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ANrOPUTMbI YINPABJIEHUA TEMIMEPATYPOW B MOMELLEHUAX

B.C. CnuuysbiH, B.B. CnuybIH

ALGORITHMS FOR TEMPERATURE CONTROL IN BUILDINGS

V.S. Spitsyn, V.V. Spitsyn

AHAIM3UPYIOTCS AJTOPUTMBI YNPaBJeHHs1 TeMIiepaTypoii B nmomemeHusx. IIpusegena
MeTOAMKA ONpe/ieJIeHHs] YMCJI0BBIX 3HavyeHuii mapamerpos IlI-, ITHU-, IIUJ] — peryasitopos.
OnucaHa BpeMeHHasi JHArpaMMa aJanTHBHOIO YNPaBJIeHUs TeMIepaTypoii.

Kniouesvie cnosa: adanmusnblii aneopumm, ynpasienue memMnepamypot, pe2yiiamopbi.

The article analyzes algorithms for temperature control in buildings. Methods to define
numeric values of parameters for P-, PI-, PID controllers are given. Timing diagram of adap-
tive temperature control is described.

Keywords: adaptive algorithm, temperature control, controllers.

Brenenne

OcHaleHue XWIbIX M TPOU3BOACTBEHHBIX 37a-
HUH CHCTEMaMH NPOTPAMMHOIO YIPABJICHUS TEeMIIe-
parypoi TO3BOJISIET COKPAaTUTh 3aTpaThl SHEPIUU Ha
OTOIJICHUE 32 CUET MOHWKEHMs TeMIlepaTypbl B Iie-
PHO/IBI OTCYTCTBHS JIFOJICH M aJjanTanuy pacxoja Ter-
JIOBOW SHEPrUM K HM3MEHEHHIO TEeMIICpaTypbl OKpY-
sKarouieit cpeapt [1].

ITpn pa3zpaboTke CHCTEM YNpaBICHUsI TEMIIEepa-
TypOl IOMEINEHHsT BO3HHUKAET psii MPOOJeM, TaKuxX
Kak OIpe/esIeHne BpeMEHH, HE0OX0ANMOTro JUTs MOIb-
eMa TeMIepaTypbl Ui OoOecleueHns 3a/laHHbIX 3Ha-
4eHHH K TpeOyeMOMy MOMEHTY, BBIOOp airopuTMa
peryJMpoBaHuUsI TEMIIEPATYPhl ¥ ONpPE/CICHUE YHCIIO-
BBIX ITapaMeTPOB BBIOpaHHOTO ajiroputMa [2].

1. Hexas padoTsl

AHan3 aaropuTMOB YIIPaBJICHHS TeMIlepaTypon
B MOMEIICHUH, 00ECICUNBAIOINX M3MEHEHUE TEeMIIe-
paTypsl 110 331aBaeMOil OJIb30BATENIEM IIPOrpaMMe.

2. IlocranoBka 3axaumn

3amava BRIOOpa 3aKOHA YTpaBIICHUS W THIA pe-
TYJIITOPAa COCTOUT B BBIOOPE TAKOTO PETYISITOpa, KO-
TOPBIM NPU MHUHUMAJIbHONW CTOMMOCTH M MaKCHUMaJlb-
HOU HaZIeXKHOCTH olecreurBall Obl 33JaHHOE Ka4eCTBO
peryJMpoBaHusI.

Jlyist TOro 4TOOBI BHIOPATH THIT PETYJISITOPA M €ro
HACTPOMKH, HEOOXOMMO 3HATh CTATUYECKUE W JWHA-
MHUYCCKHE XapaKTEPUCTHKH OOBEKTa YIPaBJICHHUS,
TpeOOoBaHMsI K KayecTBY Ipoliecca PEeryInpoBaHUs U
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XapakTep BO3MYILEHUH, NEHCTBYIOIIMX Ha IPOLECC
peryIMpoBaHus.

