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1. Beenenne

Bricokne TpeOoOBaHHS B MOTOPOCTPOCHHHM MPEIBSBISIOTCS K HAJCKHOCTH TaKMX OTBETCTBCHHBIX
BpAIAIOIAXCS JCTaNei KOMIIPECCOPOB M TYpOWH, Kak JIOTATKH, MUCKH, Baibl. OTKa3 aBHAIMOHHOTO JBUTATENS B
MOJICTHBIX YCJIOBHSIX, CBSI3aHHBIA C WX pPa3pyIICHUEM, MOXET IMPHBECTH K KATACTPOPUUSCKUM ITOCICICTBHSIM.
[TosTOMy Ba)XHO CBOCBPEMCHHO BBISBUTh WM YCTPAaHHUTh Ie(EKTHl M MPUYMHBI UX BO3HUKHOBECHHS B IIpoIiecce
SKCILTyaTallH JBUTATENICH JeTaTeIbHBIX anmaparos [1].

Opno#i m3 Hamboyiee OTBETCTBEHHBIX JCTalleil aBHaIBUTATENICH SIBIIAIOTCS JIOMATKH TypOWHBL TpeumuHsl B
JIoTIaTKax TypOWHBI, BO3HUKAIOIIME B TPOIECCE DKCIUTyaTallUH, SIBJISIOTCS OJHUM M3 HamOoliee XapaKTepHBIX H
pacnpocTpaHeHHBIX JOedekToB. DOTOT BuA AedekTa, Kak TMPaBWIO, TMOSBISETCS W pa3BUBACTCS B TEUCHHE
OTIpEICIEHHOTO0 BPEMEHHOTO MPOMEXKYTKa B TpoIecce BBHIPAOOTKH JBHUTATEIEM €ro pecypca. DTO JTaeT peajbHYIo
BO3MOYHOCTB OCYIIECTBIISATh TUATHOCTHUECKHAE MEPOTIPUATHSI JJI1 CBOEBPEMEHHOTO BBISABICHUS NEPEKTHBIX JIOMATOK.
OpHako, OOBIYHO 3Ta MPOIEIypa, OCYIICCTBIIEMAas TPAJAUIMOHHBIME METOJIAMH M CPEACTBAMH, SBISICTCS BechMa
TPYIOEMKOH TS 00CITYKHBAOIIETO ITEPCOHATA.

IMosToMy aBTOMaTH3aIMs MpoOIecCca BBIABICHUSA JC(DEKTHBIX JIOMATOK KpaWHE BaKHA JUIS YIPOIICHUS U
YCKOPEHUS Tporiecca 00CTyKHBAHUS aBUAIBUTATEIICH, TOBBIIICHUS HAJICKHOCTU MX TUATHOCTHPOBAHUS.

2. MudopmMaTHBHBIE IPU3HAKH

OpmHUM W3 BO3MOJKHBIX METOJIOB THUATHOCTHPOBAHUS SBILIETCS METOJ M3MEPEHHUS MapaMeTpOB CBOOOIHBIX
3aTyXaomMX KoJeOaHWH JIOMATOK B TIPOLECCe HX IIHPOKOIMOIIOCHOTO HMITYJIBCHOTO BO3OYXKICHHA  ITyTEM
npoctykuBaHus. Jlns ompeneneHus neGeKToB COOMPAIOTCS JaHHBIC - CIIEKTPBI CBOOOTHBIX 3aTyXalOMMX KojeOaHUit
JIOTIATOK TIOCTIE YAapHOTO BO30YXaAeHHs (puc.l) WIM pasHOCTH IOJIYIIEPUOJIOB 3aTyXaloImUX KOJIEOaHWH JIOMaTOK
mocje ynmapHoro Bo30ykneHms. Ha OcCHOBe A3THX IAaHHBIX HEOOXOAWMO YMETh OCYIICCTBIITH KJIACCH(DHUKAIIUIO
JIOTIATOK HA TPYMITBI KOHAWIMOHHBIX U JMe(QeKTHhIX. OCHOBHAS TPYAHOCTh COCTOUT B TOM, YTO KaXKIBIH MapaMeTp
JIOTIATKU XapaKTepU3yeTcs] HE OIHUM 3HAUCHHWEM, a IEeNbIM HAaOOpOM 3HAYCHUH W HCIOJIB30BAHUC TPAIUIIUOHHO
MPUMEHICMBIX CTATUCTUIECKUX METO/IOB B 3TOM CITy4yac 3aTPYAHUTEIBHO.
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Puc. 1 Criektpbl cCBOOOAHBIX 3aTyXAOLIKMX Konebanuii roaHoH (8) u nedextHoi (b) nonatok aBuaaBuratess

