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W3noxxeH MeToaudeckni IOAXOJ K OINHCAHHIO CTPYKTYphl ¥ aHaiu3y d(PQeKTUBHOCTH (HyHKIMOHHPOBAHMS
CYIIECTBYIOIIUX [EHTPAIN30BAHHBIX CHCTEM TEINIOCHA0KEHHSI HACEIEHHBIX IIYHKTOB, KOTOPBIH MOET OBITh HCIIOJIB30BAaH
IpU  TIPOBEICHHM OJHEPreTHUECKHX O0OCIIe0BaHUH, pa3pabOTKe IEPCHEKTHBHBIX ONTHMH3UPOBAHHBIX CHCTEM
TEIIOCHA0KEHMS, TPOEKTOB U IPOTPaMM MOJICPHHU3ALIMH KOMMYHAJIbHOM TETIIIO3HEPT € THKH.

KnaioueBble ci0Ba: IEHTpaIM30BaHHBIE CHCTEMBI TEIUIOCHAOXKEHMs, JHEpreTHYeckue o0cienoBaHus, pa3padoTka
MIEPCIEKTHBHBIX ONTUMI3HUPOBAHHBIX CXEM TETIOCHAOKEHHSI HACEJICHHBIX ITYHKTOB.
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BuknageHo MeTOAMYHMH MiAXig OO OMKCY CTPYKTYpH Ta aHalmizy e(eKTUBHOCTI (YHKIIIOHYBaHHS iCHYIOUMX
LEHTPANIi30BaHUX CHCTEM TEIUIONIOCTaYaHHs HACENeHWX IyHKTIB, SKidH Moke OyTH BHKOPHCTAaHWHA NpPH TPOBEICHHI
€HEPTreTUYHUX OOCTEXKEHb, PO3POOI IMEePCIEKTUBHUX ONTHUMI30BAaHUX CHUCTEM TEIUIONIOCTAYaHHS, MPOEKTIB 1 Mporpam
MOJIepHi3allii KOMYHAJIbHOT TeTJIOCHEPTETHKH.

KirouoBi cioBa: IeHTpati30BaHI CHCTEMH TEIUIOTIOCTaYaHHS, CHEPTreTHYHI OOCTeXeHHS, po3poOka NEepCHEeKTHBHUX
OHTI/IMi3OBaHI/lX CXEM TCILIOIIOCTAaYaHHs HACCIICHUX HyHKTiB.

Analysis of the structure and efficiency of the central directed heat supply systems
in settlements
Nikitin E., Dutka O.
The Gas Institute of NASU, Kyiv
Tarnovskiy M.
«OptimEnergoy, Kharkiv

The methodical approach to analyzing the structure and efficiency of the existing centralized heating systems in human
settlements is set out. The methodical approach can be used in carrying out energy audits, development of prospective
optimized heating systems, projects and programs of municipal power system modernization.

Key words: central directed heat supply systems, energy audits, development of prospective optimized schemes of
settlement heat supply.
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AKTyambHOCTh TPOOIEMbI MOJACPHHU3AIUU CUCTEM TEIUIOCHAOKCHHS HACCIICHHBIX ITYHKTOB OTMEUACTCS B IIEJIOM
psane pa6ot [1-3]. IlepBbIM 1IaromM Ha MyTH MOJACPHHU3AIMH CUCTEMbI TEIUIOCHAOXKCHUS SIBIISCTCS MPOBEICHHE
SHEPTETHYECKOTO 00CIeI0BaHMsI. MeTOMO0IOTHS MPOBEIECHUST dHEPTETUIECKUX OOCIEIOBAHUN CHCTEM TEIJIOCHAOKCHHUS
TOPOZIOB M HACEJIIEHHBIX ITYHKTOB HAXOIHUTCS B COCTOSHUM pa3paboTku. HexoTopsle pekoMeHaaIuy IpuBeAeHE B paboTax
[4, 5]. Llenpio HACTOSIIETO HCCIICMOBAHUS SBISICTCS COBEPIICHCTBOBAHWE METOJOJIOTHH IPOBENCHUS DHEPTETHUSCKUX
00ceIoBaHUl CHCTEM TEIIOCHAOKCHHST HACCIICHHBIX MMyHKTOB. PaboTa 6asupyeTcst Ha OIbITE MPOBEACHUS 00CIICIOBaAHMIMA
CHUCTEM TEIUIOCHAOKCHHS HACCIICHHBIX MTyHKTOB YKpPAaWHBI U COJACPXKHUT PSIIl MPUMEPOB, WITFOCTPUPYIONIUX TC WU HHBIC
acCIeKThl paccMaTpUBaeMON METOAOJIOTHH.

DHepreTudyeckoe 00CIIEOBaHUE CYIICCTBYIOIICH CHCTEMBI TEIUIOCHA0KEHUS JOJDKHO BKIIOYATh B CeOsl TpU
OCHOBHBIX JTara:

-  OIHCaHWE M aHAIN3 CTPYKTYPHI CHCTEMBI TEIUIOCHA0KEHHS;

- aHamu3 mokasateneit 3 (hekTHBHOCTH ee pabOTHI;

- pa3zpaboTka SHeprodPpPeKTHBHBIX IMPOEKTOB.

Hactositiee uccnefoBaHWE TMOCBSANICHO aHANU3y CTPYKTYPBl U IPQPEKTUBHOCTH  (DYHKIIMOHHUPOBAHUS
paccMaTpuUBaeMBbIX CHUCTEM. OTH JBa JTama SBISIOTCS OCHOBOW Ui pPa3pabOTKU SHEProd(h(GEKTHBHBIX MPOCKTOB.
PaspaboTka 3HeproapPpeKTUBHBIX MPOEKTOB SABJSICTCS BECbMa OOIIMPHON TEMOM, KOTOPAsk BBIXOIUT 332 PAMKH HACTOSIICH
cTaThu. DTOH TeMe MOCBSIIECHB MHOTOUHCIICHHBIC pa0OTHI, B YaCTHOCTH [J, 6].

Cucrema TerIOCHAOXXEHHUS HACEIICHHOTO ITYHKTa IPEACTABISCT COOOH CIOKHYIO HEpPapXHIeCKYyI CTPYKTYPY
B3aHMOCBSI3aHHBIX TIOACHCTEM H JJIEMEHTOB (puc. 1). B3amMocBs3p MeXIy dSJIEMEHTaMH pPacCMaTpPHUBAEMOW CHUCTEMBI

O6YCJ'IOBJ'I€Ha MMPOTCKAOIIUNMU B HEHl CI0KHBIMU TCIUIOTUAPABINYICCKUMHU NPOLCCCAMU.
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Puc.1. CtpykTypa IIEHTpaIM30BaHHON CHCTEMbI TeIIOCHA0KECHUS

Cucrema TemI0CHA0KEeHUsI KPYITHOTO HACEJIEHHOTO ITyHKTa BKIIIOYAET B ce0s1, KaK MPaBHUiIO0, HECKOIBKO TEIUIOBBIX
paiionoB. TeruioBod paiioH HpeicTaBiIseT COOOW COBOKYMHOCTh TEIUIOBOIO MCTOYHHKA, TEIUIOBBIX CETEH M TEIUIOBBIX
norpeduteneid. B HEKOTOPBIX ciydasX TEIJIOBBIE MOTPEOWTENHM IOAKIIOYAIOTCS K TEIUIOBBIM CETSIM C ITOMOIIBIO
neHTpanbHBIX TermoBbIX TyHKTOB (LITII). TemmoBble paiioHBI MOTYT OBITH CBSI3aHBI MEXAYy COOOW C ITOMOIIBIO
CHELHATbHBIX YYaCTKOB TPYO TEIUIOBBIX ceTel (TaK Ha3bIBAEMBIX «IIEPEMBIYEKY).

