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VK 621.166
BE3JIEADPATOPHBIE CXEMbI
SCHEME WITHOUT DEAERATOR

[L.M. ITnakcénok, A.C. KapaneBckas
Hayunsiit pykoBoautens — E.B. [IponkeBuy, crapmmii mpenogaBarTesb
benopyccknii HaMOHAIBHBIN TEXHUYECKUM YHUBEPCUTET,
r. Munck, Pecniybnuka bemapych
pronkevichAV@mail.ru
P. Plaksenok, A. Karanevskay
Supervisor — E. Pronkevich, Senior Lecturer
Belarusian technical university, Minsk, Belarus

AHHOomayusa: 6 OaHHOU cmamve paccmampusaromcs 6e30ea’pamophvle
cXembvl, IKOHOMUYHOCMb U UYeleco0OpasHOCmb, NpeumMyujecmea U HeoOCmAamKu,
ucnonvzosanus oanHvlx cxem Ha T u ADC. Ilpumepvt cmanyutl, Ha KOMOPLIX OHU
npumensitomes. Tak oice noxkazamvl mypOuHvl, KOMOpble YACMO YYACMEYIOm 8
Oe30easpamopHvix cxemax u CmManyuu, Ha KOMopvliX NPUMEHSIOMCs OAHHblEe CXeMbl.

Abstract: this article discusses non-aerator schemes, cost-effectiveness and
expediency, advantages and disadvantages of using these schemes at thermal power
plants and nuclear power plants. Examples of stations where they are used. Also
shown are turbines that are often involved in non-aerator circuits and stations
where these circuits are used.

Kntouesvie cnoea: oOeaspamop, mennogas 2NeKmMpuuecKas —CMAaHyus,
nUmMamenvbHas 600a, KOMEN, OyCmepHbvle HACOCHI.

Keywords: deaerator, thermal power plant, feed water, boiler, booster pumps.

Bsenenne

Hna  yBemnuennss KIIJI TEmioBbIX 3JIEKTPUUECKUX CTAHUHMM, SKOHOMHUU
PECYpPCOB, IPOCTOTHI KOHCTPYKIMI YUEHBIE M MHKEHEPHI pa3padaThIBaIOT C KaXIbIM
rogoM Bc€ Oosee coBeplieHHbIe paboune cxeMbl. [IpuMepoM MOMKET CIyX HUTh
Oe3nearparopHas cxema. Ha sHepro6iiokax, pabOoTalIUX HAa CBEPXKPUTHUECKUX
napameTpax Iapa, MOXXHO MPUMEHSTh HEHUTPATbHO-KUCIOPOAHBIM M THIPA3HHO-
aMMUAYHBIM BOJHBIE PEKUMBI. [[11 paboThl CXE€M B JAHHBIX PEXKUMaX HEOOXOAMMO
ucnosb3oBare cMemmBarome [IH/[. Taxke MOXHO NpOBOAUTH A€adpaluio B
KOHJIEHCAaTOpax NapoBbIX TypOuH. OTKa3 OT Aea’paropa, Kak OT JOPOroro JIeMEeHTa
CXEMbl, MOXET COKOHOMHUTH 3aTpaTbl Ha BbIpaOOTKYy »dHepruu. Ilpu
0e3/1ea’paTOPHBIX TEIUIOBBIX CXeMaX He TPeOYIOTCs Jea’parop, OyCTepHbIC HACOCHI,
00JIbIIIOE KOJUYECTBO apMaTypbl U TPYyOOIPOBOAOB, YTO YMEHBIIAET CTOUMOCTb
ctpoutenbcTBa TOLI.

Ha pucynke 1 MOXHO yBUIIETh TPOCTEUIITYIO O€3/1€adPATOPHYIO CXEMY.
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Pucynok 1 — be3neasparopnas cxema

OcHoBHas yacThb

Jlis HOpMalibHOM paboThl YCTAHOBKHM 0O€3 Jiea’sparopa HEOOXOIMMO BBEICHUE
M30BITOYHOTO KHUCJIOPOJIa, YTO TMO3BOJISIET OTKAa3aThCs OT MPUMEHEHHS HEP>KaBEIOIIUX
CTaJiel TMpW W3TOTOBJIEHUM TPYOOK TMOBEPXHOCTEM HarpeBa pereHepaTuBHBIX
MOJIOTPeBaTEed U HCIONB30BaTh ISl 3TOM 1€ HU3KOJIETUPOBAHHYIO TEPIUTHYIO
CTaJlb, KOTOpasl yACUIEBIIIECT MPOU3BOJICTBO 000pynoBaHusl. J[Jisi TOro, 4ToObl BBECTH B
AKCIUTyaTallli0 JIaHHYI0 CXEMy, HEOOXOJMMO HCIOb30BaTh cMmemmBarommi [TH]] ¢
MOBBIILICHHOM JI€a’pallMOHHON CITIOCOOHOCTBIO.

Taxoke mpoiiecc aea’panvy He 00s3aTENbHO JTOJDKEH MPOXOAUTH B JleadpaTope.
OYHKIMIO Jea’paTopa MOTYT BBINMOJHATh KOHJIGHCATOp TJIABHOM TYypOWHBI |
ocobeHHO B BakyyMHBIX cMmeruBaromux [TH/[. C Touku 3peHust 53KOHOMUHU TOILIMBA
UCIIOJIb30BaHUE 0€37ea’paTOPHBIX CXEM JOCTATOYHO BBITOTHO.

XapakTepHot ocoOeHHOCThIO  OombimumHcTBa bBTC  sgBasercs  mosiHas
aBTOMATH3aIIMS BCEX TEXHOJIOTMYECKHUX MPOLIECCOB, HE TPEOYIONIUX BMEIIATEIbCTBA
repcoHarna.
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Pucynok 2 — be3neasparopnas cxema TOLI:
Bb3K - 0ak 3anaca kongencara, PYK - perynstop ypoBus konaeHcara, CM - cmecutens, KH-
KOH/JIeHCallMOHHbIN Hacoc, [TH - nmutatensHsiil Hacoc, [1K - mapoBoii korén, KH -
KOHJICHCAIIMOHHEIN HAacoC
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Ha pucynke 2 mokazana O6e3neaspatopHasi cxema TOI] Ha CBEpXKPUTHIECKUX
nmapamerpax. Ilepeeie IIHJ[ mnocne koHaeHcaTOpa CMECUTEIBHOIO THIIA,
BEPTUKAJIbHBIE, BKIIOUECHBI B CXEMY C HACOCAMM [JIsl MEPEKAYKH KOHJEHcaTa. DTH
[THJ/I umeroT B CBOMX KOpPIycax OINpeaeeHHbIN TeMIpUPYIONUi 3anac BOAbI s
yCTOWYMBOM pPabOThl KOHACHCATHBIX HacocoB. HeoOXxoammoe KOJIMYECTBO ATOM
BOJABI, C YYETOM €€ HaJUYusi B KOHJIEHCATOCOOPHUKE KOHAEHcaTopa TIJIaBHOM
TypOunbl, cocraBiuser 20-50 m® B sHepro6moxax mommocTeio 300-800 MBrT.
Jleaspatop nNUTATENBHOM BOABI 3aMEHEH JOMOJHUTENIBbHBIM msATbiM  [TH/]
MMOBEPXHOCTHOTO TUIA. KOHAEHCATHBIE HACOCHI TPEThEN CTYNEHU TAKXKE CIIYXKaT B
KauecTBe OycTepHbIX HacocoB. Jpenaxu rperomiero napa nocie [IBJ[1 u T1BJI2
BBEJICHBI B CMECUTEb MEPE]] MUTATEIBHBIM HACOCOM.

BaxHol Mepou, BIUSIONIEN HA 3KOHOMHUYHOCTh U HAJEKHOCTh 3KCILTYaTalvu,
CTajJO0 YCOBEPIICHCTBOBAHUE CXEMbl MOJIauyd Mapa B YIUIOTHEHUs TypOuHbl. B
MIPOEKTHOM CXeMe Mojava Mapa K YIUIOTHEHHSIM TYpOUHBI OCYIIECTBIISECTCS U3
KOJUIEKTOPA MJIM U3 KOJUIEKTOPA COOCTBEHHBIX HYXJ| CTAHIIUH.

ALEPHBIA
pEAHTOP

Pucynok 3 — be3neasparopnas cxema ADC

besneasparopubie cxembl MpuMeHstOTCs Tak ke Ha ADC (pucyHok 3).

[Toutn Bce BuABI TypOMH MOTYT NMPUMEHSTHCA B 0€3/1€a3paTOPHBIX CXEMax.
T-180/210-130, T-250/300-240, K-300-240 JIM3, K-300-240 XT3, K-250-240 —
MpUMEPHl YaCTO NPUMEHSIOMIUXCS TYpOWH, ¢ KOTOPBIMH MOHO HCIOJIb30BaTh
0e3/1ea’paTOpPHBIC CXEMBI.

B crpanax CHI' 6e3neaspaTtopHbie CXeMbl IPUMEHSIOTCS JOBOJIBHO PEIKO, a
Ha Tepputopun benapycu Takue cxeMbl He ucnolib3yroTes. B Pecnyonrike benapych
4acTo Mepej Aea’patopoM UAET MPOTUBOAABICHUECKAas TYpOMHA MaJOil MOILIHOCTH
TSl yBeNTM4eHUs1 00bEMa MPOU3BOANUMOM SIEKTPOIHEPTHH.

besznmeasparopHple  cXeMbl HMMEIOT psA  HEAOCTATKOB. PenyknmoHHOE
YCTPOMCTBO M PEryJATOP YPOBHA BOJbI OTCYTCTBYET BMECTE C J€adpaToOpOM,
II0OTOMY KOHTPOJIMPOBATh TEMIIEPATYpPy M IIPOYME IapaMeTpbl CTAHOBUTCS
npobinematuyHo. Taxke Oe3lea’paTopHble CXEMbl TPYIHO HCIONb30BaTh B
OpsIMOTOYHBIX KoTiax. C TOYKH 3peHHs] O€30MacHOCTH, CXEMbI C Jea’paTopoM
HaJIe)KHEE.
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3akiiroueHue

Hcnonb3oBanne 0ECKOHTAKTHBIX TEIJIOBBIX CXEM MapOTYPOMHHBIX YCTAHOBOK
0e3 Jea’paTopoB 3HAYUTEIHLHO CHUYKAET 3aTpaThl Ha cTpouTenbeTBO [ITY, a Takxke
yCTpaHsSeT HEOOXOJUMOCTh B OTIIETLHOM TEIIOOOMEHHHUKE-Iea’paTope B KaYECTBE
pJieMeHTa TeIuloBoM cxeMbl. Mcrmonb3oBaHue cxeM 0e3 jea’dpaTopa yCTpaHsieT
HEOOXOUMOCTh B Jieadpallid BOJbI TMEepea MOCTYIUICHHEM M, KakK MpaBUIIo,
MOBBIIIAET OOIIYI0 SKOHOMUYHOCTh YCTAHOBKU MapoOBbIX TypOuH. OJIHAKO OTKa3 OT
JeaspaTopa MEHee MPUBJIEKATENICH B TIaHE HAAEKHOCTU U Oe30macHocTy. JlaHHbIe
CXEMbI HE UMEIOT IIMPOKOe MpuMeHeHue B sHepretuke crpan CHI'. Kak mpasuiio,
MpuUMeHeHne Oe37ea’paTOpHBIX CXEM BBITOJHEE Ha HEOONBIINX TETUIOBBIX
CTaHIUSX.

Jlureparypa
1. TernmoBble H3JIEKTPUYECKUE CTAHIMU: Yy4yeOHHMK st By3oB / B.SA.
PoikkuH. — M.: DHeproaromuszaar, 1987.
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YK 621.224
I'maAPOTYPBUHDBI
HYDRO TURBINES

I1.M. IInakcénok, A.M. IImoTHukoBa
Hayuneiit pykoBoautens — H.B. 1lantenen, crapmumii npenogasaresb
benopyccknii HalMOHAIBHBIN TEXHUYECKUW YHUBEPCUTET,
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AHHOmMauun: 6 OaHHOU pabome paAcCMAMPUBAIOMC MUNbL U KOHCMPYKYUS
mypoun, pabomaiowue Ha 2uopoliekmpocmanyusx. Tema suopomypoun sensemcs
aKmyanvHou, maxk Kak euopocmanyuu 6 Benapycu sensromcs oOHUM U3 CAMBIX
PACNpOCMPAnéHublX  8U008 AbMEepHamueHou dHepeemuxu. Ha meppumopuu
Pecnybonuku  Benapyce  naxooumcs 29  2udposnepeemudeckux yCmMaHoB80K
CYMMapHou  MowHocmbulo  npubnusumenvho 90  MBm.  Paccmompenvl
npeumywecmsa u HeOoCmamKu OCHOBHbLIX MUNO8 2UOPOMYPOUH.

Abstract: this paper discusses the types and design of turbines operating in
hydroelectric power plants. The topic of hydro turbines is relevant, since hydro
stations in Belarus are one of the most common types of alternative energy. On the
territory of the Republic of Belarus there are 29 hydropower plants with a total
capacity of approximately 90 MW. The advantages and disadvantages of the main
types of hydraulic turbines are considered.

Knroueswie cnosa: mypouna, 6ooa, cono, Koneco, 10NAmMKU.

Keywords: turbine, water, nozzle, wheel, blades.

Bsenenne

IM'uaporypOuHa — 3TO yCTpPOMCTBO, KOTOPOE€ OCHOBAHO Ha MpeoOpa3oBaHUU
SHEPruyd TMOTOKA BOABI B MEXAHMUYECKYIO pabOTy Ha Baly, YTO B CBOIO OUY€pElb
BpallaeT poTOp TEeHeparopa, TIAe MPOUCXOAUT MPeoOpa30BaHUE MEXAHUYECKOU
AHEPTUH B JEKTPUUECKYI0. TUMI ruipoTypOUH BEIOMpPAETCs O paCYETHOMY Hamopy,
HOMMHAQJIBHOW MOIIHOCTH, HSHEPreTUYECKUM W KaBUTAIMOHHBIM IOKA3aTEJSIMHU,
PEXKUMY TEUEHUS PEKH U TTPOUUM (PaKTOpaM.

OcHoBHasl yacThb

PazpensroT 1ocTaToO4HO MHOTO BHJIOB TypOWH, HO B TIPAKTHUKE CTPOUTEIHCTBA
TUAPOSJEKTPOCTAHIIMM  IIUPOKO TMPUMEHSIIOTCS YEThIpE BUJIA, OTINYAEMBbIE
KosimdecTBOM Hamopa: oceBbie (H = 1+70 M), nuaronansueie (H = 40200 m),
paauanbHo-oceBbie (H = 50+700 M) — peakTuBHbIE TypOWUHBI, U KOBIIOBBIE —
aktuBHble TypOuHbI (H = 4001600 Mm).

KoBmoBas TypObuHa — akTUBHAs TUAPOTYpOMHA, paboTaeT P OYeHb OOJIBIINX
Harmopax. ITu TypOUHBI UMEIOT APYroe Ha3BaHue «Typouna [lentonay.

['MaBHBIMH JOCTOMHCTBAMH KOBILIOBBIX TYPOWH SBJISIIOTCS: 3HAYUTEIbHAs
PE3YNbTATUBHOCTH MPHU BHIOOPOYHBIX HArpy3Kax, KOHCTPYKTUBHAS MMPOCTOTA, JIETKO

11
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3aMEHUMBI OTJCNbHBIC Yy3JIbI, YyAOOHAs peanu3anus pekKuMa CHHXPOHHOTO
KOMIICHCATOPA.

PaGouee komeco — BaKHBIM y3el, OOpa3yMOIUi KOBIIOBYIO CHCTEMY, TJIC
KOBIIIM HAXOAATCS CHMMETPUYHO OTHOCHTEILHO OCH BpamieHus. Ha ceromHsmrHmiz
JIeHb OOJIBITUHCTBO MPOU3BOIUTENCH AenaloT pabodne kKoieca 6e3 MEXaHUIECKOTO
KperuieHus: KoBied K aucky. O011ee Yucio comt U COOTBETCTBEHHO YUCIIO CTPYH,
HATCKAIONIMX C BBICOKOH CKOPOCTBIO Ha JIOMATKH TYpPOWHBI, OMPEACIISIOT
KOHCTPYKITMIO  KOBIIOBBIX TypOWH. MOIMHOCT, TYpOWHBI TIOBBIMIAETCS C
YBEJIMYEHUEM KOJIMYECTBA CTPYH IpU yuéTe nuaMeTpa pabodero Kojeca.

JlanHbIid BUA TypOWH WMEET BBICOKHE TpeOOBaHWSA K KAa4eCTBY MeTallla, TaK
KaKk TMecoK ObIcTpo u3HammBaeT wMmarepuan. Komeca mnpousBoast aubo
[EJTBLHOJIUTHIMU M3 KOPPO3HMOHHOCTOMKOW CTajH, JTUOO CBAPHBIMHU JCTAISIMH JBYX
CIENYIONIMX THWIIOB: B TIIEPBOM HCIIOJIb30BaH OTJIUTBIA BEHENl W3 KOBIICH,
CBapUBaEeMbIi C OMOPHBIM JMCKOM; B JAPYTOM — OTIIEIHHO OTJWTHIC KOBIIH, Jlajee
CBapUBAIOT JIPYT C IPYTOM BMECTE C OMIOPHBIM JUCKOM.

Jlist ©oJbIIe TOYHOCTH MEXaHMYeCKoW o0paboTku, paboyas U BHEIIHSS
MMOBEPXHOCTHU KOBIIIEH 00pabaThIBAIOTCS IO CBApKU XBOCTOBUKOB. [locie koHeuHOoro
oOpabaTbiBaHMsl paboueMy Kosiecy HeoOxomuma OanaHcupoBka. Hanpaensowee
YCmpoUcmeo KOBIUIOBBIX TYPOUH MPOU3BOIUTCS B BUJE CUCTEMBI COILI, II€ BHYTPHU
nepemMeniatoTes MpoPIMpoBaHHbIE UTJIbl. BelnunHa mporyckaeMoro 4epe3 Coruio
pacxofia peryJMpyeTcsl TOJOKCHHEM HWIJ OTHOCHUTEIBHO BBIXOJIHBIX OTBEPCTHI
comna. PacmpocTpaneHsl TypOMHBI C IIECTBIO  COIJIAMH, TTO3BOJISIONINE
PE3YNBTATUBHO HCIIOJIB30BATh CPOK CITY)KOBI TypOWHBI B TIOJIOBUHHOM KOJHUYCCTBE
COTLJL.

CaMpIMH KaueCTBEHHBIMHA CUYHTAIOTCSA TPSIMOTOYHBIE COIUTa O€3 IITOKa, TS
co3maroTcs 0oJiee YCTOWUYMBBIC TEPEABMKCHUS KHUAKOCTH C MHUHUMAJIbHBIMH
MOTEPSIMH.

POy ke 2kt 06 B S s :
Pucynox 1 — Cxema KOBIIOBOW THAPOTYPOUHBI: 1 — MOABOASAIINN TPYOOTIPOBO; 2 — COILIO;3 —
pabouee koneco; 4 — Bar; 5 — paboudne JIOMATKH.
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OceBble TypOUHBI OBIBAIOT CIEAYIOIIUX TUIIOB: TOPU30HTAIBHBIE KAlCYJIbHbBIE
(mammop 10 25 M); MOBOPOTHO-JOMACTHBIE BepTUKaIbHbIE (TypOuHbl Karmana),
Harop 10 60 M; npornesepHsie (Harop 10 60 m).

B oceBbIx TypOuHaxX OCHOBY pabOYero Kojieca COCTABIISIIOT JIONATKU, KOTOphIE
COEJIMHEHBI C BAJIOM U 3aKpEIIEHbI B Kopiyce ¢ ooTtekareneM. B oOpiuHOM ciiydae
YUCJIO JIONACTEH JIEKUT B AUana3oHe OT 4 /10 8 MITYK M BO3PACTAET C YBEJIMUYCHUEM
Harfopa.

[lonBopsmias 4acTe OCeBOW TYpOWMHBI COCTOMT M3 TYPOMHHON CHUpaIbHOU
KaMepbl, KOTOpas 00eCleurnBaeT PaBHOMEPHOE pACIPEACIICHHE BOJABI 10 BCEMY
NepUMeTpy HarpasJistouero ammnapara. CrnupanbHas Kamepa TypOUHBI Yallle BCEro
M3rOTaBIMBaeTCs W3 OETOHA M MMEET TpamlelenIalbHOe MOoINepeyHoe ceueHue. B
ciydae pabOTHI TIPU BBHICOKHMX Hamopax (Oosee 50 M) NPUMEHSIOTCS TYpOWHHBIC
KaMepbl KPYTJIoro NonepeyHoro CEYeHus u3 MeTajuia.

Harpy3ku OT BepxHEro OIOPHOIrO TMosica cTaTopa K HUXKHEMY TEpenaroT
KOJOHHBI cTaTtopa TypOuHbl. KoOJIOHHBI cTaropa cielanbl B ya00000TeKaeMoit
dbopme 17151 TOro, YTOOBI CHU3UTh THAPABINYECKUE TOTEPH.

KonpiieBast pemierka jomacteil 3akpyduMBaeT IMOTOK TMeEpes €ro BXOJOM Ha
nonaTtku pabouero kojeca. OHa dopmupyetcss u3 20-32 HanpaBJISIONIMX JIOMATOK
(MX 4UCTIO OMpEIEAETCS PACIOIOKEHUEM JIOIATOK HA TUaMeTpe — d) PEIIeTKH U3
cpo(HIMPOBAaHHBIX JIONATOK Nepes padounm KosiecoM. JIOmaTku HampaIIsSIOIIEro
amrapara IMO3BOJISIIOT PEryJUpPYIOT MOIIHOCTb, pa3BUBaeMylo TypOuHou. C 3ToM
LEJIBI0 KaXIYI0 JIONATKy MOXHO MPOBOPAYMBaTh HA OCH U MPHU ONPEIEICHHOM YIJIe
U3MEHSETCS OTKPBITHE, €CIM COOJII0/IaTh YCJIOBHE CHHXPOHHOTO MOBOPOTa BCEX
nonatok. COOTBETCTBEHHO MEHSAIOTCS MPOIMYCKAaeMbIil pacxol M MOIIHOCTb
TUAPOTYPOUHBI.

[ToBbimiennie KIIJ[ TypOuHBI MOXKHO A0OUTHCA Oyiaroapsi CHIXKCHHUIO
KWHETUYECKOW HEPIHH, a 3TO B CBOIO OYEPE]b BO3ZMOKHO TOJIBKO IIPU MEJIEHHOM
CHUKEHUU CKOPOCTH BOJbI JO BBIXOJA MOTOKAa B HWXKHUN Obed, 4TO MO3BOJIAET
OCYIIECTBUTH OTcachiBaroIasi Tpyoa B Bujae auddyszopa, Koropast OTBOAUT BOAY OT
pabouero kojeca. OtcachiBaroliue TPYObl KPYMHBIX TYpPOMH H3rOTaBIMBAIOT
MIPEUMYILIECTBEHHO U3 OETOHA.

7
Pucynok 2 — Cxema oceBoii TypOuHsI: 1 - tonatku pabouero kojeca; 2 — BTyJIKa C O0OTEKaHUEM;

3 — Ban; 4 — xamepa TypOuHBI; 5 — cTaTop; 6 — COTUIOBOM ammapar ¢ JIOTaTKaMu;
7,8 — criopHoOe mosica cratopa; 9 — orcachiBarommas Tpyoa; YHbB — ypoBens HuxHero 6apenseda;
d; — IMameTp BHEIIHETO KoJeca.
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PamunansHo-oceBast ruapoTypOuHa (TypOuna «DpeHcuca») MOIB3yeTCs
IPEUMYIIECTBOM B THIpO3HEpreTrke. OYHKIIMOHUPYET OHA Ipu Haropax oT 40 1o
700 M. PannanbHo-oceBble TYpOMHBI HA3BaHBI TaK M3-3a BXOXKJIEHUS TTOTOKA BOJbI B
pabouee KoJjieco TypOMHBI paJHalIbHBIM IyTEM M BBIXOJOM U3 HEro B OCEBOM
HaIpaBJICHUH.

Konbuesas pemerka oOpa3zoBaHa u3 12-17 jnomacteit, BXOASIIMX B COCTaB
pabouero koiieca paauaibHO-O0CEBOM TypOuHBI. BclencTBrue >KeCTKO 3aJieaHHBIX
JomacTe B CTymuiy W 0001, pabodee KOJIeCO, COSIMHEHHOE BajloM C (hiaHIieM,
o0peTaeT HEOOXOAUMYIO HAJIE)KHOCTh U KECTKOCTb.

B moaBopsmieit yactu paananbHO-0CEBON THAPOTYPOMHBI CIIMpaibHas KaMepa
BBINIOJTHEHA B METAJUJIE C KPYTJIBIM MONEPEYHBIM CEUCHUEM C IIEJIbI0 HAWIYYIIETO
BOCTIPUSITUSI OOJIBIIIOTO BHYTPEHHETO JIABJICHUS BOJIBI.

Hanpasnsromue monaTku COIIOBOro anmapara B KojauyecTse 16-24 nonacren
o0ecreuynBalOT HEOOXOJUMOE HalpaBlieHWE MOTOKa Iepes BXOAOM Ha pabodee
KOJIECO.
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Pucynok 3 — Pa3pes paanaibHO-0CeBOW THAPOTYPOUHBL: | — IpUIiacOBaHHBIN OOJT;
2 — craTtop; 3 — COIUIOBOM anmapar; 4 — MacjasiHOW CEpBOMOTOP; 5 — Bajl; 6 — HAPABJISIOMINH
MOJAIIUITHIK; 7 — KOJIbIIA; 8 — MeTaJuIMYecKasi CBapHas kamepa; 9 — pabouee Koeco.

JluaroHajibHble  THAPOTYPOMHBI  pa3paboTaHbl  JUIsl  WCIIOJIB30BaHUSA
MMOBOPOTHO-JIONACTHBIX ~ TYpOMH TIPU  BBICOKMX  Hamopax. OTIWYuTeILHON
OCOOEHHOCTBIO  TaKuMX TypOWMH  SBJSIOTCA  JIONACTH  pabodero  KoJjeca,
PacIOJIOKEHHBIE 1OJT HAKJIOHOM K ocH BpatieHus (yroa 45-60°). Jlomactu padboyero
Kojeca — TIOBOPOTHBIE, OJyiarojaps 4YeMy MOXHO TPUMEHUTh JUaroHajJbHbIC
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Typ6I/IHBI B IHAIIa30HC BBICOKMNX HAIIOPOB U COCTABJIATH KOHKYPCHIMIO paJuaJIbHO-
OCCBBIM Typ6I/IHaM, TaK KaK PCryJnupoBaHHUC HMCCT OopIIHe BO3MOXXHOCTH, CCJIH
YUYUTBIBATH HAIIOPp U paCXOd, ITOBBIIMICHNUC CPCAHCIKCIIITYATAIMOHHOT'O KHI[
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Pucynok 4 — Pa3pe3 nuaroHaabHON ruApOTYpOUHBL: 1 — JIOMACTH COIUIOBOIO anmnapara;
2 — KOJIOHHBI cTaTopa; 3 — cepuueckas 4yacTb Kamepbl pabodero koseca; 4 — HUKHUHN MOAC
KaMmepbl pabouero kojeca; 5 — pabodee Kojieco TypOUHBI; 6 — KpBIIIKA TYpOHHBI;
7 — cnupasibHasi KaMepa; 8 — OmopHBIN ¢uraHel]; 9 — CepBOMOTOP HAIMPABIISIONIETO anmapara;
10 — TypOuHHBII moAmMIHKK; 11 — MacmonpoBoabl K cepBoMOTOpY padouero kojueca; 12 — Bai;
13 — macnonpuemMHuuk; 14 — HajicTaBka Baja; 15 — onmopHsIid KoHyC; 16 — KphImika pabodero
koneca; 17 — ceppomoTop padouero koneca; 18 — MOAMSITHUK.

HuaronansHbie TypOuHbl o0nagator Oosnee BbicokuM KII/[ u Gonee cioxxHol
KOHCTpPYKITMEH, OoNbllle TMOABEPrarOTCS W3HOCY, YeM paaualbHO-OCEBBIC.
HuaronansHeie TypOounbsl Ha 'DC BbIrofHEE UCIOIB30BATh ISl PEKUMOB PabOTHI C
OONBITMMU KOJI€OAHUSIMU HATIOpa U MOIITHOCTH.

OOBIYHO MPUMEHSIOT B JUAroHaJbHBIX TypOMHAX COIUIOBOM ammapar ¢
BEPTUKAIBHBIM  PACIOJIOKEHUEM OCEH JIOMATOK KOHHWYECKOTO U OOBIYHOTO
paguanpHOro  BuAa. biaromapst uccrnegoBaHHUSAM — ObUIO  BBISIBJICHO,  YTO
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SHEPreTUYECKUE KAayeCTBa MPU KOHUYECKOM M PAJAAIBHOM amIaparax OCTAKTCS
o4yt ogHuMHU U TeMH xke. HecymecrBenHoe noBbiienne KIIJ[ maét konHmueckui
HalpaBJIAIONIMNA  anmapaT TpUd  HEOONBIIMX  MOIIMHOCTIX. BBICTPOXOAHOCTH
JTUaroHaJbHBIX TYpOMH MU c(epbl UX HCIOJb30BAaHUS MPU PA3IUYHBIX Haropax
00ycoBeHa KOHCTPYKIHEH 1 (OopMOM TPOTOUHOM YaCTH TypOUHBI.

3akiaoueHune

I'uapoTypOuHBI KOHCTPYKTUBHO M (DYHKIIMOHAJIBLHO Pa3HOOOpa3HbBl U MMEIOT
OOJIBIIE OTIMYMSA OT MAPOBBIX TYpOMH, TaK KaK NPHMEHSIETCS pa3Has pabodas
cpena. 'uapoTypOuHBI HE MOABEPKEHBI BHICOKMM TeMIlepaTypaM, HO BO3ACHCTBHE
OPO3UM BHIIIE, a OCYHICCTBICHHE (GUILTPAIIMM W TOATOTOBKA PEYHOU BOJIBI
JIOPOTOCTOAIIEE MEPOITPHUSITHE.
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po-gidroturbinam/Page-44.html. — Jlata noctyna: 10.04.2022.
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MOITHOCTh. — Pexum goctyma: https://altenergiya.ru/poleznye-stati/ges-princip-
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AHHOmMauus. OaGHHAS CMAmMbs NOCEAUWEHA 80NPOCY OYEHKU YenecooopazHoCmu
UCNONIL308AHUSL  AILIMEPHAMUBHBIX — MAmMepualos Ol CmMpoumelbCmed
2a30npoB80008.

Abstract: this article is devoted to the issue of assessing the feasibility of using
alternative materials for the construction of gas pipelines.

Kniouegwie cnosa: mpyoonposoo, Kopposusi, KoMno3umuas mpyoa, 2as.

Key words: pipeline, corrosion, composite pipe, gas.

BBenenne

B nmnocnennue TrOnIBl HAJAEKHOCTH TPYOONPOBOJHBIX CHUCTEM HWHKEHEPHO-
TEXHOJIOTUYECKOTO HA3HAYEHUsl MPAKTUYECKH MOBCEMECTHO MEPEKUBAET KPU3UC.
OCHOBHOIl TPUYMHON 4YaCThIX aBapuil HAa CTAJIBHBIX KOMMYHHUKAIMsSIX ObLIa
KOppOo3usi. MHOTOYUCIEHHBIE TEOPETUYECKUE HCCICIOBAHUS W TMPAKTUYECKUE
UCIIBITAHUS ~ TOKa3ajdd, YTO TMOJMMEPhl M HUX KOMIIO3HUIMMU  SBJISIIOTCS
MHOT000€IIaoIIeH albTEPHATUBOU METAIUTUYECKUM TpyOOTIIpOBOaM.
O} heKTUBHOCTh  KOMIMO3UTHBIX  TPYOOIPOBOJIOB  MOATBEPKIAETCS  POCTOM
WH)XCHEPHBIX KOMIIO3UTHBIX KOMMYHHUKaNUMi. OCHOBHBIMU TPEUMYIIECTBAMU
HAaHOKOMITO3UTHBIX TPYO SIBIISIOTCS JJIMTENbHBIA CpOK ciykObl (10 80-100 ner),
HU3KOE TUIPABIMYECKOE CONPOTUBIEHUE U OTCYTCTBUE HEOOXOAMMOCTU IS
CUCTEM KATOJHOM U aHOJHOW 3allUThl OJjarojaps BHEUIHEW KOPPO3MOHHOM
crorikoctu. CornacHo rogoBoMy otuery [IAO «2I'A3ITPOM» 3a 2017 rogn,
OPOTSKEHHOCTh TazoTpancnopTHoil cuctembl (I'TC) cTpanbl B HacTosllee BpeMs
cocraBimsier 172 100 kM. Bce wmaructpanbHble Tra3omnpoBOAbI TOCTPOEHBI W3
ctanpHbix TpyOd oT DN500 g0 DN1400. Harnerarenu mnpupogHOTO Taza ¢
MOTOPHBIM TIPUBOJIOM, Ta30BbIM JBUTATE€lIeM H Ta30TYpOMHHBIM MPUBOIOM
WCTIONB3YIOTCS JUIsl MOJIaud Ta3a ¢ MECTOPOXKICHHHM K 3almaJiHOd TpaHulIEe U B
KOHEYHOM HMTOTE K POCCUACKUM MOTPEOUTENSIM (PUCYHOK 1).

OCHOBHYIO  JOJIO  Ta30TPAHCIOPTHOTO  OOOPYMOBAaHMS  COCTaBISIOT
ra3oTypOMHHBIE KOMIpeccopel - 86% or ob6mieit momHuocTu. [mapaBmudeckoe
CONPOTHUBJICHUE MAarucCTpPajbHBIX Ta30MPOBOJOB W TPYOONPOBOJOB ydacTKa Ha
razokomipeccopHbix cranuusx (KC) ompenensier pacxo] TOIUIMBHOTO Tas3a JUis
npuBoaa GTC. B coorBercTBUM ¢ 1ieneBbIMU Nokazatensimu [TAO «I'azmpom» Ha
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2018 rox cooctBennbie motpedbroctn GTC cocraBmsaroT okono 11% (60 mupa M3 B
roj) oT oobema J100buu raza [1].

l'azoBbie
Auur.;rmu C npupojiom ot
[pusos ot o 4% JBMraTeas r

13%

Tasonwiii apkrarean

1%

ABHIATCIA

175

lazorypbunnne
79% TazoryplHHHbe
86%

(@) o komaecTBY (b)no CHIIE

Pucynok 1 — CtpykTypa napka ra3oBblx KOMIIPECCOPOB I10 TUITY puBoAa, Poccust

OcHoBHas YyacTh

I'unpaBnuyeckas 3pPEeKTUBHOCT COBPEMEHHBIX CUCTEM T'a30MPOBOOB.

MHorouuncieHHble cOBMECTHbIE coBemanus pykoBojactBa [IAO «I"A3ITPOM»
n 000 «YK POCHAHO» noaTrBep:KIarOT BBICOKMI HHTEpPEC K MNPUMEHEHHIO
COBPEMEHHBIX Pa3pabOTOK HaHOMHIyCcTpuu. Hapsay ¢ cucremaMu HOCTOSHHOTO
TOKa C JIUTUI-UOHHBIMU OaTapesiMH, BOJOKOHHO-ONTUYECKUMH yCTPOMCTBAMM ISt
KOHTPOJISI TEXHUYECKOTO COCTOSIHUS Ta30MPOBOJOB, MEMOPaHHBIMH TEXHOJIOTHUSIMU,
TEPMORJIEKTPUYECKUMHU TIeHepaTopaMu, paOoTalolMMM Ha MPUPOJHOM rase,
00JIBIION MHTEpEC OTMEYaeTCsi K HAaHOKOMIIO3UTHBIM TpyOam AJisi CTPOUTENbCTBA
MarucTpajibHbix razonpoBoaoB (MI'TI) m orBerBnenuii razomposonaoB (GPB) [2].
JIBa KOHTPOJBHBIX y4dacTKa JJIi CTPOUTENbCTBA T'a30MPOBOJAOB W3 KOMIO3UTHBIX
TpyO (oauH HazemHbIi (90 kM), onMH NOABOAHBIN (14 KM) mepexos yepe3 pydei) u
MOAPSIAYMK JJISI TPOM3BOJICTBA KOMITO3UTHBIX Ta3ompoBoaoB 10 DN1400 Obuiu
COrJJacoBaHbl C PYKOBOJACTBOM KoMIaHuH. OOOCHOBaHHWE JHEPreTUYECKOTO H
AKOHOMHUYECKOTO 3(¢dekTa oT BO3MOKHOU pekoHcTpykuuu ['TC mpousBoautcs
MyTEeM CPaBHEHUsSI YEThIPEX BAPUAHTOB ra30BbIX TPYO:

- 0a3oBas BepcHs: CcTajgb ¢ cUCTeMoi anekTpoxumudeckoit 3anuThl (ECP) ot
BHELIHEW KOPPO3UH;

- anpTepHaTHBa Al: cTalb C BHYTPEHHUM IJIaJKUM 3MAJIEBBIM MOKPBITUEM H
cucremont ECP;

- ambTepHaTuBa A2: KOMIIO3UTHBIE TPYObI 6€3 cuctembl ECP;

- anpTepHaTBa A3: CTaJlb C BHYTPEHHHUM TJaJKuM TOKpbiTHEM Scotchkote u
cucremon ECP.

[IlepoxoBaTOCTh Ta30BBIX TPYO C BHYTPEHHUM IJIAJIKUM MOKPHITUEM (BapUaHT
1) ve gomxHa mpeBbimarh 15 mxM. CorjyacHo TpeOOBaHMSIM, ITOT MOKa3aTelb
pexkoMenayercsi npuHuMath paBHbIM 0,01 MM. OCHOBHBIM Ha3HAUYEHUEM
BHYTPEHHHUX aHTU(PPUKIIMOHHBIX TTOKPBITUH SBJISETCS YMEHbBILIEHUE LIEPOXOBATOCTH
BHYTPEHHEW TOBEPXHOCTH TpyO. BHyTpeHHee JBYXKOMIIOHEHTHOE TIJIaJIKOE
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nokpeitTre Scotchkote (ampTepHaTHBa 3) MMeEET crelMabHBIE aHTU(OPUKIIMOHHBIE
cBoiicTBa. Martepuan He COAEPKUT PacTBOPUTENEH, OEH3UIOBOTO CIIMPTA U APYTUX
JETYy4YuX BEIIECTB, YTO MO3BOJKIET IOJYYUTh BHYTPEHHEE IIOKPBITHE C
mepoxoBaTocTeio 1...10 mMxM. HaHokoMmosuT (anbrepHaTuBa 2) IpEACTaBISIET
c000i1 00JIbIII0E KOTMYECTBO CHELMAIBHBIX HAHOCIOEB TOJIIMHON He Oosiee 2x10-9
M. OH U3rOTOBJIIEH W3 TJIMHHUCTBIX MHHEPAJIOB MOHTMOPUJUIOHHATA. YacTUIbl
MOHTMOPUJUIOHUTA UCKYCCTBEHHO ao0OaBisitorcss B noaumep PE-RT u oOpa3zyror
YHUKAQJIbHBIM CBEPXIPOYHBIM Marepuain. Pe3ynbraTomM CcoO31aHHMST MHOTOCIOWHOU
CTPYKTYpHl ~ SIBIIIETCS. ~ YBEJIMYEHHE  MEXaHWYECKOM  MPOYHOCTH  TPYOHI,
TEPMOCTOMKOCTh U JIOJITOBEYHOCTh 33 CUET YCTPAHEHUSI KOPPO3HH T'a30MPOBOISIIHNX
TpyO. BHyTpeHHMIi CI0M HAHOKOMIO3UTHON TPYObI, KOHTAKTUPYIOIIUH C MMOTOKOM,
n3rotosiieH U3 noaudTwieHa PE-RT. C Touku 3peHus oOecrnieyeHus: ONTUMAIbHBIX
TUIPABIMYECKUX YCIIOBHM ra3olpoOBOJIOB 3TOT MaTepvasl 00NalaeT CIAeAYIOIIUMHU
[IPEUMYILECTBAMMU:

- 4pe3BbIYAITHO HU3KOE 3HaYeHHE 1mepoxoBaTocTH - 0,0015 Mm;

- IOYTH HyJIEBas aJre3usl.

Onenka sHepreTuyeckol 3()(PEKTUBHOCTU THUIAPABINYECKUX PEKUMOB IS
0a30BOro M TpeX aJbTEPHATUBHBIX BAPUAHTOB BBIMOJHIETCS IYTEM pacyera
JABJICHUS B KOHLE Yy4YacTKa MpOoTsLKEHHOCThI0 100 KM B COOTBETCTBHH C
METOANKAMU:

1012.g-AT,.*Z 'L
P, = [P} ———1-mm_
3.322.d5
[TocTpoeHbl THAPABINYECKUE XapAKTEPHUCTUKH Ta30IPOBOIOB s TpyO oT DN
500 no DN 1400. Ha pucynke 2 nokazaHa 3aBUCUMOCTb TuapaBinueckoro KIT s
HauOOJIBIIIET0 W HAWMEHBIIETO JIMAMETPOB OT 3arpy3Kd Ta30BOMl CHUCTEMBI B

nuarmna3zoHe 60%...100%.
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Pucynok 2 — l'unpasnuueckas 3¢ (heKTUBHOCTh T'a30MIPOBOJIOB

Pacdetsl mokasanu, 4To BeIUYMHA HEOOXOAMMOTO Hamopa JJIsl IepeKavKky rasa
3HAYUTEIHLHO BaphUPYETCS B 3aBUCUMOCTH OT IIEPOXOBATOCTU TPyOONpoBo0B. Ha
pUCYHKE 3 TIOKa3aHbl OTHOCUTEJIbHBIC 3HAYCHUS MOTEPh [ABJICHUS Ha Yy4YacTKe
mmaor 100 kM Mexay CS ¢ 0003HaUYCHUSIMU:
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B/A 1 - oTHomIeHue MOTEph AABIECHUS B CTaJbHOM TpyOompoBoje (6a30BbIH
BapHAHT KOHCTPYKIIMHA CUCTEMBI) K TIOTEPSIM JIaBJICHUS B CTATBHOM TPYOOIIPOBOJIE C
TJIaJIKUM BHYTPEHHUM 3MaJIeBbIM MOKPBITHEM (albTepHaTBa Al);

B/A 2 - ko3 dunreHT notepp AaBiICHUS B CTAILHOM TpyOonpoBo/ie (0a30BbIi
BapHAHT KOHCTPYKITUM CHUCTEMBI) K MOTEPSIM JIaBJICHUS B COCTABHOM TPYOOIIPOBO/IE
(BapuaHnt A2);

B/A 3 - ko3¢ dunmeHT notepp AaBiICHUS B CTAILHOM TpyOonpoBo/ie (0a30BbIi
BapHaHT KOHCTPYKIIMH CUCTEMBI) K TIOTEPSIM JIaBJICHUS B CTAJIHLHOM TPYOOIIPOBOJE C
BHYTpeHHUM TOKpbiTHEeM Scotchkote (anbrepHaTtuBa A3).
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Pucynok 3 — CpaBHenue ruapabinndeckoit 3ppekTuBHOCTH TPYO ¢ pa3nuyHON
LIEpPOXOBAaTOCTHIO NPU PACUETHOI HArpy3Ke

Uto0bl 00ecneynTh MOTOK T'a3a MOBBIIMIEHHOTO JABJIEHUS B TOJIOBHOW YacTH
CUCTEMBI, TpeOyeTcsl JOMOJHUTENbHbIM pacxon TomiuBHoro raza GCU
(razoxoMIipeccopHas YCTaHOBKa) JJisl IpuBoja HarHeratess. C yueToM MCXOJIHBIX
naHHbIX (Tabnuia 1) ObUIO paccUMTaHO CHUDKEHHME 3aTpaT Ha TOIUIMBHBIM ra3z mpu
peanuzaiuu pekoHcTpykiuu ['TC nns BapuantoB Al... A3 (Tabnuna 2) Ha mpuMepe
razonposoaa DN1400.

Ta6mz1ua 1 - I/ICXO,[[HLIe JaHHBIC [J4 OLCHKH B(b(beKTI/IBHOCTI/I HUCIIOJIB30BaHUA
KOMITO3UTHBIX W AJIbTCPHATUBHBIX I'a30IPOBOJOB
Ennanna 3HayeHue
Ne [TapameTp JTHILL
U3MEPEHHUS napamerpa
1 HagannHoOe naBiaeHue raza MlIIa 7,5
2 Paccrostnue mexay CS KM 100
3 JlmameTp razonposoja KM DN1400
Muunon
4 [IpomyckHas cnocoOHOCTH ra30IpPoOBOIA 70...95
KyOOMETpOB B JIEHb

PesynbraTe! onienku mnenecoodpaznoctu pexoHctpykuuu ['TC.

JIJisi KOMITJIEKCHOM OIEHKH I11€JI€CO00Pa3HOCTH MCTIOJIb30BaHUSI KOMITO3UTHBIX
TpyOONIPOBOJOB  JUIsI  CHUCTEMBI  Ta30MpOBOAOB  ONpEAeNseTcs eme OJHa
coctaBsitonas 3PGEKTUBHOCTH MPEJIaraeMOT0 PEIICHUs - JKCIUTyaTalluOHHBIC
pacxoasl Ha cucremy ECP maructpanbHbix razonpoBojioB. [Ipu paccMoTpenuun
VYHUTHIBAIOTCS OJIOKM KaTomHoM 3ammThl  Minerva-3000, paspaboTanHble B
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COOTBETCTBUM C 3aJaHueM U TexHuueckuM 3anannem [TAO «["azmpom».
HomunanpHass MomiHOCTh arperata coctaBisieT 3 KBT. [IpoTskeHHOCTH 30HBI
MOKpBITUSL TazompoBoja coctaBiser 10 ... 30 kM, B 3aBUCUMOCTH OT COCTOSTHHUSI
M30JIALIMH Ta30IIPOBO/Ia U CBOMCTB IpyHTa. HopMaTuBHBIE TpeOOBaHMS K MOIITHOCTH
s ctanuii ESP razonpoBogoB DN 1400 Gbutn olieHeHBI B TabUIIE 2.

Ta6J'II/II_[a 2 - OHGHKa YKOHOMMYCSCKOM I_[eJ'IeCOO6paSHOCTI/I HCIIOJIB30BAHUA Ta30IIpOBOAOB H3

KOMITO3UTHBIX U AJIbBTCPHATUBHLIX MAaTCPHUAJIOB

. Enununa [Tapamerpsr | ITapamerps! | [Tapamerpsr
Ne Hapamerp U3MEpPEHUS B Al B A2 B A3
MJTH.
1 | DKOHOMHS TOIUIMBHOTO ra3a KyOOMETpOB 0,9-7,5 1,2-10,8 1,1-9,4
B IO
5 CHuxeHue CTOMMOCTH | MJIH. pyOusei 3.4-29.9 4.9-43,0 43-37.6
TOIUIMBHOTI'O Ta3a B IO
3 DKOHOMHUS DJIEKTPOSHEPruu npu | MIH. KBT B i 0.295 i
ECP roJ
CHuxeHue 3aTpar Ha | MJH. pyOJeit
4 - 1,329 -
anextposnepruto ECP B IOl
3arpaThl Ha  MOJJEpKAHHE .
5 | rasomposoioB B pabouem M“H]; gf”eﬂ 14,42 5,87 14,42
COCTOSTHUH g
6 | OBt sxonommeckuii sdpercr | ggg”e“ 2,7-292 | 62-443 | 3,6-36,9
JlomonHUTENbHBIE 3aTpaThl Ha
- | TA30TIPOBOMEL, HOPMHMPOBAHHBIE | py6cii 40+ 3 25+
0  MakCHUMaJlbHOTO  CpOKa
CITYKOBI
8 | Cpok OKynaeMocTH roJ
3akiroueHue
ODKOHOMMSI  TOIUIMBHOTO  rasa TMpd  HCHOJb30BAHUM  KOMIIO3UTHBIX

ra3onpoBOJIOB, B 3aBUCUMOCTU OT Harpy3ku, JocTuraer noytu 450 Teicsu pyoOuneit
Ha OJIMH KWJIOMETp OAHOTPYyOHOTO razonpooaa DN1400 B roz.

HToroseie rofoBble KanuTaldbHbIE 3aTpaThl HA CTPOUTEIBCTBO KOMITIO3UTHOTO
MarucTpaibHoro razomnpoBoga DN1400 Gonee yem B 4,5 paza HUKE aHATOTHYHOTO
MOKa3aTelIsl CTAJIbHBIX Fa301POBOJOB C IIaJKUM SMaJIEBbIM MOKPBITHEM.

VY4yer exeroAHblx OOIIMX 3aTpaT Ha SKCIUTyaTalMI0 CUCTEM MaruCTpabHBIX
ra3onpoBOJIOB OOECHEYMBAET MOYTHU 7-KpaTHOE 3KOHOMHYECKOE MPEUMYIIECTBO
HAaHOKOMITO3UTHBIX TPYOOIIPOBOIOB MO CPABHEHUIO CO CTAIBHBIMHU aHAJIOTAMHU.

Jlureparypa
1. OHepreruueckas crparerus Poccum Ha mnepuon ao 2030 roma //
[IpunoxxeHue Kk OOIIECTBEHHOMY U JEJIOBOMY JKypHally «JHepreTuyeckas
nonutuka». M.: MHCTUTYT 3HepreTnueckoi crparerun, 2010. — 172 c.
2. ®dunartoB, A.A. ['azoBas npombllieHHOCTs / A.A. ®unaros [u ap.] //
Kamenor mabmummar. — 2018. — Ne7. — C. 34-37.
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VK 621.647.3
KOPPO3HUA U 3AHIUTA METAJLJIOB
CORROSION AND PROTECTION OF METALS

M. /1. FOpuenko
Hayunsiit pykoBoautens — E.B. [IpoHkeBuy, crapmmii mpenogaBaTeib
benopyccknii HaMOHAIBHBIN TEXHUYECKUM YHUBEPCUTET,
r.MuHnck, Pecniyonuka bemnapych
pronkevichAV@mail.ru
M. Yurchnko
Supervisor — E. Pronkevich, Senior Lecturer
Belarusian national technical university, Minsk, Belarus

AHHOmMauua: paccmampusaemcs 3HAYUMOCHb U NOJOHCUMENbHBIU I pexm
NpUMEHeHUs. aHMUKOPPO3UOHHO020 nokpeimus. Kax cnedocmeue, nogviuenue
00J1208€4HOCMU BCNOMO2AMENbHO20 000PYO008AHUS U YMEHbUIEHUS 3ampam HA e20
oocayxcusanue. Ilpednazaromcsi maxue meponpusmus —Kak: — NACCUBAYUS,
necuposanue, UHeUOUposauue, YUHKOBAHUE, 2alb8AHUYECKUe U Opyaue 6uobl
NOKPbIMU.

Annotation: the significance and positive effect of the use of an anti-corrosion
coating is considered. As a result, increasing the durability of auxiliary equipment
and reducing the cost of its maintenance. Such measures are offered as: passivation,
alloying, inhibition, galvanizing, electroplating and other types of coatings.

Kntroueswvie cnosa: xopposus, cmpoenue, nokpvimue, 3auuma, paxmopeol.

Key words: corrosion, structure, coating, protection, factors.

BBenenne

C Tex mop Kak 4YeJOBEK HAy4YWJICS BBIIUIABIATH METAl, IPUPOJA YIIOPHO
CTPEMHUTCS Pa3pyIIUTh BCE, YTO CO3/1aHO M3 MeTaiia. M XOTa B OOBIYHBIX YCIOBUSX,
B KOTOPBIX Yallleé BCEr0 HaXOAMUTCS METAJUI, 3TO pa3pyILICHHE HE TaK CTPEMUTEIBHO,
TE€M HE MEHEee KOPpO3us MpecieyeT METall Ha BCEX dTanax CIY>KEHUIO YEJIOBEKY.

Kopposusi — 3T0 wu3HammMBaHMe MeTajlla BCJCACTBUE B3aWMOJICHCTBUS C
OKpYKalolIe cpenord. OTO MNPOUCXOIUT BCSAKUM pa3, Korga ra3 WM JKHUJIKOCTb
XUMHUYECKH BO3JICUCTBYIOT Ha OTKPBITYIO MOBEPXHOCTh METAJUIA U YCKOPSIIOTCS TOJT
BO3/ICHICTBHEM BBICOKHX TEMIIEpaTyp, KUCIOT U cosieil. OOBIYHO MPOAYKTHI KOPPO3UH,
HampuMep, pPrKaBUMHA, OCTAIOTCS HAa TOBEPXHOCTH M 3alUIIAIOT €. YJaJIeHue 3THUX
OTJIO’)KEHU BHOBH OOHAXXAET TOBEPXHOCTh, M KOPPO3HUS ITPOIOJIKACTCS.

[ToBepXHOCTh KOPPOJIUPYIOLIETO MeTajla YNPOUEHHO MOXHO PacCMOTPETh,
KakK JABYX3JIEKTPOJHYIO CUCTEMY, COCTOSIIIYIO U3 YYAaCTKOB JIByX BUJIOB: aHOAHBIX U
KaTOJIHBIX, HAXOASIIUXCS B OJHOM M TOM K€ DJIEKTPOJIUTE. 3a CYET Pa3zHOCTU
MOTEHITMANIOB KaToJla W aHoja, pabdoTa KOPPO3HMOHHOTO JJEMEHTAa HANOMHHAET
paboTy raJTbBaHMYECKOTO JIEMEHTA U COMPOBOXKIACTCS MEPEMEIICHUEM IIICKTPOHOB
B METaJUle U MOHOB B 3JIEKTPOJUTE. B HepkaBeOMMX METalaXx HE MPOUCXOAUT
KOPPO3us, IOTOMY 4TO (DOPMHUPYETCS TIIOTHAS OKCUAHAS TIJIEHKA.

OcHoOBHas YacTh

CymecTBylOT METAUIMYECKHME W HEMETAIUIMYECKUE TIOKPBITUS, KOTOPBIE
SABJISIFOTCS. U30JIATOPOM MEXKIY METAJNIOM U BHEIIHEN CPEAOM.
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[Io mexaHW3My NOpPOTEKAHUS PA3IMYAIOT JIBA THUMNA KOPPO3UU: XUMHUYECKYIO
(BcTpedaeT MeTayul IpsIMO TPHU €ro MOSBICHUM Ha CBET, OKAIMHA €€ MPOIYKT);
ANEKTPOXUMHUYECKYIO (BOBHUKAET AJIEKTPUUECKUM TOK).

[To xapaktepy arpecCMBHOM Cpelbl pa3iMyaloT: aTMOC(EPHYIO; MOI3EMHYIO;
NOABOAHYIO.

Koppo3uio 00b14HO ompenensior, Kak pa3pylleHHe METAJIOB B pe3yJbTaTe
AIEKTPOXUMHUYECKOTO Mpoiiecca. OOpa3oBaHue p>KaBUMHBI HA Keje3e, OTYCKHEHHE
cepebpa 1 cHe-3elieHasi MaTHHA Ha MEIU — BCE 3TO MPUMEPHI KOPPO3HH.

Exxeronno Tpatarcs OosblIME CyMMBI JIEHET Ha yCTpaHEHHE MOCIeACTBUN
KOPPO3HWM WK €€ mpeaoTBpalieHue. Hekotopble MeTauibl, TAKHE KaK aJIIOMUHUN U
Mellb, OOpa3yloT 3allUTHBIA CIIOM MNpU KOPPO3MM Ha BO3Ayxe. TOHKUU CIIOH,
oOpa3yroluiics Ha MOBEPXHOCTH METaJlIa, MPEJOTBPAIIAET KOHTAKT KUCIOPOJa C
OOJBIIMM  KOJMYECTBOM aTOMOB MeETaulla M TakuM OOpa3oM  «3alllMILaeT»
OCTaBIIMKCS METaul OT JajbHeWler koppo3uu. JKene3o KoppoaupyeT Ipu
BO3JICUCTBUM BOJbI M KucJopoaa. PkaBumHa, oOpasyromasicss Ha >KeJIe3HOM
MeTajuie, OTClIauBaeTcs, OOHa)kas CBEKUU METaill, KOTOPBIA TaKKe MOJBEpPraeTcs
koppo3un. OJHUM U3 CHOCOOOB NPENOTBPAIICHUS WIM 3aMEJICHUsS KOPPO3UU
ABJISIETC HAHECEHUE MOKPBITUS Ha MeTaul. [IoKphITHE MpenoTBpamaeT KOHTAKT
BO/JIbI M KUCJIOPOJIa C METAIIJIOM.

[To xapaktepy cTpoeHuUs: KOppo3usi ObIBAET:

®paBHOMEPHAS;

®HEPABHOMEpPHA,

e 1130MpaTeNbHas;

®[I5ITHAMU;

® I3BCHHAS,

®TOUCYUHAS;

® MEXKKPHUCTAJUTUTHAS (MPEUMYIIIECTBEHHO PACIpOCTpaHsETCs MO TpaHUIIaM
3€pEH caMblil OMACHBIN BUJ KOPPO3UN);

®[I0ATIOBEPXHOCTHAS;

® CTPYKTYpHO-U30MpaTesibHast (OTYETIMBO BUIHA HA MUKpOLLTU(DE)

1 - pasHOMepHas; 2 — HEpPaBHOMEPHAR; 3 - nabuparenpHan

h iy,

6 — To4YeyHan (NUTTHHT)

4 — nATHaMK
ALV

VAR e

7 = MEXKPHUCTANNUTHAA 8 — KOpPPO3HOHHOE 9 - NOANOBEPXHOCTHAA
pacTpecKkmMBaHue

Pucynok 1 — Ctpoenus koppo3uu
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Cawmpblil onacHbIN BUA KOPPO3UU — 3TO MEKKPUCTAIIIUTHASL, €€ MOKHO YBUJIETh
TOJIBKO T1OJ] MUKPOCKOTIOM.

OmuH w3 crnoco0OB  3alllMThl METall CaM TMOJCKa3al 4YeJIOBEKYy —3TO
MaCCUBAIIMsI, HO HEOOXOAUM MPOYHBIM XUMHUYECKHI IIUT, KOTOPBIA MPEIoXpaHsiI
OBl METaJUT OT arpeCCUBHOIO BO3/ICUCTBUS. B 1a60paTOPHBIX YCIOBHSIX, C TOMOIIBIO
NOTEHIIMOCTaTa MOKHO HaOmoaath mnpoiecc mnaccuBaiuu. [laccuBamuss — 3T0
poliecc, HapaBJICHHBIN Ha MOSBICHUE HA TOBEPXHOCTU METALTMYECKOTO U3CIIHS
OKCHUJIHOW TUIEHKU. DTO SBJICHUE IIUPOKO HMCIOJIB3YETCS B COBPEMEHHOM TEXHUKE.
Tak, HampuMep, TP BOPOHEHUE OKCUIHBIE TJIEHKHU MOJIY4YalOT B pacCIUIaBE €IKOTro
HaTpa U HUTPUTA HATPUS.

CymiecTByeT AOCTaTOYHOE KOJIMYECTBO CIOCOOOB 3alIUThl OT KOPPO3UHU.
OntumanbHBIM BapUAHTOM SIBJISIETCSL CO3JaHUE METallia, KOTOPbIA HE MOABEPraeTCs
OKHUCJIUTENBHBIM MPOLECCaM, HO, K COXKAJIEHUIO, TPO TaKOH CIUIaB OOIIECTBEHHOCTD
noka He ciblmana. B HacTosimee BpeMs mpobiieMy KOPpO3UH H3y4aloT B HAYyYHBIX
nabopaTopuax MO BCEMY MHUPY B pa3HbIX KIMMAaTUYECKUX yCIIOBUsSX. M3MeHeHue
OKpY’KaIOILIEH CPEebl - OJHO U3 BO3MOKHBIX YCIOBUN YMEHBIICHUS! KOPPO3UHU.

JlerupoBanue — 3¢GGEKTUBHBIN CHOCOO0 CO37aHUS KOPPO3HMOHHOCTOMKOTO
meraia. llpouecc rerupoBaHus TOHKHMX IUIEHOK BKJIKOYAET MCIOJIb30BAHUE
KOPOTKHUX UMITYJIbCOB SHEPTUU. TUNUYHAS TOJIIKMHA CIJIABA COCTABIIIET HECKOJIBKO
mukpomeTpoB. [Iporecc cmemnienuss ocHoBaH Ha Jud(PY3MOHHOM MEXaHU3ME
MAaCCOIEPEHOCAa Ha BBICOKUX CKOPOCTSX OXJIAKJCHHUS, YTO MPUBOAUT K CHUILHOMY
CHIKEHHIO KOHIICHTPAIUU JIETUPYIOIIHUX SJIEMEHTOB.

XpoMUpOBaHHE — ATO KBAIM(PUIIMPOBAHHAS TMPAKTUKA TalbBAaHOTOKPBITHS
TOHKOTO CJIOSi XpoMa Ha METAUIMYECKOM WM IIACTUKOBOM oOO0BekTe. [ ofblit
METAJIJT TIOJIUPYETCS € MOMOIIbI0 NUIM(POBAIBHBIX JIGHT, YTOOBI YJIalUTh JIOObIE
[apanuHbl W 3arps3HEHUs] JJid  TOJY4YEHHS TJIaJKOM IMOBEPXHOCTU. 3aTeM
NPUMEHSIETCS TMPOLECC OYUCTKH C UCIOJIb30BAHUEM MbUIBHBIX, KHCIOTHBIX M
BOJHBIX PACTBOPOB, YTO HEOOXOIUMO TEpe] HAHECEHHWEM MOKPBITHS, MOCKOJIbKY
M000€ MOCTOPOHHEE BEIIECTBO MOXKET MPUBECTH K OTTOPIKEHUIO MOKPHITHS. 3aTeEM
U3JIeNINE TOMEIIAETCS B YaH XPOMHUPOBAHUS, TJ€ HAarpeBaercs A0 TeMIepaTypbl
pacTBOpa M MPOUCXOJUT IMPOIECC TalbBAHOMOKPHITUA. Bpemsi HaxoXIeHus B
pacTBOpPE COOTBETCTBYET IKEJIAeMOM TOJIIMHE IIOKpbITHSA. Tak, Hampumep, B
MUIIEBOW MPOMBIIUIEHHOCTH IIHPOKO UCTIOIB3YIOTCS MMOKPBITUS OJTIOBOM, JTy’KEHHE.

KpynHorabapuTHsie AeTajii MOTPYKAOT B PACILIaB JJIs TOPsIYEro IIMHKOBAHUSI,
IpU ATOM TOKPBITUS HE HMMEIOT JIEKOPATHUBHOIO BHUJA, HO HAAEKHO 3alUIIAIOT
U3JIeJIUE B MPOU3BOJCTBEHHBIX YCIOBUSX.

bonpmme neranu wuiau TpyObl 3alIMIIAIOT METOJOM MeTajUIM3auuud. Metamn
pacIbUIseTCS B DJEKTPUUECKON Jyre, U CXKAThIM BO3JYXOM WJIM MHEPTHBIM Ta3oM
HAHOCHUTCS Ha TIOBEPXHOCTh U3JIEITHSI.

Mopckue HedTEeBBIIKH, MMOIBOJAHBIC COOPYXCHHS, TPEOHBIE BUHTHI CYJOB
MOTYT OBITh 3alllMIIEHB METOJOM TMPOTEKTOPHOW 3amuThl. B 3TOM ciydae
MPOTEKTOPOM OYJET aKTUBHBIA METaul ¢ 0oJjiee OTPUIIATEIHHBIM TOTECHIIHAJIOM,
HarpuMep, IUHK, KOTOPBIHA, pa3pyIasch cam, 3aluiaeT 00bEKT.

Hemeramnnueckue TMOKpPBITUS — 3TO TOKPBITUS KpacKaMH, JIaKaMu,
Pa3IMYHBIMU AMAJISIMA U MOJUMEPHBIMH MatepuasiamMu. OpraHuyecKue MOKpPbITHUS,
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WCTIONB3YEeMbI€ JI1 3allUThl METajla, CaMd B KOHEYHOM UTOTe pa3pyllaroTCs
COJIHCYHBIM CBETOM, KOTOPBIH SIBJISICTCSI CAMBIM CEPbE3HBIM (haKTOPOM pa3pyILICHUS
MOKPBITHM, HaXOMSIIMXCA Ha OTKPbHITOM Bo3ayxe. IIOCKOJIBKY BCE THIIBI
OpPraHUYECKUX TIOKPHITUA HE 00JIaal0T OJIMHAKOBBIM THIIOM U CTEHEHBIO
YCTOMYMUBOCTH K  J€rpajalli, OINpPEICIICHHbIA THUI  HOKPBITHS  JIOJKEH
UCIIOJIb30BAThCA ISl OMPENEIICHHBIX YCIOBHM, YTOOBI MOJYYUTh MaKCUMAJIbHYIO
BBITOTY.

dTOpOTUTACT MPUMEHSICTCS TIPU 3aIIUTe HM3JEHi, paboTaronmx B Hambosee
KECTKUX ycnoBusax. Hawectn ¢ropormact Ha u3AEIME JOBOJIBHO CIIOXKHO, OH
MPAKTUYECKU HE UMEET PACTBOPUTEIS.

MeronoMm aud@dy3MOHHONH METAUTU3ANK CTAJIbHOTO TIpoKaTa B BaKyyMe
00pabaThIBarOTCS, HAMPUMEpP, CTAJbHBIE JIEHTHI. PasorpeBaercs deppoxpoM, dem
BBIIIIE €0 TeMIepaTrypa U Triay0ke BaKyyM, TE€M aKTHBHEE HMOHBI aToMa Xpoma
OTOPBYTCS OT €r0 MOBEPXHOCTH M CTaHYT ITy0)Ke NMPOHHMKATh B CTaJbHYIO JICHTY.
Brepxy nenrta BHM3Y (PeppoxpoM, OHH HE JIOJDKHBI cOlpHuKacaThes. I1oBepXHOCTH
JIEHTBl  TojaBepraercs  OoMOapaupoBKe. ATOMBI  XpoMa IIPOHUKAIOT B
MOBEPXHOCTHBIM CJIOM cTalu BCE TIyOKe M TIIyOKe M 00pa3yrT MNpOYHBII
3alIUTHBIN CJIOM.

DaKTOPhI, KOTOPBIE YCKOPSIOT KOPPO3HIO:

"BBICOKAs TeMreparypa (BCICICTBHE YEro OBICTpEe MPOTEKAIT XUMUYECKHE
peakiun);

"YCJIOBUSl OKpY)Karolied cpeabl (BIAKHOCTh, HAJMYUE DJICKTPOJIUTOB U
AJIEMEHTOB, KOTOPBIE YBEIMUYUBAIOT XUMUYECKYIO aKTUBHOCTB);

" CIOCc00 KCILTyaTaluu;

" pa3JIM4HbIE BUbI 00paOOTKY;

" 3JIEKTPONPOBOAUMOCTh, OJIYKAAIOIINE TOKH.

3akiouenue

PazBuTHe HapOJHOrO XO35MCTBA B 3HAYUTEIBLHOW CTEHEHH OIPEICIISCTCS
IIPOM3BOJICTBOM METAJJIOB M CIUIABOB. Y CIICIIHOE PEIIeHHE BOMPOCOB OOPHOBI C
KOppo3uei, oOImerocyaapcTBeHubie 3agaun. [lopoil J0CTaTOYHO YCTaHOBUTH Ha
IIPOM3BOJICTBE KAYECTBEHHYIO CHUCTEMY BEHTHILIIIUU Ui yJajdeHus U30bITKa
BOJSIHBIX TTapoOB, KOHJIGHCATa, KOTOPBIH pa3pylIacT MOBEPXHOCTH TPyOOIpPOBOA.
Jlns 3TOro B MarucTpaiasix NIPUMEHSIOT TaKue YCTPOMCTBAa Kak aJcoOpOCHTHI,
3MEEBUKU, MACIIOOTACIUTENN, TMbIICIOBKH, (GuiabTpel U T.4. Kak crneactsue,
MPOTEKAIOIINE KOPPO3UOHHBIE MPOIECChl MOTYT YacTUYHO WKW O€3BO3BpPaTHO
MOBPEXIaTh METAUINUYECKHUE KOHCTPYKIMU, CTaHKHU, OOOPYIOBAaHMS, MEXaHU3MBbI
MallliH, MPUBOJS K UX TPEKICBPEMEHHOW 3aME€HE W K YBEJIMYCHHUIO 3aTpaT Ha
00cITyKUBaHUE.

Jlureparypa
1. 3ammra OT KOPpPO3UM, CTapeHUss W OWOMOBPEKICHUN MAIlWH,
obopynoBanus u coopyxenuii: CnpaBounuk / A.A. 'epacumenko [u ap.]; moa o0,
pen. A.A. I'epacumenko. — M.: MammHoctpoenue, 1987. — 688 c.
2. CemenoBa, 1.B. Koppo3us u 3amura ot xopposuu / U.B. Cemenona,
I'"M. ®nopuanosuy, A.B. Xopommnos. — M.: DUIMAIJINT, 2002. — 336 c.
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YIK: 621.438 +621.311
METO/IUKA PACUETA IOKA3ATEJEN
TOIVIMBOUCITIOJIb30BAHUA ITAPOI'A30BbBIX YCTAHOBOK
METHOD FOR EVALUATION OF INDICATORS OF FUEL
ONSUMPTION OF COMBINED UNITS

A.A. Ctpexuxk
Hayunsiit pykoBoautens — C.A. Kauan, K.T.H., IOUEHT
benopyccknii HaMOHAIBHBIN TEXHUYECKUM YHUBEPCUTET,
r. Munck, Pecriyonmka benapych
kachan@bntu.by
A. Strezhik
Supervisor — S. Kachan, Candidate of Technical Sciences, Docent
Belarusian national technical university, Minsk, Belarus

AHHOmMauuAa: nNpuBeoeHvl OCHOBHble NOJONCEHUS MemOoOUKU pacyema
nokasamejel MOnIUBOUCNONILI0BAHUSA NAPO2A308bIX YCMAH080K Ha npumepe [11'Y-
427 MBm Jlykomnwvckou I'POC. Paccmampusaemcs nonsimue «)Cio8HO20» KOMJA.
lloxasan ancopumm pacuema yoenvHvlx pacxoooe monausa III'Y-427 MBm, u
npugedeHvl Ux paguueckue 3a8UCUMOCMU.

Abstract: the main provisions of the methodology for calculating the indicators
of fuel consumption of combined-cycle units are given on the example of CCGT-427
MW of Lukomlskaya GRES. The concept of a «conditionaly boiler is considered. An
algorithm for calculating the specific fuel consumption of CCGT-427 MW is shown
and their graphical dependences are given.

Kntouesvie cnosa: napocaszosas ycmamnoexka, 2a30mypOuHHAs YCMAHOBKA,
«VCI0BHBIY KOME, al20pumm, yOeabHble pacxo0bl MONIUEA.

Keywords: combined cycle unit, gas turbine unit, «conditionaly boiler,
algorithm, specific fuel consumption.

BBenenne

B cBf3u C IIMPOKMM BHEAPEHHWEM Mapora3oBbIX TEXHOJOIMH B SHEPreTHKE
benapycu pa3zpaboTaHbl W BHEIPEHbI METOJMYECKHE OCHOBBI pacdeTa IoKa3aTesen
TOILJIMBOMCIIONIL30BAHMS  KOMOMHUPOBAHHBIX — MaporazoBbix  yctaHoBok  (IIT'Y).
PaccmoTpuM OCHOBHBIE HMX TMOJIOKEHHMS NpuMeHHTENbHO K I11'Y-427 JIykoMibCkoit
I'POC.

OcHoBHas yacTh

KimtoueBsiM momnoxkenuem paszpadoranHoi OAO «bemHepropeMHanagKar»
METOJIMKM pacyeTa TMOKa3aTeJde TOIIMBOMCIIONb30BAHUS KOMOMHHPOBAHHBIX
YCTAHOBOK SIBJIIETCS] IPUMEHEHHE MOHSITHUS «yCIIOBHBI» KoTel [1].

OTOT «YCJIOBHBII» KOTEN BKJIIOYAET BHICOKOTEMIEPATYpHYIO ra3oTypOUHHYIO
yctanoBky (I'TY) u maposoii koren (IIK) wnu xkoren-yrunuzarop (KY), B koTopbix
ucnoJp3yeTcs Temnora orpadoraBmmx B ['TY ra3os.

K pacxony ToruMBa Ha «yCJIOBHBII» KOTEJI OTHOCUTCS TOIUIMBO, C)KUTAEMOE B
kamepe cropanusi ['TY Brry (uim kamepax cropanusi, ecid B ['TY npumensercs
CTYNEHYAThIil MOABOJA TEIUIOTHI), a TakKe B MapoBOM KoTie Brx — TMpu
UCIIOJIb30BAHUU CXEMBI MOJHOTO JOKUTaHUs («COPOCHOI» CXEMbI) WJIH B KOTJE-
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yTUINU3aTope Byxy — NpPU NMPUMEHEHUH JOXXKUTaHUs TOIUIMBAa B HeM. lIpu 3Tom B
«YCJIOBHOM» KOTJIE TIPOU3BOJAUTCS HE TOJIBKO Map Jijisi napoBoi TypOunsl [1I'Y, HO u
TEIUIOTa, OTIIyCKaeMas, HalpuMep, C CETEBOM BOJOW M3 CETEBOIrO Iy4yKa KOTJIa-
YTUIN3AaTOpa WM 33 CUET OXJIAKICHHUS BO3AyXa MEXKAY CTYNEHSMH BO3IYLIHOTO
xommpeccopa ['TY.

[Ipu onpenenenuu KIIJ[ OpyTTO «yCIOBHOro» KOTJIa BEIMYMHA TOTEPh
TEIJIOTHI C YXOJIAIIMMU ra3aMHU (, paCCUUTHIBAeTCs Mo (popmyie:

G, = On
)~
Of y(Brry + B + Bgy)

rne Oyx — aOcCoJIOTHasl BEJIMYMHA IOTEPh TEIUIOTHl C YXOAAUIMMU Tra3aMu
«YCIIOBHOTO0» KOTJIA.

[Ipu TakoMm crmocobe ompeneneHus MoTepb (» 3Ta BEIMYMHA OKa3bIBAETCS
NPUMEPHO pPABHOM MOTEpe (p TPAAUIMOHHOTO TOIUIMBOMCIOIB3YIOMIETO KOTJa
napoTypOUHHOM TernoBoi anekTpoctanuuu (TIC).

CoOTBETCTBEHHO, YAENbHBIM pacxo]] yCIOBHOIO TOIUIMBA HA OTIYCK TEIIOTHI

nry

or III'Y by, ° nprMepHO paBeH YPOBHIO YAENBHBIX PACXO0B TOIUIMBA HA OTITYCK
Ty

TEIIOTH! st apoTypOuHHbIX TOC by, = = 41 kr y.1./T' k. OTMETHM, YTO €CIH

nry
PaCCUUTBIBATD bT3 , HCIIOJIB3Y: KH]_—[ KOTJIa-yTHIIM3aTOpa Ty, TO 3Ta BCIWYHHA

OKa3bIBAETCS CYIIECTBEHHO BBILIE, YEM by . D10 06GBACHIETCA TEM, YTO Nky <~
0,75...0,85 3HAYNUTEIILHO HIDKE, qyeM KIIJI TPAIULIMOHHOTO
TOTUTMBOUCTIONB3YIOMIEro KOTia OpyTTo Mk =~ 0,91...0,94. Takke BenuuuHA Mgy B
00JIbILIEN CTENIEHN 3aBUCUT OT TEMIIEPATYPbI HAPYKHOTO BO3AYXA tys, YEM TrIK.

JIns HarnsgHOCTH Ha pucyHke | mpuenena 3aBucuMoctb KIIJ[ «ycnoBHOTO»
kotia Opyrro u Hetto Juist [11'Y-427 Jlykominbsckoid ['POC.

93,0

92,0 &

S

KIIJ yciaoBHOTO KOTJA, i yg, %
=]
o
(=]

100 125 150 175 200 225 250 275 300 325 350 375 400 425 450

IIpupenennas sjaerTpadeckas MomuocTs IV, Ngry, MBT

Pucynok 1 — 3aBucumocts KIIJ[ «ycinoBHoro» kotna [1I'Y-427 Jlykomibckoi ['POC
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B coctag atoit III'Y BXoauT ciieayroiee 0CHOBHOE 000pY0BaHHUE:

-sHepretuueckas I'TY tuna SGTS5-PAC 4000F HOMUHANIBHOW MOIIHOCTBIO
285,87 MBT ¢ renepatopom SGen-5-1000A (mpousBoactBa «Siemensy ['epmanus /
Shanghai Electric Group Co., Ltd);

- koten-yrrimzatop trna NG-54000F-R (mpoumsBoactBa «Hangzhou Boiler
Group Co., Ltd»);

-mapoBas KOHACHCAIMOHHAss TypOmHa Tuna N141-563/551 HOMMHAIBEHOM
mormHocTei0 141,13 MBT ¢ reneparopom ¢ cucrtemoir Bo3OyxaeHuss QF-141-2
(npousBojctBa «Shanghai Electric Group Co.Ltd»).

B cooTBercTBMM € alrOpuTMOM pAacue€T HOMHUHAIBHBIX U HOPMAaTHUBHBIX
TEXHUKO-3KOHOMUYECKUX Tmokazatened III'Y-427 nomkeH NpOU3BOJIUTHCA B
CIIEAYIOLIEM ITOPSIKE:

- HOITOTOBKA UCXO/IHBIX TAHHBIX;

- BBIYUCJICHUE MPUBEACHHOMN (C MOMPABKOW Ha BHEIIHUE YCJIOBHS) MOIIHOCTH
Iry;

- pacdyeT HOMMHAIBHOU MOImHOCTH [TV

- pacyeT HOMMHAJIBHOM MOIIHOCTY NapoTypOuHHO#N yctaHoBkH (IITY);

- pacyeT HOMHUHAJIBHOIO 3HAYEHUS YAEJIBHOIO pacxoja Teruia Ha BhIPaOOTKY
anektposnepruu ['TY Opyrro;

- pacyeT HOMHUHAJIBHOIO 3HAYEHUS YAEJIBHOIO pacxoja Teria Ha BhIpaOOTKY
anextposneprun [ITY Opyrro;

-pacueT HOMHUHAJIBHBIX MOIIHOCTEH MEXaHU3MOB COOCTBEHHBIX HYX],
otHOocuMBIX Ha I'TY;

-pacueT HOMHUHAJIBHBIX MOIIHOCTEH MEXaHU3MOB COOCTBEHHBIX HYX]I,
otHOocuMBIX Ha IITY;

-pacyeT HOMHUHAJIBHBIX MOIIHOCTEH MEXaHU3MOB COOCTBEHHBIX HYX],
OTHOCHMBIX Ha KOTEJ-yTUIIN3aTOp;

- pacyeT HOMHHAJIBHBIX PACXOJI0B TEIUIa Ha cOOCTBEHHBIE HY X Abl [ TY

- pacyeT HOMHHAJIBHBIX PAaCX0JI0B TeIia Ha coOCTBeHHbIE HY )bl [ITY

- pacyeT HOMHUHAJIBHBIX pACXOJOB TEIJa Ha COOCTBEHHBIE HYXXIbl KOTJa-
YTUIIN3ATOPA;

- pacdyeT HOMHMHAJIBHOTO 3HAYEHMUS YNEJIBHOIO pacxoja TeIula Ha OTIIYCK
anekTpos3Hepruu ot IITY Herro;

- pacdyeT HOMHMHAJIBHOTO 3HAYEHHUS YIEIBHOIO pacxoja TOIUIMBAa HA OTIYCK
anekTposHepruu ot I'TY;

- pacdyeT HOMMHAJIBHOTO 3HAYEHHUs YJEIbHOIO pacxoja TOIUIMBA Ha OTIIYCK
anekTpos3Hepruu ot 11TV

- pacdyeT HOPMATHUBHOI'O 3HAYEHHMS YAEIBHOTO pacxojia TOIUIMBAa Ha OTIIYCK
anekTpos3Hepruu ot I'TY;

- pacdyeT HOPMATHUBHOI'O 3HAYEHHMs YHAEIBHOIO pPacxojia TOIUIMBA Ha OTILYCK
anekTpod3Hepruu ot 11TV

- pacdyeT HOPMATHUBHOI'O 3HAYEHHMS YAEIBHOIO pPacxoja TOIUIMBA Ha OTITYCK
anekTposHepruu ot I1I'Y.
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Ha pucynke 2 mnpuBeleHbl HUTOTOBbIE 3aBUCUMOCTH [IJIi OMNpPEACIICHUS
YACIBHOIO pacxoja TOIUIMBA Ha OTHYCK JjekTposHeprun oT [II'Y-427
Jlyxkomuibckoit I'POC.
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Mommuocts IIT'Y, Ngry, MBT VaeapHBIH pacxo] YCJI0BHOTO TOILTHBA HA OTHOYCK
3/3 ot III'Y , b 5 pry, T ¥.T./(KBT-1)

Pucynok 2 — Y nenbHblil pacxo/l TOIUIMBA HA OTIYCK AeKTposHepruu ot I1I'Y

3akiouenue

PaccmoTpeHHass ~ MeToOMKa — pacdera  yAENbHBIX  PacXoJOB  TOIUIMBA
OCHOBBIBAETCSI HA MOJOKEHUAX, JCUCTBYIOIIMX B SHEPTEeTUKE benapycu aaropuTmMos
ONpPEAECTCHNS TMOKa3aTeaed TOMIMBOUCTIONb30BaHus [2]. [Ipu 3TOM y4duThIBaKOTCA
O0COOCHHOCTH OMHApPHOTO apora3oBOro 1MKJIA, 00bEeIMHSIOIIETO
BBICOKOTEMIIEPATYPHBIN Ia30BbId U HU3KOTEMIIEPATYPHBIN MAPOBOM LIUKIIBI.

Jlureparypa

1. KauaH, C.A. K BOIIPOCY ONpEICIICHUS roKazaresien
TOTUIMBOUCIIONB30BaHUsl  mapora3oBbix ycrtaHoBok / C.A. Kawan, B.H.
®unazapoBuy. — U3B. By30B 1 3HepreTudyeckux oobenuuennd CHI'. Duepreruka. —
2010. —Ne 1. - C. 88-92.

2. Kauan, A.Jl. AHamu3 5(¢EeKTHBHOCTH TOIUTMBOMCIIONB30BAHUS Ha
TOC: [yuebHoe mocobue s crnenuanbHoctn 1-43 01 04  «TemmoBbie
anexktpuueckue cranmuny]| / A.J[. Kagwan n C.A. Kauan; xon. aBT. benopycckuit
HallMOHAIBHBIA TEXHUUYECKHH yHUBEpPCHUTET, Kadenpa «TermaoBbie JIEKTPUUECKHE
craniuny. — Munck: BHTY, 2005. — 156 c. http://rep.bntu.by/handle/data/22447.
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VK 681.51
MOJEPHU3ALIUA ACP MOIIIHOCTHU TYPBUHBI ITPUBOJA
IIUTATEJBHOI'O HACOCA
MODERNIZATION OF THE ASR POWER OF THE TURBINE
DRIVE OF THE FEED PUMP

N.C. EBcueBuu
Hayunsblii pykoBogutens — C.M. PakeBuy, crapimmii npenogaBaTeib
benopyccknii HaMOHAIbHBIA TEXHUYECKUM YHUBEPCUTET,
r. Munck, Pecriyonika benapychb
rakevich95@tut.by
I. Evsiesich
Supervisor — S. Rakevich, Senior Lecturer
Belarusian national technical university, Minsk, Belarus

AHHOmayusa: MooeprHu3ayus cyujecmeyioujell CUcmemvl Aa8mMoMamu3ayuu
MOWHOCMU MYPOUHBL NPUBOOA NUMAMENTLHO20 HACOCA.

Annotation: modernization of the existing automation system of the turbine
power of the feed pump drive.

Knroueswvie cnosa: mooepnuzayus, mypouna, npugoo, numameibHulll HACOC.

Keywords: modernization, turbine, drive, feed pump.

BBenenne

PaGora Bceil KOTEnbHON HaMpsSMYIO 3aBUCUT OT KaudecTtBa pabotel ACP
nuTaTeNbHOrO TypOoHacoca. Uem sddexTuBHEe W Haje)KHEE CUCTEMa PaOOTHI
TypOUHBI PUBOJAA MUTATEILHOTO HAacOCa, TEM YCIEIIHEe HKCIUTyaTalusl CTaHIIUU B
LEJIOM.

Monepauszanuss ACP momHOoCcTH TypOMHBI NPUBOJAA MUTATEIBHOTO Hacoca
OPUBEAET K 3HAYNTEIBHOMY YJIYUIICHHIO KaUYECTBA PETYJIMPOBAHUS, HE MEHEE YEM B
2 pa3a, 4TO B CBOK OYE€pEAb MO3BOJIMT YMEHBIIUTH 3aTPaThl JIEKTPOIHEPIMU Ha
COOCTBEHHBIE HYK/IbI.

OcHOBHasl YacTh

MopnepuusupoBanHas ACP ctpoutcsa Ha 6a3e yKe CyIEeCTBYIOIIEH CUCTEMBI, a
MMEHHO TUNOBOM KackagHou ACP.

NHepuuoHHBI y4acTOK OOBEKTa pEeryJupoBaHUsl MPENCTaBisieT coOoi
MHEPIMOHHOE 3BEHO BTOPOTO MOPAAKA, Tyy # Oy € 3aM1a3/IbIBAHUEM Ty,

Wi (p) T

p)= )

- (T + D(0wsp + 1

rne K,, — xosbdunment mnepemauu, T,,/0,y — pa3IudHble TOCTOSHHBIE

BPEMEHU.
Koppektupyromuii peryasarop HacTpauBaem 1o gopmyse ontumanbHoro TTHU]]
pPETYIIATOpPA IO METOY ITOJIHOW KOMIIEHCAIMUA B YACTHOM BU/IE:

Wopt _ Kp2 (TI/IHp + 1)(UHHP + 1)
p2 0,
T (T +1)

)
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_ TI/IH
p2 —
2Ky, T

k

y

Crabuin3upyromuid  peryjasTop HacTpauBaeéM [0 METOAY YacCTUYHOM
KoMIeHcaluu ¢ Koap¢uuuentamu A; u A, BbIOpaHHbIMU 110 Metoay «lIpaBuia
3onororo CeueHus»:

OTtHocuTenbHOE 3HaUeHne ko3 uirenTa nepenaun K:

2

1
K=(kp-kon)=1,382-T(1+T> - 1.

OTtHOCHUTENbHAS ITOCTOSHHAS BPCMCHH paBHA:

7 = Lon.
O-OI'I

OTHOCUTENBHOE 3HAYCHUE BPEMEHN UHTETPUPOBAHUS PABHO:
; ( T, ) 2.618-K

Ton 1%
T (1 + T)
Koaddunment nepegaun perynsitopa paBeH:
I K
1=
P kOH

Bpems unTerpupoBanus paBHo:
Ty1 =1 0o

Haubonee omacHbIM SIBJIIETCA BHEIIHEE BO3MYIIEHHE, TaK KaK OHO Cpasy
MPOXOJUT Ha BBIXOJ CHCTEMbl M MOXXET NPHUBECTH K MOSBICHUIO CTATUYECKOU
OLIMOKH PEryIUPOBAHHUS.

JIist mostydeHust Havydie oTpadoTku f, HaCTpouM nepeaaToyHyo GyHKIHIO
YCTPOMCTBA KOMIIEHCAllMW WHBapuaHTHOM KackagHo ACP npum nmaHoBoM
M3MEHEHUU Harpy3KH:

0
WY{<2 (P) = War1 (0) - Wi () - e75P = W, (p) - 7P
Ky(Twp + D(0up + 1) Ki(Tyup + D(oyup + 1)

K (Top + D(Tyep +1)° K (Top + 1D (Typop +1)°

rae T3l12 =7,
roe y; = 0,618, y, = 0,382, y3 = 0,09.

[Ipn monenupoBanun ucxoxnas cucrema — TKCAP, monepHU3npOBaHHBIE —
MTKCAP nipu paznnusbix ko3phuireHTax.
Cxema MoJIeTMpOBaHus:
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Pucynoxk 1 — CtpykrypHas cxema uaBapuantHoi KCAP npu miiaHoBoM U3MEHEHUU

Harpys3ku
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['paduixu mepexoaHBIX MPOIECCOB:
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Pucynok 3 — OtpaboTka BHYyTpeHHEro Bo3MyIeHus fi
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Pucynok 4 — OtpaboTka BHEITHETO BO3MYIIEHUS >

130

140

150



Teﬂﬂ03HepFETl/lKa U TenJoTexHukKka. CHTK-78
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Pucynok 5 — Perynupytoriee Bo3neicTBUE Xp IPU OTPAOOTKE KpallHEro BHEIIHETO
BO3MYyIEeHUS >

3akioueHue

W3 rpauKoB CIEAyeT, YTO PETYIUPYIOIIEE BO3ACHCTBIE X, HAMMEHBIIEE TIPH
MTKCAP y; = 0,09, HO, Tak Kak cTaTH4ecKas OIIMOKa pEryJupoBaHUS TpPH
ko3 uimente y3 = 0,09 BbIXOAUT 3a Mpenenbl AOMYCTUMBIX OTKJIOHEHUMH, 3a
ontuMainbHyto cienyet npunartb MTKCAP npu y, = 0,382.

[Tpu orpabotke ckauka 3aganuss MTKCAP nyumie tTunosoit B 3,11 pasa.

[Ipu oTpaboTKEe BHYTPEHHETO BO3MYILEHUS MaKCUMajibHas JAUHAMHUYECKas
omnbka perynauposanus A] mpu macrpoiike MTKCAP nydme tumnosoii B 3 pasa,
BpEMs peTryIMpoBaHus aydire B 1,5 pasa.

IIpu oTpabOTKE BHEIIHEr0 BO3MYIIEHUS MaKCUMallbHasg JIHUHAMHYECKas
omnbka perynauposanus A] mpu macrpoiike MTKCAP nydme tumnosoii B 3 pasa,
BpEMS PETYJIIMPOBaHUs JIydlle B 2 pasa.

