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MONITORING SYSTEM OF BIOPHYSICAL PROPERTIES OF THE RED BLOOD
CELLS OF PATIENTS FOR MEDICAL DIAGNOSIS PURPOSES

Modern medical diagnostics is impossible without high-tech means of collecting information about the pa-
tient's condition, in particular, the biochemical properties of blood and other tissues, physiological signals in the
format of time series, and medical images as well. Extensive use of automatic methods of information processing
and decision-making based on mathematical models, expert systems, and artificial intelligence is an integral part of
the tomorrow’s medicine. Such approaches significantly increase the accuracy of diagnosis and the effectiveness of
the prescribed treatment, but this requires the availability of properly structured databases with the results of both
successful / unsuccessful treatments, and a complete set of necessary analyses and tests for each patient. This paper
discusses the most important components of such database and public health monitoring system. The main issues
are the standardization of data format, approaches, methods and laboratory equipment used to unify monitoring,
diagnosis and control over the treatment. The importance of using additional physical parameters of blood cells and
tissues to increase the efficiency of medical diagnostics with artificial intelligence is shown. The sedimentation
curves corresponding to stable normal, stable increased and unstable erythrocyte aggregation rate are given. It is
shown that the time to reach the maximum cell sedimentation rate can be calculated on a 2-phase model of blood
suspension, indicators of which could be accumulated in the database, which will allow the extraction of additional
diagnostic information using novel statistical and mathematical methods. Typical dependences of erythrocyte di-
electric constant curves on temperature for oncology patients are given. It is shown that storage in the database the
values of dielectric permittivity of red blood cells measured at different temperature and frequencies of electromag-
netic fields applied in the dielectrometer, provides significant material for a more detailed study of the patterns of

development of various diseases and finding the most sensitive indices for their timely detection.
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modeling, medical diagnostics.

Introduction

Modern information technologies, statistical
methods of information processing and mathematical
modeling allow processing large amounts of various
medical and biological information for decision making
on the disease severity in a particular patient. It is of
great importance for determination the necessary
treatment, assessing its quality and developing the
rehabilitation and prevention tools after the treatment.
[1-3]. The indispensable information consists of verbal
descriptions of personal data (age, sex, anamnesis,
patient complaints, symptoms), numerical data of
standard test results (histological, clinical and
biophysical tests of blood, urine, etc.), time series
(electrocardiogram, encephalogram, rheovasogram,
etc.), medical images (X-ray and ultrasound ultrasound
images, CT scans, etc.), 3D images (synthesized
replicas of internal organs, bones, dentition, vascular
systems, etc.) and 4D data (deployed over time 3D
images, for example, magnetic resonance MRI data on
blood flow through various vessels, muscle
contractions, movement of heart valves, eyes, etc.) [4].

For better quality and more accurate diagnosis and
control of treatment, the data should be gradually accu-
mulated during the life span of the individual with the

possibility of access to the entire database (DB) of the
patients and the use of information processing systems,
mathematical modeling and artificial intelligence (Al) to
make decisions and organize the process of treatment
and rehabilitation of the patient [5].

The system of accumulation and processing of in-
formation and decision-making is of great importance in
the case of infectious diseases, as indicated, in particu-
lar, by the dynamics of the spread of viral pandemics,
such as COVIDI19. Studies of the cardiovascular dis-
eases, metabolic disorders, occupational and environ-
mental diseases, which are common throughout the
world, but have their own geographical, climatic, socio-
cultural and others specific factors [1].

Cancer may not have any manifestations for al-
most the entire life of the patient, but it suddenly arises
and develops rapidly [5]. For the diagnosis of oncology
the clinical tests on tumor markers (OM) [6], genetic
tests for the presence of relevant mutations [7], as well
as changes in the biophysical properties of blood cells
[8-9] are additionally used. Erythrocyte function is re-
lated to the supply of oxygen and nutrients to each cell
in the internal organs and tissues, as well as the excre-
tion of oxygen dioxide and metabolic products, includ-
ing toxins and products of structural disintegration of
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tumor-infiltrated tissues. Therefore, erythrocytes are the
earliest to experience noticeable changes in their me-
chanical, electrical, magnetic, optical and other physical
properties, even at the early stages of tumor formation
and development [5; 8-9].

