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Pe3rome: 3anpononosano Hogy mamemamuuny modenv gomonremuzmocuenanry (@IIC) y euensidi ainitiHo20
nepioouuHo2o UNAoK08020 npoyecy, fAKa Gidobpadicac 6ioQizuyni 0coOAUBOCMI NOPOOICEHHS 00CHIONCYBAHO2O
cueHany, 1o2o cmoxacmuuny nepioduunicme, 0ozeonsic ananizyeamu PIIC memooom xapaxkmepucmuunux Qyuxyil,
BUIHAHAMU THDOPMAMUBHT O3HAKU 3A PE3YILMAMAMU eKCNEPUMEHMATbHUX QOCTIONCEHD.

KurouoBi cioBa: Qomoniemusmocuchan, mamemMamuina mooelb, NYACCOHIBCLKUL npoyec, NIHIUHUL BUNAOKOBUL
npoyec, xapakmepucmuura Qyuxyis, A0po, nepiooudHuli UnaoKo8uUll npoyec, MOMeHmHi yHKYii.

1. BCTYN

[ToOymoBa Ta OOrpyHTYBaHHS MOJENI — OJIWH i3
HaWBOKIUBIMUX  eTamiB  IUdpoBoi  0OpoOKHM
CUTHAJIIB 1 BUKOPUCTaHHS OTPUMAaHUX pe3yJIbTaTIB B
JIarHOCTHYHUX CHUCTEMax 3 METOI0 PO3B’sI3yBaHHS

3ama4d BHSIBJIICHHSI iHDOpPMATHBHUX O3HaK,
pO3Mi3HAaBaHHsS TATOJIOTiM, TPHHHATTS pIillICHB,
KOMIT FOTEpPHOT'O MOJAETIOBAHHSI.
DOTOMICTH3MOCUTHATTH (PIIC) e
3apeECTPOBaHI y  4aci  pUTMIYHI 3MiHU

CBITJIONIPOHUKHOCTI OpraHiB a00 4YacTUHH Tija,
00yMOBJIeHI 3MiHaMHA BEITMYHUHU ix
KPOBOHAITOBHEHHSI.

CyuacHi A0CHIKCHHS (DOTOIUIETU3MOCHUTHAIIIB Y
JEesKii Mipi BUKOPHCTOBYIOTh CTOXACTHYHHH ITiXi]T
II0 X MojemoBaHHS Ta 00poOku. Halimommpeninmim
1 HalmpoctimuM MetogoM 00pobku OPIIC €

BU3HAYEHHS Ta CTaTHUCTHYHMK aHali3 TakKuX
MMOKa3HUKIB K MaKCUMYMH, MIHIMyMH, TOYKH
NEperuHy OTPUMYBAaHUX KPHUBHX, IUJIOUI  MiJ

kpuBuMH Ta iH [1, 2]. Taki MiarHOCTHYHI O3HAKU €
3pO3yMITUMHU 1 3BHYHUMHU IS JIIKapiB, OCKUTBKH
BOHH BUKOPHCTOBYIOTH iX Yy CBOIH IMOBCSKIACHHII
MPaKTHULI IPU TOCTAHOBIII JiarHO3Y.

2. NTOCTAHOBKA 3A[0AU4I

B cywacHuX JOCHiIDKEHHSX MpU  po3poOIi
MaTeMaTHYHUX MOJENEH PHTMIYHHX CHTHANIB,
BIIPOBAKYIOTHCS CTOXaCTUIHO TepioTuIHi
BUIIQJIKOBI IMPOIECH, TOOTO Taki MPOILECH, B SKHX
MeBHI HMOBIipHiCHI XapaKTEepPUCTUKU €

nepioquuHUMH QYHKIISIMU dacy. Taki Mojenm B Tii
9M iHIIIHA Mipi BpaXxOBYIOTh HAasABHICTh LMKIIYHOCTI B
JacoBilf CTPYKTYpi CUTHAJIIB.

3arajbHOBIZIOMOIO  HAWUIPOCTIIION  MOJCIUTIO
PUTMIYHUX CHTHAJIiB € CyMa CTalioOHapHOTO
BUIIQJKOBOTO  MpOIeCY Ta  JAETePMiHOBAHOI

nepiomguaHoi QyHKIIT [3].

Taka Momenbp € OyXe CIPOLICHOI 1 HE Mae
Oiodizmunoro  migrpynrs.  OueBHWAHO,  BOHA
moOyoBaHa JIUIIE HAa OCHOBI aloOCTEPiOpHOTO
aHaJi3y eKCIepUMEHTABHUX Pe3yJIbTaTiB.

Jlo Mopened Takoro THIy MOKHA BiJHECTH
TaKoX MOJIENi CHUTHANIB y BHIIA TEPiOJUIHO-
KopenboBaHUX BumaakoBux mporeciB (IIKBII), ans
AKMX, Ha BIMiHY BiJ CTaliOHAPHUX MPOLECIB,
mepmri ABi MOMEHTHI (DYHKIT € TepiogndHUMH 3
NesIKUM Tiepiogom [4, 5].

3aBAsSKM BUKOPUCTAHHIO IUX Mojeieii Oyo
JIOCATHYTO TIEBHUX pe3yJbTAaTiB MPH IOCIiIKEHHI
pUTMIYHUX TmporieciB. Hespakaroum Ha meski
nepeBarn [IKBII y mopiBHsSHHI i3 iHIIUMH
BUIICPO3MISHYTUMHA MaTeMaTHYHUMH  MOJEISMH,
BCE K LI IPOLECH HEMOXJIMBO OB’ S3aTH 13
0i0iI3MYHUMH  BIACTHUBOCTSIMH  JTOCIIKYBaHOTO
CHUTHally, 30KpeMa TOMy, 1IN0 BOHH €
HEKOHCTPYKTUBHUMHU. Kpim Toro, Mozens y BUITISAL
[IKBII BpaxoBye MEpiOOUYHICTh JIHIE TEPITAX
JIBOX MOMEHTHHX (QYHKIIH - MaTeMaTHYHOTO
CHOAIBaHHS Ta KOpeAUiiHOi (yHKUii (Xxoua Ha3Ba
Moelli HaueOTO BKa3zye Ha MEPiOAUYHICTH, BIACHE,
€aMoro TpoIlecy) i, IK HACII0K, JT03BOJISE BUBUYATH
Il CUTHaIM TUTBKM Yy paMKax KOpemsmiiHoi Teopii.
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Bumi sk MoMeHTHI QyHKIIT Ta (yHKIIT po3momiry
HE MOXYTh OyTH BpaxoBaHi Ha ii ocHOBi. Ilpum
BU3HAYCHHI X MOXMOKM pe3ynbTaTy BUMIPIOBAHHS
Ta craTucTuyHOi 00poOku DIIC HaBiTh y paMkax
KOpEJIAIiHOT Teopii, HEOOXiHO 3HATH MOMEHTH
BHUIIIE APYTOTO MOPAAKY.

