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Heo0xoaumpble 3KkCIepUMEHTAJIbHbIE HCCJIeI0BAHUSA
ropeJIOK MaJIOOMHUCCHOHHBIX KaMepP CrOPaHusi SJHEPreTU4eCKuX
ra3oTrypouHHbIX ycTaHOBOK (I'TY) nis odecneuyeHust
UX HAACKHON IKCIIyaTAIMU

AHHOTanusi. B crarbe aBTOpaMu NPOBEACH aHAJIN3 PUCKOB, C KOTOPBIMHU CTAJIKMBAKOTCS
POCCUICKHE IKCILTYaTUPYIOLIUE JHEPTE€TUUECKUE KOMIIAHUH B CBETE CAHKLIMOHHOM ITOJINTUKYU U YXOa
BCEX KPYIIHBIX HMHOCTPAHHBIX CEPBUCHBIX OPTraHHU3alUi C POCCHUCKOro pbIHKA. [lokasaHsl mmyTn
Pa3BUTHUS DHEPrETUYECKON OTPACIM B OTCYTCTBHUHU ITOCTAaBOK MMITOPTHBIX JETAJCH I PEMOHTA U
3ameHbl. O603Ha4YeHbl TOTPEOHOCTH B KOOIEPALIMM POCCUHCKUX CEPBUCHBIX KOMIIAHUN C HAyYHBIMU
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HHCTUTyTaMU OTpacCid JJIs1 ITOBBILICHUSA KOMHeTeHHI/Iﬁ " Ka4eCTBAa PEMOHTHBIX pa60T Sap}I6e}KHBIX
FaSOTyp6I/IHHLIX YCTaHOBOK.

ABTOpaMH TPOAHAIM3UPOBAH TOIXOJ K OOCITYXHBaHWIO TropelodHbX ycTrpoicte (I'Y)
MaJodMHUCCHOHHBIX Kamep cropanus (MOKC) 3apyOeXHBIX CEpBUCHBIX KOMIAHHUI TMepeoBBIX
MIPOU3BOIUTEINCH SHEPreTUYECKUX Ta30TypOUHHBIX YcTaHOBOK (I'TY) akTHMBHO 3KCIITyaTHPYIOIUXCS
B Poccun. PaccMoTpeHsl ATanbl cepBUCHOTO 0OCIYKUBAaHUS FOPEJIOYHBIX YCTPOMCTB, BKIIIOYAIOIINE
CHSITUE PACXOJHBIX XapAKTEPUCTHK TOIUIMBHBIX KaHAJIOB, MPOBEJIEHHUS YJIbTPAa3BYKOBOW OYMCTKH,
HEepa3pyLIAIONIEro KOHTPOJIS U JIp. Ul IPOAJICHUsT pecypca paboThl M oOecrieyeHus] HaJeKHOCTH.
Iloxazanpl Hambojiee BEPOSTHBIE NPUUMHBI, BO3HUKAIOIMX Je(EKTOB B MEPUOJ AKCIUTyaTallUH
ropenounbix yctporcTB (I'Y) m cnocobbl ux ycrpanenus. [IpoaeMoHCTpHpoBaHa CBS3b MEXKIY
HaJeKHOM, Oe3aBapuitHOW paboroit I'TY M KauyecTBOM MPOBEIECHHOTO CEPBHUCHOTO OOCTYKMBaHUS
TOpEJOoK.

ABTOpBI, Ha TmpuMepe paboOT, NPOBOAMMBIX OTEUYECTBEHHOH CEpPBHCHOM KoMIaHHEH
OO0 «3HITPOC» mnoka3plBalOT HEOOXOJUMOCTh MPOBENEHHS: MOHUTOPHMHIA I1apaMeTpOB,
OTpaXKAIOIIUX COCTOSIHUE TOPEIIOK, AMATHOCTHKH, TPOPHIAKTHUYECKUX U BOCCTAHOBUTEIIFHBIX padoT B
MepuoJbl IUTAHOBBIX HMHcHeKkiui. [IpoaeMoHCTpUpoBaHBl Hambojee CIOXKHBIE MPOOJIEMBI,
BO3HUKAIOIINE M3-3a MAJION JOCTYIMHOCTH K OOJIBIIOMY KOJHUYECTBY y3J10B/KOMIIOHEHTOB. OTMEU€eHO,
YTO OCHOBHBIE KOMIIOHEHTHI T'a30BOM TYpOMHBI HMEIOT OTPaHUYEHHBIN CPOK CIYKObI IO CPAaBHEHUIO
CO CpOKOM CIyXObl YCTaHOBKM, 4YTO TPUBOJUT K HEOOXOIMMOCTH TIPUHATUS peIICHUN
9KCIUTyaTUPYIOIIMMHU OpPraHU3alUsiIMU OTHOCUTEIbHO 3aMEHbl KOMIIOHEHTOB WJIM HMX PEMOHTA.
IIposeMOHCTPUPOBAHO, YTO TEXHOJOTMU BOCCTAHOBJICHHMS KOMIIOHEHTOB TIa30BOM TYypOMHBI IpH
TEXHUYECKOM  OOCIY)KMBAaHMHM  CIOCOOHBI ~ MHWHHMMHU3HMpOBATh  3aTpaTbhl  3KCILTyaTHPYIOIIHUX
OpraHu3aluii.

KurueBble ciioBa: nmnopro3aMeleHue; 3aeprernueckue ['TY; MaloAMUCCUOHHBIE KaMepbl
CrOpaHMsl; TOIUIMBHBIE KaHaJbl; UCCIECIOBAHUE PABHOMEPHOCTH MOJAYM TOIUIMBA; TEMIEpaTypHOE
110JIe; HEYCTOMYMBOCTH IIPOIIeCcCca TOPEHHUS; CEPBUCHOE 00CITy )KHBaHUE

Ha ceromusiuiHuii 1eHb, B yCIOBUSAX CAHKIIMHA U yX0/1a OONBITHHCTBA 3apyOEKHBIX CEPBUCHBIX
KOMITAaHU I HEOOXOIMMBIM U KPUTHUYECKU BaXKHBIM CTAHOBHUTHCS MOAJIEpKaHUE pabOTOCIIOCOOHOCTH U
HaJeKHOCTH JHEpreTudeckoro obopynoBanusa. ClieqyeT OTMETHUTh, YTO CAHKIIMA Ha WMIIOPTHOE
000pyI0BaHHE B MEPCIEKTHBE MOTYT CO3/IaTh HEKOTOPHIE MPOOJIEMBI IJIT PEMOHTA U OOCTY)KHBAHHS
Takoro obopymoBanusi. OmHAaKO, HEOOXOIWMO YYHTHIBATH, YTO IMOCIEACTBHS OyIyT 3aBUCETh OT
KOHKPETHBIX YCJIOBUWA M OIPAHUYECHUMN, YCTAHOBIICHHBIX CAHKLUSAMH, a TAKXKE OT BO3MOYKHBIX
aNTbTEPHATUBHBIX PEIICHUH, TOCTYITHBIX Ha peIHKE. [IpencTaBnsercs menecooOpa3HbIM U HaM MIPUHSITH
pAl Mep IO CHUKEHUIO HETATHBHBIX IOCJIEACTBUHA B JHEPIETHUKE OT BO3MOXHBIX HapyIICHUH
CJIOKMBIIMXCSI PAHEE XO3SIMCTBEHHBIX CBA3CH.

HCO6XO,I(I/IMO YYUTBIBATh U BHCITHCOKOHOMUYCCKUC PHUCKHU.

Ham Hago OBITH TOTOBBIMH K TOMY, YTO CAHKIIMM MOTYT NMPUBECTH K OTPAHUUYCHHUIO WIIH
MOJIHOMY 3afpeTy Ha UMIOPT 3armyacTeld JUisi UMIIOPTHOTO 000pYZOBaHUSA. DTO MOXKET 3aTPYAHHUTD
WJIH CJIeNIaTh HEBO3MOKHBIM MMOTy4YeHHE HEOOXOIUMBIX JeTaleil 1711 peMOHTA U 3aMEHBI.

OI[HOBpCMeHHO, OIpaHUYCHHAA AOOCTYIIHOCTDH 3amyacTeil MOXKeT IMPUBCCTHU K IMOBBLIIICHUIO
CTOUMOCTH pEMOHTA UMIIOPTHOT'O O60py,[[OBaHI/I$[. Ecau 3anmuactu CTaHYT TPYAHOOOCTYIIHBIMHA HJIN UX
ICHBI BBIPACTYT MU3-3a CaHKHHﬁ, TO 3TO MOXKCT IIOBJIMATH HA O6H_IyIO CTOUMOCTb PCMOHTA.

OFpaHI/I‘IGHHaH JOCTYIIHOCTb 3am4yacTel U BO3MOXKHBIE TPYAHOCTU B IOJIYUYCHHU HYIKHBIX
KOMIIOHCHTOB, B CBOKO O0O4YCpPCAb, MOI'YT CHU3UTH Ka4dCCTBO OGCHy)KI/IBaHI/IH HUMIIOPTHOT'O
060py,HOBaHI/ISI. BO3M0)KHO, nNpuaACTCAd HCKATh AJIBTCPHATHBHBIC PCHICHUA WM HCIIOJIB30BATh
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HCOPUTHHAJILHBIC 3allYacTH, YTO TaK)Ke MOXKET IOBJIMATh HAa HAJACKHOCTh U 3(PHEKTHBHOCTH
00opyaOBaHUS.