OCHOBHBEIM TEIIOBBIM HCTOYHHKOM CYHECTBYIOIIUX CHUCTEM TeHJ’IOCHa6)KeHI/ISI SIBJIAFOTCS BO}IOFpefIHI:Ie
KOTEJbHBIE, pa0OTalolIMe Ha MPHUPOJHOM Tasze. VIMeroTcsi Takke TEIUIOBble paliOHbI, HICTOYHUKOM TEIUIOTHI B KOTOPBIX
spistiorest TOLI, paboTarompe Ha NpUPOAHOM Ta3ze Win yrie. He3HauuTenbHas 4YacTh TEIUIOBBIX MOTpeOUTENeH
OTamjmBa€TCA C MNOMOHOIBIO JPYIUX TEIJIOBBIX HCTOYHUKOB! ra3onopuIHEBbIX KOICHCpPpAMOHHBIX YCTAHOBOK,
JIEKTPOKOTIIOB MJIH TETIJIOBBIX HACOCOB.

OnucaHne CTPYKTYpPbI PacCMOTPEHHOW BBIIIE CHCTEMBI TEIUIOCHAOXKEHHS MPEACTAaBISIET COOOW JOCTATOYHO
TPYILOEMKYIO 3334y, KOTOpasi MOXKET OBITh PEIIeHa ITyTeM COCTABICHUS JJIEKTPOHHOTO IACIoOpTa B CPEIE JICKTPOHHBIX
tabmur EXCEL. CTpyKTypa 3J1eKTpOHHBIX TaOJUI] JODKHA OTPAXKaTh HEPAPXUIECKYIO CTPYKTYPY OIHMCHIBAEMON CHCTEMBI
(puc. 1). B rpapuueckom Buae paccMaTprBaeMas CUCTEMa MOXKET OBbITh MPEACTaBICHA C MOMOLIBI0 reOMH()OPMALMOHHOI
CHUCTEMBI, B YaCTHOCTH, C IMOMOIIBI0 reounHpopMmanuonnoit cuctembl ZULU (www.politerm.com.ru). JlocTouHCTBOM
reOMH(pOPMAIIMOHHBIX CHCTEM SIBJISIETCS BO3MOXKHOCTh COUETaHUs Irpaduueckoll ¥ ceMaHTHYECKOH HH(pOPMAIIHH.

HaI/I60nee Ba)KHOI XapaKTepHCTHKOﬁ TCIUIOBBIX HUCTOYHHUKOB SABJIACTCA YCTAaHOBJICHHAd W TPUCOCIAMHCHHAA
TEIUIOBasl Harpyska. PacmpeneneHune NpHCOEAMHEHHON TEIIOBOW HAarpy3Kd MEXIY TEIIOBBIMH HCTOYHHKAMH YIOOHO

npeacTaBuTb B BUAC prFOBOﬁ AuarpaMmbl (pI/IC 2) HpCZ[CTaBJ'ICHHBIG Ha JuarpaMme JAaHHBbIC MO3BOJIAIOT BBIACIUTH
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Bag, 2. Pacnpeasmemns npucoeaneneoi TEmoni By ikn MEnsily TENAGRLIAT NG TONHH KM Y

Prenpeaeienns THICOSIHHERHWE  TENRONMY MORTHOC TSR PEAIRTHLS TENROREE NCTOHREDD 10 MHTEPBRms
MOIEOCTEN  [ENSCOnDp R NPUICTARNTE B BIae THeTorpassnl (pue. 31, Hiy opesesennol mctorpasss s, =
WACTIEOCTH, 970 Doaes, wes we 500 TeroocasEEHRE  SACEIEHHOMD OVEETA  OCYUECTIRIRETCN  KOTEALHLMH €
MPHCCEAnHEHod Tennosd warpyieoi 100 = 250 Urana. Kps mpomsaon, cogayver omroTe, @ remiocusissmre
HACEFEMHOTD IYHETH 51 CHET OIS OTHOSITE TR REDOALII0IG THCAE TENIKGIEY HETUSHIIKOE SIUHETCs Gonee
PSP THTE RN 0 CPUHEN € HETHALIONAIEEY SIBIETG EHEmE TEUIGILE HOTOUIIKT M oo, FK
KAk nosnoamer  ofecnenite  Gookmyio MERTHRIOCTE  RCOONRIORANHE  TOTUINER,  YPOBEHL  DNTOMOFHIALH
TEMIGOHEPTETHYECKAK Npoueceon, Goiee nWikmee yienunde nuipocil BPEIUY RemecTa 1 arvocdispy 1 COKPIIGEHE
GOCIYEHRBEErD  nepooiarn. O ApyTod  CTopodibd, OpH HIsEOH DOSTH0CTH  SaCTPOHEY, HCIIBSOBIHIE  MOILHE
TETAGILE HCTONHEDE MOEeT ThTe CRUEND ¢ HCMILSORINHES TENIDRLS CETEN CIpEEAMETIHD GO CIFRN TR B HOCTH,

T K TYET SeOnXOHMOCTE TIPOREIEHE DIATHIA YARTLHON TPOTEEHIGCTH TeIInnmy CeTed.
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Fre, 3, Hurepoaam opHcoeinBen iy TEI0EEE HATPYIOR TETLIMIRY HETOMHHROR

Bogiinis  (osasaienes WWIHERSH COOTHOUEHHE  IPRCOSIMHENION  HATPYEIEN 1 YCTAHOIIEHHOR  MOuHocT i
TEAGnGre Wetonmel, B Goasmrancree :ﬁl‘.‘.r&fl_ﬂl‘::‘luqu CHETEM TernaocinlfRentn YEFIHORIEHINN MOUENGCTL B R |
Boies  Podn OpLRMIDAES IPACOEANHENHVI) WATPVIKY, 30 COLIETEALETONET 0 ROTMOGKHIOSTI DOIENRMENNA  0RGE
rrpEfTenell K CYILECTRVIOUINM  IEHTPORIONANHMM  cHeTeMay  reaockafweiinn i ol BRIVALIOCTH  IOTpoca
mepradfupesruniol  voaepHRIRnd  Ha000Ee FROOMHUHBIY W BWBERNE 0 SkcILayaranun  panfones crapuix M
HEIHOHOMMANEY  KOvs0E. CTPORTEARCTEO HWOBLIY KOTEILHEIN H VCTEHOBKD HOBLX KOTAOE TPEOVET BLINGMHCHIHN
TITEELBO0 TEXHHEO-IE0HOMHIECKOTO BO0CHOREHR,

Baanoll dapaxvepuctukoll UeurpamaoRaiiol  CHOTEMEL  TRILIOCHARHENHA 0 EAKEOD0 TCILIOBOTO  padiona
HEIHETCH  YOENLHAH [POTAMEMHOCYL TEIIGROH CETH, 10 B0Th OTHOILCHME HX UPOTERCHHOCTE (B ABYNTRYGHOM

BCYHCABHHN) X rI['I'I!I:‘\vl:II'."_i.I;IHiI'."IIEIHZIﬁ TELEDEH HIOIpsKRe. ¥ genniAnR OO TEECHHOCTLE  TEMAGBLIR cETEil  CHoTEM
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TEIJIOCHA0XKEHHSI HEKOTOPBIX HACEJICHHBIX IYHKTOB YKpauHbl (puc. 4) MeHseTcs B auanaszone ot 0,19 mo 2,2. B padote
[12] mokazaHO, 4TO ATOT IOKa3aTeNb CYIIECTBEHHBIM O00pa3oM BIMSAET HA YPOBEHb YHACIbHBIX TEIUIOBHIX MOTEPh B
TpyOOMIpPOBOAAX, 3aTPaT JICKTPOIHEPIHU Ha TPAHCIIOPTUPOBKY TEIUIOHOCHTENS U, KaK CICICTBUE, pEHTa0eIbHOCTh paboThI
TEIUIOCHA0KAIOIMX OpraHu3anui. YUeM HHXKe 3TOT M0Ka3aTellb, TeM BhIIIE PEeHTa0eIbHOCTh. bobIioe 3HaueHne yaenpHOu
NPOTSHKEHHOCTH  TEIUIOBBIX CETeH SBJIAETCS OCHOBAaHMEM JUIS PACCMOTPEHHUS MEPONPHATHH MO  ONTHMHU3ALMU
KOH(MTypaluy TEIUIOBBIX CETeH, B YaCTHOCTH, OTKIIIOYEHHS OT LIEHTPAIU30BAHHOTO TEIUIOBOTO HCTOYHUKA MPOTIKEHHBIX,
MaJl0 Harpy»keHHbIX YYacTKOB TEIUIOBOH CETH W IEPENoAKIIYeHNs COOTBETCTBYIOLIMX TEIUIOBBIX MOTpeduTeneil K

