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B.I. CBUPUJIOB
XepcoHcbka ¢inis HarionansHoro yHiBepcurety KopabiaeOyayBaHHs
O.I1. DAJIBYEHKO

XepCOHCHKHI MOPEXiTHHIA KOJIeIK pUOHOT MPOMHUCIOBOCTI

JIIATHOCTYBAHHSI CYJTHOBOI'O YCTATKYBAHHS ITPM BUKOPUCTAHHI
PI3SHUX MOJIEJIEN BIBPAIIIT

Poszenanymi mooeni Odiacnocmuku cyoOH08020 YCMAMKYBAHHSA MdA OOYIIbHICMb  iX
sukopucmanns. Haibinow eghexmusnumu memooamu 0iazHOCMY8aHH CYOHOBUX MAWUH MA
MexaHismie € 8iOpOaKyCcmuuti Memoou, Ki GUKOPUCTOBYIOMb MY AO0 THULY MOOeNb CUCHATLY
siopayii. Ilpoananizosano KoHKpemHi mooeni ibpayii 6 saxocmi 8iOpPodiacHOCMUYHUX
mooeneu. IIposedeno ananiz énacmueocmeti po3naHymux mooeneti Unaoko8Uux npoyecis, o
Xapakmepuszylome pi3Hi npoyecu 6 meopii I Npu HNPOBEOEHHI eKCNePUMEHMANbHUX
docrniddicenv. Ha niocmasi excnepumenmanvHux 00Cniodicenb 3HAUuIU NiOmeepOI’CeHHsL Pi3HI
MoOei, IKI 00360JI5110Mb PO3POOUMU | OMPUMAMU NPAKMUYHT MeMOOU OIaeHOCYBAHHS.

Knrouosi cnosa: mooeni 6iopayii, diacnocmuxa, 00C1ioHceHHs, 00NAOHAHHSL.

B.1. CBUPNIOB
XepcoHckuii Guiaman HannoHambHOro yHUBEPCHTETA KOPAOJIeCTPOCHUS
O.I1. ®AJIBYEHKO

XepCOHCKHI MOPEXOIHBIA KOJUISIHK PHIOHOM MPOMBIIIIIICHOCTH

AUATHOCTHPOBAHHME CYAOBOI'O ObOPYJOBAHMA ITPH
NCITIOJIb30BAHUU PA3JINYHBIX MOJEJIEN BUBPALIUN

Paccmompenvr modenu ouacnocmuxu cy006020 060py008anus u yeiecoodpa3sHoCmy
ux ucnoavzosanus. Haubonee s¢hghexmusnvimu memooamu OuacHOCMUPOBAHUsL CYOOBbIX
MAWUH U MEXAHUZMO8 AGIAIOMC BUOPOAKYCIMuUYecKue Memoobl, KOMopbie UCHOIb3YVIOM MYy
U UHYI0 MoOenb cueHana subpayuu. IIpoananuszuposansvt KOHKpemHvle MOOenu 8Uubpayuu 8
Kavecmee gubpoouasHocmudeckux mooenei. Ilposeden ananus ceolcme paccmampueaemvbix
Modenell CIyUalHblX NPOYeccos, Xapakmepusyrowux pasiuyHvle Rpoyeccyl 8 meopuu u npu
npoeedeHul IKCNEPUMEHMANbHLIX  Uccaedosanuil. Ha ocnoeanuu sKcnepumeHmanbHbix
UCCIe008aHULL HAWIU NOOMBEPAHCOeHUe Pa3Hble MOOEIU, KOMOpble NO3BONAIOM pa3pabomams
U NOIYYUMb NPAKMUYECKUe Memoobl OUACHOCMUPOBAHUS.

Kniouesvie cnosa: mooenu subpayuu, ouazHocmuka, ucciedo8anus, o0opyoosanue.

V.. SVYRYDOV
Kherson Branch of the National University of Shipbuilding
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Kherson Naval College of Fisheries

DIAGNOSIS OF VESSEL EQUIPMENT WHEN USING
VARIOUS MODELS OF VIBRATION

Models of the diagnostic equipment of ship equipment are considered, and specific models of
vibration of mechanisms are identified and their expediency to use models of vibration diagnostics is
revealed. The most effective methods for the diagnosis of ship engines and mechanisms are
vibroacoustic methods are the same as the complete model of the vibration signal.
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Classes of vibroacoustic methods of analysis were analyzed, according to the step in
which of the supersonic factors.

The properties of the considered models of random processes characterizing various
processes in theory and in the course of experimental studies are considered. Dependent
harmonic vibrations consider its deterministic parameters, as well as vibrations with multiple
frequencies in total with Gaussian noise forming a non-stationary Gaussian process, and
simulation stability, which will manifest itself, as in the case of a deterministic process, taking
into account time components. Random impulse processes described by a random impulse
process model described by Poisson's law, which is a superposition of randomly generated
deterministic or independent of others, were analyzed. Complex additive multiplicative
processes, which are determined by many sources, where there are various vibrational forces
of different nature, different physical nature.

In the considered classification of processes according to statistical characteristics
and frequency dependence, probabilistic process models are analyzed, which, together with
the mathematical definition of the relationship between various elementary processes and
probabilistic characteristics of the parameters of elementary processes, forms models of
random processes of various classes. An analysis of the properties of the considered models
of random processes allows us to compare the above parameters characterizing the different
essence of the process and the ongoing experimental studies. Based on the experiments,
various models were confirmed, practical diagnostic methods were developed and obtained.

Keywords: models of vibration, diagnostics, research, power equipment.

ITocTanoBka npodJieMu

Ilepexin cyneH Ha O0OCITYroBYBaHHsS Ta PEMOHT YCTaTKyBaHHS 332 TEXHIYHHM CTAaHOM
nepeadavae HASBHICTh JIarHOCTHYHOTO 3a0€3MedYeHHS UIA PI3HUX MalluH 1 MEXaHi3MiB
Cy/JIeH.

Bigomo [1], mo HaiOUTBII €PEeKTUBHUMH METOJAMH JiarHOCTYBAaHHS CYIHOBHX
MaIllMH 1 MeXaHi3MiB € BIOpOaKyCTHYHI METOM, SKi BUKOPUCTOBYIOTH Ty a00 I1HIIY MOJIENb
curHaiy BiOparii. byap-sika Moiens MOKJIMKaHa BioOpakaTH JIMIIE OJHe a00 KibKa MEBHUX
BJIACTMBOCTEH aHOTO SIBUIIA 1 3aBXKIU MICTHTh 0OMEeXeHY iH(opmaIliro mpo HbOTO.

