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METOAWN IAEHTU®DIKALIT AUHAMIYHOI MOAE/I PEAKLLI
CEPLIEBO-CYAVHHOI CUCTEMU HA ®I3NYHE HABAHTAXEHHSA
Y XBOPUX HA IHOAPKT MIOKAPAA B NPOLECI PEABINITALLI

N. B. NeBuubkKa, O. B. BoBkogas?

JBH3 «TepHonisbcbkuli 0epxkasHuli MeoudHUl yHisepcumem iMeHi I. 51. Ffopbavyescbko2o MO3 YkpaiHu»
1TepHoninbcbkuli HayioHabHUl eKOHOMIYHUU yHiBepcumem

MporHo3yBaHHA AMHAMIKM Ny/bCy Ta apTepiasibHOro TUCKY Mif A€o (Di3NYHOT0 HaBaHTaXXEHHSA € KNHOYOBUM 3aBAaHHAM
npuv NiaHyBaHHiI NpoLecy peabinitauii nauieHTa nic/is nepeHeceHnx cepueBo-CyAVHHNX NOAIN, i, B nepLly Yepry, iHhapkTy
Miokapaa. Ha CbOorogHiLHI feHb 11 po3B’A3yoTb eMNIPUYHO, O4HaK, PO3P06IEHHS afeKBaTHOT MaTeMaTMYHOI Mogeni npo-
rHO3yBaHHSA OCHOBHWX reMOAMHAMIYHNX MOKa3HWKIB [03BO/MIA 6 YHUKHYTM Cy6 €KTUBI3MY OLHOK i MiABULMUTY HAAIHICTb
NporHo3y, 6e3neky Ta ePeKTUBHICTb peabiniTauiinHoT TEXHONOrIT.

3 MeTor (hOpMYyBaHHS CyDKEHHS MPO 3MiHy CTaHy nauieHTa nig Aieto pisryHOro HaBaHTaXKeHHs B npoLieci peabinitauii peani-
30BaHO CYCTEMY MOZE/OBAHHA PIBHIB My/bCy Ta apTepiaslbHOro TUCKY 3a [OMNMOMOro NakeTy NPUKIaAHMX Nporpam 418 Marema-
TUYHOTO MOAEoBaHHs!. fi OCHOBHUMM MigccTeMamMy € 06pobka Ta igeHTUdiKaLs AaHUX, QPOPMyBAHHS MPOTHO3HWX AaHWX. s
NepeBipKN afleKkBaTHOCTI MOBYA0BaHOI MOZENI BUKOPUCTAHO 3acib NepeBipku TONEPaHTHOCTI A0 (i3NYHOT0 HaBaHTaXXeHHs. OTpu-
MaHi pe3y/ikraru cBigyaTb NP0 afeKBaTHICTb NOBYA0BaHOI MaTemMaTuyHOT MoAei A1 aHauTi30BaHOro eTany npouecy peabinitauji.
MakcyMasTbHUIA piBEHB NOXMOOK 3a BECb MEpIoA, CNOCTepexeHHs cknas 9,5 % Lwoao nynbey Ta 5,2 % woao apTepiasibHOro TUCKY.

OTXe, po3pob/ieHa mateMaTuyHa MOAeNb AVHAMIKU My/IbCy Ta apTepiasibHOro TUCKY Nig Aieto (PisyHOro HaBaHTaXKeHHS
B nigroctpy dpasy peabinitauii 403BOSE NPOrHO3yBaTH PeakLito OpraHiaMmy Ha [o30BaHe i3nyHe HaBaHTaxeHHsA. MeTtop
ifeHTudpikayii cykynHocTi gudpepeHLiasibHMX PiBHAHb, L0 MOAE/IOTb Taky AVHaMIKY i Ai€to (PisMYHOro HaBaHTaXeHHS
Ha OCHOBI MOAMMIKOBaHOro rpagieHTHoro metoay JleBeHb6epra-MapkBagTa, A4ONOBHEHOIO NPOLIEAYPO0 BUOOPY NoyaTko-
BMX 3Ha4YeHb KoediLieHTIB, NiATBEPAXYE afeKBaTHICTb PO3P06/IEHOI MaTeMaTnYHOI Mogeni.

KntouoBi cnoBa: gvHamiuyHa Mogesb peakuii cepueBo-CyaUHHOT CUCTEMM Ha DI3UYHE HaBaHTaXEHHS, iIHpapKT Miokap-
Oa, kapgiopeabinitauis.

METHODS OF IDENTIFICATION OF THE DYNAMIC MODEL OF THE
CARDIOVASCULAR SYSTEM REACTION TO PHYSICAL ACTIVITY IN PATIENTS
WITH MYOCARDIAL INFARCTION IN THE PROCESS OF REHABILITATION

L. V. Levytska, O. V. Vovkodav?

SHEE |. Horbachevsky Ternopil State Medical University of the Ministry of Health of Ukraine
ITernopil National Economic University

Background. Predicting the dynamics of pulse and blood pressure under physical activity is a key task in planning the patient’s
rehabilitation process after cardiovascular events and, firstly, myocardial infarction. Nowadays, it is empirically solved, however,
the development of an adequate mathematical model for predicting major hemodynamic indicators would avoid the subjectivity
of assessments and increase the reliability of the prognosis, safety and effectiveness of rehabilitation technology.

The aim of the study: to develop and identify a dynamic model of the cardiovascular system response to physical activity
in patients with myocardial infarction during the rehabilitation process.

