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Po3rnsiHyTo OocHOBHI 30BHilIHI ¢akTOpH, 110 BIJIMBAIOTH HA TEIJIOBMII MiKpOKJIMAT y
npuMimenHi. Onucano npouec MoOyA0BH HeYiTKOI MoJesi JJIsi MPOTHO3YBAaHHS MapaMeTpiB
MikpoxaiMaty. IlokazaHo pe3yJabTaTH BHUKOPHMCTAHHS KOHTpPOJIepa HEYiTKOI JOTIKM JJs
BUpilIeHHs1 3amauyi mporHodyBaHHs. Ilo0y1oBaHo MaTeMaTH4YHy MoOJe/b sl MOCTABJIEHOL
3ajadi Ha OCHOBI perpeciiiHoro anasmisy.

Kuarouogi ciioBa: HeuiTka Mo/e/ib, piBHSIHHSA perpecii, kaiMaTuuHni ¢gakTopu, mapaMeTpu
MiKpoKIiMaTy

Basic external factors which influence on a thermal microclimate in an apartment are
considered. The process of creation of the fuzzy-model for prognostication of parameters of
the microclimate is described. The results of the use of fuzzy controller for the task of
prognostication are shown. A mathematical model for the described problem by the regressive
analysisis built.

Keywords: fuzzy-model, regression model, climatic factors, microclimate parameters

Beryn

OmHMM 3 HanpsSMKIB peamizallii mporpaM JOCTYIHOIO KHTJIa B YKpaiHi € 3a0e3rneueHHs
BIJIIIOBIIHOTO PiBHA KOM(OPTY NMPOKUBAHHS HACETCHHA. [ TOKpamaHHs SIKOCT1 )KHUTTS B , 3aMKHYTOMY
npoctopi” HeoOXiqHO BUOMPATH TaKi MapaMeTpy Ta KOHCTPYKTHUBHI pillieHHs OyiBimi, 10 3a0e3neuyroTh
ONTHMAJLHUAN PiBEHb MIKPOKITIMATY.

ChoroziHi, BpaxOBYIOUHM BIJICYTHICTH Ta 3Ha4yHi NpPOOJIEMH, IO BUHHUKAIOTh NTpU MOOYIOBI
MaTeMaTHYHUMH METOJJAMH TOYHOI Ta MOBHOI aHATITHYHOI MOJENI Ui PO3paxyHKY Ta NMpPOTHO3YBaHHS
3HAuYCHb IapaMeTPiB MIKPOKIIMAaTy, MOLULIBHO SK aJbTEPHATHUBY BHKOPHCTATH 3aCO0M HEUITKOI JIOTIKH.
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BukopucranHs BiIOBIAHOTO KOHTpOJIEpa JacTh 3MOTY pO3paxyBaTH IIi MapaMeTpH HA OCHOBI 3HaHb MPO
MpeaMeTHY 00acTh 0e3 ix (opmMamizallii y BUIIIsII MaTeMaTHIHUX Mojenel. [Ipoiiec moOymoBu HEUiTKOT
MOJIeNTi Ta TECTYBaHHSI KOHTpOJIepa HEJiTKOT JIOTIKH 1 € METOIO JIOCIIKEHb.

IMocTanoBka npodJaemu

Jnst 3a0e3neueHHs BiIOBIAHOTO PIBHS TEIUIOBOTO MIKPOKIIMAaTy HEOOXiTHO BpaxoOBYBATH, IO
JIO/IMHA BiIMyBa€ HE TEMIIEpaTypy MOBITPs B IPUMIIllEHH], a BTpaTy TiioM Terna. o ¢izuunux dakropis,
IO BIUIMBAIOTh Ha TEIUIOBY pIBHOBAry, HaJeXKaTh. TeMIlepaTypa IOBITPs B NPUMIICHHI, CEpemHs
TeMIlepaTypa BHYTPIIIHIX TOBEPXOHb OTOPOJDKYBILHUX KOHCTPYKIiH, IIBHUAKICTH pPyXy TOBITpS Ta
BOJIOT'ICTh TIOBITPSI.

