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AHoTtanis. B po0oTi posrIiHyra YacTOTHO-4acoBa TEXHOJIOTIS BiOpPOJIarHOCTYBaHHS —MAIIIHH.
IIponoHyeThCSI BUKOPUCTAHHSA UL Hel MAaTeMAaTHYHOTO arapaTy BeHBIIET-IIEPETBOPCHb Ta aHAII3YIOTHCS
Horo nepesBard. HaBoAUTHCS MpUKIAL JUCKPETHOTO BEIBIET-TIEPETBOPEHHS TOBITFHOTO HECTAI[IOHAPHOIO
CHTHAJy Ta OAUH 3 MOXJIUBHX aJITOPUTMIB HOT0O 3aCTOCYBAHHSI.

AnnHoTtanus. B po6ore paccMoTpeHa 4acTOTHO-BpEeMEHHAsI TEXHOJIOTUSI BHOPOANATHOCTHPOBAHUS MAIIIUH.
IIpemnaraercss ucHonb30BaHME JUIT Hee MATEMAaTHUECKOTO ammapaTa BeHBIeT-IpeoOpa3oBaHUM U
AQHAIM3HPYIOTCSL €ro IpenMyliecTBa. IIpHBOAWTCS MpHMEp OHCKPETHOIO BeHBIET-IpeoOpa3oBaHUs
MIPOU3BOJILHOTO HECTAIIMOHAPHOTO CUTHAJIA U OJIMH C BOSMOJXKHBIX aJITOPUTMOB €T0 MIPUMEHEHUSL.

Abstract. In the work the frequency-temporary technology diagnostics of vibration of machines is
considered. Use for it of the mathematical device of wavelet-transformations is offered and its advantages
are analyzed. The example of discrete wavelet-transformations of an any non-stationary signal and one from
possible algorithms of its application is resulted.

KurouoBi ci1oBa: BiOpo1iarHOCTyBaHHSI, HECTAIlIOHAPHUI CUTHAJI, aMILTITYJHO-4aCTOTHHIA CIIEKTp, BEHBIIET-

TIepPETBOPEHHS, MATEPUHCHKUI BEHBIIET.
BCTYII

B wiit poOoTi po3risIaroTECs AESKI aCEKTH Yacmomuoi TEXHONOTIT BiOpOAiarHOCTyBaHHS MalllnH, sSKa
0a3yeThbCst Ha aHaJi31 aMILIiTY1HO-4yacToTHOTO cnekTpy (AYC) BibpocurHaiis.

VY 3Ha4HId KUIBKOCTI ICHYIOUMX METOIIB BiOpOJiarHOCTYBaHHS JOITYCKAalOTh, IO KOHTPOJIbOBAHHMN
CUTHAJI BiOparrii 00epToBoi MaluHu € cmayioHapuum, T00To Horo AUC He 3MiHIO€ThCs B "aci [1].

Pa3oM 3 THM, SIKIIIO CHT'HaJI BUMIPIOETHCS MIPOTSATOM JIOBroro yacy (To0To Mae miclie HOro MOHITOPHUHT),
TO 3a IIeH Yac B pe3ysbTaTi 3HOLICHHs OKPEeMHX JieTael (200 3 iHIIMX MIPUYKH) B KOHCTPYKIIT MallIMHU MOXKYTh
BiZIOyBaTHCs JIOKaJIbHI JiedopMaltii, 1110 B CBOIO 4epry npuBojiaTh 1o 3MiH AUC Bibpocurnamy. Kpim Toro, y
BIOpOCHTHAII 3aBXJM IPHUCYTHS BHIIAJKOBa CKJIaJ0Ba, 32 PaxyHOK ICHYBaHHS KOPOTKOYACHHX JMHAMIYHHX
SBUIL, BHUIIQJKOBUX MOXMOOK BHUMIPIOBAJILHOTO KaHANy, BIUIMBY 30BHIIIHHOTO CEpEJOBHINA TOLIO Tomy,
JOLIBHO BBaYKAaTH, 1[0 B HAHOUIBII 3araJlbHOMY BHIIAJIKy KOHTPOJBHOBAaHMH CHUTHaJ BiOpamii MamuHU €
HecmayionapHum, T00T0 oro AYC 3MiHIOETBCS B Yaci.