M3 Bcero BBILIEIPUBEAEHHOIO ClENyeT, 4To mpu MoxaepHuszanuun ACP
MOIIHOCTA TYypOWHBI MPHUBOAA MHUTATEIBHOIO HAacOCa Mbl JOOWIIMCH YIYUIICHHS
Ka4yeCTBa PETYJIMPOBAHUS BCEX BO3JICHCTBUI HE MEHEE, UeM B 2 pasa.
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VK 625.313
MOJAEPHU3AIIUA ACP IIMTAHUA BAPABAHHOI'O
KOTJ/IOATPET'ATA
MODERNIZATION OF THE AUTOMATIC POWER CONTROL
SYSTEM OF A DRUM BOILER UNIT

A.A. lIkypxko, 1.B. [1naxuna
Hayunsblii pykoBogutens — C.M. PakeBuy, crapimmii npenogaBaTeib
benopyccknii HaMOHAIBHBIN TEXHUYECKUU YHUBEPCUTET,
r. Munck, Pecriyonika benapychb
rakevich95@tut.by
A. Shkurko, D. Pliakhina
Supervisor — S. Rakevich, Senior Lecturer
Belarusian national technical university, Minsk, Belarus

Annomayusn: 6 oanHou cmamoee npouszseden paciem munosou CAP numanus
bapabannoco  Komjoacpecama ¢  Hocieoyioweu MooepHusayuelu 8  8uoe
npespaweruss TCAP 6 uneapuanmmuyio kackaouyio CAP npu niano8om uzmeHneHuu
Haepy3ku. Modepnuzayus npou3eooumcs nymém 000asieHUs KOppeKxmupyoueo
peayiamopa u 000asieHus YCmpoucmea KOMNEeHCAyuu 8 Kanail 0OpamHou cessu
8030eliCmBUsL pacxo0a napa Ha 00beKm pe2yiupoB8aHusi.

Abstract: article shows the calculation of a typical ACS of power supply of a
drum boiler unit with subsequent modernization in the form of transformation of the
typical ACS into an invariant cascade system of automatic control with a planned
change in load. The modernization is carried out by adding a corrective regulator
and adding a compensation device in the feedback channel of the steam flow rate
effect on the controlled object.

Kntouesvie cnosa: ACP  numanus  b6apabannozo  Komaoazpezama,
unsapuanmuas KCAP npu [IUH, modepnusayus, cmpykmypHas cxema, epaguxu
nepexooHbIX NPoOYeccos.

Keywords: ACS of drum boiler feed, invariant CACS for PLC, modernizations,
organigram, transient charts.

BBenenne

B Hacros1ee Bpemsi npuMeHseMble METO/IbI paCY€Ta JUHAMUYECKUN HACTPOEK
ACP nuranuss OapaOaHHOrO KoOTJIoarperata W CXEMbl MOJEJIHMPOBAHUS HE
MO3BOJISIIOT ~ JJOCTATOYHO XOPOIIO OTpadaThiBaTh OCHOBHBIE BO3MYILAIOIINE
BO3/ICHCTBUSA — 3a/IAI0IIEE BO3AEHCTBUE X;,, BHYTPEHHE BO3MYLICHHE f; M Hanboee
OllacHOE KpailHee BHelIHee Bo3MylleHue f,. [IponsBoanmMas MoaepHu3alvs B BUE
npepaienus TCAP B unBapuanTHyto kackaanyro CAP npu niaHOBOM W3MEHEHUU
HArpy3kd TPOU3BOJAUTCSA MyTEM J00aBIIEHUS KOPPEKTUPYIOIIETO peryisropa H
n00aBlIeHHUs YCTPOWCTBA KOMIIEHCALlMM B KaHal OOpaTHOW CBSI3U BO3JEUCTBUS
pacxoja mapa Ha OOBEKT peryJupoBaHusa. MojaepHuzauus Moapa3yMeBaeT
3HAYUTENBHOE YJYUIIEHUE BCEX MPSMBIX MOKA3aTelIe KayecTBa aBTOMATHYECKON
CUCTEMBI PETYJIUPOBAHUS.

[IpoBenenHble B paboTe MCCIEOBAHUS MO3BOJISIOT MOJ00paTh ONTHUMAJIbHbBIE
HAaCTPOUKHU JUISl PETYJIATOPOB JaHHOM CUCTEMBbl aBTOMAaTUYECKOIO PETYJIMPOBAHUS C
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WCIOJB30BaHUEM B pacu€rax MpaBujia 30JI0TOIO CEUEHHUS, YTO YBEJIUYHUBAET
BapUaTUBHOCTH JIAHHOT'O METOa HACTPOMKH.

OcHoBHas YyacTh

CrpykrypHas cxema TunoBoii CAP nipencrasiieHa Ha pucyHke 1.

+1~I lfz

W, Wy

f1

1

X WL(p) Won () Wil) = e

'lﬁ‘wn.a.

\\x“ Wi

“1~Hg

Pucynok 1 — CtpykrypHas cxema tunoBoit CAP

2. Onepexaromuii y4acToK 00bEeKTa peryInpOBaHU:
Ko T/4
Tgp +1 % YI PIIK
3. NHepuMOHHBIN y4acTOK 00BEKTa PEryIMPOBAHNUSA:
1

Tip(tip + 1)
4. KpaiiHee BHELIHEE BO3MYILICHUE:!

Won(p) =

Wi(p) =

k, 1
p+1 Tsp

Wy (p) = WL (p) — W5(p) = T

ks

W, (p) = T+ 1
2

1
Ws(p) = T

Perynsarop tunoBoit CAP paccuntan o ¢popMyiaMm ONTUMAIEHOTO PETYISTOpa:
T3,q1 =Y11,
T*
sz — L)
KonT3,q2
K, (T,p+1)
T.p

JUis 3HAUUTENBHOTO YIYYIIEHHs NPSAMBIX MOKa3aTejeil KayecTBa OTPaObOTKU
BCEX OCHOBHBIX BO3JEWCTBUN Obla MpoBeneHa MojaepHuzanusi tunoBoir KCAP
nyTéM 100aBJIEHUsI YCTPOMCTBA KOMIIGHCAIIMM B KaHAJI OOpaTHOM CBSA3HM KpailHero

Wy (p) =
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BHEIITHETO BO3MYIIEHUS W JOOABJICHHUS JOMOJHUTEIHLHOTO peryisTopa. Takum
oopazom TCAP Obuna mpeoOpazoBana B unHBapuanTHyto KCAP npu mmanoBom
W3MEHEHUM Harpy3KH (CM. pUCYHOK 1).

-We ) W, 4p) fz
W, -Ws
fi
Yaa Won(P) Wi (p) y~Hg
L3 ¥ -
-1 "H"rrl B.
= W

-1~Hg
Pucynok 2 — CrpykrypHas cxema uaBapuantHoit KCAP nmpu [TMH

CtraObunu3upyronmi peryasTop:

CraOunu3upyronmid  peryyisiTop HampaBi€H Ha ONTUMAJbHYIO OTpPabOTKY
BHYTPEHHETO BO3MyIIeHUs fj, pacueT BbINOIHSAETCS MO (QopMyiaM HAaCTPOUKHU
ONTUMAJILHOTO PETYJISTOpA.

T2
T3,£[1 = T’tl’
Toup +1
Wy (p) = ———.
Pl KonTsnP

Koppextupyronmii peryisrop:

Koppektupyromuii peryasTop HampaBJieH Ha ONTUMAIIbHYIO OTPa0OTKY KpaiHero
BHEIIHETO BO3MYILUCHHUS f, KOTOPOE 3aMEHAEM CKauKOM 3aJaHus Xj;p, pacyer
BBITIOJIHACTCS 110 (hOpMysIaM HACTPOUKH ONTUMAIILHOTO PETYJISITOpa.

Tip(tip + 1)
T )
2T, 07 (%Zp + 1)

WP (0) = (W] Wi =

T3a2 =Y11,

riae 7, Beioupaercs u3 uncen psaga [13C: 0,618; 0,382;...0,09.
CtpykTypa yCTpOHCTBA KOMIICHCALIMM HAWJAEHA U3 YCIOBUS MHBAPUAHTHOCTH,
Y UMEET CIICAYIOIINN BUL:

sz (p) _ Tlp ) 1P +1
a T3,q2p +1 T3,q2p + r
rae T;,, mnpuHMMaercs M3 pacy€ra ONTUMAJBLHOIO KOPPEKTUPYIOILETO
perynstopa Wp‘;pt.
CxeMbl MOJIETMPOBAHHUS:
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N 08
. 255+1 .
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T -
30s+0 *
1
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105+1 +:® i » 1
30s+0 155+1
<14
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Pucynok 3 — Cxema mogenupoBanus TpéxumirysibcHoil TCAP

|08 : 30540 155+1
&t 255+1 ::I_ 1 «—1
‘—| : 573541 573541
4
30s+0 ;
08
X 2551 .
1—1 +
30s+0 +
1501 + 1 * 10s+1 +:® 1 Ll
Py . 33540 30s+0 155+1
<1 14
ay

ar
L )

Pucynok 4 — Cxema monenuposanust uaBapuantHoin KCAP npu I[TMH

I'paduku nmepexoqHbIX XapaKTePUCTHUK:
20 1

——TCAP npu ranmma = 0,09

——Wne KCAP fipu rapma = 0,382
18 +==Mhp KCAE npu famma 3 0,14¢
Hue KCAP npn ramma = 0,08

N
|7

0 10 20 30 40 S50 60 70 8O 80 100 110 120 130 140 150 160 170 180 180 200 210 220 230 240 250
Time (sec)

Pucynok 5 — OTpaboTka ckavka 3aJaHUs Xz

220| ——JCAF fipn rapma = §.09

——Wre. KCAP npu ramma = 0,382

195 Wop KCAR. npw.famma. = 0,14
——Hna KCAP nph ramma = 0,09

170 =

145

120

| | | M~ | 7 | |
o 10 20 30 40 50 &0 70 80 a0 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250
Time (sec)

Pucynok 6 — OTpaboTKka BHYTpEeHHEro BO3MyIIeHHs fi
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14 TCAP fgpu ramma = (.09
‘iﬁVan CAP npw ramma = {),382
A KCAP npw ran ) 14é

AMa
H#8 KCAP npi ramma = 0,09 i i i 1

0 10 20 30 40 S0 60 70 80 90 100 110 120 130 140 150 180 170 180 190 200 210 220 230 240 250
Time (sec)

Pucynok 7 — OtpaboTka BHEITHETO BO3MYIIEHUS >

2.0 —TCAP fdpu ramma = §.09
—iWHe KCAP npu ramma = (0,382 |
18 fna KCAR. npu.famma. £.0,146
{ —Wne KCAP npu ramma = 0,08

] 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 180 200 210 220 230 240 250
Time (sec)

Pucynox 8 — Bo3mymaromiee Bo3aeiictBue Wy s pu 0oTpabOTKE KpaitHETro
BHEIITHETO BO3MYyIIeHUS f>

3akirouenue

Takum o00pa3oM, H3 BBIINIECKA3aHHOTO MOHO CJHIeJIaTh BBIBOJl, YTO IO
nepenoBbiM MeTosam BHTY monepuusupoBanHas KCAP, ynydmaer otpaboTky
BCEX BO3JACHUCTBMU HE MeHee ueM B 2,44 pasa. llpm 3TOM JaHHas HacTpoWKa
MO3BOJISIET HE 3aTpauyvBaTh CPEACTBA HA MOJCPHU3ALMIO TEXHUUECKOW 0asbl, Tak
KaKk yJydllIeHWE KadecTBa OTPaOOTKM JOCTUTAETCA Ha YXKE HMEIOIEeMCs
000py10BaHUMU.

Jlureparypa
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VK 625.313
MOJIEPHM3ALIMSI ACP PACXO/IA OBIIETO BO3JYXA
MPSIMOTOYHOI'O KOTJOATPETATA C KOPPEKLIMEM IO CO
MODERNIZATION OF THE ACS OF THE FLOW RATE
OF THE COMMON AIR OF THE DIRECT-FLOW BOILER UNIT
WITH CO CORRECTION

A.A. lkypko, J.B.Ilnsxuna
Hayunsiii pykoBoaurens —B.B. KpaBueHko, K.T.H., TOLIEHT
benopycckunii HalMOHAIBHBIA TEXHUYECKUA YHUBEPCHUTET,
r. Munck, Pecrryonka benapych
vladmir70@rambler.ru
A.Shkurko, D.Pliakhina
Supervisor — V.V. Kravchenko, Candidate of Economic Sciences, Docent
Belarusian national technical university, Minsk, Belarus

AHHOmayua: 6 OAHHOU cmambe NPOU3BEOeH pacdem MUNno8oU KACKAOHOLU
CAP ¢ CO c nocnedywweii mooeprHuzayuel. HACMPOUKA KOPPEeKMupyroujeo
pecyasmopa no PITH]] no MIIK 6 YB, nacmpotixa cmabunuzupyrowe2o pe2yisimopa
C Y4emom U3MeHeHHbIX KOI(Phuyuenmos npasuio 3010mMo20 ceueHus, npeepaujetue
TKCAP ¢ wumnsapuanmnyro KCAP npu naanogom usmenHeHuu Hazcpy3Ku ¢
0obasnenuem ycmpoucmea KOMneHcayuu.

Abstract: article shows calculation of a typical cascade ACS at SO with the
following modernizations: adjustment of the correcting regulator in the form of a
RPID by the MFC in a PF, adjustment of the stabilizing regulator taking into
account the modified coefficients of the golden section rule, transformation of the
TCACS into an invariant CACS with PLC.

Knioueewie cnosa: ACP pacxooa obwezo 6030yxa, uneapuanmuas KCAP npu
ITHH, mooepHusayus, cmpykmypHas cxema, 2paguKku nepexoousbix npoyeccos.

Keywords: ACS of general airflow, invariant CACS for PLC, modernizations,
organigram, transient charts.

BBenenne

B Hacrosee BpeMsi IpUMEHSIEMBIE METOIbI PACYETA THHAMUYECKUN HACTPOEK
ACP oOmero Bo3ayxa HOpsSMOTOYHOTO KoTioarperara ¢ koppekuueit mo CO
MopgepHusanus METOOMKHA pacy€éra napaMeTpoB JIMHAMUYECKOW HACTPOUKHU
PEryJisTOpoB JIBYXKOHTYpHOU KackagHo CAP, a MMeHHO CcTaOMIM3UPYIOLIETO
perynaropa (BHYTPEHHUN KOHTYP) U KOPPEKTHUPYIOLIETO PEryjaropa (BHEUIHUN
KoHTYyp). Ilon MoaepHHM3anuell NOHMMAaeM YJIy4dlNIEHHWE KauyecTBa PETYJIMPOBAHMUS
MEPEXOIHBIX MPOILIECCOB MPHU OTPaOOTKE PANIUYHBIX 3a/al0IIUX BO3MYILEHUN WIIH
CKauyKa 3aJlaHus, IIOCPEACTBOM HAXO0XKACHUSA ONTUMAJBHBIX IIAPAMETPOB HACTPOMKHU
peryJaropa.

B cBorw ouepenp kaxapli u3 AByx IIM-perynsatopoB KackagHOM CUCTEMBI
paccuYUThIBAeTCSl OAHUM U3 U3BeCcTHBIX MeTo0B MUK (1o BHyTpeHHEMY KOHTYpY),
MIIK B UB (mns BHemHero koHtypa). IIpoBeneHHble B paboTe uUCCeIOBaHUS
NO3BOJIAIOT TOJ00paTh ONTHMAJbHBIE HACTPOMKH [UIsl PETYJIATOPOB JIaHHOM
CHUCTEMBbI ABTOMATHYECKOTO PEryJIUpPOBaHUs.
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OcHoBHas yacThb
CrpyxkrypHas cxema TKCAP ¢ CO uzobpaxxena Ha pucyHke 1.

f
f1 l 2
LET ] Wﬂ[p}
Xan2 l y(t)
sz{p} Wpi(p) Worlp) y WHH{D}
-1
-1

Pucynok 1 — Ctpykrypnas cxema TKCAP ¢ CO

1. CTaOUIU3HPYIOIINKI PETYIATOD:

K, (T,p+1)
W, (p)=—"—r——
a Ip
2. Koppektupyromuid peryasarop:
K (T,p+1)
W — p2\"u2
p2 (p) ]sz .

3. Onepexaroiuil yuacTok 00beKTa peryJIupoBaHUS:
KOH
(Toup + 1)(0onp + 1)
4. InepiimoHHBIN y4acTOK O0OBEKTa PETryIUPOBAHUS:
K, e WP
(Tuwp + D) (Owsp + 1)

5. Kpaiinee BHENIHEE BO3MYILICHUE:

Wy(p) =

Won (p) =

Wi (p) =

B
T,p+1
Monepuuzamuss TKCAP nis ynmydimieHus KauecTBa OTPaOOTKH OCHOBHBIX

BO3JICHCTBUM.

Jna  ynydmeHuss kKadecrtBa perynaupoBanus BMmecto IIM  HactpauBaem
KOPPEKTUPYIOWINN peryarop ucnoias3yem no PIIN/I mo MIIK B UB.

dopMyia nepeaaTouyHol GYHKIMKA ONTUMAIBHOTO PETYJISTOpa MPUMET BU/L:

opt __ Kp2 (Tnzp + 1)(Tg2p + 1)
p2 Tu2p(Tsp + 1)

Jyist mosrydeHust Hawtydiei oTpaboTku f, HaCTpouM nepeaaTodHyo GyHKIIHIO
YCTPOMCTBA KOMITCHCAIIUH:
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0
W () = Wy (0) - Wik (p) - 7P = W, (p) - 75
KB(TI/IHp + 1)(0}1}1[3 + 1)

.
K (Typ + 1)(Ty2p + 1)

CpaBaenne TKCAP ¢ CO u unBapuantHoi KCAP npu IIMH. Cxema
MOJICIMPOBAaHUE  MEPEXOJHBIX TMPOLECCOB MPU  OCHOBHBIX  BO3JIEUCTBUSIX
U300pa’keHa Ha PUCYHKeE 2.

[

¥

gl . 3.85+1 4::;@—5 18- 1L
130s+0 ’::@_’ 4-42338+D 10841 s+

al
U ]

Q

Pucynok 2 — Cxema mogenupoBanust TKCAP ¢ CO

Cxema MmopemupoBanusi umHBapuantHod KCAP mpu IIMH wu3oOpaxena Ha
pUCYHKE 3.

120s+1 10s+1
333 1 4
9.555+1

3.00s+1 K
JUHEE
8.75 —*:®_'1'

3.09s+0

FY

* 120s+1 10=+1
8 1

120s+0 s+1

ar
L |

al
LW

Pucynok 3 — Cxema monenuposanust UKCAP mpu [TMH

['paduixu nepexoaHBIX TPOLIECCOB:
20| —TKCAP ¢ CO
—MWKCAP npu MAH

18

0 20 40 60 80 100 120 140 160 160 200 220 240 260 280 300

Pucynox 4 — I'paduku nepexonubix nporeccos TunoBoit KCAP ¢ CO u [IMH
pH OTPa0OTKE CKAUKa 3aIaHUS X312
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Pucynok 5 — I'paduku nepexoanbix mnpoueccos TumnoBoit KCAP ¢ CO u [TMH
MpH OTPabOTKE CKauka BHYTPEHHETO BO3MYIIEHHUS fi

8 —TKl/CchL GO
7hr KCAP ipn MAH
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Pucynox 6 — I'paduku nepexonubix nporeccos TunoBoit KCAP ¢ CO u [IUH npu
0TpaboOTKe CKauka KpaifHero BHEIIHET0 BO3MYIIeHuUs f>

0\ —TKCAP ¢ CO
2 ——WKCAP npu HIAH
\\ /7 T
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Pucynox 7 — I'paduxu peryanonmerE) Bo3aeicTBUA Xp THIIOBOM KCAP ¢ CO u I[TMH
IIPU CKauKe KpaifHero BHEIIHEr0 BO3MYILEHHUS

[TIK npuBeneHs! B Tabsuiie 1.
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Tab6muna 1 — Taomuma ITTK
Xsn f) )

t,c| 0% | ¥ |[t,c| ¥ A to, ¢ | A ¥
TKCAP | 320 | 25 |0.24| 450 | 0.83|0.00148 | 400 | 7.9 |0.79 | -83

NKCAP
npu [11H

MeTton

150 | 9 1 1225 1 |0.00074|200| 39 | 1 -100

Pe3ynbTarhl MOJETMPOBAHUS IEPEXOAHBIX MpolieccoB (Tadmuia 1) nokasanu, 4To:

1.Tlpu oTpaboTKE CKayka 3alaHus X;; BPEMs pEryaupoBaHus t, B
nHBapuanTHOl KCAP nipu [11MH sBnsieTcs MUHUMaIIbHBIM, U cocTaBiigeT 150 ¢, 4To
B 2,13 pasza menbiie, uem B TKCAP ¢ CO. IlepeperynupoBanue cocraBusier 9%,
yto Ha 16% menbie, uem B TKCAP ¢ CO.

2. Ilpu oTpaboTKE BHYTPEHHETO BO3MYIICHHS f; MaKCUMaIbHAs JHHAMHYECKAs
omunbKa perynuposanus A] HauMmenbiuas B uHBapuantHod KCAP npu IIWH, u
coctasisier 0,00074, uro B 2,46 pasza mensbiie, yeM B TKCAP npu IIMH. A tak xe
BpEMSI PETYJIMPOBaHUs ¢, MUHUMAIBbHO U COCTAaBISIET 225 ¢, 4TO B 2 pa3a MCHBIIIE,

yeM a TKCAP ¢ CO.

3.1lpu oTpaboTKEe BHENIIHETO BO3MYIICHUA [, MHHHMAIbHOE BpeMs
perynupoBanusi B uaBapuantHon KCAP npu IIMH, u cocraBmser 200 ¢, yto B 2
paza Menbiie, yeM B TKCAP ¢ CO. MakcumanbHas JUHaMH4YeCcKasl OIIMOKa
perynuposanus AT maumensinas B unsapuantaoii KCAP npu ITMH u cocrasiser
3,9, uro B 2,03 pa3a mensbiue, ueM B TKCAP ¢ CO.

4. TIpu 0TpabOTKe PETYJMPYIOIIEro BO3NEUCTBUSL X, BBIICHWIOCH, 4T0 B TKCAP ¢
CO HecKOIBKO MEHbIIIAs BEMMYKMHA X, YeM B MHBapranTHOH KCAP mpu ITHH.

3akiroueHue

Ucxonsg, u3 rpadukoB nepexoanbix mpoueccoB u Tadbmuubsl [IIIK moxkHO
cIenaTh BBIBOJI, YTO MOJIEPHU3ALNS METOAUKH pacy€Ta MmapaMeTpoB JUHAMHYECKON
HAaCTPOMKH PETYIATOPOB IBYXKOHTYpPHOM KackamHou CAP — KOppEeKTHpYIOLIEro u
crabmusupytomero — nytém npespamienus ucxonnod KCAP B mHBapumaHTHYIO
KCAP npu IIMH 1o3Boini0 yMEHBIIUTH BpeMsi OTpaObOTKH BCEX BO3MYIIECHUN B 2
pasa, MakCHMAaJIbHYIO JMHAMUYECKYIO OIIMOKY peryiaupoBanus A7 mpu orpabotke
BHYTPEHHETO BO3MYIICHHS f; M KpallHETO0 BHEIIHETO BO3MYIIEHHUS f, yAaloCh
yAy4dliuTh MUHUMYM B 2,03 paza. [Ipu 3TOM HE3HAUUTENBHO BO3POCIA BEIUYMHA

PETYINPYOIICTO BOBI[GﬁCTBH?I xp, 4TO ABJEACTCA IMIPUCMIICMBIM.
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AHHOmayua: 6 0aHHOU cmambe paccMampueaemcs MoOepHU3AYUs CUCEMbL
ABMOMAMUYECKO20 Pe2yIUPOBAanUsl YPOBHS 8 NoO0zpesamelle 8blCOK020 OA8IeHUs.

Abstract: this article discusses the modernization of the automatic level control
system in the high pressure heater.

Kntouesvie cnoea: nodocpesamenv, oOasieHue, YpOBeHb, ABMOMAMU3AYUS,
MOOepHU3AYUSIL.

Keywords: heater, pressure, level, automation, modernization.

BBenenne

N3 He perymupyembix 0TOOpOB TypOWHBI, TIap MOCTYIMAET B PEreHEepaTUBHBIE
IIOJOTPEBATENIM, TEM CaMbIM MOJOTpPEBasl NMUTATEIbHYIO BOAYy M KoHzaeHcar. [lap
MOCTyMHaeT M3 OTOOPOB TypOMHBI ¢ Oo0jiee BBICOKMM JaBJICHHEM OOecIeunBas
IIOCTENEHHBIA MOJOTPEB BOABI OT KOHJEHCAaTopa K IaporeHeparopy. Jpenax
IPEIOIIETO IMapa WK OTBOAMUTCA CAMOTEKOM B IAPOBYKO 30HY IPEIBIAYIIETO IO
XOJTy BOJIbI IOJIOTPEBATENS, JIMOO MOIa€TCS HACOCOM B MUTATENIbHYIO JTUHUIO.

CHukeHue ypoBHSI KOHAEHCATa B MOJOTPEBATENISIX HE MPUEMIIEMO, OTOJICHUU
JIPEHAXKHBIX MAaTPYOKOB B HUX MOXKET MOSIBUTHCS Map («Ipockok» mapa). [Ipockok
napa noHmxkaer tepmoauHamuueckuid KII/[ mukna, yBennumBas pacxon mapa u3
0oTOOpOB O0JIee BHICOKOTO AaBJIEHUS, B 3TOM CIIy4yae JPEHaX MOJAETCs CaMOTEKOM B
JIpyToi moAorpeBaresib. BO3HUKHOBEHHUE MTPOCKOKA MOKET BBHIBECTH HACOC U3 CTPOS
npu OTBOJIE ApeHaxa. M3-3a yrpo3sl 3a0poca BOJbI B MApONPOBOJ, MEPEIOTHEHHE
kopryca IIBJl Bomoit 10 ypoBHS Bpe3kd TpyOONpoBOja TpeEIoIIero Iapa
HenomyctuMo. [Ipu oTkasze aBTOMATHYECKHUX PETYJATOPOB YPOBHS KOHJICHCATa B
kopnyce 1B/l nnu pa3psiBe 3MEEBUKOB NMUTATEIBHON BOJbI BO3HUKAET OMACHOCTb.
OOpatHbIi KJIanaH MPeayCMOTPEH Ha clTydald €ClTM BOZHUKHET Yrpo3a 3a0poca BObI
B TpyOomnpoBo, coenunsitoniemM kopnyc [1B]] ¢ kamepoit HeperyaupyeMoro otoopa.
Konnencar cobupaetcs B HrkHen yactu [IB]] u oTBomuTCS Yepe3 peryaupyromimii
kianad. CrnenuanbHOE 3allUTHOE YCTPOMCTBO BO3JECHCTBYET HA CUCTEMY IOJa4yu
NUTaTENbHOU BOJBI B 00BO Beeil rpymnmbl [IB/].

VYydleHuo KadyecTBa PEryJUPOBAHUSI CTAHET CIEACTBUEM MOJCPHU3ALINU
ACP yposus B IIB]l, He MeHee ueM B 2 pas3a, 4YTO B CBOIO OY€pelb MO3BOJIUT
YMEHBIINTH 3aTPAThl HA PACXOJ] TOIUIMBA B KOTJIOArPErare.
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OcHoOBHas YacTh

Monepnauzaruss ACP npousBoauTcs Ha 6a3e CyIIECTBYIONIECH CUCTEMBI, a €CIIU
OBITH TOUHEE, TO OHa cTouTcsa Ha TuoBor KCAP.

Ornepexarnuii yyacToK 00bEKTa MPEJCTaBICH B BUJIE MHEPIIMOHHOTO 3BEHA
BTOPOI'O MOPSIAKA C PA3JIMUYHBIMU TOCTOSSHHBIMU BPEMEHH Ton # Oy

Kon
(Toup + 1) (Opyp + 1)
NHepumoHHBIA y4acTOK OOBEKTa MPEJACTABIEH B BHJE MHEPLHUOHHOTO 3BEHA

BTOPOTO TMOPSIKA C Pa3IMYHBIMU TOCTOSHHBIMU BpeMeHu Tuy # oy, 0e3
3amna3bIBaHusl.

Won (p) =

1
Tip(typ + 1).

[lepenaTtouHass QpyHKUMsI KpailHETO BHEIIHETO BO3MYILEHUS IPEACTaBleHA B
BHJIE HTHEPIIMOHHOT'O 3BEHA IIEPBOIO MOPsAJIKA C TOCTOSIHHOM BpeMEHH T:

Ky
WB (p) - TBp-
Koppektupyrommii 1 crabunusupyrouuii [TU-perynstopsl npencTaBieHbl B

BHJIC MIEPENATOYHBIX (PYyHKIIHI:

_ Kp1(Tu1p+1)
W1 (p) = T

W (p) =

— CTaOWJIM3UPYIOUTUNA PETYIIATOP,

Wp;pt(P) = [Wan (P)]_lwgzc(nzz) (p) — KOppeKTUPYIOWHIT PEryIsTOop.

Crabuin3upyomuid  peryiasTop HeoOXOJUMO HACTPOUTh Ha ONTHUMAJIbHYIO
OTpabOTKy BHYTpPEHHEro BO3MyllleHusi fj, T.K. peryiupyroiiee BO3MYIICHHE
anreOpanvyeckuil  CKIaAbIBaeTCs C BHYTPEHHUM  Bo3MylueHueM. [lostomy
npuMmenssiem MUK u paccunthiBaeM napaMeTpbl ONTUMAIBHOM JUHAMUYECKOMU
HacTporiku CP 1o nepenaTtodynoit GyHKIIMH ONEpPEeKaroero yuacTka.

KP nactpanBaeM 1o mnepenaToyHod (YHKIHMH ONTHMAJIBHOTO PEryssiTopa.
Hacrpoiiky KP ocymectBisieM 1o nepeaarouHol (yHKIIMH HHEPLIUOHHOTO YYacTKa.

f2

.F
o .

v(t)

g%.,@»{ Woalp) gl Weop) )—»Tr—»
~1

K3n2

—1

Pucynok 1 — Cxema TKCAP

Paznoxxenue nByxxontypHoii CAP Ha 1B€ OTHOKOHTYpHBIE:

1. Pacuér nactpoiiku CP no MUK:

brnok ympasnenuss (bY1) KP nepeBenéM B MOJNIOKEHHE «IUCTAHIIMOHHO», B
pe3ynbTaTe MOJyYUM MEPBYIO OTHOKOHTYPHYIO CUCTEMY:
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Pucynok 2 — Buyrpennuii kontyp KCAP st pacuera Hactpoiiku CP

OTtHocuTenbHOE 3HaueHne ko3 duirenTa nepenaun K:
2

1
K=(h,km)=OJ%B-T(1+T)-L

OTHoOcHUTEIbHAS TTOCTOSHHAS BPCMCHH paBHa:
TOI'I

T= :
O-Ol'l

OTHOCUTENBHOE 3HAYCHUE BPEMEHN UHTETPUPOBAHUS PABHO:

I—(T”> 6.36- K

Ton 1%
T(1+7)
Torna ko3 duiMeHT nepegayn peryisiTopa paBeH:
I K
1= 7
P kOH

Torma Bpemst HHTErPUPOBAHUS PABHO:
Ty1 =1 0o
2. Pacuer nactpoiiku KP 1o nepegaTouHoil pyHKIMN ONTUMAIBHOTO
perymsTopa:
1

T3n2 ;
2T3,q2p( 3; P+1)

_ = T +1 T +1
WP () = Wi (p)] W 2 (p) = 2GR~ GPLD

T. 2 T 2 )
2TyaD(—2p+1) 2Ty (2=p+1)

W= (p) =

Tsm =7Y211.

Monepuuzamuss TKCAP nis ynydmieHue KayecTBa OTPaOOTKH OCHOBHBIX
BozaeiicTBuid. CTpyktypHas cxema moaepHusupoBanHoii TKCAP npencrabiena Ha
pucyHke 3.
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f2
f1

;

aml
v(t)
Xan2 Wea(p) %).q Wor(P) o (SOP{ Wes(P) )—|0| W,..(p) )—pT—'
—1

X

—1
Pucynok 3 — Cxema MTKCAP

JUist yiydilleHus KadecTBa PEryJIMpPOBAaHMS CTAOWIM3UPYIOIIMA PETYISITOP
HACTpanBaeM C Y4E€TOM U3MEHEHHbIX ko3 duimenton [13C:
OTtHocuTenbHOE 3HaUeHue KoddduimenTa nepenayun K:

1 2
K=(kp-kon)=1,382-T<1+T> - 1.

['paduku mepexoaHBIX POLIECCOB:

2.00 MKSAR2=0 382

1.50

.50
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Pucynok 4 — OtpaboTka ckauka 3aJ1aHUs Xsy
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Pucynok 5 — OtpaboTka BHYTpeHHEro Bo3MyIieHus fi
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Pucynok 6 — OTpaboTka BHEIIHEr0 BO3MYIIEHUs f>
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Pucynok 7 — Perynupytoliee Bo3ieiCTBUE Xp IPU OTPAOOTKE KpalHEro BHEIIHETO
BO3MYyIICHUS f>

3akioyeHue

Kak Bugno u3 rpadpuxoB MTKCAP saBngercs Hanbosiee 3pGEeKTUBHON TpU
OTpa0OTKE CKauka 3a/JaHMsl, MaKCUMallbHas BEJIWYMHA [EPEPEeryUupoOBaHUsl O
cocrapisieT 0%, uto Ha 10% menbre, uem npu TKCAP. Bpemst perynuposanus t,

nipu Hactporike MTKCAP sBisieTcss MUHUMaNIbHBIM U cOCTaBiiseT 26 ¢, yto B 1,3
pasa menble, yeM pu TKCAP.

[Ipu oTpaboTKa BHYTPEHHETO BO3MYIICHHS f;, MAaKCUMaJbHAs JUHAMHYCCKAs
omnbka perymuposanus A7 npu macrpoiike MTKCAP HauMeHbIIas U COCTABISET
0,011, uro 2,7 paza menbmie TKCAP. Bpems perynupoBanuss npu MTKCAP
SIBJISIETCSI MUHUMAJIBHBIM U cocTaBiisieT 76 ¢, uto B 1,06 pa3za menbiie TKCAP.

Tak ke mpu oTpabOTKE BHEIIHETO BO3MYIIEHUS f,, MUHUMAJIBLHOE BpPEMS
perynupoBanusi npu Hactpoiike no MTCKAPI sBnsercs MUHUMAIbHBIM H
cocrasisieT 26 ¢, uto B 1.3 pa3a menbiie TKCAP.

N3 Bcero BBIIENPUBEIECHHOIO clieayeT, uro MoaepHuzupoBanHass TKCAP
o0nagaeT MpakTUYECKM MUHUMAJIbHBIM BPEMEHEM PEryJUpOBaHUS M 3HAYUTEIHHO
JTy4I1e 0TPadaThIBACT OCTANBHEIE BO3IEHCTBHA (X5y, f1, f2, )-
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Annomayusa: 6 cmamve pPACCMAMPUBAEMCA MOOEPHU3AYUS  CUCTEMbL
asmomamuyieckozo peeynuposanus mypounvr P-50-130-11IP1 Ceemnozopckoi
211

Abstract: the article deals with modernization of Svetlogorsk CHPP R-50-130-
1PRI turbine automatic regulation system.

Knwueswie cnoea: Ceemnozopckasn TIL], modepnuzayus, mypobuna, cucmema
ABMOMAMUYECKO20 pe2yIUPOBAHUS.

Key words: Svetlogorsk CHPP, modernization, turbine, automatic regulation
system.

BBenenue

Cucrema aBromatuueckoro perynupoBanus (CAP) mapoBoit TypOounsr P-50-
130-1TTP1 mpencTaBiseT CI0XKHOE€ KOMIUIEKCHOE YCTPOWCTBO, MpeaHA3HAYEHHOE
Juisi  oOecrieueHusi O€30MacHOM W HajeKHOW paboThl TypOoarperata W IS
NOJICpKaHKs B ONIPEACIICHHBIX MpeeaxX BEJIMUYNHY MPOTUBOIABIICHHUS.

OcHoOBHas 4YacTh

CucreMa peryJMpoBaHHUsl JEWCTBYET Ha KiamaHbl TYypOWHBI, OCYIIECTBIISS
ABTOMATHYECKOE YIPABJICHHE PAcCXOJ0OM Iapa B 3aBUCUMOCTH OT TEIJIOBOMN
Harpy3ku norpeourteneil. BeipaOoTka 3J1eKTpUYECKON SHEPTrUH 3aBUCUT OT pacxoa
napa Ha TypOoycTaHOBKYy. B cimydae paGoThl TypOUHBI NapaielbHO C JIPYyrUMHU
HMCTOYHUKAMU TMapa Ha OOIIYI0 MapOBYIO MarucTpajib PEryJsSITOp JaBICHUS MOXET
OBIT OTKJIIOYEH, W B OTOM CJydyae HU3MEHEHHE pacxoja Tmapa B TypOUHY
MIPOU3BOJIUTCS MOCPEACTBOM MEXaHHU3Ma yIpaBJICHHUS. VYpasienue
PETYIUPYIONIMM KJIAallaHOM CBEXETo Iapa Mpu IyCKe, cOpoce DIIEeKTPUYECKON
Harpy3kd W TOJJIEPAKAHUHU XOJOCTOTO XOJa OCYIIECTBISIETCS PETYJIATOPOM
CKOpPOCTH, KOTOpPBI HMEET CTaTUYECKYIH0 HEPaBHOMEPHOCTh PETyJUPOBAHUS
ckopoctu okoio 5%. HepaBHOMEpPHOCTh PpETryJIUPOBaHUS IMPOTHUBOJABICHUS
cocTaBisgeT okoio 2 kr/ cm? [2].

Jlns mpegoxpaHeHusi TypOoreHepaTopa OT Ype3MEPHOTO MOBBIIICHUST 000POTOB
TypOMHaA UMEET CUCTEMY 3alllUThl, MPEKPAIIAIOIIYI0 TTOCTYIUICHUE Mapa B TypOUHY
npu JTOCTHKEHUH uuciaa obopotoB 111 — 112% ot HomunanbHbIX [2]. Tak xe
UMEIOTCS ANEKTPUUECKHUE 3allUTHBIE aBTOMATHYECKUE YCTPOMCTBA,

49



Teﬂﬂ03HepFETl/lKa U TenJoTexHukKka. CHTK-78

MPEAOXPAHSIONIME TYpOMHY OT HEJOIMYCTUMOIO OCEBOIO CHIBHIa poTopa,
NOBBIIICHNS TEMIIEpaTypbl CBEXETO Iapa W IOBBIMICHHs Iepenaza IaBJICHUs 3a
nocienHen crynenblo. [locTyrienue mapa B TypOMHY MOXKET OBITh MTHOBEHHO
IPEKpalleHa BO3ACHCTBUEM Ha CHCTEMY 3alllUTHl BPYYHYIO HENOCPEACTBEHHO Y
camoro TypbOoarperara WM JUCTaHIMOHHO C TIJIAaBHOTO IIUTa, 4Yepes
YCTaHOBJICHHBIE Ha TypOMHE TUCTAaHIIMOHHBIE IPUBO/IBI U YKa3aTEIH.

B macnocucreme TypOuHBI UMeETCs IyCKOBOM Hacoc peryiupoBaHust 6MC-6
pasBuBaromuii Harop 20 kr/cM? u npousBoauTensHOCTEI0 100 M3 /4 Ipu ckopocTH
Bpamenus 1000 o6/mMuH. Hacoc momaer Macino B CHUCTEMY pEryJlMpOBaHHUS H
MapajuieIbHO B JBYXCTYIIEHUYAThI MH)KEKTOp, pa3MelleHHbIM B Maciobake. [locme
IIEpBOH CTYNEHM HMHKEKTOpPAa MAacio JaBjleHHeM okoino 1 kr/ cm?mocrymaer k
BCAChIBAIOIIEMY TMAaTpyoOKy IIeHTpoOexxkHoro MmacisHoro Hacoca (ILIMH),
BpAaIllaéMOr0 HEMOCPEJCTBEHHO POTOPOM TypOMHBI. BTOpas cTymeHb HMHXKEKTOpa
MOBBINIAET JABJICHME Macia 10 3 KI/CM? M INOJAeT €ro Ha OXJAaAMTEIH, IOCIE
KOTOPBIX OHO ¢ papjeHueM 0,8 Kr/ CM? IOCTymaeT Ha IOAIIMIHUKA TypOUHbL. J{is
MOJJIepKaHUsl JABJIEHUsT Maclia B CHUCTEME CMa3Kd 3a MaclOOXJIaTUTEIIMU
YCTaHOBJIEH CIIMBHOW Kiamad. Ilpu HopmanbHOW paboTe TypOHMHBI MOAada Macia
npousBoautcs oT [IMH ¢ Takumu ke mapaMeTpamu M MO TaKOM K€ CXEME, YTO U
JUIsl TIyckoBoro Hacoca. Ilpu ocraHoBe TypOuHBI WM npu Bpamenun ee BITY
1oJiaya Macjia Ha IMOJIIMITHUKY TPOU3BOAUTCS dIeKTpoHacocoM SH/IB ¢ Hanopowm 3
KI/CM? ¥ IIPOM3BOAUTEILHOCTBIO 126 KI/CM?, KOTOPBIA MOXKET OBITh BKIIFOYEH KakK
BPYUYHYIO, TaK 1 aBTOMaTUYECKH OT pejie IycKa MacisiHOro Hacoca [2].

[Ipu mycke TypOMHBI MO Mepe TMOBBINIEHUS YHCIa OOOPOTOB TYypOWHBI
PETYJIATOP CKOPOCTH, BO3/IEUCTBYET HA CEPBOMOTOP U NMPUKPBIBAET PETYJINPYIOIIHE
kianasbl. [Ipy mycke M3 XOJIOJHOTO COCTOSIHUSI B LEJISX PAaBHOMEPHOI'O MpOrpeBa
TypOMHBI HEOOXOIMMO IO MEPE MOBBILIEHUSI 000POTOB MOAAEPKUBATH TOCTATOUYHOE
otkpbiTie PK ¢ moMonipio MexaHu3ma yrpaBJi€HUs, €CIM TaKOW HEOOXOAMMOCTH
HET, TO ITyCK MPOU3BOAUTCS Ha MEPBOM PETYIUPYIOLIEM KIIanaHe.

[Ipu paGote TypOMHBI Ha XOJIOCTOM XOJ€ NMPU JOCTHKEHUH CKOPOCTH BpAlllCHHS
potopa B 2800 006/MUH MPOUCXOIUT MEPEBOJI CUCTEMbI CMAa3KH U PETYJIHPOBAHUS
TYpOUHBI C ITyCKOBOI'O 3JEKTPOHACOCAa Ha LEHTPOOEKHBIM MyTeM MEIJIEHHOTO
NEPEKPBITHS 3aJBHKKM ITyCKOBOTO Hacoca. B3aumonelcTBHE Y3JI0B CUCTEMBI
perynupoBaHust (pUCyYHOK 1) Tmpu JaHHOM pexXuMe paboThl MPOUCXOIUT
CJIETYIOIKUM 00pa3oM: IPU YBEIMUYEHUH YKciIa 000POTOB POTOpa IPy3bl PETYIATOPA
CKOPOCTH TIOJ JEHCTBHUEM LIEHTPOOEKHBIX CHUJI PACXOAATCs, U My(pTa peryisropa
CKOPOCTH MEPEMECTUTHCS BIIPABO (HAINPABJIEHUE MTEPEMELEHUS SJIEMEHTOB YKa3aHO
NPUMEHHUTEIBHO K cXeMe peryiaupoBanus). Bcenen 3a mydroit mepemectutcs
30JIOTHUK PETYyJATOpa CKOPOCTH M TMOCPEJICTBOM pblUara MEPEMECTUT BIPaBO
HKHUM 30710THUK Os10ka 3PC. CauB macia u3 KaMmepbl 1M0JT OTCEYHBIM 30JI0THUKOM
CEpPBOMOTOpPA MPHU 3TOM YBEJIMUYUTCA U OTCEYHOM 30JIOTHUK, CMEUIAsiCh OT CBOETO
CPEIHETO TMOJIOKEHUSI BHU3, YBEIMYMBAET MEPETEUYKY HAMOPHOrO Macia B KaMepy
HaJ TOPUIHEM CEPBOMOTOpPA M YBEIMYMBAET MEPETEUKy Macia M3 Kamepbl MOJ
nopmHeM B JuHMIO BcaceiBanus [IMH. BcenencrBue 3Toro cepBomMoTop
MIEPEMECTUTCS BHU3, MPUKPBIBAS PErYJIUPYIOLINE KIIAlaHa U MEepeABUrasl 30J0THUK
0o0paTHOM CBSI3M BBEpPX, YBEIUYMUT BIYCK Macila C HAalOpPHBIM JIaBJIEHUEM O]
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OTCEYHOU 30JIOTHHK, BO3BpaIllasi €ro B CpPEeIHEe IMOJIoKeHue. B pesynprare 3Toro
MIOJIO’)KEHUE CEePBOMOTOpPA YCTAHOBUTCS COOTBETCTBEHHO C IOJIOKCHHEM MY(THI
PETYJIATOpa CKOPOCTH | MOJIOKCHHEM MEXaHU3Ma YIIPaBJICHUS.

Pucynok 1 — Cuctema perynuposanust Typounst P-50-130-1TIP111pu ymeHbienun
000pOTOB POTOPA, B3AUMOAECUCTBUE y3JI0B CUCTEMBI PETYIUPOBAHUS OyJeT 0OPAaTHBIM MHUCAHHOMY
BBIIIE U OYyI€T NPUBOIUTH K YBEIIMYEHUIO OTKPBITUS PETYIUPYIOLINX KIalaHOB.

B cucreme perymupoBanusi TypOunel P-50-130-1I1P1 ycranoieno
YCTPONCTBO OTPAaHUYEHUS MOIIHOCTA B BHUAEC OTIPAHUYUTEIHHOTO KOJbIA Ha
CEPBOMOTOPE PETYIUPYIONMIUX KJIANaHOB, KOTOPOE CIYXKUT IS YCTPaHCHHUS
W3JIMIIHETO  3amaca XoJia CEepBOMOTOpa, oOpasyromerocs npu padore ¢
napamMeTpamMu TPOTUBOJABIIeHHWs HUxke 14 arta. JlaHHOE OrpaHUYUTEND
oOecrieunBaeT 3alUTy OT MEPErpy3Kd B Cllydyae CHIDKEHUS MPOTHUBOJABICHHS TIO
HE3aBHUCHUMBIM OT TypOoarperara nmpuanHaMm.

PabGoTta TypOMHBI MO HArpy3KOM MOKET MPOU3BOAMTCS B JABYX PEKUMax: C
BBIKJTIOUEHHBIM PETYJIATOPOM JIABJICHUS WM C BKIIOUCHHBIM.

PerynmupoBanue TypOWHBI TIpu paboOTe B TIEPBOM PEKHUME OCYIICCTBISICTCS
TOJIKO MEXaHHM3MOM YyrpaBiieHUs. [Ipu BpalleHHM MaxXOBHKa MEXaHHM3Ma IPOTHB
JaCOBOM CTPEJIKM HIKHUK 30JIOTHHUK, TMEPEMEIIasCh BJICBO, YMEHBIIHMT BBITYCK
Macjga HW3 KaMephl I10J] OTCEYHBIM 30JIOTHHKOM CEPBOMOTOpPA PETYIHPYIOITUX
KJIAllaHOB, YBEJIMYMUBAs JABJICHHUE MO 30J0THUKOM. OTCEUHOM 30JI0THUK, CMEIIAsCh
BBEpPX, YBEJIMYMBACT IMEPETEYKYy HAMOPHOTO Maclia W3 KaMephl HaJl TMOPIIHEM B
JUHUIO BCAaChIBaHMS Hacoca. BeiencTBrue 3Toro cepBOMOTOp MEPEMEIIASTCsl BBEPX U
YBEJIMYHMBAET OTKPBHITHE KJIAMAHOB, MEpEeBUTasl 30JI0THUK OOpaTHOW CBS3M BHH3,
YMEHBIIIAET BITYCK Macja ¢ HAMOPHBIM JABJICHUEM MO/ OTCEYHOM 30JI0THHUK, STUM
caMbIM BO3Bpaliasi €ro B CpeaHee MOJIOKEHUE. Pacxom mapa, M 3JIeKTpUUYecKas
BBIPa0OTKA BO3PACTYT, a MOJIOKCHUE CEPBOMOTOpPA YCTAHOBHUTCS COOTBETCTBEHHO C
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HOBBIM TIOJIO)KEHHMEM MeXaHu3Ma ymnpasieHus. [Ipu BpalieHMM MaxOBHKa II0
4acOBOH CTpeNKe B3aUMOJIEHCTBUE AJIEMEHTOB OyAET IMPOUCXOAUTh B OOpaTHOM
HOpsAKE, a pacXo/ Iapa Ha TypOUHY, U €€ AJIEKTpUUecKasi BBIpabOTKa yMEHBIIUTCS.

PerynupoBanue TypOoarperata ¢ BKIIOYEHHBIM PpETYJISTOPOM JaBJICHUS
IPOUCXOAMUT CIEAYIOIIUM OO0pa3oM: IPU YBEIMYEHHHM pacxoja Iapa TEIUIOBBIM
noTpeOUTENEeM JaBJIEHUE 3a TYpOMHOM CHMKAeTcs, U MeMOpaHa perysaropa
IEPEMEIIAETCS] BBEPX BMECTE C 30JIOTHUKOM, KOTOPBIN YMEHBILAET CIUB U3 KaMephbI
[0/ OTCEYHBIM 30JIOTHUKOM CEPBOMOTOpPA, YBEJIWUYMBAs JIaBJICHUE IOJ OTCEYHBIM
30JIOTHUKOM. DTO IPHUBOJUT K MOJBEMY CEPBOMOTOPA U YBEIMYECHHIO pacxoja napa
B TypOHMHY B COOTBETCTBHMHM C BO3POCIIMM NOTPEOJIEHUEM Mapa. ITO NMPUBOIAUT K
YBEIMYECHUIO JJIEKTpUUECKOW BbIpaObOTKH. [lpm ymeHbIIeHMM pacxona mapa
TEIJIOBBIM MOTPEOUTENIEM PETYIMPOBAHNE TPOUCXOAUT B OOPATHOM MOPSIJIKE.

3akJinlouenue

[locne mnposenenHoir MoxaepHuzauuun CAP  nponomkaer obecneunBaTh
Oe3omacHyl0 U HaAeXHyl paboTy TypOoarperata M COOTBETCTBYET BCEM
TpeOOBaHUAM C TOUKH 3pEHUs, KaK KayecTBa PEryJUpOBaHMs, TaK U HAJIEKHOCTH
paboTHI.

Jluteparypa
1. Typb6oycranoBka  P-50-130-11TP1  CT.Ne6.  HMHCTpyKIMS  TO
skcruryaranuu. Ceetnnoropekas TOL. BOPH. 2020. — 165 nuctos.
2. Onucanue cucTeMbl peryiupoBaHusi TypOunbsl tuna P-50-130: ytB.
bropo mapoBeix TypOuH 1961 — Jlenunrpan: Jlenunrpanckuit Opaena JlenuHa
Meramnnueckuii 3aBog. — 61 aucT.
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VK 621.438
MOJEPHU3AIINSA CACTEMBI I'A30IOJAIOTOBKH MAPOT'A30BOM
YCTAHOBKHA MUHCKOM T21I-3
MODERNIZATION OF THE GAS TREATMENT SYSTEM OF THE
MINSK CHPP-3

M.O. Cynpon, I1.K. MapTesHOB
Hayunsiit pykoBoautens — C.A. Kauan, K.T.H., IOUEHT
benopyccknii HaMOHAIBHBIN TEXHUYECKUM YHUBEPCUTET,
r. Munck, Pecriyonmka benapych
kachan@bntu.by
M. Supron, P. Martyanov
Supervisor — S. Kachan, Candidate of Technical Sciences, Docent
Belarusian national technical university, Minsk, Belarus

AHHOmMauua: onucvlBaemcsi MOOepHU3AYUSL  CUCTNEMbl  2A30N0020MOBKU
napoeaszosou ycmanoska III'V-230 Muuckou TII]-3. [Jaetrca onucanue u
mexHuyecKkue  Xapakmepucmuku  KOMHPECCOPHOU  VCMAHOBKU — OONCUMHOU
KomnpeccopHot cmanyuu. Paccmampusaiomes ocobenHocmu pabomul 6UHMOBO20
komnpeccopa. Ilpusoosmcs ocnosHble mpeboBanus 6e30naACHOCIU IKCHILYAMayun
VCMAHOBKU.

Abstract: the modernization of the gas treatment system of the steam-gas unit
CCGT-230 of the Minsk CHPP-3 is described. The description and technical
characteristics of the compressor unit of the booster compressor station are given.
The features of screw compressor operation are considered. The main requirements
for the safety of operation are given.

Knioueevle cnosa: 0ooicumnas KOMHPeCCOpHASL CMAHYUS, — BUHMOBAS.
KOMNpeccopHas yCMaHo8Ka, Xapakmepucmuku, 3KCHLyamayus.

Key words: booster compressor station, screw compressor — unit,
characteristics, operation.

BBenenue

C 2009 rona B cocraBe Munckoit TOII-3 (dbumuan PYII «MuHckIHEPTO»)
nercTByeT mnapora3oBas ycraHoBka [II'Y-230, ocHOBHOE M pPE3epBHOE TOIUIMBO
KOTOPOW — TIpUPOJHBIN ra3. B mpouuiom roxy Ha miomanke I[II'Y BBeneHa B
JKCIUTyaTallMil0 HOBasg J0XKUMHasg KomnpeccopHass craniusa JIKC-2 Ha ocHOBe
razoBoii  kommpeccopHodt ycranoBku EGSI-S-625/3200 W  mpousBojacTBa
ENERPRPOJECT SA [1]. OTum 3aBepii€éH MpPOEKT MOACPHU3ALMU (pacCIIUpPEHUs)
cucteMbl TazonoArotoBku III'Y, OCHOBY KOTOpOW IE€pBOHAYajJbHO COCTABIISIA
noxkumHas kommpeccopHast cranius JIKC-1 nmpousBoactBa VPT Kompressoren
GmbH.

OcHoBHas yacThb

JIKC-2, nocraBnennas komnanrneii JHEPI'A3, BemoaHeHa Ha 6a3e BHHTOBOIO
MacJI03aroJHEHHOT0 KoMmIpeccopa (puUcyHOK 1) u mpenactaBisieT coOoi OJI0OYHO-
MOAYJIbHYIO TEXHOJOTMYECKYI0 YCTAaHOBKY C MAaKCHUMaJbHOW HHTErpaluei
AJIEMEHTOB HA €IMHOU paMe.
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QRGO

Pucynok 1 — BunroBoii komripeccop: 1 — ri1aBHbII poTOp; 2 — MOAIMIIHUK CKOJIbKEHUs; 3 —
pasrpy304HbIi MOpPIIEHb; 4 — YIIOPHBIA NOAIIUIIHUK; 5 — TOPLIEBOE YIUIOTHEHUE; 6 —
TUIpaBIMYECKas CUCTEMA; 7 — PErYIUPYIOIIUNA 30JI0THUK; 8 — AONOJHUTENIbHbIN 30J0THUK; 9 —
natyuk nosnoxenus LDS; A — narpy6ok BcacsiBaHusi; B — natpy0ok HarHeTaHus

(6)

N

BuntoBoii  kommpeccop EGSI-S-625/3200 W  npencraBisger  coOoi
JIBYXPOTOPHYIO MalllMHy 0ObEMHOTO JIEUCTBUS C BIPHICKOM Macja, B KOTOPOU Tra3
saBisieTcs padodeit cpemoil. Oba poTropa HMEIOT MEXAaHUYECKU BBITOUCHHBIC
BUHTOBBIE 3YyObsSi aCCUMETPUYHOTO MNpOGUis W YCTAHABIMBAIOTCA B KOPIYC C
MUHUMAJIBHBIMU 3a30pamMu. Benymmii potop umeer 5 3yObeB, NMPUBOIUTCS BO
BpalllCHUE OT OJJEKTPOABUTATENS W MPUBOJUT BO BpAIICHUE BEAOMBIM POTOP,
UMEIOITUI 6 3yOheB.

[TonqmMNHUKN CKOJNBXEHUS BOCIPUHUMAIOT PaJualibHYI0 Harpy3Ky, a OCEBbIE
IIAPUKOBBIC MOAMIUITHUKY — OCEBYI0. Pa3rpy30unbiii (6alaHCUPOBOYHBIN ) MOPIICHB,
YCTAHOBJICHHBIM Ha Ball BEIYIIETO pPOTOpPA, CHUXKAET OCEBYI0 HArpy3Ky Ha
mapukoBble moAmMMMHUKA. Co CTOPOHBI MYy(PThl Ha BEAYIIEM pPOTOpE
IPEeIyCMOTPEHO MACJI03al0JHEHHOE HEHATPYKEHHOE YINIOTHEHUE Baja.

[Tpou3BoANTENHHOCTE KOMIIPECCOpPA W BHYTPEHHSSI CTEMEHb CXKATHS MOTYT
PEryJIupoBaThCs C MOMOIIBIO 30JI0THUKA.

[Ipu BpamieHnn poTOpoB 00pa3yeTcs MOJOCTh CHKATHS, KOTOpas MepeMeniacTcs
[0 HAMNPAaBIIEHUIO OT CTOPOHBI BCACHIBAHUS K CTOPOHE HATHETaHUA. DTa IMOJOCTh
pacrmoyio)keHa MEXIy ABYMsI 3yObsIMH BEIyIIETO W JABYMsI 3yObsIMH BEIOMOTO
poropa. OHa 3aHuMaeT V-00pa3sHOe MPOCTPAHCTBO, KOTOPOE YBEIUYUBACTCS M0
MaKCHUMAaJIbHOTO 3HaueHus. [1o Mepe Toro, kak poTOpbl MPOIOKAIOT BpaliaThes, V-
oOpasHasi MOJIO0CTh OTAEISAETCS OT MOJOCTH BCACHIBAHUS CIEAYIOIIUM 3alleTUICHHEM
BUHTOB. [lo Mepe BpaieHUs: pOTOPOB 0OBEM MOJOCTU MOCTEIIEHHO YMEHBIIACTCH.
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[Ipouecc cxaTus 3aBepiiaeTcs, KOoraa 3aMKHYTO€ IMPOCTPAHCTBO JOCTUTAaET KPOMOK
OTCEYHBIX INCKOB, BCTABJICHHBIX B KOPITYC M KPOMOK 30JIOTHHKA.

OTtceuyHble KPOMKHU SBJISIOTCS YacThlO BBIXOJHOTO OTBEPCTHS, HMEIOIIETO
OCEBYIO W paJHalibHyI0 4acTH. [lol0’keHHe OTCEYHBIX AWCKOB OMpeneiseT o0heM
MIOJIOCTU CXKATHUS U, CIIEA0BATENbHO, CTENCHb CxxaTHsl. [Ipu nanpHeimeM BpaieHUH
POTOPOB CXaThlii 00BEM BBITAIKHBACTCS M3 MEX3yOHOTO MPOCTPAaHCTBA, 00BEM
KOTOPOTO YMEHBIIIACTCS 10 HYJIS, B MOJIOCTh HATHETAaHUS KOMITPECcopa.

OnucaHHBI BBIIIE MPOLECC TOBTOPSIETCS JUISI KaKJIOTO MOCIEAYIOIIEro
MEX3yOHOTO MPOCTpaHCTBa. TakuM 00pa3oM OCYIIECTBISICTCS MOYTH HETIPEPHIBHAS
1ojlava C>kaTou Cpelpl.

JKC Brimodaer Takxke cucTeMy  (UIbTpalid  TOIUIMBHOTO — Tasa,
MacCJIOCUCTEMY, MOJYJIbHYIO BO3AYIIHYIO KOMIIPECCOPHYIO CTaHITHIO.

OcHOBHBIC TEXHUYIECCKUE JTaHHBIC KOMITPECCOPHOM YCTaHOBKHU
EGSI-S-625/3200 W npuBeaeHs! B Taduiie 1.

Tabnuma 1 — OcHOBHBIE XapaKTEpPUCTUKHU KommpeccopHoil yecranoBku EGSI-S-625/3200 W
(pabouast cpena — MPUPOJIHBIN Ta3)
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gi Onucanue En.usm. Bennuuna

1 ["a30BBII KOMITpECCOD Bapuant 1 | Bapuant 2
JlaBnenne raza Ha Bxoae (Ha  duraHIe Oap

1.1 - 8 12
KOMITPECCOPHOM YCTaHOBKH) (130.)

1.2 | Temnepatypa raza Ha BXOJ€e °C 20 20
JlaBnenne Tra3a Ha BbIXoJAe (Ha (uanie 6ap

1.3 9 27 27
KOMITPECCOPHOM YCTaHOBKH) (130.)

1 4 Temnepatypa rasa Ha BbIXOZ® (Ha ¢nanue oC 50 50
KOMIIPECCOPHOM YCTaHOBKH)

15 HomunanbHas MIPOU3BOIUTEITHHOCTh mpH | 10.6 10.6
HOPMAJIbHBIX YCIIOBHUSIX

1.6 | MomHoCTh Ha My(dTe kBT 2880 2230

1.7 | YacToTa BpalieHus 00/MUH 2980 2980

1.8 | OcraTtouHoe cofepkaHue Macia Ha HAaTHETAHUU | ppm W 1 1

2 Cucrema oxJIaXXIeHUSI

21 Temmeparypa oxnakaaromien cpesl Ha BXO/Ie oC 20 ... 30 20 ... 30
(MUH ... Makc)

2.2 | Ilepenan TemnepaTyp B CUCTEME °C 10 10

2.3 | KoauyecTBO OTBOAMMOTO TEILIA Br K 2300 2300

2.4 | Pacxon oxJaxaaroIie )KuIKoCcTH (Boja) M>/gac 300 300

Komnpeccopusie CTaHLINU OCHAILIEHBl  JIByXYPOBHEBOWU CHUCTEMOH
aBTOMATU3UPOBAHHOTO ynopaBieHuss u peryiaupoBanusi (CAVYwuP), koropas
oobequuuna nokambHbie CAY obeux JIKC wm wnTerpupoBama mx B ACY TII
oOBeKTA.

l'azoBble kommpeccopHbie yctaHOBKM ENERPROJECT cnpoekTtupoBaHbl
TakuM  0o0pa3oMm, 49TOObI  o0ecrmeynuTh WX  0Oe30macHOe ©  HaJeXKHOE



Teﬂﬂ03HepFETl/lKa U TenJoTexHukKka. CHTK-78

dbyHKIIMOHUpOBaHUe. TEeXHUYECKHe CpEICTBA YCTAHOBOK 3alUIIAIOT WX OT
noBpexaeHui. I[lepcoHan noKeH OBITH CTPOrO O3HAKOMIIEH C TpPeOOBaHUSMU
0e30macHOCTH M C TMpoleAypaMu IEepBOM MOMOINMU, U BCeraa coOJojaTh HUX.
MakcumanbHasi 0€30MacHOCTh TEPCOHANa HMMEET MEePBOCTEIIEHHOE 3HAa4YCHUE,
HapsAy C 3alUTON 000pYAOBaHUS OT TOBPEKICHUN.

TpebGoBanus 6€30MaCHOCTH BKJIIOYAIOT MPOLIETYPhI, KOTOPHIM HAJ0 CIEAOBAThH
npu paboTe mepcoHarga B CHEHU(PUUYECKON OKpyKawollel cpeae, TakoW Kak
B3pBIBOOTIACHAs aTMOC(epa WK IPU HATUIUHU B BO3TyX€ CIICU(PUIESCKUX BEIIECCTB.

[TpoBepka 0€30MaCHOCTH JOHKHA TMPOBOIUTHCS TEPEA KaKIbIM ITYCKOM U
MOCJIE KaXKJI0TO0 OCTAHOBA ra30BOM KOMIIPECCOPHOM ycTaHOBKU. OCOOEHHO BajKHO
MIPOBEPSTH €€ JI0 U IMOCJIe TEXHUYECKOTO 00CITy)KMBaHUS U PEMOHTA.

OmnpeneneHHble yCIOBUS pabOThl KOMIIPECCOpPa MOTYT ObITh HEHOPMaJIbHBIMHU.
OTH MPU3HAKK MOTYT TOBOPUTH O HEOOXOIUMOCTH TEXOOCTYKUBAHUS WA PEMOHTA,
HampuMep, TMeperpeB U BHUOpaIuUsi KOMIIpeccopa, 00pa3oBaHUE B3PHIBOOMACHOM
aTMoc(dephl.

3akioueHue

MopepHu3aiusi  CHUCTEMbl  TOJATOTOBKM  Ta3a  TOBBICUT  HAJIEKHOCTh
tormmBocHaOkenuss III'Y-230 u  olOecrieunt OecriepeOOiiHYI0 AKCILTyaTaIlluio
apora3oBOro HHEProdsioka Ha Bcex pexuMax. [[oMHUMO CHUCTEMBI MOATOTOBKH
TOTUIMBHOTO ra3a MojJiepHu3npoBaHa cxema razocHadxkenus [1I'Y. IKC-1 u JKC-2
GYHKIIMOHUPYIOT TONEPEMEHHO, PaBHOMEPHO paCIpeaesss AKCILTyaTallMOHHYIO
Harpy3ky. [Ipu BkIrodeHU B paboOTy OHOM YCTAaHOBKH BTOpAs MEPEXOIUT B PEIKUM
ropsiuero peseppa. Mx coOctBenHble CAY OCyIIECTBISIOT MOATOTOBKY K IYCKY,
MyCK, OCTaHOB W TMOJJACp)KaHWE ONTHUMAIBHOTO pEXUMa DKCILTyaTallvH,
KOHTPOJIMPYIOT pabouyne XapaKTePUCTUKH M 3ara30BaHHOCTh B TEXHOJIOTHYCCKUX
orcekax JIKC; oOecmeumBarOT aBTOMAaTHYCCKHE 3allMTHl W CHUTHAJIU3AIMIO;
00pabaThIBalOT MapaMeTPhl OCHOBHBIX TIPOLIECCOB U AaBapPUMHBIX COOBITHI ¢
BbIIauel nH(OpMAIMK Ha TaHENb oTflepaTopa Mo CTaHJAPTHOMY ITPOTOKOITY OOMEHa.

Jlureparypa

1. [TIO «bemsnepro» BBeno B 3kciuyaranuioo [I'Y-230 ma MuHckoi
TOL-3 (benapycs) 03.07.09 / http://www.combienergy.ru/news/1246587807-GPO-
Belenergo-vvelo-v-ekspluataciyu-PGU-230-na-Minskoy.

2. OHEPI'A3 MoaepHM3UpOBall CHUCTEMY Ta30MOJTOTOBKH M CXEMY
TOILUTMBOCHA0KCHUS I1y-230 MuHckon TOILI-3 /
http://energas.ru/pressroom/news/energaz-moderniziroval-sistemu-gazopodgotovki-
1-skhemu-toplivosnabzheniya-pgu-230-minskoy-tets-3/.
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VI]IK 621.186.3
HAINPSIKEHHOE COCTOSIHUE IMTAPOITPOBOJIOB TEILJIOBBIX
SJIEKTPOCTAHIIUI
STRESSED STATE OF STEAM PIPELINES OF THERMAL POWER
PLANTS

B.C. basukosa, A.Jl. beno3épona
Hayunsiit pykoBoautens — C.A. Kauan, K.T.H., IOUEHT
benopyccknii HaMOHAIBHBIN TEXHUYECKUM YHUBEPCUTET,
r. Munck, Pecniyonuka benapych
kachan@bntu.by
V. Bayankova, A. Belozerova
Supervisor — S. Kachan, Candidate of Technical Sciences, Docent
Belarusian national technical university, Minsk, Belarus

AHHOmMaAuuA: paccmampusaromcs HANpPsNCeHus, B03HUKaowue npu pabome
naponpo8ooo8 MenjosvlX JJIeKMpOCMaHyull, 6 MOM UYUCIe MAH2eHYUAIbHbLE,
akcuanvhbvle U paouaivbibvle HOpMaivHble HanpsdiceHus. Onucamvl HANPsANCEHUs. Om
BHYMpeHHe20 O0aGNeHUs, OM CAMOKOMNEHCAYUU MeMNepamypHbiX YOIUHeHUl, d
makdce memnepamypHvle Hanpsodicenus. IIpueedenvt  munuuHvle epaguxu
pacnpeoeiieHust memnepamyp no OKPYICHOCMU NApPONPO8OOHOU mpyobl Npu NIOXOM
U npu xopoutem ee OPeHUPOBaAHUU.

Abstract: stresses arising during the operation of steam pipelines of thermal
power plants, including tangential, axial and radial normal stresses, are
considered. Stresses from internal pressure, from self-compensation of temperature
elongations, as well as thermal stresses are described. Typical graphs of
temperature distribution along the circumference of a steam pipe with poor and
good drainage are given.

Knioueevle cnosa: nanpsowcenus, HympeHHee 0agleHue, CAMOKOMNEHCAYUs.
memnepamypHvix YOIUHeHUll, memMnepamypHole HanpsdiceHus.

Key words: stresses, internal pressure, self-compensation of thermal
elongations, thermal stresses.

BBenenne

C TOBBIILIEHUEM EIUHUYHOW MOIIHOCTH TMAPOTYPOMHHBIX DHEPreTHUYECKUX
0JIOKOB BO3pacTarOT TpeOOBaHUSA K HAJEKHOCTH pabOTHI INIABHBIX MAPONPOBOIOB
TernoBbIX nekTpoctaniuit (TOC). B npakTtuke skcmtyatanuun TOC u3BecTeH psjg
CJlydaeB aBapHilHONW OCTAHOBKHU SHEProOJIOKOB B CBS3H C MOBPEXKACHUAMU MeTalljia
aponpoBoAOB. [ BBISICHEHUSI IPUYMH MOBPEXKACHUI U YCTPAHEHUS BO3MOXKHOTO
UX TOBTOPEHUS Hapsy C JHUArHOCTUKON COCTOSIHMSI MeTajula HeoOXOIuMO 3HaTb
YPOBEHb JEHUCTBYIOLIUX B MMAPOINPOBOJIE HANIPSIKEHUU.

OcHoBHas YacTh

Metann maponpoBoIOB paboTaeT B YCIHOBHUSIX  CIIOKHOHAMNPSYKEHHOTO
COCTOSIHUSL.

Ecnu BbIpe3atb u3 TpyObl 3JI€MEHTApHBIA (Majiblif) CErMeHT, TO Ha €ro
OTPAaHUYMUBAIOLIUX MOBEPXHOCTAX OyIyT NEHCTBOBATh KAK HOPMAJIbHBIE K HUM, TaK
U KacaTelbHble HanpsokeHus (pucyHok 1) [1].
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Zr a)
Pucynok 1 — HopMasnbHble 1 KacaTellbHbIE HANIPSKEHUS, JEHCTBYIOLIUE B IAPOIPOBO/IE IPU
CJIO’KHOM HaNpsHKEHHOM COCTOSIHUHU: a - HapOIpOBOIHAs TpyOa U ee LWIMHIPUYECKHE

KOOpPJUHATHI; O - 3JIEMEHTapHbII CErMEHT, BbIPE3aHHbIN U3 apOIpPOBO/IA, U IEHCTBYIOIINE HA €T0
BUJUMBIX TPAaHUYHBIX IOBEPXHOCTAX HOPMAJILHBIE G U KAaCATEJIbHBIEC T HANPSKCHUS

B cooTBercTBUM € HUCIHONB3YEeMBIMH JIJISi TPSIMOJIMHEWHBIX YYacCTKOB TPYyO
HWIMHJIPUYECKUMU KOOpAWMHATAMU , Z, T NPUHATO pa3iudaTh TaHTCHIMAJIbHbBIC
(OKpYyXHBI€) G, aKCHUalibHble (OCEBBIE) G, W paJAHAIbHBIE G; HOPMAJIbHbBIC
HaMnpsHKEHUSL.

JleficTByrOoIME B MApOMPOBOJAX HANPSHKEHUS MPUHATO KJIACCU(PUIIUPOBATH T10
Harpy>karomum (pakropam, BbI3BABIINM UX MOSIBJICHUE.

Paznuyaror HampsikeHUsT OT BHYTPEHHErO JaBJICHUSA, OT CaMOKOMIICHCAIIMU
TEMIIEPATYPHBIX YJUIMHEHUW, OT BECOBOM HArpy3KH, OT BHENIHUX BO3IACHCTBUU
(BeTep mpu HaApYKHOW MPOKIAAKE), OT TUHAMUYECKOTO BO3AECHCTBHS MOTOKA Mapa
(mOCTUTAIOT 3HAYMTENILHONW BEJMYMHBI B BBIXJIOMHBIX TpyOax MpH cpabaTbIBaHUH
NpEeAOXPAaHUTENbHBIX KJIAllaHOB) U TeMIepaTypHble Harpsbkenus. [Ipu coBMecTHOM
JICUCTBUN Pa3IMYHbIC BUJIBI HAMPSHKEHUN alNreOpandecku CyMMHUPYIOTCS.

OnHOM U3 OCHOBHBIX COCTAaBIISIFOIIMX HAMPSKEHUI B NAPOMPOBOJAX CUUTACTCS
HaIpsHKEHWE OT BHYTPEHHETO JaBiieHus. [1o naBiaeHuto npu pacuerax Ha MPOYHOCTh
OmpenensaeTcsl TOJIIUHA CTeHKU mnaponpoBoaa [2]. Ilox nelicTBHEM BHYTPEHHETO
JABJICHUSI B AJIEMEHTApPHOM CETMEHTE TPYyObl B OKPYKHOM, OCEBOM M pPaJAHAIIBHOM
HaIpaBJICHUSX BOZHUKAIOT TOJbKO HOPMAJIbHBIC HATSHKEHUS.

Jns nmpumepa Ha pucyHke 2 [l] moka3zaHo pacmpeeneHHe COCTABISIONIUX
HaIpPsDKEHUM OT BHYTPEHHETO JABJICHMS IO TOJIIMHE CTEHKU TPYOBl AHMAMETPOM
377x70 MM Iipu BHYTpEHHEM AaBieHuu p = 25,5 Mlla.

Hanpspkenuss  oT  CaMOKOMIEHCAllMM  TEMIIEPATYPHBIX  yIJIMHEHUI
MaponpoBOJOB [2] CBs3aHBI C Y/UIMHEHUSIMU TpyO TMpPU HArpeBe, KOTOPBIM
MPENATCTBYET MEPTBOE 3aKPEIVIEHUE KOHIIOB, a HWHOrAA M  HEKOTOPBIX
MPOMEXKYTOUHBIX TOYEK TPACChl, YTO NPHUBOAUT K JedopMamusiM U K
BO3HMKHOBEHUIO M3THOAOMIMX W  KPYTAINMX MOMEHTOB. Harpy3ku oT
CaMOKOMIICHCAIIM TEMIIEpaTypHbIX VJIMHEHHWHM ¥ OT Beca TpyOoIpoBoaa
VYHUTHIBAIOTCS KaK JIOMOJIHUTENbHBIE Harpyxaromme (QakTopsl B TMOBEPOUYHBIX
pacyeTax maporpoBOJIOB Ha MPOYHOCTh MOCIE BHIOOPA MO BHYTPEHHEMY JIaBJICHUIO
TOJIILIMHBI CTEHKHU.
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Pucynok 2 — Pacnipenienenyie HalpspKeHUN OT BHYTPEHHETO IaBJICHUS 110 TOJIIMHE CTEHKU
TOJICTOCTEHHOM TPYOBI: I'y, T - HAPYKHBIN paanyc TpyObl U TEeKyIasl paauaibHas KOOpAUHATa

TemnepaTypHble HANPSKEHUSI B CTEHKE TPYOBbI BBI3BIBAIOTCS TJIABHBIM 00pa3oM
TEMIIEpAaTypHOH HEPAaBHOMEPHOCTHbIO B PaJUalIbHOM HANpaBJICHUH (11O TOJILIUHE
CTEHKH) B PEXHMMaxX MPOrpeBa WIM OXJIAXKICHUS, a TaKXKE B OKPYKHOM — MEXIY
BEPXOM M HU30M TPYOBI HA TOPU3OHTAIIBHBIX YYACTKaX MPH IUIOXOM JIPEHUPOBAHHH.
OHH y4YWTBHIBAIOTCS B MOBEPOYHBIX pacyeTax NApONPOBOJOB HA MAJIOLHUKIOBYIO
yCTaJOCTh B CIIy4a€ 4YacThIX IIyCKOB M OCTAHOBOB 3HEProOJIOKOB B YCIIOBHUSX
sKcIUTyaTanuu [1] 11st 060CHOBaHUS JOIYCTUMOCTH NMPUHATHIX PEXUMOB paObOTHI U3
YCIJIOBHS MCKJIIOYEHUS BO3MOYKHOI'O IOSIBJIEHUS TPELIMH B MECTaX KOHUEHTPALMH
HaIpsHKEHNUM.

Posib TeMIiepaTypHBIX HanpsHKEHUN B PA3BUTHM ITOBPEXKICHUN MapONpOBOJIOB
B WJUTIOCTPUPYETCS CIAEAYIOLIUM IIPUMEPOM.

Tak B [1] npu oOcnegoBaHUM MeTasuIa NapoIpPOBO/ia C MONEPEYHBIMU CBSI3IMHU
ot kotia TII-87 B MecTe coeAMHEHUs C MEPEKII0YATEIIbHOM MarucTpajibio ObLia
oOHapy>KeHa KOJIbLIEBAasl TpEUIMHA HAa HApY>XHOM MOBEPXHOCTH OAHOTO W3 IIIBOB
MIPUBAPKU JIMHEWHOW 3aJBWKKM KOTJIa K TapomnpoBoay ¢ 273x36 MM H3 cranu
[2XIM®. TpemuHa pa3BUBAIACh CHApPYXKHW IO TPAHULE 30HBI TEPMUYECKOTO
BIIMSHUS M OCHOBHOIO MeTajuia Ha TiyOuHy go 18 mm [1]. BOmusu Tpeuunsl
MMEJIOCh MHOYKECTBO MEXKPHUCTAJUINTHBIX HAJPBIBOB, CBUACTENBCTBYIOIIUX O
OONBIIIOM ypOBHE JACUCTBYIOIIMX HampspkeHuil. [lpum mopkmoueHnrn KoTia K
MEPEKITIOYATENBHON MaruCTpaiy NPOrpeB 3TOr0 y4acTKa MapornpoBoOAa NPOUCXOUIT
C HEJOMyCTUMO BBICOKOH ckopocThio (10 20 °C/muH), YTO OOBSCHIETCS
HEJIOCTaTOYHBIM €ro IPOTrPEeBOM B MNPEALIESCTBYIOIIUN IEPUOJ PACTOIKH KOTIIA,
KOT'/la JIMHEWHas 3aJIBUKKa ObLIa elle 3aKphITa.

TemnepaTypHasi HEpaBHOMEPHOCTh B OKPYKHOM HaIlpaBJICHUU HaO0JI0/1aeTCs
NPEUMYLIECTBEHHO Ha TOPU30HTAJIBHBIX YYacTKaX NapoNpOBOJOB M JOCTHUIAET
3HAUYUTENLHON BEJIMYMHBI TJABHBIM 00pa3oM B IMEpexoHbIX pexumax. OnHa
o0ycIoBlieHa HEPAaBHOMEPHOU o OKPY>KHOCTH TEIIO0TAAYEH OT
KOHJICHCUPYIOILIETOCsl MMapa K CTEHKE TPyObl M CBsi3aHAa CO CTEKAHHMEM ILJICHKU
KOHJIEHCaTa B HIDKHIOK 4YacTh TOPU30HTAJbHOM TpyOBbl MpU €€ MpOrpeBe c
o0pa3oBaHMEM Pyubsi KOHAEHcCaTa, ABUXKYILETOCS K TOYKE JpeHUpoBaHus. B »Tux
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YCIIOBHSIX TeMIIEpaTtypa BEpXHEH 4acTH TPyObl CTAHOBHUTCS OOJIbIE, YEM HIKHEH.
TeMmneparypHass HEpPaBHOMEPHOCTb B OKPYKHOM HAIlPaBJICHUH CYIIECTBEHHO
3aBUCHUT OT Kaue€CTBa JPEHUPOBAHUS MAPOIPOBOAA IIPU MPOrPEBE.
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Pucynok 3 — TemneparypHO€ 10J1€ 110 OKPYKHOCTH MTONEPEYHOIO CEYEHHUS IJIABHOTO
naponposoza kotiia tumna TI1-80 Ha TOpU30HTaIPHOM YyYacTKe IPU IPOTPEBE: a - 10
PEKOHCTPYKIMHU JApeHaxkeil; O - mocne pekoHcTpyKuun. L{uppamu y kpuBbx 0003HaUYEHO BpeMs OT
Hayajia nporpesa; a, 0, B, ... - TEpPMOIapbl y HAPYKHOW MOBEPXHOCTU CTEHKH MaporpoBo/Ia,
pacIoyio’keHre KOTOPBIX M0 OKPYKHOCTH TpyOBI OKa3aHo HaJ rpaduxamu; | - ycTaHOBUBIIMIACS
TeMIEepaTypHbIA PEKUM
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Tunuuneie rpaduku  pacmpeneneHuss TemmepaTryp 1O  OKPYKHOCTH
NapoNpOBOJHOIN TPyObl MPHU IIOXOM M NPU XOPOIIEM JPEHUPOBAHUU M300PaKEHBI
Ha pucyHke 3 [1].

Kaxk BUIHO, IIpH IIJIOXOM JPEHUPOBAHNN PA3HOCTh TEMIIEPATYP MEXKIY BEPXOM
¥ HHA30M [apoIpoBOJa B mpolecce mporpesa Bo3pacrana 1o 60 °C, npu xopomem —
He npeBbimana 25 °C.

3akiouenue

TemneparypHass HEpaBHOMEPHOCTb B  pPAaJHaJILHOM M B  OKPYXHOM
HAIpPAaBIICHUSAX UTPAET HauboJiee CYIIECTBEHHYIO POJIb B PA3BUTHUU TEMIIEPATyPHBIX
HaIlpsDKEHUM B mapornpoBogax. i orpaHMyeHus TeMIIEpaTypHBIX HaNpsKEHUN
pErlaMeHTUPYETCSl CPEHSs CKOPOCTh MPOrpeBa MapoIpOBOJOB 3HAYEHUSIMU OT 5
a0 1 °C /MuH B 3aBUCHMOCTH OT HapaMeTpOB Mapa, MapKu CTajd U psaa APYTrUx
(bakTOpOB, a TaKkKe XOpoIllee APEHUPOBAHUE TPYOOITPOBOIOB.
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UCCIIeIOBaHUM MPoOIeM TPOMBITIIEHHON O6e3omacHocTy, 2010. — 344 c.
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AHHOmayua: 6 OaHHOU Ccmamve pPacCMampuaromcs  KOHCMPYKYUU
yupkyrayuonHolx Hacocog paspabomrku OAO «HIIO LHKTH» u ¢upmer Hayward
Tyler. Taxoice nposooumcsi CpaGHUMENbHBIU — AHAIU3  XAPAKMEPUCUK U
KOHCIMPYKYUU HACOCO8 HA NpuMepe ux IKCHIYamayuu 8 cocmage 060py008anus.
KOJIMoazpe2amos c8epxXKpUmMu4ecko20 0aeieHus.

Abstract: this article discusses the designs of circulation pumps developed by
JSC «SPA TcKTl» and Hayward Tyler. A comparative analysis of the
characteristics and design of pumps is also carried out on the example of their
operation as part of the equipment of supercritical pressure cooling units.

Kntouesvie  cnoea:  Hacoc — peyupkyiayuu, — 2epMemUuHbl  HACOC,
ceepxKpumuieckue napamempwvl, 2uOpomypOoOHAcoc, NEeKMPOHACOC, MeNosble
IleKmpudecKue Cmanyuu.

Keyworlds: recirculation pump, power plant, electrically driven pum, hydro-
turbine driven pump, glandless pump, supercritical parametrs.

Bsenenne

B nacTosiniee BpeMs B KOTEIBHBIX arperatax CBEpXKpUTUUYECKOrO JaBJIEHUS B
CHUCTEME PELMPKYJISIIIUU paboueid cpeibl MPUMEHSIOT TePMETUYHBIC 3JIEKTPOHACOCHI.
OTcyTCTBHE OTEYECTBEHHBIX JICKTPOHACOCOB HA YKa3aHHBIE MapaMeTpbl BHIHYIUIIO
npuMeHsaTh Ha Kotrioarperarax TI'MII - 344 wnacockl peuMpKynsiuu padouei
cpenbl nHOCcTpaHHbIX pupm KSB n Hayward Tyler.

OcHoBHasl yacTh

Oco0eHHOCThIO KOHCTPYKIIMM WHOCTPAHHBIX HACOCOB SBJISIETCS OTCYTCTBUE
YIUIOTHEHUN MEXK]Iy HACOCOM U MPUBOJIHBIM 3JICKTPOJIBUTATENIEM, UX pa3MEIIeHUE B
€IMHOM KOpIyce C OOIMM BaJOM M TMOAIIUITHUKAMHA HAcoca W TMPUBOJIHOTO
ANEKTpoABUTATENS. J[7I1 KOMIIEHCAlMM Pa3HHIBI MEXKIY TeMIlepaTypor pabdodeit
cpeasl (okoisio 400°C) u makcumanbHON TemnepaTypoi anektpoasurarens (80°C) B
KOHCTPYKITUU TIPETYCMOTPEH TepMoOapbep M BHEITHUHN TETUIOOOMEHHUK ISl OTBOJIA
TeIia U3 00JacTH dIeKTpoaBuraTes [3].

OcHOBHBIMH TTPOOJIEMaMU TTPOCKTUPOBAHUS U IKCIUTyaTallud TAKUX HACOCHBIX
arperaToB SIBJISIFOTCSI:

1) obecnieueHre HaEKHOCTH U TEPMETUYHOCTH KOPITyCca HaCOCHOIO arperara,
paboTapiiero B YCIOBHUSIX C OOJBIION pPa3HOCTBIO TeMmmeparyp B 00JacTu
ANEKTPOABUTATENSL U HACOCA;
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2) co3mgaHue SJEKTPONPHBOJA C «MOKPBIM» CTaTOpOM, pabOTaIOIUM MpU
0OJIBIIIOM BHEITHEM JaBjieHUH Ha oOMoTKe (okoiio 40 kI1a).

Tak xe K HemocTaTKaM MO>XHO OTHECTH TOT (PaKT, YTO MPU OTHOCUTEIHHO
HeOoubIiol MorHocTH (okoio 500 kBT) HacocHbI arperaT umeer OOJbIINE
rabapuThl U Bec (pa3Mepbl okoJio 4x1x1 M, Bec arperata okojio 16 T); «MOKpBIH»
cratop oOycnapmuBaer Huzkuii KIIJ[ arperara (KIIJI ¢ yderom 3aTpaT Ha
oxJaxxaeHnue e oomnee 59%).

Hupkynsumonnsii Hacoc ¢upmbl Hayward Tyler mpencraBnser u3 cebs
arperaT, COCTOAIIMKA M3 JBYX OCHOBHBIX Y3JIOB — Hacoca W 3IJIEKTPOIBUTATEII
(pucynok 1). OTH y371bl pacmoyiOKEHbl HA OJHOM Baly, YTO OOYCJIaBIMBAET
HEKOTOpbIE OCOOCHHOCTH KOHCTPYKITHH:

1. 3anoyiHEHUE KOpITyca ABUTATENs BOJAOW MO JABJICHUE BHIIIE JTaBICHUS
nepekaunBaemoit cpenbl (40 klla).

2. Hanuuue y anextpoaBuratesnsi COOCTBEHHOTO TEIJIOOOMEHHUKA.

3. Hanmuume  TemnoOaprepa  u3-3a  OONBIIONW — pa3HUIBI  MEXITY

TEMIIEpaTypoOr  TEPEKayMBaeMOM Cpelabl M MAKCUMAIBHOW  JOMYCTUMOM
TEMIIEPaTypPhl SIEKTPOIBUTATEIIS.

4. Hanuume B Kkopmyce »iekTpoaBurarens paboyero koseca s
MIPOKAYKH OXJIAXKIAOLIEH BOJBL.
3. Bonbiime reomerpuueckue pasmMepsl U OOJIBIION BEC.

Pucynok 1 - Hupkynsaunonusiii Hacoc ¢pupmsl Hayward Tyler:
1 - MmecTo pabouero kozeca; 2 - BXOJJHOW NaTpy0oK; 3 - BEIXOIHOU NaTpyOoK; 4 -
Tertodapbep; 5 - HacOC M paauaIbHbIN MOIIIUITHUK; 6 — TETNIOOOMEHHUK; 7 — CTaTOp; 8 — pOTOp;
9 — ynopHo-paauanbHbli noAMUNHUK; 10 - 3neKTprudeckas Kopooka
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OnbIT 3KCIUTyaTallud TMOKa3ajl HEBBICOKYIO SKCIUTyaTallMOHHYIO HAJI€KHOCTb
TFePMETHYHBIX 3JIEKTPOHACOCOB M CIOCOOCTBOBAN pa3pabOTKE W TMOUCKY HOBBIX
WHKCHEPHBIX  PEHIeHW B CO3JaHUM  [UPKYJISLIMOHHBIX  HACOCOB  JUIS
KOTJIOArperaTos.

AHanmu3 TeIJIOBOM CXEeMbl JHEProdJioKa CBEPXKPUTHUUYECKOTO JaBJICHUS
MOKA3bIBAET TIEPCIEKTUBY  HUCIOJB30BAHUSA  IUPKYJSAIMOHHBIX  HACOCOB  C
TUAPOTYPOMHHBIM  TMPUBOJAOM, KaK C TOYKM 3pEHHS CO3/JaHHMs HAaCcOCOB
pPEIUPKYJIAIIN pabodeil cpepl, Tak u 00ecIeueHns uX HaJAS)KHONW pabOThl BO BCEM
JMana3oHe Harpy30K KOTJa.