JIOKAJIbHBIM TCIIJIOBBIM MCTOYHHUKAM.
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Puc. 4. Y nenbHas npoTsSKEHHOCTh TETIJIOBBIX CETEN

Anammsupys 3pQeKTHBHOCTF Pa0OTHI IEHTPATU3OBAHHOW CHCTEMBI TEIDIOCHAOXEHHS HEOOXOTUMO OLECHHTH
ClIeAYIOLINE XapaKTEPHCTUKH:

- YpoBeHs ocHalieHHOCTH npudopamu ydyera TOP;

- Tloxazarenu sHepreTnueckoi 3hHeKTUBHOCTH;

- Iloxazarenu KadecTBa yCIyT TEIUIOCHA0KEHHS;

- Iloxa3zarenu Hafle)KHOCTH CHCTEMBI TEIIOCHA0KEHUS;

- H3meHenue o0beMa yciIyT IEHTPAIM30BAHHOTO TEIUIOCHAOKECHUS.

YpoBeHb OCHAIIEHHOCTH CHCTEMBI TeIJIOCHa0KeHHs mpudopamu ydera morpedaenns TIP (tommmso,
QJIEKTPOIHEPTHsl, BOAA M TEIUIOBask DHEPrus) ONpEAENseT CTENEeHb JOCTOBEPHOCTH aHau3upyemoil umHpopmaunu. OH

MOXeET OBITh OXapaKTePU30BaH JaHHBIMH, IIPEACTABICHHBIMH B BUJIE Ta0IHIbI (Tabum. 1).

Tabnuma 1
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CocTosiHHE CYyIIECTBYIOIIEH cucTemMbl yueta TOP

IIpupoausrit
OnekTpo- Bona pupoa TeruoBast sHEPTUs
pHUTEpUH SHEDLUS ras
P Juia I'BC | TMoanutka Hcrounukn | Iorpeburenu
Hanmume npubopoB yuera + + - + + +
OxBaT yueToM 100% 100% - 100% 5% 30%
CocrosiHEE TIPUOOPOB yUeTa Pa6. B ocHOBHOM pab. Pa6. Pa6. Pa6.
. Ormara, Omnara,
Hcnonp3oBanue nokasaHuit oruiaTa oruiaTa oruiata
GanaHc OanaHc
ABTOMaTHu3aIMsl yueTa 7,5% HET HET HET HET
ITeproan4HOCTH KOHTPOJISI MecsiI MecsiI MecsI MecsI MecsiIl

OnbIT 00CNEeIOBaHUN TOKA3BIBACT, YTO «Y3KHM MECTOMY» SBISCTCS YYeT OTIYCKa W IMOTPEOJCHHS TEIUIOBOM
SHEPTHHU — TOJBKO OKOJI0 5% KOTEIbHBIX U 0K0JIO 30% TEIIOBBIX MOTPEOUTEICH OCHAIICHBI IPUOOPAMH, YTO HE MO3BOJISICT
onpenenars pakTuaeckrue mokasarenu 3h(HEKTUBHOCTH UCTIONB30BaHUS IPUPOTHOTO ra3a U TEIIOBOW YHEPTHH.

OHepretndeckas  3()(HEKTUBHOCTh  CHCTEMBl  TCIUIOCHAOXKCHHS ~ HACCIICHHOTO  IYHKTA  ONPEHENsIeTCs
3¢ GEeKTUBHOCTBIO UCTIONB30BaHus TOP (mperMyIecTBEHHO MPUPOIHOTO Ta3a) Ui TeIIOCHAOKEHUS U 3(PPEKTHBHOCTHIO
HCTOJIb30BAaHUS JIEKTPOIHEPTUHU [Tl TPAHCTIOPTUPOBKHU TETIIOHOCUTEIS.

Jneprernyeckas d3ppexTuBHocTh TIP 111 TenocHa0KeHUsA HACEIIEHHOTO MyHKTA ONpPEAENSeTCs BETUUUHOM

rOJJ0BOTO Pacxoia yCIOBHOTO TOINIMBA By ; M cpaBHEHHUs €ro ¢ HOPMATUBHOM BEIMYMHOM [By 4].

@axThyecKkas BeJMYMHA TOJOBOTO Pacxoja YCJIOBHOIO TomMBa By ompexpensercs mo NnoxasaHusM IpUOOPOB

ydera. [Ipn ucmonp30BaHNH IPUPOIHOTO Ta3a 3Ta BEITMUNHA ONpPEAeIsIeTcs o popMyie:
B, .=B..Q",/7000 (D).

HopmaTuBHas BeIMUMHA TOJOBOTO pacxoja YyCIoBHOro TtoriuuBa [By,] B cucTeMax TemiocHaOXeHHs ¢
BOJIOTPEHHBIMU KOTEIBHBIMH OTIPEIeNsIeTCs Mo Gopmyie:

[By.T]={ [QFO}I.HOT]+[AQF0H.T.C] }[BKOT]/IOOO (2),
rie:
[QTDJ_’[.HOT]:[QFOH.OT]+[QFO}Z{.FBC]+[QTOH.BCHT] (3)'

HopmaTuBHas TomoBas MOTPEeOHOCTH B TEIUIOBOM SHEPTrHM Ha OTOINICHHE [Qronor], TOpSAUEe BoOOCHAOXEHHE
[Qroxrec] ¥ BEHTUISIMIO [Qrox penr] ONPEAEIAETCS HA OCHOBAaHUM U3BECTHBIX BEJIMYMH, COOTBETCTBYIOLIUX IPUCOECIUHEHHBIX
TEMI0BbIX HArPY30K Qor, Qraey Qpenr MO 3aBUCUMOCTSIM, NPEJCTABICHHBIM B [7, 8].

HopMaTHBHBIEC TOAOBBIC IOTEPU TEIIIOBOM YHEPTHUHU B TEIUIOBBIX CETAX OMPEIENIAIOTCS 0 (hopMyIie

[AQrou:r.c]:[qT.c] [Qrouno’r]/(l'[qT.c.]) (4)

HopmartuBHble yaenbHbIE TOOBBIE TOTEPH B TEIJIOBBIX CETAX [(;.] ONMPEAETISAIOTCS M0 peKoMeHaanusm [9].

HopMmaTuBHEIA yAeNmbHBIN PacXod YCIOBHOTO TOIUIMBA Ha OTIYCK TEIUIOBOW SHEPTHH [By,| Ompemersercs Ha
OCHOBaHHU HacmopTHEIX 3HaueHUH KII/I KoTiIoB [1]:

[Brorl=142,9/[n] (%).

Ilpu conocrapnennu pakTHueckoro By 1 HopMaTHBHOTO [By ;] 3HaUEHHs pacXoza yCIOBHOIO TOMIMBA BO3MOKHO
TpHU BapUaHTa:

1) By.>[By,] — mOBBIIIEHHBI! pacXol TOIIMBA BCIEACTBUE HHU3KOH OJHEPreTHUecKod 3((peKTUBHOCTH MU
«IepeTonoBy y notpedureneid. OMHAKO MPU 3TOM HE UCKIIFOYCHA HU3Kas dHepreTuueckas 3H(HEKTUBHOCTH U «HEIOTOIIBI
y oTpeduTenei;

2) By+<[By] — moHmKeHHBII pacxo/ TOIINBA BCIEICTBHE KHEAOTOIIOB) y TIOTPEOUTENEH;

3) By,=[By.] — pacxox TomnmBa COOTBETCTBYET HOpMAaTHBHOMY. ONHAKO IIPH 3TOM HE HCKIIOYAETCS HHM3Kas
sHepreTudeckas 3pQpeKTHBHOCT M «HEOTOIBD Y TIOTPEOHUTENICH.