TTOCTIA VITANHNTO RnQﬁ\/WTTPI—TT/Tq
Jdnst  wuccienoBaHWs B3aUMOCBSI3M  MEXIy IapaMeTpaMH M KJIACCOM JIONATOK OBUTM  IIPOBE/IEHBI
9KCIIEPUMEHTHI, B PE3yJbTaTe KOTOPBHIX OBUIM IOJy4eHBI HaOOPHI 3HAYCHUH MapaMeTpOB YCPEIHEHHBIX CIEKTPOB
MOIITHOCTH CBOOOAHBIX KoJieOaHMI Ui KOHIMIMOHHBIX JIONATOK M JIONATOK C TpPEIIMHAMH. OKCIEPHMEHTHI
MIPOBOAMIIUCH JUISl PaOOUMX JIONATOK NEPBOM CTYNEHU TYpOUHBI BBICOKOTO JaBieHus Apurareis. CleKTpbl cBOOOTHBIX
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3aryxalomux kojiebanuii coxepxkanmu 10240 cnekTpadbHBIX JHHWKA B YacTOTHOM Jwamazone no 25000 I'm, ¢
paspernieHueM 1o gactore 2.44 I'. 3HaueHUs CIIEKTPOB XapaKTEePU3YIOT YCPETHEHHBIN YaCTOTHBIN COCTAaB CBOOOTHBIX
3aTyXarouux KojeOaHwii B BI/IE CIIEKTPaIbHOM INIOTHOCTH MOIITHOCTH aMITIUTY]] BHOPOYCKOPECHHS.

Pa3HOCTH mONTyTIepHOIOB 3aTyXaroNmIMX KOJIEOaHWH JOMAaTOK IOCie yAapHOTO BO30OYXIEHHS COAEPIKaIH II0
513 MTHOBEHHBIX 3HAYEHHH, YTO CYIIECTBEHHO MEHBINE, YeM B CiIydae NUArHOCTHKHU IO CHEKTpaM KOJICOaHWIA.
OmHako W B ATOM Cly4ae KIacCH(UKAIMIO JONMATOK HEOOXOAMMO OCYIIECTBISITE Ha OCHOBE IapaMeTpa,
XapaKTePU3YIOMIETroCs IETBIM Ha0OPOM 3HAYCHUIA.

3. MHoroc 10iiHasi HelipOHHAsA ceTh

Jdus pemieHuss  3amaud KiaccU(UKAIMKA MO HECKOJBKAM MpPU3HAKAM HCIOIB30BATUCH MHOTOCIOWHBIC
ueiiponnsie cetn (HC). IIpumenenue HelipoceTeil B JaHHOM cllydae IEIeCOOOpa3HO, TaK KaK OHH CIOCOOHBI
00y4aTbCsl aNMPOKCHMHUPOBATH MHOTOMEPHBIC (YHKIIMH, TO €CTh, MOTYT W3BJICKATh, TpaBAa, B HCSIBHOM JIIS
TI0JTE30BATENSI BUJIE, 3HAHUS U3 HCCIIeIyeMO peIMEeTHOH obmacTtu [2].

