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Abstract. This paper studies the model of blood cgulation in human lower
extremities by Penkovsky and Korsakova. To more prasely study the dynamics,
the common case of a mathematical model was congidé without neglecting ves-
sel elasticity, and taking into account different ascular conductivity. The model
was adapted to new conditions by taking into accouradditional factors and add-
ing new variables. The analogy between the mathenieal model and the mathe-
matical elastic-filtration hydraulic seam fracture model is emphasized. The
mathematical apparatus for hydraulic flow design isalso applicable to the de-
scription of blood flow. The important role of postive solutions was taken into
account in the model. Such characteristics as vadem wall resistance, blood
speed and pressure, speed and pressure profiles,damuscle pump performance
speed do not involve negative solutions. It is cittal to understand the physical
sense of the values of variables in terms of the wel, using physiologically cor-
rect data and to obtain realistic and applicable reults for further forecasting and
optimization and for the use of positive solutionproviding more stable and effi-
cient computations. A solution for such a model mdtication can be used for de-
bugging and testing numerical methods, without a dect physiological analogy.

Keywords: blood circulation in human lower extrapst positive confluent holo-
morphic operator groups; Sobolev type linear equadi positive solutions.

Setting up a problem

While preserving succession with the previous stsiffi], the focus of researchers' attention for the
recent years has come back to the positivity ofatpe semi-groups, and to physically significantdno
els, arising from the certain applications for gigsi solutions of operator equations [2—4]. Indezsla
rule, we mean the absence of physical sense whaeagére negative or imaginary values of the vari-
able concerned, which should be positive by sensmber of people, material volumes, amount of
fluid, speed, pressure, market trends forecastingcanomic processes simulation, population theory,
fragmentation processes, linear transport theangtic theory, birth and death rate-like systens, e

It should be noted that the line of papers deswgild new liquid filtration model, the model of
blood circulation in human lower extremities, isadable for today. Let us enlarge on the paper in
which it is represented. Namely, the paper [5] dbes the mathematical model of blood circulation i
human lower extremities, based on laws of motidtrgfion) and viscous fluid preservation in hetero
geneous medium:

ki — ap -
dAp =g 20 =12 1
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where g =?j—m, A, p, k, u are compressibility coefficients of the embeddeedia pore space

(vascular network elasticity), laplacian operajmessure, media permeability and fluid viscosigy, r
spectively.

By the embedded media, the authors [5] mean tlegi@rmedium and the venous medium. Their
pore space is composed by vessels of various deappedviding blood overflow: numerous arteries and
numerous small capillaries, passing into largenseSpeed of blood overflow in vascular beds is pro
portional to the pulse pressure, blood overflowt uniumes in vascular systems are preserved, $pecif
cally, due to capillary exchange between media. Mbdel characteristics are their vascular conductiv
ity and elasticity.

The authors of the aforementioned paper earli@aredf a model of closed blood circulation in hu-
man brain tissues [6]
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based on solid heterogeneous porous medlum metBaodd¢inuing such reasoning, we can draw some
analogy of the concerned mathematical model ofdlkcculation in human lower extremities with the
mathematical elastic-filtration hydraulic seam ftee model is emphasized

op_ 0 _ _

ar ﬂaT(AP) Ap, p, = p—nAp.

The relatively large vessels (arterioles) shouldtesidered as a sparse system of rather large fis-
sures; and small capillaries, passing into largéns; should be considered as a system of finalgyso
units. Increase in total volume of fractures lemddecrease in units porosity (condition of porluntes
strain compatibility), which causes the media peilgéy value change. In totality of the aforemen-
tioned, we have an equation similar to the diffitgiequation, describing the elastic filtration neod

The authors, V.l. Penkovsky and N.K. Korsakova ioleteh the time-periodic problem solution
without initial conditions for the system of difeartial parabolic equations, corresponding to hafmon
vibrations, determined by cardiac rhythm. They fb@amalytical problem solutions, having considered
the particular cases: 1) with permanent muscussué section area, proportional to specific flows a
overflow values (gravity was absent); 2) at rigidda of blood circulation in arterial and venous $ed
with the bent section function (zero arteriole ttity). They provided the numerical solution ofth
one-dimensional problem, aligned with the resuitamalytical solutions.

Unlike the authors of the initial paper, for moseaet study of the dynamics of process of blood cir-
culation in human lower extremities, we plan coasity the mathematical model in common case,
without neglecting vascular elasticity and vari@ascular conductivity; in addition, the ambitiouarp
is to take into account the gravity further. Furthewill be also possible to analyze the modethwie-
gard of adding the following important physiolodigamrameters: vessel resistance, volumetric blood
flow, gas and nutrient metabolism, and to checkntloelified model against experimental data or real-
time observations for efficiency confirmation.

Modified blood circulation model

There exist the sufficient number of the one-dinems haemodynamics model modifications.
Both earlier and existing models and the model lickvthis paper is dedicated, are based on real-tim
measurement data or physiological data close to.tBéood pulsation in veins, vascular wall resis&n
speed and pressure in them, speed and pressuitenoiuscle pump performance speed, blood circula-
tion volume, other parameters and haemodynamidfignce indicators do not involve negative val-
ues. The mathematical apparatus for modelling Bystgsing these characteristics, in their extraaigin
majority as a result also involves non-negativesifpee) solutions.

