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Abstract

Threaded connections are responsible assemb&éinjng sucker rod string reliability. Despite thariety of their desig
industrial materials analysis shows that breakagesr in rod body and threaded connections.

In the process of lowering and lifting operatioaisned at well pump replacement, screwing argtrgwing of sucker roi
threaded joints is repeated, so pin threads angliogs are worn.

After analyzing the method of pin threads wear migieing while screwing, unscrewing, connection dneakout sucki
rods tightening, proposed by S. A. Babayan, itlteen found out that the amount of thread wear dutie makeup is 236
times greater than thread wear while fastening.oAdiog to this method the last three threads asetjmally urworn anc
deterioration of the first coil is 10-12 times geahan the wear of the last turns. The resuladfulation correspond withe
wear data in the course of sucker rods operati@miimdustrial environment.

To identify and compare the distribution of strassethe sucker rods threaded corioers using the developed compt
ANSYS, finite element axisymmetric models of newd amorn stndard threaded connections with a diameter of 19 hraxe
been created. Screw connections were loaded blferda and torque make-up.

Having analyzed thsimulation results we have made a conclusion th#t the increase of sucker rod wear, s
distribution in pin thread becomes uniform, respety, it has positive ééct on the threaded connection durability undetic
dynamic loads. With further deterioration, threadsions are rising in the middle turns, and inesri turns -are reduced, !
the impact of further deterioration on the conractiurability is negative.

Also it have been found that at the limit threacdiwmaximum stresses are cortcated in the thread coupling, resultin
the fracture of its body.

Key Words:coil, FEM, stress, sucker rod, threaded connectiezar.

Threaded connections are responsible assembligisthe downhole pump. In this case, the tensiosiragi
that define the structural reliability of suckedrstring. in the column of sucker rods exceeds the tens#éagth
Despite the diversity of their structural designspf the rod material. There is a way of column cohntr
industrial materials analysis shows that the suckdr that is based on the dependence of the applieddoad
failures occur in body rods as well as in threajp@ats the column rods elongation. During elongation cae ¢
[1]. draw the conclusions about the size of the loadyseid

The surface integrity influences sucker rodstrength. Graph of the maximum allowable safe
durability. The focus in the manufacturing proce$s elongation of the rod strin4l depending on the length
rods is made on cleaning treatment of the surfacef rod stringL with a given minimum vyield strength of
Improper transportation and storage conditions kead ihe materiac,, i IS presented in Fig. 1.
rod bending and subsequent straightening of them '

bef?re 'OWe””g 'Eto tz_e hwell N t? tthe tformatlon theads rods occur arising from fatigue of metal afut
surface microcracks, which concentrate siresses. .which they are made. In this case, the charadterssa

To prevent the breaks and accidents the strigt, e - .
. ; : cture, which is always a line at right anglesttie
control of rods surface is required. One of thepdast afxis of the rod. It's beeyn found out tr?at fati%meaks

and most common ways is the direct examination_ Qecur not only due to high stress, but mostly due t

rods before lowering into the well. In addition, 'nalternating loads, creating low stresses [2]. Asialypf

O:clfiﬁld pr?ctlce, 3 control methcid ??ﬁed on re?_tﬂ_ig fracture mechanism indicates that the stressem@ris
or theé nature and measurement of th€ magnetcimux g, ,, alternating loads, excess the tension from the

the sucker rod is applied. This method of contiols previous load, and the thrust surface of the shesuld

you to separate the rods into categories depengting head end of the rod is opened, which eventualigdea
the capabilities of their work in specific condit® breakdown '