TaxuM 4MHOM, IPOBEICHUHN aHaJIi3 JiTepaTypPHUX
IDKEpen, TII0Ka3aB, IO JOCHIIIKEHHIO MoJeme
OlocWrHamiB Takol MPUPOIH MPHUCBIYCHA ITOPIBHIHO
HEBeJHMKa KUTBKICTh poOiT. Bimomi momem MaroTh
HEJIOJIIKHM, 30KpeMa, € ONMMCOBUMH abo B3araji He
NpUAATHI U1 PO3B’SI3yBaHHS ITOCTABJICHHUX 3a/1a4.

PosrnsremMo moOymoBYy MaTeMaTH4HOI MoAei
®OIIC 3 ypaxyBanHAM 0iodi3nyHHX O0COOIMBOCTEH
Hioro hopMyBaHHS.

3. MATEMATUYHA MOJEJb

Bin6ip ¢doromnernsMocuraany  3MiHCHIOETHCS
OIITOCNIEKTPOHHUM TIEPETBOPIOBAYEM, SIKUH Mpaltoe
B iH(pavYepBOHIA OOJACTI CBITIIOBOTO Jiala3oHy.
[Mpuamun  fii  mepeTBOproBadya IPYHTYETHCS HA
MPOCBIUYBaHHI JOCTIMHKyBaHOI OUISHKU CBITIOBUM
MIOTOKOM Bix JpKepena BUIIPOMIHIOBAaHHS
(cBiTiomiom) 1 BHUMIpIOBaHHI BiAOWTOTO IOTOKY
(dotonpuiimauem (dotomion).

[lorik BHUIPOMIHIOBaHHS, IO TMOMAajae Ha
(hoTtonpuiiMad, MICTUTh JBI CKJIaIOBi: MOCTilHY Ta
3MiHHY, sKa € iH)OopMaTuBHOW. BennunHa 3MiHHOT
CKJIaZioBOi 1HTEHCHBHOCTI CBITJIa, SIKA PEECTPYETHCS
Ta JOCHI/DKYEThCS, BH3HAYAETHCS  BEIMYNHOIO
IHTEHCHUBHOCTI CBITJIa, MO PO3CISUIOCH 3a PaxyHOK
BIIOMBAaHHSA  BiJ  CPUTPOIIMTIB [6], ToOTO
BU3HAYAETHCS  KUIBKICTIO Ta  BJIACTUBOCTSIMHU
epurporuTiB. Came iX KUIBKICTh y CBITIIOBOMY
Ny4YKy CYTTEBO BIUIMBAE HA CBITJIONOTJIMHAHHS
KpOBi, BHUIIaKOBO 3MIiHIOETBCS 3 YacOM, MPHYOMY
3MIHFOETHCS pUTMIYHO, o 00yMOBJIEHO
MEPIOTUIHUMH CKOPOUYCHHSIMH CEPIIS.

B o0nacTh, Ipo30HA0OBaHY CBITJIOBHUM IYYKOM, Y

MOMEHT 4acy T,,k € Z mnorparuisie KOoxeH Kk -uii
epurponut (k € Z.). Lle mpu3BOIUTH 10 BiIOWBAHHS
HUM CBITJIa 3 IHTCHCUBHICTIO, $Ka OIHCYEThCS
GbyHKII€0 T, B (Tk,t), Je T, - MOMEHT BXoay Kk -ro
EepUTpOITMTa B 00JIACTH CBITJIIOBOTO ITy4Ka; [

MOMEHT CIOCTepekeHHs. MoMeHTH dacy T,,k € Z

MOTAaJ]aHHA EPUTPOLIUTIB y CBITJIOBUN IY4YOK €
BUIIaIKOBUMHU. Koxnuit k -wii EpUTPOLIUT
nepedyBae y CBITJIOBOMY TMy4YKy Ha MpOTA3i

ckiHueHHOro iHTepBany 4acy [T,,tT, +/(t,)] (me

[ (t)>0 - tpuBamicTh HepeOyBaHHS CPUTPOIMTA Y
CBITJIOBOMY MYUKy, sIKa € (QYHKII€0 (BHIAIKOBOKO)
BiI T, OCKUIBKM WIBHAKICTE pPyxy KkpoBi (i,
BIJNIOBIIHO, dYac TmiepeOyBaHHS EPUTPOLUTA Y

CBITJIOBOMY ITyYKYy) 3aJICKUTh Bim ¢asum poOoTH
cepls: MiJi Yyac CHUCTOJU BOHA OUIbINA, a MiJ Yac

JIiacTONM — MEHILA), TOMY I, i (’C k,t), K QyHKLis £,
Mae IMOYyJIbCHUE  Xapakrep, I, P (Tk,t)z 0 mpu
telt,,T, + ZN(rk )]. Posmipu, ¢opma KOXKHOTO

a TaKoX MOJOXKCHHS iX Bi,E[HOCHO
HHUX BHHpOMiHIOBaHHH MaroThb

€pUTpOLIUTa,
Najanyvoro Ha

~

BUIAJKOBHI XapakTep, TOMY imimynbcu [ k(‘ck,t) €

BUTMIAAKOBUMH (YHKIisSIMH (HA puc.l TYHKTHpPOM
CXEMaTHYHO 300pakeHo peai3allito Takoi GpyHKIil).

Puc. 1 - I'padivune 300pazkenHs peanizamiii:
1 - Bin6uroro immyancy (/, (’E,t )) Ta
2 - iioro monedi (£, (‘E,t))

Haui, s mooynoeu mozeni @IIC npuiimatroThest
TaKi CTIIPOIICHHS.

1. 3amicTb BUIAIKOBOT byHKii [ (1)
pO3MIIANAEThCA 11  MaTeMaTHYHE CIIOJIBaHHSA
[(t)=MI (7) (cepemust TPUBAJIiCTh

nepe0yBaHHS €PUTPOLIUTA B CBITIIOBOMY ITYUKY),
[(t)=Il(t+T), ne T - nepiog cepueBux
CKOPOYEHb.

