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BonpocaM MaTeMaTHlfeCHOH CTaTHCTHHH. npolleRypa HOHTponR H nporH03HpOBa­:H HOCTb. 

rreyrne- HIIB TC MOHieT tiblTb l/JoPManH30BaHa HpeanH30BaHa B CHCTeMaX aBTOMaTHlfeCHoro 

S OCHOBe STOro anropnrva JleJKI1T pas­

JlOJKeHl1e MaTpl1l\bl Y napaverpos 06beKTa 

Ha MaTpl1l\Y rnasuuxKOMn OHeHT F[1 :No' 1:p] 
11 MaTpl1l\Y epaKTOpHblXHarpy30KA [1 : p, 1:p] 

Y=FA. (1) 

YCTaHOBJleHO, 4TO oprorouansuua 6a311c 

rnaaauxKOMnOHeHTF06JlaAaeT CBo~CTBaMI1 , 

He06xOAI1MblMI1 AnS1 pacn03HaBaHI1S1 TeXHI14e­

cxoro COCTOS1HI1S1 06beKTa [3,4,5],a OPTOro­

HanbHaS1 MaTpl1l\a epaKTOpHblXHarpy30KA[1 :p, 
1: p] cOAepJKI1T BaJKHylO AI1arHocTI14ecKYlO 

I1HepopMal\l1lO, KOTOpa51 n03BOJlS1eT peuiars 
"3aAa4y CI1HTe3a 11 YBS13KI1 nporH030B napa­

MeTpoB 06beKTa» [6]. ,lJ,nS16a30Boro MaCCI1Ba 

napauerpos 0603Ha411M STY MaTpltll\YAo' 
S COOTBeTCTBltlltl C OCHOSHblM npltlHl\ltlnOM 

ltlCCJleAOSaTeJlbCKOrO nporaoanpoeauna 

ltlHepopMal\ltlS1 S MaTpltll\eA ltl ee crpvsrypao
coxpaHS1IOTCS1 HaI1HTepSaJle nporaosa TeXHI1­

xeckoro COCTOS1HltlS1 06beKTa [3, 6]. 
KpoMeroro, vcrauoeneuo,4TO I1HepopMa­

l\11S1 S MaTpl1l\e FaKKyMyJll1pyeT OTKnOHeHI1S1 

napauerpoe 06beKTa OT HOpMaTI1BHblX3Ha­

4eHI1~, eCJlI1 3TI1 OTKnOHeHI1S1 HaKanJlI1SaIOTCS1 

ltl Sbl3BaHbi nOCTeneHHblMltl OTKa3aMI1. ,lJ,nS1 

6a30soro MaCCltlSa naparaerpos 06beKTa 

MaTpl1l\Y rnaaaa x KOMnOHeHT0603Ha411MFo' 
npltl nporuoaaposasaa TeXHltl4eCKOro 

COCTOS1HltlS1 ASltl raTeJlS1 BblnOJlHS1eTCS1SKCTpa­

nOJl51l\ltl51 ltlC XOAHO ~ MaTpl1l\bl Y OT ypOSHS1 

No AO BeJll14ltlHbi N nyreM YBen114eHI1S1 4ltlC­n 

na CTpOK. 3Ta onepauas ocyw,ecTSJlS1eTCS1 

sa HeCKOJlbKO STanOB [2, 4]. nepsoHa4anbHo 

YBenl14l1BaeTcS1 paauep cTOn6l\OB MaTpl1l\bl Fo 
AO BeJlI1YI1Hbl F aBToperpeCCI10HHbiMMeTOAOM n 
5ypra C npltlMeHeHltleM TaKJKe npouenype; 

ynpaBneHHR YCTaHOBHaMH. 

sors Kn~'I€Bble cnosa: ra3 0Typ6~HHble 3Hep reT~4eCK~e YCTaH OBK~ , ncoruoaapoaanae, o6ecne4eH~e 6e30TK a3HO~ pa60Tbi. 

