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KueBckuii HauMOHAIBHBIA YHUBEPCUTET CTPOUTENIBCTBA U APXUTEKTYPBI

10.B. YHOBHIOK

HaHHOHaJ’[BHHﬁ YHUBEPCUTET 6Mopecypc013 U IpUPOAOIIOJIBE30BaHUsT praI/IHLI

MOJIEJJMPOBAHUE U AHAJIN3 CUCTEM YIPABJIEHUSI MUKPOKJIUMATOM
MOMEIIEHMI MY3EEB: IPUMEHEHME FUZZY-KOHTPOJIEPOB,
MOIEP)KAHUE )KEJJAEMOT'O HHJIEKCA JIMCKOM®OPTA
(MOCETUTEJIE, DKCIOHATOB, CAMOI'O IOMEILEHUS)

Hns cucmem ynpasnenus MUKpOKIUMAmMoM 8 My3€eUiHblX NOMEWeHUAX pACCMOMPEH aneOPpUmm YnpasgieHus
HA OCHO8e NOO0EPIHCKU JHCenaemMo20 UHOeKca OUCKOM@Opma ¢ UCHONb308AHUEM HEYEMKO20 JI02UYECKO20
peaynamopa. [na oyenku enuAnus cpedvbl Ha uenogexa (nocemumens My3es), NpeOCmAaeieHHble 8 NOMeujeHuu
9KCNOHAMbL  HEOOXOOUMO Onpedenums He MONbKO KONUYECHEEHHYIO 6eIUYUHY OMOENbHbIX Napamempos
MUKPOKIUMAMA, a U pe3yiomam ux oowjeco 6IUAHUA HA Yelo6edecKuti OpeanusM, HA NpeocmasneHHvie 6
nomeweHusx  Mysesa 9KcnoHamul. Hccnedoeamvl  cywecmeyowue  Memoobl  KOMNIEKCHO20 — YNPAGLeHUs.
MUKDOKIUMATOM ~ MY3€UHbIX NOMEeWeHUll ¢ No3uyuu Memooog pezyaupoganus. Ilpoanaruzuposan nooxoo
OMHOCUMENbHO — Onpedenenus  uHoekca  ouckomgpopma.  3nauwenuss  umoexca  ouckomgpopma (011
uenoeexka/nocemumeins, IKCHOHAMOS U CAMO20 NOMEWjeHUs My3est) pa3oumvl HA OUANA30HBL 8 3A6UCUMOCTIU OM
VCPEOHEHHBIX 8OCHPUATULL KOMPOPMHOCTIU YCIOBU 6 NOMeUujeHuu My3es Ol 4elo8eKd, SKCHOHAMA U CAMO20
nomewenus. Paccmompenvt ocHoebl meopuu Hewémxux muoxcecms. IIpogeden cunmes HeUEMKO20 J102UHECKO20
peayaamopa. Paspabomana 6aza 0anHbix npasui Ha 0OCHOSe PACCHUMAHHBIX 3HAUEHULl uHOeKca ouckompopma (01s
Kax#c0020 KOMNOHMEHMA Cucmemvl, m.e. OIs 4Heno8eKd, IKCHOHAMA U camoeo nomewenus). Teopemuuecku
CNpOeKmuposana UHMENNeKMYanbHAA cucmema asmoMamu4eckotl nOO0epIHCKU KOM@POPMHBIX
MUKPOKTUMATNUYECKUX YCA08UTE 8 NOMeujeHuu My3es OJid 8Cex COCMAasAowux cucmemsl "Myselinoe nomeujeHue —
akcnonamul — nocemumenu”. Ha ocrnoge paccuumannvix 3navenuti unoexca OUCKOM@POpma O 6cex 603MONCHBIX
6apUANOS 3HAUEHUL MEMNEPAMYP CYX020 U YEIANCHEHHO20 MepMOoMempo8s (2uspomempa) nocmpoena 6asa npasus
ona fuzzy-xonmpoanepa. Komnviomepnoe mooenuposanue Nomy4eHHoU CUCmeMbl YRPAGIeHUS MUKPOKIUMATNOM 8
MY3€UHOM HNOMEeWjeHUYU B03MOJICHO HA OCHOGe (DYHKYUll nepeoauu memnepamyp cyxo2o U YeIadCHEHHO20
mepmomempos. Pezynomamsl mamemamuueckoeo Mooenuposanus noKa3vleaom 3PHekmusHoCns UCNONb308AHUSL
NPeONONCEHHO20  ANOPUMMA  YNpaelenus. Ynpagisiowee Oelicmeue ulpabamvlgaemca nocie o00pabomxi
azpezuposantoli ungopmayuu cpasy co ecex (00bIYHO 08YX) O0AMYUKOB, MeM CAMbIM, YMEHbUAs KOIUYeCmeo
HEHYJHCHBIX  8KIOYEHUIl NpU  HEe3HAYUMENbHBIX KOACOAHUAX KaAXHCO020 OmoenvHo 63amoeo napamempa. Ilo
pe3yavmamam  MOOEIUPOBAHUs. MONCHO OMMEMuUms COOmeemcmesue mpebosaHUsM MNOLYUEHHOU CUCTeMbl
VAPAGAeHUs. OMHOCUMENLHO NOOOEPHCAHUA HCENAEMO20 YPOBHA UHOEKCA OUCKOM@opma 8 nomewjeHuu myses,
MUHUMATLHOE YUCTO BKIIOYEHUU UCHOTHUMENbHO20 MeXAHU3MA, OMCYMCmeue nepepezyiuposanus u IKOHOMUIO
INEKMPOIHEPSUL.

Knouesvie crosa: Hneuémxas n02uka, HeUemKUll J02UHeCKUll pe2yiamop, nomewenue myses, UHOEeKC
ouckompopma, nocemumenu, IKCNOHAMbL, MUKPOKIUMAM, KOHOUYUOHUPOSAHUE, MeMNepamypa, 61a*CHOCMb.

M.I. JIKTEPVK, B.T. KPABUVK, M.C. KOBELb
KuiBchkuii HalliOHAIBHUN YHIBEPCUTET OyNiBHULTBA 1 apXiTEKTypH
10.B. HOBHIOK

HarmionanbHBI yHiBepCHTET 06iopecypciB 1 IPHPOJOKOPHCTYBAaHHS YKpaiHu

MOJEJIOBAHHSA TA AHAJII3 CUCTEM YIIPABJIIHHA MIKPOKJIIMATOM ITPUMIIIIEHD
MY3EIB: 3ACTOCYBAHHSA FUZZY-KOHTPOJLIEPIB, IIITPUMKA BA’JKAHOI'O IHJAEKCY
JUCKOM®OPTY (BLABIAYBAYIB, EKCIIOHATIB. CAMOI'O IPUMIIIEHHS)

s cucmem KepyaHHsi MIKPOKIIMAMOM Y NPUMIWEHHAX MY3€i8 PO32NAHYMUl ai20pUMM Kepy8aHHs HA
OCHO8I NIOMPUMKU OAHNCAHO20 THOEKCY OUCKOM@POPpMY 3 SUKOPUCMAHHAM HeYimKo2o JN102iuHo20 pecyramopd. [
OYIHKU 6NIUBY cepedosuua Ha 00Uy (8i08idysaua mysero), npeocmaesieHi 8 NPUMiljeHHi My3er0 eKCnoHamu
HeOOXiOHO GU3HAUUMU He MINbKU KIIbKICHY 6elUYUHY OKpeMUX napamempie MIKpoKiimamy, a U pe3yiomam ix
3020IbHO20 6NAUGY HA JIOOCHKULL OP2aHI3M, HA NpeOCmasieni y NpumilyenHsax myseio excnonamu. Jlocnioceni
icHY10Ui Memoou KOMNIIIEKCHO20 KePYBAHHS MIKDOKIIMATNOM MY3€UHUX NPUMijersb 3 no3uyii Memooie pecyno8anHs.
Ipoananizosanuii nioxio 6IOHOCHO GU3HAYEHHs IHOeKCYy Ouckompopmy. 3nauenns inoekcy ouckompopmy (0ns
JIHOOUHU/BIOBI0Y6AYA, EKCNOHAMI8 | CcaM020 NPUMIWEHHS MY3ei0) po30umi Ha OianasoHu y 3anedCHOCmi 6i0
ycepeOHeHUX GI0Uuymmie KOM@OPMHOCMI YMO8 V NPUMIWEHHI My3eio Olsi JHOOUHU, eKCNOHamy i camozo
npumiwgenns. Poszensamymi ochosu meopii newimxux MmuodcuH. Ilpoeedenutl cunmes HeuimKo2o J02IYHO2O
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peeyasimopa. Pospobrena 6aza oanux npaguni Ha OCHOGI PO3PAXOBAHUX 3HAYEHb IHOeKcy ouckom@popmy (0ns
KOJICHO20 KOMNOHEHmMA cucmemu, mobmo Ois J00UHY, eKcnowama I camozo npumiwenns). Teopemuuno
CIPOEKMOBAHA THMENEKMYAbHA CUCEMA ABMOMAMUYHOT NIOMPUMKU KOMMOPMHUX MIKPOKIIMAMUYHUX YMOG Y
npuMilyeHHi My3er0 018 6CIX CKIA008ux cucmemu "mysetine npumiujenns — ekcnonamu — giogioysaui”. Ha ocnosi
PO3PAXOBAHUX 3HAYEHb THOEKCY OUCKOMMOpmMY Onsl 8CIX MOJNCIUBUX BAPIAHMIB 3HAYEHb MeMnepamyp cyxoz2o u
60102020 mepmomempig (ciecpomempa) nobyoogana 6asa npasun 0as fuzzy-kommpoinepa. Komn'romepue
MOOeN08AHH OMPUMAHOI cUCmeMU KepYBaHHS MIKPOKIIMAMOM y MY3elUHOMY NPUMIWEHHI MOXNCIUBE HA OCHOGL
@yHKYil nepedaui memnepamyp Cyxoeo I 36010JCeH020 mepmomempis. Pezynbmamu mamemamuunoeo
MOOeN08AKHS NOKA3YIOMb eheKMUBHICMb BUKOPUCIAHHS 3aNPONOHOBAH020 aneopummy Kepyeants. Kepyoua 0is
supobnaemovca nicia 00pobku azpe2osanoi ingopmayii odpasy 3 ycix (3azeuyaii 080X) 0amuuxie, mMum CamMum,
SMEHULYI0UYU KITbKICMb HeNnOmpiOHUX 6KII0YeHb NPU He3SHAYHUX KOTUBAHHAX KOXCHO20, OKPEMO 83AM020 napamempa.
3a pesyromamamu MOOeNOBAHHSL MONCHA GIOZHAUUMU GIONOBIOHICMb GUMO2AM OMPUMAHOL CUCMEMU KepYBaHHs
BIOHOCHO NIOMPUMKU OANCAHO20 PIHS THOEKCY OUCKOMMOpMY y NpuMiWenHi Mys3elo, MIHIMAIbHY KilbKiCmb
BKIIIOUYEHb BUKOHABYO20 MEXAHIZMY, 8I0CYMHICMb Nepepe2yito8anHsl Il eKOHOMIIO eJleKmpoeHepelii.