2. 3amicth QyHKIIi I, i (’E,t ) BBOJUTHCA (QYHKIIIS

Ik(r,t)=0ck(p(r,t), €))

ae o, > 0,k € Z — Bunanxosi BeaU4uHY;

(P(T’ t) - (l)YHKLIiSI,
306pa)Ky€TLCH HAaCTyIIHUM YUHOM:

HCBHUIIAAKOBa sgKa

o(t,t)=U(t—1)-U(t+I(x)-1), (2

0,s<0, o  emicai
- yHKLIlSI €B1Canaa,
,s=>0

ne U(S):
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I, (r,t)

.[Ik (r,t)dt = J-INk (T,t)dt, V1 (nuB. puc.l).

BigHOoCcHO mpomecy momaxaHHS EpUTPOLMTIB Y
CBITJIOBHH ITy4OK BBR)KaTHMEMO HACTYIIHE!
1. EpuTponuTu BXOAATH Y 30HY, NPO30HIOBaHY
CBITJIOBUM IIYYKOM, y TIOCIiJOBHI MOMEHTH Yacy

{1, <1, <Ty<T,<T,~<T,}, npHdOMy

IPUYOMY, byHKIS Taka, 110

BCIIMYHMHHU A'Ck = Tk - Tk—l , IHTCpBaJI1B MIX

HUMH €
BCIIMYMHAMU.

HC3AJIC)KHUMHA BHUIIaJKOBHMH

2. 3a I0CTaTHhO MaJHU MPOMIXKOK Yacy (r,r + Ar)
HMOBIPHICTH TTOSIBU OJHOTO BiIOUTOTO IMITYJIBCY
(BXomy epuTpolMTa Y CBITJIOBUH IIyYOK)
nopisaioe  M(t)At+o(At), me  AMr) -
JIeTepMiHOBaHA (YHKINS, IO XapaKTepH3ye
THTEHCHBHICTh MOSIBH EPUTPOLIUTIB y
CBITJIOBOMY Ty4YKy (BOHa € (yHKIII€I0 dacy T,
OCKUIbKH, sIK 1 / (’E) 3aJeXKUTh Big (azu podoTn
cepus), A(t)=A(t+T). MmoBipHicTs mosiBu
OimbI, HDK OJHOTO IMIOYIbCY 3a Malui
TIPOMIXKOK yacy (T,’E + AT) Ma€ MopsIIoK O(A’C).

3. a,>0,keZ ¢

PO3MOIIICHUMY BHUITAJKOBUMH BEIMUYUHAMH, SIKI
HE 3aJIeKaTh TAKOX 1 Bl BUIIAJIKOBUX BEJIUYUH

T,.kel.

Ha ocnoBi 1.1, 2 MOXHa 3pOOUTH BHCHOBOK, III0
MpOIleC  BUHWKHEHHS BIIOMTHX  IMITYJbCIB €
ITyacCOHIBCHKUM TIOTOKOM 3 TapaMeTpoM X(r),

HC3AJIC)KHUMH OJHaKOBO

te(—o0,0).

CepenoBuine, /e pPO3MOBCIOMKYIOTHCS BiIOUTI
CBITJIOBI IMITYJIbCH, MAa€ JIHIHHI BIIACTUBOCTI, TOMY
IHTCHCUBHICTh ~ CBITJIa, 1[0  MOCTylae  Ha
¢doronpuiiMad (CyMapHUI BiZOUTHI curHam), piBHA
CyMi  IHTEHCHBHOCTEH  CBITIIOBHX  IMITYJIBCIB,
BIIOUTHX KOXXHUM EpUTPOLUTOM 30KpeMa. Otxe,
3MminHy cknanoBy &(f) ®IIC MoKHA MPenCTaBUTH Y

BUTJIAIL:
&) = zlk(’rkﬂt) = Zakq’('tkat)- 3)
k=—0 k=—0

Bwupa3s (3) moxxHa 300pa3uTH y 3pyUHINIIOMY JUIS
pPO3B’sI3yBaHHS TEOPETUYHMUX 1 NMPAKTUYHUX 3ajad
Burisiai. Jns  wmporo  BBEOEeMO  HEOXHOPIAHUI
y3aralbHEHUH IMyacCOHIBChKHA Tporiec 7(T), IO
BIJIMIOBIJITa€  HECTAIlIOHAPHOMY  IyaCCOHIBCHBKOMY
}\.(’C), OyB
PO3MIIHYTHI BHIIE 1 XapaKTEpPU3ye MPOIEC MOSBH
BiIOMTHX iMITyNbCiB CBiTiA. A came, mporec T(T)

MIOTOKOBI 3  MapaMeTpoM SIKAH

BBEJIEMO Tak, MO0 HWOro cTpmOKW BigOyBamucs y
MOMEHTH T, 1 JOpIBHIOBalM  BHIIAJKOBUM

BCIIMYMHaAM (Xk .

Toni mpouec &(f) MoxHA 3amMcaté 'y BHUIISII
CTOXACTHYHOTO iHTErpay:

&) = [o(.0dn(v), te(-0,2). @

Bunankosuii mporec  &(f), sKuil momyckae

300pakeHHs 4), Ha3UBAETHC JTIHIHHAM
BumagkoBuM Tportiecom  (JIBIT) [7]. YV upomy
300paxenHi: O(T,7) — HeBUMAAKOBA QYHKIs (SAPO
JIBII), mns sikoi, BpaxOBYIOUM PO3TJSHYTI BHIIE
BIIACTHBOCTI BIIOWTHX IMITyJIbCiB, BHUKOHYETHCS:

o(t,t)=0 mpu <7, .[(pz(r,t)dr<oo,w; (1),

P{r(0)=0}=1, D[dn(t)]<c - nopomxyiounii
MPOILIEC 3 HE3AIEKHUMH TIPUPOCTAMH.

Sapo @(t,t) xapakrtepusye immynscu (2), a
HOPODKYIOUrid mporiec 7(T) — MOMEHTH iX TOSIBH

Ta IHTEHCUBHICTb.

4. AHANI3 BNIACTUBOCTEN MOJENI

Marematnuna wmoxaens PIIC, mobOymoBana y
JaHiid poOoti, Mae GiogiznuHe mArpyHTS (OCKITBKH
0o0rpyHTOBaHa Ha OCHOBI (i3WKM B3aeMOJIii CBIiTIIA 3

CPUTPOITUTAMH ), BpaxoOBy€  CTOXAaCTHYHICTH
JMOCT/DKYBAaHOTO ~ CHTHALy Ta  MOXe  OyTH
BHUKOpHUCTaHA B 3ajayax BU3HAYCHHS
(YHKIIOHATBPHOTO  CTaHy  CYAWHHOTO  pycia,
OCKUJIBKHU JIOIyCKae BU3HAYCHHSA CBOIX
XapaKTEPUCTUK 3a pe3ylbTaTaMu

eKCTIEpUMEHTATBHUX JTOCITIIKCHb.

