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AKTYanbHOCTb paboTbl 3aK/I04AETCA B ONTVMM3ALMM PEXMMOB COBMECTHON paboThl IBYX 1 BOsIee MCTOYHUKOB TErIoBOv SHEPIUK, [en-
CTBYIOLLMIX B IPAHMLI@X KPYMHBIX FOPOLOB Y MyHULMMANBHbIX OOBEAVHEHWSX, ANIS OMyHeHVs Hanbosee SHepro3(@eKTYBHOro pesysbprara.
Lenb nccnegoBanus. PeleHue CyLectsyiowmx npobnem TennoBbix UCTOYHUKOB (PaioHHbIX KOTESIbHbIX 1 TEMOINEKTPOLEHTPaeN
(T3L4)), cBsi3aHHbIX cO CMOCOBOM reHepaLmy Tenna, Movck BapuaHToB OMTUMU3ALIMM TEMTOBBIX CXEM, B YaCTHOCTY CUCTEM TenocHab-
KEHVS B LUESIOM B rpaHULiax roposoB, a Takxe yIydLIeHMe SKOHOMUHYECKMX rokasatesney paboTsl TEMI0BbIX CETEV v TennoBbIX UCTOYHM-
KOB [i/11 OBbILLEHYIS KaYECTBA TEMNOCHAOXEHUS 1 YBENINHEH WS SHEPreTUHECKON S3(PPEKTUBHOCTA.

Metopab! nccnegoBaHus. MoaenpoBaHye peXy1MOB OTyCKa Tenna cucTeMbl TerIoCHaOXEeHMS My MOMOLLM S1EKTPOHHON MOAENH,
€03/1aHHOV Ha ba3e MporpaMMHOro Komnnekca Zulu, Ais OLEHKM BO3MOXHOCTYA ONTUMAbHOTO NepepacripeseneHis oTnycka ceTeBou
BoAbl Mexay TOL| v parioHHOV KOTeNbHOM C y4eTOM TeXHNKO-3KOHOMMUYECKMX roKa3aTeneu.

PesynbTartbl. [IpoBeaeH aHanm3 akTMyeckux v nepcrekTyBHbIX TEXHUKO-3KOHOMUYECKUX oKa3aTeneri CoBMEeCTHoV pabotbl T 1 pa-
VIOHHOW KOTEIbHOW KPYITHOIO MyHWULMNAaNbHOTO 0ObEANHEHIS, ONpeneseH Pe3eps TernaoBoy MOLHOCTY TIL, MpeanoXeHs! BapnaHTh!
Hanbosnee 3¢peKTUBHOIo 1CroIb30BaHNS TEMOBbIX CXEM UCTOYHMKOB KaK B OTOMUTESTbHbIV, Tak M B HEOTOMUTENbHBIV NEPUOA, PACCHM-
TaHa SKOHOMYSA TOM/IMBA A1 PACCMATPUBAEMOV CUCTEMbI TEMOCHAOXEHMS.

BbiBoabl. Meponpustiis o onTviMmu3aLn TenaoBbIX CXeM PaccMaTpUBaeMbiX MCTOYHUKOB TEMIOCHaOXeHWs M03BOMSIOT CO3AaBaTh Ha-
nbonee 3¢hekTHBHbIE PeXIIMbI COBMECTHOV PabOTbl PaviOHHbIX KOTEbHbIX 1 TIL. [Tony4eHHbIe pe3ysbTaTbl HanpaBaeHbl Ha S3Heproc-
bepexeHue 1 onTuManbHYI0 paboTy cucTeMbl TennoCHabXeHNs, 3anMTaHHOVN OAHOBPEMEHHO OT HECKOTIbKUX UCTOYHMKOB TEMI0BoM

SHeprun, ,QE'VVICTB)/IOLLH/IX B rpaHuile KpyrnHoro ropoaa win MyHuLmnnaabHoro O6'be,£{MH€HVI}7.

Kntoyesble croBa:

Cucrema T€I7ﬂOCHa6)K6‘HMﬂ, ontnmm3sarns, TeﬂﬂOd)MKauMOHHblfl OT60p, 3arpysKa TernionCcTo4YHmKa, 3KOHOMUA TOrJIMBa.

B macrosimee BpeMs B CHCTEMAX TEILTOCHAOKEHUS
TOPOJI0B HAKOILIEHO MHOKECTBO IIPO0IeM, CBA3AHHBIX
C X KauecTBOM U HaJIe’KHOCTHIO [ 1], pemraTs KOTOphIe
Heo0XO0MMO C TOUKY 3PEHUS dHEPreTHUeCKOoi addex-
TUBHOCTH.

YT00BI IIOBBICUTH KAUECTBO 1 dQPEKTUBHOCTD Te-
IJI0CHA0KeHMs, TpedyeTcs He TOJIbKO 00HOBUTH MAPK
CYII[ECTBYIOIIEr0 000pyIOBaHMS, TIOMEHSTh CXeMHO-
TeXHOJOTMUECKUE DEeIleHus, HO U ONTUMU3MPOBATH
caM TeILJIOBO PHIHOK [2].

AKTyasbHBIMU 3a/jauaM¥ HA CETOJNHAIIHWI JTeHb
ABJIAIOTCA:

*  ONTUMM3ANUUS CHCTEM TeIJIOCHAOMKEeHUs B TPaHu-

I1aX TOPOJIOB;

* TOBBINIEHVWE JHEPTeTHYECKON 3(PEeKTUBHOCTU U

KauecTBa TEeILIOCHAOKEHI;

*  yJIyullleHVe 9KOHOMUYECKUX ITOKa3aTeel paboThl

remnoBeIx cereit u TIIL [3].