Materials and methods. Results. In order to formulate the judgment about changing the patient’s condition under the
action of physical activity in the process of rehabilitation, a system for modeling the levels of pulse and blood pressure using
a package of applied programs for mathematical modeling was implemented. Its main subsystems are processing and data
identification, forecasting data generation. To verify the adequacy of the constructed model, a mode to check the tolerance to
physical activity was used. Observations were conducted on a group of patients with myocardial infarction of the functional
class I-Il in the sub acute phase of rehabilitation. The dynamics of the body’s response to patients with identical physical
activity was recorded at an interval of 3 minutes in the course of a defined phase of the rehabilitation program.

The obtained results testify to the adequacy of the constructed mathematical model for the analyzed stage of the rehabilitation
process. The maximum error rate for the entire observation period was 9.5 % for pulse, and 5.2 % for blood pressure.

Conclusions. 1. The mathematical model of the dynamics of pulse and blood pressure under the action of physical
activity in the sub-stage of the rehabilitation phase allows predicting the body’s response to the graduated exercise.

2. The method of identification of a set of differential equations that simulates the dynamics of pulse and blood pressure
under the action of exercise on the basis of the modified gradient Levenberg-Marquardt method, supplemented by the
procedure for choosing the initial values of the coefficients, confirms the adequacy of the developed mathematical model.

Key words: dynamic model of the reaction of the cardiovascular system on exercise, myocardial infarction, cardio-
rehabilitation.
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METO/bl UAEHTUGUKALMN JUHAMUYECKOW MOAENWN PEAKLIAN
CEPAEYHO-COCYAUCTON CUCTEMbI HA ®U3UYECKYIO HAIPY3KY Y
BO/TbHbIX MIHPAPKTOM MUOKAPA B NPOLLECCE PEABWIUTALINA

N. B. NNeBuukasn, A. B. BoBkogas?

'BY3 «TepHorno/ibcKuli 20cydapcmaeHHbIU MeduyuHCKUl yHUBepcumem
umeHu Y. 5. Fopbadescko20 M3 YKpauHbI»
1TepHononbckuli HayuoHasIbHbIlU 3KOHOMUYecKull yHusepcumem

MporHo3vpoBaHve AMHamuKy Mynbca U apTepranibHOro AaBfeHus Nog AeNCcTBUEM M3NYECKON Harpy3km ABNSETCH KO-
4eBOI 3afadueli Npy NNaHMpoBaHUM NpoLiecca peabunuTauyn nauyeHTa nocsie NnepeHeceHHbIX CepaeyHo-CoCyanCTbIX 3a-
60neBaHuii, 1, B NEPBYI0 oYepesb, MH(apKTa Muokapaa. Ha cerogHsawWwHmi AeHb ee peluatoT SMNMPUYECKn, 0fHaKo, paspa-
60TKa afilekBaTHOV MaTemMaTM4eckoin MoAeNM NPOrHO3MPOBaHMSA OCHOBHbLIX rEMOAMHAMUYECKMX NoKa3aTeneii no3sonunnaa bbl
n3bexarb CyObeKT1BM3Ma OLEHOK 1 MOBBLICUTb HAAEXHOCTb MPOrHO3a, 6e30NacHOCTb U 3W(PEKTVBHOCTb peabunnTaLoHHO
TEXHOTOTUN.

Llensto nccnepoBaHust 6bina paspabotka v naeHTUMKaUMsa OVHAMWYECKON MOAEN peakuuy CepaevHO-COCYAMCTOl
CUCTEMbI Ha IM3MYECKYH0 Harpy3Ky Yy 60/1bHbIX MHGDAPKTOM MMOKapAa B npoLecce peabuaMtaumu.

C uenbto hopMUPOBaHMS CYXAEHUS 06 U3MEHEHMN COCTOSHUA NaumMeHTa nog, AeicTBremM M3n4eckoin Harpyskv B Npo-
Lecce peabunurauum peasimsoBaHa cuctema MoZe/MpOBaHnsA YPOBHEN Mynbca U apTepUasibHOTO AAB/IEHUS NPU NMOMOLLU
nakeTa NpUKNagHbIX Nporpamm A8 MaTeMaTnyeckoro MoAenmpoBaHus. Ee OCHOBHbIMU mofcucTeMammn siBMsieTcs obpa-
60TKa 1 AEHTUMKALUS AaHHBIX, (DOPMUPOBAHNE NMPOrHO3HbIX AaHHbIX. [ NPOBEPKM aleKBaTHOCTU MOCTPOEHHOW Moae-
I MCMO/b30BaHO CPEACTBO NPOBEPKM TOMEPAHTHOCTY K (hM3nYeckoin Harpyske. HabnogeHa NpoBoAWINCL Hag, rpynnoi
60/bHbIX MHapKTOM MUokapaa |-l hyHKLMOHaNBHOrO Knacca B NofocTpyto hasdy peabunutaumun. JuHamuka peakuum op-
raHM3ma naumeHTa Ha UOEHTUYHYI0 (OM3NYECKY0 Harpy3Ky MKcMpoBasiacb C MHTEPBa/IOM 3 MUHYTbI B NpoLecce npoBe-
[eHns onpeseneHHoro atana nporpammMbl peabunutauuun. FonyyeHHble pesynsbTaTbl CBUAETENLCTBYOT 06 afekBaTHOCTM
NMOCTPOEHHOI MaTeMaT4ecKon Moaeny A5 paccMaTprBaeMOro aTana npouecca peabunurauum. MakcumasibHbIl YPOBEHb
oLnBOK 3a BeCb nepuog, HabnoaeHns coctasmn 9,5 % no nynbcy 1 5,2 % no aptepuasibHOMY JaBneHuto.

