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Ob YMNPABJIAEMOCTU TEMMNEPATYPHOIO PEXUMA
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TemnepaTypa BHYTpEHHET0 BO3IyXa pa3lNYHBIX NMOMEIICHHUI OTAaIUIMBAEMBIX 3[aHUH 3adac-
TYIO TOJDKHA OBITH pa3HOH. BMecTe ¢ TeM KOJIMYecTBO MPUMEHSIEMBIX IPH 3TOM YIIPABIISIONINX BO3-
JEUCTBUH JOCTATOYHO OTPAHMYCHO: KAK MPABHIIO, PETYIUPYIOT JUOO TeMIeparypy, IM00 pPacxon
TEIUIOHOCUTENISI Ha UHAMBUAYaIbHOM TemoBoM IyHKTe (MTII) 3manus. Ilpuuem pacxon TEIUIOHO-
CUTEJs NOYTU HUKOTAA HE U3MEHSIOT U3-3a HEM30€XKHOCTH I'MIPaBINYeCKON pa3perylupoBKH CHC-
TeMBI OTOIUIEHHS, I0TOMY ISl YIIPaBJICHUS TEMIIEpAaTypHBIM PeKUMOM 3[aHUH, Kak paBUIIo, 10C-
TYITHO TOJNBKO OJHO YIpaBIAIOIlEe BO3AeiicTBHE — 3T0 Temmeparypa TeminoHocutens Ha WTIIL
B cBs131 ¢ 3THM BIIOJHE €CTECTBEHHO BO3HHKAET BONPOC 00 YNPABIAEMOCTH TEMIEPAaTypHOTO pe-
KHMa 3/IaHUH, TO €CTh O BO3MOXKHOCTH ITOJICP KaHUS PA3INIHBIX TEMIIEPATyp B PA3IHIHBIX ITOME-
meHusX. [ perreHns 3Toi 3a1a4u MpeUIoKEeHO MaTeMaTHIecKoe ONHMCaHNe TeMIepaTypHOTo pe-
KHMa Pa3IHIHBIX TIOMEIICHUH 31aHus C ABYXTPYOHOH CHCTEMOH OTOIIeHHs. DTO OMHCaHUE MPEe-
cTaBisier co0Oi MaTpuuHylo cucteMy IuddepeHIHanbHBIX ypaBHEHUI mepBoro mopsaka. Ilpu
9TOM HCIIOJIB3YIOTCS TOHSATHS N30BITOYHON TEeMIepaTyphl BHYTPEHHEro BO3IyXa M H30BITOYHOU
TeMIlepaTypbl TeIIoHOCUTeNs. HaliieHb! yCIIOBUsI MOHOM ynpaBisieMocTH o0bekTa. J{ist aToro ObI-
JIa BBIYMCIICHA MaTpUIla yIPaBISIEeMOCTH, TI0OKa3aHO, YTO €€ ONPEACIIUTENb MOXKET ObITh BBIPAXKEH
gyepe3 onpenenuTens Bannepmonma. 9T0 00CTOSTENBCTBO CYIIECTBEHHO YHPOCTHIO ONpeelcHHe
ycnoBuit ynpasisieMocTd. OTMEYeHO, 9TO JUIS HOJNHOH YIpaBIIeMOCTH 00BeKTa HEOOXOIUMO, UTO-
OBl Bce €ro IMOMEIISHNUS! pa3IMIairich Obl THO0 MO TEIUIO3AIMUTHRIM U TETUIONHEPIUOHHBIM CBOHCT-
BaM, MO0 IO XapaKTePHCTHKAaM yCTaHOBJICHHBIX B HUX OTOIHTEIBHBIX MpHOOpoB. B GonpmuHcTBE
MPAKTUYECKHUX CIIy4aeB TaKOro Pa3iuyus OOBIYHO HET, MOATOMY TEMIEPaTYpPHBIH PEeXKUM OTAaILTH-
BaeMbIX 3aHHUH, KaK MPaBUJIO, IBISIETCS HEIIOJIHOCTBIO YIIPABIAEMbIM.

Kniouesvle cnosa: memnepamypHulll pexcum, omaniugaemvle 30aHUs, YNpAeiseMoCcmy, men-
JIOHOCUMeENb, MAmMpUiHOe ONUCAHUE, MAMPUYA YNpasnieMocmu, menio3auumusle umeniouHepyu-
OHHble CBOUCMBA NOMEUeHUll, XAPAKMEPUCMUKU OMONUMENbHbIX NPUOOPOE.