AHAaJi3 OCTAHHIX JOCTIIAKEHb | myOaikamii

Amnamiz mkepen [1-5] mokasye, 10 pPO3PI3HAIOTH JIETEPMIHOBaHI 1 HMOBIpHiCHI
MaTeMaTH4HI MOAeni curHany BiOpamii. binbin 3aranpbHa — HMOBIpHICHa MOJeENb, IO
B1JI0Opakae, sIK CTIMKI BJIACTHUBOCTI, TaK 1 BUTIAJKOBHM XapakTep CIOCTEPEKYBAHOTO SIBUIIIA.
Buningiorbces HaCTYIHI KJIacH SIBUIIL, 33 CTETIEHEM BMICTY BUIIAIKOBUX (DaKTOpIB:

1) TOBHICTIO BHWIIAIKOBI, BHU3HAYEHI OC3TIYYI0 OJHOPIAHUX (HAKTOpIB (EIEeKTPOHHI
IIyMH, OpOYHIBCBKHH pyX, THCK Ta3iB — sIBUIIA, OOYMOBIJICHI Ji€I0 HECKIHUCHOI KIJIbKOCTI
YaCTHUHOK);

2) 3 mepeBaKaHHSM OJHOTO a00 JEKITbKOX CHIBHUX YMHHUKIB 1 O€3JUYi0 CIa0KUX
OMHOPIAHUX (PaKTOPIB (MEPIOAUIHHUI CUTHAJ Ha TJII BIIACHUX ITyMIB MiJCHIIIOBaYa i T. I.);

3) omucyBaHi KBaziJleTepMiHOBaHUMH (DYHKIISIMH, TOOTO PETyISpHUMH (DYHKIISMHU,
JesIKi TTapaMeTpu SIKHX MPEJCTABISIOTHCS BUMAIKOBUMHE, SIKIIO BOHM HE BIUTMBAIOTH HA
pe3ynbTar abo HEBiOMI JOCTiHUKY.

VY mpakTUIll CTaTUCTUYHUX BUMIPIOBaHb BUKOPUCTAHHS CTATUCTHYHHUX MOJENEH Trpae
IPOCTY pOJIb: Ha MiJCTaBI HAsBHOTO JOCBIAY BHOMpPAETHCS OIHA-ABI KOHKPETHI (ampiopHi)
MOJIeNII JIOCHTIDKCHHSI, 3BIIKKM MW TepeliK CTaTUCTHYHUX ITOKAa3HUKIB, TMapameTpiB, SKi
HEOOXiJTHO BUMIpSTU. B pe3ynbpTari BUMIpIOBaHb MiATBEPIKYEThCA BUOIp OJHIET 3 anpiopHUX
MOJIEIEH, sIKa TeTep CTae arocTepiopHOT MOACIUTIO MTPOIIECY TSl JAHOT TIOCTAHOBKY 3aBJIaHHS.

https://doi.org/10.32782/2618-0340/2019.2-2.7
79



ITPUKIIAJTHI TN TAHHA MATEMATHYHOI' O MOJEJIFOBAHHA T. 2, Mo 2, 2019 p.

Meta pociigxkeHHs
[IpoananizyBaT KOHKpETHI Mojieni BiOpalliif, XapakTepHUX IS CYyAHOBUX MAIlWH 1
MEXaHI3MIiB 1 3pOOWTH BHCHOBOK TPO iX [OIJIBHICT BHUKOPHUCTAHHS B  SIKOCTI
BiOpOIarHOCTHYHUX MOEIIEH.

BukianeHHs1 0CHOBHOI0 MaTepiary J0CTiI:KeHHS
Opniero 3 HAUOPOCTIMIUX MOJENICH, SIKa OMHCYE BHJ BiOpaIliiHOrO MpOIECy, IO
IPOTIKAaE B HACOCHOMY arperarti, sSIKHi 4acTO 3yCTPI4aeThCs, € CyMa I'ayCCIBCHKOIO LIyMY
(BiOparii) v(t) i rapMOHIYHHX CKIIQJOBHUX:

£ =v(t) + Y a,sin(@t+g,). W)

k=1
BrnactuBocti 1poro mporecy i #oro kjac BU3HA4YarOThCA BIACTUBOCTAMHU HapaMeTpiB

a, @, ¢, [IpoananizyeMo okpemi BUNAJAKHU PO3IIIHYTOI MOJEII.
Hesanexni rapMoHiYHI KOJMBAaHHSI 3 BHIAJKOBMMH, PiBHO PpPO3NOAIICHUMH
dazamun W(p,)=1/27,7<p<z. Cyma CHHYCOix 3 TraycCiBCbKMM LIyMOM 3 HYJIbOBHM

. . 2
MaTEMAaTU4YHUM  CIIOJ1BaHHAM X1, = 0 Ta AUCTICPCIEO Ko, = G BU3HA4YAETHCA

14

XapaKTEPUCTHYHOIO (DYHKITI€IO:

o2u?

ouwy=e 2 [[J(au), 2)
k=1
ne Jo(z) — dyskmis beccens mepiioro poay HyJIbOBOTO HOPSIIKY.
2 l \ 2. 2 3 : 4,
o =00 + =D a8 1, =35 =8,
243 8ia
45 5 :
e =15.0 ——,uZZ:a;1 +—Zaf; 1T.L
8 "d  4ia

HinbHicTe iMoBipHOCTI W(X), sika MOke OyTH 3HaliZicHa sk epeTBopeHHs Dyp’e Bin
6(u), B pasi nmepeBaskaHHs OJHIET 3 CKJIAJOBUX HaOyBa€ IBOBEPIIMHHOTO XapakTepy. B cuy
CHUMETpil pO3MOALTYy OCeil HemapHi MOMEHTH JAOPIBHIOIOTH HYJIIO, a MapHI MOMEHTHU
BU3HAUYAIOTHCS BUPA3aMU: 3a 3HAHICHUMH £ BUPAXOBYIOTHCS KYMYJISTHTH PO3IOJILITY:

n

_ 2

o =My = Xoy+ D Xos Xa = My =3l
k=1

Kopemnsuiiina QyHkiis Oyap-sKOro HOPsIKY MPOLECY B LIJIOMY B CHITY HE3aJEKHOCTI
AUTUBHUX CKJIQJOBHX BHU3HAYAETHCS CYMOIO KOPENAMIMHUX (YHKIIN IOAaHKIB, TI€H0 XK
BJIACTUBICTIO BOJIOIE 1 CIIEKTP MPOLECY:

G. () = G, (o) +ia7k5(w—wk>,

k=1

Jie ITyMOBA CKJIaJIOBAa Ma€ HEMEPEPBHUMN CIEKTP, a TApMOHIYHI KOJTMBAHHS — TUCKPETHI.
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Po3rnsiHeMO BIAacTHBOCTI XapakTEPUCTHK, OACpKAHUX TpH mporeci (impTpamii. Y
MIMPOKIH CMy3i YacTOT MpH BEJIMKOMY YHWCII TapMOHIYHHX CKJIAQJOBHX (HaBiThb MpHU
a, /o, >1) BIACTHBOCTI MpOIECY HE CHIBHO BIAPI3HAIOTBCA BiJ TayCCiBCHKOTO,
7, =—3/2n, 1e N — 4ucno rapMOHIYHUX CKJIQJOBUX B CMy3i (inbTpa. 3BY)KEHHS CMYTU
YacTOT MPU3BOAUTH JI0 3MEHIICHHS YUClia N TApMOHIYHHUX CKJIAIOBHX 1, BHACHTIIOK I[LOTO, JI0
30UThIIEHHsT a0COMIOTHOT BEMWYMHU KoedirieHTa ekciecy B cMy3i dactoT Af . Ilpu myxe
BY3bKilf cMy3i ¢inbTpa Maemo y,(Af)~-3/2, Ha wacTOTi @y I KOXKHOI TapMOHIYHOI
cknanoBoi y,(Af)=0.

HesanexHni rapMOHIYHI KOJMBaHHSA 3 AeTEPMiHOBAHUMH NapamMeTpaMu 4, , @, , ¢, .
KonuBanHs 3 HEKpaTHHUMH YacTOTaMU B CyMi 3 TayCCiBCBKHM mymMmoM V(i) yTBOPIOIOTH

HECTaIllOHAPHUN TayCCIBCHKHI MPOIiec, MPUYOMY HECTAIlIOHAPHICTh Oy/ie MPOSIBIATHUCS, 5K 1 B
BUMAJKY JECTEPMIHOBAHOTO MPOIECY, Yy BHUIVIALI 3aJeKHOTO BiJl Yacy MaTeMaTHYHOI'O

n
CIIO/IIBAaHHS, IO BU3HAYAETHCS CYMOIO TAPMOHIYHUX CKJIaJ0BHX Zak sin(ot+¢,).
k=1
@OyHKIIOHATBHO NMOB’A3aHI FAPMOHIYHI KOJMBAaHHS 3 KPAaTHMMHM 4YacTOTAMH B
cyMmi 3 raycciBecbkuMm mymom. s monmens mporecy siBise (B JOBUIRHO oOpaHiid cMy3i
YaCcTOT) CyMy IIIyMY 3 KiHIIEBUM YHCJIOM T'aPMOHIK 3BYKOpsiIy mepioguaHoro mpouecy f(t):

p+n

@) =v(t)+ f(t) =v(t)+ D asin(kayt +¢,). (3)

k=p

Sk 1 B momepenHiX BHUIAIKaX, BIACTHUBOCTI II€]l MOJEN MPOIECy BH3HAYAIOTHCS
BJIACTUBOCTSIMH M1apaMeTpiB rapMOHIYHUX KoJuBaHb. [Ipu gerepMmiHOBaHUX &, ,®;, @, MaEMO
PO3TJISIHYTHI ~ BHINE BHIIQJAOK HECTAI[IOHAPHOTO 32 MAaTEMAaTUYHAM  CIIOJIiBAaHHSIM
raycciBcbkoro mporuecy. IIpu BuUmagkoBoMy XapakTepi MmodaTkoBuX (a3 B JaHiii moxeni
JIOIIJIBHO CTABUTH BHITAJKOBY 3MiHHY 3CyBY to mepioguunoi ckmanosoi f (t, T1) mpomecy, ska
PIBHOMIpHO po3noisieHa B Mexax rnepiony T1 =27/ @, xomuBanp W (1) =1/T, O0<t<T,

B ocraHHROMY BHTIA/IKYy HEBKKO OTPUMATH TaKi XapaKTEPUCTHKH:

=0 =00 +0%, Yo = o+ Xars My =ty ly =30, +60207 + flye Yo = Xay

SIKI CBiYaTh MPO CTALIOHAPHICTD 1 HETayCCOBICTh MPOIIECY.
Kopensmiiina GyHkiis mporiecy Mae 1Ba T0AaHKH:

. NAwt

SlnT

Kg(T) = KV(T) —+ nTmCOSCUOT-
nsin

[Nepmmii 3 sSKUX MpUiiMae Mani 3HaYEHHS NMPH 7>7k, TOMY IPH BEIUKHX 3aTPHUMKax
BUSIBJISIETBCS. BUJl 1 TIEPIOJUYHUN XapakKTep TMEpioJAMYHOI CKIamoBoi mporecy. OTxe,
CHEKTPAILHUN 1 KOPENSALIMHUN aHaNi3u JO03BOJSIOTH PO3AUTUTH Ta BUSBUTH BiIMIHHICTh
JTAHOTO TIPOIIECY BiJ] TayCCIBCHKOTO IITyMY.

BunagkoBi immyJjbcHi mpouecu. barato akycTHYHMX IIyMiB —KaBiTal[ifHOTO
MOXO/IPKEHHSI OMUCYIOTHCSI MOJIEIUTIO BHITAJIKOBOTO IMITYJILCHOT'O MPOIECY, SIKa TPYHTYETHCS
Ha 3akoHi [lyaccona. IlyaccoHIBChKMIA TmpoIleC TMPEACTaBIsE COOOK CYIMEPIIO3HIII0

https://doi.org/10.32782/2618-0340/2019.2-2.7
81



ITPUKIIAJTHI TN TAHHA MATEMATHYHOI' O MOJEJIFOBAHHA T. 2, Mo 2, 2019 p.

