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IMITALIMTHA MOJIEJIb INTACKOT'O ITIOBITPSTHOI'O COHSIYHOI'O KOJIEKTOPA

AHamouis. Cucmemu onaneHHs, Wo BUKOPUCMOBYIOMb COHAYHT MenJiosi KOJleKmopu pezyiooms
memnepamypy nidiepimo2o0 B8 COHAYHOMY KOJIeKmopi NnosimpsA MIifbKU 3MIHOK WBUOKOCMI
nosimps, fike npoxooumse 4epe3 Hb020. BukopucmaHHsa iHpopmayiliHo ynpasnawyoi cucmemu
KepysaHHs (30kpema 8 cknadi IoT) 0N NOMOYHO20 KepyBAHHA MA NPO2HO3HUX 06YUC/IEHb
nompebye BUKOPUCMOBYBAMU y3a2a/bHIOKYY IMimayitiHy modesb. [TposedeHi 0oCniOKeHHS no
Kazanu wo Mooesib, KA ONUCYE 3 XHICMb meMnepamypu nosimps Ha BUX00i 3 NOBIMPAHO20
Konekmopa 8i0 wsudKocmi (020 NOmMoOKy — HeniHiliHa. [uHamika Hazpigy nosimps
BU3HAYAEMbCA OUHAMIYHOIO IAHKOK nepuio2o nopsoky. lpu po3pobui komn'tomepHoi cucmemu
KepyBaHHs HeobXiOHO BPAXOByBAMU BUKOPUCMAHHA 0amMYUKi8 meMnepamypu nosimps Ha 8x00i
1 Ha BUXOOT COHSYHO20 KOJleKmopd. Takox nompibHO BUKOpUCMOByBamu O0aHI 3 O0AMYUKA
NOMOYHOT NOMYXHOCMI COHAYHO20 BUNPOMIHIOBAHHS.

Knwo4osi cnosa: nosimpaHull COHAYHUL KoleKmop, imimayiliHa modesb, Komn'tomepHa cucmema,
KepyBaHHSA, HeNiHIHUL, OUHAaMIKA.

ITocTranoBKa 3aBAaHHA. [[OBITPSIHMIT COHSIUYHMI KOJIEKTOP BUKOPUCTOBYETHCS
B CMCTEeMax OMajieHHs MPUMillleHb (CKUTIOBUX Ta BUPOOHNUMX). BpaxoBytoun mepio-
JWYHICTb MTOTOKY COHSYHOI eHeprii, COHSIYHiI KOJIEKTOPU PO3TJSAAIThCS SIK JOMOMi-
KHI [pKepesia TerioBOl1 eHeprii, sIKi BUKOPUCTOBYIOThCS BUK/IOUHO B KOMIUIEKCI 3
OCHOBHOIO CMCTEMOIO OIajieHHs MpumiinieHsb [1]. Po6oTa ABOX cucTeM omajieHHS B
000B’SI3KOBOMY  TIOPSIIKY  OOJIAIHYEThCSI ~ KOMIT'IOTEPHOI0  iH(opMaIliiftHo-
YIIPaBJISIIOUOI0 CUCTEMOIO aBTOMAaTUYHOTO KepyBaHHS, SIKa [O3BOJISIE MAaKCUMAa/IbHO
BUKOPMCTOBYBATM COHSIUHY €HEprilo 3aBAsKM UOMY €KOHOMisl eHeproHociiB Moske
JIOCATaTU NOCUTDh 3HAUHMUX BeauMuMH. [lo OCHOBHUX (YHKIi1 BUKOPUCTOBYBAHUX CU-
CTeM KepyBaHHS BXOMASITh aJITOPUTMMU MiATPUMKM HEOOXiTHUX TeMIepaTypHUX Iia-
pamMeTpiB y OMaJ0BaHOMY MPUMIillleHHi, KOHTPOJb BUTPAT €HEeProHOCiiB, TAKOX pe-
TYJIOBAHHS TEIUIOBOI IMOTY>KHOCTI OCHOBHOI CUCTeMM OIlajieHHSI B 3aJIe’KHOCTi Bif,
TeIJIOBOiI TMOTY)XKHOCTi SIKy MOsKe 3a06e3MeyuTy COHSTUHMII KOJIeKTOp. PeryaioBaHHS
POOOTH COHSIYHOTO KOJIEKTOpPA ITOBMHHO B OOOB’SI3KOBOMY ITOPSIIKY BpPaxOBYBaTU

