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AnHamunyeckas mogenb pocTta AedPeKTOB B TENNIOMEXaHUYEeCKOM
o6opyaoBaHUM CTapeLWMX INEKTPUYECKUX CTaHLUN

CewmeHoB B.K., o-p TexH. Hayk, CTenaHoB B.®., nHx.

MNpepnaraetcsa nonyamnupuveckoe AudpdhepeHUManbHoe ypaBHeHWe, OMNMUCbIBaloLllee LIMPOKUA Kracc
npoueccoB pocTa AedeKTOB B TeNNIOMeXaHU4eCcKkoM 06opyAOBaHUMN CTapeloLmX 3NeKTPUYECKMX CTaHUuin. Teo-

pua nogKpenmneHa NpakTu4eCKUmMu npnmepamu.

Knrouessie criosa: maTeMaTuyeckme MOAENM NporHo3sa pecypca U HageHOCTH.

Dynamic Model of Growth of Defects in the Heat-Mechanic Equipment of Growing Old Power Plants

V.K. Semenov, Doctor of Engineering, V.F. Stepanov, Engineer

The authors consider the semiempirical differential equation describing a wide class of processes of
growth of defects in the heat-mechanic equipment of power plants which are becoming old. The theory is sup-

ported with practical examples.

Keywords: mathematical models of resource and reliability forecasting.

OHepreTnyeckoe 006OpydoOBaHWE  MHOIMMX
CTapeloLwmnx 3JMNeKTpUYecknx CTaHuun, paboTato-
Lee B TSHKENbIX YCMOBUSIX PE3KOMEPEMEHHbIX Ha-
rpy3ok, npubnmxaeTcs K uc4yepnaHuio CBOEro pe-
cypca. B cnoxusliencsa cutyaumm Ons UCKYe-
HUA KaTacTPOUUYECKUX NOCNEACTBUMN, CBA3AHHbLIX
C BbIXOOOM M3 CTPOS YKa3aHHbIX annapartoBs, Tpe-
OyeTca pewnTb ABe B3aMMOCBsI3aHHble 3agayn. C
OOHOW CTOPOHbI, Heobxoauma opraHmsauusa no-
CTOSIHHOTO  MHOronapaMeTpPUYecKkoro  KOHTPONS
cocTosiHMA obopynoBaHus. C Apyron CTOPOHbI, Ha
OCHOBe nocTynatowen nHgopmauumn o6 obopygo-
BaHUM HeOOXOAMMO MPOrHO3MPOBaTb €ro COCTOS-
HuWe Ha Oyayuiee. lNprnyem y onepartopa, B AaHHbIN
MOMEHT YrMpaBnsoLero o6bEKTOM, OOMKEH ObiTb
NoA4 pykamu SMEKTPOHHBIN NacnopT MporHo3a co-
CTOSIHMSA OObeKTa NO OQHOMY UMW ABYM FNaBHbIM
napameTpam, BbIXO4 3a npegerbl KOTOPbIX MOXeT
npvBeCTM K noBpexaeHuto obbekTa. lNpu aTom
onepaTop [OMMKEH JepxaTb PYKYy Ha «nyrbce»
obbekTa, T.e. PYHKUMA NPOrHO3a [OJKHA B PeEXM-
Me pearnibHOro BpeMeHW ornepaTtMBHO OOHOBMSATHCS
n BepuduUMpoOBaTLCA Ha OCHOBE BHOBb MOCTY-
natowen nHpopmauumn ob obbekTe.

