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AHHOmayus — lMpvBeaeHbl pe3ynbTaThl NPUMEHEHUs npe-
obpasoBaHusa MnbbepTa K anekTposHuedanorpaMMmam 340po-
BbIX 1 60oMbHbIX ntogen. PaccuntaHbl 1 NOCTPOEHbI BPEMEHHbIE
3aBMCMMOCTW MTHOBEHHOWN YacToThl. [lonyyeHsbl MHGOPMaUMOH-
Hble NapamMeTpbl ANEKTPO3HLedanorpaMm.

|. BBegeHune

B HacTosee Bpemsa Bce bornee LUMpOKoe NpuMeHe-
HMEe HaxoOsT YMCIEHHble MeTOAbl aHanm3a 3MeKTPOdH-
uedanorpammbl  (33N) (B OCHOBHOM, CheKTparnbHO-
KoppensaumMoHHbie). penmyLlecTBo 3TUX METOA0B —
yCTpaHeHne CyOBbEeKTUBHOCTU, KoTopas HeusbexHa npu
BM3yanbHOM aHanuse. O3 — npouecc HecTaumoHap-
HbIl, HO B YMCINEHHbIX MeToAdax 3TO, KaK MpaBwumo, He
yumTbiBaeTcs [1].

McknioyeHne cocTaBnsieT MpUMEHEHWE BeWBNET-
npeobpa3oBaHusi, 04HAKO AaHHbIN METOZ, MoKa He Mony-
YA LUMPOKOTO pacnpoCTpaHeHWs B AMArHoCTuKe, Mo-
CKOJbKY NpeacTaBnsieT AOCTATOYHYHK CIOXHOCTb B WH-
TeprpeTauum pesynbTaTtoB sHuedanorpaducTom.

CneKTpanbHO-KOPPENSLNOHHbIE METOAbI MO3BOMSOT
onpefenvtb OOMUHMPOBaHWE OnpeAeneHHbIX YacToT-
HbIX COCTaBMSAOLWMX HA JaHHOM oTpe3ke D3 1 nNo 3Tnm
OaHHbIM 0B6HapYXWTb, B YACTHOCTW, 30HY PacronoXeHUs
naToriorMyeckoro ovara.

OpfHako OHM He [altT BO3MOXHOCTM AeTanbHO Mpo-
CneguTb W YMCMEHHO OXapaKTepu3oBaTb W3MEHEHWe
CTpykTypbl O3 BO BPEMEHW, CMEHY U MPOAOIDKUTESb-
HOCTb PUTMOB, YTO SIBMSIETCA aKTyarbHbIM, Y4UTbIBas
HecTaunoHapHocTb J3T .

Il. OcHoBHasa 4YacTb

®a3080-4aCTOTHLIN MeTO OCHOBaH Ha NpeAcTasne-
HAM  cryyadHoro  npouecca  p(t) B Bufde

p(t)=A(t)cosp(t) [2]. Mpn aTOM cnydaiHblil npoLecc
p(t) paccMaTpuBaeTCcsl kak rapMoHu4Yeckoe koneba-

HWe, MOfynMpoBaHHOe Mo amnnuTyde u dase cnyvaii-
HeIMU DYHKUMAMU  A(t) U ¢(t). Bbluucnenne aTux

dyHKUMIA no3BonsieT HabnwaaTe U3MEHEHUe amnnTy-
abl 1 dasel A3 BO BpemeHM, a Takke uccrenoBatb
U3MeHeHne BO BPEMEHU MIHOBEHHOW U CpedHen YactoT
konebaHuin, ecnn NOgxoouTb K MOHATUIO YacTOTbl Kak
NPOn3BOAHOW MONHON a3kl konebaTensHOro npolecca.
TakoW mMeTo[ aHanu3a Mo3BOJSieT YMCIIEHHO OXapaKTe-
pu3oBaTb MNPOAOIMKUTENBHOCTL M YacTOTy CMEHbl OT-
OenbHbIX PUTMOB.

