni y tabnuii nepenaTHi GyHKIIi aJeKBaTHO OMUCYIOTh JIMIIE JUHAMIYHI BIACTUBOCTI 00’€KTa, TOMY IO X
CTAQTHYHI XapaKTEPUCTUKH € JIOCUTh CKJIAJIHUMH (YHKIISIMH IDEKUIbKOX 3MIiHHHMX. Tak, HalpHKIaA, TUCK XOJONOAreHTy Ha
BUXxoJl BunapHuka (Pg.6.2) 1 Temneparypa Boau Ha Buxozl BunapHuka (76.6.2) € (QyHKUISIMH MIHIMYM TpPbOX 3MIHHUX —
nonoxennss EPB, yacToTn oGepTaHHs KoMIIpecopa Ta TeMIepaTypy BOJM Ha BXOJ B KOHJIEHCATOD, MPH LOMY 3aJI€KHOCTI
TEeMIEPATypy BOIU HA BHUXOJi BUIIAPHHKA BiJl 4acTOTH OOEpPTaHHS KOMIIpecopa i TeMIepaTypd BOIM HA BXOJi BHIIAPHUKA €
CYTTEBO HEIIHIHHI.

4. BucHoBKH.

B pesynbrarti nIpoBeAeHUX AOCITIDKEHb OTPHMaHI €KCIEPHUMEHTAIbHI 3aJIS)KHOCT] 10 OCHOBHUM KaHallaM IIepeTBOPEHHS
koopauHaTHUX A1 mpouecy YTI. IlpoBenena cTpykTypHa ineHTH(]IKALiS MPOIEeciB B KOHTAKTHOMOMY TEIUIOYTIIII3aToOPi,
terioBoMy Hacoci Tta YTHAIT B mimomy. CkiameHa crpykrypHa cxema mpomecy sk OK. IlpoBemeHo mapameTrpudHy
imeHTudIKaIio Ta OTpIMaHi MaTEeMaTH9HI MOJIEJNIi OCHOBHHX KaHAIiB

OtpuMmaHi pe3ynbTaTH CBiqYaTh MPO HASBHICTH JOCHTh CHJIBHHX MEPEXPECHHUX BIUIMBIB KepyrOUuX i Ta 30ypeHb B
pe3yabTaTi TOrO IO CTaTH4YHI XapakTepucTuku ocHOBHUX KaHamiB YT/ sk OK € mocuth ckiagHuMu GYHKIIIMH ACKITBKOX
3MiHHHX.
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Abstract: Traditional automatic control systems do not solve the task of limiting the harmful effects of technical objects on
the environment. The problem is to increase the effectiveness of means of its protection against the harmful effects of industry.
Relevant is the use of indicators of environmental performance of technical objects as controlled parameters. A new approach
to the control of technical objects is proposed. As the main control parameter it proposed to adopt the level of their ecological
efficiency. Complicating circumstances of solving the problem is the insufficient knowledge of the factors of harmful effects on
objects of living nature, their intensity, interrelation, mechanism, strength, and dynamics of exposure. Improving the economic
efficiency of technical objects leads to an increase in their ecological efficiency. The solution to the problem is facilitated by
the fact that traditional ACS should be left in action, adding to them an ecological efficiency control component. Heat-power
engineering has a large impact on the environment through emissions and discharges of harmful substances and heat. To give
to ASC the functions of controlling the ecological efficiency of the boiler (for SO, emission), it is necessary to apply an
additional, new control loop - regulator of SO, concentration in furnace gases. An urgent task in the use of direct control of
the ecological efficiency of boiler-furnace systems is the development and production of physical quantity sensors, reflecting
the level of aggressiveness of the source of hazard, working in real time. Direct control of indicators of ecological efficiency is
much easier in other branches of industry, in particular, in its food branch, where objects do not have a large-scale complex
negative impact on the environment.

