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OB YMNPABJIAEMOCTU TEMMEPATYPHOIO PEXUMA

OTAMNMUBAEMbIX 30AHUA
C.B. MaHgpepoe’, B.N. MaHgpepoe’?

" fOxHO-Ypanbckull 2ocydapecmeeHHbiil yHusepcumem, e. YensbuHck, Poccus,
2 BoetHbIll y4e6HO-HayHbIl YeHmp BoeHHO-8030yWHbIX Cun «BoeHHO-8030ywWHas
akademusi um. npogp. H.E. )Xykosckoeo u FO.A. [asapuna», punuan e e. HYenabuHcke,

2. YensbuHck, Poccusi

TemriepaTypa BHYTpPEHHETO BO3/yXa Pa3IMYHBIX IIOMEIEHUI OTaIlIMBaeMBIX 3/IaHUM 3adac-
TYIO JIOIDKHA OBITH pa3Ho#. BMecTe ¢ TeM KOIMYECTBO MIPUMEHSIEMBIX IIPH STOM YIIPABIISIOIIX BO3-
JeHCTBUI JIOCTATOUHO OTPaHMYEHO: KaK IIPaBWIIO, PETYIUPYIOT JTUOO0 TeMIeparypy, MO0 pacxo/
TEIUTOHOCUTETSI HA. UHAUBUTYaTbHOM TellloBoM IyHKTe (UTTI) 3manus. 1lpuuem pacxo1 TeIutoHo-
CHUTEIIsS ITOYTH HUKOT/Ia HE U3MEHSIOT U3-3a HEU30EKHOCTH THAPABIMUIECKOH Pa3peryIMpoOBKU CHUC-
TeMBI OTOIUICHISL, [TO3TOMY JIUIS1 YIIPaBIICHHUS TEMIIEpaTyPHBIM PEKUMOM 3/IaHUH, KaK [IPaBUIIo, J0c-
TYIIHO TOJIBKO OJIHO YIIpaBJLIIONIEE BO3JIEHCTBHE — 3TO Temileparypa TernoHocutenst Ha HTIL
B cBf3u ¢ 3TUM BIIOJIHE €CTECTBEHHO BO3HHKAET BOIPOC 00 YIIPABIIEMOCTH TEMIIEPATYPHOI'O pe-
UM 3/IaHUH, TO €CTh O BO3MOKHOCTH II0/JIEPKaHUS Pa3IUIHbBIX TeMIIEpaTyp B Pa3IMYHBIX IIOMe-
IeHUsIX. [Tt pelmeHust 5Toi 3a/1aun IIPeUTIoKEeHO MaTeMaTHIEeCKOe OIMCaHUe TeMIIEPaTypPHOTO pe-
JKUMa Pa3IMYHBIX TIOMEIIEHU 3/1aHus C JABYXTPYOHOM CHCTEMOH OTOIUIEHUS. DTO OIMCaHUE IIpes-
cTaBsIeT cOo0OM MaTpUUHYIO cucTeMy AuddepeHIManbHbIX YpaBHEHUH IIepBOro ropsaka. 1lpu
5TOM HCIIONB3YIOTCS TIOHSITHSI M30BITOUHON TeMIlepaTyphl BHYTPEHHETO BO3jyxa M H30BITOUHOMN
TeMITeparypsl TelioHocuTersl. HafileHpl yCIoBHS TIOTHOM yIIpaBIisieMocTH o0bekTa. Jist 5Toro Obl-
Jla BBIUKCIICHA MaTpHIlA YIIPABISIEMOCTH, IIOKA3aHO, YTO €€ OIPE/IeUTeNh MOKET ObITh BRIPaKeH
yepes oIpeJenureb BaHaepMoHaa. D10 06CTOSTENBCTBO CYIIECTBEHHO YIIPOCTIIO OIpPEETIeHUE
YCIIOBHH yIpapisieMocTd. OTMEUEHO, YTO IS ITOHOM YIIpaBisieMOCTH 00bheKTa HeOOX0MMO, UTO-
GBI Bce €r0 IIOMEIIEHHUS PasMYaIuch Obl THOO0 10 TEIUIO3aUTHBIM U TEIUIOMHEPIMOHHBIM CBONCT-
BaM, THOO I10 XapaKTEPUCTUKAM YCTAHOBJIEHHBIX B HIX OTOIIMTEIBHBIX IIPUOOPOB. B GonbnmHcTRE
MIPAKTHYECKUX CIIYYaeB TAKOT'O Pa3IMuus OOBIMHO HET, II03TOMY TeMIIepaTypPHBI PEeXUM OTaIlIH-
BaeMBbIX 3/[aHUI, KaK [IPABUIIO, SBIISETCS HEIIOJTHOCTHIO YIIPABILIEMbBIM.