Jl1s1 pelieHns mocTaBIeHHBIX 3a/1aU B CHCTEMAX Te-
ITOCHAOKeHWNS HY:KHBI pafuKajJbHble epeMeHbl, BO
MHOTOM OTHOCSAIINECA K TTOTPeOUTEIbCKOMY PHIHKY.

Bo-mepBBIX, ciaegyeT meTanbHO 3adUKCHPOBATDH
Ipo0JIeMbl, CBA3aHHbIE CO CIIOCOO0M reHepaIuu Tera.
TemnocHabxeHNe B KPYIHBIX I'OPOJAX MIPEJCTABIEHO

00BIYHO TBYMS CEKTOPAMU — KPYIHBIMY UCTOUHINKAMHI
Tellia ¥ paiOHHBIMY KoTeJabHBIMU [4]. B mepBom ciy-
Yyae NCTOUHMKAMU Tellla CIy:KaT TeIJI03TeKTPOIeH-
rpanu, win TOLl, — mpeampuaTsd, Ha KOTOPHIX OCY-
IIIECTBIAETCA COBMECTHAA BHIPAOOTKA TEIJIOBOM U
AJIEKTPUYUECKOl sHepruu. [IpakTuvyecKn BCA dJIEKTPO-
SHEPrus BeIpabaThiBaeTcsa Ha KpymHbIX TILL [5].

Bo BTOpOM Ciryuae B TEIJIOBEIE CETH IIOCTYIIAET Te-
IUI0, BhIpabaThIBaeMoe B OOJBIINX U MAJEHBKUX KO-
TEJbHBIX.

Ilo cpaBHEHUIO C TEIJIOBO SHEPTUEH 3JIEKTpUUe-
CKad pHeprud 0oJiee YHUBEPCAIbHAS, II0ITOMY TEILIO-
HJIEKTPOCTAHIINA — TOPasno 0oJiee IeHHbIH dHEPIOUC-
TOYHVK I10 CPABHEHHUIO ¢ KOTeIbHOII. C pasBuTHeM Ii-
BUJIMBAI[AY POCT IIOTPEOHOCTH B BIIEKTPUIECKON SHED-
TMY 3HAUUTETHHO OTIEPEXKAET POCT TIOTPEOHOCTH B Te-
IIJIOBOW, UAYINEH HA HATPEB MIOMEITIEHWH U B CUCTEMBI
ropAYero BOJOCHAOKEHNA. DJIEKTPOIHEPTUH B CTPAHE
B Osmkaiiiiee BpeMs Oy/eT ocTpo He XBaTaTh [6].

Kommennusa TenuosseKTpoIeHTpalel, pacioJo-
JKEHHBIX B I'OPOJaX, COCTOUT B TOM, UTO, HAXOAACH B
IIeHTPe TeILIOBLIX HAarpysok, TOIl oTaaioT TemaoByio
SHEPTUIO HA MOJIE3HBIE HYK/IBI U B TEIJIOBBIE CETH. 3a-
rpyska TOI] 1o Temny B mepByI0 ouepesb 3aBUCHUT OT
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moTpebHOCcTel ropoza [7]. Ilpu sToM KoTeabHbIE J0J-
JKHBI TI0JIyYaTh TOJBKO Ty HATPY3KY, KOTOpAs He MO-
JKeT OBITh BBIpaOOTAHA CHHXPOHHO C BBHIPAOOTKOM
anexTposuepruu Ha TIIl. Hamo BcemepHO comericTBo-
BaTh a(pexTrBHOM 3arpyske TOII, HapamBanmio Te-
IJI0GUKAIMOHHBIX MOIITHOCTEH, [MePeBOAY MOIIHO-
CTel KOTEeJbHBIX B MUKOBBIN WJIU PE3ePBHBIA PEKUM
paborsi [8].

OCHOBHBIM MPUHIUIIOM ONITUMUBAIUN CUCTEM Te-
IIOCHA0KEeHUA ABIAETCA 3aKOJbIIOBKA MATUCTPAJID-
HBIX CeTeil, YTOOBI MOXMHO OBLIO OT JII000 CTAHIINY B
J1100071 MOMEHT IIOAATh HEO0XOLUMOE KOJMUYECTBO Te-
mwia. 3arpyska TOIl momkHa OBITH MaKCHMAIbHO 3(-
(heKTHBHOM, a OTONUTENbHbIE KOTEIbHbIE JOKHEI 3a-
IPYsKaThCA IO «OCTATOUHOMY» TIpuHIUIY [9].

TFopoxckme remmocetu, samuTsiBaeMble 0T TILl un
KOTEJIbHBIX, TPEJICTABIAIOT CJI0KHbBIE PA3BETBICHHBIE
IUIpaBInUeCKre CUCTeMbl. B paKkTuKe UX sKCILIya-
TAIlM¥ OCHOBHBEIME IIpO0JIieMaMy SABJISIOTCS HEZOCTa-
TOUHBIN Mepemnaj JaBJIeHUS MeK Iy IPAMBIM 1 06paT-
HBIM TPYOOIPOBOJOM, MOBHIIIIEHHOE AABJIEHNE B 00-
paTHOM TPyOOIPOBOJE, PA3PETyIUPOBAHHOCTD CETH ¥
oTpeduTeIeH u T. 1.