OCHOBHBIM BBIUHCTHTENBHBIM  3neMeHTOM MHC sBnsercst dopmanbHbiid HelipoH [3-6]. OH BBHIMONHSET
rmapaMeTpUIecKoe HEeNMHEWHOe NpeoOpa3oBaHWE BXOJHOTO BEKTOpa X B CKalspHYI0 BenmuuHy Y. HelipoHst
00pa3syloT ceTh, KOTOpas XapaKTepu3yeTcs CIEAYIOUIMMH IapaMeTpaMHu U cBoiicTBamu: M - uncio cnoes cetd, N, -
YHCII0 HEWPOHOB [I-TO CJI0S, CBSA3M MEKAY HEHPOHAMH B CJI0€ OTCYTCTBYIOT.

Beixomer HeipoHOB p-ro cios, i = 1,2,...,M-1 mocTymnaioT Ha BXOJIbIl HEHPOHOB TOJIEKO CIIEAYIOMIEero U+1-ro
CJI0s1, CTPYKTYpa CBsI3ei Mexy HepoHaMu U-TO U W+1-ro clios 3ajaeTcss MaTpuliei cBsizu CW, cocrosmeit n3 HyJei
¥ eIMHHIL €CIH Cxp™ = 1, TO BBIXOJ &TO HelpOHA |I-TO CJI0s MOCTYHaeT Ha BXoA b-ro Heifpona p+1-ro cios, ecin
cx™ = 0, TO CBA3p MEXIy COOTBETCTBYIOIIUMH HEHpPOHAMH OTCYTCTBYET. BHEIIHMI BEKTODHBII CHrHAI X
MOCTYNAeT Ha BXOJbl HEHPOHOB TOJNBKO IEPBOTO CNOS, CTPYKTypa BO3AEUCTBHS BXOJHOTO CHI'HAjJa Ha MEPBBIN cIoi
3aJaeTcs MaTpulell BO3AEHCTBUA C co CTPYKTYpOH, aHamormuuoit crpykrype Marpuusl C*, BBIXOIBI HeipoHOB
nocseiHero M-ro Ci10si 00pa3yioT BEKTOp BHIXOJOB ceTH Y™,

Kaxnprii i-# HElpoH p-ro cmos (Wi-if HEHpoH) mpeoOpasyeT BXOAHOH BEKTOp X
semmumny y*. D10 mpeobpazoBaHne COCTOMT M3 ABYX STAIOB: BHAYAIE BBIYMCISETCS AMCKPUMHUHAHTHAS (yHKIAN
net™), xoropas manee peoGpasyeTcs B BEIXOLHYIO Bemaunay v,

JuckpuMmuHaHTHaS (QYHKIHS MPEACTABISET cO00M OTpe30k MHOroMepHoro psaa Teiimopa. Koaddurmentsr
PasIoKEHNs OTPe3Ka MHOTOMEpHOTO psita Teiiopa 06pasyioT BEKTOp BecoBbIX Kod(duumento w', wim mamsts
HelipoHa. JluckpruMunanTHas QyHKIMs HEHpOHA uMeeT BUA [5]:

net 01) = (1) % w D) 2y 0.0, 6.,
=

() B BEIXOIHYIO CKAIPHYIO

rae w*=(we™?, wy™?, L wy )T - BexTop BecoBeix Kod(hduumenToB Heipona, ut = @, x" D T -
pacuIMpeHHbIi BEKTOp BXojia Heiipona, a x;*" - j-s kommonenTa N-MepHOTo BXOTHOTO BekTopa X ™.

Hemnueitnoe mpeoGpasoarne y*) =y(net™) zamaercss ¢yHKumeidl akTHBALMK, KOTOpas SBISCTCS
MOHOTOHHOW W OTpaHWUYCHHOW. B 9acTHOCTH, MpW HEOTPHUIATEIBHBIX BBIXOJAX HEWpPOHA Takod (HYHKIMEH MOXKET

ObITH curmouHas Gpynkuus y(x) = 1/(1+e™) [4,6-8].

