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ESTIMATION OF STRUCTURE DURABILITY
USING THE STATE DIAGNOSTIC AND SAFETY REQUIREMENTS

Here is presented the theoretical bases of a method of definition of extended structure service life on values of service
life of their elements with defects which geometry is established by methods of technical diagnostics with results of the
analysis of previous operation features, failure statistics for similar structures and requirements of industrial safety. There
is submitted the algorithm of definition of recommended pipeline service life on a design stage, provided carrying- out of

requirements of industrial safety.

The approach is illustrated by obtained relations for an estimation of a residual resource of the main pipelines taking
into account the results of diagnostics of their technical condition.

1. There are considered the structures consisting
of a significant amount of elements (N >10°),
including welded connections of various types.

Structure elements contain the defects having a
mechanical, technological and operational origin.

Methods an estimation of durability of such
designs is based on the block-hierarchical approach
according to which some hierarchical structural
levels are selected, and service life is estimated
consistently from the lowest to the maximum
hierarchical constructive levels [1], [2].

The structure conditionally is segmented
(sections, macrosegments, etc.) on the functional-
design principle (the maximum hierarchical
level).

Further macrosegments are represented as
calculative segments on character of internal and
external loadings and influences and design data
(an average hierarchical level). The sizes of each
segment are defined by the condition approximately
homogeneity of internal and external loadings and
influences. The calculated segment is determined
as a certain set of structure elements (the lowest
hierarchical level).

In the article for the first time the problem
of determination of segment life (an average
hierarchical level) on results of life calculation of its
elements with defects (the lowest hierarchical level),
established by carried out diagnostics, is formulated
and solved, in view of requirements of social and
ecological safety.

The calculation of element durability is carried
out on the theory of failure processes of loading
[1], [6] and fracture mechanics on the basis of
results of diagnostics of technical condition of the
element. Service life of a macrosegment at the top
hierarchical level is determined as the least value
from service life of calculated segments.

There is submitted the algorithm of definition
of recommended pipeline service life on a design
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stage, provided carrying- out of requirements of
industrial safety.

2. The present approach is illustrated by the
example of diagnostics of a technical condition of
main pipelines and an estimation of their service
life.

Diagnostics of a sections or several sections of
the pipeline (the top hierarchical level) is carried
out passing through them the intrapipe intellectual
shells (profile recorders, ultrasonic and magnetic
flaw detectors). Electrometric and acoustical-issue
diagnostics are applied for calculated sections
(an average hierarchical level), and ultrasonic,
magnetic, magnetic-powder and x-ray diagnostics
are spent for structure elements in test pits (the
lowest hierarchical level).

Large-scale pipeline destructions are caused
by stochastic processes of evolution of cracks,
geometrical defects, corrosion defeats of element
metal. The matrix of defects contains the cracks in
the basic metal of structure elements, cracks in ring
and longitudinal welded connections, corrosion

‘cracks, stress - corrosion cracks, corrosion loss

of metal, stratification and inclusion in element
metal, risks, dents, corrugations in an element
wall. Defects can be found by means of intrapipe
and external diagnostics with the certain reliability,
and also be set by results of the previous section
operation and failure statistics on the similar
sections. _

Each kind of the above-stated defects "x",
x =1,...x,, leads to the destruction stream of element
section.

Data files of each kind of defects "x", * =L,...x,,
is associated with the data files of fallure times
I, for defects found out by means of intrapipe
diagnostics (7, ,; - failure times of reaching by
defect of a kind "*" with a serial number "»" of
the critical size ¥ =1,...3,);



ESTIMATION OF STRUCTURE DURABILITY USING THE STATE DiAGHBSTIE AND SAFETY - REQUIREMERTS

n,.n

data files "x", ¥ =1,..X,, is associated with the
data files of fallure times - xe (%:x. - failure times of
reaching by defect of " *' ' with a serial number "z"
of the critical size z =1,...z, ) for defects found out
by means of external diagnostic inspection;

data files "x", ¥ =1...X,, cause data files 7, ,
(t,, - failure times of reaching by defect of a kind
"x" with a serial number "w" of the critical size

w=1,..w,) for defects found-out by means both

intrapipe, and external diagnostics,

for defects which cannot be revealed by diagnostic
inspection it is determined failure times Lima Of
achievement by defect "x" to the critical size.

