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ASSESSMENT METHODS AND ALGORITHMS OF ENGINEERING EMPLOYEES’
LABOUR POTENTIAL IN THE PROBLEMS OF PERSONNEL MANAGEMENT

Abstract: The paper considers the problem of assessing labour potential of engineers. The
methods of decision support in the process of the assessment of engineers’ labour potential is
proposed. It is based on the methods of the system analysis, mathematical statistics and the
theory of expert evaluation.
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Introduction

The lack of qualified engineering staff is among the staffing problems of the economy. It is
important to carry out an integrated approach to the assessment to solve the problems of
modernization of the economy, selection and professional development of the engineering
employees as it is said in the Presidential professional development program of engineering staff.
Professional competency requirements should take into account some specific nature of
engineering and peculiarities of different economic sectors. So the development and
implementation of new assessment methods and algorithms of engineering employees’ labor
potential are among scientific and practical tasks.

The greatest challenges of receiving the reliable figures comprise: the complicity of the
development of the accurate engineering activity model due to impossibility of parameterization;
engineering and management activities are evaluated by quantitative variables more than
qualitative ones; there can exist a great estimation error because of the human factor; engineering
activity is continuously changing because of the innovations in the technologic operations.

The process of the estimation of an engineering employee can be split into the following
main stages:

1) Determination of estimation dimensions, the selection of scale.

2) Using selected values to evaluate the nominees.

3) Formalization of the received assessments, finding consistency between indicators.

4) Taking decision on the assessment results.

The problem of the assessment of engineering employees’ labour potential by use of
expert methods is considered hereafter.

Problem statement

Martigues, France 1
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Suppose there exists a set of nominees Y ={y,,,,;, ..., ¥, } to define the level of labour

potential. Each nominee has a lot of competencies K = {ki,ky, ks, ..., k, } that determine the
4

extent of labour productivity. Labour productivity has a set of key performance indicators

E={e,e,,...,e,}. Each indicator has one of the levels L={L,,L,,L;} “high”, “mid” “low”

respectively. The aim is to take a quick and grounded decision on the adequacy for the
engineering activity.
The solution to the problem can be split into three sub problems:

1. Determine the structure of the indicators to assess engineering employees’ labour
potential.

2. Offer assessment algorithms of engineering employees’ labour potential.

3. Develop a method of support in taking decisions in the process of assessment of
engineering employees allowing the decision maker to draw conclusions about nominees for
appointment.

Define the structure of indicators to assess engineering employees’ labour potential.

Let us consider the engineering employees’ labour potential in the focus of four groups of
competencies: professional (including professionally important qualities and special competence
ones); social and communicative ones; personal ones; cultural ones. Let define them as

K =k k), k;, ..., k,}- We have IZI =tk k,, ..., le} — the first group of competencies

(professional ones); 1?2 ={kY . kyz} — (the second group of competencies (social and

JRTR
communicative ones); 123 =1k,
K, =k,

The result of employee’s activity can be evaluated by / key performance indicators and the
nominees can be classified due to the results of effectiveness. Denote by E ={¢,e,,...,e} a set of

SRPIPRS ky}} — the third group of competencies (personal);

ky .} — the fourth group of competencies (cultural).

3+1, ceey

key performance indicators. Each indicator has one of the levels L ={L,L,,L,}— “high”, “mid”

“low” respectively. On the basis of a set of effectiveness indexes and initial vector of indexes
there appear competencies affecting the extent of a nominee’s adequacy for the job. The result is a

vector K'={K/,K},K,K,} — the level of a nominee’s adequacy for the engineering

activity. It is rested on the most informative indicators and due to the force of influence a peculiar
weight number can be assigned to each group of competencies.

The evaluation procedure of engineering labour potential by the results of professional
activities presented below has been developed on the basis of the proposed structure of the
indicators.

Let us develop an assessment algorithm of engineering employees’ labor potential,
considering restrictions.

It is necessary to collect information about the nominees in terms of efficiency As one of
the initial steps. Production volume, penetration rate, the amount of overburden, the periodicity of
the plan, the amount of stimulations (penalties) for the reporting period, the frequency of
accidents, downtime, etc. can be viewed as efficiency indicators. As a result, employees with best
and average indicators are selected. With an expert assessment of the level of competences we get
recommendations on professional development, training, retraining, enrolling in a personnel
reserve or rejecting a candidate. It should be noted that the analysis of the effectiveness of the
candidate's probationary or training is almost impossible and then this step of the algorithm is
omitted. To select the experts the method of snowball sampling is modified in order to form an
expert group from among people most knowledgeable about professional activity of a specialist.
The detailed description of this method and modification is presented in [1, 2, 3].

2 ISPC European Innovation, 30.09.2014
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The discordance of opinions analysis is run after the evaluation of the employee by a
group of experts. Biased experts formalizing given procedure or having little knowledge on the
professional activity of the person being assessed are brought to light while analyzing the
discordance of opinions. For this purpose, coefficient of variation CV and Cronbach's
Alpha [4, 5].

Key performance indicators are set for each employment (KPI). Their values refer each
nominee to one of the three levels L ={L,L,,L,} of engineering activity effectiveness. Here L1

is a «high level», L, is a «middle level», and L3 is a «low level» respectively.

2
In each group of nominees classified by performance indicators it is necessary to analyze
assessment by competencies. So the competencies not affecting actual labour result are not taken
into account when defining the value of the employee’s performance potential. The description of
the developed method is presented below.
The results of the assessment of nominees of each group after the expert opinion

consistency and defining a vector R = (rlf ' ) can be presented as a matrix R . Here p
S

is number of performance class, matrix rows represent the assessment of a nominee , the columns
show the assessment of each competency, n, is a number of nominees included in p class.

For each matrix column there is a coefficient of variation characterizing relative deviation
measure of an individual value from the average.
After excluding those competencies which coefficient of variation is greater than

permissible value there appears a vector K' = {K|,K,,K;,K,}. Here K|, K), K;, K; — are

additive convolutions on tangible parametric variable of each group of competencies.
Result vector K’ is assigned to the value of (¢ — that is the level of employee’s labour

potential [6].

A+ Ay + A5+ A 4 oAy prr Ay 1A
(P:] 2 3</K1'1K2'2K3’3K"‘4, (1)
here Al, AQ, A3, A4 are weight numbers of competence groups.

The advantage of this approach is that there is no simple data averaging of different
qualitative characteristic groups of competences and it excludes the compensation weak
competencies by stronger ones.

Let us develop a method of support of taking managerial decisions to define the extent of
coherence to the job profile so that the restriction is satisfied.

The process of taking managerial decisions on the results of the assessment made is
implemented in four stages:

1) The formation of the job profile

2) The selection of the nominees suitable for the job

3) Comparing of actual estimate with the reference profile

4) Processing of the received data

First the job profile is formed — «reference» presentation of the nominee on the basis of
expert opinions and company’s needs. For the corresponding assessment data bank the values and

(or) the levels of development for each competency are presented; potential limits ¢ . and ¢

are calculated on low bound of the meanings and their supremum for the relevant competence
level in accordance with formula (1). Then the selection of nominees is implemented with their
potential to fall within the range(o . , @_ ).

At the third stage we define the coherence of the received assessments with the job profile.
We make ranking on pre-set reference meanings of competence levels or their values for that. In
the case of level coherence (numerical values) the smaller rank is assigned to the competence that
has the greatest weight number.

Martigues, France 3



ISJ Theoretical & Applied Science 9 (17) 2014 www.T-Science.org

The assessment of coherence of the actual and reference ranks is done on the basis of
Spearman's rank-order correlation and that of Kendall’s. Spearman and Kendall’s coefficients
characterize the degree of similarity of this given rank to the one taken as reference, and take
values in the interval [-1, 1]. Values of the coefficients in connection with the defining the
coherence of the nominee to the job profile are interpreted as follows [7, 8]. Positive values of the
coefficients indicate the presence of coherence of getting the rating in the criteria range

(@i P, ) and that of required degree of competence. In the case of negative values, we can

conclude that despite the sufficing of potential value (rating) to the criteria its value is received
due to those competencies that have greater rank.

The proposed method of decision taking support is implemented in information system of
engineering employees’ comprehensive assessment «SKO ITR». It allows to make validated
assessment rapidly and to get reliable data on the connection between the level of competence and
performance indicators [9, 10]. The information system includes a database, knowledge base, and
four functional units (subsystem): user registration module, testing module, nominees’ estimation
module, decision-directed module.

The proposed methods and algorithms provide the arrangement and taking grounded
decisions when selecting a nominee for the given employment. Besides the conclusions made help
to find out problems and to define the content of the professional development programme for
each employee. The improvement of the quality of assessment and selection of engineering
employees is achieved by means of management of the engineering labour potential assessment
process. It allows to cut the time of result analysis, to make intellectual analysis of data and
minimize possible mistakes while taking managerial decisions.
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ABOUT THE PROBLEM OF ARBITRARY ALTERNATING PLUS AND MINUS SIGNS
IN ARITHMETIC SERIES

Abstract: When finding the sum of a number and the n-th member of alternating series,
there are several problems when the number is not snakecharmers. In the article are a few
formulas to solve this problem, the job of the signs of alternating rows, for the case when the
sequence changes.
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functions.
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O NTPOBJIEME ITPOU3BOJIBHOI'O YEPEJOBAHUA 3HAKOB IIJIIOC U MUHYC B
APUOMETHYECKUX PAILAX

Annomayua: llpu naxoscoenuu cymmol u n-20 yjiena 3HaKONepemenHo2o psoa 603HUKAen
pA0 npobaem Ko20a pso He A6lsemcs 3HaKouepedyrouumcs. B cmamve npusoosamces nHeckonivbko
Gopmyn, ona pewieHuss OAHHOU NPOOIEMbl 3A0AHUS 3HAKO8 3HAKONEPEMEHHBIX P00, Os CLyYds —
K020d Noc1e008amenbHOCMb 3HAKO8 MEHACMCA.

Kniouesvie cnoea: pso, n-ii ujieH, 3HAKONEPEMEHHbIl PO, 3HAKOUepeoVIOWuUlcs pso,
mpucoHomempuiecKue yHKyuu.

BBEJIEHUE

[Tpu u3yuenuu apuPMeTHIECKUX 3HAKOMEPEMEHHBIX psaoB [1-4], psaasl 2577, 2660, 2662,
2666, 2694, 2695, mpuBoasaTcs 6e3 n -ro uieHa psaga [1, c. 250, 260-262], a Takke U B IPYTUX
HCTOYHUKAX, BCTPEYAIOTCS 3a/Jau TJ€ AHAJOTUYHO 7 -M WIEH psiia IPOCTO OMyCKaeTcs. IJTo

Martigues, France 5



ISJ Theoretical & Applied Science 9 (17) 2014 www.T-Science.org

MNpOUCXOAUT HU3-3a CJIOXHOCTH BOCIPpUATHUA, U OTCYTCTBHUA AHAIIUTHUYCCKUX (I)OpMy.]'I, Korga

n+l

o0
MMOCJICO0BATCIIBHOCTh 3HAKOB HAYMHACT OTIIMYATHCA OT IPUBBIYHOI'O 3HAYCHHUA Z (—1)

n=1

L
ottt —+—+—.....
B YKa3aHHBIX 3a/jadaX BCTPEUACTCA TOJIbKO HCCKOJILKO BAPpUAHTOB:
Ft—t+—++—F+—++—.....
ot ——+——+——......
A Taxxe BCTPEUHACTCA U TaKkoM BapHUaHT:

+++-——+++——+++—-——......

XO0Tsl, KOHEUHO K€ OYEBUIHO, YTO TAKUX BaPUAHTOB HAMHOTO OOJIbILE, U TIOCTPOCHUE 1 -
ro wieHa psaga OyAeT HampsAMyl0 3aBHCETh OT IMOpAIKAa, KOJMYECTBA M IMEPHOAMYHOCTH
yepenoBaHus  3HaKoB. Hampumep, 3amaBas  HEKOTOpYH  (YHKIUIO, MBI  IOJYYHM
MOCJIEI0BATEIbHOCTD U3 ABYX MUHYCOB M OCTaJIbHBIX IUTI0cOB (Puc.1).

i n -8 (1)

u. .
2 n
n=0 ‘I’l —8‘

> restart;
r:=n""2-8;
pleot(r,n=0..10) ;

20

40

20

0 2 4
l n

[=]
=]
=]

Pucynok 1 — IIpumep nocaenoBarenbHoctu psiga (1).

AJITOPUTMBI U METO/IbI PEHTEHUA

Jlns perieHust JaHHOM 3aja4u, OyZeM OnpeensTh aHaIuTHuYeckoe pemenue. Haiinem n -
il wieH psna, ¢ yuetoM 3Haka pynkiuu (1). [Ipu aToM, n -ii 4jeH psiia MOXKHO OyeT OnpeenuTh
Kak
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) 1Y
ln —(b+2]
Ml———=u Q)

-0 1] ’
" nz—(b+j
2

rae b - 3TO KOJIMYECTBO MEPBHIX OTPUIIATEIBHBIX ClIaraeMbIX apudmeTudeckoro psaa. B nannom
psne (1), ans M3MEHEHUs! 3HaKOB Ha MPOTHUBOIOJIOKHBIE, HEOOXOIUMO YMHOXKUTh PSAJl HA MUHYC
eANHUILY:

— =ttt
T.C. OJIYYHM
++ ——————————————————
2
- }’12 —(a +b+2J
5(-1) 2L, g
"0 nz—(a+b+)
2

TAC a - KOJIMYCCTBO ICPBLIX IMOJIOKHUTCIBHBIX CJIaracMbl apI/I(I)MeTI/I‘-ICCKOI‘O pdaaa.
Brenem HOBYIO yHKIIMIO

;(r)=|1, >0, )

Teneps (3) c yuetom (4) npumeT BUA:

S (|7 -(avs s ] [l )

n=0

[Tpu 3TOM cietyeT y4ecTb, YTO MOCIEAYIOIINE claraeMble He YYUTHIBAIOTCA, a B pacyeT
OepyTcs TOJIBKO TEPBBIE ClIaraeMble psija:

|
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n - 4iIeH pAaaa MOXHO 3aIliucaTtb B BUAC

Zr(sm( Du —ZF sin [“Tbj u, . (6)

2

Wnu apagoruuno

-+ —4+—4+—+—+......

L]

b a

——

k
——Ft——Ft——F+——++.....
b

a

i
T%,_J
%KLJ
k
———— ittt ——— =ttt ————++++.....
Hb,_/%,_/
a
E—— e ———

Torma, n - WieH psiia NOJyYUM B CIIEAYIOIIEM BHJIE

Zr(sm( D Zr smm u, . (7)

2

1
CI[CHEIGM CABUI HA E OT 1Iara B 1, TOraa HOJ'Iy‘lI/IMZ
1
" Tin——
~ . 2
ZI’ S| ————
n=l1

(a+bj - ®
2

PazpaGoraem anroputmsl u mporpamMmy Ha Delphi Architect nns pacuera 3HaueHH
noytydeHHoW QyHKIuu (8).
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@ YepenoeaHve 3HaKoE apydMETMURCKOTO paja Bl ENES
650 E
- 2 |
& go0 1
b= (2 "
550 4 :
PacqeT .
s00 4
@ & '
Memol Memo3 450 | :
400 i
350 |
300 E
° 250 1
200 4
Memo2 150
100 E
50
[ -
o
u] 1 2 3 4 5 6B 7T 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Pucynok 2 — Pa3paboTka nporpamMmsl.
unit Unitl;
interface
uses

Winapi.Windows, Winapi.Messages, System.SysUtils, System.Variants,

Vcl.Graphics,

Vcl.Controls, Vcl.Forms, Vcl.Dialogs, Vel.StdCtrls, VCLTee. TeEngine,

VCLTee.Series, VCLTee.TeeProcs, VCLTee.Chart, Vcl.ExtCtrls;

type
TForm1 = class(TForm)

Panell: TPanel,;
Chartl: TChart;
Series1: TLineSeries;
Labell: TLabel;
Editl: TEdit;

Label2: TLabel;
Edit2: TEdit;
Memol: TMemo;
Memo2: TMemo;
Series2: TLineSeries;
Button1: TButton;
Memo3: TMemo;
Series3: TPointSeries;

procedure Button1Click(Sender: TObject);

private

{ Private declarations }

public
{ Public declarations }

System.Classes,

Martigues, France
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end;

var
Forml: TForml;

a,b,i,j:integer;

n,y:real;

s:string;

implementation

($R *.dfm}

function r(r0O:real):real;
begin
r:=r0/(abs(r0)+0.00000001);
end;

procedure TForm1.Button1Click(Sender: TObject);
begin

series1.Clear;

series2.Clear;

series3.Clear;

memol.Clear;

memo?2.Clear;

memo3.Clear;

a:=strtoint(editl.Text);
b:=strtoint(edit2.Text);

forI:=1to 100 do

begin

n:=1/10;
y:=sin(pi*(n-0.5)/((a+b)/2));
series].AddXY (n,y);
series2.AddXY (n,0);

if i mod 10 = 0 then
begin
s:=floattostr(round(r(y)));
memol.Lines.Add(s);

memo2.Lines.Add('sin("+floattostr(n)+")= "+floattostr(round(y*100000)/100000));

s:=copy(s,1,1); if s<>'-' then s:="+';
memo3.Lines.Add(s);
series3.AddXY (n,y);

end; end; end;

end.

OcyiiecTBUM pacyeT 3HaueHUN QyHKIUU o, s ciaydast a =b,npu a=1+10.
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@ YepeaoBaHwe 3HaKOB apMOMETMYECKOro paaa = =
a1
b= |1
Pacuer
1 +
-1 -
1 +
-1 -
1 +
-1 -
1 +
-1 -
1 +
_1 -
sin(1)=1
sin(2)=-1
sin(3)=1
sin(4)= -1
sin{5)= 1
sin{g)= -1
sin(7)=1
sin(8)= -1
sin{g)=1
sin(10)= -1
Pucynok 3 — Pacuer 3Havyennit pyHkuum » , 1js caydast a =b=1.
e YepeaOBaHWE 3HAKOB apMOMETMUECKOTO paaa - B
13
=2 oot
b= |2 0a 4
074
Pacuet 0g
054
1 + :
1 + oA
-1 - 0,34
_1 -
1 + 02
1 +
o} - 01
-1 - 0
1 +
1 +
04
sin(1)=0,70711 051
sin(2)=0,70711 0g}
sin(3)=-0,70711 ;
sin(4)= -0,70711 074
sin(5)= 0,70711 :
sin{6)=0,70711 Rk
sin(7)=-0,70711 08t
sin(8)=-0,70711 ;
sin(8)=0,70711 4
sin{10)= 0,70711

Pucynok 4 — Pacyer 3HavyeHuit yHKuum 7 , Ajs caydass a=b=2.
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PacueT

sin(1)=10,5
sin{Z)= 1
sin{3)=0,5
sin(4)= -0,5
sin(5)= -1
sin{6)=-0,5

sin{10)=-0,5

O e L

YepeaoBaHUe 3HAKOE apMOMETUMUECKOTO pAAa

PucyHok S — Pacuyer 3HaYeHUH (PYHKIUH

Pacuet

[ErpE—

-1
-1
-1

sin(1)=0,33268
sin(2)= 0,32388
sin(3)=0,52333
sin{4)=0,33268
sin(5)= -0,38268
sin(s)= -0,92383
sin{7)= -0,92333
sin(8)= -0,33258
sin(3)= 0,33268
sin(10)= 0,32388

A et

YepeAoBaHUe 3HAKOB apudMETMUECKOTO paaa

7, A ciaydas a =b =3.

PucyHnok 6 — Pacuer 3Hauennii pynkuun

ryang caydas a=b=4.
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PacqeT

sin(1)= 0,30902
sin(2)= 0,30802
sin(3)=1

sin(4) = 0,30902
sin(5)= 0,30902
sin(g)= -0,30902
sin(7)= -0,80902
sin(g)= -1

sin(2)= -0,80202

sin(10)= -0,30902

N

YepeaoBaHUE 3HAKOB apuBMETUUECKOTO paaa -

Pucynok 7 — Pacuer 3Hayennii pynkuuu » , nis ciaydas a =b =35,

Pacuet

-

-1

-1
-1

sin{1)= 0,25882
sin(2)= 0,70711
sin(3)= 0,96533
sin(4) = 0,96533
sin(5) = 0,70711
sin{g) = 0,25832
sin(7) = -0,25382
sin{g) = -0,70711
sin{3) = -0,96593

sin{10)= -0,96593

e

YepeaoBaHUe 3HAKOE apuhMETUUECKOrO paaa -

Pucynok 8 — Pacuer 3Havenuii pynkuum 7 , aas caydass a=b=6.
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v L L 3 Ty v ey —

@ YepeaoBaHue 3HaKOB apubMETUUECKOrO paaa = =

PacueT

O e e
I

sin(1)=0,22252
sin(2)= 0,62343
sin(3)= 0,30097
sin(4)= 1

sin(5)= 0,30097
sin(6)= 0,62343
sin(7)=0,22252
sin(8)= -0,22252
sin(9)= -0,62343
sin(10)= -0,30087

Pucynok 9 — Pacuer 3Havyennii pynkuuu » , pjs caydass a=b=7.

@ YepeAoBaHUE 3HAKOB apMOMETMUECKOTO paja = B

Pacuer

S S e

Uk

[

sin(1) = 0,13509
sin(2) = 0,55557
sin(3)= 0,83147
sin(4) = 0,98079
sin(5)= 0,98079
sin(s) = 0,83147
sin(7) = 0,55557
sin(8) = 0,13509
sin(2) = -0,19509
sin(10)= -0,55557

Pucynok 10 — Pacuer 3HaueHuii pyHKIum » , 1J4 caydas a =b =8.
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e YepedoBaHue 3HaKOB apubMETUUECKOrO paaa -

Pacuet

e e S S e
s

sin(1)= 0,17365
sin(2)=0,5
sin(3)= 0,76604
sin(4)= 0,93969
sin(5)= 1

sin(s)= 0,23969
sin(7)= 0,76604
sin(g)=0,5
sin(g)= 0,17365
sin(10)= -0, 17385

Pucynok 11 — Pacyer 3Ha4eHuii pyHkuum 7 , s cayvass a=b=9.

@ YepeaoBaHME 3HAKOB apudMETUYECKOro paaa -

Pacuet

e e S S e e S
R

sin(1)=0,15543
sin(2)=0,45399
sin(3)= 0,70711
sin(4)= 0,39101
sin(5)= 0,98769
sin(5)= 0,98769
sin(7)= 0,39101
sin(8)= 0,70711
sin(8) = 0,45399 B B B B : : ! : : !
sin(10)= 0, 15643 - - - - : - : - : - -

Pucynok 12 — Pacuer 3HaueHuil GpyHKIIUN r , s caaydast a=b=10.

OTtnenbHO XOYeTcs OTMETHUTh, YTO JJIsl HEKOTOPhIX 3HaUYeHU a u b, korma a>b -
nojryyeHHas popmyia (8) ocTaercs akTyalbHOM.
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@ YepenosaHue 3HaKOB apMdMETUUECKOTO pAaa = =
a=[1 net H ﬂ n ” H ﬂ n H H H
08 - [ A 1 A K- [ (R N P K- LU N S
b= o ' : : :
0744 [ BN R E ER [ R O ER [ -
S 06t : ; . | ; : . : : :
05 f--]- H N S . HA N . NN A R H— H . L
0 + L TN i (ARRER R N SEEES CEN EEREE BEY -EEEES [ ARl A ERES NN EESEE SO -EERES B -
0 + !
1] +
1] +
0 +
1] +
1] +
0 +
1] +
1] +

sin(i)=0
sin(Z)=0
sin(3)=0
sin(4)=0
sin(5)=0
sing)=0
sin(7)=0
sin(@)=0
sin(9)=0 | | | | | | | | | |
sin(10)= 0 T T T T T T T T T T T

Il
\,l-—‘
S

Il
=)

Pucynok 13 — Pacyer 3Ha4eHnil QyHKIUH 7 , VIS COy4das a

@ YepeaoBaHue 3HAKOE apudOMETUUECKOro pAaa -

PacqeT

(=]
B S

sin(1)= 0,86603
sin(2Z)=0

sin(3)= -0,86603
sin(4)= 0,86603
sin{5)=10

sin(g)= -0,86603
sin(7)= 0,86603
sin(8)=0

=in(9)= -0,86603 . - :
sin{10)= 0,86603 T T T T T T T - . : -

Pucynok 14 — Pacuyer 3HauyeHnii GQyHKIUH s cryvyasi a=2, b=1.
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| O YepepoBaHWe 3HAKOB apudMETNYECKOrO pAaa = B

Pacuet

-
T

sin(1)= 0,58779
sin(2)= 0,95106
sin(3)=0

sin(4) = -0,95106
sin(5) = -0,58779
sin(g) = 0,58779
sin(7)=0,95108
sin(g)=0

sin(9) = -0,95106
sin(10)= -0,58773

Pucynok 15 — Pacuyer 3HauyeHnii GyHKIUH oy s cryvyasi a=3, b=2.

e YepenoBaHMe 3HaKOB apudMeTMUecKoro paaa = =
1 A
a= |4 09
b= |3 os 4
074
Pacuet 05+
054
1 + '
044
1 + i
1 + 03+
0 + :
1 - 024
-1 - i
i _ 01 .
1 + o4
1 +
1 + -0
024
o3t
04
sin{1)=0,43383 051
sin(2)= 0,97493 0g f
sin(3)= 0,78183 :
sin{4)=0 BT
sin(5)= -0,78183 asl
sin{g)= -0,97493 &1 ;
sin(7)= -0,43338 09t :
sin(8)= 0,43388 : .
sin(9)= 0,97433 14 g ; ! : : | | ; ;
in{10)= 0 73183 T T T T T T T T T T T
sin{10)=2, o 1 2 3 4 s 5 7 5 5 10

PucyHnok 16 — Pacuyer 3Hauennii pyHKuuu oy s ciyyasa a=4, b=3.
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PacueT

sin{1)=0,34202
sin(2)= 0,36603
sin(3)= 0,98481
sin(4)= 0,64279
sin{3)=0

sin(6)= -0,64279
sin(7)= -0,98481
sin(8) = -0,86603
sin(g)= -0,34202
sin(10) = 0,34202

A s

YepeaoBaHUE 3HAKOB apuBMETUUECKOro pAa = =

074

Pucynok 17 — Pacyer 3Ha4eHnil QyHKIUH oy s ciyyasa a=5, b=4.

Pacuer

sin{1)=0,28173
sin(2)= 0,75575
sin(3)= 0,98982
sin{4)= 0,90963
sin(5)= 0,54064
sinfg)=10

sin(7)= -0,54064
sin(8)= -0,90963
sin(8)= -0,98982
sin(10)= -0, 75575

[

YepeoBaHWe 3HAKOE apUOMETUUECKOrC paaa = =

18

Pucynok 18 — Pacyer 3HaueHnil QyHKIUH oy s cayyasi a=6, b=5.
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L] YepeaoBaHWE 3HAKOB apUOMETUUECKOrO paAaa -

PacueT

R e

sin(1)= 0,23332
sin(2)=0,66312
sin(3)= 0,93502
sin(4)= 0,99271
sin(5)= 0,82298
sin(5)= 0,45472
sin(7)=0

sin(8)= -0,46472
sin(9)= -0,82298
sin(10)= -0,99271

Pucynok 19 — Pacuer 3HaueHunii GpyHKuuu r , s cayyass a=7, b=6.

. 9 YepeaoBaHWe 3HAKOB apuOMETHUYECKOrO paAaa -

Pacuet

Ukt

sin{1)=0,20791
sin{2) = 0,58773
sin(3)= 0,86603
sin(4) = 0,93452
sin(5) = 0,95106
sin(s) = 0,74314
sin(7) = 0,40674
sin(g)=0

sin(d) = -0,40674
sin(10)= -0,74314

Pucynok 20 — Pacuyer 3HauyeHni GyHKIUH r , A cayyast a=8, b=7.
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FacueT

= e e e e

'
N

sin(1)= 0,18375
sin(2)= 0,52643
sin(3)= 0,73802
sin(4)= 0,95183
sin(5)= 0,33573
sin(s)= 0,83516
sin(7)= 0,6737
sin(8)= 0,36124
sin(3)=0

sin(10)= -0,36124

R

YepeAoBaHUE 3HAKOB apuBMETNUECKOTO pAaa -

Pacuet

= e e e e e

sin(1)=0,16459
sin(2)= 0,47535
sin(3)=0,73572
sin(4)=0,31577
sin(5)= 0,39658
sin(s) = 0,3694
sin(7)=0,83717
sin(8)=0,61421
sin(3)=0,3247
sin(10)=0

B

L T—— | —

YepepoBaHWe 3HAKOB apUPMETMUECKOTO pasa -

Pucynok 22 — Pacuer 3Hauenmii pyHkuuu » , 1 cayyas a =10, b=9.

20
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10

Pucynok 23 — CBognasi Ta0JMua NpUMeHNMOCTH (PYHKIHH ru dbopmyant
)
T\ n——
i~ . 2
r|sin| ———==
n=1

[a+bj s
2

AJISl BBIYUCJIICHUA IMIEPUOAUICCKHUX 3HAYeHHH SHAKOIICPEMECHHOI'0 psjaa.

BbIBO/IbI

[TomydyenHnble aHanmuTHUeCKue (HOPMYJbI, QITOPUTMBI W JAHHBIE - [IO3BOJISIFOT
MpUOIU3UTHCS K PEIICHHIO BOMPOCca O CYIIECTBOBAHUHM aHATUTUYECKON (HOpMyIbl 3a1aHUs 3HAaKa
3HAKONEPEMEHHOTO Psijia C TPOU3BOJILHBIM, HO IEPUOUYECKUM MOPSIIKOM 3HAKOB.

Kpome paccMOTpeHHBIX BapUaHTOB, OCTA€TCSI OTKPBITBIM BOIPOC O JMHAMUYECKHU
MEHSIIOLIEMCS TIEPUO/IE MTOSIBJICHUS 3HAKOB.
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DEVELOPMENT PROSPECTS OF DISTRIBUTED STORAGE OF BIG DATA

Abstract: The report presents an analysis of Big Data storage solutions in different
directions. The purpose of this paper is to introduce the technology of Big Data storage, prospects
of storage technologies, for example, the software DIRAC. The DIRAC is a software framework
for distributed computing.

The report considers popular storage technologies and lists their limitations. The main
problems are the storage of large data, the lack of quality in the processing, scalability, the lack
of rapid availability, the lack of implementation of intelligent data retrieval.

The device features, functionality and operation methods for high -energy physics
experiments DIRAC software are presented in the main part of the paper. Experimental
computing tasks demand a wide range of requirements in terms of CPU usage, data access or
memory consumption and unstable profile of resource use for a certain period. The DIRAC Data
Management System (DMS), together with the DIRAC Storage Management System (SMS)
provides the necessary functionality to execute and control all the activities related with data.

Key words: distributed storage systems, Big Data, software framework, Pilot Jobs.

Citation: Ustimenko OV (2014) DEVELOPMENT PROSPECTS OF DISTRIBUTED STORAGE OF BIG
DATA. ISJ Theoretical & Applied Science 9 (17): 23-27. doi: http://dx.doi.org/10.15863/TAS.2014.09.17.3

Introduction

The very notion of Big Data has appeared relatively recently and has not been clearly
defined yet. Big Data is huge volume (hundreds of petabytes) of information that can be useful to
solve scientific and business problems. Standard classic storage technology, data processing and
analysis are not suitable for the use of such information. However, in our work specific
information such as text, images, graphics, video and audio readings is actively used [2].

Processing experiment BESIII [9] needs improving management and storage of data
within the project DIRAC [10]. Commercial organizations identify the need to develop new
systems of customer specific task. Quantity and accessibility are the main aspects of the
commercial software. However, data sets exceed the volume significantly in the project.
Maintaining the quality in processing, scalability, fast accessibility is needed for experiments.
Software should be able to change the information and to implement intelligent search data.

An important aspect is adaptation of the existing services of data access and management,
working primarily with local file systems and partly with remote data sets, which use cloud
storage and a very large volume of data with distributed computing environments. Grid computing
was developed to provide users with uniform access to large-scale distributed resources [5].

Analysis of existing distributed storage systems Big Data

Despite the fact that there is a sufficient variety of distributed storage systems, nowadays
the requirements for them are not implemented completely. We face the following challenges [1]:
— ease of deployment, operational changes of data;
— scaling control system;
— simplicity, flexibility and depth of configuration;
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— quick access to a huge volume of data sets and geographically distributed resources;
— availability and depth of monitoring;
— reliability of the network infrastructure in a heterogeneous environment [4].

The most promising technologies for storage and data management are all the object cloud
data storage (Amazon S3, MS DataMarket, OpenStack Swift, DropBox), specialized storage
system adapted for storing scientific data (RasDaMan and SciDB), hybrid storage systems
(ActiveStorage), distributed system with streaming treatment (Twitter Storm, Yahoo S7, IBM
Streams, Hadoop).

Specificity of problems with such products is that these aspects are not fully analyzed and
considered:

— Variety of data formats and their increase.

— Heterogeneity of computing resources in the cloud composition and use of previously
established grid computing environments.

— Uniqueness and diversity of application services for science and education (diversification
of subject areas).

— Architectural binding application services to the computing infrastructure (infrastructure
optimization for the developer).

— User participation in the creation and development of new services and composite
applications based on them (self-organization of clouds).

— Virtual professional community (stable feedback).

— Support of interactive services in real time (services of access to the equipment, imaging,
etc.).

— The lack of universal and high-level query language that takes into account the specifics of
storage (e.g., in the cloud) and data models (primarily multi-dimensional arrays).

— The lack of scalable, distributed, open platform for cloud storage of scientific data.

— The lack of a framework, which provides distributed parallel processing of streams of
scientific data.

Thus, each of the above systems has a priority of tasks being processed.
Development of distributed storage systems of Big Data

New trends of development of distributed storage systems include the systems that will
solve the problems of creating composite applications, intelligent search support and application
of services, dynamic management of service performance, flexible integration with real-time
systems.

Formalized knowledge is necessary for the formation of intelligent storage systems for a
very large volume of data. The development of intelligent technologies annotates, searches, and
application services refer to this notion. Management of composite application performance
should be made in the executive environment. It is important to be able to plan the execution,
using a general-purpose communication network. With all the features above the system should
work in real time (the existence of decision-making centers).

An example of a well-organized distributed storage architecture for a large volume of data
is the monitoring system of file transfer service (FTS) developed with the support of the JINR, as
well as monitoring system of Tier3-centers of data analysis, the global system of monitoring of
data transfer in the infrastructure WLCG [6].

Different grid systems and services are used for organizing data storage. In the Grid
environment the following systems are the most commonly used: Castor, dCache, DPM. For
system interoperability a Storage Resource Manager (SRM) service has been designed.
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dCache system is aimed at storing large amounts of experimental data. In order to access
files dCache uses proprietary protocols (DCAP), gridFTP or any other file access protocol.

Xrootd provides a user-friendly and fast access to data of any kind. The data must be
organized in a hierarchical file system, such as catalog- based namespaces.

Big Data in the project DIRAC

DIRAC (Distributed Infrastructure with Remote Agent Control) INTERWARE is a
software framework for distributed computing providing a complete solution to one (or more)
user community requiring access to distributed resources (Figure 1). The DIRAC builds a layer
between the users and the resources offering a common interface to a number of heterogeneous
providers, integrating them in a seamless manner, providing interoperability, at the same time as
an optimized, transparent and reliable usage of the resources [10].

