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Abstract

Analytical methods were used for engineering designil and gas fields in olden times (old fieldslowadays numeric
methods based on computer geologmad mathematical models (gnew fields) have leagiogitions. While using numeric
methods it is necessary to undergo a stage ofrhistatch to real condition with a switch to a lisemulation model. Wit
analytical methods a great part of informatwas not received, and there was no need in it.adews it is impossible to builc
computer geological and mathematical model arsl riiok of economic benefit. But in both cases caringrnew fields as we
as the old ones there is a need of additishady of the fields at the final stage of the depment and assessment of rese
behavior in future on the basis of developmenbhysstatistical data.

Well rate (oil wells, gas wells, injection wells,ater wells) changes with the pace of time doalifferent reason
particularly due to reservoir conditions changetdmhole zone damage a&ll as decrease of production equipment efficie
This paper presents a universal law of well rateretese using statistical laws of Makeham and Wiiimd united Weilbull—
Makeham law according to which well rate decreaseharacterized by four parameters which makesbégiscription of we
behavior possible. The deduced law is based oratheof probability. This law provides for gettingdarithmc, harmonic
hype{jb%lic and parabolic laws, and in some casesrakother laws can be deduced. The examplesvofaleplication ar
provided.
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Introduction So, model must be adapted according to the restilts
previous study of object under investigation witte t

In practice of reservoir engineering of "new" oiltransition to the new improved model, so we speak
and gas fields rightful place is occupied by numsero about constantly acting geological mathematical ehod
methods, based on computer geological ansh the basis of which project engineer and indaistri
mathematical models [1]. These methods ensumorker can make stipulated engineering decisions,
acquisition of acceptable (for the moment being) tae  concerning design of works aimed at optimization of
most accurate technological characteristics afevelopment process [2].
hydrocarbon deposit development but only in case of As for the "old" developed fields, there was no
complete and adequately accurate information whiaghuch information with satisfactory accuracy, beside
makes possible building of digitized likelihoodthere was no need to determine a number of parasnete
geological model of this deposit. Such a model nibgst for analytical design [3], thus it is practicalmpossible
gradually specified for the moment of the next @cbj and economically unsound to build a modern geosdgic
document preparing [2]. The reason for this is thahe model for them. It's possible only to establish
course of exploration, wide well spacing patterns aapproximately actual picture of depletion of oiseeves
used, while for development, spacing patterns do# a and evaluate prospective characteristics of deposit
closer though also wide. Stroke of reservoidevelopment.
characteristics random changing of deposit is Wgual But in both cases, for "new" as well as for "old"
5-10 times less than the distance between two toffséelds there is a need for additional investigatioh
exploration wells and equal to or half as largettess deposits on the final stage of development and
distance between exploration wells. Thus, as dtresu evaluation of the reservoir behavior in future.
drilling of each new well, model in the zone ofsthwell From this it follows that the issue of wells
can be drastically changed. Since in terms of veier production rates forecasting is very urgent as \asl|
study comprehensiveness, volume of drilling is Ulgua forecasting of parameters of deposits development o
a given value, then real geological model won'bbi¢t  the later stage both for the "new" and "old" fietasthe
at all, instead of that we'll have its approximatid]. basis of actual statistical data of fields develepn
After learning of history (retrospective) it's piss to
formulate conclusions concerning further developimen
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The analysis of modern investigations and

publications

Statistical dependences of change of
production rate (group of wells, deposit, fieldyahgh

well

According to the nominal speed, three types of
curves (laws) of production rate decrease [5, Ghwi
correspondent characteristics are singled out:
of equal percentage-based production rate decrease
law (or law of logarithmic production rate decréase