S_ucker rod b_reaka_ge during operation OCCUTS — Aq it \yag proposed by Dagerti, Karter and Mills to
sometimes through jamming of the plunger in theddar prevent the breakdowns of head rod one should pay
attention that the end separation of the contacting
surfaces of pin and coupling did not occur at theetof
workload application [2]. This is possible if the
specified torque is applied to the connection.
© 2013, Ivano-Frankivsk National Technical Torque can be defined by the equation of Dagerti—
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At the operation of sucker rod the breakage of
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Al m Thread groove provides the following benefits:
0.60 reduces the concentration of stresses in the rfoot o
0.55 ‘ N the last complete coil,
Gmmn=689 MPa it creates a spring effect, i.e. its elongatiormfro
0.50 ok the preload is used to compensate for minor rdlaxat
/ | of stresses arising from the application of workloa
045 /1 620MPa _| Fig. 2 shows threaded rods profiles.
A
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o | Y] 1 =N
. |
0.05 = S D b)
193MPa N
. [P a — the head with a thread groove;
? 500 1000 1500 2000 2500 3000 b — the head without thread grooves
L.om Figure 2 — The profile of threaded rod heads
Figure 1 — Dependence of the maximum allowable
elongation of the sucker rod column with the For example, for the sucker rod of 22 mm in
different yield strength on their length diameter without a groove (b) the length of nonheaa
partl = 14 mm, diameteD= 29.1 mm, and for the rods
with the head with a thread groove (& 18.2 mm and
Pl dfy D = 26.3 mm. The stresses with the value 275.5 MPa
My =k— —r +dpfs |, (1) cause in the head an elastic elongation of pin auith
COSE threaded grooves equal to 0.016864 mm, and in the
) : ) o head with a groove — elongation equal to 0.026446 m
where M, is the required torquik is the coefficient of Fig. 3 shows the head sucker rod, which differ in

proportionality; P is the axial load tension of rod the length of thread grooves. For the same magnibfid
heads;| is the pitch;d is the thread diameted,, is stress in these heads, which is equal to 275.5 MPa,
; ; i elastic elongation of pin, shown in Fig. 3a is d

the average diameter of contacting surfa f ;is the S5 E > m?n, o elgstic slongation og:‘heads incg;%
coefficient of friction between thread coil f is the s equal to 0.051816 mm. For a standard heady#this
coefficient of friction between contacting surfacasis IS equal to 0.01905 mm.
the thread angle, equal t0°60

Analysis of heads rods failures [2] made it possibl
to detect the following regularity: greatest numloér
accidents is associated with the rods with a diamaft
25 mm, the smallest — with the rods with a diameter
19 mm and almost no damage — to rods with a diame
of 16 mm. This can be explained by the fact that fc
screwing of sixteen millimetres rod, small torcM; is

applied which provides regular hand wrench. For ro
with a diameter of 22 mm and 25 mm, screwing torqu
is necessary, that is difficult to be created usiranual
key, that’s why the couplings are nontightened,clvhs r o 7} ,,,,,,, 11
the cause of breakdowns.

While analyzing the construction of existing L LA
sucker rod threaded connections, it is interedtiag at b >l
the beginning of their creation they are not swggpli
with thread groove [2]. The essence of use of threa Figure 3 — The head rods of 22 mm in diameter

3
43

grooves is that after cutting of the last coil, thead is by API standard
turned to a smaller diameter than the inner diamsfte
the thread.
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Thus, the elongation of sucker rod head, shown in  Let's consider another factor — amplitude of stress
Figure 3b is equal to 25%, and for the head shown changes. The basic requirement is the consistentyeo
Fig. 3a the elongation is up to 172% higher than asnplitude of the stress loads on rods while loads
usual. changing. If you modify the maximum stress, minimum

It is well known that the failure of sucker rodshould vary to such an amount that the amplitude
couplings is initiated from the inside in the pladdirst remains preliminary. Such dependence is expressed
contact of thread with the threaded head of rods Thgraphically in the form of diagrams of Goodman [3%.
type of damage has fatigue character. Sometimes thlegown in Figure 4, the closer the maximum and
breaks of couplings occur at the site of squarggeof minimum stress in absolute value are to the vafuke
the head [1]. tensile strength, the lower is the amplitude of shress

After the strikes of couplings that are possiblehange (at the point of tensile strength it goezeto).
when performing careless transactions of screwing — Tensile strenoth
unscrewing of sucker rod threaded connectionsether 1.00 ~
are places of stress concentration. In additiorg th
bumps can also cause the deformation of the camgact
end surfaces of pin and coupling that facilitateseas
of fluid in thread even when connection is screwth
the required torque [1].

The most common measures and tools that are
used to prevent accidents due to fatigue fractdre o
couplings are:

use of couplings of a larger size (if the sizewadlo
tubing);

use of safety factor of corrosive working
environment in calculating. Sometimes the coupling
before work is placed in special inhibitors, butsthpit
has little effect; . -

change of thread profile: 1 — the maximum stress, 2 — the minimum stress

limit of stress amplitude (especially for the Figure 4 — Normal Goodman diagram
columns of a large diameter).