BUITAJIKOBO BHHHMKAIOUMUX HE3aJCKHO OJWH BiJ OJHOTO IMIYJBLCIB, JAETEPMIHOBAaHUX abo
BUIAIKOBHX 32 popmoro F(t):

p(t)zzaiF(t_ti)a (4)

JUIS SIKOTO HMOBIPHICTh BUHUKHEHHs K IMIyJbCIB YCEpEAMHI IHTEpBady 4acy T 3aJa€ThCs
posnoainom ITyaccona:

p ()=, (5)

ne N, — CepeHE YUCIIO IMITYJIbCIB, 110 BUHUKAIOTh B OJUHUIIO Yacy.

KymynstHTHI (yHKIII CTaIlliOHapHOTO ITyacCOHIBCHKOTO MPOIECY BH3HAYAEMO 32
dbopmyIoro:

ldQTPQN”Q)=n0<aS>JFOﬂFw—TQme—iddu

EHepreTuvHuil CeKTp MyacCOHIBCHKOTO MPOIECY BU3HAYAETHCS BHpa3oM [4]:

G (a))=£< g(w)>* [A*+0° +2(c’R, + A*) f (w)], (6)

C

o0
e < g(w)>= I< F(t) > e ""dt — crieKTp eTeMEHTapHOTrO IMITYJIbCY;
Z»
U = 1/In,— cepeaHiii iHTEpBaT HAAXOKEHHS IMITYJIbCIB;
A, o — cepenHs aMILTITY/a 1 JUCTIEPCist aMILTITYl IMITYJIbCIB;
R, — KoedilieHT KOpensii aMIUTiTy 1 iMITYJIbCIB;

f, =Re{[6,, (o) [1-6,,(0)]};

6, (@) — XapakTepucTiiHa GyHKILis IHTEPBATIB 4 MPOXOKEHHS IMITyIbCIB.

[HIII010 TOIIMPEHOI0 MOAEIUIIO IMITYJICHOTO CHUTHAIBHOTO TpOLECy € TenerpadpHuii
CHUTHAJ — IPOIIEC, AKUI MOKe HaOyBaTH JIMILIE JBOX 3HAU€Hb X; Ta X, B MOMEHTH Hacy {,,

SIKI BU3HAYAIOTHCS BIJMOBIAHAM WMOBIPHICHUM 3aKOHOM. JlJisi CHMETpUYHOTO TeJerpadHOTo
CUTHAJIy TIPpH TyacCOHIBCBKOMY 3aKOH1 PpO3MOIITy WMOBIPHOCTI 3MiHHM 3HAKy CHTHAIY
(x, =h, X, =—h) 3auac T xopensuiiiHa GpyHKILis € EKCIIOHEHIIAIBHOIO:

R(7) = h’exp (=2n, |z|). (7)

Jlyist KBaHTOBOTO B 4Yaci TenerpadHoro curHany (3MiHa 3HaKa BiOyBaeThCs JIUINE B
MOMEHTH 4acy, KpaTHi T) KopensuiiHa QyHKIis TOpiBHIOE

R(7) = h?| 1 -4T|. (8)

I mo came BaxMBO mpU Oyab-SIKOMY BUTJISAI KOpensiitHOi QyHKIIT TenerpadgHoro
CUTHAITY, HOTO KyMYJITHTHA (DYHKITiSl 4ETBEPTOTO TOPSIKY 3aBXKIU JTOPIBHIOE
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2:(7) = =2R*(2). (9)

Crnektp TenerpadHOTO CHUTHATY IMPHU IMYaCCOHIBCBKOMY 3aKOHI HMOBIPHOCTI 3MiH
3HAKY Ja€:

Gu(®) = (h*/7) x (2n4/(4n%, +a&), (10)

a Ui TenerpadHOro CUrHay 3 I€TEPMIHOBAHMMH TaKTOBUMHU 1IHTEpBaJIlaMU Ma€ BUTJIS!
G (@) = (h?T/27) x (AT/2)2 sin¥(wT/2). (11)

VY Garatpbox BHITaJIKaxX KaBiTalliifHI IIyMH HOCSTH XapaKTEP HECTAIIIOHAPHOTO MOTOKY
IMITyJTbCIB, KOJIU TIOTIK PiIMHH, IO Habirae Ha OOTIYHE TLIO, HE € CTalmioHApHUM. B 1boMy
BUTIQJIKY KaBITAIIMHUAN IIIyM, 110 BUIPOMIHIOETHCS KOXHOI JIOMATTIO, € MOIYJbOBaHUM. Y
nepuioMy HaOIMKEHHI TaKUH IIyM OMUCYETHCS MYJIbTUILUTIKATUBHOIO MOJAEILIIO!

21 () = [1 +mx ()] £(0).

Opnak, 1 MOJENb HE BigoOpakae 3aJIeKHOCTI KoedilieHTa MOIYISIii M Bix
CEpEIHBOI YaCTOTU (¢, CMYTH LIYMY, HE BioOpa)ka€ BOHA 1 HAsBHICTh YaCTOTHOI MOJYJIALIL
HIyMy.

Hexaii neskuii mapamerp A MOTOKY iMITyIbCIB (4) € MOIYnboBaHUM A = Ao(1 + mXy).

Busnauaemo koedimieHT MOYIIALIT SIK

m, = AVA,
ne AL — amIutiTyaa KOJIMBaHb apamerpa A BiJHOCHO HOTro cepeaHbOro 3Ha4eHHS Ag.

Tomi eHepreTHYHHWI CIEKTp Mporecy Oyae 3MIHIOBATHCS Yy daci, TOOTO TaKoX
BUSABUTHCS MoayiboBaHuM G = G[ @, A(t)] 3 xoediieHTOM aMILTITYIHOT MOTYJISALIT

Mg = AGIG, =[ (6G/dA)AL /G, = [0G(w, 1)|xm, A, [(6AxG,). (12)

Koedimient momymsaiii ms wmymy p(t) B 3amaniii cMmysi dactot Awm, = 27Af,
BH3HAUMMO 4Yepe3 BiJIHOCHY 3MiHY B 4aci CepeHbOro KBaJpaTUIHOTO 3HAYEHHS O), IPOLECY
p(t), o po3rasmaeThes B iHTepBam yacy T << 7.

o, (@,2) = { T K2(0)G(w, l)da)} ~[Af G(w,, 1],

ne K(w) — yacToTHa XapaKTepUCTHKA CMYTOBOro (hiibTpa 3 cMyroro mpormyckanus Af,.
Toni koedilieHT MOAYIALIT TOPIBHIOE
i[Af G(w, A)]"*m, 4,
_Ao _opt §
° o, [Af G(w, 1)

(13)
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3 Bupasy (13) BurumBae, mo B 3arajgbHOMY BUMAAKy Me = 0,5mg. Cnektp G(w, 4)
BU3Ha4YaeMo 3a (opmysoro (6), Ui AKOi 3aleKHHM BiJ yacy mapamerp A BH3HAYa€ThCs 3
dbopmynu (13) 3a 1OITOMOTO0 aMIUTITYAH IMITYJIBCIB A.

