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CHUHTE3 PEHIAIOIIUX ITPABNUJI C PA3JINYHBIMHA
MOPOTOBBIMHM ®YHKIIAAMM ITPA CTPYKTYPHOUI
NIEHTUOUKANIUU BUOMEJUIINHCKUX CUT'HAJIOB

Jlana poboTa crmpsMOBaHA HAa BHPIILICHHS 3aladi CHHTE3y pPO3B’SI3YBAJIGHOTO MpaBWiia B METOML
CTPYKTypHOI ineHTH]iKanii 6ioMeANIHHUX CHTHAJIB. Y CTaTTi pO3MIIANAIOTHCS Pi3HI CIIOCOOU PO3PaxXyHKY
moporoBoi (HYHKIIT po3B’sI3yBaIbHOIO MPABUIIA y BUIAAKY HAasSBHOCTI i BiICYTHOCTI HABYAI040i BUOIPKH.

The given work is directed on the decision of task of deciding rule synthesis in the method of biomedical
signals structural identification. The calculation different ways of threshold function of deciding rule in
the case of presence and absence of teaching selection are examined in the article.

IlocranoBKka npooJeMbl. IIpoexTupoBanue JIMarHOCTUYECKUX
KOMIIBIOTEPHBIX CHCTEM, MNpEeIHa3HAUYEHHBIX I aBTOMAaTHYECKOW TUArHOCTHUKHU
3a00eBaHM cepAlla U CEePJeUHO-COCYIUCTOM CHCTEMBI, SBISIETCA aKTyaJbHOU
3ajjadeil MeOUUMHCKOM kuOepHeTnku. Kak mpaBHiO, Takue KapIuoJIOTHYECKHE
CHCTEMBI COCTOSIT U3 CJIEIYIOUIMX IOJCHUCTEM M COOTBETCTBYIOIIMX HM JTaIlOB
00paboTKH OMOMEIUIIMHCKUX CHUTHAIOB [l — 4]: momcucremMa perucTpandd U
onn(poOBKH CHTHANIA; TOJCHCTEMa IMpeIBapUTENFHOW 00pabOTKM CHTHana;
MOJICHCTEMa CTPYKTYPHOH HIOCHTU(UKAIINM CHUTHANA; IOJCUCTEMAa YTOYHCHHUS
MapaMeTPOB CTPYKTYPHBIX 3JEMEHTOB; IOACHCTEMA pacyeTa IUArHOCTHUYECKHX
MoKa3zaTesei; nojacucTeMa NOCTaHOBKU AUArHO3a.

OpmHUM U3 BaXHEUIIIMX 3TAIIOB aHaJM3a OMOMEIUIIMHCKUX CHTHAJIOB, KOTOPBIHA
BIUSIET HA KOHEUHBIM pe3ynbTaT paboThl BCEH KapIUOJIOTUIECKON CHCTEMBI, TO €CTh
MOCTaHOBKY JIMarHo3a, SIBISIETCS ATAll CTPYKTYpHOU uaeHTHuKauuu. CTpyKTypHast
uieHTuGUKaIUsT OMOMEAMIIMHCKUX CHUTHAJIOB — 3TO BBIJEJCHHE Ha (OHE MoMeX
MHPOPMALTMOHHBIX (parMeHToB CHUTHana (mammpumep, 3yOmoB
ANIEKTpOKapauorpamMmel). Bo3MokHBIE OMMOKHM, TOIMyCKaeMble HAa 3ITOM JTale
(TIpoTIycK CTPYKTYpHOTO JIIEMEHTa WM HEMPAaBHIHHOE OIPEICIICHHE €ro THIIA),
MOTYT NPUBOJIUTH K 3HAYUTEIIbHBIM UCKa)KEHUSIM MIPU MMOCTAHOBKE JUArHO3a.

Takum  oOpa3om, pemicHHE 3aJa4dl  CTPYKTYPHOH  HICHTH(UKAIIUH
OMOMETUITIHCKUX CUTHAJIOB SIBJIIETCS Ba)KHBIM 3TanoM CO3JaHUs
ABTOMAaTU3UPOBAHHBIX KapAUOJIOIMYECKUX CUCTEM.

