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QUANTITATIVE EVALUATION OF THE ABSOLUTE VALUE OF THE CEREBRAL BLOOD FLOW
ACCORDING TO THE SCINTIGRAPHIC STUDIES WITH *"Tc-HMPAO™

Background. Represented by physical and mathematical model of cerebral hemodynamics, considered as a flow system.
Objective. Development of cerebral blood flow quantification procedure according to scintigraphy data with ®™Tc-
HMPAO.

Methods. Analytical, numerical and experimental study of the kinetics 99mTc-HMPAO in brain.

Results. For the purpose of quantitative assessment of volumetric cerebral blood flow according to the data of scinti-
graphy with ®"Tc-HMPAO, it was suggested to view the brain as a flow system. This allows calculating volumetric
cerebral blood flow after numerical determination of the model parameters according to the results of indirect an-
giography and establishment of effective blood dilution volume in brain using single-photon emission-computed to-
mography. In this case, the suggested blood flow calculation procedure does not require any a priori knowledge of
hemodynamics in a certain reference area.

Conclusions. Preliminary clinical studies allow characterizing the suggested approach to calculation of volumetric

cerebral blood flow absolute values as appropriate.

Keywords: brain; perfusion; cerebral blood flow; mathematical modeling; *"Tc-HMPAO; SPECT.

Introduction

Insufficiency of cerebral blood flow and hemo-
dynamic supply of brain functional structures [1] is
the factor underlying many pathological processes
in brain. The methods used for evaluation of effec-
tive cerebral blood flow and perfusion include scin-
tigraphic studies, in particular, indirect angiography
and single-photon emission computed tomography
(SPECT) [2]. Radiopharmaceuticals (RP) tropic to
fatty tissue, i.e. lipophilic RPs, are frequently used for
this purpose. There are several radiopharmaceuticals
intended for brain perfusion studies, in particular,
drugs labeled with 123-iodine (**I-IMP) and 99m-
technetium (*"Tc-HMPAO and *™Tc-ECD). #™Tc-
labeled hexamethylpropyleneamine oxime (*™Tc-
HMPAO) is the most widely used one. Upon in-
travenous administration, " Tc-HMPAO maximum
penetration into brain tissue occurs during the first
2 minutes, after which it is maintained at perma-
nent level for a long time (with maximum washout
up to 1-2%), which allows visualizing the changes in
brain perfusion clearly.

Multi-compartment (or, to be more precise,
three-compartment) models are used in modeling of
PmTc-HMPAO kinetics in brain [3]. The presented
scheme is described by the system of linear differen-
tial equations
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Here, the coefficients k,, k,, k; are independ-
ent. The coefficient k, characterizing the transition
of hydrophilic condition *™Tc-HMPAO back into
lipophilic one, has the value one order of magnitude
less than other coefficients, which allows neglecting
it. Analysis of the system (1), as well as several em-
pirical regulations, allowed N.A. Lassen and other
authors to draw a relatively simple ratio for calcu-
lation of cerebral blood flow according to SPECT
data [4, 5]:

[ @i/cpa 2
Tl Tva-(C,/C) | "

where C, is the rate of radioactive count in the area
of interest, where the rate of volumetric cerebral
blood flow (VCBF) F; is calculated, C, is the rate
of radioactive count in the reference area, where
VCBF is known in advance and equals to F,, o is
empirical coefficient. In majority of cases, o is taken
equal to 1.5; nevertheless, several authors mention
that o can vary from 1 to 3.5 depending on the age
and other clinical conditions, e.g. elevated blood
pressure.
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Cerebellum area is selected as the reference
area, where VCBEF is taken equal to 55 ml/min per
100 g of brain [6].

In normal condition, based on literature data and
the authors’ own observations, assessment of effective
perfusion of brain portions versus cerebellum is quite
correct. Nevertheless, in the presence of brain patho-
logical changes, quantitative parameters of brain he-
modynamics obtained based on evaluation of SPECT
images, often do not characterize deviations from the
normal condition. Cerebellum perfusion and cen-
tral hemodynamics may alter significantly based on
the pathological process.

In relation with this, several studies paying at-
tention at this fact attempt to improve VCBF calcu-
lation procedure using scintigraphy data, e.g. [7, §],
or other quantitative characteristics describing the
blood flow indirectly, are used [9, 10]. Nevertheless,
no procedures allowing obtaining absolute values of
VCBEF in brain are described in literature.

Problem statement

Thus, the goal of this study is development of
cerebral blood flow quantification procedure accor-
ding to scintigraphy data with " Tc-HMPAO.