Anomayin: Tpaouyitini cucmemu asmomMamuyHo20 YNPAasiiHHi He CNPASISIIOMbCS I3 3A80AHHAM HEOOXIOH020 0OMEeNCeHHS
WKIONUB020 BNIUBY MEXHIUHUX 00'cKkmi6 Ha HagKoIUuWHE cepedoguwye. [Ipobrema noasieae 6 niosuweHHi epekmugHoOCmi
3aco0is il 3axucmy 6i0 WKiOIUB020 6NAUBY BUPOOHUYMEA. AKMYATLHUM € BUKOPUCIAHHSA NOKA3HUKIE eKON02TUHOT
egexmusHoCcmi YYHKYIOHYBAHHA MEXHIUHUX 00'€EKMIB AK Kepo8aHux napamempis. 3anponoHo8ano HO8Ull nioxio 00 YNPasiiHHs
mexHiuHuMU 00'ekmamu. I 0108HUM KEPOBAHUM NAPAMEMPOM 3ANPONOHOBAHO NPULIHAMU PIBeHb iX eKOI02IYHOI
eghexmusHocmi. YckaaoHwouuMU 06CmMasuHamy pilueHHs npooaemu € HeOOCMAMHs 8UEHEHICINb YUHHUKIE WKIOTUBO20 BNIUBY
Ha 06'exmu JHcU60i NPUPoOU, iIx IHMEHCUBHOCI, B3AEMO36 ' SI3KY, MEXAHIZMY, CUNU, OUHAMIKU enaugy. I1ioeuwennss eKoHOMIYHOT
eghexmueHoCmi mexHiuHux 06'ckmie 0OyMo6I0€E NidgUWeHHs ix exon02iunoi eghexmusnocmi. Piwenns npobremu
nonezuyemocsi mum, wgo mpaouyiini CAY cnio 3anuwumu 8 9ii, 000asuiu 00 HUX KOMNOHEHM YNPAGIIHHI eKOA02IUHOIO
egpexmusnicmio. Tennoenepeemuxa MacuumabHO 6NIUBAE HA HABKOJIUULIHE CEPeO0BUULe WISIXOM GUKUOLE | CKUOIE WKIONUBUX
peuosun i mennomu. /s 0ooanuss CAY ¢ynxyiu ynpaeninns exonoziunorw egpexmusnicmio komaa (no euxudy SOy), Heo6XioHo
3acmocysamu 000amKOGUIl, HOBULL KOHMYP VAPAGIIHHS 3 pe2yasimopom konyeumpayii SOy ¢ monkoeux eazax. Haeanvrnum
3a60AHHAM HA WLIAXY BUKOPUCAHHI NPAMO20 YNPAGIIHHA eKOI02IYHOI0 e(heKMUBHICTI0 KOMENbHO-MONKOBUX CUCEM €
PO3p0oOKaA | BUPOOHUYMEO OAMHUKIG DIZUUHUX BETUHUH, WO 8I000PAdCAIOMb PIBEHb AZPECUBHOCI ddicepena WKIONUGOCMI, Wjo
npayowms 8 peairbHomy macumaodi yacy. Ipsame ynpaeninta NOKA3HUKAMU eKON02IMHOT e(heKMUBHOCMI 3HAYHO NPOCmilie 6
THWUX 2a71Y358X RPOMUCTO80CHI, 30KpeMd, 8 Xapyosill ii eany3i, 0e 06'ekmu He HAOAIOMb MACUMAOHO20 KOMNIEKCHO20
He2amueHoco 6niuey Had HaABKOJIUWHE cepeaoeume.

Kuro4oBi ci1oBa: ympaBiiHHS, SKOJIOTiYHA €PEKTHBHICTE, TEXHIYHIHA 00’ €KT, CicTeMa aBTOMAaTHIHOTO yrpaBimiHHS (CAY),
KOTECJIBHO-TOIIKOBAa CUCTEMA, HABKOJIMIITHE CEPEJOBHUILIE.

Keywords: control, ecological efficiency, technical object, automatic control system (ACS), boiler-furnace system,
environment.
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Introduction

The successful functioning of the socio-economic system of the state is the basis of potential for its further development.
However, the emerging resource, economic, social and ecological problems are largely due to its activities. Therefore, a
targeted reduction of the integral ecological load from production and consumption processes is a global vital issue of the
entire global community in the context of the transition to sustainable development.

Automatic control systems (ACS) of technical objects (TO) traditionally solve, mainly, the task of maintaining the
parameters of the technological process, which affect the reliability and / or economic efficiency of these objects, at a given
level. At the same time, their ecological efficiency (EE) is formed spontaneously and in most cases turns out to be extremely
unfavorable for the natural environment. The result of this is the effects of anthropogenic destructive actions on the natural
environment. They are increasingly becoming irreversible. Such a traditional concept of TO control under conditions of
accelerated development of industry, and a corresponding increase of the volume of harmful effects on nature, is untenable.
Therefore, the problem of developing a new concept, focused on a radical reduction of the impact of TO on the natural
environment, was formed.

Statement of problem

In accordance with the new concept, it is necessary to accept as the main controlled technological parameter of the TO
functioning the level of their EE. At the same time, to save, if it is necessary, control of other significant technological
parameters, but as additional ones, which make it possible to maintain the parameters of the said process within the limits of its
adopted regulations.

TO EE is a complex property. One should control one of the indicators forming it. Choice of it is a responsible and difficult
task. In each case, this indicator represents the factor that is the most aggressive and dangerous for the environment among the
existing ones. When assessing aggressiveness, as an object of impact should be chosen not only a man, but also representatives
of flora and fauna in the area of TO. They are most often the most vulnerable to harmful actions.

The solution of these problems is complicated by a number of circumstances, in particular the following:

- mechanism, strength and dynamics of the harmful effects of various factors on objects of living nature, including the
chains of their mediated effect on the biosphere, have not been studied enough;

- effect of the intensity of the impact of each factor on the nature and extent of damage to animate nature, have not been
studied enough;

- it was accumulated little data on the quantitative side of influence, on the mechanism and strength of the joint influence of
two or several factors, it was insufficiently developed methodological and instrumental base for the operational control of the
strength of influence of factors and control of its consequences;

- there is a psychological barrier in the way of abandoning the former and the transition to a new concept (direct control of
the level of TO EE) [1].