time according to the actual exploitation data wemr#t D= idem:;
in a graphical form at the beginning of oil indystr _ . _Dt.
development, later with regard to production rate =% )
decrease period, mathematical dependencies were _0o—q.
selected from the known mathematical formulas or Q= D '
derived on account of different physical (theomdic of harmonic production rate decrease law
considerations. These mathematical dependencies wer D =bq;
as follows: depletion characteristics or in otherade
curves (laws) of exploitation, first exploitatiomrees, = 1. 5
. , a=0o : (5)
production decrease curves, chronological curves 1+bt
(L.S. Leibenzon, S.M. Czarnocki, K.G. Bell, _ O d
Ch.S. Larki). Among them in practice of predictiof Q.= D—_InF,
technological characteristics of oil fields devetomt _ org o
there are empirical (correlation) formulas of thé/vher_e_ constanb is determined on the basis of initial
following type [3, 4, 8, 14]: conditions 5
q(t) = a(L+cft)¥e; (1) b= —219 .
—c Jo
q(t) = a(d + ft) ; () of hyperbolic production rate decrease law
oft) =ae™; (3) D=bq';
qft)=at"; o< Dorg
ho
qlt)=2; o
t .
)= ® e o™
_ a0 ( 1-n _ l—n)
qt) =ab™; Q= =n)Dgr ")org B -a )
q(t)=a+b°t. wheren is the constant value), is the accumulated
t 12 volume of oil extraction.
oft) =ab'c" ; These laws are derived on condition that nominal
_ a speed of production rate decred@sés correspondingly
q(t)— d +be ct constant, proportional to current production ratel a

qlt)=a+bt+ct® +dt3+...
whereq(t) is the current production rate; b, c, d, f are
the fixed coefficients (constants), which are deiaed
by correspondent treatment of actual data.
Change of current well production raqft) in the
course of time is characterized by [5, 6]:

power function of current production rate.

Formulas (1), (20 and (3) describe cases of
correspondingly hyperbolic @ ¢ < 1), harmonic & = 1,
¢ = 1) and logarithmic production rate decrease/avhi
a=0, c=nt=bandt=D [6].

Nominal speed of production rate decrease as a
continuous function can be used mainly to build

a) nominal speed of production rate decrease (aifferent mathematical correlations, while on pieet

negative tangent of slope angle of line of dependei
In g from timet)
_ _ding_ dg/dt

dt o}

b) effective speed of production rate decrease (or

relative production rate decrease during certarioge-
one month or one year)

_ G-
D - T
°

effective speed of production rate decre@gés mostly
used. Then, re-calculation can be done accordirigeto
written laws in the following way:

D = -In(l-Dy) ;

Deori
Dorig = —=
1- Deorig
1 _

F[(l_ Deorig) " _1]-
To determine production rate decrease speed these

Dorig =

where ¢ is the initial well production rate for this curves are smoothed out by rebuilding them in
period; g, is the production rate in a month (thencorrespondent coordinates.

monthly production rate decrease can be calculaied)

in a year (analogically annual production rate dase).
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both cases straight line slope ration is equalaminal represent only the change of reservoir conditiditnat
speed. means that production equipment (gaslift valvesps

In case of harmonic production rate decrease curpipes etc.) must be correctly adjusted and bottéenho
g — Q. becomes a straight line in semilogarithmizone quality must be ensured. In other cases tiolget
coordinates (Ing — Q,), and nominal speed is equal todeposits can be evaluated which can be produced onl
production rate multiplied by tangent of slope &gf in the existing and mostly not effective bottomhoteme
line. Dependence of reciprocal value of productiate conditions and equipment state. Production rate
1/g from timet, is also expressed by a straight line. decrease curve will represent all the mentionedares

As to hyperbolic production rate decreages-t for production rate change, that are not easy to be
and g — Q, correlations can become straight-line aftedefined. But often it's not possible to describaralater
inversion - x-shift in logarithmic scale; for cus/@f of well work adequately with the help of these foltas.
hyperbolic production rate decrease special coatdin

paper with charts is suggested which allows fottiolg Paper objective
either time or accumulated volume in linear scaid a
obtaining straight-line correlations. To find on the basis of probability theory

The analysis of a large number of actuaprovisions general dependence (law) of well pradact
production rate decrease curves has shown [6htlbat rate decrease in the course of time, taking intmaat
curves belong to hyperbolic type with power expdmren all the mentioned reasons for production rate chang
in the range of 0-0.7 (most of all from 0 to 0.4ylahis simultaneously.
can be connected with the fact that decrease ldikeun
the other two mentioned is more complicated and Coverage of the main material of the study
characterized by two parameters. Curves with harenon
production rate decrease € 1) are very rare. Let's assume that a part of cross section of all an

Clearly, the task is to define one of the twaas flow at a certain distanégfrom well and at a
unknown values [6]either residual productive time or certain timet is disturbed according to the above
ROIP (Remaining Oil In Place), that's why produetiv mentioned reasons (e.g. because of gas accumudgation
time or accumulated volume of oil extraction aresgn paraffin colmatation to any extent) then overalland
as an independent variable and are plotted againstgas flow consumption to the well
axis. Meanwhile dependent variable must have a know q(t) = go P(t) + g Q(1),
end point and an end point of curve is defined e t whereq, is the flow consumption in non colmatated part
basis of the known or foreseen production expeases of cross sectiong is the flow consumption in partially
an economically recoverable production rate. Toolmatated cross section part at any time(t) is the
determine the unknown value, production rate deereareliability function [7] of colmatation absenc@(t) is
dependence is extrapolated to the end point. the probability of cross section colmatation at the