[nsi pelweHnsa noctaeneHHON 3agayn Heoo-
X0OMMO CHOpMynUpoBaTb (PU3NKO-MaTEMaTUYECKYIO
Mogernb pocta gedeKktoB B 060pyaoBaHuM, Bepu-
uUMpOBaTb €e Ha OCHOBE OaHHbIX MOHUTOPUWHIa
obbekta. B cootBeTCTBMM C 3TMM BCce AedeKThl,
BO3HMKalLWme B 0OOpyaoBaHUKW, pasgenMm Ha
KpynHble u menkue. KpynHble (BHe3anHble) nospe-
XOeHus obopyaoBaHUs  SIBNAKOTCA  COOLITUSIMM
Ype3BblYaNHO PELKUMU U MIIOXO NPEeACKa3yeMbIMU.
HakonneHne menkux gedektoB onpegensieT npo-
Lecc ctapeHus obopyaoBaHnst U, CreaoBaTernbHO,
ero pecypc. 3agada nporHosa pecypca obopygo-
BaHusA, 0OyCrNOBMEHHOrO0 ero crtapeHuem, OOormkHa
3aKnoyaTbCd B onpegeneHnm BpeMeHU OO0CTUXe-
HUSE YMCnoM OedEeKTOB HEKOTOPOro KpUTUYECKOro
3Ha4YeHus1, NPEBbILLEHNE KOTOPOro MOXET npuBec-

TM K KaTacTpodwuyeckum nocneacteusm. o Ha-
CTYNIEHNs Ha3BaHHOrO MOMEHTa BPEMEHU YCT-
pPOVCTBO AOMKHO NMBO CHMMAaTbCHA C JKchnyaTa-
uun, NMbo noasepraTbCs KanuTanbHOMY PEMOHTY.
CtapeHne ob6opygoBaHMs BbI3BaHO AEWCTBMEM
MHOIMMX MEXaHW3MOB: TEMMOBbIM U ANHAMUYECKUM
pexvMoMm paboTbl, (PUNKO-XMMUYECKMMU MPOLLEC-
caMn Ha NoBEPXHOCTU MeTanna, obycnosnueato-
LMMKN KOPPO3UIKO N pacTpecknBaHue, U3MEHEeHUeM
CTPYKTYpbl MeTanna nopg AeWCTBMEM Harpysok u
np. Mpn B3anMoaencTBUM TakUX NEePEKPECTHbIX
MEXaHW3MOB [erpagjauum yCTaHOBWUTb TOYHO Ou-
HaMU4eCKUA 3aKOH, YYMTbIBAOWUN BCe 3TU (hak-
TOpbI, BPA4 M BO3MOXHO, MO3TOMY HaMu npegna-
raeTcs crnegyroLwumn nogxosq.

Komnnekc BbllleHa3BaHHbIX YCoBUIK onpeae-
nsieT TEHOEHUMIO, T.€. 3aKOH CTapeHust U pocTa ae-
heKToB, KOTOPLIN B KaXKOOM KOHKPETHOM Crnyyae, B
cuny TOW UM UHON KOMOWHaLUM 3TUX YCNoBWUKA, By-
OeT NpMHMMaTh pasHble hOpPMbI, COXPaHAS NPy 3TOM
CBOW [MaBHble 00LLMe YepTbl. DTOT 3aKOH ferye yc-
TAHOBUTb Ha OTAENbHbIX KOHKPETHBLIX NpUMEpaXx.

1. Modenb pocma KOppO3UOHHbIX OMIIOXe-
Hul Ha mpyb4yamke mernoobMeHHbIX annapamos.
Byoem nonaraTtb, YTO Ha MOBEPXHOCTU TEM000-
MEHHbIX TPyOOK WMMEKTCA HEeOOHOPOAHOCTU (Ka-
BEPHbl, BMATWHbI, LapanuHbl), NpeacTaBnsioLme
coboVi NOBYLUKN ANS1 KOPPO3UOHHBLIX OTIIOXKEHUN,
3@aHECEHHbIX U3 KOHOEHCATHO-NUTATENbHOroO TpakK-
Ta. OcaxageHne OTMOXEHUM Ha MOBEPXHOCTb U UX
CpbIB C NOBEPXHOCTU OBOYCNOBIEHbI MOTOKOM >KUA-
KocTu. [1na KonnyecTBEHHOro onucaHus npolecca
BBeZEeM crnefyoLimne BenuumHbl: N — 4ncno koppo-
3MOHHbIX OTOXEHWI Ha noBepxHocTw; N, — yncno
BO3MOXHbIX nosywek; (N, — N) — yncno csobog-
HbIX MECT; T; — XapaKkTepHoe BpeMs 3axBaTa npu-
Meceln u3 NoToka BCreacTBue afre3anv noBepxHo-
CTbiO; T, — BPEMS CpbIBa 3aXBaYe€HHbIX 4YacTuL, no-
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TOKOM >xuakocTn. CocTaBum ypaBHeHWe GanaHca
yacTtuu,.

