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Pobomy npucesueno nepcnexmugi 3acmocysanis 2apMOHIYHO20 AHATIZY HA OCHOGI KOCUHYCHO20 CNEKmMpailb-
HO20 nepemsopers Qyp’e Ons diacHOCMYSAHHS MEXHOA0SIYHUX 00 €EKMIE y HAPMO2A306il NPOMUCTIOBOCTII.

3o6invuenns enubunu 6yPIHHI C6ePONOBUH, 2E0N02IUHI YMOBU CYUACHO20 OYPIHHS HA HAGMY ma 2a3 OUKmyomo
HeobXIOHICmb NOCMIUH020 YOOCKOHANIEHHs. He Jiulle MexXHoN02ll OypinHa ma Haghmoeaz08020 00IAOHAHHA, ale U
nonepeoicer s asapiiHux Cumyayii ma yOOCKOHANEHHs. Memooié OlaeHOCMY6AHHsL GY3li8, MEXAHI3MI6, acpecamie
mowgo. OOHUM 3 MAKUX NAPamempis, ki nompeoyloms CReKMpaibHO20 AHANi3y y npoyeci OypinHs € siopayii 6ypo-
6020 IHCMPYMEHmA.

CnexmpanbHutli anaiiz maxkodlc WMUpoKo GUKOPUCIOBYIOMb i OIAeHOCHLY8ANHS SIUOUHHUX HACOCI8, NIOWUN-
HUKI@ KOMNPECOPHUX acpe2amie NOMYNCHUX eleKMPOnpusooié ma seHmuiimopie ma inue. Icnyouy ingpopmayitiny
MEXHONO02II0 CREKMPATbHO20 AHANIZY XAPAKMEPUCMUK NPOMUCIOBUX 00 €Kmig Hatluacmiuie peanizo8ano Ha OCHOBI
8i00M020 nepemeopents Pyp’e 6 kKomnaeKcuil obracmi ma weuoxKo2o nepemeopenns Qyp’e na ocnoei cneynpoye-
copis. Buxonanuil ananiz cucmemHux Xapakxmepucmux 6i00Mux npoepamuo anapamuux 3aco6ie 00uUcients cnex-
mpig cei0UUMb NPo NEGHY CKAAOHICMb Ma 0OMeNCeHT YYHKYIOHATbHI MONCTUBOCIL:

1. Heobxiono suxonysamu onepayii Ha0 KOMNIEKCHUMU YUCTAMU

2. Obmedicene YUCIO KAHANIG BUXIOHUX OAHUX OMPUMAHOZ0 CHEKNDPY.

B pobomi npononyemuvcs 3acmocysanis KOCUHYCHO20 nepemeopents Dyp’e, sike Modce Oymu 6UKOHAHe HAO
OTUCHUMY YITUMU YUCTAMU WUTISAXOM NOCTIO08HO20 0OYUCTIEHHS A8MOKOPETAYIUHOL Ma 6 63AEMOKOPeNYIUHOL DYHK-
Yitl, Wo 00380UMb Peanizy6amu Cneynpoyecopu 3 MeHULo anapamHoio CKIAOHICMIO ma nio8UeHoI0 WeUOKOo-
diero.

Kitro4oBi crioBa: miarHocTyBaHHs, HaTOBE 00JIaHAHHS, CIICKTPaJIbHI Kopensiii, aHaii3z dyp’e.

Paboma noceswena nepcnexmuee npumeHeHus 2apMOHUYECKO20 AHANU3A HA OCHOBE KOCUHYCHO20 CNEK-
mpanbHo2o npeodpazosanusi Pypve 051 OUAZHOCIIUKY MEXHON0UYECKUX 00beKmMO8 Hedhme2a3060tl NPOMbIULIECH-
Hocmu .

Veenuuenue anybunvt 6ypenust ckeajicu, 2eonio2uyeckue YCiosus COBPEMEeHH020 OypeHust Ha Hemb U 2a3
OUKMYIOm HeoOX0OUMOCHb NOCMOSIHHO20 COBEPULEHCIMBOBANUSL He MOIbKO MeXHOoNo2UU OYypeHust U Hehme2az08020
060pydosanusl, HO U NpedynpedicoeHe asapuiiHblX CUMYayuil U YCOBEPUIEHCMBOBAHUE MEMOO08 OUASHOCMUKU V3~
7108, MEXAHU3MO8, azpe2amos u m.o. OOHUM U3 MAKUX NAPAMEmMPOs, KOMopble mpedYIon CHeKMpAIbHO20 AHAIU3A 8
npoyecce 6ypenusi A6ISOMcsL subpayuu 6ypo8o2o UHCMPYMeHmA.