ypOBH51 CAY ltlJlltl cJla60C1 KSaJlltlcjmKal\ltlltl 

oneparopos. 
,lJ,n S1 peWeHI1 S1 3aAa411 nporuoaaposasaa 

pator ocnocoonoro COCTOS1HI151 cnenver I1C­

nOJlb30SaTb MaCCltlB aaperacrpapoaaunax 

napaverpoa aaeprerwteccnx vcraaosox. 
BKa4eCTBe npl1Mepa paccv orpeuu napaue­

rpa ra30ryp611HHbiXABl1raT eJl e~ serseproro 

nOKOneHI1 S1 IT,IJ, 4PM , ycrauoanenaux Ha He­

KOTOpblX06beKTax OAO -Iaanpou», 
,lJ,nS1l1nJlIOCTpal\1111 anroparua nporsoaapo­

BaHI1 S1 TCI1cnonb30BaHa MaTpl1l\a napauerpoa 

Y[1: No' 1:p], rne P- 411cno aHaJll13ltlpyeMbix 

napauerpoa; No- 411cno CTpOK MaTpl1l\bl napa­

MeTpOBBSKCnJlyaTal\ltlOH HO ~ AOKYMeHTal\1111 

(pac , 1). ,lJ,aHHaS1 MaTpl1l\a I1CnOJlb3yeTcS1 npl1 

aaannse TC KaK6a30B bl~ 6noKnapaverpos, 

xapacrepnayouiaxaaaenouopacorocnocoti­
HoeCOCTOS1Hl1e 06beKTa. 

,lJ,Jl51 6a30soro MaCCliIBa napaverpos 

paccswrusaerca I1HAI1KaTOp TeXHI14eCKOro 

COCTOS1HI1S1 Do. AnroPI1TM BbI4I1CJleHI1S1I1HAI1­

xar opa 113nOJKeHBpaoora x [1 , 2]. 
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OHTPonb 11 oueaxa TeXHwlecKoro co ­


CTO S1 HI1 S1 ra30Typ6ltlHHbiX yCTaHosOK 

s npouecce skcnnvarauaa Ha raso­

nepeKaYI1SalOLl.\I1X CTaHl\I1S1XOAO -fasnpou» 
BbinODHS1IOTCS1 onepar opav n C I1CnOJlb30Sa­

H~eM CI1CTeM aBTOMaTI14eCKOro ynpaBJleHI1S1 

(CAY). 'iacronpouenypaOl\eHKI1 TeXHI14eCKOro 

COCTOS1 HI1 S1 Bascnnvarauaa B03naraeTCS1 rons ­

KOHa onepar opoa, TaK KaK cvuiecravouute 
CAY He scerna Moryr Ka4eCTseHHO peuiars 

nOAo6Hbie3aAa41111 TeM 60nee HeMOryrnpo­

rH0311posaTbpa60Tocnoc06HOCTb yCTaHoBOK, 

npl1 peWeHl111 Ba )l(HO~ 11 aKTyaJlb HO~ 3aAa411 

nporH03l1pOSaHI1 S1 patiorocnocoonoro COCTOS1­

H ~S1 TeXHl1yeCKI1X 06beKTOB cnenyer OTMeTI1Tb, 

~TO nporH0311pOBaHI1e B03MOJKHO TOJlbKO npa 

B03HI1KHOSeHI1 11 nocrenenua x OTKa30B, KOTO­

pblepa3BI1BaIOTC S1 BTe4eHI1e onpeneneauoro 

BpeMeHI1. nOH S1THO, 4TO BHe3anHbie OTKa3bl 

nporH0311pOBaTbnpaKTI14eCKI1 HeB03MOJKHO. 

BnpOYeM, onpeneneuuaa AOJlS1 sneaanaax 

OTKa30SyCTaHoBOK Bnpouecce 3KcnJlyaTal\1111 

MO)l(eT npOS1BnS1TbCS1 113-3a HeAOCTaT04Horo 

o 1 5 55 

mailto:E-mail:ribalco@rambler.ru


-------

,~..­, 

p 

6a30Bbl~ MaCCIIIB napaverpoa MaCCIIIB nap av erpoa 
AJlSl nporuoaa TC 

r- A'_ --.. _ _ ~A'__ _ --..

( Y , 
Y[1 : No.1: p) 

CKaHlllpOBaHl'1e
 
MaCCIIIBa
 

napaM eTpo B 06beKTa
 

----,)
 

N 

Do On 

II1HAIIIKaTOp oueHKIII II1HAIIIKaTOp nporuoaa 
pa6oTocnoco6Horo TeXHlIIyeCKOrOCOCTOSlHIIISl 
COCTOSlH IIISl 06beKTa 06be KTa 

PIIC. 1. CrpYKTYpa MaCCIIBa napaMeTpOB raJOTYpfillHHOro llBllrarenR 

CrIlalKl1BaHI1Sl AaHHblXno MeTOAY C KOnb3Slll\e~ 

MeAl1aHbl. 3 Tl1 npouenypu peanasosaaa 
B MaTeMaTl1yeCKOM naxere Mathcad B BI1Ae 

BCTpoeHHblX oneparopos predict (*, *, * ) 
11 medsmooth (*, *) [5]. 

