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VY cTarTi po3MNISNAEThCS MOKIMBICTH MIJABUINEHHS €KCIUIyaTalliiHOI HaAliHOCTI Ta
e(EeKTUBHOCTI POOOTH TEMJIOBUX EJNEKTPOCTAHLINH IS CTAJIOr0 PO3BUTKY CYYacHOi BITUM3HIHOT
eHepreTUKu Ta ii Oe3MeyHoi eKcIulyaTalii HUIAXOM 3a0e3NeYeHHs SIKICHUX BUMIPIB OCHOBHHUX
TEXHOJIOTIYHUX TapaMeTpiB poOOTH BIANOBIAAIBHOIO OOJNAJHAHHA — KOTEIBHUX YCTaHOBOK.
[IpoaHanizoBaHO 3HAYEHHsS TEIUIOBUX €JIEKTPOCTAHLIW Yy Tpoleci CTabuIbHOIO PO3BHUTKY
SHEepPreTHKH, iX BIUIMB Ha HABKOJIMIIHE CEPEAOBUINE Ta HEOOX1IHICTh 3HWKEHHSI BUKHJIIB HIJISIXOM
3aCTOCYBAaHHS HAJINMHUX Ta €HEeproeeKTUBHUX 3axoiiB. [l MoKpalleHHS SIKOCTI BUMIpPIOBAHb
TEXHOJIOTIYHUX  [apaMeTpiB Y  KOTEJIbHMX  YCTaHOBKaxX  IPOMOHYETHCS  3aCTOCYBAHHS
BHUCOKOTEMIIEpAaTYpHUX IUIIBKOBUX TEPMOIAp, sIKI BUKOPHCTOBYIOTHCS Y BHUMIPIOBAHHI BHCOKHX
TeMIepaTyp B pakeTHil, aBialiiHIil TexHimi 1 MeTamyprii, A BUMIPIOBaHHSA TeMIepaTyp
TEIJIOHOCIS B TPAKTI1 MapOBOro KOTJa, a TAKOK TEPMOMETPYBAHHSI IOBEPXHI €KpPaHHUX TPYO KOTIIB.
BusHaueHo 0COONMBOCTI BHUMIPIOBAIBHUX CXEM 13 BHCOKOTEMIEPAaTypHUMH IIJIIBKOBUMU
TepMonapaMHu Uil MiIBUIIEHHS €KCIUTyaTalliiHOi HalifHOCTI Ta e(eKTUBHOCTI POOOTH KOTEIBHUX
YCTAaHOBOK TEIJIOENEKTPOCTaHIii. B yMoBax TpakTy KOTENbHOI YCTAaHOBKM KOHCTPYKTHUBHO
HEMOXIJIMBO BUHECTH MiCIle PUETHAHHS KOMIIEHCAIHHUX MTPOBOJIIB 10 30HU MOPIBHSAHO MOMIPHHUX
TeMIiepaTtyp, TOMY JJIi YCYHEHHs 3a3HA4€HOrO0 HEIONIKy OyiauM BHUKOpPHUCTaHI KOMOIHOBaHi
KOMIICHCAIiHI APOTSAHI TEPMOETIEKTPOIH, SKi 3a JOIMOMOTOI0 almapaTHOTO HAJAIITYBaHHS MalOTh Y
Jlama3zoHax — TeMIlepaTyp  CIIOCTEpEXEeHb  IpaJyloBallbHI  XapaKTePUCTHKH, ONMU3bKI  J0
XapaKTepUCTHK IUIIBKOBUX €JeKTpoliB. Jlyii BHOpaHMX BHCOKOTEMIIEpAaTypHUX TepMomap i3
MmatepianiB AussPdss - PtogoRh1o Oyim 3acTocoBani cTaHIapTHI TEPMOEICKTPOIH i3 aIfOMei 1 Komei
s HeraTuBHOT Tk (AuesPdss) Ta xpomeni ¥ amomeni ainst mo3uTuBHOI rinka (PtooRhio). [ns
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ampoOarii 3alpONOHOBAHOTO TEXHIYHOTO pIlIEHHS Oyad MpOBEAEHI EKCIEepUMEHTANbHI
HAJIAIITYBaHHA KOMIICHCAIIHHUX KOMOIHOBAaHUX TEPMOEJIEKTPOMAIB, IO BHKOPHUCTOBYIOTHCS Y
BUMIPIOBJIPHUX JIAHLIOTaX 13 BUCOKOTEMIIEPATypHHUMHM IUTIBKOBUMH TE€pMONapamH, SKi
npoBoauiuck Ha kotii TII-312 3wmiiBckkoi TEC. Pesymbraté mociimkeHb MOXYTh OyTH
BUKOPUCTaHI Uil KOTEIbHUX YCTAaHOBOK TEIJIOCNEKTPOCTAHIIN, a TAaKOX 1 JJIS MaporeHeparopiB
aTOMHUX €JIEKTPOCTaHIIH.

