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B Hacrosimiee Bpems CyHIeCTBYIOT pasinuHble MeToAbl auarHoctuku JAI'Y ASC PO. B
OCHOBHOM 3TH METOJlbl 0a3MpylOTCs Ha KOCBEHHBIX CHOCO0ax OINpeAesieHUs] COCTOSHHS
oOopynoBanusi [1]. BblsBIeHHE IUMArHOCTUPYEMBIX MApaMeTpoOB  IMpeayCMaTpUBAET
WCIIOJIb30BaHWE 3aKOHOMEpHOCTeW TepmorazonuHamuku, teopuit JIBC, konebanwuii,
AKyCTHKH, XUMHUYECKOTO U CIIEKTPAJIBHOTO aHAJIN3a U JIp.

W3yuuB perraeMble 3aJauyd METOJOB TUArHOCTHUPOBAHUS MOYKHO CJEJIaTh BBIBOJ, UTO
JUI KOMIUJIEKCHOTO aHaJln3a JU3eJb-TeHepaTOPHOM YCTAaHOBKM MOXET OBITh J10CTaTOYHO
npoBeJeHUs] 4X OCHOBHBIX METOJIOB JAMATHOCTUKM — 3TO BHOPOJMArHOCTHKA, KOHTPOJb
YJIBTPa3BYKOBBIX I1apaMETPOB, IPOBEIEHUE TEIJIOBU3MOHHOTO KOHTPOJS M CHATHS
MHAMKATOPHBIX Iuarpamm [2].

CocrosiHue o0OopynoBaHus pe3epBHOro mnurTaHus cucteM ADC xapakTepusyercs
MHOKECTBOM DPAa3JIMYHBIX MapaMeTpoB, KOTOPbIE 3aBUCAT OT MCIPABHOCTU OTAEIbHBIX
AJIEMEHTOB U TPAaBUJIBHOW HACTPOMKH yCcTaHOBKH. UTOOBI KayeCTBEHHO M MAaKCHMaJbHO
oIpOOHO MPOBECTU IUATHOCTUKY 000PYJOBaHMSI HEOOXOIMMO MCIOJB30BaTh KOMILIEKCHBII
noaxoa. HyxHo BbIOpaTh MUHUMAIbHOE U JOCTATOYHOE KOJIMYECTBO METOJIOB JMATHOCTHKH,
KOTOPBIMHU MOKHO TOJYYUTh IaHHBIE XapaKTePU3YIOIIUe COCTOSTHUE 000PYOBaHMUS.

PesepBHast nuzenbHas snextpoctaniys (PADC) spnsercs onHOM n3 o0ecreynBarOmuX
cucteM Oe3onmacHocTH ADC W J0MKHA TOCTOSHHO HAaXOAWTHCS B PpabOTOCIIOCOOHOM
cocrosauu. PIDC mnpenHazHaueHbl Ui aBapUHHOIO 3JIEKTPOCHAOXKEHHs MOTpeOHuTenen
cucteM 0Oe30MacHOCTH B pexkuMax oOectoumBaHus. OOecrneueHue OecriepeOONHON pabOThI
Ju3enb-reHepaTopHoro obopynoBanusi ADC sBiseTCsl BOINPOCOM O€30MacCHOCTH aTOMHOMN
OHEPTETUKHU ¥ CBOCBPEMEHHOMN M KAYECTBEHHOM AHUArHOCTUKH [3].

© HanmoHanbHbIN Hecae10BaTenbCKUM saepHbld yHuBepcuteT «MUDU», 2019



ABTOMATU3ALINA CBOPA 1 OBPABOTKI 77

Jlu3enbHble ABUTaTeNd — pPa3HOBUIHOCTb IIOPIIHEBBIX JIBUraTellel BHYTPEHHETO
cropanus [4], oTaMyaroNIMecss TeM, YTO BOCIUIAMEHEHHUE B IIMJIMHIPAX MPOUCXOIUT 3a CUET
CXKaTHsl TOIUIMBOBO3AYIIHOW CMECH.

