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HaY4HD-TeXHI14eCKl1e aeAOMOCTH Cn6rny. HaYKa H oepaaosaaae 3-2' 20 I2 

AHanOrH'IHO p accyxnas, MO)KHO nonyxars CO­

OTHOrnCHl1S1 .1llUI CJIytIM: m = 6 11 n = 1 (c ytIeTOM 

m = 5 11 n = 2): 

~'g = ~ jdE JPI(rS ) e; .(E) f}; )(rs,E) drs = 
° 0 r I 

Bblpa)KCHHSI (9)-(16) npeACTaBJISIIOT C060H 

COOTHOIlICHH.H B3aH MH OCTH MC)I(JlY 3JICMCHTa MH 

npofiasrx MaTpHU nOTOKa H ueHHOCTH HeHTpOHOB 

B cnyxae HCnOJIb30BaHl1jI BOCbMH npoousrx <PYHK­

Ul1H B KBa.u.paTHoH SI'JeHKc, KOTOpbIC 6YAyr He­

06XO.aHMbI MSI 3an l1CH Bblpa)KeHHH M SI cpemrax 

no rpaaa 3HaqeHl1H 11 HaKJIOHa ypoBHSI HCHTpOHOB 

H HX u.eHHOCTl1. 
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B.B. Pb,6aJlKO 

HHTEJ1J1EKTYAJ1bHOE AHArHOCTHPOBAHHE 
06bEKTOB 3HEPrETHKH 

OAHO H3 BIDKHCHllIl1X HanpaBJICHHH COBCpIlICH­

CTBOBaHHjI 3 Hcp r cTH'Jcc KHX yCTaHoBoK (3 Y) na 

opranasecxox TOnJIHDC B nasane XXI sexa - 3TO 

nOBblllICHHC TOnJIl1BHOH 3<P<PCKTHBHOCTH , B TOM 

'IHCJIC sa C'ICT 60JIbiliCH HanpSl)KCHHOCTH patiosero 

npouecca, 
3 Ha'JHTCJIb Ha.H HanpjI)KCHHOCTb n p OUCCCOB rc­

Hcpau.l1H MeXaHH'ICCKOH H TenJIOBOH 3HcprHH 

B ycranosxax xapaxrepasyerca Bbl COKH MH 'laCTO­

TaMH BpamCHH jI pOTOpOB TYP 60MaIlIHH, a TaK)KC 

60JIbllIHMH .naBJICH IU l MH 11 TCMncpaTYPaMI1 patio­

xer o TCJIa. C OBp eMCH H bIC 11 BHOBb C0 3.naBaeMbIC 

3HCp reTl1 'ieCKH e YCTaHOBKH OTKpbITOrO I.J.HKJIa c n o ­

C06Hbl renepaposars B OAHOM yCJIOBHOM KY611'Je­

CKOM MeTPC 06'beMa KOHCTP YKU.H l1 n pasrepao 

3-4 MBT MOlUHOCTl1 npa resmeparypax paoosero 

TeJIa 1600 K H n aaneu a a x no 3 Ml'Iaa BbIIlIC. 

KaK CJIc.nCTBHe ar o ro, B 3JICMeHTax KOHCTpYK­

Ul1l1 COBpeM eHHblX 3Y Ha6JIIO.aaIOTCSl60JIbIliHe na­

npH)KCHHSI, BbI3BaHHble MCXaHH'ieCKHMH H relIJIO­

BblMH HarpYJKaMH. TaK, nanpaxep, MeTaJlJI pa60'lID( 

JIOn aTOK COBpeMCHHbIX r aaosux TYP6HH MO)KeT 

paooran.no 100TbIC. 'laCOB npa HanpH)KeHl1S1X npa­

MepHO 100 Mfla H resmeparypax cssnue 900"C. 3TH 
nOKa3aTeJII1 scero HCCKOJIbKO .necSlTHJIeTHH TOMy 

naaan KOHCTpYKTOpaM Ka3aJlH Cb aepeansnsraa, TaK 

KaK no.n06HblC Han p H)KeHH.HCOOTBCTCTBOBaJIH n p e­

n eny M I1TCJIbHOH npO'iHOCTH ('I: = 100 'I) CYIHeCTBo­

BaBWHX TOr.na )K3ponpOQHbIX MarepHaJIOB npn TCM ­

neparypax MCTaJIJIa He 60JIee 750 · C . 
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3 He p r e n l Ka H :Jn e KTp OTe XHHKa 
~4----------+
 

Iloasrno, 'ITO HCnOJIb30BaHHe HOBhIX )KapO­

nposustx MaTepHaJIOB H COBpCMCHHblX TeXHOJIOmH 

B 3HCprerH'lCCKHX 0 6beKTax npHBCJIO K pC3KOMY 

nOBbllilCHHIO HX CTOHMOCTH. Ha'laJIbHCUl: Y./lCJIhH CUl: 

CTOHMOCTh BHOBb C03./laBaCMbIX CTaUHOHapHbIX 

3HCp reTH'lCCKH X 06beKTOB MO)KCT )lOCTHr aTb 100­
300 JJ.OJIJI.jKBT. 

BbICOKCUl: CTOHMOCTb C03.llaBaCMh IX 3Y H 3Ha tIH­

TCJlbHbll1 pHCK T$I)KCJIbIX nOCJIC)lCTBHH OT aBapHH 

norpeooaana paspaoorxa CHCTeM panaero otinapy­
)l(CHI1.SI H npC./lOTBpaIllCHHSIOTKaJOB 060py,u.oBaHHSI. 