Ha OCHOBe nonyYeHHO~ B peaynsrare3TO~ 

onepauau (3KcTpanOnSllJ,I1I1) MaTpl1lJ,bl rnaeaux 
KOMnOHeHT F [No:N ,1 :p], 116a30BO~ MaTpl1lJ,bl n n

¢aKTopHbiX uarpvso« AoMOlKHO BblYI1CnltlTb 

MaTpltll.l,y napauerpos 06b8KTa Ha I1HTepBane 

nporuosa 

(2) 

3Ta MaTpl1l.1,a COAeplKl1T BalKHYIO I1H¢OP­

MalJ,ltllO0 pa60TOcnoc06HOCTltl 06 be KTa Bnpo­

0 ,- .. 
I 

0 .5 " \
I 

0,4 

0 .3 

,0.2 I I I 

No= 20 40 60 80 100 

, I 

rH0 3l1pyeM bl~ nepaon axcnnyarauaa. nyreM 

I1CCneAOBaHI1Sl MaTpl1lJ,bl Y MeTOAOM ¢ aKTOp ­
n 

uoroasanasaMOlKHOpaCCYI1TaTb I1HAI1KaTOp 

nporsosa TeXHl1ye CKOrO COCTOSlHI1 Sl 06beKTa 

On' 6n ltl30CTb ltlHAltlKaTOpOB On11 00 6YAe T 

xaparrepaaoaars TeXH l1yeCKOe COCTOSlHl1e aHa­

nl13l1pyeMoro 06beKTa Ha I1HTepBane nporuosa 
TaKOe xe,KaKHa6a30BOMI1HTepBane KO HTpOnSl. 

Ha PltlC. 2 npencraaneuo3Haye Hltle ltlHAI1­

KaTopOBTeXH l1yeCKOrOCOCTOSl HI1 Sl ABl1raTenSl 

ITA4PM Afl Sl I1CXOAHOro COCTOSlHI1 Sl I1 Ha npo­
rH03 ltl pyeMbl~ nepaoa, ,l],nSl nOATBeplKAeHI1 Sl 

pacorocnocoriaocrn MeTOAltlKI1 nporaosa 
BblAeneH MaCCltlB napaaerp os nsararenn 
pa3MepOM 20 CTpOK, KOTOP bl~ xapacrepaayer 
ero 3aBeAOMOpaoorocnococuoeCOCTOSlHl1e. 
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120 140 N No = 20 30 40 60 80 N 

KpOMe roro, nonomurrenseo BblnonHeHa 

o ue sra TC ABltlr aTen Sl no BceMy MaCCI1BY 

napaverpos. 
KaK nOKa3aHOHa pnc. 2 , Ha nepaonnpo­

rH03 a B 30 CTpOYeK MaTpltllJ,bl aaperacrpape­
BaHHblX napaaerpoa (30 Y Hapa60TKl1 ITA) 
nonyseuo xopowee COOTBeTCTBltle ¢aKTI1Ye­

CKO~ 11 nporuosaca OlJ,eHOK TC. 
n pl1YBenl1yeHl1ltl rIly6l1Hbi nporuosa (yBe­

nltly eHltlltl N ) pacxoxnenue ¢aKTltlyeCKOrO n
11 nporuoaapveuoronceaaareneaTC pacret 
3TOnossonaeryrsepxnar», YTO npl1Hapa60T­

Ke 06beKTa 20 Y B TeyeHl1e cneAYIOll\I1X 104 
OH 6YAeT patiorocnocotieu.Euie paa cneAyeT 

OTMeTI1Tb, YTO 3TOT nporuos OTHOCI1TCSl KB03­

MOlKHblMnOSlBneHI1SlM nocreneuauxOTKa30B 

06beKTa. 

,l],nSl onsoro 113 OAHOKOMnpeccopHb IXAB ~ ­

rarenea rana ITA 4PM , B KOTOpOM I1MI1T~PO­

aancs nOCTeneHHb l ~ OTKa3, 6bln peanaaosas 
113nOlKeHHbl~ anroparuOlJ,eHKltlltl nporuos­
pOBaHI1Sl rexuasecsoro COCTOSlH ltlSl . na pa­

MeTpI1YeCKI1~ OTKa3 I1MI1Tl1pOBanCSl B BI1Ae 

rpeuna HeCKOnbKI1Xnapaaerpca. Pe3ynbTan, 

aaanasa noraaauu Ha pac. 3. 
KaK nOKa3aHO Ha pac. 3, npa Hapa60TKe 

06b eKTa 30 Y (N = 30) 3a¢I1KCltlpOBaHnapa­n 
MeTpltlYeCKI1~ OTKa3, KOTOPbl~ nl1KBI1Al1pOBaH 

KMOMeHTY KOHTponSl 40 4(N=40) . BI1AHO, YTO 

I1HAI1KaTOp Onnporaosa TCsnonseKoppeKTHO 

¢I1KCl1pyeT npoueccnOSlBneHI1Sl OTKa3a HaI1H ­

repsane Hapa60TKl1 30 Y, a raxxe co CABl1rOM 

no BpeMeHI1orpaxaeraranaoccranoaness 
pa60Tocnoc06HOCTI1 . 