To serial current numbers "y","z","w" there
correspond the coordinates of defect arrangement
on section length L, L, L,, accordingly.

The probability Pf’ of large-scale destruction of
a calculated section is determined by the sum of
probabilities of the large-scale destructions caused
by occurrence and growth of defects, having
mechanical, technological and operational origin,
during the time (the theorem of an addition of
probabilities for not joint events):

i

where

NJ() = (L, )[I -2, (’a;)] &= P (1)
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P (l‘ ) probability of destruction of a certain
1eng‘ch pipeline section during residual time of its

operation f, after the end of diagnostic inspection
or after the certain time of operation;

P .. (¢.)- probability of destruction of the

" "

section having defects ofakind "X *= | I
located on itslength on the distance L}, y=L..,,
and found out only means of intrapipe diagnostics
dﬁring time 7,

B e (td « 1 ) probability of destruction
" "

of the section having defects of a kind "X

x=1,...X,,]ocated on its length on the distance
L,z=1,.,L #L,and found out only by

Jild

means of external diagnostic inspectioﬁ,during the
operation time Z;x +%,;

P,.(t,) - probability of destruction
of element section having defects of a kind
"x", x=1,...x,, ,which are located on its length
on the distance L,»W=1...W,, and are found out
both intrapipe, and external diagnostics, during the
residual time 7, ;

P, () - probability of destruction of the
section having defects of a kind "x", x=1..x,
of which sizes isn’t revealed of d1agnostics;

P..(t,) - probability of destruction of a
section during the residual time Z,, estimated by
results of indirect methods of €xternal diagnostics
(magnetic gradiometer; acoustical-issue and eddy
methods, electrometric methods of technical
condition monitoring for insulating cover and
metal), the analysis design, executive and service
documentations and statistics of destructions on
defects ofakind "x", x=1,..x,;

P, f (l‘ ) probability of destructlon of the
section, estimated by results of the previous section
operation in view of activity of the third parties and
statistics of destructions while in service the similar

sections of the area, during the time 7, ;

t. - residual time of operation from the ending
of last diagnostics;

t; . - the time of finding of defects " x " from the
beginning of pipeline operation,

g(y,z,w) =1 - if the results of mtraplpe and
external diagnostics are not presented,

q(y,z,w)=0.5 - if it is not results either
intrapipe, or external diagnostics;

q(y,z,w) =0 -ifwe have the results of intrapipe
and external diagnostics.

At P, <<LP,,<<LP_ <<LP, <<LP, <<LF <<l
the relations (1), (2) can be transformed to the
following:

P (r V=P, (t,.1,, )+ B (6)+ P (8. )+

md (t )+‘P3f (tr’zd \)+‘P (tr’td ’r) (3)

whereP(,,,,A) EZP (td3+t )[1 Pu(tm)jl

x=1 z=1

@)= HIW

x=1 v=1

B(t)= iz

x=1 w=1
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]:; tr’ td,x )= 2 ‘Rr;ar (id_x + Z‘r )[1 = f;‘.a (td‘.\' )]9(% Z, W), e
=1 . . 7 i

Pind (tr )= z Z ‘py,x,i (tl )’

x=] y=1

‘P3f tr’td,x)zz}z:.?:f (td,x +tr)[1_}:',3f (td,x)]'
x=1

3. Damages of structure elements of a pipeline
section T =m_(¢) under operational loading
are proportional to the relation of service life of a

section 7 to failure time 7, of destruction ofa section
on the defect "x" (the linear theory of damage
accumulation):

T, ~ i, T, ~ALt, @

X

where Z, - failure time of achievement by the defect

n..n

x" of the critical sizes /. ;>¥=1,...x,, under
operational loading: ©, =6, .(t),g,j=12;

=t,
Lr=h+1, [Gg,j @ ):Lo , Jv - time functional,
describing the growth of the defect sizes in time

i~%L;
t

X

A, - coefficient of intensity of a stream of
destructions "x"; L - length of a calculated
section.