KompoprtHi (abo onTumanbHi) yMOBH TNPOKMBAHHS HacaMIiepe]l BH3HAYAIOThCS TMPABUILHUM
MOEHAHHIM CEpeHbOI TEeMIIEpaTypy BHYTPIIIHBOI MOBEPXHI 30BHINIHBOI OTOPOKYBaIbHOT KOHCTPYKITiT
(30K) i Temnepatypu MoBiTps B pumimnieHHi. HeoOxiaHOro piBHs TeMiiepaTypu MOBITPS MOJKHA JTOCSATTH
JIOZIATKOBHM OIANIIOBAHHSIM a00 KOHJMIIIOHYBaHHSIM MPUMIIIEHb, HATOMICTh PETYIIOBATH TEMIIEPATypy
noepxHi 30K € noBomi cknamHo. Benukuii nepenaa Mibk 3HAaUEHHSAMH [HUX JBOX MMOKa3HUKIB IIPHU3BOIUTH
JI0 BUTYYTTS JFOAWHOIO aAuckoMdopTy B mpuMimeHHi. TemnepaTypy MoBepXHi CTiIHM MOXKHA BUMIpSTH 32
JIOTIOMOTOI0 CIIeliajbHOTr0 00JIaIHAHHS, ajie Ha eTalli MPOSKTYBaHHsI el METOJl HEMOKITMBO 3aCTOCYBATH.
Takox MOXKHa poO3paxyBaTH TeMIlepaTypy BHYTpimHbOI moBepxHi 30K BiAMOBiIHO 10 3aKOHY
cramionaproi terutornepenadi [1, 2]. TIpore oTpuMaHe 3HAYEHHS HE MOXE PO3TIIIATHCH K IILIKOM
ICTHHHE, OCKUIbKM ICHYIOUE MaTeMaTH4YHE CITiBBiIHOIIEHHST He BpaxoBye BIumBY Ha 30K iHmmx
KITIMaTHYHUX (PaKTOpiB, OKPIM TEMIIEpaTypH 30BHINIHLOT'O MOBITPA. Jl01aTKOBUMH YHHHUKAMH, IO 330BHI
BIUIMBAIOTh Ha KOHCTPYKIIIO OYIiBJI 3aJIeKHO Bij ii Opi€HTalil IO CTOPOHAaX CBITYy, € IHTCHCHUBHICTh
COHSYHOI pajiamii, WIBHAKICTh Ta HampsM BiTpy. XapakTep TaKoro BIUIMBY 3aJIGKUTh BiJ
TEIUTOI30IAIIHHUX MapaMerpiB camol KOHCTPYKIil. YuMm OinbIMM € KOe(il[ieHT TeruIonpoBiHOCTI, THM
CUIIBHIIIIE TeMIepaTypa BHyTpimHboi moBepxHi 30K 1 TermmoBuii KOM(pOPT NPUMIIIEHb 3aJISKATHMYTh BiJ
30BHIMHIX (akropiB. B mporeci mpoekTyBaHHS >KUTIOBOI OyaAiBIi MOTPIOHO BPaxOBYBAaTH KIIMAaTHYHI
XapaKTePUCTUKU TEPUTOPIi, Ha SIKil MPOBOMUTHCS OYAIBHHUIITBO, JUTS 3MEHIIICHHS HETATUBHOTO BILUIUBY X
¢akropiB Ha criopyay. CHiBBiHOIIECHHS TapaMeTpiB MIKpOKIIIMATy TOTPiOHO NPaBUIBHO MPOTHO3YBATH
IIe Ha eTarli MPOCeKTYBaHHS Oy/IiBJIi Ta KOHTPOIIOBATH B TPOILIEC] EKCILTyaTallii.

Oninka 30BHIIIHIX YHHHHUKIB

Cucrema BHYTPIIIHBOI TEPMOpPETYIISAIil Jae JIIOJUHI 3MOT'Y MPHCTOCOBYBATHCH JI0 3MiH TEIUIOBHX
YMOB, aJie TUIbKH 32 HEBEIHKOro iHTepBaiy TemmepaTyp. Bennke 3HadeHHs a1l 30€peKEeHHS TEIIOBOTO
OajaHCy JIFOIMHU Mae€ pajialiliHa TeMIiepatypa HMpHUMILICHHs, ad0 cepeaHsl TeMIiepaTrypa IOBEpXOHb B
MpHUMIlIEHHI. 32 HAsBHOCTI XOJOJHUX IOBEPXOHb, TOOTO BEIHMKOI PI3HHII MK TeMIlepaTypamH Tijia
JIOJIMHM 1 30BHIIIHIX KOHCTPYKI[iH, BiTOYBA€THCS IIBUIKE OXOJIO/DKCHHS Tila. Y 1bOMY BHITAJIKY JIFOJHUHA
BiI4yBaTUME IUCKOM(OPT. IHTEHCHBHICTH BigJadi Temia 3 MOBEPXHI TUIa 3yMOBJIEHA KOHBEKIIHHUM
TEII000MiHOM, Ha SKMU BIIMBAa€ TeMIIepaTypa TMOBITPsS, Ta paJiallifHAM TEIIOOOMIHOM, SIKHH
BHU3HAYAIOTh TEMIleparypa, pPO3MIpH Ta pO3TAllyBaHHS OXOJO/PKEHHX a0 MeperpiTux IMOBEPXOHb.
OnTuMalbHIMH YMOBAaMH € DIBHICTh TEMIIEpaTyp NpHUMIlleHHs 1 BHyTpimHIX moBepxoHb 30K. IIpore
B3MMKY 0€3 J0JaTKOBOr'o OOIrpiBaHHS BHYTPINIHIX TIOBEPXOHb OTrOPOJIKYBAIBHUX KOHCTPYKIH 3
HEJIOCTATHBOIO TEIIOI30MISIIIEI0 TAKY YMOBY 3a3BHUail Ba)XKKO 3a0e3meunTd. MakCHManbHUH Tiepernaj] Mix
TEMIIepPaTypolO0 TIOBITPS B MPHMIIICHHI Ta YCEPEJAHEHOI TEMIIEPaTypor BHYTPINIHIX IOBEPXOHb
KOHCTPYKIIii CTiH KUTJIOBHX OyaiBens ckiaamae 4°C [3].