Kak crexyeT w3 BRIIICTIPUBEICHHBIX pacCyKISHHN COMOCTaBIeHHE (PAKTHIECKOTO M HOPMATUBHOTO MTOTPEOICHHUS

TOIUIMBA B CHUCTEME TCILUIOCHAOKCHHS HE IMO3BOJICT CHENaTh OJHO3HAYHBIN BBIBOA 00 3ddekruBHOCTH e¢ padOTHI.
6



TFBE}'EI’CH’ IR} S g H L pupee ACTAOBHDIC  HAT R J.IIGP[EIH‘I&EEG“ JI:IH:IJEEFHEHEA-EIII o0 MICHCTEM TEILHEREX
BETOMHILEDE, TEII0BRE CETEH 1 1o IPE‘EEITE.'I'.'.'E.

DuepremiecEny  EpdEKTHIHOCTE KOTEILMRE XIPIETEPIIYETCS VSRR PRGN VEIOBEHOTO TOWAHE

OTIYCE TSNP AHEPTHIH
Dar By e i),

BE.-IH."[H]H.I E.L ' 4.1FIP3.-'.I.¢J!E'I CH £ HCTH IR ADHEREY 1]]. I HEIRHTHH ':"m.m TN HD OIS ARETEH Tl MEOEEHITH AN
MPHOUPON YETA CTIYEER TEMBON SHEPTIE &1 EOTEILIE, B Hicrodimse ppests Toses 4acTh Roreasin s (osmm 5%
O HRINLR A TIFHEWHHH YUSTIl OTOYCKR TEELIG T FHEPIHN, NTO TOPEIATCTIYST  BCNNICEERIHR ThIPaEens {ﬁ] mik
nparTHEE. Hi IPARTHKE 1M ONPei2nensin BEni iy, HCTOARIVETCH BMPEKEie

o= 1 2,0y, (7h

UlbE BENNUHER N, OOPSISISETCH WR OCHORAHWH J3IHWY pemiMiux KApT koraon, Henomoaoranne aanmis
PERMMHIIE KAP T KOTIOH L0 onpeaeserin artiiec kol Mpderiimioe i neioapsonating T B2 KIReT Vaetis i
OAOH MEPE BEE GCOTEHHOETH PERIMOR WKETUYITRIN (Palions Ha NONHHKSHEGH HATPYIRE, IVCKA-0CTARORKH, CHIHKENHE
AROHOMUIBOCTH B DPOUECTS WRCIUIVETAIEH]). YARIRHAE PACROM VCIOBHOID FOILIMAL 1A% NPGHIBOICTRD reimmonoh
PN a0 praaariny ofaacrel Yepanin, onpeisiediue na GCHOBRHNN BHHME  PERHMOLY  KAPT  KOTA0N,
ipeacraniei p pae 506 skper HBIOCTH HENOIRIONIHHA TOUAREL § KON MOWHD CVIHTH HYTEM COMOCTARIEHAY

BETRCHI Iy, 1 [By ]
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B ppcroAuice BpeMs OTCYICTRYIOT AOCTOBEDHBIE JAHHLE O HOKTHHSCKHE B0COAMTHEIN W YISILHLE O0TEPAX B
TETLAGBEIX CETHE AT 0 1 6 I HRIROTO VPOomEs OCHAMENI0CTH TEIMEWE HETOSIHESE 11T PebRTenen mpubopamm
yueTih vemannsd weprin, Beawasmy AQ., o JUIE TELIOBME CETE HICEREHIOIG TYHETH GUSHHBIIOT N0 PEivakTaTiy
BTN FTEARHLIE, SIS DREpaHLE yacreons ne verosmse [ 10, Onpeaenenpas vy 0Gpnion peimmmms
SMOGKET CVLIECTIEHHG STIRIINTEE O7 ASHCTRITEn b0 Bearsnms ALk o o 0 SRy IERIre [ OOCTONTEMLETI, FIABHLIMIE 1
KOTOPBIS HIIHETCR CVIISUTISEIE0E OTAHMTHE TENMM NI IOHHB CRORCTE PRUINHHREX VUEICTEOR TENNOBNY CETei, o Tame
PAEIEERE VERIHE FRCIETVINTALN TEMBREE CETER 0 THMEEiE 0 reTeni oepiron. Bemwanmsn [4,.], onpeaenaesay no
pesoreranaEn (9, we WuTHEeT YIS Ey IR TR EOCTE TEBEE CETEN, KUTapis, ik muls iy pue. 4, simseT
CVINECTREMHD  PATIHYATRCE U0 PALTHNHME HRCERENHEL DY HETOM, Tarmm {'lﬁpil'l'l-ﬂh. Wi SOLERTHREOH  BUEHKH
’.'II.IEl"H‘ETH'-IEEH:{'Iﬂ ﬂd.H'IIIEﬂ'IIHI:IH!H TEMAGMY CETEN 1EH TEELESONEHHIE Y CHETEM refincHalRe g I'F-Eﬁ}‘i‘-'li.‘ﬁ TR e MECT I
e PeIHE IPHGOPON YUETE TENIGROH YHEPIHH 1 COBEPIIENCTRORANIE METOIRIBCKDH (aik.

B kivecise  gOMIDEKCHOTO  O0kbGEreas  snepreriusckol  RpGeRTHRiocTn ISR CORDEVITHOCTH LW
MPHEOSIHHER WY K UENTPRLAR0RAMEGN CHCTEME TRIHCHATEE IS ILE-'JEl:mﬁpﬂ?lllﬂ HEMLIRHERATE RETRIHIY PO
ITPERe IS TEIUROR0H JHEPIUI B OTOIEHIE M HENTHIMUIR, OTHSCEHEYHY K ILA0MEAAN X 10K FAauni;

F=110 B Qs (1= 2 WF LTS

Beanunnd ey GOPEABIRErc 00 (0%IAHEEM  Opadopor vuers  iorpelnennd  TENIemoR  AHeprH,
YOTOROBACHHEX ¥ noTpeduteseill. Beaanua g=0, . o Ui o XEPAKTEPHIYET A0M0 TERAGENA YUEPIHH, HCHOIEINIAHHYH
i IBC, Tojosor norpefaesis Topauci Boanw Mosel Guye 0EpeLeeio Ha OCHOBAHHN I0KIIaHUH HpHSOpos yaeta
TETLAGIOH SHEPHHH D0TPeOHTeIei B AeTiil [mepiojl © Y9oiomM PRsHiiLl TeMLeparyp xouoiEod Boaw b aeriund o sesuui
pepiay. Koofdpiusenr k& npeicrasiser cofol coordmMocHEe PICHCTHOND W faETHYECKOTD KOIHYECTRE TP Ay ea-/11Hedi
L F (5 [ P

B nacToinmee Bjres BeAHMNEA E U HA0SISHHEIX IIYHKTOR B HEA0M HE MOMmeT DuTE Q0CTOBEPHD U ISIEH Hi-
B HHIEOIO YPOBEN GCHARIEHIOCTH SR apuiopasi YHeTs TeI080il Jepril B oTCVICTERE A0CTORPEKN JalHEX O
ipEETHYECKOH TeMICPATYPE BO3AYEA BHYTPH 3aauuil. Onnago of yposse HHeplreTHYeckol ahfesTHaEOCTH OTIEIbELL
AMAMMHIL  DCHAEIISHHLEN [OPUGOPEMIT YHETA TEILIOBO IHSPIMH, MOKEHD CYINTLE 00  PeEyibTaraM  IHepreriHeckns

obciepoEannil {prc. G
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Piec. 6. ¥ neausoe suepronotpefacune 3ot (xBr-a’{m’-roa))

Bauo, av0 penmtapa ¥easnore sHepronopefisen g 1aaunil ne obcae iosnmnoii IpyILiE axXoInTcH B Ipeienax
103 - 354 kBrws-ron Jlon neex 3aaowil PAKTHYECKDE MICPIONOTPERACHHE HES B308010 (TAKOID, KOROpPOS
REOBXONMO 18 OhECTEteHA PARCHSTHON TEMNEPATYPL BHYTPH 3ARHHA]

Eppomsficsie CTOLAEPTLL | IOPME TPEBYIOT [UIE HOBLY SAEHHIT BOTPESACHHE TEILIowsH THEPrHN 110 EIGCCam A -

C. 2@ A1d CyINec TRy YITHHI N0cae NPoES ASHAE TEPMOMOAERHEIIIHN — no xmmccas L - F (pac, 7h



Puc. 7. CrannapTu3upoBaHHOE OTPEOICHUE TETIJIOBON YHEPTHH, kBr-u/mM* 32 rox

Takum o0Opa3oM, OONBIIMHCTBO OOCIEIOBAaHHBIX 3TaHAH XapaKTEPHU3YIOTCS HH3KOH OJHEPreTHYeCKOH
3¢ GEKTHBHOCTH U HE 00ECTIEINMBAIOT KOM(POPTHBINA TETIIOBOI PEXKUM.