C BBICOKOM BEpPOSATHOCTBIO MOXKHO OXKMJATh 3aMEIJIEHUE IIpollecca PEMOHTHBIX H
BOCCTAHOBUTEJIBHBIX paboT eciiu MoTpedyeTcs [UIMTENbHOE BpeMsl Ha MOJTy4YeHHUe 3amyacTell Ui ux
aHAJIOTOB M3-3a CAHKIMH. A BO3MOXKHO U K YXY/IICHHIO KaueCTBa MPOBOJAUMBIX paboT. B pesynbrare
KOMIIAHUM MOTYT CTOJKHYTBbCSI C HELITAaTHBIM MPOCTOEM OOOpYyJOBaHUS M TOTEPSIMH B
MIPOU3BOJACTBEHHBIX MOLIHOCTSX.

Jis  MHUHMMH3alMA TIOCJTEACTBUN CAaHKIIMOHHOM TOJNUTUKKA HEOOXOJMMO HapalluBaTh
COOCTBEHHBIN CEPBHC B KOOTIEPAIIUU C HAYYHO-TEXHUYECKUMH HHCTUTYTaMH OTPACIH JIsl TOBBIIIICHUS
€ro KadecTBa M THOKOCTH, a TaK)Ke BHEAPECHHSI MHHOBAIIMOHHBIX pelieHui. Pazdepem mpumep Takoro
MoJxoda HIKE.

[Ipu pabote sHEpreTUecKkux ra3oTypOruHHBIX ycTaHOBOK (I'TY) Ha ra3000pa3HOM U JKUJIKOM
TOIUIMBE B MaJIOOMHMCCHOHHOM JMarna3oHe Harpy3kd OCHOBHOI pacxoj TOIUIMBA MOJBOAMUTCA Ha
TOPEJIKH MPEeABAPUTENBHOTO cMelIeHus. Bo n30dexxanne HepaBHOMEPHOCTH TeMIIepaTypHOTO MO Ha
BBIXOJIE€ KAMEphl CrOpaHus Ba)KHO, YTOOBI TOIIJIMBO PABHOMEPHO PACHpPENENIIIOCH 10 3TUM IOpEJIKaM.
[Ipu cxuranum razoo0pa3HOro TOIUJIMBA, KOHCTPYKTUBHOM OCOOEHHOCTBIO THIIOBBIX TOPEIOK
MPEeIBAPUTEIILHOTO CMEIICHUs SIBISICTCS HaJM4Yue B JIOMATKaX 3aBUXPUTENS OTBEPCTUH Majoro
mnamerpa (0,8...1,5 mm) s momauum ra3a. B xome skcrmyartamuu ['Y mpoucxomuT oOpa3oBaHue
XUMHUYECKUX OTJIO)KEHUN BHYTPHU TOIUIMBHBIX KAHAJIOB W OTBEPCTHUS MAaJjoro JuaMeTpa JErKo
3aCOpSIOTCS, M3-32 YEero YMEHbBIIAIOTCS HMX IPOXOJHble ceueHus. Takue 3acopbl MPUBOAAT K
HapyUICHUIO PaBHOMEPHOCTU MOJAaud TOIUIMBA KaK BHYTPU OTAEIBHOW TOpPENKH, Tak M oOliee
pacmpeziefieHde pacxoJa TOIUIMBa MEXJy ropenkamu Bcei kamepbl cropanus (KC). Cxoxas
npoGieMa BO3HUKAET M B JKUJIKOTOIUIUBHBIX TOPEJIOYHBIX YCTPOMCTBAX — ILIEHTPOOEKHBIX
dbopcyHkax, popcyHkax aspopacmblia U KaHajlaX [MoABOJia TOIUIMBA.

HepaBHoMepHOE paclpeneneHue TOIJIMBA BJIMAET Ha IPOLECC TOPEHUS: CO3JaeT
HEPaBHOMEPHOCTh TEMIEPATYpPHOI'O IOJI1 HAa BBIXOJIE U3 KaMEpbl CrOPaHHUs, YBEIMYUBAET IMHUCCUU
OKCHJIOB a30Ta W YXYJIIaeT MOJHOTY CrOpaHus TOIUIMBA, BBI3BIBACT IEpErpeB JeTanei Kamepsl
cropanust U TypOuHbl. KpoMe TOro, HepaBHOMEpHOE pacIpelesieHHe pacxoia TOIUIMBA BIIMSAET Ha
CTaOMJIBHOCTH MPOIECCa TOPEHUSI, YTO MOXKET IPUBOIUTH K MOBBIILICHHBIM IYJIbCALIUSIM JaBJICHUS B
KC (aBTOKON€0aHUsAM), CpPBIBAM UJIM IPOCKOKAM IIJIAMEHHU B 30HY NMPEABAPUTEIHHOTO TepEeMEIINBaHUs
ropenku. Hapymienue pabodero npouecca ropeHus IPUBOAUT K CHHPKEHHIO (PAKTUYECKON MOIIHOCTH
U COKpALIEHHIO pecypca 3JEMEHTOB KaMephbl CropaHHs U TypOMHBI, YTO HEFaTUBHO CKAa3bIBAETCS Ha
pacxogax reHepUPYIOMIMX KOMITAHUH.

Ha cerogusiumauii nens B Poccnn skcruryatupyercst 60biioi napk uMnopTHeIX ['TY, kamepsl
CrOpaHUs KOTOPBIX MMEIOT CpeAHME rabapuTHBIE pa3Mepbl U ChEMHBIE ropenodHble ycrpoiicTBa. K
HuM otHOCcaTCs I TY tuna SGT-700 u SGT-800 (hupma npomussoautens Cumenc); AE64.3A (dbupma
npousBoauTesb Aucansao); GEGFA (6F.03) (pupma npousBoautens Jxenepan Jaektpuk). Taxoke,
Ha peiHKe P®, mpucyrcrByer oObemHBIA mapk ['TY OOJbIION MOIIHOCTH, MMEIOMUX OOJIbIIHE
rabaputHbie pasmepsl ['Y, takue kak ['TD-160 (xommanus —paspabotunk Cumenc SGT5-2000E).
Kamepa cropanust I'T3-160 BeIHOCHas, cocTosiiasi M3 JBYX CEKIUH, Kaxaas U3 KOTOPBIX HMeEET
8 ropenok B oaHOW cOOpouYHON enuHUIlEe (TabapuTHBICE pa3Mepbl OJHOW COOPOYHOUN €IMHUIIBL:
~2 MeTpa B [uaMeTrpe u 1 MeTp B BBICOTY).

[lepeuncrniennpie BbIlIE 3apyOekHbIe TepenoBbie mpousBoautenu ['TY mnsa obecreueHus
HaAEKHOM 1 0e30macHOM SKCIUTyaTalliy TOPEIoK KaMep CropaHus MpeaycMaTpuBatoT PU CEPBUCHOM
o0CITyKMBaHUH MPOBOJAUTH MCCIEIOBAHUS 110 UJCHTHYHOCTA KOMILJIEKTA TOPEIIOK M0 UX PACXOIHBIM
XapakTepucTHKaM. PaBHOMEPHOCTh IMOJAaYu TOIUIMBA JOJDKHA OOECIEeYUTh PABHOMEPHOE €ro
C)KUTaHHE B 00beME KaMephbl CrOpaHUs U TOJJCPKAHUE 3aJaHHOUM JIMIOPHI MOJI TEMIlepaTyphl Ha
Bxojye B 1CA [1].
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B mpouecce skcrutyaranuu, u3-3a 00pa3oBaHMs OTJIOKEHUH BHYTPU TOIJIMBHBIX KAaHAJOB,
u3MeHsieTcss pabounii mporecc TopeHus U, Kak CleCTBUE, 3TO MPUBOAUT K HAPYLIEHHUIO TpeOyeMbIX
napametpos ['TIA.

PaCCMOTpI/IM MMoAXOJbl K pCHICHUIO JTaHHOM Hp06HeMBI HN3BCCTHBIMU IMPOU3BOJUTCIIIMU I'TY.

Tak, xomnanueir GE ans mojanep Ky mapka ra3oBbIX TypOUH pa3paboTaHbl COBPEMEHHBIE
TEXHOJIOTHM PEMOHTA KOMIIOHEHTOB.! OJHUM M3 TaKUX KOMIIOHEHTOB SBJSIOTCSA TOPEJIKH Kamep
CrOpaHMsI U X OOBS3BIBAIOIIME IEMEHTHI (TOIJIMBHBIE MOJIBO/IbI, TOTIUBHBIE KOJUIEKTOPA, (OPCYHKU
u T. 1.). ['mobGanpHas cetb cepBUCHOTO IeHTpa GE peMOHTHpYET BCE THITBI TOIUIMBHBIX TOPEIOK U
(hOpPCYHOK, OT IPOCTOTO Ta30BOTO HACAAKA O MHOTOTOPEIIOYHBIX (DPOHTOBBIX O10KOB ThTa DLN-2.