PerynsaTopsl ¢ JTMHEWHBIM 3aKOHOM PETyJIMpPOBaA-
HUS [0 MaTeMaTHYECKON 3aBHCHUMOCTH MEXJY BXOJ-
HBIMH M BBIXOJHBIMHM BEIWYMHAMH MOJPA3JICNAIOTCS
Ha cleayromume Buasl [3]:

— mnponopunonanshele (ITI-perynsropsi);

— [POHOPIHMOHATIBHO-UHTErPAIbHBIE (-
PETYIATOPHI);

— TPOIOPHHOHAIBHO-UHTErpabHO-TH ] depen-
muansHble (ITN-perynstopsr).

Ha puc. 1 nmpuBenen npuMep KOHTypa peryiupo-
BaHMS TEMIIEPATYPhl B TOMEIICHNH.

Tsan
yC

Y
-
-

T H3M

Puc. 1

TemmepaTypa Bo3ayXa IMOJJICPKUBACTCS BOJIS-
HBIM HarpeBatelieMm (Oatapeeit). TemmepaTypa B TO-
MerieHun m3mepsercs nataukoMm (T), manee sta Benn-
YHHA MOCTyMaeT Ha ycTpoicTBo cpaBHeHus (YC) m3-
MEpPEHHOTO 3HAYCHHUS TeMIepaTypsl (7y,,) U 3aJaHHO-
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10 (7). B 3aBHUCHMOCTH OT Pa3HOCTH MEXKIY 3aJaH-
HBIM ¥ U3MEPEHHBIM 3HAYCHUSIMH TEMIIEPATYpPhl pery-
nsrop (P) BelpaOaThIBaeT CUrHai, BO3ACHCTBYIONIMN
Ha HCIIOJIHUTENIBHBIN MeXaHu3M (M — aJIeKTpoIpruBog
TEPMOKJIaNaHa).

DNEKTPONPHUBOJ] OTKPHIBACT HIIM 3aKPhIBACT KIla-
TaH JI0 TTOJIOXKEHUSI, TIPH KOTOPOM ommmbka € = Ty, —
Ty OYZIET CTPEMUTBCS K HYJTIO.

O6obmennass cTpykrypHas cxema CAP mpen-
CTaBJICHa Ha pHC. 2.

ORI I

t

Y

Wo6(p)

Puc. 2

Kommrekcupiii koadduuuent nepemaun (KKIT)
OT PAcCOrJIaCOBAaHMS € K BBIXOJY ) OIPEMEIISCTCS BbI-
paenuem W (jw) =W, (jw)Wys (jw), tae W (jw) —

KKII perynsatopa; W5 (jw) — KKII o6bekra perysm-

poBaHuUsL.

3. 3axoHBbI peryJiMpoBaHus
3.1. IIponopuuoHA/ILHBIE PEryJIsATOPbI
[ponopuwonansueie  peryistopsr  (II-peryms-
TOpBI) UMCIOT OJWH TMapaMeTp HACTPOHKH — KO3 HH-
IMEHT nepesiaun k.

KKII perymstopa Oymer W, (jw)=k,, a Bceii

CUCTEMBI
W(jw) =kWos (Gw)- (M
CrenoBatenbHO, MPH TOAKIIOUCHUH K OOBEKTY

[I-perynstopa KKII cucrempl Ha KaxJoil ydactore

yBeJIM4YMBAETCA B K, pas.

IIepexoansle npoueccsl B II-perynstope onucel-

BAIOTCA BBIDAKCHHEM W =K, €, I/Ie € — BXOIHOE BO3-

JIEHiCTBE Ha PETYJATOp, PaBHOE OTKIOHEHHIO PETy-
JIMPYeMO BEIWYUHBI OT 3a/laHHOTO BO3JIEUCTBUS;
W — yOpaBisioniee BO3ICHCTBHE peryisTopa Ha 00b-
€KT, HalpaBIEHHOE Ha JMKBUAAILMIO OTKJIOHEHUS pe-
T'YJIUPYEMON BEJIMYMHBI OT 3aJJaHHOTO 3HAYCHUS.

