MiHICTepCTBO OCBITH 1 HAYKH Y KpaiHu, MOJIO/I1 Ta CIIOPTY Y KpaiHU

TepHONIBCHKUI HAIlIOHAIBHUI TEXHIYHUI YHIBEpCcHUTET iMeH] [Bana [lymros

JEIIUIINH IOPIH 3IHOBIMOBUY

YAK 621.391.7:612.172.2

MATEMATHUYHA MOJEJIb TA METOJIU EPEKTUBHOTI'O BUSBHAYEHHA

PO3JAAKHU PUTMOKAPIAIOCUT HAJLY

01.05.02 — mamemamuune MoOentO8aHHA Ma 0OUUCTIOBANbHI MEMOOU

ABTtopedepaT nucepratii Ha 3700yTTS HAYKOBOTO CTYTEHS

KaHaugaara TEXHIYHUX HaykK

Tepuomninb — 2011



JlucepTalii€ro € pyKoIuc.
Po6ota BukoHaHa y TepHOMJIbCHKOMY HalllOHAJbHOMY TEXHIYHOMY YHIBEPCUTETI IMEHI1

IBana [lymtost MinHicTepcTBa OCBITH 1 HAYKH, MOJIO/II Ta CIIOPTY Y KpaiHu

Haykoeuit kepieHux — JOKTOp TEXHIYHHUX HayK, mpodecop
SABopcbkuit bornan IBaHoBuY,

TepHOMIBLCHKUHN HALIOHAIBHUN TEXHIYHUN YHIBEPCUTET

imeni IBana I[lymros, 3aBigyBau kadeapu 610TEXHIYHUX CHUCTEM,

M. TepHOMiIbL

Odhiviiini ononenmu: JOKTOp TEXHIYHHUX HAYK, mpodecop

Binuncbkuii Hocun MocunoBuy,

BinHULbKUM HAIllOHATBHUN TEXHIYHUM YHIBEPCUTET, 3aB1yBay

Kadenpu enexkTpoHiku, M. BiHHUIIS;

JOKTOP TEXHIYHHUX HAYK, JOLEHT

Jlynenko Cepriii AHaTos1ilioBHY,

TepHOMILCHKUI HAIIOHAIBHUHN TEXHIYHUN YHIBEPCUTET

imeni IBana Ilymros, 3aBigyBau Kadeapu KOMIT IOTEPHUX CHCTEM

Ta Mepex, M. TepHOILIb.

29

3axucT BIIOyHeThCS 2011 p. o roa. Ha 3aciJlaHHI CHeliali30BaHOi
BueHoi pagu K 58.052.01 y TepHONUJIbChKOMY HalllOHAJIbLHOMY TEXHIYHOMY YHIBEPCUTETI
imeni IBana [lymros (46001, m. Tepuomine, Byn. Pyceka, 56, aya. 79).

3 nuceprariero MO)KHa 03HAaHOMUTHCH Y 010110Ter1 TepHOMiIbCHKOTO HallIOHAIBHOTO
TEXHIYHOTO yHiBepcuTeTy imMeHi [Bana [lymios, (46001, M. TepHomins, Byn. Pyceka, 56).

ABTtopedepat posicinanuii ¢ 7 2011 p.

Buennii cexperap

crierianizoBanoi BueHoi paau K 58.052.01 [enectoBchkmii b. T



1
3AT'AJIbBHA XAPAKTEPUCTHUKA PObOTHU

AKTyaJIbHICTh TeMH. BaxJIMBOIO XapaKTEPUCTUKOIO CEPLIEBOIO0 PUTMY € 3MiHA
TpuBajocti RR iHTepBamiB — BapiaGeibHICTh CEPLEBOTO PUTMY, IO CHPUYHMHEHA
CUMIIATUYHOI0, MapacCUMIATUYHOI 1 TYMOPAJIBbHOK PETYJAII€l0, IO BiI0OOpakae
NPUCTOCYBAHHS OpraHizMy J0 3MIHM YMOB cepeloBHIla. AHami3 BapiabeIbHOCTI
CEpPIIEBOTO PUTMY BUKOPHUCTOBYIOTH JIJISi PAHHBOT'O JIAarHOCTYBAHHS CEPIEBO-CYJTUHHUX
Ta I1HIIMX 3aXBOPIOBAaHb, CTIMKOCTI TMpH (YHKIIOHAIBHUX TECTaX Ta BHU3HAYCHHI
npoIpUAaTHOCTI MAMIMHICTIB MOTATIB, omeparopiB AEC, Tomo BUKOPHCTOBYIOTH
CTaTUCTUYHI Ta CHeKTpanpHi mapameTpu BapiabempHocTi PKC. BapiaGenbHicTb
po3rIIAalTh K mapaMmerp putMmokapaiocurnany (PKC), sxuit orpumyroTes 3
enektpokapaiocuraany (EKC) BumiproBanHsMm RR-iHTEepBanmiB MmoCTigOBHUX IHKIIIB
cepueBux ckopoueHb (I[lapun B.B., baesckuit P.M.). Peectpamiss PKC BinOyBaeThcsi B
yMOBax KJIIHIKM a00 MOBCAKIACHHOI JISUIBHOCTI MaIlllEHTa (TPUBAIICTIO B KUIbKa 110 —
rOJITEPIBCHKUI MOHITOPHHT) 3 MOJAJIBIION OI[IHKOK HOro ImapaMeTpiB, IO BHMAarae
OTpAIlfOBaHHS 3HAYHUX OOCATIB JaHUX, a BIAMNOBIIHO TOTpeOye aBTOMaTH3AIli
peectpaitii Ta ananmizy PKC, mo peanizytoTbcs y BIAMOBIAHUX CUCTEMAX TOJITEPIBCHKOTO
moHiTopunry (I'M) (Medilog (Oxford, Bemuko6puranis), DiaCard (ComnbBeiir,
Vkpaina), CardioSens (XAI, Ykpaina), Kapauorexuuka-4000 (MHKAPT, Pocis)).

[Ipote B icCHytOUHX cHCTeMax IpH OLIIHIOBaHHI mapaMeTpiB BapiadenbHocTi PKC
NPUITYCKAIOTh HOTO CTalllOHAPHICTh, a HENIHIMHOCTI 1 B3a€MOJIi KOHTYPiB CHUCTEMH
peryisIii cepueBOoro PpUTMY MPHU3BOAATH JO 3aCTOCYBaHHS Oym3bko 20-TH
napameTpudnoi Horo wmoxeni (baeBckuit P.M., S6myuanckmit H.M.). Opnak 3miHa
¢b13nuHOr0 HaBaHTaXEHHs, (P1310JIOTTYHOTO CTAHY JIOAMHHI Ta YUHHUKH HABKOJUITHHOTO
cepenosuina (Cobones A.B.) BUKITUKaIOTh pi3Ky 3MiHY Kopensiiiaux 3B’ s3kiB PKC —
po3nanky (Hectarionapaumu € Oinmbine 21% Bigpizkie PKC mis mennoro 3amucy, 1
outbiie 5% — qis HiyHoro 3anucy (Maptunenko A.B., S06nyuancekuit H.W.)). Lle
MPU3BOAUTL JO 3MEHIICHHS BIPOTIHOCTI OIIHOK MapaMmeTpiB BapiadenpHOCTI PKC,
yepe3 HEBpaxyBaHHS BIUIMBY 30BHINIHBOTO cepenoBuma (Xatotud B.M.), abo
YCKJIAJAHEHHSl amapaTypd 3acTOCYBaHHSAM KpIM CTaHAApTHUX (CTATUCTHUYHHUX 1
CIIEKTPAJIbHUX METOMAIB), PI3HUX METOMIIB crHekTpaibHoro ananmizy (Parosun A.H.,
Yamamoto Y.), metoniB teopii xaocy (Elbert Th.) Ta in. IlinBuiieHHs BIpOT1AHOCTI
OIIHOK MmapameTpiB BapiabenbHOCTI PKC BHMarae 3actocyBaHHs METOIB OLIIHIOBaHHS
ontuMasibEnx 110 Mojaeni PKC Ha cramioHapHuX 1 HECTallOHApHUX BiApi3Kax, a
BIJIMOBITHO BU3HAYEHHS iX MeEX, BHKIHKaHUX posnaakoro PKC. Takox, mpu
GyHKIIOHATBFHUX TECTAX, BAXKJIMBUM € BUSHAUCHHS YacCy MOSBHU PO3JIAIKUA Ta TPUBATICTh
HecTamionapaoro Biapizka PKC Bukiukanoro tectom (Camosa H.U., Bepésnsiii E.A.).
Jlnst aBromaTu3zaiii Bu3HaueHHs posnagku PKC HeoOximHo moOyayBaTn MaTeMaTUIHY
moaenb PKC, o BpaxoBye po3ianky Ta po3poOUTH METOIH ii BU3HAYCHHS.

OTxe, Ha ChOTOJIHI BaXXKJIMBOIO HAYKOBOKO 3aJayeio € moOyAoBa MaTeMaTH4HOI
mozeni PKC Tta po3poOka METOJIB JOCTOBIPHOTO BHU3HAYEHHS MOTO PO3JAIKHU IS
M1JIBUIIICHHS BIPOT1THOCTI aBBTOMATHYHOI OIIIHKHY MapaMeTpiB BapiadenbHocTi PKC.

3B’5130K po00OTH 3 HAYKOBMMH NpOrpamMaMu, IJiaHamMu, TemMamu. Haykosi
JTOCITIKEHHST JTUCEPTAIlIiHOI pOOOTH MPOBOJIUIUCH Y BIAMOBIAHOCTI 10 TEMaTHYHUX
IJIaHIB ~ HAYKOBO-JOCHIIHMIIBKMX  poOIT  Kadeapu  OIOTEXHIYHUX  CHCTEM
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TepHOMIIBLCHKOTO HAI[IOHATBLHOTO TEXHIYHOTO YyHIBepcuTeTy iMeHi IBana I[lymtos.
OxpeMi pe3ynbTatd poOOTH OyiM OTpUMaHi IpH BUKOHaHHI HaykoBux Tem: BK 5-01
"JlocmimxeHHs 1 po3po0Kka METO/IIB Ta 3ac001B 0OpOOKU €BEHTYaJIbHUX, IIUKIIYHUX Ta
puTMiuHUX OlocurHamiB", Homep aepxk. peectpamii 0101 U 007912; BK 20-06
" JlocimKeHHST METO/IIB Ta 3ac001B BUSBJICHHS €BEHTYAJIbHUX, [IUKITYHUX Ta PUTMIYHUX
Oiocurnamnip", Homep aepx. peectpaiii 0106 U 002062. ¥V nux poboTax aBTOp npHiiMan
y4acTh K BUKOHABEI[h 1 pO3pPOOUB METOJI aBTOMAaTUYHOTO BU3HaueHHs po3nanku PKC.