PI'TH npencraBnsieTr co0oil TepMETHUYHBIN arperat (pUCYHOK 2), KOPITYC
KOTOPOTO BBITIOJHEH M3 TETUIOCTOMKOW CTaau ¢ OJHUM (DIIAHIIEBBIM Pa3bEMOM
BBICOKOTO JaBiieHus. Kopiyc nMmeeT maTpyOku OIBOJIa U OTBOJIA TMIEpEKaYnBaCMOM
Cpedbl U MUTATEIBLHON BOJBI K THAPOTYpPOUHE, KpEMSAIUecs MOCPEACTBOM CBAPKH K
COOTBETCTBYIOIUM TpyOompoBogam. Porop arperata mmeeT oOmuii Baja Hacoca H
MPUBOJAHON THAPOTYPOMHBI, HA KOTOPOM YCTaHOBJIEHBI pabouee KOJECO Hacoca,
BTYJIKM TIOJIIMITHUKOB, YEThIpe padouMXx KoJieca NPHUBOJHON TUIAPOTYPOUHBI.
Cratop arperata CcOCTOMT U3 KOH(]y30pa, JOMATOYHOrO OTBOJA HAacoca,
HaIpaBJISIONIMX anmapatoB TypouHsl. CTaTop U poTOp OO0BEIUHEHBI B MOHTAKHYIO
4acTh — BHYTPEHHUH KOpIyC arperata, KOTOpbIH 3adUKCHUPOBaH B KOpITyCe
HaKUMHBIM KOJIBIIOM U YIUIOTHEH KJIMHOBON METaUIMYECKON MPOKIIAIKOM.
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Pucynoxk 2 — Hacochsrit arperar PI'TH:
1 - xopmyc; 2 - BXoHO# KoH(Dy30p; 3 - Kojeco Hacoca; 4 - anmapaT Hacoca; 5 - MOALIUITHUK
BEpPXHUH; 6 - Koseco TypOuHbI; 7 - annapar TypOUHbI; 8 - IPOKJIaaKa; 9 - KIMHOBas
npokaaka; 10 - mogmmnHuK HUKHUK; 11 - Kopryc nogmunymka; 12 - Ha)KHMHOE KOJIBLIO.
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OcHoBubie xapaktepuctuku Hacoca tuna PI'TH 1000-150 mpencrtaBiensl B
tabmure 1.

Tabmuma 1 — Xapakrepuctuku PI'TH 1000-150

65

HanmenoBanue napamerpa 3HayeHue
[Togaua Hacoca, M>/4 1000
Hanop nacoca, m 150
JlaBiieHue Ha BXoJ€e B Hacoc, krc/cm? MIla 1o 400
Temnepatypa nepekaunBaeMoit cpeasbl, °C 10 410
Hanop, cpabaTsiBaeMblii MPUBOJAHON TMAPOTYPOUHON, M 1o 2200

Pacxon nutarenbHOM BOJIBI HA MPUBOJHYIO TUIPOTYpOUHy, T/4; | 10 110

Temneparypa  nuTareqpbHOM  BOABI  Ha  NpuBOAHYHO| 170
ruapoTypouny, °C

KIIJI nacoca, % 0,85

KIIJI npuBoHO#M ruapoTypOUHBI, % 0,6

Macca arperara, Kr 2500
["aGapuTHbIE pa3mMepsbl, M 1,5x0,7x0,7

BnepBele B TPAKTUKE SHEPrOMALIMHOCTPOCHUS CHCTEMA PEUUPKYISILIUU
paboueil cpeapl ¢ HACOCOM C THAPOTYpOMHHBIM HPUBOAOM ObUIa peaTu30BaHa
OAO «HITO IKTHW» na sueprodsoke 300 MBt Kupuickoit I'POC (koten TI'MII -
324) [4]. Peuupkymsauuonnsii ruaporypoonacoc (PI'TH) — ueHTpoOexHbIH,
BBICOKOM  OBICTPOXOJHOCTH, MPUBOJHAs  TUAPOTYpOMHA —  paauaibHasd,
yeThlpexcryrnenyatas. [logmunHukyn arperara — THAPOCTATHYECKUE, BEPXHUN —
paavanbHbIi, HUKHUN — paauaibHO-ynopHbIM. Pabouas cpega MOJUIMIHUKOB —
nuTaTelabHass BOJAA, NPOXONAIIAs JOMOJIHUTENBbHYI0 OYHMCTKY B (uibTpax
TUAPOLMKIOHHOTO THUIIA.

[Tapametpsr PI'TH 1000-150 COOTBETCTBYIOT aHaJOTMYHBIM IapamMeTpam
paHee MCHOJIb3yeMbIX IUPKYISIUOHHBIX 3ekTpoHacocoB ¢upm KSB u Hayward
Tyler. B Tabmume 2  mpeacraBieHa  CpaBHUTENbHAs — XapaKTEPUCTHKA
AJIEKTPOHACOCOB M HACOCOB C TUAPOTYPOUHHBIM MPUBOIOM.

Tabnuua 2 — CpaBHUTENIbHAs TabJIMIA TAPAMETPOB HACOCOB

Hacockl PT'TH 1000-150 Hayward Tyler
[Togaua Hacoca, M>/4 1000 1000
Hanop, m 150 150
Pacxon oxnaxkgarorie BOJIBI - 40
B TEINIOOOMEHHUKE, T/4
CymMmmapHasi MOITHOCTb, KBT 415 440
KIII, % 0,85 0,82
KIIJI npuBoga, % 0,6 0,59
I"abGapuTHbIC pa3Mepsl, M 1,5x0,7x0,7 3,5x0,8x0,8
Bec arperara, kr 2500 16000
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CpaBHHTENbHAsA XapaKTEPUCTUKA 3aBUCUMOCTH NMPOU3BOAUTENBHOCTH, HAIopa

1 000pOTOB BpaleHUs! JIEKTPOHACOCOB U HACOCOB C THAPOTYPOUMHHBIM MPUBOOM
Ipe/CcTaBlieHa Ha PUCYHKE 3.
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Pucynoxk 3 — XapakTepucTuku Hacoca pelupKyISIIUN CPE/IbL:
PI'TH 1000-150

——— s = OJ€KTpOHAcOC GupMel Hayward Tyler

CxeMa BKJIIOYEHHS [IUPKYJSLHUOHHOTO HAcOCa B TEIIOBYIO CXEMY SHEPro0yioka
MpEe/ACTaBICHa Ha pucyHke 4. BriroyeHue ruapoTypOMHHOrO IpHuBoAa (Ha KOTIIE
YCTaHOBJICHO JIBa Hacoca — paOO4Mil U Pe3epBHBIN) BBINOJHEHO IO 3aMKHYTOMY
KOHTYpy: Aea’parop (1) — OycrepHblidi M mnuUTaTenabHBIM Hacoc (2, 3) —
ruapotypounuslii npusog PI'TH 1000-150 — geaspatop (1). Hacoc peuupkyssiiuu
(11) ycranoBnen mexay cmecutesieM (7), B KOTOPbIA MOCTyNaeT MUTaTeIbHAs BOJA
u pabouas cpena nocie HPY (8) u BPY (9) xoTia.

10

IIpuBoanas
TypOuHA

Pucynox 4 — Cxema sruntouenust PI'TH 1000-150 B reroByro cxemy sHeproosioka TOC:
1 - measpatop; 2 - OycTepHBI HAcOC; 3 - MUTATENbHBINA Hacoc; 4 - [IB/]; 5 - perymstop nutanus KoTia; 6 -
9KOHOMaiizep; 7 - cmecutens; 8§ - HPY; 9 - BPY; 10 - BcTpoeHHas 3aJBUXKKA;
11 - PT'TH 1000-150; 12 - Tpy6onpoBox perupkyisiunu 32 HPY; 13 - tpybonpoBon penupkysinun 3a BPY;
14 - dunbTp; 15 - 3aaBHKKa CHUIIOBOM BOJBI; 16 - perynupyronmii kianad; 17 - kiamnad BoJIbl Ha IIOANIMITHUKY.
Perynupytomuii knanan (16) Ha TpyOonpoBo/ie 0TBOJA NUTATENLHON BOABI MOCIIE THIPOTYPONHHOTO NPUBOAA
MO3BOJISIET PETYIHPOBATh MMapaMeTPhl Hacoca PEIUPKYIIAINHN padoueii cpeasl u3MeHeHneM JacToThl BpameHus PI' TH
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B xotnoarperare npsMOTOYHOTO THUMA, IUPKYISIUOHHBIE HACOCHI BKIIFOUEHBI B
CUCTEMY KOMOMHUPOBAHHON IIUPKYJIAIINH, pa0OTAIONIYIO MPHU MTyCKE U HArpy3Kax /10
40%. B Tteuenue Oonee 10 neT mNPOBOJAMIACH KOHTPOJIbHASI JKCILUTyaTalus
rUAPOTYpOOHACOCOB, TMOJATBEPAMBINAS  BBICOKMH  YPOBEHb  KOHCTPYKTHBHOM
HAJE)KHOCTH.

3akioueHue

B pesynbraTe aHanmza ONBITHOM SKCIUTyaTalldd MO>KHO CIENaTh BBIBOJ, UTO
CUCTEMA PEIMPKYISAIMN pabodeil cpeabl C HACOCOM C THAPOTYPOUHHBIM MPUBOIOM
OAO «HITO IUKTW» na sueproonoke 300 MBT Kupumickoit [ POC (koten TI'MIT -
324) nokazana cieIyrONMe NPEeHMMYLIECTBa JAHHOTO HAcoca IO CPaBHEHUIO C
MHOCTPAHHBIMU HACOCAMU C «MOKPBIMY» CTaTOPOM:

1. BrIcokas skcIuryaTaniMOHHasi HaJeKHOCTb.

2. Masbie rabapuThbl, 10 CPABHEHUIO C UMIIOPTHBIMU HACOCAMU.

3. bonpmioli  MEXpPEMOHTHBIM  IEPUON B CIEACTBUU  IIPOCTOTHI
KOHCTPYKLUU.

4. OTIMYHBIE IOKA3ATENN PETYINPOBAHUS.

5. MeHpImass CTOMMOCT PEMOHTA M JKCILIyaTallMM II0 CPABHEHUIO C
UMITOPTHBIMU HACOCaMH.

6. AKTyaJIbHOCTh JaJIbHEHIIMX pPa3pabOTOK B cdepe MPOEKTUPOBAHMS
HAcOCOB C TUAPOTYPOUHHBIM IIPUBOJIOM.

Jlureparypa

l. Co3nanne  HAcocOoB €  TUAPOTYpPOMHHBIM  MPUBOAOM s
sHeprerunyeckux yctanoBok / Tpynel LIKTH, Beimyck 213, Jlenunrpan, 1984.

2. Hydraulic turbine-driven boiler circulation pump [DneKTpOHHBII
pecypc] / EPRI, 1995. — Jlara noctyna: 21.02.2022.

3. Boiler circulating pumps for fluidized bed boilers [DnexkTponHbIi
pecypc] / Hayward Tyler, 1983. — Jlata noctyna: 05.04.2022.

4. Field testing of the hydraulic turbine-driven boiler circulation pump at

the southern power plant, LENENERGO in St. Petersburg, Russia [ DnekTpoHHBIN
pecypc] / Joseph Technology Corporation, Inc., 1995. — Jlata noctyna: 25.03.2022.
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VK 658.264
OB D®PEKTUBHOCTHU IPUMEHEHMUS YJIbTPA3BYKOBOU
OYUCTKHU JIA TEIINIOOBMEHHOI'O OBOPYJIOBAHUA
ON THE EFFICIENCY OF USE OF ULTRASONIC CLEANING FOR
HEAT-EXCHANGE EQUIPMENT

M. /. CeiTas
Hayunslii pykoBogutens — JI.A. TapaceBud, K.T.H., TOUEHT
benopyccknilt HaMOHAIBHBINA TEXHUYECKUN YHUBEPCUTET
r. Munck, Pecriyonmka benapych
leo07@tut.by
M. Sytaya
Supervisor — L. Tarasevich, Candidate of Technical Sciences, Docent
Belarusian national technical university, Minsk, Belarus

AHHOmMayua: 6 cmamve paccmMampuearomcs 3QhekmusHocms npUMeHeHUs.
VIbMPA38YKOBOU OUUCHKU MENT00OMEHH020 000PYO008aAHUSL.

Abstract: the article discusses the effectiveness of ultrasonic cleaning of heat
exchange equipment.

Kntoueswvie cnoea: ynompaszeykosas ouucmra, meniooomenHoe obopyoosanue.

Keywords: ultrasonic cleaning, heat exchange equipment.

Bsenenue

Ha sHepreTrueckux npeanpusaTUsAX HAIUIA NIPUMEHEHHE O0JbIIOe KOJIUYECTBO
TEIUIO0OOMEHHOT0 000py/A0BaHuUs, pabOTAalOIIEr0 Ha pa3HbIX MapaMeTpax U IpHU
pa3HBIX TeMIieparypax. B xadectBe pabouux cpel B TEINIOOOMEHHBIX YCTaHOBKaxX
UCTIOJb3YIOT BJIQXHBIM Map, CETEBYID W MOANUTOYHYIO BOAY. D(PPEKTUBHOCTDH
paboThl 000PYAOBaHUS HAMIPSIMYIO 3aBUCUT OT 3arpsi3HEHUs] TOBEPXHOCTEN Harpena,
TaK KaK OHU CHIKAIT KOA(Q(QUIMEHT TeIlJIonepeaayd M3 YEero BbITEKaeT
YBEJIMYEHHE pacxo/1a TeIa.

OcHoBHasl YacTh

XapakTep  3arpsi3HEHUM  TEIIOOOMEHHOrO  O0OpYyJOBaHHME  3aBUCHUT
UCIIOJIb3yEMOr0 TUMA TEIUIOHOCHTENEH B JABYX KOHTypax (Tperomuid Hu
HarpeBaeMblii).

KonmuyectBo Temia (J, KOTOpoe TMepenaercs OT TIPEIoIIero KOHTypa K
HarpeBaeMoMy MO>KHO HalTH 1O opMyIie:

O=k*F*At,

rae:k - Koo PUIUEHT TeIIonepeIayn, Bm/ (M’ *°C);

F - TemniepatypHbIi Hanop, °C;

Af - TTOAh TIOBEPXHOCTh TEINTIOOOMEHA, 1.

B3anMocBs3p Mexay Kod(DPUITMEHTOM TEIIONPOBOAHOCTA MaTepuana CTCHKU
u  Kod(PUIMEHTOM TEmIoOTHayu CJos 3arps3HeHuidt ¢ KodhuimeHTon
TETJIONEePEavn BHIPAKACTCS YPABHCHUEM:
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1
k= 1 d-d, ,d,6 o .,d +2%5 1
4 6H %k " 6H ‘I‘i* H + ’
al }i'cm dcp 2’3 dcp.3 a2

I€ - KOA(D(PUIMEHT TEemIo0TAaud BHYTPU TEIUIOOOMEHHOM TpYOBI,
Bmf(x**°C);

a,- KOXPQUIUEHT TEIJIOOTAAUM CHApYyXH TEIJIOOOMEHHONM  TpyOBl,
Bmf(m**°C);

d,, - BHyTPEHHUIA THaMeTP TEILIOOOMEHHOM TPyObI, M ;

d, - HApyHBII THAMETPBI TEIIIOOOMEHHOM TPYObI, M

d, - cpemHuil AnaMeTp TeTI000MEHHOI TpyOBI, M ;

d,,- CPEIHUI TUaMETp CIIOS 3aTPSA3HEHUH, M ;

S - TOJIIMHA CJIOA 3arpsI3HEHUM, M ;

A - KOO(QOULUEHT TEIIIONPOBOAHOCT MaTepUajia TEILIOOOMEHHBIX TPYO,
Bmf(n *°C);

2, - K03 PULHEHT TEILIONPOBORHOCTH 3arpsi3uenuii, Bm/(n *°C)

Tak e AaHHYyI0 (OPMYITy MOKHO MPEACTABUTH B CIEAYIOLIEM BU/IE:

1
R+R, +R +R,>

k=

rae: R -repMudeckoe COMPOTUBIIEHHUE CO CTOPOHBI BHYTPEHHEH CTEHKH TPYOHI;
R, -TepMHYECKO€E COMPOTUBICHUE MaTepraa CTEHKH TPyOB;
R, -TepMuyeckoe COMPOTUBIICHHUE CIIOS 3arPSI3HEHUIA;

R, -repMuueckoe CONPOTHUBIIEHUE CO CTOPOHBI HAPYKHOM CTEHKU TPYOHI.

[Ipyn pa3nuyHON TONIMHE 3arpsi3HEHUN OBLIM TPOM3BENEHBI pacyeThl €&
BIUSHUA Ha KO3 PUIIMEHT Termionepenayu. Pe3yabTaThl CBeIEHbI B TA0JIUILY.

Pe3ynbraTel pacyeToB MOATBEPKIAIOT BBIMIECKA3aHHOE O TOM, 4YTO IIPH
YBEJIMYEHUU TOJIIMHBI 3arpsi3HEHUST KOOPPUIIMEHT TEIUIoNepe1aun MaacT.

SIpKUM TIpUMEPOM SIBIISETCS CHIDKEHUS KoddduimenTa Ha 45% npu ToimuHe
3arps3HeHuil Bcero 1.5 mm.

[lepeiinem Kk cpeacTBaM OYMUCTKM ToOBepxHOCTeW. OmHuM wu3 Hambolee
3¢ (EeKTUBHBIX SABJSETCS YAbTpa3ByKoBas 4McTKa. [IpuHIuN AecTBUS 3aKIII0YaeTCs
B HCIOJb30BAHUU KOJICOAHUN YIBTPAa3BYKOBOM YacTOThI U MEpeaaue UX OOBEKTY
Opy MOMOIIM MAarHUTOCTPUKLUMOHHOTO IMpeoOpazoBarenisi, KOTOPbIA 3aKperuiseTcs
CII0COOOM MPUBAPKH K KPBIIIKE TEMIIOOOMEHHOTO YCTPOMUCTBA WU TPYOHOU JTOCKE.

JIaHHBIN METOJ MEPBOHAYAIBHO MCIOJIB30BAIICA JJIsl OYUCTKHU MOJOTpeBaTENen
Ma3yTa. MarHuTOCTPUKLIMOHHBIE  yCTpOWMCTBA  JJIsi  MOJOIpeBa  MaszyTa
NPUCOEAUHSAIOT K TMEpeJHEd KpBhIIIKE C TMOMOLIbI0 cBapku. Jlajee naHHbIE
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mpeoOpa3oBaTenu  COCAWHSIOT ¢ TpyOHOW  mockoil. HarpeB  BemiecTBa
OCYUIECTBJISUICS MApOM C YCTAHOBJICHHBIMHU Mapamerpamu: napieHue — 0,6 Mma,
temriepatypa — 170 rpagycoB Ilenbcusi. Uuctka ocyuiecTBisiiach OJUH pa3 B
nosirosia. /Io Hayana MCHOJIb30BaHUSI PACCMATPUBAEMOIO METOJIA YMCTKH PAacXoj
napa Ha nojorpeB coctaBiisil 0,122 ToHHBI. [ cpaBHEHUS, MIPU UCTIOIB30BAHUU
YUCTKH pacxoj cokpaTuics Ha 45%.

Tabmuuma 1 — PesympraTel pacyera BIUSHHS TOJNIIMHBI CTEHKH Ha KOX(PQPHUIMEHT
TEeIuIoNepe1aun

a,, S=0 | =01 | §=030m | §=050mm| §=1.00n | S=1.501mu A

B::n Bm
REec k. k. k. k. k. k. LS

Bm Bm Bm Bm Bm Bm
MEC| AtEC A EC ArE°C Ar*°C AL *°C

290 276.1 223.9 160.1 120.6 77.5 55.7 0.12

174 | 170.5 148.5 118.3 94.6 65.8 49.9

58 56.8 54.5 49.9 45.2 37.1 31.3

290 276.1 244.6 200.1 167 121.5 92.8 0.23

174 | 170.5 157.5 136.9 120.6 94 76.1

58 56.8 56.0 52.2 55.6 45.4 40.5

290 276.1 256.4 223.9 197.2 149.6 118.3 0.35

174 | 170.5 162.4 148.5 136.9 112.5 94

58 56.8 56.8 54.5 52.9 48.7 45.2

290 276.1 261 303.9 211 168.2 139.2 0.46

174 | 170.5 164.7 154.3 143.8 121.8 105.6

58 56.8 55.7 55.3 53.9 50.6 47.6

3akioueHue

[TogBons uTOTH, MOKEM CJielaTh BBIBOJ, UYTO MPUMEHEHHE YIbTPa3BYKOBOM
YUCTKA Ha TEIUIOOOMEHHOM OOOpYJOBaHUM YIYUIIMIO €ro ¢U3HYecKUue W
HAKOHOMHUYECKHE TTapaMeTphI.

Jlureparypa
1. CHwkeHue »sHeproszarpar Ha HedremepepabaThIBarONMX 3aBogax /
N.T. barupos, .M. Kappam. — M.: Xumus, 1972.
2. VYapTpa3BykoBasi ouncTKa [DIEKTPOHHBIA pecypc]| / YapTpa3zBykoBas

yuctka. — Pexxum pocrymna: http://www.electrolibrary.info / newtechnolog/17-
ultrazvukovay-ochistka-poverhnostey.html/. — lata noctyma: 25.04.2022.
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VK 621.647.4
OBIIAS XAPAKTEPUCTUKA UCITAPUTEJIEA MTHOBEHHOT'O
BCKMITAHUA
GENERAL CHARACTERISTICS EVAPORATORS INSTANT
BOILING

A.M. IlnoTHHUKOBa
Hayunsiit pykoBoautens — E.B. [IpoHkeBuy, crapmmii mpenogaBaTeib
benopyccknii HaMOHAIBHBIN TEXHUYECKUM YHUBEPCUTET,
r. Munck, Pecriyonka benapychb

pronkevichAV@mail.ru

A. Plotnikava
Supervisor — E. Pronkevich, Senior Lecturer
Belarusian technical university, Minsk, Belarus

Annomayun: 6 O0anHOU pabome NpeOCMAsIeHa KOHCMPYKYUs ucnapumenetll
MCHOBEHHO20 BCKUNAHUA, NPUHYUN pabdomvl U OCHOBHbIE XAPAKMEPUCTUKU.
ObvacHaemcs npeumyujecmso npumeHenus maxkux ycmaunoeok na TOL], maxoice
nepevucieHbl KayecmeeHHvle 0COOEHHOCMU NPUBEOeHHO20 6 Cmambve annapama
MUNa MCHOBEHHO20 BCKUNAHUSL.

Abstract: this paper presents the design of flash evaporators, the principle of
operation and the main characteristics. The advantage of using such installations at
thermal power plants is explained, and the qualitative features of the apparatus of
the instantaneous boiling type given in the article are also listed.

Kntoueswvie cnoea: ucnapumenu, nap, 600a, CmyneHv, CeKyus.

Keywords: evaporators, steam, water, stage, section.

Bsenenne

B HbIHENIHEE BpeMs OT€UECTBEHHAsI SHEPTeTUKA 3aHUMAETCSl 00ECCOIMBaHUEM
BOJABI JBYMsI CIOCOOAMHU: XMMHYECKUM MU OOpaTHOro ocmoca. J[aHHBIE METOIbI
MMEIOT MHOTO HEJOCTAaTKOB MJI TOr0, YTOObl MPUOETHYTh K aJbTEPHATUBHOMY
METOAY, KOTOPbIN Ha3bIBAETCS TEPMUUYECKUM CIOCOOOM obecconuBanus. [loatomy B
0oCHOBHOM Ha TJIl ncnonap3yroTcs HcnapuTean NOBEPXHOCTHOTO TUIA, HO Hanbosee
SKOHOMHMYHBIM BapUaHTOM CUMTAIOTCSl allapaTbl BaKyyMHOHW TEpMHUYECKOMN
MOATOTOBKM BOJbI. K 3THMM yCTaHOBKaM MOKHO TMPUYUCIUTH TOJIOTPEeBATEIN
MrHoBeHHOTro Beckumanus (MIMB).

Kpome HuxX Takke MpUMEHSIOTCS UCHAPUTEIN C BBIHECEHHON 30HOW KUIICHMS
— 3TO alaparkl, B MOJ0TPEBAIOIINX KaMepaX KOTOPBIX, BOAA TPEETCS TOJIBKO J10
TOW TeMIiepaTypbl, 4To ONM3UTCA K Temmeparype HacobimeHus. B IMB xe map
BO3HUKAET MPHU BCKUIIAHUM BOJbI, KOTOpAsl 3apaHee HarpeBaeTcs A0 TeMIEpaTyphl,
MMEIOIIe HEMHOro OOJbIlle TPaaycoB, YeM TeMIlepaTypa HACBIIICHHS, YTO
COOTHOCHTCS C IaBJICHHEM B CEKIIMHU, 00Opa3yrolei nap, Ky/ia momnaaaet Boja.

Bbonee noapoOHO yaennm BHUMaHUE UCTIAPUTEISIM MTHOBEHHOTO BCKUTIAHMUS.

OcHoBHasl yacThb

Hcnaputenr MTrHOBEHHOTO BCKHIIAHUSI TOJOTPEBaeT MUTATEIbHYIO BOJAY B
CUCTEME pereHepaluu, a TaKXe CIY>KUT JJs MPOU3BOJACTBA BOJbI 0€3 coseit
BBICOKOTr0 KauecTBa (comep:kanne Na* menbine 20 MKr/am3).
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NUMB sBasiercss OIHOCTYNEHYATHIM, JUOO MHOTOCTYIIEHYAThIM amnmnapaToM.
Jlaxke He3aBUCUMO OT OOJIBILIOTO KOJIMYECTBA CTYIEHEH, YCTPOMUCTBO OTHOCUTEIHHO
MaJibIX pa3mepoB, Hanpumep, UMB 50-16 umeer rabaputsl 7x6,8x5.

MHOroCTyneH4aToCTh ONPEAEsAET NOBBIIEHHYI SKOHOMUYHOCT UMB: Ha 1
TOHHY IIPOM3BOJUMON oOeccojieHHor Bojabl HyX)HO 0,1-0,125 ToHHBI mapa Ha
nojporpes. Mcnaputenu padotator B nuamnazone temneparyp 40-100°C, moatomy
Uit uX (QYHKIMOHUpOBaHUs XBaTaeT mapa jasieHueM 0,12 MIla. OtHocUTENnbHO
MaJICHbKUM pacXoj] TPEIOIIEro napa U HEBBICOKHE MapaMeTphl Aal0T BO3MOXKHOCTb
WCIIOJIB30BaTh HCHApUTENh 0€3 MOoTepH Ha Temio. Tak B HIDKHHE CTYICHH
HCTIApUTEII MYCKAIOT MEPBOHAYAIBHYIO BOAY IS TMOBBIIICHUS €€ TeMIepaTyphl,
9TOOBI BITOCJICACTBHHM OHA TpOIUIa OYMCTKY. B Takom Bapmante B mukia TOI]
BEPHETCS BCE TO TEILIO, YTO BBIJEIWIOCH C MOMOIIBIO TPEIOIIEro Mapa.

HUcnaputenn MrHOBEHHOTO BCKHUIAHUS B CBOEM paboTe dalie BCEro
UCIIOJIB3YIOT «CBIPYIO» BOJYy C 3aTpaBKOM WU BOJYy, KOTopas oOpabarbiBaeTcs
criocobom nojakucienus. [pumensisi 001ery€HHbIi MEeTO ] 00ECCOMMBAaHMSI BOJIBI Ha
NUTAaHUE, 3arpsi3HEHHE HAKUIbI0O B OOBEMax HarpeBa HE MPOUCXOAUT TIPH
Temneparypax Bojasl mpuMepHo 120 °C, T. €. B ciiyyae HE NPEBBIIICHUS JABJICHUS B
nepBoHavyanbHOM ctynenu 0,2 Mna.

B HUMB o0BbeM TreHepupyeMoro BTOPHUYHOIO Tapa U JUCTWILUIATA HE
00yCIIaBIMBAETCSl KOJIMYECTBOM CTYIIEHEW U OIpeAesseTcs Mo OOMbIIe 4acTH OT
pacxojia UMPKyJISIMOHHON BOJIbI Gy, W Tiepenaza TeMreparyp Aty (pasHULA MEXITY
TEMIIEpATypor ty, WU TeMIepaTypol HACBIIIECHUS B IOCIEIHEN KaMepe yCTaHOBKHU
ty). IIpn onnux u Tex ke Gyu Atye, TPOM3BOJUTENBHOCTH BHE 3aBUCHMOCTH OT
KOJIMYECTBA CTYIIEHEW OCTaHyTCA WJECHTHYHBIMHM, HO PACXOJbl TEIUIOTHI MPU 3TOM
CUJILHO Pa3HATCS.

6

~— 1 — xopryc;

5 —] 2, 3, 5 — KaMepsl HCOAPCHHS,
4—TF cenapanuy H KOHJICHCALHH,
3 = 4 — nepenuBHas Tpyoa;

i i 6 — Kamo3HWITHEIH cenapaTop;
2 i 7 — TpyOHBIi My4OK;

8, 10 — oTBOI M MOJBEIO
by KOHJIGHCATa TYPOUHBI;
- 9. 12 — noaBoa ¥ 0TEOA

LHPKYISALUHOHHOIO IOTOKA
WCMAPHTENBHOH YCTAHOBKH;

11 — moaBOA4 MHUTATENBHOH BOMBI;
13 — NpPOMBIBOYHBIA ABIPUATEIH
JUCT;

14 — nepenuB KOHACHCATA;

15 — mepenus LUPKYISLHOHHOM
BOJIbI;

16 — noaBoa MPOMEIBOYHOM BOJHI;
17 — cBopHuK qucTHIATa

Pucynok 1 — McnapuTtens MTHOBEHHOI'O BCKUITAHUS
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OcHoBHoit npuHIUI padoT UMB 3akitouaercst B MOCTOSSHHON BBIpaOOTKE mapa
MIPU TIOBTOPSIOIIUXCS aia0aTHBIX BCKUTIAHUSAX BOBI, TPOUCXOSIINX B CTYIICHSIX
anmnapara, py yCJIOBUU BaKyyMa U CBOOOJHOTO 00BbEMA.

Ha pucynke 1 npeacrasien UMB ¢ 4-Ms CTyneHsSMU UCHapeHUs, KOTOpPbIE
nomeneHsl B o0mmii kopnyc 1. CTyneHu B Kopmyce pa3AessitoTcs MeperopoiKamMu
Ha 4 cekuu. B xaxa0l CeKIMKM HaXOASATCS KaMepbl, I IPOUCXOAUT BCKUIIAHUE U
HCIIAPEHUE HEKOTOPOr0 KOJWYECTBA LUPKYJIMPYIOLIETO MMOTOKA, OTACICHUE Kaleib
BOAbl OT IMapa M KOHAEHcauusd. Takol UCIApUTEIb YCTAHOBJIEH B CHCTEME
pEereHepaTUuBHOrO TOJIOTpEeBa KOHJAEHcaTa TYpOWHBI, M TEIUJIOTa KOHACHCAIUU
OTBOAUTCS  OCHOBHBIM  IIOTOKOM  KOHJEHcaTa. [{UpKYyJIALMOHHBIM  IOTOK
HAIIPaBIIIETCS B MEPBYIO KaMepy HUCIAPUTENS 2, UTO SIBJISIETCS NMEPBOM CTYNEHBIO
UCIIApEHHUs], TaM YacTh MOTOKAa MCIHApSETCs, a OCTalbHAsl 4acTh MO MEPEIMBHOMY
YCTpPOUCTBY 15 cmyckaeTcsi B ceKiuu HUXe. M3 camoil mociienHei cexiuu, KoTopas
SIBJISIETCS YETBEPTOM CTYNEHBIO MCIAPEHUs, BOJIa BBHICACHIBACTCS [TUPKYJISIIUOHHBIM
HacocoM. OOpa3oBaBIIMIACS TTap BO BCEX KaMepax 2 MEPEXOJUT B KaMephl 3, TaM OH
CHayaJla MPOXOJUT Cenapanuio oT 0osiee KPYMHBIX Kareib B CBOOOJHOM MapOBOM
o0beme, TocJie map KOHJEHCATOM MPOMBIBAECTCS MTAPONPOMBIBOYHBIMH JAbIPYATHIMU
muctama 13, Bimara B BHAE Kamedab 3aXBaTbIBA€TCSl NApoOM  CO  BTOPOrO
MApONPOMBIBOYHOTO JIUCTA, W B KaXIOM U3 CTYNEHEW IMap OTAECIACTCS B
BEPTUKAIBHBIX KAIFO3UMHBIX cemapaTopax 6, 4To YCTAaHOBIICHBI HA BXOJI€ B KAMEPHI
KOHJIeHcaluu 5. B a3Tux cexkumsax S5 map KOHJIEGHCHPYETCS Ha BHELIHUX
MOBEPXHOCTSAX TPYOHBIX TYYKOB 7 U TEpelaeT TEIUIOTy KOHJIEHCAllUuU
MPOXOJAIIEMYy IO TpyOaM KOHJEHCATy TypOMHHON ycTaHOBKU. OOpa30BaBIIUMCS
TUCTUJUIAT Jajiblle TeueT Ho mnepenuBaM 14 W3 OOHON CEKUMHU B JPYryo0 M
HaKaruiiBaeTcsi B COOpHHMKE mucTwuiara 17, mocne dero Onaromapss Hacocy
MOMAaIaeT B JIeadpaTop TYPOUHBI WU EMKOCTh C YUCTHIM AUCTHILIATOM. OCHOBHOM
KOHJICHCAT TypOMHBI MOTOKOM IEPETeKaeT B KaMepbl KOHACHCAIMU 5 YETBEPTOM
CTYIICHU HCHAPEHHS U, MOCIE MPOXOXKICHHUS BCEX KaMEP CHU3Y BBEPX, KOHJEHCAT
OTBOAMTCA W3 KaMmepsl S5 TepBOM  CTynmeHH. Bce  ocTanpHble  Ta3bl
(HEKOHICHCUPYIOIIIMECS) OTCAChIBAIOTCS U3 KOHJICHCAIIMOHHBIX KaMep KEKTOPHOM
yCcTaHOBKOM. [IpoayBaercst ncnapurenpb Yepe3 HUKHIOK UCTIAPUTEIBHYIO KaMepy.

3akiroueHue

Mo:kHO BbLAETUTH creayronme kauectsa MMB:

®5KOJIOTUYHOCTH — BBIOPOC 3aMacoB coJiel B 2-2,5 pa3a MEHbIIIE B CPABHEHHH C
METOJIOM XUMHUYECKOTO 00€CCOTMBAHUS BOBL;

®>KOHOMUS Ha TeIJIe — KOHCTPYKIHs U TexHosnorusi UMB mno3Bossier o6paTHo
BEPHYTH B IIMKJI BCE KOJIMUYECTBO TEIIA, YTO MOTPEOJISICTCS UCTIApUTETIEM;

®BBLICOKOE KaueCTBO JUCTWIUIATA (Takoro KayecTBa o0OpaboTaHHas BojAa
CIIOKOMHO oOecrieunBaeT paboTy U muTaHue KoTioB 1o 14,0 MIla);

®KOMIMAKTHOCTh (Mayible TrabapuThl OOOPYZOBaHUS CPEAM BCEX OCTAIBHBIX
YCTAHOBOK TEPMHUYECKOT0 METO/Ia MOJITOTOBKU BO/JIbI);

e MHUHMMAaJIbHBIC TPEOOBAHUS K T0JIaBaeéMoOi BoJie (BO3MOXKHOCTh paboTaTh Ha
OCBETJICHHOW BOJE, HE YYBCTBUTEJIEH K AaBapUMHBIM YXYAIICHUSM COCTaBa
MCXOJIHOU BO/JIbI);
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erpocToTa  ympaBiaeHuss  (Bce  mpoueccbl B TOY  mONHOCTBHIO
aBTOMATHU3UPOBAHbl, MEPCOHAN YJAIEHHO KOHTPOJHMPYET TEXHOJOTHYECKHE
napaMeTpsl U MPOLIECCHI);

®HAJIC)KHOCTh (JaHHBbIE YCTAaHOBKM paboTatroT Oosee 15 jeT B MOCTOSHHOM
peXUME MPOU3BOJIUTEIBLHOCTH).
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VIIK 621.165
IMPOBJIEMBI, BOSHUKAIOIIUE ITPU SKCILJIYATALIUU
I'A30TYPBUHHBIX YCTAHOBOK
PROBLEMS ARISING DURING THE OPERATION OF GAS TURBINE
INSTALLATIONS

M.B. Konuun, J[.A. Ctenanos, A.A. Koxyx
Hayuneiit pykoBoautens — H.B. 1lanTenen, crapmuii npenogasaresb
benopyccknii HaMOHAIBHBIN TEXHUYECKUM YHUBEPCUTET,
r. Munck, Pecriyonmka benapych
nvpanteley@tut.by
M. Kolchyn, D. Stepanov, A. Kozhukh
Supervisor — N. Panteley, Senior Lecturer
Belarusian national technical university, Minsk, Belarus

AHHOmauun: 6 cmamve nNpeocmasieHvbl Haubosee wacmvie NPooOIEMbI,
BO3HUKAIOWUE NPU IKCNILYAMayuu 2a30mypoOUHHbIX YCIMAHOBOK U 803MONCHbIE NYMU
MUHUMUZAYUU PUCKOB CEPLEIHBIX NOJIOMOK.

Abstract: article presents the most frequent problems that arise during the
operation of gas turbine installations and possible ways to minimize the risks of
serious breakdowns.

Kntouesvie cnoea: xopposus, npobOnemvl, 2a30mypoOuHHbie YCMAHOBKU,
NOJOMKU.

Keywords: corrosion, problems, gas turbine installations, breakdowns.

BBenenue

['TY — or0 sHepreTuyeckas YCTaHOBKA, MpeIHA3HAUYCHHAs /I BBIPAOOTKH
3JICKTPOdHEPTUU W TmojorpeBa Boabl. HemocpeacrBenno cama ['TY cocrour u3
CIeNyIONMX dYacTei: cama ra3oBas TypOWHA, OJJIEKTPOTeHEpaTop, CHUCTEMa
YIIPaBJIEHUS, KOTEI-YTUIIN3ATOP.

OcHoBHasl YacTh

Ha cerognsiminuii feHb OOJIBIIOE KOJUYECTBO Ta30TYPOMHHBIX arperaTton
HCHOJIB3YIOTCA B KaUECTBE DHEPrOYCTAHOBOK PA3JIMYHOM crieruanu3anuu. OmaHako
HauOoJbIllee WX KOJUYECTBO 3aJCHCTBOBAHO B BHJE Ta30MNepPEeKaunBAIONIUX
arperatoB Ha MaruCTPaJIbHBIX Ta30MPOBOIaX. TeM He MEeHee, HE CTOUT 3a0bIBaTh O
yactd ['TY HCIONB3yrOIIHUXCSA B KA4ECTBE JBUraTENIEN Il CaMOJIETOB, CYAOB U
HEKOTOPBIX aBTOMOOMIIeH. HecMOTpst Ha pa3nuuus B CEKTOpax, I'JI€ MCIOJb3YHOTCS
I'TY, mnepen moObBIMH TIPOU3BOJUTENSIMA YCTAHOBOK CTOSAT MPAKTUYECKH
OJMHAKOBBIC 33Jla4d MPU MPOECKTUPOBAHUH, 3TO S3KOHOMUYHOCTH, IKOJIOTHYHOCTb,
MOIIHOCTh, HaJCKHOCTh U JOJTOBEYHOCTh. Ha mociienHux IByX Mbl OCTAaHOBHUMCS
nonosipooHee. HecMoTpsi Ha OrpoMHBIE JOCTHIXKEHHUS, B OOJACTH HUCCICIOBAHUS
TEXHUYECKOW YacTW TYpOWMHHBIX YCTAHOBOK, K MOMEHTY HACTOSIIETO BPEMEHH
OCTAIOTCS HEPEIICHHBIMH MHOXKECTBO TPOOJIeM, CBS3aHHBIX C €CTECTBEHHBIM
U3HOCOM Ta30TypOMHHOTO W TYpOMHHOTO OOOpYyIOBaHUS, U BO3HUKAIOUIUMU TIPU
HOpMHUpYeMOM Hskcrutyatanuu. K Takum mpoOiieMaM OTHOCAT €CTECTBEHHBIN
neperpeB comnoBbix Jonatok B I'TY. Jlonmarounsie wactu ['TY mnpencraBistorT
co0Ol BaKHEHIIyI0 YacThb Ta30BOM TYpOWHBI, B 3aBHUCHUMOCTH OT 3ajad,
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KOHCTPYKTHUBHBIX OCOOCHHOCTEH YCTaHOBKH, BHIAa TOTUIMBA C PA3IUYHBIM YPOBHEM
npuMeced, Kak OSKCIUTyaTallUOHHBIE YCIOBHUSI PabOThl YCTAHOBKU, TaK MU CPOK
CIyKObl OynyT pa3uTeabHO MeHAThCcsA. Ha ceromusimauit aeds B ctpanHax CHI,
EBponbi, CIIIA, nakomieHa xoctaTouHas 0a3a ONBITA, MO3BOJISIONIAS MOBBICUTH
JOJITOBEYHOCTh U HaEXHOCT [ TY.

ComyioBble JIONMATKM B OTJIMYME OT pabouyux, Temrmeparypa KOTOpPbIX
ONpEAEIACTCS CPEeAHEN TeMIIepaTypoil raza, UMEIOT CPEIHIOI Temmeparypy ot 720
no 1200°C, uTo, HECMOTpsI Ha HadallbHbIC MapaMeTpbl, B JI000M ciaydae Ha 100-
150°C Beime, yem TeMmriiepaTypa pabodmx JOMaTok. Tak e COIUIOBBIC JIOMATKH
WCIIBITHIBAIOT OOJBINME TEMIEPATypPHBIC W PACTATHBAIONINE HAMPSHKCHHUS, B TOM
qucie u3-3a OoJbIIed TuToaan ceueHus. V3-3a meperpeBa Ha COIIOBBIX JIOTIATKAX
I'TY BO3HMKAIOT TPEUIMHBI, @ B HEKOTOPBIX CIy4YasiX, pa3pylICHUE KPOMKH, OCKOIKH
KOTOPOM MOTYT IONACTh B MPOTOYHYIO YacTh TYpPOUHBI.

Pucynok 1 — @parmeHT pabo4mx J0MaToK

Emé onnoil mpoGieMoii, Bo3HUKaromeld npu skcrutyatauuu [I'TY, saBisercs
koppo3usi. B I'TY nabmonaercs Heckoiibko BUAOB Kopposuu. Hambonee uacto
BCTPEUYAIOTCS ra30Basi U ropsdas KOPPO3HH.
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l'a3oBast KOppo3Wsi BO3HUKAET IIPU KOHTAKTHPOBAHMM MeETalla C TakK
Ha3bIBAEMbIM, XUMUYECKH AaKTUBHBIM Tra3oM. [Ipm ux KoHTakTe o0Opasyercs
cnenuduueckas IUICHKa Ha MOBEpXHOCTH Mertauia. OOpas3oBaBiuascs IUIEHKA
COCTOUT M3 MNPOAYKTOB KOPPO3HH, KOTOpPHIE, B CBOI OYEpElb, HWHTEHCHBHO
YBEJIMYMBAIOTCS B 00bEMAX MPHU BBICOKHX TEMIEPATypaxX, YTO NPEMSITCTBYET MATHY
KOHTaKTa KOPPO3HPYEMOTo MeTajia ¢ ra3oM. Kak pe3ynbTaT ra3oBOd KOppO3UU
BO3MOJKHO MOSIBJIEHUE 3HAUYUTEJIbHBIX MOBPEKICHUN MOBEPXHOCTH IEPA JIOMATKH
ra3oBoil TypOMHBI: 00pa3oBaHHE HApPOCTOB M 3B B pe3yJbTaTe JIOKAJIHHOTO
MOBPEXKJCHUS BO3HUKIIEH OKCHUAHOW IUIEHKH, a TakkKe HW3MEHEeHHe mpoduis
JIOTIATOK, «Pa3beNaHNE» UX KPAEB.

[opsiyasi KOppo3usi — 3TO Pa3HOBUIHOCTH T'a30BOM KOPPO3WHU, OCOOBINM BUJ
KOPPO3HH METAIJIOB, XapaKTEPU3YIOIUICA HATMYMEM HA TOBEPXHOCTH CIUIaBa CJIOS
OCaJKa: COJM WM LUIaKa. BO3HUKHOBEHHE 3TOTO CJIOS BbI3BIBAET MacIUTaOHbIE
M3MEHEHHUS XapaKTepa B3anMOACHCTBHUS CILIaBa ¢ OKpy:karoriei cpeaoi. Haubomnee
4acTO NOJOOHBIM BHJI KOPPO3UHM BCTPEYAETCS B MPOMBIIUIEHHBIX M MOPCKUX
ra3oBbIX TypOuMHax. Bo MHOroM ypoBe€Hb MHTEHCUBHOCTH KOPPO3UU 3aBHCHT OT
CTENEHU 3arpA3HEHUs] UCIOJb3yeMOro ToriuBa. K ToMy ke, Kak U CKOpOCTb, TaK H
MEXaHU3M pa3pylIeHUsT MaTepUaioB BO MHOTOM 3aBUCAT OT COCTaBa CILIaBa,
ra3oBOi Cpeibl, TEMIIEPATYPhl U APYTUX (PAKTOPOB, YCIOKHSAIOMINUX U3YUYEHUE ITOTO
npouecca. OAMH U TOT K€ CIUIaB MOXET BECTU ce0s MO-pa3HOMY MPU W3MEHEHUU
YCJIOBUM TOPAYEN KOPPO3UH.

CymecTByeT nBa TuIla ropsyel KOppo3uu, Oaszupyroleicss Ha MOHSITUU
Jana3oHa TEMIIEpaTyp: BBICOKOTEMIIEpaTypHass M HU3KOTEMIEpAaTypHas ropsdas
Koppo3usi. BpicokoTemmneparypHass ropsidasi KOppo3Hsl MpeACTaBisieT coOoif
HEBEPOSATHO OBICTPYIO (POPMY OKHCIICHMS, MPOTEKAIOIIYIO IPU TEMIIEPATYPE CBBILIE
800°C B mpucytctBum cyinbdara HaTpus (NaxSO4), 00pa3yromierocss mpu CropaHuu
TOIUIMBA, a HU3KOTEMIEpaTypHas Tropsyas KOppo3us MPOUCXOAUT IMPUMEPHO B
nuana3one temrnepatyp 600-700°C u Bo3HukaeT npu Hanuunu SO3 B ra3oBoi Qase.
K coxaneHuto, Ha CEroJHAIIHUN JEHb HE CYIIECTBYET CIUIaBOB, a0COIIOTHO
HEYYBCTBUTEIBHBIX K TOPSYEH KOPPO3UH, HO pa3pabOTKU M MCCIEIOBAHUS IO ITOU
TeMe, pazyMeercs, BeAyTcs. Pe3toMupys BbllIenepeuncieHHble TpooieMsl, Oyab TO
MEeperpeB WM e Ta3oBas WM Topsyas KOPpPO3WHU, TIIABHEHIIMMH MHpoOieMaMu
ABJISIIOTCS YTOHbIIIEHHWE pabodeil yacTu AeTalieid, TPelUHbl U CKOJbl. bopoTbes ¢
NOJOOHBIMU TIpOOJIEeMaMy TMOMOTAIOT CJEAYIOIIME TEXHOJIOTUU: MaTepHalibl C
BBICOKHM TIPEICIIOM BBIHOCIUBOCTH WJIM JIFOOAs Apyrasi yIpouHsromias o0paboTka,
MO3BOJISIONIAS TTOBBICUTh HEOOXOJIMMBINH TOPOT BHOPOYCTOMYHMBOCTH. Takke Tak
HA3bIBAE€MBbli, UMIYJIbCHBIA MaTepHuajl MOXKET CHHU3UTh YPOBEHb BHOPAIIIOHHOTO
HarnpspkeHus. K TakuM matepranaM OTHOCATCS XPOM U BBICOKOIIPOYHBIE CTaJIH.

K tomy xe y mo0Ooro marepuana JONaToOK, IOMUMO KOPPO3HHU, CYLIECTBYET
HEJOCTAaTOK, CBSI3aHHBIM C pPabOTOCIOCOOHOCTHIO, @ HMMEHHO BBIKpAILIMBAHUE
(moGexanocTp) MaTepualia ¢ MOBEPXHOCTU Tepa U3-3a HEPABHOMEPHOCTU CTapEHUS
npu pabouux TeMmIeparypax M OT TEPMHUYECKOH ycTanocTH. J[aHHble HEAOCTaTKH
HEN30€KHO MPUBOJAT K 00pa30BaHUIO TPEIMH Ha JIOMATKAaX.
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Pucynok 3 — [ToGexanocTs MaTepuaa JIOmaToK

[TogoGHBIE TIPOOIEMBI MOKHO MHUHUMH3UPOBAThH OJIarogapsi MCTOJIb30BAHHIO
CIICIIMAJIbHBIX ~ MaTEepUaJiOB UM  CIUIaBOB. Marepuanbl, NOpPUMEHSEMbIE Ha
CEerOJHAHNN JeHb i Aetaner ['TY, moapasneneHbl Ha HECKOJBKO KJIACCOB:
MIEPIUTHBIC, XPOMHUCTHIE (heppUTHBIC, (epPUTHO-MAPTECHCUTHBIC, MAPTEHCUTHBIC U
ayCTEHUTHO-MApPTEHCUTHBIEC, ayCTCHUTHBIE CTAJIM, TUTAHOBBIE CIUIABbI, CIUIABbl Ha
HUKEJIEBOM M KoOanmbToBOM oOcHOBe. M Tak Ha3piBaeMble, «DeppuUTHBIC CTaINY,
SIBJISIIOIIMAECS  JKApOMPOUYHBIMU. XHUMHYECKHA COCTaB KapOMPOUHBIX CTaJIeH
CYIIECTBEHHBIM 00pa3oM BIMSAET HA WX (DU3UYCCKHE CBOMCTBA M HAIPSKEHHOCTD.
[Ipy wu3roroBieHnn paboOuYuxX JIOMATOK HauWOoJiee PaCHpPOCTPAHEHBI TaKUe
MaTepuabl u CIIJIaBBI Kak OH893JI, IIHK-7,
MHU-3VY, UC-104, IN738 LC.

[lepeuncnennble paHee MOpoOJIEMbI, TaK WIM HWHa4Ye, HEU30€KHO OyIyT
BO3HUKATh TNPU OKCIUTyaTalui yCTaHOBOK. IlosTomMy rnaBHeWmien 3amadyeit
MPOU3BOJICTBA, OYJET SBJIATHCS MHUHUMM3AIMS TOCICACTBUNA  BO3HUKAIOIIUX
MMOJIOMOK.
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VIIK 621.165
IIPOT'PEB ITAPOITIOABOISIIENA CUCTEMBI TYPBOATPEIATA ITIPU
IMYCKE U3 PA3JIMYHBIX TEILUIOBBIX COCTOSIHUM
HEATING THE STEAM SUPPLY SYSTEM OF THE TURBINE AT
STARTING FROM VARIOUS THERMAL STATES

B.C. basukosa, A.Jl. benozépona, E.A. CaBeHko
Hayunsiit pykoBoautens — C.A. Kauan, K.T.H., TOUEHT
benopyccknii HaMOHAIBHBIN TEXHUYECKUY YHUBEPCUTET,

r. Munck, Pecriyonnka benapych
kachan@bntu.by
V. Bayankova, A. Belozerova, E. Savenko
Supervisor — S. Kachan, Candidate of Technical Sciences, Docent
Belarusian national technical university, Minsk, Belarus

AHHOmMauun: npugedeHvl pe3yibmamvl PACUEemMHO20 UCCAEO08AHUL NPOSPEBa
naponoogodsiwer cucmemvl mypooacpecama muna K-300-240. Ilpu >smom
PAccmMampusaiomcs nycku U3 paziudHblx menniosvix cocmosnuti. Onucvliéaomcs
ocobenHocmu  mennoobmena 6 naponposooax. QOyeHusaomcs — UMeHeHue
memnepamypvl U HANpsAXCcenuti Ykazauvl yCi08us npeocmapmosou 20mo8HOCHU
naponoosoosiuell Cucmemol K nycKy.

Abstract: the results of a computational study of the heating of the steam
supply system of a K-300-240 turbine unit are presented. Launches from various
thermal states are considered. The features of heat transfer in steam pipelines are
described. Changes in temperature and stresses are estimated. Conditions for the
pre-launch readiness of the steam supply system for launch are indicated.

Knroueewle cnosa: naponpogoosl, nyck, npoepes, menjioooMeH, memnepamypa,
HANPAACEHUS, HAOEHCHOCND.

Key words: steam pipelines, start-up, warm-up, heat transfer, temperature,
mechanical stresses, reliability.

BBenenue

[IporpeB rmaBHBIX MAapONPOBOJOB UIPAET CYLIECTBEHHYIO POJIb B pealln3aliu
IyCKa COBPEMEHHBIX MOIIHBIX MAapOTYPOUHHBIX arperaToB, OCOOEHHO MPH YaCThIX
nyckax O0JiokoB cBepxkputuyeckoro naeienus (CK/I), roe, kak M3BECTHO, MOCieE
OCTAaHOBOK TPYOOIPOBOJIbI M KJIANaHbl OCTHIBAIOT 3HAYUTENILHO OBICTpEE KOPITYCOB
u potopa. IlosToMy wu3ydeHHe TMPOLIECCOB MPOrpeBa  MapONOABOISLINX
TPyOOIIPOBOOB U MapOpaclpeieIUTENbHBIX OPraHOB CBEXKETO Mapa U ONepaTUBHOE
WCIIOJB30BaHUE TOJIYYEHHBIX PE3YJbTAaTOB Ha MPAKTUKE SBISAETCS AaKTyalbHOM
3agayerd. Ee ycmemHoe pemieHWe MNO3BOJISIET IPAaBUJIBHO  OPraHU30BaTh
MPEATOTYKOBBIA MEPUOJT TTyCKa arperata W BBIIBUTH PE3€PBBI COKPAIICHUS OOIIETO
BPEMEHU ITyCKa.

OcHoBHas YacTh

Paccmotpum pe3ynbTaThl pac4yeTHOro UCCJIeI0BAHMUS nporpesa
naponoBosiie cucremol Typooarperata tuna K-300-240, npoeaeHHoro B [1],
rae s aHanyM3a ObUIM  MCIOJIB30BaHbl  METOJbI, MOJEIM U MPOTrpaMMbI
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MCCJICIOBAHMS HECTallMOHAPHOTO AByX(a3zHoro m omHO(A3HOTO TEMIo0OMEHa B
TpyOOIpOBOAaX MAPOBHIX TYpOHH.

B [1] uccrnenoBanbl pexuMbl MporpeBa TPyOOIPOBOJOB CBEXEro mapa (Ha
BCEM ydacTKe KoTesl—TypouHa) typooarperata K-300-240 oT Tonuka TypOWHBI 10
Habopa Harpy3ku N3 = 50 MBT u3 xonoaHoro (obmiee Bpems T = 3 4, HadaJIbHas
TeMIiepaTypa napoBmycka muinHpa Beicokoro nasienus (LIBJl) ne 6onee 350°C)
u ropsiuero (oOiee BpeMs T =40 MUH, HayaibHas TeMiiepaTypa naposnycka [[B/]
He menee 350°C) coctosiHUS.

TpyOonpoBoabl cBexkero mapa (YeTblpe HHUTKH OT KOTia J0 OJyioka
MapopacipeesieHrs) UMEIOT BHYTPEHHUN nuaMmetrp 245 MM, TOJIIUHY CTEHKHU 45
MM, JIJIUHY OJHOM HUTKH 77 M; TEpeNmycKHbIE TPYyObl (IecATh HUTOK OT OJoKa
napopacrpesieiieHds 10 TypOWHbBI) — BHYTpeHHUH auametrp 194 mwm, TodmmHy
CTEHKH 36 MM, aiuHy 16 M. [Ipu onpenenennn pacyeTHbIX JJIMH TPyOOIPOBOJIOB OT
OJl0Kka mapopacrpeneiaeHuss 10 TYpOHWHbBI YYHUTHIBAJIUCh MAacChl CTOINOPHOTO MU
PEryJIMPYIOLIETO KJIAlaHOB; B PE3yJbTaTe 3Ta JJIMHA MOJYYHJIACh paBHOU 33 M.
Marepuan TpyOOnpoBOI0OB U KianaHoB — cTaib 15SX1IM1®.

[Ipu BbIOOpPE pacueTHOW HaAYaJbHOW TeMIepaTypbl TPyOONpPOBOJOB B [I]
UCXOIWJIA U3 AKCHEPUMEHTAJIbHBIX AaHHBIX, noiaydyeHHbIX OPI'POC u XTI'3 npu
ucneiTanusix Typoun tuma K-300-240 na paznumusnbix [POC. Paccmotpensr
coueTaHusi HayanbHbIX Temneparyp (°C) TpyOompoBojgoB u mnaposmycka LB/,
Mpe/CTaBICHHbIE B TabuLe 1 /1].

Tabmuna 1 — Coderanns HadanbHbIX Temmeparyp (°C) TpybonpoBooB u naposmycka [{B/]

80

BapuanTsl mycka
OneMeHT W3 X010AHOTO COCTOSTHMSI W3 ropsiuero coctosiHus
| 11 111 | 11 111
TpyOGonpoBoabI OT KOTJIA A0 150 200 250 150 200 250
TpybonpoBozs! OT 10 TypOUHBI 100 150 200 100 150 200
ITaposnyck LIB/] 100 100 100 350 350 350

Jl7is Bcex BapHaHTOB IyCKa pacxoj mapa uepe3 OaiimacHyio cuctemy (0T KOTJa
no Osioka mapopacnpezeneHus) npuHuMaiicst paBHbiM 30% HomMuHanbHOTO. Pacxon
napa uepe3 TypOuHy npu padboTe ee ¢ Harpy3Koi OlleHUBajCs o GpopMmyiie

G = Guow N/NHOM,
a OT TOJTYKA JI0 XOJ0CTOro Xo/1a (XX) — COOTHOIICHHEM
G= Go (l’l/l’lo)3,

rae Guow, NHOM — HOMUHAJIBHBIE PAcX0/ Mapa U MOIIHOCTb;

Go — pacxon napa Ha XX (Go = 0,05 Gyon);

ny — 9uciao 060potoB XX (ng = 3000 06/mMun);

n — 9uciio 000pPOTOB Ha Pa3BOPOTE.

JlaBneHue u Temmeparypa mnapa 3a KOTJIOM OMPENeIsIUCh COMIACHO rpadukam
MyCKa W3 Pa3jUYHbIX TEIJIOBBIX COCTOSHUM, JaBJICHHE Tapa 3a OJOKOM
napopacrpeaenenus — mo Gopmysam MepeMeHHOro pexxnuMma [2], Temmeparypa mnapa
nepen 0JJOKOM MapopacnpeesieHus U nepe] TYpOMHONW — pacyeToM MO0 CIeHUaIbHO
pa3paboTaHHOM mIporpamme /1].
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AHanu3 pe3ynbTaToB HUCCIEOBAaHUH [1] MOKA3bIBAET CIEIYIOLIEE.

B nepBbie MOMEHTHI ITyCKa Ha CTEHKaX TPyOOIPOBOIOB MPOUCXOUT KOHACHCAIINS
napa (0coOGHHO HWHTEHCHMBHO B [ BapMaHTax ITycka, cM. Tabmuity 1). Ilpu stom
BEJIMUMHBI KOA(PQHUIIMEHTAa TEIJIOOTAAYM OT CTEHKH K IUICHKE Oy, CYHIECTBEHHO
U3MEHSACH Ha HAYaJIbHOM y4acTKe TPyOOIpOBOIOB (CBEXKEro Mapa U MeperycKHbIX), Ha
BCEH OCTaIBLHOM JJIMHE UX HaxoasaTcst Ha ypoBHe 7000—-10 000 Br/m*°C.

[lo Mepe mporpeBa CTEHOK TpPyOOINPOBOJOB KOJMYECTBO KOHJIEHCATa
yMEHbIIIaeTcsl. Bpemsi oOKOHYaHWA KOHACHCAlMU 3aBUCUT OT HadallbHOU
TeMIepaTypbl MeTalljla, CKOPOCTH TEUEHHUSI U TEMIIEPATYPhI NIapa; B pACCMOTPEHHBIX
BapHaHTaxX Ha yyacTKe TPyOOmpoBoaa OT KOTJa 0 OJoKa mapopacnpesiesieHus: OHO
HacTynaer yepes 5—12 MHUH nocie Hadaia nporpesa [1].

B GonpmmHCTBE HCCIEI0BaHHBIX PEKUMOB IIPOrpeBa HauadbHAs TeMIepaTypa
MEePENyCKHBIX TPyO BBINIE TEMIIEPATyphl HACHIIICHUS, MPOTEKAIOIIETO Yepe3 HUX
napa (uU3-3a APOCCENMPOBaHUA B OJIOKE TMapopaclpenesieHus); MO3TOMY 3/7eCh B
OCHOBHOM IIPOUCXOJUT OJHO(A3HBINA TEIIIOOOMEH.

[Tpu mporpeBe nepenycKHbIX TPYO ¢ HadyanbHOM Temneparypoii Metauia 100°C Ha
NEPBBIX JTanax MAECT WHTCHCUBHAs KOHAEHcauusi mapa. [IoCKOJbKy €ro [aBjieHHe
HENPEPHIBHO  YBEJIMYMBACTCS, IPOUCXOAUT OINEPEKAOMMIA POCT TEMIEpaTypbl
HACBIIICHUS Mapa [0 CPaBHEHUIO C POCTOM TeMIepaTypbl CTeHKH. OKOHYaHHE
KOHJICHCAIIK HAOTI01aeTCsl MPUOIU3UTENLHO Yepe3 30 MUH Mociie Hayaa Mporpena.

Temneparypa mapa, HOCTYMaroIIEro K TypOWHE, CYIIECTBEHHO HW3MEHSETCS BO
BPEMEHU B PE3YJIbTATE OTAAYM TEIUIA MAapONOIBOIAIIEH cucTeMe. B HauambHbIE MOMEHTBI
NporpeBa M3-3a Majiod CKOpPOCTM TMapa (M3-3a Majoro pacxoja) 3Ta TeMIeparypa
MPUOJIM3UTENTFHO PaBHAa HAYAJILHOM TEMIIEpaType MePemyCKHbIX TpyO (Wu Temreparype
HACBIIICHUS MPU JaBJICHUH Mapa nepe TypOuHoi ). B koHIie mporpesa no rpaduky mycka
W3 XOJIOAHOTO COCTOSIHUSI OHa yBermumBaercs 10 358-360°C 3a 3 4 mpu Temmeparype
napa 3a komioMm 385°C; npu mporpese 1o rpaguKky Mmycka U3 TOpSYero COCTOSHUS — JI0
445-450°C nipu Temniepatype napa 3a kowiom S00°C.

[TonmxeHue TemriepaTypsl napa (BCISACTBUE OTAAUU TEIia TPyOOIpoBOIaM U
napopacnpenenuTeIbHbIM OpraHaMm), TOCTYMAIero K TypOuHe, MpH IyCKe u3
XOJIOZIHOTO COCTOSIHMSI HE€ MNPUBOAWT K «3axoJaxuBaHWUiOo» Tmaposnycka [IB/I,
MIOCKOJIBKY TIpM HayaibHOUM Temmeparype mapoBmycka [IBJ] ne Oomee 100°C
TemriepaTtypa TpyOompoBojga jgoBeAaeHa A0 ypoBHS He MeHee 100°C
peABapUTEIbLHBIM ITPOTPEBOM.

MakcuMalibHbI€ TeMIIEPAaTYpPHbIE HANPSKEHUS B PEKUME MTyCKa U3 XOJIOJIHOTO
COCTOSIHMSI Ha Yy4YacTKe TpyOOmpoBOJOB KoTel — OJIOK MapopacrnpeeieHus
nocturatotr 240 MIla (r = 0,25 mun, BapuaHnT /), TO €CTh HE MPEBBIIAIOT MPEae
TEeKy4eCTH MaTepuaia TpyoonpoBoaoB ctaib 15XIMI1®D (6o, = 350 MIla).

IIpy  panpHeWieM  IIPOrpeEBE  TEMIEpPAaTypHbIE  HAIPSDKEHUS  PE3KO
YMEHBIIIAIOTCS: Hanpumep, yxe npu « = 5 MuH ¢ = 20 MIIa. Eme Huxe ypoBeHb
HanpsbkeHult Bo /1 u [1] BapuanTax mporpeBa. HampsikeHus: B IepemyCcKHbIX TpyOax
BO BCEX CITydasX HE3HAYUTEIbHBI. TakuM 00pa3oM, MPOYHOCTH MAPOIPOBOIOB TIPH
PaCCMOTPEHHBIX MyCKaxX U3 XOJOJHOIO COCTOSIHUS HE BBI3bIBAET OMACEHUM.

B pexxume mycka u3 ropsiuero cocTosiHMs HamOojbluas pasHocTh (235° C)
MEXKJy Ha4aJIbHOW Temmeparypon mnaposmnycka [[BJI m Temmeparypou mnapa,
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MOCTYTAOIIETO K TypOuHe, HaOIoAaeTCs B HAYaIbHBI MOMEHT Iycka (r = 0—5 MuH)
Npy HaYaJIbHOM TeMIepaType MeTaia TpyOOIpOBOAOB CBEXKETO IMapa M MePeryCKHbIX
TpyO, paBHOI cooTBeTcTBEHHO 150 11 100°C (cM. Tabmuity 1). Tlpu apyrux coueraHusix
TEMIIEpaTyp 3Ta Pa3HOCTh CHUXKaeTcs: cooTBeTcTBEHHO 10 200 n 150°C.

B s1ux pexxumax HauboJsiee TEpMOHAIPSKEHHBIM MECTOM SBJISIETCS] HAUaIbHBIH
y4acTOK TpyOOIpoOBOJia CBEXKEro mapa Boszjie Kotia. [Ipu HauanpHON TemmepaType
storo yuactka 150°C (BapuaHT /) MaKCUMaJIbHBIE YCIOBHBIE YIIPYTHEe TEPMUUECKUE
HanpspkeHus 6 3aech gocturatot (= 0,5 mun) 490 Mlla; npu /] BapuanTe nporpesa
¢ = 430 MlIla; npu 7/l Bapuante ¢ = 364 Mlla. Co BpeMEHEM 3TH HaNpPSHKEHUS
YMEHBIIAIOTCA, JOCTUrasA, Harpumep, yepe3 « = 10 mun 3Hauenus ¢ = 50 Mlla.

Tak:xe MOKHO OTMETUTH clienyroiee [1].

[Ipouecc koHAeHCAMM Ha YydYacTKe TpPyOONMpOBOAOB OT KOTia J0 OJoKa
napopacrpeielieHus 3aHUMAET 3HAYUTEIbHOE BPEMSI HAYaJIbHOIO IMEpHOJa IycKa
(mo 30 muH). JI7s yMEHBIIIEHUS TOTO BPEMEHU U CHUKEHUS BIUSHUS BO3JIEHCTBUS
KOHJICHCAIIMU TIapa Ha paboTy jaeTaneil TypOUHBI MPEACTaBISETCS 1EIeCO00pa3HbIM:

- TpyOOINpOBO/ABI CBEXKEr0 Iapa U MEperycKHble TPyObl (TIPEABAPUTENBHO, 10
TOJYKA) TMPOrpeBaTh JO MaKCUMaJIbHO BO3MOXKHOM TEMIIEpaTypbl, OJIM3KOM K
TEMIIEPATypE HACBILEHUS Mapa, IMOCTYMAKLIEr0 W3 KOTIA B HAYaIbHbIE MOMEHTHI
TOJTUKA,;

- TpOrpeB TPyOONpOBOJOB HAUMHATH TMPU MHUHUMAJIBHOM JIaBJICHHH,
o0ecreurBaeMOM KOTJIOM, C TOCTENEHHBIM MOBBIIEHUEM 3TOT0 JTABJICHUS BO BPEMEHU;

- BECTH MPOrpeB TPyOOIPOBOIOB, HAUMHAS C HAYAJIBHBIX MOMEHTOB IIpoLecca Ipu
MaKCUMaJIbHO BO3MOXHBIX PAcX0/ax mapa.

3akioueHue

HanexHocth paboThl TpyOONpPOBOAOB B PAaCCMOTPEHHBIX PEXHMMax IyCcKa W3
XOJIOZIHOTO COCTOSIHUSI HE BBI3bIBAET OINACEHMM, TaK KaK BO3HUKAIONIME B HUX
TEPMUUYECKUE HANPSKEHUs CYHIECTBEHHO MEHBIIE Mpejeia TEeKy4eCTH MaTepHaa.
MuHuManbHas TeMmIiepaTypa Tapa, MOCTYIAWIIero K TypOuHe, Onm3ka K
temneparype  naposnycka [IBJ[  (u3-3a  mpenBapuUTENbHOTO  MOpOrpeBa
TpyOOTpOoBOAOB). 51 CHMIKEHUSI HANPSHKEHUN B TPYyOONPOBOAAX IE€IIeCO00pa3HO
nepes  TOJMYKOM  poTopa  OOecrnedyuTb  MaKCHUMajJbHO  BO3MOXKHOE IO
TEXHOJIOTMYECKOMY MPOIIECCY MOBBILIECHUE TeMIIEpaTyphl TPYyOOIPOBOJOB CBEXKETO
nmapa ¥ THEepemycKkHbIX TpyO. boriee MmoiaHO BOMpPOCH MpEeACTapTOBON TOTOBHOCTHU
NaponoABOMASIIEH CHUCTEMbl K MYCKY MOTYT OBITh pEIIeHbl HAJIOKEHUEM Ha
TpyOONpOBOABl M KJAMaHbl BBICOKOKAYECTBEHHOW W3OJSLMHU, MO3BOJIAIONICH
yIEPKUBATh UX TEMIEpPaTypy Ha JIOJDKHOM YPOBHE IOCJIE OCTAaHOBOK Pa3IMYHOM
IPOJOJKUTEIBHOCTH, a TaK)KE TPUMEHEHUEM PA3IUUHBIX CUCTEM 000TpeBa.

Jlureparypa
1. 3agauM  TEIMJIOBOTO  COCTOSHMSI  0a30BbIX W MaHEBPEHHBIX
typ6oarperatoB / JI.A. TlepeBep3es. — Kues: Hayk. mymka, 1980. — 216 c.
2. TennodukanmoHHbIe MapOBbIe TYPOWHBI U TypOOYCTaHOBKHU: y4eOHOE

nocobue misa By30B / A.JI. Tpyxuwuii, b.B. Jlomakun. — M.: UznarensctBo MOU,
2002.-540 c.
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AHHOmMayua: 6 cmamve pacCMOmpeHvbl OCHOGHble MUNbl Menio8blX HACOCOS,
KOMopble UCNONb3YIOMCSL 8 ObIMY U NPOMBIULEHHOCTIU.

Abstract: the article discusses the main types of heat pumps that are used in
everyday life and industry.

Kntouesvie cnosa: mennogvle HACOCHL, NAPOKOMNPECCUOHHAS YCMAHOBKA,
xnaoazenm.

Keywords: heat pumps, steam-compression installation, coolant.

BBenenne

B Hame BpeMs 0oJiblllyl0 NOMYJSIPHOCTh OOpPENM TEIIOHACOCHBIE CHUCTEMBI
TeriocHaOxkeHusi. JlaHHbIe CHCTEMBbl B OTIWYUH, OT TPATUIIMOHHBIX CHCTEM
TETMJIOCHA0XKEHUS, SBJISIIOTCS OOBEAMHEHHEM 00Jieeé YKOHOMHOTO U DKOJIOTHUECKH
YUCTOTO CII0C00a MPOU3BOJICTBA TEIJIa, ITyTEM UCIOJIb30BAHUS YHEPTUN OMOCPEPHI.

OcHoBHast YacTh

TennoBoii Hacoc mpencTaBiIseT U3 ce0sl MapOKOMIIPECCUOHHYIO YCTaHOBKY, B
KOTOPOM MPOUCXOJMT Iepefladya Terja OT HU3KOMOTEHIHAIbHOTO HCTOYHHMKA K
paboueMy Teny. HU3KONMOTEHUMAIBHBIM MCTOYHUK TEIJIOTBI — 3TO Cpeaa ¢
HEBBICOKOM TeMIlepaTypoil, JaHHOW Cpelod OOBIYHO SBISETCA BO3AYyX, TCPYHT,
MO/A3E€MHBIE BOJIBI WM BOAOEM. B KauecTBe pabodero Tena UCHONIb3yIOT XJIaIareHT,
KOTOPBIM HMMEET HU3KYI0 TeMIepaTypy KHUIICHHUS, U CHOCOOEH HCHapsThCs MPHU
temneparype 7-12 °C. XnagareHT napOKOMIPECCUMOHHON YCTAaHOBKH ITOCTYHAaeT B
UCIIAPUTENIb 10/ HU3KHUM JaBJICHUEM, M TOJy4aeT TEeIJIOTY OT BHEIIHEro
UCTOYHUKA, B CJIEICTBUH YETro MCHApPAETCs U MOCIE Yero MOCTYIMaeT B KOMIIPECCOP.
B kommpeccope NpOUCXOOUT CHKATHE XJIAJareHTa C PE3KUM IOBBIIIEHHEM €ro
TeMmneparypsl. Jlanee cKaTbld M Pa3orpeTblid 0 BBICOKMX TEMIIEPATYP XJIAJLAreHT
MOCTyNaeT B KOHJIEHCATop. B KOHJeHcaTope XJIaJlareHT OXJIAXIAeTCs U MepeaeT
TEIUIOBYIO SHEPTHIO BO3AYXY, KOTOPBIA UCHIOIB3YETCs ISl OTOTUICHUSI TOTPEOUTES.
[lepenaBasi TEMIOTY XJIAJAreHT MEPEXOIUT OOPATHO B KHUAKOE COCTOSHUE U TIOCIE
IIOCTYNAET B JPOCCEIUPYIOIIEE YCTPOMCTBO, B KOTOPOM ITOHMXKAETCS JaBJICHUE
XJIaJlar€HTa 10 Ha4aJIbHOTO.
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Pucynok 1 — Cxema paGoThI TEIUIOBOTO Hacoca:

1 - Hapy>XHBIH TEMIOOOMEHHUK; 2 - HaIllpaBJICHUE ABMKEHHS XJIaareHTa Ipu OXJIAXKICHUH
IIOMCIIICHUA, 3- HaIpaBJICHUEC IBUKCHUSA XJIaJarcara Mpru OTOIJICHUH IMOMCIICHUS ; 4 -
YeThIPEXX0/J0BOI KpaH-NEepeKItoyareib; 5 - BHyTPEHHUH TEII00OMEHHUK; 6 — peryIupyromui
BEHTUJIb; 7 — KOMIIPECCOP

TeruoBble HACOCHI MO KIACCU(PUKALIMY JIETAT Ha IBE KATErOPUU:

®TEIUIOBbIE HACOCHI, HCIOJb3YEMbIE HCKIIOYUTEIBHO [UJISi  OTOIUICHHUS
IIOMEIICHUI;

®TCIUIOBBIE HACOCBI, HCIOJB3YEMBIE HCKIIOYHUTEIBHO JUISl  OTOIUICHHUS
TIOMEIICHUI;

®COBMCEILCHHBIE CHUCTEMBI Ha OCHOBE TEIUIOBBIX HAacOCOB, KOTOpBIE
00€creynBaOT OTOIJIEHUE [OMEUIEHUH, KOHIUIMOHUPOBAHUE U  Topsyee
BOJIOCHA0XEHUE, TOJOTPEB BOJbLI OCYIIECTBISIETCS JIMOO OTOOpaMHu  Teria
XJIaJlar€HTa ¢ KOMIIPECcopa Ui KOMOMHUPOBAHHBIM OTOOPOM TEIUIA XJIaJlareHTa U
pEreHeprupoOBaHHOrO TEIJIa KOHJEHCATOPA.

[loutn Bce TEIJIOBBIE HACOCHl HCIOJNB3YIOT TEIJIO BBITYCKAaEMOTO W3
MOMEIIEHUST BO3[yXa, TAKXKE 3a4acTYyI0 YBIAXKHSIOT U (QUIBTPYIOT BCAChIBAEMBIil
BO3AyX. BBIOOp UCTOYHMKA TEMJIOBOW SHEPIUM OYEHb TECHO CBSI3aH C
KJIMMAaTHYECKUMH YCJIOBHSIMHM MECTHOCTH, B KOTOPOM JAHHBIA TEIUIOBOM HAacOC
TpeOyeTcs yCTaHOBUTb.

CaMbIM MMOMYJIIPHBIM THUIIOM TEIJIOBOTO HACOCA SIBJSAETCA HACOC C UCTOYHUKOM
oTOOpa Tera u3 armochepHOro Bo3ayxa. B o0miemM ciaydae JaHHBIA TN U3BECTEH
KaK KOHAWULIMOHEp. JlaHHBIE CHUCTEMBI TEIJIOBBIX HACOCOB MCIOJB3YIOT 3UMOM
BILIOTH 210 TemnepaTypsl 10 —25°C, HO 3(h(PEeKTUBHOCTH TAKOTO TUIA MaJia, TO3TOMY
UCIOJIb3YIOT KOMOMHUPOBAHHBIE JOMOTHUTENIbHBIE CUCTEMbI OTOTIICHHUS.

bonee »¢dexTuBHBIM siBIsIETCS OTOOP TeIuia OT TOpHOW mopoabl. B ropHoi
nopojie OypsIT HECKOJbKO ckBaxuH 1o 60-100 MeTpoB, B JaHHBIE CKBaKUHBI
omyckaetrcsi U-oOpasHblii Tpy3 ¢ JIByMs TpyOKamu, KOTOpBI B COBOKYIHOCTH
oOpa3yeT KOHTYp. B mimacTukoByto TpyOKy 3aKauMBarOT XJaJareHT (3a4acTyro 3TO
30% pacTtBOp 3TUIO0BOTO ciupTa). Camy CKBa)KMHY 3alOJIHSIOT BOJOW JJIs JIYYIIIETO
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TeriooOMeHa. J{aHHBINM THUI TEIUIOBBIX HACOCOB MOJYYHJI OOJBIIYIO HMOMYJISIPHOCTD
B cTpaHax CKaHIWHABHH.

CambiMU 3P (HEKTUBHBIMH, HO B TOXKE BPEMsI U CAMBIMH JOPOTUMHU SIBIISIOTCS
TEIJIOBbIE HACOCHI, KOTOpPbIE OTOMPAIOT TEIUIOTY OT TpyHTa. TpyOorpoBon ¢
XJIaJlareHTOM 3akamnbiBaloT Ha 30-50 cMm HMKe ypOBHS MpOMEp3aHus IPYHTa, TEM
caMbIM TOBBIIAETCA 3PPEKTUBHOCTh YCTAHOBKH, M3-3a TIOCTOSIHHOM TeMIIepaTyphl
rpyHTa Ha ompeneneHHoil riyoune (0,7-1,2 merpa). MuHycom maHHOro THUIA
ABIISIIOTCS OOIIMPHBIC 3eMIISTHBIC Pa0OTHI M OOJbIIAs TUIOIIAAh, sl 000y IOBAHUS
TpyOOnpoBoaa (I TEIUJIOBOTO Hacoca MPOU3BOJMUTENIBHOCTHIO OKoio 10 kBT
Heo0XO0UM KOHTYp 0koj10 400 M?).

Emie omHuM THUIIOM TEIJIOBBIX HACOCOB SIBJISIETCSI YCTAHOBKH C OTOOPOM Teria
oT BogoeMa. Jl[aHHbIE YCTAaHOBKH 3a4acTyIO MCIIOJIb3YIOT B MPOMBIILIEHHOCTH W3-32
IPOCTOThl YCTAHOBKHM, M OO053aTE€IbHOTO0 HAIUYMS HA IMPOU3BOJCTBE IMOKAPHOTO
Bojioema. TpyOoIpoBo/ TEIJIOBOIO HACOCAa YCTAHABIMBAIOT HA MIIyOMHE HE HUXKE 2
meTpoB. Koadduument npeoOpazoBaHUsl SHEPrUM JIaHHOTO THUIA TEIJIOBBIX
HAcOCOB, IPUMEPHO OJJUHAKOBBIN, KaK U IIPU 0TOOPE TEIUIa OT TPyHTA.

JIOCTOMHCTBOM  TEIUIOBBIX  HAcCOCOB  SIBIIIETCA B INEPBYID  O4YEpElb
SKOHOMUYHOCTb.  TeIuloBOM  HAcOC  HMCHOJIB3YEeT  TEIUIOBYIHD  DHEPTHIO
BO30OHOBIISIEMBIX HMCTOYHUKOB SHEPIMM HAMHOro 3(QeKTuBHEE KOTJIOB H
MaporeHepaTopoB, KOTOPBIE MCHOJIB3YIOT JIJIsl BBIPAOOTKH TEILIOTHI OPraHUYECKOe
TOruIMBO. OCHOBHOM €IUHULIEH HW3MEpEeHHs 3PPEKTUBHOCTH TEIJIOBBIX HACOCOB —
3T0 Ko3(pduumeHt mnpeodOpazoBanust Temnaa. JlaHHbd K03 UIIMEHT paBeH
OTHOLIEHUIO MOJYy4aeMOro Tella K 3aTpauyMBaeMOW 3HEPrUH, U TaK KAaK TEIJIOBOU
Hacoc padOTaeT MPAKTUYECKH aBTOHOMHO, M TPATUT SHEPIUI0 TOJBKO Ha padboTy
KOMIIpeccopa, TO JTAHHBIN Kod(ppunreHT MIPUMEPHO
3,5-6.

Takke K IUIFOCAM MOXHO OTHECTH, 4YTO TEIUIOBBIE HACOCHI MOYKHO
UCIOJIb30BaTh MOBCEMECTHO, BEJb MCTOYHHUK TEIJIa MOYKHO HAWTHU B JIIOOOH TOUKE
Mupa. DKOJOTMYHOCTh — 3TO OJHO U3 NPEMMYIIECTB TEIUIOBBIX HACOCOB. Tak Kak
TEIUIOBOM HAacOC HE MPOU3BOAUT HUKAKMX BHIOPOCOB BPENHBIX I'a30B B aTMocdepy,
YTO YJy4YIIAET 3KOJOTHYECKYI0 COCTABIISIOLIYI0 PErMOHA, B KOTOPOM HCIIOJIb3YETCS
YCTaHOBKA.

Tak >xe MpeuMyIleCTBOM TEIUIOBBIX HACOCOB SIBJSIETCS MX YHUBEPCAIbHOCTh U
CIIOCOOHOCTh paboTaTh B OOpaTHOM IIMKJE, MpaBaa, HE BO Bcex Mojensx. Ecmu
TOBOPUTH TMO-MPOCTOMY, TO pPacCMAaTPUBAEMbIA HACOC, NpPEIHA3HAUYECHHBINH IS
TEMJI0CHA0XKEHUSI, MOXKET UCTIOIb30BaThCS B KAUECTBE KOHAUIIMOHEPA.

Ho Bce ’xe riaBHbIM MNPEUMMYIIECTBOM TEIUIOBBIX HACOCOB CUUTAETCA HX
6e3onacHocTh. JlanHbie arperatbl Ha 99% mpolleHTOB Tokapobe3omacHbl. Takoit
BBICOKHMI YpPOBEHb M0Kapo0e30MacHOCTH O0ecleynBaeTcsi 3a CYeT TOro, 4Tro B
paccMaTpuBaEeMbIX YCTAaHOBKAaX HE HCIOJB3YIOT TOIUIMBO, KOTOPOE HEOOXOAHUMO
ckuratb. Tak e, B CpPaBHEHMM C C TEMIEPATYPOH CHKUTAHMS OPraHHUYECKOIro
TOIUTMBA, pabOTalOT JOCTATOYHO HU3KHE Temmneparypbl. OgHUM H3 (PaKTOpOB
0€30MacHOCTH ABIISETCS CHEIUATbHbIM XnanareHT. OH NpPaKTUYeCKH HE HMEeT
Bpe/la AJsl YeNOBEKa, YTO TaKXkKe JENaeT 3Ty YCTaHOBKY emle Oosiee O0e30macHO B
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WCIIOJIb30BAaHWU, B CPABHEHUU C KOTJIOYCTAHOBKOW, B KOTOPOW TPH HAPYIICHHUH
I[EJIOCTHOCTH IIPOUCXOIUT 33 IbIMIICHUE TOMEIIICHHIA.

3akiouenue

B pesynpraTe mpopaenaHHOM pabOThI MOXKEM clieflaTh BBIBOJ, YTO OJHUM U3
pelieHuid mpoOIeMbl TEIIOCHAOXKEHUS SBJISICTCS NMPUMEHEHHE TEIUIOBBIX HACOCOB
pazHoil MontHOCTH. OHM MO3BOJISIOT JOCTUTAaTh MaKCUMaTbHOW 3(D(PEKTUBHOCTH B
3aBUCHUMOCTH OT KJIMMaTUYECKUX YCJIOBUN U C€30HA TO/Ia.

[IpuMeHeHre TEMI0OBBIX HACOCOB PA3HON MOIIIHOCTH SIBJIICTCS MPUHITATIAATHLHO
HOBBIM PEIICHHEM TPOOJIEMBbl TEINIOCHAOKEHHUS, W TO3BOJISIET B 3aBUCHMOCTU OT
Ce30Ha TroJla MW  KIMMATUYECKHUX  YCIOBUM  JOCTUTraTh  MAaKCHMaJbHOU
spdexktuBHOCTH. C  BBICOKMM  POCTOM  II€H Ha  DJJCKTPOIHEPTHUIO |
VBEJIMYHMBAIONIMMCS W3 TOJa B TOJ 3arpsA3HCHHEM OKPYKAIOIIEH Cpelbl, IMpu
C)KUTaHUHM OPTaHWYECKOTO TOTUIMBA, WCIIOIH30BAHUE TEIJIOBBIX HACOCOB SIBIIACTCS
aKTyaJIbHBIM pEIIeHUEeM IpoOJIeMbl TEIIoCHAOXKEeHUs. TernIoBble HACOCHl MMEIOT
JIOCTaTOYHO OOJBIION cpok ciaykO0bl (10-15 7eT) m paboTarOT MOJHOCTHIO B
ABTOHOMHOM peXuMe. TexHHuecKkoe oOCTy)KHMBaHHE MPOU3BOIUTCS TOJBKO IEepes
KQKJIBIM CE30HHBIM BKJIOUCHHEM M TEPHOJUYECKOM KOHTPOJIE PeXHMMa PadOTHI.
YUro JeaeT UCHOJNB30BAaHUWE  TEIJIOBBIX HACOCOB  0OoJiee  DKOJIOTHMYHEIM,
3 PEKTUBHBIM U SKOHOMHYHBIM CIIOCOOOM TEIIJIOCHAOKCHUSI.
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MODERN WAYS OF WATER PURIFICATION AT TPP
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Annomayua: 6 cmamve paccCMOmMpeHvl COBPEMeHHble CNOCOObL OYUCMKU 800bL
Ha TOC, xomopbie xnouaom 6 ceds MHOI*Cecmeo d3manos oopabomku. OcHogHble
yeau B8000NO020MOBKU - 3auuma 000py008aHusi Om Koppo3uu, 00pa308aHus
HAKUNU, OMa0NCEHUL COJIeU.

Abstract: the article discusses modern methods of water purification at thermal
power plants, which include many processing steps. The main goals of water
treatment are to protect equipment from corrosion, scale formation, and salt
deposits.

Knroueswvie cnosa: 6000no02omoska, ouucmia, uibmp, peazeHmol, npumecu.

Keywords: water treatment, cleaning, filter, reagents, impurities.

BBenenue

BomonoaroroBka siBisieTcsi 00s3aTENbHBIM IMPOIIECCOM B MPOMBIILIECHHOM
npousBojaCTBe. [ HameKHON W JTONTOBPEMEHHOM paboThl HYy)KHA 00s3aTEIHHO
ouniieHHas: Boaa. CeIpast U KECTKasl BOJla HE MOJOMAET MO MapaMeTpam, K TOMY Ke
NEepBOHAYAJIbHBI HCTOYHHUK BOJBI COJIEPKUT MHUKPOOPTaHU3Mbl M COEIUHECHUS
npuMeceil. [loatoMmy nepen mpuMeHeHuEM 00513aTeJIbHO MPOBOST OYUCTKY BOIBI.

Opnoit u3 rnaBHbeIX npodsieM TOC sBaseTcs oOpa3oBaHUE TBEPABIX OCAIKOB,
HaKUIIM, KOTOPhIE BBIMAAAIOT B Mpoliecce HarpeBaHus Bojbl. OOpa3oBaHUEe HAKUITU
3HAYUTEIIBHO CHWXKAET TEIJIONPOBOAHOCTh, Ja)X€ TOHKHM CJIIOM HAKUNK Ha
MOBEPXHOCTH HAarpeBa MPUBOJUT K YBEIIMYEHHOMY PACXOy TOIUIMBA.

Eme oaHoit mpoGiemMoil UCIONIb30BaHUSI TAKOTO TEIJIOHOCHUTENs, KaK BOja,
SABISETCS KOppo3us. [J1aBHas TpUYMHA BO3HUKHOBECHUSI KOPPO3UM  SIBJISIETCS
HaJU4Me KHUCIopoJa B Bojae. Takke MpU HaJU4YMK B BOJIE COJIEH, OCOOEHHO
Cynb(aToB W  XJOPHUAOB, YBEIWYUBACTCS BEPOSTHOCTH O0Opa3oBaHUs Ha
MMOBEPXHOCTU TPYOOIPOBO/Ia KOPpo3uH. B 110001 HEOUMINEHHON BOJE HAXOIATCS
OakTepuu, KOTOPBHIC BIMSIOT Ha KadeCTBO WCIIOJB3yeMOW BOJIBI W 00pasyroT
pa3JIMYHbIE BUIBI KOPPO3UHU.