PaccMoTpeH Hbl ~ MeTOAOl.l,eHKl111 npono­
3l1pOBaHltlSl TC aneprerasecsax yCTaHoBoK 

aa OCHOBe aaanasa ltl nporsoaa npenno­
xeuuoroI1HAltlKaTOpa COCTOSlHI1Sl n03BOflHeT 

yeepeuao pacnosaaearsSlBHble TpeHAbl OA­

" / 

PIIC. 2. HHlllIKaroPbl OlleHKlI1I npOrHOJa TC llBllrarenR nA 4PM: PIIC. 3. HHlllIKaTOPbl OlleHKII II npOrHOJa TC llBllrarenR nPII BOJHIIKHOSeHHI
 
1- On- ~Ht:\~Ka TOp npornosa TCt:\B l1 raTen ~ ; 2 - Do- I1Ht:\I1KaTOp cjlaKTI1yeCKoro co­ nocreneHHblX OTKaJOB:
 
CTO~H I1 ~ t:\Bl1raTen~
 1- On- I1Ht:\I1KaTOp nporaoaa TC t:\Bl1 r aT en~ ; 2 - Do- I1Ht:\I1KaTOp cjlaKTl1yeCKOrOTe 

t:\B l1 ra Ten~ 
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3He preT HU CK3n fie3 0 n3 CHO CT b 

nueaa 
CCLtl BY 

~ npo­

P I1PO­

1 ITA) 
(TI14e ­

I (yse­
'CKOro 

,aCTeT. 

)a60T­

sore V1 nV1 HeCKOnbKI1X napauerpos B pe)l(l1Me 

peansuoro BpeMeHI1 . KpOMe roro, AaHH bl~ 

anropV1TM naerB03MO )l(HOCTb nporuoanpo­
BaTb paoorocnocotiaoe COCTO~ H l1 e 06beKTOB 

Ha onpe Aene H H b l ~ nepnon Ha6nIOAeH Ltl~ . 

Ba)l(HblM AOCTOI1HCTBOM npennoxeuaoro 
MeTOAa nporuosa TC ~Bn~eTC~ TO, 4TO An~ 

cneuaanacros (oneparopos yCTaHOBOK) 

nOHBn 51eTC ~ B03MO )l(HOCTb npenorspauian, 
napaMeTpl14eCKI1e OTKa3bl nyreM LtlX caoe­
speMeHHo r o 06HapY)l(eHLtl~ 11 npoaeneaas 
COOTBeTCTBYIOLl\I1X npocjmnaKTI14eC KI1X pa60T. 

Ta KI1M 06pa30M, MeTOAI1Ka OLl,eHKl111 npo­

rH03 I1 pO BaH Ltl~ TeXHVl4e CKo ro COCTO~ HLtl~ 

ITA B sxcnnyarauaa ~Bn~eTC~ Ba)l(HO~ co­

craenso uiea nepCneKT Ltl B HO~ npouenypu 
Ltl HTe n n eKTyanbHor o A Ltl a rH OCTLtlpOBaH Ltl ~ . 

OHa MO)l(eT 6 blTb np l1MeHeHa An~ pa3n l14HbiX 

3 He p r eTI14eCKI1X0 6beKT OB, An ~ KOTOp blX pe­

rvnspso cjm K C l1pylOTC ~ napaverpu patiosero 
npouecca. Peannsauas AaHHO ~ MeTOAI1KI1 

rpeoyer BblnOn HeHI151 p 51 Aa 113nO)l(eHHbiX Bbl­

411Cn l1Ten bHbiX n pOLl,eAYP 11 nporpaaeuoro 
I1XoCYLl\eCTBneHI1 51 . 
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K B03­ Gas turbine online statusassessments 

rKa30 B RybalkoV.V.(Saint-Petersburg State Marine Technical University, RF, St. Petersburg) 
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IXABLtl ­ This paperfocusesonsolutionsto oneof the most critical issues involvedingasturbinetechnical 
statusmonitoring,control.andpredictionunder continuedoperation.It presentsaninnovativepredic­1TI1PO­
t~ n algorithmbuiltaround analysisandfocused processingofturbine-relatedoperationdataflow. 