The aim of this work is to analyze the physico-
chemical (biochemical and biophysical) properties of
cells and tissues, laboratory tests, technical equipment,
mathematical approaches and software required for
medical diagnostics using the computer-assisted moni-
toring systems (MS) based on multidimensional DB.

Statement of basic materials

Biochemical and biophysical properties
of tissues for clinical diagnosis

The properties of cells of different tissues can be
examined after biopsy that is usually prescribed based
on preliminary biochemical tests, ultrasound, CT, MRI,
angiography and other examinations, while the proper-
ties of blood cells and plasma, urine and other easily
accessible biological liquids can be examined from their
microportions. The concentrations of OM specific to
different types of tumors are important indicators of
their potential development, but there are also other
reasons of their rise (false-positive OM values). Diag-
nostic analysis requires regular data on OM concentra-
tions in time to detect their sustained growth associated
with the development of malignant tumors, not with
physiological processes. Relative high cost of complex
biochemical and genetic analyzes as well as regular CT,
MRI, PET (positron emission computed tomography)
examinations confines permanent storage of such data
especially in the developing countries.

Regular testing and accumulation of information
on OM concentrations in a given patient in the relevant
databases is important for:

— Diagnosis of certain types of tumors, such as
brain, when biopsy is not possible;

— Large-scale population cancer studies, because in
some countries the specificity and sensitivity of some
OMs are higher than in other countries, but detailed
population data for each type of OM are not available,
which requires accumulation more data and its addi-
tional study;

— Detection of recurrences of the disease after
treatment and planning repetitive treatments, taking into
account the dynamics of the tumor's response to previ-
ous treatment;

— Assessment the size and aggressiveness of the
tumor, which correlate with the concentrations of OM,
for appropriate individual treatment scheduling.

The above listed components are important for
both population and personalized medicine. Such stud-
ies may be conducted in the near future using nanofluid
immunoassay technologies, lab-on-a-chip and lab-on-a-
disk techniques, which cost gradually decreases [9].

Recent studies have shown, the biophysical prop-
erties associated with the tumor microenvironment are
important modulators of cell behaviour and function
[10-11]. In particular, the adhesion and mechanical
stiffness of the cells are important during carcinogene-
sis, as they seriously affect the ability of the tumor to
spread in the tissues and form metastases in new loca-
tions.

The rigidity of the extracellular matrix (EM) af-
fects the ability of cells to separate and be transported
with the blood flow [12—14]. Measuring the stiffness of
EM or tissue is an important diagnostic component for
cancer detection. The cancer-produced changes in the
properties of EM persist for a long time and have less
individual heterogeneity compared to protein or genetic
markers, therefore, they are more reliable for diagnos-
tics than OM. On the other hand, the study of proteins
or transcripts associated with kinase gives an early con-
cept on the potential transition of cells to metastasis.
Colocalization of the factors of transcription such as
YAP / TAZ [12], makes it possible to determine
whether cells undergo metastatic changes. Thus, the
biophysical properties of the tumor microenvironment
are important markers for early diagnosis of cancer [4—
5;9; 15].

Biochemical analysis of blood samples remains the
simplest way to test the concentrations of various sub-
stances, such as OM, products of tumor metabolism and
structural disintegration of the tumor-infiltrated tissues.
These changes also affect the mechanical and biophysi-
cal properties of red blood cells (RBC), such as their
adhesion coefficient o, aggregation capacity @, elec-
tric charge ¢, electric conductivity o, dielectric per-

mittivity € and others. Due to complex measurement
technologies, in laboratory these properties are estimated
indirectly, by measuring the erythrocyte sedimentation
rate (ESR), electrophoretic mobility (EPM), absorption of
electromagnetic energy, etc. [15]. These tests do not re-
quire complex measurement techniques, but the process-
ing of the measured values requires appropriate mathe-
matical models that allow quantitative estimations of the
physical properties (oo, ®, g, G, €, ...) of the cells
based on the measured EPM in the electrophoretic de-
vice or on the ESR in the diluted erythrocyte suspen-
sion. The mechanical properties of blood cells can be
studied in microfluidic devices that are not used in eve-
ryday laboratory tests yet. The microfluidic techniques
measure the modulus of elasticity (Jung) £; and vis-

cosity (fluidity) p 7 of the cells, which are very impor-
tant for the cancer diagnosis [10—12].
Components of DB and MS