Bukonani 3a Bupazamu (12)—(13) po3paxyHKH TPU3BOIATH 10O HACTYITHUX
pe3ybTaTiB:

a) IPY MOJYJISIIT aMILTITY T iIMITYJIbCIB 1 AOBiIBHOMY BUTIIsAAL criekTpa G(w):

(A) Af[L+2f
R [2 A o, mpu f,—> 0; (14)
m, o° +A[1+2f (®)]

0) mpu MoOAyNALIi 1HTEpPBaJIIB CIiTyBaHHS IMITYJIbCIB:

m At (o
m) = ——f 4 my A2) , (15)

2 2lo® + AL+ 21, ()]
TOOTO IPU EKCIOHEHIIATbHOMY PO3IIOJiII IHTEpBAIB MIPOXOMKEHHS IMITylIbCiB, ko fy(w)
=0, maemo MY = -m,/2;

B) NpH MOIYJALIl 3racaHHs [ eKCIOHEHIAIbHUX IMIYJIbCiB ab0 3racaHHs «
IMITYJTBCIB BIITIOBITHO MaEMO

m” g
mﬁ ﬂz +6()2 (16)
m') 2a’ , , 2v/ 2 .
mL=—7(a’o +w )<9 (60)>
a 1

T') IpY MOJYJISLIT YaCTOTH 1 3aIIOBHEHHS IMITYJIbCIB!

(@)
mO'

:1—<g2(a))>(a2+a)12—a)2), 17)

(2]

NpUYOMY B CMy3l 4YacTOT, MOOJIM3Yy @1  BUHHUKAE KBAJpaTHYHA MOJIYJISALIsS, sKa
XapaKTEePU3YETHCS TOSBOIO B CKJIa/ll OOBITHOT APYTOi TapMOHIKH MOIYITIO0YO01T (QyHKITIT

m*+ 4Q’m?,, ne Q° = (& +a’1 )4l

OTpumaHi JaH1 TOKa3ylOTh HACTYITHE:

— MOAYJISIIS aMIuTiTyIH (A4) Ta IHTepBaTiB MPOXOKECHHS IMITYJIBCIB (L) TPHBOAUTH
JI0 MOAYJISIIIIT MPOIIECY, M0 HE 3aJIeKUTh Bl HECY4Oi YaCTOTH,

— MonynAmis GpopMu IMIyIbCiB — 3racaHHss « abo [ iMIynbCiB, abo 4acTOTH
3aIOBHEHHS 1 IMITYJIbCIB MPU3BOIATE JI0 3aJ€KHOCTI KoedimieHTa MOIyALii Big HeCydoi
9acTOTH;

— MpPU MOAYJALII YacCTOTH 3allOBHEHHS IMITYJIbCIB BUHHUKAE €(EKT HETIHIHHOCTI
MOJYJISAMII CHEeKTpy, TOOTO B 00JacTi MOOIU3Y cepeIHbOI YAaCTOTH 3alOBHEHHS IMITYNbCIB
3'SIBIISIETHCS ApyTra rapMOHIKa YaCTOTH MOJTYJISIIII.

Jlucriepcisi CyMH HEKOpPEIbOBAaHUX BUIIAJIKOBUX BEJMYMH JOPIBHIOE CyMi nucnepciil. 3
IIOT'O BUIIMBAE TBEPKEHHSI, SIKE IMOKJIaJICHEe B OCHOBY METOy TuBepcudikarii:
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Ta)sz(a))G(a))da)
n,(0) = ——| 2 | (18)
27 [ K2(@)G(w)de

ne K*(w) — KBaapar 4acTOTHOT XapaKTEPHCTHKH CMyToBOro MilbTpa.

VY KiHIIEBOMY paxyHKy €(deKT MOIYJSIii BU3HAYAETHCS EBOJIOIIEID €HEPTEeTUYHOTO
CIEKTpa, 1 SIKIIO 3HAYCHHS 301IbIIEHbh OCTAHHHOTO OYIyTh 3HAWICHI IS 3alaHUX 3HAYCHBb
MOy TF0F0901 GyHKIIiT, Toai 3 BupasiB (12) i (13) jgerko 3HaXOUTHCS KOSPIIIEHT MOMYIISALIT
npoIiecy.

3BepHEMOCS A0 JOOCHIPKEHHS TIIMOWHM 4acTOTHOI MoAyisuii. BusHaunmo MuUTTEBY
94acTOTY MpOIIeCy B 33aHiil cMy3i 4yacToT Af sk Yucno HyiB mpoLecy B OJMHUIIIO Yacy Mpu
3aJIaHOMY 3HaKy MOT0 MOX1THOI (CepeHe YHMCIIO TEePioIiB mpolecy). Y KBazicTallioHapHOMY
HaOIKeHH1 a0 3a YMOBH IMOBUIBHOI 3MiHI IapaMeTpiB MPOLECY CKOPHCTAEMOCS BiIOMUM
BUpazoM [4] s cepemHboro umcna HymiB. lleii Bupa3d BiAgmoBigae  MeTomy
EKCIIePUMEHTAILHUX JIOCIIHKEHb MMapaMeTPiB MUTTEBOI YaCTOTH IIIyMY, KOJH BU3HAYAIOTh
IHTEpBaJIM Yacy MK «HYISIMH» TPOIECY, a MHUTTEBY YaCTOTy OTPUMYIOTH SIK (YHKIIIIO,
3HaYeHHS $KOI MPOTHJIEXKHI IIMM iHTepBanaM. 3actocyemo Bupas (18) ans Bu3HaueHHS
MHUTTEBOI YaCTOTH TMPOIECY B CMYy31 4acTOoT A@ iaeasbHOro (GuIbTpa 3 TPSIMOKYTHOIO
JaCTOTHOIO XapaKTEPHCTUKOIO HA CEPEHill 9acTOTi @op. [IpencraBumo dynkuito G(w) pagom
Teiinopa no 3MiHHIN @g:

G(®) = Go(wyp) + (@ —@p) Go(@y) + Golmp)(@ —a)q))Z/Z + ...,

tozi i3 popmynu (12) orpumaemo

2 ! Co2 Aw)?
W2 + Aw {602% 128 @@, + . @) :I
= 12 | G, G, (Aw) (19)
C " 2
14 Co (A®)
G, 24
VY Garatbox BUMAIKaX JOCTATHHO OOMEXHUTHUCS TEPIIUM HAOIMKESHHSIM:
2 - 2 .
wcz zw;)_FACO . 1_|_2&a)q’J a60 , z(()d)—FAa) 1+2iw¢ . (20)
12 G, 24 G,

Busnaunmo rnmOHHY 4acTOTHOT MOAYJSALIT SIK BiJHOLICHHS JeBiallli 4acTOTH M0
CEPEeIHBOI YaCTOTH MPOIIECY B TOCTIKYBaHIN CMy31 4acTOT:

_@_ o, (A+A)—w. (A) (21)
YTe T ey

c

m

1e A — MOJyJIbOBaHUI MapaMeTp MOCIiT0BHOCTI IMITYJIbCIB.
[Ticis HeCKTagHUX MEPETBOPEHb, BpaxoByioud, 1m0 G = G(w,)), 3 hopmya (20) 1 (21)
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OTPUMAEMO:

_A@® | AG, AG, G, |_
12w, G, G, G,
_ Aw?am, {826(60,1) 1 6G GG}

C 120,G, | 0wdA G, 0w 04

(22)

3 po3B’s3ky (22), s BHIAAKIB MOAYISII MapamMeTpiB TOTOKY IMITYJIBCIB,
OTPHUMAEMO:

a) IpU MOIYJISAIIT aMIUTITY T IMITYJIbCIB:

u.m

MA@’ A? A (@) [, AL+21,(@)]
3w, A +o’+24°f,(0) O A+ 0% + 2%, (@) |

(23)

30KpeMa, m =0 npu f,(w) =0;

u.m

0) mpu MOIYJISIIT IHTEPBAJIIB MPOXOIHKEHHS IMITYJIbCIB!

u.m

m, Gao, A +0c*+24°f, oudw

m*  Awlu, 42 *f (@A)

, (24)

ymosu f,=0 abo 0% f u (w, A1)/ 0u.0 tipu3BOAATH JIO BiICYTHOCTI YaCTOTHOT MOJTYJIALIIT;
B) NIPU MOAYJIALIT 3aTyXaHHA [ eKCIIOHEHIIIaIbHUX 1IMITYJIBCIB!

m?  A@?B’

4. M

= . 25
m, 3(B%+a?)?*’ (25)

T') P MOAYJIAIT 3aracaHHs o eKCIOHEHITIaTbHUX IMITYJIbCIB

m* 2 Aw’a’ 2
n‘L]LM -3 > x<gz(a))>[w—12<gz(a))>(3a2 + wf — 0®)(a® + o} + 0?) —1} (26)

o

sgak M) /M_3MiHIOEThCA TIPU TIEPEXOMi Bifl HU3BKHX YACTOT 1O BHCOKHX, a MOOIH3Y

YaCTOTH 3aITOBHCHHS () YaCTOTHA MOJIYJISAIIS BiJICYTHS,
1) IPY MOJYJISAIIIT YaCTOTH 3alIOBHEHHS ()1 IMITYJIbCIB

% =§Aaflj2 l0°(@)[2l0°(@)|(3a” + @7 — ") + 0f — ) + of } (27)

w

rIHOWHA MOIYJIAIIT 3MIHIOETBCS 3 YaCTOTOI, HA0YBalOYM MiHIMaJIbHUX 3HAYCHb YaCTOTH ).
YactoTHa MOAYJsALs 3’ ABISE€THCS TIPU MOYJIALIT apaMeTpiB GOpMH IMITYJbCIB, a TIUOWHA
YacTOTHOI MOXYJALIT B CMy3l 4acTOT MPOMOpIiiiHa KBajpaTy CMYTH, IO MPONyckae A@
GiTBTp.

CxiafHi aguTHBHO-MYJbTUILTIKATUBHI mpouecu. lllymu 1 BiOpamii cyaHoBOTO
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YCTaTKYBaHHsI BUKJIMKAIOTHCS Oe3miuuto xepen. Lllymu 1 BiOparii oqHOTO MEXaHi3My TaKOXK
BUKJIMKAIOTHCSI KOJIMBAJIBbHUMHU CHJIAMH PI3HOTO XapakTepy, pizHoi ¢izuunoi nmpupoau. Tomy
y3araJibHEHOI MOJICIUTIO PeaIbHOTO IIyMy abo BiOpallii € aIfuTHBHA MOJIENb, 10 BKIIOYAE
HACTYIIHI CKJIaJI0BI:

— raycciBChbKHUil cTarionapuuii mrym (HeOimmit) &t);

— HerayCciBChbKHit crarfionapuuii mym —ut);

— MoayJsiboBaHi mymu — Zi(t) = [1 + mx(t)] 7(t),
a Takox Tiepiommdni mporecu f(t)= ch cos(ka,t + @, ) 3 pi3HMMM 3HaYEHHAMH OCHOBHOI

k

YacTOTU @j, SKi B OUIBII 3arajJbHOMY BHIAJKY MOXYThb MaTH aMIUIITYJHY 1 YacTOTHY
MOIYJIAIT, TOOTO TOBUHHI MPEACTABIISITUCS MOJICIUIIO:

fi(t) = Z(l"‘ M; Xy, )Gy, cos{ka, [1+ mJ(q'M)Y(t)] +9u}-

k

Bech 1eli ckiraqHuil aAMTHBHUE Tipoliec Mae MHOKHUK @ (1), sikuil BimoOpaxae 3MiHy
piBHS B Tpolleci, B Yaci, B HACHiAKy. B 3aralbHOMYy BUNAJIKy aJUTUBHO-MYJIBTUILIIKATHBHA
MOJIENIb Ma€ BUTJIAL:

F(t) = Cb(t)[é(t) v+ 7 M+, (t)} : (28)

KoxHuil nomaHok XapaKTepU3YEThCSl CBOIM CIIEKTPOM 1 YaCTOTHOIO 3aJIeKHICTIO
CTAaTUYHUX XAPAKTEPUCTHUK. Y PI3HUX CMYTax YacTOT IMEpeBaKaloTh Pi3HI JpKepesna, TOMY
CTATUCTUYHI XapaKTEPUCTHKH, BUMIPIOBaHI B CYMDKHHX CMyrax 4acToT, MaiTh OyTH
pi3HUMH.