ITocranoBka 3amaun. TpeOoBaHuUs, NpenbsBiIsLe-
MBI€ K TEMIEPATYpPHOMY PEKUMY OTAaIlJIMBAEMBIX 3/1a-
HUI, 3aKII0Yal0TCs B TOM, 4TO TEMIepaTypa BHYT-
PEHHEro BO3AyXa DPA3IMYHBIX €ro MOMELIEHHH, Kak
IpaBUJIO, AOJDKHA OTIMYaThCs. Bmecre ¢ TeM BO3-
MOYKHOCTH IPUMEHSIEMBIX YIPaBISIOMUX BO3JEHCT-
BUH JIOCTaTOYHO OrpaHudeHbl. OOBIYHO pPETyTUPYIOT
(M3MEHAIOT) TOJBKO TEMIIEPATypy TEIUIOHOCHUTENS Ha
A00HEHTCKOM BBOJIE 3JaHHS (KaueCTBEHHOE Peryiu-
poBanue). Pacxosa TeIIoHOCUTENS PH 3TOM (KOJIHYe-
CTBEHHOC PETYIUPOBAHME) MOYTH HHUKOIJA HE H3Me-
HSIOT U3-32 HeM30€XKHOCTH THUIAPABIMYECKON pa3pery-
JMPOBKHU CHCTEMBI oToIuIeHus. Jlanee, B NBYyXTpyOHOI
CHCTeME OTOIUTEJbHBIE MPUOOPHI MOMEIICHUH, pac-
MOJIOXKEHHBIX HA Pa3HBIX 3TaXKaX, MOAKIIOYAIOTCA K
OJHOMY M TOMY K€ IOJAIOIEMY CTOSKY U K OTHOMY U
TOMY k€ OOpaTHOMY CTOSIKY, ITO3TOMY Ha MX BXOJbI
MOCTYNAET TEIIOHOCUTENb C OJHON M TOU K€ TeMIie-
patypoii. B omHOTpyOHOU cucTeMe OAWMH U TOT XK€
TEIUIOHOCHUTENb IOCIIEAO0BATEIFHO IMPOITyCKAeTCs de-
pe3 oTonUTeNbHBIE IPUOOPHI Pa3HBIX dTaxel. B cBa3n
C 3THM B TaKHUX YCJIOBHSAX BIIOJHE €CTECTBEHHO BO3-
HHUKaeT BOIPOC O TOM, BO3MOXKHO JIM B ATOH CUTyalluu
B IPUHIUIIE NOAJNECPKUBATh PA3IM4YHbIE TpeOyeMmble
TeMIIepaTypbl BHYTPEHHETO BO3[yXa B pa3HbIX IOMeE-

meHusx 3gaHus? Takum oOpa3oMm, HEOOXOOUMO HC-
CJIEI0OBATh BOIIPOC 00 yNPaBIsIEMOCTH TEMIIEPATYpHO-
IO peXMMa OTAIUTMBAEMBIX 3MaHMH, MPUYEM YIIpaB-
JSIEMOCTh OyJieM MTOHUMATh B CMBICIIE padoT [1-4].

Pemenne 3agaum. PaccMoTpuMm ykazaHHyIO 3a-
Jlady TPUMEHUTENBHO K ABYXTPYOHOH cHcTeme OTo-
IUICHUS, B KOTOPOH IPUMEHSETCS TOJIBKO KaueCTBEH-
HOE€ peryIupOBaHNE — M3MECHEHHE TeMIepaTyphl Tell-
JIOHOCUTEJII Ha aOOHEHTCKOM BBOJE 3JaHHUS U, COOT-
BETCTBEHHO, HA BXOJAaX OTOMNMTENBHBIX HPHUOOPOB
Pa3IMYIHBIX TOMEIIEHUH Ha pa3HBIX dTaKax.

Kak sTo ycraHoBneHo [5], TeMmepaTypHbIH pe-
XKHUM OTIENbHBIX MOMEIICHUH 3[aHusl yIOBJIETBOPH-
TEIBHO MOXET OBITh OMHCAH CICIYIOIIUM TuddepeH-
LMAJIbHBIM YPaBHEHUEM:

de;(t)

1

dt
rae 0; (1) =tg;(1)—t;; (1), tg;(1), 6;(t) — coorBeTCT-
BeHHO (hakTHuecKas U U30BITOUHAS TEMIIEPATypPBI i-T0
HOMEIIEeHus, t,;(t) — TeMIepaTypa HapyXKHOIO BO3-
aoyxa, T; ,k; , Wy; (t)— COOTBETCTBEHHO IIOCTOSHHAs
BpeMeHH, K03 (UITHEHT Mepeayd U MOITHOCTh OTO-
IIUTEIBHOTO PUOOpa i-I0 HOMEIIEHUs, T — BpeMsl.
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IIpu 3TOM, KaK 3TO HETPYAHO IOKa3aTh, MOIIHOCTh OTOMUTEIHHOIO IMPUOOpPA i-TO MOMEUICHUS MOXET OBITh