AHaym3 JIITepaTyphl. 3anaua CTPYKTYPHOH UICHTH(PHUKALIUT
OMOMEIUITMHCKAX CHUTHAJIOB PA3IMYHOM TPHUPOABI TPAOUIHMOHHO PEIIAeTCs
Pa3NUYHBIMH 3IBPUCTHYECKIMH METOJAaMH, KOTOpBIE JOCTATOYHO CIIOKHBI B
peanm3anuy u3-3a OONBIIOTO pa3sHOOOpa3us (OpPM CTPYKTYPHBIX DIIEMEHTOB, a
TaK)Ke B CHJIy HaJIM4usl MMOMEX B paccMmarpuBaeMbix curHanax [5 — 8]. B [1, 2, 9]
NPE/UIOKEH METOJ CTPYKTYPHOW HAEHTH(UKAIUM OMOMEIMIMHCKHX CHI'HAJIOB, B
OCHOBY KOTOPOTO HOJIO’KEHA TEOpHs pacno3HaBaHus 00pa3oB. B paccmaTpuBaeMom
METOJIe HMCXOJHBIM KBAa3MINEPHUOANYECKUH CHUTHaJl paccMaTpHBaeTCsi C 2-X TOUYEK
3penust. C 0HOM CTOPOHBI, OMOMEIUIIMHCKUI CUTHAJI — 3TO pemreTdarast GpyHKIus
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X[terB]: X, (t=1,wW), rae X, — aMIUINTYZAbl CHUI'HAJa B TOYKAX JUCKPETH3ALH;
W — JUIMHA MCXOJHOTO CUTHaja; T, — 4acToTa KBaHTOBaHHUs curHana. C npyroif

CTOPOHBI, 6HOMeHHHHHCKHﬁ CUT'HAJI — 3TO MHOXKXECTBO CTPYKTYPHBIX 3JIEMCHTOB
Q={w,®,,....,0p} (P — KOIM4ECTBO CTPYKTYPHBIX OJIEMCHTOB), HPHYEM
Q=0,UQ,, rre Q;, Q, — noamuoxecTBa (KIacchl), COACPXKAIINE CTPYKTYPHBIC
9JIEMEHTHI 33/IaHHOTO THIIA M BCE OCTAJbHBIC OOBEKTHI, COOTBETCTBEHHO. Takoe
IPEACTABICHHE MO3BOIIIO IIEPEUTH OT OIKMCAHHS OOBEKTOB B HCXOJHOM
IPOCTPAHCTBE MNPU3HAKOB X, TIA¢ MNPHU3HAKAMU SBISIIOTCS 3HAYCHHS X, B
MPOCTPaHCTBO Y MEHBIIEH PasMEPHOCTH, TJe MpU3HAKAMU SIBISIFOTCS 3HAYEHUS
onopubix (yHknuii [1]. B HOBOM mpocTpaHcTBe HpHU3HAKOB Y Uil HOCTPOCHUS
pelIanero InpaBuia IMPEAJIONKEHO paccyuThiBaTh (QyHKUMIO auddepeHnuaniu
paccrosHuit f [t], xapakTepusyromyl0 pacCcTOSHUE OT ITAJIOHHOTO OOBEKT 0 BCEX
OCTaIIbHBIX 0OBEKTOB UCXOJHOTO CHrHAIIA. Pelaroiiee IpaBiio HMeeT CIIeyOni
Bux [1]:

Qy, ecu O(o, Py [t]) = Py [t]-M¢ >0;

teLw-N, 11,
Pt NQ,, com O(wy, Pyt = Py[t1-M, <0; < x T

rae o; — knaccupuuupyemslii o0vekt; Py[t] — moporosas ymkums; M. —

3Ha4YeHHE IOKanbHOro MuHHMyMa O¢yHkmmu f [t] mma obsekta ®;; N,
KOJINYECTBO MPU3HAKOB, 3aJa0IIHUX OOBEKT B IPOCTpaHCTBE X.