Knwuosi cnoea. enepretuka, KOTelbHA YCTaHOBKA, BHCOKOTEMIIEPATypHI IIJIIBKOBI
TepMOIapH.

Kaniuk G., Fursova T., Boyko T., Dyadyura K., Dolmatov O., Zaika S., Halynskii P.
Increasing the Operational Reliability and Efficiency of Boiler Plant Equipment of Thermal Power
Stations by Improving the Quality of Measuring their Technological Parameters.

The present article examines the potential to enhance the operational reliability and safety
of domestic energy systems by focusing on the accurate measurement of key technological
parameters pertaining to the operation of boiler plants. Given the pivotal role of thermal power
stations in facilitating sustainable energy development, the article delves into their environmental
impact and emphasizes the imperative of mitigating emissions through the adoption of reliable
and energy-efficient measures. To enhance the precision of technological parameter
measurements in boiler plants, the utilization of high-temperature film thermocouples is
proposed. These thermocouples are commonly employed in high-temperature measurements
within the fields of rocketry, aviation technology, and metallurgy. In this context, their
application is suggested for the measurement of heat-transfer agent temperatures in the steam
boiler system, as well as for the temperature measurement of boiler water-wall tube surfaces. The
article identifies the unique attributes of measurement circuits utilizing high-temperature film
thermocouples, which contribute to the improved operational reliability and efficiency of boiler
plants within thermal power stations. It is acknowledged that due to the structural constraints
within the boiler plant system, it is not feasible to situate the connection point of compensating
wires in areas of relatively moderate temperatures. To address this limitation, a solution is
proposed wherein combined compensating wire thermo-electrodes are employed. Through
hardware adjustment, these thermo-electrodes exhibit grading characteristics that closely align
with the characteristics of film electrodes within the temperature ranges of observation. For
selected high-temperature thermocouples made of AuesPdss - PtgoRhio materials, standard
thermos-electrodes made of alumel and copele for the negative branch (AuesPdss), and chromel
and alumel for the positive branch (PteoRhio) were used. In order to validate the proposed
technical solution, a series of experimental tests were conducted to evaluate the performance of
compensating combined thermo-electrodes within measurement circuits incorporating high-
temperature film thermocouples. These experiments were specifically carried out at the TIIII-
210A boiler located at Zmiiv Thermal Power Station. Research results can be used for boiler
plants of thermal power stations, as well as for steam generators of nuclear power stations.

Keywords: energy, boiler plant, high-temperature film thermocouples.

ITocTanoBka mpoOjeMn Ta ii 3B’A30K i3 BaKIMBMMHM HAYKOBHMMHM 4YHM NPAKTHYHUMHU
3aBJAaHHAMH