MOKa3HMUKU TOTYKHOCTi COHSTYHOTO BUIIPOMiHEHHSI, TeMIIEpaTypHUX YMOB 30BHillI-
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HbOT'O CepeoBUINA, OCOOIMBOCTI OMATIOBAHOIO MPUMIIIeHHS, iIHePIiiHICTh 00’€KTiB
1110 BUKOPUCTOBYIOTbCS Y cucTeMi ornaneHHs [2]. OcobamBoCTi cucTeM, 1110 BUKOPUC-
TOBYIOTb COHSIUHI TeMJIOBi KOJIEKTOPHU, € B TOMY, 1[0 peryJl0BaHHS TeMIepaTypu Mi-
JirpiTOro B COHIYHOMY KOJIEKTOPI MOBITPS MOX/IMBE TUJIBKM 3MiHOIO IIBUAKOCTI IM1O-
BiTpS, SIke MPOXOAUTh Yyepes3 KOAeKTop. sl IbOro BUKOPUCTOBYIOTHCS BEHTUJISITO-
pu. [Ipu yripaBiiHHI IIPOIIECOM IMEPEHOCY TemJia Bif, COHIYHOTO MOBITPSHOTO KOJIEeK-
TOpa 0 OTAJIOBAHOTO MPUMILIeHHSI HeOOXiqHO MaTy MaTeEMATUUYHY MOJE/b COHSIY-
HOTO KOJIEKTOpA SIK 06’€KTa yIpaBIiHHS.

AKTyaJIbHUM € TaKOX Te, III0 IPY BUMKOPUCTAHHI iHbOpMaIliiiHO-yIIpaB/Isiouoi
CUCTeMM KepyBaHHS (Hampukian B ckiazi [0T) s MOTOUHOro KepyBaHHS Ta Mpo-
THO3HMX 00YMC/IeHb IIOTPiOHA y3arajbHIOIOUYa iMiTalliiiHa MoOAesb, OO CKIamy SIKOi
000B’SI3KOBO TTIOBMHHA BXOIUTU MOJIE/Ib TTOBITPSTHOTO COHSTYHOTO KOJIEKTOPA.

AHaji3 ocTaHHIX JOCTiaKeHb i myourikanii. TernoBi mpolecu y IMOBiTPSTHUX
COHSTUHMX KOJIEKTOpAX Ha TeIepilllHil 4ac € JOCUTh INIMOOKO IOC/iIKEHOI TEMOIO.
3a3Buyali BUKOPUCTOBYIOTHCS PiBHSHHS TeIJIOBOrO O6asaHcy cuctemu [3]. Bigmosiz-
HO [0 KOHCTPYKIIii COHSTUHMX KOJIEKTOPiB pO3p0o0JeHi y3arajabHIOIOUi 3aJIeSKHOCTI,
BM3HAUeHi 3HAaUeHHS] OCHOBHMX ITapaMeTpiB KOJIEKTOpa, 10 HaJa€ MOXKJIUBICTb O0-
CUTb POCTO BU3HAUUTU MOXKIUBY e(DeKTUBHICTb CUCTEMM COHSIUYHOTO OITa/IeHHS e
Ha eTarli rornepegHbOTO eTaly MpoeKTyBaHHS [4].

Cucremu, ge BUKOPUCTOBYIOTbCS TEIJIOBI COHSIUHI KOJIEKTOPM 3a3Buuail oba-
IHYIOTbCSI JOCUTh IPOCTUMM CHUCTEeMaMu KepyBaHHS. Lli cucteMu xapakTepusymTh-
CS TUM, 1110 B HMX BUKOPUCTAHI CTaTUYHI MaTeMaTU4YHi MOZeJii i yIipaB/IiHHS TIpolie-
caMy poOOTM BUKOHYETHCSI TEPiOAMUHMMM BKIIOUEHHSIMM Ta BiJK/IIOUEHHSIMU BU-
KOHYIOUMX IPUCTPOIB. 3 TOUKM 30py BUKOPUCTAHHS Oi/IbII e(heKTUBHUX, Oe3IepepB-
HUX, JIOKAJbHMUX CUCTEM YMOPaBIiHHS COHSYHMIA KOJEKTOP € IOOCUTh CKIaJHUM
06’ektoM. ITo mepiiie, KepyBaHHSI MOXK/IMBE TiIbKY 33 PaXyHOK Pery/i0BaHHS MPOAY-
KTMBHOCTI BEHTUJISITOPA, 1110 3abe3Ieuye IIMPKYJISIiio TeruioHocis. [To apyre, 3a6e3-
TeyeHHs TeMIlepaTypy TeIUIOHOCISI Ha BXOZi B OMajioBaHe IMPUMIillleHHSI TaKoX 3a-
0e31euyeTbCsl PeryjroBaHHIM MPOAYKTUBHOCTI BEHTMJISITOpa. B peajibHUMX ymMOBax
HaJXO;)KeHHSI COHSYHOI eHeprii Jo KoJieKTopa — IIPolLiec, 10 BM3HAYAEThCS 6araThb-
Ma BuIaakoBumu pakropamu. Tomy poboTa cucTeMy KepyBaHHS TOBMHHA 3a0be31e-
YyBaTU BifIOBigHe pearyBaHHs Ha Taki 3MiHu [5]. MeToau, siki JO3BOJSIIOTh PO3PO-
OUTK BiIMOBIIHY MaTeMaTUUHY MOJie/ib 00’€KTa Ta CUCTEeMM KepyBaHHSI, BUSHAUUTHU
il mapameTpu, HJOCUTb HeTaJIbHO PO3POOJIEHI TEOPi€l0 aBTOMATUYHOIO KepyBaHHSI.