Monarasi, 4TO MOBEPXHOCTb 3axBaTblBaeT
YyacTuubl paBHOMEPHO (pacnpegeneHve noByLlek
OLHOPOAHO), UMEEM

N(t+dt)=N(t)+Mdt—ﬂdt. (1)
T T2
PacknagbiBas N(t + dt) B psg Tennopa u or-
paHWYMBasACh NIMHEVHBIMW YfEeHaMU PasnoXeHus,
Nnony4um ypaBHEHWE HaKOMMeHUs U cpbiBa Mexa-
HUYECKNX OTITOXEHWI:

N
daN —_P_N 11 ) (2)
at T T To
B TTy
BOAS «NPUBEAEHHOE» Bpemsi t=—1-2_
T + To

ypaBHeHue (2) MOXHO 3anucaTtb B Buae

N
dN _MNply_u N (3)
at T T Np
Kak nokasbiBaeT onbIT, T, >> 14. B 3TOM cny-
Yyae ypaBHeHue (3) npuHMMaeT Bug,
N
dN =_Plq_ N . (4)

at T Np

YpaBHeHus (3) u (4) cogepxaT aMnupuye-
ckme (NoAroHoYHble) KoadhdULNEHTbI NAEHTUGU-
Kaumu, KoTopble OOIMKHbI ONpeaensaTbCs Ans Kax-
Joro TennoobMeHHOro annapara UHAMBUAyanbHO
Ha OCHOBEe CTaTUCTUYEecKon 00paboTkMm [aHHbIX
ero obcnegoBaHus.

MOXHO yCTaHOBUTb CBSI3b XapakTepHOro Bpe-
MEHU T C ApYrMMUW napamMeTpamu npouecca. [denct-
BMTENBbHO, BPEMS T OnpedensieT BepoATHOCTb 3a-
XBaTta NMOBEPXHOCTbIO TPyBYaTKM MHOPOAHBIX NpUMe-

. 1 .
cel 3a eguHuUy BpemeHun W =—. C gpyroi ctopo-
T

Hbl, 3Ta BEPOATHOCTL OnpeaenseTca NOTOKOM Mnpu-
Mecell Ha MOBEPXHOCTb j U CeYeHVUeM peakumun 3a-
xBaTa o W = o j . Ecnu nOTOK XMAKOCTM nepnenan-
KynsipeH K MOBEPXHOCTM TpybyaTkM, Toj =nvu
1. onv. (5)
T
34ecb N — KOHUEHTpaums NpuMecewn; v — CKOpPOCTb
NOTOKA >XXWOKOCTU, HECYLLEN NpUMecH.

Ecnn noTok XnakoCTM CKONb3WT BOOMb MO-
BEPXHOCTU TpybuaTkM, TO OCaxaeHue npumecen
onpefensietca ux Auddysnen nonepek noToka

(puc. 1):
= a—n zDﬂ
0 R
n
1 _s.p. (6)
Ty R

3pecb D — koadbpuumeHT anddysmmn npumecen B
XUAKOCTW; R — XapakTepHbli pa3mep cBoboaHOro
ceyeHns TennoobMeHHOM TPYOKK.

% JJJ
— 1\ s

Yvy

Y x

Puc. 1. OcaxgeHune npumecer Npu OBWKEHWUN XNOKOCTU BAOMb
NOBEPXHOCTN

®opmynbl (5) 1 (6) NO3BONAT 3KCNEPUMEH-
TanbHO MO M3MEPEHMIO BPEMEHWN HAKOMMEHUs1 OT-
NOXEHWI onpefenuTb OYeHb BaXHble XapakTepu-
CTMKU nipoLiecca pocTa OTMOXEHUI: cedeHne peak-
UMK 3axeBata npumecen o U KOIPPUUMEHT UX
andpdpyaum D = YRV