B w™opmeni (4) BpaxoBaHO TaKOX PUTMIiYHI
BJIACTHBOCTI OIIC. HiiicHo, OCKLUIBKH
Mt)=Mt+T), 1o m(rt) € mnpomecom 3

HE3aIeKHUME | -TIepioJUYHIUMHK TpupocTamu [8]. 3
TOTO, 110 [(t)=Il(t+T) BUILINBAE

o(t,t) =@(t+T,t+T). 3rigHo [8], Terep MOKHA

CTBEPKYBaTH, IO BHUMAAKOBHWH mporec (4) €
CTOXAaCTUYHO TnepioanyHuM 3a CIynbKuM, TOOTO

F(xl,xz,...,xn;tl,tz,...,tn)=
= F(xl,)cz,...,xn;tl +T,t,+T,...,t, +T),

ne F(xl,xz,...,xn;tl,tz,...,tn) - n-BUMipHa

(yHKIIis po3moiny BUIaaKoBoro npouecy &(¢) .
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TakuM YWMHOM, BHUIATKOBHUU Tiporiec (4) €
JTIHIAHUM TEPIOJUYHUM BHUIAJAKOBUM  IPOIECOM
(JIIIBIT) [8].

ITosutuBHOrO Biactusictio JIBII € Te, mo BoHH
MaroTh 0€3MEXHO-TIOAUIbHI (YHKINT PO3MOALTY, IS
SIKUX BiJloMa 3arajbHa QopMa XapaKTepUCTHYHOI
¢ynkmii.  Ile mae  MOXIUBICT  PO3B’sA3yBaTH
MIPUKIIAAH] 3a7adi aHATi3y MPOIIECIB 3 ypaxyBaHHIM
X 3aKOHIB PO3MOJIIIY Y TOBHOMY 00CSI31.

Jus  miHIHHOTO TEpiOANYHOTO  BUIMAJKOBOTO
npouecy E(r) sorapudm 7 -BUMipHO]
XapakTeprucTUuHoi QyHKIIT BU3HAYa€ThCA Tak [8]:

In £ (14,1 eyt 3,y s, ) =
=1In f(u, 0yt st, + Toty + Tt +T) =

:iiuj J.(p(r,tj)du(r)—
Jj=1 —00
——Zu u/T(p ’E,l‘l )dG
i,j=1
2 Zu_/([)(’t,tj) X

0 zxz J(p‘rt ) ix
k=1 1_
’ II ¢ 1+x
xd . d_L(x,t), (5)

ne L(x,T) - HeBM3HaueHa B HyJi (YHKIs, sgKa

HA3UBAETHLCS MyaCCOHIBCHKUM CIIEKTPOM CTPHOKIB Y
dhopwmi JleBi mopoKyI0UOTO TPOIIECy (B 3araIbHOMY
BHUIIAJKy TOPO/UKYIOUUM MOXKe OyTH Oyab-sKuid
MPOIIeC 3 HE3aICIKHUMHU TIPUPOCTAMH).

Ist pyHKITiS BUBHAYAETHCS K

M(x,1), x<0,
L(x,t)= ;
N(x,t), x>0.
ne M(x,t) ta N(x,T) (M (—0,1)=N(0,1)=0) -
HecnaaHi (GYHKIIIT, 10 BiMOBIIHO 3a1aI0Th BiJ €MHI
Ta A0AaTHI CTPHOKM (TIPUPOCTH) TMOPOKYIOUOTO
nporecy.

®yukuii [(T) Ta 6(T) BU3HAYAIOTHCS TaK:

du(t) =dx, (1) —dt- Txde(x, 1),

—00

do(t) =dx,(1)—dt- T(l +x7)d L(x,7),

—00

ne k(1) Ta K,(t) - mepma Ta apyra KyMyJISTHTHI
(hyHKIIIT TOPOIKYIOYOTO TPOIIECy .

3aranbHUN BUTJSI XapaKTEPHCTHYHOI (QyHKIIT
(5) nmo3Bonse MPOBOAWTH TIOBHUM aHAIi3 BIATYKIB

MHIKHAX cucTeM [9]: 3HaXogWTH KyMYJISIHTH,
(GYHKLIIO PO3MOIUTY BIATYKY, BHBYATH PO3IOJIIIH
CTpUOKIB Ha BXOAl Ta BHUXOJI TaKUX CHCTEM,
JOCTIDKYBATH 3B’SI3KH MK BXiTHUMH 1 BHXITHAMU
XapaKTepUCTUKAMH  JIHIHHUX  JIAaHOK 1, IO
BUHSATKOBO BXKJIMBO Ui MPAKTUKH, JIOCHTIIKYBAaTH
€proJIN4Hi BIACTHBOCTI EMITIPUYHUX CTATHUCTHK.

Bupaz (5) 3amae xapakTepuCTHUHY (YHKITiTO
JIIBII 3aransHOro BUAY. Bpaxyemo Ttemep, 110
7(T) - e y3araibHEHHH MyacCOHIBCHKHH mporec. Y
OBOMY BHIAAKY, 3rimHO 3 [7], norapudpm 7 -
BUMIipHOi Xapaktepuctuunoi ¢ynkuii JIIIBII mae
BUTJISII:

In f(u,,u,,..,
=lnf(u1,u2,...,un;t1 +7,t,+T7,...,

- J Mr)f

ne F(x) -

Benu4nH o, ,k € Z.

u,;t,t,,...,

tn):
t,+T)=

”k(P(T )

—1|dF(x)dt, (6)

(GYHKLIST  pO3MOALTY BHIAIKOBUX

5. MOMEHTHI ®YHKUITI CUTHANY

3rizeo [6], KimbKicTh epuTpormTie B 1 MM
CTAaHOBHUTH OJM3bKO 5-10°, MakcHMasbHa MIBUIKICTH
KPOBOTOKY - 6 cM/C, TOMY, OYEBHOHO, Y AaHOMY
BUIAJIKY 7»(17) € JIOCTaTHbO BEJIHUKOI0. 3BiJCH

0]