For definition of damage of constructive elements
T, it can be used the approaches [1] - [3]. It is
assumed, that the probability of section destruction
P, =P, (t) on the defect "x" during the time t is

univalent determined by damage 7, =7, (¢):

CP(@)=9(, (1), ie (5

Z z
'R"«“J' (tl )= ¢ - Pw.x (tr ) =0 P :
y,x,i wx
z,
Rr,ind (tr)=(P ¢ ’
x,ind

‘P:,x,e (tl ) = (P (kx,etr'[‘)

R\',a (tr ) =0 (?\‘x,atr‘l;) R,.’)f (tr ) =0 (}\’x,?;ftrl)’
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¥=l.x,y=1.y,z=1.z7,w= L.w,

where L - length of a calculated section;
7\‘x,e77\’x,a5}\‘x,3 s -coefficients of intensity of a
stream of the destructions "x"; '
© =0(?) - function of distribution of section
destruction;

f t

y,Li?
sizes by longitudinal or cross-section cracks in the

w,1° 4 Lind - time of reaching of critical

basic metal of elements on the distance L_l. ,L, and
in the most stress zone on the length of a calculated
section accordingly;

! y.,2,i° Z‘w,z 9 r2,ind - time of reaching of the
critical sizes of longitudinal or cross-section cracks
in ring and longitudinal welded connections on
distance Ly » L, and in the most stress zone on
length of a calculated section accordingly, and at

displacement of their edges;
L, 3158353 1 - time of reaching of the critical

sizes of element metal stratifications on distance
Ly » L, and in the most stress zone on length of the

section accordingly;

Ly aisty.45% jng - time of reaching of the critical
sizes of corrosion cracks and the volume of corrosion
losses of metal on distance Ly » L and in the most
stress zone on length of the section accordingly;

Ly 5oty 5ols g - time of reaching of the critical
sizes stress - corrosion cracks on distance Ly ,L andin
the most high stress zone on length of the section .
For the description of destruction during
service life 7 there is chosen the function 0= (1)

as Pouasson distribution:

t t
=k -k
(P X l‘x exp( X t_}[)) (6)

¢ =kAt Lexp(-k\zL),

where k., x =1,...x,, - safety coefficients providing
the conformity the valid and calculated failure
times. —

Calling all (3) and (6) the probability of
destruction of a calculated section 7; =P, ¢ (2,)
can be determined on the following relation:

P, (’ r) = i kx[(’ P )'L{H el XD (—k),“ (t P )L)[l kAt Lexp (—kxl,_,',thL )] +
=1 X

+H, —t,axx.a exp (_kx}“-nd (td—\' +7, )LXI - k:}‘.r,af JJL exp (‘kx)"mrdal‘ )] +

+H -\‘.Sj}"xJ 7 €Xp _kx}"A'Jf (t:u +2, )LX] kA, el exp (‘k:}"u e al ):,} +

H., 1 & H 1 &H, ]
+,5,, {t‘—""'exp( -k, t—'J+ zr—""'-exp ( —k,r—’ )+ zr—exp [—Ic: r_—]}]
xiind w=l fex wx

xind = v roxd

(7
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U_nder the condition of

E, __-<1,k ——<],k ——<1,kk3/(th+t YL<LEA,, (t, +2 )L <1,

Ly L

the relation (7) can be reformed by following:

1
P (t,)=t, LA, +t, (L?»f +t—), (8)
7

}"t Zktd\{Htex.\e-l-H\-nq(y"’w)}\'\n A3f}\'xsf}

where
{ \‘md w=l tux vu}

.\md
——ZS” : Z

t - time of the diagnostic end from the beginning
of operation; ‘
7\1,8,7\1’,,»7\1,3 7 - coefficients of intensity of
adestruction stream, characterized the distribution
-.of probability of reaching of the critical sizes by
longitudinal and cross-section cracks in the basic
metal and in zones of geometrical concentrators (in
dents, corrugations, risks); '
s 497 35 - coefficients of intensity of
a destruction stream, characterized the distribution
of probability of reaching of the critical sizes
by longitudinal and cross-section cracks in ring
and longitudinal welded connections, and at
displacement of their edges;
,e’}?,a’ 37 - coefficients of intensity of
a destruction stream, characterized the distribution
of probability of reaching of the critical sizes of
metal stratifications in structure elements;
4,004,024 3f - coefficients of intensity of
a stream of corrosion destructions of structure
elements (taking into account the quality of
insulating cover, duration and qua]ity of a work
of electrochemical protection devices, corrosion
actiyity of spoils, the water environment);
5.e97%5.a2/v5 37 - coefficients of intensity of
a stream of stress-corrosion destructions of
structure elements (taking into account the
quality of an insulating cover, mark of steel and a
level mechanical loading constructive elements;
agegression of an environment); '
6,e>7¥6,a>"%,3f - coefficients of intensity of
a destruction stream caused 'by occurrence of
mechamcal mﬂuences on elements sectlon as

a result of activity of the third parties (acts of
vandalism, mechanical infiuences of digging and
transport equipments, explosions, impacts), depends
on the depth of pipeline position, conditions of the
conservation zone, frequency of patrolling;

H x,ind - probability of potential presence of

defects "x" not detected by known means (the
calculated maximal length of the defect is equal
1 =50MM, the calculated maximal depth of the
defect is equal h) =1,5 mm);

H_, - probablhty of detection of defects “x
with the sizes (1, h), (I>1,, h>h,), by known means
at intrapipe dlagnostlcs

H , - brobability of detection of defects “x” by
known means at external diagnostics;

H,.,, - probability of detection of defects of

akind " *" with the sizes (Z:h), (1 >1,,h> ho),by
known means at intrapipe and external operational
joint diagnostics,

Hx,w =Hx,i +Hx,e

({92

- 2Hx,in,e 5

H,, - probability of a prediction of defects of
akind “x o by results of analysis of design, executive
and the operational documentations and statistics
of destructions on defects of a kind “x” while in
service similar sections in similar nature-climatic
conditions; '

- " - probability of a prediction of defects “x”
caused by activity of the third parties, by results
of the previous section operation and statistics of
destructions while in service of similar sections at
similar social and industrial conditions;

§_-probability of definition of non-failure
operatlon of structure elements with “x”
defects according to the accepted failure theory
(Z\ md’th’tvxl)

5. According to the criterion of industrial safety
of pipelines the probability of pipeline destruction
during its service life (structural risk) should not
exceed the acceptable risk determined on values of
social risk, industrial risk and ecological risk (on
flora and fauna) [3]-[5].

Residual time of socially and ecologically safe
section operation should satisfy to the following
inequality:

I:A}Ltd +7z‘ R L+— } [ } ©9)

whereat 7, , =1,
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As =2k {erxxe-ﬁ-qu(y,z WA, +Hx3ka3f}

R G e i
t

s - Tesidual time socially and ecologically safe
section operation;

[Z] - accepted relative risk [5,6].

It is possible to use the following inequality if
service life is known on design stages (item 6)

ALk, <[I], (10)

t pr - recommended service life of a pipeline
section, year;

k, - coefficient of corresponding calculated and
recommended pipeline service life;

- design value of intensity coefficient of

destruction stream (item 6).

The relation (9) can be transformed to the
following kind:

5= Ay Lkt = A Lt ) (I, +1/t, ) (11)

Thus, relations (9) or (11) allow to calculate the

value of residual time Z . in view of distribution of
the defects determined by means of intrapipe and
external diagnostic inspection, results of the previous
section operation and requirements of social and
ecological safety of pipeline operation.