Eneprisa € CTiliKolO, SIKIIO BOHA «3a/l0BOJIbHSIE MOTPEOM CHOTOACHHS, HE CTAaBIISYM ITi[
3arpo3y 3/JaTHICTh MalOyTHIX IMOKOJIIHb 3aJI0BOJIBHSTH BiacHI moTpebw» [1]. Bukomue mammso
3abe3neuye 85% CBITOBOrO CHOKMBAHHsS €HEprii, a eHepreTMuHa cucTema Biamosijgae 3a 76%
r7100aTbHUX BUKHJIIB MAapHUKOBHUX Ta3iB. CKOPOYEHHsI BUKH/IB MapHUKOBHUX Ta3iB /0 PIBHIB, IO
BianosigatoTh [lapusbkiit yroai 2015 poky, BUMaratume 3arajlbHOCHCTEMHOIO IEPETBOPEHHS
croco0iB BUPOOHUITBA, PO3MOJULY Ta CHOKMBaHHS eHeprii. CHamioBaHHS KOMAJUH MaluBa €
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OCHOBHHM JKEPEJIOM 3a0pyTHEHHS MOBITPS, SIKE, 32 OLIIHKAMH, IIOPIYHO MPU3BOAUTH J10 3arudeni 7
MUTBHOHIB JItojiei. ToMy aye akTyaaIbHUMHU € 3aBJaHHS IT1IBUIICHHS €KCILTyaTaliiiHOT HaAlHOCTI
Ta e()eKTUBHOCTI pOOOTH TEIIOCHEPTETHYHOTO O0NaaHaHHs [2-3].

ITineumennss KK]I enexrpocraHiiii mpu3BOAUTh A0 CKOPOYEHHS BUTpATH IajuBa, OTXKE, 1
BUKUIIB y JOBKULIA [4-5]. EdexkTuBHICTH pOOOTH €IEeKTPOCTaHIii BU3HAYAETHCS iX HAIIMHOIO
eKCIUTyaTalfiero Ta Oe3aBapiiiHO0 pPOOOTO, /JIA YOTO HEOOXIiIHI SIKICHI BUMIPH OCHOBHHX
TEXHOJIOTIYHUX MapaMeTPiB.

AHaJi3 0CTaHHIX JOCTiIKeHb i myOJaikauii

JIo OCHOBHOIO €HEpPreTUYHOro oOJaJHAHHS TEIUIOENEKTPOCTAHIIN BIAHOCIATHCA HapOB1
KOTIM (TIApOreHepaTopM). IX KOHCTPYKIis, NPUHIUI pOOOTH Ta TEXHONIOTiYHi IPOIECH
po3rsiiaroThest B poboTax [4-8]. IlutaHHSAM eHepro- Ta pecypco30epeXeHHS Yy KOTEeJIbHUX
yCTaHOBKaX MpUCBsUeHi podoTu [9-12].

VY poborax [13-14] 3anponoHOBaHO Ta OOIPYHTOBAHO 3aCTOCYBAaHHS BUCOKOTEMIIEPATYPHUX
rtiBkoBux Tepmonap (BIIT) ans BUMiproBaHHS BUCOKHX TeMIEpaTyp KOHCTPYKIIN aBialliifHUX Ta
pPaKeTHUX [JBUTYHIB, a TakoX y Meranyprii. OTpuMaHi pe3ylbTaTH MOXKHA pO3IJISAAaTH K
3actocyBanHs BIIT ans BUMiproBaHHs TeMIiepaTyp TEIUIOHOCIS B TPAKTi MapoOBOTO KOTIA, @ TAaKOXK
TEPMOMETPYBAHHS IMOBEPXHI €KpaHHUX TPYO MapOBUX KOTJIIB.

Metoio pobdoTH € aHalmi3 MOXXIMBOCTEH MIABUIICHHS EKCIUTyaTaliiHOT HaaidHOCTI Ta
e(eKTUBHOCTI OOJaJHAHHS KOTEIbHUX YCTAHOBOK TEIIOCICKTPOCTAHIIIN IUISXOM IiABUIICHHS
SIKOCT1 BUMIPIOBAHb iX TEXHOJIOTIYHUX ITApaMETPIB.