Personal information on the patient is introduced
into the DB by the doctor / laboratory assistant (Fig. 1).
Then doctor prescribes the medical examination, which
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includes biochemical, physiological, histological and
other laboratory tests (LT) in the form of time series, 2D
and 3D images, or 4D spatio-temporal information, as
well as the physical parameters measured on blood cells
or tissue samples (ESR, EPM, etc.). The preliminary
diagnosis is also introduced into the DB formed by in-
formation from other patients. The knowledge database
(KDB) contains modern information on diseases and
their symptoms. Then the encoded anonymous informa-
tion is stored in the general DB and sent to the block of
statistical analysis, processing and interpretation of re-
sults on the basis of the corresponding mathematical
models and KDB. The time series and medical images
are automatically studied to identify specific patterns
proper to the preliminary diagnosed disease / impair-
ment and the results are sent to the doctor and DB.
Based on new data, doctor confirms, clarifies or changes
the preliminary diagnosis and determines the therapy or
surgery recommended. At the same time, the results of
the analysis are sent to the patient's DB, KB and for
training of one of the available Al specified on the rec-
ognition of a specific disease/disorder. The diagnosis
and recommendations of the Al and doctor are com-
pared, stored and used for the treatment of the patient,
further teaching of the Al and replenish personal DB
and KDB (Fig. 1).

Personal patient DB
Patient DB
—| Knowledge
base

Doctor
;
J Prescribed [ ! Statistical ‘
\

Expert system treatment ‘ analysis
Current

[
AT training control |

| ! |

The results

System
| of treatment “_ patterns

- - J

Mathematical
modcling ‘

Fig. 1. Components of MS, processing and output
of diagnostic information

If necessary, the foregoing steps are repeated in the
form of iterations to improve the diagnosis, treatment,
rehabilitation and further maintenance of the patient's
health, which leads to replenishment of DB and KDB,
increase the accuracy, efficiency and sensitivity of Al,
comparison of the effectiveness of different types of Al,
as well as the expert system (ES) for decision making.
The ES works independently of the doctor on the basis
of DB, KDB, Al and current information from the pa-
tient. The use of such an approach (Al + expert-in-the-
loop) has already shown its advantages in diagnoses
compared to a doctor or even to a group of experienced
international experts. Large-scale randomized trials
have shown higher accuracy of Al in fast diagnosing

lung cancer, skin cancer, and a number of other diseases
compared to the results of a slower work of a team of
>100 best medical experts from different countries (see
literature review in [4-5; 10]). Al also demonstrated its
ability to develop reliable diagnostic criteria for cancer
recognition based on the learning sequences of medical
images. The physical parameters of the RBC, biological
liquids and tissues could also be analysed by Al to-
gether with 2D, 3D and 3D medical data that increases
the reliability and sensitivity of the ES, and decreases
the costs of the medical examinations needed.

Now many of the physical parameters of cells and
tissues are studied in research laboratories only, and the
corresponding indexes could be proposed for medicine
after thorough validation. The history of medicine
knows many examples when quite complex mathemati-
cal indicators, such as heart rate variability (HRV), heart
entropy or heart rate, fractal dimension and Lyapunov
exponent of a physiological signal, its energy density at
low and high frequencies, intensity of the propagated
and reflected pulse waves, etc. [1-3] became and inte-
gral part of the routine diagnostic practice of specialized
hospitals. Such parameters can be crucial in correct di-
agnostics and prescription of therapy or surgery for de-
cision-making by ES.