Mera i 3aBaaHHsl JdOCHiIkeHHA. Memorw OocniddcenHss € TO0yIOBa
matematnunoi moneni PKC Ta po3pobka MeTOMiB JOCTOBIPHOTO BHU3HAYEHHS HOTO
po3nangku A BusiBIeHHS mepexinHoro mporecy PKC Ta miaBHIeHHS BipOTiAHOCTI
aBTOMATUYHOTO OIlIHIOBaHHs napaMmeTpiB BapiadbenpHocTi PKC B cuctemax I'M.

JIyst MOCSATHEHHS TIOCTABJICHOT METH HE0OX1THO OyJIO BUPIIITUTH TaKl 3aBIaHHS:

— TmpoaHami3dyBaTu Bimomi mMateMatudHi moxaeni PKC ta meromam omiHIOBaHHS
rapaMeTpiB HOro BapiabeIbHOCT1, METOM BU3HAYCHHS PO3JIAJIKU CUTHATIB JJI1 BUOOPY
HaIpsIMYy JTOCIIIKEHHS,

— noOyayBaTu Mmatematuuny Mojenb PKC, 1o BpaxoBye po3naaky;

— po3poOuTH KpuTepiil Bu3HaueHHs posiaaku PKC;

— OOTpyHTYBaTH Ta 3aCTOCYBaHTH crekTpaibHe mpeactaBieHHs PKC s
OOYHUCJICHHS TECTOBOI CTAaTUCTUKM BuU3HaueHHs posnagku PKC 3a moOyagoBaHum
KpUTEPIEM;

— 0oOrpyHTyBaTH Ta po3poOUTH KpUTEPiH aaanTallii mapaMeTpiB CIEKTPAIbHOTO
npencrasienns PKC mia nigBuieHHs 1o0cTOBIPHOCTI BUSHAYEHHS HOTO PO3NaIKy;

— moOyayBaTH KpuUTepiil e€deKTHBHOCTI METOJIB Bu3HaudeHHs posnanku PKC
JUTsl BUOOPY JTOCTOBIPHINIOTO 13 HUX;

— PO3pPOOUTH ANTOPUTM 1 TIpOoTrpamMHe 3a0e3MeUeHHS ISl BUBHAYEHHS PO3JIAIKH
PKC;

— TMPOBECTU KOMIT IOTEpHE MOJICIIOBAHHS METO/IB BU3HAaueHHs posnaaku PKC
JU1s Bepudikallli MaTeMaTHYHOT MOJIEJIl Ta OI[IHIOBAHHS XapaKTEPUCTUK JOCTOBIPHOCTI
BU3Ha4YeHHs po3nagku PKC.

06 ’exm 0ocniodicenHss — TPOIIEC BUSHAYCHHS PO3JIAKH PUTMOKAPIIOCUTHAITY.

llpeomem Oocniosxcenns — wMareMaTH4Ha MOJIEb Ta METOAU BU3HAYCHHS
PO3TaIKU PUTMOKAPIIOCUTHAITY.

Metoau gocaimkennsi. [Ipu po3B’si3aHHI MMOCTABJICHUX 3aBJaHb BUKOPHCTAHO:
Meronan eHepretudHoi Teopii curHamiB 1 cuctem (ETCC) — mma po3poOneHHs
matematnuHoi mojeni PKC 13 po3nankoro; MeTou CTaTUCTUYHOL Teopii BUOOPY pIlICHb
JUIsT  po3poOKHM  Kputepiro Bu3HaueHHs posnaaku PKC; wmeromm cmekTpambHO-
KOPEJISIiitHOT Teopii BUMAJAKOBUX CHUTHANIB — I OTPUMAaHHS TECTOBOI CTATHCTHKHU
Bu3HavYeHHS posnanku PKC; metomu imiTamiiiHOTO MOJAETIOBAHHS Uil OI[IHIOBaHHS
JO0CTOBIpHOCTI Bu3HaueHHs po3ianku PKC.

HaykoBa HOBU3HA 0O/Iep:KaHUX pe3yabTaTiB.

1. Bnepmie noGynoBano Mmarematuuny wmojeilb PKC 13 posmankoro, sika
BIIPI3HAETHCS BIJ BIIOMHUX TuUM, 110 BpaxoBye 3miHy PKC 31 cramioHapHoi 10
MEePIOAUYHO KOPEJIHOBAHOT BUITAJKOBOI MOCIIJOBHOCTI, III0 YMOXJIUBUIIO PO3POOJICHHS
KpuTepiro Bu3HaueHHs posnajiku PKC.
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2. Bnepme OTpuMaHO TECTOBY CTAaTHCTHKY BH3HaueHHs posnanku PKC,
IUIIXOM 3aCTOCYBaHHSI cCreKTpajgbHOoro mnpencrabienHs PKC, mo yMoxiuBuio
mo0yI0BY METOy BHSBJICHHS PO3JIaKH, III0 HA BIAMIHY BiJ] 1HIIUX € 1THBapiaHTHUM 0O
MOMEHTY B1I00pY CUTHAIY.

3. MonudikoBaHO CTATUCTUYHMI KpUTEpii mepeBipku rinote3 Helimana —
[Tipcona g0 3anaui BusHaueHHs po3naaku PKC, mo yMOXIMBUIO BUSIBJICHHS PO3TaJAKU
3 MOAAJIBIIMM BU3HAYEHHSIM YaCOBOTO MOMEHTY 11 HACTaHHS.

4. Bnepmie po3pobiaeno Meton BuszHaueHHs posnanku PKC, nuisixom
3aCTOCYBAaHHS KPUTEPII0 BU3HAYECHHS PO3JIAJKU J0 TECTOBOI CTATUCTUKUA OTPUMAHOI 3a
cnekTpaibHuM npenacrabiieHHs PKC, mo yMOXIMBUIO JOCTOBIpHE BHU3HAYEHHS HOTO
PO3IaIKH.

5. Habyno mopambmoro po3BHTKY BUKOPHUCTaHHS Bapiallli CHEKTpaTbHUX
komrioHeHT PKC 3a kpwutepiii onTUManbHOCTI MapaMeTpiB CHH(A3HOTO METOay
OTPUMAHHS TECTOBOi CTAaTHUCTHKU Ta BUOOPY BIKOHHOI (YHKIIIi, 110 YMOXIJIMBHIO iX
3aCTOCYBaHHS Ta MIJBUIIMIO JOCTOBIPHICTh BU3HaYeHHs posnagku PKC.

IlpakTuyHe 3HA4YeHHs1 oOJep:KaHUX pe3yabTaTiB. OjepkaHi TEOPETUYHI
pe3ynbTaTH PO3LIUPIOIOTh 00JIACTh 3aCTOCYBaHHS CHEKTPATbHO-KOPEISAIIHHUX METOIIB
anamizy PKC, mo ymoximuBioe aBToMaTWyHe Bu3HaueHHs po3ziaaku PKC, o
CIpoIllye amapaTypy Ta IMIJBUIIYE BIPOTIAHICTD aBTOMATHYHOTO OIIIHIOBaHHS
napameTpiB BapiabenpHocTi PKC.

Po3pobiieHo anropuT™m Ta mporpamHe 3a0e3nedeHHs I BU3HAYCHHS PO3JIAIKH
PKC, 3 Bukopucramasm maketry Matlab. IIllo aBTOMaTnyHO BH3HAYa€ dYac TOSIBU
poO3NagKkd Ta TpUBATiCTh HectauioHapHoro Biapisky PKC, saxuil Bukopuctano nmis
cermenTanii PKC nHa cramionapHi 1 HecTalioHapH1 BiIPi3KH.

Po3pobrmeno mporpamue 3abe3medeHHS IS IMITAIHHOTO  MOJCTFOBAHHS
tectoBux PKC Ta enexkTpokapaiocursaiiB i3 posnaakor. Po3pobieHo anroputm
BU3HAYECHHS TEPIOy KOPETHOBAHOCTI JIsi ONTHUMAIBHOTO HAJAIITYBaHHS MapameTpiB
cuH(a3HOTO0 METOY OTPUMAaHHS TECTOBOI CTATUCTUKH Ta BUOOPY BIKOHHOI (PYHKITI].

Po3pobiieni y nucepraiii MeToAu 1 mporpamu A Bu3HadeHHs posnagku PKC
BIIPOBAXKEHO:

— B HaykoBo-TexniunoMy LleHTp1 paaioeneKTpOHHUX MPUCTPOIB Ta TEXHOJIOTIH
”XAl  MENIKA”  HamioHaapHOTO  aepOKOCMIYHOTO  YHIBEPCHUTETY  1MEHI
M.C. KykoBcbkoro "XAI” — anroputm ta nporpamy BuzHadeHHs posnaaku PKC, nis
MiABUIICHHS TOYHOCTI BUMIPIOBAaHHS MEIMKOOIOJOTIYHUX MapaMeTpiB BapiaOeNbHOCTI
CEPIIEBOTO PUTMY Ta BIPOTITHOCTI IIarHOCTYBAaHHS B cucteMax [ 'M;

— y TepHomninbebkill AepxkaBHIN MeanuHii akagemii iMm. [. 5. 'opGaueBchKoro
Ha Kadeapi HopMasbHOI (Pi310J10Tii — METoA Ta mporpamy Bu3HadeHHs posnaaku PKC
JUTSl TIIBUIIICHHS TOYHOCTI BHUMIPIOBAHHS XapaKTEPUCTUK BapiabETbHOCTI CEpIIEBOTO
PUTMY B HAYKOBHUX JOCIIDKEHHSX Ta Y TPAKTUYHUX 3aHATTSX;