VYcepenHena temrepaTypa BHYTPILIHIX MOBEPXOHb OTOPODKYBIBHUX KOHCTPYKIIH OOUHCITIOETHCS
3a opmyIIok0:

t —_ Fnct nc + Fnet ne (l)
en = ’
HOK
ne 7,, — ycepeaHEeHa TemIlepaTypa BHYTPIIIHBOI MmoBepxHi KoHCTpykuin, °C; t,, t, — TemmepaTypu
BHYTpIIIHBOI TOBEPXHI CTiH 1 BikoH, BiamoBigHo, °C; F,, — IUIOMIAa TOBEPXHI 30BHINIHBOL
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OrOpODKYBAIBHOI KOHCTPYKILii, M% F,. i F,, — IUTOII MOBEPXOHb 30BHIMIHIX CTiH Ta BiKOH, BiIMOBiIHO
(Fue = Frox — Fug), M.

Ha TteruoBmit Oamanc OyniBil BILUTMBAE XapakTep 30BHINIHBOI KIIMAaTHYHOI 30HH, ¢opMa Ta
opieHTalist OymiBii Mo CTOpoHax cBiTy. Hampuknax, Branuii BHOIp opieHTalii 1 po3MipiB OyAWHKY Aae
MOXIIUBICTh 3MEHIIUTH BIUTUB BITPY Ta ONTHMI3yBaTH BIUIMB COHSYHOI pajiallii Ha HOro TEIIOBHH
Oananc. Tak, 3a paxyHOK JIii COHSYHOI pajiallii B OyaiBir0 Moxke HagxonuTh 4% Bin 3arajibHHUX TEILIOBHX
HaAXO/KeHb. Lle 3HaueHHs 3aJeXWTh Bijl TIOKa3HWKA BIIKPUTOCTI TEPHUTOPIi, MMEpeBaKarouoi OpieHTaIlii
OyaMHKY Ta Bim KoedillieHTa HOIVIMHAHHS COHSYHOI paiiamii matepiasiom moBepxHi 30K. Cucremoro
onaneHus 3abesneuyerbess 20 % HagxomkeHb Teruia. HaTtoMicTh, 3a YMOBHM TOTaHOi TEMIIOi30JISIIHOT
xapakrepuctuku 30K kpisp crinu Brpauaerbes 20 %, a kpi3h BikHa i aBepi — 15 % Tterna. Skmo
TEIUIOI30JISAIIHHI  BIACTHBOCTI KOHCTPYKIIi HE BIAMOBIAAIOTh BHMOTaM, CIIOCTEPIrae€ThCsd MPSMHMA
B3a€MO3B’ 130K MIXK TeMIlepaTypaMHi 30BHINIHBOI Ta BHYTPIIIHBOI MOBEPXHI CTiHU. BiamoBigHo 10 BEMOT
[3], pospaxyHkoBHii Omip TeruIomepeaadi OropoIKYBaabHOI KOHCTPYKIl JKATIOBHX OYAMHKIB ITOBHHEH
OytH OUTBIIMM BiJ MiHIManbHO aomycTuMoro 3Ha4deHHS (Ro > Ry min). st JIpBiBchkoi oOmacti, 1o
3HaXOJUTHCA y 2 KINIMaTU4Hii 30H1, Rymin = 2,5 M>°C/Br.

[porec moOymOBM MaTeMaTHIHOI MOJIENi IJIsl POrHO3yBaHHS TApaMEeTPiB TEIJIOBOTO MIKPOKIIMATY
B TpUMIIeHHI mepeadayae po3poOJeHHS HEYITKOI MOJENI pPO3paxyHKY TeMIepaTypd BHYTPIIIHBOI
noepxHi 30K. Ilpu nmoOymaoBi MaTeMaTUYHOTO CITIBBIJHOIICHHS HA OCHOBI HEYITKOI MOJIENI BXIAHHMHU
3MIHHUMH Oyny BUOpaHi KIIMAaTH4HI Ta BHYTPIIIHI YAHHUKHM TNPHMIIICHHS, MO HaWOUIBIIO Mipoto
BILIMBAIOTh HA 3HAYCHHS TeMIIEpaTypy BHYTpilHBO1 noBepxHi 30K, 1110 i € BUXiJHOIO 3MIHHOIO.