USER Communities

.--—n. 5

A STTRETTTT ["-.ﬁ':v"»_{ r' e

i i ~§w \s‘.\r

%1 E.M.ng g 2 i,,w_ ! e .

/h-g-f“z:‘;'%h-s-i

The Workload Management System (WMS) with Pilot Jobs introduced by the DIRAC
project is now widely used in various grid infrastructures. This concept allows one to aggregate
computing resources of different source and nature, such as computational grids, clouds or
clusters in a single system, transparently for the end users.

The DIRAC implements WMS able to manage simultaneously computing tasks, where not
all tasks are of the same nature [8]. They can range from very high priority short payloads to
check the current situation at the different computing resources available to the system, to chaotic
end-user payloads. And they also include activities like Monte Carlo simulations and real-time
detector data processing.

In order to optimize the access to the computing resources, the DIRAC, early in its
development phase, chooses a solution with a single central server holding the complete queue of
pending payloads, late binding of resources to payloads and the usage of the Pilot Job paradigm.
For the implementation of this design choice three key components are necessary: the Pilot Jobs,
the TaskQueues, and the TaskQueue Directors.

Resources
Figure 1 - Virtual structure of the DIRAC.

They are described in detail in the following:
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1. Pilot Jobs are nothing more than empty resource reservation containers that are sent to the
available computing resources with the final aim of executing the most appropriate
pending payload in the central WMS queue.

2. As soon as payloads are introduced into the DIRAC WMS system and after a consistency
check and a proper resolution of possible target computing resources in case there are
Input Data requirements new tasks are organized into TaskQueues. TaskQueues are
nothing more than sorted groups of payloads waiting for execution with identical
requirements to the possible Pilot Job requesting a match.

3. TaskQueue Director Agents is the way chosen by the DIRAC to populate the available
computing resources, the worker nodes, with Pilot Jobs. This logic is the following: Query
the central WMS server to get a list of TaskQueues.

With all these capabilities the DIRAC allows an overall optimization of the resource usage
for the complete user community, including a large variety of different payloads and use patterns.
The resulting system has shown very nice scalability [7]. In order to submit a job to the DIRAC
one needs to describe task requirements. There are several requirements that can be specified, for
instance, the name of the executable program, the location of the output of this program, etc. the
DIRAC Workload Management System, with the DIRAC system memory management (SMS),
provides the necessary functionality for the implementation and monitoring of all activities related
to your data.

Conclusion

One of the main methods for solving the problem of Big Data is the use of «cloud»
computing by which users are able to remotely access information arrays and the use of
distributed computing resources to handle them. There is a possibility to increase productivity
through high concurrency and multiplicity of access points in cloud computing systems.

At the same time computer systems for the storage and processing of data sets can be
placed in specialized centers, data processing and storage. These centers are used not only for
remote storage and backup of large amount of scientific data, but also for remote access to
applications that provide analysis of these data.

The cloud paradigm is wide-spread in the IT world, and the DIRAC is ready to provide
seamless integration of these resources to its existing grid and cluster users today. High Energy
Physics is in the position to take the leading role in the integration, however, the scalability must
be the key factor in the process of suitability identification.
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SOFTWARE FOR VISUALIZATION OF THICKNESS ELECTROPLATED COVERING
DISTRIBUTION OVER THE SURFACE OF DETAILS

Abstract: The paper presents the problem of visualizing of thickness electroplated
covering distribution over the surface of details. The methods of geometric modeling to solve the
problem are describes. Visualization of thickness covering distribution for the specific example
received in the software developed by the author are demonstrates.
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YK 621.35

INPOT'PAMMHOE OBECIHIEYEHUME JJIS1 BU3YAJIN3ALIUU PACIHHPEAEJIEHUSA
TOJIIIUHBI TAJIBBAHUYECKOI'O ITIOKPBITHUSA 110 IOBEPXHOCTH JETAJIN

Annomauusn: B pabome npusooumcs npobrema uzyanuzayuu pacnpeoeieHusi moauuHbl
2aNbBAHUYECKO20 — NOKpublmus — No  nosepxhocmu  Odemanu.  Onucvieaiomcs — Memoobl
2eOMEMPUUECK020 MOOCIUPOBAHUsL OISl  peuleHust NOCMAasieHHou npooaemvl. [Ipusooumcs
sU3yaIU3ayUsl pacnpeoesienuss MmoauuHbl NOKpblmust 0l KOHKPEMHO20 Npumepa nocpeocmseom
PazpabomanrHo2o agmopom npocpamMmHo20 0becnedeHus.

Kniouesvie cnosa: npocpammuoe obecneuenue, moaiuyuHa 2aib8aHUYECKO20 NOKPbIMUSL,
3D mooenv obwvexkma.

B paborax [1, c. 71; 2, c. 128] onuchIBaeTCsi MPUHIUIT IEPEHECEHUS PACTPOBOI pa3BePTKH
(G pPOBOro U300paKEHUS U3 00IACTH TEIEBU3UOHHOTO BEIIAHUS B TEXHOJIOTHIO TallbBAHUYECKOU
00paboTKK U3ENNi, CYIIHOCTh KOTOPOTO COCTOUT B TOM, UTO ISl YIPABJIEHUS ralbBaHUUYECKUM
OCAXKIACHHUCM MCTAJlJIa UCIOJIb3YCTCA pPa3BCPTKA, a Irpagalnsd HAPAKCHUA Ha aHOAHBIX CCKIHUAX
OCYUIECTBIIIETCS MPHU JIBUXKEHUU IO CTPOKAM B COOTBETCTBYIOILME MPOMEXKYTKH BpeMeHu. [
mpeaaraeMoro Tmporecca pa3padoTaHa CUCTEMa YHOPaBICHUS, IO3BOJSIONIAS OTHICKUBATH
ONTUMAIBHBIA PeKUM (PYHKIIMOHUPOBAHUS aHOAHBIX cekiuil [3, ¢. 15]. OnmHuM U3 pe3yabTaToB
YUCJIICHHOTO PCIICHHUA 3aJa4du OINTHUMAJIbHOTO YIIPABJIICHHUA TAKHUM T'aJIbBAHUYCCKUM IPOLCCCOM
ABIIIETCS pacHpeielieHUe TONIIMHBI TMOKPBITHS MO TOBEPXHOCTH AETalu, Ui BU3yalIU3allH
KOTOPOTO aBTOPOM pa3paboTaHO COOTBETCTBYIOIIEe mporpaMmuoe obecrieuenue [4]. Bxomueimu
JAHHBIMU MPOrPAMMHOT0 OOecredeHus Uil BU3yallu3allii pacrpeaesieHus] TOIIIUHbBI TOKPBITHUS
OyZIeT ciueayrouuii Habop KOOpAMHAT:

{XUYI’ZIDSI }""{XkDYk’ZkDSk }»-'9{XKaYK»ZK»5K}a (D
rne K — 4ucio y3moBBIX TOYEK, NPHHAIEKANIUX I[OBEPXHOCTH JAETANIU; Xk,yk,Zk,O0k —
IPOCTPAHCTBEHHBIE KOOPAUHATHI k-0l y3JI0BOM TOUKHM M TOJIIIMHA ITOKPHITUS B HEH.

Touka ¢ k-M UHIEKCOM 00BEKTa, ONKMCHIBAIOIIETO JETallb, UMEET 3 MPOCTPAHCTBEHHBIX U |
KOJIMYECTBEHHYIO XapaKTEPUCTHKHU. J[I BM3yalu3alMu TONIIMHEI IOKPHITUS B k-0l TOUKe
UCIONIB3YIOTCS LBETOBBIE Ipafalyu. TpaauiMOHHO U1 MOAEIUPOBAHKMS TPEXMEPHBIX 00BEKTOB
YCIIONIB3YIOTCS TPEYTOIBHHMKH, B HAILIEM CJIydae, ¢ IIBETAMH BEPUINH, IIOJyYEHHBIMHU B PE3YJITATE
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LIBETOBOM 00pabOTKK MaccuBa UCXOAHBIX JaHHBIX. IIpu 3TOM Bce HEOOXOIUMBIE 11l TOCTPOCHUS
MPOEKIIMM M YCTAHOBIICHUS HYXHOTO pakypca mNpeoOpa3oBaHUS KOOPIWHAT OMHCHIBAIOTCS
MaTpulamMM pasmMepoM 4x4 U TMpeJCTaBIAIOTCS B BHJE CYNEPHO3ULUU HEKOTOPBIX OCHOBHBIX
npeoOpa3oBaHuil: MepeHoca TOYKM B MPOCTPAHCTBE HAa (PUKCHPOBAHHBIA BEKTOp, TOBOPOTA
BOKPYT yKa3aHHOW OCHM Ha 3aJlaHHBIN YTroJj, MaclITaOMpOBAaHUS BJOJb KaKOH-I1MOO OcH, CIBHUTa,
NEePCIEeKTHBBI U TmpoenupoBanus [S]. s mocTpoeHus: mpaBUIbHOTO H300paKEeHUsT TPEXMEPHBIX
00BEKTOB HEOOXOJMMO YMETh OIPENeIATh, KaKHe YacTH 00BbEKTa OyAyT BUIHBI IPHU 33JaHHOM
MOJIOKEHUH, a Kakue OyIyT 3aKpbIThl APYTUMH TpaHAMH O00beKkTa. B KadecTBe BO3MOXKHOTO
peleHust OCTaBJICHHOM 3a/1a4uM MpeylaraeTcs CIoib3oBaHue anropurma Z-6ygdepa. BozmoxHo,
JIOTIOJTHUTEIBHO TOHAMOOUTCS BU3yanu3anusi penbeda pacmpenesnieHus] TOJMMIMHBI MOKPHITHS Ha
3agjaHHOM (parmente oObekta. [lng peanuszauumum  penbeda (parmeHTta npeasaraeTcs
BOCIIOJIB30BAThCSl TIOBEPXHOCTHIO be3be, MCIONb3yIOmencs: Mpu KyCOUHOM MOACITHUPOBAHUN IS
3aJjaHus U U3MEHEeHHs (POpMBbI KycKa, MPEeACTaBISIONEro co00i NpoCTpaHCTBEHHYIO PELIETKY U3
CIUIAifHOB KOHTPOJBHBIX TOYEK [6].

Paccmotpum npumep. IlycTe HaiineHO pelieHMe 3aJadyd ONTUMAJIBHOTO YHPABJICHUS
HAaHECEHHWEM HUKEJIEBOTO TMOKPHITHS Ha JeTanb (raiika Uii aBTOMAaTHYECKHMX BOpPOT),
n3o0pakeHHyto Ha puc. la. Torma Ha puc. 10 LBETOM NPOJEMOHCTPUPOBAHO pPACHpEesICHHE
TOJIIMHBI MOKPBITHS 1O TOBEPXHOCTH JAETANN-KATOJa, MOJyYeHHOE B Pe3yJbTaTe YHCICHHOTO
pacueta. [IporpaMma 1mo3BoJsieT 3a7aBaTh pa3IMyuHble TPAHUYHBIE [[BETA, YKa3bIBaTh KOJINYECTBO
WX Tpajalnui, a TaKkKe OCYIIECTBISATh BCE OCHOBHBIE TpEXMEpHBIE MPeoOpa3OBaHUS.
[IporpammHoe obecrieueHue TakkKe CIOCOOHO OCYLIECTBIATh BHM3yalM3alUIO0  pebeda
pacmpeneneHusi TOJIIUHBI TOKPBITUS HA HMHTEPECYIOIEM IPOCKTUPOBIIMKA (parMeHTe
MOBEPXHOCTU 00BEKTA (puUC. 1B).

30 et | W) nomepaocts [ —

Direpsnsm nan $par meiom

Nopoct cve o i e T

B)

Pucynok 1 - Jleraub (a) u BU3yaJM3MpOBaAHHOE PAcUeTHOE pacipeaejieHue TOJIIHHBI
NMOKPBITHSA O ero noBepxHoctu (0) u ¢gparmenry (B).
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Pa3zpaboranHoe mnporpammHoe obecriedeHue o00J1aaeT YHUBEPCAIBHOCTBIO U MOXKET
UCIIOJIb30BaThCs HE TOJBKO B KAuye€CTBE IOJCUCTEMBl BH3yalM3allid B aBTOMAaTU3UPOBAHHOU
CUCTEME YIPAaBJICHUs TaJbBAHUYECKMMHU MPOLECCAMH C LIUKIMYECKH BKIIIOYAEMbIMH aHOIAHBIMU
CEKLIMAMHU, HO U B CUCTEMAaX YNpPaBJICHUs rajlbBaHUUYECKHMMHM IIPOLIECCAMU B BaHHAX CO MHOI'MMHU
aHosamu [7, c. 522], TOKOHENpOBOASAIIUM 1ephOpUPOBAHHBIM SKpaHOM [8, c. 35], OunonspHeiMu
anekTponamu [9, c. 328], ucrounukamu pesepcusHoro [10, c¢. 407], umnynscuoro [11, c. 1077] u
ACUMMETPUYHOrO0 TepeMeHHoro Toka [12, c¢. 31] m napyrux, rae sBIsSeTcs HEOOXOIUMBIM
HarjsiHas JEMOHCTpAlMs pacIlpesieseHUs] TOJIIMHBI MOKPBITUN Ha JeTaliX, IOJYyUYEHHBIX B
pe3yJIbTaTe YUCIEHHBIX PACUETOB WM SKCIIEPUMEHTAIBHBIX U3MEPEHHH.

Pabora BeimosiHeHa npu (uHaHCOBOM nojuepkke nporpammbl «Y.M.H.M.K.» ®onna
COJICHCTBUS PA3BUTHIO MAIIBIX (POPM MPEANPUATHIA B HAYYHO-TEXHUYECKOH cepe, TOC.KOHTPAKT
Nel0741p/16955 ot 01.08.2012r. Ha Temy: «Pa3paboTka mporpaMMHOIO KOMIUIEKCA JJIsi CUCTEMBI
YIpaBJIEHUS TaJIbBAaHUYECKONW BaHHOM ¢ HUKIMYECKUM BKIOUEHUEM aHOJIHBIX CEKLIUN.
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DETECTION OF OPTICAL INHOMOGENEITIES OF BIOLOGICAL TISSUE USING
TPSF CONFORMAL MAPPING

Abstract: A new method of direct (without inverse problem solution using methods of
diffuse optical tomography) optical inhomogeneity, such as cysts, hematomas, tumors efc.
detection in biological tissue. The basis of the method is preprocessing of the surface obtained
from a collection of time-resolved data (TPSF) in the Cartesian frame with consecutive conformal
mapping to two cylindrical surfaces.

Key words: diffuse optical tomography, late arriving photons, highly scattering media,
conformal mapping.
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YK 535.361

UCNOJIb30BAHUE KOH®OPMHO-OTOBPAKEHHBIX BOPT JIJI51
JETEKTUPOBAHUS ONTHYECKUX HEOJJHOPOJHOCTEMW BUOJOTHUYECKHUX
TKAHEHA

Annomayun: Onucan cnocob HenocpeOcmeenHoUu  (be3 peuieHus 0OpamHOU 3a0aqu
Memooamu  OupdyzuonHol  onmuyeckol — momozpagui) peaucmpayuy - ONMUYECKUx
HEOOHOPOOHOCMEll, MAKUX KAK KUCMbl, 2eMAmMOMbl, ONYXOAU U M.N. 8 OUoiocu4eckol mranu. B
OCHOBE NPEONONCEHHO20 CnOCoba nexcum oopabomka mpexmepHoll NOBEPXHOCMU, NOTYYEHHOU U3
COBOKYNHOCMU Pa3peuéHHblx no epemenu oanuwvix (BOPT), 6 dekapmogoti cucmeme KOOpOUHam
¢ nocreoyrowum eé KOHQOPMHbIM omobpadxcenuem 6 08e NOBEPXHOCMU 6 YUIUHOPUHUECKOU
cucmeme KOOpOUHam.

Kniouesvle cnoea: oughghysuonnas onmuueckas momozpagusa, no30HO npumeoue
gomonwl, cunbHo pacceusaroujue cpedvl, KOHGHOPMHOe omoodpadiceHue.

OnTuyueckoe U3IyyeHHE, MPOLIEAIee Yepe3 OMOIOrHUECKy0 TKaHb COIEPKUT IOJIE3HYIO
uHpopmanuo o Gopme, pazMepax, MECTONOJIOKEHUU U ONTHYECKUX CBOMCTBAX CTPYKTYPHBIX
KOMIIOHEHTOB TKaHH, T.€. 0 €€ onTuyeckoMm crpoeHnd [1-4]. OxHako, A7t TOTO YTOOBI MOTYYUTh
ToMorpaduueckue n300pakeHus: (MHTEpIpeTanus STOW MoJe3HOW HHQOpMAIH), He0OX0IUMO
pemuTh OOpaTHYIO 3a7ady paclpOCTpaHEHHS W3IYYCHHS MPUMEHUTEIHHO K KOHKPETHOMY
uccienyeMoMy  OuojorudeckoMy o0wbekTy [2-6]. Ho mu3-3a BBICOKOW  KOHIIEHTpAlMH
paccenBalONIMX YaCTHIl, OTVIMYAIOIIUXCSA TPU 3TOM (HOPMOIA, pazMepaMu, MECTOIOJIOKEHHEM U
T.IL. IPOLIECC BOCCTaHOBJIECHUS M300paxeHus B auddy3nonnoit ontuyeckoit romorpadpun (1O0T)
MIPOJIOJDKUTEIICH 110 BPEMEHH JIa’Ke TIPU MCIIOJIb30BaHUH OOJIBIINX 0OBEMOB OTIEPATUBHOM MaMSITH
U CKOPOCTH BBIYUCIIEHHH KOMIIBIOTEPHBIX CHCTEM, UTO SBISETCS OJHOM M3 KIIOUEBBIX IpoOiIeM
JOT [7]. B cBsizu ¢ 3TUM akTUBHO paspadaTsiBatoTcs [3, 6-10] ynpolieHHbIE METOIBI KCIIPECC
perucTpany HeOJHOPOJHOCTEH B OMOJIOrMYECKUX TKaHIX. DTH METO/Ibl, KaK IIPaBUIIO, OCHOBAHbI
a00 Ha 3aMeHe pemeHus oOpaTHOW 3amaun aHaimm3oM ¢opmbel BOPT, mbo Ha cepbE3HBIX
JIONYILEHUSAX MPH pelieHuH 00paTHOM 3a1auu.
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Henpto maHHON paboThl SBISETCS MOBBIMICHHE TOYHOCTH MeToaa [7] perucrpanuu
HEOJHOPOJHOCTEN B CHIILHO PACCEUBAIOIIUX cpeaax 0e3 pelieHus 00paTHOM 3a1a4u.

HemnocpencTBeHHoe AeTEKTHPOBAHUE ONTHUYECKHX HEOIHOPOAHOCTEH, TaKMX KaK KHCTBHI,
reéMaTOMBI, ONMYXOJH M T.II. MOXHO OCYIIECTBUTH C IOMOIINBIO BH3yallM3allid KOH(POPMHO-
O0TOOpaXEHHBIX BpEeMEHHbIX (QyHKIM paccesHuss Touku (BOPT) [7], 3axmouaromeiics B
MpeBApUTENLHON 00paboTKe R(a,t) W MOCIEAYIOIMEM €€ MPEACTABICHUU B BHJIE TPEXMEPHBIX

MMOBEPXHOCTEN B HMWIMHAPUYECKOW cucTemMe KoopauHar. [[ns storo y Bcex BOPT ocraBusitoTcs

TOJIKO YaCTH, COOTBETCTBYIOIINE TI03HO Nputineamum ¢oroHam (II1D) [7]:
Rp(a,t3):R(a,t)\R(a,t2),

+n,...,T. T

1sot

T,

isot

rae t, =n2n,..., T, U t; =T,

> Tisot isot >

— MUHUMAJIBHOE BPEMsI, NPOLIEIIIEE C MOMEHTA
MaJCHUS UMITYJIbca Ha OOBEKT JJO MOMEHTA TOCTIDKEHUS IIeHTpa Auddy3un. 3aTeM IpONU3BOAUTCS

36(°
HopMmupoBKa R (&,t;) oTHOCHTEIBHO Rp(T’t3)3

R, (a,t;)
3
RO ty)

N

IIPY 3TOM JUIS CHUYKEHUSI HETraTUBHOT'O BO3JCHCTBUS (DOHOBBIX IIYMOB, U KaK CJIEICTBUS U3 3TOTO
MOBBIICHUS] TOYHOCTH PETUCTPAlMM HEOJAHOPOAHOCTEH, Kaxaas BPOT anmpokcumupyercs
npsamoil nmunuen. [lockonbky (hOHOBBIE LIyMBI, BO3HUKAIOIIKE IpU monydeHun curHaia B JJOT,
HE TOJYMHSIOTCS 3aKOHY HOPMAJIbHOTO pacIlpeaesieHusl A annpoKCHUMallUu lenecoo0pa3Ho
UCTOJIb30BaTh OMKBAPAaTHBIN METOJ WJIM METO/I HAMMEHBIINX MOIYJICH.

Rn (a’t?a) =

Ha ocnose R (a,t;) cospaéres sranonnas Qpyuxuus [7]:
360°
Rst(a’tS): Rn( N 9t3) .

®yukuns R (a4t;) BugomsmeHseTcs ¢ y4eToM JOMOIHUTENHLHOrO KOd(QUIMEHTA
otoOpaxkenusi, K, cieayromum o6pazom:

R (a.t) LR, (a,t;)=1
a, = .
ST I+ R (2, t) - 1)K R (o, ty) # 1

[Ipu sTom K 3amaérest monmp3oBaTeneM U MOXKET OBITh JTFOOBIM JIEHCTBUTEIBHBIM YUCIIOM,
Kpome HyJis [7].
®dyukuus R, (a,ty), a Takxke B ogHOpoaHOM ciydae (pynkuus Ry (a.t;) paBubl enunuie
npu mo0bIx &, t, 1 K u3 obnactu ponmycTuMbIx 3HadeHu# [7]. s uxX BU3yalu3ali B BUIC
TPEXMEPHBIX TOBEPXHOCTEM B  UWIMHAPUYECKOM CHUCTEME KOOpPJIMHAT  MPOU3BOAUTCS
npeoOpa3oBaHue KOOPIMHAT:
q=qa’+t;

a
Y =arclg| —
[t3j

B pesynbrare oToOpaxeHus noay4arTcs QyHKIHA th(q, l//) u R;(q, l//):
Ry (@ty) >R (¢.)

2

R, (asty) >R (.07), (1)
MPEACTABIISAIONIE cO00H IBE COBIAMAOIIME LUIINHAPUIECKUE TOBEPXHOCTHU (pI/IC. la).

B neonnopoauom ciaydae Ry(at;) Gymer paBHa enuHuIE TONBKO IPU ¢ :ﬂj\?o A 11000M

JOMYCTUMOM t,. Jlas apyrux 3HadeHuit «, T.e. apyrux BOPT, snauenne Qyuxumu Ry (a,t;)

6y,[leT OTJIMYaThCA OT CAMHHUIIBI B 6OJII)HIYIO WM MCHBUIYIO CTOPOHY B 3aBUCHUMOCTH OT THIIA
HCOAHOPOAHOCTH (HOFJ’IOH.[B.IOH.[B.H, pacceHBa}omaﬂ), eé MCCTOIIOJIOKCHHSA, pa3MCpa U 3HAYCHUA
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koddpuruenta K. Ilpu npeobpaszosanuu Ry(at;) k ¢ynxuum (1) momyuurtcs HepoBHas

LWIMHIPUYECKAsl TOBEPXHOCTh (puc. 10), mpuueM Mo Xapakrepy €€ HCKpUBIEHHUS KOTOPOM,
MO’KHO CYJIUTh O pa3Mepe U MECTOIOJI0KEHUH HEOJHOPOAHOCTH [7].

Bpewma, nc.

AV
VAV

(a) (©)

Pucynok 1. Tpexmepnoe npeacrasiaenue INIID xis oqgHopoaHoro (a) u HeoAHOPOAHOTO (0)

cjayuyaeB, koOd(ppuunent oroopaxkenus K=-4.
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RELIABILITY OF ELEMENTS OF THE COMPUTING SYSTEM AND ITS FAULT
TOLERANCE

Abstract: The system is given by a set of essential functions, and by a graph setting the
environment for realization of these functions, and by the adequacy predicate establishing
conditions of correspondence of the system graph to the set of the essential functions. This formal
model allows to investigate tolerance of the system to the failures to be specified by the flow
which is caused by a arbitrary factors, including and nonrandom. The flow of failures is assigned
by a configuration space of the failed elements. Here a maximum value of the failure multiplicity
is determined by the sum of a ceil value of the expectation of the number of a failed elementary
machines (EM) and by the prescribed tolerance margin. The expectation is calculated subject to
the workload of the system and to the distribution efficiency of this workload. The tolerance
margin satisfies to acceptance criteria and allows for deviations of the real conditions of the
system elements’ functioning from the normative ones.

Key words: elements reliability of computing systems, fault tolerance of system, fault
multiplicity, system graph.
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HAJIEX)KHOCTH DJIEMEHTOB BBIYUCJUTEJIbHOM CUCTEMbBI U EE
OTKA30YCTOMYUBOCTH !

Annomauyun: Cucmema 3a0aHa MHOINCECMBOM CYWECMBEHHbIX QYHKYUl, 2pagom,
VCMAaHA8IUBAOWUM cpedy Ol pearu3ayuu dmux QYHKYull, u npeouxamom aodeK8amHoCmu,
CMassuumM yCio8usi COOMEemcmeus: epapa cucmemvbl MHONCECMBY CYUWECMEEHHbIX (DYHKYULL.
Takas ¢opmanvuas moodenv no360isem UCCIe0068amy YCMOUYUBOCHb CUCMEMbl K OMKA3AM,
3A0AHHBIM NOMOKOM, 0OVCIO6IEHHbIM He MOAbKO CAydauHbimu axmopamu. Tlomok omkazoe
onpeodenien NPOCMPAHCMEOM KOHQuUypayuili OmKA3A6WUX DJIeMEHMO08, 20e MAKCUMALbHOe
3HAYeHUe KPAmHOCMU OMKA308 ONPedeisiemcs CYMMOU OKPY2IAeMO20 66EpX MAMEMAMUYEcKoeo
0JCUOAHUSL  YUCTIA  OMKA3ABWIUX — dlleMeHmapuvlx  mawun (OM) u  3adannoeo 3anaca
yemouyusocmu. Mamemamuueckoe 0x4cudanue paccuumolédencsl ¢ Y4emom 3aepy3Ku CUCmemsl u
aghgpexmusnocmu ee pacnpeodenenus. 3anac YCmoudugoCmu coomeemcmeyem mpedo8anuim
3axazuuxa u yuumoeigaem OMKIOHEHUS PEAbHbIX YCIO08Ul IKCNLYAMAYUU IJIeMEHMO8 CUCTeMbl
OM HOPMAMUBHDBIX.

Knwueevie  cnoea:  HaoeximcHOCmb — DIEMEHMOS8  GbIYUCTUMENbHLIX — CUCHEM,
OMKA30yCMOUYUBOCb CUCTIEMbL, KDAMHOCMb OMKA308, 2pagh cucmemul.

! Pa6ora BemonHena mnpu Topaepkke Poccuiickoro (oHaa  (QyHIaMEHTAIbHBIX

uccnenoBanuii (mpoekt 14-07-00169a)
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Cucrema 3aJaHa MHOXKECTBOM CYIIECTBEHHBIX (yHKIUH, TpadoM, yCTaHABIMBAIOIIUM
cpemy s peanu3alnuu ITHX (QYHKOWHA, W TPEIUKATOM aJCKBATHOCTH, CTaBSIIUM YCIOBHUS
COOTBETCTBUS Ipapa cCTeMbl MHOXKECTBY CYyILIeCTBEHHBIX (hyHKUMH. Takas gopmaibHas MOJenb
MO3BOJISIET ~ MCCIEAOBATh  YCTOMYMBOCTH CHCTEMBI K  OTKa3aMm, 3aJaHHBIM  IIOTOKOM,
00yCIIOBJICHHBIM HE TOJIbKO CIIy4aiiHbIMU (pakTopaMu. [I0TOK 0TKa30B ompeeseH NpocTpaHCTBOM
KOHQUTYpalyii OTKA3aBIIUX JJICMEHTOB, TIJ¢ MAaKCHMAJIbHOC 3HAYCHHWE KPATHOCTH OTKAa30B
OTIpEe/IeNIAeTCS CYMMOM OKpYTJISIEMOTO BBEPX MATEMAaTHUECKOrO OXHAAaHUS YMCIa OTKAa3aBLIMX
areMeHTapHbIX MamuH (OM) U 3aJaHHOrO 3amaca YCTOMYMBOCTH. MaremaTHdeckoe OXuaHue
PACCUUTHIBACTCSI C Y4E€TOM 3arpy3ku cucTeMbl M 3((GEKTUBHOCTH €€ pachpeielieHus. 3amac
YCTOWYMBOCTH COOTBETCTBYET TPEOOBAHMSIM 3aKa3yhMKa M YYUTHIBACT OTKJIOHEHHUS PEaTbHBIX
YCIIOBUH SKCIUTyaTallK 3JIEMEHTOB CUCTEMbI OT HOPMATHUBHBIX.

1. BBeaenue.

N3BectHO, uTO paboTa da)ke B ILITATHBIX PEXKUMAaX COMPOBOXKIACTCS 3HAYUTEIbHBIMH
TEMIIEpATypPHBIMU TE€penajaMu, 3aBUCSAIIUMU OT 3arpy3Kd CHCTEMbl W OT HaJIU4MUs |
3¢ (deKTUBHOCTU CpeACTB OalaHCHUPOBAHHS HATPY3KH €€ JJIEMEHTOB, OT CYTOYHBIX U CE30HHBIX
TEMIIEPATyPHBIX LUKJIOB W HAJIMYUA CPEACTB HUX HEUTpanu3zanuu u T.0. BiusHue >xe Ha
paboTOCTIOCOOHOCTh  CHUCTEMBI  BHEIIHMX  pa3pylIalomux  (GakTopoB, B  OCOOEHHOCTH,
HMCKYCCTBEHHOTO MPOUCXOXKACHHS, HE MOXKET OBITh YYTECHO aHAJIM30M COBOKYITHOM HaJIEKHOCTH
€e nJJIeMEHTOB B ImpuHuuIe. KpomMe TOro, 4HCIECHHbIE OIIEHKH HAJIEKHOCTH PA3ITUUYHBIX
APXUTEKTYPHBIX BAPUAHTOB CJIOKHBIX CHCTEM, COCTOSIIIUX U3 OOJBIIOr0 YHCIA 3JIEMEHTOB, Kak
MPaBWJIO, HACTOJIKO OJIM3KH, YTO COMOCTABIEHUE THUX BapHUAHTOB HE BBIABISET MEXIYy HUMH
CYIIECTBEHHOM pa3HUIIBL.

OpueHTanusi Ha BBICOKME HAJEKHOCTHBIE XapAKTEPUCTHKU 3JIEMEHTOB CUCTEMBI B CHILY
BEPOSITHOCTHOU MPUPOJIBI ITUX XAPAKTEPUCTUK M HEJOCTATOYHON UX JOCTOBEPHOCTH B PEAIbHBIX
YCJOBHSIX 3KCIUTyaTallud HE UCKIOYAET BO3MOXKHOCTH OTKa30B CUCTEMbI U COOTBETCTBYIOLIUX UM
karacTpoduueckux nocieacTBuii. HanekHOCTHBIN MOAX0]T HeCeT B ce0e ormacHoe 3a0.ryKIeHHE O
BO3MOYKHOCTH CO3/IaHHUSI CUCTEM C HENPEPHIBHOM TOTOBHOCTHIO ITyTEM COBEPLICHCTBOBAHMS
TEXHOJIOTHUYECKUX M  METOJIMKO-UCIIBITATEIbCKAX MPUEMOB TOJYYCHHUS BBICOKOHAJICIKHBIX
KOMITOHEHTOB B COUYETAHUU C UX MHOTOKPATHBIM PE3EPBUPOBAHUEM U, TAKUM 00Pa30M, OTBIIEKAET
OT pemIeHHs] MpPOOJEeMbl OTKa30B, 3aBUCAIIMX OT COBOKYIIHOM CHCTEMHOM OpraHU3aIiu
KOMIIOHEHTOB, OT MHTEHCHUBHOCTH W YCJOBHUH HCIIOIb30BaHUS, OT HAJIMYUS WIM OTCYTCTBHS
BHENTHUX (DAKTOPOB, HAIIPABJIICHHBIX HA pa3pyIlICHUE CHUCTEMBI, M, COOTBETCTBCHHO, OT HaJIMYHs
WM OTCYTCTBUS IPOTUBOICHCTBYIOMIMX ITUM (PAKTOPOM CPEJICTB.