PazButne cucteM CXKUTaHUS OT TPAAUIHMOHHBIX TU(PQPY3HMOHHBIX Kamep CropaHus [0
MaJIOAMHUCCHOHHBIX KaMmep CropaHus moTpedoBaia pa3paOdOTKH HOBBIX PEMOHTHBIX TEXHOJIOTHH,
KOTOpbIE OBUIM BHEAPEHBI B CEPBHCHBIX IIEHTpaX. OJTH PEMOHTHBIE pPabOTHI 00ECHEYHnBaIOT
BOCCTAHOBJICHHE TOIUIMBHBIX (JOPCYHOK, OTBEUAIOIIUX TPEOOBAHUIM K JAETAISIM — pa3Mephbl KaHaJIOB
Y COTICII, YUCTOTA M IIIEPOXOBATOCTH MMOBEPXHOCTEH, OTKIOHEHUS PACX0/I0B ITIOTOKA BO3/TyXa U TOITUIHBA
B COOTBETCTBMM C IIPOU3BOJCTBEHHBbIMHU creuupukanusmu. Taxke, cepBucHele 1eHTpel GE
MOJIICP)KUBAIOT IIUPOKUI aCCOPTUMEHT PACXOIHBIX JIeTallei, TAKMX KaK YIUIOTHEHUS, POKJIAIKU U
KOHTPOBKH JUIsi BCEX THUIIOB TOIUIMBHBIX (DOPCYHOK, UYTO YCKOPSET TMPOIECcC TEXHUYECKOTO
o0cy>)KUBaHUSI.

[IpoxyBOUuHBIE UCTIBITAHUS T'a30BBIX HACAIKOB, (POPCYHOK M MX TOIUIMBHBIX KaHAJIOB MMEIOT
pelaroniee 3Hau€HUE JUIS SKCIUTyaTallud, OCOOEHHO i TpyO4yaTO-KOJIbLEBBIX KaMep CropaHusl.
OueHb BaXKHO, YTOOBI OJHO U TO K€ KOJUYECTBO TOIUIUBA IIPOXOIUIIO Yepe3 Kax10€ OTBEPCTUE/COILIO
TOpPEJIOYHOTO0 YCTPOHCTBA M3 KOMILIEKTa Ta30TypOMHHOrO ABUTaTess [2-5].

VYpaBHOBEUIEHHBIN pacxoj] TOIUIMBA CBOJUT K MHHMMYyMY pa30poc TeMmmeparypbl rasa,
M3MEPEHHBI € MOMOIBIO TepMomnap Ha Beixjomne ['TY, a Takke paznuuus AaBICHUS MEXIY
KapoBBIMH TpyOamMH Kamepsl cropaHus. VICTIBITaHUS 1O ONMPEAETICHUIO0 PACXOJIHBIX XapaKTEPUCTUK
IIPOBOJISTCS] HA aBTOMATU3UPOBAHHBIX CTeH 1aX. McribITaHNe BO3YIIIHBIX U T'a30BbIX KaHAJIOB TOPEIKU
MIPOBOJIUTCS CKATHIM BO3yXOM, a KAHAJIOB KUJAKOTO TOIUIMBA — BOJOM.

B ucneiTarensHOM 000pyIOBaHUM ISl ONIPEIENICHUS PacXo/ia UCIOIb3YeTCs] KOMIBIOTEPHAs
CHCTeMa, KOTOpas BBIYHCIAET IPOIEHTHOE OTKIOHEHWE 3HAYEHHs Ui KaXAOH TOpelKH U3
KOMIUIEKTa. Y JIOBJIETBOPHUTEIBHOE OTKIOHEHHE MEXIYy TOpENKaMH OOBIYHO OTPaHHYUBACTCS
mucriepcueit MeHee 2-3 %. Bce HakomIeHHbIE JaHHBIE TI0 PAacXOAHBIM XapaKTePHUCTUKaM
COXPaHSIOTCS B apXHBE.

Komnanuss GE mpoBoauT st 3aka3uuka MpoOayBOYHBIE HCHBITAHUS, a TaKKEe XUMHUYECKHIA
aHaM3 TPOo0 OTIIOXKEHHH, OTOOPAHHBIX M3 TOIUTUBHBIX KaHAJOB TOPEJIOK, YTO MOMOTAET BEHISIBUTH
JOTIOJTHUTEBHBIE TTPOOJIEMBI, CBSI3aHHBIE C MOJATOTOBKOW M KadecTBOM TorutuBa. [locie pazbopku
JETAIA TOPEJIOYHBIX YCTPOMCTB OYMINAIOTCS C IOMOIIBIO YJIBTPa3ByKOBOTO OOOpPYIOBAaHUS HIIN
THIPOA0PA3UBHOM OYMCTKH. 3aTeM JeTalld TMPOXOASAT MPOILECC Hepa3pyUIaroIIero KOHTPOJIS,
TOTUTMBHBIE KaHAJIBI IPOBEPSIOTCA HA TEPMETHIHOCTb.

B cooTBeTCTBHH C TEXHUYECKUMHU TPEOOBAHHSIME U TPEOOBAHHSAMH K 00CCIICUYCHHIO KayecTBa
B Siemens pa3paboTaH MPOIECC XUMHUYCCKOW OYMUCTKH DJIEMEHTOB TOPENIKH, MPEIHA3HAYCHHBIH IS
MIPEIOTBPALLEHHUS TOBPEKIAEHUS UX ITIOBEPXHOCTEN U BHYTPEHHUX KaHAJOB.?

1 K.J. Pallos «Gas Turbine Repair Technology» GE Power Systems, GER-3957B, 04/01, p. 26.

2 Ultrasonic cleaning and testing — for better performance and greater efficiency // https://www.siemens.com/energy/field-
service-fossil.
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OmbIT 9KCIUTyaTallMy KOJIBIEBBIX Kamep CropaHus IOKasaj CIeluaiucram Siemens, 4ro
o0Opa3oBaHHe OTJOXKEHMH Ha ropesikax 3aBUCHT OT TOIUIMBA, OT YCIOBMH OKpY)KaloLIeH cpelsl U
ycioBui padoTel. OHU BBISIBUJIM, YTO 3aCOPHI TOIUIMBHBIX KaHAJIOB M OTBEPCTUH MOJA4Yy BIUAIOT HA
3¢ (G EeKTUBHOCTD IKCIUTyaTallul, B TOM YUCIIE IPUBOJIAT K:

o MOSIBJIEHUIO TOPSTYMX/XOJIOJHBIX MATEH U3-3a KapOOHU3ALMU U CEPHUCTHIX OTIOXKEHUI;
o HEYCTONYMBOCTH MPOLEcCca TOPEHMUS,

o MIOTEPU MOLIHOCTH;

. YBEJIMYEHUIO cO0eB (aBapUHBIX OCTAHOBOB).

M3mepeHus pacxoga 1O M TIOCIE OYUCTKH, NPOBOAWMBIC CIEIHANIUCTaMHU  Siemens,
MIOKa3bIBAIOT €€ 3P (peKkTuBHOCTh. OOecneunBaeT NpoOBEPKy TOTO, YTO MPOLIECC OYUCTKU HE MOBIIUSI
Ha yXyIIIeHHE paboThl Ta30BOM TYpOUHBI.

[To m3MepeHHsM pacxona CIEIUAIHCTHl SIEMENS OneHNBaOT 3()(EKTHBHYIO IUIOMIAAb U e
OTKJIOHEHHE OT CPEJHEr0 3HAYCHHS JJIsi KOMILIEKTa TOPEJIOK. JTO TO3BOJISIET UM KOHTPOJIHPOBATH
IPOIIECC OYMCTKH U MPEIOTBPATHTH MOBPEXKICHHE TOpesIoK. JJoKyMeHTaIusI 0 M3MEPEHHUIO PACXO0/I0B
10 W TIOCIE OYHMCTKM JaeT CepBUC-WHXKEHepaM SIEMeNns BaxkHyl HWH(OpMaLMIO U OLEHKH
TEXHUYECKOTO COCTOSIHUS TOPEIIOK M BBIPAOOTKN PEKOMEHIAIMIA 10 WX 00CITy)KHBaHUIO.

OmpIT Siemens mokasai, YTO OYMCTKA TrOpesioK 0e3 MpeaBapHTeNbHONW TepMOOOpPabOTKH BO
MHOTUX CllydasX He€ JaeT HYXHOro pesynbrara. IIpomecc opraHu3oBaH Tak, 4TOOBI yHaJIWUTh
OpraHUYECKHE OCTATKH, OCOOEHHO C BHYTPEHHEH CTOPOHBI OUMIIAEMbIX JeTallel. OTH OCTaTKH MOTYT
ObITh, HAIIPUMEDP, CMA3KOH, MacIOM, OXJIaXAOLIEH KUJAKOCTbIO, KOHCEPBAHTAMU MUJIM OCTaTKaMH OT
TOpEHUss — JJIEMEHTAPHOM CEpOil, KOTOpPBIE YacTO TPYAHO YAAIUTh. /leTanu HarpeBarOT B IIE€UH,
BBIICPKMBAIOT YCTaHOBJIEHHOE BPEMS, a 3aTEM OXJIAXKIAI0T B KOHTPOJIUPYEMOM IIPOLIECCE.

