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CEPEOOBULLI METOAOM FANEPKIHA HA OCHOBI BEUBIET — ®YHKLIW
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Ilpeocmasneno  aneopumm  3HAXOO0XCEHHA  NAPAMEMPI8  HOWUPEHHA  YIbMPA3EYKOBUX  XBUTb 8
docnidocysanux 00'ekmax. Pezyibmamu po3paxynky npeocmagieHi y uensioi mabauyb ma epagikie.
30iticheno pospobnenns memody oOuucienHs OugepeHyiliHux pIieHSIHbL, WO ONUCYIOMb NOUUPEHHSL
VIbMPA38YKOBOI XU 8 NPYHCHOMY cepedosunyi memooom I anepkina Ha ocHo8i npoeKyitiHo2o Memoody 3
BUKOPUCTHAHHAM Gellgiem — (QYHKyYil. Bemanosneno, wo 3a 00nomozoto po3poobienoeo mMemooy MOdICHA
nPOBOOUMU AHANI3 NAPAMEMPIE NOWUPEHHS YIbIMPA38YK080T XU Ha OCHOGI etigiemis Jlobewi pisus 6, 8
ma 10. 36invwenns pisus eeieiemie /lobewi sumazae 30i1bUIeHHS KITbKOCMI MOYOK OUCKpemusayii
AHAaNi308aHO020 WLIAXY, WO 30iIbUWYE Yac oOUUCNIeHHA ma euMozu 00 pecypcie Komn'tomepa, npu ybomy
MOYHICMb pe3ynbmamie 3pocmac He 3HauHo. Memoo 0036015€ NPOGOOUMU AHANI3 NOUUPEHHS X6UTi Ha
0yOb-sKil  giocmani, 30iIbUleH s GIOCMAHI GUMA2ae 30LTbUIEHHS KIIbKOCMI MOYOK OUCKPemu3ayii
oianaszony 0OuUCAeHHS OUpePeHYTIHO20 PIGHHHAL

Kniouogi cnosa: ynempazeyx, eetisiem—@ynxyisn, memoo Ianepkina, oughepenyiiine pieHsuHA, NpYICHe
cepedosuye, OUCKPemu3ayisl.

Ilpedcmasnen aneopumm pewenus Memooa, GulYUcisien napamempsbl pacnpoOCpaHeHus Yibmpa3eyKoGulx
60H 8 ucciedyemvlx obvekmax. Pezyibmamvl pacuema npedcmasiienvl 6 gude mabiuy u 2papuros.
Ocywecmenen paspabomxu memooa Guluucienus OuppepeHyuanvuvlx YpagHeHull, ONUCHIBAIOUUX
pacnpocmpanenue  YIibmpaszeykoeol GOaHbl 8 ynpyeou cpede Mmemooom [lanepxuma Ha OCHOGe
NPOEKYUOHHO20 Memood C UCHOIb308AHUEM 6elisem — PyHKyul. Ycmanoseieno, ymo ¢ HOMOWbIO
Paspabomanto20 Memooa MONCHO NPOGOOUNb AHAIU3 NAPAMEMPO8 PACHPOCMPAHEHUsl VIbMPA38YKOGOU
80JIHbL HA OCHOBe elienemos [obewu yposus 6, 8 u 10. Yeenuuenue yposus eetienemos Jlobewu mpebyem
VBenuYe s KOIUYeCmea movex OUCKpemu3ayuu aHaiu3upyemozo nymu, yeeauvueaem epems GblyuCieHusl
U mpeboganus K pecypcam KOMHvIomepd, npu IMoM MOYHOCMb Pe3yIbMamos 803pacmaem
He3HauumenvHo. Memoo no3eoasem npogooumb AHAIU3 PACIPOCHMPAHEHUS BOIHbL HA TI0O0M PACCOSHUU,
yeenuyenue paccmosiHus mpeOyem  YGeIuueHuss KOAUYeCcmed mouex Ouckpemusayuu Ouanasona
ebIuUCTIeHUs] OUDDEPEHYUATLHOLO YPABHEHUSL.

Kniouesvie cnosa: ynompazeyx, getignem — @yuxyus, memoo I anepxuna, oupgepenyuarvhoe ypasHerue,
NPYIACHAsL cpedd, OUCKPEeMU3aAYUsL.

Development of numerical methods that calculates the parameters of ultrasonic wave's propagation in
testing objects serves as source for both information for comparison with results of control and further
analysis of the object state. It is presented the algorithm that calculates the method. The results of
calculation are presented in a form of tables and charts. It is developed the method of calculation of
differential equations that describe propagation of ultrasonic waves in solid media by Galerkin's approach
that based on projection method with wavelets. In the result it is determined that with help of the developed
method it is possible to perform analysis of parameters of ultrasonic wave propagation by Daubechies
wavelets with level of 6, 8, and 10. Increasing level of Daubechies wavelets is requires increasing number
of samplings for chosen way. This requires increasing the calculation time and computer resources while
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this approach do not increases substantially the precision. The method allows analysing propagation of
wave with any lengths of ways. Increasing the lengths of path of propagation requires increasing the
number of samplings of discretisation of differential equation. The results of calculation of differential
equation can be compared with testing results it is allows to detect defects and changes of mechanical
properties of media where propagating ultrasonic wave.