BigmoBigHO IO 1bOro mepend po3poOKOI0 MaTeMaTUYHOI MOZIeTi Ta BU3HAYEHHSIM ii
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XapaKTepUCTUK Ta MapaMeTpiB 060B’SI3KOBO MOTPIOHO BM3HAUUTUCS 3 IPUHIUITAMMU
opraHisailii aBTOMaTUYHOTO KepyBaHHSI POOOTOI0 COHSUHOTO KOoJieKTopa [6].

MeTa gocaimkeHHs. Po3poOUTH MeTOAMKY MoOyaoBM MaTeMaTuuHoi (imiTa-
Li/iHO1) Mopesli AMHAMiKM poOOTH IOBITPSIHOTO COHSIYHOIO KOJIEKTOpa. BusHaumTH
rapaMeTpy Ta OCOOJIMBOCTI MOJIEi 3 ypaxyBaHHSIM eKCILTyaTalliiHMX XapaKTepuc-
TUK COHSIYHOTO KOJIEKTOpa.

Bukiaja ocHOBHOro marepiany. OyHKIIisSI COHIUHOTO KOJIEKTOpa — HarpiB Mo-
BiTps. SIK BiOMO MepeTBOPEHHS €Heprii COHSYHOIO BUIIPOMIHIOBAHHS B TEIJIOBY
eHepril CyNnpoBOIKYETHCS TEIJIOBMMM BTpAaTaMM 4yepe3 KOPIyC COHSIYHOTO KOJIeK-
TOpa, SKi 3a7eXkaTh Bif pisHMII TemIiepaTyp abcopbepa i HaBKOJIMIIHBOTO Cepejo-
BHUIlIA. BTpaTaMyM MNOTY)XHOCTi BUIIPOMIiHIOBAaHHSI COHIISI MpPU IIPOXOKEHHiI 4depe3
Mpo30pe MOKPUTTS. BTpaTamu moB'si3aHMMM 3i 3HaUEeHHSIM KoedillieHTa MOTaMHaH-
HS abcopbepa. Brpatamu Teria yepes i30/s11i10 MOBiTpoBOAiB. Ile OCHOBHI Buay Te-
IJIOBUX BTpAT.

MakcuManabHO MOSK/IMBA TeMIepaTypa Ha BUXOi COHTUYHOTO KOJIeKTOPa (Thaxc.)
3aJIESKUTD Bifl MOTY>KHOCTi COHSTYHOTO BUIIPOMiHIOBaHHS (Peou.), CYMapHOI MOTYKHOC-
Ti TernoBuX BTPAT (Peump.), TTIOUATKOBOI TeMIlepaTypu IIOBITpPs, IO € TeIJIOHOCiEM
(Tin.), Uacy Harpisy (t).

T =f(pr, P T 1) . (1)

SIK110 TpUITYyCTUTH, 110 Peow. = Const, Ty — BU3HAUAETHCS BAACTUBOCTSIMU MPU-
MillleHHST sIKe 06irpiBa€eThcsl, yac t — MOXKEMO PEeryaioBaTy, Peump. — IJISI KOKHOTO
eJleMeHTa COHSYHOrO KOJIeKTOpa BM3HAUAETHCS Pi3HMIIEI0 TeMIlepaTyp abcopbepa i
HaBKOJIMIIIHbOTO MOBITPSI.

B 1isoMy, 3a OOIOMOTOK Cy4aCHMX AATUMKIB AOCUTh CKIAJHO BU3HAUUTHU
Peump., Peon. — MOXKHA BU3HAUUTM 3a MOKA3aHHSIMM CIIelliaji30BaHUX OATUYMKIB, aje
BOHM B TeIlepilllHii 4ac JOCUTb KOIITOBHI.

[TpMinieHHSI 10 OMA/IIOETHCSI TAKOK XapaKTepU3YETbCS BEJIMKOK KiJbKICTIO
0COOJIMBOCTEN i UMHHMKIB, SIKi BIVIMBAIOTh HA 3HAUEHHS Ty

EHeprito COHSYHOTO BUMNPOMIHIOBAHHS, SIKa MEPETBOPIOETHCS B TEIUIOBY BU-

3HA4Ya€ThCSA HACTYITHMM UMHOM:

p, =P, —-P, . ()

COoH eump
Iasi B po3paxyHKkax 6yeMo BUKOPUCTOBYBATM 3HAUEHHSI TEIJIOBOi MOTYKHOC-
Ti Pey. POGOTA CHCTEMM OTMa/JIeHHSI B peskKMMi MaKCMMabHOI e)eKTMBHOCTI BM3HaUa-

€TbCA HACTYITHUM UMHOM:

122 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucreMHi TexHonorii» 5 (148) 2023 «System technologies»

Pet[z = Pnpu,w ’ (3)

ne Puu. - TemjaoBa TOTYXHICTb, S$IKa CIIOKMBA€ETLCS MPUMIIIIEHHSIM, SKe

0birpiBaeThCsl.
TerioBa MOTYXHICTh, sIKa BUTPAUYAETHCSI HA OOIrpiB MpUMIllleHHSI BU3HAYAETh-

cst GopMyJIoIo:

c-m- (T,warcc B T,m'u )

P npum = t b (4)

e ¢ — TeIUVIOEMHICTb moBiTps, Di/ke:K; m - maca IOBiTps, kK2; t — d4ac, C;
Twax = Twmin. — pizauig Temmepartyp (AT, K).