FOpCJ’IKI/I OUMIIAIOTCA U MMPOMBIBAIOTCA B HCCKOJBKO CTaI[I/II‘/’I. I[J'IH MaKCHUMaJIbHOI'O B(b(beKTa
Siemens 00BIYHO MpOBOAWUT ABa LHUKJIA OYUCTKH. PeBy.TIBTaTLI MOATBCPIKAAIOTCA IMOCJIICAYOIINM
HU3MCPCHUCM PACXOO0B.

CosmectHO co3aannas Mitsubishi Heavy Industries, Ltd. u Hitachi, Ltd. kommanus Mitsubishi
Hitachi Power Systems, Ltd. (MHPS) ananorudno, kak u npyrue npousBoauteiu ['TY, obecnieurBaet
KaveCTBEHHBIE M HAJIE)KHBIE PEMOHTHBIE peruenns. OHa U3 KIodeBbIx neneil cnenuanictop MHPS
COCTOHT B TOM, YTOOBI CBECTH K MUHIMYMY CPOKH PEMOHTA M YBEIUYHUTB CPOK CITY)KOBI KOMIIOHEHTOB
NPY TUIAHOBOM M aBapUHHBIM CEPBUCHOM OOCITY)KHMBaHUEM ISl IMUPOKOTO Kpyra Mpou3BouTelnei. B
MHPS npumenstorcst oTpaboTaHHBIE TEXHOJOTHH YJIBTPAa3BYKOBOM M XUMHUYECKOW YHCTKH TIPH
PEMOHTE KOMITOHEHTOB T'a30BOM TypOUHBI.

N3yuuB ombIT 3apyOexkHbIX cepBUCHBIX kommaHui, OO0 «OHITPOC» pa3paborano cBoro
MeToauKy cepBucHoro obcmyxkuanusi ['Y MOKC I'TY 3apyOekHBIX MPOU3BOAMTENEH, TaKUX Kak
GE, Siemens, Ansaldo u ap. Pa3paboTano U M3roTOBWIIO YCTAHOBKHU JJISi M3MEPCHHI PACXOIHBIX
XapaKTEPUCTUK TOIUIMBHBIX KaHaJoB ['Y pa3HOro Tuma — pasmepa U OUYUCTKHU TOIUTMBHBIX KaHAJIOB
OT 3arpsi3HEHHH 1 3acopoB [6-8].

Ha npumepe ropenounsix ycrpoiicts I'TY tuna AE 64.3A npoaeMoHCTpUpyeM dTarbl padoT
110 BOCCTAHOBJICHHIO WX PACXOJHBIX XapaKTEPUCTHK.

I'openounoe ycrpoiictBo I'TY tuma AE 64.3A nokazano Ha pucynke 1 [9]. ['Y ochameno
LEHTPAIbHOW MUJIOTHON TOPEJIKON U TOPENKOM NMPEABAPUTENBHOIO CMEIIEHUs, KOTOPHIE MO3BOJISIIOT
paloTaTh KaKk Ha )KUJKOM, TaK U Ha Ta3000pa3HOM ToIuiMBe. [InI0THAs ropesnka colep KUT 3anaabHUK

3 GAS TURBINE FIELD SERVICE // Mitsubishi Hitachi Power Systems, Ltd. // http://www.mpshqg.com/gas-turbine-
service.html.
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(a11. cBeua) nyst pozxura KC. Kananel mogaun TorumBa i npeasaputeabHoro nepemertuBanus (I1171)
toruBoBo3ayHONW cMmecu (TBC) moaBeaeHbl B JOMATKU 3aBUXPUTENICH. JTO MO3BOJIIET CHU3HTH
BEpPOSITHOCTh HECAHKIIMOHMPOBAaHHOTO BocmiameHenuss TBC wu oOecrneunBaer onTHUMalbHOE
CMEIICHUE TOIUIMBA M BO3/yXa, MOCTYMAIONIETO B JMArOHAIBHBIA 3aBUXpUTENb. s paboTsl Ha
KHUJIKOM TOTUIMBE UCTIOIB3YIOTCS CIIeUaNbHbIE (DOPCYHKU, KOTOPHIE PACTIONOKEHBI 3a IUarOHaIbHBIM
3aBuxpureneM. CTpys KHAKOTO TOIUIMBA PACHBUISIETCS MOTOKOM I0JIaBaEMOI0 BO3]yXa, Karuiu
WCIIAPSIIOTCS ¥ CMEIIMBAIOTCS C BO3IYXOM.

2218

4

Pucynox 1. I'openxa npeosapumenvpHozo cmeulenus

TommBO Ha TOpENKY MpEeABAPUTEILHOTO cMemIeHus mogaéres yepes3 mryep 1. Jlanee uepes
BCTaBKY-BTYJIKY 2 TIOCTYIIaeT MO TPyOKe 3 B KOJIIIEBOU KOJUIEKTOP 4, MOCe 4ero, momnaaas B KaHal
5, pacmoNOXeHHBI B JIOMATKE 3aBUXPUTENS, pa3naércs depe3 TOIUTMBOpa3Jaroline OTBEpCTHS 6.
Bo3ayx mnomaércs Ha BXOA JMArOHAIBHOTO 3aBUXpHUTENs 7, cocrosimero u3 18 momaTok.
[TepememmBasch ¢ TorumBoMm B 30He cMmemieHust 8, TBC nmoctymaer B 00b6éM XKT. TormBopaznaroriue
OTBEPCTHS PACIIOJIOKEHBI TI0 5 MTYK Ha KOPHITE M CIIMHKE JIOTIATKH 3aBUXPUTEIIS.

Jlis mosrydeHus: pacXoJHBIX XapaKTePUCTUK TOpesioK Obuia pa3paboTaHa CHEHHATUCTAMU
00O «2HITPOC» u3mepuTeapHas yCTaHOBKA, MTOKa3aHHAs Ha PUCYHKE 2, B COCTaB KOTOPOM BXOJIUT
M3MEPUTENIFHOE U peryiupylomiee 000py10BaHuE.

an

<

N X 2ropelma
Voo

~220B kn1l
1

PCl — pasvémnoe coedunenue 01 NOOKMOUEHUS APMUPOBAHHO20 winanea K Komnpeccopy, PC2 — paszvémnoe
coedunenue 0151 NOOKIOYenusi damyura usmepenus dasnenusi;, PM — pacxodomep Micro Motion CMF,; JJJ] — oamuux
usmepenus oaenenus; PYII — pene ynpaenenus sadsudckou; TM — mpancmummep Micro Motion 1700; BII — 6nox
numanus; CDAQ — Ilpocpammupyemuiii xoumpoarnep National Instruments Compact DAQ; [IK-nepconanvhbiii
KOMnblOmep ¢ YCMAaHOBNeHHbIM npocpammubim nakemom LabView; ILHY — wxag usmepenuii u ynpasnenus
KII — xabenv numanus

Pucynok 2. Cxema usmepumenbHoU yCmMaHo8Ku (pa3pabomano agmopom)

* I'azosas TypOuna Ansaldo Energia V64.3A. PyKOBOJCTBO O SKCILTyaTalMH M TEXHHUECKOMY 00CITYKUBAHHUIO.
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Jlyis mpoBesieHUs! aHaIK3a MPOIYCKHONM CIOCOOHOCTH TOIIMBHBIX KaHajioB 'Y Obu1 BbIOpaH
Oe3pa3MepHBIi pacxo Bo3ayxa (A), onpenensemsiii o gopmyie (1)°:

GVT
A=2T 1)
P
rne G — MaccoBblil pacxoa mojaBaeMoro Bosayxa [kr/dac]; T — temmeparypa Bosmyxa [K];

P — naBnenue Bo3myxa (abconoTHOE) Ha BXxoje B KaHan [klla].

[Ipu 1OCTHKEHUU CKOPOCTH BO3/yXa B HAUMEHBIIEM CEYCHUHU (TPOXOTHOU IUIOIIAH) y3i1a
paBHOM CKOPOCTH 3ByKa, T.€. MPH JOCTHXXCHHH KPUTHYECKOTO JaBJICHHS BO3JAyXa B HEM,
0e3pa3MepHBbIN Pacxo/1 BO3ayXa CTAHOBUTCS KOHCTAHTOM ¥ MPH JabHEHIIIEM YBEINYCHUH JaBICHHS
He MeHsieTes (A = const = Agp).

Ha pucynke 3 npuBejicH IpuMep 3aBUCUMOCTEN Oe3pa3MepHOro pacxo/ia BO3ayxa OT repenaja
JABJIICHUS BO3JyXa Ha TOPEIKax MpeABApUTEIbHOIO cMmelleHus. M3 pucyHka 3 BHAHO, YTO IPH
JOCTHKCHHUH TIeperaja naBlieHus Ha ToruBHOM kaHanme 150-160 xlla 3HaueHue mpuBEICHHOTO
pacxoja CTAaHOBHUTCS ITOCTOSTHHBIM, T.€. JIOCTUTACTCS KpUTHUeCKoe ucteueHue. CoOJIroIeHre TaHHOTO
YCIIOBUS TapaHTHPYET OOJIBIIYIO TOYHOCTh U3MEPEHHUS U yIOOHO /IS aHAUu3a U cpaBHeHHs ['Y.