B namem cnyuae 3aJjaHHOE 3Ha4€HHE — ATO Tpe-
Oyemasi BEIMYMHA TEMICPATYPhl B TIOMCIICHUH B 3a-
JTAHHOE BpEeMS; OTKJIOHEHHE € — Pa3HUIA MEXAY Tpe-
Oyemoil Temreparypoil B MOMEIICHUN U €€ 3HAYCHH-
€M, 3aMEPCHHBIM JaTYHKOM TEMIICPATyPHI.

Jmarma3oH n3MEHEeHHsT BBIXOJHOTO CHUTHAIA Pery-
nstopa (AU) Ha3bpIBaeTCs JMANa30HOM PETyJIUpPOBa-
Hus. J[mama3oH W3MCHEHWs cUrHayia omuoOku (A€)
HA3bIBAIOT MPOTIOPIHOHATBHBIM JHAIA30HOM.

B Il-perynsaropax W3MEHSIOT Kak TUAra3oH pe-
TYJTHPOBAHUSA, TaK W IPOIMOPIHOHAIBHBINA JAHANa30H
(puc. 3).

W3 rpaduka (puc. 3) BHIHO, YTO YeM MEHBbIIIE
MPONOPIMOHATBHBIN AWANa3oH, TeM Kpyde XapakTe-
PHUCTHKA PETYIMPOBAHUS.

AU

g, °C

Ae
Puc. 3
Bemnunna k, = AU /Age ectb koa(uIMEeHT pe-

rynupoBanus. IIpu OOMBIINX 3HAYCHUAX K, B KOHTY-

pe peryjaupoBaHUS MOTYT BO3HHKHYTh KOJICOAHHS
(puc. 4).

T

T, 3]

lh 4 b 18]
Puc. 4

Hanpumep, ecni Bo BpeMsi BKITFOUSHUS CHCTEMBI
TeMIIepaTypa B HOMEUIEHUH T, HIDKE 3aJaHHOU Ty,
CAP BeImaer 60mbIION CHTHAT HA OTKPBITHE TEPMO-
KJjamaHa. TeMreparypa B TOMEIICHHH HAYHET ITOBBI-
marbest. Korma ona pocturner 7., YyCTPOMCTBO
praBHeHI/IH BbIACT KOMaH[[y Ha 3a1<p1>1T1/Ie TepMO-
knanana. OHaKo M3-3a TOTo, YTO Oarapes pa3orpera,
TeMIepaTypa B MOMEIICHUH 10 MOMEHTA £, OyIeT pac-
TH, @ 3aTE€M HAYHET CHIKATHCS. DTOT MPOLECC UMEET
BUJI 3aTyXaIOMIUX KOJcOaHHIA, M Yepe3 ONpe/IeIICHHOS
BpeMs t; MPOIIECC CTa0MITU3UPYCTCS.

[ocnme crabwmmzanmum W3-3a  WHEPIIMOHHOCTH
CHUCTEMBI Bceraa OyIeT CyIIecTBOBaTh CTaTHYECKas
omudka Ayr = Ty — Ty

Curaai Ha BBIXOJZIE YCTpOIicTBa yrmpaBiieHUs Oy-
Jet uMeth BUI y(t)=U,, +kps , rme U, — curxai Ha

BBIXOJI€ YCTPOMCTBA yrpaBienus npu € = 0.