[TprunHaMy YKa3aHHBIX MTPOOJIEM MOTYT OBIT:

* IOBBIIIEHHBIH PACXO0/] TETJIOHOCUTEIS;
*  HeJOCTATOUHLIN IuaMeTp TPYyOOIPOBOAOB;
+  yMeHbIlIeHWEe BHYTPEHHEro JuaMeTpa TPy u3-3a

OTJIOKEHU.

O(h(heKTUBHEIM WHCTPYMEHTOM JJISA OMpeIeeHus
OCHOBHBIX IIP00JIEM, NMEIONHAXCS B JII000 KOHKpET-
HOH TeILIOCeTH, ABJAITCI KOMIBIOTEDHBIE MOMEJH,
KOTOpBIe [al0T BO3MOMKHOCTb BOCIIPOM3BECTH TMIpa-
BJIMYECKUH U TEILIOBOH PEsKUM CETH.

MogenupoBaHue Pe:KIMOB OTIIYCKA TEILIA TPH 0~
MOII! BJIEKTPOHHOW CXEMBbI MO3BOJIAET AHAJIU3UPO-
BaTh SKOHOMUYHOCTh PA3IMUHBEIX BAPUAHTOB 3arpys-
KU TemJI0QUKAIMOHHOT0 000PYA0BAHUSA MCTOUHUKOB
TeIIa, a UMEeHHO U3MeHeHUe YAeJbHBIX PACX0I0B TO-
IJIMBA HA OTIIYCK TEILTOBOIl M BJIEKTPUUECKON 9Hep-
TWH C YYETOM BO3MOKHOCTEN TEIJIOBO CETH TI0 mepe-
Jlaue TerJIOBOM SHEPTUH.

Ilns aHaaM3a ¥ ONTHMU3AINE PEIKUMOB OTIIYCKA
TeIlIa C YUeTOM MOAKJII0UeHN HOBBIX IIOTpe0uTe el B
X0/le BBITIOJNHEHUSA PAbOTHI Ha 6ase MPOrpaMMHOTO
KoMIIeKca Zulu aBTopaMu cTaThy ObLTa paspaboTana
AMIEKTPOHHASA MOJENb CHCTeMBI TeIJIOCHAOKEeHUI
r. Kasammu.

T'opox Kazaus paciiosiokeH B CpeiHeM TeUeHHIH pe-
ku Boaru u pasout pycaom pexu Kasanka Ha cesep-
HYIO ¥ I03KHYI0 YaCTH TOPOJA.

TemnocHab:xeHne CeBepHOTO pailoHa ropoga OocCy-
IIECTBJIAETCSA OT TPeX KPYIHBIX MCTOUHUKA Tema: Ka-
sanckag TOI[-2 (KTOIl-2), Kasamckaa TOIII-3
(KT9II-3) u oronurenbHasa korenbHasd PK «CaBuH0BO».

TemmocHabKeHre 0MKHOTO paiioHa Iopoja ocy-
mectBagercsa or Kasanckoi TIII-1 (KTIII-1), Boxmo-
rpeitabIX KoTeabHbIX PK «Asuno» u PK «T'opru-2».

Jl1s OTIeHKY MTOBBIIEHS 9KOHOMIYHOCTH 3aTPY3-
KU TeIJIOBBHIX HCTOUYHWKOB, aHAJIN3a BO3MOMKHOCTH
IePeKJII0UeHN TeILTIOBO/IOB U BHECEHIA N3MeHeHMiT B
cXeMaXx TeILIOBBIX MCTOUHUKOB JJI Mepepacipeee-
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HUS OTIIYCKA TEILIOBON 9HEPTHU O0BEKTOM HCCJIEN0-
BaHusA ObLM BeIOpaHsl Kazanckas TOII-1 u paiionnas
KoTenbHAA «AsuH0» [10].

YcranoBieHHad 3JaeKTpUyecKas MOITHOCTH TOIT
cocrasisger 220 MBr, temnosaa — 630 I'kasn/u. Oc-
HOBHBIM TOILIMBOM SBJIAETCS IPUPOJHBIN I'as, B Kaue-
CTBE PE3epPBHOTO TOILIMBA MCIOJb3yeTcA MasyT. Mc-
crenyemas TOIl ABiseTcA MCTOUHMKOM TEILIOCHAO-
JKeHUs B BUJE [apa U B TOpsueil BOJbI IPeAIPUITHAN
IIPOMBITIIJIEHHOTO pationa r. Kazauu, BKJII0OYAA JKUIOMH
MaccuB. [TapaMeTpsI OTIYCKAeMOro mapa COCTABJIAIOT
30 u 13 ara. OTIyck Telia ¢ rops4eil BOZOM OCYIIecT-
BJIIETCSA II0 TPEM TEILJIOBOJAM.

Kpome Toro, B cocTaB cTaHIMK BXOTUT BOAOTPEIi-
Hasg palioHHAs KOTeJbHAs TEILIOBON MOITHOCTHIO
360 I'kan/u. Mexnay craHIued W KOTEJIbHOH CYIIe-
CTBYET TPYOOIIPOBO/I-TIEPEMBIUKA.