CnexmpanbHbllli aHAIU3 MAKdHCe WUPOKO UCNOTb3YIOM Oisi OUASHOCIUKY 2TIYOUHHBIX HACOCO8, NOOUUNHUKOG
KOMNPECCOPHBIX A2pe2amos MOWHDbIX IeKMPONpU8000s u 6enmuiamopos u npouee. Cywecmsyiowdas un@opmayu-
OHHASL MEXHON02UL CHEKMPATLHO20 AHAU3A XAPAKMEPUCTUK NPOMBIULEHHBIX 00beKMO08 3a4aAChyl0 pedalu308aHO
Ha OCHO8e U38eCmHO20 npeodpazoeanus Pypve 6 KOMNIEKCHOU obnacmu u bvicmpozo npeobpasosanus Pypve Ha
OCHOBe Cneynpoyeccopos.

Bvinonnenus ananuza cucmemmvix Xapakmepucmuk U38eCHHbIX NPOSPAMMHO ANNAPAMHBIX CPEOCME BbIYUCTe-
HUSL CNeKmMpOo8, NOKA3bIBAEN UX ONPeOeNeHHYIO CLOJICHOCMb U 0ZPAHUYEHHbIE QYHKYUOHATIbHBIE BO3MONCHOCTIU:

1 . Heobx00umo vinoanames onepayuu Hao KOMIIEKCHbIMU YUCTAMU

2 . Ozpanuyennoe 4ucio KaHai08 UCXOOHbIX OAHHbIX HOIYYEHHO20 CeKmpda.

B pabome npeonazaemcs npumenenue Kocunycno2o npeodpasosanus Pypve Komopoe modicem Obimb GbINOI-
HEeHO HAO OeliCEUMEeNbHbIMU YETbIMU YUCTAMU NYmeM NOCIe008AMENbHO20 8bIYUCICHUS ABMOKOPPEIAYUOHHOU U 8
630AeMOKOPPETAYUOHHOU  YHKYULL, YIMO NO36OUM PEANU308aMb CREYNPOYECcopd ¢ MeHblel annapamHol Cloic-
HOCHIbIO U NOBBIUEHHBIM ObICMPOOeticCmEuem .

KiroueBble ciioBa: quarHoctupoBanue, HeTsIHOE 000pY/IOBaHUE, CIIEKTPAIbHBIE KOppelsiiuy, ananu3 Oypbe.

The work is focused on the application for harmonic analyses based on cosine transform spectral for Fourier
diagnosing process facilities in the oil and gas industry.

Increasing the drilling depth of a well, geological conditions of modern oil and gas drilling dictate the need to
improve not only drilling technology and equipment, but also to prevent accidents and improve methods for diag-
nosing components, mechanisms, assemblies. One of the parameters that requires spectral analysis in the process of
drilling is drilling tool vibration.
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Spectral analysis is widely used to diagnose deep pumps, bearings, compressor units, powerful motors and
fans. Existing information technology of the spectrum analysis of industrial facilities characteristics is often imple-
mented on the base of the Fourier transform in the complex domain and the FFT on the base of special processors.
The analysis of system characteristics, known hardware and software computing spectrum shows some complexity

and limited functionality:

1. Necessary to perform operations on complex numbers

2. Limited number of output channels in obtained spectrum.

The paper proposes the usage of cosine Fourier transform that can be performed on valid whole numbers suc-
cessively computing autocorrelation and mutual correlation functions that will implement special processors with

less hardware complexity and higher speed.

Key words: diagnosis, petroleum equipment, spectral correlation, Fourier analysis.

Beryn

Teopito CrEeKTpalbHOTO aHATI3y BHKIJIAJCHO Y
dbynaamentanbaux poborax, H. Binepa-Xinuuna,
A. M. KonmoropoBa, B.K. 3anmipaku, Ta iHImmx
BUCHMX. Y TOM K€ yac peajisallisi MporpaMHo ara-
paTHHX 3aCO0IB CIIEKTPaIbHOIO aHAIII3Y JaneKa Bij
JIOCKOHAJIOCTI 1 HE TIOBHOIO MIPOIO BiJIIIOBINA€E Cy-
YaCHUM BHUMOTaM, JOCATHCHHS HI/I3I)K0'1' arapaTHoOi
Ta 4acoBoi cknanHocti. e nmos’s3ano, y nepury
4epry, 3 BENMKOIO OOGUHMCIIOBAILHOIO CKIIAIHICTIO,
peai3alli€lo aIrOPUTMIB CIEKTPAIBHOIO aHalizy
HAa OCHOBI BiJOMOr'0 KOMIUIEKCHOTO TIEPETBOPCHHS
@yp’e Ta MBUAKUX TIepeTBopeHb Dyp’e.