Physical characteristics of cells and tissues
in medical diagnostics

Physical properties of blood samples, blood cells
and other tissues are widely used in medicine. Some of
them are measured directly (blood cell concentrations,
blood viscosity, plasma viscosity, etc.), while others can
be indirectly estimated from the measured integral pa-
rameters, which depend on their physical characteristics.
The latter needs the corresponding mathematical formu-
las, which are obtained empirically or from appropriate
mathematical models. For instance the ESR value or
sedimentation curves measured on the RBC, platelets
and other cells settled in a tube can be used for quantita-
tive estimation of their oo, ®, ¢, o and & values.

Measured EPM or magnitophoretic mobility of the cells
as integral parameters can be used then for estimations
of their ¢ and magnetic moment.

Some of these tests are widely used in everyday
clinical practice in many countries (such as ESR, EPM),
others are specific for some countries or have different
standards for the test conduction. For example, the ESR
test is performed in the USA and Europe in different
ways. The samples of arterial or venous blood, the ver-
tical or inclined sedimentation tubes of 10-30 cm long
and 1-3 mm in diameter, the test duration 1-3 hours, in
a gravity field or in centrifuges (tests Westergren, Win-
trobe, Panchenkova, etc.) can be used. Despite some
correlations in the results of ESR and other tests per-
formed by different methods, for the purposes of devel-
opment of a generalized DB and MS which allow data
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processing, elaboration and acceptance of appropriate
standards for each medical test, for the physiological
data in the form of time series and for medical images
are necessary.

The most important physical properties that could
be also essential for Al are listed in Tabl. 1. All indica-
tors are scalar values; many of them depend not only on
the physiological condition of the patient (sick or not),
but also on the shape and size of cells or tissue sample,
temperature (of the body or in the laboratory condi-
tions). In addition, all indicators were calculated during
the registration of certain dynamical processes: move-
ment, rotation, orientation, and oscillation of the sample
components, which are time-dependent. Even the sim-
plest ESR test can be recorded as a sedimentation curve
rather than a scalar 1-hour index.

Table 1
Values of physical quantities of blood parameters
that can be used for medical diagnostics and learning of Al

Description Des.lgna- Units Typical
tion values
Hematocrit Ht % 3648
Erythrocyte concentration C. I (3.9-5.5)-10"
Average erythrocyte vol- V. mm’ 75-122
ume
Membrane thickness Die nm 6.5-9.2
The modulus of elasticity E. Pa 12-498.2
of the erythrocyte and its E,. 15.7-623
membrane
Poisson's ratio of erythro- v - 0.45-0.5
cyte and its membrane ¢ 0.4-0.48
Ve
Blood density Op g/cm’ 1.048-1.066
Blood viscosity W cP 3-223
Blood plasma viscosity Hpp cP 1.1-1.7
Electric charge of erythro- C mV 15-25
cytes (zeta potential)
Magnetic moment of M CGS (3.64.4)-10"
erythrocytes
Electrical conductivity of kO S/m 0.5 (LF)
blood 9-10° (HF)
ke

Electrical conductivity of kO b S/m 1.2 (T=24°C)
blood plasma P
Electrical conductivity of k 0 S/m 5-10”
erythrocyte membranes m
Electrical conductivity of k S/m 0.5
the cytoplasm 0,cyt
Dielectric permittivity of g -
erythrocytes at 7=36.6°C, 63.6-67.6
=100 MHz [18]
Dielectric permittivity of g -
erythrocytes at 7=36.6°C, 52.4-60.9
/=1000 MHz [18]
Dielectric permittivity of g -
erythrocytes at 7=36.6°C, 50.2-59.5
/=2000 MHz [18]