— vy TepHOMIbCHKOMY HaIIOHATBPHOMY TEXHIYHOMY YHIBEPCUTETI IMEHI1
IBana Ilymros Ha kadenpi O10TEXHIYHMX CHCTEM — IaKeT KOMIT IOTEPHHUX Iporpam i3
Bu3HaueHHs posznanku PKC, nis miaroroBku OakaiaBpiB, CIEIIATIICTIB 1 MaricTpiB 3a
OCBITHBO-TIpOdeciiiHuM  crnpsamyBanHsM  6.0910  "EnextponHi amaparu", 3a
cnetianbHOCcTsIMU 7.091002, 8.091002 "bioTexHIyH1 Ta MEIUYHI anapaTy Ta CUCTEMHU".
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OcoOuctuii  BHecok. OCHOBHI pe3ylbTaTH, fKI BIAOOpaXarOThb CYTb
JTYcepTaliitHOT poOOTH OTpHUMaH1 aBTOPOM caMOCTiiiHO. OcoOUCTH BHECOK 3/100yBaya
B MIpAIsSiX, OMyOJIIKOBAHUX Y CITIBAaBTOPCTBI Takuii: [6, 7] — MOIIIBHICTh 3aCTOCYBaHHS
ICHYIOUMX Ta HOBHUX MAaT€MaTHYHHUX MOJIEJel 1 METOJIB aBTOMAaTUYHOTO OTPUMAaHHS
iHpopmartii npo napamerpu PKC; [8] — po3poOiieHHsS alroputMmy CHHTE3y TECTOBUX
CUTHAJIB JJIsI OIIIHKHU JIOCTOBipHOCTI Bu3HaueHHs po3naaku PKC; [9] — inenTudikaris
napameTpiB 1HTErpaixy IMOBIpHOCTI mpu BuszHaueHHi posnaaku PKC 3a kpurepiem
Hetimana-Ilipcona; [1, 10] — oOrpynTyBaHHS Ta TOOyAOBa METOMYy OOUYMCICHHS
TECTOBOT CTAaTUCTUKM Ta XapaKTEPUCTUK JOCTOBIPHOCTI BHW3HAYEHHS PO3JIAIKA
puTMOKapaiocurHany 3a kputepiem Heitmana-Ilipcona; [5, 14] — pospoGraeno
MaTeMaTUyHy MOJEeNb Ta MeToJ] BHU3HaueHHs posnanku PKC; [3] — oOrpyHTyBaHHS
3aCTOCYBaHHS CHH(A3HOTO METOAY OTPUMAHHS CIIEKTPATbHUX KOMITOHEHT JUIsl OIIHKU
napametpiB PKC nHa 6a3i MaTtemaTHuHOl HOro Monenl — MEepioAHYHO KOPEIbOBAaHOI
BUMNAAKOBOI mociigoBHOCTI; [13] — BuzHaueHHs posznagku PKC Ta oOuuncieHHs
XapakTepucTuk aoctoBipHocTi Juisi TectoBux PKC, 13 3acrocyBaHHsAM cHH(]a3HOTO
METOJy OTPUMaHHS CIEKTpaJlbHUX KOMIOHEHT; [4, 15-17] — dopmyBanHa ABOX
MOTOKIB JIaHUX [IJIsl aNrOpUTMy BUSBICHHS RR- iHTepBasiB elneKTpoKapIIOCUTHAITY Ta
dbopmysanns PKC niist Bu3HaueHHs iloro po3naaku B cucteMi ['M.

Amnpobaunia pe3yabraTtiB gucepraumii. OkpeMi pe3ylbTaTd poOOTH anmpoOOBaHO
Ha: 7-My 1 11-My MDKHapogHOMY MOJIOJIKHOMY (hopyMi «PajmioenekTpoHika i MOJIOJb B
XXI ct.» XHYPE (M. Xapkis, 2003, 2007 pp.), 1-it mibkHaponmHid KoHpepeHIil
“Enextponika Ta mnpukiagHa ¢izuka” KHY im. T. llleBuenka (M. Kuis, 2005 p.),
MKHapoaHii KoH(pepeHii “CyyacHl mpobieMn pagioeneKTPOHIKH, TeIEKOMYHIKAIlii,
koMt totepHoi imxeHepii” TCSET 2006 (JIsBiB-CnaBcrko, 2006 p.), 9-i1 MmixkHapOAHIH
koH(pepenii “JlocBim po3poOku Ta 3actocyBaHHs mnpuiago-texHosoriuanx CAIIP B
mikpoenektponini” CADSM’2007  (JIeBiB-Ilomsna 2007 p.), 11-it  HaykoBiii
koHdepenmii TATY (M. Tepuomins, 2007 p.), Ill-my MixuapogHoMy ceMiHapi
,lenemenuuuHa — oneIT@nepcnektuBbol” (M. Jloneupk, 2007 p.), MDKHapOIHIN
koHpepenIii “CydyacHi mpobiieMH pagioeIeKTPOHIKH, TEICKOMYHIKAIlIH, KOMIT FOTEPHOL
imkenepii” TCSET’2008 (JIsBiB-CnaBchko, 2008 p.), BCEyKpaiHCBbKi HayKOBIH
koHpepenmii TATY (M. Tepunonins, 2009 p.), 10-i1 MikHapoaHIM KoH(pepeHIii
“CyyacHi  mpoOjeMu  pajlOeieKTPOHIKH,  TEICKOMYHIKAIllid,  KOMII IOT€pPHOI
imxenepii” TCSET’ 2010 (JIsBiB-CiaBceko, 2010 p.), Ha HayKOBUX ceMiHapax kadenpu
Ol0TeXHIYHUX CHCTEM TEepHOMUIBCHKOTO HAI[IOHAIBHOTO TEXHIYHOTO YHIBEPCUTETY
imeni IBana ITymros (2002-2011 pp.).

B ninomy po6ota obrosopioBanacs y HamionansHomy yHiBepcureti ~JIbBiBCbKa
nomrtexHika” (M. JIpBiB, 2007 p.) Ta BiHHHIIBKOMY HAI[IOHAIPHOMY TEXHIYHOMY
yHiBepcureti (M. Binauis, 2011 p.).

IMy6aikanii. 3a Temoro nuceprauii omyOiikoBaHO 17 HayKOBUX Ipailb, I SITh
cTtaTeid y HaykoBuUx (paxoBux BumaHHsx [1-5], 12 te3 koudepenmit [5-15]. Ilpari
[2, 11, 12] nancano 6€3 CIiBaBTOPIB.

CTpykrypa Ta o0csar aucepranii. [ucepTaliisi CKIaIa€eThCcsl 3 BCTYMY, YOTUPHbOX
O3B, BUCHOBKY, BUKJIaJeHUX Ha 117 cTopiHkax, cnucky jitepatypu 3 120 Ha3B Ha
13 cropinkax, 1oAaTKIB Ha 22 cTOpiHKaX. 3arajabHui 00°’eMoM 153 CTOpiHOK.
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OCHOBHUM 3MICT POBOTH

Y BecTymi po3kpuTto CyTh 1 CTaH HAyKOBOi 3amadi, OOTPYHTOBAaHO
aKTyalbHICTh TEMH JWCEpTallii, BiJ3HAUYEHO 3B’S30K POOOTH 3 HAYKOBUMHU TEMaMH,
chopMyILOBAaHO METY 1 3aBAaHHS POOOTH, BHUKJIAJACHO OCHOBHI TMOJIOKEHHS, IO
BUHOCSATBCS HA 3aXMCT, BU3HAYEHO 00’ €KT, MPEAMET 1 METOJIU AOCIIKEHHS, TOKa3aHO
HAyKOBY HOBHU3HY, IPAKTUYHE 3HAYEHHS OTPUMaHUX pPe3yJIbTaTiB, BKA3aHO arpoOarliro
pe3ysbTariB poOOTH Ha KOH(EpEeHINisx, ceMiHapax, BUCBITJICHHS iX Yy JAPYKOBaHUX
nparsix.

Y nepmioMy po3aiii HaBeAEHO OCHOBHI PE3yJbTaTH aHATITHYHOTO OIJISIAY
JiTepaTypyu Ta MOKa3aHO CTaH OLIHIOBaHHS mapameTpiB BapiabenbHocTi PKC mpu I'M.
[TpoananizoBaHo BiZoOMi MOJENI Ta METOAW OIIHIOBAHHS MapaMeTpiB BapiaOENbHOCTI
PKC, BusiBneno (axt 3HIKEHHS iX BIpOTiAHOCTI yepe3 HeBpaxyBaHHs po3nanku PKC i
BCTAHOBJICHO, [0 3aCTOCYBaHHS PI3HUX METOIB JuIsl ouiHioBaHHS mapameTrpiB PKC,
YHEMOXJIMBIIIOE X aBTOMATH3all110 Ta BUKIIUKAE YCKIATHEHHS arnapaTypH.

B pesymprari ormamy cucrtem Bimbopy PKC 3ayBaxkeHo, MO iCHYHOYI METOIU
OIiHIOBaHHS TmapameTpiB BapiabenbHOCTI PKC BHKOPHCTOBYIOTH CTAaTUCTUYHHMA 1
CIEKTpaJIbHUHN aHai3, 06a3ylournch Ha WOTro CTalllOHApHIM MO, 10 BiOOPaKEHO B
pobotax (baesckuit P.M., Ps6sikuna I'.B., Jasson S., Bianchi A.M.). CraiionapHicTb
PKC MoxnuBa nuiiie 3a yMOBH, IO il MEXaHI3MIB PETYISIii PUTMY CEpIs MPOTIrOM
peecTpaiii € mocTiiiHOIO (cTarioHapHicTh YMOB croctepexeHHs). PKC He €
CTaI[lOHAPHOI0 BHUIIAJIKOBOIO TOCIIJIOBHICTIO, OCKIIbKM (DYHKI[IOHAJbHA CHCTEMa
perymsiii puTMy ceplisi € 6araTOKOHTYPHOIO, Y SIKIM JIOMiHyIO4Ya POJIb OKPEMUX JIAHOK
BU3HAYAETHCS IOTOYHUM CTAHOM OpraHi3My Ta BIUIMBOM 30BHIIIHBOTO CEPEOBHINA, 1110
BUKIIMKAIOTh PO31aJIKy Ta He cTarionapHicts PKC (puc. 1).
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Puc.1 Ilepexinuuii mponec, mo Bukiukae posnaaky PKC: a) mocnigoBnicte RR-iHTEpBasiB
BiiOpaHa Mpu CTalllOHAPHUX YMOBAX 13 HACTYITHOKO PI3KOK0 3MIHOO MOJIOKEHHS TiJIa, 0) CrieKTpajibHa
ryctuHa notyxHocti PKC nHa Bimpizky 1:256 BimmikiB, B) crnekrpansHa ryctuHa PKC Ha Bigpizky
145:400 BimmikiB, ) cnekrpainbHa ryctuHa PKC na Bigpizky 400:655 BijmikiB.



[{e mpu3BOIUTH IO 3HWKEHHS BIPOT1IHOCTI PE3YJIbTATIB OI[IHIOBAaHHS MapaMeTpPiB
BapiabenpHOocTi PKC. BeranosieHo, 1o nepexi BiJi OAHOTO CTIMKOTO CTaHy CHUCTEMHU
perynsiii putMy cepus 10 1HImoro (BiJ CTaIlilOHAPHOTO JI0 HECTalllOHAPHOIO)
BU3HauaeTbesl po3naakoro PKC — pi3koro 3MiIHOIO KOpeNsiliHUX 3B’SI3KIB, sKa
BiOYBa€ThCSl Y HEBU3HAUYCHI HAMEPE] MOMEHTH Yacy, 3yMOBJICHI BHIIQIKOBICTIO 3MIiHH
(1310JI0TIYHOTO CTAHY OPTaHi3MYy JIFOJAWHH.

Bigomi HOBI MmaTeMatuuni Mojem aisg nepexignoro npoiecy PKC (Tum €.B.) Ta
Hecrarionapaoro PKC (SIBopcbka €.5.) Xxo4ya 1 BpaxoBYIOTh CTaIliOHApHY MOJEIb,
OJTHAK HE 3a3HAYal0Th YacoOBOTO MOMEHTY HACTaHHS 3MIHH CTaTHCTHYHUX
xapakrepuctuk PKC.