HarpiBaHHSI MOBIiTpSI B COHSIYHOMY KOJIEKTOPi OMMUCYETHCSI aHAJOTiYHMM pPiB-

HSHHAM [3]:
c-m-AT
P, = -, (5)

HeobxigHo 3a3HaunTH, 110 eeKTUBHA TEIIOBA MOTYKHICTh COHSYHOTO KOJIEK-
Topa P,y BU3HAUAETHCS Pi3HUIEI0 MiXX TEIIJIOBOIO MOTY)XHICTIO COHSITYHOTO BUITPO-
MiHIOBaHHS i TEIJIOBOIO TOTYXKHICTIO BTPAT, & Ppyu. TEIUIOBA MOTYXKHICTb [0 Bpaxo-
BYE YCi TEIUIOBI BTPAaTy MpUMillleHHS. 3 TTO3UIIil BUKOPUCTAHHSI COHSIUYHOTO MOBITPSI-
HOTO KOJIEKTOpA JJISI TOTO 100 3a6e3MeunTy B MPUMIillleHHi ITOTPiObHY TeMIlepaTypy
1le T03BOJISIE 3HAUHO CIIPOCTUTU MaTeMaTUUHi BUPasu.

V piBHSHHI (5) BUXOASUM 3 3HAUEHHS MOTYKHOCTiI Pey. MU TOBUHHI CTBOPUTU
YMOBM POOOTH, TIPU SIKUX BCSI €Heprisl SKa HagXOOUTb B COHSYHMIT KOJIEKTOp Iepe-
JlaBajiacs B OIajoBaHe MpuMileHHs. 1li yMOBY MOKYTb CKIAaCTUCS 3@ PAXYHOK 3Mi-
HM HIBUAKOCTI MPOXOKEHHS TOBITpsI yepe3 KaHa/iu abcopbepa KojekTopa, Ipu

1IbOMY TeMIlepaTypa Ha BUXO/Ii KOJIeKTopa:
T e =T, AT . (6)
KinpkicTp Teria (Q), sike HAAXOAUTb B IMIPUMIIIIeHHS BiJl COHIYHOT'O KOJIEKTOpa
TIIOPiBHIOE
Q=c-m-AT . (7)
B mporieci mporpiBy npuMiilieHHSI TemiiepaTtypa Tmin. Oye MigABUITYBATUCST i B
SIKMIACh TIepioJl Mmepeaava Teruia Oyme 3iiiICHIOBATHUCS 32 PaXyHOK ITOTOKY ITOBIiTpS,
110 Ma€ OOCUTh BUCOKY TeMIIepaTypy i HeBeJauKy MIBUAKICTb, Y pa3i Koau HeMa CUC-
TeMMU, SIKa peryJIlo€ MBUAKICTb MOTOKY IOBITPS i IK HAC/IiIOK Ji0TO TeMrepaTypy.
BpaxoBytoun, 110 po60Ta COHSIYHOTO KOJEKTOpa MOK/IMBA TiJIbKM BIEHb i MPU
SICHOMY COHIIi, TO BUHMKAE HEOOXiIHICTh peryyiioBaHHs IJis 3a6e3medeHHs] Halt0i/b-

mI0i MBUAKOCTI MPOTPiBY MpUMillleHHs, CcTabigisallii TeMmnepaTypu B MpUMIillleHHi,
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pexXuMy MPOBITPIOBaHHS (TIPUMIILIyBaHHS 10 HArPiTOro MOBITPS 3 MPUMIillleHHS Yac-
TUHU 30BHIITHBOTO MOBITPS) Ta iHIIIi MOKINBI BapiaHTu poboTu [7].