Kmouosi  cnosa: wneuimka noeika, HeuimKuil JOSIYHUL pe2yisimop, NPUMIWeEHHsT My3el, IHOeKC
ouckompopmy, 6i06i0y6aui, eKCHOHAMU, MIKPOKIIMAM, KOHOUYIOHYBAHHS, MEeMNepamypd, 60102IiCMb.
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MODELLING AND ANALYSIS OF MICROCLIMATE CONTROL SYSTEMS FOR MUSEUM’S
ROOMS : APPLICATION OF FUZZY-CONTROLLERS, MAINTENANCE OF DESIRED DISCOMFORT
INDEX ( OF VISITORS, EXHIBITS, JUST OF THE ROOM)

For microclimate control systems for museum’s rooms is proposed a control algorithm based on
maintaining the desired discomfort index using a fuzzy logic controller. To asses the influence of the environment on
humans, exhibits and museum’s rooms, it is necessary to determine not only the quantitative value of individual
microclimate parameters, but also the result of their overall impact on the human body, exhibits and museum’s
rooms. The existing complex methods of microclimate control are investigated. An approach to determine the index
of discomfort has been analyzed. The values of the discomfort index are divided into ranges, depending on the
average comfort sensations in the museum’s rooms for a person and exhibits. The fundamentals of the theory of
fuzzy sets are considered. The fuzzy logic controller is synthesized. A database of rules has been developed based on
calculated values of the discomfort index. The intelligent system of automatic maintenance of comfortable
microclimate conditions in the museum’s rooms for human body and for exhibits is designed. Based on the
calculated values of discomfort index for all possible variants of the temperature values of dry and wet
thermometers (of gigrometer), a rule base for the fuzzy controller is built. The computer simulation of the obtained
microclimate control system in the museum’s rooms is carried out based on the transfer functions of dry and wet
thermometers. The results of mathematical modeling showed the effectiveness of using the proposed control
algorithm. The control effect is made after processing the aggregated information directly from two sensors, thereby
reducing the number of unnecessary inclusions for small fluctuations of each individual parameter (of the museum’s
room, visitors and exhibits as well). According to the results of modeling it can be noted compliance with the
requirements of the received control system to maintain the desired level of discomfort index in the museum’s
rooms, for their exhibits and for human body, as well, the minimum number of actuator inclusions, no overshoot and
energy savings.

Keywords: fuzzy logic, fuzzy logic controller, museum’s room, discomfort index, visitors, exhibits,
microclimate, HVAC, temperature, humidity.

ITocTanoBKa MpodIeMbI

Pa3BuTHe TEXHOJOTUI COCOOCTBYET MOBHIIICHUIO YPOBHS JKU3HHM JIIOJEH, B TOM 4YHCIe TpaHCHOpMUpPYeET
ypOaHHCTHYECKYIO Cpely B CTOPOHY yBeJIW4eHHss KoMdopTa npeObIBaHMS B MOMEIIEHUSAX, BMECTE€ C TeM pelas
ONITUMU3AIMOHHBIC 3aJa4l MOTPEOIICHUS SHEPTOPECYPCOB M SHEprocOepexeHns. B moimHoii Mepe 3To OTHOCHTCS U K
My3eHHBIM  IOMEIICHMSAM, NPU3BAaHHBIM COXPAHATH JUIMTEIBHOE BpeMs B KOM(OPTHOM  COCTOSHHH
9KCIIOHMPOBAHHBIC B HUX IPOM3BEJICHUS HCKYCCTBA.

Jist ympaBieHHs COBPEMEHHBIMH CHCTEMaMH KOHAWIMOHMPOBAHUS BO3IyXa MY3€HHBIX MOMEIICHUH
aKTHBHO NPHMEHSIOTCS, B OCOOEHHOCTH 3a pyOeOM, NPUHIMINAIGHO HOBBIE 3aKOHBI PETYIMPOBAHMS, KOTOPBIE
MONMyYWJIN  Ha3BaHWe "HeWporexHoiorms u Heuérkas usormka" (Neuro&Fuzzy logic) [1]. Kpurepuem
(YHKIMOHMPOBAaHHSA W LEJBIO0 YNPABICHUS B HUX SBISETCS COBOKYNHOCTh HAapaMeTPOB, KOTOPBIE ONpPEAEIIAIOT
KOM(GOpPT OKpyKalomieil cpembl Uil 4YesloBeKa (IOCETHTENs My3es), DKCIOHATOB, BBICTABIECHHBIX B HEM, H
COOCTBEHHO MOMEIIEHUS, B KOTOPOM ITOCETUTENHN U 3KCIIOHAThI HAaXOJATCs, [0 BEJIMYMHE MHIEKCOB JHCKOMdopTa
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D, [1]. Cucrema oueHHMBaeT napamerpbl MHUKPOKJIMMaTa B MY3eHHOM IOMEIIEHMH M aBTOMAaTH4eCKH BHIOMpaeT
pexxuM paboThl. BeiOOp OCHOBBIBaETCSI HA MPAKTHYECKOM aHAIN3E — 32 ATAIOH OepyTCsl yCpeIHEHHBIE MOXKEIaHUs
mroneit (mocerureneil Mys3eeB), KOTOpPbIE IOJIB3YIOTCS 9TOM CHUCTEMOH, ycioBusl (KOM(MOPTHBIC) Ul XpaHEHUs
9KCIIOHATOB M HOPMBI JKCIUTyaTalldd CaMHX My3eiHbIX mnomemieHuid. Bemwuunst D, (i=1,2,3), roe HOMep
I O3HAYaeT, COOTBETCTBEHHO, SKCIIOHAT My3es (KapTHHa, CKyJIbITYypa, rodemneH u mp.) (i=1), denoBedeckoe Teio
(mocerurenss My3sesi) (i=2), COOCTBEHHO cCaMO TMOMELICHHWE My3es, OJKCIUyaTUPyeMOe B COOTBETCTBHU C
CaHWUTAPHBIMU U JIp. HOpMamu (i=3), B AajbHeieM OyJieM pacnosiarath 0 YPOBHIO 3HAUUMOCTH (OT HaMBBICIIETO
10 HWkKaimero). Benmuunnel D,; 0TOOpakaloT YpOBHHM Pa3iWYHBIX (DAKTOPOB, OT 3HAUEHUS KOTOPBIX 3aBUCSIT:
1) komdopT nocerurens myses (4enoBeka); 2) Haa&KHas COXPAHHOCTh AKCIIOHUPYEMBIX NTPOM3BENICHNI HCKYCCTBa,
3) pa3nuuHble HOPMBI SKCIUTYaTallM MYy3€HHOTI0 MMOMEIIEHUSI — 3TO, B IIEPBYIO OuYepe/ib, TEMIepaTypa, BIaKHOCTb,
MHTEHCHBHOCTH BO3/YIIHBIX TIOTOKOB M Jp. KoHEYHO, HEOOXOANMBIM YCIIOBHEM, KOTOPOE CIIEAYET COONIOAATh s
MOJJIep)KaHUs B HOPME BCEX, Ha3BaHHBIX BBINIC IAPAaMETPOB, SIBISETCS CYMIECTBOBAHHE HAAEKHOW CHCTEMBI
ynpaBieHusl (PEeryJIupoBaHMs) BO3AYIIHBIX ITOTOKOB, TEMIIEPATYPhl M BIAKHOCTH B TOMEIICHHAX My3€sl, I
pacroyoKeHbl KCIOHATHI U MOTYT HaXOJWTHCS TPYNIBI JIoAeH (HMOCEeTUTENeH), BHOCAIINX CBOM BJIAXKHOCTHO-
TeMIepaTypHbIid nucbananc. Pa3paboTke OCHOB YIIpaBIeHHS MHUKPOKIMMATOM MY3€HHBIX ITOMEUICHWH HAa OCHOBE
ITOPUTMOB, IO3BOJISIIOIIUX ITOANCPKUBATH JKENAEMBbI HMHAEKC ANCKOM(OpTa C HCIOJIb30BAHHEM HEYETKOTO
JIOTHYECKOTO PETYIsITOpa (KOHTPOIUIEPa), M TOCBSIIEHO JAHHOE NCCIIEIOBAHHE.
AHAJIN3 MOCAeTHUX HcCaeJOBAHUI M MyOIMKanui

OcTaHoBUMCS BHaJaje BKpaTHUC Ha CYHICCTBYIOMINUX METOJaX KOMIIJICKCHOI'O YIIPABJICHUA MUKPOKINMAaTOM
(B T.9. My3eH{HBIX IOMELICHUI) C TTO3ULIUI METOJIOB PETyIUPOBAHHUS.