Takum obpa3om, pazpaboTaHHasA MaTemaTnyeckass Mofeslb AVMHaMUKW Ny/bca M apTePUasIbHOTO AaB/IEHUS NOJ, AeACTBI-
eM on3nyecKol Harpy3ski B NogocTpyto hasy peabunmraumm no3BonseT NporHo3MpoBaTh peakLmio opraHmama Ha A03upo-
BaHHYI0 hm3nueckyto Harpy3ky. Metog, ngeHTudmkaumm coBokynHocTn anddiepeHLmanbHbIX ypaBHEHUI, MOAENVPYOLLNX
OVIHAMUKY My/ibCa U apTePUasIbHOIO AaB/ieHns Nog, AeicTBMEM M3NHECKON Harpy3ky Ha OCHOBE MOAMMLMPOBAHHOTO rpa-
OVeHTHoro metofa JleBeHbepr-MapkBaaTa, JOMNO/IHEHHOTO MpoLeaypoli Bbibopa HavaslbHbIX 3HAUYEHWA Ko3thULMEHTOB,
noATBEPXAAET af,eKBATHOCTL pa3paboTaHHO! MaTemMaTn4eckoli MOgesn.

KntoueBble c/ioBa: AuHamMuyeckasi MoAesb peakLyn CepaeyHo-CoCcyAMCTOl cMCTeMbI Ha (DU3MYECKYHO 3arpy3Kky, MH(DAPKT

MuoKapza, kapavopeabunuTauys.

Beryn. OfHuM i3 aKTyabHUX ITPUK/IaJHNAX 3aB/laHb
y MeJIMUHi rasty3i € IpOrHO3yBaHHS JUHAMIKH TYJ/TbCY
Ta aprepianpHOro TUCKY (AT) mig gieto disuunoro
HaBaHTa)XeHHsS. Take 3aBJjaHHSA € K/IOYOBHUM IIPH
TMJIaHyBaHHi TIporiecy peabisiTariii JroguHY Tic/s me-
peHeCeHUX 3aXBOPIOBaHb CepLieBO-CYJMHHOI CCTEMH,
a ocob/mBo iHdapkry miokapza (IM). Ha croropHimm-
Hili IeHb KOT0 PO3B’SI3yHOTh eMITiPUYHO, OJJHaK, BUKO-
PHUCTaHHSI MaTeMaTHUYHOT0 MOZIe/TFOBaHHS [J03BOJTUIIO
0 yHUKHYTU Ccy0’€KTHBi3MY OIL[iHOK Ta MiJBUIIUTH
Ha/IilHiCTb TIPOTHO3Y, 6e3reKy Ta e)eKTUBHICTh pea-
GisiTarifiHOl TEXHOMOTI.

CkagHicTb c(hopMyIbOBAHOTO 3aBJAHHS CTIOHYKAE
TMOZi/IMTY H0T0 Ha /iBa eTaru:

1) po3pobka mMozeni AuHaMiKU mysabcy Ta AT g
miero (hi3MuHOTO HAaBaHTAXKEeHHST;

2) pOTHO3yBaHHS [[UHAMIKY [MapameTpiB Torepe-
[THBOI MOZIeTi B Tporieci peatizariii mporpamu peabi-
Jiitanil y nanieHTis Ha IM.

[ns oOrpyHTYBaHHSI TEOPETUYHOI OCHOBM JJaHO-
TO JIOC/Ii/PKeHHS TIpOaHasli30BaHO HayKoBi poOOTH,
IJ0 TIPUCBSIUeHI MaTeMaTUYHOMY MO/ e/IF0BaHHIO

CepLeBO-CyJMHHOI Ta AMXa/IbHOI CUCTeM OpraHisMy
JIFO[TVHM i1 Zi€ro ¢isnuHoro HaBaHTaXkeHHs1. OHi€r0
3 MepHIMX CTaja 3arporoHOBaHa MoJenb y poboTi
O. Frank 3 Mogie/itoBaHHsI CepL{eBO-CyAUHHOI CUCTEMU
3a JIOTIOMOTOF0 eJIeKTPUUHOrO Kona [1], 1o 3Haiiia
CBOE TIPOJIOBKEHHS B PsA/ii POOIT iHIITMX HAyKOBI[iB
[2-7]. Hemomikamu Takoro TIAX0/Y € BiZJHOCHO HH3bKa
TOYHICTh, CKIAHICTh TOOYI0BH, ifeHTUdIKaLlii Ta
Momudikarii Moziesell crerianicToM, He 3HalOMUM
i3 Teopi€ro eJIeKTPUUHUX Kij. Bijmbll crierjianizosa-
HUM IHCTPYMEHTOM MOZE/IFOBAHHS B JAHOMY aCIeKTI
BHCTYTIA€ TIpe3eHTaLjiss poOOTH CepLieBO-CyAMHHOI
CUCTEMH 3a JJ0TIOMOTrOI0 CHUCTeMH 3BUYANHUX [U-
¢epenriampaux piBHsAHB. Tak, pobora F. Kappel i
criBaBT. [8] rpyHTYyeThCs Ha 3aCTOCYBaHHI CUCTEMHU
mudepeHIliaTbHUX PiBHSHB, 1[0 MOJIE/TIOI0TE pOOOTY
yoTrprKaMmepHoro cepis 3a Grodins, po6oTy maro-
rO Ta BEJIMKOTO KijJl KpOBOOOIry, JiBOTO Ta MpaBoTo
IJTYHOUKiB, 6apopewieniTopiB. OCKilbKU MOgiesib Bpa-
xoBye edext Crapsninra, Bowditchra, camoperyssitiiro
B mepudepilinux obnactax, il Mo)KHa BUKOPUCTO-
BYBaTH [/l aHa/li3y KpPOB’SHOTO TUCKY B MO3KY Ta
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Puc. 1. OTpuMaHHs BXiIHUX 3HaUeHb JIJIs1 TTOJA/IBIIO0T iX 0OpOOKH

BUMIpIOBaHHSI KPOB’SSHOTO TUCKY IMifi 4yaC OpTOCTa-
TUYHOTO CTpecy.