Keywords: ultrasound, wavelet, galerkin's method, differential equation.

Beryn
Po3po0OsieHHss ~ 4MCIOBHX ~ METOMAIB,  MIO
00YHCITIOITh napamerpu MOIMPEHHS

YJIBTPa3BYKOBHMX XBWJIb B JOCIIKYBaHUX 00'€KTaXx,
€ JokepenoM iHdopmamii Ui TOPIBHSHHS 13
pe3yabTaTaMM KOHTPOJIIO 1 IMOJAJIBIIOTO aHalli3y
crany oO0'ekta. [lpu ymbpTpa3ByKOBOMY KOHTpPOII
icHytoul Je(eKTH MOXXYTh BHOCHTH MAajHMil BIUIUB
HA TIapaMeTpH XBWIi. BUSBICHHS TaKMX MalluX
3MiH HaiOUTbII ~ eEeKTUBHO MPOBOAWUTH 32
JIOTIOMOT'OI0 BEHMBIIET — aHamizy. BeiBiieTn MOXYTh
eeKkTHBHO BHM3HAYATH SIK JIOKaJdbHI 30ypeHHS B
XBHIJI, TaK 1 TUIaBHI 3MiHHM IUISIXOM IPOBEICHHS

aHai3y  Ha  pI3HUX  pIBHAX  JeTaiizamii
(OaraTopo3ainbHUN aHai3).
B  3arampHOMy, TPOBEICHHS  YHCIIOBOrO

PO3B'S3KY IU(EpeHIIIHHNX PIBHIHD 32 JOTOMOTO0
BelBIIEeT — QYHKIIIH MOXKHA PO3IUIMTH Ha JIBi TPYITH
METOJIB: MPOEKIIHHI Ta HEMpOEeKIiiHI Meroau. B
HEMPOCKIIHHUX METoJax BEHBIETH
3aCTOCOBYIOTBCS TUTBKH JUIS BHUSBICHHS 30H i3
BEJIMKUM Tpaji€HTOM 3MiH, a IICJId BHUSBICHHS
TaKAX 30H BHUKOPHCTOBYIOTHCS 1HINI METOAW
(kiHIIeBHX pi3HUIL a00 KiHIeBuX 00'emi) [1].
[epeBaramu Takoro miAXony € Te€, IO aJrOPUTMHU
00YHMCIICHHS € OUIbII MPOCTUMHU. JI0 HEMOMIKIB CITijT
BIIHECTH T€, IO 3aCTOCOBYIOTHCS PI3HI THIIH
OOYUCIIeHb, SKI YCKIAQJHIOIOTh IHTEPIPHTAIIIO
pe3yabTaTiB. B NpoekmiMHUX METomax BEWBIIET
(GyHKIIT BUKOPHCTOBYIOTbCS SIK OCHOBA  JUIS
OTPUMAaHHS pPO3B'SA3KY. Bci 00YHCIICHHS
MPOBOAATHCS y TIPOCTOP1 BeWBIeT — QYHKIIIN, TicIs
4Oro pe3yibTaTH pPEnpoeKTYIOThCs Y  (i3uyHy
mwiomuHay. B [5, 6] mpencraBieHO MeETON
obuucneHHs IUQEpPeHIINHNX PIBHSIHb METOJI0M
MPOSKTyBaHHS BeHBIIeT — (GyHKIIH. JaHuii MeTox €
OCHOBOIO TUISL MPOBENICHHS JIOCIIJIKCHb.
Henonmikamu  mporo  Meromy €  CKIQIHICTh
3aCTOCYBaHHS TPaHWYHUX YMOB TIpH TOOYHOBi
KIHIIEBO1 CUCTEMH PIBHSHB Ha OCHOBI
BeHBIIET — PYHKIIIH.

Meroro JTaHOTO JIOCTi/KEHHST € 1o0y/oBa
QITOPUTMY  JUIL  TPOBEACHHS  OOYMCIICHHS
nudepeHiiftHoro PIBHSTHHSL, 1o OTHcye

MOUIMPEHHS TAPMOHIMHOI yIBTPa3ByKOBOT XBHIIL.