B nocnennee BpeMs K TpaAWIMOHHBIM METOJIaM YIPaBJICHHS lTapaMeTpaMH MUKPOKJIMMATa B IOMELICHUH,
TaKUM Kak JABYXIO3HUIIMOHHOE YIpaBJiieHne WK ynpasieHue Ha ocHoBe [TU1]] anroputMma [1, 2], noGaBuiuce Oonee
COBpPEMCHHBIC U JIOCTATOYHO CIIOKHBIC AITOPUTMBI, TAKHME KaK YIpaBJICHHE Ha OCHOBE Heu&TKoH yoruku [1-3] u
yIpaBieHue C TOMOIIBI0 MHOTOMEPHOTO JIMHEHHO-KBAaJpaTUYHOTO LU(PPOBOrO peryjisropa B MHPOCTPAHCTBE
cocrosiHus [7—-8].

OCHOBHBIM  TNIPEHMYIIECTBOM HEYETKHX JIOTHYECKHX KOHTPOJUIEPOB 1O CPaBHEHHI0O C
TPAAUIHMOHHBIMH TO/IX0/1aMH YNPaBJIeHHUs SBJISIETCS TO, YTO JJIsI MPOEKTHPOBAHNS KOHTPOJIJIEPA He HY:KHA
MaTeMaTH4ecKasi Mo/ieJib 00beKTa ynpaBiaeHus [2]. Pe3ynasraTel uccinenoBannii HOZOOHBIX CUCTEM U3JIOKEHBI B
pabotax yuénpix Siham A.M. Almasani, Wadeea A.A. Qaid, Ahmed Khalid, Ibrahim A.A. Alqubati, Bova S.,
Codara P., Maccari D., Marra V.A. Heuérkue KOHTpoUIEpHl pa3paboTaHBl HA OCHOBE YEIOBEUCCKHX 3HAHHUU O
MOBEACHNH CHCTEMBI. KpoMe TOro, KOHTpOJIIEpHI, KOTOPBIE HEMOCPEICTBEHHO PETYINPYIOT MUKPOKINMATHIECKHE
rapaMeTpel, HMMEIOT TPEHMYIIECTBA HaJ TPAAWLHOHHBIMH TEPMOCTATHUECKUMHU cucTeMaMd. OCHOBHBIMHU
MPEeUMYIIECTBAMU SBJISIIOTCSI TOBBIMIEHHE KOM(OpPTa M SKOHOMHH 3HEPIHH, YTO JOCTHraeTcs Omaronmaps ydéry
0OJBIIOT0 KONWYECTBA MapaMEeTpOB M (PAKTOPOB, KOTOPHIE TPATUIMOHHBIMH METoJaMu oOpabaThIBaTh HAMHOTO
CIIOKHEe, B OTIMYHE OT HEYETKUX PEerylaTopoB WiIM HelpoHHBIX cerell [1]. Emé oaHum npenmmyuiecTBOM
HEYETKUX JIOTHYECKUX PEryJisiTopoB SIBJISIETCS WX YCTOMYMBOCTH K HM3MEHEHHSM INapaMeTpPOB 00BheKTa
yIpaBJieHHsl, YTO 00bsICHsIETCS] HeJIMHEHHO# mMpupo/oii MoK06HbIX peryasiTopos [3].

Hpyroit noaxon mpemioxen B paborax B.I'. Tperyba, U.M. I'omuuko, U.E. anunkoit [7-8]. B Hux
NpeAIoKeHa METO/IMKA Pa3pa0dOTKH KOMIUIEKCHOHW MaTeMaTHYeCKO MOJIeNH NMPOMBIIUIEHHOTO KOHJIUIIMOHEpa B
MPOCTPAHCTBE COCTOSIHUSL. MeTOAMKa O3BOJISIET TOJIyYHTh KOMIUIEKCHYIO MOJIENb MPOMBIIUICHHOTO KOHJUIIMOHEpa
Kak eIMHOr0 MHOTOMEpPHOTro oOBbeKTa ynpasiieHus. Ha ocHOBe NaHHOW MOJENW TpeJIoKEeHAa METO/IMKa CHUHTE3a
JIMHEHHO-KBaAPaTUIHOTO LU(POBOTO PETyJISITOpa, KOTOpas YYUTHIBAET JIOTMYECKHE NEpeKloueHus B pabore
KJIMMaTH9IeCKOTo 000pyA0BaHuUs 111 MOAU(UIIMPOBAHHBIX aJlTOPUTMOB YIIPaBJICHHUS MO0 METO/aM "TOUYKH pockl”. B
OTJIMYHME OT CYIIECTBYIOIIMX CHCTEM, KOTOpBIE CTaOMIM3HPYIOT TEMIIEpaTypy W OTHOCHUTEIBHYIO BIIa)KHOCTh
BO3/yXa, MPEJIOKEHA METOIMKA PETYIHMPOBAHHS TEMIIEPATYPhI M BIQXKHOCTH BO3AyXa, MO3BOJISIONIAs YMEHBIIHUTD,
a B HEKOTOPBIX PEKUMAX UCKIIIOUYNTH B3aUMOCBSI3b MEXKAY MTapaMeTpaMy TEMIEPaTyphl M BIaXKHOCTH.

B mannOi paboTe 4acTHYHO UCIIONB30BaHBI PE3YIIbTaTHl HCCIIEI0BaHU aBTOPOB [9].

OCHOBHBIM 33/laHHEM COBPEMEHHOI KIMMATOIOTHYECKON TEXHHKH SIBIAETCA CO3[aHHE KOMQOPTHBIX
YCIIOBUH ISl )KU3HEICATEILHOCTH YENIOBEKA, & B JAHHOM CIIydae — JUIi JAOJITOBPEMEHHOTO COXPaHEHHs IIECAEBPOB
UCKYCCTBA, CO3JAHHBIX MAacCTEpPaMH MPOLUIBIX BEKOB. ISl OLEHKHM BJIMSIHUS CpEIbl HAa 4YEIOBEKa, My3CHHBIN
OKCIIOHAT U CaMO IMOMCUICHUE MY3€sd, TAC XPaHATCA HICACBPbI MCKYCCTBA, H606XOI[I/IMO ONpeACIUTb HE TOJILKO
KOJIMYCCTBCHHYIO BCJIIMYMHY OTACJIBbHBIX MapaMETpOB MHUKPOKIMMAara, a U peE3YJbTaT HUX O6U_[eFO BJIMSAHUA Ha
YeJIOBEUECKUM OpraHusMm, Ha My3€I‘/lIHI)II‘/II OKCIIOHAT U Ha MOMCHICHUC MY3€s, B KOTOPOM OTOT OKCIIOHAT HAXOJUTCA.
HexoTopble 3HaueHHs TeMIlepaTyphl, BIQXHOCTH M CKOPOCTH BeTpa (BO3IYLIHBIX ITOTOKOB, IMPKYJIUPYIOUIMX B
TIOMEIIEHNH) CO3/IaI0T YCIIOBHS, KOTOPBIE SIBIISIIOTCS pa3ipa)kalolMMH M JIa)kKe HETPHEMJIEMBIMH KakK JUIS JIIoAeH
(mocerureneil My3es), Tak M IJIs SKCIHOHATOB My3es, M JJISI CaMOTO IOMEIIEHHsI My3esl, TJle TH DKCIIOHATHI
pasmereHsl. PaccunraTh BiansHUE OJHOTO (haKTOpa HA OTAEIBHO B3STOTO UYEJIOBEKA HETPYIHO, HAMHOTO CIIOXKHEE
paccunTarh BIUSHHE OOBEAMHEHHS HECKOJNBKUX (DAKTOPOB (HA IOCETUTENS My3€s, Ha BBICTABICHHBIE B HEM
9KCIOHATHI, Ha CaMO ITOMEIIICHNE, T/Ie OHM pa3MerieHsl). st hopMympoBaHus Ka4eCTBEHHOTO MHIEKCa KoM(popTa
OBUTH paHee BBEJCHBI TaKME CHCTEMBI OLIEHKH, KaK TeruoBas Harpyska cpeasl (WBGT) [5] u unnexce nuckomdopTa
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(DI) [4]. B cooTrBercTBMM € HMHIEKCOM AMCKOM(OPTa YCIOBUS MEHSIOTCS OT KOMQOPTHBIX O HEMHOTO
pasapaxaromux, a I0TOM U 10 HETCPIHUMBIX. HNmenno Takoi noaxon 6y)leT HCIIOJIb30BaH B JJaHHOM HCCJICJOBAaHUHU
NPUMEHUTENEHO K TPEM OCHOBHBIM KOMIOHEHTAM CHUCTEMBbI, MHUKPOKJIMMAT KOTOPOH CIIeNyeT peryJmpoBath, a
UMEHHO: 1) K SKCIIOHaTaM, BBICTABJICHHBIM B IIOMEHICHHH My3es; 2) K MOCETUTEISIM MY3€HHOrO IOMEIIEHHUS,
HaXoJIIUMCSl B HEM B JIaHHBIH MOMEHT BpeMeHH; 3) cOOCTBEHHO K caMOMY ITOMEIIEHHIO My3esl, TJie pa3MeIleHbI
9KCIOHATHI (1IeZeBpsl UcKyccTBa). [Ipy aTOM yrpaBieHHe cHUCTEMOW, 00ecIeunBaloeii HOpMalbHbIE ITOKa3aTeNn
MHUKpPOKJIUMAaTa (TeMIEpaTypy W OTHOCHTEIBHYIO BIAKHOCTB), OCYIIECTBISIETCS IO ONpPEACIEHHBIM IpaBWIaM, B
COOTBETCTBHH C Ha3HAYCHHBIMH IIPHOPUTETAMH (HaHOOJBIIYI0 OTHOCUTEIBHYIO IEHHOCTh IPE/ICTABISIOT HIEIECBPHI
HCKYCCTBa, 3aT€M, 10 3HAYMMOCTH, CTOST MOCETUTEIW My3es, a Ha IOCJIEAHEM MECT€ — HOPMBI 3KCIUTyaTalnuu
COOCTBEHHO ITOMEIICHHUS My3es).
Ieab uccaeroBanus