Maca moBiTpsI, IKa MMPOXOANTDb Yepe3 COHSIUHMI KOJIEKTOP BU3HAUUTHCS :

= Saﬁc .Va(ﬁc P 5 (8)

Iie Suoc - TUIONIA KaHaJIiB KOJIEKTOPA, M2, Vase - HIBUAKICTh ITIOTOKY MOBITPS B KOJEKTOPi

M/C; p - 06'€éMHa IIJIbHICTb MOBIiTPSI (KT).
Sai}c 'Vaﬁc 'p = Sn(m 'me 'p . (9)
[IIBuAKICTh Pyxy IOBITpsI B KaHajax abcopbepa BMUCIOBMMO Uepe3 3HAUEHHS
IIBUIKOCTI TIOTOKY ITOBITPSI B TIOBITPOIIPOBO/i (Vi) 1 TUIOIII TTIEPETUHY MOBIiTPOIIPO-
BOJ1A (Snos):

noe

vaéc = S .Vnog (10)

abc

Yac, 3a IKuit eJieMeHTapHMIT 00'eM MOBITPS MTepeMiIyeThCS Bi BXOMy 10 BU-

Xony abcopbepa:

| = s 1 - (11)

abe abe abe

Yac nepebyBaHHS ejleMeHTapHOTO 06'eMy TOBITpsI B abcopbepi COHSIUYHOTO KO-
nekTopa (t) e mapaMmeTp, 3HaUeHHSIM SIKOTO MM MOXXeMO KepyBaTH, 3aal0uu 3a J0-
MOMOTOI0 BEHTWISITOPA WIBUAKICTb PYXY MOBITPS vasc. [IPpY 1IbOMY TeMmepaTtypa, A0
SIKOI HarpieThCs MOBITPSI HA BUXO/Ii KojieKTopa Oy/e 3anexkaTu Bif t. [IJisi CTBOPeHHS
eekTMBHOI cucTeMM YIIpaBIiHHSI HEOOXigHO BU3HAUYUTU KPUTEPIii, 38 IKUM CJIi[I
opraHi3yBaTy pobOTY CUCTEMMN.

Hait6inbiia morpeba B TOJATKOBOMY [Kepesii OINajeHHS! BUHMKAE B XOJIOOHY
ropy poky. IIpu 11bomy, y 3B'SI3Ky 3i 3pOCTal0UMMM TEIUIOBMMM BTpaTaMy TeMiepa-
Typa, 10 IKOi MaKCHMMa/IbHO MOe OyTH pO3irpiTe MoBiTps He MOXe OyTU IyKe BU-
COKOI0, B TIOPiBHSIHHI 3 TeMIIepaTypor, SIKY MOXKYTbh 3a0e3IeUnT eIeKTPOKaIopu-
depu. Tomy cucTeMa aBTOMATMYHOTO YIIPaBIiHHS COHSYHMM OIaJIEHHSIM MOBUMHHA
3abe3reuyBaTy 3aJjaHy TeMIepaTypy 10 MMOJA€TbCS B IpuMillleHHS. [Ii9 BU3HaUeH-
HS 3HAUEHHsI TeMIlepaTypy Ha BMUXO/i KOJIEKTOpa, 3alIpolIOHOBAaHa CXeMa, MpefcTa-
BJieHa Ha puc.l. Ha COHSIUHOMY KOJIEKTOPi pPO3TaIIOBYIOThCS ABa JaTuMKa TeMIiepa-
TYpU. T~ TEMIEpaTypa BXiOHOTO TIOBITPS; T,a- TEMIIEpaTypa IMigirpiToro

MOBIiTPSI.
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COHSIUHI MOBITPSIHI KOJIEKTOPY, 0COOJIMBO B 3MMOBMIT Yac, KOJIM COHIEe 3HAaXO-
IUTHCS HU3bKO HAJl TOPM30HTOM BCTAaHOBJIIOIOTHCSI a00 BEPTUKAJIbHO, 00 3 HEBeJH-
KMM BigXMUJIEHHSIM BiJi BepTUKaJbHOTO IOJI0OKeHHsI. BHACIiIOK HarpiBaHHS ejieMeH-
TapHOTO 00'eMy IOBIiTpPS, B MPOILIECi 10TO PyXy Bil BXOAY 0 BUXOIY COHSYHOIO KO-
JIEKTOpA, 10ro TeMIiepaTypa MmigBUILLy€EThCS.

Y npumiwenns

e

F

—— | TTmax
—
P ——
——
e ([
- —

13 npumiweHHsa
PI/ICYHOK 1 - Cxema pO3TalllyBaHHA ,Z[aT‘-II/IKiB TeMIIepaTypu

Ha COHSTYHOMY KOJIEKTOPI

VrpaBiliHHS 3/1iJiICHIOETHCS 3a AOMOMOTOK 3MiHM IIBUAKOCTI ITOTOKY TTOBITPS B
COHSIUHOMY KOJIeKTOpi. Ajie Mpy 11bOMYy HeOOXiTHO BpaXxOByBaTH iHepIIiiiHiCTb KoJe-
KTOpa, BEHTWISITOPA 1 aepOAMHAMIYHOro ornopy cucremu [8,9]. 1yt BUSHAUEHHS BU-
Iy MaTeMaTUYHOI MOJeJi MOBITPSIHOTO COHSIYHOTO KOJIEKTOpA 3 YIIPaBJIiHHSIM IBU-
JIKiCTIO TIOTOKY ITOBIiTPsI IpUiiMEMO MPUITYIIEHHS, 0 MO/Ie/Ib TOBMHHA OyTU afamn-
TOBaHa A0 BUKOPUCTAHHS y3araJIbHEHOI CTPYKTYPHOI CXeMM CUCTEMM YIIPAB/IiHHS 3

ypaxyBaHHSIM TOJIOBHOTO Bifj'€MHOI'O 3BOPOTHOTO 3B'SI3KY [6].

