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Posensdaemovcs mooughixosana mamemamuuna Mooeib, WO ONUCYE B3AEMOOIN0 AHMULEHI8 Mmda
aumumin 6 opeaHizmi aOuHU. Bpaxysaswwu ingopmayito npo me, wo napamemp 3ani3HeHHS T
BUPAICAEMBCSL 8 200UHAX | 8 NOPIGHAHHI 3 000AMU MA MUNCHAMU, KOJU 8i00Y8AEMbC OUHAMIYHUL NpOYecC
3aX60PIOBAHHSA MA NIKY8AHHS, € MAIUM napamempom. Lle oano niocmaesu esaxcamu napamemp T 6 cucmemi
ingexyitnozco 3axsoprosanns I'.1. Mapuyxa manum napamempom. Leit paxm Oyno euxopucmano 0ns 6ubopy
Memooa 00CHIONHCEHHs GUXIOHOT cucmemu. 3anponorosanutl Memoo 0y8 HA36aHUll MemoooM JTiHeapu3ayii no
napamempy T cucmemu OUQpepeHyiaibHux PieHAHb i3 3ANI3HEHHSIM.

Jlna 3anpononosanoi moougixosanoi cucmemu iHQEKYiliHO20 3aX80PIOBAHHA NPU MIHIMATLHUX
BUMO2AX 00 2IAOKOCMI WYKAHUX p036 s3Ki6 (maKi eumoeu noisieams 6 NPUNYWeEHHI ICHY8AHHI 0OMENCEHUX
nepuiux noxXioHux) 6yno 00CIIONHCeHO HempPUBIATbHULL PO368 30K MA NOKA3AHO [OSHMUYHICIb Pe3yibmamis
00CniddHceHHsL 3aNPONOHOBAHOT MOOUDIKOBANOI cucmeMu 3 CUCTNEMOIO DIBHANb THQEKYINIHO20 3aX80PIOGAHHSL
1. Mapuyka.

Kuwouosi  cnosa: cucmema OughepenyianvHux — pieHAHb, 3ANI3HEHHs, AHMUSEH, AHMUMILO,
cmayioHaprull po3e sa30K.

We consider a modified mathematical model that describes the interaction of antigens and antibodies
in humans. Taking into account information that the delay parameter t expressed in hours and compared to
days or weeks when there is a dynamic process and treatment of disease, there is a small parameter. This
gave reason to believe parameter t in the system of infectious disease by G.l. Marchuk like small
parameter. This fact was used to select the method of research output system. The proposed method was
named method of linearization by the parameter rt for differential equations with delay.

For the proposed modified system of infectious disease (describes by system of differential equations)
with minimal requirements of smoothness desired solutions (such requirements is to assume the existence of
bounded first derivatives) was investigated trivial solution and identity research results show the proposed
modified system of equations infectious disease by G.I. Marchuk.

Key words: system of differential equations, delay, antigen, antibody, stationary solution.

CraTTIO Ipe/ICTaBuUB 1. T. H., C. H. ¢. Kynin B.1.

Heniniitna cucTeMa 3BHYAHHUX PO3YMIIOTH CyOCTpaT iMyHHOI CHUCTEMH, IIO
nudepeHiaTbHuX PIiBHSHB, 10 onucye Heltpanmisytore aHtureHu); C(t) — KoHIeHTpallis
MOZIM(IKOBAHY MATEMATHYHY MOJIC/Ib 3aXBOPIOBAHHSA  [ja3MaTHUHMX —KINTHH  (IOMy/siuis  HOCIB  Ta
[1] mae Burman (1), ne V(t) - koHUeHTpauist ppogymenris  amrurin); m(t) -  BigHocHa
NAaTOreHHUX aHTUTEHIB, IO PO3MHOXYIOThCs; F (t) XApAKTEPHCTHKA YPAXCHHS OpPraHy, T — Maluii
— KOHIICHTpAIiS aHTUTL (i1 aHTUTLTAMH napamerp,

© T.B. Konsanosa, 2015

90



Bicnux Kuiscbkoeo Hayionanvno2o yHisepcumemy
imeni Tapaca Lllesuenka
Cepis ghizuxo-mamemamuuni Hayku

dv
EZ(B—YF)V,

dF

E=DC—(uF +mV)F,

dc

" =E(M)aVF +1V[F (ug +mV —B+yF)—pCl]- (1)
-1 (C-C7),

dm

E =cV —umm.