Lens paboTel — co3pgaHe W OOOCHOBaHME HAYYHOW KOHIENIMA MOHUTOPUHra M TOAJCPIKAHMS
MUKPOKJIMMATa TIOMCHICHUA MY3€i1, B KOTOPOM pPa3MCIICHbI JKCIOHATbl MW OJHOBPEMCHHO MPUCYTCTBYIOT
TMOCETUTECIIN MY3€s1. HpI/I OTOM JIA YIIPABJICHUSA MUKPOKIIMMATOM HCIOJIB3YIOTCA HEYETKHUE JIOTHYECKHE PETYIATOPHI
(fuzzy-xoHTpoJIepsl), KOTOPbIE OTCIEKHMBAIOT 00OOLMIEHHOE 3HAUEHHE WHJIEKCAa ITUCKOMQOpTa, ONpenensieMoe 1o
COBOKYIHOCTH KOMQOPTHBIX YCJIOBUI NpeObIBaHWN B TOMELICHUM My3es SKCIOHATOB, MOCETUTENeH My3es U
HOPMAaTHBOB OJKCIUIyaTallud CaMOro IIOMEIIEHUs. YCIOBHA KOMQOPTHOTO MNPEOBbIBAHUS OIPEACISIIOTCS Kak
TepecedeHue yCIoBUi (TI0 TeMIepaType M BIaXHOCTH) JJISl OTJENBHBIX COCTABIIIOIINX CHCTEMBI: a) SKCIIOHATOB;
0) moceruTeseil Mys3es; B) HOPMAaTHBOB JSKCIUIyaTalliM My3eiHoro momerieHus. dopMmupoBanue 0000IIEHHOTO
3HA4YeHWs MHIEKca TUCKOM(OpTa MPOM3BOJAUTCS C YYETOM NPHOPUTETOB OTHEIBHBIX KOMIIOHEHTOB CHCTEMBI
"9KCMOHATHI — TIOCETUTENN — IOMEIIeHUE My3es .

H3n03xeHne 0CHOBHOTO MaTepHaJia UCCIeI0BaAHHS

[IpuBeném mpocTol mpuMep y4éra BIHMSHHUS BIAKHOCTH HAa COCTOSIHHWE YeJoBeKa (B JaHHOM ciydae —
TIOCETHTENS My3est). BocnpusaTie Teria Wiy mpoxJiajabl ABISETCS CIEACTBHEM HE TOJIBKO TEMIEpaTypsl BO3AyXa, HO
u ero Bnaxuoctd. Temmneparypa Bosayxa 26°C u BnaxHocth 50...60% cuMTaoTCs KOMQOPTHBIMH JIETOM, B TO
Bpems kak TemmepaTypa 22°C 6yzner komdopTHOii 3umoii. Onnako naxe Temmeparypa 29°C GyaeT HaXOAUThCS B
30He KOM(OpPTa, €CIU BIAKHOCTh OymeT coctaBisath 50%, Toraa Kak Ta e Temieparypa npu Biaxnoctu 70%
OyZeT 4enoBeKOM BOCHPHHUMATHCS KaK BBICOKAas W OyZeT y HEro BbI3bIBAaTH oulylieHWe "mapHod Oanm'". Jlis
OLICHKHM COBMECTHOTO BIIMSIHUSI TEMIIEPATyphl M BIaXXHOCTH Ha OIIylIeHHe AuckoMdopTa Obu1 BegeH nHjekc [1]:

Dy, = 0,72 (Lo +15,)+40,6, (1)

cyx

rae f.,, — TeMIeparypa CyXoro TepMOMETpa; f,, —TeMIepaTypa yBIaKHEHHOTO TepMoMeTpa (06a TepMoMeTpa

cyx
BXOJAT B COCTaB KJIACCHYECKOTO THIPOMETPA, IIPUCYTCTBYIOIIETO B OOJIBIIMHCTBE My3€eB Y KpauHbl).

Taxoif oIX0 XOPOIIO COTJIACYETCS C JIOTHYECKOW CHCTeMOM 00paboTky nHpopMarmu "HedETKast ToTHKA"
(fuzzy logic), xotopas mpumeHseTcss B Heu€TKuX jormdeckux perymsaropax (HJIP). Heuérkas noruka mmeer cBon
MIPEUMYIIECTBA TI0 CPAaBHEHHIO ¢ Hcroib3oBanueM [IN/I- perynsTopos mpu 00paboTKe OYEHB CIOXKHBIX TPOIECCOB,
HEeNWHEHHBIX TPOIeccoB, IpU 00paboTKe SKcnepTHHIX JaHHBIX [1]. Takum oOpazom, akTyaldbHOH ABIsSETCA 3amada
pa3paboTKK CHUCTEMBI YIIPABICHU MUKPOKIMMATOM B IIOMEILIEHNH My3est ¢ momoisio HIIP Ha ocHOBe momnep:kku
JKENaeMOi CTermeHu AuCKoMdpopTa 0000mMEHHOTO MHIEKCAa AUCKOM(OPTA, KOTOPBIH yYUTHIBAI OBl KOM(OPTHBIE
ycloBHs NMpeObIBaHUSA B MOMEIIEHUH My3es OJHOBPEMEHHO €ro SKCIOHATOB (II€EBPOB MCKYCCTBA), MOCETUTENEH
My3esl U TIPH 3TOM coOIIrojanuch Obl Bce HOPMAaTUBHBIE MPAaBHIa OTHOCHUTEIBHO AKCILTyaTallid caMoro My3eHHOTOo
nomenenusi. Hike, B Tabm. 1 mpencraBieHbl cTeneHH Tuckomdopra s 4enoBeka (NOCeTUTENs My3es),
ornpezenéHHble o Gopmyse (1), KOTopas yUUTHIBAET COBMECTHOE BIIMSIHUE HAa OPraHW3M YeJIOBEKa BYX BEIYLIHX
(axTOpOB, ONpeeNsIIomUX KOM(POPTHOCTh NPeObIBaHUS B JaHHOM IOMELICHHH: TEMIIEPaTypy M OTHOCHTEIIBHYIO
BJI@YKHOCTb.