B xoze paboThI ObLIN TPOAHANIA3MPOBAHEL:

+ (paKTUUECKUI OTIYCK TEILJIOBOW DHEPIUN;

*  Pacxof TOILIMBA HA OTIYCK TEMJIOBOH SHEPTHM;

*  OTIYCK TEMJOBOM SHEPTUHU ¥ PACXOJ TOILINBA IPU
paccMaTpuBaeMbIX BapHMaHTax mepepacrpeselie-
Hus remaa Mesxay TOLL u pafioHHOM KOTeTbHOM.
Ilnsa HarmagHocTy Ha puc. 1 u 2 mpuBegeHb PaK-

THYECKIE TI0KA3aTeau PAbOThI pACCMATPUBAEMBIX Te-

IJIOBBIX MCTOYHUKOB.

CyMMmapHas TemnaoBasd Harpyska, OTIycKaemas C
ucrouHnka remnocHabxkenua TOIl ma oromnenwme,
BEHTUJIAINIO ¥ TOpAYee BOJIOCHAGKEHME, PACCUUTHI-
BaJjach 1o (opmyJie

Que =QLQ,, +Q2" =QL Q. +p). (1)

rae Q/, — pacuerHad TemnaoBasa Harpyska TOIl; Q, —
OTHOCHTENbHAsA TEILI0Basd HATPYy3Ka OTOILIEHNS U BEH-
ruanuu; Q" — cpeHeHeIe bHA TeII0Bas Harpys-
Qe
—/ — OTHOCHTeJIbHAA
OB
HATPy3Ka ropsAvuero BOJOCHAOKEHM .

Benuuuna TemnoBoit HarpysKH, IepeJaHHOR ¢ KO-
renbHON Ha TOIl mocye mepepacipeneseHUs TeILIo-
BOY HATPY3KU MeKY UCTOUHUKAMMU, HalieHa 110 (hop-
MyJie

Q:j’ll‘]eg = (Q(ZB )nepe;[ ! 605 + (Q:lfc'ﬁl)nepen =
= Q) uepes " (Quy + P): @)

rze (Q%" ) — CPeAHeHefenbHaA Harpyska I'BC ko-
TeJbHOM, mepeganHas Ha TOLL [11].

U3 dopmyi (1) u (2) ompefensgercsa cyMMapHas Te-
mroBas Harpyska Ha TOIl moce mepepacpeseieHus:

Qu +QI" =Q,, -(1 " ‘Qo/ﬂ’nepen} |

/
0B

ka TOII B ropaueii Boze; p =

IIpu aTom ciemyeT yuecTb, UTO MOIOJTHUTEIbHBIH
OTIYCK TeIIoBoi HArpysku orT TOLI, mpoucxogamnimit
3a cueT TemIo(GUKaIrOHHBIX 0TOOPOB TYpOUH, U yBe-
JIMYeHYE TEIJIOBOY HAIPYSKU BO3MOKHO IO MOMEHTA,
KOTZa:

*  MOIIHOCTH TeMJOPUKANMOHHEIX OTOOPOB HE I0-

CTHUTJIa HOMUHATBHOTO 3HAYEHU;
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Fig. 1. Annual heat supply from a combined heat and power plant and a boiler room
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Puc. 2. YnenbHbivi pacxof yClI0BHOrO TON/MBA Ha OTIyCK TeNa0BOM SHeprm oT T3] v KoTenbHou

Fig. 2.

+ Temmeparypa cereBoi Boanl mocye IICT' me mocru-

IJIa MaKCUMaJIbHOTO 3HaueHud [12].

Ilna yBeIWueHUA OTIYCKA TEILIOBOM DHEPTUU OT
TOII B mepexoqHbIl U 3UMHUI IePHOJ OBIJIO IPeIo-
JKEeHO Ha pallOHHOU KOTeJhbHOI IpOou3BecTH M3MeHe-
HUSA B TEIIOBOW cXeMe (BBIMOJHUTb MOHTAMK JIMHUI
CMEIIIeHN ) COTJIACHO pHC. 3.

ITepemaua TemmoBO¥ HATPY3KU OT KOTEJIHHOH Ha
TOII mo mpeIoKeHHOME cXeMe II03BOJIIET COXPAHUTD
pabounii TeMIIepaTypHbIN rpaQuK TEILIOBOU CEeTH IIO0-
CJIe CeTEeBOT0 HOJOTPEBATENA ¥ UMETh TOTOJHUTEND-
HYI0 3aTrPy3Ky TeILIOPUKAIMOHHEIX 0TOOPOB TYypOUH
BO BCEM /Jala3oHe TeMIepaTyp Hapy:KHOTO BO3AyXa

[13].

Specific consumption of conditional fuel on thermal energy supply from a combined heat and power plant and a boiler room

NcxomubIMy TaHHBIMU IS pacuera IPUHATHL pac-
YeTHBIE TETLIOBbIe HATPY3KHU OTOILIEHNA U BeHTHIAINHT,
o I'BC Ha mCTOUHMKAX TEILIOCHAOMKEH!s, Pacyer-
HBIH TeMIIepaTyPHBINA IrpaK TEIIO0BOH CeTH, a TAKKe
TeIJIoBasg MOIIHOCTh OTOOPOB TYpOMH ¥ TeILIO(UKa-
IIIOHHOH ycTanoBKY. Ha 0cHOBaHMH pacueTHBIX rpadu-
KOB TEIJIOBOI CETH U rpa)MKOB OTITYCKA TeIlJIa PACCUH-
TaH HOBBIN Tpa(UK OTMYCKA TeIa ¢ WCTOUYHUKOB Te-
ILJIOCHA0XKEHUSA II0CJe IIepepacipeeeHsa TemIoBoi
Harpysku [14]. CTpyKTypa TeILIoBoi HarpysKH Ha MC-
TOUHWMKAX TEIJIOCHA0KEeHNS OJMHAKOBA, TOCKOJIBKY HC-
TOUHWKHU HAXOAATCS B OJJHOM TEILJIOBOM y3JIe.