You should pay attention to the fact that the increase in the economic efficiency of TO, usually accompanied by a
corresponding reduction in energy and raw materials consumption per unit of production, causes an increase in the EE of these
objects [2].

Because of the aforementioned, the solution of the problem under consideration is facilitated by the fact that in TO the
traditional ACS of the economic efficiency of the technological process should be save in action, but as the second one by
importance. Other ACS may have to be given the same status, save them or update. It seems appropriate saved to use ACS to
combine into a comprehensive system with enhanced functionality. Priority in it should belong to ACS EE.

To solve the above problems, it is advisable to use advanced ACS, with an increased intellectual level of their algorithms
that are capable of implementing high-dimensional technological process control. The creation of such systems should be
problem-oriented towards the direction and future development of the industry of application [3 - 7].

Solutions of problem

Using the idea of EE control is of interest for all branches of modern industry. Of particular interest are industries that are
highly responsible for damage to the natural environment. This applies primarily to the heat-power engineering. Boiler plants
used in station and industrial power engineering, as well as at each plant, have a detrimental effect on living nature. They, in
particular, made emission and dumping of harmful substances and heat into the environment. In boiler plants they make a lot
of effort to maintain high efficiency of equipment. Transferring efforts to EE control can bring a major ecological effect in this
important sector of industry.

It should be noted that the harmful effects exerted by boiler equipment on the environment depends on the state of these
objects. During the operation of power equipment, as the resource is consumed, the level of its technological efficiency
decreases, including the level of ecological efficiency: the degree of harmful effects is progressively increasing. The analysis
shows that the fleet of boiler plants operating in Ukraine (not counting micro-boilers) is about 60 thousand units of different
unit capacities, operating on different types of fuel: solid, liquid, gaseous. Moreover, more than 95% of these units have
worked more than 1.5 - 2.5 resources. The level of technological efficiency of this equipment is extremely low. This applies
primarily to the level of ecological efficiency. Among the tasks of national importance facing the energetics sector of Ukraing,
the most important, impatient should be recognized the task of updating power equipment, first of all, the park of boiler plants.
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The high complexity of solving this problem, which has a problem character, is due to the fact that the domestic boiler-
building industry is represented by only one engineering enterprise located in the town of Monastyryshche, Cherkasy region.
The company produces a limited number of boilers of small unit capacity. At the same time, the country's energetics sector
needs to renovation of thousands of boilers: power units of high unit capacity, industrial and heating units of medium and small
unit capacity. The above shows that the solution of the problem under consideration requires very high resources, the level of
which exceeds the possibilities that are currently available.

The analysis shows that along with the solution of the considered problem, it is necessary to solve another related problem
that has emerged in the current energetics sector of Ukraine. It is necessary to normalize the structure of the fuel balance of the
energetics industry. The share of solid fuel, amounting to about 55 percent, needs to be increased to a level of 85-90 percent,
displacing the expensive imported gaseous and liquid fuels from the balance. At the same time, an increase in the share of solid
fuel burned, respectively, will increase the emission of ash into the atmosphere, that is, increase the harmful effects of power
engineering on the environment. To compensate for this negative effect, it will be necessary to implement a complex of
research, production and technical measures. To solve this problem will require large resources. The positive effect of these
events will be to increase the energetic independence of the domestic power engineering and industry as a whole.

When they burn in boilers sulfur fuel formed in furnaces sulfur oxides (SO and SO;) - SO, - enter the atmosphere, have a
harmful effect on the environment. Traditional ACS of burning process in the furnace does not have a direct effect on the
emission of SO,.

As an example, we present the proposed solution to the issue of controlling the emission of these oxides.

In boilers, the combustion process is traditionally controlled by an air regulator (economy) and a fuel regulator (heat load).
The first one controls the flow of blow air in the furnace. It operates on the “steam flow” signal, the signal from the fuel
regulator and the feedback signal on the amount of incoming air. The fuel regulator controls its feed and operates by the signal
“steam pressure behind the boiler” and the feedback signal on fuel consumption or the position of the final control element on
its flow.

To give to the ACS control functions of the boiler's EE (for SO, emission), it is necessary to apply an additional, new
control loop - regulator of SO, concentration in furnace gases. It restricts SO, from above, keeping with it the specified
minimum level of boiler's EE (for this indicator). The regulator operates by the signal “SO,“. To reduce the dynamic error, it is
also given to it a dynamic (disappearing in statics) feed signal from the heat load regulator. The regulator controls the flow of
solid bulk additives containing CaO or MgO (for example, ground limestone), introduced with the fuel into the furnace.
Additive in the process of burning of fuel chemically binds sulfur oxides to solid products removed from the furnace with ash.