[IpencraBnsier MHTEPEC CONOCTABICHHE YHEPreTHYECKONW 3((EKTHBHOCTH CHUCTEM TEINIOCHAOXKEHUS Pa3IMuHbIX
ropoaoB Ykpaussl. JIjis CpaBHEHHs I€IeCOOOPA3HO HCIIONB30BATh BEMHMUMHY (PAKTHUECKOrO YAENBHOro (Ha OMH M)
noTpebnenus yciaopHoro TomnuBa B,,/F (puc. 8), ompejneneHHOro Ha OCHOBaHMH IIOKa3aHWH MpuOOpOB yuera
oTpeOIeHus TOIUIMBA (B OCHOBHOM MPUPOJIHOTO Irasa).

BenuuuHa noTpeGieHMs yCIOBHOIO TOINIMBA By, U BEIMYMHBI, XapaKTEPHU3YIOIIME SHEPTrETHYECKYIO
3G PEKTUBHOCTH KOTEIBHBIX Byqr, TEIUIOBBIX CETEH ;. M 3MAHUH Z, CBA3aHBI MEXy COOOM COOTHOIIEHHUEM:

By =Z F Bio/ {1164000x(1-g)(1-qr.c) } (11D).

OTO COOTHOIIECHHE MOXET OBITh HCIIOIB30BAaHO JUI KOCBEHHBIX NPHONIKCHHBIX OIIEHOK HOPMAaTHBHBIX H
(hakTHYECKUX TOKa3aTenel sHepreTuueckoil 3h(HEeKTUBHOCTH CUCTEMBI TEIUIOCHA0KEHHSI HACEJIEHHOTO IyHKTa B YCIOBUSIX
HETOJTHOTHI HCXOJHBIX JTAaHHBIX.

Tak U rOpoja ¢ OTAILIMBAEMOil MUIomanbio F=5000 Thic. M’, ycpeaHeHHOi SHepreTnueckoil 3(HeKTHBHOCTHIO
3panuii Z=200 kBT u4/M>TOJI, YCPEIHEHHBIM yICIbHBIM PACXOJOM YCIOBHOTO TOIINBA B KOTEIbHBIX By, =165 Kkr y.T./['Kam,
C TOTEPSMH B TEIUIOBBIX CETSIX (..=0,15, mpu cpemHecTaTUCTHYECKON TOJOBOM TeMIiepaTrype HapyKHOTO BO3AyXa H
pacueTHO# TeMmmeparype BHYTpH MOMeIIeHuH (k=1), ¢ moJeif 3aTpaT Ha TEIUIOBYIO SHEPTHIO Ha TOpsUce BOJOCHAOKEHHE
g=0,25 rooBOif HOPMaTHBHEIN PacXo]] YCIIOBHOTO TOIUTHBA JTOJDKEH COCTABHTH!

[By ] =200-5000- 10%-165/{1164000-1(1-0,25)(1-0,15)}=222357 1 y.1.

Ora BeNWYMHA CONOCTaBHMMAa C TOJOBBIM MOTPEOJICHHEM YCIOBHOTO TorumBa T. Xepcon (208745 1 y.1.),
OTAIUIMBaEMast IUIOIIA b KOTOPOTO COCTABISET 5524 Thic. M.

B obmiem ciaydae pasnuune daxktuueckux By, (o npubopam yuera notpebnaenus TOP) 1 HOpMATUBHBIX BETMYUH
[By .l (ompenenennsix no ¢opmysne 11) 114 pasiuyHbBIX HACETEHHBIX IYHKTOB YKPaHHBI SABJIAETCA BECbMA 3HAUUTEIbHBIM,
Tak KaKk Ha CErOJHSIIHWN JE€Hb MBI pacrojlaracM BecbMa NPUOIM3NTEIbHBIMH 3HAYCHUSMH BEJIMYMH XapaKTepPHU3YIOIINX

SHEPreTUIEcKyIo 3P (HEeKTHBHOCTH CUCTEM TETIIOCHAOKEHNS HACETICHHBIX ITYHKTOB (Z, Byor, Gr.c., K).
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Puc. 8. ®akTiyeckuii yaenbHbIH (Ha eAMHUITY OTAIUTHBAEMOH IIIOIIA M) PACXO] YCIOBHOTO TOIIIMBA MO TOPOAaM

YKpauHsl

IIpuBeneHHbIC JaHHBIE CBHACTEIBCTBYIOT O CYIISCTBEHHOM pAa3UUUU DHEPreTHUEcKOd 3(deKTuBHOCTH
LEHTPAIU30BAHHBIX CHCTEM TEIUIOCHAOKCHHS Pa3lIMUHBIX HACCICHHBIX MYHKTOB. Tak MpH CpeHEM ypOBHE MOTpPEOICHHS
YCJIIOBHOTO TOIUIMBAa OKOJIO 33 Kr y.T./M2, MUHUMAJIbHBIA YpOBEHb COCTaBisieT okojio 10, a MakcHUMalbHBIA OKOJO
65 xr y.T./Mz. Takolf 3HAYMTENBHBIA Pa30pPOC JAaHHBIX OOBACHICTCS HE TOJNBKO pAa3IHYUEM JHEPreTUUECKOM
3¢ (GEKTUBHOCTH, HO U OCOOCHHOCTSAMH CTPYKTYPBI U (DYHKIHOHHUPOBAHUS CHCTEM TEIIOCHAOXKCHUS pa3IMYHBIX
HAaCENICHHBIX ITYHKTOB, Hampumep, TeruocHaOkeHue or TOC B ropoxme KypaxoBo, BeICOKas Temrieparypa Hapy>KHOTO
BO3/yXa B TCUCHHE OTONUTEIFHOTO IEpHoa B T. SInTa, OTCYTCTBHE WM HaJM4due eHTpaitnm3oBanHoro ' BC, «HEegoTOIB) H
psn nmpyrux ¢akropoB. He HCKIIOWEHBRI M HETOYHOCTH WCXOJHBIX IAHHBIX, B YaCTHOCTH HETOYHOCTH BEJIMYHHBI
oTarumBaeMoi momazny. OqHaKo IS MPUOIKEHHON CpaBHUTEIBHOM OLIEHKH YHEepTeTHIecKor 3()h(HEeKTHBHOCTH TOH WIIH
UHOM IIEHTPaNU30BaHHON CHCTEMBbI TelIocHaOxeHus BenuuuHa B,y,/F npencrasnsercs Bechma monesHoil. Ee
1[eJIECO00Pa3HO MCIIONIBL30BaTh MPU MPOBEICHUH YHEPTETHUCCKUX 00CIICTOBAHIIA.

Benuuuna ynensHoro norpednenus ycaoBHOro Tomnusa By, /F Ha oTOIIEHHE HACENEHHOTO MYHKTA MOYKET OBITh
ompe/ieNieHa He TOJBKO Ha OCHOBAHMH JAHHBIX O (PaKTHUECKOM TOMOBOM TOTpPEeOIEHHH TomuBa By,, HO U pacueTHBIM
ITyTeM Ha OCHOBAHWH BEIIMYHH, XapaKTEPH3YIOMIHNX SHEPTeTHICCKYIO 3P PEKTUBHOCTh KOTEIBHBIX By, TCIUIOBBIX CETEH (..
W 30aHUN Z:

By +/F=Z B/ {1164000x(1-g)(1- qrc)} 11).