[TowyaTkoBi ymoBH

V(to) =Vo’ C(to) =C0’

F(t)=F, m(ty)=m,. 2

[IpoBogMMO  moOCHiPKEHHS HA  CTIHKICTh
CTaLliOHAPHOI TOYKH, IO OIMUCYE CTaH XPOHIYHOL
XBOpoOH [1], BBIBIIM HACTYIHY 3aMiHy 3MiHHHX

V=V,+V, F=F,+F,
C=C,+C, m=m, +m,

Th

e \7, , C, M — HOBI 30ypeHi 3MiHHI.

BBaxkatoun  30ypeHi  3MiHHI  MaJUMH,
JIHEapu3yeEMO CHCTeMy DiBHsHB (1) B OKONI TOYKH
HETpUBIaTBHOI TOUKH [ |:

av

= (1R —V.F =(B—v$)\7 “W,E = VE

dF 5 -
E=—nszV — (g +MyVy)F —pC =
=—nv%\7—(up +MyV,)F —pC =

=BV — (e +MyV,)F —pC,

?j_ct: =(aF, +tope F, +2tomyV,F, —tafF, + TOWFzz -

~1opCy)V + (A, + oV, + oy V2 — 1oV, +
+2tyV, ) F- (tapV, + e )C=
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p p p BB

= (o= + 1o — + 2tomyV, = — o= + oy — —
Y Y Y Y
~10pC, )V + (aV, +toiV,, + tomyV,2 — BV, +

+2topV, E) F — (tapV, + i )C=
Y

p p BB

= (o™ + oy — + 210NV, — 10— + 0 — —1opC, )V +
Y Y Y Y
oV, + TV, +tomyVyE — 1oV, +2toBV, )F —
—~(tapV, +11c)C = (OLE + TOE B +210BmV, —1apC, )V +
Y Y

+HaV,, + oV, +tomyVy +ToV,) F— (topV, + e )C,

3rajaemo, mwo pe +MyV, =Y—§C2. [MigcraBumo y

¢dbopmyny, IpeAcTaBiIeHy BUILE, Ta OTPUMAEMO

a«© = (ocE + r(xE (e +mVy) +1apnV, —topC,)V +
Y Y

dt
= (0Vy + 1oV, (g +1PV,) +TaBVy)F — (TopV, + g )C=

+(ocE + %C/Z +tafnV, ;wepCZ/ W+
Y Y

+aV, +1taV, Y_;CZ +10BV,) F- (topV, + e )C

Ortxe,
dC . -
- (a% + 1PNV, )V +(aV, + 10, V—;cz +1apV,)F —
~(10pV, +1 )G,
dm =
—=0cV —p,Mm.
at Hm
OTtpumaemo CUCTEMY JiHEeapu30BaHUX
mudepeHialbHUX PIBHAHB B HOBHX 3MIHHUX-

30ypeHHsx [2, 4]:
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av V.E Jlocmigumo noroMi>kHE PiBHSHHS

a7

dF 5 =z

= BV —LpC,E+pC 2 =\, 0

dt B

R Y
dC ~ 2N = —C—A =0.
i (ocE +tapnV,)V + (3) 2 Lt B’Q p
Y
p »,
~ = +orV, o, +mo,—C, + +10pV,)—N

+((xV2+10LV2Y—gC2+10L|3V2)F—(roch2+uC)C, (1:{ 2 e Bg R )

i v
—_— GV — um m. aeEMO

dt

S Z(0) =17 =21% (ug +MVs + i +T0pV,) —
3anuireMo  MaTpuiio  KoedillieHTiB  mpH

JMHITHUX 4YJIeHaX BiTHOCHO Manux 30ypeHs V , F,

Crtam:

0 N 0 0
P e p 0
A B
o+ N+ B o, ) O
Y
c 0 0 —,

XapakTepUCTHYHE PIBHSHHS JUIS CUCTEMHU
piBHSIHB (3) MaTUME BUTIISL:

2 N 0 0
P G p 0
P 0.
R O
Y
G 0 0 A
Otxe,
(=M
=) N, 0
I & —EPCH» p =0,
o +ronfh, Nyl T, 1, (o)
Y

3Bizcu Maemo, IO MEePIINi KOpiHb
A=—n

m*
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—Muekc + MVl —poV, —1afBpV, —nyBVs;) -
—afipV, +pucnyBY, =0.