4. Anroput™ 00y4eHus1 HelipOHHO¥ ceTH JieBeHOepra-MapKBapaTa

[Mpouecc 0OyueHHUsT CETH, OCYLICCTBISACTCS B Pe3ysibTaTe MUHUMH3ALWH LEICBON (QYHKLUUHM - HEKOTOPOTO
KpHTepHs KauecTBa F(W), KOTOpBIil XapaKTepu3yeT HHTErpaabHyio Mepy 6musoctu Bhixonos ceti yM(K) u ykasammit
yautens y*(K) [5]:

k
Fw)=- Y Qfewm) @
m=1

,
rae K — Homep Tekymiero mukina obyuenus HC, m=1, 2,..., K — Homepa mpeapiaymmx nukiaoB ooyuenus HC, w -
COCTaBHOM BEKTOP-CTOJIOCL] BECOBBIX KO3()(UIIMEHTOB CETH, COCTABIISIOIMMU KOTOPOTO SIBIISIOTCS BEKTOP-CTOJIOLIBI
w® = weT o weAT W M =M M-1,...,1 kakgoro cros. MrHOBeHHbIH KpuTepuii kauectBa Q(g(w,K)),
BXOJISIIINI B MHTETpalIbHBIA KpUTEpHid KauecTBa F(W), 3aBUCHT OT BekTopa ommnoku cetn Q(e(w,m)): s(w,m):y(M)(m)-
y*(M) u uacto mmeer Bui KBaapaTmuHoit dopmel Q(e(w,m)) = &'(w,m)Re(w,m), rae R - momoxurensHO
OIIpe/ieIeHHas] MaTpHLa.

I'pamuentaeie MeTonel oOydeHuss MHC oCHOBaHBI Ha HWCHOJB30BAaHUM TpajueHTa IeneBod Gyakmm (1).
OTH METOIbl HOCAT WTCPATUBHBIM XapakTep, TaK KaK KOMIIOHEHTBHI TIPaJWMCHTa OKAa3bIBAIOTCSl HEIMHEHHBIMHU

¢yHkumsavu. O003HAYMM TEKYIIUH TpajgueHT g :a— . Torma mpouecc oOyuennss MHC Oyner ocHoBaH Ha
\%%

UTEPAllMOHHON TpoLeaype, pealn3yeMoil B COOTBETCTBHU ¢ (GopMyiod [9]: Wi =Witoyu@(Wy), Tae Wy | Wi —
TEKyIllee U HOBOE MPHUONIIKEHIS 3HaYeHNI BecoB 1 moporoB HC k onTHManbHOMY peIIeHHI0, COOTBETCTBEHHO, O —
mrar cxoaumocTtu, @(Wy)-Harpasienue noucka B N-MepHOM npoctpaHcTBe BecoB. Criocob onpeneneHust ¢(Wy) 1 oy Ha
KaXJI0W UTEPaIliH 3aBUCUT OT 0COOCHHOCTEH KOHKPETHOTO METOIA.
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Jis Ka)KIoTo BXOHOTO BEKTOPa X W3 00YUaIOMIero MHOYKECTBA OJDKEH OBITh ONpEAeIICH BEKTOP KeJaeMbIX
BBIXOZIOB ceTh y*. Ecnin o6yuaemass MHC ncrmonb3yeTcst B kauecTBe Kiaccu(pukaTopa, TO 0OBIYHO JKETaeMbIe BBIXOIBI
nMetoT Hu3kui ypoBenb (0 wim menbme 0,1), KpoMe BBIXOJAa Y372, COOTBETCTBYIOIIETO KIJIACCY, K KOTOPOMY
OTHOCHTCS X; 3TOT BBIXOJ] B IAHHOM CJIydae UMeeT BBICOKUH ypoBeHb (1 umu 6ombie 0,9).