"LF — low frequencies, HF — high frequencies

Fig. 2 shows the RBC sedimentation curves 4(f) of
different types measured in the vertical tube in the cen-
trifuge [16]. They have the same 1-hour index (meas-
ured at ¢ = 60 min, Panchenkov's method), but exhibit

different dynamics at <60 min, as well as different sca-
lar indicators at # = 120; 180 min (Westergren and Win-
trobe methods). Curves 1, 2, 3 correspond to a stable
increased, stable normal and unstable erythrocyte ag-
gregation rate accordingly. Thus, curve 1 quickly
reaches a constant value and the ESR 1-hour index is
reliable for clinical diagnostics. The stepwise curve 2 is
unstable and, therefore, the 1-hour index is unreliable.
Curve 3 demonstrates a slow initial sedimentation with
its sudden acceleration after ¢ = 60 min, so that at =120
min the scalar index may exceed the one in the curves 1
and 2. Thus, in this case, the 1-hour ESR is erroneous,
and the sedimentation curve could be used as complex
integral information for more precise diagnostics. Addi-
tional indexes like maximum sedimentation rate time(s)

*
t; can be calculated from the curves based on a proper

mathematical model of blood as a multiphase suspen-
sion (cells + plasma) [15]:

sr 0.6
1 -1}, @
( +13.5(1—Ht)3'5J M

where T' is the RBC aggregation rate, which is an im-
portant indicator of the suspension stability of the blood.
In that way, (1) allows calculating " on the values

* 1
! =
I'Ht

of hematocrit Ht and t; . If not only the standard 1-hour

ESR index, but the curves A(f) are accumulated in the
DB, additional valuable diagnostic information from the
curves can be extracted with sophisticated statistical
methods and mathematical models.

Y h(cum)

[ ]

5 5" t{min)

Fig. 2. Sedimentation curves 4(f): ¢ — (1), s—(2)
and stepped (3) types; the values of z,-* correspond
to the local maximum velocities (adapted from [16])

Analogously, the EPM measured on individual
cells suspended in the saline or more complex solutions
in a constant electric field £ of the capacitor can be con-
sidered as an integral diagnostic parameter. The meas-
ured velocity U of the movement of the cells to the elec-
trode can be calculated by the model of a charged spher-
ical particle

U

epm =Y % Q)
E 4nuf
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where ¢ is the dielectric permittivity of matter between
the electrodes, p o is the viscosity of the solution, { is

the electric potential (zeta-potential) of the surface that
separates the ions absorbed by the cell surface from the
free ions of the solution. Formula (2) allows calculation
of £ as an important diagnostic value from the meas-

ured EPM data. In this case registration of the dynami-
cal curves EPM(?) instead of a constant EPM value will
allow obtaining more diagnostic information from the
same set of measurements. In addition, conducting the
electrophoretic mobility test in the external electric
fields with different intensity and space distribution,
will allow calculating the coefficients of inertia of the
cells and visco-elasticity of their internal nuclei, viscous
resistance forces for their translational, rotational and
oscillatory motion. When the EPM test is conducted in
the crossed electric and magnetic fields, the magnetic
moment of the cells can be computed based on the cor-
responding mathematical model [15]. Therefore, valu-
able diagnostic information for the DB could be ob-
tained at the expense of a small complication of stan-
dard medical tests.

Besides, the complex dielectric permittivity of
cells e =¢'+i€", cell suspensions and tissues, where the
real part €' is the dielectric permittivity, and &" is the
dielectric energy loss in the material, as in an imperfect
dielectric, where &' =¢'(0,T), &"=¢"(®,T), where ®
is the frequency of the external electromagnetic field, T
is the temperature, can be used for Al teaching in ES.
Al was even able to predict stroke based on the retina
images of healthy individuals [17].

In the presence of tumors, myocardial infarction,
stroke and a number of other diseases associated with
significant changes in the composition of tissue fluid
and blood plasma, noticeable variations in o, @, ¢,

o, and ¢ values of RBC and plasma could be detected
at the early stages of the disease development. Under
such conditions, electrical and mechanical properties of
RBC are most sensitive to biochemical changes caused
by the disease. As a result, the typical dependences
g'(T) and &"(T) at o=const differ in healthy volun-

teers and patients with cancer (Fig. 3) and some other
diseases [4].