B po6orax [9-10], 110 6a3yroThCst Ha JOC/TiPKEHHI
[8], bopmyeThcs 3arasbHa KapTUHA TIOEIHAHHS -
SJTBHOCTI CepLieBO-Cy/IMHHOI Ta AWXanbHOI CUCTEM
y BUIVIAZI OAVHAALATH AudepeHIliaJbHUX PiBHSHB,
1110 TIPe/ICTaB/ISIFOTh: CKOPOT/IMBOCTI JTiBOTO Ta MPaBOro
LITYHOUYKIB Ceplis, 3a/IeKHICTb MK CepLIeBUM PUTMOM
Ta CKOPOT/IMBiCTIO, 0a/IaHCOBI piBHSIHHS ra3iB, CIIOXKH-
BaHH$ OpPraHi3MOM KHCHIO B TIpOLieci HaBaHTa)XKeHH#,
00MiH rasiB y TKaHMHHiM YaCTHHi opraHiamy. B po6o-
tax [11-13] mozesti cepiieBO-CyAUHHOI Ta AUXaabHOL
CUCTeM TIO€/JHaHI 3 KiJIbKiCHUM TMpe/iCTaB/IeHHsIM BU-
KOHYBaHOro (i3MYHOro HaBaHTa)KeHHSI.

BukopucrtaHHs MeTO/iB, 1[0 3aCTOCOBYIOThCS
y 3a3HaueHux poborax [3,4,8-13] a1 MozemoBaHHS
Tporiecy peabisiTariii mic/ist TOCTPUX CepLeBO-CyAUH-
HUX 3aXBOPIOBaHb, € TPOMI3IKUMH Ta 3aHAZTO CKJIaj-
HUMHA. Hali0i/1b111 TIepCrieKTMBHUME METOJAMU KOHTP-
OJII0 B peasibHUX Tporpamax BiJHOB/IEHHS 3/10pOB’s
Tic/is cepl[eBO-CyAMHHUX TIOAil, OKpiM OILliHIOBaH-
HS TPaAMI[iMHUX 3arajJbHOK/IiHIYHUX TTOKA3HUKIB,
€ BuMipioBaHHs1 napameTpiB AT Ta mynbcy. Takuii
KOHTPOJIb He BUMAarae JieTajJbHOro aHasizy pobotu
KOMITOHEHTIB cepiieBo-CcyauHHOI cuctemu (CCC), omHO-
YaCcHO a/IeKBATHO Bi/[oOpaskarouu rpotiecH ii QyHKIIio-
HyBaHHs [ 14, 15]. Tomy, Ha AYMKY aBTOpiB, BayK/TUBUM
cTae po3polOsieHHs MaTeMaTHyHOI Mofesi peakiil
CCC Ha (hi3nuHe HaBaHTa@)XeHHs, 1[0 O Oa3yBasacs Ha

BEIO NOUaTHDE MY
Na e MeT e

MiaGip NOYaTHOE X
SHaYEHb Napa MeT R
BMAMEY MyNbey Ta THCHY

Puc. 2. Tligcucrema igentudikarii BXiiHUX JaHUX

f

f
!

-

-

f

MPOCTUX y BUMIiPIOBaHHI Ta iHTepripeTaLlii iHTerpasib-
HUX TT0Ka3HHKaX, sIKi BiZIoOpa’karoTh CUCTEMHi 3MiHM
reMOZMHaMIK{ B pea/IbHUX YMOBAX IIPOBeJ|eHHS Kap-
niopeabiniTariiHux 3axoziB. Pa3oMm i3 TMM, BUHUKAE
HeoOXiZHICTb imeHTHbIKaLil po3pobieHol Mojesi Ta
aziarTallii A1 KOHKPeTHUX KJIiHIYHMX 1oTpeo.

Merta po60oTH: po3po0OUTH Ta iIeHTU(IKYBATH K-
HaMiuHy MOJie/lb peakliii ceplieBo-CyMHHOI CUCTEMU
Ha (i3uuHe HaBaHTa)KeHHSI Y XBOPUX Ha iH(apKT
MiOKapzia B Tiporjeci peabimitaryii.

Marepian Ta MeTo 1 AOCTIKeHHS. MoziemoBaHHs
BIUIMBY (Di3VUHMX HaBaHTa’KeHb B Iporieci peabisiTa-
11ii. 3 MeTor0 OpPMyBaHHSI CyIyKeHHsI TIPO 3MiHy CTaHy
rarfieHTa Iz fieto hisuuHOro HaBaHTayKeHHs B ITPOLeci
peabiiTarlii peasi3oBaHO CUCTEMY MO/IE/TFOBAHHST CTaHy
rarjieHTa 3a JOrOMOrOr0 MaKeTa MPUKIIaZHKX [porpam
/IS MaTeMaTUYHOrO MOJie/ioBaHHsl. [i 0CHOBHMMM Tif-
cucteMamu € 00poOKa Ta izeHTudiKaLlisi JaHuX, (op-
MYBaHHsI [TPOTHO3HUX aHuX. [IpUHLUIT poOOTH MOYKHA
Tpe/ICTaBUTH HACTYTHUMU JIOTTYHUMU [OCTiZIOBHOCTSI-
MU (PyHKI[IOHYBaHHSI CTPYKTYPHHX e/ieMeHTiB. OCKiTbKU
OTpUMaHa MporpamHa CHUCTeMa TiCHO I0B’s13aHa 3 Tex-
HIYHOIO, TO TIOYaTKOBUM eTarioM (PyHKIIiOHyBaHHS i €
OTpPUMaHHS TTOKAa3HUKIB OpraHi3My raifieHTa (puc. 1).