OTO COOTHONIEHUE MOKET OBITh UCHIONL30BaHO IS OIIEHKH HOPMATUBHOTO 3HAUeHUs BeauuuHsl [By ;/F]. Tax ams
ropofia ¢ YCPEIHCHHOW SHEPreTUUCCKOr 3(PGeKTHBHOCThIO 3manuit Z=200 kBt u/™M*To, YCPEAHEHHBIM yJIETbHBIM
pPacxooM YCJIOBHOTO TOIUIMBA B KOTENBHBIX By, =165 Kr y.r./['kKaj, ¢ MOTepsSAMH B TEIUIOBBIX CeTiX (..=0,15, mpu
CpEeIHECTAaTHCTUICCKOM rOIOBOM TeMIlepaType Hapy>KHOTO BO3AyXa W PacyeTHOW TeMIepaType BHYTPH HMOMeIIeHuH (k=1),
¢ JIOTIeH 3aTpaT Ha TEIUIOBYIO HPHEPTUI0 Ha ropsiee BomocHaOkeHue g=0,25 TomoBON HOPMATHBHBIN PacXoi yCIOBHOTO

TOIINTHBA JOJIPKCH COCTAaBUTh:

10



[By./F] = 200x165/{1164000x1x(1-0,25)(1-0,15)}=0,045 T y.T./M*=45 kr y.1./M°

ConocTaBiisis 3Ty BEJIMYUHY C JaHHBIMH, IPUBEIEHHBIMU Ha PUC. 8, MOXKHO CHI€JaTh BBIBOJ O TOM, UTO BO MHOTHUX
HACCJICHHBIX ITYHKTaXx praI/IHI:.I HUMCIOT MECTO «HEAOTOIILI» B 3AAaHUAX, MOAKITIOYCHHBIX K HEHTPATIU30BAHHBIM CHCTEMaM
TEIMJIOCHA0KEHHUS, O YeM CBUICTENBCTBYIOT U PE3yIbTaThl JHEPTETUIECKOTO ayauTa 31aHui (puc. 6).

Takum o6pa3zom, aHanM3 AaHHBIX 00 3((HEKTHBHOCTH HCTOIB30BaHUS TOP mis TemiocHaOXeHUs] HacEeIeHHBIX
ITyHKTOB YKPawWHBI CBHJIETEIBCTBYET O TOM, YTO PACXOJ YCIOBHOTO TOIUTMBA B OOJBIIMHCTBE CHCTEM TEIUIOCHAOKEHHUS
HAaCEJIEHHbIX IYHKTOB HE TPEBHIIACT HOPMATHBHOW BEJIMYMHBI IIPU HHU3KOH »dHepreTmueckod 3ddekTuBHOCTH
COCTaBISIIOIIMX €€ IIOJICHCTEM (TEIUIOBBIX HMCTOYHHUKOB, CETeH M NOTpeOuTenel), OJHAKO 3TO IOCTHUTaeTcs 3a CYeT
TIOHIPKEHHOT'O KayecTBa YCIyT LEHTPAIN30BaHHOTO TETIIOCHA0KEHNSI.

JHeprerndeckass 3((PeKTHBHOCTh HCMOIb30BAHUS JJICKTPHUYECKOH JHEPruM Il TPAHCIOPTHPOBKH

TEeNJIOHOCUTEJISl XapaKTePH3yeTCsI OTHOIICHHEM:
e:E/QroH.HCT (1 2)

Bemmumna (12) xapakTepu3yeT SHEPreTHYeCKyro A(PQEKTHBHOCTh IMPKYISAIMOHHBIX HACOCOB, a TaKke
OTJAJIEHHOCTh M KOMITAaKTHOCTH pPa3MEIICHHS TEIIOBBIX MOTpeOMTENel, KOTOphle MOAKIIOYeHB! K KOoTensHOW. Ilpmmep
OIICHKH 3(P(PEKTHBHOCTU UCIIONB30BAHUSI HIEKTPOIHEPTUH JIJIsI TPAHCHOPTHPOBKH TEIIOHOCHUTENSI KOTSIBHBIMU KPYITHOTO
ropoja npuse/icH Ha puc. 9. [IpuBeicHHBIC TaHHBIC TOKA3BIBAIOT, YTO YICILHOE MOTPEOICHUE IICKTPUICCKOI SJHEPTrUH Ha
TPAHCIOPTHPOBKY TEIUIOHOCHUTENSI HW3MEHSIOTCS JUUIsl Pa3HBIX KOTEJBHBIX B IIHPOKOM juamazone ot 10 1o
170 kBt-rog/I'kan. CpenHecTaTHCTHUECKAN YACTBHBINH pacxonx 3JIEKTPOIHEPTHH HA TPAHCIIOPTHUPOBKY TETNIOHOCHTENS B

LEHTPAIM30BAHHBIX CHCTEMAaX TEIUIOCHA0KEHUs Y KpauHbI cocTanisieT okoino 30 kBt-ron/T'kain.

5 Pacxoq smexTposHepru Ha ['kan Tennosoil meprun
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ROTeIbHbIE

Puc. 9. YaenbHble 3aTpaThl 31€KTPOIHEPTUH HA TPAHCIIOPTHPOBKY TETUIOHOCHUTEIS

KayecTBo yciayr temyiocHa®KeHHsI ONpeessieTcsi COO0ICHHEM TeMITepaTypHOTro rpaduka U COOTBETCTBHEM
00bEMOB T10/1aBaEMOT0 TEIUIOHOCUTEISI PACUETHBIM 3HAUCHHUSIM.
Jnst  TpoBepKH COOTBETCTBUSL pabOThI  KOTENbHOW MPHUHATOMY TEMIEpaTypHOMY TpaduKy CTPOHTCS

CpaBHUTENBHBIN rpa vk TeMIepaTyp TeIIoHOCHTeNs B mogaromem (puc. 10) u odparaoMm (puc. 10a) TpydomnpoBomax.
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Pog, 108, Cpanirurenbisail rpadis TEMneparyp Tensuoseas ¢ 0dparmos Tpeionpouoe

Hs npuneagsniray rpspuson nwama, gro darrieecss TEMIEITYPE TEIOHSEHTENE 1 I0EIHIEM TPy H0npopn,
BECEOILED IRHEEHA 0 OTIOMMEHIN K I0PMATHIHMS  Mepdensan wa 5 - 1570 npaves Soasnime  neisais
HECORIEAMENHE SIHOCHTCY K DGEACTH DNies HIENS. TEMOepmyp wapysuors sonrves, B odpomos pybonposoms
(RTINS KA TEMITEPATYE TPARTHSECKN COMILINET ¢ AOPMATHBELT

[MOREEITEmEM KETECTI JOFINGTD . PErVIHPCIINE IR TELDHOCH TSNS TEMBLEY I0TPEtIeiEy HnIEeTcy
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Pic. 11, FanieumocTn PAcXoLs IpRPGIHeTG TR KOTEILHOR 07 rpaiyeo-ned s amsaps 20000 o ausaps 20011,

|||"II'IH'E."|.EHI1ME dAnHEE  CHHAETEARUTEVIT O HAIReM  K3Uecise DerHOrG pErvanipoiiiigt, 16K KK
KOOI HCH TR KOPPEIdine MME0T HHIKHE SHEYCHRE (R'=064] u R'=0.869). TlpH BRCOKOM KA9SCTEE NOFOEHOID
PETYIIPOERNHA KOMpDHUINERTI KOPPemIHT coctarinor R =0,90-0,95;

Pacwerumllt  pacxo]  TEOMOHOCHICNA  UMPEVIMPYIOIWOETD B CHCTEME  1eNOCHAGIKCHIE  OUPeIemserci 0o
pexoseHaanuEs [1 L], dasvnsecril pacsos oupeieineres 0 DOKIEHUEM UPRGOPOE YHCTa OTHYCEL TRLWEDH JHEPTHH &
woreasnod. Mosunagiiei pacxes rewmosocneend (pre. 127 IpHBIHT § BOBRILECIHIG FTHET MIEKTPHASCEA SJHCPTIHE Ha

TP HCHOPTHPGEEY TEIEIIL0CHTEA, NMEHHEHHE — K «HE20T0HAM0 Y ]H.'I'IP-E\EI\.I'I'E'EN:‘ﬁ TGO IHEPIHH.
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Pac: 13, JInunsinen moBpes is0ii Teiopuy ceteii