The dielectric parameters of cells change at each
temperature T €[0;54°C] due to gradual denaturation
of the proteins composed the cells. Similar dependences
were found for patients with hemorrhagic and ischemic
stroke, in cancer patients before and after radiation ex-
posure [4]. It is worth noting, Interestingly, after the
corresponding anticancer therapy and with successful
recovery the curves &'(T), €"(T) shift towards the

normal values proper to healthy individuals.

60
55
30
4
My
33
30
2
2

15 1 1 | 1
]

5 10 15 20 25 30 35 40 45T°C

Fig. 3. Dependencies €'(T) and &"(T) of erythrocytes
in healthy donors (1), patients with breast cancer (2)

and lung cancer (3) on a frequency of dielectric
permittivity 9.2 GHz (adapted from [18])

In that way, storage the curves ¢ =¢'(o,T),
¢"=¢"(w,T) were measured at different frequencies of

the external electromagnetic field in a dielectrometer [4;
10; 18], provides significant material for more detailed
diagnostics of diseases and elaboration of the most sen-
sitive indexes for their early detection. The extended
BD with medical information in the form of temporary,
temperature, and other dynamical curves increases the
amount of useful information for disease diagnosis and
control of the treatment quality.

Conclusions

Thus, the extended DB and MS accounted for not
only standard clinical information, tests and indexes but
also various biophysical parameters of RBC, blood and
other biological liquids, especially their mechanical and
electromagnetic properties can be efficiently used for
permanent automatic monitoring of human health based
on the results of statistical analysis of medical informa-
tion from the patient's personal DB, numerical estimates
based on appropriate mathematical models and KDB, as
well as the use of Al. In addition, the accumulation of a
general DB within the community, region, state, or
country provides an opportunity to better understand the
peculiarities of the development and treatment of dis-
eases in close connection with geographical, climatic,
ecological and other pecularities of the region / country.

It is especially important to develop common stan-
dards for all medical tests / examinations to be stored in
the DB for both current and future usage. The main is-
sues are the standardization of data format, approaches,
methods and laboratory equipment used to unify moni-
toring, diagnosis, therapy/surgery prescription and con-
trol over the treatment and rehabilitation. Only under
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such conditions the statistical data analysis and Al will ising concept for future population and personalized
produce reliable decisions within the total MS. The A+  medicine.
expert-in-the-loop approach in the MS is the most prom-
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CUCTEMA MOHITOPUHIY BIO®I3UYHUX BJ'IACTVI__BOCTEVI EPUTPOLIUTIB KPOBI MALIEHTIB
AnAa Unen MEOUYHOI OIATHOCTUKU