Ile o3Hauae, MO B IbOMY BUIAIKy METOJMKAa OTPHMAaHHs CIIEKTPOTpaM 3a JOIOMOIOI0 MEepeTBOPEHHS
®dyp’e € HEKOPEKTHOIO 1 CIIiJ] 3aCTOCYBATH MEPETBOPEHHS, sike O 3a0e3neuyBano HenepepBHe Bu3HaueHHs AUC
CHUTHAILy B 4aci, TOOTO uacmommno-uacose nepemseopenus.

AHAJII3 HECTAHIOHAPHUX BIBPOCHUI'HAJIIB 3A TOIIOMOTI'OIO BIKOHHOI'O
NEPETBOPEHHS ®YP’€ TA NIPUHIIUII HEBU3HAYEHOCTI TEM3EHEEPT A

Haii6inpm po3po0iIeHOI0 9acTOTHO-9aCOBOKO TEXHOJIOTIEI0 aHAJi3y HeCTallioHApHUX BiOPOCHUTHAIIB €
gacToTHO-4acoBuid aHanmi3z (UYA), skuit 6azyeTbest Ha gikonnomy nepemeopenni @yp’e (BIID), ske iHomi 1me
HA3UBAIOTh 38aAdiCeHUM aD0 KopomKoyacHum riepeTBopeHHsIM Dyp’e [2-4].

Bibpocurnan f (t) aHAJI3yEThCA JIUILIE B MEXaX JAEAKOTO BiKHA, I YOTO [ (z) MHOXXUTBCS Ha (QYHKIIIFO

3 KOMIIAaKTHUM HOCiEM h([) , AIKa “JIOKali3ye ” CUrHaJ B 30HI MOMEHTY Hacy ¢,

£, @)=l —1,) (1)
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BII® nokaiizoBaHOTO CUTHAIY BUSHAYAETHCS 32 BUPA3OM:
1% ;
o,h)=— [ f{t)hlt—1,)e™""dt - (2)
fto( ) m _J;Of( ) ( O)e

Just obuncnennss BII® B iHmI MOMEHTH 4Yacy BIKHO II€pPECYBA€ThCS, W00 JIOKai3yBaTH CHUTHAI B
IHIIOMY TIPOMDKKY Hacy.

Meroqu YYA, skxi mnoOynoBani ©Ha BII®, narore npuilHATHI pe3yiapTaTH B 3ajadax
BiOpO/iarHOCTYBaHHS, SIKIO MU MAaEMO CIIPaBy 3 BIOPOCUTHAJIAMU, CHIEKTPH SIKUX MICTSATBHCS y BIJHOCHO BY3bKii
cMy3i gacToT. Aune, sikio AUC BiOpocurHasly € OIMPOKUM, TO B IIbOMY BHIIQJIKy Ha MEPLIMH IUIAaH BUXOAUTH
npobiemMa po3pisHiosanbHoi 30amHoCcmi YaCTOTHO-4aCOBOT0 IIEPETBOPEHH.

CnpaBa B TOMy, 1IN0 Ha OyJab-fKi YaCTOTHO-4acOBi IIEPETBOPEHHS PO3MOBCIOKYETHCS Jlisl
3araJbHOBIJIOMOTO npuHyuny HesusHavenocmi I etisenbepea, MO B HALLIOMY BUIAIKY (DOPMYIIIOETHCS TaK: Hi O/
K020 PIKCOBAHO20 MOMEHTNY HACY HEMOICIUBO MOYHO BUSHAYUMU, AKI CNEKIMPATbHI KOMNOHEHMU MICHIAMbCA 8
CUSHAL.

3 1pOro NPUHLMITY BUILIMBAE, IO MU MOXXEMO BH3HAYaTH JIMILIE YACO6i iHmepeanu, Ha NPOTA3i STKUX
CHUTHAJ MICTUTB CMyeU Yacmomn.

Tobto, sikmo po3mip BikHa (TOOTO 4yacoBM iHTepBas) Oyae MajMM, LIO O3HAYa€ BHCOKY YacOBY
JIOKaJTi3aIlil0 CIIEKTPY, TO CMyra 4acTtoT Oyae JyXKe PO3MHUTOI0, 1 HaBHNAakW, OUIbII TOYHE BU3HAYCHHS
CIEKTPAIbHUX KOMIIOHEHTIB OTPEOY€E BEITUKOTO BiKHA.