The example illustrates the availability of direct control of boiler-furnace systems’ EE. However, for this it is necessary to
have sensors of physical quantities that reflect the level of aggressiveness of the source of harmfulness (in our example, by
sensor of concentration of SO, in gases) working in real time. Such devices are scarce now. The development and evolution of
their production is an urgent scientific and technical challenge.

Technical objects control on the basis of limiting their impact on the environment using direct control of environmental
efficiency indicators is much simpler in other branches of industry, in particular, in its food branch, where objects do not have
such a large-scale complex negative impact as in the energetics sector.

The world community is seriously concerned about the increasing harmful effects of world production on the environment,
living and inanimate nature. A manifestation of this concern about the deteriorating state of the environment is the events held
in all countries, international meetings. The decisions of world-class meetings, the Stockholm Conference (1972), the
International Environmental Conference in Rio de Janeiro (1992), the Kyoto Protocol (1992) and the Paris Climate Conference
(2015), became important. A vivid manifestation of the need to protect the natural environment is the adoption of an energy
saving program that has an environmental protection substance.

The implementation of energy saving program activities is carried out in all countries of the world, including Ukraine.
Participation in the implementation of the activities of the program is necessary and not only for energetics sector workers.
Ecological culture should be inherent in every inhabitant of the planet Earth.

Conclusions

1. Traditional systems of automatic control of technical objects do not cope with the task of the necessary limitation of the
harmful effects of these objects on the environment.

2. The problem is to increase the effectiveness of environmental protection from the harmful effects of industry.

3. ltis relevant to use indicators of ecological efficiency of technical objects as controlled parameters.

4. A new approach to the control of technical objects was proposed on the basis of limiting their impact on the natural

environment.

As the main control parameter it is proposed to adopt the level of ecological efficiency of the technical object.

Complicating circumstances of solving the problem is the insufficient knowledge of the factors of harmful effects on

objects of living nature, their intensity, interrelation, mechanism, strength, and dynamics of exposure.

7. Improving the TO cost-effectiveness sets conditions for increases their ecological efficiency.
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8. The solution to the problem is facilitated by the fact that traditional ACS should be left in action by adding the EE
control component to them.

9. EE control is of interest for all branches of modern industry, especially for that ones, which is responsible for damage to
the natural environment.

10. Heat-power engineering has a large impact on the environment through emissions and discharges of harmful substances
and heat.

11. The harmful effect exerted by boiler equipment on the environment depends on the state of these objects.

12. Important task of Ukraine energetics sector is updating of boiler plants.

13. To give to ASC the functions of controlling the ecological efficiency of the boiler (for SO, emission), it is necessary to
apply an additional, new control loop - regulator of SO, concentration in furnace gases

14. An urgent task in the use of direct control of the ecological efficiency of boiler-furnace systems is the development and
production of physical quantity sensors, reflecting the level of aggressiveness of the source of hazard, working in real
time.

15. Direct control of indicators of ecological efficiency is much easier in other branches of industry, in particular, in its food
branch, where objects do not have a large-scale complex negative impact on the environment.
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Aunomayusn: B pabome onucana Ho8as npocpamma Ons  agmomMamuzayuu oo6pabomku OAHHLIX MOHUMOPUHEd,
Moc)eﬂupogaHuﬂ U  NnpoOcHO3UPOBAHUA LIMMOCd)epHOZO 3ACPA3HEHUAL. HpedﬂoofceHa Mo0elb  cucmemvl MOHUMOPUHeA
amMoccj)epHoeo 3A2cpA3HEeHUs, Komopds no360Jislem 6blpa3ums 3Ad6UCUMOCNIb KOHYeHRmpayuu 6bl6paHH020 3azpAsHumens
ammocgepsbl 0m COBOKYNHOCMU Memeopoaocudeckux @akmopos. Modens cmpoumcs no memoody epynnogozo yuemd
apeymeHmos, XOpouio 3apekomeHoosasuwiemy cebs npu MHoz2ogakmopuom Mmooenuposanuu. Ilocmpoenue modenu
ocywecmeniemcs nymem 3b160pa U3 CnucKka Heobxooumo2o Yucia apeymenmoes, 4mo no3eojidaent nojiyvams pasiudHble
MO()e/lu, ompaosicarwyue 3a6UCUMoOCmu  KOHKpeniHvlx 3a2pﬂ3yumeﬂeﬁ amMocqbepbl om nepemenHnHoco 4ducia apcymenmoes.
Ilpeocmasnena npoecpammmuas wacms mooenu, COCMOAWAL U3 HAOOPA NPOZPAMMHBIX MOOYel O NPOBedeHUss MOHUMOPUHL2A,
MOOenUposanusi U npocHo3uposanust. Ilpusedenvl 00vbeKMHA MOOeib NPOSPAMMHO-UHCIPYMEHMANbHOU cucmemsl OJisl
NnpoGedeHlss MOHUMOPUHEA, MOOEIUPOBAHUS. U NPOSHOZUPOBAHUSL AMMOCEHEPHO20 3A2PAZHEHUIMU alcopumm  padomol
npoepammovl.  HcXo0OHbIMU  OAHHBIMU — NPOSPAMMHO-UHCMPYMEHMAILHOU — CUCTIeMbl Ol NPOBEOeHUs  MOHUMOPUHEA,
Modeﬂupoeanz U NPOCHO3UpOBaAHU amMocqbepHoeo 3ACPAZHEHUS ABTIAAIOMCA. CNUCOK 6CexX napamempos, UsmMepernusl Komopuvix
nPOBOOUNUCH 60 BDEeMsl MOHUMOPUH2A, KOMOpble paz0eNsiomcsi Ha 08e 2pynnbl, A UMEHHO, 3azps3Humeneii ammocgepovl u
memeopoiocuvdecKux gbakmopog; CNnUCOK ecex mecm npoeedenuﬂ usmepeHuL?; HAYANIbHASL U KOHEeYHds. 0ambl MOHUMOPUHA.
Bu1600 pesynvmamos pabomvi npocpamMmHO-UHCMPYMEHMATbHOU CUCmeMbl 0Jis NPOBEOeHUs MOHUMOPUH2A, MOOETUPOBAHUS U
NPOCHO3UPOBAHUS LZMMOC(Z)epHOZO 3ACPA3ZHEHUSl OCcyulecmeyislemcs 6 mabauyHom u zpaqbuquKOM peasicumax, 6 mom ducie, 6
8ude 31ekmporHol Kapmel. 1lo pe3yrbmamam MOHUMOPUHEA NOCPOEHA 3JIeKMPOHHAL KApma 3a2ps3HeHust ammocgepul 2.
Ooeccul u 2. baky.