130BaH Turbinetechnicalstatuspredictionscouldbecomputedbyprofessionalswho areknowledgeable of 
'H0 3Ltl­ some focalareas of mathematicalstatistics.Theunderlying proceduresforturbinetechnical status 

monitoringandpredictioncould beformalised - converted intoalgorithms- andimplemented as napa­
part ofexistingprocesscontrol systems. 

l BLtlA e 
KelViOrds:gasturbines, prediction,operation, failsafeoperation,algorithms,monitoring. 
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HOBOCTM o Tpa clIM 
I-ia I1H­

Bl1roM 
BnltRHlte ItHtbDaCToYHTYDHblX npOeHTOB Ha 3HOHOMltHY 

eHLtl~ 
«Kpyrnb l ~ cron- « Pean ~3aU I1~ KpynHblx ~H </J pacTpYKTYP HbIX npoexros BycnOB I1 ~X MaKp03KOHOMl1yeCKl1XWOKOB: np06neMbi ~ nepcnerrnau MeTannyp r~YeCKO ~ 

orpacna- cocrosncs BAHan I1T~Ye CKOM uesrpe n p~ npaBI1TenbCTBe POCC I1~CKO ~ ¢eAepal.\~ ~ . 3KcnepTbi paccuorpena np ~ H l.\l1n bl </JOp M~pOBaH I1~ l.\eHbl Ha Me ­

lOrHO ­ rannonpOAYKl.\111O ~H</JpacT pYKTYPHo ro npeA Ha3 Ha ~eH~ ~, npaKmKy ~ X np~Me HeH~R Bvcnosasx cTa6I1n bHOCT~ , a raxxe B03MolKHbie M exaH~3Mbl aaanrauaa 
11 CH ~lKeH~ R HeraTI1BHblXnocnencreaa. OBOK 
3KcnepTbi oTMeT~n~ , YTOBTeYe H ~e 2014r. Ha6nlOAanocb 3H a~ I1TenbHOe naAe H~ e HOM~Han bHoro 06MeHHoro Kypca py6n~ KOCHOBHblMMI1POBblMaanoraa, 3TO

3Afl O­
npuaenoKYC l1neH~IOA~c6anaHca HapblHKax CbIp b e B o ~ npo AYKl.\~~, rne B bI COK~ ~M nop THa~ ~ 3KcnopTHaR COCTaBnRIOU\~e : I1MnOpTHaR npoAYK l.\~ R AJlR POCC~~CKI1X
 

nOTpe6 l1Tene ~ crananopoxe,aarcnopruaePbIHKI1 - 60neenp~BneKaTenbHbIM~ . no MH eH~ 1O cneuaanacroa,3TOocooenso3aMeTHO Ha pblHKe MeTannypr l1YeCKO~
 

npoAYKUI1~ .
 

no cnoaav Ha~anbH~Ka YnpaBneH ~R no CTpaTer~YeCK~M ~CCneAoBaH~RM B3H epreT~Ke AHan I1T~YeCKoro uearpaAnexcaunpa KYPA~H a, npOAYKl.\~R Merannyprl1 ­


Ye CK O~ orpacnu ~Bn~eT C~ KflIOYeBO~ COCTaBn RIOU\e~ KpynHblx ~ H </JpaC TpYKTyP H bIX npOeKTOB, CpeAI1 KOTOpblXCTpO~TenbC TBO raso- 11 He</JTenpoBOAoB. YCnOBI1R
 

3aKynKl1 n poAY Kl.\ ~ I1 , BKfl lOyaRMeXaHl13Mbi</JO pM~pOBa H~R l.\eH Ha Hee, CnoC06HoCTb sraxMexaH~3M o B YYI1TblBaTb Ml1pOBylO KOHblOHKTYPY ~ Ma Kp03KO HOM ~Y eCKYIO
 

CI1Tya l.\ ~1O ~ r palOT BalKHe~wylO poneAJlR peanuaauaaAaHHblX npoerros, nonaraer 3KCnepT.
 

«An ~ auxona 3 KOHOM ~K I1113 craraauun ~ peueccnnHe06xOAl1MO oopauiars eHI1MaHl1e Ha COCTO~H~e ~ H</JpaCTpY KTYPbl , nOCKOnbKY I1H</JpaCTpYKTypHblenpoertu
 
np~ He cYT 3 H aYI1 Ten b Hbl~ 11 AonrOC pO YH bl ~ 3</J</JeKT POCC~~CKO~ 3KoHOM~Ke , - nonaraer AneKcaHAP KYPAI1H. - Ho ronsxo BTOMcnysae, ecnnO H~ opraaaaosauu
 

3</J </JeKT ~BH o ~ 6YAYT noneaosatecs cnpocov-.
 