JI.B. Batiok, H.M. KisiioBa

Cyuacna meouuna Oia2HOCMUKA HEeMONCIUBA Oe3 GUCOKOMEXHONO2IMHUX 3aco6ie 300py ingopmayii o cmani nayicnma,
30Kpema, OIOXIMIYHUX 61acmu8ocmell Kposi ma [HuUX MKAHUH, Qi3iono2iuHux cueHanie y gopmami 4acosux psaois, a makoic
MeouuHux 300pasicens. LLupoke BUKOPUCMAHHA ABMOMAMUYHUX MemOoOi8 00pobKu iHopmayii ma npuiHAmmsa piuieHs Ha
OCHOBI MameMamuyHux mooenel, eKCHepmHUX Cucmem, WMy4Ho20 IHmMeneKnmy ma iH. € Hei0 €EMHOI0 CKIAO080I0 CYYACHOT
meouyunu. Taxi nioxoou 3nauno nioGUWYIOMb MOYHICMb OIACHOCMUKY MA epeKmUHICMb NPU3HAYEHO020 NIKY68aHHA, ane O
Yb020 NOMpIOHA HAAGHICMb GIONOGIOHO CMPYKMYPOBAHUX 0a3 OAHUX 3 NONEPEeOHIMU pe3VyIbmamamu AK YCRiuHoz2o /
HeYCniuHo20 NIKY8aHHs, MAK i NOGHUM HAOOPOM NOMPIOHUX AHANI3I6 Ma mecmis Ol KOJHCHO20 nayienma. B oawniui pobomi
002060p10I0MbCA HAUOINLUL 8ANHCIUET CKIAO08I 6a3U OAHUX MA CUCTNEMU MOHIMOPUHEY CINAHY 300p08 'a HaceneHHs. 1 0108HuMU €
numanns, cmanoapmuszayii gopmamy oanux, nioxooie, Memooié ma UKOPUCMAHO20 1a6OPaAmMopHo20 0OaaoHanHs Ons yHigikayii
MoHImopuney, OiazHoCmuKu ma KOHmponio 3a aikysaunam. Ilokazamna eadiciugicms 6UKOPUCMAHHA O000AMKOGUX (Di3uyHUX
napamempie Kuimun Kpogi ma MKAHuM OAs NiOSUWeHHA epeKmusHoCmi mMeOuyHoi 0iaeHOCMUKU 3d 0ONOMO2010 UIMYYHO20
inmenexmy. Hasedeni cedumenmayitini Kpusei, sKi 6i0noeioaromv CMAOIIbHIL HOPMANLHIN, NIOGUWEHIll ma HecmAabinbHill
weuokocmi azpezayii epumpoyumis. Tlokazano, wo uac 00CASHEeHH MAKCUMATbHOL WEUOKOCMI OCIOaHHs KAIMUH Modice Oymu
obuucienuli 8 pamkax 2-gaznoi Mooeni Kposi, NOKA3HUKU Kol 6y0ymsb Hakonuuyeamucs 6 6azi 0aHux, wo 0acmv MONCIUBICTD
BUTYUEHHST 000AMKOG0T OiaecHOCMUYHOL IHopMayii 3a 00NOMO20I0 HOGUX CMAMUCMUYHUX Memooi6 ma MameMamuyHux
moOeneu. Hagedeni munogi 3anexcnocmi OiereKmpuuHoi npoHuKHOCmMi epumpoyumie 6i0 memnepamypu O OHKOAOIUHUX
xeopux. Ilokazano, wo 30epicanns 6 0a3i Oanux 3anexchocmeil OieleKMPUYHOI NPOHUKHOCI KIIMUH Ma MKAHUH 8i0
memnepamypu, AKi Oyau GUMIPAHI HA PIZHUX YACTNOMAX, HAOAE 3HAYHUU Mamepian 01 Oitbul O0emanbHO20 BUBYEHHS
3aKoHOMIpHOCHEll PO36UHEHHS PI3HUX X60POO MA NOWLYKY HAUOINbIW YYMAUBUX NOKAZHUKIE O IX CBOECUACHO20 BUABNEHHSL.

Knrouosi cnosa: cucmemu monimopuney, 6asu oanux, nputinamms piuiens, bioghizuxa, epumpoyumu, mamemamuine mo-
0eN08AHHS, MEOUUHA OIA2HOCMUKA.