14
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_10 *16
g g m17
Q A 17 bush
S 6 -
2 X 16 bush
<, X7
o8
.-
0

50 100 150 200 250
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Pucynok 3. 3asucumocmu b6e3pazmeprnozo pacxooa 8030yxa
om nepenaoa 0asieHus 6030yXa Ha 20PeNKax nped8apumenbHO20 CMeuleHUs
CO 6MYNIKOU 8 MONIAUBHOM NOOB0OE 20peiKu U be3 Hee (pa3pabomano agmopom)

Jlis ompeneneHrus MHUHUMAJIbHOW YCIOBHOM MPOXOAHON IUIOMIAAM Y3JIOB (TOIUIMBHBIX
KaHaJIOB, TOIUIMBHBIX TPYOOK) OBUIN B3STHI PEKUMbl KDUTHUECKOTO MCTEUCHMS BO3/yXa 4epe3 HUX.
Bb110 NpUHATO, YTO MHHUMaJbHAS YCIOBHAS IUIOIIA/b B 3TOM clydae OyeT paBHa KpUTHYECKOH (Fip).

Hike mpuBeneHbl ypaBHEHHS, CIIPABEIIMBBIC I KPUTHUECKOTO HCTEUCHHUS Ta3a yepes3 y3edl.
JIst mprMepa MOXKHO paccMaTpHUBaTh y3eJ IMOABOISIICH TOIIMBHOM TPYOKH K TOPEJIKe, CXEeMaTHYHO
n300paXeHHbIN Ha pUCyHKe 4.

[ToTrok Bo3myxa moxa naBieHueM P u TemmepaTypodr T MOCTynaeT B TOIUIMBHYHO TPYOKY ¢
pacxonoMm G. [IpoxoaHas miomaab CeYeHUs B MECTE BIyBa Bo3ayxa paBHa F. Jlanee BO3yX IBHIKETCS
o TpyOKe, KOTopass UMEeT MecTa MEePeru00B M COeMHECHUN. I3BeCTHO, YTO HaUMEHbBIIIEEe CEUCHHE
TPyOKHU MPUXOIUTCS HA MECTA 3aCOPOB (TOTJIMBHBIN KaHAT) UM CBAPHOTO IIBa (TOTUTMBHAsS TpyOKa),

® TexHnyecKast TPMOAMHAMUKA TI0J1. pejl. A.T.H. npod. B.M. KpyTtoBa, m3natensctso "Beicuias mkona", Mocksa 1971 r.
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HaXOoJALIErocs Ha HEKOTOPOM YJaJIeHMH OT MeCTa BJlyBa BO3JyXa U yCTaHOBJIEHHBIX 3aMepoB. [lycTs
nepes] CBapHbIM IIBOM (MUHHMAJIbHBIM CEYEHHEM) ITapaMeTphl MOTOKA OyIyT ClieAyIoIIue: AaBJIeHue
notoka P/, temneparypa notoka 7/, muomans cedeHus TpyOku F1. MaccoBelil pacxon, cienys
YPaBHEHHIO HEPA3PBIBHOCTHY, COXPAHHUTCS HEM3MEHHBIM M PaBHEIM G.

PJ GJ -I—J F \—Pl’ G, Tl’ Fi J ‘_PHDI GHDI THDJ F

P atm

Pucynok 4. Kauecmeennas cxema noogoosuyeti
MONIUBHOU MPYOKU K copenKe (pazpabomano asmopom)
[Morepu Ha y4acTke OT BXOJAHOTO ce4eHus 10 ceueHus 1 paBubl dP:
P—-P1

dP = 3 (2)

TOTJIa JaBjieHue B ceueHuu 1 Oyaer paBHO:
P1=P-(1-dP). 3)

HpI/I AOCTHIKCHUU KPUTUYCCKOTO OTHOLICHUA ILaBJIeHI/Iﬁ BO3yXa 6y,Z[CT BBIINMOJIHATHCA
CJICAYIOIICEC COOTHOUICHUE:

PK
=By @)
Jst Bosnyxa By, = 0,528.
IInmorHOCTD Ta3a B ceuenuu 1:
273 P1
pr =1293- T1 101312 ®)
VY nenbHbINH 00beM B ceueHun 1:
1
v = E (6)
Kputndaeckast ckopoctb OyieT:
k k-1 7
=\/2'E'P1'v1<1_ﬁxpk>' ()
k+1
0= 225 (BoF — B ¥ ) ®
VYcnoBHas mpoxoHas IIIOIIa b, paBHas KpUTHUYECKOH F:
G
F =-———.
P 9
<¢,. v_i> 9)

HOTepI/I JaBJICHUA dP or ceuenus BAyBa 10 CCUCHUIA MHHHMAaJIbHOM rmiomaan OommpeacIAr0TCA
N3 3KCIICPpUMCHTA.

® A6pamosuu, I'.H. ITpukiaguas razosas aunamuka / I.H. AGpamosuu; M.: Hayka, 1976 T.
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Jnst aHanm3a paBHOMEPHOCTH TOJa4yu TOIUIMBA uepe3 ['Y mpoBOAMTCS pacdyeT OTKIOHCHHU
MPHUBEJCHHBIX PACXOJOB, IMOJYYCHHBIX Ui KaXJOTO KaHala TOPEJKH OT CpPEJHEro 3HAYCHHUS
MIPUBEICHHOTO pacxoa mo Komiuiekry. [Ipumep nuarpaMMbl OTKIOHEHUH MPUBEJCHHBIX PACXOIOB OT
CpeIHEer0o 3HAa4YCHWs U1 KAHAJIOB NPEIBAPUTEIHLHOTO TepeMelmurBaHus (TPEMUKC) IOKa3aH Ha
pucyHke 5. 13 pucyHKa XOpOIIO BUIHO, YTO MaKCUMAJIbHBIC OTKJIOHEHHS PACXOJ0B OT CPEIHErO 10
KOMILIEKTY COCTaBISOT tntoc 2 % (ropenka mo3. Ne 6) u munyc 3,4 % (ropernka mo3. 9).

Jlns xaHalloB ¢ MpeJBapUTENIbHBIM MEpeMEIMBaHIEM TOIUIMBA U BO3/yXa, JaHHBIA pa30poc
ABJISICTCS ONMAcHBIM M MokeT mpuBecTH K yBenuueHuio NOx, cykeHHIO auana3oHa yCTOHYMBOM
OecrybCcalliOHHON paboThl, a TAK)KE, K HEPABHOMEPHOCTH TOJISl TEMIIEPATYPhI Iepesl TYpOUHOM, 4TO
IIJIOXO CKa)KeTCs Ha TemneparypHoM coctosHun 1CA.

Acp (12,88 «gri/kpath

i 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

2 6
ol d ddd]d] d d d d dl d] dl dl dl dl dldl dld] d] d] d].d

%_QIJ."_;_;_ -

5 | | |
Arop I12,83 |13,04]13,05 12,56 |12,92 113,14 |12,70 |12,72 12,45 |12,85 |12,98 {12,79 |12,94 12,95 12,71 |12,94 13,03 |13,09 |12,98 12,97 12,89 |12,87 12,87 |12,87
mop J-04[12] 1302603 2014]-12]3.4] 03 05 07 0505 [-13]05 11 [16 08 [07 [01]-01]-0.1]-0z]

[ [ ] ' AT d [ [ d [ [ T d d ] d d ] ] T d o

Pucynok 5. Omknonenus npusedeHnvix pacxo0os
KOMNIEKmMa 20peyiok Om cpeone2o (papabomaro asmopom)

Takum 00pa3om, UIsi TaHHOTO KOMILJIEKTa TOPEJIOK HEOOXOIMMO MPOBECTH MEPOTPUSITHS 110
BOCCTAaHOBJIEHUIO PACXOJHBIX XapPAaKTEPUCTUK TOIUIMBHBIX KaHAJOB M CHWXEHUIO 3HAYCHHI
OTKJIOHEHUH.

[Ipoananu3upoBaB pazIuIHBIC CIIOCOOBI OYUCTKUA BHYTPEHHHUX MOJIOCTEH ['Y, WX TOMIMBHBIX
KaHAJIOB W TOTUIMBOpasmammmx oTBepcTul, cneruamucramu OO0 «OHITPOCy» Owu1 BBIOpaH, Kak
HanOonee S(GGEKTUBHBIN M IMAAAIMA — CIOCO0 YyIbTPAa3ByKOBOW OYHCTKM B CHEIMAIbHBIX
pactBopax. JlaHHBIM crnoco0 HE HAHOCUT yuepO OYHMINAEMBbIM IOBEPXHOCTSAM B OTJIMYUE OT
MEXaHUYECKOM OUYMCTKH, OCYLIECTBIIIEMOI TeM WM UHBIM criocoboMm. Kpome Toro, MexaHnuueckas
YUCTKA 3aTPYIHUTEIbHA U3-3a OTPAHUYEHHUSI JJOCTYIIAa K OTBEPCTHUSM B MEXKJIONATOUYHOM IIPOCTPAHCTBE
3aBHXPHUTENS; YJIBTPA3BYKOBask OYHMCTKA SBISETCS I(P(HEKTUBHBIM METOJIOM BOCCTAaHOBHTEIHHOTO
PEMOHTa — OYMCTKH TOIUIMBHOTO KaHaja FOPEJIKM 10 HAYaJbHOTO IPOU3BOACTBEHHOI'O COCTOSHMS,
YTO MO3BOJIAET MPOJOKUTH €€ SKCIUTYaTalHUIo.