OcHoBHas yacThb

st pelieHus npobJiem OYMCTKHU BO/IbI YCTAHABJIUBAIOT
BOJIONIOJTOTOBUTEIILHBIE YCTAHOBKU. BECh Mpoliecc pa3iesieH Ha 3Tambl, B KaXI0M
U3 KOTOPBIX TPOUCXOAUT OYUCTKA OT OMPEAEIEHHBIX NPUMECEN U 3arpsi3HeHUI. Bee
IPOUCXOJUT B OMNPENCIICHHOM IMOPSIKE, MPUYEM KaKIOMY 3Tally COOTBETCTBYET
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CBOU OoJiee yAOOHBIN U SKOHOMUYECKU BBITOJHBIA METOJ OYMUCTKH. | JTaBHAS I1ENTb
BOJIONIOATOTOBUTENBHBIX YCTAHOBOK - YUCTAasi, MATKas Boja 0e3 cojieil Ha BBIXOJIE.
PaccMoTprM HECKOJIBKO METO0B OYHCTKHU.

Bonma na TOC mnoctymaer u3 pa3HbIX HUCTOYHUKOB, M 3a4acTyIO COAECPKHUT
MHOTO MEXaHWYECKUX 3arps3HeHuil (Mecok, TJIMHA, MeEJKHEe KaMyIIKH).
ConepxaHue Takux 3arps3HEHHI B TEXHHMYECKON BOJIE HENOIMYCTUMO. Y CTPOMCTBA
MEXaHUYECKON OYMCTKM BOJbl YCTAHABIMBAIOT B CaMOM Hayaje Impolecca
BoAOMOATOTOBKH. OHHM TPEICTaBISIOT COOOM CHUCTEMY (UIBTPOB C IMOCTEHNEHHO
YMEHBIIAIOMIECHCS CETKOM, KOTOpBhIE TIOCTENEHHO OT(UIBTPOBHIBAIOT KPYITHBIE
YaCTHUI[l MEXAHUYECKUX 3arpsi3HeHUi. /[aHHbIe (QUIBTPBI XOPOLIO CHPABISIIOTCA C
OUMIIICHUEM TEXHMYECKONW BOJBl OT 4YaCTHUI[ P>KAaBYMHBI, TMECKa U APYrux
MEXaHWYECKUX 3arpsizHeHui. Takue (UIbTPBI UMEIOT MPOCTYI0 KOHCTPYKIUIO H
OTJIMYAIOTCA 3HAYUTEIIBHOW JCIIEBU3HOM, II0 CPAaBHEHUIO C MOCIEIYIOIUMHU
CTaUsIMH OYUCTKHU.

bonpmMHCTBO MCTOYHMKOB BOoApl Ha TOC comepkar coiau  Kemesa.
B3aumopeiicTByss ¢  JApyruMH  OPraHUYECKMMU  DJIEMEHTaMH  00pa3yroTcs
HEpPAaCTBOPUMBIE COEIMHEHUS, YTO NPUBOAUT BOAY B HEHNPUTOJHOCTH IS
UCIIOJIB30BAaHUSI HAa MPOM3BOJACTBE. TarkKe Kele30 MOKET MOINacTb B BOJAY 4Yepes3
MarucTpajdbHbIN TPYOOIPOBO/, TOJIBEPKEHHBIN KOppo3uu. JlJisi OUUIIIEHUS BOJBI OT
OKHCJICHHOTO M PAaCTBOPEHHOTO >Ke€jie3a YCTAaHABIMBAIOT CICIMAIIbHBIE (PUIBTPHI.
EcTp HECKOIBKO METO/I0B 00€3KEINE3UBAHUS BOJIBIL:

e0e3peareHTHOE 00e3KeIe3nBaHNe C MPUMEHEHUEM HAIIOPHOW a’paliyi;

e0e3peareHTHOE 00e3KeIe3nBaHe ¢ MPUMEHEHUEM O€3HANOPHON a’spaiuu;

epeareHTHOE 00€e3KeNe3UBaHNUE.

Meton HanmoOpHOU a’palvy 3aKJIOYACTCS B MPUHYAUTEIBHON MOJaye BO31yXa
MOJ1 BBICOKMM JIaBJICHHEM C TMOMOIIbI0 Kommpeccopa. Bo3myx momaercs B Boxy,
BOJIM3M C KOJIOHHOM WJIU a’dpalliOHHON TpyOOM, rJie MPOUCXOIUT OKUCIICHUE JKele3a
M OTBOJ JIMIIHErO KOJMYECTBA BO3ayxa. Jlamee NOTOK TEXHUYECKOW BOJIbI
MOCTYIMAET Ha KOJOHHY C (DMIBTPOM, TZI€ OCENAET OKHCICHHOE JKEJe30 M 3aTeM
yAAIAETCS.

CyTb MeTona 0e3HANOPHOM a’paliuu TaKas ke, ¢ OTJIIMYUEM B TOM, YTO BO3yX
HE TMOJAeTcsi C TMOMOIIbI0 KOMIpEeccopa, a C TOMOIIBIO KEKTOpa WU
AYIIUPYIOLWIETO YCTPOMCTBA. B 2)KEKTOPHOW CHCTEME IPOUCXOIUT 3aCaCHIBAHUE
BO3/lyXa Yepe3 MOTOK BOJBI U €ro MepeMENINBAaHUE, ITOCIE YET0 OKUCIEHHOE KEIE30
3aiepKuBaeTcsa B (puibTpe, a 3aTeM, MpU MPOMBIBKE (GUILTpa, COpachIBaeTCS B
KaHanm3anuoo. Bo BTropom crocobe Boja MoJaeTcst B OTKPBITHIM pe3epByap uepes
OYUIUPYIOIIee yCTPOUCTBO, KOTOPOE pa3OphI3TUBAET BOAY, YBEJIWYUBAs ILJIOLIAAb
KOHTAaKTa YaCTHUILl BOJbI U KACIOPOAA. 3aTEM BOJA U3 pe3epByapa MOJAETCs HACOCOM
Ha (QUIbTP, TI€ OKUCICHHOE KeJIe30 3aJepP KUBAETCS, a MPU OOpaTHON MPOMBIBKE
¢uiabTpa cOpachiBaeTCs B KaHATU3ALIMIO.

Meron peareHTHOro 00€3)ene3MBaHMs MPUMEHSIOT MPU HU3KOM MOKa3arese
pH 1 BBICOKMX MOKa3aTensix MPUMECEH XKelle3a, MapraHiia, cepoBoaopona u nap. B
TpyOONpPOBOA MOJAaYU BOJbI JO3UPYIOT OKHUCIUTEIb, 3a4aCTyl0 3TO THIOXJIOPUT
Hatpus. [lanee, kak u B O€3peareHTHbBIX METOJaX, OKUCIEHHOE KEJIe30 OCAKIACTCS
Ha QUIBTPAX YCTAHOBOK OYMCTKU BOJIBI.
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CopOLMOHHBIE YCTAaHOBKM YJANAIOT U3 BOJbl PAa3UYHBIE OPraHUYECKHUE
IPUMECH, B3BEIIICHHBIC BEIIECTBA, a TAK)Ke U30aBIISIOT OT Pa3HbIX 3allaxoB, BKyca U
nBera. /laHHbIE YCTAHOBKHM MPEACTABISAIOT COOOM YroJIbHbIM (PUIIBTP, B KOTOPHIA
NOCTYNAaeT BOJAa U PAaBHOMEPHO PACIPOCTPAHAECTCS HA €ro MOBEPXHOCTH, 3aTEM
OPOXOAUT YEpe3 YroJbHBIA CJIOM, OYMIIAsACh OT 3arpsA3HEHUN, KOTOpBIE
3anepxuBaloTcss B (uibTpe. B mporecce paboThl COPOIMOHHOM YCTaHOBKH,
HECKOJIBKO pa3 B HENEII0 TMPOU3BOJAT pPHIXJIEHUE U OOpaTHYIO IPOMBIBKY
buapTpyromed cMecHw, i NPEJOTBPAIECHUS CIICKWUBAHUS W yHaJCHUS
OpTraHUYECKUX 3arpsi3HEHUN.

B cnenyromem sTame OYMCTKH HCIOIB3YIOT (GUIBTP IS YMSTUEHUS BOJBI,
KOTOPBIN MPEACTABISIET COO0H yCTAaHOBKY, TTO3BOJISIONTYIO0 OYHCTHTh BOAY OT COJICH
MarHusi W Kajblusa. B kadectBe cmoco0a yMSTYCHHST BOJBI MOTYT OBITH
WCIIOJB30BaHbl  pa3HbIe METOJIbl: HOHO3aMEIIIEHUE, pEareHTHhIA Ccrnocod u
MAarHMTHOE OYMILICHUE.

Haubonee ynoOuslii cmoco6 — wuoHo3amemnieHue. [Ipomecc odncTku
npearnosiaraeT moj co0oi MpoXoxAeHUE BOABI Yepe3 CIOW MOHOOOMEHHOM CMOJIBI,
KOTOpasi Tpu B3aUMOJCHCTBUM C BOJAOW pacmaiaercsi, M COJHU KECTKOCTH
NPWINNAKT K HEH, TEM CaMbIM OYMILAsl BOAY OT MUHEPAJIOB Kaiblus U MarHus. Co
BpEMEHEM CMoJia 3a0MBAETCs Pa3HOTO POJIa MPUMECSIMHU U I TajbHenIet paboTsl
€€ MIPOMBIBAIOT COJIEBBIM PACTBOPOM.

PearenTHsiii cnoco6 mpenactarisieT coboi q00aBiIeHUE XMUMHUKATOB B MOTOK
BO/IbI, TIOCJIE€ YEro MPOUCXOJIUT PEAKIIUSI, U COJU KECTKOCTH BBINMAJAIOT B OCAJIOK.
JlaHHBI METOJl SBJISIETCA OJHUM M OBICTPBIX CHOCOOOB CMSITYUTH BOJY, HO HE
caMbIM 0€30MacHbIM, TaK KaK KOJMYECTBO PEAreHTOB HAJ0 CTPOro J103UPOBATh,
MHAa4Y€ B BOJIE MOTYT TMOSIBUTHCS BPEIHBIC AJIEMEHTHI, CHOCOOHBIE HCIOPTUTH
000pyI0BaHUE U BBI3BATH KOPPO3HIO.

DNEeKTPOMArHUTHOE OYHUINEHUE TMPEACTABISIET CO0OM CHCTeMy Ha OCHOBE
marHuta. [Ipy mMOMOIIM MArHUTHOTO TOJISI COJM ECTKOCTH MEHSIOT CBOO
npekHIOK GOpMy M BBITATHBAIOTCH. JIaHHBIA METOJ OTJIMYAeTCs CBOCH
HEMPUXOTJIMBOCThIO M TMPOCTOTOM B OKcrutyatanuu. HaubGomee 3¢ GhekTuBHO
paboTaeT B 3aMKHYTBIX memnsx. s HopMmanbHOW pabOThl MarHuTa HEOOXOIUM
MIOCTOSIHHBIN TOTOK BOJIbI, C MOCTOSIHHOM CKOPOCThIO. Tak ke Boaa JOJKHA OBITH
ONPEICIICHHOW TeMIEpaTypbl, CIUIIKOM TFOPSYYI0 MM XOJIOAHYHO BOJly MarHUT HE
YMSITYUT.

Jlns o0ecconuBaHusl BOJbI, KPOME PEareéHTHOIO Croco0a MOTYT MCIIOJIb30BaTh
yCTaHOBKHU 0oOpaTHOro ocMoca. [IpuHimn paboThl TaHHOW YCTAHOBKHU 3aKJIFOYAETCs
B MCIIOJIb30BAHUM TTOJTYNPO3pAUYHON MEMOpPaHbI, pa3Mephl IOP KOTOPOM COCTABISIOT
10 0.0001 muxpona. Jlannas MemOpaHa yCTaHABIMBAETCS B €MKOCTH, pa3ielisis IBa
pacTBOopa C pa3HOW KOHIIEHTpaluenl cosed, mMeMOpaHa CIOcOOHa MPOIyCKaTh
TOJIKO MOJIEKYJIbl BOJbI U PACTBOPEHHBIE B HEMl ra3bl, @ MOJIEKYJIBI COJIA OCTAIOTCS
Ha HeW. B TPOMBINUIEHHBIX YCTAaHOBKaX OOpPaTHOTO OCMOCAa HMCXOJHAs Boja
MoJaeTcsl TMOJ] JIaBIGHWEM 4epe3 MeMOpaHy, TeM caMbiM BO3pacTaer
MIPOU3BOAUTEIILHOCTh YCTAaHOBKU. D(H(PEKTUBHOCTH OOPATHOTO OCMOCa TAJaeT MpH
320Ut TMOp MeMOpaHbl, KOTOPYIO HYXHO CBOECBPEMEHHO pPETCHEpUPOBaTh W
3aMEHSITh.
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O06e33apakvBaHie TEXHUYECKON BOJBI MPOBOJAT C IEJIBbI0 W30ABICHUS BOIBI
oT OakTepui, BUPYCOB M HENPHUATHBIX 3amaxoB. EcTh JBa OCHOBHBIX croco0a
o0e33apakuBaHus BOJIbI, IPU TTOMOITU XJIOPUPOBAHUS WIH YIBTPAPHOIETOM.

XJopupoBaHUE TMOAPA3yMEBAET HCIOIB30BAHUE TAaKUX PEAreHTOB, KaK XJIOP
Wi 030H. B Hacrosimee BpeMs OOJBIIYIO TMOMYJISPHOCTb TMOJYYUI METOA
Ne3UH(PEKIUU TEeXHUYECKOM BOJABI MyTeM ee XJiopupoBaHus. Jljis 3Toro meroaa
UCIOJIb3YIOT KUIKUHN WJTM Ta3000pa3HbIil XJI0p, B HEKOTOPBIX CIydasx MpUOETaroT K
WCTIOJB30BAaHUIO XJIOPHOW M3BECTU M TUIOXJOPUTOB HaTpusa. J[03y XJIOpUpOBaHUS
YCTAHABIIMBAIOT MyTEM MPEABAPUTEIIBHOTO aHAIN3Aa TEXHUYECKOM BOJbI. | JTaBHBIN
MHUHYC JIaHHOTO METOJa — 3TO TO, YTO Ha BBIXOJI€ MOJYyYaeTCs BOJla C XJIOPOM,
KOTOpPBI B OyIylIieM TOXe Haao OymeT ymamuTh U3 Boabl. bonee 3ddexTuBHO
o0e33apakuBaHNe BOABI MOKHO BBITIOJIHATH C TIOMOIIBIO YAbTpadroIeTa.

Ha coBpeMennbix TOC ynabTpaduosieTOBbI CTEPUIN3ATOP BOABI BCTPEYAETCS
qaiie, 4eM METO] XJIOPUPOBaHUsI OJarojapst pay npeuMyIiecTB:

®OTCYTCTBHE XUMUYECKHX PEATEHTOB;

®OTCYTCTBYET 3allax U MIPUBKYC XJIOPa;

®BBICOKA 3(PPEeKTUBHOCTH 00€e33apaxuBanus (6osee 99,99%).

VYapTpaduoneToBblii CTEPUIN3ATOP COCTOMT W3 PTYTHO-KBAPIEBOW JIAMIIbI,
KOTOpasi UCIYCKAaeT yJbTPa(uoJIETOBBIC JyUd C JJIMHON BOJIHBI, TPUMEPHO PABHOM
250 ©M, Kotopeie BbI3bIBalOT u3MeHeHue JIHK Bcex MHKpOOpraHu3MoB,
NOPENSATCTBYSl HMX IKU3HENEATEIBHOCTH M Pa3MHOXKEHHUIO. YIIbTPa(puOJIETOBBIM
CTEPWJIN3aTOP YCTAaHABIIMBACTCS HEMOCPEACTBEHHO HA JIMHUIO MOTPEOICHHS, UYTO
JIeaeT JaHHbIN crmocob 0osiee 3 PEKTUBHBIM U YIIPOIIAET €T0 00CITYKUBaHUE.

3akioueHue

Bonoounctka TOC siBisieTcsi KOMILUIEKCOM CHCTEM, KOTOpPbIE HAIlpaBJIEHbl Ha
MOJTHOE YHUUTOXEHUE npumecei. J[jis moJHOM OYMCTKU BOJBI IJI UCIOJIb30BaHUS
Ha TOC HeoOxoauma KOMOMHAIUMS HECKOJBKUX CIocoboB. OT CKOpPOCTH
BOJIOOYMCTKHU 3aBUCUT U MPOU3BOJUTEIIBHOCTh PA0OOTHI OCHOBHOTO OOOPY/IOBAaHMUSI.
Takke KaueCTBEHHAs OYMCTKA BOJbI OOecreduBaeT 0oJiee JOJATHUH CPOK CIY>KObI
obopynoBaHuss Ha cTaHIMU. HMEHHO mMO3TOMY paboTe XUMHUYECKOro Iexa
BOJOOYHCTKH CJIEAYET YAEIATh 0CO00€ BHUMAHUE.
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AHHOmMayua: 6 cmamve paccmampu8aomcs 0CHOBHble CNOCOObL NOBbIULEHUS.
KIIJ] napomypounnsix ycmano8ok pabomaiowux Ha 61aiCHOM nape.

Abstract: the article discusses the main ways to increase the efficiency of steam
turbine plants operating on wet steam.

Knwuesvie cnosa: napomypbunusvie ycmarnosku, AIC, yeenuuenue KII/],
nomepu meniomel.

Keywords: steam turbine plants, nuclear power plants, increase in efficiency,
heat loss.

Bsenenne

C mnosBieHneM OONBIIOTO KOJWYECTBA THUIIOB DJIEKTPUUYECKUX CTAHIUH,
MOSIBUJIACH HEOOXOIUMOCTD B CO3/IaHUU PA3TUYHBIX KOHCTPYKIIMI TYpOUH, KOTOPBIE
paboTalT ¢ pa3TUYHBIMU TapameTpamu. B Haile BpeMs cyiiecTByeT ABe OOJbIINE
KaTeropuu TypOWH, KOTOphIe pabOTalOT Ha MEPErpeToM M HACHIIICHHOM TMape.
TypOoarperatbl, paboTarolire Ha TmeperpeTom mape, ycranaBnuBaioT Ha KOC wu
TOC, a TypOuHbI, paboTarollie Ha HACHIIICHHOM TMape, HAlLId MPUMEHEHHE Ha
ADC.

OcHoOBHas 4YacTh

JIro0ast TypOuHa paboTaeT 3a cUeT NMpeBpalleHUs] KHHETUUYECKONW YHEPTUM Tapa
B MEXaHHWYECKYI0 3HEpPruio BpaileHus potopa. [lap ana pabGorsl TypOoarperaTos
oOpasyercss B mapoBbix korinax Ha TOC u B maporeHeparope Ha ADC. Han
MIOBEPXHOCTBIO UCITAPEHHUS B MAPOBBIX KOTIAax U B nmaporeHepatope ADC BO3MOKHO
MOJIYYUTh TOJIBKO HACBIIIEHHBIM Map, ¢ pa3HoM creneHbio cyxoctu. Ha TOC
BJIQXHBIA Map B JaJbHEWIIEM MEPErpeBarOT, UCMHOJIb3Ysl TEIUIOTY OT YXOISLIUX
razoB, Ha ADC e HEe TMpeacTaBIsSICTCSs BO3MOXKHBIM TIeperpeBaTh Iap, 0e3
WCIIOJB30BaHUS JOMOJHUTEIIbHBIX TE€HEPATOPOB TEIUIOTHI, IO H3TOW MPUUYUHE
TypOuHbI, ycTaHaBiauBaemble Ha ADC, palGoTatoT Ha HacklmleHHOM mape. [lap
CUMTAETCAd HACBIIICHHBIM, KOI/a YHCJIO MOJIEKYJ, MOKUHYBIIUX >XUAKOCTH 3a
€MHUIY BPEMEHHU DPABHO YHCIY MOJIEKYJ BEPHYBIIMXCS B UJIKOCTh 3a TO XKE
Bpemsi. B nmanHoM cocrosHum pgaBinenue Ha ADC cocrtaBmser 58-67 ara,
temneparypa 272-282 rpanycoB llenscust co crenenbto cyxoctu 1. Crenyer
OPUHATH BO BHUMAaHKE, YTO OoJblas yacth TypOuH Ha ADC paboTaroT Ha BIaKHOM
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mape, HO CTENEHb CyXOCTH He nomyckaioT Hmwke 0,86. BaxxHoil 0coOeHHOCTHIO
BJIQXKHOTO Tapa sBJIIETCS TO, YTO OJHOMY 3HAYECHMIO JaBJICHUSA COOTBETCTBYET OJTHO
3HAYECHHUE TEMIIEpPaTyphl, B OTIMYME OT IEPErpeToro, riae TEeMIEeparypa MOXKET
OPUHHUMATh JII000O€ 3HAYEHHE BBIIE TEMIIEPATYpbl HACHIILEHUA IPU JIaHHOM
JaBiaeHuu. 3 yero MOXHO czenaTh BBIBOJ YTO IIap, KOTOPBIM NPU ONPEIEIEHHOM
JABJICHUHM UMEET TEeMIIepaTypy Bblllleé 0003HAYEHHON B “Ta0JuIle HACBHIILIEHHOTO
napa”’ HasbIBaeTcs IneperperbiM. M umeer mapamerpsl naBieHus 130-245 ara,
temMiiepatypsl 535-565 rpanycos Llenbcus.

C pazButuem ADC, KOTOpbIE HCIONB3YIOT MapOTypOMHHBIE YCTAaHOBKH,
paboTaronire Ha HaCBIIIEHHOM Iape, CTaj BOMPOC O BIUSHUU BIAXHOCTH Tapa Ha
XapaKTEpPUCTHKU padboThl TypOuH. bonbias yacts cryneneit LIB/] u LIH/[ paGoTaet
Ha BiaxHOM mape. OCOOEHHOCTh BIAXKHOTO Mapa B TOM, YTO B MOTOKE Iapa Biara
MOKET MPUCYTCTBOBATh B BUJI€ TYMaHa WM Karellb, KOTOPbIE MOTYT CKaIlJIUBAThCS
U JIBUTaThCs 1O 3JIEMEHTaM MPOTOYHOM 4YacTU TypOWHBI, CHUXKasl €€ BHYTPEHHUI
KITA. YMmenpmenue KIIJ oOycnaBnuBaeTcs MOTEpSMH DHEPTUHM Ha TPEHHUE IMapa o
KaIlJli, CpbIBaHUE CTPYH Kalleiab U yAapaMH Kareib 0 paboune opraisl TypOuHsl. B
CTYIEHSX TypOMHBI, palOOTAIOIIMX Ha HACBILICHHOM Iape 4YacTo HaOJ0aeTcs
camkenus KIIJ[ uz-3a spo3un u xoppo3uu. B moroke mapa oOpasyroTcs Karuiu
pPa3HBIX pa3MeEpOB, CKOPOCTEM M TPAEKTOpPUM, KOTOPBIE C TEUYEHUEM BPEMEHU
pa3pylaloT NOCIEAHUE CTYNEHM LWJIMHAPOB TYpOMH, a M3-3a HAJIM4US BIIAXHON
Cpelibl ¥ MOJICOCOB BO3/lyXa 00pa3yeTcst KOPpO3Hsl MOCIEAHUX CTYIEHENH MPOTOYHOM
YacTH TYpOUHBI.

TypOuHbl HaChIIIEHHOTO mapa, wucnoiabdyemMble Ha ADC, uMewT psij
KOHCTPYKTUBHBIX OTJIMYUNA OT TYpOHH, padOTaIOIINX HA EPETrPETOM Mape.

BbIaensitoT Tpy OCHOBHBIE MPUYMHBI 3TUX OTIUYHIA:

¢ 0OJIBIIMHCTBO cTyneHeil Typounsl ADC paboTaeT Ha BIaXKHOM Mape;

eHa BbIXOJe U3 mnaporeHeparopa ADC map HMMEET HU3KHWE HaydaJIbHbIC
apameTpsl;

ecrienrpuka padoThl TYpOOYCTAHOBKHU M3-3a TECHOM CBSI3U C PEAKTOPOM.

B TypOuHax, pa0oTalmMX HA HACBIIIEHHOM IMape, IO CpPaBHEHUIO C
TypOMHAMH Ha BBICOKMX TapaMeTpax C MPOMEKYTOYHBIM TEPErpeEBOM
TerIonepenas MeHblie npumepHo B 1,5-2 paza. M3-3a HU3KOro temonepenaza Ha
ADC HY)KHO MUHUMH3UPOBATH MOTEPU C BBIXOJHON CKOPOCTHIO U MOTEPHU JABIICHHS
U3-3a JIpOCCEIMPOBAHUS, KOTOpble HEW30eXKHbl MPU NPOTEKAaHUU Tapa B
MAPOBIIYCKHBIX OPTaHaX M 4Yepe3 cernapaTop-napoIeperpeBacTeilb, BCIEICTBHE YETO
a’pOAMHAMUYECKHUM [TapaMeTpaM 3THX OPraHOB OTBOJUTCS MPUCTAIIBHOE BHUMAHME.

Ha »snekrpuueckux crannmsx I[IHJ[ BeipabateiBaeT npumepHo 50-60%
MOIIIHOCTH BCEH YCTAHOBKH, YTO CYIIECTBEHHO OKA3bIBAECT BIMSHUE HA BHYTPEHHHI
otHocuTenbHbId KIIJ. B cBs3u ¢ »stum, musa nosbimieHus KIIJI nwa ADC
YCTaHABJIMBAIOT OOJIbIlIE HUIMHAPOB HU3KOTO AABJICHHS, a LWJIMHIPHI CPEIHETO
JABJICHUS, KaK MPaBUJIO, OTCYTCTBYIOT. bonbimmHcTBO TypOoun ADC umeeT oAuH
v nBa [IB/1, v Tpu wim yersipe LIH/I.
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Pucynok 1 — CtpykTypHas cxema TypOMHBI BIaXHOTO Tapa MoiHocThio 500-1000 MBT:
HH/I - nnnmuaap vuskoro aasienus; LIB/I - munuaap Beicokoro nasnenust; CIIII - cemapaTtop
naporneperpesareis; K - konaencatop

3adacTyio B TypOuHax, paOOTarOIIMX Ha HACHIIIEHHOM IMape, MPUMEHSETCS
KOHCTPYKTHUBHO COBMEIIEHHBIN CTONMOpHBIN perynupytomuii  kinanadn (CPK),
KOTOpPBI ONMpaeTcss Ha OJHO CEMIO0 W NPUBOJUTCA B JEUCTBUE OT CBOHUX
CEPBOMOTOPOB, 4YEpPE3 COOCHO PACIIOJOXKEHHBIE WITOKU. Takoe KOHCTPYKTUBHOE
pelieHrue yMeHbIIaeT APOCCEIMpPOBaHME TMapa Ha BXOJe B TypOuHYy, dTO
yBenuuuBaeT oTHocuTeabHbIH KIIJ[ TypOunbl Ha 0.4-0.6%. s MHHUMUH3AIUAU
IIOTE€Pb CKOPOCTH U JIaBJIEHUs HA JUHUM Iepenycka napa B LIBJ[ u LIH/I ctpemsrcs
COKpaTUTh TPAKT, MyTeM OOBEAMHEHHUS CcemapaTopa Mmapa C HPOMEXKYTOUYHBIM
[MaponepPErpeBaTeneM.

[IpoMexXyTOUHBIM TEpErpeB Mapa OCYUWIECTBISIOT C LEJIbI) MOBBIIICHUS
BHyTpeHHero oTHocuTenbHOro KII/I, a Takke yBennueHus: CTENEHU CyXOCTH Iapa.
B typOunax, paboTaronux Ha HACHIIIEHHOM Mape HCIOJb3YIOT TOJBKO MapoBOM
MpOMIIEpErpeB M3 O0TOOpa maporeHeparopa, OJHAKO OH BO3MOXKEH C
WCIIOJB30BaHMEM Tapa U3 maporeneparopa u mapa u3 oroopa LIB/I. Takoe pemenue
0OYyCJIOBIICEHO TOBBIIIICHUEM HAJIEKHOCTH PabOThI peakTopa. B 1ensx moBbIleHUs
KITJT, u ymeHnsmeHnuss orbopa mapa Ha TPOMIIEPETPEB  YCTAaHABIUBAIOT
cemapalMoHHyl0 ycraHoBKy. Cemnapainus napa nocie 1B/ npuMeHsieTcst ¢ 1ebio
MOBBIIIEHUS CTENEHU cyXOocTu napa 10 99%. Cenapanusi — 3TO OTAEJICHHE BJIard OT
nmapa, IMyTeM pACMOJOXKEHUS IO XOJy €ro JBMKEHHS BOJHOOOPA3HO H30THYTHIX
JUCTOB, KOTOphle HaOuparTcs B makeTbl. OTAelieHHe BIIard MPOUCXOJUT TPHU
COyJapeHUH KamejleK BOJAbl C TMOBEPXHOCTAMHU M30THYTHIX JIMCTOB. Cemapartop
YCTAHABIMBAIOT B OJIHOM KOPIYyCE€ C MPOMEXYTOYHBIM maponeperperareneM. Ha
ADC [puUMEHSIOT JABYXCTYIIEHUYATBId IPOMBIIUICHHBIA I1apOIEepErpeBaTedb,
KOTOpbIN oOecrieunBaet AononHuTenbHoe ypennuenue KIIJ[ na 1.5-2.5%.

CymectByer MeTOl, B KOTOPOM HCIOJB3YIOT BMECTO cemaparopa-
naporieperpeBaresis naporneperpeBarelib, padoTaoIUi Ha OPraHMYEeCKOM TOTUIMBE.
IIpy wucnonp30BaHMM TakKoro crocoba IMeperpeBa IMapa, IMOBBIIIAETCA CTEINEeHb
CYXOCTH, ¥ YMEHBIIIAIOTCS TTOTEpU Mapa B TypOMHE M3-3a OTBOJA KOHJEHCATa, TEM
cambim nioBbimaercs KITJ typounst. KIIJI ncnonb3oBaHust OpraHUuYecKOTO TOTUTHBA
paBeH 40%, a pacxoJ TemIoThl CHU3UTCA Ha 6-12%, 4TO COOTBETCTBEHHO YBEJIMYUT
MOIIIHOCTH TypOoarperara.
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J1J1 TOBBILIEHUS] MOIITHOCTH TYpOUHBI pabOTaIOIeil Ha HACBIIIEHHOM Tape, u3-
32 HU3KUX HayaJbHBIX MApaMETPOB YBEIUYMBAIOT 00bEMHBIE TMpoirycku napa. Ho B
CBS3UM C OTHUM, YBEIUWYMBAIOTCS TadapuThl MapoOBIYCKHbIX cucteM, u [[BJI
IPOU3BOJIAT B IBYXIIOTOYHOM MCITOJIHEHUU COOTBETCTBEHHO, Kak v [IH/I.

KIIJI typboycTaHoBKM paboTarolieil Ha HachbllleHHOM mape pocturaet 40-
45%, uro B cBoto ouepenar Menbie KIIJ[ TypOGoycranoBku, paboTatomieil Ha
BJIQYXKHOM I1ape, KoTopas MakcumanbHO aocturaetr 35%. [Jlannas paszauna KIIJ
BO3HHMKAET M3-3a TeIUlonepenana, KOTopelil Beime Ha 15-20% B TypOuHAX,
paboTaronux Ha MeperpeToMm mnape.

3akiiroueHue

Mopepunsamuss u  yBennueHue  KIIJI  mapoTypOMHHBIX  YCTaHOBOK,
paboTaronMx Ha HACBIILIEHHOM Iape, B HACTOSAIIEE BPEMsI OCYILIECTBISETCS IO IBYM
OCHOBHBIM HAIIPABJIICHUSIM. OTO CHWXXEHHE CTENEHUM CYXOCTHM Iapa, IyTeM
UCIIOJIb30BaHUS JIOMOJHUTENBHBIX IapoleperpeBaTeneid U OOJbIIOro KOJIMYeCTBa
H/I. Taxxe nmeeT mecto He3HaunTeNbHOE yBenuueHnue KII/I, myreM yMeHbIIeHUSA
JUIMHBI MaruCTpaJIed MaponpoBOIa, U YCTAHOBKHU MapOPaCIpeaeIUTEIbHBIX CUCTEM
C YMEHBILIEHHBIM JPOCCEIUPOBAHUEM Mapa, YTO B COBOKYITHOCTH yBennuuBaeT KIT/I
NapoTYpOUHHBIX YCTAaHOBOK, pa0OTaOIIMX Ha HACBILICHHOM Mape.
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SOLAR POWERED WATER FILTRATION
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Annomayun: 8 0anHou pabome paccMompum makxou cnocob guivmpayuu
600vl kax SunSpring Hybrid, pabomarowyro na conneunoii snepeuu.

Abstract: in this paper, we will consider such a water filtration method as the
SunSpring Hybrid, powered by solar energy.

Kntoueswie cnoea: sunSpring Hybrid, conneunas snepeus, purempayus.

Keywords: sunSpring Hybrid, solar energy, filtration.

BBenenne

Bo MHorux crpanax mMupa mpoOjeMa He B TOM, UTO HE XBaTaeT BOJbBL, a B TOM,
4YTO OHa 3arpsi3HeHa. HekoTopsle pa3BUBarOMIMECs CTpaHbl COPAChIBAIOT B BOJHBIE
MyTH BOAY 0€3 OYHMCTKU. YUEHblE, 3aHMMAarouIuecss MmpoOJaeMoil 3arps3HEHHOCTH
BOABl pa3paboTaii aBTOHOMHYIO TOPTATHBHYIO CHUCTEMY (DHIIBTpAlMd BOJIBI
SunSpring Hybrid, kotopas obecneunBaer 20000 TUTPOB YMCTOM BOJIBI B IeHB [1].

OcHOBHasl YacTh

JJ1st Havama pacCMOTPHUM MPUHIIAI PaOOTHI CUCTEMBI SunSpring.

Hannass cucrema paboTaeT HCKIIOYUTEIILHO Ha Oarapesx, KOTOpbIe
3apsOKAIOTCS OT BO30OHOBIISIEMBIX MCTOYHHUKOB DHEPTUH, & UMEHHO COJIHEUYHOU U
BETpOBOW »Hepruu. bnarogapss sTomy oOecneunBaeTcsi OecnepeOoiiHas padorta
YCTPOMCTBA.

Cuctema BKJIIOYaeT B ce0d COJIHEUHYIO TMaHENh W HEOOJIBIIYIO
BETPOIJIEKTPUYECKYIO YCTaHOBKY. Hacoc mepexkaumBaer BOLy M3 ONM3JIEXAILEro
HMCTOYHHUKA — 9TO MOXKET OBITh, KaK 03€po, peKa, pydeH, Tak 1 MO I3€MHbBIA HCTOYHUK
Ha rioyouHe He Oosee 2,4 M. Jlanee Bojia MPOXOUT Yepe3 CEMUMMIBHYIO MEMOpaHy
tonmuHor 0,02 MHKpoOHa, CHEeNHATbHO pa3padOTaHHYK JJig 3allUThl  OT
MUKpPOOMOJIOTUYECKUX 3arpsi3HeHud [2]. 3aTemM oOdYMINEHHAass BOAA BBIXOJIUT W3
BOJOIIPOBOJIHBIX KPAHOB (PUCYHOK 1).

MeMOpanbl  ynpTpaduiabTpanm B Kaxkaom rudpume SunSpring Hybrid
ABTOMATHUYECKU MPOMBIBAIOT OT OJTHOTO JI0 JIBAAIIATH YEThIPEX pa3 B A€Hb. JHEPTHUS
CUCTEMBI 00€CIeunBaeTCsl KaK COJHEYHOW, TaKk W BETPOBOM TEXHOJIOTHEH U
XPaHUTCS BO BHYTPEHHHUX OaTapesix JJIsl MCIIOIh30BAHUS THEM WM HOYBIO, B I0XK/Ib
uiu conHie. B SunSpring Hybrid ecTh 3-kKOHTaKkTHAS JIEKTPOCTAHIUSA JIS 3aPsIKU
MOOMJIBHBIX ~ Tene@oHoB.  Mcmonb3yemass  TEXHOJOTHUs  SIBISIETCS  camMou
COBPEMEHHOM, HO CHUCTEMa JIETKO OOCIIY)KMBAa€TCS MECTHBIMHU >KHUTEISIMH, U €€
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MOJXHO HACTPOWUTh U BBCCTU B SKCILIyaTallMIO BCETO 3da HCCKOJIBKO YaCOB (pI/IC}’HOK
2).

Pucynok 2 — ConHeuHoe ouniieHue

OrpoMHBIM MPEUMYIIECTBOM JI@HHOM CHUCTEMBI SIBISIETCS MOOWIBHOCTh H
cpaBHUTENbHO HebOombion Bec B 450 kr. Takke, MOTYyYEHHYIO BOJIY MOYKHO
XpaHUTh B ITUCTEPHAX, HO C TMPEABAPUTEIBHON 0OpabOTKON MX XJIOPOM. YUeHBIC
pa3zpaboTalii HEOPOroe YCTPOMCTBO MJIsi MBIThS OYTBUIOK M JAC3WH(PUITUPYIOIISEe
cpeactBo — SunSpring Bottle Buddy.

SunSpring Bottle Buddy — npoctoii u 3¢ pexTuBHBIN HHCTPYMEHT JIJIsl OUUCTKH
OyThUIOK. braromapss cmocoOHOCTH OBICTPO JAE3UH(PUIIUPOBATH U OIMOJACKUBATH
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MHOTOpa3oBblie OyThUTKHM 00bemMoM A0 20 nutpoB, Bottle Buddy sBasercs
OTJIMYHBIM KaHAUJATOM JJIsl MUKPOTIPEANIPUATUH, pa3JaroliuX BOAY cooOIiecTBaM B
CeNIbCKOM MECTHOCTH Pa3BUBAIOIIMXCS CTPaH (PUCYHOK 3).

Pucynok 3 — SunSpring Bottle Buddy

biiarogapst HOBBIM TEXHOJOTUSIM, KOTOPBIE MPUCYTCTBYIOT B CUCTEME OYUCTKHU
BO/JIbI, MOXXHO CYJUTh O HU3KHMX JKCILUTyaTallMOHHBIX pacxoaax. SunSpring Hybrid
MoxeT ciayxuth Oonee 10 mer [3]. E€ MOXHO uCHONB30BaTh HE TOJBKO B
Pa3BUBAIOIIKXCS CTPaHaX, HO U Ha HEOOJIbIIUX MpeanpusaTusax, Tak kak KIIJ Bcei
CUCTEMBI COCTABIIAET 92%.

SunSpring Hybrid npekpacHo NOAXOAUT MJisl aBapUHHOIO pearupoBaHUs,
oOecrieueHns TOTOBHOCTH K CTUXHUHBIM O€JCTBUSAM, JIEPEBEHb, OOJBHMII, TETCKUX
JIOMOB, TIEPKBEH, OOIIECTBEHHBIX IIEHTPOB, BOCHHBIX, JIarepeil ISl TEPECENICHIICB,
narepeld O€KEHIIEB, MANATOYHBIX Jarepedd, KypopToB. CHCTEMy TakKe MOXKHO
yCTaHaBIMBAaTh Ha KpbIIaX BBICOTHBIX 3/IaHUM, oOecreunBas BCE 37aHUE
0e30macHO MUTHEBOW BOJIOM, OTKA3aBIIUCh OT Oy TUIIMPOBAHHOM BO/IBI.

3akioueHue

Takum 00pa3zoM MOKeM cKa3aTb, YTO JaHHAs WHHOBAIIMOHHAS TEXHOJIOTHS
obecrieunBaeT 0O€30MacHyl0 BOAY [JIsi OKa3aHWS TIOMOIIM TIPU CTUXUMHBIX
OeJCTBUSX U OKA3bIBAET OTPOMHOE BJIMSHHE Ha MEXIYHAPOJHOE pa3BUTHE.
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AHHOmMauua: paccmampusaromcs NPUYUHbL 803HUKHOBEHUS JIeKMPOIPO3UU
noouwunuuxkos mypooazpecamos. Onucana cxema YUpKyIsayuu moxka ¢ KOoHmype. 64l
- NOOWUNHUK - (PYHOAMeHmHAs Nauma - 3azemisarouias wemka — eai. llpusedenvi
Haubonee  Xxapakmepuvle  NPUSHAKU  CYWECMBOBAHUSL  IIIEKMPOIPOIUOHHBIX
npoyeccos. Ykasanvl mepuvl OJisl CB0EBPEMEHHO20 BbIAGIEeHUS U NPe0OmEPaueHs.
NEKMPOIPO3UL NOOUUNHUKOS MYpOOacpe2amos.

Abstract: the reasons for the occurrence of electrical erosion of bearings of
turbine units are considered. The scheme of current circulation in the circuit: shaft -
bearing - foundation plate - grounding brush — shaft is described. The most
characteristic signs of the existence of electroerosive processes are given. Measures
for the timely detection and prevention of electrical erosion of bearings of turbine
units are indicated.

Kntrouesvie cnosa: snexmposposus, noOWUnHuK, mypooazpezam, 3azemienue,
U301AYUsL, NOBPENCOEHUS.

Key words: electrical erosion, bearing, turbine unit, grounding, insulation,
damage.

BBenenue

DNEeKTPo3po3Us MOAIIUITHUKOB TypOOarperaToB MposiBISETCS B MOCTEIIEHHOM
pa3pylieHuH JeTajeil MOJAIIUITHUKA W CONPHUKACAIOMICHCS C HUMHU MOBEPXHOCTH
Bajia mapasuTHHIMU TokaMu. CaM TpoLecC AIEKTPOIPO3UH MOXKET MPOTEKATh MPHU
ATOM JIOCTATOYHO MJUTEIBHOE BpeMs, 0e3 Kakux-au00 BHEUIHUX TMPOSBICHUH,
OJIHAKO B HEKOTOPBI MOMEHT BPEMEHU MOKET BO3HUKATH OBICTPOE MEXaHHYECKOE
paspyiieHne 0aOOMTOBBIX BKJIAJBINICH TOIIUITHUKOB W JaXe TOBPEKICHUE
MOBEPXHOCTH Baia [1].

OcHoBHasl yacThb

[TpuurHBI BO3HUKHOBEHUS 3IEKTPOIPO3UU MOTYT OBITh ciieytouiue [2]:

1. OrcyrcTBHE 3a3eMiieHMs (HapyllIeHHE 3a3eMJICHMs) Bajla TypOoarperara,
Opy 5TOM Ha Bally HAKaIlJIMBAETCA AJIEKTPOCTATUYECKHUM 3apsj, 0OYCIOBIECHHBIH
TPEHUEM CYXOro Iapa O JOMaTKU TypOWHBbI. BelnunHa MOCTOSIHHOTO HampsiKEHUs,
omnpeaensemMas 3TUM 3apsiioM, IOCTUTAET COTEH BOJIBT [3], YTO MOXKET MPUBOAUTH K
Mpo0O0I0 MACIISTHOW TJICHKH MEXKIYy BaJIOM W MOAIIMITHUKOM. B Mecte mpoOost mpu
3TOM MPOTEKAET TOK pa3ps/ia, BI3bIBAIOIINN MUKPOCKOMMYECKUE pa3pyllIeHus: Baja
Y BKJIaJblIa noAmunHuka. [locne oTekaHus 3apsijla U BOCCTAHOBIICHHS U30JISIILIUU
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Macja MPOUCXOJUT HOBOE HAKOTUICHUE 3apsiia Ha Bajly, HOBBIN MPOOOH - U MpoIecc
MOBTOPSETCA HUKIMYECKH B TE€UCHUE NIUTEIBHOTrO BpeMeHH. OObIUHO 3PO3UOHHBIE
pa3pylI€HUs, BBI3BAHHBIE CTATUYECKUMH pa3psaaMU, HEBEJIUKH BCIEACTBUE
HE3HAYUTEIBHON MOIIIHOCTH Pa3psiaoB.

2. Haunbonee omacHOM NMPUYMHON SIBJIAETCS MPOTEKAHUE Yepe3 MOAIIUITHUKI
TypOoarperatoB Mapa3UTHBIX TOKOB. MarHuTHas CHUCTEMa pPOTOP-CTaTOp
TypOoarperara, Kak BCsKas HeuJeajdbHas cuUcCTeMa, oO0JagaeT HEKOTOPOi
HecuMmMeTpueld.  IlpuumHOl  HecMMMETpHUM  MOXET  OBITh ~ HECOBIAJEHUE
FEOMETPUYECKUX OCEM POTOpa M CTaTOpa, pa3ivuyus B pa3Mepax CTHIKOB ITAKETOB
CTalu B CTATOpPE, HECUMMETPHUS OCEBbIX BEHTWISAIIMOHHBIX KaHAJIOB U T.1. B
pe3yJIbTaT€ MArHUTHBIM MOTOK B 3a30p€ MEXKIY CTATOPOM U POTOPOM B CHCTEME
KOOpPJIMHAT, CBSI3aHHOW C POTOPOM, IMPHUOOPETAET NEPEMEHHYIO COCTABJISIOLLYIO,
IyJIBCUPYIOLIYIO C YaCTOTOM BpAallleHUs poTopa. Bay poropa B 3TOM cilydae MOKHO
paccMaTpHuBaTh Kak MPOBOJHUK, HAXOSALIUKCS B IEPEMEHHOM MarHuTHOM noJie. [1o
3akoHy JleHIla Ha KOHIIaX Bajla HABOAMTCS MEPEMEHHAs JJIEKTPOABMKYIIAS CHIIA
(BJC), 3HaueHHE KOTOPOM COCTaBJsCT OOBIYHO HECKOJIBKO BOJIBT, KOTOpas
Ha3biBaeTcsa nponosubHoil J/C poropa. [lepemennas D/IC Ha KOHIAX Bajia MOXKET
BO3HUKHYTh U IPHU OTCYTCTBUM aCUMMETPUU MArHUTHON CHCTEMBbI MAIMHBI, €CIU
CTaJb CTaTOpPa UMEET OCTATOYHOE HAMAarHUYMBAHUE.

Eciu Bam poropa co CTOpOHBI TypOWHBI COEIWMHEH C 3eMIleld depes
3a3eMIIIoIy0 meTky, To DJIC poTopa OKa3bIBaeTCsl MPUIOKEHHOM K IMPOTHUBO-
MOJIO)KHOMY KOHIy. Bo mu30exxanue 00pa3oBaHUsI KOPOTKO3aMKHYTOTO KOHTYypa
KOpPMYC MOJIIAMHUKA C 3TOW CTOPOHBI U30JUPYIOT OTHOCUTEIBHO 3E€MJIM, TPUYEM B
MOJIINITHUKE HMMEIOTCA JBa M30JUPYIOIIMX MMPOMEXKYTKA: MacisHas IUIEHKa H
MOACTYyJIOBass  u3oisiiua. Ecam no  kakum-1ub0 NOpUYMHAM — TPOUCXOIUT
OJHOBPEMEHHOE HAPYLICHUE MACISIHOW IJICHKHA W MOACTYJIOBOM M30JSLIMHU, TO O
nerictBueM npogosibHo DJIC poTopa HauMHAET LMPKYJIUPOBATH TOK B KOHTYpE:
BaJl — MOJIIUITHUK — (PYHJIAMEHTHAS TUTMTA — 3a3eMJISIONIAs MIEeTKa — BaJl, KaK dTO
NOKa3aHo Ha pucyHke 1 [2].

[Ipy MaioM CONMPOTHUBIEHUU 3TOTO KOHTYpa 3HAYEHUE TOKA MOXET JOCTUTaTh
NECATKOB ammep, YTO NPUBOAUT K HHTEHCUBHOMY BJEKTPO3PO3HOHHOMY
Pa3pyLICHUIO IENKU Bajla U BKJIAIBIIIEH NOAIIMIIHUKOB. [JaHHBIN pEKUM SBIISIETCS
aOCOJIOTHO HEJOMYCTUMBIM U TpeOyeT JOCTaTOYHO OBICTPOM OCTaHOBKH
TypOoarperara Jyisi CBOEBPEMEHHOI'O YCTpaHEHUs BbIABICHHOTO nedekra. [lpu
OTCYTCTBMM WJM HApPYUIEHUM KOHTAKTAa 3a3eMJSIIONIECH IIETKHU C BaJIOM
TypOoarperara JaHHbIA PEKUM MOXKET BO3HUKHYTh MPHU JOMOTHUTEIBHOM MpoOoe
MacCJISTHOU IJICHKU Ha 3a3€MJICHHOM IOJIIITUITHUKE CO CTOPOHBI TYPOUHBI.
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Cratop
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Pucynok 1 — [lupkynsanus TOka B KOHTypE: BaJl - MOJUIMITHUK - pyHIaMEHTHAs TUTUTA -

3azemursitonnas metka — Baii: PII] - peneitnas merka; 3P - 3amura potopa OT 3aMbIKaHU HA 3€MJTIO
B oHO# Touke; 3111 - 3a3emusitomas meTka; 1 - MOAIIUITHUK TeHepaTopa co CTOPOHBI BO3OYIUTEIS
(M30JIMPOBAHHBIN); 2 - MOJUIMITHUK T€HEPATOPA CO CTOPOHBI TYPOUHBI (HEU30IUPOBAHHBIN); 3 -
MOALIUITHUKY TYpOUHBI (Hen30aupoBaHHbie); 4, 4', 4" - MacnsHbIe MJICHKU TOIIUITHUKOB; 5 -
MOACTYJI0OBAs U30JISIUSA; a - 3aMbIKaHHe Ha 3eMJIto oBojka PILI; 6 - mepekpriTe Ha 3emMiTIO
MOJICTYJIOBOM U30JISIIUU

[Ipr wucnpaBHOW H30JSIIUM W30JUPOBAHHOIO MOJAUIMIIHUKA M HapyLICHUH
MaclIIHOW TUIEHKH B KOHTYpPE TaKKE€ MOTYT IPOTEKaThb TOKU, HO CYILECTBEHHO
MEHBIIIUE TI0 BEJIUYMHE, OOYCIOBJICHHBIE EMKOCTBIO KOpIlyca MOJAIIUITHUAKA
OTHOCHUTENBHO 3eMJid. OJHAKO MpHU JIUTEIBHOM MPOTEKAHUU AT TOKU TaKXKe
MOTYT BbI3BaTh 3JIEKTPOIPO3HUI0, KOTOpass 0OBIYHO OOHAPYKUBAETCS MPU IJIAHOBBIX
PEMOHTHBIX paboTax €O BCKphITHEM mnojmunHuka. Haubosiee XxapakTepHbIMU
MPU3HAKAMH CYIIECTBOBAHUS 3JIEKTPOIPO3ZUOHHBIX MTPOLECCOB SABIISIIOTCS [2]:

- HaJWM4Me Ha TOBEPXHOCTH JAeTajedl MOAIIUITHUKA TMOBPEXKICHUN B BUJEC
TOYEYHBIX YTIIYOJICHUH, 3aMOJTHEHHBIX TPOIYKTAMU OKUCIICHUS MacJa;

- HAJIMYKME KaBEPH, MOKPHITHIX TEMU K€ OKUCIIAMU;

- OTHEYaTKH BBICTYNOB WM OTBEPCTUM KOHTPOJISI HA MOBPEKICHHOU
MOBEPXHOCTH;

- MaTOBBIC TISATHA Ha OJyiecTAIIel, MpUpabOTaHHOIN MOBEPXHOCTH MICUKH BaJjia U
BKJIQ/IBIIIAX;

- BETBSIIMECS WM TOYTH MPAMbBIE TPEKU-OTHEYATKA KaHAJIOB pPa3psIoB IO
MTOBEPXHOCTH JCTAIEH;

- TOKpPBITHIC HAJETOM MEIW TIOSICKK DJIEKTPOIPO3UOHHBIX KaBEpPH Haj
JATYHHBIMU KOJIbIIAMU MACJISHBIX YIUIOTHEHUH U KPOMKAMH CTaIbHBIX JICTAJICH.

BrimenepeurciieHHbple TPU3HAKKA BCTPEYAIOTCS KaK IO OTIEIBLHOCTH, TaK U B
pPa3IMUHBIX  COYETAHMSIX, HEPEJKO  MACKUPYsICh  aOpa3WBHBIM  H3HOCOM
MOAIIMITHUKOBBIX JeTajeH.

3akioueHue

N3 BBIIEU3TI0KEHHOTO CIIEYET, YTO I CBOEBPEMEHHOTO BBISBJICHUS U
MPEAOTBPAIICHUST  DJIEKTPOIPO3UHM  TOMAIIUIIHUKOB  TypOOarperaTtoB  JOJDKHBI
MIPUHUMATHCS CIEaYIOUMe MepHI [2]:

- Bajn TypOoarperaTa JOJDKEH HMETh HAJEXKHYIO CBSI3b C 3emieil depes
3a3eMJISTIONIYI0  IIETKY CO CTOPOHBI TYpOWHBI, OOECTEUMBAIONIYIO CTEKAHHE
CTaTUYECKUX 3aPSAI0B;

100



101

Teﬂﬂ03HepFETl/lKa U TenJoTexHukKka. CHTK-78

- H30J10UsA MacJlsSHOM MJICHKU U KOPIIYCOB TOAIIHUIIHUKOB OTHOCHUTCIIBHO
3€MJIK CO CTOPOHBI, HpOTI/IBOHOJIO}KHOI\/'I Typ6I/IHe, JOJIDKHA OBITH HUCIIpaBHA H
KOHTPOJIHUPOBATHC: CIICHUAJIbHBIMU YCTpOﬁCTBaMH.
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Annomayuna:  6bl00p  MEXHONO2UYECKO20  000pY0o8aHus U  pacdem
9HEP2OCHAOINCEHUS OMOENeHUs. MEPMOYIYYULeHU CMATbHO20 AUMbs JTUMEUHO20
yexa mpaxKmopHo2o 3a6004.

Abstract: selection of technological equipment and calculation of power supply
of the thermal improvement department of steel casting foundry of tractor plant.

Knioueevle cnoea: 6vi60p mexHonio2uuecko2co o0060py008anus u paciem
IHEP2OCHADIHCEHUS OMOEIEHUS.

Keywords: selection of technological equipment and calculation of the
department's power supply.

Bsenenne

DHeprocHadKeHue 3aHUMAET BEIYyIee MECTO B TPOMBIIIUICHHOCTH, TTOCKOJIbKY
TEXHOJIOTUA ABJIseTCs 0a30i OOJBIIMHCTBA Npou3BOACTB. COBpEMEHHBIM I3Taml
pa3BUTUSI  HAPOJHOTO  XO3SUCTBA  XapaKTEpU3yeTCs  YCKOPEHHWEM  Hay4dHO-
TEXHUYECKOr0 IMporpecca Ha OCHOBE HMHTEHCHU(PUKAIIMU BCEX TEXHOJOTHMUYECKUX
MPOIECCOB C MPUMEHEHHWEeM HHeprocoOeperarommx TexHosoruil. I[losTomy
sHeprocOeperaroias MOJUTUKA MPUOOPETACT OYECHb BaXXHOE 3HAUYCHHUE IS
POU3BOJICTB, Oa3UPYIONIMXCA HAa BBICOKOTEMIIEPATYPHBIX TEXHOJOTUSIX, UTO
COOTBETCTBYET OCHOBHBIM HAIPABJICHUSM DHEPIETUYECKOM ITporpaMmsl Pb.

3HaHUE NTPOUCXOSIIMX B OTHETEXHUYECKUX YCTAHOBKAX TEXHOJOTUYECKUX
MPOIIECCOB, a TaKXKe COMYTCTBYIOIIMX WM SIBJICHUNA TEIIOOOMEHA TO3BOJISIET
obOecrieunTh Hanbojee MPaBUIBLHOE WCIOIH30BAHNE TOITUBHO-DHEPTETUICCKUX
pecypcoB.

Merannypruueckoe MpPOU3BOJICTBO U MAIIMHOCTPOCHHE — OJHU M3 TJIABHBIX
oTpacyeil HapOJHOTO XO3SIMCTBA JTF000M BHICOKOPA3BUTON WHIAYCTPUATBLHOU CTPAHBI.
MaivHbpl 1 MEXaHM3Mbl — 3TO TJIABHBIE MPOJYKTHI JAaHHBIX OTpaciiedd, 0e3 HHUX
HEBO3MOXKHO TPEJCTABUTh JKU3Hb B COBpPEMEHHOM MuUpe. UToObI 00ecreuuTh Ux
KaueCTBEHHOE M3TOTOBJICHUE, COOTBETCTBYIOIIEE COBPEMEHHOMY YPOBHIO MUPOBBIX
CTaHAApTOB, HEOOXOJUMO TMOJy4yaTh OINTHUMAJIBHOE COYETaHUE TMPOYHOCTH H
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BA3KOCTH 00pabaThIBaeMbIX JIETale, a TakKe TpeOyeMoe COCTOSIHUE TTOBEPXHOCTEH
U3JIEJINH, YTO MO3BOJIUT, B JaJIbHEHIIIEM, TIMKBUAUPOBATh OUUCTHBIE ONEpalUU. ITO
JIOCTUTaeTCs TYTEM HCIOJIb30BAHMS BBICOKOTEMIIEPATYPHBIX OTHETEXHUYECKHUX
TEXHOJIOTUN: XUMUKO-TEPMUYECKUE TPOIIECCHI, MPOIECChl HAarpeBa MeTaula MO
KOBKY, ITPOKATKY, IIITAMIIOBKY.

OOBEeKTOM pa3pabOTKU SBISETCS OTIEICHUE TEPMOYJYUIEHUS CTalbHOTO
JUTHS TUTEHHOTO 11e€Xa aBTOTPAKTOPHOTO MPEANPHUATHS C IPOU3BOAUTENBHOCTHIO 15
TBHIC. TOHH/TOJT TOJTHOTO CTaJIbHOTO JIUTHA.

Llenpro mpoekTa sBJIAETCS BHIOOP TEXHOJIOIMYECKOTr0 0OOpYAOBaHUS U pacyeT
SHEProCHA0XKEHUSI OT/ICJICHUSI TEPMOYIYUIICHHS CTAIBHOTO JIUThS JIMTEHHOTO 1eXa
ABTOTPAKTOPHOTO MPEMPUATHSL.

B npouecce mnpoekTUpoBaHUA JOJKEH OBbITh BBIIOJIHEH TEIJIOBOM U
TUAPOJMHAMUYECKUM  pacdyeT  3aKajJO4YHO-OTIIYCKHOTO arperata MW  pacuer
PEKYINEepaTopoB ISl MOAOTPEBA BO3yXa-OKUCIUTENSA, PACUET MEpPONPUSATHN MO
OXpaHe OKpYyKaloleh cpelbl 1 MEPONPHUSATUI N0 TEXHUKE O€30MaCHOCTH U OXpaHe
TpyJda, pa3paboTaHa W pacCyUTaHa CXeMa DdJIEKTPOCHAOKEHUS OTICICHHUS
TEPMOYIYUIICHUS JTUTEHHOTO 11€Xa, a TAKXKe MOJACYUTAH SKOHOMUYECKHM 2P heKT oT
ucronb3oBaHusit BOP.

B xone numioMHOro MNpPOEKTUPOBAHUS JIOJDKEH OBITh BBIIOJHEH BBIOOD
BapuaHTa TEIUIOTEXOJIOTUU TEPMUYECKOM 00paboTKM Ha 0a3e HAy4yHOrO aHaiu3a
CYILLIECTBYIOIIUX CXEM TEIUIOTEXHOJIOTUH.

OcHOBHas YacTh

Tepmuueckass 00pabOTKa IOKOBOK NPOU3BOJUTCS C UENbIO YIYUIICHHUS
CTPYKTYpbl (UCKIIFOUEHUSI HEOAHOPOIHOCTH, M3MEJIbUCHUS 3€pHA), MOJTOTOBKHU K
nociuenyroued ux mnepepabotke B rotroBble aetanu. Ilpu  TepmooOpaboTke
dbopMupyrOTCS  3aJlaHHBIE  MEXaHMYeCKue CBOMCTBA. (OCHOBHBIMU  BHJIAMH
TEPMHUYECKON 00pabOTKM TMOKOBOK SIBISIOTCS HOpPMaIM3allvs, TEPMOYIy4IlIeHUE
(3aKajnka v OTIYCK), OTKUT.

3aKajiky U OTIIYCK INPUMEHSIOT ISl TOKOBOK U3 CPEIHEYTIIEPOAUCTBIX CTallei
(0,4-0,6% yriepona) ¢ Leblo MOIY4YEHHUs 3aJaHHOW MUKPOCTPYKTYPBI U TBEPIOCTH,
CBSI3aHHOM C MEXaHMYECKMMHU CBOWCTBamMu. Ilpym 3akajke IIOKOBKM Takke
HarpeBaloT A0 Temreparypsl Bbime Toukn TAC3 na 30-50 K, a mpu ormycke —
00b19HO 110 823-953K. TlokoBKM M3 JIETUPOBAHHBIX CTAJCH 3aKaJIMBAIOT B Maclie, U3
YIIAEPOJUCTBIX — OOBIMHO B Boje. OXJjaxaeHHe Mociie OTIYCKa MPOU3BOJIUTCS B
atMoc(depe meuu, Ha Bo3ayxe Ju00 B BOjE (B BAaHHE WIIM MO TYIIEM).

VYkazaHHbIe Onepayi TEPMUYECKOTO YIPOUHECHHS MPOU3BOMASIT B PA3IMUHOTO
TUMA TPOXOJHBIX WJIM CaJAOYHbIX medax. M3 TpOXOAHBIX MNPUMEHSIOTCS
TOJIKaTeJIbHbIC U KOHBEHEPHBIE, a U3 CaJIOYHBIX — KaMEPHBIE, C BHIKATHBIM IOJIOM, C
IIAPOBBIM MOJIOM, TI€YH C MEPEMEIIAOIITUMCS KOPITYCOM U JIPYTHE.

[Ipu HarpeBaHWM MACCHBHBIX 3arOTOBOK B pe3yJbTaTe€ HEPABHOMEPHOTO
nporpeBa ceueHusi (IIpU HArpeBe MACCUBHBIX 3aroTOBOK TeMmIepaTypa IEHTpa
CWJIBHO OTJIMYAETCS OT TEMIIepaTyphl MOBEPXHOCTH METaia) B HUX BO3HHKAIOT
TEMIIepaTypHble HampspKeHUs. Bo3HUKawomue HanpsHKeHWsT MaKCHUMallbHBI B
HaYaJIbHBIA TIEPHOJ] HArpeBa, KOrjaa HaOM0gaeTcs HauOObIas HEPAaBHOMEPHOCTH
MporpeBa CEepeMHbl U TMOBEPXHOCTH MeETajla. DTH HANpPSHKEHUS MOTYT HUMETh
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OCTAaTOYHBIM XapakTep U ObITh KpailHE HeXeNlaTeNbHBIMU TpU JalbHEUIIeH
00paboTKe 3aroTOBOK B MEXAaHOCOOPOYHOM IMpou3BOACTBe. [loaToMy Hapsimy co
BCECTOPOHHE OOOCHOBAHHBIM BBIOOPOM TEMIIEpaTyphl HarpeBa MeTajijia BbIOOPY
TEXHOJIOTUM TEIJIOBOW O0OpabOTKM CTajld JOJKHBI MPEANIeCTBOBATh AHAIU3
HaIpPSDKEHHM, BO3HUKAIOIIUX B KOHTPOJBHOM CEUEHHM HAa HayallbHOM JTarle
HarpeBa, a TakKe OLEHKa JOIMYCKaeMOro IMepernana TeMIEpaTyp Ha MOBEPXHOCTH U
LEHTPE CEUCHUS 3arOTOBKH. B psife cilydyaeB Ipy MHTEHCUBHOM HarpeBe B CEUCHUU
METaJula BO3HUKAIOT HAMNPSKEHHs, MPEBOCXOALIME Mpeaena ynpyroctu. UToOsl
TeMIIEPaTypHbIE HANPSKEHUS HOCWIM BPEMEHHBIM XapakTep, HarpeB 3aroTOBOK Ha
HAYaJIbHOM 3Tare Hy»HO MPOU3BOIUTH OMPEIeICHHBIM 00Pa30M.

Manoyriepoauctsie 1 HU3KOJIETUPOBAHHBIE CTAH, 001a/1asi MJIACTUYHOCTHIO B
IIMPOKOM JMAaINa3oHe TEeMIIepaTyp, MO3BOJSIOT OCYHIECTBIATH HArpeB C JIOOBIMHU
ckopocTsMH. JUIA Takux CTajed HE ONACHO IOABJICHUE TEMIEPATypPHBIX
HaNpsOKEHUH, MO3TOMY YUYUTBIBATh 3TU HANPSKEHUS MPHU pa3pabOTKE TEXHOJIOTHH
Harpena, pa3paboTKe TEMIEPATypHBIX I'pa)uKOB HET HEOOXOAUMOCTH.

IIpy HarpeBaHMM MAaCCHBHBIX 3arOTOBOK M3 BBICOKOYIVIEPOAUCTBIX U
JETUPOBAHHBIX CTajeil Ha HayaJbHOM JTale HUMEIT MecTo  Oonbliue
TEMIIEPATYpPHbIC HAIPsOHKEHUs. [lalbHENUIINM HArpeB COIPOBOXKAACTCA CHUKEHUEM
HanpspkeHuil. OJTHaKo ¢ JAJIBHEWIIMM HarpeBOM MOXET HACTYIHUTh TaKOW MOMEHT,
KOI'ZJa MEXaHUYECKUE CBOMCTBA CTAIM YyXYAUIAXOTCS U HACTYNAeT IEPErpeB CTAlIU.
OG6paboTka MeperpeToro MeTauia COMPOBOXKIAETCS O00pa3oBaHHEM TpEUIUH. A
MEPEXOKEHHBI METAJT HE MOKET ObITh BOCCTAHOBIIEH U CUUTAETCS] OPaKOM.

B mnHacrosmee BpeMs HarpeB MeTauia MO KOBKY, IITAMIIOBKY, 3aKaJKy
BBITIOJIHSAETCS. B BBICOKOMEXAHU3UPOBAHHBIX METOIUYECKUX W IMOTYMETOIUYECKHUX
rmeyax. OJTO IE€YW HENPEPBIBHOTO AcucTBHs. llIMpokoe BHEApEHHE TaKUX MedYei
00BsACHSIETCSI HEOOXOIUMOCTHIO KOMIUIEKCHOM MEXaHU3alluU U aBTOMATU3ALMH BCEX
IIPOLIECCOB IIPOU3BOJICTBA IPOKATa U ACTAJIEH.

MeToauueckie nmedyd B 3aBUCHUMOCTH OT TeMIepaTypHOro rpaguka ObIBaOT
IBYX- U TPEX30HHBIE. B Ka»X0M 30HE NMPOIYKTHI CrOPAHMUS UMEIOT ONPEACIICHHYIO
TeMreparypy. Korga HarpeBaroTcsi MAaCCUBHBIE 3arOTOBKM, II€Yb UMEET TPU 30HBI.
TpeTbsi 30Ha Ha3bIBAETCS TOMWIBHOM WM 30HOM BbIAEPKKU. OHa MO3BOJISIET
JNOBECTH TEMIIEPATYPY LEHTPA 3arOTOBKU 10 TEMIIEPATYPBI €€ TOBEPXHOCTH.

TemnepaTypHblii rpaduk MO3BOJIAET MOJyYaTh UCXOJHBIE CBEACHUS, KOTOPbIE
JI0’KaTCcs B OCHOBY pacueTa M BbIOOpa 3KCIUTyaTallMOHHBIX yciaoBui. Takoi rpadux
0a3upyeTcs Ha TEXHOJIOTHYECKUX JaHHBIX M 3aBUCUT OT BUJA TEIJIOBOM 00pabOTKH,
a TaK»e OT YCJIOBUM, ONPEIeAIOIIMX BHYTPEHHUI U BHEIIHUN TEMJI000MEH.

Kak ymomuHanoch paHee, B OCHOBE BbIOOpa uHMClia 30H MEYH JICKHUT BHU]T
TerIoBoi 00paboTku. Tak, HampuMmep, HArpeB CaJKU U3 BBICOKOYTJIEPOAMCTBIX U
JIETUPOBAHHBIX CTAJIEd TOJA 3aKaJKy OCYIUECTBISIETCS B JBYX30HHOM TIIEYH.
TemnepatypHbiii rpaduk JIsl JAHHOW OTIepalluy MPEACTaBICH Ha PUCYHKE 1.
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Pucynoxk 1 - TemneparypHblii rpaduk AByX30HHON HarpeBaTeIbHON Medn

Mexny ceuenusimu 0-0 m 1-1 Haxomutcsi 30Ha OCHOBHOTO HArpeBa, TJe
TeMIeparypa Ha MOBEPXHOCTH MaTEpralia IOCTUTAET TEMIIEPATYPbl ONEpaIvH.

[TockonbKy HEHTP KOHTPOJBHOIO CEYEHHS METajla B KOHIIE MEPBOM 30HBI
UMEeT TeMmIeparypy Oojiee HHU3KYIH0, YeM TOro TpeOYIOT TEXHOJOTHUYECKHE
COOOpaKkeHUsI, TO IPUMEHSETCSI BTOpasi 30Ha — 30Ha BbIAEPKKU (cedeHus 1-1 u 2-2).
3nech Temmeparypa LeHTpa MeTajia JOBOAUTCS A0 TemIepaTypsl onepauuu. [Ipu
ATOM MEXIy TeMmIepaTypaMyd TMOBEPXHOCTH W IIEHTpa HaOI0IaeTcs pa3HOCTh
TEMIIEPATyp, MOCKOJIbKY ITOBEPXHOCTh CAIKA HECKOJIBKO ITEPErpeBacTesl.

OtoMy TemmeparypHoMmy Tniepenany Ates — CIEAyeT YAEIATh OO0JbIIIoe
BHMMAHHME, TaK KaK HEPABHOMEPHOCTb MPOTPEeBa KOHTPOJBHOIO CEYEHHUS CaJKU
BJIMSCT HA BPEMs BBIICPIKKH, yrap U 00e3yTiiepoKMBaHKUE CaJKHU, a TakkKe Ha paboTy
KY3HEYHO-TIPECCOBOTO 000PY/I0BAHMUSI.

3HaueHue Aty HAXOIUTCS M0 opmyrie:

Ateor=dtX (1.1)

rae Ot-yaeibHas HEpaBHOMEPHOCTh MPOrpeBa Caaku B cedeHuu 2-2: dt=2...3
°Clem;

X- XapaKTEpHbIA pa3Mep CaJKU B KOHTPOJBHOM CEYEHHM W HaIpaBJICHUHU
MTOTOKA TETUIOTHI.
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TemnepaTypa NpoAyKTOB CTOPAHHS HA BBIXOJE U3 MEYH tryy NPUHUMAETCS HA
ypoBHe 800...950°C. 3nauenus temriepaTyp t.; MIPUHUMAIOTCS U3 COOOPAKEHUS UX
npeBbllIeHus Haj Temneparypoit metauia Ha 400...150 °C, a temneparypsl t — Ha
100...150 °C.

3akioueHue

B coorBercTBUM C 3ajlaHMeM Ha AWIUIOMHOE MPOEKTHUPOBAaHUE Tpedyercs
OPOU3BECTH  PACUYET  TEXHUKO-DKOHOMUYECKMX  [OKa3aTeled  OTACIICHUS
TEPMOYJIYUIIEHU (3aKaJIKa U OTIYCK) CTAJIbHOTO JTUTHS.

[Ipy cpaBHEHHWH MOMYYEHHOW HHU(PPHI MO SHEPreTUUYECKOW COCTABISIONMICH
ce0EeCTOMMOCTH C OTpaciieBBIMH HOPMaMHU pe3yNbTaThl pacuéTa COrjacyrloTcs C
JAHHBIMM SHEPreTUYECKOW COCTaBIAIOIIEH CEeOECTOMMOCTH, IPUBEICHHON B
OTpacJEBbIX HOPMaX.

Jlureparypa
1. TemnorexHojornuyeckoe  oOOpyaoBaHHE  [DIEKTPOHHBIA  pecypc]/
TEIJTIOTEXHOJIOTHYecKoe oOopyaoBanue. -Pexxum noctyma: https://helpiks.org/6-
3977.html/. — laTa noctyna: 01.03.2022.
2. Tepmuueckas oOpaboTka cTamu [DJIEKTPOHHBIN pecypc]/ TepMmuueckas
oOpabotka cramu. -  Pexum  gocryma:  https://stankiexpert.ru/spravochnik/
materialovedenie/termicheskaya-obrabotka-stali.html/. — Jlata noctyna: 01.03.2022.
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MOJIEPHM3ALIMS TAPOTYPBUHHOI TII C TOMOIIBIO
YCTAHOBKHU ABTH
MODERNIZATION OF A STEAM TURBINE CHPP WITH THE HELP OF
ABSORPTION HEAT PUMPS

Panyra A.B.
Hayunsiit pykoBoautens — boouu A.A, KaHIUIAT TEXHUYECKUX HAYK, IOLCHT
benopyccknii HaMOHAIBHBIN TEXHUYECKUY YHUBEPCUTET,
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bobichsas@mail.ru
A. Raputa
Supervisor — A. Bobich, Candidate of Technical Sciences, Docent
Belarusian national technical university, Minsk, Belarus

Annomayun: 6 pabome npusooumcs auaauz padbomwel T3] 0o u nocne
yemanoeku ABTH

Abstract: the paper provides an analysis of the operation of the CHP before
and after the installation of ABTN

Knwueswie cnosa: T3], ABTH, mooepruzayus, napomypounuas TIL].

Keywords: CHP, ABTN, modernization, steam turbine CHP.

BBenenne

TennoanexkrpoueHtpanu (TOIl) pemaroT He TOJBKO 3aaydl COXPaHEHUS
[OJy4aeMOM UMM 3HEPIUH, HO JAIOT BO3MOXKHOCTh JOIOJIHUTEIBHOTO 00€CIIeUeHMSI
noTpeOuTENeH MapoM HU3KOTO JaBJICHUSI, HEOOXOIMMOTO0 MHOTUM MPOMBIIIIJICHHBIM
OPEANPUATUSAM, & TAKXKE TOPSYEH BOJOM.

MopepHuzamuss — 3TO TPOIECC OOHOBJICHUS OOBEKTa, NMPHUBEICHHE €ro B
COOTBETCTBHE C HOBBIMH TPEOOBAaHUSMU U HOPMAMHU, TEXHUYECKHMHU YCIOBHSIMH,
MOKa3aTeJs MU KauyecTBa.

OcHoOBHas 4YacTh

AOGCOpOLMOHHBINA TEMJIOBOM HAcCOC — YCTPONCTBO HEMPEPBIBHOTO ACHCTBUS,
MpeAHa3HaYeHHOEe I Nepeaun TEMIOBOM 3HEPTUU OT UCTOYHHMKA C 0oJjiee HU3KOU
TEMIIEpaTypoil K UCTOUYHUKY C OoJiee BBICOKOM Temreparypoil. Jljis koMmeHcanuu
MOJ00HOr0 HEECTECTBEHHOTO MEPEeXo/a TEIJIOBOM 3HEPIHH TpeOdyeTcs Ha MPUBOA
ABTH 3arpatute TemnoByto »sHepruio (T3). AOGcCopOUMOHHBIE YCTaHOBKH
oOpaTHOro  IMKJIa  yCTyHNalT 1O  DJHEPreTUYECKUM  XapaKTepUCTUKAM
MAapOKOMIIPECCUOHHBIM MalllMHaM, HO €CJIM TIOCIETHUM s paboThl TpeOyeTcs
HHEPreTUUECKU M 3KOHOMHYECKH OoJjiee IIeHHasi MEXaHUYecKasl SHEpIusi, TO MepBble
MOTYT HCIIOBh30BaTh JIEMIEBYIO0 TEIUIOBYI0 SHEPTHIO OTOOPOB MApOBBIX TypOUH,
YTUIN3AIUOHHBIX KOTJIOB DJHEPrUM BBIXJIONMHBIX Ta30B Ta30BbIX JBUTaTeNeh
BHYTPEHHETO CropaHusi, BTOPUYHBIX SHEPropecypcoB. ITO OOCTOSITENBCTBO
u onpeaensier st ABTH Humry, xoTopyto oHM B Ommkaiiliee Bpemsl 3aiiMyT
B Pa3JIMYHBIX TEXHOJIOTUYECKUX CUCTEMAX. [2]

B pomu pabGowero Tenma B ABTH wucnone3yrorcs pactBopsl (B
paccMaTpUBaeMOM Cllydae BOJia — OPOMUCTBIN JIUTHI), B KOTOPHIX KOHIIEHTpAIUs
KOMITOHEHTOB pa3iuy4Ha JJis kUKo 1 mapoBoi (a3. KoHlleHTpalys KOMIOHEHTOB
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HE MOKET OTJIMYaThCA OT BEJIIMYMHBI, COOTBETCTBYIOIICH YpaBHEHUIO PaBHOBECHS
pacTBOpa, YTO JeJiaeT BO3MOXKHBIM KOHJIeHCaluio (abcopOiiHio) XOJO0IHOTO Mapa
Ooyiee TrOpsiYUM KUJKAM PACTBOPOM JIO BBIPAaBHUBAHUS KOHIEHTpalMil B
COOTBETCTBMM C YKa3aHHbIM YypaBHeHHMEeM. B mpocreiimem cioydae ABTH
IpeicTaBisAeT co0Oil coueTaHWe YETHIPEX TEIIOOOMEHHUKOB, pPa3MEHIEHHBIX B
OJIHOM MHTETPUPOBAHHOM Kopiryce. [2]
OddexruHocts ABTH BO MHOrOM 3aBUCUT OT TEMIIEpaTypHOIO JHAna3oHa,
B KOTOPOM OH JIKCIUTYyaTUPYETCS: UM YXK€ MOCIEIHUN, TEM BBIIIE YHEPreTUUECCKUE
MoKa3aresid ycTaHoBKU. KpoMe 3Toro, umeroTcs npejieibHble 3HAaUCHUSI TEMITEPATYP
MMOTOKOB TEIUIOOTAAONIEro (yTWIM3UPYEMOIO) U TEIUIOBOCIPUHUMAIOIETO, MpU
KOTOPBIX Bo3MOkHA pabota ABTH. [2]
TennosnexkTpoueHTpaib (TOL)  npennazHayeHa  Juisi  BbIpaOOTKH
AJIEKTPORHEPTHH, Mapa U ropsiueit Bojbl. E€ TexHomornueckas cxema COCTOUT U3
CJIEIYIOMIMX MPOU3BOICTBEHHBIX MPOILIECCOB: [1]
TPAHCIIOPTUPOBAHUSA, CKIAJIMPOBAHUS U MTOATOTOBKYU TOIUIMBA ISl COKUTAHUS;
CKUTaHUS TOIUIMBA B TOMKAX KOTJOB U MOJYYEHUS Mapa;
UCIIOJIb30BAHUSl TMapa JJIs BpallleHUs TYpOWMH W BBIPAOOTKH T'€HEPATOPOM
AIEKTPOIHEPTUH;

otOopa U3 TypOrH 0TpabOTaHHOTO Mapa JJIsl HyXKJ] TeTUIo(hUKaIIK;

nepenayy moTpeOuTENsIM Mapa U Topsiueil BoJIbI C BO3BpAIlCHHUEM KOHJAEHcaTa
U OXJIAXKJICHHOM BOHI;

TpaHCPOPMHUPOBAHUS JICKTPOIHEPTUN HA JPYTUE HAMPSHKEHUS U MEepelaun ee
B NOTPEOUTENBCKYIO CETh.

Bodsiwou nap
—_—— '
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Pucynok 1 - Texnomornueckas cxema TOL]
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3akiiroueHue

ABTH na TOII cHuxeT 3aTpaThl TOIUIMBA U, I1aBHOE (PMHAHCOBBIE 3aTpaThl HA
OTOIUICHHUE U TOPSYYI0 TEXHOJIOTHYECKYIO BOAY.

. UcnionszoBanue ABTH B cxemax TOLl cHukaeT reHepanuio 3JIeKTPOIHEPTUN
Ha TOIl 3a cuér uckimoyeHus: ee BbIpaOOTKU Ha MOTOKE Mapa B KOHAEHCATOp, 4To,
KpOME BCEro Mpoyvero, o0jaeryaeT MmokpeITue rpaduka 3JIeKTPONoTpeOIeH s B YaCTH
MPOXOXKICHUSI MUHUMYMOB Harpy3ku. [2]

Tax ycranoBka ABTH mnenecoobpa3na ansi yTHIM3AIMM HEPTHH TETIOBBIX
BOP.

Jlutepartypa
1. OxnonkoBa O.A. TemoBas sjekTpocTaHuus: YdyeOHOoe mocoOue. /
O.A. OxnonkoBa. — M.: <kMAPXI», 2019 — 70 c.
2. AOCOpOITMOHHBIC TEIJIOBBIE HAcOChl B TeruioBor cxeme TOIl s

NOBBIIICHUs €€ 3HepreTudeckoil sddextuBnoctn / B. H. Pomantok [u np.] //
OHeprus u MeHeKMEHT. - 2013. - Ne [ . - C. 14-19.
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INSTALLATION OF ELECTRIC BOILERS IN HEAT SUPPLY SYSTEMS
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r. Munck, Pecriyonnka benapych
pozdnykova@bntu.by
V. Matern
Supervisor — M. Pozdnyakova, Senior Lecturer
Belarusian national technical university, Minsk, Belarus

Annomayun: coenan JaumepamypHuiti 0030p KOMENbHOU C YCMAHOBKOU
9NEKMPOKOMIIO8 8 PAMKAX NPOCPAMMbL MOOepHU3ayuu. B cmamve nokazan npunyun
pabomuvl maxko2o Komaa, a makice e20 npeumyuecmsd u HeOoOCmamxKu.

Abstract: A literature review of a boiler plant with the installation of electric
boilers as part of a modernization program has been made. The article shows the
operation principles of such boiler and its advantages and disadvantages.

Kniouegvle cnoea: komenvhas ycmaHoska, nomepu meniomsl, MOOEPHU3AYUS,
91eKMpPOKOMeEL.

Keywords: boiler plant, heat loss, modernization, electric boiler.

Bsenenne

B 21 Beke mronu BCE dalle CTAIKHMBAIOTCS C YKOJOTHYECKHMH IpobiieMamu,
CBS3aHHBIMM CO C)KHMT'AaHMEM TOIUTUBHBIX TPOAYKTOB. DYHKIIMOHUPOBAHHE
TOIIMBHO-PHEPT€TUYECKOT0 KOMIUIEKCA MPUBOJUT K CIEAYIOUIUM OCHOBHBIM
HKOJIOTUYECKUM IpoOIeMaM:

e BBHIOpOCAM MAPHUKOBBIX ra30B;
® 3arpsI3HEHUIO BO3/yXa YACTUIIAMU MBUIH, TBEPABIMU U KUJIKUMU OTXO/IaAMU;
® TEIUIOBOMY 3arpsSi3HEHHIO OKPYKAIOIIEH CPEeIbl.

Jnsa mpumepa pacemorpu PVYII «bpectanepro», B cOCTaB KOTOPOTO BXOMAT: 7
3JIEKTPOCTAHIIMI C YCTAaHOBJIEHHOM 3JIEKTpUUECKOM MoIIHOCThIO 1159 MBT, B TOM
gucine 3 I'DOC 0,38 MBT; 3 KpynmHBIX KOTEIBHBIX, HAa KOTOPBIX YCTAHOBJICHBI
KOTJIoarperatbl ¢ CyMMapHOW MoiHOcTh0 Oosnee 900 I'kan/gac, cymmapHas
TEIJIOBast MOITHOCTD 2564,47 I'kan/4ac.

OcHoBHasl yacTh

Ha naHHBIE MOMEHT OpECTCKHE KOTEJIbHBIE MNPOXOASIT MOJCPHU3ALUI0 —
3aMEeHy yCcTapeBIero o0opyaoBanus Ha HoBoe. KoTioarperaTsl, KOTOpbie paboTaroT
Ha KoTeJdbHbIX U TOIl Oblmu ycTanoBnensl B 1958 1. u 1973 r. B 2020 roay Obuia
BBITIOJIHEHA YCTAHOBKA 3JIEKTPOKOTIOB: BOCTOUHONW panlOHHOW KOTEJIBHOW B T.
bpect; FOxxHol paitonHo# koTenbHOM B I. bpect; 3amannoit Munu-T31] B r.I1uHCK;
bepezosckoit 'POC B r. benoo3epck. bbuin ycTaHOBIIEHBI JIEKTPOKOTIIBI Zeta ZVP
2840 mommuoctei0 40 MBT, M3roToBIEHHBIX INIBEACKONH KoMmaHued Zander &
Ingestrom. Kotnel mpeanasHaueHbl s MOTpeOJeHHUs H30BITKA 3IEKTPUUYECKOM
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MOIIHOCTH B 3HEPrOCUCTEME B MEPUOJ HOYHOIO MpOBaJia HArpy30K, KOTOPHI
BO3HHUKHET YK€ I0CJIe BBOJA B IKCIUTyaTaIlMIO MEPBOro 3Heproodsoka bemopycckoit
ADC. OcoOeHHOCTBIO 3KCILIyaTalldd BOJOTPEHHBIX KOTIOB ZVP-2840 sBusercs
COOJIIOZICHUE JKECTKMX TpeOOBaHWU K KadyeCTBY HArpeBaeMod B HHUX BOJBI H
noJjjiepkanue TpeOyeMou 3IeKTpOIpoBOAHOCTH B npeaenax 80 MkCM, Tak KaK 3TOT
MOKa3aTelb HANpsMyl0 BIMSIET Ha WX TEIUIONPOU3BOJIUTENBHOCTh. Jlanee peub
MONAET UMEHHO 00 3TOM 000pPYIOBAHUH.

OO111ee MOHSATHE O KOTEIBHBIX

KortenpHass 00BIYHO MpEACTABISIET COO0M MPOMBIIIIEHHOE 37]aHUE, B KOTOPOM
WMEIOTCS:

- YCTPOMCTBA JIJIsi XPAHEHUSI HEKOTOPOTIO 3araca TOIUIMBA, MEXaHU3MBI JJIl €ro
MOATOTOBKH K C)KMTAaHMIO U MTOAA4M B TOMKY;

- 000py/iOBaHUE NJI1 OYUCTKH, XPAHEHUS, TTOJAOTPEBA U MEPEKAYKU BOIBI JJISI
IUTaHUS KOTJIOArperara-Terio0OMEHHUKOB, BOJIOOYMCTKH, Jea’paTopoB, OaKoB,
MUATATEIbHBIX, CETEBBIX U JPYTUX HACOCOB MPH YCTAHOBKE MAPOBBIX U BOJAOTPEHHBIX
KOTJIOArperaTos;

- pa3MYHbIC BCIIOMOTATEJIbHBIE MAIIMHBI M YCTPOMCTBA, MpeAHAa3HAUYCHHBIC
JUIsl 00ECTICUCHHS JUIUTEIIbHOM 1 HAJeKHOM pabOThl KOTEIBHBIX arperatoB U B TOM
qucje mpuOOpoB, MO3BOJISIONIUX KOHTPOJIUPOBATH X0/ IIPOIIECCOB B KOTJIoarperare
U BCIIOMOTaTeILHOM 000pY/I0BaHHUMU.

Kpome ykazanHoro, BHE 31aHUSI KOTE€JIBHOW OOBIYHO PacIoararoTCs:

- YCTpOMCTBA ISl pa3Tpy3Ku U MEepEeMENIeHUs TBEPOTO TOIIMBA MO CKIIANy, a
TaK)Xe€ €ro COPTUPOBKHU, IPOOJIECHUSI U MOJIa4l B €MKOCTH KOTEJIbHOM;

- YCTpOWCTBA JUIsi TPUEMKH, Pa3rpy3Kd W TMOJayd >KUJKOTO TOIUIMBA IO
€MKOCTSIM, arlrapaTam JJid MoA0rpeBa, GUIbTPALUK U TPAHCIIOPTA B KOTEIbHYIO [4].

Takum 0o0pa3oM, B KOTEIBHOM YCTaHOBKE HEOOXOAMMO IMOJaTh HEKOTOPOE
KOJMYECTBO TOTUIMBA M OKHUCIUTENSA (BO3ayXa); OOCCIECUUTh CXKUTAHWE TOTUIMBA U
OT/Ja4y TEIUIOTHI OT MPOJYKTOB CrOpaHHs TOIUIMBA paboueMy Telny W yJaIcHUE
IPOJYKTOB CrOpaHWs TOIUIMBA;, II0JaTh padodee Telo — BOJY, CKATYIHO 10
HEOOXOJIUMOI0 JaBJICHHs, HAarpeTh 3Ty BOAY A0 TpeOyeMol TeMIiepaTypbl WU
MpeBpaTUTh €€ B Map, OTACJIUTH BJIary W3 Mapa, a WMHOIJAAa M NEeperpeTh Iap,
obecrieunB HaJIC)KHYIO pabOTy BCEX IJIEMEHTOB YCTAaHOBKH [2].

IToTepu npu C)KUTAHUU TOMJIMBA

[Ipu ananuze pacrnpezeneHus TEIJIOTHl B KOTJE, MOIy4aeMOd MPU CKUTAHUHU
TOIJIMBA, BBIJICIISIOT MOJIE3HO UCIOJIB3YEMYIO TEIUIOTY, MOIIEAIIYI0 Ha 00pa3oBaHue
napa uju HarpeB BOJbI, U MMOTEPHU TEIJIOTHI.

[Torepu TEmJIOTHI ¢ YXOASAIIMMHU JBIMOBBIMH Ta3aMH SIBJISIFOTCS HauOosiee
KpynHbIMA. OHM 3aBUCST TJIaBHBIM 00pa3oM OT TeMmIepaTypbl U o0bema Ta30B.
Temmeparypa OTXOASIIMX Ta30B 3aMETHO YBEIMYHMBACTCS TMPU 3arpsi3HCHUU
MMOBEPXHOCTEN HArpeBa 3a CUET yXy/IIeHus TerooomMena. O0beM ra3oB BO3pacTacT
3a cYeT M30BITOYHOTO BO3MyXa, IOJIaBa€MOTO B TOMKY, W 3a CYET MPUCOCOB IO
ra3oBO3AYIIHOMY TPaKTy KOTJjoarperara.