Io6ynoBa HeuiTKOI Moaei

Bepyun o yBaru MokimBOCTI 30MpaHHs iHPOpMAIIil, 110 OIMHUCYE M0 MPodJIeMy, MOXKHA 3a3HAUNTH
JSSIKI MOMEHTH, 1110 YCKJIQJHIOIOTh YCIIIIHE PO3B’ A3aHHS MMOCTABJICHUX 3aBJaHb HA OCHOBI TpaJIMIIIHHUAX
MiIXOMIB MaTEeMaTUYHOro, IiH(popMaIliiiHOro abo HEWPOHEUITKOr0 MOJC/IOBaHHSI. 30KpeMa, HasBHI
MaTeMaTH4YHI MOJIENI 3a4iNaloTh JIMIIE OKPEMi CTOPOHH 00’ €KTa MOJICIIOBAHHS, HE HAJAal04ud MOKIMBOCTI
HOro KOMILIEKCHOTO JAOCIHI/KeHHs. EKcIiepTHI BUCHOBKH, SIKI MOMKJIIMBO 3aCTOCYBATH JJISl HEUPOHEUITKOTO
MOJICTTIOBAHHS, MOXYTh OYTH JIESIKOIO MIpOIO CYINEpewIHBi, HETOYHI, a pe3ylbTaTH iX 3acCTOCYBaHHS
HE3pY4YHI ISl peaNbHUX KOPUCTYBadiB-pO3POOHUKIB IMPOEKTHOI JOKyMEHTalii. B aeskux Bumamkax
JOCTYITHHMH € OKpEMi JIaHi, IO MOKa3yIOTh 3B’ I3KM MiX OKPEMHUMH XapaKTEpPUCTUKAMHU apXiTEeKTYPHOTO
BUpINICHHS Ta [apaMeTpaMH MIKpOKIiMaTy, OJHAK HE TMPEACTABISAIOTh BUYEPITHOI KapTUHH
B3a€EMO3ANIOKHOCTEH. Y CTaTTi OMKMCAHO KOMIUIEKCHHM MiIXiJ g0 TOOYZOBH 3ac00iB TMPOTHO3YBaHHS
napaMerpiB MIKpOKJIIMaTy, IIO TIPYHTYEThCS HAa BUKOPHCTaHHI CHHTETHYHOI iHQoOpMarii, oTpuMaHoi
OJTHOYACHO 3a JOIMOMOTOI0 IMITAI[ifHOTO MOJETIOBaHHS, EKCIEPUMEHTAILHUX JIAaHUX Ta BHUCHOBKIB
KBaTi(hiKOBaHUX €KCIIEePTiB. TEXHOJOrI0 MOOYIOBH BIAMOBIAHMX MOJENeH MoaaHo Ha puc. 1.

| I
| [}
| [}
X ' Bnok MpEIJ:g:HHﬂ Brok m
| - y _ ikaLii | Buixiqni
- : tpasmuikauii NOFYHUX BUBOAIB Aedasudikaui — napamerou

Bxiam I 1
REPAMETH : :
| I
| I
| [}
| T-KoHTpONED Baza npaenn !
| . e . |
| HewiTiof morfk |
| [}
| [}

Maremariira

HelipomepexHwii HHICTE

reHepaTop ciopmyn 7'( %)

Puc. 1. Cmpyxmypua cxema mooenetui
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bazoBuM eneMeHTOM CTPYKTypHOI cxeMH € T-KOHTpoiep HEYITKOI JIOTiKH, B SIKOMY
BHUKOPUCTOBYEThCs. Meroa JAedasudikamnii, moOymoBaHHN 3a HEHPONMOJIOHOI CTPYKTYPOIO MAIIMHH
TeOMETPUIHUX mepeTBopenb [4]. [TepeBarorw mporo KOHTpoOJEpa € MiJABUIIEHA TOUYHICTh () YHKIIOHYBAHHS i
MOJKJIMBICTh PO3B’SI3aHHS 3aBJaHb i3 OaratbMa BXIJIHUMHU NapaMerpamMu. Ha BiaMiHy Bif TpaaumidHUX
3ac00iB HEWITKOI JIOTiKH, B T-KOHTpoOJNiepi BHUKOPHUCTOBYEThCS ACHIO 3MiHEHa (opMa TOAAHHS MPaBHII
JOTiYHUX BUBOIB. Buxinuuii mapamerp (Y) po3auIseThcs Ha CyMDKHI PiBHI, 32 BEIMYMHOIO KOXKEH 3 HUX
BIJNIOBIIaTUME TMEBHIH Ae3’ OHKTHBHIM Gopmi. Hampukan,

y € maue, ko X1 € mane, i X2 € cepente, i X3 € mane abo,

SKIO X2 € Mae, i X3 € Maje ...

®opmyBaHHS NPABUJI JOTTYHUX BUBO/IB /15 MOCTABJIEHOT 3aaa4i

Ha erami po3poOsieHHS Moneidi Ha OCHOBI HEYITKOI JIOTIKM OYJIO BBEACHO JIIHIBICTUYHI 3MiHHI,
BUOpaHO 0a30Bi TEPM-MHOXKHHH, MOOYAOBAHO BiAMOBiAHI (YHKIII HaJIeXKHOCTI, cHOPMYNILOBaHO Habip
SKCIEPTHUX OLIHOK.