BUIUTUBAE, IO IIpoIec Ma€  PO3MOILT
JIOCTaTHhO ONM3BKHA 110 HOpMaibHOTO. JlaHuit
BUCHOBOK MiTBEPKECHO pe3yabTaTaMmu

ricTorpaMHOTO aHaji3y OJHO- Ta JABOBHMIPHHX

posmoainie @IIC 3 BUKOpUCTAHHIM Xz_ KpHTEPito
[Tipcona [10].
OckinbKu  Tmporec i(t) Mae OJIM3BKHAM 10

HOPMAaJIbHOTO PO3MOJiJ, TO BiH AOCTaTHHO IOBHO
XapaKTePU3YEThCS CBOIM MaTeMaTHYHUM
CTHOZIBaHHAM Ta KopessimiliHoo ¢yHkmico. Tomy B
[11] inentudikoBano iHdopMaTUBHI mapaMeTpu
®OIIC Ha OCHOBI aHamizy MaTeMaTHYHOTO
CIIOMIBaHHSA Ta KOPEIMiHHOI (QYHKIII MeTomomM
OpTOTOHAJIBHUX  poO3KIamiB. A  came,  sK
iHpOpPMATUBHI, = BUKOPHCTOBYIOTBbCA  mepur 6
Koe(imieHTiB OpPTOTOHAIHHOTO PO3KIay
MaTeMaTUYHOTO CHOJIBaHHS B 0a3uCi AMCKPETHHUX
eKCIOHEeHLIanbHUX (YHKUIH Ta mepir 7 BIAaCHUX
BEKTOPIB Ta BIIACHUX YHUCEN KOPEIAIiitHOI (pyHKII.
B [11] po3risHyTO TakoX METOIH CTAaTHCTUIHOTO
OLIHIOBAaHHA 1H()OPMATUBHUX NapameTpiB, a B [12] —
KpUTepii MPUUHATTA MiaTHOCTUYHUX pilleHb Ha iX
OCHOBI. B [13] moOy10BaHO aJITOPHUTM
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KOMIT FOTEpHOTO iMiTamiiHoro mozemoBanus PIIC
3 BUKOPUCTaHHIM OPTOTOHATILHUX PO3KIIA/IIB.

3 iHIIOT CTOPOHM, MaTeMaTW4HE CIOAIBaHHS Ta
kopemsiiiiiHa  ¢yskmis  OIIC, 3  aHamizy sKux
BU3HAUAIOTBhCSA 3rajaHi iHQOPMATHUBHI MapaMeTpH,
OesmocepeqHbO 3B’sI3aHI 3 XapaKTEPHCTHKAMHU
oOrpyHTOBaHOI BHIIle Moaedi (4).

Hiticno, 3 (6) HEBaXXKO 3HANTH MaTeMaTHYHE
copiBanuss ME(f) Ta kopemsuiiiny  QyHKIitO

R(¢,,t,) npouecy (4). A came:

me() =1 GIILYAC)

ou e o
=m J.(P(T,f)K(T)dr,
R(t,.1 ):i82[lnf(ul,u2;tl,t2)]| _
1°°2 l-2 au18u2 o
B

=m, T(p(‘l,’,l‘l )o(t,t,)A(T)dr,

ne m =x, =Ma,, m,=1x,+Kk =Moa;,

f(u;t), f(u,,u,;t,t,) - ogHO- Ta ABOBUMIpHA
xapakrepuctiuHi  QyHkuii mpomecy &(¢), sxi
oTpuMyIOThCsl 3 (6), BimmomimHo, mpu n =1 Ta
n=2.

3rinno  [8], wmomentHi QyHuoii JIIBII €
MEePiOANYHUMH 32 CYKYIHICTIO aprymeHtiB. ToOTo,
mis (7) 1 (8) mae wmicue ME()=ME(+T),

R(t,,t,)=R(t,+T,t,+T).

6. EKCMNEPUMEHTAIJIbHI
AOCHNIKEHHA

Peectpariis Ta aHami3 QOTOMIETH3MOCUTHAIIB
3IIHCHIOBAJIMCh 3 BHUKOPHCTAHHSM KOMII FOTEPHOI
iHpOpMaLiiiHOT cHCTEeMH, CTPYKTYpHY CXeMYy SIKOi
300pa’keHo Ha puc.2.

Ha cxemi: BO — O6ionorigamii 00’ekT (miIgHKA
TKAaHWHH OpraHi3My, HacH4eHa KPOBOHOCHUMH
CyIMHAMH); OEII - ONTOEIEKTPOHHUI
[IEPEeTBOPIOBAY, SKUH  CKIAJA€eTbCsi 3 OJIOKY
unpominioBanas (BB)  cBiTiomiomHoro  THITY
(moB)kMHA  XBWJII  CHEKTPANbHOTO  MaKCUMyMY
BuripoMiHtoBaHHA — (.94-0.96 MKM), ONTHYHOTO
kaHany (OK), sxkuii mpu3HadeHud ISl CIpsIMYyBaHHS
iHppauepBoHOTO BUNpOMiHIOBaHHS Ha BO, Oioky
mpuifoMy  BimOurtoro  um  poscisHoro  bBO
punpomintoBands (bIIB); BPP — 610k peecrpariii
peainizamiii ¢ororterusmocurtany; BOJIl — 6ok
CTaTUCTUYHOTO OLIIHIOBaHHS JiarHOCTHYHHUX

mapameTpiB; bBJII —  Omok  dopmyBaHHS
niarHoCTHYHHX TpoctopiB; BIIP — Giok mpuidHATTS
nmiarnoctnunux pimens (BPP, BOJII, B/II, BIIP
peamizoBani Ha [IEOM y BuUrisami BiAIOBiTHOTO
MaKeTy MPUKIIAIHUX TPOTpam).

5O | I

| IEOM |

pmm=mmmmmmm——- T —— I I

| i :
I U

| BB > ok > BB > BPP |

! ¥ N !

! || BOII !

! OEII | A !

| i —X !

o Ji BAIL ||

b |

|| BIP <

Puc. 2 — CTpyKkTypHa cXeMa KOMII’I0TePHOI cCHCTeMU
JJIS peecTpauii Ta aHa i3y GoTonIeTH3MOCUTHATIB

Ha pwuc.3 HaBemeHo mNpukiIaa 3apeecTpoOBaHOl
peanizaiii @IIC (TyT JIeTKo 3ayBaKUTH LUKJIIYHICTb,

ajie BiJICYTHICTh JIETCPMiHOBAHOT TIEPIOTUIHOCTI).