Production rates of wells (oil, gas, injection, @at moment t, while Q(t) =1 —P(t). Here any of the
supply) are changed in the course of time due toentioned reasons for production rate decreasebean
different reasons, such as: named, correspondingly rephrasing text.

change of downhole pressure, gas factor Function of reliability of colmatation absence is
(especially in case of dissolved gas regime in thermulated by Makeham law, which is well-known in
deposit), water encroachment into oil and gas, gasobability theory [9]:

accumulation in a part of reservoir pore spacesaier t
fillup, deposit energy drain, in other words charaje —Iﬁ(t)dt
reservoir conditions; Rt)=e O '

change of productivity index degree of excellenc
(quality) of well as a result of change of physica
conditions at the bottomhole or in bottomhole zang, ()= a+ype" (6)
paraffin colmatation of the bottomhole zone anavherea, B,y are the constant values (coefficients).
paraffin accumulation in wellbore, formation of gas The analysis shows that parameter
hydra’ges_in the bottor_nhole zone and wellbore oasa g ¢| =0®(P)=® according to Makeham law (6)
well, liquid accumulation (water, gas condensatdha L )
bottomhole of oil and gas wells, colmatation of th@rows linearly with growth oft andf, and character of
bottomhole zone with mechanical parts, depositibn @hanged(t) depending ory andt for other set values is

salts or asphaltens from the produced liquishown in Fig. 1-3. Meanwhile for dependence

accumulation of quick san(_j, aleurite or clgay (fotiora () = p(p(P)) minimum of function will be in point

of sand clay plugs), formation of caverns in bottahe 05 Lo :

zone as a result of damage to the bottomhole zone; Y=t horizontal line=ois an asymptote, if << 0. To
pund graphs let's assume that= 1, and change af

decline of performance or effectiveness of work o ) L L
production equipment which ensures lifting of thec@ds to shift of the beginning of graphs buildaigng
-axis. Influence ofp at acceptable values is not

output (oil, water, gas, gas condensate) on tHfacr o
put ( 9 9 ) éufflment.

If we are interested in the forecast of cumulativ Makeh . hat th K
oil production and determination of residual oil akeham assumption means that the process takes

deposits, then production rate decrease curve mipigce under the influence of two constituenjsthe first

ailure risk — functior\y (&) — is written as:
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Figure 1 — Failure function (t) Figure 2 — Failure function &(t)
with B = 0,5 and differenty with B =1 and differenty
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6 _ 0 (accor.d|ng|@(t). =Q= 1); . Figure 4 — Rehablllty function Pl(t, y)
7--02; 8--05; 9--1; 10--2; 1B-- (lack of colmatation) from Makeham’s law
Figure 3 — Failure function (t) whena = 0,8 =1 and differenty

with B = 3 and differenty

one, not depending o, and b) the second one,temperature; its change can be considered withete
depending on space coordingtewhich is growing (if of coefficienty.

y > 0) or falling (ify < 0) exponentially with variablé _ Then Makeham law as to time coordintitsan be
(if y << 0 valueh,(€) is growing again and approachingWritten as:
an asymptoter = idem. P(t)= e—at—/}(eyt —1)

Temperature in the bottomhole zone is adequate to ) ) ) . .
pressure according to choke effect formula (Jouldh€a@nwhile exponential law is a specific case of taw if
Thomson effect) [10]. It's known that if in case off = 0. _ | " "
established filtration of oil into well, transitiorom  ~ Dependencies P(ta), P (tB), P (ta) and
isobar to isobar is carried out in an arithmeti€ (t,0.8) are represented in a graphical form in
progression, then transition from radius to radtusone Fig. 4-7. From this it follows that all lines emerfjom
in geometric progression [12]. Clearly the samédois Pointt = 0. With the increasing af (if p = 0) andp
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Figure 7 — Reliability function P"(t, a, B) from
Makeham’s law wheny = 0.5 and differenta and p

Figure 8 —3 Lack of colmatation probability
dependence P(td) on time t under different §

(if a = 0) reliability function is decreasing (see Hp. —ad—pleré =
and 5), but influence df is greater (ify = 1). If = 0.5 P(E)=e ﬂ(e 1) . Q§)=1-P(¢),
aty = 1 and differenta, then reliability function is —ont—p o7t =

drastically decreasing with the increase of (see P(t)=e ﬁl(e 1)| Qf)=1-P(t),

Fig. 10). Common influence afandp (if y = 0.5) is of Wherea, B, y, a1, B, y1 is the correspondent constant
a different character (see Fig. 7). parameters of law as fgrandt.