Physical model

In general terms, blood circulation in brain
can be represented as a flow system where fluid in-
flow and outflow equality principle is met (Fig. 1).
In accordance with suggested model, fluid with vol-
ume velocity v and a drug with concentration C dis-
solved in it is supplied to a vessel of volume V with
ideal momentary mixing. A part of the drug is spe-
cifically captured by perceptive superficial elements,
and another part (C °) is eliminated from the system.

v, C

Fig. 1. Brain model as a flow system

Brain volume V is ten times less than the body
volume as a whole. This allows assuming that the
drug concentration C is actually independent of RP
quantity absorbed in the brain. Thus, in case of
PmTc-HMPAO, percentage of its inclusion into the

brain versus the administered activity varies within
the limits of 1.5—6 %, about 2.2 % on average.

The physical model presented can be described
by a system of first-order differential equations:

. dx V)

X E_dt = UZ—Vx—k:Sx, (31)
. dy

y= ar kx, 3.2)

where x — quantity of free (unbound) *"Tc-HMPAO
fraction in the brain, y — quantity of *"Tc-HMPAO
absorbed by brain structures, i.e. captured by fatty
elements, 7 — quantity of " Tc-HMPAO contained
in 1 ml of blood supplied to the brain.

The physical and mathematical model (3) pre-
sented is identical to a multi-compartment model (1).
The difference consists in the fact that the coeffici-
ents k, and k, in (1) are interrelated in accordance
with (3.1). Volume velocity of cerebral blood flow v,
in its turn, can be calculated when v/V ratio and di-
lution volume value V are established.

Analytical solution of flow system model

In brain scintigraphic studies with *™Tc-
HMPAO, model (3) describes the RP kinetics im-
mediately after intravenous administration of the drug
within the first 30—120 s. RP blood clearance since
the drug supply into the brain is characterized by
polyexponential behavior. Preliminary studies con-
ducted have shown that, within 120 s, RP blood cle-
arance assessed via pericardial curve can be descri-
bed by two exponents (Fig. 2) with error not exce-
eding 5—10% since the moment of the drug supply
into the brain. The first exponent with time con-
stant t = 1/k;, is valid during the first 10-30 s, and it
should be interpreted as the drug dilution in circu-
lating blood flow; the second one (t = 1/k;,) gives
essential yield after 20 s and characterizes the de-
crease of blood radioactivity due to the drug cap-
ture by body tissues.

In (z)
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Fig. 2. Biexponential model of PR blood clearance
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Based on the assumption made, RP blood con-
centration will be described by

z=7ge 1 + g0 “4)
At the same time,
Zo = <01t <025
2o =02,

where & can be found from RP blood clearance ac-
cording to pericardial curve.
Then

TZp=20/9

and
o1 = 10(1_1/8)

We should note that establishment of z abso-
lute values, according to planar scintigraphy data,
is impossible due to the absence of information on
the volume of the area of interest in pericardial re-
gion. &, k,,, and k,, are the only measurable parame-
ters.

After introduction of the designation

W=7 &)

and with consideration of (4), (3.1) can be re-writ-
ten as follows:

X = u(zme’k“t +Z0€ oty Wi — kix. (6)
Precise analytical solution of nonhomogeneous equa-
tion (6) is searched in the form:

X=X+X,

where Xx is general solution of homogeneous part
of the equation (6):

X = -Wx —kyx;

X — particular solution of nonhomogeneous equa-
tion (6).

In more compact form, the equations can be
presented as follows:

x = (A, + Ae W 4 ge7Ril 4 Ao (7.1)

(A;+Ay) sk
=k 1 2 ( I
y 3[(W+k3)(e )

s gty g e‘k”’)J, (7.2)
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where
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(kW k) (7.3)

vz, = D. (7.4)

Identification of the model parameters

During the brain scintigraphy, the dynamic stu-
dy data allow obtaining radioactivity-time curves di-
rectly over the pericardial area immediately after RP
administration into the body, which allows calcu-
lating coefficients 8, k,,, k,, over the head area as
well, which is equivalent to the integral curve (x + )
= f(0).