CTpyKTYpHO-/IOTiuHuU# 06/10K 00po0KU Ta izeHTHdi-
Kallil BXiZJHUX 3HaueHb BK/IOYAE B cebe rporeypy
BBO/ly TIOYATKOBUX TapaMeTpiB, Mif0ip MOYaTKOBUX
3HaueHb [1apaMeTpiB BIUIUBY MyJ/IbCY Ta apTepiaJlbHOrO
THUCKY Ha IpoLeC [0 3HATTSI HaBaHTa)kKeHHs], TIpoLiec

Mpouer
I AEHTHIKELIT aEHMX
F

4

Prse'Asnk
AMhepeH L ianbH e HIEHAHB
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imeHTudikarii JaHUX Ta PO3B’S30K MaTeMaTHUYHOI
MO/JieJTi y BUTTISIi CUCTeMM [udepeHLiiaTbHAX PiBHSIHb
(puc. 2).

IMpu ypoMy migmporpama ifeHTrdikaii opraHizo-
BY€ LIMK/TiYHWH niepebip 3HaueHb JiesiKUX rapamMeTpiB,
a 3HaueHHs iHIIMX TTapaMeTPiB 0OUMC/TIOIOTECS Ha iX
ocHoBi. [Ticsisi BcTaHOBEHHST 0AHOTO HA0OPY 3HaYeHb
rapameTpiB 3alyCKaeTbCs MifrporpaMa iX yrouHeH-
Hs1 Ha OCHOBi MeTozy JleBeHOepra-MapkBap/Ta, 10
Juis IOOYZOBH 3HAUY€Hb PO3B’sI3KiB TIPH KOHKPETHUX
3HAUeHHSIX [lapaMeTpiB BUKOPUCTOBYE IiNporpamy
PO3B’g3aHHS CUCTEMU HeMiHIHUX PiBHSHb.

bnok cucremy, 110 BiAnoBizae GyHKLiOHYBaHHIO
Ii/JCMCTeMU [IPOTHO3YBAHHS Y BiIIIOBi/Ib HA OTPUMaHI
izeHTH(iKOBaHi TapamMeTpy Ta 3HaUeHHSI, B CBOIO Uep-
Ty, 103BOJIsI€ (HOPMYBATH TIOETAITHUI MPOTHO3 MY/IBCY
ta AT. OCKiJIbKM Di3Hi eTanu miporecy peabimiTarii
XapaKTepu3yThCs BiATIOBIHO Pi3HUMM DiBHAMU
BHKOPUCTOBYBAaHOTO HaBaHTakeHHs [15], To mpore-
Jlypa OTPUMaHHS MPOTHO3HUX 3HAYeHb MOXKe YTOU-
HIOBAaTHCS BiJTMIOBiZHO Z10 0b6paHoro piBHs i3nyHOTO
HaBaHTa)KeHHs1. [IporHo3u 371iMCHIOIOTHCSI HA OCHOBI
ineHTU(iKOBaHMX 3HaYeHb TMapaMeTpiB Mojesnei
y BifiTIOBifHOCTI 710 aHa/T1i30BaHOTO TIPOQi/TF0 HaBaHTa-
JKEHHSI, SIKUH 3a/Ia€ThCS TIPU [IOTIOMO3i TaO/IUIb, a T10-
TiM MOZETIOETHCS 3a ZOTIOMOT 00 KyCKOBO-KYyOiyHOTO
MHorowteHa Epmirta. I1py BpaxyBaHHi piBHA afanTariii
OpraHiamy /0 cyOMakCcMMa/lbHUX HaBaHTa)KeHb, Ha
OCHOBi TIOUaTKOBUX CIIOCTEPEKEHUX CyOMaKCHUMaIlb-
HUX PiBHIB MyJIbCY Ta JOMyCTUMUX 3HaueHb AT Oyny-
€TBCSI IX IPOrHO3 Ha BUOPAHUII MOMEHT Yacy Tepiozy
peabinitauii. Ha ocHOBi mpoijecy mporHo3yBaHHs
MO/TUGIKYOThCSI [TapaMeTPH MOZIeJTi Ta 3iMCHIOEThCS
TIPOTHO3 peakliii opraHi3My Ha HaBaHTa)XeHHs 3 ypa-
XyBaHHSIM HOT0 aflanTalliiiHiuX pe3epBiB. [10aTKOBOIO
MOYK/TUBICTIO 11i€i KOMTIOHEHTH € ()OPMYBaHHsI apXiBy

Npor-oz

Beif iHpopmalii npo -
B, HAB BHTE i EH HA

OTPYMAaHUX [JaHUX, a TAKOXK peaJti3aLlito Ha OCHOBI BiI-
TIOBiZIHOTO TIPOrPaMHOT0 3abe3MeueHHs] MOKITUBOCTI
rpagiuHOro BUBOAY pe3y/bTaTiB Jisl TIOAAbLIOro iX
aHanizy (puc. 3).