A!cryanbHblM CTaHOBHTCSI C03.llaHHC HHTeJIJICKTyaJIb­

HblXcncrea TeXHH'lCCKOro JI.HafHOCTHpoBaHHSI, n 0 3­

BOlliIIOlUHX, KaK MHHHMYM, peurars aanaxy TCKYlllC­

ro KOHTpOJISI H p aCn03HaBaHHSI TCXHH'lCCKOro co­

CTOSlHHSI (TC) 3Y. 
113BCCTHO, tITO CHCTCMbI aBTOMaTHtICCKOro 

ynpaanenas (CAY) CYlllCCTBytOlllHX sneprerase­
CKI1X YCTaHOBOK na OpraHHlJCCKOM TOnJIHBe O./lHO ­

BpCMCHHO <PHKCHPYIOT no 50 H 60JIce napaaerpos 
patiosero npouecca. Ilns CHH)KCHHSI HH<popMaUH­

OHHOH HarpY3KH aa oneparopon B CAY npHMeH$I ­

eTCH KOMnblOTCpHCUl: 06pa60TKa CHrHaJIOB OT nar­
'1HKOB, Bhl)J.CJICHHC HaH60JIec HH<pOpMaTHBHbIX 

napax erpos H npC./lCTaBJlCHHC oneparopy C)KaTOH 

HH<pOpMaUHH, na OCHOBe KOTOpOH MO)KHO npa ­
HHMaTh COOTBCTCTBytOlllCC peurenne. 
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HCCMOTpSl na nOCTOSlHHOe COBepWeHCTBOBa­

HHe CAY, ./lHar HOCTHp o BaHHc 3 Y H oueaxa HX 

TCXHH'lCCKOrO COCTO$lHHSI na OCHOBC aHaJIH3a aa­
pemCTPHpOBaHHhIx napaaerpos sante BCCro B03­

JIar aCTCSI aa oneparopa, OnbIT 3 KCnJIy aTauHH n o ­

Ka3aJI , 'ITO CneUHaJIHCT MO)K CT O./lHOBpeMCHHO 

KOHTpOJIl:1pOBaTb H KalJCCTBeHHO aHaJIH3HpOBaTh 

n OKaJaH HH TOJIbKO HCCKOJIbKI:1X ( 0 6 b1'lHO HC 60JIce 

4- 6) npaoopos H no pe3YJIbTaTaM aHaJIH3a npn­
HHMaTh npaaansnoe pCWeHI:1C. ilOHSlTHO, 'ITO xa­
lJCCTBO ra xoro peWCHHSI BO MHorOM 3aBHCHT 

OT KBanH<pI:1K aW U I orreparopa. Il oasicar s ./lOCTO­

BCpHOCTb nOJIY'laeMOH HH<popMaUHH 0 COCTOSlHHH 

3 HCp r CTHlJCCKH X 06beKTOB npaasana HHTeJlJIeKTy­

aJIbH<UI .llHarHOCTI:1Ka. 

Ilepcnexrasasre HHTClIJleKTyaJIbHble CH CTeMhl 

)lHar HOCTHp OBaHHSI llOJI)KH bl 06H3aTeJIbHO CO./lCP­

)KaTh npouenypu pacn03HaBaHHSI TC 06beKTOB 

H ssrpafiarsmars pCKOMeH./laUHH no 06eCnClJeHHIO 

HX pa6OTocnoco6HOCTH (PI:1C .1). 
)l,JISIpaCn03HaBaHHSI COCTOHHHSI06beKTOB HaH­

GOJIc e 3<p<peKTHBHblM ClJHTalOT HCnOJIb30BaHHC 

HeHpocercBbIX TeXHOJIOfHH (7), HO nOJIO)KHTeJIbHbIX 

pe3YJIhTaTOB TaK)Ke MO)KHO ./l0 6 HTbCSI C novoumo 
KJlaCCl:1 lJCCKH X MCTO./lOB CTaTHCTHlJeCKOrO aHaJIH3a 

(MCA) MHoroMCpHOH 3KcnnyaTaUHOHHOH HH<pOP­

MaUHH (aransi 1-4 ua pHC. 1) [1-3]. 

c: 
:s: 
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PHC. 1. CrpYKTYPa npouenyp H1ITe.1IJ1 CKTYaJIbHOro naa ruocraposaaaa 
TCXHHQCCKHX 06'bCKTOB 
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HaY4 HO-TeXHI14 eCKl1e Be,llO MOCH1 Cn 6rnV. H ay Ka 11 06pa30BaHl1e 3-2' 20 12 

COBpCMCHHblC CTanlCTHqCCKHC MCTO.ubl n 0 3­

BOJlSlIOT HC TOJlbKO O.uHOBpeMCHHO otipaoarsrears 
BCIOCOBOK}'IlHOCTb peracrpapyexstx napauerpos, 

HO H BblSlBJISITb OTKJlOHCHH$I pafioxero rr p ouecca 

3Y 01' HOpMbl na paHHcH CTa,UHH B03HHKHOBCHH$I 

OTKa30B. npHMCHCHHC TaKHX MCTO.lIOB, .lIIDKC n p a 

CYIUCCTBYIOIllHX C A Y , MO)l(CT n OBbl CHTh KaqCCTBO 

npouccca ynpaBJICHHSI H CHH3HTh p HCK o TKa30 B, 

CBSl3aHHhiX c HC.lIOCTaTKOM HH<popMaUHH H OUIHG­

KaMH oneparopos. 

llm l lICMOHCTpa iu m B03MO)l(HOCTCH MCA npa 

PCllICHHI1 3a,n.aqH I1HTCJlJICKTYaJIbHOf O .lII1am OCTH ­

P0BaHHSI MO)l(HO p acCMOTpCTb MHO)l(CCTBO aape ­

rHCTpHpOBaHHblx n ap a a erpo s raaoryptinnuoro 

nsararena sereeproro n OKOJICHH SI IT1l 4 PM, MC­

n o nsayevoro B ra30nCpCKaqHBalOmHX arperar ax 

CHCTCMhl TpaHcnoPTHpoBKH rasa n o MarHc TpaJIh ­

HblM rpyeorrpoaonaa P<1l (pHC. 2) . 