BukopucTaHHS KOCHHYCHOT'O TIEPETBOPCHHS
®yp’e B MpakTHIli CTBOPEHHS 3aCO0IB CIIEKTPab-
HOr0 aHali3zy HaOyJI0 HabaraTo MEHIIOIO IOIIH-
pEeHHsI y 3B’A3Ky 3 HEOOXiTHICTIO IOCITIIOBHOTO
OOYUCIICHHS aBTOKOPEISIIMHOT Ta B3a€EMOKOPEIIs-
uiliHoi (yHKUIH, mo motpedye LEHTPYBaHHS Ta
HOPMYBaHHsI BXIJIHUX CUTHAJIB, a TAKOK BUKOHAH-
HS MHOXKCHHS Ta CyMyBaHHS JIOOYTKIB 4YHCENl 3
pisanmu 3Hakamu. IIpu npomy icHyroumuit 10CBin
100y10BH [IBHAKOAIIOYMX IPOLECOPIB Ta Cydac-
HOI MIKPOENEKTPOHHOI eNeMeHTHOI 6a3u 06ymOB-
JIIOE aKTyallbHICTh CTBOPEHHSI MPOIECOPiB KOCHHY-

CHOro mneperBopeHHs Dyp’e I CIEKTPAIbHOIO
aHajisy Ta JiarHOCTYBAaHHs Ha HOrO OCHOBI CKiaj-
HUX 00’€KTIB B Ha()TOra30Biil MPOMHUCIOBOCTI.

AHani3 nyo6aikauiii i okpecjieHHsI HAYKOBOI
sapavi. CyuacHi MeToau Ta iHGOpPMAUINHI TeXHO-
JoTii JiarHOCTYBaHHS TEXHOJOTIYHUX 00 €KTIB Y
Ha(h)TOrasoBiii NpOMUCIOBOCTI, BukianeHi B [1, 2],
OXOILTIOIOTH KIIACH CTAlliOHAPHUX MPOLECIB i HE
MOXYTh OYTH aJanToBaHi JO KBa3icTallilOHAPHHUX
00’€KTIB, HANpHKIAA, OYpOBUX YCTaHOBOK, pe3ep-
ByapHHUX MapkKiB, HaTorazonpoBoaiB tomo. [Ipu-
KJIaJIOM YCIHIIIHOTO 3aCTOCYBAHHS CIIEKTPaIbHOTO
aHaI3y JJIs JIarHOCTYBaHHS TJIMOMHHUX HAcOCIB
BHKJIaJicHO y pobortax JI. M. 3amixoBchkoro ta B.
IT Kansgina [2].

[Ipomec OypiHHS  XapaKTepU3YETbCs KBa3i-
CTalliOHAPHUMH BJIACTHBOCTSIMH, SIKI MOJSTAIOTH Y
TOMY, IO MPH 3MiHI peKHUMIB OypiHHS abo Biac-
THUBOCTEH MOPiJI, 10 PO30YPIOIOTHCS CTPUOKOITO -
OHO, 3MIHIOIOTBCS CTaTHCTHYHI XapaKTEPUCTHKH
KOHTPOJIbOBAHHUX IPOIIECIB HABAHTAXKECHHS Ha JIO-
JIOTO Ta IPOXOAKH (pHC. 1.)

Taxi BracTuBocTi npouecy GypinHs nepenba-
YaroTh ONEpaTHBHI omneparii 004HCIeHHS! aBTOKO-

Q— HAaBaHTAaXXCHHA Ha J0TI0TO
TOH
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Pucynoxk 1 — YacoBa aiarpama KBa3icTaniioHapHoI XapaKTepMCTHKH Npouecy OypiHHs
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penAiiiHol  (GyHKIIIT KOB3HOTO MaTEMaTHYHOIO
crofiBaHHsa Mx Ta mucnepcii [IX, a Takox o04uc-
JICHHsI Y peaJlbHOMY 4Yaci aBTOKopensaiiiiHol Rxx Ta
CHEeKTpalbHOI XapakTepucTuku S(w). Tomy 3anaga
MoOYZOBH BHCOKONPOJIYKTUBHUX CIIEKTPaIbHHUX
aHaJi3aTOPIB € aKTyaJIbHUMH.

Meroau pimeHHsT MPoOIeMH JTiarHOCTYBaHHS
CKJIIQJHHUX TEXHOJIOTIYHMUX 00’€KTIB Ha OCHOBI JIO-
TKO-CTaTHCTUYHUX KOPEINSIIMHUX Ta KIACTEPHUX
MoJieTiel, SKi rependavyaroTh TONepenHeE CTaThc-
THYHE Ta CIEKTpalibHEe OMNpAIIOBAaHHS CHTHAJIB
BHKJIa/ieH] B pobotax [4]. B [5] po3pobieni mero-
I¥ TI00YIOBH 1HTENEKTYAIbHUX CUCTEM J1arHOCTY-
BaHHS KOMIIOHEHTIB KOMII IOTEPHUX CHCTEM, SIKi
HEJIOCTATHBO MOBHO BiOOPakaroTh MOIENI CKIa-
HUX OaraTonapamMeTpuuHuX 00’€KTIB, sKi € JuKepe-

namu iHpOpMAaIIil U JIarHOCTUYHHUX CUCTEM.