Jlis  mombopa MOMOIIMX PAacTBOPOB HEOOXOAMMO OINPEAETUTh COCTaB  OTJIOKEHUH.
[TpoBoaumeblie cnenuanucramu OO0 «OHITPOCy ucciienoBaHus cOCTaBOB OTI0KEHUN B TOIIIMBHBIX
KaHayax TOpesoK MMOKa3alH, YTO IEMEHTHI, XapaKTepHbIE AJIs YTIIEBOJAOPOAHOTO ChIPbs U Hanbosee
BEPOSTHBIE JJISI IPUCYTCTBHUS B COCTABE MaruCTPaJIbHOTO ra3a B KAUeCTBE 3arpsi3HEHUN, COCTABIISIOT
He Oonee 7—14 maccoBbix % OT Apyrux 31eMeHTOB. TakuM oOpa3oM, MPUYMHA 3aLLIAKOBAHHOCTH
OTBEPCTUH M KaHAJIOB B TOPEJIOYHBIX YCTPOMCTBAX MOXET 3aKIYaThCs TaKKe B IPOAYKTax
B3aMMO/ICHCTBUS TPUPOTHOTO T'a3a U KUCIOPOia aTMOC(EPHOro BO3/1yXa, MOCTYNAIOIIEro B CMECh 32
CUET KKK, C MaTepHalloOM KOpIyca W NHJIOHOB NPU BBICOKHX TEeMIeEpaTypax IUTEIHHOTO
Harpesa. BeInosHeHHbIH aHaIKU3 COCTaBOB OTJIOXKEHUH 1M03BOJIMII TO100PATh MOIOIINE CPEACTBA.
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Ha pucynke 6 noka3zan komiuiekc yiabTpa3zBykoBoi ounctk OO0 « IHITOCy mnst cepBuca ['Y
MAaJIoro U CPEeTHEro radapuTHBIX Pa3MEpOB.

1 — ynempaszeykosas éanna, 2 — cmouxa 2eHepamopHasl; 3 — 6aHHA NPOMbIBOUHAS
Pucynok 6. Buewnuii 6uo yiempasgykosoil ycmanoexku (pazpabomano agmopom)

PaGoThl MO BOCCTAaHOBICHHIO PACXOIHBIX XapaKTEPUCTHK TOIUIMBHBIX KaHAJOB TOPEJIOK,
BKJTIOYAIOT B ce0s1 LIEJIbIil KOMIUIEKC padoT: MPEeABAPUTEIbHYIO TEPMUUYECKYI0 00pabOTKY B Imedax JuIs
yAaJeHUs] OPraHuYeCKUX OCTaTKOB, OCOOCHHO M3HYTPHU H3AENUil; MPOAYBKY CXKAThIM BO3JLyXOM JIJIs
yAaJNeHUs] OTCIOUBILUXCS YAaCTHUL, MOATAMHYI0 OYUCTKY B Y3-BaHHE CO CIELUAIbHBIMU MOIOUIUMHU
pacTBOpamu, NacCUBALMIO U, BHOBb, IPOJYBKY CKaTbIM BO3/yXOM U BBICHIXaHHE.

Ha pucynke 7 nokasansl pe3yJIbTaThl HCIIBITAHUN KaHAJIOB IPEMUKC KOMILIEKTa TOPEJIOK Iocie
OUYHCTKH.

Pucynok 7. Omrnonenus npusedeHHbix pacxo008 om cpeoHe2o 3HAYeHUs
0J151 KAHAI08 NPed8apumenbHo20 nepemeuudanus (npemuxc) (paspabomano agmopom)

CpaBHUBas pe3yJIbTaThl UCIIBITAHUN, IPEACTABIEHHBIX HA PUCYHKAX S U 7, MOXHO 3aMETUTh,
YTO CPEeTHHUI MPUBEACHHBIA PacXo/ M0 KOMIUIEKTY MOCJIEe MEPOIPHUATUN 110 OYHUCTKH BhIpoc ¢ 12,88
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mo 13,06 krVK/(x[la*uac), a MakCHMAaIbHBIC OTKJIOHCHHS IMPHBEACHHBIX PACXOAOB TEIephb
coctasisitoT mitoc 0,6 u munyc 0,7 % Bmecro uttoc 2 u munyc 3,4 %. Tenepb pe3ysbTar sSBIsETCA
YIOBJIETBOPUTEIHHBIM JUIS TOIUIMBHBIX KaHAJOB peMuKc ['Y ¢ nmpenBapuTeIbHBIM epeMEIIBaHUEM
TOTUTMBA U BO3yXa.

Ha pucysnke 8, nist cpaBHeHMs, TpUBeeHb! (POTO HAPYKHBIX U BHYTpeHHUX mosocteit ['Y 1o
Y IIOCJIE MEPONIPHUATHH IO YIbTPAa3ByKOBON OYHUCTKE.

)4 PUCYHKOB BHUIAHO, 4YTO OKaJIMHA W pPXKXaBUWHA ObLIH YAAJICHBI. BHy'TpeHHI/IC KaHaJIbI,
HUCCICIOBAaHHBIC 6OPOCKOHOM, HMCIOT INIaAKUC U YUCTBIC MMOBCPXHOCTH. B TommmBHBIX OTBCPCTHUAX
OTCYTCTBYIOT, KaK CJICABI P KaBUMHBI, TaK U ITIOCTOPOHHUEC YaCTHUIIbI.

Takum 00pazoM, BOCCTAHOBJICHBI HE TOJBKO MPOXOHBIE CEYEHHUS TOIUIMBHBIX KAaHAJIOB, HO U
OUYMIICHBI KaK BHYTPEHHUE, TaK M BHEUIHME MOBEPXHOCTH ['Y, 4TO MO3BOJIAET CHHU3UTH CKOPOCTH
00pa30oBaHMsI HOBBIX OTJIOKEHHUH, a TAK)KE BOCCTAHOBUTH IOTEPHU JABJICHUS HA TOPEJIKE JO UCXOTHOTO
3HAYEHUS, YTO SBJISIETCS 3HAUMMON XapaKTepUCTUKOM HalexxHoU pabotel ['TY.

a 0

Pucynok 8. @Qomoepaghuu napysicHvlx u 6HympeHHutl nogepxHocmei I'y:
a — 00; 6 — nociie MeponpusmuLl no Y1bmpa3zeyKoeou 04UCMKU (pa3pabomano asmopom)

OueHuTh BIMSAHME HEPAaBHOMEPHOCTHU 104K TOIUIMBA Yepe3 TOIUIMBHBIE oTBepcTus 'Y Ha
TI0JIe TEMIIEPATyPhl Ha BBIXOE U3 TYPOMHBI MOKHO IO AMAarpaMMaM, MPEICTaBICHHBIM Ha PUCYHKE 9,
Ha KOTOPBIX M300pa)KCHbI 3aBUCHUMOCTH MPUBEACHHOTO pacxoja Bo3ayxa dyepe3 ropenku (9 a),
IIOJIyYEHHOTO B PE3YJIbTaTe TUArHOCTUYECKUX MCIBITAHUM, BBIIIOJIHEHHBIX O BOCCTAHOBUTEIBHOIO
PEMOHTA U TIOJIS TeMIIepaTypsl 3a TypOuHoii (9 0) Ha HOMUHAJIBHOM PeXHME ee padoThl, KOrjaa Bce
TOIUTMBO TI0AaBajJOCh B KaHAJbl IMPEMHUKC, IOJNyYeHHOE Mepe] HadaloM HHCHekuuu. [ 'padux
TeMIeparypsl 3a TypOMHOI OCTPOEH C yU4ETOM KPYTKH IOTOKA.

W3 ananu3a guarpamMM XOpOIIO BUIHO, YTO HAMOOJBIIUE TEMIIEPATYPhl YXOSAIIUX Ta30B 3a
TypOuHOI HaOII0AAIOTCSI HAIIPOTUB TE€X TOPEIIOK, Ype3 KOTOPhIE MOCTYMAaeT HAauOOBIINNA pacXo/ rasa.
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Pucynok 9. I'padpuxu 3a8ucumocmu: a — npuedeHHO20 pacxooa 8030yxa uepes
Kanavl npemukc I'Y; 6 — memnepamypwi 2az06 3a mypouHot (pazpabomano asmopom)

Heo0xo1uMo 3aMeTHTh, 4TO CYIIECTBYIOMIAs HEPABHOMEPHOCTH MOCTYIUICHUS TOIUTHBA BITHSICT
Ha paclpeaesicHHe BO3ayXa MEXKIy Topeliok. B skapoBoil TpyOe HampoTHB TOpEoK C OOJIbIIUM
pacxoaoM TOIuIMBa GopMUpPYETCs OoJIee MHTEHCUBHOE TUIaMsl ¢ O0JIbIIEH TeMIepaTypoii TopeHus, 4T0
MIPUBOJIUT K OOJIBIIIEMY TEPMHUECKOMY COTIPOTHBIICHUIO TIOTOKY IMOCTYIAIONIETO HA TOPENIKY BO3IyXa.
Takum 00pazom, B TOPEIIKY ¢ OOJBIINM PACXO0M TOILIMBA ITOCTYIIAET MEHBIIIEC BO3yXa JIJIsi TOPCHHSI,
a B TOPEJIKY C MEHBIIIMM PAcX0JI0M TOILIMBA (3a0MTYI0) MOCTYIIaeT OOJIbIIE BO3IyXa Ui TOPEHUS, T. €.
TEeMIepaTypHass HEPaBHOMEPHOCTh YCWJIMBAETCS, YTO MPHUBOAUT K eme OOJNBIIUM TpaTueHTaM
TEMIIEPATypPhl TOPEHUS B 00bEME JKapOBOU TPYOBl KaMephbl CrOpaHUs, MOSBICHHUIO JOKATBLHBIX 30H C
BBICOKHMH TEMITepaTypaMu. ITO, B CBOIO ouepeib MPUBOIUT K pocTy smuccuii NOx, i3MEHEHUI0 MeCT
CTaOWIM3aIUy TUIAMEHH, HAJTMYUIO OSTHBIX U OOTaThIX MJIaMEH, YTO MOXKET BBI3BaTh BUOPOTOPEHUE U
IIPUBECTHU K aBapuitHOMy ocTaHoBy ['TV.