At the same time, tissue background has to be
taken into account in assessment of PR blood clea-
rance velocity by pericardial curve, as *"Tc-HMPAO
is also accumulated in heart tissues. " Tc-HMPAO
accumulation in pericardial area during the first mi-
nutes of the study was modeled by the following
function:

1, =1,,(1-exp(k,1)),
where [,

', — PR accumulation in pericardial region,
I, — maximum possible PR accumulation in peri-
cardial area, k, — parameter, ' — time in which the
reference point is interpreted as the moment of peak
PR quantity in the area of interest of pericardial
region. I is selected at the level 95 % of radioac-
tivity count rate in pericardial region at 120 s. An
example of tissue background consideration result
during assessment of RP blood clearance velocity is
shown in Fig. 3.

Time curve of the drug kinetics in brain, i.e.
(x + y) = f(¢) also allows assessing the parameter D,
which, as follows from (7.4), characterizes maximum
possible RP inflow into the brain. The lower limit
of D assessment is calculated as the maximum ve-
locity of function (x + y) = f(f) increase.

Thus, the unknown parameters for combined
equation (11) are W and k;. Difference minimiza-
tion function of experimentally obtained (x + y) = f(?)
and the total of (7.1) and (7.2) can be used for their
identification.

Fig. 4, a shows the approximation result of ex-
perimental data with the model (7), where I — radio-
activity count rate from “brain” region of interest,
I, — radioactivity count rate from the administe-
red activity, broken line — measurement data, solid
line — modeling data. Modeling was performed using
Matlab 12b software system. Rather essential devia-
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tion of the model curve from the source data aro-
und the maximum point comes under notice when
Fig. 4, a is evaluated. This deviation is related with
finite temporal resolving power of image recording
(1 frame per 1 s) and, as a consequence, under-esti-
mation of D parameter, assessed in initial approxi-
mation as the maximum derivative of the drug kine-
tics curve in brain during the first seconds of use. In
order to minimize this effect, Monte Carlo method
was used, in which D parameter was varied within
the limits of 20 % of the initial minimum assessment
according to uniform random distribution law. An
exemplary result of the use of Monte Carlo method
is shown in Fig. 4, b. As can be seen when Figs. 4, a
and 4, b are compared, initial data approximation er-
ror becomes less by 4—8 % on average. Identification
of parameters by using Monte Carlo method gives
slightly better results approximating the measurement
data. However, the disadvantage of the Monte Carlo
method is not deterministic: decrease in the average
approximation error can cause the overestimation of
the D.

In (1)
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Fig. 3. Radioactive background consideration for pericardial
curve: a — radioactive count rate radioactivity count
velocity over pericardial region (/;) and model appro-
ximation of RP accumulation by tissues (/,); b — dif-
ference curve I,—1,
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Fig. 4. Approximation of brain indirect angiography data with-
out (a) and with (b) the use of Monte Carlo method

t,s

Based on (5), VCBF can be found if RP dilu-
tion volume in brain is known:

v=WxV. (8)

The difficulty consists in the fact that V is not
equal to brain volume (V}); instead, it represents a
certain effective value (V' < V). We should mention
that ¥, is determined on the basis of SPECT im-
ages as the total of voxels contained in a closed sur-
face describing the brain contour.

For assessment of V value, a certain radioac-
tive background cutoff level (L) of SPECT images
versus the maximum radioactivity was preset. The vo-
xels where radioactivity count velocity exceeded the
limit value L comprised the volume V. L was se-
lected based on the assumption that cerebellar
VCBF on average has to tend to 55 ml/min/100 g.
Statistical analysis was performed in accordance with
brain scintigraphic studies with *"Tc-HMPAO in
14 patients diagnosed with diabetic encephalopathy.
Scintigraphic data collection protocol was as follows:

— radiometry of syringe with RP before admi-
nistration to a patient (1 frame in 6 s);

— indirect angiography of brain and heart within
120 s (1 frame in 1 s);
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— radiometry of syringe with RP residual ra-
dioactivity after administration (1 frame in 6 s);

— recording in 15—20 min after the drug admi-
nistration in 64 SPECT projections of brain (1
frame in 20 s).

Data collection matrix — 128x128 format. Ac-
tivity of *™"Tc-HMPAO was (650 + 50) MBq. The
drug administration was performed via bolus injec-
tion into the median cubital vein. The studies were
conducted in bi-detector gamma-chamber E.Cam
with low-energy high-resolution collimator. Indirect
angiography was performed to the patients in the rest
state, in the absence of visual stimuli.

The analysis showed that L level is logarithmi-
cally dependent on the design parameter W (Fig. 5)
for the general patient population. In Fig. 5, W,
and W are the parameters assessed with and without
the use of Monte Carlo method, respectively, and R
is correlation coefficient between the regression line
(solid line) and experimental data.