OT1xe, 3 METOIO ITIIBUIIICHHS TOYHOCTI Ta aBTOMATH3allli OI[IHIOBAaHHS MapaMeTpPiB
BapiabenbHOCcTi PKC HEOOX1HO YIOCKOHAIWTH WOr0o MaTeMaTHYHy MOJEIb HUISIXOM
BpaxyBaHHS PO3JAJKU Ta PO3POOUTH METOAM ii €()EKTUBHOTO BU3HAUEHHS 3 METOIO
noainy PKC Ha cramioHapHi Ta HecTamioHapi BIApPI3KM 1 3aCTOCYBaHHS 10 HHX
BIIIIOBITHUX METO/IIB OIlIHFOBAHHS.

Po3B’s3aHHa chopmMylIbOBaHUX Yy JUCEpPTAllii 3a7a4 CKJIaJa€e 3HAYHUN BHECOK Y
BUDIIICHHS aKTyaJlbHOI, TMPAKTUYHO BaXJMBOi HAYKOBO-TEXHIYHOI 3amadl —
po3po0IeHHS METOIIB ePeKTUBHOTO BU3HaYeHHs po3naaku PKC.

Y napyromy po3aiii HaBOAATHCS IUISXH IMOOYJOBH KPUTEPi0 BU3HAUCHHS
posnmagkn PKC. Ha ocHOBI ampiopHux BigoMocTedl mpo (QyHKUii po3moairy
iMmoBipHOCTe mosBu posnaaku PKC moOymoBano (yHKIIOHAN — BiIHOIICHHS
MpaBAOMOAIOHOCTI Ta OOTPYHTOBAHO 3aCTOCYBaHHS CTAaTHCTHYHOTO KPHUTEPIIO
Heiimana-Ilipcona no 3amaui Bu3HaueHHs posnajiku PKC.

Bpaxosyrouu Te, mo PKC onucyroTs sik cTaijioHapHy BUIIAJIKOBY MOCIIJOBHICTb,
a poslagka Ta 4YacoBl MOMEHTH TIOSIBU HECTAI[lOHAPHOCTI € HEBIJOMHUMH,
pO3TIAIaTUMEMO pPUTMOKapiocurHan ¢&(¢), sk (yHKII0 CTalllOHApHOI BHUITAJIKOBO1
MOCJIZIOBHOCTI 7(?) Ta mepiogu4Hoi GyHKIi {(2), mo Bimoopaxkae xBuwi PKC BukimkaHi
B32€EMO/II€I0 CUMIATUYHOI 1 MapacUMIIATUYHOI BEreTaTUBHOI HEPBOBOI CHUCTEMH, IO
CIIOCTEPITAEThCS CKIHUEHHUN YacoBuit iHTepBan [0, T7 :

SW)=F((1), n®), 0<t<T,

ne F(-)— omepatop B3aemoii HecTarioHapHoro 1 ctamiorapaoro PKC. Momentu gacy
€ TUCKPETHUMH

t=m At,

ne At — xkpok mixk RR-intepBaniamu PKC, 1o nopisaioe Ic., me N .

Skmo aig MexXaHi3MiB perysdiii CepleBOro pUTMYy MPOTATOM peecTpartii
3QJIUIIAETHCS HE3MIHHOIO, TO/II 111 MEXaH13MU MPOTIKAIOTh OJHOP1AHO 1 oTpuManuii PKC
&(t) (puc. 2), BupaxaroTh Ha 6a31 CTallioHApPHOI MOJIEIII:

E(W) =n(t) =Ty +n(t), (1)

ne Trr=const mMaTeMaTHU4YHE CHOJIIBaHHS IEpiojly MOBTOprOBaHOCTI R-3yOuiB; n(?) —

CTOXaCTUYHA CKJIa/I0Ba (TaycoBa cTallioHapHa BUMAKOBA MOCIIIOBHICTb).
HecramionapHicTh A1l MexaHi3MiB peryJisiii, OB s3aHa 3 BIUIMBOM LIEHTPAJIbHOT

1 BEreTaTMBHOI HEPBOBOI CHUCTEMH, HACHYCHHSIM KpOBI KHCHEM, cTpecamu abo
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(yHKL1OHATPHUMHU MPOOaMH, 3BUYAITHO MEPEHOCUTHCS HA MOHATTS HECTal[lOHAPHOCTI
PKC i3 3MiHHUME y Yacl CTATUCTUYHUMH XapaKTepucTukamu. Taka HecTallioHApHICTh
MOXe OyTHM Tpu 3MiIHI TOJOKEHHS Tila ab0 HaBaHTaXEHHS (3aHUKa4oK abo
€BOJIIOTUBHOI0) a00 BHACHIJOK TOSIBU TMEPIOJUYHUX KOMIIOHEHT TIOB’SI3aHUX 3
JTUXaHHSIM — MEPIOJIMYHOIO 13 3MIHOIO Y Yacl KOPEJSIINHUX 3B’ S3KIB.

BinoMoro maTemMaTHYHOIO MOJEIUIIO, 10 BpaxoBye HecrtaiioHapHicTh PKC (6e3
BpaxyBaHHS PO3JaJIKH) € MEePIOAUYHO KopeaboBaHa BUMaakoBa nocaigoBHicTs ([TKBIT)
(ABopceka €.b.). Tomy posrasaatumemo otpuManuid PKC ¢&(#), sk ITIKBIT 3
MaTEMaTUYHUM CIIOJIBAHHAM M(t) Ta KOPEISLIEIO Fe(1,S),

me(t)=m:(t+Tg), r:(t,s)=r:(t+Tx,s+Tx), (2)

ne Tx — nepion kopenboBanocti [TKBIT.

[Ipu wasBHOCTi Momens PKC 3miHroeThcsi Bim cTarioHapHoi (puc. 2) 10
NEePIOANYHO KOpenboBaHOi (puc. 3) — HecTalliOHApHUM, MEPIOAUYHO KOPEThOBAHHI
PKC, m1o 3miHIO€ CBOi XapakTepucTuku (puc. 4) B MOMEHT 4acy 7:

0, 05r<r
1

) =11+ 0(t)- (1), e(z):{ Ceier 3)

ne, 0— inmukaTopHa (yHKIS, MO0 BKaszye Ha mosBy posnaaku PKC, — gac mosiBu

posnanku PKC.
1 . . ‘ U
I J‘NI i u% i M IJM\ (Ul OWMI AL e
05 | | | ! . I | L [tms o “ i ) . i ) U tms
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Jns moOynoBu kputepito BuzHaueHHs posnanku PKC, noknagemo, sk mpuitHATO
B Teopii CTaTUCTUYHOTO BHOOPY pillleHb, MapaMeTp 6O HEBIIOMUM, SIKUHA MOXKe
NpUMaTH TUIBKU OJHE 3 JBOX 3HaueHb: O=(0 (cramionapuuii PKC, nomis H)), 0=1
(mosiBa posnanku PKC, nonis H;). BaxiuBum mist moOy10BH KPUTEPIIO € BIJICYTHICTH
anpiopHoi iHGopmailii po nosiBy posnanaku PKC.

[TobynoBa kpuTepito BH3HAYEHHS poO3naaku Oa3yerbcs Ha anamizi PKC B
npuctpoi omnpairoBanis nanux (I1OJ]) sixkuii mae anpiopHy iHpopMario npo QyHKIi
posnoainy 3HadeHb ctarionapHoro PKC Wj(g) puc.5. A mpuiHATTS pilmeHHS Tpo
posnanky PKC BukoHyeTbcs 3a BHU3HAUEHUM KpHUTEpieM (OJIOK TPUUHATTS pIlICHHS
(BITP)), 30kpema 3a kputepiem Heiimana — IlipcoHa, 1m0 BHUKOPHUCTOBYETHCS KOJHU
BIZICYTHS anpiopHa iHdopmaris mpo nosiBy posnanku PKC.

&) Wq) A
—s 1O/ ——~ bIIP
W) —

Puc.5 CrpykrypHa cxema BusHaueHHs posnangku PKC: £(#)— cnocrepexysBanuit PKC, Wy(q), Wi(q)—
I'YCTHHA PO3MOJILTY IMOBIPHOCTI TeCTOBOI cTaTUCTUKU ¢ cTarioHapHoro ta [IKBIT PKC npu poznaami
Ha Buxoni IIOJ], BIIP— Onox npuiiHaTTs pimeHHs, Apabo A; — TnpuiHATEe pIMICHHS PO
cTarioHapHicTh abo mpo posnaaxy PKC.

3a kpurepiem Heiimana — IlipcoHa Ta 3a TyCTHHOIO PO3MOALTY IMOBIPHOCTI
TecToBO1 craructuku cramionapaoro PKC wa Buxoni [TIOJ] Wy(gq) 3amaemocsi yMOBHOIO
IMOBIPHICTIO IIOMHJIKOBOTO BU3HadeHHs posnaiku PKC p, (3a BigcyTHOCTI po3nanku),
10 BU3HAYa€ BTPATU BiJ MPUHHATTS HENPABHIBHOTO pilieHHA. | sk 300paxeHo Ha
puc.6, TPaKTYEThCA SIK IMOBIPHICTb TOTO, IO 3HAYEHHS TECTOBOI CTAaTUCTUKU ¢(?) Ha
Buxoai IIO/] mepeBUIINTH AesKe TpaHWYHE 3HAYCHHS IOPOTY /i, IO TPHU3BEIE [0
OMUJIKOBOTO piteHHs npo posnaaky PKC,

= Plg(t)2 )= [Wy(q)dg- 4)
h

q( A

rw ‘HH”‘N"” UWH ""H W i H

W(q)

a) 0)
Puc. 6 3anexHicTh IMOBIPHOCTI IOMUIIKOBOTO Bu3HaueHHs po3nagku PKC py Bin nopory BusHayeHHs
h: a) TecroBa CTaTMCTWKA BU3HAYCHHs ¢, 0) TryctuHa po3moaiury W(g) iIMOBIPHOCTI TeCTOBOI
CTaTUCTHKH ¢.

3a rycTuHOI po3noauty iMoBipHOCTI TecToBoi ctatuctuku [IKBIT PKC W;(q)
PO3paxoBy€EMO IMOBIPHICTh MPaBUILHOTO BU3HaueHHs posnaaku PKC p,,



Py = P(H)[W(g)dq- (5)
h

[Ilo TpakTyeTbcs SK IMOBIPHICTH TOTO, IO 3HAYEHHS TECTOBOI CTAaTUCTUKH ¢(?) Ha

Buxoxi [10/] mepeBUIINTE JesKe rpaHuYHEe 3HAYEHHS TTOpory 4 puc.7, 1 Oyjae nmpuiHaTe

MpaBWIbHE pimeHHs po posnanky PKC,

A a9 Hecramionapuuii PKC
r N\ pd
mal \lh{hll I -~ L@
| lw L >
lul W dh N ) ‘. Lhm l l x _ ] ")
I my i
Poznanka t W(q)
0 = 0 -
a) 6)

Puc. 7 3anexHicTh IMOBIpHOCTI MpaBUIILHOTO BU3HaUeHHs po3nanku PKC p, Big mopory BU3Ha4eHHS
h: a) TecToBa CTaTHCTUMKa BH3HAUeHHS ¢, 0) rycTuHa posnoainy W(g) IMOBIpHOCTI TECTOBOI
CTaTHCTUKH ¢.