Xapakrepuctuune piBasuus Z(A) wmarume
BUTJISIL:

y y
A’ +22 (E pC, +pc +1opV,) + X(E pucC, —apV, — )
—topBV, —nyBV,) + (apBV, —ymPucV,) =0.

KyOiunnit Oaratounen [I'.I. Mapuyka,
no0yaOBaHUMA Ha OCHOBI BUKOPHCTAaHHS
TapMOHIHHOTO aHaIizy TS OCII1IKEHHS
CTalliOHApHOTO CTaHy, IO OIHUCYE XPOHIYHE
3aXBOpIOBaHHs, Mae BUIIIA [3]:

1o

Z, (W) =23 —ar?—br+d+(gr— f)e ™,

e a=pg +MmV,+uc,
b=pc(MV, +ue) —MyBY,,
d=pcnyBV,,
g=opV,,

f =apBV,.

Sxmo y Z,, (A)BBaxatu uac 3ami3HEHHS T

MaJluM 1 0OpU ULBOMY CKOPUCTATUCh JIiHIMHUM

HaOKeHHAM € © =1—1TA,
OTPUMAEMO

TO B pe3yabTati

Z, (W) =22 —ar? —bh+d + (gh— f)1—11) =
=2 —ar®—br+d+gh— f—1tgrh® +Atf =
= A3 -22(a+19)-A(b—g—tf)+d— f.



Bicnux Kuiscbkoeo Hayionanvno2o yHisepcumemy
imeni Tapaca Lllesuenka
Cepis ghizuxo-mamemamuuni Hayku

SKmo mopiBHATH MK cO0O0I0 MpeACTaBICHUN
JiHEeapU30BaHUH KyOiuHUIH OaratouieH
I'l. Mapuyka Z,,(A) Ta mnoOynoBaHMil HaMmH

KyOiuHuit OGararounen Z(A), II0 MpeICTaBICHUIA

dopmyioro (4), To modaurMo, 10 BOHU 30iratOThCS.
Ile roBopuTh MO aAeKBAaTHICTb BHUOPAHOTO HAMHU
METOY JIiHeapu3aLii.

[Ipu mpOMy BiIMITHMO, IO Y JOCIIKEHHIX
I'.I. Mapuyxka BUMAra€Thcs HEeCKiHYeHHa-
mudepeHiiioBanicTs  BimnoBigHMX  (YHKUIA B
Mozeni iHdekiiiHoro 3axsoproBanHs. B Toil xe dac
B Hamid Moamdikamii 3amadi, BpPaxoBYIOUH
cnenudixy 010JIOTTYHUX MoJICIeH, e
3a0e3MeuyeThes nuIle IrQepeHLiioBaHICTh
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MEpIIOr0  MOPSAKY, TMOoJanblia TNAAKICT  JUIS
¢yHKUI Monmeni He BUMaraeTbes. Taka Oionoridna
cneuudika, 30KpeMa, He T03BOJISIE BUKOPUCTOBYBATH

HaBITh PO3KIIAJ JI0 72 BrmouHoO. B bOMY K pa3 i
BIIMIHHICTh 3alPOIMIOHOBAHOTO HAIIOTO IMiJIXOAY
JiHeapu3amii (pYHKIIA A JOCHIIKEHHS CTIMKOCTI
CTAaI[lOHAPHUX  TOYOK  MAaTEMaTH4YHOI  MOJENi
iH(EKIIHHOrO  3aXBOPIOBaHHS  Bi  JTOCTiPKEHBb
I''l. Mapuyka Ha OCHOBI TapMOHIHHOIO aHami3y.
JonatkoBo Tpeba BiN3HAYUTH, OO B PoOOTax
I''l. Mapuyka Ta ¥HOro IIKOJIW JiHEAPU30BAHUI
BHITAJIOK 30BCIM HE PO3TIISIAETHCS.
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