12

Mpepnaraemas mogenb MOXET ObITb MNpu-
MEHMMa He TONbKO AFS MOHOCIONHOIO MOKPbITKSA
MOBEPXHOCTM TPYyOYaTKM MPUMECSMU, HO U MHOTO-
CMOWHOrO, KOorda caMu OTIIOXEHMWS SABMSAOTCH No-
ByLUIKaMK AN nocregylowmx oTnoxeHnn. Ecnn B
npouecce aKkcnfyatauun annapatypbl  BOAHO-
XUMWUYECKUI PEXUM KOHTYpa U3MEHSAETCS, TO T1 U
1o OyayT pyHKUNSMM BpEMEHM N 3TO cCrneayeT y4u-
TbiBaTb NpY NOCTPOEHUN pyHKLUMM NporHo3sa [1, 2].

2. OnemeHmapHasi meopusi obpa3oeaHusi U
pocma mpeuwuH. PoCcT TpeLLnHbl BO3MOXEH Mpu pa-
BEHCTBE 3HEprun, HeobxoaMmon Ans Co3gaHusa ao-
MONHUTENBHOM CBOOOAHOM MOBEPXHOCTU TPELUMHBI
YAS v noaBedeHHOW U3BHE SHEePruKn, KoTopasi paBHa

3HEpPrnm yrnpyroctu B obbeme TpeLuHbl AV
2
o
—AV =y AS. 7
oF Y (7)

30ecb ¢ — HanpskeHue B Matepuane; E — moaynb
FOHra; y — koahpULMEHT NOBEPXHOCTHOIO HaTsXe-
Hus. Tlpy BBINOMHEHUM 3TOTO YCMOBUSA TpELLUHA
pacTeT CO CKOPOCTbK PacnpOCTpaHEeHUs ynpyrom
nedopmauun. NpuBeaeHHOE COOTHOLLEHWNE NEXUT
B OCHOBE TEOPWUM KBa3Uymnpyroro paspyLleHusi no
KoHuenummn pudpcbmTca (nonyamnupuyeckme ypas-
HeHnus [lapuca, OpporaHa—®PopmaHa n gp.) Co-
FNacHoO 3TOM TeopuW, POCT AMMHbI TPELLMHbI B 6ec-
KOHEYHOW cpepe onpeaenseTcs BoipaxeHvem [3]

dl_(K=Kp)"
at  K,-K

30ecb K=o\l — KO3 (PMUNEHT MHTEHCUBHOCTU
pocTa HanpsbkeHun; Ky — MOpOroBoe 3HayeHue Ko-
adduLmeHTa pocTta HanpsKeHWn, ¢ KOTOPOro Ha-
YMHaeTCA POCT TpeluHbl; K, =+2Ey — Kputnde-
CKMIN KOI(DPULMEHT MHTEHCUBHOCTU HaNPsSHKEHUN,
npyv KOTOPOM TPELLMHA pacrnpoCTpaHSETCa CO CKO-
pocTbio yrnpyron gecopmaumm (cornacHo (8), Tpe-
LWMHa pacTeT MIHOBEHHO).

B peanbHOCTU ANWHA TPELUUHbI OrpaHnyeHa
pasMepoM HanpsbkeHHOW 30Hbl, 0003Ha4YMM ero
yepes I, T.e. BMecTo |/ B BbllENpuBEAEHHbIX
dopmynax HyxHo noactasuTb (hp, — /). MHOXu-

(8)
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Tenb, CTOAWMN nepea /, onpenensieTca cBonUcTBa-
MU MaTepuana, ero reoMeTpven u YCrnoBUSIMM
akcnnyaTtaumn. [ockonbKy Ha npakTuke 3Tu napa-
MEeTpbl ABMAOTCA HEKOHTPONUPYEMbIMU, TO ypaB-
HeHune pocTa TpelwmH yaobHee 3anmcatb B bornee
dopmanbHOM Buae, BBeAs HEKMn Ko3hPUUMEHT
nponopuMoHanbHoCcTN off), nognexawmm akcne-
pyuMeHTanbHon naeHTndukaumm [4]:

*
i:a(t)(1—/*)n, 9)
dt
*
rae | =-— —HOPMUPOBaHHAs Ha I, ANMHa TPELUMHBI.
np

3. lMonyamnupu4yeckoe ypasHeHUe OUHaMu-
Ku pocma 4qucrna noepex0eHHbIX merniooOMeHHbIX
mpy6ok. TNoBpexaeHne TPyOOK TennooOMEHHbIX
annapaToB 06YCNOBNEHO MHOTUMW MPUYNHAMMU:
TENMOBbIM U OUHAMUYECKMM PEXUMOM paboThbl;
ANEKTPOXMMMNYECKON KOPPO3MEN MO HanpsiKeHW-
€M, CBSI3aHHOW C BOLHO-XMMWYECKUM PEXMMOM;
KOPPO3MOHHBIM  pacTpecKMBaHWeM; pagnaumoH-
HbIM OXpPYN4YMBaHMEM U T.4.

Mpn B3aMOOENCTBUN TaKUX MEPEKPECTHLIX
MexXaHW3MOB Aerpajauun ycTaHOBUTb AUHAMUYe-
CKUA 3aKOH, YYMTbIBalOLWMIN BCE BbllLECKa3aHHOE,
npeactaBnsaeTca HEeBO3MOXHbIM. [loaTomy npu
HOPMYNMPOBAHMUN 3TOTO 3aKOHA HY>XHO CTPeMUTb-
CSl K MPOCTOTE, COXPaHUB NP 3TOM CYLLECTBEHHYIO
CTOPOHY paccMaTpuBaEeMoro SBMeHuUs, u, onupa-
ACb Ha pes3ynbTaTbl JKCNEPVMMEHTa, onpeaenvTb
NMOArOHOYHbIE KO3(PMULMEHTBI OIS KAXKO0ro MHOU-
BMAyarnbHOro annapara.

Beegem B paccmoTpeHne BenuunHy A(f)df —
BEPOATHOCTb MOBPEXAEHUA OQHOWN TPyOKn 3a Bpe-
Ms df n 3annwem ypaBHeHne GanaHca gns uicna
NOBPEXAEHHbIX (3arnyLeHHbIX) TPYOOK K MOMEHTY
N(t + db):

N(t + dt) = N(t) + Adt(No — N)m . (10)

3aecb Ny — ncxogHoe Yncno TennoobMEHHbIX TPY-
Bok annapata; m — aMIUMPUYECKNA KO3IMULNEHT.
BTtopoe cnaraemoe B ypaBHeHun (10) roBoput O
TOM, YTO uncno TPyOOoK, MOBPEXAEHHBLIX 3a BpPeMs
dtf, nponopumoHanbHO Yncny XuBbix TPYOok (N — Np)
B MOMEHT BpeMeHu {. PacknagbiBas nieByto 4acTb
ypaBHeHus (10) B paa Tewnopa n orpaHM4MBasiCb
NIVHENHBIMW YfieHaMu, MoSTy4Ynm
IN o (No—N)™ (11)
dt

B npouecce gnutensHomn akcnnyataumm o6o-
pyOoOBaHME CTapeeT, B HEM HakannvMBaeTcs ycTa-
nocTb, M Mpouecchl gerpagaummn TpyouaTku OyayT
YCKOPATBCS. OTO MOXHO Y4ECTb MO0 3aBUCUMOCTbBIO
koadpumumeHTa m OT BpeMeHu, nNmbo, ocTaensAst m
MOCTOSIHHBIM, BBECTU 3aBUCMMOCTb A OT BPEMEHMW.

Torpa ypaBHeHue (11) npumeT BuA [5]
IN _(t)(Ng — N). (12)
dt

MogBoas uTOMM aHanmm3a pocTa pasfnnyHbIX
0edeKkToB B TEMMO3HEPreTM4eckoMm 0bopyaoBaHUN,
MOXHO CKasaTb, YTO, HECMOTPS Ha Pasfv4YHylo npu-