Anroputm JleBenOepra-MapkBapara [8-10] tpebyer Hammdus WHGOPMANUKA O 3HAYCHHUSX BTOPHIX
MIPOU3BOIHBIX MeJIeBOH GyHKIH. AnroputM MoxkeT obydats HC moka ee Beca, BXOABI U (PYHKINK aKTHBAIIUH UMEIOT
TIPOM3BO/HEIE.

B anropurme JleBenOepra-MapkBapaTa HCHONB3YeTCS aJITOPUTM OOPAaTHOTO PACHPOCTPAHEHHs OIIMOKU
[6,7], 4TOOBI BEIMHCINTD sSKOOMaH J LeNieBO (DyHKIIMM OTHOCHUTEIBHO BECOB M IOPOroB ceTH. Kakablid Bec M mopor
U3MEHSIOTCS B COOTBETCTBUH C KOPPEKTUPYIOIINM ITPaBUIIOM, KOTOPOE B MaTpUUHOI (hopMe UMEET BUI:

H=J'J, g=J'e, Wi = Wi— [HinI] g,
rze J - skoOuaH, e - BEKTOp OMHNOOK, 1) - CKaysip, | — exuHNYHas MaTpuLa.

AJlanTUBHOE 3HAYEHME 1) yBEIMUYMBAaeTCs B 1 pa3 N0 TeX Mop, NMOKa 3HadeHHe IeeBol (DYHKIHH He
ymenbmmtes. [Tocie yero n3MeHeHnst BHOCSTCS B CETh U 1] YMEHBIIIAeTCS B 1 pas.

Anroputm JleBenOepra-MapkBapATa UMeEeT BUI:

[ar 1. Manmuanu3anys: 3a1ai0Tcsd HadadbHbIC 3HAUYCHHUS MapaMeTPOB CETH U allTOPUTMA OOYUEHHS, a TaKkKe
rpaHUYHBIC 3HAYCHHUS TapaMeTPOB OKOHYAHUS pabOTHI aJropuT™Ma.

CyeTyrK yuciia DUKIOB 00yueHus K=1.

[lar 2. TIpoBepka cXOJUMOCTH H YCIOBUH OKOHYaHHs o0yueHus. Ecnu cxomumocth nocturnyta, kK>Epochs
i 00y4YeHHEe JOJDKHO OBITh NMPEKPaNIeHO — OKOHYaHUE PaOoTHI.

lar 3. Ect 1| < Mmax » TO IEPEXO/ K IIary 4, wHave K wmary 7.

Iar 4. BeuucnuTh 3HAYCHWE OMHNOKH M CKOPPEKTHPOBATH COOTBETCTBYIOUIMMH 0Opa3oM Beca W IOPOTH
CETH: H:JT\], g=JTe, Wie1 = Wi — [Hk‘i‘nl]-lgk_

IIIar 5.BprauicnuTh HOBOE 3HaUEHUE IeTeBOW (YHKIMH. ECTM OHO MEHBIIIE TEKYIIEro, TO BEPHYTh MPEKHHE
TapaMeTphl CeTH, U3MEHHTH 1): | = NN ¥ BBIHTH U3 OUKIA, HHa4Ye 3aQUKCHPOBATh MApaMeTPhl CETH U U3MEHHTH 1): 1| =
m'".

Iar 6. Ilepexox k mary 4.

Iar 7. k=k+1.

IMar 8. Iepexox k mary 2.

5.9KcnepuMeHThI U pe3yJbTAaThl

B kauectBe 6asoBoii moxenn HC wucnonp3oBaigack HC ¢ mpsMbIMHU CBSA3SMH — TPEXCIOWHBIN MEPUEHITPOH
[6,7], mepBBI B BTOPOW CIIOM KOTOPOTO CONEPKaHM MO TPpW HEWPOHA, a TPETHH CIIOW OMWH HEelpoH. Bece HeHpoHBI
UMENM CUIMOUIHYI0 QyHKIHMIO akTuBanuu y(x)=1/(1+e™).