h J

PucyHok 2 — CTpyKTypa CUCTeMM YIIPaBIiHHS

SIK 00'eKT yIIpaB/IiHHSI PO3T/ISTHEMO HACTYITHI €JIeMeHTH:

Uynp Vrnos AT AT

BeHTunatop HeniHiAHWA -~ IHepuifHa cknagoBa
| .

enemeHT | HarpiBaHHA nogiTpA —>

PucyHOK 3 — Y3arajbHeHa CTPYKTypa 00’€KTa yIpaBIiHHS
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BeHTWISTOpP 3 PEryJISITOPOM ITOTYKHOCTI MOXKEMO pO3IJISIAATH K 06e3 iHepIiii-
HY TiACUTIOBAJIbHY JaHKY [6]. Lle npumnyieHHs1 6a3yeThCsl Ha MonepegHbOMY TOPiB-
HSIHHI iHepIIiiiHOCTi KOJIEKTOPIiB Y ILIiJIOMY i iHepIiiiHOCTI BEHTUJISITOPIB ITOPiBHSIHO
HeBeJIMKOI MOTYKHOCTi. [lepenaBanbHMiT KoedillieHT BeHTWISTOPA Keewm BU3HAUUTD-
cs 31 CrIiBBiHOIIEHHS
mlc

- Yo 12
TP (12)

ynp

senm

[TepemaBanbHMIT KOe(illiEHT COHIYHOTO KOJIEKTOPa € BEJMYMHOIO He IOCTiii-
HOIO i HeJTiHiiiHOI0. TOMY B CTPYKTYPHIli cxeMi 06’€KTa KepyBaHHS He JIiHi/iHiCTb BU-
nijleHa okpeMum 6;710KoM. [TokakeMoO CHiBBiJHOIIIEHHS, 110 BM3HAYAIOTh HETiHIHY
3aJIeXXHICTh TemnepaTypu AT’ Bif, IIBUAKOCTI Vis:

Pe¢
AT = ——
n - (13)
t

C -

SIk 3a3Havanocs padiiie Py — 1ie TIOTYKHICTb BUITPOMiHIOBAHHSI, SIKa II€PeTBO-
PIOETHCS Oe3IocepeHbO B TEIUIOBY €Hepriio. Aje 3 MiABUILEHHSIM TeMIepaTypu ab-

copbepa 3pocTtaioTb BTpaTu. [Ipy ibomy AT~ cTabinisyeThCs.

m
= Vaﬁc ’ Saﬁc P ) (14)

t
e p - 06'eMHa Bara IoBiTps (k2/m%), m/t- macoBa HIBUIKiCTh MOBITPs B abcop-
oepi.
Topmi:

Pap
AT = (15)
c-v_-S _.p

abe abe

Tak sIK MBUIKICTb IIOTOKY IIOBITpsSI OyZe BUMMipIOBaTUCS B ITOBITPOBO/Ii, HEOO-
XiTHO BpaxoByBaTu (9):
b

AT' = 16
: V’ZO@ ’ S noe ' p ( )

Bupas (16) go3BoJisie BU3HAYMUTH 00/1aCTh 3MiHM KoedillieHTa nmepemavi COHSIY-
HOr'O KOJIEKTOpa B 3aJIeKHOCTI BiJ, 3HAUEHHSI MOTYKHOCTI Pey 1 MIBUAKOCTI MOTOKY
MOBITPS B cucTeMi (puc.4).

KoeilieHT mporopiiiiiHoCTi:

Kyp=ATN (17)
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Koe@ilieHT mpoIopIliitHOCTi MOsKe 3MiHIOBAaTUCS B IyKe IIMPOKUX Mekax Bif 1
no 140.
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PucyHoK 4 — 3anexHicTb AT Bif IBUAKOCTI IMMOBITPSI B MOBITPOIIPOBO/ V,

