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Pobomy npucesueno nepcnexmusi 3acmocy8anta 2apMOHIYHO20 AHANI3Y HA OCHO8I KOCUHYCHO20 CHEeKMpPaib-
HOo2o nepemsopenns @yp’ € 015 diacHOCMYBAHHS MEXHOA02IYHUX 00' EKMIB Y HAhmMOo2a3086itl NPOMUCTIOB0CTII.

30inbuenns enuburu OYPIHHA C8ePONOBUH, 2e0JI02IUHI YMOBU CYUACHO20 OYPIHHS HA HAMMY ma 2a3 OUKmMyOmb
HeoOXiOHICMb NOCMIUH020 YOOCKOHANIEHHS He Juuie MeXHO02ii OYPIiHHA ma Ha@dmo2a306020 001AOHAKHS, dne U
nonepeodcents asapiHux cumyayiti ma yOOCKOHANEeHHA Memooi8 0iacHOCIY8AHHS 8Y37i6, MeXAHI3MI8, acpe2amis
mowo. OOHUM 3 MAKUX RAPAMempig, sIKi nompeodyoms CHeKMPAIbHO20 AHANIZY Y npoyect OypinHa € gibpayii 6ypo-
6020 IHCMpYMEHMA.

CnexmpanbHull aHaniz maKoic WuUpoKo UKOPUCMOBYIOMb 0 0ia2HOCMYBAHHA 2IUOUHHUX HACOCI8, Niowun-
HUKI8 KOMNPECOPHUX a2pe2amis NOMYICHUX eIeKMPOnpueodie ma eeHmuiimopie ma inwe. Icuyrouy ingopmayitiny
MEXHON02II0 CREKMPATLHO20 AHANIZY XAPAKMEPUCMUK NPOMUCIOBUX 00’ €Kmi6 Hatlvacmiue peaniz3o8aHo Ha OCHOBI
gidomoeo nepemsopents Qyp’' € 6 komniexkcHiu obaacmi ma weuoxko2o nepemsopents Qyp’'€ Ha ocHo8i cneynpoye-
copis. Buxomanuil ananisz cucmemHux Xapaxmepucmux i00Mux npoepamHo anapamuux 3acodie 004UCIenHs CneK-
mpig c8IOUUMb NPO NEGHY CKAAOHICMb MA 0OMeHCeHT PYHKYIOHANbHI MONCIUBOC:

1. Heo0xioHo euxonysamu onepayii HA0 KOMNIEKCHUMU YUCTAMU

2. Obmedicene Yucio KaHanie SUXIOHUX OAHUX OMPUMAHO20 CREeKmpPY.

B pobomi npononyemuvca 3acmocysanta KOCUHYCHO20 nepemsopenns Dyp’e, axke modce Oymu 8UKOHAHe HAO
OTICHUMU YIMUMU YUCTAMU WLIAXOM NOCTIO08HO20 OOUUCTIEHHS ABMOKOPEIAYIUHOI ma 8 83aEMOKOPeNYiunol PyHK-
Yitl, Wo 00380UMb Peanizy8amu CReynpoyecopu 3 MEHUOI0 anapamuol0 CKIAOHICmIo ma NiOGUYEHOI0 WUBUOKO-
diero.

KirouoBi cnoBa: miarHoctyBaHHs, HadTOBE 008 JHAHHS, CIIEKTPaJIbHI Kopeusiii, ananiz Oyp’e.

Paboma nocsswena nepcnekmuée NPUMEHEHUs. 2APMOHUYECKO20 AHAIU3A HA OCHOBE KOCUHYCHO20 CNeK-
mpanbHo20 npeodpazosanus Pypve 0a8 OUASHOCMUKU MEXHOA0SUUECKUX 00BbEKmMOos8 Hepme2as060t NPOMbIULLEeH-
Hocmu .

Veenuuenue onybunvi OypeHuss CK8ANCUH, 2e0102UHeCKUe YCA08Us COBPEMEHH020 OypeHus Ha Hehmb u 2as
OUKMYIOM HE0OX00UMOCMb NOCMOSIHHO20 COBCPUUEHCMBEOBAHUS He MOJIbKO MEXHOI02UU DYpeHUs U Heghme2a306020
000py008aHUSL, HO U NPEOYNPENCOCHIUe ABAPUUHbIX CUMYAYUI U YCOBEPULEHCMBOBAHUE MEeMO008 OUACHOCMUKU 13-
7108, MEXAHU3MO8, azpe2amog u m.0. OOHUM U3 MAKUX napamempos, Komopule mpebyom cneKmpaibHO20 AHATU3A 6
npoyecce bypeHusi A61A0MCs Ubpayuu 6ypo8o2o UHCMPYMEHMA.