B cronfiuax (CM. pHC. 2 ) MaTpHUbl HaxO,USlTCSI 

3apcrnCTpHpOBaHHbIC napaverpsr (asineneuo 13 H3 

49 napaaerpos), KOTOpblC npaseneau K CTaH.uaPT ­

HbIM YCJIOBI1S1M arvocrpepi» B COOTBCTCTBHI1 C 06­

utenpansroa MeTO,UHKOH. B CTpOKax pasvcmenu 

3HaqCHHSI napaaerpos H3 naxreanoro )I(ypHaJIa , 

3aepHKcHpoBaIlHbic C HHTCpBaJIOM B 2 xaca ( 360 sa ­

nacea). 
MO)J(HO npennonosorrs, 'ITO nepaue NoapXM B­

HblX 3anHCCH B )l()'pHaJIC scerna COOTBCTCTBYIOT aa ­

BC.lIOMO pafiorocnocotinoxry COCTOSlHMIO 06'bCKTa. 

3TH napauerpu MOryT 6blTb 3a<pMKCHp OBaH bl , Ha ­

npnvep, B nepaoa c.ua1IH 06'bCKTa aaxaaxaxy HJIH 

B n Cp HO.lI rocynapcrseaastx MCnblTaHMit 31'01'GJIOK 

napaaerpos MO)l(HO Cq rars 6a30BbiM (HyncBbIM) 

MH<popMaUMOHHbIM ypOBHcM , KOTOpbIH cnen yer 

B3S1Tb sa OCHOBy npa p a3p a6 0 TKC anr op a r v a pac­

n03HaBaHI1S1 patiorocnocotiacro COCTOSIHIHI ITll 

B npouecce .lIaJIbHCHlliCH 3Kcl1JIyaTaUMl1. 

,llmI C03.lIaHIDI an r o p arxa paCn03HaBaHM$I TCX­

H~CCKoro COCTOSlHlliI MaTpl1ua 6 a30BOro finoxa n a­

paaerpos X paaa epov Nox p , aanpaaep npn p = 

= 13H No = 20 , npeotipaayercs K 6c3pa3McpHoMY BI1.lIY 

Yij H O,UHOBpeMCHHO Ma c llITa6HpyeTCSI B ,UHanaJOHC 

±3cr ,r.ue o - CTIlH.lIaPTHoe OTKJIOHCHHC napaMCTpOB 

OTHOCHTCJlbHO MaTCMaTHqCCKOrO O)j(J.1,UaHH$I XU): 

X . - x' j ) 
y 1,1 • 1 N . 1

i .j	 = ,1=, o;J= ,p· 
c xV) 

Ilpoaasenena e TpaHCn OHMp OBaHHOH MaTpHllbl 

YHa ee a c xon x o e 3Ha1l eHMCnaer KOBap HaUMoHHYIO 

MaTpHUy R p asa ep o v p x p : 
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yTy
R =- ­(1) 

N 

YMHO)l(CHH eM MaTpHUbl c06 CTBeHHbiX BCKTOpoB 

n a .lIHa r OHaJI bHYIO MaTpMUY C06CTBCHHbiX q MCeJl 

nOJIY'!aCM MaTpI1UY OpTOroHaJIbH Oro n p eo tip aso sa­

HIDI A p a3MCpOM Px P : 

A =UA ,	 (2) 

rne U- MaTpMua C06CTBCHHbiX BCKTOpOB KOBapl1 ­

aUHOllHoH MaTpHUbl R (1) ; A - .uHarOHaJIbHasI Ma­

rpa u a c oficrseausix qMCeJI, conepxauias a a r n a s ­

HOH .uHar OHaJIH C0 6 CTBCHH bi C lIHCJIa MaTpHUbl R 
B nOpSI,UKC HX y GbIBa HHSI. 

Ilpa YMHO)l(eHHH MaTpMUbl HCXO.uHbIX n apasre­

TpOB YH a MaTpHllYA <PoPMI1PyeTCSI 0PTOroHaJIbHbIH 

6 aJ HC rnasastx KOMnOHCHT - Ma11>Hlla F PaJ MCPOM 

No x p 

F= YA, (3) 

oGJla,nalomHH Ba)l(HblMH ,UJlSI paCn03HaBaHHSI TCX­

HHqCCKOro COCTOSlHHSI 06'bCKTa CBOHCTBaMI1 [1, 4 ]. 

O.uHHM H3 3THX CBOHCTB S1BJ1SIeTCSI paBcHCTBo 

OG06Ul,CH HOH lIHCncpCHH cOBoKynHoCTH pesynsra­

TOB Ha6JllO.ueHMH (napaverpos 0 6oeKTa) H 0606 ­

mCHlIOH .lIHCnCpCHM rnaaasrx KOMnOHcHT (4J : 

(4) 

Ilpn 3TOM nacnepcnn rJIaBHblX KOMnOHCHTpac­

n OJIO)l(CH bl no f JIaBH OH .uMar OH aJIH MaTpHU bl 

ID[iJI B coomcTCTBHH C yCJIOBHCM 

cr 2 [~ J ~ cr2 [J2 J ~ .. .~0'2 [Jp J (5) 

H .uJ-lC n c p c HSI KIDK.lIOH rnaBHOH KOMnOHCHTbl qMC­

JICHHO paaaa COOTBC crsytoureay C06CTBcHHOMy 

qMCJIy KOBap MallHo HHo H MaTpHllbl. 

C 0 6 CTBCHHbIC q HCJIa xopouio 06yCJIOBJICHHOH 

KOBapHaUH oHHoH MaTpHllbl R 06blqHO 6blCTpO 

y6bIBalOT no a6COJIIOTHOH BCJIHqHHC ( H3 BCCTH blM 

n p MHUHn «fOpHOH OCbillH» ) , H 31'0 03HaqaCT, 'ITO 

B HCCKOJIbKHX nepsux r n a s u u x KOMnOHCHTax CO­

.lICP)l( MTCSI 6 0 JlbI.lIaSl xacrs 0606mCHHOH zia c rt ep ­

CMI1 (4) . 
31'0 n aer OCHOBaHHC HCnOJIb30BaTb ,UJlSl aHaJIH ­

aa p ao o x er o npou ec c a TOJIbKO HCCKOJIbKO nepastx 

fJI aBHbl X KOMnOHeH T F(j) (06blqHOj S 2-3). DOJIeC 

TOqHblH or6op KOJlH'ICCTBa.uOCTaTOq HbIX ,UJlSI .lIaJIb­

HCHw e r o aHaJIH3a IIHCJIa nepsstx rJl aB HbIX KOMno­

HCHT BblIIOJIHSIeTCSI no KpHTCpHIO p (4] : 



rn e A - j- e C06CTBCHHOC 'lHCJIO KOBapHal.U1OHHOH j 

MaTpI1UbI. tICM 6 0 JIb illC Pj ,TCM 3Ha'lHMCC COOT­

BCTCTBYIOUJ,CUl r JIaBHa5I KOMn OHCHTa . 