Thus, functions of reliability and colmatation Then, liquid flow consumption for any cross
probability in space { and time t coordinates section with coordinaté at an arbitrary point of time
correspondingly are expressed in accordance wit written as:
extended Makeham exponential law: q(e.t) = @P(E)+[wP{)+ %Q)1Q(E)

or in an expanded form:
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decrease (after exponent expanding into a sersess i
follows:

_amoat—pale’tt 1)\ _ —aé-ples -1 1

+q2(1 o U(l bl at)=do—— - (8)
(1+za't)

and ift =1, it can be reduced to the law of harmonic

production rate change t (' =b), therefore to equal
percentage-based (f = D), and to production rate

c({t) { —ac‘—B( eyg_]) —alt—Bl( ot —1) L —a{—B( eyg_]) and then well-known law of hyperbolic productioriera
=g € +e ( -€ )}

Similarly probability of absence of capillar
colmatation with time in cross section with fixed space
coordinate and colmatation probability:

—}S(t)dt change according to Makeham law, whera', = are
P(T>t)=Pt)=e © ; the constant parameters.
P(T < t) =Q(t) =1- P(t) If we use Weibull law as a generalized exponential
, . e law
whered is the value, analogical #g besides in this case I
distribution law may be also drawn in accordancthwi Plt)=e™",
Makeham law Character of chanBg, d) if 3=idem is then formula of well production rate decrease atiogy
presented in Fig. 8. to Weibull law is written as follows:
Herefrom we get well production rate formula e
(if & = 0) at any current timie q=qe * ,
q(t)= q)e—azt—ﬁz(e”t _1)_'_0&(1_8_(,21_52(61/2” _1)j or if parameter{ =1, it is transformed into exponential
law formula.

L (Yt_) Here nominal speed of production rate decrease is
qlt)= %[(1‘1//)9 “a-pet +l//] expressed as:
— -1
wherey = g,/ D= —alt" ™. ' .
Let's assume that after colmatation of a part of I|f @n exponent is expanded into a series and only
flow cross section, its consumption becomes egoal VO terms of a series are singled out
zero, that isg,= 0 and theny = 0. Then there is new e—at( 01— atZ’

equatiqn of change of V\_’e” production rate OVer y,on known parabolic law of change of productiote ra
according to Makeham law: of sucker-rod pump well [2]:

t
q(t) _ Cbe—at—/?(ey —1)_ @) q= QO(l_“tC) ’

If it's assumed that parameter 0, then from (7) where ¢y =T _-; T, is the theoretical duration of
there is a specific case known exponential (logarit) i ) _ S
law of well production rate change (or law of equaivork of sucker-rod pumping unit before liquid bindi
percentage-based production rate decrease): (if the reason for binding-plunger and barrel adsigm

— oot wear thenT,, means full physically feasible service life
) q(t) =% of pump);( is the power exponent of parabola (values
whereo =D in formula (4). of ¢ are in the range of 1-3, mostly 2).

I an exponent in the last expression is expanded  From this it follows that assuming the validity of
into a series and the first two terms_lof a seres athe Weibull law if¢ = 1 parabolic law of production rate
singled out then there is a function {8~ and known decrease is transformed into exponential law or in

law of harmonic production rate change: harmonic law of production rate decrease (because
q(t): % ' 1/@+at) O1-at).
1+ at Investigations of well work [11, 13] testify that
wherea=b in formula (5). parabolic dependence describes production rategehan

The same expression can be obtained afteaused by equipment work and parabolic and
expanding into a series of both exponents in asxponential dependencies describe production rate
extended expressiog(t) in accordance with Makeham change connected with change of reservoir paraseter

law, that is If we combine Makeham and Weibull laws, then
_[m_ﬁ(eyt _1)} t we'll get a new law, called Weibull-Makeham law:
e Dl—[at+ﬁ(e7 —1)]D —atf—ﬁ(eyt _1)
[1-at - B+ yt—1)= 1 (a+ py)t Plt)=e '
. This formula contains four constant parameters. For
or e—at—ﬂ(ey —1) 0 1 ’ the convenience of their determination, extrapoltatf
1+ (a+,6’y)t curve q—t can be performed in semilogarithmic
where a+py=Db. coordinates (Irg—t) which corresponds to the law of