Takum YMHOM aHalli3 CUCTEMHHX XapaKTepu-
CTHK BIJOMHUX METOJIB OOYHUCIICHHS CIIEKTPIB Ta ix
3aCTOCYBaHHS CBIIYHMTH MPO MEBHY CKIIAJHICTH Ta
00OMEKEHHI (PYHKIIIOHATBHI MOYKJIHBOCTI.

[Ipu poMy y mepmioMy BHUTIIQJIKYy HEOOXIIHO
BHUKOHYBAaTH oOmepallii HaJi KOMIUIEKCHUMH YHCIIa-
Mu[6].

A y apyromy 1me 0oOMEKEHE YHCIO KaHAaJiB
BHXIJIHUX JJAHUX OTPUMAHOro criexktpy [7, 8].

Taxuit knac 3aga4 Moxe OyTH YCHIIIHO BHpi-
LIEHNH 3aCTOCYBAHHIM KOCHHYCHOTO IIEPETBOPEH-
Hs1 Oyp’e Ta po3pOOKOK BiMOBIHUX LIBHJIKOJI-
I0YHMX MPOIIECOPIB ONPAIIOBAHHS CUTHANIB, IO €
AKTYaJIbHOIO HAYKOBOIO MPUKJIATHOIO 32/1a4€KO0.

Mera podoru. Meror naHOi poOOTH € Po3-
poOKa TEOPETUYHHMX 3acaj] METOJIB Ta aJITOPUTMIB
JMCKPETHOI'0 KOCHHYCHOTO TeperBopeHHs Dyp’e
HA OCHOBI aHANITUKU Ta ACHMITOTHKH Pi3HUX aB-
TOKOPENALIMHUX Ta B3aEMOKODPEISMIHHUX (YyHK-
L.

3acrocyBaHHSI KOPENSIIHUX Ta CHEKTpallb-
HUX Mozenel mxepen iHdopmamii (), siki inTer-
palbHO XapaKTEepU3YIOTh CTaHM 00 €KTIB YIpPaB-
niaag (OY) 3 ypaxyBaHHsIM WMOBIPHOCTI Iepexo-
)Z[iB CTaHIB 3 OJHOrO B IHIIMH, € MEPCIEKTUBHUM
IHCTPYMEHTOM ~ BIIOCKOHAJIEHHSI ~ TEXHOJOTIYHHUX
Hpouecns piarnocryBanns ckinanaux OY nadrora-
30BOi IPOMHUCIIOBOCTI.

BukJiag 0CHOBHOTO MaTepiajy

Bynb-sika GyHKUis BU3HAYEHA HA CKIHYEHHO-
My iHTepBaJli i 3a10BoNbHsAE yMoBaM Jlipixie:

1. OyHKUis Mae CKIHYECHHY KUIBKICTb TOYOK
pO3pMBY MEPIIOTO POy i CKIHYEHHY KIIbKICTh
EKCTPEMYMIB.

2. IcHye cKiHUEHHA TpaHUIS 3HAYeHb (QYHKIIT
Ha 11 JTIBOMY Ta MPaBOMY KIHIISX

3. Icuye BiamoBigHMM TUCKpeTHH psg Dyp’e,
SIKUI OMUCYETHCS BUPA30OM:

f(x) :a—2”+ Z(an cosw,x + b, sin m,x), (1)

n=1

1
ne a, =7J.f(x) cos w,xdx, b, =— J(x) sin @, xdx -
-1
koedimientu psagy Dyp’e ;

T72)
174 )

@, =—— —4acToTa n1-0l TApMOHIKH.
1

ToMy JoCHiKEHHSI Ta PO3BHTOK METOJIIB
CIEKTPAJIBHOIO aHali3y Ha OCHOBI KOCHHYCHOTO
neperBopeHHsi Oyp’e € comiaabHO HAYKOBOIO 3a-
naqero.

Hespaxkaioun Ha mWMPOKy cdepy Ta ycmimHe
3aCTOCYBaHHS CIEKTPAILHOIO aHANi3y NpU BHPI-
HICHH] PI3HUX TEOPETUYHUX Ta MPUKIAJIHUX 3a]a4,
B OCHOBY Horo 6a30Boi Teopii MOKIa/IeHO CIEKT-
pansHe nieperBopenns Dyp’e.