C1>aKTOpHbiC HarpY3KH napauerpos aa rJI aBHbiC 

KOMnOHen Tbi (3JIeMeHTbi CTOJI6UOB MaTpI1 Ub i A) 
CBH.ll:CTCJIbCTBYIOT 0 CTenC l-1H BJIH~H I1 5I xaxnoro OT­

.ll:CJIbHOr O rtapaverpa na 0 6b SlCHCHHYIO .ll:I1Cn Cp CHIO 

KOHKp CTHOH rJI aBHOH KOMnOHCHTbI. 31'0 n03BOJIR­

CT BbInOJIHI1Tb CeJICKU l110 3ap cm CTpHp OBaH HbIX 

rrapaaerpoa oesexra H HCnOJIb30BaTh M 5I.ll:aJIhHCH ­

me 0 aHaJIH3a TOJIhKO TC napauerpu , <paKTOp HbiC 

HarpY3KH KOTOPbIX 60JIhWC aapanee o n p C.ll:CJICHHO­

ro ypOBH5I aKP (CM. srarr 2 na pHC. 1). 3 To T ypo BeH b 

aaauavaer p a3 p a 6 0 T'lHK npouenypsr KOHTpOJI$! 

1'CXH I1'IeCKOrO COCTOSlHHSI 06beKTa a a OCHOBC 06­

UJ,I1X nOJImKCIIHH MC1'O.ll:a rnasusrx KOM nOHeHT 

(MrK). 0 6 bNHO peKOMCH,llYCTC5I npHHHM a1'b HH)j(­

HH H ypoaens rpaxropasix narpysox na nepayro 
r JIaBHYIO KOMnOHeHTY HC MCHce 0,70, T. e . npa 01'­

Go p e KOHTpOJIl1p YCM blX napau erpoa npOBep5II01' 

YCJlOBHC ail ~ aKp = 0,70 [2-5]. 
T aKI1M 06pa30M, eCJlI1 IIpl1 aHaJIH3e MaTPI1Ubl 

napasterpoa Y paJMepoM Nox p , n p HH5ITOH sa 6 a ­
I 30 By lO, paCC'lI11'aHHbiC <paKTopHbi C HarpY3KI1 na 

nepBYIO r JlaBH YI-O KOMnOHeH1'Y MeHhwe TO aKP , 

B .ll:aJIbHeHWeM 3TH napav erpst He yql1TbIBalOTc SI 

l B .ll:l1arnOCTI1'leCKOH MO.ll:CJlU. 

)lJl$! rrepsoa fJI aBHOI1 KOMnOHeHTbI MO)KHO BbI­

'lHCJIHTb OTHOCI1TeJIbHYIO .ll:OJlIO 06b 5ICHeHHOH .ll:I1C­

nepcau , <pOpMHpyCMOfl <PaKTOPH bIMH HarpY3KaMI1 

BbIJlCJlCHHOH rpynnu napaverpos 0 6beKTa: 

(6) 

rne p - KOJIH'lCCTBO BbIJlCJICHHhIX JUl5I aHaJIH3a na­

I p aM CTpOB 06beKTa". 
1 Ilpouenypa TeKYUlCH OUCH KH ( MOHI1TOp HH f ) 

1'CXHH'lCCKOro COCT05IHI15I o6bc KTa ( B .uaHHOM CJIY­

sae IT)l4PM) a a OCHOBC Me1'on.a f JIa BHblX KOMno­

HeHT conepxar CJICn.YlOlilHC sransr : 

Bbm CJlCHHC 6 a30BOf O Ma CCI1Ba napaverpos ( Ma­

rpa u a Xo) n p a COOTBCTC1'BYIOUJ,eM 0 60CHOBaHHH 

rpaHHU Ma CCI1Ba No,p; 

I 

* Be pXHI1H l1H,lleKC B supaxeaan OTHOCHTeJIhHO}\ 

JUiCnep CIHl. (6) B .ll:aJtbHCHllICM on yc x aev . 

3Hepren 1Ka ~ 31leKTpOTeXH~Ka 
~ 

CTan Jlap n fJau m l n apaMCTpOB - C03JlaHHC Ma ­

TpI1 UbI Yo; 
n OJIy 'lCHHe KOBapl1aUHOJ-IHoH MaTpHUbI R.J no 

cPo p MYJIe (1) ; 
BbI'IHCJICHHe Aj - coticr aeua srx tlHCCJl 3TOH 

KOBapl1aUI10 HHO H MaTpI1UhI, C0 3JlaHHe n.Har OHaJIh ­

HOH MaTpHUbi coticr seaastx tlHceJI A Ii 3a1'CM MaT­

p H UbJ c 06CTBeH Hbix BCK1'OpOB U [2, 3]; 
BbI'IHCJICHI1C Op1'OroHaJIbHOH MaTpHU bi <!>aK ­

1'Op HblX aarpysox Ao no 3aBHCHMOCTH (2) , aHaJI I13 

KOTOp OH n03B0Jll11' o npCJlCJIHTb KOJII1'1CCTBO rnas­
Hbi X KOM noHcH1', npl1MCHSlCMbI X M SI napasrerp a ­
'IC CKOro JlHarHOCTHpOBaHI15I (no KpHTCp HIO Pj ); 

BbIJlCJICHHC 113 06UJ,cr o MaCCl-lBa p aCCMaTpHBa­

CMbiX npH3 HaKOB (napaaerpos) 1'OJIbKO TeX napa­

MCTpO B, cPaK1'OpHhl C narpysxa KOTOPbIX aa nepsyio 
r JIaBHy lO KOMnoHeHTy YJlOBJIeTBOp HlO1' yCJIOBHIO 

ail ~ aKP ; 

BbNHCJICHHe Do - OTHOCHTeJIhHOH 06bHCHCH­

HOH n.Hc n cpcl-1H: Q>aKTopHbIX aarpysox (6) na nep­
ayio f JIaBHYID KOMIlOHellTY M R BblJleJICHH OH rpyn­
nsr napax erpos , rne HH)KHHH HUJleKC 03Hatt aCT 

na cnepcmo JlJl5I fiaaoaoro (HYJICBoro) MaCCHBa 

JlaH HOI1 rpynnsr napaaerpos [4 , 6]. 
Ha 3TOM 3aKaH'IHBae1'C5I <pOpMHpoBaHHc npo­

UCJlYP bI MOHI1TOp HHra T C JlBl1raTeJl5I. 