CnexmpanbHblil QHAU3 MAKICE UUPOKO UCNOTL3VIOM 0N OUASHOCTIUKU 2]IYOUHHBIX HACOCO8, NOOWUNHUKOS
KOMNPECCOPHBIX a2pe2amo8 MOWHbBIX IeKMPONPU0008 U GeHMUIAMOopos u npouee. Cyujecmayouas ungopmayu-
OHHASL MEXHOA02USI CNeKMPAIbHO20 AHAAU3A XAPAKMEPUCTUK NPOMBIULIEHHBIX 00bEeKmMOo8 3a4acmyro peaiu308aHo
HA OCHOBe U36eCmH020 npeobpaszosanus Pypve 6 KOMNIEKCHOU obaacmu u bvicmpo2o npeobpaszosanus Pypve Ha
OCHOBE CNeYnpPoOYeccopos.

Buinonnenus ananuza cucmemuvix XapaKkmepucmuk U36eCHbuIX NPOZPAMMHO ANNAPAMHbIX CPEOCME GbIYUCE-
HUsL CHEKMPO8, NOKA3bIBAC UX ONPEOENEHHYIO CIONCHOCTb U 02PAHUYEHHbIE (DYHKYUOHANbHBIE B03MONCHOCU.

1 . Heob6x00umo 8binonsimes onepayuil Hao KOMNAEKCHLIMU YUCIAMU

2 . Ozpanuuennoe 4ucio Kanauios UCXOOHbIX OAHHBIX NOJYYEHHO20 CNEeKmpd.

B pabome npeonacaemcs npumernenue xocunycrnoeo npeobpazosarus @ypve komopoe modicem dvlmv 6bINO-
HEHO HAO 0elicCMEUMEeNbHBIMU YEeIbIMU YUCIAMU NYMeM NOCLe008AMeNbHO20 GbINUCLEHUS ABMOKOPPETSYUOHHOU U 6
630AeMOKOPPETAYUOHHOU  (DYHKYULL, YO NO360JUM Pealu308amb CReYnpoyeccopa ¢ MeHbulell annapamHoil Cioic-
HOCMbIO U NOBBIUEHHBIM ObICMPOOCCTNEUEM .

KitroueBble ciioBa: uarHocTupoBaHue, HeQTIHOE 000PYAOBaHKE, CIICKTPAIbHBIC KOppeisinuy, aHamm3 Oypee.

The work is focused on the application for harmamalyses based on cosine transform spectral farieo
diagnosing process facilities in the oil and gaduistry.

Increasing the drilling depth of a well, degical conditions of modern oil and gas drillingcthte the need-
improve not only drilling technology and equipménit also to prevent accidents and improve mettiodsliag-
nosing components, mechanisms, assemblies. Ohe p&ameters that requires spectral analysis in thegess ¢
drilling is drilling tool vibration.
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Spectral analysis is widely used to diagnose deepps, bearings, compressor units, powerful motod
fans. Existing informatiorechnology of the spectrum analysis of industrialliies characteristics is often imple-
mented on the base of the Fourier transform inctvaplex domain and the FFT on the base otigp@rocessor:
The analysis of system characteristics, known hardvand software computing spectrum shows some cgity

and limited functionality:

1. Necessary to perform operations on complex nmsnbe

2. Limited number of output channels in obtaineecspim.

The paper proposes the usage of cosine Fouriesstoam that can be performed on valid whole numbarcs
cessively computing autocorrelation and mutual etation functions that will implement special pessors wit

less hardware complexity and higher speed.

Key words: diagnosis, petroleum equipment, spectraelation, Fourier analysis.

Beryn

Teopiro CEKTPaILHOTO aHATI3y BUKIAICHO Y
¢yngamenTansHux pobotax, H. Binepa-XinumHa,
A. M. Konmoroposa, B.K. 3anipaku, Ta iHmmx
BYCHMX. Y TOM JKe Yac peajisallis IPOrpamMHo ara-
paTHHX 3aC00IB CHEKTPAILHOTO aHaII3y JajleKa Bij
JIOCKOHAIIOCTI 1 HE TMOBHOIO MIPOIO BIJIIOBINAE Cy-
YaCHMM BUMOTaM, JIOCSATHEHHS HHM3bKOI amapaTHOI
Ta 4acoBoi ckiagHocTi. Lle moB's3aHo, y mepry
Yepry, 3 BEJIIMKOI0 OOYMCITIOBAILHOIO CKIIATHICTIO,
peanizallic€lo aJropuTMIB CIIEKTPATLHOTO aHaTi3y
Ha OCHOBI BIJIOMOTO KOMIUIEKCHOTO ITEPETBOPCHHS
®Dyp’ e Ta mBUAKUX TIepeTBOpeHb Dyp’€.