Annotation: The article describes a new program for automating the processing of monitoring data, modeling and
forecasting atmospheric pollution. A model of a monitoring system for atmospheric pollution is proposed, which allows us to
express the dependence of the concentration of a selected atmospheric pollutant on a set of meteorological factors. The model
is based on the method of group accounting of arguments, which has proven itself in multi-factor modeling. The construction
of the model is carried out by choosing from the list the required number of arguments, which makes it possible to obtain
various models reflecting the dependence of specific air pollutants on a variable number of arguments. The software part of
the model is presented, consisting of a set of software modules for monitoring, modeling and forecasting. An object model of a
software and instrumental system for monitoring, modeling and forecasting atmospheric pollution with an algorithm for
program operation is presented. The initial data of the software-instrumental system for monitoring, modeling and forecasting
atmospheric pollution are: a list of all parameters measured during monitoring, which are divided into two groups, namely,
atmospheric pollutants and meteorological factors; a list of all measurement sites; start and end date of monitoring. The
output of the work of the software-instrumental system for monitoring, modeling and forecasting atmospheric pollution is
carried out in tabular and graphical modes, including in the form of an electronic map. According to the results of the
monitoring, an electronic map of air pollution in the city of Odessa and Baku was constructed.

KiroueBble ciioBa: 3arps3HeHue arMochepbl, MOHHTOPUHT, MOJCIMPOBAHUE, MPOTHO3UPOBAHUE, JJICKTPOHHAS KapTa,
00BEKTHAST MOJICITD.

Key words: atmospheric pollution, monitoring, modeling, prognostication, e-map, object model.
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CucreMa MOHMTOPUHIA 3arpsi3HEHHE aTMOC(EPHOro BO3AyXa