Meton BuszHaueHHs posnaaku PKC GazyBatumemMo Ha MOPIBHSHHI 3 MOPOTOM /1
Jorapu@m BiIHOIIEHHS MPaBAOMNO110HOCTI:

H,
@D )2 < >
InL = 1n{WO(q)} {No ;g(z) g(z)} g h

H,

(6)

ne, Ny — OIIHOCTOPOHHS CIEKTpalibHA TYCTHHA MOTYXHOCTI cTamionapaoro PKC.
[Ipu [nL>h npuitmaetses pimenHs npo posnanky PKC; sxmo /nL<h to PKC e
cTaioHapHuM. BenuunHy {*}3 Teopii BUSBICHHS CUTHAJIIB € TECTOBOIO CTATUCTHUKOIO,

H,

N >
q(t) =Y Et)-¢(1) _h
t=1

H,

(7)

3a xputepiem Heiimana — IlipcoHa iMOBIpPHICTH HMOMMIKOBOTO BHU3HAUYEHHS
PO3IaAKU py3a1a€ThCA:

h—m h
=1-® Cl=1-O ——— |5 8
P (\/D»OJ (JNOE/ZJ ®
e ®(e)— ¢ynkuis I'ayca, m), Dy— MaTeMaTH4YHE CIIOAIBAHHS 1 AUCIEPCIS TECTOBOI

crtaTucTuku ¢ npu craiioHapuomy PKC. Toxi iMOBIpHICTh NMPaBWIHLHOTO BHU3HAYCHHS
po3maaku

)

A ol )
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ne mj;, D;— mareMaTu4He CIOAIBaHHS 1 JUCIEpPCiss TECTOBOI CTATUCTUKU ¢ TNpPH
posnamii PKC.
3a 3a1aHOI0 IMOBIPHOCTI MOMUJIKOBOTO BH3HAYEHHS Py BUBHAYAETHCS TOPOTOBUM

pIBEHb /4, a 3HAIOYU MOT0, 3HAXOJIMMO IMOBIPHICTh MPABUIILHOTO BU3HAYEHHS PO3JIAIKU

h=[Dy® (1= p,)+my. (10)

Y  Ttakmii cmoci®  po3paxoBaHO
XapaKTEPUCTHUKNA BU3HAYEHHS  PO3JAJKU
PKC (puc. 8) mns pi3HHX IMOBipHOCTEH
MIOMHJIKOBOTO BU3HAYCHHS.

XapakTepuCTUKH JIOCTOBIPHOCTI
BU3HaueHHs posnaaku PKC  gBiagioTh
cobor0 3QJICKHICTh IMOBIPHOCTI

NPAaBUIILHOTO BU3HAYCHHS PO3JIAIKH P, Bill
BiHOLIEHHA ./2E/N, TpH (QikcoBaHIH
ENg . . .
ag IMOBIPHOCTI HOMMJIKOBOI'O BU3HAUEHHS ;.

Puc. 8. XapakTepucTuku JOCTOBIPHOCTI
BH3HaueHHs posnaaku PKC.

JIist OoTpUMaHHS TECTOBOi CTATHCTUKH BU3HAYCHHS PO3JIAJKH BUKOPHUCTAHO
cnektpanbHe npeactaBieHds PKC, mo He 3a1eXuTh BiJl 4aCOBOTO MOMEHTY BimOODY.
Horo oTpuMyIOTh pO3KJIaJOM CUTHAITY:

£0)=2 aplidt), (1)

ne, {a,} — CHeKTp, ¢(il,t) — BIACHI (PyHKIII JIHIHHOIO omeparopa 3CyBY y 4acl,
oy — At

KOPEJISIIHHOTO OorepaTopa, IKUMHU € eKCIIOHEeHTH e ' . CrekTpajbHe MpeCTaBICHHS

PKC, yMOXNHBIIOE 3aCTOCYBaHHS /I OOYMCICHHS TECTOBOi CTATUCTUKHU BIJOMHX

metoniB anamizy I[IKBII, 3okpema cunrdaznoro meromy. Toai TECTOBY CTaTUCTHKY

Bu3HaueHHs posnaaku PKC otpumyemo nuisxom Oyp’e nmepeTBOPEHHS:
A)= Y blt,u)e ™ ; (12)
ne b(t,u) — nmapametpuuna koBapiaiisi PKC,

N-1o

zg(m KTV + KT). (13)

~ 1
b (t,U) N

3a oTpumanuM kputepieM BuzHaueHHs posnagaku PKC (6) ananizyemo un B PKC
BimOynack posmanka. st i BuzHauenHs posaummo PKC Ha BiApi3ku — KOB3HUM
BIKHOM (pikcoBaHOI TpuBajiocTi N BIJIIKIB 13 3cyBoM w; (puc. 9), KOXeH 3 SKuX

MepeBIpUMO Ha IMOSABY PO3JIAJKH 3a MoOyaoBaHuUM KputTepieM (6). Touka posnagku PKC
7 OyJie BUBHAYATHUCh CyMOI0 7=t5 +N, ne t«— TpuBaiictb PKC 6e3 posnaaku.
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s : » M : : 1 Puc. 9. IlocnigoBHe BHU3HAYEHHS
g T R i m Aujﬁw%..&myn Wﬂflvawjumww i ﬂﬂ ﬂn rﬂ nunuﬂ;hﬂnunnm'h% unanUA’MﬂUu.“.R,aﬂthnuﬂvnynﬁu posnagku PKC 13 3acrocyBaHHSM
) L (A WW WP KOB3HOTrO  BikHa  (hiKcoBaHOI
, : . TpUBaIOCTI N.
W, N | | P
1] ST ot | H

100 200 300 400 500 600 t c 700
)

TpuBamicth BikHa N BH3HAYa€EMO 3 YMOBH HE3MIHHOCTI (Pi310JIOTTUHHX
MEXaHI13MiB, 110 3yMOBIIOIOTH BapiadenbHicTh PKC 3a XBUJIMHHUN MPOMDKOK 4Yacy Ta
3py4YHOCTI OOYHMCIIEHHsI MIBUAKOTO TeperBopeHHs dyp’e N=64 Bimmiku. s BUIoi
TOUHICTh BU3HaueHHs posnanku PKC 3amamo miHiManbHui 3¢yB BikHA w;=1 BIAJIK.

Takum uywmHOM, po3pobiena wmarematuuna wmojens PKC 13 posmaakoro,
YMOXJIUBHJIA KOpPEKTHE (opMyitoBaHHA 3amadi ii BH3HAYCHHS. A 3aCTOCYyBaHHS
cTatucTYHOro kputepito Helimana- Ilipcona Ta cnektpansHoro npeactaBienns PKC
YMOXJIMBHIIO TOOYIOBY KpUTEpito Bu3HaueHHs po3naaku PKC.

YTperboMy po3aiai aucepramii noOy1oBaHO METOIU, AITOPUTMH
Ta mporpamHe 3a0e3neueHHs Bu3HaueHHs po3nanku PKC, Ta oOuucieHHs TecToBOi
CTaTUCTUKU BU3HA4YCHHS po3iaaku. OOIpyHTOBAHO Ta MOOYIOBAHO KPUTEPii ajganTarlii
napaMeTpiB MUGPOBOTO CIEKTPATHHOTO aHATI3y Ta BIKOHHOT YHKIT IS I ABUIIIEHHS
JIOCTOBIpHOCTI Bu3HaueHHs posnaaku PKC.

3a TecTOBUMHU cTaTUCTUKaMU (12), OIiHIOEMO MaTeMaTU4YHE CHOMIBAHHS M), M;
Ta aucnepcito Dy, D; npu craiionapuomy PKC ta ripu nosiBi po3yiajaku.

M N ZZ%(% &) — zzqq(tl’ k)J
ZZ (t,A) > (14) m1_ [1 =1 k=1 I=1 k=1 , (15)

l= = quzy(tl’ k)

llkl

r T2

1 M N
AN ’ﬂ“ H s 16
MN;;_%([} )~ /Z;kz;qn(tl k) (16)
] M X B 12
FNZZ qiy(tl’ﬂ“k) qun(tla k) : (17)
I=1 k=1[ N =i

e, ¢,(t,4)> q:(4,4,) — TECTOBA CTATHCTHKA CTAL[IOHAPHOTO Ta HecTawioHapHoro PKC.

BigHomieHHss eHeprii HeCTalllOHaApHOTO [0 CIEKTPadbHOI TYCTHHHU TMOTY>KHOCTI
crauionapaoro PKC 2g/n,, Bianosimae maremarnunomy cnogianuio m; PKC i3

po3nankoro. IliacraBmstoun Bupasu (14-17) B (9-10) oTpuMyeMO XapaKTEpUCTHKU
JoCcTOBIpHOCTI Bu3HadeHHs po3nanku PKC orpumani 13 BUKOpPHCTaHHAM CHH(pA3HOTO
METOJIy OLIHIOBaHHS CHEKTPAJIbHUX KOMIIOHEHT INPHU BIIOMHX IapaMeTpax TECTOBUX
PKC, mo BiAmoBi1atoTh XapakTeprucTUKaM HaBEJCHUM Ha puc.S.
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JIns migBUIIEHHS JTOCTOBIPHOCTI BU3HaueHHs pos3nagku PKC, o6rpyHTOBaHO
BUKOPUCTAHHS KPUTEPIIO aiamnTailii napamMeTpiB CIEKTPAIbHOTO aHami3y, JJi MOIIyKY
nepiony kopenboBaHocTi PKC Ta BU3HaYeHHS TUITY BIKOHHOI (DYHKIIIT 32 MAaKCUMyMOM
Bapialii CHeKTpajdbHUX KOMIIOHEHT. [lns momyky mepiofy KopenboBaHOCTI Tk
3actocyeMo Mipy Bapiamii  (penbedHOCTi)  criekTpanbHuX — KomrmoHeHT PKC
q:(ty/T, )4y €[0;T,) TP 3MiHI IPOOHOTO HEPioy KOPEIbOBaHOCTI Tp:

VgslasbD= sup > 1q:(6,)—4; (tk)l (18)
VDH ([a b))k 0 n—1

OHTHMaﬂBHOMy 3HAYCHHIO HepiO,Z[y KOpeHBOBaHOCTi BiI[HOBiIIae T€ 3HAUYCHHA, SKC

3abe31euye MaKCUMyM Bapianii CeKTpalbHUX KOMIIOHEHT TecTOBOI cratucTuk PKC:

T, = arg max V(qg;[O;Tp)). (19)

BTpaTI/I JOCTOBIPHOCTI BU3HAYCHHS po3yajKu PKC, mo BHHUKAIOTH npH
OTPUMAaHHI TECTOBOi CTATUCTUKMU 1 TMOB’S3aHI 3 HAKIQJAHHAM Ta 3CYBOM CyClI[HlX
CHEKTPATbHUX KOMIIOHEHT 3MEHIIYIOTh 3acTOCyBaHHSAM (yHKIIN BikHa. s 3amadi
Bu3HavYeHHs po3najku PKC 3 rapanToBaHO0 JOCTOBIPHICTIO OOIPYHTOBAHO OTPUMAaHHS
ONTUMAJIbHOI BIKOHHOT (PYHKIIi 3a MakCHMYMOM Bapiailii CHEKTpaJbHUX KOMIIOHEHT
TecToBoi craTucTUKU PKC 004KcIeHNX Ipyu pi3HUX THIIAX BIKOHHOI (DyHKIIT W),:

) 20

Ha 6a3i po3po0iieHOro MeToay BH3HAYEHHsI PO3JIAJKM PUTMOKAPAIOCUTHAIY,
PO3pOGICHO aIropuT™ Bu3HaUeHHs po3iaaxu PKC. Moro posineHo Ha aBi 4acTUHH.

