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The report discusses the task of optimizing the hydraulic modes of heat supply systems (HSS). This task is
relevant at the planning stage of the main operational modes of the HSS operation in preparation for the
heating season. The difference of the proposed approach is that the task of design of commissioning of the
HSS is considered as an optimization problem. The relevance of this task is justified by the great potential for
energy saving in HSS, which can be realized by optimizing their operating modes, and currently there are no
software packages suitable for practical use for such optimization.

Substantially, the problem under consideration consists in the search for controls that ensure the implemen-
tation of a mode that meets the requirements of technological feasibility and optimality in accordance with
a given system of goals. Such goals include: 1) energy saving requirements; 2) reduction of possible coolant
leaks and the risks of emergency situations, which are reduced to minimizing the pressure level in the net-
work; 3) minimizing the complexity of commissioning.

Mathematically, the problem is a mixed discrete-continuous problem of multiobjective optimization, for the
solution of which there are no effective general methods. The results of the study of the multiobjective nature
of the problem based on the analysis of the properties of the Pareto set are described, its structure is revealed.
A formalized procedure is proposed for constructing a Pareto set, oriented to special properties of the problem
and specific objective functions.

The experience of developing methods for single- and multiobjective, continuous and discrete optimization
of HSS modes is described. The analysis and justification of the most promising methods for solving multi-
objective problems, including the approach of lexicographic ordering of objective functions, are given. In the
framework of this approach, a hierarchical system of optimization methods is proposed, based on the use of
effective methods of single-objective optimization [1-3].

A characteristic is given of the multilevel optimization technique developed by the authors, which makes it
possible to overcome the dimension problem of large HSS, to partially separate the objective functions and
types of controls (integer and Boolean) according to the stages of optimization of trunk and distribution heat-
ing networks [4]. At the stage of optimization of radial distribution networks, the task of multiobjective
optimization with two objective functions is relevant. To solve it, an original method has been developed
based on a combination of the principles of dynamic programming and the equivalent of design schemes [5].
The effectiveness of this method is determined by the possibility of a guaranteed solution to the multiobjective
optimization problem with lexicographic ordering of objective functions in one pass (without iterative cycles)
and high speed.

The examples illustrate the properties of the tasks under consideration, the efficiency and capabilities of the
proposed methods.
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PA3PABOTKA 1 PA3BUTUE METOIAB OIITUMU3 AU PEXKVMOB TEIUIOBBIX CETEN

Jlynerko A.B., Hosunxkuit HH

Uucturyr Cucrem SHepretnku uM. MenentseBa, Cubnupckoe Otnenenne Poccuiickoit Akagemun Hayk,
Wpkytck, Poccnsa

B mokiane paccMaTpuBaeTCs 3afayua ONTIMMU3aLMM I'APABINYECKIX PEKIMOB TEIIIOCHA0KAIOIINX CHCTEM
(TCC), Bo3HMKaOIIAs Ha 9Talle INTAHMPOBAHNA OCHOBHBIX 9KCILIYaTAl[MIOHHBIX pexkxnMoB paborsr TCC mpn
ITOArOTOBKE K OTONMTENIbHOMY ce30Hy. HoBu3Ha IIpeayiaraeMoro oaxoma CoCTONUT B TOM, UTO 3afaya paspaboTKu
HanagouyHbIx MeponpuaTtuit B TCC paccMaTpuBaeTcs Kak ONTUMMU3alMOHHAd. AKTYaJIbHOCTD TOM 3amaun
cBsI3aHa C GOJIBIINM MOTeHIManIoM sHeprocoepexenns B TCC, KOTOpBII MOXKeT OBITh pealn30BaH 3a CUeT
ONTUMIU3ALIIY PEXXMMOB UX pabOThI, a IPUTOLHBIE AJIT LINPOKOTO IPAKTUYECKOTO IPUMeHEeHS IIPOrpaMMHBbIe
KOMIIJIEKCBI 71 TAKOJ ONITMMM3ALM B HACTOSIIIee BPeMs OTCYTCTBYIOT.

C comeprKaTebHOI TOUKY 3peHMs paccCMaTprBaeMast 3a{aua COCTONT B IIOVICKe YIIpaBJIeHNIT, 00eCIeunBaloILIIX
Ppean3alnio pesKiMa, y0BIeTBOPSIOIIEro TpeOOBaHMSIM TeXHOIOTMYEeCKO JOITy CTIMOCTI 1 ONITUMATbHOCTI

C TOUKJI 3peHNs 3aJaHHOII cucTeMbl Heell. K Takum nesnsm oTHocsTes: 1) TpeGoBaHMs sHeprochepekeHus,
KOTOpbIE MOTYT ObITh CBEJCHBI K €VIHOJ 9KOHOMMYECKOII 11esIeBOII QYHKIY; 2) COKpallleH e BO3MOXKHBIX
yTeueK TeIUIOHOCUTEJIS ¥ PUCKOB BOSHUKHOBEHS aBapUITHBIX CUTYaLNIT, KOTOPBIE CBOMATCSI K MITHIMU3ALIAN
YPOBHSI JaBJIEHNS B CETH; 3) MUHUMM3ALVI TPYAOEMKOCTI HAJIAMOUHBIX paboT.