Buxkiax ocHOBHOro Marepiasry

OcobnuBicTio BuMiptoBanbHHX cxeM 3 BIIT € HeoOXigHiCTh HOAATKOBOTO pO3'eEMy —
obnacti, B SKii A0 IUTIBKOBUX TEPMOEIEKTPOJIIB MPUETHYIOTbCA BIABIAHI (KOMIIEHCAIliMH1)
TepMoenekTpoaHi gpotu [13-14].

Tepmoenekrpuuna enektpopywiiiHa cuna (tepmo EPC) muBKOBHX — €JE€KTpOJIIB
BiJIpi3HsA€eThCS BiJ TepMo EPC apoTsHUX enekTpoaiB 3 0JlHaKOBUX MartepianiB. [Ipu 1ocuTh BUCOKIH
TeMIepaTypi J0AaTKOBOIO po3'eMy 1i€ MPU3BOAUTH /10 3HAUHUX MOXMOOK Y BUMIpi TEMIIEpaTyp.

VY 3aragbHOMY BUINAAKY, KOJM TEPMOEIEKTpUYHA XapaKTEepPUCTHUKA BIABIAHUX JIPOTSHUX

eJIEKTPO/IIB ACD (t.0) BigpisHseTbCA Bim XapaKTEPUCTMKHM Mapu ILTIBKOBHMX EJEKTPOIiB

AAB (t.0) (puc. 1) cnpaBennuBumii Bupas:
Ang (1,0)=E+ AE(1,0),
ze Acp (10) = Ang (10.0) - Acp (t0,0);

t — remneparypa cmato BIIT, °C;
to — Temmeparypa nomaTKOBOrO po3’emy, oc;

A- BuMipsHa Tepmo EPC.

Takum yuMHOM, B IIbOMY BHIIQJKy HEOOXIJHO KpIM peecTpallii OCHOBHOTO CHUTHaly A
BHU3HAUaTH TAaKOX TEMIEpaTypy Micls MHiA'€lHAHHS BIABIAHMUX TNPOBOJIB 1 BBOJUTH BiJIIMOBIAHY

IOIIPpaBKy AE(t,O) , 1O 49aCToO € HACTUIBKH K CKJIaJHHUM 3aBJaHHAM, K 1 BU3HAYECHHSI OCHOBHOT'O

CUTHaTy. AJDKe B yMOBaX TpPaKTy KOTEIBHOI YCTAaHOBKH KOHCTPYKTHBHO HEMOMIIMBO BHHECTH
MicIle pU€ETHAHHS KOMITEHCAI[IHHUX MTPOBOJIIB 10 30HU HABITh MOPIBHIHO OMIPHUX TEMIIEPATYP.

JUnst yCyHEHHsS 3a3HA4€HOTO HENOJIIKY Oyiau BHKOpHUCTaHI po3ryisiHyTi B pobOoTi [15]
KOMOIHOBaHI KOMIIGHCAIIMHI JAPOTSHI TEPMOENEKTPOAM, SKi 3a JOMOMOTOI amapaTHOTro
HAJTAIITYBaHHS MalOTh Y Jialma3oHax TeMIepaTyp, IO CIOCTEepIraloThCs, TpaayloBalbHI
XapaKTePUCTHKH, OJM3bKI 1O XapaKTEPUCTHK IUTIBKOBUX €IEKTPOIIB.
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Eas(t0)

0 t 300 600 ‘c
Puc. 1 — [Ipuniumnosi oco0auBOCTI BUMiproBaibHOi cxemu 3 BITT

Bupa3 eksiBanenTHOi Tepmo EPC 06araroxuiabHOro IpoTy, LIO CKJIAJAEThCS 3 PI3HUX
Mmarepiaiis, HacTymHu# [15]:

R
E =, ——1 (E, E, ... E)), 1
ex 1 R1+R2+...Rn( 1 2 n) ( )
e El, E2, En — TE€pMO EPC OKpEMHUX I[pOTiB 1, 2,..., n BIZHOCHO INIATHHOBOTO CleKTpoaa

nopisusins; Ry, R 5, R, - enexrpuuni onopu oxkpemux nporis 1, 2,..., n.
Jlist manmora 3 1Box ApoTiB popmyna (1) mae Burisia;