6. The recommended section service life
determined on a design stage can be found as a
decision of the following transcendental equation:

P(t,)) = O(t,), where

)ZH 2 B(t, )P, (t,)+
TP (,)+ B, ),

P.(t D=1, X(tg/t;) N, Lexp(=A,Lt,, Xt,/t)),

=y - ,5,1’3f Asst, Lexp(=L, L),

Q(tH)=ZQz- ()~ Z O,(1,)Q; () +

i=1 i#ji, j=1

+5[[2.()+ 0, (),

i=1

Qi (1}-1) = z‘H}"il’exp(_—x’iLl‘H):i = 1:-9-35: Q3f(tH) =
= Ay L exp(=A, Lty); here (12)
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F(,),i= s L3 - probability of

. destruction of pipeline section of certain length

L during operation time 7; components of the
probability are caused by the destruction or assembly
(i=1), or factory welded connections (i =2), or
the basic pipe metal (i =3),or taps (i=4)or tee
connectors (i = 5)and also as a result of activity of
the third persons accordingly;

(), i=1,.,,,5,Q3f(t, J) - accepted value of
probability of destruction of pipeline section of

certain length L ; components of the probability
are caused by the destruction or assembly (i=]),

or factory welded connections (i=2), or the
basic pipe metal (i=3),or taps (I=4)or tee
connectors (i =5)and also as a result of activity
of the third persons and which corresponds to
statistics operation of the similar section during the
appointed pipeline service life;

A, - coefficient of intensity of a destruction
stream, characterized the distribution of probability
of reaching of the critical sizes by potential cracks
and similar crack defectsin ring welded connections
of a section, including the displacement of their

edges, A = 1/(kmr* year);

A, - coefficient of intensity of a destruction
stream, characterized the distribution of probability
of reaching of the critical sizes by potential cracks
and similar crack defects in longitudinal welded
connections of a section, A =1/ (km* year);

s coefficient of intensity of a destruction
stream, characterized the distribution of probability
of reaching of the critical sizes by potential
longitudinal and cross-section cracks and similar
crack defects in the basic metal, in the zones
of geometrical concentrators (in the dents,
corrugations, risks), and also in the zones of metal
stratification, ) = 1/(km * year);

A, - coefficient of intensity of a destruction

- stream, characterized the distribution of probability

of reaching of the critical sizes by potential cracks
and similar crack defects in taps, including the cold
air blast pieces, ), = 1/(km * year)

As - coefficient of intensity of a destruction
stream, characterized the distribution of probability

of reaching of the critical sizes by potential cracks

and similar crack defects in tee connectors,
A =1/(km* year);
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Ay ¢ - coefficient of intensity of a destruction
stream, caused by occurrence of mechanical
influences onstructure elements as a result of activity
of the third parties (acts of vandalism, mechanical
influences of digging and transport equipments,
explosions, impacts), depends on the depth of
pipeline position, conditions of the conservation
zone, frequency of patrolling, A =1/ (km* year);

t,i=1,...5 - failure time of operation of the
generalized structure elements, namely: the ring

welded section connections (7 = 1), longitudinal

welded connections (i = 2), the basic pipe metal
(i=3), taps (i=4), tee connectors (i=5),
determined by accumulation of damages

at operational loading in corrosion-active
environments around of the pipeline;

t- the appointed pipeline service life:
z‘H=kez‘P. sas K,- a parameter of total efficiency of
a project (including the public and commercial
effectiveness, taking into account the rates of

predicted inflation, uncertainty and risks); B
a time of pipeline payback in view of discounting;
, 7\3,, - design value of destruction stream intensity

5
coefficient: A, = z A+, 7
. i=1

7. Here is chosen a nominal circular stress in
the section beginning and an axial stress maximal
on all length of a section in the compressed zone
on element section as components of calculated
nominal stress - strain state of generalized
constructive elements:

K
oy()=0,, +z T4 SINO,L,
k=1

(13)

where o, = o, , — E[aAt+ D, (R + R;?)"? /2],
€,, =(0.002+0, / E)(o, lo+(o,/0,) +

'+IG:I/0-1]1/29

here G, ,0,,0,,k=1..K - the calculated
amplitude-frequency characteristic of circular
stress, caused by the characteristic of internal
pressure of product transmission;

R\, R, - the radiuses ofa technological bend ofan

pipeline axisat its stacking in horizontal and vertical

plane accordingly;

-0l - coefficient of linear expansion of element
metal;

E- Young’s module of structure element;

Lt - Pousson’s cross-section reduction coeffi-
cient ;

Af - the calculated temperature difference at
“short circuit” of a section ;

G,s0, - the relative yield stress of steel and

circular stress in the structure elements at hydraulic
tests accordingly.