Tabmuma 1
Crenenn guckoM¢opTa Juis 4enoBeka (IOCeTHTENs My3est)
Hunexce guckompopra D, Crenenp nuckombpopra
<70 KomdopTtHO
70...75 HekoTophle MOCETHTETN YyBCTBYIOT ce0s1 HEKOM(BOPTHO
75...80 50% mofeit 9yBCTBYIOT ce0st HeKOM(OPTHO
80...85 Bce mronu 9yBCTBYIOT cebst HEKOM(OPTHO
> 85 Herepnumbiii auckoMdopt

ITono6Hble TabnMIBI cTEEHH AUCKOM(OPTa MOXKHO COCTaBUTH AJSI SKCIIOHATOB My3€s M HOPMAaTHUBHBIX
MIPaBWJI SKCIITyaTallid MOMEIIEHUI My3esl (B COOTBETCTBHM C ABYMsI BEAYIIMMHM IIOKA3aTEISIMU: TEMIICPaTypon U
OTHOCHTENFHOHM BIIaXXHOCTBI0). B nanbHeiinem OyneM cuurarb, 4to (opmyiibl Tuna (1) u3BecTHBI (Kak M TaOJIUIIbI
tuna tabm. 1) s My3eHHBIX SKCIIOHATOB (KapTHH, CKYJBITYp, (PEcoK, HKOH, To0eieHOB, MeOeIH | Tp.) ¥ Kak
HOPMBI IKCIUTyaTalluy MO yKa3aHHBIM IapaMeTpaM My3eHHbBIX NoMmelieHHd. bynem B panbHelmeM 0003HauaTh:
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1) ungexcom i =1 — ungekc muckoMpopra s SKCIIOHATOB My3es; 2) HHIEKCOM I =2 — UHIEKC TUCKoMQopTa
IUTSL TIOCETHTENIEN My3es; 3) MHIeKcoM [ =3 — MHIEKC TUCKOM(OpTa U SKCIUTYyaTallMd MOMEIIECHUS My3esl 110
CYIIECTBYIOIIMM HOpMaMm M npaBmiaM. CiiegyeT OTMETHTh, YTO HMHJIEKCAlMs NpOW3BEAEHa HE ciydaiiHo, a B
MOPSIJIKE TIPHOPUTETHOCTH MHAEKCA TUCKOMQOPpTa JUIs BCeX TPEX KOMIOHEHT CUCTEMBI "9KCIIOHATHI — OCETUTEIH —
nomenienne Myses". OOOOMEHHBIH HHIEKC AUCKOMQOpTa TAaKOH CIOXHOW CHUCTEMBI, C(OPMHPOBAHHBIH Ha
OCHOBAaHHWHU BCErO JIMING JBYX IOKa3aTeJel (TeMmeparypa W OTHOCHTEIbHAs BIAYKHOCTB), KaK IOKa3aHO HIKE,
TakXKe yJUTHIBaeT U Bec ("'BIUsSHEE") KQXKIOTO M3 OTHEIBHBIX HHICKCOB. Bec KOHKpeTHOro mHAeKca muckoMdopra
OTIpeNeNsIeTcs] SKCIEePTHBIMU OILEHKAMH, KOTOpbIe (DOPMHUPYIOTCS CHEIHaINCTaMH MY3SHHOTO [eNa, a TaKxkKe
3aBHCUT OT KOHKPETHOTO MTOMEIICHUS My3esl M TeX SKCIIOHATOB, KOTOPHIE B HEM pa3MeEIICHBI.

OcTaHOBHMCS Hajiee BKpATIle Ha OCHOBHBIX ITOJIOKECHHUSX TEOPUH HEUETKHMX MHOXKECTB, KOTOPBIE 3/1ECh
MIPUBEICHBI HCKIIFOYUTEIBHO I TOTO, 9TOOBI CYIIECTBOBAIIO IOHUMAaHHE JATFHEHIITNX PacCyKICHUH, N3T0KEHHBIX
HIDKE.

VYuuThIBasg  CIOXHOCTh  OJIHO3HAYHOTO  OMNpEJAEICHHsS ONTUMAJIbHOW COBOKYIIHOCTH I1apaMeTpOB
MUKpPOKJIMMAaTa B PEATbHOM BPEMEHHM JUISI CHCTEMbI '"DKCIOHATHI — MOCETHTEIM My3es — ToMelleHue", d9ro
YCIIOXKHSET IPOLEAYPY IOCTAHOBKH 3aJad aBTOMATHYECKUM pEryJsTopaM, IEpCHeKTHBHBIM MOXXHO CUHTATh
MOAXOJ] K YINPaBJICHUIO C HCIIOJB30BAHUEM armapara HEY€TKOW JOoTuKu. Vcrmonb3oBaHME TEOpUHM HEUETKHX
MHO)KECTB IT03BOJISIET ONUCHIBATH HEUETKHE MOHATHS U 3HAHUS, ONICPUPOBATh STUMHU 3HAHUSMH U JeJaTh HEUETKHE
BBIBOJIBL.

Heuétkoe MHOXECTBO TmpeacTaBisieT Co0OW COBOKYITHOCTb JJIEMEHTOB IPOM3BOJIEHON IPHPOJIBL,
OTHOCHTEIIEHO KOTOPBIX HENTB3S B TIOJTHOM Mepe U C IMOJIHOW YBEPEHHOCTHIO YTBEPKIATh, YTO TOT MITM HHOM JIEMEHT
paccMaTpuBaeMoil COBOKYITHOCTH NPHUHAIISKHUT eil. DopManbHO HEUETKOe MHOXKECTBO A oOmpenessercs Kak

0OECKOHEYHOE YHCIO YHOPSAOYEHHBIX Iap WM KOPTEXEH BHIA <x, H 4 (x)>, T X SIBISCTCS 3JIEMEHTOM

HEKOTOPOIr0 YHHBEPCAIbHOIO MHOXKECTBA, MM yHUBepcyMa, F, a f4(X) — GyHKUUS OPUHAINIEKHOCTH, KOTOpas
CTaBUT KaXJIOMY U3 3JIEMEHTOB X YHHUBEPCAJIBHOIO MHOKECTBA HEKOTOPOE NEHCTBUTEIBHOE YHCIIO U3 MHTEpBala
[0,1]. ITpu 5ToM ¢ 4(x) =1 o3Hauaer, 4TO 31MEMEHT X U3 F Ge3yCIOBHO MPUHAICKUT HEUETKOMY MHOKECTBY A,

asHagenne U 4(x)=0 o3Hauaer, 4To 37eMeHT X U3 £ Ge3yc/IOBHO HE IPHHAMUICKHT HEUETKOMY MHOKECTBY A.

PazpaboTka ¥ HCHOJB30BaHHME CHCTEM HEYETKOIO BBIBOJIA BKIIOYAIOT B ce0s  CIEAYIOLIYIO
MOCIIEZIOBATEIHLHOCTD ATAMNOB [6]:

1) ¢dopmupoBanne 6a3br npaBui (BIT) cucrem HeuéTkoro BBIBOAA, NpeiHA3HAYEHHOH I (OpMasIbHOM

NOJaYM SMIMPUYECKUX 3HAHWH WIM 3HAHUK OSKCHEPTOB B NpoOiieMHOW oOmactn. B cucremax
HEYETKOTO BBIBEJICHHS HCIIONB3YIOTCS TMPaBHia, B KOTOPHIX YCIOBHs C(HOPMYJIHUPOBAHBI B TEPMHHAX
HEYETKMX JIMHTBUCTHYECKUX BBICKAa3bIBAHNUI;

2) ¢asudpukanus (D) BXOTHBIX IMEPEMEHHBIX, YTO TMPEACTABIIET CO00I mMpoueaypy HAXOXKICHUSL
3HaUYCHUH (QYHKIMHA MPUHAUICKHOCTH HEYETKMX MHOXKECTB (TEPMOB) Ha OCHOBE OOBIUHBIX (Y4ETKO
ONpENENEHHBIX) BBIXOAHBIX JaHHBIX. Llenplo 3Tama dasudukanmum sBIIETCI YCTAaHOBJICHHE
COOTBETCTBUS MEXKIY KOHKPETHBIM 3HAYEHHEM OTIENBHOW BXOIHON IIEPEMEHHON CUCTEMBI HEYETKOTO
BBIBEZICHUSI M 3HaUYeHWEM (QYHKIMN NPUHAIICKHOCTH COOTBETCTBYIOIIETO € 3HAYEHHMS BXOITHOU
JIMHIBUCTUYECKOU MepEeMEHHOM;

3) omnepaiuu 630Ka Jorudeckoro BeiBoaa (JIB), koTopslit BeinonHseT QyHKINH, aHATOTUYHbIE (YyHKIUSIM
BBIUMCIIUTENIFHOTO yCTPOHCTBAa B KJIACCHYECKOW CHCTEME DPErYJIMPOBAaHUS, W OMIpEAETICHHE CTETEeHU
WCTUHHOCTH YCJIOBHUI MO KaXKAOMY M3 IPaBHJI, KOTOpbIE coxpaHstorcs B bIT;

4) nedazucpukanus (JIP) BHIXOTHBIX TEPEMEHHBIX B CHCTEMaX HEYETKOTO BBIBEJCHUS, YTO MPEICTABIISET
co0oil mpouenypy WIM IpOIecC HaxOXJIeHUS OOBIMHOTO (YETKO ONpeNes€HHOr0) 3HAYCHMsS JUIs
KaXIOW M3 BBIXOAHBIX JIMHIBUCTHYECKUX MepeMeHHbIX. Llenb nedasznduxamum coctouT B TOM, 4TOObI,
WCTIONIB3YST PE3YJIbTAaThl JIOTMYECKOTO BBIBOJA, IIOJyYWTh 3HAYCHUS KaKAOM W3 BBIXOAHBIX
MEPEMEHHBIX, KOTOPOE MOXKET OBITh HCIIONB30BAHO  CHEOHATbHBIMH  YCTPOWHCTBaMH, He
MIPHUHAUISKAIINMH CHCTEME HEUETKOTO BBHIBEICHUSI.