Ha BxonpbI X1,Xo,...,XNy HEHPOHHOU ceTH, e N-4HCIIO BXOJ0B HEMPOHOB MEPBOTO CJIOS, TOAABAINCH 3HAUCHUS
MIPU3HAKOB JIOTIATOK (HAOOPHI 3HAYEHHUH CHEKTPOB WM 3HAYEHHS Pa3sHOCTEH MOIYIEPHOAOB 3aTyXaIOMUX KoIeOaHH
W/WIM 3HAYEHUS] CBEPTOK, OTOOPAHHBIX C IMOMOIIBI0 aIrOpUTMa MTEPATHBHOTO Moadopa cBepTku). Ha Beixom HC
MTOJJaBAJIOCH 3HAYEHHUE, COMOCTABJIIEHHOE HOMEPY Kilacca, K KOTOPOMY OTHOCHTCS SK3eMIUIIp oOydaromieil BEIOOpKH
(st KoHAUIMOHHBIX Jionatok — 0.1, ast nedextapix - 0.9).

O06yuenne HC nmpon3BoIuiocs Ha OCHOBE BBIIIE OMHCAHHBIX anropuTMoB. [Ipn oOydennn HC 3naueHue m
nosaraiochk paBHeIM 0.001, mar oOyuenus oy = 0.05, makcumanpHoe uucio uukinos odyusenus HC epochs=1000. B
Ka4yecTBE IENICBOW (DYHKIMU TPU OOYYCHUH HCIIOIB30BAJICS MHHUMYM CpPCIHEKBAJIPATHUCCKOW OMMOKUA OOydCHHUS
ceru, 3aanubIi kak 0.001.

OKcrepuMeHTHl Tokazanu, uro HC ycmemHo pemaroT 3amavy KiacCH(GUKAIMU JIOMATOK IO CIIEKTpaM
3aTyXalomuMXx KoJeOaHWH JIOMATOK aBHAABUTaTENeH M PasHOCTSIM IOIYIIEPHOAOB 3aTyXaroIUX KOJIeOaHWH JIOMAaToK,
o0ecrieqnBasi MPH 3TOM JTOCTATOYHO BBICOKYIO HA/IGKHOCTH KJIACCH(HUKAIINU IIPA CPABHUTEIHFHO HEOOIBIIOM BpEMEHH
oOyueHus.

[IpuMeHeHne TpeayIaraeMoro IMOAXOAa OTKPBIBAET HOBHIE BO3MOYKHOCTH B pa3pabOTKe METOHOB paHHEH
0e3pa300pHOIl IWAarHOCTHKKM TPYAHO pPAcIO3HABAEMBIX NEQEKTOB JeTalleil aBHAMOHHBIX IBHUTATENeH C
HCTIOB30BaHIUEM KOMITBIOTEPHBIX CHCTEM COOpa U 00pabOTKH JaHHBIX.
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SIGNAL PROCESSING BASED ON NEURAL NETWORK IN THE DIAGNOSTICS OF BLADES OF GAS
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The high requirements in an air engines construction are presented to a reliability of such responsible rotated
details of compressors and turbines, as blades, disks, shaft. The refusal of the air engine in flight conditions connected
to their destruction, can result in disastrous consequences. Therefore it is important in time to reveal and to remove
defects and reasons of their occurrence while in service of engines of flight vehicles[1].

One from the most responsible details of airengines are the blades of the turbine. The cracks in blades of the
turbines originating while in service, are one from most typical and widespread defects. This sort of defect, as arule,
occurs and develops during a defined temporary interval during development(manufacture) by the engine of its
resource(safe life). It gives actual possibility to execute diagnostic measures for duly revealing of defective blades.
However, this procedure realized by traditional methods and tools is usual is rather labour-consuming for serving
staff.

Therefore automation of the process of revealing of defective blades is extremely important for simplification
and acceleration of the process of service of airengines, rise of areliability of their diagnosing.