B ocHoBe paboThl Au3eneil MOXKET JiexKaTh YeThIPEXTAKTHBINA JIMOO NBYXTAKTHBIN LUKII.
B nepBom ciydyae nBa 060poTa KOJEHUATOrO Bajla OCYLIECTBIISIIOTCS 3@ CYET CIEAYIOLIUX
coObITHii: 1) BycK BO3/yXa B LMJIMH/P Y€pe3 BIYCKHOMN KIIAlaH MpHU NEPEMEIIEHUH TOPLIHS
BHM3; 2) C)KaTWe BO3JyXa IPHU MEepeMEeIIeHNH MOPIITHS BBepX M mojaada ToruimBa or THB/I
yepe3 (GoOpcyHKH; 3) BOCIUIAaMEHEHHWE W XOJA TMOPIIHS BHHU3 3a CYET pPaCIIUPCHHS
BOCIIJIAMEHUBIICHCS cMecH; 4) BBITYCK OTPabOTaBIIMX T'a30B U3 IMJIMHIPA Yepe3 OTKPBITHIN
BBIXJIOITHOM KJIaNaH Mpy MepeMeleHUH MOPILHS BBEPX.

Ecnu nuszens NBYXTakTHBIM, Ui COBEpIICHUS OAHOTO 000OpOTa KOJEHYATOro Baja
JOJIKHBI PEaTM30BaThCs CIEAYIOLUe AeUCTBUA: 1) yaaneHue 3a cueT OTKPBITHS BBITYCKHBIX
OKOH (B CTEHKE LWJIMHJpPA) MPOAYKTOB FOPEHHUS M MOYTH OJHOBPEMEHHO BITYCK BO3AyXa B
LHWIMHJpP Yepe3 BIYCKHbIE OKHA IPU IEPEMELIEHUHU IOPIIHS BBEPX, BIPBICK TOIUIMBA; 2)
BOCIVIAMEHEHUE U XOJ TMOPUIHS BHHU3 32 CYET PACIIUPEHHUS BOCILIAMEHUBIICHCS CMECH.
[TpriMep 4eThIPEXTAKTHOIO UKJIA ANU3€EIIs CXEMAaTUYHO N300pakeH Ha pUCYHKe 1.

4-TaKTHBIH UK 4 Xoia MopIIHS
2 oboporta Bana (720)
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Pucynoxk 1 — YersipexrakThbiii uki qusenst [Four stroke diesel cycle]

OueBunHo, pabora auseneld oOecreynBaeTcs MPaBUIbHBIM (YHKIIMOHUPOBAHHEM
ToruIMBHON anmapatypsl, — THBJ] u gopcyHOK, — U MCHPaBHOCTHIO IMJIMHIPONOPIIHEBON
rpynmnsl. HenpaBuibHas HacTpoiika, HampuMmep, KyjnadkoB THBJI miam u3HOC pe3HHOBBIX
KOJIEl, YIUIOTHSIOUIMX BIYCKHbIE OKHA, NIPUBOJAUT K HEPAaBHOMEPHOCTH BpAILIECHHUS
KOJIGHYaTOro Baja M, KakK CIEJICTBHE, YXYALICHHIO KayecTBa BbIpabaThIBaeMOMN
JJIEKTPOOHEPIUH, IMOBBILIEHHOMY pacxoly TOIUIMBA, NMPEXACBPEMEHHOMY H3HOCY. IIpumep
JBYXTAaKTHOTO IIMKJIa U3l CXeMaTHUYHO U300pakeH Ha pUCYHKe 2.
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Pucynok 2 — JIByxtaktHbii muki ausens [Push-pull diesel cycle]

Takum o0pa3om, IpU TUATHOCTUPOBAHHUM JIFOOOTO JM3esl KOHTPOJIO (MpU YCIOBUU
JIOCTYITHOCTH) JOJDKHBI TIOJIBEpraThCsl CIEAYIOIMe 3JIeMeHThl KoHCcTpykuuu: THB/I,
(bopCyHKH, IMIMHIPHI, MOIMIUITHUKY KoJIeHUaToro Baa, noamwunauku ['TH, HacocoB Boab! 1
Macna [5].