CrpyKTypa CHCTEMBI HEUETKOTO BBIBOJIA COCTOHT B CIEAYIOIEM: 1) Ha BXOJ CHCTEMBI ITOJIAIOTCSI BXOIHBIC
NepeMeHHbIe (aHAJOTOBBIE CHTHAJIBI — TEMIIEPaTypbl W OTHOCHUTEIBHOM BIAXKHOCTH), 2) TPOU3BOIUTCA
(dasudukanys BXOTHBIX MEpeMEHHbIX B Onoke (asudukanum; 3) Ha BbIXOoAe Osioka (asupuKanui BO3HUKAIOT
BXO/IHbIC HEUETKHE NEpeMEHHbIEe (MX, B JAHHOM Cilydae, ABe); 4) BXOAHBIE HEUETKHE MEPEMEHHbIC MOCTYIMAIOT B
0JIOK JIOTHYECKOTO BBIBOJIA, TJI€ C MOMOIIbIO 0a3bl MpaBuil (GOPMHUPYETCS] BBIXO/IHAS HEUETKas epeMeHHas (MHIEKC
muckoMdopTa, cTerneHsb auckoMpopTa); 5) BEIX0HAS HEUETKAsK MEPEeMEHHAs MOCTynaeT B 010k nedasudpukaiym, Ha
BBIXO/IE KOTOPOTO TMOSBIISIETCS BBIXOJHAs NepeMeHHas (KOHKPETHBIM aHaJOroBBIil CHUTHAN, NOCTYNAOMUN B
UCIIOTHUTENBHBIA ~ MEXaHHU3M  CHUCTEeMbl  KOHJWLMOHHPOBAHMS, IpPEAHA3HAYCHHBIH U1 PETYJINPOBAaHUS
MHKPOKIIIMaTa OMEICHUS]).

PaccmoTpum panee mpouenypy cunresa HJIP miist cucteMbl KOHIUIIMOHUPOBAHUS TOMEIEHUH My3es. J{ist
3TOr0 BHayajle PAacCMOTPHUM HPUHLIMUI YIPABICHUS KOHAWIMOHEPOM JUIS TOAJCP)KaHMS HHAEKCa AUCKoM(opTa
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D,;, i=(1,3) B momycrumsix npenenax (6e3yClIOBHO, sl KaAOTO KOMIIOHEHTA HCCICAYEMOH CHCTEMBI 3TH

TIPEIeNTbI/TPAHUIIBI — ""CBOM" M OTIUYAIOTCS MEXIY co00ii).

Bo-nepBbIX, MONIHOCTB, C KOTOPOH [OJDKEH paboTaTh KOHIAWLHMOHEP Ui OXJaXICHUS BO3LyXa B
TIOMEILCHUU MYy3€sl, ONPEENISETCS JKEJIaeMO TEMIIEpaTypoil, KOTOPYIO MBI XOTEIH Obl HMETh B 3TOM MOMEICHUU
(ecTecTBeHHO, YTO CIEAyeT Y4ecTh Bce "MHTEpecHl', BCEX CTOPOH, BCEX KOMIIOHEHTOB CHCTeMBI). TemmepaTypa B
MIOMEUICHUN SIBJISIETCS TMepBOM JMHrBUCTHYeckoi mnepemeHHod HJIP m moxer mpuHuMarh 3HadeHus "Mamas',
"cpenusa", "Oompmiasg". OTH 3HAUEHUsS NPHCBAKMBAIOTCS TEMIEpaType Ha OCHOBE IIEPECEUCHHs TPAaHHUI] MaJbIX,
CpelHUX M OOJBLIMX TEMIIEpaTyp BCeX KOMIIOHEHTOB CHCTEMBI, W JIMIIb IIOTOM BO3HHKaeT o00OIméHHas "manas",
"cpennsis" u "Oonblmas" TeMIeparypa, KOTOpas yKe Kak ITOHSTHE IPHUMEHSETCS Ui BCEX B COBOKYIHOCTH
KOMIIOHEHTOB cUcTeMbl. [IprMeM yClIoBHO nuamna3oH M3MEHEHUH MoKa3aHWH CyXOro TepMoMeTpa [yl IMOMEIEeHUs
my3es ot 16°C mo 30°C.

Bo-BTOpBIX, KaKk yxe ObUIO yKa3zaHO paHee, KOM(pOPTHBIC KINMATHUECKHE YCIOBHS B IMOMEIIECHUN My3es
OTIPEZICTISIIOTCSL HE TOJBKO JIMIIh TEMIIEPAaTypoil BO3AyXa, a M ero (OTHOCHTENIBHOMH/aOCOIOTHOM) BIaXXHOCTBIO.
[TosTomy BTOpOI NMUHTBHCTHYECKOH nepemMerHO HJIP MoxeT OBITh BIaXXHOCTH, WIIM TEMIEpaTypa YBIaKHEHHOTO
TEpMOMETpa THIpoMeTpa, KoTopas ¢urypupyer B ¢opmysie (1) u BMecTe C MOKa3aHUSIMH CYyXOro TepMOMETpa
OJHO3HAYHO OMpEJEINsACT BJIAKHOCTh B TOMEHICHHHM My3es. Jlnama3oH M3MEHEHMH YBIXXHEHHOTO TEPMOMETpa
oynem paccmarpuBate oT 6°C o 29°C. BO3MOXHBIH JMana3oH WM3MEHEHHH TEMIEPaTyphbl YBIaKHEHHOTO
TEpMOMETpa SIBJISICTCS OOJIBIIMM, YeM JWana3oH W3MEHEHHH CyXOro TepMOMETpa, MOITOMY JIMHIBUCTHUECKHX
nepeMeHHbIX Oyner Oombine: "odeHb HM3Kas', "Hu3Kad", "yIOBIETBOPHUTEIbHO HHU3Kas", "YIOBIETBOPUTEIIBHO
BbIcOKas", "BbIcOKas", "oueHb BbICOKas"'. (37€Ch YMECTHBI T€ K€ PacCyXIEHHs, YTO M H3JIOKCHHBIC BBIIIE,
OTHOCHUTEJIBHO 0000IICHUS MOHATHH JIMHIBUCTHYECKON IEPEMEHHOM /ISl BCEX KOMIIOHEHTOB CHCTEMBI).

BBenéMm moHATHS Beca M NPHOPUTETHOCTH B OLEHKE OOOOMIEHHOTO WHJAEKCA IUCKOM(OpPTa CHCTEMBI,
UCTIONB3YS TOAXOABI U pe3ynbTaTel padboThl [10], B KOTOPO# MpeayioxkeH crocod 3aJaHus IPUOPHUTETA JIOKAJIbHBIX
kpurepueB. [Ipn 3ToM OyneM pyKOBOICTBOBATHCS CYIIECTBYIONIMMH O3KCIEPTHBIMH OLEHKAMH XapaKTepPHCTHK
NIPUOPHTETA IS Cllydasl, UCCIENyeMOTo B AaHHOM pabore (cucrema "IKCIIOHATHI — IOCETHTENH — MOMEIICHUE
My3es".

K OCHOBHBIM XapakTepHCTHKaM MPHOPHTETa OTHOCSTCS Cieayromue Tpu: 1) psm mpuopurtera — [ ; 2)
BEKTOp mpuoputera — V'; 3) BeKTOp BecoBbIx Koa(duimenTo — A.

Psn npuopurera. [ — ynopsAaoueHHOE MHOKECTBO UHICKCOB JIOKAIBHBIX KpuTepues: [ = {1, 2, k}. On
0TOOpa)KaeT YUCTO Ka4eCTBEHHBIE OTHOIIEHUS JOMHHUPOBAHUS KPUTEPHEB: KPUTEPUH €] BaXKHEe KPUTEpUs €),

KpUTEpUIl €) BakHee KpuTepus e3 u T.J1. KonnuecTBeHHas CTOpOHA JOMHHUPOBAHUS IPH 3TOM HE YKa3bIBAETCS.
[pn Hanmuyuu paBHO3ZHAYHBIX KPUTCPUCB WX BBIACISAIOT B psAe BHYTPCHHUMH CKOOKaMH, HampuMep:

1={1,2,[3,41,5,... k}.

Bekrop mnpuopurera. V =(v1,v2,...,vk) — k-MepHBIT BEKTOp, KOMIOHEHTaMH KOTOPOTO SBISIOTCS

6I/IHapHI>Ie OTHOWICHUA MNPHUOPUTETA, OINPCACTIAOIINC CTCIICHb MNPEBOCXOJACTBA MO BAXHOCTHU [ABYX COCCIHUX

KPUTCPUCB Vq u Vq+1 U3 psAga NpUuopuTeTa ], TO €CTh BE€JIMYUHA V, OIPECACIICT, BO CKOJBKO pa3 KpI/ITepI/Iﬁ e

BAXXHEC KPUTCPUAL €q+1. Ecmm KpUTEPUU €

q
nu eq+1 PaBHO3HAYHBI, TOT 1A COOTBCTCTByIOHII/Iﬁ KOMIIOHEHT V

q

g =1.

Jst ymoberBa pacuéroB cumtaeM Vj =1. JlioOas KOMIOHeHTa V

q

g BEKTOpa NpHOPHTETA V' coBokymHOCTH
JIOKaJIbHBIX MPUOPUTETOB, KOTOPAask yIMOPSJOYCHA B CMBICIE PsiAa NpUOpUTETa [, YAOBIECTBOPSET COOTHOILCHHUIO

vy 21, qe(Lk).