3nauHi QyHKIIOHATBHI OOMEKEHHS 00YUCITIO-
BaJIbHUX IpolieciB neperBopeHHs @yp’e ta cnabka
30DKHICTh psiniB Dyp’e MPU3BENN A0 PO3BUTKY Ta
VCIIIIHOTO 3aCTOCYBAHHS IHIIMX TEOPETHUKO-YHC-
noBux OaszuciB (TUB) ans oOuucieHHS CHEKTpiB
curtaiis. [lpu upomMy s BAOCKOHAIEHHS Xapax-
TEPUCTUK CIICUIPOLECOPIB HEOOXINHO PO3B’si3aTH
3a/la4y CyMICHOrO 3aCTOCYBaHHs Teopii Kopeis-
nitanx QyHKid Ta OazucHMX (QyHKIIA pi3HUX
TYB nuiaxom amanraiii OasucHuUX (yHKIIH 10
ACHMITTOTHKH KOPENSAIIMHNX (YHKIIH OCITIIKY-
BaHUX CHUTHAJIIB.

Cucmemu opmozoHanvHUX @yHKyit ma
meopemuKo-4ucnosi dazucu

Hai6inpim mupoko 3acrocosyBanumu TUB B
cydacHii KC € HacTymHi OpTOTrOHanbHI OasucH:
Panemaxepa, Xaapa, Kpecrencona.

3okpema, Oa3ucaMu TSI BUKOHAHHS JHCKPET-
HUX OPTOTOHAIBHHUX TEPETBOPEHb 1 JUCKPETHOTO
MOJJAHHS OJIHOBUMIPHOTO 1H()OPMAIIHHOTO MOTOKY
31 CKIHUEHHOIO €HEpri€r0, BU3HAYCHOT'O B IPOCTOPI
L,[a,b] Ha ocHoBHOMY iHTepBani T=[a,b], € moBHi
OpPTOHOPMOBaHi cucteMu QyHKIT (Tad. 1).

Huckperne neperpoperns Oyp'e (JAI1D) e Oa-
30BHM aJTOPUTMOM IIUPPOBOT 00pOOKH CHTHAIIIB y
4acTOTHIH 00iacTi. 3aBAsSKH HasSBHOCTI e()eKTHB-
HUX ITOPUTMIB HOr0 OOYMCIIEHHS — alNTOPUTMIB
mBUAKoro nepersopenus Pyp'e (ILIID) — 1D
HNIHPOKO BUKOPHCTOBYETHCS Uisi Hiied mudpoBoi
¢inpTpallii Ta CIeKTpaIbHO-KOPEISIMiHHOr0 aHaTi-
3y CHTHAJIB.

Jnst curHany, 3a1aHoro Y BUTIISIL JIUCKPETHOL
MOCHiIOBHOCTI S(n) , psiMe # oO0epHEHE TUCKpET-
He nepersopenns Oyp'e (AIID) mae Burnan[5]:

n—1
S(k) = Zs(n)exp[— j%}k =0,N-1, (2)

n=0

n—l1
S(n)= %ZS(k)exp[ Ak },n =0,N-1, (3)
k=0

ne k—HoMep rapMOHiKH i3 4acToTOMO f) ,
— o0csT BUOIpKH.

S(k), BU3HAUYCHMI SK KOMIUIEKCHUU CIEKTP
CUTHAITy, MOXXHA TIPEJCTaBUTH

S(k) = A(k)— jB(k) = C(k)e /™, (4)
ne amruritynHo-dactotHa (AUX) 1 ¢azo-dyacToTHa

xapakrepuctuka (OUX) curnany BIINOBITHO BU-
3HAYaIOThCSL:

Ck) = A2 (k) + B2 (k); (5)

o(k) = arctg AEk; +2mm . 6)
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Tab6auus 1 — OpronopmoBani cuctemu QyHKmii

TUb
Panemaxepa
Ctpykrypa QyHKITIH [Topomxkyroua KogoBa MaTPHUIIS
Rad(0,6) Rad(0,6) — 0 0 0 0 0 0 0 0
Rad(1.6) | Raaﬂ,z) > 00001111
Rad(2, 00110011
Rad(2,0) l I ‘ ad20) =
’ I L | Rad(36) - 0 1 0 1 0 1 0 I
Rad(3,6) D S TS t— T — s > 01234567
AHaTITHIHA] L
BHPA3 (yHKIi Rad(n,0) = Dyf(n,0,0) = sign(sin(2" #0))
T4Yb
Xaapa
Har@0,0,0)
Har(1,6,0) }
Har(2,6,1) Il 0 0 0 0 0 1
Har(2,0,2) ' e — 00 0 0 ... I 0
Har(3,0,1) i 0 I 0 0 0 0
Har(3,6,2) ——F—] 1 0 0 0 0 0
Har(3,6,3) 1
Har(3,0,4) f
n-1 11
- +
)22 sign(sin2" z0), <0<,
AHaniTHqHHﬁ Har(n,0, j)= g ) ol
BUpa3 QPyHKIIIHA
pas (yniu 0 npu inwux 0 €[0,1),
ne n=0,,.,log, N; j=0,1,..2""~1;(j=0mpu n=0), 0<O<1.
T4Yb
KpecTencona
Cr(Q,G)N cr(2,6) o 1 0 1 0 1
e —— [—— |eGe) o 12 01 2
cr(4,6) o 1 2 3 0 1
Grig == —— (o) 0 1 2 3 4 0
Cr (‘;,e) (\ﬁx’%’\l
Cr ((S’G)RWI\I s 0 1 2 3 4