VY mporeci moOymoBu Mojedi BBEJSHO Taki JIHTBICTHYHI 3MiHHI, SK TeMmIeparypa BcepeHHi
npuminieHas (Tin), 30BHIimHS Temmeparypa (abo Temmeparypa 30BHImHBOro MOBITPs) (Touw), oOIMIp
TEIUIONPOBIAHOCTI oropomKyBainbHoi KoHCTpyKIil (R), mBuakicts BiTpy (V\), IHTCHCHBHICTH BILIMBY
comstunol pamiamii (Siyr) Ta Koe(illieHT OrMHaHHSA COHYHOI pamialii mosepxuero 30K [5] (coef), a Takoxk
BHUXiJIHA 3MiHHA — TemrepaTtypa BHyTpiuiHboi oBepxHi 30K (Tgy).

Jlyis KO)KHOI BBEIEHOI JIIHTBICTUYHOI 3MIHHOI c(hOpMOBaHO 0a30BY TEPM-MHOXKHMHY. 30KpeMa, JIs
3MIHHOi "30BHIIIHS TeMmIeparypa’ Taka MHOXHHa Oyne CKiIajgaTucs i3 4OTHPHOX TepMiB: "Mopo3”,
"xomonHo”, "temno”, "cneka”. YiTki 3HaYCHHs 3MIHHOI " 30BHIIIHS TeMIieparypa’ BHOpaHi BiIIIOBIIHO 10
KJIIMaTHYHUX 0co0aMBOCTel JIBBIBCHKOT 00J1aCTi 3aIeKHO BiJ MOpH poky. Tepmu , xoimomHo” 1 ,Temio”
XapaKTepU3yIOTh YCEpEAHEHI 3HAYeHHS TEMIIEPaTypHOrO PEKHMY OCIHHBOTO Ta BECHSHOTO IEpiOjiB,
BignoBimHo. Hartomicts, Tepmm ,Mopo3” 1 ,cmeka”’ BimoOpakaroTh, BIAMOBIAHO, CEPEIHI 3HAYCHHS
MiHIMaJTbHHUX B3UMKY Ta MAaKCUMAJIBHUX BIITKY TEMIIEPATyp MOBITPSI.

VY mporeci popMyBaHHS TEPM-MHOXHWH JJIs1 KOKHOI JIHTBICTUYHOT 3MiHHOI OyJ0 BpaxoBaHO
KJIIMaTH4H1 0COOJMBOCTI TEPHUTOPil Ta pO3paxXyHKOBI 3HAUCHHS MapaMeTPiB BiAMOBIJHO 10 HOPM
[3].

VY mporeci MozentoBaHHs Oyy€eThCsl TPUKYTHA (DYHKIIiS HAJIGKHOCTI JIJIsl KOXKHOTO JIIHTBICTHYHOT'O
TepMy i3 0a30BOT TEPM-MHOKHUHH.

[ToOynoBa excriepTHUX MpaBui Ui T-KOHTpOepa HEYiTKOI JIOTIKH BiIPi3HAETHCS BiJ KIACHYHOT'O
MiZXO0Y, 3a SIKUM TIpaBUja MPEACTABISIOTh BCI MOXKJIMBI MOEAHAHHS BXOiB. Hampukiasi, BianoBigHO 10
BBEJCHUX JIHIBICTHYHNX 3MIHHHX, 38 KJIACHYHUM ITiAX00M [6] mpaBuiIa BUTISAIAIOTH TaK:

AKIIO Tin € , X0MoaHO", 1 Toy € ,,MOp03”, 1 Sy € ,cepenniit”, i COef e , mammii”, T0 Tgyf € ,,HU3BKA”
abo

SIKIIO Tin € ,X0moaHo", i Toy € ,X0momuo”, i Vyy € ,ioMipauii”, i Sy € ,cepenniii”, i R € ,,Bucokuii”,
TO Tyt € ,HU3BKA", 200

HartoMicThb, isi BAKOPUCTAHOTO KOHTPOJIEPA IIi JK MpaBUIIia MPEACTABIIAIOTECSA Y TAKOMY BUTJISAII:

Teuf € ,HM3BKA",

SKIIO Tin € , X0mMoaHO", 1 Toy € ,,MOp03”, 1 Sy € ,cepenniii”, i Coef e ,, mammii” abo

SKIIO Tin € ,X0momHo" 1 Toy € ,X0moau0", 1 Vy € ,nioMipHuit”, 1 Sy € ,, cepeniit’, i R € , Bucokmii”
abo

[HIIa KOHCTPYKILiS MPEICTABACHHS CKCIIEPTHUX OI[IHOK Ja€ 3MOry JIEriie OTPUMATH IpaBHja s
OUIBIIIOrO YKcia 3MIHHHX.