CorylacHO IpPUBEIEHHON CXeMe B OTOIUTENbHBIH
epuoj, IpAMas ceTeBas BOJAA, KOTOPASA MPUXOAUT IO

T
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Puc. 3. [lpeanaraemas npyHUMIManbHas cxema paboTbl PaioHHON KOTEbHOM B 3UMHUU 11 NEPEXOAHBIN NEPUOLLI

Fig. 3.  Offered schematic diagram of work of a regional boiler room during winter and transition periods

nepembruke ¢ TIIl, Oyger cMmermuBaThCa ¢ 00paTHOMN
CeTeBOH BOJOM, IPUXOIAIIEH C TEIITIOBOZOB OT KOTEJIb-
Hoii. [Ipu aTOM B KOTJIBI OYZeT MOCTYIIaTh 00paTHas ce-
TeBasd BOJA C IOBBINIEHHON TeMIIePaTy PO, JOTPEBATH-
cA 0 TEMIIEPATYDPBI COTJIACHO TEMIIEPATYPHOMY I'pa-
(UKY TEIIOBOH CeTH 1 BEIPA0ATHIBATD TEILIO 33 OTOIIY-
TeJBHBIN Ce30H B cpefHeM Ha 62 I'kas/u MeHble.

TEIJIOB OF Ne21

Ilns KauecTBEHHOTO TEILIOCHAOKEHWUS B JIETHHUI
TIepPHOJ TaK:Ke MpeIaraeTcs MPOU3BECTH U3MEHEH M
B TEILIOBOH cxeMe (puc. 4) M MCIOIB30BATH KOTETh-
HYI0 B KauecTBe IOBLICUTEIbHON HACOCHOW CTAHITUU
(ITHC), uTO IO3BOJUT YBENIUUYUTh IIPOIYCKHYIO CIIO-
co0HOCTE TPYOOIIPOBOA-TIepeMbIUKY [15] MeKIYy KO-
renbHO#N 1 TIL u pasrpysuts cymectyromniue [THC.
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Fig. 4.
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Schematic diagram of work of a boiler room in summertime as PNS
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Fig. 5.

C yueroM M3MeHEHU OTIYCKA TEILIA TOCJIE Tepe-
pacupegenenus mexxay TOLl u KoTenbHON U U3MeHe-
HUH B TEIIOBOH cxeMe (puc. 3) ObLI IPOBEEH pacueT
TUPaBINUECKOT0 PeKUMa pPaboThI TEIIOBOW CETH.
PesynpraTel m3MeHEeHUA THUAPABINYECKOTO DPEKUMA
PabOTHI TEMJIOBOI CEeTH B OTOMUTENbHbIH TEPUOJ TIPH-
BeJIeHbI Ha Tbe30MeTPIYUECKOM rpaduke (puc. 5).

ITo pesysnbraram pacuera ObLT IIOCTPOEH HOBBIM
rpaQuK OTIIyCKa Tela IpU COBMECTHOU paboTe wc-
TOUHUKOB TeltocHaOkeHua [16] ¢ xapakTepHBIMU
TeMIepaTypaMu HapysKHOTO Bo3ayxa (puc. 6).

Ilnsg OEHKN SKOHOMUYHOCTY 3arPY3KU TEILTIOBBIX
MCTOYHUKOB B PacueTax CPefHEMECAYHAS AJIEKTPUYeE-
CKAas MOII[HOCTh CTAHI[NY IIPUHUMAJIACH IIOCTOSHHOM, a
OTIIYCK TeILIa C TOpAYel BOAOH YBEeJIMIMBAJICS UK yMe-
HBIIIAJICSA, COOTBETCTBEHHO, Mexk Ay TOIl u KoTeIbHOI.
[Tpum aTom KpuTepreM OIeHKY SKOHOMUYHOCTH 3arpys-
K¥ CTaHIINY ABJISAJICA CYMMaPHBIN PACXOJ TOILINBA, 3aT-

Piezometer chart of work of a heating system taking into account changes in the thermal scheme during the heating period

PaueHHOT'0 Ha OTIIYCK TEILJIOBOM 1 DJIEKTPUUECKOH SHEP-
MY 110 CTAHIIAH, U PACXOJ TOILINBA HA KOTeIbHOM [17].

IKOHOMHUSA TOMIMBA 34 CUET KOMOMHUPOBAHHOM
BEIPA0OTKY TEILIOBOH U 9JEKTPUUECKON 9HEPTUH, IO
CPaBHEHWIO C BaPMAHTOM, TIPM KOTOPOM dJIEKTpUUe-
CKad dHEPTUd BHIPAOATHIBAETCA HA KOHAEHCAIIMOH-
HbIX aseKTpocrauuax (K9C), a TermioBas oTIycKaeT-
€41 OT KOTEJbHBIX, OIIPEIEIAETCA COOTHOIIEHUEM

B,, =By, +B,..)-B

rae By, — pacxon romnusa Ha K9C, kr/rox; B,,, — pac-
XOJ TOILTABA Ha KOTeJIbHOM, KT/rof; By — pacxon To-
mwBa Ha TOII 114 KoMOMHIPOBAHHON BBIPAOOTKH Te-
IIJIOBO# U 3JIEKTPUYECKOil aHeprun, Kr/rox [18].