Knioueevie cnosa: memnepamypHbwlii pexcum, OManineaeMvle 30aHUA, YIPAGIaeMocnib, men-
JIOHOCUME b, MAMPUUHOE ONUCAHUE, MAMPUYA YIPABTAEMOCHY, MENI03AUUNIHbIE UMENTOUHEPYU-
OHHbIE CBOTCHBA NOMEUeHUT, XAPAKMEPUCMUKY OMONUMETbHBIX HPUEOPOE.

IMocraroBka 3agaun. TpeOoBaHWA, TPSIBABIIC-
MBIE K TEMIIEPATYPHOMY PEKHMMY OTAILUIMBACMBIX 3/1a-
HHUH, 3aKIIOYAIOTCA B TOM, YTO TEMIEpaTrypa BHYT-
PEHHETO BO3AyXa PA3NUYHBIX €T0 NMOMEIICHHH, KaK
MPaBWIIO, AOJDKHA OTJIMYATHCA. BMecte ¢ TeM BO3-
MOKHOCTH TPHMEHACMBIX YIPABIAIOIIMX BO3ACHCT-
BHH A0OCTATOYHO OTPAHHYCHBL OOBINMHO PETYIHPYIOT
(M3MEHSIOT) TOJNBKO TEMIEPATYpPy TEIJIOHOCHTEISI HA
a0OHEHTCKOM BBOJC 3JaHMA (KAUCCTBEHHOC PETYIIH-
poBanue). Pacxo TEIIOHOCUTENS HPH 3TOM (KOJIHYE-
CTBCHHOE PETyJIMPOBAHNE) NMOYTH HUKOTAA HE H3Me-
HSIIOT W3-32 HEM30CKHOCTH THAPABINICCKON pa3pery-
JMPOBKU CHCTEMBI OTOIICHM. [lanee, B ABYXTpyOHOH
CHCTCMC OTONHUTCIBHBIC MPHOOPHI MOMCIICHHUH, pac-
TMOJIOKCHHBIX HA PA3HBIX JTAXKAX, MOAKIHOYAKTCA K
OJHOMY M TOMY >K& TOJAFOIIECMY CTOSIKY U K OTHOMY H
TOMY K¢ OOpPaTHOMY CTOSKY, MO3TOMY HA MX BXOJBI
MOCTYTNAET TEILUIOHOCUTENb C OJHOM M TOH K& TeMIle-
patypoii. B ogHOTpyOHOH CHCTEME OJWH H TOT KC
TEIUIOHOCHUTENh TTOCTICAOBATEIbHO IPOIYCKACTCS e-
pe3 OTOMHUTENbHBIC IPUOOPHI PA3HBIX ITAKEH. B cBs3m
C 3THM B TAKHX YCJIOBHAX BIOJHC CCTCCTBCHHO BO3-
HHUKACT BOIIPOC O TOM, BO3MOYKHO JIM B 3TOH CHUTYalNH
B TPWHIMIC TOICPKHUBATh PA3JIMYHbIC TpeOyeMbIe
TEMIEPATYPHI BHYTPEHHETO BO3AYXa B PAa3HBIX IOME-

meHUAX 37anua’ TakuMm 00pa3oM, HCOOXOIHMO HC-
CJIeIOBATh BOMPOC 00 YTPABILIEMOCTH TEMIICPATYPHO-
TO PCKUMA OTAILTHBACMBIX 3JAHUH, TPHUCM YIIPaB-
JEMOCTH Oy ACM IOHUMATH B CMBICIIC padoT [1-4].

Pemenne 3axaun. PaccMoTpuM yKazaHHYIO 3a-
Jady HMPHMCHHUTEIRHO K ABYXTPYOHOH CHCTEME OTO-
IJICHHS, B KOTOPOH HMPHMCHACTCA TOIBKO KAYCCTBCH-
HOC PCTYTHPOBAHHUC — M3MCHCHUC TCMIICPATYPHI TCII-
JOHOCHUTEISI HA AOOHCHTCKOM BBOJC 3JAHHA M, COOT-
BCTCTBCHHO, HA BXOJAaX OTONHTCIBHEIX HPHOOPOB
PA3THIHBIX TOMCIICHUH HA PA3HBIX 3TAKaX.