Hear crarbu — 0000meHHe MeTONa CTPYKTYPHOH —HACHTU(HUKALUH
OMOMEIMIIMHCKIX CHTHAJIOB IPU CHHTE3€ PpEIIAloNIUX IPaBHI C Pa3INYHBIMHU
MOPOTOBBIMU (YHKIIHSMH.

CuHTe3 pemampniero mnpasBmia. PaccMoTpuM crocoObl  OmpeseneHus
MOPOTroBOil (YHKIMHM B 3aBHCUMOCTH OT HAJIWYMs WM OTCYTCTBHS OOydarolueit
BbIOOpkH. Ecnu oOywaromass BBIOOpKa 3ajaHa, TO CaMBIii NPOCTOH CIOCOO
OTIpeJIeNIeHUs] TIOPOTOBON (DYHKIIMHM — 3TO BBIYUCIICHHE TMOCTOSHHOTO 3HAUEHUs TI0
BBIPKCHUIO:

max M.+ min M,

(@1, 2m) “t :w?l “t :m|Q2
Pd [t] = Pd = 2

=const , D

rme max M £ mir(l2 M e - HanOOoJbIIEE W HAUMEHBIIEE 3HAYEHUS JIOKATHHBIX
JpNe) —ni2
Wy =0, =0

muanMymoB  Gyskimu  f [t]  mmm o6Gwekros 03|Ql e m 0)|Q2 €Q,,

COOTBETCTBEHHO.
HccnenoBannss Ha peanbHBIX curHanax (pasmuuHbix orBepeHHsx OKI)
MOKa3aJId, 4TO 3HAYeHMsl paccuuTaHHoro mo (1) mopora nexar B Tpenenax
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05+015. Ilosromy, naxe mpu OTCYTCTBMM oOyd4aromeld BBIOOPKH, MOXHO
BPYUYHYIO 3a/JaBaTh 3HAYCHUs OPoroBoit ¢pyukimu Py[t] u3 nnrepsana 0,5+0,15.
Eme ommH cnoco6 ompexneneHus mnoporoBoit ¢ykmmu Py[t] B cmyuae

OTCYTCTBUS O0yuaroleil BEIOOPKH OCHOBaH Ha HMCIOJIBb30BAaHUU UJIEH KJIACTEPHOIO
aHanusa. B atom ciyuae ¢pynknus Py[t] BBIMMCISETCS HO BBIpaXKECHHUIO:

M[t]+ M2[t]
Rlt]==———————;
alt] 5
N, [tIMA[t]+ M
o (MR M,  ecim ‘MQl[t]—Mé‘<‘MQZ[t]—M§‘;
Mt +1] = N,[t]+1
ML, eciu ‘Mgl[t]—Mg‘z‘MQZ [t]—Mg‘;
M®2[t], ecim ‘MQl[t]—Mé‘<‘MQZ [t]—Mé‘;
M2 [t+1] =4 N, [t]M 22 [t]+ M
R[tM I+ M, , ecn ‘MQl[t]—Mé‘z‘MQZ[t]—Mé‘;
N,[t]+1
N, [t]+1 MA[t]-M, | < [MP2[t]-M, |
g« | T oo UMM -
! N[, ecmm ‘MQl[t]—Mé‘Z‘MQZ[t]—Mé‘;
NL[t],  ecmm MP[t]-M,|<|[M2[t]-M,|;
N,[t+1]=1 ° | N d

Nolt]+1, com M=M= M2 1M

MA]=0; M2[1]=1; N;[1]=1;N,[1]=1,
rae M1[t], M2[t] — ycpeaHeHHbIe 3HAYCHUS JIOKAIBHBIX MHHUMYMOB (DYHKIIHH
mabdepenumarn  paccrostauid - f [t] mmsm obpexroB KkmaccoB Q; m Q,,
COOTBETCTBEHHO; M, — 3HadeHue JoKanbHOro Munumyma Qynkumu f[t] s
knaccudpunupyemoro oosexra; Ny[t], N,[t] — xomudecTBo HalIEeHHBIX 0OBEKTOB
KnaccoB ) u Q,, COOTBETCTBEHHO.