The service life of basic structure elements of
pipeline section is determined as the decision of the

following transcendental equation;
&,/ 8,+0,, 10, (1, s 0,1, 1)+

K N
a e
+Z Og0_(0,,0.2, 50, 1) =1,
k=1

i=1,23,
where craﬂ(t,.,a,j,n)/ab:u/l(z‘i,a,’,.,n)ﬂ/z(t,.,n),
0@, 0t ,0,;,m)/ 0, = (@, 0,1, 0, M), (0,1 )+

+¢3 (a)kﬂa)kti ,71); (14)

0,,=0,,(%,%, ,n), i-1,.,5-g — the quantile curve of
long-term sfrength of generalized structure ele-
ments of a calculated section namely: the ring
welded section connections(i=1), longitudinal
welded connections (i =2), the basic pipe metal
(i=3), taps (i =4), tee connectors (i =5), tak-
ing into account processes of ageing and. corro-
sion, G_; =G_,(0,,t,,0,,,1),i=1,2,3 g - the
quantile curve of fatigue strength of generalized
structure elements of a calculated section namely:
the ring welded section connections (i =1), longi-
tudinal welded connections ({i= 2), the basic pipe
metal (7 =3), taps (1 =4), tee connectors (i=5),

taking into account processes of ageing and

COITOSion,

g - the quantile curve of strength is the strength
curve corresponding to probability of failure-free
operation of an element, equal ¢ :

q=1-1/N, N =N,L, where N, - the quantity
of pipes for one-km pipeline;

L - the length of a section, km;

Q150 250, 3,0 4,0, s - calculated values of o
‘theoretical cdefﬁcients of stress concentration

ENGINEERING & AUTOMATION PROBLEMS, VOL. 5, HUM. 1, 2006 75



SRR e . & S SR

EB. Zavoichinskaya, B.1. Zavoickinskii

in assembly and factory welded connections, in
the basic pipe metal, taps and tee connectors

accordingly; ;

7 - the number of group describing the corrosion
and stress - corrosion intensity in the generalized
structure elements.

Function 0a (t;,0,;,1)/0C, is submitted as
the sum of two functions V¥,(Z,,0,;,%) and
W, (%, ,n),and function O _;(®,,0,7,,0,,,1) /G, is
represented as the sum of two functions
¢1((0k s, 1, ’(X’t,z"n)(b.?((okti) and ¢3(0)k SO, »71) 5
the first of which is product of two functions
Gy (@, 02,0, ,,7) and ¢,(0,2,) . That represen-
tation of determining strength curves has allowed
to approximate of significant number of curves
describing interrelation of basic parameters on
numerous experimental data of processes of steel
failure [1] - [3] . The basic hypotheses of suggested
methods are listed further.

The ‘method of definition of residual service
section life on a design stage is based on three
hypotheses. At first, the expression for definition
of probability of section destruction on values of
probability of destruction of elements with defects
of a various origin revealing by methods of an
intrapipe and external diagnostics, is presented.

‘Secondly, the regularity of probability distribution
of element destruction is written down depending
on their damages which determined on kinematic or
other durability hypotheses. Thirdly, the criterion of
definition of socially and ecologically safe operation
times is formulated.