I'moGanbHBIE M3MEHEHMSI KJIMMara, NMPOMCXOAAIINE B HAIE BPEMs, SBISIOTCS OJHOM M3 OCHOBHBIX IIPoOIEM, KOTOpHIE
HYXXHBI PEIINTh YeJIOBEUECTBY. 3arpsisHEHHE aTMOc(ephl KaK OJJHA U3 TIIABHBIX MPHYMH 3THX W3MEHEHHWH, HANPSIMYIO BIIUSET
Ha Ka4yecTBO cpenbl oOuTaHus.Bes KHU3HP Ha MIIaHETe 3aBUCHUT OT COCTOSIHHS BO3yXa, KOTOPBIM MBI JBIIINM KaXIIbIH JICHb.
ATMocdepHBIit BO3IyX SIBISIETCS )KU3HEHHO Ba)KHBIM KOMIIOHEHTOM OKPY’KaIOILEH MPUPOIHON Cpeibl, HEOTHEMIEMON YacThIO
cpenbl OOUTaHUs YeIO0BEKA, PACTEHUH U KUBOTHBIX. VIMEHHO NMO3TOMY OIHOHM M3 HanOoJee BasKHBIX IKOJOTHIECKUX MPOOIeM
YKpauHbI U BCETO MHUpa SIBIAETCA 3arpsi3HEHHE aTMOC(EPHOro BO3AyXa. 3ajaya IOMCKa HOBBIX METOAOB IPOTHO3MPOBAHMS
3arpsi3HEHUs] aTMOC(EpHOTrO BO3/yXa M CO3/IaHHE Ha UX OCHOBE MPOTPAMMHBIX MPOJYKTOB HOBOTO TOKOJICHHUS SIBIISETCS
aKTyaJIbHOM 3ajjaueii MOHHUTOpPWHTA OKpyKammiel cpeabl. B HammoHalbHOM a’poKOCMHYECKOM areHTcTBer. baky Oblia
pa3pa60TaHa IMPpOrpaMMHO-UHCTPYMEHTAJIbHAA CUCTEMA JIA MPOBEACHUA MOHUTOPHUHTIA, MOJACIIUPOBAHUA U IIPOTHO3UPOBAHUSA
aTMoc(epHOro 3arpsa3HeHHst AIepoHCcKoro noiyoctposa [1]. IIlporpaMMHast yacTh cUCTEMBI BKIIIOYAaET HAOOp MpOrpamMM st
MIPOBEJCHNS] MOHUTOPWHIA, MOJEIMPOBAHUS W IPOTHO3MPOBAHUS, a TaKKe JUIl BBIBOAA PE3yJbTaTOB B TAOIUYHOM H
rpag4eckoM pekMMax, B TOM YHWCIIE, B BHJE JJIEKTPOHHOM KapThl. [IpemioxkeHHas Mojienb aTMOC(HEpHOTO 3arps3HEHHS
BBIp@KAECT 3aBHCHUMOCTb KOHIEHTPAIMM BBIOPAHHOTO 3arps3HUTENsT aTMOc(epbl OT COBOKYHNHOCTH METEOPOJIOIMYECKUX
¢axTopoB. McrpiTanns mporpaMmsbl MOKa3aal BBHICOKYIO TOYHOCTh MOJIEIMPOBAHMS (0K0J0 5%) M MporHo3upoBaHus (MeHee
10%)[2]. OnHako cuctema mMena psaj HELOCTaTKoB. Bee paspaboranHble MporpaMmbl (PyHKIMOHUPOBAIH OTAENBHO APYT OT
Ipyra U He muMmenu oOmiero rpadudeckoro uHTepdeiica. Taxke, AN MOCTPOCHHS MOJAEICH Pa3NWYHBIX 3arps3HHUTENCH
aTMoc(epbl IPUMEHSUICSI ONMH U TOT K€ HA0Op BIMSIONINX MapaMETPOB, YTO OIPAaHWYHMBAIO TMOKOCTh MoaennpoBaHus. Bee
BBIIIIECKAa3aHHOE TOBOPUIIO O HEOOXOAMMOCTH COBEPILIEHCTBOBAHHS JaHHOM CHCTEMBI.

Heapr cratbu: IIpencTaBUTh YCOBEpIIEHCTBOBAHHYIO IPOTPaMMHO-MHCTPYMEHTAIbHAs CHCTEMY JJsl MPOBEIECHUS
MOHHUTOPUHIA, MOJEIUPOBAHHS M IIPOTHO3UPOBAHUS aTMOC(EPHOT0 3arps3HEHUS.

IIporpaMMHO-HHCTPYMEHTAJILHASL CHCTEMA [IJIs IPOBeJeHNs] MOHUTOPUHIA, MO/IeTHPOBAHMUS M MPOTrHO3HMPOBAHUS
aTMocgepHOro 3arpsi3HeHust

B pesynbprare nmpoBeeHHONH MOJEPHU3AIMN OT/EIbHBIEC TPOTPaMMBbI TIOJIyYHIH BO3MOXHOCTh BBI30Ba M3 IJIaBHON (DOPMBEL,
MOSIBUIIOCH €IMHOE padoyvee NMPOCTPAHCTBO, CHCTeMa Oblla JONOHEHa HOBBIMH (yHKIMsIMHA. HoBast mporpamMmMa HamnmcaHa B
cpene MATLAB c ucrions3oBaHreM 00beKTHO-OPHEHTHPOBAHHOTO IIporpaMMupoBanus. [losTomy Juist onvcanus ee GpyHKIni
y100HO MOKa3aTh CXEMY IPOTPaMMBI, COCTOSIIEH U3 OTACNBHBIX MTPOTPAMMHBIX MOJYJIEH, YCIIOBHO HAa3bIBAEMBIX OOBEKTaMH.
Kaxnplii u3 3Tnx OOBEKTOB IIpeJHA3HAUYEH JUIS BBIIOJHEHHS CBOETO OmpenesieHHOro Habopa ¢yHKOuHA. OOBEKTHI
B3aMMOJICHCTBYIOT JIPYT C APYTOM U TNIaBHOU opmoit (puc. 1).

Pabora mporpaMmer ynpasisercs: ee ri1aBHOH Gopmoit (MainForm). [Tocne moaxmouenns k 6aze JaHHBIX MOHHUTOPHHTA
(MonitoringDatabase) mporpamma B OTBET IOJIy4aeT CIEIYIONTYI0 HHPOPMALIHIO:

—  CIIMCOK BCEX MapaMeTpOB, U3MEPEHUS KOTOPBIX MPOBOAMINCH BO BPeMsI MOHUTOPUHTA, KOTOPBIC Pa3AeAIOTCS Ha JBE
TPYIIIBI, @ UMEHHO, 3arpsi3HUTENEl aTMOC(epbl U METEOPOJIOrnIecKuX (hakTopoB;

—  CIIMCOK BCEX MECT MPOBEACHUS U3MEPEHNUH;

—  HaualbHYI0 U KOHEUHYIO JJaThl MOHUTOPHHTA.