[TomMeHna MOHATUI OTKAa30yCTOMYMBOCTH M JKMBYYECTHU CUCTEMbI MTOHATHEM COBOKYITHOU
HAJIS)KHOCTH €€ JIEMEHTOB yCyryOusieTcs, Kak MpaBuiio, abcTparupoBaHiueM OT HHPOPMAITMOHHO-
JIOTUYECKOW CTPYKTYpbl CHCTEMBI W OT KOH(UTYypaluidi BO3HUKAIOIIMX B HEH OTKAa30B.
[IpaBOMEpPHOCTH TAKOI'O YNPOIIEHHOTO MOAX0/1a K UCCIEOBAaHUIO OTKa30yCTOMUYMBOCTU CUCTEM C
meHee deMm 100%-W W30BITOYHOCTHIO MPEACTABISAETCS BEeCbMa COMHUTENBbHOU. [lomoOHYIO
NPUMUTUBU3ALUIO MOXHO CYUTaTh [PUEMIIEMOM JIMIIb MPU HCCICAOBAHUM HAJIEKHOCTH
MOJTHOCTBIO PE3E€PBUPOBAHHON CHUCTEMBI, KOI()(UIIUEHT M30BITOYHOCTH KOTOPOH TOXKIECTBEHEH
JIOIyCKaeMOl B CUCTEME KpPAaTHOCTU OTKAa30B, T.€. I CHUCTEM, JOMYCKAIOLIUX MOBBILIEHUE UX
TOTOBHOCTU 3a CYET MPOMOPIHMOHAIBHOTO CHUXEeHHsS J(PQdeKTUBHOCTH. TeM He MeHee, B
[1, c.358], Hampumep, MOTEHIMAIbHAS >KHUBYYECTh BBIYMCIUTEIBHON CHCTEMBI OIICHHBACTCS
OTHOLIEHUEM MAaTEMaTUYECKOrO OXKMJAHUS YKCIA MCIPABHBIX 3JIEMEHTAapHBIX €€ MalluH K
obmemMy ux uuciy. [Ipu 3ToOM cuuTaeTcs, 4To U30BITOYHOE YUCIO DM B CUCTEME HE MPEBHIIIACT
«IecATUYHOro Jorapupma umcna coctaBmsrommx OMy». He o0cyxkmas 3mech BOIPOCHI
JIOCTOBEPHOCTH HCIIOJIb3YyEeMOM B 3TOH pabOTe SKCHOHCHITMAIBHOM MOJCIH HAIEKHOCTH DM,
OTMETHM, YTO CHCT€Ma TaM CYMTAETCs pabOTOCTIOCOOHOM, eclii 4ucio N HCIpaBHBIX MAIlUH B
Hel (0€30THOCUTEIBLHO K UX CBSI3aHHOCTH) HE MEHEE Yucia 7. 3aMeTUM, YTO UCTUHHOE 3HAUCHHUE
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MaTeMaTHYECKOr0 OXKHIAHUS YHCIA UCTIPaBHBIX DM 6 pabomocnocobnoil cucmeme, HUKaK He
TOXJECTBEHHO MAaTEeMaTHYECKOMY OKHIAHUIO OOIIET0 WX dYHCia. B JIeHCTBUTENBHOCTH OHO
OIpE/ICNIACTCS CPEOHUM 3HaueHHeM uucia OM 6 mHodcecmge ux pabomocnocoOHvIx
KOHGhueypayuii, XapaKTepU3yeMbIX HAIMYMEM B KaXKIOW W3 HUX KOMIIOHEHTHI CBS3HOCTH C
YUCIIOM BEPIIMH B HEil, He MeHbIIMUM uucia n. TO ecTh, MCTHHHOE 3HAYCHHE HCKOMOTO
MaTeMaTHYeCKOrO OXHMIAHUS HEOOXOIMMO OINpPEIessITh MPOU3BEACHUEM CPEIHEro Yucia
UCIpaBHbIX DM Ha YCIIOBHYIO BEPOSTHOCTh COOTBETCTBHS HMX COBOKYITHOCTH TPEOOBaHUSIM
CBSI3HOCTH. 3HAUCHHE 3TON BEPOSTHOCTH OINPEACISICTCS OTHOIICHHEM YHCJIA KOH(HIYpAIHi,
COXPAHSIOLIMX 3aJAHHOE YHCIIO 71 CBSI3HBIX DM, K ob0miemy uuciy KoHowurypanuid. OHO paBHO
enuHUIEe (T.c. YCIOBHYIO BEPOSTHOCTH MOXKHO HE MNPUHAMATH BO BHHMAHHE) TOJIBKO B
CIMHCTBEHHOM CIly4ae: eClId CTPYKTypa CHCTEMbI MONHOCBs3HA. K mpuMepy, Ui KOJbIEBOI
crpyktypel BC mpu N =100, »=95 wu npu Hamuuumu AByX OTKa3aBHIMX DM yClIOBHas
BEPOSTHOCTH COXPAHEHHSI B CHCTEME KOMIIOHEHTBI CBSI3HOCTH C YHCIIOM BEPILHH, HE MCHBIIUM 71,

COCTaBJISIET BCEro JIMIIb 2(N —n)/(N —1), win 10,5%; takas cucrema oOmamaet He 98%-ii

MOTEHLMAJIBHON KUBYUECThIO (0€3 yueTa CTPYKTYphl), @ COCTaBJIsIET Bcero quuib 9,75% ot Hee.
W3 mpumMepa BUJHO, YTO JOCTOBEPHOCTh MOAOOHBIX MOJENEH, HCKIIIOYAIOIUX U3 PACCMOTPEHHUS
CTPYKTYPHYIO COCTABIISIOLIYIO apXUTEKTYPhl OTKa30yCTOWYMBOW CHCTEMBI, TEM COMHHUTEIbHEE,
yeM OoJiee CTpPyKTypa CHUCTEMBbl OTJIIMYAETCs OT MOJHOro rpada. MrHopupoBanue »xe mpu 3TOM
cocraBa (YHKIMOHAJBHBIX IIOJCUCTEM, KaxJas W3 KOTOPBIX, KaK IPABUIIO, TPEABSIBISET
cneuuduyeckre TpeOOBaHUS K CTPYKTYpe CeTH CBS3M, OIPAaHWYMBAET HPUMEHHUMOCTb
PacCMOTPEHHOTO MOIX0/Ia ITyCTHIM MHOYKECTBOM PEAIBHO JICHCTBYIOIINX CUCTEM.

OTKa30yCTOMYMBOCTh CHCTEMBl 3aKiiouaeTcs B 3(G(GEKTUBHOM IMPOTUBOJEHCTBUU
pacIpoCTpaHEHHIO HA HEE MOCIIEICTBII HEKOTOPOTO YMCIIa OTKA30B €€ KOMIIOHEHTOB B JIFOOOM HX
COYETAHUU M HE3aBHCHUMO OT MX IPOMCXOXKAEHUS, Oy/ib OHU CIy4alHBIMU WJIM O0YCIIOBICHHBIMH.
B pa6ore [2, c. 1215-1218] nmoka3aHo, 4TO MOKa3aTeau HAIC)KHOCTH OTIACIBHBIX DM CHCTEMBI,
MOJIyYEHHbIE MyTeM CTATUCTUYECKOM OOpabOTKH pe3ysIbTaTOB MX ABTOHOMHBIX HCIBITAaHHMM, HeE
COOTBETCTBYIOT PEAIbHBIM PEXHMaM HX HKCIUTyaTallil B COCTaBE CHCTEMBI, YTO MOTOKH OTKAa30B
COCTaBIIAIONIUX cUcTeMy DM He SBISIOTCS [TyaCCOHOBCKUMH U 3aBUCST OT PEKUMOB U BPEMEHH
UX TPeNIIecTBYIOMEH IKCIuTyartaiui. B paboTe moka3aHo, 4yTo MojiHOE Bpemsi paboTel DM B
COCTaBE CHUCTEMBbl KOPPEIMPOBAHHO pEAIbHOW 3arpy’KEHHOCTBbIO IOCIEAHEH U MOXKET ObITh
NPUBEJCHO K HOPMATHUBHBIM peXHMaM (QyHKOHOHUpOBaHHs. llpm 3TOM KOI(DGUIIMEHTHI
MaciITaOMpoBaHUsl BpPEMEHM W HMHTEHCUBHOCTH OTKa3oB OM omnpezaenstorcss (QyHKUueH
IUIOTHOCTH BEPOSITHOCTH PACHpPEICNICHUs] €€ COCTOSHHM, KOTOpas COOTBETCTBYET KaudeCTBY
OOIIECUCTEMHBIX aJIrOPUTMOB OpraHU3alMy (PYHKLUHMOHUPOBAHHUS CHCTEMBl, B YaCTHOCTH,
JITOPUTMOB BBIpAaBHUBAHMA ee Harpy3ku. llpemnoskeHa o0o0meHHass MOIETb OTKAa30yCTOMYMBON
CUCTEMBI, YyCTaHaBJIMBAIOLIas B3aUMOCBSA3b (DYHKUIMOHAIBHOM M CTPYKTYpHOH KOMIIOHEHT
CHUCTEMBI C YCIOBHUSIMH, OIPEACISIONMMH €€ paboTOCIIOCOOHOCTh B TIOTOKE OTKa30B
IPOU3BOJILHOI'O IPOUCXOXKICHUS.

2. MO)Ie.TII/IpOBaHI/Ie HaJACKHOCTH IJICMECHTOB BBIYHUC/IUTC/IBHBIX CUCTEM.

OcHoBaHMEM JI1  MCHOJIb30BaHUS MOJEIM IPOCTEUIIEro IMOTOKAa OTKa3oB B
uccieAoBaHusAX HazexxHocTu OBM, coctosiield w3 COTEH M THICAY JUCKPETHBIX AJIEMEHTOB,
ABIIICTCS IICHTpalbHAsl MpeAeNbHas TEopeMa, COIIACHO KOTOPOM CyMMa OOJBIIOTO Yucia
HE3aBHCHMBIX TIOTOKOB C JIIOOBIMH 3aKOHAMH pacHpeesieHUus] MPUOIMKACTCS K MPOCTEUIIIEMY
MIOTOKY C pPOCTOM YMCJIa ClIaraéMbIX MOTOKOB. B Hacrosimiee xe Bpems, kKoraa cocta OM
CYIIECTBEHHO M3MEHWJICS U MCUMCIsAeTcs Terneps juib eaquauiamu bBUC (mpoueccop, mamsTh,
KOMMYTATOp), 3aKOH OOJBIINX YHCEN HE MOXKET OBITh MPUMEHEH, TOTOK OTKAa30B HE MOXKET OBITh
0€30rOBOPOYHO MPUHST MPOCTEHIINM, a UCIOJIb3yEeMbI B Ka4eCTBE HCXOIHOW IMOCHUIKH MpPU
BbIBeZeHUH (Gopmyn HaaexkHoctd BC moctynar 00 SKCHOHEHIMAIbHOM XapakTepe (YHKIHH
HAJICKHOCTH JIEMEHTAPHOU MAIIIUHBI SBJISIETCS OMIHOOYHBIM.
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HenanexxHocts 3neMeHTapHoi MamuHbel B coctaBe BC oO0ycioBieHa He TOJIbKO
BHYTPEHHUMHU CBOMCTBAaMHU HCIOJIb3yeMbIX HHTerpanbHbix MukpocxemM (MMC) (kauectBoM
TEXHOJIOTUYECKUX IPOLIECCOB MPOU3BOACTBA U HCHBITAHUN, KOHCTPYKTUBHBIMU HEIOCTATKaMH,
HEOOPAaTUMOCTHIO HAKAIIMBAEMBIX B MPOLIECCE IKCIUTyaTalluu 1e()EKTOB U T.I1.), HO U CBOWCTBAMH
cucTeMbl B LelOM (3(p(HEKTUBHOCTbIO HCHOJIb3YEMBIX aJrOPUTMOB BBIPDABHUBAHUS 3arpy3KH,
3¢ GEKTUBHOCTHIO CUCTEMBI OXJIQKICHHUS MM 3aIIUTHI U T.J.). OYeBUIHO, YTO MaTeMaTHYECKOE
OKHJIaHUE 4YMCJIa OTKA3aBIIUX 3JEMEHTOB CHCTEMBbl, pacCUMTaHHOE Oe3 ydeTa HEeHu30EeKHBIX B
MpoLecce AKCIUTyaTalldd OTKJIOHEHUH 3JIEMEHTOB CHUCTEMbl OT HOPMATHUBHBIX PEXKUMOB HX
(YHKIMOHMPOBaHUS,  OOYCIOBJEHHBIX  HAmpuMep,  CiIydailHbIM  XapakTepoM  IOTOKa
MOCTYNAIOUIMX B CUCTEMY 3aJaHUl M HECOBEPIICHCTBOM AJrOPUTMOB HX paclpe/esieHus, He
SBJIICTCSL BIIOJIHE JIOCTOBEPHBIM, €CJIM CYIIECTBYET KOPPEJSLIMOHHAS CBSI3b MEXKAY STUMHU
OTKJIOHEHUSIMH U [TOKA3aTEISIMU HAJIEKHOCTHU 3JIEMEHTOB.

Hannuue Takoit KOppesIsLMOHHONW CBSI3UM JaBHO OCO3HAHO BEAYILIMMHU NPOU3BOAUTEISMU
MUKPOCXEMOTEXHUKH,  OTKAa3aBUIMMHCS ~ OT  HEAJEKBaTHOIO  pealusM  JKCIULyaTallu
NPEJCTAaBICHUS IOTOKAa OTKAa30B ITyaCCOHOBCKOM MOJENIbIO, OCHOBAaHHOM Ha JIONMYyILEHUH
OpPAMHAPHOCTH, CTALIMOHAPHOCTH WU OTCYTCTBHM IOCHeAecTBUs. TeM He MeHee, NPUMEHEHHE
9TOM MOJENIM B TEOPETHUUECKUX HCCIEAOBAHMIX HAJEKHOCTH KOMIIOHEHTOB BBIYMCIUTEIbHBIX
CUCTEM IMO-TIpeKHEMY Tpeodnamxaer. OOMENPUHATHIME IIPU 3TOM 3HAYCHUSMUA WHTCHCHUBHOCTH
OTKa30B BBICOKOHAJICKHBIX JJIEKTPOHHBIX KOMIIOHEHTOB B HOPMAaTHBHBIX YCJIOBHMSAX HX
SKCIUTyaTalMy cuuTaoT 3HadeHus ot 10° go 10 wac!, ycrpoiictea ¢ Gonee HU3KUMH
3HAYEHUSMU OTHOCAT K CBEPXBBICOKOHAEKHBIM. 3HaU€HHUE A, KaK MPABUJIO, CUUTAIOT MPH 3TOM
HEM3MEHHBIM, a BEJIMYMHY CpeHEH HapaOOTKU A0 0TKa3a 1 OonpeAemnstoT 00paTHON A BETMUMHOM:

T=1" [Tomyuaemblie TakuM 00Opa3oM TEOPETHUECKUE 3HAUYCHUSI CPEIHETO BpeMeHU T HapaOOTKH
10 OoTKasza ;s BhicokoHanesxkHbix UMC coctapistor ot 10° mo 10° wacos (114-114155 ner)
[3,c. 22].

Mexay TeM, paKTHKa SKCIUTyaTallly, KaK OT/ACIbHBIX AIEKTPOHHBIX KOMIIOHEHTOB, TaK U
UX COBOKYIHOCTEH (B YaCTHOCTH, B COCTaBE KOMIIBIOTEPOB) YKa3bIBa€T HAa CYIICCTBCHHBIC

pa3nuuus B (paKTHUECKUX 3HAUYCHUsX I U a1, 00yCJIOBJICHHBIX HAJIMYMEM B MOTOKE OTKA30B
JerpajalMoHHol coctapisitoiei. [IpuBenem B 3TOH CBsi3W BechbMa MOKa3aTeNbHBIA IMpHUMED,
B3ATHIN U3 [4, c. 6]. Eciiu B rpyme u3 500 000 yenoBek B Bo3pacTe 25 JIeT B TEUCHHUE TOJIa YMPET
625 4enoBek, TO C y4eTOM 3KCIUIyaTallMOHHOTO pecypca Takou rpynmsl, coctasistouero 500 000
4eNI0BEKO-JIET, MHTEHCUBHOCTh OTKa30B cocTaBuT 1,25:10° rox!. 3mauenue, obparHoe 5Toif
MHTEHCUBHOCTH M paBHOe 800 rojam, mpeBbINIaCT CPeiHIOK mpoxonkuTeabHocTh (17 =70+80
JeT) 4enoBedeckoi jxu3Hu Oosiee uem B 10 pa3. M3 mpumepa BHIHO, YTO OTOXIECTBIICHUE

cpeaHero BpeMeHH 7 HapabOOTKU 1O OTKa3a C BEIMYMHOU A YYMTBIBACT JIMILIb CIYy4YalHYIO
COCTABJIAIOLIYI0 OOIIEro YWClIa OTKAa30B M HUTHOPUPYET OOYCJIOBICHHYIO HAKOMHUTEIbHBIMU
mpoueccaMu Jerpajanuu (M3HOca) JEeTEePMHUHHPOBAHHYIO €ro uacTb. B obmem e ciaydae

-1 -1
cupaBemmuBo 0<7 <A . OueBuAHO, YTO paBeHCTBO I =A  BBINOJHAETCA JIMIIb IPH
OTCYTCTBHUU 1501050 HUYTOXHOCTHU B CpaBHCHHUU CcO Cﬂy‘{aﬁHBIMH OTKa3zaMun OTKa30B

JeTpajalliOHHbIX; eciu ke 1 <A, 1o motox orkasos HECTAllMOHAPEH W 3aBUCHT OT
MIPEIBICTOPUH JKCIUTyaTalliu YCTPONCTBA, a (YHKIUS BEPOSTHOCTH €ro Oe30TKa3HOW padoThI
OTJIIMYACTCS OT IKCIIOHCHIIUAIBHOM.

[TpunsITHIE IS MONIYIPOBOJIHUKOBBIX MPUOOPOB CBEPXHHU3KUE 3HAYCHUS MHTCHCUBHOCTH
MOTOKA CIYYalHBIX OTKa30B, HE TO3BOJISIFOT MPOBOIUTH HAJACKHOCTHBIC HMCIBITAHHS B TCUCHUE
COTEH W THICAY JIET, COOTBETCTBYIONIMX OSTUM 3HAUEHUSM, TeM OOJiee YTO peallbHbIe CPOKU
AKCIUTyaTalluy 3TUX U3ENNH, ONpeieliieMble MX MOPAbHBIM U3HOCOM, Ha TIOPSIIKA MeHbIne. Tak
KaK JIOCTOBEPHOCTh CTAaTUCTHYECKHUX WCCIEAOBAHUN OMPEACIseTCsS PEnpe3eHTAaTUBHOCTHIO
COOTBETCTBYIOIIEH BBIOOPKH, TO U Pa3Mephl, COOTBETCTBYIOIIUE CTOJIb MaJOMy YUCITy COOBITHIMA
(0TKa30B) B MPOIECCE HUCIBITAHUN, CYIIECTBEHHO MPEBBIIIAIOT pa3Mephbl MApTUN BBIMTYCKAEMbIX
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U3JeMi M Takke He MOryT ObITh JOCTUIHYTBl. TpYyJIO€MKOCTb IOJIHOLIEHHBIX MCIBITAaHUH
ycyryOnsieTcsi HeoOXOIMMOCTbIO OXBaTa BCEr0 BEPOSTHOCTHOIO IMPOCTPAHCTBA COCTOSIHMM
UCTIBITYEMBIX 0OBEKTOB, 00YCIIOBIEHHOI'O OKHM/1a€MbIMHU 3KCILTYaTal[HOHHBIMHU TEMIIEPATYPHBIM U
BOJIbTaMIIEPHBIM JTMalla30HAMU U COOTBETCTBYIOLIMMHU UM BPEMEHHBIMU LIUKIaMH. B pa3pemenue
stoit mpodaemsl 'OCT 27.002-89 (Hane)xHOCTh B TEXHHUKE. ..) IIPEIyCMaTPUBAET MCIIOJIb30BaHHUE
«AKCTPANOJUPOBAHHBIX [I0KA3aTeJei, ONpelneisieMblX Ha OCHOBAaHUHU pE3YJbTAaTOB pPacCyeTOB,
UCTBITAHUNA W (MIM) SKCIUIyaTallMOHHBIX JIAaHHBIX IyTeM SKCTPAINlOJUPOBaHMUS Ha JAPYTYIO
IPOJOKUTEIBHOCTD AKCIUTYaTalli U JPYTHE YCIOBUS IKCIUTyaTal[um».

Benyue mupoBble MPOU3BOAUTENM JOOMBAIOTCS COKpAlllEHHs BPEMEHH HWCHBITAaHUN
U3EIMA  MUKPOCXEMOTEXHUKM 10 3HAYEHUHM, CYLIECTBEHHO MEHBUIMX HX peaJbHON
JIOJITOBEYHOCTH, IPUMEHEHHEM MeToAuku yckopeHHbIx ucnbiTanuii HAST (Highly Accelerated
Stress Test). OCHOBHBIM MPUEMOM TIPH 3TOM SIBIISIETCS (DOPCUPOBAHHUE PEKUMOB, OCHOBAaHHOE Ha
BBEJICHUU (DAKTOPOB, YCKOPSIOIUX (PU3UKO-XMMUYECKHE IMPOLECChl CTApeHUs U Jerpajaliu
UMC [5,c.5]. Pesynbrarbl Takux HCHBITAHUM SKCTPANOIMPYIOT Ha HOPMATUBHBIE PEKUMBI
MIOCPEJICTBOM MCIIOJIb30BaHHs MOJIENIEH, YUUTBIBAIOIIMX CIO0XKHOCTh HUCIHBITYEMbIX OOBEKTOB U
TEXHOJIOTUYECKUX TPOLIECCOB UX M3TOTOBIICHUS, BUIBI AE(PEKTOB M COOTHOMICHHUS MEXIy HHMH,
pasHHIly TeMmIepaTryp W HaNpsHKeHUH MEXIy MCIBITAHUSMM M HOPMATHUBHBIMH pPEXHMaMHU.
3ameTuMm, 4To caMm (aKT UCIOIB30BAHUS METOJUK (POPCHPOBAHHBIX MCIIBITAHUN M TIOCIIETYIOMICH
HKCTPANOJSILMK TOJy4YaeMbIX IPU 3TOM pe3yJbTaTOB HA 3aJaHHbIE PEKUMBI HKCIUTyaTallUH
puOOpPOB yKa3bIBa€T Ha KOPPEIMPOBAHHOCTH MOKAa3aTeled MHTEHCHBHOCTH OTKAa30B U CpeaHeH
HapabOTKU J0 OTKa3a OT PEXHMOB HKCIUTyaTalldM, — U 3TO HEJb3s HE YUYUTHIBATh B OLEHKaX
HaJI)KHOCTU PEeaJIbHBIX YCTPOUCTB.

Boibop Monenn moTOKa OTKa30B IMPOM3BOAAT, Kak MpaBWiIo, [0 pe3yJibTaraM
UCCIICIOBAaHMI (PU3UYECKUX MPOIECCOB, MPUBOMAMMX K oTkazy. Kak mokazano B [6, c,37;
7,c.194], orkazsr UMC Xopowo ONMCBIBAIOTCS pPACHpEACICHUsIMH, UMEIOINUMU KOHKPETHYIO
¢du3nveckyo MHTEpNpeTannio. TaM e JaH CpaBHUTEIbHBINA aHAJN3 BEPOSTHOCTHO-(PH3UUECKUX
MoJiesiell 0TKa30B M NepedMciIeHbl HauboJiee paclpoCTpaHEHHbIE JErpaJalliOHHbIE NMPOLECCH B
NMC. Tak xak O3THMH TIpPOLIECCAMH SIBISIFOTCA ~XHMMHUYecKas peakuus, auddysus,
AJIEKTPOMUTpALIMsl HOCUTEIIEH U 3JIEKTPOKOPPO3Hsl, TO B OCHOBE OOJIBLIIMHCTBA UX MOJIENIEH JIEKUT
ypaBHEHHE AppeHuyca, YCTAaHABIMBAIOIIEE CBA3b MEXKAY CKOPOCTbIO 3THUX IIPOLIECCOB H
temneparypoi [8, c.1]. B cooTBeTcTBUM € 3THUM YpaBHEHHEM CKOPOCTb XHMHUYECKUX U
($u3NYECKUX MPOLECCOB, JIekalux B ocHOBe oTkaza MIMC mpu cpelHuX 3HAYEHUSIX 3HEPTUu

aktuBaumu E, =0,7+0,8 3B, ynBauBaercs ¢ NoBblIEHHEM ee TeMreparypbl Ha kaxasie 10°C.
OTMeTHM TakKXe, YTO OJHUM U3 CIIOCOOOB YJIOBJIETBOPEHHUSI BCErla aKTyalbHOMY TPEOOBAaHHUIO
NOBBILICHUS.  OBICTPOJICUCTBHS  SIBJISICTCS  YBEIMYCHUE OHEPrUM aKTHBALUMH, CHHKAIOIICES
(iryKTyaumoHHy 0 COCTaBIIIOLIYIO CHTHAIA, HO yBENMYMBAKOLIee Npu 5ToM Koddduument K

yckopeHust mporecca craperus HMMC u  cooTBeTcTByromMM 00pa3oM CHIDKAloOIIee ee

nonroseyHocts. Tak, Hanpumep, ecid (aktop yckopenuss npu temneparype 40°C mpumsar
PaBHBIM €IMHUIE, TO yBeauueHue £, 10 1,3 5B B COBOKYITHOCTH C MOBBIIIEHHEM TEMIICPATYPhI

1o 100°C, MOKeT BBI3BATH CHIDKECHHE JOJITOBEYHOCTH mpumepHo B 5000 pas [3, c.24], 4ro
CYILIECTBEHHO oiblie, 4eM K | = 2° mpu E, =0,7+0,8 OB.

Hcnonb3yeMble B HMCCIEAOBAHUAX HAAEKHOCTU M3JIEIMA MUKPOCXEMOTEXHUKH MOJAEIU
OTJIMYAIOTCSI  BBIOOPOM  3aKOHA  pacHpeleNieHHs  OTKa30B, COOTBETCTBYIOLIETO  THUILY
npeo0Iasaroiero B UCHBITYEMOM MpUOOpe JerpajialliOHHOrO Ipolecca ¢ MPUCYLIUM 3TOMY
npubOpy 3HAUEHHEM PHEPIUU aKTUBALMHU [8, C. 2], TEXHOJIOIMUYECKUM IIPOLIECCOM HU3TOTOBIICHMS,
KOJIMYECTBOM B HEM p —n TEPEXOJO0B U T.II. B TO ke BpeMs BCe MOJEIM CXOAATCA B TOM, UYTO
IIOKAa3aTeNu HAAEKHOCTH KOPPEJIHMPOBAHHBI BPEMEHEM M PEXMMAMM  IPEALICCTBYIOIICH
AKCIUTyaTallil, a MEXAy CpenHell HapaOoTkoW 10 oTkaza 7 M MHTEHCHUBHOCTHIO OTKa30B A
W3JIeNUs CYIIECTBYET 3aBUCUMOCTh 0oJiee clioXkHasi, ueM oOpaTHas. B pabdote [5, c. 7], Hanmpumep,
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[I0Ka3aHo, 4TO €ClIM B KadecTBe Mozenu orka3zoB MMC ucnonb3yercs He SKCIOHEHIMAIbHOE, a
nByxmnapamerpuueckoe auddysznonnoe DN-pacnpenenenne, COOTBETCTBYIOIEE HEMOHOTOHHOMY
MapKOBCKOMY IPOIIECCY, TO PAaCCUUTAHHBIC MO pe3yJbTaTaM YCKOPEHHBIX HCIIBITAHUH OIIEHKU
HAJC)KHOCTH UMEIOT He Oosiee ueM 10%-to morpentHocTh. JlaHHas TaM e CpaBHHUTEIbHAsS OIICHKA
ToKasarelnei cpeHel HapaOOTKK O 0TKa3a Ul SKCIIOHEHIIMAIBHOTO pacrpeneneHus u aiust DN-
pacrpenenenusi, TOKa3pIBaeT, YTO AJIsi OONBITMHCTBA TEXHOJIOTHUECKUX MPOLECCOB N3TOTOBIICHUS
UMC cpennsiss HapaOoTKa 70 MX OTKa3a, MOJIyY€HHasl U3 SKCIOHEHLMAIBHOIO pacIpeeseHus,
3aBbIlIeHa B cpaBHeHUHU ¢ DN-pacnpenenennem B 70-520 pas.

Mmnorue Benyuue ¢upmbl — u3roroBurenu MukpocxeM (Siemens AG, Analog Devices

(ADI), Atmel, Xilinx) ucronp3yIOT B OLEHKaX HAJICKHOCTH Y 2 -pacupeieneHue U OLIEHUBAIOT |9,
c. 46] sKkcriepuMeHTaIbHYI0 HHTEHCUBHOCTH OTKA30B 10 (opMyIie:
A AT
2INALK,
3nece P — noBeputenbHas BeposTHocTh (0,5-0,95), cBsizaHHas ¢ ypOBHEM 3HAaYMMOCTHU
(Confidence Level — CL) cooTHomenuem (I—CL/ 1 00), ¢bupmbl Atmel u ADI B cBoux pacuérax

ypoBeHb 3HaunMocTH 3aknansiBaioT CL=60%+90%; v=(2n+2), roe 7 — KOJUYECTBO
orkazaBmmx MC; N — oOmee uucio ucneiryembix MC; Ky — 0000ménnbIii ko3 purmeHt

yckopenust; At — BpeMst ucbITaHuid. V3 310l (OpMyIIbl BUIHO, YTO SKCTPAIIOJISIHNS Pe3yIbTaToOB
UCIBITAaHUN HA APYTHUE TEMIIEPATYpPHbIE PEKUMBI IPOU3BOAUTCS C YUETOM NPUBEAEHHOIO K ITUM

peKMMaM BPEMEHH MCIIBITAHUH (IKBUBAIICHTHBIX IPUOOPO-4acoB) — &, = NALK,.

3aM€TI/IM, YTO HE3aBHCHMO OT BI)I60pa 3daKOHa OJBKCTpaIoIsIuuu (BKCHOHCHHI/I&HBHOG,

2

BelOyioBckoe, JiorHopmansHoe, DN-, ¥~ - unu npyrue pacnpenesneHusi) TeKyllee 3HaueHHe

MHTEHCUBHOCTHU A OTKAa30B MpHOOpa onpeesieTcss He TEKYIUM BPEMEHEM ¢ ero KCIUTyaTaluu, a

SKBUBAJICHTHBIM €r0 3HaYCHUEM [, , IpUYeM Ky<— At°C>=Ky_1<At°C>, rie A'C=¢C-¢,C —

OTKJIOHCHHE OT HOpMaTHBHOW Temmeparypbl #,C mpubopa. VHBapHaHTHOCT BpPEMEHH I,

3aKOHAM M [apaMeTpaM paclpejielieHuss ToKazareled HaJeXKHOCTH, COOTBETCTBYIOIIUM
pa3nuuHbIM (MO0  TEXHOJOTMM  M3TOTOBJICHHUS,  CJIOXKHOCTH, BHIAM  MpeodIaJaroliux
JerpaganuoHHbIX nedekToB u T.1.) TunaM MMC, nmo3Bomsier abcTparupoBatbesi OT ITHX 3aKOHOB
IIpY  ONPEIECICHUU NPHUBEACHHOIO K HOPMATUBHBIM pEXKHMAaM BPEMEHHU OJKCILTyaTallud |
COOTBETCTBYIOIIEH OTKIIOHEHUSM OT 3TUX PEKUMOB HUHTEHCUBHOCTU OTKA30B.

OnpenenuM MHOXECTBO COCTOSIHUN MPUOOpa B TE€UEHHE BPEMEHH ¢ €ro SKCIUTyaTalluH Kak

HEIpepbIBHOE B AMamna3oHe pabounx temneparyp ¢,’C <+°C <t ; 31ech t, C — Temmeparypa

max ?

OKpy»karomien cpenpl, ¢ °‘C — MakCUMallbHOE 3HAUCHHE TEMIIEPaTyphl MPUOOpa, MPU KOTOPOM

max
MIPOU30MIET OTKa3 MO0 OTKIIOUYEeHHE pUbopa Mpu HAIMYUM CPEeACTB 3aliuThl. Eciau mioTHOCTb
BEPOSATHOCTEH COCTOSHUI mpuOOpa B 3TOM TEeMIEpaTYypHOM JHara3oHe 3a BpeMs ! ONpeieiuTh

. o tmax C [0 o .
pkiuein  ft C), npuuem | 7% t Cdt'C=1, To mojaHOe IPUBEICHHOC K HOMHHAJIHLHOU
y p rec p
0

TEMIIEpaType BpeMs [, SKCIUTyaTalluu Ipudopa, COOTBETCTBYIOIIEE BPEMEHU ¢ SKCILTyaTalluu B
JMHAMHKE €ro (YHKIHOHHPOBAHHS OINPEIACIUTCS C YYETOM CpEJHEro Ha 3aJaHHOM
TEMIIEPATYPHOM JiHana3one 3nadenus K, :
fmax C
t,=tK, =t jKy(t"C)-f(t"C)dt"C.

t,'C
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AHaJOru4HoO OTOMY CpCAHECC 3HAYCHHUC MHTCHCUBHOCTHU OTKa30B A B 3aJaHHOM

TEMIIEPATypHOM JHWana3oHe M MpU 3aJaHHOW GyHKIuH f (t°C> IUIOTHOCTH BEPOSITHOCTU
pacripesielieHus: TEMIIEpaTyp ONpPeIesIuM U3

trﬂaXcC
A=iK, =4 |K[C) flechrc,
t,'C
3neck A, — cpeaHee 3HaYEHME MHTEHCHBHOCTH OTKa30B IPHOOPA MPM KCILTYaTallut €T0 B

HOPMAaTUBHOM PEXUME.

3amMeTUM, YTO pacIpOCTpPAaHEHHOE Ha TMPaKTHKE OIMUOOYHOE TMpeJCcTaBlIeHne o0
OTCYTCTBUH 3aBUCUMOCTU CPCAHCTO 3HAUCHUSA MHTCHCUBHOCTH OTKA30B U CpOKa CJ'Iy)K6LI HpI/I60pa
OT MHTEHCHBHOCTH €T0 JKCIUTyaTallly 3a MPEIIICCTBYIOMIUI MEPUOI OCHOBAHO HA YTBEPKICHUH

o0 GanmaHce TeMnepaTypHbIX OTKIOHeHHH + Ar°C B 06€ CTOPOHBI OT HOMMHAJIBHOM TEMIIEPATYPHI
t,'C. CorsacHO 3TOMY YTBEP)KICHHUIO MIEPHOAM MEPErpy3Ku MPUOOpa COOTBETCTBYIOT TAKHE XKE
M0 JUTMTEIBHOCTH M MOJYJIIO TIEPUOJBI UX HEIOTPY3KH: t(At°C)=t(—At°C). CornacuBmuch ¢
YTBEpXKIECHHEM O OallaHCe TEeMIEPaTYPHBIX OTKIOHCHHH, (YHKIMIO TUIOTHOCTH BEPOSTHOCTH
oTkioHenust Temneparypbl At°C mpuGopa oT HOpMATUBHOM Temiieparypbl £,"C OyaeM CuUuTaTh
CHMMETPHYHOIA: f(x)=f(—x), 0<x<t,.C-t'C, t,C-t,"C=t,.°C—t,°C. YuursBas

K, (x) = Ky_1 (x) , TIOJTYIHM:

tmaxoc_tﬂoc tmax"C—tH°C tmaXOC—l‘HOC
t,=t- IKy(x)'f(x)dx =1 _[ Ky_l(x)-f(x)dx+ I y x)- f(x)dx | =
t,'C—t,°C 0 0

U3 Ky(())zl, ISKy(x)SKy(t °C—IH°C) U U3 TOro, 4YTO, KaK II0Ka3aHO BBIIIE,

max
Ky(t °C—tH°C)>>l SACHO, 4YTO IPUBEACHHOE IIOJIHOE BpeMs {, DKCILUIyaTallMd M CpeaHee

3HAYCHHUC HWMHTCHCHUBHOCTHU A OTKa30B CYHICCTBCHHO IPCBBLIIIAOT COOTBCTCTBCHHO BPCEMS tu

max

HOPMAaTUBHYIK0O HHTCHCHBHOCTDH Z‘H, U YTO 3TH MNPCBLIMICHUSA OMNPCACTIAIOTCS Z-)KCHJIyaTaL[PIGﬁ

npubopa B BEICOKOTEMIIEPATYPHBIX, PEKUMAX.

Wrak, nokazaTenu HaJeKHOCTH OTAEIbHBIX DM BBIUMCIUTEIbHBIX CUCTEM ONPEIEIISIIOTCS
peXUMaMy HX OJKCIUlyaTauuMd. PeXUMBI 3THM CYHIECTBEHHO KOPPEIUPOBAHHBI ITIOTOKOM H
TPYJIOEMKOCTBIO TOCTYIAIOIIUX B CHCTEMY 3aJaHHil, a Takxke 3(P(PEeKTHUBHOCTHIO AITOPUTMOB
IJIAHUPOBAHUS U BBIPABHUBAHUSA HArpy3Ku, HAIpPaBJICHHBIX HAa MAaKCHMaJbHOE HCIIOJIb30BAHUE
BCEX KOMIIOHEHTOB CHCTEMBl U Ha MAaKCUMaJIbHYIO UX 3arpy3Ky. MIMEHHO mo3ToMy B aHain3e
Hagexxnoctn BC u coctaBmsirommx ee DM He cienyer abcTparupoBaTtbess HH OT CyMMAapHOM
3arpy3Kd CUCTEMbl, HU OT HCIIOJIb3YEMbIX B €€ pacrpeaeiaeHuu cpeiacTB. OTMETUM B CBS3H C
3TUM, YTO HaM HE JIOBOJMJIOCH BCTPEUYATh UCCIIEOBAHUI, HAIIPABICHHBIX HA IIOMCK AJITOPUTMOB,
OTrpaHUYMBAOUX A(PPEKTUBHOCTh HCIOIb30BAHUS CHUCTEMbl HOPMATHUBHBIMU PEXKHUMAMH,
COOTBETCTBYIOIIMMHU  HAJC)KHOCTHBIM  MCIIBITAHUSIM €€ KOMIIOHEHTOB, T.€. QJITOPUTMOB,
HCKYCCTBEHHO 3aHMXKarounX 3¢(HEeKTUBHOCTh KaK CaMOil CUCTEMBI, TaK U €€ 3JIEMEHTOB.

