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Bifurcation parameter A,
Puc. 1 Crapmmii nokasauk JlsamyHoBa a

2. Moaenab B3aeMoii cepueBo-CyTHHHOI i
pecniipaTopHoi cucTeM.

Mogenp  B3aeMomii  cepleBO-CyIUHHOT 1
pecIipaTopHOl CHCTeM, TOCTiKyBaHa B poborax [1]
i [3], € cucTeMor0 TUCKPETHHX BiI0OpaxeHb, 1110
ONUCYIOTh  CBOIIIOLIII0  XapaKTePHCTHK  CTaHy
KapAioiHTepBady Bix ymapy no ynapy. Mojenb
MICTUTh TaKi (i310J0T1YHI XapaKTEPUCTUKU CTaHY 5K
CHUCTOJIIYHHH THCK S, JiacTOM4YHUA THCK D,
KapaiointepBan [ (RR-  iHTepBam), 4ac
aprTepiaabHOro 3aracanus I . B pamkax i€l Momeni
(GYyHKIIT aopTH MOJENIOIOTHCS 33  JIOMOMOT OO
aopranbpHoi KommpeciiiHoi kamepu (Windkessel),
3akoH  ®panka-CrapiiHra  BHUKOPUCTAHO IS
MO/JIETIOBAaHHS MiOKapay. BpaxoBano
OapopedIeKTOpHUN MEXaHi3M KepyBaHHS 4acTOTOHO
cepaeunnx ckopodeHb (UCC) Ta mnepedepiuHnm
ormopoM. BrumB  pecmipaTopHOi cHcTeMH — Ha
CEepIICBO-CYIMHHY OOMEKYETHCS JIHIIE MEXaHIYHOO
CKJIAJIOBOIO 1 MOJIETIOETHCSI BBEJICHHSIM BiMOBIIHOT
aauTHUBHOI 100aBKH. BapopenentopHuii MexaHizm

KepyBaHHSA piBHEM apTepiaibHOTO THUCKY
MOZICJIIOETBCS.  4epe3  BBEACHHS TaK  3BaHOIO
eeKkTuBHOrO CHUCTOMYHOrO THCKY S. 3rimHo i3

3arallbHONPUHHATAME (Bi310TOTTYHUMH HOPMaMH, B
ycraneHomy  pexmmi S, =120mMm  pr.  cT,

D, =80mm pr. ct., I, =800Mmc, T; =1500 mc. ITicns
00e3pa3MiploBaHHs 110 XapaKTepHUX BeIWYUHAX S i
1,, OTPUMYIOTb HACTYIIHy CHCTEMY JUCKPETHHX
BimoOpakeHs [1,3]:

Bifurcation parameter f,

) — cuctemu (2)-(3), 0) — cucremu(2)-(4)

D!=c¢S/ exp(-I,/T'))

T A c
S'=D'+y-2I" +—sin(27 fTit. ) +—=
i i ySO i-1 SO ( m 1) SO
S, Sy
I[=G,2L8 +G,22F(@S,r)+= (1)
L T T
T'=1+G,S, /T, -G,S, | T,F(S'.7,)

A

S/ =1+18/S, arctan(S,(S/—1)/18)

ne i1, D'=D/S,, S'=S/S,, S$'=8/5,,
D I

I'=1/T,, T'=T/T,, ¢ =—>exp| = |,
So I

¢, =8, =Dy — 11, oy =1, = §,(G, +Gy),

G, =18mc/Mm pr.ct., G4z =G, =9 Mc/MM pT.CT.,

y =0.016 MM pT.cT./MC, A =3 MM PT.CT. - aMILTITyIa

3MIiHU THUCKY CHUCTOJIM, OOYMOBJIEHA PYXOM TPYIHOI

KITKU mix vac aumxanus, f =0.25T1m — gacrtora
i

t,=) I, - MOMEHT 4YaCy CEpICYHOrO
k=0

JIUXaHHS,

CKOPOYEHHS,
1 - . . . .
F= E(Si—T—Z +28, 438 +25 0+ Si0)s

7, =rﬂ=4, 7,=0, saxmo YCC wmenme 3a 75

yaap/xB i 7, =1, skmo YCC OinbIue HiXk 75 ynap/xs.