In case of hyperbolic law of production rateequal percentage-based production rate decrease and

decrease reliability function must be written ineth th?”_ by selection —of othe_r parameters —ensure
following way: coincidence of actual data (points) of productiater

s with calculating line especially flattening of anéil
p(t) = e‘(1+m t) ’ segment of production rate decrease curve on dgrap
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The following approaches to parameters selectiomdo

can be used as the transitional ones:

do 0.7
In-9 = ~(a + By)t, 06
Udo 0.5
i:l—(a’+ﬂy)t, 04
0

where
o = (@< ot -1 e‘l‘“ﬁ(eyt ‘1)J 01-(a+py)t.

Taking this into account (8), at the end universal

1

0.9

0.8

0.3

0.2

dependence of well production rate decrease in the ©¢; 3 6 ry 12 15 18
t, years

course of time is written according to Weibull—
Makeham law:

qt)= qo{(l—z//)e‘“‘(‘ﬁ(eyt ‘1)+ v/} NC)

Character of changeq(t)/q, over timet at
different valuesy, a, ¢, B, vy is shown in Fig. 9. From

1 — logarithmic law; 2 — harmonic law;

3 — hyperbolic law; 4 — parabolic law; 5 — Weilblailv;
6 — Makeham law; 7 — Weibull-Makeham law

21

Figure 10 — Actual relative data of Pnivske oilfied
annual well rate decrease g/q0 in time t (dotted)rad

different relevant theoretical dependencies

here it follows that practically all possible chasgof

production rate can be described with the helphaf t :=0.255
dependence. R |
09K\
a0/ ' osf \/
0.9f — Ry
sk \11 6 i .\\ 3
] i N 0.6/ XN
07 . 10 \ 4
‘ ] 3 0.5 \"
0.6 T V4 X
0.4 :
s A\
0.4 o3 ' LA \6
03 o TN .\3%77
.o e
02 0.1 S . * % ;.;_“.‘.-. =g
0.1 00 4 8 12 16 2024 28
t, years

1 — logarithmic law; 2 — harmonic law;
3 — hyperbolic law; 4 — parabolic law; 5 — Weilblailv;

6 — Makeham law; 7 — Weibull-Makeham law
Figure 11 — Actual relative data of Tanyavske oil&ld
annual well rate decrease g/q0 in time t (dotted)rad

different relevant theoretical dependencies

0 3 6

1-y=005a=3,(=05p=2y=0.1;
2 —y =0.15,0=0.005{ = 1,p = 3,y = 0.1;
3-y=0.1,0=05(=1p=25y=0.1;
4 —y=0.2,0= 0.005( = 2.5, = 2,5y = 0.1;

5 —y = 0.25,0 = 0.005{ = 2.5, = 3,y = 0.015;
6 —y = 0.35,0 = 0.005£ = 2.5,3 = 1,y = 0.0001;
7 —y = 0.45,0 = 0.005(, = 2.4, = 30,y = 0.0001;
8 —y = 0.55,0 = 0.005(, = 2.5, = 10,y = 0.0001;
9 —y = 0.65,0 = 0.005£ = 2.5, = 1,y = 0.0001;

10 —y = 0.75,0 = 0.0057 = 2.4,8 = 10,y = 0.0001;
11—y = 0.8550 = 0.005/, = 2.4,8 = 10,y = 0.0001

Figure 9 — Universal dependence of well rate
decrease through time by Weibull-Makeham law
under different y, o, §, B, v

As for Pnivske field the best one was the law of
production rate decrease (universal dependencéeon
basis of Weibull-Makeham law. As for Tanyavske
field, equation of production rate decrease acogrdd
Weibull-Makeham law (correlation relatian= 0.991)
was the most applicable. In the first case theofalhg
coefficients have been selected:= 0.079,3; = 0.052,
v1 = 0.14,y = 0.25, and in the second case;—= 0.005
By = -4.3,y1 = -0.07,y = 0.5. High correlation relations
For the illustration of derived dependencies oflwehave been expected because from other universal

production rate decrease in the course of timeof® dependencies  other  formulas are  derived
well-day we have selected two different graphicafas specific cases).