Becosoit Bextop A =(Aj,Ay,.., 44) — Kk-MCpHBIA BEKTOp, KOMIOHEHTH KOTOPOTO  CBSI3HBI

COOTHOIICHUAMMU:

0<4,<1, ge(lk),

k
D g =1
g=1

BCKTOpa A sBngercs BecoBbIM KOS(l)(l)I/IIII/IeHTOM, KOTOpLIﬁ OIpeALIACT OTHOCUTCIIBHOC

2

Kommnonenra ﬂ,q

MPEBOCXOJICTBO ¢-0I'0 KPUTEPHUS HAl APYTHMHU.
[MpakTHueckass LenecooOpa3sHOCTh 3aJaHusl YKa3aHHBIX XapakKTepUCTHUK NPUOPUTETA  ClIeAyrolias:
1) cHauana cnexyeT 3a1aTh psin npuoputera /; 2) 3amath BekTop npuoputera V' 3) Ha ocHoBe 3HaueHuit [ u V

3a1aTh BecoBoM BekTop A. UTOOHI HaliTH lq HEOOXOAUMO:
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k k k
g =\ 1Tvi [/} 211 3)
i=q q=li=q
st paccmaTprBaeMoro B JaHHOW paboTe cirydasi IMeeM:

k=3 k k
= v [ ] |- ——22 @)
i=1

g=li=q VIVoVv3 +Vov3 + V3

V2V3 (5)

k=3
12 = HVZ- /(V1V2V3 +Vyv3y +V3 ) = ,
i=2 VVaV3 +VoV3 + V3

k=3
v
ﬂ3 = HVZ' /(V1V2V3 +VyV3 +V3)= 3 . (6)
i=3 V|V V3 +VoV3 +V3

[lo 3KCIepTHBIM OLICHKAaM, B HCCICAyeMOM ciydae mmeem: [ = (1, 2, 3), a V=(4, 2, 1) [Mostomy

BecoBoif Bektop A mmeer cienyromue 3Hadenus kommnonent: Ay =0,7272; A, =0,1818; A3 =0,0909.
Hanee omnpenenum dopmyiny s moacuéra 0000IMIEHHOTO HHIAEKCA TUCKOM(OpPTa CUCTEMBbI "IKCIIOHATHI

w1y (0bobuy.) .
My3es — IIOCEeTUTEIIH My3est — HoMenienue Myses" D, :

3
Dn(0606w) = Zﬂ'i 'Dm" @
i=1

3necs D,,;, i=(1,3), 0603HaueHBI HHIEKCHI TUCKOM(OPTA, COOTBETCTBEHHO UL SKCIIOHATOB My3esl, II0CETUTENeH
My3esl, TOMeIIeHus My3esi. Kaxkaplil u3 Hux omnpenensercs mo Gpopmyiie, aHanorudHoi (1), a IMEeHHO:
Dl’li = Al '(tcyx +t6ﬂ)+Bi7 1 2(1,3), (8)

rae SMIMPUYCCKUC KO3(1)(1)I/IIII/IGHTLI Ai 5 Bi OIPCACIICHbI 1A Ka)K}.'[Oﬁ COCTaBJ’IHIOHICﬁ paCCManHBaeMOﬁ CHCTEMBbI

OT/IEIHHO U MHTETPUPYIOT B cebe MHOTHE MHBIC 3aBHCHMOCTH, KOTOpPBIE, B KOHEYHOM CUETE, OTPEJEINSIOT HHIIEKC
JrckoM(opTa KOHKPETHOTO KOMIIOHEHTa cHucTeMbl. OmpenenieHne yKa3aHHBIX SMIHMpHYECKHX KoddduimeHToB
Npe/ACTaBIsieT COOOM OTHENbHYI0 3ajady, KOoTopas OyJIeT pacCMOTpeHa B OTIEJIBHOM HCCIIeIOBaHHH. 37ech
MPE/ICTABIICHBI JINIIb KOHIIETITYaIbHbIE OCHOBBI Pa3paOOTKH alropuTMoB (yHKIMoHupoBauus HJIP.

Ha ocuoBanmm Qopmynsl (7) ¥ 1Mana3oHOB H3MEHEHMH CYXOTO M yBIQKHEHHOTO TEPMOMETPOB
(opmupyeTcss TabmMma WHACKCOB AWCKOMGOpTa A KaXAOTO 3HAYEHHWS TeMIepaTypbl. B 3Toil Tabmmie

. . (0bobuy.)

IIOMEIIAIOTC PACCUMTAHHBIE 3HaueHHs 00O0OIMEHHOTO MHAeKca auckoMdopra Beeil cucrtemsl D, . Ilo
TOPU30HTANHM TAONMIBI PA3MEMIAIOTCA 3HAYEHWS TEMIIEPATYPhl YBIAKHEHHOTO TepMmomerpa ¢ marom B 1°C wm3
nuarnasoHa remmeparyp t,, € [6°C, 29°C]. ITo BepTHKaIN — 3HAYCHHS TEMIICPATypPbl CyXOTr0 TEPMOMETPA C LIArOM B

1°C wu3 guanasona Temmeparyp feyx € [16°C, 30°C]. (3neck, BBULY FPOMO3IKOCTH, JaHHAs TAOIMLA HE IPUBEICHA).

Crenyer OTMETHTh, YTO BCE 3HAUEHMs HMHAEKCa JUCKOM(OopTa crpynmupoBaHbl B Ojoku. Kaxiplii u3 GJiokoB
OTHOCHUTCSl K OIpEJCNEHHON CTENeHHM AUCKOM(pOpTa B COOTBETCTBHM C TaOnuuel, aHaloruyHOW Tadu. 1, HO
COCTaBJICHHOM /is1 000OIMIEHHOTO HMHAEKCa JUCKOM(OpTa CHCTEMBI "IKCIIOHAT My3es — IOCETUTENb My3es —
nomenieHue myses".

Hanpumep, Giok co '"cpemneil Temmneparypoil cyxoro TepMomerpa’ W "YZOBIETBOPUTEIBHO Majloi"
TEMIIEPaTypoi YBIAKXHEHHOTO TEPMOMETPAa MOXKHO CUHTATh TakMM, B KOTOPOM o00ecredeHbl KOM(OPTHBIE
MHUKPOKJIIMMATHYECKHE TTapaMeTphl HCCIEeIyeMOH CHUCTEMBI, TOrZa KakK OJIOK, KOTOPBIA COOTBETCTBYET "OONBIION
TemmepaTrype" Cyxoro TtepMoMmeTrpa W "OONpmION" TeMIepaTrype YBIQXKHEHHOTO TEepMOMETpa IO 3HAYCHUSIM
MHJIEKCOB TUCKOM(OpPTa COOTBETCTBYET HEKOM(OPTHBIM MHUKPOKIMMATHYECKUM yCIOBUSIM. B TO ke Bpems OG0k ¢
"Maoit" TemnepaTypoil Cyxoro TepMOMETpa M «OUYE€Hb MO TeMIepaTypoil yBIaKHEHHOTO TEPMOMETPA, XOTS U
cooTBeTCTBYeT (mo Tabimie OoOOOMEHHOTO WHICKCa AWCKOM(OpTa, OTpakalomel crenmeHdn auckoMdopra)
KOM(OPTHBIM MHKPOKJIMMATHYECKUM YCJIOBHSM, HO BCE KE XapaKTEpU3YeTCs CIHUIIKOM HHU3KOH OTHOCHTENbHOMN
BIQXHOCTBIO, B mpeaenax 18%, 4ro sBIsSeTCs BeCchbMa MaJbIM 3HA4Y€HHEM, IMOXTOMY JaHHBIM OJOK MOXHO
0XapaKTeprU30BaTh KaK TaKOBOW, KOTOPHIA HE COOTBETCTBYeT KOM(OPTHBIM YCIOBUSM B TOMeUleHHH My3es. Ha
OCHOBE TIPHMBEJCHHBIX PACCY)XICHUI MOXKHO IOCTPOMTH 0a3zy mNpaBWil sl HEu€TKoro peryisropa. B Tadm. 2
npuBeneHa 6a3a npasun HJIP nmonnepxanuss MUKpOKIIMMAaTa B IOMELICHUH My3esl.

Ucxonnoit Bemnumuoit HJIP sBnsercss ynpasistromiee neiicTBHe Ha KOMIIPECCOp XJIaAareHTa, KOTOpPOH
MIPUCBAMBAIOTCS cienylomue TepMbl: "Oosbmmas orpunarensHas” (NB), "orpunarensHas" (N), "HyneBas" (ZE),
"nonoxutensHas" (P), "Oonpmas monoxwurensHas" (PB). To ects, mpu KOM(OPTHBIX YCIOBHSX YIpaBISIOIIEE
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JEHCTBHE OTCYTCTBYET, M KOMIIpeccop paboTaeT ¢ 3aJaHHOH MOIIHOCThIO. [IpM HamW4YMM OTKJIOHCHHHA OT
koMmpopTHbIX ycnoBuii HJIP BripabGarbiBaeT ympaisiioliee NEHCTBHE B CTOPOHY YBEIMYCHUS! MM yMEHBIICHUS
MOIIIHOCTH KOMIIpECCOpa JI0 TeX 10p, OoKa He OyAeT CKOMIIGHCHPOBAHO (HEraTHMBHOE) BO3MYIIIEHHE MUKPOKIUMATA
MIOMEUIEHUS My3€s U BCEH CHCTEMBI B IIEJIOM.