Uem OompmmM BBIOpaH MPOMOPIIMOHAIBHBII
JIMara3oH PeryJrupoBaHMs, TEM MEHBIIUM OyAeT 3Ha-
YyeHUE kp 1 TeMm OombIeii OyaeT BenTudnHa CTaTHYe-

ckoil ommOku. Ecnu k, > 10, o II-perynsTop mpu-

eMJIeM II0 BCJIMYMHE CTATHCTHYECKON OIIHOKA U
00ecreYrBaeT BEICOKOE 6LICTp0,IleI>'ICTBI/I€.
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a)

6)

Puc. 5. CTpykTtypHas cxema ngeanbHbix [MU-perynsaTopoB: a) napannensHbii; 6) nocnegoBaTenbHbIN

[Tpu umdposoii peanuzanuu I1-3akona perynu-
poBanus Y; =k ,&; -100 %.

Bre mosockl MpONOPIMOHANBEHOCTH BBIXOAHON
curHai paseH Hyto win 100 %.

3.2. TlponopunoHaJdbHO-UHTErpPaJbHbIE

PeryJasiTopbl

CraTHuecKyro OmMOKY, BOSHUKAIOIYIO TIPH TPO-
MOPIMOHAILHOM PETyJIMPOBAHUHU, MOKHO UCKITIOUUTD,
©CJIM BBECTH €Ile ¥ UHTETPaJIbHOE 3BEHO.

[MH-perynaTop oka3blBaeT BO3JACHCTBUE HA pery-
JUPYIOMINI OpraH MpONOPHHOHAIBHO OTKIOHEHHIO U
MHTErpajly OT OTKJIOHEHUS PETYINPYEMOH BETMUMHBIL:

1 t

u kps+ T z‘;sdt,
rne T, — MOCTOSTHHAs MHTETPUPOBAHMS, TTapaMeTp Ha-
CTPOMKH PETYIIATOPA.

[Tepenatounast (GyHKIMS MapauIeNbHOTO COEIH-
HEHUSI TPOIOPIUOHAIBHOTO M HWHTErPaJbHOTO 3BEHA
(puc. 5, a):

Wnn(p) = kp +1/Tnp

Cxema Ha puc. 5, 0 peannusyer 3aKOH peryJupo-
BaHUSA

1 t
p=k,|e+—|edt|,

u3 ()

rie Ty, — MOCTOSTHHAS! BPEMEHH H30JPOMHOTO 3BEHA.

[epenarounas ¢pynkuus [TU-perymsitopa (puc. 5, 0)
Woa(P) =k, (T p+1) /T, p -

[Tpn ckauk00Opa3HOM M3MEHEHUH PEryJIUpyeMOn
BEJIMUMHBI Ha 3HauyeHue €y [IM-perynsarop co ckopo-
CTBIO, OTpeJeNsieMOil OBICTPOJCHCTBHEM MNPUBO/IA,
TepeMenIaeT UCTIOIHNUTEIbHBI MEXaHH3M Ha BEJIHYH-
Hy (k, €), mocie 4ero AOMONHUTENBHO MepeMelaeT
UCTIOJTHUTENIbHBIM MEXaHN3M CO CKOPOCTBIO € / T,.

CrnenoBarensHo, B IIM-perynstope mpu OTKIIO-
HEHNU TEMIIEPaTypbl B IOMEIICHUH OT 3aJaHHOTO
3HAUEHMs MTHOBEHHO CpabaThIBACT IPOMOPIMOHANb-
Hasl (cTaTHyecKasl) COCTaBIIAIOILASl PEryssTopa, a 3a-

TEM IMOCTEIICHHO yBEIMUYUBACTCA MHTETpaibHas (acTa-
THYECKast) COCTaBIISIONIAL.

Ilepexonnas xapakrtepuctuka IIH-perymsatopa
mokazaHa Ha puc. 6 (mpsMas | U1 mapamiensHON
CXEMBI U TIpsiMast 2 JUTs IOCIIEI0BATENBHOM).