3. MoaennpoBaHHe 0TKa30yCTOHYNBOCTH CHCTEMBbI
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B omimune oT HaAEKHOCTH, SIBISAIOIIECHCS BEPOSITHOCTHONW XAPAKTEPUCTUKOW CHUCTEMBI U
MIPOM3BOJIHOM OT COOTBETCTBYIOLIMX CPEIHECTATUCTUYECKUX CBOMCTB M CIIOCOOOB OOBEIMHEHMS
HCIIOJIB3YEMBIX JUIsI €€ ITOCTPOEHHUs allllapaTHBIX CPEACTB, OTKAa30yCTOMYMBOCTh M YKUBYYECTh
Opucymu  cucreMe  Osaromaps ee  apxuTekrype  ((QyHKIHOHAJIBHOW,  CTPYKTYPHOH,
QITOPUTMUYECKON M T.I. OpraHU3allM), HALEJICHHOM Ha COXPaHEHHE €10 CIIOCOOHOCTH
peanu3aly B pPeaJbHOM BPEMEHHM M C OINpPE/EICHHBIM KaueCTBOM HEOOXOJMMOIro MHUHUMYyMa
(GYHKIMHA, TOCTaTOYHOTO ISl TOJyYEHHs ONPEACTICHHOTO TEXHUYECKHMMHU TpeOOBaHHUSIMU
pe3ysibTaTa NpU BO3HUKHOBEHHMHM JIIOOOrO OTKa3a WJIM MX TpPyHNbl B Mpefesax 3aJaHHOM
KPaTHOCTH ¥ HE3aBUCUMO OT BEPOSITHOCTH IOSIBJIICHUSI TAKOBBIX.

Hcxonsts w3 aroro, cucremMy S 3aajuM MHOXECTBOM F' = {Fl} 00s13aTENbHBIX
(cymectBeHHbIX) G(yHKIME F;, ompenensiomuM (QYHKIHOHAIBHYIO ILEIOCTHOCTh CHCTEMBI,
rpadom G(V,E), 3aJal0MIMM  CPeay JUIS peanu3alud dTHX (OYHKOWH, W [PEIUKaTOM
anexBatHocTn H =()r;, ycTaHaBIMBAaIONIMM YCIOBUsS COOTBETCTBHA rpada G MHOXKeCTBY F
¢ysukumii [10, c. 92]. 3necs V' — MHOXecTBO BepuiMH rpada (Momyned cucrtemsl), a E —
MHOXXECTBO pebep (MeXMOIYIbHBIX CBs3ei cuctemsl). [Ipemukar 7; (Fl-,G,Gi) (manee mpocTo
nl-(G)) OTIpeNieIeH Ha JUCKPETHOM MHOXECTBE {0,1} U paBeH €JMHUIE TOT/Ia M TOJBKO TOTJa,
Korga B MHOXecTBe mnoarpadoB rpada G Haiimercs xorss Obl ommH moarpad G,
YIIOBJICTBOPSIOIIMK yCIOBUSM peanu3aunu Ha HeMm ¢yukiuu F;. Ilpemuxar H cuctemsr S

ompezaenseT GopMallbHbIC YCIOBUS COOTBETCTBUS CTPYKTYPBI CUCTEMBI B IIEJIOM PEATH3yEMOMY
Ha Hell ¢ HeoOXOIMMBIM KaueCTBOM 33JaHHOMY MHOXKECTBY F' cymiecTBeHHbIX pyHkumii: H =1,

ecmn VFE;, € F 3G; |77i(F,-,G, Gi)zl. JloOaBUB K TMM KOMIIOHEHTaM OIMCaHHE OXKHJAeMOTO B
mpolecce SKCIUIyatanuu 1moroka @  OTKa30B, MOIyYHMM ONUCAHHE MOAENEH CHUCTEMBI
S=S(F ,G,H,CD) u ee noxcucreM S; =S;(F,,G:,7;,®). B obmeM ciydae OTKassl MOyJICH
CHUCTeMBl M CBsi3ell Mexay HHMMHU (BepmMH u pebep rpada) pasauuHbl [0 HPUPOE,
COOTBETCTBEHHO PA3JIMYHBI 3aKOHbI ¥ APAMETPbI UX PACIpPEAENeHUs, HOATOMY Pa3AeiIuM MOTOK

® Ha cocraBisromue, Bo3zeiicTByrone Ha BepumHbl — @, u Ha pebpa — P, rpada G:
CD(G)zG'(CDv(V),CDe(E)). Janee Juis COKpalleHHMs BBIKIAQNOK Y4UTbIBaeM HauOoiee
JECTPYKTHUBHYIO M HauOoJiee BEPOATHYIO B NMPAKTHUKE JKCIUIyaTalUH BBIYHCIUTEIBHBIX CHCTEM
gacTh moToka otkasos @, (V), momaras d)e(E) =0u CD(G): CDV(V).

[Tycts ¢yHkumoHanbHas noacucrema S; =.S; (Fi,Gi,nl-,d)) HOJIBEpP>KEHA BO3/IEHCTBUIO Ha
cucreMy S moroka orkazoB @ u 3amaHa ¢yHkuued F; C F'; mpenukar 77; TpU 3TOM

oOycioBnuBaeT BbIOOp moArpada Gi(Vi,Ei)gG BO3MOKHOCTBIO pealM3alud  3aJaHHOU

! ! !
¢yskuuu F; Ha NOAMHOXXECTBaX COCTaBJSAIOIIMX TIpad G(V,E ) UCTPaBHBIX BEPUIMH

V!c®(V)=V' u ucnpasusix pebep E; C ®(E)=E'. Pasencrso 7;(G/)=1 ykaspiBaer Ha
aJleKBaTHOCTH JedekTHOro moarpadga G; = <D(Gl-) TpeboBaHMAM, 3aJJaHHBIM IIpeaukaToM 77;. OHO
paBHOCMIBHO  paBeHcTBY  F: (7 (G,’ ) =F, W onuceiBaeT  ciaydaii ~ aBTOHOMHOMN
OTKa30yCTOMYMBOCTH TOJICHCTEMBI, JOCTHIAEMOM 3a CYET €€ BHYTPEHHHX pecypcoB. MeHee
KECTKUM B JIOCTHXKCHHHM OTKAa30yCTOWYHMBOCTH SIBISICTCS PABEHCTBO 7} (G')= 1, wm
Fiﬂ’h(CD(G))zF}, — B DJTOM cllydae IIOJICHCTEMa OpPWUEHTHPOBaHA Ha COXPAaHEHHUE €0

paboTOCTIOCOOHOCTH TYTEM HCIOJIb30BAHUS HE TOJIBKO CBOMX BHYTPEHHHX PECypCcoB, HO H
pecypcoB cuctembl B LeidoM. OTKa30yCTOMYMBOCTb CHUCTEMBI B IL€JIOM JIOCTUTaeTCs
JIEJIETUPOBAHUEM STOTO0 CBOMCTBA KaXKIOW U3 CYIIECTBEHHBIX (DYHKIMOHAIBHBIX IMOICHCTEM:
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H@G)=1 mpr N (G om(@)=1. oreona  FNH@(G)={F Ny (@(G))}= {7},
HecoMHeHHO, YTO B COCTaB CYLIECTBEHHBIX IOJICUCTEM OTKa30ycToiiunBoii BC mommkHBI OBITH
BKJIIOYEHbl CHCTEMOOOpa3yomasi, KOHTPOJIbHO-IAMArHOCTUYECKAss M PEKOHPUIyparloHHasI
MIOJICUCTEMBI, YTUJINTAPHOCTh KOTOPBIX SICHA W3 MX Ha3BaHWM. KpaTHOCTb nomyckaembIX B 3THX
MOJICKHCTEMaX OTKa30B (HE MPUBOIAIIMX K MOTEPE MMH PabOTOCIIOCOOHOCTH), MOJDKHA OBITH HE
MEHbILIEH KPaTHOCTH, JOITyCKaeMoil B HanboJjee 0TKa30yCTOWYMBON MPHUKIAIHON MOJICUCTEME U3
yucia cymecTBeHHbIx [11, c. 148].

Kaxnas u3 cymecTBeHHbIX (QYHKIMHA C Y4ETOM BO3MOXHBIX J€(EKTHBIX KOH(PUryparun
CHUCTEMbI MOXET OBbITh pealn30BaHa MHOYKECTBOM CIIOCOOOB, 3aBUCAIIMX OT AJTOPUTMHUYECKOM,
OpOrpaMMHOM M ammapatypHoil ee peammsaiuu: [ = { fi ﬂ{Al- (pl-,hl- )}}gF . EnuncTBO

CBSI3aHHBIX YCIIOBUSIMH B3aMMHOI aJeKBaTHOCTH KOMIIOHCHT: aJIrOPUTMHUYECKOH A; — Kak
criocoba peanu3alyy, MPOTPaMMHON p;— KaK CpeACTBa W alllapaTHOM /; — Kak Cpejsl

peanuzanun GyHKIUU £}, yKa3pIBaeT Ha pe3epBbl HOBBIIICHUS OTKa30yCTOWYNBOCTH ITOICHCTEMBI

MyTEM pACIIUPCHUS I'PaHUILL B3aMHOM AICKBATHOCTHU €€ KOMIIOHCHT, T.C. IIYTCM HCIIOJIb30BAHU
TaKUX QJITOPUTMOB W PCAIMIYIOIINX HX IporpaMmM M TEXHUYCCKUX CPEACTB, KOTOPLIC B

KOMIUICKCE 00ECHeYrBalOT YCTOMYMBOCTD IOJICHCTEMBI S; K OTKa3aM 3aJlaHHOW KPaTHOCTH.
DyHKIMOHANBHAS KOMIIOHEHTA f; KaXHOW mojcucrteMsl S; codeTaeT B ceOe anroput™m A4;

peanuzanui QyHKIHH f; ¥ KOHKPETHU3HPYIOIIUE €ro MPOTrPAaMMHYIO p; H amnmnaparypHyo A

cocrasisonye. [locneaHsss BXOAUT B COCTaB CBA3aHHOTO MHOXKECTBA MOJIYJICH, IOCTaBJICHHBIX B
COOTBETCTBUE BepimmHaMm V; u pebpam E; moarpada GI-(VI.,EI-) rpada G cuctemsl S. JlaHHBII

a03aI] HampaBJIeH Ha OCO3HaHWE TOro (pakra, 4yTo B O0mIEeM ciydae Jobas u3 ¢ynkumin F; < F

MOXeT OBbITh peaJu30BaHa HE E€IUHCTBEHHBbIM, a HEKOTOPbIM MHOXECTBOM CHOCOOOB,
paccurMTaHHBIX Ha JIMana3oH BO3MOXKHOM Jlerpafalvy anmnapaTHbIX CPEACTB. DTO YKa3bIBaeT Ha
BO3MOXXHOCTH  IOBBIIIEHUS  OTKasoyctohuumBocth BC  mocpeacTBOM — MakCHMaiabHOIO
UCIIOJIb30BaHUsl MOTEHLHUAIbHBIX BO3MOXKHOCTEH €€ CTPYKTYphl IyTEM BBEACHUS OoJblIeH
AJITOPUTMHUYECKOM U IPOrpaMMHOM N30BITOYHOCTH.

AHanu3 OTKa30yCTOMYMBOCTH 3aKJIOYAETCSl B OLIGHKE CTENEHHW COXPAaHEHMsI CHUCTEMOM
CYILIECTBEHHBIX AJI €€ MOJb30BaTeNIe yTWIMTAPHBIX KAYeCTB B IIOJMHOMMAIBHOM MHOXKECTBE
KOH(Urypaluil 3alaHHOro yucia / OTKa3aBIIUX B HEW 3jeMeHTOB. MoJienu Takoil CUCTEMBI U €€
MOJICCTEM OIUILEM CIIEAYIOIINUM 00pa3oM:

S=8(F,G.H,1={0,...1,,.}). S, =S,(F,G.n7,,1 ={0,...L..}).

Y A Y -
3neck [,y — MaKCHMaIIbHOE 3HAYCHUE KPATHOCTH OJJHOBPEMEHHO IPHCYTCTBYIOLINX B CUCTEME
OTKAa30B B TE€UEHHE [UIAHUPYEMOI'0 CpOKa €€ 3KCILTyaTallui, KOPPEIUPOBAHHOTO €€
3arpyK€HHOCTBIO U BHEIIHUMHU ycJIOBUSMU. OnpeesiuM 3TO 3HaYeHHE CyMMOW OKPYIJIEHHOTO
BBEPX MareMaTuueckoro oxumanus M (l ) yyclia 0TKa3aBUIMX AJIEMEHTapHbIX MaluH (OM) u

3ananHoro 3anaca O/ ycroituusoctu: [ = l_M (1 )—’ + 01 . 3anac ycTOH4UBOCTH MOXET OBITH

3aJIaH MpupameHneM A WM COOTBETCTBYIOIIMM 3TOMY TPUPAIICHHIO KO3(DPHUIIMEHTOM U
COOTBETCTBYET KPUTHUYECKUM TpeOOBaHMsIM 3akazunka. BBenenue 3amaca npeaynpekaaeT oTKas
CUCTCMBI B 3KCTpeMaJIBHI:IX yCJIOBI/ISIX 3KcnnyaTau1/m €€ JJICMCHTOB, Haan/IMep, HpI/I BO3I[€I>'ICTBHI/I
MMMKOBBIX 3HAYEHUN paJMAIlMOHHOTO (POHA, TPU MUKOBOM 3arpy3Ke CUCTEMBI, PU HATUIHH
HaNpaBJICHHBIX U3BHE Pa3pyIlAOIINX (PaKTOPOB U T.II.

Kak rmokazano B pasnene 2, TeKylee 3HaueHUe HHTCHCUBHOCTH A OTKa30B OTIIEIbHBIX OM
CJIGI[yeT OHpGIIeHSITB HUCXOOdA H3 HpI/IBeIleHHOFO K HOMHWHAJIbHBIM pe)KI/IMaM BpeMeHI/I ta N

YUUTHIBAIOUIETO (YHKIMH MX 3arpy3KH B IPOLECCE IKCIUTyaTallud BHIYMCIUTENILHON CHUCTEMBI U
COOTBETCTBYIOIIME €1 HEeM30eKHOCTh OTKIOHEHHH OT HOPMATHUBHBIX PEKUMOB M YCKOpEHHE
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nerpagaunud. Hamm yxe oTMedanoch Takke, 4To coctaB OM B HacTosiiee BpeMs OrpaHu4eH
HabopoMm Bcero auilb Heckonbkux UMC (mpoueccop, namsTh, KOMMYTaTop). OTO HE MO3BOJISIET
pacrpocTpaHuTh Ha DM aeiicTBUE LIEHTPaIbHON NPeAeIbHOM TEOPEMBI U CUUTATh ITOTOK OTKAa30B
B HEH MPOCTEHINM, TeM 0oJiee YTO MOJIENM TTOTOKOB OTKa30B pa3HOTUIIHBIX UMC pasnuuatorcst
Mexay coboil Tumamu mpeodiafarmux AeQeKToB, YCKOPEHUSIMH UX MPOSIBICHUN OT PEKUMOB,
BxiamaMu Kaxmoir 3 UMC B o0miee yucio orka3zoB OM u T.n. XOTS HCCIEHOBAHHS B YacTH
HaJeXHOCTH OM 1oOKa 4YTO HE AakTyaJu3UpOBaHbl HX HBIHEIIHEHW AapXWUTEKTYpoil, HO
MHOTOYHCIICHHbIE (OPYMBI TOJB30BAaTENEH YKa3bIBAIOT Ha TMpoIeccop, Kak Ha Hauboree
MOABEP)KEHHYI0 OTKa3aM uacTh [IK mpu mpeBblIEeHMM €ro HOPMAaTHBHBIX 3KCILTYyaTallMOHHBIX
PEXUMOB IIPUTOM, YTO )K€ MCIOJIb30BAHUE MHOTOSIEPHBIX APXUTEKTYP HE CIAcaeT MpOoIeccop
OT 0o0IIero meperpeBa Mpu WHTEHCUBHOM €T0 MCIOJB30BAHWHU. YUHTHIBAS 3TO, a TaKXKE TO, YTO
OCHOBHAsl 4acTb 3arpy3ku OM BbIIAAAeT MpEXJe BCEro Ha IpPOLECCOp, MPUMEM €ro 37ech 3a
OCHOBHOM KOMIIOHEHT, PEXHUMbI U COOTBETCTBYIOIIAas UM HMHTEHCHUBHOCTb OTKa30B KOTOPOTO
OIpECIISAIOTCSA €ro 3arpyKeHHOCThbI0. Eciin cunTarh pacnpeneiaeHue TemrepaTyp npoueccopa B
MpOLIECCE €ro AKCIUIyaTalldd HOPMAaJbHbIM C COOTBETCTBYIOLIEH 3TOMY pacIpeAesIeHUIO
(byHKIMEH TNIOTHOCTH

TO CHBHI 4 OKClecca 3TOM (YHKIMH OT HOpMAaTHBHOM Temmeparypbl f, C B Tmpemenax
0°C<u<t , 'C—t°C onpenmensiercs, O4eBUIHO, 3arpy3koil K, mpolieccopa u Iepenagamu
(CC30HHBIMU W CYTOYHBIMH) TEMIEPATyphl [ .. OKpYXaloweh cpemsr: u=f (Kg,to° C), a

CTaHJAapTHOE OTKJIOHEHWE O — KayecTBOM aJrOPUTMOB  BbIPDABHUBAHHUS  Harpy3KH,
TPYIOEMKOCThIO W paHrom pemaembix Ha BC 3amau u 1.m. HecomHeHHO mTpu 3TOM, 4YTO

YBEJIMUYCHUE 3arpy3Ku CYIICCTBEHHO yBenuduBaeT (B cpaBHenuu ¢ 4 =0°C) cpeanue 3HaYCHUS

SKBHMBAJIEHTHOTO BPEMEHHU IKCIUTyaTallud U MHTEHCHBHOCTH OTKA30B KaK/10M M3 COCTaBIISAIOLIUX
cucreMy DM Mpu COOTBETCTBYIOLIEM CHI)KEHUH CPEJITHEr0 BpEMEHH HapaOOTKH 10 0TKa3a.

B oOecrieyeHne JgaHHOW MOJENM HHCTPYMEHTAJIbHBIMM  CPEACTBAMU  aHAJIM3a
oTka3oycroitunBocTu B padore [11, c. 147] BBeneHo ¢opmManabHOE OIpe/eseHHe TOJIEPaHTHOCTU
rpada Kak CTENEHH COXPaHEHHs ONPEIETICHHBIX MPEIUKATOM CBOWCTB B MHOXKECTBE MOArpagos,
[OJy4yaeMbIX MpPH JJIMMHHALUU 33JaHHOTO 4HCIa ero 3jaeMeHToB. C IMOMOIIBIO 3TOro
ompeneneHuss  (GopMaIM30BaHbBl ~ MOHATUS ~ CBOWCTB W TOKazaTelell  CTPYKTypHOMU
OTKa30yCTOMYUBOCTH, CTPYKTYPHOM >KMBYYECTH M CTPYKTYPHOH HaIEXKHOCTH CHCTEMBl U €€
(YHKIIMOHATBHBIX TOACHUCTEM, IOKa3aHbl B3aMMOCBS3M ATHX IOKa3aTeled M MX pa3Iuyuus B
MOJTHOMOYHOCTH. DPHEKTUBHOCTD PEATU3aALNU IPEAJI0KEHHON MOJENIN B 3HAUUTEIbHOM CTENEHH
omnpenensercss 3(p(HEeKTUBHOCTBIO amnmapara MCCIeJoBaHus rpadoB, YTO CBSI3aHO C MEepeOOPHBIM
XapakTepoM OOJBIIMHCTBA PEIIAeMbIX IIPU ITOM 337ad. B OCHOBe pelleHUs TakuX 3ajad JIEKHUT
paboTta co cTpyKTypHbIMHU onrcanusiMu [12, c. 168; 13, c. 696], cogepkainmMu B SBHOM BUJE HE
TOJBKO MH(OpPMAlLMIO, JOCTaTOYHYIO MJIs IOCTPOEHHUs rpada cucreMbl, HO U HEKOTOPYIO
nHPOPMALIKIO O CBOMCTBAaX ATOT0 rpada, YTo UCKII0YaeT He0OXOAUMOCTh MOJIHOTO Nepedopa mpu
COIIOCTaBJICHUU CTPYKTYp IpPH W3HAYAIBHOM OpraHu3aluy (QyHKIUMOHAIBHBIX MOACHUCTEM M HUX
peKoH(UTYpaLiy NPH BBISIBJICHUN OTKA3aBLIMX 3JIEMEHTOB.

[Ipemnoxennas Boime GopmManabHas MOJEb SBIAETCS 000OIIEHHONW KaK B CMBICIIC ydyeTa
€10 YTWIMTapHBIX KayecTB ((YyHKIMOHAJIBHOCTH) CHCTEMBl M aJE€KBATHOCTU STHM KauecTBaM
peanu3syroei ux cpeasl (CTPYKTYPHOTO U KOH(QUIYPalMOHHOI'O COOTBETCTBHS), TAK U B CMBICIIE
IIPUMEHUMOCTH €€ K HCCJIEI0BAaHUSAM OTKa30yCTOMYMBOCTH CHCTEMBI, AETPATUPYIOLIEH IpU
BO3JCHCTBUM Ha HeEe II0TOKAa OTKAa30B IPOU3BOJIBHOTO IPOUCXOXKACHUS (CIy4dalHBIX H
JETEPMUHUPOBAHHBIX) C JIIOOBIMH 3aKOHAMM M TapaMeTpaMy pacrpejesieHus. [ paHHLbl
MIPUMEHUMOCTH JIIOOOH MOJENN ONpPENeNsItoTCs IIMPOTOM OXBATHIBAEMOI'O €10 NMPOCTPAHCTBA U
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HaJIn4ueM 3((HEeKTUBHBIX MHCTPYMEHTAJIbHBIX CPEJICTB. B CBA3M C 3TUM OTMETUM, YTO, HECMOTPS
Ha YHHUBEPCAJIbHOCTh U BO3MOXHOCTHU ONHUCAHUS MPEJIOKEHHON MOJIETbIO CaMbIX OOIIKX CITy4acB
U TIOAXONOB, OHAa HE MWCKIIOYAeT JeTaJM3allM¥ BaXHBIX JUIs HCCIENOBATENs AaCIEKTOB
MOCPENICTBOM aOCTparupoOBaHusl OT HECYIIECTBEHHOHN B TaKHUX Clydasx crennuku (Harmpumep, ot
HEKOTOPBIX apXUTEKTYPHBIX OCOOEHHOCTEH, KOH(QUIYypalul TEXHUYECKUX CPENCTB, CTPYKTYPHI
CBA3€H U NMPOTOKOJIOB B3aUMOJACHCTBUS, XapaKTEPUCTUK MOTOKA OTKA30B 3JIEMEHTOB CHCTEMBI).
OTO MO3BOJISET NMPU HEOOXOAUMOCTH HUCKYCCTBEHHO CY3UTh PaMKH, BBIJIENSAS B BEPOSATHOCTHOM
IIPOCTPAHCTBE BO3MOXKHBIX COCTOSIHUM CUCTEMBI TOJIBKO UCCIIENyEMBIE.

4. Jakaouenue

B pabore mokazaHa HEMPaBOMOYHOCTH HCIIOJIb30BAaHUS SKCIIOHEHIIMAILHOW MOAETH IS
OLICHKM HAJEeKHOCTU OM M HEAOCTOBEPHOCTh OCHOBAHHOW HAa HEH MOJENN HaJEeKHOCTH
BBIUHUCIUTEILHON  CHUCTEMBl. YBEJIMYEHHE CTENEHM HWHTErpaluu  CcocTaBisoomux OM
KOMIIOHEHTOB U CBSI3aHHOE€ C TUM YMEHBIIEHUE UX YUCJIa MPENSATCTBYET UCIIOIb30BAHUIO 3aKOHA
OONIBIIMX 4YHCENl B TPEACTABICHUM IIOTOKAa OTKA30B, BO3JCHCTBYIOIIETO HAa OTPAHUYCHHOE
MHOXECTBO 3JIEMEHTOB, IIyaCCOHOBCKOM MoAenbto. HeanekBaTHOCTh SKCIIOHEHUUAIBHON MOJIETN
Hage)kHOCTH DM, oOyciioBiI€Ha TakK€ HECTAllMOHAPHOCTbIO IIOTOKA M HAJIUYHEM
KOPPEJIALIMOHHOM 3aBUCMMOCTH IOKAa3aTesie HalIeKHOCTU AJIEMEHTOB OT PEXHMMOB U BPEMEHH
IpeIUIecTBYIOEH MX OJKCIuTyaTaluu. HecTanuMoHapHOCTh IIOTOKAa OTKAa30B IOATBEPXKACHA
MHOTOYHCJICHHBIMU TEOPETHUYECKUMU U TNPAKTUYECKUMHU HCCIEIOBAHUAMH U OOYyCIIOBJIEHA
HEOOpaTUMOCTBIO HAKaIIMBAEMbIX C TEYCHHEM BPEMEHH JICTPAJAlMOHHBIX IIPOIIECCOB.
W3meHeHuns: CKOPOCTH 3THX MPOLIECCOB OT peXUMOB dKcIiutyaTauu MMC, cocTaBISIOMMNX OCHOBY
AJIIEMEHTApHbIX MAIIMH BBIYUCIUTEIBHOM CHUCTEMBI, MOATBEPXKIAETCS CTaHJIapTU3alUel
UCIONIb30BaHusl (POPCHPOBAHHBIX PEKUMOB B MPAKTUKE OMpPENEICHUs MOoKa3aTelel HaJeKHOCTH
MHTETpaJIbHbIX MHUKpocxeM. CiyuyaliHpli XapakTep NOCTyHarolMX B CUCTEMY 3aJaHUil, uX
TPYJIOEMKOCTb U Tpedyemas peCypcoeMKOCTh, 3(PPEKTUBHOCTH UCIIONIb3YEMbIX B CUCTEME CPECTB
pacupenieneHds Harpy3kd IO DJIEMEHTaM, HaJM4Me CE30HHbIX (CYTOYHBIX) HM3MEHEHUI
TeMIeparypHoro ¢GoHa, — BCE STO OMNpEIENsIeT HECTAIHOHAPHOCTh TEMIIEPATYypPHBIX PEKUMOB
pabotst OM U, Kak CIeACTBUE, HECTAIlMOHAPHOCTh W 3aBHCUMOCTH IIOTOKAa OTKa30B OT
MPEABICTOPUH IKCIUTYaTallUHd CUCTEMBI U €€ 3JIEMEHTOB.

[Toka3aHo, 4TO TEKyIIMe 3HAYCHHUsS WHTCHCHBHOCTH OTKAa30B M BPEMEHM HApaOOTKU 0
MIEPBOT0 OTKA3a 3JIEMEHTOB CHUCTEMbI ONPEAEISIIOTCA HE TEKYLIMM BPEMEHEM HMX 3KCIUTyaTalluH, a
MIOJIHBIM, NPUBEACHHBIM K HOPMATUBHBIM UX TEMIIEPATYpPHBIM pEXHMaM, BpeMEHEM. JTO BpeMs
CYLIECTBEHHO MPEBBIIAET TEKyILlee 3HAYEHHE BPEMEHU OHKCIUTyaTallud »JJIeMEHTa |
MacimTabupoBaHo K03()PUIMEHTOM YCKOpEHHS IeTpaJallMOHHBIX MPOIECCOB, ONpPENeIIeMbIM
UHTETpaJIoM OT mpousBeleHUs GyHKIuN (OpCcUpOBaHHUS H  IUIOTHOCTH  BEPOATHOCTH
pacripenenenust pabounx temmeparyp. [lokazaHo, 4To cIBUT QyHKUIMH TUIOTHOCTH BEPOSTHOCTH
pacmpesenenuss paboyux TemIepaTyp KOpPpeIUpOBaH 3arpy>KEHHOCTBIO CHUCTEMbI B IIEJIOM H
3P PEKTUBHOCTHIO HCIIONB3YEMBIX B HEH CPEACTB pacmpeiesieHus] Harpy3Kd, 4TO OYEBUIHBIM
o0pa3om ormpenenseT yXyZAllleHue Moka3aTelield HaJe)KHOCTU AJIIEMEHTOB CHCTEMBI C POCTOM €€
3arpyKeHHOCTH U 3(PPEKTUBHOCTH WCIOIB30BaHUSA. BCKpbITa HEOOXOIUMOCTH pPa3pabdOTKH
MOJ€JIe HA/Ie)KHOCTH BBIYMCIUTEIBbHON CUCTEMBI U BXOJAILIUX B €€ cOCTaB DM B COOTBETCTBUU C
NPEUIOKEHHBIM B paboTe MOIX0A0M.

[IpencraBnennas B pabore ¢GopmMaibHas MOJEIb OTKa30yCTOWYMBON CHCTEMBl BIICPBBIC
o0benuHsACT (YHKIHMOHAIBHYIO M CTPYKTYPHYIO €€ KOMIIOHEHTBI C YCIOBUSIMH B3aMMHOM
aJICKBaTHOCTH 3TUX KOMIIOHEHT B MOTOKE OTKA30B MPOU3BOJIBHOIO MPOUCXOkKAeHUsA. OTCyTCTBUE
B MOJIEJIM OIPAaHUMYEHUI Ha HCIIOJIb3YEMBbIE NPU IOCTPOEHUM CUCTEM CTPYKTYpPBI, Ha 3aKOHBI U
napaMeTpsl pacpeieieHus OTKa30B WM UX COBOKYIHOCTEH ornpezaenseT 00001eHHbIH XapaKTep
NPEUIOKEHHOM Mojenu. ['paHuIbl NPUMEHUMOCTH JII0O0OW MOJEIH OHpEIENSIOTCS Kak
BO3MOXXHOCTSIMU OIUCAHMSI CaMbIX OOIIMX CIy4aeB M IMOAXOJOB, TaK M BO3MOXHOCTBIO
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HUCKYCCTBEHHOTO CY)KEHUS PaMOK PACCMOTPEHHs IIyTEM BBIIEICHUS B BEPOSTHOCTHOM
MIPOCTPAHCTBE BO3MOXHBIX COCTOSIHMM CHCTEMBI TOJBKO MCCIEAYEMBbIX COCTOSHUH. B sTOM
CMBICIIE NIPEIOKEHHAs! MOZECIIb SIBIISIETCS YHUBEPCAIBHON U MO3BOJISET JETAIN3UPOBATh BayKHBIC
JUISL UCCIIEIOBATENS aCTIeKThI MTOCPEICTBOM a0CTParupoOBaHUsl OT HECYIIECTBEHHON B HEKOTOPBIX
cilydasix creru@uku (Hampumep, OT HEKOTOPBIX apXUTEKTYPHBIX 0COOEHHOCTEH, KOHPUrypauu
TEXHUYECKUX CPEJCTB, CTPYKTYpbl CBSI3ed U NPOTOKOJIOB B3aUMOJAEHUCTBUS, XapaKTEPUCTUK
MIOTOKA OTKA30B 3JIEMEHTOB CUCTEMBI).

10.

11.

12.

13.
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CONSTRUCTION

Abstract: This paper presents an algorithm for choosing the optimal technological
regimes, which allow to link technological factors and the quality of products, provides an
example of the construction of the tree of transitions for a given set of initial values of
technological parameters.
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In real production conditions, divided by the number of stages, a simple implementation of
technology cannot guarantee the products of sufficient quality. This can occur due to the influence
of a large number of technological parameters, some of which cannot be described production
instructions.

Thus, the products of inadequate quality may occur due to changes in production
conditions, the drift of raw materials, changes in requirements to properties and in violation of
technological regimes. When choosing the best technologies and the development of control
algorithms, it is necessary to consider the absence of sufficiently strong functional links between
technology (the technology factors) and quality of hire. It is also necessary to take into account
ambiguous reference (in the form of many different intervals) values of quality indicators. Hence
the need for management is to determine the values of technological factors , which are
represented as intervals of values.

Inputs, states and outputs can have a different number of the studied range of changes
(alphabets).

In general, the production process has multiple inputs, states (technological factors),
divided into conversions or units, and outputs, and alphabets of the inputs, states and outputs can
have a different atomicity.

Combination of technological factors™ alphabets shape the technological trajectory. The
implementation of each such trajectory allows to obtain a certain level of properties and to
estimate the costs of its implementation.
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The properties are in most cases is random or, at least, is not strictly deterministic.
Consequently, it is possible for each mode to set the probability of obtaining a certain level
properties, i.e. the probability of different combinations of alphabets of the output properties. R is
selected for the analysis of quality indicators. In each experiment, the number of these indicators,
that correspond to the requirements of standards, are different.
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Figure 1 - The algorithm maintain optimal technological regime.

We will develop the algorithm for choosing the optimal technological regimes, which
allow to link technological factors and product quality.

e After you build distribution trees we have a visual representation of the process chain, which
allows us to trace the entire path of the material (product) for all units (at all stages).

e Each stage should be applied by the control action such that the process parameters were
within the maximum close to the interval, which maximizes the probability of obtaining
products of proper quality.

e If the output values don't get to the region corresponding to the necessary parameters, it is
necessary to consider the possibility of changing the form of the output product. For example,
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if the thickness of rolled product corresponds to the values needed in the manufacture, you
can change the output to the appropriate kind that complies with really output parameters.

e If you cannot change the output type of product (too strong deviations of technological values
from valid parameters), this product is rejected and, if possible, goes to further reprocessing.

Figure 1 shows the block diagram showing the implementation of this algorithm.

We will make up the trees of possible outcomes after the first, second and third stages
based on the calculated statistical data.

Figure 2 shows an example of constructing a tree of transitions for a given set of initial
values of technological parameters at the first stage. The possible options for continuing the
technology and the number of realized experiments are indicated.

2

475 22 2o

_fEoE o 0 o 2

1 4
o, .

| 1 » o
=

e BE o oE e e
e (2114 i11{4] B21j4] 22214]

Figure 2. The tree of outcomes for the first stage with the starting point 22.

The developed approach allows determining the optimal trajectory of processing of
products and provides the ability to adapt to the changing conditions of production due to the
choice of the most favorable continuation.
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Production characterizes the set of technology factors x = (xl,...,xn) and a set of output
properties (quality indicators) y = (yl sees Vim )
There is a set of N experiments, where every experiment corresponds to the quality of

product y . Each technological factor is enclosed within certain limits: x; < x; <x;, where x; -

"
minimum observed value, a x; - maximum observed value.

The range of values of each factor can be divided intok sections. To simplify, we can
divide the bands into equal segments. After this process the value of the factorx;. Each

experiment occurs in one of the sections X;;, where 1 - index factor (i =1,...,n), a j — index sections

(j=1..k).

Next specify required values of quality indicators, i.e. specify sections of quality
indicators. For example when checking for compliance with STANDARD number of sections
may be equal to 3, where 1 - is the section corresponds to values below the STANDARD, 3- the
section of the value above the STANDARD.