Ha pucynke 10 moka3aHo cpaBHEHHE quUarpaMM OTKJIOHEHHH MPUBEIESHHOTO pacxoja yepes
KaHaJIbl IPEMUKC, 3aMEPEHHBIX MOCIE MPOBEACHHS KOMIUIEKCAa paboT MO yIbTPa3ByKOBOM OUHMCTKE U
TeMIIepaTypbl YXOISAIIMX Ta30B 3a TypOWHOW TMOCJE TPOBEACHHUS HWHCIEKIIMH, IMOJyYEHHBIC Ha
HOMHUHAJIBLHOM pexkuMe padboThl ' TY mpu momaye Bcero TorimBa B KaHaIbI peMuke Y.

24 30,00 -2 4 620 T ]
T T

0,00 +

22,

21,

Pucynok 10. I'paguku 3asucumocmu. a —OmriI0OHEeHUN NPUBLOEHHO20 PACX00d 8030YXd
uepe3 kauanvl npemuxc I'Y; 6 — memnepamypul 2a308 3a mypounou (pazpabomano agmopom)
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BuaHo, 4To mpu paBHOMEPHOM MOCTYIUICHHHM TOIUIMBA 4epe3 KaHalbl npemukc ['Y, mone
TEMIEpaTyphl Ha BBIXOJIE U3 TYPOHHBI pAaBHOMEPHO. DTO HATIISIIHO JEMOHCTPpUPYET 3PPEKTUBHOCTD
BBIITOJTHCHHOT'O BOCCTAHOBJICHUS PACXOAHBIX XapPAKTCPUCTHUK TOIIMBHBIX KaHAJIOB I'Y. Ananoruunsie
PE3YJIbTATELI IMTOJYUYCHBI U IJIA APYTUX TOIIJIMBHBIX KaHAJIOB I'OPCIIKH.

Komnanus OO0 «HITPOC) npoBoaut paboThl U ¢ OosbIuMu, HepazoopubiMu 'Y, Takumu
kak kamepsl cropanust ['TD-160 (komnanus-pazpadotunk Cumenc SGT5-2000E). Kamepa cropanust
nanHo# I'TY BBIHOCHAsI, COCTOMT M3 JBYX CEKIIMH, KaXkKaas U3 KOTOPHIX UMEET 8 TOpesok B OJHOU
cOopouHoii equnuIe. ['abapuTHBIE pa3Mepsl OAHON COOPOYHOM €AMHUIBI: ~2 METpa B JTUAMETpe U
1 meTp B BHICOTY.

Crennanuctsl Hallel KOMIAHUHM pa3padoTalud aBTOMATH3WPOBAHHBIN CTEHHA AJS CHSATUA
PaACcXOHBIX XapaKTEPUCTHK TOTUTUBHBIX KaHAJIOB FOPEJIOK OOJIBIINX Ta0apUTHBIX pa3mMepoB (puc. 11),
a TaKXC CIIPOCKTUPOBAJIN W HU3TOTOBHIIN YJIBTpaSByKOBOﬁ KOMIUJICKC IJid MPOBCACHUA OYHCTOK
KpYyMHOTabapUTHBIX JETallCH, B TOM uncie KaMmepsl cropanus I'TD-160 (puc. 12).

Pucynok 11. Domoepaghuu asmomamuzupo8anHo2o cmeroa
0/18 OUACHOCTUKU KPYNHO2AOAPUMHBIX 20PeNOK: d — OUASHOCTUYECKds YCIMAHO8KA,
6 — npoyecc 3amepa pacxoouwix xapakmepucmuk ¢ KC I'T3-160 (paspabomano asmopom)

o = ; = g I

1 — ynempassyxosas éanna; 2 — wxag ynpasnenus,; 3 — aHHa NPOMbIBOUHAS, 4 — OaAK NOO20MOBKU MOIOWE20
pacmeopa, 5 — cmotika gurvmpayuu

Pucynok 12. Komnaexc no yiempaseykogoii
OUUCMKU KPYNHO2AOApUmMHbIX Oemaineti (pazpadomano asmopom)
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Ha pucynke 13 mokasaHbl guarpaMMbl OTKJIOHEHUH IPUBEAECHHBIX PacX0J0B OT CPEIHEro
3HAYEHHUS 110 KOMIUIEKTY JUarOHaJbHbIX 3aBUXPUTENICH HUKHUX Ia30paclpenesnTele IEBOM KaMmepbl
CrOpaHus A0 U I0CJIe KOMIUIEKCa MEPONPUITUN MO yJIbTPa3ByKOBOM OUMCTKU. A Ha pucyHke 14 ux
¢dororpadun.

Acp.2 42,55 kg VK kb up.z] 47,45 koK Aparh
21 2.2 2:3 2-4 2.5 2-6 2-7 2-8 2-1 22 2-3 2-4 25 26 27 28
LA b d A DDF‘DDF‘DD
o —— — o
5 :
s i
.’-.
Arop  |e1.65 45,24 40,07 (38,78 | 3853 | 45,57 | 45,63 | 8484 W [47.68 [4731 4768 |47.26 (47,05 [47.65 [47.41 (4758
s |21 63 |-58]-89]92[71 7254 u.; { 0.5 [-03{05 |-04].08{04]01]03
e (Lrarararararar3
a 0

Pucynok 13. OmkioHenust npugeoeHHulx pacxo0008 OUACOHAIbHBIX
3asuxpumeneti HUM3CHUX 2a30pacnpeoenumeineii 1e60l Kamepbl C2OPaAHUsL.
a — 00 oyucmku; 6 — nocie ouucmku (pazpabomano agmopom)

J10 O9YHCTKH ITociie O9HCTKH

Pucynoxk 14. @omo eazopacnpedenumeneti
I'TD-160 00 u nocie y1ompaszgyko8oi ouucmku (papabomano agmopom)

[To pe3ynpTaTy OCMOTpa BHYTPEHHHX IIOJIOCTE€H TOpENoK OOpOCKONOM 10 W TOcie
YABTPa3BYKOBOM OUHCTKH, OJy4EHO, YTO B UCXOAHOM COCTOSTHUU Ha HAPY>KHBIX MIOBEPXHOCTSIX U BO
BHYTPEHHUX TOTUIMBHBIX KaHAIAX BUIHBI 3aTPS3HEHUS — OKaJIMHA, pKaBUMHA, HAarap U XJIOMbs/KOMKH
KPHUCTAJUTMYECKOTO BEIIeCTBA CEpo-0eJ0ro IBeTa, B TOM YHCIE B PsAJAE TOIUIMBO-Pa3IarOIIMX
OTBEPCTUSIX ra30pacipe/ieTUTENs B BUIE MIIOTHBIX 3aCOPOB.
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[Tocne npoBeieHHOHN yIbTPa3BYKOBON OUUCTKH 3arpsA3HEHUS Ha HAPYKHBIX TIOBEPXHOCTAX U B
TOIUTMBHBIX KaHaJaX rOpejioK OTCYTCTBYIOT. IIpomyckHas crmocoOHOCTh ra3opachpeenuTens JIeBon
Kamepsbl cropanus ysenunamiack Ha 10,3 %. OTKIOHeHHs TPUBEICHHBIX PACX0JI0B MO AUArOHAIBHBIM
3aBepuTesIM cHUXKeHbI ¢ £7...10 % no nomyctumsix +1 %.