B po3pobiii Ta KopuryBaHHi MaHy peabimitariii
narfieHTa Jyiikap 6a3yeTbCs Ha METOAMUUHOMY TUIaHi
peabiiTariii, chopMOBaHOMY Ha OCHOBI y3ara/lbHeHHsI
KJIiHIYHOI TIPaKTUKU JiKyBaJIbHOTO Tipo3ainy [15].
OpHak /17151 TOYHILLIOT OLIIHKU Ta IIPOrHO3YBaHHS CTaHy
naijieHTa B mpoijeci peabinitariii BUKOPUCTOBYETbCS
IiicuCcTeMa MO/Ie/IF0OBaHHS XapaKTepUCTUK CepLieBO-
cyauHHOI cucteMu. BoHa Jjae 3mMory mepeoaunTH
Peakilito TaljieHTa Ha HOBUM BUJ (i3MUHOTO HaBaH-
Ta’KeHHS], & TAKOK [IPOrHO3yBaTH 3arajbHi reMo/jHa-
MiUHi 3aKOHOMIPHOCTI aJianTatlii oOpraHiaMmy B npoLeci
TIpOBeleHHsI TIporpaMu peabimiTarii.

3aBepliaAbHAM €TarnoM poOOTHU MiACUCTEMH
MPOrHO3yBaHHS BIUIMBY (Pi3WYHMX HaBaHTaXkKEeHb €
Moaudikallist iCHyrO4oro MeTOAMUYHOTO TIJIaHy AJIs
TPOXO/)KeHHsI TIpoLjecy KapzionoriuHoi peabini-
Talil Ha OCHOBI OTPMMAaHUX [IaHUX Ta pe3yJbTarTiB
[IPOTHO3YBaHHS.

Pe3ysibTaTu Ta ix o0roBopeHHs. MareMaTHuHa
Mogienb Ta ifzeHTrdikais. KaiHiuHa mpakTrka Bu-
sIBU/Ia [IBa OCHOBHUX eTanu (yHKLioHyBaHHs CCC
IiJ fiero i3MUHOr0 HaBaHTAXKEHHS: Mepiof peakiiil
CCC Ha HaBaHTa)KeHHS Ta mepiof BiHoBIeHHs [15].
ITepion peaxuii CynpoBOJIKY€ETbCS I1i[BUILIEHHSIM
3HaueHb M0Ka3HUKIB MynbCy Ta AT (B mepiy 4epry,
CHCTOJIIYHOTO, 1110 3abe3reuye iHOTPOTMHY (PYHKIIiFO
ceplis) MPOMNOPL{iiHO /10 Mi/IBUILIEHHS iIHTEHCUBHOCTI
(hi3MUHMX HaBaHTa)XkKeHb, Y TOW Uac sK Tepiof Bif-
HOBJ/IEHHSI CYTIPOBOKYETHCS IX [IOBEPHEHHSM JI0 I10-
YaTKOBOI'O CTaHy. 3arajbHa CTPyKTypa Mo/ieJli TaKoro
POy Tipe/icTaB/eHa Ha puc. 4, ie F¥™ — HaBaHTa)KeHHsI,
W' — 3mina HaBaHTaxeHHs, & , F — mynec Ta
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P I
I
|
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o
MporHos Ny 3 F
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—
THCHY - \
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Puc. 3. TTizcrcrema mporHo3yBaHHsS Ha OCHOBI BXiIHUX [JaHUX
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apTepiaTbHUN TUCK, H, f'_’.';. — [0YaTKOBi 3HAUEHHS
MyJIbCY Ta apTepiaJbHOTO THUCKY.

Bupinuty etan peakuii opraHisamy Ha (i3zuuHe
HaBaHTa)K€HHSI MOXHa 3a [JOTIOMOro (PyHKIIii
Mixaenica-MeHTeH:

M(f) = U0
1+ (1)
)
1110 TIPe/ICTaB/sI€ COOO0 TIaIKWMI aHamor (QYHKIIiT
Xesicaiiza. [i 3HauenHsa 6113bKi 10 1 IpU Be/IMKUX 06-
csirax HaBaHTa)keHHsI Ta MPsIMYIOTh 710 0 rpu piskomy
3MeHIlIeHH] Pi3uuHUX HaBaHTaXeHb. OCTaHHE aKTHUBI-
3y€ IIpPOLieC Bi/JHOB/IEHHSI OpraHi3My, 1110 BUALISETHCS
xapakrepuctrikoro 1— M (£} . Tlepiog da3u nepexomy
OpraHisMmy Bi/j HaBaHTa)XeHHs /10 Bi/JHOBJIEHHS Xapak-
TepU3y€EThCA TIeBHOIO iHepTHicTIO. Ii mpeacTaBnsemo
3arTi3HeHHAM aprymeHTy L£—£,] y xapakrepucTuii
TpoLiecy BiIHOBIEHHS

4

Wit —1,)
L+ (e-t,)

Je £, — TpUBaICTb NIepexoAy BiJy MOMEHTY 3HSTTS
HABaHTAXeHHSA O MOMEHTY aKTHUBi3aLlil mpouecy
BiZJHOB/IEHHS.