CUCTEMA MOHUTOPUHI'A BUODU3NYECKUX CBOVIPTB SPUTPOLMTOB KPOBU NALUUEHTOB
anAa UENEU MEOMUMHCKOU OUATHOCTUKHN

JI.B. batiok, H.H. Kusuiosa

Cospemennas MeOUYUHCKAas OUASHOCMUKA HEBO3MONCHA Oe3 BbICOKOMEXHOIOSUUHBIX cpedcms coopa ungopmayuu o co-
CMOSIHUU NAYUEHMA, 8 YACMHOCIU, GUOXUMUYECKUX CEOUCME KPOBU U OpPYeUX mKanell, u3UoI0SUYecKux CUsHAN08 6 opmame
BDEMEHHBIX PAO08, A MaKdHce MeOUYuHCKUx usobpaxcenuil. Lllupokoe ucnonvzosanue asmomamuyeckux mMemooos oopabomxu
uHopMmayuu U NPUHAMUSL PEeUenUsl Had OCHO8Ee MAMEMAMUYECKUX Mooeell, IKCNEPMHbIX CUCTEM, UCKYCCIMBEHH020 UHMEIeKMa
U Op. A6NIAEMCA HEOMbEMAEMOU COCMABIAIOWel CO8peMeHHOU Meduyunbl. Takue nooxo0bl 3HAYUMENLHO NOBBIUAIOM MOYHOCTb
OUACHOCMUKY U P PEKMUSHOCMb HAZHAYEHHO20 AeHeHUsl, HO OISl IM020 Mpedyemcsi Haniuyue COOMEenCmeeHHO CIMPYKMypupo-
6AHHBIX 6A3 OAHHBIX NPEOULECMBYIOWUX PE3VIbIMAMO8 KAK YCHEUWHO20 / HeYCREeUWHO020 NeYeHlUsl, MAK U NOJH020 HAOOPA HYJICHbIX
AHATU308 U TMeCMO8 OISl Kadcdo2o nayuenma. B oannoii pabome obcysicoaromes naubonee sadicHvle cocmagisirowue 6asvl 0aH-
HbIX U CUCMEMbl MOHUMOPUH2A COCMOAHUSL 300P06bsl HaceNeHus.. [ 1asHbiMu AGNAI0OMCs 60NPOCHl CManoapmusayuu gopmama
OAHHBLX, NOOX0008, MEMOO08 U UCHOIb30BAHHO20 AAOOPAMOPHO20 000PYI06AHUs 0Nl YHUDUKAYUU MOHUMOPUHEA, OUASHOCIUKU
u xoumpons 3a nevenuem. Ilokazana 6ajicHOCHb UCNONIL308AHUS OONOIHUMENLHBIX PUIULECKUX NAPAMEMPO8 KIeMOK KPOsU U
mKaneil 0/ NOGbIULeHUsL YD PEKMUSHOCU MEOUYUNHCKOU OUASHOCIMUKU € NOMOWbIO UCKYCCmeenHo20 unmeniekma. Ilpugedenvi
CeOUMeHMAayUoHHble Kpugble, COOMEEMCMBYouiue cmabuibHOU HOPMATbHOU, NOBBIUEHHOU U HeCIAOUTLHOU CKOPOCmU azpe2a-
yuu spumpoyumos. Ilokazano, ymo adiCHvll OUASHOCMUYECKUL NApamMemp — 6pems OOCMUIICEHUsT MAKCUMALIbHOU CKOPOCMU
ocedanust Kiemox, Modicenm Oblnb GbIMUCIEH 8 PAMKAX 2-(ha3Holl MOOenu KPOosU, NOKA3ameau Komopou 0yO0ym HaKaniueamocs 6
base OaHHbIX, MO 0ACH 803MOICHOCHb NOLYYEeHUs. OONOIHUMENbHOU OUACHOCMUYECKOU UHPOPMAYUYU ¢ NOMOWbIO HOBIX CMA-
MUCIMUYEeCKUX Memo008 u mamemamuyeckux mooenei. [Ipueedenvt munuunvie 3a8UcumMocmu OUdJICKMPUYECKOU NPOHUYAEMO-
CMu dPUMPOYUMO8 Om MemMnepamypbl 0Jisi OHKOJO2UHECKUX OONIbHbIX 8 CPAGHEHUU C KPUBLIMU O/t 300P08blX ucnvimyemuix. I1o-
KA3aHO, Ymo XpaneHue 6 6aze OAHHbIX 3A8UCUMOCHIEN OUINEKMPULECKOU NPOHUYAEMOCIU KIeMOK U MKAHel om memnepamypol,
U3MEPEeHHbIX HA PA3HBIX Yacmomax, npeoocmaegisiem boeamoiti mamepuai 0isi 60jiee 0eMalbHO20 U3YYeHUsT 3AKOHOMEPHOCTel
Pa3eumMust pasiudHbLX 3a60J1e6aHULL U NOUCKA HAUDOee Yy8CMEUMENbHbIX NOKazameell 05l UX C80eBPEMEHHO20 OOHAPYICEHUSL.

Kniouesnvie cnosa: cucmemvl MoHumMopunea, 6a3vl OaGHHbIX, NPUHAMUE pewenull, buopuauKa, SpUmpoyumel, Mamemamu-
yecKoe MOOeIUPOBanue, MeOUYUHCKASL OUASHOCTUKA.
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