Kak 510 ycranoBieHo [35], TeMmeparypHbId pe-
JKAM OTJACABHBIX MOMCHICHHH 3JAHHS VIOBJICTBOPH-
TEIBHO MOJKCT OBITH OMHCAH CICAYIOIAM TU(P(CpPCH-
IHATBHBIM YPABHCHUCM

do. (1)
T ———+0;(1) =k; Wy, (1) @)
dr

e 6; (1) =ty (D —ty (1), ty;(1), 0,(1) — COOTBETCT-
BEHHO (DaKTHUECKAsI ¥ U30BITOYHAS TEMIICPATYPHI i-TO
MOMCIICHUSA, ty;(T) — TCMICPATypa HApy>KHOTO BO3-
ayxa, T, k; , Wy; (t)— COOTBETCTBEHHO IIOCTOSHHAA
BPCMCHH, KO3(Q(QHUIUCHT MepeIayd W MOITHOCTH OTO-
MUTEIBHOTO MPHOOPA i-TO TIOMEIICHHS, T — BPEMSL
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[Tpu 3TOM, KaK 3TO HETPYIHO MOKA3aTh, MOIIHOCTh OTONUTEIHHOTO MPHOOPA i-TO MOMEIICHHUSI MOKET OBITH
MPSACTABIICHA CIICAYIOIIIM 00paszoM [6, 7]:

kr; E©r-0,)
kK
2c¢Q

3peck ki F,G; — cooTBeTCTBEHHO KOA((PHUIUMEHT TeIIonepeaayy, II0MAab MOBSPXHOCTH TEILIOOOMEHA H

Wy (W= )]

pacxoj TEIUIOHOCHTENSI OTOMHUTEILHOTO MPHOOpA i-TO MOMEHICHHS, ¢ — YACIbHAS TEIIIOEMKOCTh TCIUIOHOCHTEIIS,
0= tr—tyg.tr, 61 — COOTBETICTBCHHO (DAKTHYECKAA M M30BITOUYHASA TEMIIEPATyPhl TEIIOHOCHTEI (OIHHAKOBBI
JUTA BCEX OTATUTHBACMBIX MMOMEIICHUHN).

Ecamn moacraBute cooTHOMCHHE (2) B ypaBHCHHS (1), TO OHO MOSKET OBITH MCPCIIMCAHO B CTAHAAPTHOM IS
TECOPHUH yIpaBIAeMOoCTH [1-4] BrAe:
1+Kkpp;

do; (v) IPi
=— 0. (t)+ u(t), 3
I T i (1) T (V) 3)
kr; Ek; N
rae kpp; = - W1)=0y - ympasomee BO3ACHCTBHE.
1+ Ti *1
2¢G;

Takum 00pazoM, TeMIEPaTypPHbIH PSKHM BCEX /1 TIOMEHICHHH 3JaHUS MOXKET OBITh OIMCAH CIICIYIOIIMM Mar-
PUYHBIM YPABHCHHCM

%:Ae(rﬁ Bu(1), )]
_ - [k 1
) ) 1+Kppy 11
0, (v) B T 0 le
6,(» 0 1+kp, 0 ;IPZ
rae 0(t)=|" A= - T, . B= .2 ; u(1)=0; — CKAJIPHOE YNPABICHHE.
[0a(0)] e Krrps
L n i | Tn |

YcaoBue noaHOU yHpassieMocTu cucteMsl (4) maercs teopemoit Kanvana [1, 2, 8-14]. s npoBepku ycio-
BHA TeopeMbl KaimMaHa BEMHCIHM MATPHIYY YIPABIACMOCTH [B AB AZB...AH*IB} . B naHHOM Ciy4ae 3Ta MaTpu-
1a OyAeT MMETh CICAYIONIMI BUA;

Krpy . A +Kypy ) Kpppy (1+Kppy) Kppy 1y (L +kpp)" " Kypy
Tl le T13 ln
, . Kp, . (+kppkmps  (+kppy) ki) ™ (1+kppy)" 'Ky
[BABA’B..A"'B]=| T, T2 T ™
kpn  (tkppo)kmpn  (+kipn) Ky (et (e )" kppy
| T T, T, ' N ]

Janee cieayeT ONpeleIuTh PAHT 3TOH MAaTPHLBL, AT 3TOT0 HYXKHO BBIMHCIIHTB €€ OIpelcauTens. Ecau mpu
3TOM Y4eCTh M3BECTHOE CBOWCTBO ONpeAcauTeNcH [15], TO onpeaenuTens JAaHHOW MATPHIBI YIIPABILICMOCTH MO-

JKCT OBITH MPSACTABIICH CJICIYFOIIIM 00Pa30M:

(tkppy)  (rkpp)® Ak
T T Ui
2 n-1
Kk Kk Kk n(n-1) A+kpy) A+kp,) A+kp,)
det[BABAzB...A“’lBJ: LR AV LIV | S T o w1 | )
T T, T, 2 2 2
| Urkmpy)  Qtkipn)® (k)™
T, T, !
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Kaxk 310 BUAHO w3 (5), ompeaeuTeNb B JAHHOM
COOTHOIICHUH SIBJIIETCS ONpeAcIuTeicM BaHaepMoH-
aa [15], mosromy

det[ BABA’B..A"'B]=

k k k n(nfl)
S LEVL IV HPn><(—1) 2 %

T1 TZ n
- ((l+kHPi)_(l+kHPk)).

nxi>k>1 Ti Tk

(©6)

TTOHATHO, YTO OH He OyIET PABEH HYJHO TOJIBKO
TIPH YCTIOBHH, YTO
(1+kHPi)¢ (I +kppy)
T, T,

1

(M

TompkO B 3TOM CIIy4ac paHT MaTPHIbBI YIIPaB-
JsieMocTH OyAeT paBeH /1 M coriacHo Teopeme Kamva-
Ha [1, 2, 8-14] OOBEKT BNOJHC YIPaBIACM, T. €.
B MPHUHITUIIC CYMICCTBYCT YHMPABICHHE u(t)=0; , KO-
TOPOEC MOXKET OOCCICYHTbh Pa3NIUIHBIC TpeOyeMble
TEMIICPATYPHI B PA3HBIX NMOMCINCHUAX 34AHUA C OABYX-
TPYOHOH CHCTEMOMH OTOILICHHS. J{J11 3TOTO Pa3IHIHbIC
MOMEIICHUSA 3AHUA, KAK 3TO CIeAyeT U3 ycaoBui (7),
JOIDKHBI OTJIMYATHCS JHOO IO TEINIOTCXHHUCCKAM H
THAPABIMICCKAM XaAPAKTCPUCTUKAM YCTAHOBJICHHBIX B
HUX OTOIHTEIbHBIX IMPHOOPOB, MO0 MO TEIIO3AIIUT-
HBIM U TCIIJIOMHCPUHUOHHBIM CBOMCTBAM CaMHX IOME-
IICHUI. BBINOJHUTE TaKuE YCJIOBUS, KAK MPABUJIO, HE
TIPEACTABIBIETCS BO3MOSKHBIM, TAaK KAaK HMEET MECTO
THIIOBOE CTPOMTEILCTBO, TIPH KOTOPOM B KAXKIOM I10-
CTPOCHHOM 3TaHHH O0A3aTCIFHO HUMCIOTCA THIIOBBIC
OTAXKH C THIIOBBIMH NMOMCHICHMAMH H, COOTBCTCTBCH-
HO, C THIOBBIMH XAPAKTCPUCTHKAMH W YCTAHOBJICH-
HBIMH OTONHUTCIbHBIME mpuOOopamu. [lostomy B
OOIBIIMHCTBE CIIYYaCB TEMIICPATYPHBIH PEXHM 37a-
HUH HE BIIOJIHC VIPABISIEM, T.€. HE CYIIECTBYET
yopasiaeHHA u(t)=60; , KOTOpOE CIOCOOHO obecme-

YUTh PA3IHIHbIC TPEOYEMBIE TEMIICPATYPHI B PA3HBIX
moMeIeHWIX 31aHms1. OUeBHIHO, YTO BO3MOYKHBI Pa3-
HBIC TEMICPATYPBI TOJBKO JUIA PA3HBIX IPYMI MOME-
ICHUH C OJAMHAKOBBIMH BBIMICYKAZAHHBIMH XAPAKTE-
PHUCTHKAMH.

BLiBoan1

PaccmoTtpena 3amava 00 yIpaBIBICMOCTH TCMIIC-
PATYPHOTO PEXKHMA OTAITHBACMBIX 3JAHUI. YCTAHOB-
JICHO, YTO AJI TMOJHOH yIPaBIICMOCTH OOBCKTA HE-
00Xx0aMMO, UTOOBI BCC TIOMCIICHHS 3JAHHS Pasamda-
Tuch OBl JMOO0 MO TCIUTO3AIMUTHEIM H TCILIOWHCPITH-
OHHBIM CBOHCTBAM, JIMOO TO XAPAKTCPHCTHKAM YCTa-
HOBJIICHHBIX B HHX OTONHTCIBHBIX MPHOOPOB.
B OONBPMMHCTBE MPAKTHUCCKUX CIIYYACB TCMIICPATYP-
HBIH PEXUM OTAIUTMBAEMBIX 3JAHUM CICAYET CUUTATh
HETIOJTHOCTBE) YIIPABISICMBIM.
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ON CONTROLLABILITY OF THE TEMPERATURE MODE
OF HEATED BUILDINGS
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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 THP. 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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