ITorepst TEMmJIOTHI OT XUMHMYECKOW TEMOJHOTHI CropaHus BO3HUKAeT B
pe3yJbTaTe HEMOJHOTO OKHUCIEHUS TOPHYUX BJIEMEHTOB IMPU HEAOCTATOUYHOMU
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[o/1a4e BO3JAyXa B TONKY, M3-3a IUIOXOr0 NEPEMEIIMBAHUS TOIUIMBA C BO3IYyXOM,
HU3KOM TEMIIEPATYPHI B TOMKE, MAJIOIO BPEMEHU HAaX0K/ICHUS TOTUIMBA B TOIKE [5].

[ToTepst TEMmIOTHI OT MEXAaHMYECKOW HEMOJHOTHI CropaHusi 0O0yclOBJIEHA
IPOBAJIOM YACTHI] TOILUIMBA YE€PE3 OTBEPCTHUSI KOJOCHUKOB, YHOCOM MEJIKUX YACTHI]
C ra3aMM M HEJI0KOrOM B yJaisieMoM Muiake. He3HauWTenbHas 4acTh TETUIOTHI
TEPSIETCSl Yepe3 HApyKHOE OrpaKJeHUE KOTia (0OMYPOBKY U TETIOBYIO H3OJISIIIHUIO)
U C TOPSTYUM IIUIAKOM, YAAISIEMBIM U3 KOoTia [3].

[IponykTamMy MOJHOTO CropaHusi TOIUIMBA SIBIIsIETCA BYOKUCH yriiepoaa COa,
cepHucTbii raz SO, u BoasHbie nmapsl H,O. Kpome TOoro, KOMnoHeHTaMH NpOAYKTOB
CTOpaHUs TOIUIMBA SIBISIOTCS a30T N, COACpKABIIMICS B TOIUIUBE U aTMOC(EpHOM
BO3/lyX€, M M30BITOYHBIA Kucaopoa Oj, KOTOPBIM COIEPXKHUTCS B MPOAYKTAX
CropaHus TOIUIMBA, IOTOMY YTO MPOLECC TOPEHUs MPOTEKAET HE UICATBHO U CBSI3aH
C HEOOXOOUMOCTBIO TOJaYu OONBIIEr0, 4YEeM TEOPETHYECKH HE00X0aUuMO,
KoJInuecTBa Bo3ayxa [1].

Pabora 3;1ekTpoKoTIIa

DJIIEKTPOJIHBIA BOJOTPEUHBIN (IIEKTPOKOTEN) SBISETCS KOTIOM MPOTOYHOIO
TUIAa. B KauecTBe TEMIOHOCUTENS UCHOJIb3YETCSI XUMHUUYECKHU MOArOTOBIICHHAS BOJIA.
B pabouem cocTosiHUM BHYTpEHHUI 00bEM KOTJIa MOJHOCTBIO 3alI0JIHEH BOJIOM.

B koTie mnpu MNpOXOXKACHUM JIIEKTPHUUECKOTO TOKAa YEpe3 BOAY MEKIY
ANEKTPOJAaMU BOJIa HArpeBaercs, 3a CYET €€ BIIEKTPUYECKOrO COIPOTUBIICHUS.
KonuyecTBO 351€KTpHUECKOW 3HEpPruu, MnpeoOpa3yeMoll B TEIUIOBYIO B €IUHHUILY
BPEMEHHU 3aBUCHUT OT IUIOLIAJAM IMOBEPXHOCTU HYJIEBBIX (PA30BBIX 3JEKTPOJIOB Yepe3
KOTOPYI0O MOET MPOXOAUTH JJIEKTpUUecKuil Tok. Jljig  ocyluecTBieHUs
VOPABJICHUS TPOU3BOJMUTEIBHOCTBIO KOTJIA  PETYJIUPYIOIIME 3acIOHKH, W3
M30JSIUMOHHOTO MaTtepuana, pa3MelleHHble MeXIy (a30BbIMH AJIEKTPOJAMU H
ANEKTPOJaMU HYJIEBOM TOYKM HAa MOJBWXKHOW KOpP3WHE, MEpeMEeNasicb U3MEHSIOT
pabouyro IUIOWAAb JJIEKTPOJAOB TEM CcaMbIM HU3MEHsAs MoOIIHOCTh. Koren
CIIPOEKTUPOBAH TaK, YTO MAKCHUMAJIbHAsl MPOU3BOJUTEIBHOCTh JOCTUTAETCS, KOTAa
PETYJUPYIONIME DKPaHbl HAXOMATCS B KpailHE HUKHEM TIOJIOKEHHH (MPU ITOM
ANIEKTPOJIBI TIOJIHOCTBIO OTKPBITHI), a TeMIeparypa BOJbl Ha BBIXOJAE U3 KOTJa
coctaBysier 115 °C. Ilpu nombeme yNpaBiSIIOIIMX SKPAHOB B KpailHEE BEpXHEE
noJioxkeHue (mpu 3TOM (ha30BbIE DJEKTPOJAbI TOJHOCTHIO 3aKPBIThI) TEUCHUE
ANEKTPUUYECKOTO TOKA MEXKIY JJIEKTPOAaMH, a, CJIEI0BAaTEIbHO, U HArpeEB BOMbI
NPaKTUYECKU MPEKPAIIAtOTCS.

PerynupoBanue npou3BOAUTEILHOCTH KOTJIA MOYKHO OCYIIECTBIISITh U 33 CUET
U3MEHEHHUS] KOHJIYKTUBHOCTH BOAbl. EciIM MpOM3BOAUTENBHOCTH CTAHOBUTCS
CJIMILIKOM BBICOKOM, YaCTh BOJbl HEOOXOAMMO CIUTh B JAPEHAX, YTOObl YMEHBIIUTH
KOHJYKTUBHOCTh (TOKOIIPOBOJHOCTH). ECii POU3BOAUTENHLHOCTh CIMIIKOM HHU3KA,
HEOOXOMMO  TMPOM3BECTH  J100aBIEHHME B  BOJY XHWMHUYECKHX  BEIIECTB
YBEJIMYMBAIOIINX KOHJIYKTUBHOCTb (TOKOIIPOBOIHOCTB). JloGaBieHue
OCYIIECTBIISIETCS JTO3UPYIOIUM oOopyaoBaHueM. [Ipu ycrnoBuUM KOMILIEKTAI[UU
KOTJIa COOTBETCTBYIOIIMM OOOpYJOBaHHEM TMPOLIECCHl CIMBA U JAO3MPOBAHUS
MPOU3BOJATCS  cUCTEMOM  aBToMarnueckoro ynpasieHuss (CAY). Cxema
3JIEKTPOJHOTO BOJIOTPEMHOTO KOTJIA MPEICTABIICHA HA PUCYHKE 1.
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Pucynox 1 - OCHOBHBIE YaCTH 3JIEKTPOIHOTO BOJAOTPEHHOTO KOTJIa

3akiouenue

[Io cpaBHEHMIO C KOTJaMH Ha JPYTUX BHUJAX TOIUIMBA, SJIEKTPOKOTIIBI
OeclIyMHbI, KOMIAKTHBI U jemieBbl. OHU HE TPEOYIOT CHENUaIbHO OTBEJICHHOIO
MecTa U O0OpyAOBaHMS JJig XpaHEHUs ToruMBa. [loakirodeHue 3JIeKTPOKOTIIOB
HaMHOTO Mpolle. DJEKTPOAHBIE KOTJIBI MPOIEe B HKCIUIyaTallMd, HE CO3/ai0T
BpPEJIHBIX BBIOPOCOB M HE HYXKIAIOTCS B IMOCTOSHHOW YHCTKE, OOCIYKUBAaHUH M
peryJIIpHOM 3aKyIKe TOTUIMBA. Tak Kak KOTeJI He MMPOU3BOJIUT JLIMOBBIE Ta3bl TO U B
YCTAaHOBKE JbIMOBOM TpyObl HeT HeoOxoauMmocTu. OAHAKO y HEro ecTh
3aBUCUCMOCTh OT CTaOWJILHOTO HAJIWYUs JIEKTPUUECTBA U BBICOKHUE TpeOOBaHUS K
Ka4ueCTBY M HAJEKHOCTHU JICKTPUUYECKOU MPOBOJKU. Takxke BBHICOKHE TPEeOOBAHUS
MPEABSBISIIOT K OYUCTKE BOJBI U €€ XUMUYECKON 00padoTke. M He cTouT 3a0bIBaTh
0 BBICOKOUW CTOMMOCTH 3JIEKTPOIHEPTUH.
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BBenenne

B nmanHoOil paboTe paccCMOTpEHBI CIOCOOBI  TMOBBIIICHUS  BBIPAOOTKH
AIIEKTPOIHEPTHH ITyTEM BIIPHICKA BOABI B BO3AYX IEpe] KOMIIPECCOPOM, a TAKXKE
ITyTeM BIPBICKA BOJSHOTO Tapa B Ta30BBIH MOTOK B COYECTAHHUH C YK€ U3BECTHBIMU
METO/IaMH TOBBITIIEHUS 3P (HEKTUBHOCTH.

OcHOBHasl YacTh

«Pabotel o u3ydenuro dppexTuBHOCTU BIIphIcKa B Kommpeccop ['TY HauaTs
emie B 60-¢ ronpl. BriepBbie ObLI chenmaH TepMOAWHAMUYECKHM aHamu3 3¢dekTa
BIIPHICKA BOJIbI HA BXOJIE B KOMIIPECCOP, MPOBEJCHBI UCIBITAHUS KOMIIPECCOPOB C
BIIPBICKOM  BOJIBI B  TMOJYNPOMBINIIEHHBIX W  mpoMbiiuieHHbix (B HITO
«Tynauepmer»)  ycnmoBusix. B omblTax st BOPBICKA — HUCMOJb30BaIU
TUCTUUIMPOBAHHYIO BOIy» [1].

Bueapenue nanHoro crnoco0a caepKuUBaeTCs M3-3a OMACEHUH, YTO MPOTOYHAs
4acTh KOMIIpeccopa OyIeT MOABEPraThCs BO3ICHCTBHIO DPO3UH KaleIbHON BJarowu,
KOTOpasi MCYe3aeT B 30HE, TJIe TEMIepaTypa CKHUMAeMOTO BO3yXa IPEBBIIIACT
TEeMITepaTypy HACHIIICHUS BOASHOTO Tapa MpH JaBJICHUH B IAHHON 30HE.

B pesynprate TepMOAMHAMHYECKOTO aHamn3a 3(QekTa BIAKHOTO CKATHSA,
OBLIIO BBISICHEHO, YTO TIPH CYyXOM CXKaTHM Ha MPUBOJ] KOMIIPECCOpa Pacxoayercs 10
67% MOMIHOCTH TypOWHBI, TOTJAa KaK MPU BIAKHOM CXKATUU C BOPBICKOM 70 8%
BJIATM OT MAacChl IUKIOBOTO Bo3ayxa pacxomayetrcs 30-35% momHocTH TypOUHBI,
MOJIE3HAsI MOIITHOCTh TYPOWHBI YBETMYMBACTCS MTPAKTUYECKH B 2 pa3a [1].

Hpyrum criocobom yBenudeHus BeipaboTku MomHOCTH ['TY siBnsieTcs BIpBICK
mapa B Ta30BO3AYIIHBIM TPaKT, MOIYy4aeMOTO B KOTJE-yTUIU3AaTOpE. 3HAYCHUS
SHTAJBIIUKM [MApOra30BOM CMECH 3HAYUTEIhLHO OOJbIIe 4YeM Yy Tapa W Trasa,
UCIIOJIB3YeMBIX B KadecTBE pabO4YMX TeNl pa3leibHO B Ta30BBIX M TapOBBIX
TypOuHax.

115



Teﬂﬂ03HepFETl/lKa U TenJoTexHukKka. CHTK-78

ATMOC(hepHBII BO3MyX CKHMAETCS KOMIIPECCOPOM U TOJAETCS B KaMepy
CropaHusi, B KOTOPOM MPOUCXOJUT CropaHue MpupoHoro raza. OdeccosieHHas Bojia
MO/ 1aBJIEHUEM, MIPEBBIIIAIOIINM JABJICHUE B TA30BOM MOTOKE Ha 25 — 30%, npoiias
yepe3 IOBEPXHOCTH HarpeBa KoOTJa YTWIM3aTOpa, IOCTymaeT B BUJE CJIado
NEPErpeToro Inapa B KaMepy cropaHusi. B pe3ynbrate cMmemieHus rasa v napa B
KaMmepe cropaHusi oObeM paboyero Tejla YBEIMYMBACTCS TIPU HEU3MEHHOU
MOIIHOCTH BO3AYIIHOTO KOMIIpECCOpPA, YTO MPUBOJUT K 3HAYUTEIbHOMY
MOBBIIICHUIO TIOJIE3HOW MOIIHOCTH TYpOWUHBI. [[s1 TOBBINIEHHUS] TEMIIEpPaTypbl
BIIPHICKUBAEMOT0 Mapa J0 HAYaJIbHOM TeMIepaTyphl ra30B MPUXOAUTCS YBEINUMBATH
KOJIMYECTBO CKUTAEMOT0 B KaMepe CrOpaHusi TOIUIMBA, YTO KOMIIEHCUPYETCS POCTOM
MOIIIHOCTH T'a30BOM TypOuHbI. Takum 00pazoM, B ['TY ¢ BOpbICKOM mapa MOBBIIIACTCS
HE TOJbKO MOIIHOCTh, HO W KIIJ[ yctaHoBku. YBenuuenune Ha 1% mnapoBOASIHOTO
paboyero Tena B razoBoi TypOMHE 3a CUET IMOJayu Mapa, TEeHEPUPYEMOro B KOTJIe-
yTuiu3arope, moBblmaeT siektpudeckuid KIIJ[ ycranoBkm Ha 2 — 3% npu
OJIHOBPEMEHHOM YBEJIMYEHUH MOIIHOCTH Ha 6 — 7% [2].

OnHako, IpY 3HAYUTENIBHOM J0JI€ BIPHICKMBAEMOIO Iapa 3amac o moMmaxy
KOMIIpECCOpPa CHUIKAETCS A0 MPENEIbHO MajblX 3HAYEHUN. DKCIEPUMEHTAIBHO
YCTaHOBJICHA BO3MOXKHOCTh HOPMaJbHOM PabOThl Kamepbl CropaHus C J100aBKOU
napa He Oomee 7 — 10% ot pacxoma Bo3zayxa. B To ke Bpems sHepropecypc
OTpabOTaHHBIX B TypOWMHE Ta30B IO3BOJIAET BBHIpAOATHIBATH B KOTJIC-yTUIM3ATOPE
coBpemeHHbIx I'TY 0Oomee 20 — 25% mapa OTHOCHTENIBHO pacxoja BO3AyXa.
[TosToMy wyacTh mapa NOAAETCS HEMOCPEICTBEHHO B 30HY TOPEHUS KaMmepbl
CropaHusi, a Jpyras 4acThb — BIPBICKMBAETCS B Ta30BO3/YIIHBIA TPAKT TMeEpes
razoBoi TypOouHo#. YacTh mapa MOKET UCTIOIb30BATHCS IJIs OXJIKICHUS COTUIOBBIX
JIOTATOK MEPBbIX CTYMEHEW ra30Boil TypOUHbI [2].

Henb3st HEe OTMETHUTh, UTO BIPBICK Mapa B KaMmepy CropaHuss HETaTUBHO
CKa3bIBAECTCSl HA TEMIEPATYpPy B 30HE TFOPEHUS TOIUIMBA. JTO CHUXKAET MOJHOTY
CropaHusi TOIUIMBA, YTO YBETUYMBAET oOpazoBanue okucu yriepojaa CO B JbIMOBBIX
razax. CHMXKaeTcsl yCTOMYUBOCTh MPOIIECCA TOPEHUS U YBEIIMUUBAETCS BEPOSITHOCTh
BUOPAIIMOHHOTO TOpPEeHUs TOIuMBa. [IposiBJIeHHE MOCIEIHEr0 MOKET MPUBECTH K
pPa3pyLICHUIO 3JIEMEHTOB KaMepbl CTOPaHUSI.

Paccmotpum cxemy (pucyHok 1) TIe peann3oBaHbl CIEAYIONIHE METOJbI
MOBBIIIEHUS ()PEKTUBHOCTU: CTYNEHYATOE CHKATHE BO3AYyXa C MPOMEKYTOUHBIM
OXJIQXKJIEHUEM; PETCHEPAIIMOHHBIM TMOIOTPEB BO3/AyXa; CTYNEHYATOE PaCIIUpEeHUE C
MPOMEXKYTOYHBIM TOJBOJIOM TeIjla Kak B TIOCIEAOBaTEIbHONW, TaK W B
napajuieIbHOM KamMepax CropaHus; MepepacliupeHre MNPOAYyKTOB CropaHusi u
BIIPHICK BOJISTHOTO TIapa U3 KOTJIOB-YTUIIM3aTOPOB B Ta30BbI MOTOK.

116



TennoaﬂepreTuKa U TenJoTexHukKka. CHTK-78 -

N \1\6/ ",

rd
IREESR TR

) 1
|
M
M
T

30 | 31
_\O 29 28
27
24 25 523

26 21

2

Pucynok 1 - O6o6mmennas temoas cxema ['TY u [II'Y cmemenus
1 — xommnpeccop Huzkoro nasnenus (KHJ), 2 — oxmagurens Bo3ayxa (OB), 3 — kommpeccop
Bbicokoro nasieHus (KBJI), 4 — pereneparop Beicokoro aasnenus (PBJI),5 — kamepa cropanus
Nel (KC1), 6 — typ6una Bsicokoro nasienus (TB/I), 7 — Ban TB/l, 8 — perenepatop HU3KOTrO
nasnenus (PH/I), 9 — kamepa cropanust Ne2 (KC2), 10 — kamepa cropanust Ne3 (KC3), 11 —
TypOuna Huzkoro nasnenus (THJ), 12 — Ban TH/, 13 — anextporeneparop, 14 —
naponeperpesaresb Nel (ITI11), 15 — mapoBoii kotenytunuzarop Nel (ITKV1), 16 —
napormneperpesatenb No2, 17 — mapoBoit kotemytunuzarop Ne2 (IIKY?2), 18 — skonomaiizep
noanutouHoit Bojsl (BI1B), 19 — Bomorpeiinsiii koten-yrunuzarop (BKY), 20 — TerioBoii
notpedurens, 21 — koHTakTHBIN razooxnaaurens (I'O), 22 — kommpeccop razosslii, 23 — ceTeBoit
JIEKTpOHAcOC, 24 — annapaT BO3AYIIHOIO OXJIaKIAEHUS, 25 — IUPKYISIIMOHHBIN 3J1€KTpoHacoc, 26
— KOHJIEHCATHBIN 3JIEKTPOHACOC, 27 — Aea’parop MeperpeTor BoAbl, 28 — HOAMUTOYHBIN
ANEKTPOHACOC, 29 — peyKIMOHHBIN KianaH, 30 — nuTaTenbHbli anekTpoHacoc Nel, 31 —
MATATENBHBIN JIEKTpOHACOC Ne2.
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[II'Y cmemienus, BBIMOIHEHHAs 110 0000IIEHHON cxeme, padoTaeT ClIeyOIIUM
obpazoM. ATMochepHbIil BO3IyX MOCTyHaeT B KOMIPECCOpP HU3KOIro AaBieHHs 1,
rJie TIOBBILIAETCS €ro JaBJIeHHE. 3aTeM OH paseliseTcs Ha JBa MoToka. [lepBbiil u3
HUX, TPOWIS BO3AYXOOXJIAAWTENh 2, HAMpPaBISAETCA B KOMIIPECCOP BBICOKOTO
nasnenust 3. Ilocme dvero mOTOK BO3JIyXa CMEIIMBAeTCS C IOTOKOM IMapa Hu3
naporeperpeBareis MapoBOro KoTia-yruwiuszaropa 14. Jlanee mnapoBo3mylIHas
CMeCh IOCTYMAaeT B PEreHepaTop BBICOKOIO NaBieHUs 4, KOTOPBIN NpeAcTaBiseT
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co0oif  TemOOOMEHHBIM  ammapaT  mnoBepxHocTHoro  Tuma. Ilomorperas
NapoOBO3yIIHAs CMECh IMOJAETCSI B OCHOBHYIO KaMepy cCropaHus S5, B KOTOpPOH
cKUraercsi ra3oo0pa3Hoe TOIIMBO. I OCHOBHOM KaMephl CropaHus 5 TPOTYKTHI
CropaHusi MonajaroT B TypOHUHY BBICOKOTO AaBJICHHUS 6, SIBISIOUIYIOCS MPUBOIAOM
IUIs KOMIIPECCOPOB HU3KOTO M BBICOKOIO AaBiieHuil 1, 3. BTopoil moTok cxkatoro
BO3J/1yXa MOCJIE KOMIIPECCOpPa HU3KOIO JIaBJICHUS | CMEIMIMBAETCS ¢ MOTOKOM Iapa U3
naponeperpeBarenss MapoBoro KoTia-yrtuinuszatopa 16. [lanee mnapoBo3qylIHas
CMECh MOCTYNAeT B PETreHEPATOp HU3KOTO NABJICHHUS §, KOTOPBIM IPEACTABISAECT
co0ol TErIOOOMEHHBINM ammapaT MOBEPXHOCTHOTO TUNA. B pereHepatop HHU3KOTO
JaBJIeHUs & TMOcie MapoBOro KOTia-yTWiIW3aTopa 15 Takke HanpaBIISIOTCS
oTpaboTaBIIIKEe ras3bl, KOTOPbIE OTAAIOT YaCTh CBOETO TEIUIA MapOBO3IYIIHON CMECH.
[logorperass mapoBO3IyIIHAs CMECh HANpaBisETCs B MapaUICIbHYI0 KaMmepy
cropanus 9, B KOTOPOMl CxKUTaeTcsi ra3000pa3zHoe TormBo. [IpoaykTsl cropanust u3
napajuieIbHOW KaMepbl cropaHuss 9 cmemmuBaeTrcss C MNPOAYKTaMH CrOpaHus W3
TypOMHBI BBICOKOTO JaBJEHUS 6, KyJa MOJAeTCs elle OJWH IMOTOK Iapa u3
napomneperpeBaTesisi MapoBOro  KOTJa-yTwiu3aropa 16 ©  mocTymaroT B
MocCJIeIOBaTeNbHYI0 Kamepy cropanusi 10, B KOTOpOH CKHUTaeTcsi ra3zo00pa3Hoe
toruBo. OTKyAa TPOJAYKTHI CrOpaHUsl HAMpaBISIOTCS B TYpOMHY HHU3KOTO
naBiieHus 11, koTtopas sSBI€TCS IPUBOAOM JJIsl 3JEKTporeHeparopa 13 u razoBoro
KoMIipeccopa 22. BeIXJIOMHbIE ra3bl, MOCTYMAIONINE U3 TYPOUHBI HU3KOTO JIaBJICHUS
11, mnpoxomiar pereHeparop BBICOKOTO JaBlIeHMS 4, TA€ NOAOTPEBAIOT
MapOBO3AYIIHYIO CMECHh MEPE] OCHOBHOW Kamepou cropanus 5. M3 pereneparopa
BBICOKOTO JIaBJieHUS 4 BBIXJIONMHBIE Ta3bl MOCTYMAlOT MOCIEAOBATEILHO B
naporeperpeBaTesib MapoBOro KoTia-yTuiausaropa 14 u B caM KOTEN-yTHIW3aTOp
15, roe ormaroT TEIIO Tmapy B MapoONEpPerpeBaresiec U €ro KOTJIOBOW BOJIE.
BrixnonHeie raspl, MOCTyHawIIKe U3 MapoBOTO KOTIa-yTuiau3aropa 15, mpoxoasT
pereHepaTop HU3KOTO JABJICHUS 8, IJi€ MOJOTPEBAIOT MAPOBO3AYLIHYIO CMECH MEPET
napajuiesibHol Kamepoil cropanus 9. U3 pereHepatopa HHM3KOro AaBieHUS 8
BBIXJIONHBIE Ta3bl MOCTYMNAIOT MOCIEAOBATEIbHO B MapoleperpeBaTesb MapoOBOrO
KOTJa-yTuin3aropa 16 u B cam KoTen-ytuinuzatop 17, rae oTAaroT TEmio mapy B
naporneperpeBaresie U ero KOTJI0OBOW Bojie. BhIXJIONHBIE ra3bl U3 MapoBOrO KOTJa-
yruin3aropa 17 mpoxoasT SKOHOMai3ep MOAMUTOYHOM BOARI 18, rae oTAatoT Temio
MOANUTOYHOU Bojie. M3 aKOHOMal3epa MOANUTOYHOM BOJBI 18 BBIXJIONHBIE Ta3bl
MOCTYIAIOT B BOJOTPEUHBIN KOTENI-yTUIW3aTop 19, momorpeBas CETEBYIO BOAY,
KOTOpasi CETEBBIM 3JIEKTPOHACOCOM 23 HampaBiseTCs] K TEIJIOBOMY MOTPEOUTEIIO
20. M3 BopmorpeiHOro koria-ytuiuzaropa 19 BbIXJIONHBIE Ta3bl NPOXOIAT
KOHTaKTHBIM  razooxjaaurens 21, rTme mnapoBas COCTaBisomias MOTOKa
KOHJACHCUPYETCSA M  CMENIMBAECTCA C  OXJAXKIAKIIEH  BOJOM, KOTOpas
IUPKYJSIMOHHBIM  AJICKTPOHACOCOM 25 ToJaeTcs B amnmaparT BO3IYIIHOTO
oxXJIaxJeHus 24, 1Sl TOHWKEHUS €€ TeMIepaTypbl. I3 KOHTAKHOTO ra300XaaJauTesst
21 BBIXJIONHBIE Ta3bl HAMPABISAIOTCA B aTMochepy € TOMOIIBIO Ta30BOTO
KoMmIpeccopa 22, KOTOPbIM TakKe MOJAEPKUBAECT B YTWIM3ALUMOHHOW YacTH
YCTaHOBKM paspspkeHre. YacTh IMOTOKa OXJIAKIAIOWIEW BOAbI, CMEMIAHHOU C
KOHJEHCATOM M3 KOHTAKHOIO Trasooxjamurenas 21, KOHIEHCAaTHBIM HacocoM 26
HaIlpaBJsieTCs B Jiea’paTop meperperod Boabl 27. B Hero Takxke C MOMOUIbIO
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MOAMUTOYHOr0 Hacoca 28 uepe3 3KOHOMal3ep neperpeToil BoAbl 18 momaeTcst moTok
NEPErpeTord BOJBI, NO3UPYEMBIN PEIYKIHMOHHBIM KianmaHoMm 29. JleaspupoBaHHas
BOJIa U3 JIea’paTopa MeperpeTo BoAsl 27 nuTaTrelbHbIMU d1ekTpoHacocamu 30 u 31
MOJIAETCS B MAPOBBIE KOTJIBI-yTUIN3ATOPHI 15 1 17 cooTBETCTBEHHO [2].

B pesynbrare npoBeeHUs TEPMOJIMHAMUYECKOTO aHaIN3a OblIO YCTaHOBJICHO,
YTO TMPUMEHEHUE CTYNEHYaTOro TMOABOAA TEIUIOTBI B JOIMOJHUTEIBHO
YCTAaHOBJIICHHOW  TApaJUICJIbHOW  KamMepe cropanuss B cxeme IIIY ¢
JBYXCTYNEHYAThIM CXATHEM BO3/lyXa U BOPBHICKOM CYXOr0 HACBHIIIEHHOIO mapa B
pereHepaTopbl BHICOKOTO M HU3KOTO JAaBJICHUN MO3BOJISIET 3HAYUTEIBHO YBEIUYUTH
MOJIE3HYIO MOIIHOCTh YCTaHOBKH 10 56,76 MBT npu sddexruBnom KIIJI mopsinka
42% [2].

3akiiroueHue

JlaHHbIE ~ COCOOBI  TMO3BOJISIIOT ~ 3HAYUTENIBHO  YBEJIMYUTH  BBIPAOOTKY
anekTpodHeprun ['TY u III'Y, ogHako CcymecTBYIOT Ipenesbl, B KOTOPBIX OHHU
IPOSBIISIIOT CBOIO d(ppekTuBHOCTh. i BIpBICKA BOJBI B aTMOC(HEPHBIM BO3IyX
nepe KOMIPECCOpoM Mpeaesom sBisgeTcs 8 % oT pacxoaa Bo3yxa, a JJisl BIIPbICKA
napa B ra3oBO3AYIIHbIN TpakT — 7-10 % oT pacxona Bo3ayxa.

Jlureparypa
l. Cnoco6 mnoseimienus KIIJ[ mapora3zoBoil »HEpProycTaHOBKH: Mat

No2334112 Poccuiickas denepanms, MIIK FO1K 23/02, F02C 6/00 / B.H.
Kupunenko; 3assurens — B.H. Kupunenko; 3assi. 10.07.2006; omny6s. 20.09.2008 //
Odummaneupii 06101, /  @DexepanbHas ciiyx0a 1O  MHTEIUIEKTYaJIbHOM
cOOCTBEHHOCTH, TaTEHTaM U ToBapHbIM 3HakaMm. — 2008. — Ne 26. — C. 9.

2. [ManomaukoB B.B. Ilossimenue s dextuBoctu I'TY u I[II'Y nyrem
COBEpIICHCTBOBAHHUS TEIJIOBBIX CXEM M ONTUMHU3ALMU MapaMeTpoB: JHUC. ... KaH.
TexH. HaykK: 05.14.14 / B.B. IllanomukoB — Kpacuoxap, 2015 — 178 c.

119



Teﬂﬂ03HepFETl/lKa U TenJoTexHukKka. CHTK-78

YIAK 621.182
OCHOBHBIE ITIOAXOAbI K PEKOHCTPYKIUU ITPOMBIINJIEHHO-
OTOIIMTEJBbHBIX KOTEJBbHBIX
BASIC APPROACHES TO THE RECONSTRUCTION OF INDUSTRIAL
HEATING BOILERS

E.B. byua.
Hayunslii pykoBogutens — A.A. boou4, K.T.H., TOIIEHT
benopyccknii HaMOHAIbHBIA TEXHUYECKUM YHUBEPCUTET,
r. Munck, Pecriyonnka benapych
bobichsas@mail.ru
E. Bucha
Supervisor — A. Bobich, Candidate of Technical Sciences, Docent
Belarusian national technical university, Minsk, Belarus

Annomayun — 6 pabome  paccmMompeHn — B0NPOC — PEKOHCMPYKYUU
npPOU3800CMEEHHO-OMONUMENbHOU KOMENbHOLL.

Abstract: the paper considers the issue of reconstruction of the production and
heating boiler house.

Knioueevie cnosa — pexoncmpykyus, npouz800CmEeHHO-0MONUMEeNbHAs.
KOmenvHasl, 3a0ayu.

Keywords: reconstruction, production and heating boiler house, tasks.

BBenenne

PexoHCTpyKIMS KOTENBHBIX MPEACTABISIET COO0M KOMIUIEKC MEp, HapaBJICHHBIX
Ha YCOBEPIIIEHCTBOBAHUE PA0OTHI TEIIO000PYI0BaHUs. B OTHUX CiTydyasix JOCTaTOYHO
OYKMCTKY U PEMOHTA CYIIECTBYIOIICH TEXHUKH, B IPYTUX — HEOOXOIMMA TIOJIHAS 3aMEHa
00opyT0BaHMS Ha 00Jiee COBpEMEHHBIC KOMITIEKCHI [1].

OcHOBHasl YacTh

O6opynoBaHne KOTEIbHON UMEET KOHKPETHBIN Cpok nu3Hoca. Ha ceroasmHmii
JIeHb PabOTaeT OrpOMHOE KOJIMYECTBO KOTEIbHBIX, MHOTHE W3 KOTOPBIX OBLIN
noctpoeHsl 30- 40 ser Hazax. IIpuTom, YTO pacyeTHBIM CPOK HKCILUIyaTallMU HX
obopynoBanusi cocrapisier 20-25 ner. VYcrapeBiee OCHaIlCHUE HE OTBEYaeT
COBPEMECHHBIM TPEOOBAHUSM, CTAHOBUTCS MMPUYMHON YaCTHIX TIOJIOMOK, TPUBOANT K
YBEJMYCHHUIO PACX0JIOB HA PEMOHT M COJIEpKAaHNUE KOTEIBHBIX, YTO B CBOKO OYEpE/Ih
CIIOCOOCTBYET TIOBBIIIECHHWIO Tapu(OB Ha TEIJIOBYIO 3HEpruto. JlJis TOro, YTOOBI
HNOBBICUTh AHEProd((HEeKTUBHOCTh M H30€XKAaTh HEHYKHBIX 3aTpaT HA PEMOHT H
oOcmyKuBaHUE, HEOOXOUMO MPOBECTH PEKOHCTPYKIIMIO KOTEIHHOM.

PekoHCTpyKIIUST KOTENBHBIX — JTO TIOJIHAsl WM YacTHYHAs 3aMeHa
W3HOIIEHHOTO  KOTETBRHOTO  OOOpyJOBaHMS ~ HAa  HOBOE,  TEXHUYECKOE
COBEPIIICHCTBOBAHKWE TEIUIOBOTO KMCTOYHUKA, ONTUMM3AIUS PaOOTHl CHUCTEMBI B
1neasx  NoBbIMICHUS  AGOEKTUBHOCTH  pabOThl  YCTAaHOBKU,  CHIDKCHHUS
AKCIUTyaTAIlMOHHBIX 3aTpaT W TPHUBEJICHUS KOTEIHbHOW B TOJHOE COOTBETCTBUE
COBPEMCHHBIM TPEOOBAHUSM.

JIeHbI'M, BIIOKEHHBIC B PEKOHCTPYKIIMIO KOTEIHHOW BEPHYTHCS B BHUIE
SKOHOMHH 4Yepe3 HECKOJIbKO JieT, 00biuHO 2-3 roma. OObUHO, OA00HBIE PabOTHI
IPOBOJATCA Ha 0asze CYIIECTBYIOIIMX CTAIlMOHAPHBIX KOTEIbHBIX, 00OPY/IOBaHUE
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KOTOPBIX U3HOIIEHO, (PM3MUECKH U MOPAIBbHO ycTapeno. [loatomy pexomeHmayercs
IPOBOJIMTH PEKOHCTPYKIHUIO KOTEIBHOM MPHU BBICOKOW CTETNIEHU U3HOCA KOTEJIBHOTO
0o00OpyI0BaHUs, HAPYIICHUH TEMIIEpaTypHOTro rpaduka IMojaud TeIula, a TakkKe
BBICOKO ¢€0eCTOMMOCTH BBIPAOOTKH Teria [2].
Jlns mpoBeneHUs] TIpaBWIBHOM M A()QPEKTHBHON PEKOHCTPYKIIMU KOTEIHHOM
HEOOXOIUMBI CIEYIOIINE MEPOTIPUSITHUS:
TIHIATEJIbHBIA aHATN3 CUCTEMBI TETIOCHAOKEHNUS,
pacyeT SKOHOMUYECKOH IEJI€CO00Pa3HOCTH PEKOHCTPYKITUH;
dbopMHUpOBaHUE CTPATETHH IO PEIICHUIO TOCTABICHHOM 3a/1a4H;
BBIOOP OCHOBHOT'O U BCIIOMOTATEIBLHOTO 000PYI0BAHUS;
MIPOCKTUPOBAHUE KOTEIBHOM;
CTPOUTEITHLHO-MOHTAXHBIE PAOOTHI;
yCKO-HAJIaJIOUYHbIE paOOTHI.
PexoHCTpyKIIKS KOTEIBHOM ITO3BOJISET PELIUTh CIEAYIOLINE 3a1a4U:
® CHIDKEHHME  pacxoJloB  TOIUIMBA, 4YTO  CIOCOOCTBYET  YMEHBIICHUIO
ce0eCTOMMOCTH TEIJIOBON SHEPTHH;
®  TOBBIIICHUE MPOU3BOAUTEIHLHOCTH 000PY/IOBAHMUS;
®  COKpalllE€HHE 3aTpaT Ha COAECPKAHUE KOTEIIbHOW; - MOJIHAs aBTOMATHU3alIMs
000py10BaHUS;
®  [IOBBIIICHUE KaYeCTBA TEIJIOCHAOKEHUS;
®  TOBBIIIEHUE OE30MACHOCTH B IIPOIIECCE IKCILTyaTalllH;
e  yMEHbIIEHHE 00beMa BpEAHBIX BHIOPOCOB B aTMOchepy [2].
3akioueHue
[Ipu BBIMOTHEHUH PEKOHCTPYKIIUU MOTYT OBITh JOCTUTHYTHI CIIETYIOIIHNE
LEJIN:
o yBenuuenue KIIJ] 3a cuer BHeApeHUS WHHOBAIMOHHBIX YHEProcOeperaronimnx
KOMIIJIEKCOB.

e  YBEIMYEHHUE TEINIOBOM MOIIHOCTH.
®  ONTUMH3ALMS PACXOJAA TOIIMBA.
®  CHIDKEHME PAaCXOJI0B JJIEKTPOIHEPTUH.
®  MHUHUMU3ALMS SKCIUTyaTallMOHHBIX PACXO/0B U PACXOJ0B Ha 0OCITYKUBAaHHUE.
Jlureparypa
1. PekoHCTpYKIIUSI KOTENbHBIX : [DJNEKTpOHHBIN pecypc|] — Pexum

noctyma: https://kes.by/raboty-i-uslugi/rekonstrukcija-kotelnyh/ — Jlara mocryna:
01.03.2022.

2. Pexonctpykiusi parionHod korenbHOW Nel 1. Vuanel pecnyOnauku
bamkoprocran: [DnexkTpOHHBII pecypc] ] — Pexum JIOCTyMa:
https://dspace.susu.ru/xmlui/bitstream/handle/0001.74/25287/2018 479 karimovair.
pdf?sequence=1&isAllowed=y#:~:text=Pexonctpyxkiusa%20xotenbubix%20%
20310% 20nomaHad, B%20mo0iHOE %20co0TBETCTBHE
%20coBpemennbpM%20TpedoBanusam — Jlata moctyma: 01.03.2022.
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Annomayusn: nosvluerue d¢pexmusnocmu ucnonvzoearus MBT.

Abstract: improving the efficiency of the use of local fuel.

Knwueswie cnosa: monauso, komén, MBT, enacocodepaicanue, cywka, 301d.

Keywords: fuel, boiler, local fuel, moisture content, drying, ash.

BBenenne

Ha cerogusamuuii nens B benapycu 3a cueT COOCTBEHHBIX HMCTOYHUKOB
MOKPBIBAETCS TOJBKO 17% mOTpeOHOCTEN B TOIIMBHO-IHEPIETUUYECKUX pecypcax.
[TosToMy pa3BuTHE HETPAAUIMOHHBIX U BO30OHOBJISIEMBIX UCTOUYHUKOB DHEPTUU U
YBEJIMYEHHUE JIOJM  HCHOJb30BAHUSI MECTHBIX BHJIOB TOIUIMBA  SIBJISIETCS
NPUOPUTETHBIM HAIPABIICHHUEM SHEPreTUYECKOW MOJUTHUKU cTpaHbl. Hawmyumiei
anbTepHATUBOW yriato, HepTm u razy B ycHoBUAX bemapycu sBisercs
UCIIOJIb30BaHUE OMOMAacChl B KadyecTBE TOIUIMBA. YXe ceronHs B bemapycu Ha
MHOTHX KOTEJBHBIX BMECTO VYIJisi CHXKHUTalT JIpoBa, Iemy, HO 1Js Oosee
3¢ (PEKTUBHOTO HCIOIB30BAHUS JIPEBECHBIX OTXOJIOB HEOOXOAMMO MPABUIBHO
MOJICOTABJIMBATH TIOJIOOHBIE BUJIBI TOTIIMBA K MCIIOJIH30BAHUIO B KOTJIOArperaTax.

OcHoOBHas 4YacTh

K mectHbiM Bumam ToruBa B PecniyOnuke benapych OTHOCST:

Jposa. OOnanal0T CpPaBHUTEIBHO HEOOJBIION TEIUIONPOU3BOIUTEIBHOCTHIO
(ynenbHas Teriota cropanus 10,2MJ[K/Kr), MOBBIIIEHHOW BIAXHOCTHIO U JIETKUM
BecoM. [lepeBo3uTh MX Ha OOJBIIOE PACCTOSHUE HEBHITOAHO. /[poBa y10OHBI TeM,
YTO OHHU cojiepkaT Majo 30Jbl (1-2%), 1erko 3aroparoTcs U Aat0T JUIMHHOE TIaMsl.

Topd - 3TO UEHHBIA NPUPOJIHBIA OHOJOTHYECKHM MaTepuan. JTO caMoe
MOJIOJJOE W3 BCEX BHAOB TOIUIMBA OTJIOKEHUE, KOTOpPOe 00pa3oBajoCh
€CTECTBEHHBIM 00pa30M: pa3yIoKEHUEM OTMEPIINX YacTel AePEeBbhEB, KyCTAPHUKOB,
tpaB. Topd B KauecTBe TOIUIMBA HCIOJB3yeTcsl Onaromapsi ero cocraBy. Croma
BXomAT Oojbinoe coaepkanue yriaepona (50-60%), manoe coaep:kaHue Cephl,
BpEIHBIC HETOPIOUME OCTATKU M mpuMecu. Hegoctatku: O6onee HU3Kasl, 4eM y yriis
SHEPreTUYECKas KaJIOPUUHOCTh U TPYAHOCTH CXKUTAHUA U3-32  BBICOKOTO
conepxanus Biaru (o 65%)

/lpeBecHbINl YroJib - TBEPIBIM, NOPUCTBIA, BBICOKOYTJIIEPOIUCTBIA MPOLYKT
(84% yrnepona), oOpasylomMiics TpU HArpeBaHWM JPEBECUHBI 0€3 J0CTymna
kuciopoaa. Temiora cropanus, B cpeadeM, 31 MJk/kr.
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Kamennblii yroab. TeruoTBopHasi crnocoOHOCTh gocturaer 7000 kkai/kr.
KaMeHHBII yrojib OTHOCHTCS K HaMEHEee SKOJOTHYHBIM BHJaM TOIUIMBA, TaK Kak
IIPU €r0 CKUTaHWHU B aTMocdepy BhIOpachiBaeTCsi OOJBIIOE KOJTHYECTBO BPETHBIX
BBIOPOCOB.

PocT meH Ha TpagWIMOHHBIE YHEPTOHOCHTENH, TaKWe Kak Ta3 WU MasyT,
3aCTaBIsIeT MHOTHE MPEANPUATHS KOMMYHAIBHOW SHEPTeTUKH PEKOHCTPYHPOBATH
JCHUCTBYIOIIUE WA CTPOUTH HOBBIC KOTEJIbHBIC JJISI HUCIIOJIb30BAaHUS MECTHBIX BHJIOB
BO300HOBJISIEMOTO TOILIMBA.

B CoBetckom Coro3e TONKH JUIsl CKUTAHUS APEBECHBIX OTXOI0B B (hpE3epHOTO
Topda ObuH pa3paboTaHbl B JOBOCHHBIC M MEPBHIE MOCIECBOCHHBIC TOBI. B Tomkax
[IepmHeBa 1 MakapheBa BiepBbie ObLUT TPUMEHEH METO]T PEIUPKYIISIIUNA TOTUTHBA U
MPOJYKTOB CTOpAaHHWsI B TOMOYHOW KaMepe, YTO TIO3BOJIMJIO OTKAa3aThCs OT
THIATETHPHOTO W PABHOMEPHOTO TIOMOJIa TOILIMBA Tepes ckuranneM. OgHAKO ATH
TOTIKA UMEH TPOMO3IKYI0 KOHCTPYKITUIO U MOTJIM OBITh YCTAHOBJIEHBI TOJIBKO O]
KOTJIaMH C OTHOCUTENIBHO OOJIBIION MPOU3BOIUTEIHHOCTHIO.

Bompocsl  axkoHOMHYecKOW APGEKTUBHOCTH KOTJIOB, paloTaroumx Ha
O6uomacce, TakXe, KaKk M BOIMPOCHI SKOHOMUYECKU S(PPEKTUBHONU 3aroTOBKH H
XpaHEHMs] TOIUIMBA, HA TOM JTale pa3BUTHS KOTEJIbHOW TEXHUKU ObUIH
BTOpUYHBIMU. HO 3TH BOMPOCHI CTAHOBSITCS B HAIIK JTHU ONPEACIISIONINME, B CBS3H
C TAaKMUMHU CEPHE3HBIMU HEJOCTATKAMHU OOJBIITMHCTBA BUJIOB OMOMACCHI, KaK HU3Kas
HACBITHAS TUIOTHOCTh M BBICOKAS BIIQKHOCTb.

XapakTepHOl OCOOCHHOCTBIO JPEBECHBIX OTXOJOB SIBJISIETCS WX BBICOKAsS
TUTPOCKONUYHOCTD, KOTOPAasi OMPEACIISIIONIMM 00pa3oM BIHUSET Ha TEIIOTBOPHYIO
CIIOCOOHOCTh OTXOZOB W 3(P(PEKTHBHOCTh WX HCIIONB30BaHWSA Kak TorumBa. Ha
pucyHke 1 TIpeACTaBIICHO BIMSHUE OTHOCHUTEIBHOTO BJIArOCOACP)KAaHUS Ha
TEMJIOTBOPHYIO CITOCOOHOCTH OTXOJOB Pa3IMYHBIX TOPOJ IpeBecuHbl. M3 rpaduka
CIeNyeT, YTO TPH YBEIMYCHUH BIAXHOCTH OTXOJOB YMEHBIICHUE HU3IICH
TETMJIOTBOPHOM CIIOCOOHOCTH TOTUIMBA CTAHOBUTCS BCE O0JI€e CYIIIECTBEHHBIM.

C yderoM Takoll 3aBUCHMOCTH TEIJIOTBOPHON CIIOCOOHOCTH JPEBECUHBI H
JPEBECHBIX OTXOJIOB OT BJIAKHOCTH MOKET OBITh MPEIJIOKEHO JBa BapHaHTa
UCIIOJIb30BAHUS UX KaK TOIUIMBA. B mepBoM BapuaHTE BO3MOXKHO MPSIMOE CHKUTAHHE
JPEBECHBIX OTXOJOB BBICOKOW BIAXHOCTH. KOTIBI, B KOTOPBIX CHKUTACTCS
BBICOKOBJIQXKHOE TOILTUBO, OOOPYAYIOTCS HAKJIOHHO-TIEPETAIKUBAIOIICH PEIISTKOM
U CIOXKHOM CHCTEMOW TMOJladyd TEePBUYHOrO BO3Jayxa, obOecrneuyuBaromien
HEOOXOUMYIO0 TIOJCYIIKY TOIUIMBA Iepe]] CXKUTaHWUEM. M3 BBIMIECU3II0KEHHOTO
BHUJHO, YTO JIaHHBIA BapUaHT WCIOJIB30BAHUS JPEBECHBIX OTXOAOB Tpedyer
3HAYUTEIHLHOTO YCIIOKHEHHUS KOHCTPYKITUH KOTJIA, YBETUICHUE MOIIIHOCTH CUCTEMBI
TOTUIMBOIIOAAYH, YTO HEHM30CKHO BEIET K YBEIMYCHUIO CTOMMOCTH KOTEIHLHOMN
YCTaHOBKH B IIEJIOM.

Jpyroii BapuaHT UCTOIb30BAHMSI BIKHBIX JPEBECHBIX OTXOJ0B MPEIIOIaracT
CTPOUTEIHCTBO ISl HUX MPOMEKYTOYHOTO CKJIaja, T/Ie Ta JKe Ierna 3a 6-8 Helelnb B
pe3ynbTaTe ECTECTBEHHBIX MPOIIECCOB, MPOTEKAMIMIMX B OypTe  IIIEMHI,
MOJACYIINBAETCS A0 BIAXXHOCTH 25-35%. [IpuueM CKOpPOCTh MPOCYIIKU HMCKIHOYAET
MPOIIECC THUEHMSI, a HEBBICOKAs TeMIIepaTypa, 00pa3yromascs BO BIAKHOM OypTe
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(50-55 OC), wuckmouyaer BO3MOXHOCTb camoBo3ropanusi. Ha pucynke 2
IIPEJICTaBJICH BHEIIHUI BUJI TAKUX TOIUIMBHBIX CKJIAJIOB
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Pucynok 1 - BiusiHue OTHOCHTENFHOTO BJIATOCOICPIKAHUS HA TCIUIOTBOPHYIO CIIOCOOHOCTH
JPEBECHBIX OTXOJ0B U3 Pa3HbIX MOPOJI APEBECUHBI.

CKJ'I&I[ npcacTaBJrsICT co00li HaBeC Co CTCHaMH, KOTOPBIC HCMHOI'O HC HOXOIAT
A0 KPBIIIH, JaBas BBIXO/ BJIAarc, BblﬂeﬂﬂmmeﬁCﬂ IMpH CYHIKE JPCBCCHBIX OTXOJ0B.
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Pucynox 2 - TOHJ‘II/IHI: cxirax MBT

JUist mojgauM K KOTJIaM APEBECHBIX OTXOJIOB BBINYCKAIOT MEXaHU3UPOBAHHBIE
TOTUIMBHBIE cKiaabl. CKilaJ JODKEH pacnoiaratbCs B HEMOCPEACTBEHHOM OJIM30CTH
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OT DHEPreTUYECKOW YCTAHOBKH, MMETh TPOEM IS Bbe3da MOTrpy3urka JH0o
TpaHCHIOPTHOM Tenexku. Mcronb3dyeTcss cucTtemMa TOIUIMBOMNOJAYM Ha OCHOBE
cycTaB4atoi (hpesbl, pUCYHOK 3.

“-. E.:.‘ :.' -. - :' ; ; 1 3
Pucynok 3 - ®pesa 11 nojauy WENsl, ONUIOK U FPaHyIl.

[ITHexoBasi cucTemMa JIOCTaBKH TOILJIMBA COCTOUT M3 MHOTOKOJEHYATON (hpessl,
peAyKTOpa ¢ YEPBSIYHOU TMepeaadeii, BEpXHEro 3alIMTHOTO TUCKA U OTKPBITOM YacTh
IITHEKOBOTO KaHama. Pemykrop u Banm (pe3bl NPUKPHIBAIOTCS CHEIUATBHBIM
3aIIATHBIM ~ JUCKOM JUIsl TPEIOXpaHEHHWsS OT yAapoB W PaBHOMEPHOTO
pacmpeneneHrs Harpy3Kd OT JaBJICHHS CToj0a Omomaccel. dpe3a mpu BpalieHUU
paBHOMEpHO ToArpedaeT MaTepruai K OTKPBITOM YacTH ITHEKOBOTO KaHaia. Jlamee
OwmoMacca TpH TIOMOIIM MTHEKA, W3TOTOBJICHHOTO W3 HEP)KaBCIOIICH CTaiw,
MPOJIBUTACTCS HA YYaCTOK 3aKpPBITOTO KaHajla, HEMOCPEICTBEHHO B ITOMEIICHHC
KOTenbHOU. J[nameTp (hpe3bl pacCUMTHIBACTCS B 3aBUCMOCTH OT pa3MepoB OyHKepa
1 MOKET JOCTUTaTh 7 M.

Takas ¢pe3a MoxeT ObITH yCTAaHOBJICHA ISl Ka)XJOTO KOTJa B KOTEJIHHOM.
Brixon u3 ctpost ppes3sl y KaKoro-1m0o0 13 KOTIOB B KOTEIHHOM HE OCTaHABIMBAET
paboTy KOTENBHOU B IIEJIOM, T.€. HaJIG)KHOCTh CUCTEMBI TETJIOCHAOKEHHUS JTOBOJIbHA
BbhicOKa. CHcTeMa TOIUIMBOMOJAYM MOXET OBITh TMPUTOAHA TPU CKUTAHUH
JIPEBECHOM MBI, OMMIIOK, CTPY>KKH, JIy3TH MOJICOJIHEUHUKA, TIPOCa, PUCa, a TAKXKE
TMeJUIEeT, U3TOTOBJICHHBIX U3 3TUX CEIHCKOXO3SHUCTBEHHBIX OTXO0JI0B, U IPYTUX BUIOB
OMOTOIUINBA.

OOGBIYHO cUMTAETCs, YTO OMOMAcca COJIEPKUT HEOOIBIIIOE KOJIMYECTBO 30J1bI (B
CpPaBHEHUU C YyTrJeM), IPUYEM 3Ta 30Jla UMEET BBICOKYIO TEMIEpaTypy IJIABJICHUS
(3a HCKIIIOUYEHHEM 30JIbI COJIOMBI) W TMPEJCTaBIISIET COOOW MEIKOAUCIEPCHBIN
nopomiok. [loaTomy koTibl, paboTarolue B CUCTEMax OTOIUIEHUS OO0OpYAYIOTCH,
KaKk MpaBWIO, KOJOCHHUKOBOM pemeTkou. Yepe3 IMIenu OSTOW PELlIeTKH 30Ja
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MIPOBAJIUBAETCS B 30JI0BOM OyHKEP, OTKY/1a MEPUOJNUECKH YIANIETCA BPYUYHYIO WIIH
C IIOMOIIBIO ITHEKOBOI'O TPaHCIIOpTEpA.

3akiouenue

CoBpeMeHHass TEXHOJOTMYecKas LEeNnoyka OT 3aroTOBKM OuMoMacchl A0 €€
3¢ (HEKTUBHOIO CKUTaHUS MPEANOJaraeT MUHUMAIbHOE HMCHOJIb30BAaHUE PYUYHOTO
TpyAa Y MaKCUMaJbHO H(P(PEKTUBHOE HCIOIb30BAHUE TEIUIOIC€HEPUPYIOLIETO
o0opynoBanus. OAHAKO HUCKIIIOUEHHUE JIFOOOTO 3BEHA U3 3TOH LIETNOYKH, HApUMeED,
VCKJIIOYEHHE CTaJAUU MOACYIIKN 3arOTOBJIEHHOM LIENbI HA IPOMEKYTOYHOM CKJIAJIE,
MPUBOJAUT K PE3KOMY YXYALICHUIO 3KOHOMHYECKHX IOKa3aTejaed, K TOMY Ke
MIPOU3BOAUTEIIBHOCTD KOTJIOB MOXKET CHU3UTHCS Ha 20-25%.

be3yciioBHO, cO3aHME TAaKOM TEXHOJOTMYECKOW LIETIOYKH TpeOyeT OOoJIbIINX
KaluTaJbHBIX BJIOKEHHH, OJHAKO TMOBBIIIEHUE 3(PGEKTUBHOCTH HCIIONb30BAHHUS
MBT B ycnoBusix Toro, 4ro camux koteibHbIX B JKKX, paboTaromux Ha MECTHBIX
BUJaX TOILIUBA, Oosiee 70 MpOIIEHTOB, O€3yCI0BHO NpUBEIET K 3KOHOMUU TOP.
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Annomayun: Memoovl ymeHbuleHUs He2aMUBHO20 GIUAHUS dHEeP2eMUKU Ha
9KO02UIO.

Abstract: Methods to reduce the negative impact of energy on the environment.

Kniouegwvie cnoea: Pocm nompebnenus suepauu, 8IUAHUE HA OKPYHCAVIOULYIO
cpedy, 80300H08s.eMble UCIOYHUKU DHEPSUU.

Keywords: Growth in energy consumption, environmental impact, renewable
energy sources.

BBenenne

Hcnons3oBanue SHEPTUH CUHUTACTCS HEOTHEMIIEMBIM YCIOBUEM
CYILIECTBOBAHMS HacelieHus 3emiid. llpucyTcTBue TpUTrOAHON i yHOTpeOJIeHUS
SHEPTrUU BCAKUHN pa3 ObLJI0O HEOOXOIMMO IJisi TIOMOIIM B PEIICHUH HAJ00HOCTEH
YeJIOBEKA, TOBBIMIEHUE MPOJOIKUTEIHPHOCTY U COBEPIICHCTBOBAHUS KPUTEPHIA
YeJioBeUeCKor KW3HH. llepBblli MPBDKOK B TOABEME MOTPEOJICHUS DSHEPrUH
CIIYYHJICSI, B TOT MOMEHT, KOT/Ia YeJIOBEK U3YUHJI JOOBIYY OTHS M MCIIOJIb30BaJI €T0 C
LEeJNbI0 TMOJIy4eHUsT €Abl M TMOJAOrpeBa COOCTBEHHBIX JO0MOB. Criemyrouiuii
3HAYUTENbHBIN IIar BhIMAJ HA CO3/aHuE Koyieca, M300pETEeHHEM BCEBO3MOYKHBIX
OpyIHil TpyAa, U3yYEHHUEM Ky3HEUHOTO M3roromiieHusa. B mocnegnue 200 net, u
yBennuuiock B 30 pa3 nocturays 13.71'uraToHH yCJIOBHOTO TOIUIMBA B TOJ.

OcHOBHas 4YacTh

DHEpPreTMYecKrue M SKOJIOTHYECKHe MPOOIEMBbI TECHO CBSI3aHBI MEXKIY COOOI,
MOCKOJIbKY TIPAKTHYECKH HEBO3MOXHO MPOU3BOJIUTH, TPAHCIOPTUPOBATH WIIH
NoTpeOIsATh PHEPTHIO 0€3 CYIIECTBEHHOTO BO3ACUCTBUS Ha OKPYKAIOIIYIO CpEny.
DKoJorH4ecKkre MpoOJeMbl, HEMOCPEACTBEHHO CBS3aHHbIE C IMPOU3BOJCTBOM H
MOTpeOJICHUEM DHEPrUH, BKIIIOYAIOT 3arpsi3HCHHUE BO3/yXa, M3MEHEHHE KIMMarTa,
3arpsi3HEHUE BOJBI, TEIUIOBOE 3arpsA3HEHHE M YIaJeHHE TBEPAbIX OTXOJOB.
BriOpock! 3arpsi3HuTENnel Bo3ayxa B pe3ysibTaTe CKUTAHUS MCKOMAEeMOTO TOTUIMBA
SBJISIFOTCS. OCHOBHOW TPUYMHOM 3arpsi3HEHUs Bo3ayxa B roponaax. CkuraHue
MCKOIMAeMOT0 TOIJIMBA Tak)Ke SBJISETCS OCHOBHBIM HCTOYHHUKOM BBIOPOCOB
NapHUKOBBIX Ta30B OHM JK€ CO3MAal0T Ha TMOBEPXHOCTH 3E€MJIM  OJESIIO,
NPETATCTBYIOIEE BBHIXOAY KOPOTKHX COJIHEYHBIX JTyued Houblo. Takum obOpazom,
HHEPreTUUECKU KPU3HUC CHOCOOCTBYET TMOBHIIICHUIO TEMIEpAaTypbl Ha 3emie,
CIOCOOCTBYS TNI00aIbBHOMY NOTEIIEHUI0. Paznuunbie npoOaeMbl 3arpsi3HEHUS BOIbI
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CBSI3aHBI C MCIOJIb30BaHueM 3Heprun. OmHa npobnema - pa3nuBbl HehTu. Bo Bcex
orepanusx no oOpameHuio ¢ HeThIO CYIIECTBYET KOHEUHAs! BEPOSITHOCTh pa3jivBa
HedTH MO0 Ha 3eMiIto, MO0 B BogoeM. J[oOblua yris TakXe MOKET 3arpsi3HATh
BoAy. VI3MeHeHMs TOTOKa IMOA3EMHBIX BOJ, BbI3BaHHBbIC JOOBIYEH MOJIE3HBIX
MCKOIAEMBbIX, YaCTO MPUBOAAT K KOHTAKTY HE3arpsA3HEHHBIX BOJI C ONPEEICHHBIMU
MUHEpaJIbHBIMA MaTepuajiaMu, KOTOPbIE BBIIIEIAYUBAIOTCA U3 MOYBBI U 00pa3yroT
KUCIIOTHBIA IMAXTHBIA JpeHaX. TBepable OTXOIbl TaK¥Ke SBIAIOTCS MOOOYHBIM
MPOTYKTOM HEKOTOPBIX (OpM HCIOJIb30oBaHUS 3Hepruu. JloObraa yras Tpebyer
yaasieHus O0JBIIIOTO KOJTUYESCTBA 36MJTH, a TAKKE YTIISL.

bonpmias 4yacTh MHIYCTPHAIBHOM 3M0XM ObUIA CO3JaHA C HMCHOJb30BAHHEM
HCKOMIaeMOI'0 TOIJIMBA, HO €CTh TAKXE H3BECTHBIC TEXHOJOTUHU, HCIOIL3YIOIINE
Ipyryue BUIbI BO30OHOBIISIEMBIX MCTOUYHMKOB YHEPTUM, TaKWE KaK Map, COJHIE U
BeTep. OCHOBHAs MpobsieMa 3aKIII0YaeTCsl HE CTOJIBKO B TOM, YTO y HAC 3aKOHYATCS
ra3 win HepTh, CKOJHLKO B TOM, YTO HCIIOJb30BaHUE YISl OYyJEeT MpPOAOKATh
3arpsi3HATh artMochepy M YHUUTOXKATh JIPyryue MPUPOIHBIE PECypChl B Ipoliecce
JNOOBIYM yTJIsi, KOTOPBIA HEOOXOJIMMO 3aMEHUTh KaK HCTOYHHUK SHEPIHH. ITO
HEIPOCTO, MOCKOJIbKY MHOTHE BEAYIIHE OTPACIU MPOMBIIUIEHHOCTH HCIOJIb3YIOT
yrojib, a HE ra3 uiu HedTh, B KAYECTBE OCHOBHOIO HCTOYHUKA SHEPTUH JUIS
IIPOU3BO/ICTBA.

BozoOnoBnsiemass  sHeprust OyAeT  HEOOXOJUMBIM  UCTOYHHUKOM  JUJISt
MPOU3BOJICTBA DJIEKTPOAHEPTHH B OnmxkailiieM OyaymieMm, T.K. Mbl  MOXEM
HCIIOJIB30BaTh 3TU PECYpPChl BHOBb U BHOBb JIJIs MPOU3BOJCTBA MOJIE3HOU SHEPTHUHU.
DHEPreTUYecKue pecypchl OOBIYHO KJIACCU(DUIIMPYIOTCS KaK HCKOTaeMEbIe,
BO30OHOBIIIEMbIE U  sifiepHble. BCeBO3MOXKHBIE BO300HOBIISIEMbIE HUCTOYHUKHU
SHEPruM, TaKue Kak THAPOIHEpPreTHKa, BETep, COJHEYHas HSHeprus, Ouomacca,
SHEPrusi OKeaHa, OMOTOIUIMBO, T€OTepMalibHasl SHEPTUs U T.J., o0ecreunBarOT 15—
20% Bceil MUpPOBOM sHEpruu. Mup TpeBpaTUTCS B TIIOOAIBHYIO JEPEBHIO H3-3a
pocta HaTOOHOCTH B HDHEPTUU H3-32 CTPEMHUTEIIBHOTO POCTa HACEJEHUs, 4YTO
OPUBOJUT K MCHOJIb30BAHHIO MCKOIMAEMOr0 TOIUIMBA, TAKOTO KakK yrojb, ra3 u
He(dThb, IJIs1 YIOBIETBOPEHUS MOTPEOHOCTH B DHEPTUU, YTO JENaeT HEYCTONYHMBBIC
CUTYyallM U MHOXECTBO MpOOJIeM. TaKhMe KaK HCTOILICHUE 3alacoB HCKOIMAeMOIO
TOTUIMBA, DKOJOTUYECKHE U reorpaduyeckue KOH(IMKTHI, MapHUKOBBIA 3D(DEKT,
rJ1I00aJIbHOE TTOTETNICHUE 1 KOJIeOaHUsI IIeH Ha TOTUIUBO.

biarogapst 9K0JIOTHYHOCTH U MEHBIIIETO BHIOpOCA Tra30B M3 BO30OHOBIISIEMBIX
UCTOYHUKOB  JHEPrMM OHA  CYUTAeTCid  CTAaOWJIBHOM  DHEpruei;  TaKxke
MOICP>KUBACTCS JJIs1 OOIIECTBA TI0 BCEM M3MEPEHUSIM, TAKUM KaK SKOHOMHYECKOE,
COIlMaJbHOE M DJKOJoTHMYecKoe. B0300HOBIsIEMbIE HCTOYHUKH DSHEPTUU MOTYT
o0ecreynuTh MHUPOBOM CHPOC HA HHEPTUI0, 3alIUTUTH OKPYXKAIOIIYI0 Cpely H
obecrieynuTh  JHEPreTUYEeCKyro  Oe3omacHocTh. Hapsigy ¢ BbIIAIONIMMUCS
JIOCTOMHCTBAMH 3THX PECYPCOB CYIIECTBYIOT U HEKOTOPbIE HEAOCTATKU, TAKHE KaK
KoJIeOaHMs MPOU3BOAUTEIBHOCTH M3-32 CE30HHBIX U3MEHEHUMN, YTO XapaKTePHO IS
BETPSHBIX M THAPOIJICKTPOCTAHIIMI; CIIeIOBATEIbHO, HEOOXOIUM OCOOBIN IH3aiiH 1
paccMOTpPEHUE, KOTOPbI€  BBINOJHSAIOTCS  anmapaTHbIM W MPOrPAMMHBIM
obecrieueHrneM O1arogaps COBEPIICHCTBOBAHUIO KOMITBIOTEPHBIX TEXHOJIOTHH.
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Bo3o6HOBNsSIeMbIE HMCTOYHUKH DSHEPrUM OyayT JydIIMM BapHaHTOM MJis
MUHUMU3AIUU  3arpsA3HEHUs,  TOBBIMICHUS  JKOHOMHUKH,  DHEPreTUYECKOU
0e30MacCHOCTH W BO3MOXHOCTEH TPYJIOYCTpPOMCTBA; KpPOME TOTO, OEIHOCTb
COKpaTHUTCs, MOTOMY 4YTO B OCHOBHOM O€IHSKM TMOJAraloTcsi Ha MPUPOJHBIC
pecypcebl. Cuntaercs, uyto nocie 2050 r. 50 % MupoBoro sneprocHadxeHus Oyner
IPOU3ZBOJUTHCS C HCIOJIB30BAHUEM BO300HOBIISIEMBIX HCTOYHHKOB SHEPIUH;
KOJMYECTBO BO30OHOBIISIEMBIX HCTOYHUKOB 3HEpruu B 140 pa3 mpeBbIlliaeT MUPOBOE
roJIoOBO€ MOTpeOJeHNue dHepruu. Bo300HOBIIIEMbIE HCTOYHUKH JHEPIrUU KAk
«aBuratenp pabounx MecT g ['epmanum», obliee KOJMYEeCTBO pabOYMX MecCT
yBennmamiiock Ha 55% c 2004 roma, cooOmiaeTcss B myOnukanuu MuUHHCTEpPCTBA
okpyxatoeid cpeasl (BMU). Bo BceM Mupe OKOJIO TpeX MHJUIMAPJOB UYEIOBEK
HCIIOJIB3YIOT TBEPAOE TOILIMBO, B OCHOBHOM HCKOIIAEMOE, YTO BBI3BIBAET MPOOJIEMBI
CO 3I0pPOBbEM M Takue 3a00J€BaHUs, KaK [HEBMOHHUS, XPOHHYECKHE
pecnupaTopHble 3a00JIEBaHUS U PAK JIETKHUX.

Takum 00pa3oMm ecTb NEWCTBUSA, KOTOPHIE Bbl MOXETE MPEANPUHATH, YTOOBI
YMEHBIIUTh BO3JEHCTBHE BAILIET0 SHEPTOMOTPEOJICHUS HAa OKPYIKaIOILyI0 cpeay”

CoxkpallieHue noTepb SHEPTUU C MOMOILBIO SHEPTrO3PPEKTUBHOCTU

[lepexon Ha Oosiee YMCThIE HICTOYHUKH SHEPTUU

OKOHOMHS PHEPIUU. Y POBEHb BO3JEHCTBHS IIPOrpecca Ha 3KOHOMHIO SHEPTHH
BO3MOKHO MOKa3aTh HAa mpumepe napoBbix MaivH. Kak m3BectHo, KII/] mapoBbix
mamuH 100 ner Hazanm coctaBimsn 3-5%, a ceituac gocturaer 40%. Pa3sButme
MHUPOBOM 3KOHOMHMKHM CITYCTsl 3HepreTudeckoro kpusuca 70 romoB BIoOaBOK
MOKa3ayo, YTO Ha 3TOM MYTH y YE€JIOBEYECTBA MUMEIOTCS BHYIIUTEIbHBIE PE3EPBBHI.
Hcnons3oBanue pecypcocOeperalommux ¢ 3HeprocOeperaronmx TeXHOIOTUn
rapaHTHUPOBAJIO BECKOE COKpalleHHe NOTpeOJIeHHs] TOIUIMBA M MaTepHalioB B
pa3BuThIX cTpaHax. [Ipoiie roBops 3Hepro’(PEeKTUBHOCTh 3AKIIOYAETCS B TOM,
9TOOBI MOTPEOIIATH MEHBIIIE YHEPTUH ISl BHITIOJTHEHHS TOU e paboThl, u30eras npu
3TOM BBICOKHMX CYETOB 32 JIEKTPOAHEPTUIO U HEHYKHOT'O 3aCOPEHMSI OKpYKarolen
cpenbl. MHOrOYMCIEHHBIE TOPOAYKTBHI, J0Ma, KOMMEPYECKHME 3JaHHUSI WU
OPOMBILUICHHbIE OOBEKThl HUCHOJB3YIOT HAaMHOrO OOJbllle SHEPTruu, YeMm
HeoOxonumo. K mpumepy, sHeprocOeperaroniiue JaMmnodku Ucmnoiab3ytor Ha 70-90
% MEeHbIIIe PHEPTUH, YEM JIaMITbl HAKaJIMBAHUS, YTOOBI MPOIEIIBIBATE TY ke PaboTy:
OCBELIaTh KOMHATY.

3akioueHue

Pemnte mpobiieMy MOXET 3aMeHa TpaauLMOHHBIX Jamnodek Ha KJIJI u
cBeToAnoAbl. OHM MOTPEOIIAIOT MEHBIIIE JIEKTPOIHEPTUU U CIIyKaT Joblue. Eciu
MUJUIMOHBI JIIOJIEH 1O BCEMY MHUPY OYyIyT UCHOJb30BaTh CBETOIUOABI U
KOMITaKTHbIE JTIOMUHECIICHTHBIE JIAMITbI B KHJIBIX 1 KOMMEPYECKHUX 1eJISIX, CIIPOC Ha
DHEPTUI0 MOXKET CHU3UTBCSA, M HHEPreTUYECKUd KpPU3UC MOXKHO OyAeT
NpeaoTBpaTuTh. Tak e MOXKET IOMOYb pa3BUTHUE albTEPHATUBHBIX BUIOB
SHEPreTUKU, B OCOOEHHOCTH OMMPAIOLINIICS HA HCIOJIb30BAHUU BO30OHOBIISIEMBIX
VMCTOYHHMKOB. XOTs MYTH PEaJU3alMK JAHHOIO HAMPABIIEHUS BCE €II€ HE OUYEBUJIHBI.
[Toxa B0300HOBHUMBIE HWCTOYHMKH Jna0T He Oonee 20 % oOmeMupoBoro
WCIIOJIb30BAaHUS YHEPrUU. 3HAYMMBIN BKAaa B 3TH 20% MNPUHOCAT MCHOJIb30BAHHE
OMOMacChl U THIPOIHEPTETHKA.
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Annomayuna: OaumHas paboma 6xuoyaem 6 cebs ONUCAHUE KOMENbHOU 8
2. Yepsenv u 0b6ocHosanue pekoncmpyKyuu 0aHH020 006beKma.

Abstract: this work includes a description of the boiler house in Cherven and
the justification for the reconstruction of this object.

Knwueswvie cnosa: xomenvHas, wena, peKOHCMPYKYyus, Komei, Menioeas
MOWHOCMDb.

Keywords: boiler house, wood chips, reconstruction, boiler, heat output.

BBenenne

Pexonctpyupyemas koTeiabHasi pacrosokeHa B MuHckoi obnactu r. UepBeHb
o yi. dierontosa. 42.

B Hactosmee Bpemsi TemsocHaOkeHHe T. YUepBeHs OCYLIECTBISETCS OT
CYLIECTBYIOIIUX  KOTenbHbIX «[pynnoBas», «bonpHuma», «lleHTpanbHas».
Korensubie Haxomstcss Ha Oamance KVYII «Yepenckoe JKKX». Kareropus
KoTenbHbIX «I'pynmoBas» u «lleHTpanpHas» 1O HAAEKHOCTH OTIIyCKa TeIJa
norpedutessim - Bropas. Kareropust kotenbHOlM «bosnbHUIIA» - epBasi. Pe3epBHBIM
MCTOYHUKOM TOTpEOUTENel Terjia LUEHTPAJIbHOW pallOHHOW OOJIbHMIIBI SIBIISAETCS
korenpHas «[pymnmoBas». CylliecTByIOIIasi CUCTEMa TEIUIOCHAOKEHUS, 3aKphITas:
YEeThIPEXTPYOHast OT KOTenbHON «bonbHUIA»; JBYXTpYyOHAas OT KOTEIbHBIX
«I'pynnoBas» n «LleHTpanbHas».

OcHoBHasl yacThb

KortenbHble MPUTOTAaBIMBAIOT CETEBYHO BOJY PAaCUETHBIMU NIapamerpamu 95-
70°C. IlpurortoBienne Boael Ha Hyxzael [I'BC temmneparypoit 55°C  nmns
MOTpeOUTENeH IIEHTPATLHON pPallOHHOW OOJIBHHIIBI OCYIIECTBISCTCS B KOTEIHHOM
«bonbuaumay. s morpedbuteneir kotenbHON «['pynmoBas» — B CYIIECTBYIOIIUX
UTII. TIlpurotoBnenwe ropsueld BOABI JUIsi  MOTpeOHWTENEl  KOTEIbHOM
«lleHTpanbpHas HE NMPETYCMOTPEHO.

Korenvnas «lleHTpanbHas» paboTaeT B OTOMHUTENbHBIN Tiepuon. OCHOBHOE
TEIJIOTeHEPUPYIOIIe 00opyaoBaHue KoTenbHOM: kotibl JIE—10/14 T'M (2mT).
VYcranoBnenHas TterioBas mMouHocTh — 10,32 I'kan/u. Temneparyphsiii rpaduk
terionocutenss — 95/70°C. OcHOBHOE TOIIMBO — NPUPOAHBIA ra3. JlemMoHTax
kotenbHOU «lleHTpasibHas» mpeaycMaTpuBaeTcsl 2 OYEpEAbl0 CTPOUTENbCTBA MPU
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MEPETOAKIIOUEHUN HAarpy30K Ha HOBYIO MPOEKTHPYEMYIO OJIOYHO—MOIYIBHYIO

KOTEJIbHYIO.

Korenbnas «I'pynmoBasi» paboraer ITOCTOSTHHO. OcHoBHOE
TerIoreHepupytomue obopyaoBanue KoTenbHOW: KoTiael KB-TC-1  (Sm).
YcranoBieHHas TeruioBas MmomHOCTh — 4,3 ['kan/u. Temmeparypubiii rpadux
terionocutenss — 95/70 °C. OcHOBHOE TOIIMBO — MPUPOJIHBIN ra3.

Korenbnas «bonpHALIAY paboraer [IOCTOSIHHO. OcHoBHOE
TEIUIOTEHEPUPYIOIIME 000OpyJI0BaHUE KoTenbHOW: kOTibl Paken [ (Smir).
YcranoBnenHas TtemiaoBas MomHocTe — 4,3 T'kan/u. TemmepaTypHblii rpadukx

terionocutenst — 95/70 °C. OcHOBHOE TOIIMBO — MPUPOJIHBIN ra3.

Kareropus xorenpHOM «I'pynmoBas» IO HAAEKHOCTH OTIIyCKa TeIia
NOTpeOUTENSIM — BTOpasi, 000pyJOBaHUE KOTEJIbHON BBIPA0OTANIO CBOM pecypc H
MOCJIe peann3aluy NpoekTa OyayT JEMOHTHPOBAHA.

KorenpHas «bonbHHIIa» OyJIeT nepeBeeHa B Pe3epB AJiA MOKPBITHS Harpy30K
MoTpeOuTeNeil MepBOi KAaTErOpUU B CIydasx BBIXOJA U3 CTPOs KOTJIa HauOOJbIIEH
MourHOCTH (4,3 ['kan/4) B IpOEKTUPYEMON KOTEIbHOM.

JUist cTpouTeNnbcTBa HOBOM KOTENBHOW MPOEKTOM MPEAYCMOTPEH JIEMOHTAX
COOPY>KEHUI CHUCTEMBbl Ma3yTOCHAOKEHHSI, AEMOHTAX CYLIECTBYIOIIMX OMOPHBIX
KOHCTPYKITMI HaJ3€MHBIX TPYOOIPOBOIOB.

Ha Ttepputopun xorenbHOU «['pymnmoBas» OCYIIECTBUTh CTPOUTEIBCTBO
IPOEKTUPYEMOTO HaBeca XPAHEHHsI JOTIOJHUTENHHOTO 00beMa IIeTbl (C pa3MepaMu
B 1wuiaHe 42x18 m V = 2529 wm3). CHOC CyHIeCTBYIONIETO 3[aHUs KOTEIbHOM
«'pymmoBasiy ¥ CyIIECTBYIONIEH JBIMOBOM TpPYyOBbl M JPYroro 0OOpYyIOBAHUS
IPEAYCMOTPEH MOCIIE BBOJIA B AKCILTyaTAllUI0 HOBBIX COOPYKEHUM.

TonnmBOM NPOEKTUPYEMOM KOTEJIBHOM IPUHATO: OCHOBHOUW pexuM — MBT
(ema); MUKOBBIA PEXUM — MPUPOAHBIA ra3. B cooTBeTcTBUM € 3aJaHMEM Ha
MPOEKTUPOBaHHE  O00OpyJOBaHME M  3AaHMEe  KoTenbHOM  «['pymmoBas»
nemoHtupyercsi. KotenbHast «bojibHHIIa» TOClIe peanu3aluy OpoekTa OyaeT
IIepeBEICHA B PE3EPB.

[IpoekToM mpenycMaTpUBAETCs YCTAaHOBKA JIBYX BOJOIPEHHBIX KOTJIOB Ha
MECTHBIX BHJaxX ToruMBa (1iemne) mpous3BojacTBa «Enerstena» (JIutBa) eauHuyHOM
TEIUIOBOM MOIIHOCTBIO 5 MBT KaXIplil 1 yCTaHOBKA OJHOIO BOJOIPEMHOIO KOTJIA
TEIJIOBOM MOITHOCTHIO 2MBT, pacxomnbiii ckiaaj TorumBa oobemom 100 M3, HaBeca
JUIS XpaHCeHHS 3armaca mienbl oobeMoM 2529 m3. Takke IS MHKOBOTO PeKUMa
KOTEJIbHOW MpeayCMaTPUBAETCS YCTAHOBKA JABYX BOJOTPEHHBIX Ta30BbIX KOTJa
TEMJIOBOM MoOMmHOCTRI0O 3 MBT kaxnpiii. Pexum  paboThl  KOTIOB  —
KPYTJIOTOIMYHBIM.

3ak/rouenue

[IpumeHeHne B MpPOEKT€ KOTJIOB TMO3BOJIUT  HKCIOJb30BAaTh  OTXOJbI
JIECO3aroToBKM (Iena) s MNpPOU3BOJACTBA TeMJIa Ha OTOIUIEHME M ropsuee
BOJOCHAOXEHUE €  LENbl0  TOBBIMIEHUA  APPEKTUBHOCTH,  YMEHbILICHUS
AKCIUTyaTallMOHHBIX PACXOJIOB, MOBBILIEHUSI YPOBHSA HAJEKHOCTH U OE30MaCHOCTH
paboThI BCEX CUCTEM TEINIOCHAOKEHUS IPEAIPUITHS.

132



TennoaﬂepreTnKa U TenJoTexHukKka. CHTK-78 -

Jlureparypa
1. Koren [JE-10-14 [OnektponHblii pecypc]. -Pexum poctyma:
http://www.biek.ru/de-10-14 gmo/. — Jlata noctyma: 02.03.2022.
2. Enerstena [ DEKTPOHHBIM pecypc]. -Pexum JIOCTyIIA:

http://www.enerstena.lt/ru/ — Jlara moctyma: 02.03.2022.



Teﬂﬂ03HepFETl/lKa U TenJoTexHukKka. CHTK-78

VIIK 620.97
BUOAPHEPTETHUKA B PECITYBJIMKE BEJIAPYChb
BIOENERGY IN THE REPUBLIC OF BELARUS
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Hayunsbiin pykoBoaurens — T. A. [leTpoBckasi, crapimmi pernoaaBaTeiib
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Annomayusn: 6 cmamove peuvb u0ém o buosHepeemuxe 6 Pecnyonuxe benapycey
U nepcnekmueax ee pa3eumus.

Abstract: The article deals with bioenergy in the Republic of Belarus and the
prospects for its development.

Knwueswie cnosa: 6uocas, snepeosgghekmuenocmos, 0mxoobl

Keywords: biogas, energy efficiency, waste

BBenenne

buosHepreTnka — 3T0 MEPCIEKTUBHOE HANIPABJICHUE YHEPTETUICCKON OTPACIH,
MOJIydCHHUE  DHEPrUM W3 TOIUIMBA  OMOJIOTMYECKOTO  TPOMCXOXKICHUS.
TommMBHO-PHEPTreTHIECKUE KOMIUIEKCHI OOJIBITUHCTBA CTPAaH MUpPa JEMOHCTPUPYIOT
BBICOKYIO CTEIEHb IMBEPCU(DUKAIINN TOTUTMBHO-IHEPTE€TUUECKUX PECYPCOB, a TAKXKe
X OONIYI0 JUHAMHUKY YyBEJIMYCHUS MOTpeOsieHus. Temn moTpebiieHus TOIUIMBA B
MHUpE TOCTOSHHO pacTeT, TpU OTOM 3HAYUTEIBHO YBEIUYUBACTCS  JIOJIS
UCIIOJIb30BAHUSI ~ MPUPOJHOTO Ta3za TPH  MPOU3BOJICTBE  DJIEKTPOIHEPTHHU.
Tak kak pocT 1IeH Ha ra3 Hen30eKeH, 00ecreyeHNEe YHEPTeTHUECKOM OE30MaCHOCTH
TpeOyeT pa3pabOTKH HOBBIX TEXHOJIOTMH Ha OCHOBE (yHJIaMEHTAJIbHBIX |
MPUKJIAIHBIX UCCIICTOBAHUN U OOJIBIITNX 3aTPaT HA UX peaTU3aIlnIo.

OcHoOBHas 4YacTh

DHeproobecrniedyeHue ¢ SHEProdP(HEKTUBHOCTH HUMEET CTPATETUUYECKOe
3HAYCHHE, BeAb bemapych - cTpaHa, UMIIOPTHPYIOIIAs CHIPHEBBIC U SHEPTCTHUCCKHEC
pECYpChl, pacxoayromias WX Ha MPOU3BOACTBO €IMHUIIBI MPOAYKIHMH B 2—3 pasa
OOJIBITIE, YeM SKOHOMHYECKH pas3BUTHIC rocymapctsa. [lepexo OT dHEProeMKoro
IIPOU3BOJICTBA K HAYKOEMKOMY pecypcocOeperaromemMy 1 3KOJOTHUYCCKH YHCTOMY
MPOU3BOJACTBY  JOJIKEH o0ecreunBaThCs pexie BCETO BBICOKUM
MHTEJUICKTYaJIbHBIM PECYPCOM CTPAHBI.

OmHO W3 aKTyalbHBIX HAIPaBICHUHN pean3aliii TOCyIapCTBEHHON MOJUTHUKH
B o0OyacTu ’HEproodecnedeHus: U YHeProdPPEKTUBHOCTH SBIISICTCS] UCTIOIB30BAHKE
Ouorasa B 3JIEKTPOTEXHUKE U TETNIOIHEPTETHKE.

buoras — 3o ras, cocrosimuii npumepHo u3 50—70 % merana u 50-30 % yrie-
kucioro raza. OH BeIpabaThIBAETCs B Ipoliecce OpokeHHs U3 OMOOTXOA0B M MOYKET
UCIIOJIB30BAThCS KaK OOBIYHBIA TPUPOIHBIA Ta3 IS TEXHOJIOTHYCCKUX IIEJICH,
oborpesa, BBIpaOOTKH AJIEKTpOIHEPTHH. Ero MOXXHO HakariMBaTh, MEPEKaunBaTh,
UCIIOJIb30BATh JIJIs 3alpaBKU aBTOMOOWIIA WU MPOJaBaTh COCEAHUM cTpaHam. J[is
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MPOM3BOJACTBA OHMOraza HCMONB3YIOT OpPraHMYECKHe OTXOAbl  mTuledepm,
CBUHO(MEPM, 3€pHOBYIO U MEJACHYIO MOCIECIHUPTOBYIO Oaply, MUBHYIO APOOUHY,
CBEKOJIbHBIN OM, OTXOJIbl PHIOHOTO M 3a00MHOTO 11€Xa, TpaBy, OBITOBBIE OTXOJIbI,
OTXOJbl MOJIOKO3aBOJIOB, OTXOAbl TMPOU3BOJICTBA OMOJM3EINA, OTXOIbl OT
IIPOU3BOJICTBA COKOB, BOJIOPOCIH, OTXOJbI MPOU3BOJCTBA KpaxMmaja M MaTOKH,
OTXO/IbI MIEpepadOTKH KapToders.

st benapycu 3HaYUTENBHOE HCIONB30BAHUE COOCTBEHHBIX IHEPTrEeTUUYECKUX
PECYPCOB aKTyaJdbHO Kak HUKOTA. OTBIT MHOTUX CTPaH MOKA3bIBAET, YTO JaXe MpU
OTCYTCTBUHM OOJBIINX COOCTBEHHBIX 3aMacoB HE(TH U raza IKOHOMHKA TOCYAapCTBa
MOJKET pa3BUBATHCA IPHEKTUBHO.

Cpeny TpOMBIIUIEHHO PAa3BUTHIX CTPaH BEAYIIEE MECTO B MPOM3BOJACTBE U
MCIOJIb30BaHUU OHOra3a Mo OTHOCHUTEIBHBIM MOKAa3aTeNsIM MPUHAMICKHUT JlaHuwu,
I'epmanuu. DHeprusi, moaydeHHass W3 Ouorasa, MPUHAMICIKUT K BO30OHOBISIEMOM,
IOCKOJIbKY ~ MPOUCXOJUT U3 OPraHMYECKOro BO300OHOBIIIEMOTO cyOcTpara.
OrpaHn4eHHOE KOJMYECTBO SHEProOHOCUTENEeH Ha 3emiie U poCcT MOTPEOHOCTH B
aJIbTEPHATUBHBIX MCTOYHHMKAX MpHUIAET elle OoJiplliee 3HAu€HUE NPOU3BOJCTBY
Ouorasza Ha OMOTa30BbIX YCTAHOBKAX.

[lepciekTHBBI UCHOJB30BAaHUSI OWMOMAacCchl Yy Halled CTpaHbl BEJIMKH.
PecniyOnuka bemapych o06mazaeT 3HAYUTENBHBIM IMOTEHLMAIOM HCIOIb30BaHUS
OMOpECYpPCOB B SHEPreTHUECKUX LIENAX U MPU 3TOM MOXKET COIKOHOMUTH OTPOMHBIE
CpeacTBa, HeOOXOaUMBIE sl 3aKynKu HedTH u raza. Ha 3emisax, moaBepKeHHBIX
BETPOBOM W  BOJHOM  DJpO3WHM, HENPHUTOAHBIX JUIsl  HCIONB30BAaHHUS B
CEJIbCKOXO3SUCTBEHHBIX ~ IESX, MOXKHO  HCIIOJNIb30BaTh NI BBICAJIKH
OBICTpOPACTYIIMX KYJIbTYP, KOTOpPbIE MOTYT JaThb OuWOMaccy. JTO MOMOTJIO Obl
YKPENHTh MOYBY, COXPAHHUTH IJIOJOPOANE W TOJNYyUYNUTh KaueCTBEHHYIO Onmomaccy.
3HaYUTENbHBIE TUIOIIAIN MOTYT OBITh MCIIOJIB30BAHBI JUISI TIOCEBA OBICTPOPACTYIIINX
KyJbTYp, B TOM YHCJIE MAaCIUYHBIX B KaU€CTBE CHIPhS ISl MPOU3BOJICTBA TOIUIMBA.
Cxuranve OuoMacchl — OYEHb OJAronpusATHOE HANpPaBICHUE C TOYKH 3PEHHUS
BBINOJIHEHUS 00513aTeNbeTB 10 KHOTCKOMY IPOTOKOITY, TaK KakK MO MEKIyHapOHOU
KJ1accu(UKAIUU BEIOPOCHI OT COKUTAHUS IPEBECUHBI K1 MHOW OMOMACCHI HE SIBIISIOTCS
napHukoBbiMU. [loaTomy benapych cMOXeT NOJYy4yuTh € TIOMOIIBIO 3THUX
MEXaHHU3MOB JIOTIOJTHUTENbHBIE CPEACTBA JJIsl PEIICHUS CIOKHBIX SKOJIOTMUYECKUX
3ajad.

B kaxxgom paiioHe pecmyOJIMKH €CTh KHBOTHOBOIYECKHE U NTUIIEBOAYECKHE
KOMIUIEKCHI, OTXOJIbI KOTOPBIX MOTYT OBITh UCIIOJF30BaHbI B KaUueCTBE OMOTOILINBA,
MOMyTHO  TMPOWM3BOAA  DKOJOTHYECKHM  4unucThie  ymoOpenus.  [lomyuenue
OpraHOMHMHEPANbHBIX yAOOpEeHUuN mnpHu mnepepadoTke B OMOra3oBbIX YCTaHOBKax
OTXOJIOB ~ CKOTa W  NTHUIBl,  BBIPAIIMBAEMBIX  CEIHCKOXO3SIICTBEHHBIMU
IpEANPUATUIMH, MTO3BOJIUIO ObI €XKEroHo 3aMeniarh 63% rogoBoro moTpedIeHus
a30THBIX U (HochHOpHBIX, U 73 % KaTUIHBIX y100pEHUH.