Cucremy (1), miciss BHKIIOUCHHS 3aJIOKHHX

3MIHHMX, MOXXHa 3BECTH JI0 CHCTEMH TPBhOX
JUCKPETHUX BiZIOOpakeHb 3 nrictbmMa
3aIi3HIOBAHHAMH [0 3MiHHIK S', HacTymHOro

BUTJISIY:
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Puc. 2 XapakrepucTuky KBa3inepioJHUHOro cTaHy cHCTeMH (2), 6e3 BpaxyBaHHS 3BOPOTHOT'O 3B SI3KY: a) —
yacoBa peajizailisi, 0) — CIIEKTp MOTYXHOCTI, B) — MPOEKIIis (pa30BOro nmpocropy
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a) 0) B)
Puc. 3 XapakTepuctuku nepioguyHoro crany cucremu (2)-(3), mpu A4, =0.03
3TiHO 13 3aKOHOM:
’ _ ’ ’ ’ ’ ’ 1 i
Si =0 (58,835 4585581265575 ti1) ,
’ _ ’ ’ ’ ! ! ! ! Al = - A S - S 3
L=0,(I71,81,8 258755 4,555 6)  » (2) Ao = A4 (Sia =50), 3)
_ ’
L=t +1,

ne @, 1 ¢, - HeniHilHI GpyHkil. OTpuMaHa cucTemMa
(2) 3BOAMTBCA NUIIXOM 3aMiHM 3MIHHHX JIO
HEJHIHHOT CUCTEMH JIEB'SITH JIUCKPETHUX
BiIOOpakeHh 0€3 3ami3HIOBaHHSA. TaKUM YHHOM,
HasBHICTh TaKol HEYCYBHOI1 BIIACTUBOCTI
(YHKIIOHYBaHHS  CEpIIEBO-CYJMHHOI  CHUCTEMH
JMIOJMHU  SIK  3aIi3HIOBAHHSA, TNPU3BOJUTH  JI0
ICTOTHOT'O TIIBUIIICHHSI TIOPSIIKY CYKYITHOT CUCTEMH.
BrmmB  pecmipatopHoi cHCTeMH Ha  CepIEBO-
CYIMHHY, B paMKaxX JlaHOi MOJEIi BPaxOBYEThCS
napamerpamu A i f. Tomy, 3BOpOTHHIl BIUIMB

Kap/IiOCUCTEMH MOXKE pealIi30BYyBATUCS IUIIXOM
BIUTUBY JISUTBHOCTI CEpIIs Ha I1i Bl XapaKTEPUCTUKH.
Y naniii  poOOTI Takui 3BOPOTHHHM  3B'SA30K
MOJICTIOETbCS  HAWOUIBIII  TMPOCTHMH  JIIHIHHUMM
3B’si3kaMu. Tak, amIoiityna 3MiHH CHCTOIIYHOTO
THUCKY, OOyMOBJIEHA PYXOM T'PYAHOI KIITKU MiJ| 4ac
JMXaHHS, TPHITYCKAEThCS 3aICKHOI0 BiJl 3HAYCHHS
THUCKY CHCTOIIM Ha MOIEpPEIHbOMY KapJioiHTepBai

24

ne A,=A4, A4 =20, mo MOAemoe 3MEHUICHHA

aMILTITYIN TUXaHHS TPy 30UTBIICHHI CHCTONIYHOTO
THUCKY. YacToTa TuXaHHS MPHUITYCKAETHCS 3aJICHKHOIO

BiJl YacTOTH CEpJACYHHX CKOPOYEHb  3TiJHO
3aJIeKHOCTI:

f’=f0+f](1/ll._]—1/lo), @)

ne f, = f, f, 2 0. Takum 4uHOM, B IaHiil poOOTI

JOCIIKY€ETbC  cucTema (2), TpH BpaxyBaHHI

3BOPOTHOrO BILTHBY TUTY (3) 260 (4).
3. Ycraneni pexxumu MoaugikoBanoi moaeJi.