C JleJlYIOUJ,HM maroa 5IBJIHC1'C5I c aM npouecc 
ouenxa TC, KOTOPbIH JaKJIlOttaCTCH B rrocnenosa­
TeJIbH OM BbI tlHCJlCHHI1 MaTpHUbl cPaKTOpHblX na­
rpY30K A )lJlH oxepena oro MaCCliBa napaverpos lj, 
nonyseaaoro B pesynsr are CMeUJ,eHHjJ rpaunu HC­

xonuoro MaCCHBa cPl1KCHpoBaHHoro passrepa aa 
o n p eJlCJIeHH bIH mar M (3 TaTIbI 3, 4 Ha pac.l). C JIe ­

noaar ensuo, KroKJl.hII1 CJIcnylOUJ,HH H CCJICJlYCMhIH 

MaCCUB napasrerpon JlOJl)KeH HMeTb MaTpHUy Jj c o 

cronouav a C (1 + M)-ro n o (No+ M)- ti 11 crpoxa­

MH C I -H no P-IO HCXO.lUlOro MaCCHBa. 

Cxex a Q>OpMHpOBaHI15I a o s o r o Ma CCHBa 3Ha­

JIH311PYCMbIX napaa erpos rtpa M = 2 n o x aaaa a na 

pac.Z, Passrep m ara cKaHHpOBaHH5I HCXOn.HOH Ma­

1'p HU bI n ap a a er p os o npC.ll:CJISIeT n OJIh30BaTeJlb, 

a KOJIH'IeCTBO uraros 3aBI1CHT 01' p asstep a ('1HCJIa 

CTpO K) aHaJIH3Hp yCMOH MaTpI1Ubl napaverpoa. 

TI PH YMell b w eHI1H mar a M y BCJIH 'IH BaeTCH BpeMH 

aHaJIH3a H noasnuaercs ero Ka 'leC1'BO, a n pa yne ­

JIl1tt CHHI1 CH I1)KaeTC5I TO'lHOCTb JIOKaJIH 33.UHH c o ­

CT05IHHSI T C. 

Do p e3YJIbTaTaM CKaHHpoBaHI1H s ee 0 MaCCH Ba 

aadmx c a p oaaa a u x H n p eJlBap HTCJIbH O Bb!JleJICH ­

HbiX JlJIH aHaJI I13a n ap aa erpo s BbI 'IHCJlSlIOTCSI OT­
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PHC. 2. Cxeua Bh/JteneHIDI H nocnenosarensaoro CMemeHHH ua mar !:it =2 MaCCHBa napaverpos 
c uenuo Q>opMHpOBaHH$I BeKTOpa <!>aKTOpHhlx HarpY30K napasrerpos aa nepBYIO maBHYIO KOMnOHeHTY 

HOCHTeJIbHbIe 0 61>SlCHeHHbIe JIHc n ep c HH ¢>aKTop­

HbIX HarpY30K napaaerpos na nepsyio rnasayio 

KOMnOtleHTY D, , i = 0, 1, ..., (N - No)/M (CM. 

sra nu 4, 5 na pHC. 1). BeKTOp 3HatICHH H OTHOCH ­

TeJIbHbIX 3Ha'IeHHH ,U.Hc n cpcHH COJI.ep)l{}1Tnaarao­
CTI1'ICCKYJO I1HepopMaUHlO 0 TeXHH'IeCKOM COCTOH ­

HHH 061>eKTa. 

TaK, nanpaxep, JI)I SI JI.BHraTeJU! ITA 4PM H3 

MaTpHllbl 3KcruIyaTaUHOHHbIX napasierpoan o ycJ10 ­

BHlO ail ~ 0K P Bbl,U.CJIeHO TOJIbKO P = 9 HaHOOJIee 

HHepopMauwHbIx. )l.rIH 3TOH rpyrmsr napasrerpoa 
no YKaJaHHOMy ssnue anroparuy BbI'IHCJIeHbI OT­

HOCHTeJIhHbIC 3HalJCHHH 061>SICHeHtlOH ,U.Hc n ep CHH 

aarpyaox napaMCTPOB aa ncpBYJO rnaarryio KOMno­

ueury BO scev naanasone H3Mcp eHHH (pHC. 3). 
KaK nOKa3aHO aa pHC. 3, ua onpenenenasrx 

3Tan ax aHaJIH3a COCTOHHHH .llBHraTemI - npasrep­

HO B TO'JKax N!! 80 H M 150 - BbIHBJICHO pesxoe 

113MeHeHHC OTHOCHTeJIbHOH 061>SICHCHHOHn a c n ep ­

C~H1 (,lJ.HamOCTHtIeCKHH npH3HaK T C). 

3 TOT npasuax SlBJISleTCSI HH'u'HKaropoM TeXHH­

-recxoro COCTOHHI1H ,U.BHraTeJISI . 

Ha pHC. 3 BH,llHO, 'ITO npa .llaJIbHCHllICH 3KC­

nnyarauan ,U.BHr aTeJIH 3HatIeHHe HHJI.HKaTOpa T C 

CHIDKaCTCSI nO'lTH ,U.O HCXOJlHOro yposaa. 31'0 MO)l(CT 

6bITb CJle,U.CTBHeM ynpasnmomero B03,.UeHCTBHSI one­

paropa, nposenetras TeXIDltIeCKOrO 06CJ1}')KHBaH~HJ 

(TO) HJlH H3MeHeHHSI YCJlOBHH 3KcruIyaTaUHH. 