Ockinbku BII® mae dikcoBaHy mmpuHy BiKHA, TO O4€BUAHO, 10 npu mmpokoMy AUC B skiiics Horo
yacTHHi OyJie MaTh Miclie HU3bKa PO3Pi3HIOBAIbHA 37[aTHICTh IEPETBOPEHHS.

PeanpHi HecTalioHapHi BIOPOCUTHAIIM YaCTIlll 332 BCE CKJIAJIAIOTHCS 3 KOPOTKOYACHUX BHCOKOYACTOTHUX
KOMITOHEHTIB 1 JIOBrOTPHUBAJIMX HHU3bKOYACTOTHUX, TOMY JUI iX aHali3y JOLiIbHO Oyno O 3acTOCOBYBaTH
NepeTBOPEHHS, sike O 3a0e3neuyBao pi3Hi BikHa JUIsl PI3HUX YacTOT (BY3bKi — Ha BUCOKHMX YacTOTax Ta IIHUPOKI —
Ha HU3bKHX). [{[UM yMOBaM BiAIOBIa€ Getigem-nepemeopennsi.

HENEPEPBHE TA JIMCKPETHE BEMBJIET-IEPETBOPEHHSA

BeiiBneT-neperBopeHHs 3abe3nedye ONTUMaIbHY PO3PI3HIOBAJIbHA 31aTHICTH IEPETBOPEHHS ISl BCiX
4acTOT, TOMY BEWBJIET-BIKHA 1HO/I HA3UBAIOTb gikHamu I elizenbepea.

BikoHHy (QyHKIiI0 3a3BUYail HAa3MBAIOTh MAMeEpUHCLKUM Getigienom. MaTepuHCbKUME BeHBiIeTaMu
MOXYTh OyTH pi3Hi (yHKII, SK-TO BewBneTn Xaapa, lllennona, JJobemi, Mefiepa, “MeKCUKaHCHKHIA Kanemox’
tomo [5-7].

SIK10 To3HAYMTH MATEPUHCHKUI BEWBIET SIK l//(l‘), TO BEUBJIET-TIEPETBOPEHHS CUTHAITY f (l‘) 3

MacIITabHuM nmapamMeTpom § Ta 4aCOBHUM 3CYBOM 7 BHU3HAYAETHCH SIK

W (z,5) = }y (O [ =" ar 3)

* ~ V3 (v
Ie | — CIpsKEHUH MaTepUHCHKHI BEUBIIET.
Skuwo curnan f (l) 3aJaHuil B aHAJITUYHOMY BUTISLN, To dopmyna (3) BimoOpaxae uenepepshe

Beiiner-nepersopenns (HBID) curnany f (t ) [5-7].
OueBuno, 0 001aCTIO BU3HAYEHH QYHKII W) (r, s) € MHO>KMHA BCIX MOXIIMBUX KOMOIHAIiN § Ta 7.
MacmrabHuii mapamerp S € 1Mo CyTi BEIHMYHMHOI0, 00epHEeHOI 4acToTi. OCKiIbKHA BiH MIiCTUTBCS B

3HaMeHHMKY, TO § > | posrarye curnan, a § <1 cruckae ioro.

Anropur™m obuucienns HBIT nocuts npoctuii. Crioyatky JOCTiAHIK 00Upae MaTEpUHCHKUI BEHBIIET, a
nani Ayt BCix TO4OK 06nacti BusHaueHHs o6uncmoetses Wy (z,s).

TakuM 9UHOM OTPUMYETHCS MATPHUIIS 3HAYCHD BEHBIET-KOe(Dilli€HTIB I BCiX KOMOIHAIIHA S , T .

Ha >xaip, peanbHi BIOPOCHTHAIM HEMOXKIIMBO NPEACTABUTH B aHANITHYHOMY BUIIIAAI. BOHH HaIXOIsITh
BiJI CEHCOpIB Yy BHIVIS/II YMCJIOBUX IIOCIIJOBHOCTEH Yepe3 IEBHI NMPOMDKKM 4acy 1 32 CBOEIO NPHPOAOI0 €
ouckpemnumu. B Takux BHIIaIKaxX 3aCTOCOBYIOTh Juckpemue setignem-nepemeopents (JJBIT) 3a nonomororo Taxk
3BaHUX NIPAMIOATbHUX aNTOPUTMIB [5-8].