OO6umncienns meperBopeHb Dyp'e BHMarae
Jly’e BETHKOr0 YHC/Ia MHOXeHb (puommsno N°) i
obuucienb cuHycCiB. ICHye crmocid BHKOHATH IIi
MEPETBOPEHHS 3HAYHO INBHIMIE: TPUOIH3HO 32
N -log, N onepauiit MmHOXeHHs. Lleit croci6 Ha-

3UBAETHLCS MBUIKAM TIepeTBOpeHHIM Dyp'e [5].
AnroputM HII® — 1e croci6 mBUIKOro 00-

N-1 '

yucnenns JII® X(jk)= Zx(n)e”(z’rw)k" , 10

n=0
J03BOJIIE yCyHyTH mpuraManHy JII® HamMmip-
HICTb. BOHM IpYHTYIOTbCS Ha BIACTHUBOCTSAX KOM-

00po0roBaHol peatizailii curuany N (4uciy To-
yok III®). BiagnmoBiaHo 10 OCTaHHBOI BIACTHBOC-

Ti ekcrmomenti WU = ,(}"/p BiIIOBiIae  mepi-

on N/p, ne p — uini yncia, Ha ki quatbest N. Bu-
KOPUCTaHHSI JIaHMX BIIACTHBOCTEH B alTOpUTMax
[II® Bukiatoyae BEIUKE YHUCIO IOBTOPIOBAHUX
npu obuncnenni AN onepaum MHOXKEHHS.

Y Teopii rapMOHIHOr0 aHali3y BUIIaIKOBHX
MPOIIECiB BU3HAUCHO, 110 KOpelnsiiiHa (QyHKIis i
CIIEKTpaJIbHA minLHiCTb CTAaHOBJIATH IMapy Iepe-
tBOperb Dyp'e, BimOMy Tix Ha3BOIO TeEOpeMH
Binepa-Xinunna: [nudpoBa o00poOka cuUTHATIB

. —7(2 N .
mekcHoi excronentn e 7% g spyamocri  2-Ta yactumal. .
nosHauaoTE W (W = e 1Tk g epver- ' Teopema Binepa-XiH4nHa, BU3HAYa€ B3a€EMO-
o o s ) ~ 3B'I30K YaCTOTHOTO CIEKTPa MOTYKHOCTI BHIIaJI-
pii Wy =Wy =(Wy') 1 MeplOAMYHOCTI  kooro mpouecy G(w) 3 (QyHKI€I0 aBTOKOpens-
w NN _pkn 5 nepiomom, piBauM goxkmmi  uii G(A7) uporo mpouecy, e IpPH THMYACOBIi
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Hayka — BHpPOGHHLITBY

4acToTi w mporecy Af Mae CEHC JeIKOl 4aCOBOIro
3aTpUMyBaHHSI.

®opmyny Binepa-XiHunHa MOXHA TaKOXK BH-
pa3uTH uepe3 KocuHyc-neperBopeHHs Dyp'e. Jler-
KO TIOKa3aT, MO KoBapialiiiHa (QYHKIS 1 CIeKT-
pajnbHa IMUIBHICT CUMETpuuHi, R, (7)=R, (-7)
Ta Ry (s) =Ry (—s). BuxopucroBytoun dopmymry
Eiinepa, oTpuMyrOTh:

Ry (s)= T Rx(t) cos wrdt = 2T R (t)cos wtdt, (7)

—00 0

Ry(r)= % JRx(co) cos wtdw =

8
. (8)
=—JRX(w)coswrdw .
T
0
Y 3araipHOMy BHIAJKy CICKTP CHTHally Ha
OCHOBI HOPMOBAHOI aBTOKOPEJAIIHHOI (YHKIIIT
BHU3HAYAETHCS 32 JIOTIOMOTOI0 BUPa3sy:

& i
Sw:;szx(j)'wj'e ja (9)
=

ne  w; — HUQPOBI BIUIIKKM 0a3uCHUX (PYHKIIIH

J

pisaux TUB; o — koedimieHT 3aTyxaHHS AHCIIEp-
cii KopensniiHNX QYHKIIIH;

)

Pxx (]) = )g—x

HifHa (YHKIIIS JOCHTIHKYBaHOTO MPOIIECY;

1 n o o
Rxx(j)z ;in “Xitj
x=1

— HOpMOBaHa aBTOKOpPCIA-

— (yHKIis aBTOKOpe-

JISILIT,
Xi =Xx; —M . — IIeHTpOBaHi 3HAUeHHs CTaHIB
it (xi);
1 n
= —le- — BuUOIpKOBE MaTeMaTH4HE
. n o
CITOIIBaHHS,

n

D, =lZ( ; —Mx)2 — JMcTIepCisl.

iz ‘

3a jgomoMororo Barosoi Qymkuii e *” miksi-
IyeThesl epeKT TOSBH «BiJl’€MHHX» TapMOHIK Pi3-
Hux TUDB B cnekrpax. IIpuyoMy umciio TO4OK m
HOPMOBAHOI aBTOKopessuiiinoi QyHkuii p,., ( j),
BUOHMPAETHCS 3TiIHO YMOBH IHTEpBaly KOPEJIIii,
npu j =2 m, (jMS0.0l.

PosrisiHeMo aHamiTH4YHI BUpa3d KOPEINSIii-
HUX (QYHKIIH, 10 BUKOPUCTOBYIOThCA ISl peali-
3arii crenmnpomecopis (Tadauis 2).

3 Tabi1. 2 BUIHO, 1[0 HAMMEHIIIOK aJroOpUTMi-
YHOIO CKJIAJHICTIO XapaKTepH3yloThCss (QyHKUI
ekBiBaJIeHTHOCTI Fy (j) Ta Fyy(j), B Akux Oa3ucHa
oreparisi 3rOPTKH BHUKOHYETHCS IUIIXOM IOpiB-
HAHHS| MOJLY/IbHUX 3HAYEHb Xi,. .., Xisj Td CYMyBaHHs]
MEHIIUX 3 HUX, IO BH3HAYAE B3a€MOI[1IO Kopersi-
uilinux npuiimauis (Cyy, Gyy, Fyy), sKi peanizosani
y BHIJIAI crienmporiecopiB B yHiTapHomy TUB.

T76.)
176 )

Ta6auus 2 — AHaniTuyHi BUpazu
KopeasuiiiHuX pyHKuin

Kopernsiitna dyskmis

3HaKOBa
ABTOKOpeIsIiiiHa QyHKIIis

1 n o o
H o (j) =~ 2 sign(xi) x sign(xi+; )
=
B3aeM0Kopens[ui171Ha byHKIiS

H, ()= Zszgnm) < sign(y,. )
=

peneiina
ABTOKOpeIsIiiiHa QyHKIIis

1 n o o
By (j)=— 2 xixsign(xis;)
n iz
B3aeM0Kopens[ui171Ha byHKIis

By ()= szXSlgn(yH,)
i=l1

KOBapiailiiiHa
ABTOKOpeIsIiiiHa q)yHKui;I

K. ())=— Zx XX,

i=1
B33€MOK0peJI$[HH/IHa byHKITiS

L 1<
K, () =;in XVij
i=1

Kopernsiitaa
ABTOKOpeIsIiiiHa QyHKIIis
1 n o o
Ry () == Xixxisj
=
B3aeM0Kopens[ui171Ha byHKIiS

o o

ny(])_ lexyl+]
i=1

HopmoBana kopensitiiina
ABTOKOpeIALiiHa QyHKIIS
Rxx (j)
D

X

P ()=

Bzaemokopernsiiiina GpyHKIIis
Ry, ()

D, ><Dy

Py ()=

CTPYKTYpHA
ABTOKOpeInsIiiiHa QyHKIIis

N
Cor () == (x; —x

=
Bzaemokopernsiiiina GpyHKIIis

Co(N="3(,
n
i=1

i+j)

2
- yi+j)
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Hayka — BHpPOGHHLITBY

IIponoB:keHHs: TadaMIi

MOJTYJTbHA
ABTOKOpeIsIiiiHa q)yHKui;I

Gxx(])_ Z|X l+]

7
B33€MOK0peJI$[HH/IHa q)yHKum
N
Gy, (J) =_Z|xi Vi) |
=
CKBIBAJIEHTHOCTI
ABTOKOpeInsIiiiHa QyHKIIis
N
Fxx(]) :—ZZXX
8 niz

Bzaemokopernsiiiina GpyHKIIis

R
ny(]):;Zny
i=1

o

sign(x;), sign(yiﬂ.) — 3HAKUA LIEHTPOBAHUX

3HAYCHb;
M, M, - MaTeMaTU4HI CIIOIIBaHHS,;
D,,D, — JUCIIePCii;
Zy,Z,, — CICMCHTH KOPCILINHOI eKBiBa-
JICHTHOCTI.