Po3risiHeMO XapaKTEpUCTHKH CKJIAIHOTO aIMTHBHOTO Mporiecy, npuiiMaroun @(t) = 1
B (28). lucnepcist amuTHBHOTO TPOLIECY B CHITY HEKOPEIbOBAHOCTI JI0IaHKIB IOPIBHIOE

2 2 2 2 2
Of =0;+0, + Zazi +z:o'fJ . (29)
i ]
KyMyIsHTH BUIIUX TIOPSAAKIB I HE3AIEKHUX JOAAHKIB TAKOX aJUTHBHI:
X :Zk.g"'?(kv"‘ZZkzi +Zlkf3 : (30)
i 3

HopmoBani koedimieHTHn (acumeTpii, €KCIecy Ta BHUIIOTO TPSAKa), SKI HEBAKKO
NOKa3aTH, BUPA3UMO Yepe3 aHaJIoT14HI KoeillieHTH TOIaHKIB 1 IX Aucnepcii:

k

Ve =LE =S a : (31)

= 2 \k/2 k727 kq
(O'F) q |:ZGZ:|
q
q

KoedimienT mMomynsauii B cMy3i 4acTOT HpU MiJICYyMOBYBAaHHI IIyMiB 3MEHIIYETHCS
TaKO’X BIJIMOBITHO BiJTHOIICHHIO JUCTIEPCIH TOJaHKIB:

m-=m,—- . (32)
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Lleii pe3ynbTaT BHIUIMBAE 3 aHaji3y BHpasy, MO onmucye amuTuBHUil mpouec F(t) y
BUIJISII HOBOTO MOAYJIBOBAHOI'O IPOLECY, YTBOPEHOrO MiJCYMOBYBAaHHSIM MOJYJIbOBAaHOTO
npoiiecy Z(t) i HeMOyJILOBAHOTO MPOIIECIB, MPEACTaBIeHUX CKIaq0oBo0 N(t):

F(t) = (1+ mFXt)yt = (1+ mzxt)ﬂ(t) +N (t)a (33)

e Mg — koedinieHT Moxy i cymapHoro mnporecy F(t).
[lepexomstun no0 aucnepcii niBoi 1 mpaBoi yacTHUH BHpasy (33) 1 BBaxarouw, IO
CKJIaJI0B1 B (27) mpencTaBIieHi CTalllOHAPHUMU MOIYJISIMHA, OTPUMY€EMO

2 2 2 2 2
L+mex) o, =1+m,x) o, +oy, (34)
3BiJIKM BUIUIMBAIOTH /1Bl YMOBH €KBIBaJICHTHOCTI MOIYJIbOBAaHUX IPOIIECIB:

2 _ 2 2. 2 _ 2
o, =0, +0y; Mo, =M,o0,. (35)

I3 ocranHboro orpumaemo Qopmyiny (32). [dns cymMu 3aJeKHHX MpPOLECIB B
3araJIbHOMY BUITAJIKy KYMYJISTHTH BU3Ha4aeMo 3a popmysioro [4]:

k!
A= ¥ ), @)

i+ +...=k I1!|2
JIe TiICYMOBYBaHHSI e 1o Beix |, ane Tak, mo6 BukonyBanacs ymoBa li+l+ ..+ Iy =K.

bauumo, 1110 A1 aANTUBHOCTI AUCTIEPCiH TOCTATHI JIHIIIe HEKOPEThOBaHI JIOIaHKH.

KoedimienT momynsamii cymu BiadiIbTpOBAaHUX IIIyMiB BHU3HAYAETHCS CTYIEHEM
KOPEJIbOBAHOCTI I' MiICYMOBYBAaHUX IIYMiB 1 pu '~ 1 Maemo My ~M;, a pu <1 oTpuMaemo
My <m; (ae M; — koedilieHT MOAYJIALIT JOIAHKIB).

Knacudgikaniss nmpoueciB 3a CTAaTUCTUYHUMM XaPAKTEPUCTHUKAMH i X YACTOTHOIO
3anexnicTio. MMoBipHicHi Mojeni mpoleciB BKIIOYAIOTH B ceOe SK MaTeMaTHUHE
BU3HAYCHHS 3B 53Ky PI3HUX €JIEMEHTApHUX IPOIECiB, Tak 1 HWMOBIPHI XapaKTEPUCTUKH
napaMeTpiB eJeMEHTapHUX MpolleciB. B pe3ynbTari 3 oaHi€el 1 Ti€l K MHOXHHM peanizaii
MO>XHa HaOpaTu pi3HI CKJIAJO0BI peajizalliii, Mo YTBOPIOIOTh MOJIEII BUIAIKOBUX TPOIIECIB
PI3HUX KJIacCiB.

OTpumaHi pe3yNbTaTH J03BOJISIOTH PO3TJIIHYTH HACTYMHY KiIacHQiKaIliio MPOIECiB,
SIKIIIO OOMEKHUTHCH CTAI[IOHAPHUMU MOJIEIISIMHA ONIMCAHUX BUIIE MTPOIIECIB:

— 32 BHJIOM 1 PIBHSAMH 3TJIQJKEHOTO (32 9aCTOTOI0) EHEPTeTUYHOTO CIEKTPA,

— 32 BUJIOM 1 MapaMeTpamMu CKIAJ0BUX TUCKPETHOTO CIEKTpa (YacTOTO, aMILTITY 100,
HasSBHICTIO YaCTOTHOI a00 aMIUTITYAHOI MOTYJISIIIT);

— 3a 3aJICKHICTIO BiJl YaCTOTH KOe(iIli€HTIB €KCIecy;

— 33 HasABHICTIO MOJYJIAIII1, 3JICKHO BiJl YaCTOTH 1 MapaMeTPiB MOAYITIOI0YO0I (DYHKIIIT.