£ _p BRHER, EK+E
«“ IR +R,+.R, 1+K

: )

e K=—1 . Koe(illieHT HACTPOMKHY.
2
YMOBOIO KOMIEHcalii MOXMOKM CHUTHaly, I[I0 BIJANOBIJa€ CHUTHATY OCHOBHOTO
TEPMOEJIEKTpoaa KOMOIHOBAaHUM JIPOTSHUM €JIEKTPOAOM MPHU TEMIEPATypl po3'eMy to, € BUKOHAHHS
HACTYIMHOTI'O CIiBBiIHOIICHHS:
E;(to) Ky, +E

Eooc.(ty) =E_, (t
(O) 3K(0) 1+Kt0

: @)

_ Ey(ty) —Eooc.(ty)
b Eooc.(ty) — E; (%)) .

HeoOxinHe BiTHOIIEHHS OMOPiB T'UIOK KOMOIHOBAHOTO JPOTY Ha MPaKTHI 3IIHCHIOETHCS
napajieabHUM 3'€THaHHSIM PI3HOPIIHUX CTAHAAPTHUX APOTSHUX TEPMOEJIEKTPOIIB 13 PEryIbOBaHUMHU
oropamu, 10 MiJKII0YaloThes (puc. 2). HamamryBanHs KoMIeHCAlIfHUX KOMOIHOBAaHHUX €JIEKTPO/IIB
3MIIACHIOEThCS IIISIXOM MiA0opy omopiB R1 — R4 3a TemMnepatypu to - micus po3'emy.

ae K
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SIk KOMOiIHOBaHI KOMIICHCaliiHI TepMoenekTpoan i BuOpanux BIIT i3 marepiainiB AuesPdss
- PtooRh10 Hamu Oyiu 3acTOCOBaHI Taki CTaHIAPTHI TEPMOEICKTPOIM: HeratuBHaA Tiaka (AuesPdss) —
JPOTH 3 aTrOMeli Ta Koreni; mo3utuBHa rika (PtooRhio) — apotn 3 xpomeni ta amomenti.

Jlns BIIT Ptigo - PtooRhio 3acTocoByBanu taki Tepmenekrpoan: HeratuBHa rinka (Ptioo) -
JPOTH 3 XpOMelli Ta Korieni; HeratuBHa rika (PtooRh1o) — qpotu i3 xpomernti Ta anmomeni.

Miob

i -
X ‘E\_ %ﬁ

Puc. 2 — [IpuHnnmnoBa cxemMa BUKOHAHHS TOSJIEKTPOAHOT KOMITEHCAIIil TpU BUMIpIOBaHH1
Temrepatyp 3a gornomororo BIIT 3 Ptioo - PtooRh1o TepmoernekTpogamu

Ha mpaktumi mialip CcTaHmZapTHUX MPOBOAIB 13  3aJaHMMH  TEPMOECJICKTPOIHUMH
BJIACTMBOCTSAIMHU YCKJIAJJHEHUH, TOMY HaJlalITYBaHHSA KOMIIEHCAL[IHHUX KOMOIHOBAHMX €JIEKTPO/IIB
PO3PaxXyHKOBHM IIIJITXOM MOXKE TPHU3BECTH JO CYTTEBHX IOMHJIOK. 3BIJCH, HallallTyBaHHS
MPAKTUYHO MPOBOJUTHCS EKCIIEPUMEHTAIBHO IIITXOM HAJAIITyBaHHS 3MIiHHHX oropiB R1 — R4 3
HACTYITHOIO TIEPEBIPKOI0 BEIMYUHU FE¢c MO BCHOMY Jiama3oHi MOXIMBUX TeMIEpaTyp po3'emy.
Cxema HaJamTyBaHHS HaBeJICHA Ha puC. 3.