L, ru.
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Fig. 5. Regression analysis of background cutoff level (L) for es-

tablishment of RP effective dilution volume in brain
without (a) and with (b) the use of Monte Carlo method

The obtained regressional relationships shown
in Fig. 5 and (8) allow obtaining the brain VCBF
in general in ml/min/100 g based on the assump-
tion that the brain weight (M) is equal to

M =104V, (2,

where Vj is expressed as cm’.
VCBF of the area of interest (VCBF,) on
SPECT image was calculated using the formula:

VCBF , - 1“ 4L_YCBF,, )

Br

where (I ,;) — the mean radioactive count from the

region of interest, I, — brain radioactive count upon
L background cutoff, C — number of pixels corres-
ponding to V,, VCBF; — VCBF of brain in total,
calculated according to (8).

VCBF comparison results calculated using
N.A. Lassen’s method (with “Las” index) and accor-
ding to the procedure presented without (“0” index)
and with the use of Monte Carlo method (“MC” in-
dex) are shown in Table, where CH, and CHr —
VCBEF in the left and right cerebellar hemispheres,
BH, and BHr — VCBEF in the left and right brain
hemispheres, respectively. It should be mentioned
that intraarterial drug administration was used in
studies [4, 5] for VCBF calculation according to
N.A. Lassen’s method. This particularity might re-
quire the correction of the constants of RP trans-
port in brain, Nevertheless, N.A. Lassen’s procedure
is based on VCBF calculation according to SPECT
data, which is carried out in 15—20 min after the
RP dosage, when the drug is uniformly distributed
in blood stream, and its steady-state is achieved. Be-
sides, as relatively high number of various fatty struc-
tures participates in RP capture, and administered
PmTc-HMPAO activities are low enough for invol-
vement of the substrate absorption limitation prin-
ciple (Monod model or Michaelis—Menten model),
the constants of drug transport in brain should not
essentially alter depending on its administration site
to the body. In relation with this, VCBF calculation
formula according to N.A. Lassen’s method has be-
come widely accepted in intravenous administration
as well [3,6, 8].

The data shown in Table are indicative of the
fact that VCBF values assessed using different me-
thods have comparable values; VCBF, values are
slightly closer to VCBF| values than VCBF, values;
the average correlation coefficient tends to 0.45. You
can select patients where hemispheric VCBF exceeds
VCBF,,, and vice versa. Thus in patients with ele-
vated VCBF (VCBF > VCBF,,,) there is an increa-
sed percentage of uptake RP with respect to the ad-
ministration of the active (more than 4 %), in pa-
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Table. Comparison of VCBF values assessed using different calculation methods
CH,, CH,, BH,, BH,,
II’\EIlt. ml/min/100 g ml/min/100 g ml/min/100 g ml/min/100 g
o
VCBF,,| VCBF, VCBFMC VCBF,,| VCBF, |VCBF,,;|VCBF,,| VCBF, [VCBF,,|VCBF,,| VCBF, [VCBF,,c
1 55.0 47.2 40.9 52.1 45.7 39.6 34.8 35.0 30.3 36.7 36.3 31.5
2 55.0 62.0 48.5 55.0 62.0 48.5 42.0 52.3 40.9 41.2 51.6 40.4
3 55.0 63.3 53.7 54.5 62.9 53.4 36.5 48.6 41.2 36.0 48.1 40.8
4 55.0 92.6 43.7 54.9 92.5 43.7 38.5 73.7 34.8 38.1 73.1 34.5
5 52.5 46.4 68.9 55.0 47.7 70.9 40.8 39.5 58.6 40.0 38.9 57.8
6 52.6 70.6 65.9 55.0 72.5 67.7 33.5 52.4 48.9 33.4 52.2 48.8
7 55.0 35.3 25.5 52.1 34.2 24.1 32.3 24.8 17.5 32.7 25.0 17.7
8 55.0 63.4 58.5 51.9 61.3 56.5 40.2 52.0 47.9 34.8 47.1 43.4
9 54.1 59.5 53.3 55.0 60.2 53.8 35.2 45.0 40.3 39.0 48.3 43.2
10 54.9 103.3 101.5 55.0 103.5 101.6 38.3 82.1 80.6 37.9 81.4 79.9
11 55.0 59.8 52.5 54.2 59.3 52.1 35.6 45.1 39.6 34.3 43.9 38.6
12 52.3 47.1 38.2 55.0 48.6 394 33.7 35.2 28.5 33.3 34.9 28.3
13 53.6 63.5 54.1 55.0 64.6 55.0 37.8 50.7 43.2 41.4 53.9 45.9
14 53.2 47.5 48.9 55.0 48.4 49.9 37.5 37.9 39.0 37.2 37.6 38.8
MV | 54.1 61.5 53.9 54.3 61.7 54.0 36.9 48.2 42.2 36.8 48.0 42.1
c +1.1 +17.6 | £17.0 +1.2 +17.7 | +17.4 +2.8 +14.5 | +14.2 +2.8 +14.3 | +13.9