MpeCTaBICHA CIICAYIOIIM 00pazoM [6, 7]:
ki F (01 -6;)

ke B

2¢G;

Woi ()=

2

3necy ki, F ,G; — cooTBeTCTBEHHO KO3(p(HUIMEHT TemIonepeaauy, IIoansb IOBEPXHOCTH TEIIIO00MEeHa U

pacxod TCIIIOHOCUTEIIA OTONUTEIILHOTO an/I60pa i-TO noMemicHus, ¢ — yacjbHasA TCIIJIIOCMKOCTb TCIJIOHOCUTEII,

E)T = tr—ty,ty, E)T
JUUISI BCEX OTAIJTUBAEMBIX TIOMEIICHHIA).

— COOTBETCTBCHHO (ﬁaKTquCKaﬂ ¥ U30BITOYHAS TEMIICPATYpPbl TCIIJIOHOCUTEIIA (O,Z[I/IHaKOBBI

Ecnu noacraButh cooTHomenue (2) B ypaBHeHue (1), To OHO MOXeET OBITh NEPENUCAHO B CTAHIAPTHOM IS

TeopuH ynpasisieMoctH [ 1-4] Buze:
1+ Kpp;

de Kprpi
O (4 ),
dt T; T
kri Ek; .
e Kpp; = °W()=0p —ynpasnsiomee BosaeHCTBHE.
n Ti i
2¢G;

3

Taxum 06pa30M, TeMHepaTypHBIﬁ PCEKUM BCCX n HOMCH.[CHI/Iﬁ 3JaHuA MOXECT OBITH OIKCaH CJICAYIOIUM MaT-

PUYHBIM yPaBHEHUEM:

$:A9(1)+ Bu(1),
T
- - [k
T Lk ; o
0;(7) T, K 1
0, (1) 1Ky P2
. o -—— ... 0 T,
rae 0(t)= . ;A= T, ; B=|
—en(T)— 0o. . . . . ... —M(ﬂ k.npn
T
L n _ | Tn

“4)

; u(t)=01 — CKasApHOE yIpaBJIeHHE.

VYcIiioBHE MOTHOW YIpaBIIeMOCTH cucTeMbl (4) maetcst reopemoit Kanmana [1, 2, 8—14]. s npoBepku ycio-

BHs TeopeMbl KaiMaHa BBIYHCIMM MaTpHUILY YIPaBIIEMOCTH [B AB AZB...An_lB] . B nanHom cnydae 3ta MaTpu-

11a OyIeT UMETh CIICAYIOIIHIA BU:

2
K _(1+knP1)knP1 (I +Xkpp) " kppy
T, T? T}
2
, 1 Kppo (I+Kkppy)Kpps (I+Kkppy) " kpppo
e _
[BABA’B.A™'B|=| T, T2 T
2
Krpp _(1+kHPn)kHPn (I+kppn) Kppy
T, T? T o

! (I+kpp)" " Kpppy

! (1+kpps)" ' Kppy

=D

ot A+Kppy )" Kipn

[anee ciemyer onpenenuTb paHr 3TOH MaTPHUIIbL, U 3TOr0 HYXXHO BBIYHCIUTD €e onpenenurens. Ecau npu
3TOM YYeCTh M3BECTHOE CBOWCTBO ompesnenuteneii [15], To ompenenuTens TaHHOH MaTPHUIBI YIIPABIIEMOCTH MO-

JKeT OBITh OpeACTABJICH CICAYIOINM 06p330MZ

(tkpp)  (rkp)® (k)™
Tl T]Z ' Tln—l
2 n-1
k k k n(n-1) (I+kppy) (I+kppy) (I+kppy)
det| BABA®B..A" B |z — oL x P2 o x—PR (1) 2 2 -1 5
[ ] T T T, D T T, T )
1 (1+kHPn) (1+kTIPn)2 (1"'_1(1—1Pn)n_1
T, T; !
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Kak 310 BumHO u3 (5), onpenenurens B JaHHOM
COOTHOIICHHUMU ABJIISICTCA OHpeI[CHI/ITeHCM BaHI[epMOH-
na [15], mostomy

det[BABAzB...A“‘lB]:

k k k 1’1(1’1—])
IP1 % P2 . IIPn X(—l) 2 i

Tl T2 n
(I+kpp;)  (A+kppy)
* I )
n>is>k>l i k

(6)