[epeBaru 3acTocyBaHHS BeiiBieT — (QyHKIIIN:

— BeliBJIeTH 320€3MeuyroTh ONTUMAaIbHAN Oa3uc,
TOOTO Uit 30UIBLIEHHA TOYHOCTI JIOJAIOThCA
JOAAaTKOBl ~ BeWBiIeT—(YHKII, TpuU [bOMY HeE
30UTBIIYETHCS YUCIIOBA HECTAOUILHICTh OTPUMAaHHS
po3B's3Ky [2];

— OLTBIIICTE  OMepaTopiB  MPH  3aCTOCYBaHHI
aHami3y 13 BeEHBIIET—(QYHKIIIMH BHUKOPHCTOBYIOThH
PO3PIDKEHI MAaTpHIli, IO 30UIbIIYE MIBUIKICTH
OOYUCIIeHh Yy TOPIBHAHHI 13 1HIIUMH YHCIOBUMH
Meroaamu. [llupuHa oneparopa Moxxe 3MiHIOBATHCh
B 3aJI©KHOCTI BiJI 3aJJaHOT TOYHOCT1 004HCIeHb [3];

— MOEHAHHS PE3YyNbTaTiB aHaNi3y Ha PI3HUX
PIBHSX JeTalizaiii CTaHOBUTH OCHOBY Teopil
3aCTOCYBaHHS BEWBJET — QYHKIIH 1 TOMy €
MPOCTUM JUTS YMCIIOBOI peamizaitii [2];

—TpH  TPOBEACHHI  OOYMCIIEHb  MOXKHA
3aCTOCOBYBATH PI3HI PiBHI jAeTamizaiii ;g pi3HUX
YaCcTUH JOCIiPKyBaHOTO Biapiska [1];

—00'eM  4YHCIOBMX  OOYHCIEHb  JIHIHHO
3aJIeKUTh BiJl BENMYMHU cHCTeMH[2];

— JUISL  3aCTOCYBaHHS  BEWBJETIB  ICHYIOTBH
PO3pO0IIeH] YMCIIOBI IBUKI aqrOpUTMH [4].

[poexkuitini METOU 004YMCIIeHHS
nrdepeHIIHUX PIBHSIHD MOXKHA TIOIUIMTH Ha:

— METOoJ lanepkina Ha OCHOBI
BelBIIET — QYHKIIIH;

— MeTox lanepkina Ha OCHOBI

BeiiBier — QyHKIii 1 psanip Teitnopa;

— KOJIOKAIlifHui MeToa. B 1iboMy Meroni citka
BITIKIB ~ BEHBJIET  METOAY  3'€OHYyeThCS 13
KOJIOKAIIHHOIO CITKOIO.

Haii6inem npuadnmeumM € Meron ["anepkina Ha
OCHOBI BeWBJeT — QYHKIIiH, OCKUTBKH B HHOMY HE
MOTPIOHO MPOBOAWUTH OLIBII CKIAIAHI OOYMCICHHS
psaaie Teiiopa i, Ik pe3yabTaT, aIrOPUTM € OLIBIIT
CTaOUIBHIIINM.

Onuicr0 3 HAWOUIBLI CKIAOHIIMX YacTUH
3aCTOCYBaHHS MPOCKIIHHOTO METOAY € BH3HAUCHHS
HEOOXIJIHWX TpaHUYHUX YMOB TPU MOIIMPEHHI
xBuini. Ha nmanmii wac iCHye KilbKa MiIXOIIB [0
BUPIIICHHS 33/1a41 HAKTaJaHHs TPAHUYHUX YMOB:

— oOuKcTeHHs BeiBIeT — QyHKIIN B iHTEpBai;
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— 3aCTOCYBaHHS (DIKTHBHUX I'PAaHHUYHHUX YMOB;

—3MEHIICHHS  BIUIMBY TPaHHYHHUX  yMOB
IUIAXOM  eKCTPAmoJiAllii  JaHWX HA  KIHIAX
JOCITIKYBaHOT'O BiIpi3Ka;

— 3aCTOCYBaHHSI METOY €EMHICHOT MaTpPHIII.

Cepen mepepaxOBaHMX METOMIB  HAHOUIBII
MPOCTUM 3 TOYKH 30py peanmizamii ta (ismuHOi
iHTeprnperamii € wmeroj (QIKTUBHUX TpaHHYHHUX
YMOB, IO TOJISITAE€ Y TOMY, IO CHCTEMY PIiBHSHb,
0 ONHWCYye TIONIMPEHHS XBWJII y TPOCTOpi
BeiiBieT — QyHKIIH, po3mmprooTh. Lle dakTrnyHO
3BOJMTHCS JI0 TOTO, 110 MATPHINIO 13 KoeilliEHTaMK
CHCTEMH pPIBHSHb JOMOBHIOIOTH CIIpaBa Ta 3JiBa
CTOBOLISIMM 3 HYJIBOBUMH €IEMEHTaMH y KUIBKOCTI
MPOTIOPIIiITHO piBHIO BUOPAHOTO BEHBIIETA.