Note. MV — Mean value; ¢ — standard deviation.

tients with a reduced percentage of VCBF (VCBF
< VCBF,,,) enable the RP was less than 2 %. Ac-
cording to our data enable normal percentage of up-
take "Tc-HMPAO is in the average range 4—5 %.
Fig. 6 is an example of a low percentage of uptake
of RP (less than 1.7 %) and lower total VCBF than
VCBF,,.. It should be noted a significant change in
the spatial distribution of the *"Tc-HMPAO in re-
lation to the norm provided in [6].

Fig. 6. Brain concussion. Hypoperfusion signs in the left frontal area. Asym-
metry in cerebellar hemispheres S < D (diaschisis), percentage of up-
take — 2.7 %

At this stage of the research, to clinical data
obtained should be treated as preliminary. For a wi-
der clinical testing of the proposed methodology and

its implementation into clinical practice it is neces-
sary to solve the problems:

— development software for registration of mul-
timodal images (SPECT/CT or SPECT/MRI);

— development of a protocol for data analysis
and description of the results;

— automated image analysis process;

— carry out detailed, extensive clinical research.

Conclusions

For the purpose of quantitative asses-
sment of volumetric cerebral blood flow
according to the data of scintigraphy with
PmTc-HMPAO, it was suggested to view
the brain as a flow system. This allows cal-
culating volumetric cerebral blood flow af-
ter numerical determination of the model
parameters according to the results of in-
direct angiography and establishment of
effective blood dilution volume in brain
using single-photon emission-computed to-
mography. In this case, the suggested blood
flow calculation procedure does not requ-
ire any a priori knowledge of hemodyna-
mics in a certain reference area.

Calculation of volumetric cerebral blood flow
provides for the consistency of ratio (W) between
the blood flow rate and the effective drug dilution
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volume in brain. The effective drug dilution volume value according to logarithmic law with correlation
in brain can be established using single-photon emis- coefficient more than 0.9.

sion-computed tomography with preset radioactive Preliminary clinical studies allow characterizing
background cutoff level. Regression analysis of ex- the suggested approach to calculation of volumetric
perimental data allows describing the relationship cerebral blood flow absolute values as appropriate.
between radioactive background cutoff level and W
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M.O. Hikonos, C.C. Makees, O.}0. Apowenko, T.I. Hosikoa, M.B. Moba

KINMBbKICHA OUIHKA ABCOJTIOTHOINO MO3KOBOIO KPOBOTOKY 3A OAHUMW CUMHTUITPA®IYHMX OOCNIIKEHL 3
99M
Tc-T'MMAO

Mpo6nemartuka. Posrnsgaetbesa isnko-matemaTtmyHa Moaesnb reMOAMHAMIKM FONIOBHOT MO3KY SIK MPOTOYHA cucTema.

MeTa gocnigxeHHs. Po3pobka MeToaomorii KinbKiCHOI OLIiHKM MO3KOBOro KPOBOTOKY 3a A@HUMU CLUMHTUrpadii 3 M Te-FMMAO.
MeToauka peanisauii. AHaniTM4He, YACNOBE | eKCrnepMMeHTanbHe AOCHIOKEHHS KIHETUKK O™ Te-rMMNAO B rOfIOBHOMY MO3KY.
Pe3ynbTaTh gocnigxeHb. [N KinbKICHOI OLIIHKI 06’€MHOrO MO3KOBOFO KPOBOTOKY 3a AaHUMM cLMHTUrpadii 3 *"Tc-FMIMAQ 6yno

3anponoHOBaHO PO3rNAAaT MO30K Sk MPOTOYHY cucTemy. Lle aae 3amory pospaxyBaTtit 06’€MHWUIN MO3KOBUIA KPOBOTOK Ha OCHOBI YMCIIO-
BOrO BU3HAYEHHSI NapamMeTpiB MoAeni 3a pe3ynbTaTaMu HeNpsiMoi aHriorpadii Ta oLiHKM edheKTUBHOrO 06’eMy pO3BEAEHHSI KPOBi B MO3-
Ky 3a AaHUMW OOHOMOTOHHOI eMICINHOT KOMM'toTepHOi Tomorpadii. 3anponoHoBaHa MeToAMKa po3paxyHKy KpPOBOTOKY HE BUMarae anpi-
OpPHOro 3HaHHA reMoAVHaMIKV B NEBHIN €TanNoHHIN AiNAHLi MO3KY.