VYV T-xoHTpoJep OmMc po3poOIEeHOi HEWITKOI MOENi MOMAa€ThCs Y BHIUIAAI chopmoBaHoro Xmi-
¢aiina, B IKOMY BH3HAUYAIOTBhCS YCi JIIHTBICTHYHI 3MiHHI 3 iX 0a30BUMHU TEepPM-MHOXKHHAMH Ta UYITKHMH
3HAYEHHSAMM BIiIIIOBIIHUX TEPMiB, a TaKOK MpaBIIa JIOTIYHUX BHUBOMIB. Y Xml-daitmi, mo omwmcye
MOCTaBJICHY 3ajauy, MpaBuia BU3HAYAFOThCS TAKOK KOHCTPYKILIETO:
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<rule signal="Tsurf[medium]” value="x1[cl] and x2[f] and x3[li] and R[h] or
x1[n] and x2[f] and x3[li] and R[m] or
x1[c] and x2[h] and x3[md] and R][l] or

)-(.]..[W] and x2[c] and x3[fr] and R[m] or
x1Jw] and x2[w] and x3[md] and (x4[low] or x4[med] and x5[low]) and R[I]"/>

3acrocyBanHsi T-konTpoJsiepa ais popMyBaHHs TabJauLi 3a/1eKHOCTEH

Hnst 3pyqHOro 3acrtocyBaHHs T-KOHTpoliepa HEUiTKOI JIOTiKM Oyino po3poOieHo TporpaMHUit
inTepdeiic (puc. 2). s moyatky podOTH MOTPIOHO 3aBaHTAKKUTH BiAmoBiaaui Xml-¢aiin. [Ipasuna B Xxml-
¢aiini NoBUHHI OyTH MOBHUMU Ta HECYIEpEWIMBUMHU. € JIBa pSKUMH OTPUMAHHS 3aJIeKHOCTEH BUXiJTHOTO
rmapaMerpa BiJ He3aJeKHMX (AKTOpiB: OJMHMYHA OIliHKa Ta (hopMyBaHHsS TaOimii. OIUHMYHA OIIHKA
nepeadavae BHECEHHS MOTPIOHMX BXIMHWUX 3HAYCHb Ta OTPMMAHHS Pe3yJbTaTy Ha BIAMOBIAHIA BKJIAJII
BikHa mporpamHoro iHrepdeiicy. s GopmyBanHs TaOMuUIb 3aIeKHOCTEH MOTPIOHO 3aBaHTaXuTH EXCEl-
¢aiin iy CSV 3 BXiTHMMHU 3Ha4YCHHSIMHU TecToBOi Matpuili. [Topsmok 3minHux B EXCEl-daiini noBuHeH
30iraTucst 3 MOCIIMOBHICTIO X oromomeHHs B XMl-¢aitni. ITlicns 3anmycky T-koHTposepa BiamoBimHHi
CTOBIICLIb PE3yNIbTaTy Oy/e 3alOBHEHHWH PO3paxOBaHUMH BHUXIIHUMH 3HaueHHsMH. OTpruMaHa TaOIHIIs
3ajIeKHOCTEil Moxe OyTH 30epexena B Excel-gaiin tumy CSV i BUKOpUCTaHa HACTYITHOTO pasy.

BxigHi 3HauYeHHS MPH MOOYAOBI TECTOBOI MATPHIll JJIs TOCTABJICHOI 3ajgavi B3STI Ha OCHOBI
CIIOCTEPEKEHB MPOTIATOM POKY 32 KUTbKOMa PEeabHUMH XKHUTIOBUMH OYIIBISIMH, & TAKOXK MPOTHO30BAHUX
3Ha4YeHb Bi/IMOBIJHUX TTapaMeTpiB.

[ cotraerttester ~igix]

Wectors | Numbers Sequence |

Load I ID % Temper_ControlerConfig. xml

Single vector Multiple vectors: I

z = Filltable T sae | Load Caloulate

il #2 3 s fis) R Tsurf bt
18 3 1.7 045 14 14,03796551985...
17 20 25 07 08 17
19 -15 34 06 27 17.11102661966...
20 4 13 03 1.55 16,13874713010.
19 5 53 05 06 14 11,50550945185...
18 8 13 1} 07 26 1714285714285,
18 22 94 1 g 0ES 1983797761874,
17 -15 2.5 1 07 14 12,22267551426...
145 4 125 0s o7 2n 11,20092424328. .
20 -17 3.4 0 07 2,05 15.03130605065...
14 5 134 1 03 27 1471428571428,
20 15 9,35 05 07 14 13.98274667471... |~

Puc. 2. Pezynomamu pobomu konmponepa

Ha puc. 2 nmoka3aHo 3HaueHHs BHXIIHOI 3MIiHHOI Tgy (TeMmepatypu BHYTpilHbo1 nmoBepxui 30K)
3aJIeKHO BiJI NMEBHUX 3HAa4YCHb BXIMHUX 3MIHHHX. Tak, KOJIHM TEMIlepaTypa IOBITpS B NpPUMIIIEHHI
nopiearoBatume 19 °C; 3oBHimHs Temmeparypa — -15 °C; mBuakicte Bitpy — 3.4 Mm/c; IHTCHCHBHICTh
BIUIMBY COHsSYHOI pamianii — 1, ToOTO Benmuka (Hampukiaz, npu miBaeHHind opieHrtarnii 30K); koedimieHT
MOTJIMHAHHS COHsYHOI pamiaiii nosepxHero 30K — 0.6; omip TeronpoBigHOCTI g0piBHIOE 2.7 M*°C/BT, —
TO MPOTHO30BaHE 3HAYECHHS TeMIiepaTypH BHYTpimHboi noBepxHi 30K cranoButrMe npubnuzno 17 °C.