Omneparop BBIOMpAET M3 CIHCKAa WHTEPECYIOIIMI 3arps3HUTENb, OTMEYaeT OJMH WJIM HECKOJBKO ITyHKTOB IPOBEICHUS
MOHHUTOPHUHTa, 3aJlaeT HAadalbHYI0 W KOHEYHYIO HaTy u3MepeHuid. Ha ocHOBe BBEJEHHBIX 3HA4€HHH OOBEKT MPOrPaMMBbI
TQuery renepupyer 3ampoc K 0a3e NaHHBIX. 3HAUCHHS HM3MEPEHHH, YIOBJETBOPSIONINE BBIMICYKAa3aHHBIM KPHTEPHSIM,
nepenatoTcss B 00bekT TPreprocessor mis npeaBapuTensHONH 00paOOTKH, BKIFOYAIONIEH YCpeIHEHHE AaHHBIX 10 3aJlaHHBIM
BPEMEHHBIM OTpe3KaM, K NpuUMepy, No Mecsiuam winu ropam. Ilocie mpeaBapuTenbHOM 00pabOTKM JaHHBIE MOTYT OBITH
nepenansl B 00bekT TProcessor it MOATOTOBKM K BBIBOAY pPE3yJbTaToOB, JMOO B 00bekT TModel mis monenmpoBaHwms.
Mogenb CTPOHUTCSI IO METOAY TPYHIIIOBOTO y4eTa apryMEHTOB, XOpOIIO 3apEKOMEH/IOBABLIEMY ce0sl MPH MHOTO(AKTOPHOM
MOJIETUPOBAHMH. [JIs1 ITOCTPOCHUSI MOJIENH OTIEPATOpP BBIOMpPAET U3 CHHICKA HEOOXOIMMOE YHCIIO apryMeHTOB. Takum o0pazoM,
IIPOrpamMMa MO3BOJISIET MOTy4aTh Pa3IUYHBIC MOJIENH, OTPAXKAIOIINE 3aBHCUMOCTH KOHKPETHBIX 3arps3HUTeNeH aTMoc(hepsl OT
NIEPEMEHHOT0 4Hcia apryMeHToB. @opmyna Mozenu nepepaercs B 00bekT TPrognosis amst moaydeHus KpaTKOCPOUHOTO WIIN
CPEeIHECPOYHOTO MPOTrHO3a. Pe3ynbTaT NporHo3upoBaHusl NepeaacTcs B yke YIIOMUHABIIMIACS Bbille 00bekT TProcessor s
MOJrOTOBKH K BBIBOAY. BBIBOII pe3ysibTaToB MOHUTOPHHIA MM MPOTHO32 MOXKET OBITh OCYIIECTBJIEH B Tpa)UuecKOM HWIN
TaONIMYHOM BUJIE. 32 BBIBOJ TaOJIHIIBI pe3yIbTaToB oTBeyaeT 00bekT TTable. BriBomsiTes ycpeaHEHHBIE 32 BEIOpaHHBINH TIEPHO.
BpPEMEHH JaHHBIE 110 BCEM ITyHKTaM M3MEpPEHMH, a Tak)Ke B CPeJHEM IO Bcei o0aacTu mpoBeleHUss MOHUTOpHHTa. OOBEKT
TMap npenHaszHaueH JUis BbIBOAA PE3ylbTAaTOB B BHJAE 3JIEKTPOHHOM KapThl, cOCToAlled U3 Tpex cioeB. IlepBiil cioit
IIpeACTaBIsieT COOOH KapTy MECTHOCTH MOHHTOpHHra. Ha BTOpOM cioe Kpy)KKaMH OTMEUEHBI BCE IMYHKTHI MPOBEICHHUS
n3Mepennii. Ha TpeTbeM croe BBIBOJMTCS paclpeieieHHe KOHIEHTPAlMd BBIOPAHHOTO 3arps3HUTENS aTMochepsl,
MIOCTPOEHHOE C MOMOIIBIO0 METO/IAa TPUAHTYISIMHU JlerdoHe.
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= TTemplate

TRegister
Y }

Main Form

|
TQuery

!
Monitoring

Database

= TPreprocessor

Y
TModel

!