2

2kp €p

kp €o

Puc. 6

ITapameTpamu Hactpoiiku mnapaiensHoro IIM-
perynsaTopa SBISIOTCA HE3aBUCHUMBIC JPYT OT Jpyra
K03 dHIMEHTHI yCHICHNS k, U TIOCTOSHHAs BPEMEHH
WUHTErpUPOBaHUS T,

[MU-perynarop N0 NOCIENOBATEIBHON CXeMe
HUMEET B3aUMOCBSI3aHHbIE MapaMeTPbl HACTPOUKU CTa-
TUYECKOH M acTaTHYCCKON JacTel Mo KOA(PPUIHEHTY
k. Ilpn HacTpoiike kosddunuenTa ycunenus k, Oyaer
N3MEHSATBHCSA M MOCTOSHHAS BpEMEHHW MHTETPUPOBAHUS
Ty = Tw/ ky. Ty — 2TO BpeMs, B TEUEHHE KOTOPOTO OT
Hayajla JEUCTBUSI MHTEIPalbHOM COCTABIIIOLIEH YyA-
BaWBAETCsl 3HAUEHHWE IIPONOPLUOHAIBHOM COCTaB-
nstotedt (puc. 6, mpsimas 2).

OcHoBubiMU ~ JTocToMHCTBamMu  [IU-perynsaropa
SIBIISIFOTCSL:

— MpOCTOTa HAcTpoiiku (nBa mapamerpa k,, 1)
¥ BO3MOXHOCTh ONTHMH3AIMH BENU4MHbI k, /T, —
min, 4TO OOecHneynBaeT yNpaBJICHHE C MUHHMAJIBLHO
BO3MOXKHOH CpEJHEKBaJAPaTHIECKON OIIMOKOW pery-
JMPOBAHHS;

— Majas 9yBCTBHTEJBHOCTh K IIIyMaM B KaHaie
N3MEpEHNSI.

Ilepexonnsiii npouecc npu IIM-perynupoBanuu
II0Ka3aH Ha puc. 7.
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YyCT

—

Puc. 7

[pu umdpooii peanuzanun [T1-3akoHa

1 n
Y, =| kg +— > &AL, {100 %,

u i=0

rae ZSi — HAaKOIJICHHAs B i-H MOMEHT BpEMEHHU

CyMMa paCCOI‘J’IaCOBaHHﬁ.

3.3. IlponopunoHaIbHO-MHTErPAJILHO-

aupdepeHHATbHbIC PEryJIATOPHI

B cucremax aBTOMAaTHYECKOrO PETYIMPOBAHUS
BO3HHMKAET HEOOXOANMOCTb B PETYISITOPE, KOTOPBIi
BbIpabaThIBa OBl JOMOJTHHUTENBHOE PpEryIupyromiee
BO3JICiiCTBUE, MPONOPLUUOHATBLHOE CKOPOCTH OTKIIO-
HEHUS PEryJMpyeMON BEIUYMHBI OT 33JaHHOIO 3Ha-
YCHMUA:

w, =T, de/dr.

MU d-peryasaTopsl BO3ACHCTBYIOT Ha OOBEKT
YIpaBJICHUS MTPOTOPIIMOHATBEHO OTKIOHEHHIO PETyIIH-

a)

PYEMOH BEJIMYMHBI, HHTETPALy OT 3TOI0 OTKJIOHECHHUS
U CKOPOCTH U3MEHEHUSI PETYJIMPYEMOM BEIIUUUHBL:

t
u:kpe+ij'edt+Tﬂ%.
u

ITo Bo3moxkHOCTSIM TTU/]-perynsTops! SBISIOTCS
YHHUBEpCAIBHBIMU. VICHONb3ysl WX, MOXKHO TIOJyYHTh
mr000# 3aKkoH perynupoBanusi. CTpyKTypHast cxema u
3aKOH perynupoBanus ujeanbHoro I -perynsropa
MIpUBEJICHEI Ha puc. § (a, 0).