Kax maBecTHO, pacxo/ TOILIMBA IJIA OTIYCKA OfU-
HAKOBOTO KOJINYECTBA TEIJIOBON SHEPTUU OT KOTEJh-
HBIX B3HAYUTENBHO BBIIMIE 10 cpaBHeHWI0 ¢ TOII
(BK0T> BTSH) .
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Fig. 6.

Heat supply schedule when a boiler room works in collaboration with a combined heat and power plant
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OKOHOMMS TOILIMBA 33 CUET KOMOMHMPOBAHHOM
BBIPA0OTKY TEILIOBOI U 5JIEKTPUYECKOIl SHEPTUH, [0
CPaBHEHUIO C Pas3IebHBIM BADUMAHTOM, OTIPEIeIIeTCsa
o opmye JI.A. MenerntreBa [19] ¢ yueTom pasaoro
pacxoga Tommsa Ha TOI] u B KOTEIBHBIX, KT'/TOJ.

B, = 3;31.1 (Wbyoe — b';sTu) - 3;31_1 (Boor = Whene ) +
+Q:'1}‘,6p(b1:0'r - b;BL[) + Qn.!c. (b!r:ou‘ - bl:x )’ (3)

r7ie Oy — KOMMYECTBO 3JIeKTPO3HePTHH, BEIPadOTaH-
Hoii Ha TOIl KoMOMHHDOBAHHBIM CIIOCOGOM,
KBTu/roz; Oy — KOMHYeCTBO 9JIeKTPOSHEPIuH, BEIPa-
oorannoit ma TOIl KoHAeHCAIMOHHBIM CIOCOOOM,
KBTu/rom; @ — KOJIUYeCTBO TEMmIOThI, OTIIYCKAeMOi
u3 oToopoB TypOuH TOI] BHEIIHUM MOTPEOUTENAM,
kBr/rog; @, — KOJMUECTBO TEILIOTHI, OTIYCKAEMOI OT
IIMKOBBIX KOTJIOB, KBT/rox; v — roabdunuent npuse-
JeHUSA, YYUTHIBAIOIIWH DPA3HBIM OTIIYCK 3JIEKTPUYE-
ckoii sueprun ot TALL u KOC, nsmenemme moTeph sJIeK-
TPOSHEPTUY B TPAHCIOPTUPYIOIIAX CETAX, PACXOfa
9JIEKTPOSHEPIMM Ha COOCTBEHHBIE HYK/JBI CTAHINY U
Ipyrue (GaxkTopsl; by, — yAEJbHBINA DPAacXoj TOILIABA
It BeIpaboTku anekTposneprun Ha KIC, kr/(xkBru);

T~ VIeJTbHBIH pacxoj TOIIWBA [JIS BHIPAOOTKH
aseKTposnepruu Ha TOLl KoMOMHMPOBAHHBEIM CIIOCO-
0om, kr/(kBr-u); b5 — yAeabHBIA pacxo TOIIMBA A1
BeIPabOTKY 3meKTposHepruu Ha TIIl KoHIeHCAOH-
HBIM c1ocoboM, Kr/(kBr-u); bl — yAENbHBIA pacxop
TOILUIMBA HA OTIYCK TEIJIOBOM DHEPIMU, IMTPOUSBO/IM-
MBIl Ha 3aMeIiaeMoil KOTembHOH, KI/(KBra); biy —
VIeJbHBIN PacXOJ TOIINBA Ha OTIYCK TEIJIOBOM SHED-
run Ha TOI[ KoOMOMHMPOBAHHBIM CIOCOOOM,
Kr/(kBru); b%, — yIeJbHBIH pacxoj TOILJIMBA Ha OT-
IIYCK TEeIIOBON SHEPTUU OT IMKOBBIX MCTOYHUKOB Te-
IJIOTHI, yeTaHoBAeHHBIX HAa TOIl, kr/(kB1u).

U3 Beipaskenus (3) ciemyer, YTO IPHU TOCTHKEHIN
PaBEHCTBA OTIIYCKA TEIIJIOBOY 1 3IEKTPIUECKON SHEPTUN
I PaseNbHOM U KOMOMHUPOBAHHOM CIIOCO0aX IPOM3-
BOJICTBA OCHOBHBIMH IIOKA3ATEJIMU, BIUAIIIAMU HA
SKOHOMMUIO, ABJIAIOTCS YIeJbHbIE PACXO/IBI TOILINBA.

CMUCOK JINTEPATYPbI

1. Bammaros I.A. AHanu3 OCHOBHBIX TeH/IEHIINH PA3BUTUA CUCTEM
remnocHabxenns B Pocenn u 3a pybeskom // HoBocru remmocHal-
wernma, — 2008, - Ne2 (90). URL: http://www.roste-
plo.ru/Tech_stat/stat_shablon.php?id=2540 (zara obparmerus:
22.05.2015).

2. Ompxoscruit ['.I'. CoBepIueHCTBOBAHNE TEXHOJOTHI KOMOMHUDO-
BaHHOU BBIPa0OTKY dyeKTposHepruy u temia Ha Tl Poccuu //
Hosoctn remmocmaGenna. - 2003. - Ne10. URL:
http://www.rosteplo.ru/Tech_stat/stat_shablon.php?id=866
(mara obpamenus: 20.05.2015).

3. Muriommun B.C., Mouceesa JI.H., Ilerpens I0.K. Passurue anex-
TPOSHEPreTHKU Poccuu Ha J0ITOCPOUHYIO TEPCIEKTHBY U HOBBIE
3ajJaun dHepreruyeckoro Mammuocrpoerus // Termmosnepreru-
ka. — 2008. - Ne 1. - C. 4-6.