B [9] 65110 TIpeaioxkeHO A pacdeTa MOPOBOH (PYHKIIMH HCIIOIB30BATh METO
pacyera aJanTHBHOTO Topora. B 3ToMmM ciyuae Takke He TpeOyeTcs Haludus
oOyuatorieit BEIOOpKH. Mes pacueTa alanTUBHOTO MOPOTa JISKUT B CIEIYIOIIEM.

Paccmotpum  dynknmo muddepennmarmu paccrosaui  f [t] xak cymmy
nosesnoro curHaiga S[t] m mymosoii cocrasisromieir N[t]. Tak kak mose3HbIM
curHanoM ¢ynkuuu f [t] sBasFOTCS NOKANTBHBIE MHHUMYMBI, 3HAUCHHUS KOTOPBIX

JUI1 00BEKTOB MCKOMOTO KJlacca JOJDKHBI CTpeMHTHCS K 0, a camMa (YHKIIUS MOXKET
npuHUMaTh 3HadeHust w3 uHTepBasia [0,1], TO B Ha4YanbHBIE MOMEHT BpPEMEHHU
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Moxkao mpuHATE S[1]=0 m N[]=1. Tpwm stom, ecim f [t]>P,[t], To
HEOOXOAMMO BBIMOJIHUTH KOPPEKIHIO YPOBHS 1IyMa, B TPOTHBHOM CJIy4ae — YPOBHs
curnana. Torma GyHKIHMS afalTHBHOTO MOPOTra ONPEIeIsIeTCs IO BRIPAKECHHIO:
Pa[t] = N[t]+k; (S[t] - NIt]) ;
ky fr [t]+@—ko)NIt], ecma £ [t]> Py [t];
N[t], ecm f [t]<Py[t];
S[t], f [t]> Pytl;
g |0 comn f,[t] > Py[t]
k, T [t]+@—Kk,)S[t], ecnm f, [t] < Py[t],

roe S[t], N[t]- cxomp3smue oneHkn GyHKIMH AuddepeHIHanuu pacCTOSHUN 1

N[t+1] =

YPOBHSI IIyMa, COOTBETCTBEHHO; K;, K, — BecoBble K03 (HHUIUCHTBI, IPUHUMAIOIINC
sHadennst w3 mHTepBana (0,1). Tak kak BecoBod koaddurmeHT k; ompememser
cpenHee 3HaueHue moporoBoit ¢yHkuum Py[t], To mnpemmaraercs BeIOMpaTh
sHagenne k; =0,6+07. B cBoto odepens BecoBodl koddoumuent Kk, ompemenser

MHTEpBAJl yCPEIHEHHUS M 3aBHCHUT OT YacTOTHI KBAaHTOBAaHHS HCXOJHOTO CHTHAa.
Hampumep, mnpu wactore kBaHTOBanusi 100 I'm MOXHO BBIOMpaTh 3HAa4YCHHUE
k, =0,2+0,3.

BoiBoabl. B gaHHOW paboTe BBIMOJHEH CHHTE3 PEIIAIONIMX IPABHI C
HCTOJIb30BAHUEM Pa3jIMYHBIX IOPOTOBBIX (YHKIMHA B 3amadye CTPYKTYPHOI
UICHTU(QHUKAIIMA ~ OUOMEAMIIMHCKMX  CHUTHAIOB. Takke JaHbl  HEKOTOPHIC
PEKOMEHALUU [0 OIPEAEICHUI0 COOTBETCTBYIOIIUX IIapaMETPOB PEIIAIOLIEr0
npaswia. B panpHeiiieM IUlaHUpYeTCS BBIIOJIHUTH CPABHUTENbHBIA aHAIU3
KayecTBA CTPYKTYPHOH HACHTH(QHKAIMU OHOMEIUIIMHCKAX CHTHAJIOB IPH
WCIIOJIE30BAaHUH PEMIAFOIINX MIPABIII C PA3THYHBIMU TOPOTOBBIMH (D YHKIHSIMU.
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