['enepaTopsl  MpencTaBIAIOT COOOM  CHHXPOHHBIE  MAILIMHBI, COCTOSAIIME U3
HEMNOJIBYKHOTO CTaTopa M Bpallaloollerocs B MNOAIIMIHUKaX poropa. Kak Bo Becex
CUHXPOHHBIX MaIllMHAX, pOTOp TNPEACTaBIsIeT COOON DIEKTPOMArHUT, MHUTAIOLIMHCS
IIOCTOSIHHBIM ~ TOKOM  4Y€pe3  IIETOYHO-KOJUIEKTOpHBIM  ammapar [6]. HMcnpaBHOCTh
AIIEKTPUYECKON MaIIMHBI ONPEAETSeTCs B MEPBYI0 OYEPEIh COCTOSIHUEM OOMOTOK CTaTtopa U
NOAMITHKUKOB. [IpH 3KCITyaTaniuu CHHXpPOHHBIX MalIMH 3a4acTyl0 BO3HUKAIOT CJIOKHOCTH C
[IETOYHO-KOJIJIEKTOPHBIM ITUTAaHUEM POTOPA, KOTOPOE HEOOXOIMMO KOHTPOIUPOBATh.

B cooTBeTcTBHM € pemieHueM 331a4 CTPYKTYPUPOBAHHS HEOOXOIUMO ONPEAETUTh BCE
MH(OPMaLlMOHHBIE TMOTOKHU, KOTOPHIE XapaKTEPU3yIOT HOMHHAJIbHOE (PYHKLIHOHUPOBAHUE
oOnekTa (B nanHoMm ciydae [I'Y).

Ha ocHoBanuu wuccnenoBanus (a3oBOr0 MPOCTPAHCTBA M B COOTBETCTBUU C
knaccupukanuer MUC, uznoxenHoi B [7], CHHTe3upyeMblil NpPOrpaMMHO-TEXHHYECKHMA
KOMIUIEKC OTHOCHUTCS K MHOTOKaHAJbHBIM MHOIONAapaMeTPUYEeCKUM CHUCTEMaM. Y4HUThIBas,
YTO JMAarHOCTUYECKUI MPOILIECC BBHINOJIHAETCS HAa OCHOBE aHalIW3a TPEHIOB YEThIPEX
BEKTOPHBIX IapaMEeTpOB: BUOpaLMi, YIbTPAa3BYKOBBIX KOJI€OAHMM, TEIIOBBIX BEKTOPHBIX
noje M WHAMKATOPHBIX JWarpaMM [JaBJIEHUH B IMIMHIpAx JABUTaTelel, IenecoodpaszHo
MpeJICTaBUTh UH(OPMAIIMOHHBIE MOTOKH B ()OpME COBOKYMHOCTH OOOOIEHHBIX KaTErOPHBIX
0TOOpa’keHHH, KOTOphIE YUYHUTHIBAIOT Mpoliecc 0Opa3oBaHUs MapaMETPUYECKOro IMOTOKa Ha
KOHTPOJINPYEMOM OOBEKTE C TTIOMOIIBI0 00BEKTa-MHOKECTBA.
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B nanmHOM criydae BCe KOMIIOHEHTBHI COBOKYMHOCTH OOOOIICHHBIX KaTeropuit
OTJIMYAOTCSI OOJIBIITUM KOJIMYECTBOM CYIIECTBEHHBIX MapaMeTpoB 00bekTa n3mepenuit (1Y)
U YUCIOM Mep, ONpeAesaiomux (a3oBoe MPOCTPAHCTBO OOBEKTA, MOITOMY CIEIyET
peanu3oBaTh NMO3TaNHbIN CTpyKTypHbINA cuHTe3 TITITK [8].