Let us consider the system arising from (1), asegrtiiat arteries and veins have various elasticity
and vascular conductivity:

_Loh 1 a( oh, )
ﬂlat o 2% =nn- b

_ 5*1;
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Without regard of the vessel joint deformation atod, the system below is subject to linearization

_dmla(pa—pgz)Jrl( o~ pgzj Z((2)6( R- pg)Zj @ -,
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Let us take into account the transformation of raquiirmeability value. Let us emphasize that the
porosity change is low compared to initial valuasg the permeability value varies significantlyoAd
with that, blood pulsations in veins are negligibtenpared to pulsations in arteries, so it is irtggarto
provide physiologically correct pressure drop bemvéhem as well. Taking the above into considera-
tion, we will receive the following system:

19 o(pa—-P99\_a ,
s(z)a_ s(2 3 j——bu(% R),
_dm,o(p,-p99 __a . _

an, T —Iﬁﬂ(loa P).

Indices 1 and 2 will indicate the parameters indghgironment of arteries and veins, respectively.
The, the modified model in initial designationsiMglok as follows:
k a
jApa =;(pa— R,

0 a
A= (Pam ).
Conclusion

Such model adaptation with the set limit and ihitianditions, not inconsistent with reason, and set
ting the limited range of parameter values, safehtonan body, reinforces the significance of pesiti
solution methods development. Requires representdti the form of the Sobolev type equation.
Claims further research in the issues of optimaltp@ decision management. Such solution may have
no direct physiological analogy, but it can be ukecumerical methods debugging and testing.
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Amnnotanus. [IpencraBineHo uccieaoBanue MOIUGUKAIIUUT MOJEIH IUPKYIISIUU KPOBH B HUKHUX
KoHeuHOCTsIX yenoBeka B.M. IlenskoBckoro, H.K. Kopcakoroii. C menbro 6051ee TOYHOTO HCCIICIOBAHMS
JIMHAMHKY TIpoIlecca pacCMOTpPEH OOIIMiA clydyail MaTeMaTH4eCKON Mojenu: 0e3 MpeHeOpeeHUs 3iia-
CTUYHOCTBIO COCYJIOB, a TaK)K€ BKJIIOUas BO BHUMAaHHE Pa3HYI0 IMPOBOAUMOCTb UX pycen. Amantanus
MOJIEJTM K HOBBIM YCIIOBHSIM IPOM3BEACHA ITOCPEACTBOM ydeTa JOTOJHHUTEIHHBIX (haKkTOpOB, moOaBie-
HUS HOBBIX INepeMeHHbIX. [lomdepkuBaeTcss aHAIOTHS paccMaTpPHBAeMON MaTeMaTHYeCKOW MOJENH C
MaTEeMaTHYECKOW YyMPYyro-QUIbTPAIIMIOHHOW MOJICNIBI0 THIPABIMYECKOrO pa3phbiBa IacTta. Pa3BuThd
MaTeMaTHYeCKUil ammapar MOJEIHPOBAHHUA THAPOJUHAMUYECKUX TE€YCHWH MPUMEHHUM H K OIHCAHUIO
KpOBOTOKA B cocydax. [Ipm manHON MomuduKaluyu MOAETH yYTeHa OONbIIas poiib TO3UTUBHBIX pelle-
Hui. Takue XxapakTepUCTUKH, KaK MyJbCcallud KPOBU B BEHAX, CONMPOTHUBIICHUE CTEHOK COCYAOB, CKOPO-
CTH ¥ JIaBJICHUS B HUX, IPOQWIH CKOPOCTEH M JaBJICHUH, 4acTOTa paOOThI MBIIIIEYHOTO HACOCA HE TO/-
pa3yMeBarOT OTPUIATENIFHOTO KOHTEKCTa pemieHni. BaxxHO OHNMAaTh, KaKoB (PM3WYECKUI CMBICI 3Ha-
YCHUI TICPEMEHHBIX B paMKaX KOHKPETHOW MOJEIHU, UCTIONh3Yys (PU3UOJIOTUIECKH KOPPEKTHBIC aHHBIE,
MOJIy4aTh PEATUCTUYHBIC U MPUMEHUMBIC PE3YIbTAThI JJIs NaJbHEHIIEr0 MPOrHO3UPOBAHUS U ONTHUMHU-
3alliM, a PU UCTIOJIh30BaHUH IMO3UTHBHBIX pelleHni — obecreunBath Oosee crabuibHbie H 3)(HeKTHB-
HBIE BRIYUCIEHUS. Perenue s nogo0HoNH Moan(uKanuy MOAETH MOKET OBITh MCIIOB30BAHO IS OT-
JIAJIKU ¥ TECTUPOBAHUS YHCICHHBIX METOJIOB, IPU OTCYTCTBUHU NPSAMOI (PH3UOIOTrHUECKON aHATIOTHH.

Kurouesvie crosa. yupkynayus Kposu 8 HUNCHUX KOHEUHOCHAX 4el08eKd; NO3UMUBHbIE 8bIPONCOEH-
Hble 20I0MOp@HbIe SPYNNbL ONepPamopos; JuHelinble YPaeHeHus coO0Ie6CK020 MUNA;, NOUMueHbvle pe-
wieHus.
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