Ilpa BhISIBJIeHHH epaKTa H3MeHeHHH HHJI.HKa ­

ropnoro CHrHaJIa TC 061>eKTa CJleJIYCT BhlI10JItlHTb 

,U.eTaJIbHbIH aHaJIH3 TPcH,U.a 'rex napaaerpos, JIJUI. 

KOTOpblX ypOBHH epaxrOPHblX aarpysox na nepBYJO 

fJIaBHylO KOMnOHeHTY OTJIH'IaK>TCH OT Ha'IaJIbHbIX 

3Ha'leHHH npa onpe,U.eJIeHHOH Hapa60TKc 061>­

exr a (CM. 30HbI I , II I1a pac.J). 3 TO HeCJIO)l(HO 

cnenars no BeKTOpy rpaxropnsrx HarpY30K A(I) . 
,lJ,;IH paCCMOTpCHHoro asnue npajaepa cymCCTBCH­

Hoe H3MeHCHHe epaKTOpHbIX aarpyaox 3a¢>H KCI1­

pOBaHO.lJ.JlH rpex napaaerpoa non HOMepaMH 3, 4, 
5. fpaepHKH H3MeHeHHH 3THX napaaerpos BO scesr 
,U.Han a30HC KOHTPOllSi U= 0, 1, ..., N) noxasanst 
aa pHC. 4. 

ARaJIH 3 nOKa3aJI , 'ITO BbIHBJICI-IHOe H3McHeHHe 

D, MO)l(CT 6bITb BbI 3BaHO CJIe,U.YlOIUHMJ.1 npl1'IHHa­

MH: YXY.llllIeHHeM Ka'lCCTBa CMa30tIHOrO MaCJIa; 

neperpyaxoii ,U.BHr aTeJIH npa 3KCnJIyaTauHH B TH­

)I(CJIbIX YCJIOBI1SIX; MeXaHH'ICCKHMH nOBpe)I(JI.eHHH ­

MH B n onura n a a x ax onop nsararena, 
BCPOHTHOCTb n OCJICJI.HerOHe3Ha'IHTCJIbHa, TaK 

KaK onaospeaeanoe aapyureaae pafiorocnocoti ­
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PHC . 4. H3MCHCHHC napaMCTPOB ITll 4 P M C yaemf QCHHCM
 

Hap a6 OTKH:
 

a - npnpamen aeTCMnep31)'pbl cseaaosaoro MaCJIa B nOlUilllnHHKC nepenue u;
 
onopu T)'Jl6oKoMnpeccopa (T K) ; 6 - npxpauien ue r estneparypsr CMa30'l­

x oro MaCJIa BnOUUlHn}(HKe canonoa T)'p6Hllbi (2) H n nonuiann u xe JallHeH
 

onopsr TK ( l)
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HOCTH BCCX n OJlW Hn HHKOB onop rr.ll, - C06b!THC 

'IPC3Bbl'IaHHO p C.uKOC. TI03TOMY, aepoa r u ee BCCro, 

n pH'IHHaMH ~BJI~IOTCH OJlHa H3 JlBYX (HIIH 0 6c cp a ­

3Y) nepsux, 
3aBHcHMoCTH aa p HC. 4-!I0.n;TBcp :>KJlalOT BbISIB­

JICHHOe paseeno KpHTepHIO D OTKIl OHCHHC TC JJ:BH­
raTCJIH OT HOpMbl. ,lJ,CHCTBHTeJIbHO, B YKa3aH HOM 

.n;Han aJOHC KOHTPOJIH Ha6JIIO.uaJIOCb JaMCTHOC H3­

MCHCHHC BeJIH'IHHbl nonorpesa caasosaoro MaCJIa 

B nonuranHHKaX onop .n;BHraTeJI~ : 111 = _ Inx, rne M IBbIX 

I - resmeparypaCMaJO'IHOrO Ma CJIa na BbIXO.uCl1XBbTX 

nonunmnaxa, tnx - TCMncparypa MaCJIa na BXO.uC 

B nonunmnax. B CJIH'IHHa My, 06blqHO HMCeT 'ICTKHC 

orpaHH'ICH~ n o eepxaeuy npeaeny Ero npessnne­
HHC Bbl3blBaCT CCp bC3HYIO asapmo .uBHraTCJICH. 

TIPH nposepxe xaaecrsa cxaaosnoro MaCJIa 3a ­

MCTHblC H3MCHCHIDI OCHOBH bI X nOKa3aTCJICH H C 

BblH BJlCHbl. 3T0 n 03BOJl~eT YTBCp:>K.IJ.aTb, 'ITO npa­
'IHHof I 113MCHCHHSl YKa3aHHblX napav erpos patio­
xeronpoueccacrana3KC nJlyaTaIJ.~ rr.ll, B TSl:>KCJIbIX 

yCJIOBI1HX, 'ITO Bbl3BaJIO n OBblllICHHYIO OCCBYIO H pa­

.uHaJIbHYIO narp ysxy no.uIlIHnHHKOB 11, KaK CJIC.u­

CTBHC, YBCJlH'ICHHC nonorpesa 'resmeparypsr CMa­

JO'IHOrO MaCJIa. \laruc BCCro B03paCTaHHC OCCBOH 

narpysxa Ha nonurammxa npoacxoznrr B XOJIO.n;HOC 

BpCMH rona, xorna rrpn nOBblWCHHOH nJI OTHOCTI1 

sosnyxapC3KO YSCJ1H'IHBaIOTCH OCCBblC y CHJIHSl aa 
POTOpb! ryp60MalllHH , a cyruCCTBYIOruaH CHCTeMa 

KOMnCHcaUHH Ta KHX narpysox HC CnpaBJISlCTCSl 

C I10 CTaBJICHHOH Ja.IJ.a'ICH. 