HavanbHast cTpykTypa U3MEpUTEIHLHOTO KOMITIEKCa [7] UMEeT BUJ, OTOOpaKCHHBIH Ha
pHUCYHKe 3.

Bxog 'MP nTp AUN NP Brixon

orn
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Pucynok 3 — Hagansnas crpykrypa IIIITK [The initial structure of the software and hardware complex]

Jns packpeiTusi conepkanus (yHkropa (3) HEOOXOOMMO Y4YeCTh HCIOJIb30BAHUE
Oonpmroro 4mcna (YHKIIMOHATIBHBIX TIpeoOpa3oBaHui, B uX cocTaB BXOAWT MOIYIb
B3aMMOJICHCTBYS, HACTPOUKH M YIIPABIICHUS KOMIUIEKCOM, COIEP KAIUN CyOMOIYIH SKCIIPECC
— aHaJlM3a W BU3YAIM3allMM C BHIBOJIOM pE3YJIbTaTOB M3MEPEHMsI Ha DKPAH; COCTABIICHUS
Mmapuipyra obcnemoBanus 'Y ¢ ykasaHwem TOYeK H3MepeHUs BHOpauuii u obnacreit
U3MEPEHHsT TEMIIepaTyphbl; pacdyera TpeHIa BO3MOXKHOTO HW3MEHEHHUs IapaMeTpoB
TEXHUYECKOTO COCTOSIHUSL JUIsl MPOTHO3UPOBaHUA oOcTtaroyHoro pecypca AI'Y u oueHkH
KauecTBa padOThl B MEKPEMOHTHBIN MEPUOI.

B cooTBeTcTBHM C MACOJOTHEN TPOSKTUPOBAHUS CI0KHBIX CHUCTEM, U3JIOKEHHOU B [8&],
chopmupyeM rpad CTPYKTYPBl U3MEPHUTEIHLHOTO KoMmIuiekca. OH MMeeT BHJI, OTOOpaKCHHBIN
Ha pUCYHKe 4.
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Pucynox 4 — CtpykrypHbIi (61049HBIH) Tpad KoMmIutekca nuaraoctuku [Structural (block) graph of the diagnostic
complex]
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[Tomyuennsrii rpad (cM. puc. 4) mpencraBiaseT coOOW HaYaIbHBIM BapUAHT
CTPYKTYpHOTO (071094HOTO) (PYHKIIMOHATBHOTO paCHpeNeIeHUs, KOTOPhIH MOXET OBITh
pean30BaH.

[locneguuM mIaroM ajJropuTMa CHHTE3a ONTHUMAbHOM CTPYKTYpBl 3a CYET
nepepacnpenenieHis: UCXOMHOM cucTemMbl BHYTpeHHUX ¢yHkiuid IITK mnpu ycnmoBum
coxpanenust BHemHedl ¢ynkuun IITK sBasercs moctpoenue pesynbTupylomiero rpada, B
KayecTBE JJEMEHTOB KOTOPOTO HCIOJNB3YIOTCA KOMIIOHEHThl MHOKECTBAa HAaMMEHbIIEH
BHEIIHEH YCTOWYMBOCTHU Ty @ CBA3H MEXKIY JIEMEHTAMU yCTAaHABIMBAIOTCS B COOTBETCTBUU
CO CBSI3SIMH, CYIICCTBYIOITUMHU Ha UCXOTHOM Tpade (B JaHHOM citydae Ha rpade (cM. puc. 4).
ITpu 3TOM MOIJIOIIEHHBIE OTOOPAKEHUSI BOCCTAHABIMBAIOTCA B BUJIE IIETENb Y TEX JIEMEHTOB,
KOTOpBIE BXOJSAT B COCTaB MHOXECTBA Tppin. C yueTOM 3THX 3aMEYaHHM pe3yJbTHUPYIOIIHA
rpad nMeeT BUA, OTOOpaKECHHBIN Ha PUCYHKE 5.
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Pucynox 5 — Pesynprupytomuii rpad komrmiekca nuaraoctuku [The resulting graph of the diagnostic complex]