Tacsecneuaanacr HanoMH~n y~a cTH~KaM Meponp~RT~R 0 HeAaBHeM3aK pblm~ Kpyn He~wero npoexra«lOlK H bl ~ nOTOK". «Inaaaaa np06neMaBTOM, YTOYJKe 6blnl1
 

3a Kfl IO~eHbl KOHTpaKTblCKpynHe~WI1M~ POCC~~C K~M ~ MeTannypmYeCK~MI1 KOMnaH~RMI1 . V1 YTO C3mMnenars,noxaH e nO H~THO. floraronexoI1AeTnpoueccaaan­


Tal.\11 11 KHOBblMycnOB I1 ~M" , - crasan sxcnepr,A06aB ~B , YTO ceronns l.\eHbl Ha rasHe c Ta6 ~ nbHbl, ~ H</J paC TpYKTy p Hbl e npoerru nOAyrpoaoa, n03ToMY He ~3BeC THo,
 

aaceonexoAe~CTBYIOU\aR PbI Ho~ HaR C~CTeMa paoorocnccotina. B03MOlKHO, YTO MeTannypr~YeCKI1M KOMnaHI1RM HYJKH bI AOnOnHI1TenbHbierapaHTI1I1.
 

« npaK T~YeCK~ 99,9 %06beMoB noroeonccrea 3He p remYeCKO~ orpacna 06eCneYl1BaeTCR POCCI1~CK~MI1 npeAnp~~ T~~M~ Tpy6HO~ npoAYK l.\~ ~ , - co06U\l1n npen­


cenarensKOOPAI1Hal.\110HHOrOCOBeTaAccouaauua npoasaonareneaTpy6 V1 BaHlll aoanos. - Ho3TaorpacnsOyeHb K p e A~TOeMKaR, KO M naHI1 ~M TPYAHOaarpuaars
 

npoueuru. n03ToMYnonv-aercs, YTOnpoueuruasCTaBKa y6 ~B ae T BceTeXHOnorl1yeCKl1e B03MOlKHOCTl1 npeAn pI1 RT~~ ".
 

3KcnepTOTMemn, ~TO BOnpoCbln pO l.\eHTH O ~ CTaBK~ 11 MeHRIOU\eraCRKypca Aonnapa YlKe peweHblMeJKAY ra3npoMoM ~ Tpy6HblMl1 KOMnaHI1RM ~, OHI1 pa60TalOT
 

no onpeAeneHHO~ </JopMyne l.\eHbl. TalOKe ~ Ba H Wa6anoBnonaraeT, ~TO AJl~ 06ecneYeH~~ TexHOnOr~YeCKo~ cTa6~n bHocT~ np~ pean~3a l.\~ ~ AaHHbix npOeKTOB
 

He06xOA~ MO nOH~Ma T b CI1 CTeMYnn aH~ poBaH~R . no era MHeH~ IO , y rocYAapcTBa BC~CTeMe nnaH~ pOBaHI1~ ~H </J pa CT pYKTyPHbIX npoeKToBAonlKHbI 6blTb 60nee
 

lKeCTKl1e Tpe6oBaHI1 R.
 

no I1HrjJopMaU1111 AHan l1 TI1 ~e cKoro ueHTpa npl1 npaBI1TenbCTBe PcP 
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sere VlnVl HeCKonbKVlX napaaerpos B pe >K Vl Me 

peanssoro BpeMeHVl. Kpoue roro, Aa HHbl1t1 

anropVlTM naer B03MO >KHOCTb nporuosnpo­
BaTb patorocnocofiaoeCOCT0 51 HVle06beKTOB 

Ha on pe AeJle HHbl1t1 nepuon H a6JlIOAeH Vl ~ . 

Ba>KHbIM AOCTOVlHCTBOM npennoxeuaoro 
MeTOAa nporuosa Te ~BJl51 eTC 51 TO, 4TO AJl~ 

CnelJ,Vl aJlVl CTOB (oneparopos yCTa HOBOK) 

nOHBn51eTC51 B03MO >KHOCTb noenorspaurars 
napaMeTp lt1ye CKlt1 e OTKa3bl nyre M lt1 X CBo e ­

speueuuoro 06Hapy>KeHlt151 lt1 npoaeneuaa 
COOTBeTCTBYIOLl.\lt1X npoqmJlaKTVlyeC Klt1X pa60T. 