[Ipu 3TOM OMOra3oBbIE YCTAHOBKM Ha >KMBOTHOBOJYECKUX M MTHIIEBOIYECKUX
KOMIUIEKCaX MOTYT MNOKpeiBaTh 10 50 % moTpeOHOCTH 3THX KOMIUIEKCOB B
anekTposHeprun. B macmrabax pecrmyONMKH W3 KUBOTHOBOTYECKUX depwm,
KOMIUIEKCOB U NTHUIePaOpUK €XKEroJAHO B TMOTEHIMAJIEe MOXKHO MOJy4aTh II0
O0Mora3zoBoll TEXHOJIOTMHM OKOJIO 2,5 Mipa M3 Ouorasa v BbIpabaThiBaTh Ha €ro
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OCHOBE C HWCIMOJB30BAHUEM BBICOKOA((EKTUBHBIX KOTCHEPAIIMOHHBIX YCTaHOBOK
okoi0 5 MiH MBT - 4 snektpuueckoit u 8,5 muiH ['kanm TenmoBoit sHeprun. C
y4eTOM 3aMelIeHUs] HEBO30OHOBIISIEMbIX HICTOYHUKOB YHEPTUU 3TO CIIOCOOCTBOBAJIO
OBl €XKETroJHOM SKOHOMUHU OKOJIO 2,9 MIH T Y. T.

[Ipn exxerogHOM yBEIWYEHHHM LIEHBI HA ra3 CPOK OKYIAeMOCTH YCTaHOBKH
cocTaBuT 3—4 roja.

B Pecny6nuke benapych mocTpoeHO Tpu UMIOPTHBIX OMOTa30BbIX KOMILIEKCA,
B CI'l] «3amannbiii» bpectckoro paiioHa, Ha ruiemnTuie3aBoje «bemopycckuii»
MuHckoro paiiona m Ha ['omenbckoi mnruiedadbprke. 3apyOeKHbIE HHBECTOPBI
3aMHTEPECOBAaHbl B (DMHAHCUPOBAHWHM CTPOUTENHLCTBA B bemapycu OMOra3oBbIX
YCTaHOBOK. B wacTHOCTH, O7lHa U3 HEMEIKUX (PUPM TOTOBA €KETOAHO BKJIAIBIBAThH B
co3maHne OMorasoBbIX KomiuiekcoB B bemapycu ot 30 mo 35 MiuH eBpo, 3a cYeT
KOTOPBIX MOHO MOCTPOUTh 8—9 TaKuxX KOMIUIEKCOB. B TO e BpeMsi UMEIOIUICS B
CTpaHE HAay4YHO- KOHCTPYKTOPCKMM M IPOU3BOJCTBEHHBINM MOTEHUIHAN IO3BOJISIET
CIIPOEKTUPOBATH, pa3padOTaTh U OCBOUTH IPOU3BOJCTBO YaCTU OOOPYJOBAHUS U
KOMIUJIEKTYIOIUX JJIs OMOTa30BBIX KOMIUIEKCOB. HaydHO-NpakTHUUeCKHil LEHTp
MEXaHU3alMd CEIbCKOro Xxo3siictBa HamumonanbHON akagemMun Hayk benapycu
YTBEPKJICH TOJIOBHOM OpraHM3aiuedl pa3padOTKu TEXHOJIOTHM, MPOEKTUPOBAHUS U
HAyYHO-TEXHUYECKOTO COMPOBOXKICHUS BHEAPEHUsS OMOra30BbIX KOMIUIEKCOB B
ctpane. C DJTOW 1eNbI0 Ha OKCHEPUMEHTAIbHOM 0a3ze 3azepbe Hay4yHO-
MPAKTUYECKOTO LIEHTpA MPETyCMOTPEHO CTPOUTEIBCTBO OMNBITHOTO OHOTa30BOTO
KOMIUIEKCA C MCIOJIb30BAHUEM O0OpPY0BaHUS U KOMIUICKTYIOUIUX, pa3pab0TaHHBIX
Oenopycckumu  ydeHbiMH. MmopTo3amemaronuii 3pQpekT oT HUCHoIb30BaHUS
0eOPYCCKUX KOMIUIEKTYIOIMX MOXKET cOCTaBUTh B 2025 rony — 65 MITH eBpo.

PenTabenbHOCTh U KOHKYPEHTOCTIOCOOHOCTh OMOTra30BbIX TEXHOJIOTUN COCTOUT
B TOM, YTO OHH, SIBJISISICH DHEPreTUYECKUMHU, UTPAIOT TAKKE POJIb KOMIUJIEKCHBIX
IPUPOAOOXPAHHBIX ~ MEPOMPHUSATUH:  YIYYIIAIOT HKOJOTHYECKYID OOCTaHOBKY,
BOCCTAHABJIMBAIOT IUIOAOPOAUE IMOYBHI 332 CUET BHECEHUS BBICOKOKAUYECTBEHHBIX
o0e33apakKeHHBIX OPraHOMHUHEPAJIbHBIX YJO0OpEHUW W BKIIOYAIOT B dHEProdaiaHc
Ouoras KaK BO30OHOBJISIEMbIN HCTOYHHUK YHEPTHUH.

3akirouenue

Takum 00pa3oMm, palMOHAIBHBIA TOAXOJ K Pa3BUTHIO OWOIHEPTETUKU B
benapycu Moxker peasibHO 00ecneuuTh BBIPAOOTKY JJEKTPO- M TEIUIOIHEPTHUH,
UCTIOJIB3YEMYIO B HYXZAX CEJIbCKOrO XO34iCTBA C TMPUEMIIEMBIM CPOKOM
okynaemoctd. Ilo mMepe pocTa LIEH Ha SHEPrOHOCUTENH U JIIEKTPOIHEPTHUIO
3¢ (PeKTUBHOCTH BHEJIPEHUSI OMOTa30BbIX YCTAHOBOK Oy/IeT BO3pacTaTh U MPUBEIET
K JaJIbHEHIIIEMYy TOBBIIMICHUIO JOJM OWOPHEPTHMH B HSHEPreTHUYECKOM OayaHce
CTpaHblI.

Jlureparypa
1. buosneprernka B benapycu: MOTEHIMAN W TEPCHCKTHUBBI PAa3BUTHS
[DnexTpoHHBIN pecypc]/ buosHepretuka B benapycu: moTeHIIMal U MEPCIEKTHUBBI
pa3BUTHS . -Pexxum JOCTYTIA: http://innosfera.by/images/temp/1-

8.19.pdf?ysclid=12dlkga7u9 — lata noctymna: 24.04.2022.
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YIAK 621.181.25
YCTAHOBKA DJIEKTPOKOTJIOB HA MUHCKO¥M T211-3
INSTALLATION OF ELECTRIC BOILERS AT MINSK CHPP-3

B.1.CaBunkas
Hayunsiit pykoBoaurens — M.H. [Ipokonens, ctapmmii npenoiaBaTeinb
benopyccknii HaMOHAIbHBIN TEXHUYECKUN YHUBEPCUTET,
r. Munck, Pecniy6nuka bemapych
V. Savitskaya
prokopenya@bntu.by
Supervisor — I. Prokopenya, Senior Lecturer
Belarusian national technical university, Minsk, Belarus
Aunomayusn: 6HeopeHue s1eKkmpuyeckux komnos Ha Munckou TOL]-3.
Abstract: introduction of electric boilers at Minsk CHPP-3.
Knioueevie cnosa: snexmpoxomén, smnepzeocucmema, meniosas MOUWHOCHDb,
aghexmusHocms YCmaHoBKuU.
Keywords: electric boiler, power system, thermal power, installation
efficiency.
BBenenne
JUist BO3MOKHOCTH PEryJIMPOBAHUS MOIIHOCTH SHEPrOCUCTEMBI MOCIE BBOJA
benopycckoii ADC B sHeprocucreMe PecnyOnuku benapych BbITONHSETCS
YCTAHOBKA BOJIOTPEUHBIX JIEKTPOKOTIIOB, B TOM uuciie W Ha ¢unuane «MuHckas
TOII-3» PYII «MuncksHepro». Y cTaHOBKa BOJOTPENUHBIX 3JIEKTPOKOTIIOB € LEIBIO
OTITyCKa TeIula B Mepuoj riay0oKoi pasrpy3ku TypOuH mocie BBoja bemopycckoit
ADCy», mnpoekToM mnpeaycMarpuBaeTcs ycraHoBka Ha MuHckoit TOII-3 nByx
anektpokotsioB Parat IEH wmommuocteio mo 50 MBt (43 T'kam/u) Kaxabli.
CyMmMapHas TerioBasi MOIIHOCTh 3JIEKTPOKOTENILHOTO 00opyaoBaHus coctaBut 100
MBT.
OcHoOBHas 4YacTh
Lenp peanuzanuu MpoeKTa COCTOUT B 0OECIIEYEHUH MAaKCUMAaIbHOW 3arpy3Ku
benopycckoit ADC B nepuoj cniaja motpediaeHus eKTpudeckoi sneprun. C 3o
LeNbl0 reHepupytomee obopynoBanue Munckoit TOI[-3 B mepuoasl HOYHOTO
MHUHUMYMa 3JIEKTPUYECKON HArpy3KH pa3rpyxkaercs A0 BEJIUYUHBI, ONpeaeasieMon
HEOOXOJMMOCTBIO TTOKPBITHS TEIUIOBBIX HArpy3ok mnorpedouteneit. [Ipu ycrtaHoBke
ANEKTPOKOTIIOB, B JAHHBIM IEPUOJ, 4YacTh TeIuioBou Harpy3ku oT [IBK wmm ¢
otbopoB TypOun TOIL] mepemaercs Ha BHOBb yCTaHABIMBaeMoe oOopymoBaHue. B
pe3ynbTaTe CHUXKAETCS TMOTpedJieHne opraHudeckoro TommuBa Ha 1Ol wu
CHUKAETCS OTIYCK DJJICKTPUYECKOW OSHEPrHMH OT CTaHIMM Ha BEJIUYUHY,
MOTPEOIIEMYIO  DJICKTPOKOTIIAMH C YYETOM CHIDKCHHS TerIo(PUKaIMOHHOM
BbIpa0OTKH, CBSI3aHHOW C pas3rpy3koi orOopoB TypOuH. BBoj B 3KcrulyaTtanuio
31eKTPOKOTI0B Ha MuHCKoH TOILI-3 mo3BoauT n306ekaTh HEOOXOIUMOCTH OCTAaHOBA
AHEProOJIOKOB U 00ECTICUUT JOTOJHUTEIBHYIO BEIPAOOTKY 3JEKTPOIHEPTUHU HA HUX.
B pesynbrare peanuzanuy npoeKTa pacxo]] TOIJIMBA CHU3UTCS HA MYCKU-OCTaHOBBI
HHEProOJIOKOB M YBEJIMYUTCA Ha OOecrneyeHUe AOMOIHUTENIbHOM BBIPAOOTKH
AJNeKTposHepruu. BolpabaTbiBaemasi 3JEKTPOIHEPrUsl MOWJET Ha oOecredeHue
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BBIPAOOTKM TEIJIOBOM SHEPIHMM HA SJEKTPOKOTIIAX, TAaKUM 00pa3oM, OTITYCK
AJCKTPUYECKOM DJHEPruM TOTpeOUuTeNssiM He Uu3MeHuTcs, a 23bdext Oyaer
o0ecreynBaThCsl.

Hcnonp3oBanue 35ekTpokoTiioB Ha TOL] mpegycmaTpuBaercs o CleAyromei
cxeMe - B HouHble 4achl (mpumepHo ¢ 23-00 mo 6-00) mpoucXOoauT pasrpyska
OTOINUTEIBHBIX OTOOPOB TypOOarperaroB Ha BEJIWYMHY, PaBHYIO TEIJIOBOU
MOIIHOCTH YCTAHOBJICHHBIX OJJIEKTPOKOTIOB. IIpu 3TOM KpoMe CHMXKEHUs
BBIPAOOTKH AJIEKTPOIHEPTHH Ha TEIUIOBOM MOTPEOJICHWH TPHU pa3rpy3ke OTOOPOB,
CHIIKAETCsSl BbIJauya AJIEKTPUUYECKOM MOIIHOCTA B SHEPrOCUCTEMY Ha BEIUYUHY
ANEKTPUYECKON MOIIHOCTH, PACXOLYEMOU HA DJIEKTPOKOTIIBI.

OCHOBHBIMM 3JIEMEHTAMU AJIEKTPOKOTEIbHOU YCTAHOBKU SBJISIIOTCS:

- cucteMa 3aMKHYTOoro Koutypa KBD (koten BogorpeiHbIi 3JE€KTPOIHBIN);

- CUCTeMa TOJIUTKH U 3aM0JIHEHUA 3aMKHYTOro Kourypa KBO;

- CUCTEMA JI03UPOBAHUS XUMPEAreHTa;

- CUCTEMa a30Ta;

- CUCTEMA JIPEHAXKEN;

- CTEMa CETEBOU BOJIBI.

Cucrema 3amkHyTOTO KOHTYypa KBD BKITIOUaeT B ceosi:

— KOTEJI BOAOTPENHBIN JIEKTPOIHBIN;

- HACOChI 3aMKHYTOT'O KOHTYPA;

- IOJIOTPEBATENb CETEBOM BOJIBI;

- TpyOOIIPOBO/IbI, 3aIIOPHAs U PETYJIHUPYIOLIas apMaTypa;

- cpeacta KUIIuA.

[IpuHnMnuanbHas CcXeMa CHCTEMbl 3aMKHYTOrO KOHTypa TMpHUBEACHA Ha
pucyHke 1.

Korten BOmorperHsId 3AEKTPOAHBIM MNpPEIHA3HAYEH ISl MOJOTPEBA CPEbI
3aMKHYTOTO KOHTYypa ¢ MOCIEAYIOIIeH mepeadeil Teria ceTeBoi Boie (HapyKHOMY
KOHTYpPY) MOCPEACTBOM IMMOJOTPEBATENS CETEBOU BO/IBI.

NoaA4A BEICOKOBONETHOMND TOKA

NPEAOXPAHUTENBHBIA
KNAMNAH

CHCTEMA
CHATOMS
HHEPTHOMD FA3A

KOHTPO/b AABAEHMA (—

YCTPOMCTBO NPEACXPAHMTENLHOE ()
NO AABNEHHIO

AATYMK
TEMMEPATYPbI

KOHTPO/Mb
YPOBHA

PEMYAMPYIOLLMA
wnanan G

BE3OMACHbIA { I Sy L
¥POBHEHB — —

-
-

TEMMEPATYPBI

AATHMK

,_O

1 TPEXXOAOBCA
el KNANAH !
o

HACOC
TENNQOEMEHHWK 3aMHEHYTOrQ KOHTYpa

A=

KOHTPON b DAEK-
TPOMPOBOAHOCTH

—&—b— NPOAYBKA KOTAA

TermozamMTa )

NOABDA XMMOUM-
¢  WEHHOMA BOObI

Pucynok 1 — IlpuHiunuanbHas cxeMa CUCTEMbI 3aMKHYTOT'O KOHTYpa
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KBD3 umeer crenyoiye OCHOBHbIE TEXHUUYECKUE XapaKTEPUCTUKHU:

Ta6J'II/II_[a 1 — OcHOBHBIE TEXHUUECKHE XapaKTCPUCTUKHU SJICKTPOKOTIIa

139

H PazmepHoCTh 3navenue
AHMEHOBAHHE NMapaMeTpa

napamerpa napaMerpa
MakcuMansrHas MOIHOCTh MBT 50
DNIEeKTpHYECKOE HAMPSKEHHE TUTAHUS kB 10£10%
YacTtoTa TOKa ' 50+0,4
JlnanazoH perynupoBaHusi MOIITHOCTH % 2-100
PacueTHOE naBneHme MTIIa (6ap) 1 (10)
Pabouce naBnenue MTTa (Gap) 0,8 (8)
HcnriTaTensHoe JaBICHHE MTIla (Gap) 1,57 (15,7)
PacueTHast MaKkcHMalTbHas TEMITEpaTypa °C 184,1
VYcTaBKka OTKIIOYEHHS 110 TEMITEpAType °C 160
Pabouas TemmepaTypa mocie KoTiaa °C 140
Pabouas TeMmeparypa nepej KOTIoM °C 90
O6beM KoTIIa M3 30
Cyxoii Bec T 16
HoMuHaIBHEIH pacxo/1 TEIUIOHOCHTEIIS M4 860
Pexum paborsi - HeupepsbiBHbiii

3akiouenue

[IpumenutensHo k Munckoir TOI[-3, mpu MOLIHOCTM YCTaHABJIMBAEMbBIX
anekTpokotioB 100 MBT, pasrpy3ka oTONUTEIBHBIX OTOOPOB TypOOarperaroB Ha
86 I'kan/u He BBI3OBET CJIOXHOCTEH B OTONUTENBHBIH U MEXKOTONUTEIbHBIN
HEPUO/IbI, TOCKOJIbKY TEIJIOBbIE HArPy3KH B CETEBOM BOJE MO3BOJISIIOT paboTaTh Mo
TEIJIOBOMY TrpaduKy € Harpy3kod JHEPreTHYECKHUX KOTJIOB BBIIIE TEXHHUYECKOTO
MUHHUMYMa.

[TokazaTenem 3pGHEeKTUBHOCTH YCTAaHOBKH 3JIEKTPOKOTI0OB HA MuHckoi TOLI-3
OyIeT SABIATHCA UX BIMSHUE Ha OOIIECHCTEMHbIE MOKa3aTenu 3((PEKTUBHOCTU TIPU
o0OecreyeHnn ONTUMANIbHBIX ycinoBUi nHTEerpanu ADC B OalaHC SHEPrOCUCTEMBI.
Hapsiny ¢ oGuiecucTeMHbIMM TTOKa3aTesIMU OyneT onpeaensiThess 3PQGEeKTUBHOCTD
UCIIOJIb30BaHUs JEKTPOKOTIOB Juisi MuHnckoit TOLI-3.

Jlureparypa
l. Munckas TOL-3 [DnekTponnsblil pecypc]/ Munckas TIII-3. -Pexum

noctyna: https://web.minskenergo.by/filialy/minskaya-tets-3/. — Jlata nocryna:
02.03.2022.

2. Parat IEH [Onextponnsiii pecypc]/ Parat IEH. — Pexum noctymna:
https://www.parat.no/ru/products/parat-ich-wysokonapi%C4%99ciowy-bojler-
elektrodowy/. — Jlata nocryma: 02.03.2022.
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YK 62-621.2
CUCTEMA I'A3OCHABKEHMUS PK «CTEIIAHKA» ®PUJIHAJIA
«MUHCKHME TEIIVIOBBIE CETHW» PYII «<MUHCKIHEPT' O»
GAS SUPPLY SYSTEM OF THE RB «STEPYANKA» OF THE BRANCH
«MINSK HEAT NETWORKS» RUE «MINSKENERGO»

IT.A. IlepexBan
Hayunsiit pykoBonurens — M.H. [Ipokonens, ctapmmii npenoiaBaTeinb
benopyccknii HaMOHAIBHBIN TEXHUYECKUY YHUBEPCUTET,
r. Munck, Pecriyonnka benapych
prokopenya@bntu.by
P. Perekhval
Supervisor — I. Prokopenya, Senior Lecturer
Belarusian national technical university, Minsk, Belarus

Annomayusn: Pationnas xomenvnas « CmensiHkay 68e0eHa 8 3KCHyamayuio 8
1968 200y, Haxooumcs Ha banance 4 cemegoco paiiona Munckux mennosvix cemell
PVII «Munckanepzonr.

Abstract: The district boiler «Stepyanka» was put into operation in 1968, it is
on the balance sheet of the 4th network district of the Minsk thermal networks of
RUE «Minskenergoy.

Knioueevie cnoea: Pauionnas komenvnas «Cmenaukay, 2azocHabocenue,
SHep2emuiecKkoe X03aUcmeo.

Keywords: District boiler "Stepyanka", gas supply, energy facilities.

Bsenenne

OCHOBHBIMH TOTPEOUTENSIMUA TEIUIOBOM DHEPTUU SIBISIOTCS: POJIUIIBHBIN JTOM
Musckoi o6mactu, xuinoi qom XKIC-22, OAO «bencuerrexHuka», HHXCHEPHBIN
KOPIyC KOJIIEIKa CBSI3H, OOIISKHUTHE KOJUIEIKa CBs3u, oomexurtue, TL «Baneo-
nentp», OBJl «MunoGmucnonkoma», YO «bI'TTY um.M.Tanka», HWHCTUTYT
npuponononb3oBanus, 3A0 «bentsxman».

OcHoOBHas 4YacTh

B kadyecTBe OCHOBHOTO BHJIa TOTUIMBA B KOTEIHHON MCMOJB3YETCSI MPUPOIHBII
ra3. Ilpoext rasocHaOxeHusi BbimoiaHeH B coorBerctBuM ¢ CHbB 4.03.01-98
«I"a3ocHabxeHuey.

I"azoperynaropusiii myHkT (I'PII) cioyxxut st cHUKEHUs JaBlieHUs ra3a u
NOJJIEP>)KaHMS €ro Ha 3aJJaHHOM YPOBHE B ra30MpOBOIAX KOTEIbHON HE3aBUCUMO OT
pacxona raza. ['PII pacnonoxkeHo B oTnensHO cTosimiem 3aanuu. Beoa raza B I'PII
OCYIIECTBIIsIETCSL TpyOompoBoaoM quamerpom 100 M.

B I'PII ycranoBneno cienytoiiee 000pyaIoBaHuE:

- punbTp (PI'-100) CIyKUT 7151 OUUCTKH Tra3a OT MEXAHMYECKUX MMPUMECEH;

- IpegoxXpaHuTesbHO-3anopHbId Kiaanad [I3KB-100 cimyxuT 11 npekpaiieHus
MoJayM Tra3a B KOTEJIbHYI0 B CJydyae MOBBIIICHUS WA TOHUKEHUS
JABJICHUS Ta3a 32 PEryIsTOPOM;

- perymsatop PIAYK-2-100 ciayxutT mjisi CHWXKEHHMS [JaBICHUS Traza W
NOJJICp’)KaHUsI €ro  aBTOMATHYECKH TMOCTOSHHBIM  HE3aBUCHMO  OT
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M3MEHEHHS JIaBJIeHUsl (BXOJHOTO) WJIM pacxXoja ra3a Ha BBIXOJIE IOCIE
perymisTopa;

- MWJIOT YCTAHOBJIEH BMECTE C PETYJIATOPOM U CIY>KUT JUIsl MOJAYM KOMaH]
peryJsTopy B Cilydae M3MEHEHHMs JaBiieHus raza Ha Bbixone u3 ['PIl u
MOJIJICP>KAHMS €0 B 3aJJaHHOM YPOBHE;

- npenoxpanutenbHo-cOpocHol kianan KIIC-50 cmyxkut st cOpoca rasza B
aTMocdepy B ciIydyae MOBBIIICHUS 1aBJIICHUS ra3a 3a PEeryIsaTOPOM.

I[Tponyckuas cnoco6Hocts PIYK-2-100 ot 0 1o 10 000 m® raza nmpu naBneHun
rasa nepex I'PIT or 2 kre/em? o 12 kre/em?,

B cooTBeTcTBHUM € MNPOEKTOM KOHTPOJHMPYIOTCS TeMmImepaTrypa, pacxoa u
naBiueHue raza. KoHTpommpyembie mapaMeTphl BBIBOISTCS Ha MpeoOpa3oBaTeib
Uctox-TM wm3meputensaoit cuctembl MCTOK-I'A3-01. Best undopmarus o
pacxoJie raza W €ro napamMerpax IepelaceTcss Ha UCHTPAIbHBIM IUCIETYECPCKUN
nyHKT YII «MwuHrasy.

B Tabnuue 1 u Ha pucyHke 1 mpuBeneHbI CBEACHHS MO pacxony rasa Ha PK
«CrensiHka» 3a 2012-2016 rr.

Ha pucynke 6.2 nmpuBenena cxema razonpoBojioB PK «Crensikay.

Tabmuma 1 — Pacxon npuponnoro raza Ha PK «Crensinka» 3a 2012-2016 rr., ThIC. M
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2012 rox | 2013 ron 2014 ron 2015 ron 2016 ron
STHBaph 322,70 388,01 375,93 299,57 386,81
dbeBpaiib 366,70 276,45 252,36 264,69 258,78
MapT 24470 340,26 212,71 222,79 253,88
arnpenb 75,97 125,67 101,55 135,84 29,63
Mau 0 0 0 0 32,25
HUIOHb 0 0 0 0 2,52
UIOJTh 1,28 0 0 7,19 0
aBTyCT 0 0 0 10,50 4,57
CEHTAOPb 0 0 0 6,52 0
OKTSIOPb 106,36 147,43 131,59 170,67 175,06
HOSIOpb 227,83 227,11 250,54 233,44 287,78
neKkaophb 362,90 278,55 310,00 273,09 307,16
NTOIO 1708,43 1783,47 1634,67 1624,28 1738,44
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Pacxon rasza sa PK "Crensguka"
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Pucynok 1 - /lnarpamma pacxopna raza Ha PK «Crensnka» 3a 2012-2016 rr.
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Pucynok 2 - Cxema razonpoBosioB PK «Cremstaka»

3akioueHue
Cxembl ra3onpoBofOB B Ipeenax KOTJIOB, B HACTOSIIEE BPEMS, UMEIOT P
OTCTYIUICHM B 4YacTU OCHAIIEHHUS HEOOXOJUMOM apMaTypou, 3aimuTamud |
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OJIOKUPOBKAMH OT HBIHE JEHCTBYIOIIUX HOPM U MPABHI, PETIAMEHTUPYIOLIUX
JAHHBIE BOIIPOCHI B CUCTEME DHEPIETUKH.

Jluteparypa
1. PVII «MuHckaHepro» [DnexkTpoHHbI pecypc]. — Pexum pocryna:
https://web.minskenergo.by/. /lata noctyna: 08.03.2022.
2. MuncksHepro  [DnekTpoHHbBIH  pecypc]. — Pexum  nmocryna:
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BD%D1%81%D0%BA%D
1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%BE. Jara JIOCTYTIA:

08.03.2022
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VK 621.577
MOBBIIIEHUE Y®OPEKTUBHOCTHU UCHOJb30BAHUS TOIIJIMNBA HA
TOII B YCJOBUAX ®YHKLIIMOHUPOBAHUSI BEJIOPYCCKOM ADC
IMPROVING THE EFFICIENCY OF FUEL USE AT THE CHP IN THE
CONDITIONS OF OPERATION OF THE BELARUSIAN NPP

N.B. Bacunesckuid, S.C. Anyxno

Hayunelii pykoBogutens — A.A. booud, K.T.H., TOIIEHT
benopycckuil HaMOHAIbHBIA TEXHUYECKUN YHUBEPCUTET,
r. Munck, Pecriyonnka benapych
bobich@bntu.by
I. Vasilevsky, Ya. Yatsukhno
Supervisor — A. Bobich, Candidate of Technical Sciences, Docent

Belarusian national technical university, Minsk, Belarus

Annomayua: Ymunuzayus HUZKOmMeMNepamypHulx mMenjiogulX HNOMOKOE8 8
Hacmoswee epems Aensemcs 013 benapycu nepcnexmuenou 3aodaueii, peuienue
KOMOpou npu O0JIHCHOM NOOX00e MOodcem o0becnedums CHUdICeHUue uUMnopma
npupooOHo2o 2asa. /lannas mema u paccmampusaemcst 8 Hay4Hou pabome.

Abstract: Utilization of low-temperature heat flows is currently a promising
task for Belarus, the solution of which, with the proper approach, can ensure a
reduction in natural gas imports. This topic is considered in the scientific work.

Knwuesvie  cnoea:  axxymynamopwol,  ymunuzayusa,  T13Il],  ABTH,
9KOHOMUYHOCHb IHEP2EMUKU.

Keywords: batteries, recycling, CHP, ABTN, energy efficiency.

Bsenenne

JloJis MCHoNb30BaHMs MPUPOHOTO ra3a Ha dHEProycraHoBkax B PecmyOnmke
benapych, k koTopbIM oTHOCATCS mapoTypOouHHbie TOL u munu-TILI, npeobianaer
B IIPOM3BOJCTBE MPEOOPA30BAHHBIX IHEPTETUUECKUX MOTOKOB U cocrtaBiisieT 43%,
(manHas BenuuMHA Tosy4aercs cioxenuem aoiau TOI — 35,5% wu monmu TOII,
Muau-TOLL, I'TY, I'TIA npeanpusituit — 7,5%), 4yTo npencTaBieHo Ha pUCyHKe 1.
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Pucynoxk 1 — Ctpykrypa norpebnenus npupoanoro rasa (3a 2017 rox)
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OcHoBHas YacTh

Ha cerognsiminuii aeHp B sHeprocucreme Pb mposiBisieTcss TeHAeHIMS BBOAA
apora3oBbIX KOHJIEHCAIIMOHHBIX YCTAHOBOK C ylIeNIbHBIM pacxoaoM Torumsa (YPT)
Ha BBIPAOOTKY AJeKTpodHeprun okoysio 220 r/(kB1y), 4rOo coOM3MEpPHUMO CO
3HauenueM YPT maporypOounusix TOL[ pecnyonuku. [lpuBenenubiii daxt B
COBOKYITHOCTH C TOCTOSIHHO MEHSIOIIEHCS CUTyallue Ha PBIHKE YHEPTOPECYpPCOB
o0ocTpuJl BOMPOC MOBBIMIEHUSI dPHEKTUBHOCTH padboThl nmapoTypOuHHbXx TOL u
00yCIIOBUJI HEOOXOIMMOCTD MOBBIMIEHUS UX 3(PPEKTUBHOCTH C TOMOIIBI0 HAUMEHEE
3aTpaTHBIX MPOEKTOB. K TakuM pemnieHusM, 4To BHOJHE OYEBUJIHO, MPEABSIBIACTCS
TpeOOBaHUE MO COXPAHEHUIO UX AKTyaJlbHOCTH B cllydyae JajbHEHIIEro mepeBoja
TOIl Ha maporazoByro TexHojoruio. Croma ke MOXKHO OTHECTH TaKue
HOBOBBEJICHUS Kak WHTerpamusi B coctaB TOILl TemnoBbIX akKyMyJsTOPOB U
nepeBo TypOOreHepaTopoB Ha paboTy € yXYALIEHHbIM BaKyyMoM [2].

OnHako 3T METOABI MO TEM WA WUHBIM MPUYMHAM HE BCETJA MPUEMIIEMBI.
AJNbTEpHATUBOMN ISl TEpexo/la Ha YXYAIICHHBIN BaKyyM SBIISIETCSI NMPUMEHEHHUE
a0COpPOIIMOHHBIX OPOMHUCTO-JIUTUEBBIX TeIIOBBIX HacocoB (ABTH), koropoe He
TpeOyeT KaKuX-Tu00 U3MEHEHUHN B KOHCTPYKIIUU TYpOOYCTaHOBKH.

[IpuBenem BoO3MOxkHBIE BapuaHThl npumeHeHuss ABTH B cxeme TOIl. B
TEIJIOBOM cXeMe TypOoreHepaTopa CYIIECTBYIOT HECKOJIBKO TEIUIOBBIX IOTOKOB,
paccenBaeMblXx B OKpykarwomieil cpene. Ha mpumepe typOoreneparopa I1T-60
TaKOBBIMU SIBJISIIOTCS: IOTOKU OXJIAXKJECHUSI LIUPKYJISIIITUOHHON BOJbI MOIIIHOCTHIO 7,3
MBT, NOTOKM CHUCTEM OXJIaXKJCHUSI TeHepaTopa U macia o01mei MouHocTeio 0,47
MBT. BrlmenepeunciieHHbIE TEIOBbIE TOTOKH, UMEIOIIME CYMMApPHYIO MOITHOCTD
7,8 MBT, nanpasisitorcss B ABTH ¢ nupkynsaimoHHONW BOJOM, A€ NPOUCXOJINUT €€
oxnaxaenue Ha 4°C, 4yTo npeacTaBieHa Ha cxeMe (PUCYHOK 2).
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Pucynok 2 — IlpunnunuanbHas cxema unterpamuu ABTH B TemioByro cxemy TOIL]
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B xauectBe mpuBoga ABTH mnotpeGmsier Temnory mporecca KOHICHCAIUH
napa, MOTPEeOHOCTb B KOTOPOH OMpENEseTCsl OTOMUTENbHBIM KO3 UIIMeHTOM
ABTH. B nmannom ciydae, ee BenumuuHa cocrtabisier 40,2 I'Jlx/a (9,6 T'kan/q).
ITorok TemnoBol sHepruu MomHOCTHIO 18,9 MBT mnepenmaercsi cereBoil Boje,
HarpeBas ee Ha 10,2 °C. B pesynbraTe paccmarpuBaemoro ucnoib3oBanus ABTH
OpyU TOCTOSHHOW TeroBoil Harpy3ske TOLI, reHepauus 3IEKTPOIHEPTUU
nepepacnpeacssieTcss MeXIy UCTOYHUKAMU CUCTEMBI, 1 B KOHEUHOM utore Ha TOL]
MIPOUCXOJUT YMEHBIIEHUE TeHepaluyd Ha BenuuuHy 4,7 MBT-u. YcnoBHbIN pacxon
torumBa 0,42 xr/kBt-y. C yderoM yKa3aHHOTO YMEHBIICHHS MOIIHOCTH TOTOKA
TE€HEpaluN JJIEKTPOIHEPTUM NPHU COXPAHEHUM OTIYCKAEMOW TEIUIOBOWM HSHEPIUHU
CHIKEHHE rofoBoro pacxoja tormmua TOIl nocturaer 11,9 Thic. T y.T., a TO/10Bast
CHUCTEMHAS SKOHOMUS TOIUIMBA — J0 5,5 THIC. T V.T.

s conpsixenus ABTH ¢ typOorenepatopom IIT-60 MOXHO HCIIOIB30BaTh
olUH ywuiep Oosblnero tumopasmepa jubo 2 menbinero. [ns npuBoma ABTH
UCIIOJb3YETCS TEIUIOTa PAa3IMYHBIX TEIUJIOHOCUTENICH: IBIMOBBIE Ta3bl, BJIAXHBII
nap, BoJa, a TaK)Ke IPUPOJHBINA ra3, cxuraeMmbld B kamepe cropanus ABTH. B
PUBEJICHHOM MPUMEPE 3TO BOJSHOM nap AaBieHueM He Huxe 0,4 MITa.

Pacnonoxenne ABTH nomyctumMo Kak B KOHTEHHEPHOM BapHaHTE, TaK U B
3nanun. B nmo6oM cimydae TpeOyercs, 4TOOBI TemIeparypa B TOMEIICHHH He
omyckayiach Hike 5 °C. be3ycinoBHO, HEOOX0AUM MEPCOHATBHBIN MOAXO UCXOIS U3
KOMIUIEKCA YCIOBUM KOHKPETHOM MIIOMIAJKU: THIPABINYECKUX, KOMIIOHOBOYHBIX U
MPOYHX.

DKOHOMUYECKAs OLIEHKA

YuuThIBas CTOUMOCTh CTPOUTEIBHO-MOHTAXKHBIX pa0OT M BCIIOMOTAaTEIHLHOTO
o0opyoBaHus, sl peaiM3alli PacCMAaTPUBAEMOrO BBIIIE BapHaHTa Tpedyercs
nopsaka 3 wmuH. USD. Jlns TOILl, pabGortaromieit mpu 4uciie 4acoB padOThI
TypOorenepaTopa 7,5 ThIC. B TOJl, CPOK BO3BpaTa MHBECTHUIIUHN U JIPyTUE MOKA3ATEIH
OTIPEIENSAIOTCA CHUKEHUEM MOTpeOIeHUsI MPUPOIHOTo Ta3a Ha 11,9 Teic. T y.T. npu
MOCTOSTHHOM  TEIJIOBOM  HArpy3ke W  CHIDKEHMM  MOIIHOCTH  TE€HEepauuu
anektposHepru Ha 4,7 MBt. CebectomMocTh 3yeKTpodHepruu Ha TOI[ u
CpenHeB3BeIIeHHbIN Tapud cooTBeTCTBEHHO paBHbI 51,4 u 88,5 USD/(MBT-u).

[Tpu croumoctu npupoHoro raza 244 USD 3a T.y.T. T0J10BOM 3KOHOMUYECKHI
a¢ddext HemocpeacTBeHHo s TOIl obecneunBaeT cpok Bo3BpaTa MHBECTHIUN 2,3
rofa, JUHAMHYECKHA CpPOK OKYIIAEMOCTH MpU CTaBKe IUCKOHTHpoBaHus 20%
COCTaBJISCT 2,8 TO/1a, a BHYTPEHHSISI HOpMa peHTadenbHocTu - 42% [3].

CucreMHast TOJI0Basi SKOHOMHS TOIUUIMBA B PE3YyJIbTATE PEATU3ALMU IMPOEKTA
MOXXET COCTaBUTh 5,5 ThIC. T Y.T., IPU HEU3MEHHOM TMOTPEOJECHUU TEIIOBOU
SHEPTUU M DJIEKTPOIHEPTUU. DKOHOMUYECKUU TroA0BOM 3PQPEKT OT CHUCTEMHOIrO
CHWKEHUSI TOTpeOIeHus: mpupoaHoro raza ouenusaercd B 1,3 mun USD. Ilpoctoit
CPOK OKYIaeMOCTH COCTaBJsieT 2,7 roja, NMHAMUYECKUU CPOK OKYIaeMOCTH MpPH
ctaBke aAuckoHTHpoBanusi 20% cocraBisier 4,3 roja, BHYTPEHHSII HOpMa
peHtabdenbHOCTH - 35%.

3akiouenue

YTunuzanusa HU3KOTEMIIEPATYPHBIX TEIJIOBBIX MOTOKOB B HACTOSIIEE BpPEMs
ABsieTCA 11 benapycu nepcnekTUBHOM 3aa4el, peleHne KOTOPOr IPH JOJDKHOM
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MO/IX0/I€ MOYKET 00ECTICUNTh CHIDKEHHE UMIIOPTa MPUPOTHOTO Ta3a Ha BETUYUHY 10
3 MJIH T y.T. B TOJ, T.€. 10 12%.

OnHuM M3 BO3MOKHBIX BapHAHTOB ATOM 3aJauM SIBISETCS OJOKHPOBAHUE
paccesiHus SHEPTUH B TEIUIOBBIX cxemax TOLI, uTo JocTUraeTcsi MHTErpanue B HuX
ABTH. Ilpu 3ToM HMEIOT MECTO BBICOKHE TEXHHMKO-DPKOHOMHYECKHE IMOKa3aTelu,
obecrieunBarOIIMe HHBECTUIIMOHHYIO MMPUBJICKATEIILHOCTh MPOEKTAa.

Jlureparypa
1. Pomantok B.H., boouu A. A., Komomsiikas H.A., Mycnmuna JI.b.,

Pomaniok A. B. DddekTuBHOEe obecniedenune rpadrka Harpy30K dHEProCUCTEMBI //
Oueprus 1 Menemxment. — 2012. — Ne 1. — C. 13-20.

2. Manamenko, M.II.  JluBepcuduxanuss BO3MOXHBIX  PEIICHUHN
obecrieyeHusT HAJEKHON pabOThl HHEPrOCUCTEMBI B YCIOBHUSIX BBOJAa B CTpPOM
benopycckoit ADC / M.II. Manamenko, A.A. Cenwoko, B.H. Pomantok, A.A.
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Bsenenne

Pexxumbl  pa®OTBI  DJEKTPOCTAHIMKM, HMX  MaHEBPEHHOCTh  (AMama3zoH
pPEryJIupOBaHMsl HArpy3oK, BpeMsi IycKa, MOOWJIBHOCTb) W SKOHOMHYHOCTh
OTpenestoTCs rpaduKaMu JICKTPUUYECKUX HArPY30K U 00acTsMu ux padbotsl. TOC
MIPU BBIPAOOTKE JJICKTPOIHEPTHUU TOJILKO Ha OTIYCKAEMOM TEIIe MMEIOT HHU3KYIO
MaHEBPEHHOCTb U UCIOJIb3YIOTCS JJIs MOKPBITHS 0a30BBIX HArpy3o0kK, kak 1 ADC [1].
JIisi BBIpaBHMBAHHUS CYTOYHBIX TpaUKOB HArpy3Kd IHEPTOCHCTEMBI BO3MOKHO
MPUMEHEHUE  DJIGKTPOKOTIOB M OaKOB-aKKyMyJSITOPOB  TEIJIOTHI  Ha
DHEPrOMCTOYHMKAX. B Hacrosmiee BpeMs, KOTJa MPHPOCT TOTPEOJICHUS
ANIEKTPOSHEPTHH B CTpaHE HWXKE 3alUIAaHMPOBAHHOTO, BO3HHMKAeT IMpobiema
s dexkTrBHON pexuMHOM mHTerpanu ADC B 0ajaHC SHEProOCHCTEMBI B YacTH
MPOXOXKJEHUS HOYHBIX MPOBAJIOB HArpy30K [2].

OcHoBHas yacThb

Kotmsi, paboTtaromiye oT 3JeKTPUYECKON SHEPTUN JIJIsi MPOU3BOJICTBA Mapa WU
ropsiueit BOJIbI, NIETISATCS HA JBA OCHOBHBIX THIA: OJIOKH COTMPOTHUBIICHHS, B KOTOPBIX
ANEKTPUYECKUN TOK MPOTEKAET Yepe3 PE3UCTOPHI, MOTPYKCHHBIC B BOJY BHYTPH
3aIIUTHON TPYOBI; DJIEKTPOAHBIC OJIOKH, B KOTOPBIX JIBA DJICKTPOJIa TOTPY)KEHBI B
BOAY, 4Yepe3 KOTOPYIO MPOTEKACT DJICKTPUYCCKUN TOK, MMCIOIIMA COOCTBEHHOE
COTIPOTHUBJICHUE. B 3TOM ciTydae KOHTPOJIb MPOBOJAMMOCTH BOJIBI SIBIISICTCS OJTHAM U3
OCHOBHBIX (aKTOpOB K Xopolied u Oe3onacHoil pabore ycTaHOBKH. bioku
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COTIPOTUBIICHUSI OOBIYHO MpEAHA3HAYEHBI SIS HEOONBIINX CUCTEM, KaK C ropsyei
BOJAOW IIpH HU3KOW TeEMIeparype, Tak W C IapoOM I[pH HU3KOM JAaBJICHUMU.
ONEeKTpOAHBIE KOTJIBI MOKHO Pa3feNuTh Ha JBE TIPyNIbl B 3aBUCHUMOCTH OT
HaNpsDKEHUs: HU3KOBOJIbTHBIE, padotatomue Ha 600 B u Humke, ¢ MakcUManbHOU
MOIIIHOCTBIO HECKOJIBKO MEraBaTT, U CPEIHEBOJIbTHBIE, paboTatomue Ha 10-20 kB,
¢ MakcuMajabHOUW MoOIHOCTBI0 50 MBT. OOe rpynmnbl JOCTYHHBI C MOIPY’KHBIMU
ANEKTPOJAaMHU, TJ€ BBIXOAHAS  MOILIHOCTb  PETYIMPYETCS  IEPEMEIICHUEM
M30JUPYIOIIKX 3KPAaHOB WIIM PETYJIUPOBKON YPOBHS MOTPYKEHHS 3JEKTpoaoB. i
IPpYyNIbl  CPEOHEr0 HANpsDKEHUS JOCTYIHBI YCTPOMCTBA €  PacCHbUISIOIIMMHU
ANEKTPOJAaMH, BBIXOAHAs MOIIHOCTh KOTOPBIX PEryJUPYETCs IMyTEM HW3MEHEHHS
KOJIMYECTBA BOJbI, PaclbUISIEMON Ha 3JEKTpOJbl. MHOrMe mpenMyliecTBa, TaKHUe
KaK OTCYTCTBHE BbIOPOCOB, MUHUMAaJIbHbIE TPEOOBAHMS K IMPOCTPAHCTBY, IPOCTOTA
0o0CITy’)KMUBaHUSI W OTHOCHUTEIIbHO HH3Kasg CTOMMOCTb, MOTYT CIIOCOOCTBOBATH
OPUBJIEKATEIbHOCTH 3THUX KOTJIOB, HO CTOMMOCTb 3JEKTPOIHEPIHMH OCTAETCS
OCHOBHBIM (DaKTOPOM, OIPEACIIAIONINM BHIOOD [3].

Hcnonb3oBaHne  BBICOKOI(D(PEKTUBHBIX TEXHOJOTMM TakKe pacTeT B
pe3ysibTaTe MOBBILIEHHUS] OCBEJOMJIEHHOCTH OOILIECTBEHHOCTH 00 3KOJIOTMYECKHX
npobiemax. KpoMe Toro, B TeueHHE MPOTHO3ZUPYEMOrO MEpPUOJa IONBITKH
OPAaBUTEIBCTB MHOTUX CTpaH COKpPAaTUTh BBIOPOCHI YIiiepoja U pacTylIue
HKOJIOTMYECKUE MPOOIEMBI, BEPOSATHO, OYAYT CIIOCOOCTBOBATh PACIIMPEHHUIO PhIHKA
ANEKTPUUECKUX KOTIIOB.

Onexkrpuueckne KoTiael uMeroT KIIJ[ mpumepno no 98% wm MuHHMaIbHBINM
ypoBeHb myma. K Tomy ke Takue KOTJIbl NOTPEOJISIIOT MEHBUIE 3JIEKTPOIHEPTHUH.
Kpome Toro, y mnpousBoauTeneil €cTb BO3MOXKHOCTb HWHBECTUPOBATh B
UCCIENIOBaHUS W pa3pabdOTKH, Npeajgaratb MNPOAYKThI, KOTOPBIE SBISIOTCS
AKOJIOTUYECKH O€30MacHbIMU, 3HEProd((HEKTUBHBIMHU, MOCKOJIBKY MNOTPEOUTENN
TENepb MEHSIOT CBOM BKYChl M IPEANOYTEHUS B CTOPOHY IPOLYKTOB, KOTOPBIE
COKpAIIIatoT BRIOPOCHI.

OnHako 0XXMIAETCs, YTO BBICOKAsT CTOMMOCTb COBPEMEHHBIX 3JIEKTPUUYECKUX
KOTJIOB M BBICOKHME 3aTpaThl HAa TEXHUYECKOE OOCIYKMBAHHE M PEMOHT OyIyT
OPENSATCTBOBATh POCTY PHIHKA 3JIEKTPUUYECKUX KOTJIOB B TEUEHUE IMPOTHOZUPYEMOTO
nepHoJa.

Kak B BOAOrpeWHBIX, TaK M B IMAPOBBIX JJIEKTPOKOTJIAX HCIIOJIb3yETCs
AIEKTPOIHBIN MPUHIIMI HarpeBa, KOTOPbIA 00eCIIeUnBaET MPOCTOTY KOHCTPYKLIUU U
PEryJIupoOBaHMs] MOIIHOCTH, JOCTAaTOYHO BBICOKHE HAJEKHOCTb, CPOK CIIYKObl U
DHEpPreTUyYecKre IMokaszaTesid. [IpOMBIIUIEHHOCTh  BBIMYCKAeT  AJEKTPOJHBIE
Bogorpeiisie koTibl Tuna KOB, KOB3 u ynyumennsie momudukanuu. OHH
UCIIOJIB3YIOTCSl B CUCTEME TOPSYEro BOJOCHAOKEHHUS, OTOIUICHUS U BEHTUIISIUU.
HomMunanbHble 3HaU€HHS TEMIIEpATypbl BOJBI B KOTJIax Ha Bbixoae 95°C, Ha Bxone
70°C, MakcuMalbHO JomycTuMas Ttemnepatypa Ha Bbixoae 130°C. IlapoBeie
ANEKTPOKOTIBI 00Jiee YHUBEpPCAJbHBI, MOTYT HCIOJIb30BATbCS HE TOJBKO IS
o0OecrieyaHuss TMapoM TEXHOJOTMYECKOTro Tpolecca, HO W g TOPSYEro
BOJOCHA0XEHUS, OTOIUICHUS] U BEHTWISIUUMU. B 3JeKTpUuYecKuX NapoBbIX KOTIaX
UCIIOJIB3YETCsl TOJIBKO AJIEKTPOJHBIM MPpUHUUI HarpeBa. Kak u BogorpeiHsle, OHU
MOTYT OBbITh HU3KOBOJBTHBIMU U BHICOKOBOJIbTHBIMH. Pa3HHIIa COCTOUT JIUIIbL B TOM,
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YTO B TMAPOBBIX KOTJIaX HOPMAJIbHBIM PEXKUMOM SIBISIETCS KHUIIEHUE BOJbBI U
paccuuTaHbl OHU Ha 00Jiee BBICOKOE JaBJICHHUE.

PaccmoTpuM  mpuYMHBI  3aMEHBI  Ta30Ma3yTHOTO  00OpylOBaHMS — Ha
ANEKTPUYECKOE [IJIi TPOMBIIUICHHBIX mnpeanpustiuii  PecnyOnuku benapyce.
[ToBbIieHHass THOKOCTh TEIUIOBBIX JJIEKTPOCTAHIMK Ha ©0a3e 3JIeKTPOKOTIIOB
npuBeAeT K CHUXEHUIO BbIOpocoB CO2 u cHMXKEHUIo noTpedieHus ToruinBa. Ha
npuMepe pacdeTtoB, MNpoBeneHHbIX B Jlanum B 2021 roay cpaBHUM pacyeTsl
AIEKTPOCTAHIIUM C BBEJICHUEM 3JIEKTPOYCTAaHOBOK U 0€3 HuX. ExeronHnie BEIOPOCHI
CO2 c 6onee rubkumu TOC OynyT Ha 28 MUIUTMOHOB TOHH HKKE B 2025 roay u Ha
39 mumumoHOB TOHH Hmxke B 2030 romy, 4TO HPUMEPHO COINOCTaBUMO IO
Macmrabam ¢ obmmmu roaoBbiMu BeiOpocamu CO2 [4]. OCHOBHBIMH TIPUYUHAMHU
TaKUX COKPAILECHUN SIBISAETCS CHIYKEHHE IPOU3BOJICTBA TEIUIA U AJIEKTPOIHEPIUH Ha
OCHOBE HCKOIIAa€MbIX TOIUIMB W HCIOJb30BaHUE BO300HOBISEMBIX HCTOYHUKOB
DHEPI'UH.

Bnocnencreun, npumepHo B 2010 romy, MOSBUICA HOBBIA PBIHOK IS
ANEKTPOJHBIX KOTJIOB: PETYJIMPOBAHUE CETEH, CIPABIIOIIMXCSA C PACTyIIEH 0JeH
OPEPBIBUCTON  BeTporeHepanuu. IlepBble 3ampochl MOCTYNIMIM OT JIAaTCKUX
MyHUIIUNANBHBIX  TOLl, KOTOpbIM JaTCKUi CETEBOM perynarop TpeboBai
YCTAHOBUTH  TEIUIOBBIE  HAKOINMWTEIH, 4YTOOBl  MOMOYb  MPEIOTBPATHUTH
HNOTEHUUAIbHYI0O HECTaOWUIBHOCTh CETH, BO3HUKAIOIIYI0 U3-3a 3HAYUTEIBHOMN
MOIITHOCTH BETPA B CETH.

B anum osnektpomnsiidi  koten PARAT Halvorsen wucnonb3oBaics
MPEUMYILECTBEHHO JIsl PEryJIMPOBAHUS MEPBUYHOM ceTu. B 3TOM npunoxeHuu Bes
MOIIHOCTh KOTJa MCHOJIB3YETCS I OTPULATEIBHOIO PETYIUPOBAHUSA CETH. JTO
O3HA4YaeT, 4TO KOIZAA B CETH CIMIIKOM MHOIO JHEPTHM, KOTEJ aBTOMAaTUYECKH
BKJIIOUAETCA, AOCTUTras IOJIHOM TEmIoBOM MomHOCTA 3a 30 cexyHI, nomoras
CTaOMJIM3UPOBATh YACTOTY CETH. OJEKTPOAHBIA KOTEI C¢ MHUHUMAJIbHBIM
KOJIMYECTBOM TPYOONpPOBOJIOB M OTCYTCTBHEM HarpeBaTeIbHbIX IOBEPXHOCTEH
0COOEHHO MOJXOAMT ISl TAKOTO OBICTPOro HapaliuBaHUs MOLIHOCTH.

B npyrux crpanax, B 4YacTHOCcTH B [epmanuu, chHOpMHUpPOBAICS PBHIHOK
ANEKTPOAHBIX KOTJIOB C OTPHUIATEIbHBIM BTOPUYHBIM PErYJIUPOBAHHEM, TO €CTh
HOTJIONIEHUEM JHEPrHMM W3 CETH, HO B TEUeHHE Oosiee IMTENbHBIX NEPHUOOB
BPEMEHU.

Hpyroii peiHOK - 310 TOIl, KOTOpBIE CTANKMBAIOTCS C CUTyallUeH, Korja
NOCTaBKa TeIJia JJIsl LUEHTPAIU30BAaHHOTO TEIUIOCHAOKEHUS! MPUHOCUT OOJBIIMIA
NOXOJ, YeM Mpojaxa 3JIEKTpodHepruu. OHM MOTYT HMCHOJIB30BaTh AJIEKTPOIHBIN
KOTeN [JIsi TpeoOpa3oBaHUsi CBOEH DHHEPrud B TEIUIO BMECTO TOrO, YTOOBI
NOCTABJIATH JICHIEBYIO DIEKTPOIHEPTHIO B CETh.

DJIEKTPOIHBIA KOTEJI TaKXE MOXKET HCIIOIb30BaThCA ISl PETYIUPOBAHUS
BHYTPEHHEW Harpy3ku Ha MHoroarperatHbix TOL[ mpu 3amycke WM OCTaHOBKE
arperara, IO3BOJISII MOJJEPKUBATh HArpy3Ky Ha TMOPIIHEBbIE ABUTATEIN WIH
ra3oBble TYpOMHBI HA ONITUMAIBHOM YPOBHE.

Hekoropsle mosb30BaTenu, KpOMe TOrO, CYUTAIOT, YTO 3JIEKTPOIHBIM KOTEN
MOXKET CTaTh BA)XKHOM 4YaCThIO IJIaHA PE3EPBHOTO KOMUPOBAHUS B ciydae cOOs B
nojiaye rasa WiIM JAPYTUX 4YacTaX HHEGPacTpyKTyphl. B Takux o00cTOsSTENbCTBAX
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AIIEKTPOJHBIN KOTEJI MOXET OOeCHeurBaTh LEHTPAIN30BAHHOE TEIIOCHAOXKEHHE
WIM MOJadyy mnapa KPUTHYECKH BaXHBIM KIMEHTaM. ODJIEKTPOJIHBIA KOTEN MOYXKET
JNOCTUYb MTOJTHOM HArpy3KH B XOJIOAHBIX YCIOBUAX 3a 5-10 MUHYT, 4TO BBITOJHO JJIS
PE3EPBHOTO KOTJIA.

B HopBeruu mnosib30BaTelid HUCHOJB3YIOT 3JEKTPOAHBIN KOTEJ, MOTOMY 4YTO
ANEKTPUYECTBO KOHKYPUPYET C HE(PTHIO M Ta30M B KAayeCTBE MCTOYHMKA TEIa.
Hcnonp30BaHnE 3IEKTPOIHEPTUH TAKKE YIYUIIAET SKOJIOTHYECKUE TTOKA3aTENH.

TpaauuroHHBIN KOTEN, padOTAIOIIMIA HA OTHE, HYKAA€TCsl B KAMEPE CrOpaHus
M ceKuuu TpyObl Uil Mepeiadd Tella OT IUIAaMEHW K BOJEe. ODTO MPUBOJIUT K
00JIBIIOMY, TSKEIOMY M JOPOTOCTOSIIIEMY CTPOUTENHCTBY. B 31€KTpOAHOM KOTIIe
TEIUIO BbIpa0baTHIBAECTCS HEMOCPEACTBEHHO B KOMIIAKTHOM OOBEME BOJIBI MEXIY
ANEKTPOAAMU.

DJIEKTPOIHBINA KOTEJ UCIOJIB3YET CPEIHEE HAINPSIKEHUE B quana3zoHe 6-24 xB.
B oranume oOT OOBIYHOTO HU3KOBOJIBTHOIO HAarpeBareis, €My HE HyXeH
HU3KOBOJIBTHBIN TpaHC(hOpMaTop, MOITOMY MOXKHO M30€KaTh 3aTpar, CBSI3aHHBIX C
Ka0eJsIMM ¥ HU3KOBOJIBTHBIM PacCIpeleIUTENbHBIM YCTPOMCTBOM.

TexHosorus 3I€KTPOAHOrO KOTJa XOPOLIO 3apeKOMEHA0Baja ceOsl U XOPOIIO
U3Yy4Y€Ha, ONUPAsChb Ha MHOIOJETHUM OmbIT. Mcnosnb3yemas IUPOKO B HACTOSLICE
BpeMsl BBICOKOHAJE)KHAas JJIEKTpoJHAs cucreMa Obuia paszpaboraHa PARAT
Halvorsen B 1993 roxy B corpyanudectBe ¢ YHuBepcutrerom Tpouxeiima. Panee
MCIIOJIB30BABIIMECA 3JEKTPOJIbl, KaK MPAaBWIO, HM3HAIIMBAJIUCh H3-3a OOJBIIMX
IIOTOKOB TOKA, ¥ UX MPUXOJWIIOCH YacTO 3aMeHATh. OCHOBBIBAsICh HA TPAKTHUECKUX
AKCIIEPUMEHTaX U KOMIIBIOTEPHOM MOJEIMPOBaHUM, OblIa pa3paboTaHa KOHLETILIHS
CUMMETPUYHOro mnapa’yiekTpona. [IoToku Toka ObUIM CHMXEHBI O YpPOBHA, IpPH
KOTOPOM 3JIEKTPO/IbI OO0JIbILIE HE UCTIBITHIBAIIA YPE3MEPHOTO U3HOCA.

B otBeT Ha pocT BO30OHOBISIEMBIX HCTOYHUKOB SHEPTHH, KOTOPHIE CTAHOBSITCS
BAXHOU YaCTbIO IPOU3BOJACTBA DJIEKTPOIHEPIUH, IEKTPOAHBIA KOTEI IOCTOSHHO
paszBuBaetcs. Bepcus 24 kB Obina pazpaborana B 2015 roay u B HacTosIiee Bpems
yCIIeIHO AKCIuTyaTupyetcs. CucreMa ynpaBlieHUsl KOTJIOM TakXke Oblia yiydlleHa,
U BpeMsl OTKJIMKA COKPATHJIOCh, YTOOBI KOTEJI MOT BBIMOJHSITH CIOXKHYIO 3aJady
MEPBUYHOTO PEryjupoBaHus. [[nama3zoH MOIIHOCTH 3JEKTPOAHBIX KOTIOB PARAT
cocrasisieT 5-60 MBT.

C BBogom benopycckoit ADC Haubosiee ymoOHBIM M TIPOCTBIM, HO U
3aTPATHBIM SIBJSICTCA BapHaHT MCIHOJIB30BAHUS DIJIEKTPOKOTIOB. OHM MO3BOJAT
o0OecrieunTh OallaHC 3JEKTPONOTPEOJSEHUsT W TEeHEepalud AJIEKTPOIHEPTUH B
HOPMAJIbHBIX PEXKHUMax padOThl SHEPrOCUCTEMbI, HCIOIb3YSl B Yachl HOUHBIX
IPOBAJIOB  AJIEKTPONOTPeOaeHUsT W30BITKA MPOU3BOACTBA DIIEKTPOIHEPTUU B
cucteMe TeriocHaOxeHus. Ilpy BO3HUKHOBEHUM aBapUUHBIX CUTYallUd MOTYT
noTpeOOBaTHCS PE3EPBHBIE MCTOYHUKHU 3JeKTpodHeprun Ha Jlykomubekoit ['POC
(0,15 I'Bt), HoBomonoukoit TOL] (0,1 I'Bt), bepezosckoit I'POC (0,25I'Bt) un
Munckoit TOII-5 (0,3'BT) [5].

3ak/rouenue

YCTaHOBKY DJJEKTPOKOTJIOB CJEAYeT pacCMaTpuBaTb KaK ONTHUMAaJbHbIN
BapHaHT MCMOJIb30BAaHUS TEIUIOQUKALMOHHBIX TypOOarperatoB B IEPEMEHHOM
peXKUME CO CHIDKEHHEM TMOTPeOasieMOl 3IEKTPUYECKOM MOIIHOCTH HOYbIO,
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MMOCKOJIBKY 00€CIIeUYNBAIOT MAaKCUMAJIBHOE CHIDKEHUE € BBIJAYl B YHEPTOCHUCTEMY
IIPY MEHBIIIEH pas3rpy3Ke caMoro Typboarperara.

B sHeprernueckoM ke OTHOIIEHHUM, YCTAaHOBKA 3JIEKTPOKOTIIOB MPHUBEACT K
MOBBIIICHUIO YAEIBbHBIX PACX0J0B TOIIMBA HA MPOU3BOJICTBO JIEKTPOIHEPTUH, UTO
MO>KHO CYUTATh JOMYCTUMBIM 32 MOJYYSHHYIO TIPU 3TOM JIOMOJIHUTEIbHYIO THOKYIO
MOIIIHOCTh C COXpaHEHHEM padoOThl TEIUIOPUKAIMOHHBIX TypOoarperartoB ¢
MEHbIIIEH  (pakTHUYeCKOH pasrpy3kod. BbpIOOp CTPYKTyphl T€HEPUPYIOUTUX
MOIITHOCTEH JODKEH BKJIIOYATh B Ce0S y4eT peXMMa WX HCIOJIh30BaHUs. Torma
MOXHO BBIOpaTh TEXHUYECKH TPUEMIIEMYIO CTPYKTYPY C BO3MOXHOCTBIO WX
pasrpy3Kd B HOYHOE BpPEMsS CYTOK I TPEOJOJICHHWS MUHUMAJIbHOM Harpy3Kd B
HOYHBIC Yachl, KaK B OTONMUTEIbHBIA, TaK W HEOTONUTEIHHBIN MEpUOABI TOJA.
[TomMmuMoO 6a30BBIX TEHEPHUPYIOITUX MOITHOCTEH, OCHOBHYIO POJIb B KOTOPHIX OyAeT
urpath ADC u JIeUCTBYIONIME MOIIHOCTH, CTPYKTYPY (POpMHUPYIOT mapora3oBbie U
ra3oTypOMHHBIE YCTaHOBKH, HUCIOJIb3yeMmble B 0azoBoM (Oosee 5000 wyac/ron),
nosynukoBoM (ot 2000 mo 5000 wac/ron) u mukoBoMm (Mmenee 2000 uac/ron)
pexKMMax, a TAakKe TUAPO- U BETPOIHEPTOYCTAHOBKH [6].
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AHHOmMayua: 6 cmamve 3amMpasuaemcs mema 0 COpOYUOHHBIX uibmpax, a
MAaK#ce U3NL0HCEHbL UX NPEUMYUecmaed u HeOOCMAamKy .

Abstract: the article touches upon the topic of sorption filters, as well as their
advantages and disadvantages

Knwueswie cnosa: copoyuonuvle hunbmpul, 00CMouHcmed, HedoCmMamku.

Keywords: sorption filters , advantages, disadvantages.

BBenenne

CopOrusi — 3TO TOTJIOMICHHE MpPHUMECEed U3 WCIHOJIb3YeMBIX Ta30B WU
KUIKOCTEH TBEPJBIMHU TEJIaMH, KOTOpbIE Ha3bIBaloTCs copOeHTamu. B mpomecce
OYUCTKU JKUJIKOCTh WJIM Ta3 MPOIYCKAaIOT dYepe3 COoCyA C COpOEHTOM, TO €CTh
COpOIMOHHBINA (HUIBTP, KOTOPHIN O CYTH SIBJISIETCS TYOKOM, BOUTHIBAIOIICH B ce0s
npumecd. OpHUM U3 caMbIX PACHpPOCTPAHEHHBIX COPOEHTOB  SIBIIACTCS
AKTUBUPOBAHHBIA yTroJib. YTOJb C HAaWOOJBIIUM KOJUYECTBOM MHKPOIIOP JacT
MaKCHUMaJIbHO BO3MOXKHBIH PE3ylbTaT MpPHU COPOITMOHHOW OYHCTKE U OYHUCTKE B
niesioM. CoBpeMeHHbIE COPOSHTHI MOTYT ObITh 3 (DEKTUBHBI B JII00O0H BOJE, Jaxke C
OYCHb MAaJICHHKOW KOHIICHTpanue BpeaHblx npumeceid. CopOIMOHHAS OYUCTKA
aKTyaJbHa Ha TOCIEAHUX CTAJMSIX OYMCTKH BOMABI IS YIAJICHHUS CaMbIX MaJbIX H
HEXKENIATEeNbHbIX  KOHLIEHTpAMK  ImpuMece. Merox  mojdydwsn — MIHMPOKYIO
MOMYJIIPHOCTH OJ1arojapsi HU3KMM MaTepUaTbHBIM 3aTpaTaMm.

OcHoBHas yacThb

Cucrembl, BKIOHarompe B ceds GUIbTp € QUIBTPYIOLEH Cpenou u3
aKTUBHPOBAHHOTO YTJIsA, OJAromojlydHO WCIOJB3YIOTCS IS YIAJICHUS W3 BOJBI
OpTaHWUYECKUX COCIUHEHWH, XJIopa W €ro npou3BOAHBIX. CopOnus mpumecerd Ha
MJIOCKOCTH (PHIIBTPYIOIICH Cpe/bl YIydIlIaeT OPraHOJENTHISCKUE TTOKA3aTEelH.

B  peampHoe  Bpemsi  co3maHa  Ooibllias  YUCICHHOCTb  Pa3HBIX
copOenToB. du3noNorMYeckue W XMMHUYECKHE  KauyecTBa  OTJIMYAIOTCS B
3aBUCUMOCTH OT CBIPhSi. ITO MHOTOOOpasue TMO3BOJIAET TMPOCTO BBHIOPATH
OTIPEJICIICHHBIA COPOCHT, MAaKCUMAJIbHO COOTBETCTBYIOIINI ITOCTABIICHHOM 3a1a4e.

153



TenmnosHepreruka M TenJoTexXHukKka. CHTK-78 -

UcxonHas BOAa OumineHHan Boaa

ApeHax

Pucynok 1 - CopOuoHHbIN GUIBTP

[Ipu wucmonb30BaHUM TAKOro THMA (QUIBTPOB 00S3aTENBLHO MPUCYTCTBUE
CTYTICHH TMOATOTOBUTEIHHOW OYMCTKU BOJBI, KOTOpasi CUMTACTCS BAKHBIM ATArlOM
st OecriepeOOMHON M JIEWCTBEHHOW pPaOOThl cOpOUMOHHOTO (QuibTpa. JlanHas
CTYNEeHb TpEJHAa3HA4YeHa IS YJaJIeHUs W3 BOAbl B3BEIICHHBIX BEIIECTB W
HedTenpoAykToB. B mpomecce  SKcmlyaTaliid  MPOWU3BOJUTENBHOCTH U
3 PeKTUBHOCT, (DUIBTPA TMOCTENEHHO yXyAmarTcs (pucyHok 2 (a)). IlpombiBka
(UIbTpyIOIIEeH cpebl YaCTUYHO BO30OHOBISECT (QWIBTP A0 pabOdero COCTOSHUS
(pucynok 2 (0)). JAmg  TOpPOMBIBKM  HUCIIOJNB3yeTCS ~ OOpaTHBIM  TOTOK
BO/bl. HakomuBimecss 3arpsi3HEHUS CMBIBAIOTCS W COpAchIBarOTCS B JPEHAXK
¢unpTpa. K TIIaBHBIM XapaKTepUCTHKaM TPOMBIBKA OTHOCATCS: TeMIleparypa
MOTOKA BOJIbI, HHTEHCUBHOCTH M MPOI0HKUTEILHOCTD TIpOIiecca.
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a 0
Pucynok 2 - Pexxum ¢unbrpanuu (a), pexuM NpoMbIBKHU (0)

K npeumymiectBaMm COpOLMOHHBIX (UIBTPOB MOYKHO OTHECTH: MPOCTOTY H
HAJEeKHOCTb  OOOpYyJIOBaHUS,  BO3MOXXHOCTb  OpraHM3allid  BBIOOPOUYHOI
perenepanuu copbenra 6e3 copoca puIbTpa, OTCYTCTBUE BTOPUUHOTO 3arpsi3HEHUS
COpOEHTa, HEBBICOKYIO CTOMMOCTbh aKTHMBHUPOBAHHBIX YIJied M OOJBLION Juamna3oH
MomHocTeld obopynoBanus. Ho, Takke y maHHoro tuma (UIBTPOB €CTh PsiA
HEJOCTaTKOB, K KOTOPBIM OTHOCSTCS: OOJBIIME pa3Mepbl, HAIWYNE BTOPUYHBIX
CTOKOB, KOTOpBIE TPEOYIOT OYHCTKH, 3aTPAThl HA pETeHEPAIUIO U 3aMEHy COpOeHTa.

Ha mpaktuke yronbHble (QUIBTPHl MPUMEHSIOTCS BO MHOTHUX OTpACsAX AJis
OUYUCTKM JOXKJEBBIX W TEXHOJOTHYECKHX CTOYHBIX BOJ, BOJOIOATOTOBKH Ha
BO/I03a00pHBIX CTAHIMSIX, OCBETICHHS W OUYMCTKHA KHUAKOCTEH B THINEBOH W
(dapmaneBTHYECKON MPOMBIIIUIEHHOCTH. Tak ke COpOIMOHHBIE (UIBTPHI MTUPOKO
MPUMEHSIFOTCS ISl OUUCTKU XO3SIIICTBEHHO-OBITOBBIX BOJ U JOOYUCTKU MPOTOYHBIX
Y TIPUPOJHBIX BOI.

JIJist ¥crionb30BaHus MOI00HOTO poaa (GUIBTPOB BAXKHO MPABHIBHO BHIOpPATh
copOenT. OKOHYATENbHBINM BBHIOOP JOMKEH OBITh CJelaH TMOCJEe 3aBEPIICHHUS
MpoOHON (UIBTPAIIUU C MCTIOIB30BAHUEM PA3IMYHBIX (QUIBTPYIONIUX MATEPUATIOB.
OnTUMalbHbIM BapuaHT YTOJbHOTO HAIOJHUTENSI MOXHO BbIOpaTh, MCXOIS U3
CIIEIYIOINUX PEKOMEHAAINA: TI0 pa3Mepy YacTull GUIBTPYIOIIEro MaTepuana s
COpOIIMOHHOW OYUCTKHU IIUPOKO UCHOJIb3YIOTCS rpanyiupoBannbie (0,18-7 mm) uiu
MOPOIIKOOOpa3Hble  YITIK, yaeNbHAas IUIOMAAh KOTOPBIX  JIOJDKHA  OBITH
HamOoJbIIeH. YIenbHas IUIONIA[b AKTUBUPOBAHHBIX YIJEH Jy4dIIHX MapokK
coctraisier 1800 — 2200 m2/r. Takyke BaKHBIM TNapamMeTpoOM BbIOOpa SIBIIAETCS
BJIQKHOCTh, KOTOpas OMpeenseT ymoOCTBO paldOT, CBS3aHHBIX C 3arpy3Koil H
TPAHCIIOPTUPOBKOMN yTJIs (MBUIEHUEM) U MTOXKAPHYIO 0€30MacHOCTb.
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3ak/jI04YeHue

Takum 06pa3zoM, cOpOITMOHHBIE (PHITBTPHI SIBISIOTCS HETJIOXOH albTepPHATUBOMN
JUIS. OYUCTKW BOJIBI Ojlarojapsi HU3KOM IIeHEe, MPOCTOTe M HaJekHocTH. KpaitHe
BOXHO MPHU BBIOOpE COPOIMOHHBIX (HIBTPOB YUUTHIBATh (PUIMKO-XUMUUYECKHE
CBOMCTBA (PUIBTPYIOIIMX MaTEpUAJIOB, pa3Mephbl YacTHIl, BIAKHOCTh. CHUCTEMBHI,
BKJTFOUAIOIKE B ce0st QriIbTp ¢ PuiIbTpyromiel cpeaoi u3 akTUBUPOBAHHOTO YTIJIA,
0JIaronoy4yHO HCIOIB3YIOTCS JJIs yAQJICHUS W3 BOJIbI OPraHUYECKUX COCIUHECHUM,
XJiopa W ero mpou3BOAHBIX. CopOmmsi mpuMeceid Ha TIOCKOCTH (DHIIBTPYIOIICH
Cpebl yIy4ylIaeT OPraHOJENITUYECKUE TOKA3aTEIN BOIbI.

Jlutepartypa
1. CopOunonnbie  QuibTpbl  [DnexkTpoHHb  pecypc|/CopOLUnOHHBIE
buUIbTpHI -Pexxumnocryna:http://prom-water.ru/en/catalog/industrial water

treatment-_systems/sorption carbon_filters for water treatment/ [lata pocryna:
09.04.2022.
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MEPOITPUATHUMU 110 SHEPI'OCBEPEKEHHNIO HA OAO «KAMBOJIb»
ENERGY SAVING MEASURES AT JSC "KAMVOL"
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AHHOmMaUUA: UCNONL3068AHUE MENJ0BOU dHepulU Gblnapa 0ea’pamopa Hda
HY#HCObL N0O02PeBa NUMAMENbHOU 800bL.

Abstract: the use of thermal energy of the deaerator vapor for the needs of
heating feed water.

Kniouegvie cnosa: oeaspamop, numamenvbHas 600d, IKOHOMUS MeENI080U
SHepauU, IKOHOMUYecKull d¢pgexm.

Keywords: deaerator, feed water, heat energy saving, economic effect.

BBenenue

Heasparop munu-TOL[ Ha OAO «KamBOmb» HE OCHAIIEH OXJIAIUTEIEM
BhImapa. OxJaJuTeNs BhIMapa MpeAHa3HAYCH NI YTHIW3AUN TEIUIOBOW SHEPTHH
mapoB Jea’paropa B IENAX MOBbIMICHUS 3((PEKTUBHOCTH PabOThl KOTEIHHOU B
1esioM. TersioByr0 SHEPrui0 OT BBIMapa BO3MOXKHO HCIOJB30BAaTh IS MOAOTPEBa
MUTATEILHON BOJIBbI, KOTOPAs MOCTYIAET B Jiea’dparop ¢ Temmneparypoit 5...12 °C.

[lap Ha mpeanpUsITHH UCHOJIB3YETCS TOJBKO HAa TEXHOJIOTHYECKHE HYXKIIbI.
CornacHO TIPOBEICHHOIO pacyeTa Napo-KOHJEHCATHOTO OanaHca, To0J0Bas
BbIpaOOTKa mapa npeanpusitueM cocraBuia 18157 1 3a 2020 rog.

OcHoOBHas 4YacTh

DOKOHOMHUS TEIJIOBOM JHEPTUHM OT WCIOIB30BAHUS OXJIAAUTENS BbIIapa
OTIpE/IETISACTCS KaK:

QK.B. = DBI:II'[ (thm - CptBbIH) ) 10_3: FKaH' (1)

rae Dy, — pacxoj BbIlapa U3 aea’paropa, T;

Ry, — DHTANBINSA BBITIApa, KKAJ/KT;

Cp — yAelbHas u300apHas TEMI0EMKOCTh BOAbI, KKa/(kr-°C);

tpm — TEMIIEpATypa KOHJEHcaTa Bbinapa, °C.

Pacxon Beimapa nea’patopa IJisi COBPEMEHHBIX TEPMHUYECKUX J1€a3paTOpoOB
cocTaBiisgeT nopsaka 1% ot ux naponpon3BOIUTEIbHOCTH:

DBI)II'[ = 1%Dl'D T. (2)

OKOHOMHS YCIIOBHOI'O TOIINIMBAa 3a CUCT CHHXKXCHHA HOTp€6J'ICHI/I$I rasa
COCTaBUT:

AByy = brsQyps TY.T. 3)
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rae b, - yIeTbHBIN Pacxo]i YCJIOBHOTO TOIUTMBA HA BBIPAOOTKY omHOM ['kan
TEIJIOBOM PHEPTHH KOTEIBHOH, KT y.T./I'Ka.

Kpome TOro, olHOBpEMEHHO CO CHMKEHHUEM MOTpPEOJCHHsS raza, CHUXKAETCS
PacxXoJ1 ¥ JIEKTPOIHEPTUHU Ha BHIPAOOTKY TETIOBOI YHEPTHUH.

DKOHOMUS JEKTPUUECKON SIHEPTUUA COCTABUT:

AW, . = w,Qup - 1073, ThIC. kBT*4, 4)

I71€ W, — YACIbHBIA Pacxo]] 3JIEKpOdHEPrun Ha BbIpaOoTKy 1 ['kan temnoBoit
DHEPTUU Ha KOTEIbHOM.

Torna »KkOHOMHUS YCJIOBHOTO TOIUIMBA 33 CYET CHUXKEHMSI MOTpeOJIeHUs
AIEKTPUYECKOU JHEPTHH B KOTEJIIBHOM COCTABIISICT:

kl'[OT —_
DB,y = AWyghsy (1 +222) 1073, Ty. 1, ()
rae by™ (r y.1./kBr*4u) - ynenpHBIE pacxoj TOIUIMBA Ha OTIYCK
anektposHepruu ot Jlykomnbsckoit I'POC;
knor> (%) - moTepu dNEeKTpodHEpruu B IjekTpudeckux cersx [TIO
«bemneproy.

Takum 00pa3oMm, cymMmapHas SKOHOMHSI YCIIOBHOTO TOIUIMBA OT BHEIPEHUS
MEPOTIPUATHS] COCTABUT:

AB = AB,, + AB,,. (6)

B nenexxnom skBuBasieHTe 3 dexT coctaBut (mpu croumoctd 1 1 y.T. — 2108,
no kypcy HBPB 1§ = 2,63 6en. py0.):

3 =AB-C-1073, TbIC. pyb., (7)
rae C — croumocts 1 Ty.T., pyo.
CpoK OKyIaeMOCTH BHEAPEHUSA MEPOIPHUITHS Onpeaesercs (opMyIIok:

Cox = g JIET, (8)

rae K - kanuranoBioxeHus B MEpOTIPUSITHE, ThIC. PYO.

OmnpeneneHre YKpPYMHEHHBIX KaIUTAJOBIIOKEHUN COTJIACHO METOJAHYCCKUM
PEKOMEHIAIMsAM TI0 COCTaBIIEHUIO TEXHUKO-DKOHOMHUYECKMX OOOCHOBAaHWN ISt
sHeprocOeperarIx MEPONPUITHIA:

- CTOMMOCTh O0OpYIOBaHUS OMPEACINSETCS COTIACHO JOTOBOPHBIM IIEHaM (Ha

OCHOBaHUHU TECHJIEPA);
- CTOMMOCTb TPOEKTHBIX pador — 10 10% OT CTOMMOCTH CTPOUTEIBHO-
MOHTaXXHBIX padoT;

- CTOMMOCTb CTPOUTEIBHO-MOHTAXHBIX pador — 25-30% oT croumMocTu

000pyI0BaHUS;

- CTOUMOCTH ITyCKO-HAJIAJIOYHBIX padboT — 3-5% OT CTOMMOCTH 000pYI0BaHHUS.
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Tabnuna 1 — CymmapHbIe KanuTano3aTpaThl Ha pean3alyio MPeI0KeHHOTO MEPOTPHUSITHSL.
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CtoumocTsb, ThIC. pYO.
CrponrenbHO- IIycko-
IIpoexTHBIC
Oo6opynoBanme MOHTAKHbIE HAJIaJ0YHbIEe Hroro
padoThI
padoThI padoThI
8,7 0,3 2,6 0,4 12,0

HCXOI[HLIG JaHHBIC W PE3YJIbTATbl PACUYCTOB 3KOHOMHUYCCKOI'O Bq)(I)GKTa IIpu
peain3aliii MCPOIIPUATHSA ITPCACTABICHLI B Ta6J'II/IH€ 2.

Tabmuua 2 — McxonmHbsle JaHHBIE M Pe3yibTaThl pPacuyeTOB SKOHOMHYECKOro 3¢ddexra mpu

peain3aliliii MCPOITPUATHA.

ITapamerp Pa3mepHocTs | 3HaueHHe

["'onoBast BeIpabOTKa Mapa T 18157
DHTaJIbINS BbINapa KKaJI/KT 641,1
VY nenbHas n13006apHas TEMI0EMKOCTh BOJIbI kkaj/(kr-°C) |
TemnepaTrypa KOHJIEHCATa BblIlapa °C 50
Pacxon Beinapa neasparopa T 181,6
DKOHOMHMSI TEIUIOBOM 3HEPTHM OT HMCIOJIb30BAHUS ka 1073
OXJIAWTEJIS BbINIApA, B IIPEAEIax 10 ’
VYIenbHBII  pacxoJ  YCJIOBHOIO TOIUIMBAa  Ha
BbIpaboTKy 1 I'kam TeruioBoM sHepruu Ha | Kry.T./['kan 155.,6
KOTEJIbHOU
DKOHOMUS YCIIOBHOTO TOIUUIMBA 33 CUET CHUKECHUS
noTpeOJIeHNs Ta3a, B Ipejesaax J10 Ty 16,7
VY aenpHBIA pacxo]] JIEKTPOIHEPTUU Ha BBIPAOOTKY

. . ry.T./kB1*4 17,58
1 I'kan TemioBOM SHEPrUU HA KOTEJIbHOU
DKOHOMUS JIEKTPUYECKON YJHEPTUH, B PEIETIAX A0 ThIC. KBT*4 1,9
DKOHOMHUS YCIOBHOTO TOIUJIMBA 33 CUET CHIKCHUS
MOTPeOIeHUS STEKTPUUECKON SHEPTHH, B Mpeaeaax TYy.T. 0,6
10
DOxoHomMuYeckuil 3G (deKT, B mpeaenax 1o LA 17,3

THIC. PYO. 9,6

CpoK OKyIaeMoCTH JET 1,3

3ax/roueHue

YcTaHoBKa oXjaguTens BbIIIapa ITO3BOJIMT IIOJIC3HO HCIIOJIB30BATh TCINIOTY,

KOTOpasi paHee BhIOpackiBajgach B arMochepy.
Takum  0o0pa3oM, HSKOHOMHUYECKHUI

addext

oT

BHEJIPEHUS

JaHHOTI'O

MEPONPUATHS COCTAaBUT B npenenax A0 17,3 Ty.1. Cpok okynaeMocTu cocTaBuT 1,3

roja.

Jlureparypa

1. Bcé st koo [DnexTponHsIit pecypce]/ easpaTopsl atMochepHbIe. -
Pexxum nocryna: https://dlyakotlov.ru/catalog/kotelnoe-oborudovanie/deaeratory-

atmosfernye. — Jlata moctyma: 02.03.2022.
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M.A.3apy6a, M.B.PriakeBrY
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AHHOmayua: 6 cmamve 3ampazuéaemcs mema a’spayuu 800vl 6 Ompaciu
SHepeemuxku. B cmamve u3znoscen npunyun oeucmeus, a maxice 00CMOUHCMBA U
He0OCMamxKu.

Annotation: The article deals with topic of water aeration in the power
industry. The article outlines the principle of operation, as well as the advantages
and disadvantages.

Kniouegvie cnosa: eooonoozomoexa, HacviujeHue KUCIOPOOOM, KA4ecmso,
XUMUYECKUU cOCMas.

Keywords: water treatment, oxygeration, quality, chemical composition.

BBenenne

Bona sBasieTrcss  o0miepacrpoCTpaHEHHBIM — MaTepuajoM, PUMEHSEMbIM
MIPAKTUYECKUA BO BCEX OTPACIIAX MPOMBINUIEHHOCTH. OHa SBISIETCS pabounuM TEJIOM
JUTST BBIPAOOTKM TEIJIOBOM JHEpPruM (MaporeHeparop), KOTopas MNpPEeBpaIaeTCs B
MEXaHUYeCcKyro (TypOuHa), W ganee npeoOpazyercs B DJIEKTPUUECKYI0 IHEPTHUIO
(37eKTpoTeHepaTop).

Haurnasueiimmm ycnoBueM 3¢G(HEKTUBHOCTH TIEpelayu TEIUIOBOM DHEPTUU U
MOCIIEAYIOMET0 €€ MPEeBpalCHUs] B MEXaHWYECKYIO DHEPTHIO SIBIISETCS YHCTOTa
KOHTaKTHPYIONIUX C BOJION M MapoM IUIOCKOCTEH MeTayuta. M3muiiHue HacaoCHHsI
Ha TTOBEPXHOCTH MeTaJljia BIEKYT 32 COOOH HE TOJBKO OCJIOKHEHHUE TETUIONepeaayH,
WHULIAAPYSI TIEPEPACXO]T CKUTAEMOTO TOILTMBA, HO W TTOBBIIICHUE COMMPOTHBIICHHUS, a
CJIEIOBATENILHO - YBETMUCHHUE JaBICHUS B TypOUHE.

Jlist Toro, 4To0BI TOOMTHCS TPeOyeMOro KadecTBa BOABI JUISI TEX WM HHBIX
paboT €€ HEeoOXOAMMO TMOJBEPrHYTh 0CO00M (HU3MKO-XUMHUECKOH 00paboTKe.
[Tocne BBITIOIHEHHSI BCEX BO3MOXHBIX MEP MO OYMCTKE BOAY MOKHO HCIIOJIB30BaTh
IUTA CIEAYIOIIUX LIEJIEH:

- B KQYECTBE CBHIPbS VIS TIOJYUCHHUS Tapa;

- ISl KOHJICHCAITMU OTPabO0TAaBIIIETO B MAPOBBIX TypOWHAX Mapa;

- B KQYECTBE TEIUIOHOCUTES;

- ISl OXJIQXKJICHUSI BCEBO3MOYKHBIX alliapaToB U arperaTos.

[Ton6op cmoco6oB 00pabOTKHM BOJ 3aBUCUT OT COCTaBa HAYaJIbHOUM MTPOOBI ATUX
BOJI, THTIA JJICKTPOCTAHIINH, TTAPaMETPOB KIFOUEBOTO 000PYI0OBAaHUS U TaK Jaee.
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OcHoBHas YacTh

OnHOM W3 camblX pPE3yJIbTaTUBHBIX TEXHOJOIMM M30aBIE€HUS BOJBI OT
MEJIKOJUCIIEPCHBIX BEIIECTB, B YAaCTHOCTU JKe€Je3a, sABJseTcs a’pauus. B xoze
IPEJOCTAaBIEHHOTO METOAa BOJa O00Oram@aeTcss BO3AYXOM, 4YTO MPUBOJAUT K
yJaJEHHUIO TAKUX BPEJOHOCHBIX BEIIECTB U COCAMHEHNH, KaK CEpOBOJOPOI, KEIIE30,
Maprasell, u 0jaronapsi 5ToMy XUMUYECKUI COCTaB BOABI U3MEHsSETCS (yJIydllIeHHE
BKYycCa, 3a1axa, Ipo3payHOCTH U L[BETA).

Abspanus B HauOoJiee BCTPEYAEMbIX CIIy4asX MPOTEKAeT MpU pa3OpbI3TUBaHUU
BOJIbL, TMOO €€ MPOBOAAT NPOIYCKAHUEM BO3/1yXa YEpe3 BOAY.

Ha naHHBIII MOMEHT CyIIECTBYET HECKOJIBKO BHJIOB a’palii: OUOIOTHYeCcKas;
XUMUYECKasT; MEXaHUYECKAs.

buonornueckas alspaidsi — 3TO €CTECTBEHHBIM Mpoliecc, mpu KoTopom 90%
KHCJIOPOJIa, IPUCYTCTBYIOIIETO B OTKPBITHIX BOJOEMAaX, (POpMUpPYETCS )KUBYLIUMU B
HUX (uromaHkTroHaMu. KopeHHOI 3aiaueil 3Toro MeToja sIBIIEeTCS aKTHBU3AIIHS
UX poCcTa U pa3sMHOXKEHHUS. UTOObI YCKOPUTH POCT KOJIMYECTBA (DPUTOIIAHKTOHOB
OPUMEHSAIOTCSI MUHEpaslbHble ynoOpeHus. Korna BbIIEyNOMSHYTBIX IJIAHKTOHOB
CTAaHOBUTCS  CJIMIIKOM MHOIO, BOJOEM 3aceidloT OelbIM amMypoM WM
TOJICTOJIOOMKOM — PblOaMU, MUTAIOLIUMUCS 3TUMHU TJIAHKTOHAMU.

XruMHUecKass a’panus IPOUCXOAMT IPU PACTBOPEHUH B BOJAE PEarcHTOB
(MapraHilOBOKUCIBIA KaJlui, aKTUBHBIN XJIOp, MEPEKUCh BOAOPOJA WM KajbIIMs,
030H U APYIH€), KOTOPbIE B MPOILECCE PEAKIIMHU C HEW BBIACIAIOT KUCIOpOoa. OUeHb
BAXHO NPUJIEPKUBATHCA MPOMOPLUNA, B HMHOM CIy4ae BCE MOXKET MPUBECTH K
HEOOpaTUMBIM MOCIEACTBUSAM (IKOJIOTUYECKUM MPoOIeMaM).

Mexanuueckas a’panys 3aKJIH0YaeTcsl B UCHOJIb30BAaHUU CHCTEMbl (PUIIBTPOB.
PaboTta Takux amnmapaToB 3aKJIOYaeTcs B CIEAYIOIIEM: CHadaja, Ojarojaps
a’pannu, Boja oOoramaercs KUCIOpOIOM, 3aTeM JBHKETCA B OTIENbHBIA Oak, rie
IPOUCXOINUT OKHUCIICHHE HEXKEJIATEIbHBIX XUMHUYECKHX 3J€MEHTOB. C IOMOIIBIO
OKHUCJIEHUsI JOOMBaeTcs IMEepexoJ COCTOSHUSA JIMIIHUX KOMIIOHEHTOB U3
pacTBOPUMOTO B HepacTBOpUMOE (IIpeoOpas3yloTcs B TBEpAble YACTUIBI) U
BIIOCJICZICTBUM OHU 33J€PKHUBAIOTCS B (QUIBTPYIOIIMX YCTaHOBKaxX. B KoHIE IMKiIa
BBIXO/IUT OYMIIECHHAs BOJA, a TBEPJblE€ OCTATKH YAAJAIOTCA U3 (PUIBTpa MPH €ro
OUHCTKE.