YM. Of

100

50

f=}

50

7100 5 071 143 214 286 357 429 1¢

Puc. 3 — Peaxizanis ¢oTomiern3Mocuraaty

OmiHroBaHHS  WMOBIPHICHHMX  XapaKTEPUCTHK
(OTOIIIETU3MOCUTHAITY ~ 3IHCHIOETHCS HA OCHOBI
nmoOyIoBaHOI BHUIIE WOr0 MaTeMaTH4HOI MO,
30Kpema, 3 BpaxyBaHHAIM CTOXaCTUYHOT
mepiomuyHOCTI (sSKa OOTrpyHTOBaHA HAa OCHOBI
Oio¢iznunoi mpupoau nopomkenns OIIC).

Criouatky 31ilicHeHO orliHtoBaHHs rnepioxy OIIC
METO/I0OM, 3alPONIOHOBAaHUM B [14].

Orinka nepioxy 1 -mepioguunoro 3a ClIyIbKUM
npouecy &(2),t € (—0,00) OyayeThcs Ha OCHOBI

CTAaTUCTUKHU BUAY:

h, = maxy, —miny,;, ©)
J=0,5-1 Jj=0,5—1

Je s —,.IpoOHuil” mepiox, S = 5,, S, ;

k.

S

1 .
YS/ = k_zg(lfl)‘wjﬁ J= O)S -1 P

s [=1

(10)
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ne (Gooen &) -

nporecy &(f), uUIAXOM HOro mUCKpeTH3aiii 3
kpokom Af, Ttooro &, =&(kAt),k=0,n—-1 (y

nanux ekcnepumentax 1/ At =140 I'n);

BUOIpKa, OTpUMaHa i3

k:

N

n .
— 1, ([.]— (YHKITIS IiJ1a 9acTHHA).
s

Jns Jiamna3oHy 81,8, 3MIHU
,»[IPOOHOTO” Tepiogy HEOOXiIHO MaTH ampiopHy
iHbopmMariito TPO MeXi IHTEepBAILY, Y SKOMY
3HaXOAWTHCS  3HAYCHHS  HEBIJIOMOTO  TEpiOAy.
Hanpuknaa, sKmo BiloMO, MO0 MEPiof] CEpIEBHX
CKOpPOYCHb MAIliEHTA Y CEKCIEPUMEHTI JCKUTh Y
iaTepBari  Bigx 0.5 mo 1.5 cekyHm, —TO
s, =0.5-140=70, 5, =1.5-140 = 210.

ACUMNTOTUYHO HE3CYHEHA Ta KOH3UCTEHTHA [14]

3aJaHHsA

A

OILIIHKa T nepioay

T =Atmaxhs. Ha puc4 mnaBeneHo mpuxian

BHU3HAYA€THCA, SAK

peaizalii cTaTUCTUKH hs .

100

80

60

40

2000 115 120 125 130 135 140 145 s

Puc. 4 - Peanizauis cratucruku /1, .

VY nmaHoMy BUNAAKy peaii3alis OLiHKU Mepiomy

. - 130
nopiparoe T = ——
401y

YacTOTI CEPLIEBUX CKOPOUCHB OJIM3bKO 65 yI./XB).
PosrnsHemMo Temep OIIHKM MaTeMaTUYHOTO

CHOJiBaHHS Ta KOPEJSAIiIHOI (YHKIIi CTOXaCTUIHO

nepioguanoro nporecy &(¢),f € (—00,0).

=0,93cex (ue sBimmosimae

T ) . .
Hexaii L = Z >1 - uure yucno. IHocaigoBHICTB
t

Sy =G(kAL +1T),

dikcoBanoMy k

k=0,L-1,leZ

¢, -cepiero

npu
Ha3MBAETHCSI
nepioguanoro mporecy &(f). Jlerko 6aunTH, 110
@, -Cepis — Iie CyKyIHICTh BIOPSAKOBAHHX 32 4aCOM
BitikiB mpouecy &(f), B3satux uepe3 nepiog 7.

Pizni @, -cepii OTpHMYIOTBCA 3aJaHHAM PI3HUX

,,I04aTKoBUX (a3’ kAt .

OCHOBHOIO  BIJIACTHBICTIO (sxa

O, -cepiit
BUKOPHUCTOBYETHCS U AOCHIKCHHS PO3IOILIIB
MePIOINIHUX BUITAIKOBUX IIPOIIECIB) € T€, IO BOHU
€ CTalllOHapHMMHU Ta CTalllOHAPHO 3B’S3aHUMU
BHIIAJIKOBUMH IIOCIIJOBHOCTSIMHU, IO JO3BOJISIE
OymyBaTH OIHKK iX HMOBIPHICHHX XapaKTEPHUCTHUK
BIJOMMMH METOJAaMH  CTATUCTUYHOIO  aHAIIi3y
CTaIllOHAPHUX  BUIAIKOBUX mporeciB. bBynemo

TaKOK HaJali BBaXaTu (@, -cepii eproJuYHUMU
BITHOCHO MaTeMaTHYHOTO CIOZiBaHHS Ta
KopersiiiHoT QyHKIii (MOXKIMBICTh OOTPYHTYBaHHS
Takoi eproJMYHOCTi BUIUIMBAE i3 KOHCTPYKTUBHOCTI
nporiecy (4) Ta HaBHOCTI 3arajbHOTO BHUTIISALY HOTO
XapaKTePUCTHIHOT QYHKITiT (6)).
He3cyHeHOl0 Ta  KOH3UCTEHTHOIO  OLIHKOIO

MaTeMaTHYHOIO CIIOJIBaHHSA (), -Cepii €:

_ 1 md -
& =—> 8y, k=0,L-1, (11)
m -

ae m - o0car BUOIpKHU 3 (9, -cepii (3aranbHuil 00csr
Bubipku (&,,...,§,,...,§, ) 3 mpouecy &(f) mnpu
IbOMY JOpiBHIOE 71 = mL).

OueBuaHO, 1IO Ek, k =m € OLIHKOIO

ME(kAY)

k=0,L—1, 100TO MaTEeMAaTW4YHOrO CIIOAiBAHHSA

MaTEMaTH4YHOI'O CHO,I[iBaHHSI

MIPOJNCKPETH30BAHOTO 1 -TIEPIOAMYHOTO TPOIECY
€(¢) ma inrepsani [O,T ) (ockimeku ME(2) € T -
nepiognyHOr  (QYHKIiE€, TO  JOCTaTHRO 1l
aHaJi3yBaTH sIKpa3 Ha iHTepBai [O,T )).