During operation of the sucker rod column in the  During the operation we are trying to reduce the
tubing the abrasion wear of rods and tubes is wbder amplitude of stress, defined by the depth of pump
Previously it was believed that this erasure i®eiased lowering into the well and by the design of theksic
with distortion of the well, and with bending ofd® rod column. In deep well the pump rod weight is the
while moving down. Now it has been found that irmain workload, supported by polished rod. Undes¢he
addition to these reasons, there is bending ofohenn conditions, the amplitude of the stress changesldvou
tubing associated with double stroke (so-calletiave little value, aided by a small difference e

Tension
1

/ 1.00

-10.33

Compression

Lubinsky effect). the load while moving the column up and down.
The main factors affecting the durability of angro It is especially difficult to maintain appropriate
column (regardless of specific conditions) are: amplitude stress changes in the operation of boom
maximum loac Ppyay ; downhole pump at medium depth wells at high speed
amplitude of the stress; pumping of production. For these conditions,

A.A. Hardy with regard to certain assumptions and

f f loads that lied.
requency of foads that are applie propositions changed Goodman diagram (Fig. 5) [3].

So, the increasing of the maximum Ic P, ON

a column sucker rod increases the stresses inothe r Yield strength A
and accordingly, leads to their rapid destruction. 40 »4
If the working stresses in the column of sucker 5 38 //’/
rods are close to the tensile strength of the nahtef £ 3p Loe | L2
the rods and couplings, their fatigue failure isgble. o " /7' p
Tensile strength of the material rods and jointy ina < 25 P V
increased by heat treatment of the material. l&ls® B 20 —— A //<
advisable to modify the design of the rods colunma, w o5 1 14 =
diameter is increased to a value for which the wark i 4 3
stress is much lower then tensile strength of the 5 10 5
material. Of course, this option is not always fuss 5 /
because the diameter of the rods is limited to the Z"
internal diameter of the tubing column. 0 E 1.00
Change of the frequency of varying loads that are B ’
applied to sucker rod string, not only leads taéase 1 — the maximum stress, 2 — the minimum stress
or decrease of dynamic loads, but also to chamgteei Figure 5 — Modified Goodman diagram

natural (free) fluctuations of the sucker rod catum
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As it is shown in Figure 5, in the base of this
diagram there is not the tensile strength of the ro
material, but vyield strength. Diagram has been
constructed for a hypothetical steel. In additithe, line
of maximum stress starts from zero stress linen¢ds).
This compressive stress is discarded that have high
destructive ability for metals. Point C — the valoke
maximum stress, which is equal to half the value of
fatigue limit for this steel as defined in the airthe
laboratory conditions.

Due to the arbitrariness of the choice of the
individual points for Goodman diagram their
configuration can be varied. These diagrams are
typically used to control the allowable stress atagé
changes for different grades of steel making uprdide
and for the different working conditions of theses.

It is known that the failure of threaded joints is
about 30% of the rod breaks. They can be classified
origin [1]:

wear (abrasion) of coupling to the inner surface of
the tubing column;

unscrewing of connection;

damage due to negligence of staff;

defects in manufacture;

metal fatigue.

In addition, the failure of threaded joints occurs
due to wear of surfaces of threaded couplings add r
which occurs when they are being repeatedly screwed
and unscrewed during round trips to replace dowshol
pump (Fig. 6).

Thread wear reduces its strength and leads to
thread breakage. Reducing of thread wear is amurge
problem, the solution of which is connected with a
detailed study of the conditions of threaded cotioes
wear during operation, study of design parameters
impact upon threaded connection, physical and
mechanical properties of the contacting surfacks, t
type of grease used, coatings etc.

Wear of sucker rod thread in one cycle operation
takes place in four stages:

screwing of connection;

tightening of thread;

unfastening;

unscrewing of connection.

Mathematical modeling of wear of sucker rod
thread for screwing- unscrewing was made by Babayan
S.A. [4]. Fig. 7 shows the scheme of connectioniciwh
in this case has only external force Q, which isaédo
the weight of rod.

The size of wear when screwing-unscrewing of
sucker rod threaded connection is defined as:

W, =CS f 1Qy1+ 72d2 / 2 (in th(mz/2) -
-In th(mH /2)) ch(mz) ,
wheref is the coefficient of frictionC is the coefficient
of proportionality between work and wed®; is the
thread pitch d, is the average thread diametdris the )
couplings thread lengtl@) is the tightening force. ; -
Thus, the formula, obtained by S. Babayan (2), Figure 6 — Worn sucker rod thread

describes the wear of pin thread contact surfadekew
screwing and unscrewing.