!
TPrognosis

|

Y
=  TProcessor =

L) Y
TMap TTable

Puc. 1 — O6bexkTHAA MOJE/Ib IIPOrPAMMBI

Kak ykasbiBanocs, BbllIe, MPOrpaMMa IO3BOJISIET MOJICIHUPOBATh 3aBUCHMOCTH KOHICHTPAIMN Pa3JINuHBIX 3arpsi3HUTEICH
aTMoc(epbl OT Pa3HBIX METEOPOJIOTHYeCKUX (akTopoB. UTOOBI KaXIblii pa3 3aHOBO HE BBIOMpATh, KaKUE ITapaMeTphbl
UCIIONIb30BaTh B KAYECTBE apI'yMEHTOB, HACTPOMKH MOJENIEeH MOKHO COXPaHsTh B adiaoHax. J{ist Toro npeaHa3HayeH 0ObeKT
TTemplate. daiin mrabmona MoXeT BKIIOYATh WHPOPMAIMIO O 3arps3HUTENE, YYUTHIBAEMBIX IPH MOJEITHUPOBAHUN
METEOPOJIOTHYECKHUX (haKTOpax, MyHKTaxX W Aarax HAOJIOJEHWH, TUIE MOJENW W MpOrHo3a. TWm MoenHu yKa3blBaeT Ha TO,
KaKyIo IpeJBAPUTEIILHYIO CTaTUCTUYECKYI0 00paboTKy mHpOpMarmu u3 0a3bl JaHHBIX MOHUTOPUHTA CJIEAYyeT MPOU3BOIUTS.
Tun nporuo3a ykaspIBaeT Ha KpaTKOCPOYHBIE (JIeHb, HEAENS, MECSII) MM CPEAHECPOUHBIE (TTOJyTroiue, To1) MporHo3sl. Ecin B
mabyioHe Kakas-To HMH(OpManmus OTCYTCTBYeT, NPUHMMAIOTCS 3HaueHHs No ymomdanwio. Mudopmamus B mabnone
3aIMChIBACTCS B BUJIE TETOB M NX 3HAUCHHH.

Haxonen, oopext TRegister cmyxur anst B3aumMoneicTBus ¢ peectpoM Windows, B KOTOPOM XpaHSTCS HacTPOWKH
MIPOTpamMMBbI 110 yMom4aHuio. C IMOMOIIBI0 peecTpa MOKHO OTKPBIBATh HOBBIM pab0o4Mii MPOEKT ¢ HACTPOWKAaMHM U3 Ia0I0Ha IO
YMOJYaHUIO, TOCTISTHIN NCTIOIh30BaHHBIN MPOEKT WK JIFOOON APYTOi CYIIECTBYIOMIHNA POCKT.

Bcio BhIIEONICAaHHYIO MPOLEAYPY MONTYyYEHHs BBIOOPKH, MOCTPOEHHMS MOAEIHM W IPOTHO33, a TAKKE INPECTaBICHHS
Pe3yIbTaTOB MOHUTOPHHTA MJIH ITPOTHO3UPOBAHNS MOXKHO MPEACTAaBUTh B BUIE AITOPUTMA, KOTOPHII IPUBEICH Ha pUC. 2.
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|

Mockinka sanpoca

MNpensaputensHasa
obpaboTka BbIGOPKK

MopenvposaHue ?

Y
MNocTtpoeHue

mogenu

!
dopMUpoBaHue
nporHosa

Y
dopmupoBaHue

ANEKTPOHHOW KapThl

|
BeiBog

pe3yneTaTtoB

3aBeplueHne
npoueaypel

Puc. 2 — Asnroputm npoueaypbl 06padoTKH AaHHBIX MOHUTOPHUHIa aTMOC(EPHOTO 3arpsi3HEHHsI

I'paduuecknii uHTEpdeiic NporpaMmbpl MpEACTaBIsieT COOOH TNaBHYH (OPMY C HECKOJBKHMH IaHENSMH JUIs
(GopMHUpOBaHUS 3ampoca, BBIBOJA TAOJNMYHBIX PE3YJIbTATOB M JJICKTPOHHOM KapThl, a TAKKe BCIIOMOTATEIbHBIC OKHA IS
MOZIeIMPOBAHUS, NPOTHOZUPOBAHMS M BbIOOpa mapameTpoB. Ha puc. 3 mpuBeneHa 35eKTpOHHas KapTa, MOKa3bIBArOLIAs
pacnpeneneHre MaKCHMaJbHOH KOHLEHTpPAaLMK B aTMoc(epe 3arpsA3HsIOIEro BemecTBa 4-X OKCHI a30Ta IO Pe3ysbTaTaM
MOHHMTOpHHTA, TPOBeeHHOr0 B I. baky B 2018 r.
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Puc. 4 — PacnpenesieHne MaKCHMAJIbHBIX TOA0BBIX 3HAYeHU A30T-4-0kcuaa mo r. Oxecca
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3akJroueHue

Takum 00pa3oM, pa3paboTaHHas TpOrpaMMa IOATBEPIMIIA CBOIO PabOTOCMOCOOHOCTH, yIOOCTBO B paboTe, BBICOKYIO
TOYHOCTH MOJCIUPOBAHUS M IPOTHO3HPOBAaHHS, TMOKOCTH B BBIOOpE apryMEHTOB JUIS MOJCIHPOBAHUS W HArJLSITHOCTH
NPE/ICTABIICHNUS PE3yIbTaTOB.
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