IloOynoBa MmaTemMaTu4HOI MoaeTi
3a pmomomorow T-KOHTpojepa HEYITKOI JIOrikku Oyio chopMoOBaHO TaOJHUIIO 3alIeKHOCTEH
BUXiZIHOrO mapamerpa (Temmepatypu BHyTpimHboi moBepxHi 30K) Bix BUOpaHux BXimHHX (akTopiB, a
came, 30BHIIIHBOI Ta BHYTPINIHBOI TEMIIEPATyp, IIBHIKOCTI BITPY, IHTEHCHBHOCTI BIUTMBY COHSYHOT
paniamii, koeQilieHTa TOTJIMHAHHSA COHAYHOI pamiamii noBepxHero 30K Ta 3HaueHHS oOIOpYy
TEIUTONPOBIAHOCTI 30BHINIHLOI OrOpO/KYBaibHOI CTiHH. Ha OCHOBI OTpHMaHMX YHCIOBUX 3aJICGKHOCTEH
MOTPIOHO TOOYyIyBaTH MaTeMaTHYHE CIIBBIIHONICHHS, fAKe O Jajl0 3MOry BIAMOBIZHO 110 3HAYCHb
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HE3AICKHUX TOKa3HUKIB OTPHMYBATH OILIHKKA 3Ha4YeHb 3aJIGKHOTO Iapamerpa, TOOTO TeMmIepaTypu
BHYTPIIIHBOT TIOBEPXHI 30BHIMIHBOI CTiHW. OTpUMAaTH BIANOBINHY 3alISOKHICTH MOXKHA Ha OCHOBI
perpeciiiHoro ananizy. B Hamomy BuUNajky MH MaeMo CHpaBy 3 MHOXHHHOIO JIHIHHOIO perpeciero,
MapaMeTpy PIBHSAHHS SKOi OLIHIOIOTHCS METOIOM HalMEHIIINX KBaJpaTIB.

Jlnst oOyq0BM MaTEMaTHYHOI MOJEl y BHIVIAAI OaratoakTOpHOro JiHiiHOro mosiinoMa (2)
HEOOX1THO BU3HAYUTH HOT0 KOS(Iilli€HTH.

Y=a,+ta X, +a,X,+..+a X +e, 2
ne Y — BEKTOp Pe3yNbTYIOUrX 3HAYCHB; X1... X, — BEKTOPH BXigHHX mapamerpis; A' = (8 ay ... &,) — BeKTOp
Koe(illi€HTIB PIBHSAHHS PErpecii; € — BUNIaJIKOBa BETMYMHA.

BusHauntu koe(illieHTH PIBHAHHS perpecii 3a METOJIOM HalMEHINHMX KBaJpaTiB MO)KHA i3 BUpazy
@)
A=(XTx) xTY @3)
Koedimientn piBHsHHA 3 BHpasy (3) Oyaum BH3HAUeHi 3a JOMOMOTOI BOYIOBaHWX (DYHKIiH
perpeciitHoro anamizy nporpamuoro cepenosuina MathCad. [lani BximHOi MaTpuIl Ta BEKTOpa BHXIIHUX
3Ha4YeHb 3YMTYIOTHCS 3 (paimiB, BimmoBigHo, inputs.prn Tta output.prn. TIocmimoBHICTE KOMaHZ IS
OTpUMaHHS BeKTOpa Koe(illieHTiB PIBHSIHHS perpecii € HaCTYITHOIO:
X := READPRN(" d\inputs.prn" )
Y := READPRN(" d\ output.prn” )
Z .= regress(X,Y,1)
fit(x) := interp(Z, XY, X)
A := submatrix(Z,3,length(A) - 1,0,0)
V pe3ynbTaTi BAKOHAHHS QITOPUTMY OYyJI0 OTPUMAHO TaKUi BEKTOp KOe(illiEHTIB:
A" = (4303 0994 017 -012 036 -0532 0.863)
3rifiHo 3 OTPUMaHUMHU 3HAYEHHIMH BEeKTOpa A, MaTeMaTHYHE CIIiBBIJHOIICHHS 3aMUIIeMO TaK:
Y = -4.303+ 0.994X, + 0.17X, -0.12X, + 0.36X , - 0.532X, +0.863X , 4

ae Y — BEKTOp pe3yJbTYIOUMX 3HaueHb (Temreparyp BHyTpilHbOi moBepxHi 30K — Tgum); X1 ... Xe —
BEKTOPH BXimHux mapamerpiB (BimmoBiguo, Tin, Tow, Vw, S, COef, R).

J7ist mepeBipKy 3arajibHOI SIKOCTI PIBHSIHHS 0araToakTopHOI perpecii BAKOPUCTOBYIOTh KOeimieHT
nerepMinaiiii. BiamoBigHo 10 3HaYeHHS 1[bOro Koe(illieHTa MOYKHA POOMTH BMCHOBOK, HACKUIBKH J00pE
eMITIpUYHE PIBHSHHS PErpecii y3romKyeThest 31 CTATUCTHYHUME JaHUMHU [ 7].