e
to FPe Rh JJ_L

4 i
|

| £ [ Loew
{

L_I Pt J—J

Mi0b -
A Ll —————<

|

|
o}
LJ

Puc. 3 — Cxema HanmamTyBaHHsI KOMOIHOBAaHMX KOMITCHCAIITHIUX TEPMOEIIEKTPO/IIB, 10
BUKOPHUCTOBYIOTHCS TIPU BUMIPIOBaHHI TeMIiepaTypu 3a gornomororo BITT
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ExcriepuMenTansHi gani Oynu orpumani 1uist kotenbHoi yeranoBku TIIIT-312 3miiBeskoi TEC.
Pe3ynpraT  eKCIEPUMEHTAIBHOTO  HAJAINTYBaHHS KOMICHCAIIMHUX KOMOIHOBaHUX
TEPMOEIIEKTPO/IIB, IO BUKOPUCTOBYIOTHCS y BHMiproBaIbHUX Janmtorax 3 BIIT, nHaBexeni B

TalJIuIl.

Taomuna 1

— Pesynbraru

KOMOIHOBaHHMX TEPMOEIIEKTPOIIB

CKCIICPUMCHTAJIbHOI'O  HaJIalITYBaHHSA KOMHGHC&HifIHHX

BH£ t‘;‘éﬁﬁid“' t,°C | Ee, MB | Eocuy MB |  AE = Eocu — B, MB At = At (AE), °C

50 1,75 1,73 -0,02 0,5
Excniepumenr 1 100 3,65 3,65 0 0

150 5,775 5,74 -0,035 -0,8

50 1,695 1,73 0,035 1
Excnepument 2 100 3,70 3,65 -0,05 -14

150 5,825 5,74 -0,085 -1,5

50 1,72 1,73 0,01 0,3
Excniepumenr 3 100 3,625 3,65 0,025 0,7

150 5,775 5,74 -0,035 -0,5

BprtlgToR; E ) t, | Eex, MB | Eocs, MB AE = Eocii — Eex, MB At = At (AE), °C

50 0,275 0,281 0,045 -0,8
Excnepumenr 1 100 0,614 0,607 0,0071 1

150 0,978 0,968 0,01 1,3

50 0,279 0,281 0,002 -0,4
Excniepumenr 2 100 0,601 0,607 0,0063 0,9

150 0,98 0,968 0,0123 1,6

50 0,2377 0,281 0,004 -0,7
Excnepumenr 3 100 0,615 0,607 0,0079 1,1

150 0,977 0,968 0,0092 1,2

BucHoBxku

SIKicHI BHMMIPM OCHOBHHMX TEXHOJOTIYHUX IapaMeTpiB poOOTH KOTEIbHHUX YCTaHOBOK
HeOOX1/IH1 JIsl CTaJIoro PO3BUTKY Cy4aCHOI €HEPTEeTUKH.

JUist HOKpaleHHs sIKOCTI BUMIPIOBaHb TEXHOJIOTTUHUX MApaMeTPiB y KOTEJIbHUX YCTaHOBKaxX
npononyeThest 3acrocyBanHs BIIT mist BuMiproBaHHS TeMIepaTyp TETUIOHOCIS Y TPaKTi apOBOTO
KOTJIa, a TAKOX JUIsl TEPMOMETPYBAHHS MMOBEPXHI €KpaHHUX TPYO MapoOBUX KOTIIIB.

[IpoanamizoBano ocoOauBOCTI BUMIproBaIbHHX cxem 3 BIIT gis  migBumeHHS
eKCIUTyaTallifHoi ~ HaaiiHOCTI  Ta  e(EeKTUBHOCTI  pPOOOTH  KOTENbHHUX  YCTaHOBOK
TETUTOCIEKTPOCTAHIIIN.

[IpoBeneHo  ekcnepuMEHTajJbHE  HANAIITYBaHHA  KOMIICHCAI[IMHMX  KOMOIHOBaHHMX

TEPMOEJIEKTPOIB, 1110 BUKOPUCTOBYIOThCS Y BUMIpIOBaIbHUX J1aHLorax 3 BIIT.
PesynpTaTi g0CHiKEHb MOXKYTh OyTH BUKOPUCTaHI 1 171 naporeneparopiB AEC.
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