Mz mpiipepeunsy ansams gngao, w1 3 W rogy EooansecTio MopuBcl TSIUH0ERR CETel COEParHANCE, HT0
COVCIDEASHD JAME0EH HacTH TPy Telmnoswy cereil va nporsmasasan 2007 n 28 rogoe, (hpako, vegwnaes o 2000 roge
GOBEM PADOT 00 AAMEe TPYD OB BEROCTHONHEI, T NPERE E RALHSTENY POCTY KOCTHSSCTEE OONDETs T
Tenaony cerei. Kommsecrms novpesaepmi we L oes rennoswx cerei w 20 roa cocranaser 1,34, [Dig cpamugin, o
Enpome sror nokasmens cocrapaset U0 ppap e p roa K yreepsamior cnemmmaneThl, SpHTRESCROE THENEHNE pamen 2
« 3 IHBPUKEM B VL BBI0E KFTPOES TPORCKOIHT TG0 0PaIE0e B0 UPICTAIHE KN ecTiE Anspri,

Besinr NoRauTreiey HEERHOSTH CHETEM TEIOCHATHRENHE RRNAETCH CPOK FRCTUTVIVIRIEE KO TIen ¢ BRICOKH
KT, Jlos Tpy@onpomiacsn Temidums CeTel rianHnsy ERESETCH HIIKSE COASEKEHRE KMCOPDOLE M ¥IIEKHCIOTE B
THULIRTOEEOG 10 cerennil none, Caemver Orsenms  sepscnnonys podh  SHYenyikd  IPENnpHETHIE B OouLmesnm
HHBYHECTH CHETEML TETUICHIDHERAY, XRPAKTEPIEY, NMPEETHISCKNE U EK CHOTEM TEILCNIGEENI  EaCeFENEms
OWEHETON, HEETEH 10, W ORI AS YACT |'=|‘.|5.'ﬁ TEIHIERS Cerell AKX ey o ALY T fomee 15 pen (e, ESH
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Koceenmusng Noxesgieses COCTOHHHA TEILIORWE C2T8i BEBARSTCH BEAMYHUS EB'E']'.IH.HGFIH-EI'I'IIZB][EIﬁ NOJLIHTER
CETERDIl Boap. Bemsuumn noanuTEn DORCACARCICH [N NOENHHAM lI]ﬁIJﬁL‘IFIIII}I ¥HCTHE THUMIHTOHHOH BOALL, BEIHYHHE

BOPMATHHEEOR NOLNHIEH ONPSISIeTey  PacHeTius merosos (9], paswocts My poiduxd  opeicramiset  coboi
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CECPAXHOPMATHEHY K}  TEOTHTEY. Mg DOABEIHHCTBE CHCTEM  TEHAGCHOOMHEEHHE  HACSIEHHLIX NYHETOE  XAPAKTSREHO

MPEBLIIEHHE BN (RIKTHTECKOH IOMNTRA 0 HOPMETHISTSIN YPHIBHEM B 0TGP ILHLIT nepasa (pue, 15)
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Pee. 15, ITnrsiisa nopsea THnaome i g soro Hena s neoiineoamod o & mi

AMLTHE HIMEHEHRR 1 DPario il posanie o Leston Yeaynr BeaTRatwaaniere Tenaocnalmen s eoinoiim
JUEH OIPEAENEHAH CEPCREXTH AL PATRHTHN NENTPRANSORATINR CHCTEN TEIIOCHMHMETIN 1A LANTERLIRI NEPHOL,
IMporsoaiposanie olnesn Yeovl BePananaanione TenI0cHakEe i Do Oy IeCTRRETLER ¢ YIerom
CARAVIDNINY HAKTOPOE
=  OIHOE BEOJA B OKCILEVATELLHKY HOBWR PIAHHHE, TELIOCHATEENHE KOTOPLX  GVIST GCYECTRIHTAECH 01
LS TR0 BRMIOE CHETEMLE;
= OIAHOE TEPMOMOTEPHHEIIMA CYILEC TRYIDIT AR
= OPOCIOGHPYEMOTO WIMEHEHHA HCIEHHOCTIL HACEHRINA PROCMATPHEIEMOrD HECEIeHHOTD IYHKTA;
= HPOCROBHPYEMOTD OTELONENNE TSILI0BRL U0TPReORTEEl 0T UEHTPRINIOEIHUEH CHETEMEL TeILIOCHE0KEH N
H YCTANOEEH HHAREH TYLILUEX TELM0ERX HC oK
Bo stHorns ropogax uifmoane o CoRPRILENHE PEANHIBONN ¥CAVT ECHTRIUTHIGHAHROT0 TENIOCHATHENHA K313

SMUCCOBOT OIKIMNEHHE !I'EITPE!-:II-ITI:'JI-E'H or I‘.I.'.'.!II!'I'pHEIJ!'!UHEII]IU-ﬁ H NEPEXOI0M Ha MHANBRIYLILE LIS CHETEM LI IIJ'!II-IG. 1
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Puc, 16, Ppaspis oosononuesnms novpedressi or mearpusiomanmors rerssieens 38 2006 « 2000 rr,

Heofxommmo oTMeTiTs, 110 TAKAS CHTVRIHA BEIET K HAPYIEHAI0 DGIPARIHYECEIE 11 TE0BLE PErHMon
IRCIAVETALHN  TENGOENE  CETEH I POCTY  HECOOTREVCTIRMI  WCTRNOUASHUKIY  MOIMOTTER  Tenrenepipyie o
GROPYEORLHHA  HPACOBLNHRENHN APy aeas, Kpose vore, weolLoiso OporieEipoEaTL K0OHMECTED oninueimii
pepedirenei np PRI IRe KAIHTRI0EMKRY MEPGIPHETHA 10 MOIEPIITELN USHTPLIHIONIHHMY CHETEM.

Pacemarpeniuil mpe anmams crpysryvpid 0 opdesriniocin Gy HEHORHpeRINIE HEHTPRIHEORIHHRYS CHETEM
TENAOCHATREHHN DOTHOINET BRNIH L OCHORNIE IPOGIEsE 1 HEMETITL Iy TH ux pemenna (rafa. 1),

Tadmmin 2

THnsuHne IPonesn CYINECTIYIMIAY [ENTRATHIORAHILIL SeTes Tellmenalnae iy

| Ipofneua | TIyTH peinenus |




Cucmema meniocHabCenUs 8 yeiom

Hamuune MPOTAXKCHHBIX MAJIOHAI'PYXCHHBIX YYaCTKOB

TC.

[lepenogkiroueHne TEMIOBBIX TOTpeduTeneit K ApyruMm (B
TOM 4YHCJIe aBTOHOMHBIM ) HCTOYHHKAM.

Hanuuue 60ibII0ro KOJIMYeCTBa MEJIKUX KOTEIbHBIX.

O0bennMHEeHNE KOTEIbHBIX

Huzkuii ypoBeHb OCHAIIEHHOCTH NpUOOpaMH ydera
TEIUIOBOM 3HEPTUM TEIUIOBBIX HCTOYHHKOB U TEILIOBBIX
notpeoduteneld. OtcyTcTBHEe aHanM3a (HaKTHUECKOH
9HEpreTudeckoi 3 (HeKTUBHOCTH.

VYcraHoBka mnpuOOpPOB ydeTa TEIUIOBOM DJHEPTHH  BCEX
TEIUIOBBIX HCTOYHUKOB WM moTpeburenei. Co3maHue cHCTEM
9HEPreTUYEeCKOr0 MEHEPKMEHTA.

[lonHast 3aBHCHMMOCTH OT OJHOTO BHJA TOIUIMBA
(mpupoaHoTO ra3a)

Hcnonp30BaHre MECTHBIX U HETPATULMOHHBIX TOP.

CHmkeHne 0O0BEMOB COBITA TEILIOBOM ODHEPTHUU.
OTkiroucHHE MOTpeOUTENel OT [EHTPAIU30BAaHHOMN
CHCTEMBI TETUIOCHAOKEHUS.