TakuM 4YMHOM, MOXXHA BIAPI3HATH HETayCCIBCBKUN IIyM BiJl TayCCIBCHKOTO 3a
HasSBHICTIO HEHYJIBOBUX KOC(QIIIEHTIB €KCIECY 1 BUAUIMTH 111 ITYMH 3 YHCJIA THIINX TPOIECIB
3a BIJICYTHICTIO JMCKPETHHX CKJIAJIOBUX B iX cHekTpi 1 B crekTpi o6BinHoi. KoedimieHT
€KCIIECY MOXE CIY)KHTH TaKOX O3HAKOIO, IO J03BOJISE BCTAHOBUTH HASBHICTH MOMYJISIIII B
okpemux aiasHKax crekrpa (< 0) abo momymsamii (y4> 0) 6e3 BUKOHAHHS CIIEKTPATLHOTO
anamizy. CkinajHi alUTUBHO-MYJIBTHILTIKATUBHI TPOIECH, IO MICTATh CKJIAJOBI1 BiJIMIHHOTO
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KJIacy, MalOTh CKJIAJHY YacTOTHY 3aJICKHICTh CTaTUCTUYHUX XapaKTEpUCTHK. Tak, CyqHOBI
mymu 1 BiOpamii MICTATh, SK MNpPaBUJIO, JUCKPETHI CKJIaJ0BI HAa HU3BKHX YacTOTax I
MOJyJIbOBaHI IIyMH Ha BUIIUX 3BYKOBHMX 4acCTOTaX.

Lle mpu3BOANTH IO YACTOTHOI 3aJIKHOCTI KoedilieHTa ekcrecy: y4(®) < 0 Ha HU3bKUX
ta y4(®) > 0 HA BHUCOKHMX YacTOTaxX, JO YaCTOTHOI 3aJeKHOCTI KoedillieHTa MOIYJIAIIl —
3pOCTaHHSI PIBHSI MOJIYJIAIII IIyMy HA BUCOKHX YacTOTaxX. BUKOHAaeMO aHalli3 BIACTUBOCTEH
PO3TISIHYTHX MOJIEel BHITAJKOBUX IPOLECIB Ha mincTaBi Tabn. 1, B sAKii A MOpIBHSHHS
HaBeJEeHI MapaMeTpu, SKI XapakTepus3yloTb pI3HI Mpolecu B Teopii Ta IpHU
eKCIIEPUMEHTAJIbHUX  JIOCHI/DKeHHsIX. HeniHiliiHe mnepeTBOpeHHs TayCcCiBCbKOIO —IIyMY
BIJIPI3HSAETHCS] HEHYJIBOBUMH 3HAYCHHSIX KYMYJISIHTIB BUILIUX TIOPS/IKIB, 32 SKUMHU Ha TIPAKTHII

BU3HAUAIOTh y CMYIax 4acTOT KOeQili€HT eKcIecy V4.
Jlpyra mMozenb, 3aCHOBaHa Ha BHKOPHCTaHHI I'ayCCIBCKOTO IIyMY, — MOJAYJIbOBAaHHUH
myM. SIK B Teopii, Tak 1 Ha MPAKTHUI JOJATKOBUMHU XapaKTEPUCTHKAMHU I[LOTO MPOIECY €

KOE(]ILIEHTH €KCLECY )4 B CMyrax 4acToT, IO JalTh IHTErPaJIbHy XapaKTEPUCTUKY €PEKTY
MOTYJISIII.

KoHkpeTHi 3HadyeHHs mNapuiaJbHUX KOE(DILIEHTIB MOIYJALIl My XapaKTepU3ylTh
NepioUYHY MOAYIIO0YY (PYHKIIIO, TpeAcTaBisioun i paaom dyp’e.

CuHyc 3 BHIAJKOBOI IMOYaTKOBOIO (ha30l0 € HAWMPOCTIINION MOACIUII0, SKa
XapaKTepU3yeThCS aMILTITYA00 A Ta 4aCTOTOIO @, SIK B TEOPIi, TaK 1 HAa MPAKTHIILI.

Tabmums 1
CratucTHyHI XapaKTEPUCTUKH Ta TapaMeTPH peaabHUX (I3UIHHUX MPOIIECIB, SIKI MOAAIOTHCS
pi3HI/IMI/I MaTeéMaTHYHHUMU MOJCIISIMU

Mogeni mporecis XE.lpaKTepI/ICTI/IKI/I Ta mapameTpu
Teopis Excniepument
T"aycciBechbkuii CTAI[iOHAPHHIA TITyM My, R(7), G(w) G(w)
HeraycciBchkuit cTamioHapHUN IyM M, R(2), G(w)},/y SERARES G(w), 74
S
MoyapoBaHMii IryM (TIEpioAMYHA MOIYIISIILS) M, F:TET)’ (), 72, G(®), y4, My
k

CHHYC 3 BUIIaJKOBOIO OYaTKOBOIO (ha30r0 A o A o
IMmynecHMI cTalioOHapHUH MyacCOHIBChKUI
npottec no , F(t) G(w)
ImMmysCcHUI MOAYJIBOBAHUI MPOLIEC no(t), FIA(D)] G(a)%, 7 2’({)TA(0))’

BucHoBkHu

1. BiOparii cyTHOBUX MaIlllMH Ta MEXaHI3MiB MOXYTh OyTH MpeJICTaBlICH] B 3aralbHOMY
BUTJISIAI 32 JOTIOMOT'OK0 IUTUBHO-MYJIBTHUILTIKATUBHOI MOJIEI BiOpatii.

2. Po3rasHyTi BUIIE MOJENi JOLUJIBHO Ta pAaliOHAJHLHO BHKOPHUCTOBYBATH IIPH
B1OpOIiarHOCTYBaHH1 Cy/THOBHX MallIH 1 MEXaHI13MiB.

3. Ilpu mpoBefieHHI €KCTIEPUMEHTATLHUX JOCTIIKEHb /Il BUSBICHHS JIarHOCTHYHUX
O3HaK pi3HUX JAe(PEKTIB CYAHOBOrO OOJaTHAHHS JOLUILHO MAaTH TAKET KOMIT FOTEPHUX
nporpam, siKi JO3BOJISIOTH NMPOBOAUTHU CIIEKTPaTbHUM aHami3 BiOpalii, CeKTpalbHUN aHawi3
00BIHOT CKJIa/I0BOI, Ta TTAKET CTATUCTUYHOI OOPOOKH pe3ysIbTaTiB BUMIPIOBaHb BiOparlii.
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