OckinbKy 3MiHM THUCKY TIPOTIOPIitiHi 3MiHi (i3mu-
HOT'O HaBaHTaKeHHs @, & #¢ W' ixHs1 quHaMika Moxke
OyTH orMcaHa TakyUM 3aBaHHsIM Kotili /7151 CyKyTHOCTi
IvdepeHLliabHUX PiBHSHD:

RiE)=1- M(t—zt,)=1- ©)

MEANYHA IHOOPMATUKA
TA IH)XKEHEPIA

ge A, A — TOKa3sHWKY BIUIMBY JMHAMIKH Ha-
BaHT&)KeHHsl Ha 3MiHM My/IbCy Ta TUCKY, 4., A,
— MOKa3HWKY IBUAKOCTI alanTariil A0 3HATTS HaBaH-
TaxkeHHs, A, , A; —xoedillieHTH cTeneHiB BIIMBY
My/7bCy Ta TUCKY Ha MpoLecC ajanTtalii A0 3HATTS
HaBaHTaXeHHs, [, & — TNepeBUILeHHs 3HaueHb
(yHKL[iOHaNbHOTO PiBHS 3HAYEHb MY/IbCY Ta THUCKY.

3arnpornoHoBaHa MaTeMaTUUHa MOZe/lb BUMarae rna-
pamMeTpUYHOI ileHTHiKaIlii, 1110 MoXKe OyTH 371ilicHeHa
3a ZIONIOMOTOF0 MO/TM(iKOBAHOTO TPA/[iEHTHOTO METOAY
JleBen6epra-Mapksasra. Moro peanisarisi morpe6ye
NoOy/I0BY TIOUATKOBOTO HAO/TMKEHHS [171s1 3HAUEHb KOe-
GitienTie mogesni. Cam anropuT™ ifeHTHdiKaLlil po3i-
JIeHO Ha /iBa piBHi. Ha BepxHbOMY DiBHi 371iiCHIOETHCS
TOIIYK ONTUMA/bHUX 3HaueHb koediiientis A, |
A, nepe60poM MOX/MBKX 3HaUeHb Ha PiIBHOMIPHMX
CiTKax, 1[0 MOKPUBAIOTh JIesKi eMITipUYHO MiiopaHi
niarasonu. ITic/is BuGopy 3HaueHs Koedirientis A |
Ag , xoedinientn A - A, BU3HAUAIOTLCS METOROM
JleBenGepra-Mapksa/ra. Ix moyaTkoBi 3HaueHHs 3a-
Jar0TbCS TAKMMU CI1iBBiJHOLLIEHHSIMU:

A1=%=ﬁ (10)
b~

Y (ay

AF?T_‘?:, (13)

Jie £, — MOMEHT YacCy 3HATTS HaBaHTaKeHHS.

[Ipr1poMy BpaxoBaHo, L]0 HaI10YAaTKy [POLieCy peakLiil
Wity |, R —£,) = 0, Wit s 0, Rif, 40 =1,
a Ha MoyYaTKy MpoLecy BiJHOBJIEHHS AUHaMiKa 3MiHA
rnapameTpiB 6/M3bKa /10 MiHIHHOI.

T . Wi [, Wi-t) 4
2 ot ('f)(uw@)) {1 (1+;-;m[.e—.eu))}r’lf*’:z ©(6)
fran t W@) IR W(I_IIJ) )
p(ﬁ)—%W(z)(HW(m {1 (1+W(5_50):']A4p () (7)
RO =10 ®)
ply=10, (9)
_W_..
_W_’

CCC

—H, P—»

AD

Hp, Py
|

Puc. 4. ITapameTpy, 1110 xapakTepu3ytoTb CCC mif gieto (isnyHOro HaBaHTa)KeHHSI CTIPSIMOBAaHUX Ha T10-

KpaileHHs nysbcy ta AT
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MEANYHA IHOOPMATUKA
TA IHXXEHEPIA

Toxi mudepeHLiaabHi PiBHSHHS CIPOLIYIOTHCS,
a BiIMOBi/IHI CITiBBiTHOIIIEHHST OTPUMYIOTHCSI 3 HaO/IH-
JKeHHs1 ArdepeHLia/lbHUX OTepaTopiB Pi3HULIEBUMU
CITiBBiIHOLLIEHHAMMU.

[ns mepeBipKy aJieKBaTHOCTi ToOy0BaHOI MO-
Jlesli BUKOPUCTAHO 3acib rmepeBipKu TO/epaHTHOCTI
no ¢isnunoro HaBaHTakeHHs (Epromerp Corival
cpet (960900)). CriocTepeKeHHsI IPOBOJUIUCS
3a rpynoi xBopuX Ha iHdapkT miokapga I-II

(byHKLIiOHa/ILHOTO KJlacy 3a peabisiTarjiiHOO Kiia-
cudikaniero [17,18], siki mepeOyBanu B migroctpii
¢a3i peabinitauii. [JuHamika peakiii opraHiamy
MawliedTiB Ha ifleHTUUHe (i3WyHe HaBaHTaXKeHHS
(hikcyBanocst 3 iHTepBasioM 3 XBUJIMHU B TPOIIECi
TpOBe/IeHHsI BU3HAUEHOTO eTarly porpamu peaoisi-
tarii. B Tabn. 1 nmpeacTaB/ieHo 3HaUEHHS €BOJTIOLIT
[JMHaMiK{ IapaMeTpiB cepLieBO-CYJUHHOI CUCTeMH
CIIOCTepe’KyBaHUX Ialli€HTIiB.