poay nedektoB, hopManebHO (Ha MaTemaTu4eckoM
YPOBHE) MX POCT MOXHO OMNMCaTb YPaBHEHUEM YUC-
TOro poXxaeHust Tuna ypasHeHun (4), (8), (12). 3To
obycrnoBneHo TemM OOCTOATENbCTBOM, YTO Lenas
rpynna pasnuyHbIX MO (PU3NYECKON CYTU SABIEHWUN
Aerpagaumn obopygoBaHusa (poCT TpewmH, Hapac-
TaHWe amnnuTyabl BMOpaumi, POCT KOPPO3MOHHBLIX
OTNOXEeHWN Ha TpybyaTtke TennoobmeHHbIX annapa-
TOB, BbIX0O[ W3 CTPOS TennoobMeHHbIX TpyOoK C mo-
crieylowym mx rnyLieHmeM 1 np.) obnagaet ogHUM
OOLMM CBOMCTBOM — CBOWCTBOM HAacCbILLEHUS, T.€.
YMCIIO TakMX OedEKTOB HE MOXET MPEBbLICUTL HEKWN
dusnueckun npegen N, Hanpumep, uucno 3arny-
LWEHHbIX TpyOOK nmaporeHepatopa He MOXeT ObITb
DonbLue NoNHOro YMcna Tpyobok, ANnHa TPELLWHBI He
MOXeT ObITb 60MblLUEe HEKOTOPOro reoOMETPUYECKOrO
pa3mepa annaparta, amnnuTyaa Bubpaumn He MoXeT
NpeB30NTM HeKU npegen, 0bycnoBneHHbIN noTepen
YCTOMYMBOrO COCTOSIHUS oBbekTtoMm, u T.4. Bropon
XapaKTepHON OCODEHHOCTbIO BbilLiENepeynCrieHHbIX
AedeKToB ABNSETCS 3aBUCUMOCTb CKOPOCTU MX POXK-
OeHnsa OT BospacTa obopyaoBaHus. 3TO CBOWCTBO
obycrnoBneHo crapeHuem martepuanoB obopyaosa-
HUS1 M HaKoMMEHWEM B HUX ycTanoctu. Takum obpa-
30M, ypaBHeHue (12) ans npoueccoB Aerpagaummn
06opyaoBaHNsT MMEET HEKOTOPbIN YHUBEPCArbHbIN
Xapaktep. AMmnupudeckuin koadbduumeHt A(f), pas-
HbI BEPOATHOCTM MoBpexaeHns obbekTa 3a eanHu-
Ly BPEMEHW U YYUTLIBAKOLLUA UHTEHCUBHOCTb POC-
Ta 4yMcra NOBPEXOEHUN C BO3PACTOM CUCTEMBI,
MOXHO MpeaCcTaBWTb B BMAE OTpe3ka BPEMEHHOro
psaa M) = ko + at + PE. KoappuumeHTbl Ao, o, B —
aMnupuYeckne MoCTOsIHHbIE, MOAnexalume onpeae-
MNEHNI0 Ha OCHOBE cTaTUcTMyeckon obpaboTkm pe-
3ynbTaToB 06cnenoBaHust oobekTa. Takomy BblIGopy
3aBucumocTy A(f) MOXHO gaTb cneaytoulee usnye-
cKkoe TonkoBaHve. B Hauane akcnnyartauum ans ma-
NbIX BpeMEH AOMWHMPYIOLWLYI0 ponb Oyaer urpatb
MepBbI YNEH PasfioXEeHWd, T.e. BEpPOSITHOCTb Mo-
BpPEXOEHMs OT Bo3pacTa CUCTEMbI 3aBUCETb He Oy-
aet. C TeyeHnem BpeMeHU cMcTeMa CTapeeT, B HEN
HakannMBaeTCs yCTanocCTb, U BEPOSTHOCTb A OyaeT
3aBuCeTb OT BO3pacTa CUCTEMbI.
lMpuBegem HekoTOpble NMpUMEpPbl NMPUMEHe-
HWUSI M3NOXEHHOW TEOPUWN B NPAKTUKE MPOrHO3Mpo-
BaHudA. Ha puc. 2 npusegeHa KpuBas (yHKUMM
NPOrHo3a KOPPO3NOHHbLIX OTIIOXEHWUI Ha TpybyaTke
naporeHepaTopa Ne3 6noka Ne1 KAASC.
M)
150