Martpumo 6a3ucHuX (QYHKIIH JUIsi po3paxy-
BaHHS cnekTpiB B pisHux TUB ®yp’e HaBeneHo y
Tabmuui 3.

Tabauusa 3 — bazucHi pynkuii
AJ1s1 po3paxyBaHHi crekTpiB B TUb ®yp’e

Fr

H,, S(W)=%ZSign(H;x(j))Xsign(fij))
i=l1

Martpumo 6a3ucHuX (QYHKIIH st po3paxy-
BaHHs criekTpiB B TUB Xaapa HaBemeHo y TaO-
i 4.

Tab6auus 4 - bazucui pynkuii
AJis1 po3paxyBanHs cnektpiB B TUb Xaapa

Har

1 n o o
H, | S(w)= ;Zsign(Hxx( ) x sign(har(j))
i=1

1 n o o
B, | S(w= - > Bxxxsign(har(j))
i=l1

1
Kxx S(W):;ZKxx(])Xhar(])
i=l

o

1 °
Rxx S(W) ZZZRXX(])XhaI’(])
i=1

Pxx(j)
Dx

Pxx | SOW)=——, har(j)

Co | S(w)= ;Z(Cxxm — har(j))?
i=1

Guc | S00=1 21 G¥e) = har()

Fxx S(w)y=— ZZxx_ har(j)

B, | Sw=— ZBxxxszgn(fr(]))
ll

K | Sw=— ZKxx(J) x fi(j)

i=1

Rxx S(W)Z—ZR;X(])XfFZ])
n
i=1

Pxx(j)

Pu | S(W)= 1 ()

Coo | S(w)=— Z(Cxxm fr())*

i=1

G | Sn =13 Gxx(j)- ()]
n
i=l

1&G - Fxx
F Swy=—>» Z_.——, fr(j
xx (w) ng, xxMxxf(])
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pam Mxx

Martpumo 6a3ucHuX (QYHKIIH JUIsi po3paxy-
BaHHs crnekTtpiB B TUB Pamemaxepa naBemeHo y
Tabmuui 5.

Taoauus 5 — basucHi pynkuii s
po3paxyBanHd cnekTpiB B TUb Pagemaxepa

Rad

H. | Sw= %isign(H;cx(j)) X sign(raj(j))
i=1

B | So0 =13 Buoxsign(rad())

XX
N

K S(w)= lflixx(j) xrad(J)

XX
N

1 ° °
Rxx S(W):;ZRxx(])Xrad(])
i=1
Pxx(j)

Pu | SW) = s har(j)

Cow | SW) =~ Z(Cxx(J)—rad(J))
i=1

F S(w)= Z
XX ( ) lZ]: XX Mxx

srad(j)

3)
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Martpumo 6a3ucHuX (QYHKIIH sl po3paxy-
BanHs criekTpiB B TUB Kpecrencona HaBeneHo y
Tabmuui 6.

Tabanus 6 — bazucui pynkuii s
po3paxyBanHs cnektpiB B TUb Kpectencona

Cr

1 n o o
H, | S(w= ;Z sign(Hxx(j)) x sign(cr(j))
i=1

1 n o o
B, | Sw= - > Bxxxsign(cr(j))
i=l1

Ko | So0=L3 Kex(j)xer()
n
i=1

o

1 & °
Rxx S(W)=;ZR)CX(])><CI"(])
i=l

Pxx S(w) =

Coo | Sw) = %Z(Cxxm — ()’
i=1

G | SOw= 1f| Gx(j) —er ()|
n
i=l

F., | Sw= Zz

Voox =.cr())

BucHoBok

Bukiazieni TeopeTnyHi 3acaam Ta METO0N0-
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Ha OCHOBI OLIHOK PI3HAX KOpEIAWIAHNX QyHKUIT €
OCHOBOIO JUIsl peanizauii BiANOBIIHUX AITOPUTMIB
CIIEKTPaJbHOTO JAIarHOCTYBAaHHS CTaHiB 00JaIHaH-
Hs HapTOra3oBOi MPOMHCIOBOCTI 32 JIOMOMOTO0
VHIBEpCaJbHUX KOMII'IOTEPiB, CIIEIiali30BaHIX
KOHTPOJIEPIB Ta CUTHAJBHUX MPOIIECOPIB, SKI BU-
nmyckaroTbess  BimomMumu  ipmamu  CMS,SPM,
COMPAS, SCHENCK.
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