1. Anroput™ 0OUYHCIICHHS MMOPOTY BU3HAYECHHS PO3JIAJIKU, B SIKOMY BUKOHYIOTHCS
HacTymHi oneparttii: a) npueaeHHs PKC 10 HylIbOBOro MaTeMaTHYHOTO CIOJIIBAaHHS Ta
ONMHUYHOI aucrepcii, 0) cermeHTaiis cramionapaoro PKC Ha Biapi3ku KOB3HUM
BIKHOM (pHc. 9), B) Il OTpUMaHUX BIAPI3KIB BU3HAYAETHCA IMEPIOJ KOPEITHOBAHOCTI
(19), T) oOumcIeHHs CIIEKTPaTbHUX KOMIOHEHT TecToBOi cratuctuku PKC cunbazanm
metonoM (12), n) oOumcineHHs MaTeMaTHMYHOrO CIOJIBaHHSA m, Ta aucnepcii D,

TecToBO1 cratuctuku (14, 16) 3a cnekTpaibHUMU KOMIIOHEHTAMH, €) O0YMCIIEHHS
nopory Bu3HadueHHs posnaaku (10).

2. Anroput™m BusHaueHHs posnajgku PKC ta ominka iioro J0CTOBIpHOCTI, B IKOMY
BUKOHYIOThCSI HAacTymnH1 onepariii: a) npuBegaeHHss PKC 10 HyIb0BOro MareMaTuyHOTO
CTHOJIBaHHS Ta OAMHUYHOI qucnepcii, 0) cermenTanis cramionapaoro PKC na Bigpizku
KOB3HUM BIKHOM (puc. 9), B) Il OTpUMaHWX BIAPI3KIB BU3HAYAETHCA TIEPIOT
KopesnboBaHOCTI (19), T) 00UnCIeHHsT CIEKTPATbHIUX KOMIIOHEHT T€CTOBOI CTATHCTHKHU
PKC (12) cundaznum MeTonoMm, 1) MOPIBHSIHHS CHIEKTPA/IbHUX KOMIOHEHT TECTOBOI
CTaTUCTUKU 3 OOYUCICHUM MOPOTOM, TIpU nepeBHmeHm mopory HpI/II/IMaGTLC}I leIeHH}I
Npo MOsBY PO3NAIKH PKC, e) cermenraniiss PKC Ha cramioHapsi 1 HecTaiioHapHi
BIJIPI3KHU, €) OIIHKA JOCTOBIPHOCTI BU3HaueHHs posnagaku PKC (9).

VY d4erBepTroMy poO3aiii HABEACHO pe3yJbTaTH MOJCIIOBAHHA 1 TECTyBaHHS
METOJIB Ta aJiropuTMiB Bu3HaueHHs posznagku PKC. Po3poGneno Ta mporectoBaHO
anroput™ otpumanHs TectoBux PKC Tta anmroputm Bunuienns RR-iatepmanis EKC.
[IpoTecToBaHO aJTOPUTM TOIIYKY MNEPIoAy KOPEJIbOBAHOCTI Ta BH3HAYEHHS BIKOHHOL
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GyHKINT s MABUIIEHHS JOCTOBIpHOCTI Bu3HadeHHs posnanku PKC. ITobGynosano
XapaKTEPUCTUKHU JOCTOBIpHOCTI BUu3HaueHHs posnaaku PKC Ta Ha iX OCHOBI pOBENEHO
MOPIBHSUILHUM aHalli3 METOJIB CIEKTPaJIbHOTO aHami3y (CMH(}A3HOTO METOy, METOMY
nepiojgorpam, Yemnua ta bepra).

TectyBanHsl anroputMy Bu3HaueHHs posnanku PKC npoBoauioch Ha TeCTOBUX
CUTHAJIaX 3 BIJOMUMHU MapaMeTpaMu 1 Ha CUTHajaxX BIIIOpaHMX 3a JOTIOMOTOI0 CUCTEMU
I'M CardioSens.

[IpoTecToBaHO aJITOPUTM Ta BU3HAYEHO TMEPIOJ KOPEITHOBAHOCTI 32 MAKCUMYMOM
Bapialii cnekTpaibHuX KoMmMmnoHeHT (puc.l10). 3 rpadikiB 1muxX BUAHO, MO (QYHKIIIS
Bapiamii V(*) nocsrae wmakcumymy mpu Tnepioai kopenboBaHocTi PKC. Takox
CTIIOCTEPIraloThCcs MaKCUMYMHU TIPHU TIepiofax KpaTHUX nepiogy kopenboBaHocti PKC.

ety D

0ar

06

04t

0.2r

1) WIU 2IEI 3IEI AIEI S‘U E‘U 70
a)
Puc.10. Buznauenns nepiony kopenboBaHocti PKC: a) Bapiariis ciektpansHux kommnoHneHT PKC, 6)
CIEKTpalibHI KOMIOHEHTH TecToBO1 craructuku PKC oburcneni 3a MakcuMyMoM Bapiariii.

[IporecToBaHO anrOpUTM Ta BU3HAYEHO THI BIKOHHOI (DYHKIIT 32 MAaKCUMYMOM
Bapiarlii cnektpanbuux komnoneHT PKC. Otpumani pesynbratu (Tabdmn. 1) cBigyars, 1o
pi3HUI Bapialii CHeKTpaJlbHUX KOMIOHEHT Juisi BikoH ['eminra 1 Kaiizepa €
HE3HAuHOI, oaHaK BikHO Kaiizepa € OMU3BKUM 7O ONTUMAJIBHOTO, OCKUIBKH
30CepeKye HAWOUIBINy €HEpTir0 B IEHTPAIbHINA TMETIOCTINl MPH 3aJaHii aMILTTYIl
OOKOBOT MENOCTKH CIIEKTPY, 110 BAXIJIMBO MpU 0O0UYUCIICHH] BifHOMIEHHS E/N.

Tabmui 1
BusHaueHHs onTUMaIbHOI BIKOHHOT PYHKITIT

Tun BikonHoi pyHkiii: | baptnera | 'annHa ['eminra Tayca Kaiizepa

Bapiamis y BigHocHuXx | 0.8265 0.8894 0.9786 0.6792 1.0000
OINHULAX

Otpumani pe3yibTaTH BHU3HAuUeHHS mepioay kopenboBaHocTi PKC Ta
ONTUMAJIBHOIO BIKHA 3aCTOCOBAHO MpPU TECTYBaHHI alrOPUTMIB BU3HAUEHHS PO3JIAIKU
PKC. 3a po3pobsieHrM anropuTMOM OOYMCIIEHO Mopir 4 Bu3HaueHHs posnanku PKC,
pIIICHHS TIPO PO3NAAKy MPUAMAETbCA TPU TEPEBUIICHHI TECTOBOIO CTATHCTHUKOIO
opory, 1o 300pakeHo Ha puc.11, 1 BiioOpakaeThCs 3MIHOIO TTapaMeTpy 6, 10 BKa3ye
Ha nosiBy posznanaku PKC 1 300paxeno Ha puc.12.
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Puc. 11. TecroBa craructuka BuszHaueHHs posnanku PKC mns wecramionaproro PKC
oTpuMaHa: a) cuH(pa3HUM MeTonoM (abcumca — yactoTa ['m., opaMHaTa — dac c.; arunikara —
CIeKTpabHa rycTiHa notyxHocti ¢’/I'm); 6) meromom mepiomorpam (aGermca — wacrora I'i.,
Op/IMHATA — CIIEKTPalbHA I'YCTHHA OTYKHOCTI ¢/T'Ir).
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Puc. 12. Busnauena posnaaka PKC i3 3acrocyBanHsM: a) cuH(pa3zHOro metomy; 0)Meromy
nepiogorpam.

3a pe3yibpTaTaMu TECTYBaHHS METOJIB Ta AJITOPUTMIB BU3HaUYeHHS po3naaku PKC
OTPUMAHO XapaKTEPUCTUKH TOCTOBIpHOCTI Bu3HadeHHs posnanku PKC (puc.13, 14)

o pd Detection characteristic, coherent method . pd Detection characteristic, periodogram method
10 T T T T T T T 10 T T
| —t—Pf0.1 Py | =+ -PEOA
Pf=0.01 PE0DT
| —&— P&0.OO1 | =& -PEOOOT |
10" (i3
10° 10
R : :
-3 10 i 1 i i i i 1 i i
10 1 1 1 I 1 1 1 1 i
o0 & 6 <4 2 0 2 4 6 8 10 w8 6 4 2 0 2 4 5 8 10
E/Nu, dB ENo, dB
a) 0)

Puc. 13. Xapakrepuctuku 1octoBipHOCTI BU3HaueHHs po3naaku PKC, obuucineni 3a criekTpaabHUMU
KOMITOHEHTaMH OTPUMaHUMU: a) CHH(A3HUM METOJIOM, 0) METOJOM IepioAorpam,
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Pd Detection charactenstic, Burg method Pd Detection characteristic, Welch method
10 - ¥ . :

| ——PE01 [
PE=0O1 |
| —=—P=0.001 | U

X PR=0.01
| =& -peoom |5

E - E - - a 2 4 5 g 10
E/Ny, B E/No, 4B

a) 0)
Puc. 14. XapaktepucTHKyu JOCTOBIpHOCTI BU3HA4YeHHS po3nanku PKC, o6uncieni 3a criekTpabHUMA
KOMIIOHEHTaMHU OTPUMaHUMH: a) MeToJIoM bepra, 6) MmeTogom Yeua.

TectyBannsi anroputmy BuzHaueHHs posnagku PKC, mnokazye, 110
XapaKTePUCTUKN JOCTOBIPHOCTI BU3HAUCHHS po3nanku (puc.13, 14) Bipi3HAIOTHCA Bij
imeanpHUX, HaBeJeHNX Ha puc.§. 1llo BUKIMKaHO HEBIJOMICTIO MTApaMETPiB Ta BTpaTaMu
SHeprii Mpu po3MUBaHHI Ta TPOCOTYBAHHI.