BukopucTaHHS KOCHHYCHOTO MEpPETBOPEHHS
®dyp’e B MPaKTHUIll CTBOPEHHS 3aCO0IB CIIEKTpah-
HOTO aHaji3y HaOyyio HabaraTo MEHIIIOTO IIOIIH-
peHHS y 3B'S3Ky 3 HEOOXIIHICTIO ITOCIIJIOBHOTO
00YHCIIeHHS] aBTOKOPEISALIHHOI Ta B3a€MOKOpEIs-
UiiiHOT (yHKIUIH, WO MOoTpedye UEHTPYBAHHS Ta
HOpPMYBaHHS BXITHUX CHTHAJIIB, a TAKO)XK BUKOHAH-
HS MHOXXEHHS Ta CyMyBaHHS JOOYTKIB dYHCEN 3
pisHuMH 3Hakamu. IIpu bOMY ICHYIOYHMI JOCBIA
no0yI0BH MIBHKOIIOYAX MPOLECOPIB Ta Cydac-
HOI MIiKPOEJNIEKTPOHHOI €IEMEHTHOT 6asu 0OyMOB-
JIIO€ aKTyaJbHICTh CTBOPEHHS MPOLIECOPIB KOCHHY-

CHOro mnepeTrBopeHHs Pyp’e I CIEKTPATHLHOTO
aHaNi3y Ta JiarHOCTYBAaHHS Ha HOTO OCHOBI CKJIaj-
HHUX 00’ €KTiB B HA)TOra30Biil MPOMHUCIOBOCTI.

AHnani3z my0aikaniii i okpeciaeHHs HAYKOBOI
3apavi. CyyacHi MeTonu Ta iH(OpMAaNiiHi TEXHO-
JoTil J1arHOCTYBaHHS TEXHOJOTIYHUX 00 €KTIB y
Ha(TOra3oBiii NPOMUCIOBOCTI, BUKNaEH B [1, 2],
OXOIUTIOITh KJIACH CTAlliOHAPHHUX MPOLECIB 1 He
MOXYTh OYTH aJanTOBaHI JO KBa3iCTallilOHAPHUX
00’ €KTiB, HAIPHUKIIa, OypOBUX YCTaHOBOK, pe3ep-
ByapHHUX IapKiB, HadTorazonpoBo i Toio. [Ipu-
KJIaIOM YCHIIIHOTO 3aCTOCYBAaHHS CIIEKTPaJIbHOTO
aHaJizy JUId JiarHOCTYBaHHSA TNIMOMHHHUX HAacoCiB
BHKJIaJIcHO y poOoTtax JI. M. 3amixoBcbkoro ta B.
IT Kanssina [2].

[Ipomec OypiHHS  XapaKTepU3YETHCS KBa3i-
CTalliOHAPHUMH BJIACTHUBOCTSIMH, SIKI MOJISTAIOTh Y
TOMY, IO TPH 3MiHI PeXHUMiB OypiHHS abo Biac-
THBOCTEH TOPiM, IO pO30yPIOIOTHCS CTPHUOKOTIOI-
OHO, 3MIHIOIOTHCS CTATUCTHYHI XapaKTCPUCTHUKH
KOHTPOJIBOBAaHHUX MPOIIECIB HABAHTXKEHHS Ha JIO-
n0T0 Ta npoxoku (puc. 1.)

Taxi BractusocTi mpouecy OypiHHs nependa-
YaroTh OIEPATHBHI OIepaIii 0OYHCICHHS aBTOKO-
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Pucynok 1 —YacoBa giarpama kBa3icTanioHapHOi XapaKTepUCTHKH npouecy OypiHHs
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pensuiiinoi  GyHKLii KOB3HOIO MaTeMaTHYHOTO
crioftiBaHHs Mx Ta mucnepcii JIx, a Takoxx o0uwc-
JICHHS Y peaJIbHOMY Yaci aBTOKOpeIiLiitHoT RXX ta
CIEKTpanbHOI XapakTepucTuku S(W). Tomy 3amagua
NnoOYZIOBM  BHCOKOTPOMYKTUBHUX CIIEKTPaIbHUX
aHaJi3aTOPIiB € aKTyaTbHUMH.