C maTeMaTH4eCcKOI TOUKM 3peHNd JaHHAd 3ajada ABJIAETCA CMeIlIaHHOI AMCKPETHO-HelIpephIBHO 3aadeit
MHOTOKPHUTEPHUAIbHOI ONTUMU3ALNIY, I PelIeHNs KOTOPOI OTCYTCTBYIOT 06Iue 3¢ ¢eKTUBHbIe METOMbI.
Vznararorcs pesyIbTaThl MCCIeNOBaHIA MHOTOKPUTEpMATbHOI IIPMPOABI 3ajaull Ha OCHOBE aHaIN3a CBOIICTB
MHoxecTBa IlapeTo, pacKpbIBaeTcs ero cTpyKrypa. Ilpemaraercs hopMannsoBaHHas IPOLEypa IOCTPOCHIS
MHOecTBa IlapeTo, OpreHTIPOBaHHAA Ha CIIeL[MaJIbHbIe CBOJICTBA 3aaul I KOHKPETHBIX LIeJIeBBIX Py HKIIMIL.
V3naraercs ombIT pa3paboTKI METOOB OLHO- ¥ MHOTOKPUTEPUAIBHOI, HEIIPEPBIBHOI M JUCKPETHON ONITUMU3ALIII
pexxumos TCC. [Taercs aHanus 1 060cHOBaHMe HanboJIee ITePCIeKTUBHBIX METOOB PellIeHIsI MHOTOKPUTEPUATBHBIX
3a/a4, B TOM YJICJIe IOAXO0/ JIeKCUKOTpadIIecKOro yIopsIounBaHus LelleBbIX GYHKIMIL. B paMkax JaHHOTO
IIOJXOMa IIpeJIaraeTcs epapxmuueckas CCTeMa MeTO0B ONTHMU3AIY, 6a3MpyoILasicsa Ha IPUMeHEeHII

3¢ eKTUBHBIX METOJ0B OJHOKPUTEPUATIBHOI onTuMusanyyu [1-3].

JaeTrcs xapakTepuCTUKa pa3paboTaHHO aBTOPaMIL METOAMKY MHOTOYPOBHEBOI OIITIMI3ALII, TIO3BOJISIOLIIETT
IpeoxoJIeTh IpobireMy pasmepHocTy 6osbiinx TCC, yacTUYHO pa3aenTs IieeBble (pyHKI{UM U TUIIBI yIIpaBIeHUIt
(esroumcITeHHBIX 1 OyJIEeBBIX) IO 9TAlaM ONTIMU3ALI MarXCTPAIBHbIX U PACIIpeNeIITENIbHBIX TEILIOBBIX

cereit [4]. Ha stane onruMusanmy paguaIbHbIX paclpe el MTebHbIX CeTell BOSHUKAET 3a/1aua ABYXKPUTepUaIbHOIL
onrumusanyu. [ ee peleHNs pa3paboTaH OPUTMHAIBHBIN METOM, OCHOBAHHBII Ha COYeTAaHNM IIPMHLIAIIOB
IVIHAMITYECKOTO IIPOrpaMMUPOBAHII M 9KBMBAJIEHTUPOBAHIS pacyeTHBIX cxeM [5]. SddeKkTnBHOCTS aHHOrO
MeTOAa OIIpeelIIeTCsl BO3MOKHOCTHIO TapaHTIPOBAHHOTO PeLeHNs 3a1a4Y MHOTOKPUTEPUATbHOI OIITIMI3aLIANL
C JIEKCUKOTpadUecKM yIIOpSJ0ouMBaHIeM [[eJIeBbIX PYHKLMIT 38 ONMH IIPOX0[ (6e3 MTepaTUBHBIX IIVIKJIOB),

a TaKXKe BBICOKMM OBbICTPO/EIICTBIEM.

Ha KOHKpeTHBIX IIpUMepax MJUIIOCTPUPYIOTCS CBOJVICTBA paccMaTpMBaeMbIX 3agau, pabOTOCIIOCOGHOCTD I
BO3MOKHOCTH IIpeJJIaraeMbIX METOLOB.
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