[TopiBHIOIOUM pe3ynbTaTH Ha puc. 13, 14, 3ayBakyeMo, IO JOCTOBIPHICTH
Bu3HaveHHs pos3naaku PKC p, nmpu 3actocyBaHHI CHH(pa3HOTO METOY CIIEKTPAJIbHOTO

aHai3y MmapaMeTpu SIKOro aJanToBaHl 10 CTPYKTYpH PUTMOKAPAIOCUTHATY € BUIIOKO B
MOPIBHSIHHI 3 MeToJaMu TiepiogorpaM B 2 pasu, bepra B 1,8 paza ta Yenua B 1,4 pasu,
IpY IMOBIPHOCTI IIOMHJIKOBOTO BH3HadeHHs posnanku 0,1 Ta BimHOmeHH1 E/N,=41b

eHeprii HeCTallOHAPHOTO J0 CIEKTPaIbHOT TYCTHHH MOTY>KHOCTI cranioHapuoro PKC.
3arajgoM BCTaHOBJICHO, IIO XapaKTepUCTUKH BU3HaueHHA po3naaku PKC cundazaum
METOJIOM Kpallli 3a Taki K XapaKTePUCTUKH 1HIIUX METOIB.

VY noparkax HaBeJIGHO TEKCTU Mporpam, po3poObiieHi B cepenoBuii Matlab nms
ITIK (OC Windows XP), akTu BOpOBaP)KEHHS Pe3yIbTaTiB AUCEPTAIIHHOT pOOOTH.

BUCHOBKU

VY nucepraniiiHiii poOOTI po3B’sA3aHO HAYKOBY 3ajla4y MOOYJ0BH MaTeMaTHYHOL
MOJIEIl PUTMOKAPAIOCUTHAIY Ta PO3POOKH METOJIB JIOCTOBIPHOI'O BH3HAYEHHS MOTO
PO3JTaaKH I BUSBJICHHS MEPEXiTHOTO MPOIIECY PUTMOKAPAIOCUTHATY Ta T1ABUIICHHS
BIPOT1HOCTI ABTOMATUYHOIO OLIIHIOBaHHS napaMmeTpiB BapiabenpHOCTI
PUTMOKApAIOCUTHAITY B CUCTEMAaxX TOJITEPIBCHKOTO MOHITOPUHTY. MeToa 0a3yeTbesl Ha
noOynoBaHoMy Kputepii BuzHaueHHs posnaakud PKC, mo ymMoXiIHMBIIOE aBTOMAaTUYHE
BU3HAUEHHS MOMEHTY 3MiHM Kopemauidaux 3B’s3kiB PKC. Otpumanuii meron
Bu3HaueHHs po3nanku PKC, mpupatHuil s peanmizaiii CydacCHUMHU NpPOTPaMHUMHU
3aco0aMu, Ta aBTOMAaTHYHO BU3HAYa€ MOMEHT 3MIHM Kopessiiiiuux 3B’s13kiB PKC mis
HOro MoJabIIoro aHaji3y, M0 COPOIIY€E anaparypy 1 MiABUILYE BIPOTITHICTh CUCTEM
roJITepiBCLKOT0 MOHITOpUHTY. OTpHMaHO HOBI Ta HAYKOBO 3HAYUMI PE3yJIbTaTH:

1. Ilnsxom aHamizy BIIOMHUX MaTEMAaTHYHMX MOJEJIEH Ta METOMIB OLIHKU
napaMeTpiB BapiabeIbHOCTI PUTMOKAPIOCUTHATY BCTAHOBJICHO 1110, HE 1ICHYE KPUTEPIIO
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ABTOMATUYHOTO BHU3HAYECHHA pO3MAIKH PUTMOKAPAIOCHUTHAIY Ta OIIHKH HOro
JIOCTOBIPHOCTI.

2. IloOGynmoBaHo MaTeMaTH4YHY MOJENIb PUTMOKAPAIOCUTHATY 13 PO3JAIKOIO,
[UIIXOM BpaxyBaHHS PO3JIAJIKM CTAI[IOHAPHOI 1 IEPEXOAY 0 MEPIOTUYHO KOPETHOBAHOT
BUIIAJIKOBOI TOCIIJIOBHOCTI, M0 YMOXJIUBUIO TMOOYJOBY KpPUTEPII0 BHU3HAYCHHS
PO3TaJKU PUTMOKAPI10CUTHAITY.

3. Po3pobieno kputepiii BUSHaUEHHS PO3JaJKH PUTMOKApIIOCUTHAITY. PireHHs
NPUIMAETHCS HA OCHOBI cTaTUCTUYHOTO Kputepito Helimana-Ilipcona 3a pesyiabTaTamu
BUIIPOOYBaHHSI, IO MOJSITa€ B OOYMCICHHI TECTOBOI CTAaTUCTHKHU JIJIi KOB3HOTO BIKHA
(dikcoBaHOT TPHUBAJIOCTI 1 MOPIBHSAHHI i 3 MOPOTrOM, IO YMOXJIUBIIOE€ ABTOMATHYHE
BU3HAUEHHS DPO3NAJAKH PUTMOKApAIOCUTHATY 3 TapaHTOBAaHOIO JOCTOBIPHICTIO, MPH
BIJICYTHOCTI anpiopHoi iHPOpMAIIil Mpo CKJIAJ Ta CTPYKTYPY PUTMOKApA10CUTHATY.

4. OOTrpyHTOBaHO CIEKTpajbHE MPEACTABICHHS PUTMOKAPAIOCUTHANY, IIJISTXOM
PO3KIIaly PUTMOKAPIOCUTHANY 32 BIACHUMU (DYHKIIISIMU KOPEJSAIIHHOTO Omeparopa,
Ta 3aCTOCOBAHO [IJI1 OOYHMCIICHHS TECTOBOi CTAaTUCTUKU BHU3HAYEHHS PO3JIAJKU
PUTMOKapAI0CUTHAITY, 110 HE 3aJICKUTh B1JI MOMEHTY MOTO BIIOODY.

5. OOrpyHTOBaHO BUKOPUCTAHHS KPUTEPIIO aJamnTallii mapaMeTpiB CleKTPaTbHOTO
aHajizy Ta BHOOpPY BIKOHHOI (YHKII 3a MaKCUMyMOM Bapiaiii CHeKTpaJbHUX
KOMITIOHEHT PUTMOKapA10CUTHATY, JUIsi ONTHUMAJIbHOIO MOro HaJlalITyBaHHS MpHU
HEBIJIOMUX IIapaMeTpax pPUTMOKAPJIOCUTHANy, M0 MIABUIIAIO JOCTOBIPHICTH
BU3HAUEHHS PO3TIAJKH PUTMOKAP/IIOCUTHAITY.

6. BepudikoBaHo MaTeMaTH4Hy MOJENIb PUTMOKAPIIOCUTHATY 13 PO3TaJAKOI0 Ta
OTPUMAHO  XapaKTEPUCTHUKUA  JOCTOBIPHOCTI  METOMIB  BH3HAYCHHS  PO3JAJKU
PUTMOKApAIOCUTHAITY NUISIXOM KOMIT IOTEPHOTO MOJENIOBaHHS B cepeaoBuill Matlab,
BUKOPHCTOBYIOUM pO3pOOJIEHI HAa OCHOBI METOJAYy aIrOPUTMH Ta MpPOTpamHe
3a0€3MeYeHHS.

7. IligBuineHo JIOCTOBIPHICTh METOy BU3HAYCHHS poO3naaKu
PUTMOKapAIOCUTHATY, HUISIXOM BHKOPHUCTAHHS CHUH(GA3HOIO METOJYy CIEKTPaJIbHOIO
aHaii3y TMapaMeTpyd SKOro aJanToBaHI JI0 CTPYKTYpPH PUTMOKAapIIOCUTHAIYy, B
MOPIBHSIHHI 3 MeToAaMu Iepiojgorpam B 2—2.5 pasu, bepra B 1,7-1,8 pa3a ta Yenua B
1,4-1,5 pa3u, 1npu  IMOBIPHOCTI  TMOMHUIKOBOIO  BHU3HAYEHHS  PO3JAJKU
putMmokapaiocurnany 0,1 Ta BigHomieHH1 4nb eHeprii HecTalmiOHApHOTO 10
CHEKTPaIbHOI T'YCTHUHH MOTYKHOCTI cTanionapaoro PKC.
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Honeupk. — 2007. — Tom.5, Ne2. — C. 220-221.

17.Cemuniniua O.B. Ouinka edekTUBHOCTI anroputMmy BuauieHHs RR-iHTepBaniB
CJIEKTPOKAPIOCUTHATY ~ JUJII ~ CHUCTEMH  TOJITEPIBCBKOTO  MOHITOPUHTY  /
0O.B. Cemuumun, 10.3. Jlenummn // VKp. K. TenemMen. U Me. Tenemart. — JloHebK.—
2007.—Tom 5, Ne3.— C.346-347.

AHOTALIIA

Jlemumun  10.3. Marematuyna Mojaedb Ta MeToAH e(QeKTHBHOIO
BU3HAYEHHS PO3JIAJIKH PUTMOKApAiocurianay. — Pykomuc.

Hucepraiisi Ha 3M00yTTS HAyKOBOTO CTYICHS KaHAWJAaTa TEXHIYHUX HayK 3a
cnerianpHicTIO 01.05.02 — MaTemMaTHYHE MOJEIIOBAHHS Ta OOYMCIIOBAIBHI METOIIH.
— TepHomiIbCHKUN HaAIIOHAIBHUN TEXHIYHUN yHIBepcuTeT i1MeHl IBana Ilymros,
Tepuomnins, 2011.

Y  nucepTtamiiiHiii  poOOTI PO3B’sI3aHO HAYKOBY 3aJady pPO3pOOJICHHS
MaTeMaTHYHOI MOJEJi PUTMOKAPIIOCUTHAIY Ta METOMIB JOCTOBIPHOTO BU3HAYCHHSI
Horo po3mamku JUIS BHSIBICHHS TMEPEXiJHOTO MPOILECYy PUTMOKApIIOCHTHATY Ta
MIJBUIIICHHS BIPOT1AHOCTI aBTOMATHYHOTO OIIIHIOBAHHS IMapaMeTpiB BapiaOelbHOCTI
PUTMOKAPIIOCUTHATY B CHCTEMAaX TOJTEPIBCHKOTO MOHITOPHHTY.