Ta Klt1M 06 pa30M , MeTOAlt1 Ka Ol..\eHKlt1 Vl npo­
rH03 Vl pO BaH Vl ~ TeXHlt14 e CKOro COCTO~Hlt1~ 

ITA B 3KCnJlyaTa l..\ lt1 lt1 ~ BJl51 e TC~ Ba>KHOIt1 co ­

CTaBJl ~ IO Ll.\ e lt1 n e p CneKTlt1BHOIt1 npouenypu 
lt1 HTe JlJle KTy aJlbHOr O A lt1 a rH OCTlt1 pOBaH lt1~ . 

OHa MO>KeT 6 blTb nplt1MeHeHa AJl51 pa3JlVlYHbiX 

3Hep reTVl yeCKlt1X 0 6beKTOB, AJl51 KOTOp blX pe­

ryJl 51 p HO epVlKClt1PYIOTC51 napaverpu patio-ere 
npouecca. Peanaaauns AaHHo lt1 MeTOAVlKVl 

rpeoyer BblnOJlHeHlt1 51 p ~Aa Vl3JlO>KeHH bIX Bbl­

4 lt1CJlVlTeJlbHbIX npouenvp lt1 nporpavenoro 
lt1X OCYLl.\eCTBJleHlt1 51 . 

Gas turbineonline statas assessments 
Rybalko V.V. (Saint-Petersburg StateMarine TechnicalUniversity, RF, SI. Petersburg) 
E·mall:nbalco@rambler.ru 

This paper focusesonsolutions tooneof the most cntical issues involvedingas turbinetechnical 
statusmonitoring,control,andpredictionundercontinuedoperation. It presentsaninnovativepredc­
lionalgorithm built aroundanalysisandfocusedprocessingofturbine-relatedoperation dataflow. 
Turbinetechnicalstatuspredictionscouldbecomputedbyprofessionalswhoareknowledgeableof 
some focalareasof mathematical stausucs.Theunderlying proceduresfor turbinetechnicalstatus 
monitoringandpredictioncould be formalised - converted intoalgorithms- and implementedas 
part ofexisting process control systems. 

Keywords:gas turbines, prediction,operation, failsafeoperation, algorithms,monitorinq. 
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HOBOCTH OTpaCJIH 

BnllRHlle IIHtbDBCTOYHTYDHbiX nOOeHTOB HB 3HOHOMIIHY 
"Kpyrn b l ~ cron- -Peanasauas KpynHblx ffHeppacTpyKTypHblXnpOeKTOBBvcnosasxMa Kp 03 KOH OMffYeCK~X WOKOB: np06neMbi ~ nepcnerraau MeTaJlnyp rffYeC KO ~ 

orpacna- COCTOR nc~ BAHanHTffyeCKOMuesrpe n p~ Ilpaaarensctae PO CC~ ~C KO ~ <lJeAepal1ffff. 3KcnepTbipaccvorpenu np ff Hl1~ nbl epOpM ff pOBaH ff ~ ljeHbl Ha Me­

rannonponvnneo ~HeppaCTpYKTYP Ho ro npeAHa3HaYeH ff~, npaKTff Ky ffX npffMeHeHffR BYCnoB~RX cTa 6~nb Hocm , a raxxe B03MO)l(HbleMexaHH3Mbi ananrauna 
ff CH ff)l(eH ~ ~ HeraTffBHblXnocnencteaa. 
3KcnepTbi OTMeTHnH, YTOBre-esae 2014 r. Ha6nlOAanOCb3HaYffTenbHoe naneuue HOM~Han bHOro 06MeHHoro Kypca py6n~ KOC HOBHblMMffPOBblMsanoraa . 3TO 

npuaenoKyc ~neHH IOAHc6ana Hca Hapb l H Kax cbl pbeBo~ npOAYKljHff, rne BblCOKH ~MnopTH a~ ffakcnopraasCOCTa Bn~ IO U1He: ffMnopTHaRnpOAYKljH~ Af1R POCCH~CK ffX 

n OTpe 6 ffTen e~ crananopoxe,a3KcnopTHbiePblHKH- 60neenpffBneKaTenbHblMff.noMH eH~1O cneuaanacroe,3TO ocooeuao3aMeTHOHa pblHKe Me Ta n nypr H YeCKO~ 

npoAyKl1Hff. 

no cnosae HaYaJlbHffKa YnpaBne H ff ~ noCTpaTer~ YeCKHM ~C CneAOBaH~RM BaneprerneeAHan ~TH YeC Koro uesrpa AneKcaHApa KYPAHHa, npoAyKl1ffRMeTannyprH­