ACHMIITOTUYHO HE3CYHEHI Ta KOH3UCTEHTHI
owinku Bitikie R(iAt, jAt) xopensuiiiaoi dyHKIil
R(t,,t,) B obmacri [0,T)x[0,00) (uporo mocrarpo
OmMCy Ha BCii 00macTi BHU3HAYCHHS,
NEePiOIHUYHICTh R(¢,,t,) 3a
CYKYIHICTIO CBOiX apryMeHTiB) MOXKHa OTpPHMAaTH
HACTYITHUM YHHOM:

st 11
BpaxoBYIOUHU

. 1 _ _
Ry=—r—= Y (6, -8) -8 (1 |
J =0 "[*}L
m—|-=—| L
i=0,L-1, j=0,p, p<<m. (12)
Humxde HaBeJeHO pe3ylbTaTd  OLIHIOBAHHS

MaTeMaTUYHOTO CIIOAiBaHHA (pHUC.5) Ta mucmepcii
R(t,t) (puc.6) ®IIC Ha inTepBai [O,T )
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YM. 0]
100
50
0
-50
0 20 40 60 80 100 120 4 Atc
Puc. 5 - Peanizanisn oniHKH MaTeMATHYHOI'O
crnogiBaHHs (POTOIIETU3MOCHTHATTY
600
400
200
0
0 20 40 60 80 100 120 ¢ Atc

Puc. 6 - Peanizanis oninku qucnepcii
(doronnernzmocuruany

Ha 3aBepmieHHs HaBeneMO apryMeHTH, sIKi
MiATBEPKYIOTh KOPEKTHICTh MOOYA0BaHOT MOIEII:
e wmarematnuHa wmozens DIIC oOrpyHTOBaHa 3

BpaxyBaHHAM  0i0Qi3WYHAX  OCOOJMBOCTEH

B3a€EMOJIIi CBiTJIa 3 KPOB’I0, TOMY I MOJECIb

Y3TOJDKYETBCS 3 JOCHTIIKYBAaHUM SBUIIICM;

e 0OrpyHroBaHa, Ha OCHOBI (i3MYHOI HpUpPOAU
®IIC, BJIACTUBICTE  HOro CTOXAaCTHYHOT
NEePiOUYHOCTI, MATBEPIKYETHCS PE3yNIbTaTaMH
EKCTIEPHMEHTIB;

e pe3ynbTaTd  oOIiHIOBaHHA  mepiogy — DIIC
BIJIMOBiAlOTE pe3ysbTaTaM 0e3MocepeIHhOr0o
BHUMIPIOBaHHS MIEPIOTy CEPIIEBUX CKOPOUCHD;

® XapaKTCpUCTUKH  MOJENiI  JOMyCKAalTh  IX
EKCIIEpUMEHTAJIbHE OIIHIOBaHHS (BiMOBIIHICTh
3a/la4aM BUMIpIOBAaHHS Ta JiarHOCTUKH).

7. BACHOBKU

1. OOrpynToBano Martematnyny moxpens OIIC y
Burisai JITIBII, sika Ha BigMiHy BiJ iCHYIOUHX,
BioOpakae cyTh OiodizmunHoi iHpOpMaIii mpo
nopomkerass ®IIC, BpaxoBye CTOXacCTHYHICTh
Ta PUTMIYHICT, MO3BOJSE TIPOBOIUTH HOTO
HMOBIpHICHUI agai3 METOI0M
XapaKTePUCTUYHUX (YHKLIH.

2. 3 BHUKOPHCTaHHSAM METOAY XapaKTepPUCTUYHUX
(dyHKIIH TTOKa3aHO B3a€MO3B’ 130K MEPIIUX JTBOX
MomeHTHUX (yHkniid @IIC (gxi € ocHOBOW0O AJst

inerTudikamii  iHQopMaTMBHUX  O3HAK) 3
XapaKTepUCTHKAMHU Spa Ta MOPOKYIOYOTO
npouecy JIBIL

3. OTpI/IMaHO OI_IiHKI/I MaAaTEMAaTH4YHOT'O CHO}_'[iBaHHSI

ta KopemsamiiHoi ¢yHkmii PIIC, ski MOXyTh
BUKOPHCTOBYBATHCh SIK 1H(QOpMATHBHI O3HAKU
pu noOyI0Bi MIPaBUII MPUAHATTS
JIarHOCTUYHHX PIillIeHb.
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MamemMamuy4HuXx Hayk,
npoghecop; npogidHUl HayKos.
criispobimHuK IHemumymy
erniekKmpoduHamiku HAH
YKkpaiHu, npoghecop, novecHul
npoghecop HaujoHarnbHo20
asiayitiHoeo yHieepcumemy, rnpogecop Kagedpu
komtomepHux Hayk TATY im. L.Tynos.

lany3i Haykoeor disinbHOCMI: meopisi 8unadkKosux
npouecie ma ii 3acmocysaHHs 8 3adadax

padiogpisuku,  2idpoakycmuku,  MexHIYHOI  ma
meduyHoi diaeHocmuku, obpobKu cuaHarie; meopis
ma npakmuyHe 3acmocyeaHHsl iHghopmMayiliHo-
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ma imimaujitiHe MoOesito8aHHs
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Muxaiino €ezeHoeu4y Ppus,
KaHOuUOam mexHIYHUX HaykK,
doyeHm; 3acmyrnHUK OekaHa
akynbmemy  e71eKMpPOHHUX
anapamige ma KOMITIomepHUX
cucmem, OoueHm Kaghedpu
Komm'tomepHux Hayk TATY.
Hanpsamku HayKoeoi
disinbHOoCcMI:  iHgbopMaUy,itiHO-
sumiprosasnibHi cucmemu 0Ons

MeOuYHOI diaeHOCMUKU; Mamemamud4He,
Komm'tomepHe modeneaHHs ~ ma 0bpobka
b6iomeduyHuUX cueHaris, 2a30HaB8aHMakeHs,

HasaHmal>xeHb Komn’iomepHux MepexX.
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MATHEMATICAL MODEL OF PHOTOPLETYSMIC SIGNAL AS THE BASE
FOR INFORMATIONAL PARAMETERS IDENTIFICATION

Borys Martchenko, Bogdana Mlynko, Mykhaylo Fryz

Departament of computer sciences of Ternopil State Ivan Pul'uj Technical University,
Ruska str., 56, Ternopil, Ukraine, 46001
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Abstract: Taking into account the biophysical genesis of researched signal and its rhythmic nature the new
mathematical model of photopletysmic signal as a linear periodical random process is developed; characteristic
functions analysis of signal, experimental informational parameters estimating are possible with this model.