MaremaTtnuna mojesb Metoay I'anepkina Ha
OCHOBI BefiBJjeT — QyHKIii

PiBHSIHHS TIOMIMPEHHS YIBTPa3BYKOBOi XBHII
MOXe OyTH TpecTaBIeHO B  OJHOBUMIPHOMY
npocropi Tak [1]:

Lu(x)=f(x),0<x<1, (1)

ne L —nmudepeHiiaabHuil orepaTop, KUl 3aJIeKUTh
BiJl opMHU pIBHSHHS; X — Bich Ox, IO BiANOBiIAE
NUISIXYy TMPOXOIDKEHHS YIBTPa3BYKOBOI XBHIJI B
MPYKHOMY  CEpPEHOBHUIN; u#  —  3MIIICHHA
ENIEMEHTapHOr0 00'€eMy TMPYXKHOTO CepeIOBHILA
BHACJIIIOK 30YPEHHS YJIbTPa3ByKOBOIO XBHIICIO; [ —
3YCHILIS 30YDKEHHS XBHIII.

PiBHsinHs (1) MOXKHA pO3B'SI3aTH 13 TPAHUYHUMHU
ymoBamiu [ipixie:

u(0)=a, u(l)

1e a, b — rpaHrYHI yMOBH.

Binpizok [0, 1] BuOHpaeThcs sIK HOPMOBaHUIA.
Jyis omucy TOMIMPEHHS XBHWJI e OJMHHYHHIMA
BiZIpi30K Oyie OMHMCyBaTH AOCIIIKYBaHy IUISHKY ii
MOUIMPEHHS TaK:

x=8,/S,..€l0.1], S€[0.S,..]. ©

b, 2

1e Sy, Spmax — BIANOBIZAHO, MOTOYHA T4 MAKCHMaJIbHA
KOOpJIMHATA TIOIUPEHHSI YIbTPa3ByKOBOT XBHIIL.
PosB's3kom (1) Oyne piBHSHHS TAKOTO BHTIISIY:

u, (x)=1,(x) “)

ne f,(x) — neska ¢yHkiis, GopMmy skoi HE0OXiTHO
3HANTH.

Hast MmpeAcTaBIeHHS  f,(x) BHOEpEMO
OpPTOHOPMOBaHY cucTeMy (GYHKLIH v; sk 0Oa3uc, B

SIKOMY MO’KHA PO3KIIACTH f,(X) TakK:

N,
fu(x):chvj ’ )

ne N, — KUIbKICTh TOYOK, IO OMUCYIOTh PO3B'SI30K
pIBHSHHS TOLIMPEHHS XBMI; ¢; — Koe(illieHTH
MaciTabyBaHHsI QyHKIIIT v 0 oci abcuuc.

OpToHOpPMOBaHICTh O3HaYa€, 10 BHYTPINIHIA
NoOyTOK (Io3HauuMo < , >) BuOpaHoi pyskii i3 (1)
JIOpiBHIOBATUME HYJIIO:

(v,Lu,— f)=0. (6)

lanepkin 3amporonyBaB, 1o (6) MaTume

PO3B'SI30K I BCIX V, SIKi MalOTh OJHAKOBY (hopMy
13 u, [6].

Jnst omucy ylIbTPa3BYKOBOTO CHTHAIY, SIKHH
BHU3HAYECHUI Ha TIEBHOMY 4YacOBOMY IPOMIDXKKY,
HAMOLIBII ONTUMANLHUM € TPEACTaBICHHSI V Y
BUTJISAI BeHBIIET — QYHKITIH, OJTHIEIO i3
BIIACTUBOCTEH SKMX € Te, 10 BOHH €
oproHopmoBanuMu. Cepen  ICHYIOUHMX  THIIIB
HaOopiB BelBIIeT — QYHKITIH JUIS onucy
TapMOHIHMX KOJHMBaHb HAWOUIBII  IIMPOKOTO
PO3MOBCIOKEHHS HAOyB HaOip BeiBieTiB JloOerni
Wy y Takiit Gpopmi:

2

=2-N
>
k

] (1) a,_p(2x-k),

; ck¢(2x—k) ziakqbk (2x) , (1)

=0 k=0
a, :\/Eck, Z_“ck :\/5,

k=0

k

‘PN(x):
#(x)=+2

ne Wy — maTepuHChKa BeWBIET (YHKINS MOPSIKY
N=4, 6 ,8 ,10, 12, i 1. a.; a — koeQilieHT
MacmTabyBaHHS; @ — MacmTaOyBaibHa (QYHKIS;
¢, — KoediieHT MacmTabyBaHHS QYHKIT @ 1O Oci
abcuuc.