[oBbleHUE KayecTBa ycayr LHEHTPaAIN30BaHHOTO
TermiocHaOkeHnsi. OOecrieueHne IpUEMJIEMOW ILEHBI Ha
TEIUIOBYIO  DHEPrUi0 32  C4eT  JHEprod(p(eKTUBHBIX

MeponpusTuid. BocctanoBnenue nenrpanmzoBansoro I'BC.

Tennosvie ucmo4HuKu

Hanmngme KOTIIOB ¢ OOJBIIMM CPOKOM CIYXKOBI H
HuzkuMm KIIJI.

3amMeHa 1 MOJIepHH3AIHS KOTIIOB.

YcTaHOBNEHHAass MOIIHOCTH B HECKOJIBKO
IPEBBIIAECT NIPUCOCTNHEHHYIO TEIUIOBYIO HATPY3KY

pa3

BI)IBCIIGHI/IG 3 OKCITyaTallid W KOHCEpBAIUA KOTJIOB C
Hu3kuM KI1J] 1 00IbIIMM CPOKOM 3KCIITyaTallnH.

Huskuil ypoBeHb aBTOMATH3a1IMU KOTEJIbHBIX.

VYcranoska CAP B KOTEIBHBIX.

Huzkmit KI1J] npu pabote Ha TOHIKEHHOH Harpyske
(marpyska Tonsko Ha 'BC).

Hcnonp3oBaHne B JIETHUI IIEPUOa ABTOHOMHBIX TEILIOBBIX
HCTOYHHKOB MEHBIIICH MOIIHOCTH.

Hesemmonuenne temmeparypHoro rpaduka. Hammdane
«HEJIOTOIIOBY M «TIEPETOIIOBY.

YcraHoBka ABTOMATHYECKUX CUCTEM
pETYIUpPOBaHMS B KOTENBHBIX U Y MOTpeOUTENeH.

[TOrOJHOTO

Huskuii ypoBeHb HCHOJIB30BAaHUS TEIJIOBOW 3HEPIUU
ot TOC.

[Moaxrouenne k TOC nOMONHATEIHHBIX MTOTPEOUTEICH.

Tennosvie cemu

Hannuue BeTXUX ¥ N3HOIIEHHEBIX Y4aCTKOB.

Ycranoska [TUT tpy6

Huskwii KITJ] v (1u) 3aBblIEHHAs MOITHOCTH CETEBBIX
HAaCOCOB.

VcranoBka COBPCMCHHBIX CETEBBIX HACOCOB OINTHMAaJILHOU
MOIIHOCTH.

TeHJ’IOFI/IﬂpaBHI/IquKaﬂ Pa3peryIMpOBaAHHOCTL CCTH.

Tennorunpasnuyeckas Hanajaka TC.

[loBbllIeHHBIE TEIUIOBBIE MHOTEPU B JIETHUH IEPUOA
(narpyska Tonsko Ha I'BC).

Hcnonb3oBaHue B JIETHUN Nnepuoa aBTOHOMHBIX TCIJIOBBIX
HCTOYHHKOB ONTUMAJIBHOM MOIITHOCTH.

CBepXHOPMATUBHBIE YTEUKH TEIJIOHOCHUTEJIS.

Ycranoska [TUT 1py6.

Tennosvie nompebumenu

OTpakIAIOUIMX KOHCTPYKLHUH.

Ortkpeitag cucrema I'BC. Ycranoska UTIL.

OtcyTcTBre (HEPaOOTOCIOCOOHOCTh) HUPKYISANUOHHBIX | Co3maaHue (BOCCTAHOBJICHUE) IUPKYIISIIIMOHHBIX
Tpy6onposozos 'BC. TPyOOIIPOBOJIOB.

OtcyTcTBHE  CHUCTEM  MOTOJHOTO  peryiaupoBaHus | YcraHoska UTII.

TEIJI0BOY 3arpy3KH 31aHUM.

Huskue TEIUIOU30JIALIHOHHBIE XapakTepucTuku | TepMoMonepHU3aLus 30aHUM.

3an§ISHeHHOCTB BHYTPHUIAOMOBBIX CUCTEM OTOIIJICHHUSL.

ITpoMbIBKa BHYTPHIOMOBBIX CHCTEM OTOIIIICHHSL.

PaccMOTpeHHBIH BBIIIE METOIMYECKHH MOAXOI MOXKET OBITh HCIOJIB30BaH IPU IPOBEACHHUH JHEPTETUYCCKHX
oOcieoBaHU (PHEPreTHYECKUX ayAHWTOB), Pa3pabOTKe MEPCHEKTHBHBIX ONTHMH3UPOBAHHBIX CHUCTEM TETUIOCHAOKEHHS

HACCJICHHBIX IYHKTOB, IIPOCKTOB U IIPOTpaMM MOACPHU3ALUN KOMMyHaJ'IBHOﬁ TCIUIOOHCPI CTUKH.

BriBoabI
Pa3paboTana mMeToaMKa ONMMCaHUsI CTPYKTYPbl M aHain3a 3QQeKTUBHOCTH (HYHKIHOHMPOBAHHUS CYIIECTBYIOIINX
LEHTPAIN30BAHHBIX CHCTEM TEIUIOCHA0)KEHHS HACCIICHHBIX ITyHKTOB.
Onucanne CTPYKTYpbl LEHTPAIM30BAHHON CHCTEMbBI TEIIOCHAOKEHMSI BKIIOYAeT B ceds rpaduyeckylo Hu
CceMaHTH4ecKylo HH(popmammio. ['paduueckas uHPOpPMANMs TNPEACTABISIET CO00 KapTy HACENCHHOrO ITyHKTa C
HAHECCHUSIMM Ha HEE TEIUIOBBIMH HMCTOYHMKAMH, TEIUIOBBIMU CETSIMHM M TEIUIOBBIMH ToTpebutemamu. ['paduueckyro n

YacTh CEMAaHTHYECKOH HMH(pOpPMAaIMK Lieliecoo0pa3sHo OTOOpakaTh C IMOMOILIBIO TOW WIM WHON TeonH(OpMalnOHHON
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cucTteMbl. bonbiias d9acTh CceMaHTHUECKOW HWHQOpMalWU MPENCTaBIseT CO0O0H  COBOKYIHOCTh — DJIEKTPOHHBIX
HEepapXUYECKUX TaOIUI, B KOTOPBIX OTOOPa)XCHHI JaHHBIC O TEIUIOCHAOXKAMOIIUX OPraHW3alUsAX B IIEIOM, OTACIHHBIX
HCTOYHUKAX TEIUIOBOW YHEPTUH, KOHKPETHBIX KOTJIaX U BCIIOMOTAaTEILHOM O0OPYAOBAaHHH, a TAKKE JaHHBIC 00 OTICIBHBIX
ydacTKax TeIUIOBBIX CeTeH.

Ananu3 3¢ dexTuBHOCTH (PYHKIMOHUPOBAHHS IICHTPATHN30BAHHONW CHCTEMBI TCIUIOCHAOKEHHS BKIIOYaeT B ceOs
clenyloniie TPYMIbl MoKaszareieil: peectp mnpubopoB ydera TOP, mokazatenu sHepreTHdeckoir 3PQPEeKTHBHOCTH,
MOKa3aTelIn HAJAEKHOCTH, IIOKa3aTelIW KadecTBa TEIJIOCHAOXKEHHS W II0Ka3aTeNd W3MEHEHHs o0bemMa yCIyT
LEHTPAIN30BAHHOTO TEIUIOCHA0KEHHS.

PaccMoTpeHHBIH BBINIE METOAWYECKHUH ITOAXOJ] MOXKET OBITh HCIIOJB30BaH IPH IMPOBEICHHU SHEPTreTHYCCKHX
o0cieIoBaHUil (PHEPreTUYCCKUX aYyAHUTOB), Pa3pabOTKEe MEPCHEKTHBHBIX ONTUMH3UPOBAHHBIX CHUCTEM TEILIOCHAOKCHHS

HACCJICHHBIX IYHKTOB, [IPOCKTOB U IIPOTpaMM MOACpHU3AIUU KOMMyHaJ'II;HOﬁ TCIUIOHCPT CTUKU.
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