Metoau pimieHHS MPOOIEMH IiarHOCTYBaHHS
CKJIAIHUX TEXHOJIOTIYHMX 00 €KTIB Ha OCHOBI JIO-
TIKO-CTAaTUCTHYHUX KOPEISIIHHAX Ta KIACTEPHUX
MoJeINIeH, SAKi mependadaroTh IMOMEPEIHE CTaTHC-
TUYHE Ta CHEKTpajbHE OMNpAIIOBAaHHS CHUTHAJIB
BUKJIaeHI B pobotax [4]. B [5] po3pobieni meTo-
I TIOOY/IOBH 1HTEJNEKTyalIbHUX CUCTEM JiarHOCTY-
BaHHS KOMITOHCHTIB KOMIT IOTEPHUX CHCTEM, SKi
HEJIOCTaTHHO TOBHO BiJOOpa’KarOTh MOJENTI CKIIal-
HUX OaraTonmapamMeTpHYHHX 00’ €KTiB, SIKi € JKepe-
nam¥u iHopmarii A7 AiarHOCTUYHUX CHCTEM.

TakuM YMHOM aHaji3 CUCTEMHHX XapaKTepu-
CTHK BIJOMHX METOIIB OOYHCIICHHS CIEKTPIB Ta 1X
3aCTOCYBaHHS CBITYHMTH IPO TEBHY CKJIAMHICTH Ta
oOMeskeHHI (DyHKIIOHaIbHI MOXKIIUBOCTI.

[Ipu npomy y mepmioMy BUNAAKy HEOOXiZHO
BUKOHYBATU omepalii HaJ KOMIUIGKCHUMH YHCIIa-
Mu[6].

A y nmpyromy 1ie oOMEXEHE YHCIIO KaHaTiB
BUXIJIHUX JJAaHUX OTPUMAHOTO criekTpy [7, 8].

Taxwuii kac 3ama4 MOxe OyTH YCHIIIHO BHpi-
HICHUH 3aCTOCYBaHHSIM KOCHHYCHOTO NEPETBOPEH-
1 Oyp’'e Ta po3poOKOIO BIAMOBITHUX MIBUIKOMII-
IOUMX TIPOIIECOPIB ONpPAIIOBAHHS CHUTHAJIB, IO €
aKTyaJbHOIO HAYKOBOIO MPUKJIAIHOIO 337a4el0.

Merta po6oTu. MeToro naHoi poOOTH € po3-
poOKa TEOPETHUYHUX 3acaj METOJIB Ta aITOPUTMIB
JIMCKPETHOTO KOCHHYCHOTO mepeTBopeHHs Dyp’e
HA OCHOBI aHAJITHKHM Ta aCUMIITOTUKH Pi3HHUX aB-
TOKOPEJSIIIMHAX Ta B3aEMOKOPEISAIINHNX (YyHK-
L.

3acTocyBaHHSA KOPEIALMIMHAX Ta CIIEKTPAIb-
HUX Mojelnei mkepen indopmarii (II), ski inTer-
PAIBHO XapakTepH3YIOTh CTaHU 00’ €KTIB YIpaB-
niaHs (OY) 3 ypaxyBaHHSIM HMOBIPHOCTI Tepexo-
JIiB CTaHiB 3 OJHOTO B IHIIHH, € MEPCICKTHUBHUM
IHCTPYMEHTOM  BJOCKOHAJICHHS TEXHOJOTIYHUX
MPOLIECiB MiarHocTyBaHHs ckiaaaux OY Hadrora-
30BO1 IPOMHUCIIOBOCTI.

Buxaan ocHOBHOTO MaTepiairy

Bynp-sika (yHKIiS BU3HAYeHa HAa CKiHUYCHHO-
My IHTepBaJll 1 3a710BoJIbHse yMoBaM Jlipixue:

1. OyuKuis Mae CKiHYEHHY KiNBKiCTh TOYOK
pO3pUBY MEPLIOTO POy 1 CKIHYECHHY KUIbKICTH
EKCTPEMYMIiB.

2. IcHye ckiHUEHHA I'PaHUIlI 3HAYCHb (YHKIIIT
Ha 1 TiBOMY Ta IPaBoOMY KiHIIIX

3. [cnye BianmoBinHui quckpetHuit psag Oyp’e,
SIKHH OIUCYETHCS BUPA3OM:

f(x)= % + i (a,cosw,x+hb,sinwx), (1)
n=1

|

ae a, =%f f )cosw, dx, by, =%j (x)sinaw, xdx-
-1

koediieHTn psagy Oyp’e ;

PR
174 )

% = |_ —4acToTa N-01 TapMOHIKH.

ToMy nocmimKeHHS Ta PO3BUTOK METOXIB
CHEKTPAJILHOTO aHajli3y Ha OCHOBI KOCHHYCHOTO
nepetBopeHHsT Dyp’'e € comianbHO HAYKOBOIO 3a-
Jlauero.

HesBaxatoun Ha mupoky cdepy Ta yCIiNTHe
3aCTOCYBaHHS CHEKTPAILHOTO aHANi3y IMpH BHpi-
HICHH] PI3HUX TEOPETUYHMX Ta MPUKJIATHUX 3a7ad,
B OCHOBY Horo 6a30Boi Teopii MOKJIaJeHO CIEKT-
panpHe nieperBopeHHs Dyp’e.