Hnst moequanns (1) i3 (7) nomHoxumo (1) Ha
¢GyHKIIIO BelBlera 3a MpaBWJIAMH BHYTPIIIHBOTO
no0yTKy y poctopi ['inbepra Tak:

<Lus’l//Nj> :<faV/Nj> )

1
<LuS’WNJ> - J'L“.YV’dex . (8)
0

<fal//1vj>:j'fl//dex :
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[Miacrapistouu (5) y (8), orpuMyeMo:

NX
Z<LWNk’WNj>ck:<f’l//Nj>a 9)

3pobumMO  MO3HA4YeHHA, [0  CHPOLIYIOTh
PO3YMiHHS CTPYKTYpH (9):
X=¢.F =<f,l//N,->,
(10)

A= §<LWN1¢’WN]> :

Temep (9) MokHa 3amucaTH K CHCTEMY
TMHIWHUX PIBHSIHB B MATPU4HIN (popmi Tak:

Nr
AX=F <Y a,c =f . (11)
k=1

PiBasinast (11) € meHTpaJibHUM — pillleHHAM
Meroay [anepkiHa Ha OCHOBi BeHBIIET — PYHKIIIH.
3acrocyBaHHsI BEWBIIETIB ISl PIillICHHS PIBHSIHHSA,
IO OMNKCYE TONIMPEHHS YIbTPa3BYKOBHX XBWIIb,
(aKTUYHO 3BOAUTHCSA JO BHPIIICHHS CHUCTEMH
TMHIMHUX PIBHSAHB B MaTpuuHid ¢opmi. DakTruHO
(11) € mpoekIiiero HAOJIMKEHOTO PO3B'A3KY (HabOpy
JMCKPETHUX 3HAYCHb) pIBHSHHS, IO OIHUCYE
MOUIMPEHHST KOJNHMBaHb Ha TMPOCTIp BHOpaHUX
BeitBier — Qynkuii [0].

Y (9) HeoOXigHO OOYMCITIOBATH IOXIAHY Bij
BelBIeT—(pyHKI[I. 3a BIACTHBOCTIMU BCHBIICTIB
Habopy JoOerui Betiner nopsaky N mae 0,55(N/2-
1) HenepepBHUX MOXITHUX, SKi TO3HAYUMO TaK:

d
Wd _ 0wy
v=—"

ox

Iie d — KUTbKICTh TTOX1THUX.

Bzt d moximaux Bim (5) martume Takuit
BUTJISIL:

; (12)

(13)

NX

_ d

= ZCJV’NJ :
Jj=1

PiBusinas (13) anmpokcMMyeMo 3a JOMOMOTOI0
BEHBIIET — QYHKIIH TaKOro X WOPSOKY, IO 1
PO3B'S30K PiBHSHHS MOIIUPEHHS KOIMBaHb TaK:

M
= z éml//Nm >

m=1

&, = Tw;’

(14)
x)dx.

3minHl &,  Ha3MBaEThCA  KoeQili€eHTaMH
3'€eqHaHH], 3a JOIOMOIOK SIKUX  OMNHMCYEThCS
nudepeniiine PIBHSHHS Ha OCHOBI

BeHBIIET — PYHKIIIH.
Bpaxosytoun (14), eeMeHTH MaTPHUIh CUCTEMH
(11) 6ynyTh TaKHMHU:

F :R‘/’Nl )

le’dz = J.l//k

<WNxaf>]T ,

(15)
)dx

e Q]‘jl’}dz
d> — IOXiIH1 BEHBJIET — (PYHKIIIH.

Bupasumo mnoxigHy BelBieT—(QyHKIi Yepes
¢dyHKIi0 MacmTabyBaHHs, 0 € BU3HaueHa B (7),
TaK:

— IBO3MIHHUH KOeQIIIEHT 3'€qHAHHS; d],

(16)

3 BpaxyBanHsM (16) nBo3MiHHHI KoedillieHT
3B'SI3KY 13 BpaxyBaHHSM 3MiHH 3MIHHHX MaTHMe
Takui BurIAn [7]:

Q,‘f‘,}dz = 2d‘+d2_]§§(apaq -2j+ k)x

p=0¢=0

i (17)
d d
x| ¢, (x)¢ (x)dx .
I 9, (x)g, (x)dx
—o0

Bpaxosyrouun, 1(0) BEUBIETH €
OpPTOHOPMOBAHUMHU GyHKIIIME i ix
MaciTadyBaibHi byHkIil € TEX
OPTOHOPMOBAHMMHM, TO TIOYaTKOBUH KOE(IIiEHT

3'eJHaHHA O0YHCIIIOETHCS TaK:

Qoo_J'¢k

l,k=j
O ;= .
0,k+j
PiBusinast (17) 3 ypaxyBanaaMm (18) moxHa
MPEACTaBUTH y MaTpHuHiil hopmi Tak [6]:

)dx 5,w. ,
(18)

1
dydy d -
TA™ =5 d=d +d,,
2N-1 (19)
fh,=2,a,8,,,, L,g=01.,2N-1,
p=0
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Cucrema piBasHb (19) € omHOpimHOM, TOOTO
Mae OuIbllle, HDK OJWH po3B'si30k. [y Toro, 1100
cHCTeMa PIBHSIHBL Majia OJWH PO3B'SI30K, B [6] Oyio
3aMpONOHOBAHO JOJATH PIBHSHHS, 110 BUBEACHE 13
BJIACTUBOCTCH MOMEHTIB BeHBICTIB M:

(20)

Meroa o0uHCIeHHS iHTerpaibHOro BUpasy (20)
0a3yeTbcsi Ha BIIACTHBOCTI  BEHBIET — QYHKIIH
II0JI0 OPTOHOPMOBAHOCTI [7]:

B

ne a; — Koe(illieHTH BeHBIeT QYyHKITIT.
I3 BpaxyBanusm (19) ta (20) cucrema piBHSIHB
(11) maTume Takuii Buf [6]:

(22)

e MY — Bekrop i3 N, -1 eneMeHTamur; i, j — po3Mipu
matpuii T.