Tabauys 1
3HaueHHs nMy/abcy Ta AT oTpuMaHi B mpoiieci TeCTyBaHHs 0PraHi3sMy XBOPHX
Ha TO/IePAHTHICTH 10 HaBaHTAXKEHHA
W H1 H2 H3 H4 H5 P1 P2 P3 P4 P5
0 96 94 83 82 61 158 150 155 140 130
25 124 115 115 90 81 175 165 170 165 150
25 120 110 119 88 82 180 175 170 165 150
50 130 120 125 90 87 200 180 180 180 160
0 131 122 119 83 68 200 178 170 180 170
0 117 110 97 75 61 200 175 170 170 172
0 111 95 89 70 64 180 172 165 170 165
0 108 92 88 70 60 172 170 165 160 140
0 104 97 85 71 63 170 165 160 160 138
0 88 95 82 72 63 170 164 160 155 134
0 86 91 87 77 62 172 160 156 158 140
0 86 92 85 74 62 170 145 156 155 135
0 78 88 81 72 63 150 141 155 150 135
0 80 88 79 73 62 145 140 150 140 130

IIpumitka. W — piBeHb HaBaHTakeHHs1, H1-H5 — 3HaueHHs piBHS My/bCy 5-TH MaL[ieHTIB, BUMiPSIHOTO 3 iH-
TepBasioM 3 xB, P1-P5 — 3HaueHHs piBHA apTepia/lbHOIO TUCKY 5-TH MALli€HTIB, BUMIPSHOIO 3 iHTepBajioM 3 XB

Hapani fani Oy BUKOpUCTaHi /11 MOZIe/TFOBaHHS
MoKa3HUKiB mysbcy Ta AT B migrocTpiii dasi peabii-
Tallii 3 OL[iHKOK MaKCUMaJ/IbHUX BiTHOCHHUX TTIOXHOOK.

3HaueHHsT MOXMWOOK Ta iZeHTU(iKOBaHUX 3HAUYeHb
koedilieHTiB QyHKLT TpefcTaBieHo B TabI. 2.

Tabauys 2

3HaueHHsI MOXUOOK Ta ijleHTH(iKOBaHUX 3HAUYeHb KoedillieHTiB

Ne ekcriepyMeHTy Al A2 A3 A4 IMoxubkwu 10 mysbey, % | IToxubKu 1Mo TUCKY, %
1 0,7656 |[0,0303 |0,8456 |0,3704 |9,53 5,16
2 0,6250 [0,0616 |0,6426 |0,3519 |[3,33 4,14
3 1,4528 10,0471 |[0,4092 |[0,0899 |2,00 2,75
4 0,6027 [0,0160 |0,7779 |0,0701 (7,92 4,93
5 0,9291 [-0,0056 |0,7303 |0,2704 |6,09 3,93

IIpumiTka. MakcrMasbHIH piBeHb IMOXUOO0K 3a BeCh ITePioji CTIOCTepeXxXeHH s CKiiaB 9,5 % 110 ysibCy, 5,2 % 1o AT
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Puc. 6. Pe3ynbratu inenTudikaiiii mapameTpiB Mozesni auHamiku mmysiscy Ta AT mif gieto ¢isnuHoro HaBaH-

Ta’>X€HHs 3dBePIlId/IbHOI'O eTarry

OTpumaHi pe3y/ibTaTu CBiluaTh PO aJ€KBaTHICThb
noOyZl0BaHOT MaTeMaTHUUHOI MOJIeJTi 1151 aHa/Ti30BaHO-
ro etarty mporjecy peabinitauii. Haouno pesysbsratu
inenTudikariii 3razanoi Moiesi 3a71e;KHOCTi OCHOBHUX
TTOKA3HUKIB OpraHi3My Bi/l HABAHTa)KeHHS [104aTKOBO-
IO Ta 3aBepIIa/LHOTO TIepiofiiB Tipoliecy peabiiTariii
TIpe/iCTaB/IeHO Ha puC. 5, 6.

Amnari3z mobymoBanux rpaikis CBi[UUTE PO 3HKEH-
Hs1 [TOYaTKOBUX 3HaueHsb IysibCy Ta AT B pe3ysbrari 1po-
rpamu peabitiTariii Ta Bi/IHOB/IEHHS TTOKa3HUKIB T'eMOJI-
HaMiKH MTiCJis TIPUTNIMHEHHS (Di3UYHOTO HaBaHTa>KeHHSI.

BucHoBkH. 1. Po3pob6ieHa MaTeMaTHuHa MOJE/Tb
[TMHAMIKH My/TbCY Ta apTepiabHOTO THCKY IifT Ti€t0 (i-
3UYHOTO HABAaHTa)KEHHS B MArocTpy ¢asy peabiitariil

XBOpHUX Ha iH(apKT MioKap/a A03BOJISiE POTHO3YBaTH
peakLiito opraHismy Ha ZI030BaHe (pisruHe HaBaHTayKEHHSI.

2. Metop inentudikariii CyKymHoCTi fudepeHiiiaib-
HUX PIBHSIHB, III0 MOZE/IOTh JUHAMIKY Iy/IbCy Ta
apTepiasbHOTO TUCKY TTi/I ZIi€F0 ()i3MYHOr0 HaBaHTa)KeH-
HSI Ha OCHOBi MOJM(IKOBAHOTO I'PafliEHTHOTO METOAY
JleBeHbOepra-MapKBa/[Ta, JIOMIOBHEHOTO TPOLIEYPOI0
BHUOOpPY TIOUaTKOBUX 3HaueHb KoedillieHTiB, mifTBep-
KY€ a/1eKBaTHICTb po3p00/IeHOT MaTeMaTUIHOT MOJIEJT.

IlepcneKTUBU MoOjaJdbMHX JOCHifA)KeHb.
Anpobariiss MaTeMaTUYHOI MOJIE/Ti TUHAMIKHU My/bCY
Ta apTepiaJibHOTO THUCKY ITif Ai€ro ¢i3uuHOro Ha-
BaHTa)XeHHS B Pi3Hi (a3u peabiniTariifiHOro rporecy
y NalieHTiB KapZiosoriyHoro npodisnto.
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