3HavHi QYHKITIOHATBHI OOMEXEHHS 00YHCITIO-
BaJIbHUX IpoIieciB nepeTBopeHHs Dyp’ e Ta cnabka
30ikHIcTh psaaie Dyp’e npusBenu A0 PO3BUTKY Ta
YCIIIIHOTO 3aCTOCYBaHHS I1HIIMX TEOPETUKO-YHC-
noBux OasuciB (TUB) mast oOUMCIIEHHS CIIEKTPIB
curnanis. [Ipy 0poMy I BIOCKOHAJICHHS XapaK-
TEPHUCTHK CIICUIPOLECOPIB HEOOXIIHO PO3B’si3aTH
3aJady CyMICHOTO 3aCTOCYBAHHS TEOpIi KOpessi-
uiitanx QyHKOid Ta 6a3ucHMX (YHKUIA Pi3HUX
TUBb nwisxoM amanraiii OasucHUX (YHKIH 10
ACHMITTOTHKN KOPEIAMIHHNX (YHKITINA TOCTIIKY-
BaHUX CUTHAJIIB.

Cucmemu opmozonanvrhux @QyuKyiii ma
meopemuxo-uucnosi dazucu

Haii6inem mmpoko 3actocoByBanumMu TUb B
cydacHii KC € HacTymHi OpTOTOHAIbHI Oa3ucH:
Panemaxepa, Xaapa, Kpectencona.

3okpema, 6a3zucaMu Ui BUKOHAHHS JAUCKPET-
HUX OPTOTOHAJILHHUX IEPETBOPEHB 1 TUCKPETHOTO
MOTaHHS OTHOBUMIPHOTO iH(OPMAIIHHOTO ITOTOKY
31 CKIHYEHHOIO €HEPTi€I0, BU3HAYCHOTO B MPOCTOPI
L,[a,b] Ha ocHoBHOMY inTepBani T=[a,b], € noBHi
OPTOHOPMOBaHI cucTeMu (yHKIIT (Tadm. 1).

uckpertne neperBopenns Pyp'e (JI1D) € 6a-
30BHUM aJITOPUTMOM LHU(POBOT OOPOOKH CHTHAIIIB Y
YaCTOTHIM 00jacTi. 3aBASKH HAsSBHOCTI e(PeKTHB-
HUX QJTOPUTMIB HOro OOYMCIIEHHS — aJTrOpUTMIB
mBuaKoro nepersopenHs dyp'e (IUIMD) — AID
IITUPOKO BUKOPHUCTOBYETHCS IS ITUIEH IU(POBOL
(digpTpallii Ta CIEKTPaIbHO-KOPEAIIHHOIO aHali-
3y CUTHAJIB.

Jnist curHaiy, 3a1aHoro0 y BUTIISIAL JUCKPETHOT
nociigoBHocTi S(N) ,mpsiMe i 0OepHEHE IUCKPET-
He reperBopenns Oyp'e (JAIID) mae Bursial5):

S(k):nis(n)exp{—]zik}k ON-1 (2)
n=0

n-1
S(n)=iZS(k)exp{j2lk},n=O,N—l (3)
N & N

ne k —Homep rapmoHikH i3 yacrororo f, ,

N — oOcsr BuOipKH.
S(K) , Bu3HaYeHNI K KOMIUIEKCHHM CIIEKTP
CHTHAJTY, MOKHA MPEICTABUTH

S(k) = AK) - jB(k) =C(Ke 1, (4)
ne ammutiTynHo-4yactotHa (AUX) i1 ¢a3o-uactoTHa
xapakrepuctuka (PUX) curnanty BIINOBIIHO BH-
3Ha4Yar0ThCA!

C(K) = A*(K) + B*(K); (5)
_ B(k)
¢(k) = arctg AK) +27/m . 6)
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Ta6auus 1 - OproHopmoBaHi cuctemu pyHKuii

TYb
Panemaxepa
CrpykTypa HyHKITIH [Topomxyroda Ko/IoBa MaTPHUIIS
Rad(0,0) Rad06) — 0000000 O
L | maal | ad2®) - 00110011
Rad(2,6) ' ‘ ‘ aze) -

’ I I Rad36) - 01 010101
Rad(3,6) e e e s -0123456T7
AHaIITHYHAI _ o n
BHpa3 QYHKILiH Rad(n, 8) = Dyf (n,8,0) = sign(sin(2" 719))