Cucrema piBHAHB (22) MOke OyTH 3acTOCOBaHa
JI0 pO3B'sI3KY OyAb-SAKUX qudepeHialbHIX PIBHSIHB
MEPIIOTO MOPSIIKY.

AJITOPUTM PO3B'A3KY

Po3s'smxemo rapMOHIlHE nudepeHItiite
PIBHSHHS, 1110 OMUCYE MOIMIMPEHHS XBHIII [6]:
2 =
@, py—o, [1(0)=0, (23)
o u(1)=1,

e X — MpoHaeHa BiACTaHb, [ — KOHCTAHTa, IO
BIIIIOBIIa€ 3a PO3MOALT KOJMBAaHb IO MUIAXY
MOIIUPEHHS;, ¢ — 3MIIICHHS €IEMEHTapHOr0 00'eMy
MIPY>KHOTO CEPEIOBHUIIIA.

PiBasinas  (23)
ITOTIHOM:

Ma€  XapaKTEepUCTUYHUI

2
K +D=0, k=2, (24)
A
Ie k — XBUIBOBE YHCIIO, A — JTOBXKHUHA XBHIIL.
Kinpkicte noBxkuH N, xBUIb y Biapizky [0, 1]
Oy/e Takoro:

1-0_D
A A
Hdnst  3acrocyBaHHs ~ Merony [ anepkina

JOMHOXKHMO (23) Ha BeiiBier QyHKIiIO @f Ta
MPOIHTErpyeEMO OTPUMAaHE PIBHIHHSA 110 BUOpaHOMY

BiIpI3KY:
1 2
0“u }
0, dx =0

IIpeacraBumMo  HE3aNESKHY
JUCKPETHOMY BHUIJISIL:

0(6) =3 S0 () =),

ne N, — MakcuMajbHa  KUIBKICTH
JMCKpETHU3allii Ha BUOPaHOMY BIIpIi3Ky.

[TincranoBka (27) B (26) yTBOPIOE PIBHSHHS y
TakK 3BaHId cjaaOKii ¢opmi, 110 BiIacTHBa TeOpil
OIIOpy MatepiaiiB JUisi 0O0YMCIICHHS MOBHOI €Heprii
y npyxHoMy cepenosuiii. Came 11e piBHSHHS OyJ10
B OCHOBI imei ['ajmepkiHa HpHU pPO3BUTKY METOIY
MPOEKTYBaHHSI PillleHHS TU(PEPSHIIIHHOTO PIBHSIHHS
Ha CHCTEMY OPTOHOPMOBaHUX (QYHKILiH [6]:

jD(pki 110, (x)dx + |
+J(pk [Zf(pl de:O

B (28) 3nak cymu MOXHA BHHECTH 3a JYKKH.
Toni:

N, = (25)

(26)

3MIHHY # Yy

27

TOYOK

(28)

N 1 1 2

X " a
>, Dj(pk(p,dx+j<pk<p,—2 dx|=0. (29)
I 0 0 ox

B (29) inTerpanu MokHa CHPOCTUTH, BUXOMSTIH
i3 BIACTMBOCTEH BEUBJIET — (PYHKIIIN Tak:

N\'
> f(Ds,, +9)3)=0. (30)
=
Inmexcn [ Ta k 3amOBHIOIOTH elEMEHTaMH
Mmatpuii (11). TIpore, s BpaxyBaHHS TPaHUYHUX
YMOB Ta CTa0lIbHOCTI PO3B's13Ky, B mpaii [0] Oyio
3aMpPONOHOBAHO 30UTBIIUTH KUIbKICTh €JICMCHTIB B
MaTpUISIX, 3alOBHUBIIM iX HYJISIMH. Po3Mip
Mmatpuii A Oyne (N, + 2[N —1]) na (N, + 2[N — 1]).
'panuyHi yMOBM, HAaKJIAJCHI Ha IOIIMPCHHS
MPYXKHUX KONHMBaHb B (23), 3aMiHIOIOTH €lEMEHTH
BIJIIIOB1THO IEPILIOrO 1 OCTAHHBOI'O PSIKA B CUCTEMI
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(11) na Taxi [6]:
iﬁ@ﬁo,@u(o):o, if,&k’,=1,©u(l)=l.(31)