dependencies, built upon actual data from Pnivske Going beyond retrospective, production rate
(Fig. 10) and Tanyavske (Fig. 11) oil fields. forecast in the course of time can be obtained.
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VJIK 622.276. 1/7
MMoBipHiCHMI XapaKTep 3aKOHIiB 3MeHLLeHHSs AebiTiB cBepaAnOBUH Yy Yaci.
YHiBepcanbHa 3anexHicTb 3a 3akoHoM Benbynna—Makerama

B.C. bouko, b.M. Miwyx

leano-®@pankiecvkuil HayioHaILHUL MEXHIYHULL YHisepcumem Hagmu i 2asy;
eyn. Kapnamcwora, 15,m. Isano-@panxiscok, 716019, Vrpaina

JIst IpoeKTyBaHHsT po3po0OKM HAMTOBHX i ra30BHX POMOBHUIN y CBiif wac (“crapi” pomoBHINA) 3aCTOCOBYBAIM aHATITHIHI
METOJMKH, a B JaHWI Yac TiHE Micle 3aiHAIN YHCEeNbHI METOM Ha OCHOBI KOMIT IOTEPHHX T'eOJIOr0-MaTEMaTHYHUX MOZETICH
(“HOBi” pomoBuIa). I3 3aCTOCYBAHHSM YHCEIBLHUX METOMIB OOOB S3KOBHUM € €Tall ajarTaifii Mojaesi 10 (pakTHYHOrO CTaHy 3
MepexXoAOM Ha IOCTiHHO [ifody MOZENb IMOKIaxy, a i3 3aCTOCYBAaHHAM AHATITHYHUX METOAiB Oararto iHdopmarii He Oymo
ofepkaHo, Ta ¥ He Oyno morpebu B Hiil. ChoromHi MoOyIyBaTH KOMIT IOTEPHY I'€0JI0r0-MaTeMaTHIHY MOJAENb HEMOMJIMBO i
€KOHOMIYHO ¢ 30MTKOBO. Ane B 000X BHIAAKax sK IO “HOBHX', TaK 1 Mo ‘crapumx’ pOAOBUINAX BUHUKAE MOTpeda B
JIOIATKOBOMY BHBUCHHI NOKJIAMIB HA 3aBEpINANIBHIN CTamii po3poOKH Ta OMIHKU XapakTepy MOBEMIHKH iX y MaHOyTHbOMY 3a
(aKTHIHUMU CTATUCTHIHUMU JAHUMH 1CTOPil pO3pOOKH.

Jebit cBepanoBuH (HA)TOBHX, ra30BUX, HATHITAIBHHX, BOLO3a0ipHMX) 3MIHIOETHCS B 4aci 3 Pi3HMX MPHUYHH, 30KpeMa
BHACNTIJIOK 3MiHM IUIQCTOBHMX YMOB, IIOIIKO/DKCHHS TNPHUBUOINHOI 30HM, a TakoX 1 3HIKCHHS e(eKTHBHOCTI poboTH
eKCIUTyaTaniifHoro obmagHauus. Y naHiii poOOTi Ha OCHOBI MOJOKEHb TeOpii HMOBIPHOCTEH BHBEIEHO 3alIKHOCTI (3aKOHH)
nmajaiHAas 1e6iTy B Jaci 3 BUKOPHCTaHHSIM CTaTHCTUYHMX 3aKOHIB Makerama i BeiiOymna, a Takox yHiBepcasIbHYy 3aJIS)KHICTh Ha
ocHOBi 00’ eqHanoro 3akony BeiiGymma—Makerama, 3a KO0 HafiHHSA Ae0ITy XapaKTEpPHU3YEThCA IT SIThMa IMapaMeTpaMy, IIo
MOKpAIlye OMUC POOOTH CBEP/UIOBMH. I3 mi€l 3aJeXHOCTi, SIK OKpPEeMi BHIAKH, OACPXKYEMO BiZOMi JIorapu(MidHHIH,
TapMOHIYHUH, TimepOomivnmii Ta mapaGomivHMIl 3aKOHM, a 32 IEBHMX HPHITYIIEHb ¥ iHII 3anexHocTi. HaBeneno mpukiamm
3aCTOCYBaHHS IIi€1 3aI€KHOCTI.

KirouoBi cioBa: niopaxynok 3anacia, npocHo3yeants po3pooKu, mpusanicms po3pooxu.
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