[TobynoBanHo wmaTeMaTHYHy MOJIETh PUTMOKApAIOCUTHATY, M0 BPaxoBYeE
po3nanky. Po3pobineno Kputepiii BH3HAUEHHS PO3NAAKU PUTMOKAPIIOCUTHAITY.
OOrpyHTOBaHO Ta 3aCTOCOBAHO CHEKTPaJIbHE MPEACTABICHHS PUTMOKAPAIOCUTHAITY AJIs
OOYHUCIICHHS TECTOBOI CTATUCTUKH BU3HAYCHHS PO3JIAIKH PUTMOKAPIIOCUTHAITY.
OOrpyHTOBAaHO Ta PO3POOJCHO KpUTEpiN amanTaimii MmapaMeTpiB CHEKTPATLHOTO
MPEICTABIICHHS. PUTMOKAPAIOCUTHANY [JIsl MIJBHUINCHHS JOCTOBIPHOCTI BH3HAYCHHS
posnanku. IloOymoBaHo KpuTepii e(PEeKTHMBHOCTI METOJIB BHU3HAYEHHS PO3JIaJIKU
PUTMOKaApAIOCUTHAILY JJIi BHOOPY JOCTOBIPHINIOro 3 HUX. Po3po0iieHO anroputm i
nporpaMHe 3a0e3MedeHHs sl BA3HAYCHHS PO3JIa ki pUTMOKapaiocuraany. [Iposeneno
KOMII FOTepHE MOJICITIOBaHHS METO/IiB BU3HAYCHHS PO3TaJKH PUTMOKAPIIOCUTHAITY TSI
Bepudikarii MareMaTHYHOI MOJIeNIl Ta OLIHKA XapaKTePUCTHK JOCTOBIPHOCTI
Bu3HaueHHs po3znagaku PKC. Po3po6ieHo mporpaMue 3a0e3nedueHHs sl IMITaIllliHOTO
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MOJICTIOBaHHSI PUTMOKAp/io- Ta €JIEKTPOKAPIOCUTHANIB 13 po3iaakoro. Po3pobieHo
QITOPUTM BU3HAYEHHS TEPIOy KOPEIbOBAHOCTI MJIsi ONTHUMAJIBLHOTO HaJaIITYBaHHS
cuH(}a3HOTO METOTy OTPUMAHHS TECTOBOI CTATUCTUKH Ta BUOOPY BIKOHHOT (PYHKITI].
Kuio4oBi ci10Ba: BU3HaUEHHS pO3JaJKU, pUTMOKapaiocuruai, kputepiii Helimana
-ITipcona, nepioguyHO KOpeahroBaHA BUIIAKOBA MOCII0BHICTh, CHH(A3HUN METO/I.

AHHOTALUA

Jlemmmun F1O.3. MaremaTtudeckassi moaedb HW MeToaAbl 3(PPEeKTHUBHOIO
00HapY:KeHUSs Pa3IaJKu PUTMOKAPAHOCUTHAIA. — PyKONuCh.

Jluccepranysi Ha COMCKaHME HAyYHOW CTEMEHU KaHIMJaTa TEXHUYECKUX HAyK 3a
cnennabHOCTBIO 01.05.02 — maremMaTnyeckoe MOJEIMPOBAHUE W BBIYHUCIATEIIBHBIC
METOJBbI. - TEePHONOIBCKUK HAIMOHAJIBHBIN TEXHUYECKUNM YHUBEPCUTET UMEHHU lBaHa
[Tymros, Tepuomnodib, 2011.

B nuccepranimonHoir  paboTe pelmieHO HAy4YHYH 3a7ady  IOCTPOEHUS
MaTeMaTU4YeCKOM MOJIeNI PUTMOKApIMOCUTHANIA U pa3pabOTKH METO/IOB JOCTOBEPHOTO
OOHapy>KeHMsI ~€ro  pO3JagKu Il ONpeNeieHUus  NEepPexXOoAHOro  Mmpolecca
PUTMOKApANOCUTHALY U TOBBIIIEHUS JOCTOBEPHOCTH aBTOMATHYECKOTO OLICHUBAHUS
napamMeTpoB BapualeIbHOCTH PUTMOKApAMOCUTHANA B CHCTEMaxX XOJTEPOBCKOTO
MOHHUTOPHUHTA.

[loctpoena Maremarnueckass MOJENIb PHUTMOKApAWOCUTHAIA C PO3JIAJKOH,
KOTOpasi  OTJAMYAaeTcs OT  M3BECTHBIX TEM, YTO  YYHUTHIBAET HW3MEHCHHE
PUTMOKApIMOCUTHAJIA OT CTallMOHAPHOW K TMEPUOJUYECKH KOPPEIHPOBAHHOM
CIIy4ailHOM MOCJEI0BATEIBHOCTH, YTO CJHIEJaj]0 BO3MOYKHBIM pa3pabOTKy KpUTEpHs
oOHapy>KeHHsI PO3JaJAKH PUTMOKAPIMOCUTHAIA.

Pa3paboTtan kputepuil OOHapyX eHUS PO3JATKU PUTMOKAPIUOCUTHAIY, MyTEM
MOAU(UKALIMK CTATUCTUYECKOrO0 KpUTepus npoBepku rumnote3 Helimana-Ilupcona x
3ajlaye OOHAPY>KEHUS PO3JaJAKH PUTMOKAPIUOCUTHAILY, YTO CHEJaI0 BO3MOKHBIM
OOHapy>KEeHHsI PO3JIAJIKU C TOCIEIYIONIMM ONpeleIEHUEM BPEMEHHOIO MOMEHTa €€
HacTymieHus.  OOOCHOBAaHO M BHEAPEHO  CIEKTpAJbHOE  MPECTaBICHUE
PUTMOKapAMOCUTHAJA JIJISl BBIUUCIECHUSI TECTOBOM CTAaTUCTUKKU OOHAPYKEHUS PO3NAIKU
PUTMOKapAMOCUTHAJIA 3a TOCTPOCHHBIM KPUTEPUEM, YTO CHAENAIO BO3MOMXKHBIM
MOCTPOCHUE METOJa OOHApyKEHUs PO3JIaJIKU, YTO B OTIUYUE OT JPYTUX SIBISETCS
WHBapUaHTHBIM K MOMEHTY 0TOOpa CUTHAJIA.

Pa3pabotan wmeTonm OOHApYXEHHS pO3JAIKH PUTMOKAPAMOCHUTHAA, ITyTEM
NPUMEHEHUST KpUTEpHUsi 0OHAPYKEHHS PO3TAIKA K TECTOBOW CTATUCTUKH MOTYYECHHOTO
32 CHEKTPAJIbHBIM MPEACTaBICHUEM PUTMOKAPAUOCUTHANA, YTO CHIEJaJ0 BO3MOKHBIM
JIOCTOBEpHOE OOHapykeHue ero posnagku. OOOCHOBAaHO HCIOJIL30BAHUE KPHUTEPUS
ajanTalyy MapaMeTpoB MHUGPOBOro CIEKTPAIBHOIO aHajiu3a U BbIOOpa OKOHHOM
(GYHKIMU 110 MAaKCUMYMY BapUallMM CIIEKTPAIbHBIX KOMIOHEHT PUTMOKAPAUOCHUTHAJA,
Ui ONTUMAJbHOIO  €ro  HACTPOMKM  MPU  HEU3BECTHBIX  MapaMeTpax
PUTMOKAapAMOCUTHAJA, YTO TOBBICMJIO JIOCTOBEPHOCTh OOHAPYXEHUS PpPO3TaIKU
puTMOKapauocurHaia. OmnpeneneHo A0CTOBEPHOCTh cuH(da3Horo, Yanua, bepra u
NEPUOJIOTPAMHOIO  METOJIOB  BBIYMCIIEHUS CTAaTUCTUKU OOHAPYKEHHS PO3JaJAKU
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PUTMOKApANOCUTHANA, TIO XapaKTEPUCTHKAM JOCTOBEPHOCTH OMPENEICHUS PO3TagKu
PUTMOKapAMOCUTHAJIA, YTO YIOPOINAET anmnaparypy OLEHUBAaHHUS MapamMeTpoB
BapuabenbHocT PKC 3a cuer npuMeHeHus 60see JOCTOBEPHOIO U3 HUX.

Pazpaboran aiaropuT™M u mporpaMMHOEe oOecredeHue sl OOHapyKeHUs
pO3MIaIK pUTMOKapAHOCcHTHaa. [TpoBeeHO KOMIIBIOTEPHOE MOJIEIUPOBAHNE METOOB
OOHapy>KeHMsI PO3JaJKH PUTMOKAPIUOCUTHANIA IS BepU(UKAIMM MaTEeMaTUYECKON
MOJICIM W OIIEHKM XapaKTepUCTUK JIOCTOBEPHOCTH OOHAPY>KEHMsSI  PO3JAJKU
puTMOKapAnocuraana. Paspaborano mporpamMmMHOe oOecriedeHne sl UMUTAIIHOHHOTO
MOJICJIMPOBAHUSL TECTOBBIX PHUTMOKApJMO- U 3JIEKTPOKAPAUOCUTHAIOB C PO3JIAIKOM.
Pa3zpaboran anroput™M omnpeaencHus Meproja KOPPeIupOBAaHHOCTU JJS ONTHMAIbHOM
HACTPOMKM MapaMeTpoB CHUH(PA3ZHOTO METOAA TOJYyYEHUSI TECTOBOW CTAaTUCTUKU H
BBIOOpA OKOHHOW (DYHKITHH.

KuroueBble cjioBa: OOHAapy)XEHHE pas3lajKd, PUTMOKApAWOCUTHAN, KPUTEpU
Hernimana -IInpcona, MIEPUOAUYECKH KOppEIUPOBAHHAS clly4yaHas
MOCJIEIOBATEIBHOCTD, CUH(A3HBIN METO/I.

SUMMURY

Leschyshyn Yu.Z. Mathematical model and methods of effective change-point
detection of rhythmocardiosignal. — Manuscript.
A dissertation for the Candidate of Technical Science Scientific Degree in the specialty
01.05.02. — Mathematical modelling and computing methods. — Ternopil national
technical university name of Ivan Puljuja, Ternopil, 2011.

In dissertation is solved a scientific problem of working out of
rhythmocardiosignal mathematical model and methods of its authentic change-point
detection for transient rhythmocardiosignal revealing and increases of reliability of
automatic estimation parametres of rhythmocardiosignal variability in the Holter
monitoring systems.

The rhythmocardiosignal mathematical model, change-point considering is
developed. The criterion of rhythmocardiosignal change-point detection is developed.
The rhythmocardiosignal spectral representation for calculation of test statistics of
rhythmocardiosignal change-point detection with use of the constructed criterion is
proved and introduced. The criterion of parameters adaptation of rhythmocardiosignal
spectral representation is proved and developed for increase of its change-point
detection reliability. The criterion of methods efficiency of rhythmocardiosignal
change-point detection is developed for a choice of more authentic of them. The
algorithm and software is developed for rhythmocardiosignal change-point detection.
Computer modelling of rhythmocardiosignal change-point detection methods for
verification of mathematical model and estimation of reliability characteristics of
rhythmocardiosignal change-point detection is spent. The software is developed for
imitating modelling test rhythmocardiosignal and electrocardiosignal with change-point.
The algorithm of the correlation period definition is developed for optimum adjustment
of synphase method parametres of test statistics reception and window function choice.

Key words: change-point detection, rhythmocardiosignal, the Neyman-Pearson
criterion, periodically correlated stochastic sequence, synphase method.