Jis mpoBeneHHsT 00YUCIIeHHs T epeHIIIHHOrO
PIBHSHHS, IO ONKCYE MOUIMPEHHs XBWiIi (23) Ha
OCHOBI 3aIPONOHOBAHOTO METOJY TIPEICTABHMO
aNrOpuTM  PO3B’SA3KH (puc. 1). Anroputm
CKJIAJIAE€THCSI 13 TAKUX JIOTIYHUX KPOKIB:

— BBEJICHHS BEIMYMHH XBHIBOBOTO IMapaMerpy
D nopsinky BeiiBiery JloOemri Ta KiTbKOCTI TOYOK
nMckpernsanii Ny, siKi TMOBUHHI OyTH KpaTHHMH
qHUCIy 2;

— PO3paxyHOK HEOOX1THUX BHYTPIIIHIX
3MIHHHX, IO TIO3HAYAIOTh 1HIEKCH B MaTpHIl A Ta
T, Binnosinuo, B (11) Ta (22);

— CTBOpPEHHSI PO3PI/PKEHOI MaTpuili A, y sKoi
ICHYIOTh TUIBKM JlarOHaNbHI  €IEMEHTH, IO
JIOPiBHIOIOTH XBUJIBOBOMY Tapamerpy D;

— po3paxyHOK KoedirieHTiB 3'emHanHs. [Ipu
OMY 3aCTOCOBYIOTbCS (DIKTHBHI TpaHUI s
nmo0ymoeu Matpuili T;

— TpU TOABIMHMX [WKIM MpPH3HAYCHI JUIS
obuucnenns enemeHTiB Marpumi  A. [lepumii
MOABIMHUN IMKJI  OOYMCIIIOE  €JIEMEHTH, IO

BINOB11al0Th Koe(illieHTaM CHUCTEMH PIBHSHB 03
ypaxyBaHHS TpPaHUYHHUX YMOB, TOOTO B IIHKII
OOYUCITIOETBCS cepeInHa MAaTPUII. 3OBHIIIHIN UK
MPOBOAMTH ITEPAIiIO MO psAAKaX, BHYTPIIHIA — 1O
KOJIOHKax Y HACTYNMHHUX ABOX MOJBIMHUX IMKIAX
OOYUCITIOIOTBCSL  €IEMEHTH BEPXHIX Ta HUKHIX
psaakiB Matpuni A. [lepmmii Ta ocraHHIA pPsITKA
OIUCYIOTh I'PaHUYHI YMOBH.;

— CTBOPIOETBCS  BEKTOP
cucTeMH piBHSHb R, KoxkeH
JOPIBHIOE HYJIIO;

— B HACTYNHUX TPHOX OMEpaIisX 3aJaloThCs
TpaHUYHI YMOBHY;

— mianporpamMa Fb=A-1-R (haxTUIHO
MPOBOANTH OOYMCIIEHHsI pe3yibTaTiB. HacrymHi
oreparii moB'a3aHi i3 BUOKPEMIICHHIM DPE3yJIbTaTy
13 (QIKTHBHHUX IPaHUYHUX YMOB Ta HOTO 3a1mcy.

Pe3zynbratu 00YHNCIICHHS Koe(ilieHTiB
s'enHands  (Tabm. 1) mokazani ans  BHpasy

0,2 . . . .
D6, ,—€Q,>, . I3 30inblueHHSIM piBHS BeiiBieTiB

paBoi  YacCTUHU
€JIIEMEHT SKOr0o

Hobenri  KinbKicTh KOe(illiEHTIB 3pOcTae 3TigHO
Bupazy 2N — 3. KoediumieHTn 3'e¢qHaHHA €
MPAKTUYHO OJHOrO MOPSIKY, IO JTO3BOJISE 3POOUTH
poOOTY ajaropuT™My OUIBII CTAOUILHOK HE3aJICKHO
Bil KUIBKOCTI TOYOK JUCKpeTH3alii 1 piBHA

BEHBJIET — (DYHKIIIH.

OOumcnennss  audepeHmiiHOro  PIBHSIHHS
MOUIMPEHHST TPYXHHUX KOIUBaHb JBOMa DPIBHIMH
BeliBier — Gpyukuin Jlodemi (Tabi. 2), mokasye, 1o
MOYAaTKOBI 3HAYEHHS JEII0 3CYBalOThCS, NpPOTE
KiHIIEBI € opHakoBUMH. Taka  0COOJHBICTH
pe3ynbTaTiB OOYKCICHHS CTaBHTh BHMOTH IIIOJIO
YTOYHEHHSI BIPHUX T'paHUIb TUISHKA (11 JTOBXWHM)
JUISL KOXXHOTO BHOpPaHOTO PIBHSI BEWBIET—(YHKIIT
OKpEMO npu MIOAATTBIIIOMY JOCITIIKEHH]
MOUIMPEHHST yIBTPa3BYKOBUX XBWJIb B PEATbHUX
00'eKTax.