BucHoBku. [NonepeaHi kniHiYHI 4ocnigXeHHs A4atoTb 3MOry CTBEPAXYBaTU NPO KOPEKTHICTb po3paxyHKy abCcomnoTHOrO MO3KOBOTO

KPOBOTOKY Ha OCHOBI 3aMpONOHOBAHOro MeToAy 3a AaHUMu cuuHTUrpadii 3 ninodinsHUMKN pagiodpapmnpenapatamu.

KntouyoBi cnoBa: ronoBHWin M030K; Nepdysisi; MO3KOBMIN KPOBOTOK; MatemaTuyHe MOAEN0BaHHS; M Te-FMMAO, OAHOMOTOHHA

eMmiciliHa koM 'loTepHa Tomorpadis.

H.A. Hukonos, C.C. Makees, O.10. ApoweHko, T.I. HoBukosa, M.B. moba

KONMMYECTBEHHAS OLIEHKA ABCOMIOTHOIO MO3rOBOrO KPOBOTOKA MO [OAHHbIM CLUHTUTPAGUYECKMX
WCCNEQOBAHUM C *MTc-HMPAO

I'IpoGnemaTMKa. PaCCManMBaeTCH df)VI3VIKO-MaTeMaTVI‘-IeCKaF| mMofersnb reMognHaMuKm rofioBHOro Mo3ra Kak npoTovyHasa cucrtema.
Ll.enb uccnenoBaHus. Pa3p860TKa METOLO0JSIOMMMN KONTMYECTBEHHOW OLEHKN MO3rOBOro KPOBOTOKa No AaHHbIM CLl,I/IHTI/IFpaCbI/II/I Cc

M Te-HMPAO.
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MeToguka peanusauum. AHaNUTMYECKOE, YUCIIEHHOE N 3KCNEPUMEHTANbHOE UCCNeNOBaHNE KMHETUKN 9MTC-FMMAO B ronos-
HOM MoO3re.

Pe3ynbTaTbl uccnegoBaHum. [1ns KONMYECTBEHHOW OLEHKM OOBEMHOrO MO3roBOrO KPOBOTOKA MO AaHHbIM CUMHTUrpacdum ¢
M Tc-HMPAO 6bino npeasiokeHo paccMaTpuBaTbh MO3M Kak MPOTOYHYK CUCTEMY. OTO NMO3BOMSET paccuntaTb OOBbLEMHbI MO3rOBOWN
KPOBOTOK Ha OCHOBE YMCMEHHOrO OnpedereHns napamMeTpoB Modenu Mo pesyrnbTratam HEeMpPsIMON aHrmorpacmm 1 oLeHKN apeKTUBHOTO
obbema paszbaBneHunsi KPOBU B MO3re no AaHHbIM 0AHOGOTOHHOW IMUCCUMOHHOW KOMMNbIOTEPHON Tomorpadun. MNpeanaraemas metoamn-
Ka pacyeTa KpOBOTOKa He TpebyeT anpuMopHOro 3HaHWsi reMOAUHaMUKM B OnpeaerneHHon aTanoHHon obnactu moara.

BbiBoabl. MNpeaBapuTenbHble KNMHUYECKME UCCNEAOBaHMS NO3BONSIIOT YTBEPXKAATh O KOPPEKTHOCTU pacyeTa abCcontoTHOro Mo3-
roBOro KPOBOTOKA Ha OCHOBE MPEASIOKEHHOrO METOAA MO AaHHbIM CUMHTUIpadum ¢ nunodunbHbIMK paguodgapmMnpenapaTamu.

KntoueBble crioBa: rofloBHON MO3r; Nepdys3uns; MO3roBoy KPOBOTOK; MaTemMatuyeckoe MoaenvMpoBaHue; M Te-MMAO, oaHogo-
TOHHasi 3MVUCCUOHHAsH KOMMbIOTEPHAsi TOMOrpagusi.

PexomennoBana Pamoro Hanpiiinia no pemaxitii
¢akyIbTeTy NpUKIaIHOI MaTeMaTUKU 10 ciuns 2017 poky
KIII im. Iropst Cikopcbkoro