Bo3MOXHOCTb NpeacTaBneHvs criyqyanHoro npouec-
ca B BuAe rapMoHM4eckoro konebaHusi, MpomMoaynmpo-
BaHHOro cny4yanHbiM obpas3om no amnnutyae u gase,
pocTtaTtoyHo rnyboko TeopeTnyeckn obocHoBaHa [3,4].
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Kpome TOro, MOXHO OMPeAenuTb MrHOBEHHYHO Yac-
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O3l aBngeTca  LUMPOKOMOSIOCHBIM MPOLIECCOM U B
3TOM crny4ae noHATMEe ornbarolien He MMEeeT 4YeTKoro
duandeckoro cmbicna [3, 4]. B To xe Bpems aHanus
byHKUMN () NO3BOMSIET MOMYYNTb HEKOTOPYH [o-

NOMHUTENBHYIO MHOPMaLMIO O CTabUNbHOCTU YacToT-
HbIX XapakTePUCTUK, BPEMEHWU CTaLMOHAPHOCTU U Xa-
pakTepe NepexofHblX PeXuMoB B konebatenbHOM mnpo-

uecce p(t)= A(t)cose(t) [2].
Ha puc. 1 npencrasneHbl pesynbTaTthl pacdeTa mno

dopmyne (3) MrHOBEHHOW YacToThbl npouecca A3l 340-
poBOro 604pCTBYIOLLENO YENOBEKA.

@)

£ T

11

10

5

Puc. 1. 3asucumocmu omHoweHusi cugHan/uwym (SNR)
Ha ebixo0e CP om omHoweHusi cugHan/uym Ha exode
(SNRex)0nisi pa3Hbix 3Ha4YeHuUl 4acmomsl
rnepuoduyeckoz2o 8Xo0HO20 cuzHarsa.

Fig. 1. An instantaneous frequency-time diagram for
EEG of a healthy adult person
Tabn. 1. HdopmaumoHHble napameTpbl A3
3J0pOBOro YerioBeka

Table 1. Information parameters of EEG of a
healthy person
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B kauecTBe 4MCneHHbIX OLEHOK XxapakTepa O3l B
MEOVUUHCKOM OUarHOCTUKE MCMONb3YTCA WHAEKC PUT-
ma [1], npeAcTaBnsALWNA OTHOCUTENBLHYIO MPOJOIHKM-
TenbHOCTb onpeaeneHHoro putMa B gaHHomn anoxe Q30 -
curHana, cpegHee 3HadeHue a)0/27r 1 gucnepcusa vac-

TOTbl Kagoro putma. Pe3ynbTaThl pacyeTa ykasaHHbIX
napamMeTpoB Ans peanusaumm puc.1 npuBedeHbl B
Tabn. 1.

M3 nonyyeHHbIX pe3ynbTaTtoB BUAHO, YTO B peanu-
3auusx A3 curHanos npeobnagaeT cocTasBnsiowas o-
putma (MHOekc putma npesbiwaetr 90%). OTmeTum
Takke MpaKTUYeckoe OTCYTCTBME HU3KOYACTOTHbIX CO-
CTaBNALNX.

lMpoBeaeH aHanNOrMYHbIN pacyeT napamMeTpoB B CRy-
yae peanusaumm O3 GonbHoro. CpepgHssi 4YacTtoTa B
naHHOM crydae — f; =4,28 'u. OuesBnaHa HecTabunb-

HOCTb 4acTOTbl MO CPaBHEHWIO C NpeablayLlen peanunsa-
uven. Kpome TOro, B peanusaumm CyLLeCTBEHHO BO3-
pocna cocTaBnstLLas HU3KOM YacToThl (MHAEKC 5-puTma
npesbiwaeT 44%), 4To ABNSETCS NPU3HaKOM BO3MOXHOWN
naTonoruu.

McecneposaHusa nposefeHbl Ha Bbibopke 40 venosek
[5]. CpaBHeHue rpadukoB 3aBMCMMOCTM MIHOBEHHOMN
4YacToTbl OT BPEMEHU U AeBuaLMKN YacTOTbl 300POBbLIX U
6onbHbIX Moden nokasano, YTo OTKIIOHEHWe YacToTbl OT
CpefHero 3HaYeHus 3HaAYUTENbHO Bblle Yy BGOMbHbIX,
YeM y 300pOBbIX NOAEN.