B03MO:>KHoii n p HtI H H OH YBCJIH q CH HSl 111M 

( 30 Ha I aa pac. 4) MO:>KCT 6bITb TalOKC M HTCJIbHaSl 

3KCnJIy aTaUHSl .uBH r aTCJISl npa n OBbl I11CHH bIX (HO­

MHHaJlbHbIX) pe:>Kl1Max. 

nCTaJIbHblH aH aJIH3 3KcrVlyaTaUH oHHoH noxy­
MCHTaUHI1 nozrrsepnan cnpaaennasocrs nOCJ1c.uHcH 

ranoressr. 
TIpeJUIO:>KCHHbIH MeTO.u OUCHKH TC 3HCp r CTI1­

llCCKHX 06bCKTOB na OCHOBC coanannoro CTaTIlCTH­

'ICCKOrO H}{.IJ.HKaTOpaCOCTOHH~ n03BOlliIeT ysepeir­
HO pacnoanaaars HBU blC r peansr on noro HJIH 

HCCKOJIbKHX napaaerpos B PC:>Kl1MC peansaoro BpC ­

MCHH. KaK nOKaJaHO nsnue, 0.uH03HaqHO pacno­
3HaIOTCH cxaxxoofipaausre H3MCHCHHSl onnoro HJIH 

cpasy HCCKOJIhKHX napaaerpos. Ho rJIaBHOC.uOCTO­

I1HCTBO npeanaraestoro MCTo.ua xoarpons TC aa-

KJIlO q aCTC~ B TOM, 'ITO n O~BJI~CTC~ B03MO)K}{OCTb 

Bbl~ BJICHH~ npennocsmox K OTKa3aM IIpH HC3HaqH­

TeJIbHbIX OTKIlOHCH~ p CrHCTpHpYCMbIX napaxe­
TpOB. 

KaK n p aBl1J10 , npa B03HHKHOBCHHH .uCepCKTOB 

B OT.uCJIbHOM Y3JICCJ10 )K}{ Or OTCXHHtlCCKOrO ofrsexra 
O.uHOBpeMCHHO H3MCfUUOTC~ 3Haq CH~ HCCKOJIbKl1X 

napav erpoa (.uaBJICHHe H TCMnCparypa pa60tmx 
cpen, qaCTOTa spauieaas , rrapauerpu BH6paUHH 

H T. n. ). 3THH3MCHCH~ MOryr 6bITb HaCTOJIbKO HC­

3Haq HTCJIbHbIMH, 'ITO naxe HC epHKCHPYJOTC~ CAY. 
Onnaxo aH aJIH3 KOMrmCKca napaaerpos npenno­
:>KCHHbIM MCTOJlOM noasonser BbISIBHTb 3TH OTKIlO­

HCH~ H TCM caMblM npenorsparars pa3BHTHC JlC­

<PeKTa B OTKaJ l1J1H B asapaio. 
Pa60Tocnoc06HOCTb npC,II)IO:>KCHHOrO MeTo.ua 

OUCHKH TC 06'beKTOB 3HCpreTHKH na OCHOBC KOM ­

nJI CKCHOr o aHaJI H3a sxcnnyarauaoa uon HHepOP ­

MaUH H JlOn OJIHHTCJIbHO nonrsepxnena MHOroql1C­

JICHH bl MH Ma W HH H bl MH 3Kc n c p HMCHTaMH npa 
HMHTa UHOHHOM MO.uCJIHpOBaHHH napaaerpaxe­
CKHX OTKa30B CJIO)J<J-lbIX TCXHl1':ICCKHX CHCTeM . 

PaCCMOTpCHHaH rrpoueztypa OUCHKH TCXH HtI C­

cxoro COCT0 5lHH Sl IT,lJ, B 3KcrmyaTaUI1H MO:>KCT 

6 bITb npaaeaexa J.UI5I pa3JIHlJHbIX 3HCprCTHqeCKl1X 

06bCKTOB, MH KOTOp bl X nepaonasecxn epHKCHPy­

IOTCH rtapauerpsr paoosero npouecca. TIpHMcHe­

HHC nannoro xerona TpC6yCT C06JI10.uCHHSl HCKO ­

TOPbIX npHHUHnoB: 

see H3MepcHHble napaverpu (CTpOKH MaTpH­

Ubi X) .uOJI)K}{ bl npHHa,II)Ie:>KaTb K onpeneneanosry 
.uHan a30 HY H3MeHCHHH MOruHOCTH 060CKTa. 3T0 

YCJ10BHC B nareparype Ha3bIBalOT npHHUHnOM pas ­
HOBa:>KHOCTH peracrpapyexstx rrapaverpoa B pa3­

JIH'IHbIC MOMCHTbl BpCMCHH; 

KIDI<LlbIH 113 3apCrHCTpl1pOBaHHbIX napaverpos 
(cTOJI6 c u MaTpI1UbI X)nonxen HMeTb o.uHHaKOBYIO 

Ba)l(HOCTb npa OUCHKC TCXHH'ICCKOrO COCTOSlHHSI 

06beKTa (npanuan paBHOBroKHOCTH npH3HaKOB 

B TeKYIUHH MOMCHT BpCMeHH)• .ll,aHHoe yCJIOBl1e, 

xauie BCCro, HeCJIO:>KHO 06CCneqHTb aa CtI eT CTaH ­

.uapTH3aUHI1 napaaerpos, npa KOTOpOH KroK.n;blii 

" 3 HHX CTaHOBHTCH 6C3pa3MepHbIM C onpenenen ­
HbIM UHanaJOHOM Bapl1aUHI1 , nanpavep OT - 30" 
no + 30" . 
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A.B. Cesocmennoea 