TYb
Xaapa
Har0,6,0)
Har(1,06,0) }
Har(2,0,1) 'l 0 0 0O 0 1
Har(2,0,2) ' L_______I c 000 .. 10
Har(3,0,1) i i 0 1 0 O 0 O
o | Har3,02) —F—F—J— 1000 00
Har(3,0,3) 1 —
Har(3,0,4) | —
_1 J 1
. 2 2 sign(sin2" 716 — 5 s6< :
AHaniTHaHui Har(n,d, j) = 'ont ) 1 2nt

a3 10

BUpA3 yHKLIA 0 npu inwux 601 [0,1),

ge n=031..Jog,N; j=01..2" -1; (j=0 upu n=0), 0<H<1.
TYb
Kpectrencona

Cr(2,9)'_\7| cr(26) 0 1 0 1 0 1

3| areel — - cr3e) o 1 2 o0 1 2
cr(46) o 1 2 3 0 1

Cr (4,0) = cr(56) 0 1 2 3 4 0

Cr (5,0) .

Cr 6.9) s 0 1 2 3 4

OOuncnennss neperBopeHb Pyp'e Bumarae
Jly’e BEITMKOro umciIa MHOXeHb (mpubmmsso N°) i
obuncieHns cuHyCiB. ICHye crmocid BHKOHATH IIi
HEPETBOPEHHS. 3HAYHO IIBHIIEC. MPHONM3HO 32
N og, N onepauiii MHOXeHHs. Leit crioci6 Ha-
3MBA€ETHCA MBUIKUAM TiepeTBopeHHsIM Dyp'e [5].

Anroputm IIII® — e cnocid mBUIKOTO 00-

N-1

yucnenns IO X(jk) = z e 1@ Nk o
n=0

nospossie  ycyHytun mnpuramandy JII® waamip-

HiCTb. BOHU IPYHTYIOTHCS Ha BIIACTUBOCTAX KOM-
j (2l N)kn

IUIEKCHOI E€KCIIOHEHTH € , IJIS 3py4HOCTI

no3HauaroTh  WE"(WK" = g7 @Ik =g cppver-

pii WV =WV = Wik i mepiogmamocti

WM WK 5 epioiom, piBHEM  IOBXKHHI

oOpoOimoBanoi peamizauii curnany N (auciy To-
yok [IITI®). BiamoBigHo 10 OCTaHHBOI BIACTHBOC-

Ti  excromenTi WP = WY )p BINOBiTae mepi-

on N/p, ne p —uini yucna, Ha siki ginuteest N. Bu-
KOPHCTaHHS JaHUX BIIACTUBOCTEH B alIropuTMax
IIITT® BukIOYAaE BEJIMKE YHUCIO MOBTOPHOBAHMUX
npu o6uucienni 110 onepaum MHOEHHS.

Y Teopii TapMOHIHHOTO aHaJIi3y BUIIAJIKOBHX
MIPOIIECIB BU3HAYCHO, IO KOpesliiHa QyHKIS i
CIIeKTpajbHa minLHiCTL CTaHOBIIATH TIApy Tepe-
TBOpeHs Dyp'e, BigoMy TiJ HA3BOIO TEOPEMH
Binepa-Xinunna: [mudpoBa 00poOka CHTHATIB
2-ra 4acTHHa).

Teopema Binepa-XiHunHa, BU3HA4a€e B3a€EMO-
3B'I30K YACTOTHOTO CIIEKTpa TOTYXKHOCTI BHITaJI-
koBoro mpouecy G(w) 3 QyHKIi€er0 aBTOKOpens-
uii G(At) uporo mporecy, ae NpH TUMYACOBIM

]
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gactoti W miporiecy At mae ceHe neskoi 4acoBoro
3aTpUMyBaHHS.

®opmyny Binepa-XiHumHa MOXHA TaKOX BU-
pasuTH 4epes KocuHyc-neperopents dyp'e. Jler-
KO TIOKa3aTH, IO KOBaplaI_III/IHa (GyHKIS 1 CHeKT-
panbHa mIIbHICTE cuMeTpuuHi, R, (7) = R, (-7)

Ta Ry (S) = Ry (—S). Bukopucrosyoun ¢popmyiry
Eiinepa, OTpI/IMyIOTB'

Ry () = j Rx(r)coswzdt—zj R, (¢ )coswrt, (7)
R (r)—i _[Rx@))coswzda)—
% 2 =
) ®
1
== Ry @)coswrdw.
T

VYV 3araibHOMY BHUMAJKy CHEKTP CHUTHAJIy Ha

OCHOBI HOPMOBAHOi aBTOKOPEIAMIHHOT (GYHKITIT
BU3HAYAETHCSA 32 JIOMOMOTOI0 BUPA3Yy:

Su=— 3 Prol) iy T ©)
=1

re W — uupoBi BimIikK 0a3uCHUX (YHKIIH

pizaux TUb; @ — xoedimieHT 3aTyXxaHHS AUCIEP-
Cii KOpeIAiHIX QYHKIIIMH;

3 = Rai)
pxx(j)—D— — HOPMOBaHa aBTOKOPEJ-
X
iiHa QYHKIIIS JOCTIIKYBAHOTO MPOIIECY;
N 1& e e .
Rxx(j) =—in Xi+j — QyHKIis aBTOKOpE-
en X=1
JISILT,
Xi =X —M, — 1eHTpoBaHI 3HaYEHHS CTaHIB
A (x);
1 n
M =—z X; — BHUOIpKOBE MaTeMaTU4HE
n;i-
i=1
CIIOIBaHHA,

n
Dy =12(Xi -M X)2 — AucHepcis.
Niz

3a momomororo BaroBoi (QyHKIiI e piksi-
nyeThest eeKT MOSABU «Bia €MHHX>» TapMOHIK pi3-
Hux TUb B cnektpax. [Ipuuomy umcio TOUOK M
HOPMOBAHO1 aBTOKOpesiiHol (QyHKIil pxx(j),
BUOMPAETHCS 3TIAHO YMOBH 1HTEpBaly KOpEISLii,
npu j=m, |pxx(j)| < 001.

PosrnsHeMo aHAMITHYHI BUpPA3d KOPEIAIIIN-
HUX (QYHKITIH, 0 BUKOPUCTOBYIOTHCS IS peaji-
3arii crermnporecopis (tabmuirst 2).

3 Tabi. 2 BUHO, [0 HAWMEHIIIOK aJTOPUTMi-
YHOIO CKJIAJHICTIO XapaKTepH3YIOThCsl (QYHKIIT
ekBiBasieHTHOCTI Fy (j) Ta Fyy(j), B sikmx OasucHa
omepaiisi 3ropTKH BHKOHYETHCS IUIIXOM TIOpiB-
HSHHS MOJIyJIbHHX 3HAYEHb X;,..., X+j TA CyMYBaHHS
MCHILNX 3 HHX, [0 BH3HAYA€ B3aEMOJII0 KOpeJs-
uilinux npuiivadis (Cyy, Gy, Fy), sKi peanizosani
Y BUTJIAII CITCIIITPOIIECOPIB B yHlTapHOMy TUb.

170)
176 )

Tadauust 2 —AHAJITHYHI BUPa3n
KOpeasiuiifHuX (pyHKIin

Kopensiiina GyHkiis

3HAaKOBa
ABTOKOpEsIIiiHa (QyHKIIIS

L 1E e L
Hxx(J)=EZSI9ﬂ(Xi)XSI9ﬂ(Xi+j)
i=1
B3aemoxopensiiitaa QyHKITis

Hyy(J) =%Zsign(;<i)><sign(§/i+ )
i=1

penerHa
ABTOKOpenIiiiHa QyHKITIS

. 1 n o . o
B (1) = 2 xixsign(i+)
i=1
Bsaemokopensuiiina QpyHKmis

. 1 n o ) o
Byy (i) =HZXi><SIgn(yi+,-)
i=1

KOBapiariifHa
ABTOKOpEsIIiiHa QyHKIIIS

I L
Ky (1) =_Z Xj XX 4
Niz
B3aemoxopensiiitaa QyHKITis

L1
ny(J) :ﬁzxi XYi+j
i=1

Kopensitina
ABTOKOpenAIiiiHa QyHKITIS

. 1 n o o
Re(1) == D Xi X Xi+j
Nz
Bsaemokopemnsuiiina QyHKmis

) 1 n o o
RXy(J)=_ZXixyi+j
Nz

HopmoBana kopensiiiina
ABTOKOpEsIIiiHa QyHKIIIS
.\ R())
Pxx(]) = —2os
DX
B3aemoxopensiiitaa QyHKITis

Ry (i)

,/DXny

Pxy(j) =

CTPYKTypHa
ABTOKOpeIiiiHa QyHKITIS

L1
Cax(D) == 2 (% = %4j)°?
Niz
Bsaemokopemnsuiiina QyHKmis

ny(j)=%2(xi ~Yiu))?
i=1
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IMponoB:keHHs: Tad ML

MOZyJIbHA
ABTOKOpEIsLiiHa (HYHKIIIS
1 n
Gux(D)==2 1% =i |
7 Niza
Bzaemokopensmiiina QyHKIis
1 n
ny(J) :_Z| X~ VYi+j |
Nizt
€KBIBaJIEHTHOCTI
ABTOKOpensLiiHa QyHKIis
L1
Fxx(J) :_szx
8 Niz
B3aemoxkopesiiiina GyHKIis
14 .
ny(]) :ﬁzzxy
i=1
sign(xi), sign(y; 4 ) — 3HAaKW LEHTPOBAHUX
3HAYCHB;
My,My —MaremarnyHi COJIBaHHS,
Dy, Dy —mucnepcii;
Zys Z — €JIEMEHTU KOpeJAliiHOi eKBiBa-
JICHTHOCTI.