IIpuMmeyaTenbHO, 4YTO JOCTOMHCTBA a3palii NPEUMYLIECTBEHHO JOMUHUPYIOT
HaJ HenocTaTkaMmu. KilloueBbIMU SBIISIFOTCS:

- OTCYTCTBHE CEpbE3HbIX (PUHAHCOBBIX 3arpaT — Uil CTaOWUJIBHOTO
(GYHKUMOHUPOBAHUS CHCTEMbl HEOOXOAMMAa JIMIIb PEryJisipHas 3aMeHa
(UIBTPOB U HEMPEPHIBHOE AIIEKTPOIUTAHUE;

- 0€30MacHOCTh JJIsl YeJIOBEKAa U OKpY Karollel cpenbl (Mpu COOIIOIECHUU BCEX

paBui);
- aBTOHOMHOCTb — He HY)K/Ia€TCSI B HAXOXKACHUH I10]] TOCTOSIHHBIM KOHTPOJIEM;
- OpicTpoTa pabOTBI — MOXKHO OYMINATH Cpa3dy OOJIBIIOE KOJIUYECTBO

Marepuana.
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Pucynok 1 — Cxema ounmiaronieil ycTaHOBKHM C UCIIOJIb30BAaHUEM adpALIMH

3akiroueHue

brnaromaps  psay — JOCTOMHCTB  CHCTEMBI  adpalldd, TMPOTPECCUBHOE
o0opyaoBaHue ISl TAaKOTO BHJA OYHUCTKHA BOJBI CETOAHS MOXXHO BCTPETHTH HE
TOJBKO Ha TPOMBIIIJICHHBIX IMPOU3BOJICTBAX, HO TaK)Ke B MOJACOOHBIX XO3SHCTBAX U
Ha TEPPUTOPHUAX YaCTHBIX JOMOB.

CymiecTByeT MHOTO BCEBO3MOJKHBIX CIIOCOOOB 00€3)KEJIC3UBAHUS  BOJIBI,
OJIHAKO BCE € OUMCTKA a’pallieil CUMUTAETCA MPEUMYIIECTBEHHO 3(h()EKTUBHBIM,
OC3BPEIHBIM H JICIIICBBIM CIIOCOOOM.

Jlureparypa
1. BomonoaroroBka juisi mpeAnpuUATANA dHEPTeTHKUA [ DNEKTPOHHBIN pecypc] /
BonomoaroroBka A NPEANPUATAA  DHEPTECTUKH. —Pexum  pgoctyna:

http://kme.bntu.by/images/doc/Vodopodgotovka%20dlja%?20predprijatij%20jenerge
tiki%202015.pdf.—/laTa noctyna 07.04.2022.

2. Aspanusi Boabl [DJEeKTpOHHBIA pecypc] / Aspanus Boubl. —Pexum
noctyma: https://vagner-ural.ru/o kompanii/stati-po-vodoochistke/aeraciya-vody/.—
Hara nocryna 07.04.2022.

3. BomononroroBka nmnsi  3HEpreTUKH  [DNEKTPOHHBIA — pecypc] /
Bomonoaroroska nist aHepretuku. —Pexum pgoctyna: https://natoke.ru/articles/184-
chto-takoe-rekuperacija-tormozhenija-v-elektromobile/.—Jlata moctyma 07.04.2022.
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VK 658.264 _
TEIIVIOCHABKXEHHUE KNJIOT'O PAUOHA I'OPOJA ’KOAUHO
HEATING OF A RESIDENTIAL AREA OF ZHODYNO

J.B. XyneHko
Hayuneiit pykoBoaurens — U.E. Murynkui, K.T.H., JOLIEHT
benopyccknii HaMOHAIBHBIN TEXHUYECKUN YHUBEPCUTET,
r. Munck, Pecniy6nuka bemapych
pte@bntu.by
D. Khudenko
Supervisor — I. Migutsky, Candidate of Technical Sciences, Docent
Belarusian national technical university, Minsk, Belarus
Annomayun: B osuepcemuke ucnonvzyemcs 6onee 50 % 6cex 61008
9Hepeopecypcos, 6 mom uucie 00 65 % evipabamvléaemol 31eKmpOoIHEPSUL.
CoomeemcmeeHHO OOILWOU PONU IHEP2eMUKU 8 NPOMbLULIEHHOM HPOU3BOOCMEe
co8peMenHble NPOMbBIULIEHHbIE NPEONPUSMUS UMEIOM CIIOMCHblE U MHO2000pa3Hbvle
MexHoI02U4ecKue CUcmem, cocmosiujue u3 KOMNIeKco8 YCmaHo8oK U YCMpPOUCms,
NPeOHA3HAYEeHHbIX OJIsl CHCULAHUSL MONIUBA U HNPOU3IBOOCMSBA, pACnpeoeneHus U
nompeobieHus INeKMpOIHeP2UL, MENTOMbl, CHCAMO20 8030YXa, 2d3d, KUCIOPOOd.
Abstract: More than 50% of all energy resources are used, including up to
65% of the electricity generated. Correspondingly large role of energy in industrial
production modern industrial enterprises have complex and diversified
technological systems, consisting of sets of installations and devices designed for
fuel combustion and production, distribution and consumption of electricity, heat,
compressed air, gas, dioxide.
Kntouesvie cnosa: suepcemuueckoe  X03aUCMB0,  dHepeoCHabIceHue,
npeonpusmue, dHepeemuiecKue pecypchni. .
Keywords: energy economy, energy supply, enterprise, energy resources.
BBenenne
LleHTpanu3oBaHHOE  TEIIOCHAOXKEHHE Oa3upyeTcs Ha  HUCHOJIb30BAaHUU
KPYIHBIX pPallOHHBIX KOTENBHBIX PK, XapakTepu3yronuxcs 3Ha4NTEIbHO OOMBIITNMH
KITJ[, wemM Menkue  OTONMUTENbHBIE  YCTAaHOBKU. Termnodukauus, T.e.
[EHTPaTN30BaHHOE TEIIOCHAOKEeHNEe Ha 0a3e KOMOMHUPOBAHHOW BRIPAOOTKHU Terjia
U DJCKTPOPHEPIHM,  SIBIAETCS  BbICHIed  (OpMOM  IIEHTPAJIM30BAHHOTO
TerocHa0xkeHuss. OHa MO3BOJISIET COKpaTUTh pacxoi TommBa Ha 20-25%. Kpome
ASKOHOMUU TOILTMBA IEHTPAIU3AIUS TETUIOCHAOKEHHSI UMEET OOJBIIIOE COIMATIbHOE
3HAUYEHHUE, CIOCOOCTBYS TIOBBIIICHUIO TPOU3BOJUTEILHOCTH TPY/a, BBITECHSS
MaJoKBaNM(UIIMPOBAaHHBIE TIpodeccuu, yiaydinas yCJIOBUS TpyAda W TOBBIIIAS
KyJIbTYpy MPOU3BO/JICTBA.
OcHoBHas YacTh
Onucanue CUCTEMBI TETUIOCHAOKEHHE
[lenTpanu3oBaHHbIE CUCTEMbI TETUIOCHAOKEHUSI 00ECIIEYMBaIOT MOTpeduTenei
TEIJIOM HHU3KOTO M cpeaHero mnoteHiumanza (mo 3500), Ha BbIPaOOTKY KOTOPOTO
3aTpadynBaeTcs 0KoJio 25% Bcero 100bIBAEMOI0 B CTpaHE TOIUIHUBA.
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Tenno, KaK W3BECTHO, SABJSETCS OJHUM W3 BUJOB JHEPTUU, MOITOMY MpPHU
pPEIICHUH OCHOBHBIX BOMPOCOB HHEProcOEpPEKEHUsI OTACIbHBIX OOBEKTOB U
TEPPUTOPUAIBHBIX ~ PAHOHOB  TEIUIOCHAOXKEHMSI  JIOJDKHO  PacCMaTpUBATHCS
COBMECTHO c IpPYTUMHU AHEProoOecneynBaOIIUMHU CUCTEMaMu —
AIEKTPOCHAOKEHUEM U Ta30CHA0KEHUEM.

Bona kak TermmoHOCUTENb UMEET Psii MPEUMYILIECTB MEPEN MAPOM; HEKOTOPHIE
U3 TUX NPEUMYIIECTB MPUOOPETAIOT 0CO00 BAKHOE 3HAUYECHME MPU OTIYCKE Teruia
or TOLl. K nociegHuM OTHOCHUTCS BO3MOKHOCTh TPAaHCIIOPTHPOBAaHUS BOJbI HA
OoJBITINE PAaCCTOSTHHSI O€3 CYIIIECTBEHHOM MOTEpU €€ IHEPTEeTUISCKOTO MOTEHITHAa,
TO €CTh €€ TeMIlepaTypbl. DHEPreTUUECKUi MOTEHIHANl Mapa — €ro JaBJCHUE —
YMEHBIIIAETCSL TIPU TPAHCHOPTUPOBAHUU OoOJiee 3HAUYUTENbHO. TakuM 00pa3om, B
BOJIIHBIX CHUCTEMaX JAaBJICHHE Mapa B 0TOOpax TypOMH MOXXET ObITh OYEHb HU3KUM
(0,06-0,2 MIla), Toraa kak B MapoOBBIX CUCTEMax OHO JOJKHO COCTaBJATH A0 1-1,5
MIla. TloBbilieHue ke 1aBlieHUs Mapa B 0TOOpax TypOUH MPUBOIUT K YBEIMUCHUIO
pacxoga TorumBa Ha TOIl u yMeHBbIIEHUIO BBIPAOOTKH BJIEKTPOIHEPIHH Ha
TEIJIOBOM MOTPEOJICHUU.

Bonorpeiinass koTenbHas mpeaHa3HAu€Ha s BbIPAOOTKH Tropsyed BOJBI,
UCIIOJIb3YyEeMBbIX JIJI1 TEXHOJOTUYECKUX MOTPEOUTENCH U HY X1 TeTUTIOCHAOKEHMUS.

CoBpeMeHHass YCTaHOBKa IIPEACTABISIET COOOM KOMILIEKC OCHOBHOTO H
BCIIOMOTATENLHOTO  000pyn0oBaHusA. BbpIOOp  TEXHOIOTMYECKOW CXEMbl H
pasmelnieHus 000pyA0BaHUS 3aBUCIT OT Ha3HAUEHUs YCTAHOBKH, BUJA CKUTAEMOTO
TOIJIMBA, MOIIHOCTM M THUIA YCTAHOBJIEHHBIX MAPOTEHEPATOPOB U JIPYTUX
(bakTOpoB.

[Tpupoanslif Ta3 MO ra3ompoBOy MOCTYHAET HA TEPPUTOPHUIO MPEANPUITUS U
HaIpaBJIsieTCs B ra3operyisTopHyto ycraHoBky (I'PY), koTopas npegHazHaueHa st
CHIDKCHMS JTaBJICHUSI Ta3a M MOJJEpKaHUs €ro Ha IOCTOSIHHOM YPOBHE Tepen
ra3oBbIMU TOpEJIKaMu He3aBHUCHMO OT pacxona. O6sryHO B I'PY pacmonararor
KOHTPOJBHO-U3MEPUTENbHBIC TMPUOOPHI MJIsi ONpeNeNieHUs JaBJieHUs Trasa, €ero
temneparypel U pacxoma. M3 I'PY ra3 mo nexoBoMmy ra3onpoBOAy IOCTYIIAET K
ropeJyikaM naporeHeparopos. [1]

Omnpenenenre TEIIOBBIX MOTOKOB MOTpeOUTenei

TeronoTpebiaeHrne — 3TO HCMOIB30BAHUE TEIUIOTHI JIJII Pa3HOOOPa3HBIX
KOMMYHaJIbHO-OBITOBBIX W TPOW3BOJICTBEHHBIX IeNiel. Bce moTpedbuTenu TerioTh
JeJSATCS Ha JIBE TPYIIIBI:

Ce30HHbIE — UCMOJIB3YIOT TEIUIOTY HE KPYTJIbIN TOI;

KpyrnoroaoBsie — HCTIONMB3YIOT TEIJIOTY B TEUEHUHU BCETO TOJIA;

JUIss  CE30HHOTO  TEIUIOBOTO  TOTPEOJICHHMS]  XapakTEpHbI  CIEIYIOLIUE
O0COOEHHOCTH:

B TEUCHUHU TOJia TEIJIOBBIE HArpy3KM H3MEHSIOTCS B 3aBUCHUMOCTH OT
TEMIIEPATYPbl HAPYKHOTO BO3/lyXa. | '0JJ0BbIE pacXo/ibl TEIJIa UMEIOT 3HAUUTEIbHbIE
KoJieOaHusl.

N3MeHeHne TEmiIoBOM HAarpy3kd Ha OTOIUIGHME B TEYEHUU CYTOK
HE3HAYUTEIbHBI.

Pacxonpl TemyoBOW SHEpPruu Uil BEHTWISALMM MO 4YacaM CYTOK MOTYT
OTJINYATHCS OOJBIITUM Pa3HOOOPa3ueM B 3aBUCUMOCTH OT CMEHBI PEKUMOB PaOOTHI.
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J7is KpyTa0roJOBBIX MOTpEeOUTENEH pacXxo/] TEIIOTHl 3aBUCHUT:

OT TEXHOJIOTMH ITPOU3BO/ICTBA;

OT BH/IA BBIITYCKa€MOM IIPOIYKLINN;

OT peXXuMa NpeIIPUATH.

3akiouenue

TennocHabxeHue XKUIOro pailoHa SIBISETCS KPYINHBIM M 3HEPro3aTpaTHBIM
IPOU3BOACTBOM, BKJIIOYAIOIIMM OIPOMHOE MHOrooOpa3ue 3HEPreTUYEeCcKOro
00opyI0BaHus, KOTOPOE MOJEPHUZUPYIOT U COBEPIICHCTBYIOT ISl OecnepeOoitHoi
1 3QPEKTUBHOIA.

Jlutepartypa
1. CmupuoB, H.A. TemnocHaOxeHue S>XKUIOTO paioHAa: METOJUYECKUE
yKa3aHHUs K KypcoBoil pabore mo aucuuiuinHe "TernaoTeXHUYEeCKHUe MPOILECChl U
ycranoBku" / H.A. CmupHoB, - ['omens : ITTY um. I1. O. Cyxoro, 2008. - 58 ¢
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YK 62-622
PABPABOTKU BEAYIIUX CTPAH MUPA 110 UCITIOJIB3OBAHHUIO
BOJOPOJA B PASJIMYHBIX OTPACJIAX TPOMBIHIVIEHHOCTH
DEVELOPMENTS OF THE WORLD’S LEADING COUNTRIES ON THE
USE OF HYDROGEN IN VARIOUS INDUSTRIES

A.C. lllenen
Hayunslii pykoBoautens — B.H. Pomantok, 1.T.H., mpodeccop
benopyccknii HaMOHAIBHBIN TEXHUYECKUY YHUBEPCUTET,
r. Munck, Pecriyonnka bemapych
pte@bntu.by
A. Shenets
Supervisor — V. Romanyuk, Doctor of Technical Sciences, Professor
Belarusian national technical university, Minsk, Belarus

Annomayun: B oOanuoii cmamve paccmompeHvl Haubojlee UHmMepecHvle
paspabomky ¢ UCNOIb30BAHUEM B000p00d 6 KAadecmee UCMOYHUKA IHepIUl.
Onucanvl npuHYUNvl paseumus 6000POOHOU IHEP2eMUKU 6 HEeKOMOpulX cghepax
NPOMBLULTIEHHOCTNU.

Abstract: This article discusses the most interesting developments using
hydrogen as an energy source. The principles of the development of hydrogen
energy in some industries are described.

Knwueswie cnosa: 6000poo, 6000pooHas snepeemuxa, « Booopoonas donunay,
MONUBO, DIHEPeeMUYecKas ompacio.

Keywords: hydrogen, hydrogen energy, "Hydrogen valley", fuel, energy
industry.

Bsenenne

Bonopon, siBiseTcst YUCThIM TOTUIMBOM, KOTOPOE MPHU CKUTAHWUU B TOIJTUBHOM
AJIEMEHTE MPOU3BOJIUT TOJIBKO BOAY. BOMOpOa MOKHO MPOU3BOIUTE U3 PA3TUYHBIX
BHYTPEHHHX PECYpCOB, TAKMX KaK MPUPOIHBIA Ta3, aTOMHAs dHEPrus, Ouomacca u
BO300HOBJISIEMbIC HICTOYHUKH DHEPTUH, TAKHE KaK COJIHCUHAS SHEPTHS U BETep. DTH
KadecTBa JIEJAl0T €ro MPHUBIEKATEIbHBIM BapUAHTOM TOILIMBA ISl TPAHCIIOPTA H
MPOM3BOJICTBA DJIEKTPOIHEPTUU. ET0 MOXHO HUCHONB30BaTh B aBTOMOOWIAX, B
JI0Max, B TOPTATUBHBIX UICTOYHUKAX MTUTAHUS U BO MHOTHUX JAPYTHUX 00JIACTSX.

Bonopon sBnsieTcss SHEProOHOCUTENIEM, KOTOPBIM MOYKHO WCIIONB30BaTh IS
XpaHCHHsI, TICPEMEIIECHNUS ¢ JIOCTAaBKM DJHEPTUHU, NPOU3BEACHHOW W3 JIPYrUX
HMCTOYHHUKOB.

OcHoBHas YacTh

ABwuanaiiHepbl Ha BOJOPOAHBIX JIBUTATEIISAX:

Kommanust Airbus (@panmus) mpencTaBuia TpU KOHIEHIIUU MIEPBOTO B MUPE
KOMMEPYECKOTO aBHaJIaifHEpa C HYJIEBBIM YPOBHEM BBIOPOCOB YTJIEKHCIIOTO Tas3a,
KOTOPBI MOTYT BBECTH B 3KcIuryaTauuto B 2035 roay. Kak u mianupoBaioch, OHH
JOJDKHBI paboTaTh Ha BOJOPOMHOM TorumBe. Kakaas KOHIIETMS paccMaTphBaeT
pa3IMYHBIC TEXHOJIOTMYECKUE TPACKTOPHH M a’pOAMHAMHUYCCKHE KOH(PHUTYpaIuu
JUTSL TOCTHKEHUS "YUCTOro HyJs" (OTCYTCTBUE BHIOPOCOB MAPHUKOBBIX T'a30B).

370 cienyoume KOHIENIUH:
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Konnenmus camonera ¢ TypOOBEHTHJIATOPHBIM JBUTateneM (pUCYHOK 1),
koTopbiit BMemaeT 120-200 maccaxupoB U UMeET JabHOCTHIO mojeTa 6osee 3700
KHJIOMETPOB, CIIOCOOEH OCYIIECTBIISATH CBOE JBM)KEHHE B TPAHCKOHTHMHEHTAJIbHBIX
HanpapiieHusAX. OcHalleH MoOIU(UUUPOBAHHBIM Ta30TYpOUHHBIM JIBUTATEJIEM,
paboTaroiieM Ha BOJIOPOJIE, a HE Ha pEaKTUBHOM ToruuBe. JKuakuii Bogopos Oyaet
XPaHUTBCSI M PACIpPOCTPAHATHCS 4YEpPE3 Pe3epByapbl, PACIOJIOKECHHBIE 32 3aJHEU
rEpMETUYHON PaMOW;

t« '
' e

Pucynok 1 - Camonér ¢ TypOOBEHTUIIATOPHBIM JABUraTEIEM

KoHnnenmus camosneta ¢ TYypOOBHHTOBBIM JBUTATENIEM, BMECTUMOCTBIO 10 100
MacCaXUPOB, KOTOPBIM  TAaKXKE  OCHAIICH Ta30TypOWMHHBIM  JIBUTATEJIEM,
MOAUGUIIMPOBAHHBIM BOJOPOJOM. YCTPOMCTBO JAaHHOTO CaMoJIeTa TO3BOJISET
npeojioyieBaTh  pacctosHue Oonee 1800 KUIOMETpOB, UTO JENAaeT €ro
BEJIMKOJICMHENIIUM BapUaHTOM ISl OCYIIECTBJIEHHUS IEPEBO30K Ha KOPOTKHUE
pacCTOSIHUS;

Konnenmus ¢ro3enspka B COUYETaHUU € KPBUIOM, BMECTUMOCTBIO 10 200
MaccaXupoB U JanbHOCTHIO mojieta Oosiee 3700 kumomerpoB. KoHcTpykuusa nmeet
JIOCTATOYHO HIMPOKUN KOPITYC, UTO MPEAOCTABISET MHOKECTBO BO3MOKHOCTEH st
XpaHEeHMsI U pacipeiesieHrs BOJOpOaa.

[lepexon Ha BOAOPOJ B KAYECTBE OCHOBHOI'O MCTOYHUKA SHEPTUM IS JAHHBIX
KOHIIENTYaJIbHBIX CaMOJIETOB MOTPEOYeT paiMKaIbHbBIX JIEUCTBUN CO CTOPOHBI BCEH
aBUALIMOHHON 3KocucTeMbl. COBMECTHO € TOAAECPKKOW MPABUTEILCTBEHHBIX
OpraHoOB W OTpPAclIeBbIX MAapTHEPOB MOXKHO PEIIUTh 3Ty 3aJady IOCPEICTBOM
paclidpeHuss TPUMEHEHHUST BO300HOBISIEMBIX HCTOYHUKOB »dHeprun (BUD) wu
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BOZIOpO/Aa JUIA OOecmedeHus CTa0WIBHOTO OYIymero aBUAIMOHHOW cdeps
MIPOMBIIIIJICHHOCTH.

MoOupHast BOJOPOIHAS 3allpaBOYHAs CTAHIIHS:

OpHolt W3 mpoOJieM, CBS3aHHBIX C Pa3BUTHEM BOJOPOJHOTO TPAHCIOPTA,
SBIIICTCS HEPa3BUTOCTh HWHGPAcTpyKkTyphl. Hemernkas xkommanusi Wystrach,
MIPOM3BOUTENb YCTAHOBOK JUISI XpaHEHUSI U TPAHCIIOPTUPOBKH Ta30B, MPEICTaBUIIA
Ha PhIHKE MOOMJIFHYIO BOJOPOAHYIO 3ampaBouHyto ctaHimio WyRefueler (pucynok
2). DTO mepeHoCcHasi cucTeMa, KoTopasi cooupaeTcs /pazoupaetcs B TeueHue aas1. EE
YCTPOKCTBO MO3BOJISIET Pa3MeIaTh €€ MPaKTUICCKH B JTFOOOM MECTe.
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PI/ICYHOK 2 - MoOunbHas BOAOPOJHAA 3allpaBOYHAA CTaHLIUA

JlaHHasi BOJOpOJHAs 3alpaBOYHAsl CTAHIUS COCTOMT W3 JABYX YacCTEW:
KOHTEMHEPA-IIUCTEPHbl W KOHTEMHEpa-3alpaBOYHOM CTAaHIMH, KOTOPBIE MOTYT
TPAHCIIOPTUPOBATHCS HE3aBUCUMO JIpyr oT apyra. Ha mpeanpusTuu ycTaHOBJIEHA
3ampaBoyHasi  CTaHLMs, KOTOpas  BKIIOYAaeT  BOJOPOJHBIA  KOMIIpECCop,
aBTOMATU3UPOBAHHYIO CUCTEMY ympaBieHus, OydepHbiii 6ak eMkocThio 88 kr, 500
0ap ¢ BO3MOXXHOCTBbIO AaBTOMAaTHYECKOTO KOHTPOJISI AaBJICHUS Ha HEOOXOJMMBIN
nepuona. KontelHep-mucrepHa, conepxkammii 313 kr Bomopoda, CXXaToro Mpu
nasienun 300 Gap, HeoOXoauMO JMOO 3aMOJHUTH BOJOPOAOM, JHOO 3aMEHUTH
JAPYTUM IIPU €T0 OCBOOOKICHHUH.

Co3narenu TaHHOW YCTaHOBKM MPEJIAraroT MJICK0 IS 3alpaBKU BOJOPOJAOM
npu nasineHuu 350 Oap, YTO HE MOAXOAUT Ui JIETKOBBIX ABTOMOOWIJIEH, HO
UCIIONIB3YETCSl ISl TSDKENBIX TPaHCHOPTHBIX CPEACTB (aBTOOYCOB, TOE3/I0B,
I'PY30BHKOB, CTPOUTEIBHOW TEXHHUKH). JJOCTOMHCTBOM SIBIII€TCA TO, YTO CHCTEMA
ObL1a yaauyHo mpoTecTupoBaHa B Hunepnangax.

«Bonopoanasa nonuna» B Hunepianaax:

JIBe npoBunuuu HunepnangoB — I'poHunreH u JlpeHte — OOIMIMMHU CHJIaMHU
IJIAaHUPYIOT co3/1aTh "Boaopoanyto noauHy" (pUCYHOK 3) HAa CBOUX TEPPUTOPHUSIX.
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Pucynok 3 - «Bogopoanast nonuna

Co3gan maH pa3BUTUS BOJOpojaHOW »Hepretuku a0 2030 roma oOmieit
CTOMMOCTBIO 2,8 MWUIMapJia €BpO, KOTOpbIii OyJeT OpUEeHTUPOBAH Ha
MCIIOJIb30BaHUU "TOy0oro" BOJIOpOJa, JOOBIBAEMOTO M3 BOJBI MPU IOMOIIH
BO30OHOBIISIEMBIX HUCTOYHUKOB SHEpruu. "3esdeHbld" BOAOPOJA IUIAHUPYETCS
MoJIy4aTh TPAJAUIIMOHHBIM CIIOCOOOM — IyTEM MpeoOpa3oBaHUsl MPUPOIHOTO Tasa.
VYriekucnplii Ta3, 00pa3yroIIHMiics B MPOIECCE, TOJDKEH 3aKaYMBATHCS O] 3€MITIO
JUTSl yCTPAHEHUSI BEIOPOCOB MAapHUKOBBIX Ta30B. Takue TEXHOJOTUYECKUE TPOIECCHI
yKe TMPOTECTUPOBAHBI B MPOW3BOACTBE HA HEOOJBIIMX YCTAHOBKAX M BCE €IIE
JOBOJIBHO-TaKW JOpOTHe. ABTOpbl IUIaHA TMBITAIOTCA CHU3UTH 3aTpaThl Ha
MIPOU3BOJICTBO U TPAHCHOPTUPOBKY BOJOPOJA 3a cyeT 3P dekra Maciitada.

[Inan BrimrowaeT B ceOs 33 oOmpeneNeHHbIX TMPOeKTa, B TOM YHUCTE
CTPOUTENILCTBO TOJ3EMHOI0 XpaHWJIUIA BOAOPOAA B COJISIHBIX Telepax B
310MIBEHIMHTE, CO3[JaHUE CETU BOJIOPOJIHBIX 3alpPAaBOUYHBIX CTAHIUN, J0OaBICHUE
BOJIOPOJIa U CHUHTE3-Ta3a B YK€ CYIISCTBYIOIIME Ta30MpoBOJbI U T.1I. B mpoekTax
npuMyT ydactue Takue Kommanuu kak Shell, Nuon, Engie, BioMCN
(mpom3BoauTenb, OWMomeTaHona), Gasunie (omepaTop CETH Ta30IPOBOJIOB) U JIp.
[IpeanpusiTiie TOTOBO B3STh Ha Ce€0s1 YaCTh PACXOJ0OB, PACCUUTHIBAS, YTO OCTAJILHBIC
cpencTBa nmoctynsaT u3 6ropxeToB Hunepnanmaos u EBponeiickoro Coto3sa.

MOUIHOCTh YCTAaHOBOK JJIEKTPOJIM3a BOJbl IUIAHUPYETCA YBEIWYUTH JUJIS
Havyanma 10 1 MBT, a 3arem nmo 1 I'Bt. K Tomy e, muanupyercst pa3paboTtaTh H
IIOCTPOUTH "BomopoaHbIe" BETPSIHbIC TypOUHBI co BCTPOCHHBIMU
AJIEKTPOJIN3ATOPaMU. DJIEKTPOCTAHIMIO B ODMcCXelBeHe, momHocThio 1,32 I'Br,
IJIAHUPYETCS YaCTMYHO TEpPEeBEeCTH C TMPUPOJHOro Ta3za Ha Bojgopola. B
MOCHAEAYIOIIEM  MOJ3EMHOE  XPaHWJIMIIE  BOJOPOJAa  CTAHET  OTPOMHBIM
AKKyMYJISITOPOM SHEPTHUH.

ITepBast BogopoiHast ra30TypOMHHAS SJIEKTPOCTAHIMS B SMOHUU:

B wurone 2020 roma rasorypOWHHAs 3JIEKTpOCTaHIMs (PUCYHOK 4) 3aBojaa
Mizue, momaOCTEIO 80 MBT, Havama pabotath Ha HOBOM ISl Ce0s BUJIE TOTLIIUBA —
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BOZIOpO/ic — Ha HedTenepepabaTheiBatonieM 3aBoje Tao B SAnonmn. Kommanwmm
Chiyoda, Mitsubishi, Mitsui u Nippon Yusen Hauanu npoexT emie B 2015 roxuy.

Pucynox 4 - Bonopoanas razoTypOuHHas 3J€KTPOCTAHITUS

OHu co3manu  COBMECTHOE wuccienoBaTenbckoe mnoxapazaeneHue AHEAD
(Acconuanusi mepesoBbIX BOJOPOJHBIX IHEPTETHUUECKUX IIEMOYEK JJIsi Pa3BUTHS
TEXHOJIOTHI{), KOTOPOE MOCTPOMIIO 3aBOJ] [0 TMApOreHn3aunu B bpyHnee u 3aBoa no
JNETUAPUPOBAHUIO B STIOHUH.

Tem He MeHee, B 3TOM MPOEKTE BOAOPOJ 0Opa3yercsd MyTeM MapoBOM
KOHBEpPCUU METaHa, mocTaBisieMoro B bpyHeil Tankepamu B xuakoi gopme. [locne
ATOr0 €ro CBA3BIBAIOT C TOJIYOJOM IS MOJYyYEHUS] METHILMKIOTeKCaHa, KOTOPHIM
Py HOPMAJIBHOM TeMIlepaType U aTMoc(hepHOM AaBICHHUH MPEACTABISET COOOM
KUJKOCTb, KOTOPYIO MOXKHO XpaHUTh W TPAHCIOPTUPOBATH B pE3EpByapax.
MeTUNIUKIOTeKCaH JOCTABIsAECTCS B TOKMMCKUM 3allUB, TJA€ OH IIOJIBEPTracTcs
JIerupupoBaHuio Ha HedTenepepabateiBatomieM 3aBoje Tao Oils keihin. [lanee
BOJOPOJ] CMEIIMBAETCA C ra3000pa3HbIMU MPOAYKTaMH MepepadoTKu HepTH u
MOCTYNMAaeT B Ta30Bbie TYpOWHBI TEIUIOAIEKTPOCTAHIMU «MuUI3y?», KOTOpas
pacrojio)keHa HEMOCPEICTBEHHO Ha TeppuTopun HedTenepepadaThIBaIOIIETo
3aBojia. Tosyon Bo3Bpamiaercss B bpyHel 11 TOBTOPHOrO UCTIOIb30BaHus. [IpoekT
(buHaHCUpyeTCs AMOHCKON rocynapcrBeHHoM opranuzanueiit NEDO (Opranuzamus
[0 Pa3BUTHI0O HOBOM DHHEPre€TUKM W TMPOMBIIUICHHBIX TexHoyioru, «HoBas
SHEPreTKa W TMPOMBIIUIEHHOE W TEXHOJOTHYECKOE pa3BUTHE»). Accouuanus
AHEAD nnanupyet noctaBisitb 350 ThICSY TOHH BOJOPOA €KETOAHO B SANOHUIO U
KCMOJIb30BaTh B KAUE€CTBE TOIUIMBA JIJI1 TUTaBaTTHOM 3JieKTpocTaniuu K 2030 rony.
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Bce ocHOBHBIE TPOM3BOIUTENN SHEPTETUUECKUX ra30BBIX TypOuH — Mitsubishi
Hitachi Power Systems, Ge Power, Siemens Energy u Ansaldo Energia — B
HaCTOsIIIIee BpeMsl pa3padaThIBalOT CBOM MOJIEIH, CIIOCOOHBIE paboTaTh HA YUCTOM
BOJOPOJI€ B JIBYX PEXKUMax: Kak IMpHU MOCTOSHHOM Harpyske, Tak U MpPHU MHUKOBOM
notpednennn. CKopee BCEero, 4To 3TO 00bEAMHEHHBIA OTBET JIEKTPOIHEPTETUKU HA
y)KeCTOUeHUE TpeOOBaHU K ypOBHSM BbIOpOCOB B armochepy. B To ke Bpems
BOJOPOJl TMPETEHAYyeT Ha POJb BAXKHEWINIEro Karajau3aropa €BPOIEUCKOM
DHEPTEeTUYECKON TpaHCHOpMaIINK, U3BECTHOM Kak "dHepreTudeckuid mepexoxn” [1].

3akiiroueHue

TexHOoJIOTUU KOHEYHOTO MCIOJIh30BaHUs BOJAOPOJAHON PHEPTUU, B OTIMYHE OT
TPAAUIIMOHHBIX TEXHOJIOTMH, eme He co3pend. OMHAKO OHHU MpeAJIararoT
MOTEHIUAIIBHO 3HAUYUTENIbHBIE MPEUMYIIECTBA C TOYKU 3PEHUS HU3ZKOIO WU
HYJICBOTO ypOBHS BBIOPOCOB M THOKOCTH B OTHOIICHWH HWCTOYHHUKOB
toruiBa. [IOCKOJbKY 3TO HeE3pesible TEXHOJIOTMHM, HMX CTOMMOCTh BBICOKA, a
HAJICKHOCTh U JOJITOBEYHOCTbH 1€ HE JOKAa3aHbI.

B nonrocpouHol mepcrieKTUBE BOJOPOJHAs DJHEPrusi, BEPOSTHO, OyIeT
UCIIOJIb30BAaThCS BO MHOTHX TIOBCEAHEBHBIX CUTyallUsiX, M  BOJOPOIHBIC
DHEPreTUYECKHE TEXHOJIOTHH 3aMEHST MHOTHE TpaJUIIMOHHbIE
TEXHOJIOTUU. DKOHOMUKA TaKUX BOJOPOJHBIX TEXHOJIOTHM OyAeT yIydllaTbCs IO
Mepe UX IMIMPOKOTO HUCIOJIb30BaHUS, a J00aBJIICHHAs] CTOUMOCTh HU3KOTO YPOBHS
3arpsA3HEHUS 10JKHA ele OOJIbIe MOBBICUTh IIEHHOCTh TAKUX CUCTEM [2].

B cBs13u ¢ ncnonp30BaHMEM BOAOPOJa B KaU€CTBE UCTOYHUKA SHEPTUHU, BCKOPE
SHEPreTUYECKasi OTpacib MEPECTaHeT CYIIECTBOBaThH B TOM BHUJIE, B KAKOM MBI €€
ceifuac 3naeM. Hampumep, noma OyayT OcHallleHbl aBTOHOMHBIMU T'€HEpaTopaMu Ha
BOJOPOAHOM ToruiMBe. He mnoHamoOsITCs HE TOJABKO THAPOIIEKTPOCTAHIUH,
ATOMHBIE AJIEKTPOCTAHLIUU, HO U BCE CETH, MEPEAAIOIIUe IEKTPOIHEPTHI0. XOTS B
TO JK€ BpeMsl BOJOPOJ BbIpaOaThIBa€TCI WMEHHO 3a CUeT MOTpeOIeHus
3HAUYUTETHFHOTO KOJIMYECTBA DJICKTPOIHEPTHH.

Jlureparypa
1. Bonmoponnass sHepretuka [DNEKTpOHHBIM  pecypc]/ BomopoaHas
sHepreTuka. - Pexxum goctyna: https://energy.hse.ru/hydrenergy. — Jlara pocryna:
29.03.2022.
Bomopoanas sHepretuka [DIeKTPOHHBIN pecypc]/ BOIOpOAHAS DHEPreTHKA. -

Pexxum noctyma: https/www.sciencedirect.com/topics/engineering/hydrogen-energy.
— HMara nocrymna: 29.03.2022.
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VK 658.264
I'MBPUIHASA CUCTEMA TEINVIOCHABKEHHUSA YYEBHOI'O KOPITYCA
17 BHTY
HYBRID HEATING SYSTEM EDUCATIONAL BUILDING 17 BNTU

A.B. Kynbirun
Hayunsblii pykoBogutens — E.O. MiBaHunkoB
benopyccknii HaMOHAIBHBIN TEXHUYECKUY YHUBEPCUTET,
r. Munck, Pecniy6nuka bemapych
pte@bntu.by
A. Kulyhin
Supervisor — E. Ivanchikovt
Belarusian national technical university, Minsk, Belarus
Annomayun: ['ubpuonas cucmema meniocHabxiceHus yieonoco xopnyca 17
BHTY
Abstract: Hybrid heat supply system of the educational building 17 BNTU.
Knwueswie cnosa: I'uopuonas cucmema, mennocrnaboicenue, BHTY.
Keywords: Hybrid system, heat supply, BNTU.
BBenenne
['ubpunnbie (ToJIMBaIETHHIC) CHUCTEMBI TETTOCHAOKEHUS (IICT)
MPEJCTABIAIOT COO0N HECKOIBKO Pa3HOPOIHBIX HCTOYHUKOB TEILIa, O0BEIUHEHHBIX
B KOMIUICKC, HanpuMep KoTenbHbIe ycTaHOBKHU (KY), B0O300HOBIIsIEMbIE MCTOUYHUKH
(BN), ucnone3yromue BTopudHbie sHEPropecypcs (BOP) u 1.11.
OcHoBHast YacTh
Paccmotpum mpumep rubpumHoit cucteMbl TeriocHaOxkeHuss Ha [ICT c
UCIIOJIb30BAHUEM COJIHEYHOW DSHEpPrud. PaznuyaloT AaxkTUBHYIO M TACCHUBHYIO
TexHosoruu. [laccuBHas - co3gaHue CHENUAIbHBIX KOHCTPYKLUMU M OrPa)KACHUM,
JUTSI MAKCUMAJIBHOTO YJIABJIMBAHUS COJTHEUHOTO M3JIYYECHUS, 3aIUTHI OT Meperpena B
TEMI0E BpEMs ToJ1a.
AKTHBHAS - B TEXHUYECKUX CHCTEMaX CO CHEIUaIbHBIM 00OpYIOBaHHUEM, IS
npuéMa COJHEYHOTO U3My4YeHHs, Jajiee MpeoOpa3oBaHHs B TEIUIO, €ro
aKKyMYJIUPOBAHKE U TTepeaady IOTPEOUTEIISIM.

XonogHaa soaa

o

Pucynok 1 - OqHOKOHTYpHAsI yCTaHOBKA TOPSYETO COTHEYHOTO BOJOCHA0KECHUS
1 — MUPKYISIITUOHHBIA HACOC; 2 — COJIHEUHBIN KOJUIEKTOP; 3 — OaK-aKKyMyJIsaTop; 4 — 10rpeBaTelib
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Boibupass Hambonee  S(QQEKTUBHBI  BapuaHT, HEOOXOJUMO  YYECTb
NOTPEOUTENIbCKME KadyecTBa, 3aTpaThl Ha TMOJYyYE€HUE DSHEPIHUH OTICIbHBIMU
noacucteMamu [ICT. I'maBuoe mnpeumymiectBo IICT - Gosee HU3KHE 3HAYCHHS
TEeMIIepaTypbl TEIUIOHOCUTENSI B MOAAlONIell M OOpaTHOM MarucTpajiyd TEIIOBOM
cetu (70/50, 60/40 u ap.).

CCT mno pony Harpy3ku OBIBAIOT: TOpSYEro BoJoCHaOeHus, ororuieHus. o
AKOHOMHUYECKUM COOOpakeHUsM moadupatorcss u3 pacu€érta szamemienus 30-50%
rOJIOBOTO TMOTpeOeHuUs, paboTaloT KakK CE30HHO, TaK W KPYIJIOTOAWYHO. Takwe
CUCTEMBI MOTYT OBITh WHAMBUIYAJTbHBIMU M IEHTPAIN30BAaHHBIMU. BBIMOTHSIIOTCS
110 OZTHOKOHTYPHOM CXEME.

3akiloueHue

C pa3BuTHEM HAyKH W TEXHHWKH, IOSBHJIACh BO3MOXXHOCTH HCIIOJIH30BATh
aNbTEPHATUBHBIC MCTOYHUKH TEIJIOCHAOKEHUS, NMPUMEHATh THUOPHUIHBIE CHUCTEMBI
TeriocHa0x)eHus. Vcnonp30BaHre HOBBIX TEXHOJIOTHI B JaHHOU cdepe MO3BOIUT
HE TOJIbKO OITUMAJIbHEE WCIIONb30BaTh CYIIECTBYIOIIME PECYpPChl, H3BICYD
SKOHOMHUYECKYIO BBITOJy, HO U TOCHOCOOCTBOBATH JaJIbHEUIIIEMY IPOTPEcCy B
JTaHHOM cepe.

Jlureparypa

l. MOCKOBCKHMII TOCYJapCTBEHHBI YHUBEPCUTET IIyTE€H COOOIIECHHUS
[DnexTpoHHBIN pecypc]. — Pexxum nmoctyna: https://web.mgups.ru/. Jlata mocryna:
03.03.2022.

2. Aqua-therm [DnektponHsbIii pecypc]. — Pexxum pocrtyna: https://aqua-
therm.ru/articles/articles 616. [lata noctyna: 03.03.2022.
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VK 628.54
AKTYAJIBHOCTD ITPOBJIEMBI IEPEPABOTKH OTXO0OB B
PECITIYBJIMKE BEJAPYCb
THE RELEVANCE OF THE PROBLEM OF WASTE PROCESSING IN
THE REPUBLIC OF BELARUS

. 1O. [IponTHILIEB,
Hayunseiit pykoBoautens — U. H. [Ipokonens, ctapmmii npenogaBaTeinb
benopyccknii HaMOHAIBHBIN TEXHUYECKUY YHUBEPCUTET,
r. Munck, Pecriyonnka benapych
prokopenya@bntu.by
I. Prontishev
Supervisor — I. Prokopenya, Senior Lecturer
Belarusian national technical university, Minsk, Belarus

AHHomayun: meponpusamus, npogoouMvle no nepepadomre U UCNONb308AHUIO
0mx0008;

Abstract: activities carried out for the processing and use of waste,

Knwueewvie cnosa: RDF, BMP, TKO;

Keywords: RDF, SMR, MSW

BBenenne

RDF (refuse derived fuel) — 5T0 BuA TOmiamBa, KOTOpPBIA, MPOWIS 4Yepe3
CTaJUI0 COPTUPOBKH, MOKHO CXKUTATh JIJISl TTOTYUYCHHUS DIHEPTUH.

BMP (BTOopuuHBIE MaTepuaigbHBIE PECypChbl) — ATO MaTepUaibl U Pa3HOTO
poaa u3aenusi, KOTOPbIE MOCIE NEPBUYHOTO HCIIOIb30BaHUA €IE MPEICTABISIETCS
BO3MOXKHOCTh HCIOJIb30BaTh TMOBTOPHO, HANpUMEpP, B MPOU3BOACTBE, IMOCIE
Pa3JIMYHBIX XUMUKO-TEPMUUECKUX MAaXUHALIHM.

TKO (TBepable KOMMYHaIbHBIE OTXO/bI) — 3TO OTXO/bl, KOTOPBIE MOSBISIOTCS
B MpolEecCe KU3HEACITEIbHOCTH YEJIOBEKa, a TAKKE TOBAphl, KOTOPHIE yTpaTUIIU
CBOM MOTPEOUTENIBCKUE CBOMCTBA B MPOLIECCE UX UCIOJIb30BaHUS

OcHoOBHas 4YacTh

OctpoTta mpoOJieMbl OTXOJOB CBsi3aHa C TIJIOOANBHBIMU MaclITabaMHu MX
oOpazoBanus. Ilo panHbiM  HanMoHambHOTO  CTATUCTUYECKOTO  KOMHTETA
Pecnybnuku benapych [1] BUIHO U3 auarpaMMbl, 4TO MacCOBBIM OOBEM OTXOJIOB
€XKEroJHO YBEJIMYUBAETCA, YTO HE YJIMBUTENIbHO, BEJb YUCICHHOCTh HACEJICHMS
PecnyOnuku benapych Tak ke Bo3pacTraer.

B nacrosiiee Bpemst B ctpanax EC JlupekTuBoii mo 0TXo0/1aM 3aKOHOJATEIbHO
YTBEPKJICHA CIEAYIOINIasi HepapXusi METOJI0OB OOPAIICHHS C OTXOJaMU:

[IpenoTBparienrne 0Opa3oBaHMs

[ToBTOpHOE MCOJIBL30BAHUE

Petmknuar(niepepadoTka)

DHEepreTU4eCcKoe UCIOJIb30BAHNE

OxkoHyaTenbHOE yaalieHue (XpaHeHre, 3aX0OpOHEHUE)

Ha pucynke 1 noka3ana uepapxus oopaiienus ¢ TKO B Pecniyonuke benapych
OTHOCHUTEJIBHO CTPYKTYPBI EBPONIEUCKON CUCTEMBI.
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HauMoHansHeEIR nnax aercTawi
OTCYTICTBYeET

/

Tenexo 5% ot areil Taps! K3-n0g
HarMTKOB NOBTOPHO MCNONB3yeTEA

15,6%

——— Omeyremeyer

\— 84.4%

Pucynok 1 - Uepapxus obpamenus ¢ TKO B Pecniydnuke benapycs

OO6pa3zoBaBIIUECS OTXO/Abl UCIOJIB3YIOTCSI COTIIACHO CIEAYIOIIUM METOIaM:

[TepepaboTka(pEUKINHT) — IPOUCXOJAUT COPTUPOBKA: OTOPAKOBKA HEroproyei
4acTH OTXOJIOB W3 O0OmIel Macchl OTXOAOB [UJIi  BTOPUYHOTO
ucnonb3oBanus (BMP).
KomnoctupoBanue — ucrnonszoBanue opranudeckord dactu TKO mocne eé
Ouosiornyeckoid 00pabOTKU (pa3noKEHUsI OPraHUYECKUX CyOCTaHIIMI)
MPY MOMOIIM PA3JINYHBIX MUKPOOPTAHU3MOB.

Cxuranve — UCTOJB3YIOT TOPIOYUE OTXOJIbI JJIsl MOTYYCHUST TEIJIOBOM M(MIIH)
ANEKTPUYECKON SHEPTUN

3akiroueHue

Ha cerogusinuii 1eHb 0TX0AbI, 0Opa3yromuecs: B I. MUHCKE U TOIeXAIlHe
3aXOpOHEHUI0, nocTynatoT Ha noaurod TKO «Tpoctenenkuit». C yd4eToM 3aKpbITHS
nosimroHoB «CeBepHblii» U «I[Ipynuiie» yBenuuusics o0beM MOCTYIAIIINX OTXOI0B
Ha nonuroH «TpocTeHenkuii» 6ojiee YeM B JIBa pas3a, YTO MPHUBEIO K COKPAIICHUIO
€ro CpOKOB JKCIUTyaTaluu.

[ToaToMy mnoCTpoOiiKa pa3jMYHBIX BUIOB 3aBOJOB IO B3aWUMOJCHCTBUIO C
oTxoiamMu OyAyT HMMETh 0C000€ MECTO B COIHAIbHO-IHEPTeTUYECKOM aCIEeKTe
*u3HU HaceneHus PecnyOnmuku benapycu. Cnegyer oTMETUTh, YTO B HBIHEIIHHX
TEHJCHIUSIX OYEHb LICHATCS MPOEKThl B3aUMOACHCTBYIOIIME C OTXOAAMH C LEJIbIO
€ro HCIOJIb30BaHUS — 3€JIeHas JHepreTuka(ycioBHO). Tak ke 3Ta oTpacib
SHEPIreTUKH OBICTPO Pa3BUBACTCHI.

Jlureparypa
1. [1- O6pa3zoBanue orxom0B [DnexkTpoHHbd pecypc]/ 11- O6pazoBanue
OTXOJIOB. -Pexxum JOCTyma: https://www.belstat.gov.by/ofitsialnaya-

statistika/makroekonomika-i-okruzhayushchaya-sreda/okruzhayuschaya-
sreda/sovmestnaya-sistema-ekologicheskoi-informatsii2/i-othody/i-1-obrazovanie-
othodov/. — [lata noctyma: 17.03.2022

2. Tuxno, B. [I. AubTepHaTMBHOE TOIUIMBO, IIOJIy4aeMO€ Ha
MycopocopTupoBouHbix 3aBogax / B. JI. Tuxuno ; nayd. pyk. . B. Konocora //
AxTyanbHble TPoOJeMBbl IHEPTeTUKH [DIEKTPOHHBIN pecypc] : maTtepuansl 76-i
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HAyYHO-TEXHUYECKOW KOH(MEpPEeHUMU CTYJEHTOB M aClUPaHTOB @  CEKIMUs
"OnextpocHadxkenne" / coct. T. E. XKykoBckas. — Munck : BHTY, 2020. — C. 145-
147 /. — lata noctyna: 17.03.2022

3. ®uankosckas, H. b. Ilpobnemsl yrunmsanuu OBITOBBIX OTXOJIOB B
Pecnybnuke benapych u nmytu ux pemenus / H. b. ®uankosckas ; Hayd. pyk. E. A.
I'ynum // CoBepilieHCTBOBAHUE OpPTaHU3AIMK JIOPOKHOTO JBMXKEHHUS M MEPEBO30K
MacCaXUPOB U TPY30B : COOPHUK HAYUHBIX TPYJOB : MO PE3yJbTaTaM €XKEeTrOoHOI
MexyHapoJHOM Hay4dHO-TIpaKTHUYeCKOW KoHpepeHiuu / pen. komr: d. A.
Pomantok [m ap.]. — Munck : BHTY, 2014. — C. 79 — 82 /. — Jlara pocrymna:
17.03.2022
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YK 621.43
MOJEPHU3AIIMSA MTPOU3BOJCTBEHHO-OTOMUTEJABHON
KOTEJIbHOH C HIOBBIIIEHUEM EE SQHEPITO®®EKTUBHOCTHU
MODERNIZATION OF THE PRODUCTION AND HEATING BOILER
HOUSE BY INCREASE HER ENERGY EFFICIENCY

K.A. Mopnac
Hayunsrit pykoBoautens — M. A. CkuilyHOBa, aCCUCTEHT
benopyccknii HaMOHAIBHBIN TEXHUYECKUY YHUBEPCUTET,
r. Munck, Pecriyonnka benapych
irina.skitsunova@gmail.com
K. Mordas
Supervisor — I. Skitsunova, Assistant
Belarusian national technical university, Minsk, Belarus

Annomayus: cnocodwvl nogvluleHUs IHEP2o3IhheKkmusHocmu KOmMeabHOU.

Abstract: ways to improve energy efficiency for boiler house.

Kniouegvle cnosa: cazonopwinesasi ycmaHoeka, menjogvle cemu, MONaugo,
9Hepeusl.

Keywords: gas installation, heating network, fuel, energy.

BBenenne

Ha npotrsokeHuMu mMocineaHUX JIeT OTMEYAeTCs 3HAUYUTENIbHOE YBEJIMYCHUE
HEOOXOJIMMOCTH B DHEPreTHYECKUX pecypcax, 4YTO HECeT 3a Co0OoW HYXIY
PACCMOTPEHHUSI YIYUIICHUS dHEProd(PPEeKTUBHOCTU YK€ PabOTaAIOIMIUX KOTEIbHBIX.
CaMpIMU 3HAYANTUMHU CIIOCOOAMU TIOJYYEHHUS BBICOKOHM CTETICHH PE3yJIbTaTHBHOCTH
SABJISIETCA KOMILIEKCHBIN MOAXO0J K PEIICHHI0 KOHCTPYKTUBHBIX, TEXHOJIOTUYECKHX,
TEXHUKO-DKOHOMHUYECKHUX U HKOJIOTHYECKUX MPOOIIEM.

OcHOBHasl YacTh

Jist noctwkeHust pocta 3HEprodPGEeKTUBHOCTH Yallle BCEro HUCIHOJIBb3YIOT
NeTaHJiep  TEeHEPAaTOPHBIX  arperatoB,  KOHJCHCAIIMOHHBIM  SKOHOMaii3ep,
ra3onopIIHEBYI0 YCTAHOBKY Ha TEPPUTOPUU KOTEJIbHOW WM BaKyyMHYIO
JI€a’pallMOHHYI0 YCTAHOBKY B3aMEH aTMOC(EPHBIX.

OnHuM M3 caMbIX aKTyaJdbHBIX METOJOB YBEJIMUYCHHUS HHEProd(PPeKTUBHCTH
KOTEJIbHOM SBJISIETCS TAaKOM MOJXOJl, KaK YCTaHOBKA Ta30MOPIITHEBBIX YCTAaHOBOK
(I'TTY), koTopblii B MOCHEAYIOLIEM MOMOTaeT PElIUTh BaXHEHIIYI0 HpolIemy
SHEPIeTUKHU — CJIIOKHOCTh MOJKIIIOYCHUS K LIEHTPAJIM30BaHHBIM ceTsaM. B cuctemax
[EHTPAIM30BAHHOTO TETUIOCHAOKEHUSI UCTOYHUK TETUIOTHI HAXOIUTCS Ha OOJBIIIOM
PAcCTOSIHUM OT TEIUIONPUEMHUKA TMOTPEOUTENs, B CIEACTBUU 4YEro oOpasyercs
HEOOXOJAMMOCTh B TEIUIOBBIX CETSX, YTO HECET 3a COo0O0il JIOMOJIHUTEIhHBIC
(¢buHAHCOBBIE 3aTpaThl Ha TMPOKIAIKY CaMHX CETei, KOTOpbhle OyIyT OKyHaThCs
MPOJOJIKUTENbHBIA TIEpUO BpeMeHU. VIMEHHO MOATOMY MpEJIaraeTcs yCTaHOBKa
I'TlY, Beap B 3TOM cCilydae y»K€ JOCTUTaeTCs MUHMMHU3ALMS 3aTpaT, CBSI3aHHBIX C
MOJKJIIOUCHHEM K IEHTPAIM30BaHHBIM CETSIM, TaK KaK CaMy YCTaHOBKY MOYKHO
Pa3MEeCTUTHB JIFOOOM TTOMEIIEHUHU B YK€ UMEIOIIEMCS 3/TaHUH.

Uto kacaeTcs 3aTpar, CBsI3aHHBIX C 3KcIUtyatanuei, To I'TIY paboraror Ha
JIENIeBBIX BUAAX TOIUIMBA — 3TO ra3 U UX cMecu. B pexxume paboThl 3TU YCTaHOBKHU
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JErKO © OBICTPO PETYNUPYIOTCS. A TakKe BBHUIY CBOUX TEXHUYECKHUX
XapaKTEPUCTHK, OHA JIETKO MPOU3BOIUTHCS B KpaHUM CPOK, MPU I3TOM HAJCKHOCTh
ocTaeTcs BbIcOKOM. CiemayeT OTMETUTh M TaKOE Ba)XHOE JOCTOMHCTBO, Kak
9KOJIOTUYHOCTh: ['TIY He BIMsSeT Ha 30pOBbE JIIOJICH, KUBYIIMX U paOOTaOIINX
PSAZIOM C HUM, U Ha OKPYKAIOIIYIO CPEIY B LIECJIOM.

3HAYMMOCTh pPa3HbBIM CHOCOOOB TEHEpAllMM TEIJIOBOM M AJIEKTPUUYECKOM
SHEPIruH BBIPOCIA C 3aMETHBIM POCTOM Tapr(doB. HEKOTOPBIM CpeTHUM U KPYITHBIM
MNPEANPUSATUSIM CTAJIO0 BBITOJHEE BbIpAaOAThIBATh COOCTBEHHYIO 3JIEKTPOIHEPIHUIO.
BBuy 61m3K0ro pacnoyioKeHus MCTOYHUKA B IIOTPEOUTENS TEIJIOBOM SHEPTUH, OHA
HE yCIIEBAaeT TEPSATh CBOM CBOMCTBA. UeM MOIIlHEe YCTaHOBKA, TEM MEHBIIIE BPEMEHU
oHa100uTCs Ha okynaemoctsb ['TIY.

3akiouenue

Cnenyer OTMETUTBH, YTO JEUCTBUTENBbHO BHeapeHue [TY ¢ mensro
MIPOU3BOJICTBA JICKTPUUECKOW SHEPTUM M JICIIEBOM TEIUIOBOM PHEPrUU CUUTACTCS
OJIHUM M3 caMbIX 3()(PEKTHUBHBIX METOJIOB IO CHIKCHHIO 3aTpaT, TaK KaK HE HYXKHO
MOJKJIIOUCHHE K IIEHTPAJHW30BaHHBIM CETSAM, a 3HAYMT HET BBICOKOTO Tapuda Ha
TEIUIO U DJICKTPOIHEPT U U.

Jlureparypa
l. baiikoB 1.P. /OnTuMuzanus pazMenieHus: JHEPreTHIecKux 00bEKTOB
[0 KPUTEPUIO MUHUMAJIbHBIX MOTEPb sHEpruu. [Ipobnemsl suepreruku. /- 27 c.
Mumnck, 2020.
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VK 62-68
PA3BBUTHUE DQHEPI'OCHABKEHUS ITYTEM UCIIOJb30OBAHUSA
HU3KOTEMIIEPATYPHbBIX BTOPUYHBIX DQHEPTETUYECKHUX
PECYPCOB HA ITPUMEPE OAO «BEJIHIMHA»
DEVELOPMENT OF ENERGY SUPPLY THROUGH THE USE OF LOW-
TEMPERATURE SECONDARY ENERGY RESOURCES ON THE
EXAMPLE OF OAO BELSHINA (BELSHINA, JSC)

A.A. Cynak
Hayunsriit pykoBoautens — B.H. Pomanrok, 1.1.H., mpodeccop
benopycckunii HalMOHAIBHBIA TEXHUYECKUA YHUBEPCHUTET,
r. Munck, Pecriyonnka benapych
rvn_bntu@mail.ru
A.Sudak
Supervisor — V. Romanyuk, Doctor of Technical Sciences, Professor
Belarusian national technical university, Minsk, Belarus

Annomayua: B oannou cmamve Onucamo ucciedo8anue yexa 8yaKaHuzayuuu
u nooecomosumenvuviil yexa OAO «BEJILIIMHA». Paccmompeno meponpusimue no
DPAYUOHATILHOMY UCTIOIb308AHUIO TMONAUBHO-IHEP2EMUYECKUX PECYPCO8.

Abstract: This article describes the study of the vulcanization shop and the
preparatory shop of JSC "BELSHINA". An event on the rational use of fuel and
energy resources was considered.

Kniouegvle cnosa: smopuunvlie snepeemuieckue pecypcnl, IHEpeOCHAOMCE e,
Ymunuzayus, yIKanu3ayus, aemokias, abcopoyUoHHblL Menio8ol Hacoc.

Keywords:  secondary energy resources, energy supply, recycling,
vulcanization, autoclave, absorption heat pump.

Bsenenne

OnHuM W3 MEpONpHSTHN MO PALMOHAIBHOMY HCIOIb30BAHUIO TOIUIMBHO-
HSHEPreTUYECKUX PECYpPCOB SBISACTCA YTWIM3ALUUA IOOOYHBIX SHEPIrOMOTOKOB
MPOMBIIUICHHBIX Mpeanpusatuii. Hambonpmmii a1 Hac MHTEpPEC NpPENCTaBIIAIOT
HU3KOTEMIIEpATypHbIe TeIIoBble MoOouHble TOTOKH (10 50 °C), koTophie
COCTABJISIIOT 3HAYUTENBHYIO JIONK0 1O O00BbEMY BBIOPOCOB MPOMBIIUIEHHBIX
MpEeANPUATUA U palloHOB. JlaHHOE IPOEKTHOE pelleHre OyAeT paccMaTpUBaThC Ha
npumepe 3aBojaa cBepxkpynHoradbaputHbix wmuH (CKI'I), kotopsiii sBisercs
npousBoAcTBeHHOU enunuiieii OAO «benmmuHa», OQHAKO, CTOUT OTMETUTh, YTO
O00BEKTOM HCMOJB30BAHUS TMOOOYHBIX HHU3KOTEMIIEPATYPHBIX TIOTOKOB MOXKET
CIyXUTh U JII000€ Jpyroe MAaIIMHOCTPOUTEIHHOE TMPEANPUsATAE  JHOO
METAJLTYPTrUYECKUH 3aBOJ.

OcHoBHas YacTh

Tennosueprocuadxkenne 3aBoga CKI'LL nmpousBogutcst ot bobpyiickoit TOILI-
2. Tlap ot TOIl momaercs B 1eX MapOBOJOCHAOKEHUS, TJE MPUTOTABIUBACTCS
neperperasi Bojaa s Iiexa ByikaHuzauuu. [lomydyeHHass Bojga mocTymaer B
aBTOKJIAB, TI/I€ MPOUCXOAUT BYJKaHW3alUus aBToNoKpeimek. Ilocme mpouecca
BYJIKAHU3allMM Ha BBIXOJ€ Mbl MMEEM HU3KOIMOTCHIMATbHBIN MCTOUYHHUK TEIJIOBOM
sHeprud. Jlig yTWiIM3aluu HU3KOTEMIIEPaTYypHBIX BBIOPOCOB  MPUMEHSIETCS
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abcopOmmonnpiii  TeroBoid  Hacoc (ABTH). TemmoBeiM HacocoM  sIBISETCS
YCTPONCTBO HEMPEPHIBHOTO ACHCTBUS, OTyUYaIOIlee SHEPTHUIO B (hOpME TETUIOTHI U B
dbopme paboThl, KOTOpasi 3aTeM MepenacTcss OKPYKEHUIO B (popMe TersioThl, IpH
3TOM TEMIIEpATypa TEIUIONPUEMHHKA BBIIIE TEMIIEPATypbl OKPYKAIOLIEH CpEbl.
Tpancpopmanivs TEIIOTHI MO3BOJSET C TOMOIIBIO TEMJIOHACOCHBIX YCTaHOBOK
MO3BOJISIET BOBJIEKATh B XO3AWCTBEHHBIM OOOPOT 3HAUUTEIbHBIE KOJIMYECTBA
HEHUCIIOJIb3yEMbIX BTOPUYHBIX 3HEPTOPECYPCOB.

[locne mpouecca ByJKaHU3allMM TOKPBIIEK B  aBTOKJIAB  MOAAETCS
OXJaXJaromiasi BoJga AJs CHIDKEHHUs TeMIepaTypbl mpecchopM. 3aTeM 3Ta Bofa
MOCTYIMaeT B €EMKOCTh, TJ€ CMEIIMBACTCSI C JI€A3PUPOBAHHOW BOJOM U C
temmepatypoir 100 °C mpu momMomm Hacoca TOCTyHmaeT B TEMIOOOMEHHHK. B
Terio0OMeHHUKe HarpeTas BoAa otaaét cBoro remnory 60 °C Boge mocne ABTH u
yxe ¢ temneparypoun 65 °C mocrymaer B TteroBod Hacoc. B ABTH ona
oxnaxnaaercs 10 30 °C u yepe3 TpaJupHIO, IJe €CTh BO3MOKHOCTh €€ OOJIbIIe
CHU3UTh €€ TEeMIEeparypy, OHa IMOJAETCS BHOBb HAa OXJIAKJICHHE aBTOKJIAaBa.
Harperas Boga mociie TemIOOOMEHHHMKA IIOCTYNMAeT Ha YyCTaHABIMBAEMbIC
kanmopudepsl, TJie OHa HarpeBaeT Bo3ayx ¢ TtemrepaTtypsl munyc 20 °C. Eciu ectb
HEOOXOAMMOCTh  YCTAHABIMBAaEMble Kajlopudepbl padOTalOT COBMECTHO C
CYLIECTBYIOIIMMU Kajlopuepamu U JUIIb JorpeBatoT Bo3ayx. [locie Toro kak Boga
OTJaJIa CBOIO TEIJIOTY BO3AyXYy, oHa ¢ TeMieparypoit 45 °C noctynaer B ABTH, rae
Harpesaercs 10 60 °C ¥ IUKII TOBTOPSAETCA.

Jna npuBoga ABTH wucnonb3yercs Bbeimap pasinenueMm 0,25 Mmna w3
CyllecTBYyIolIero pacumpuresns. KoHaeHcaT Ha BBIXOAE M3 TEIUIOBOIO Hacoca C
temneparypoit 95 °C noctynaer B Aea’parop, MOCIE Yero HanpaBJseTCsl B EMKOCTb,
B KOTOPOM CMENIMBAETCS ¢ HArpETOM BOJIOM MOCIIe aBTOKJIABA U LIUKII TOBTOPSETCS.

3akiroueHue

[lenpto AaHHOTO MPOEKTa SBIAECTCS B YTWIM3AUS HHU3KOTEMIEPATypPHBIX
MOTOKOB HArpeTol BYJIKaHW3aTOpaMu BOJAbI U B NMPUMEHEHUU €€ HAa paclnapOuHbIX
Kamepax IyTEéM HarpeBa CbIpbsi. JlaHHOE penieHue NO03BOJSAET COKOHOMHTH
3HAYUTEIBHOE KOJIMYECTBO I1apa, MOJABAa€MOro C Ipollecca BYJIKaHW3alMU Ha
Kajopudep s mojorpeBa Bo3ayxa. lMcmonb3oBaHuEe B JHEPreTHKE TEIIOBBIX
HAcoCOB IMO3BOJISIET 3(P(PEKTUBHO YTUIM3UPOBATH IEPBUYHBIE DHEPreTUUECKHE
pecypcsl (IIDP). JlaHHbIe TEXHOJIOTHN HA CETOAHSANIHEM YPOBHE 00SCIICUHNBAIOT YKE
He MeHee 40% CHUKEHHUs pacxojia TOIUIMBA U (DMHAHCOB Ha TMOJYYEHHE CETEBOU U
TEXHOJIOTUYECKON ropsiueid BoAbl. D(P(HEKTUBHOCTh MPUMEHEHUS TEXHOJIOTHUU
TpaHchOpMAaLIMKM TEIJIOThl OIMpPEAENAEeTCSI COOTHOIIEHUEM KJIacCHYecKoro Habopa
(akTOpOB: CTOMMOCTH OOOpPYAOBaHMS, 3aTpaT Ha €ro JIKCIUTyaTaluio, CTOMMOCTHU
HHEPreTUYECKUX PECYpPCOB, TapU(POB Ha DJIEKTPUUYECKYIO M TEIUIOBYIO SHEPIHIO,
ko3 duiieHTa HCMOIb30BAHUS YCTAHOBICHHOM MOHIHOCTU. (OCHOBHBIM K€
YCIIOBUEM SBIIIETCS HAJMYME COOTBETCTBYIOUIETO MOOOYHOTO 3HEpropecypca
TpebyeMoro o0bEéMa 1 KadecTBa.

Jlureparypa
l. Pomantok, B.H. OcHoBbI 3()@eKTHBHOIO 3HEProMCHOIb30BaHUS Ha

MIPOM3BOJCTBEHHBIX TMPEANPUATUIX TOPOXKHOM oTpaciu: yued. mocobue / B. H.
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VK 62-68
MOJEPHU3AIIMSA MTPOU3BOJCTBEHHO-OTOMUTEJABHON
KOTEJIbHOM NYTEM YCTAHOBKHU TEILIOYTUJIN3ALIMOHHOI'O
OBOPYJIOBAHUA
MODERNIZATION OF THE PRODUCTION AND HEATING BOILER
HOUSE BY INSTALLING HEAT RECOVERY EQUIPMENT

IT.A. Kyuenko
Hayunsrit pykoBoautens — M. A. CKuiyHOBa, aCCUCTEHT
benopycckunii HalMOHAIBHBIA TEXHUYECKUA YHUBEPCHUTET,
r.Munck, Pecriyonnka bemapych
irina.skitsunova@gmail.com
P. Kutsenko
Supervisor — I. Skitsunova, Assistant
Belarusian national technical university, Minsk, Belarus

AHnomayua: npeumyujecmea UCNOIb308AHUSL AOCOPOYUOHHO2O MENI08020
Hacoca

Abstract: advantages of using an absorption heat pump

Knrwueswie cnosa: mennoma, Hacoc, KomenbHas, S5KOHOMUSA, MONIUBO

Keywords: heat, pump, boiler house, economy, fuel

BBenenne

OgHuM U3 TPUOPUTETHBIX HAIPAaBICHUN pPa3BUTHS MHUPOBOIO COOOIIECTBA
ABJISIETCSL pelIeHUEe MpoOJieM OXpaHbl OKPYXKAIOMIEH Cpelbl U HEAOMyIICHUS
YXYAIICHUS] DKOJIOTMYECKOW OOCTaHOBKH, MOITOMY BOMPOCHI PAlMOHAIBHOTO H
HSKOHOMHOTO TOTPEOJICHUSI U WCIOIB30BAHUSA TMPUPOJTHBIX PECYPCOB, a TaKKe
pecypcosHeprocOepexeHust ABISIOTCS 3HAYMMBIMU M BOKHBIMU JJIS1 TAJTbHEHIIIETO
Pa3BUTHS COBPEMEHHOM SKOHOMHUK TOCYJapCTB

OcHoBHast YacTh

AOGcopbrmonnsii  TemioBoid Hacoc ABTH mpegoctaBisieT BO3MOMKHOCTh
MpUMEHEHUs1 O€3I0HHON PHEPruu TeIjia, UMEIOLIErocs B OKPYKAIOIIEM BO3YXE,
3emiie, BOJie, HO M C OEpeXHOCThI0 OTHOCHUTCS K OKpY’Karollen cpene. Y cTaHOBKa
peanu3yeT IBWKCHHE TEIJIOBOM HHEPTMM OT HMCTOYHMKA HU3KOMOTEHIMATbHOU
TEIJIOBOM SHEPTHUH K MOTPEOUTEINIO, Y KOTOPOTo Temreparypa Boiie [1].

Takue Hacochl MO3BOJISIOT HArpeTh BOAY [JISl TOPSYEro BOJOCHAOXKEHUS [0
55°C. I'peromuii map (Boja) CIyKUT UCTOUHUKOM DHEPTUH, €r0 TEMIIEpaTypa BhIILIE
110°C, a Takxke HHM3KOIOTEHIMAIbHOW YK€ MCIOJb30BAaHHOW TEIUIOTHI OT Pa3HbIX
HMCTOYHUKOB ¢ TeMriepatypoit He Hrxe 10°C [1].

K npeumymecrsam ABTH cremyer oTHecTu: HEOOJBIIYIO CTENEHb
WCIIOJIB30BaHUS DJIEKTPUYECKON DHEPIHH, BHICOKHMH YPOBEHb OE30MaCHOCTH TPH
paboTe, MUHUMHU3ANMS W3ACPKEK II0 OKCIUTyaTalldd, Majoe MCIOJIb30BaHMe
MIPOCTPAHCTBA, JIETKOOOCITY )KHBaHHE.

Korma npumensiercs ABTH, torma momydaeTrcs MakCUMaJIbHO COKOHOMMTH
SHEPropecypcChl, B CIEICTBUE YETO MEHBIIIE BPEMEHHU MTOHAI00UTCSI HA OKYaeMOCTh
000py10BaHUSI.

182



Teﬂﬂ03HepFETl/lKa U TenJoTexHukKka. CHTK-78

HecxoacTBo 0OBIUHOTO TEIMJIOBOrO Hacoca OT aOCOPOIMOHHOTO B TOM, YTO
BTOPOM IPUMEHSAET TEIUIOBYIO 3HEPrUIO, COKpAllas pacxol 3JIEKTPOIHEPIHMU U
3aTpaThl Ha dKCIUTyaTallMi0 — MUHUMAJIbHBIE.

Heo0xo1uMblii HCTOUHUK TEIUIOBOM 3HEPTUU YaCTO HAXOJAUTCS B «CBOOOIHOMY
JOCTyIle B TEIUIOBOM YCTaHOBKE, a TEIUIOTA INEepetaérci B  CUCTEMY
LIEHTPAJIM30BAaHHOIO TEIUIOCHA0KEHUs, NOTpedisieMasl B aOCOpOLIMOHHOM TEIIOBOM
Hacoce.

XnamareHT B aOCOpPLMOHHBIX Hacocax - BOJA, YTO MOYTH HE BIUSET HA
OKPY>KAIOILYIO CPENy.

TexHonoruss  yxe  MOATBEpAMJIa CBOE NPUMEHEHWE I  CHCTEM
LEHTpaIM30BaHHOTO oTorieHus: okosno 100 000 koMMepUeCKHX yCTaHOBOK IO BCEU
TeppUTOpHUH[2].

COepexxeHre OpraHryecKoro TOIUIMBA Yepe3 TEIUIOBBIE HACOCHI IMOIyYaeTcs
U3-32 IMOJIE3HOTO NPHUMEHEHHS BHIOPOCOB HU3KONOTEHIMAIBHOM TEIJIOTHl Ha
KOTEJIbHOMU.

3akiouenue

[Tomyiexkanuii  pacIpeiesICHUI0 TOJIYYEHHBI NPH NPUMEHEHUH TEIJIOBOIO
HAacoca COBOKYIHBIA 3KOHOMUYECKHUI 3(h(PEKT B OCHOBHOM OmpeneisieTcss 00beMoM
JOCTUTaeéMOM 3KOHOMHMHM TOIUIMBA IO OTHOILIEHUIO K Hauboyiee pearbHOMY
aNbTEPHATUBHOMY BApHWAHTy W HAIPSAMYK 3aBUCHT OT LEHBI CHOKOHOMIIEHHOI'O
TOIIMBA.

Jlureparypa
1. CneunanbHoe  OOOpyJOBaHHE:  KOMIUIEKT  OOOpYJOBaHUS s

noBbIllIeHUs  A(QPEKTUBHOCTH pabOThl  KOTEJIbHOW [DIeKTpoHHBIM pecypc]/
AOcopOImoHHBIN TerioBoil Hacoc -Pexxum moctyma: https://gskb.by/specialnoe-
oborudovanie/specialnoe-oborudovanie-komplekt-oborudovaniya-dlya-
povysheniya-effektivnosti-raboty-kotelnoj/. — lata noctyna: 04.03.2022

2. AOGcopOmmonnbiii  TeroBot Hacoc. ABTH wum  TenocHaGkeHue
[OnexTpoHHBIN pecypc]/ AOCOpOIMOHHBIN TemaoBoM Hacoc -Pexum pocrtyma:
https://1-engineer.ru/teplosnabzhenie-s-abtn/. — Jlata goctymna: 04.03.2022
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V]IK 621.43
MOJIEPH3ANUSA PAMOHHOM KOTEJIBHOM C YCTAHOBKOM
T'A30IOPIIHEBOI'O ATPET'ATA
MODERNIZATION OF A REGIONAL BOILER WITH THE
INSTALLATION OF A GAS PISTON UNIT

E.1O. Anunnosa
Hayunsiit pykoBoautens — B.B. fInuyk, npenonasarens-cTaxép
benopyccknii HaMOHAIBHBIN TEXHUYECKUY YHUBEPCUTET,
r. Munck, Pecriyonika benapychb
yanchuk@bntu.by
K. Adintsova
Supervisor — V. Yanchuk, Senior Lecturer
Belarusian national technical university, Minsk, Belarus

Annomayun: Pazeumue KOMOUHUPOBAHHOU B8bIPAOOMKU INEKMPUUECKOU
oHepeuu  A6nsgemcsi OOHUM U3 OCHOBHLIX Nymell HNOBblUleHUsT Mmenjaiogou U
9KON02UYECKOU IPGHEKMUBHOCMU IIeKMPOIHEP2EMULEeCKO20 NPOU3800Cmed KAk 8
Hawell pecnybonruke, maxk u 3a pyoesxcom. C 2008 200a xomenvras no aopecy yi.
Ckopunvl 48 u3 cmamyca KomenvbHoU, npuobpemaem cmamyc MuHu-TIL] c
yemanosnenuem KI'V cepuu Quanto C770SPE. Beipabamvleaemas snekmposnepus
uoem Ha NOKpvimue coOCMBEHHbIX HACPY3OK KOMENbHOU U Modcem Oblmb 8b10aHA 8
anepeocucmemy.  Koeenepayuonunas  ycmaumoéka — noseonsiem — NOGbICUMD
HAOEMHCHOCMb  MeNni0CHADICEHUs. U  INeKMPOCHAOJCeHUsT om  Cyujecmayrowell
KOMEJbHOI.

Abstract: Development of combined generation of electric energy is one of the
main ways to increase the thermal and ecological efficiency of electric power
production both in our republic and abroad. Since 2008, the boiler house at Skorina
Str. 48 from the status of boiler house, acquires the status of mini-TES with the
installation of the KSU series Quanto C770SPE. The generated electricity is used to
cover the own loads of the boiler room and can be supplied to the power system.
The cogeneration plant makes it possible to increase the reliability of heat supply
and power supply from the existing boiler house.

Knroueewvie cnoea: munu-TI1], komenvuas, KI'Y.

Keywords: mini-TES, boiler house, KSU.

BBenenue

Pa3BuTre KOMOMHMUPOBAHHOW BBIPAOOTKU DJICKTPUUECKOW DHEPTUU SIBIISETCS
OJHUM U3 OCHOBHBIX IIyT€d TIOBBIICHUS TEIJIOBOM M  3KOJOTMYECKOMU
3 (PEKTUBHOCTH AIIEKTPOIHEPTETUYECKOTO MTPOU3BOACTBA KAaK B HAIIICH pecIyOIInKe,
Tak W 3a pyOexxoMm. B HacTosimee Bpems, HECMOTpsSs Ha TmpeoOiamaHue B
DHEPTrOCUCTEME TeIUIO(MUKAITMOHHBIX MoIHocTe (6omee 50 %), 3¢ dhexTuBHBIM
CTAaHOBUTCS TPUMEHEHHE HEOONBIINX TO MOIIHOCTH TEIUIOAICKTPOLICHTpAICH
(TOL). Wcnonp3oBaHWe MHUHM-3JICKTPOCTAHIIMN B Ppsijie CIydaeB AKOHOMUYECKH
BBITOJIHEE, YEM IPOU3BOJACTBO 3HEprun Ha KpynHbix TOLl. HecmoTps Ha TO, 4TO
NPUMEHEHUE MAaJIBIX TEITO(UKAIMOHHBIX MOIIHOCTEH YXOIUT CBOMMH KOPHSIMH B
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50-e rr. mpouUIOro CTOJIETHS, UMEETCA DS HOBBIX ACIEKTOB, KOTOPBIE CIIEAYET
YUHTBHIBATH HA COBPEMEHHOM 3Tall€ PAa3BUTHS TEIUIODHEPTETUKH. [2].

OcHoBHas yacTh

Ceronns 3HAYUTEIIBHO YBEIMYHIIOCH KOJIMYECTBO TUIIOB
DHEPIrOrCHEPUPYIOIIMX  YCTAHOBOK,  MCIOJB3YEMBIX B JHEPIETHKE WU
OpOMBIIUIEHHOCTH. Hapsany ¢ mnapoTypOMHHBIME — YCTaHOBKaMHU BCE  ILHPE
OPUMEHSAIOTCSI  JBUTATeIMd  BHYTPEHHETO  CrOpaHusi, Tra30TypOMHHBIE U
KOMOMHHpOBaHHbIE yCTaHOBKH. COBpeMEHHOe 00opyaoBaHue sl Maibix TOL]
MpeJCTaBIsieT CO0OW JIOCTATOYHO CIOXKHBIE, HO B TO >K€ BpeMs HaJCKHBIC
KOMILUIEKCBI,  OCHAlEHHbIE  COBPEMEHHOM  amnmapatypod  KOHTPOJS  H
ABTOMATUYECKOTO YIPABIICHHUS.

C 2008 roga xotenpHas mo aapecy yia. CkopuHbl 48 U3 cTaTyca KOTEIbHOM,
npeoOpetaeT cratyc MuHU-TIL] ¢ yctanoBnennem KI'Y cepun Quanto C770SPE.
BripaOaTeiBaemast 3J€KTPOIHEPTUusi UAET Ha IMOKPBITUE COOCTBEHHBIX HAarpy30kK
KOTEJIbHOM U MOXKET ObITh BblIaHa B SHeprocucreMy. KorenepannonHas ycTaHOBKa
MO3BOJIIET TOBBICUTH HAJIEKHOCTh TEIUIOCHAOKEHUS M DJIEKTPOCHAOXKEHUS OT
CYLIECTBYIOIIEH KOTEIbHOM.

Korenepammonnsie yctanoBkn TEDOM cepun Quanto sIBISIFOTCST arperataMu
cepaHeil u Bbicuie MomHOCTH (0T 190 kBT), Ha 0a3e MPOMBIIIEHHBIX TI'a30BbIX
JBUTATEJIEV BCEMUPHO U3BECTHBIX MApOK.

Texunueckue xapakrepuctuku KI'Y npusenensl B Tabnuue 1.

Tabnuna 1 — Texunueckue xapakrepuctuku KI'Y

HcnomHenre KoreHepaiumoOHHOW YCTaHOBKU Crangaprt Ennnania
U3MEpEHUs
HomuHnanbHast 3neKTpuyeckas MOIHOCTh 785 kBT
MakcumanbHas TeIIoBas MOIITHOCTD 1010 kBT
[ToTpebasieMass MOIITHOCTH TOTUTHBA 2068 KBT
K.ILJI. sanexkrpuueckuii 38,0 %
K.IT.JI. TermoBoii 48,9 %
K.IL. . oOumii (Mcrionab30BaHKe TOIIMBA) 86.9 %
Pacxon raza npu 100% momnoCcTH 219 M’ /aac
Pacxon raza nmpu 75% MOIIHOCTH 171 M>/qac
Pacxon raza mpu 50% momHoCTH 123 M>/uac

B mpoekte mnpemycmoTrpeHa OiiouHas KOHCTPYKIUS KOTCHEPAIIMOHHOMN
yctaHoBkn Quanto C770SPE. Ona conepXuT arperat JBUTaTelb-T€HEPATOD,
KOMILJIEKTHOE TETUIOTEXHUYECKOe 000PYOBaHUE YCTAHOBKH, BKIIFOYAS TITYIITUTENb
BBIXJIOIA H 3BYKOU3OJSALMOHHBIA KOXYX. OIJEKTPUYECKHN pacrpeaeanuTeb
MPEACTABISACT OTACILHOCTOSIINHN TIKad.

OCOOEHHOCTBIO JTAHHBIX arperaTtoB SBISIETCS BO3MOXHOCTb 3(P(GEKTHUBHOTO
UCIIOJIb30BaHUSA YCTAHOBOK CpaBHUTENbHO Maynoi MomHoctd 100...500 kBt
(MakcuMasbHasi MOIIIHOCTh arperaToB A0 25 MBT), 4To mo3BOJIsET UCIOIB30BaTh UX
JUIl KOTEJIbHBIX MQJIOW W CpPEJHEW MNPOW3BOJIUTEIBHOCTU. DTOT THUI YCTAaHOBOK
oTJIMYaeTcss Haubojee BBICOKOW YyNEIbHOM BBIPAOOTKOM AIEKTPOIHEPTHH Ha Oase
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TerIoBoro morpednaeHus. [lo ynenpHbIM KanmuTadbHBIM 3aTpaTaM Ta30TOPITHEBbIC
ycraHoBku jopoxe [ITY. J[luama3zon perynupoBaHusi 3TUX arperaroB 0e3
3HauntenpbHoro cHuxeHuss KIIJ[ cocraBnser o6bryHo 70...100 %, mnostomy
[eJ1eCO00pa3HO UX HCIIOJIb30BAaHUE ISl MOKPHITUSL 0a30BBIX TEIUIO(MUKAIIMOHHBIX
Harpy3ok. [IpeuMyIiecTBoM SIBISIETCS BO3MOXHOCTh MX pabOThI Ha Ta3e HU3KOTO
JABJICHUS, YTO MO3BOJISIET UCIOJIb30BATh CYIIECTBYIOUIUE CUCTEMbI Ta30CHA0KEHUS
KOTEIbHBIX, MOTYT 3(Q(EKTUBHO MPUMEHATHCSA NIPU PACIIUPEHUN KOTEJIBHBIX MaJIoi
U CpelHeH MOIIHOCTH JJIsi TMOKPBITUS BO3POCIIMX TOTPEOHOCTEW B TEIUIOBOM
SHEPTUU U COOCTBEHHBIX HYXKJ KOTEIHHON B JIEKTPOIHEPTUH, a TAK)KE BHIPAOOTKH
AJIEKTPOIHEPTUH BO BHEIIHIOW 3JeKTpoceTh. OcTaHOBUMCS Ooyiee MOAPOOHO Ha
BO3MOKHOCTH  MCIOJIb30BaHMSl ~ TAa30MOPIIHEBBIX YCTAHOBOK B  CHUCTEMAax
TEIUIOCHAOKEHUS KOMMYHAJIBHOTO CEKTOpa. Takue YCTAaHOBKHM, KakK IOKazaja
MpakTUKa HUX TPUMEHEHHUST Ha OOBEKTaX B pa3HbIX CTpaHAX MHpA SBISIOTCS
BBICOKO?(P(EKTUBHBIMU 1 HAJICKHBIMU UCTOUYHUKAMU SHEPTHUH. [2]

3akiouenue

Takum oOpaszoMm, ¢ ycranoBienueM KI'Y Quanto C770SPE munu-TOL]
MOBBIIIAET  HAJEKHOCTh  DJIEKTPOCHAOXKEHHS W CHWIKAeT  TPAHCIOPTHBIC
ANIEKTPUYECKUE TIOTEpU, BBIPAaBHUBAECT TpaduK 3arpy3Kd  DHEPreTUYECKUX
YCTAaHOBOK Ha 3JIEKTPOCTAHIMAX. TaK ke Mepexoj] K KOreHepalluOHHOM BhIpaOOTKE
DHEPTrUM TO3BOJISIET paboTaTh B TMKOBOM pEXKHUME, HUMEET KPYIJIOTOJUYHYIO
TEIJIOBYIO HArpy3Ky TrOpsYero BOJOCHA0XEHUS HACEJIEHUS, IMPOMBIIUICHHBIX H
OOIIECTBEHHBIX 3/1aHMI, a TAK)KE CE30HHYIO Harpy3Ky OTOIUICHHS.

Jlureparypa
1. ITT «MuHCKKOMMYHTEIUIOCETh»  [DnekTpoHHbii  pecypc]/ Tl
«MuHCKKOMMYHTEIUIOCEThY.-Pexxum  goctyma: https://mkts.by. — Jlara nmocrtyna:
08.03.2022.
2. ITT «MuHCKKOMMYHTEIUIOCETh»  [DnekTpoHHbii  pecypc]/ Tl

«MuHCKKOMMYHTEIUIOCEeThY.-Peskuim  octyna:  https://ru.wikipedia.org/wiki/. —
Hata noctyma: 09.09.2021.

186



Teﬂﬂ03HepFETl/lKa U TenJoTexHukKka. CHTK-78

VIIK 620.97
MOJEPHU3ALIMS TIPOMBILIJIEHHO-OTOIUTEJBHOM
KOTEJBbHOM C YTUWIN3ALUEN TEILUIOTHI ITYBOKOI'O
OXJIAKIEHUS JIbIMOBBIX 'A30B
MODERNIZATION OF INDUSTRIAL HEATING BOILER HOUSE WITH
UTILIZATION OF HEAT OF DEEP COOLING OF FLUE GASES

J.B. Mapycunu
Hayunslii pykoBogutens — A.A. booud, K.T.H., TOIIEHT
benopyccknil HalMOHAIBHBIA TEXHUYECKU YHUBEPCUTET,
r. Munck, Pecriyonnka benapych
bobichsas@mail.by
D. Marusich
Supervisor — A. Bobich, Candidate of Technical Sciences, Docent
Belarusian national technical university, Minsk, Belarus

Annomayuna — 6 pabome paccmompenvl 8aAPUAHMbBI  MOOEPHUIAYUU
NPOU3B00CMEEHHO-OMONUMENbHOU KOMENbHOU ¢ YMUausayuer meniomol 21y00K020
OXJIAHCOEHUST OLIMOBBLIX 2A308.

Abstract: the paper considers options for the modernization of a production
and heating boiler house with the utilization of the heat of deep cooling of flue
gases.
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BBenenue

B macrosimiee Bpemsi Temmeparypy YXOISAIIMX IbIMOBBIX Ta30B 3a KOTIOM
npuHuMaroT He Huwxe 120-130°C nmo aByM mnOpuuMHAM: 7 HUCKIIOUYECHUS
KOHJICHCAITNY BOJSIHBIX IMApoOB Ha OOpOBax, ra3zoxojiax W ABIMOBBIX TpyOax W IS
YBEJMYCHUS €CTECTBEHHOM TATH, CHIDKAIOIIEH HaImop nbiMococa. [1pu aToM Termiorty
YXOJAIINX Ta30B M CKPBITYIO TEIUIOTY MapooOpa3oBaHUS BOISHBIX MApOB MOYKHO
TMOJIE3HO UCIIOJB30BaTh[ 1].

OcHoOBHas 4YacTh

I'myOokast yTuiam3anusi TeIla IOJApa3yMeBaeT CHIDKCHHE TEMITepaTyphbl
JIBIMOBBIX Ta30B HIDKE TOYKH POCHI BOASHBIX IMAPOB C MX TOCICTYIOIICH
KoHAeHcauen. [Ipyu 3ToM yTunusupyercss 3HAaUUTENbHAS YaCTh CKPBITOM TEMJIOTHI
KOHJICHCAIIMW, a KOHJIEHCAT TOCIe JIOMOJHUTEIbHON 00paboTKH MOXKET OBITh
WCIIOJIB30BaH JIJIi BOCTIOJNHEHHUS TOTEPh BOJBI B JHEPIEeTHUYECKOM IHUKIIEC WIIH
teriocetu. OcyIIeHre JHIMOBBIX Ta30B CHIKAET TOUYKY POCHI OCTATOYHBIX BOJISTHBIX
MapoB W MPEJOTBPAIIAET BHINIAJICHUE BJIard B JBIMOBON TpyOe, YTO MPUBOIUT K
CHUKEHUIO 3aTpaT Ha €€ PEMOHT U TIPOJICHHUIO CpOKa CITy>KObI[2].