PA3PA60TKA AllrOPHTMA AnJi AHAllH3A
 
CXEMHO-PE>KHMHbIX OC06EHHOCTEM 3HEPrOCHCTEM
 

B CBfl3H co CTpCMHTCJlbHblM pOCTOM nOTpe6JIe ­

HHSI 3JlCKTp03HcprHH B xpymrsrx rop onax, TaKHX, 

KaK CaHKT- ITcTc p 6 ypr H Mocxsa [4], n p o n c x onn r 

HHTC HCHBHOC pa3BHTHC c ereaon HH<ppaCTpy KTYPbl 

aneprocacresr. CTpOHTCJIbCTBO HOBbIX 3JIeK1'po­

CTaH UHH H BBOn B 3Kcnny aTaUH10 n On OJIHH TeJIbHbl X 

3JleMCHTOB 3JleKTpHQeCKOH CCTH -rpC6 y IOT o n pezte ­

JIeHHSI TCXH H'-Ie CKOr O 3 <p<pc KTa 01' Bb mOJIHCHHSI 

n aa a s tx Me ponpIDiTHH, ' ITO B03MO)KHO n YTeM ouen­

K.l1 CXCMHO- p C)I( HMHbIX oc06eHHoCTeH e u ep roca ­

CTeMbI c ytlCTOM usona HOBOro 060pynoBaHHSI, 

AKTYaJIbHa H 0 6paTH a51 aanasa - o npen CJICHHC 

snepr opaaonos, B KOTOp bIX CyruCCTByCT neotixo­

JJ:HMOCTb y CHJIe HH5l 3JICK1'pHQeCKHX CCTCH. Taxoe 
HCCJJCJJ:OBaHHe u en c c o o tipaaa o n p o s oznr r s KaK B c y ­

u i ecr syiouiea , Ta K H B rtepcnexrasusrx CXCMax . 

B cnyxae, xor n a JI.JJR p CW CHIDI o npeneJICHHOH 

npofinesrsr a a ep r o paa o a a (nan p a v ep , BblCOK HC 

TOKOBbI 3arpY3KH JI3 IT HJI¥! rpancrpopvaropoa) 
npennaraer ca nson n On OJlHHTeJIbH bl X 3JI CMCHTOB 

3JIeKTpHQCCKOH CeT H , KaK n p a BHJIO, n p OBOJl.5lT pan 

p aC'-IeTOB HOPMaJIh Hbl X 11 n OCJJca Bap HHHbIX pexa­
MOB p a60TbI 3JIeKTpo c eTH p accaarpa aaea o r o 3 HCp ­

r o y ana C u ens io OUCHK.l1TeXHHQeCKo ro 3 <i>¢ c KTa OT 

pCaJIH3aUHH nna n a p yev o r o MepOnpUSITH5I.. BMCCTC 

C Te M YCI1JIeH He 3JIeKTpHQCCKOH cern B on HOM 1-13 

s n epro p a a o u o a M O)l(eT BJIl-HITb n a p e)l(HMHbl C n a ­

p av erpu CMe.lKHbl X paa o u o s , nanpaxep B nO CJIe ­

aBap HHHbIX p C)KHMaX pa60TbI. B60JIbW HHCTBC CJIY­
QaCB lI.aHllOC 0 6 CTOSlTCJIbCTBO HC yqHTbIBalOT BBHJi.Y 

TpYJlOeMKOCTH aana-m, xor o pas Tpc 6 YCT o u en x n 

BJUUIH H51 sson a n o n OJIHl-U CJlbHOro 3JICMCHTa 3JICK ­

TpJ:ll'ICCKOH c ern a a HOPMMbHbIH H nOCJICaBapHH­

HbIC pe)KHMbI pa60TbI BCCH ::lHeprOCHCTeMbI. 3 JIeK­

TpWleCK.l1C pC)KHMbl , xoropsre HaH6 0JIec orracnsr 
n o YCJlOBH51 M nOMep)KaHHfI TOKOBOH 3a rpY3K H 

3 JIe M eH TOB 3JlCKTp 0 3H c p rCTH tI CCKOH CH CT e M bl 

B npenenaxnonycravsrx 3H a'leHHH H B03MO)KHOCTH 

06CCne'lCHHSI ynOBJICTBOP HTCJIbHbIX yponaea na­

npIDKCHHSI , - 3TO nOCJICaBapHHHblC P C)KH MhI pa ­

60ThI 3JlCKTpH'ICCKOH CCTH B PCMOHTHbIX CXCMax. 

OpH n p aK'IW -ICCK HX pacser ax 3TO 0 3H ati aCT Hc06­

xonHMOCTb paCCMOTpCHIDI MHO)l(CCTBa BapHaHTOB 

asapn aasrx OTKJIIO'ICHHH 3JIe Me HTOB 3JIe KTpHq e ­

CKOH c er n B peMOHTHhIX CXCMax. 

T aK.l1M 06pa30M, aKTYMbHa p asp afior x a anr o ­

pHTMOB JI.JJSI a BTOMaTH 3aUH H KOMnJIeKCHOro ana­

rmaa CXCMHO-PC)KHMHblX o c06eHHO<....,'CH 3HCproCH­

CTCM , BKJIIOq aSI o uenxy nonYCTHMOCTH pe)KHMHblX 

rr apaverpo a KaK B HOp MM bHOH, TaK H B peMOHTHblX 

cxestax. Taxae aJIr Op HTM bI xroryr 6bITb HCnOJIb30­

sau u KaK JI.JJ}i HCCJlen OBa HIDi C)'Iu eCTBYlOrueH cxe­

MbI C UCJIb lO BbHIBJICH HfI 3Hepro y 3JJOB, B KOTOp bl X 

rpetiyercs YCHJIeHi-l C cer n , TaK H JI.JJSI OUCH K.l1 r ex ­

H w-JeCKOr O 3<p<peKTa OT npennaraesrsrxBBon OB 060­

pynosanas 3JICKTpH'IeCKH X CeTeH . 

B HaWCH pati o re rrpCnCTaBJIeH aJIf Op HTM 

«Ouen xa nonycravocra p C)KJ1Ma» , p aap ao or ann bIH 

,LI)IfI a HaJIH3a CXCM HO- p e)KH MH bIX ocooen uocrea 

aueprocncrea sr B I-W P MaJIbH bIX H peaoirr aux CXC­

M ax ::lfl CKTpW'lCCKOH cern JI.JJ 5I. cnysan aaap miu o r o 

OTKJIlOq eHH5l OJJ:Ho r o H3 3JIeKTpOCCTeBbIX :;)JlCM CH­
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