[epeiinemMo 10 MOCTIMKEHHSI YCTaJICHHX PEKUMIB
cucremu (2). B cuny HemiHIHHOCTI 1aHOT cucTeMH, ii
pPO3B’SI30K  MOXXHA OTpUMaTH umcenbHO. [is
YHCENFHOTO MOJISITIOBAHHS BHOMPAEMO HACTYITHI

MoYaTKOBi  3HaueHHs  3MimHumx:  ['[0]=0.53,
ST-j1=1.08, j=0,..,6. Ha puc. l.a mnokasana
3AJIOKHICT,  CTApIIOr0  IOKasHuKa  JIamyHoBa



Bicnux Kuigcbko2o nayionanbHoeo yHigepcumemy
imeni Tapaca lllesuenxa
Cepis ghizuxo-mamemamuuni HayKu

2018, 1

Bulletin of Taras Shevchenko
National University of Kyiv
Series Physics & Mathematics

1.2 -

1.1 |

Level, dB

Systolic pressure S’

09

L P It 1 i -
100000 100050 100100 100150 100200

Beat number

a)

Frequency, Hz

12 [

1.1 r

Systolic pressure S
T

09 r

0.8 k .

1

1 | 1
04 045 05 055 0.6 0.65

Cardiointerval I

0) B)

Puc. 4 XapaKTepucCTUKU XaOTUYHOTO cTaHy cucteMu (2)-(3), mpu f; =0.22

cucremu (2)-(3), Ha mpomikky 0< 4, <0.03. Ilpu
HYJIbOBOMY 3HadeHHI OidypkamiliHoro mapamerpa
MoJiellb  1030aBlieHa  3BOPOTHOTO  BIUIMBY 1
XapaKTepU3yEThCS perynsipHuM ycTaleHNM
pexuMoM (puc. 2a-B.). [lpu 30UIbIICHHI 3HAYCHHS
napamerpa, CIIOCTEPIraeThest peryssipu3anus
ycraieHoro pexumy wmozaeni. Ha pwume. 3a-B.
MPECTABICHI XapaKTePUCTHKH TPAHUYHOTO IIHKITY,
110 peai3oByeThes B cuctemi mpu 4, = 0.03.

Tenep posrnssHeMo cuctemy (2) i3 3BOPOTHUM
3B's13koM (4) 1 Gidypkaniiinum mapamerpom f,. Ha
puc. 10. mnpuBeAcHAa  3aJSKHICTH  CTApIIOrO
noka3auka JlsmynoBa moneni (2)-(4) Ha MPOMIKKY
0<£,<0.25 B npoMy BHNAAKy CIIOCTEPIra€ThCs

KOPCTKUI CcTPHOOK TMOKAa3HHWKA B JIOJATHY 001acTh
(puc. 4a-B.). TakuM 4YMHOM, BpaxyBaHHS JiHIITHOTO
3BOPOTHOI'0 3BSI3KY (4), s moxenmi (2), Bexe 10
MOMEHTAJbHOI ~ XaOTH3allli YCTalCHOTO PEXKUMY
CYKYITHOI CUCTEMH.
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4. BUCHOBKH

HocnimkeHHs MoauQikoBaHOT MOJIENi CepIeBo-
CYIMHHOI CHUCTEMH, TpU BpaxyBaHHI MPsIMOro i
3BOPOTHOTO BIUTUBY pPECHIpPATOPHOI CHCTEMH, Ha
OCHOBI 0ipypKanifHIX KPUBUX CTAPIINX MTOKA3HHUKIB
JlsnyHoBa, mpoekiiii (a3oBUX MOPTPETIB, YaCOBUX
peanizamii 1 YacCTOTHHMX CIIEKTPIiB, JO3BOJIHIIO
BUSIBUTH PETYISIPHI MEPIOIUYHI, a TaKOX XaOTHYHI