After a given partitions, the value of each output properties in each experiment falls into
one of the sections. In every line of our set of experiments, the number of output properties, that
corresponds to standards differently.

<m

. . < . =
We denote this number w,, , that Varleso =Wm , so if Wi =0 , we can say that

neither one output property fall into the area specified by the standard; if Wm =M e can say
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that all output properties were in areas specified by the standard, in other words, the products fully
comply with standards. This information can be represented in a table 1.

Table 1
Data about the combinations of production factors and output properties
(forn=5,k=3, m=5).
Combinations of The number of experiments that fall into the area Wiy
technological factors in this combination
X1jX2,j%3j%4%5 B 0[1]2]3]4]5
11111 n
11112 nm
33333 n,

You can continue to study the impact of technology on the output property that has its own
set of segments. For each output properties you can conduct a working out in detail of the caught
number in each segment of experiment.

Table 2
Analysis of the impact of technology on the output properties (number of plots for the
output property is 3).
X|jX2jX3jX4;%5; | Wm ! p) V3 V4 s
O(1 234 |5(1(2|3]|1|2|3|1(23|1]|2[3]|1(2|3
11111 n
33333 nL

Part of the resulting table is shown in Table 3 (due to the large volume table contains
incomplete amount of data).

Table 3
Part of the table displays data about the combinations of production factors and output
properties (for n =8, k=3, m = 3).

x1x2x3x4x5x6x7x8 | n 7 ) V3 Wiy
1] 2 311 2 311 2 3101 |2 |3

01001000 2110 19 0| 18| 3]0| 15| 60| O|11]10
01001001 8310| 72 (110 71|12|0| 69|14|1| 6|22 |54
01001002 29 10| 26 0| 26| 3/0| 23| 60| 1|10/ 18
01001010 2310 20| 3|0 18] 5|0 20| 3|0 2| 7|14
01001011 111 (0] 95|16|0| 94 |17|0| 85|26|1| 64460
01001012 3910 32 710 32 710 32| 7|0 4]13]|22
01001021 510 5] 0]0 41 110 41 10| 0| 2] 3
01001100 3910 36| 3/0| 28110 25|14 |1| 5|15]|18
01001101 141 {0118 1230|123 |18[0|109|32|0]|11|51|79

To investigate the multistep processing we can apply the following scheme of analysis of the
impact of technology on output properties. At each stage of the processing unit there will be a
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certain set of process parametersxi = (it i) where i- the index of the unit or stage of
processing, j- the index of technological parameter typical for the i- unit or processing steps,

n ; -anumber of technological factors at this stage. And as in the previous case, there is a set of

output properties (quality indicators) y = (y LoV m) . Then, this succession can be represented

as a chain of processing stages or units as in Figure 1.

X1y Xzt X *21 X2 v Yam N1 Az v T
2 "
—_— ! R T |
Processing Processing Processing | v
stage/ stage/ 4 stage/ L s
unit# 1 g unit# 2 unit# N L

Figure 1 - Representation of a multi-stage processing.

As it can be seen at each stage of processing there is a different set of process parameters.
After the last processing stage, we get a product with a set of output properties (quality
indicators).
We can describe the transitions between stages 1 and 2 in table 4.
Table 4
Matrix of transitions between stages 1 and 2

X3X4
1112 ...133
X1X2

11
12

33

The table cell gets the number of experiments that contains  a combination of factors

*3%4 in the set of factors on the first stage with a value X2 | This way we can describe the
transitions between all the stages of processing at the last stage of working. All the possible
combinations for output properties can be found in the header of the table. The result for the 1%

and 2" stages are presented in Table 5.
Table S

The resulting matrix of transitions between stages 1 and 2.

11 |12 |13 ]21 22 23 |31 32 33

11 2251379331900 | 3362 | 381 | 1648 | 2926 | 337
12 | 154 | 284 | 26 | 1337 | 2286 | 266 | 1233 | 2107 | 211
13 8| 121 1 571 100 8 44 83 8
211364 | 697 | 71 | 3276 | 5769 | 639 | 2914 | 4957 | 580
22 1274 | 501 | 64 | 2294 | 4190 | 444 | 2061 | 3578 | 418
23 91 24| 2 85| 150 13 81| 128 | 22
31| 68156 12| 6881240 | 158 | 602 | 991 | 125
32| 64| 95|12 | 471 | 8521102 | 398 | 757 | 74
33 2 501 21 32 2 15 31 5
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Now let's examine the technological modes of processing, those paths that were observed
in production. The first five modes are most probable and received according to the original table
of records of monitored process parameters, are given in Table 6.

Table 6
The most probable routes
Rout Number of repeats | Probability
22[1]->21[2]->22[3]->22[4]->222[5] 620 0,010
22[1]->21[2]->22[3]->12[4]->222[5] 539 0,009
22[1]->21[2]->32[3]->22[4]->222][5] 514 0,009
22[1]->21[2]->32[3]->12[4]->222[5] 462 0,008
22[1]->22[2]->22[3]->22[4]->222[5] 426 0,007

As can be seen from the previous tables there are transitions and ways to weight, that is
small if compared to other transitions. For example, we can take the transition 31 [1], 13 [2] from
Table 15, with the weight 1 which is substantially loses if compared with the transition from 22
[1] 21 [21] with a weight of 5936.

We introduce a boundary to show the ways in which the number of repeats / weight are
greater than 100, and show the resulting graph and the transition matrix.

In this case, the number of links decreases sharply by combining paths going through the
same vertex, and by introducing a boundary. This method of analysis of technological regimes is
more acceptable, as it displays only those paths which occurred most often.
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UCCJEIOBAHUE PA3PYHIAIOIIETO JEMCTBUA YJIAPHOU BOJIHBI B3PBIBA
HA COOPYXEHUA

Annomauusn: B cmamve nposeden ananuz OUHAMUKY PACHPOCMPAHEHUsl YOAPHOLL 8OJIHbL 8
8030YUIHOM NPOCMPAHCMEE OM 83DPbIBA PA3IUYHBIX NO MOWHOCMU 83DbISUAMbIX 6eujecms. Jlana
OYeHKa BeIUUUHbL U3ObIMOYHO20 0ABIeHUs YOAPHOU 80IHbL 8 MOMenm u Ha 120 mc nocne 63puisa.

Knwuesvie cnosa: e3pvisuamoe sewecmeo, YOAPHAs GOJHA, U3DLIMOUHOE OdsleHue,
cmecs.

B3pbiBoM sBisieTCS (PU3MKO-XMMHUYECKHH MPOILIECC YACTUYHOTO IpeolOpa3oBaHus oObema
SHEPIUU B MEXaHUYECKYIO0 paboTy 3a KOPOTKUI MPOMEXYTOK BPEMEHH, COIPOBOKAAIOLIUICS
YAApHBIMM U TEIUIOBBIMU BO3JCHCTBUSMU Ha OKpyxkarouryro cpeay [l]. OcHOBHbIMU
HOpakaroMMU (aKTOpaMu MU B3pbIBE B3pbIBUATHIX BemiecTB (BB) sBistorcs ynapHas BoiHa
(YB) 1 nuHaMH4YeCKH M3MEHSIIOIIEECS CO BPEMEHEM TEIIOBOE IOJe, NEUCTBYIOIINE B paJnyce
MOPAKCHHUS.

VB B3pbIBa IeHCTBYIOIAs B KaKOH-1100 cpesie, ONMUCHIBAETCS B BUE CPepHUECKUX CI0EB
SHEpruu (CKarelXx oOjacTed) MABWKYLIMXCA C BBICOKMMHM CKOPOCTSIMM B IIPOCTPAHCTBE.
N36pITOuHOE NaBieHue YB BO3HUKAET B pe3ysibTaTe B3aUMOJCHCTBUS MaKCUMAIBHOTO JAaBJICHHS
(daza cxarusa) YB ¢ armochepubiM maBienuneM ((aza paspsikeHUs1) paccMaTpUBAEMOUN CpEIbl,
rae npousonien B3pbIB. CTeNeHb pa3pylIeHUs pa3iIndHbIX 110 Ha3HAUEHUIO 3[aHUM, COOPYKEHHM
U T. JI. OLICHUBAIOT MO0 KPUTEPUIO (PU3MUECKON YCTOMYUBOCTH (CHIIBHOE — AJIEMEHTHI COOPYKEHUI
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paspylIaloTCcsl IOJIHOCTBIO, CpeAHee M c1aboe — BO3MOXKHO BOCCTaHOBJIEHHE 3JIEMEHTOB
COOPYKEHHUM B KOPOTKHE CPOKH) [2].

[enbto MccaenoBaHUs SIBUJIOCH OIPEJENICHUE BEJIWYMHBI W30BITOYHOIO JaBiieHus YB
B3pbIBa HanboJee pacupocTpaHeHHbIX BB MeTo10M MoIenpoBaHusl poliecca 1 aHaIu3 CTENeHH
pa3pylIeHus 31aHUH U COOPY>KEHUI OT ee IeHCTBUS, B Pa3IMUHbIX BPEMEHHBIX JMANa30HaX.

MoaenupoBanue pacrpocTpaHeHusi Y B B3pbIBa BBIOIHAIOCH B CIIELIMAIBHOM MPOrpaMmMme
WHXEHEpHOro aHaiu3a (sBHOU nuHamuku) Ansys Autodyn mis cnegyromux BB: ANFO (cmech
HUTpaTa aMMOHUS M JAW3eIbHOr0 TomimBa), p (mwiotHocts) = 0,931 r/em®; BTF
(6enzotpudypokcan), p = 1,859 r/em’; C-4 (cmech rexcoreHa 91%, monumzobytunena 2,1%,
nuokTuicebamuHaTa 5,3% u MotopHoro macia crneruduxanuu SAE 10 1,6%), p = 1,601 r/em;
Comp A-3 (cMech rexcorena 91% u Bocka 9%), p = 1,65 r/em®; Cyclotol (cmech TekcoreHa u
Tpotuna), p = 1,754 r/em’; DIPAM (3,3 -auamuno-2,2’°,4,4°,6,6’-rexcanurpomudenun), p = 1,55
r/em®; EL-506C (cmech TOH 85% u nactudukartopa 15%), p = 1,48 r/em®; Explosive D (nukpat
amMmonHs), p = 1,42 r/em’; FEFO (6uc—(2-¢rop-2,2auautpostist)dopmais), p = 1,59 riem®; H-6
(cMech reKkcoreHa, TPUHUTPOTONYOJ1a, aTIOMUHMEBOH My aphl U napaduua), p = 1,76 r/em®; HMX
(oxtoren), p = 1,891 r/em®; HMX-TNT (cMech OKTOreHa U TpoTuna), p = 1,776 r/em’; HNS 1.00
(rexcanutpocTunsben), p = 1 r/em®; HNS 1.40 (rekcanutpoctunsben), p = 1,4 r/em®; HNS 1.65
(rexcanutpocTunsoen), p = 1,65 r/em’®; LX-01 (cmech HutpoMerana 51,7%, TeTpaHMTpOMETaHa
33,2% u l-autponponana 15,1%), p = 1,23 r/cm®; LX-04-1 (cMmech okTorena 85% u BUTOHA-A
15%), p = 1,865 r/cm; LX-07 (cmech oktorena 90% u sutona-A 10%), p = 1,865 r/em®; LX-09-1
(cmecp  okrtorena 93,3%, Ouc-(2,2-guHutponponui)-popmans 4,4% u  Ouc-(2-gprop-2,2-
nuHuTposTUN)-popmans 2,3%), p = 1,84 r/em’; LX-10-1 (cmech okTorena 94,5% u BuToHa-A
5,5%), p = 1,865 r/em®; LX-11 (cMech okTorena 80% u ButoHa-A 20%), p = 1,875 r/em®; LX-14-0
(cmMech okTorena 95,5% wu ButoHa-A  4,5%), p = 1,835 r/em’; LX-17-0 (cmech
TpuaMuHOTpHHUTPOOeH30ma 92,5% u Kel-F 800 7,5%), p = 1,9 r/cm®; NM (autpomeran), p =
1,128 r/cm?; Octol (cmech okTorena u Tpotuna), p = 1,821 r/em®; PBX-9010 (cMech rekcoreHa
90% u Kel-F 3700 10%), p = 1,787 r/cm*; PBX-9011 (cmech oxtorena 90%, Estane 5% u 5703-F1
5%), p = 1,777 r/em?®; PBX-9404-3 (cMech okTorena 94%, autpouenmonosst 3% u CEF 3%), p =
1,84 r/cm®; PBX-9407 (cMech rexcorena 94% u FPC461 6%), p = 1,6 r/em’; PBX-9501 (cmech
oktorena 95%, Estane 2,5% u 6uc-(2,2-nunautponponun)-popmans 2,5%), p = 1,84 r/cm’; PBX-
9502 (cmech TpuaMuHOTpUHMTpOOeH30ma 95% u Kel-F 800 5%), p = 1,895 r/em?; Pentolite
(cMech TPUHUTPOTOJIYOJIa M TeTPAHUTPOIIEHTadpUTpuTa), p = 1,7 r/em’; PETN 0.88 (nentpur), p
= 0,88 r/cm®; PETN 1.26 (nentpur), p = 1,26 r/em®; PETN 1.5 (nentput), p = 1,5 r/em’; PETN
1.77 (nentpur), p = 1,77 r/em®; RX-03-BB (cmecs TATE 92,5% u Kel-F 7,5%), p = 1,9 r/em*; RX-
04-DS (cmech oxtorena 80%, amomunus 10% u Butona-A 10%), p = 1,865 r/em’; RX-23-44
(cMech TuapasunEuTpata 79% u rugpasuHa 21%), p = 1,42 r/em’; RX-23-AB (cmech
ruapazunautpara 70%, runpasuna 5,9% u Bogsl 24,1%), p = 1,38 r/em®; RX-23-AC (cMech
runpasunautpata  30% u  ruppasuna  70%), p = 1,13 rlem’;  Tetryl  (2,4,6-
TPUHUTPOhEHUIMETUIHUTpaMuH), p = 1,73 r/em®; TNT (tpunurportonyon), p = 1,63 r/em’; X-
0219 (cmecs TATE 90% u Kel-F 800 10%), p = 1,92 r/em®; XTX-8003 (cmecs TOH 80% u
JIByXKOMIIOHEHTHOM CHIIMKOHOBOI pe3unbl Sylgard 182 20%), p = 1,54 r/em® [3].

MopenupoBaHre OCYIIECTBISIIOCh B IBYMEPHOM MOCTAHOBKE (OCeBass CUMMETpHs). bbui
MOCTPOeH KBajapaT ¢ pasMepamu ctopoH 100000 x 100000 mm (puc. 1), cOOTBETCTBYIOIIMIA
BO3JyLIHOMY NPOCTPAHCTBY (COCTOSHME cpelbl — HWAealbHbId ras; p = 0,001225 r/em’; T
(Temneparypa) = 288,2 K; U (BHYTpeHHsIsI 23HEprus cpesl npu nasienun 1 6ap) = 206800 Ix), B
KOTOPOM IPOMCXOJIWII MPOLECC B3pbIBA. BhICOKask TOYHOCTH pacueToB ONpEeNsiach pa3dueHnem
¢durypst Ha 15251 y3en (15000 snemenToB). B neBoM HIkHEM yriTy KBajpaTa pacmnojaraiock BB
B BHJIE NPSIMOYTOJIbHUKA (Ha PUCYHKE M300pa)keHO 3€JICHBIM IIBETOM) C pa3mepamu ctopon 1000
x 600 mM. Pacuer mporiecca nmpousBoauics DiiepoBbIM pemrareneM. [IpuHaTOe MakcHMalbHOE
BpeMs MoJIeMpoBaHus nporecca — 120 Mc, MaKCUMaJIbHOE KOJIMYECTBO LIUKIOB — 99999999,
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NPOCTPAHCTBO
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Pucynok 1 — IloctanoBka 3aga4u (pa3Mepsl JaHbI B MM).

Pemenune 3amaun TPOW3BOAMIOCH B HMHTEPAKTUBHOM pexume. [lodmydeHbl JIMIOpEI,
OTHCHIBAIOIIUE TIOCTENOBATENBHOE paclpocTpaHeHne YB 1 BenuuuHy W30BITOYHOTO JaBICHUS
nociie B3peiBa TNT (puc. 2) Ha:

71 (pacuetHoe BpeMms mocie B3pbiBa) = 1,19 Mc / Plus6.max. (MakCUMaabHOE H30BITOUHOE
nasieane) = 48,95 MIla / r; (pamuyc neiicteus YB) = 6 wm;

72= 2,85 MC / Paus6.max. = 3,554 MIla / r>=10,4 m;

3= 6,49 Mc / P3us6.max. = 1,857 MIla / r3 = 16,8 Mm;

74= 13,04 MC / Paus.max. = 847 xI1a / r4 = 24,8 m;

5= 20,03 MC / Psus6.max. = S08 xIla / rs = 30,4 M;

76= 23,66 MC / Péus6.max. = 443,5 xlla / r6 = 31,2 m;

77= 28,81 Mc / P7usé.max. = 376,3 xlla / r7= 37,2 m;

78= 34,81 Mc / Psusé.max. = 369 xIla / rs = 38,8 m;

9= 45,93 MC / Pousé.max. = 271,4 klla/ro= 44,4 M;

710= 58,24 MC / P1ous6.max. = 231,9 xI1a / r10 = 48,8 m;

111="72,24 M / P1ius6.max. = 204,77 xI1a / ri1= 57,2 m;

712= 87,12 Mc / P1ous6.max. = 184,8 xlla / ri2 = 66 M;

713=102,1 Mc / P13us6.max. = 170,4 xI1a / r13 = 72,8 m;

714=117,1 Mc / P1rauso.max. = 160,3 x1a / r14= 77,2 m;

715= 120 MC / Pi5us6.max. = 158,6 xIla / r15 =78 m.

Omropsl pactipoctpanenus ¥YB Ha 120 Mc mocrnie B3pbiBa HeKOTOphIXx BB mpencrasnensl Ha
puc. 3.
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Pucynok 3 — Dnwopsbl pacnpocTpaHeHus yaapHoii BoiHbI Ha 120 Mc mocJe B3pbiBa: a — BTF;
0 — PBX-9407; B — RX-23-AB; v — ANFO; n — HMX; e — XTX-8003.
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Brizenenue Temna npu XMMHUYECKON PeakLUu SBJSIETCS OJHUM U3 HEOOXOAUMBIX yCIOBUN
B3phIBa. [Ipu 3TOM TemmepaTypa BO3AYLIHOIO IIPOCTPAHCTBA MOCTOSSHHO U3MEHSIETCS YKE I10CIIe
30 Mc mocne Hayvana B3peiBa (puc. 2, B). [Ipu ObicTpoM u cuiibHOM ckatud BB HarpeBatorcs u
BBIJICIIIIOT  OOJIBIIOE  KOJMYECTBO JHEPrMM € O00pa3oBaHMEM Ta3000pa3HBIX MPOAYKTOB.
Oopa3syromuecs razoo0pa3Hble IPOLYKThl IPOU3BOIAT Pe3KUil yaap 1o coceAHUM ciiosim BB. Otu
CJIOM CXKUMAIOTCS, U B HMX Takke oOpasyercs YB. OHa umeer BHepenu pe3Ko OuYepUEHHBIN
(GpPOHT, HA KOTOPOM MPOUCXOAUT CHIIBHOE MOBBIILIEHHE U30BITOYHOIO JIABICHUS M TEMIEpaTyphl.
3a ¢pontom YB mpoumcxomutr mnpeBpameHrne BB B razoo0paszHbie TPOIYKTHl W BBIICIICHHE
sHepruu. [IponykTel B3pblBa HE YNAISAIOTCS U3 30HBI pEakLUH, a JIBWXKYTCS B HAlpaBICHUU
pacrpocTpaneHus npoiiecca Beiena 3a YB (puc. 2 8 —¢) [4, 6, 7].

Pe3ynbraThl MMUTALMOHHOTO MOJEIUPOBaHMS Ipolecca B3pbiBa BB oroOpaxkensl B
CBOJHOM TabI. 1.

Tao6auna 1
Pe3yabTaThl MOJI€JIMPOBaHNS NPoLiecca B3pbIBa
Beanuunna Beanuuna
Paaunyc
H30BbITOYHOTO H30BbITOYHOIO .
Homep HaumenoBanmue aeiicreus YB
/i BB aaBjieHust YB B maBjaenns YB na 120 1a 120 Me moce
MOMEHT B3pPbIBa, MC MocJjie B3pbIBa, B3pEIBA, M
MIla klla ’

1 LX-09-1 89,34 169,4 85,6

2 BTF 88,54 170 86,4

3 LX-10-1 88,34 169,6 86,0

4 RX-04-DS 87,1 169,9 85,6

5 LX-14-0 86,75 169,1 85,2

6 PBX-9404-3 86,54 168,9 85,6

7 PBX-9501 86,51 168,8 85,2

8 HMX 86,02 168,4 85,6

9 LX-04-1 82,12 168 84,0

10 Octol 80,81 167,7 84,4

11 LX-07 79,46 167,4 85,2

12 Cyclotol 75,11 166,5 84,4

13 PBX-9010 74,74 165,7 83,6

14 PETN 1.77 73,28 166,4 82,0

15 LX-11 72,72 165,6 84,0

16 Comp A-3 71,37 164,7 83,6

17 PBX-9011 71,27 164,9 84,0

18 HMX-TNT 69,78 165,2 83,6

19 PBX-9407 68,29 163,9 83,6

20 C-4 66,87 163 84,8

21 H-6 65,89 164,5 80,8

22 FEFO 65,42 163,4 82,4

23 PBX-9502 65,15 162,1 80,8

24 Pentolite 64,84 164 83,6

25 PETN 1.5 63,56 162,4 88,4
26 Tetryl 63,26 162,7 80,4

27 LX-17-0 63,24 162,5 80,0

28 RX-03-BB 60,3 161,7 79,6

29 HNS 1.65 59,65 161,8 82,4
30 X-0219 58,61 161,6 79,6

31 XTX-8003 55,1 159,4 82,0
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32 RX-23-AA 54,62 158,2 80,8
33 PETN 1.26 51,03 158 82,4
34 DIPAM 50,52 159 82,0
35 TNT 48,95 158,6 78,0
36 EL-506C 48,63 157,3 78,0
37 LX-01 46,58 156,6 80,8
38 HNS 1.40 45,68 156,7 82,0
39 Explosive D 43,41 155,3 80,8
40 RX-23-AB 38,38 151,7 74,8
41 NM 37,43 152,8 76,0
42 RX-23-AC 35,85 149,5 74,4
43 PETN 0.88 30,56 149,2 74,4
44 HNS 1.00 27,08 147,4 73,2
45 ANFO 17,38 141,9 70,4

[Ipu ogMHAKOBBIX YCIOBHUSX, OTMEUYEHO: HAaMOOJbINAasl BEIMYUHA M30BITOYHOTO JIaBICHUS
VB B MoMmeHT B3pbiBa Yy LX-09-1 (89,34 Mlla), HanOombIuas BeIUYMHA U30BITOYHOTO JABJICHUS
VB na 120 mc nocne B3peiBa y BTF (170 xlla), Haubonpmmii panuyc neiicteust YB Ha 120 mc
nocine B3peiBa y PETN 1.5 (88,4 m). Haumenbiue nokazatenu Habmogatores y ANFO.

OueHka CTENEHM pa3pyLIeHHs] CPEACTB TPAHCIOPTA, MOCTOB, IPOU3BOJCTBEHHBIX H
KOMMYHAJIbHO-9HEPIreTUYECKIX COOPY>KEHUH B 3aBUCUMOCTH OT JEWUCTBUSA U30BITOYHOTO
JaBieHust YB u ynaneHHocTH OT anMieHTpa B3pbiBa puBoauiach uist BB TNT |5, 8, 9, 10]:

1) MHorostaxHble kee300eTOHHBIE 3[JaHuUs C OOJIBIION TUIOMIA/IbI0 OCTEKICHUS

r=1...30 M —nonnoe, »=31 ... 60 M — monuoe, » =31 ... 90 M — CHJILHOE;

2) 3nanus [DC

r=1...30 Mm— campHoe, ¥ = 31 ... 60 M — cpennee, » =31 ... 90 M — cnaboe;

3) CoopyskeHusi KOMMYHAJILHOTO X035HCTBa 0€3 Orpa)IaromuX KOHCTPYKIIHMA

r=1...30 M —momuoe, r =31 ... 60 M — cunpHOE, ¥ =31 ... 90 M — c1aboe€;

4) Bo3nyuiHble TUHUU HU3KOTO HAMPSKEHUS

r=1...30 m—nonnoe, r =31 ... 60 Mm — cunbnHoe, » = 31 ... 90 M — cunbHOE;
5) JlerkoBbie aBTOMOOHMIIH
r=1...30 m—nonnoe, =31 ... 60 m — nonuoe, » =31 ... 90 M — noHOE;
6) XKene3HogOpOKHBIE TYTH
r=1...30 Mm— canpHoe, = 31 ... 60 m — cpennee, » =31 ... 90 M — cnaboe;
7) Metannuueckue MOCThI ¢ JyinHO# nposiera 30 ... 45 M
r=1...30 M —momnuoe, r =31 ... 60 M — cunpHOE, ¥ =31 ... 90 M — c1aboe€;
8) lloccelinbie qoporu ¢ achanbTOBBIM MOKPHITUEM
r=1...30 m—cpennee, r =31 ... 60 m — cmaboe, » =31 ... 90 m — cimaboe.

B pesynbpTare KOMIIEKCHOTO aHallM3a Mpollecca MOENUpoBaHUsA B3pbiBa BB Obuin
IIOJIyYE€HBI CIEAYIOLIUE BHIBODIL:

1) 3HauuTenbHOe yMmeHbleHue (Oonee yem B 10 pa3) uzbbiTouHOro naBneHust YB
MIPOUCXOAUT BO BPEMEHHOM Juarna3one ot 1 10 3 mc nociie B3psiBa BB;

2) pa3mep paauyca neiictBusg YB Ha 120 mMc mocie B3pbIBa HE 3aBUCUT OT BEJIUYMHBI
n30bITOYHOTO NaBieHuss YB B momenT B3pbiBa (Hanpumep, PETN 1.5 Pus.max. = 63,56 MIla, r =
88,4 M, a BTF Pusomax. = 88,54 Mlla, r = 86,4 m);

3) He3HaYMTENbHOMY TMOBPEXKICHHUIO OT YB moaBeprarorcsi OOBEKTHI, COCTOSIIME U3
METAJJTNYECKUX AJIEMEHTOB, UMEIOIIME HAUMEHBIIIYIO BBICOTY.
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MOJIEJIJMPOBAHUE KOPOTKO3AMEJJIEHHOI'O B3PBIBA JJIs1 CHUKEHU S
CEMCMHUYECKOI'O D®PEKTA

Annomayusn: Ilpusedenvi pesynbmamvl meopemuyecKux UCCie008aHull no onpeoeneHuro
ONMUMANLHBIX CXeM KOPOMKO3AMEONEeHHO20 63DbleaHusi Ha Oase paspabomanHol MemoouKu
pacuema B60IHOBbIX NAPAMEMPO8 KOAeOAHUU NPU KOPOMKO3AMEONIeHHOM 63Dbl8e CUCHEMbL
YUTUHOPUYECKUX 3apA008, NO36OAIOWUe ONPeoeiaimy GOJIHOGblE NAPAMEMPbL 8 3A8UCUMOCU OM
pacnpeoenenuss Macc 3apsa008 Hympu 2pynnvl U UHMepPeanos 3amedneHUsl.

Knwoueevie cnoga: 63pvis, xopomkoszameonieHHOe 63pbléanue, UHMEPBAN 3aMeO0NeHUs,
cnekmp Koaeoauuil.

BCTYIIVIEHUE

Kopotkozamennennsiii cnoco6 B3psiBanus (K3B) sBisieTcss B HacTosiee BpeMsi OJHUM U3
NPOTPECCUBHBIX M 3(P(PEKTUBHBIX METOAOB MPOBEACHUS OYpOB3PBHIBHBIX PabOT Ha OTKPBITHIX
ropHbIx pabortax. B cBsizu ¢ mmpokum BHeapenuem K3B mepen ydyeHbIMH M IpakTHKaMU ObUIH
MIOCTABJICHBl CJIOXKHBIE 3aJjaud  pa3pabOTKM HWHXKEHEPHBIX METOJIOB pacueTa OCHOBHBIX
napamerpoB K3B, obecneunBaromumx Kak yaOBJIETBOPEHHUs TPeOOBaHM K KadyeCTBY IAPOOJICHUS
TOPHOI Macchl, TaK U ceiicMUYEecKyt0 0€30MacHOCTh OXpaHsieMbIX 00bekToB. OIHAKO A0 CUX TOP
HET €AWMHOM TOYKH 3peHUs 1Mo (PU3MYeCKOW CYIIHOCTH Tpolecca, mpoucxomsmero npu K3B.
Cy1ecTBYIOT pa3iu4Hble THIIOTE3bl, 00bsIcHAonMe npupoay K3B, a ¢popmyinsl, npumeHsembie B
HACTOSIIEE BPEeMsl, ISl pacyeTa apamMeTpoB BOJH CUUTAIOTCS MPUOIU3UTEIbHBIMU U YTOUHSIOTCS
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9KCHEPUMEHTAIbHBIM ITyTeM. B COOTBETCTBUU € M3JI0KEHHBIM, HayuyHas MpobieMa 000CHOBaHMS
TexHoJioTnueckux mnapameTpoB K3B, obOecneunBarommx CEHCMOCTOMKOCTh  OXPaHSEMbBIX
O00BEKTOB, PACHOJOXKEHHBIX BOJIM3M IPOBEAECHUS MAacCOBBIX B3PHIBOB Ha Kapbepax, SBISETCA
aKTyJIbHOM.

BompocaM MeXaHUKHM TOBEPXHOCTHOI'O TPOSIBICHHUS CEHCMMYECKMX BO3JEHCTBUMI
MOCBSAIIEHO OOJIBIIOE KOJMYECTBO HCCIICAOBAHUM, OIHAKO IOJAABIISAIONICE YHCIO ITyOJMKAIIiA
KacaeTcsl 3eMIIeTpACEeHUH. BinmsHue aMIIMTyAHO-YaCTOTHBIX XapaKTEPUCTHK KoJeOaHUH IpH
TEXHOT€HHBIX B3pbIBAaX Ha OCHOBBI OXpPaHAEMbIX OOBEKTOB, M3yuU€Hbl HEJOCTATOUYHO.
PaGoter [1-6] He MOryT pemuTh 3aJady ONTHUMAIBHOTO IMPOTHO3UPOBAHUS CEUCMUYECKOTO
s¢pdeKxTa NPOMBIIUICHHBIX B3pPBIBOB, IOCKOJIBKY OHH 0a3MpyIOTCS Ha 3aKOHOMEPHOCTSIX
pacrpocTpaHeHuss KojeOaHUM 1pu  B3pbIBE COCPEJOTOYEHHOIO 3apsiia, 4YTO BeAeT K
HECOOTBETCTBUIO MEXIY PacUeTHBIMH M (pakThdecknMu MaHHbIMH. B pabotax [7, 8] mu3yuanoch
B3aMMOJEICTBUE B3pBIBHBIX BOJH Ipu K3B, oIHaKo aMIUIMTYyAHO-4aCTOTHBIE XapaKTEPUCTUKU
ceiicMokonebanuii yureHsl He Obumd. McXOoAs W3 MPOBEACHHOTO AaHalW3a HAYYHBIX H
MIPAKTUYECKUX JOCTUMKEHUM W BBIABICHHBIX IIPU 3TOM HEIOCTATKOB I10 JAHHOMY HAalpaBJICHMUIO,
chopMyIHpOBaHa IEb UCCIIEJOBAHUSI.

Ilens — uccnenoBanyre B3aUMOJEHCTBUS CEICMOB3PBIBHBIX BOJIH C TPYHTOBBIM MAaCCHBOM
Ha 0a3e maTemarudeckoro moaenupoBanus K3B cuctemsl 3apsioB s pacueta 3QQEeKTHBHBIX U
ceiicM00e30MacHbIX CXEM.

PE3YJbTATHI UCCJIEJOBAHUN

HpI/I peuieHun 3aaa4u IMPUMCHAIINCH 3aBUCHUMOCTHU MAKCHMAJIBHOIO CMCHICHUA OT
OTHOCHUTCIIBHOI'O pPAaCCTOSHUA 7’; IIpU B3PbIBC i-ro OUJIMHAPHUYCCKOr'o 3apsiaa Maccoi Qz

II0JIy4E€HHBIE B pE3yJIbTaTe YUCIEHHOIO pelieHus [9] B Buae:

(U); =H(Q, /1) (1)

Jnst omeHku cymmapHoro BoszaeicTBus K3B cuctemMbl HMIMHIPUYECKUX 3apsiioB
HUCXOJUJIK U3 TIpUHIHUIIA CYIICPIO3UIIUU BOJIH. BOSMyH.leHI/ISI B pryFOI\/'I 30HC OJIA 1-T O HCTOYHHUKA
MOXET OBITh OTMIMCAHO CIEAYIOMIMM BhIpaxkeHueM [10]:

_ vt _:
u=w_)e’ snat, 2)

rIe (umax)i - MakCHMaJIbHas aMIUIUTYJla CMEIEHHUs IS 1-TO 3apsjia; V - IMOKa3aTelb

3aTyXaHWs CEWCMUYECKOM BOJHBI, (). - 4YacToTa KojeOaHMH OT 1-r0 MCTOYHHKA.

Torna pesynbrupytoiee cmemienue npu K3B 7 pa3audHbIx 3apsa0oB ¢ HHTEPBAIOM 3aMEJICHHS
At Gyner onpenenaTbest o Gopmysie:

Wi ¢ yaetoM hopmyi (1-2) mosrydum BeIpaKeHHE:

U= ik(Q,. /rYe sina(t—(i—1)Ar). 5
i=1
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HccenenoBanock BIMSHHUE paclpenesieHus MacC 3apsA0B BHYTPH I'PYIIIBI HA MapaMeTphl
CEMCMOB3PBIBHBIX BOJIH. [IpH 3TOM cunTanoce, 4To B3pbIBAECTCSA OJMHAKOBas IPYIIIOBasl Macca, HO
IO pa3HBIM cxeMaM. B ciywae Tpex 3apAn0B IO NEPBOM CXEME B3PBIBACTCSA CHAYalla 3apsij
MEHbILIEH Macchl, 3aTeM - OOJbLIEH, U, HAaKOHEell, MEHbILIEH, paBHbI 110 Macce NepBOMY 3apsiy.
HasoBem 3Ty cxemy «TpeyronbHUK BBepx». Ilo BTOpoil cxeme B3pbiBaeTcs 3aps] OoJblieit
Macchl, 3aTeM MEHbIIIEH, 1 CHOBa OoJIbLIeH («TpeyroibHUK BHU3»). [IpH yBeauueHun KoiauyecTna
3apsA70B TAKOE PACIpPENEICHUE MAacC COXPAHAETCS 10 JBYM NPEAJIOKEHHBIM CXEMaM.

PaccmaTpuBaiicss B3pbIB CHUCTEMBI LIMIUHAPUYECKUX 3apsAJOB TPOTWIA B CYIVIMHKE C

unteppanoM samemnenus Af =0.02c¢. Uccnenopanuch pasanuHble BApUAHTBI pacIpese/ieHus
macc. IIpumem maccy 36 kr 3a equHM4HBIN 3apsan ¢ . Torza B IepBOM BapUaHTE PAacdyeToB IO

TIepBOii CXeMe MAacChl TIOCIEI0BATENBHO BHICAKUBAEMBIX B BO3IYX 3apA0B OBUIH CIIETYIOIMMU:
q,1.4q, q;nosropoii- 1.2¢q, g, 1.2q.