YTUIN3UPOBaTh TEIIOTY JIBIMOBBIX Ta30B MOXKHO C TIOMOIIBIO TIPUMCHCHUS
ABTH, B KOHJIEHCAaTHOM TEIJIOOOMEHHUKE, B Ta30BOM IIOAOTpEBaTElIc M UX
KOMOMHHUPOBAHUEM.

VYTunuzanus Tersja B Ta30BOM MOI0TpeBaTerie:
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OObIYHAs TEXHOJOTHYECKAS CXeMa dJIEKTPOCTAHIINY MPEAyCMAaTPUBAET HATPEB
KOHJIEHCaTa B Ta30BOM IMOJOrpeBaTese (4acTh XBOCTOBBIX IMOBEPXHOCTEW KOTIa,
AKOHOMaM3epa) Ha OTXOAIIUX U3 KOTJIA IBIMOBBIX Ta3ax[3].

[locne xonmeHcaropa Hacocamu (MHOTZIa 4Yepe3 OJIOUHYI0 00ECCOJIMBAIONIYIO
yctaHoBKy — gainee bOY) koHaeHcar HampaBisieTCs B ra30BbIM MOJIOTPEBATEIb,
NOCJI€ KOTOPOTO MOCTYMAaeT B fea’parop. [Ipy HopmMaTUBHOM KadyecTBE KOHJIEHCATa
BOY 6aitnacupytot. Jljig UCKITIOUEHUS KOHACHCAIIMN BOJSHBIX MApOB U3 YXOMISIINX
ra3oB Ha IOCJIEIHUX TPyOax Ta30BOr0 IMOAOTPEBATENsI TeMIlepaTypa KOHACHcaTa
nepes HUM nojjepkuaerca He Huke 60 C mocpeACTBOM PEeLUPKYJIAIMU Ha BXOJI B
HETO0 MOJIOrPEeTOro KoHjaeHcara[3].

JInst TOMOJHUTENBHOTO CHUKEHUS TEMIIEPATyphl YXOSIIUX Ta30B B JMHUIO
PELUPKYJSAINN KOHJIEHCaTa HEPEAKO BKIIOYAIOT BOJO-BOJASHON TEIJIOOOMEHHUK,
OXJIKIAEMBIA TOANUTOYHOW BOJOM TermoceTtd. [logorpeB ceTeBol  BOIBI
OCYILIECTBIISIETCA KOHAEHCATOM U3 ra30BOro mogorpesaresis[3].

Cucrema rIyOOKOM yTWIM3AIMM C KOHJIEHCAIIMOHHBIM TEIJI00OMEHHUKOM
OPUMEHSIETCS IS YTWIM3ALUU TEIIa MPOAYKTOB CrOpaHUsl U HCIOJIb30BaHMS
CKPBITOM TEIJIOTHl MapooOpa3oBaHUsI HA HArpeB TEIUIOHOCUTEINS, YTO IKOHOMHT
TOILIMBO M TakK ke oOecrieurnBaeT 60oJjiee JOITyro Ciyk0y a1piMoBo# TpyOe[3].

AOGCOpOIIMOHHBIN TEIJIOBOM HACOC — YCTPOMCTBO HEMPEPHIBHOTO JCHCTBUS,
peIHa3HAaYeHHOE /IS TIepe/layy TEIJIOBOM PHEPTUU OT UCTOYHHUKA C Oojiee HU3KOU
TeMIepaTypoll K UCTOYHHUKY C 0ojiee BBICOKOM Temmeparypoil. [[ns koMmeHcanuu
MoJ00HOr0 HEECTECTBEHHOTO MEpexo/ia TEIIOBOW SHEPruu TpeOyeTcs Ha MPUBO
ABTH 3atpatuth TEMIOBYIO SHEPTHIO.

B xauectBe yTUIM3UPYEMOIo MOTOKA MOMKHO UCIIOJIB30BaTh TEIUIOTY JABIMOBBIX
raoB, IpeJaBaeMyl0 TIOTOKY  OXJaXJalIlled BOJbl B  KOHJEHCATHOM
TEMI000MEHHUKE, KoTopasi B cBoio ouepenb yxoauT B ABTH. J[piMoBbIe Ta3bl
OXJIAXKJAIOTCS 1O TEeMIepaTypbl TOYKH pOCHI, T.€. M3 JbIMOBBIX TI'a30B
KOHJICHCUPYIOTCSI BOJSHBIE TApbl. JTO CIHOCOOCTBYET HCIOJIB30BAHUIO CKPBITOM
TETJIOTHI TapooOpa3OBaHMUs.
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3akJ/l0YeHue

MoxHO clenath BBIBOJIbI, YTO, MOMUMO SHEProcOEepeKeHUs], MpU TIIyOOKOM
YTUJIU3AIUU TPOAYKTOB CTOPaHMs Ha MPOU3BOJICTBEHHO-OTOMUTEIBHON KOTEIbHOU
JIOCTUTAIOTCS CICAYIOIINUE PE3YIbTaThI:

- CHIDKEHHME »SMHCCHH TOKCHMYHBIX OkuciaoB CO um NOx, oOecrneueHue
AKOJIOTHUYECKON YHMCTOTHI MPOIIECCa;

- MMOJYYCHHUE JTOMOJTHUTEILHOM, H30BITOYHON BOJBI M HCKIIOUCHHE TEM CaMbIM
MOTPEOHOCTH B TIOAMMTOYHON BOJIE KOTJIA;

- KOHJEHCAIUs BOJSHBIX MapoOB MPOJYKTOB CTOPAHMS JIOKAIM3YETCS B OJHOM
MECTE — B KOHJECHCAIIMOHHOM TeIJIoOOMeHHHMKe. He cuuTas He3HAUYMTEIHLHOTO
OpbI3TOyHOCA TOCJE KAalyIeyJIOBUTEINsl, MCKIIIOYAeTCs BBIMAJCHUE KOHAEHCAaTa B
MOCJIEAYIOIIEM Ta30BOM TPAKTe W CBS3AHHBIE C ATUM pa3pylleHHE Ta30X0J0B OT
KOPPO3UOHHOTO BO3JICUCTBUS Bjarv, oOpa3oBaHUE HAJIEIU B TPAKTe U OCOOCHHO B
IILIMOBOM TpyOe.
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BBenenmue

Pacmmpurens-cenapatop (PC) siBasiercss ogHMM U3 KITIOYEBBIX SJIEMEHTOB
HOBbIXx CO UH/I TIITY. OH npeaHa3HaueH ISl MOJYyYEHUS! OXJIaXIAIOLIEro napa
3alaHHoro KadectBa. I[lap moimkeH OBITh ONM3KUM K HACHIIEHUIO M HE HUMETh
KpynHoaucriepcHo Biard. I[lomoOpaTh TOTOBBIE TEXHUYECKHE pEIICHUs TI0
KOHCTPYKTUBHOMY HcnosiHeHHI0 PC He mnpencraBisiiocb BO3MOXHBIM, YTO
noTpeOOBaIO MIPOBEACHHUSI CTICIIHAIBHBIX HCCIICIOBAHUN.

OcHoOBHas 4YacTh

OcHoBHBIM TpeOoBaHueM mpu pa3padotke PC ObLIO ompeneneHo KayecTBO
rnapa 3a HUM W, TIPEXJE BCEro, OTCYTCTBUE B HEM KamenbHOW Biaru. Mcxons u3
ATOTO B KOHCTPYKIHIO PC 3a05XeHbI ClIeIyIolne TEXHUUYEeCKUe penieHus (puc. 1).

CteH0BbIC UCTIBITAHUSI PACIIUPUTENS — cenapaTopa/

HoBbie Texnuueckue pemieHust no cxeme oxjnaxzaeHus YHJ[ morpedopanu
COOTBETCTBYIOIIETO MOJX0/Aa K ee 0TpaboTke. OHa BKJIIOYaAIa KaK TEOPETUUYECKUE,
TaK U HaTypHble uccieaoBanus. [locnenHue BHINMOIHAIUCH B 1Ba 3Tana. Ha nepsom
— UCCIEA0BaIach CXeMa MPUTOTOBIICHHS OXJIaXAAIOIIEro napa U caMm MPUHIIMI €Tro
MPUMEHEHUST B YCIOBUSAX MAaKCHUMaJIbHO TMPUOMIDKEHHBIX K peabHBIM 0e3
MOAKTIOYEHUST CXEMbI OXJIAXKIACHUS K TypOrHE (CTCHIOBBIC UCIIBITAHMS ), HA BTOPOM
— OTpaOOTaHHBIC HA CTEHJEC TEXHWYECKHUE PEUICHUS MPOBEPSUINCh HAa HATYypHOU
TypOuHe. CxeMa HaTypHOTO CTEHa MpUBeIeHa Ha puc.l.
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Pucynok 1 - Cxema HaTYpHOT'O UCIIBITATEIBHOTO CTeH 1A it oTpadboTku CO YH/]

CreHn BKIIOYAN TEIUIOOOMEHHUK | yTWIM3alMM OXJIKIAIOLIEro mapa, B
Ka4eCTBE KOTOPOTO MCIOJb30BAICS CAJIbHUKOBBIA MojorpeBarens thuna bO-90
oOBs3aHHBIM TpyOompoBogoM 2 TOABOAA M TpyOOIpoBOAOM 3  OTBOAA
oXJaXJaroe Boaa, a Takke TpyoorpoogoM 10 oTcoca HEKOHAEHCHUPYIOLIUXCS
ra3oB U3 TerioooMeHHUKa 1 B kKoHjeHcaTop TypOoyctanoBku [1T-60-130/22. Jlns
UCIIOJIb30BAHUS TEIJIOTHI TEHEPUPYEMOT0 OXJIAXKIAIOIIETO Mapa B TEIUIO0OMEHHUK 1
nojaBanach cbipasg Boga. OCHOBHBIM 3JIEMEHTOM CXEMBbI SIBIIIETCS PACIIUPUTEND —
cermapatop (PC) 4 ¢ TpybompoBogoM 5 TmoaBoja TEPErpeToro KOHJACHCAaTa,
TpyOonpoBoAOM 6 MNOAMEIIMBAHUA XOJOJHOTO KOHJIEHcata, TpyOompoBoaoMm 7
orBojla oxjaxnawmiero napa u3 PC 4 B Temnooomennuk 1. B tpybomnposon 7
MOAKIIOYEH TpPyOONpoBO § MNOAMEIIMBAHUSA MEPErpeToro mnapa JaBJICHHUEM
1.29MIla u temneparypoii 280°C. Oxmaxnenusii kongencatr PC  orBogurcs
TpyOonpoBoaoM 9 B cxemy TypOOoycTaHOBKH. CXeMa MpeaycMaTpuBaeT U3MEHEHHE
BCEX BO3MOXHBIX [apaMETpPOB B IIHPOKOM JAHana3zoHe, YTO MO3BOJIMIIO
MOJEIIUPOBaATh €€ pabOTy B COCTaBE HaTYpHOU TypOoycTaHOBKH. MonenupoBaHue
HarpeBa oxJjaxkaaromero napa B YH/[ ocymecTBisiiiocs moaMemIMBaHUEM K HEMY
HEeperperoro mapa mojaaBaeMoro mno TtpyobompoBoay 8. OTBOJX OXJIaKIEHHOTO
koHAeHcata u3 PC  ocymecTBisuics CcaMOTEKOM B KOHIEHCATOCOOPHMK
KOHJIeHcaTtopa TypOuHsbl, 1y yero PC ObLI yCTaHOBJIEH C YY€TOM €CTECTBEHHOTO
nojamnopa — 2M. TpybomnpoBos 9 oTBona KoHAeHcaTa U3 PC B KOHIEHCATOP TypOUHBI
paccuuTbiBaJIcA Ha MHUHMMaibHOe naBieHne B PC Ha ypoBHe 6klla m 100%-b1ii
pacxoJ KOHJAEHCAaTa, YTO TapaHTUPYEeT HOPMAJIbHYI0 pPabOThl CXEMbl Ha BCEX
BO3MOXHBIX pekUMax. To ecTh B peasibHbIX ycioBHsX AaBieHue B PC Beilie 3TOro
YPOBHS © OTO yHOpOIIaeT OTBOJA KOHJEHcaTta B KoHaeHcatop. (Cxema
KOMILJIEKTOBAJIAaCh HEOOXOAUMBIMU MU3MEPUTENbHBIMU YCTpOUCTBaMH (cM.puc. 2.9).
JIOTIOTHUTENBHO HA TPYOONPOBOAE OXJIAXKIAAIOLIEro Napa ObUIM Bpe3aHbl TPU MaphbI
CTEKOJ BHU3yaJlM3allMd, MO3BOJISIONIME BECTHM HAONIOJCHHE 3a KayecTBOM Tapa,
KpOME€ TOro OblIa NPeayCMOTPEHAa BO3MOXXHOCTH OMNpPEACNCHUS! BIAXXHOCTH
MOJIy4aeMoro Tmapa HaubOojee HaJIeKHBbIM OallaHCOBBIM MeTonoM. Vcmbitanus
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CXEMbI BBIMOJHSINCH B COOTBETCTBHM C MPOrpaMMOM M MHCTPYKIUA MO €€
AKCIUTyaTaIuu.

3akaoueHune

JlaHHBI pacHIMpUTENh CemapaTop JIOCTAaTOYHO SKOHOMHYEH M JIETOK B
JKCIUTyaTallid, HO  HW3-3a BO3MOXKHOCTH  TIOSIBJICHMSI ~ HEOpPraHW30BaHHOMU
KPYITHOUCIIEPCHOM BJIaru €ro padoTa Mpy BHICOKOM BJIAXKHOCTHU Tapa MoaaBaeMoro
B TMapomnyck Hed(pdEeKTHBHA W MOXKET ITPUBECTH K HApPYIICHUIO Mpoliecca
CerapupoOBaHUs.

Jlutepartypa

1. OneHka pasroHa 3pO3MOHHO OIACHOM KalelbHOW BJarn B OCEBOM
3a30pe Ha YaCTUYHBIX Harpy3kax / bopoBkoB B.M., ®agnees WN.I1., IBanoB B.A. u
np.// 3. ByzoB CCCP. Duepreruka.-1985. - No 7.- C.37-42.

2. bana6anosuu B.K.,, Ymwk B.A. Pa3zpaborka TEeXHOJIOTHYECKUX
MPEUIOKEHU MO0 O00ECHEUYCHUI0 HAJEKHOCTH pabOThl MOCIEIHUX CTYINEHEH
TypOunsl T-250-240 ¢ MansiMu mporryckaMu mapa B KoHaeHcaTop./ Hayun. Otuer
BI'TIA, MH.: 1992, c. 68.

3. Kanagparu [{.JI. IlpumeHeHue TypOMH C NPOTUBOAABICHHEM Kak
NEPCIEKTUBHOE HAMpaBJICHUE TOBBIMICHUS A(G(OEKTUBHOCTH MAJbIX U CPEIHUX
TOLI. Terosnepreruka, 1992, Ne 10, ¢. 55-60.
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VK 004.94
INPUMEHEHUME ITPOI'PAMMHOI'O MOYJISA ANSYS CFX UJIA
MOJEJIUPOBAHUS TEYEHUS )KUJKOCTEHN U TA30B C YYETOM
TYPBYJIEHTHOCTH, TEIINIOOBMEHA, MEXKX®A3HBIX
B3AMMOJEACTBUMN, XUMUYECKNX PEAKIIMIA U TOPEHUSA
APPLICATION OF THE ANSYS CFX SOFTWARE MODULE TO
SIMULATE THE FLOW OF LIQUIDS AND GASES WITH TURBULENCE,
HEAT TRANSFER, INTERFACE INTERACTIONS, CHEMICAL
REACTIONS, AND COMBUSTION INCLUDED

A. H. Xnanosuu B. B. Bopomnaiit @. JI. bamypa
Hayunsiii pykoBoautens — B. U. JIazakoBu4, npenogaBaresb
benopycckuii HAUMOHAIBHBIA TEXHUYECKUN YHUBEPCUTET,
r. Munck, Pecriy6inka benapychb
pte@bntu.by
A. Zhdanovich V. Voropay F. Bashura
Supervisor — V. Lazakovich, Senior Lecturer
Belarusian national technical university, Minsk, Belarus

AHHOmMayua: Kpamkoe onucanue nocmpoenue nomokos 8 npocpamme ANSYS
CFX.

Abstract: a brief description of building streams in the ANSYS CFX program

Kniouegvie cnosa: mypoomawtuHocmpoeHus., MenHc@hasHvix 83aumMooeticmaul,

2azoevie U 2UOpomypOUHbL.

Keywords: turbomachinery., interfacial interactions, gas and hydraulic
turbines

Bsenenne

Ansys CFX — 3TO BBICOKOIPOU3BOJUTEIBHOE TMPUIIOKEHUE UISI PEIICHUS U
MOCTAHOBKHU 3a7a4 THAPOra30JMHAMHUKHA. XOPOLIUA WHCTPYMEHT JJIsl YIy4ILICHUS
nporecca pa3pabOTKM M TEXHOJIOTUYECKOW TMOATOTOBKM B 0O0JIACTH JUHAMUKHU
JKUIKOCTEH U Ira3oB.

OcHoOBHas 4YacTh

ANSYS CFX coBMmeniaer B ce0€ HOBEWIYIO TEXHOJOTHIO C COBPEMEHHBIM
uHTepdeiicoMm W amanTUBHBIM TMOCTPOCHUEM, YTO JEJaeT 3TO MPHUIIOKECHHUE
JTOCTYNMHBIM ~ Kak ISl  CO3JaTelie TPUJIOKEHHS, BJIQJCIONUX  0a30BBIMHU
WH)XEHEPHBIMU HaBBIKAMH, TaK U JIJIs1 BBICOKOKBAIM(PUITMPOBAHHBIX CIEIIUAIMCTOB B
obnactu ruapoauHamukd. CFX mo3BosisieT moapoOHO H3y4YHTh 00OpYAOBaHUE U
MPOIIECCHl BHYTPHU MOTOKA, OBBICUTH 3(P(HEKTUBHOCTh YCTAHOBKH, MOBBICHTH CPOK
CITyOBbI 1 ONTUMHU3UPOBATH YCTPOIMCTBO.

Co3parenu nmpuiokeHus B nepByto ouepenp no3unuoHupyror ANSYS CFX
KaK MporpamMmy ISl Ta30- W TUAPOJUHAMUYECKUX PAcdyeTOB U BBIBOJOB B cepe
TypOomammHOCTpoeHHsl.  [[oATOMYy  OCHOBHBIE  HOBIIIECTBA  OTHOCSTCS K
MOJICTMPOBAHUIO BpaIllatONIMXCcsl MamuH. HarieneHHOCTh Ha OAHY 001aCTh pacyeToB
MO3BOJIMJIO TMOJYYUTh 0oJiee ONTUMAaNbHbIA (DYHKIIMOHAJ, KOTOPBIA oOecreurnBaer
XOPOIITYI0 TOYHOCTh Pacu€TOB 32 KOPOTKOE BpeMs.
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Ansys CFX mpumensiercs B TypOOMAIIMHOCTPOCHHUU I MOJAETUPOBAHUS
IPOLIECCOB, MPOUCXOASAIIMX B HAcCOCaX, BEHTWISATOPAX, KOMIIPECCOPAX, ra30BbIX U
NapoBbIX TYpOMHAX, B TOM YUCIIE TIPU B3aUMOCHCTBUU POTOPA U CTATOPA.

HanexHocTh M TOYHOCTH PAacyeTOB MPEAOCTABISIIOT OOJBIIONW  BBIOOP
dusznueckux  monened.  YAoOHBIM  rpaduueckuit  uHTEpdelc  onpeaenser
BO3MOKHOCTh IIapaMETPU3ALMHU U aBTOMATHU3ALUH ITPOLECCA MOJEITUPOBAHUS.

TypOyneHTHbIE MOTOKA YacTO BCTPEYAIOTCS B JKM3HU M, BMECTE€ C JTHUM,
ABIISIOTCS Hanbosiee coKHOM (OPMOM TBHKEHUS KUAKOCTEH U Ta30B U300pakKeHO
Ha pucyHke 1. TypOyiaeHTHOCTh TpeACTaBISIET COOOW YPE3BBIYAMHO CIIOKHBIN
IIPOLECC IS MCCIENOBAHUSA, IIOCKOJIBKY SIBISIETCS CUCTEMOM C OTPOMHBIM YHMCIIOM
CTermeHel CBOOOABI W OOBIYHO XapaKTEpU3YeTCs IIUPOKOMOJIOCHBIM HabOpoOM
pPa3IMYHBIX KOMIIOHEHTOB JIBHKEHUS M BHYTPEHHMX CHJ, CPEAM KOTOPBIX
CYLLIECTBEHHYIO (DYHKIIMIO BBIMOJHSAIOT MEIKOMAclITaOHbIE M BBICOKOYACTOTHBIE
KOMIIOHEHTBI.

'ANSYS CFD-CFX

Online training and Projects on CAE/FEA & CAD i~
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Pucynok 1 - Cmemienue 2-yx HOTOKOB

B mocnengnee Bpemsi OCHOBHBIC YCHIIHSI pa3paOOTUYUKOB CBS3aHBI C PA3BUTHEM
HOBBIX TOAXOJOB MOJEIHPOBAHUS TAKUX CIIOXHBIX (DU3MUECKUX SBJICHUM, Kak
¢dazoBbie mepexonbl. B mepByro odepenb 3TO OTHOCUTCS K (pa30BBIM Iepexojiam
MIEpBOro pojia — MpoIecCaM KOHAEHCALUU U UCTApEHUsl (KUIMEHUS), TIABJICHUS U
3aTBepAeBaHus, cyOnumaruu. llepedeHb peanbHBIX  MOJENIEeH  MOCTOSHHO
pacuupsieTcsi U JOMOJIHIETCS, HampuMep, B Bepcuu 15 mosiBHIIach COCOOHOCTH
MOJICTUPOBAHUS KUIIEHUS B (paze MepeoxyiaxaeHus, Korjaa Temieparypa KUIKOCTH
B OoJbIlell YacTH u3yyaeMoro oObeMa HHXKE TeMIIepaTyphbl HACBIIMICHUS, HO
TeMIeparypa CTEHKM WU TEKy4YeW OKpYXKaroleh CpeAabl JOCTATOYHO BBICOKH JJIsSt
¢dazoBoro nepexoja.
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XUMUYECKUE PEaKIUU SABISAIOTCA BaXKHEUIIEH 4acTbio pabOThl OMOTOTUYECKUX
U TEXHUYECKHX CHUCTEM. DOJBIIMHCTBO XWMHYECKHX IIPOLECCOB B CHIY
OCOOEHHOCTEN arperaTHOro COCTOSIHUS MPOTEKACT B JKUJIKUX WM TIa3000pa3HbIX
cpelax NOKa3aHO Ha PUCYHKE 2.

IToMuMO 3TOTO, CyIIECTBYET JAETEPMUHUPYEMBIN KJIACC XMMUYECKUX PEAKLUH,
KOTOpBIE IPOUCXOIAT BHYTpU (QUTYp, a TAKXKE Ha TPaHUIIE pa3zelia TBEPAbIX TEl U
KUJKUX/Ta3000pa3HbIX BEIIECTB.

CFD-Post (on prelog): /work/matjaz/axial/Axialini_001.res
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Pucynok 1.2 — IToctpoenue notoka B Ansys CFX

3ak/joyeHue

MopenupoBanue B Ansys CFX npoucxoauT METOJIOM KOHEYHBIX JIEMEHTOB U

COCTOHUT U3 S5 1TAIOB:

Geometry - Mbl BbIOMpaeM reoOMETpPUUYECKOE TEJIO MO KOTOpoMYy OyleT UATH

IIOTOK.

Mash - Hame teno pa3OuBaercss Ha OnpeneNéHHOE KOJIUYECTBO KOHEUYHBIX

OJICMCHTOB.

Setup - 3agaém Harpy3ku AJis1 TPOBEICHUS pacuéra.
Solution - [IpoBeaenue pacuéra.
Result - MoxeMm mpoBecTH aHAIW3 CHCTEMbI MMOTOKA, BHECTH KOPPEKTUPOBKHU

TUTSL YITYUIIEHUS

VCXOJHOW YCTaHOBKH.



TennoaﬂepreTuKa U TenJoTexHukKka. CHTK-78 -

Jlureparypa
1. 1133 KOMIIBFOTEPHOE TTPOEKTUPOBAHUE. ANSYS : [yueOHoe
nocobue] / M. A. JleancoB ExarepunOypr : U3a-Bo Ypan, yu-ta, 2014 - 77 c.
2. Department of Applied Mechanics Division of Fluid Dynamics
CHALMERS UNIVERSITY OF TECHNOLOGY Géteborg, Sweden 2013
Master’s thesis 2013:11



Teﬂﬂ03HepFETl/lKa U TenJoTexHukKka. CHTK-78

VK 004.94
INPUMEHEHMUME ITPOTPAMMHOI'O MOAYJIAA ANSYS ENERGICO J1JIAA
MOJAEJUPOBAHUSA NPOLECCOB I'OPEHUSA B KAMEPAX CT'OPAHUA
I'A3OTYPBUHHBIX YCTAHOBOK, I'OPEJIBIX KOTJIOB U
MYCOPOCKHUI'ATEJIbHBIX TEYEH
APPLICATION OF THE ANSYS ENERGICO SOFTWARE MODULE FOR
SIMULATION OF COMBUSTION PROCESSES IN COMBUSTION
CHAMBERS OF GAS TURBINE INSTALLATIONS, GORENJE BOILERS
AND INCINERATORS

P.B. YUepntok, B.B. ITanusipes, K.I'. Kucnbrit
Hayunsbiii pykoBoautens — B.W. JlazakoBuu
benopycckuii HAUMOHAIBHBIA TEXHUYECKUN YHUBEPCUTET,
r. Munck, Pecriyonika bemapych
pte@bntu.by
R. Chernyuk, V. Pantsyrev, K. Kisly
Supervisor — V. Lazakovich, Senior Lecturer
Belarusian national technical university, Minsk, Belarus

AHHOmMayua: Kpamkoe onucanue npocpammHo2o mooyas Ansys Energico ona
MOOenUpoBaHus Npoyeccos 2O0peHusi 6 Kamepax C2opauus 2a3omypOuHHbIX
YCMAHOBOK, 20PeblX KOMII08 U MYCOPOCHCULAMENbHBIX NeUell.

Abstract: a brief description of the Ansys Energico software module for
modeling combustion processes in the combustion chambers of gas turbine units,
burnt boilers and incinerators.

Knroueewle cnosa: npocpammtulii MOOYIb, MOOEIUPOBAHUE

Keywords: software module, modeling

BBenenne

ANSYS Energico maér BO3MOXHOCTh C JIETKOCTHIO CBS3aTh MOJPOOHBIC
KMHETUYECKUE MEXaHU3Mbl TOPEHUsI C BBIYUCIUTEILHON ruapoauHamukon (CFD)
JUISi TOYHOTO MOJIETUPOBAHUS MPOLIECCOB TopeHus. JlaHHas mporpamma mo3BOJsIeT
BOCIIOJIB30BAThCA MPEUMYIIECTBAMU MPUMEHEHHS TMOJIHOTO MEXaHHM3Ma peaKIuil
ropeHuss 0Oe3 ymepda paspelieHus CI0XHOW JMHAMUKHA >KUIKocTU. Energico
MO3BOJISIET TOBBICUTH CKOPOCTH pPa3pabOTKU CHUCTEM CXKHUTaHHWS TOIUIMBA, MPHU
MPUMEHEHUHN TOAPOOHBIX KWHETHUYECKUX MEXaHHU3MOB, HCIOJB3Yysi MUHHMAaJIbHOE
KOJMYECTBO  DKCIEPUMEHTAIBHBIX  JaHHBIX, HEOOXOJUMBIX JUIsl  MPOBEPKHU
KOHCTPYKIIUU CUCTEMBI.

OcHoBHas yacThb

B namem wH)XEHEpHOM Jelie HEOOXOAUM HE TOJIBKO PACUYET MPOUCXOJSAIINX
MPOIECCOB, HO U MOJIEIMPOBAHUE ITUX K€ MpoueccoB. Ha cerogHsmHuii 1€Hb €CTh
MHOKETCBO MPOrpamMM KOTOPBIE MO3BOJISIIOT 3TO CHENIATh: KOMMEPUYECKUE IMAKEThI
CHEMKIN u Cosilab, a takxe cBobognoe 1O Cantera. J{ns Hammx 3amad jgydiie
BCET0 MOAXOAUT MOAYJb Ansys Energico.

Energico  saBasieTcs ~ CBSA3YIOIIMM ~ 3BEHOM  MEXKAY  TPEXMEPHBIM
razoauHamuiyeckuM pacuetom U 0D/1D peaktopnoit mozgenvto Chemkin-Pro.
Energico mo3BojsieT paccMOTpeTh MOJpoOHEe 30HBI B KOTOPHIX UAYT PpEaKIIUH,
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noydeHHsie B pesyibrate CFD-pacuera, m ctpouth mo HuUM cetu. [locrme
MPOBEJICHUSI MOJISTITMPOBAHHUS TpoIlecca JaHHbIE aBTOMAaTHUUYECKH MOJACIHUPYIOTCS B
3D npoeKIuu, YTO MO3BOJISET YBUIUTHh TPEXMEPHYIO KAPTUHY TCUCHUS.

Tak >xe omHON KIIOUEBOM o0coOeHHOCThIO Ansys Energico sBisercs
MIPOTHO3UPOBAHNE BPEAHBIX BBIOpacoB. B Haile Bpemsi yMEHBIICHHE BPEIHBIX
BBHIOPOCOB SIBJISIETCS OJHOM M3 BakHeHImmMx 3amad B mupe. C MOMOIIBIO 3TOM
OCOOCHHOCTH MBI MOYKEM pacCuuTaTh BBIOPOCHI Ha HaWMMEHEe HKOJOTHYHBIX
MEXaHU3MaX TPEANPUATANH TaKUX KaK: MYCOPOCKUTATEIbHBIC TICYHM, TOPEIKU
KOTEJIbHBIX U ITeUeh 1 T.1.

Crnenyer Tak k€ OTMETHTh TaKyl0 OCOOEHHOCTh KaK OIICHKA BJIMSIHUS YCIIOBHMA
AKCIUTyaTaIliy Ha TPOU3BOIUTEILHOCTh CHCTEM CIKUTAHUS TOTUIMBA. DTO MTOMOXKET
VBUIUTh KakK BIMSAIOT TEpenajgbl TeMIEpaTyp, XUMHUYECKHH COCTaB TOILINBA,
CKOPOCThH IMOTOKOB U T.I. Ha cocTosiHME yCTaHOBKH, Ha €€ MPOU3BOIUTEIHLHOCTD H
KIIJI mukoa.

B coctaBe ANSYS ecth OMOIIMOTEKA XUMUYECKUX MEXAHU3MOB IS CIO0KHBIX
YIJICBOJIOPOJHBIX TOIUIMB TAaKWX, KaK JHU3€lIb, OCH3WMH, OMOTOILUIMBO M KEPOCHH.
Kaxxaplif 13 1eTaIbHBIX MEXAaHU3MOB COJACPKUT B ce0€ JECATKH THICSY XUMHYECKUX
peakiuid. JleranpbHBIE MEXaHM3M €IIE MOXKET OBITh HCIIOJB30BaH  IPHU
MOJICTUPOBAHUN 33/Ja4d C 3aKPBITBIM TOMOTI'€HHBIM PEaKTOpOM, HO pacyer
IIOTOYHOTO pPEaKkTopa YK€ HE CMOXXET OBITh IIPOBEJEH 3a aJeKBAaTHOE BpPEMS.
[TosToMy TpeOyeTcs peayLIHpOBaHHE MEXaHWU3MA, IS HCKIIOYEHHS W3 HETO
HCHY)KHBIX JUIS BBIOpAaHHBIX YCIOBHH ypaBHEHHH TakuM o0Opa3oM, dYTOOBI
PEe3yNbTaThl, OJYUYCHHBIE MTyTEM PEIYIIUPOBAHMS, HE OTIUYAINCH O TEX, YTO OBLIN
MOJIyYeHBI Ha TIOJIHOM JeTanbHOM MexaHu3Me. [Iporpamma Reaction Workbench
BoOpasa B cebe JIydImue METOMUKH BBIYHCIMTEILHON XWMHH ISl TIPOBEACHUS
PEAYIUPOBAHUS TAKUX CIOKHBIX MEXaHU3MOB.
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3ak/jI04YeHue

Hcrnonp3oBaHne Takoro MOy Kak Ansys Energico HeceT 3a coboli Oyayiee
B WH)KCHECPHOMW JEATEILHOCTH. DTOT MOAYIb OO0JerdaeT pacdyeTbl W IOMOTaeT
YBUJCTh, KaK BEIYT ceOsl MPOIECChl TOPCHHS B Pa3IUYHBIX yCTAaHOBKaxX. MOIKHO
HAONFOMaTh  claOble  CTOPOHBI  KaKOro-JuOO MeEXaHW3Ma W Ha  JTare
KOHCTPYHPOBaHUS HMX yOpaTh. OTOT MOJIYJIb JOBOJBHO Y3KOHANPAaBICH M
IpeIHa3HAYCH I TAaKUX MEXaHHW3MOB KaK: MYCOPOCKHTATCIIBHBIC TEUH, TOPEIIKH
KOTCJIBHBIX U Heqeﬁ, KaMepBI CFOpaHI/Iﬂ T'a30BbIX Typ6I/IH
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1. AnsysClud [OnekTponnbsii pecypc]. — Pexxum noctyma: https://cae-
club.ru/publications/detalnaya-himiya-v-ansys. — Jlara moctyma: 04.05.2022.
2. HNcropus kommanum «Ansys» [DneKTpoHHbIM pecypc]. Pexum
nocryna: https://www.ansys.com/company-information/the-ansys-story. — [lata

noctyna: 04.05.2022.
3. CAE EXPERT [OnexTponnsiit pecypc]. — Pexxum goctyna: https://cae-
expert.ru/product/ansys-energico. — Jlata nocryna: 04.05.2022.
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YAK 621.311
AHAJIN3 HEJECOOBPAZHOCTHU NTIPUMEHEHUSA TEXHOJOI'MU
I'EHEPATUBHOI'O IPOEKTUPOBAHUA B DJQHEPI'ETHUKE
ANALYSIS OF THE FEASIBILITY OF USING GENERATIVE DESIGN
TECHNOLOGY IN THE ENERGY SECTOR

A. B. Kasenika
Hayunsiit pykoBoautens — B.W. JIazakoBuy, npenogaBaTesinb
benopyccknii HalMOHAIBHBIN TEXHUYECKUM YHUBEPCUTET, T. MUHCK
pte@bntu.by
A. Kazeika
Supervisor — V. Lazakovich, Senior Lecturer
Belarusian national technical university, Minsk, Belarus

Annomayun: B OanuoOU cmamve Onucamo yenecooopasHoCmv NPUMEHEHUs]
MexHoNIo2UY  2eHepamueHo20  npoekmuposanus.  Paccmompenvr  smanvl
NPOEeKmMUpo8anus, a makdce npeumyujecmea u nHeoocmamxu. llpoananusuposanvl
NPOCHO3bl HA NPUMEHEHUE 2eHEPAMUBHO20 NPOEKMUPOBAHUsL 8 6)Y0YUeM.

Abstract: This article describes the feasibility of using generative design
technology. The stages of design, as well as advantages and disadvantages are
considered. The forecasts for the use of generative design in the future are analyzed.

Knwueevie cnoea: cenepamusnoe npoexmuposanue, CAIIP, npocpammnoe
obecneuenue, Heupocemesvle MexHOI02UU.

Keywords: generative design, CAD, software, neural network technologies.

Bsenenne

[IpoMBIIIIIEHHOE CTPOMTENLCTBO, HECMOTPsI Ha MAaKCHUMaJIbHO BO3MOYKHOE
UCIIOJIb30BAHUE THUIOBBIX IMPOEKTOB, B KAXKIOM CJIy4yae WHIUBUIYATbHO B CHITY
crenu@UKd MECTHBIX YCIOBUN. DTO oOmpeaensieT He0OXOAUMOCTh TIIATEeIbHOM
pa3pabOTKN TEXHUYECKOW JOKYMEHTAIlMM Ha CTPOUTEIHCTBO M, TMPEXKAE BCETO,
IIPOEKTAa KaXKJ10W YCTaHOBKU. [4]

B macTosimiee Bpems TEXHOJIOTHMH aBTOMATH3MPOBAHHOTO IPOCKTUPOBAHUS
(CAIIP) pa3Buiu 1 MOJACPHU3UPOBAIIM CBOM BO3MOXKHOCTH. | '€HepaTUBHBIN JTU3aiiH,
KaK OJWH W3 JOCTYITHBIX METOJOB aBTOMATH3UPOBAHHOTO IPOCKTUPOBAHMUS,
MO3BOJISIET TPOCKTUPOBIIMKAM pEIIaTh 3a7a4d B KOPOTKHE CPOKH, HATJISTHO
MOKa3blBaTh 3aKa34MKy BapUaHThl JW3aliHA H YCTPaHATH BCEBO3MOIKHBIC
WHKCHEPHO-TEXHHYECKUE YTIPO3bl MPOCKTHBIM PEHICHUSM. OTOT IMOAXOA MOXKET
OBITH JOTOJHUTENILHO Pa3BUT 3a CUET BHEIPEHUS TEXHOJIOTHMH HEUPOHHBIX CETEH.
[ToaToMy wn3ydyeHHE BO3MOXHOCTH BHEIPEHHS HEUPOCETEBOM TEXHOJOIMU B
TeHEPATUBHOE MPOCKTUPOBAHHUE KaK Crocoba 00s13aTeTbHOM MHTEIUICKTyaIn3aIluu
mpoiiecca TeHepalnuu OOBEKTOB BAXKHO M TpeOyeT pasmblnuieHui. TexHoiornu
T€HEPATUBHOTO TMPOCKTUPOBAHUS TOJBKO TOSIBISIOTCS, KOT/IA OHU TEPEXONIiT OT
napamMeTpHUIeCKNX K HEHPOCETEBOTO.

OcHoBHasl yacThb

Yrto Takoe reHepaTUBHOE MPOCKTUPOBAHHUE?

['eHepaTBHOE POSKTHPOBAHUE — 3TO UTEPATUBHBIA METO] MPOCKTHPOBAHUS
HOBBIX MPOAYKTOB C  HCHOJB30BAaHHEM  (DYHKIIMOHAIBHBIX  BO3MOXHOCTEH
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nporpamMmmuoro odecneuenus CAIIP. Otu (yHKuMKM aBTOMaTHYECKU TE€HEPUPYIOT
OOJIBIIIOE KOJIMYECTBO BAPUAHTOB JW3allHa HAa OCHOBE KOHKPETHBIX BXOJHBIX
JaHHBIX. BXOJIHbIE MaHHBIE CO3[Al0T OrpaHUYECHHs W TpeOOBaHMUS, B paMKax
KOTOpBIX JOJDKeH paboTaTh MpoekT. Takke OH TMO3BOJSET pacCUUTaTh
ONTUMAJIbHYI0 KyOaTypy 3JaHusl C TOYKH 3peHHs KoMdopTa, 3KOHOMHUYHOCTH,
AKOJIOTUYHOCTH U APYTUX KPUTEPHUEB. [1]

[To cyTu, reHEpaTUBHOE MPOEKTUPOBAHUE UCIIOIB3YETCS I MPEIOCTABICHUS
CHEIUAINCTaM BO3MOYKHOCTH HCCIEA0BATh, ONITUMHU3UPOBATh U OBICTPO MPUHUMATH
000CHOBaHHBIE PEIICHUS MO CIOXKHBIM BOIpocaM npoekThupoBanusi. [Iporpammuoe
obecrieyeHue MJii TEHEPATUBHOIO MPOCKTUPOBAHUS — 3TO MOMOIIHHUK, KOTOPBIN
CO3/1a€T, TECTUPYET U OIICHUBAECT BAPUAHTHI.

Ha cerogusimnuii nens kommanus Autodesk mpeniaraer Ham HOBYIO (DyHKIIHSA,
C TMOMONIIGIO KOTOPOM TOJIydaeT IIUPOKOE MPUMEHEHHUE TeHEePATUBHOE
MPOEKTUPOBAHHUE BO BCEX MPOMBIIIJIEHHBIX OTPACIX.

I'enepatuBHoe mnpoektupoBanue B Autodesk Revit — dynkums, xoTtopas
teneps AoctynHa B kojuiekuuu AEC Collection ¢ Revit 2021. Tenepp MoxkHO
OBICTpO cO3/1aBaTh aJbTEPHATUBHBIC JU3allHBI Ha OCHOBE OOIUX IIEJeH,
OTPAaHUYECHHN M BXOJHBIX JAHHBIX, COCPEJOTOUYMBIIMCh HA TOHUCKE JYYIlEro H
HauOonee H(PEeKTUBHOrO BapuaHTa, C OOJIBIIUM BBIOOPOM OCYIIECTBUMBIC
BApUAHTHI [I€PE]] BAMHU BaPUAHTHI.

['enepaTuBHOE mNpoOEKTHUpOBaHUE OOECTIEYMBAECT Oo0Jee WHTErPUPOBAHHBIN
pabounii mpollecC 4YeIOBEKa M KOMIIbIOTEpa. DTOT padouuii Mpolecc BKIHOYAET
CJIEIYIOLIUE ATAIIbI:

I'enepanusa BapmaHTOB. BapuaHThl nH3aliHa CO3JAIOTCS WA TEHEPUPYIOTCS
CHUCTEMOW C HCMOJb30BAHUEM aJITOPUTMOB W TMapamMeTpoB, 3aJaHHBIX
MPOEKTUPOBIIUKOM. AHKeTa MO TMpobOsieMe [au3aiiHa JOJKHA OBITh
MCYEPIIBIBAOIIEH, & OTBEThl — MaKCHUMaJIbHO TOYHBIMHU, YTOOBI CO37aTh
HapOoyiee MOMXOAAIIMN AW3aiiH. DTOT IIar Ype3BBIYAMHO BaKEH IS
polecca TeHEPaTUBHOTO MPOECKTUPOBAHUS, MMOTOMY YTO MPOrpamMma He
OyJneT y4YuThIBaTh IIEJIM, KOTOPbIE MBI HE OMHUCHIBAEM MPU CO3JAHUU
MOJENEN.

Ananmu3. IIpoekTbl, CO3MaHHBIE HA MNPEABIAYLIEM 3Tare, U3MEPSIOTCS WU
AHAJIM3UPYIOTCS HA MPEAMET TOTrO, HACKOIBKO XOPOILIO OHU JIOCTUTAIOT
LeJel, onpeaeeHHbIX qu3ainepoM. Koraa nemo 1o0XoauT 0 JaHHBIX JJIs
CO3JIaHUsI MOJIEJIM, MBI OmpeieisieM, Kak TpeOoBaHUs MNPOEKTa, TaK U
orpanuueHus. HepoctatouHo omnpeiesieHHbIe JaHHBIE J1aJyT HaM MHOTO
HEPEJICBAHTHBIX PEIICHUHN B JJOTIOJHEHHUE K PEIICBAHTHBIM.

PamxupoBanue. [lo pesynbratam aHain3a BapuaHThl  KOHCTPYKIIMHU
YHOPSIIOUMBAIOTCS WIIM PAHKUPYIOTCS.

PasButne. PaccrtaBnenuwe mpuopuTa BapUaHTOB Jau3aiiHa, YTOOBI 3HATh, B
KaKOM HaIlpaBJICHUH CIIEYyET COBEPIICHCTBOBATh WUJIM PAa3BUBATH AU3AiH.
Kak Tonbko Mozaenb roToBa, CreHEPUPOBAHHBIE UTEPALIMU MPOBEPSIIOTCS
Ha COOTBETCTBUE W3HAYAJIbHO OIPEJEICHHBIM IapaMeTpaM OLICHKH.
[ToaToMy pekoMeHIyeTcs cHadana JA00aBUTh, KaK MOXHO OOJibIe
napameTpoB oreHKu. CreHepupOBaHHBIC MPOEKTHI OyIyT HAMHOTO OJIMXKE
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K HaIllUM PEabHBIM OKUJAHUSAM, ¥ OYyJIET Jierde BhIOpaTh JIyUIIHiA Cpeau
HUX.

UccnenoBanne. Ha »orame wucciaenoBaHuss MOJENIM MBI Cy)KaeM Halllu
CreHEpUpPOBAaHHBIE  BapUaHThl  JAu3ailHa, 4YTOOBl  OT(UILTPOBATH
HeujeanbHble pemieHus. I[IporpammHoe  obOecrniedeHHe  COPTHPYET
UTEpalMK, YTOOBI BHIOpATh HamOoJiee MOIXOJAIIME M CO3[aTh Ha HUX
OCHOBE HOBBIE TIPOEKTHI.

WNurerpaums. Ilocie BbpIOOpa MOpeaNOYTUTENHHOTO BapuUaHTa JW3aiiHa
APXUTEKTOP HCIOJIB3YET WIM WMHTErPUPYET ATOT JAM3AaHH B IMPOEKT WIIU
o0mryr0 MpoekTHYI padory. C MOMOIIBI0 TOTO XK€ IPOrpPaMMHOTO
obecrieyeHus1 JU3aliHEp BPYUYHYIO J0padaThIBACT JY4IIME BapUaHTHI.
OkoHYaTeNbHBIA MPOEKT JOJDKEH COOTBETCTBOBAaTH BCEM 3apaHee
ONpENEICHHBIM KPUTEPUSAM, MOCIIE YETO Mbl MOKEM MOJIYYUTh 0J00pEHUE
3aKa34uKa JJIsl 3aBEpPUICHUS MMPOLECcca MPOEKTUPOBAHUS. [2]

XOTS TEHEpaTMBHOE NPOECKTUPOBAHHE BCE €IIE HE TAK PACIPOCTPAHEHO,

MHoTHE nonyJsipHbie mporpamMmbl CAIIP yxe no0aBuiu 3Ty QyHKIHIO.

JlaBaiiTe pacCMOTPHUM pa3IUYHbIE METOIbI, JOCTYIIHBIE JJIS1 CO3[JaHUS IETAJICH.

JIutbe — 3TO croco0 co3aHusl JOBOJIBHO CIOKHBIX (POPM U3 LIETBHOTO KyCcKa
0e3 KaKo-Tnbo CBapKH.

AJIUTHBHOE MTPOU3BOJCTBO OOBIYHO OTHOCHUTCS K mpoueccaM 3D-nevatu. OTu
METOABl  CTPOAT  JeTaldb CJIOM 3a CJIOeM M  00ecHedyHuBaroT
UCKIIFOUUTENbHYI0 TMOKOCTh IPHU MPOEKTHPOBAHUU JI€TalIU. DTO JENaeT
npoiiecc BbIOOpa Haubosee MOAXOIAIIMM [JIsl MPOU3BOJACTBA JETaJeH,
CO3JJaHHBIX C UCIOJb30BAaHUEM T€HEPATUBHOTO MTPOECKTUPOBAHMUSI.

JIutbe TOA [aBI€HHEM — OTJIMYHBIM CHOCOO MaccoBOTO MPOHM3BOACTBA
MJIACTUKOBBIX  jaetaned. [IpouM3BOACTBO  BBIMOJHSETCS  OBICTPO, U
JIOCTUTAETCS BHICOKAsI CTENEHb YHU(DUKAIIMY JIeTaleH.

B mnpumeHeHMHM TeHEpaTUBHOTO NPOECKTUPOBAHUS MOKHO BBIICIUTH P

MPEUMYIIECTB, a TAKXKE Psii HEIOCTATKOB.

[IpenmymiecTBa BKIIOYAlOT B ce0s: SKOHOMHIO BpPEMEHH, IOBBIIICHUE
KpPEaTUBHOCTH, KOHCOJIUAALMIO JE€TAJICH, CHKEHHE Beca, CHIDKEHHE Iepepacxoaa
CPEICTB U MTOTEPD, & TAKIKE YCTPAHEHHUE HEJIOCTATKOB KOHCTPYKIUU.

Henocratku: panHee pa3BuTHE, BHICOKOKBATU(OUIIMPOBAHHBIN TPY/I, CIUIIKOM
MHOT'O BapUaHTOB, OOsI3Hb YEJIOBEUYECKOT0 TPY/1a, BbICOKAs HayaibHasi CTOMMOCTb.

Panee onuceiBanach Hanbosiee MONMyJISIpHOE porpaMMHoOe odecrieueHne Revit,
Bxonsamee B Autodesk AEC Collection. Ho kpome Hero cymecTByrOT apyrue
nporpamMmbl, Takue Kak: Siemens NX, Creo PTC. Bwibop wucnonb3oBaHus
OpOrpaMMbl 3aBUCUT OT HAaBBIKOB KBaJU(UUMPOBAHHOTO HH)KEHEpa, yA00CTBa
paboThl TporpaMMbl, a Takke, HauOoJiee 3HAYUMBIM KpUTEpUH, 00JIacTh
WCIIOJIH30BAHUSI MHCTPYMEHTOB U (DYHKITHIA.

3akirouenue

TexHOnorusl TeHEPaTUBHOTO JM3aiiHA — 3TO COYETAHHE HEBEPOSTHOW CHJIbI
MCKYCCTBEHHOTO MHTEJIJICKTa, MATUHHOTO OOYYEeHHS M au3aiHepcKoro Taidadta. C
MOSIBJICHUEM  BBICOKOM  BBIUMCIMTEIBHOM  MOIMHOCTH UM PACIIMPEHHBIX
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BO3MOXXHOCTEHl ~ CIIEHApUeB 3Ta TEXHOJIOTUA BBIXOAUT 32 pPaMKU CBOUX
MIepBOHAYAIBHBIX OTPAaHUYEHHM, IPEOCTABIISAS HAM YAUBUTEIbHbIEC TPOEKTHL. [3]

['enepaTuBHBIA JU3aiiH — O9TO JBUTATENb, KOTOPBIA MOJAEP)KUBAET HAIy
CIOCOOHOCTh KOHIENTYAJIN3UPOBATH PEBOJIIOLIMOHHBIE TPOAYKTHIL.

CreHepupoBaHHbBIE MPOAYKTHI CIIOCOOHBI CIEIOBaTh BCEM TpPEOOBAHUSAM U
OTPaHUYEHUSM, YTOOBI IPEAOCTABUTH HAM JICHCTBUTEIHHO HHHOBAIIMOHHBIE MOJICTTN
CAIIP, xoTopbIe UACANBHO MOAXOAT U HAIINUX HYXK].

[Torennman  reHepaTMBHOIO  AM3aiiHa  O0€IaeT  CIMIIKOM  MHOTO
MHHOBAIIMOHHBIX TPEUMYIIECTB, YTOOBI CYIIECTBYIOIIME METOABI Pa3pabOTKH
IPOAYKTOB COXPAHSAINCHh OECKOHEUHO.

HoBrie mapaaurMel B Okaiime rojibl OKaXXyT TITyOOKOe BIMSHUE Ha TO, KaK
OyayT pa3palaThIBaThCsl, MPOU3BOAUTHCA U OOCITY>KMBAThCA OyIylIne MPOTYKTHI:
MHOTHUM JIIOJISIM TIPUIETCS U3MEHUTHh CBOM METOJBI PaOOThI, YTOOBI UATH B HOTY CO
BPEMEHEM.
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WORKING WITH A POINT CLOUD WHEN CREATING A DIGITAL
MODEL OF A BOILER ROOM
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AHHOmayua: Kxpamkoe onucauue pabomsl ¢ 001aKom mouex, a maxxce ¢ 3D-
MOOenAMU U UX UCNONb308AHUE HA 6CEX dMANnax NPOeKmupo8aHus KOMenbHOU C
B03MOJNCHBIM NPUMEHeHUemM mexHonocuu 3D-neuamu.

Abstract: a brief description of working with a point cloud, as well as with 3D
models and their use at all stages of boiler room design with the possible use of 3D
printing technologies.

Knioueevie cnosa: mennosnepeemuxa, KomenvHvle, 001aK0 moyek, 3D-
mooenu, 3D-neuameo.

Keywords: thermal power engineering, boiler rooms, point cloud, 3D models,
3D printing.

Bsenenne

O0y1ako TOYEK WM TPEXMEpPHAasl BU3yaIU3alusi, SIBISICTCS OTIHPABHOM TOYKOM
Opy CO3JaHUM TOYHOM TPEXMEPHOW Mojenu peanbHOro mupa. OOjaka ToYeK
CO3/IAI0TCA IMyTEeM CKaHUPOBaHUS (PU3NYECKUX OOBEKTOB, TAKUX KaK BHYTPECHHHE
WJIM HapYXKHBIE AJIEMEHTHI MPOW3BOJICTBEHHBIX 3[JaHUN WJM, KaK B HAIlIEM CiIydae,
KOTEJbHBIX.

B 3aBucumoctH OT MeTONa, WCMOIB3YeMOro JJisg 3axBaTa o0naka, Hu
3aJICHCTBOBAHHBIX JATYMKOB KaKIas TOYKA MOXKET TaKKe BKIIOYATh JTaHHBIC O
[BETE WIM Jaxe HHPopMaluio 00 HWHTEHCUBHOCTH, KOTOpas OTPaKaeT CHUITY
OTPaXE€HHOT0 JIa3€PHOTO UMITYJIbCA, CTEHEPUPOBABIIETO TOUKY [1].

TpexMepHbIe MOJIeTH, OCHOBaHHBIE HA JAHHBIX 00JIaKa TOUYEK, MCIIOIb3YIOTCS
BO BceM OOJbIIEM 4YHCJIE OTpaciied g BHU3yalu3alli, IUIAHUPOBAHUS U
HacTpouku. JlaHHBIE MOTYT TpaHC(POPMHUPOBATHCS, OJaromaps 4eMy MOBBIIIACTCS
TOYHOCTH UH(OPMAITNH, TIOCTYITHONU BCEM, OT ApXUTEKTOPOB JI0 PYKOBOAUTEIICH.

OcHoBHas YacTh

Cpemka oOjaka TOYeK (DAKTUUECKH SBISICTCS OOOPOTHOM  CTOPOHOM
udposoro 3D-mMonenupoBanus. MHxeHepbl UCTIONB3YIOT J1a3epHBbIE CKAHEPHI IS
TOYHOTO UU(PPOBOrO 3axBara (PU3MYECKOTO MPOCTPAHCTBA M OOBEKTOB. ITa
uH(popMaIs MOXKET ObITh MCIOJIb30BaHA, K MpUMEPY, JUO0 st (HOPMUPOBAHUS
OCHOBBI KOTEJIBHOM, JTUOO IS CBEPKH YK€ TTOCTPOSCHHOTO 00BEKTa ¢ UMEIOIIUMHUCS
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mwianamu. O6a BapuaHTa JalOT THOKOCTh M ILIEHHYI0 HH(POpMAIUIo, KOTOpas
HeoOxoauMa JIJIs polecca MPOESKTUPOBAHUS.

Ecnu roBoputTh mpo moaxoAbl M CHOCOOBI 3axBara oOjaka TOYeK, TO B
HACTOSIIIIEE BpEMsI BBIICISAIOT 3aXBaT C IIOMOIIBIO JIA3€PHBIX CKAaHEPOB M
dboTorpaMMeTpHIO.

JlazepHblif CKaHep — ATO CUCTEMA I'e0JIe3MUYECKOro Kiacca, KOTopas BKIIOYAET
B ce0s pAll pa3IMuYHbIX JAaTYMKOB M TexHosoruil. Haumbosee BakHBIM M3 HUX
SBJISICTCSL  JIUAApP, KOTOPBIM MCIOJB3YeT JIA3epHBIE HMITYJIbChI HH(GPAKPACHOTO
CHeKTpa JUIsl U3MEPEHUST PACCTOSIHUI. DTH Ja3epHbIE CKaHEPhl MOTYT M3JIy4aTh 0
100 000 My IbCOB B CEKYHIY, UTO JAET HEBEPOSITHO AETAJIbHOE MPEICTABICHUE O
kaprorpadupyemoir obmactu [2]. BOABIIMHCTBO Ja3epHBIX CKAHEPOB TAKKE
BKIIOYarOT B ce0s1 RGB-kamepy st mobaBieHust 11BeTa B 00JaKO TOYEK M OJIOK
uHepuuanbHbix u3MepeHudl (IMU), koTopwlid siBIsieTCd  MPOQPECCHOHAIBHBIM
POJICTBEHHHKOM aKcejepoMeTpa B Hammx cMapTdoHax. Takke CTOUT OTMETHUTH,
YTO JIa3epHBIM CcKaHep Jgaer Ooyiee TOYHBIE JaHHBIE, B CPAaBHEHHH C
dboTorpamMmeTpHeii.

doTorpaMMeTpuss — O3TO CKOpPEE METOJIOJIOTHSl, YeM KOHKPETHBIA THII
uHCcTpyMeHTa. Jlns 3axBaTta oOjaka TOYeK C MOMOIIBIO (HOTOrpaMMETPHH,
HEO0OXOIUMO HCIOJIb30BaTh KaMephl, YTOOBI MPOCKAHUPOBATH IMPOCTPAHCTBO CO
BCEX CTOPOH, a 3areM o00paboTaTh MOJYYEHHBIE H300pPAKEHUS C TIOMOIIBIO
CHEIUAIBLHOTO MPOTPAMMHOTO 00ECTICUCHUS 11 PEKOHCTPYKIIUUA MPOCTPAHCTBA B
3D [3].

Ilocne Ttoro, kak oOOJaKO TOYEK CO3/1aHO C T[OMOINBIO JHAApa WU
dboTorpaMMeTpUM, OHO MPOXOJUT Uepe3 Mpolecc MNpeodpa3oBaHUs B CETKY HU
npeBpaienue B 3D-monerns.

OO6uraka TOYEeK | Jla3epHbIC CKaHEPhI HE SBIISTFOTCS HOBBIMH TEXHOJIOTHUSIMHU, OHH
CYIIECTBYIOT B KomMmepdeckux (opmax eme ¢ 1990-x romoB. Mensercs cama
TexHoorus o0paboTku. CaMbIM MEUICHHBIM JTalloM CO37aHus oO0jlaka TOYEK
Bcerja Obula «peructpanus». ITO Mpolecc OObEeTUHEHUS MHOXKECTBAa CKAHOB,
HEOOXOMUMBIX JJIS TIOMyYEHUsI N300paKeHUs CIICHbl Ui 00bekTa. TpaauinoHHoe
nporpaMmMHoe oOecreueHre i pPerucTpanuu TpeOyeT 3HAYUTEIbHOM PYYHOU
IIPOBEPKH, YTO YBEITUUMBAET BPEMEHHBIC 3aTPATHI.

Tak)xe CTOMT OTMETHTh, YTO HCIIOJIb30BAaHHWE OOJIAKOB TOYEK BIMUSIOT Ha
KOMMYHHUKAIIMIO Ha BCEX DJTalax pacueToB, NMPOCKTHUPOBAHUS WM CTPOMTEIIHCTBA
KoTelbHOU. 3D-mojaenu TO3BOJISIIOT KOMaHJAaMm, paboTalolUM HaJl JIHOO0BIM
IIPOIIECCOM TMPOCKTUPOBAHMS, JETKO COTPYJIHHYATh. TaM, TJ€ MCIOJb3yeTCs
IIEHTpaJIbHass 0a3a JaHHBIX WM OO0JIayHas TEXHOJIOTHS, U3MEHEHUS B OAWH (Qaiin
MOTYT O€CHpensITCTBEHHO BHOCUTHCS HECKOJIBKUMHU JIFOJBMHU [4].

CHauana 00J1aK0 TOYEK UCTIOIB3YETCS ISl CO3/IaHMsI OCHOB LIU(PPOBOI MOIENH.
3aTeM €ro MOXHO HWCIOJB30BaTh I OTCICKHBAHUS IMPOTpPecca W OOHOBIICHUS
MOJIeJieli Ha OCHOBE pa3pabO0TOK. DTO TMO3BOJISIET HE TOJBKO KOHTPOJIUPOBATH
KaueCTBO, HO M PACHIUPSITh BO3MOKHOCTH KOMMYHHKAITUU TTOCPEICTBOM OBICTPOTO
pacrpocTpaHeHHs caMOoM mociieiHe nHbopMaIiu 00 00BEKTe.

OmHuUM U3 caMbIX BaKHBIX MPEUMYIIECTB, KOTOPBIC JAET OOJAKO TOYEK MPH
MPOCKTUPOBAHUK  KOTEIIbHOW, SIBISIETCS BO3MOXKHOCTH  OXBaTa  OOJBIIETO

205



206

Teﬂﬂ03HepFETl/lKa U TenJoTexHukKka. CHTK-78

KOJINYECTBA SKCIEPUMEHTAIbHBIX KOHIENU. BO3MOXHOCTh MOMECTUTH MOJIENb B
bu3HUecKrue CUMYIISITOPBI U AKCIIEPUMEHTUPOBATH C HOBBIM MaTepHalioM JI0 Havalia
CTPOUTELCTBA, MO3BOJIIET pa3padbaThiBaTh MPUHIIMITHAIBHO HOBBIE KOHCTPYKIIUU U
OPOAYKTHl C MEHBIIMMH 3aTpaTaMud M pPUCKaMU. BO3MOXHOCTh CKaHUPOBAaTh
BBIXOJIHBIC JIaHHBIE [JI MEPEKPECTHBIX IMPOBEPOK M KOHTPOJS KadecTBa
oOecrieunBaeT KOM(MOPTHOE MPUHATHE HE3HAYUTEIBHBIX JIOMYCKOB Ha OLIMOKUA U
OPEIOCTaBIsET HWHXEHepaM OOJbIIyI0 CBOOOMY. OTO TakKe IOBBIIIAET
YBEPEHHOCTh B HCIOJb30BAaHWU TOTOBBIX MaTEpPUAJIOB TPU MOCIEAYIOIIEM
CTPOUTENILCTRE.

K xoHeuyHOMY HOpOIYKTYy, TO €CTh K KOTEJIIbHOW, MOKHO MPUMEHSTH METO]]
«IOCTPOUTHh U TIPOBEPUTHY», MCTOJB3YS Ja3epHBIC CKAHEPHI JJIS HAOIIOJACHUS 32
Ka)XJIbIM 3TaroM MPOEKTa, YTOObl 00ECIEYUTh COOTBETCTBUE IUIAHHUPOBAHUIO. DTH
pa3pabOTKU TMPHU3BAHBI MPOU3BECTU PEBOJIIOIMIO B CTPOUTEIHCTBE M HAMPIMYIO
3aBUCAT OT PAa3BUTHUA TEXHOJOTMM oOsaka Touek. OJTHAKO MHOTHE IPOIIECCHI
IPOCKTUPOBAHUS CHJIBHO 3aBUCAT OT TOYHOCTHM M UTEPALMOHHBIX BO3MOKHOCTEU
3D-Mmozenei 1 camux 00JIaKOB TOYEK.

OpHoit u3 oOnacteil, rae obOjaka TOYEK OCOOEHHO MOMOTAIOT HHKEHEpaM
pacCIIMPUTh FPAHULIBI TPAJAUIIMOHHBIX MTPOIIECCOB, sABMsIETCS 3D-meyars.

TpexMepHbie Mozenu HEOOXOAMMBI JMJiA yhpaBieHus mnporeccom 3D-
nevyaTHOro mpousBoacTBa. O0aka TOYEK MOXKHO MCIIOJIb30BATh JIJISl CO3/IaHMS ATUX
Moaenen pu BOCIIPOU3BEACHUU CYIIECTBYIOIIHNX 00BEKTOB. CkaHbI
CYIIECTBYIOIIUX MPOJYKTOB TaKX€ MOTYT OBITh HCIOJIb30BAaHBI JJISI CO3JIaHUS
0a30BOM  CXeMbI IS JajJbHEHIIETO0  M3MEHEHHS. JlId  TECTOBBIX |
HUCCIEIOBATEECKUX II€JI€H MOJXKHO JIETKO H3rOTOBUTH 3D-Momenu mis maro0oro
KOJINYECTBA MPOJYKTOB C UCMOJb30BAHUEM TEXHOJOTHH 00JIaKa TOYEK.

MoxHO meuyarath, K IpPUMEPY, COCTaBHbIE YAaCTH TEIIONPOBOJA — (DIIaHIIbI,
nepexo/ibl, 0TBOAbI ¢ moMoupio SLM 1 DMLS nipuHTEepoB, KOTOPBIE HCIOJIB3YHOTCS
JUIsi Tedyatd OOBEKTOB M3 MeTallyla CO CJOXKHOW TE€OMETpUEell U BBICOKHMH
IIPOYHOCTHBIMU XapaKTEPUCTUKAMU [J].

3akioueHue

TexHonorust co3manuss U 00pabOTKM 00JIAKOB TOYEK CTAHOBHUTCS JICIICBIIC W
npolie B HCMHOJIB30BaHUM. B coyeTaHMM C€O CHOCOOHOCTHIO COBPEMEHHBIX
TEXHOJIOTUN 00pabdaThIBaTh U XpaHUTh OOJBINE JAHHBIX, YEM KOI/IA-IUO0O0 TIPEKIE,
00J1aka TOUYEK CTAHOBSATCS JOCTYIHBIMHU JIJIsi OOJIBIIETO YKCIIa MOJb30BaTENeH.

O6naka TOYEK TMO3BOJIIOT UCMOJIb30BaTh HMU(GPOBLIE MOJIEIN B MOJHOW MeEpe.
Bmecto  Toro  4roObl  ocTaBaThCS ~ TEOpETHYECKOM  miuardopmoil s
IPOCKTUPOBaHMUS, 00JIaKa TOUEK MOYKHO MCIOJIB30BaTh JJIs co3manus 3D-Moenu Ha
OCHOBE CYIIECTBYIOIIMX (U3HMUECKUX OOBEKTOB U MPOBOJUTH MEPEKPECTHYIO
CBEpPKYy ¢ mpoekToM. 3D-mozaenu camu 1o cebe SBISIOTCS MOIIHOM TEXHOJOTHEH
MPOCKTUPOBAHMS, KOTOpas YIPOIIAeT COBMECTHYIO padOTy W HTEpPAIMOHHBIC
MIPOIIECCHI.

O6sraka ToueK TO3BOJISIFOT MHKEHEPAM PAacCUMTHIBATh HA TO, YTO OHHM CO3/AfOT,
1 00ecTieunBalOT HEBEPOSTHO HU3KUHN YPOBEHb JIOMYCKa OIMIMOOK B MPOU3BOICTBE.
Benp pe3ynbrar MOKHO OTCKAaHUPOBATh M CPABHUTH C YEPTEKAMHU B MEJIbUAUIIINUX
netansix. Co3maHre HECTAaHAAPTHBIX KOHCTPYKIIMN CTAHOBUTCS MPOIIE OJaromaps
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BO3MOXHOCTH HauaTh ¢ 3D-CKaHUPOBAaHUS, HA OCHOBE KOTOPOrO0 MOXHO MOCTPOUTH
MOJIENb.

Coueranne 3ToM TexHoJorMu ¢ 3D-meuyarbio JiejlaeT BO3MOXKHBIM CEPHUITHOE
IIPOM3BOJICTBO HM3JCIUM T0 WHAMBUIyaJIbHOMY 3aka3y. HaudanbHble 3aTparsl Ha
CO3JIaHHE OCHOBBI JISI 3aITyCKa IIPOU3BOJICTBA CTAHOBATCS BCe 00JIee TOCTYITHBIMU.
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VIIK 621.165
IMPUMEHEHHE [TIPOTPAMMHOI'O MOJLY.JISI ANSYS TURBOGRID JJISI
IT'EHEPALIMU CETOK JIOITIATOYHBIX BEHIIOB BEHTHJISITOPOB
APPLICATION OF THE ANSYS TURBOGRID SOFTWARE MODULE TO
GENERATE GRIDS OF FAN BLADE CROWNS

A. A. Eropos
Hayunsiit pykoBoautens — B.W. JIazakoBuy, npenogaBaTesinb
benopyccknii HaMOHAIBHBIN TEXHUYECKUY YHUBEPCUTET,
r. Munck, Pecriyonnka benapych
arseniyarsenl946(@gmail.ru
A. Egorov
Supervisor — V. Lazakovich, Senior Lecturer
Belarusian national technical university, Minsk, Belarus

AnHomayua: Kpamkoe onucamue nNPUHYUNa padbomvl 8 NPOSPAMMHOM
komnnexce Ansys TurboGrid, 0630p 603MoMCHOCMEN OAHHOU NPOCPAMMBL, OYEHKA
nepcneKmusbl  UCNONb308AHUS — Npoecpammuozo  mooyaa  TurboGrid 6
NPOMBLULTIEHHOCTNU.

Abstract: a brief description of the principle of operation in the Ansys
TurboGrid software package, an overview of the capabilities of this program, an
assessment of the prospects for using the TurboGrid software module in industry.

Kniouegwie cnosa: npocpammnulii MoOyb, BEHMUNAMOPSL, 2EHEPAYUS CEMOK.

Keywords: software module, fans, grid generation.

Bsenenne

Jlomaroynble MamMHBI MOKHO BCTPETHTh B  PA3JIMYHBIX  00JIACTAX
IIPOMBIIIVICHHOCTH. DTH YCTPOMCTBA CTAJI Pa3BUBATHCSA B YCKOPEHHOM TEMIIE €IIle
B CEpEAMHE MPOILIOTO CTOJIETHSA. DTOMY CIIOCOOCTBOBAJIO OTKPBHITHE HOBBIX BHUIOB
ADC wu TOC, CTpOUTENbCTBO KpPYIHBIX MNPEANPUATAA XUMUYECKOU U
HedTenepepabaThIBAIOIICH MPOMBIIIJICHHOCTH U T.Jl. Y CKOPEHHBIC TEMIThI Pa3BUTHSI
DHEPTeTUKH W  XUMHYECKOW  IMPOMBIIUICHHOCTH  OOBSCHAIOT  YBEIUYCHHE
MOTPEOHOCTH Ha MPOM3BOACTBO HAJECKHBIX M MOIIHBIX JIOMATOYHBIX arperaToB C
nioBbiieHHBIM KITJI. /I8 3TOro mpoBOAsAT UCCIEAOBAHUS JONATOYHBIX arperaToB Ha
BCcex JTamax ux co3manums. OcoOeHHOe BHUMAHHC YACISIOT HCCICIOBAHUSM B
MOMEHT TIPOSKTHPOBAaHUS BCHTHJIATOpPA WM TypOWHBI, T.K. Jt00as oOmmoKa,
JOMyIIICHHAsT B 3TOM JTalle, MPUBOAUT K OONBIION TpaTe ACHEKHBIX CPEICTB BO
BpeMsi JOBOJKH co3aaBaeMoil mammuHbl. C IMENbl0 pemeHrus dTOM 3amadyu ObUIH
CO3/IaHbI U UCTIONB3YIOTCS CTICIIHAIM3UPOBAHHBIE TPOTPAMMHBIE KOMIUICKCHI, TAKHE,
Harpumep, kak ANSYS TurboGrid (CIHIA) unu NUMECA AutoBlade (benbrus) u
np. bonee moxpoOHO octanoBUMCs Ha riporpamMe Ansys TurboGrid.

OcHoBHas yacThb

Paznmuuaror Tpu 0a30BBIX THUMA JIOMATOYHBIX AarperaToB: paJHalIbHBIN,
TUaroHajabHbIi M oceBoi. JlomaTouHass MaminHa, B CBOIO O4Yepe/b, OOBIUHO
BKJIFOYAET B ce0s HECKOIBKO (DYHKIIMOHAJIBHBIX Y3JIOB: CTaTOpa, pOTOpa U KOpITyca.
Jlomatku poTopa MOTYT OBITh MPEJCTaBICHBI KaK B BUIE KOHCOJIbHON KOHCTPYKIIUH,
TaKk U B BUJE DPA3JIMYHBIX BapUAHTOB 3aKPBITOM KOHCTPYKIUU. DPHEKTUBHOCTD
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paboThl BCEl YCTAaHOBKM B OCHOBHOM 3aBUCUT OT 3(PPEeKTUBHOCTH pabOTHI
JIOTIAaTOYHOM MAIlIMHBI, a TAKXKE OT €€ OCHOBHBIX IMApaMETPOB.

TpaguuronHo B  nporpammubiii  kommuiekc  ANSYS CFX  Bxozdr
CHeUaIN3UpPOBaHHbBIE MOJYJIU JUIsl TPOCKTHUPOBAHUS JIONATOYHBIX MAIMH pa3iuy-
HBIX TUIOB. B JaHHBIM MOMEHT 3Ta JIMHEWKA COCTOMUT U3 CIAEAYIOIIUX MPOMYKTOB:
BladeModeler — Moaynb st co3manusi reomerpun, TurboGrid — monyns s
coznanus rekcadapudeckoit cetku 1 ANSYS CFX Turbo PrePost — cnernmansHbrit
pexuM paboThl npe- u noctipoieccopa CFX.

IIporpamma TurboGrid wucnonb3yeTcs 4aille BCEro0 B KadyecTBE TreHepaTropa
CETOK KOHEYHBIX 3JIEMEHTOB B MPOrpaMMHOM Komiuiekce Ansys CFX, a Takxke s
pelieHus 3a7a4 Ha UCCIEJOBAHUE TEUEHUM pabouero Tejla B KOHCTPYKIIMOHHBIX
AJIEMEHTAX JIONATOYHBIX MAIIUH Pa3JIMYHbIX TUIIOB (Hampumep, B BeHTuisATopax). C
MMOMONIBI0O TPOTrpaMMbl MOXKHO JIETKO W OBICTPO CO37aBaTh KadeCTBEHHbIC
pacyeTHBIE MOJIENN JIJISl UCCIIEN0BAHUS TEUEHUSI B BEHTUIIATOpax ¢ noMouipo CFD-
IporpaMM B aBTOMATH3UPOBaHHOM pexume. TurboGrid WMeeT BO3MOXKHOCTH
CTPOUTh TEOMETPUI0 HCCIEeNyeMOM 00JacTH, HaKJIaJAblBaTh Ha CO3/IaHHYIO
UCCleyeMyl0 00JIaCTh KOHEYHODJIEMETHYIO CETKY BBICOKOTO KadecTBa Kak B
ABTOMATHUYECKOM, TaK M MOJYyaBTOMAaTUYECKOM pexuMax. Mcnonb3dyeMble npu 3TOM
QITOPUTMBI UMEIOT BBICOKYIO CKOPOCTb OOpaOOTKH NaHHBIX. Tak, Hampumep, mpu
CO3JJaHUM CETKU C YHUCJIOM $4YE€EK PAaBHBIM OJHOMY MHIUIMOHY BECH MPOILIECC
MPOUCXOJIUT HA COBPEMEHHBIX 3JIEKTPOHHO-BBIYMCIUTEIBHBIX MAIlIMHAX BCETO 3a
HECKOJIbKO MUHYT. B mporpamme peanu3oBaHa BO3MOKHOCTh aHajn3a KauecTBa
CETKH.

I'eomerpuss nonatku umnoptupyercss B ANSYS TurboGrid w3 wmopyns
npoektupoBanusi Jsonatku ANSYS BladeModeler, mocne dYero mpOUCXOIUT
MPUMEHECHUE CETOYHOW TOIOJOIMU K CBOWCTBAM JAHHOW JIOMATKXA BEHTWIATOPA.
(Puc.1). Ha ceronusmnuii 1eHb, 0aroaapss BCTPOCHHBIM CETOYHBIM TOTIOJIOTHUSM,
CYIIECTBYET BO3MOKHOCTh CO3/1aTh ONTHUMAJbHYIO CETOUYHYIO MOJEIb C
MUHUMAJIBHBIM ~ Y4aCTHEM TMpOeKTHpoBIIuKa. CeToyHass TOIMOJOTHUS UMeEeT
CIIOCOOHOCTh ~ ABTOMATHYECKH  aJanTUPOBAThCS  JUISI  Pa3IMYHBIX  BUJOB
KOHCTPYKIIMM, YTO OIPEHENseT CO3JaHHE TOYHOM CEeTOYHOW Monaenu. Ilpu
HEOOXOIUMOCTH TIOJIb30BATEIb MOXET CaMOCTOATENBbHO, «BPYUYHYIO», H3MEHUTH
napameTphl 11abjioHa CETKU M COXPAHUTH €0, YTOOBI UCIOJIB30BaTh B JIabHEHIIIEM.
Monynb TirboGrid BkiitodaeT B ceOsi OOJBIIOE KOJIMYECTBO PA3TUUYHBIX CETOYHBIX
mabJIOHOB, YHU(PUIMPOBAHHBIX JJIA JIONMATOYHBIX BEHIIOB, W TOJHOCTHIO
aBTOMATH3UPYET TOCTPOCHHE CceTKh. KpomMe Toro, BO3MOXKHO YBEIUYHUTh
npousBoauTeNbHOCTh TurboGrid npu orieHKe OONBIIOro YUCiaa BApUAaHTOB JIONATOK,
3a CUET UCMOJIb30BAHUS CKPUIITOB B (JOHOBOM PEKUME.

Jist 6onee koMpOpTHOM pabOThl M 3HAYUTEIBHOTO YCKOpEHHsI paboyero
mpoiiecca CymecTBYIOT IONOJHUTENbHBIE PyHKITMU. HanmpuMep, mocTpoeHne CeTKu
BTOPUYHOTO KaHala (MEXIUCKOBOE IMPOCTPAHCTBO, YIJIOTHCHHS JIAOMPUHTHBIC U
T.J.) TEHEph Takke BO3MOXKHO B mpoctpaHctBe TurboGrid. C menpio TOYHOMN
nepeaadn CIOKHON T€OMETPUYECKOM (OPMBI JIOMATKH CYIIECTBYET BO3MOXKHOCTH
umnopta reometpuu B CAD ¢dopmare
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Pucynoxk 1 - [TocTpoeHue ceTKH J0MaTOYHBIX BEHIIOB BeHTHIIATOpoB B TurboGrid

3akioueHue

bnaronapss mporpammuomy moxayiato ANSYS TurboGrid moxxkHO Jnerko u
OBICTPO MOCTPOUTH CETKY JIONMATOYHBIX BEHIIOB BEHTWJISATOPOB. He MeHee BaHBIM
KadecTBOM, KOTOpbIM obOmagaetr TurboGrid, sBaseTcs BBICOKas TOYHOCTH
MMOCTPOCHHBIX CETOK, 4YTO JJIi MCCJICIOBAHUSI JIOMATOYHBIX AarperatoB KpaiHe
HeoOxonumo. IIpu OCBOGHMM JaHHOW TpOrpaMMbl y PSIOBOTO IOJIL30BATENSA
OCOOBIX CJIO)KHOCTEM HE BO3HHUKAET, a BOCTPEOOBAHHOCTh HAa BBICOKOTOYHBIE
MOJIEJIU arperaTtoB PacTeT C KaXIbIM JTHEM.

Hcxoas u3 BhINIENEPEUUCICHHOTO, MOKHO CKa3aTh, YTO JJaHHAs Mporpamma —
OTJIMYHBIA BBIOOp JIA CO3JaHUS MOjENied BEHTUJISITOPOB, HACOCOB, TypOWH, H
MOCEAYIOUIEr0 UX HCCIEIOBAaHUS C LENbI0 CO3JaHUSI BBICOKOTEXHOJIOTHYECKOTO
000pyI0BaHUS TSI IPEIITPUSITHI.

Jlureparypa

1.  MonenupoBaHre MNPOTOYHOM YACTH M pacyeT NOTOKAa B KACKAJAE OCEBOIO
KOMIIPECCOpa C Y4YETOM TPEXMEPHOM CTPYKTYphl TEUCHUS Ta3a W HaTUYHS
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VK 621.548
COBPEMEHHBIE ITPOBJIEMbBI PA3BUTHUSA BETPOOHEPI'ETUKU B
BEJIAPYCHU
MODERN PROBLEMS OF THE DEVELOPMENT OF WIND POWER IN
BELARUS

IT.A. bpunés, M.C. Boitnokon
Hayunsiit pykoBoautens — T.A. IleTpoBckast, crapmumi penoaaBaTeiib
benopyccknii HaMOHAIBHBIN TEXHUYECKUY YHUBEPCUTET,
r. Munck, Pecriyonnka benapych
petrovskaya@bntu.by
P. Brilev, M. Voylokov
Supervisor — T. Petrovskaya, Senior Lecturer
Belarusian national technical university, Minsk, Belarus
Annomayusn: CospemeHnnvle npooiemvl semposnepeemuxu 6 Ph.
Abstrakt: Modern problems of wind power in Belarus

Knrouegoie coea: BOY- g8emposHepeemuiecKue YCMAaHOoBKU,
6empooIHepeemuKa

Key words: WPP - wind power plants, wind power

BBenenne

B cBs3u ¢ pasButHem B oTHoweHuMM PecnyOnuku benmapycu HeraTMBHOIO
MMUJKA, YBEIMYECHHE CAHKIMN M PEKOMEHJAUWW I 3amaJHbIX KOMIIAHUN He
BECTU TOProwiro ¢ Pb, ciaexyer caenars BBIBOJ, YTO MOJIOKEHHE BETPOIHEPTETUKH
benapycn CTpeMHTENBHO TEpsAET CBOM ILIAHCHI HE TOJBKO HA PAa3BUTHE, HO H
nojsiep>kaHue PyHKIIMOHAIBHON PabOTOCTIOCOOHOCTH.

C 01.01.2014 mo 01.07.2020 cymmapHas YCTaHOBJICHHasl 3JIEKTpHUYECKas
MOIIIHOCTh YCTAaHOBOK BO300OHOBJISIEMBIX MCTOYHHKOB PHEPIUU yBEIUUYMIACh C 88
MBT n0 418 MBtr wu3 xoropeix 109,1 MBT (26%) otBOmsITCE Ha
BETPO3JIEKTPOCTAHIINH.

OcHoBHas yacTh

Jlist pa3bopa OCHOBHBIX MpoOJeM BeTposHepreTuku B PecnyOnuke benapych
CJIeIyeT BBIJIETUTh HECKOJIBKO OCHOBHBIX TEKYyIIMX NpoOieM B 3Toi cdepe, a
MMEHHO:

Jlonacru. Jlonactu U1 COBpPEMEHHBIX BETPOIHEPTETUUECKUX

yctaHoBok(BOY) Haumnator cBou paszmepbl oT 50 METpOB U HUMEIOT
CTPOTO BBIBEPEHHYIO a’3pOJUHAMHUYECKYIO0 (hOpMy, YTO BIEYET 3a COOOii
KpPYIHBIE JIOTUCTUYECKHE CII0KHOCTHU IO UX TPAHCIOPTUPOBKE K MECTY X
ycTaHoBKH. Jlpyras kpymHas mpoOjemMa — 3TO MaTepHalibl U3 KOTOPBIX
W3rOTaBIMBAIOT JIOMACTH, €CIW AJIIOMUHUNA MOXXHO MEPEIUIaBUTh, IS
JonacTe M3 YyIJIEIJIaCTUKA M CTEKJIOBOJOKHA CTPOUTH CHELUAJIbHbBIE
«MOTWJIBHUKW», TO JIOMACTH W3 OBICTpopacTymie Oanb3bl  HE
NOPEICTaBIACTCS BO3MOXKHBIM K HHUKAKUM HOpPMaJbHBIM METOJaM
YTUIN3AINH, U3-3a CIIeHAIbHOW 00paboTKu 3TOrO0 JiepeBa. M 3To He Oeps
B pacué€t ToT (akt, To EC He 1onmyCcTUT MpoAaxKy 3TOTO HaM, KaKk CaMbIi
KPYIIHBII IPOU3BOANUTEND U JUCTPUOBIOTED.
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Berep. Ha teppuropun Pecnybmuku benmapych HeTy CcTaOMIBHO CHIIBHOTO
BETpa, KOTOpPbIA ObI MOT' MOJJIEPKUBATH MAKCUMAJIBbHO 3(PHEKTUBHYIO
paboty BDOYVY. Ilo pesynbratam npoBeneHHbix B ['Y «PecmyOnukanckuii
TUAPOMETEOPOJIOTMYECKUN IEHTP» UCCIEAOBAaHUN YCTAHOBIIEHO, YTO Ha
MEPCIEKTUBHBIX I Pa3BUTUS BETPOIHEPTETUKH TEPPUTOPUAX MPHU
CPEIHUX TOJOBBIX CKOPOCTSX BETpa Ha BBICOTE PACHOJIOKECHUS
anemopymb6ometpa (10 m) 3,5-4,0 M/c Ha BeicoTe 100 M OHU BO3pacTaroT
1o 6,0-6,8 m/c, 9TO SABISETCS MHUHHUMAIBHBIM PaOOYUM TOKa3aTesieM s
BDY, Ho He MmakcumanbHO 3¢ dektuBHbIM 10-15 M/c.

YCIIOBHEIE OECHAMFHILE

CEOPOCTE BETPA, MI'C

LT T T T

mee 45 50 55 60 65 TO TS jomes

Pucynok 1 - Pacripenenenue pacueTHoil cpeiHel roJoBOi CKOpOCTH BeTpa Ha BbicoTe 100 M oT
MTOBEPXHOCTHU 3EMJIH.

Jenbru. Pecnybnuka benapych umeer O0ibllIo€ KOJUYECTBO KPYMHBIX
ANEKTPOIHEPTETUUECKUX YCTAaHOBOK, K KOTOPBIM B CKOPOM BPEMEHU
noAKIoYUThC benADC, 4TOo mpHUBEAET K HHEPreTUYECKOMY H3JIHIIKY,
KOTOPBIN MBI MOXEM IIPOU3BOANTH. bitaroiapst 3TuM CTaHIUAM Mbl UMEEM
TOT ()akT, YTO CTOMMOCTb SHEPTUH, MPOU3BOAUMAS HWMH, HUXKE, YEM Yy
BOY.

Maciio. N3-3a KpynHBIX MEXAHUYECKHMX COEAUHEHUHW M HX MOCTOSHHOMN
MPUTUPKH, BETPSIKUA MOTPEOJSIOT B OOJBIIMX OOBEMAX CMa3bIBAIOIINE
Marepuaibl, KOTOPbIE HET BO3MOXHOCTH JIETAIBHO NPHOOpECTH H3-32
BBEAEHHBIX caHKuMil. K cokaneHuro KadyecTBEHHash ajlbTEpPHATHUBA
3amaJHOMY Macily OTCYTCTBYET Ha HaIlIEM PBIHKE.

I'eorpagus. Tax kak teppuropus PecnyOnuku HMMeeT XOpOIIO Pa3BUTYIO
TPAHCIOPTHYID CETb W MHOXECTBO JKWJIBIX pANHOHOB, JOCTaBIATH
AJIEKTPOIHEPTUI0 KOHEYHOMY MOTPEOUTENI0 HE COCTABUT TPYAd, OJIHAKO
M3-32 KapThl BETPOB (CM. MyHKT 2), OOJBIIOr0 KOJUYECTBA >KUIIBIX
PaliOHOB M OXPAHSIEMBIX TEPPUTOPUM TAKEIO HANTH NOAXOAAMN PanioH
mia crpoutenbctBa BOY. He crout 3abwiBath, uto BDY BO Bpems
paboThl MPOU3BOIUT TyJ, KOTOPHI HETraTUBHO CKa3bIBa€TCS Kak Ha
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¢du3rUecKoM, TaK M Ha TMCUXOJIOTHYECKOM 3I0POBhE HAXOSAIIUXCS PAIOM
C HUMH.

Paguonomexu. Kpynusie BOY mno cBoeil KOHCTpyKIIMHU, & B OCOOEHHOCTH C
AITIOMUHUEBBIMHU JIOTIACTSMHU, IPOU3BOAAT KPYIIHBIE PATUOIIOMEXHU B CETH.
st yctpaHeHust 3ToMl mpoOiieMbl BOKpyr Tepputopuu BDOY Oyner
HEO0OXO/IUMO YCTAaHOBUTH PETPAHCISATOPHI, YTO CKAXKETCS HE TOJIbKO Ha
CTapTOBOM CTOMMOCTH TIPOEKTa, HO H© YBEJIMYHUT PaAcXolbl Ha
nojaepxkanue paborocnocodnoctu BOY u kompopre rpaxaan.

Ilnomaab. HecmoTps Ha Kaxymryrocs HEOONBIIYIO IIOMATL OCHOBAHHS
YCTAHOBKHM, MO CTaHJapTaM U TEXHUKE O€30MacCHOCTH OHHU JOJIKHBI
3aHUMaTh OOJBIIYI0 TUIOIIAAh, JJIsi O€30MacHOCTH, PEMOHTA, W IS
YBEJIMYCHHS KauecTBa paboThl ycTaHOBKH. OJTHAKO CTOUT OOpaTUTh, YTO B
HEKOTOPBIX CTpaHax 3emiro nmoja BOY oTmaroT moa cembpxo3 HYXKIbl €
BBIpAIIMBAHUEM HHU3KO CTEJSIIIUXCA KyJIbTyp (Hampumep, KIyOHHKa,
TBHIKBA, TIPUIIPABHI).

3akioueHue

HecoMHeHHO, y BETpPOIHEPTETUKH MHOXKECTBO IUIIOCOB, HO Oepsi B pacyeT

TEKYILHE OJ0KEHUE J1€]I B DKOHOMHUUYECKOM U IOJUTUYECKOM I10J1€, IIPOJOJIKEHUE
paboThl B IUIaHE Pa3BUTUS BETPOIHEPIreTUKU HA JIAHHBIM MOMEHT HE SIBISETCS
NEPCIIEKTUBHBIM 3aHATUEM, TaK KaK HalllM TEKYIIME MOLUTHOCTHU C OOJIBILIUM 3a11acoM
MEPEKPHIBAIOT HAIIM MOTPEOHOCTH. B CBsI3M ¢ 4eM MBI MOKEM CIelaTh BBIBOJ, YTO
Ha JIaHHBIH MOMEHT JiJIi HauOojee NEPCHEKTUBHOIO HAMpPABICHUS Pa3BUTHS
BO300OHOBJISIEMBIX HMCTOYHUKOB 3JEKTPOSPHEPIMM Ha Tepputopun PecnyOnuku
benapycpe noaxoasT reorepMalibHbIE, OMOTa30BbIE U COJTHEYHBIE DJIEKTPOCTAHIUH.
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