Jus  Outbln  IMOOKOr0 pPO3YMIiHHS pOOOTH
QITOPUTMY MPEACTABICHO PO3MOILT  €JIeMEHTIB
MaTpuii A Tepex  TOYaTKOM  IiAIpOrpaMu
OOuHuCIIeHHS pe3ynbTatiB (puc. 2). Marpuus mae
CTPOro JiaroHanbHy CTPYKTypy. [Ipm 30inbleHHi
piBHS BelBJeT — QYHKIIH CTPyKTypa MaTpuii A
Oyze yCKJIaJHIOBATHUCH.

Pesynbratn  oOuucieHHss — audepeHiiHoro
PIBHSHHS TONIMPEHHS YJIBTPa3BYKOBOI XBHII JUIS
BUIIOr0 piBHA BeiBier—¢Qynkuii Jobemi (puc. 3)
MMOKa3ylTh, 1110 TaAPMOHIiHE 30yIKEHHS Ma€e Miciie
B JIPYTiii TIOJIOBHHI JUISHKH JOCIIKCHHSL.

Tab6auusa 1 — Pe3yabTatu po3paxyHky
koediunieHTiB 3'erHaHHA Q 1151 Pi3HUX
nopsinkamu N BeiiBiaetiB [{o0emnri

N=6 N=38 N=10
-0,0154 -0,0224 -0,0284
-0,0115 -0,0187 -0,0249
-0,0077 -0,0150 -0,0213
-0,0038 -0,0112 -0,0178
0,0000 -0,0075 -0,0142
0,0038 -0,0037 -0,0107
0,0077 0,0000 -0,0071
0,0115 0,0037 -0,0036
0,0154 0,0075 0,0000
0,0112 0,0036

0,0150 0,0071

0,0187 0,0107

0,0224 0,0142

0,0178

0,0213

0,0249

0,0284
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Taoauus 2 — Pe3yJbTaT po3paxyHKy BeKTOpa
F nBoma nopsitkamu N BeiiBJjiertiB Jlo0emri

Touxu N=6 N=8
OC1 X

0,00 -3,63E-30 1,09E-20
0,06 -1,03E-14 9,95E-10
0,13 -2,86E-14 2,35E-09
0,19 -5,03E-14 3,77E-09
0,25 2,39E-10 -1,62E-05
0,31 7,17E-10 -4,05E-05
0,38 1,28E-09 -6,61E-05
0,44 1,72E-09 -8,76E-05
0,50 -1,38E-05 -1,01E-04
0,56 -3,11E-05 -1,02E-04
0,63 -4,41E-05 6,43E-01
0,69 -4,73E-05 1,07E+00
0,75 8,00E-01 1,30E+00
0,81 1,20E+00 1,36E+00
0,88 1,25E+00 1,25E+00
0,94 1,00E+00 1,00E+00

i 15

=

=3

=

E 1

%

T

T 05

]

2

= i

=

0 02 04 06 08
MpWBeieHa BIACTAHR, X

Pucynoxk 3 — Po3B'A30K piBHSIHHS MOIIMPEHHA
XBUJIi AJ19 BeiiBiaera Jooemi V=10

BUCHOBKUA
B pobGoti mpoBeneHO pPO3POOJICHHS METOIY
oOuucneHHs  JUQEpPEeHIIHHUX  pIBHSAHB, IO

OIUCYIOTh TONIMPEHHS YJITPa3BYKOBOI XBHJII B
MPY)KHOMY cepefioBHILll MeTozoM [anmepkiHa Ha
OCHOBI TIPOCKIIHHOTO METOMy 3 BHUKOPUCTAHHSM
BeiiBiieT — (QyHKIiH. B pe3ymprari BCTaHOBIEHO,
0 po3poOJIEHUI METoJ]] MOXKEe NPOBOJMTH aHali3
napaMeTpiB MOUIMPEHHS YIbTPa3BYKOBOi XBHJII Ha
ocHOBI BetiBnerie Jlobemi piBas 6, 8 Tta 10.

30unbieHHss piBHS BeiBieriB  JloOemi BuMarae
30LIBIIEHHS  KUIBKOCTI  TOYOK  JUCKpETH3allii
aHali30BaHOr0  ILIAXY, 10 30UIbIIye  bac
OOYUCIIEHHS Ta BUMOTH JI0 PECypCiB KOMIT'OTEpa,
NpH [BOMY TOYHICTH pE3yNbTaTiB 3pOCTacE He
3Ha4YHO. MeTon J03BOJISIE TIPOBOAWTH  aHali3
MOIIMPEHHS  XBWJII Ha  Oynmb-sKid  BimcTai.
Pe3zynbratu PO3paxyHKiB nudepeHiitHoro
PIBHSHHS MOXYTh MTOPIBHIOBATHCH 13 pe3yJIbTaTaMH
KOHTPOJIO, IO JIO3BOJHUTH AHANI3YBaTH HASBHICTbH
nedeKTiB Ta 3MIHYy MEXaHIYHUX BJIACTHBOCTEH
CepeloBHIIA MMOMUPEHHS YIBTPa3BYKOBOI XBHIIL.
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