Ha pucynke 1 nmpeacraBiieHbl 3aBUICUMOCTH CMENIEHUS OT BpeMeH! Ha paccTosinuu 1000 m
OT MCTOYHUKA B3pbIBOB. HyMmepanus KpHUBBIX COOTBETCTBYET HyMEpalLUU IIPENJIOKEHHBIX CXEM
B3pbIBaHus. M3 aHanm3a puCyHKa cliefyeT, 4TO MpH HE3HAUMTEJIbHOW pa3HULE B aMIUIUTYJaX
CMEIICHHS YacTOTa KOJIeOaHM P B3PBIBE 3apsI0B 110 BTOPOU CXeMe B JIBa pa3a OoJbIiie, 4eM 1o
MEepBOM, YTO SBJISETCS HEOJAronpusATHbIM (AKTOPOM JUIsl CEHCMOCTOMKOCTH OXpPaHSIEMbIX
00BEKTOB.

ut) v

0.5

2

=]

0.5 1.0 L5 t,c

Pucynok 1 3aBucumMocTu cMeleHusi OT BpeMeHd Ha pacctosstHuu 1000 .» ot 3nuueHTpa
B3pPbIBOB: 1 — 1711 mepBoii cXeMbl; 2 — VIS BTOPOH CXeMBbl.

JIns ¥3ydeHUs BIMSHUS MHTEPBAIOB 3aMEJUIEHHMS HA CHEKTP CeHCMHYECKUX KOJeOaHMi
IPOBOJMIIMCH MCCIICJIOBAHUS TIPYIIOBBIX B3PHIBOB 10 TIepBoii cxeme. Ha pucymke 2
IIPE/ICTABIIEHBI 3aBUCHMOCTH CMEILEHHUST OT BPEMEHH ISl Pa3IN4HbIX MHTEPBAJIOB 3aMEIJICHHUS:
kpuBas 1 coorerctByer Af =0.02¢,2 - At=0.04¢, 3 - At =0.065 c. U3 ananusa pucynka

BUJHO, YTO CHayaja C POCTOM HHTEpBaJia 3aMeIJICHUS aMIUIMTyJa M 4YacToTa KoJieOaHWM
YMEHBIIAETCSA, a MpU JAJbHEHIEM pPOCTE - YBEIUYMBAETCSA, T.€. JJII KOHKPETHBIX YCJIOBHI
B3pbIBAaHUS CYILIECTBYET ONTHUMAaJIbHBIM MHTEpBan 3aMeiuieHus. B  1maHHOM ciydae 3TO

At=0.04c.
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(),
L0 ().

-1.0

a 0.5 1.0 1.5 t.c

PucyHnok 2 3aBucuMocTH cMelieHUus1 OT BpeMeHH Ha paccTtostHuM 1000 M ot 3nunenTpa

B3puiBoB: 1 - Ar=0.02¢,2- Ar=0.04¢,3- Ar=0.065¢

Ha pl/IcyHKe 3 HpI/IBelleHLI 3aBUCUMOCTHU CMCIICHHUA OT BpeMeHI/I B3pBIBOB C paBJII/I‘{HLIMI/I,
Ho 6mms3kumu unTepBanamu 3amemnenus: 1 - Ar=0.04¢,2- At =0.045¢,3- At =0.05c.

W3 pucyHka cneayer, 4To INpH YBEJIMYEHUU HHTEpBajla 3aMelyleHHs Ha 5 Mc (kKpuBas 2)
MIPOUCXOJUT PE3KOE BO3pacTaHue aMILIUTYb! (B 1.8 pa3) u yacToTsl (B 2 pasa) kosnebanuil. [Tpu
JalbHEeHIIeM pocTe MHTEpBala Ha 5 MC aMIUIMTY/la U 4acTOTa YMEHBLIAETCS MO CPaBHEHUIO CO
BTOPBIM BapHAaHTOM, HO YBEJIMUYMBACTCS MO OTHOIICHHWIO K MEPBOMY BapHaHTy. DTO CBSI3aHO C
TEM, YTO BOJIHBI C OJIMHAKOBOH (pa30ii CKIIaJbIBAIOTCS, & C pa3HBIMU - BEIUUTAIOTCS.

U.nm

-0.6

0 0.5 1.0 15 t.c

Pucynok 3 3aBucumoctu cMenieHusi T BpeMeHH Ha pacctossHum 1000 M ot 3nuneHTpa

B3peiBoB: 1 - Ar=0.04c¢,2- At =0.045¢,3- At =0.05¢

AHaJIOTUYHBIA pe3ysbTaT MOXYYEH U IS CIEAYIOUIMX WHTEPBAIOB 3aMe/UIeHUs (PUCYHOK

4):1-At=0.06c,2- Ar=0.065¢,3-At=0.7c.
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U

-1.0

0 0.5 1.0 1.5 t.c
PucyHnok 4 3aBucumocTu cMelieHHs1 OT BpeMeHH Ha paccTosHun 1000 M oT 3nunenTpa

B3peiBoB: 1 - A1 =0.06 c,2- Ar=0.065¢,3- At=0.7c

W3 pe3ynbTaTOB MCCIEAOBAHUM CIEAYET, YTO HE3HAYUTEIILHOEC MU3MEHEHHE WHTEPBAJIOB
3aMEJICHHUs] MOKET NMPHUBECTU K 3HAUYUTENIBHBIM (B HECKOJIBKO pa3) U3MEHEHUSM aMILIUTYIHO-
YAaCTOTHBIX XapaKTEPUCTHK KoJIe0aTeIbHOro Ipolecca OXpaHHBIX 00BbekToB. [loatomy s
o0ecrieueHHss YCTOWYMBOCTH COOPY>KEHUH HEOO0XOIMMO TPOBOAMTH pacyeThl AIJIUTYAHO-
YaCTOTHOI'O CIIEKTPA JIsl KOHKPETHBIX IPYHTOBBIX XapaKTEPUCTUK U yCIOBUM B3PbIBAHUS.

BbIBO/IbI

1. Pa3paborana »s¢¢dexkTuBHAsT METOAMKA pacyera CEHCMOB3PBIBHBIX BOJIH IIPH
KOPOTKO3aME/UICHHOM B3PbIBAHUM CHCTEMbl LMJIMHAPUYECKUX 3apsiioB, KOTOpPAasl IO3BOJISIET
OIpeNeNATh BOJHOBBIE IMapaMeTpbl B 3aBUCHUMOCTH OT PACIPEIENICHUS] MAccC 3apsoB BHYTPH
rpyNmbl ¥ HHTEPBAJIOB 3aME/JICHUS.

2. YCTaHOBJIEHO, YTO CYIIECTBYIOT ONTUMAJIbHBIE CXEMBbI B3PBIBAHUS (JJIS1 UCCIIEIYEMBIX
ycinoBuii - "TpeyronbHMK BBepx" ¢ pasHuneil mMacc B 40%, 4YTO MO3BOJSIOT MOIYYHUTb
sbdekTuBHOE ApOONCHHE TOPHOM Macchl M O0ECHeYHMTh CEeHCMHYECKylo Oe30MacHOCTh
OXpaHsAEMbIX OOBEKTOB.

3. Jnsd KOHKPETHBIX T'PYHTOBBIX XapaKTEPUCTHK W YCIOBHHM B3pBIBAHUS CYIIECTBYET
ONTUMAJILHBIA MHTEPBAJ 3aMeJieHus (B JaHHOM ciiydae 370 40Mc), He3HAUUTEIbHOE U3MEHEHHE
KOTOPOTo (Ha 5 MC) MOXKET IPUBECTH K 3HAYUTEIBHBIM (B [IBA pa3a) U3MEHEHUSAM aMILUIUTYIHO-
YaCTOTHBIX XapaKTEPUCTUK KOJIeOaTeIbHOr0 MPOLEcca OXpaHsIeMbIX 00BEKTOB.

4. HampapneHueM JaqbHEMIINX MCCIEIOBAHUN SIBISAETCS M3YUYCHUE BIUSHUS TPYHTOBBIX
YCIIOBUHM, MapaMeTpoB 3aps0B M HX B3aUMHOTO pACIOJIOKEHHUS Ha CHEKTpaJibHbIE
XapaKTepUCTUKH CEeHCMHUYECKUX KoJjieOanuil. Pe3ynbprartel JgaHHONH pabOTBl MOTYT OBITH
UCIIOJIb30BAaHbl IPH IMPOEKTHUPOBAHUM B3PBIBHBIX pabOT A pacyeTa palMOHAIbHBIX CXEM
B3pBIBAHUS M YIPABJICHUS CEHCMOB3PBIBHBIM CIIEKTPOM KOJICOaHUA.
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Abstract: The method of numerical calculation of the parameters of seismic waves by the
explosion of cylindrical charges group in soil array and their interaction with the soil foundation
of protected structures, which allows on the basis of complex applications calculate seismic load
on the subject taking into account its geometrical and inertial characteristics and parameters of
blasting and ground conditions is developed.
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YIIK 622.235

METO/IUKA ITPOTHO3UPOBAHUS CEUCMOCTOHKOCTH OXPAHSIEMBIX
OBBEKTOB BbJIN3U ITPOBEJAEHUWSA B3PBIBHBIX PABOT

Annomayua:  Paspabomana — memoouxka — YUCIEHHO20 — paciema  Napamempos
CeliCMOB3PbIBHBIX 8OIH NPU 83PbIGE 2PYNNbL YUTUHOPUUECKUX 3APA008 8 SPDYHIMOBOM MACCUBE U UX
63aUMO0EUCMBUU C 2DYHMOBBIM OCHOBAHUEM OXPAHAEMBIX COOPYICEHUN, KOMOPas N0360/4em Ha
OCHOBe CO30aHHO20 KOMNIIEKCA NPUKIAOHBIX NPOSPAMM PACCYUMBIBAMb CEUCMUUECKYIO HASPY3KY
Ha 00veKkm c y4emoM e20 2eOMempudecKux U UHEePYUOHHBIX XaApAKMepucmukx, napamempos
83DbIGHLIX paOOM U 2PYHMOBLIX YCIIOBUIL.

Kniouesvle cnosa: 63puvis, celicmuueckas 80IHA, OXPAHAEMbI 0ObEKM, MAMEMAMUYecKoe
Mooenupoganie.

BCTYIIVIEHUE
Hcnionb3oBanue OHCPIrur  B3pbIBa 3apdA0B XUMHUUYCCKHUX  B3pPbIBYATBIX  BCHICCTB,
pacimperre 00beMOB B3PBIBHBIX PaOOT M MacIITaOOB B3PHIBOB 00YCIaBIMBAIOT HEOOXOIUMOCTh
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YEeTKOI'o pacyera 1 co3/1aHus 3(pPEeKTUBHBIX METO/I0B YIIPABICHHS BO3JIEHCTBUAMHI CEHCMUUECKUX
BosiH. [Ipm »TOM BO3HHMKaeT npobiieMa MPOTHO3UPYEMOW OLEHKH YCTOMYMBBIX CBOWCTB
COOPY’)KEHUM, KOMMYHHMKAIlU{, PacIlOIOKEHHBIX BOJM3U KapbepHOTO MOJIs, PELIeHHE KOTOPOM
HEBO3MOXXHO 0€3 TOYHOTO 3HAHMS BIMSHUA U XapaKTepa JCHCTBUS BHEITHUX CHII.

Cy1ecTBytole METOJUKH OLEHKH CeHCMUYecKoll Oe30MacHOCTH NpU HPOBEAECHUU
B3PBIBHBIX pabOT HMMEIOT PSJl HEJOCTAaTKOB. OKCHEPUMEHTAJIbHBIE METOAMKH 3aTpaTHbIE H
3¢ ¢eKTUBHBI JIMIIb Ui KOHKPeTHbIX ycioBuil. HambGornee vacTto npuMmeHsieMble pacueTHbIE
MeTouKH OasupyroTcs Ha ¢Gopmyisie CaToBCKOTO YTOYHEHHOW pPa3sIMYHBIMU KOA(PPHUITUESHTAMH
WIA TPUBA3KOW MX K MaCHOPTHBIM (DPU3MKO-MEXaHMUYECKHMM KOHCTaHTaM IouB. Eme oxxHum
HE/IOCTaTKOM PAcCUeTHBIX METOJUK SIBJISIETCS TO, YTO YNOMSHYTas (hopMyiia, OCHOBaHHas Ha
MIPUHIUIIE TEOMETPUUECKOT0 M SHEPreTHYECKOI0 CXOJICTBA CIIPABEUINBA I B3pbIBA €AMHUYHOTO
COCpPEIOTOYEHHOT0 3apsifa, 4YTO TMPUBOJAUT K HEJOCTOBEPHOW KOJIMYECTBEHHON OLIEHKE
ceiicM00e30MacHbIX MapaMeTpOB NPOBEIEHHS B3PbIBHBIX Pa0OT.

XoTs1 BEIOOp MapaMeTpoB B3PBIBHBIX Pa0OT OMpeaessieT Kak Moie3Hbli 3pdext B3pbIBa 1Mo
U3MEJbYEHHUIO TOPHOM MOPOABI, TaK U ceicMuuecKuil 3 PeKT B3pbIBa, 10 CUX HOpP 3TOT BOIPOC HE
JOCTAaTOYHO HCCIEeNOBaH B CBsA3aHHOW moctaHoBke. lloaTomy paspaborka 3¢ddexruBHOIM
METOJMKH MCCIEOBAHUS IapaMeTpoB CeHCMOB3phIBHBIX BoiH (CBB), Biaustomux Ha
CEHCMHUYECKYI0 YCTOMYMBOCTh OXPaHSEMbIX OOBEKTOB IPHU B3pbIBaX IPYIIIbl LUIUHAPUYECKUX
3apsi/I0B C yU4ETOM YCJIOBHM MpPOBEIEHHs B3PBIBHBIX Pa0OT M aMILIMTYIHO-BPEMEHHBIX U (hU3HKO-
MEXaHUYECKUX CBOMCTB TPYHTOB U OOBEKTOB SIBJISIETCS] aKTYAIbHOW HAYYHOH 3a/1a4eid.

Teopernueckue uccieOBaHUS MeXaHM3Ma pa3pyLICHHUs TOPHBIX MOPOA INPHU B3pbIBAX
TPYNIIOBBIX ¥ OAMHOYHBIX 3apsiIOB B OOJBIIMHCTBE CIIy4aeB IPOBEACHBI IS 3apsjioB
chepuueckoit cummetrpun [1-4]. IIpu 3TOM HCHONB3YIOTCA YIPOUICHHBIE MPEICTABICHUS O
Pa3BUTHUH BOJIHOBBIX IPOLIECCOB B MAacCHUBE: MOPOAHBIA MACCHUB CUMTAETCS MAEAJIBHO YNPYTUM,
yIapHble BOJIHBI OTCYTCTBYIOT. TeopeTHdyeckue pelIeHHs MOJIY4YeHbl B IOTEHLUAIBHOM
npubIKeHuu [5].

HccnenoBanue B3pbiBa TIpyINIbl IMIMHAPUYECKUX 3apsAl0oB, KOTOpblE 4Yallleé BCEro
WCTIONB3YIOTCS B IPAKTUKE BEICHUS B3PBIBHBIX paboT, 4yacTo Oa3upyercs Ha 3aMeHe YJIMHEHHOTO
3apsi/ia LEMOYKOM 3JIEMEHTAPHBIX COCPEAOTOYEHHBIX 3apsafaoB [1-2, 6], WM 3aKOHOMEPHOCTH,
MOJyYeHHbIE TPH pEIIeHUH OJHOMEpHBIX 3amad, o0000maTcs I MPOCTPAHCTBEHHBIX
3aBucumocTteit [7]. B paborax [8-9] mocTaBiieHbl U pelieHbl MPOCTPAHCTBEHHBIE 3a/1a4U O B3PHIBE
OJIHOTO WJIM JIByX LMJIMHJPUYECKHUX 3apsiOB B IMOYBEHHOM IPOCTPAHCTBE, OJHAKO PE3YJIbTAThI
9THUX pEIICHUIl B [TOJHOW Mepe HEe PACKPBIBAIOT MEXAHU3M CYNEepIO3HULINH.

BonpmvHCTBO pabOT MO HCCIEAOBAHUIO YCTOMYMBOCTH COOPYKEHMH IOCBAILIEHO
W3YUYCHHUIO BIIMSHUS CEMCMUYECKHUX BOJIH OT 3emuerpscenuil [1-5]. MccnenoBanuii BiusiHUS
CEIICMOB3PBIBHBIX BOJH Ha MPHUPOJHBIE U HWHKEHEPHbIE OOBEKTHl 3HAUUTEIBHO MEHbIIE [6-7].
Hcxons U3 MpoOBEIEHHOrO aHAIM3a HAyYHBIX U MPAKTUYECKUX AOCTHXKEHHH U BBISIBICHHBIX MPU
3TOM HEJIOCTAaTKOB IO JAHHOMY HarpaBJICHUIO, chopMyIMpoBaHa LEIb UCCIIEAOBAHMS.

Henbto paboThl siBiIsieTCsl pa3paboTKa METOJUKHU pacyera AMHAMHUYECKUX MPOLECCOB MPU
pacnpoCTpaHEHUH BOJIH OT OJUHOYHBIX U TPYNIOBBIX B3PHIBOB LWIMHIPUYECKUX 3apsioB B
IPYHTOBOM  MacCHMBE UM HX B3aUMOJICHCTBUM C  OXpaHsAeMbIMH OOBEKTaMH, Ui
YCOBEPIIEHCTBOBAHUS CIIOCO0A MPOTrHO3UPOBAHUS UX CEHCMOCTOMKOCTH.

PE3YJIbTATBI UCCJIEJOBAHUM

Ha 0a3e anropuTMoB pacueToB MpPOBEACHHBIX B NPEIbIAYLIMX pasjenax Obuia
pa3paboTaHa METOAMKA OIpENeNIeHUs] CeHCMOOE30MacHbIX IapaMeTpOB B3PBIBHBIX PadoT,
OCHOBaHHAs HAa MAaTeMaTH4YEeCKOM MOJEIMPOBAHUU 3aKOHOMEPHOCTEH  paclpoCTpaHEHMs
CEICMOB3PBIBHBIX BOJIH B TPYHTOBOM MAaCCHBE M UX B3aMMOJCHCTBHS C OXPaHAEMBIM O0OBEKTOM.

Ha ocHoBe pa3zpaOoTaHHON METOIUKHU ObLI pean30BaH MAaKeT MPUKIIAJHBIX IPOrpaMM Ha
s3bike nporpammupoBanust DELFI s onepatuBHOro pacuera ceiicMo0e30macHbIX MapaMeTpoB
B3pBIBHBIX pabOT, KOTOPBIM mpeularaer Juisi 3TOr0 pElIeHHE TpPeX B3aUMOCBA3aHHBIX H
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N0CJIe10BATENbHBIX 3aj1au (BBIOOD 33/1a4l MOYKHO OCYILECTBUTD B IJTABHOM OKHE ITPOrpaMMBbl, UIIH
IIPOCTO CJIEI0BATh MOCJIEI0BATEIBHOCTH 3a/1a4):

- pacyeT mapameTpoB CEHCMOB3PBIBHOM BOJHBI IPU B3phIBE LUIMHIPUYECKOTO 3apsijia B
I'PYHTOBOM MacCUBE MJIM TOPHOU MOPOJE;

- pacyeT mapameTpoB CEHCMOB3PHIBHON BOJIHBI NPH B3pbIBE I'PYIIbl HUINHAPUYECKUX
3apA00B TP MIT'HOBEHHOM HJIM KOPOTKO3aMCAJICHHOM B3PbIBAHHU,

- pacyeT aMIUIMTYIHO-4aCTOTHOTO B3aUMOJEWUCTBHUS OCHOBBI OXpPaHSAEMOIo OOBEKTa U
MaJAoIEH CeHCMUYECKONW BOJIHBI.

OOuwmii anropuT™M METOJMKH INPHUBEIEH Ha PUCYHKe 1, Ha KOTOpOM H300pakeHa OJoK-
cXeMa TIOCJIeZIOBAaTeNIbHOCTH pacueToB. biiok-cxema cocTouT M3 OJ0Ka BXOAHBIX JaHHBIX, TPeX
OJIOKOB IOCTAaHOBKM PACYETOB, OJOKa IepeAayd IMOJyYEHHbIX Pe3yJbTaTOB U OJIOKA NMPUHATHS
pelieHrs O TMOBTOPEHHWU WJIM 3aBEPLICHUM pacueTa Ha OCHOBE CPABHEHUS PE3YJbTaTOB C
HOPMAaTHBHBIMU 3HAYEHUSIMU CKOPOCTH KOJIEOAHUH /17151 OXpaHSIEMbIX 0ObEKTOB.

AJIFOpI/ITM COCTOUT H3 YCTBIPCX OTAIIOB. Ha MEPBOM JTAIIC BBIYUCIIAIOTCA ITaPaMCTPLbL
BOJIHOBBIX IPOLIECCOB JJISl B3pbIBa OJHOIO LMIMHIPUYECKOIO 3apsia B3pbIBYATOTO BELIECTBA B
IPYHTOBOM MacCHBE, YTO B3PHIBACTCS MIHOBEHHO Ha ONPEACICHHOM PACCTOSHHH OT CBOOOIHOM
MIOBEpXHOCTU. Maremarnuyeckass IOCTaHOBKA 3ajauu npuseneHa nox Nel B Buzae cucremsl
KBA3WJIMHEWHBIX Au(PepeHInanbHbIX ypaBHEHH B YACTHBIX IPOW3BOAHBIX, OIMCHIBAIOIICH
JBIDKEHUE MMOuYBbl W mponaykToB aeroHaiuu (I1J]), ¢ cooTBeTCTByIOMMH HAa4yaJbHBIMU U
rpaHUYHbIMH YCIIOBHUAMMU. BXOI[HLIMI/I JaHHBIMHU SBJIAIOTCSA 3HAYCHUA qJI/IBI/IKO-MexaHI/I‘-ICCKI/IX
XapaKTEepUCTUK FOPHOM MOPOJbI B MECTE NPOBEAECHUS B3PbIBA, JE€TOHALIMOHHBIE XAPaKTEPUCTUKH
B3PBIBUATBIX BEILECTB, IApaMETpPbl KOHCTPYKIMM 3apsaoB. [l pemeHns d5ToM  3a1adyu
INPUMEHSUICS METOJ] KOHEUHBIX PAa3HOCTEH C HCIOJIb30BAHUEM SIBHOM PAa3HOCTHOM CXEMBbl THIIA
«KpeCT».

B pesynbTare 4ncIEHHOIO dKCIIEPUMEHTA II0Jy4aeM MacCUB OCHOBHBIX napamerpos CBB
B 3aBUCHUMOCTH OT BPEMEHHM M OTHOCHUTEIIBHOTO paccTosHusi (pucyHok 2). IIpum obOpabotke
MOJYYEHHBIX JAHHBIX METOJIOM HaUMEHBLIMX KBaJIPaTOB MOJIy4aeM aHAIUTHUECKUE 3aBUCUMOCTH
HaAIpPsDKEHUH, CKOPOCTEN U XapaKTEPHBIX BPEMEH B3pbIBa (BPEMEHH NPUXOA UMITYJIbCA B JAHHYIO
TOYKY MacCUBa, JOCTM)KEHUS] MAKCUMyMa, OKOHYAHUS JAECUCTBUS MMITYJIbCa), KOTOPBIE SBISIOTCS
HUCXOJHBIMHU JAHHBIMU IJIA pacucTa CyYNCPrnO3nIK BOJH IIPHU PA3JIMYHBIX YCIOBHUAX B3PbIBA.

Ha BTOpOM 3Tame npoBoAATCS aHAIUTUYECKUE pacueThl MMoJIeH HANPSHXKEHUH U CKOpOCTel
IJI1 T'pyHOIioBOro B3pbIBa B 3aBUCHUMOCTU OT yCJIOBI/Iﬁ B3pbIBAHHA: FJIy6I/IHBI 3aJICraHus,
KOJINYECTBA 3apsi/IOB, PACCTOSIHUS MEX1y HUMH, Hanuuus win otcyTctBus K3B (3agaua Ne2 na
pucyHke 1). BxonHelMu mapameTpamu SIBJISIOTCS KOJUYECTBO 3apsiioB #1, PACCTOSTHHE MEXIy

HUMHM d , paCCTOsIHUE 10 CBO60,I[HOI>1 IOBEPXHOCTU ]’l , BpEMA 3aMCJICHUS t(ﬁ 1 OTHOCHUTCIIBHOC

paccrosiHue 10 Mecta HaOmoaeHus 7 . [IpemycMoTpeHa BO3MOXKHOCTH OJUHAKOBOTO BPEMCHH
3aMeJICHUs U1l BCEX 3aps0B WJIM BBEIACHUS BPEMEHU 3aMEMJICHHUsI OTICNBbHO ISl KaxKIOro
3apsiaa. Taxke 3aaeTcsi MOMEHT BPEMEHH 11 KOTOPOI'O0 PACCUMTHIBAIOTCS IOJISI HANPSIKEHUN U
CKOPOCTEH M pa3Mephl pacueTHOM CeTKH (M), TOKPHIBAIOLIEH 001acTh st KOTOPOI MPOU3BOAUTCS
pacueT. Ha pucyHke 2 npuBeIeHO OKHO BBIBOJA PE3yJIbTATOB JUIsl ATOU K€ 3ajaud. Pe3ynbrarhl
pacyeTa BBIBOJATCS OTJEIbHBIM OKHOM C YETBIPbMsI BKJIAJIKAMU - TI0 JABE MPOEKLHUH HANPSHKEHUI
u ckopocTer 1o ocaM X u Y . Takke BBIBOASTCS MaKCMMAJIbHBIE 3HAYEHHUSI BCEX PACCUUTAHHBIX
BEJIMYMH B BEpXHEH uacTu OKHA. [lons BeMMYMH aBTOMATHYECKH H300pa)KaloTCs B BUC
PA3HOLIBETHBIX 00JIaCTEe OTPAaHUYCHHBIX HM30JUHUAMH, UX IBET M KOJUYECTBO MOKHO 33JaTh B
TJIaBHOM OKHe, BO Bkiajgke MeHIo «Koudurypamus». [IpenycmorpeHa BO3MOKHOCTh U3MEHEHUS
KOJIMYEeCTBA OOJIACTEH W 3HAYCHWH HM30JMHUN, KOTOPhIE OTPAHWYMBAIOT, B TPABOW YacTH OKHA
BBIBOJIA PE3YJIbTaTOB BTOPOM 3a/1aUu.
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Pucynok 1 - Biok-cxema nmocjie10BaTe/ IbHOCTH Pac4eToB.

TaK

Ha ocHOBe mMony4eHHBIX 3aBHCUMOCTEM MAKCHUMAaJbHBIX CKOPOCTEM OT BPEMEHM Ha
TpPeTbeM JTare MPOBOAMUTCS pacueT B3aumoaelictBus CBB ¢ ocHoBoii oxpaHseMoro o0ObeKTa C

YU4ETOM JIMHEHHBIX pPa3MepoB OOBEKTa,

€0 HMHCPHHWOHHBIX XapaKTCPUCTUK,

AMIUIUTY AHO-

YAaCTOTHBIX XapaKTCPHUCTHUK nazlalomeﬁ BOJIHBI. PCSYJ'IBTaTaMI/I pacucTa ABJIAKOTCA rpa(l)I/I‘lCCKI/Ie
3aBUCHUMOCTH IMCPEMCIICHUSA U CKOPOCTHU KOJIeOaHHIT OCHOBBI OXpaHsAEeMOro 00BeKTa OT BPEMCHU

(3amayva 3).

Ha pesynpTupyromux rpagukax ONpeaesioTCs MaKCHMAIbHBIC aMILTUTYIbI CKOPOCTEH

KoJe0aHusT OCHOBBI

o0beKTa H CpaBHHUBAKOTCA C TMPUBCACHHBIMU B OKHC IPOIrpaMMbl

JOMyCTUMBIMH HOPMATHBHBIMH 3HAYCHHUSMH CKOPOCTEH KOJICOAaHWH TpyHTa B OCHOBAaHUH
oxpaHsieMbIX 00beKTOB. OKHa BBOJA JJaHHBIX M BBIBOJIA PE3YJIbTATOB 33Ja4l O B3aUMOJIEHCTBUU
CeiCMHYECKOI BOJIHBI C OCHOBAHHEM OXPaHIEMOI'0 0OBEKTa N300paKeHbI HA PUCYHKE 3.

B 3aBucuMMOCTH OT BEIMYMHBI JIOMMYCTUMOM CKOPOCTH KoOJeOaHUH omnpeeneHHON
HOpPMaTHBAaMH JUISl JAHHOTO OXPaHSIEMOro 0ObEKTa, HA OCHOBE MOJYYCHHBIX PE3yJbTaTOB MOXKHO
JaTh PEKOMEHAALUU O HEOOXOAMMOCTH M3MEHEHUs] HayaJlbHBIX MapaMeTpPOB B3PHIBHBIX paboT C
LENbI0 CHIDKEHHs ceiicMudeckoro 3¢ddexra B3ppIBa W TOBTOPUTH PACUYET CEHCMOCTOMKOCTH
00BEKTa JUIs HOBBIX MapaMeTPOB B3PbIBHBIX paboT. [Ipu 3TOM MOXKHO BapbUpOBaTh MapaMeTpamMu
3apsiia, TunoM BB, ycrnoBusiMu B3pbeIBaHUS. ANTOPUTM pacdyera ceicMO0e30MacHbIX MapaMeTpoOB
B3pbIBa MMOBTOPSIETCS J0 TEX MOp, MOKa HE OyAyT JOCTUTHYTHI ONITUMAJIbHBIE TApaMETPhl BEICHHS

B3pBIBHBIX padoT,

CCFICMPI‘ICCKYIO 0€e301acHOCTh OXpaHsAEeMOT 0 00BEKTA.
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PucyHnok 2 - OxHO BBeJleHHsl JaHHBIX M BBIBO/Ia Pe3y/JIbTATOB 32/1a4M O B3pbIBe IPYIIIbI
HMJIMHAPUYECKHX 3apsiI0B B TPYHTOBOM MacCHBe.

e

JCTYV 4704:2009 "Tlpoeenenna mpoMucioerx BMoyxie. Hopur ceficminnol

3anexHiCTE MBHOKOCTI KOMHEBAHHA (M/C) besnerr”
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Ha B}Iﬂiﬂ.ﬂi YacToTa KOAMBaHD FPYHTY BinA SyHLAMEHTY
0 03 1 15 2 By e Ty
3-3 | 3-10 | 10-20 | 20-30
Eunieni Ta CNopYIM 3 5anizoSeToHHumM
KaDKAC0M NPOMMCA0B0rD NPMEHAYEHHA 18-36  36-51 81-52 52
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Pucynok 3 - OkHO BBeJeHNsI JAHHBIX U BbIBO/IA Pe3yJIbTATOB 32/1a4M 0 B3aUMO/1eiiCTBUH
celiCMUYecKoil BOJIHbI ¢ OCHOBAHHEM OXPAHSEMOI0 00beKTa.

CHGI[yCT OTMCTHUTB, UYTO pa3pa60TaHHa;1 MCTOAHWKA YHUCJICHHOTO JKCIICPUMCHTA 110
YCTaHOBJICHHUIO CEHCMOOE30IaCHBIX MapaMeTPOB B3PBIBHBIX PAOOT BOIM3U OXpaHIEMBIX 0OBEKTOB
UMeEET psAJ NPEUMYLIECTB 10 CPABHEHUIO C HATYPHBIM JKCIIEPUMEHTOM. Bo-IepBbIX, OHa MEHEe

pecypcoeMKast ¥ IOporo CTOMMOCTHAsI.
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BO—BTOpBIX, OHa IMO3BOJIACT MOJYYUTH PE3YJIbTAThI AJISA PA3JIMYHBIX HAYAJIBbHBIX YCJIOBI/Iﬁ
A0CTAaTOYHO  OIICPAaTUBHO. K wmepgocratkam pa6OTI)I CIeayCeT OTHECTU HGO6XOI[I/IMOCTI>
NOATBCPIKACHUS TCOPECTHUICCKUMU JAHHBIMU 3KCIICPUMCHTAJIbHBIX HCCJIC,Z[OBaHI/Iﬁ.

BbBIBO/IbI

1 Pa3paborana MeTOAMKa MPOTHO3UPOBAHUS CEHCMOCTOMKOCTH OXpaHAEMbIX OOBEKTOB
IIPY B3pbIBAX TI'PYIIbl LHAJIUHAPUYECKUX 3apsA0B, KOTOPbIE HA OCHOBE HCXOJHBIX NapaMeTpOB
B3pBIBHBIX pPabOT, I'PYHTOBBIX YCJIOBHH M XapaKTEPUCTHK OOBEKTa IIO3BOJISIOT PacCUUTATH
celicMHUYecKyl0 Harpy3Ky Ha OO0BEKT M B Cllydyae IPEBBIIEHHUA JOIMYCTUMBIX HOPM
CKOPPEKTUPOBATh MapaMeTPhl B3pbIBA

2 PazpaboraH a@IropuT™M U KOMIBIOTEpHas NpOrpaMMa pacyeTra B3aUMOACHUCTBUS
ITPYHTOBOI'O OCHOBAaHMS € coopyxkeHueM noj aericrsueM CBB B3pbiBa rpynnbl HUIMHAPUIECKUX
3apsi/I0B C YUETOM JIETOHALIMOHHBIX CBOICTB BB, Qu3nKko-MexaHn4eCcKUX XapaKTepUCTUK I'PYHTOB
U YCIIOBHM B3pBIBaHUS, IO3BOJIIIOLIME PACCUNUTATH AMILIMTYJAHO-4aCTOTHBIE XAPAKTEPUCTHUKHU
OXpaHseMOro 00beKTa

3 Pa3zpa0oraH npuKIaaHON KOMIUIEKC HPOrpamMM, Ul YHCICHHOIO pacdyera HapameTpoB
CBB npu B3pbIBE OJHOTO M IpyINIbl HUWIMHIPUYECKUX 3apsioB B I'PYHTOBOM MAacCHBE, H
aAMIUIMTYTHO-4ACTOTHBIX ~ NapaMeTpOB  MAJAIOIIE  CEHCMHUYECKOW BOJHBI € YYETOM
B3aUMOJICICTBUS TPYHTOBOI'O OCHOBAHHS M OXPAHSAEMOIo OOBEKTa, KOTOPBIM IO3BOJSET Ha
OCHOBE MCXOJHBIX IIapaMETPOB B3PbIBHBIX pPAa0OT, JETOHALMOHHBIX XapakTepucTuk BB,
IPYHTOBBIX YCJIOBHUM M I'€OMETPHUUECKUX U MHEPLMOHHBIX XapaKTEPUCTHK OOBEKTa PacCUUTaTh
CeMCMUYECKYI0 Harpy3Ky Ha OOBEKT M B Cllydyae HEOOXOIMMOCTH CKOPPEKTHPOBATH MapaMeTphI
B3pbIBa.
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CIIOCOBBI YIIPABJIEHUS PACIIPEJEJIEHUEM JE®OPMAIIAN B 3ATOTOBKE
BEPXA ObYBU IIPU ®OPMOBAHUU

Annomayuna: B cmamve paccmompenvl cnocobvl yeneHanpasgieHHo20 YNpasieHus
3AKOHOMEPHOCMbIO pacnpeodelienuss oepopmayuti 8 3a20moeke eepxa 00ysu 8001b 02ubaemvlx
KOHMYpPO8 ghopmyroweli no8epXHOCMU KONOOKU (NyaHCoOHa) npu pOpMOBaHUU.