[Ipu ckagx006pa3HOM U3MEHEHUH PETYIUPYEMOit
BenuuuHbl [IM][-perynstop B HadaabHbIA MOMEHT
BPEMEHH OKa3bIBA€T MTHOBEHHOE OECKOHEYHO OO0JIb-
110 BO3JeicTBIE Ha OOBEKT pPeryJMpOBaHMs, 3aTeM
BEIMYMHA BO3JEHCTBHUSA PE3KO MagaeT A0 3HAYEHHs,
OIpEeNEIsIeMOro MPOMOPLUOHANBHON COCTABISIOLICH,
MOCJIE YEero MOCTOSHHO HAYMHAET OKa3blBAaTh BIUSHHE
WHTETrpajibHasl COCTABIISIONIAS PETYJIISITOPA.

Ilepexomusi  mpouecc B [IWU/I-perymnsitopax
(puc. 8, B) IMeeT MHUHMUMAaJIbHBIE OTKJIOHEHUS 110 aM-
IVIUTYAE U IO BpeMeHu o cpaBHeHuto ¢ II- u IIM-
perynsatopamu (T. €. Hanboyee BBICOKOE OBICTPOJCH-
CTBUE).

ITapamerpamu Hactpoiiku IIM/[-perynstopa siB-
JsF0TCST KOO QUIMEHT MPONOPIMOHAIBHOCTH PETYIIs-
Topa k,, TOCTOSIHHAsI BPEMEHN MHTETPUpPOBaHUA T, U
rocTosiHHasi Bpemenu auddepenunponanus 7.

C yBenuueHHEM 3ama3JblBaHUsl B CUCTEME PE3KO
BO3pacTalOT OTpHIATENbHbIC (Da3oBble CABUTH, YTO
cHIKaeT 3 dekt qudpepeHnanbHON COCTaBISIOMIEeH
perymsitopa.

Kpome Toro, Hanmune 1mymMoB B KaHaie U3Mepe-
Hus B cucteme ¢ [IM]I-perynsiTopoM NpuBOAUT K 3Ha-
YUTENIBHBIM CIy4aiHbIM KOJICOAHHMSAM YIPABIIIOLIETO

Yyer f=-f~-"-"--\" }['X— -t

Puc. 8
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3HayeHUs NapamMeTPOB HACTPOMKM perynsaropa

[TocTostnuas
30Ha POMOPITUO- Koaddunuent ITocTosiHHAs BpeMeHHU
Tun perysropa HaJbHOCTH nepeaavn BpemMeHn QG hepeHIMPOBAHUS
P WHTCTPUPOBAHUS p P
[1-peryasitop 2 P 0,5 kys
[MU-perynsTop 2,2 P 0,45 kys 0,83 T
T[T /I-peryasitop 1,67 Py 0,6 kys 05T 0,125 T

CUTHaJla PETYJSITOpa, YTO YBEIUYUBACT AUCIIEPCHIO
OIMOKK PEryJMpOBaHUs W M3HOC HCIOJHHUTEIHEHOTO
MEXaHH3Ma.

[MNI-peryasiTopbl TO3BOJSIOT OOECTICYHUTH IS
CHCTEM pPeryJIHpOBaHMs TEMIIEPATYPHI XOpoIee Kave-
CTBO PETYJIHPOBAHUS: PACCOTTIACOBAHHE PETYIHPOBaA-
Hust MmeHee 1 % OT 3ajaHHOM TOYKH, JOCTATOYHO Ma-
JI0€ BpeMs BBIXOJ]a Ha PEXKHUM M HEBBICOKYIO UyBCTBU-
TENBHOCTb K BHEIIHUM BO3MYIICHHUSIM.

Crnenyer UMETb B BUAY, YTO NPU HETOUHOM 3a]1a-
HuM napameTpoB Hactpoiiku [TN]I-perynstop mMoxer
YXyIIIUTh MOKa3aTeIH 110 CPAaBHEHUIO C JPYyTUMHA
TUIIAMH PETYJISITOPOB M JIa’Ke TIEPEUTH B PEKUM aBTO-
KoJieOaHMI.