B zaransHoMy BurIsizi itepaniiini popmysu ABII marots Burisig

Sk = thsj,2k+m , 4)
m
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dig =2.8mSj2kim > )
m

ne d j+lj — CVCMEHTH MATpHLi BeiiBIeT-KOCILlieHTIB; h, . g, — TapaMeTpu MAaTepPHUHCHKOIO
BeUBIETY; S j+1,k — CIEMEHTH MATPULI IPOMDKHUX OOUUCICHD; S¢ ; = f (k)

Bigmitumo, wo napamerpu /1, , g, MATePUHCHKOTO BEHBIETY MOXKYTh OyTH BH3HAYCHI CaMOCTIiHHO,

SKIIO 11 OpPUTiHAIIBHUN BeliBieT, a00 3HalZieHi B MaTeMaTH4Hil JliTepaTypi, HAIpUKIa, B [6], SKIIO 1€ OJHH 3

BiJOMUX BEWBJIETIB.
Posrisnemo mnpuknan. Hexait 3amano auckpernuit BiOpocurnan (puc. 1). 3a momomororo [IBII

BU3HAYMMO HOTO MaTPUIIIO BeiBIET-KOS(ILi€HTIB.

gh i Ji. M 1..,!,ilmi“ WY t
LR

Puc. 1. luckpetHuii Bibpocuruan

Pospaxynkn nposenemo B cepenosuii MathCAD 3a nonomoroto BOynoBanoi ¢yHkuii “Wave”, ska
peaizye onuH 3 yncenbHuX anropurMmis JIBII Ha ocHOBI MaTepuHcbKoro BeitBnery Jlobemi.

W = wave(F) k=1..6

levelg 2leve1+ 1

coeffs(level) = submatrix(W,Z - 1,0,0)’

C. ., =coeffs(k)

i,k
floo ———
128

I'padik matpuui Belipner-koedinientie C nokazanuii Ha puc. 2.

0

Puc. 2. I'padix MaTpuni BeiBiaeT-KoediuieHTIB

BigmituMmo, mo Bich “i” rpadika Biamosigae gacy, a Bich “K” — 9acToTi.

3 puc. 2 BUIHO, IO BHACTIMOK Aii MPUHIMITY HEBU3HAYCHOCTI ['eii3eHOepra Mu He MOXEMO 3HAWTH
TOYHI CHEKTpPaIbHI XapaKTePUCTHKH CUTHAIY B KOKEH MOMEHT Jacy. Pa3oM 3 TUM, HaM BiIOMi CMYT'H 9acTOT B
TIeBHUX {HTEpBaJlaX Jacy.
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Otpumany B pesynbrati JIBII Marpuimro Be#BIeT-KOSQIIiEHTIB MOXKHA BUKOPHCTOBYBATH SIK IS
BiOpOIiarHOCTYBaHHS MallTMHY, TaK i JJIS OIIIHKY BUIIAJIKOBUX MTOXHOOK BIMIipIOBAILHOTO KaHAITY.

OmuH 3 MOXIMBUX aJTOPUTMIB aHamizy BiOpocurHamy Ha ocHOBi JIBII B pexwmMi peamsHOro Hacy
300pakeHuH Ha puc. 3.

TTo9aTow MY,

OTPHMAHEA BIT BHMIPIOE AL HOMD KAHANY [OCAYI0EHOCTL SHAYEHE
Bl pOCHTHAY.

Peamzarnia JBIT sa eupazans (4,5) ga oTprmanni 9HCI0E 0 D0C-
*|  MOEOEHOCTL TA OEpEAHHA MATPHI EeHEAeT-KoedinieTE (MEBE).

[Mopewanms MBE, ogep #agiy B DR0MY T2 BULKOK I0ISDeSHIE
M.

Yu 1cHYEOTE Ko ITEHTH, 1110
HESHATHO KOMHBAIOTECA, 611A
[IEBHOC0 CEPERHEOTD 3HATEHHA

Tax

Sanina muE KoedilieHTE Ha {2
CEpENH $HAYEHHA TA BN TEO-
peHHA 23 Hoeoke MBK Bxigeoro

CHTHALY

L

Yu 1cHYEYTE KOeITEHTH,
SHAYHO FPOCIH

AHATES MOETHERS TP HIHH 300~
CTAHHA

Fimene oy

Puc. 3. Anroput™m aHautizy Biopocuraany Ha ocHOBi JIBII B pexxumi peanpHOT0 4acy
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