One from possible(probable) methods of diagnosing is the method of measurement of parameters of free
fading oscillations of blades during their broadband impulse energization by a taping. For definition of defects the
data - spectra of free fading oscillations of blades after shock energization or difference of halfcycles of fading
oscillations of blades after shock energization are going. On the basis of these data it is necessary to know how to
execute a classification of blades on groups good and defective. The main difficulty is, that each parameter of a blade
is characterized not by one value, and whole set of values and use of traditionally used statistical methods in this case
isinconvenient.

For a research of interrelation between parameters and class of blades the experiments were conducted, as a
result of which the sets of values of parameters of average spectra of power of free oscillations for good blades and
blades with cracks were obtained. The experiments were conducted for working blades of the first stage of the turbine
of high pressure of the engine. The spectra of free fading oscillations contained 10240 spectral linesin frequency band
up to 25000 Hz, with allowing on frequency of 2.44 Hz. The values of spectra characterize average frequent structure
of free fading oscillations as spectral density of power of amplitudes of vibration acceleration.

The differences of hafcycles of fading oscillations of blades after shock energization contained till 513
instantaneous values, that is essential less, than in case of diagnostics on spectra of oscillations. However and in this
case classification of blades is necessary for executing on the basis of the parameter described by the whole set of
values.

The use of neural networks (NN) is a perspective in the adaptive classification systems construction because
it has such properties as learning potentialities and ability to approximate functions. These properties allow NN to
extract knowledges from data in learning process (Dubrovin and Subbotin (1999), (2000 @)). It enables to use the NN
for the mathematical model construction even when it isinconveniently to make this by the other ways.

The most high-power class of the NN today are the multilayer NN, which are expedient for applying in the
construction of the recognition systems of objects which are described by the plenty of features. Therefore we shall
use the multilayer NN [*] for the plant recognition systems construction.

The network can be trained for function approximation (nonlinear regression), pattern association, or pattern
classification (Dubrovin, Subbotin (2000 a)). The Levenberg-Marquardt Backpropagation Algorithm (Demuth
and Beale (1997), Hagan and Menhgj (1994), Himmelblau (1977)) can train any network as long as its weight, net
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input, and transfer functions have derivative functions. Backpropagation (Demuth and Beale (1997)) is used to
calculate the Jacobian of performance with respect to the weight and bias variables w.

The Levenberg-Marquardt algorithm was designed to approach second-order training speed without having
to compute the Hessian matrix. When the performance function has the form of a sum of squares (as is typical in
training feedforward networks), then the Hessian matrix can be approximated as H=J'J, and the gradient can be
computed as g=J"e, where J is the Jacobian matrix, which contains first derivatives of the network errors with respect
to the weights and biases, and e is a vector of network errors. The Jacobian matrix can be computed through a
standard backpropagation technique (Dubrovin, Subbotin (2000 a), Demuth and Beale (1997)) that is much less
complex than computing the Hessian matrix.

The Levenberg-Marquardt algorithm uses this approximation to the Hessian matrix in the following update:
Wir1 = Wy — [Hk+ul]'1gk, where | is the identity matrix, p — adaptive value, g — current gradient, wy, wy.; — current and
new vectors of NN weights and biases.

The adaptive value p is increased by Mine until the change above results in a reduced performance value. The
change is then made to the network and p is decreased by Pgec.

For check of fitness of the described method the experiments on problem solving of diagnostics of blades
were conducted. On inputs(entrances) of the neural network the values of tags of blades (sets of values of spectra or
value of differences of halfcycles fading waves and - or values of convolutions selected with the help of agorithm of
iterated selection of convolution) moved. On an output(exit) of a NN the value compared to number of the class
moved to which the copy of learning sample (for good blades - 0.1, for defective - 0.9) concerns.

The experiments have shown, that a NN successfully decide the task of a classification of blades on spectra
of fading oscillations of blades of airengines and differences of halfcycles of fading oscillations of blades, providing
for want of it arather high reliability of a classification for want of rather small time of learning.
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