[Ipu umdposoii peanmsanmu [11M][-3ax0oH nMeeT
BUJ

n
w=| kg, +iZel.Ath +T, AAS"

u i=0 U3M

100 %.

4. Hacrpoiika I1-, [IN- u IIN/I-peryasiTopos

Hurnep n Huxonc (J.G. Ziegler u N.D. Nicholc)
TIPU HCCIIEJIOBAaHUN TIEpPeXOaHbIX mporieccoB B CAP
YCTQHOBWJIM 3aKOHOMEPHOCTbB, 3aKJIIOYAIOIIYIOCS B
TOM, YTO OaTHMaJlbHasl 30Ha IpoIopunoHansHocTyu I1-
peryisTopa, Kak MpaBWIo, B 1Ba pa3a OOJbILIEC BEIH-
YUHBI 30HBI NPOMOPLHOHATIBHOCTH, IIPU KOTOPOH B
CAP HaumHaeTCs aBTOKOJICOATEIBHBIA  IPOIIECC.
Kpome TOro, oHm Takxe ONpeneiuiIN 3aBHCHUMOCTb
MEXAy IEePHOJIOM BO3HHUKAIONIMX aBTOKOJIECOaHHH W
MOCTOSTHHBIMU BPEMEHHM HWHTETpUpOBaHUSI U audde-
peHIpoBanus. brarogapst HaliJIeHHBIM COOTHOIIEHH-
SIM, TIOSIBHJIACh BO3MOXKHOCTH OBICTPO M TPOCTO Ha-
crpauBath [1-, [T1- u [INUI-perynsartopsl, He puderas
K CJIOJKHBIM pacdeTaM.

Hike npuBoauTest mpouenypa onpeaeacHus ma-
paMeTpoB HACTPOWKM HA3BaHHBIX PETYJSTOPOB IO
merony Luknepa—Huxoanca.

1. BwicTaBisem BpeMsi MHHTEIpUpOBaHHs U (-
(dbepeHIMpOBaHUs Ha HOJIb.

2. BeicTaBisieM MUPOKYIO 30HY IPOMOPIHO-
HAJIHOCTH PETYJSATOpPa M HaOJI0aeM TepEeXOIHBIN
nponecc B CAP.

3. IlocreneHHO yMeHbIIas 30HY HOPOMNOPIHO-
HaJIbHOCTH, BBIXO/IMM Ha 3HAYEHHE, IIPU KOTOPOM Ha-
YMHAETCS] aBTOKOJICOATEBbHBIN MPOIECC ¢ TIOCTOSTHHOM
AMIUTUTYAOH.

4. Wsmepsiem nepuos xoneOanwii 7.

5. IlocTossHHO yBenMuYUBasg 30HY IPONOPLUO-
HaJIbHOCTH, HAaXOJIUM IIOPOrOBOE 3HAYEHHUE, MPU KO-

TOPOM PETYJATOP MEPEXOTUT B PEKUM 3aTYXAIOIINX
KosieOaHuii. DTO 30Ha MPOMOPIIMOHAIBEHOCTH ISl MaK-
CHUMAaJIbHOM 4yBCTBUTEIBHOCTH pEryiasiTopa P,

6. Ilonmp3ysice Tabnmileli, BEIYMCIAEM 3HAYCHUS
apaMeTpOB HACTPOUKHU PETYISATOpA.

7. BeIcTaBisieM NOJIy4EHHBIE 3HAYCHUS I 30-
HBI MPOIMOPIIMOHATIBHOCTH, TMOCTOSTHHON BpPEMEHH HH-
TErpUpOBaHUS M MOCTOSHHOW BpeMeHHU AudQepeHiu-
pOBaHMSI.