IIl. 3akntoyeHue

®a30B0-4acCTOTHbIN MeToa aHanusa O3 nossonseT
npocneanTb 3a QUHAMUKON M3meHeHusi O3, YncneHHo
OxapakTepusoBaTb NPOAOIMKUTENBHOCTbL U CMEHY OC-
HOBHbIX (PM3NONOrMyYecKkMx pUTMOB, a Takke NpocneanTb
3a U3MEHEHWEM YacTOTbl BO BPEMEHW B Mpeaenax Kax-
poro putma. Kpome TOro, ¢asoBO-4acTOTHbIA MeToq
aHanmsa O3l nosBonseT B cnyyae adhpepeHTHbIX pas-
OpaXkeHUN BbISIBUTb U3MEHEHUSI MTHOBEHHOW 4acTOTbl U
asbl KonebaHu No Mepe Bxoda B peakumio U BbIXxoaa
13 Hee. C NMOMOLLbIO 3TOr0 METoOA MOXHO 3aperncTpu-
poBaTb M3MeHeHust B A3 npu natonornm, B 4aCTHOCTH,
npu NOSIBNEHUM 3NUNENTOMAHOW akTMBHOCTWU. Paspabo-
TaHHbI MeTo obnagaeTt 6onbLuel YyBCTBUTENBHOCTbIO
(no cpaBHeHUIO ¢ NpeobpasoBaHnem Pypbe 1 BeNBneT—
npeobpa3oBaHMeEM) K BbISIBNEHWIO ObICTPbIX U3MEHEHUN
yacToTbl. [lpocToTa M HarnsgHOCTb MeToda, a Takke
BO3MOXHOCTb €ro nporpaMmMHo-annapaTHON peanusa-
UMM B peanbHOM BpeMeEHU MpencTaBnsitoTCA BaXXHbIMU
npv NPOBEAEHMM MACCOBbLIX OOCrnedoBaHWA U NepBuY-
HOW ANArHOCTUKN.

HepocTtatkom 3TOro Metoga ABMNSETCA CNOCOOHOCTb
BblJEMNEHNS TONMbKO OFHOW BbICOKOAMMIUTYAHOW KOMMO-
HEHTbI U3 KOHTUHYyMa 4acToT, KOTOpble MMEKT MECTO B
aHanM3n“pyeMoM KOPOTKOM OTpe3ke BbIOOPKM curHana.
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Abstract — The method of electroencephalogram (EEG)
analysis with the support of the Hilbert phase-frequency analy-
sis is under consideration.

|. Introduction

Nowadays the numerical methods of EEG analysis (in main,
spectral and correlation analyses) are finding ever increasing
application. An advantage of these methods consists in the
elimination of subjectivity, being inevitable for a visual analysis.
EEG is a non-stationary process, but in the numerical methods
this fact, as a rule, is not taken into account [1].

Spectral and correlation analyses do not give an opportunity
to track and to characterize numerically in detail the time
change of the EEG structure, variation and duration of rhythms,
that is of current importance taking into account the EEG non-
stationarity.

Il. Main Part

The phase-frequency analysis is based on the representa-
ton of a random process p(t) in the form of

p(t) = A(t)cosp(t) 12, 3] Thus, the random process
p(t) is considered as a harmonic fluctuation modulated in
amplitude and in phase by the stochastic functions A(¢)
and ¢(t). The calculation of these functions allows observing

the change in amplitude and in phase of EEG with time, and,
also, investigating the time change of instantaneous and aver-
age frequencies of fluctuations, if to approach to the concept of
frequency as a derivative of the total phase of the oscillation
process. Such a method of analysis allows characterizing nu-
merically the duration and frequency of the change of separate
rhythms.

Let us demonstrate that for the broad—band processes the
introduction of the concept of the current frequency enables to
characterize the duration and the rate of change of character-
istic fluctuations (rhythms in the EEG case) in the process
under study.

There are represented (Fig. 1) the results of instantaneous
frequencies of the EEG process calculated by formula (3).

As numerical estimations of EEG in the medical diagnostics
one uses the index of rhythm [1] representing the relative dura-
tion of a rhythm in the given epoch of the EEG signal, the aver-
age frequency value g /27[ and the dispersion of frequency

of each rhythm. The calculation results on the specified pa-
rameters for EEG of a healthy adult person are given in Table 1.

Investigations were carried out on the samples obtained
from 40 persons [6]. The comparison of instantaneous fre-
quency-time diagrams has shown that the frequency deviations
from the average value are much higher for epileptic patients
than for healthy persons.

lll. Conclusion

The phase-frequency method of EEG analysis gives an op-
portunity to track the dynamics of EEG change, to characterize
numerically the duration and variation of the basic physiological
rhythms, and, also, to observe the frequency change in time
within the limits of each rhythm. Besides, the phase-frequency
method of EEG analysis enables to reveal changes in the in-
stantaneous frequency and fluctuation phase provoked by
episodic irritations as coming into the reaction or out from it.
With the help of this method it is possible to record changes in
EEG in the case of pathology, in particular, occurrence of an
epileptogenic activity.
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