IIpY 3HaYeHHi eeKTUBHOI Ter1oBoi moTy>KHOCTI Big 200 mo 2000 BaT

COHSYHMIT KOJIEKTOP € iHepliiiHMM 06'ekToM. HarpiBaHHS moBepxHi abcopbe-
pa, IOTiM IepelaBaHHS TEIIOBOI eHeprii TeIVIOHOCiI0 — MOBITPI0 MPOXOAUTh TOCUTD
NOBiIbHO. Po3riisimaroum eieMeHTapHi 3a/1eXXHOCTI (3.14) mMBUAKOCTI HAarpiBy Bijg Ma-
CM Tijla MO’KeMO BBa)kaTH, 1[0 Habi/IbIlIa MOCTiliHA Yacy COHSYHOTO KojieKTopa Oyie
BM3HAUATUCS MTPOIIECOM HarpiBaHHsS abcopbepa Ta iHIIMX KOHCTPYKIIMHUX eJleMeH-
TiB KojiekTopa. [lepefmaua Teruia Bif abcopbepa A0 MOBITPsSI B 10ro KaHajsax O6yze B
CTiZIbKM pa3iB MIBU/AIIOI0, B CKIJIbKYM pas3iB Maca IOBIiTpsl MeHIa 3a Macy abcopbepa.
3Bakarouy Ha MeTaJl i MOBiTPsI, KOHCTPYKTUBHI OCOOIMBOCTI MTOBITPSIHMUX KOJEKTOPiB
Bara IOBiTpsI 110 HarpiBaeThCs MpUOIM3HO Ha 2 TIOPSIIKM MEHIIa HiX Bara abcopoe-
pa. Tomy B mepuioMy HabGaMXeHHI MOKeMO MPUITYCTUTH, 1[0 MOJe/b iHepIiiHOCTi
KOJIeKTOpa — lie nepegaToyHa (PyHKIIisl TepiIoro nopsaxy [9].

Ane B 1Iijiomy MepexigHa xapakKTepuCTMKa MOXe OyTU allpOKCMMOBaHa K OU-

HaMiuHa JaHKa IIepumoro 1nmopsaaKy.

W(p)-= (18)

Tp +1
ITomasnpine BUKOPUCTAHHSI MaTeMaTUYHOI MOJIeNi 00’ e€KTa YIIPaB/IiHHS IJIsT CU-
HTe3Y JIOKJIbHOI CMCTeMM aBTOMATUYHOTO YIIpaB/IiHHS Ta BUOOPY TUITY peryiasTopa

Ta BM3HAUEHHS 0r0 TapaMeTpiB MOTpebye XapaKTepus3yBaTu caM 00’ €KT.

Usno

Vnes

—P>

Vnos/ Uprp

AT

1

\ J
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PucyHok 5 - CTpyKTypa MaTeMaTUUYHOI MOJiesTi 06’€KTa yIIpaBIiHHS
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T'ooBHA 0COOMMBICTh 00’€KTa YIIPABJIiHHS B TOMY, IO 1Ie HeJIiHi/iHUI1 00’€KT.
3arasibHM KoedillieHT MPOIOPIIiAHOCTI MOXKe TTpUitMaTy 3HaueHHS B Mexkax Bif 0.2
o 30. BusHaueHHS 4MCJIOBOTO 3HAUeHHS MOCTiViHOI yacy T iHeplIiliHOiI JIaHKM Iiep-
IIOTO TTOPSIAKY MOSK/IMBO 3[iMiICHUTM TiJIbKM 32 YMOBM CTabii3allii MBUAKOCTI MOTO-
Ky MOBIiTpsI Yepe3 KOJIEKTOp i 3 ypaxyBaHHSIM 3HaueHHS AT , sike MOKHA po3paxyBa-
TH. JI7I IbOTO TaKOX HEOOXigHO BM3HAUUTHUCS 3 3HAUEHHSIM Pey, IJISI YOTO HEOOXi-
HMI1I BUMipHOBaJbHUII MIPUCTPiii MOTYKHOCTI COHSIYHOTO BUITPOMiHIOBAHHS Ta OaHi
BUPOOHMKA 3 3HAUEHHSIMM BiiMOBimHMX KoedillieHTiB BTpaT Teruia. [Ipy 3a3HaueHUX
yMOBaxX BUMKOHAHMI eKCIIepMMEHT Ta Iojasblia igeHTudikallisi mapameTpiB IuHa-
MiYHOI JIaHKM 1O3BOJIUTb BUKOPUCTOBYBATY OTPUMAaHIi HapaMeTpu IJisl IPaKTUYHOTO
BUKOPUCTAHHS.