: (%)

ae’
a (Yi - 37)2

ne R — xoeimient perepminanii; (Y, - ) — Bigxuienns i-i cmocTepexyBaHOi TOUKH Bill CepeIHBLOrO

RZ2=1-

3HAYEeHHS Y 3aleKHOi 3MIHHOI Y, € — BIOXWIEHHs i-i TOYKM BiX MOEIBHOTO 3HAYCHHS Jj, IO

BHM3HAYAETHCS BIAMOBIIHO 0 JiHIT perpecii.

Jlnst 3HAMCHOro PIBHSHHSA MHOXKHHHOI JiHiiHOI perpecii RE = 0,827. JloBoii BHCOKE 3HAYEHHS
KoedilieHTa neTepMiHallii CBIAYMTH PO JOCTATHBO TiCHY JiHIHHY 3anexHicTh Mk X 1 Y, a oTke, 1 mpo
BHCOKY 3arajibHy SIKICTh MOOYJIOBAHOTO PiBHSHHSI perpecii.

Jnst mepeBipku ajiekBaTHOCTI OaratodakTopHOI perpeciiinoi Mojeni BUKOpucToByeMo F-kpuTepiii
@imepa (7) [7]. Taka mepeBipka mepeadadae BiAKMOaHHS Hyab-rimoresu Ho, mo mae Burmsg (6) i

MOKa3y€e BIACYTHICTh CTATUCTHYHOI 3HAUYIIOCTI CYKYIHOT'O BIUIUBY (akTopiB Xi, Xy, ..., X, HA 3aJIEKHY
3MiHHY Y.
H0:ﬁ1=ﬁ2=...=ﬁn=o, (6)
ne f1, f2 ... Pn—KoedilliEHTH PIBHSIHHS pPerpecii.
(g - yPrm
F=<= , (7
>e?/(n-m-1)
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ne F — F-craructuka ®imepa 3 mTta (N-m-1) creneHsmMu BiUTbHOCTI; Z(}?i - )7)2/ M — He3MilIeHa OIiHKa

3arajbHOI JUCIEPCii BEKTOpa Pe3y/IbTYIOUMX 3HAYCHb; Zqzl (n-m-1) — Hesmimmena ouiHKa 3aIMIIKOBOT
aucrepcii (BIIXMIIeHb TOYOK CHOCTEPEKEHb BiX JiHIT perpecii); M i N — KiTbKicTh (haKTOpiB y Momeni i
3arajbHa KUIBKICTh CIIOCTEPEIKEHB, BIAMOBIIHO.

s moOynoBaHoi perpeciiinoi Mmoaeni F = 66,25. 3a TabnuisIMA KPUTHYHUX TOYOK PO3MOILICHHS
®imepa mpu 95%-pisHi posipu F,, = 3,72. Ockinbku, F > F,,, To Hynb-rinoresa Hp Bigkugaerscs. OTxe,
POOMMO BHCHOBOK, 1110 TIO0OY0BaHa MHOYKUHHA perpeciiHa MOJICIb € aJIcKBATHOIO.

BuchHoeku

JloTprMaHHSI BUMOT JI0 TPOSKTYBAaHHS Ta OYAiBHUIITBA KUTIOBUX OyiBENb JaCTh 3MOT'Y 3MEHIIIUTH
HEraTMBHUH BILTUB 30BHIIIHBOIO CEPEIOBHIIA Ha BIMUYTTs KoM(popTy B npuminieHHi. [loOynoBana monens
HEYITKOI JIOTIKM BpPAaxOBYE OCOOJMBOCTI BIUIMBY KIIMAaTUYHUX (DAKTOpIB Ha TEIJIOBI MPOILECH, IO
BiZIOYBArOTHCS B 30BHIIIHIX CTIHOBHX KOHCTPYKIisX OynuHKy. Bukopucranuii T-koHTposiep mae 3Mory Ha
erami MPOSKTYBAaHHS CIIPOTHO3YBAaTH TeMIlepaTypy BHYTpimHbOi moepxHi 30K BigmoBigHo g0
XapaKTePUCTUKU KIIIMATy TEPUTOPii, BHOPAaHUX KOHCTPYKTHBHUX CXEM Ta MartepiaiiB OyaiBIli, a Takox ii
opieHTallil 10 cTOpOHAaX CBITYy. 3a MOOYJOBaHOIO MAaTEMATHYHOIO 3aJIEKHICTIO MOXHA PO3paxyBaTH TaKy
BYUIMBY CKJIQJIOBY TEIUIOBOTO MIKPOKIIMATy, SK pajialifHa TeMIepaTrypa >KUTIAa YH OKPEMOTro
JKUTIIOBOTO TMPUMIIICHHS 3aJIOKHO Bia (DAaKTOpiB, [0 BILIMBAIOTH HA 30BHIIIHIO OTrOPOIKYBAJIbHY
KOHCTPYKIIi1O.
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