Opnako, creayeT MOMHHTb, YTO OTKJIOHEHHE PACXOIHON XapaKTePUCTUKH TOPENOK OT
CPEIHEr0 3HAYCHHUS 10 KOMIUICKTY SIBJISICTCS JIMIIb OJHUM M3 KputepueB npuromHoctd ['Y [10].
Hcnomp30BaTh TOMBKO 3TOT KPUTEPHUil HeBepHO. Hamprumep, onrcana CUTyaIus, KOrjia Ipy MPOBEepKe
PACXOAHBIX XapaKTEPUCTUK 2-X KoMIIeKTOB ['Y 7E Obu1 osTyyeH 0IMHAKOBBIHN pa30poc MaKMMAalIbHOTO
¥ MUHMMAJILHOTO 3HaueHus — 4 %.” B mepBoM KOMIIIEKTe OTKIOHEHUs coctaBuu: +2,1 % u -1,9 %,
Bo BTopoM — +0,6 % u -3,4 %. O6a xoMmIiekTa (GopMaILHO MPOXOAUIH MO KPUTEPUIO pasdpoca
3HAYCHUH OTKJIOHEHUH PAaCXOJHBIX XapaKTePUCTHK, HO (AKTUYSCKH Pa3dpOC 3HAYCHHH BO BTOPOM
KOMIUIEKTE He ObLT IpHeMIIEM, T. K. BCE TOTUIMBHBIE KaHAIIbI OBLIIM YACTUYHO 3aCOPEHBI, M UX CPEIHSIS
pacxomHass XapaKTepUCTUKa OblIa CYMIECTBEHHO 3aHM)KCHA OTHOCHUTEIBHO IMPOCKTHOTO 3HAYCHUS.
[Tomygaetcs, 94TO B 3TOM Kamepe CropaHusi ojHa kapoBas TpyOa u3 14 Gymer paborarh mpu Oosee
O6enupIx Kod(hdunrenTax M30BITKAX BO3IyXa, U, COOTBETCTBEHHO «TACHYTHb» PaHBIIE OCTATbHBIX.
Taxke, oTnMuYMe AaBIEHUN B TOIUIMBHBIX JIMHUAX 3TUX KaMmep MOXET MPHUBECTH K Pa3BUTHUIO
HEYCTOMYHMBOIO MPOLECCa TOPEHUS.

AHaJlorHuHBIe PE3yJILTAaThl OBUIM TONydYeHBI crienuamictaMu GupMel 3ynbuep®, korma npu
UCTIBITAaHUAX KOMIUIEKTa u3 10 ropesnok, Bce TOpeskyu MMenn HeOOJIbIIOe OTKIOHEHHE OT CPEIHETo
3HAYEHHs PacXoJHOM xapakTepucTuku (He 6omee 0,6 %).° Ho orenka no OTKJIOHEHHIO OT IPOEKTHOTO
3HAYEHMS pacxojia yepe3 Topesky (M mepemnaja JAaBieHus yepes Hee) rnokasana, uro 9 u3 10 ropenok
HE COOTBETCTBYIOT ITPOEKTHBIM ITapaMeTPaM.

W3 ckazanHOro BBIIIC, CICAYCT, YTO H€O6XOIII/IMO 3HAaTb HPOCKTHBIC 3HAUCHUA PACXOAHBIX
XapaKTCPUCTHUK TOIUIMBHBIX KaHaJIOB I'OPEJIOK, IMEpCraabl JaBJICHWA HA TOINVIMBHBIX KaHAJIaxX W IPU
BBITIIOJIHCHUU  CCPBHCHBIX pa60T 0053aTEIBLHO  COIOCTABIATH pPE3yJIbTaTbl AUArHOCTHYCCKHUX
HCHBITAaHUU C HUCXOAHBIMHM 3HA4YCHHAMMU. HeO6X0,Z[I/IMO BBITIOJIHATE MOHUTOPUHT H3MCHCHHA
PaCXOJHBIX XaPAKTCPUCTUK I'V or HWHCIICKIUU K WHCHCKIHU JIA OTCICKHBAHUA CUTyallMHU, KOrJa
CTaHCT HC BO3MOXXHBIM YK€ BBIIIOJTHUTHE BOCCTAHOBJICHHEC KOMILJICKTA, a HOTpe6yeTC$I €ro 3aMcHa Ha
HOBBIH.

3akirouenue

Jlns yCcrmemHoro pa3BUTHS HMIIOPTO3aMEIICHHUS B COBPEMEHHBIX YCIOBHUSX HEOOXOIUMO
COTPYAHHUYECTBO C HAYYHO-UCCIIEN0BATEIbCKUMU YUPEIKICHUAMH U YHUBEPCUTETAMHU IS IOIEPIKKHI
WHHOBAIMIl B SHEpreTHYecKod oTpaciau. MHBeCTUIIMU B HCCIEIOBaHUS U pa3pabOTKU MOMOTYT
CO3J1aTh KOHKYPEHTOCHOCOOHBIE IPOAYKTHI M TEXHOJIOTHH.

OI[HOBpCMeHHO HCO6XOI[I/IMO HaJIa)XNBaTh B3aHMOJICHCTBHE C MECTHBIMH ITOCTaBINMKAMH U
IMPOU3BOJUTEIIIMA AHAJIOTOB HMHOpTHOfI MMpoaAyKIHUH, YTOOBI YKPEIIUTh MECTHYIO 3KOHOMHUKY U
CO3J1aThb HAJACKHBIC IIAPTHCPCKUEC OTHOILICHMA. DTO0 MOMOXKET YBCIINYUTH HNOCTYIIHOCTH U KA4YC€CTBO
MCCTHBIX KOMIIOHCHTOB U MAaTCPUAJIOB.

COSI[aHI/IC COOCTBEHHEBIX IMPON3BOACTBCHHBIX MOHIHOCTfoI M TEXHOJIOTHM ITO3BOJIUT
KOHTPOJIMPOBATL KAYCCTBO INPOAYKIUHU U YIIYUIIHUTDH rMOKOCTh B OTHOLICHHU H3MEHEHUH CcIpoca 1
KaueCTBA OKA3bIBACMBIX YCJIYT.

" https://www.ccj-online.com/4q-2013/7f-users-group-workshops-critical-to-professional-development/
8 GE Power Systems _ GER-3957B _ (04/01).
% Richard Vogel, Flow test data and combustion optimization SULZER September, webinar September, 2017.
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COpr,HHI/IKI/I C BBICOKUM YPOBHEM 3HAaHUH U HaBBIKOB IIOMOT'YT YCIICIIHO OCYHICCTBJIATH
HMITIOPTO3aMCIICHUEC U OKA3bIBATh YCIIYI'H HAa JOCTATOYHO BBICOKOM TCXHUYCCKOM YPOBHC.

Kommanus OOO «9HIIPOC» mnox pyKOBOJACTBOM TEXHMYECKOro aupekropa BacuibeBa
Bacumua JImutpueBnya yCHEIIHO pPa3BUBAETCS U INEPEHUMACT, M JOIOJIHAET OIBIT IEPEJOBBIX
CEpBUCHBIX KOMIaHUH 3apyOekHbIX mpousBoauteneit ['TY. Hanuune BHICOKOKBAaIM(PHUIIMPOBAHHOTO
IepcoHaa Hallell KOMIIAaHUM O]l pyKOBOJICTBOM pyKoBOJuTelNs HampaBieHus ['yrHuka Muxaunmna
MuxaitioBuua mno3BOJISIET pa3pabaThiBaTh M BHEAPATh B CBOW cepBUC OOOpYJOBaHHE Kak IO
JMAarHOCTHKE, TaK U 10 yJIbTPa3ByKOBOW OYHCTKE. B CBOMX ycTaHOBKaX MbI HCHOJIb3yEeM COOCTBEHHOE
IIpOrpaMMHOe oOecrieueHue 1no coopy u o0paboTku HHPOPMAIUHU B pEATbHOM BPEMEHH.

000 «3HITPOCy» BHUMATETHHO MOAXOIUT K MPOoOIeMaM CBOMX 3aKa3uMKOB, TOTOB K THOKIM
HE CTaHJApTHBIM PEIICHUSM U UHIUBUYAIbHOMY MOAXOMY.
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Necessary experimental studies of burners
of low-emission combustion chambers of power gas turbine
units (GTU) to ensure their reliable operation

Abstract. In the article, the authors analyzed the risks faced by Russian operating energy
companies in the light of the sanctions policy and the withdrawal of all large foreign service
organizations from the Russian market. The ways of development of the energy industry in the absence
of supplies of imported parts for repair and replacement are shown. The needs for cooperation between
Russian service companies and scientific institutes in the industry are identified to improve the
competencies and quality of repair work on foreign gas turbine units.

The authors analyzed the approach to servicing burner devices (BD) of low-emission
combustion chambers (MEC) of foreign service companies of leading manufacturers of power gas
turbine units (GTU) actively operating in Russia. The stages of service maintenance of burner devices
are considered, including reading the flow characteristics of fuel channels, ultrasonic cleaning,
non-destructive testing, etc. to extend the service life and ensure reliability. The most probable causes
of defects that arise during the operation of burner devices (BD) and methods for their elimination are
shown. A connection has been demonstrated between the reliable, trouble-free operation of the gas
turbine unit and the quality of the burner maintenance performed.

The authors, using the example of research work carried out by the domestic service company
ENPROS LLC, show ways to assess the degree of degradation of burner devices, for example, by
monitoring the flow characteristics of fuel channels and the temperature field behind the turbine.

The most complex problems arising due to low accessibility to a large number of
nodes/components are demonstrated. It is noted that the main components of a gas turbine have a
limited service life compared to the service life of the installation, which leads to the need for operating
organizations to make decisions regarding the replacement of components or their repair. It has been
demonstrated that technologies for restoring gas turbine components during maintenance can minimize
the costs of operating organizations.
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