Knroueswie cnosa: pacnpeoenenue oeghopmayutl, 00yss, 3a20moska, hopmosariue.

OpnuMm u3 mokaszareneil kayecTBa (hOpMOBaHUsI Bepxa OOyBHU SIBIISIETCS PaBHOMEPHOE
pacTsHKeHHE 3aroTOBKH BOJb OrMOaeMbIX KOHTYpOB (hopMmyromieil moBepXHOCTH Kononuku [1].
Tpagunuonssle ciocoObl GopMOBaHUS 3ar0TOBOK BepXa 00yBU U yCTPOMCTBA, IPUMEHSIEMbIE IS
WX OCYIIECTBIICHUS, HE MO3BOJISIIOT LIETICHANPABICHHO YIPABIATh paclpeaesieHneM aedopmarmii
B 3arOTOBKE M, B YacCTHOM ciyyae, oOecreuuBaTb PaBHOMEPHOE pACTSHKEHHME 3aroTOBKU Ha
KOJIOJIKE.

[lepBble uccienoBaHMs, TOCBALIEHHbIE pa3pabOTKe Crocobda aKTUBHOIO YIPaBICHUS
pacnpenenenueM aedopMaiuii B 3aroToBKe mpu GopMOBaHUH, MPUBEICHBI B padoTax [2]. B aTux
paboTax AJii paBHOMEPHOI'O PaCTSKEHHs 3arOTOBKM M3MEHEHUIO CHJI TPEHMSI MEX/1y 3arOTOBKOM
U (hopMmyromIeii TOBEPXHOCTHIO MTyaHCOHA (KOJIOAKH) TPOTHUBOIIOCTABICHO CBOWCTBO KOYKEBEHHBIX
MaTEpUaJOB U3MEHITh CBOM XapaKTEPUCTUKU IUIACTUYHOCTU MPU U3MEHEHUHU TEeMIIepaTyphl UX
IIpOrpesa.

CymHOCTh mpejiaraeMoro crnocodba OCHOBaHa Ha TOM, YTO IpPH MPOBEIECHUHU OIEpaluu
MPEIBAPUTENLHOTO (OPMOBAHUS HOCOYHO-ITYYKOBOW YACTH 3arOTOBKH Bepxa OOYBH 3arOTOBKY
YBAQKHAIOT 10 25-30% OTHOCUTENIbHOI BIAXXHOCTH, HA/JIEBAIOT HA PAaBHOMEPHO 00OTrpeBaeMbIii
MyaHCOH U pacTAruBaroT. OJHOBPEMEHHO 3aroTOBKY B TPOIECCE PACTSHKEHUS HArpeBarOT B
neHTpanbHOM yactu 10 60°C npy MOCTENIEHHOM CHIDKCHHH TEMIIEPaTyphl K 3aTSHKHONW KPOMKE 10
25-30°C.

PaccmotpuMm noapoOHEee MmaTemMaTHYecKoe 00ecreueHrne ITOro crnocooa.

OTHOCHUTENBHOE Y/UIMHEHHE MaTepuana B OOILEM Cilydyae MOXET OBITh OMNpeAeeHO IO
dbopmyre

e= 3= 00y, (1)
di
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rac dl - JJIMHA 3JICMCHTAPHOI'0 Y49aCTKa 3aroTOBKU Ha orubaemoi IMMOBEPXHOCTHU O PACTIKCHUS,
ds - AJIMHA 3JICMCHTAPHOI'O Y4aCTKa 3aroTOBKHU ITOCJIC pACTAXKCHUA.

d.
O6o3naunB uepe3 f(x)=— - QYHKIMIO 3aKOHA pACTSDKUMOCTH 3aroTOBKM Ha

s
dl
paccmaTpuBaeMoil moBepxHocTH u3 (1) numeem

f(x)=1+100"g(x), (2)

rae £(x)- OTHOCUTEIIBHOE yIJIMHEHUE 3aTOTOBKU C YUETOM TeMIIEpPaTyphl IporpeBa marepuaia T
, onipeaensemoe 1o dpopmyde [3]

£(x) = (m, + mTQ!.) 3)

3necs QO = 11(}0’ H [4];

BC— (I)YHKI_[I/IH, OIMUCBIBAKOIIAasl 3aKOHOMCEPHOCTH PACIPCACICHUA HATKCHHUA 3arOTOBKHU BJOJIb

orubaeMoro KOHTypa (popMyIoLIei MOBEPXHOCTH IyaHCOHA (KOJIOIKH) [S];

m m; 1 n- HIOCTOSHHBIC 3HAYCHHA, 3aBHUCAIINC OT MCEXAaHHYCCKHUX CBOMCTB KOKEBEHHBIX

0
MaTepuasos.

3nauenue koddduienTa TpeHus: k3aroToBKM Ha 00OrpeBaeMOM ITyaHCOHE MOXKET ObITh
OTIPENIEJICHO 1O pe3yjibTaTaM UCCIeAOBaHUN  [6] TpW cpemHel TeMIeparype MporpeBa
YBI&XKHECHHOU KOXHU T,

p— Tmax + 7-'0

Tvcp - 2
rae ]; - TEMIIEpaTypa Iporpe€Ba MaTcpuralia Ha Kpa€BbIX y4aCTKaxX 3arOTOBKH,

T

max

b

MaKCUMajlbHasi TeMIlepaTypa IporpeBa 3aroTOBKM, IPH KOTOPOM HE MPOUCXOAMT
CBapHMBaHHE B TOHKOM CTPYKType KoJulareHa KOKH.

—ky (x)

C yuyeroM mpuHATOro JomyuieHus u 3aBucuMocreit 3)u P, =P-e BhIpakeHUe (2)

JUIA (I)YHKLII/II/I 3aKOHa paCTSI)KI/IMOCTI/I 3aroTOBKHU HpI/IMeT BHU/.
_ -k
F(x)=1+100""*"(m, + m,T.)P"e”“""" (4)

rie y(x) - GyHKUMs, XapakTepu3ymoomas KOHQUTYypalul orudaeMoro KOHTypa ITyaHCOHA
(KOMOIKH).
B o6mem cnyuae, Belpakas f(x) B BHAE HEKOTOPBIX 3aJaHHbIX (YHKLUUH, MOKHO

YIPaBIATh MporeccoM (OpMOBaHUS Bepxa OOyBM Ha HEpaBHOMEPHO 00OrpeBacMOM ITyaHCOHE.
[Ipu paBHOMEPHOM pACTSDKEHHM 3aroTOBKM BIOJb OrubaeMol moBepXxHOCTH (yHKIHS f(x)

SIBJISIETCS] BEJIMYMHOMN MOCTOSIHHOW M BBIPAXKAeT CTEICHb YAJIMHEHHS MaTepHasa, YTO MOXKET ObITh
3aJ1aHo TPEABAPUTEIBHO, HAITPUMED, Ha CTAJUU MPOCKTUPOBAHUS 3arOTOBOK BepXa O0YBH.
ITycte f(x)= f = const , Torna u3 (4) uMeeM

100n+1 (f _ l)ekny/(x)
Pn

=m, +mT(x),

HIJIN
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gljgf)ek""’”) =m, +mT(x). (5)
YuurteiBas, 94To
100" ¢ _ 4,
Pl’l

rae A, - koapounreHT geopManuy KOXXU Ha KPaeBbIX y4acTKax 3arOTOBKH.

[IpuBenem ypaBHeHHe (5) OTHOCUTEIBHO TEMIIEPATYPBI IPOTpeBa Bepxa 00yBU

T, = Ao v Mo, (6)
m, m,

[TonyuyeHHass 3aBHCHMOCTH BBIpaXKaeT 3aKOHOMEPHOCTh PAaCHpECICHHS TEMIIEPaTyphl
IporpeBa 3aroTOBKH BIOJIb OrH0aeMOro KOHTypa (GopMyloliel MOBEpXHOCTH MPU PaBHOMEPHOM
pacTshkeHHH Bepxa oOyBM Ha 000OrpeBaeMOM IyaHCOHE. M3 3TOro ypaBHEHHS CIEIyeT, 4TO
TEMIIepaTypa MpOorpeBa 3aroTOBKH BJIOJb OrHOAEMOro KOHTYypa (HOpMyIolieil MOBEPXHOCTH HpPH
paBHOMEpHOM (OPMOBAHHHU OINKCHIBAETCS IMOKA3aTCIIHOW 3aBUCHMOCTBIO W 3aBHCHT OT

HOKa3zaTelnel MEXaHWYEeCKUX CBOWCTB Koxu A ,n,m;,m,, xodpduuuenrta TpeHus k u
KOH(UTypaliy HallpaBJIsIolIel MOBEPXHOCTH IIyaHCOHA.

Jnis paBHOMEpHOTO (OpMOBaHUS Bepxa 00YBH Ha MPAKTUKE HEOOXOAUMO HCCIIECAOBATh U
pazpaboTaTh HEPABHOMEPHO OOOTpEBaEMBIi IyaHCOH, KOTOPBIA oOecredrBai Obl MPU HarpeBe
TpeOyeMyr0 3aKOHOMEPHOCTh MPOrpeBa 3aroToBku o ¢opmyie (6). B aTom cinyudae ykasaHHas
3aBHCHUMOCTh MOJKET OBITh MPHUHSTA B KaYeCTBE OJHOTO M3 I'PAHUYHBIX YCJIOBHUH ISl TEIJIOBOTO
pacueTa HepaBHOMEPHO 000IPEeBAaEMOro MMyaHCOHA, KaK 3TO Pealn30BaHO B paboTax.

B pabortax [7-8] TexHOJOrHYECKUM (PAKTOPOM, BO3JACUCTBYIOIIUM Ha MEXaHUYECKHE
CBOWCTBA 3aroTOBKM, IIPUHATA €€ BIAXHOCTb. B KauecTBe ypaBHEHMs OIMCHIBAIOIIECTO
B3aUMOCBSI3b Harpy3ku Q U aedopManuu € KOXKH MPUHATA U3BECTHAS 3aBUCUMOCTb BUa [9]

g =(103W +1.444)Q " o0 070 -

3

rae W - BIaXHOCTh KO’KEBEHHOTO MaTepuaa.
C yuerom (7) ¢ynkmus f(x) 3aKoHa pacTSHKUMOCTH KOXXKAHOH 3arOTOBKH BJIOJIb

oru6aeMoro KOHTypa (OopMYyIOLIEH MOBEPXHOCTU MepeAHEH YaCTH KOJIOAKH IPUMET BHL:
F(x)=1007" (141007 ) (0,103, +1,444) p, 000" 006007055 (8)

rne W - BIa)XHOCTh B CEYCHUU 3aTOTOBKH, 33JaHHOM KOOPJWHATOH X ;

P - HarshkeHue 3arOTOBKH B CEUCHHHU C KOOPIHHATON X [5].
W3 ypaBHenus (8) ciemyer, 4To, BhIpaxkas f(x) B BUAC 3aJaHHBIX (DYHKIHHA, MOXKHO

YIPaBIATh pacipenesieHueM qeopMannii B 3aroTOBKE BJI0OIb OTH0AeMBIX KOHTYPOB (hOPMYIOIIEH
MOBEPXHOCTU KOJOAKH Ipu (popmoBanmu. Hampumep, B 4acTHOM ciyyae NpHU paBHOMEPHOM
¢dopmoBanum 3arotoBku f(x) = f = const BbIpaxaeT CTENEHb YUIMHEHUS €€, YTO 11eJIeco00pa3Ho

3aJjaBaTh Ha CTAJIMU MPOCKTHUPOBAHUS JleTalel Bepxa OOyBU C yUETOM TATYYECTH KOKEBEHHBIX
marepuanos. [1pu sTom BraxkHOCTs W, ABISIETCS IEPEMEHHBIM M HEM3BECTHBIM TApaMETPOM.

Jus UCCIICI0BaHUS W =W(x)B 3arOTOBKE MOJKHO copMyIHpOBATH
OJTHOKPUTEPUATILHYIO OJTHOMEPHYIO 3371a4y ONTHMHU3AIMU BHIA

F(x) = f, (x) = f,(x) > min, ©)
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rae f,(x) - pacueTHoe 3HaUeHHE ieOpMALK 3arOTOBKH B CEUECHHH, 3a1aHHOM KOOPJMHATON X ;
f.(x) - 3ananHOe 3HaueHUE Je(HOPMAIIMU 3aTOTOBKH B 3TOM K€ CCUCHHU.

Jlnst pemienns ypaBHeHus (9) U onpeeneHus pacupeaeIeHus BIaXHOCTH W B 3aroToBke

pa3pa60TaHH AJITOpUTM U IporpamMma pacdeTa Ha 9BM c¢ ucnonas3oBaHHEM METOAa 30JI0TOI'O
CCUCHHMA.

Ha prcynkax 1 u 2 OKa3aHbI SIEOPBI PACIPE/ICNICHHS BIAKHOCTH B 3aroTOBKe Ipu | =

10%. W3 sTux smiop ciemyer, YTo JUisi paBHOMEPHOro (OpMOBaHUS KOXKAHOW 3arOTOBKM Bepxa
o0yBM Ha KOJIOJIKE 3aroTOBKa JOJDKHA OBbITh YBJIQXKHEHAa HEPaBHOMEPHO MO Iuiomagu. B
YaCTHOCTH, MaKCUMaJIbHYIO BIaXKHOCTb (25-30%) 10JKHA UMETh 3ar0TOBKA B CEPEAMHHON YacTH
COIO3KM, a MUHMMaibHylO (14-17%) — Ha KpaeBbIX yuacTkax. JlpyruMu ciioBamMH, Ha TeX
ydJacTKax, Te TpeHue 0oJIbIie, 3ar0TOBKAa JOJDKHA OBITh YBIIaKHEHA B OOJIBIIECH CTENICHH.

Y
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PucyHnoxk 1 - Dnmiopa pacnpeae/ieHusi BJIa:KHOCTH B 3ar0TOBKe Ha opMylonieii NOBePXHOCTH
THIA «Napado0/1a-0KPYKHOCTb.
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PucyHnok 2 - Jmopa pacnpenejieHust BJa)KHOCTH B 3ar0TOBKe Ha (popMYyIOLIeH
NMOBEPXHOCTH THIA «QJIIMIIC-OKPYKHOCTb.

[TonmyuyeHnnsle pe3ynbTaThl pabOTHl MOTYT J€Yb B OCHOBY pa3paOOTKM HOBBIX METOJUK
pacueTa KOH(HTrypamuyu ¥ IUIOMIAH 3arOTOBOK, a TAaK)Ke YCTPOMCTB aisi (OpMOBaHHS Bepxa
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O6YBI/I Ha KOJOAKE, ITO3BOJIAIOIINUX IOBBICUTH Ka4CCTBO HM3roTaBJIMBacMOM O6YBI/I " palluOHAJIBHO
HCIIOJIb30BAaTh KOKCBCHHBIC MAaTCPUAJIbI.
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USE OF EFFUSIVE ROCKS OF TRANSBAIKALIA FOR BUILDING MATERIALS

Abstract: The article discusses the possibility of use of effusive rocks of Transbaikalia for
obtaining building materials. The basic properties of the received binders and concrete are
given.
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W CHOJIb30BAHUE 3®®Y3UBHBIX IIOPO/I 3ABAVKAJIBSA JIJISI IOJTYYEHUS
CTPOMTEJIBHBIX MATEPHUAJIOB

Annomayua: B cmamve paccmompena 803MOMCHOCMb UCHONb308AHUSL IPPY3UBHbIX
nopoo 3abauikanvs O NOAYYEeHUs: CMPOUmeNbHulX mamepuanos. IIpueedenvt  0CHOBHblE
CBOLICMBA NOLYYEHHBIX BANCYUWUX MAMEPUANO8 U DEMOHO8.

Knwuesvie cnosa: >¢qy3usnvie 2opHble nopoovl, eaxicywue Geujecmed, Oemombl,
U38€CMKOBO-NEPAUMOBbLE BANCYUJUE.

[IpakTHueckM HEOrpaHWYEHHBIE 3alacbl MPUPOJHOTO ATOMOCUIMKATHOTO ChIPbSl Ha
tepputopuu Bocrounoit Cubupu, K 4UCIy KOTOPHIX OTHOCSATCS MEPJIUTOBBIE IMOPO/BI, LIEOIUTHI,
BYJKAHMYECKHE NUIAKK W JIp., CIYXKaT CBIPEM [UIsl MPOU3BOACTBA MHOTMX MAaTEpHalOB M
W31, B TOM YHCIIE AJs ofy4deHus: 3((HEKTUBHBIX MAaIOIHEPTOEMKHUX BSHKYIIMX MAaTEPUATIOB H
0eToHOB Ha ux ocHoBe [1, ¢. 12-17].

N3 3abaiikanbCKUX MECTOPOXKICHUN TEpJIMTOBBIX TOPOJ Haubosiee pa3BedaHHBIMU
aBisitoTcst Myxop-Tanunckast rpynmna, 3akynbTuHckas, [IpuapryHckas, XoJuWHCKas TpYIIbl €
o0IIMM 3armacoM KOHAMIIMOHHOTO ChIpbs Oomee 50 mmH.T. [2, c. 34-36]. CtpoutensHo-
TEXHUYECKHUE CBOMCTBA MPUPOAHBIX LIEOJIUTOB OMPEIENISIOT LEIeCO00pPa3HOCTh BOBICUEHHS UX
JUISL TIOJTy4E€HHsI CTPOUTEIbHBIX MarepuanoB U uzaenuil. Ha tepputopun Bypstuu naxoautcs
kpynHoe Xypai-llakupckoe MECTOpOKIECHHE BYJKAHUYECKHMX IUIAKOB. Y HUKaJIbHOCTH
BYJIKAHMYECKHX IIJIAKOB 3aKJIFOUAETCS B TOM, YTO B OTJIMYHE OT BCEX APYTUX THIOB () y3UBHBIX
MOpoJ OHH, Oylarojapsi CBOEMY aKTHMBHOMY XHMMHYECKOMY M (ha30BOMY COCTaBy, a TaKxKe
(bu3HUECKON CTPYKType, MPUMEHUMBI ISl MCIONB30BaHMS B JABYX BUIAX: B BHJIE KOMIIOHEHTA
BSDKYIIIUX BEIISCTB M B BUJIE TIOPUCTOTO 3amoaHuTeNs [2, ¢. 36-37].

Pa3paboTk B OTOM HampaBJICHHMM W WX pealu3alus MO3BOJSIOT  CO3/1aBaTh
TEIJION30JISILIMOHHBIE, KOHCTPYKUMOHHO-TEIUIOM30JISIUOHHBIE  MaTepuaibl W M3JEIUS  C
YIIyYIIEHHBIMA MEXaHMYECKUMHU U TeTUTOPU3NICCKUMU CBOWCTBAMHU.

C uCnosib30BaHMEM  BBIIIETIEPEUHCICHHOIO MPUPOJHOTO AIFOMOCHUIMKATHOIO ChIPbs
MEPCIEKTUBHBI Pa3pabOTKU M3BECTKOBO-KPEMHE3EMHCTHIX BSKYIIUX BEILECTB, MPEACTABIISIOIINX
MPOAYKT IIOMOJIa HEralleHOM W3BECTM M KPEMHE3EMHCTBIX KOMIIOHEHTOB U IEJIOYHBIX
CWIMKATHBIX BSOKyHuX. JJis WHTEeHCHM(UKANIUKU TBEPACHHS TOCIEIHUX TpeOyeTcs BBEICHUE
LIEJIOYHOTO KOMITOHEHTa (KHUJAKOE CTEKJIO, CHJIMKAT-TJbI0a U JIp.), YTO MO3BOJISIET MOIyYaThb
OECKIMHKEPHBIE BSOKYIIME IO THITY UTAKOIIETOYHbIX [2, ¢.46-50].

Pa3paboranbl cocTaBbl UM HCCIEAOBAHBI OCHOBHBIE CBOMCTBA M3BECTKOBO- MEPIUTOBBIX
BSKYIIIMX MaTepuasos (Tadum. 1).
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Tadauua 1
CBolicTBa N3BECTKOBO- NEPJIUTOBBIX BSZKYIIUX BeleCTB
[Ipenen npounoctu npu cxxaruu (MIIa) mpu conepskanumn
Conepxanue crexnodassl B axtuBHoil CaO, % 1o Macce
nepiure, % 1o macce 10 15 20 75 30

95 32/25 48/38 55/45 43/40 40/36

75 30/22,5 45/32,6 51/41 42/31,5 38/28
55 31/13 43/25 48/39 42/19 35/15,6

25 25,5/10 41/16,5 45/21 40/14,5 33/10

5 25/7 39/12,5 44,5/15 39/12 30/9

[Ipumeuanue: Hag YepTOM pe3ynbTaThl aBTOKJIABHpPOBaHHBIX oOpasioB (P=1 MIla, t =
2+8+2 4.); moa uepToi pe3yabTaThl MponapeHHbIX 00pa3uoB (t = 95°C, 1= 1,5 4.)

[IpodyHOCTH M3BECTKOBO-MEPIMUTOBBIX BSKYIIMX HAXOAMUTCS B MPSMOM 3aBUCUMOCTH OT
CTENEHH OCTEKJIOBAaHHOCTU NEPJIUTOBBIX MOpOoJA. BhiCOkas MpOYHOCTh BSDKYLIMX IOJy4YeHa Ha
OCHOBE TMEPJIHMTOBBIX TMOPOA C coaepkaHueM crekinodassl 75-95 % He TOmBKO TIpH
aBTOKJIABUPOBAaHUM, HO W MpPH MNpoMapuBaHuU. [[1s1 CHMKEHUS BOJOBSIKYILIETO OTHOILIEHUS B
MPOIIECCe TIOMOJIa M3BECTKOBO- MEPIUTOBBIX BSOKYLIMX BBOAWwIM cynepractudukatop C-3.
BBenenue cynepruiactudukaTopa no3BOJIMIO CHU3UTH COepKaHue Boabl Ha 16- 25 %, npu sTom
Ipo4yHOCTh Bo3pocina 10 40-50 Mlla nocne nponapuBaHusl.

bbula paccMoTpeHa BO3MOXKHOCTh IOJYYEHHUS HM3BECTKOBO-LIEOJIMTOBBIX — BSKYIIUX
U3MENPYCHHEM B BHUOPAIMOHHON MENBHUIIC C HKCIONB30BAHHEM  I[ICOJMTOB PA3IUYHBIX
MecTopokaeHuil. [loBbiieHHBIE (U3UKO-MEXaHUYECKHUE CBOMCTBA H3BECTKOBO-I[EOJUTOBBIX
BSDKYIIUX BEIIECTB JIOCTUTAIOTCS 3@ CUET MPECCOBAHUS MOTYCYXHX MacC M IIacTU(GUIIMPOBAHHS,
YTO MOJATBEPIKAACTCS MPOBEICHHBIMHU dKCIIEpUMEHTaMH [2, ¢.87-92].

OueHKka aKTUBHOCTH H3BECTKOBO - KPEMHE3EMHCTBIX BSKYIIMX BEIIECTB YKa3bIBAa€T Ha
Oosiee BBICOKHE IOKa3aTeld HMX NPOYHOCTH mpu conepxkanuu 25-30 % wusBectn, 65-70 %
KpEMHE3eMUCTOro Kommonenta u 4-6% nyBogHoro rumica (% mo macce). st moBbIIeHUS
XUMHUYECKOW aKTHMBHOCTH aJIOMOCHUJIMKATHBIX MAaTEpHUajiOB HCIOJIb30BAIOCh H3MENIbYCHHE
BSOKYIIUX B pa3IUYHBIX ammnaparax (mapoBas, IUTaHEeTapHas W BHOpAMOHHAS MEIbHUIIBI,
JE3UHTErpaTop U Jp.) B CyXOM BUJE U B MPHUCYTCTBUU BOJAbI, & TAKXKE DJIEKTPOMarHUTHAS
aktuBauus [3; 4, c. 41-44]. AxtuBanus BsSDKyIIMX BEILLECTB ITO3BOJISIET NMEPENTH C aBTOKJIABHOM
00paboTKkM Ha 0€3aBTOKJIABHYIO, IPH OSTOM THIPOMEXAaHWYECKasl aKTUBAIUS TO3BOJISIET
MCIOJIb30BaTh HEKOHIULIMOHHYIO U3BECTH (conepkanue nepexora 6omiee 30 %) [5, c. 56-58 ].

HccnenoBanne akTUBHOCTH AKTMBUPOBAHHBIX ATIOMOCHIIMKATHBIX BSDKYIIMX I10Ka3ajo,
YTO ONTHUMAaJbHOE COJIEpP)KaHUE IIEJOYHOro akTuBaTtopa cocTaBiser 9-11 %, mpu sToM
00ecIeYnBarOTCs YIyYICHHBIE PU3UKO - MEXaHUYECKHE CBOMCTBA.

[IpoBeneHb! 3KCIEpUMEHTANIbHBIE pa0OTHl 1O YIPABICHUIO CHUHTE30M OETOHOB Ha OCHOBE
M3BECTKOBO-KPEMHE3EMHUCTHIX BSDKYIIUX BEIIECTB, Pa3pabaThIBAIOTCS TEOPETUYECKHE OCHOBBI
ONTUMM3AIMK W HAMPABICHHOTO PETyJIMPOBAHUSA CTPYKTYpbl CTPOUTENbHBIX MaTEpHUaOB B
3aBUCUMOCTM OT 3aJaHHbIX IapaMETPOB MO TEIUIO3AIUTE M CEUCMOCTOMKOCTH 3[aHHN U
COOpy>KeHHuil [6, c. 22-24].

Ha ocHoBe pa3pa®oTaHHBIX BSDKYIIMX BEHISCTB TOJTYUYEHBI aBTOKJIABHBIC U MPOIAPCHHBIC
OETOHBI:

80 ISPC European Innovation, 30.09.2014




Impact Factor ISI = 0.307 Impact Factor ISRA = 1.344

based on International Citation Report (ICR)

- KOHCTPYKIHOHHBIE Kiacca B 22,5-B25 co cpeaneit miotnoctsio 1700-1800kr/M° n
MOPO30CTOMKOCTHIO 150 HUKIIOB;

- KOHCTPYKLUMOHHO-TEIJION3ISUMOHHbIe Kiacca B3,5-B7,5 co cpenHell IMIIOTHOCTHIO
1200kr/M> 1 MOPO30CTORKOCTEHIO 25 IIUKIIOB;

- TEIUIOM3JISILMOHHBIE Kiacca B2 co cpemneir motHocteio  400-500 Kr/m> u
TertonpoBoaHocThIo 0,1-012 Bt/M-°C [7, ¢.2-3].

[Ipou3BOACTBO CTPOUTENBHBIX MATEPUATIOB, U3JCIMA U KOHCTPYKIMH Ha OCHOBE
CMEIIAHHBIX BSOKYIIMX BEIIECTB C UCIOJIb30BAaHUEM AKTUBUPOBAHHBIX MEPJIUTOB, BYJIKAHUIECKUX
[IUIAaKOB, IIEOJINTOB, a Takke MoAudUKalus 3anoilHUTeNed (QU3UYECKUMH U XUMHYECKHUMHU
METOJaMHU TO3BOJISIT CHU3UTh DHEPreTHUYECKHE 3aTpaThl MPU HMX TMOJYYCHHH IO CPAaBHEHHUIO C
TpaJAULIMOHHBIMU Ha NopTiaaHaueMenrte [8, ¢. 159-164; 9, c. 27-29; 10, c. 9-10].

[Ipumenenue pazpabOTaHHBIX BKYIIMX BEIIECTB U OCTOHOB, U3EIHI U KOHCTPYKIIMI Ha
WX OCHOBE MpPU CTPOUTEIHCTBE 3/IaHUW M COOPYKEHHH, BO3BOJAUMBIX B YCJIOBHUAX BBICOKOM
CEHCMUYHOCTH M CYpPOBBIX KJIMMATHYECKUX YCJIOBHUM (K TaKUM peruoHam OTHocuTcs BocTounas
Cubupb),  palMOHANBHO BCIEJICTBUE YMEHBIICHUS CEMCMUYECKUX HArpy3ok, Kak u3-3a
BO3MOJKHOTO CHIDKEHHUS MAacchl 34aHuii Ha 25-35%, Tak u3-3a HMOBBIIICHHOM MX CIIOCOOHOCTH K
paccerBaHUIO PHEPTUH CEHCMUYECKIX KOIeOaHu.
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SYNTHESIS COOLIGOMERS-HEXENE WITH 0-METHYLSTYRENE

Abstract: Higher a-olephins of oligomer and cooligomers are using in the different fields
of agriculture, including, chemical of petroleum, concretely, in the production of lubricating oils;
for improvement of the viscosity index of petroleum oils, as beginning material and synthetic oil
for synthesis of multifunctional polymer additives.

The main demand to these products is thermal stability. In order to improve thermal
stability of polymer compounds, the main monomer is exposed into oligomerization with styrene.
But, according to high reaction gifted, styrene as cat ion polymerization forms homopolymer
which does not solve in oil and that makes difficult the amount of the styrene links to enter the
cooligomer chain and separation of photopolymer from main product technically.
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CHUHTE3 COOJIMI'OMEPOB 'EKCEHA-1 C 0-METHJICTHPOJIOM

Annomauun: Onueomepvl U COOIULOMEPLL BLICUUUX O-ONePUHO8 HAXOOSAM UWUPOKOe
npUMeHeHUe 6 pPAa3IUuHbLIX 00JACMAX HAPOOHO20 XO3AUCMSEd, 6 MOM Hucie U 6 Hepmexumuu,
KOHKPEMHO 8 NpOoU3800CmeEe CMA304HbIX Macel. K HeQhmaAHbIM MACIAM, C Yelblo YEeIUudeHus ux
UHOeKca BA3KOCMU, 68 Kayecmee UCXOOHO20 Cblpbi 8 pa3pabomke NOAUGYHKYUOHATLHBIX
NONUMEPHBIX NPUCAOOK U HAKOHEY KAK CUHMemUuyecKoe MacJo.

OcHosHblM mpeboganuem, npedvAGIAeMbIM K dMUM HPOOYKMAM AGNAEMCA MEPMULECKas
cmaounvrocms. C yenvio y8enuueHus: mepmMuldecKol yCmoudusoCcmu noauMepHblx coeOuHeHull
OCHOBHOU MOHOMEP Nodgepaaemcs cooauzomepusayuu co cmuponom. Ilpoyecc coonucomepsayuu
npogedeHa 8 NPUCYMCmeuU Kamaniuzamopa — X10puoa antoMutus 8 pacmeope H-2eKCcend.

bvino uzyueno enusnue paziuunvix paxmopos ma pezyibmamsi npoyeccd, 8 mom yucie
COOMHOUWIEHUSI MOHOMEPO8 8 UCXOOHOU CMecu, memMnepamypsl, pacxood Kamaiuzamopa u
NPOOONHCUMENLHOCTIU.

Knroueswie cnosa: o-oneghunvl, coonuzomepol, onuzomepuzayus

OnuromMepbl U COOJIUTOMEPHI BBICIINX 0-0J€(PHHOB HAXOIAT IIMPOKOE NPUMEHEHHE B
pasIMYHbIX OOJIACTSIX HAPOJHOIO XO35MCTBa B KaueCTBE HCXOJHOIO ChIpbsi B pa3paboTke
oI YHKIMOHATBHBIX TOJIMMEPHBIX PUCAI0K M HAKOHEIl KaK CHHTETUYECKOE MacIIo.

OCHOBHBIM TpeOOBaHHMEM, MPEIBSBIAEMBIM K 3TUM NPOAYKTaM SIBJISETCS TepMHUYECKas
ctabmnbHOCTh. C LENbI0 yBEMUYEHUS TEPMHUUYECKOH YCTOWYMBOCTH TOJIMMEPHBIX COCAMHEHUI
OCHOBHOM MOHOMEp IIOABEPracTCs COOJUrOMepu3auuu co crupoioM. OpHako, CcTUPOI,
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o0afaroluii BBICOKOW PEaKIIMOHHON CIOCOOHOCTBbIO B KATUOHHOW MOJMMEpHU3alMi 00pa3yeT B
MAacJIOHEPACTBOPUMBIA TOMOIIOIUMEp, YTO 3aTPyAHSET BBEICHHE HEOOXOAWMBIX KOJHUYECTB
CTUPOJIbHBIX 3BEHBbEB B COOJIMTOMEPHYIO LeNb M CO3JaeT TEXHOJIOTMYECKHE TPYAHOCTU IpH
00IeTICHUH €T0 OT OCHOBHOTO IPOIYKTa PEaKIIHH.

Hcxons w3 U3I0KEHHOTO HaMHM IPOBEJEHAa COOJIMroMepu3anus rekceHa-1 c¢ a-
METHJICTHPOJIOM. BBeZeHHe METWJIbHON Tpynmbl B O TOJIOKEHUE ITaCCUBHPYET BUHWIBHYIO
IpyMNIy U 0-METHJICTHPOJI B YCIOBUSX COOJIMTOMEPHU3ALIMH FOMOIIOIMMEpPa He 00pa3yer.

Kpome Toro, ucmbITaHusi ankuwiOeH3WIAUCyIbGuaoB B Macie M-11 mokaszamu, 9to ¢
YIJIMHEHUEM aJIKUJIBHOIO pajJuKana HMX aHTUMHUKpOOHas 3(PQGEKTUBHOCTb YMEHBIIAETCS.
Hampumep, B Macie M-11, comepxkamem 1,5% mnponunOeH3uauCcybQumaa, TUaMETp 30HBI
YTHETEHHUs] POCTa MUKPOOPTraHMW3MOB COCTABIISIET, COOTBETCTBEHHO, 14, 12, 20 MM, a B ciyyae
aMWIOCH3WIINCYTb(PHUIA, OH COCTABIISIECT, COOTBETCTBEHHO, 16, 14, 20 MMm.

Pe3ynbraThl MCHBITAaHUN AIKWIATKOWIIUCYIb(PHUIOB IOKA3bIBAIOT, 4YTO HCCIELyeMble
COCZIMHEHUS, B OCHOBHOM, SBIISIIOTCS O0Jiee 2 PEeKTHBHBIMI aHTUMUKPOOHBIMU MTPHCATKAMH, YEM
ankunoeH3uwiaucyabguapl. Crexyer OTMETHTb, YTO YKa3aHHbBIM Kiacc IUCYlb(PUIOB, IO
3HAYCHHUIO JMaMETpa 30HBI YTHETEHHs pOCTa MHUKPOOPTaHM3MOB, YCTYIAeT TOJBKO
OCH3WIATKOKCUKAPOOHUIME TUILANCYIb(PUAAM.

[TonmyuyeHHbIE pPe3yabTATHI MO3BOJSIOT 3aKIIOUNTH, YTO HAMIYUIIUMH aHTUMHKPOOHBIMU
CBOWCTBaMM 00JIaJal0T MOJSPHBIE COEAMHEHUs, UMEIOIIUE 10 KpasM CI0XHO3(UpHbIE, a B
cepeanHe AUCYIbGUAHBIEC (YHKIIMOHATBHBIC TPYIIIHL.

ApomaThueckue IUCYIb(QHIIBL, COAepXKallue OKCUKApOOHWIbHYIO TIpYIINY, SBISIOTCS
3¢ dEeKTUBHBIMU aHTUMUKPOOHBIMU TIPUCAIKAMU K CMa304yHOMY Macity M-11.