Keywords: Photopletysmic signal, mathematical model, Poisson process, linear periodical random process,

characteristic function, moment function.

Photopletysmic signals (PPS) are the rhythmic
time changes of organs or organisms parts light
permeability, caused by changes of theirs fill of the
blood level.

The general known simplest model of the
rhythmic random biosignals is the sum of stationary
random process and the deterministic periodical
function. This model is too simple and haven’t the
biophysical basis.

The model of signals as a periodical correlated
random process (PCRP) is more productive. But
PCRP takes into account the periodicity of only first
and second moment functions, that is mathematical
expectation and correlation function. As a
consequence, PCRP limits the signals investigations
by correlation theory.

The photopletysmic acquisition is realized by IR-
raying of the organ under investigation and
measuring of reflected light intensity. The time-
varying component of this intensity is determined by
sum of light impulses intensitys that are reflected by
erythrocytes. On the base of PPS biophysical
genesis and wunder some simplifications the
mathematical model of PPS is presented by the

formula (3), where Ik(rk ,t) is the intensity model

of reflected impulses (fig.1), o, >0,k € Z is the
identically distributed independent random variables
(the intensitys of light impulses reflected by
erythrocytes), T,,K €Z is the Poisson flow with

parameter X(r), re(— oo,oo) (the time moments
when erythrocytes are fall into lit zone), function
(p(‘l:,t) is determined by (2) (|(1:) - the mean
duration of stay the erythrocytes in the lit zone). The
more available for theoretical analysis notion of
process (1) can be presented in form (4), were

m(t) is the generalized Poisson process with jamps
equal to o, , which appear in the time moments T, .

The random process (4) is called linear random
process.

Taking into
I(t)=I1(t+T)
heartbeats), we obtain that (4) become the periodical
by Slutskiy random process, which has T -periodical
(by the set of time arguments) probability
distribution functions.

That is, (4) is the linear periodical random
process (LPRP).

The probability distributions of the linear
periodical random process are infinitely divisible. It
is possible to characterise linear periodical random
processes by looking at their characteristic functions.
The characteristic function of LPRP satisfies the
relation (5), but for photopletysmic signal model
relation (5) leads to (6), where F(X) is the

probability distribution function of random variables

a,.keZ.

The mathematical

account and

M) =Mt +T)

(where T is the period of

expectation and

ME(t)
correlation function R(t,,t,) of process (4) are
obtained from (6). They presented by the formulas
(7) and (8). Obviously both are dependent the
characteristics of model (4).

The LPRP moment functions are periodical by
the set of time arguments. That is, (7) and (8) satisfy
the relations: ME(t)=ME(t+T) and R(t,t,)=
=R(t, +T,t, +T). The mathematical expectation

and correlation function of PPS are used for
diagnostic parameters identification.

The registration and analysis of photopletysmic
signals are realized using the computer information
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system, which structural scheme is presented on the
fig.2.

On the scheme: O (BO) — the biological object
(the part of organism with blood vessels); OEII
(OET) - the optoelectronic transformator, which
includes the block of radiation (BB (BR)), the
optical channel (OK (OC)), the reception of reflected
radiation block (BIIB (BR)); BPP (BRR) — the
registration of realization block; BOAIT (BEDP) —
the statistical estimating of diagnostic parameters
block; BAIT (BDS) — the diagnostic spaces block;
BITP (BDD) — the diagnostic decisions block (BRR,
BEDP, BDS and BDD are realized on PC (IIEOM)
as the application package).

The registered realization of photopletysmic
signal is presented on the fig.3.

The probability characteristics of PPS are
estimated on the base of its mathematical model
(taking into account the stochastic periodicity of
photopletysmic signal).

The period of the T -periodical by Slutskiy
process E(t),t €(—o0,0) is estimated by the

statistics (9), where S is the
$S=5,,S,, (EpreerEyoneGpy) 1s the sample from
&), obtained by &(t)

discretization with the step equal At, by [] denoted

,test”  period,

process which s

the floor function. The asymptotically unbiased and
consistent estimation of period is determined as

T = Atmaxh,. The example of statistics g
S

realization is presented on fig.4.

T
Let L= A_t >1 be the integer number. The series

&g =EKAt+IT), k=0,L-1LleZ (with fixed
k) is called the @, -series of periodical process

E(t) . The main @, -serieses property (which is used

for periodical random processes distribution
investigation) is, that they are stationary and
stationary related random serieses. It allows to
determine the probability characteristics estimations
by the known methods of stationary random
processes statistical analysis.

The unbiased and consistent estimation of the

¢, -series mathematical expectation is presented by
the formula (11).

Obviously &, , k=0,L—1 is the estimation of

mathematical expectation ME(kAt), k=0,L-1,
that is mathematical expectation of sampled T -
periodical process (1) on the interval [O,T) (as far
as ME(t) is the T -periodical function then it is
enough to analyse it on the interval [O,T ))

The asymptotically unbiased and consistent
estimations of the samples R(IAt, JAt) of the
R(t,t,) in the
[O,T)x [O,oo) (it is enough for describing it on the
whole domain, taking into account the periodicity of
R(t,,t,) by the set of arguments) are presented by

formula (12).
The results of the photopletismic signal
mathematical expectation and dispersion R(t,t)

correlation  function area

estimating on the interval [O,T) are presented on

the fig.5 and fig.6.

There are arguments for the adequacy of the
developed mathematical model:

e the mathematical model is developed with
taking into account the light-blood interaction
biophysical properties, so this model is adequate
to the signal under investigation;

e the stochastic periodicity of the photopletismic
signal is confirmed by the experimental results;

e the PPS period estimations are verified by the
results of  heartbeats  period  manual
measurements;

e the model characteristics are available for
experimental estimating (it is adequacy to the
measurements and diagnostics problems).

That is, in the article, at first, the PPS
mathematical model as a linear periodical random
process is developed, in the model unlike the
knowns the PPS biophysical genesis, randomness
and rhythmic time changes are reflected, it is
available for probability analysis by the
characteristic functions method.

Furthermore, the dependency of the PPS moment
functions (which are the base for the diagnostic
parameters identification) and LPRP characteristics
using the characteristic functions method is
presented.

And finally, the PPS mathematical expectation
and correlation function estimations are obtained.

82