The method of definition of recommended
service pipeline life on a design stage also is based on

~ three assumptions. At first, it is written the condition

according to the probability of the section destruction
during recommended service life doesn’t exceed the
probability of its destruction during the appointed
service life according to the requirement of industrial
safety. Secondly, the criterion for determination of
operation service life of the generalized constructive
section elements is offered. Thirdly, approximations
of relations between the determining functions
and loading parameters and mechanical material
propetties are offered.
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ITPOTHOSUPOBAHME JOJTOBEYHOCTH KOHCTPVKITHIA
C YYETOM PE3VIIBTATOB JUATHOCTUKM MX TEXHUYECKOIO COCTOSHS
~ 1 TPEBOBAHUI1 BE3OITIACHOCTH

1 Paccmampueaiomc;l KOHCMPYKYUU, COCMOAWUe U3 3HaYUmenvHo2o KoAu4ecmeda KOHCmpmeUGHbDC 3/1€M€HIT_103

(N = 1°), 6 mom uucne ceapnvix coedunenuii DPaznu4Hoeo muna. .
Korcmpyxmustivie anemerims. codepycam deghercniv., umerouj1e MEXAHUYeckoe, MexHON0SUMECKoe UK CHAYAMAUUOHHOE

npoucxocoerue.

Memoduxa oyenxa donzoseurocmu marux Koncmpyryuii basupyemes na 610uno-uepapxuueckom nodxode, coenacHo
KOMOopoMmy 6b10eA5emcsi HECKOAbKO UepapXu4ecKux KOHCMPYKMUSHbIX YDOGHell, U 0UeHKa CPoK0e cayicbovl HauUHaemcs
10CAe006amenvHO 0m HU3UE20 K GbICUIEMY UEPAPXUYECKUM KOHCIMPYKMUeHbIM ypoeHsm [1], [2]. ]

Kornempyryuio yenosHo paz6usaiom na Kpyntvie Maxkpocezmermbvl (Y4aCMKU, hpasmeHmol u m.n.) no YHKYUOHANLHO-
KOHCMPYKMOPCKOMY NPUHYUNY (6bicuiuli uepapxu4eckuil yposens).
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Maxpocezmerimbvl 6 ceoro 04epeds npedcmasisiiom 6 ude pactemHbX CeaMeHInos no Xapaxmepy GHYMPEHHUX U GHEULHLX
HAZPY30K U 6030eliCmeuil U KOHCMPYKMugHsiM napamempam (cpednuii uepapxuyeckutl yposens). Pazmeput kasncdozo
pAcHenHo20 CeeMenma makxoebl, 4mo N5 He2o HymperHUe U GHeUIHUe HAZPY3KU U 6030elicmaus NPUBAUNCEHHO Mozym
paccmMampueanvcs Kax 00HopoOHsle. Pacuemmbiil cezmernm gopmupyemes u3 onpedenentozo ua6opa KOHCIMPYKMUGHbIX
2neMeHMO6 (HUBUWULL UepapXuMecKuil yposens).

BHacmoaweli cmambve 6nepsbie nocmaenena u peuena 3a0a4a o6 onpedeneruu cpoka CAY2*CObI pacuemHo20 cecmenma
(cpedHuil uepapxuueckuli yposens) no pesyssmamam pacwema cpoka cayacbsl ezo KOHCMPYKMUBHBIX 3/1EMEHMOo8 ¢
Oegpexmamu (HUSULUL UePapXUHMECKUTl YPO8eHY), YCMaHOGACHHbMU NPOSedeHHOI OUa2HOCMUKOIL, ¢ y1emom mpeboearnuii
COULANBHOT U SK0102UMeCKoll be30nacHocmil.

Pacuem 001206e4HOCMU KORCIMPYKMUGHDbIX 21€MEHMOE HA OCHOBE Pe3ybmanios OUasHOCHUKIL UX MeXHUYecko2o
COCMOANUS 6bINOAHAIONM 1O MEOPUU npedenvhivlx npoyeccos Hazpyxcerus [ 1], [4] u mexanuxu paspyuenus. Cpox cayxcbol
MAKpOCeSMenma Ha 6epxXHem UepapXUu4eckom yposHe onpedensemes Kax HAUMEHbliee SHAUeHUe U3 CPOKOE CayxHcbol
PACHEemHbIX CE2MEHMO8.
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