YeC KO~ orpacnu~Bn ReTC~ Kn IOYeBO~ CO CTaBnR IO U1e~ KpynHblx ffHeppaCTpYKTypHblXnpoerroa, cpena KOTOPblX crpcerenscrso raso- ff HeepTenpOBOAOB. YCnoBH ~ 

3aKynKH npoAyKlj ffff, BKn IO Ya~ MexaHff3Mbi <!>O pM~ pOBa H ~R l1eH aauee,cnoc06HOCTb3T~X MexaH ~3MOB YYHTblBaTbM~ POBY IO KOHblOHKrypy ~ MaKp03KOHOM~YeCKYIO 

cffryal1fflO ffrpalOT B a )l(He ~w y lO pons AJl ~ peanaaauaaAaHH blX npoerroa, nonaraer oxcnepr. 
"An ~ suxona3KOHOMffKff ~3 craruaua» ff peueccun Heo6x OA~M O 06paU1aTb B H~MaH~e Ha COCTO ~H ff e ffHeppaCTpYKrypbl, nOCKOnbKYffH eppacTpyKrypHble npoexru 
npauecyr 3H aYH Ten bH b l ~ ffAon rocpO YHbl~ 3ep ep eKT PO CC~~ CKO~ 3KOHoMHKe, - nonaraer AneKcaHAPKYPAffH. - Ho TOnbKOBTOM cny-ae, ecna OHff oprauasoeauu 
3epepeKTHBHo ~ 6YAyTnonsaoearscaCnpoCOM ". 

TaK)l(ecneuuanacr HanOMH~n yYaCTH ~KaM M epo n p~R TH~ 0 HeAaBHeM 3 a Kpb1 TH~ K py nHe~ we ro npoerra ,, 1O )l( H b l ~ nOToK". «Inaaaas np06neMaBTOM, YTO y)l(e 6blnff 

3aKnlOyeHbi KOHTpaKTbl CKpyn He~wHM~ PO CC~~CKff Mff MeTannyprffYeCKffM~ KOMnaHH~M ff . Vl YTOC3T~M AenaTb, nOKaHe nOH~TH O . nOKaTonbKOffAeT npol1eCCMa n­

Tal1Hff KHOBblMycn oB~RM " , - CKa3an3KcnepT,A06aBffB,YTO cerOAHRl1eHblHara3HecTa6ffnbHbl , HHeppaCTpYKTypHble npoeKTbl nOA yrp030 ~ , n03ToMYHeH3BecTHo, 

HaCKonbKOAe~ CTBYIO U1aR pbI HOY Ha~ C~CTe Ma pa60TOcnoc06Ha. B03MO)J(HO, YTOMeTannyprHyeCKffM KOMnaHHRM HYJKHbl AononHffTenbHblerapaHTffff. 

"npaKTffyeCKH99,9%06beMoBnOTp e6HocTe~ 3Hep remYeCKO~ OTpacn~ o6eC neY~ BaeTC~ POCCff~C KffMff npeAnp ff ~ T ff ~M~ Tpy6HO~ npoAyKl1ffff, - coo6U1ffn npeA­

ceAaTenbKOOPAffHalj ffOHHOroCOBeTaACCO'1~a'1~ ff npoff3BoA~Tene~ Tpy6 VlBaH Wa6anoB. - Ho3Ta oTpacnbOyeHbKpeA~ToeMKa~ , KOMnaH~ RM TPYAHO3aKpblBaTb 

npOl1eHTbl , n03ToMYnonyYaeTC~ , YTO npOl1eHTH a~ CTaBKa y6ffBaeT Bce TeXHonOrffyeCKHe B03MO)l(HOCTff npeAn p ffRT ff ~ " . 

3KcnepTOTMeTffn, YTO BonpOCbl npOl1eHTHO~ CTa BK~ ff Me H~IOU1ero c~ KYPca Aonnapay)J(e peweHblMe)1(t\y ra3npoMoMHTpy6HblM ff KOMnaH ffRM~ , OHHpa60TalOT 

no on p eAen e H H o ~ epopMyne l1eHbl. TalOKe VlBaHWa6anoBnonaraeT, YTO AJl~ 06eCneY eH~~ TexHOnO r~YeCKO~ cTa6 ~n bHocTff npff pean H3al1~~ AaHHblXnpoeKTOB 

Heo6xoAHMO nOH ~MaTb C~CTe MY nnaH~pOB aHff~ . no ero MHeH~IO , y rocYAapCTBa BC~ CTeM e nn aH~p OB aHff~ ffHeppacTpyKrypHblx npoeKTOBAOn)l(Hbl6~Tb 60nee 

)l(eCTKffe Tpe 60 BaHH~ . 
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