100

a0

Puc. 2. MporHo3a 3arpsasHeHHocTn Tpybuatkm MNIM-3 1 6rnoka Ka-
nuHuHckon ASC
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Mpn OOCTWXKEHWUM 3arpsA3HEHHOCTbIO 3Ha4e-
Hust 150 r/m? naporeHepaTop AO/KEH ObITb OCTa-
HOBJIEH Ha XMMWYECKYI0 MPOMbIBKY. [porHosmpye-
Mble WHTEpPBanbl XMMWYECKOM MPOMbLIBKM napore-
HepaTopoB OAHOro GrioKa nexart B WUHTepBane oT
5,9 no 8,9 nert, T.e. NPOrHO3 JOSMKEH HOCUTb UHOU-
BMAYanbHbIN XapakTep.

B kayecTtBe BTOpOro npuvmepa Ha pwuc. 3
npuBefeHa KpuBas MporHosa pocTta TpeluHbl K3
TENoBON KaHaBKM TYpOWHbI BLICOKOrO AaBlEHMUs
K-200-130 JIM3 npu uuknuyeckon Harpyske. Ko-
appuumeHTsl naeHTuduKaunm yHKLUMK NporHosa
onpeferneHbl Ha OCHOBE PErPECCMOHHOro aHanuaa
3KCMEepPUMEHTAlbHbIX AaHHbIX MO MeTody Hau-
MeHbLUMX KBagpaToB. [lpegenbHas gnvHa Tpewu-
Hbl cocTtaBnsieT 150 MM, a BpeMs M3MEPEHO COT-
HSMW LiMKIOB.

MCED, hara
B0 T T T T T
40 T
201 T
ok E I | |
1 2 4 B g 10 12

Puc. 3. ®yHKUMs nporHosa pocTa TpelimHbl U3 TenrnoBON Ka-
HaBKM poTopa TypOUHbI

TpeTun npumep kacaeTcd NporHosa pagu-
anbHbiXx Bubpaumn THIMB nogwwunHuka TypOWHbI
rmgpoarperata Ne2 CLUM3C Ha ocHoBe onybnuko-
BaHHbIX AaHHbIX [7]. Pe3ynbTaTthl nporHo3a amnnm-
TyAabl BUOpauun npegctasneHsl Ha pyc. 4. Cnnow-
Hasi KpvBasi MOCTpPOEHa MO LEeCTU WMEKLLMMCS
3KCMEPUMEHTASbHBbIM TOYKaM, Torga Kak MyHKTUp-
Hasi KpUBasi MOCTPOEHa TOSIbKO MO MEpPBbIM YETbI-
pem aKcrnepuvMeHTanbHbIM Tovkam. M3 cpaBHeHust
KPMBbIX BMAHO, YTO OHW NMPaKTUYECKM COoBMagaroT.
CoBnageHne 3aTux KpuBbIX Bepuduunpyet gyHk-
UM nporHosa. HecmoTpsa Ha CKyAHOCTb MMEB-
Wenca B HaweM pacrnopskeHun WHopmaumu,

CeméHoB Bnagnmmp KoHcTaHTMHOBWY,

3anoXxeHHas B npouecce TenaeHums ycnena cebs
MPOSIBUTb YXKE Ha MEPBbIX YETbIpEX TOYKax. ITO
SIBMSIeTCA NOATBEPXAEHMEM TOrO, YTO MOSYyIMMK-
puyeckoe ypaBHeHMe (1) BecbMa YyOOBMETBOPU-
TeNbHO OTpaXkaeT rnaBHble YepTbl aHanM3npyemo-
ro npowecca 1 NoaTBEPXAAET BbICKA3aHHYO cre-
uuanmctaMmm TOUKy 3peHMst O TOM, YTO KaTtacTpogy
MO>HO ObINO CNPOrHO3MpoBaThb.

A1),
MK

1500

1000

a0o

] =] 10 1, RECATEM

CYTOK

Puc. 4. ®yHkuma nporHosa amnnuTygbl BUOpauum TypOUHHOro
nogwwnnHuka MA-2 CLUFaC
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