4, Poukkun B.f. TemnoBsie anexTpuuecKue CTaHUUK / MO pel.
B.{. Tupmgensga. — 3-e usj., nepepad. u mom. — M.: dreproaro-
musgat, 1987, - 328 c.

5. Hamagka u sKcIuTyaTanusa BOLAHBIX TEIIOBBIX CETEH: CIPABOU-
uuk / B.A. Mantwoxk, .M. Kawmuuckuit, 9.5, Xux, A.W. Manok,
B.K. Wnbun. - M.: Crpoitusgar, 1988. — 432 c.

80

3aknoyeHne

Amanus pesysbTaTOB pacyera MOKasal, YTO IIPU
mepepacupefeleHNN YacTH HATpPysKu (B cpegHeM
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KU TOIJIWBA) B JEHEKHOM BBIPAKEHWM COCTABISET
mopanka 90 murH pyo. B rog.

3a JIeTHWI TePUOJ IPY UCII0Ib30BAHIY KOTEIbHOM
KaK IIOBBICUTENbHOM HacocHo# TOIl MoKeT JOMOMHE-
TeqbHO oTHaBath 27,5 I'kaj/4. Ilpu arom 3a JneTHUi
TIepuo/; 9KOHOMUSA COCTABJAET OKOJIO [ TBIC. T Y. T.
B nene:xHOM BEIpasKeHUM — mopaaka 17 M pyo.

MepompuaTus O ONTUMUBAIKAN TEIJIOBBIX CXeM
MCTOUYHUKOB TEILIOCHAOKEHNUA TTO3BOMAIOT CO3JaBATh
Haubosiee aGeKTUBHBIE PEKMMbBI COBMECTHOH pabo-
TBI PAOHHBIX KOTeAbHBIX 1 TILI.
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ENERGY SAVING IN SYSTEMS OF HEAT SUPPLY OF THE LARGE MUNICIPAL
ASSOCIATIONS POWERED FROM SEVERAL SOURCES OF HEAT

Yuliya N. Zvonareva,
Kazan State Power University, 51, Krasnoselskaya Street,
Kazan, 420066, Russia. E-mail: Skulinaun@mail.ru

Yuriy V. Vankov,
Kazan State Power University, 51, Krasnoselskaya Street,
Kazan, 420066, Russia. E-mail: Yvankov@mail.ru

The relevance of work consists in collaboration modes optimization of two and more sources of thermal energy of the large cities ope-
rating at the borders and municipal associations for receiving the most power effective result.

Research objective. The solution of the existing problems of thermal sources (regional boiler rooms and combined heat and power
plants) connected with the way of heat generation, the search of optimization options of thermal schemes in particular and systems of
heat supply in general at the borders of the cities, and also the improvement of economic indicators of work of thermal networks and
thermal sources for heat supply quality improvement and power efficiency increase.

Research methods. Modeling heat supply modes by means of the electronic model created on the basis of Zulu for the possibility as-
sessment of optimum water redistribution between combined heat and power plants and a regional boiler room, taking into account
technical and economic indlicators.

Results. The analysis of the actual and perspective technical and economic indicators of collaboration of combined heat and power
plants and a regional boiler room of large municipal association is carried out, the reserve of thermal power of combined heat and power
plants is defined, the options of the most effective use of thermal schemes of sources both in heating and during not heating period are
offered, the economy of fuel for the considered system of heat supply is calculated.

Conclusions. Actions for optimization of thermal schemes of the considered sources of heat supply allow to create the most effective
modes of collaboration of regional boiler rooms and combined heat and power plants. Use of the received results is directed on energy
saving and optimum work of the system of heat supply powered at the same time from several sources of thermal energy operating at
the borders of a large city or municipal association.

Key words:
System of heat supply, optimization, heating selection, loading of a heat source, economy of fuel.

81



3BoHapeBa t0.H., BaHbkoB t0.B. SHeprocbepexeHue B c1cTemMax TeNNOCHAOXeHNS KpYMHbIX MyHUUMNanbHbIX ... C. 7582

10.

82

REFERENCES

Bashmakov [.A. Analiz osnovnykh tendentsiy razvitiya sistem te-
plosnabzheniya v Rossii i za rubezhom [The analysis of the main
tendencies of development of systems of heat supply in Russia
and abroad]. News of Heat Supply, 2008, no. 2 (90). Available at:
http://www.rosteplo.ru/Tech_stat/stat_shablon.php?id=2540
(accessed 22 May 2015).

Olkhovskiy G.G. Sovershenstvovanie tekhnologiy kombinirovan-
noy vyrabotki elektroenergii i tepla na TETS Rossii [Improvement
of technologies of the combined power generation and heat at
combined heat and power plant of Russia]. News of Heat Supply,
2003, no. 10. Available at: http://www.rosteplo.ru/
Tech_stat/stat_shablon.php? id=866 (accessed 20 May 2015).
Mityushin V.S., Moiseeva L.N., Petrenya Yu.K. Razvitie elektro-
energetiki Rossii na dolgosrochnuyu perspektivu i novye zadachi
energeticheskogo mashinostroeniya [Development of power indu-
stry of Russia on a long-term outlook and new problems of mecha-
nical engineering]. Thermal Engineering, 2008, no. 1, pp. 4-6.
Ryzhkin V.Ya. Teplovye elektricheskie stantsii [Thermal power
plants]. Moscow, Energoatomizdat Publ., 1987. 328 p.