)
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e According to calculations with the increase of the

Q gap in the threaded connection the wear of thread
increases. For example, wear of coils surface in a

S connection with a maximum gap is 20% higher than th

wear of coils in a connection without a gap [4].

D 7 Thus, analyzing the method of determining of pin

7 thread wear while screwing-unscrewing_and tightgnin

unfastening of the sucker rod connections offergd b

N S.A. Babayan, it is advisable to determine the

= distribution of stresses arising in a very wornrgaetion

N (according to GOST 13877-96) with regard to valofes

0 thread coils intermeshing (Fig. 8).

&f/

g

Figure 7 — Diagram to determine the wear
of sucker rod thread

In the process of threaded joints tightening th
opposed sides of profile are worn out, and theevalu
wear is determined by the same procedure as f
screwing. Distribution of normal pressure under th
loading by tightening force corresponds with the
scheme when the pin is stretched and coupling

e
PV S Y O v

compressed [5]. The tightening by the torque of a) b)
screwing for tight connection is determined by dxel a — the maximum overlap of coils,
movement on the value of deformation of pin pagrtd b — the minimum overlap of coils

coupling from the end of the thread to thrust efid o
shoulder and by the deformations of last coils.

The value of wear while tightening and unfastening
of sucker rod threaded connections is defined as:

Figure 8 — Extreme case of contact of pin and
coupling thread coils

To identify the distribution of stresses in thelsarc

1_ fCm$, r2d? rod threaded connections the ANSYS finite-element
Wz = of 1+ 2 Q| Hafr + computer axisymmetric model of worn standard
(3) connection for sucker rods with a diameter of 19 mm

peth(mH)) ch(mz) (GOST 13877-96) has been developed. Material of the

* m j sh(mH)’ connection was selected — 20N2M steel (GOST 4543-71

where Q, is the tightening force § is the coefficient ?eftme;)etﬁrr?gpe;tm%gzcai:]ersrlli[r)e(réitirez.(iflfoig’S;r;lggi, an
depending on the material properties and geombtriqay = 685 MPagy, = 880 MPa). Threaded connection has
parameters of thread. been loaded by axial force and screwing torque.

The calculations obtained by the formulas (2) and  The distribution of equivalent stresses (by Mises)
(3) to determine the wear of the thread while so1gw in a worn connection of sucker rod with differeatues
and tlghtenlng consider the contact ma”eabllltylﬂﬁs of coils Over|apping in thread is shown in F|g ©®da

in the connection. _ _ graphical relationship between the equivalent st®s
According to the comparative calculation, thgpy Mises) in the root of pin thread in Fig. 10.
value of wear while screwing is 20-30 times higifem Fig. 9 shows that in the threaded joints with a

the thread wear while tightening, so only the gidefile  maximum overlapping of coils arise limit stressds o
of pin and coupling turns are worn, which are intact 700 MPa. These stresses appear at the top of réte fi

while connections screwing and unscrewing [4]. root of pin thread (Fig. 11), but do not affect the
According to the results of calculation method, thgurability of the overall connection.
last three turns of thread are practically not wamd the Graphical dependences (Fig. 10) imply that the

wear of the first coil is 10-12 times hlgher thiae tvear distribution of equiva|ent stresses (by Mises) g|dme

of the last coils. The results of calculation CSp’lﬂﬂd coils thread in threaded pm for the maximum and
with the deterioration data in the course of operabf minimum Over|apping coils is similar, the main
sucker rod threaded connections in industriadifierence is that values of stresses in conneatiith
environments. maximum overlapping coils are bigger.

Equation (2) takes into account the impact ofrfit i Let's consider the distribution of axial stresses
thread connection on wear because the values @f m,(Fig. 12).

andl, depend on the diametrical clearance.
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Stress, MPa