BUCHOBKM i IepCIeKTUBYU MOAANBIINX AOCTiAKeHb. [I0BITpsSHI COHIYHI KO-
JIeKTOPY BMKOPMCTOBYIOTHCSI B KOMIUIEKCHUX CHCTeMax 00irpiBy, ogHouacHa poboTa
KiJIbKOX pi3HMX cucTeM edeKTMBHA TiJbKM IIiJi KepyBaHHSIM KOMII' IOTepHOi iH(Op-
MalliiiHO-yIIPaB/sSIouol cucreMu. MaTeMaTMuyHa MOZe/b MOBITPSIHOTO COHSIYHOTO
KOJIEKTOpa MOBMHHA BigoOpaskaTy He TiJIbKM IPOIIOPIIiiiHi 3a/e5KHOCTI a i AMHAMIKy
HarpiBaHHS MOBIiTpsi. B po60Ti moOymoBaHO iMiTaIliliiHy MO/IeIb COHSITYHOTO KOJIEKTO-
pa 3 ypaxyBaHHSIM Ji0T0 BUKOPMUCTAHHS y CKJIaJli Cy4aCHMUX KOMII'I0TepHUX iHpopMa-
LiiHMX Ta Kepyruux cucteM. IIpoBefieHi AOCiI>KeHHS MMOKa3alIu, 10 MOAe/b, SKa
OIMCYE 3aJIEXXHICTh TeMIlepaTypy MOBITps Ha BUXOZi 3 MOBITPSIHOTO KOJIEKTOpA Bif
IIBUAKOCTI 10TO MOTOKY — HeJiHiliHa. [JMHaMiKy HarpiBy MoBiTPsI MOXKHA ONIUCYBaTU
JVHAMIUYHOIO JIAHKOIO TePIIOro MopsaKy. [Iyist po60TH KOMIT' IOTEPHOI CUCTEMU Kepy-
BaHHS HEOOXiTHO BMKOPUCTOBYBATHM JATUMKM TeMIIepaTypy IOBITPsI HA BXOMi i Ha
BUXOJIi COHSTYHOTO KoJieKTopa. Takoxk IMOTpiOHO BMKOPUCTOBYBATH JaHi 3 JaTUMKa
IMOTOYHOI MOTY>XHOCTi COHSIUHOTO BUITPOMiHIOBaHHSI.
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Simulation model of a flat plate air solar collector

Analysis of recent research and publications. According to the design of solar col-
lectors, generalizing dependencies are known, the values of the main parameters of the
collector are determined, which makes it possible to determine the possible efficiency of
the solar heating system quite simply at the stage of the preliminary design stage. Sys-
tems where thermal solar collectors are used are usually equipped with fairly simple con-
trol systems. These systems are characterized by the fact that they use static mathemati-
cal models and the management of work processes is performed by periodic switching on
and off of the executing devices. Thus using more effective, continuous, local control sys-
tems, the solar collector is a rather complex object. Firstly, the control is possible only by
adjusting the efficiency of the fan, which provides the circulation of the coolant. Secondly,
the temperature of the coolant at the entrance to the heated room is also adjusted by the
regulation of the fan. Considering that in real conditions, the arriving of the solar energy
to the collector is a process determined by many random factors, the operation of the
control system must provide an appropriate response to such changes.

Problem formulation. The operation of two heating systems is necessarily equipped
with a computer information-control system of automatic control, which allows the max-
imum usage of solar energy. As a result of that the energy savings can reach quite signifi-
cant values. The main functions of the used control systems include: the algorithms for
maintaining the necessary temperature parameters in the heated room, the energy con-
sumption control, the regulation of the thermal power of the main heating system de-
pending on the thermal power that the solar collector can provide. Regulation of the solar
collector work must necessarily takes into account the indicators of solar radiation pow-
er, the temperature conditions of the external environment, the features of the heated
room, the inertia of the objects used in the heating system.

Main material. To build a simulation model of a solar collector for heating a room
where air is used as a heat carrier, known dependencies which describe thermal processes
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were considered. It is shown that the effective thermal power of the solar collector is de-
termined by the difference between the thermal power of solar radiation and the thermal
power of losses. Taking into account that the operation of the solar collector is possible
only during the day and when the sun is clear, there regulation is necessary to provide the
highest rate of the room heating, stabilization of the room temperature, ventilation mode
(mixing of the heated air from the room with the part of the outside air) and other possi-
ble work options.

As a control object, we will consider the following elements: a circulation fan, the
dependence of the air temperature at the outlet of the collector (on the power of the solar
radiation, the heat losses, the flow rate of the heat carrier), the inertial component of the
heat transfer process to the heat carrier.

We can consider a fan with a power regulator as a non-inertial element. This as-
sumption is based on a preliminary comparison of the collectors inertia in common and
the inertia of fans of relatively low power. The transmission coefficient of the solar collec-
tor is a non-constant and non-linear value. Therefore, in the structure of the collector as
a control object, non-linearity is highlighted by a separate block. The heat transfer from
the absorber to the air in its channels will be as faster as the mass of the air is smaller
than the mass of the absorber. Considering the mass of metal and air, design features of
air collectors, the weight of heated air is approximately 10? times less than the weight of
the absorber. Therefore, in the first approximation, we can assume that the inertia model
of the collector is a transfer function of the first order. Further use of the mathematical
model of the control object for the local automatic control system synthesis and selection
of the regulator type and its parameters determination requires of the object characteriz-
ing. The main feature of the control object is that it is a non-linear object. The general
proportionality coefficient can take values in the range from 0.2 to 30.

Conclusions and further research. The mathematical model of an air solar collector
should display not only proportional relationships but also the dynamics of air heating. It
is shown that the model that describes the dependence of the air temperature at the out-
let of the air collector on the speed of its flow is non-linear. The dynamics of air heating
can be described by a dynamic element of the first order. For the computer control system
operation, it is necessary to use air temperature sensors at the inlet and outlet of the so-
lar collector. It is also necessary to use data from the sensor of the current power of solar
radiation.
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