Manyuk V.I., Kaplinskiy Ja.l., Khizh E.B., Manyuk A.IL,
Ilin V.K. Naladka i ekspluatatsiya vodyanykh teplovykh setey
[Adjustment and operation of water thermal networks]. Moscow,
Stroyizdat Publ., 1988. 432 p.

Chistovich A. Kak sogret goroda [How to warm the cities]. Rossi-
yskoe Ekspertnoe Obozrenie, 2006, no. 2. Available at:
http://www.protown.ru/information/articles/3325.html (acces-
sed 15 May 2015).

Korennov B.E., Smirnov I.A., Igolka L.P., Mamontov N.I. Te-
plosnabzhenie krupnogo goroda ot zagorodnoy TETS [Heat supply
of the large city from country thermal power plant]. Thermal En-
gineering, 1992, no. 11, pp. 8-10.

Hegner H.D., Vogler 1. Energiee in sparv eror dnung EnEV-fiirdie
praxis kommentiert: warmeschutz und energie bilanzen fiir neu-
bau und bestand. Rechenverfahren, beispiele und auslegungenfiir
die baupraxis. Ernst&SohnVerlagfiir Architektur und technische
Wissenschaften GmbH & Co. KG.Berlin, 2002. 153 p.

Shein LS., Izvekov A.V. Nekotorye voprosy optimizatsii funktsi-
onirovaniya gorodskogo teplovogo uzla [Some questions of opti-
mization of functioning of city thermal knot]. Trudy XVI
Mezhdunarodnoy nauchno-tekhnicheskoy konferentsii studentov
i aspirantov «Radioelektronika, elektrotekhnika i energetika»
[Proc. 16% Int. Scien. and Technic. Conf. of students and gradua-
te students. Radio electronics, electrical equipment and power].
Moscow, 2010. pp. 30-34.

Zvonareva Yu.N. Optimizatsiya rezhimov sovmestnoy raboty
dvukh istochnikov tepla dlya uluchsheniya ekonomicheskikh po-
kazateley [Optimization of the modes of collaboration of two sour-
ces of heat for improvement of economic indicators]. Trudy XII

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Mezhdunarodnoy nauchno-prakticheskoy konferentsii «Tekhnika
i tekhnologiya» [Proc. 12" Int. Scien. and Prac. Conf. Equipment
and technology]. Moscow, 2014. pp. 114-117.

Sokolov E.Ya. Teplofikatsiya i teplovye seti [Central heating and
thermal networks]. Moscow, MEI Publ. house, 2001. 472 p.
Shein 1.S., Izvekov A.V. Sovmestnaya rabota dvukh istochnikov
teplosnabzheniya [Collaboration of two sources of heat supply].
Reliability and Safety of Power, 2012, no. 2 (17), pp. 34-36.
Sazanov B.V. Teplovye elektricheskie stantsii [Thermal power
plants]. Moscow, Energiya Publ., 1974. 224 p.

Zvonareva Yu.N. Analiz effektivnosti pereraspredeleniya teplo-
vykh nagruzok mezhdu neskolkimi istochnikami teplosnabzheni-
ya pri razlichnykh rezhimakh otpuska tepla [The analysis of effi-
ciency of redistribution of thermal loadings between several sour-
ces of heat supply at various modes of holiday heat]. Trudy
XVIII Mezhdunarodnoy nauchno-prakticheskoy konferentsii
«Radioelektronika, elektrotekhnika i energetika» [Proc. 18th Int.
Scien. and Prac. Conf. Radio electronics. Electrician and Power
Engineering Specialist]. Moscow, 2012. pp. 41-43.

Melentev L.A. Osnovnye voprosy promyshlennoy teploenergetiki
[Main questions of industrial power system]. Moscow, Leningrad,
Gosenergoizdat Publ., 1954. 427 p.

Allen B., Savard-Goguen M., Gosselin L. Optimizing heat exchan-
ger networks with genetic algorithms for designing each heat
exchanger including condensers. Applied Thermal Engineering,
2009, no. 29, pp. 3437-3444.

Smirnov D.K., Galashov N.N. Programmnyy kompleks vizualno-
go modelirovaniya skhem teploenergeticheskikh ustanovok [Pro-
gram complex of visual modeling of schemes of heat power instal-
lations]. Bulletin of the Tomsk Polytechnic University, 2012, vol.
320, no. 4, pp. 36-40.

Metodicheskie rekomendatsii po otsenke effektivnosti investitsi-
onnykh proektov i ikh otboru dlya finansirovaniya [Methodical re-
commendations on the assessment of efficiency of investment
projects and their selection for financing]. Moscow, Ekonomika
Publ., 2000. 421 p.

Melentev L.A. Nauchnye osnovy teplofikatsii i energosnabzheniya
gorodov i promyshlennykh predpriyatiy [Scientific bases of cen-
tral heating and power supply of the cities and industrial enter-
prises]. Moscow, Nauka Publ., 1993. 363 p.

Volosatova T.A. Nekotorye voprosy energoeffektivnosti teplo-
vykh setey v razreze tekushchego sostoyaniya kompleksa ZhKKh
Rossii [Some questions of energy efficiency of thermal networks
in a section of current state of the housing and communal services
complex of Russia]. Inzhenernyy vestnik Dona, 2013, no 4. Avai-
lable at: ivdon.ru/ru/magazine/archive/n4y2013,/2054 (accessed
12 May 2015).

Received: 6 November 2015.