[Iponiecc coomuromeps3anuu NpoBeleHAa B MPUCYTCTBMM Karanu3aropa — XJIOpUaa
QIIOMUHUS B paCTBOPE H-TEKCEHA.

bbut0 M3ydyeHO BIMSHHE pa3iU4HbIX (DAKTOPOB Ha pe3yjbTaThl Mpolecca, B TOM YHUCIIE
COOTHOILIGHUSI MOHOMEPOB B HCXOJHOW CMECH, TeMIepaTypbl, pacxoja KaTalu3zaTtopa H
MIPOAOIKUTEILHOCTH.

[Ipy 5TOM YCTaHOBJEHO, YTO B 3aBHCHUMOCTH OT YCJIOBHH pEAKIHH TOIY4arOTCs
coonuromepel ¢ MouiekysipHoi Maccoil 1000-4000, Beixomom 72-96%, copepxkaHueM -
METUJICTUPOJIHBIX 3BEHBEB S5- 15 % wmacc. MonekynsipHas mMacca W COCTaB COOJMTOMEPOB
OTIPENIENIAIOTCS UCXO0/I U3 KOHKPETHOTO TpeOOBaHUS K Ka4YeCTBY COOJIMIOMEpA.
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OIITUMM3AIUA ITOAXOIJA K OHEHKE PAJJOHOOITACHOCTHU TEPPUTOPUU
PECHIYBJIMKH BEJIAPYCbH

Annomayuna: B cmamve 3ampazuseaemcsa npobiema ecmecmeeHno20 paouoaKmueHo20
eaza — paooua. llokazana onmumusayus nooxooa K OyeHke padoHOORACHOCMU MeppPUumopuu
Pecnybonuxu Benapyce.

Knwuesvie  cnosa:  paoon,  padonoswiti  noxkazamenv, — Kpumuyeckue — 30Hbl
PA0OHOONACHOCMU, PAK JIE2KO20.

BBEJIEHUE

[Ipobnema paaMOaKTHUBHOTO Ta3a — MPHUPOJHOIO paJioHa SABISETCA Ba)KHOU IMpoOiieMoin
paauanMoOHHON MEIULIMHBI, HEOCPEICTBEHHO KACAIOUIEICS HACEIEHUSI MHOTHX PETHOHOB MUpA.

Panon — GmaropoqHbiii paiMOaKTUBHBIN ra3, TsSkKellee BO3yXa, HeE UMEIOIINN BKyca, I[BETa
U 3amaxa, oOpa3yloIIMics B pPaJUOAaKTHBHOW LIETIOYKE B MPOLECCE pachaja eCTECTBEHHbIX
PaaMOHYKIMJIOB cEMENUCTB ypaHa u Topus. CorinacHo oueHke HayuyHoro komurera no AeicTBHIO
atomHoi pammanuu (HKJIAP) OOH, pamon u ero moueprue mnpoayktel pacmana (I1P)
OTIPENeNIAI0T TNPUMEPHO 3/4 TOMOBOM WHAMBUAYAIbHOM 3(QQeKTHUBHON 10361 O0IyueHUS,
MOJIy4aeMOil HaceJIeHHEeM OT 3E€MHbIX HCTOYHMKOB panuanuu [1]. Haubonee 3HaunMbIM U
paciupoCTpaHEHHBIM JT030BBIM (DAKTOPOM SIBISIETCS BO3JCHCTBUE pPaJioHa, COACPXKAIIEToCS B
BO3JlyX€ IOMEIEHNN. PasoH, ABIsAsSCh KOMIIOHEHTOM BO3/yXa, IIONAJAeT B JIETKUE YeJIOBEKa IIPU
apixaHud. [lo nanHbiM BeeMupHOM oOpraHu3anuu  3JpaBOOXPAaHEHHUs, BO3IACHCTBHE paJoHa
MOBBIIIAET PHUCK BO3HUKHOBEHMSI W Ppa3BUTHUs paka Jierkoro [2], BCIeACTBHE BO3JCiCTBHE
BBICOKOAHEPTeTUYECKOTO Ol-U3JIyYEHUS! TP paclajie pajioHa HAa BHICOKOUYBCTBUTEIIbHBIEC KJIETKH
JbIXaTeabHOM cuctembl. [1o oneHkaM 3kcnepToB MexkIyHapOAHOM KOMHCCUU IO paJualMOHHOM
samute (MKP3) obnydenue HacenmeHusi 3a cueT pagoHa oOycnaBiuBaeT g0 20 % oOmiero
KOJIMYECTBa 3a00JIeBaHUH paKoM JIETKUX [3].
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CyliecTByeT TPHU E€CTECTBEHHBIX PaJMOAKTHBHBIX M30TONA pajoHa: 22’Rn, WM IpocTo
pajoH, oOpasylomuiics B paAMOAaKTHBHOM ceMeiicTBe ypana-238, 22Rn  wumu  TopoH,
obpasyromuiics B cemeiicte Topus-232, u 2'"Rn, unm akTHoH, oOpasylomuiics B cemeiicTBe
ypaHa-235. OTH U30TOIBI UMEIOT CIEAYIOIINE NepUoabl noaypacnana: 3,82 nHs, 55 cek. u 4 cexk.
COOTBETCTBEHHO. B cBs3M ¢ »tuM 2**Rn, sByssch Haubolee NONTOKMBYLIUM H30TONOM PajioHa,
BMecTe ¢ ero JIIIP BHOCsT HanOosee cylecTBEHHbIH BKJIaa B 00Iy4eHUE YeIOBeKa.

[Tpobnembr 00myuenus pagoHom ¢ ero JAIIP u paauaniionHo# 3amuThl Ha pabOYMX MecTax
U B xuiuInax Oeuty paccmorpensl B [lyonukanuu Ne 50 MKP3, 1987 r. [4] u [lyOaukauun Ne 60
MKP3, 1990 r. [5]. [IpuHuuMnuasbHO HOBBIE MOAXOABI K OIICHKE pPaJOHOBON OIMACHOCTU M
paananroHHOM 3amuTe oT pagoHa u ero JI1P Obutn nmokazansl B [TyOnukamuu Ne 65 MKP3, 1993
r. [6]. CoBpeMeHHBIH TOAXOI, METUIMHCKHAE AacleKThl W Oosee TIyOOKoe paccMOTpeHHe
panoHoBoil omacHocTd onucanbl B IlyOnmukaumm Ne 115 MKP3 «Puck BO3HHMKHOBEHMS paka
JIETKOTO TP OOJTyYeHHH PaIOHOM M IIPOAYKTAMH €ro pacrajaa. 3assieHue no panony» [3]. Takoe
NPUCTAIbHOE BHMMAHUE pPA3JIMYHBIX MHPOBBIX OpPraHM3allMd M MaclTad HpPOBOJUMBIX
MCCIICIOBAaHHUH HAPSAMYIO YKa3bIBAIOT HA BAXKHOCTH M OCTPOTY PaJIOHOBOM MPOOIEMBI.

BrniepBble noka3arenbcTBa CBA3M 3a00JIEBAEMOCTH PAKOM JIETKOTO C KOHLIEHTpaluen
pamoHa B pabo4MX IOMENICHHAX OBUIM IOJYYEHBI IO pe3yJbTaTaM SIUASMUOIOTHIECKUX
UCCIICIOBAaHUM, NMPOBEACHHBIX CpeAM PaOOTHUKOB YPAHOBBIX M JApyrux wmaxt [7]. BsiBoxsl,
C/IETIaHHbIC I KaTeTOPUH LIaXTEpOB, PAOOTAIONIMX B YCIOBHSX TOBBIIICHHBIX KOHIIEHTPAIHA
pajioHa, ObUIM PaclpOCTPAaHEHbl COIVIACHO JMHEWHOW OecroporoBoi KOHIENLUU Ha 00JIacTb
3HAYUTENBHO O0Jiee HU3KMX KOHIEHTpAIMi, HAOIIOAAIONMXCS B JKWIBIX IMOMEUICHUsAX. B
MOCJEICTBUM 3HAUYEHUS KOX(PQPHUIMEHTOB pHUCKA, a TaKXe I0J0-BO3PACTHBIE 3aBUCUMOCTH
3a00JI€Ba€MOCTH  pPAKOM JIETKOTO OBUIM TOATBEPXKIACHBI B 13 SIUAEMHOJIOTHYECKUX
UCCIIeIOBaHMIX, IPOBEJCHHBIX B 9 eBpormeiickux crpaHax [8]. Taxke ObLIM MpOpaHKUPOBAHBI
OCHOBHBIE PUYUHBI, BHI3BIBAIOIINE BOSHUKHOBEHUE U Pa3BUTHE paka Jerkoro [§].

M3BeCTHO, YTO OCHOBHBIM HCTOYHHMKOM IIOCTYIUIEHHS pPaZiloHa B OKPY’KAlOIIylO Cpeay
aBisercs nousa [9]. BnocneacTBuu pajoH YaCTUUHO PACTBOPSIETCS B MOJI3EMHBIX BOJIAX, a TAKXKE
JKCXaJUpyeT B arMocdepy, momajgas MpU 3TOM B IOMELIEHHS IMOCTPOEHHBIX 3[JaHMH uepes
pa3ianyuHble HErEPMETUYHbIE OTBEPCTHS, €U, TEIIUHBI, CKOJIbl. B 3aKpbITIX OMEIIEHUSIX PAJIOH
croco0eH HakalIuBaThCs, NPEUMYLIECTBEHHO B IMOJBajaX M HAa HIKHMX JTa)xax 3JaHUd, —
BCJIEJICTBHE 0OJIee BBICOKOM, Ye€M Y BO3/1yXa, ITIOTHOCTH.

OCHOBHBIM IIOKa3aTelIeM paJOHOBOTO PpHUCKA SABISETCS IPEBBILIEHUE IPENEIbHO-
JIOITy CTUMOW KOHLEHTPALMM PaJioHa B BO3ayxe noMmewenui. s Poccnn u benapycn B kauectBe
1oKaszaressi NMPUHITAa SKBUBAJCHTHAas paBHOBeCHass oObeMHas akTHMBHOCTH (DPOA) panona u
TOPOHA, MpeJIebHO-I0ITYCTUMOE 3HAaueHKe, KOTOpoii ycranosieHo 200 Bk/M® B cyiecTByromux,
u 100 Bx/mM’> B mpoextupyembix s3aamusx [10]. Oanako MexayHapoaHas KOMHCCHS IO
paaualMOHHON 3alllMTe PEKOMEHIYEeT HMCIoJb30BaTh eauHbldi ypoBeHb [IJIK B mpememax 100
Bx/m? [3].

MATEPUAJIBI U METO/JbI

Jlig onTUMM3anMU TOAXOJa K OLIEHKE paJOHOONACHOCTU TeppuTopuu PecnyOnuku
benapych ObUIO MPEIOKEHO PAacCMOTPETh PsiJi KOCBEHHBIX IOKa3aTesied, KOTOpbIE BIUSIOT Ha
KOHIIGHTPALUIO pajioHa. MarepuanaMu SIBISJIMCH NpoBeneHHble B 1992 r. kpynmHOMaciiTaOHbIe
CKPUHHUHIOBBIE HCCJENO0BaHMs 110 M3MEPEHHIO KOHLEHTpPALMM paJoHa B CEJIbCKUX >KHIIBIX
nomemnieHusix l'omenbckord u MoruneBckord obnacteit [11], mpoemennbie B 2005 T.
UCCIICIOBAHUSI B JKWIBIX U IIPOU3BOJICTBEHHBIX ITOMELICHUAX IIPU IIOMOIIM IUIEHOYHBIX
J03UuMeTpoB [12].

PE3YJIBTATBI HCCJIEJOBAHUA U UX OBCYXKJIEHUE
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OnHoMl W3 KIIOYEBBIX NPoOJEM MO H3MEPEHUIO0 KOHLEHTPALUil pajoHa sBISETCA
3HAUYMUTENIbHOE KOJeOaHHWe JTOro ToKaszarelss B cepud u3MepeHud. YUYToObl JOCTOBEPHO
ONpENIeIUTh ~ KOHLEHTpAallUM  pajioHa B IOMELIEHMSX  3/JaHuil, ObUI0O  HpPEeJIOKEeHO
MPOAHAM3UPOBaTh KOCBEHHBIE (PAKTOPBI, OMpEACISIOIMUE KOHIEHTpAIMI0 panoHa. Ecim
IPUHATh, YTO B CEJIbCKUX HACEIEHHBIX IYHKTaX Mpeo0afialoT OAHOATAXHbIC JEPEBSHHbIC
CTPOCHHUSI C TMPOCTHIMH (PyHAaMEHTaMH W JEPEeBSHHBIMU TIOJaMH, TO MOXXHO CYHUTATh, YTO
MOCTYIJICHUE PaJIOHa B MOMELICHHUE OINpeNeNsieTcsi, B OCHOBHOM, CBONCTBaMHU MOJCTHUJIAIOIIUX
nopoa. Mcxonsg w3 3TOro, MOXHO NPEUIOKHUTh B KAadyeCcTBE IOKa3aTelis paJOHOONACHOCTU
TEPPUTOPUHU BEIMUYUHY, PaBHYIO IPOM3BEIEHUIO IOKa3aTeneil, 00yCIaBIUBAIOIIUX HAIWYMS
pazioHa B MOYBAX U MOPOJAAX, B OTHOCUTEIBHBIX €AWHHUIAX: MOIIHOCTh J103bI JI0YEPHOOBUIECKOTO
¢ona (MD/I), 3anac ypaHa B moyBax, MPOHULAEMOCTb IIOYB M IMOPOJ AJs pajioHa, U INIyOuHY
3ajeraHusl TEPBOTO BOJOHOCHOTO TOpHU30HTA. lloMy4eHHBIH paJOHOBBIM MOKa3aTenb OyIeT
OTpaXkaTh MOTEHLUAIbHYIO PAJOHOBYIO OMACHOCTh TEPPUTOPUHU UCXOIsA U3 (PyHIaMEHTAIbHBIX
re0JOrM4eCKUX XapaKTepPUCTUK, KOTOPbIE HANIPSMYIO BIHUAIOT Ha KOHLEHTPALMU paJiOHa.

HccnenoBanne mnoka3ald HEPaBHOMEPHOCTh paclpe/ieieHusi KOHLEHTpalUu pajoHa B
KHJIBIX TIOMEIEHHSX 110 TeppuTopun PecnyOonuku benapyce.

Tak, Ha Teppuropun I'omenbckoil 061aCTH KOHLEHTpALMK paioHa JOXOIWIN 10 YpoBHS 1
ITJK, gro siBiIsseTCs MOTEHIIMAIBHO Hebe3omacHbM. OIHAKO ¢ TIOMOIIBIO METOJUKH PaJOHOBOTO
nokaszatessi OblIO BBISIBIIEHO, YTO HA JAHHOW TEPPUTOPUH HE CIEYeT 0XKUIATh HAIUYKeE OOJbIINX
KOHIICHTpaLMi pajloHa BBHIY: OCTHOCTH TOYBBI ypaHOM (MaTepHUHCKas MOpoja JJs paJoHa),
COOTBETCTBEHHO HU3KOM MOJI, u manoi riyOuHy 3ajieraHus MepBOro BOJOHOCHOIO T'OPU30HTA
(nornomenue panona). [IporHosupyembie ypoBHM pajnoHa He noJpKHBI npesbimats 0,7 TIJK.
Hoctuxenne B usmepenusix yposus 1 ITJIK Ob10 crneacTBue mioxoi BEHTUISIIMN U HAKOIUICHUS
n30BbITKa paJoHAa B IOMEUICHWH, HAa 4YTO CJeAyeT oOpaTuTh oco0oe BHUMaHHWe. Benp c
Ie0JIOTMYECKOM TOUKM 3PEHUsl JaHHas TEPPUTOPHs HE MOMKET HECTH CEephe3HOW pajoHOBOM
OMACHOCTH, a MOJ00HBIE KOHIEHTPAIMU SIBIISIOTCS CJEICTBHE HETPAMOTHOH JeSITeIbHOCTH
YejoBeKa II0 IPOEKTUPOBAHMIO JKUJIbSl M OpraHu3aluu ObITOBBIX ycioBuid. [Ipumenenue
METOJIMKM PaJOHOBOTO IIOKAa3aTessl IOMOIJIO IPAaBUIBHO CKOPPEKTUPOBATH IOJIyUYEHHBIE
pe3yJIbTaThl.

Ha Tepputopun MoruieBckoir 0061acTi HaOIIOAAINCh YPOBHU pajOHA BILIOTH JI0 3
[TJK. B yactHOCTH 1O ceBepy U CEBEPO-BOCTOKY 00JIACTH, IJe pacnojaraeTcs KpuTHUECKas 30Ha
1o pagoHoonacHocTd. OTHAKO M 3/1€Ch TIOKA3aTeIH ObLIN 3aBBINICHBI. JlaHHAS TEppUTOPUS UMEET
[JIMHUCTBIE MOYBBI OOraThle ypaHoM, HO K03(ppULMEHT NPOHUIIAeMOCTH TaKUX MOYB KpailHe mal,
YTO CIIOCOOCTBYET yTpaTe paJioHOM OOJbIIei 4YacTh CBOEW aKkTUBHOCTH. HecMmoTps Ha 3TO Ha
JaHHOW TEPPUTOPUU BIOJHE MOTYT HaOMOAaTbcs 3HadeHus Bmioth Ao 1,5-2 IIJIK — uro,
0€3yCIIOBHO, SIBJIAETCS HEOE30MaCHBIM.

Ha tepputopun BureOckoit obnactu Habmoganmuch ypoae pagona o 4 ITJIK u Gonee.
[Ipuyem KpuUTHYECKHE 30HBI PAaJOHOONACHOCTH Pa3dpOCaHbl MO BCEH TEPPUTOPUHU OOJIACTH. DTO
o0ycoBIeHO OOratblMM ypaHOM I[I0YBAMHU W BBICOKMMH 3HA4YeHUsMH Ko3(duuueHTa
MIPOHHIIAEMOCTH, YTO CIIOCOOCTBYET OoJiee OBICTPOMY IPOXOXKIACHUIO PAIOHA Yepe3 CIION MOUYBHI U
COXPAaHEHMIO UM 3HAYUTEIbHOM YacTM CBOE€H akTMBHOCTHU. JlaHHass 007acTh BBI3BIBAET
HauOoJIbIIIee OMACeHUE, T.K. B HEKOTOPBIX PETHOHAX €€ TEPPUTOPUU MMEIOTCS HEeOIaronpusiTHbIE
Ie0JIOTMYECKHE YCIIOBHS, CIOCOOCTBYIOLIME BbIIEICHUIO MOBBIIIEHHBIX KOHLEHTpalUUi pajoHa,
Ha ypoBHe a0 2-3 [IJIK, koTopble, Kak MpaBuiIo, JONOJHUTEIBHO yCYTyOISIOTCS AESITeIbHOCTHIO
4eJioBeKa.

3AKVIIOYEHUE

PagoHOoBBIE HCCleoBaHMA B HACTOSILEE BPEMs OTPaHUYMBAIOTCA, TJIABHBIM 00pa3oM,
MPEANPOECKTHBIMU THTUEHUYECKHUMH OLEHKAaMU TEPPUTOPUHN CTPOUTENIbHBIX IIOLIAJ0K KUIbIX U
MIPOU3BOJICTBEHHBIX 37aHMi. Takue OLIEHKM OCHOBaHBI Ha BeChbMa HEOOJIBIIONW KOpPPEIsSLUH
ME3K/ly M3MEPEHHOH TIOTHOCTHIO TI0TOKA PajjOHa ¢ MOBEPXHOCTH MouBkl (BK/c'M?) U BO3MOKHOI
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KOHIEHTpalueil pasiona B noMemenusax 3aanuii (bx/m®). KoHleHTpauus pagoHa B IOMEILEHUAX
SIBIIICTCS BeChbMa BapraOeIbHOW BEIIMYMHOW M 3aBUCHUT OT MHOTUX (DaKTOpOB. YCTOWUYWBAS H
JIOCTOBEPHAsI KOPPEJIALMS KOHLIEHTPALUU PaJloHA B IMOMELIEHUU 3JaHUM C IJIOTHOCTBIO MOTOKA
paioHa ¢ MOBEPXHOCTU IMOYBHI MOXKET OBITh OOECIIEYeHa MPH CTPOTOM COONIOJICHHH YCIIOBHM
MU3MEPEHMS: OJUHAKOBBIM TI'pPaHyJIOMETPUYECKUI COCTAaB IIOYBBl Ha IUIOIIAJKE H3MEPEHUH,
BJI&KHOCTh TOYBBI M BO3[yXa, IMapaMmeTpa TEMIEpaTypbl BO3AyXa M aTMOC(EepHOro IaBlICHUS,
BpeMs, NpPOLIEAIIEee OT BBINAJAEHUS IOCIECIHUX OCAJKOB, MX KOJIMYECTBA, COCTOSHUE U THUI
MOJIMIOYBEHHBIX TPYHTOB U 1p.. [IpoBectu Bce m3MepeHHs] B OAMHAKOBBIX YCIIOBUSX SIBISIETCS
TPYJIHOBBITIOJIHUMOM 3aJauell, Takke, Kak U y4ecTb B BHUJE TMOIMPABOK BCEe (PaKTOPHI CPEbl,
BIIMSIOIME Ha pe3ysbTaT m3MepeHuid. OqHako umeercs psa QyHIaMEHTATBHBIX T€0JIOTHIECKUX
MoKa3aTesle, OT KOTOPbIX 3aBUCUT KOHUEHTpauusi paioHa. [IpuMeHssi KOMIUIEKC TaKux
IIOKa3aTeJIe MOYKHO OXapaKTepu30BaTh MOTCHIMAIBHYIO PaJOHOONACHOCTh TEPPUTOPUH, U
MOKa3aTh YCPEIHEHHBIC 3HAYCHHsI KOHIEHTPALMU PaZioHa, KOTOPHIE MOTJIH OBl OBITh MONYYEHBI
JWIIb TPUA OYEHBb JJTUTEIBHBIX HEMPEPBIBHBIX W3MEPEHUsX (B TEYeHHEe roma u Ooiee). ITo
0COOEHHO Ba)kHO, Bellb 00yueHue pagonom u ero TP nporekaer XpoHHMYECKHU Ha MPOTSKEHUH
BCE€ JKM3HH, U BPEMEHHBIC MTA/ICHNS] WIHM PE3KHE YBEIIMUEHUs KOHLUEHTPALMM PaJoHa, ITOJyYEHHBIE
B Pa30BBIX M3MEPEHUSIX, MOTYT HE COOTBETCTBOBATH PEAIbHON OOCTAaHOBKE PaJOHOOMACHOCTH,
MOJYYEHHON C TOMOUIbI0 (YHIAMEHTAIBHBIX TEOJIOTMYECKUX TIOKa3aTenel, OT KOTOPBIX
HaIpsIMYIO 3aBUCUT KOHLEHTpaLus pajoHa.
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Introduction

Historic and ethnographic exploration of problems and branches of crafts is very important,
as a way of studying along with history and culture of the people, years generated political-
economical and relations of production. Research of traditional wares of handicraft kinds of Ganja
of the XIX-XX centuries on the basis of innovative methods is very important and necessary.
During our researches in 2012-2013 years we determined some new scientific arguments and facts
in this field. The increase in quantity of handicraftsmen in a city directly has been bundled to
population growth. Closely bundled to an economy and a daily life of the people, craft
employment were one of the basic carriers of national traditions. The competition of production of
production plants and factories has not reached still serious level and consequently was created a
favorable condition for spreading of traditional occupations there. In addition, products of these
craft branches have been closely bundled to a life and traditions of the people, and it would be
difficult to replace with their factory production (Guliyeva N and Hésénov E, 2014). In the
specified period of history in Ganja developed basically carpet weaving, weaver's business, craft
of the tailor, squeeze men, forge and a jeweler, trades of dyer, the stone mason, the cooper and
leather dresser, weapon business and other similar craft branches. Among these crafts especially
developed carpet weaving. To so wide development of carpet weaving promoted availability of
raw materials. In addition carpets were very widely used in a population life-both as furniture, and
as a curtain, both as sand bed and as a coating for a floor. In carpet weaving have been held
basically women. It has been bundled by that in a Muslim society of the woman preferred to work
in house conditions. However also know cases when men were occupied with this craft (Taylor P
and Hasanov E, 2013).
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Materials and methods

a)

b)

d)

These products were widely used inhabitants of Ganja they decorated conditions of
living rooms, with them filled up a dowry of brides. The dresses created in local
departments, suits and caps were an integral part of an attire of town-dwellers. In
comparison with villages though the national clothes in XX century began to supersede
them gradually. It also has been bundled to accruing arrival to Ganja representatives of
other nationalities. Therefore changes in clothes were more marked. Only female
ornaments as an attire constituent part left the national feature. At this time there were
fashionable ornaments on a breast, hands, set pins and on clothes. The increase in
quantity of handicraftsmen in a city directly has been bundled to population growth.
Tailors and hatters created both national clothes, and clothes in style of the European
fashion. According to the spent explorations there are exact data on wide development
of a jeweler in Ganja in the end of XIX century — in a beginning of XX centuries.
Jewelers basically fabricated ornaments to order. Among them there was a
specification. Jobs of skilful masters amazed even foreigners. Development of trading
and economic relations of Ganja with the next states promoted recognition of local
jewels abroad (Ahmadov F, 2007).

From the point of view silkworm breeding development and it’s preparing technology
there were two main forms of production: so-called raw silk weaving and felt weaving.
In this important technological processes it has such kind of production stages as
cocoon opening, silk initial processing, preparing of raw silk, weaving technology,
painting and decoration. In the ancient Ganja during the stage of the Middle Ages the
great progress of silkworm was represented by raw silk weaving. For this reason, on
the basis of local traditions production of delicate silk textiles from raw silk. There
were made such kind of important samples of art as atlas and kelaqai (silk kerchief)
(Nishiaki Y and Hasanov E, 2014).

We must pay attention to the moment that differs from the other silk fabrics, kelaqai
was prepared by specialists. But distinctly of production of raw silk that was city
silkworm breeding and was man activity, felt production was woman work. In Ganja,
that know as the ancient cultural center, the saddle-making handicraft differed from
others with rich old traditions. First time preparation of the vehicles was house
profession. But afterwards saddle preparation needed of qualified skilled masters, so a
new type of art saddle-making, started to form. Historically the traditional art of
saddle-making in Ganja developed in direction of cargo and passenger saddle making.
The art of saddle-making within the local saddle-types and their components were
determined on a specialization. The production of cargo or pack-saddle a rule was
engaged by pack-saddle maker. For this reason, in most cases, the profession was
called trade of pack-saddle maker (Ahmadov F, 2007).

All the glass dishes found in and around Ganja are similar with the local clays on
decoration of that period. Glass dishes were containing of Iron, cobalt, magnesium and
other elements, that were  specific elements for Ganja and its surroundings. The
development history of this sphere of craftsmanship can be determined only through
archaeological research. In general, information about the development of this sphere
of was found in 1959-1960 years, glass products in and around Ganja was obtained
only at the end of the twentieth century.

On a ground classifying crafts it has been defined that by the end of XIX century a
number of fashionable trades began to disappear. Among them were wool-carder,
hatcheller, selsbchy, dhulfachy, carriers. They have got rid of and have been replaced
by representatives of new crafts (Hasanov E, 2014). Distribution of experts of certain
crafts on quarters and neighboring communes was prominent of crafts. For example, it
is possible to recollect. In these neighboring communes functioned craft departments.
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Discussion of results

Along with the works and notes of medieval authors and travelers, a lot of material samples,
found in the territory of ancient Ganja, also found in Mingachevir and concern to Middle Ages
trough, ladle, wooden threshing board, shows that in Ganja wood treatment and sculptor art have
a rich tradition. Wood treatment products historically have been represented in various fields of
social and cultural life in Ganja as the kitchen appliances: trough, quadruped, rolling-pin, mortar
and pestle, ladle, spoon, trough, also transport means: sleigh, car, and ski. Weaving tools: comb,
face. Household tools: harrow, wooden plow, threshing board, spade, wooden shouvel, pitchfork
and rake. Musical instruments: saz, ud, tar, chamahcha, tambourine, drum (Guliyeva N and
Héasédnov E, 2014). The craftsmanship of carpet-making is one of the important cultural
achievements of the Eastern people in Azerbaijan production of carpets appeared during I
millennium BC. But carpet-making in the first period of Middle Ages has turned to the
independent sphere of craft. In Ganja, that has minimum 4000 years history, production of carpets
differed with quickly development. In this ancient city, that is native land of great Azerbaijani
poet and thinker Sheikh Nizami Ganjavi, were weaved very uncial, inimitable kinds of carpet. In
Ganja, that has rich traditions, were prepared carpets with various characteristics. For this reason
one of Azerbaijani carpet groups are Ganja carpets or (Ganja—Kazakh carpets). Pay attention that
in Ganja namely local kinds of carpets—palaz (carpets without of pile) are weaved (Hasanov E,
2014). These carpets that are producing by local inhabitants are differing with specific handicraft
features. Majority of local wool products, richness of natural colors and existence professional
carpet-making women made for quick development carpet making craftsmanship in Ganja and in
its surround territories.

Just only in 1845 year there were produced 2969 carpets in Ganja. Among them products of
1784 manats have been exported. Also, from Ganja province there were exported 23 thousand pod
in 1886, 30 thousand 275 pod in 1889, 33 thousand 156 pod in 1893, and 37 thousand 228 pod in
1913 carpets by railway. One part of these qualitative Ganja carpets has been transported with
Batumi part top Turkey to Istanbul, and from there to West Europe and North America (Hasanov
E, 2014).

In whole at the beginning of XIX- XX century the quality of carpet craftsmen were more
than XX thousand. Such kind of carpets without pile as phalas, kilim, holdall, bead, verni,
sumach, heybe, carpet — bag were different with qualities and colored ornamental elements.
Especially we must say that Ganja carpets have always been valued for its quality and art
characteristics. As the result of in XIX — XX centuries most of Ganja carpets were showed in
world in fluent exhibition. In 1850, 1852 and 1912 years in Tbilisi, in 1896 in Nizhny Novgorod,
in 1900 year in Paris, in 1911 year in Turin. Ganja carpets were showed and highly in
international exhibition. Nowadays, Ganja’s carpets are kept in authoritative museums of world,
and also in collection of different people. The studying of Ganja’s carpets for art characteristics
quality form science point of view is very important for investigation heritage of world culture
(The dawn of Art. 1974).

Made of precious metals gold and silver jewelries, that prepared by Ganja masters, are
divided into 4 main groups for wearing and putting: Neck jewelries - it is included such kind of
jewelries, that gold piece coin, imperial, cardamom or barley, medallions, bracelets, different
kinds of beads and etc., jewelries for arms and fingers — this group include bracelets, bangles and
rings with various precious stones as (turquoise, rubies, pearls and etc.), head jewelries — skull-cap
and others, jewelries for clothiers (Taylor P and Hasanov E, 2013).

From the construction point of view, samples of pottery, that concern to Antique period,
also to the period of Hellenism in Ganja, differed in various forms as pictorial vases, ceramic
figures, connected dishes. During the end of Middle Ages and New Period in Ganja and its
regions ceramic has following kinds as building ceramic materials, unglazed ceramic products,
glazed ceramic products. For Middle Ages and New period among pottery products of Ganja
ceramic samples as clay construction materials have great importance. First of all, glazed bricks
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that used in construction of most buildings in the XVII-XVIII centuries, and also in great
monuments and the main construction material - air-dried bricks, attracted attention. In addition to
the found samples in residential areas as a result of archaeological excavations, also were found a
lot of brick spoilages. According to such kind mass finding of brick spoilages, we can make the
conclusion, that the bricks used in construction of buildings in Ganja, were wares of local
production (Azerbaijan ethnography, 2007).

The formation of pottery on the territory of ancient Ganja is concern to the stages of ancient
history. Basis on research works carried out by the various persons in XIX century and experts-
archeologists at the beginning of XX century in old ruins of the city and surrounding areas there
were found different samples of pottery. In the first half of the XVIII-XIX centuries, as well as in
other parts of Azerbaijan, in Ganja household objects, forging weapons and jewelries that made
from metal were decorated with different technical ways. As in many places, production of wool,
cotton and silk in and around Ganja made necessary emergence and development of weaving.
Becoming weaving one of the ancient spheres of crafts in and around Ganja was connected with
the rich raw material base here. Presence of useful plant species for textile, including cotton, high
level development of wool area of agriculture-sheep and goat breeding, camel breeding, horse
breeding, presence of cotton cropping in Middle Ages and finally, regular expansion of silkworm
breeding in this area created a foundation for growth of weaving here (Burton-Brown T, 1951). In
addition, during the research work in Ganjabasar and other territories monuments there have been
found whole and parts of weaving loom and different sizes of clay and bone samples that consist
to weaving (Hasanov E, 2013). Traditional spheres of crafts are invaluable and reliable sources of
studying of culture, aesthetic taste, outlook (world outlook) of the Azerbaijan people.

Conclusion

1. Investigation of the main traditional craft branches on the basis of new, innovative methods
and technologies is very important. Results of these researches show the significance of
different patterns of craftsmanship kinds as a source in studying of historical past of nations.

2. Studying of craft problems actually and in the modern world in sense of the decision of
professional problems. From the investigated national employment carpet weaving, the
jeweler, a stone dressing and strenuously develop on the basis of ancient traditions already
dying out ancient trades, such as a pottery and an art embroidery. Each area of Azerbaijan
possesses characteristic environmental resource bases for it and it promoted development of
various crafts. Thus, a number of employments in Ganja, during the period since XIX century
to the middle of XX century, differed from crafts of other areas of the country. It was first of
all the trades bundled to a spreading of a city and population grown has increased demand for
craft products. Under such circumstances the handicraft work could not keep the natural
character (Azerbaijan ethnography, 2007).

3. In traditional production of cloth manufactory trade historically played an important place.
This kind of craft that developed on the basis of local raw materials was tied with cotton-
growing economy. Since the time of the early Middle Ages, Ganja as other big cities has
been the main center of Azerbaijan in production of cotton cloth. In this ancient city printed
cotton and calico fabrics have been widely produced. In traditional cloth productions the
main place took the urban mines. In the early 30s of the XIX century in Ganja there were
more than 164 people - weaving. The majority of these artists were weaving. In Ganja, which
was the most important center of cloth production were produced different kinds of cotton
cloth. Only in the 30s of the XIX century in Ganja were presently working 30 cloth bench.
During one year this machine were producing 2000 of white cloth, 200 top of red cloth
(shale) and nearly 400 thin cloths spoke (Smith W and Hasanov E, 2013).

4. Internal conditions of craft department reflected a sort of employment of his owner. In these
departments worked the master and his pupils. In a life of the population of Ganja the role of
craft products was great. These products were widely used inhabitants of Ganja they
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decorated conditions of living rooms, with them filled up a dowry of brides. The dresses
created in local departments, suits and caps were an integral part of an attire of town-
dwellers. In comparison with villages though the national clothes in XX century began to
supersede them gradually. It also has been bundled to accruing arrival to Ganja
representatives of other nationalities. Therefore changes in clothes were more marked. Only
female ornaments as an attire constituent part left the national feature. At this time there were
fashionable ornaments on a breast, hands, set pins and on clothes (Hésénov E, 2014).
Investigation of traditional wares of handicraft kinds of Ganja on the basis of innovative

methods is very important and necessary. During our researches in 2012-2013 years we
determined some new scientific arguments and facts in this field and in the future we shall
continue our investigations.
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