NODAL SOLUTION .395E+07
.813E+08
L395E+07 -139E+02
LB13E+08 -236E+09
.159E+08 -3L3E+08
.391E+09
.236E+08
_468E+09
_313E+0%
.545E+09%
_391E+0%
.BZ3E+09
.468E+08
_700E+0%
_545E+0%
rame08 ~ Figure 11 — Equivalent stresses (by Mises)
in the first coil of pin thread of worn sucker rod
-700E+03 with a diameter of 19 mm
STEP=1
SUB =7 B
TIME=1 NODAL SOLUTION
SEQV (AVG) [
DM =.736E-04
SMN =.305E+07 £ X
-NODAL SOLUTION —.784E+0%
—.636E+05%
—.488E+05
_ST1E+DT
—_.3240E+0%
.541E+08
—.18ZE+0%
J10Z2E+08
—.442E+08
.151E+05
.104E+03
.199E+083
.252E+0%
.248E+08
. 399E+0%
_29BE+09
. 547E+05
.344E+09 STEP=1
SUB =7
.393E+009 TIME=1
8Y (BVGE)
R3¥s=0 5
.441E+09 DM =.736E-04 £ X C e a)
STER=1 NODAL SOLUTION
8UEB =7
TIME=1
HEQV (AVE)
DMX =.748E-04
=.571E+07 _
o — aaimi0s B_¥ b) -aneEs
. . - .3B5E+09
a - with a maximum overlap of turns,
b - with a minimum overlap of turns - -Z64E+09
Figure 9 — Equivalent stress (by Mises) - - 14zE+09
in a connection of a worn sucker rod - onoE4s
and a 19 mm coupling
.100E+09
500 ‘ ‘ ‘ ‘ ‘ .22ZE+00
450 ‘/‘=‘§_".\ .343E+03
400
350
\ -464E+08

300 \
250 .5B6E+0D
200 \ gTEE=1
150 SUB =7
TIME=1
100 Y tave) [
50 RIYS=0 g
o ! | DMEX =.748E-04

0 . , N . s . 3 . 0 sun =-.508m09 [ t))
e acimum of thread cos ovetaping - minmum ofthrca ol ovriapng a — with a maximum overlapping of coils;
Figure 10 — Distribution of equivalent stress b — with a minimal overlapping of coils
(by Mises) in the roots of worn thread pin Figure 12 — Axial stresses in the connection
of sucker rod with a diameter of 19 mm of rod and the coupling for a diameter of 19 mm
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Larger values of stresses are arising in a According to Fig. 14 more uniform distribution of
connection with a minimum overlap of coils and arexial stress in the worn pin thread occurs in cotioe
concentrated in the seventh root of coupling d¢oiéad. with a minimum overlap of coils, although in thestla
We can assume that this is the stress distributiah three roots the stress values are higher than in a
leads to the destruction of the couplings body ehilconnection with a maximum coils overlapping.
operation (Fig. 13).

600
I

Sy

g

1%400 \
300

200 \

“ \}N\\i_.

0 <,

-100

Roots of pin thread starting from groove
4= maximum of thread coils overlaping == minimum of thread coils overlaping

Figure 14 — Distribution of axial stresses on the ern
pin thread of sucker rod with a diameter of 19 mm
taking into account the size of the overlap of cail

thread

A comparative analysis of the stress state of
threaded connections with a worn and a new thread i
made. Graphical dependencies of stresses distibuti
are shown in Fig. 15 and Fig. 16.

w
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Stress, MPa
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‘worn with maximum ovelapping of thread coils
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~fi— worn with minimum ovelapping of thread coils
—de—  MeW With maximum ovelapping of thread coils

—<  new with minimum ovelapping of thread coils

Figure 15 — Distribution of equivalent stress
(per Mises) along the root of coils threading
of new and worn sucker rod of 19 mm in diameter
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100 \’—/l
Roots of pin thread starting from groove
== worn with maximum ovelapping of thread coils
~fi— worn with minimum ovelapping of thread coils
C) —ge— DewW With maximum ovelapping of thread coils
a— Coupllng (S|de VleW), s D€W With minimum ovelapping of thread coils
b — coupling (kind of fracture), Figure 16 — Distribution of axial stress (per Mises
¢ — longitudinal section of the coupling along the root of coils threading of new and worn
Figure 13 — Destruction of worn coupling thread sucker rod of 19 mm in diameter
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HocnigxeHHA HanpyXeHO-Ae¢OpPMOBaHOro CTaHy pPi3b60BOro 3'€AHaHHA
HACOCHMX LUTaHr

b.B. Koneﬁ*, B.B. Muxaiinrox, M.M. Jlax

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

Pi3p00Bi 3'€MHAHHA € BiANOBINAIPHMMH BYy3JTaMH, IO BH3HAYAaIOTh HANIWHICTH KOHCTPYKIii KOJOHM HACOCHHX IITAHT.
HesBakatoun Ha pI3HOMAHITHICTH IX KOHCTPYKTHBHHMX BHKOHAaHb, aHAJI3 IIPOMHCIOBHX MaTepialiB CBIIUHTH, IO ITOJIOMKH
HACOCHHX IITaHT BiAOYBAIOTHCS SIK MO TLTY INTAHT, TAK 1 pi3b0OBUX 3’ €JHAHHSX.