OkoHUaTeTbHO HAa OCHOBAHWU CTPYKTYpHI, NpeAcTaBIeHHOW Ha rpade (cMm. puc. 5),
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ctpouM 61ok-cxemy IITK, nzo0pakeHHyr0 Ha pUCyHKeE 6.
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Pucynok 6 — Biok-cxema mporpaMMHO-TEXHHIECKOTO KOMIUIeKca Auist tuarHoctuku coctosaust AIY [Block
diagram of a software and hardware complex for diagnosing the condition of diesel generator units]

OcobeHHOCTBIO 3TOH OnoK-cxeMbl sBistercs npenacrasienue [ITKB Buae noacucrem. B
JTAHHOM CJTy4ae 0COOBId MHTEpEC MPECTABISET CTPYKTYpa aIrOPUTMa YIPABICHHS, KOTOPas
orpeensercss O0NbIINM YUCIOM pa3HOOOpa3HbIX TUIIOB M BUJIOB NpeodpazoBanuii. [Ipu sTom
BEKTOp YIPABISIOMUX PeoOpa3oBaHMA Fynp(B_ v3,TK 1j1 ) AOJDKEH PEATU30BaTh CIEIyIONINE
PEKUMBI: 3aIUACh C BU3YyAIN3allUEeH B PEKIME PEATbHOTO BPEMEHH PETUCTPAIIUH TTapaMeTPOB;
ABTOMATHUYECKOE OIpE/IeJIeHNe KOJMUYECTBA aKTUBHBIX KaHAJIOB 3allMCH; OOMEH JaHHBIMH C
6moxom ananuza u Oazoit nanHbIX [IK; Bbrumcnenne CKB BubOpockopocTu; mocTtpoeHue
orubaromieil CUrHaioB BHOPOKOJICOAHUH M TPOCMOTP €€ B J00OH Touke; (opMHUpOBaHHE
daiina ¢ ykazaHueMm THNa M oOo3HaueHus padotel 'Y, peann3yeMoil MOITHOCTH, NAThl
BPEMEHHU TPOBEJCHUS H3MEpEHUs; KaauOpoBKa; 00paboTKa CUTHAIOB C NpPUBJICYCHHEM
CHEKTPAJIbHOTO M KETICTPAJIbHOTO BUOB aHAIM3a C BU3yaau3alueil orudaromei.

Jns  ocymiecTBIeHMs KOMIUIEKCHOTO ToOAXojJa K jauarHoctupoBanuio /[II'Y B
COOTBETCTBUHU C pa3pabOTaHHOW OJOK-CXeMOM, HaMH ObLI CO3JaH U YCIELIHO ONpoOOBaH
MpPOrpaMMHO-TEXHUUYECKHUI KoMmIuieke (puc. 7) [9-12].
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Pucynok 7 — IlepeHOCHO# MPOrpaMMHO-TEXHUYECKUIH KOMIUIEKC TUArHOCTUPOBAHHUS AU3E/b-T€HEPATOPHBIX
ycranoBok [Portable software and hardware complex for diagnostics of diesel generator units]

JlaHHBIN KOMILJIEKC TMpeIHa3HA4YeH Jisi JUAarHOCTHUPOBAHUS JU3Eb-TEHEPATOPHOTO
o0opynoBanusi 6e3pa300pHBIM CIIOCOOOM B TOMEIIEHUH TU3ETb-T€HEPAaTOPHONH YCTaHOBKHU
ADC.
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Abstract — The article considers the creation of a portable software and hardware complex for
diagnostics of diesel generator sets of nuclear power plants to increase the sensitivity of diagnosis
of diesel generator sets and conduct a comprehensive analysis of diagnostic parameters. The work
provides a synthesis of a block diagram of a portable software and hardware complex for
diagnostics of diesel generator units of nuclear power plants.

Keywords: standby diesel power station, complex analysis, vibration diagnostics, thermal imaging
control, analysis of ultrasonic parameters, synthesis, portable software and hardware complex.
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