HOHHTHO, YTO OH HC 6y,I[GT PaBCH HYJIIO TOJIBKO
Ipu yCJI0OBUH, UTO

(1+knpi)¢ (I+kppy)
T, T,

1

(7

Tompko B 3TOM ciy4yae paHr MaTpULBl yIpaB-
JsieMoCTH OYyZAET paBeH 7 U coryiacHO Teopeme Kamma-
Ha [1, 2, 8-14] 0oOBEKT BIOJHE YIpaBISIEM, T. €.
B IIPUHIMIIE CYIIECTBYET ynpaBjieHue u(t)=0r , Ko-
TOpOE€ MOXKET OOECTeUYMTh pa3JIndHble TpeOyeMble
TEMIIepaTyphl B Pa3HBIX ITOMEIICHUAX 3IaHUS C ABYX-
TpyOHOI crcTeMO# oToTUIeHUs. [[JIs 3TOTO pa3muYHbIC
MOMEIIECHUS 3[[aHusl, KaK 3TO cleayeT u3 ycnosus (7),
JOJDKHBI OTIIMYAThCS JIMOO IO TEIVIOTEXHUYECKHM M
THIPABINYECKUM XapaKTEPUCTUKAM YCTaHOBIICHHBIX B
HHUX OTONHUTEIBHBIX NPUOOPOB, JHOO IT0 TEIIO3aIHUT-
HBIM U TEMJIOUHEPLHOHHBIM CBOWCTBAM CaMUX MOMeE-
1ieHU. BBINOJHUTH Takue yCloBus, Kak MpPaBWIo, HE
MPEICTaBIIETCS BO3MOXKHBIM, TaK KaK MMEET MECTO
THUIIOBOE CTPOUTENHCTBO, IIPH KOTOPOM B KaXIOM IIO-
CTPOCHHOM 3IaHHUU 00S3aTEIBHO HUMEIOTCS THUIIOBBIC
3TaXXH C THIOBBIMU MOMEIICHUSMH M, COOTBETCTBEH-
HO, C THUIOBBIMHM XapaKTEPUCTHKAMH H YCTaHOBJIEH-
HBIMH OTONHUTENbHBIMU Tpubopamu. [lostomy B
OOJIPIIMHCTBE CIIy4aeB TEMIICPATYpHBIH PEXUM 371a-
HUIl HE BIIOJNHE YNpaBiIAeM, T.€. HE CYILECTBYET
ynpaBiieHus u(t)=0; , KOTOpoe CIOocoOHO obecrie-

YUTh pa3ludHble TpeOyeMble TeMIepaTyphl B Pa3HBIX
MOMeIIeHUAX 31aHus1. OueBUAHO, YTO BOSMOXKHBI pa3-
Hbl€ TEMIIEpaTyphl TOJBKO IJIS Pa3HbIX IPYyMNIl IOMe-
LUICHUH C OJMHAKOBBIMHM BBIIICYKA3aHHBIMU XapaKTe-
PUCTUKaMHU.
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The temperature of the internal air of different rooms of heated buildings often must be differ-
ent. At the same time, the number of control actions applied in this case is rather limited — as a rule,
they regulate either the temperature or the coolant flow rate at the individual heat point (IHP) of the
building. Moreover, the coolant flow rate almost never changes due to the inevitability of hydraulic
deregulation of the heating system, therefore, as a rule, only one control action is available to con-
trol the temperature regime of buildings — this is the temperature of the coolant at the IHP. In this
regard, an issue quite naturally arises on the controllability of the temperature regime of buildings,
that is, on the possibility of maintaining different temperatures in different rooms. To solve this
problem, a mathematical description of the temperature conditions of various rooms in a building
with a two-pipe heating system has been proposed. This description is a matrix system of first-order
differential equations. The concepts of excess internal air temperature and excess coolant tempera-
ture are used. The conditions of complete controllability of the object were found. For this, the con-
trollability matrix was calculated, it was shown that its determinant can be expressed in terms of the
Vandermonde determinant. This circumstance greatly simplified the definition of the conditions of
controllability. It was noted that for the complete controllability of the object, it is necessary that all
its premises would differ either in heat-shielding and heat-inertial properties, or in the characteristics
of the heating devices installed in them. In most practical cases, usually, there is no such distinction;
therefore, the temperature regime of heated buildings, as a rule, is not fully controlled.

Keywords: temperature conditions, heated buildings, controllability, coolant, matrix descrip-
tion, controllability matrix, heat-shielding and heat-inertial properties of premises, characteristics
of heating devices.
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