Marpumto 6asucHuX (QyHKLIIH A7 po3paxy-
BaHHs crieKkTpiB B pizHuX TUB ®Dyp’e HaBeaeHo y
Tabauni 3.

Taéauust 3 —ba3zucHi pyHkuii
1Jis po3paxyBaHHs cnektTpis B TUB ®@yp’e

Marpumto 6asucHuX (yHKUIIH A7 po3paxy-
BaHHs cnekTpiB B TUB Xaapa HaBenmeno y Tao-
qu 4.

Tadoauus 4 - bazucui pyHkuii
1Jis1 po3paxyBanHs cnekTpiB B TUB Xaapa

Har

Ho S(W)=%Zsigr(H;(x(j))xsigr(ha;(j))
i=1

B, | S(w) :%i By sign(har(j))
i=1

K e S(WF%ZKXX(J')Xhar(J)
i=1

Rex S(W)=%ZRX>(J')><har(j)
i=1

Poc | S =200 har()

Cor | SW)=1 z«:xxm har( }))2
'1

Gox S(w)=%z|ex><j)—har<j)|
i=1

Foc | S =132, 2% har(j)
i=1

Fr

| S0 =3 3 sgn(hio ) xsignCr ()
B | SW= 13 Borsign( ()

K| S0 = 23 Koo 1)

Ra | S =13 R() ()

Poc | S0 =D e

Cox S(W)=EZ(CX><J')-ff(i))2
i=1

Guc | S = 2| G0A)= (D)
Fxx
I:xx S(W __lexxm fl’(j)
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Marpumto 6asucHuX (QyHKUIIH A7 po3paxy-
BaHHs crnekTtpiB B TUB Pamemaxepa naBemeHo y
Tabaum 5.

Tabauus 5 —ba3ucHi pynkuii xis
po3paxyBanHs cnekTpiB B TUb Pagemaxepa

Rad
My | S =2 zls'gn(Hxxm)xs'gn(radu»
B S<w):ﬁgsxxxsigr(raé(j))
Ko s<w)=%gi<xx(j)xrad(j)
R s<w)=%§R°x><J)xraJ(j)
Poc | S0 =200 har(
Coc | SW)= %(me rad(j))?
Fuc | S0 = _szxm radi(j)

3)
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Marpumto 6asucHuX (QyHKUIIH A7 po3paxy-
BaHHs criekTpiB B TUB KpecreHcoHa HaBeneHo y
Tabaum 6.

Ta6mmus 6 —ba3zucHi pyHKuii 1s
po3paxyBanHs cniekTpiB B TUb KpecTteHncona

Cr
o | Sw) =%Zsign(H°xx<j)) x sign(er( }))
i=1

B, | S(w) :%i By signcr(j)
i=1

Ko | S =23 Koy er()
i=1

Rec | S =3 Ro()xer()

by | S(wy=2) "“) or(j)

Cax | SW) :EZ‘(CX)(D —cr(j)?

Cux | S(W) ——ZIGXKJ) cr(i)|

=1

Fxx
F sw==>»272,——,cr
XX ( Zl XX MXX (J)

BucHoBoOK

Bukianeni TeopeTuuHi 3acaau Ta METOJ0JIO-
risi peaisanii auckpeTHoro meperBopets dOyp'e
Ha OCHOBI OLIHOK PI3HMX KOpeISLiHIX QyHKUIT €
OCHOBOIO UTsl peaiisalii BiIMOBIIHAX aNTrOPUTMIB
CIIEKTPAJILHOTO J1arHOCTYBaHHS CTaHIB OOJIaHAH-
HS Ha(TOra3oBOi MPOMHUCIOBOCTI 32 TOTIOMOTOIO
VHIBEpCATBPHUX KOMII IOTEPiB, CHEIliali30BaHUX
KOHTPOJIEPIB Ta CUTHAJILHUX IPOICCOPIB, SKI BHU-
MYCKAIOThCS
COMPAS, SCHENCK.

BpaxoByroun BeNMKy BapTiCTh TaKUX IPO-
rPaMHO amapaTHUX 3aco01B «Ouibine 20 THC. y.0.»,
MEPCIEKTUBHUMHY 1 aKTyaJIbHUM € PO3pOOKa Crer|
MPOIIECOPiB KOCHHYCHOTO TiepeTBopeHHs Dyp’e Ha
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