VY mporieci cmycko-migiiMalbHAX pOOIT Ui 3aMiHM CBEPJIOBUHHOTO HAcoca BiOyBaeThcsl Oararopa3oBe 3rBUHIYBAHHS 1
PO3rBHHUYYBAHHS Pi3b00BUX 3’ €[HAHb HACOCHUX IITAHT, BHACHTIJOK YOT0 3HOIIYIOTECS Pi360H HINleNiB Ta My(T.

Ha ocHOBI aHamizy METOQUKN BU3HAYCHHS BEJIMYNHY 3HOIIYBAHHS Pi3bOM HINENS IiJ 9ac 3rBHHIYBAHHS-PO3TBUHIYBAHHS
Ta 3aTATYBAHHS 1 PO3KPIIUICHHS 3’ €QHAHHS HACOCHHMX INTAHT, 3amporoHoBaHoi C.A. babasHOM, BCTQHOBJIEHO, IO BEIHIHHA
3HOIIYBaHHS pi3p0u mif yac 3reuHYyBanHs B 20—30pas3iB nepeBullye 3HOIIYBaHHS Pi3bOH IIiJ] Yac 3aTATyBaHHS, a TAKOXK, 3TiHO
3 LI€I0 METOMMKOK, TPH OCTaHHIX BUTKH Pi3bOM NMPAKTHYHO HE 3HOLIYIOTHCS, a 3HOLIyBaHHs mepuioro Butka B 10—12 pasis
MIEPEeBHIITyE 3HOIIYBAHHS OCTAHHIX BHUTKIB. OnepkaHi pe3ylbTaTH PO3PAaXyHKY BiINOBIAAIOTH JAHUM 3HOIIYBAHHS B IpoIEci
eKCInTyaTamnii pi3p00BUX 3’ €IHAHb HACOCHUX INTAHT y IIPOMUCIOBUX YMOBaX.

JInst BUSIBIICHHS Ta MOPIBHSHHS PO3HOJINY HAPY)KCHb Y Pi3bOOBHUX 3’ €HAHHAX HACOCHHX HITaHr y cepenoBuiii ANSYS
PO3pOOIICHO OCECHMETPHYHI MOZIEN HOBHX 1 3HOIICHUX CTaHIAPTHHX Pi3b0OBHX 3’ €HaHb qiaMerpoM 19mm. Pi3p00Bi 3’ €qHaHHS
HaBaHTAXXyBAJINCS OCHOBOIO CHJIOI0 Ta MOMEHTOM 3TBHHUYBAHHS.

Ha ocHOBiI pe3ynbTaTiB MOIETIOBAHHS 3pOOJICHO BHCHOBOK, IO 31 30UIBIICHHSM BETWYMHM 3HONIYBAHHS Pi3bO0OBOrO
3’ €IHaHHSA HACOCHOI ITAHI'H PO3MOJLT HANPYXXEHb 110 BIIQJANHAX Pi3bOM HINeNs CTa€ PiBHOMIPHIINM, BiJIIOBITHO 1€ TIO3UTHBHO
BIUIUBA€ HA JOBTOBIUHICTH POOOTH pi3pOOBOr0 3’ €AHAHHS 33 NUKIIYHAX [AWHAMIYHAX HABaHTaXKCHb. 3a IIOJAJBIIOTO
3HOIIYBAaHHS Pi3b0M HAMPYXKEHHS 3pPOCTAIOTh y CEPeNHIX BHUTKAX, a B KpalHIX — 3MEHIIYIOTHCS, 1 BIUIMB ITOJAJBIIOTO
3HOIIYBAaHHS HA JOBIOBIUHICTH POOOTH 3’ €IHAHHS € HETATUBHUM.

Taxox BCTaHOBJICHO, IO 332 TPAHUYHOT'O 3HOIIYBAHHS Pi3600BOrO 3’ €IHAHHS MaKCUMAIbHI HANIPY)KCHHS KOHIIEHTPYIOTHCS
y BIQJMHI BUTKA Pi360H My(TH, B pe3yIbTaTi YOro BUHUKAE pyHHYBaHHA ii Tifa.

Kitto4oBi ciioBa: sumox, 3Houty8ants, Memoo CKiHUeHHUX e1eMeHmMi8, HanPyJ#CeHHs, HACOCHA WMAaHea, pizbhose 3' €OHAHHSL.
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