8. TIpoBepsiem paboty perymnstopa u Mmpu HeoO-
XOJUMOCTH OCYILECTBIISIEM MOACTPOIKY MapaMeTpoB.

5. AjanTuBHOe ynpasiieHHe TeMIlepaTypoii

IIporpamma ynpaBiaeHusl TEMIEPATYPOR JOJDKHA
MO3BOJISITH IPOTHO3UPOBATH BPEMsI, HEOOXOMMOE ISt
MOJbEMAa TEMIIEPATYPHI B MIOMEIEHUHA OT YKOHOMHOMU
(Ipy OTCYTCTBHH JIIOJICH B TIOMELICHUH) 10 KOM(DOPT-
HOM B 3aBHUCHUMOCTH OT XAapPaKTEPUCTHK IIOMELICHMIA,
TeMIepaTypbl Hapy>KHOTO BO3AyXa M TEMIIEPaTyphl B
CMEXXHBIX IMOMELICHUSAX. OTO MO3BOJSET aJanTHPO-
BaTh NPOrpaMMy HM3MEHEHHsI TEeMIIEpaTyphl B IOMeE-
LICHUSAX B 3aBUCUMOCTH OT M3MEHEHMS BHELIHHUX yC-
JIOBHI.

Bpemennass auarpamma ynpaBieHHS TEIIOBBIM
PEKUMOM, 0OECTICUHBAIOIIETO TOHWKEHHE TeMIIepa-
TYpPbI IPH OTCYTCTBUH JIIOAEH U KOM(OPTHBIE YCIOBUS
B MOMEIIEHUN K MOMEHTY MX NPHOBITHSA, IPUBEICHA
Ha puc. 9.

Temneparypa

[xnmp

Dkon |

e e —

24

Bpems cyTox, u
Puc. 9

[IporpaMmy perynupoBaHus TeMIEpaTypbl MOX-
HO omucaTh cieayomum obpaszom. Ilocie yxona nep-
COHaJla B MOMEIICHUH TOJICPIKUBACTCS MTOHWKEHHAS
TeMIeparypa.
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B.C. CnuusbiH, B.B. CnuybiH

Ha ocHOBaHMM [aHHBIX O BHEIIHHUX YCJIOBHUSX
paccuuThIBaeTCSl BpeMs, HE0OXOIUMOoe Ui MOAbeMa
TeMIepaTypsl 7y, OT MOHMKEHHOH 10 KOM(pOPTHOH K
MOMEHTY MpPHUOBITUSI TEepcoHasa. 3aTeM B TEYCHHE
pabodero JTHs MOJJIEP)KUBACTCS OTO 3HAYECHHE TEMIIe-
paTypsl WM 3HaYCHHE, YCTAaHOBICHHOE BPYYHYIO Ha
mynbTe yrpasieHust CAP.

BrIBOABI

1. TlpeamomaraeMble aaTOPUTMBI YIIPABICHUSA
TEMIepaTypoll B TOMEMICHUH ITO3BOJIAT SKOHOMUTH
TCIUIOBYIO SHEPIHIO MPH 00eCreYeHUH KOM(OPTHBIX
YCIIOBUI IPEObIBAHUSI JTIOJICH.

2. AJNropuTMBI MU METOJMKA OTpPEACNCHUS YH-
CJIOBBIX 3HAUEHUI MapaMeTpOB, ONPEACIIAIONINX Kaye-
CTBO PETYJIMPOBaHUS TEMIICPATYPhI, MOTYT OBITH IO-

JIOXKEeHbI B OCHOBY cozfanua monenu CAP temmnepa-
TypOH B IIOMELICHUH.

3. OrpaboraHHbIe Ha MOJEIN aJITOPUTMBI HPEa-
T0JIaraeTcs PeaM30BbIBATh B ONBITHBIX 0Opasliax Cchc-
TEMbI YIPaBJIECHHs TEMIIEPATy POl B TOMEIIECHUSX.
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