Tabinma 2
basa npasun HJIP
TeMneparypa yBIaKHEHHOTO TepMomerpa, °C

z cyx» °C 3:5:;’ Mainas VY noBieTBOpUTENBLHO | Y JOBIETBOPUTENHHO Boabmas 65));:;;

(6-11) (12-14) manast (15-18) Gonbmas (19-21) (22-25) (26-29)
Mainas
(16-21) N N ZE ZE - -
(Engf‘;;)” N ZE ZE p p -
B(‘;gjgg;’{ ZE ZE p p p PB

Hanbonee mpocTeIMH W pacnpOCTpaHEHHBIMH B IpakTHKEe (QYHKIUAMH 1npuHayiexHocta  (PII)
JMHTBUCTUYECKUX MEPEMEHHBIX SIBISIFOTCS TpeyroabHbie DI, MaTeMaTHdyeckoe omucaHie KOTOPBIX 3a1aéTcs B BUIIE
[2]:

() =(1~u), u)=u, 0<us<l. ©)

B naHHOM cTaThe Kak aJlIrOPUTM HEYETKOTO BBIBOAA HCIOJIB3YETCSl alrOPUTM MaMaaHu, WM Kak elé ero
HA3bIBAIOT, AITOPUTM "MHHUMAaKCHOTO BbIBoAa". [t pacuéra pe3yapTHPYIOMIEro HeYETKOr0 MHOKECTBA BBIXOJHOM
MIEPEMEHHOI B 3TOM aJIrOPUTME HCIONB3YIOTCS ONEpalMy JIOTHYECKOro MHHUMyMa (min) Ha 3Tame HE4ETKOTO
BBIBOJIA U OTIE€pAIMH JJOTHYECKOI0 MaKCUMyMa (max) Ha 3Tare KOMIO3HUIINH.

B 6noke nedazndpukanny nonyueHHas pe3ynbTHpYomas QyHKIUsS MPpUHAUISKHOCTH sl YIPABISIONIETO
JeicTBusl (BIUSIHUS) Ha OOBEKT YIpaBieHHs IMpeoOpa3yercs B UYMCIOBYIO BeJIM4YMHY. B naHHON pabote s
MOJTy4eHHsT YETKOTO BBIBOJIA MCIOJIB3YETCSl METOJI ONIPEieIeHUs "IEHTPa TATOTEHHA", B KOTOPOM YETKOE YHCIOBOE
3HAYEHHE OTPE/IENsIeTCs B COOTBETCTBUU C OPMYJION:

Uy

Iu e (u)du

U

I/IC :_M2 5 (10)
[ 11 (wdu

U
rae U, —pesynbrar aedasuduKanun, U),U) — TPAHULBI H3MEHEHUH JIMHTBUCTUYECKOH NepeMEHHON U, L, (u)—

pesyabsTupyromas OII.

CTpyKTypHast cXeMa peryJMpoBaHUsI MUKPOKJIMMAaTa B MOMENIEHNN My3es Ha ocHoBe HJIP momoGHa Toi,
4TO M300paxkeHa Ha puc. 2 [9].

MopenvupoBanue paOOThl CHCTEMbI YNPABICHUS MHUKPOKIMMAaTOM B IOMEIICHHH My3€sl CBOIUTCA K
cienymoonieMy. BHawane, i OmeHKM KadecTBa paOOThl CHHTE3MPOBAHHON CHCTEMbI PEryJlHpPOBAaHUSA CIEIYET
YTOYHUTH MO O0BeKTOB ympasieHus [3]. OOe Momenu TeMmIepaTyp, KOTOPBIC SIBIISIOTCS BXOIHBIMH
napametpamu HJIP, onuceiBarotcst auddepeHraibHbIMU ypaBHEHUsIMU 1-0r0 mopsiaka ¢ 3amasipiBanueM (11),
(12), cxoaHBIME ¢ IPUBEICHHBIMU B [9].

Taxk, TemnepaTypa Cyxoro TepMoMeTpa:

d
186-Etcyx (t)+tcyx () =0,1-u(t—160). (11)
Temrmeparypa yBIaKHEHHOTO TEPMOMETPA:
405 %tm () +1,, () = 0,28 u(t —184). (12)
t
OyHKIMS TIepeayy TeMIepaTypbl CyXoro TepMOMETpa:
0,11
W.. (s)=————-exp(—160s). 13
cyx( ) 186-s+1 p( ) (13)

OyHKIYS IepeAauu TEMIIEPATyPhl YBIAKHEHHOTO TEPMOMETPA:
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0,28
Weﬂ(S):m'eXp(—184S). (14)

B (13) u (14) s — cumBonbHas nepemenHas (oneparop nuddepeHnnpoBanus), CBI3aHHAS CO BpEMEHEM [
MOCpeACTBOM npeobpasosanust Jlamiaca.

MopenupoBaHue CHCTEMbI PETyJIMPOBAaHHMS MUKPOKIMMATa B TOMEIIEHHHM My3€si MOXKHO IIPOBECTH,
HarpuMmep, B cpeae Simulink MATLAB ¢ ucnonb3oBanuem 6noka Fuzzy Logic Controller with Rule Viewer ans
peanuzanuu cupoekTupoBanHoro 3aecs HIIP.

BriBoabl

1. B cucreme ¢ HJIP TemmepaTypa yCTaHOBKH IIOCTOSHHO KOPPUTHPYETCS, MCXOAS U3 TEKyIIUX 3HAUYEHHH
TeMIepaTypbl CyXoro MU YBI@KHEHHOTO TepMoMeTpoB. IlognepikaHue MHHHMMANBHO JOIyCTUMOIO
0000mEHHOTO HMHAEKCa AUCKOM(OpTa B My3eHHOM ITOMEIIEHHH OOECIedMBacT CHIDKEHHE HEeprosarpar H
yCTpaHseT HeHY>KHbIE PETYIHPYIOIIUE NEHCTBHUS MPU MajbIX OTKIOHEHUSIX M3MEPSEMBIX MapaMeTpoB, KOMMHU
SBISIFOTCS. TEMITEPaTypa U (OTHOCUTEIBbHAS) BIAXKHOCTD B IOMELICHUH My3esl.

2. PaccMmoTpeHHas cuCTeMa pPETYIMPOBAHUS MUKPOKJINMAara B MOMEIICHHH My3es Ha OCHOBE OIPEENICHUS
0000meénHOr0 WHAEKCa IucKoMdopTa obecrmednBaeT KOMMOPTHBIE VYCIOBHA NpeOBIBAaHUS B JaHHOM
MOMEIICHNN HE TOJIBKO BBICTABICHHBIX 3/I€Ch O3KCIOHATOB, HO M TMOTOKAa BO3MOXHBIX IIOCETHTENEH,
MpeOBIBAIONINX B JAHHOM MECTE€ M B JaHHBI MOMEHT BPEMEHHM, OJJHOBPEMEHHO YAOBJIETBOPAS BCEM HOpMaM
9KCIUTyaTall1 My3eiHbIX TOMEIEHHH, N3I0’KEHHBIM B CIICLUAIbHBIX MHCTPYKIHSIX Ul My3€eB Y KPaHHBL.

3. Xots yka3aHHas cucTeMa H obecrednBaeT Oojiee rpydoe perynnpoBaHue (T.H. poOacTHOE) IO OTHOIICHUIO K
OpsSMBIM ~ U3MEPEHUSIM  T1apaMeTpoB, TEM HE MeHee, OHa CIIocoOHa o0ecneyuTh KOMQOpPTHBIE
MHUKPOKIMMaTHYECKUE YCIOBUSI B My3€ifHOM NoMeneHuH, O1aroaaps 3anoxxennor B HJIP 6aze npasu.

4. Ilpu sKcruTyaTalMM TaHHOM CHUCTEMbI PEryJIMpOBaHMS MUKPOKIMMAaTa MY3€WHBIX MOMELICHUA HEMHHYEeMO
BO3HHKAIOT IE€PEXOJHBIE IIPOLECCHl, U MO3TOMY HapaMeTphl HE BO3BPAILAIOTCS K TEM 3HAYEHHUSIM, KOTOpPBIE
ObUTH TIepe]] HAaHECEHHUEM BO3MYIIIEHHS, KaK 3TO MOYKHO HaOJItoaaTh B Kiaccuyeckux cucremax c [11- u [TN/I-
perynstopamu. Ho, ¢ apyroii cTOpoHBI, B JaHHOH cUCTEME U HET KOHKPETHOH YCTaHOBKH TEMIIEpaTyphl CyXoro
¥ yBIQKHEHHOTO TEPMOMETPOB (MY3€HHOTO THrpOMeTpa), a MapaMeTpoM, KOTOPBIH PETYIHpyeTcs, M0 CyTH,

.. . (0b06uy.) o
ABIsgeTCd 000OIEHHBIH MHAeKc muckomdopra D, , KOTOpBI €CTh HENpPsIMBIM IIOKa3aTeneM, U

paccunTHIBAETCSI HA OCHOBE 00EUX TEMIEpaTyp.

5. IlomyueHHele B JaHHOM paboTe Pe3ynbTaThl MOTYT OBITh B JAJbHEWIIEM HCIIOIb30BAHbI I YTOUHEHUS U
COBEpIICHCTBOBAHUSI HHKCHEPHBIX METOZOB pacdyéTa IapaMeTpOB CUCTEM YIPABICHUS MHKPOKIMMAaTOM
nomenieHnit MyseeB ¢ mnomoinslo HJIP kak Ha cTaausXx WX NPOEKTUPOBAaHHS/KOHCTPYHPOBAHHUS, TaK M B
peKMMax peallbHOM KCIUTyaTauy ¢ obecreueHneM MUHUMAITbHBIX SHEPro3arpar.
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