POKHUMH, BHU3HAYMTH CIEHApii mepexomy JIo
Xa0TUYHOrO  pexumy  (mepexii 10  Xaocy
BiIOyBa€ThCSI 4epe3 IKOPCTKUH  CcTpuOOK, TpH

BpaxyBaHHI BIUIMBY KapJiOiHTEpBalla Ha YacTOTy
nuxaHHs). [lokazaHo, MmO B3a€MO3B'SI30K PUTMIB
ceplsl 1 IMXaHHS MPU3BOIUTH JIO PI3KOTO TEPEXOLy
JI0 Xa0Cy, XapaKTepHOTO I HOPMAJIbHOI IUHAMIKH
Kap/liOCUCTEM .
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VY pobomi poseaarymo AiHitHE HEOOHOPIOHE PIBHUUESE PIGHAHMA HG HANIBOCT 3 NOUAMKOBUMU YMO-
8aMU BIOHOCHO EAEMEHMIB KOMNAEKCHO20 6AHAL06020 npocmopy. Kiacuuni peaysvmamu w000 pieHAHbL
MAK020 MUNY MICMAML YMOBU ICHYBAHHA Ma €OUHOCTE OOMEHCEHUT MG NEPIOJUMHUL PO36 A3KIE.
OMmpumano Y3a2asvHeENHA 6100MUT PESYALMANIE HA BUNGIOK NOGLABHO 3POCTNAIONUL PO36 A3KIE HAGE-
dero20 pisHAHHA, MOOMO PO3E°AZKIS, UL0 3G HOPMOK MOHCYMB 3POCTNAMU AUUE NOBIALHIWE J068IAbHOT
3pocmaiowol nokasnukosot Gynkuii. 3oxpema, odepotcarno docmamms Ymosu 6 MEPMIHGT ONEPAMOPHO-
3HAYHOL 2EHEPAMPUCY, POZ2AAHYMO20 PIBHANHHA.

Knowo6i crosa: nosiavho 3pocmaiowutl po3e’a3ok, AlHilHe PI3HUYUEEE PIGHAHKA, OGHATI6 NPOCTID.

The general linear non-homogeneous difference equation on a half-azxis with initial conditions where
variables belong to a complex Banach space is considered in the paper. The coefficients of equation
are bounded operators in the Banach space. Classical results about such equations are conditions of
existence and uniqueness of bounded and periodic solutions. The problem is to investigate other classes
of sequences, that contain solutions of the equation and find sufficient conditions for operator coefficients
for existence of solution.

In the paper generalization of known results is obtained for the case of slowly growing solutions.
Solution is called slowly growing iff it’s norm is growing more slowly than any growing exponent functi-
on. Sufficient conditions are obtained for sequence of bounded operator coefficients for existence of
slowly growing solution. Conditions are formulated in terms of generating function for given difference
equation.

Key Words: slowly growing solution, linear difference equation, Banach space.
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1 Introduction on half-axis with initial conditions

00
In = Z Akxn—k + Yn, n =1,

- 1
Let’s denote by B complex Banach _space kxln =ay,, n <0, W
with norm || - || and zero element 0, by
L(B) — Banach space of linear bounded Wwith respect to a sequence {z, : n > 1} C B for
operators, which are mapping B to B, 8iven sequences of elements {y, : n>1} C B,
with norm, which we denote || - || too, I — identi- {om : n <0} C B and operators {A, : n > 1} C
ty operator, O — zero operator in L(B), o(A) — L(B).
spectrum of operator A from L(B). The important for applications question is to

find conditions, under which solutions of equation
In the paper we consider difference equation (1) have special properties such as boundedness
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